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❘❡s✉♠♦

❖ r❛str❡❛♠❡♥t♦ ❞♦ ❞✐❛❜❡t❡s t✐♣♦ ✷ t♦r♥♦✉✲s❡ ✉♠ r❡❝✉rs♦ ✐♠♣♦rt❛♥t❡
❞❡✈✐❞♦ ❛♦ ❣r❛♥❞❡ ❛✉♠❡♥t♦ ❞❡st❛ ❞♦❡♥ç❛ ♥♦ ♠✉♥❞♦ ♠♦❞❡r♥♦✱ ❡st✐♠❛✲s❡ q✉❡ ❤❛❥❛ ✸✽✺
♠✐❧❤õ❡s ❞❡ ❞✐❛❜ét✐❝♦s ♥♦ ♠✉♥❞♦ ❡ q✉❡ ✹✻✪ ❞❡st❡ ♥ú♠❡r♦ ❞❡s❝♦♥❤❡❝❡ s✉❛ ❝♦♥❞✐çã♦✳
■st♦ ❞✐✜❝✉❧t❛ s❡✉ tr❛t❛♠❡♥t♦ ❡ ♠✉✐t♦s ♣❛❝✐❡♥t❡s ♥♦ ❞✐❛❣♥óst✐❝♦ ❥á ❛♣r❡s❡♥t❛♠
❛❧❣✉♠❛ ❝♦♠♣❧✐❝❛çã♦ ❞❡✈✐❞♦ ❛ ❢❛❧t❛ ❞❡st❡ ♥♦s ❡stá❣✐♦s ✐♥✐❝✐❛✐s ❞❛ ❞✐❛❜❡t❡s✳ ❍❛✈✐❛♠
❞✐s❝✉ssõ❡s s♦❜r❡ ❛ ❡❢❡t✐✈✐❞❛❞❡ ❞♦ r❛str❡❛♠❡♥t♦ ♣❛r❛ ❞✐❛❜❡t❡s t✐♣♦ ✷✱ ♥♦ ❇r❛s✐❧ ♣♦r
❡①❡♠♣❧♦✱ ♦ ú❧t✐♠♦ r❛str❡❛♠❡♥t♦ t❡✈❡ ✉♠ ❝✉st♦ ❝♦♥s✐❞❡r❛❞♦ ❞❡s♥❡❝❡ssár✐♦✱ ❞❡ q✉❛s❡
✹✵ ♠✐❧❤õ❡s ❞❡ r❡❛✐s✳ ▼ét♦❞♦s ♠❛✐s s✐♠♣❧❡s ❡ ❡✜❝❛③❡s ❞❡ r❛str❡✐♦ sã♦ ❡st✉❞❛❞♦s✱ ❝♦♠♦
♥♦s ❊❯❆ ❡ ❈❤✐♥❛ q✉❡ ✉t✐❧✐③❛♠ ❛❧❣✉♥s ♠ét♦❞♦s ♥ã♦ ✐♥✈❛s✐✈♦s ♣❛r❛ ❝❛❧❝✉❧❛r ♦ r✐s❝♦
❞❡ ❞✐❛❜❡t❡s✳ ❊st❡ ❡st✉❞♦ ♣r♦♣õ❡ ✉♠ ♠ét♦❞♦ ❞❡ r❛str❡❛♠❡♥t♦ ♥ã♦ ✐♥✈❛s✐✈♦ ❜❛s❡❛❞♦
♥❛ té❝♥✐❝❛ ❞❡ ❝♦❞✐✜❝❛çã♦ ❡✜❝✐❡♥t❡ ♣❛r❛ ❡①tr❛✐r ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✉♠❛ ❜❛s❡ ❞❡
❞❛❞♦s ❜r❛s✐❧❡✐r❛✭❍■P❊❘❉■❆✮ ♣❛r❛ ❢♦r♠❛r ✉♠❛ ♥♦✈❛ r❡♣r❡s❡♥t❛çã♦ ❝♦♥❝✐s❛ ❞❡st❡s✱
❝♦♠ ❛ ❞✐♠✐♥✉✐çã♦ ❞❡ r❡❞✉♥❞â♥❝✐❛✳ ❆ ♣r✐♥❝✐♣❛❧ ❤✐♣ót❡s❡ tr❛❜❛❧❤❛❞❛ ♥❡st❛ ❢❛s❡ ❢♦✐
❛ ❜✉s❝❛ ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✱ q✉❡ ♣♦ss✐✈❡❧♠❡♥t❡ ❡st✐✈❡r❛♠ ♣r❡s❡♥t❡s
♥❛ ❢♦r♠❛çã♦ ❞❛ ❞♦❡♥ç❛✳ ❉❡st❛ ❢♦r♠❛✱ ♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s ❢♦r❛♠ ❞❡❝♦♠♣♦st♦s ♣❡❧♦
♠ét♦❞♦ ❞❡ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✳ ◆❛ ❢❛s❡ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ♣❛r❛
❛ss❡❣✉r❛r ❛ ❞✐s❝r✐♠✐♥❛çã♦ ❡♥tr❡ ❛s ❝❧❛ss❡s ✉t✐❧✐③♦✉✲s❡ ♦ ♠ét♦❞♦ ❞❡ ♠❛q✉✐♥❛s ❞❡
✈❡t♦r❡s ❞❡ s✉♣♦rt❡ ♣❛r❛ ✉♠❛ ❝❧❛ss❡✳ ❚❡st❡s ❢♦r❛♠ ❢❡✐t♦s ♣❛r❛ ✈❡r✐✜❝❛r ♦ ❞❡s❡♠♣❡♥❤♦
❞♦ ❝❧❛ss✐✜❝❛❞♦r ❛♣ós à ❢❛s❡ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ ❡ ♠♦str❛r❛♠ q✉❡ ❡❧❛
❛✉♠❡♥t❛ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❛ ♠áq✉✐♥❛ ❞❡ ✈❡t♦r ❞❡ s✉♣♦rt❡ ♣❛r❛ ✉♠❛ ❝❧❛ss❡ ❡♠
❢❛③❡r ❛ ❞✐s❝r✐♠✐♥❛çã♦ ❡♥tr❡ ❞✐❛❜ét✐❝♦s ❡ ♥ã♦ ❞✐❛❜ét✐❝♦s✳ ❆❧❝❛♥ç♦✉✲s❡ r❡s✉❧t❛❞♦s
❞❡ ✭✶✵✵✪✮❝♦♠ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ❝❡rt❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ❡ ♦ ♠ét♦❞♦ ❞❡♠♦♥str❛ ❛
♣r♦♠❡ss❛ ❡♠ ♦❜t❡r✲s❡ ✉♠ r❛str❡❛♠❡♥t♦ ❞❡ ❞✐❛❜❡t❡s ♥ã♦ ✐♥✈❛s✐✈♦ ❝♦♥✜á✈❡❧✳ ❖✉tr♦s
t❡st❡s ❢♦r❛♠ ❢❡✐t♦s ♣❛r❛ ✈❡r✐✜❝❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ❝❛❞❛ ♠❛r❝❛❞♦r ♥ã♦ ✐♥✈❛s✐✈♦ ♥♦
r❡s✉❧t❛❞♦ ✜♥❛❧ ❡ ❛ ❣❡♥❡r❛❧✐❞❛❞❡ ❞♦ ♠ét♦❞♦ ✉t✐❧✐③❛♥❞♦ ♦✉tr❛s ❜❛s❡s ❞❡ ❞❛❞♦s✱ ❝♦♠♦ ❛
❜❛s❡ ❞❡ í♥❞✐♦s P✐♠❛ ❡ ❞❡ ❛♠❡r✐❝❛♥♦s ❞❡ ♦r✐❣❡♠ ❛❢r✐❝❛♥❛✳ ❉✐♠✐♥✉✐♥❞♦ ♦ ♥ú♠❡r♦ ❞❡
❝❛r❛❝t❡ríst✐❝❛s ✉t✐❧✐③❛❞❛s ♣❛r❛ tr❡✐♥❛r ♦ ♠ét♦❞♦ ❡ t❡st❛♥❞♦✲s❡ t♦❞❛s ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s
❞❡ ❝♦♠❜✐♥❛çõ❡s ❡♥tr❡ ❛s r❡st❛♥t❡s✱ r❡t✐r❛♥❞♦✲s❡ ✉♠❛ ❛ ✉♠❛✱ ❝♦♠ ✉♠ t♦t❛❧ ❞❡ ✶✷✳✾✶✵
♣♦ss✐❜✐❧✐❞❛❞❡s✳ ❖❜s❡r✈♦✉✲s❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ♠❛✐s ❛❢❡t❛✈❛♠ ♥♦ r❡s✉❧t❛❞♦ ✜♥❛❧
❢♦r❛♠ ✐❞❛❞❡ ❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ❛ ❣♦r❞✉r❛ ❝♦r♣♦r❛❧✳ ❚❡st❛♥❞♦✲s❡
❛ ❣❡♥❡r❛❧✐❞❛❞❡ ❞♦ ♠ét♦❞♦ ❡♠ ♦✉tr❛s ❜❛s❡s ❞❡ ❞❛❞♦s ✈❡r✐✜❝♦✉✲s❡ q✉❡ ♦ ♠ét♦❞♦
tr❛❜❛❧❤❛ ♠❡❧❤♦r ❝♦♠ ❜❛s❡s ❜❛❧❛♥❝❡❛❞❛s✳

P❛❧❛✈r❛s✲❝❤❛✈❡s✿ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ s✐♥❛✐s✱ ❘❛str❡❛♠❡♥t♦✱ ❉✐❛❜❡t❡s✱ ◆ã♦ ■♥✈❛s✐✈♦

✖✖✖✖



❆❜str❛❝t

❚❤❡ t②♣❡ ✷ ❞✐❛❜❡t❡s s❝r❡❡♥✐♥❣ ❤❛s ❜❡❝♦♠❡ ❛♥ ✐♠♣♦rt❛♥t r❡s♦✉r❝❡ ❞✉❡ t♦
t❤❡ ✐♥❝r❡❛s❡ ✐♥ t❤✐s ❞✐s❡❛s❡ ✐♥ t❤❡ ♠♦❞❡r♥ ✇♦r❧❞✱ ✐t ✐s ❡st✐♠❛t❡❞ t❤❛t t❤❡r❡ ❛r❡ ✸✽✺
♠✐❧❧✐♦♥s ♦❢ ❞✐❛❜❡t✐❝s ✐♥ ✇♦r❧❞✇✐❞❡ ❛♥❞ t❤❛t ✹✻✪ ♦❢ t❤✐s ♥✉♠❜❡r ❛r❡ ✉♥❛✇❛r❡ ♦❢ t❤❡✐r
❝♦♥❞✐t✐♦♥✳ ❚❤✐s ❝♦♠♣❧✐❝❛t❡s t❤❡✐r tr❡❛t♠❡♥t ❛♥❞ ♠❛♥② ♣❛t✐❡♥ts ❛t ❞✐❛❣♥♦s✐s ❛❧r❡❛❞②
♣r❡s❡♥t ❛♥② ❝♦♠♣❧✐❝❛t✐♦♥s ❞✉❡ t♦ ❧❛❝❦ t❤✐s ✐♥ t❤❡ ❡❛r❧② st❛❣❡s ♦❢ ❞✐❛❜❡t❡s✳ ❘❡s❡❛r❝❤❡rs
❤❛✈❡ ❞✐s❝✉ss❡❞ t❤❡ ❡✛❡❝t✐✈❡♥❡ss ♦❢ t②♣❡ ✷ ❞✐❛❜❡t❡s s❝r❡❡♥✐♥❣✱ ❢♦r ❡①❛♠♣❧❡✿ ❚❤❡ ❇r❛③✐❧
♠❛❞❡ ❛ s❝r❡❡♥✐♥❣ ✐♥ ✷✵✵✶ ❛♥❞ ✐t ✇❛s ❝♦♥s✐❞❡r❡❞ ❛♥ ✉♥♥❡❝❡ss❛r② ❝♦st ♦❢ ❛❧♠♦st ✹✵
♠✐❧❧✐♦♥✳ ❚❤❡ tr❛❝❦✐♥❣ ♦❢ t②♣❡ ✷ ❞✐❛❜❡t❡s ❤❛s ❜❡❝♦♠❡ ❛♥ ✐♠♣♦rt❛♥t r❡s♦✉r❝❡ ❞✉❡ t♦
t❤❡ ❧❛r❣❡ ✐♥❝r❡❛s❡ ✐♥ t❤✐s ❞✐s❡❛s❡ ✐♥ t❤❡ ♠♦❞❡r♥ ✇♦r❧❞✱ ✐t ✐s ❡st✐♠❛t❡❞ t❤❛t t❤❡r❡
❛r❡ ✸✽✺ ♠✐❧❧✐♦♥ ❞✐❛❜❡t✐❝s ✇♦r❧❞✇✐❞❡ ❛♥❞ t❤❛t ✹✻✪ ♦❢ t❤✐s ♥✉♠❜❡r ❛r❡ ✉♥❛✇❛r❡ ♦❢
t❤❡✐r ❝♦♥❞✐t✐♦♥✳ ❚❤✐s ❝♦♠♣❧✐❝❛t❡s t❤❡✐r tr❡❛t♠❡♥t ❛♥❞ ♠❛♥② ♣❛t✐❡♥ts t❤❡ ❞✐❛❣♥♦s✐s
❛❧r❡❛❞② ♣r❡s❡♥t ❛♥② ❝♦♠♣❧✐❝❛t✐♦♥s ❞✉❡ t♦ ❧❛❝❦ t❤✐s ✐♥ t❤❡ ❡❛r❧② st❛❣❡s ♦❢ ❞✐❛❜❡t❡s✳
❚❤❡r❡ ✇❡r❡ ❞✐s❝✉ss✐♦♥s ❛❜♦✉t t❤❡ ❡✛❡❝t✐✈❡♥❡ss ♦❢ s❝r❡❡♥✐♥❣ ❢♦r t②♣❡ ✷ ❞✐❛❜❡t❡s✱ ✐♥
❇r❛③✐❧ ❢♦r ❡①❛♠♣❧❡✱ t❤❡ ❧❛st s❝❛♥ ✇❛s ❝♦♥s✐❞❡r❡❞ ✉♥♥❡❝❡ss❛r② ❝♦st ♦❢ ❛❧♠♦st ✹✵
♠✐❧❧✐♦♥✳ ❙✐♠♣❧❡st ❛♥❞ ♠♦st ❡✛❡❝t✐✈❡ ♠❡t❤♦❞s ♦❢ s❝r❡❡♥✐♥❣ ❛r❡ st✉❞✐❡❞✱ s✉❝❤ ❛s
t❤❡ ❯❙ ❛♥❞ ❈❤✐♥❛ t❤❛t ✉s❡ s♦♠❡ ♥♦♥✲✐♥✈❛s✐✈❡ ♠❡t❤♦❞s t♦ ❝❛❧❝✉❧❛t❡ t❤❡ r✐s❦ ♦❢
❞✐❛❜❡t❡s✳ ❚❤✐s st✉❞② ♣r♦♣♦s❡s ❛ ♥♦♥✲✐♥✈❛s✐✈❡ s❝r❡❡♥✐♥❣ ♠❡t❤♦❞ ❜❛s❡❞ ♦♥ ❡✣❝✐❡♥t
❝♦❞✐♥❣ t❡❝❤♥✐q✉❡ t♦ ❡①tr❛❝t ❢❡❛t✉r❡s ♦❢ ❛ ❇r❛③✐❧✐❛♥ ❞❛t❛❜❛s❡ ✭❍■P❊❘❉■❆✮ t♦ ❢♦r♠
❛ ♥❡✇ ❝♦♥❝✐s❡ r❡♣r❡s❡♥t❛t✐♦♥ t❤❡r❡♦❢✱ ✇✐t❤ t❤❡ ❞❡❝r❡❛s❡ ♦❢ r❡❞✉♥❞❛♥❝②✳ ❚❤❡ ♠❛✐♥
❤②♣♦t❤❡s✐s ✇♦r❦❡❞ ❛t t❤✐s st❛❣❡ ✇❛s t❤❡ ♣✉rs✉✐t ♦❢ ✐♥❞❡♣❡♥❞❡♥t ❝♦♠♣♦♥❡♥ts✱ ✇❤✐❝❤
♣♦ss✐❜❧② ✐t ✇❡r❡ ♣r❡s❡♥t ❛t t❤❡ ❢♦r♠❛t✐♦♥ ♦❢ t❤❡ ❞✐s❡❛s❡✳ ❚❤✉s✱ t❤❡ ♦r✐❣✐♥❛❧ ❞❛t❛ ✇❡r❡
❞❡❝♦♠♣♦s❡❞ ❜② t❤❡ ✐♥❞❡♣❡♥❞❡♥t ❝♦♠♣♦♥❡♥t ❛♥❛❧②s✐s ♠❡t❤♦❞✳ ■♥ t❤❡ ❝❧❛ss✐✜❝❛t✐♦♥
st❛❣❡ t♦ ❡♥s✉r❡ ❞✐s❝r✐♠✐♥❛t✐♦♥ ❜❡t✇❡❡♥ ❝❧❛ss❡s ✇❛s ✉s❡❞ t❤❡ ♠❡t❤♦❞ ♦❢ s✉♣♣♦rt ✈❡❝t♦r
♠❛❝❤✐♥❡s ❢♦r ♦♥❡ ❝❧❛ss✳ ❚❡sts ✇❡r❡ ❞♦♥❡ t♦ ❝❤❡❝❦ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡ ❝❧❛ss✐✜❡r
❛❢t❡r t❤❡ ❢❡❛t✉r❡ ❡①tr❛❝t✐♦♥ ♣❤❛s❡✱ ❛♥❞ s❤♦✇❡❞ t❤❛t ✐t ✐♥❝r❡❛s❡s t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢
s✉♣♣♦rt ✈❡❝t♦r ♠❛❝❤✐♥❡ t♦ ♦♥❡ ❝❧❛ss ✐♥ ♠❛❦✐♥❣ t❤❡ ❞✐s❝r✐♠✐♥❛t✐♦♥ ❜❡t✇❡❡♥ ❞✐❛❜❡t✐❝s
❛♥❞ ♥♦♥✲❞✐❛❜❡t✐❝s✳ ❘❡s✉❧ts ✇❡r❡ r❡❛❝❤❡❞ ✭✶✵✵✪✮ ✇✐t❤ t❤❡ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❝❡rt❛✐♥
❝❤❛r❛❝t❡r✐st✐❝s✱ ❛♥❞ t❤❡ ♠❡t❤♦❞ s❤♦✇s ♣r♦♠✐s❡ ✐♥ ♦❜t❛✐♥✐♥❣ ❛ ♥♦♥ ✐♥✈❛s✐✈❡ t②♣❡
✷ ❞✐❛❜❡t❡s s❝r❡❡♥✐♥❣✳ ❖t❤❡r t❡sts ✇❡r❡ ❞♦♥❡ t♦ ❞❡t❡r♠✐♥❡ t❤❡ ✐♥✢✉❡♥❝❡ ♦❢ ❡❛❝❤
♥♦♥ ✐♥✈❛s✐✈❡ ♠❛r❦❡r ✐♥ t❤❡ ✜♥❛❧ r❡s✉❧t ❛♥❞ t❤❡ ❣❡♥❡r❛❧✐t② ♦❢ t❤❡ ♠❡t❤♦❞ ✉s✐♥❣
♦t❤❡r ❞❛t❛❜❛s❡s✱ ❛s t ♦❢ t❤❡ P✐♠❛ ■♥❞✐❛♥s ❛♥❞ ❆❢r✐❝❛♥ ❆♠❡r✐❝❛♥s ❞❛t❛ s❡ts✳ ❚❤❡♥✱
r❡❞✉❝✐♥❣ t❤❡ ♥✉♠❜❡r ♦❢ ❢❡❛t✉r❡s ✉s❡❞ t♦ tr❛✐♥ t❤❡ ♠❡t❤♦❞ ❛♥❞ t❡st✐♥❣ ✇❤❡t❤❡r ❛❧❧
♣♦ss✐❜❧❡ ❝♦♠❜✐♥❛t✐♦♥s ❛♠♦♥❣ t❤❡ r❡♠❛✐♥✐♥❣✱ r❡♠♦✈✐♥❣ ♦♥❡ ❜② ♦♥❡✱ ❛ t♦t❛❧ ♦❢ ✶✷✱✾✶✵
♣♦ss✐❜✐❧✐t✐❡s✳ ■t ✇❛s ♦❜s❡r✈❡❞ t❤❡ ❝❤❛r❛❝t❡r✐st✐❝s ♦r ♠❛r❦❡rs t❤❛t ♠♦st ❛✛❡❝t❡❞ t❤❡
✜♥❛❧ ♦✉t❝♦♠❡ ✇❡r❡ ❛❣❡ ❛♥❞ ❝❤❛r❛❝t❡r✐st✐❝s r❡❧❛t❡❞ t♦ ❜♦❞② ❢❛t✳ ❚❡st✐♥❣ t❤❡ ❣❡♥❡r❛❧✐t②
♦❢ t❤❡ ♠❡t❤♦❞ ✐♥ ♦t❤❡r ❞❛t❛❜❛s❡s ❢♦✉♥❞ t❤❛t t❤❡ ♠❡t❤♦❞ ✇♦r❦s ❜❡st ✇✐t❤ ❜❛❧❛♥❝❡❞
❞❛t❛ s❡t✳

❑❡②✇♦r❞s✿ ❙✐❣♥❛❧ ♣r♦❝❡ss✐♥❣✳ ❙❝r❡❡♥✐♥❣✳ ❉✐❛❜❡t❡s✳ ◆♦♥ ✐♥✈❛s✐✈❡



❆❣r❛❞❡❝✐♠❡♥t♦s

❆ ❉❡✉s ♣♦r t❡r ♣❡r♠✐t✐❞♦ t✉❞♦✳

➚ ❯❋▼❆ ❡ ❛♦ PP●❊❊✳

❆♦s ♣r♦❢❡ss♦r❡s ❆❧❧❛♥ ❑❛r❞❡❝ ❉✉❛✐❧✐❜❡ ❇❛rr♦s ❋✐❧❤♦✱ ❊✇❛❧❞♦ ❊❞❡r

❙❛♥t❛♥❛ ❡ ❏♦sé ❈❛r❧♦s Prí♥❝✐♣❡✳

❆♦ ♠❡✉ ♠❛r✐❞♦ ◆❡✐❧s♦♥ ❡ ♠❡✉ ✜❧❤♦ ❏♦ã♦ ●❛❜r✐❡❧ q✉❡ sã♦ ♠❡✉s ♠♦t✐✈♦s

❞❡ ♠♦t✐✈❛çã♦✳

❆♦s ♠❡✉s ♣❛✐s ❏♦ã♦ ❡ ❏ú❧✐❛ ❡ ❛ ♠✐♥❤❛ ❛✈ó ▲❛í❧❛✱ ♣❡❧♦s ❛♥♦s ❞❡ ❛♠♦r ❡

❞❡❞✐❝❛çã♦✱ ♣♦r t❡r❡♠ ❡♥s✐♥❛❞♦✲♠❡ ❛ s❡♠♣r❡ s❡❣✉✐r ❡♠ ❢r❡♥t❡ ❡ ❡♠ ❡s♣❡❝✐❛❧ ♣❡❧❛s

❢❛rt❛s ♦r❛çõ❡s✳

❆ ♠✐♥❤❛ ♠ã❡ ❡ ❛ ♠✐♥❤❛ ❛✈ó q✉❡ s❡♠♣r❡ ❞❡r❛♠ ❡①❡♠♣❧♦s ❞❡ ❡s♣❡r❛♥ç❛ ❡

❛♠♦r✳

❆♦s ♠❡✉s ✐r♠ã♦s P❛✉❧♦✱ ❏r✳ ❡ ❛ ♠✐♥❤❛ ✐r♠ã ❆♠é❧✐❛ ♣♦r s❡r❡♠ ♠❡✉s

♣r✐♠❡✐r♦s ❡①❡♠♣❧♦s ❡ t❡st❡s ❞❡ ❝♦♠♦ ❛❣✐r ❡♠ s♦❝✐❡❞❛❞❡✳

➚ ❢❛♠í❧✐❛ ▼❡♥❞❡s ✭❙❡❣✉♥❞❛ ❋❛♠í❧✐❛✮✱ ❡♠ ❡s♣❡❝✐❛❧ ❛♦ ❝♦♠♣❛♥❤❡✐r♦ ❝♦♠

✐♥sô♥✐❛ ❞❛ ♠❛❞r✉❣❛❞❛✱ ❘❛✐♠✉♥❞♦ ▼❡♥❞❡s ❡ ❡♠ ♠❡♠♦r✐❛♠ à ❆♥t♦♥✐❡t❛ ▼❡♥❞❡s✱

❙♦❝♦rr♦ ▼❡♥❞❡s✱ ❏♦sé ▼❡♥❞❡s ❡ ■✈♦♥❡ ▼❡♥❞❡s q✉❡ s❡♠♣r❡ r❡❝❡❜❡r❛♠ ♠❡✉ ✜❧❤♦ ❝♦♠

❝✉✐❞❛❞♦ ❡ ❝❛r✐♥❤♦✱ ❢❛❝✐❧✐t❛♥❞♦ ♠❡✉ ❞♦✉t♦r❛❞♦✳

❆♦s ❛♠✐❣♦s ❞♦ ❞❡♣❛rt❛♠❡♥t♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❞❡ ❈♦♠♣✉t❛çã♦✲❯❊▼❆✳

❆♦s ❛♥t✐❣♦s ❡ ♥♦✈♦s P✐❜✐❛♥♦s✳

❆♦ ♣r♦❢❡ss♦r ❊❞s♦♥ ◆❛s❝✐♠❡♥t♦✱ ♣❡❧♦ ✐♥❝❡♥t✐✈♦✱ ♠♦t✐✈❛çã♦ ❡ ❞✐r❡çã♦ ♥❛

❤♦r❛ ♦♣♦rt✉♥❛✳

❆ ❛♠✐❣❛ ❘♦s❡ ♣❡❧♦ ✐♥❝❡♥t✐✈♦ ❡ ❛♣♦✐♦ ♠♦r❛❧✳

❆ ❡q✉✐♣❡ ❞♦ ❍■P❊❘❉■❆✳



❆♦s ❛♠✐❣♦s ❞♦ ❈◆❊▲ ❡ ❛ ❢❛♠í❧✐❛ ❙✐♠♠✐tt ♣❡❧♦ ❛♣♦✐♦ ❡ ❛♠✐③❛❞❡ ♥❛ ♠✐♥❤❛

❡st❛❞✐❛ ♥❛ ❯♥✐✈❡rs✐❞❛❞❡ ❞❛ ❋❧ór✐❞❛✳

❆♦ ❈◆P◗ ♣❡❧❛ ❜♦❧s❛ ❝♦♥❝❡❞✐❞❛✳

➚ ❈❆P❊❙ ♣❡❧❛ ❜♦❧s❛ ❞❡ ❞♦✉t♦r❛❞♦ s❛♥❞✉í❝❤❡ ❝♦♥❝❡❞✐❞❛✳

❆ t♦❞♦s ♠❡✉ ❡t❡r♥♦ ❛❣r❛❞❡❝✐♠❡♥t♦✱ s❡♠ ❛ ♣❛rt✐❝✐♣❛çã♦ ❞❡st❡s✱ s❡♠ ♦s

❝♦♠❡♥tár✐♦s ♦♣♦rt✉♥♦s✱ ❞✐s❝✉ssõ❡s✱ s❡♠✐♥ár✐♦s✱ ❛♣r❡♥❞✐③❛❞♦s✱ s❡♠ ❛ ♦♣♦rt✉♥✐❞❛❞❡

❞❡ ✈❡r ❛ ❝✐ê♥❝✐❛ ❞❡s❡♥✈♦❧✈❡r✲s❡ ❞❡♥tr♦ ❞❡ ✉♠ ❧❛❜♦r❛tór✐♦✱ ❡ ♣♦❞❡r ❢❛③❡r ✉♠

q✉❡st✐♦♥❛♠❡♥t♦ ♥♦ ♠❡✐♦ ❞❡st❡ ❝♦♥❥✉♥t♦ ✉♥✐✈❡rs♦ ❞❡ ♣r♦❜❧❡♠❛s ❡♠ q✉❡ ✈✐✈❡♠♦s✱

❝♦♠ ❛ ❡s♣❡r❛♥ç❛ ♥♦ s❡r ❤✉♠❛♥♦✱ ♥ã♦ t❡r✐❛ t✐❞♦ ❛ ♦♣♦rt✉♥✐❞❛❞❡ ❞❡ ❝❤❡❣❛r ❛té ❛q✉✐ ❡

é ❝♦♠ ❣r❛♥❞❡ ❡st✐♠❛ q✉❡ ♦s ❝✐t♦ ❡ ❞❡❞✐❞♦ ❛ ✈♦❝ês ♦s ❝ré❞✐t♦s ❞❡st❡ tr❛❜❛❧❤♦✦

✺



✏▼❛s ♦s q✉❡ ❡s♣❡r❛♠ ♥♦ ❙❡♥❤♦r

r❡♥♦✈❛♠ ❛s s✉❛s ❢♦rç❛s✱ s♦❜❡♠ ❝♦♠

❛s❛s ❝♦♠♦ á❣✉✐❛s✱ ❝♦rr❡♠ ❡ ♥ã♦

s❡ ❝❛♥s❛♠✱ ❝❛♠✐♥❤❛♠ ❡ ♥ã♦ s❡

❢❛t✐❣❛♠✳✧

■s❛í❛s ✹✵✳✸✶

✏◆ã♦ ❡①✐st❡ ♥❡♥❤✉♠ ❝❛♠✐♥❤♦ ❧ó❣✐❝♦

♣❛r❛ ❛ ❞❡s❝♦❜❡rt❛ ❞❛s ❧❡✐s ❞♦

❯♥✐✈❡rs♦ ✲♦ ú♥✐❝♦ ❝❛♠✐♥❤♦ é ♦ ❞❛

✐♥t✉✐çã♦✳✧

❆❧❜❡rt ❊✐♥st❡✐♥



❙✉♠ár✐♦

▲✐st❛ ❞❡ ❋✐❣✉r❛s ✶✵

▲✐st❛ ❞❡ ❚❛❜❡❧❛s ✶✷

✶ ■♥tr♦❞✉çã♦ ✶✹
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✹ ❉✐s❝✉ssõ❡s ✺✺

✺ P✉❜❧✐❝❛çõ❡s ✻✶

❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s ✻✷

✻ ❆♥❡①♦ ■ ✻✽
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▲✐st❛ ❞❡ ❋✐❣✉r❛s

✸✳✶ ❋❧✉①♦❣r❛♠❛ ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛✳ ❆ ❜❛s❡ ❍■P❊❘❉■❆ é t♦♠❛❞❛

❡♠ ✉♠❛ ♠❛tr✐③ ❳ q✉❡ é tr❛t❛❞❛ ❞❡ ❢♦r♠❛ ❛ r❡t✐r❛r ✐t❡♥s ❢❛❧t❛♥t❡s ♦✉

❢♦r❛ ❞♦ ♣❛❞rã♦✱ ❛♣ós ✐ss♦ é ❢❡✐t❛ ❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛tr❛✈és

❞❡ ■❈❆✱ ❛❝❤❛♠✲s❡ ❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s q✉❡ sã♦ ❛ ❡♥tr❛❞❛

♣❛r❛ ♦ ❝❧❛ss✐✜❝❛❞♦r ❖♥❡ ❈❧❛ss ❙❱▼✱ q✉❡ ❢❛③ ❛ ❞✐s❝r✐♠✐♥❛çã♦ ❡♥tr❡
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✸✳✸ ●rá✜❝♦ ❞❡ ❞✐s♣❡rsã♦ ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❜r❛s✐❧❡✐r❛ ❛♥t❡s ❞❛ ❢❛s❡

❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✸ ❝❛r❛❝t❡ríst✐❝❛s ♣r❡ssã♦ ❛rt❡r✐❛❧

s✐stó❧✐❝❛✱ ❝✐♥t✉r❛ ❡ ♣❡s♦✳ ❆ ❝r✉③ ✈❡r♠❡❧❤❛ ♠♦str❛ ♦ ❣r✉♣♦ ❞♦s

❞✐❛❜ét✐❝♦s ❡ ❛s ❜♦❧❛s ❛③✉✐s ♠♦str❛ ♦ ❣r✉♣♦ ❞♦s ♥ã♦✲❞✐❛❜ét✐❝♦s✳ ❊st❡
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P♦❞❡♠♦s ✈❡r q✉❡ P❈❆ ♣♦❞❡ ❢❛③❡r ❛ ❞❡s❝♦rr❡❧❛çã♦ ♥♦ ❝♦♥❥✉♥t♦ ❞❡

tr❡✐♥♦✱ ♠❛s ♣♦r t♦♠❛r s♦♠❡♥t❡ ✐♥❢♦r♠❛çã♦ ❞♦s ♠♦♠❡♥t♦s ❞❡ s❡❣✉♥❞❛
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✸✳✺ ●rá✜❝♦ ❞❡ ❞✐s♣❡rsã♦ ❞❛ ❛♠♦str❛ ❞❡ tr❡✐♥♦ ❞❡♣♦✐s ❞❡ ■❈❆✳ ❊st❡ ❣rá✜❝♦
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✸✳✻ ❆ ❋✐❣✉r❛ ♠♦str❛ ❣r❛✜❝❛♠❡♥t❡ ♦s r❡s✉❧t❛❞♦s ❡♠ ❛❝✉rá❝✐❛ ❛❧❝❛♥ç❛❞♦s

❝♦♠ t♦❞❛s ❛s ❝♦♠❜✐♥❛çõ❡s ❞❛s ❝❛r❛❝t❡ríst✐❝❛s✳ ❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡

✈❡r✐✜❝❛r q✉❛✐s ❝❛r❛❝t❡ríst✐❝❛s ♠❡❧❤♦r ✐♥✢✉❡♥❝✐❛✈❛♠ ♥♦ r❡s✉❧t❛❞♦ ✜♥❛❧

❢❡③✲s❡ ❛ ❞✐♠✐♥✉✐çã♦ ♣r♦❣r❡ss✐✈❛ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♣♦r

t❡st❡✱ ✉t✐❧✐③❛♥❞♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✻ ❛ ✶✷ ❝❛r❛❝t❡ríst✐❝❛s ♣♦r t❡st❡ ❡ ❡♠

❝❛❞❛ t❡st❡ ❝♦♠❜✐♥❛♥❞♦ ❛s ✶✹ ❝❛r❛❝t❡ríst✐❝❛s✳ ❉❡ss❛ ❢♦r♠❛✱ ♥♦ ♣r✐♠❡✐r♦

t❡st❡ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ✶✸ ❝❛r❛❝t❡ríst✐❝❛s ✭♦ t❡st❡ ❢♦✐ ♥♦♠❡❛❞♦ ❞❡ ✶✹✲✶✮ ❡

t♦❞❛s ❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ❞❡ ❝♦♠❜✐♥❛çõ❡s ❞❛s ✶✹ ❝❛r❛❝❡tríst✐❝❛s t♦♠❛❞❛s
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♣❛r❛ ♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s✱ ♣❛r❛ ♦s ❞❛❞♦s ❛♥t❡s ❞❡ ■❈❆ ❡ ♣❛r❛ ♦s ❞❛❞♦s

❞❡♣♦✐s ❞❡ P❈❆ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✶

✸✳✸ ❘❡s✉❧t❛❞♦s ❞♦ t❡st❡ ♥ã♦ ✐♥✈❛s✐✈♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻

✸✳✹ ◗✉❛♥t✐❞❛❞❡ ❞❡ ❝♦♠❜✐♥❛çõ❡s ♣♦ssí✈❡✐s ❞❡ ✶✹ ❝❛r❛❝t❡ríst✐❝❛s ❝❧í♥✐❝❛s
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✶✹

✶ ■♥tr♦❞✉çã♦

✶✳✶ ❖ ❞✐❛❜❡t❡s ❡ s✉❛s ❝♦♠♣❧✐❝❛çõ❡s

❖ ❞✐❛❜❡t❡s ♠❡❧❧✐t✉s✭❉▼✮ é ✉♠❛ ❞♦❡♥ç❛ ❝❛✉s❛❞❛ ♣❡❧❛ ❢❛❧ê♥❝✐❛

❞♦ ♣â♥❝r❡❛s ❡♠ ♣r♦❞✉③✐r ✐♥s✉❧✐♥❛✱ ♦✉ ❛❧t❡r♥❛t✐✈❛♠❡♥t❡✱ q✉❛♥❞♦ ♦ ❝♦r♣♦ ♥ã♦ ♣♦❞❡

✉s❛r ❡st❡ ❤♦r♠ô♥✐♦ ❡❢❡t✐✈❛♠❡♥t❡✳ ➱ ✉♠❛ ❞♦❡♥ç❛ ✐♥❝✉rá✈❡❧ ❡ s❡✉ tr❛t❛♠❡♥t♦ é

❜❛s❡❛❞♦ ❡♠ ❞✐❡t❛s✱ ❡①❡r❝í❝✐♦s ❢ís✐❝♦s ❡ r❡♠é❞✐♦s✳ ❖s ór❣ã♦s ♠✉♥❞✐❛✐s ❝♦♠♣❡t❡♥t❡s

♣✉❜❧✐❝❛♠ ❡st❛tíst✐❝❛s ❛❧❛r♠❛♥t❡s s♦❜r❡ ♦ ❛✉♠❡♥t♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❞✐❛❜ét✐❝♦s ♥♦

♠✉♥❞♦✱ q✉❡ ❝r❡s❝❡ ❝❛❞❛ ✈❡③ ♠❛✐s✳ ❍á ✶✸ ❛♥♦s ❛trás ❛ ❖r❣❛♥✐③❛çã♦ ♠✉♥❞✐❛❧ ❞❡

s❛ú❞❡ ✭❖▼❙✮ ❡st✐♠❛✈❛ ♦ ♥ú♠❡r♦ ❞❡ ❞✐❛❜ét✐❝♦s ♥♦ ♠✉♥❞♦ ♥❛ ❝❛s❛ ❞♦s ✶✽✵ ♠✐❧❤õ❡s

❞❡ ♣❡ss♦❛s✳ ❆t✉❛❧♠❡♥t❡✱ ❛ ❋❡❞❡r❛çã♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❉✐❛❜❡t❡s ✭❋■❉✮ ❡st✐♠♦✉ ♦

♥ú♠❡r♦ ❞❡ ❞✐❛❜ét✐❝♦s ♥♦ ♠✉♥❞♦ ♥❛ ❝❛s❛ ❞♦s ✸✽✷ ♠✐❧❤õ❡s ❞❡ ❝❛s♦s✱ s❡♥❞♦ q✉❡ ❞❡st❡

♥ú♠❡r♦✱ ✹✻✪ ❛✐♥❞❛ ❞❡s❝♦♥❤❡ s✉❛ ❝♦♥❞✐çã♦✳ ❘❡❝❡♥t❡♠❡♥t❡✱ ❛ ❖▼❙ ♣✉❜❧✐❝♦✉ ✉♠

♥ú♠❡r♦ ♠❛✐s ♣ró①✐♠♦ ❞❛ ❋■❉✿ ✸✹✼ ♠✐❧❤õ❡s ❞❡ ♣❡ss♦❛s ♥♦ ♠✉♥❞♦ ❝♦♠ ❞✐❛❜❡t❡s✱ ✽✵✪

✈✐✈❡♠ ❡♠ ♣❛ís❡s ❞❡ r❡♥❞❛ ❜❛✐①❛ ♦✉ ♠é❞✐❛ ❡ ♦ ♥ú♠❡r♦ ❞❡ ♠♦rt❡s ❞❡✈✐❞♦ ❛ ❞♦❡♥ç❛ ✐rá

❞♦❜r❛r ❡♥tr❡ ♦s ❛♥♦s ❞❡ ✷✵✵✺ ❡ ✷✵✸✵✳

❊①✐st❡♠ ✈ár✐♦s t✐♣♦s ❞❡ ♠❛♥✐❢❡st❛çõ❡s ❞♦ ❞✐❛❜❡t❡s ♠❡❧❧✐t✉s ♥♦ s❡r

❤✉♠❛♥♦✳ P♦r ✐ss♦ ❤á ❞✐❢❡r❡♥t❡s ❝❧❛ss✐✜❝❛çõ❡s ❞❛ ❞♦❡♥ç❛✱ ❡♥tr❡ ❛s ♠❛✐s ❝♦♠✉♥s ❡stã♦

♦ ❞✐❛❜❡t❡s t✐♣♦ ✶ ✭❉▼✶✮✱ ❞✐❛❜❡t❡s t✐♣♦ ✷ ✭❉▼✷✮ ❡ ♦ ❞✐❛❜❡t❡s ❣❡st❛❝✐♦♥❛❧✭❉●✮✳

❖ ❉▼✶ s✉r❣❡ q✉❛♥❞♦ ♦ ♦r❣❛♥✐s♠♦ ❞❡✐①❛ ❞❡ ♣r♦❞✉③✐r ❛ ✐♥s✉❧✐♥❛ ♦✉ ♣r♦❞✉③

✉♠❛ ♣❡q✉❡♥❛ q✉❛♥t✐❞❛❞❡ ❞❡st❡ ❤♦r♠ô♥✐♦✱ é ♠❛✐s ❝♦♠✉♠ ❡♠ ♣❡ss♦❛s ❝♦♠ ♠❡♥♦s ❞❡

✸✺ ❛♥♦s✱ ♠❛s ♣♦❞❡ s✉r❣✐r ❡♠ q✉❛❧q✉❡r ✐❞❛❞❡✳ ❖ ❉▼✷ t❡♠ ❝♦♠♦ ♣❡❝✉❧✐❛r✐❞❛❞❡

❛ ❝♦♥tí♥✉❛ ♣r♦❞✉çã♦ ❞❡ ✐♥s✉❧✐♥❛ ♣❡❧♦ ♣â♥❝r❡❛s✱ q✉❡ ♣♦r ❝♦♥s❡q✉ê♥❝✐❛✱ ♦❝♦rr❡

✉♠❛ ❛♥♦♠❛❧✐❛ ❞❡♥♦♠✐♥❛❞❛ ✏r❡s✐stê♥❝✐❛ ✐♥s✉❧í♥✐❝❛✧✳ ❊st❛ ✐♠♣❡❞❡ q✉❡ ❛s ❝é❧✉❧❛s

♠❡t❛❜♦❧✐③❡♠ ❣❧✐❝♦s❡ s✉✜❝✐❡♥t❡ ❞❛ ❝♦rr❡♥t❡ s❛♥❣✉í♥❡❛✱ ❛❧é♠ ❞✐ss♦ ♦ ❉▼✷ ♣♦ss✉✐ ✉♠

❢❛t♦r ❤❡r❡❞✐tár✐♦ ♠❛✐♦r ❞♦ q✉❡ ♥♦ t✐♣♦ ✶ ❡ ✉♠❛ ❣r❛♥❞❡ r❡❧❛çã♦ ❝♦♠ ❛ ♦❜❡s✐❞❛❞❡ ❡

♦ s❡❞❡♥t❛r✐s♠♦✱ s✉❛ ✐♥❝✐❞ê♥❝✐❛ é ♠❛✐♦r ❛♣ós ♦s ✹✵ ❛♥♦s✳ ❖ ❞✐❛❜❡t❡s ❣❡st❛❝✐♦♥❛❧ é ❛



✶✳✶ ❖ ❞✐❛❜❡t❡s ❡ s✉❛s ❝♦♠♣❧✐❝❛çõ❡s ✶✺

❛❧t❡r❛çã♦ ❞❛s t❛①❛s ❞❡ ❛çú❝❛r ♥♦ s❛♥❣✉❡ q✉❡ ❛♣❛r❡❝❡ ♦✉ é ❞❡t❡❝t❛❞❛ ♣❡❧❛ ♣r✐♠❡✐r❛

✈❡③ ♥❛ ❣r❛✈✐❞❡③✱ ♣♦❞❡ ♣❡rs✐st✐r ♦✉ ❞❡s❛♣❛r❡❝❡r ❛♣ós ♦ ♣❛rt♦✳

❖ ❉✐❛❜❡t❡s ▼❡❧❧✐t✉s é ❝♦♥s✐❞❡r❛❞♦✱ ❤♦❥❡✱ ❝♦♠♦ ✉♠❛ ❡♣✐❞❡♠✐❛ ♠✉♥❞✐❛❧✱

s❡♥❞♦ ✉♠ ❣r❛♥❞❡ ❞❡s❛✜♦ ♣❛r❛ ♦s s✐st❡♠❛s ❞❡ s❛ú❞❡ ❞❡ t♦❞♦ ♦ ♠✉♥❞♦✳ ❙✉❛ ✐♥❝✐❞ê♥❝✐❛ ❡

♣r❡✈❛❧ê♥❝✐❛ ❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❡♥✈❡❧❤❡❝✐♠❡♥t♦ ♣♦♣✉❧❛❝✐♦♥❛❧✱ ❛ ❞❡♠♦r❛ ❞❡ ❛✈❛♥ç♦s

t❡r❛♣ê✉t✐❝♦s ♥♦ tr❛t❛♠❡♥t♦ ❞❛ ❞♦❡♥ç❛ ❡ ❛♦ ❡st✐❧♦ ❞❡ ✈✐❞❛ ❛t✉❛❧✱ ❝❛r❛❝t❡r✐③❛❞♦ ♣❡❧❛

❢❛❧t❛ ❞❡ ❛t✐✈✐❞❛❞❡ ❢ís✐❝❛ ❡ ❛♦s ❤á❜✐t♦s ❛❧✐♠❡♥t❛r❡s q✉❡ ♣r❡❞✐s♣õ❡♠ ❛♦ ❛❝ú♠✉❧♦ ❞❡

❣♦r❞✉r❛ ❝♦r♣♦r❛❧✳

❊st✉❞♦s ♠♦str❛r❛♠ q✉❡ ♠❡t❛❞❡ ❞♦s ✐♥❞✐✈í❞✉♦s ❞✐❛❣♥♦st✐❝❛❞♦s ❞✐❛❜ét✐❝♦s

❞❡s❝♦♥❤❡❝✐❛ s✉❛ ❝♦♥❞✐çã♦✱ ❡ ✉♠❛ ❣r❛♥❞❡ ♣❛r❝❡❧❛ ❥á ❤❛✈✐❛ ❞❡s❡♥✈♦❧✈✐❞♦ ❛s

❝♦♠♣❧✐❝❛çõ❡s ❝rô♥✐❝❛s ❞❛ ❞♦❡♥ç❛ q✉❡ ❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❛♦ t❡♠♣♦ ❞❡ ❡①♣♦s✐çã♦ à

❤✐♣❡r❣❧✐❝❡♠✐❛✱ ❝♦♠♦ ♠✐❝r♦❛♥❣✐♦♣❛t✐❛✱ r❡t✐♥♦♣❛t✐❛✱ ♥❡❢r♦♣❛t✐❛ ❡ ♥❡✉r♦♣❛t✐❛s✳ ❊st❛s

❝♦♠♣❧✐❝❛çõ❡s sã♦ ❝♦♥s✐❞❡r❛❞❛s ♠✉✐t♦ ❞❡❜✐❧✐t❛♥t❡s ❛♦ ♣❛❝✐❡♥t❡ ❡ ♦♥❡r♦s❛s ❛♦ s✐st❡♠❛

❞❡ s❛ú❞❡✳ ■st♦ s✐❣♥✐✜❝❛ q✉❡ ♦s s❡r✈✐ç♦s ❞❡ s❛ú❞❡ t❡♠ ❞✐❛❣♥♦st✐❝❛❞♦ ❝❛s♦s ❞❡ ❉▼✷

t❛r❞✐❛♠❡♥t❡✱ ❞✐✜❝✉❧t❛♥❞♦ ♦ s✉❝❡ss♦ ❞♦ tr❛t❛♠❡♥t♦ ❡♠ t❡r♠♦s ❞❡ ♣r❡✈❡♥çã♦ ❞❛s

❝♦♠♣❧✐❝❛çõ❡s ❝rô♥✐❝❛s✳❬✶❪

P❛r❛ q✉❡ s❡ ❡♥t❡♥❞❛ ❛s ❝♦♠♣❧✐❝❛çõ❡s ❝rô♥✐❝❛s ❞♦ ❉▼✷✱ ❡①♣❧✐❝❛✲s❡ ❡st❛s

❡♠ ♣♦r ♠❡♥♦r❡s✿ ❆ ❞♦❡♥ç❛ ❝❛r❞✐♦✈❛s❝✉❧❛r é ❛ ♣r✐♠❡✐r❛ ❝❛✉s❛ ❞❡ ♠♦rt❛❧✐❞❛❞❡

❞❡ ✐♥❞✐✈í❞✉♦s ❝♦♠ ❉▼✷❀ ❛ r❡t✐♥♦♣❛t✐❛ r❡♣r❡s❡♥t❛ à ♣r✐♥❝✐♣❛❧ ❝❛✉s❛ ❞❡ ❝❡❣✉❡✐r❛

❛❞q✉✐r✐❞❛ ❡ ❛ ♥❡❢r♦♣❛t✐❛ ✉♠❛ ❞❛s ♠❛✐♦r❡s r❡s♣♦♥sá✈❡✐s ♣❡❧♦ ✐♥❣r❡ss♦ ❛ ♣r♦❣r❛♠❛s ❞❡

❞✐á❧✐s❡ ❡ tr❛♥s♣❧❛♥t❡❀ ♦ ♣é ❞✐❛❜ét✐❝♦ ❝♦♥st✐t✉✐✲s❡ ❡♠ ✐♠♣♦rt❛♥t❡ ❝❛✉s❛ ❞❡ ❛♠♣✉t❛çõ❡s

❞♦s ♠❡♠❜r♦s ✐♥❢❡r✐♦r❡s✳ ❉❡st❛ ❢♦r♠❛✱ ♣r♦❝❡❞✐♠❡♥t♦s ❞✐❛❣♥óst✐❝♦s ❡ t❡r❛♣ê✉t✐❝♦s

❝♦♠♦ ❝❛t❡t❡r✐s♠♦✱ ❜②♣❛ss✱ ❝♦r♦♥❛r✐❛♥♦✱ ❢♦t♦❝♦❛❣✉❧❛çã♦✱ r❡t✐♥✐❛♥❛✱ tr❛♥s♣❧❛♥t❡ r❡♥❛❧✱

❤♦s♣✐t❛❧✐③❛çõ❡s✱ ❛❜s❡♥t❡ís♠♦✱ ✐♥✈❛❧✐❞❡③ ❡ ♠♦rt❡ ♣r❡♠❛t✉r❛ ❡❧❡✈❛♠ s✉❜st❛♥❝✐❛❧♠❡♥t❡

♦s ❝✉st♦s ❞✐r❡t♦s ❡ ✐♥❞✐r❡t♦s ❞❛ ❛ss✐stê♥❝✐❛ à s❛ú❞❡ ❞❛ ♣♦♣✉❧❛çã♦ ❞✐❛❜ét✐❝❛✳ ❆✐♥❞❛✱

♦ ❉▼✷ é ❛❝♦♠♣❛♥❤❛❞♦ ❞❡ ♦✉tr❛s ♠♦r❜✐❞❛❞❡s q✉❡ ♣♦❞❡♠ t♦r♥❛r ♦s ❝✉st♦s t♦t❛✐s

❡①♦r❜✐t❛♥t❡s❬✷❪✳ ◆♦ ❇r❛s✐❧✱ ❝♦♠♦ ❡①❡♠♣❧♦✱ só ❛s ❞♦❡♥ç❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s sã♦

r❡s♣♦♥sá✈❡✐s ♣♦r ✶✳✶✺✵✳✵✵✵ ❞❛s ✐♥t❡r♥❛çõ❡s✴❛♥♦✱ ❝♦♠ ✉♠ ❝✉st♦ ❛♣r♦①✐♠❛❞♦ ❞❡

✹✼✺ ♠✐❧❤õ❡s ❞❡ r❡❛✐s✱ s❡♥❞♦ q✉❡ ♥❡st❡s ♥ú♠❡r♦s ♥ã♦ ❡stã♦ ✐♥❝❧✉s♦s ♦s ❣❛st♦s ❝♦♠

♣r♦❝❡❞✐♠❡♥t♦s ❞❡ ❛❧t❛ ❝♦♠♣❧❡①✐❞❛❞❡✳



✶✳✶ ❖ ❞✐❛❜❡t❡s ❡ s✉❛s ❝♦♠♣❧✐❝❛çõ❡s ✶✻

❆❧é♠ ❞♦ ❢❛t♦r ✜♥❛♥❝❡✐r♦✱ ♦ ❉▼ ❣❡r❛ ✈ár✐♦s tr❛♥st♦r♥♦s s♦❝✐❛✐s

❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦ ❝✉st♦s ✐♥❞✐r❡t♦s ♣❛r❛ ❛ s♦❝✐❡❞❛❞❡ ❡ ♣❛r❛ ♦ ✐♥❞✐✈í❞✉♦ ❞♦❡♥t❡✱

t❛✐s ❝♦♠♦✿ ♠♦rt❡ ♣r❡♠❛t✉r❛✱ ✐♥❝❛♣❛❝✐❞❛❞❡s✱ ❛❜s❡♥t❡ís♠♦✱ ❛ ❞✐♠✐♥✉✐çã♦ ❞♦ r❡t♦r♥♦

❞❛ ❡❞✉❝❛çã♦ ♦❢❡r❡❝✐❞❛ ❛♦ ✐♥❞✐✈í❞✉♦✱ ❞✐♠✐♥✉✐çã♦ ❞❛ r❡♥❞❛ ❞♦ ❝❤❡❢❡ ❞❡ ✉♠❛ ❢❛♠í❧✐❛✱

❛✉♠❡♥t♦ ❞❡ ❛♣♦s❡♥t❛❞♦r✐❛s ♣r❡❝♦❝❡s ❡ ❞❡s❡♠♣r❡❣♦✳ ❬✸❪

✶✳✶✳✶ ❖s ✈❛❧♦r❡s ❞♦s ❝✉st♦s ❝♦♠ ♦ ❞✐❛❜❡t❡s

❆ ❆❉❆ ✭❆♠❡r✐❝❛♥ ❉✐❛❜❡t❡s ❆ss♦❝✐❛t✐♦♥✮ ♣✉❜❧✐❝♦✉ ❡♠ ✷✵✵✼ ❡ ❡♠ ✷✵✶✷ ♦s

✈❛❧♦r❡s ❝♦♠ ♦s ❣❛st♦s ❞♦ ❞✐❛❜❡t❡s ♥♦s ❊st❛❞♦s ❯♥✐❞♦s✳ ❊♠ ✷✵✵✼✱ q✉❛♥❞♦ ❝♦♠❡ç♦✉✲s❡

❛ ♦rç❛r ❡st❡s ❣❛st♦s✱ ♦ ❝✉st♦ ❢♦✐ ❡st✐♠❛❞♦ ❡♠ ❯✩ ✶✼✹ ❜✐❧❤õ❡s ❞❡ ❞ó❧❛r❡s✱ s❡♥❞♦ ❯✩

✶✶✻ ❜✐❧❤õ❡s ❡♠ ❞❡s♣❡s❛s ♠é❞✐❝❛s ❡ ❯✩ ✺✽ ❜✐❧❤õ❡s ❝♦♠ ♦s ❝✉st♦s ✐♥❞✐r❡t♦s ✭r❡❞✉çã♦

❞❛ ❢♦rç❛ ❞❡ tr❛❜❛❧❤♦ ♥❛❝✐♦♥❛❧✮ ❬✹❪✱ ❡st❡ ♥ú♠❡r♦ ❛✉♠❡♥t♦✉ ♣❛r❛ ❯✩ ✷✹✺ ❜✐❧❤õ❡s ❡♠

✷✵✶✷✱ ❝♦♠ ❯✩ ✶✼✻ ❜✐❧❤õ❡s ❝♦♠ ♦s ❝✉st♦s ♠é❞✐❝♦s ❞✐r❡t♦s ❡ ❯✩ ✻✾ ❜✐❧❤õ❡s ❝♦♠ ♦s

❝✉st♦s ✐♥❞✐r❡t♦s✳❬✺❪✳ ❯♠ ❝r❡s❝✐♠❡♥t♦ ❞❡ q✉❛s❡ ✹✵✪ ♥♦s ❝✉st♦s t♦t❛✐s ❝♦♠ ❛ ❞♦❡♥ç❛

❡♠ ♠❡♥♦s ❞❡ ✶✵ ❛♥♦s✳

◆♦ ❇r❛s✐❧✱ ❡♠ ✷✵✵✼✱ ❢♦✐ ❢❡✐t♦ ✉♠ ❡st✉❞♦ s♦❜r❡ ♦s ❝✉st♦s ❞♦ ❞✐❛❜❡t❡s ❡

❤✐♣❡rt❡♥sã♦ ❛rt❡r✐❛❧ ❡♠ ✉♠❛ ✉♥✐❞❛❞❡ ❞❡ s❛ú❞❡ ♣ú❜❧✐❝❛ ❞❡ ❘❡❝✐❢❡✴P❊✳ ❙ó ♦s ❝✉st♦s

❞✐r❡t♦s ❝♦♠ ❛ ❛ss✐stê♥❝✐❛ ❛♦s ♣♦rt❛❞♦r❡s ❞❛s ❞♦❡♥ç❛s✱ ♥❡st❡ ❛♥♦✱ t♦t❛❧✐③❛r❛♠ ♦

✈❛❧♦r ❞❡ ❘✩ ✹✳✽✽✺✳✷✾✶✱✽✷ ❜✐❧❤õ❡s ❞❡ r❡❛✐s✱ ♦s ✈❛❧♦r❡s r❡♣❛ss❛❞♦s ♣❛r❛ r❡❡♠❜♦❧s♦ ♣❡❧♦

❙❯❙✭❙✐st❡♠❛ Ú♥✐❝♦ ❞❡ ❙❛ú❞❡✮ t♦t❛❧✐③❛r❛♠ ✉♠ ✈❛❧♦r ❞❡ ❘✩✷✳✶✶✽✳✽✾✸✱✺✻ ❜✐❧❤õ❡s ❞❡

r❡❛✐s✳ ❖s ♠❡❞✐❝❛♠❡♥t♦s ♣❛r❛ ❛s ❞♦❡♥ç❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s ❢♦r❛♠ r❡s♣♦♥sá✈❡✐s ♣♦r

✷✹✪✱ ♦s ❣r✉♣♦s ❞❡ ♠❛✐♦r❡s ❞❡s♣❡s❛s ❢♦r❛♠ ❝♦♠ ♠❡❞✐❝❛♠❡♥t♦s✿ ✸✻✪✱ s❡r✈✐ç♦s ❞❡

t❡r❝❡✐r♦s✿ ✷✵✱✺✪✱ ❡ ❝♦♠ ♣❡ss♦❛❧ ❡s♣❡❝✐❛❧✐③❛❞♦✿ ✷✵✱✶✪❀ ❊①❝❧✉✐♥❞♦✲s❡ ♦s ✈❛❧♦r❡s ❞♦s

♠❡❞✐❝❛♠❡♥t♦s ❞❡ ❘✩ ✸✳✵✾✷✳✽✻✼✱✹✵ ❜✐❧❤õ❡s✱ ❛✐♥❞❛ r❡s✉❧t♦✉✲s❡ ❡♠ ✉♠ s❛❧❞♦ ♥❡❣❛t✐✈♦

❞❡ ❘✩ ✾✼✸✳✾✼✸✱✽✹ r❡❛✐s ♣❛r❛ ❛ ✉♥✐❞❛❞❡ ❞❡ r❡❢❡rê♥❝✐❛✳❬✻❪

❖s ❝✉st♦s ✐♥❞✐r❡t♦s ❝♦♠ ❛ ❞♦❡♥ç❛ ♥ã♦ ❢♦r❛♠ ♦rç❛❞♦s ♥❡st❡ ❡st✉❞♦✳ ◆♦

❇r❛s✐❧✱ ❤á ✉♠❛ ❝❛rê♥❝✐❛ ❞❡ ❡st✉❞♦s ♣r♦♣♦r❝✐♦♥❛✐s ❛♦s ❞♦s ❊st❛❞♦s ❯♥✐❞♦s ♣❛r❛ q✉❡ s❡

♣♦ss❛ ♠❡❞✐r ♦s ❝✉st♦s r❡❛✐s ❞♦ ❞✐❛❜❡t❡s✱ ❜❡♠ ❝♦♠♦ s✉❛ ✐♥❝✐❞ê♥❝✐❛ ❞❡ ♠♦rt❛❧✐❞❛❞❡ ❡

♣r❡✈❛❧ê♥❝✐❛✳ ❖s r❡❝✉rs♦s ❞✐s♣♦♥í✈❡✐s ♥♦ s✐st❡♠❛ ❞❡ s❛ú❞❡ sã♦ ❧✐♠✐t❛❞♦s✱ ❞❡st❛ ❢♦r♠❛✱



✶✳✷ Pr♦♣♦st❛ ❞❡ ❚❡s❡ ✶✼

t♦r♥❛✲s❡ ❡ss❡♥❝✐❛❧ ❛ ❝♦rr❡t❛ ❛❞♠✐♥✐str❛çã♦ ❞❡st❡s ♣❛r❛ ✉♠ ♠❡❧❤♦r ❛♣r♦✈❡✐t❛♠❡♥t♦ ❡

♣❛r❛ q✉❡ ♣♦ss❛♠ s❡r ♣❧❛♥❡❥❛❞❛s ❛çõ❡s ❞❡ ❝♦♠❜❛t❡ ❛ ❞♦❡♥ç❛✳❬✼❪

✶✳✷ Pr♦♣♦st❛ ❞❡ ❚❡s❡

◆♦s ♣❛rá❣r❛❢♦s ❛♥t❡r✐♦r❡s ❢❡③✲s❡ ✉♠❛ ✐♥tr♦❞✉çã♦ ❞❛ ♣r♦❜❧❡♠át✐❝❛ ❞♦

❝r❡s❝✐♠❡♥t♦ ❞❛ ❞✐❛❜❡t❡s✱ ❞❛s s✉❛s ❝♦♠♣❧✐❝❛çõ❡s ❡ ❞❡s❛✜♦s ❛ s❡r❡♠ ✈❡♥❝✐❞♦s✳ ❈♦♠♦

✈✐st♦ ♣❡❧❛s ❡st❛tíst✐❝❛s✱ ♦ ♥ú♠❡r♦ ❞❡ ♣❛❝✐❡♥t❡s ❞✐❛❜ét✐❝♦s ❡ ♦s ❝✉st♦s ❝♦♠ ❛ ❞♦❡♥ç❛

❝r❡s❝❡♠ r❛♣✐❞❛♠❡♥t❡✱ ❝♦♠ ❛ ❞❡♠♦r❛ ♥♦ ❞✐❛❣♥óst✐❝♦ ❞❡st❛✱ ♠❛✐s ♣r♦❜❧❡♠❛s ❛♣❛r❡❝❡♠✱

❞❡✈✐❞♦ ❛♦ s✉r❣✐♠❡♥t♦ ❞❡ s✉❛s ❝♦♠♣❧✐❝❛çõ❡s✳

◆❛ ♠❡s♠❛ ♣r♦♣♦rçã♦ q✉❡ ♦ ♥ú♠❡r♦ ❞❡ ❝❛s♦s ❞❛ ❞♦❡♥ç❛ ❛✉♠❡♥t❛✱ ♦s ❞❛❞♦s

s♦❜r❡ ❡❧❛ ❛✉♠❡♥t❛♠ ❡♠ ❜❛s❡s ❞❡ ❞❛❞♦s ♥♦ ♠✉♥❞♦ ✐♥t❡✐r♦✳ ❊ss❡s ❞❛❞♦s sã♦ ✉t✐❧✐③❛❞♦s

♣❛r❛ ❧❡✈❛♥t❛r✱ ❡st✐♠❛r ♦✉ ♣r♦♣♦r ♠❡t♦❞♦❧♦❣✐❛s ❞❡ ❝♦♠❜❛t❡ ❛ ❞✐❛❜❡t❡s✳ P♦❞❡✲s❡ ❝✐t❛r

❡st❡s ❞❛❞♦s ❝♦♠♦✿ Pr❡ssã♦✱ ■▼❈✱ ♣❡s♦✱ ❣❧✐❝❡♠✐❛ ❡♠ ❥❡❥✉♠✱ ❛❧t✉r❛ ❡ ❡t❝✳

◆♦s ♣❛❝✐❡♥t❡s ❞✐❛❜ét✐❝♦s ❡st❡s ❞❛❞♦s sã♦ ❝♦♥s✐❞❡r❛❞♦s ♠❛r❝❛❞♦r❡s ❞❛

❞♦❡♥ç❛✱ ♠❛r❝❛♠ ♦✉ ❞❡s❝r❡✈❡♠ ♦ ♣❛❞rã♦ ❞❛ ❞✐❛❜❡t❡s ❡♠ ❞❡t❡r♠✐♥❛❞♦ ✐♥❞✐✈✐❞✉♦✳ ❙ã♦

❝♦♠♦ s✐♥❛✐s q✉❡ ♦ ❝♦r♣♦ ❡♠✐t❡ ❡ ❛♦ ❝♦♥❤❡❝❡r ❡st❡s ♣❛❞rõ❡s✱ ♣♦❞❡✲s❡ ✐❞❡♥t✐✜❝❛r ❛ q✉❡

rót✉❧♦ ♦✉ ❝❧❛ss❡ ♣❡rt❡♥❝❡♠✳ ❈❧❛ss✐✜❝❛♠✲s❡ ❡st❡s ♠❛r❝❛❞♦r❡s ❝♦♠♦ ✐♥✈❛s✐✈♦s ♦✉ ♥ã♦

✐♥✈❛s✐✈♦s✳ ❖s ✐♥✈❛s✐✈♦s sã♦ ❛q✉❡❧❡s q✉❡ ♣♦❞❡♠ s❡r ❡st✐♠❛❞♦s ♦✉ ❡♥❝♦♥tr❛❞♦s ♣♦r ♠❡✐♦

❞❡ ✉♠ ❡①❛♠❡ ❞❡ s❛♥❣✉❡✭ ❣❧✐❝❡♠✐❛ ❡♠ ❥❡❥✉♠✱ ❍✶❛❝✱ ✐♥s✉❧✐♥❛✮✳ ❏á ♦s ♥ã♦ ✐♥✈❛s✐✈♦s✱

♣♦❞❡♠ s❡r ❞❡t❡❝t❛❞♦s ♣♦r ♠❡✐♦ ♥ã♦ ✐♥✈❛s✐✈♦ ✭♣r❡ssã♦✱ ♣❡s♦✱ ❛❧t✉r❛✱ ♣r❡s❡♥ç❛ ❞❡

❝❡rt❛s ❝❛r❛❝t❡ríst✐❝❛s ❡ ❡t❝✮✳

❖ ♦❜❥❡t✐✈♦ ❞❡st❡ tr❛❜❛❧❤♦ é ♣r♦♣♦r ✉♠ ♠ét♦❞♦ ♥ã♦ ✐♥✈❛s✐✈♦ ❞❡

r❛str❡❛♠❡♥t♦ ♣❛r❛ ❛ ❞✐❛❜❡t❡s t✐♣♦ ✷✱ ♣♦r ♠❡✐♦ ❞❡ ♠❛r❝❛❞♦r❡s ♥ã♦ ✐♥✈❛s✐✈♦s ❞❛

❞♦❡♥ç❛ ❝♦♠ ❝♦♥✜❛❜✐❧✐❞❛❞❡ ❡ ❜❛✐①♦ ❝✉st♦✳ ❆ ✐❞❡♥t✐✜❝❛çã♦ ♣r❡❝♦❝❡ ❞♦s ❝❛s♦s ❞❡

❞✐❛❜❡t❡s ❡ ♦ ❡st❛❜❡❧❡❝✐♠❡♥t♦ ❡♥tr❡ ♦s ♣♦rt❛❞♦r❡s ❞❛ ❞♦❡♥ç❛ ❡ ❛s ✉♥✐❞❛❞❡s ❞❡ s❛ú❞❡

sã♦ ❡❧❡♠❡♥t♦s ✐♠♣r❡s❝✐♥❞í✈❡✐s ♣❛r❛ ♦ s✉❝❡ss♦ ❞♦ ❝♦♥tr♦❧❡ ❞♦s ❛❣r❛✈♦s ❞❛ ❞♦❡♥ç❛✳

❖ ❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❡ ♦ ❝♦♥tr♦❧❡ ❞♦ ❞✐❛❜❡t❡s ♠❡❧❧✐t✉s ♥♦ â♠❜✐t♦ ❞❛ ❛t❡♥çã♦ ❜ás✐❝❛

♣♦❞❡ ❡✈✐t❛r ♦ s✉r❣✐♠❡♥t♦ ❡ ❛ ♣r♦❣r❡ssã♦ ❞❡ ❝♦♠♣❧✐❝❛çõ❡s✱ r❡❞✉③✐♥❞♦ ♦ ♥ú♠❡r♦ ❞❡

✐♥t❡r♥❛çõ❡s ❤♦s♣✐t❛❧❛r❡s✱ ❜❡♠ ❝♦♠♦ ❛ ♠♦rt❛❧✐❞❛❞❡ ❞❡✈✐❞♦ à ❡ss❡s ❛❣r❛✈♦s✳



✶✳✸ ❖r❣❛♥✐③❛çã♦ ❞♦ t❡①t♦ ✶✽

◆❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❞♦✐s ♠ét♦❞♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s✿

❯♠ ♣❛r❛ ❡①tr❛çã♦ ❞❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ♥♦ q✉❛❧ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ♠ét♦❞♦ ❞❡ ❝♦❞✐✜❝❛çã♦

❡✜❝✐❡♥t❡ ❛tr❛✈és ❞❛ ❛♥á❧✐s❡ ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ♣❛r❛ ♦❜t❡r✲s❡ ✉♠❛

r❡♣r❡s❡♥t❛çã♦ ♠í♥✐♠❛ ❡ s❡♠ r❡❞✉♥❞â♥❝✐❛s ❞♦s ❞❛❞♦s✱ ❡ ♦✉tr♦ ♣❛r❛ ❛ ❝❧❛ss✐✜❝❛çã♦

❞♦s ♣❛❝✐❡♥t❡s ❡♠ ❞✐❛❜ét✐❝♦s ❡ ♥ã♦✲❞✐❛❜ét✐❝♦s✱ q✉❡ ❢♦✐ ♦ ❝❧❛ss✐✜❝❛❞♦r ❞❡ ♠áq✉✐♥❛s ❞❡

✈❡t♦r ❞❡ s✉♣♦rt❡ ♣❛r❛ ✉♠❛ ❝❧❛ss❡✳

✶✳✸ ❖r❣❛♥✐③❛çã♦ ❞♦ t❡①t♦

❊st❡ tr❛❜❛❧❤♦ ❡stá ♦r❣❛♥✐③❛❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ ◆♦ ❝❛♣ít✉❧♦ ✷

❞❡s❝r❡✈❡✲s❡ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛ ❡ ❛♣r❡s❡♥t❛✲s❡ ❛ r❡✈✐sã♦ t❡ór✐❝❛ ❞♦s ♠ét♦❞♦s

✐♠♣❧❡♠❡♥t❛❞♦s✳ Pr✐♠❡✐r♦ ❢♦✐ ❢❡✐t❛ ✉♠❛ ❞✐s❝✉ssã♦ s♦❜r❡ ❡st❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❡ ♦ ❡st❛❞♦

❞❛ ❛rt❡ ❡♠ r❛str❡❛♠❡♥t♦ ❞❡ ❞✐❛❜❡t❡s✱ ❝♦♠ ❛s ❝❛❧❝✉❧❛❞♦r❛s ❞❡ ❞✐❛❜❡t❡s ❥á ✈❛❧✐❞❛❞❛s

♣♦r ♦r❣❛♥✐③❛çõ❡s r❡s♣♦♥sá✈❡✐s ❝♦♠♦ ❛ ❙♦❝✐❡❞❛❞❡ ❞❡ ❞✐❛❜❡t❡s ❛♠❡r✐❝❛♥❛ ✭❆❉❆✮ ❞♦

✐♥❣❧ês ❆♠❡r✐❝❛♥ ❞✐❛❜❡t❡s ❛ss♦❝✐❛t✐♦♥✱ ❜❡♠ ❝♦♠♦ s✉❛s ✈❛♥t❛❣❡♥s ♥♦s ❞✐❛s ❛t✉❛✐s✱

❢r❡♥t❡ ❛♦ ❝r❡s❝✐♠❡♥t♦ ❛❧❛r♠❛♥t❡ ❞❛ ❞✐❛❜❡t❡s t✐♣♦ ✷✳ ❙❡❣✉♥❞♦✱ ❢❡③✲s❡ ❛ ❞❡s❝r✐çã♦ ❞♦

r❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦ s♦❜r❡ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦✱ ❞❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛tr❛✈és

❞❛ ❛♥á❧✐s❡ ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ❛té ❛♦ ♠ét♦❞♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦✳

❖ ♣❛ss♦ ❞❡ ❡①tr❛çã♦ ❢♦✐ ❝r✉❝✐❛❧ ♣❛r❛ ❛ ❢❛s❡ ❞❡ ❝❧❛ss✐✜❝❛çã♦✱ ♣♦✐s ❜✉s❝♦✉✲s❡

✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❝♦♥❝✐s❛ ❡ ✜❡❧ ❞♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s ♣❡❧♦ ❝♦♥❝❡✐t♦ ❞❡ ✐♥❞❡♣ê♥❞❡♥❝✐❛

❡st❛tíst✐❝❛ q✉❡ ♠✐♥✐♠✐③♦✉ ♦ tr❛❜❛❧❤♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦✱ ♣♦r ú❧t✐♠♦ ❞❡s❝r❡✈❡✲s❡ ♦

❝❧❛ss✐✜❝❛❞♦r ✉t✐❧✐③❛❞♦ q✉❡ ❢♦✐ ♦ ❖♥❡✲❝❧❛ss ❙❱▼ ✭▼áq✉✐♥❛s ❞❡ ✈❡t♦r ❞❡ s✉♣♦rt❡ ♣❛r❛

✉♠❛ ❝❧❛ss❡✮✳

◆♦ ❝❛♣ít✉❧♦ ✸✱ ❛ ♠❡t♦❞♦❧♦❣✐❛ ✉t✐❧✐③❛❞❛ ❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s sã♦

❞✐s❝✉t✐❞♦s✱ ✐❧✉str❛❞♦s ♣♦r ♠❡✐♦ ❞❡ ❣rá✜❝♦s ❞❡ ❞✐s♣❡rçã♦ ❡♠ ✸❉ ❡ ♣♦r ✉♠❛ ♠❡❞✐❞❛

q✉❡ ♠♦str❛ ❝❧❛r❛♠❡♥t❡ ❛ s❡♣❛r❛çã♦ ❞❛s ❝❧❛ss❡s✳ P♦r ✜♠ ♥♦ ❝❛♣ít✉❧♦ ✹✱ ❞❡s❝r❡✈❡✲s❡

♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s✱ ❛ ♣♦ssí✈❡❧ r❡❧❛çã♦ ❞♦ ♠ét♦❞♦ ❝♦♠ ❛ ✜s✐♦❧♦❣✐❛ ❡ tr❛❜❛❧❤♦s

❢✉t✉r♦s sã♦ ❞✐s❝✉t✐❞♦s✳



✶✾

✷ ❘❡✈✐sã♦ t❡ór✐❝❛

✷✳✶ ❉❡s❝r✐çã♦ ❞❛s ❜❛s❡s ❞❡ ❞❛❞♦s

❊♠ ♠✉✐t♦s tr❛❜❛❧❤♦s ❞❛ ❧✐t❡r❛t✉r❛ ✉t✐❧✐③❛✲s❡ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞♦s í♥❞✐♦s

P✐♠❛ ♣❛r❛ t❡st❡s ❞❡ s✐st❡♠❛s ❈❆❉ ✭❈♦♠♣✉t❡r ❆✐❞❡❞ ❉❡s✐❣♥✮ ❬✽❪✱ ✐st♦ ♣♦rq✉❡ é ✉♠❛

❜❛s❡ ❞❡ ❧✐✈r❡ ❛❝❡ss♦ ❡ ✉♠❛ ❞❛s ♣♦✉❝❛s ❞✐s♣♦♥í✈❡✐s ❡♠ ❞✐❛❜❡t❡s✳ ❊st❛ ❜❛s❡ t❡♠ ❛❧❣✉♥s

♣♦♥t♦s ❞❡ ❞❡✜❝✐ê♥❝✐❛ ❝♦♠♦ s❡r ❞❡s❜❛❧❛♥❝❡❛❞❛ ❡ ❤♦♠♦❣ê♥❡❛✳

❖ ❞❡s❜❛❧❛♥❝❡❛♠❡♥t♦ ❡♠ ❞♦♠í♥✐♦ ❞❛ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ♣❛❞rõ❡s✱ s✐❣♥✐✜❝❛ q✉❡

❡①✐st❡♠ ♠✉✐t♦ ♠❡♥♦s ❝❛s♦s ❞❡ ❛❧❣✉♠❛s ❝❧❛ss❡s ❞♦ q✉❡ ♦✉tr❛s ❡ ✐ss♦ ♣♦❞❡ ❝❛✉s❛r ✉♠❛

✈❛❧♦r✐③❛çã♦ ❞❛s ❝❧❛ss❡s ♣r❡❞♦♠✐♥❛♥t❡s ❡ ❛ ✐❣♥♦r❛r ❝❧❛ss❡s ❞❡ ♠❡♥♦r r❡♣r❡s❡♥t❛çã♦❬✾❪✳

◗✉❛♥t♦ ❛ ❤♦♠♦❣❡♥❡✐❞❛❞❡ ❞❛ ❜❛s❡✱ s✐❣♥✐✜❝❛ q✉❡ ❡❧❛ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛t✐✈❛ ❛♣❡♥❛s

♣❛r❛ ♣♦♣✉❧❛çõ❡s ❤♦♠♦❣ê♥❡❛s ✭❮♥❞✐♦s P✐♠❛✮✳ P❛r❛ ♣♦♣✉❧❛çõ❡s ❤❡t❡r♦❣ê♥❡❛s ❝♦♠♦

❛ ❜r❛s✐❧❡✐r❛✱ q✉❡ é ❛❧t❛♠❡♥t❡ ♠✐s❝✐❣❡♥❛❞❛✱ ♦s t❡st❡s ❝♦♠ ❛ ❜❛s❡ P✐♠❛ ❡♠ s✐st❡♠❛s

❈❆❉ ♣❛r❛ ❛✉①í❧✐♦ ❛ ❝❧❛ss✐✜❝❛çã♦ ❞❛ ❞✐❛❜❡t❡s ♥ã♦ sã♦ r❡♣r❡s❡♥t❛t✐✈♦s✳

◆♦ss❛ ♠♦t✐✈❛çã♦ é ✐♠♣❧❡♠❡♥t❛r ✉♠ ♠ét♦❞♦ q✉❡ ♣♦ss❛ ❢❛③❡r ♦ ❛✉①í❧✐♦ ❡ ❛

❞❡t❡❝çã♦ ❞❡ ♣❡ss♦❛s ❝♦♠ ❞✐❛❜❡t❡s ❛♣r♦✈❡✐t❛♥❞♦ ✐♥❢♦r♠❛çõ❡s s✐♠♣❧❡s✱ ❞✐s♣♦♥í✈❡✐s ❡♠

❜❛s❡s ❞❡ ❞❛❞♦s✳ Pr♦♠♦✈❡♥❞♦ ✉♠❛ ❢♦r♠❛ s✐♠♣❧❡s ❡ ❜❛r❛t❛ ❞❡ ❛✉①✐❧✐♦ ❛♦ r❛str❡❛♠❡♥t♦

❞❡ ❞✐❛❜❡t❡s t✐♣♦ ✷ ♥❛ ♣♦♣✉❧❛çã♦ ❜r❛s✐❧❡✐r❛ q✉❡ é ❤❡t❡r♦❣ê♥❡❛✳

❉❡st❛ ❢♦r♠❛✱ ♣r♦❝✉r♦✉✲s❡ ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s q✉❡ ♣✉❞❡ss❡ r❡♣r❡s❡♥t❛r

❛ ♣♦♣✉❧❛çã♦ ❜r❛s✐❧❡✐r❛ ❡ ❡♠ ❝♦♦♣❡r❛çã♦✱ ♦ ❉❆❚❆❙❯❙ ❞✐s♣♦♥✐❜✐❧✐③♦✉ ❛ ❜❛s❡ ❞❡

❞❛❞♦s ❞♦ s✐st❡♠❛ ❍■P❊❘❉■❆ ✭❍✐♣❡rt❡♥sã♦ ❡ ❞✐❛❜❡t❡s✮❬✶✵❪✱ q✉❡ é ✉♠ ♣r♦❣r❛♠❛ ❞♦

❣♦✈❡r♥♦ ❢❡❞❡r❛❧ ❜r❛s✐❧❡✐r♦ r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ❝❛❞❛str❛♠❡♥t♦ ❞❡ ♣❛❝✐❡♥t❡s ❞✐❛❜ét✐❝♦s

❡ ❤✐♣❡rt❡♥s♦s ❛t❡♥❞✐❞♦s ♣❡❧♦ ❙❯❙ ✭ ❙✐st❡♠❛ ú♥✐❝♦ ❞❡ s❛ú❞❡✮✳ ❊ss❡ ♣r♦❣r❛♠❛

♣♦ss✐❜✐❧✐t❛ ❛ ❣❡stã♦ ❞♦s ❝✉✐❞❛❞♦s ♥❡❝❡ssár✐♦s ❛♦s ♣❛❝✐❡♥t❡s ❝❛❞❛str❛❞♦s ♥♦ ♠♦♠❡♥t♦

❞❛ ✈✐♥❝✉❧❛çã♦ ❞❡st❡s ❝♦♠ ❛s ✉♥✐❞❛❞❡s ❞❡ ❛t❡♥çã♦ ❜ás✐❝❛ ❞❡ s❛ú❞❡✳

❆ ❜❛s❡ ❞✐s♣♦♥✐❜✐❧✐③❛❞❛ ♣❡❧♦ ❍■P❊❘❉■❆ t❡♠ ✶✼ ❝❛r❛❝t❡ríst✐❝❛s ❝❧í♥✐❝❛s



✷✳✶ ❉❡s❝r✐çã♦ ❞❛s ❜❛s❡s ❞❡ ❞❛❞♦s ✷✵

❞❡ ✶✵✵✵ ♣❛❝✐❡♥t❡s ❛♣r♦①✐♠❛❞❛♠❡♥t❡✱ ♣♦r ❡st❛❞♦ ❜r❛s✐❧❡✐r♦✳ ❚♦t❛❧✐③❛♥❞♦ ✉♠ ♥ú♠❡r♦

❛♣r♦①✐♠❛❞♦ ❞❡ ✷✼✳✵✵✵ ♣❛❝✐❡♥t❡s✱ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❝❧í♥✐❝❛s sã♦✿

✶✲ Pr❡ssã♦ ❛rt❡r✐❛❧ s✐stó❧✐❝❛

✷✲ Pr❡ssã♦ ❛rt❡r✐❛❧ ❞✐❛stó❧✐❝❛

✸✲ ❝✐♥t✉r❛ ✭❝♠✮

✹✲ P❡s♦ ✭❦❣✮

✺✲ ❆❧t✉r❛ ✭❝♠✮

✻✲ ●❧✐❝❡♠✐❛ ❡♠ ❥❡❥✉♠

✼✲ ❆♥t❡❝❡❞❡♥t❡s ❢❛♠✐❧✐❛r❡s

✽✲ ■❞❛❞❡

✾✲ ❚❛❜❛❣✐s♠♦

✶✵✲ ❙❡❞❡♥t❛r✐s♠♦

✶✶✲ ❙♦❜r❡♣❡s♦

✶✷✲ ■♥❢❛rt♦

✶✸✲ ❆❱❈

✶✹✲ ❆♠♣✉t❛çã♦

✶✺✲ Pé ❞✐❛❜ét✐❝♦

✶✻✲ ❖✉tr❛s ❝♦r♦♥❛r✐♦♣❛t✐❛s

✶✼✲ ❉♦❡♥ç❛ r❡♥❛❧✳

Pr✐♠❡✐r❛♠❡♥t❡✱ ✉t✐❧✐③♦✉✲s❡ ❛♣❡♥❛s ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞♦ ❡st❛❞♦ ❞♦

▼❛r❛♥❤ã♦✱ ❝♦♠ ✺✵✶ ♣❛❝✐❡♥t❡s ❞✐❛❜ét✐❝♦s ❡ ✺✵✶ ♥ã♦✲❞✐❛❜ét✐❝♦s✳



✷✳✷ ❘❛str❡❛♠❡♥t♦ ❞❡ ❞✐❛❜❡t❡s ✷✶

❙❡❣✉♥❞♦ ♦ ❍✐♣❡r❞✐❛ ♦ ❝❛❞❛str♦ ❞❡st❡s ♣❛❝✐❡♥t❡s ♣♦rt❛❞♦r❡s ❞❡ ❞✐❛❜❡t❡s ❡

❤✐♣❡rt❡♥sã♦✱ ♣♦ss✐❜✐❧✐t❛ t❛♠❜é♠ ♦ ♠♦♥✐t♦r❛♠❡♥t♦ ❞❡ ❢♦r♠❛ ❝♦♥tí♥✉❛ ❞❛ q✉❛❧✐❞❛❞❡

❝❧í♥✐❝❛ ✭♦✉t❝♦♠❡✮✱ ❝♦♥tr♦❧❡ ❞♦s ❛❣r❛✈♦s ❡ ❞♦s ❢❛t♦r❡s ❞❡ r✐s❝♦ ❞❡st❛s ❞♦❡♥ç❛s ♥❛

♣♦♣✉❧❛çã♦ ❛ss✐st✐❞❛✳

❖ ♣r♦❣r❛♠❛ t❡♠ ❛ ♠✐ssã♦ ❞❡ ❢♦r♥❡❝❡r ✐♥❢♦r♠❛çõ❡s ❣❡r❡♥❝✐❛✐s q✉❡

♣❡r♠✐t❛♠ s✉❜s✐❞✐❛r ♦s ❣❡st♦r❡s ♣ú❜❧✐❝♦s ♣❛r❛ t♦♠❛❞❛ ❞❡ ❞❡❝✐sõ❡s ♥❛ ❛❞♦çã♦ ❞❡

❡str❛té❣✐❛s ❣❡r❛✐s ♦✉ ♣♦♥t✉❛✐s ❡♠ r❡❧❛çã♦ ❛ ❞♦❡♥ç❛✱ ❝♦♠♦ ❡st✐♠❛r ♦ ❛❝❡ss♦ ❛♦s

s❡r✈✐ç♦s ❞❡ s❛ú❞❡✱ ♣❧❛♥❡❥❛r ❞❡♠❛♥❞❛ ♣❛r❛ r❡❢❡r❡♥❝✐❛♠❡♥t♦s✱ ❡st✐♠❛r ♦ ✉s♦ ❞❡

♠❛t❡r✐❛✐s✱ r❡❝✉rs♦s ❤✉♠❛♥♦s ❡ ❝❛♣❛❝✐t❛çõ❡s✱ ❢♦r♥❡❝❡r ✐♥❢♦r♠❛çõ❡s q✉❡ s✉❜s✐❞✐❡♠ ❛

❣❡rê♥❝✐❛ ❡ ❣❡stã♦ ❞❛ ❛ss✐stê♥❝✐❛ ❢❛r♠❛❝ê✉t✐❝❛✱ ✐♥str✉♠❡♥t❛❧✐③❛r ❛ ✈✐❣✐❧â♥❝✐❛ à s❛ú❞❡

❢♦r♥❡❝❡♥❞♦ ✐♥❢♦r♠❛çõ❡s q✉❡ ♣❡r♠✐t❛♠ ❝♦♥❤❡❝❡r ♦ ♣❡r✜❧ ❡♣✐❞❡♠✐♦❧ó❣✐❝♦ ❞♦ ❞✐❛❜❡t❡s

♠❡❧❧✐t✉s✱ s❡✉s ❢❛t♦r❡s ❞❡ r✐s❝♦ ❡ s✉❛s ❝♦♠♣❧✐❝❛çõ❡s ♥❛ ♣♦♣✉❧❛çã♦✳ ❉❡st❛ ❢♦r♠❛✱

♣♦ss✐❜✐❧✐t❛r ♦ ❝♦♥tr♦❧❡ s♦❝✐❛❧ ♣♦r ♠❡✐♦ ❞❡ ✐♥❢♦r♠❛çõ❡s q✉❡ ♣❡r♠✐t❛♠ ❛♥❛❧✐s❛r ❛❝❡ss♦✱

❝♦❜❡rt✉r❛ ❡ q✉❛❧✐❞❛❞❡ ❞❡ ❛t❡♥çã♦ ♥❛ ♣♦♣✉❧❛çã♦ ❛ss✐st✐❞❛ ♣❡❧♦ ♣r♦❣r❛♠❛✳ ❬✶✶❪

❚♦❞❛s ❡st❛s ♠❡❞✐❞❛s sã♦ ❛♣r❛③í✈❡✐s ❛♦ ❝♦♠❜❛t❡✱ tr❛t❛♠❡♥t♦✱ ❡ ❝♦♥tr♦❧❡

❞❛ ❞♦❡♥ç❛ ❡♠ s❡✉ ♣♦rt❛❞♦r ♥♦ â♠❜✐t♦ ❞❛s ♣♦❧ít✐❝❛s ♣ú❜❧✐❝❛s✱ ♠❛s ❤á ♦✉tr♦

♦❜❥❡t✐✈♦ ❞❡s❡❥á✈❡❧ ♥❡st❡ ❝♦♠❜❛t❡ q✉❡ é ♦ ❞✐❛❣♥óst✐❝♦ ❞❛ ❞♦❡♥ç❛ ❡♠ s✉❛ ❢❛s❡

❛ss✐♥t♦♠át✐❝❛✱ ❛♥t❡s q✉❡ ❡st❛ s❡ ❞❡s❞♦❜r❡ ♥❛s ❝♦♠♣❧✐❝❛çõ❡s ❞♦ ❞✐❛❜❡t❡s✱ ❝♦♠♦✿

❞♦❡♥ç❛s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s✱ ❝❡❣✉❡✐r❛✱ ❛♠♣✉t❛çõ❡s ❡ ♦✉tr♦s✳ P♦r ✜♠✱ ❛✉♠❡♥t❛♥❞♦ ♦s

❝✉st♦s ❞✐r❡t♦s ❡ ✐♥❞✐r❡t♦s ❝♦♠ ❛ ❞♦❡♥ç❛✳

✷✳✷ ❘❛str❡❛♠❡♥t♦ ❞❡ ❞✐❛❜❡t❡s

❍á ✉♠❛ ❣r❛♥❞❡ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ♦ ❞✐❛❣♥óst✐❝♦ ❡ ♦ r❛str❡❛♠❡♥t♦ ❞❡ ✉♠❛

❞♦❡♥ç❛✳ ◆♦ ❝❛s♦ ❞♦ ❞✐❛❣♥óst✐❝♦✱ ❞❛❞♦ ✉♠ ✐♥❞✐✈í❞✉♦ q✉❡ ❛♣r❡s❡♥t❛ s✐♥t♦♠❛s ♦✉

s✐♥❛✐s ❞❡ ✉♠❛ ♣♦ssí✈❡❧ ❞♦❡♥ç❛✱ ♦s t❡st❡s ❞❡ ❝♦rt❡ sã♦ r❡❛❧✐③❛❞♦s✱ ❡st❡s t❡st❡s ♥ã♦

r❡♣r❡s❡♥t❛♠ ✉♠ r❛str❡❛♠❡♥t♦✱ ♠❛s ✉♠ ❞✐❛❣♥óst✐❝♦ ✐s♦❧❛❞♦✳

❏á ♥♦ r❛str❡❛♠❡♥t♦✱ ♦ ♦❜❥❡t✐✈♦ é ✐❞❡♥t✐✜❝❛r ✈ár✐♦s ✐♥❞✐✈í❞✉♦s

❛ss✐♥t♦♠át✐❝♦s q✉❡ ❡stã♦ ♣r♦♣❡♥s♦s ❛ t❡r ❞✐❛❜❡t❡s ❛♥t❡s ❞♦ ❞✐❛❣♥óst✐❝♦ ✜♥❛❧ ✐s♦❧❛❞♦✳

❉❡ss❛ ❢♦r♠❛✱ ❞✐♠✐♥✉✐♥❞♦ ❛s ❝❤❛♥❝❡s ❞♦ s✉r❣✐♠❡♥t♦ ❞❡ ❝♦♠♣❧✐❝❛çõ❡s ❞❡st❛✳ ■st♦
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é ✈✐á✈❡❧ ♣❛r❛ ❛ ❞✐❛❜❡t❡s ❞♦ t✐♣♦ ✷✱ ♣♦✐s ❛ ❞♦❡♥ç❛ t❡♠ ✉♠❛ ❢❛s❡ ❛ss✐♥t♦♠át✐❝❛✱ q✉❡

❝♦♠♣r❡❡♥❞❡ ✉♠ ♣❡rí♦❞♦ ❞❡ ✼ ❛ ✶✵ ❛♥♦s✳ ❆ss✐♠✱ ♣r❡✈❡♥✐♥❞♦ ❛s ♣♦ssí✈❡✐s ❝♦♠♣❧✐❝❛çõ❡s

❞❛ ❞♦❡♥ç❛ ❡♠ q✉❡stã♦✳ ❬✶✷❪

◆♦ ♠✉♥❞♦ t♦❞♦ ❡①✐st❛♠ ❞✐✈❡r❣ê♥❝✐❛s q✉❛♥t♦ ❛ ❛♣❧✐❝❛çã♦ ❡ ❡❢❡t✐✈✐❞❛❞❡ ❞♦

r❛str❡❛♠❡♥t♦ ♣❛r❛ ♦ ❞✐❛❜❡t❡s t✐♣♦ ✷✱ s❡❣✉♥❞♦❬✶✸❪ ❡①✐st❡♠ s❡t❡ ❝♦♥❞✐çõ❡s q✉❡ r❡✉♥✐❞❛s

✐♥❞✐❝❛♠ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ✉♠ r❛str❡❛♠❡♥t♦ ❡♠ ❞❡t❡r♠✐♥❛❞❛ ❞♦❡♥ç❛✱ q✉❡ sã♦✿

✶✳ ❆ ❞♦❡♥ç❛ r❡♣r❡s❡♥t❛ ✉♠ ✐♠♣♦rt❛♥t❡ ♣r♦❜❧❡♠❛ ❞❡ s❛ú❞❡ q✉❡ ✐♠♣õ❡ ✉♠❛ ❝❛r❣❛

s✐❣♥✐✜❝❛t✐✈❛ s♦❜r❡ ❛ ♣♦♣✉❧❛çã♦❄

✷✳ ❆ ❤✐stór✐❛ ♥❛t✉r❛❧ ❞❛ ❞♦❡♥ç❛ é ❝♦♠♣r❡❡♥❞✐❞❛❄

✸✳ ❍á ✉♠❛ ❢❛s❡ ❛ss✐♥t♦♠át✐❝❛ ❡♠ q✉❡ ❛ ❞♦❡♥ç❛ ♣♦❞❡ s❡r ❞✐❛❣♥♦st✐❝❛❞❛❄

✹✳ ❊①✐st❡♠ t❡st❡s ❞✐s♣♦♥í✈❡✐s q✉❡ ♣♦ss❛♠ ❞❡t❡❝t❛r ❛ ❞♦❡♥ç❛ ♥♦ s❡✉ ❡stá❣✐♦

♣ré✲❝❧í♥✐❝♦❄ ❊st❡s t❡st❡s sã♦ ❛❝❡✐tá✈❡✐s✱ ❝♦♥✜á✈❡✐s❄

✺✳ ❖ tr❛t❛♠❡♥t♦ ❛♣ós ❛ ❞❡t❡❝çã♦ ♣r❡❝♦❝❡ ♣r♦❞✉③ ❜❡♥❡❢í❝✐♦s s✉♣❡r✐♦r❡s ❛♦s ♦❜t✐❞♦s

q✉❛♥❞♦ ♦ tr❛t❛♠❡♥t♦ é t❛r❞✐♦❄

✻✳ ❖s ❝✉st♦s ♣❛r❛ ❝❛❞❛ ❝❛s♦ ❞❡t❡❝t❛❞♦ ❡ tr❛t❛♠❡♥t♦ sã♦ r❛③♦á✈❡✐s ❡ ❡q✉✐❧✐❜r❛❞♦s

❡♠ r❡❧❛çã♦ ❛♦s ❣❛st♦s ❝♦♠ ❛ s❛ú❞❡ ❝♦♠♦ ✉♠ t♦❞♦❄ ❊①✐st❡♠ ❤♦s♣✐t❛✐s ❡ r❡❝✉rs♦s

❞✐s♣♦♥í✈❡✐s ♣❛r❛ ♥♦✈♦s ❝❛s♦s ❞✐❛❣♥♦st✐❝❛❞♦s❄

✼✳ ❖ r❛str❡❛♠❡♥t♦ s❡rá ✉♠ ♣r♦❝❡ss♦ ❝♦♥tí♥✉♦✱ s✐st❡♠át✐❝♦ ❡ ♥ã♦ ❛♣❡♥❛s ✉♠

❡s❢♦rç♦ ❡♠ ✉♠ t❡♠♣♦ ✐s♦❧❛❞♦❄

❆té ✷✵✵✽ ❡st✉❞♦s ❞✐③✐❛♠ q✉❡ ♦ ❞✐❛❜❡t❡s ♥ã♦ ❝✉♠♣r✐❛ t♦❞❛s ❡st❛s ❝♦♥❞✐çõ❡s

♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦ r❛str❡❛♠❡♥t♦ ❬✶✹❪✳ ❋❛❧t❛✈❛♠ ❡st✉❞♦s ❝❧í♥✐❝♦s ❛❧❡❛t♦r✐③❛❞♦s

❝♦♠♣r♦✈❛♥❞♦ ♦s r✐s❝♦s ❡ ❜❡♥❡❢í❝✐♦s ❞♦ r❛str❡✐♦ ♣❛r❛ ❛ ❞✐❛❜❡t❡s t✐♣♦ ✷✱ ❝♦♠♦ r❡❞✉çã♦

♥❛ ✐♥❝✐❞ê♥❝✐❛ ❞❛ ❞♦❡♥ç❛ ❡ ❞✐♠✐♥✉✐çã♦ ❞❡ ❝✉st♦s ❝♦♠ ❛s ❝♦♠♣❧✐❝❛çõ❡s ❞❛ ❞♦❡♥ç❛✳

◆♦s ú❧t✐♠♦s ❛♥♦s✱ ❡st✉❞♦s ❝❧í♥✐❝♦s ❛❧❡❛t♦r✐③❛❞♦s ❢♦r❛♠ ❢❡✐t♦s ❡ ❣❛r❛♥t✐r❛♠

♦s ❜❡♥❡❢í❝✐♦s ❞♦ r❛str❡❛♠❡♥t♦ ❞❛ ❞✐❛❜❡t❡s t✐♣♦ ✷ ❬✶✺❪✱❬✶✻❪✳ ❖s ❜❡♥❡❢í❝✐♦s ❡♠ ❧✐♥❤❛s

❣❡r❛✐s ❡stã♦ ♥❛ r❡❞✉çã♦ ❞♦s ❝✉st♦s ❡♠ ♣❛❝✐❡♥t❡s ❝♦♠ ❢❛t♦r❡s ❞❡ ❛❧t♦ r✐s❝♦ q✉❡



✷✳✷ ❘❛str❡❛♠❡♥t♦ ❞❡ ❞✐❛❜❡t❡s ✷✸

♣❛ss❛r❛♠ ♣❡❧♦ r❛str❡❛♠❡♥t♦ ❡♠ r❡❧❛çã♦ ❛♦s ❝✉st♦s ❞♦s ♣❛❝✐❡♥t❡s ❞♦ ♠❡s♠♦ ❣r✉♣♦

q✉❡ ♥ã♦ ❢♦r❛♠ r❛str❡❛❞♦s✳

❖ ❡st✉❞♦ ❝♦♠♣❛r♦✉ ❛ ❡❝♦♥♦♠✐❛ ❢❡✐t❛ ❝♦♠ ❛ r❡❛❧✐③❛çã♦ ❞♦ r❛str❡❛♠❡♥t♦

❝♦♠ ❝✐♥❝♦ t✐♣♦s ❞✐❢❡r❡♥t❡s ❞❡ ❡①❛♠❡s ✐♥✈❛s✐✈♦s✿ ❬✶❪●❧✐❝❡♠✐❛ ♣❧❛s♠át✐❝❛ ❞❡ ✶❤ ❞❡♣♦✐s

❞♦ ❝♦♥s✉♠♦ ❞❡ ✺✵ ❣ ❞❡ ❣❧✐❝♦s❡ ♦r❛❧✭●❈❚♣❧✮✱ ❬✷❪●❧✐❝❡♠✐❛ ❝❛♣✐❧❛r ❞❡ ✶ ❤ ❞❡♣♦✐s

❞❛ ✐♥❣❡stã♦ ❞❡ ✺✵ ❣ ❞❡ ❣❧✐❝♦s❡ ♦r❛❧✭●❈❚❝❛♣✮✱ ❬✸❪▼❡❞✐çã♦ ❞❡ ❣❧✐❝❡♠✐❛ ♣❧❛s♠át✐❝❛

❛❧❡❛tór✐❛ ✭❘P●✮✱ ❬✹❪▼❡❞✐çã♦ ❞❡ ❣❧✐❝❡♠✐❛ ❝❛♣✐❧❛r ❛❧❡❛tór✐❛ ✭ ❘P●✱✮ ❡ ❬✺❪❍❡♠♦❣❧♦❜✐♥❛

●❧✐❝❛❞❛ ✭❆✶❝✮✳ ❖s r❡s✉❧t❛❞♦s ♠♦str❛♠ ✈❛♥t❛❣❡♥s ❡❝♦♥ô♠✐❝❛s ❡ s♦❝✐❛✐s ♥♦ ❞✐❛❣♥óst✐❝♦

❛♥t❡❝✐♣❛❞♦ ❞♦ ❞✐❛❜❡t❡s t✐♣♦ ✷ ❛tr❛✈és ❞♦ r❛str❡❛♠❡♥t♦ ❞♦ q✉❡ ♥♦ ❞✐❛❣♥óst✐❝♦ ✐s♦❧❛❞♦

❝❛s♦ ❛ ❝❛s♦ ✭ s❡♠ r❛str❡❛♠❡♥t♦✮✳

❆ ♠é❞✐❛ ❞❡ ❡❝♦♥♦♠✐❛ ✜♥❛♥❝❡✐r❛ ♦❜t✐❞❛ ❝♦♠ ♦ r❛str❡❛♠❡♥t♦ ♣❛r❛ ❛

❞✐❛❜❡t❡s ❢♦✐ ❞❡ ✲✷✺✱✼✷✪✱ s❡♥❞♦ q✉❡ ♦ ❡①❛♠❡ ♠❛✐s ❡❝♦♥ô♠✐❝♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ♦

r❛str❡❛♠❡♥t♦ ❢♦✐ ♦ ❞❡ ●❈❚♣❧✱ ❝♦♠ ✲✸✵✳✶✷ ✪ ❡ ♦ ♠❡♥♦s ❡❝♦♥ô♠✐❝♦ ♦ ❞❡ ❆✶❝✱ ❝♦♠

✉♠❛ ❞✐♠✐♥✉✐çã♦ ❞❡ ✲✶✹✱✽✽✪✳ ❚♦❞❛s ❡st❛s ❞✐♠✐♥✉✐çõ❡s ❢♦r❛♠ ❡♠ ❝♦♠♣❛r❛çã♦ ❛♦

✈❛❧♦r ❣❛st♦ ❝♦♠ ♦ ♥ã♦ r❛str❡❛♠❡♥t♦✳ ◗✉❛♥t♦ ❛♦s ❝✉st♦s s♦❝✐❛✐s✱ ❛ ❡❝♦♥♦♠✐❛ ♠é❞✐❛

❞♦ r❛str❡❛♠❡♥t♦ ❡♠ r❡❧❛çã♦ ❛♦ ♥ã♦ r❛str❡❛♠❡♥t♦ ❢♦✐ ❞❡ ✲✷✶✱✵✽✪✳ ◆❡st❡ ❝❛s♦ ♦ ♠❛✐s

❡❝♦♥ô♠✐❝♦ ❢♦✐ ♦ ❞❡ ●❈❚♣❧✱ ❝♦♠ ✲✷✹✱✾✶ ✪ ❡ ♦ ♠❡♥♦s ❡❝♦♥ô♠✐❝♦ ♦ ❞❡ ❆✶❝✱ ❝♦♠ ✲✶✸✳✵✾

✪✳

❚❛♠❜é♠ ❢♦r❛♠ ♦rç❛❞❛s ❛s ♣♦r❝❡♥t❛❣❡♥s ❡❝♦♥ô♠✐❝❛s ❡♠ r❡❧❛çã♦ ❛♦

❞✐❛❣♥óst✐❝♦ ❛♥t❡❝✐♣❛❞♦ ❞❡ ♣ré✲❞✐❛❜ét✐❝♦s ♦r✐✉♥❞♦s ❞♦ r❛str❡❛♠❡♥t♦✳ ◆❡st❡

❝❛s♦✱ ♦❜t✐✈❡r❛♠✲s❡ ♥ú♠❡r♦s s✐❣♥✐✜❝❛♥t❡s ❞❡ ❡❝♦♥♦♠✐❛ ✜♥❛♥❝❡✐r❛ ❡ s♦❝✐❛❧ ❝♦♠ ♦

r❛str❡❛♠❡♥t♦✳ ◆♦s ❝✉st♦s ✜♥❛♥❝❡✐r♦s✱ ❛ ❡❝♦♥♦♠✐❛ ♠é❞✐❛ ❡♠ r❡❧❛çã♦ ❛♦ ♥ã♦

r❛str❡❛♠❡♥t♦ ❢♦✐ ❞❡ ✲✾✱✸✶✪✳ ❖ ❡①❛♠❡ ❞❡ r❛str❡❛♠❡♥t♦ ♠❛✐s ❡❝♦♥ô♠✐❝♦ ❢♦✐ ♦ ❞❡

●❈❚♣❧✱ ❝♦♠ ✉♠❛ ❡❝♦♥ô♠✐❛ ❞❡ ✲✶✶✱✵✶✪ ❡ ♦ ♠❡♥♦s ❡❝♦♥ô♠✐❝♦ ♦ ❞❡ ❆✶❝✱ ❝♦♠ ✉♠❛

❡❝♦♥ô♠✐❛ ❞❡ ✲✺✳✶✸✪✳ ❈♦♠ r❡❧❛çã♦ ❛ ❡❝♦♥ô♠✐❛ ❣❡r❛❞❛ ♥♦s ❝✉st♦s s♦❝✐❛✐s ♣❛r❛ ♦s

♣ré✲❞✐❛❜ét✐❝♦s✱ ❝♦♠ ♦ r❛str❡❛♠❡♥t♦✱ ♦ ♣❡r❝❡♥t✉❛❧ ♠é❞✐♦ ❞❡ ❞✐♠✐♥✉✐çã♦ ❞♦s ❝✉st♦s

❢♦✐ ❞❡ ✲ ✶✱✸✻✪✱ ❝♦♠ ❛ ♠❛✐♦r ❡❝♦♥ô♠✐❛ ❞❡ ✷✱✽✷✪ ♥♦ ❡①❛♠❡ ❞❡ ●❈❚♣❧ ❡ ❛ ♠❡♥♦r

❡❝♦♥ô♠✐❛ ❞❡ ✵✳✺✸✪ ♥♦ ❡①❛♠❡ ❞❡ ❆✶❝✳

◆♦ ♠❡s♠♦ ❡st✉❞♦ ❢♦✐ ❛♥❛❧✐s❛❞❛ ❛ ❡❝♦♥♦♠✐❛ ❡♠ ✸ ❛♥♦s ❝♦♠ ♦ tr❛t❛♠❡♥t♦✱

❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❡ ✐♠♣❛❝t♦ ❞♦s ❝❛s♦s ❞✐❛❣♥♦st✐❝❛❞♦s ❝♦♠♦ ❞✐❛❜ét✐❝♦s✱ ♣ré ❞✐❛❜ét✐❝♦s



✷✳✷ ❘❛str❡❛♠❡♥t♦ ❞❡ ❞✐❛❜❡t❡s ✷✹

❡ ♥ã♦ ❞✐❛❜ét✐❝♦s ♦r✐✉♥❞♦s ❞♦ r❛str❡❛♠❡♥t♦ ♣❛r❛ ♦s ♣r✐♥❝✐♣❛✐s ❢❛t♦r❡s ♦❜s❡r✈❛❞♦s ♣❡❧♦

s✐st❡♠❛ ❞❡ s❛ú❞❡ ♥♦s ❊❯❆✳ ❖s ❢❛t♦r❡s ♦❜s❡r✈❛❞♦s ❢♦r❛♠✿

✶❛ ✲ ❮♥❞✐❝❡ ❞❡ ▼❛ss❛ ❈♦r♣♦r❛❧ ♠❡♥♦r q✉❡ 25kg/m2 ✭IMC < 25kg/m2✮

✶❜ ✲ ❮♥❞✐❝❡ ❞❡ ▼❛ss❛ ❈♦r♣♦r❛❧ ❡♥tr❡ 25kg/m2✲35kg/m2 ✭IMC25− 35kg/m2✮

✶❝ ✲ ❮♥❞✐❝❡ ❞❡ ▼❛ss❛ ❈♦r♣♦r❛❧ ♠❛✐♦r q✉❡ 35kg/m2 ✭IMC > 35kg/m2✮

✷❛ ✲ ■❞❛❞❡ ♠❡♥♦r q✉❡ ✹✵ ❛♥♦s ✭■❞❛❞❡ ❁ ✹✵ ❛♥♦s✮

✷❜ ✲ ■❞❛❞❡ ❡♥tr❡ ✹✵ ❡ ✺✺ ❛♥♦s ✭■❞❛❞❡ ✹✵✲✺✺ ❛♥♦s✮

✷❝ ✲ ■❞❛❞❡ ♠❛✐♦r q✉❡ ✺✺ ❛♥♦s ✭■❞❛❞❡ ❃ ✺✺ ❛♥♦s✮

✸❛ ✲ Pr❡ssã♦ ♠❡♥♦r q✉❡ ✶✸✵ ♠♠❑❣ ✭Pressão < 130mmKg✮

✸❜ ✲ Pr❡ssã♦ ♠❛✐♦r ♦✉ ✐❣✉❛❧ ❛ ✶✸✵ ♠♠❑❣ ✭Pressão ≥ 130mmKg✮

✹❛ ✲ ❚r✐❣❧✐❝ér✐❞♦s ❜❛✐①♦ r✐s❝♦ ✭❚● ❜❛✐①♦ r✐s❝♦✮

✹❜ ✲ ❚r✐❣❧✐❝ér✐❞♦s ❛❧t♦ r✐s❝♦ ✭❚● ❛❧t♦ r✐s❝♦✮

✺❛ ✲ ❍❉▲ ❜❛✐①♦ r✐s❝♦ ✭❍❉▲ ❜❛✐①♦ r✐s❝♦✮

✺❜ ✲ ❍❉▲ ❛❧t♦ r✐s❝♦ ✭❍❉▲ ❛❧t♦ r✐s❝♦✮

✻❛ ✲ ❈✐♥t✉r❛ ❜❛✐①♦ r✐s❝♦ ✭❈✐♥t✉r❛ ❜❛✐①♦ r✐s❝♦✮

✻❜ ✲ ❈✐♥t✉r❛ ❛❧t♦ r✐s❝♦ ✭❈✐♥t✉r❛ ❛❧t♦ r✐s❝♦✮

✼❛ ✲ ❍✐stór✐❝♦ ❢❛♠✐❧✐❛r ♥❡❣❛t✐✈♦ ✭❍✐stór✐❝♦ ❢❛♠✐❧✐❛r ♥❡❣❛t✐✈♦✮

✼❜ ✲ ❍✐stór✐❝♦ ❢❛♠✐❧✐❛r ♣♦s✐t✐✈♦ ✭❍✐stór✐❝♦ ❢❛♠✐❧✐❛r ♣♦s✐t✐✈♦✮

P❛r❛ t♦❞♦s ♦s ❢❛t♦r❡s ♦❜s❡r✈❛❞♦s✱ ♦ r❛str❡❛♠❡♥t♦ ❢♦✐ ♠❛✐s ❡❝♦♥ô♠✐❝♦ q✉❡

♦ ♥ã♦ r❛str❡❛♠❡♥t♦ t❛♥t♦ ♥♦ ❝❛♠♣♦ ✜♥❛♥❝❡✐r♦ ❝♦♠♦ ♥♦ s♦❝✐❛❧✱ ♠❛s ❛s ❡❝♦♥ô♠✐❛s

♠❛✐s s✐❣♥✐✜❝❛t✐✈❛s ❢♦r❛♠ ♦❜s❡r✈❛❞❛s ♥♦s ❢❛t♦r❡s ❞❡ ❛❧t♦ r✐s❝♦ ❝♦♠♦ ♦ ✶❜✱ ✷❜✱✸❜✱ ✹❜✱

✺❜✱ ✻❜ ❡ ✼❜ ❝♦♠ ♦ tr❛t❛♠❡♥t♦✱ ❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❡ ✐♠♣❛❝t♦ ♣❛r❛ ♦s ❞✐❛❜ét✐❝♦s✱ ♣ré

❞✐❛❜ét✐❝♦s ❡ ❞♦s ♥ã♦ ❞✐❛❜ét✐❝♦s ♦r✐✉♥❞♦s ❞♦ r❛str❡❛♠❡♥t♦✳



✷✳✸ ❈❛❧❝✉❧❛❞♦r❛s ❞❡ r✐s❝♦ ❞❡ ❞✐❛❜❡t❡s ✷✺

❖ ❡st✉❞♦ ♠♦str❛ ❛ ❡❝♦♥♦♠✐❛ ❞♦ r❛str❡❛♠❡♥t♦ ♥♦s ❝✉st♦s s♦❝✐❛✐s✭

❙♦♠❛♠✲s❡ ❞✐♠✐♥✉✐çã♦ ❞❡ ❤♦r❛s tr❛❜❛❧❤❛❞❛s✱ ❝✉st♦s ❞❛ ❢❛♠í❧✐❛ ❝♦♠ ♠❡❞✐❝❛♠❡♥t♦s

❡ ❡t❝✮❡ ♥♦s ❝✉st♦s ✜♥❛♥❝❡✐r♦s ✭ ❙♦♠❛♠✲s❡ ❣❛st♦s ❤♦s♣✐t❛❧❛r❡s ❝♦♠ ❡①❛♠❡s✱

♠❡❞✐❝❛♠❡♥t♦s✱ ❝❛♠♣❛♥❤❛s ❡ ❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❞♦s ❞✐❛❜ét✐❝♦s ❡ ♣ré✲❞✐❛❜ét✐❝♦s✮t❛♥t♦

♥♦ ❞✐❛❣♥óst✐❝♦ ❛♥t❡❝✐♣❛❞♦ ♦r✐✉♥❞♦ ❞♦ r❛str❡❛♠❡♥t♦✱ ❝♦♠♦ ♥♦ ❛❝♦♠♣❛♥❤❛♠❡♥t♦

❝❧í♥✐❝♦ ❞♦s ♣❛❝✐❡♥t❡s ♦r✐✉♥❞♦s ❞♦ r❛str❡❛♠❡♥t♦✳

P♦❞❡✲s❡ ✈❡r ❡st❡s r❡s✉❧t❛❞♦s ❞❡ ❝✉st♦s✱ ❡♠ ❞ó❧❛r ❛♠❡r✐❝❛♥♦✱ ♣❛r❛ ♦s

❞✐❛❜ét✐❝♦s ❡ ♣ré ❞✐❛❜ét✐❝♦s ♥♦ ❆♥❡①♦ ✶✿ ◆❛s t❛❜❡❧❛s ✻✳✶ ❡ ✻✳✷ ♣❛r❛ ♦s ❝✉st♦s

✜♥❛♥❝❡✐r♦s ❡ s♦❝✐❛✐s ❞♦s ❞✐❛❜ét✐❝♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊ ♥❛s t❛❜❡❧❛s ✻✳✸ ❡ ✻✳✹ ♣❛r❛

♦s ❝✉st♦s ✜♥❛♥❝❡✐r♦s ❡ s♦❝✐❛✐s ❝♦♠ ♦s ♣ré ❞✐❛❜❡t✐❝♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳

◆♦ ❇r❛s✐❧✱ ♦ ú❧t✐♠♦ r❛str❡❛♠❡♥t♦ r❡❛❧✐③❛❞♦ ❢♦✐ ❡♠ ✷✵✵✶✳ ❯t✐❧✐③♦✉✲s❡ ♦

t❡st❡ ❞❡ ❣❧✐❝❡♠✐❛ ❝❛♣✐❧❛r ♣❛r❛ ♦ r❛str❡❛♠❡♥t♦ ❝♦♠ ✉♠ ❝✉st♦ t♦t❛❧ ♣❛r❛ ♦ ❣♦✈❡r♥♦

❢❡❞❡r❛❧ ❞❡ ❘✩✸✽✳✻✷✵✱✼✼✺✱✵✵✳ ◆❡st❡ ❝✉st♦ ♥ã♦ ❡stã♦ ♦rç❛❞♦s ♦s ❝✉st♦s ❧♦❝❛✐s ❞♦s

♠✉♥✐❝í♣✐♦s✱ ♥❡♠ ♦s ❝✉st♦s ❝♦♠ ♦s tr❛t❛♠❡♥t♦s ❡ ❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❞❡ ❝❛❞❛ ♥♦✈♦

❝❛s♦ ❞✐❛❣♥♦st✐❝❛❞♦✳❬✶✼❪ ❋♦✐ ❝♦♥s✐❞❡r❛❞♦ ❞❡s♥❡❝❡ssár✐♦ ♥❛ é♣♦❝❛✱ ♣❡❧♦s ❛❧t♦s ❝✉st♦s

❡♥✈♦❧✈✐❞♦s ❡ ♣♦r ♥ã♦ ❛t❡♥❞❡r ♦s ♣ré✲r❡q✉✐s✐t♦s ❝✐t❛❞♦s ❛❝✐♠❛✱ q✉❡ ❡♥✈♦❧✈❡♠ ♦

r❛str❡❛♠❡♥t♦ ❞❡ ✉♠❛ ❞♦❡♥ç❛✳

✷✳✸ ❈❛❧❝✉❧❛❞♦r❛s ❞❡ r✐s❝♦ ❞❡ ❞✐❛❜❡t❡s

❊♠ ✷✵✵✽✱ ❛ ❆❉❆ ❛❞✐❝✐♦♥♦✉ ❝♦♠♦ ♠❡❞✐❞❛ ♣r❡✈❡♥t✐✈❛ ❡ ❞❡ ❝á❧❝✉❧♦ ❞♦ r✐s❝♦

❞♦ ❞✐❛❜❡t❡s ❛ ❝❛❧❝✉❧❛❞♦r❛ ❞❡ r✐s❝♦✳ ❖ ✉s✉ár✐♦ ♣♦❞❡ ♣r❡✈❡r ♦ r✐s❝♦ ❞❛ ❞♦❡♥ç❛ ♣♦r ♠❡✐♦

❞❡ ✉♠ s✐st❡♠❛ q✉❡ t❡♠ ❝♦♠♦ ❡♥tr❛❞❛ ❞❛❞♦s ❝❧í♥✐❝♦s ❞♦ ✉s✉ár✐♦ ❝♦♠♦ ❛❧t✉r❛✱ ♣❡s♦✱

❝✐r❝✉♥❢❡rê♥❝✐❛ ❞❛ ❝✐♥t✉r❛✱ ✐❞❛❞❡✱ s❡①♦✱ ❡t♥✐❛✱ ✉t✐❧✐③❛çã♦ ❞❡ ♠❡❞✐❝❛çã♦ ♣❛r❛ ♣r❡ssã♦

❛❧t❛✱ ✉t✐❧✐③❛çã♦ ❞❡ ♠❡❞✐❝❛çã♦ ♣❛r❛ ❝♦❧❡st❡r♦❧ ❛❧t♦✱ ❞✐❛❜❡t❡s ❣❡st❛❝✐♦♥❛❧✱ ♣r❡ssã♦ ❛❧t❛✱

❤✐tór✐❝♦ ❞❡ ❞✐❛❜❡t❡s ♥❛ ❢❛♠í❧✐❛ ❡ ❡①❡r❝í❝✐♦s ❢ís✐❝♦s✳

❖ s✐st❡♠❛ ✉t✐❧✐③❛ ❡st❛s ❝❛r❛❝t❡ríst✐❝❛s ❝❧í♥✐❝❛s ❝♦♠♦ ❡♥tr❛❞❛ ♣❛r❛ ❢❛③❡r ♦

❝á❧❝✉❧♦ ❞❡ r✐s❝♦ ♣❛r❛ ♣ré✲❞✐❛❜❡t❡s ❡ ❞✐❛❜❡t❡s ♥ã♦ ❞✐❛❣♥♦st✐❝❛❞❛✳ ❯t✐❧✐③❛ ♦ ♠ét♦❞♦

❞❡ ár✈♦r❡ ❞❡ r❡❣r❡ssã♦✱ ❝♦♠ ✉♠❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❞❡ ✼✺✳✸✻✪ ❡ ❝♦♠ ✉♠❛ ❡s♣❡❝✐✜❝✐❞❛❞❡

❞❡ ✻✹✳✻✾✪ ♣❛r❛ ❛ ❞❡t❡❝çã♦ ❞❡ ❞✐❛❜❡t❡s✳ ❬✶✽❪



✷✳✹ ❊①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✷✻

❖✉tr❛ ❝❛❧❝✉❧❛❞♦r❛ ❞❡ ❞✐❛❜❡t❡s ❡♠♣r❡❣❛❞❛ ♥❛ ➪s✐❛ é ✈❛❧✐❞❛❞❛ ♣❛r❛ ♦ ♣♦✈♦

❝❤✐♥ês ❡ ✉t✐❧✐③❛ ♦ ♠ét♦❞♦ ❞❡ r❡❣r❡ssã♦ ❧♦❣íst✐❝❛ ❝♦♠ ♦s s❡❣✉✐♥t❡ r❡s✉❧t❛❞♦s ♣❛r❛

s❡♥s✐❜✐❧✐❞❛❞❡ ✽✸✳✸✪ ❡ ♣❛r❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❞❡ ✻✻✳✺✪✳ ❬✶✾❪

❚♦❞♦s ❡st❡s ♠ét♦❞♦s ♥ã♦ ✉t✐❧✐③❛♠ ✉♠❛ ❢❛s❡ ❞❡ ♠✐♥✐♠✐③❛çã♦ ❞❡

r❡❞✉♥❞â♥❝✐❛s ♦✉ ❞❡ ♠í♥✐♠❛ r❡♣r❡s❡♥t❛çã♦✱ ♦ q✉❡ ❝❤❛♠❛♠♦s ❡♠ ❛♣r❡♥❞✐③❛❞♦ ❞❡

♠áq✉✐♥❛ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳ ❆❝r❡❞✐t❛✲s❡ q✉❡ é ✉♠ ♣❛ss♦ ❞❡ ❡①tr❡♠❛

✐♠♣♦rtâ♥❝✐❛ ♥❛ ❝❧❛ss✐✜❝❛çã♦✱ ♣♦✐s ♠✐♥✐♠✐③❛ ♦ tr❛❜❛❧❤♦ ❞♦ ❝❧❛ss✐✜❝❛❞♦r✳

✷✳✹ ❊①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s

❖ ♣r♦❜❧❡♠❛ ❞❡ ❞❛❞♦s ❝♦rr❡❧❛❝✐♦♥❛❞♦s ❡♠ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ♠áq✉✐♥❛ é q✉❡

❞❡❝r❡s❝❡♠ ❛ ♣❡r❢♦r♠❛♥❝❡ ❞♦ ❝❧❛ss✐✜❝❛❞♦r✱ ✐st♦ ♣♦r ❝❛✉s❛ ❞❛ ✐♥❢♦r♠❛çã♦ r❡❞✉♥❞❛♥t❡

♣r❡s❡♥t❡ ♥♦s ❞❛❞♦s✳ ❖s ❞❛❞♦s r❡❛✐s sã♦ ❣❡r❛❧♠❡♥t❡ ♠✉✐t♦ ❝♦rr❡❧❛❝✐♦♥❛❞♦s✱ ❡ ♠ét♦❞♦s

♣❛r❛ ❡①❡❝✉t❛r ❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛♥t❡s ❞❛ ❡t❛♣❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ t♦r♥❛♠✲s❡

✐♥❞✐s♣❡♥sá✈❡✐s✳ ■st♦ ♣♦❞❡ ❛✉♠❡♥t❛r ♦ ♣♦❞❡r ❞♦ ❝❧❛ss✐✜❝❛❞♦r✱ ♣♦rq✉❡ ♣r♦✈ê ✉♠❛

r❡♣r❡s❡♥t❛çã♦ ❝♦♥❝✐s❛✱ ✐♥✈❛r✐❛♥t❡ ❡ ✜❡❧ ❞♦s ♣❛❞rõ❡s ❞❡ ❡♥tr❛❞❛✳

❖ tr❛❜❛❧❤♦ ❞❛ ❡t❛♣❛ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ é ♠❛♣❡❛r ♦ ❝♦♥❥✉♥t♦

❞❡ ❞❛❞♦s ❞♦ ✈❡t♦r ♦❜s❡r✈❛çã♦ ♣❛r❛ ♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❬✷✵❪✳ ❆q✉✐✱ ♣❛r❛

❛❧❝❛♥ç❛r ❡st❡ ♦❜❥❡t✐✈♦✱ ✉t✐❧✐③♦✉✲s❡ ❛ ❝♦❞✐✜❝❛çã♦ ❡✜❝✐❡♥t❡ ♠♦❞❡❧❛❞❛ ♣♦r ■❈❆ ❞♦ ✐♥❣❧ês

■♥❞❡♣❡♥❞❡♥t ❈♦♠♣♦♥❡♥t ❆♥❛❧②s✐s✳

✷✳✺ ❊①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛tr❛✈és ❞❛ ❆♥á❧✐s❡

❞♦s ❈♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s

❆ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ✉s❛ ❡st❛tíst✐❝❛✱ t❡♠ s✐❞♦ ✐♥✢✉❡♥❝✐❛❞❛

♣❡❧♦ ♠♦❞❡❧♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛ ✐♥❢♦r♠❛çã♦ ♥❡✉r❛❧❬✷✶❪✳ ❊st✉❞♦s ❞❡ ♥❡✉r♦❝✐ê♥❝✐❛

s✉❣❡r❡♠ q✉❡ ♦ ♣r♦❝❡ss♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ♥❡✉r❛❧ ❡st✐♠✉❧❛ ❛ ✐♥❢♦r♠❛çã♦ ❞❡ ❛❝♦r❞♦

❝♦♠ ♦ ❝♦♥❝❡✐t♦ ❞❡ ✏❈♦❞✐✜❝❛çã♦ ❊✜❝✐❡♥t❡✧❬✷✷❪ ❬✷✸❪❬✷✹❪ ❬✷✺❪✳ ❉❡❜❛✐①♦ ❞❡st❡ ❝♦♥❝❡✐t♦✱

❛s r❡s♣♦st❛s ♥❡✉r❛✐s sã♦ ♠✉t✉❛♠❡♥t❡ ❡st❛t✐st✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s✱ ♦ q✉❡ s✐❣♥✐✜❝❛



✷✳✺ ❊①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛tr❛✈és ❞❛ ❆♥á❧✐s❡ ❞♦s ❈♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✷✼

q✉❡ ♥ã♦ ❤á ✏✐♥❢♦r♠❛çã♦ r❡❞✉♥❞❛♥t❡✧♣r♦❝❡ss❛❞❛✳

❖ ♦❜❥❡t✐✈♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❞❛ ❝♦❞✐✜❝❛çã♦ ❡✜❝✐❡♥t❡✱ é ❞❡ ❡st✐♠❛r ❛ ♣❛rt✐r

❞❛s ❡st❛tíst✐❝❛s ❞♦ ❝♦♥❥✉♥t♦ ❞❡ ♣❛❞rõ❡s✱ ✉♠ ❝ó❞✐❣♦ ❝♦♠♣❛❝t♦ q✉❡ r❡❞✉③❛ ❛

r❡❞✉♥❞â♥❝✐❛ ♥♦s ❞❛❞♦s ❝♦♠ ✉♠❛ ♣❡r❞❛ ♠í♥✐♠❛ ❞❛ ✐♥❢♦r♠❛çã♦✳ ❖s ❞❛❞♦s sã♦

tr❛♥s❢♦r♠❛❞♦s ♣♦r ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✜❧tr♦s ❧✐♥❡❛r❡s ❲ ❡♠ ✉♠❛ s❛í❞❛ s✱ ♥❛ ❢♦r♠❛

♠❛tr✐❝✐❛❧✿

s =❲① ✭✷✳✶✮

❡q✉✐✈❛❧❡♥t❡♠❡♥t❡✱ ❡♠ t❡r♠♦s ❞❛ ♠❛tr✐③ ❞❛s ❜❛s❡s ① = ❲−1s = ❆s

♦♥❞❡ s é ✉♠❛ ❡st✐♠❛çã♦ ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✱ ♠ét♦❞♦s ♣❛r❛ ❞❡r✐✈❛r

♦ ❝ó❞✐❣♦ ❡✜❝✐❡♥t❡ ♥♦ ♠♦❞❡❧♦ ❞❛ ❡q✉❛çã♦ ✷✳✶ ♣♦❞❡♠ s❡r ♦❜t✐❞♦s ♣❡❧❛ ❛♥á❧✐s❡ ❞❡

❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s q✉❡ é ✉♠ ♠♦❞❡❧♦ ❞❡ ❞✐str✐❜✉✐çã♦ ❡st❛tíst✐❝❛ ❞❡ ✉♠

❝♦♥❥✉♥t♦ ❞❡ ♣❛❞rõ❡s✱ ❡❧❛ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡♥❝♦♥tr❛r ❛s ❝❛r❛❝t❡ríst✐❝❛s ✭♦✉ ❢✉♥çõ❡s

❜❛s❡s✮✳

✷✳✺✳✶ ❆♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s

❆ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✱ ❞♦ ✐♥❣❧ês ✐♥❞❡♣❡♥❞❡♥t

❝♦♠♣♦♥❡♥t ❛♥❛❧②s✐s ✭■❈❆✮✱ é ✉♠❛ té❝♥✐❝❛ ❜❛s❡❛❞❛ ♥♦ ♠♦❞❡❧♦ ❞❡ ✐♥❞❡♣❡♥❞ê♥❝✐❛✱ q✉❡

é ✉♠ r❡q✉✐s✐t♦ ❞♦ ❝ó❞✐❣♦ ❡✜❝✐❡♥t❡ ❬✷✻❪✳ ❊st❛ té❝♥✐❝❛ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ♣❛r❛ ❛t❡♥❞❡r

❛♦ r❡q✉✐s✐t♦ ❞❡ tr❛❜❛❧❤❛r ❝♦♠ ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ❡ ♥ã♦✲❣❛✉ss✐❛♥❛s✳

❋♦✐ ❞✐❢✉♥❞✐❞♦ ❡ ♣♦♣✉❧❛r✐③❛❞♦ ♣❡❧❛ r❡s♦❧✉çã♦ ❞♦ ♣r♦❜❧❡♠❛ ❞❡ s❡♣❛r❛çã♦ ❞❡

❢♦♥t❡s ❝❡❣❛s ✭❇❙❙✱ ❜❧✐♥❞ s♦✉r❝❡ s❡♣❛r❛t✐♦♥✮✱ ♦♥❞❡ ♦ ♣r♦❜❧❡♠❛ ❡stá ♥❛ ❡st✐♠❛çã♦ ❞❛

s❛í❞❛ ❞❡ ✉♠❛ ❢♦♥t❡ ❝♦♥❤❡❝✐❞❛✱ s❡♥❞♦ q✉❡ ❡st❛ ❢♦♥t❡ r❡❝❡❜❡ ✈ár✐♦s s✐♥❛✐s ♠✐st✉r❛❞♦s

❡ ❞❡s❝♦♥❤❡❝✐❞♦s✳

❊st❛ té❝♥✐❝❛ t❡♠ s✐❞♦ ❛♣❧✐❝❛❞❛ ❡♠ ár❡❛s ❝♦♠♦ á✉❞✐♦✱ r❛❞❛r✱ ❝♦♠✉♥✐❝❛çã♦

♠ó✈❡❧✱ ❡♥❣❡♥❤❛r✐❛ ❜✐♦♠é❞✐❝❛ ❡ ♦✉tr❛s✳ ❈♦♠♦ ❛ té❝♥✐❝❛ é ❜❛s❡❛❞❛ ♥♦ ♠♦❞❡❧♦ ❞❡

✐♥❞❡♣❡♥❞ê♥❝✐❛✱ ❛s ❢♦♥t❡s ❞❡✈❡♠ s❡r ♠✉t✉❛♠❡♥t❡ ❡st❛t✐st✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s✱

❞❡✜♥✐r❡♠♦s ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❡st❛tíst✐❝❛ ♣❛r❛ ❡♥t❡♥❞❡r ♦ ♠♦❞❡❧♦ ❞❡ ■❈❆✳



✷✳✺ ❊①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛tr❛✈és ❞❛ ❆♥á❧✐s❡ ❞♦s ❈♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✷✽

✷✳✺✳✷ ❖ q✉❡ é ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❡st❛tíst✐❝❛❄

❉✉❛s ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s s1 ❡ s2 sã♦ ❡st❛t✐st✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s

s❡ ❛ ♣❛rt✐r ❞❡ s1 ♥ã♦ ❢♦r ♣♦ssí✈❡❧ ❡st✐♠❛r ♦✉ ✐♥❢❡r✐r ❛❧❣✉♠ ✈❛❧♦r ♦✉ ✐♥❢♦r♠❛çã♦

❞❡ s2✳ ❊①❡♠♣❧♦s s✐♠♣❧❡s ❡ r♦t✐♥❡✐r❛♠❡♥t❡ ✉t✐❧✐③❛❞♦s ❞❡ ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s

✐♥❞❡♣❡♥❞❡♥t❡s✱ sã♦ ♦s s✐♥❛✐s ❞❡ ❡❧❡tr♦❝❛r❞✐♦❣r❛♠❛ ❞❡ ✉♠ ❢❡t♦ ❡ r✉í❞♦s ❡♠ s✐st❡♠❛s

❞❡ ❝♦♠✉♥✐❝❛çã♦❬✷✼❪✳

▼❛t❡♠❛t✐❝❛♠❡♥t❡✱ ❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❡st❛tíst✐❝❛ ❞❡ s1 ❡ s2 ♦❝♦rr❡

s❛t✐s❢❛③❡♥❞♦✲s❡ ❛ s❡❣✉✐♥t❡ ❝♦♥❞✐çã♦ ✿

Ps1 ,s2 (s1, s2) = Ps1(s1)Ps2(s2) ✭✷✳✷✮

❆ss✐♠✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❝♦♥❥✉♥t❛ ❞❡ ❞✉❛s ✈❛r✐á✈❡✐s ❡st❛tíst✐❝❛♠❡♥t❡

✐♥❞❡♣❡♥❞❡♥t❡s ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞❛ ❛♣❡♥❛s ❝♦♠♦ ♦ ♣r♦❞✉t♦ ❞❛s ♠❛r❣✐♥❛✐s✳

✷✳✺✳✸ ▼♦❞❡❧♦ ❞♦ ♠ét♦❞♦ ❞❡ ■❈❆

❖ ♠♦❞❡❧♦ ❞❡ ■❈❆ é s✐♠✐❧❛r ❛♦ ♠♦❞❡❧♦ ❞❡ ❝♦❞✐✜❝❛çã♦ ❡✜❝✐❡♥t❡ ❞❡ ❛❝♦r❞♦

❝♦♠ ❛ ❡q✉❛çã♦ ✷✳✶✳ ❉❡ ✉♠❛ ❢♦r♠❛ ❣❡r❛❧✱ ❝♦s✐❞❡r❡♠♦s q✉❡ ① = [x1; x2; . . . ; xn]
T ❡

s = [s1; s2; . . . ; sn]
T sã♦ ✈❡t♦r❡s ❛❧❡❛tór✐♦s✱ s❡♥❞♦ q✉❡ ❝❛❞❛ ❡❧❡♠❡♥t♦ xi é ✉♠❛ ♠✐st✉r❛

❞♦s ❡❧❡♠❡♥t♦s ❞❡ s✳

❆s ❝♦♠♣♦♥❡♥t❡s ❞❡ s ♥ã♦ sã♦ ♦❜s❡r✈❛❞❛s ❞✐r❡t❛♠❡♥t❡✱ ♣♦✐s s ❛❧é♠ ❞❡

✐♥❞❡♣❡♥❞❡♥t❡s✱ sã♦ ❧❛t❡♥t❡s ✳

❉❡st❛ ❢♦r♠❛✱ ♣❛r❛ s✐♠♣❧✐✜❝❛r✱ ✉t✐❧✐③❛✲s❡ ✉♠ ♠♦❞❡❧♦ ♠❛t❡♠át✐❝♦ ❞❛ ❢♦r♠❛✿

① = ❆s ✭✷✳✸✮

❡♠ q✉❡ ❆ é ✉♠❛ ♠❛tr✐① ❞❡ ♠✐st✉r❛ ❡ ❝♦rr❡s♣♦♥❞❡ ❛ ❡q✉❛çã♦ ✷✳✶✱ q✉❛♥❞♦

① =❲−1s = ❆s✳

❖ ♦❜❥❡t✐✈♦ ❞❛ té❝♥✐❝❛✱ ❜❛s✐❝❛♠❡♥t❡✱ é r❡❝✉♣❡r❛r s✱ ♣♦r ♠❡✐♦ ❞❡ ①✱ s❡♠



✷✳✺ ❊①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛tr❛✈és ❞❛ ❆♥á❧✐s❡ ❞♦s ❈♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✷✾

♥❡♥❤✉♠❛ ✐♥❢♦r♠❛çã♦ s♦❜r❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❆✱ ❛ ❡q✉❛çã♦ ✷✳✸ é ✉♠ ♠♦❞❡❧♦

❡st❛tíst✐❝♦ ❝❤❛♠❛❞♦ ❞❡ ❛♥á❧✐s❡ ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✱ q✉❡ ❞❡s❝r❡✈❡ ♦s

❞❛❞♦s ♦❜s❡r✈❛❞♦s ♣❡❧♦ ♣r♦❝❡ss♦ ❞❡ ♠✐st✉r❛ ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s s✱ s❡♥❞♦

q✉❡ ❡st❛s ♥ã♦ ♣♦❞❡♠ s❡r ♦❜s❡r✈❛❞❛s ❞✐r❡t❛♠❡♥t❡✳ ❆ss✐♠ é ♣r❡❝✐s♦ ❡st✐♠❛r t❛♥t♦ s

q✉❛♥t♦ ❛ ♠❛tr✐③ ❞❡ ♠✐st✉r❛ ❆✱ ♣♦rq✉❡ s♦♠❡♥t❡ ① é ♦❜s❡r✈á✈❡❧✳

✷✳✺✳✹ P❛rt✐❝✉❧❛r✐❞❛❞❡s ❡♠ ■❈❆

❆ té❝♥✐❝❛ ❞❡ ■❈❆ t❡♠ s✉❛s ♣❛rt✐❝✉❧❛r✐❞❛❞❡s✱ ❞❡♥tr❡ ❛s q✉❛✐s ♣♦❞❡✲s❡

❝✐t❛r ✸ ❞❡❧❛s✳ ❈♦♠♦ ❞✐t♦ ❛❝✐♠❛✱ ■❈❆ ❢♦✐ ❝r✐❛❞❛ ♣❛r❛ ❛t❡♥❞❡r ❛s ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s

♥ã♦✲❣❛✉ss✐❛♥❛s✱ ♣♦✐s ♣❛r❛ ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s ❣❛✉ss✐❛♥❛s ❛s ❝♦♠♣♦♥❡♥t❡s sã♦ s❡♠♣r❡

❞❡s❝♦rr❡❧❛❝✐♦♥❛❞❛s ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ✐♥❞❡♣❡♥❞❡♥t❡s✳ ❆❧é♠ ❞❛ ❞✐str✐❜✉✐çã♦

❝♦♥❥✉♥t❛ ❞❡ ♠✐st✉r❛s ❞❡st❛s ✈❛r✐á✈❡✐s s❡r❡♠ t❛♠❜é♠ ❣❛✉ss✐❛♥❛s✳ ❆ss✐♠✱ ❤❛✈❡r✐❛

✐♥❢♦r♠❛çã♦ ♣❡r❞✐❞❛ ♥❛ ❛♣❧✐❝❛çã♦ ❞❛ té❝♥✐❝❛ ♣♦✐s ❡st❛ ❞✐str✐❜✉✐çã♦ é r♦t❛❝✐♦♥❛❧♠❡♥t❡

s✐♠étr✐❝❛ ❡ ❛ ✐♥❢♦r♠❛çã♦ ❞❛ r♦t❛çã♦ ❞❛ ♠✐st✉r❛ é ♣❡r❞✐❞❛✳

❆ s❡❣✉♥❞❛ ♣❛rt✐❝✉❧❛r✐❞❛❞❡ é q✉❡ ❛ ✐♥❢♦r♠❛çã♦ ❞❡ ✈❛r✐â♥❝✐❛ ❞❛s

❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s é ♣❡r❞✐❞❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡st✐♠❛çã♦❀ ❡ ❛ t❡r❝❡✐r❛ é q✉❡

♥ã♦ s❡ ♣♦❞❡ ❡st❛❜❡❧❡❝❡r ✉♠❛ ♦r❞❡♠ ♣❛r❛ ❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✳

✷✳✺✳✺ ❈■ ♣♦r ♠❛①✐♠✐③❛çã♦ ❞❛ ♥ã♦ ❣❛✉ss✐❛♥✐❞❛❞❡

❯♠ ❞♦s ♣r♦❜❧❡♠❛s ❝❤❛✈❡s ❞❡ ■❈❆ é ❡st✐♠❛r ❛s ❝♦♠♣♦♥❡♥t❡s

✐♥❞❡♣❡♥❞❡♥t❡s s ❛ ♣❛rt✐r ❞❡ ① ❡ ❛ ♥ã♦✲❣❛✉ss✐❛♥✐❞❛❞❡ é ✉♠ ❡❧❡♠❡♥t♦ ❝❤❛✈❡ ♣❛r❛

❡st❛ ❡st✐♠❛çã♦✱ ♣♦✐s ❛ ♠❛tr✐③ ❆ s❡❣✉♥❞♦ ❛ ❡q✉❛çã♦ ✷✳✸ ♥ã♦ é ✐❞❡♥t✐✜❝á✈❡❧ q✉❛♥❞♦

♠❛✐s ❞❡ ✉♠❛ ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s t❡♠ ❞✐str✐❜✉✐çõ❡s ❣❛✉ss✐❛♥❛s✳

❖ t❡♦r❡♠❛ ❞♦ ❧✐♠✐t❡ ❝❡♥tr❛❧✱ ✐♠♣❧✐❝❛ q✉❡ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ s♦♠❛ ❞❛s

❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s é s❡♠♣r❡ ♠❛✐s ♣ró①✐♠❛ ❞❡ ✉♠❛ ❣❛✉ss✐❛♥❛ ❞♦ q✉❡

q✉❛❧q✉❡r ✉♠❛ ❞❛s ❞✐str✐❜✉✐çõ❡s ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐s♦❧❛❞❛s✳ ❉❡ss❛ ❢♦r♠❛✱ ♣❛r❛ ❡st✐♠❛r

✉♠❛ ❝♦♠♣♦♥❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡ si✱ ❝♦♥s✐❞❡r❛✲s❡ ❛ s❡❣✉✐♥t❡ s♦♠❛ ♦✉ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r

❞♦s ✈❡t♦r❡s ①



✷✳✺ ❊①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛tr❛✈és ❞❛ ❆♥á❧✐s❡ ❞♦s ❈♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✸✵

y = ❜T① ✭✷✳✹✮

❡♠ q✉❡ ❜ é ✉♠ ✈❡t♦r ❛ s❡r ❞❡t❡r♠✐♥❛❞♦✳ ❙❡ ❜ ❢♦r ✉♠❛ ❞❛s ❧✐♥❤❛s ❞❛

✐♥✈❡rs❛ ❞❡ ❆✱ y s❡rá ✐❣✉❛❧ ❛ ✉♠❛ ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s si✳

❉♦ ♠♦❞❡❧♦ ❞❡ ■❈❆✱ ❡q✉❛çã♦ ✷✳✸✱ t❡♠✲s❡ q✉❡

y = ❜T① ✭✷✳✺✮

y =
∑

i

bixi ✭✷✳✻✮

y = ❜T❆s ✭✷✳✼✮

❉❡♥♦t❛✲s❡ ♦ ♣r♦❞✉t♦ ❜T❆ ❝♦♠♦ q✳ ❆ss✐♠ t❡♠✲s❡ q✉❡✿

y = ❜T① = qT s =
∑

i

qisi ✭✷✳✽✮

❆ss✐♠✱ ❞❛ ❡q✉❛çã♦ ✷✳✼✱ ♦❜s❡r✈❛✲s❡ q✉❡ y t❛♠❜é♠ é ✉♠❛ s♦♠❛ ❞❛s

❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s si❀ ❉❡st❛ ❢♦r♠❛✱ ♣❡❧♦ t❡♦r❡♠❛ ❞♦ ❧✐♠✐t❡ ❝❡♥tr❛❧ é

♣♦ssí✈❡❧ ❝♦♥❝❧✉✐r q✉❡ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ y t❡♥❞❡ ❛ s❡r ❣❛✉ss✐❛♥❛✱ ❞✐❢❡r❡♥t❡ ❞❛s ♦✉tr❛s

❞✐str✐❜✉✐çõ❡s ✐♥❞✐✈✐❞✉❛✐s ❞❛s ♦✉tr❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s si✳ ❆ss✐♠✱ ✉♠ ❞♦s

❡❧❡♠❡♥t♦s qi é ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦ ✭✵✮✳

❈♦♠♦ ♥❛ ♣rát✐❝❛ ♦s ✈❛❧♦r❡s qi sã♦ ❞❡s❝♦♥❤❡❝✐❞♦s✱ ♣♦❞❡✲s❡ ❛tr❛✈és ❞❛s

❡q✉❛çõ❡s ✷✳✹ ❡ ✷✳✽ ❞✐③❡r q✉❡

❜T① = qT s ✭✷✳✾✮

❆ss✐♠✱ ♣♦❞❡✲s❡ ✈❛r✐❛r ❜ ❡ ♦❜s❡r✈❛r ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❜T①✳ ❉❡st❛ ❢♦r♠❛✱

♣♦❞❡✲s❡ t♦♠❛r ❜✱ ❝♦♠♦ ✉♠ ✈❡t♦r q✉❡ ♠❛①✐♠✐③❛ ❛ ♥ã♦✲❣❛✉ss✐❛♥✐❞❛❞❡ ❞❡ ❜T①✱ s❡♥❞♦

q✉❡ ❡st❡ ✈❡t♦r ❝♦rr❡s♣♦♥❞❡ ❛ q = ❆T s✱ s❡♥❞♦ q✉❡ ❡st❡ ✈❡t♦r ♣♦ss✉✐ ❛♣❡♥❛s ✉♠❛

❞❡ s✉❛s ❝♦♠♣♦♥❡♥t❡s ❞✐❢❡r❡♥t❡ ❞❡ ③❡r♦✳ ❉❛í✱ ♣♦❞❡✲s❡ ❝♦♥❝❧✉✐r q✉❡ y ❞❛ ❡q✉❛çã♦



✷✳✺ ❊①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛tr❛✈és ❞❛ ❆♥á❧✐s❡ ❞♦s ❈♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✸✶

✷✳✹ é ✐❣✉❛❧ ❛ ✉♠❛ ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✳ ▲♦❣♦✱ ❛ ♠❛①✐♠✐③❛çã♦ ❞❛

♥ã♦✲❣❛✉ss✐❛♥✐❞❛❞❡ ❞❡ ❜T① ♣❡r♠✐t❡ ❡♥❝♦♥tr❛r ✉♠❛ ❞❛s ❝♦♠♣♦♥❡♥t❡s✳

✷✳✺✳✻ ▼❡❞✐♥❞♦ ❛ ♥ã♦ ❣❛✉ss✐❛♥✐❞❛❞❡

❆ ❡♥tr♦♣✐❛ ❞❡ ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❝♦♠ ❛ q✉❛♥t✐❞❛❞❡

❞❡ ✐♥❢♦r♠❛çã♦ q✉❡ ❡ss❛ ✈❛r✐á✈❡❧ ♣♦ss✉✐✳ ❙❡♥❞♦ y ✉♠ ✈❡t♦r ❛❧❡❛tór✐♦ ❝♦♠ ❢✉♥çã♦

❞❡♥s✐❞❛❞❡ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ f(y)✱ ❛ s✉❛ ❡♥tr♦♣✐❛ ❞✐❢❡r❡♥❝✐❛❧ é ❞❛❞❛ ♣♦r✿

H(y) = −

∫

f(y) log f(y)dy ✭✷✳✶✵✮

❙❛❜❡♥❞♦✲s❡ q✉❡ ✉♠❛ ✈❛r✐á✈❡❧ ❣❛✉ss✐❛♥❛ t❡♠ ❛ ♠❛✐♦r ❡♥tr♦♣✐❛ ❞❡♥tr❡ t♦❞❛s

❛s ✈❛r✐á✈❡✐s ❛❧❡❛tór✐❛s ❞❡ ✐❣✉❛❧ ✈❛r✐â♥❝✐❛ ❬✷✽❪❬✷✼❪✱ t❡♠✲s❡ q✉❡ ✉♠❛ ✈❡rsã♦ ♠♦❞✐✜❝❛❞❛

❞❛ ❡♥tr♦♣✐❛ ❞✐❢❡r❡♥❝✐❛❧ ♣♦❞❡ s❡r ✉s❛❞❛ ❝♦♠♦ ♠❡❞✐❞❛ ❞❡ ♥ã♦✲❣❛✉ss✐❛♥✐❞❛❞❡✳ ❚❛❧

♠❡❞✐❞❛ é ❞❡♥♦♠✐♥❛❞❛ ♥❡❣❡♥tr♦♣✐❛✱ ❞❡✜♥✐❞❛ ♣♦r✿

HJ(y) = H(ygauss)−H(y) ✭✷✳✶✶✮

s❡♥❞♦ ygauss ✉♠❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ ❞❡ ♠❡s♠❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛ q✉❡

y✳ ❆ ♥❡❣❡♥tr♦♣✐❛ é s❡♠♣r❡ ♥ã♦✲♥❡❣❛t✐✈❛✱ ❡ ♣♦❞❡ ❛ss✉♠✐r ③❡r♦ s❡✱ ❡ s♦♠❡♥t❡ s❡✱ y

t❡♠ ❞✐str✐❜✉✐çã♦ ❣❛✉ss✐❛♥❛ ❡ é ✐♥✈❛r✐❛♥t❡ ♣❛r❛ tr❛♥s❢♦r♠❛çõ❡s ❧✐♥❡❛r❡s ✐♥✈❡rsí✈❡✐s✳

❆♣❡s❛r ❞❡ ♣❡r♠✐t✐r q✉❡ s❡ ♣♦ss❛ ♠❡❞✐r ♥ã♦✲❣❛✉ss✐❛♥✐❞❛❞❡✱ ❛ ♥❡❣❡♥tr♦♣✐❛

é ❞❡ ❞✐❢í❝✐❧ ❡st✐♠❛çã♦✱ s❡♥❞♦ ♥❡❝❡ssár✐❛ s✉❛ ❡st✐♠❛çã♦ ♣♦r ❛♣r♦①✐♠❛çõ❡s ❛tr❛✈és ❞❡

♠♦♠❡♥t♦s ❞❡ ❛❧t❛ ♦r❞❡♠✳ ❆ss✐♠✱

J(y) ≈
1

12
E{y3}2 +

1

48
❦✉rt(y)2 ✭✷✳✶✷✮

❙❡♥❞♦ ❦✉rt(y) ❛ ❦✉rt♦s✐s ❞❡ y✱ ❞❡✜♥✐❞❛ ❝♦♠♦ ♦ ♠♦♠❡♥t♦ ❞❡ q✉❛rt❛ ♦r❞❡♠

❞❛ ✈❛r✐á✈❡❧ ❛❧❡❛tór✐❛ y✱ ❞❡✜♥✐❞❛ ♣♦r ✿



✷✳✻ ▼áq✉✐♥❛s ❞❡ ✈❡t♦r❡s ❞❡ s✉♣♦rt❡ ✸✷

❦✉rt(y) = E{y4} − 3(E{y2})2 ✭✷✳✶✸✮

✷✳✻ ▼áq✉✐♥❛s ❞❡ ✈❡t♦r❡s ❞❡ s✉♣♦rt❡

✷✳✻✳✶ ■♥tr♦❞✉çã♦

❖s ❢✉♥❞❛♠❡♥t♦s t❡ór✐❝♦s s♦❜r❡ ❛ ▼áq✉✐♥❛ ❞❡ ✈❡t♦r❡s ❞❡ s✉♣♦rt❡✱ ❞♦ ✐♥❣❧ês

❙✉♣♣♦rt ✈❡❝t♦r ♠❛❝❤✐♥❡ ✭❙❱▼✮✱ ❢♦r❛♠ ✐♥tr♦❞✉③✐❞♦s ♣♦r ❱✳ ❱❛♣♥✐❝❦ ❡♠ ✶✾✾✺ ❡

❝♦♥s✐st❡♠ ❡♠ ✉♠ ♠ét♦❞♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ♣❛r❛ ❞✉❛s ❝❧❛ss❡s ❬✷✾❪✳ ❆ ✐❞é✐❛ ❜ás✐❝❛

❞❡st❡ ♠ét♦❞♦ é ❝♦♥str✉✐r ✉♠ ❤✐♣❡r♣❧❛♥♦ ❝♦♠ ✉♠❛ s✉♣❡r❢í❝✐❡ ❞❡ ❞❡❝✐sã♦ ❡♠ q✉❡ ❛

♠❛r❣❡♠ ❞❡ s❡♣❛r❛çã♦ ❡♥tr❡ ❛s ❞✉❛s ❝❧❛ss❡s é ♠❛①✐♠✐③❛❞❛✳

❖ t❡r♠♦ ▼áq✉✐♥❛ ❞❡ ✈❡t♦r❡s ❞❡ s✉♣♦rt❡ s✉r❣✐✉ ♣♦rq✉❡ q✉❡ ♦s ♣♦♥t♦s

❞♦ ❝♦♥❥✉♥t♦ ❞❡ tr❡✐♥❛♠❡♥t♦ q✉❡ ❡stã♦ ♠❛✐s ♣ró①✐♠♦s ❞❛ s✉♣❡r❢í❝✐❡ ❞❡ ❞❡❝✐sã♦ sã♦

❝❤❛♠❛❞♦s ❞❡ ✈❡t♦r❡s ❞❡ s✉♣♦rt❡✳ ❖ ❙❱▼ r❡❛❧✐③❛ ❡ss❛ t❛r❡❢❛ ❜❛s❡❛❞♦ ♥♦ ♣r✐♥❝í♣✐♦ ❞❡

▼✐♥✐♠✐③❛çã♦ ❞♦ r✐s❝♦ ❡str✉t✉r❛❧✱ q✉❡ é ❜❛s❡❛❞♦ ♥♦ ❢❛t♦ ❞❛ t❛①❛ ❞❡ ❡rr♦ ❞❛ ♠áq✉✐♥❛

❞❡ ❛♣r❡♥❞✐③❛❞♦ ♥♦ ❝♦♥❥✉♥t♦ ❞❡ t❡st❡ s❡r ❧✐♠✐t❛❞❛ ♣❡❧♦ s♦♠❛tór✐♦ t❛①❛ ❞❡ ❡rr♦ ❞❡

tr❡✐♥❛♠❡♥t♦ ❡ ♣♦r ✉♠ t❡r♠♦ q✉❡ ❞❡♣❡♥❞❡ ❞❛ ❞✐♠❡♥sã♦ ❞❡ ❱❛♣♥✐❦✲❈❤❡r✈♦♥❡♥❦✐s

✭❱❈✮✳❬✸✵❪

❆ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❞❛❞♦s ❡st❛tíst✐❝♦s ♣♦❞❡ s❡r ❛tr✐❜✉í❞❛ ❛ ✉♠ ♣r♦❜❧❡♠❛

❞❡ ✉♠❛✱ ❞✉❛s ♦✉ ✈ár✐❛s ❝❧❛ss❡s✳ ◆❛ ❝❧❛ss✐✜❝❛çã♦ ❜✐♥ár✐❛✱ ♦s ❞❛❞♦s ❞❡ ❞✉❛s ❝❧❛ss❡s

❡stã♦ ❞✐s♣♦♥í✈❡✐s✱ s✉♣♦♥❞♦ q✉❡ ❛s ❛♠♦str❛s ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❝♦♥t❡♥❤❛♠ ❝❧❛ss❡s

✐❣✉❛❧♠❡♥t❡ ❜❛❧❛♥❝❡❛❞❛s✳ ❯♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞❡s❜❛❧❛♥❝❡❛❞❛✱ ♣♦❞❡r✐❛ ❧❡✈❛r ❛

r❡s✉❧t❛❞♦s ✐♥s❛t✐s❢❛tór✐♦s ❬✸✶❪✳ ❯♠ ♣r♦❜❧❡♠❛ ❝♦♠✉♠ ❝♦♠ ❡st❛ ❛❜♦r❞❛❣❡♠ é ❛ ❞❡❝✐sã♦

❞❛ ❝r✐❛çã♦ ❞♦ ❧✐♠✐t❡ ❡♥tr❡ ❛s ❞✉❛s ❝❧❛ss❡s✱ ♥❛ ♣✐♦r ❞❛s s✐t✉❛çõ❡s✱ ♣♦❞❡r✐❛ t❡r ✉♠❛

❣r❛♥❞❡ t❛①❛ ❞❡ ❡rr♦ s❡ ❛s ❝❧❛ss❡s ♥ã♦ ❢♦r❡♠ ❜❡♠ s❡♣❛r❛❞❛s✳

❆s ▼áq✉✐♥❛s ❞❡ ❱❡t♦r ❞❡ ❙✉♣♦rt❡ ♣❛r❛ ✉♠❛ ❝❧❛ss❡ ❝♦♥str♦❡♠ ✉♠

❝❧❛ss✐✜❝❛❞♦r s♦♠❡♥t❡ ♣❛r❛ ♦ ❝♦♥❥✉♥t♦ ❞❡ ❡①❡♠♣❧♦s ♣♦s✐t✐✈♦s✱ ❝❤❛♠❛❞♦s ❞❡ ❛♠♦str❛s

❞❡ tr❡✐♥❛♠❡♥t♦ ♣♦s✐t✐✈❛s ❬✸✷❪✳ ❆ ❝❧❛ss✐✜❝❛çã♦ é ❢❡✐t❛ ❜❛s✐❝❛♠❡♥t❡ ♣❡❧❛ ❣❡r❛çã♦ ❞❡

✉♠❛ ❤✐♣❡r✲❡s❢❡r❛ ♣❛r❛ ❛ ❞❡❝✐sã♦✱ ❧✐♠✐t❛♥❞♦ ❛♣❡♥❛s ✉♠❛ ❝❧❛ss❡ ❞❡ ♦✉tr❛s q✉❡ ♣♦ss❛♠
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❡①✐st✐r✳ ❆ ❡str❛té❣✐❛ é ♠❛♣❡❛r ♦s ❞❛❞♦s ❡♠ ❢✉♥çã♦ ❞♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡ ❡♠

s❡❣✉✐❞❛ t❡♥t❛r ✉s❛r ❛ ❤✐♣❡r✲❡s❢❡r❛ ♣❛r❛ ❞❡s❝r❡✈❡r ♦s ❞❛❞♦s ❡ ♣❛r❛ ❛ ✐♥s❡rçã♦ ❞❡ ❞❛❞♦s✳

P♦r ✐ss♦✱ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♥❡❝❡ss✐t❛ ❛♣r❡♥❞❡r ❛♣❡♥❛s s♦❜r❡ ✉♠❛ ❝❧❛ss❡ ❡ ❛ss✐♠ ❛s ❜❛s❡s

❞❡ ❞❛❞♦s ❞❡s❜❛❧❛♥ç❡❛❞❛s ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s ♥❡st❛ ❛❜♦r❞❛❣❡♠✱ s❡♠ ♣r♦❜❧❡♠❛s ❝♦♠

♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❧❛ss✐✜❝❛❞♦r✳ ❊st❛ é ✉♠❛ ✈❛♥t❛❣❡♠ ❞❡st❡ ❡♠ r❡❧❛çã♦ ❛♦ ❙❱▼ ♣❛r❛

❞✉❛s ❝❧❛ss❡s✳

✷✳✻✳✷ ▼áq✉✐♥❛s ❞❡ ✈❡t♦r ❞❡ s✉♣♦rt❡ ♣❛r❛ ✉♠❛ ❝❧❛ss❡

❙✉♣♦♥❞♦ q✉❡ ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s t❡♥❤❛ ✉♠❛ ❞✐str✐❜✉✐çã♦ ♣r♦❜❛❜✐❧✐❞❛❞❡

P ♥♦ ❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✳ ❊♥❝♦♥tr❛r ✉♠ s✉❜❝♦♥❥✉♥t♦ S ❞❡st❡ ❡s♣❛ç♦ ❞❡

❝❛r❛❝t❡ríst✐❝❛s✱ t❛❧ q✉❡ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ q✉❡ ✉♠ ♣♦♥t♦ ❞❡ P ❡st❡❥❛ ❢♦r❛ ❞❡ S é

❞❡t❡r♠✐♥❛❞❛ ♣♦r ✉♠❛ ❝♦♥❞✐çã♦ ❛ ♣r✐♦r✐ ❡s♣❡❝✐✜❝❛❞❛

υ ∈ (0, 1) ✭✷✳✶✹✮

❆ s♦❧✉çã♦ ♣❛r❛ ❡st❡ ♣r♦❜❧❡♠❛ é ♦❜t✐❞❛ ♣❡❧❛ ❡st✐♠❛çã♦ ❞❛ ❢✉♥çã♦ f ✱ q✉❡

é ♣♦s✐t✐✈❛ ❡♠ S ❡ ♥❡❣❛t✐✈❛ ♥♦ ❝♦♠♣❧❡♠❡♥t♦ S✳ ❊♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ❙❝❤♦❧❦♦♣❢

❞❡s❡♥✈♦❧✈❡✉ ✉♠ ❛❧❣♦r✐t♠♦ q✉❡ r❡t♦r♥❛ ✉♠❛ ❢✉♥çã♦ f ❬✸✶❪✳ ❊st❛ ❢✉♥çã♦ t♦♠❛ ✈❛❧♦r❡s

+1 ❡♠ ✉♠❛ ♣❡q✉❡♥❛ r❡❣✐ã♦✱ ❛ ❤✐♣❡r✲❡s❢❡r❛✱ ❝❛♣t✉r❛♥❞♦ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❞❛❞♦s ❡

t♦♠❛ ✈❛❧♦r❡s −1 ❡♠ ♦✉tr♦ ❧♦❝❛❧✳

f(x) =







+1 se x ∈ S

−1 se x ∈ S
✭✷✳✶✺✮

❖ ❛❧❣♦r✐t♠♦ ♣♦❞❡ s❡r r❡s✉♠✐❞♦ ❝♦♠♦ ✉♠ ♠❛♣❡❛♠❡♥t♦ ❞♦s ❞❛❞♦s ❡♠ ✉♠

❡s♣❛ç♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s H✱ ✉s❛♥❞♦ ✉♠❛ ❢✉♥çã♦ ❦❡r♥❡❧ ❛♣r♦♣r✐❛❞❛✱ ❡ ❡♥tã♦ t❡♥t❛r

s❡♣❛r❛r ♦s ❞❛❞♦s ♠❛♣❡❛❞♦s ❞❛ ♦r✐❣❡♠ ❝♦♠ ✉♠❛ ♠❛r❣❡♠ ♠á①✐♠❛✳

◆♦ ♥♦ss♦ ❝♦♥t❡①t♦✱ t❡♠✲s❡ ❛♠♦str❛s ❞❡ tr❡✐♥♦ x1, x2, ..., xl ♣❡rt❡♥❝❡♥t❡s ❛

✉♠❛ ❝❧❛ss❡ X✱ ♦♥❞❡ X é ✉♠ ♣❡q✉❡♥♦ s✉❜❝♦♥❥✉♥t♦ ❞❡ RN ✳ ❚❡♠✲s❡ φ : X → H s❡♥❞♦
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♦ ❦❡r♥❡❧ q✉❡ tr❛♥s❢♦r♠❛ ❛s ❛♠♦str❛s ❞❡ tr❡✐♥❛♠❡♥t♦ ♣❛r❛ ♦✉tr♦ ❡s♣❛ç♦✳ ❊♥tã♦✱ ♣❛r❛

s❡♣❛r❛r ♦ ❝♦♥❥✉♥t♦ ❞❡ ❞❛❞♦s ❞❛ ♦r✐❣❡♠ t❡♠✲s❡ ✉♠ s❡❣✉✐♥t❡ ❢✉♥çã♦ ♦❜❥❡t✐✈♦ ♥❛ ❢♦r♠❛

♣r✐♠ár✐❛

min r2 +
1

vl

∑

i
ζi

s✉❥❡✐t♦ ❛

‖Φ(Xi)− c‖2 ≤ r2 + ζi , ζi ≥ 0 para i ∈ [l]

❙❡♥❞♦ q✉❡ v ∈ [0, 1] r❡♣r❡s❡♥t❛ ❛ q✉❛♥t✐❞❛❞❡ t♦t❛❧ ❞❛s ❛♠♦str❛s ❞❡

tr❡✐♥❛♠❡♥t♦✱r é ✉♠ ✈❡t♦r ♦rt♦❣♦♥❛❧ q✉❡ s❡♣❛r❛ ❛s ❛♠♦str❛s ❞❡ tr❡✐♥❛♠❡♥t♦ ❞❛

♦r✐❣❡♠ ❛té ✉♠ ❧✐♠✐❛r ρ✱ l r❡♣r❡s❡♥t❛ ❛ ♣❛rt❡ ❞♦s ❞❛❞♦s ❞❡ tr❡✐♥❛♠❡♥t♦ r❡❥❡✐t❛❞♦s

♣❡❧❛ ❤✐♣❡r✲❡s❢❡r❛✱ ζ é ✉s❛❞♦ ♣❛r❛ r❡❥❡✐t❛r ❛s ❛♠♦str❛s ❞❡ tr❡✐♥❛♠❡♥t♦ ❞❛ ❤✐♣❡r✲❡s❢❡r❛✳

❊st❡ ♣r♦❜❧❡♠❛ ❞❡ ♦t✐♠✐③❛çã♦ é r❡s♦❧✈✐❞♦ ❝♦♠ ♦s ♠✉❧t✐♣❧✐❝❛❞♦r❡s ❞❡

▲❛❣r❛♥❣❡✿

L(r, ζ, c, α, β) = r2 +
l

∑

i=1

αi

[

‖Φ(Xi)− c‖2 − r2 − ζi
]

+
1

vl

l
∑

i=1

ζi −

l
∑

i=1

βiζi

∂L

∂r
= 2r

(

1−
∑

αi

)

= 0 ⇒
∑

αi = 1 ✭✷✳✶✻✮

∂L

∂ζi
=

1

vl
− αi − βi = 0 ⇒ 0 ≤ αi ≤

1

vl
✭✷✳✶✼✮

∂L

∂c
= −

∑

2αi (Φ(Xi)− c) = 0

⇒ c =
∑

αiΦ(Xi) ✭✷✳✶✽✮
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❆ ❡q✉❛çã♦ ✷✳✶✻ ❡ ✷✳✶✼ ❝♦❧♦❝❛ ♣❛r❛ ❢♦r❛ ❞❛ ❤✐♣❡r✲❡s❢❡r❛ ❛s ❛♠♦str❛s

❞❡ tr❡✐♥❛♠❡♥t♦ r❡❥❡✐t❛❞❛s✱ ❡♥q✉❛♥t♦ q✉❡ ❛ ❡q✉❛çã♦ ✷✳✶✽ ✐♥❢♦r♠❛ ♦ c ✭❝❡♥tr♦ ❞❛

❤✐♣❡r✲❡s❢❡r❛✮ q✉❡ ♣♦❞❡ s❡r ❡①♣r❡ss♦ ❝♦♠♦ ❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r Φ(X)✱ ♦ q✉❡ é ♣♦ssí✈❡❧

r❡s♦❧✈❡r ♣❡❧❛ ❢♦r♠❛ ❞✉❛❧ ❝♦♠ ❛ ❢✉♥çã♦ ❦❡r♥❡❧

min
∑

i,j
αiαjk (Xi, Xj)−

∑

i
αik (Xi, Xi)

s✉❥❡✐t♦ ❛

0 ≤ αi ≤
1

vl
,

∑

i
αi = 1

❯♠❛ ✐♠♣♦rt❛♥t❡ ❢❛♠í❧✐❛ ❞❡ ❢✉♥çõ❡s ♥ú❝❧❡♦ ✭❦❡r♥❡❧✮ é ❛ ❢✉♥çã♦ ❞❡ ❜❛s❡

r❛❞✐❛❧ ✭❘❇❋✱ ❘❛❞✐❛❧ ❇❛s✐s ❋✉♥❝t✐♦♥✮✱ ♠✉✐t♦ ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞❛ ❡♠ ♣r♦❜❧❡♠❛s ❞❡

r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❡ ♣❛❞rõ❡s ❡ t❛♠❜é♠ ✉t✐❧✐③❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✱ q✉❡ é ❞❡✜♥✐❞❛ ♣♦r

K(①,②) = e−y‖x−y‖2 ✭✷✳✶✾✮

❡♠ q✉❡ γ > 1 é ✉♠ ♣❛râ♠❡tr♦ q✉❡ é ❞❡✜♥✐❞♦ ♣❡❧♦ ✉s✉ár✐♦✳



✸✻

✸ ▼❛t❡r✐❛✐s ❡ r❡s✉❧t❛❞♦s

✸✳✶ ▼❡t♦❞♦❧♦❣✐❛

❖ ♠ét♦❞♦ ♣r♦♣♦st♦ t❡♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❢❛③❡r ♦ r❛str❡❛♠❡♥t♦ ❞❡ ♣❛❝✐❡♥t❡s

❞✐❛❜ét✐❝♦s ❡♠ s✉❛ ❢❛s❡ ❛ss✐♥t♦♠át✐❝❛ ❞❡ ✉♠❛ ❢♦r♠❛ s✐♠♣❧❡s ❡ ❡✜❝❛③✳ ❆ss✐♠✱ ❢❛③❡r ❛

❞✐s❝r✐♠✐♥❛çã♦ ❡♠ ❞✉❛s ❝❧❛ss❡s ♦✉ ❝❛t❡❣♦r✐❛s✿

• ❉✐❛❜ét✐❝♦s

• ◆ã♦ ❞✐❛❜ét✐❝♦s

P❛r❛ ✐st♦✱ ✉t✐❧✐③♦✉✲s❡ ❛ ♠❡t♦❞♦❧♦❣✐❛ q✉❡ ❢♦✐ ♣r♦♣♦st❛ ❛♦ ❧♦♥❣♦ ❞♦ tr❛❜❛❧❤♦✱

r❡s✉♠✐❞❛ ♥❛ ❋✐❣✉r❛ ✸✳✶✳ ◆♦s t❡st❡s✱ ❢♦✐ ✉t✐❧✐③❛❞❛ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❜r❛s✐❧❡✐r❛ ❞♦ s✐st❡♠❛

❍■P❊❘❉■❆✳ Pr✐♠❡✐r❛♠❡♥t❡✱ ❢♦r❛♠ ❢❡✐t♦s t❡st❡s ❝♦♠ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ♥♦ ❡st❛❞♦ ❞♦

▼❛r❛♥❤ã♦ q✉❡ ❢♦✐ ❞❡s❝r✐t❛ ♥♦ ❝❛♣ít✉❧♦ ✷✳ ❙❡❣✉✐♥❞♦ ❛ ❧✐♥❤❛ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❝♦♠ t❡st❡s

♥ã♦ ✐♥✈❛s✐✈♦s✱ ♥♦ t❡st❡ ♣r✐♥❝✐♣❛❧ ❛s ✈❛r✐á✈❡✐s q✉❡ r❡♣r❡s❡♥t❛♠ ♦ ❡①❛♠❡ ✐♥✈❛s✐✈♦ ❢♦r❛♠

r❡t✐r❛❞❛s✱ ❡st❛s sã♦ r❡♣r❡s❡♥t❛❞❛s ♣❡❧❛s ❝❛r❛❝t❡ríst✐❝❛s ♦✉ ♠❛r❝❛❞♦r❡s✿ ❣❧✐❝❡♠✐❛ ❡♠

❥❡❥✉♠ ❡ ❞♦❡♥ç❛ r❡♥❛❧ q✉❡ ❝♦rr❡s♣♦♥❞❡♠ ❛s ♥✉♠❡r❛çõ❡s ✻ ❡ ✶✼✳ ❆ ❝❛r❛❝t❡ríst✐❝❛ ♣é

❞✐❛❜ét✐❝♦ q✉❡ ❝♦rr❡s♣♦♥❞❡♥t❡ ❛ ♥✉♠❡r❛çã♦ ✶✺ t❛♠❜é♠ ❢♦✐ r❡t✐r❛❞❛ ❞♦s t❡st❡s ♣♦r ❥á

s❡r ✉♠❛ ❝♦♠♣❧✐❝❛çã♦ ❞❛ ❞♦❡♥ç❛✳

❖s ♣❛❝✐❡♥t❡s q✉❡ t✐♥❤❛♠ ❞❛❞♦s s❡♠ ♣r❡❡♥❝❤✐♠❡♥t♦ ♦✉ ❢♦r❛ ❞♦ ♣❛❞rã♦

❢♦r❛♠ r❡t✐r❛❞♦s ♥❛ ❢❛s❡ ❞❡ ♣ré✲tr❛t❛♠❡♥t♦ ❞❛ ❜❛s❡✳ ❆ t❛❜❡❧❛ ✸✳✶ ♠♦str❛ ❛s

❝❛r❛❝t❡ríst✐❝❛s ✉t✐❧✐③❛❞❛s ❡ ❛s ♥ã♦ ✉t✐❧✐③❛❞❛s ♥♦ t❡st❡ ♥ã♦ ✐♥✈❛s✐✈♦✳

✸✳✷ ❆♣r❡♥❞❡♥❞♦ ✉♠ s✉❜❡s♣❛ç♦ ❛tr❛✈és ❞❡ ■❈❆

❚♦♠❛♠♦s ✉♠ ✈❡t♦r ① = {x1, x2, x3, . . . , xn} ❝♦♠♦ s❡♥❞♦ ✉♠ ❝♦♥❥✉♥t♦

❞❡ ♦❜s❡r✈❛çõ❡s t♦♠❛❞❛s ❞❡ ✉♠ ♠❡s♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ♦✉ ❡♠ ❢♦r♠❛ ♠❛tr✐❝✐❛❧ ❳✳



✸✳✷ ❆♣r❡♥❞❡♥❞♦ ✉♠ s✉❜❡s♣❛ç♦ ❛tr❛✈és ❞❡ ■❈❆ ✸✼

❚❛❜❡❧❛ ✸✳✶✿ ❈❛r❛❝t❡ríst✐❝❛s ❝❧í♥✐❝❛s ✉t✐❧✐③❛❞❛s ♥♦ t❡st❡ ♥ã♦ ✐♥✈❛s✐✈♦

❈❛r❛❝t❡ríst✐❝❛s ❚❡st❡ ♥ã♦ ✐♥✈❛s✐✈♦

✶✳ ■❞❛❞❡ ①

✷✳ Pr❡ssã♦ ❆rt❡r✐❛❧ ❙✐stó❧✐❝❛ ①

✸✳ Pr❡ssã♦ ❆rt❡r✐❛❧ ❉✐❛stó❧✐❝❛ ①

✹✳ ❈✐♥t✉r❛✭❝♠✮ ①

✺✳ P❡s♦✭❦❣✮ ①

✻✳ ●❧✐❝❡♠✐❛

✼✳ ❆❧t✉r❛✭❝♠✮ ①

✽✳ ❆♥t❡❝❡❞❡♥t❡s ❢❛♠✐❧✐❛r❡s ①

✾✳ ❚❛❜❛❣✐s♠♦ ①

✶✵✳ ❙❡❞❡♥t❛r✐s♠♦ ①

✶✶✳ ❙♦❜r❡♣❡s♦ ①

✶✷✳ ■♥❢❛rt♦ ①

✶✸✳ ❈♦r♦♥❛r✐♦♣❛t✐❛s ①

✶✹✳ ❆❱❈ ①

✶✺✳ Pé ❞✐❛❜ét✐❝♦

✶✻✳ ❆♠♣✉t❛çã♦ ①

✶✼✳ ❉♦❡♥ç❛ r❡♥❛❧



✸✳✷ ❆♣r❡♥❞❡♥❞♦ ✉♠ s✉❜❡s♣❛ç♦ ❛tr❛✈és ❞❡ ■❈❆ ✸✽

HIPERDIA 

�11 �1�⋱��1 ��  Pré-tratamento ICA 

Extração de  

Características 

Base de dados 

original 

Matriz de entrada 

SVM One class 

Diabético Não 

Diabético 

❋✐❣✉r❛ ✸✳✶✿ ❋❧✉①♦❣r❛♠❛ ❞❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛✳ ❆ ❜❛s❡ ❍■P❊❘❉■❆ é t♦♠❛❞❛ ❡♠
✉♠❛ ♠❛tr✐③❳ q✉❡ é tr❛t❛❞❛ ❞❡ ❢♦r♠❛ ❛ r❡t✐r❛r ✐t❡♥s ❢❛❧t❛♥t❡s ♦✉ ❢♦r❛ ❞♦ ♣❛❞rã♦✱ ❛♣ós
✐ss♦ é ❢❡✐t❛ ❛ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❛tr❛✈és ❞❡ ■❈❆✱ ❛❝❤❛♠✲s❡ ❛s ❝♦♠♣♦♥❡♥t❡s
✐♥❞❡♣❡♥❞❡♥t❡s q✉❡ sã♦ ❛ ❡♥tr❛❞❛ ♣❛r❛ ♦ ❝❧❛ss✐✜❝❛❞♦r ❖♥❡ ❈❧❛ss ❙❱▼✱ q✉❡ ❢❛③ ❛
❞✐s❝r✐♠✐♥❛çã♦ ❡♥tr❡ ❞✐❛❜ét✐❝♦s ❡ ♥ã♦ ❞✐❛❜ét✐❝♦s

❯s❛♥❞♦ ① ❝♦♠♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ tr❡✐♥❛♠❡♥t♦✱ ■❈❆ ❛♣r❡♥❞❡ ❛s ❢✉♥çõ❡s ❜❛s❡s ❡♠

❝♦❧✉♥❛s ❞❛ ♠❛tr✐③ ❆ ♣❛r❛ ❛ ❝❧❛ss❡ ❞❡ ❞❛❞♦s✱ ❞❡ ♠♦❞♦ q✉❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐á✈❡✐s

q✉❡ ❝♦♠♣õ❡♠ ♦ ✈❡t♦r s sã♦ ♠✉t✉❛♠❡♥t❡ ❡st❛t✐st✐❝❛♠❡♥t❡ ✐♥❞❡♣❡♥❞❡♥t❡s✱ ❝♦♠♦ ♥❛

❛q✉❛çã♦ ✷✳✸✳❬✸✸❪❬✷✻❪

P❛r❛ ❛t✐♥❣✐r ❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❡st❛tíst✐❝❛✱ ♦ ❛❧❣♦r✐t♠♦ ❞❡ ■❈❆ tr❛❜❛❧❤❛

❝♦♠ ❡st❛tíst✐❝❛ ❞❡ ❛❧t❛ ♦r❞❡♠✱ q✉❡ ❛♣♦♥t❛ ❛ ❞✐r❡çã♦ ♦♥❞❡ ♦ ❞❛❞♦ é ♠❛①✐♠❛♠❡♥t❡

✐♥❞❡♣❡♥❞❡♥t❡✳ ❆q✉✐✱ ✉t✐❧✐③♦✉✲s❡ ♦ ❛❧❣♦r✐t♠♦ ❋❛st■❈❆ ❬✷✼❪✳

P♦r ✉♠❛ ✏✉♥✐❞❛❞❡✧✱ r❡❢❡r✐♠♦✲♥♦s ❛ ✉♠❛ ✉♥✐❞❛❞❡ ❝♦♠♣✉t❛❝✐♦♥❛❧✱

❡✈❡♥t✉❛❧♠❡♥t❡ ✉♠ ♥❡✉rô♥✐♦ ❛rt✐✜❝✐❛❧✱ t❡♥❞♦ ✉♠ ✈❡t♦r ♣❡s♦ ✇ q✉❡ ❛ r❡❢❡r✐❞❛ ✉♥✐❞❛❞❡

é ❛♣t❛ ♣❛r❛ ❛t✉❛❧✐③❛r ♣♦r ✉♠❛ r❡❣r❛ ❞❡ ❛♣r❡♥❞✐③❛❞♦✳ ❆ r❡❣r❛ ❞❡ ❛♣r❡♥❞✐③❛❞♦ ❞♦



✸✳✷ ❆♣r❡♥❞❡♥❞♦ ✉♠ s✉❜❡s♣❛ç♦ ❛tr❛✈és ❞❡ ■❈❆ ✸✾

❋❛st■❈❆ ♣r♦❝✉r❛ ✉♠❛ ❞✐r❡çã♦✱ ♣♦r ❡①❡♠♣❧♦✱ ✉♠ ✈❡t♦r ✉♥✐tár✐♦ ✇✱ t❛❧ q✉❡ ❛ ♣r♦❥❡çã♦

w
T · x ♠❛①✐♠✐③❡ ❛ ♥ã♦✲❣❛✉ss✐❛♥✐❞❛❞❡✳ ❆ ◆ã♦✲●❛✉ss✐❛♥✐❞❛❞❡ é ❛q✉✐ ♠❡❞✐❞❛ ♣♦r

❛♣r♦①✐♠❛çã♦ ❞❡ ♥❡❣❡♥tr♦♣✐❛ J(wT · x)✳✧❬✸✸❪

J(y) ∝ [E {G(y)} − E {G(v)}]2 ✭✸✳✶✮

P❛r❛ ♠✉✐t♦s ♥❡✉rô♥✐♦s✱ ♥❡❝❡ss✐t❛✲s❡ r♦❞❛r ♦ ❛❧❣♦r✐t♠♦ ❋❛st■❈❆ ❞❡ ✉♠❛

✉♥✐❞❛❞❡ r❡♣❡t✐❞❛♠❡♥t❡ ♣❛r❛ ❡st✐♠❛r ✈ár✐❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s✳

✸✳✷✳✶ ❆♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ♣❛r❛ ❛ ❡①tr❛çã♦

❞❡ ❝❛r❛❝t❡ríst✐❝❛s

HIPERDIA 

�11 �1�⋱��1 ��  

Estimação das 

componentes 

independentes 

Base de dados 

original 
Matriz dos dados 

0 SVM One class 

Diabético Não 

Diabético 

� = �� 

Decomposição dos 

dados pelo modelo 

generativo de ICA 

� = �� 

❋✐❣✉r❛ ✸✳✷✿ ❋❧✉①♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❞❡❝♦♠♣♦s✐çã♦ ❞♦s ❞❛❞♦s ♣♦r ■❈❆ ❡ ❛ ❡st✐♠❛çã♦
❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ♣❛r❛ ❛ ❡♥tr❛❞❛ ❞♦ ❝❧❛ss✐✜❝❛❞♦r



✸✳✷ ❆♣r❡♥❞❡♥❞♦ ✉♠ s✉❜❡s♣❛ç♦ ❛tr❛✈és ❞❡ ■❈❆ ✹✵

❯♠❛ ❛♠♦str❛ q✉❡ é r❡♣r❡s❡♥t❛❞❛ ♣❡❧♦ ✈❡t♦r ♦❜s❡r✈❛çã♦ ❞❡ ❞✐❛❜ét✐❝♦s ♦✉

♥ã♦ ❞✐❛❜ét✐❝♦s✱ ①treino✱ é tr❛♥s❢♦r♠❛❞❛ ✉s❛♥❞♦ ❛s ❢✉♥çõ❡s ❜❛s❡s ♦✉ ❛s ❝❛r❛❝t❡ríst✐❝❛s

❞❡ ■❈❆ ✱ W✱ q✉❡ ❢♦r❛♠ t♦♠❛❞❛s ❛ ♣❛rt✐r ❞♦ ♠ét♦❞♦ ❞❡ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s

✐♥❞❡♣❡♥❞❡♥t❡s ❞❡s❝r✐t♦ ♥❛ s❡ssã♦ ❛♥t❡r✐♦r✳ ❖ ♥♦✈♦ s✉❜❡s♣❛ç♦✱x̂treino é ✉s❛❞♦ ❝♦♠♦

❡♥tr❛❞❛ ❞♦ ❝❧❛ss✐✜❝❛❞♦r✳ ■st♦ é ♦❜t✐❞♦ ❛tr❛✈és ❞❡ ✉♠❛ s✐♠♣❧❡s ♣r♦❥❡çã♦ q✉❡ ❝♦♥s✐st❡

❞♦ ♣r♦❞✉t♦ ✐♥t❡r♥♦ ❡♥tr❡ ♦ ✈❡t♦r ♦❜s❡r✈❛çã♦ ❡ ❛s ❢✉♥çõ❡s ❜❛s❡s ❞❡ ■❈❆✳ P♦❞❡♠♦s

✈❡r ❡st❛ r❡❧❛çã♦ ♥❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✱ s❡♠❡❧❤❛♥t❡ ❛ ❡q✉❛çã♦ ✷✳✶

x̂treino = ❲①treino ✭✸✳✷✮

♦♥❞❡ ❲ = ❆−1 sã♦ ❛s ❢✉♥çõ❡s ❜❛s❡s ♦✉ ❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ✈❡❥❛ ❛ ❋✐❣✉r❛

✸✳✷✳✶

❈♦♠♦ ❢♦✐ ❞✐s❝✉t✐❞♦ ♥❛s s❡ssõ❡s ❛♥t❡r✐♦r❡s✱ ■❈❆ ❡stá r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ♦

❝♦♥❝❡✐t♦ ❞❡ ✏❝♦❞✐✜❝❛çã♦ ❡✜❝✐❡♥t❡ ✁✁ q✉❡ r❡❞✉③ ❛ r❡❞✉♥❞â♥❝✐❛ ♥♦s ♣❛❞rõ❡s ❝♦♠ ♦

♠í♥✐♠♦ ❞❡ ♣❡r❞❛ ❞❛ ✐♥❢♦r♠❛çã♦✱ ✐st♦ ❣❛r❛♥t❡ q✉❡ ♦ ♦❜❥❡t✐✈♦ ♥♦ ❡stá❣✐♦ ❞❡ ❡①tr❛çã♦

❞❡ ❝❛r❛❝t❡ríst✐❝❛s s❡❥❛ ❛❧❝❛♥ç❛❞♦ ❝♦♠ ❡✜❝á❝✐❛✱ ♣r♦♣♦r❝✐♦♥❛♥❞♦ ❛♦ ❝❧❛ss✐✜❝❛❞♦r ✉♠❛

❜♦❛ r❡♣r❡s❡♥t❛çã♦ ❞♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s✳ ❉❡ss❛ ❢♦r♠❛✱ ❢❛❝✐❧✐t❛♥❞♦ ❛ t❛r❡❢❛ ❞❡st❡✳ ❱❡❥❛

❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ❛s ❋✐❣✉r❛s ✸✳✸ ❡ ✸✳✺

❱✐s✉❛❧✐③❛♥❞♦ ❛ ❋✐❣✉r❛ ✸✳✸✱ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r ♦ ❡s♣❛ç♦ ♠✉❧t✐❞✐♠❡♥s✐♦♥❛❧

♦❜t✐❞♦ ❛ ♣❛rt✐r ❞❛ ❜❛s❡ ❞❡ ❞❛❞♦s ♦r✐❣✐♥❛❧✱ ♦s ❞❛❞♦s sã♦ ♠✐st✉r❛❞♦s✱ ❝♦♠ ✐♥❢♦r♠❛çã♦

r❡❞✉♥❞❛♥t❡✳ ❈❛❞❛ ♣♦♥t♦ r❡♣r❡s❡♥t❛ ❞❡t❡r♠✐♥❛❞♦ ✈❛❧♦r ♣❛r❛ ❛s ❝❛r❛❝t❡ríst✐❝❛s ♣❡s♦✱

♣r❡ssã♦ ❡ ❝✐♥t✉r❛ ❞❡ ✉♠ ✐♥❞✐✈í❞✉♦ ♦✉ ♦❜s❡r✈❛çã♦✱ ♦s ❞❡ ❜♦❧✐♥❤❛ ❛③✉❧ sã♦ ♥ã♦

❞✐❛❜ét✐❝♦s ❡ ♦s ❞❡ ❝r✉③ ✈❡r♠❡❧❤❛✱ ❞✐❛❜ét✐❝♦s✳ ❆ ✜❣✉r❛ ✸✳✺ ♠♦str❛ ♦s ♠❡s♠♦s ❞❛❞♦s

❞❛ ✜❣✉r❛ ❛♥t❡r✐♦r ❛♣ós ❛ ❢❛s❡ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ ♣♦❞❡✲s❡ ✈❡r q✉❡ ■❈❆

♠✐♥✐♠✐③♦✉ ❛ ❞❡♣❡♥❞ê♥❝✐❛ ❡st❛tíst✐❝❛ ♥♦s ❞❛❞♦s✱ ❝r✐❛♥❞♦ ✉♠❛ ❜♦❛ r❡♣r❡s❡♥t❛çã♦ ❡

❡♥tr❛❞❛ ♣❛r❛ ❛ ❢❛s❡ ❞❡ ❝❧❛ss✐✜❝❛çã♦✳

❖✉tr♦s ❛✉t♦r❡s ♥❛ ❧✐t❡r❛t✉r❛ ✉t✐❧✐③❛r❛♠ ♥❛s s✉❛s ❛♣❧✐❝❛çõ❡s ♦ ❡stá❣✐♦ ❞❡

❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♣❛r❛ ♠❡❧❤♦r❛r ❛ ♣❡r❢♦r♠❛♥❝❡ ❞♦ ❝❧❛ss✐✜❝❛❞♦r✳ P♦❧❛t ❬✹✷❪

✉t✐❧✐③♦✉ ❛ ❆♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s q✉❡ tr❛❜❛❧❤❛ ❝♦♠ ❡st❛tíst✐❝❛ ❞❡ s❡❣✉♥❞❛

♦r❞❡♠✱ ❞✐❢❡r❡♥t❡ ❞❛ té❝♥✐❝❛ ❞❡ ■❈❆ q✉❡ tr❛❜❛❧❤❛ q✉❡ tr❛❜❛❧❤❛ ❝♦♠ ❡st❛tíst✐❝❛ ❞❡ ❛❧t❛
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♦r❞❡♠ ❡ ♣♦r ✐ss♦ ♣♦❞❡ t♦♠❛r ♠❛✐s ✐♥❢♦r♠❛çã♦ s♦❜r❡ ♦s ❞❛❞♦s✳ ❱❡❥❛ ❛s ❋✐❣✉r❛s ✸✳✹ ❡

✸✳✺ ♣❛r❛ ✈❡r ❛ ❞✐❢❡r❡♥ç❛ ❞❡ r❡s✉❧t❛❞♦s ❡♥tr❡ ❛s ❞✉❛s té❝♥✐❝❛s✳

P❛r❛ ♠♦str❛r ❛ q✉❛❧✐❞❛❞❡ ❞❛ r❡♣r❡s❡♥t❛çã♦ ❞♦s ❞❛❞♦s ♦❜t✐❞♦s ❛tr❛✈és

❞❛ tr❛♥s❢♦r♠❛çã♦ ❝♦♠ ■❈❆✱ ✉t✐❧✐③♦✉✲s❡ ✉♠❛ ♠❡❞✐❞❛ ❞❡ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦s ❣r✉♣♦s

❞✐❛❜ét✐❝♦s ❡ ♥ã♦ ❞✐❛❜ét✐❝♦s ♣❛r❛ ❝♦♠♣❛r❛r ♦s ❞❛❞♦s ❛♣ós ❛ tr❛♥s❢♦r♠❛çã♦ ❝♦♠ ■❈❆

❡ ❛♣ós ❛ tr❛♥s❢♦r♠❛çã♦ ❝♦♠ P❈❆✳

❆ ❚❛❜❡❧❛ ✸✳✷ ♠♦str❛ ♦s r❡s✉❧t❛❞♦s ❞❡st❛s ♠❡❞✐❞❛s ❡♥tr❡ ❛s ❛♠♦str❛s ♥♦s

❞❛❞♦s ♦r✐❣✐♥❛✐s✱ ♥♦s ❞❛❞♦s ❛♣ós ♦ ♠ét♦❞♦ ❞❡ ■❈❆ ❡ ❛♣ós ♦ ♠ét♦❞♦ ❞❡ P❈❆✳ ❊st❛

r❡❧❛çã♦ é ♠❡❞✐❞❛ ❛tr❛✈és ❞❛ ❞✐stâ♥❝✐❛ ❞♦s ❝❡♥tr♦s ❞♦s ❣r✉♣♦s ✭ ❝r✐tér✐♦ ❞❡ s❡♣❛r❛çã♦✮

❡ ❛ r❛✐③ q✉❛❞r❛❞❛ ❞❛ ✈❛r✐â♥❝✐❛ ✭❝r✐tér✐♦ ❞❡ ❝♦♠♣❛❝t❛çã♦✮ ♣❛r❛ ❝❛❞❛ ❝❧❛ss❡✳

❊st❛ ♠❡❞✐❞❛ é ❜❛s❡❛❞❛ ❡♠ ❞♦✐s ❝r✐tér✐♦s✿ ❈♦♠♣❛❝t❛çã♦ ❡ ❙❡♣❛r❛çã♦✳ ❆

♣r✐♠❡✐r❛ ♠❡❞❡ ♦ q✉ã♦ ♣❡rt♦ ❡stã♦ ♦s ♦❜❥❡t♦s ✉♠ ❞♦ ♦✉tr♦ ❞❡♥tr♦ ❞❡ ❝❛❞❛ ❣r✉♣♦✳ ❆

s❡❣✉♥❞❛ ♠❡❞❡ ♦ q✉ã♦ ❞✐st✐♥t♦s ❡ ❜❡♠ s❡♣❛r❛❞♦s ✉♠ ❣r✉♣♦ ❡stá ❞♦ ♦✉tr♦ ❬✸✺❪✳❉❡st❛

❢♦r♠❛✱ ♠❡s♠♦ s❡ ❞♦✐s ❣r✉♣♦s ❡stã♦ ❞✐st❛♥t❡s✱ ❞❡✈❡✲s❡ t❡r ❝❡rt❡③❛ q✉❡ ❡❧❡s t❡♠ ✉♠❛

❜❛✐①❛ ✈❛r✐â♥❝✐❛✱ ❞❡st❛ ❢♦r♠❛ ♦s ♦❜❥❡t♦s ❡♠ ❝❛❞❛ ❣r✉♣♦ s❡rã♦ ❜❡♠ ❝♦♠♣❛❝t❛❞♦s✳

■❈❆ ♠♦str❛ q✉❡ r❡❞✉③ ❛ ❞❡♣❡♥❞ê♥❝✐❛ ❡st❛tíst✐❝❛✳ ❉❡st❛ ❢♦r♠❛✱ ♦s ❝❧✉st❡rs s❡rã♦

❞❡✈✐❞❛♠❡♥t❡ ❝♦♠♣❛❝t❛❞♦s ✭❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❝r✐tér✐♦ ❞❡ ❝♦♠♣❛❝t❛çã♦✮✱ ❝♦♠♦ ♣♦❞❡

s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✸✳✺ ❡ ❚❛❜❡❧❛ ✸✳✷✳

▼❡s♠♦ s❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s ❞❛❞♦s r❡❛✐s ✭❜❛s❡ ❞❡ ❞❛❞♦s ❞♦

❍■P❊❘❉■❆✮ sã♦ ❞❡♣❡♥❞❡♥t❡s ✉♠❛ ❞❛s ♦✉tr❛s ❝♦♠♦ ♠♦str❛ ❛ ❋✐❣✉r❛ ✸✳✸✱ s❡

❞✐♠✐♥✉✐r♠♦s ❡st❛ ❞❡♣❡♥❞ê♥❝✐❛ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s✱ ❛ ❝❧❛ss✐✜❝❛çã♦ ✐rá t❡r ♠❡❧❤♦r❡s

r❡s✉❧t❛❞♦s✱ ❝♦♠♦ ♠♦str❛✲s❡ ❛ s❡❣✉✐r✿

❚❛❜❡❧❛ ✸✳✷✿ ▼❡❞✐❞❛ ❞❡ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦s ❣r✉♣♦s ❞❡ ❞✐❛❜ét✐❝♦s ❡ ♥ã♦✲❞✐❛❜ét✐❝♦s ♣❛r❛
♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s✱ ♣❛r❛ ♦s ❞❛❞♦s ❛♥t❡s ❞❡ ■❈❆ ❡ ♣❛r❛ ♦s ❞❛❞♦s ❞❡♣♦✐s ❞❡ P❈❆

❇❛s❡ ❞❡ ❞❛❞♦s ♦r✐❣✐♥❛❧ ❆♣ós P❈❆ ❆♣ós ■❈❆
✵✳✵✶✷✽ ✵✳✺✸✾✵ ✷✳✺✸✽✶
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✸✳✸ ❱❛❧✐❞❛çã♦ ❞♦ ♠ét♦❞♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦

❉❡ ♠♦❞♦ ❛ ❛✈❛❧✐❛r ♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ❝❧❛ss✐✜❝❛❞♦r✱ é ♥❡❝❡ssár✐♦ q✉❡

s❡ q✉❛♥t✐✜q✉❡ ❛ s✉❛ s❡♥s✐❜✐❧✐❞❛❞❡✱ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❡ ❛❝✉rá❝✐❛✳ ◆♦ ♣r♦❜❧❡♠❛ ❞❡

❝❧❛ss✐✜❝❛çã♦ ❞❡ ❞✐❛❜ét✐❝♦s ❛ s❡♥s✐❜✐❧✐❞❛❞❡ é ♦ ♣❛râ♠❡tr♦ q✉❡ ✐♥❢♦r♠❛ ♦ q✉❛♥t♦ ♦

❝❧❛ss✐✜❝❛❞♦r é ❝❛♣❛③ ❞❡ ✐❞❡♥t✐✜❝❛r ❛s ♣❡ss♦❛s ❝♦♠ ❞✐❛❜❡t❡s❀ ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ✐♥❢♦r♠❛

♦ q✉❛♥t♦ ♦ ❝❧❛ss✐✜❝❛❞♦r é ❝❛♣❛③ ❞❡ ✐❞❡♥t✐✜❝❛r ❛s ♣❡ss♦❛s s❡♠ ❛ ❞♦❡♥ç❛ ♦✉ s❛✉❞á✈❡✐s✳

❊st❡s ❝r✐tér✐♦s t❡♠ ❛s s❡❣✉✐♥t❡s ✈❛r✐á✈❡✐s✿

• ❱❡r❞❛❞❡✐r♦ ♣♦s✐t✐✈♦ ✭❱P✮✿ ❉✐❛❣♥óst✐❝♦ ❞❡ ♣❛❝✐❡♥t❡s ❝♦rr❡t❛♠❡♥t❡ ❝❧❛ss✐✜❝❛❞♦s

❝♦♠♦ ❞✐❛❜ét✐❝♦s✳

• ❋❛❧s♦ ♣♦s✐t✐✈♦ ✭❋P✮✿ ❉✐❛❣♥óst✐❝♦ ❞❡ ♣❛❝✐❡♥t❡s ♥ã♦ ❞✐❛❜ét✐❝♦s ❝❧❛ss✐✜❝❛❞♦s ❝♦♠♦

❞✐❛❜ét✐❝♦s✳

• ❱❡r❞❛❞❡✐r♦ ♥❡❣❛t✐✈♦ ✭❱◆✮✿❉✐❛❣♥óst✐❝♦ ❞❡ ♣❛❝✐❡♥t❡s ❝♦rr❡t❛♠❡♥t❡ ❝❧❛ss✐✜❝❛❞♦s

❝♦♠♦ ♥ã♦ ❞✐❛❜ét✐❝♦s✳

• ❋❛❧s♦ ♥❡❣❛t✐✈♦ ✭❋◆✮✿❉✐❛❣♥óst✐❝♦ ❞❡ ❞✐❛❜ét✐❝♦s ❝❧❛ss✐✜❝❛❞♦s ❝♦♠♦ ♥ã♦

❞✐❛❜ét✐❝♦s✳

❡ ❡❧❡s ❞❡✜♥❡♠ ❝♦♠♣❧❡t❛♠❡♥t❡ ❛ ❛❝✉rá❝✐❛ ❞❡ ✉♠ ❝❧❛ss✐✜❝❛❞♦r✱ ♦s q✉❛✐s sã♦

❞❡✜♥✐❞♦s ❝♦♠♦ ❛ s❡❣✉✐r✿

❙❡♥s✐❜✐❧✐❞❛❞❡ V P/(V P + FN)

❊s♣❡❝✐✜❝✐❞❛❞❡ V N/(V N + FP )

❆❝✉rá❝✐❛ (V P + FN)/(V P + V N + FP + FN)

✸✳✹ ❘❡s✉❧t❛❞♦s

❆q✉✐ ❞❡s❝r❡✈❡✲s❡ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ✉s❛♥❞♦ ❛ ♠❡t♦❞♦❧♦❣✐❛ ♣r♦♣♦st❛✳



✸✳✺ ❚❡st❡ ❝♦♠ t♦❞❛s ❛s ❝♦♠❜✐♥❛çõ❡s ❞❡ ✶✹ ❝❛r❛❝t❡ríst✐❝❛s ❝❧í♥✐❝❛s t♦♠❛❞❛s ✭✶✹✲♥✮✹✻

✸✳✹✳✶ ❚❡st❡ ◆ã♦ ✐♥✈❛s✐✈♦

❉♦s ✹✾✽ ❝❛s♦s ❞❡ ❞✐❛❜ét✐❝♦s ❡ ❞♦s ✹✾✼ ❝❛s♦s ❞❡ ♥ã♦ ❞✐❛❜ét✐❝♦s r❡st❛♥t❡s

❛♣ós ♦ ♣ré✲♣r♦❝❡ss❛♠❡♥t♦ ❞❛ ❜❛s❡✱ s❡♣❛r❛r❛♠✲s❡ ❛❧❡❛t♦r✐❛♠❡♥t❡ ❛s ❛♠♦str❛s ✉s❛♥❞♦

♦ ♠ét♦❞♦ ❞❡ ✷✵✲✈❛❧✐❞❛çã♦ ❝r✉③❛❞❛ ♣❛r❛ ❝❛❞❛ ❝❧❛ss❡✳ ❋♦✐ ❛♣❧✐❝❛❞❛ ❛ ❞❡❝♦♠♣♦s✐çã♦

❞♦s ❞❛❞♦s ❛tr❛✈és ❞❡ ■❈❆ ♥♦s ❣r✉♣♦s ❞❡ tr❡✐♥♦ ❡ ♦❜t❡✈❡✲s❡ ✉♠❛ ♠❛tr✐③ ❆ ♦✉ W
−1✱

❝♦♠ ✶✹ ❢✉♥çõ❡s ❜❛s❡s✳ ❆♣ós ✐st♦✱ ♣r♦❥❡t♦✉✲s❡ ❛s ❛♠♦str❛s ❞❡ tr❡✐♥♦ ❡ t❡st❡ ♥❡st❡

s✉❜❡s♣❛ç♦✳ ❊st❡ s✐♥❛❧ ♣r♦❥❡t❛❞♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ❝♦♠♦ ❛ ❡♥tr❛❞❛ ❞♦ ❝❧❛ss✐✜❝❛❞♦r ❙❱▼

♣❛r❛ ✉♠❛ ❝❧❛ss❡✳

❆ ❜✐❜❧✐♦t❡❝❛ ♣❛r❛ ♠áq✉✐♥❛s ❞❡ ✈❡t♦r❡s ❞❡ s✉♣♦rt❡✱ ❝❤❛♠❛❞❛ ▲■❇❙❱▼

❬✸✻❪✱ ❢♦✐ ✉t✐❧✐③❛❞❛ ♣❛r❛ ♦ tr❡✐♥♦ ❡ ♣❛r❛ ♦ t❡st❡✳ ❆ ❢✉♥çã♦ ❦❡r♥❡❧ ✉t✐❧✐③❛❞❛

❢♦✐ ❛ ❘❇❋ ✭r❛❞✐❛❧ ❜❛s✐s ❢✉♥❝t✐♦♥✮✱ ❝♦♠ ✉♠ ✈❛❧♦r ❞❡ ❣❛♠♠❛ ❞❡ ✵✳✵✵✼✽✶✳ ❆

♣r✐♠❡✐r❛ ❧✐♥❤❛ ❞❛ ❚❛❜❡❧❛ ✸✳✸ ♠♦str❛ ♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ♣❛r❛ s❡♥s✐❜✐❧✐❞❛❞❡✱

❡s♣❡❝✐✜❝✐❞❛❞❡ ❡ ❛❝✉rá❝✐❛✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣❛r❛ ❛ ❝❧❛ss✐✜❝❛çã♦ ♥ã♦ ✐♥✈❛s✐✈❛ ❡♥tr❡

❞✐❛❜ét✐❝♦s ❡ ♥ã♦✲❞✐❛❜ét✐❝♦s✳ P❛r❛ ✈❡r✐✜❝❛r ❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ❝❛❞❛ ❝❛r❛❝t❡ríst✐❝❛ ❝❧í♥✐❝❛

♥♦s r❡s✉❧t❛❞♦s ✜♥❛✐s✱ ❢♦r❛♠ ❢❡✐t♦s ♠❛✐s ❛❧❣✉♥s t❡st❡s ❞✐♠✐♥✉✐♥❞♦ ♦ ♥ú♠❡r♦ ❞❡

❝❛r❛❝t❡ríst✐❝❛s ❞♦ ✈❡t♦r ❞❡ ❡♥tr❛❞❛ ♦✉ ❞❡ ♦❜s❡r✈❛çã♦✱ t❡st❛♥❞♦ ❝❛❞❛ ♣♦ss✐❜✐❧✐❞❛❞❡

❞❡ ❝♦♠❜✐♥❛çã♦✳

❚❛❜❡❧❛ ✸✳✸✿ ❘❡s✉❧t❛❞♦s ❞♦ t❡st❡ ♥ã♦ ✐♥✈❛s✐✈♦

❚❡st❡s ❙❡♥s✐❜✐❧✐❞❛❞❡ ❊s♣❡❝✐✜❝✐❞❛❞❡ ❆❝✉rá❝✐❛
❚❡st❡ ♥ã♦ ✐♥✈❛s✐✈♦ ✶✵✵✪ ✶✵✵✪ ✶✵✵✪

✸✳✺ ❚❡st❡ ❝♦♠ t♦❞❛s ❛s ❝♦♠❜✐♥❛çõ❡s ❞❡ ✶✹

❝❛r❛❝t❡ríst✐❝❛s ❝❧í♥✐❝❛s t♦♠❛❞❛s ✭✶✹✲♥✮

❉❡ss❛ ❢♦r♠❛✱ ❢♦r❛♠ ❢❡✐t♦s t❡st❡s ❝♦♠ ❛s ✶✹ ❝❛r❛❝t❡ríst✐❝❛s ♥ã♦ ✐♥✈❛s✐✈❛s

t♦♠❛❞❛s ✭✶✹✲♥✮✱ s❡♥❞♦ ♥ ❞❡ ✶ ❛ ✽✳ ◆♦ ✜♥❛❧✱ ❢♦r❛♠ ❢❡✐t♦s ✶✷✳✾✶✵ ♣♦ssí✈❡✐s t❡st❡s✱

❞❡t❛❧❤❛❞♦s ♥❛ t❛❜❡❧❛ ✸✳✹✳ ◆❡st❡ ú❧t✐♠♦ t❡st❡ ❢♦✐ ♦❜s❡r✈❛❞♦ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦

❢r❛♠❡✇♦r❦ ❡ ❛ ✐♥✢✉ê♥❝✐❛ ❞❡ ❝❛❞❛ ❝❛r❛❝t❡ríst✐❝❛ ♥♦ r❡s✉❧t❛❞♦ ✜♥❛❧✳ P❛r❛ ❡st❡ t❡st❡✱ ❛
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❞❡❝♦♠♣♦s✐çã♦ ❞❡ ■❈❆ ♥♦ ❡s♣❛ç♦ ❞❡ ✭✶✹✲♥✮ ❞✐♠❡♥sõ❡s é ❢❡✐t❛ ♣❛r❛ ❝❛❞❛ ❝♦♠❜✐♥❛çã♦

❞❛s ❝❛r❛❝t❡ríst✐❝❛s ♣❛r❛ ❝r✐❛r ✉♠ ❛♣r♦♣r✐❛❞♦ ❡s♣❛ç♦ ❞❡ ♣r♦❥❡çõ❡s q✉❡ s❡❣✉❡ ♣❛r❛ ♦

❝❧❛ss✐✜❝❛❞♦r ♦♥❡✲❝❧❛ss✳ ❖s r❡s✉❧t❛❞♦s ♣♦❞❡♠ s❡r ✈✐st♦s ♥❛ ❋✐❣✉r❛ ✸✳✻✳
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♣r♦❜❧❡♠át✐❝❛ ❞❡ s❡r ❤♦♠♦❣ê♥❡❛ ❡ ❝♦♠♣♦st❛ s♦♠❡♥t❡ ❞❡ ♠✉❧❤❡r❡s✳ ❆ s❡❣✉♥❞❛ ❜❛s❡

❞❡ ❞❛❞♦s ❡♥❝♦♥tr❛❞❛ ♥❛ ❧✐t❡r❛t✉r❛ é ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞❡ ❛♠❡r✐❝❛♥♦s ❞❡ ♦r✐❣❡♠

❛❢r✐❝❛♥❛✱ t❛♠❜é♠ é ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞❡ ✉♠❛ ♣♦♣✉❧❛çã♦ ❤♦♠♦❣ê♥❡❛ ❝♦♠♦ ❛ ❜❛s❡

P✐♠❛✱ ♠❛s sã♦ ❛s ú♥✐❝❛s ❡♥❝♦♥tr❛❞❛s ♣❛r❛ t❡st❡ ❡♠ ❞✐❛❜❡t❡s t✐♣♦ ✷ ♥❡st❡ t❡♠♣♦✳

✸✳✻✳✶ ❇❛s❡ P✐♠❛

❆ ❜❛s❡ ❞❡ ❞❛❞♦s ❞♦s í♥❞✐♦s P✐♠❛ ❢♦✐ ♦❜t✐❞❛ ❞♦ r❡♣♦s✐tór✐♦ ❞❡ ❛♣r❡♥❞✐③❛❞♦

❞❡ ♠áq✉✐♥❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❞❛ ❈❛❧✐❢ór♥✐❛✱ ■r✈✐♥❡ ✭❯❈■✮✳ ❊st❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❢♦✐
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t♦❞♦s ♦s ✽ ♠❛r❝❛❞♦r❡s ❞❛ ❜❛s❡ P✐♠❛✱ ❧❡✈❛♠ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛s ❝❛r❛❝t❡ríst✐❝❛s

❝❧í♥✐❝❛s ✐♥✈❛s✐✈❛s ❡ ♥ã♦ ✐♥✈❛s✐✈❛s ❞♦s ♣❛❝✐❡♥t❡s✳ ◆❡st❛ ♣❡rs♣❡❝t✐✈❛ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦

♦❜t❡✈❡ ✉♠ r❡s✉❧t❛❞♦ ❡♠ ❛❝✉rá❝✐❛ ❞❡ ✾✽✳✹✼✪✱ q✉❡ ❢♦✐ ✉♠ r❡s✉❧t❛❞♦ ❛❝✐♠❛ ❞♦s ♦❜t✐❞♦s

♣♦r ♦✉tr♦s tr❛❜❛❧❤♦s ❞❛ ❧✐t❡r❛t✉r❛✱ q✉❡ t❛♠❜é♠ ✉t✐❧✐③❛r❛♠ t♦❞♦s ♦s ♠❛r❝❛❞♦r❡s

❝❧í♥✐❝♦s ❞❛ ❜❛s❡✱ ❝♦♠♦ ♠♦str❛ ❛ t❛❜❡❧❛ ✸✳✼✳ P♦❞❡✲s❡ ✈❡r ♥❛ ❚❛❜❡❧❛ ✸✳✻ ♦s r❡s✉❧t❛❞♦s

♦❜t✐❞♦s ❡♠ s❡♥s✐❜✐❧✐❞❛❞❡✱ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❡ ❛❝✉rá❝✐❛ ❝♦♠ t♦❞♦s ♦s ♠❛r❝❛❞♦r❡s ✐♥✈❛s✐✈♦s

❡ ♥ã♦ ✐♥✈❛s✐✈♦s ♥❛ s❡❣✉♥❞❛ ❧✐♥❤❛ ❞❡st❛✳

❚❛❜❡❧❛ ✸✳✻✿ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ❝♦♠ t♦❞♦s ♦s ♠❛r❝❛❞♦r❡s ✭❈♦♠ ✽ ♠❛r❝❛❞♦r❡s✮
❡ s♦♠❡♥t❡ ❝♦♠ ♦s ♠❛r❝❛❞♦r❡s ♥ã♦ ✐♥✈❛s✐✈♦s ✭❈♦♠ ✻ ♠❛r❝❛❞♦r❡s✳✮

❚❡st❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ❊s♣❡❝✐✜❝✐❞❛❞❡ ❆❝✉rá❝✐❛

❈♦♠ ✻ ♠❛r❝❛❞♦r❡s ✾✾✳✵✺✪ ✾✽✳✶✾✪ ✾✽✳✷✽✪
❈♦♠ ✽ ♠❛r❝❛❞♦r❡s ✾✾✳✽✶✪ ✾✽✳✸✹✪ ✾✽✳✹✼✪

✸✳✻✳✷ ❇❛s❡ ❞❡ ❛♠❡r✐❝❛♥♦s ❞❡ ♦r✐❣❡♠ ❛❢r✐❝❛♥❛

❆ ❜❛s❡ ❞❡ ❞❛❞♦s ❞♦s ❛♠❡r✐❝❛♥♦s ❝♦♠ ♦r✐❣❡♠ ❛❢r✐❝❛♥❛ ❢♦✐ ♦❜t✐❞❛ ❞❛ ❡s❝♦❧❛

❞❡ ♠❡❞✐❝✐♥❛ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❞❡ ❱✐r❣í♥✐❛✳ ❖s ❞❛❞♦s ❝♦♥s✐st❡♠ ❞❡ ✶✾ ♠❛r❝❛❞♦r❡s

❝❧í♥✐❝♦s ❞❡ ✹✵✸ ✐♥❞✐✈í❞✉♦s✳ ❋♦✐ ♦❜t✐❞❛ ❛tr❛✈és ❞❡ ✉♠ ❡st✉❞♦ s♦❜r❡ ♣r❡✈❛❧ê♥❝✐❛ ❞❡

♦❜❡s✐❞❛❞❡✱ ❞✐❛❜❡t❡s ❡ ♦✉tr♦s ❢❛t♦r❡s ❞❡ r✐s❝♦s ❝❛r❞✐♦✈❛s❝✉❧❛r❡s ❡♠ ❛❢r♦ ❞❡s❝❡♥❞❡♥t❡s

♥♦ ❡st❛❞♦ ❞❡ ❱✐r❣í♥✐❛✱ ❊❯❆✳ ✻✵ ■♥❞✐✈í❞✉♦s ❞✐❛❜ét✐❝♦s ❡ ✸✹✸ ♥ã♦ ❞✐❛❜ét✐❝♦s✳ ❖s

♠❛r❝❛❞♦r❡s ✐♥✈❛s✐✈♦s ❢♦r❛♠ r❡t✐r❛❞♦s✳ ❙♦♠❡♥t❡ ✼ ❝❛r❛❝t❡ríst✐❝❛s ❝❧í♥✐❝❛s ❢♦r❛♠

✉t✐❧✐③❛❞❛s✿

✶✳ ■❞❛❞❡



✸✳✻ ❚❡st❡s ❞❡ ❣❡♥❡r❛❧✐❞❛❞❡ ❞♦ ♠ét♦❞♦ ❝♦♠ ♦✉tr❛s ❜❛s❡s ✺✸

❚❛❜❡❧❛ ✸✳✼✿ ❚r❛❜❛❧❤♦s ❝♦rr❡❧❛t♦s ♥❛ ❧✐t❡r❛t✉r❛ ❝♦♠ ♦✉tr❛ ❜❛s❡ ❞❡ ❞❛❞♦s✭P✐♠❛✱ ✶✾✼✺✮✳
◆❡st❡s tr❛❜❛❧❤♦s ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♠❛r❝❛❞♦r❡s ✐♥✈❛s✐✈♦s ❡ ♥ã♦ ✐♥✈❛s✐✈♦s

▼ét♦❞♦ ❆❝✉rá❝✐❛ ❆✉t♦r ❡ ❛♥♦

▼ét♦❞♦ ♣r♦♣♦st♦ ❝♦♠ ❜❛s❡ P✐♠❛ ✾✽✳✹✼✪

●❆ ❛♥❞ Pr♦t✳ ❙❡❧❡❝✳❬✸✼❪ ✾✷✳✻✵ ✪ ❇②❡♦♥ ❡t ❛❧✳ ✭✷✵✵✽✮

❍P▼❬✸✽❪ ✾✷✳✸✽✪ P❛t✐❧ ❡t ❛❧✳✭ ✷✵✶✵✮

❋✉③③②❬✸✾❪ ✾✶✳✷✵✪ ▲❡❡ ❛♥❞ ❲❛♥❣ ✭✷✵✶✶✮

▲❉❆✲❲❛✈❡❧❡t ❙❱▼❬✹✵❪ ✽✾✳✼✹✪ ❈❛❧✐s✐r ❛♥❞ ❉♦❣❛♥t❡❦✐♥ ✭✷✵✶✶✮

■❋❊✲❈❋❬✹✶❪ ✽✾✳✹✽✪ ▼✳❘❡❞❞② ❛♥❞ ▲✳❘❡❞❞② ✭✷✵✶✵✮

P❈❆✲❆◆❋■❙❬✹✷❪ ✽✾✳✹✼✪ P♦❧❛t ❛♥❞ ●ü♥❡s ✭✷✵✵✼✮

▼❆■❘❙✷❬✹✸❪ ✽✾✳✶✵✪ ❈❤✐❦❤ ❛♥❞ ❙❛✐❞✐ ✭✷✵✶✶✮

▲❉❆✲❆◆❋■❙❬✹✹❪ ✽✹✳✻✶ ✪ ❉♦❣❛♥t❡❦✐♥ ❡t ❛❧✳ ✭✷✵✶✵✮

❆◆◆✲❋◆◆❬✹✺❪ ✽✹✳✷✹✪ ❑❛❤r❛♠❛♥❧✐ ❛♥❞ ❆❧❧❛❤✈❡r❞✐ ✭✷✵✵✽✮

●❉❆✲▲❙✲❙❱▼❬✹✻❪ ✽✷✳✵✺✪ P♦❧❛t ❡t ❛❧✳ ✭✷✵✵✽✮

❈✲❍▼▲P❬✹✼❪ ✽✶✳✼✹✪ ■s❛ ❛♥❞ ▼❛♠❛t ✭✷✵✶✶✮

❋✉③③②❬✹✾❪ ✼✾✳✸✼✪ ▲❡❦❦❛s ❛♥❞ ▼✐❦❤❛✐❧♦✈ ✭✷✵✵✽✮

❆◆❋■❙❬✺✵❪ ✼✼✳✻✺✪ ●❤❛③❛✈✐ ❛♥❞ ▲✐❛♦ ✭✷✵✵✽✮

❋✉③③②❬✹✽❪ ✼✼✳✽✪ ▲✉✉❦❦❛ ✭✷✵✶✶✮

❆◆◆❬✺✶❪ ✼✻✳✻✷✪ ❏❡❛tr❛❦✉❧ ❡t ❛❧✳ ✭✷✵✶✵✮

❖P✲❊▲▼ ❬✺✷❪ ✼✻✳✸✪ ▼✐❝❤❡ ❡t ❛❧✳ ✭✷✵✶✵✮

■P✲▲❙❙❱▼ ❬✺✸❪ ✼✻✳✶✪ ❈❛r✈❛❧❤♦ ❛♥❞ ❇r❛❣❛ ✭✷✵✶✵✮

❋❙▼✲❋✉③③②❊▼❬✺✹❪ ✼✺✳✾✼✪ ▲✉✉❦❦❛ ✭✷✵✶✶✮

❙❱▼❬✺✺❪ ✼✺✳✶✺✪ ▲✐ ❛♥❞ ▲✐✉✭✷✵✶✵✮



✸✳✻ ❚❡st❡s ❞❡ ❣❡♥❡r❛❧✐❞❛❞❡ ❞♦ ♠ét♦❞♦ ❝♦♠ ♦✉tr❛s ❜❛s❡s ✺✹

✷✳ P❡s♦

✸✳ ❆❧t✉r❛

✹✳ Pr✐♠❡✐r❛ ♠❡❞✐❞❛ ❞❡ ♣r❡ssã♦ s✐stó❧✐❝❛ ✭♠♠❍❣✮

✺✳ Pr✐♠❡✐r❛ ♠❡❞✐❞❛ ❞❡ ♣r❡ssã♦ ❞✐❛stó❧✐❝❛ ✭♠♠❍❣✮

✻✳ ❲❛✐st ✭✐♥❝❤❡s✮

✼✳ ▼❡❞✐❞❛ ❞❛ ❝✐♥t✉r❛

❖ ♠ét♦❞♦ ♣r♦♣♦st♦ ❢♦✐ ❛♣❧✐❝❛❞♦ ♥♦✈❛♠❡♥t❡ ❛ ❡st❛ ❜❛s❡ ❡ ♦❜t❡✈❡✲s❡ ♦s

s❡❣✉✐♥t❡s r❡s✉❧t❛❞♦s ❡♠ s❡♥s✐❜✐❧✐❞❛❞❡✱ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❡ ❛❝✉rá❝✐❛✱ ❞❡♠♦♥str❛❞♦s ♥❛

t❛❜❡❧❛ ✸✳✽✿

❚❛❜❡❧❛ ✸✳✽✿ ❘❡s✉❧t❛❞♦s ❞♦ ♠ét♦❞♦ ✉t✐❧✐③❛♥❞♦ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞❡ ❛♠❡r✐❝❛♥♦s ❞❡
♦r✐❣❡♠ ❛❢r✐❝❛♥❛

❚❡st❡ ❙❡♥s✐❜✐❧✐❞❛❞❡ ❊s♣❡❝✐✜❝✐❞❛❞❡ ❆❝✉rá❝✐❛

❇❛s❡ ❆❢r✐❝❛♥✲❆♠❡r✐❝❛♥ ✾✾✳✽✽✪ ✾✻✳✻✽✪ ✾✼✳✵✶✪



✺✺

✹ ❉✐s❝✉ssõ❡s

❆ ❞✐❛❜❡t❡s é ✉♠❛ ❞♦❡♥ç❛ q✉❡ ❡stá ❝r❡s❝❡♥❞♦ ♥♦ ♠✉♥❞♦ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡✱

❛té ✷✵✸✵ ♦ ♥ú♠❡r♦ ❞❡ ❞✐❛❜ét✐❝♦s ♥♦ ♠✉♥❞♦ ✐rá ❞♦❜r❛r✳ ■♥❝❧✉✐♥❞♦ ❛s ♣❡r❞❛s s♦❝✐❛✐s

❝♦♠♦ ✐♥❝❛♣❛❝✐t❛çõ❡s ❡ ♠♦rt❛❧✐❞❛❞❡ ♣r❡♠❛t✉r❛✱ ❛ ❞♦❡♥ç❛ ❝❛✉s❛ ✉♠ ❛❧t♦ ❝✉st♦ ❝♦♠

s❡✉ tr❛t❛♠❡♥t♦ ❡ ❝♦♠ s✉❛s ❝♦♠♣❧✐❝❛çõ❡s✳ ❋♦r♠❛s ❞❡ ♣r❡✈❡♥✐✲❧❛ sã♦ ✐♥✈❡st✐❣❛❞❛s ♥♦

♠✉♥❞♦ t♦❞♦ ❡ ✉♠ ❣r❛♥❞❡ ♥ú♠❡r♦ ❞❡ ♣❡ss♦❛s ♥♦ ♠♦♠❡♥t♦ ❞♦ ❞✐❛❣♥óst✐❝♦ ❞❛ ❞♦❡♥ç❛

❥á ❛♣r❡s❡♥t❛ ❛❧❣✉♠ t✐♣♦ ❞❡ ❝♦♠♣❧✐❝❛çã♦✳ ❯♠ ♣♦♥t♦ q✉❡ ❝♦♠♣❧✐❝❛ ♦ r❛str❡❛♠❡♥t♦

❞❛ ❞♦❡♥ç❛ sã♦ ♦s ❛❧t♦s ❝✉st♦s ❡♥✈♦❧✈✐❞♦s✱ ❥á q✉❡ ♦ ♣r♦❝❡❞✐♠❡♥t♦ r❡q✉❡r ❛❧❣✉♠ t❡st❡

✐♥✈❛s✐✈♦ ❝♦♠♦ ❣❧✐❝❡♠✐❛ ♣❧❛s♠át✐❝❛ ❡♠ ❥❡❥✉♠ ♦✉ ❣❧✐❝♦s❡ ❝❛♣✐❧❛r ♥❛ ♣r✐♠❡✐r❛ ❢❛s❡ ❞♦

r❛str❡❛♠❡♥t♦✱ ❝♦♠♦ ❢♦✐ ❢❡✐t♦ ♥♦ ú❧t✐♠♦ r❛str❡❛♠❡♥t♦ ♥♦ ❇r❛s✐❧ ❡♠ ✷✵✵✶✳ ❬✶✼❪

◆ã♦ ❤❛✈✐❛♠ ❡st✉❞♦s ❝♦♠♣r♦✈❛♥❞♦ ❛ ❡✜❝á❝✐❛ ❞♦ r❛str❡❛♠❡♥t♦ ❡ ♦ q✉❛♥t♦

s❡r✐❛ ❡❝♦♥ô♠✐❝♦✱ ♠❡s♠♦ s♦♠❛♥❞♦✲s❡ ♦s ❝✉st♦s ❝♦♠ ❛ ❝❧❛ss❡ ❞♦s ♥ã♦ ❞✐❛❜ét✐❝♦s

❡♥❝♦♥tr❛❞♦s ♥♦ r❛str❡❛♠❡♥t♦✳ ❖ ♣r♦❜❧❡♠❛ ❡r❛ q✉❡ ♣❛r❛ ❡st❡s ♣❛❝✐❡♥t❡s ❤❛✈✐❛♠

♦s ❣❛st♦s ❝♦♠ ♦s ❡①❛♠❡s ❞❡ ♣r✐♠❡✐r❛ ❢❛s❡ ❞♦ r❛str❡❛♠❡♥t♦ ❡ ❡st❡s ♥ã♦ r❡♣r❡s❡♥t❛♠

♦ ♣♦♣✉❧❛çã♦ ♦❜❥❡t✐✈♦ ❞♦ r❛str❡❛♠❡♥t♦✳ ❆t✉❛❧♠❡♥t❡✱ s❛❜❡✲s❡ q✉❡ é ✉♠ ♣❛ss♦ ❡✜❝❛③

♣❛r❛ ❝♦♠❜❛t❡r ❡st❛ ❞♦❡♥ç❛ s✐❧❡♥❝✐♦s❛✳ ❋♦r❛♠ ♦rç❛❞♦s t♦❞♦s ♦s ❣❛st♦s✱ ❜❡♥❡❢í❝✐♦s ❡

❧✉❝r♦s ❛❞✈✐♥❞♦s ❝♦♠ ♦ r❛str❡✐♦ ❡ ♣❡r❝❡❜❡✉✲s❡ ✈ár✐❛s ✈❛♥t❛❣❡♥s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥❛

✈✐♥❝✉❧❛çã♦ ♠❛✐s rá♣✐❞❛ ❞♦s ♣❛❝✐❡♥t❡s ❝♦♠ ♦ tr❛t❛♠❡♥t♦ ❡ ❝♦♥s❡q✉❡♥t❡ ❞✐♠✐♥✉✐çã♦

❞❛s ❝♦♠♣❧✐❝❛çõ❡s ❝♦♠ ❛ ❞♦❡♥ç❛✳ ❋♦r❛ ✐ss♦✱ ❝r✐❛ ✉♠❛ ❝♦♥s❝✐❡♥t✐③❛çã♦ ♥❛ ♣♦♣✉❧❛çã♦

q✉❡ é ❡✜❝❛③ ❝♦♠♦ ♠❡❞✐❞❛ ♣r❡✈❡♥t✐✈❛✳ ❖ ❡st✉❞♦ ♠❛✐s ❞❡t❛❧❤❛❞♦ ❡stá ♣r❡s❡♥t❡ ♥♦

❆♥❡①♦ ■✳

▼ét♦❞♦s s✐♠♣❧❡s✱ ❜❛r❛t♦s ❡ s❡❣✉r♦s ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ♣❛r❛ ❡st✉❞♦s

❡♣✐❞❡♠✐♦❧ó❣✐❝♦s ♣❛r❛ ❛ ❞❡t❡❝çã♦ ♣r❡❝♦❝❡ ❞❛ ❞♦❡♥ç❛✱ ❡st❛ ♠❡❞✐❞❛ ♣♦❞❡ ♣r❡✈❡♥✐r ❛s

❝♦♠♣❧✐❝❛çõ❡s ❞♦ ❞✐❛❜❡t❡s✱ ❞❛r ♠❛r❣❡♠ ❡ ✈✐s✉❛❧✐③❛çã♦ ♣❛r❛ tr❛ç❛r ♣❧❛♥♦s ❡ ♠❡t❛s

♥♦ ❝♦♠❜❛t❡ ❞❛ ❞♦❡♥ç❛✳ ❯♠❛ ❞❛s ❝♦♥tr✐❜✉✐çõ❡s ❞❡st❡ tr❛❜❛❧❤♦ é ❛ ♣♦ss✐❜✐❧✐❞❛❞❡✱ ♥♦

❇r❛s✐❧✱ ❞❛ ✉t✐❧✐③❛çã♦ ❞❡ ❞❛❞♦s s✐♠♣❧❡s ❞❛ ❞♦❡♥ç❛ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞❡ ✐♥❢♦r♠❛çã♦ út✐❧

s♦❜r❡ s❡✉s ♣❛❞rõ❡s✱ ❝♦♠ ♦ ✜♠ ❞❡ ✉t✐❧✐③❛✲❧♦s ♣❛r❛ ♠❡❞✐❞❛ ♣r❡✈❡♥t✐✈❛ ❞♦ ❞✐❛❜❡t❡s t✐♣♦
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✷✳

❆♦ ❧♦♥❣♦ ❞❛ ♣❡sq✉✐s❛✱ ❡♥❝♦♥tr♦✉✲s❡ ♦✉tr❛s ❢♦♥t❡s ♥❛ ❧✐t❡r❛t✉r❛ q✉❡

♣r♦♣✉♥❤❛♠ ♦ ♠❡s♠♦ ♦❜❥❡t✐✈♦✱ ♠❛s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♠ét♦❞♦s q✉❡ ✉t✐❧✐③❛♠

❡st❛tíst✐❝❛ ❞❡ s❡❣✉♥❞❛ ♦r❞❡♠ ♦✉ ❝❧❛ss✐✜❝❛❞♦r❡s ❧✐♥❡❛r❡s✳ ❊st❡s tr❛❜❛❧❤♦s ❢♦r❛♠

✈❛❧✐❞❛❞♦s ♣❛r❛ ❛ ♣♦♣✉❧❛çã♦ ❞♦s ❊❯❆ ❡ ❈❤✐♥❛✳ ❆ ❢❡rr❛♠❡♥t❛ ✈❛❧✐❞❛❞❛ ♥♦s ❊st❛❞♦s

❯♥✐❞♦s ✉t✐❧✐③♦✉ ár✈♦r❡ ❞❡ r❡❣r❡ssã♦✱ ❝♦♠ ✼✺✳✸✻✪ ❞❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ ✻✹✳✻✾✪ ❞❡

❡s♣❡❝✐✜❝✐❞❛❞❡❬✶✽❪✳ ❆ ♦✉tr❛ ❢❡rr❛♠❡♥t❛ ✈❛❧✐❞❛❞❛ ♣❛r❛ ❡st❡ ✜♠✱ ❢♦✐ ❛ ❞❛ ❈❤✐♥❛ ❬✶✾❪

q✉❡ ✉t✐❧✐③❛❞❛ r❡❣r❡ssã♦ ❧✐♥❡❛r ❡ t❡♠ ♦s s❡❣✉✐♥t❡s r❡s✉❧t❛❞♦s✿ ✽✸✳✸✪ ❡ ✻✻✳✺✪✱ ♣❛r❛

s❡♥s✐❜✐❧✐❞❛❞❡ ❡ ❡s♣❡❝✐✜❝✐❞❛❞❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❱❡r t❛❜❡❧❛ ✹✳✶✳

❖s ♣r✐♠❡✐r♦s t❡st❡s ❢♦r❛♠ ❢❡✐t♦s ❝♦♠ ❛ ❜❛s❡ ❞❡ í♥❞✐♦s P■▼❆✱ q✉❡ t❡♠ ♦s

♣r♦❜❧❡♠❛s ❞♦ ❞❡s❜❛❧❛♥❝❡❛♠❡♥t♦ ❡ ❤♦♠♦❣❡♥❡✐❞❛❞❡✳ ❆ ♣r✐♠❡✐r❛ t❛r❡❢❛ ❢♦✐ ❛ ❜✉s❝❛ ❞❡

✉♠❛ ❜❛s❡ ❤❡t❡r♦❣ê♥❡❛ ❡ r❡♣r❡s❡♥t❛t✐✈❛ ♣❛r❛ ❛ ♣♦♣✉❧❛çã♦ ❜r❛s✐❧❡✐r❛✱ ♦ q✉❡ ❢♦✐ s❛♥❛❞❛

❝♦♠ ❛ ❞✐s♣♦♥✐❜✐❧✐③❛çã♦ ❞❛ ❜❛s❡ ❜r❛s✐❧❡✐r❛ ♣❡❧♦ ❉❆❚❆❙❯❙✳ ❆ ❤✐♣ót❡s❡ ♣r✐♥❝✐♣❛❧

❢♦✐ ♦ tr❛❜❛❧❤♦ ❝♦♠ ê♥❢❛s❡ ♥❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ ❡st❛tíst✐❝❛✱ ♥❛ ❢❛s❡ ❞❡ ❡①tr❛çã♦ ❞❡

❝❛r❛❝t❡ríst✐❝❛s✱ ♣❛r❛ ❛ s✐♠♣❧✐✜❝❛çã♦ ❞♦ tr❛❜❛❧❤♦ ❞❡ ❝❧❛ss✐✜❝❛çã♦✳

❈♦♠ ♣r✐♠❡✐r♦s t❡st❡s ♣❛r❛ ❛ ❜❛s❡ ❜r❛s✐❧❡✐r❛✱ ❛❧❝❛♥ç♦✉✲s❡ ♦s r❡s✉❧t❛❞♦s

❛♣r❡s❡♥t❛❞♦s ♥❛ t❛❜❡❧❛ ✹✳✶✱ ú❧t✐♠❛ ❧✐♥❤❛✳ ❋♦r❛♠ ❢❡✐t♦s ♦✉tr♦s t❡st❡s ❞✐♠✐♥✉✐♥❞♦ ♦

♥ú♠❡r♦ ❞❡ ♠❛r❝❛❞♦r❡s ❝❧í♥✐❝♦s ❡♠ ❜✉s❝❛ ❞♦s ♠❛✐s ✐♠♣♦rt❛♥t❡s ♥♦s r❡s✉❧t❛❞♦s ✜♥❛✐s✳

❚❛❜❡❧❛ ✹✳✶✿ ▼ét♦❞♦s ♥ã♦ ✐♥✈❛s✐✈♦s ✈❛❧✐❞❛❞♦s ♣❛r❛ r❛str❡❛♠❡♥t♦ ❡♠ ❞✐❛❜❡t❡s

❚❡st❡s ❙❡♥s✐❜✐❧✐❞❛❞❡ ❊s♣❡❝✐✜❝✐❞❛❞❡
❊❯❆ ✼✺✳✸✻✪ ✻✹✳✻✾✪
❈❤✐♥❛ ✽✸✳✸✪ ✻✻✳✺✪

▼ét♦❞♦ ♣r♦♣♦st♦ ✶✵✵✪ ✶✵✵✪

❚❡st♦✉✲s❡ t♦❞❛s ❛s ❝♦♠❜✐♥❛çõ❡s ♣♦ssí✈❡✐s ❞❛s ✈❛r✐á✈❡✐s✱ r❡t✐r❛♥❞♦✲s❡ ✉♠❛

❛ ✉♠❛✳ ❉❛s ✶✹ ❝❛r❛❝t❡ríst✐❝❛s✱ ❢♦r❛♠ r❡t✐r❛❞❛s ♣r♦❣r❡ss✐✈❛♠❡♥t❡ ✉♠❛ ❝❛r❛❝t❡ríst✐❝❛

♣♦r ✈❡③ ✭✶✹✲♥✮ ♣❛r❛ ✈❡r✐✜❝❛r s❡ s✉❛ ❢❛❧t❛ ❛❢❡t❛✈❛ ♦ r❡s✉❧t❛❞♦ ✜♥❛❧✳ ❚♦❞❛s ❛s

❝♦♠❜✐♥❛çõ❡s ♣♦ssí✈❡✐s ♣♦❞❡♠ s❡r ✈✐s✉❛❧✐③❛❞❛s ♥❛s ❝♦❧✉♥❛s ✶ ❡ ✷ ❞❛ t❛❜❡❧❛ ✸✳✺✳ ❖s

r❡s✉❧t❛❞♦s ♠♦str❛♠ q✉❡ ♠❡s♠♦ ❝♦♠ ❛ ❞✐♠✐♥✉✐çã♦ ❞♦ ♥ú♠❡r♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s✱ ♦

♠ét♦❞♦ ❛♣r❡s❡♥t❛ r❡s✉❧t❛❞♦s ❛❝✐♠❛ ♦✉ ✐❣✉❛✐s ❛ ✼✺ ✪ ❞❡ ❛❝✉rá❝✐❛ q✉❛♥❞♦ ♦s t❡st❡s
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❢♦r❛♠ ❢❡✐t♦s ❝♦♠ ✻ ❝❛r❛❝t❡ríst✐❝❛s✱ ❝♦♠♦ ✈✐st♦ ♥❛ ♣r✐♠❡✐r❛ ❧✐♥❤❛ ❞❛ t❛❜❡❧❛ ✸✳✺✱ ♠❛s

❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❡ ♠❛r❝❛❞♦r❡s ♥ã♦ ✐♥✈❛s✐✈♦s ❞❛ ❞♦❡♥ç❛ ❛ ❛❝✉rá❝✐❛ ❛✉♠❡♥t❛ ♣❛r❛

♥ú♠❡r♦s ♣❡rt♦ ❞♦s ✾✼ ✪✱ ❝♦♠♦ ♠♦str❛ ❛ ú❧t✐♠❛ ❧✐♥❤❛ ❞❛ t❛❜❡❧❛✳

◆❛ ú❧t✐♠❛ ❝♦❧✉♥❛ ❞❛ t❛❜❡❧❛ ✸✳✺ ♣❛r❛ ❝❛❞❛ t❡st❡ ❡stã♦ ❛♣r❡s❡♥t❛❞♦s

❛ ♦r❞❡♠ ❞❡ ✐♥✢✉ê♥❝✐❛ ♣❛r❛ ❝❛❞❛ ♠❛r❝❛❞♦r ♥ã♦ ✐♥✈❛s✐✈♦✳ ◆♦ t❡st❡ ❝♦♠ ✶✷

❝❛r❛❝t❡ríst✐❝❛s ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ ♦r❞❡♠ ❞♦s ♠❛r❝❛❞♦r❡s ❛ss❡♠❡❧❤❛✲s❡ ❛♦ ♠✉♥❞♦ r❡❛❧✳

✶✲■❞❛❞❡ ❡ ✺✲P❡s♦ t❡♠ ✐❣✉❛❧ ✐♥✢✉ê♥❝✐❛ ♥♦s r❡s✉❧t❛❞♦s ❡ sã♦ ♠❛✐s ✐♠♣♦rt❛♥t❡s q✉❡ t♦❞♦s

♦s ♦✉tr♦s ♠❛r❝❛❞♦r❡s ♥♦ r❡s✉❧t❛❞♦ ✜♥❛❧✿ ✷✲Pr❡ssã♦ ❛rt❡r✐❛❧ s✐stó❧✐❝❛ ✸✲Pr❡ssã♦ ❛rt❡r✐❛❧

❞✐❛stó❧✐❝❛✱ ✹✲❈✐r❝✉♥❢❡rê♥❝✐❛ ❞❛ ❝✐♥t✉r❛✱ ✻✲ ❆❧t✉r❛✱ ✼✲❍✐stór✐❝♦ ❢❛♠✐❧✐❛r✱ ✽✲❋✉♠❛♥t❡✱✾✲

Pr❛t✐❝❛♥t❡ ❞❡ ❛t✐✈✐❞❛❞❡ ❢ís✐❝❛✱ ✶✵✲ ❙♦❜r❡♣❡s♦✱ ✶✶✲ ❆❱❈✱ ✶✷✲ ❈❡❣✉❡✐r❛✱ ✶✸✲ ❖✉tr❛s

❝♦r♦♥❛r✐♦♣❛t✐❛s✱ ✶✹✲ ❆♠♣✉t❛çã♦✳

◆♦s t❡st❡s ❝♦♠ ✻ ♠❛r❝❛❞♦r❡s ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❡ ❝❛❞❛ ✉♠❛ ❢♦✐ ❞❛❞❛ ♣♦r ✿

✶❃✶✹❃✻❃✹❃✸❃✾❃✺❃✼❃✽❃✷❃✶✵❃✶✸❃✶✶❃✶✷✳ ❊♠ t♦❞♦s ♦s t❡st❡s ❛ ✐❞❛❞❡ t❡✈❡ ♠❛✐♦r

✐♥✢✉ê♥❝✐❛✱ ♥♦s t❡st❡s ❝♦♠ ❝♦♠❜✐♥❛çõ❡s ❞❡ ✐❞❛❞❡ ❝♦♠ ❝❛r❛❝t❡ríst✐❝❛s r❡❧❛❝✐♦♥❛❞❛s ❝♦♠

❛ ❣♦r❞✉r❛ ❝♦r♣♦r❛❧ ♦❜t✐✈❡r❛♠✲s❡ ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✳ ♥❛ r❡t✐r❛❞❛ ❞❡st❛s ♦ ♠ét♦❞♦

❞❡✉ ♠❛✐♦r ✐♠♣♦rtâ♥❝✐❛ ❛ ♦✉tr❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ♠❛s ❝♦♠ ♠❛✐♦r ❞❡s✈✐♦ ♣❛❞rã♦ ♥♦s

r❡s✉❧t❛❞♦s✳

❉❡ss❛ ❢♦r♠❛ ♥♦t❛✲s❡ q✉❡ ❡st❛s ❝❛r❛❝t❡ríst✐❝❛s sã♦ ❝❤❛✈❡s ♣❛r❛ ♦ ♣r♦❥❡t♦

❞❡ ✉♠ ❜♦♠ r❛str❡❛❞♦r ❞❛ ❞✐❛❜❡t❡s t✐♣♦ ✷✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ✜❣✉r❛ ✸✳✻

❡ t❛❜❡❧❛ ✸✳✺✳ P♦❞❡✲s❡ ♣❡r❝❡❜❡r q✉❡ ❛ ♣r❡❝✐sã♦ ❞♦ ♠ét♦❞♦ ✐rá ❛✉♠❡♥t❛r ❝♦♥❢♦r♠❡ ♦

♠❛✐♦r ♥ú♠❡r♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s r❡♣r❡s❡♥t❛t✐✈❛s ❞❛ ❞♦❡♥ç❛✳

❖s t❡st❡s ❝♦♥✜r♠❛♠ q✉❡ ❛ ♠✐♥✐♠✐③❛çã♦ ❞❛ ❞❡♣❡♥❞ê♥❝✐❛ ❡st❛tíst✐❝❛

❞♦s ❞❛❞♦s ♣♦r ♠❡✐♦ ❞❛ ✐♥❞❡♣❡♥❞ê♥❝✐❛ é ✉♠ ❝r✐tér✐♦ ✈á❧✐❞♦ ❛ s❡r ✉t✐❧✐③❛❞♦ ♥❛

✐♠♣❧❡♠❡♥t❛çã♦ ❞❛ ❢❛s❡ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❞❛❞♦s ♥❛♦ ✐♥✈❛s✐✈♦s ♣❛r❛

❞✐❛❜❡t❡s t✐♣♦ ✷✱ ❝r✐❛♥❞♦ ❞❡ss❛ ❢♦r♠❛ ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ♥♦ ❡s♣❛ç♦✱ ♣♦r

s❡r❡♠ ✐♥❞❡♣❡♥❞❡♥t❡s ❛s ❝❧❛ss❡s ❡stã♦ s❡♣❛r❛❞❛s ✉♠❛s ❞❛s ♦✉tr❛s✱ ❝♦♠♦ ♠♦str❛ ❛

❋✐❣✉r❛ ✸✳✺✳

◆❛ ❋✐❣✉r❛ ✸✳✸✱ q✉❡ ♠♦str❛ ❛ ❞✐s♣❡rsã♦ ❞♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s✱ ♣❡r❝❡❜❡✲s❡

q✉❡ é ✉♠ ♣♦✉❝♦ ❞✐❢í❝✐❧ ✉t✐❧✐③❛r ✉♠ ♠ét♦❞♦ ❧✐♥❡❛r ♣❛r❛ ❛❧❝❛♥ç❛r ❛ s❡♣❛r❛❜✐❧✐❞❛❞❡ ❞❛s
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❝❧❛ss❡s✱ ✐st♦ ❥✉st✐✜❝❛ ♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ♥❛ ❧✐t❡r❛t✉r❛ ♣♦r ♦✉tr♦s ❛✉t♦r❡s✱ ✈❡r

t❛❜❡❧❛ ✹✳✶✳ ▼❡s♠♦ ✉t✐❧✐③❛♥❞♦✲s❡ ♥❛ ❢❛s❡ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✉♠ ♠ét♦❞♦

❜❛s❡❛❞♦ ❡♠ ❡st❛tíst✐❝❛ ❞❡ s❡❣✉♥❞❛ ♦r❞❡♠ ❝♦♠♦ P❈❆✱ ❋✐❣✉r❛ ✸✳✹✱ ❛ s❡♣❛r❛❜✐❧✐❞❛❞❡

❞❛s ❝❧❛ss❡s ♠❡❧❤♦r❛ ❬✹✷❪✱ ♠❛s ♥ã♦ ❝♦♠♦ ♦s r❡s✉❧t❛❞♦s ❛❞q✉✐r✐❞♦s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦

❞❡ ■❈❆ ♥♦ ♣ré ♣r♦❝❡ss❛♠❡♥t♦✳ ❆s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s sã♦ ❢❛❝✐❧♠❡♥t❡

s❡♣❛rá✈❡✐s✱ ✐st♦ ♣♦r q✉❡ ■❈❆ ❡♥❝♦♥tr❛ ✐♥❢♦r♠❛çã♦ ❡s❝♦♥❞✐❞❛ ♥♦s ♠♦♠❡♥t♦s ❞❡ ❛❧t❛

♦r❞❡♠ q✉❡ P❈❆ ❡ ♦✉tr♦s ♠ét♦❞♦s ❧✐♥❡❛r❡s ♥ã♦ ❝♦♥s❡❣✉❡♠ t♦♠❛r✳

❖ ♠ét♦❞♦ ❞❡ ❡①tr❛çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ♣r♦♣♦st♦ ❛✉♠❡♥t♦✉ ❛

♣❡r❢♦r♠❛♥❝❡ ❞♦ ❝❧❛ss✐✜❝❛❞♦r ♥❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞♦ ❍■P❊❘❉■❆✱ ✐st♦ ♣♦rq✉❡ r❡❞✉③✐✉

❛ ❞❡♣❡♥❞ê♥❝✐❛ ❡st❛tíst✐❝❛ ♥♦s ❞❛❞♦s ❝♦❧❡t❛❞♦s✱ q✉❡ ✐♥❝r❡♠❡♥t♦✉ ❛ ❤❛❜✐❧✐❞❛❞❡ ❞♦

❝❧❛ss✐✜❝❛❞♦r ❡♠ ❡♥❝♦♥tr❛r r❡s✉❧t❛❞♦s ♣r❡❝✐s♦s ♥❛s ❧✐♠✐t❛çõ❡s ❞❛s ❝❧❛ss❡s ♦✉ ❣r✉♣♦s

❞❡ ❞✐❛❜ét✐❝♦s ❡ ♥ã♦ ❞✐❛❜ét✐❝♦s✳ ❊♥tr❡t❛♥t♦✱ ♥ã♦ ❤á r❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦ q✉❡ ❣❛r❛♥t❛ q✉❡

■❈❆ ✐rá s❡♠♣r❡ ✐♥❝r❡♠❡♥t❛r ❛ ♣❡r❢♦r♠❛♥❝❡ ❞♦ ❝❧❛ss✐✜❝❛❞♦r✱ ❡♥tr❡t❛♥t♦ ❛ ♠❡t♦❞♦❧♦❣✐❛

♣r♦♣♦st❛ ♣♦❞❡ s❡r s❡♠♣r❡ ✈❛❧✐❞❛❞❛ ♥❛ ♣rát✐❝❛✳

◆♦s ❝❛s♦s ❞❛ ❛♣❧✐❝❛çã♦ ❞♦ ♠ét♦❞♦ ❡♠ ❜❛s❡s ❝♦♠ ♣♦✉❝❛s ❛♠♦str❛s ❡

❝❛r❛❝t❡ríst✐❝❛s ❡ ❞❡s❜❛❧❛♥❝❡❛❞❛s ✭♠❛✐s ❛♠♦str❛s ❞❡ ✉♠❛ ❝❧❛ss❡ ❞♦ q✉❡ ❞❡ ♦✉tr❛✮

❝♦♠♦ é ♦ ❝❛s♦ ❞❛ ❜❛s❡ ❞❡ ❛♠❡r✐❝❛♥♦s ❞❡ ♦r✐❣❡♠ ❛❢r✐❝❛♥❛ ❡ í♥❞✐❛s P✐♠❛✱ ♦ ♠ét♦❞♦

❛❧❝❛♥ç♦✉ r❡s✉❧t❛❞♦s ♠❡♥♦s s✐❣♥✐✜❝❛♥t❡s ❡♠ r❡❧❛çã♦ ❛♦s r❡s✉❧t❛❞♦s ❡♥❝♦♥tr❛❞♦s ❝♦♠

❛ ✉t✐❧✐③❛çã♦ ❞❛ ❜❛s❡ ❜r❛s✐❧❡✐r❛✳ P❛r❛ q✉❡ s❡ ❡♥❝♦♥tr❡♠ r❡s✉❧t❛❞♦s s❛t✐s❢❛tór✐♦s é

✐♠♣♦rt❛♥t❡ q✉❡ ❛ ❜❛s❡ ❞❡ ❞❛❞♦s ✉t✐❧✐③❛❞❛ s❡❥❛ ❜❛❧❛♥❝❡❛❞❛ ❡ ❝♦♠ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡

❝❛r❛❝t❡ríst✐❝❛s ♣♦ssí✈❡✐s q✉❡ r❡♣r❡s❡♥t❡♠ ❛ ❞♦❡♥ç❛✳ ■st♦ é ♥❛t✉r❛❧ ♣♦✐s ♥♦ ♠✉♥❞♦

r❡❛❧ ♣❛r❛ ❡♥❝♦♥tr❛r ✉♠ ❞❡t❡r♠✐♥❛❞♦ ❡♥t❡✱ é ♣r❡❝✐s♦ ♦ ♠❛✐♦r ♥ú♠❡r♦ ❞❡ ✐♥❢♦r♠❛çõ❡s

❞❡st❡✳

❆ ♣r✐♥❝✐♣❛❧ ♠❡t❛ ❞❡st❡ tr❛❜❛❧❤♦ ❛ ❧♦♥❣♦ ♣r❛③♦ é ✉s❛r s♦♠❡♥t❡ t❡st❡s ♥ã♦

✐♥✈❛s✐✈♦s ♣❛r❛ r❛str❡❛r ♣❛❝✐❡♥t❡s ❝♦♠ ♣♦t❡♥❝✐❛❧ ❛ ❞✐❛❜❡t❡s✱ ✐st♦ ♣♦❞❡ ❛✉♠❡♥t❛r ❛

❡s❝❛❧❛ ❞❡ ❞✐❛❣♥óst✐❝♦ ❞♦ ❞✐❛❜❡t❡s ❡♠ ár❡❛s r✉r❛✐s✱ ♣♦r ❡①❡♠♣❧♦✱ ❞✐♠✐♥✉✐♥❞♦ ♦s ❝✉st♦s

♥♦ r❛str❡❛♠❡♥t♦ ❝♦♠ ❛ ❛♣❧✐❝❛çã♦ ❞❡ r❡❝✉rs♦s t❡❝♥♦❧ó❣✐❝♦s s✐♠♣❧❡s✳ ❖s ♣r✐♠❡✐r♦s

t❡st❡s ❢♦r❛♠ r❡❛❧✐③❛❞♦s ♥❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❞❡ í♥❞✐♦s P■▼❆✱ ♠❡s♠♦ ❝♦♠ ❛ ❞✐♠✐♥✉✐çã♦

❞❡ ❝❛r❛❝t❡ríst✐❝❛s ✐♥✈❛s✐✈❛s✱ ❛ ❞✐♠✐♥✉✐çã♦ ❞♦ ❞❡s❡♠♣❡♥❤♦ ❞♦ ♠ét♦❞♦ ❢♦✐ ♠í♥✐♠♦✱

❝♦♠ ❛ ✈❛❧✐❞❛çã♦ ❞♦ ♠ét♦❞♦ ♣❛r❛ ✉♠❛ ❜❛s❡ ❞❡ ❞❛❞♦s ❜r❛s✐❧❡✐r❛ ✭❍■P❊❘❉■❆✮✱ ✜❝❛
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♠❛✐s ❢á❝✐❧ ❞❡ ✈✐s✉❛❧✐s❛r ❛s ♣♦t❡♥❝✐❛❧✐❞❛❞❡s ❞❛ té❝♥✐❝❛✳ ❖ q✉❛❞r♦ ❡♣✐❞❡♠✐♦❧ó❣✐❝♦ ❞❛

❞♦❡♥ç❛ ♣♦❞❡r✐❛ s❡r ♠❛✐s r❡❛❧✱ ❝♦♠ ♦ ♣♦❞❡r ❞❡ ❛❧❝❛♥❝❡ ❡♠ ✉♠❛ ♣♦♣✉❧❛çã♦ ♠❛✐♦r✱

❛s ♠❡❞✐❞❛s ❞❡ ♣r❡✈❡♥çã♦ ♣❛r❛ ❛s ❝♦♠♣❧✐❝❛çõ❡s ♣♦❞❡r✐❛♠ s❡r r❡❛❧♠❡♥t❡ ♣❧❛♥❡❥❛❞❛s

❡ ❡❢❡t✐✈❛❞❛s✱ ❞✐♠✐♥✉✐♥❞♦ ❛ss✐♠ ♦s ❝✉st♦s ❡ ♠❛❧❡s q✉❡ ♦ ❞✐❛❜❡t❡s t✐♣♦ ✷ ❛❝❛rr❡t❛✳ ❖

r❛str❡❛♠❡♥t♦ ❝♦♠♦ ❢❛❧❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ♥ã♦ ❞❡s❝❛rt❛ ❛ r❡❛❧✐③❛çã♦ ❞♦ t❡st❡ ✐♥✈❛s✐✈♦

❞❡ ❣❧✐❝❡♠✐❛ ❡♠ ❥❡❥✉♠ ♣❛r❛ ❛ ❝♦♥✜r♠❛çã♦ ❞♦ ❞✐❛❣♥óst✐❝♦✱ ♠❛s ♣♦❞❡ ❧❡✈❛r ❛ ❡st❡

t❡st❡ ❛s ♣♦ssí✈❡✐s ♣❡ss♦❛s ❞✐❛❜ét✐❝❛s✱ ❞❡s❝❛rt❛♥❞♦ ♦s ❝✉st♦s ❝♦♠ ❛s ♣❡ss♦❛s q✉❡ ♥ã♦

❛♣r❡s❡♥t❛♠ ❛ ❞♦❡♥ç❛✳

P❛r❛ ♦s tr❛❜❛❧❤♦s ❢✉t✉r♦s ❛ ê♥❢❛s❡ ♥♦ r❡❧❛❝✐♦♥❛♠❡♥t♦ ❞♦ ♣♦rq✉ê ❞♦

❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❛ té❝♥✐❝❛ ♣❛r❛ ❜❛s❡s ❞❡ ❞✐❛❜ét✐❝♦s t✐♣♦ ✷ ❞❡✈❡ s❡r ❡st✉❞❛❞❛✱ ❛ ♣r✐♦r✐✱

❛ ❤✐♣♦t❡s❡ q✉❡ ♠❛✐s s❡ ❡♥❝❛✐①❛ é q✉❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦❞✐✜❝❛çã♦ ❡✜❝✐❡♥t❡ ♣❛r❡❝❡ s❡r

♣❛r❡❝✐❞♦ ❝♦♠ ♦ ❞❡ ❢♦r♠❛çã♦ ❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛ ❞✐❛❜❡t❡s t✐♣♦ ✷ ♥♦ ❝♦r♣♦ ❤✉♠❛♥♦✿

❈❛✉s❛s ❡s❝♦♥❞✐❞❛s✱ ❆✱ ❡st❛✈❛♠ ♣r❡s❡♥t❡s ♥♦ ♣r♦❝❡ss♦ ❞❡ ❢♦r♠❛çã♦ ❞❛ ❞♦❡♥ç❛ ❡

❡st✐♠✉❧❛r❛♠ ✐♥❞❡♣❡♥❞❡♥t❡♠❡♥t❡✱ s✱ ♣❛r❛ ❛ ❢♦r♠❛çã♦ ❞♦ ❡st❛❞♦ ✜♥❛❧ ❞❛ ❞♦❡♥ç❛✱

①✳ ❊♥❝♦♥tr❛♥❞♦✲s❡ ❛s ❝❛✉s❛s✱ ♣♦❞❡✲s❡ ❡♥❝♦♥tr❛r ❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s

q✉❡ ❞❡s❝r❡✈❡♠ ❛ ❞♦❡♥ç❛✳ ◆♦ ❡s♣❛ç♦ ♣❛r❡❝❡ q✉❡ ❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s

❞♦s ❞✐❛❜ét✐❝♦s ❡♥❝♦♥tr❛♠✲s❡ s❡♣❛r❛❞❛s ❞❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ❞♦s ♥ã♦

❞✐❛❜ét✐❝♦s✱ ♦ q✉❡ ❢❛❝✐❧✐t❛ ❛ s❡♣❛r❛çã♦ ❞❛s ❝❧❛ss❡s ❛té ♣♦r ♠❡✐♦ ❞❡ ✉♠ ❝❧❛ss✐✜❝❛❞♦r

❧✐♥❡❛r✳ ➱ ❜♦♠ q✉❡ ✐st♦✱ ♣r✐♠❡✐r❛♠❡♥t❡✱ s❡❥❡ ✈❛❧✐❞❛❞♦ ♣❛r❛ q✉❡ ♦ ♠ét♦❞♦ ♣♦ss❛ s❡r

✉t✐❧✐③❛❞♦ ❝♦♠ r✐❣♦r ❝✐❡♥tí✜❝♦✳

❖✉tr♦ ♣♦♥t♦ ❛ s❡r ❡st✉❞❛❞♦ ❢✉t✉r❛♠❡♥t❡ sã♦ ♦s ♣❛❞rõ❡s ❞❡ ❞✐❛❜❡t❡s t✐♣♦ ✶

❡ ❞✐❛❜❡t❡s ❣❡st❛❝✐♦♥❛❧ ♣❛r❛ ❝♦♠♣❛r❛çã♦ ❝♦♠ ♦s ♣❛❞rõ❡s ❡♥❝♦♥tr❛❞♦s ♣❛r❛ ❛ ❞✐❛❜❡t❡s

t✐♣♦ ✷✱ ❝♦♠♦ ❡st❛r✐❛♠ ❞✐s♣♦st❛s ♥♦ ❡s♣❛ç♦ ❛s ❝♦♠♣♦♥❡♥t❡s ✐♥❞❡♣❡♥❞❡♥t❡s ❞❡t❡s

t✐♣♦s❄ ❡ ❛ r❡❧❛çã♦ ❝♦♠ ❛s ❝♦♠♣♦♥❡♥t❡s ♦❜s❡r✈❛❞❛s ❞❛ ❞✐❛❜❡t❡s t✐♣♦ ✷✳

❆❧é♠ ❞❡st❡s ♣♦♥t♦s ❛ s❡r❡♠ ❡st✉❞❛❞♦s ❢✉t✉r❛♠❡♥t❡✱ ❛❧❣✉♠❛s r❡❧❛çõ❡s

❡st❛tíst✐❝❛s q✉❡ ♣♦❞❡r✐❛♠ tr❛♥s❢♦r♠❛✲s❡ ❡♠ ♠ét♦❞♦s ❞❡ ❛♣r❡♥❞✐③❛❞♦ ❞❡ ♠áq✉✐♥❛

♣❛r❛ ❝á❧❝✉❧♦ ❡♥tr❡ ♣❛❞rõ❡s ❛❝❡✐tá✈❡✐s ❞❡ ♣❡r✜❧ ❣❧✐❝ê♠✐❝♦ ❡ t❛①❛ ❞❡ ❤❡♠♦❣❧♦❜✐♥❛

❣❧✐❝❛❞❛ ♣❛r❛ ❛❝♦♠♣❛♥❤❛♠❡♥t♦ ❝❧í♥✐❝♦ ❞❡ ♣❛❝✐❡♥t❡s ❞✐❛❜ét✐❝♦s✱ ❝♦♥❢♦r♠❡ r❡❝❡♥t❡s

tr❛❜❛❧❤♦s ♣✉❜❧✐❝❛❞♦s ❡♠ r❡✈✐st❛s ❞❡ r❡❢❡rê♥❝✐❛ ❞❛ ❆❉❆✳ ❆ r❡❧❛çã♦ ❡♥tr❡ ❡st❡s

❞♦✐s ❡♥t❡s ❛✐♥❞❛ é ❞✐s❝✉t✐❞❛ ♣♦r ♠é❞✐❝♦s ❛✐♥❞❛ ❝♦♠♦ ♥ã♦ ❛❝❡✐tá✈❡❧✳ ◆♦ ❇r❛s✐❧ ❛



✹ ❉✐s❝✉ssõ❡s ✻✵

s♦❝✐❡❞❛❞❡ ❜r❛s✐❧❡✐r❛ ❞❡ ❞✐❛❜❡t❡s r❡❝♦♠❡♥❞❛ ✉♠ ❧✐♠✐t❡ ❞✐❢❡r❡♥t❡ ❞♦ r❡❝♦♠❡♥❞❛❞♦

♣❡❧❛ ❆ss♦❝✐❛çã♦ ❞❡ ❞✐❛❜❡t❡s ❛♠❡r✐❝❛♥❛✳ ❊st✉❞♦s ❝❧í♥✐❝♦s ❞❡♠♦♥str❛♠ q✉❡ ♦ ♣❛❞rã♦

❞❛ ❆❉❆ ❢♦✐ ♠❛✐s ❛❝❡✐tá✈❡❧✱ ♠❛s ❛✐♥❞❛ ❝♦♠ ♥❡❝❡ss✐❞❛❞❡s ❞❡ ❝♦♠♣r♦✈❛çã♦ ❡st❛tíst✐❝❛

❞❛ r❡❧❛çã♦❬✺✻❪✳ ■♥❢♦r♠❛çã♦ ♦❜t✐❞❛ ♣♦r ♠❡✐♦ ❞❡ ♠♦♠❡♥t♦s ❞❡ ❛❧t❛ ♦r❞❡♠ ♣❛r❛ ❡st❛

q✉❡stã♦ ♣♦❞❡♠ ❡✈♦❧✉✐r r❡s✉❧t❛❞♦s ❛❝❡✐tá✈❡✐s ❡ ❝❧✐♥✐❝❛♠❡♥t❡ ❞✐r❡❝✐♦♥❛❞♦s✳



✻✶

✺ P✉❜❧✐❝❛çõ❡s

❖s ❡st✉❞♦s ❞❡s❝r✐t♦s ♥❡ss❡ tr❛❜❛❧❤♦ ❣❡r❛r❛♠ ❛s s❡❣✉✐♥t❡s ♣r♦❞✉çõ❡s✿

❈♦♥❣r❡ss♦✿

❚r❛❝❦✐♥❣ ❚②♣❡ ✷ ❉✐❛❜❡t❡s ❯s✐♥❣ ❙♣❛rs❡ ❈♦❞✐♥❣ ➪✉r❡❛ ❘✐❜❡✐r♦✱

❆❧❧❛♥ ❑✳ ❇❛rr♦s✱ ❊✇❛❧❞♦ ❙❛♥t❛♥❛ ❡ ❘♦s❡❛♥❡ ❉✐♥✐③✱ ❆♠❡r✐❝❛♥ ❉✐❛❜❡t❡s ❆ss♦❝✐❛t✐♦♥✬s

✭❆❉❆✮ ✼✺ ❙❝✐❡♥t✐✜❝ ❙❡ss✐♦♥s✱ ❇♦st♦♥✳

P❡r✐ó❞✐❝♦ ❛❝❡✐t♦s✿

❋❡❛t✉r❡ ❊①tr❛❝t✐♦♥ ✐♥ ❉✐❛❜❡t❡s ❉✐❛❣♥♦s✐s ❯s✐♥❣ ❊✛❝✐❡♥t

❈♦❞✐♥❣✱◗✉❛❧✐s ❇✶✱ ➪✉r❡❛ ❘✐❜❡✐r♦✱ ❆❧❧❛♥ ❑✳ ❇❛rr♦s✱ ❏♦sé ❈❛r❧♦s Prí♥❝✐♣❡✱ ❊✇❛❧❞♦

❙❛♥t❛♥❛✱ ❘❡✈✐st❛ ❇r❛s✐❧❡✐r❛ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❇✐♦♠é❞✐❝❛ ✭ ❘❡s❡❛r❝❤ ♦♥ ❇✐♦♠❡❞✐❝❛❧

❊♥❣✐♥❡❡r✐♥❣✮✳

❚r❛❝❦✐♥❣ ❚②♣❡ ✷ ❉✐❛❜❡t❡s ❯s✐♥❣ ❙♣❛rs❡ ❈♦❞✐♥❣✱◗✉❛❧✐s ❆✷✱ ➪✉r❡❛

❘✐❜❡✐r♦✱ ❆❧❧❛♥ ❑✳ ❇❛rr♦s✱ ❊✇❛❧❞♦ ❙❛♥t❛♥❛ ❡ ❘♦s❡❛♥❡ ❉✐♥✐③✱ ❉✐❛❜❡t❡s✭❆❉❆✮✳

P❡r✐ó❞✐❝♦ ❛ s❡r ❡♥✈✐❛❞♦ ❛ r❡✈✐st❛✿

◆♦♥✲✐♥✈❛s✐✈❡ ❛✉t♦♠❛t❡❞ s❝r❡❡♥✐♥❣ ♦❢ ❉✐❛❜❡t❡s✱ ◗✉❛❧✐s ❆✷✱ ➪✉r❡❛

❘✐❜❡✐r♦✱ ❆❧❧❛♥ ❑✳ ❇❛rr♦s✱ ❊✇❛❧❞♦ ❙❛♥t❛♥❛✱ ❉❛♥✐❡❧ ❈♦st❛✳ ❉✐❛❜❡t❡s ❈❛r❡✭❆❉❆✮✳



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s

❬✶❪ ▼❛❧❡r❜✐ ❉ ❆✱ ❋r❛♥❝♦ ▲ ❏✳ ❚❤❡ ❇r❛③✐❧✐❛♥ ❈♦♦♣❡r❛t✐✈❡ ●r♦✉♣ ♦♥ t❤❡ ❙t✉❞② ♦❢

❉✐❛❜❡t❡s Pr❡✈❛❧❡♥❝❡✳ ▼✉❧t✐❝❡♥t❡r ❙t✉❞② ♦❢ t❤❡ Pr❡✈❛❧❡♥❝❡ ♦❢ ❞✐❛❜❡t❡s ♠❡❧❧✐t✉s

❛♥❞ ■♠♣❛✐r❡❞ ●❧✉❝♦s❡ ❚♦❧❡r❛♥❝❡ ✐♥ t❤❡ ✉r❜❛♥ ❇r❛③✐❧✐❛♥ ♣♦♣✉❧❛t✐♦♥ ❛❣❡❞ ✸✵✲✻✾

②❡❛rs✳ ❉✐❛❜❡t❡s ❈❛r❡✱ ✶✺✱✶✶✱ ✶✺✵✾✲✶✻✱ ✶✾✾✷✳

❬✷❪ ❙♦❝✐❡❞❛❞❡ ❇r❛s✐❧❡✐r❛ ❞❡ ❉✐❛❜❡t❡s✱ ✏❈♦♠♣❧✐❝❛çõ❡s ❞♦ ❞✐❛❜❡t❡s ❡

♣r✐♥❝✐♣❛✐s ❝♦✲♠♦r❜✐❞❛❞❡s✧♥♦ ❧✐✈r♦ ♣✉❜❧✐❝❛❞♦ ✧❉✐❛❜❡t❡s ♥❛ ♣rát✐❝❛

❝❧í♥✐❝❛ ❡✲❜♦♦❦ ✷✵✶✶✧✱ ✷✵✶✸✱ ♠♦❞✉❧♦ ✷ ❬❖♥❧✐♥❡❪✳❉✐s♣♦♥í✈❡❧ ❡♠✿

❤tt♣✿✴✴❤tt♣✿✴✴✇✇✇✳❞✐❛❜❡t❡s❡❜♦♦❦✳♦r❣✳❜r✴

❬✸❪ ▲✳ ❇❆❍■❆ ✳✏❖s ❈✉st♦s ❞♦ ❉✐❛❜❡t❡s ▼❡❧❧✐t✉s✧✳ ❬❖♥❧✐♥❡❪✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿

❤tt♣✿✴✴✇✇✇✳❞✐❛❜❡t❡s✳♦r❣✳❜r✴❡❞✉❝❛❝❛♦✲❝♦♥t✐♥✉❛❞❛✴✹✾✶✲♦s✲❝✉st♦s✲❞♦✲❞✐❛❜❡t❡s✲♠❡❧❧✐t✉s❃✳

❆❝❡ss♦ ❡♠✿ ✶✾ ❞❡ ❛❜r✳✷✵✶✸✳

❬✹❪ ❆♠❡r✐❝❛♥ ❉✐❛❜❡t❡s ❆ss♦❝✐❛t✐♦♥✳ ✏❊❝♦♥♦♠✐❝ ❈♦sts ♦❢ ❉✐❛❜❡t❡s ✐♥ t❤❡ ❯✳❙✳ ✐♥

✷✵✵✼✧✳ ❉✐❛❜❡t❡s ❈❛r❡✱✈♦❧✳ ✸✶✱♥✳✸✱♣✳✺✾✻✲✻✶✺✱ ▼❛r✱ ✷✵✵✽✳

❬✺❪ ❆♠❡r✐❝❛♥ ❉✐❛❜❡t❡s ❆ss♦❝✐❛t✐♦♥✳ ✏❊❝♦♥♦♠✐❝ ❈♦sts ♦❢ ❉✐❛❜❡t❡s ✐♥ t❤❡ ❯✳❙✳ ✐♥

✷✵✶✷✧✳ ❉✐❛❜❡t❡s ❈❛r❡✱✈♦❧✳ ✸✻✱♥✳✹✱♣✳✶✵✸✸✲✶✵✹✻✱ ❆♣r✐❧✱ ✷✵✶✸✳

❬✻❪ ▼✳ ▼❛r✐♥❤♦✱ ❊✳ ❈❡ss❡ ❡t ❛❧✳ ✏❆♥á❧✐s❡ ❞❡ ❝✉st♦s ❞❛ ❛ss✐stê♥❝✐❛ à s❛ú❞❡ ❛♦s

♣♦rt❛❞♦r❡s ❞❡ ❞✐❛❜❡t❡s ♠❡❧✐t♦ ❡ ❤✐♣❡rt❡♥sã♦ ❛rt❡r✐❛❧ ❡♠ ✉♠❛ ✉♥✐❞❛❞❡ ❞❡ s❛ú❞❡
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❬✺✵❪ ❙✳◆✳ ●❤❛③❛✈✐ ❛♥❞ ❚✳❲✳ ▲✐❛♦✱ ✧▼❡❞✐❝❛❧ ❞❛t❛ ♠✐♥✐♥❣ ❜② ❢✉③③② ♠♦❞❡❧✐♥❣ ✇✐t❤

s❡❧❡❝t❡❞ ❢❡❛t✉r❡s✧✱ ♣r❡s❡♥t❡❞ ❛t ❆rt✐✜❝✐❛❧ ■♥t❡❧❧✐❣❡♥❝❡ ✐♥ ▼❡❞✐❝✐♥❡✱ ✷✵✵✽✱

♣♣✳✶✾✺✲✷✵✻✳

❬✺✶❪ P✳ ❏❡❛tr❛❦✉❧✱ ❑✳❲✳ ❲♦♥❣✱ ❛♥❞ ❈✳❈✳ ❋✉♥❣✱ ✧❉❛t❛ ❈❧❡❛♥✐♥❣ ❢♦r ❈❧❛ss✐✜❝❛t✐♦♥

❯s✐♥❣ ▼✐s❝❧❛ss✐✜❝❛t✐♦♥ ❆♥❛❧②s✐s✧✱ ♣r❡s❡♥t❡❞ ❛t ❏❆❈■■■✱ ✷✵✶✵✱ ♣♣✳✷✾✼✲✸✵✷✳

❬✺✷❪ ❨✳ ▼✐❝❤❡✱ ❆✳ ❙♦r❥❛♠❛❛✱ P✳ ❇❛s✱ ❖✳ ❙✐♠✉❧❛✱ ❈✳ ❏✉tt❡♥✱ ❛♥❞ ❆✳ ▲❡♥❞❛ss❡✱

✧❖P✲❊▲▼✿ ♦♣t✐♠❛❧❧② ♣r✉♥❡❞ ❡①tr❡♠❡ ❧❡❛r♥✐♥❣ ♠❛❝❤✐♥❡✧✱ ♣r❡s❡♥t❡❞ ❛t ■❊❊❊

❚r❛♥s❛❝t✐♦♥s ♦♥ ◆❡✉r❛❧ ◆❡t✇♦r❦s✱ ✷✵✶✵✱ ♣♣✳✶✺✽✲✶✻✷✳

❬✺✸❪ ❇✳P✳❘✳❉✳ ❈❛r✈❛❧❤♦ ❛♥❞ ❆✳❉✳P✳ ❇r❛❣❛✱ ✧■P✲▲❙❙❱▼✿ ❆ t✇♦✲st❡♣ s♣❛rs❡

❝❧❛ss✐✜❡r✧✱ ♣r❡s❡♥t❡❞ ❛t P❛tt❡r♥ ❘❡❝♦❣♥✐t✐♦♥ ▲❡tt❡rs✱ ✷✵✵✾✱ ♣♣✳✶✺✵✼✲✶✺✶✺✳

❬✺✹❪ P✳ ▲✉✉❦❦❛✱ ✧❋❡❛t✉r❡ s❡❧❡❝t✐♦♥ ✉s✐♥❣ ❢✉③③② ❡♥tr♦♣② ♠❡❛s✉r❡s ✇✐t❤ s✐♠✐❧❛r✐t②

❝❧❛ss✐✜❡r✧✱ ♣r❡s❡♥t❡❞ ❛t ❊①♣❡rt ❙②st✳ ❆♣♣❧✳✱ ✷✵✶✶✱ ♣♣✳✹✻✵✵✲✹✻✵✼✳

❬✺✺❪ ❉✳ ▲✐ ❛♥❞ ❈✳ ▲✐✉✱ ✧❆ ❝❧❛ss ♣♦ss✐❜✐❧✐t② ❜❛s❡❞ ❦❡r♥❡❧ t♦ ✐♥❝r❡❛s❡ ❝❧❛ss✐✜❝❛t✐♦♥

❛❝❝✉r❛❝② ❢♦r s♠❛❧❧ ❞❛t❛ s❡ts ✉s✐♥❣ s✉♣♣♦rt ✈❡❝t♦r ♠❛❝❤✐♥❡s✧✱ ✱❊①♣❡rt ❙②st✳

❆♣♣❧✳✱ ✷✵✶✵✱ ♣♣✳✸✶✵✹✲✸✶✶✵✳

❬✺✻❪ ▲✳❆✳ ❉✐❡❤❧✱ ✧❉✐❛❜❡t❡s✿ ❤♦r❛ ❞❡ r❡✈❡r ❛s ♠❡t❛s❄✧✱ ❆rq ❇r❛s ❊♥❞♦❝r✐♥♦❧ ▼❡t❛❜✱

✷✵✶✸✳ ✭✺✼✮✼✱ ♣♣✳✺✹✺✲✺✹✾✳
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❊st❡ ❛♥❡①♦ ❝♦♥té♠ ❛s t❛❜❡❧❛s ❞♦ ❡st✉❞♦ ❢❡✐t♦ ❝♦♠ ✶✺✼✸ ♣❛❝✐❡♥t❡s

s❡♠ ❞✐❛❜❡t❡s ❞✐s❣♥♦st✐❝❛❞❛ q✉❡ ❞❡♠♦♥str❛ ❛ ❡❝♦♥♦♠✐❛ ♥♦s ❝✉st♦s ✜♥❛♥❝❡✐r♦s ❡

s♦❝✐❛✐s ❛❞✈✐♥❞♦s ❞♦ ❞✐❛❣♥óst✐❝♦ ❞❡ ♣❛❝✐❡♥t❡s ❞✐❛❜ét✐❝♦s ❡ ♣ré✲❞✐❛❜ét✐❝♦s ♦r✐✉♥❞♦s

❞♦ r❛str❡❛♠❡♥t♦ ❝♦♠ ❝✐♥❝♦ t✐♣♦s ❞❡ ❡①❛♠❡s ✐♥✈❛s✐✈♦s ❬✶✻❪✱ ❛ s❛❜❡r ❡st❡s✿ ❬✶❪●❧✐❝❡♠✐❛

♣❧❛s♠át✐❝❛ ❞❡ ✶❤ ❞❡♣♦✐s ❞♦ ❝♦♥s✉♠♦ ❞❡ ✺✵ ❣ ❞❡ ❣❧✐❝♦s❡ ♦r❛❧✭●❈❚♣❧✮✱ ❬✷❪●❧✐❝❡♠✐❛

❝❛♣✐❧❛r ❞❡ ✶ ❤ ❞❡♣♦✐s ❞❛ ✐♥❣❡stã♦ ❞❡ ✺✵ ❣ ❞❡ ❣❧✐❝♦s❡ ♦r❛❧✭●❈❚❝❛♣✮✱ ❬✸❪▼❡❞✐çã♦

❞❡ ❣❧✐❝❡♠✐❛ ♣❧❛s♠át✐❝❛ ❛❧❡❛tór✐❛ ✭❘P●✮✱ ❬✹❪▼❡❞✐çã♦ ❞❡ ❣❧✐❝❡♠✐❛ ❝❛♣✐❧❛r ❛❧❡❛tór✐❛ ✭

❘P●✱✮ ❡ ❬✺❪❍❡♠♦❣❧♦❜✐♥❛ ●❧✐❝❛❞❛ ✭❆✶❝✮✳

❆❧é♠ ❞❛ ♠❡♥s✉r❛çã♦ ❞♦s ❝✉st♦s ❝♦♠ ♦ ❞✐❛❣♥óst✐❝♦✱ t❛♠❜é♠ ❢♦r❛♠

♦rç❛❞♦s ♦s ❝✉st♦s ✜♥❛♥❝❡✐r♦s ❡ s♦❝✐❛✐s ❝♦♠ ♦ tr❛t❛♠❡♥t♦ ❞♦s ♣❛❝✐❡♥t❡s ✈✐♥❞♦s ❞♦

r❛str❡❛♠❡♥t♦ ❝♦♠ ♦ ❞✐❛❣♥óst✐❝♦ ❞❡ ❞✐❛❜❡t❡s ❡ ♣ré✲❞✐❛❜❡t❡s ♣❛r❛ ♦s ♣r✐♥❝✐♣❛✐s ❢❛t♦r❡s

q✉❡ ♣❡s❛♠ ♥♦ ♦rç❛♠❡♥t♦ ❡♠ s❛ú❞❡ ❞♦s ❊st❛❞♦s ❯♥✐❞♦s ❞✉r❛♥t❡ ✸ ❛♥♦s✳

❖s ❢❛t♦r❡s ❢♦r❛♠ s✉❜❞✐✈✐❞✐❞♦s ❡♠ ✿ ✶❛✲ ❮♥❞✐❝❡ ❞❡ ▼❛ss❛ ❈♦r♣♦r❛❧

♠❡♥♦r q✉❡ 25kg/m2 ✭IMC < 25kg/m2✮✱ ✶❜✲ ❮♥❞✐❝❡ ❞❡ ▼❛ss❛ ❈♦r♣♦r❛❧ ❡♥tr❡

25kg/m2✲35kg/m2 ✭IMC25 − 35kg/m2✮✱ ✶❝✲ ❮♥❞✐❝❡ ❞❡ ▼❛ss❛ ❈♦r♣♦r❛❧ ♠❛✐♦r q✉❡

35kg/m2 ✭IMC > 35kg/m2✮✱ ✷❛✲ ■❞❛❞❡ ♠❡♥♦r q✉❡ ✹✵ ❛♥♦s ✭■❞❛❞❡ ❁ ✹✵ ❛♥♦s✱

✷❜✲ ■❞❛❞❡ ❡♥tr❡ ✹✵ ❡ ✺✺ ❛♥♦s ✭■❞❛❞❡ ✹✵✲✺✺ ❛♥♦s✮✱ ✷❝✲ ■❞❛❞❡ ♠❛✐♦r q✉❡ ✺✺ ❛♥♦s

✭■❞❛❞❡ ❃ ✺✺ ❛♥♦s✮✱ ✸❛✲ Pr❡ssã♦ ♠❡♥♦r q✉❡ ✶✸✵ ♠♠❑❣ ✭Pressão < 130mmKg✮✱

✸❜✲ Pr❡ssã♦ ♠❛✐♦r ♦✉ ✐❣✉❛❧ ❛ ✶✸✵ ♠♠❑❣ ✭Pressão ≥ 130mmKg✮✱ ✹❛✲ ❚r✐❣❧✐❝ér✐❞♦s

❜❛✐①♦ r✐s❝♦ ✭❚● ❜❛✐①♦ r✐s❝♦✮✱✹❜✲ ❚r✐❣❧✐❝ér✐❞♦s ❛❧t♦ r✐s❝♦ ✭❚● ❛❧t♦ r✐s❝♦✮✱ ✺❛✲ ❍❉▲

❜❛✐①♦ r✐s❝♦ ✭❍❉▲ ❜❛✐①♦ r✐s❝♦✮✱ ✺❜✲ ❍❉▲ ❛❧t♦ r✐s❝♦ ✭❍❉▲ ❛❧t♦ r✐s❝♦✮✱ ✻❛✲ ❈✐♥t✉r❛

❜❛✐①♦ r✐s❝♦ ✭❈✐♥t✉r❛ ❜❛✐①♦ r✐s❝♦✮✱ ✻❜✲ ❈✐♥t✉r❛ ❛❧t♦ r✐s❝♦ ✭❈✐♥t✉r❛ ❛❧t♦ r✐s❝♦✮✱ ✼❛✲

❍✐stór✐❝♦ ❢❛♠✐❧✐❛r ♥❡❣❛t✐✈♦ ✭❍✐stór✐❝♦ ❢❛♠✐❧✐❛r ♥❡❣❛t✐✈♦✮✱ ✼❜✲ ❍✐stór✐❝♦ ❢❛♠✐❧✐❛r

♣♦s✐t✐✈♦ ✭❍✐stór✐❝♦ ❢❛♠✐❧✐❛r ♣♦s✐t✐✈♦✮✱ s❡♥❞♦ q✉❡ ♦s ♣r✐♥❝✐♣❛✐s ❢❛t♦r❡s ❞❡ r✐s❝♦ ♣❛r❛

❞♦❡♥ç❛ ♦❜s❡r✈❛❞♦s ❢♦r❛♠✿ ✶❜✱ ✷❜✱✸❜✱ ✹❜✱ ✺❜✱ ✻❜ ❡ ✼❜✳

▲♦❣♦ ❛ s❡❣✉✐r sã♦ ❛♣r❡s❡♥t❛❞❛s ✹ t❛❜❡❧❛s✱ ❛s ❞✉❛s ♣r✐♠❡✐r❛s
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❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦s ❝✉st♦s ✜♥❛♥❝❡✐r♦s ✭t❛❜❡❧❛ ✻✳✶ ✮❡ s♦❝✐❛✐s ✭t❛❜❡❧❛ ✻✳✷✮ ♣❛r❛ ♦s

❞✐❛❜ét✐❝♦s ❡ ❛s ❞✉❛s ú❧t✐♠❛s ❝♦rr❡s♣♦♥❞❡♥t❡s ❛♦s ❝✉st♦s ✜♥❛♥❝❡✐r♦s ✭t❛❜❡❧❛ ✻✳✸✮ ❡

s♦❝✐❛✐s ✭t❛❜❡❧❛ ✻✳✹✮ ❝♦♠ ♦s ♣ré✲❞✐❛❜ét✐❝♦s✳



❚❛❜❡❧❛s ❞❡ ✈❛♥t❛❣❡♥s ✜♥❛♥❝❡✐r❛s ❞♦ r❛str❡❛♠❡♥t♦ ♣❛r❛ ❞✐❛❜ét✐❝♦s
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sã

o
≥

1
3
0
m
m
H
g

✹
✵
✷

❯
✩
✷
✻
✱✺
✶
✾

❯
✩
✷
✽
✱✾
✹
✵

❯
✩
✷
✾
✱✽
✾
✵

❯
✩
✸
✷
✱✵
✸
✶

❯
✩
✸
✷
✱✺
✹
✸

❯
✩
✹
✾
✱✶
✽
✹

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✲✹
✻
✳✵
✽

✲✹
✶
✳✶
✻

✲✸
✾
✳✷
✸

✲✸
✹
✳✽
✼

✲✸
✸
✳✽
✸

✲✸
✾
✳✵
✹
✭✷
✳✷
✷
✮

✹
❛

❚
r✐
❣
❧✐
❝é
r✐
❞
♦
s
❜
❛
✐①
♦
r✐
s❝
♦

✶
✸
✼
✼

❯
✩
✺
✸
✱✼
✶
✽

❯
✩
✺
✹
✱✾
✵
✾

❯
✩
✺
✷
✱✷
✵
✺

❯
✩
✺
✺
✱✵
✾
✸

❯
✩
✻
✻
✱✽
✶
✵

❯
✩
✼
✹
✱✹
✹
✶

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✲✷
✼
✳✽
✹

✲✷
✻
✳✷
✹

✲✷
✾
✳✽
✼

✲✷
✺
✳✾
✾

✲✶
✵
✳✷
✺

✲✷
✹
✳✵
✹
✭✸
✳✺
✷
✮

✹
❜

❚
r✐
❣
❧✐
❝é
r✐
❞
♦
s
❛
❧t
♦
r✐
s❝
♦

✶
✾
✻

❯
✩
✶
✸
✱✶
✻
✶

❯
✩
✶
✸
✱✹
✻
✻

❯
✩
✶
✺
✱✻
✸
✻

❯
✩
✶
✺
✱✼
✾
✺

❯
✩
✶
✹
✱✻
✺
✼

❯
✩
✷
✶
✱✷
✻
✾

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✲✸
✽
✳✶
✷

✲✸
✻
✳✻
✾

✲✷
✻
✳✺
✵

✲✷
✺
✳✼
✸

✲✸
✶
✳✵
✾

✲✸
✶
✳✻
✸
✭✷
✳✺
✹
✮

✺
❛

❍
❉
▲
❜
❛
✐①
♦
r✐
s❝
♦

✽
✸
✸

❯
✩
✷
✽
✱✵
✺
✷

❯
✩
✷
✾
✱✼
✻
✷

❯
✩
✷
✼
✱✻
✺
✾

❯
✩
✸
✵
✱✼
✼
✻

❯
✩
✸
✺
✱✻
✼
✵

❯
✩
✸
✼
✱✷
✷
✵

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✲✷
✹
✳✻
✸

✲✷
✵
✳✵
✹

✲✷
✺
✳✻
✾

✲✶
✼
✳✸
✷

✲✹
✳✶
✻

✲✶
✽
✳✸
✼
✭✸
✳✽
✻
✮

✺
❜

❍
❉
▲
❛
❧t
♦
r✐
s❝
♦

✼
✹
✵

❯
✩
✸
✽
✱✽
✷
✻

❯
✩
✸
✽
✱✻
✶
✸

❯
✩
✹
✵
✱✶
✼
✾

❯
✩
✹
✵
✱✶
✶
✷

❯
✩
✹
✺
✱✼
✾
✼

❯
✩
✺
✽
✱✹
✽
✾

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✲✸
✸
✳✻
✷

✲✸
✸
✳✾
✽

✲✸
✶
✳✸
✶

✲✸
✶
✳✹
✷

✲✷
✶
✳✼
✵

✲✸
✵
✳✹
✶
✭✷
✳✷
✹
✮

✻
❛

❈
✐♥
t✉
r❛

❜
❛
✐①
♦
r✐
s❝
♦

✽
✵
✽

❯
✩
✷
✺
✱✷
✼
✺

❯
✩
✷
✷
✱✹
✸
✵

❯
✩
✷
✺
✱✵
✻
✺

❯
✩
✷
✸
✱✷
✵
✻

❯
✩
✸
✷
✱✺
✶
✸

❯
✩
✷
✾
✱✷
✹
✺

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✲✶
✸
✳✺
✼

✲✷
✸
✳✸
✵

✲✶
✹
✳✷
✾

✲✷
✵
✳✻
✺

✶
✶
✳✶
✽

✲✶
✷
✳✶
✸
✭✻
✳✶
✶
✮

✻
❜

❈
✐♥
t✉
r❛

❛
❧t
♦
r✐
s❝
♦

✼
✻
✺

❯
✩
✹
✶
✱✻
✵
✸

❯
✩
✹
✺
✱✾
✹
✹

❯
✩
✹
✷
✱✼
✼
✸

❯
✩
✹
✼
✱✻
✽
✷

❯
✩
✹
✽
✱✾
✺
✹

❯
✩
✻
✻
✱✹
✻
✺

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✲✸
✼
✳✹
✶

✲✸
✵
✳✽
✼

✲✸
✺
✳✻
✺

✲✷
✽
✳✷
✻

✷
✻
✳✸
✺

✲✸
✶
✳✼
✶

✼
❛

❍
✐s
tó
r✐
❝♦

❢❛
♠
✐❧
✐❛
r
♥
❡❣
❛
t✐
✈
♦

✽
✹
✾

❯
✩
✷
✼
✱✹
✵
✻

❯
✩
✷
✽
✱✽
✻
✻

❯
✩
✷
✾
✱✺
✾
✵

❯
✩
✸
✵
✱✸
✶
✵

❯
✩
✸
✻
✱✾
✸
✽

❯
✩
✸
✺
✱✽
✾
✶

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✲✷
✸
✳✻
✹

✲✶
✾
✳✺
✼

✲✶
✼
✳✺
✺

✲✶
✺
✳✺
✺

✷
✳✾
✷

✲✶
✹
✳✻
✽
✭✹
✳✻
✵
✮

✼
❜

❍
✐s
tó
r✐
❝♦

❋
❛
♠
✐❧
✐❛
r
♣
♦
s✐
t✐
✈
♦

✼
✷
✹

❯
✩
✸
✾
✱✹
✼
✷

❯
✩
✸
✾
✱✺
✵
✾

❯
✩
✸
✽
✱✷
✹
✼

❯
✩
✹
✵
✱✺
✼
✽

❯
✩
✹
✹
✱✺
✷
✾

❯
✩
✺
✾
✱✽
✶
✾

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✲✸
✹
✳✵
✶

✲✸
✸
✳✾
✺

✲✸
✻
✳✵
✻

✲✸
✷
✳✶
✻

✲✷
✺
✳✺
✻

✲✸
✷
✳✸
✺
✭✶
✳✽
✶
✮

❬✶
❪●

❈
❚
♣
❧✱
●
❧✐
❝❡
♠
✐❛

♣
❧❛
s♠

á
t✐
❝❛

✶
❤
❞
❡♣
♦
✐s
❞
❛
✐♥
❣
❡s
tã
♦
❞
❡
✺
✵
❣
❞
❡
❣
❧✐
❝♦
s❡

♦
r❛
❧
❬✷
❪●

❈
❚
❝❛
♣
✱
❣
❧✐
❝❡
♠
✐❛

❝❛
♣
✐❧
❛
r
✶
❤
❞
❡♣
♦
✐s
❞
❛
✐♥
❣
❡s
tã
♦
❞
❡
✺
✵
❣
❞
❡
❣
❧✐
❝♦
s❡

♦
r❛
❧
❬✸
❪
❘
P
●
✱▼

❡❞
✐ç
ã
♦
❞
❡

❣
❧✐
❝❡
♠
✐❛

❛
❧❡
❛
tó
r✐
❛
❬✹
❪❘
❈
●
✱▼

❡❞
✐ç
ã
♦
❞
❡
❣
❧✐
❝❡
♠
✐❛

❝❛
♣
✐❧
❛
r
❛
❧❡
❛
tó
r✐
❛
❬✺
❪❆
✶
❈
✱
❍
❡♠

♦
❣
❧♦
❜
✐♥
❛
❆
✶
❝
❬✻
❪✯

❖
♠
❡♥
♦
r
❝✉
st
♦
♣
❛
r❛

❝❛
❞
❛
❣
r✉
♣
♦
❞
❡
r✐
s❝
♦
é
✐♥
❞
✐❝
❛
❞
♦
❡♠

♥
❡❣
r✐
t♦



✻✳✶ P❛r❛ ♦s ❞✐❛❜ét✐❝♦s✿ ✸

❚
❛❜

❡❧
❛
✻✳
✷✿

❈
✉s
t♦
s
s♦
❝✐
❛✐
s
❞♦

r❛
st
r❡
❛♠

❡♥
t♦

❡
tr
❛t
❛♠

❡♥
t♦

❞♦
❞✐
❛❜

❡t
❡s

❞❡
✶✺

✼✸
♣❛

rt
✐❝
✐♣
❛♥

t❡
s
❞❛

♣❡
sq
✉✐
s❛
✱
♦❜

s❡
r✈
❛✲
s❡

❝♦
♠
♦
r❡
s✉
❧t
❛❞

♦
✉♠

❛
❞✐
♠
✐♥
✉✐
çã
♦
t❛
♠
❜é

♠
♥♦

s
❝✉

st
♦s

s♦
❝✐
❛✐
s
❝♦
♠

♦
r❛
st
r❡
❛♠

❡♥
t♦

◗
✉
❛
♥
t✐
❞
❛
❞
❡

●
❈
❚
♣
❧✶

●
❈
❚
❝❛
♣
✷

❘
P
●
✸

❘
❈
●
✹

❆
✶
❈
✺

▼
é❞
✐❛
✭❙
❊
▼
✮

❙
❡♠

r❛
st
r❡
❛
♠
❡♥
t♦

❚
♦
t❛
❧

✶
✺
✼
✸

❯
✩
✶
✵
✾
✱✾
✹
✻
✻

❯
✩
✶
✶
✵
✱✹
✼
✻

❯
✩
✶
✶
✸
✱✵
✵
✼

❯
✩
✶
✶
✼
✱✶
✹
✻

❯
✩
✶
✷
✼
✱✷
✺
✼

❯
✩
✶
✹
✻
✱✹
✷
✻

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
✐❢
❡r
❡♥
ç❛

✲✷
✹
✳✾
✶

✲✷
✹
✳✺
✺

✲✷
✷
✳✽
✷

✲✷
✵
✳✵
✵

✲✶
✸
✳✵
✾

✲✷
✶
✳✵
✽
✭✷
✳✶
✽
✮

✶
❛

I
M

C
<

2
5
k
g
/
m

2
✸
✹
✾

❯
✩
✶
✺
✱✶
✷
✻

❯
✩
✶
✸
✱✾
✾
✺

❯
✩
✶
✹
✱✺
✼
✵

❯
✩
✶
✹
✱✷
✷
✸

❯
✩
✶
✼
✱✻
✶
✽

❯
✩
✶
✹
✱✷
✸
✻

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✻
✳✷
✻

✲✶
✳✻
✾

✷
✳✸
✺

✲✵
✳✵
✾

✷
✸
✳✼
✻

✻
✳✶
✷
✭✹
✳✻
✶
✮

✶
❜

■▼
❈
❡♥
tr
❡
2
5
−

3
5
k
g
/
m

2
✽
✽
✽

❯
✩
✺
✺
✱✽
✸
✸

❯
✩
✺
✹
✱✶
✾
✽

❯
✩
✺
✺
✱✸
✷
✹

❯
✩
✺
✼
✱✾
✶
✼

❯
✩
✻
✽
✱✻
✹
✸

❯
✩
✻
✼
✱✶
✶
✷

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✲✶
✻
✳✽
✶

✲✶
✾
✳✷
✹

✲✶
✼
✳✺
✼

✲✶
✸
✳✼
✵

✷
✳✷
✽

✲✶
✸
✳✵
✶
✭✸
✳✾
✸
✮

✶
❝

I
M

C
>

3
5
k
g
/
m

2
✸
✸
✻

❯
✩
✸
✽
✱✾
✽
✼
❀✻

❯
✩
✹
✷
✱✷
✽
✹

❯
✩
✹
✸
✱✶
✶
✹

❯
✩
✹
✺
✱✵
✵
✺

❯
✩
✹
✵
✱✾
✾
✻

❯
✩
✻
✺
✱✵
✼
✽

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✹
✵
✳✵
✾

✲✸
✺
✳✵
✸

✲✸
✸
✳✼
✺

✲✸
✵
✳✽
✹

✲✸
✼
✳✵
✵

✲✸
✺
✳✸
✹
✭✶
✳✺
✶
✮

✷
❛

I
d
a
d
e
<

4
0

✸
✼
✼

❯
✩
✶
✹
✱✹
✽
✻

❯
✩
✶
✸
✱✻
✺
✻

❯
✩
✶
✸
✱✸
✹
✼

❯
✩
✶
✶
✱✼
✹
✸

❯
✩
✶
✼
✱✸
✾
✽

❯
✩
✶
✹
✱✷
✸
✻

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✶
✳✼
✻

✲✹
✳✵
✼

✲✻
✳✷
✹

✲✶
✼
✳✺
✶

✲✷
✷
✳✷
✷

✲✵
✳✼
✼
✭✻
✳✺
✹
✮

✷
❜

■❞
❛
❞
❡
❡♥
tr
❡
4
0
−

5
5

✼
✹
✹

❯
✩
✹
✼
✱✹
✺
✼

❯
✩
✹
✼
✱✽
✸
✷

❯
✩
✺
✶
✱✺
✺
✼

❯
✩
✺
✻
✱✵
✾
✵

❯
✩
✺
✺
✱✵
✼
✷

❯
✩
✺
✽
✱✾
✼
✼

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✲✶
✾
✳✺
✸

✲✶
✽
✳✾
✵

✲✶
✷
✳✺
✽

✲✹
✳✾
✵

✲✻
✳✻
✷

✲✶
✷
✳✺
✶
✭✸
✳✵
✷
✮

✷
❝

I
d
a
d
e
>

5
5

✹
✺
✷

❯
✩
✹
✽
✱✵
✵
✸

❯
✩
✹
✽
✱✾
✽
✾

❯
✩
✹
✽
✱✶
✵
✸

❯
✩
✹
✾
✱✸
✶
✹

❯
✩
✺
✹
✱✼
✽
✼

❯
✩
✼
✸
✱✷
✶
✸

✪
♣
❡r
❝❡
♥
t❛
❣
❡♠

❞
❡
❞
✐❢
❡r
❡♥
ç❛

✲✸
✹
✳✹
✸

✲✸
✸
✳✵
✾

✲✸
✹
✳✸
✵

✲✸
✷
✳✻
✹

✲✷
✺
✱✶
✼

✲✸
✶
✳✾
✸
✭✶
✳✼
✷
✮

✸
❛

P
r
es
sã
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