
❯◆■❱❊❘❙■❉❆❉❊ ❊❙❚❆❉❯❆▲ ❉❖ ▼❆❘❆◆❍➹❖ ✲ ❯❊▼❆
P❘Ó✲❘❊■❚❖❘■❆ ❉❊ P❊❙◗❯■❙❆ ❊ PÓ❙✲●❘❆❉❯❆➬➹❖ ✲ PP●

▼❊❙❚❘❆❉❖ P❘❖❋■❙❙■❖◆❆▲ ❊▼ ▼❆❚❊▼➪❚■❈❆ ❊▼ ❘❊❉❊
◆❆❈■❖◆❆▲ ✲ P❘❖❋▼❆❚

❘❊P❘❊❙❊◆❚❆➬Õ❊❙ ❙❊▼■Ó❚■❈❆❙ ❈❖▼❖ ■◆❙❚❘❯▼❊◆❚❖
❉■❉➪❚■❈❖ ◆❖ ❊◆❙■◆❖ ❊ ❆P❘❊◆❉■❩❆●❊▼ ❉❊ ❱❊❚❖❘❊❙

❘♦❣ér✐♦ ▲✐♠❛ ❙♦✉s❛

❙ã♦ ▲✉ís ✲ ▼❆
✷✵✶✾



❘❊P❘❊❙❊◆❚❆➬Õ❊❙ ❙❊▼■Ó❚■❈❆❙ ❈❖▼❖ ■◆❙❚❘❯▼❊◆❚❖
❉■❉➪❚■❈❖ ◆❖ ❊◆❙■◆❖ ❊ ❆P❘❊◆❉■❩❆●❊▼ ❉❊ ❱❊❚❖❘❊❙

❘♦❣ér✐♦ ▲✐♠❛ ❙♦✉s❛

❉✐ss❡rt❛çã♦ ❞❡ ▼❡str❛❞♦ ❛♣r❡s❡♥t❛❞❛ ❛♦ ❞❡♣❛rt❛✲
♠❡♥t♦ ❞❡ ▼❛t❡♠át✐❝❛ ❝♦♠♦ r❡q✉✐s✐t♦ ♣❛r❝✐❛❧ ♣❛r❛
♦❜t❡♥çã♦ ❞♦ tít✉❧♦ ❞❡ ♠❡str❡✳
❖r✐❡♥t❛❞♦r✿ Pr♦❢✳ ❉r✳ ❘❛✐♠✉♥❞♦ ❏✳ ❇✳ ❇r❛♥❞ã♦

❙ã♦ ▲✉ís ✲ ▼❆
✷✵✶✾
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❉❡❞✐❝♦ ❡st❡ tr❛❜❛❧❤♦ ❛ ♠✐♥❤❛ ❡s♣♦s❛ ❆❞r✐❛♥❛ ❡ ❛♦
♠❡✉ ✜❧❤♦ ●✐❛♥ ❘♦❜❡rt♦✱ ♣♦✐s sã♦ ❡❧❡s q✉❡ ❢❛③❡♠
s❡♥t✐r ✲ ♠❡ ✈✐✈♦ ❡ ❞❛r ✈❛❧♦r à ✈✐❞❛✳



❆❣r❛❞❡❝✐♠❡♥t♦s

❆❣r❛❞❡ç♦ ❛ ❉❡✉s ❡ à ♠✐♥❤❛ ❢❛♠í❧✐❛ ♣♦r t♦❞❛s ❛s ♠❛r❛✈✐❧❤❛s q✉❡
tê♠ ♠❡ ♣r♦♣♦r❝✐♦♥❛❞♦✳ ❆❣r❛❞❡ç♦ ✐♠❡♥s❛♠❡♥t❡ ❛♦ ♣r♦❢❡ss♦r ❘❛✐♠✉♥❞♦ ❏✳ ❇✳
❇r❛♥❞ã♦ q✉❡ ♠❡ ♦r✐❡♥t♦✉ ❝♦♠ t♦❞❛ ❛ ♣❛❝✐ê♥❝✐❛✱ ♠♦t✐✈❛çã♦ ❡ ❡♥s✐♥❛♠❡♥t♦s
✈❛❧✐♦s♦s ❞✉r❛♥t❡ ❡st❛ ❞✐❢í❝✐❧ ❝❛♠✐♥❤❛❞❛✳ ❆♦ ♣r♦❢❡ss♦r ❙ér❣✐♦ ❚✉r✐❜✉s ♣❡❧❛
s✉❛ ❣❡♥❡r♦s❛ ❝♦♥tr✐❜✉✐çã♦ ❞✉r❛♥t❡ t♦❞♦ ♦ ♣❡rí♦❞♦ ❞♦ ❝✉rs♦ ❞❡ ♠❡str❛❞♦✳
❋✐♥❛❧♠❡♥t❡ ❛❣r❛❞❡ç♦ ❛ t♦❞♦s ♦s ❝♦❧❡❣❛s ❞♦ P❘❖❋▼❆❚✳



❘❊❙❯▼❖

❊st❡ tr❛❜❛❧❤♦ ✈✐s❛ ❛ ✉t✐❧✐③❛çã♦ ❞❛s r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s ❝♦♠♦ ✐♥str✉✲
♠❡♥t♦ ❞✐❞át✐❝♦ ♥♦ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡ ✈❡t♦r❡s✱ tr❛t❛✲s❡ ❞❡ ✉♠ ❡①♣❡r✐✲
♠❡♥t♦ ❝♦♠ ❛❧✉♥♦s ❞♦ ✷♦ ❛♥♦ ❞♦ ❡♥s✐♥♦ ♠é❞✐♦✱ ♦♥❞❡ ♦❜❥❡t✐✈❛♠♦s ✐❞❡♥t✐✜❝❛r
s✉❛s ❞✐✜❝✉❧❞❛❞❡s ❡ ♦❢❡r❡❝❡r ✉♠❛ ♣r♦♣♦st❛ ❞✐❞át✐❝❛ ❢❛❝✐❧✐t❛❞♦r❛ ❞♦ ❛♣r❡♥❞✐✲
③❛❞♦✳ ❯t✐❧✐③❛♠♦s ❡♠ ❛✉❧❛s ❡①♣♦s✐t✐✈❛s ❛ t❡♦r✐❛ ❞❡ ❘❛②♠♦♥❞ ❉✉✈❛❧✱ ❛♣❧✐❝❛♠♦s
❛❧❣✉♠❛s ❛t✐✈✐❞❛❞❡s ❡ ❡①♣❧♦r❛♠♦s ❛s r❡♣r❡s❡♥t❛çõ❡s ❞♦s ✈❡t♦r❡s ❡♠ ✈ár✐❛s s✐t✉✲
❛çõ❡s✳ ❖ tr❛❜❛❧❤♦ ❢♦✐ ❞✐✈✐❞✐❞♦ ❡♠ ❡t❛♣❛s✱ ♥❛ ♣r✐♠❡✐r❛ ❛ t✉r♠❛ ❢♦✐ s✉❜♠❡t✐❞❛
❛ ✉♠ t❡st❡ ❞✐❛❣♥óst✐❝♦ ❡ ❛♣ós ❛♥á❧✐s❡ ❞♦ ♠❡s♠♦ ❝♦♥st❛t❛♠♦s ❛ q✉❛s❡ t♦t❛❧
❛✉sê♥❝✐❛ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦ ♣ré✈✐♦ s♦❜r❡ ✈❡t♦r❡s✱ s✉❛s r❡♣r❡s❡♥t❛çõ❡s ❡ ♣r♦♣r✐✲
❡❞❛❞❡s✳ ❆ s❡❣✉♥❞❛ ❡t❛♣❛ ❝♦♥s✐st✐✉ ❞❡ ❛✉❧❛s ❡①♣♦s✐t✐✈❛s ♦♥❞❡ ❛♣r❡s❡♥t❛♠♦s ♦s
✈❡t♦r❡s ❡♠ t❡r♠♦s ❞❡ ❝♦♦r❞❡♥❛❞❛s ❞❡✜♥✐♥❞♦ s✉❛s ♦♣❡r❛çõ❡s ❡ ❛♣r❡s❡♥t❛♠♦s
s✉❛s ♣r♦♣r✐❡❞❛❞❡s ❞❡s♣❡rt❛♥❞♦ ❛ss✐♠ ♦ ✐♥t❡r❡ss❡ ❞♦s ❛❧✉♥♦s ♣♦r ❡st❡ ♥♦✈♦
♦❜❥❡t♦✳ ◆❛ t❡r❝❡✐r❛ ❡t❛♣❛ ✜③❡♠♦s ❛ ❡①♣❡r✐♠❡♥t❛çã♦ ❡ ✜♥❛❧♠❡♥t❡ ♣❛ss❛♠♦s ❛
❛♥❛❧✐s❛r ❛s r❡s♣♦st❛s ❞♦s ❛❧✉♥♦s às q✉❡stõ❡s ♣r♦♣♦st❛s ❞❛♥❞♦ ê♥❢❛s❡ às ❝♦♥✈❡r✲
sõ❡s ❡♥tr❡ ♦s r❡❣✐str♦s ❞✐st✐♥t♦s ❡ ❛♦ tr❛t❛♠❡♥t♦ ❞❡♥tr♦ ❞❡ ✉♠ ♠❡s♠♦ r❡❣✐str♦
♦ q✉❡ ♥♦s ♣❡r♠✐t✐✉ ✐❞❡♥t✐✜❝❛r ❞✐✜❝✉❧❞❛❞❡s ❡ ❛♣r❡s❡♥t❛r ✉♠❛ s❡q✉ê♥❝✐❛ ❞✐❞á✲
t✐❝❛ q✉❡ ♣♦r s✉❛ ✈❡③ ♣♦ss❛ t♦r♥❛r ♦ ❛❧✉♥♦ ♣r♦t❛❣♦♥✐st❛ ❞♦ s❡✉ ❛♣r❡♥❞✐③❛❞♦✳
❊st❡ ❡st✉❞♦ t❡♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ q✉❛❧✐t❛t✐✈❛ ❞❡ ✐♥t❡r✈❡♥çã♦ ❝♦♠ ❡♠❜❛s❛✲
♠❡♥t♦ ♥❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❛ ❡♥❣❡♥❤❛r✐❛ ❞✐❞át✐❝❛✳ ❆ q✉❡stã♦ q✉❡ ♥♦rt❡♦✉ ❡st❡
tr❛❜❛❧❤♦ ❢♦✐✿ ❝♦♠♦ ♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛ ❝♦♥tr✐❜✉❡♠ ♣❛r❛
♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡ ✈❡t♦r❡s❄✳
P❛❧❛✈r❛s ❈❤❛✈❡✿ ❱❡t♦r✱ r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s✱ ❡♥❣❡♥❤❛r✐❛ ❞✐❞át✐❝❛✳



❆❇❙❚❘❆❈❚

❚❤✐s ✇♦r❦ ❛✐♠s ❛t t❤❡ ✉s❡ ♦❢ s❡♠✐♦t✐❝ r❡♣r❡s❡♥t❛t✐♦♥s ❛s ❛ ❞✐❞❛❝t✐❝ t♦♦❧ ✐♥
t❡❛❝❤✐♥❣ ❛♥❞ ❧❡❛r♥✐♥❣ ✈❡❝t♦rs✱ ✐t ✐s ❛♥ ❡①♣❡r✐♠❡♥t ✇✐t❤ st✉❞❡♥ts ♦❢ t❤❡ s❡✲
❝♦♥❞ ②❡❛r ♦❢ ❤✐❣❤ s❝❤♦♦❧✱ ✇❤❡r❡ ✇❡ ❛✐♠ t♦ ✐❞❡♥t✐❢② t❤❡✐r ❞✐✣❝✉❧t✐❡s ❛♥❞ ♦✛❡r
❛ ❞✐❞❛❝t✐❝ ♣r♦♣♦s❛❧ t♦ ❢❛❝✐❧✐t❛t❡ ❧❡❛r♥✐♥❣✳ ❲❡ ✉s❡❞ ❘❛②♠♦♥❞ ❉✉✈❛❧✬s t❤❡♦r②
✐♥ ❧❡❝t✉r❡s✱ ❛♣♣❧✐❡❞ s♦♠❡ ❛❝t✐✈✐t✐❡s ❛♥❞ ❡①♣❧♦r❡❞ r❡♣r❡s❡♥t❛t✐♦♥s ♦❢ ✈❡❝t♦rs ✐♥
✈❛r✐♦✉s s✐t✉❛t✐♦♥s✳ ❚❤❡ ✇♦r❦ ✇❛s ❞✐✈✐❞❡❞ ✐♥ st❛❣❡s✱ ✐♥ t❤❡ ✜rst t❤❡ ❝❧❛ss ✇❛s
s✉❜♠✐tt❡❞ t♦ ❛ ❞✐❛❣♥♦st✐❝ t❡st ❛♥❞ ❛❢t❡r ❛♥❛❧②s✐s ♦❢ t❤❡ s❛♠❡ ✇❡ ✈❡r✐✜❡❞ t❤❡
❛❧♠♦st t♦t❛❧ ❛❜s❡♥❝❡ ♦❢ ♣r❡✈✐♦✉s ❦♥♦✇❧❡❞❣❡ ❛❜♦✉t ✈❡❝t♦rs✱ t❤❡✐r r❡♣r❡s❡♥t❛✲
t✐♦♥s ❛♥❞ ♣r♦♣❡rt✐❡s✳ ❚❤❡ s❡❝♦♥❞ st❛❣❡ ❝♦♥s✐st❡❞ ♦❢ ❡①♣♦s✐t♦r② ❝❧❛ss❡s ✇❤❡r❡
✇❡ ♣r❡s❡♥t❡❞ t❤❡ ✈❡❝t♦rs ✐♥ t❡r♠s ♦❢ ❝♦♦r❞✐♥❛t❡s ❞❡✜♥✐♥❣ t❤❡✐r ♦♣❡r❛t✐♦♥s
❛♥❞ ♣r❡s❡♥t❡❞ t❤❡✐r ♣r♦♣❡rt✐❡s t❤✉s ❛r♦✉s✐♥❣ t❤❡ st✉❞❡♥ts✬ ✐♥t❡r❡st ✐♥ t❤✐s
♥❡✇ ♦❜❥❡❝t✳ ■♥ t❤❡ t❤✐r❞ st❛❣❡ ✇❡ ❞✐❞ t❤❡ ❡①♣❡r✐♠❡♥t❛t✐♦♥ ❛♥❞ ✜♥❛❧❧② ✇❡
st❛rt❡❞ t♦ ❛♥❛❧②③❡ t❤❡ st✉❞❡♥ts✬ ❛♥s✇❡rs t♦ t❤❡ q✉❡st✐♦♥s ♣r♦♣♦s❡❞✱ ❡♠♣❤❛s✐✲
③✐♥❣ t❤❡ ❝♦♥✈❡rs✐♦♥s ❜❡t✇❡❡♥ t❤❡ ❞✐✛❡r❡♥t r❡❣✐st❡rs ❛♥❞ t❤❡ tr❡❛t♠❡♥t ✇✐t❤✐♥
❛ s❛♠❡ r❡❝♦r❞✱ ✇❤✐❝❤ ❛❧❧♦✇❡❞ ✉s t♦ ✐❞❡♥t✐❢② ❞✐✣❝✉❧t✐❡s ❛♥❞ ♣r❡s❡♥t ❛ ❞✐❞❛❝t✐❝
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✶✾ ❈♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❞❡ ~u ❡ ~v ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✷

✷✵ ❉✐stâ♥❝✐❛ ❡♥tr❡ ♦s ♣♦♥t♦ ❆ ❡ ❇ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✹

✷✶ P❡r♣❡♥❞✐❝✉❧❛r✐❞❛❞❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✷✷ ❘♦t❛çã♦ ❞❡ 90◦ ♥♦ s❡♥t✐❞♦ ❛♥t✐✲❤♦rár✐♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻

✷✸ ➶♥❣✉❧♦ ❡♥tr❡ ✈❡t♦r❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✼

✷✹ ‖~u+ ~v‖ ≤ ‖~u‖+ ‖~v‖ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾

✷✺ ❆♣❧✐❝❛çã♦ ✶ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✵

✷✻ ❆♣❧✐❝❛çã♦ ✷ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✶

✷✼ ➪r❡❛ ❞♦ ♣❛r❛❧❡❧♦❣r❛♠♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✷

✷✽ ➪r❡❛ ❞♦ tr✐â♥❣✉❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✷✾ P❡s♦ s✉s♣❡♥s♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺

✸✵ ❋♦rç❛s ❛t✉❛♥❞♦ ❡♠ ❈ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺



✸✶ ❚r✐â♥❣✉❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✻

✸✷ ❱❡t♦r❡s ♥♦ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✸✸ ❋♦rç❛s ❛♣❧✐❝❛❞❛s ❡♠ ✉♠ ❝♦r♣♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✾

✸✹ P♦♥t♦s ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✼

✸✺ ❱❡t♦r❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✽

✸✻ ▼❡❞✐❛♥❛s ❞❡ ✉♠ tr✐â♥❣✉❧♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✸

✸✼ P♦♥t♦s ♥❛ r❡t❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✺

✸✽ ❋♦rç❛s ❛♣❧✐❝❛❞❛s ❡♠ ✉♠ ❝♦r♣♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✼

✸✾ P❛r❛❧❡❧♦❣r❛♠♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✽

✹✵ ✈❡t♦r❡s ✉ ❡ ✈ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✾

✹✶ P❛r❛❧❡❧♦❣r❛♠♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✵

✹✷ ❋♦rç❛s ❛♣❧✐❝❛❞❛s ❡♠ ✉♠ ❝♦r♣♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✵

✹✸ P♦♥t♦s ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✶

✹✹ ❆❞✐çã♦✿ ~u+ ~v ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✷

✹✺ ❙✉❜tr❛çã♦✿ ~u− ~v ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✷

✹✻ ▼✉❧t✐♣❧✐❝❛çã♦ ♣♦r ❡s❝❛❧❛r✿ 2~u✱ ✲✸~u✱ 1

2
~u ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✷

✹✼ P♦♥t♦s ♥❛ r❡t❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✸

✹✽ P❛r❛❧❡❧♦❣r❛♠♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✸

✹✾ ✈❡t♦r❡s ✉ ❡ ✈ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✹

✺✵ Pr✐s♠❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✹

✶✷



▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✶ ❋❖◆❚❊✿ ❉✉✈❛❧✱ ✷✵✵✸ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✷ ❙❡çã♦ ❉✐❞át✐❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✷



■◆❚❘❖❉❯➬➹❖

❖ ❝♦♥❝❡✐t♦ ❞❡ ✈❡t♦r ♥♦ ❝♦t✐❞✐❛♥♦ ❞❛s ♣❡ss♦❛s✱ ❧❡✈❛ à ✐❞❡✐❛ ❞❡ ❝♦♥❞✉çã♦

❞❡ ❛❧❣✉♠❛ ❝♦✐s❛✳ ➱ ❛ss✐♠ ♣♦r ❡①❡♠♣❧♦ ♥❛s ❝✐ê♥❝✐❛s ❜✐♦❧ó❣✐❝❛s ❡ ♠é❞✐❝❛s✱

q✉❛♥❞♦ s❡ r❡❢❡r❡ ❛♦s ❛♥✐♠❛✐s q✉❡ tr❛♥s♠✐t❡♠ ❞♦❡♥ç❛s✳ ❊♠ ♠❛t❡♠át✐❝❛✱ ♦

t❡r♠♦ ✈❡t♦r r❡♠❡t❡ à ❝♦♥❞✉çã♦ ❞❡ ✉♠❛ ✐♥❢♦r♠❛çã♦ ❛❝❡r❝❛ ❞❡ ✉♠❛ ❣r❛♥❞❡③❛

❝❛r❛❝t❡r✐③❛❞❛ ♣♦r ✉♠❛ ❞✐r❡çã♦✱ ✉♠ s❡♥t✐❞♦ ❡ ✉♠ ❝♦♠♣r✐♠❡♥t♦✳

❖ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ ✈❡t♦r✱ t❛♠❜é♠ é ❜❛st❛♥t❡ ✉t✐❧✐③❛❞♦ ♥❛ ❡❞✉❝❛✲

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

❢ís✐❝❛✱ á❧❣❡❜r❛ ❧✐♥❡❛r ❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♠ ❣❡♦♠❡tr✐❛ ❛♥❛❧ít✐❝❛✳ ▲♦❣♦ é ♠✉✐t♦

✐♠♣♦rt❛♥t❡ tr❛❜❛❧❤❛r ♦ ❝♦♥❝❡✐t♦ ❞❡ ✈❡t♦r ♥❛ ❡t❛♣❛ ❞❡ ❡st✉❞♦ ❛♥t❡r✐♦r à ✉♥✐✲

✈❡rs✐❞❛❞❡✳

❉✐❛♥t❡ ❞❛s ❞✐✜❝✉❧❞❛❞❡s ♥❛ ❛♣r❡♥❞✐③❛❣❡♠ ❞♦ ❝♦♥❝❡✐t♦ ❞❡ ✈❡t♦r ♥❛

❡❞✉❝❛çã♦ ❜ás✐❝❛✱ ✈❡r✐✜❝❛✲s❡ ❝♦♠ ♠✉✐t❛ ❢r❡q✉ê♥❝✐❛ ♦ ❜❛✐①♦ ❞❡s❡♠♣❡♥❤♦ ❞♦s

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

❊st❡ ❡st✉❞♦ t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ❛♥❛❧✐s❛r ❛s ❝♦♥tr✐❜✉✐çõ❡s ❞♦s r❡❣✐str♦s

❞❡ r❡♣r❡s❡♥t❛çã♦ s❡♠✐ót✐❝❛ ♥♦ ❡st✉❞♦ ❞❡ ✈❡t♦r❡s✱ ❝♦♠ ❛❧✉♥♦s ❞❛ ✷❛ sér✐❡ ❞♦

❡♥s✐♥♦ ♠é❞✐♦✳ ➱ ✉♠❛ ✐♥✈❡st✐❣❛çã♦ ❞❡ ❛❜♦r❞❛❣❡♠ q✉❛❧✐t❛t✐✈❛ ❞❡ ✐♥t❡r✈❡♥çã♦✱

♦♥❞❡ ❜✉s❝♦✉✲s❡ ❡①♣❧✐❝❛r ❛s r❛③õ❡s ❞❛s ❞✐✜❝✉❧❞❛❞❡s ❞♦s ❛❧✉♥♦s ✉t✐❧✐③❛♥❞♦✲s❡

❞❛ ❡♥❣❡♥❤❛r✐❛ ❞✐❞át✐❝❛ ❝♦♠♦ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❡♥s✐♥♦✳ ❆ ❡♥❣❡♥❤❛r✐❛ ❞✐❞át✐❝❛✱

❡♥q✉❛♥t♦ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❡♥s✐♥♦✱ ❝♦♥s✐st❡ ♥✉♠ tr❛❜❛❧❤♦ ❞❡ ❝♦♥str✉çã♦ ❞❡

❝♦♥❤❡❝✐♠❡♥t♦ ❛tr❛✈és ❞❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛✳

Pr♦❝✉r♦✉✲s❡ ❝♦♠ ❡st❡ ❡st✉❞♦ r❡s♣♦♥❞❡r ❛ s❡❣✉✐♥t❡ q✉❡stã♦ ❞❡ ♣❡s✲

q✉✐s❛✿ ❝♦♠♦ ♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛ ❝♦♥tr✐❜✉❡♠ ♥♦ ♣r♦❝❡ss♦

❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡ ✈❡t♦r❄ P❛r❛ r❡s♣♦♥❞❡r ❛ ❡st❛ q✉❡stã♦✱ ❛❧é♠ ❞❛

❡♥❣❡♥❤❛r✐❛ ❞✐❞át✐❝❛ ❞❡ ▼✐❝❤❡❧❡ ❆rt✐❣✉❡ ✭✾✽✽✮✱ ❜✉s❝♦✉✲s❡ ❛✐♥❞❛ ❢✉♥❞❛♠❡♥✲

t❛çã♦ ♥❛ t❡♦r✐❛ ❞♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞❡ ❉✉✈❛❧ ✭✷✵✵✸✱ ✷✵✵✺✱ ✷✵✵✻✱

✷✵✵✶✮✳

❆ ♦r❣❛♥✐③❛çã♦ ❞❛s s❡çõ❡s q✉❡ ❝♦♠♣õ❡♠ ❡st❛ ❞✐ss❡rt❛çã♦✱ r❡✢❡t❡♠

♦s ♣r✐♥❝í♣✐♦s ❞❛ ❡♥❣❡♥❤❛r✐❛ ❞✐❞át✐❝❛ q✉❡ s❡ ✜③❡r❛♠ ♣r❡s❡♥t❡s ♥♦ ❞❡s❡♥r♦❧❛r

❞❡st❡ ❡st✉❞♦ ❡ ❛s ❝♦♥tr✐❜✉✐çõ❡s ❞♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛ ♥♦

♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡ ♠❛t❡♠át✐❝❛✳

◆❛ ✐♥tr♦❞✉çã♦ ❛♣r❡s❡♥t❛✲s❡ ♦ tr❛❜❛❧❤♦ ❥✉st✐✜❝❛♥❞♦✲s❡ ❛ ✉t✐❧✐③❛çã♦ ❞❛

✶✹



❡♥❣❡♥❤❛r✐❛ ❞✐❞át✐❝❛ ❡ ❛ t❡♦r✐❛ ❞❡ r❡♣r❡s❡♥t❛çã♦ s❡♠✐ót✐❝❛ ♥♦ ❡♥s✐♥♦ ❞❛ ♠❛t❡✲

♠át✐❝❛✱ ❡♠ ♣❛rt✐❝✉❧❛r ♥♦ ❞❡ ✈❡t♦r❡s✳ ❆ s❡çã♦ ✷✱ ❢♦❝❛ ♥❛ t❡♦r✐❛ ❞♦s r❡❣✐str♦s

❞❡ r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s✳ ❆ s❡çã♦ ✸✱ ❛❜♦r❞❛ ❛s ❝♦♥❝❡♣çõ❡s✱ ❡✈♦❧✉çã♦ ❡

♦♣❡r❛çõ❡s ❝♦♠ ✈❡t♦r❡s✳ ◆❛ s❡çã♦ ✹✱ ❞✐s❝♦rr❡✲s❡ s♦❜r❡ ❛ ❝♦♥❝❡♣çã♦ ❞❛ ♠❡✲

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

❞✐❞át✐❝❛ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞♦ ❡①♣❡r✐♠❡♥t♦✳ ❏á ♥❛ s❡çã♦ ✺✱ ♦ ❢♦❝♦ sã♦ ❛s ❡t❛♣❛s

❞❛ r❡❛❧✐③❛çã♦ ❞♦ ❡①♣❡r✐♠❡♥t♦ ❡ ❛♥❛❧✐s❡ ❛ ♣♦st❡r✐♦r✐✳ ❋✐♥❛❧♠❡♥t❡ ♥❛ s❡çã♦ ✻

t❡♠♦s ❛s ❝♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s✳

✶✺



✷ ❘❊P❘❊❙❊◆❚❆➬Õ❊❙ ❙❊▼■Ó❚■❈❆❙

✷✳✶ ❘❡♣r❡s❡♥t❛çõ❡s

❋❛❧❛r ❡♠ r❡♣r❡s❡♥t❛çõ❡s ♠❛t❡♠át✐❝❛s s✐❣♥✐✜❝❛ ❞✐s❝♦rr❡r s♦❜r❡ ❛s ❞✐✲

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

s❡❣✉♥❞♦ ❉✉✈❛❧ ✭✷✵✵✸✮ ❡ ◆❡r❡s ✭✷✵✶✵✮ ❡ss❛ ✈❛r✐❡❞❛❞❡ ❞❡ r❡♣r❡s❡♥t❛çõ❡s t❡♠

❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦✱ ♣♦✐s ♦ ❛❧✉♥♦✱ ❛♦ s❛✐r

❞♦ ✐♠❛❣✐♥ár✐♦ ❡ ❡①t❡r✐♦r✐③❛r ✉♠ ❝♦♥❝❡✐t♦ ❢♦r♠❛ ❝♦♥❡①õ❡s ❡♥tr❡ ❝♦♥❤❡❝✐♠❡♥t♦s

♣ré✈✐♦s ❡ ♥♦✈❛s ✐♥❢♦r♠❛çõ❡s ♦ q✉❡ ♣♦r s✉❛ ✈❡③ t❡♥❞❡ ❛ ❛♠♣❧✐❛ ♦ s❡✉ ❤♦r✐③♦♥t❡

❞❡ s❛❜❡r❡s✳

❆♣❛❧❛✈r❛ r❡♣r❡s❡♥t❛çã♦ é✱ ♥❛ ♠❛✐♦r✐❛ ❞❛s ✈❡③❡s✱ ❡♠♣r❡❣❛❞❛ s♦❜ ❛

❢♦r♠❛ ✈❡r❜❛❧ ✏r❡♣r❡s❡♥t❛r✑✳ ❆ss✐♠ r❡♣r❡s❡♥t❛♠ ♦❜❥❡t♦s ♠❛t❡♠át✐❝♦s✿ ✉♠

♥ú♠❡r♦✱ ✉♠❛ ❢✉♥çã♦✱ ✉♠ ✈❡t♦r✳ ❉♦ ♠❡s♠♦ ♠♦❞♦✱ ♦s tr❛ç❛❞♦s ❡ ✜❣✉r❛s

r❡♣r❡s❡♥t❛♠ ♦❜❥❡t♦s ♠❛t❡♠át✐❝♦s✿ ✉♠ s❡❣♠❡♥t♦✱ ✉♠ ♣♦♥t♦✱ ✉♠ ❝ír❝✉❧♦✳ ■st♦

q✉❡r ❞✐③❡r q✉❡ ♦s ♦❜❥❡t♦s ♠❛t❡♠át✐❝♦s ♥ã♦ ❞❡✈❡♠ s❡r ❥❛♠❛✐s ❝♦♥❢✉♥❞✐❞♦s

❝♦♠ ❛ r❡♣r❡s❡♥t❛çã♦ q✉❡ s❡ ❢❛③ ❞❡❧❡s ✭❉❯❱❆▲✱ ✷✵✶✷✱ ♣✳✷✻✽✮✳

❉❡ ❢❛t♦✱ ❡ss❛ ❝♦♥❢✉sã♦ ❛❝❛rr❡t❛✱ ❡♠ ♣❡r❞❛ ❞❡ ❝♦♠♣r❡❡♥sã♦ ❡ ♦s ❝♦✲

♥❤❡❝✐♠❡♥t♦s ❛❞q✉✐r✐❞♦s t♦r♥❛♠✲s❡ r❛♣✐❞❛♠❡♥t❡ ✐♥✉t✐❧✐③á✈❡✐s ❛♦ ❧♦♥❣♦ ❞❡ s❡✉

❝♦♥t❡①t♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✿ s❡❥❛ ♣♦r ♥ã♦ ❧❡♠❜r❛r ♦✉ ♣♦rq✉❡ ♣❡r♠❛♥❡❝❡♠

❝♦♠♦ r❡♣r❡s❡♥t❛çõ❡s ✏✐♥❡rt❡s✑ q✉❡ ♥ã♦ s✉❣❡r❡♠ ♥❡♥❤✉♠ tr❛t❛♠❡♥t♦✳ ❆ ❞✐s✲

t✐♥çã♦ ❡♥tr❡ ✉♠ ♦❜❥❡t♦ ❡ s✉❛ r❡♣r❡s❡♥t❛çã♦ é✱ ♣♦rt❛♥t♦✱ ✉♠ ♣♦♥t♦ ❡str❛té❣✐❝♦

♣❛r❛ ❛ ❝♦♠♣r❡❡♥sã♦ ❞❛ ♠❛t❡♠át✐❝❛ ✭❉❯❱❆▲✱ ✷✵✶✷✱ ♣✳✷✻✽✮✳

◆❛s ú❧t✐♠❛s ❞é❝❛❞❛s ❡st✉❞♦s s♦❜r❡ r❡♣r❡s❡♥t❛çõ❡s ♠❛t❡♠át✐❝❛s t❡♠

♦❝✉♣❛❞♦ ❡s♣❛ç♦ ♥❛s ❞✐s❝✉ssõ❡s ❡♠ ❡❞✉❝❛çã♦ ♠❛t❡♠át✐❝❛ ❞❛❞❛ ❛ s✉❛ ❣r❛♥❞❡

✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ♦ r❛❝✐♦❝í♥✐♦ ♠❛t❡♠át✐❝❛✳

P❛r❛ ❇✐s❤♦♣ ❡ ●♦✛r❡❡ ✭✶✾✽✻✮✱ ❡①✐st❡♠ q✉❛tr♦ t✐♣♦s ♣r✐♥❝✐♣❛✐s ❞❡

r❡♣r❡s❡♥t❛çõ❡s✿ sí♠❜♦❧♦s ♠❛t❡♠át✐❝♦s✱ ❧✐♥❣✉❛❣❡♠✱ ✜❣✉r❛s ❡ ♦❜❥❡t♦s✳ ❖s ❛✉✲

t♦r❡s ❛✜r♠❛♠ q✉❡ ❡st❛s r❡♣r❡s❡♥t❛çõ❡s ♣♦ss✉❡♠ ♦ s❡✉ ♣ró♣r✐♦ ✈♦❝❛❜✉❧ár✐♦

q✉❡ ♦s ❛❧✉♥♦s ♥❡❝❡ss✐t❛♠ ❞❡ ❛♣r❡♥❞❡r ♣❛r❛ ❝♦♠♣r❡❡♥❞❡r❡♠ ❛s ✐❞❡✐❛s ♠❛t❡♠á✲

t✐❝❛s✳ ❊ q✉❡ ♠❡s♠♦ ♣❡r❛♥t❡ ✈ár✐❛s r❡♣r❡s❡♥t❛çõ❡s ❞❡ ✉♠ ♦❜❥❡t♦✱ ❡st❡s só ✐rã♦

❝♦♠♣r❡❡♥❞ê✲❧♦ q✉❛♥❞♦ ❛tr✐❜✉ír❡♠ s✐❣♥✐✜❝❛❞♦ ❛ ❡st❛s r❡♣r❡s❡♥t❛çõ❡s✳✭P❖◆❚❊

❡ ❱❊▲❊❩✱✷✵✶✶ ❛♣✉❞ ▼❆❈❊❉❖✱ ✷✵✶✻✱ ♣✳ ✶✮✳

✶✻



❆s t❛r❡❢❛s ♣r♦♣♦st❛s ♣❡❧♦ ♣r♦❢❡ss♦r ❞❡✈❡♠ ❛♣r❡s❡♥t❛r ♣r♦❜❧❡♠❛s ❝♦♠✲

♣❛tí✈❡✐s ❝♦♠ s❡✉ ❝♦♥❤❡❝✐♠❡♥t♦ ❞❡s❛✜❛♥❞♦ ❛ ❝✉r✐♦s✐❞❛❞❡ ❡ ✐♥❝✉t✐♥❞♦ ♥♦ ❛❧✉♥♦

♦ ❣♦st♦ ♣❡❧♦ r❛❝✐♦❝í♥✐♦ PÓ▲❨❆ ✭✶✾✼✼✮✳ ◆♦s ♠♦♠❡♥t♦s ❞❡ ❞✐s❝✉ssã♦ ❞❡ss❛s

t❛r❡❢❛s ♦ ♣r♦❢❡ss♦r ♣♦❞❡ ♣❡r❝❡❜❡r ♦ ♥í✈❡❧ ❞❡ ❝♦♠♣r❡❡♥sã♦ ❞♦s ❛❧✉♥♦s✱ ♣❛r❛

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

❡ ❞❡s❡♥✈♦❧✈❛♠ ❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡ r❛❝✐♦❝í♥✐♦ ❡ ❝♦♠✉♥✐❝❛çã♦ ✭P❖◆❚❊ ❡ ❱❊✲

▲❊❩✱ ✷✵✶✶ ❛♣✉❞ ▼❆❈❊❉❖✱ ✷✵✶✻✱ ♣✳ ✶✲✷✮✳

❖s ♣r♦❢❡ss♦r❡s t❡♥❞❡♠ ♣❛r❛ ✉♠❛ ✈✐sã♦ ❛❜s♦❧✉t✐st❛ ❡ ✐♥str✉♠❡♥t❛❧ ❞❛

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

t♦s ❡ t❡♦r❡♠❛s✳ ◆♦ ❡♥t❛♥t♦✱ ❛❧❣✉♥s ♣r♦❢❡ss♦r❡s✱ ❞❡st❛❝❛♥❞♦✲s❡ ❞♦ ❝♦♥❥✉♥t♦✱

❛ss✉♠❡♠ ✉♠❛ ❝♦♥❝❡♣çã♦ ❞✐♥â♠✐❝❛✱ ❡♥❝❛r❛♥❞♦ ❛ ♠❛t❡♠át✐❝❛ ❝♦♠♦ ✉♠ ❞♦♠í✲

♥✐♦ ❡♠ ❡✈♦❧✉çã♦✱ ❝♦♥❞✉③✐❞♦ ♣♦r ♣r♦❜❧❡♠❛s✱ ❡ s✉❥❡✐t♦ ❛ r❡✈✐sõ❡s s✐❣♥✐✜❝❛t✐✈❛s✳

✭P❖◆❚❊❙✱ ✶✾✾✷✱ ♣✳ ✷✵✽✮✳

❊♠ P♦rt✉❣❛❧ ♣♦r ❡①❡♠♣❧♦✱ ❞❡s❞❡ ✷✵✵✼ ♦ ▼✐♥✐stér✐♦ ❞❛ ❊❞✉❝❛çã♦

✭▼✳❊✱ ✷✵✵✼✮ ✈❡♠ r❡❝❡❜❡♥❞♦ ✉♠ ❡s♣❡❝✐❛❧ ❝✉✐❞❛❞♦✱ t❛♥t♦ ♥❛s ♦r✐❡♥t❛çõ❡s ♠❡✲

t♦❞♦❧ó❣✐❝❛✱ q✉❛♥t♦ ❝♦♠♦ r❡❝♦♠❡♥❞❛çõ❡s ♣❛r❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥✲

❞✐③❛❣❡♠ ♥♦s ❞✐✈❡rs♦s ❝♦♥t❡ú❞♦s ♠❛t❡♠át✐❝♦s✳

P❛r❛ q✉❡ ❡st❛s r❡❝♦♠❡♥❞❛çõ❡s ❡ ♦r✐❡♥t❛çõ❡s t❡♥❤❛ ê①✐t♦s✱ é ❢✉♥❞❛✲

♠❡♥t❛❧ q✉❡ ♦ ♣r♦❢❡ss♦r ❡st❡❥❛ ❜❡♠ ♣r❡♣❛r❛❞♦ ❡♠ t♦❞♦s ♦s ❛s♣❡❝t♦s ❞♦s s❛❜❡r❡s

❞♦❝❡♥t❡s ♣❛r❛ q✉❡ ♦ ❡♥s✐♥♦ ❞❡ ♠❛t❡♠át✐❝❛ s❡❥❛ ❡✜❝✐❡♥t❡✳

❊♥❝♦♥tr❛✲s❡ ❡♠ P♦♥t❡ ❡ ❱❡❧❡③ ✭✷✵✵✽✮✱ q✉❡ ❛s r❡♣r❡s❡♥t❛çõ❡s ♠❛t❡✲

♠át✐❝❛s r❡❝❡❜❡r❛♠ ✉♠❛ s✐❣♥✐✜❝❛t✐✈❛ ❛t❡♥çã♦ ♥♦ Pr♦❣r❛♠❛ ❞❡ ▼❛t❡♠át✐❝❛

❞♦ ❊♥s✐♥♦ ❇ás✐❝♦ ❞❡ ✷✵✵✼ ♥♦ ▼✐♥✐stér✐♦ ❞❛ ❊❞✉❝❛çã♦ ❡ ❈✉❧t✉r❛ ❞❡ P♦rt✉❣❛❧

❝♦♠♦ ♦r✐❡♥t❛çã♦ ♠❡t♦❞♦❧ó❣✐❝❛✳

❊♠❜♦r❛ ♦s ❛❧✉♥♦s ♣♦ss❛♠ ❝♦♠❡ç❛r ♣♦r ❛♣r❡s❡♥t❛r ❡str❛té❣✐❛s ❞❡ r❡✲

s♦❧✉çã♦ ♠❛✐s ✐♥❢♦r♠❛✐s✱ r❡❝♦rr❡♥❞♦ ❛ ❡sq✉❡♠❛s✱ ❞✐❛❣r❛♠❛s✱ t❛❜❡❧❛s ♦✉ ♦✉tr❛s

r❡♣r❡s❡♥t❛çõ❡s✱ ❞❡✈❡♠ s❡r ✐♥❝❡♥t✐✈❛❞♦s ❛ r❡❝♦rr❡r ♣r♦❣r❡ss✐✈❛♠❡♥t❡ ❛ ♠ét♦✲

❞♦s ♠❛✐s s✐st❡♠át✐❝♦s ❡ ❢♦r♠❛❧✐③❛❞♦s ✭P❖❘❚❯●❆▲✱ ✷✵✶✸✱ ♣✳ ✺✮✳

✶✼



✷✳✷ ❙✐❣♥♦s ❡ ❙❡♠✐ót✐❝❛

❊st✉❞❛♥❞♦ ❛ ❤✐stór✐❛ ❞❛ ❤✉♠❛♥✐❞❛❞❡ ♣❡r❝❡❜❡✲s❡ q✉❡ s✉❛ ♠❛✐♦r ✐♥✈❡♥✲

çã♦ ❢♦✐ ❛ ❧í♥❣✉❛✱ t❛♥t♦ ❢❛❧❛❞❛ q✉❛♥t♦ ❡s❝r✐t❛✳ ❋♦✐ ❛ ❧✐♥❣✉❛❣❡♠ q✉❡ ♣♦ss✐❜✐❧✐t♦✉

❛♦ ❤♦♠❡♠ ✉t✐❧✐③❛r s✐❣♥♦s ♣❛r❛ r❡♣r❡s❡♥t❛r ❛❧❣✉♠❛ ❝♦✐s❛✳ ❆ ♣❛rt✐r ❞❛ ✉t✐❧✐③❛✲

çã♦ ❞♦s s✐❣♥♦s✱ ❛s ❢♦r♠❛s ❞❡ r❡♣r❡s❡♥t❛r ❡ s✐❣♥✐✜❝❛r ❛❝♦♠♣❛♥❤❛♠ ♦ ❤♦♠❡♠

❡ s✉❛ ❡✈♦❧✉çã♦✳

❯♠ s✐❣♥♦✱ é t✉❞♦ ❛q✉✐❧♦ q✉❡ ❣✉❛r❞❛ ❞❡t❡r♠✐♥❛❞♦s ❛s♣❡❝t♦s ♦✉ ♠❛✲

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

❞❡ss❡ ✐♥❞✐✈✐❞✉♦ ✉♠ s✐❣♥✐✜❝❛❞♦ ❡q✉✐✈❛❧❡♥t❡✱ ❣❡r❛♥❞♦ ✉♠ ❡❢❡✐t♦ ✐♥t❡r♣r❡t❛t✐✈♦✳

❯♠ ❞♦s ♠❛✐♦r❡s ❡st✉❞✐♦s♦s ❛❝❡r❝❛ ❞♦s s✐❣♥♦s ❢♦✐ ♦ ✜❧ós♦❢♦ ❡ ❢ís✐❝♦

♥♦rt❡✲❛♠❡r✐❝❛♥♦ ❈❤❛r❧❡s ❙❛♥❞❡rs P❡✐r❝❡ ✭✶✽✸✾ ✲✶✾✶✹✮ q✉❡ ❛ ♣❛rt✐r ❞❡st❡s ❡s✲

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

P❡✐r❝❡ ❝♦♥❝❡❜❡✉ ❛ s❡♠✐ót✐❝❛ ❝♦♠♦ ❛ ❚❡♦r✐❛ ●❡r❛❧ ❞♦s s✐❣♥♦s✱ ❝✐ê♥❝✐❛

❞♦s s✐❣♥♦s ❡ ❞❡ s❡✉s s✐❣♥✐✜❝❛❞♦s✱ t❛♥t♦ ♥❛ ♥❛t✉r❡③❛✱ q✉❛♥t♦ ♥❛ ❝✉❧t✉r❛✳ ❈✐✲

ê♥❝✐❛ ❞❛ ❧✐♥❣✉❛❣❡♠ ❡ ❞♦s ♣r♦❝❡ss♦s ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❖ ❡st✉❞♦ ❞❛ s❡♠✐ót✐❝❛

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

❣✉♠❛s ❞❡❧❛s✱ ❡♥❝♦♥tr❛✲s❡ ❛ ♠❛t❡♠át✐❝❛✱ q✉❡ ✐♥❝♦r♣♦r♦✉ ❛♦s s❡✉s ♣r♦❝❡ss♦s

❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞✐♥❛♠✐③❛♥❞♦ s✉❛ ❧✐♥❣✉❛❣❡♠✳

❆ ❙❡♠✐ót✐❝❛ é ✉♠❛ ❝✐ê♥❝✐❛ q✉❡ ♣♦ss✉✐ ❝♦♠♦ ♦❜❥❡t♦ ❞❡ ✐♥✈❡st✐❣❛çã♦

♦s s✐❣♥♦s✳ ✧❯♠ s✐❣♥♦ só é s✐❣♥♦ ♣♦rq✉❡ ❡ss❡ ❝♦r♣♦ ♠❛t❡r✐❛❧ q✉❡ ♦ ❝♦♥st✐t✉✐

❡stá ♣❛r❛ ❛❧❣✉♠❛ ❝♦✐s❛ q✉❡ ♥ã♦ é ❡❧❡ ♠❡s♠♦✳ ❊❧❡ só ❢✉♥❝✐♦♥❛ ❡ ❛❣❡ ❝♦♠♦

s✐❣♥♦ ♣♦rq✉❡ s✉❜st✐t✉✐✱ r❡♣r❡s❡♥t❛✱ ❡stá ♥♦ ❧✉❣❛r ❞❡ ❛❧❣✉♠❛ ❝♦✐s❛ q✉❡ ♥ã♦ é

❡❧❡✧✭❙❆◆❚❆❊▲▲❆✱ ✷✵✵✵✱ ♣✳ ✻✵✮✳

❆ t❡s❡ ❝❡♥tr❛❧ ❞❡ P❡✐r❝❡ é ❛ ❞❡ q✉❡ ❵t♦❞♦ ♣❡♥s❛♠❡♥t♦ s❡ ❞á ❡♠ s✐❣♥♦s✬✱

❞♦ q✉❡ ❞❡❝♦rr❡ q✉❡ ❬✳✳✳❪ ❛ ❝♦❣♥✐çã♦ é ✉♠❛ r❡❧❛çã♦ ❞❡ três t❡r♠♦s✱ ✐st♦ é✱

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

♣❡❧♦ s✐❣♥♦✳ ✭❙❆◆❚❆❊▲▲❆✱ ✶✾✾✷✱ ♣✳✼✵✮✳ ❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s ❝♦♥❝❡✐t♦s✱

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

♦✉tr❛s ❢✉♥çõ❡s ✐♥t❡❧❡❝t✉❛✐s ❬✳✳✳❪✳ ❊ss❡s ♣r♦❝❡ss♦s ♣s✐❝♦❧ó❣✐❝♦s ❝♦♠♣❧❡①♦s ♥ã♦

♣♦❞❡♠ s❡r ❞♦♠✐♥❛❞♦s ❛tr❛✈és ❞❛ ❛♣r❡♥❞✐③❛❣❡♠ ✐♥✐❝✐❛❧✳ ❆ ❡①♣❡r✐ê♥❝✐❛ ♣rát✐❝❛

♠♦str❛ t❛♠❜é♠ q✉❡ ♦ ❡♥s✐♥♦ ❞✐r❡t♦ ❞❡ ❝♦♥❝❡✐t♦s é ✐♠♣♦ssí✈❡❧ ❡ ✐♥❢r✉tí❢❡r♦✳

✭❱■●❖❚❙❑❨✱✶✾✾✽✱ ♣✳✶✵✹✮✳

✶✽



❆♥t❡s ❞❡ ❢♦r♠❛❧✐③❛r ♦s ❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s✱ é ✐♠♣♦rt❛♥t❡ ✉♠❛

❛♣r❡s❡♥t❛çã♦ ❞❛s ♥♦çõ❡s ✐♥t✉✐t✐✈❛s ❡ s✉❛s r❡♣r❡s❡♥t❛çõ❡s✱ ♣♦✐s sí♠❜♦❧♦s✱ t❛✲

❜❡❧❛s✱ ❣rá✜❝♦s✱ ❡①♣r❡ssõ❡s t✉❞♦ ❝♦♥tr✐❜✉❡♠ ♣❛r❛ ✉♠❛ ♠❡❧❤♦r ❝♦♠♣r❡❡♥sã♦

❞♦s ❝♦♥❝❡✐t♦s✱ ♣♦✐s ♦ ♣❡♥s❛♠❡♥t♦ ♠❛t❡♠át✐❝♦ s❡ ❡①t❡r♥❛❧✐③❛ s❡❥❛ ♣❡❧❛ ✐♥t❡❣r❛✲

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

❡ s❡♠✐♦s❡✱ q✉❡ ♣❛r❛ P❡✐r❝❡ ❝♦♠♣r❡❡♥❞❡ ♦ ♣r♦❝❡ss♦ ❞❡ s✐❣♥✐✜❝❛çã♦ ❡ ❛ ♣r♦❞✉✲

çã♦ ❞❡ s✐❣♥✐✜❝❛❞♦s✱ ♦✉ s❡❥❛✱ ❛ ♠❛♥❡✐r❛ ❝♦♠♦ ❛s ♣❡ss♦❛s ✉s❛♠ ♦s s✐❣♥♦s✱ s❡✉

♦❜❥❡t♦s ❡ s✉❛s ❞✐❢❡r❡♥t❡s r❡♣r❡s❡♥t❛çõ❡s✳

❙❡♠✐ót✐❝❛ é ❛ ❝✐ê♥❝✐❛ q✉❡ ❡st✉❞❛ ♦s s✐❣♥♦s ❡ s❡✉s s✐❣♥✐✜❝❛❞♦s✱ é ❛

❝✐ê♥❝✐❛ ❞❛s ❧✐♥❣✉❛❣❡♥s✳ ❆ t❡♦r✐❛ ❞♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ s❡♠✐ót✐❝❛ ❞❡

❘❛②♠♦♥❞ ❉✉✈❛❧ ❝♦♥tr✐❜✉✐ ❝♦♠ ❛ ❝♦♠♣r❡❡♥sã♦ ❞❛ ❛♣r❡♥❞✐③❛❣❡♠ ♠❛t❡♠át✐❝❛✱

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

♣♦r ♠✉✐t♦s ❛❧✉♥♦s ♥❛ ❝♦♠♣r❡❡♥sã♦ ❞❡ ❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s✳ ❉✉✈❛❧ ❞❡❢❡♥❞❡

❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛s r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s ♥ã♦ ❛♣❡♥❛s ♣❛r❛ ❡①♣r❡ss❛r ♦ q✉❡

❢♦✐ ❛♣r❡♥❞✐❞♦✱ ♠❛s ♣❛r❛ ❛♣r❡♥❞❡r ♦ q✉❡ ❛✐♥❞❛ ♥ã♦ s❡ s❛❜❡✳ ❊ ❞❡❢❡♥❞❡ q✉❡

♦ ❡♥s✐♥♦ ❞❛ ♠❛t❡♠át✐❝❛ ♥❛ ❢♦r♠❛çã♦ ✐♥✐❝✐❛❧ ❞♦s ❛❧✉♥♦s t❡♠ ♦ ♦❜❥❡t✐✈♦ ❞❡

✏❝♦♥tr✐❜✉✐r ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❣❡r❛❧ ❞❡ s✉❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡ r❛❝✐♦❝í♥✐♦✱

❞❡ ❛♥á❧✐s❡ ❡ ❞❡ ✈✐s✉❛❧✐③❛çã♦✑ ✭❉❯❱❆▲✱ ✷✵✵✸✱ ♣✳ ✶✶✮✳

❆ ❚❡♦r✐❛ ❞❛s ❘❡♣r❡s❡♥t❛çõ❡s ❙❡♠✐ót✐❝❛s ❡st✉❞❛ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❡

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

✈✐❞❛❞❡s r❡❧❛❝✐♦♥❛❞❛s à ▼❛t❡♠át✐❝❛✳ ❙❡❣✉♥❞♦ ❉✉✈❛❧ ✭✷✵✵✼✮✱ ♣❛r❛ ❞❡s❡♥✈♦❧✲

✈❡r♠♦s ♦ ❡♥t❡♥❞✐♠❡♥t♦ ❞❛ ▼❛t❡♠át✐❝❛ ♥❛s sér✐❡s ✐♥✐❝✐❛✐s ❞♦ ❊♥s✐♥♦ ❋✉♥❞❛✲

♠❡♥t❛❧✱ é ♥❡❝❡ssár✐❛ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❝♦❣♥✐t✐✈❛✱ ❤❛❥❛ ✈✐st❛ q✉❡✱ ♥♦ ❡♥s✐♥♦ ❞❛

▼❛t❡♠át✐❝❛✱ ❜✉s❝❛♠♦s ❞❡s❡♥✈♦❧✈❡r ♥♦s ❛❧✉♥♦s ❤❛❜✐❧✐❞❛❞❡s ❡ ❝♦♠♣❡tê♥❝✐❛s

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

r❛❝✐♦❝í♥✐♦ ❡ ❞❡ ❛♥á❧✐s❡✳ ✭◆❊❘❊❙✱ ✷✵✶✵✱ ♣✳ ✷✷✮

❬✳✳✳❪ ❆ t❡♦r✐❛ ❞♦s r❡❣✐str♦ ❞❡ r❡♣r❡s❡♥t❛çã♦ s❡♠✐ót✐❝❛ t❡♠ ❝♦♠♦ ♣r❡s✲

s✉♣♦st♦ q✉❡ ✉♠❛ ❛♣r❡♥❞✐③❛❣❡♠ s✐❣♥✐✜❝❛t✐✈❛ ♦❝♦rr❡ q✉❛♥❞♦ ♦ ❡st✉❞❛♥t❡ ❛❞✲

q✉✐r❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♠✉❞❛r ❞❡ r❡❣✐str♦ ❡✱ ❛❧é♠ ❞✐ss♦✱ ❝♦♥s❡❣✉❡ ❞✐❢❡r❡♥❝✐❛r

✉♠ ♦❜❥❡t♦ ❞❡ s✉❛ r❡♣r❡s❡♥t❛çã♦✳ ◆❛ ❝♦♥✈❡rsã♦✱ é ♥♦r♠❛❧ q✉❡ ♦ ❡st✉❞❛♥t❡

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

❛s r❡♣r❡s❡♥t❛çõ❡s✱ ❡ ❡s❝♦❧❤❡r ❛ q✉❡ ♠❡❧❤♦r s❡ ❛❞❛♣t❛ ❛ s✐t✉❛çã♦ ✕ ❡♠ t❡r♠♦s

❞❡ tr❛t❛♠❡♥t♦ ✕ ❡✱ ❡♥tã♦✱ ❢❛③❡r ❛ tr❛♥s❢♦r♠❛çã♦ ♣❛r❛ ♦ r❡❣✐str♦ r❡q✉❡r✐❞♦ ♥♦

✶✾



❡♥✉♥❝✐❛❞♦ ❞❛ q✉❡stã♦✳ ✭❘❖◆❈❆●▲■❖ ❡ ◆❊❍❘■◆●✱ ✷✵✶✺✱ P✳ ✹✮✳

❙❡❣✉♥❞♦ ❉❛✈✐s ❡ ❍❡rs❤ ✭✶✾✾✽✱ ♣✳ ✷✾✸✮✱ ✏❬✳✳✳❪ ❛ ▼❛t❡♠át✐❝❛ ♣r♦✈é♠

❞❛ ❝♦♥❡①ã♦ ❞❛ ♠❡♥t❡ ❝♦♠ ♦ ♠✉♥❞♦ ❡①t❡r♥♦✳✳✳✑ ❡✱ ♥❡st❡ s❡♥t✐❞♦✱ ❛ ♣r❡s❡♥ç❛ ❞❛

▼❛t❡♠át✐❝❛ ♥❛ r❡❛❧✐❞❛❞❡ ♥ã♦ ♣♦❞❡ s❡r ✐❣♥♦r❛❞❛ ♥♦ â♠❜✐t♦ ❞❛ ❊❞✉❝❛çã♦ ▼❛✲

t❡♠át✐❝❛ ❡✱ ❡s♣❡❝✐❛❧♠❡♥t❡✱ q✉❛♥❞♦ s❡ tr❛t❛ ❞❡ ❛s♣❡❝t♦s r❡❧❛t✐✈♦s ❛♦ ❡♥s✐♥♦ ❡ à

❛♣r❡♥❞✐③❛❣❡♠ ❞❛ ▼❛t❡♠át✐❝❛✳ ◆❡st❡ ❝❡♥ár✐♦✱ ♣❛r❛ ❡✈✐❞❡♥❝✐❛r ❛ ❝♦♥❡①ã♦ ❡♥✲

tr❡ ▼❛t❡♠át✐❝❛✱ ♠❡♥t❡ ❡ ♠✉♥❞♦ ❡①t❡r♥♦ é ♥❡❝❡ssár✐♦ ♦ ✉s♦ ❞❡ r❡♣r❡s❡♥t❛çõ❡s✳

✭❙■▲❱❆✱ ✷✵✵✽✱ ♣✳✶✾✮

✷✳✸ ❘❡♣r❡s❡♥t❛çã♦ ❙❡♠✐ót✐❝❛

❆♦ ❧♦♥❣♦ ❞♦s ❛♥♦s ❞❡ ♥♦ss❛ ❡①♣❡r✐ê♥❝✐❛ ❝♦♠♦ ❞♦❝❡♥t❡ t❡♠♦s ♦❜s❡r✲

✈❛❞♦ q✉❡ ❛✉❧❛s ♦♥❞❡ ✈❛❧♦r✐③❛✲s❡ ❛♣❡♥❛s ❛ ❝♦♥❝❡♣çã♦ ❛❧❣é❜r✐❝❛ ❞♦s ❝♦♥❝❡✐t♦s

♠❛t❡♠át✐❝♦s ❛❝❛❜❛♠ ❧✐♠✐t❛♥❞♦ ❛ ❝♦♥str✉çã♦ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❞♦ ❛❧✉♥♦✱ ♣♦✐s

♣❛r❛ ❝♦♠♣r❡❡♥❞❡r ✉♠ ♦❜❥❡t♦ ❛❜str❛t♦ ♥❡❝❡ss✐t❛✲s❡ ♠❛✐s ❞❡ ✉♠❛ r❡♣r❡s❡♥t❛✲

çã♦✳

▼✉✐t❛s ♣❡sq✉✐s❛s ❡♠ ❡❞✉❝❛çã♦ ♠❛t❡♠át✐❝❛✱ ♥❛s ú❧t✐♠❛s ❞é❝❛❞❛s ✱

tê♠ ♣r♦❝✉r❛❞♦ ❝♦♥tr✐❜✉✐r ❝♦♠ ♠❛✐♦r ❡✜❝✐ê♥❝✐❛ ♥❛ ❛♣r❡♥❞✐③❛❣❡♠ ❡♠ ♠❛t❡✲

♠át✐❝❛✳ ❙ã♦ ✈ár✐❛s ❛s ♠❡t♦❞♦❧♦❣✐❛s ❡ q✉❛❞r♦s t❡ór✐❝♦s ❝♦♠ ❡ss❛ ♣❡rs♣❡❝t✐✈❛

♥♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠✳ ❉❡♥tr❡ ♦s ♠✉✐t♦s q✉❛❞r♦s t❡ór✐❝♦s ❡♠

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

❘❡❣✐str♦s ❞❡ ❘❡♣r❡s❡♥t❛çã♦ ❙❡♠✐ót✐❝❛✱ ♣♦✐s ❝♦♠♣r❡❡♥❞❡r ♦ ❝♦♥❝❡✐t♦ ❞❡ ✉♠

♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ s❡♠ ❝♦♥❤❡❝❡r s✉❛s ❢♦r♠❛s ❞❡ r❡♣r❡s❡♥t❛çã♦ é ❞✐❢í❝✐❧ ❞❡ s❡

❢❛③❡r ✉♠❛ ❝♦♥❡①ã♦ ❡♥tr❡ ♠❡♥t❡ ❡ ♠✉♥❞♦ ❡①t❡r✐♦r✳

❙♦❜r❡ ❛ ❚❡♦r✐❛ ❞♦s ❘❡❣✐str♦s ❞❡ ❘❡♣r❡s❡♥t❛çã♦ ❙❡♠✐ót✐❝❛✱ ❜✉s❝❛✲

♠♦s ♣✉❜❧✐❝❛çõ❡s r❡❛❧✐③❛❞❛s ♥♦s ú❧t✐♠♦s ❛♥♦s✳ ❉❡♥tr❡ ♦s tr❛❜❛❧❤♦s ❧❡✈❛♥t❛❞♦s

❡ ♣❡sq✉✐s❛❞♦s✱ s❡❧❡❝✐♦♥❛♠♦s ❛♣❡♥❛s ❛q✉❡❧❡s q✉❡✱ ❞❡ ❝❡rt❛ ❢♦r♠❛✱ ♣♦ss✉❡♠

❛❧❣✉♠❛ ✐♥t❡rs❡çã♦ ❝♦♠ ❡st❡ tr❛❜❛❧❤♦ ❡ q✉❡ t❡♥❤❛ ❛♣❧✐❝❛❞♦ ❡ss❛ ❚❡♦r✐❛✳ P❛✲

✈❧♦♣♦✉❧♦✉ ✭✶✾✾✹✮ ✐♥✈❡st✐❣♦✉ ❛ ❛♣❧✐❝❛çã♦ ❞❛ ❚❡♦r✐❛ ❞♦s ❘❡❣✐str♦s ❞❡ ❘❡♣r❡✲

s❡♥t❛çã♦ ❙❡♠✐ót✐❝❛ ♥♦ ❡♥s✐♥♦ ♣r♦♣❡❞ê✉t✐❝♦ ❞❡ á❧❣❡❜r❛ ❧✐♥❡❛r✳ ❖ ♦❜❥❡t✐✈♦ ❢♦✐

♣r♦♠♦✈❡r ❛ ❝♦♦r❞❡♥❛çã♦ ❞♦s ❞✐❢❡r❡♥t❡s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦✳ ❊❧❛ ♣r♦♣ôs

❛♦s ❛❧✉♥♦s ❞❡ á❧❣❡❜r❛ ❧✐♥❡❛r✱ ❞♦ ❉❊❯● ❆ ✭Pr✐♠❡✐r♦ ❛♥♦ ✉♥✐✈❡rs✐tár✐♦✮✱ ❞❛

❯♥✐✈❡rs✐❞❛❞❡ ❞❡ ❙tr❛s❜♦✉r❣✱ ✉♠❛ ✈❛r✐❡❞❛❞❡ ❞❡ s✐t✉❛çõ❡s ♣❛r❛ ❛s ❢❛♠í❧✐❛s ❞❡

✷✵



✈❡t♦r❡s ❡♠ ❝❛❞❛ ✉♠ ❞♦s s❡✉s r❡❣✐str♦s✱ ❛ss✐♠ ❝♦♠♦ t❛r❡❢❛s q✉❡ ❧❡✈❛ss❡♠ ❛

❡①♣❧♦r❛r s✐st❡♠❛t✐❝❛♠❡♥t❡ ❛s ♣♦ssí✈❡✐s ✈❛r✐❛çõ❡s q✉❡ ❡st✐✈❡ss❡♠ r❡♣r❡s❡♥t❛✲

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

♣❡r❢♦r♠❛♥❝❡s ❡♠ ♦✉tr♦ r❡❣✐str♦✳ ❋♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s q✉❛tr♦ ♣❡sq✉✐s❛s ❝♦♠

♦s ❛❧✉♥♦s✳ ✭◆❊❘❊❙✱ ✷✵✶✵✱ ♣✳ ✷✷✮

❘❛②♠♦♥❞ ❉✉✈❛❧ ♣r♦♣õ❡ ❡♠ s❡✉ ❡st✉❞♦ s♦❜r❡ ✏r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛✲

çã♦ s❡♠✐ót✐❝❛ ♣❛r❛ ❛ ❛♣r❡♥❞✐③❛❣❡♠ ♠❛t❡♠át✐❝❛✑✱ q✉❡ ❛ ❛❜♦r❞❛❣❡♠ ❝♦❣♥✐t✐✈❛

❞❡✈❡ s❡r ❞✐r❡❝✐♦♥❛❞❛ ♣❛r❛ ❝♦♠♣r❡❡♥❞❡r ❛s ❞✐✜❝✉❧❞❛❞❡s ❞♦s ❛❧✉♥♦s ♥❛ ❝♦♠✲

♣r❡❡♥sã♦ ❞❛ ♠❛t❡♠át✐❝❛ ❡ ♣❛r❛ ❛ t❛♠❜é♠ ❝♦♠♣r❡❡♥sã♦ ❞❛ ♥❛t✉r❡③❛ ❞❡ss❛s

❞✐✜❝✉❧❞❛❞❡s✳

❆ ❛çã♦ ❝♦❣♥✐t✐✈❛ ♣♦ss✐❜✐❧✐t❛ ❛♦ ❛❧✉♥♦ ❝♦♠♣r❡❡♥❞❡r✱ ❡❢❡t✉❛r ❡ ❝♦♥tr♦✲

❧❛r ❛ ❞✐✈❡rs✐❞❛❞❡ ❞♦s ♣r♦❝❡ss♦s ♠❛t❡♠át✐❝♦s q✉❡ ❧❤❡ sã♦ ♣r♦♣♦st♦s✳ ❉❡ss❛

❢♦r♠❛✱ ♦❜s❡r✈❛r ❡ ❡♥t❡♥❞❡r ❛s ❝♦♥❞✐çõ❡s ❡ ♦s ♣r♦❜❧❡♠❛s ❞❛ ❛♣r❡♥❞✐③❛❣❡♠ ❡♠

♠❛t❡♠át✐❝❛ ♣♦❞❡♠ s❡ ❞á ❜✉s❝❛♥❞♦ ❞❡s❝♦rt✐♥❛r q✉❛✐s ✈❡rt❡♥t❡s ❝♦❣♥✐t✐✈❛s ❡s✲

tã♦ ♣r❡s❡♥t❡s ♥❛ ❛çã♦ q✉❡ s❡ ❞✐r❡❝✐♦♥❛ ❛♦s ♦❜❥❡t♦s ♠❛t❡♠át✐❝♦s ❡ ❝♦♠♦ s❡

❞ã♦ ❛s ✈ár✐❛s tr❛♥s❢♦r♠❛çõ❡s q✉❡ ❝♦♥st✐t✉❡♠ ❛s r❡♣r❡s❡♥t❛çõ❡s ❞♦s s❛❜❡r❡s

♠❛t❡♠át✐❝♦s✳✭❉✉✈❛❧✱ ✷✵✵✺✱ ♣✳ ✶✷✮✳

◆❡ss❡ ❝❛♠✐♥❤♦✱ ❞❡✈❡✲s❡ t❛♠❜é♠ ✐❞❡♥t✐✜❝❛r ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❛ ✉♥✐❝✐✲

❞❛❞❡ ❞❡ss❛s r❡♣r❡s❡♥t❛çõ❡s ❡♠ q✉❛❧q✉❡r ❛çã♦ ❞❡ ❝♦♥str✉çã♦ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦

❡♠ ♦✉tr♦s ♦❜❥❡t♦s ❞❡ ❡st✉❞♦✳

❆ss✐♠ é ❞❛❞❛✿ ❆s r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s sã♦ ♣r♦❞✉çõ❡s ❝♦♥st✐t✉í✲

❞❛s ♣❡❧♦ ❡♠♣r❡❣♦ ❞❡ s✐❣♥♦s ✭s✐♥❛✐s✮ ♣❡rt❡♥❝❡♥t❡s ❛ ✉♠ s✐st❡♠❛ ❞❡ r❡♣r❡s❡♥t❛✲

çã♦ q✉❡ tê♠ s✉❛s ❞✐✜❝✉❧❞❛❞❡s ♣ró♣r✐❛s ❞❡ s✐❣♥✐✜❝â♥❝✐❛ ❡ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦✳

❯♠❛ ✜❣✉r❛✱ ✉♠ ❡♥✉♥❝✐❛❞♦ ❡♠ ❧í♥❣✉❛ ♥❛t✉r❛❧✱ ✉♠❛ ❢ór♠✉❧❛ ❛❧❣é❜r✐❝❛✱ ✉♠

❣rá✜❝♦✱ sã♦ r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s q✉❡ s❛❧✐❡♥t❛♠ s✐st❡♠❛s s❡♠✐ót✐❝♦s ❞✐✲

❢❡r❡♥t❡s ✭❙❛♥t♦s✱ ✷✵✵✾✱ ♣✳ ✺✽✮✳

❆s r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s ❝♦♥str♦❡♠ ✉♠ ❡❧♦ ❡♥tr❡ ♦ ♦❜❥❡t♦ ❡ ❛s

❛çõ❡s ❝♦❣♥✐t✐✈❛s ❞♦ ♣❡♥s❛♠❡♥t♦✱ ♦ q✉❡ ❧❡✈❛ ❛♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦

❞✐❢❡r❡♥t❡s ♣❛r❛ ✉♠ ♠❡s♠♦ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ ❡st✉❞❛❞♦✳ ❙❡❣✉♥❞♦ ❉✉✈❛❧

✭✷✵✵✺✮✱ ♥ã♦ é ♣♦ssí✈❡❧ ❡st✉❞❛r ♦s ❢❡♥ô♠❡♥♦s r❡❧❛t✐✈♦s ❛♦ ❝♦♥❤❡❝✐♠❡♥t♦ s❡♠

r❡❝♦rr❡r à ♥♦çã♦ ❞❡ r❡♣r❡s❡♥t❛çã♦✱ ✐st♦ ♣♦rq✉❡ ♥ã♦ ❤á ❝♦♥❤❡❝✐♠❡♥t♦ q✉❡ ♣♦ss❛

s❡r ♠♦❜✐❧✐③❛❞♦ ♣♦r ✉♠ s✉❥❡✐t♦ s❡♠ ✉♠❛ ❛t✐✈✐❞❛❞❡ ❞❡ r❡♣r❡s❡♥t❛çã♦✳ ❊ss❛

❛✜r♠❛çã♦ ♥♦s tr❛③ ❛ ✐❞❡✐❛ ❞❡ ♣❧✉r❛❧✐❞❛❞❡ ❞❡ ❛♣❧✐❝❛çã♦✱ ♥ã♦ s❡ r❡str✐♥❣✐♥❞♦ à

✷✶



♠❛t❡♠át✐❝❛✱ ❡ s✐♠ ❛ t♦❞❛ ❝♦♥str✉çã♦ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦✱ ❡♠ t♦❞❛s ❛s ár❡❛s ❞❛

❢✉♥çã♦ ❝♦❣♥✐t✐✈❛✳

P❡r❝❡❜❡✲s❡ ❞❡st❛ ❢♦r♠❛✱ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦

s❡♠✐ót✐❝❛ ♣❛r❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡ ✈❡t♦r❡s r❡❧❛❝✐♦♥❛♥❞♦

❝♦♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❛rt✐❝✉❧❛çã♦ ❞♦ ♣❡♥s❛♠❡♥t♦ ❡♥tr❡ ❛s ✈ár✐❛s r❡♣r❡s❡♥t❛✲

çõ❡s ❞❡st❡ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦✳ ❆ss✐♠✱ é ♣❡r❝❡❜✐❞♦ q✉❡ ❛ ❝♦♠♣r❡❡♥sã♦ ❡♠

♠❛t❡♠át✐❝❛✱ q✉❛♥❞♦ ❡♥✈♦❧✈✐❞♦ ❝♦♠ ❛ ✐♥t❡r♣r❡t❛çã♦ ❞❛s ✈ár✐❛s ❛♣❧✐❝❛çõ❡s✱ ❡♠

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

♣❧✉r❛❧✐❞❛❞❡ ❞♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❡ ❛ ❧✐✈r❡ ❝✐r❝✉❧❛çã♦ ❡♥tr❡ ❡❧❡s✳

❆ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ✉♠ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ s❡r ❡①♣r❡ss♦ ♣♦r ✈ár✐❛s r❡✲

♣r❡s❡♥t❛çõ❡s ❞✐❢❡r❡♥t❡s ❣❡r♦✉✱ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❞✐❢❡r❡♥❝✐❛r ♦ ♦❜❥❡t♦ ♠❛t❡♠á✲

t✐❝♦ ❞❡ s✉❛ r❡♣r❡s❡♥t❛çã♦✳ ❉✉✈❛❧ ✭✷✵✵✺✮ ❞✐❢❡r❡♥❝✐❛ q✉❛tr♦ t✐♣♦s ❞❡ r❡❣✐str♦s

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

❛ss✐♠✿

• ◗✉❛♥t♦ ❛ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡✿ ♠✉❧t✐❢✉♥❝✐♦♥❛✐s ♦✉ ♠♦♥♦❢✉♥❝✐♦♥❛✐s

• ◗✉❛♥t♦ ❛♦ ❞✐s❝✉rs♦✿ ❞✐s❝✉rs✐✈♦ ♦✉ ♥ã♦ ❞✐s❝✉rs✐✈♦

❖s r❡❣✐str♦s ❞✐s❝✉rs✐✈♦s ✉t✐❧✐③❛♠ ❛ ❧✐♥❣✉❛❣❡♠ ♥❛t✉r❛❧ ♦✉ ♦s s✐st❡♠❛s

❞❡ ❡s❝r✐t❛s✳ P❡r♠✐t❡♠ ❞❡s❝r❡✈❡r✱ ❡①♣❧✐❝❛r✱ ❝❛❧❝✉❧❛r✱ r❛❝✐♦❝✐♥❛r ❡✱ ✐♥t❡r❢❡r✐r

♥❡st❡s r❡❣✐str♦s✳ ❖s ♥ã♦ ❞✐s❝✉rs✐✈♦s ♠♦str❛♠ ❢♦r♠❛s ♦✉ ❝♦♥✜❣✉r❛çõ❡s ❞❡

❢♦r♠❛s✳ P❡r♠✐t❡♠ ✐♥❢♦r♠❛çõ❡s ❜❡♠ ❝❛r❛❝t❡ríst✐❝❛s ❞❡st❛s r❡♣r❡s❡♥t❛çõ❡s✱

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

❖s r❡❣✐str♦s ♠✉❧t✐❢✉♥❝✐♦♥❛✐s sã♦ ✉t✐❧✐③❛❞♦s ❡♠ t♦❞❛s ❛s ár❡❛s ❞♦ ❝♦✲

♥❤❡❝✐♠❡♥t♦✱ sã♦ ❝♦♠✉♥s ❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ❝✉❧t✉r❛ ❡ ❡s♣♦♥tâ♥❡♦s✳ P♦❞❡♠

s❡r ❛♣r❡♥❞✐❞♦s ❢♦r❛ ❞❛ ❡s❝♦❧❛✳ ❖s ♠♦♥♦❢✉♥❝✐♦♥❛✐s sã♦ ❢♦r♠❛✐s✱ ❡s♣❡❝✐❛❧✐③❛❞♦s✱

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

❘❊●■❙❚❖❙ ❉■❙❈❯❘❙■❱❖ ◆❆❖ ❉■❙❈❯❘❙■❱❖

▼❯▲❚■❋❯◆❈■❖◆❆■❙ ▲í♥❣✉❛ ♥❛t✉r❛❧ ❋✐❣✉r❛❧

▼❖◆❖❋❯◆❈■❖◆❆■❙ ❆❧❣é❜r✐❝♦ ●rá✜❝♦

❚❛❜❡❧❛ ✶✿ ❋❖◆❚❊✿ ❉✉✈❛❧✱ ✷✵✵✸
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❆ ❝♦♠♣r❡❡♥sã♦ ❡♠ ♠❛t❡♠át✐❝❛ ✐♠♣❧✐❝❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♠✉❞❛r ❞❡

r❡❣✐str♦✳ ■st♦ ♣♦rq✉❡ ♥ã♦ s❡ ❞❡✈❡ ❥❛♠❛✐s ❝♦♥❢✉♥❞✐r ✉♠ ♦❜❥❡t♦ ❡ s✉❛ r❡♣r❡s❡♥✲

t❛çã♦✳ ❖s ♦❜❥❡t♦s ♠❛t❡♠át✐❝♦s ♥ã♦ sã♦ ❥❛♠❛✐s ❛❝❡ssí✈❡✐s ♣❡r❝❡♣t✐✈❛♠❡♥t❡ ♦✉

✐♥str✉♠❡♥t❛❧♠❡♥t❡ ✭♠✐❝r♦s❝ó♣✐♦s✱ ❛♣❛r❡❧❤♦s ❞❡ ♠❡❞✐❞❛✱ ❡t❝✳✮✳

✧❖ ❛❝❡ss♦ ❛♦s ♦❜❥❡t♦s ♠❛t❡♠át✐❝♦s ♣❛ss❛ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ♣♦r r❡♣r❡✲

s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s✑✳ ❖ q✉❡ ❧❡✈❛ ❛ ✉♠ ♣❛r❛❞♦①♦ ❡♠ ♠❛t❡♠át✐❝❛✿ ❝♦♠♦ s❡

♣♦❞❡ ♥ã♦ ❝♦♥❢✉♥❞✐r ✉♠ ♦❜❥❡t♦ ❡ s✉❛ r❡♣r❡s❡♥t❛çã♦ s❡ ♥ã♦ s❡ t❡♠ ❛❝❡ss♦ ❛

❡ss❡ ♦❜❥❡t♦ ❛ ♥ã♦ s❡r ♣♦r s✉❛ r❡♣r❡s❡♥t❛çã♦❄ ✭❉✉✈❛❧✱ ✷✵✵✺✱ ♣✳ ✷✶✮

P❛r❛ q✉❡ s❡❥❛ ♣♦ssí✈❡❧ ❡ss❛ ❝♦st✉r❛ ❡♥tr❡ ♦ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ ❡ ❛s

s✉❛s ✈ár✐❛s r❡♣r❡s❡♥t❛çõ❡s✱ é ♥❡❝❡ssár✐♦ ❡ ♣r✐♠♦r❞✐❛❧ q✉❡ ♦ ❛❣❡♥t❡ ♦♣❡r❛♥t❡

❝♦♠♣r❡❡♥❞❛✱ ❛ss✐♠✐❧❡ ❡ ❝♦rr❡t❛♠❡♥t❡ ✉s❡ ❝❛❞❛ ✉♠ ❞♦s r❡❣✐str♦s ❡ s❛✐❜❛ ✏♥❛✲

✈❡❣❛r✑ ❡♥tr❡ ❡❧❡s✳

◆❡ss❡s ❛r❣✉♠❡♥t♦s✱ ♣♦❞❡♠♦s ❝♦♥s✐❞❡r❛r ❝♦♠♣r❡❡♥sã♦ ❡ ❛ss✐♠✐❧❛çã♦

♠❛t❡♠át✐❝❛ q✉❛♥❞♦ ❤á ❛ ♠♦❜✐❧✐③❛çã♦ s✐♠✉❧tâ♥❡❛ ❞❡✱ ♣❡❧♦ ♠❡♥♦s✱ ❞♦✐s ❞✐❢❡✲

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

r❡♣r❡s❡♥t❛çã♦✳ ❉❡✈❡ ❤❛✈❡r ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❝♦♥st❛♥t❡ ❞❡ tr❛♥s✐t❛r ❞❡ ✉♠ r❡✲

❣✐str♦ ♣❛r❛ ♦✉tr♦✳ ❆ss✐♠✱ é ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♣r❡❡♥❞✐❞♦ ♦ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦

q✉❛♥❞♦ ❤á ❛ ♦♣❡r❛❝✐♦♥❛❧✐③❛çã♦ ❞❡✱ ❛♦ ♠❡♥♦s✱ ❞♦✐s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦

s❡♠✐ót✐❝❛✳

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

tr❛♥s❢♦r♠❛çõ❡s ❡♥tr❡ ♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ s❡♠✐ót✐❝❛✿

❚r❛t❛♠❡♥t♦ ✲ tr❛♥s❢♦r♠❛çã♦ ♣❡r♠❛♥❡❝❡♥❞♦ ♥♦ ♠❡s♠♦ s✐st❡♠❛✳ ◆❡♠

t♦❞♦ tr❛t❛♠❡♥t♦ ♣♦❞❡ s❡r ❡❢❡t✉❛❞♦ ❡♠ q✉❛❧q✉❡r r❡❣✐str♦ ❡ ❝❛❞❛ r❡❣✐str♦ ❢❛✲

✈♦r❡❝❡ ✉♠ t✐♣♦ ❞❡ tr❛t❛♠❡♥t♦✳ ❚❡♠♦s ♥♦ ❡st✉❞♦ ❞❡ ✈❡t♦r ❝♦♠♦✱ ❡①❡♠♣❧♦s

❞❡ tr❛t❛♠❡♥t♦✿ ❞❡s❡♥✈♦❧✈❡r ✉♠ ❝á❧❝✉❧♦ ♣❡r♠❛♥❡❝❡♥❞♦ ♥♦ ♠❡s♠♦ s✐st❡♠❛ ❞❡

❡s❝r✐t❛ ♥✉♠ér✐❝❛ ♦✉ ✉♠❛ ❧❡✐ ❞❡ ❢♦r♠❛çã♦✳

❈♦♥✈❡rsã♦ ✲ tr❛♥s❢♦r♠❛çã♦ ❝♦♠ ♠✉❞❛♥ç❛ ❞❡ s✐st❡♠❛✱ ♠❛s ❝♦♥s❡r✲

✈❛♥❞♦ ❛ r❡❢❡rê♥❝✐❛ ❛♦s ♠❡s♠♦s ♦❜❥❡t♦s✳ ❉❡st❛❝❛✲s❡ ❛q✉✐ q✉❡ ❝♦♥✈❡rt❡r s✐❣✲

♥✐✜❝❛ r❡❧❛❝✐♦♥❛r r❡❣✐str♦s ♠♦❜✐❧✐③❛❞♦s✳ ➱ ❝♦♠✉♠ ❡ s❡♠♣r❡ r❡❧❛t❛❞♦ ♣❡❧♦s

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

♠❡s♠♦ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ ❛tr❛✈és ❞❡ ❞✉❛s r❡♣r❡s❡♥t❛çõ❡s ❞✐❢❡r❡♥t❡s✱ s❡♥❞♦

q✉❡ ❡♠ ♠✉✐t❛s s✐t✉❛çõ❡s✱ ❝❛❞❛ ✉♠❛ ❞❡❧❛s ❛♣r❡s❡♥t❛ ❛ ♣r♦❜❧❡♠❛t✐③❛çã♦ ❡ ❛s

✈❛r✐á✈❡✐s ❞❡ ❢♦r♠❛s ❞✐❢❡r❡♥t❡s✳ ❆ ❝♦♥✈❡rsã♦ ♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡✱ ♠❛♥t❡♠ ❛

✷✸



❡①♣❧❛♥❛çã♦ ❞❡ ♣r♦♣r✐❡❞❛❞❡s ❞♦ ♦❜❥❡t♦ ✐❣✉❛❧♠❡♥t❡✳ P♦rt❛♥t♦✱ ❛ r❡♣r❡s❡♥t❛r

♦ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ ♥♦ r❡❣✐str♦ ✜♥❛❧✱ ❛tr❛✈és ❞❡ ❝❡rt❛ ❝♦♥✈❡rsã♦✱ ♥ã♦ t❡♠

s✐❣♥✐✜❝❛❞♦ ✐❣✉❛❧ à r❡♣r❡s❡♥t❛çã♦ ♥♦ r❡❣✐str♦ ✐♥✐❝✐❛❧✳

◆❛ ❝♦♥✈❡rsã♦ ❤á ❞♦✐s ❢❡♥ô♠❡♥♦s✿ ♦ ❞❛ ♥ã♦✲❝♦♥❣r✉ê♥❝✐❛ ❡ ♦ ❞❛ ❝♦♥✲

❣r✉ê♥❝✐❛✳ ◗✉❛♥❞♦ ❛ r❡♣r❡s❡♥t❛çã♦ ❞♦ r❡❣✐str♦ ✜♥❛❧ s❡ ❛ss❡♠❡❧❤❛ ❡♠ ❛❧❣✉♥s

❛s♣❡❝t♦s ❛ ❢♦r♠❛ ♥❛ r❡♣r❡s❡♥t❛çã♦ ✐♥✐❝✐❛❧ ❡ ❛ ❝♦♥✈❡rsã♦ ❛♣r❡s❡♥t❛ ❡❧❡♠❡♥t♦s

❞❡ ✉♠❛ s✐♠♣❧❡s ❝♦❞✐✜❝❛çã♦✱ ❡♥tã♦ ❤á ❝♦rr❡s♣♦♥❞ê♥❝✐❛ s❡♠â♥t✐❝❛ ❞❛s ✉♥✐❞❛✲

❞❡s ❞❡ s✐❣♥✐✜❝❛❞♦ ❡♥tr❡ ♦s ❞♦✐s r❡❣✐str♦s✱ ❧♦❣♦✱ ❤á ❝♦♥❣r✉ê♥❝✐❛✳ ❙❡ ♥♦ r❡❣✐str♦

✜♥❛❧ ♥ã♦ ❡①✐st✐r❡♠ ❡❧❡♠❡♥t♦s ❞♦ r❡❣✐str♦ ✐♥✐❝✐❛❧✱ ✐st♦ é✱ ♥ã♦ s❡ ♣❡r❝❡❜❡ ✉♠❛

❝❧❛r❛ r❡♣r❡s❡♥t❛çã♦ ❝♦❣♥✐t✐✈❛ ❞♦ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ ♦✉ ❢❛❧t❛ ❞❡ ❝♦♥❡①ã♦ ❡♥tr❡

❛ ♣❛ss❛❣❡♠ ❞❡ ✉♠ r❡❣✐str♦ ❛ ♦✉tr♦✱ ❡♥tã♦ ❤á ♦ ❢❡♥ô♠❡♥♦ ❞❛ ♥ã♦✲ ❝♦♥❣r✉ê♥❝✐❛✳

❯s❛♥❞♦ ✉♠❛ ❛♥á❧✐s❡ ♠❛t❡♠át✐❝❛ ♣✉r❛ ❡ s✐♠♣❧❡s✱ ♦❜s❡r✈❛♠♦s q✉❡ ❛

❝♦♥✈❡rsã♦ s❡r✈❡ ✉♥✐❝❛♠❡♥t❡ ♣❛r❛ ❛✈❛❧✐❛r q✉❛❧ s❡rá ♦ r❡❣✐str♦ ❛♦ q✉❛❧ ♦s tr❛✲

t❛♠❡♥t♦s ✉t✐❧✐③❛❞♦s sã♦ ❡✜❝❛③❡s ♦✉ ♠❛✐s s✐♠♣❧✐✜❝❛❞♦s ♣❛r❛ ♦❜t❡r ✉♠ ♦✉tr♦

r❡❣✐str♦✱ q✉❡ s❡r✈✐rá ❞❡ ♣♦♥t❡ ♦✉ ❞✐r❡❝✐♦♥❛♠❡♥t♦ ❛♦s tr❛t❛♠❡♥t♦s q✉❡ s❡ ❛♣❧✐✲

❝❛♠ ❡♠ ♦✉tr♦ r❡❣✐str♦✳ ■st♦ é✱ ❛♦ ❢❛③❡r ❛ ❝♦♥✈❡rsã♦ ❞❛ ❢♦r♠❛ ❛❧❣é❜r✐❝❛ ❣rá✜❝❛✱

✐♥✐❝✐❛❧♠❡♥t❡ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r✱ ✐♠♣❧✐❝✐t❛♠❡♥t❡ ❡♠ ❛❧❣✉♥s ❝❛s♦s✱ ✉♠❛ ❝♦♥✈❡rsã♦

❞❛ ❢♦r♠❛ ❛❧❣é❜r✐❝❛ ♣❛r❛ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ t❛❜✉❧❛r✳ ❉❛í ♦ r❡❣✐str♦ t❛❜✉❧❛r✱

❝♦♠ tr❛t❛♠❡♥t♦ ❝♦❡r❡♥t❡♠❡♥t❡ ❛♣❧✐❝❛❞♦✱ s❡rá ♣♦ssí✈❡❧ ❝❤❡❣❛r à r❡♣r❡s❡♥t❛çã♦

❛❧❣é❜r✐❝❛✳

❆q✉✐✱ ♥❡st❡s r❡❢❡r❡♥❝✐❛✐s✱ ♦❜t✐✈❡♠♦s ❡♠❜❛s❛♠❡♥t♦ ♣❛r❛ ✉t✐❧✐③❛çã♦

❞♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ s❡♠✐ót✐❝❛ ❝♦♠♦ ♣r✐♥❝✐♣❛❧ r❡❢❡r❡♥❝✐❛❧ t❡ór✐❝♦

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

❡✱ ♣♦r s✉❛ ✈❛r✐❛❜✐❧✐❞❛❞❡✱ q✉❡ ♣♦ss✐❜✐❧✐t❛ tr❛♥s✐t❛r ♥❛s ✈ár✐❛s ❢♦r♠❛s ❞❡ r❡♣r❡✲

s❡♥t❛çã♦ ❞❡ ✉♠ ✈❡t♦r✳

✷✹



✸ ❱❊❚❖❘❊❙

❊①✐st❡♠ ❣r❛♥❞❡③❛s✱ ❝❤❛♠❛❞❛s ❡s❝❛❧❛r❡s✱ q✉❡ sã♦ ❝❛r❛❝t❡r✐③❛❞❛s ♣♦r

✉♠ ♥ú♠❡r♦ s❡❣✉✐❞♦ ❞❡ ✉♠❛ ✉♥✐❞❛❞❡ ❞❡ ♠❡❞✐❞❛✳ P♦r ❡①❡♠♣❧♦✱ ❛ t❡♠♣❡r❛t✉r❛✱

❛ ♠❛ss❛✱ ♦ ✈♦❧✉♠❡✱ ♦ ❝♦♠♣r✐♠❡♥t♦ ❡ ❛ ❞❡♥s✐❞❛❞❡✳ ◆♦ ❡♥t❛♥t♦✱ ❤á ♦✉tr❛s

❣r❛♥❞❡③❛s q✉❡ r❡q✉❡r❡♠ ♠❛✐s ❞♦ q✉❡ ✐ss♦✳ P♦r ❡①❡♠♣❧♦✱ ♣❛r❛ ❝❛r❛❝t❡r✐③❛r♠♦s

❞❡s❧♦❝❛♠❡♥t♦✱ ❢♦rç❛ ♦✉ ✈❡❧♦❝✐❞❛❞❡✱ ♣r❡❝✐s❛♠♦s ❞❡ três ❝❛r❛❝t❡ríst✐❝❛s ❛ s❛❜❡r✿

✐♥t❡♥s✐❞❛❞❡ ✭♦✉ ♠ó❞✉❧♦✮✱ ❞✐r❡çã♦ ❡ s❡♥t✐❞♦✳ ❚❛✐s ❣r❛♥❞❡③❛s sã♦ ❞✐t❛s ✈❡t♦r✐❛✐s

❡ s❡rã♦ r❡♣r❡s❡♥t❛❞❛s ♣♦r s❡❣♠❡♥t♦s ❞❡ r❡t❛ ♦r✐❡♥t❛❞♦s ✭✢❡❝❤❛s✮✳

❉✐❛♥t❡ ❞❛s ❞✐✜❝✉❧❞❛❞❡s ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞♦ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ ✈❡✲

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

❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡st❡ ❝♦♥t❡ú❞♦ s❡r ♠❡❧❤♦r ❡①♣❧♦r❛❞♦ ♥❛ ❡❞✉❝❛çã♦ ❜ás✐❝❛✱ ♥ã♦

❛♣❡♥❛s ♥♦ ❝♦♠♣♦♥❡♥t❡ ❝✉rr✐❝✉❧❛r ❞❡ ❢ís✐❝❛✱ ♠❛s ♥❛ ♣ró♣r✐❛ ♠❛t❡♠át✐❝❛✳

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

❞❡♠♦♥str❛❞♦ ❡st❛ ♣r❡♦❝✉♣❛çã♦✱ t❛♥t♦ q✉❡ ❛ ❇❛s❡ ◆❛❝✐♦♥❛❧ ❈♦♠✉♠ ❈✉rr✐❝✉❧❛r

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

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

♠❡♥t❡✱ ❝♦♠♣r❡❡♥❞❡r ♦ ❝♦♥❝❡✐t♦ ❞❡ ✈❡t♦r t❛♥t♦ ❞♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❣❡♦♠étr✐❝♦

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

❝♦♠♦ ❞♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❛❧❣é❜r✐❝♦ ✭❝❛r❛❝t❡r✐③❛❞♦ ♣♦r s✉❛s ❝♦♦r❞❡♥❛❞❛s✮✳ ◆❛

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

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

❞❡ ✉♠ ✈❡t♦r ♣♦r ✉♠ ❡s❝❛❧❛r ❡ ❞❡ ❝♦♠♣r❡❡♥❞❡r ❛s r❡❧❛çõ❡s ❡♥tr❡ ✈❡t♦r❡s ❡ ❛s

tr❛♥s❢♦r♠❛çõ❡s ✐s♦♠étr✐❝❛s ✭r❡✢❡①ã♦✱ tr❛♥s❧❛çã♦ ❡ r♦t❛çã♦✮✳ ✧➱ ✐♠♣♦rt❛♥t❡

q✉❡ t♦❞♦ ❡ss❡ tr❛❜❛❧❤♦ s❡❥❛ ♣r♦♣♦st♦ ❞❡ ♠♦❞♦ ❛rt✐❝✉❧❛❞♦ ❡ ✐♥t❡❣r❛❞♦ ❝♦♠

s✐t✉❛çõ❡s ❡st✉❞❛❞❛s ♥❛ ❋ís✐❝❛✱ ♣♦r ❡①❡♠♣❧♦✱ ❡ ❝♦♠ ❛♣♦✐♦ ❞❡ s♦❢t✇❛r❡s ❞❡ ❣❡✲

♦♠❡tr✐❛ ❞✐♥â♠✐❝❛✧✳ ✭❇◆❈❈✱ ✷✵✶✻✱ ♣✳ ✺✻✷✲✺✻✸✮✳ ❊st❛ ♣r❡♦❝✉♣❛çã♦ ❝♦♠ ♦

❡♥s✐♥♦ ❞❡ ✈❡t♦r❡s ♥♦ ❡♥s✐♥♦ ♠é❞✐♦ s❡ ❢❛③ ♣r❡s❡♥t❡ ❞❡s❞❡ ❛ ♣r✐♠❡✐r❛ ✈❡rsã♦ ❞❛

❜❛s❡ ♥❛❝✐♦♥❛❧ ❝♦♠✉♠✳

❖ ❡st✉❞♦ ❞❡ss❡ ❝♦♥t❡ú❞♦ ♥❛ ✷❛ sér✐❡ ❞♦ ❡♥s✐♥♦ ♠é❞✐♦ ❝♦♥tr✐❜✉✐rá

♣❛r❛ ✉♠❛ ♠❡❧❤♦r ❛♣r❡♥❞✐③❛❣❡♠ ❡♠ ❣❡♦♠❡tr✐❛ ♣❧❛♥❛ ❡ ❡s♣❛❝✐❛❧✱ ♠❛tr✐③❡s✱

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

❖s ✈❡t♦r❡s sã♦ ✐♥str✉♠❡♥t♦s ♠❛t❡♠át✐❝♦s ❛❞❡q✉❛❞♦s ♣❛r❛ ❡①♣♦s✐çã♦

✷✺



s✐♥tét✐❝❛ ❞❡ ♠✉✐t❛s ✐❞❡✐❛s ✐♠♣♦rt❛♥t❡s ❞❛ ❣❡♦♠❡tr✐❛ ❡✉❝❧✐❞✐❛♥❛✱ ❞❛ ❢ís✐❝❛ ❡ ❞❛

❣❡♦♠❡tr✐❛ ❛♥❛❧ít✐❝❛ ❡ ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞♦s ✈❡t♦r❡s ❝♦♠ ♠ét♦❞♦s ❞♦ ❝á❧❝✉❧♦

♣❡r♠✐t❡♠ ❛♣❧✐❝❛çõ❡s à ♠❡❝â♥✐❝❛✳ ❯♠❛ ❜♦❛ ❞❡s❝r✐çã♦ ❞❡ ❝♦♠♦ ❛❜♦r❞❛r ✈❡t♦r❡s

é ❞❛❞❛ ♣♦r ❆♣♦st♦❧ ❡♠ s❡✉ ❝❧áss✐❝♦ ❧✐✈r♦ ❞❡ ❝á❧❝✉❧♦ ♦♣t❛♠♦s ♣♦r r❡tr❛tá✲❧❛

♥♦s ♣❛rá❣r❛❢♦s s❡❣✉✐♥t❡s✳

❙❡❣✉♥❞♦ ❆♣♦st♦❧ ✭✶✾✾✹✮ ✧❊①✐st❡♠ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ três ♠❛♥❡✐r❛s

❞✐❢❡r❡♥t❡s ♣❛r❛ s❡ ✐♥✐❝✐❛r ♦ ❡st✉❞♦ ❞♦s ✈❡t♦r❡s✿ ❣❡♦♠❡tr✐❝❛♠❡♥t❡✱ ❛♥❛❧✐t✐❝❛✲

♠❡♥t❡ ❡ ❛①✐♦♠❛t✐❝❛♠❡♥t❡✳ ◆❛ ✈✐sã♦ ❣❡♦♠étr✐❝❛ ♦s ✈❡t♦r❡s sã♦ r❡♣r❡s❡♥t❛❞♦s

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

r❡s t❛✐s ❝♦♠♦ ❛❞✐çã♦✱ s✉❜tr❛çã♦ ❡ ♠✉❧t✐♣❧✐❝❛çã♦ ♣♦r ♥ú♠❡r♦ r❡❛❧ sã♦ ❞❡✜♥✐❞❛s

❡ ❡st✉❞❛❞❛s ♣♦r ♠ét♦❞♦s ❛❧❣é❜r✐❝♦s✳

◆♦ ♠ét♦❞♦ ❛♥❛❧ít✐❝♦✱ ♦s ✈❡t♦r❡s ❡ ❝♦rr❡s♣♦♥❞❡♥t❡s ♦♣❡r❛çõ❡s sã♦

❝♦♠♣❧❡t❛♠❡♥t❡ ❞❡s❝r✐t♦s ❡♠ t❡r♠♦s ❞❡ ♥ú♠❡r♦s✱ ❝❤❛♠❛❞♦s ❛s ❝♦♠♣♦♥❡♥✲

t❡s ♦✉ ❝♦♦r❞❡♥❛❞❛s✳ ❆s ♣r♦♣r✐❡❞❛❞❡s ❞❛s ♦♣❡r❛çõ❡s ❝♦♠ ✈❡t♦r❡s sã♦ ❡♥tã♦

❞❡❞✉③✐❞❛s ❛ ♣❛rt✐r ❞❛s ♦♣❡r❛çõ❡s ❝♦rr❡s♣♦♥❞❡♥t❡s ❞♦s ♥ú♠❡r♦✳ ❆ ❞❡s❝r✐çã♦

❛♥❛❧ít✐❝❛ ❞♦s ✈❡t♦r❡s r❡s✉❧t❛ ♥❛t✉r❛❧♠❡♥t❡ ❞❛ ❞❡s❝r✐çã♦ ❣❡♦♠étr✐❝❛✱ ❞❡s❞❡ q✉❡

s❡ ✐♥tr♦❞✉③❛ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s✳

❆ ✈✐❛ ❛①✐♦♠át✐❝❛ ♥ã♦ ❢❛③ q✉❛❧q✉❡r t❡♥t❛t✐✈❛ ♣❛r❛ ❞❡s❝r❡✈❡r ✉♠ ✈❡t♦r

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

çõ❡s ✈❡t♦r✐❛✐s sã♦ ❝♦♥s✐❞❡r❛❞♦s ❝♦♠♦ ❝♦♥❝❡✐t♦s ♥ã♦ ❞❡✜♥✐❞♦s✱ r❡❧❛t✐✈❛♠❡♥t❡

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

❛①✐♦♠❛s✳ ❯♠ t❛❧ s✐st❡♠❛ ❛❧❣é❜r✐❝♦✱ ❝♦♠ ❛①✐♦♠❛s ❛♣r♦♣r✐❛❞♦s✱ ❝❤❛♠❛✲s❡ ✉♠

❡s♣❛ç♦ ❧✐♥❡❛r ♦✉ ❡s♣❛ç♦ ✈❡t♦r✐❛❧ ❧✐♥❡❛r✳ ❊♠ t♦❞♦s ♦s r❛♠♦s ❞❛ ♠❛t❡♠át✐❝❛ s❡

❡♥❝♦♥tr❛♠ ❡①❡♠♣❧♦s ❞❡ ❡s♣❛ç♦s ✈❡t♦r✐❛✐s✳ ❆ á❧❣❡❜r❛ ❞♦s s❡❣♠❡♥t♦s ❞❡ r❡t❛

♦r✐❡♥t❛❞♦s ❡ ❛ á❧❣❡❜r❛ ❞♦s ✈❡t♦r❡s ❞❡✜♥✐❞♦s ♣❡❧❛s ❝♦♠♣♦♥❡♥t❡s sã♦ ❛♣❡♥❛s

❞♦✐s ❡①❡♠♣❧♦s ❞❡ ❡s♣❛ç♦s ✈❡t♦r✐❛✐s✳

❖ ❡st✉❞♦ ❞♦s ✈❡t♦r❡s ❞♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❛①✐♦♠át✐❝♦ é t❛❧✈❡③ ♦ ♠❛✐s

s❛t✐s❢❛tór✐♦ ♠❛t❡♠❛t✐❝❛♠❡♥t❡✱ ✉♠❛ ✈❡③ q✉❡ ♣r♦♣♦r❝✐♦♥❛ ✉♠❛ ❞❡s❝r✐çã♦ ❞♦s

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

s❡♥t❛çã♦ ❣❡♦♠étr✐❝❛ ♣❛rt✐❝✉❧❛r✳ ❊st❡ ❡st✉❞♦ é ❛❞❡q✉❛❞♦ ❛♦ ❡♥s✐♥♦ s✉♣❡✲

r✐♦r✳ ◆♦s tr❛❜❛❧❤♦s ✈♦❧t❛❞♦s à ❡❞✉❝❛çã♦ ❜ás✐❝❛ ❡♠ ❡s♣❡❝✐❛❧ ❛♦ ❡♥s✐♥♦ ♠é❞✐♦

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

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

✷✻



♣♦ssí✈❡❧✱ ❛♣r❡s❡♥t❛r ❛s ❞❡♠♦♥str❛çõ❡s ❡ ❛♣❧✐❝❛çõ❡s ♣❡r♠✐t✐♥❞♦ q✉❡ ♦ ❡st✉✲

❞❛♥t❡ ♣♦ss❛ ❢❛♠✐❧✐❛r✐③❛r✲s❡ ❝♦♠ ❡①❡♠♣❧♦s ❝♦♥❝r❡t♦s ❡ ✐❣✉❛❧♠❡♥t❡ ♠♦t✐✈❛r✲s❡

♥❛ ♣r❡♣❛r❛çã♦ ♣❛r❛ ♦s t❡♠❛s ♠❛✐s ❛❜str❛t♦s q✉❡ s❡rã♦ ❡♥❢r❡♥t❛❞♦s ♥❛s ❞✐s❝✐✲

♣❧✐♥❛s ❞❡ ❣❡♦♠❡tr✐❛ ❛♥❛❧ít✐❝❛✱ ❝á❧❝✉❧♦ ❡ á❧❣❡❜r❛ ❧✐♥❡❛r✧✳

✸✳✶ ●ê♥❡s❡ ❡ ❡✈♦❧✉çã♦ ❞♦ ❝♦♥❝❡✐t♦ ❞❡ ✈❡t♦r

❙❛❜❡♠♦s q✉❡ ♦s ✈❡t♦r❡s s✉r❣✐r❛♠ ♥♦ sé❝✉❧♦ ❳■❳ ❝♦♠ ❛s r❡♣r❡s❡♥t❛✲

çõ❡s ❣❡♦♠étr✐❝❛s ❞❡ ♥ú♠❡r♦s ❝♦♠♣❧❡①♦s✳ ◆♦♠❡s ❝♦♠♦ ❈❛s♣❛r ❲❡ss❡❧ ✭✶✼✹✺

✲ ✶✽✶✽✮✱ ❏❡❛♥ ❘♦❜❡rt ❆r❣❛♥❞ ✭✶✼✻✽ ✲ ✶✽✷✷✮✱ ❈❛r❧ ❋r✐❡❞r✐❝❤ ●❛✉ss ✭✶✼✼✼ ✲

✶✽✺✺✮✱ ❝♦♥❝❡❜❡r❛♠ ♥ú♠❡r♦s ❝♦♠♣❧❡①♦s ❝♦♠♦ ♣♦♥t♦s ♥♦ ♣❧❛♥♦ ❜✐❞✐♠❡♥s✐♦♥❛❧✱

✐st♦ é✱ ❝♦♠♦ ✈❡t♦r❡s ❜✐❞✐♠❡♥s✐♦♥❛✐s✳

▼✉✐t♦s ♠❛t❡♠át✐❝♦s ❡ ❝✐❡♥t✐st❛s tr❛❜❛❧❤❛r❛♠ ❝♦♠ ❡st❡s ♥♦✈♦s ♥ú✲

♠❡r♦s ❡ ♦s ❛♣❧✐❝❛r❛♠ ❞❡ ✈ár✐❛s ♠❛♥❡✐r❛s❀ ♣♦r ❡①❡♠♣❧♦✱ ●❛✉ss ❢❡③ ✉♠ ✉s♦

❝r✉❝✐❛❧ ❞❡ ♥ú♠❡r♦s ❝♦♠♣❧❡①♦s ♣❛r❛ ♣r♦✈❛r ♦ ❚❡♦r❡♠❛ ❋✉♥❞❛♠❡♥t❛❧ ❞❛ ➪❧❣❡✲

❜r❛ ✭✶✼✾✾✮✳ ❊♠ ✶✽✸✼✱ ❲✐❧❧✐❛♠ ❘♦✇❛♥ ❍❛♠✐❧t♦♥ ✭✶✽✵✺ ✲✶✽✻✺✮ ♠♦str♦✉ q✉❡

♦s ♥ú♠❡r♦s ❝♦♠♣❧❡①♦s ♣♦❞❡r✐❛♠ s❡r ❝♦♥s✐❞❡r❛❞♦s ❛❜str❛t❛♠❡♥t❡ ❝♦♠♦ ♣❛r❡s

♦r❞❡♥❛❞♦s ✭❛✱ ❜✮ ❞❡ ♥ú♠❡r♦s r❡❛✐s✳ ❊st❛ ✐❞❡✐❛ ❡r❛ ♣❛rt❡ ❞❡ ✉♠❛ ❝❛♠♣❛♥❤❛

❞❡ ♠✉✐t♦s ♠❛t❡♠át✐❝♦s✱ ✐♥❝❧✉✐♥❞♦ ❍❛♠✐❧t♦♥✱ ♣❛r❛ ♣r♦❝✉r❛r ✉♠❛ ♠❛♥❡✐r❛ ❞❡

❡st❡♥❞❡r ♦s ✧♥ú♠❡r♦s✧❜✐❞✐♠❡♥s✐♦♥❛✐s ♣❛r❛ três ❞✐♠❡♥sõ❡s❀ ♠❛s ♥✐♥❣✉é♠ ❝♦♥✲

s❡❣✉✐✉ ✐st♦ ♣r❡s❡r✈❛♥❞♦ ❛s ♣r♦♣r✐❡❞❛❞❡s ❛❧❣é❜r✐❝❛s ❜ás✐❝❛s ❞♦s ♥ú♠❡r♦s r❡❛✐s

❡ ❝♦♠♣❧❡①♦s✳

❖ tr❛❜❛❧❤♦ ❞❡ P❛trí❝✐♦ ✭✷✵✶✶✮ ❞❡s❝r✐t♦ ♥♦s ♣❛rá❣r❛❢♦s ❛ s❡❣✉✐r ♥♦s

❞á ✉♠❛ ❜♦❛ ❞❡s❝r✐çã♦ ❝r♦♥♦❧ó❣✐❝❛ ❞❛ ❡✈♦❧✉çã♦ ❞♦ ❝♦♥❝❡✐t♦ ❞❡ ✈❡t♦r✳

❊♠ ✶✽✷✽✱ ❈✱ ❱✳ ▼♦✉r❡② ❡ ❥♦❤♥ ❲❛rr❡♥✱ ♣✉❜❧✐❝❛r❛♠ ♦❜r❛s q✉❡ tr❛✲

t❛r❛♠ ❞❡ r❡♣r❡s❡♥t❛çõ❡s ❣❡♦♠étr✐❝❛s ❞♦s ♥ú♠❡r♦s ❝♦♠♣❧❡①♦s✳

❆ t❡♦r✐❛ ❞❛ ❡①t❡♥sã♦ ❧✐♥❡❛r ✭❉✐❡ ❧✐♥❡❛❧❡ ❆✉s❞❡❤♥✉♥❣s❧❡❤r❡✮ ❢♦✐ ❛ ♣r✐✲

♠❡✐r❛ ❡①♣♦s✐çã♦ ❝♦♠♣❧❡t❛ ❞❛ t❡♦r✐❛ ❞❡ ❍❡r♠❛♥♥ ●✉♥t❤❡r ●❛ss♠❛♥♥✳ ❊❧❡

❛♠♣❧✐♦✉ ❛ ❛❞✐çã♦ ❞❡ ✈❡t♦r❡s✱ ♦ ♣r♦❞✉t♦ ✐♥t❡r♥♦ ❡ ♦ ❡①t❡r♥♦✳ ❊♠❜♦r❛ s✉❛

♦❜r❛ ♥ã♦ t❡♥❤❛ s✐❞♦ r❡❝♦♥❤❡❝✐❞❛ ❞❡s❞❡ ♦ ✐♥í❝✐♦✱ ♣♦r s❡r ❝♦♥s✐❞❡r❛❞❛ ❞❡ ❝❛✲

rát❡r ♠❛✐s ✜❧♦só✜❝♦ ❞♦ q✉❡ ♠❛t❡♠át✐❝♦✱ é ❛ q✉❡ ❣✉❛r❞❛ ❝❛r❛❝t❡ríst✐❝❛s ♠❛✐s

♣ró①✐♠❛s à t❡♦r✐❛ ❞♦s ❡s♣❛ç♦s ✈❡t♦r✐❛✐s ❝♦♠♦ ❤♦❥❡ é ❝♦♥❤❡❝✐❞❛✳

❆♣♦♥t❛❞♦ ❝♦♠♦ ✉♠ ❞♦s ♣r✐♥❝✐♣❛✐s ❞✐❢✉s♦r❡s ❞❛ ✐❞❡✐❛s ❞❡ ✉♠ ♠♦✲

✷✼



❞❡r♥♦ s✐st❡♠❛ ❞❡ ❛♥á❧✐s❡ ✈❡t♦r✐❛❧✱ ❲✐❧❧✐❛♠ ❘♦✇❛♥ ❍❛♠✐❧t♦♥ ❢♦✐ ♦ ♣r✐♠❡✐r♦

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

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

✈❡t♦r✐❛❧✳ ❊♠ s❡✉ ❛rt✐❣♦ ❞❡ ✶✽✹✻ ❡❧❡ ❡s❝r❡✈❡✉ s♦❜r❡ ✉♠ q✉❛t❡r♥✐♦♥ ◗ ❂ ❛ ✰

❜✐ ✰ ❝❥ ✰ ❞❦✱ q✉❡ ♣♦❞❡r✐❛ s❡r ❡s❝r✐t♦ q❂ ❙❝❛❧✳◗ ✰ ❱❡❝t✳◗ ♦✉ s✐♠♣✐s♠❡♥t❡

◗ ❂ ❙◗ ✰ ❱◗✱ ❡♠ ♦✉tr❛s ♣❛❧❛✈r❛s✱ ❙❘ ❂ ❛ q✉❛♥❞♦ ❱◗ ❂ ❜✐ ✰ ❝❥ ✰ ❞❦✱

✐st♦ ✐♥❞✉③✐✉ ❛ ❡s❝r✐t❛ ❞❡ ❡q✉❛çõ❡s q✉❛rt❡r♥✐♦♥✐♥st❛s✱ ❞❛ ♠❛♥❡✐r❛ ♦♠♦ ✈❡r❡✲

♠♦s ❛ s❡❣✉✐r✿ s❡ t✐✈❡r♠♦s ❞♦✐s q✉❛t❡r♥✐♦♥s ❡ ❛♠❜♦s t✐✈❡r❡♠ ❛ ♣❛r❡ ❡s❝❛❧❛r

✐❣✉❛❧ ❛ ③❡r♦✱ ◗ ❂ ①✐ ✰②❥ ✰ ③❦ ❡ ◗✬ ❂ ①✬✐ ✰②✬❥✰③✬❦✱ ❡♥tã♦✱ ❛s r❡❣r❛s ♣❛r❛

♠✉❧t✐♣❧✐❝❛çã♦ ❞♦ q✉❛t❡r♥✐♦♥ ❛❝✐♠❛ é✿ ❙◗◗✬ ❂ ✲ ✭①①✬ ✰ ②②✬ ✰ ③③✬✮ ❡ ❱◗◗✬

❂ ✐✭②③✬ ✲ ③②✬✮ ✰ ❥✭③① ✲ ①③✬✮ ✰ ❦✭①②✬ ✰ ②①✬✮ ♦ q✉❡ é ✐♠♣♦rt❛♥t❡ ♥♦t❛r s♦❜r❡

✐st♦ é q✉❡ ❛ ♣❛rt❡ ❡s❝❛❧❛r ❞❡st❡ q✉❛t❡r♥✐♦♥ ♣♦❞❡ s❡r ✈✐st❛✱ ♠❛t❡♠❛t✐❝❛♠❡♥t❡

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

❝♦♥❤❡❝❡ ♠♦❞❡r♥❛♠❡♥t❡ ❝♦♠♦ ♦ ♣r♦❞✉t♦ ♠✐st♦✳ ❍✐st♦r✐❝❛♠❡♥t❡✱ ❛ ❞❡s❝♦❜❡rt❛

❞❡ss❛ ❡str✉t✉r❛ ♠❛r❝♦✉ ✉♠❛ ❢❛s❡ ✐♠♣♦rt❛♥t❡ ❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ❛♥á❧✐s❡

✈❡t♦r✐❛❧✱ ♣♦✐s ❢♦✐ ❛♦ ❧♦♥❣♦ ❞❡ss❡ ❝❛♠✐♥❤♦ q✉❡ s❡ ♦r✐❣✐♥♦✉ ❛ ♠♦❞❡r♥❛ ❛♥á❧✐s❡

✈❡t♦r✐❛❧

❊♠ ✶✽✺✸✱ ❆✉❣✉st✐♥ ❈❛✉❝❤② ♣✉❜❧✐❝♦✉ s❡✉ ✧❙✉r ❧❡s ❝❧❡❢s ❛❧❣é❜r✐q✉❡s✧♦♥❞❡

❛♣❡s❡♥t❛ ♠ét♦❞♦s q✉❡ tr❛♥s❢❡r✐✉ ♣❛r❛ ❛s s♦❧✉çõ❡s ❞❡ ✈ár✐♦s ♣r♦❜❧❡♠❛s ❛❧❣é✲

❜r✐❝♦s ♣♦r ❡①❡♠♣❧♦✱ ❡♥❝♦♥tr❛r ❛s r❛í③❡s ❞❡ ✉♠❛ ❡q✉❛çã♦ q✉❛❧q✉❡r✳ ■♥tr♦❞✉③✐✉

❛s ♥♦çõ❡s ❞❡ r❛②♦♥ ✈❡❝t♦r ❡ s✉❛s ♣r♦❥❡çõ❡s s♦❜r❡ ♦s ❡✐①♦s✱ ❞❡✜♥✐♥❞♦ r❛✐♦ ✈❡t♦r

❝♦♠♦ ❛ s♦♠❛ ❞❡ s✉❛s ♣r♦❥❡çõ❡s✳ ❈♦♥tr✐❜✉✐♥❞♦ ♣❛r❛ ❛ ♣♦♣✉❧❛r✐③❛çã♦ ❞♦ ✉s♦

❞♦s ú♠❡r♦s ❝♦♠♣❧❡①♦s ❡ s✉❛ r❡♣r❡s❡♥t❛çã♦ ❣❡♦♠étr✐❝❛✳

❆♦ ✜♥❛❧ ❞♦ sé❝✉❧♦ ❳■❳✱ ❛ t❡♦r✐❛ ❞♦s q✉❛t❡r♥✐♦♥s ❞❡s❡♠♣❡♥❤♦✉ ✉♠

✐♠♣♦rt❛♥t❡ ♣❛♣❡❧ ♥❛ ❢ís✐❝❛✱ s❡♥❞♦ ✉t✐❧✐③❛❞❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡✱ ♥❛ s✐♠♣❧✐✜❝❛çã♦

❞❛ ♥♦t❛çã♦ ❞♦ ❡❧❡tr♦ ♠❛❣♥❡t✐s♠♦✳
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❋✐❣✉r❛ ✷✿ ❙❡❣♠❡♥t♦s ♦r✐❡♥t❛❞♦s ❡q✉✐♣♦❧❡♥t❡s ❡♠ r❡t❛s ♣❛r❛❧❡❧❛s ❡ ❡♠ ✉♠❛ só r❡t❛✳

❊s❝r❡✈❡♠♦s AB ≡ CD ♣❛r❛ ✐♥❞✐❝❛r q✉❡ ❆❇ ❡ ❈❉ sã♦ ❞♦✐s s❡❣✲

♠❡♥t♦s ♦r✐❡♥t❛❞♦s ❡q✉✐♣♦❧❡♥t❡s✳ ❆ r❡❧❛çã♦ ❞❡ ❡q✉✐♣♦❧ê♥❝✐❛ ❡♥tr❡ s❡❣♠❡♥t♦s

♦r✐❡♥t❛❞♦s s❛t✐s❢❛③ três ❝♦♥❞✐çõ❡s ❢✉♥❞❛♠❡♥t❛✐s✿

• ❘❡✢❡①✐✈✐❞❛❞❡✿ t♦❞♦ s❡❣♠❡♥t♦ ♦r✐❡♥t❛❞♦ é ❡q✉✐♣♦❧❡♥t❡ ❛ s✐ ♠❡s♠♦✱ ♦✉

s❡❥❛✱ AB ≡ AB✱ ♣❛r❛ t♦❞♦ s❡❣♠❡♥t♦ ♦r✐❡♥t❛❞♦ ❆❇✳

• ❙✐♠❡tr✐❛✿ s❡ ✉♠ s❡❣♠❡♥t♦ ♦r✐❡♥t❛❞♦ ❆❇ é ❡q✉✐♣♦❧❡♥t❡ ❛ ✉♠ s❡❣♠❡♥t♦

♦r✐❡♥t❛❞♦ ❈❉✱ ❡♥tã♦ ❈❉ é ❡q✉✐♣♦❧❡♥t❡ ❛ ❆❇✱ ♦✉ s❡❥❛✱ s❡ AB ≡ CD✱

❡♥tã♦ CD ≡ AB✳

• ❚r❛♥s✐t✐✈✐❞❛❞❡✿ s❡ ✉♠ s❡❣♠❡♥t♦ ♦r✐❡♥t❛❞♦ ❆❇ é ❡q✉✐♣♦❧❡♥t❡ ❛ ✉♠ s❡❣✲

♠❡♥t♦ ♦r✐❡♥t❛❞♦ ❈❉ ❡✱ ♣♦r s✉❛ ✈❡③✱ ❈❉ é ❡q✉✐♣♦❧❡♥t❡ ❛ ✉♠ t❡r❝❡✐r♦

s❡❣♠❡♥t♦ ♦r✐❡♥t❛❞♦ ❊❋✱ ❡♥tã♦ ❆❇ é ❡q✉✐♣♦❧❡♥t❡ ❛ ❊❋✳ ❊♠ sí♠❜♦❧♦s✿ s❡

AB ≡ CD ❡ CD ≡ EF ✱ ❡♥tã♦ AB ≡ EF ✳

❯♠❛ r❡❧❛çã♦ q✉❡ é r❡✢❡①✐✈❛✱ s✐♠étr✐❝❛ ❡ tr❛♥s✐t✐✈❛ é ❝❤❛♠❛❞❛ r❡❧❛çã♦

❞❡ ❡q✉✐✈❛❧ê♥❝✐❛✳ ❆ss✐♠✱ ❛ r❡❧❛çã♦ ❞❡ ❡q✉✐♣♦❧ê♥❝✐❛ ❡♥tr❡ s❡❣♠❡♥t♦s ♦r✐❡♥t❛✲

❞♦s é ✉♠❛ r❡❧❛çã♦ ❞❡ ❡q✉✐✈❛❧ê♥❝✐❛✳ ❯s❛r❡♠♦s ❛ r❡❧❛çã♦ ❞❡ ❡q✉✐♣♦❧ê♥❝✐❛ ♣❛r❛

❝♦♥str✉✐r ❛ ♥♦çã♦ ❞❡ ✈❡t♦r✳

◆♦ r❡st❛♥t❡ ❞❡st❛ s❡çã♦✱ ❡st✉❞❛r❡♠♦s ✉♠❛ ❝❛r❛❝t❡r✐③❛çã♦ ❣❡♦♠étr✐❝❛

❞❛ r❡❧❛çã♦ ❞❡ ❡q✉✐♣♦❧ê♥❝✐❛✳ P❛r❛ t❛❧✱ ♣r❡❝✐s❛♠♦s ❝♦♠❡ç❛r r❡❧❡♠❜r❛♥❞♦ ❛ ♥♦✲

çã♦ ❞❡ ♣❛r❛❧❡❧♦❣r❛♠♦✳

❯♠ ♣❛r❛❧❡❧♦❣r❛♠♦ é ✉♠ q✉❛❞r✐❧át❡r♦ ❆❇❈❉ t❛❧ q✉❡ ♦s ♣❛r❡s ❞❡ ❧❛✲

❞♦s ♦♣♦st♦s✱ ❆❇ ❡ ❈❉✱ ❇❈ ❡ ❉❆✱ sã♦ ♣❛r❛❧❡❧♦s✳ ▲❡♠❜r❡♠♦s q✉❡ s❡❣♠❡♥t♦s
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✸✳✷✳✸ ❱❡t♦r❡s ✐❣✉❛✐s

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

♦ ♠❡s♠♦ ♠ó❞✉❧♦✱ ❛ ♠❡s♠❛ ❞✐r❡çã♦ ❡ ♦ ♠❡s♠♦ s❡♥t✐❞♦✳ ❙❡ ♣❡❧♦ ♠❡♥♦s ✉♠❛

❞❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦s ❞♦✐s ✈❡t♦r❡s ❢♦r❡♠ ❞✐❢❡r❡♥t❡s ❡❧❡s s❡rã♦ ❝♦♥s✐❞❡r❛❞♦s

❞✐st✐♥t♦s

❋✐❣✉r❛ ✻✿ ❱❡t♦r❡s ✐❣✉❛✐s

✸✳✷✳✹ ❱❡t♦r ♥✉❧♦

➱ ♦ ❝♦♥❥✉♥t♦ ❞❡ t♦❞♦s ♦s s❡❣♠❡♥t♦s ♦r✐❡♥t❛❞♦s ♥✉❧♦s ❡ s❡rá r❡♣r❡✲

s❡♥t❛❞♦ ♣♦r
#   »

AA = ~0

✸✳✷✳✺ ❱❡t♦r ♦♣♦st♦

❊①✐st❡ ♦ ✈❡t♦r ♦♣♦st♦ ❞♦ ✈❡t♦r ✈✱ q✉❡ s❡rá r❡♣r❡s❡♥t❛❞♦ ♣♦r ✲✈

❋✐❣✉r❛ ✼✿ ❱❡t♦r❡s ♦♣♦st♦s

✸✸



✸✳✷✳✻ ❆❞✐çã♦ ❞❡ ✈❡t♦r❡s

❉❛❞♦s ~u ❡ ~v ✈❡t♦r❡s q✉❛✐sq✉❡r t♦♠❡♠♦s ✉♠ r❡♣r❡s❡♥t❛♥t❡ ❞❡ ~u ❡

♦✉tr♦ r❡♣r❡s❡♥t❛♥t❡ ❞❡ ~v✱ ❞❡ ♠♦❞♦ q✉❡ ❡❧❡s s❡❥❛♠ ❝♦♥s❡❝✉t✐✈♦s✳ ▲✐❣❛♥❞♦ ❛

♦r✐❣❡♠ ❞♦ ♣r✐♠❡✐r♦ ❝♦♠ ❛ ❡①tr❡♠✐❞❛❞❡ ❞♦s s❡❣✉♥❞♦✱ ♦❜t❡♠♦s ♦ ✈❡t♦r ~u + ~v

q✉❡ é ❛ s♦♠❛ ❞❡ ~u ❡ ~v✳

❋✐❣✉r❛ ✽✿ ❘❡❣r❛ ❞♦ tr✐â♥❣✉❧♦

❯♠❛ ♦✉tr❛ ♦♣çã♦ s❡r✐❛ ✉t✐❧✐③❛r ❛ r❡❣r❛ ❞♦ ♣❛r❛❧❡❧♦❣r❛♠♦✳ ❉❛❞♦s ~u ❡

~v ✈❡t♦r❡s q✉❛✐sq✉❡r t♦♠❡♠♦s ✉♠ r❡♣r❡s❡♥t❛♥t❡ ❞❡ ~u ❡ ♦✉tr♦ r❡♣r❡s❡♥t❛♥t❡ ❞❡

~v✱ ❝♦♠ ❛ ♠❡s♠❛ ♦r✐❣❡♠✳ ❖ ✈❡t♦r ~u+~v é ❞❛❞♦ ♣❡❧❛ ❞✐❛❣♦♥❛❧ ❞♦ ♣❛r❛❧❡❧♦❣r❛♠♦

❢♦r♠❛❞♦ ♣❡❧♦s ✈❡t♦r❡s ~u ❡ ~v✳

❋✐❣✉r❛ ✾✿ ❘❡❣r❛ ❞♦ ♣❛r❛❧❡❧♦❣r❛♠♦

✸✹



✸✳✷✳✼ ❙✉❜tr❛çã♦ ❞❡ ✈❡t♦r❡s

❆ s✉❜tr❛çã♦ ~u− ~v s❡ ♦❜té♠ ❛tr❛✈és ❞❛ ❛❞✐çã♦ ❞❡ ~u ❝♦♠ ♦ ♦♣♦st♦ ❞❡

~v✱ ❞❡ ❢❛t♦

~u− ~v = ~u+ (−~v)

❈♦♥❢♦r♠❡ ✐❧✉str❛ ❛ ✜❣✉r❛ ❛❜❛✐①♦✳

❋✐❣✉r❛ ✶✵✿ ❙✉❜tr❛çã♦ ❞❡ ✈❡t♦r❡s

✸✳✷✳✽ ▼✉❧t✐♣❧✐❝❛çã♦ ♣♦r ♥ú♠❡r♦ r❡❛❧ ✭❡s❝❛❧❛r✮

❖ ♣r♦❞✉t♦ ❞❡ ❦ ♣♦r ~u é ♦ ✈❡t♦r k~u ❝✉❥❛s ❝❛r❛❝t❡ríst✐❝❛s sã♦✿

✶✳ ‖k~u‖ = |k|‖~u‖

✷✳ ❆ ❞✐r❡çã♦ é ❛ ♠❡s♠❛ ❞❡ ~u

✸✳ ❙❡ k > 0✱ t❡♠ ♦ ♠❡s♦ s❡♥t✐❞♦ ❞❡ ~u ❡ s❡ k < 0 ✱ t❡♠ s❡♥t✐❞♦ ♦♣♦st♦ ❛♦

❞❡ ~u

❋✐❣✉r❛ ✶✶✿ ▼✉❧t✐♣❧✐❝❛çã♦ ♣♦r ❡s❝❛❧❛r

✸✺



✸✳✸ ❱✐sã♦ ❛❧❣é❜r✐❝❛

✸✳✸✳✶ P❧❛♥♦ ❝❛rt❡s✐❛♥♦

❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ ❡st✉❞❛♥t❡ ❥á s❛❜❡ ♠❛r❝❛r ♣♦♥t♦s ♥♦ ♣❧❛♥♦ ❝❛r✲

t❡s✐❛♥♦ ♣❛ss❡♠♦s ❛ ❛♥❛❧✐s❛r ♦s ✈❡t♦r❡s ♥♦ ♣❧❛♥♦✳

❆ ♣❛rt✐r ❞❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ R ❝♦♠♦ ✉♠❛ r❡t❛ ♥✉♠❡r❛❞❛✱ ♦s ❡❧❡♠❡♥✲

t♦s ✭①✱ ②✮ ❞❡ R
2 s❡ ❛ss♦❝✐❛♠ ❛♦s ♣♦♥t♦s ❞♦ ♣❧❛♥♦ ❞❡✜♥✐♥❞♦ ♣♦r ❞✉❛s r❡t❛s

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

❝❛rt❡s✐❛♥❛s r❡t❛♥❣✉❧❛r❡s ♦♥❞❡ ❛ ✐♥t❡rs❡❝çã♦ é ❛ ♦r✐❣❡♠ ✭✵✱ ✵✮ ❡ ❛ ❝❛❞❛ ♣❛r ❞❡

♥ú♠❡r♦s ✭①✱ ②✮ ❢❛③ ❝♦rr❡s♣♦♥❞❡r ✉♠ ♣♦♥t♦ ❞❡ ❝♦♦r❞❡♥❛❞❛ ① ♥♦ ❡✐①♦ ❳ ❡ ② ♥♦

❡✐①♦ ❨✳

❋✐❣✉r❛ ✶✷✿ P♦♥t♦ ♥♦ ♣❧❛♥♦

◆♦t❛çã♦

• ❱❡t♦r❡s s❡rã♦ r❡♣r❡s❡♥t❛❞♦s ❝♦♠ ❧❡tr❛s ♠✐♥ús❝✉❧❛s ❝♦♠ ✉♠❛ s❡t❛ ❡♠

❝✐♠❛ t❛✐s ❝♦♠♦ ~u✱ ~v ❡ ~w✳ ❖s ♣♦♥t♦s s❡rã♦ ❞❡♥♦t❛❞♦s ❝♦♠ ❧❡tr❛ ♠❛✐ús✲

❝✉❧❛s t❛✐s ❝♦♠♦ ❆✱ ❇ ❡ ❈✳ ◆♦ ❝♦♥t❡①t♦ ❞♦s ✈❡t♦r❡s✱ ♦s ♥ú♠❡r♦s r❡❛✐s

sã♦ ❝❤❛♠❛❞♦s ❞❡ ❡s❝❛❧❛r❡s ❡ s❡ ❡s❝r❡✈❡♠ ❝♦♠ ❧❡tr❛s ♠✐♥ús❝✉❧❛s s❡♠ ❛

s❡t❛✳

• ❙❡ ♦ ♣♦♥t♦ ✐♥✐❝✐❛❧ ❞❡ ✉♠ ✈❡t♦r ~v é ❆ ❡ ♦ ♣♦♥t♦ ✜♥❛❧ é ❇✱ ❡♥tã♦ ~v =
#    »

AB = B − A

• ❖ ✈❡t♦r ♥✉❧♦ s❡ ❡s❝r❡✈❡ ❝♦♠♦ ~0 = (0, 0) ❡♠ R
2

✸✻





✸✳✸✳✷ ❖♣❡r❛çõ❡s ❝♦♠ ♣❛r❡s ♦r❞❡♥❛❞♦s

❆s ♦♣❡r❛çõ❡s ❝♦♠ ♣❛r❡s ♦r❞❡♥❛❞♦s q✉❡ ❛♣❛r❡♥t❡♠❡♥t❡ ♥❛❞❛ t❡♠ ❛

✈❡r ❝♦♠ ❛s ♦♣❡r❛çõ❡s ❣❡♦♠étr✐❝❛s✱ tr❛❞✉③❡♠ ❞❡ ❢♦r♠❛ ❛❧❣é❜r✐❝❛ ❛s ♦♣❡r❛çõ❡s

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

❛ s❛❜❡r✿ ❛❞✐çã♦✱ ❡ ♠✉❧t✐♣❧✐❝❛çã♦ ♣♦r ❡s❝❛❧❛r✳

❖♣❡r❛çõ❡s ❡♠ R
2✳

❉❛❞♦s ~u = (u1, u2)✱ ~v = (v1, v2) ❡ k ∈ R

• ❆❞✐çã♦ ❞❡ ✈❡t♦r❡s✿ ~u+ ~v := (u1 + v1, u2 + v2)

• ▼✉❧t✐♣❧✐❝❛çã♦ ♣♦r ❡s❝❛❧❛r✿ k~v := (kv1, kv2) a ∈ R

❊①❡♠♣❧♦s✿ ❉❛❞♦s ♦s ✈❡t♦r❡s ~u = (1,−2) ❡ ~v = (5, 3) ❞❡ R
2

• ~u+ ~v = (1 + 5,−2 + 3) = (6, 1)

❋✐❣✉r❛ ✶✹✿ ❆❞✐çã♦ ❞♦s ✈❡t♦r❡s ✉ ❡ ✈

✸✽



• ~u− ~v = (1− 5,−2− 3) = (−4,−5)

❋✐❣✉r❛ ✶✺✿ ❙✉❜tr❛çã♦ ❞❡ ✈❡t♦r❡s

✸✾



• 2~u = 2(1,−2) = (2,−4)

❋✐❣✉r❛ ✶✻✿ ▼✉❧t✐♣❧✐❝❛çã♦ ♣♦r ❡s❝❛❧❛r

• 1

2
~v = 1

2
(5, 3) = (5

2
, 3
2
)

❋✐❣✉r❛ ✶✼✿ ▼✉❧t✐♣❧✐❝❛çã♦ ♣♦r ❡s❝❛❧❛r

✹✵



✸✳✸✳✸ Pr♦♣r✐❡❞❛❞❡s ❞❛s ♦♣❡r❛çõ❡s

❉❛❞♦s ♦s ✈❡t♦r❡s ~u✱ ~v ❡ ~w ❡ a, b ∈ R t❡♠♦s✿

✶✳ ~v +~0 = ~v

✷✳ ~v + (−~v) = ~0

✸✳ 0~v = ~0

✹✳ 1~v = ~v

✺✳ ~u+ ~v = ~v + ~u

✻✳ (~u+ ~v) + ~w = ~u+ (~v + ~w)

✼✳ a(~u+ ~v) = a~u+ a~v

✽✳ (a+ b)~v = a~v + b~v

✾✳ (ab)~v = a(b~v)

❆ ✈❡r✐✜❝❛çã♦ ❞❡st❛s ♣r♦♣r✐❡❞❛❞❡s s❡ ❢❛③ ♣♦r ♠❡✐♦ ❞❛s ❝♦♦r❞❡♥❛❞❛s✳

❉❡✐①❛♠♦s ❡st❛ t❛r❡❢❛ ❝♦♠♦ ❡①❡r❝í❝✐♦✳

✸✳✸✳✹ ❈♦♠❜✐♥❛çã♦ ❧✐♥❡❛r

❉❡✜♥✐çã♦✿ ❯♠❛ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❞♦s ✈❡t♦r❡s ~u ❡ ~v✱ é ♦ ✈❡t♦r

~w = a~u + b~v✱ ♦♥❞❡ a, b ∈ R✳ ▲♦❣♦ ❞❛❞♦s ❞♦✐s ✈❡t♦r❡s q✉❛✐sq✉❡r✱ ❞✉❛s ❝♦✐s❛s

♣♦❞❡♠ ♦❝♦rr❡r✿

✹✶



• ~u ❡ ~v sã♦ ❝♦❧✐♥❡❛r❡s✳ ❆ss✐♠ ~w t❡rá ❛ ♠❡s♠❛ ❞✐r❡çã♦ ❞❡❧❡s

❋✐❣✉r❛ ✶✽✿ ❈♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❞❡ ~u ❡ ~v

• ~u ❡ ~v ♥ã♦ ❝♦❧✐♥❡❛r❡s✳ ❆ss✐♠ t♦❞♦ ✈❡t♦r ~w ❞♦ ♣❧❛♥♦ s❡ ❡s❝r❡✈❡ ❞❡ ❢♦r♠❛

ú♥✐❝❛ ❝♦♠♦ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❞❡❧❡s

❊①❡♠♣❧♦✿ ❉❛❞♦s ~u = (1, 3)✱ ~v = (3, 1) ❡ ~w = (4, 4 , 3, 6)✱ é ❞❡ ❢á❝✐❧

✈❡r✐✜❝❛çã♦ q✉❡ ~w = 0, 8~u+ 1, 2~v

❋✐❣✉r❛ ✶✾✿ ❈♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❞❡ ~u ❡ ~v

✹✷



✸✳✸✳✺ ◆♦r♠❛ ❡✉❝❧✐❞✐❛♥❛

❯♠❛ ♥♦r♠❛ é q✉❛❧q✉❡r ❢✉♥çã♦ ❞❡✜♥✐❞❛ ❡♠ ✉♠ ❝❡rt♦ ❝♦♥❥✉♥t♦ ❊ ✭❝✉✲

❥♦s ❡❧❡♠❡♥t♦s ♣♦❞❡♠ s❡r ❞❡ ♥❛t✉r❡③❛ q✉❛❧q✉❡r✮ ❛ss✉♠✐♥❞♦ ✈❛❧♦r❡s ❡♠ R ❡

q✉❡ ❞❡✈❡ s❛t✐s❢❛③❡r às três ❝♦♥❞✐çõ❡s ❞❡s❝r✐t❛s ♥❛ ❞❡✜♥✐çã♦ ❛ s❡❣✉✐r✳

❉❡✜♥✐çã♦✿ ‖ ‖ : E −→ R✱ é ✉♠❛ ♥♦r♠❛ ❡♠ ❊ s❡✱ ♣❛r❛ t♦❞♦s ①✱ ②

❡♠ ❊ ❡ a,∈ R✱ ❡♥tã♦✿

✶✳ ‖x‖ ≥ 0 ❡ ‖x‖ = 0 ⇔ x = 0

✷✳ ‖ax‖ = |a|‖x‖

✸✳ ‖x+ y‖ ≤ ‖x‖+ ‖y‖

❈♦♠ ❡st❛ ❞❡✜♥✐çã♦ ✜❝❛ ❡✈✐❞❡♥t❡ ❛ ❡①✐stê♥❝✐❛ ❞❡ ❞✐✈❡rs❛s ♥♦r♠❛s✳

❈♦♠♦ ♥♦ss♦ ❛♠❜✐❡♥t❡ ❞❡ ❡st✉❞♦ é ♦ ♣❧❛♥♦ ✈❛♠♦s ❞❡✜♥✐r ✉♠❛ ♥♦r♠❛ ❞❡ R
2

❡♠ R✳ ❊st❛ ♥♦r♠❛ é ❞✐t❛ ♥♦r♠❛ ❡✉❝❧✐❞✐❛♥❛✳ ❆ss✐♠ ❞❛❞♦ ~v = (v1, v2)✱ t❡♠♦s✿

◆♦r♠❛ ❊✉❝❧✐❞✐❛♥❛✿ ‖ ‖ : R2 −→ R✱ ❞❛❞❛ ♣♦r✿

‖~v‖ =
√
~v · ~v =

√

v2
1
+ v2

2

➱ ♥❡❝❡ssár✐♦ ♣r♦✈❛r q✉❡ ❡st❛ r❡❧❛çã♦ ❞❡ ❢❛t♦ ❞❡✜♥❡ ✉♠❛ ♥♦r♠❛✳ P❛r❛

✐st♦ ❜❛st❛ ✈❡r✐✜❝❛r ❛s três ❝♦♥❞✐çõ❡s ❞❛ ❞❡✜♥✐çã♦✳ ❆s ❞✉❛s ♣r✐♠❡✐r❛s sã♦

✐♠❡❞✐❛t❛s✱ ♣♦ré♠ ❛ ✉❧t✐♠❛ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ❞❡s✐❣✉❛❧❞❛❞❡ tr✐❛♥❣✉❧❛r r❡q✉❡r

❛❧❣♦ ♠❛✐s ❡ s❡rá ♣r♦✈❛❞❛ ♠❛✐s ❛❞✐❛♥t❡ ✭s❡çã♦ ✸✳✹✳✹✮

❊①❡♠♣❧♦s✿

❛✮ ❙❡❥❛ ~u = (4,−3)✱ ❧♦❣♦ ‖~u‖ =
√

42 + (−3)2 =
√
25 = 5

❜✮ ~w = (cos α, senα), α ∈ R, ‖~w‖ =
√
cos2α + sen2α = 1

❖❜s✳✿ ❱❡t♦r❡s ❝✉❥❛ ♥♦r♠❛ é ✐❣✉❛❧ ❛ ✶ sã♦ ❝❤❛♠❛❞♦s ✉♥✐tár✐♦s✳ ❆ss✐♠

♦ ✈❡t♦r ~w ❞♦ ❡①❡♠♣❧♦ ❛♥t❡r✐♦r é ✉♥✐tár✐♦✳ ❉❡ ♠♦❞♦ ❣❡r❛❧ é ✉♥✐tár✐♦ ♦ s❡❣✉✐♥t❡

✈❡t♦r✿ ~w
‖~w‖

, ~w 6= ~0✳

✹✸



❆ ♥♦r♠❛ ✐♥❞✉③ ❛ ♥♦çã♦ ❞❡ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❞♦✐s ♣♦♥t♦s✳ ❆ss✐♠ ❞❛❞♦s

A = (a1, a2) ❡ B = (b1, b2) ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❡❧❡s é ❞❛❞❛ ♣❡❧❛ ♥♦r♠❛ ❞♦ ✈❡t♦r
#    »

AB = B − A = (b1 − a1, b2 − a2)✿

❞(A,B) = ‖B − A‖

❊①❡♠♣❧♦✿ A = (1, 3) ❡ B = (4, 2)

d(A,B) = ‖B − A‖ =
√

(4− 1)2 + (2− 3)2 =
√
10

❋✐❣✉r❛ ✷✵✿ ❉✐stâ♥❝✐❛ ❡♥tr❡ ♦s ♣♦♥t♦ ❆ ❡ ❇

✹✹



✸✳✸✳✻ P❡r♣❡♥❞✐❝✉❧❛r✐❞❛❞❡

❉❛❞♦s ♦s ✈❡t♦r❡s ♣❡r♣❡♥❞✐❝✉❧❛r❡s✿ ~u = (u1, u2) ❡ ~v = (v1, v2) q✉❡

❞❡♥♦t❛r❡♠♦s ♣♦r ~u ⊥ ~v t❡♠♦s✿

~u− ~v = (u1 − v1 , u2 − v2)

❋✐❣✉r❛ ✷✶✿ P❡r♣❡♥❞✐❝✉❧❛r✐❞❛❞❡

❆♣❧✐❝❛♥❞♦ ♦ t❡♦r❡♠❛ ❞❡ P✐tá❣♦r❛s

‖~u− ~v‖2 = ‖u‖2 + ‖v‖2

(u1 − v1)
2 + (u2 − v2)

2 = u1
2 + u2

2 + v1
2 + v2

2

u1
2 − 2u1v1 + v1

2 + u2
2 − 2u2v2 + v2

2 = u1
2 + u2

2 + v1
2 + v2

2

−2u1v1 − 2u2v2 = 0

u1v1 + u2v2 = 0

~u ⊥ ~v ⇐⇒ u1v1 + u2v2 = 0 ✭✶✮

❆ ❡①♣r❡ssã♦ ✭✶✮ ❝♦st✉♠❛ ❛♣❛r❡❝❡r ❝♦♠ ❢r❡q✉ê♥❝✐❛ q✉❛♥❞♦ s❡ tr❛❜❛❧❤❛

❝♦♠ ✈❡t♦r❡s ❡ ♣♦r ✐st♦ ♠❡r❝❡ ❛t❡♥çã♦ ❡s♣❡❝✐❛❧✳ ❙❡rá ❝❤❛♠❛❞❛ ❞❡ ♣r♦❞✉t♦

✐♥t❡r♥♦ ❡ s❡r❛ ❞❡✜♥✐❞❛ ❛ s❡❣✉✐r✳

✹✺



✸✳✹ Pr♦❞✉t♦ ✐♥t❡r♥♦

❖ ♣r♦❞✉t♦ ✐♥t❡r♥♦ ❞♦ ✈❡t♦r ~u = (u1, u2) ♣❡❧♦ ✈❡t♦r ~v = (v1, v2) é ♦

♥ú♠❡r♦ r❡❛❧ ~u · ~v ❞❛❞♦ ♣♦r✿

~u · ~v = u1v1 + u2v2

P♦❞❡♠♦s r❡❡s❝r❡✈❡r ❛ r❡❧❛çã♦ ✭✶✮ ❡♠ t❡r♠♦s ❞♦ ♣r♦❞✉t♦ ✐♥t❡r♥♦✳

~u ⊥ ~v ⇐⇒ ~u · ~v = 0 ✭✷✮

✸✳✹✳✶ ❘♦t❛çã♦

P❛r❛ ❡❢❡t✉❛r ✉♠❛ r♦t❛çã♦ ❞❡ ♥♦✈❡♥t❛ ❣r❛✉s✱ ♥♦ s❡♥t✐❞♦ ❛♥t✐ ✲ ❤♦rár✐♦

❡♠ ✉♠ ✈❡t♦r ❞♦ R
2✱ ❜❛st❛ ✐♥✈❡rt❡r ♦ s✐♥❛❧ ❞❛ s❡❣✉♥❞❛ ❝♦♦r❞❡♥❛❞❛ ❡ ❛ s❡❣✉✐r

♣❡r♠✉tá✲❧❛ ❝♦♠ ❛ ♣r✐♠❡✐r❛✳

~u = (u1, u2)
90

◦

−−→
Giro

~v = (−u2, u1)

❋✐❣✉r❛ ✷✷✿ ❘♦t❛çã♦ ❞❡ 90◦ ♥♦ s❡♥t✐❞♦ ❛♥t✐✲❤♦rár✐♦

✹✻



✸✳✹✳✷ Pr♦♣r✐❡❞❛❞❡s ❞♦ ♣r♦❞✉t♦ ✐♥t❡r♥♦

❉❛❞♦s ♦s ✈❡t♦r❡s ~u✱ ~v ❡ ~w ❡ a,∈ R t❡♠♦s✿

✶✳ ~v ·~0 = 0

✷✳ ~u · ~v = ~v · ~u

✸✳ ~u · (~v + ~w) = ~u · ~v + ~u · ~w

✹✳ (a~u) · ~v = a(~u · ~v)

✺✳ ~u · ~u = ‖~u‖2

❆ ✈❡r✐✜❝❛çã♦ ❞❛s ♣r♦♣r✐❡❞❛❞❡s ❞♦ ♣r♦❞✉t♦ ✐♥t❡r♥♦ s❡ ❢❛③ ✉t✐❧✐③❛♥❞♦

❝♦♦r❞❡♥❛❞❛s✳ ❉❡✐①❛♠♦s ❡st❛ t❛r❡❢❛ ❝♦♠♦ ❡①❡r❝í❝✐♦✳

✸✳✹✳✸ ➶♥❣✉❧♦ ❡♥tr❡ ✈❡t♦r❡s

❆ ♣❛rt✐r ❞❛ ♥♦çã♦ ❞❡ ♣r♦❞✉t♦ ✐♥t❡r♥♦ ♣♦❞❡♠♦s ❞❡✜♥✐r ♦ â♥❣✉❧♦ ❡♥tr❡

❞♦✐s ✈❡t♦r❡s✳ ■st♦ s❡ ❞á ♠❡❞✐❛♥t❡ ❛ ❧❡✐ ❞♦s ❝♦ss❡♥♦s✱ ♣♦✐s ❝♦♠ ❡st❛ ❧❡✐ ♣♦❞❡♠♦s

r❡❧❛❝✐♦♥❛r ♦ ♣r♦❞✉t♦ ✐♥t❡r♥♦✱ ❛ ♥♦r♠❛ ❡ ♦ â♥❣✉❧♦ ❡♥tr❡ ❞♦✐s ✈❡t♦r❡s✳ ❉❛❞♦s✿

~u = u ❡ ~v = v ❝♦♠ ~w = u− v

❋✐❣✉r❛ ✷✸✿ ➶♥❣✉❧♦ ❡♥tr❡ ✈❡t♦r❡s

❆♣❧✐❝❛♥❞♦ ❛ ❧❡✐ ❞♦s ❝♦ss❡♥♦s ❛♦ tr✐â♥❣✉❧♦ t❡♠♦s

‖w‖2 = ‖u‖2 + ‖v‖2 − 2‖u‖‖v‖cos ϕ

✹✼



‖u− v‖2 = ‖u‖2 + ‖v‖2 − 2‖u‖‖v‖cos ϕ

(u− v) · (u− v) = ‖u‖2 + ‖v‖2 − 2‖u‖‖v‖cos ϕ

(u− v) · u− (u− v) · v = ‖u‖2 + ‖v‖2 − 2‖u‖‖v‖cos ϕ

u.u− v · u− u.v + v · v = ‖u‖2 + ‖v‖2 − 2‖u‖‖v‖cos ϕ

‖u‖2 − 2u · v + ‖v‖2 = ‖u‖2 + ‖v‖2 − 2‖u‖‖v‖cos ϕ

❋❛③❡♥❞♦ ♦s ❞❡✈✐❞♦s ❝❛♥❝❡❧❛♠❡♥t♦s

−2u · v = −2‖u‖‖v‖cos ϕ

❉✐✈✐❞✐♥❞♦ ♣♦r ✲ ✷

u · v = ‖u‖‖v‖cos ϕ

❖✉ ❞❡ ❢♦r♠❛ ❡q✉✐✈❛❧❡♥t❡

cosϕ =
u · v

‖u‖‖v‖

✹✽



✸✳✹✳✹ ❈♦♥s❡q✉ê♥❝✐❛s ❞❛ r❡❧❛çã♦✿ u · v = ‖u‖‖v‖cos ϕ

❆ r❡❧❛çã♦ ❛❝✐♠❛ t❡♠ ❞✉❛s ❝♦♥s❡q✉ê♥❝✐❛s ✐♠♣♦rt❛♥t❡s

• ❉❡s✐❣✉❛❧❞❛❞❡ ❞❡ ❙❝❤✇❛r③✿ |~u · ~v| ≤ ‖~u‖‖~v‖

❉❡♠♦♥str❛çã♦✿ ❙❡❥❛ ϕ ❛ ♠❡❞✐❞❛ ❞♦ â♥❣✉❧♦ ❡♥tr❡ ~u ❡ ~v ✳ ❆♣❧✐❝❛♥❞♦

♦ ♠ó❞✉❧♦ à r❡❧❛çã♦ ❛❝✐♠❛ ❡ ❧❡♠❜r❛♥❞♦ q✉❡ |cos ϕ| ≤ 1✱ s❡❣✉❡ q✉❡✿

|~u · ~v| = | ‖~u‖‖~v‖cos ϕ | = ‖~u‖‖~v‖|cos ϕ| ≤ ‖~u‖‖~v‖

|~u · ~v| ≤ ‖~u‖‖~v‖

• ❉❡s✐❣✉❛❧❞❛❞❡ ❚r✐❛♥❣✉❧❛r✿ ‖~u+ ~v‖ ≤ ‖~u‖+ ‖~v‖

❉❡♠♦♥str❛çã♦✿ (~u+ ~v)2 = (~u+ ~v) · (~u+ ~v) = ~u2 + 2~u · ~v + ~v2

‖~u+~v‖2 = ‖~u‖2+2~u·~v+‖~v‖2 ≤ ‖~u‖2+2|~u·~v|+‖~v‖2 ≤ ‖~u‖2+2‖~u‖‖~v‖+‖~v‖2

‖~u+ ~v‖2 ≤ ‖~u‖2 + 2‖~u‖‖~v‖+ ‖~v‖2

‖~u+ ~v‖2 ≤ (‖~u‖+ ‖~v‖)2

‖~u+ ~v‖ ≤ ‖~u‖+ ‖~v‖

❋✐❣✉r❛ ✷✹✿ ‖~u+ ~v‖ ≤ ‖~u‖+ ‖~v‖

❖❜s✳✿ ◆❛ ♣r✐♠❡✐r❛ ❞❡s✐❣✉❛❧❞❛❞❡ ✉s❛♠♦s ♦ ❢❛t♦ ❞❡ q✉❡ ✉♠ ♥ú♠❡r♦

r❡❛❧ é s❡♠♣r❡ ♠❡♥♦r ♦✉ ✐❣✉❛❧ ❛♦ s❡✉ ♠ó❞✉❧♦ ❡ ♥❛ s❡❣✉♥❞❛ ✉t✐❧✐③❛♠♦s ❛ ❞❡s✐✲

❣✉❛❧❞❛❞❡ ❞❡ ❙❝❤✇❛r③✳

✹✾



✸✳✹✳✺ ❆♣❧✐❝❛çõ❡s

✶✳ ✭P❆P▼❊▼ ✲ ✷✵✶✾✮ ❆ ❜❛s❡ ❞❡ ✉♠ r❡tâ♥❣✉❧♦ é ♦ ❞♦❜r♦ ❞❛ ❛❧t✉r❛✳ ❈❛❧✲

❝✉❧❡ ♦ â♥❣✉❧♦ ❡♥tr❡ s✉❛s ❞✐❛❣♦♥❛✐s✳

❙♦❧✉çã♦✿

❯♠❛ ♦♣çã♦ ❞❡ ❡s❝♦❧❤❛ ❞♦s ❡✐①♦s é ❛ s❡❣✉✐♥t❡

❋✐❣✉r❛ ✷✺✿ ❆♣❧✐❝❛çã♦ ✶

❆ ❂ ✭✷✱ ✵✮✱ ❇ ❂ ✭✵✱ ✵✮✱ ❈ ❂ ✭✵✱ ✶✮ ❡ ❉ ❂ ✭✷✱ ✶✮

~u =
#    »

BD = D − B = (2, 1), ~v =
#    »

CA = A− C = (2,−1)

cos ϕ =
u · v

‖u‖‖v‖ =
2.2 + 1(−1)√

5
√
5

=
3

5

❆ss✐♠ ϕ = 53, 1◦

✺✵



✷✳ ✭P❆P▼❊▼ ✷✵✶✾✮ Pr♦✈❡ q✉❡ ❛s ❛❧t✉r❛s ❞❡ ✉♠ tr✐â♥❣✉❧♦ ❝♦rt❛♠ ✲ s❡ ❡♠

✉♠ ú♥✐❝♦ ♣♦♥t♦✳

❙♦❧✉çã♦✿

❙✉♣♦♥❞♦ q✉❡ ❛s ❛❧t✉r❛ s❡ ❝♦rt❡♠ ❡♠ ♣♦♥t♦s ❞✐st✐♥t♦s H1 ❡ H2 ✈❛♠♦s

♣r♦✈❛r q✉❡ ♥❛ ✈❡r❞❛❞❡ H1 = H2✳

❚r❛ç❛♥❞♦ ❛s ❛❧t✉r❛s BD ❡ AE t❡♠♦s✿

❋✐❣✉r❛ ✷✻✿ ❆♣❧✐❝❛çã♦ ✷

#    »

BC = (−b, c) ❡
#      »

AH1 = (−a, y1)

#    »

AC = (−a, c) ❡
#       »

BH2 = (−b, y2)

A = (a, 0), B = (b, 0), C = (0, c), H1 = (0, y1) ❡ H2 = (0, y2)

#    »

BC ⊥ #      »

AH1 ⇒ (−b)(−a) + cy1 = 0 ⇒ y1 = −ab
c

#    »

AC ⊥ #       »

BH2 ⇒ ab+ cy2 = 0 ⇒ y2 = −ab
c

❆ss✐♠ y1 = y2 ⇒ H1 = H2

✺✶



✸✳ ✭➪r❡❛ ❞♦ ♣❛r❛❧❡❧♦❣r❛♠♦✮ ❙❡ ♦s ❧❛❞♦s ♥ã♦ ♣❛r❛❧❡❧♦s ❞❡ ✉♠ ♣❛r❛❧❡❧♦✲

❣r❛♠♦ sã♦ ~u ❡ ~v✱ ❡♥tã♦ s✉❛ ár❡❛ s❡rá ❞❛❞❛ ♣♦r✿

A =
√

‖~u‖2‖~v‖2 − (~u · ~v)2

❉❡♠♦♥str❛çã♦✿

❋✐❣✉r❛ ✷✼✿ ➪r❡❛ ❞♦ ♣❛r❛❧❡❧♦❣r❛♠♦

❆♣❧✐❝❛♥❞♦ ❛ ❞❡✜♥✐çã♦ ❞❡ s❡♥♦ ❛♦ tr✐â♥❣✉❧♦ ❆❇❈ t❡♠♦s✿

senϕ =
h

‖~v‖ ⇒ h = ‖~v‖senϕ

A = ‖~u‖h = ‖~u‖‖~v‖senϕ

❊❧❡✈❛♥❞♦ ❛♦ q✉❛❞r❛❞♦ ✜❝❛

A2 = ‖~u‖2‖~v‖2sen2ϕ

❯s❛♥❞♦ ❛ r❡❧❛çã♦ ❢✉♥❞❛♠❡♥t❛❧ sen2ϕ = 1− cos2ϕ

A2 = ‖~u‖2‖~v‖2(1− cos2ϕ)

A2 = ‖~u‖2‖~v‖2 − ‖~u‖2‖~v‖2cos2ϕ

✺✷



A2 = ‖~u‖2‖~v‖2 − (‖~u‖‖~v‖cosϕ)2

A2 = ‖~u‖2‖~v‖2 − (~u · ~v)2

A =

√

‖~u‖2‖~v‖2 − (~u · ~v)2

✹✳ ❖ r❡s✉❧t❛❞♦ ❛♥t❡r✐♦r t❛♠❜é♠ ♣♦❞❡ s❡r ❡①♣r❡ss♦ ❡♠ ❝♦♦r❞❡♥❛❞❛s✱ ❞❡

❢❛t♦ ❞❛❞♦s✿

~u = (u1, u2) ❡ ~v = (v1, v2)✱ t❡r❡♠♦s

A = | [~u,~v] | =
∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

u1 u2

v1 v2

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

❉❡♠♦♥str❛çã♦✿

❊❧❡✈❛♥❞♦ ❛♦ q✉❛❞r❛❞♦ ♦ r❡s✉❧t❛❞♦ ❛♥t❡r✐♦r

A =

√

‖~u‖2‖~v‖2 − (~u · ~v)2

A2 = ‖~u‖2‖~v‖2 − (~u · ~v)2 = (u2

1
+ u2

2
)(v2

1
+ v2

2
)− (u1v1 + u2v2)

2

A2 = u2

1
v2
1
+ u2

1
v2
2
+ u2

2
v2
1
+ u2

2
v2
2
− u2

1
v2
1
− 2u1v1u2v2 − u2

2
v2
2

A2 = u2

1
v2
2
+ u2

2
v2
1
− 2u1v2u2v1 = (u1v2 − u2v1)

2

A = |u1v2 − u2v1| =
∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

u1 u2

v1 v2

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

✺✸



✺✳ ✭➪r❡❛ ❞♦ tr✐â♥❣✉❧♦✮ ❈❛❧❝✉❧❡ ❛ ár❡❛ ❞♦ tr✐â♥❣✉❧♦ ❝✉❥♦s ✈ért✐❝❡s sã♦✿

❆ ❂ ✭✲✷✱ ✽✮✱ ❇ ❂ ✭✶✱ ✹✮ ❡ ❈ ❂ ✭✸✱ ✷✮✳

❙♦❧✉çã♦✿

P♦❞❡♠♦s ❛♣❧✐❝❛r ♦ r❡s✉❧t❛♥❞♦ ❛♥t❡r✐♦r

❋✐❣✉r❛ ✷✽✿ ➪r❡❛ ❞♦ tr✐â♥❣✉❧♦

~u =
#    »

AB = (5,−1)

~v =
#    »

AC = (3, 3)

A△ =
1

2
Aparalelogramo

A△ =
1

2

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

5 −1

3 3

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

=
18

2
= 9

✺✹



✻✳ ✭❋ís✐❝❛✮ ❯♠ ❜❧♦❝♦ ❞❡ ✹✵✵ ❦❣ ❞❡ ♠❛ss❛ ❡tá s✉s♣❡♥s♦ ♣♦r ❞♦✐s ❝❛❜♦s✱

❝♦♥❢♦r♠❡ ♠♦str❛ ❛ ✜❣✉r❛ ✷✾✳ ❈❛❧❝✉❡ ❛s ❢♦rç❛s ✭t❡♥sõ❡s✮ T1 ❡ T2 q✉❡

❛❣❡♠ ♥♦s ❝❛❜♦s✳✭g = 9, 8m/s2✮

❋✐❣✉r❛ ✷✾✿ P❡s♦ s✉s♣❡♥s♦

❙♦❧✉çã♦✿ ❈♦♠♦ ♦ s✐st❡♠❛ ❡stá ❡♠ ❡q✉✐❧í❜r✐♦✱ ❛ r❡s✉❧t❛♥t❡ ❞❛s ❢♦rç❛s q✉❡

❛t✉❛♠ ♥♦ ♣♦♥t♦ ❈ ❞❡✈❡ ❡q✉✐❧✐❜r❛r ♦ ♣❡s♦✱ ♦✉ s❡❥❛ sã♦ ✈❡t♦r❡s ❞❡ ♠❡s♠❛

✐♥t❡♥s✐❞❛❞❡ ❡ ❞✐r❡çã♦ ♣♦ré♠ ❝♦♠ s❡♥t✐❞♦s ♦♣♦st♦s✳ ❆ ✜❣✉r❛ ✸✵ ✐❧✉str❛

❜❡♠ ❡ss❛ s✐t✉❛çã♦

❋✐❣✉r❛ ✸✵✿ ❋♦rç❛s ❛t✉❛♥❞♦ ❡♠ ❈

❚ é s♦♠❛ ✈❡t♦r✐❛❧ ❞❡ T1 ❡ T2✱ ❛❧❡♠ ❞✐st♦ ❚ ❂ P ❂ ✸✾✷✵ ◆

✺✺



❋✐❣✉r❛ ✸✶✿ ❚r✐â♥❣✉❧♦

❆♣❧✐❝❛♥❞♦ ❛ ❧❡✐ ❞♦s s❡♥♦s ❛♦ tr✐â♥❣✉❧♦ ❞❛ ✜❣✉r❛ ✸✶

T1

sen57◦
=

T2

sen45◦
=

T

sen78◦

T1 = T
sen57◦

sen78◦
= 3920

sen57◦

sen78◦
= 3361, 03N

T2 = T
sen45◦

sen78◦
= 3920

sen45◦

sen78◦
= 2833, 78N

✺✻



✹ ❊◆●❊◆❍❆❘■❆ ❉■❉➪❚■❈❆

❖ ❝❛♠✐♥❤♦ tr✐❧❤❛❞♦ ♣❛r❛ ❡ r❡❛❧✐③❛çã♦ ❞❡st❛ ✐♥✈❡st✐❣❛çã♦ s❡❣✉❡ ♦s

❢✉♥❞❛♠❡♥t♦s ❞❛ ❡♥❣❡♥❤❛r✐❛ ❞✐❞át✐❝❛✱ ❝❛♠♣♦ ❞❡ ❡st✉❞♦ s✉r❣✐❞♦ ❝♦♠ ♦ ♦❜❥❡t✐✈♦

❞❡ ♣r♦♣❛❣❛r ❡st✉❞♦s s♦❜r❡ ❛ ❞✐❞át✐❝❛ ❞❛ ♠❛t❡♠át✐❝❛✳

❆ ♣✐♦♥❡✐r❛ ❞❛ ❡♥❣❡♥❤❛r✐❛ ❞✐❞át✐❝❛✱ ▼✐❝❤❡❧❡ ❆rt✐❣✉❡ ❞❡✜♥❡ ❡st❛ ♠❡✲

t♦❞♦❧♦❣✐❛ ❝♦♠♦ ✉♠ ❡sq✉❡♠❛ ❡①♣❡r✐♠❡♥t❛❧ q✉❡ t❡♠ ❜❛s❡✱ ❢✉♥❞❛♠❡♥t❛❞❛ ♥❛

❝♦♥❝❡♣çã♦✱ ♦❜s❡r✈❛çã♦ ❡ ❛♥á❧✐s❡ ❞❛s s✐t✉❛çõ❡s ❞✐❞át✐❝❛s✳

❬✳✳✳❪ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ❛✉❧❛s ❝♦♥❝❡❜✐❞❛✭s✮ ❡ ❛rt✐❝✉❧❛❞❛s✭s✮✱
♥♦ ❝❛♠♣♦✱ ❞❡ ❢♦r♠❛ ❝♦❡r❡♥t❡✱ ♣♦r ✉♠ ♣r♦❢❡ss♦r ❡♥❣❡♥❤❡✐r♦
♣❛r❛ r❡❛❧✐③❛r ✉♠ ♣r♦❥❡t♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ♣❛r❛ ❝❡rt❛ ♣♦♣✉✲
❧❛çã♦ ❞❡ ❛❧✉♥♦s✳ ◆♦ ❞❡❝✉rs♦ ❞❛s tr♦❝❛s ❡♥tr❡ ♣r♦❢❡ss♦r ❡
❛❧✉♥♦s✱ ♦ ♣r♦❥❡t♦ ❡✈♦❧✉✐ s♦❜ r❡❛çõ❡s ❞♦s ❛❧✉♥♦s ❡ ❡♠ ❢✉♥çã♦
❞❛s ❡s❝♦❧❤❛s ❡ ❞❡❝✐sã♦ ❞♦ ♣r♦❢❡ss♦r ✭❆❘❚■●❯❊✱ ✶✾✽✽✱ ❛♣✉❞
▼❆❈❍❆❉❖✱ ✷✵✵✷ ♣✳✶✾✽✮

❆ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ❡♥s✐♥♦ ❞❛ ❡♥❣❡♥❤❛r✐❛ ❞✐❞át✐❝❛ é ❝♦♠♣♦st❛ ♣❡❧❛s ❢❛✲

s❡s✿ ❛♥á❧✐s❡ ♣r❡❧✐♠✐♥❛r✱ ❛♥á❧✐s❡ ❛ ♣r✐♦r✐ ❡ ❡①♣❡r✐♠❡♥t❛çã♦✱ ❛♥❛❧✐s❡ ❛ ♣♦st❡r✐♦r✐

❡ ✈❛❧✐❞❛çã♦✳ ❆ s❡❣✉✐r ❞❡t❛❧❤❛r❡♠♦s ❝❛❞❛ ✉♠❛ ❞❡❧❛s✳

❆ ♣❡sq✉✐s❛ ❢♦✐ r❡❛❧✐③❛❞❛ ❝♦♠ ✷✻ ❛❧✉♥♦s ❞❛ ✷❛ sér✐❡ ❞♦ ❡♥s✐♥♦ ♠é❞✐♦

♥♦ ❈❡♥tr♦ ❞❡ ❊♥s✐♥♦ ❉♦♠✐♥❣♦s ❱✐❡✐r❛ ❋✐❧❤♦✱ q✉❡ ✜❝❛ ❧♦❝❛❧✐③❛❞♦ ❡♠ P❛ç♦ ❞♦

▲✉♠✐❛r ❡ ❛t❡♥❞❡ ❛ ❝❧✐❡♥t❡❧❛ ❞♦ ❡♥s✐♥♦ ♠é❞✐♦✳

✹✳✶ ❆♥á❧✐s❡s ♣r❡❧✐♠✐♥❛r❡s

◆❡st❛ ❢❛s❡ ❛♣❧✐❝❛♠♦s ❛t✐✈✐❞❛❞❡s ❛♦ ❣r✉♣♦ ❞❡ ❛❧✉♥♦s ♣❛rt✐❝✐♣❛♥t❡s ❞♦

❡st✉❞♦ ❝♦♠ ♦ ♣r♦♣ós✐t♦ ❞❡ ❛♥❛❧✐s❛r ❛s ♥♦çõ❡s q✉❡ ♦s ♠❡s♠♦s ♣♦ss✉í❛♠ ❛❝❡r❝❛

❞♦ ❝♦♥❝❡✐t♦ ❞❡ ✈❡t♦r✳

❆t✐✈✐❞❛❞❡ ♣r❡❧✐♠✐♥❛r

❆t✐✈✐❞❛❞❡ ✶✿ ◗✉❡ ❝❛r❛❝t❡ríst✐❝❛s sã♦ ♥❡❝❡ssár✐❛s ♣❛r❛ q✉❡

✉♠ ✈❡t♦r ✜q✉❡ ❜❡♠ ❞❡✜♥✐❞♦❄

❖ ♦❜❥❡t✐✈♦ ❞❡st❛ ❛t✐✈✐❞❛❞❡ ❢♦✐ ✈❡r✐✜❝❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ❛❧✉♥♦ ♠♦❜✐✲

❧✐③❛r ❝♦♥❤❡❝✐♠❡♥t♦s ❛♥t❡r✐♦r❡s ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ✉♠ ✈❡t♦r✳ ❊s♣❡r❛✈❛✲s❡ ♥❡st❛

✺✼



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

❧✐♥❣✉❛❣❡♠ ♠❛t❡♠át✐❝❛✳

❉♦s ✷✻ ❛❧✉♥♦s ♣❛rt✐❝✐♣❛♥t❡s ❞❡st❡ ❡st✉❞♦ s♦♠❡♥t❡ ✷ ❝♦♥s❡❣✉✐r❛♠ r❡s✲

♣♦♥❞❡r ❝♦rr❡t❛♠❡♥t❡ ❝✐t❛♥❞♦ ♦ ♠ó❞✉❧♦✱ ❛ ❞✐r❡çã♦ ❡ ♦ s❡♥t✐❞♦✳

❆t✐✈✐❞❛❞❡ ✷✿ ❘❡♣r❡s❡♥t❡ ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦ ♦s s❡❣✉✐♥t❡s

✈❡t♦r❡s✳ ~u = (2,−4), ~v = (3, 1) ❡ ~w = (−2, 5)

❋✐❣✉r❛ ✸✷✿ ❱❡t♦r❡s ♥♦ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s

❊st❛ ❛t✐✈✐❞❛❞❡ t❡✈❡ ♣♦r ♦❜❥❡t✐✈♦ ❛♥❛❧✐s❛r ❛ ❝♦♠♣❡tê♥❝✐❛ ❞♦ ❛❧✉♥♦

r❡❛❧✐③❛r ✉♠❛ ❝♦♥✈❡rsã♦✱ s❛✐♥❞♦ ❞♦ r❡❣✐str♦ ✈❡t♦r✐❛❧ ✭r❡♣r❡s❡♥t❛çã♦ ❛♥❛❧ít✐❝❛✮

♣❛r❛ ♦ r❡❣✐str♦ ✜❣✉r❛❧ ✭r❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛✮

❆t✐✈✐❞❛❞❡ ✸✿ ❉❛❞♦s ♦s ✈❡t♦r❡s✿ ~u = (−4, 4), ~v = (0, 3)✱ ❡ ~w = (−6, 2)✳

❉❡t❡r♠✐♥❛r✿

2~u✱ ~u+ ~v✱ ~u− ~v✱ 3~u+ 2~w✱ ‖u‖✱ ‖~u+ ~v‖ ❡ ‖~w‖
◆❡st❛ ❛t✐✈✐❞❛❞❡✱ ❞❡s❡❥❛✈❛✲s❡ q✉❡ ♦s ❛❧✉♥♦s r❡❛❧✐③❛ss❡♠ ❛s ♦♣❡r❛çõ❡s

❞❡ tr❛t❛♠❡♥t♦ ♥♦ r❡❣✐str♦ ♣r♦♣♦st♦✳

❯♠❛ s♦❧✉çã♦ ❡s♣❡r❛❞❛ s❡r✐❛✿

• 2~u = 2(−4, 4) = (−8, 8)

• ~u+ ~v ❂ ✭✲✹✱ ✹✮ ✰ ✭✵✱ ✸✮ ❂ ✭✲✹✱ ✼✮

✺✽



• ~u− ~v = (−4, 4)− (0, 3) = (−4, 1)

• 3~u+ 2~w = 3(−4, 4) + 2(0, 3) = (−12, 12) + (0, 6) = (−12, 18)

• ‖u‖ =
√

(−4)2 + (4)2 =
√
16 + 16 =

√
32 = 4

√
2

• ‖~u+ ~v‖ =
√

(−4)2 + 72 =
√
16 + 49 =

√
65

• ‖~w‖ =
√

(−6)2 + 22 =
√
36 + 4 =

√
40 = 2

√
10

❆t✐✈✐❞❛❞❡ ✹✿ ❈❛✉❧❡ ♦ ♠ó❞✉❧♦ ❞❛ r❡s✉❧t❛♥t❡ ❞❛s ❢♦rç❛s ❛♣❧✐✲

❝❛❞❛s ♥♦ ♣♦♥t♦ P✳ ◗✉❛♥❞♦ F1 ❂ ✻ ◆ ❡ F2 ❂ ✽ ◆

❋✐❣✉r❛ ✸✸✿ ❋♦rç❛s ❛♣❧✐❝❛❞❛s ❡♠ ✉♠ ❝♦r♣♦

❉❡s❡❥❛✈❛✲s❡ q✉❡ ♦s ❛❧✉♥♦s ❞❡s❡♥✈♦❧✈❡ss❡♠✿

• ❖ tr❛t❛♠❡♥t♦ ❞❡♥tr♦ ❞♦ r❡❣✐str♦ ✜❣✉r❛❧ ❛♦ ✉t✐❧✐③❛r ❛ r❡❣r❛ ❞♦ ♣❛r❛❧❡❧♦✲

❣r❛♠♦

• ❆ ❝♦♥✈❡rsã♦ ❞♦ r❡❣✐str♦ ✜❣✉r❛❧ ♣❛r❛ ♦ ❛❧❣é❜r✐❝♦✳ ❊♠ s❡❣✉✐❞❛ r❡❛❧✐③❛r ♦

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

❙♦❧✉çã♦✿

F 2

R = F 2

1
+ F 2

2
+ 2F1F2 cos 60

◦

F 2

R = 62 + 82 + 2.6.8.
1

2

F 2

R = 62 + 82 + 6.8

F 2

R = 36 + 64 + 48

✺✾



F 2

R = 148

FR =
√
148 = 2

√
37 N

✹✳✷ ❆♥❛❧✐s❡ ❛ ♣r✐♦r✐

◆❛ ❛♥á❧✐s❡ ❛ ♣r✐♦r✐ ❞❡s❝r❡✈❡♠✲s❡ ❛s ❡s❝♦❧❤❛s ❡❢❡t✉❛❞❛s ❛♦ ♥í✈❡❧ ❧♦❝❛❧

r❡♠❡t❡♥❞♦✲s❡❀ ❡✈❡♥t✉❛❧♠❡♥t❡✱ ♣❛r❛ ❡s❝♦❧❤❛s ❣❧♦❜❛✐s✮✱ ❡ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛

s✐t✉❛çã♦ ❞✐❞át✐❝❛ q✉❡ ❞❡❧❛s ❞❡❝♦rr❡♠❀ ❛♥❛❧✐s❛✲s❡ ♦ ♣❡s♦ q✉❡ ♦ ✐♥✈❡st✐♠❡♥t♦

♥❡st❛ s✐t✉❛çã♦ ♣♦❞❡ t❡r ♣❛r❛ ♦ ❛❧✉♥♦ ♣❛rt✐❝✉❧❛r♠❡♥t❡ ❡♠ ❢✉♥çã♦ ❞❛s ♣♦ss✐❜✐✲

❧✐❞❛❞❡s ❞❡ ❛çã♦✱ ❞❡ ❡s❝♦❧❤❛✱ ❞❡ ❞❡❝✐sã♦ ❞❡ ❝♦♥tr♦❧❡ ❡ ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ q✉❡ ❡❧❡

❞✐s♣õ❡✱ ✉♠❛ ✈❡③ ♦♣❡r❛❞❛ ❛ ❞❡✈♦❧✉çã♦✱ ♥✉♠ ❢✉♥❝✐♦♥❛♠❡♥t♦ q✉❛s❡ ✐s♦❧❛❞♦ ❞♦

♣r♦❢❡ss♦r❀ ♣r❡✈❡❡♠✲s❡ ♦s ❝❛♠♣♦s ❞❡ ❝♦♠♣♦rt❛♠❡♥t♦s ♣♦ssí✈❡✐s ❡ ♣r♦❝✉r❛✲s❡

♠♦str❛r ❞❡ q✉❡ ❢♦r♠❛ ❛ ❛♥á❧✐s❡ ❡❢❡t✉❛❞❛ ♣❡r♠✐t❡ ❝♦♥tr♦❧❛r ♦ s❡♥t✐❞♦ ❞❡ss❡s

❝❛♠♣♦s ❡ ❛ss✉♠✐r✱ ❡♠ ♣❛rt✐❝✉❧❛r✱ q✉❡ ♦s ❝♦♠♣♦rt❛♠❡♥t♦s ❡s♣❡r❛❞♦s✱ s❡ ✐♥✲

t❡r✈✐❡r❡♠✱ r❡s✉❧t❛rã♦ ❝❧❛r❛♠❡♥t❡ ❞❛ ❛♣❧✐❝❛çã♦ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ✈✐s❛❞♦ ♣❡❧❛

❛♣r❡♥❞✐③❛❣❡♠ ✭❆❘❚■●❯❊✱ ✶✾✾✻✱ ♣✳✷✵✺✮✳

❆♣ós ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s ♦❜stá❝✉❧♦s ❞❡ ❞✐✜❝✉❧❞❛❞❡s ❝♦♥st❛t❛❞❛s ♥❛s

❛♥á❧✐s❡s ♣ré✈✐❛s✱ ♥❡st❛ ❢❛s❡ ❞❛ ❊♥❣❡♥❤❛r✐❛ ❉✐❞át✐❝❛✱ ❛ ❛♥❛❧✐s❡ ❛ ♣r✐♦r✐✱ ❞❡❧✐♠✐t♦✉✲

s❡ ❛s ✈❛r✐á✈❡✐s ❞✐❞át✐❝❛s ❞❡ ❝♦♠❛♥❞♦ ❡ ❛ s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛ ♣❛r❛ ❛ ❡①♣❡r✐✲

♠❡♥t❛çã♦✳

❆s ✈❛r✐á✈❡✐s ❞✐❞át✐❝❛s sã♦ ❞❡ ❞✉❛s ♥❛t✉r❡③❛s✱ ❛s ♠❛❝r♦❞✐❞át✐❝❛s ♦✉

❣❧♦❜❛✐s q✉❡ ❞✐③❡♠ r❡s♣❡✐t♦ ❛♦ s✐st❡♠❛ ❞✐❞át✐❝♦✱ ♦✉ s❡❥❛✱ s❡ r❡❢❡r❡♠ ❛ ♦r❣❛♥✐✲

③❛çã♦ ❣❧♦❜❛❧ ❞❛ ❊♥❣❡♥❤❛r✐❛ ❞✐❞át✐❝❛✳

❊♥❝♦♥tr❛✲s❡ ❡♠ P❛✐s ✭✷✵✵✷✱ ♣✳✶✵✷✮✿ ➱ s♦❜r❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ss❛s ✈❛✲

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

❛s ✈❛r✐á✈❡✐s ❡s❝♦❧❤✐❞❛s s♦❜r❡ ❛s q✉❛✐s s❡ t♦r♥❛ ♣♦ssí✈❡❧ ❡①❡r❝❡r ❛❧❣✉♠ t✐♣♦ ❞❡

❝♦♥tr♦❧❡✱ r❡❧❛❝✐♦♥❛♥❞♦ ♦ ❝♦♥t❡ú❞♦ ❡st✉❞❛❞♦ ❝♦♠ ❛s ❛t✐✈✐❞❛❞❡s q✉❡ ♦s ❛❧✉♥♦s

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

❡st❛❜❡❧❡❝❡✉✲s❡ ❛s s❡❣✉✐♥t❡s ✈❛r✐á✈❡✐s ♠❛❝r♦❞✐❞át✐❝❛s✿

❛✮ ❊s❝❧❛r❡❝❡r q✉❡ ♦ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ ✈❡t♦r✱ ❞❡✈❡ ❢❛③❡r ♣❛rt❡ ❞❛ ✈✐❞❛

✻✵



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

❝♦♠♣r❡❡♥❞❡r ❝❡rt♦s ❢❡♥ô♠❡♥♦s ❞❛ ♥❛t✉r❡③❛❀

❜✮ ❆♣❧✐❝❛r ❛t✐✈✐❞❛❞❡s ❞❡ ❡♥s✐♥♦ q✉❡ ❝♦♥tr✐❜✉❛♠ ♥❛ ♣❡r❝❡♣çã♦ ❡ ❛♣r❡✲

❡♥sã♦ ❞♦ ❝♦♥❝❡✐t♦ ❞❡ ✈❡t♦r ♣❡❧♦s ❛❧✉♥♦s❀

❝✮ ❯s❛r ❛s ❞✐✈❡rs❛s ❢♦r♠❛s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠ ♠❡s♠♦ ♦❜❥❡t♦

♠❛t❡♠ át✐❝♦❀

❞✮ ❆♣r❡s❡♥t❛r ❛s ♣r♦♣r✐❡❞❛❞❡s ✜❣✉r❛✐s ❛♣♦♥t❛❞❛s ♣♦r ❉✉✈❛❧ ✭✶✾✾✺✮

♣❛r❛ ❛ ❝♦♠♣r❡❡♥sã♦ ❞❡ ❝♦♥❝❡✐t♦s ❣❡♦♠étr✐❝♦s❀

❡✮ ❚r❛♥s✐t❛r ♣❡❧♦s ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❘❡❣✐str♦ ❞❡ ❘❡♣r❡s❡♥t❛çã♦ ❙❡✲

♠✐ót✐❝♦s✳

❖ ♦✉tr♦ t✐♣♦ ❞❡ ✈❛r✐á✈❡❧ ❞✐❞át✐❝❛ ✉t✐❧✐③❛❞❛ ♥❡st❛ ❢❛s❡ ❞❛ ♣❡s✲
q✉✐s❛✱ sã♦ ❛s ✈❛r✐á✈❡✐s ♠✐❝r♦❞✐❞át✐❝❛s✱ q✉❡ s❡❣✉♥❞♦ ❆rt✐❣✉❡
❞✐③❡♠ r❡s♣❡✐t♦ à ♦r❣❛♥✐③❛çã♦ ❧♦❝❛❧ ❞❛ ❡♥❣❡♥❤❛r✐❛✱ ✐st♦ é✱ à
♦r❣❛♥✐③❛çã♦ ❞❡ ✉♠❛ s❡ssã♦ ♦✉ ❞❡ ✉♠❛ ❢❛s❡✱ ♣♦❞❡♥❞♦ ✉♠❛s
❡ ♦✉tr❛s s❡r✱ ♣♦r s✉❛ ✈❡③✱ ✈❛r✐á✈❡✐s ❞❡ ♦r❞❡♠ ❣❡r❛❧ ♦✉ ✈❛r✐á✲
✈❡✐s ❞❡♣❡♥❞❡♥t❡s ❞♦ ❝♦♥t❡ú❞♦ ❞✐❞át✐❝♦ ❝✉❥♦ ❡♥s✐♥♦ é ✈✐s❛❞♦✳
✭❆❘❚■●❯❊✱ ✶✾✾✻✱ ♣✳✷✵✷✮✳

❆ s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛ t❡♠ ❝♦♠♦ ❢♦❝♦ ♦ ❛❧✉♥♦✱ ♣♦r s❡r ❝♦♥s✐❞❡r❛❞♦ ♦

s✉❥❡✐t♦ ♣r✐♥❝✐♣❛❧ ❞❡ s❡✉ ♣r♦❝❡ss♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠✱ ✜❝❛♥❞♦ ♦ ♣r♦❢❡ss♦r ❝♦♠

♦ ♣❛♣❡❧ ❞❡ ❡❧❛❜♦r❛ ❡ ❛♣❧✐❝❛r s✐t✉❛çõ❡s ❞❡ ❡♥s✐♥♦ ❛tr❛✈és ❞❛ ❞❡✈♦❧✉çã♦ ❡ ♥♦

✜♥❛❧ r❡❛❧✐③❛r ❛ ✐♥st✐t✉❝✐♦♥❛❧✐③❛çã♦✳ P❛r❛ ❡st❡ ❡st✉❞♦ ❡❧❛❜♦r♦✉✲s❡ ❛ s❡❣✉✐♥t❡

s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛✿

✻✶



❙❡çã♦ ❆ss✉♥t♦ ❚❡♠♣♦

■ ❘❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❡♥✈♦❧✈❡♥❞♦ tr❛♥s✐✲

çã♦ ❞♦ r❡❣✐str♦ ♥❛ ❧í♥❣✉❛ ♠❛t❡r♥❛ ♣❛r❛ ♦ ❛❧✲

❣é❜r✐❝♦ ❡ ❣rá✜❝♦

✸ ❤

■■ ❘❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❡♥✈♦❧✈❡♥❞♦ tr❛♥s✐✲

çã♦ ❞♦ r❡❣✐str♦ ♥❛ ❧í♥❣✉❛ ♠❛t❡r♥❛ ♣❛r❛ ♦ ❣rá✲

✜❝♦ ❡ r❡❛❧✐③❛çã♦ ❞❡ tr❛t❛♠❡♥t♦

✸ ❤

■■■ ❘❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❡♥✈♦❧✈❡♥❞♦ ❝♦♥✈❡r✲

sã♦ ❣rá✜❝❛ ♣❛r❛ ❛ ❧í♥❣✉❛ ♥❛t✉r❛❧ ❡ r❡❣✐str♦

❛❧❣é❜r✐❝♦

✸ ❤

■❱ ❊s❝❧❛r❡❝✐♠❡♥t♦s s♦❜r❡ ❛ ❡①♣❡r✐♠❡♥t❛çã♦ ❡

✐♠♣♦rtâ♥❝✐❛ ❞❛ ❛♣r❡❡♥sã♦ ❞♦ ❝♦♥❝❡✐t♦ ❞❡ ✈❡✲

t♦r ♥❛ ✈✐❞❛ ❡st✉❞❛♥t✐❧ ❡ ♥♦ ❝♦t✐❞✐❛♥♦

✸ ❤

❚❛❜❡❧❛ ✷✿ ❙❡çã♦ ❉✐❞át✐❝❛

❆s q✉❡stõ❡s ❛♣❧✐❝❛❞❛s ♣❡❧♦ ♣❡sq✉✐s❛❞♦r sã♦ ♣r♦♣♦st❛s ❝♦♠ ✐♥t✉✐t♦ ❞❡

❝r✐❛r s✐t✉❛çõ❡s ❞❡ ❝♦♥str✉çã♦ ❞♦ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦✱ ✈❡t♦r✱ q✉❡ ♣r♦♣✐❝✐❡♠ ❛

♣❡r❝❡♣çã♦ ❞❡ r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s✱ ♦♥❞❡ ♦ ❛❧✉♥♦ s❡ ✉t✐❧✐③❡ ❞❛ ✈❛r✐❛çã♦

❞❡ r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ s❡♠✐ót✐❝❛✱ ❝❛r❛❝t❡r✐③❛♥❞♦ ❛ss✐♠ ♦ ♣r♦❝❡ss♦ ❞❡

❛♣r❡♥❞✐③❛❣❡♠ ❞♦s ✈❡t♦r❡s✱ ❝♦♠ ✐♥t❡r✈❡♥çõ❡s ❞♦ ♣❡sq✉✐s❛❞♦r ♥❛ ♠❡❞✐❞❛ q✉❡

s❡ ✜③❡r❡♠ ♥❡❝❡ssár✐❛s✳

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

❢❡✐t❛s ❝♦♥s✐❞❡r❛çõ❡s à ❧✉③ ❞❛ t❡♦r✐❛ ❞♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ s❡♠✐ót✐❝❛

❞❡ ❘❛②♠♦♥❞ ❉✉✈❛❧✱ q✉❡ t❡♠ ♣♦r ❜❛s❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉♠❛ ✈❛r✐❛çã♦ ❞❡

r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠ ♠❡s♠♦ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ ❡ ♦ ❞♦♠í♥✐♦ s♦❜r❡

♦s tr❛t❛♠❡♥t♦s ❡ tr❛♥s✐t♦ ❡♥tr❡ ❡❧❡s ♣❛r❛ q✉❡ s❡ ♣♦ss❛ ❣❛r❛♥t✐r ❛ ❛♣r♦♣r✐❛çã♦

❞♦ ♦❜❥❡t♦ tr❛t❛❞♦✳
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✹✳✸ ❊①♣❡r✐♠❡♥t♦✱ ❛♥❛❧✐s❡ ❛ ♣♦st❡r✐♦r✐ ❡ ✈❛❧✐❞❛çã♦

❊❧❛❜♦r♦✉✲s❡ ✉♠❛ s❡q✉ê♥❝✐❛ ❞✐❞át✐❝❛ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ♣♦st❡r✐♦r ❞❛

❡①♣❡r✐♠❡♥t❛çã♦✳

❆ ❡①♣❡r✐♠❡♥t❛çã♦ s✐❣♥✐✜❝❛ q✉❡ s❡ r❡❝♦rr❡ à ❡①♣❡r✐ê♥❝✐❛✱ ♦✉
s❡❥❛✱ ♦s ❢❛t♦s ❡ ❛❝♦♥t❡❝✐♠❡♥t♦s sã♦ ❛♣r❡❡♥❞✐❞♦s ❡♠ ✉♠ ❝♦♥✲
t❡①t♦ ❞❡ ♥♦r♠❛s ❝♦♥st❛♥t❡s ❡✱ ♣♦r ✐ss♦✱ ♣♦❞❡♠ s❡r s✐st❡♠❛t✐✲
❝❛♠❡♥t❡ ♦❜s❡r✈❛❞♦s✱ ❞❡❧✐❜❡r❛❞❛♠❡♥t❡ ♦r❣❛♥✐③❛❞♦s ❡ s✉❥❡✐t♦s
❛ ✉♠❛ ✐♥t❡r✈❡♥çã♦ ♣❧❛♥✐✜❝❛❞❛ ♣❛r❛ ♣❡r♠✐t✐r ✐♥❢❡rê♥❝✐❛s ❡
♣r❡✈✐sõ❡s s♦❜r❡ ♦s ❢❛t♦s q✉❡ s❡ ❞❡❡♠ ♥❛s ♠❡s♠❛s ❝♦♥❞✐çõ❡s✳
✭❈❍■❩❩❖❚❚■✱ ✶✾✾✶✱ ♣✳✷✻✮

❆ ❛♣❧✐❝❛çã♦ ❞❛s ❛t✐✈✐❞❛❞❡s ♥❛ ❢❛s❡ ❞❡ ❡①♣❡r✐♠❡♥t❛çã♦ ♣r♦❝❡❞❡✉✲s❡

❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ t❡♦r✐❛ ❞❛s s✐t✉❛çõ❡s ❞✐❞át✐❝❛ ❞❡ ❇r♦✉ss❡♦✉ ✭✷✵✵✽✮✱ q✉❡ ❝♦♥✲

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

♦ ❛❧✉♥♦✱ ✈✐♥❝✉❧❛❞♦ à ♣r♦♠♦çã♦ ❞❡ ❞❡t❡r♠✐♥❛❞♦ ❝♦♥❤❡❝✐♠❡♥t♦✳ ❉❡ss❛ ❢♦r♠❛✱

❛ r❡❧❛çã♦ ❞✐❞át✐❝❛ é ✐♥t❡r♣r❡t❛❞❛ ❝♦♠♦ ✉♠❛ ❝♦♠✉♥✐❝❛çã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ❡

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

✐♥❞❡♣❡♥❞❡♥t❡✳

❆ ❛❝✉❧t✉r❛çã♦ ❡stá r❡❧❛❝✐♦♥❛❞❛ ❛♦ ❝♦♥❥✉♥t♦ ❞❡ ♠✉❞❛♥ç❛s r❡s✉❧t❛♥t❡s

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

❞✐❢❡r❡♥t❡s ♦✉ ❛té s❛❜❡r❡s ❞✐❢❡r❡♥t❡s✱ q✉❛♥❞♦ ♣♦st♦s ❡♠ ❝♦♥t❛t♦ ❞✐r❡t♦ ❡ ❝♦♥tí✲

♥✉♦✳ ❆ ❛❞❛♣t❛çã♦ ✐♥❞❡♣❡♥❞❡♥t❡ é ♦ ♣r♦❝❡ss♦ ♥♦ q✉❛❧ ♦ ❛❧✉♥♦ ♦✉ ♦s ❛❧✉♥♦s ✈ã♦

s❡ ❛❥✉st❛♥❞♦ ❛♦ ♠❡✐♦ ❞❡ ❢♦r♠❛ ♥❛t✉r❛❧ ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛s ❛t✐✈✐❞❛❞❡s✳

❉✉✈❛❧ ❛♣♦♥t❛ ♣❛r❛ três t✐♣♦s ❞❡ r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦ s❡♠✐ót✐❝❛✿

♦ r❡❣✐str♦ ✜❣✉r❛❧✱ ♦ s✐♠❜ó❧✐❝♦ ❡ ♦ ❞❛ ❧í♥❣✉❛ ♥❛t✉r❛❧✱ ❝✉❥❛s r❡♣r❡s❡♥t❛çõ❡s ❛♣r❡✲

s❡♥t❛♠ ❞♦✐s ❛s♣❡❝t♦s✿ ❛ ❢♦r♠❛ ✭r❡♣r❡s❡♥t❛♥t❡✮ ❡ ♦ ❝♦♥t❡ú❞♦ ✭r❡♣r❡s❡♥t❛❞♦✮✳

❆ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠ ✈❡t♦r ♣♦❞❡ s❡r r❡❛❧✐③❛❞❛ ❞❡ ❞✐❢❡r❡♥t❡s ♠❛♥❡✐r❛s✱ ✐st♦

é✱ ♥♦ ♣❧❛♥♦ ❡ ♥♦ ❡s♣❛ç♦✱ ♠❛s s❡♠♣r❡ ♣♦r ♠❡✐♦ ❞♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦

s❡♠✐ót✐❝❛✳

❙❡❣✉♥❞♦ ✭●❖●❖❨ ❊✳✱ ●❊❘❆❇ ❋✳✱ ✷✵✶✽✱ ♣ ✾✷✮ ♣♦❞❡♠♦s ❞✐st✐♥❣✉✐r

♦s ❞✐✈❡rs♦s s✐st❡♠❛s s❡♠✐ót✐❝♦s ❝♦♥❢♦r♠❡ ❛ ❛t✐✈✐❞❛❞❡ ❝♦❣♥✐t✐✈❛ q✉❡ ❝❛❞❛ ✉♠

❡①❡❝✉t❛✳ ❆ ♣r✐♠❡✐r❛ ❞❡❧❛s é ❛ ❛t✐✈✐❞❛❞❡ ❞❡ ❢♦r♠❛çã♦ ❝✉❥❛ ✜♥❛❧✐❞❛❞❡ é ❡①✲

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

♥❛ ♠✉❞❛♥ç❛ ❞❡ r❡♣r❡s❡♥t❛çã♦ ❞❡♥tr♦ ❞❡ ✉♠ ♠❡s♠♦ r❡❣✐str♦ s❡♠✐ót✐❝♦✱ ♣♦r
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❡①❡♠♣❧♦ ❛ ♠❛♥✐♣✉❧❛çã♦ ❞❡ ✉♠❛ ❡q✉❛çã♦✳ ❆ t❡r❝❡✐r❛ é ❛ ❛t✐✈✐❞❛❞❡ ❞❡ ❝♦♥✈❡r✲

sã♦ q✉❡ é ❛ ♠✉❞❛♥ç❛ ❞❡ ✉♠ r❡❣✐str♦ ♣❛r❛ ♦✉tr♦✱ ♣♦r ❡①❡♠♣❧♦ ❝♦♥✈❡rsã♦ ❞♦

r❡❣✐str♦ s✐♠❜ó❧✐❝♦ ♣❛r❛ ♦ ✜❣✉r❛❧✳

❈❛s♦ ♦ ♣r♦❢❡ss♦r ♥ã♦ t❡♥❤❛ ♦ ❝✉✐❞❛❞♦ ❡①♣❧♦r❛r ❞✐❢❡r❡♥t❡s r❡❣✐str♦s

♦ ❛❧✉♥♦ ♣❛ss❛ ❛ ✐❞❡♥t✐✜❝❛r ✉♠ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ ❡①❝❧✉s✐✈❛♠❡♥t❡ ❝♦♠ ✉♠❛

❞❡ s✉❛s r❡♣r❡s❡♥t❛çõ❡s✳ ❆ss✐♠✱ ♥❛ ♥♦ss❛ ✈✐sã♦✱ ❛ ❛❞♠✐♥✐str❛çã♦ ❧ú❝✐❞❛ ❞❡ss❛

❞✐✈❡rs✐❞❛❞❡ ❞❡ s✐st❡♠❛s s❡♠✐ót✐❝♦s r❡♣r❡s❡♥t❛ ✉♠ ❡①❡r❝í❝✐♦ ❡ss❡♥❝✐❛❧ ♣❛r❛ ♦

❛♣r❡♥❞✐③❛❞♦ ♥❛ ❞✐s❝✐♣❧✐♥❛ ❞❡ ♠❛t❡♠át✐❝❛✳

❆ ❢❛s❡ ❞❛ ❡①♣❡r✐♠❡♥t❛çã♦ é ❝❛r❛❝t❡r✐③❛❞❛ ♣❡❧♦ ♠♦♠❡♥t♦ ♦♥❞❡ s❡

❝♦❧♦❝❛ ❡♠ ❢✉♥❝✐♦♥❛♠❡♥t♦ ♦ q✉❡ ❢♦✐ ♣❧❛♥❡❥❛❞♦ ♥❛ ❢❛s❡ ❞❡ ❛♥❛❧✐s❡ ❛ ♣r✐♦r✐✳

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

r❡❛❧✐③❛❞❛ ❝♦♠ ✷✻ ❛❧✉♥♦s ❞❛ ✷❛ sér✐❡ ❞♦ ❡♥s✐♥♦ ♠é❞✐♦✱ ❝♦♠ ❞✉r❛çã♦ ❞❡ ✶✷ ❤♦r❛s

❞✐str✐❜✉í❞❛s ❛♦ ❧♦♥❣♦ ❞❡ ✉♠ ♠ês ❝♦♠ ✹ ❤♦r❛s s❡♠❛♥❛✐s✳ ❋♦r❛♠ tr❛❜❛❧❤❛❞❛s ❛s

❛t✐✈✐❞❛❞❡s ❝♦♠ ♦s ❛❧✉♥♦s ❡ ❞✉r❛♥t❡ ❡st❡ ♠♦♠❡♥t♦ ❢♦✐ ♣♦ssí✈❡❧ ✉♠❛ ✐♥t❡r❛çã♦

❡♥tr❡ ❛❧✉♥♦ ❡ ♣r♦❢❡ss♦r ♥❛s s✐t✉❛çõ❡s ❛❞✐❞át✐❝❛s✳

❆ ❢❛s❡ ❞❡ ❡①♣❡r✐♠❡♥t❛çã♦ é s✉❝❡❞✐❞❛ ❞❛ ❢❛s❡ ❞❡ ❛♥❛❧✐s❡ ❛ ♣♦st❡r✐♦r✐

q✉❡ ❝♦♥s✐st❡ ♥❛ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ❞❛ ❡①♣❡r✐♠❡♥t❛çã♦ ♦❜t✐❞♦s ❛ ♣❛r✐r ❞♦s

❞❛❞♦s ❡♥✈♦❧✈✐❞♦s ♥♦ ❡st✉❞♦✳

❈♦♠ r❡❧❛çã♦ ❛ ❛♥❛❧✐s❡ ❛ ♣♦st❡r✐♦r✐ s❡❣✉♥❞♦ ❆❧♠♦✉❧♦✉❞ ❡ ❈♦✉t✐♥❤♦

✭✷✵✵✽✮✱ ♥ã♦ é ❛ ❝rô♥✐❝❛ ❞❛ ❝❧❛ss❡✱ ♠❛s ✉♠❛ ❛♥á❧✐s❡ ❢❡✐t❛ à ❧✉③ ❞❛ ❛♥á❧✐s❡ ❛

♣r✐♦r✐✱ ❞♦s ❢✉♥❞❛♠❡♥t♦s t❡ór✐❝♦s✱ ❞❛s ❤✐♣ót❡s❡s ❡ ❞❛ ♣r♦❜❧❡♠át✐❝❛ ❞❛ ♣❡sq✉✐s❛✱

s✉♣♦♥❞♦ q✉❡✿

❬✳✳✳❪ ❖s ♦❜❥❡t✐✈♦s ❞❛ ♦❜s❡r✈❛çã♦ ❢♦r❛♠ ❞❡❧✐♠✐t❛❞♦s ♣♦r ❢❡r✲
r❛♠❡♥t❛s ❛♣r♦♣r✐❛❞❛s✱ ❡ ❡str✉t✉r❛❞♦s t❛♠❜é♠ ♣❡❧❛ ❛♥á❧✐s❡ ❛
♣r✐♦r✐✳ ❆ss✐♠✱ ❛ ❛♥á❧✐s❡ ❛ ♣♦st❡r✐♦r✐ ❞❡♣❡♥❞❡ ❞❛s ❢❡rr❛♠❡♥✲
t❛s té❝♥✐❝❛s ✭♠❛t❡r✐❛❧ ❞✐❞át✐❝♦✱ ✈í❞❡♦✮ ♦✉ t❡ór✐❝❛s ✭t❡♦r✐❛ ❞❛s
s✐t✉❛çõ❡s✱ ❝♦♥tr❛t♦ ❞✐❞át✐❝♦✳✳✳✮ ✉t✐❧✐③❛❞❛s ❝♦♠ ❛s q✉❛✐s s❡ ❝♦✲
❧❡t❛♠ ♦s ❞❛❞♦s q✉❡ ♣❡r♠✐t✐rã♦ ❛ ❝♦♥str✉çã♦ ❞♦s ♣r♦t♦❝♦❧♦s ❞❡
♣❡sq✉✐s❛✳ ❊ss❡s ♣r♦t♦❝♦❧♦s s❡rã♦ ❛♥❛❧✐s❛❞♦s ♣r♦❢✉♥❞❛♠❡♥t❡
♣❡❧♦ ♣❡sq✉✐s❛❞♦r ❡ ❛s ✐♥❢♦r♠❛çõ❡s ❞❛í r❡s✉❧t❛♥t❡s s❡rã♦ ❝♦♥✲
❢r♦♥t❛❞❛s ❝♦♠ ❛ ❛♥á❧✐s❡ ❛ ♣r✐♦r✐ r❡❛❧✐③❛❞❛✳ ❖ ♦❜❥❡t✐✈♦ é r❡✲
❧❛❝✐♦♥❛r ❛s ♦❜s❡r✈❛çõ❡s ❝♦♠ ♦s ♦❜❥❡t✐✈♦s ❞❡✜♥✐❞♦s ❛ ♣r✐♦r✐
❡ ❡st✐♠❛r ❛ r❡♣r♦❞✉t✐❜✐❧✐❞❛❞❡ ❡ ❛ r❡❣✉❧❛r✐❞❛❞❡ ❞♦s ❢❡♥ô♠❡✲
♥♦s ❞✐❞át✐❝♦s ✐❞❡♥t✐✜❝❛❞♦s✳✭❆▲▼❖❯▲❖❯❉ ❡ ❈❖❯❚■◆❍❖✱
✷✵✵✽✱ ♣✳✻✽✮✳

✻✹



✺ ❆◆➪▲■❙❊ ❉❖❙ ❘❊❙❯▲❚❆❉❖❙

✺✳✶ ❆♥❛❧✐s❡ ❞❛s ❛t✐✈✐❞❛❞❡s ♣r❡❧✐♠✐♥❛r❡s

◆❛s ♣r❡❧✐♠✐♥❛r❡s✱ ♦❜s❡r✈♦✉✲s❡ ❣r❛♥❞❡s ❞✐✜❝✉❧❞❛❞❡s ❞♦s ❛❧✉♥♦s ♣❡s✲

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

♣ró♣r✐❛ ❞❡✜♥✐çã♦✱ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❝♦♠❜✐♥❛çã♦ ❧✐♥❡❛r ❡ ❛❧❣✉♠❛s ♦♣❡r❛çõ❡s✳ ❊s✲

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

♣❛rt❡ ❞♦ ❛❧✉♥♦ ❡♥tr❡ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ ❡ s✉❛s r❡♣r❡s❡♥t❛çõ❡s✳

❆ ♣r♦♣ós✐t♦ ❞❡ss❛ ✐❞❡✐❛✱ ❉✉✈❛❧ ✭✷✵✵✾✮ ❛✜r♠❛ q✉❡ ♥ã♦ ♣♦❞❡ ❤❛✈❡r

❝♦♠♣r❡❡♥sã♦ ♠❛t❡♠át✐❝❛ s❡♠ s❡ ❞✐st✐♥❣✉✐r ✉♠ ♦❜❥❡t♦ ❞❡ s✉❛ r❡♣r❡s❡♥t❛çã♦✱

♣♦✐s ❥❛♠❛✐s ❞❡✈❡✲s❡ ❝♦♥❢✉♥❞✐r ♦❜❥❡t♦s ♠❛t❡♠át✐❝♦s ✭♥ú♠❡r♦s✱ ❢✉♥çõ❡s✱ r❡t❛s✮

❝♦♠ s✉❛s r❡♣r❡s❡♥t❛çõ❡s ✭❞❡❝✐♠❛✐s ♦✉ ❢r❛❝✐♦♥ár✐❛s✱ sí♠❜♦❧♦s✱ ❣rá✜❝♦s✱ ❞❡s❡✲

♥❤♦s ❡ ✜❣✉r❛s✮ q✉❡ ♣❛r❡❝❡♠ ❛♣❡♥❛s s❡r ♦ ♠❡✐♦✱ ❞❡ q✉❡ ♦ ✐♥❞✐✈í❞✉♦ ❞✐s♣õ❡✱

♣❛r❛ ❡①t❡r✐♦r✐③❛r s✉❛s r❡♣r❡s❡♥t❛çõ❡s ♠❡♥t❛✐s✱ ♦✉ s❡❥❛✱ ♣❛r❛ s❡ t♦r♥❛r❡♠ ✈✐sí✲

✈❡✐s ♦✉ ❛❝❡ssí✈❡✐s ❛ ♦✉tr♦s✱ ♣♦✐s✱ ❡♠ ♠❛t❡♠át✐❝❛✱ ❛s r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s

♥ã♦ sã♦ s♦♠❡♥t❡ ✐♥❞✐s♣❡♥sá✈❡✐s ♣❛r❛ ✜♥s ❞❡ ❝♦♠✉♥✐❝❛çã♦✱ ❡❧❛s sã♦ ♥❡❝❡ssár✐❛s

❛♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ❛t✐✈✐❞❛❞❡ ♠❛t❡♠át✐❝❛✳

❆ ❝♦♠♣r❡❡♥sã♦ ❞♦ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦✱ ❞❡♣❡♥❞❡ ❞♦ ❞♦♠í♥✐♦ q✉❡ ♦

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

❝♦♥❝❡✐t♦s ❡ ❛s s✉❛s r❡♣r❡s❡♥t❛çõ❡s✳ ❙❛❜❡r ♦ s✐❣♥✐✜❝❛❞♦ ❞♦s ❝♦♥❝❡✐t♦s t❛♠❜é♠

é ❡ss❡♥❝✐❛❧ ❛♦ ♣r♦❝❡ss♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ❡♠ ♠❛t❡♠át✐❝❛✳ ❆ ❡①✐stê♥❝✐❛ ❞❡

❝♦♥❝❡✐t♦s ❡q✉✐✈♦❝❛❞♦s ♥❛ ♠❡♥t❡ ❞♦ ❛❧✉♥♦ s❡❣✉♥❞♦ ❆❯❙❯❇❊▲ ✭✷✵✵✸✮✱ é ✉♠

❞♦s ❢❛t♦r❡s ❧✐♠✐t❛♥t❡s ♣❛r❛ ❛ ❛♣r❡♥❞✐③❛❣❡♠✳ ❆ s❡❣✉✐r ❛♥❛❧✐s❛✲s❡ ❛s ❛t✐✈✐❞❛❞❡s

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

✈❡t♦r✳

✻✺



❆t✐✈✐❞❛❞❡s ♣r❡❧✐♠✐♥❛r❡s

✶✳ ❉❡s❝r❡✈❛ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✉♠❛ ❣r❛♥❞❡③❛ ✈❡t♦r✐❛❧ ❡ ❡①❡♠✲

♣❧✐✜q✉❡✳

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

♠♦❜✐❧✐③❛r s❡✉s ❝♦♥❤❡❝✐♠❡♥t♦s ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ✉♠ ✈❡t♦r✳

❉♦s ✷✻ ❛❧✉♥♦s ♣❛rt✐❝✐♣❛♥t❡s ❞♦ ❡st✉❞♦ ❛♣❡♥❛s ✻ ❝✐t❛r❛♠ ❝♦rr❡t❛♠❡♥t❡

❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ❛ s❛❜❡r ✐♥t❡♥s✐❞❛❞❡✱ ❞✐r❡çã♦ ❡ s❡♥t✐❞♦✳

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

çã♦ ❛♦ ♠ó❞✉❧♦ ❡①✐st❡ ✉♠❛ ❞✐✜❝✉❧❞❛❞❡ ♠✉✐t♦ ❣r❛♥❞❡ ♣♦r ♣❛rt❡ ❞♦s ❛❧✉✲

♥♦s✳ ❆ ♣r♦♣ós✐t♦ ❞❡st❛ ❞✐✜❝✉❧❞❛❞❡✱ ❡♠ tr❛❜❛❧❤♦s ❥á r❡❛❧✐③❛❞♦ ❛✜r♠❛✲s❡

q✉❡✿

❊♠ s✉❛ ♠❛✐♦r✐❛✱ ♦s ❛❧✉♥♦s ✐♥✈❡st✐❣❛❞♦s ❞❡s❝♦♥❤❡❝❡♠ ❛ ♥♦çã♦
❞❡ ♠ó❞✉❧♦ ❞❡ ✉♠ ✈❡t♦r✱ ❡ s✉❛ r❡❧❛çã♦ ❝♦♠ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡
❞♦✐s ♣♦♥t♦s✳ ❆té ♠❡s♠♦ ❛ ❧♦❝❛❧✐③❛çã♦ ❞❡ ♣❛r❡s ♦r❞❡♥❛❞♦s ♥♦
♣❧❛♥♦ ❝❛rt❡s✐❛♥♦ ♣❛r❡❝❡ q✉❡ ♥ã♦ é ❞♦♠✐♥❛❞❛✳ ◆ã♦ ✜❝♦✉ ❝❧❛r♦
s❡ ♦s ❛❧✉♥♦s ❢❛③❡♠ ❛ ❞✐st✐♥çã♦ ❝♦rr❡t❛ ❡♥tr❡ r❡t❛ ❡ s❡❣♠❡♥t♦
❞❡ r❡t❛✳ ✭◆❆❙❙❊❘❀ ❱❆❩❀ ❚❖❘❘❆❈❆✱ ✷✵✶✺✱ ♣✳ ✶✵✮

◆❡st❛ q✉❡stã♦ ❛♣r♦✈❡✐t♦✉✲s❡ ♣❛r❛ ♣❡❞✐r ❛♦s ♣❛rt✐❝✐♣❛♥t❡s ❛ ❞✐❢❡r❡♥ç❛ ❡♥✲

tr❡ r❡t❛✱ s❡♠✐rr❡t❛ ❡ s❡❣♠❡♥t♦ ❞❡ r❡t❛✳ ❱❡r✐✜❝♦✉✲s❡ q✉❡ ❛♣❡♥❛s ✷ ❛❧✉♥♦s

✭✼✱ ✻✼✪✮ s♦✉❜❡r❛♠ ❡①♣❧✐❝❛r ❡ss❛ ❞✐❢❡r❡♥ç❛✱ ❡✈✐❞❡♥❝✐❛♥❞♦ ❞❡st❛ ❢♦r♠❛

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

❆❝r❡❞✐t❛✲s❡ q✉❡ ❡st❛s ❞✐✜❝✉❧❞❛❞❡s ❡st❡❥❛♠ ❛ss♦❝✐❛❞❛s ❛♦ ❞❡s❝♦♥❤❡❝✐✲

♠❡♥t♦ ❞♦s ❛❧✉♥♦s ❞❡ ❛❧❣✉♥s ♣♦st✉❧❛❞♦s ❜ás✐❝♦s ❞❡ ❣❡♦♠❡tr✐❛ ♣❧❛♥❛✳

✻✻



✷✳ ❉❛❞♦s ♦s ♣♦♥t♦s ♣❧♦t❛❞♦s ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦✱ ✐❞❡♥t✐✜q✉❡ ❛s

❝♦♦r❞❡♥❛❞❛s ❞❡ ❝❛❞❛ ✉♠ ❞❡❧❡s✳

❋✐❣✉r❛ ✸✹✿ P♦♥t♦s ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦

❊st❛ ❛t✐✈✐❞❛❞❡ t❡✈❡ ❝♦♠♦ ♦❜❥❡t✐✈♦✱ ❛♥❛❧✐s❛ ❛ ❝♦♠♣❡tê♥❝✐❛s ❞♦s ❛❧✉♥♦s

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

◆❡st❛ ❛t✐✈✐❞❛❞❡ ♣❡r❝❡❜❡✉✲s❡ q✉❡ ♦s ❛❧✉♥♦s ❛♣r❡s❡♥t❛♠ ♠✉✐t❛s ❞✐✜❝✉❧❞❛✲

❞❡s ❡♠ ❧♦❝❛❧✐③❛r ♣♦♥t♦s ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦✱ ❤❛❜✐❧✐❞❛❞❡ ❡st❛ ♥❡❝❡ssár✐❛

♣❛r❛ ❛s r❡♣r❡s❡♥t❛çõ❡s ❞❡ ✈❡t♦r❡s✳ ❙♦♠❡♥t❡ ✽ ❞♦s ✷✻ ❛❧✉♥♦s ❝♦♥s❡❣✉✐✲

r❛♠ ✐❞❡♥t✐✜❝❛r ❝♦rr❡t❛♠❡♥t❡ ♦s ♣♦♥t♦s ♠❛r❝❛❞♦s✳

❙♦❧✉çã♦✿ ❆ ❂ ✭✷✱ ✸✮❀ ❇ ❂✭✵✱ ✺✮❀ ❈ ❂ ✭✲✹✱✸✮❀ ❉ ❂ ✭✲✸✱ ✵✮❀ ❊ ❂ ✭✲✷✱ ✲✸✮❀

❋ ❂ ✭✸✱ ✲✸✮❀ ● ❂ ✭✺✱✵✮

✻✼



✸✳ ❘❡♣r❡s❡♥t❡ ♥♦ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝❛rt❡s✐❛♥❛ ♦s ✈❡t♦r❡s

❛❜❛✐①♦ ❞❛❞♦s s✉❛ ♦r✐❣❡♠ ❡ ❡①tr❡♠✐❞❛❞❡✿

• ❖r✐❣❡♠ ♥♦ ♣♦♥t♦ P ❂ ✭✶✱ ✹✮ ❡ ❡①tr❡♠✐❞❛❞❡ ❡♠ ◗ ❂ ✭✺✱ ✹✮

• ❖r✐❣❡♠ ♥♦ ♣♦♥t♦ ❘❂ ✭✲✷✱ ✸✮ ❡ ❡①tr❡♠✐❞❛❞❡ ❡♠ ❙ ❂ ✭✲✺✱ ✵✮

• ❖r✐❣❡♠ ♥♦ ♣♦♥t♦ ❚❂ ✭✸✱✲ ✹✮ ❡ ❡①tr❡♠✐❞❛❞❡ ❡♠ ❯ ❂ ✭✲✼✱✲✻✮

• ❖r✐❣❡♠ ♥♦ ♣♦♥t♦ ❱❂ ✭✵✱ ✵✮ ❡ ❡①tr❡♠✐❞❛❞❡ ❡♠ ❲ ❂ ✭✹✱ ✶✮

❆ ❛t✐✈✐❞❛❞❡ t❡✈❡ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❛✈❛❧✐❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ❛❧✉♥♦ ❡♠ ❢❛③❡r

r❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❞❡ ✉♠ ✈❡t♦r✳

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

❢♦r❛♠ ❡♠ ✈✐rt✉❞❡ ❞❡ ♥ã♦ t❡r❡♠ ❞♦♠í♥✐♦ ❡♠ ♣❧♦t❛r ♣♦♥t♦s ♥♦ ♣❧❛♥♦

❝❛rt❡s✐❛♥♦✳ ❈♦♠♦ ♥❛ q✉❡stã♦ ❛♥t❡r✐♦r✱ ♦ ♥í✈❡❧ ❞❡ ❞✐✜❝✉❧❞❛❞❡ ❢♦✐ ♣r❛✲

t✐❝❛♠❡♥t❡ ♦ ♠❡s♠♦✱ ♣♦✐s s♦♠❡♥t❡ ✾ ❛❧✉♥♦s ✜③❡r❛♠ ❛ r❡♣r❡s❡♥t❛çã♦

❝♦rr❡t❛♠❡♥t❡✳

❙♦❧✉çã♦✿

❋✐❣✉r❛ ✸✺✿ ❱❡t♦r❡s

✻✽



✺✳✷ ❆♥❛❧✐s❡ ❞❛s ❛t✐✈✐❞❛❞❡s ❞❛ ❡①♣❡r✐♠❡♥t❛çã♦

P❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❞❛s ❛t✐✈✐❞❛❞❡s ❞❡ ✐♥t❡r✈❡♥çã♦ r❡❛❧✐③♦✉ ✉♠ tr❛❜❛❧❤♦

❞❡ ✐♥❢♦r♠❛çõ❡s ❡ ❝♦♥s❝✐❡♥t✐③❛çã♦ ❞♦s ❛❧✉♥♦s ❞❛ ✐♠♣♦rtâ♥❝✐❛ ❞♦ ❡st✉❞♦ ❞❡

✈❡t♦r❡s ❝♦♠♦ ❡❧❡♠❡♥t♦ ❡ss❡♥❝✐❛❧ ♥❛ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡ ♦✉tr♦s ❝♦♥t❡ú❞♦s ❡♠

♠❛t❡♠át✐❝❛✱ t❛♥t♦ ♥❛ ❡❞✉❝❛çã♦ ❜ás✐❝❛ ❝♦♠♦ ♥❛ ❋ís✐❝❛✱ ●❡♦♠❡tr✐❛ ❡ ●❡♦♠❡✲

tr✐❛ ❆♥❛❧ít✐❝❛✱ q✉❛♥t♦ ❡♠ ❝✉rs♦ s✉♣❡r✐♦r ♥♦s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❈á❧❝✉❧♦ ❱❡t♦r✐❛❧

❡ ➪❧❣❡❜r❛ ▲✐♥❡❛r✳

❆s ❛t✐✈✐❞❛❞❡s s❡❣✉✐r❛♠ ❛ ❛❜♦r❞❛❣❡♠ ❞❛ ❚❡♦r✐❛ ❞❛s ❙✐t✉❛çõ❡s ❉✐❞á✲

t✐❝❛ ❞♦ ❋r❛♥❝ês ❡ ♣❛✐ ❞❛ ❉✐❞át✐❝❛ ❞❛ ♠❛t❡♠át✐❝❛ ●✉② ❇r♦✉ss❡❛✉ ✭✶✾✽✻✮✱ q✉❡

r❡❝❡❜❡ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ♦✉t❛s t❡♦r✐❛s ❞❛ ❡❞✉❝❛çã♦ ♠❛t❡♠át✐❝❛ t❛✐s ❝♦♠♦

❈♦♥tr❛t♦ ❉✐❞át✐❝♦ ❞❡ ❇r♦✉ss❡❛✉ ✭✶✾✽✻✮✱ ❚❡♦r✐❛ ❞❛ ❚r❛♥s♣♦s✐çã♦ ❉✐❞át✐❝❛ ❞❡

❈❤❡✈❛❧❧❛r❞ ✭✶✾✾✶✮✱ ❉✐❞át✐❝❛ ❞❛ ▼❛t❡♠át✐❝❛ ❞❡ ❉✬❆♠♦r❡ ✭✷✵✵✼✮✱ ❡♥tr❡ ♦✉tr❛s✳

❆✜r♠❛ ❇r♦✉ss❡❛✉ ✭✶✾✽✻✮✱ q✉❡✱ ❤♦❥❡✱ ❛ ❚❡♦r✐❛ ❞❛s ❙✐t✉❛çõ❡s ❉✐❞át✐❝❛s

❛♣r❡s❡♥t❛✲s❡ ❝♦♠♦ ✉♠ ✐♥str✉♠❡♥t♦ ❝✐❡♥tí✜❝♦ q✉❡ t❡♥❞❡ ❛ ✉♥✐✜❝❛r ❡ ✐♥t❡❣r❛r

❛s ❝♦♥tr✐❜✉✐çõ❡s ❞❡ ♦✉tr❛s ❞✐s❝✐♣❧✐♥❛s✱ ❛♣♦✐❛r ❡ r❡❣✉❧❛r ♦ ❡♥s✐♥♦ ❞❡ ♠❛t❡♠á✲

t✐❝❛✳ P❛r❛ ❡❧❡ ❛ r❡❧❛çã♦ ❞✐❞át✐❝❛ é ✉♠❛ ❝♦♠✉♥✐❝❛çã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s✱ ❡ é ♦

♣r♦❢❡ss♦r ♦ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ♦r❣❛♥✐③❛çã♦ ❞❛s ♠❡♥s❛❣❡♥s ❞❡ss❛ ❝♦♠✉♥✐❝❛çã♦✱

✈✐s❛♥❞♦ à ❛❝✉❧t✉r❛çã♦ ❞♦ ❛❧✉♥♦ ♣❡❧❛ s♦❝✐❡❞❛❞❡✳ ❉❡❢❡♥❞❡ q✉❡ ♦ ❡♥s✐♥♦ ❜❛s❡✐❛✲

s❡ ♥✉♠❛ ❛t✐✈✐❞❛❞❡ q✉❡ ❤❛r♠♦♥✐③❛ ❞♦✐s ♣r♦❝❡ss♦s✿ ✉♠✱ ❞❡ ❛❝✉❧t✉r❛çã♦ ❡ ♦✉tr♦

❞❡ ❛❞❛♣t❛çã♦ ✐♥❞❡♣❡♥❞❡♥t❡✳ ✭❙❯▲❊■▼❆◆✱ ✷✵✶✺✱ ♣✳ ✷✵✶✮

❆ ❚❡♦r✐❛ ❞❛s ❙✐t✉❛çõ❡s ❉✐❞át✐❝❛ ✭❚❙❉✮ ♣r♦♣♦r❝✐♦♥❛ r❡✢❡①õ❡s s♦❜r❡

❛ ♠❛♥❡✐r❛ ❞♦ ♣r♦❢❡ss♦r ♣❧❛♥❡❥❛r ❛ ❡①♣♦s✐çã♦ ❞❡ ✉♠ ❝♦♥t❡ú❞♦ ❞❡ ♠♦❞♦ q✉❡

♦s ❛❧✉♥♦s ♣♦ss❛♠ ❝♦♥str✉✐r ✉♠ ❝♦♥❤❡❝✐♠❡♥t♦ q✉❡ s❡❥❛ s✐❣♥✐✜❝❛t✐✈♦✳ ◆❡st❡

♣❧❛♥❡❥❛♠❡♥t♦ é ✐♠♣♦rt❛♥t❡ ❧❡✈❛r ❡♠ ❝♦♥t❛ s✐t✉❛çõ❡s ❞❡ ❝♦♥t❡①t♦ ❞❡ ✈✐❞❛ ❞♦s

❡st✉❞❛♥t❡s✳

❖s ❡❧❡♠❡♥t♦s ❞❛ t❡♦r✐❛ ❞❡ ❇r♦✉ss❡❛✉ ❜✉s❝❛♠ ❝♦♥tr✐❜✉✐r ♣❛r❛ ♦ ♣r♦✲

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

▼❛t❡♠át✐❝❛✳ ✭❋❊❘❘❊■❘❆✱ ❋❊❘❘❊■❘❆ ❊ ❙❖❯❩❆✱ ✷✾✶✻✱ ♣✳ ✷✻✮✳

✻✾



❯♠❛ s✐t✉❛çã♦ ❞✐❞át✐❝❛ é ✉♠ ❝♦♥❥✉♥t♦ ❞❡ r❡❧❛çõ❡s ❡st❛❜❡❧❡❝✐❞❛s ❡①✲

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

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

✉♠ s✐st❡♠❛ ❡❞✉❝❛t✐✈♦ ✭♦ ♣r♦❢❡ss♦r✮ ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ♣♦ss✐❜✐❧✐t❛r ❛ ❡st❡s

❛❧✉♥♦s ✉♠ s❛❜❡r ❝♦♥st✐t✉í❞♦ ♦✉ ❡♠ ✈✐❛s ❞❡ ❝♦♥st✐t✉✐çã♦ ✭✳✳✳✮✳ ❖ tr❛❜❛❧❤♦

❞♦ ❛❧✉♥♦ ❞❡✈❡r✐❛✱ ♣❡❧♦ ♠❡♥♦s✱ ❡♠ ♣❛rt❡✱ r❡♣r♦❞✉③✐r ❝❛r❛❝t❡ríst✐❝❛s ❞♦ tr❛❜❛✲

❧❤♦ ❝✐❡♥tí✜❝♦ ♣r♦♣r✐❛♠❡♥t❡ ❞✐t♦✱ ❝♦♠♦ ❣❛r❛♥t✐❛ ❞❡ ✉♠❛ ❝♦♥str✉çã♦ ❡❢❡t✐✈❛ ❞❡

❝♦♥❤❡❝✐♠❡♥t♦s✑ ✭❇❘❖❯❙❙❊❆❯✱ ✶✾✽✻✱ ♣✳✽✮✳

❉✉r❛♥t❡ ❛ ❡①♣❡r✐♠❡♥t❛çã♦ t❡✈❡✲s❡ ♦ ❝✉✐❞❛❞♦ ❞❡ ♦❜s❡r✈❛r ❝✉✐❞❛❞♦s❛✲

♠❡♥t❡ ❛ ❛♣r❡♥❞✐③❛❣❡♠ ❞♦ ❛❧✉♥♦ ❡♠ t♦❞❛s ❛s ❡t❛♣❛s ❞♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♥str✉çã♦

❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❞♦ ❛❧✉♥♦✱ ❜❡♠ ❝♦♠♦ ❝♦♥s✐❞❡r❛r ❛s ❡str✉t✉r❛s ❧ó❣✐❝❛s ❞❡ ❞❡✲

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

❛ ♣❛rt✐❝✐♣❛çã♦ ❞♦s s✉❥❡✐t♦s ❞❡ ♣❡sq✉✐s❛ ❡ ❡st❛❜❡❧❡❝❡r ✉♠❛ ❛t♠♦s❢❡r❛ ♣♦s✐t✐✈❛

❡♠ s❛❧❛ ❞❡ ❛✉❧❛ ❝♦♠ ✉♠❛ r❡❧❛çã♦ ♣r♦❢❡ss♦r✱ ❛❧✉♥♦ ❡ ❝♦♥❤❡❝✐♠❡♥t♦ ❢❛✈♦rá✈❡❧✳

❊st❛❜❡❧❡❝✐❞❛ ❡st❛ r❡❧❛çã♦ ❡♥tr❡ ♦ ❛❧✉♥♦✱ ♦ ♣r♦❢❡ss♦r ❡ ❝♦♥❤❡❝✐♠❡♥t♦✱

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

♠♦s s❡ ❛♣r♦♣r✐❛ss❡♠ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❡ ❝♦♠♣r❡❡♥❞❡ss❡ ♦ s❡✉ s✐❣♥✐✜❝❛❞♦✳

❉✉r❛♥t❡ ❛ r❡❛❧✐③❛çã♦ ❞❛s ❛t✐✈✐❞❛❞❡s✱ s❡❣✉✐✉✲s❡ ❛s ❡t❛♣❛s ❞❛ ❚❡♦r✐❛

❞❛s ❙✐t✉❛çõ❡s ❉✐❞át✐❝❛s ♣r♦♣♦st❛ ♣♦r ❇r♦✉ss❡❛✉ ✭✶✾✽✻✮✱ q✉❡ ❡st❛❜❡❧❡❝❡ ❛s

s❡❣✉✐♥t❡s ❢❛s❡s✿

• ❋❛s❡ ❞❡ ❞❡✈♦❧✉çã♦✳

◆❡st❛ ❢❛s❡ ♦s ❛❧✉♥♦s ❝♦♥❝♦r❞❛♠ ❡♠ ♣❛rt✐❝✐♣❛r ❞♦ ♣r♦❝❡ss♦ ❞❡ ❛♣r❡♥✲

❞✐③❛❣❡♠✳ ◆❛ ❢❛s❡ ❞❡ ❞❡✈♦❧✉çã♦ ♦s ❛❧✉♥♦s ❞✐✈✐❞❡♠ ❛ r❡s♣♦♥s❛❜✐❧✐❞❛❞❡ ♥♦ ❛t♦

❞❡ ❛♣r❡♥❞❡r q✉❡ ♥♦ ❡♥s✐♥♦ tr❛❞✐❝✐♦♥❛❧✱ ❡r❛ r❡s♣♦♥s❛❜✐❧✐❞❛❞❡ ❛♣❡♥❛s ❞♦ ♣r♦✲

❢❡ss♦r✳

• ❋❛s❡ ❞❡ ❛çã♦

◆❡st❛ ❢❛s❡ ❞✐❛♥t❡ ❞❛ s✐t✉❛çã♦ ❞✐❞át✐❝❛✱ ♦s ❛❧✉♥♦s ♠❡❞✐❛♥t❡ ✉♠❛ ❜♦❛

❛t♠♦s❢❡r❛ ❡♠ s❛❧❛ ❞❡ ❛✉❧❛ ✐♥t❡r❛❣❡♠✱ ❡st❛❜❡❧❡❝❡♠ ❤✐♣ót❡s❡s ❡ ❡❧❛❜♦r❛♠ ❡s✲

❜♦ç♦s ♣❛r❛ s♦❧✉çã♦ ❞❛s ❛t✐✈✐❞❛❞❡s
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• ❋❛s❡ ❋♦r♠✉❧❛çã♦

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

❝♦♥❤❡❝✐♠❡♥t♦✱ ❡①✐st❡ tr♦❝❛s ❞❡ s❛❜❡r ❡♥tr❡ ♦s ❛❧✉♥♦s✱ ♦♥❞❡ ❤á ✉♠❛ r❡❡❧❛❜♦r❛✲

çã♦ ❞❛ ❧✐♥❣✉❛❣❡♠ ♠❛t❡♠át✐❝❛ ❡ ❝♦♠♣r❡❡♥sã♦ ❞❛s s✐t✉❛çõ❡s ❝♦♠ ♦ ♣r♦♣ós✐t♦

❞❡ ❛❧❝❛♥ç❛r ❛s ♠❡t❛s ♣r❡❡st❛❜❡❧❡❝✐❞❛s✳

• ❋❛s❡ ❞❡ ❱❛❧✐❞❛çã♦

◆❛ ❢❛s❡ ❞❡ ✈❛❧✐❞❛çã♦✱ ♦s ❛❧✉♥♦s ❛♥❛❧✐s❛♠ s❡ t✉❞♦ q✉❡ ❢♦✐ ❡st✉❞❛❞♦ ❡

❛♣r❡♥❞✐❞♦ ❝♦rr❡s♣♦♥❞❡ ❛♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❡s♣❡r❛❞♦✳

• ❋❛s❡ ❞❡ ■♥st✐t✉❝✐♦♥❛❧✐③❛çã♦

◆❡st❛ ❡t❛♣❛✱ ♣r♦❢❡ss♦r ❡ ❛❧✉♥♦s ✈ã♦ ✈❛❧✐❞❛r ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♣r♦❞✉✲

③✐❞♦✱ q✉❛♥❞♦ ❡♥tã♦ ♦ ♣r♦❢❡ss♦r ❡s❝❧❛r❡❝❡ ♦ q✉❡ ♣r❡t❡♥❞✐❛ ❝♦♠ ❛ s✐t✉❛çã♦

❞✐❞át✐❝❛✳

❊♠ s❛❧❛ ❞❡ ❛✉❧❛✱ é ✐♠♣♦rt❛♥t❡ q✉❡ ♦ ♣r♦❢❡ss♦r ❝r✐❡ ✉♠❛ s✐t✉❛çã♦ ❛❞✐✲

❞át✐❝❛✱ ♣❛r❛ ♣❡r♠✐t✐r ❛♦s ❛❧✉♥♦s ✉♠❛ ♠❛✐♦r r❡✢❡①ã♦ ♥♦s ♣r♦❝❡❞✐♠❡♥t♦s ❞❡

r❡s♦❧✉çã♦ ❞❛s ❛t✐✈✐❞❛❞❡s✳ ❯♠❛ s✐t✉❛çã♦ ❛❞✐❞át✐❝❛ é ❝❛r❛❝t❡r✐③❛❞❛ ♣❡❧❛s s✐t✉✲

❛çõ❡s ❞❡ ❞❡✈♦❧✉çã♦✱ ❛çã♦✱ ❢♦r♠✉❧❛çã♦✱ ✈❛❧✐❞❛çã♦ ❡ ✐♥st✐t✉❝✐♦♥❛❧✐③❛çã♦✳ ◆❛s

s✐t✉❛çõ❡s ❛❞✐❞át✐❝❛s ♦ ♣r♦❢❡ss♦r ♥ã♦ ❞❡✈❡ ✐♥t❡r❢❡r✐r ❞✐r❡t❛♠❡♥t❡ ♥❛ r❡s♣♦st❛

❞♦ ❛❧✉♥♦✱ ♣♦✐s ❡st❡ ♠♦♠❡♥t♦ é ❞❡ ❣r❛♥❞❡ r❡❧❡✈â♥❝✐❛ ♣❛r❛ ♦ ❛❧✉♥♦ ❞❡s❡♥✈♦❧✈❡r

❛ s✉❛ ♣♦t❡♥❝✐❛❧✐❞❛❞❡✳

❖ ❛❧✉♥♦ só t❡rá ✈❡r❞❛❞❡✐r❛♠❡♥t❡ ❛❞q✉✐r✐❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ q✉❛♥❞♦ ❢♦r

❝❛♣❛③ ❞❡ ❛♣❧✐❝á✲❧♦ ♣♦r s✐ ♣ró♣r✐♦ às s✐t✉❛çõ❡s ❝♦♠ q✉❡ ❞❡♣❛r❛ ❢♦r❛ ❞♦ ❝♦♥t❡①t♦

❞♦ ❡♥s✐♥♦✱ ❡ ♥❛ ❛✉sê♥❝✐❛ ❞❡ q✉❛❧q✉❡r ✐♥❞✐❝❛çã♦ ✐♥t❡♥❝✐♦♥❛❧✳ ❚❛❧ s✐t✉❛çã♦ é

❝❤❛♠❛❞❛ s✐t✉❛çã♦ ❛❞✐❞át✐❝❛✳ ✭❇❘❖❯❙❙❊❆❯✱ ✶✾✾✻✱ ♣✳ ✹✾✲✺✵✮✳

❆ s✐t✉❛çã♦ ❛❞✐❞át✐❝❛ ❢❛③ ♣❛rt❡ ❞❡ ✉♠ ♣❧❛♥❡❥❛♠❡♥t♦ ♠❛✐s ❛♠♣❧♦ ♦♥❞❡

♦ ♣r♦❢❡ss♦r ❢❛❝✐❧✐t❛ ❛ ✐♥t❡r❛çõ❡s ❝♦♠ ♦s ❛❧✉♥♦s ❡ ❡♥tr❡ ❡st❡s✳

◆❛ ❡①♣❡r✐♠❡♥t❛çã♦ ❞❡st❡ ❡st✉❞♦✱ ❜✉s❝♦✉✲s❡ ❞❡s❡♥✈♦❧✈❡r ❤❛❜✐❧✐❞❛❞❡s

❞♦s ❛❧✉♥♦s ♣❛rt✐❝✐♣❛♥t❡s ❡♠ r❡❛❧✐③❛r tr❛♥s❢♦r♠❛çõ❡s s❡♠✐ót✐❝❛s ❝♦♥t❡♠♣❧❛♥❞♦

❛ ❚❡♦r✐❛ ❞❛s ❙✐t✉❛çõ❡s ❞✐❞át✐❝❛s✳

❖ ♣r♦❢❡ss♦r ❞✐✈✐❞✐✉ ❛ s❛❧❛ ❡♠ ✹ ❣r✉♣♦s ❝♦♠ ✹ ❝♦♠♣♦♥❡♥t❡s ❡ ✷ ❣r✉♣♦s
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❝♦♠ ✺ ♠❡♠❜r♦s✳ ❖ ❣r✉♣♦ ❆ ❢♦✐ ❡♥✉♠❡r❛❞♦s ❞❡ ✶ ❛ ✹✱ ❇ ❞❡ ✺ ❛ ✽✱ ❈ ❞❡ ✾ ❛

✶✷✱ ❉ ❞❡ ✶✸ ❛ ✶✻✱ ❊ ❞❡ ✶✼ ❛ ✷✶ ❡ ❋ ❞❡ ✷✷ ❛ ✷✻✳

❆t✐✈✐❞❛❞❡s ❞❡ ❊♥s✐♥♦

✶✳ ❈❤❛♠❛♠♦s ♠❡❞✐❛♥❛ ❞❡ ✉♠ tr✐â♥❣✉❧♦ ♦ s❡❣♠❡♥t♦ q✉❡ ❧✐❣❛ ✉♠

❞❡ s❡✉s ✈ért✐❝❡s ❛♦ ♣♦♥t♦ ♠é❞✐♦ ❞♦ ❧❛❞♦ ♦♣♦st♦ ❛ ❡❧❡✳ ❆ss✐♠✱

❞❡t❡r♠✐♥❡ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛s três ♠❡❞✐❛♥❛s ❞❡ ✉♠ tr✐â♥❣✉❧♦

❞❡ ✈ért✐❝❡s ❆ ❂ ✭✵✱ ✵✮✱ ❇ ❂ ✭✹✱ ✲✻✮ ❡ ❈ ❂ ✭✲✶✱ ✲✸✮✳

❖❜❥❡t✐✈♦✿ ❘❡❛❧✐③❛r ✉♠❛ ❝♦♥✈❡rsã♦✱ ♣❛ss❛♥❞♦ ❞♦ r❡❣✐str♦ ❧í♥❣✉❛ ♥❛t✉✲

r❛❧ ♣❛r❛ ♦ r❡❣✐str♦ ✜❣✉r❛❧✱ ♥♦ ❝❛s♦ ✉♠❛ r❡♣r❡s❡♥t❛çã♦ ❣❡♦♠étr✐❝❛✱

P❛r❛ r❡s♦❧✉çã♦ ❞❛ ❛t✐✈✐❞❛❞❡✱ ❜❛st❛ ♦s ❛❧✉♥♦s ♣❧♦t❛r❡♠ ♦s três ♣♦♥t♦s ♥♦

♣❧❛♥♦ ❝❛rt❡s✐❛♥♦✱ ❡♠ s❡❣✉✐❞❛ tr❛ç❛r ❛s ♠❡❞✐❛♥❛s ✉♥✐♥❞♦ ❝❛❞❛ ✈ért✐❝❡

❞♦ tr✐â♥❣✉❧♦ ❛♦ ♣♦♥t♦ ♠é❞✐♦ ❞♦ ❧❛❞♦ ♦♣♦st♦✳

◆✉♠ ♣r✐♠❡✐r♦ ♠♦♠❡♥t♦ ♦s ❛❧✉♥♦s t✐✈❡r❛♠ ❞✐✜❝✉❧❞❛❞❡s ♥❛ r❡♣r❡s❡♥✲

t❛çã♦ ❣❡♦♠étr✐❝❛✱ ♠❛s ❝♦♠ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ❞❛ s✐t✉❛çã♦ ❛❞✐❞át✐❝❛ ❞♦

♣r♦❢❡ss♦r ❛s ❞✐s❝✉ssõ❡s ❡♥tr❡ ♦s ❣r✉♣♦s ❢♦r❛♠ ✜❝❛♥❞♦ ♠❛✐s ✐♥t❡r❡ss❛♥✲

t❡s s♦❜ ♦ ♣♦♥t♦ ❞❡ ♠♦❜✐❧✐③❛çã♦ ❞❡ ❝♦♥❝❡✐t♦s ♥❡❝❡ssár✐♦s à r❡s♦❧✉çã♦ ❞❛

❛t✐✈✐❞❛❞❡✳

❖ ❛❧✉♥♦ ❆✶✵✱ ♣❡r❣✉♥t♦✉✿ ♣r♦❢❡ss♦r✱ q✉❡♠ é ❛ ♦r✐❣❡♠ ❞♦ ✈❡t♦r✱ ♦ ♣♦♥t♦

♠é❞✐♦ ♦✉ ♦ ✈ért✐❝❡ ❞♦ tr✐❛♥❣✉❧♦❄

❖ ♣r♦❢❡ss♦r ❢❡③ ❛ ❞❡✈♦❧✉çã♦✱ r❡s♣♦♥❞❡♥❞♦ ✭❈♦♠♦ ♦ ♦❜❥❡t✐✈♦ é ❝❛❧❝✉❧❛r

♦ ♠ó❞✉❧♦ ❞♦ ✈❡t♦r✱ ❛ ❡s❝♦❧❤❛ é ❛r❜✐trár✐❛✱ ♦✉ s❡❥❛✱ ❛ ♦r✐❣❡♠ ♣♦❞❡ s❡r

t❛♥t♦ ♦ ♣♦♥t♦ ♠é❞✐♦ q✉❛♥t♦ ♦ ✈ért✐❝❡ ❞♦ tr✐â♥❣✉❧♦✮✳

❖ ❛❧✉♥♦ ❉✶✺✱ q✉❡st✐♦♥♦✉ ♣r♦❢❡ss♦r ♣❛r❛ ❝❛❧❝✉❧❛r ♦ ♣♦♥t♦ ♠é❞✐♦ ❞♦

❧❛❞♦ ❞♦ tr✐❛♥❣✉❧♦✱ é ♣r❡❝✐s♦ ❛♣❡♥❛s s♦♠❛r ❛s ❝♦♦r❞❡♥❛❞❛s ❞♦s ✈ért✐❝❡s

❡ ❞✐✈✐❞✐r ♣♦r ❞♦✐s❄

✼✷



▼❛✐s ✉♠❛ ✈❡③ ♦ ♣r♦❢❡ss♦r ❢❡③ ❛ ❞❡✈♦❧✉çã♦✱ r❡s♣♦♥❞❡♥❞♦✿ s✐♠✱ ♣♦ré♠

❝✉✐❞❛❞♦ ❝♦♠ ❛ r❡❣r❛ ✉s✉❛❧ ❞❡ s✐♥❛✐s

❆❧✉♥♦ ❋✷✺✿ ♣r♦❢❡ss♦r ❡ s❡ q✉✐s❡r♠♦s r❡♣r❡s❡♥t❛r ❛s ♠❡❞✐❛♥❛s ♥♦ ♣❧❛♥♦

❝❛rt❡s✐❛♥♦✱ ❝♦♠♦ s❡rá ♦ ♣r♦❝❡❞✐♠❡♥t♦❄

Pr✐♠❡✐r❛♠❡♥t❡ r❡♣r❡s❡♥t❡ ♦ tr✐â♥❣✉❧♦ ♣❧♦t❛♥❞♦ ♦s ♣♦♥t♦s ❝♦rr❡s♣♦♥✲

❞❡♥t❡ ❛ ❝❛❞❛ ✈ért✐❝❡ ❡♠ s❡❣✉✐❞❛ ❧✐❣✉❡ ❝❛❞❛ ✈ért✐❝❡ ❛♦ ♣♦♥t♦ ♠é❞✐♦ ❞♦

❧❛❞♦ ♦♣♦st♦

❯♠❛ s♦❧✉çã♦ ❡s♣❡r❛❞❛✿

❋✐❣✉r❛ ✸✻✿ ▼❡❞✐❛♥❛s ❞❡ ✉♠ tr✐â♥❣✉❧♦

M1,M2 ❡ M3 sã♦ ♦s ♣♦♥t♦s ♠é❞✐♦s ❞❡ ❝❛❞❛ ✉♠ ❞♦s ❧❛❞♦s ❞♦ tr✐â♥❣✉❧♦

❡ s✉❛s ❝♦♦r❞❡♥❛❞❛s sã♦ ❞❛❞❛s ♣❡❧❛ ♠é❞✐❛ ❛r✐t♠ét✐❝❛ ❞❛s ❝♦♦r❞❡♥❛❞❛s

❞♦s ♣♦♥t♦s ❡①tr❡♠♦s✳

M1,M2 ❡ M3 sã♦ ♦s ♣♦♥t♦s ♠é❞✐♦s✱ s✉❛s ❝♦♦r❞❡♥❛❞❛s sã♦ ❞❛❞❛s ♣❡❧❛

♠é❞✐❛ ❛r✐t♠ét✐❝❛ ❞❛s ❝♦♦r❞❡♥❛❞❛s ❞♦s ♣♦♥t♦s ❡①tr❡♠♦s✳

M1 =

(

4 + (−1)

2
,
−6 + (−3)

2

)

=

(

3

2
,−9

2

)

M2 =

(

4 + 0

2
,
0 + (−6)

2

)

= (2,−3)

M3 =

(

0 + (−1)

2
,
0 + (−3)

2

)

=

(

−1

2
,−3

2

)

✼✸



#       »

AM1 =

(

3

2
,−9

2

)

− (0, 0) =

(

3

2
,−9

2

)

#       »

CM2 = (2,−3)− (−1,−3) = (3, 0)

#       »

BM3 =

(

−1

2
,−3

2

)

− (4,−6) =

(

−9

2
,
9

2

)

❇❛st❛ ❝❛❧❝✉❧❛r ❛ ♥♦r♠❛ ❞❡ ❝❛❞❛ ✉♠ ❞♦s ✈❡t♦r❡s ❛❝✐♠❛

‖ #       »

AM1‖ =

√

(

3

2

)2

+

(−9

2

)2

=

√

9

4
+

81

4
=

√

90

4
=

3
√
10

2

‖ #       »

CM2‖ =
√
32 + 02 =

√
9 + 0 =

√
9 = 3

‖ #       »

BM3‖ =

√

(

−9

2

)2

+

(

9

2

)2

=

√

81

4
+

81

4
=

√

162

4
=

9
√
2

2

✼✹



✷✳ ❖s ♣♦♥t♦s ❆✱ ❇✱ ❈✱ ❉ ❡ ❊ ❢♦r❛♠ ♠❛r❝❛❞♦s ♥❛ r❡t❛ ❣r❛❞✉❛❞❛

❛❜❛✐①♦✳

❋✐❣✉r❛ ✸✼✿ P♦♥t♦s ♥❛ r❡t❛

❆ ♣❛rt✐r ❞❡ss❛ ✐♥❢♦r♠❛çã♦ ❞❡t❡r♠✐♥❛r ♦ ✈❛❧♦r ❞❡ ❦ r❡❛❧ q✉❛♥❞♦ k
#    »

BC =
#    »

DA✳

❖❜❥❡t✐✈♦s✿

• ❘❡❛❧✐③❛r ✉♠❛ ❝♦♥✈❡rsã♦ ❛♦ s❛✐r ❞♦ r❡❣✐str♦ ❣rá✜❝♦ ♣❛r❛ ♦ r❡❣✐str♦

❛❧❣é❜r✐❝♦

• ❘❡❛❧✐③❛r tr❛t❛♠❡♥t♦ ❞❡♥tr♦ r❡❣✐str♦ ♥✉♠ér✐❝♦✳

• ❱❡r✐✜❝❛r ❛ ❝♦♠♣r❡❡♥sã♦ ❞❛ ♦♣❡r❛çã♦ ❞❡ ♠✉❧t✐♣❧✐❝❛çã♦ ❞❡ ✈❡t♦r ♣♦r

✉♠ ♥ú♠❡r♦ r❡❛❧✳

❖ ❛❧✉♥♦ ❆✹ ✐♥❞❛❣♦✉✿ ♣r♦❢❡ss♦r ♥ã♦ ❡♥t❡♥❞✐ ❡ss❛ q✉❡stã♦✦ ❈♦♠♦ é ❡ss❛

q✉❡stã♦ ♣r♦❢❡ss♦r❄

❚r❛t❛ ✲ s❡ ❞❡ ✉♠❛ ♦♣❡r❛çã♦❄

Pr♦❢❡ss♦r r❡s♣♦♥❞❡ ✿ s✐♠✱ ♠✉❧t✐♣❧✐❝❛çã♦ ♣♦r ♥ú♠❡r♦ r❡❛❧

❯♠❛ s♦❧✉çã♦ ❡s♣❡r❛❞❛✿

#    »

BC = C − B = 3,
#    »

DA = A−D = −2 e k
#    »

BC =
#    »

DA

k.3 = −2 ⇒ k = −2

3

✼✺



✸✳ ❯♠ ❝♦r♣♦ ❡stá s♦❜ ❛ ❛çã♦ ❞❡ ❞✉❛s ❢♦rç❛s✱ F1 ❡ F2✱ q✉❡ ❢♦r♠❛♠

❡♥tr❡ s✐ ✉♠ â♥❣✉❧♦ ❞❡ ✻✵♦✳ ❈❛❧❝✉❧❡ ❛ ❢♦rç❛ r❡s✉❧t❛♥t❡ FR q✉❡

❛❣❡ ♥❡ss❡ ❝♦r♣♦ s❛❜❡♥❞♦ q✉❡ ❛ ❢♦rç❛ F1 ❂ ✺ ◆ ❡ F2 ❂ ✶✷ ◆✳

❖❜❥❡t✐✈♦s✿

• ❘❡❛❧✐③❛r ✉♠❛ ❝♦♥✈❡rsã♦✱ ❛♦ s❛✐r ❞♦ r❡❣✐str♦ ❧í♥❣✉❛ ♥❛t✉r❛❧ ❡ ✐r ♣❛r❛

♦ r❡❣✐str♦ ❛❧❣é❜r✐❝♦

• ❘❡❛❧✐③❛r ❛ tr❛♥s❢♦r♠❛çã♦ ❞❡ tr❛t❛♠❡♥t♦ ❛♦ ❡♥❝♦♥tr❛r ❛ ❢♦rç❛ r❡✲

s✉❧t❛♥t❡ ❞❡♥tr♦ ❞♦ r❡❣✐str♦ ❛❧❣é❜r✐❝♦

❖ ❛❧✉♥♦ ❇✷ ♣❡r❣✉♥t♦✉✿ Pr♦❢❡ss♦r é ♣❛r❛ ❛♣❧✐❝❛r ♦ t❡♦r❡♠❛ ❞❡ P✐tá❣♦r❛s

é❄

❖ ❛❧✉♥♦ ❇✶ ♣❡r❣✉♥t♦✉✿ Pr♦❢❡ss♦r ✐ss♦ é ❛✉❧❛ ❞❡ ❋ís✐❝❛❄

❯t✐❧✐③❡ ❛ s❡❣✉✐♥t❡ ❝♦♥s❡q✉ê♥❝✐❛ ❞❛ ❧❡✐ ❞♦s ❝♦ss❡♥♦s

F 2

R = F 2

1
+ F 2

2
+ 2F1F2 cos α

❆♣ós ♦ q✉❡st✐♦♥❛♠❡♥t♦ ❞♦s ❛❧✉♥♦s ❡ ♦ ❡♥❝❛♠✐♥❤❛♠❡♥t♦ ❢❡✐t♦ ♣❡❧♦ ♣r♦✲

❢❡ss♦r ❛ ❛t✐✈✐❞❛❞❡ ❢♦✐ ✈❛❧✐❞❛❞❛ ❞❛ s❡❣✉✐♥t❡ ♠❛♥❡✐r❛✱ ✐♥✐❝✐❛❧♠❡♥t❡ ❢❡③✲s❡

❛ r❡♣r❡s❡♥t❛çã♦ ❣❡♦♠étr✐❝❛ ❡ ❡♠ s❡❣✉✐❞❛ ✉t✐❧✐③♦✉✲s❡ ❛ ❧❡✐ ❞♦s ❝♦ss❡♥♦s✳

✼✻



❯♠❛ s♦❧✉çã♦ ❡s♣❡r❛❞❛✿

❋✐❣✉r❛ ✸✽✿ ❋♦rç❛s ❛♣❧✐❝❛❞❛s ❡♠ ✉♠ ❝♦r♣♦

F 2

R = F 2

1
+ F 2

2
+ 2F1F2 cos 60

◦

F 2

R = 52 + 122 + 2.5.12.
1

2

F 2

R = 52 + 122 + 5.12

F 2

R = 25 + 144 + 60

F 2

R = 229

FR =
√
229 N

✼✼





✺✳ ◆❛ ✜❣✉r❛ ❛❜❛✐①♦ ❡stã♦ r❡♣r❡s❡♥t❛❞♦s ♦s ✈❡t♦r❡s ~u =
#    »

OA ❡

~v =
#    »

OB✳ ❉❡t❡r♠✐♥❡ ♦ ♣♦♥t♦ ▼ t❛❧ q✉❡
#     »

OM = 3~u+ 2~v✳

❋✐❣✉r❛ ✹✵✿ ✈❡t♦r❡s ✉ ❡ ✈

❖❜❥❡t✐✈♦

• ❋❛③❡r ❛ ❝♦♥✈❡rsã♦ ❞♦ r❡❣✐str♦ ✜❣✉r❛❧✭❣rá✜❝♦✮ ♣❛r❛ ♦ r❡❣✐str♦ ❛❧❣é✲

❜r✐❝♦

• ❊❢❡t✉❛r ♦ tr❛t❛♠❡♥t♦ ❞❡♥tr♦ ❞♦ r❡❣✐str♦ ❛❧❣é❜r✐❝♦

✲ ❆❧✉♥♦✿ P♦r ♦♥❞❡ ❡✉ ❝♦♠❡ç♦❄

✲ Pr♦❢❡ss♦r✿ ✐❞❡♥t✐✜❝❛♥❞♦ ❛s ❝♦♦r❞❡♥❛❞❛s ❞❡ ❝❛❞❛ ✈❡t♦r ❡ ❞❡♣♦✐s s✉❜s✲

t✐t✉❛ ♥❛ ❡①♣r❡ssã♦ ❞❛❞❛✳

❯♠❛ s♦❧✉çã♦✿

~u = (−2, 1), ~v = (3, 2)

#     »

OM = 3~u+ 2~v

#     »

OM = 3(−2, 1) + 2(3, 2)

✼✾



#     »

OM = (−6, 3) + (6, 4)

#     »

OM = (0, 7)

❆ss✐♠ ♦ ♣♦♥t♦ ▼ é ✭✵✱ ✼✮✱ ❜❛st❛ ♠❛r❝❛r ♦ ♣♦♥t♦ ▼ s♦❜r❡ ♦ ❡✐①♦ ✈❡rt✐❝❛❧

✻✳ ❊♥❝♦♥tr❡ ♦ ✈ért✐❝❡ ♦♣♦st♦ ❛ ❇✱ ♥♦ ♣❛r❛❧❡❧♦❣r❛♠♦ ❆❇❈❉ ❞❛

✜❣✉r❛ ✹✵✱ ♦♥❞❡✿ ❆ ❂ ✭✲✸✱ ✲✶✮✱ ❇ ❂✭✹✱ ✷✮✱ ❈ ❂ ✭✺✱ ✺✮

❖❜❥❡t✐✈♦✿

• ❊❢❡t✉❛r ❛ ❝♦♥✈❡rsã♦ ❞♦ r❡❣✐str♦ ♥✉♠ér✐❝♦ ♣❛r❛ ♦ r❡❣✐str♦ ✜❣✉r❛❧✳

• ❊❢❡t✉❛r ❛ ❝♦♥✈❡rsã♦ ❞♦ r❡❣✐str♦ ✜❣✉r❛❧ ♣❛r❛ ♦ r❡❣✐str♦ ♥✉♠ér✐❝♦✳

➱ ♣❛r❛ ❢❛③❡r ❛ ✜❣✉r❛❄

❖ q✉❡ ❢❛③❡r ❛♣ós ♦ ❞❡s❡♥❤♦❄ ❈♦♠♦ ❛❝❤♦ ♦ ♣♦♥t♦ ❆❄

❯♠❛ s♦❧✉çã♦ ❡s♣❡r❛❞❛✿

❋✐❣✉r❛ ✹✶✿ P❛r❛❧❡❧♦❣r❛♠♦

~u = C − B = (5− 4, 5− 2) = (1, 3)

P❡❧❛ ❞❡✜♥✐çã♦ ❞❡ ✈❡t♦r✱ ~v = ~u✱ ❛ss✐♠

❉ ❂ ❆ ✰ ~v ❂ ❆ ✰ ~u ❂ ✭✲✸✱ ✲✶✮ ✰ ✭✶✱ ✸✮ ❂ ✭✲✷✱ ✷✮

✽✵



❱❛❧✐❞❛çã♦ ❞❛ ❊♥❣❡♥❤❛r✐❛ ❉✐❞át✐❝❛

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❛t✐✈✐❞❛❞❡s ❞❡ s♦♥❞❛❣❡♠ ❛♣❧✐❝❛❞❛s✱ ♥❛ ❢❛s❡ ❞❡

❛♥á❧✐s❡ ♣r❡❧✐♠✐♥❛r ♦❜s❡r✈♦✉✲s❡ q✉❡ ♦s ❛❧✉♥♦s ♣❛rt✐❝✐♣❛♥t❡s ❞♦ ❡st✉❞♦ ♥ã♦

♣♦ss✉í❛♠ ❞♦♠í♥✐♦ s♦❜r❡ ♦ ❝♦♥❝❡✐t♦ ❞❡ ✈❡t♦r ❡ s✉❛s r❡♣r❡s❡♥t❛çõ❡s✳ P♦r❡♠

♣❡r❝❡❜❡✉✲s❡ ✉♠❛ ❣r❛♥❞❡ ❡✈♦❧✉çã♦ ♥♦ ♣r♦❝❡ss♦ ❞❛s r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s✳

❖s ❛❧✉♥♦s ❢♦r❛♠ ❝❛♣❛③ ❞❡ r❡s♦❧✈❡r ❛s s✐t✉❛çõ❡s ❞❡ ❡♥s✐♥♦✱ ✉t✐❧✐③❛♥❞♦

r❡♣r❡s❡♥t❛çõ❡s ❞✐❢❡r❡♥t❡s ❞♦ ♦❜❥❡t♦ ✈❡t♦r ❡ ♦♣❡r❛çõ❡s ❞❡♥tr♦ ❞♦ ♠❡s♠♦ r❡✲

❣✐str♦✳

❬✳✳✳❪ ♥❛s ❡①♣❡r✐♠❡♥t❛çõ❡s ♥❛ s❛❧❛ ❞❡ ❛✉❧❛✱ ♣❡❧♦ r❡❣✐str♦ ♥♦
q✉❛❧ s❡ s✐t✉❛ ❡ ♣❡❧♦s ♠♦❞♦s ❞❡ ✈❛❧✐❞❛çã♦ q✉❡ ❧❤❡ ❡stã♦ ❛ss♦✲
❝✐❛❞♦s s❡r✈❡✱ t❛♠❜é♠✱ ♣❛r❛ ♦s s❡✉s ♣r♦♣ós✐t♦s✱ ♣♦✐s ✐♥s❡r❡ ♦
♣❡sq✉✐s❛❞♦r ♥❛ ✐♥✈❡st✐❣❛çã♦✱ ❡ ❞✐❢❡r✐♥❞♦✱ ♣♦ré♠✱ ♥❛ ✈❛❧✐❞❛✲
çã♦✱ q✉❡ é ❡①t❡r♥❛✱ ♣♦✐s ✉t✐❧✐③❛ ♠ét♦❞♦s ❝♦♠♣❛r❛t✐✈♦s ♣❛r❛
✈❛❧✐❞❛r s❡✉s r❡s✉❧t❛❞♦s ✭❆❘❚■●❯❊✱ ✶✾✾✻✱ ♣✳✶✾✻✮✳

✽✶



✺✳✸ ❈♦♥tr✐❜✉✐çõ❡s ❞♦s ❘❡❣✐str♦s ❞❡ ❘❡♣r❡s❡♥t❛çõ❡s ❙❡✲

♠✐ót✐❝❛s ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡

✈❡t♦r❡s

❆s r❡♣r❡s❡♥t❛çõ❡s sã♦ ✐♥❞✐s❝✉t✐✈❡❧♠❡♥t❡ ❡ss❡♥❝✐❛✐s ❛♦ ♣r♦❝❡ss♦ ❞❡ ❡♥✲

s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ ❡♠ ❡❞✉❝❛çã♦ ♠❛t❡♠át✐❝❛✱ ♣♦✐s ❞❡s❡♠♣❡♥❤❛♠ ❛t✐✈✐❞❛❞❡s

❞❡ ♠✉✐t❛ r❡❧❡✈â♥❝✐❛✳ ❊♠ ♠❛t❡♠át✐❝❛ q✉❛❧q✉❡r ❛t✐✈✐❞❛❞❡ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠

♣r❡❝✐s❛ ❞❛ ♠♦❜✐❧✐③❛çã♦ ❞❛s r❡♣r❡s❡♥t❛çõ❡s✳

P❛r❛ ✉♠❛ ❜♦❛ ❝♦♥❡①ã♦ ❡♥tr❡ ❛ ♠❛t❡♠át✐❝❛ ❝♦♠ ♦ ♠✉♥❞♦ ❡①t❡r✐♦r✱ é

❢✉♥❞❛♠❡♥t❛❧ ♦ ✉s♦ ❞♦s ❞✐✈❡rs♦s t✐♣♦s ❞❡ r❡♣r❡s❡♥t❛çõ❡s ❞♦ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦

❡st✉❞❛❞♦✱ ♣♦✐s ♦ ❛❝❡ss♦ ❛ ❡st❡ ♥ã♦ s❡ ❞á ❞❡ ❢♦r♠❛ ❞✐r❡t❛✱ ❞❛❞❛ ❛ s✉❛ ❛❜str❛çã♦✳

❖s P❛râ♠❡tr♦s ❈✉rr✐❝✉❧❛r❡s ◆❛❝✐♦♥❛✐s✱ ❇r❛s✐❧ ✭✶✾✾✽✮✱ ❥á ❝♦♥t❡♠♣❧❛✲

✈❛♠ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛s r❡♣r❡s❡♥t❛çõ❡s ♥♦ ❡♥s✐♥♦ ❞❡ ♠❛t❡♠át✐❝❛✳

◆♦ ❡♥s✐♥♦ ❞❛ ♠❛t❡♠át✐❝❛✱ ❞❡st❛❝❛♠✲s❡ ❞♦✐s ❛s♣❡❝t♦s ❜ás✐❝♦s✿ ✉♠

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

q✉❡♠❛✱ t❛❜❡❧❛s ❡ ✜❣✉r❛s✮❀ ♦✉tr♦ ❝♦♥s✐st❡ ❡♠ r❡❧❛❝✐♦♥❛r ❡ss❛s r❡♣r❡s❡♥t❛çõ❡s

❝♦♠ ♣r✐♥❝í♣✐♦s ❡ ❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s✳ ◆❡ss❡ ♣r♦❝❡ss♦✱ ❛ ❝♦♠✉♥✐❝❛çã♦ t❡♠

❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ❡ ❞❡✈❡ s❡r ❡st✐♠✉❧❛❞❛✱ ❧❡✈❛♥❞♦✲s❡ ♦ ❛❧✉♥♦ ❛ ❢❛❧❛r ❡ ❛ ❡s✲

❝r❡✈❡r s♦❜r❡ ▼❛t❡♠át✐❝❛✱ ❛ tr❛❜❛❧❤❛r ❝♦♠ r❡♣r❡s❡♥t❛çõ❡s ❣rá✜❝❛s✱ ❞❡s❡♥❤♦s✱

❝♦♥str✉çõ❡s✱ ❛ ❛♣r❡♥❞❡r ❝♦♠♦ ♦r❣❛♥✐③❛r ❡ tr❛t❛r ❞❛❞♦s ✭❇❘❆❙■▲✱ ✶✾✾✽✱ ♣✳✶✾✮

❆ ♥♦✈❛ ❧❡❣✐s❧❛çã♦ ❞❛ ❡❞✉❝❛çã♦ ♥❛❝✐♦♥❛❧✱ ♥♦ ❡♥s✐♥♦ ❞❡ ♠❛t❡♠át✐❝❛

t❛♠❜é♠ ❝♦♥t❡♠♣❧❛ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞❛ ✉t✐❧✐③❛çã♦ ❞♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çã♦

s❡♠✐ót✐❝❛ ♥♦ ❡♥s✐♥♦ ❞♦s ♦❜❥❡t♦s ♠❛t❡♠át✐❝♦✳

❆ss✐♠✱ ❛ ❛♣r❡♥❞✐③❛❣❡♠ ❡♠ ▼❛t❡♠át✐❝❛ ❞❡♠❛♥❞❛ ❛ ❡①♣❧♦r❛çã♦ ❞❡

três ♠♦♠❡♥t♦s ❞✐st✐♥t♦s ❡ ♦r❞❡♥❛❞♦s✳ ◆♦ ♣r✐♠❡✐r♦✱ ♦ ❡st✉❞❛♥t❡ ❞❡✈❡ ❢❛③❡r

♠❛t❡♠át✐❝❛✳ ❆♣ós✱ ❡❧❡ ❞❡✈❡ ❞❡s❡♥✈♦❧✈❡r r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çõ❡s ♣❡ss♦❛✐s

♣❛r❛✱ ✜♥❛❧♠❡♥t❡✱ ❛♣r♦♣r✐❛r✲s❡ ❞♦s r❡❣✐str♦s ❢♦r♠❛✐s ✭❇❘❆❙■▲✱ ✷✵✶✺✱ ♣✳ ✶✷✾✮✳

❆s r❡♣r❡s❡♥t❛çõ❡s ❡stã♦ r❡❧❛❝✐♦♥❛❞❛s ❛♦ ❝♦♥❥✉♥t♦ ❞❡ sí♠❜♦❧♦s ✉t✐❧✐③❛✲

❞♦s ❡♠ ♠❛t❡♠át✐❝❛ ❡ s❡ s✉st❡♥t❛ ♥♦s ❞✐✈❡rs♦s t✐♣♦s ❞❡ r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥✲

t❛çã♦ s❡♠✐ót✐❝❛✳◆❛ ♠❛t❡♠át✐❝❛ ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❞❛s r❡♣r❡s❡♥t❛çõ❡s ❝♦♥s✐st❡

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

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

r❡♣r❡s❡♥t❛çõ❡s ❡q✉✐✈❛❧❡♥t❡s ❡♠ ✉♠ ♦✉tr♦ s✐st❡♠❛ s❡♠✐ót✐❝♦✱ ♣♦❞❡♥❞♦ t♦♠❛r

✽✷



s✐❣♥✐✜❝❛çõ❡s ❞✐❢❡r❡♥t❡s ♣❡❧♦ s✉❥❡✐t♦ q✉❡ ❛s ✉t✐❧✐③❛✳ ✭❉✉✈❛❧✱ ✶✾✾✺✱ ♣✳ ✶✼✮

❖ ❡♥s✐♥♦ tr❛❞✐❝✐♦♥❛❧ ❞❛ ♠❛t❡♠át✐❝❛ ❡r❛ ❝❡♥tr❛❞♦ ♥❛ ✜❣✉r❛ ❞♦ ♣r♦❢❡s✲

s♦r✱ q✉❡ ❡r❛ r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❡①♣♦s✐çã♦ ❞♦ ❝♦♥t❡ú❞♦ ❡ ❣❡r❛❧♠❡♥t❡ ♦s ❛❧✉♥♦s

❡r❛♠ ♣❛ss✐✈♦s ♥♦ ♣r♦❝❡ss♦✳ ◆❛s ú❧t✐♠❛s ❞é❝❛❞❛s✱ ♠❡t♦❞♦❧♦❣✐❛s ♠❛✐s ❞✐♥â✲

♠✐❝❛s tê♠ s✉r❣✐❞♦ ❡ ❛❧✐❛❞❛s ❛ q✉❛❞r♦s t❡ór✐❝♦s ❝♦♠♦ ❛ ❡t♥♦♠❛t❡♠át✐❝❛ ❡ ♦s

r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s t❡♠ ❞❛❞♦ ✉♠❛ ❣r❛♥❞❡ ❝♦♥tr✐❜✉✐çã♦ ❛♦

❡♥s✐♥♦ ❞❡st❡ ❝♦♠♣♦♥❡♥t❡ ❝✉rr✐❝✉❧❛r✳

❆s r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s ♣♦ss✐❜✐❧✐t❛♠ ❛ ❡①✐stê♥❝✐❛ ❞❡ ✉♠ ❝♦♥✲

❥✉♥t♦ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❞✐✈❡rs♦ ❛tr❛✈és ❞♦s s❡✉s r❡❣✐str♦s✱ ❡ ✐st♦ ♠❡❧❤♦r❛ ❛

✐♥t❡r❛çã♦ ❡♥tr❡ ♣r♦❢❡ss♦r✱ ❛❧✉♥♦ ❡ ❝♦♥❤❡❝✐♠❡♥t♦✳

❆❧é♠ ❞❛ ❝♦♠✉♥✐❝❛çã♦ ♦r❛❧ ❡ ❡s❝r✐t❛ ♥❛ ❧í♥❣✉❛ ♠❛t❡r♥❛ ♦✉ ❧í♥❣✉❛

♥❛t✉r❛❧✱ ❛ ▼❛t❡♠át✐❝❛ ♥❡❝❡ss✐t❛ ❞❡ r❡♣r❡s❡♥t❛çõ❡s ❡s♣❡❝✐❛✐s s✐♠❜ó❧✐❝❛s ❡ ❣rá✲

✜❝❛s r❡❝♦♥❤❡❝✐❞❛s ♠✉♥❞✐❛❧♠❡♥t❡✳ ❖ ❝♦♥❥✉♥t♦ ❞❡ sí♠❜♦❧♦s✱ ❣rá✜❝♦s ❡ r❡❣r❛s

q✉❡ r❡♣r❡s❡♥t❛♠ ✉♠❛ ❡str✉t✉r❛ ♠❛t❡♠át✐❝❛ ❞❡✈❡ r❡s♣♦♥❞❡r ❛♦ ❝❛rát❡r s✐s✲

tê♠✐❝♦ ❞❡ss❛ ár❡❛✳ ❖ ✉s♦ ❞❡ss❛ s✐♠❜♦❧♦❣✐❛✱ ❞❡ ❝❛rát❡r ✉♥✐✈❡rs❛❧✱ ♣♦ss✐❜✐❧✐t❛

s♦❝✐❛❧✐③❛r ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♠❛t❡♠át✐❝♦✳ ✭❙➹❖ P❆❯▲❖✱ ✷✵✶✻✱ ♣✳ ✽✮

❬✳✳✳❪ ❆ ❝♦♠♣r❡❡♥sã♦ ❡♠ ▼❛t❡♠át✐❝❛ ✐♠♣❧✐❝❛ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♠✉✲

❞❛r ❞❡ r❡❣✐str♦✳ ■ss♦ ♣♦rq✉❡ ♥ã♦ s❡ ❞❡✈❡ ❥❛♠❛✐s ❝♦♥❢✉♥❞✐r ✉♠ ♦❜❥❡t♦ ❝♦♠

s✉❛ r❡♣r❡s❡♥t❛çã♦✳ ◆❛ ♠❛t❡♠át✐❝❛✱ ❞✐❢❡r❡♥t❡♠❡♥t❡ ❞♦s ♦✉tr♦s ❞♦♠í♥✐♦s ❞❡

❝♦♥❤❡❝✐♠❡♥t♦ ❝✐❡♥tí✜❝♦✱ ♦s ♦❜❥❡t♦s ♠❛t❡♠át✐❝♦s ♥ã♦ sã♦ ❥❛♠❛✐s ❛❝❡ssí✈❡✐s

♣❡r❝❡♣t✐✈❡❧♠❡♥t❡ ♦✉ ✐♥str✉♠❡♥t❛❧♠❡♥t❡✳ ❖ ❛❝❡ss♦ ❛♦s ♦❜❥❡t♦s ♠❛t❡♠át✐❝♦s

♣❛ss❛ ♥❡❝❡ss❛r✐❛♠❡♥t❡ ♣♦r r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s ✭❉✉✈❛❧ ✷✵✵✸✱ ♣✳ ✷✶✮✳

❆❝r❡❞✐t❛✲s❡ q✉❡ ❛s r❡❛❧✐③❛çõ❡s ❞❛s tr❛♥s❢♦r♠❛çõ❡s ❞❡ tr❛t❛♠❡♥t♦ ❡

❝♦♥✈❡rsã♦ ✉t✐❧✐③❛❞❛s ❡♠ ❛t✐✈✐❞❛❞❡s ❞❡ ❡♥s✐♥♦ ❞❡ ❢♦r♠❛ ❝♦♥t❡①t✉❛❧✐③❛❞❛✱ ♠♦❜✐✲

❧✐③❛♠ ✉♠❛ sér✐❡ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦s ❞♦s ❛❧✉♥♦s ❢❛✈♦r❡❝❡♥❞♦ ✉♠❛ ❛♣r❡♥❞✐③❛❣❡♠

q✉❡ ❢❛ç❛ s❡♥t✐❞♦ ❛♦s ♠❡s♠♦s✳

❙❡❣✉♥❞♦ ❉❯❱❆▲ ✭✷✵✵✸✱ ✷✵✵✾✱ ✷✵✶✶✵✮✱ ♦ ❛♣♦✐♦ ❞♦s r❡❣✐str♦s ❞❡ r❡♣r❡✲

s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s ♥♦ ❡st✉❞♦ ❞❡ q✉❛❧q✉❡r ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ tr❛③ ❣r❛♥❞❡s

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

♠❡♥t♦s ❞❡ ❝r✐t✐❝✐❞❛❞❡✱ r❡✢❡①ã♦✱ ✉s♦ ❞♦ r❛❝✐♦❝í♥✐♦ ❧ó❣✐❝♦s ❡ ❝♦♥❡①ã♦ ❝♦♠ ❛s

♠❡t♦❞♦❧♦❣✐❛s ❛t✐✈❛s✳
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✻ ❈❖◆❙■❉❊❘❆➬Õ❊❙ ❋■◆❆■❙

❊st❡ ❡st✉❞♦ t❡✈❡ ❝♦♠♦ ♣r♦♣ós✐t♦ ❛♥❛❧✐s❛r ❛s ❝♦♥tr✐❜✉✐çõ❡s ❞♦s r❡❣✐s✲

tr♦s ❞❡ ❘❡♣r❡s❡♥t❛çõ❡s ❙❡♠✐ót✐❝❛s✱ ♥♦ ❡♥s✐♥♦ ❞❡ ♠❛t❡♠át✐❝❛✱ ❡♠ ❡s♣❡❝✐❛❧ ♥♦

❡♥s✐♥♦ ❞❡ ✈❡t♦r❡s✳

❖❜s❡r✈♦✉✲s❡ ❞✉r❛♥t❡ ❛s ❢❛s❡s ❞❡ ❧❡✈❛♥t❛♠❡♥t♦ ❞❡ ❞❛❞♦s✱ t❛♥t♦ ♥❛s

❛♥á❧✐s❡s ♣ré✈✐❛s✱ q✉❛♥t♦ ♥❛ ❡①♣❡r✐♠❡♥t❛çã♦✱ q✉❡ ♦s ✈ár✐♦s t✐♣♦s ❞❡ r❡♣r❡✲

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

❛♣r❡♥❞✐③❛❣❡♠ ❞❡ ✈❡t♦r❡s✳

❈♦♥st❛t♦✉✲s❡ q✉❡ q✉❛♥❞♦ ♦ ❛❧✉♥♦ ❝♦♠♣r❡❡♥❞❡ ♦s ♦❜❥❡t♦s ♠❛t❡♠á✲

t✐❝♦s ❡ é ❝❛♣❛③ ❞❡ r❡♣r❡s❡♥tá✲❧♦s ❞❡ ❞✐❢❡r❡♥t❡s ❢♦r♠❛s ♦ ♠❡s♠♦ é ❧❡✈❛❞♦ ❛

❢❛③❡r ❝♦♥❡①õ❡s ❞❛ ✐♥❢♦r♠❛çã♦ ♥♦✈❛ ❝♦♠ ❝♦♥❤❡❝✐♠❡♥t♦s ❥á ❡①✐st❡♥t❡s ❡ ❡st❛s

❝♦♥❡①õ❡s ♣❡r♠✐t❡♠ q✉❡ ❤❛❥❛ ❛ ❝♦♥str✉çã♦ ❞❡ ♥♦✈❛s ❛♣r❡♥❞✐③❛❣❡♥s✳

❉✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❡①♣❡r✐♠❡♥t❛çã♦✱ ❝♦♥st❛t♦✉✲s❡ ❛s ❞✐✜❝✉❧❞❛✲

❞❡s ❞♦s ❛❧✉♥♦s ❡ t❛♠❜é♠ ❛s ♣❡❝✉❧✐❛r✐❞❛❞❡s ❞❡ ❝❛❞❛ ✉♠✳ ❱❡r✐✜❝♦✉✲s❡ q✉❡ ♦

r✐t♠♦ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ é ❞✐❢❡r❡♥t❡✱ ❞❛❞❛ ❛ s✉♣❡r✜❝✐❛❧✐❞❛❞❡ ❞♦s ❝♦♥❤❡❝✐♠❡♥✲

t♦s ♣ré✈✐♦s ❞❡ ❝❛❞❛ ♣❛rt✐❝✐♣❛♥t❡ ❞❛ ✐♥✈❡st✐❣❛çã♦✳ ❆♣❡s❛r ❞❛s ❞✐✜❝✉❧❞❛❞❡s✱

♣❡r❝❡❜❡✉✲s❡ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çõ❡s ♥❛ ❝♦♠♣r❡❡♥sã♦

❞♦ ❝♦♥❝❡✐t♦ ❞❡ ✈❡t♦r✱ ❞❡ s✉❛s ♦♣❡r❛çõ❡s ❡ ♣r♦♣r✐❡❞❛❞❡s✳

P♦❞❡✲s❡ ❛✜r♠❛r q✉❡ ♦s ♣❛rt✐❝✐♣❛♥t❡s ❞♦ ❡st✉❞♦ ❛♦ ♠♦❜✐❧✐③❛r❡♠ s❡✉s

❝♦♥❤❡❝✐♠❡♥t♦s ♣ré✈✐♦s ♣❛r❛ r❡❛❧✐③❛r tr❛♥s❢♦r♠❛çõ❡s ❞❡ tr❛t❛♠❡♥t♦ ♦✉ ❝♦♥✈❡r✲

sã♦✱ ❛ss✐♠✐❧❛r❛♠ ❞❡ ♠❛♥❡✐r❛ ♠❛✐s ❝♦♥s✐st❡♥t❡ ❡ ❝❧❛r❛ ♦ ❝♦♥t❡ú❞♦ tr❛❜❛❧❤❛❞♦✱

❜❡♠ ❝♦♠♦ ❛ r❡❝♦♥str✉çã♦ ❞❡ ♦✉tr♦s ❝♦♥❝❡✐t♦s✳

❆ ✉t✐❧✐③❛çã♦ ❞❛s r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s ❝♦♠♦ ✐♥str✉♠❡♥t♦ ♣❡❞❛✲

❣ó❣✐❝♦ ❡♠ s❛❧❛ ❞❡ ❛✉❧❛ ♥♦ ❡♥s✐♥♦ ❞❡ ✈❡t♦r❡s✱ ♣♦ss✐❜✐❧✐t❛rá q✉❡ ♦s ❛❧✉♥♦s ❛♦

r❡❛❧✐③❛r❡♠ tr❛♥s❢♦r♠❛çõ❡s ❞❡ tr❛t❛♠❡♥t♦ ♠♦❜✐❧✐③❡♠ ♦♣❡r❛çõ❡s ❜ás✐❝❛s ❡ ❝♦♥✲

❝❡✐t♦s ❥á ❝♦♥❤❡❝✐❞♦s ♣❛r❛ r❡s♦❧✈❡r s❡♥t❡♥ç❛s ♠❛t❡♠át✐❝❛ ❡♠ ❣❡r❛❧✳ ❏á ♥❛s

tr❛♥s❢♦r♠❛çõ❡s ❞❡ ❝♦♥✈❡rsõ❡s✱ ♦ ❢❛t♦ ❞❡ ♦ ❛❧✉♥♦ ✉t✐❧✐③❛r s❡✉s ❝♦♥❤❡❝✐♠❡♥t♦s

♣❛r❛ r❡❛❧✐③❛r ♦s ✈ár✐♦s t✐♣♦s ❞❡ r❡♣r❡s❡♥t❛çõ❡s ♣♦ssí✈❡✐s ❞❡ ✉♠ ♦❜❥❡t♦ ♠❛✲

t❡♠át✐❝♦✱ ❝♦♥tr✐❜✉✐rá ♣❛r❛ ✉♠ r❛❝✐♦❝í♥✐♦ ♠❛✐s ❛♠♣❧♦ ❡ ✉♠❛ ✈✐sã♦ ❝♦❣♥✐t✐✈❛

♠❛✐s ❝♦♥s♦❧✐❞❛❞❛✳

✽✹



❘❡❢❡rê♥❝✐❛s

❬✶❪ ❆▲▼❖❯▲❖❯❉✱ ❙❛❞❞♦ ❆♣❣✳ ❈❖❯❚■◆❍❖✱ ❈✐❧❡❞❛ ❞❡ ◗✉❡✐r♦③ ❡ ❙✐❧✈❛✳ ❊♥✲

❣❡♥❤❛r✐❛ ❉✐❞át✐❝❛✿ ❝❛r❛❝t❡ríst✐❝❛s ❡ s❡✉s ✉s♦s ❡♠ tr❛❜❛❧❤♦s ❛♣r❡✲

s❡♥t❛❞♦s ♥♦ ●❚✲✶✾ ✴ ❆◆P❊❞✳ ❘❊❱❊▼❆❚ ✲ ❘❡✈✐st❛ ❊❧❡trô♥✐❝❛ ❞❡

❊❞✉❝❛çã♦ ▼❛t❡♠át✐❝❛✳ ❱✸✳✻✱ ♣✳✻✷✲✼✼✱ ❯❋❙❈✿ ✷✵✵✽✳

❬✷❪ ❆P❖❙❚❖▲✱ ❚✳ ▼✳ ❈➪▲❈❯▲❖ ■✳ ❈á❧❝✉❧♦ ❝♦♠ ❢✉♥çõ❡s ❞❡ ✉♠❛ ✈❛✲

r✐á✈❡❧✱ ❝♦♠ ✐♥tr♦❞✉çã♦ à ➪❧❣❡❜r❛ ▲✐♥❡❛r✿ ❊❞✐t♦r✐❛❧ ❘❡✈❡rté✱ ✶✾✾✹✳

❬✸❪ ❆❘❚■●❯❊✱ ▼✳ ✧■♥❣é♥✐❡r✐❡ ❉✐❞❛❝t✐q✉❡✧✳ ❘❡❝❤❡r❝❤❡s ❡♥ ❉✐❞❛❝t✐✲

q✉❡ ❞❡s ▼❛t❤é♠❛t✐q✉❡s✳ ●r❡♥♦❜❧❡✿ ▲❛ P❡♥sé❡♥ ❙❛✉✈❛❣❡✲➱❞✐t✐♦♥s✱

✶✾✽✽✳

❬✹❪ ❇❘❆❙■▲✳ ▼✐♥✐str♦ ❞❡ ❊st❛❞♦ ❞❛ ❊❞✉❝❛çã♦✳ ❇❛s❡ ◆❛❝✐♦♥❛❧ ❈♦✲

♠✉♠ ❈✉rr✐❝✉❧❛r✳ ❙❡❝r❡t❛r✐❛ ❊①❡❝✉t✐✈❛✳ ❙❡❝r❡t❛r✐❛ ❞❡ ❊❞✉❝❛çã♦ ❇ás✐❝❛✳

❇r❛sí❧✐❛✱ ✷✵✶✺✳

❬✺❪ ❇❘❆❙■▲✳ ▼✐♥✐str♦ ❞❡ ❊st❛❞♦ ❞❛ ❊❞✉❝❛çã♦✳ ❇❛s❡ ◆❛❝✐♦♥❛❧ ❈♦✲

♠✉♠ ❈✉rr✐❝✉❧❛r✳ ❙❡❝r❡t❛r✐❛ ❊①❡❝✉t✐✈❛✳ ❙❡❝r❡t❛r✐❛ ❞❡ ❊❞✉❝❛çã♦ ❇ás✐❝❛✳

❇r❛sí❧✐❛✱ ✷✵✶✻✳

❬✻❪ ❇❘❆❙■▲✱ ▼✐♥✐stér✐♦ ❞❛ ❡❞✉❝❛çã♦✳ ▲❡✐ ❞❡ ❉✐r❡tr✐③❡s ❡ ❇❛s❡ ❞❛

❡❞✉❝❛çã♦ ◆❛❝✐♦♥❛❧✴▲❉❇❊◆✳ ❇r❛sí❧✐❛✱ ▼❊❈✱ ✶✾✾✻✳

❬✼❪ ❇❘❆❙■▲✱ ❙❡❝r❡t❛r✐❛ ❞❡ ❊❞✉❝❛çã♦ ❋✉♥❞❛♠❡♥t❛❧✳ P❛râ♠❡tr♦s ❝✉r✲

r✐❝✉❧❛r❡s ♥❛❝✐♦♥❛✐s✿ ♠❛t❡♠át✐❝❛✳ ❇r❛sí❧✐❛✿ ▼❊❈ ✴❙❊❋✱ ✶✾✾✽✳

❬✽❪ ❇❘❖❯❙❙❊❆❯✱ ●✳ ❋✉♥❞❛♠❡♥t♦s ❡ ▼ét♦❞♦s ❞❛ ❉✐❞á❝t✐❝❛ ❞❛ ▼❛✲

t❡♠át✐❝❛✳ ■♥✿ ❇❘❯◆✱ ❏✳ ❉✐❞át✐❝❛ ❞❛s ▼❛t❡♠át✐❝❛s✳ ❚r❛❞✉çã♦ ❞❡✿

▼❛r✐❛ ❏♦sé ❋✐❣✉❡✐r❡❞♦✳ ▲✐s❜♦❛✿ ■♥st✐t✉t♦ P✐❛❣❡t✱ ✶✾✾✻✳

❬✾❪ ❈❆❙❚❘❖✱ ❙❛♠✐r❛ ❈❤♦✉❦r✐ ❞❡✳ ❖s ❱❡t♦r❡s ❞♦ P❧❛♥♦ ❡ ❞♦ ❊s♣❛ç♦ ❡

♦s ❘❡❣✐str♦s ❞❡ ❘❡♣r❡s❡♥t❛çã♦✳ ❉✐ss❡rt❛çã♦ ✭▼❡str❛❞♦ ❡♠ ❊❞✉❝❛çã♦

▼❛t❡♠át✐❝❛✮ ❞❛ P♦♥t✐❢í❝✐❛ ❯♥✐✈❡rs✐❞❛❞❡ ❈❛tó❧✐❝❛ ❞❡ ❙ã♦ P❛✉❧♦ ✕ ✷✵✵✶✳
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❬✶✵❪ ❈❆❙❚❘❖✱❆❧❡①❛♥❞r❡ ❙✐❧✈❛❖ ●❡♦❣❡❜r❛ ❝♦♠♦ ❢❡rr❛♠❡♥t❛ ❞❡ ❛✉①í❧✐♦

♥♦ ❡♥s✐♥♦ ❞❡ ✈❡t♦r❡s ♥♦ ❡♥s✐♥♦ ♠é❞✐♦✳ ❉✐ss❡rt❛çã♦ ❞❡ ▼❡str❛❞♦✳

■♥st✐t✉t♦ ◆❛❝✐♦♥❛❧ ❞❡ ▼❛t❡♠át✐❝❛ P✉r❛ ❡ ❆♣❧✐❝❛❞❛ ▼❡str❛❞♦ Pr♦✜ss✐♦♥❛❧

❡♠ ▼❛t❡♠át✐❝❛ ❡♠ ❘❡❞❡ ◆❛❝✐♦♥❛❧ ✕ P❘❖❋▼❆❚✳ ❘■❖ ❉❊ ❏❆◆❊■❘❖✱

✷✵✶✹✳

❬✶✶❪ ❈❍❊❱❆▲▲❆❘❉✱ ❨✈❡s❀ ❇❖❙❈❍✱ ▼❛r✐❛♥❛❀ ●➪❙❈❖◆✱ ❏♦s❡♣✳ ❊st✉❞❛r

♠❛t❡♠át✐❝❛s✿ ♦ ❡❧♦ ♣❡r❞✐❞♦ ❡♥tr❡ ♦ ❡♥s✐♥♦ ❡ ❛ ❛♣r❡♥❞✐③❛❣❡♠✳

P♦rt♦ ❛❧❡❣r❡✿ ❆r✐t♠❡❞✱ ✷✵✵✶✳

❬✶✷❪ ❈❍■❩❩❖❚❚■ ❆ P❡sq✉✐s❛s ❡♠ ❝✐ê♥❝✐❛s ❤✉♠❛♥❛s ❡ s♦❝✐❛✐s✳ ✸❛ ❡❞✳

❙ã♦ P❛✉❧♦✿ ❈♦rt❡③ ❊❞✐t♦r❛✱ ✶✾✾✶✳

❬✶✸❪ ❉❊▲●❆❉❖✱ ❏✳❀ ❋❘❊◆❙❊▲✱ ❑✳❀ ❈❘■❙❆❋✱ ▲❍❆❨▲▲❆●❡♦♠❡tr✐❛ ❆♥❛✲

❧ít✐❝❛ ❘✐♦ ❞❡ ❏❛❡✐r♦✿ ❙❇▼✱❈♦❧❡çã♣ P❘❖❋▼❆❚✱ ✷✵✶✹✳

❬✶✹❪ ❉❊▼❆◆❆✱ ❋✳❀ ▲❊■❚❩❊▲✱ ❏✳ ❊st❛❜❡❧❡❝❡♥❞♦ ❝♦♥❝❡✐t♦s ❢✉♥❞❛♠❡♥✲

t❛✐s ❛tr❛✈és ❞❛ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ♥✉♠ér✐❝♦s✳ ■◆✿ ❈❖❳✲

❋❖❘❉✱ ❆✳ ❋✳❀ ❙❍❯▲❚❊✱ ❆✳ P✳ ❆s ✐❞❡✐❛s ❞❛ á❧❣❡❜r❛ ✳❙ã♦ P❛✉❧♦✿

❆t✉❛❧✱ ♣✳ ✼✵✲✼✾✱ ✶✾✾✺✳

❬✶✺❪ ❉❯❱❆▲✱ ❘✳ ❘❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛çõ❡s s❡♠✐ót✐❝❛s ❡ ❢✉♥❝✐♦✲

♥❛♠❡♥t♦ ❝♦❣♥✐t✐✈♦ ❞❛ ❝♦♠♣r❡❡♥sã♦ ❡♠ ▼❛t❡♠át✐❝❛✳ ■♥✿ ▼❆✲

❈❍❆❉❖✱ ❙✳❉✳❆✳ ❆♣r❡♥❞✐③❛❣❡♠ ❡♠ ▼❛t❡♠át✐❝❛✿ ❘❡❣✐str♦s ❞❡

r❡♣r❡s❡♥t❛çã♦ s❡♠✐ót✐❝❛✳ ❈❛♠♣✐♥❛s✿ P❛♣✐r✉s✱ ✷✵✶✶✳

❬✶✻❪ ❋❊❘❘❊■❘❆✱ ▼✳ ❱✳ ❱✳ ❀ ❋❊❘❘❊■❘❆✱ ❆✳❚✳❀ ❙❖❯❩❆✱ ▼✳❆✳❱✳ ❋✳ ❚❡♦r✐❛

❞❛s ❙✐t✉❛çõ❡s ❉✐❞át✐❝❛s ❡ s❡✉s ❡❧❡♠❡♥t♦s ♣❛r❛ ♦ ❡♥s✐♥♦ ❞❡ ❋ís✐❝❛

❡ ▼❛t❡♠át✐❝❛✳ ❱■■ ❊♥❝♦♥tr♦ ❈✐❡♥tí✜❝♦ ❞❡ ❋ís✐❝❛ ❆♣❧✐❝❛❞❛✳ ❙❡rr❛✱

❊s♣✐r✐t♦ s❛♥t♦✱ ✷✵✶✻✳

❬✶✼❪ ●❖❉❖❨✱ ❊✳ ❱✳❀ ●❊❘❆❇✱ ❋✳ ❊♥s✐♥♦ ❡ ❆♣r❡♥❞✐③❛❣❡♠ ❞❡ ▼❛t❡♠á✲

t✐❝❛ ♥❛ ❊❞✉❝❛çã♦ ❙✉♣❡r✐♦r✿ ✐♥♦✈❛çã♦ ♣r♦♣♦st❛s ❡ ❞❡s❛✜♦s ❘✐♦ ❞❡

❥❛♥❡✐r♦✱ ✷✵✶✽✳
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❬✶✽❪ ▼❆❘❑❖❱■❚❙✱ ❩✳❀ ❊❨▲❖◆✱ ❇✳ ❙✳❀ ❇❘❯❈❑❍❊■▼❊❘✱ ▼✳ ❉✐✜❝✉❧❞❛❞❡s

❞♦s ❛❧✉♥♦s ❝♦♠ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❢✉♥çã♦✳ ■◆✿ ❈❖❳❋❖❘❉✱ ❆✳ ❋✳❀

❙❍❯▲❚❊✱ ❆✳ P✳ ❆s ✐❞❡✐❛s ❞❛ á❧❣❡❜r❛✱ ❙ã♦ P❛✉❧♦✿ ❆t✉❛❧✱ ♣✳ ✹✾✲✻✾✱

✶✾✾✺✳

❬✶✾❪ ◆❆❙❙❊❘✱ ▲✳✱ ❙❖❯❙❆✱ ●✳ ✫ ❚❖❘❘❆❈❆✱ ▼✳ ❆♣r❡♥❞✐③❛❣❡♠ ❞❡ ❝á❧✲

❝✉❧♦✿ ❞✐✜❝✉❧❞❛❞❡s ❡ s✉❣❡stõ❡s ♣❛r❛ ❛ s✉♣❡r❛çã♦✳ ■♥✿ ❳■❱ ❈♦♥❢❡✲

r❡♥❝✐❛ ■♥t❡r❛♠❡r✐❝❛♥❛ ❞❡ ❊❞✉❝❛❝✐ó♥ ♠❛t❡♠át✐❝❛✱ ✷✵✶✺✱ ❚✉①t❧❛

●✉t✐❡rr❡③✳ ❆t❛s ❞♦ ❳■❱ ❈■❆❊▼✱ ❚✉①t❧❛ ●✉t✐❡rr❡③✱ ▼é①✐❝♦✱ ✷✵✶✺✳

❬✷✵❪ ◆❊❘❊❙✱ ❘❛✐♠✉♥❞♦ ▲✉♥❛✳ ❆♣❧✐❝❛çã♦ ❞♦s r❡❣✐str♦s ❞❡ r❡♣r❡s❡♥t❛✲

çã♦ s❡♠✐ót✐❝❛ ♥♦ ❡♥s✐♥♦✲ ❛♣r❡♥❞✐③❛❣❡♠ ❞❛ ♠❛t❡♠át✐❝❛✿ ✉♠ ❡s✲

t✉❞♦ ❝♦♠ ❛❧✉♥♦s ❞♦ s❡①t♦ ❛♥♦ ❞♦ ❡♥s✐♥♦ ❢✉♥❞❛♠❡♥t❛❧✴ ❚❡s❡ ✭❉♦✉✲

t♦r❛❞♦ ❡♠ ❊❞✉❝❛çã♦✮ ✕ ❋❛❝✉❧❞❛❞❡ ❞❡ ❋✐❧♦s♦✜❛ ❡ ❈✐ê♥❝✐❛s✱ ❯♥✐✈❡rs✐❞❛❞❡

❊st❛❞✉❛❧ P❛✉❧✐st❛✱ ▼❛rí❧✐❛✱ ✷✵✶✵✳

❬✷✶❪ ◆❊❚❖✱ ❆✳ P✳ ▼❛t❡r✐❛❧ ❚❡ór✐❝♦ ✲ ▼ó❞✉❧♦✿ ❱❡t♦r❡s ❡♠ R
2 ❡ R

3✳ ❖

❝♦♥❝❡✐t♦ ❞❡ ✈❡t♦r✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿

< https : //portaldosaber.obmep.org.br/uploads/material

❴teorico/vrs7uo0ums0cc.pdf >✳ ❆❝❡ss♦ ❡♠✿ ✺ ❞❡ ♥♦✈❡♠❜r♦ ✷✵✶✽✳

❬✷✷❪ P❆❚❘❮❈■❖✱ ❘✳ ❙✳ ❆s ❉✐✜❝✉❧❞❛❞❡s ❘❡❧❛❝✐♦♥❛❞❛s à ❆♣r❡♥❞✐③❛❣❡♠

❞♦ ❈♦♥❝❡✐t♦ ❞❡ ✈❡t♦r à ▲✉③ ❞♦s ❘❡❣✐str♦s ❞❡ ❘❡♣r❡s❡♥t❛çã♦

❙❡♠✐ót✐❝❛✳ ❉✐ss❡rt❛çã♦ ❞❡ ▼❡str❛❞♦✳ ❇❡❧é♠ ✷✵✶✵✳

❬✷✸❪ P❖◆❚❊✱ ❏✳ P✳ ❖ ❝♦♥❝❡✐t♦ ❞❡ ❢✉♥çã♦ ♥♦ ❝✉rrí❝✉❧♦ ❞❡ ▼❛t❡♠át✐❝❛✳

❘❡✈✐st❛ ❊❞✉❝❛çã♦ ❡ ▼❛t❡♠át✐❝❛✱ ❆P▼✱ P♦rt✉❣❛❧✱ ♥✳✶✺✱ ♣✳ ✸✲✾✱ ✶✾✾✵✳

❬✷✹❪ P❖❘❚❯●❆▲✳▼✐♥✐stér✐♦ ❞❛ ❊❞✉❝❛çã♦ ❡ ❈✐ê♥❝✐❛✳ Pr♦❣r❛♠❛ ❡ ♠❡✲

t❛s ❝✉rr✐❝✉❧❛r❡s ♠❛t❡♠át✐❝❛s ✲ ❡♥s✐♥♦ ❜ás✐❝♦✳ ▲✐s❜♦❛✿ ▼❊❈✱ ✷✵✶✸✳

❬✷✺❪ ❘❖◆❈❆●▲■❖✱ ❱✐✈✐❛♥❡✳❀ ◆❊❍❘■◆●✱ ❈át✐❛ ▼❛r✐❛✳ ❆♣r❡♥❞✐③❛❣❡♠ ❞♦

❈♦♥❝❡✐t♦ ❞❡ ❱❡t♦r ♣♦r ❊st✉❞❛♥t❡s ❞❡ ❊♥❣❡♥❤❛r✐❛ ✕ ❆♥á❧✐s❡ ❞❡

❘❡❣✐str♦✳ ❳■■ ❊♥❝♦♥tr♦ ◆❛❝✐♦♥❛❧ ❞❡ ❊❞✉❝❛çã♦ ▼❛t❡♠át✐❝❛ ■❙❙◆ ✷✶✼✽✲

✵✸✹❳✳ ❊❞✉❝❛çã♦ ▼❛t❡♠át✐❝❛ ♥❛ ❈♦♥t❡♠♣♦r❛♥❡✐❞❛❞❡✿ ❞❡s❛✜♦s ❡ ♣♦ss✐❜✐✲

❧✐❞❛❞❡s ❙ã♦ P❛✉❧♦ ✲ ❙P✱ ✶✸ ❛ ✶✻ ❞❡ ❥✉❧❤♦ ❞❡ ✷✵✶✻✳
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❬✷✻❪ ❘❖◆❈❆●▲■❖✱ ❱✐✈✐❛♥❡✳ ❘❡❣✐str♦s ❞❡ ❘❡♣r❡s❡♥t❛çã♦ ❙❡♠✐ót✐❝❛ ✕

❆t✐✈✐❞❛❞❡s ❞❡ ❈♦♥✈❡rsã♦ ❡ ❚r❛t❛♠❡♥t♦ ❡♠ ❱❡t♦r❡s ❡ s✉❛s ❖♣❡✲

r❛çõ❡s ❛ ♣❛rt✐r ❞❛ ❆r❣✉♠❡♥t❛çã♦ ❞❡ ❊st✉❞❛♥t❡s ❞❡ ❊♥❣❡♥❤❛r✐❛✳

❉✐ss❡rt❛çã♦ ✭▼❡str❛❞♦ ❡♠ ❊❞✉❝❛çã♦ ▼❛t❡♠át✐❝❛✮✱ ❞♦ Pr♦❣r❛♠❛ ❞❡ Pós✲

●r❛❞✉❛çã♦ ❡♠ ❊❞✉❝❛çã♦ ♥❛s ❈✐ê♥❝✐❛s ▼❡str❛❞♦ ❡ ❉♦✉t♦r❛❞♦✱ ❯◆■❏❯❮✱

✷✵✶✺✳ ❆❝❡ss♦ ❡♠ ✷✵ ❞❡ ♥♦✈✳ ✷✵✶✽✳

❬✷✼❪ ❙❆◆❚❆❊▲▲❆✱ ▲ú❝✐❛✳ ❖ q✉❡ é s❡♠✐ót✐❝❛❄ ✶✾❛ ❊❞✳ ❙ã♦ P❛✉❧♦✿ ❇r❛✲

s✐❧✐❡♥s❡✱ ✷✵✵✸✳

❬✷✽❪ ❙❆◆❚❆❊▲▲❆✱ ▲ú❝✐❛✳ ❆ ❛ss✐♥❛t✉r❛ ❞❛s ❝♦✐s❛s✿ P❡✐r❝❡ ❡ ❛ ❧✐t❡r❛✲

t✉r❛✳ ❘✐♦ ❞❡ ❏❛♥❡✐r♦✿ ■♠❛❣♦✱ ✶✾✾✷✳

❬✷✾❪ ❙❆◆❚❖❙✱ ❋❛❜✐❛♥♦ ❏✳ ❉♦s ❀ ❋❊❘❘❊■❘❆✱ ❙✐❧✈✐♠❛r ❋✳ ●❡♦♠❡tr✐❛ ❆♥❛✲

❧ít✐❝❛ P♦rt♦ ❆❧❡❣r❡✿ ❇♦♦❦♠❛♥✱ ✷✵✵✾✳

❬✸✵❪ ❙❈❍❖❊◆✱ ❍❛r♦❧❞ ▲✳ ❆ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ❡♠ á❧❣❡❜r❛✳ ■♥✿

❈❖❳❋❖❘❉✱ ❆rt❤✉r ❋✳ ❡ ❙❍❯▲❚❊✱ ❆❧❜❡rt P✳ ❆s ✐❞❡✐❛s ❞❛ ➪❧✲

❣❡❜r❛ ❙ã♦ P❛✉❧♦✿ ❆t✉❛❧✱ ✶✾✾✺✳

❬✸✶❪ ❙■▲❱❆✱ ◆✐❧s♦♥ ❆❧✈❡s ❞❛✳❀ ❋❊❘❘❊■❘❆✱ ▼❛r❝✉s ❱✐♥í❝✐✉s ❱✐❡✐r❛✳❀ ❚❖✲

❩❊❚❚■✱ ❑❛r❧❛ ❉✉❜❜❡rst❡✐♥✳ ❯♠ ❡st✉❞♦ s♦❜r❡ ❛ s✐t✉❛çã♦ ❞✐❞át✐❝❛

❞❡ ●✉② ❇r♦✉ss❡❛✉✳ ❈♦♥❣r❡ss♦ ◆❛❝✐♦♥❛❧ ❡♠ ❊❞✉❝❛çã♦✳ ❱ ❙❡♠✐♥ár✐♦

■♥t❡r♥❛❝✐♦♥❛❧ s♦❜r❡ Pr♦✜ss✐♦♥❛❧✐③❛çã♦ ❉♦❝❡♥t❡✳ P❯❈P❘✱ ✷✵✶✺✳

❬✸✷❪ ❙■▲❱❆✱ ❑✳ ❆✳ P✳ ▼♦❞❡❧❛❣❡♠ ▼❛t❡♠át✐❝❛ ❡ ❙❡♠✐ót✐❝❛✿ ❛❧❣✉♠❛s

r❡❧❛çõ❡s✳ ❉✐ss❡rt❛çã♦ ❞❡ ▼❡str❛❞♦ ❡♠ ❊♥s✐♥♦ ❞❡ ❈✐ê♥❝✐❛s ❡ ❊❞✉❝❛çã♦

▼❛t❡♠át✐❝❛✱ ❯❊▲✱ ✷✵✵✽✳

❬✸✸❪ ❙❯▲❊■▼❆◆✱ ❆♠❛❧ ❘❛❤✐❢✳ ■◆❚❘❖❉❯➬➹❖ ❆❖ ❊❙❚❯❉❖ ❉❆❙ ❙■✲

❚❯❆➬Õ❊❙ ❉■❉➪❚■❈❆❙✿ ❈♦♥t❡ú❞♦s ❡ ♠ét♦❞♦s ❞❡ ❡♥s✐♥♦✳ ❊❞✉✲

❝❛çã♦✿ ❚❡♦r✐❛ ❡ Prát✐❝❛✴ ❘✐♦ ❈❧❛r♦✴ ❱♦❧✳ ✷✺✱ ♥✳✹✽✴ ♣✳ ✷✵✵✲✷✵✻✴ ❏❛♥✲

❆❜r✳ ✷✵✶✺✳
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❬✸✹❪ ❱❡❧❡③✱ ■✳✱ ❡ P♦♥t❡✱ ❏✳P✳ ❉❡s❡♥✈♦❧✈❡♥❞♦ r❡♣r❡s❡♥t❛çõ❡s ❡st❛tíst✐❝❛s

❞❡ ❛❧✉♥♦s ❞♦ ✸✳♦❛♥♦✳ ■♥ ❆t❛s ❞♦ ❳❳■❱ ❙❡♠✐♥ár✐♦ ❞❡ ■♥✈❡st✐❣❛çã♦ ❡♠

❊❞✉❝❛çã♦ ▼❛t❡♠át✐❝❛ ✭♣♣✳ ✶✽✸✲✶✾✻✮✳❇r❛❣❛✿ ❆P▼ ✫ ❈■❊❉ ❞❛ ❯♥✐✈❡rs✐✲

❞❛❞❡ ❞♦ ▼✐♥❤♦✱ ✷✵✶✸✳

❬✸✺❪ ❱■●❖❚❙❑❨✱ ▲✳ ❙ ✳ P❡♥s❛♠❡♥t♦ ❡ ▲✐♥❣✉❛❣❡♠✳ ❙ã♦ P❛✉❧♦✱ ❊❞✐t♦r❛

▼❛rt✐♥s ❋♦♥t❡s✱ ✶✾✾✽✳

✽✾



✼ ❆♣ê♥❞✐❝❡

❆♥á❧✐s❡ Pr❡❧✐♠✐♥❛r

✶✳ ◗✉❛✐s ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ✉♠ ✈❡t♦r sã♦ ♥❡❝❡ssár✐❛s ♣❛r❛ q✉❡ ♦ ♠❡s♠♦

✜q✉❡ ❜❡♠ ❞❡✜♥✐❞♦❄

✷✳ ❘❡♣r❡s❡♥t❡ ♥♦ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝❛rt❡s✐❛♥❛ ♦s s❡❣✉✐♥t❡s ✈❡t♦r❡s✿

~u = (2,−4)✱ ~v = (3, 1) ❡ ~w = (−2, 5)

✸✳ ❉❛❞♦s ♦s ✈❡t♦r❡s✿ ~u = (−4, 4), ~v = (0, 3)✱ ❡ ~w = (−6, 2)✳ ❉❡t❡r♠✐♥❡✿

2~u, ~u+ ~v, ~u− ~v, 3~u+ 2~w, ‖u‖, ‖~u+ ~v‖ ❡ ‖~w‖

✹✳ ❈❛✉❧❡ ♦ ♠ó❞✉❧♦ ❞❛ r❡s✉❧t❛♥t❡ ❞❛s ❢♦rç❛s ❛♣❧✐❝❛❞❛s ♥♦ ♣♦♥t♦ P✳ ◗✉❛♥❞♦

F1 = 6N ❡ F2 = 8N

❋✐❣✉r❛ ✹✷✿ ❋♦rç❛s ❛♣❧✐❝❛❞❛s ❡♠ ✉♠ ❝♦r♣♦

✾✵



❆t✐✈✐❞❛❞❡s Pr❡❧✐♠✐♥❛r❡s

✶✳ ❉❡s❝r❡✈❛s ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✉♠❛ ❣r❛♥❞❡③❛ ✈❡t♦r✐❛❧ ❡ ❡①❡♠♣❧✐✜q✉❡✳

✷✳ ❉❛❞♦s ♦s ♣♦♥t♦s ♣❧♦t❛❞♦s ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦✱ ✐❞❡♥t✐✜q✉❡ ❛s ❝♦♦r❞❡♥❛✲

❞❛s ❞❡ ❝❛❞❛ ✉♠ ❞❡❧❡s✳

❋✐❣✉r❛ ✹✸✿ P♦♥t♦s ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦

✸✳ ❘❡♣r❡s❡♥t❡ ♥♦ s✐st❡♠❛ ❞❡ ❝♦♦r❞❡♥❛❞❛s ❝❛rt❡s✐❛♥❛ ♦s ✈❡t♦r❡s ❛❜❛✐①♦ ❞❛✲

❞♦s s✉❛ ♦r✐❣❡♠ ❡ ❡①tr❡♠✐❞❛❞❡✿

• ❖r✐❣❡♠ ♥♦ ♣♦♥t♦ P ❂ ✭✶✱✹✮ ❡ ❡①tr❡♠✐❞❛❞❡ ❡♠ ◗ ❂ ✭✺✱✹✮

• ❖r✐❣❡♠ ♥♦ ♣♦♥t♦ ❘❂ ✭✲✷✱✸✮ ❡ ❡①tr❡♠✐❞❛❞❡ ❡♠ ❙ ❂ ✭✲✺✱✵✮

• ❖r✐❣❡♠ ♥♦ ♣♦♥t♦ ❚❂ ✭✸✱✲✹✮ ❡ ❡①tr❡♠✐❞❛❞❡ ❡♠ ❯ ❂ ✭✲✼✱✲✻✮

• ❖r✐❣❡♠ ♥♦ ♣♦♥t♦ ❱❂ ✭✵✱✵✮ ❡ ❡①tr❡♠✐❞❛❞❡ ❡♠ ❲ ❂ ✭✹✱✶✮

✾✶



✹✳ ❉❛❞♦s ♦s ✈❡t♦r❡s ~u = (4, 2), ~v = (1, 0) ❡ ~w = (3,−1) ❉❡t❡r♠✐♥❡✿ 2~v✱

~u+ ~v✱ ~u− ~v✱ 3~v + 2~w✱ ‖~w‖✱ ❡ ‖~u+ ~v‖

✺✳ ❘❡♣r❡s❡♥t❡ ♥❛s ✜❣✉r❛s ❛ s❡❣✉✐r ❝❛❞❛ ♦♣❡r❛çã♦ s✉❣❡r✐❞❛✿

❋✐❣✉r❛ ✹✹✿ ❆❞✐çã♦✿ ~u+ ~v

❋✐❣✉r❛ ✹✺✿ ❙✉❜tr❛çã♦✿ ~u− ~v

❋✐❣✉r❛ ✹✻✿ ▼✉❧t✐♣❧✐❝❛çã♦ ♣♦r ❡s❝❛❧❛r✿ 2~u✱ ✲✸~u✱ 1

2
~u

✾✷





✺✳ ◆❛ ✜❣✉r❛ ❛❜❛✐①♦ ❡stã♦ r❡♣r❡s❡♥t❛❞♦s ♦s ✈❡t♦r❡s ~u =
#    »

OA ❡ ~v =
#    »

OB✳

❉❡t❡r♠✐♥❡ ♦ ♣♦♥t♦ ▼ t❛❧ q✉❡
#     »

OM = 3~u+ 2~v✳

❋✐❣✉r❛ ✹✾✿ ✈❡t♦r❡s ✉ ❡ ✈

✻✳ ❊♥❝♦♥tr❡ ♦ ✈ért✐❝❡ ♦♣♦st♦ ❛ ❇✱ ♥♦ ♣❛r❛❧❡❧♦❣r❛♠♦ ❆❇❈❉✱ ♦♥❞❡✿

❆ ❂ ✭✲✸✱ ✲✶✮✱ ❇ ❂✭✹✱ ✷✮✱ ❈ ❂ ✭✺✱ ✺✮

✼✳ ❉❡t❡r♠✐♥❡ ♥❛ ✜❣✉r❛ t♦❞♦s ♦s s❡❣♠❡♥t♦s ♦r✐❡♥t❛❞♦s q✉❡ sã♦ r❡♣r❡s❡♥✲

t❛♥t❡s ❞♦ ✈❡t♦r
#    »

AD

❋✐❣✉r❛ ✺✵✿ Pr✐s♠❛

✾✹



✽✳ ❈❧❛ss✐✜q✉❡ ❡♠ ✈❡r❞❛❞❡✐r♦ ♦✉ ❢❛❧s♦❄

✭❛✮ ❙❡
#    »

AB =
#    »

CD ❡♥tã♦
#    »

AC =
#    »

BD ✭ ✮

✭❜✮ ❙❡
#    »

CA =
#    »

CB ❡♥tã♦ ❆ ❂ ❇ ✭ ✮

✾✳ ❊♠ ❝❛❞❛ ❝❛s♦ r❡♣r❡s❡♥t❡ ❣r❛✜❝❛♠❡♥t❡ ♦ ✈❡t♦r ❞❡✜♥✐❞♦ ♣❡❧♦s ♣♦♥t♦s ❆

❡ ❇ ❡ ♦ ✈❡t♦r ❝♦rr❡s♣♦♥❞❡♥t❡ ❝♦♠ ♦r✐❣❡♠ ❡♠ ❖ ❂ ✭✵✱ ✵✮

✭❛✮ ❆ ❂ ✭✲✶✱ ✸✮ ❡ ❇ ❂ ✭✸✱ ✺✮

✭❜✮ ❆ ❂ ✭✲✶✱ ✹✮ ❡ ❇ ❂ ✭✹✱ ✶✮

✶✵✳ ❉❡t❡r♠✐♥❡ ♦s ✈❛❧♦r❡s ❞❡ ❦ ♣❛r❛ q✉❡ ♦s ✈❡t♦r❡s ~v = (−2, 3) ❡ ~w = (k,−4)

s❡❥❛♠ ♦rt♦❣♦♥❛✐s

✶✶✳ ❊♥❝♦♥tr❡ ♦s ♥ú♠❡r♦s r❡❛✐s ♠ ❡ ♥ t❛✐s q✉❡ (10, 2) = m(3, 5) + n(−1, 2)

✶✷✳ ❉❛❞♦s ♦s ✈❡t♦r❡s ~u = (−1, 1), ~v = (−2, 3)✱ ❝❛❧❝✉❧❡✿ ‖~u+~v‖ ❡ r❡♣r❡s❡♥t❡

❣r❛✜❝❛♠❡♥t❡

✾✺


