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❋❖●❯❊❚❊ ❉❊ ●❆❘❘❆❋❆ P❊❚ ❈❖▼ ❆▲❯◆❖❙
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●✐✉❧✐❛♥♦ ❊❞✉❛r❞♦ ❇❛t✐st❛ ❈✉tr✐♠

❙ã♦ ▲✉ís ✲ ▼❆
✷✵✶✾



❋❯◆➬➹❖ ◗❯❆❉❘➪❚■❈❆ ◆❆ ▼❖❉❊▲❆●❊▼
▼❆❚❊▼➪❚■❈❆ ◆❖ ▲❆◆➬❆▼❊◆❚❖ ❉❊

❋❖●❯❊❚❊ ❉❊ ●❆❘❘❆❋❆ P❊❚ ❈❖▼ ❆▲❯◆❖❙
❉❖ ✶♦ ❆◆❖ ❉❖ ❊◆❙■◆❖ ▼➱❉■❖

●✐✉❧✐❛♥♦ ❊❞✉❛r❞♦ ❇❛t✐st❛ ❈✉tr✐♠

❉✐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✳ ❘❛✐♠✉♥❞♦ ❏♦sé ❇❛r❜♦s❛
❇r❛♥❞ã♦✳

❙ã♦ ▲✉ís ✲ ▼❆
✷✵✶✾



❈✉tr✐♠✱ ●✐✉❧✐❛♥♦ ❊❞✉❛r❞♦ ❇❛t✐st❛✳
❋❯◆➬➹❖ ◗❯❆❉❘➪❚■❈❆ ◆❆ ▼❖❉❊▲❆●❊▼ ▼❆❚❊▼➪❚■❈❆ ◆❖ ▲❆◆➬❆▼❊◆❚❖
❉❊ ❋❖●❯❊❚❊ ❉❊ ●❆❘❘❆❋❆ P❊❚ ❈❖▼ ❆▲❯◆❖❙ ❉❖ ✶♦ ❆◆❖ ❉❖ ❊◆❙■◆❖
▼➱❉■❖ ✴ ●✐✉❧✐❛♥♦ ❊❞✉❛r❞♦ ❇❛t✐st❛ ❈✉tr✐♠✳ ✲ ❙ã♦ ▲✉✐s✱ ✷✵✶✾✳
✻✺ ❢✳

❉✐ss❡rt❛çã♦ ✭♠❡str❛❞♦✮ ✲ ▼❡str❛❞♦ Pr♦❢✐ss✐♦♥❛❧ ❡♠ ▼❛t❡♠át✐❝❛
✭ P❘❖❋▼❆❚ ✮✱ ❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞♦ ▼❛r❛♥❤ã♦✱ ✷✵✶✾✳

❖r✐❡♥t❛❞♦r✿ Pr♦❢♦✳ ❉r✳ ❘❛✐♠✉♥❞♦ ❏♦sé ❇❛r❜♦s❛ ❇r❛♥❞ã♦✳

✶✳❋✉♥çã♦ ◗✉❛❞rát✐❝❛✳ ✷✳▼♦❞❡❧❛❣❡♠ ▼❛t❡♠át✐❝❛✳
✸✳❊♥s✐♥♦ ❞❡ ▼❛t❡♠át✐❝❛✳ ■✳ ❚ít✉❧♦✳

❈❉❯✿✺✶✲✼





❉❡❞✐❝♦ ❡st❡ tr❛❜❛❧❤♦ ❛ ♠❡✉s ❛♠♦r❡s✱ ♠✐♥❤❛ ❡s✲

♣♦s❛ ●❡❛♥♥❡ ❡ ✜❧❤♦s ●❛❜r✐❡❧ ❡ ●✐✉❧✐❛ ♣♦r t❡r❡♠

♠❡ ❛♣♦✐❛❞♦ ❝♦♠ ❣r❛♥❞❡ ♣❛❝✐ê♥❝✐❛ ❡ ❝♦♠♣r❡❡♥sã♦

♥♦s ♠❡✉s ♠♦♠❡♥t♦s ❢❛❧t♦s♦s q✉❛♥❞♦ ♥ã♦ ♣✉❞❡ ❞❛r

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

❡st✉❞♦s ❡ ❡❧❛❜♦r❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✳

❆ ♠✐♥❤❛ ♠❛r❛✈✐❧❤♦s❛ ♠ã❡ ♣♦r ✐♥❝❡♥t✐✈❛r ❡ ❝♦❧♦❝❛r

❛ ♥♦ss❛ ❡❞✉❝❛çã♦ ❡♠ ♣r✐♠❡✐r♦ ❧✉❣❛r✳ ❊ ❛♦s ♠❡✉s

✐r♠ã♦s ♣♦r ❛♣♦✐❛r❡♠ ❞❡ ❢♦r♠❛ ❝❛r✐♥❤♦s❛✳



❆❣r❛❞❡❝✐♠❡♥t♦s

Pr✐♠❡✐r❛♠❡♥t❡ ❛ ❉❡✉s ♣♦r ♠❡ ♣❡r♠✐t✐r ❝❤❡❣❛r ❛té ❛q✉✐ ❡ ❞❡s❢r✉t❛r ❞❡
t❛♠❛♥❤♦ ❛♣r❡♥❞✐③❛❞♦ ♣r♦✜ss✐♦♥❛❧ ❡ ♣❡❧❛ ❛❧❡❣r✐❛ ❡♠ r❡❛❧✐③❛r ♠❛✐s ✉♠ s♦♥❤♦✳

❆♦s✱ q✉❡ ❞❡ ❛❧❣✉♠❛ ❢♦r♠❛ ♣❛rt✐❝✐♣❛r❛♠ ❞❡st❛ ♣❡sq✉✐s❛✱ ❛❧✉♥♦s✱ ♣r♦❢❡ss♦✲
r❡s✱ ❡ ❞✐r❡çã♦ ❞❛ ❡s❝♦❧❛ q✉❡ ❢♦✐ ❢✉♥❞❛♠❡♥t❛❧ ❝❡❞❡♥❞♦ ❡s♣❛ç♦ ❡ ❤♦rár✐♦s ♣❛r❛
q✉❡ ♣✉❞❡ss❡ ❞❡s❡♥✈♦❧✈❡r ❡st❡ tr❛❜❛❧❤♦✳

❆♦s ♠❡✉s ❛ss✐st❡♥t❡s ▼✐❣✉❡❧ ❆r❝❛♥❣❡❧♦ ▼❛rt✐♥s ❆♥❞r❛❞❡ ◆❡t♦ ❡ ❉❛♥✐❡❧
❞♦s ❙❛♥t♦s ❘♦❝❤❛ q✉❡ s❡ ❞✐s♣✉s❡r❛♠ ❛ ❛❥✉❞❛r ♥❛ ♦✜❝✐♥❛ ❡ ♥❛ ❛✉❧❛ ♣rát✐❝❛
q✉❡ ❢♦r❛♠ ❞❡ ❣r❛♥❞❡ ✈❛❧✐❛ ♥♦ ♣r♦❝❡ss♦✳

❆❣r❛❞❡ç♦ ❛♦s ❣❡st♦r❡s ❈❛r❧♦s ❆❧❜❡rt♦ ●♦♥ç❛❧✈❡s ❈♦❧❛r❡s✱ ❋r❛♥❦ ❖❧✐✈❡✐r❛
❡ ❊❧❧❡♥ ❑❡❧❧② ▲✐♠❛ q✉❡ ♠❡ ❛♣♦✐❛r❛♠ ❡ ♣r♦♣♦r❝✐♦♥❛r❛♠ ❝♦♥❞✐çõ❡s ♣❛r❛ q✉❡
♣✉❞❡ss❡ ❢❛③❡r ♦ ❝✉rs♦✳

❆ ❈❆P❊❙ ♣♦r ♠❡ ❛♣♦✐❛r ✜♥❛♥❝❡✐r❛♠❡♥t❡✳
❆♦s ❝♦❧❡❣❛s ❞♦ ▼❡str❛❞♦ Pr♦✜ss♦♥❛❧ ✲ Pr♦❢♠❛t ❯❊▼❆ t✉r♠❛ ✷✵✶✼ q✉❡ ❞❡

♠❛♥❡✐r❛ ♣r❡s❡♥❝✐❛❧ ♦✉ ♦♥❧✐♥❡ ❝♦♠♣❛rt✐❧❤❛r❛♠ ❝♦♥❤❡❝✐♠❡♥t♦s q✉❡ ♥♦s ✐♠♣✉❧✲
s✐♦♥❛r❛♠ à ❛♣r♦✈❛çã♦ ♥♦ ❡①❛♠❡ ❞❡ q✉❛❧✐✜❝❛çã♦ ❡ r❡❛❧✐③❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦
❞✐ss❡rt❛t✐✈♦✳

❆♦ ❝♦r♣♦ ❞♦❝❡♥t❡ ❞♦ P❘❖❋▼❆❚✴❯❊▼❆✱ ❝♦♠ ♦ q✉❛❧ t✐✈❡ ❛ ♦♣♦rt✉♥✐❞❛❞❡
❞❡ ❡st✉❞❛r ❡ ♣❡r❝❡❜❡r s✉❛ ❞❡❞✐❝❛çã♦ ❛♦ ♣r♦❣r❛♠❛✳

➚ s❡❝r❡t❛r✐❛ ❆♥❛♥❞❛ q✉❡ s❡♠♣r❡ s❡ ❞✐s♣ôs ❛ ♥♦s ❛❥✉❞❛r ❞❡ ❢♦r♠❛ ♣r❡s❡♥✲
❝✐❛❧ ♦✉ ♦♥❧✐♥❡✱ t✐r❛♥❞♦ ♥♦ss❛s ❞✉✈✐❞❛s ❛ ❝❡r❝❛ ❞❡ ❛ss✉♥t♦s ❞✐✈❡rs♦s✳

❆♦ ♠❡✉ ♦r✐❡♥t❛❞♦r✱ Pr♦❢✳ ❉r✳❘❛✐♠✉♥❞♦ ❏✳ ❇❛r❜♦s❛ ❇r❛♥❞ã♦✱ q✉❡ ❞❡ ♠❛✲
♥❡✐r❛ ❝♦♠♣r❡❡♥s✐✈❛ ❢♦✐ ❢✉♥❞❛♠❡♥t❛❧ ♥❛ r❡❛❧✐③❛çã♦ ❡ ❝♦♥❝❧✉sã♦ ❞❡st❡ tr❛❜❛❧❤♦✳



❘❊❙❯▼❖

❖ ♦❜❥❡t✐✈♦ ❞❡st❡ ❡st✉❞♦ é ❝♦♥tr✐❜✉✐r ♣❛r❛ ❛ ❝♦♠♣r❡❡♥sã♦ ❞♦ ❝♦♥❝❡✐t♦ ❡ ❛♣❧✐❝❛✲
çã♦ ❞❡ ❢✉♥çã♦ q✉❛❞rát✐❝❛ ♥♦ ❧❛♥ç❛♠❡♥t♦ ❞❡ ❢♦❣✉❡t❡✱ ♣♦r ♠❡✐♦ ❞❛ ♠♦❞❡❧❛❣❡♠
♠❛t❡♠át✐❝❛✳ ❊st❛ ✐♥✈❡st✐❣❛çã♦ é ❞❡ ♥❛t✉r❡③❛ q✉❛❧✐t❛t✐✈❛ ❝♦♠ ✐♥t❡r✈❡♥çã♦✱
✉t✐❧✐③❛♥❞♦ ❝♦♠♦ ♠❡t♦❞♦❧♦❣✐❛ ❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛✳ ❆ q✉❡stã♦ ♥♦rt❡❛✲
❞♦r❛ ❞❡st❛ ♣❡sq✉✐s❛ ❢♦✐✿❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ q✉❡ ❞❡s❝r❡✈❡ ❛ tr❛❥❡tór✐❛
r❡❛❧✐③❛❞❛ ♣♦r ✉♠ ❢♦❣✉❡t❡ ❝♦♥str✉í❞♦ ❛ ♣❛rt✐r ❞❡ ❣❛rr❛❢❛ P❊❚✱ ❢❛❝✐❧✐t❛ ❛ ❛♣r❡♥✲
❞✐③❛❣❡♠ ❞❡ ❢✉♥çã♦ q✉❛❞rát✐❝❛❄ ❘❡❛❧✐③♦✉✲s❡ ✉♠❛ ♦✜❝✐♥❛ ❝♦♠ ♦ ♣r♦♣ós✐t♦ ❞❡
❞❡s❡♥✈♦❧✈❡r té❝♥✐❝❛s✱ ❤❛❜✐❧✐❞❛❞❡s ❡ s❛❜❡r❡s ❝♦♠ ♦s ❛❧✉♥♦s ♣❛rt✐❝✐♣❛♥t❡s✳ ❚♦❞❛
❡ss❛ ♠♦❜✐❧✐③❛çã♦ ❡ r❡✈✐sã♦ ❞❡ ❝♦♥t❡ú❞♦s ❢♦r❛♠ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡s ♣❛r❛ ❛♣❧✐❝❛✲
çã♦ ♥♦ ❡①♣❡r✐♠❡♥t♦✳ ❉✉r❛♥t❡ ♦s ♣r❡♣❛r❛t✐✈♦s ♦❜s❡r✈♦✉✲s❡ ♠✉✐t♦ ❡♥t✉s✐❛s♠♦
❡ ♠♦t✐✈❛çã♦ ❞♦s ❛❧✉♥♦s ❡♥❣❛❥❛❞♦s ♥♦ ❡st✉❞♦✳ ❆♣ós ♦ ❡①♣❡r✐♠❡♥t♦ ♥♦t♦✉✲
s❡ q✉❡ ♦ ♥í✈❡❧ ❞❡ ❝♦♠♣r❡❡♥sã♦ ❞♦ ❝♦♥❝❡✐t♦ ❞❡ ❢✉♥çã♦ ♣♦r ♣❛rt❡ ❞♦s ❛❧✉♥♦s✱
s✉❥❡✐t♦s ❞❛ ♣❡sq✉✐s❛ ✐♥❞✐❝❛✈❛♠ ❝✉♥❤♦ ❝✐❡♥t✐✜❝♦✳
P❛❧❛✈r❛s ❈❤❛✈❡✿ ❋✉♥çã♦ ◗✉❛❞rát✐❝❛✱ ▼♦❞❡❧❛❣❡♠ ▼❛t❡♠át✐❝❛✱ ❊♥s✐♥♦ ❞❡
▼❛t❡♠át✐❝❛✳



❆❇❙❚❘❆❈❚

❚❤❡ ♦❜❥❡❝t✐✈❡ ♦❢ t❤✐s st✉❞② ✐s t♦ ❝♦♥tr✐❜✉t❡ t♦ t❤❡ ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡ ❝♦♥✲
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▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✶ ❚❛❜❡❧❛ ❞❡ P❛rt✐❞❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺
✷ ❚❛❜❡❧❛ ❞♦s ❆❧❝❛♥❝❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✼



■◆❚❘❖❉❯➬➹❖

❖❜s❡r✈♦✉✲s❡ q✉❡ ❛ ♠❛✐♦r✐❛ ❞♦s ❛❧✉♥♦s q✉❡ ✐♥❣r❡ss❛♠ ♥♦ ♣r✐♠❡✐r♦ ❛♥♦ ❞♦
❡♥s✐♥♦ ♠é❞✐♦ ❛♣r❡s❡♥t❛♠ ❣r❛♥❞❡ ❞✐✜❝✉❧❞❛❞❡ ♥♦ ❛♣r❡♥❞✐③❛❞♦ ❞❛ ♠❛t❡♠át✐❝❛✳
▼✉✐t♦s sã♦ ♦s ❢❛t♦r❡s q✉❡ ❝♦♥tr✐❜✉❡♠ ♣❛r❛ ❡ss❛ ♣r♦❜❧❡♠át✐❝❛✱ t❛✐s ❝♦♠♦✿ ♦s
♣r♦❢❡ss♦r❡s ❞❡ss❛ ❞✐s❝✐♣❧✐♥❛ ♥♦ ❡♥s✐♥♦ ❢✉♥❞❛♠❡♥t❛❧ ♥ã♦ ♣♦ss✉ír❡♠ ❛ ❢♦r♠❛çã♦
❡s♣❡❝✐✜❝❛ ♣❛r❛ ♦ ❡♥s✐♥♦ ❞❡ ♠❛t❡♠át✐❝❛✱ ♦✉ q✉❛♥❞♦ ♣♦ss✉❡♠✱ ❡♠ s✉❛ ❢♦r♠❛✲
çã♦ ✐♥✐❝✐❛❧ ♥ã♦ tr❛❜❛❧❤❛♠ ❛❧❣✉♥s ❛s♣❡❝t♦s r❡❧❛❝✐♦♥❛❞♦s ❛♦s s❛❜❡r❡s ❞♦❝❡♥t❡s
q✉❡ sã♦ ❡ss❡♥❝✐❛✐s ❛♦ ❡①❡r❝í❝✐♦ ❞❛ ❢✉♥çã♦✳ ❆❝r❡❞✐t❛✲s❡ t❛♠❜é♠ q✉❡ q✉❡stõ❡s
♠❡t♦❞♦❧ó❣✐❝❛s✱ ❛✉sê♥❝✐❛ ❞❛ ❢❛♠í❧✐❛ ❡ ❢❛❧t❛ ❞❡ ❡str✉t✉r❛ ❞❛s ❡s❝♦❧❛s t❛♠❜é♠
❝♦♥tr✐❜✉❡♠ ♣❛r❛ ❡ss❛s ❞✐✜❝✉❧❞❛❞❡s

❉✐❛♥t❡ ❞❡ t❛❧ s✐t✉❛çã♦ é q✉❡ s✉r❣❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ s❡ ❛♥❛❧✐s❛r ♠✐♥✉❝✐✲
♦s❛♠❡♥t❡ ❡st❡s ♦❜stá❝✉❧♦s✳ ❊♥q✉❛♥t♦ ❞♦❝❡♥t❡ ❞♦ ✶♦ ❛♥♦ ❞♦ ❡♥s✐♥♦ ♠é❞✐♦ ❡
❝♦♥st❛t❛♥❞♦ ❛s ❞✐✜❝✉❧❞❛❞❡s ❞♦s ❛❧✉♥♦s ❛❝❡r❝❛ ❞♦ ❝♦♥❝❡✐t♦ ❞❡ ❢✉♥çã♦ ♣r♦♣õ❡✲s❡
❛ r❡❛❧✐③❛çã♦ ❞❡ ✉♠ ❡①♣❡r✐♠❡♥t♦ ❡ ♣❛r❛ ✐st♦ ❢♦✐ ❡s❝♦❧❤✐❞❛ ❛ ❡s❝♦❧❛ ❈✳❊✳ ❏❡r✉s❛
❞❛ ❙✐❧✈❛ ❘❛❜❡❧♦ ❧♦❝❛❧✐③❛❞❛ ♥♦ ❜❛✐rr♦ P✐t♦♠❜❡✐r❛ ❞❛ ❝✐❞❛❞❡ ❞❡ P✐♥❞❛ré✲▼✐r✐♠✳

◆♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡ ❢✉♥çõ❡s✱ ❛ss✐♠ ❝♦♠♦ ❡♠ ♠✉✐t♦s
♦✉tr♦s ♦❜❥❡t♦s ♠❛t❡♠át✐❝♦s sã♦ ♥❡❝❡ssár✐♦s ❛❧❣✉♥s ❝♦♥❤❡❝✐♠❡♥t♦s ♣ré✈✐♦s✱
♣❛r❛ q✉❡ ♦ ❛❧✉♥♦ ♣♦ss❛ ❛ ♣❛rt✐r ❞❡st❡s ❞✐❛♥t❡ ❞❡ ✉♠❛ ♥♦✈❛ ❢♦r♠❛çã♦ ❝♦♠♣r❡✲
❡♥❞❡r ❡ ❝♦♥str✉✐r ♥♦✈♦s ❝♦♥❝❡✐t♦s✳

❆♣❡s❛r ❞❡ ♠✉✐t♦s ❡st✉❞♦s ❡♠ ❡❞✉❝❛çã♦ ♠❛t❡♠át✐❝❛ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡
♠❡❧❤♦r❛r ♦ s❡✉ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ ❛✐♥❞❛ é ♠✉✐t♦ ❝♦♠✉♠
♣r♦❢❡ss♦r❡s ✉t✐❧✐③❛♥❞♦ ♠ét♦❞♦s ✐♥❡✜❝❛③❡s✳ ❖ s✉❝❡ss♦ ♦✉ ❢r❛❝❛ss♦ ❞♦s ❛❧✉♥♦s
❡♠ ♠❛t❡♠át✐❝❛✭▲❖❘❊◆❩❆❚❖✱ ✷✵✵✻✮ ❞❡♣❡♥❞❡ ❞❛ r❡❧❛çã♦ ❞♦s ❛❧✉♥♦s ❝♦♠
♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♠❛t❡♠át✐❝♦✱ ❡st❛❜❡❧❡❝✐❞♦ ❞❡s❞❡ ♦s ❛♥♦s ❡s❝♦❧❛r❡s ✐♥✐❝✐❛✐s✱
t❡♥❞♦ ♦ ♣r♦❢❡ss♦r ♥❡st❡ ♣r♦❝❡ss♦ ♣❛♣❡❧ ❢✉♥❞❛♠❡♥t❛❧ ❛♦ ✉t✐❧✐③❛r ♠❡t♦❞♦❧♦❣✐❛s
❛t✐✈❛s✳

❖ ✐♥t❡r❡ss❡ ❡♠ ❛♣r❡♥❞❡r ♠❛t❡♠át✐❝❛ s❡ t♦r♥❛ ❝❛❞❛ ✈❡③ ♠❛✐s ❡s❝❛ss♦✱ ♣♦✐s
❛s ❛✉❧❛s ♥ã♦ ♠♦str❛♠ ♠❛✐s ♥❛❞❛ ❞❡ ❛tr❛t✐✈♦ ❛♦ ♣♦♥t♦ ❞♦ ❛❧✉♥♦ q✉❡r❡r ❛♣r❡♥✲
❞❡r ♥ã♦ só ♣❛r❛ t✐r❛r ❛s ♠❡❧❤♦r❡s ♥♦t❛s ♥❛s ❛✈❛❧✐❛çõ❡s ❡s❝♦❧❛r❡s✱ ♠❛s t❛♠❜é♠
✉t✐❧✐③❛✲❧❛ ♥♦ ❝♦t✐❞✐❛♥♦✳ ❊ ✐ss♦ t❡♠ s❡ ♠♦str❛❞♦ ❡♠ t♦❞♦s ♦s r❛♠♦s ❞❛ ♠❛t❡✲
♠át✐❝❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥♦ ❡♥s✐♥♦ ❞❡ ❢✉♥çã♦ ♣♦❧✐♥♦♠✐❛❧ ❞❡ ✷♦ ❣r❛✉✳

❊st❡ ❡st✉❞♦ t❡♠ ✉♠❛ ❛❜♦r❞❛❣❡♠ q✉❛❧✐t❛t✐✈❛✱ ♣♦✐s ❛♥❛❧✐s❛✲s❡ ♦s ❢❛t♦r❡s q✉❡
❝♦♥tr✐❜✉❡♠ ♣❛r❛ ❛s ❞✐✜❝✉❧❞❛❞❡s ✐♥❡r❡♥t❡s ❛♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛✲
❣❡♠ ❡♠ ♠❛t❡♠át✐❝❛ ❡♠ t♦❞❛s ❛s s✉❛s ♠❛♥✐❢❡st❛çõ❡s✳ ❆ q✉❡stã♦ ❞❡ ♣❡sq✉✐s❛
q✉❡ ♥♦rt❡♦✉ ❡st❛ ✐♥✈❡st✐❣❛çã♦ ❢♦✐✿ ❆ tr❛❥❡tór✐❛ ❞❡s❝r✐t❛ ♣♦r ❢♦❣✉❡t❡s ❞❡ ❣❛r✲
r❛❢❛s P❊❚✱ ❛tr❛✈és ❞❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❢❛❝✐❧✐t❛ ❛ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡
❋✉♥çã♦ ◗✉❛❞rát✐❝❛❄

❉❡♥tr❡ ♦s ❞✐✈❡rs♦s ♠ét♦❞♦s ❞❡ ♠♦❞❡❧❛❣❡♠ ♣❛r❛ ♦ ❡♥s✐♥♦ ❞❡ ❢✉♥çã♦ ♣♦✲
❧✐♥♦♠✐❛❧ ❞❡ ✷♦ ❣r❛✉✱ ❡s❝♦❧❤❡✉✲s❡ ♦ ❧❛♥ç❛♠❡♥t♦ ❞❡ ❢♦❣✉❡t❡s ❞❡ ❣❛rr❛❢❛s P❊❚

✶✷



❞❡✈✐❞♦ ❛ ❢❛❝✐❧✐❞❛❞❡ ♥❛ ❛q✉✐s✐çã♦ ❞♦ ♠❛t❡r✐❛❧ ♥❡❝❡ssár✐♦ ♣❛r❛ ❛ ♠♦♥t❛❣❡♠ ❞♦
❢♦❣✉❡t❡ ❡ ❞❛ ❜❛s❡ ❞❡ ❧❛♥ç❛♠❡♥t♦✱ ❡ t❛♠❜é♠ ♣♦r ❢❛❝✐❧✐t❛r ❛ ✐♥t❡r❞✐s❝✐♣❧✐♥❛r✐✲
❞❛❞❡ ❡♥tr❡ ❛ ♠❛t❡♠át✐❝❛ ❡ ❛ ❢ís✐❝❛ ♦♥❞❡ s❡ ✉t✐❧✐③❛ ❛ ❢✉♥çã♦ q✉❛❞rát✐❝❛ ♣❛r❛
❡st✉❞❛r ♦ ♠♦✈✐♠❡♥t♦ ❞♦s ♣r♦❥❡t❡✐s ❧❛♥ç❛❞♦s ♦❜❧✐q✉❛♠❡♥t❡✳

P❡r❛♥t❡ ♦ q✉❡ ❢♦✐ ❝♦❧♦❝❛❞♦ ❡ ❞❛ ❣r❛♥❞❡ r❡❧❡✈â♥❝✐❛ ❞♦ ❡st✉❞♦ ❞❛ ❢✉♥çã♦
♣♦❧✐♥♦♠✐❛❧ ❞❡ ✷♦ ❣r❛✉✱ ❡♥q✉❛♥t♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❡s❝♦❧❛r✱ ❡st❡ tr❛❜❛❧❤♦ ❜✉s❝❛
❛♣r❡s❡♥t❛r ✉♠❛ ♣r♦♣♦st❛ ❞❡ ❡♥s✐♥♦ ❛tr❛✈és ❞❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❝♦♠
❧❛♥ç❛♠❡♥t♦ ❞❡ ❢♦❣✉❡t❡s ❞❡ ❣❛rr❛❢❛s P❊❚✱ ♣❛r❛ ❛s ❢✉♥çõ❡s q✉❛❞rát✐❝❛s✳

❖ t❡①t♦ ❞✐ss❡rt❛t✐✈♦ ❛q✉✐ ❛♣r❡s❡♥t❛❞♦ t❡♠ s✉❛ ♦r❣❛♥✐③❛çã♦ ❞✐✈✐❞✐❞❛ ❡♠
✺ s❡çõ❡s✳ ◆❛ ♣r✐♠❡✐r❛ s❡çã♦ ❝♦♥st❛ ♦ ♣r♦❝❡❞✐♠❡♥t♦ ♠❡t♦❞♦❧ó❣✐❝♦ q✉❡ s❡
❛♣r❡s❡♥t❛ ♥✉♠❛ ❛❜♦r❞❛❣❡♠ ❞❡ ♥❛t✉r❡③❛ q✉❛❧✐t❛t✐✈❛ ❡ q✉❡ ❡stá ❞✐✈✐❞✐❞♦ ❡♠
três ❡t❛♣❛s✳ ▼♦str❛✲s❡ t❛♠❜é♠ ❝♦♠♦ s❡ ❞❡s❡♥✈♦❧✈❡✉ ❛ ❛♣❧✐❝❛çã♦ ❞❛ ♣r♦♣♦st❛
❞❡ ❡♥s✐♥♦✳

◆❛ s❡çã♦ ✷✱ ❢❛③✲s❡ ✉♠❛ ❢✉♥❞❛♠❡♥t❛çã♦ t❡ór✐❝❛ ❞✐s❝♦rr❡♥❞♦ ❛ ❝❡r❝❛ ❞❛
❢✉♥çã♦ q✉❛❞rát✐❝❛✱ s✉❛ ❞❡✜♥✐çã♦✱ r❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❡ ❛♣❧✐❝❛çõ❡s✳ ❚❛♠❜é♠
♥❡st❛ s❡çã♦✱ ❛❜♦r❞❛✲s❡ ❛ ❝♦♥❝❡♣çã♦ ❞❡ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛✱ ❜✉s❝❛♥❞♦
❝♦♥❝❡✐t✉❛r✱ ♠♦str❛r ♦s ♦❜❥❡t✐✈♦s ❡ ❝♦♠♦ ❡❧❛ ♣♦❞❡ ❢❛❝✐❧✐t❛r ♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦
❡ ❛♣r❡♥❞✐③❛❣❡♠ ❞❛ ♠❛t❡♠át✐❝❛✳

◆❛ t❡r❝❡✐r❛ s❡çã♦ ❛♣r❡s❡♥t❛✲s❡ ♦ ♣r♦❥❡t♦ ❞❡ ❧❛♥ç❛♠❡♥t♦ ❞❡ ❢♦❣✉❡t❡ ❝♦♥s✲
tr✉í❞♦ ❞❡ ❣❛rr❛❢❛ P❊❚ ❡ ❛ ❝♦♥str✉çã♦ ❞♦ ❢♦❣✉❡t❡ ❡ ❞❛ ❜❛s❡ ❞❡ ❧❛♥ç❛♠❡♥t♦✳

◆❛ s❡çã♦ ✹ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ❞❛ ♣❡sq✉✐s❛ ❡ ❛ ú❧t✐♠❛ s❡çã♦ é
❞❡❞✐❝❛❞❛ às ❝♦♥s✐❞❡r❛çõ❡s ✜♥❛✐s ❞❡st❡ tr❛❜❛❧❤♦ ❞✐ss❡rt❛t✐✈♦✳

❉✉r❛♥t❡ ♦ ❡①♣❡r✐♠❡♥t♦ ✈❡r✐✜❝♦✉✲s❡ ❛ ❣r❛♥❞❡ ♠♦t✐✈❛çã♦ ❡ ❡♥✈♦❧✈✐♠❡♥t♦
❞♦s ❛❧✉♥♦s ♥♦ ❧❛♥ç❛♠❡♥t♦ ❞♦s ❢♦❣✉❡t❡s ♣♦r ❡❧❡s ❝♦♥str✉í❞♦s ❡ ❛✐♥❞❛ q✉❡ ❛
❝♦♠♣r❡❡♥sã♦ ❞♦ ❝♦♥❝❡✐t♦ ❞❡ ❢✉♥çã♦ q✉❛❞rát✐❝❛ t❡✈❡ s✐❣♥✐✜❝❛❞♦ ♥♦ s❡✉ ❝♦t✐✲
❞✐❛♥♦✳

✶✸



✶ P❘❖❈❊❉■▼❊◆❚❖❙ ▼❊❚❖❉❖▲Ó●■❈❖❙

❊st❡ ❡st✉❞♦ ♣♦ss✉✐ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❞❡ ♥❛t✉r❡③❛ q✉❛❧✐t❛t✐✈❛ ♣♦r r❡s♣♦♥❞❡r
q✉❡stõ❡s ✭▼■◆❆❨❖✱ ✷✵✵✶✮ ❡s♣❡❝í✜❝❛s ❡ ♣❛rt✐❝✉❧❛r❡s✱ s❡ ♣r❡♦❝✉♣❛♥❞♦ ❝♦♠ ✉♠
♥í✈❡❧ ❞❡ r❡❛❧✐❞❛❞❡ q✉❡ ♥ã♦ ♣♦❞❡ s❡r q✉❛♥t✐✜❝❛❞♦✳ ❙❡❣✉♥❞♦ ✭▼■◆❆❨❖✱✷✵✵✶✮
❛ ♣❡sq✉✐s❛ q✉❛❧✐t❛t✐✈❛ tr❛❜❛❧❤❛ ❝♦♠ ♦ ✉♥✐✈❡rs♦ ❞❡ s✐❣♥✐✜❝❛❞♦s✱ ♠♦t✐✈♦s✱ ❛s✲
♣✐r❛çõ❡s✱ ❝r❡♥ç❛s✱ ✈❛❧♦r❡s ❡ ❛t✐t✉❞❡s✱ ♦ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ❡s♣❛ç♦ ♠❛✐s
♣r♦❢✉♥❞♦ ❞❛s r❡❧❛çõ❡s✱ ❞♦s ♣r♦❝❡ss♦s ❡ ❞♦s ❢❡♥ô♠❡♥♦s q✉❡ ♥ã♦ ♣♦❞❡♠ s❡r
r❡❞✉③✐❞♦s à ♦♣❡r❛❝✐♦♥❛❧✐③❛çã♦ ❞❡ ✈❛r✐á✈❡❧✳

◆❛ ♣❡sq✉✐s❛ ❞❡ ❛❜♦r❞❛❣❡♠ q✉❛❧✐t❛t✐✈❛✱ ♦ ♣❡sq✉✐s❛❞♦r ✭●❖❉❖❨✱ ✶✾✾✺✮
♣❛✉t❛ s✉❛ ❛♥á❧✐s❡ ♥❛ ✐♥t❡r♣r❡t❛çã♦ ❞♦ ♠✉♥❞♦ r❡❛❧ ♣r❡♦❝✉♣❛♥❞♦✲s❡ ❝♦♠ ♦
❝❛rát❡r ✐♥t❡r♣r❡t❛t✐✈♦ ♥♦ ❛t♦ ❞❛ ❛♥❛❧✐s❡ ❞♦s ❞❛❞♦s✳

❊♠ ❡st✉❞♦ r❡❛❧✐③❛❞♦ ♣♦r ●♦❞♦② ✭✶✾✾✺✱ ♣✳✻✷✮✱ ❡❧❡ r❡ss❛❧t❛ q✉❡ ❛ ❞✐✈❡r✲
s✐❞❛❞❡ ❡①✐st❡♥t❡ ❡♥tr❡ ♦s tr❛❜❛❧❤♦s q✉❛❧✐t❛t✐✈♦s ❡ ❡♥✉♠❡r❛ ✉♠ ❝♦♥❥✉♥t♦ ❞❡
❝❛r❛❝t❡ríst✐❝❛s ❡ss❡♥❝✐❛✐s ❝❛♣❛③❡s ❞❡ ✐❞❡♥t✐✜❝❛r ✉♠❛ ♣❡sq✉✐s❛ ❞❡ss❡ t✐♣♦✱ ❛
s❛❜❡r✿ ❛♠❜✐❡♥t❡ ♥❛t✉r❛❧ ❝♦♠♦ ❢♦♥t❡ ❞✐r❡t❛ ❞❡ ❞❛❞♦s ❡ ♦ ♣❡sq✉✐s❛❞♦r ❝♦♠♦
✐♥str✉♠❡♥t♦ ❢✉♥❞❛♠❡♥t❛❧❀ ♦ ❝❛rát❡r ❞❡s❝r✐t✐✈♦❀ ♦ s✐❣♥✐✜❝❛❞♦ q✉❡ ❛s ♣❡ss♦❛s
❞ã♦ às ❝♦✐s❛s ❡ à s✉❛ ✈✐❞❛ ❝♦♠♦ ♣r❡♦❝✉♣❛çã♦ ❞♦ ✐♥✈❡st✐❣❛❞♦r ❡✱ ♦ ❡♥❢♦q✉❡
❞❡❞✉t✐✈♦✳

◆❛s ú❧t✐♠❛s ❞é❝❛❞❛s ❛ ✉t✐❧✐③❛çã♦ ❞❛ ❛❜♦r❞❛❣❡♠ q✉❛❧✐t❛t✐✈❛ ❡♠ ❡❞✉❝❛çã♦
♠❛t❡♠át✐❝❛ ✭❇❖●❉❆◆ ❡ ❇■❑▲❊◆✱ ✶✾✾✹❀ ❑■▲P❆❚❘■❈❑✱ ●Ó▼❊ ❡ ❘■❈❖✱
✶✾✾✽❀ ❇❖❘❇❆✱ ✷✵✵✶❀ ❙❑❖❱❙▼❖❙❊✱ ✷✵✵✶❀ ❆❘❆Ú❏❖ ❡ ❇❖❘❇❆✱✷✵✵✹❀ ●❆❘✲
◆■❈❆✱ ✷✵✵✶✹❀ ❋■❖❘❊◆❚■◆■ ❡ ▲❖❘❊◆❩❆❚❖✱ ✷✵✵✻❀ ❘❖❙❆ ❡ ❱❆◆■◆■✱ ✷✵✶✶✱
✷✵✶✷✮ t❡♠ ❝r❡s❝✐❞♦ ❜❛st❛♥t❡✱ ♣♦✐s ❧❡✈❛♠ ❡♠ ❝♦♥t❛ ♦s ❢❛t♦r❡s s♦❝✐❛✐s ❡ ❝✉❧✲
t✉r❛✐s ❛♦ ♣❧❛♥❡❥❛r ❛t✐✈✐❞❛❞❡s ❞❡ ❡♥s✐♥♦ ❞❡ ♠❛t❡♠át✐❝❛ q✉❡ t❡♠ ❝♦❧❛❜♦r❛❞♦
♣❛r❛ ✉♠❛ ❛♣r❡♥❞✐③❛❣❡♠ ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛✳

❯♠❛ ❞❛s ♠✉❞❛♥ç❛s ♠❛✐s s✉r♣r❡❡♥❞❡♥t❡s ♥❛ ✐♥✈❡st✐❣❛çã♦ ❡♠ ❡❞✉❝❛çã♦ ♠❛✲
t❡♠át✐❝❛ ❞❡s❞❡ ♦s ❛♥♦s ✼✵ t❡♠ s✐❞♦ ♦ s❛❧t♦ ❞♦s ❡st✉❞♦s s♦❜r❡ ❛ ❛♣r❡♥❞✐③❛❣❡♠
❞❡ ❡st✉❞❛♥t❡s ✐♥❞✐✈✐❞✉❛✐s ❛♦s ❡st✉❞♦s q✉❡ ❧❡✈❛♠ ❡♠ ❝♦♥t❛✱ ❞❡ ❞✐✈❡rs❛s ♠❛✲
♥❡✐r❛s✱ ♦ ❝♦♥t❡①t♦ s♦❝✐❛❧ ❞❡♥tr♦ ❞♦ q✉❛❧ t❡♠ ❧✉❣❛r ❛ ✐♥str✉çã♦✳ Pr♦❢❡ss♦r❡s ❡
❡st✉❞❛♥t❡s sã♦ ♠❡♠❜r♦s ❞❡ ✈ár✐♦s ❣r✉♣♦s s♦❝✐❛✐s❀ ♦ ❡♥s✐♥♦ ❡ ❛ ❛♣r❡♥❞✐③❛❣❡♠
sã♦ ♣r♦❝❡ss♦s s♦❝✐❛✐s❀ ❡ ❛s ♠❛t❡♠át✐❝❛s q✉❡ s❡ ❡♥s✐♥❛♠ ❡stã♦ ❞❡t❡r♠✐♥❛❞❛s
s♦❝✐❛❧♠❡♥t❡✳ ✭❑■▲P❆❚❘■❈❑✱ ✶✾✾✽✱ ♣✳ ✶✸✮

❆ ♠❛t❡♠át✐❝❛ s❡ ❢❛③ ♣r❡s❡♥t❡ ❡♠ t♦❞❛s ❛s ♣❛rt❡s ❡♠ ❞✐✈❡rs♦s ♠♦♠❡♥t♦s ❞♦
❝♦t✐❞✐❛♥♦ ❞❛s ♣❡ss♦❛s✳ ❆♦ ♦❜s❡r✈❛r ♦s ❢❡♥ô♠❡♥♦s ♥❛t✉r❛✐s ♦ ❤♦♠❡♠ ❛♦ ❧♦♥❣♦
❞♦ t❡♠♣♦ ♣r♦❝✉r♦✉ ❡st✉❞❛r ❢♦r♠❛s ❞❡ ❡①♣r❡ssá✲❧♦s ❡♠ ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s✳

P❛r❛ ❡st❛ ✐♥✈❡st✐❣❛çã♦ ✉t✐❧✐③♦✉✲s❡ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ ♣❡sq✉✐s❛ ▼♦❞❡❧❛❣❡♠
▼❛t❡♠át✐❝❛ ♣❡❧❛ ♠❡s♠❛✱ s❡❣✉♥❞♦ ❇❛ss❛♥❡③✐ ✭✷✵✶✷✮ ♣❡r♠✐t❡ ❢❛③❡r ♣r♦✈✐sõ❡s✱
t♦♠❛r ❞❡❝✐sõ❡s✱ ❡①♣❧✐❝❛r ❡ ❡♥t❡♥❞❡r✱ ❡♥✜♠✱ ♣❛rt✐❝✐♣❛r ❞♦ ♠✉♥❞♦ r❡❛❧ ❝♦♠
❝❛♣❛❝✐❞❛❞❡ ❞❡ ✐♥✢✉❡♥❝✐❛r ❡♠ ♠♦❞✐✜❝❛çõ❡s✳

✶✹



❆ ❡ssê♥❝✐❛ ❞❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❝♦♥s✐st❡ ❡♠ ✉♠ ♣r♦❝❡ss♦ ♥♦ q✉❛❧
❛s ❝❛r❛❝t❡ríst✐❝❛s ♣❡rt✐♥❡♥t❡s ❞❡ ✉♠ ♦❜❥❡t♦ ♦✉ s✐st❡♠❛ sã♦ ❡①tr❛í❞❛s✱ ❝♦♠ ❛
❛❥✉❞❛ ❞❡ ❤✐♣ót❡s❡s ❡ ❛♣r♦①✐♠❛çõ❡s s✐♠♣❧✐✜❝❛❞♦r❛s ❡ r❡♣r❡s❡♥t❛❞❛s ❡♠ t❡r♠♦s
♠❛t❡♠át✐❝♦s ✭♦ ♠♦❞❡❧♦✮✳

❖s s✉❥❡✐t♦s ❞❡ ♣❡sq✉✐s❛ ❞❡st❛ ✐♥✈❡st✐❣❛çã♦ ❢♦r❛♠ ❝♦♥st✐t✉í❞♦ ♣♦r 36 ❛❧✉♥♦s
❞❛ ✶♦ sér✐❡ ❞♦ ❡♥s✐♥♦ ♠é❞✐♦ ❞❛ ❡s❝♦❧❛ ❈✳❊✳ ❏❡r✉s❛ ❞❛ ❙✐❧✈❛ ❘❛❜❡❧♦ ❞♦ ♠✉♥✐❝í✲
♣✐♦ ❞❡ P✐♥❞❛ré ▼✐r✐♠✱ ❡st❛❞♦ ▼❛r❛♥❤ã♦✳ ❖s ♣❛rt✐❝✐♣❛♥t❡s ❢♦r❛♠ s❡❧❡❝✐♦♥❛❞♦s
❛❧❡❛t♦r✐❛♠❡♥t❡ ❞❡♥tr♦ ❞❡ ✉♠ ❣r✉♣♦ ❞❡ ✼✷ ❛❧✉♥♦s ♠❛tr✐❝✉❧❛❞♦s✳

❖ ♣❡sq✉✐s❛❞♦r ❞✐✈✐❞✐✉ ♦ ❡st✉❞♦ ❡♠ três ❡t❛♣❛s✿
Pr✐♠❡✐r❛ ❡t❛♣❛✿ ♦s s✉❥❡✐t♦s ❞❡ ♣❡sq✉✐s❛ ❢♦r❛♠ ❞✐✈✐❞✐❞♦s ❡♠ ❣r✉♣♦s ❞❡

q✉❛tr♦ ❛ ❝✐♥❝♦ ❛❧✉♥♦s ♣❛r❛ ❞✐s❝✉t✐r ❛ ♣❛rt❡ t❡ór✐❝❛ ❞♦ ♣r♦❥❡t♦✱ ❜❡♠ ❝♦♠♦
❛s ❛♣❧✐❝❛çõ❡s ❞❡ ❋✉♥çõ❡s ◗✉❛❞rát✐❝❛s ❡♠ ❧❛♥ç❛♠❡♥t♦s ♦❜❧íq✉♦s✳ ❚❛♠❜é♠
♥❡ss❛ ❢❛s❡ ✐♥✐❝✐❛❧ ♣r♦❝✉r♦✉✲s❡ ❢❛♠✐❧✐❛r✐③❛r ♦s ❛❧✉♥♦s ❝♦♠ ♦ ♠❛♥✉s❡✐♦ ❞♦s ✐♥s✲
tr✉♠❡♥t♦s ❞❛ ❜❛s❡ ❞❡ ❧❛♥ç❛♠❡♥t♦✳ ❖s ❡st✉❞❛♥t❡s ❡♥✈♦❧✈✐❞♦s ♥❛ ♣❡sq✉✐s❛
♣❛rt✐❝✐♣❛r❛♠ ❛t✐✈❛♠❡♥t❡ ❞❛ ♦✜❝✐♥❛ t❛♥t♦ ♥♦s ❞❡❜❛t❡s ❝♦♠♦ ♥♦s ❝❛s♦s ♣rát✐✲
❝♦s✳

❙❡❣✉♥❞❛ ❡t❛♣❛✿ ♦ ♣❡sq✉✐s❛❞♦r ♣r♦♣ôs ❛ t✉r♠❛ ❝♦♥str✉✐r ✉♠ ❢♦❣✉❡t❡ ❞❡
❣❛rr❛❢❛s P❊❚✱ ❢❛③❡r ♦ ❧❛♥ç❛♠❡♥t♦ ❡ ♦❜s❡r✈❛r ❛ tr❛❥❡tór✐❛ ❞❡s❝r✐t❛ ♣❡❧♦ ♠❡s♠♦❀
❞❡s❝r❡✈❡r ❛ tr❛❥❡tór✐❛ ♣❡r❝♦rr✐❞❛ ♣❡❧♦ ❢♦❣✉❡t❡✱ ✉t✐❧✐③❛♥❞♦ ✉♠ ♠♦❞❡❧♦ ♠❛t❡✲
♠át✐❝♦✳

❆ t❡r❝❡✐r❛ ❡t❛♣❛ ❢♦✐ r❡❛❧✐③❛❞❛ ❡♠ ❣r✉♣♦s ♣❛r❛ ❛♣r❡s❡♥t❛r❡♠ ✉♠ r❡❧❛tór✐♦
❛❝❡r❝❛ ❞♦ ❡①♣❡r✐♠❡♥t♦✳

P❛r❛ ❛ ❝♦❧❡t❛ ❞❡ ❞❛❞♦s ✉t✐❧✐③♦✉✲s❡ ❝♦♠♦ ✐♥str✉♠❡♥t♦s ❛t✐✈✐❞❛❞❡s ❞❡ ❡♥✲
s✐♥♦✱ ♦❜s❡r✈❛çõ❡s ❡ ❡♥tr❡✈✐st❛s s❡♠✐✲❡str✉t✉r❛❞❛s✳ ❆s ❛t✐✈✐❞❛❞❡s ❞❡ ❡♥s✐♥♦
t✐✈❡r❛♠ ❝♦♠♦ ♦❜❥❡t✐✈♦s ✐❞❡♥t✐✜❝❛r ♦ ❣r❛✉ ❞❡ ♣❡r❝❡♣çã♦ ❞♦s ❛❧✉♥♦s s♦❜r❡ ♦
❝♦♥❝❡✐t♦ ❞❡ ❢✉♥çã♦ q✉❛❞rát✐❝❛ ❡ s✉❛s ❛♣❧✐❝❛çõ❡s ❞♦ ❝♦t✐❞✐❛♥♦ ❞♦ ♠✉♥❞♦ ♥❛✲
t✉r❛❧✳ ❏á ❛s ❡♥tr❡✈✐st❛s t✐✈❡r❛♠ ♦ ♣r♦♣ós✐t♦ ❞❡ ❛♠♣❧✐❛r ♦s q✉❡st✐♦♥❛♠❡♥t♦s
♣♦✐s✱ ♣❛r❛ ❚r✐✈✐ñ♦s ✭✶✾✽✼✮ ❛ ❡♥tr❡✈✐st❛ s❡♠✐❡str✉t✉r❛❞❛s ✧❬✳✳✳❪ ❢❛✈♦r❡❝❡ ♥ã♦ só
❛ ❞❡s❝r✐çã♦ ❞♦s ❢❡♥ô♠❡♥♦s s♦❝✐❛✐s✱ ♠❛s t❛♠❜é♠ s✉❛ ❡①♣❧✐❝❛çã♦ ❡ ❛ ❝♦♠♣r❡✲
❡♥sã♦ ❞❡ s✉❛ t♦t❛❧✐❞❛❞❡❬✳✳✳❪✧❛❧é♠ ❞❡ ♠❛♥t❡r ❛ ♣r❡s❡♥ç❛ ❝♦♥s❝✐❡♥t❡ ❡ ❛t✉❛♥t❡
❞♦ ♣❡sq✉✐s❛❞♦r ♥♦ ♣r♦❝❡ss♦ ❞❡ ❝♦❧❡t❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ✭❚❘■❱■Ñ❖❙✱ ✶✾✽✼✱ ♣✳
✶✺✷✮✳

❖❜s❡r✈♦✉✲s❡ ♣♦rt❛♥t♦ q✉❡ ❛ ♠♦❞❡❧❛❣❡♠ ❞❛ tr❛❥❡tór✐❛ ❞❡s❝r✐t❛ ♣❡❧♦ ❧❛♥✲
ç❛♠❡♥t♦ ❞❡ ✉♠ ❢♦❣✉❡t❡ ❢❛❝✐❧✐t♦✉ ❛ ❛♣r❡♥❞✐③❛❣❡♠ ❞❡ ❢✉♥çã♦ q✉❛❞rát✐❝❛✱ ✉♠❛
✈❡③ q✉❡ ♦s ❛❧✉♥♦s ❞✐s❝✉t✐❛♠ ❡♥tr❡ s✐ ❡ ❢❛③✐❛♠ r❡✢❡①õ❡s ♣❛r❛ ❛s t♦♠❛❞❛s ❞❡
❞❡❝✐sõ❡s✳

✶✺



✷ ❋❯◆➬➹❖◗❯❆❉❘➪❚■❈❆ ❊▼❖❉❊▲❆●❊▼
▼❆❚❊▼➪❚■❈❆

❈♦♠ r❡❧❛çã♦ à ♦r✐❣❡♠ ❞❛ ❢✉♥çã♦ q✉❛❞rát✐❝❛✱ ❛❝r❡❞✐t❛✲s❡ q✉❡ ♠✉✐t♦s ❢❡♥ô✲
♠❡♥♦s ❝♦♥tr✐❜✉ír❛♠ ♣❛r❛ ♦ s❡✉ s✉r❣✐♠❡♥t♦ ❡ ❞❡♥tr❡ ♦✉tr♦s ♣♦❞❡✲s❡ ❝♦♥s✐❞❡r❛r
♦ ♠♦✈✐♠❡♥t♦ ❞❡ q✉❡❞❛ ❧✐✈r❡ ✐♥✐❝✐❛❧♠❡♥t❡ ❡st✉❞❛❞♦ ♣♦r ❆r✐stót❡❧❡s ✭✸✵✵ ❛✳❈✮
❡ tr❛❥❡tór✐❛s ❞❡s❝r✐t❛s ♣♦r ❧❛♥ç❛♠❡♥t♦ ❞❡ ♣r♦❥❡t✐❧✱ t❛♠❜é♠ ❡st✉❞❛❞♦ ♣♦r ❡st❡
✜❧ós♦❢♦✳ ❈♦♠ ♦ ♣❛ss❛r ❞♦s sé❝✉❧♦s ♦✉tr♦s ❡st✉❞✐♦s♦s ✭❍■P❆❘❈❖✱ ✶✾✵ ❛✳❈✳ ✲
✶✷✵ ❛✳❈❀ ❋■▲❖P❖◆❖✱ ✹✾✵✲✺✼✵❀ ❆❱■❈❊◆❆✱ ✾✽✵✲ ✶✵✸✼❀ ❆❱❊▼P❆❈❊✱ ✶✶✵✻✲
✶✶✸✽❀ ❇❯❘■❉❆◆✱ ✶✸✵✵✲✶✸✺✽✮ ❝♦♥tr❛r✐❛r❛♠ ❛ ✈✐sã♦ ❞❡ ❆r✐stót❡❧❡s q✉❛♥t♦ ❛♦
❧❛♥ç❛♠❡♥t♦ ❞❡ ♣r♦❥❡t✐❧✱ ❡♥q✉❛♥t♦ ●❛❧✐❧❡✉ ●❛❧✐❧❡✐ ✭✶✺✻✹ ✲✶✻✹✷✮ ❞❡rr✉❜♦✉ ❛s
✐❞❡✐❛s ❞❡ ❆r✐stót❡❧❡s s♦❜r❡ q✉❡❞❛ ❧✐✈r❡✳

❈♦♠ ❛ ❡✈♦❧✉çã♦ ❞❛ ♦r✐❣❡♠ ❡ ❝♦♥❝❡✐t♦ ❞❡ ❢✉♥çã♦ q✉❛❞rát✐❝❛ ❡ s✉❛ ❛♣❧✐❝❛çã♦
♣❛r❛ ♠♦❞❡❧❛r ❞✐✈❡rs♦s ❢❡♥ô♠❡♥♦s ❞♦ ♥♦ss♦ ❝♦t✐❞✐❛♥♦✱ ♥❛ ❛t✉❛❧✐❞❛❞❡ ❡st❡ t❡♠❛
s❡ ❝♦♥st✐t✉✐ ❡♠ ✉♠ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦ ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❛ ❝✐ê♥❝✐❛✳
◆♦s P❛râ♠❡tr♦s ❈✉rr✐❝✉❧❛r❡s ◆❛❝✐♦♥❛✐s ♦ ❝♦♥t❡ú❞♦ ✧❋✉♥çõ❡s✧♦❝✉♣❛ ❡s♣❛ç♦
❞❡ r❡❧❡✈â♥❝✐❛ ❞❛❞❛ ❛ s✉❛ ✐♠♣♦rtâ♥❝✐❛ ♥❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛✳

❖ ❡st✉❞♦ ❞❛s ❢✉♥çõ❡s ♣❡r♠✐t❡ ❛♦ ❛❧✉♥♦ ❛❞q✉✐r✐r t❛♥t♦ ❛ ❧✐♥❣✉❛❣❡♠ ❛❧❣é✲
❜r✐❝❛ q✉❛♥t♦ ❛ ❧✐♥❣✉❛❣❡♠ ❞❛s ❝✐ê♥❝✐❛s✱ ♥❡❝❡ssár✐❛s ♣❛r❛ ❡①♣r❡ss❛r ❛ r❡❧❛çã♦
❡♥tr❡ ❣r❛♥❞❡③❛s ❡ ♠♦❞❡❧❛r s✐t✉❛çõ❡s ♣r♦❜❧❡♠❛s✱ ❝♦♥str✉✐♥❞♦ ♠♦❞❡❧♦s ❞❡s❝r✐✲
t✐✈♦s ❞❡ ❢❡♥ô♠❡♥♦s ❡ ♣❡r♠✐t✐♥❞♦ ✈ár✐❛s ❝♦♥❡①õ❡s ❞❡♥tr♦ ❡ ❢♦r❛ ❞❛ ♣ró♣r✐❛
♠❛t❡♠át✐❝❛✳ ✭P❈◆✰❊▼✱ ✶✾✾✾✱ ♣✳✶✷✶✮

❚❛♠❜é♠ ♥❛ ❇❛s❡ ◆❛❝✐♦♥❛❧ ❈♦♠✉♠ ❈✉rr✐❝✉❧❛r✱ ❡st❡ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ é
❝♦♥t❡♠♣❧❛❞♦ ❞❛❞❛ ❛ s✉❛ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❝♦❣♥✐t✐✈♦ ❞♦s
❛❧✉♥♦s ❡ s✉❛ ❛♣❧✐❝❛çã♦ ❡♠ ♠✉✐t♦s ❝♦♥t❡①t♦ ❞❛ ✈✐❞❛ ❝✐❞❛❞ã❀

❖ ❡st✉❞♦ ❞❡ ❢✉♥çõ❡s✱ ♣♦r ❡①❡♠♣❧♦✱ ❞❡✈❡ ♣r✐♦r✐③❛r ❛s♣❡❝t♦s r❡❧❛❝✐♦♥❛❞♦s à
✈❛r✐❛çã♦ ❡♥tr❡ ❣r❛♥❞❡③❛s✱ ♣❡r♠✐t✐♥❞♦ q✉❡ ♦✴❛ ❡st✉❞❛♥t❡ ❞❡s❡♥✈♦❧✈❛ ❡❢❡t✐✈❛✲
♠❡♥t❡ ♦ ♣❡♥s❛♠❡♥t♦ ❢✉♥❝✐♦♥❛❧ ✭❇❘❆❙■▲✱ ✷✵✶✺✱ ♣✳ ✶✺✵✮✳

❘❡❝♦♥❤❡❝❡r ❢✉♥çã♦ q✉❛❞rát✐❝❛ ❡♠ s✉❛s r❡♣r❡s❡♥t❛çõ❡s ❛❧❣é❜r✐❝❛ ❡ ❣rá✜❝❛✱
❝♦♥s✐❞❡r❛♥❞♦ ❞♦♠í♥✐♦✱ ✐♠❛❣❡♠✱ ♣♦♥t♦ ❞❡ ♠á①✐♠♦ ♦✉ ♠í♥✐♠♦✱ ✐♥t❡r✈❛❧♦s ❞❡
❝r❡s❝✐♠❡♥t♦ ❡ ❞❡❝r❡s❝✐♠❡♥t♦✱ ♣♦♥t♦s ❞❡ ✐♥t❡rs❡çã♦ ❝♦♠ ♦s ❡✐①♦s sã♦ ❢✉♥❞❛✲
♠❡♥t❛✐s ♣❛r❛ ❛ ❝♦♠♣r❡❡♥sã♦ ❞♦s ❢❡♥ô♠❡♥♦s ❞❛ ♥❛t✉r❡③❛✳

❯s❛♥❞♦ t♦❞♦ ❡ss❡ ❝♦♥❤❡❝✐♠❡♥t♦ r❡❧❛t✐✈♦ ❛ ❢✉♥çã♦ ❞❡ ♣♦❧✐♥♦♠✐❛❧ ❞❡ ✷♦ ❣r❛✉
♣❛r❛ ✐♥t❡r♣r❡t❛r ❡ ❝r✐t✐❝❛r s✐t✉❛çõ❡s r❡❧❛❝✐♦♥❛❞❛s ❛ ❡❝♦♥♦♠✐❛✱ ❢❛t♦s s♦❝✐❛✐s ❡
r❡❧❛❝✐♦♥❛❞♦s às ❝✐ê♥❝✐❛s ❡♥✈♦❧✈✐❞♦s ❛ ✈❛r✐❛çã♦ ❞❡ ❣r❛♥❞❡③❛s✱ ✐♥t❡r♣r❡t❛çõ❡s
❞❡ ❣rá✜❝♦s r❡♣r❡s❡♥t❛t✐✈♦s ❞❡ ❢✉♥çõ❡s ❡ t❛①❛s ❞❡ ✈❛r✐❛çã♦✱ ✉s❛♥❞♦ ♦✉ ♥ã♦
r❡❝✉rs♦s t❡❝♥♦❧ó❣✐❝♦s✳

✶✻



✷✳✶ ❋✉♥çã♦ ◗✉❛❞rát✐❝❛

❆ss✐♠ ❝♦♠♦ t♦❞❛s ❛s ❞❡s❝♦❜❡rt❛s ❡ ✐♥✈❡♥çõ❡s ❞♦ ❤♦♠❡♠✱ ♠✉✐t♦s ♦❜❥❡t♦s
♠❛t❡♠át✐❝♦s s✉r❣✐r❛♠ ♦✉ ❢♦r❛♠ ❝♦♥❝❡✐t✉❛❞♦s ❛ ♣❛rt✐r ❞❛s ♥❡❝❡ss✐❞❛❞❡s ❞♦
❤♦♠❡♠ ♦✉ ♠❡s♠♦ ♣♦r ❛❝❛s♦✳

❈♦♠ ❛ ❢✉♥çã♦ q✉❛❞rát✐❝❛ ♥ã♦ ❢♦✐ ❞✐❢❡r❡♥t❡✱ ♦ s❡✉ s✉r❣✐♠❡♥t♦ ♦❝♦rr❡✉
♣❡❧❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♦ ❤♦♠❡♠ ❝♦♠♣r❡❡♥❞❡r ♦s ❢❡♥ô♠❡♥♦s ❞❛ ♥❛t✉r❡③❛ ❡ ❛
♣❛rt✐r ❞❡ss❛ ❝♦♠♣r❡❡♥sã♦ ❝r✐❛r ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s ♣❛r❛ ❢❛③❡r ♣❧❛♥❡❥❛♠❡♥t♦
❡ ❡st✐♠❛t✐✈❛s ❡♠ ✈ár✐❛s ár❡❛s ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❝♦♠ ♦❜❥❡t✐✈♦s ❞✐✈❡rs♦s✳

❆ ❝♦♥❝❡♣çã♦ ❞❡ ❢✉♥çã♦ q✉❛❞rát✐❝❛ q✉❡ ♦s ❛❧✉♥♦s ❞♦ ✶♦ ❛♥♦ ❞♦ ❡♥s✐♥♦
♠é❞✐♦ tê♠✱ ♠✉✐t❛s ✈❡③❡s é ❝♦♥❢✉s❛ ❡ ❡♠ ♦✉tr❛s ❡q✉✐✈♦❝❛❞❛s✱ ❞❛❞❛ ❛ s✉❛
❛♣r❡s❡♥t❛çã♦ ❢♦r♠❛❧ ❡ s❡♠ ❛ ❝♦♠♣r❡❡♥sã♦ ❞♦ s✐❣♥✐✜❝❛❞♦ ❞♦ s❡✉ ❝♦♥❝❡✐t♦✳
❈♦♠♣r❡❡♥❞❡r ♦ s✐❣♥✐✜❝❛❞♦ ❞❡ ✉♠ ❝♦♥❝❡✐t♦ é ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❛ ❛♣r❡❡♥sã♦
❞❡ ✉♠ ♦❜❥❡t♦ ♠❛t❡♠át✐❝♦✳

P❛r❛ ❘❡❣♦ ✭✶✾✾✺✮✿

❬✳✳✳❪ ♦ ♣❡♥s❛♠❡♥t♦ ❝♦♥❝❡✐t✉❛❧ é ✉♠❛ ❝♦♥q✉✐st❛ q✉❡ ❞❡♣❡♥❞❡ ♥ã♦ s♦♠❡♥t❡

❞♦ ❡s❢♦rç♦ ✐♥❞✐✈✐❞✉❛❧✱ ♠❛s ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞♦ ❝♦♥t❡①t♦ ❡♠ q✉❡ ♦ ✐♥❞✐✈í❞✉♦

s❡ ✐♥s❡r❡ ❬✳✳✳❪ s❡ ♦ ♠❡✐♦ ❬✳✳✳❪ ♥ã♦ ❞❡s❛✜❛r✱ ❡①✐❣✐r ❡ ❡st✐♠✉❧❛r ♦ ✐♥t❡❧❡❝t♦ ❬✳✳✳❪

❡ss❡ ♣r♦❝❡ss♦ ♣♦❞❡rá s❡ ❛tr❛s❛r ♦✉ ♠❡s♠♦ ♥ã♦ ❬✳✳✳❪ ❝♦♥q✉✐st❛r ❡stá❣✐♦s

♠❛✐s ❡❧❡✈❛❞♦s ❞❡ r❛❝✐♦❝í♥✐♦ ✭❘❊●❖✱ ✶✾✾✺✱ ♣✳ ✼✾✮✳

P♦r t❛♥t♦✱ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞♦ ♣r♦❢❡ss♦r ❡st✐♠✉❧❛r ♦ ♣❡♥s❛♠❡♥t♦ ❝♦♥❝❡✐t✉❛❧ ❡
❛t✐✈✐❞❛❞❡s ❞❡s❛✜❛❞♦r❛s ❛♦ ❛❧✉♥♦ ♣❛r❛ q✉❡ ♦ ♠❡s♠♦ ❛♠♣❧✐❡ ♦s s❡✉s ❤♦r✐③♦♥✲
t❡s ❡ ❡st❛❜❡❧❡ç❛ ✉♠❛ ♣❡r❢❡✐t❛ ❝♦♥❡①ã♦ ❡♥tr❡ ❝♦♥❝❡✐t♦ ❡s♣♦♥tâ♥❡♦ ❡ ❝♦♥❝❡✐t♦s
❝✐❡♥tí✜❝♦s✳

✷✳✶✳✶ ❉❡✜♥✐çã♦

❉❡ ❛❝♦r❞♦ ❝♦♠ ▲✐♠❛✭✷✵✶✸✱ ♣✳✶✵✹✮ ✏❯♠❛ ❢✉♥çã♦ f : ℜ → ℜ ❝❤❛♠❛✲s❡
q✉❛❞rát✐❝❛ q✉❛♥❞♦ sã♦ ❞❛❞♦s ♥ú♠❡r♦s r❡❛✐s ❛✱ ❜✱ ❝✱ a 6= 0✱ t❛✐s q✉❡ f(x) =
ax2 + bx+ c ♣❛r❛ t♦❞♦ x ∈ ℜ✧✳

✷✳✶✳✷ ❋♦r♠❛ ❈❛♥ô♥✐❝❛

❇✉s❝♦✉✲s❡ ❡♠ ▲✐♠❛ ✭✷✵✶✻✮ s✉❜sí❞✐♦ t❡ór✐❝♦ ♣❛r❛ ❛✜r♠❛r q✉❡ ❛ ❢✉♥çã♦
q✉❛❞rát✐❝❛ ❡stá ❜❡♠ ❞❡t❡r♠✐♥❛❞❛ ♣❡❧❛ ❡①♣r❡ssã♦ f(x) = ax2+ bx+ c✱ ♣♦ré♠
♣♦❞❡✲s❡ ♠❛♥✐♣✉❧❛r ❛❧❣❡❜r✐❝❛♠❡♥t❡ ♦ ❧❛❞♦ ❞✐r❡✐t♦ ❞❡st❛ ❡q✉❛çã♦ ✉s❛♥❞♦ ♦ q✉❡
é ❝❤❛♠❛❞♦ ❞❡ ✧♠ét♦❞♦ ❞❡ ❝♦♠♣❧❡t❛r q✉❛❞r❛❞♦s✧✳ P❛r❛ ✐ss♦✱ ♣r✐♠❡✐r❛♠❡♥t❡
❝♦❧♦❝❛✲s❡ ♦ a ❡♠ ❡✈✐❞ê♥❝✐❛✳

f(x) = ax2 + bx+ c = a

[

x2 +
bx

a
+

c

a

]

✭✶✮

✶✼



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

✈♦❧✈✐♠❡♥t♦ ❞❡
(

x+
b

2a

)2

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

b2

4a2
♣r❛ q✉❡ s❡ ❝♦♠♣❧❡t❡ ♦ q✉❛❞r❛❞♦✱ ❛ss✐♠ t❡♠✲s❡✿

f(x) = ax2 + bx+ c = a

[

x2 +
2bx

2a
+

b2

4a2
− b2

4a2
+

c

a

]

✭✷✮

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

f(x) = a

[

(

x+
b

2a

)2

+
4ac− b2

4a2

]

✭✸✮

✳

❊ ✉s❛♥❞♦ yv = − b

2a
❡ yv = −∆

4a
t❡♠♦s✱

f(x) = a(x− xv)
2 + yv ✭✹✮

❙❡♥❞♦ (xv, yv) ♦ ✈ért✐❝❡ ❞❛ ♣❛rá❜♦❧❛✱ ❛ss✐♠ ♣♦❞❡✲s❡ ❛✜r♠❛r q✉❡ ❛ ❢♦r♠❛
❝❛♥ô♥✐❝❛ ❢❛❝✐❧✐t❛ ❛ ♦❜t❡♥çã♦ ❞❡st❡ ♣♦♥t♦ q✉❡ é ❞❡ ❣r❛♥❞❡ ✉t✐❧✐❞❛❞❡ ♣❛r❛ ❛
♠♦♥t❛❣❡♠ ❞♦ ❡s❜♦ç♦ ❣rá✜❝♦✳

❯♠❛ ♦✉tr❛ ❝♦♥s❡q✉ê♥❝✐❛ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡ ❞❛ ❢♦r♠❛ ❝❛♥ô♥✐❝❛ é q✉❡ ❡❧❛
❧❡✈❛ ❞❡ ✐♠❡❞✐❛t♦ à ❢ór♠✉❧❛ ❞❡ ❝á❧❝✉❧♦ ❞❛s r❛í③❡s ❞❛ ❡q✉❛çã♦ ax2 + bx+ c = 0
s❡❣✉✐♥❞♦ ❛s ❡q✉✐✈❛❧ê♥❝✐❛s ❛❜❛✐①♦✿

✭✶✮

ax2 + bx+ c = 0 ⇔
(

x+
b

2a

)2

+
4ac− b2

4a2
= 0 ✭✺✮

✭✷✮

⇔
(

x+
b

2a

)2

=
b2 − 4ac

4a2
✭✻✮

✭✸✮

⇔ x+
b

2a
= ±

√
b2 − 4ac

2a
✭✼✮

✭✹✮

⇔ x =
−b±

√
b2 − 4ac

2a
✭✽✮

❱❛❧❡ r❡ss❛❧t❛r q✉❡ ❛s r❛í③❡s só ❡①✐st✐rã♦ s❡✱ ❡ s♦♠❡♥t❡ s❡✱ ♥❛ ♣❛ss❛❣❡♠ ✭✷✮
♣❛r❛ ✭✸✮ ♦ ❞✐s❝r✐♠✐♥❛♥t❡✱ ∆ = b2 − 4ac✱ ❢♦r ♠❛✐♦r ♦✉ ✐❣✉❛❧ ❛ ③❡r♦✳

✶✽



✷✳✷ ●rá✜❝♦ ❞❛ ❋✉♥çã♦ ◗✉❛❞rát✐❝❛

❈♦♥❢♦r♠❡ ▲✐♠❛ ✭✷✵✶✻✮ ♦ ❣rá✜❝♦ ❞❛ ❢✉♥çã♦ ❞❡ s❡❣✉♥❞♦ ❣r❛✉ é ✉♠❛ ♣❛✲
rá❜♦❧❛ ❝♦♠ ❛ ❝♦♥❝❛✈✐❞❛❞❡ ✈♦❧t❛❞❛ ♣❛r❛ ❝✐♠❛ ♦✉ ♣❛r❛ ❜❛✐①♦✱ ❞❡♣❡♥❞❡♥❞♦ ❞♦
s✐♥❛❧ ❞♦ a ❞❛ ❢✉♥çã♦✳ ❙❡ ♦ a ❢♦r ♣♦s✐t✐✈♦ ✭a > 0✮ ❛ ♣❛rá❜♦❧❛ ❛♣r❡s❡♥t❛ ❝♦♥✲
❝❛✈✐❞❛❞❡ ✈♦❧t❛❞❛ ♣❛r❛ ❝✐♠❛✱ ❡ s❡ ♦ a ❢♦r ♥❡❣❛t✐✈♦ ✭a < 0✮ ❛ ❝♦♥❝❛✈✐❞❛❞❡ é
✈♦❧t❛❞❛ ♣❛r❛ ❜❛✐①♦ ❝♦♠♦ r❡♣r❡s❡♥t❛❞♦ ♥❛ ✜❣✉r❛ ✶✳

❋✐❣✉r❛ ✶✿ ❈♦♥❝❛✈✐❞❛❞❡

❋♦♥t❡✿Pró♣r✐♦ ❆✉t♦r

P❛r❛ ➪✈✐❧❛ ✭✷✵✵✸✮ ❛ ✐♠♣♦rtâ♥❝✐❛ ❞♦ ✈❛❧♦r ❞❡ a ♥ã♦ s❡r✈❡ s✐♠♣❧❡s♠❡♥t❡
♣❛r❛ ♠♦str❛r s❡ ❛ ❝♦♥❝❛✈✐❞❛❞❡ ❞❛ ♣❛rá❜♦❧❛ é ✈♦❧t❛❞❛ ♣❛r❛ ❝✐♠❛ ♦✉ ♣❛r❛
❜❛✐①♦✱ s❡r✈❡ t❛♠❜é♠ ♣❛r❛ ❛❜r✐r ♦✉ ❢❡❝❤❛r ♠❛✐s ❛ ❛❜❡rt✉r❛ ❞❛ ♣❛rá❜♦❧❛✳ ❊♥✲
tã♦ ❢✉♥çõ❡s q✉❛❞rát✐❝❛s q✉❡ ❛♣r❡s❡♥t❛♠ ✈❛❧♦r❡s ❛❜s♦❧✉t♦s ❞❡ a ❞✐❢❡r❡♥t❡s✱
❛♣r❡s❡♥t❛♠ ♣❛rá❜♦❧❛s ❝♦♠ ❛❜❡rt✉r❛s ❞✐❢❡r❡♥t❡s✳

P❛r❛ ❋❧❡♠♠✐♥❣ ❡ ●♦♥ç❛❧✈❡s ✭✷✵✵✻✮✱ ❛ ✐♥t❡rs❡çã♦ ❞❛ ♣❛rá❜♦❧❛ ❝♦♠ ♦ ❡✐①♦
❞❡ s✐♠❡tr✐❛ S é ♦ ♣♦♥t♦ ❝❤❛♠❛❞♦ ✈ért✐❝❡ ❡ ❛ ✐♥t❡rs❡çã♦ ❞❛ ♣❛rá❜♦❧❛ ❝♦♠ ♦
❡✐①♦ ❞♦s ① ❞❡✜♥❡ ❛s r❛í③❡s✱ q✉❡ t❛♠❜é♠ ♣♦❞❡♠ s❡ ❝❤❛♠❛❞❛s ❞❡ ③❡r♦s ❞❛
❢✉♥çã♦ q✉❛❞rát✐❝❛✳ ❆ ✜❣✉r❛ ✷ ❝❛r❛❝t❡r✐③❛ ❛s ❞✐✈❡rs❛s ♣♦ss✐❜✐❧✐❞❛❞❡s ♣❛r❛ ♦
❣rá✜❝♦ ❞❛ ❢✉♥çã♦ q✉❛❞rát✐❝❛✳

✶✾



❋✐❣✉r❛ ✷✿ ❘❡♣r❡s❡♥t❛çã♦ ●rá✜❝❛

❋♦♥t❡✿Pró♣r✐♦ ❆✉t♦r

❉❛❞❛ ✉♠❛ ❢✉♥çã♦ q✉❛❞rát✐❝❛ q✉❛❧q✉❡r ♥❛ ❢♦r♠❛ y = ax2 + bx + c✱ ❝♦♠
a 6= 0✱ ✉s❛♥❞♦ ♦ ♠ét♦❞♦ ❞❡ ❝♦♠♣❧❡t❛r q✉❛❞r❛❞♦s✱ ♣♦❞❡✲s❡ ❝♦♠ ❢❛❝✐❧✐❞❛❞❡
❡s❝r❡✈❡✲❧❛ ♥❛ ❢♦r♠❛

y = a(x− xv)
2 + yv ✭✾✮

s❡♥❞♦ (xv, yv) ♦ ✈ért✐❝❡ ❞❛ ♣❛rá❜♦❧❛✱ ♣♦♥t♦ ❡♠ q✉❡ ❛ ♣❛rá❜♦❧❛ ♠✉❞❛ s❡✉
s❡♥t✐❞♦✳ ◆❡st❡ ❝❛s♦ ♦ ❡✐①♦ ❞❡ s✐♠❡tr✐❛ é ❞❛❞♦ ♣♦r x = xv✳

❆ ❢♦r♠❛ ❝❛♥ô♥✐❝❛ ❢❛❝✐❧✐t❛ ♠✉✐t♦ ❛ ♠♦♥t❛❣❡♠ ❞♦ ❡s❜♦ç♦ ❣rá✜❝♦ ❞❛ ❢✉♥çã♦
♣♦❧✐♥♦♠✐❛❧ ❞❡ s❡❣✉♥❞♦ ❣r❛✉✱ ♣♦✐s ♣❡r♠✐t❡ ✐❞❡♥t✐✜❝❛r ❛ ❝♦♥❝❛✈✐❞❛❞❡✱ ♦ ✈ért✐❝❡
❡ ♦ ❡✐①♦ ❞❡ s✐♠❡tr✐❛✳ ❊ ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ ❡s❜♦ç♦ ❣rá✜❝♦ ❜❛st❛ ❡♥❝♦♥tr❛r
♦ ♣♦♥t♦ ❞❡ ✐♥t❡rs❡çã♦ ❞❛ ♣❛rá❜♦❧❛ ❝♦♠ ♦ ❡✐①♦ y✱ q✉❡ é ♦ ✈❛❧♦r ❞❡ y q✉❛♥❞♦
x = 0✳ ❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦ xv ✜❝❛ ❡①❛t❛♠❡♥t❡ ♥♦ ♠❡✐♦ ❞❛s ❞✉❛s r❛í③❡s q✉❛♥❞♦

❡ss❛s ❡①✐st❡♠✱ ♦✉ s❡❥❛✱ ❡❧❡ é ✐❣✉❛❧ ❛ ♠é❞✐❛ ❛r✐t♠ét✐❝❛ ❞❛s ❞✉❛s✱ xv =
x1 + x2

2
✳

❊ ♦ yv ✐♥❞✐❝❛ ♦ ♣♦♥t♦ ♠á①✐♠♦ ♦✉ ♠í♥✐♠♦ ❞❛ ❢✉♥çã♦ q✉❛❞rát✐❝❛✳ ❙❡ ♦ a ❢♦r
♣♦s✐t✐✈♦✱ a > 0✱ ❛ ❢✉♥çã♦ t❡rá ♣♦♥t♦ ♠í♥✐♠♦ ❡ s❡ ♦ a ❢♦r ♥❡❣❛t✐✈♦✱ a < 0✱ ❛
❢✉♥çã♦ t❡rá ✉♠ ♣♦♥t♦ ♠á①✐♠♦✳

✷✳✸ ❊st✉❞♦ ❞♦ ❙✐♥❛❧ ❞❛ ❋✉♥çã♦ ◗✉❛❞rát✐❝❛

❊st✉❞❛r ♦ s✐♥❛❧ ❞❛ ❢✉♥çã♦ q✉❛❞rát✐❝❛ é ❞❡t❡r♠✐♥❛r ♣❛r❛ q✉❛✐s ✈❛❧♦r❡s ❞❡
x ❡❧❛ ❛♣r❡s❡♥t❛rá ✈❛❧♦r❡s ♠❛✐♦r❡s q✉❡ ③❡r♦✱ ③❡r♦ ♦✉ ✈❛❧♦r❡s ♠❡♥♦r❡s q✉❡ ③❡r♦✳

❉❡✈❡✲s❡ ♦❜s❡r✈❛r q✉❛✐s ♦s ♣♦♥t♦s ❞❛ ♣❛rá❜♦❧❛ ❡stã♦ ❧♦❝❛❧✐③❛❞♦s ❛ ❝✐♠❛ ❞♦
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❡✐①♦ x✱ ♦s q✉❡ ❡stã♦ ❛❜❛✐①♦ ❞♦ ❡✐①♦ x ❡ q✉❛✐s ♣♦♥t♦s sã♦ ❝♦♠✉♥s ❛♦ ❡✐①♦ x✳
❆♣r❡s❡♥t❛✲s❡ ❞♦ ❡st✉❞♦ s✐♥❛❧ ❞✐✈✐❞✐❞♦ ❡♠ três ❝❛s♦s ❝✐t❛❞♦s ❛ s❡❣✉✐r✿

❖ ♣r✐♠❡✐r♦ ❝❛s♦ ❛❝♦♥t❡❝❡ ❝♦♠ ♦ ❞✐s❝r✐♠✐♥❛♥t❡ ♣♦s✐t✐✈♦✱ ❛ ❢✉♥çã♦ ❛♣r❡s❡♥t❛
❞✉❛s r❛í③❡s r❡❛✐s ❡ ❞✐❢❡r❡♥t❡s✳ ❆ ❝♦♥❝❛✈✐❞❛❞❡ ♣♦❞❡ s❡r ✈♦❧t❛❞❛ ♣❛r❛ ❝✐♠❛ ♦✉
♣❛r❛ ❜❛✐①♦✱ ❞❡♣❡♥❞❡♥❞♦ ❞♦ s✐♥❛❧ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❛✳

❋✐❣✉r❛ ✸✿ ❈❛s♦ ✶

❋♦♥t❡✿Pró♣r✐♦ ❆✉t♦r

◆♦ ♣r✐♠❡✐r♦ ❣rá✜❝♦✱ q✉❡ ❡stá r❡♣r❡s❡♥t❛❞♦ ♥❛ ✜❣✉r❛ ✸✱ ❝♦♠♦ ❛ ❝♦♥❝❛✈✐✲
❞❛❞❡ é ✈♦❧t❛❞❛ ♣❛r❛ ❝✐♠❛ ♣♦✐s ♦ a > 0✱ ♦ y > 0 ♣❛r❛ x < x1 ♦✉ ♣❛r❛ x > x2❀
♦ y = 0 ♣❛r❛ x = x1 ♦✉ ♣❛r❛ x = x2❀ ♣♦r ✜♠✱ ♦ y < 0 ♣❛r❛ x1 < x < x2✳

◆♦ s❡❣✉♥❞♦ ❣rá✜❝♦✱ ❛ ❝♦♥❝❛✈✐❞❛❞❡ é ✈♦❧t❛❞❛ ♣❛r❛ ❜❛✐①♦✱ ♣♦✐s ♦ ❝♦❡✜❝✐❡♥t❡
a < 0✱ ❛ss✐♠ ♦ y ❛ss✉♠❡ ♦s ✈❛❧♦r❡s✿ y < 0 ♣❛r❛ x < x1 ♦✉ x > x2❀ y = 0 ♣❛r❛
x = x1 ♦✉ x = x2❀ ♣♦r ✉❧t✐♠♦ y > 0 ♣❛r❛ x1 < x < x2

❖ s❡❣✉♥❞♦ ❝❛s♦ ❛❝♦♥t❡❝❡ q✉❛♥❞♦ ♦ ❞✐s❝r✐♠✐♥❛♥t❡ é ✐❣✉❛❧ ❛ ③❡r♦✳ ❆ ❢✉♥çã♦
❛♣r❡s❡♥t❛ ✉♠❛ ú♥✐❝❛ r❛✐③ ❝❤❛♠❛❞❛ ❞❡ r❛✐③ ❞✉♣❧❛ [x1]✳ ❆ ❝♦♥❝❛✈✐❞❛❞❡ ❛♣r❡✲
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s❡♥t❛ ❞♦✐s s❡♥t✐❞♦s q✉❡ ❞❡♣❡♥❞❡ ❞♦ s✐♥❛❧ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❛ ❝♦♠♦ ❥á ❢♦✐ ❝♦❧♦❝❛❞♦
❡♠ ♣❛rá❣r❛❢♦s ❛♥t❡r✐♦r❡s✳

❋✐❣✉r❛ ✹✿ ❈❛s♦ ✷

❋♦♥t❡✿Pró♣r✐♦ ❆✉t♦r

◆♦ ♣r✐♠❡✐r♦ ❣rá✜❝♦ ❞❛ ✜❣✉r❛ ✹ ❞❡st❡ ❝❛s♦✱ ❝♦♠♦ ♦ a > 0✱ ❛ ♣❛rá❜♦❧❛
❛♣r❡s❡♥t❛ ❝♦♥❝❛✈✐❞❛❞❡ ✈♦❧t❛❞❛ ♣❛r❛ ❝✐♠❛ ❡ ♥ã♦ ❛♣r❡s❡♥t❛ ♣♦♥t♦s ❛❜❛✐①♦ ❞♦
❡✐①♦ x✱ ♦✉ s❡❥❛✱ ♥ã♦ ❛♣r❡s❡♥t❛ y < 0✳ ❆ss✐♠ y > 0 ♣❛r❛ x ∈ R − [x1] ❡
y = 0 ♣❛r❛ x = x1✳ ◆♦ ❣rá✜❝♦ s❡❣✉✐♥t❡✱ ❝♦♠♦ a < 0✱ ❛ ♣❛rá❜♦❧❛ ❛♣r❡s❡♥t❛
❝♦♥❝❛✈✐❞❛❞❡ ✈♦❧t❛❞❛ ♣❛r❛ ❜❛✐①♦ ❡ ♥ã♦ ❛♣r❡s❡♥t❛ ♣♦♥t♦s ❛❝✐♠❛ ❞♦ ❡✐①♦ x✱ ♦✉
s❡❥❛✱ ♥ã♦ ❛♣r❡s❡♥t❛ y > 0✳ ▲♦❣♦ y < 0 ♣❛r❛ x ∈ R− [x1] ❡ y = 0 ♣❛r❛ x = x1✳

❖ ✉❧t✐♠♦ ❝❛s♦ r❡❢❡r❡✲s❡ ❛♦ ❞✐s❝r✐♠✐♥❛♥t❡ ❝♦♠ ♦ s✐♥❛❧ ♥❡❣❛t✐✈♦✳ ❆ ❢✉♥çã♦
♣♦❧✐♥♦♠✐❛❧ ❞❡ s❡❣✉♥❞♦ ❣r❛✉ ♥ã♦ t❡♠ r❛✐③✳ ❆ ♣❛rá❜♦❧❛ ❛♣r❡s❡♥t❛ ❝♦♥❝❛✈✐❞❛❞❡

✷✷



✈♦❧t❛❞❛ ♣❛r❛ ❝✐♠❛ ♦✉ ♣❛r❛ ❜❛✐①♦ ❞❡♣❡♥❞❡♥❞♦ ❞♦ s✐♥❛❧ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ x2✳
❊ ❞❡♣❡♥❞❡♥❞♦ ❞♦ s✐♥❛❧ ❞❡ ❛✱ ❛ ♣❛rá❜♦❧❛ ✈❛✐ ❡st❛r t♦t❛❧♠❡♥t❡ ❛❝✐♠❛ ❞♦ ❡✐①♦ x
♦✉ t♦t❛❧♠❡♥t❡ ❛❜❛✐①♦ ❞♦ ❡✐①♦ x✱ ♦✉ s❡❥❛✱ ♥ã♦ ❛♣r❡s❡♥t❛ ♣♦♥t♦s ❞❡ ✐♥t❡rs❡❝çã♦
❝♦♠ ♦ ❡✐①♦ x✳

❋✐❣✉r❛ ✺✿ ❈❛s♦ ✸

❋♦♥t❡✿Pró♣r✐♦ ❆✉t♦r

❆ss✐♠✱ ♣❛r❛ ♦ ♣r✐♠❡✐r♦ ❣rá✜❝♦ r❡♣r❡s❡♥t❛❞♦ ♥❛ ✜❣✉r❛ ✺ ❞♦ ❝❛s♦ ✸✱ t❡♠♦s
y > 0 ♣❛r❛ ①∈ R✳ ❊ ♥♦ s❡❣✉♥❞♦ ❣rá✜❝♦ t❡♠♦s y < 0 ♣❛r❛ x ∈ R

✷✸



✷✳✹ ❆♣❧✐❝❛çõ❡s ❞❛ ❋✉♥çã♦ ◗✉❛❞rát✐❝❛

❋✉♥çã♦ ❞❡ ✷♦❣r❛✉ é ❞❡ ❣r❛♥❞❡ ✉t✐❧✐❞❛❞❡ ❡♠ ♥♦ss♦ ❞✐❛ ❛ ❞✐❛✱ ♣♦r ✐ss♦
❞❡❞✐❝❛✲s❡ ❡ss❡ tó♣✐❝♦ ♣❛r❛ ❛♣r❡s❡♥t❛r ❛❧❣✉♠❛s ❛♣❧✐❝❛❜✐❧✐❞❛❞❡s✳

◆❛ ●❡♦♠❡tr✐❛ P❧❛♥❛

❆ ❢✉♥çã♦ q✉❛❞rát✐❝❛ é ♠✉✐t♦ ✉t✐❧✐③❛❞❛ ❡♠ ♣r♦❜❧❡♠❛s ❡♠ q✉❡ s❡ ❞❡s❡❥❛
♠❛①✐♠✐③❛r ❛ ár❡❛ ❞❡ ✉♠❛ ❞❛❞❛ r❡❣✐ã♦✱ ♦ q✉❡ ❡stá ❡①❡♠♣❧✐✜❝❛❞♦ ♣♦r ▲✐♠❛
✭✷✵✶✸✱ ♣✳ ✶✸✸✮ ✏❈♦♠ ✽✵ ♠❡tr♦s ❞❡ ❝❡r❝❛ ✉♠ ❢❛③❡♥❞❡✐r♦ ❞❡s❡❥❛ ❝✐r❝✉♥❞❛r ✉♠❛
ár❡❛ r❡t❛♥❣✉❧❛r ❥✉♥t♦ ❛ ✉♠ r✐♦ ♣❛r❛ ❝♦♥✜♥❛r ❛❧❣✉♥s ❛♥✐♠❛✐s✳ ◗✉❛✐s ❞❡✈❡♠ s❡r
❛s ♠❡❞✐❞❛s ❞♦ r❡tâ♥❣✉❧♦✱ q✉❡ ❛ ✜❣✉r❛ ✻ r❡♣r❡s❡♥t❛✱ ♣❛r❛ q✉❡ ❛ ár❡❛ ❝❡r❝❛❞❛
s❡❥❛ ❛ ♠❛✐♦r ♣♦ssí✈❡❧❄✑

❋✐❣✉r❛ ✻✿ ❆♣❧✐❝❛❜✐❧✐❞❛❞❡ ●❡♦♠étr✐❝❛

❋♦♥t❡✿Pró♣r✐♦ ❆✉t♦r

P❛r❛ s❡ r❡s♦❧✈❡r ❡ss❡ ♣r♦❜❧❡♠❛ ❞❡✈❡✲s❡ ✉t✐❧✐③❛r ❛s ❢ór♠✉❧❛s ❞♦ ♣❡rí♠❡tr♦ ❡
❞❛ ár❡❛ ❞❡ ✉♠ r❡tâ♥❣✉❧♦✳ P❛r❛ ♦ ♣❡rí♠❡tr♦ t❡♠♦s✿ 2P = 2x+ y = 80✱ ❛ss✐♠
y = 80− 2x P❛r❛ ❛ ár❡❛ t❡♠♦s✿ A = xy = x(80− 2x) = −2x2 + 80x

❯♠ ♦✉tr♦ ❡①❡♠♣❧♦ ❛♣❧✐❝❛❞♦ ❛ ❣❡♦♠❡tr✐❛ é ❛ ❢ór♠✉❧❛ ♣❛r❛ ❝á❧❝✉❧♦ ❞♦ ♥ú✲

♠❡r♦ ❞❡ ❞✐❛❣♦♥❛✐s ❞❡ ✉♠ ♣♦❧í❣♦♥♦ ❝♦♥✈❡①♦ d(n) =
n(n− 3)

2
=

n2 − 3n

2
=

n2

2
− 3n

2
✳

◆❛ ▼❛t❡♠át✐❝❛ ❋✐♥❛♥❝❡✐r❛

❈♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ♠❛①✐♠✐③❛r ♦ ❧✉❝r♦ ❞❡ ✉♠❛ ❡♠♣r❡s❛✱ ❝♦♠♦ ♠♦str❛❞♦
♣♦r ▲✐♠❛ ✭✷✵✶✸✱ ♣✳ ✶✸✹✮ ✏❯♠ r❡st❛✉r❛♥t❡ ❛ q✉✐❧♦ ✈❡♥❞❡ 100kg ❞❡ ❝♦♠✐❞❛ ♣♦r
❞✐❛✱ ❛ 12 r❡❛✐s ♦ q✉✐❧♦✳ ❯♠❛ ♣❡sq✉✐s❛ ❞❡ ♦♣✐♥✐ã♦ r❡✈❡❧♦✉ q✉❡✱ ♣♦r ❝❛❞❛ r❡❛❧
❞❡ ❛✉♠❡♥t♦ ♥♦ ♣r❡ç♦✱ ♦ r❡st❛✉r❛♥t❡ ♣❡r❞❡r✐❛ 10 ❝❧✐❡♥t❡s✱ ❝♦♠ ✉♠ ❝♦♥s✉♠♦
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♠é❞✐♦ ❞❡ 500g ❝❛❞❛✳ ◗✉❛❧ ❞❡✈❡ s❡r ♦ ✈❛❧♦r ❞♦ q✉✐❧♦ ❞❡ ❝♦♠✐❞❛ ♣❛r❛ q✉❡ ♦
r❡st❛✉r❛♥t❡ t❡♥❤❛ ❛ ♠❛✐♦r r❡❝❡✐t❛ ♣♦ssí✈❡❧❄✑✳

P❛r❛ s♦❧✉❝✐♦♥❛ ♦ ♣r♦❜❧❡♠❛ t❡♠✲s❡✿
❖ q✉✐❧♦ ❞❡ ❛❧✐♠❡♥t♦ ❝✉st❛ (12 + t) r❡❛✐s ❡ s❡rã♦ ✈❡♥❞✐❞♦s (10− 5t) q✉✐❧♦s

❞❡ ❛❧✐♠❡♥t♦s✳ ❖♥❞❡ t r❡♣r❡s❡♥t❛ ♦ ✈❛❧♦r q✉❡ s❡rá ❛❝r❡s❝❡♥t❛❞♦ ♥♦ ✈❛❧♦r ❞♦
q✉✐❧♦ ❞❡ ❛❧✐♠❡♥t♦✳ ❆ss✐♠ ❛ ❢ór♠✉❧❛ q✉❡ r❡♣r❡s❡♥t❛ ❛ r❡❝❡✐t❛ R é ♦ ♣r♦❞✉t♦
❡♥tr❡ ♦ ✈❛❧♦r ❞♦ q✉✐❧♦ ❞❡ ❛❧✐♠❡♥t♦ ❡ ❛ q✉❛♥t✐❞❛❞❡ q✉❡ s❡rá ✈❡♥❞✐❞❛✱ ♦✉ s❡❥❛✱
R(t) = (12 + t)(100− 5t) = −5t2 + 40t+ 1200

❊s♣♦rt❡

◆♦ ❡s♣♦rt❡ é ❛♣❧✐❝❛❞♦ ❝♦♠♦ ♥♦ ❡①❡♠♣❧♦ r❡t✐r❛❞♦ ❞♦ ❧✐✈r♦ ❞♦ ❉❛♥t❡ ♣á❣✐♥❛
✻✼✳

◆✉♠ ❝❛♠♣❡♦♥❛t♦ ❞❡ ❢✉t❡❜♦❧✱ ❝❛❞❛ ❝❧✉❜❡ ✈❛✐ ❥♦❣❛r ❞✉❛s ✈❡③❡s ❝♦♠ ♦✉tr♦✱
❡♠ t✉r♥♦ ❡ r❡t✉r♥♦✳ ❆ss✐♠✱ ♦ ♥✉♠❡r♦ ❞❡ ♣❛rt✐❞❛s ♣ ❞♦ ❝❛♠♣❡♦♥❛t♦ é ❞❛❞♦ ❡♠
❢✉♥çã♦ ❞♦ ♥✉♠❡r♦ n ❞❡ ❝❧✉❜❡s ♣❛rt✐❝✐♣❛♥t❡s✱ ❝♦♥❢♦r♠❡ ♥❛ t❛❜❡❧❛ ✶ ❛ s❡❣✉✐r✿

❚❛❜❡❧❛ ✶✿ ❚❛❜❡❧❛ ❞❡ P❛rt✐❞❛s

◆ú♠❡r♦ ❞❡ ❈❧✉❜❡s ✷ ✸ ✹ ✺ ✳✳✳ ♥
◆ú♠❡r♦ ❞❡ P❛rt✐❞❛s ✷✭✷✲✶✮ ✸✭✸✲✶✮ ✹✭✹✲✶✮ ✺✭✺✲✶✮ ✳✳✳ ♥✭♥✲✶✮

❢♦♥t❡✿P❡sq✉✐s❛

▲♦❣♦ ♣❡❧❛ t❛❜❡❧❛ t❡♠✲s❡ q✉❡ ♦ ♥ú♠❡r♦ ♣ ❞❡ ♣❛rt✐❞❛s é ❞❛❞♦ ♣♦r✿ P (n) =
n(n− 1) = n2 − n

◆❛ ❋ís✐❝❛ ❝♦♠ ❱ár✐❛s ❆♣❧✐❝❛çõ❡s

❯♠❛ ❞❡❧❛s é ♥♦ ♠♦✈✐♠❡♥t♦ ✉♥✐❢♦r♠❡♠❡♥t❡ ✈❛r✐❛❞♦ q✉❡ ♣❛r❛ ❨♦✉♥❣ ❡ ❋r❡❡❞✲

♠❛♥ ✭✷✵✵✸✱ ♣✳ ✹✶✮ ❛ ❢✉♥çã♦ ❤♦rár✐❛ x = x0 + v0t +
at2

2
✱ ♦♥❞❡ x r❡♣r❡s❡♥t❛

❛s ❞✐✈❡rs❛s ♣♦s✐çõ❡s ♦❝✉♣❛❞❛s ♣❡❧♦ ♠ó✈❡❧✱ v0 r❡♣r❡s❡♥t❛ ❛ ✈❡❧♦❝✐❞❛❞❡ ✐♥✐❝✐❛❧
❞♦ ❝♦r♣♦✱ a ❛ ❝❡❧❡r❛çã♦ ❞♦ ♠ó✈❡❧ ❡ t ♦ ✐♥st❛♥t❡✱ só ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ♣❛r❛
♠♦✈✐♠❡♥t♦s ❝♦♠ ❛❝❡❧❡r❛çã♦ ❝♦♥st❛♥t❡✳

▲✐♠❛ ✭✷✵✶✻✮ ♠♦str❛ ✉♠❛ ❣r❛♥❞❡ ❛♣❧✐❝❛çã♦ ❞❛ ❢✉♥çã♦ ❞❡ s❡❣✉♥❞♦ ❣r❛✉ ♥❛
❢ís✐❝❛✱ q✉❡ é ♦ ❧❛♥ç❛♠❡♥t♦ ♦❜❧íq✉♦✳ ❆ss✉♥t♦ q✉❡ ❡stá ❡♠ t♦❞♦s ♦s ❧✐✈r♦s ❞❡
❢ís✐❝❛ ❞♦ ✶♦ ❛♥♦ ❞♦ ❡♥s✐♥♦ ♠é❞✐♦ ❡ q✉❡ é ♦ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ♥❡st❡ tr❛❜❛❧❤♦
❛♣❧✐❝❛❞♦ ❛♦ ❧❛♥ç❛♠❡♥t♦ ❞❡ ❢♦❣✉❡t❡s ❞❡ ❣❛rr❛❢❛s P❊❚✳

❆♦ s❡ ❧❛♥ç❛r q✉❛❧q✉❡r ♦❜❥❡t♦ ♦❜❧✐q✉❛♠❡♥t❡ ❝♦♠ ✉♠❛ ✈❡❧♦❝✐❞❛❞❡ ✐♥✐❝✐❛❧✱
q✉❡ s❡rá ❝❤❛♠❛❞❛ ❛q✉✐ ❞❡ ✈❡❧♦❝✐❞❛❞❡ v✱ ❡st❡ ✜❝❛ s✉❥❡✐t♦ ❛ ❢♦rç❛ ❣r❛✈✐t❛❝✐♦♥❛❧
q✉❡ ❛❣❡ ú♥✐❝❛ ❡ ❡①❝❧✉s✐✈❛♠❡♥t❡ ♥♦ ❡✐①♦ ✈❡rt✐❝❛❧✳ P♦rt❛♥t♦ ♦ ♠♦✈✐♠❡♥t♦ ❡①❡✲
❝✉t❛❞♦ ♣❡❧♦ ♣r♦❥❡t✐❧ ♥❛ ✈❡rt✐❝❛❧ é ✉♥✐❢♦r♠❡♠❡♥t❡ ✈❛r✐❛❞♦ r❡❣✐❞♦ ♣❡❧❛ ❢✉♥çã♦

❤♦rár✐❛ y =
gt2

2
+ v2t✱ ❡♠ q✉❡ v2 é ❛ ❝♦♠♣♦♥❡♥t❡ ✈❡rt✐❝❛❧ ❞❡ v✳

✷✺



❈♦♠♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❋✉❦❡✱ ❙❤✐❣❡❦✐②♦ ❡ ❨❛♠❛♠♦t♦ ✭✷✵✵✼✮ ♦ ❧❛♥ç❛♠❡♥t♦
♦❜❧íq✉♦ é ✉♠ ♠♦✈✐♠❡♥t♦ ❝♦♠♣♦st♦ ❛♣r❡s❡♥t❛♥❞♦ ❝♦♠♣♦♥❡♥t❡s ♥❛ ❤♦r✐③♦♥t❛❧
❡ ✈❡rt✐❝❛❧ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ✜❣✉r❛ ✼✳ ❖ ♠♦✈✐♠❡♥t♦ ❞❛ ❤♦r✐③♦♥t❛❧ é ✉♥✐❢♦r♠❡
♣♦✐s ❛ ú♥✐❝❛ ❢♦rç❛ ❛t✉❛♥t❡✱ q✉❡ é ❛ ❣r❛✈✐t❛❝✐♦♥❛❧✱ ♥ã♦ ❛❣❡ ♥❛ ❤♦r✐③♦♥t❛❧✳
P♦rt❛♥t♦ ♦ ❡✐①♦ x ♦❜❡❞❡❝❡ ❛ ❢✉♥çã♦ ❤♦r❛r✐❛ x = v1t✱ ❡♠ q✉❡ v1 é ❛ ❝♦♠♣♦♥❡♥t❡
❤♦r✐③♦♥t❛❧ ❞❡ v✳

❋✐❣✉r❛ ✼✿ ▲❛♥ç❛♠❡♥t♦ ❖❜❧íq✉♦

❋♦♥t❡✿Pró♣r✐♦ ❆✉t♦r

❆s ❝♦♠♣♦♥❡♥t❡ v1 ❡ v2✱ sã♦ ❡♥❝♦♥tr❛❞❛s ❛♣❧✐❝❛♥❞♦✲s❡ ❛s r❛③õ❡s tr✐❣♦♥♦♠é✲
tr✐❝❛s ❞♦ tr✐â♥❣✉❧♦ r❡tâ♥❣✉❧♦✱ s❡♥♦ ❡ ❝♦ss❡♥♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ♦ ✈❡t♦r ✈❡❧♦❝✐❞❛❞❡
v ❝♦♠♦ ❤✐♣♦t❡♥✉s❛ ❡ v1 ❡ v2 ❝♦♠♦ ❝❛t❡t♦s ❞♦ tr✐â♥❣✉❧♦ r❡♣r❡s❡♥t❛❞♦ ♥❛ ✜❣✉r❛
✽ ❛❜❛✐①♦✳

✷✻



❋✐❣✉r❛ ✽✿ ❈♦♠♣♦♥❡♥t❡s ❞❡ ✈

❋♦♥t❡✿Pró♣r✐♦ ❆✉t♦r

❊♥tã♦ v1 = v · cosα ❡ v2 = v · sinα✱ ❡♠ q✉❡ α é ♦ â♥❣✉❧♦ ❢♦r♠❛❞♦ ❡♥tr❡
❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❧❛♥ç❛♠❡♥t♦ ❡ ♦ ❡✐①♦ ❤♦r✐③♦♥t❛❧✳ ❆ss✐♠ ❛ ❛❧t✉r❛ (y) ❞♦ ❝♦r♣♦

❧❛♥ç❛❞♦ ♦❜❧✐q✉❛♠❡♥t❡ ❡♠ q✉❛❧q✉❡r ✐♥st❛♥t❡ é ❞❛❞♦ ♣♦r y =
gt2

2
+ v2t ❡♠

q✉❡ ❛ ❛❝❡❧❡r❛çã♦ ❞❛ ❣r❛✈✐❞❛❞❡ ❞❡✈❡ s❡r ❝♦♥s✐❞❡r❛❞❛ ♥❡❣❛t✐✈❛ ♣♦✐s ❡❧❛ ❛❣❡ ♥♦
s❡♥t✐❞♦ ❝♦♥trár✐♦ ❛♦ ❝r❡s❝✐♠❡♥t♦ ❞❛s ♣♦s✐çõ❡s ❞♦ ❡✐①♦ ✈❡rt✐❝❛❧✳

❖✉tr❛s ❛♣❧✐❝❛çõ❡s ❝♦♠ ♠✉✐t❛ ✉t✐❧✐❞❛❞❡ ❡♠ ♥♦ss♦ ❝♦t✐❞✐❛♥♦ sã♦ ❛s ❧❛♥t❡r♥❛s
❡ ❢❛ró✐s ❞❡ ❛✉t♦♠ó✈❡✐s q✉❡ ✉t✐❧✐③❛♠ ❛ ❢♦r♠❛ ❞♦ ❣rá✜❝♦ ❞❛ ❢✉♥çã♦ q✉❛❞rát✐❝❛
❝♦♠♦ ❛✉①✐❧✐♦ ♣❛r❛ ❢♦❝❛r ❛ ❧✉③ ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♣♦♥t♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠
❋✉❦❡✱ ❙❤✐❣❡❦✐②♦ ❡ ❨❛♠❛♠♦t♦ ✭✷✵✵✼✮ ❛s ❧â♠♣❛❞❛s ❞❡✈❡♠ s❡r ❝♦❧♦❝❛❞❛s ♥♦ ❢♦❝♦
♣r✐♥❝✐♣❛❧ ❞♦ ❡s♣❡❧❤♦ ❡s❢ér✐❝♦ ❝ô♥❝❛✈♦✱ q✉❡ ❛♣r❡s❡♥t❛ ❛ ❢♦r♠❛ ❞❡ ✉♠❛ ♣❛rá❜♦❧❛✱
♣❛r❛ q✉❡ q✉❛♥❞♦ ♦s r❛✐♦s ❞❡ ❧✉③ ❡♠✐t✐❞♦s ♣❡❧❛ ❧â♠♣❛❞❛ ❛♦ s❡ ❝❤♦❝❛r❡♠ ❝♦♠
❛ ❝❛❧♦t❛ ❡s❢ér✐❝❛ s❡❥❛♠ r❡✢❡t✐❞♦s ❞❡ ❢♦r♠❛ ♣❛r❛❧❡❧❛ ✉♠ ❡♠ r❡❧❛çã♦ ❛♦ ♦✉tr♦✱
♠❛①✐♠✐③❛♥❞♦ ❛ss✐♠ ❛ ✐❧✉♠✐♥❛çã♦ ❞♦ ♣♦♥t♦ ❛ s❡r ✐❧✉♠✐♥❛❞♦✱ ❝♦♠♦ ♠♦str❛❞♦
♥❛ ✜❣✉r❛ ✾✳

✷✼



❋✐❣✉r❛ ✾✿ ❊s♣❡❧❤♦ ❈♦♥❝❛✈♦

❋♦♥t❡✿❙✐t❡ ❙ó ❋ís✐❝❛✱ ✷✵✵✽

❇❛s❡❛❞♦ ♥❛s ♣r♦♣r✐❡❞❛❞❡s ❞♦s ❡s♣❡❧❤♦s ❡s❢ér✐❝♦s ❞❡ ●❛✉ss✱ q✉❡ ❞✐③✿ ❖s
r❛✐♦s ❛♦ ✐♥❝✐❞✐r❡♠ ♥♦ ❡s♣❡❧❤♦ ♣❛r❛❧❡❧♦s ❛♦ ❡✐①♦ ♣r✐♥❝✐♣❛❧ sã♦ r❡✢❡t✐❞♦s ♣❛s✲
s❛♥❞♦ ♣❡❧♦ ❢♦❝♦ ❞♦ ❡s♣❡❧❤♦ ❡ s❡ ✐♥❝✐❞✐r❡♠ ♣❛ss❛♥❞♦ ♣❡❧♦ ❢♦❝♦ s❡rã♦ r❡✢❡t✐❞♦s
♣❛r❛❧❡❧♦s ❛♦ ❡✐①♦ ♣r✐♥❝✐♣❛❧✳

❈♦♥❢♦r♠❡ ❋✉❦❡✱ ❙❤✐❣❡❦✐②♦ ❡ ❨❛♠❛♠♦t♦ ✭✷✵✵✼✱ ♣✳ ✷✶✹✮ ❛ ❝❤❛♠❛ ❞❛ ♣✐r❛
♦❧í♠♣✐❝❛ é ❛❝❡s❛ ❝♦♠ ♦ ✉s♦ ❞❡ ✉♠ ❡s♣❡❧❤♦ ❡s❢ér✐❝♦ ❝ô♥❝❛✈♦✳ ❊♠ q✉❡ s❡ ❝♦❧♦❝❛
❛ t♦❝❤❛ ❡①❛t❛♠❡♥t❡ ♥♦ ❢♦❝♦ ❞♦ ❡s♣❡❧❤♦ ❝ô♥❝❛✈♦ ❡ ♦s r❛✐♦s ♣r♦✈❡♥✐❡♥t❡s ❞♦ s♦❧
sã♦ r❡✢❡t✐❞♦s ❡ ❞✐r❡❝✐♦♥❛❞♦s ❛♦ ❢♦❝♦ ❞♦ ❡s♣❡❧❤♦✳

❈♦♠ ❡ss❛ ♠❡s♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❢✉♥❝✐♦♥❛ ❛s ❛♥t❡♥❛s ♣❛r❛❜ó❧✐❝❛s ❞❡ t✈ ❡ ❛s
❛♥t❡♥❛s ❞❡ rá❞✐♦✳ ❊ ✉♠❛ ✐♠♣♦rt❛♥t❡ ❛♣❧✐❝❛çã♦ sã♦ ♦s t❡❧❡s❝ó♣✐♦s r❡✢❡t♦r❡s
q✉❡ sã♦ ✉t✐❧✐③❛❞♦s ❡♠ ♣❡sq✉✐s❛ ❛str♦♥ô♠✐❝❛✳

■♥✈❡♥çã♦ ❞❡ ■s❛❛❝ ◆❡✇t♦♥ ♥♦ sé❝✉❧♦ ❳❱■■✱ q✉❡ s❡r✈✐✉ ❝♦♠♦ ✉♠❛ ❛❧t❡r✲
♥❛t✐✈❛ ❡♠ r❡❧❛çã♦ ❛♦s t❡❧❡s❝ó♣✐♦ r❡❢r❛t♦r❡s q✉❡ ❝❛✉s❛✈❛♠ ♠✉✐t❛s ❛❜❡rr❛çõ❡s
❝r♦♠át✐❝❛s ✭✐♠❛❣❡♥s ❞✐st♦r❝✐❞❛s✮✳ ❖s t❡❧❡s❝ó♣✐♦s r❡✢❡t♦r❡s t❛♠❜é♠ ❝❛✉s❛♠
♠✉✐t❛s ❛❜❡rr❛çõ❡s ❝r♦♠át✐❝❛s✱ ♠❛s sã♦ ♦s q✉❡ ♠❡❧❤♦r❡s ❢✉♥❝✐♦♥❛♠ ♣❛r❛ ❝❛♣✲
t✉r❛r ✐♠❛❣❡♥s à ❞✐stâ♥❝✐❛s ✐♥✜♥✐t❛s✳
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❋✐❣✉r❛ ✶✵✿ ❚❡❧❡s❝ó♣✐♦ ❞❡ ◆❡✇t♦♥

❋♦♥t❡✿❙✐t❡ ❲✐❦✐♣❡❞✐❛✱ ✷✵✶✽

❖ ❞✐❛❣r❛♠❛ ❛❝✐♠❛✱ r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ ✜❣✉r❛ ✶✵✱ ✐❧✉str❛ ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦
❞❡ ✉♠ t❡❧❡s❝ó♣✐♦ r❡✢❡t♦r ♥♦s ♠♦❧❞❡s ❞❡ ◆❡✇t♦♥ ❝♦♠ ♦ ✉s♦ ❞❡ ✉♠ ❡s♣❡❧❤♦
❡s❢ér✐❝♦ ❡ ✉♠ ♣❧❛♥♦✳

✷✳✺ ▼♦❞❡❧❛❣❡♠ ▼❛t❡♠át✐❝❛

❉❡ ❛❝♦r❞♦ ❝♦♠ ▲♦r❡♥③❛t♦ ✭✷✵✶✵✱ ♣✳ ✸✮ ✧❞❛r ❛✉❧❛s é ❞✐❢❡r❡♥t❡ ❞❡ ❡♥s✐♥❛r✳
❊♥s✐♥❛r é ❞❛r ❝♦♥❞✐çõ❡s ♣❛r❛ q✉❡ ♦ ❛❧✉♥♦ ❝♦♥str✉❛ s❡✉ ♣ró♣r✐♦ ❝♦♥❤❡❝✐♠❡♥t♦✳
❱❛❧❡ s❛❧✐❡♥t❛r ❛ ❝♦♥❝❡♣çã♦ ❞❡ q✉❡ ❤á ❡♥s✐♥♦ s♦♠❡♥t❡ q✉❛♥❞♦✱ ❡♠ ❞❡❝♦rrê♥❝✐❛
❞❡❧❡ ❤♦✉✈❡r ❛♣r❡♥❞✐③❛❣❡♠✑✳ ❆tr❛✈és ❞❡st❛ ❝✐t❛çã♦ ❡♥t❡♥❞❡✲s❡ q✉❡ ❡①✐st❡♠
❞✉❛s ❢♦r♠❛s ❞❡ s❡ tr❛♥s♠✐t✐r ❝♦♥t❡ú❞♦s ♣❛r❛ ♦s ❛❧✉♥♦s✿ ✏❞❛r ❛✉❧❛s✑ ❡ ✏❡♥s✐♥❛r✑✳

❉❛r ❛✉❧❛s é ❛❧❣♦ s✐♠♣❧❡s ❡ s✉♣❡r✜❝✐❛❧✳ ➱ ❛❧❣♦ ❞❡s❝❛rtá✈❡❧ ❡ s✉❛ ♣rát✐❝❛
t❡♠ ❣r❛♥❞❡ ❢r❡q✉ê♥❝✐❛ ♥♦ ♠❡✐♦ ❡s❝♦❧❛r✳ ▼✉✐t♦s ♣r♦✜ss✐♦♥❛✐s ❞❡ ❡❞✉❝❛çã♦✱ ♣♦r
♠♦t✐✈♦s ❞✐✈❡rs♦s✱ ❛❝❛❜❛♠ ❛❞♦t❛♥❞♦ ❡st❛ ♣rát✐❝❛ ❞❡ ♠❛♥❡✐r❛ ✐♠♣❡r❝❡♣tí✈❡❧ ♦✉
❛té ♠❡s♠♦ ♣❡r❝❡♣tí✈❡❧✳

❯♠ ❞♦s ♠♦t✐✈♦s q✉❡ ♣♦❞❡ ❧❡✈❛r ♣r♦❢❡ss♦r❡s ❛ ❡ss❛ ♣rát✐❝❛✱ ✉♠ t❛♥t♦ ♥❡❣❛✲
t✐✈❛✱ é ♦ t❡♠♣♦ ❞❡ s❡r✈✐ç♦✳ ❈♦♠ ♦ ♣❛ss❛r ❞♦s ❛♥♦s ❡♠ s❛❧❛ ❞❡ ❛✉❧❛✱ ♦ ❝❛♥s❛ç♦
♣♦❞❡ ❢❛③❡r ❝♦♠ q✉❡ ♦ r❡❧❛①❛♠❡♥t♦ ❝♦♠ ❛ ♣r♦✜ssã♦ ❛♣❛r❡ç❛ ❡ ❝♦♥s❡q✉❡♥t❡✲
♠❡♥t❡ ♦ ✏❞❛r ❛✉❧❛s✑ s❡ t♦r♥❛ ♠❛✐s ❛❝❡ssí✈❡❧✳

❊①✐st❡♠ ♣r♦❢❡ss♦r❡s q✉❡ ❝❛ír❛♠ s❡♠ q✉❡r❡r ♥❛ ♣r♦✜ssã♦✳ P❡ss♦❛s q✉❡
s♦♥❤❛✈❛♠ ❡♠ s❡r ♣r♦✜ss✐♦♥❛✐s ❞❡ ♦✉tr❛s ár❡❛s✳ ➪r❡❛s✱ às ✈❡③❡s✱ s❡♠ ♥❡♥❤✉♠❛
r❡❧❛çã♦ ❝♦♠ ❡❞✉❝❛çã♦✳ ▼❛s s❡✉s s♦♥❤♦s✱ ♣♦r ❛❧❣✉♠ ♠♦t✐✈♦✱ ♥ã♦ ♣✉❞❡r❛♠ s❡r
❝♦♥❝r❡t✐③❛❞♦s ❡ ❜✉s❝❛r❛♠ ♦✉tr❛ ár❡❛ ♣❛r❛ tr❛❜❛❧❤❛r✳ ❊♥tã♦ ❡s❝♦❧❤❡r❛♠ s❡r
❡❞✉❝❛❞♦r❡s ❝♦♠♦ ✈á❧✈✉❧❛ ❞❡ ❡s❝❛♣❡✳ ❊ss❡ t❛♠❜é♠ é ✉♠ ❞♦s ♠♦t✐✈♦s q✉❡
❝♦♥tr✐❜✉❡♠ ♣❛r❛ ❛ ❡①✐stê♥❝✐❛ ❞♦ ✏❞❛r ❛✉❧❛✑✳

❖✉tr♦ ♠♦t✐✈♦ q✉❡ ❧❡✈❛ ♣r♦❢❡ss♦r❡s ❛ ❝❛✐r ♥❛ ♣rát✐❝❛ ❞♦ ✏❞❛r ❛✉❧❛✑✱ é ❛
❞❡s❝♦❜❡rt❛ ❞❛ ♣r♦✜ssã♦✳ Pr♦❢❡ss♦r❡s q✉❡ s♦♥❤❛✈❛♠ ❝♦♠ ❡ss❛ ♣r♦✜ssã♦✱ s♦✲
♥❤❛✈❛♠ ❡♠ s❡r ❝♦♠♦ s❡✉s ♠❡❧❤♦r❡s ♣r♦❢❡ss♦r❡s✱ ✜③❡r❛♠ ✉♠ ❜♦♠ ❝✉rs♦ s✉♣❡✲
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r✐♦r✱ ♠♦t✐✈❛çã♦ ♥✉♥❝❛ ❢❛❧t❛ ♣❛r❛ ❡①❡r❝❡r s❡✉s ❝❛r❣♦s ❝♦♠♦ ❡❞✉❝❛❞♦r❡s✳ ▼❛s
♣❡r❝❡❜❡r❛♠ q✉❡ ♦ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠ s❡ r❡♥♦✈❛ ❛ ❝❛❞❛ ❞✐❛✱ q✉❡ ❛ ♣❡sq✉✐s❛
é ❝♦♥st❛♥t❡ ♥❛ ✈✐❞❛ ♣r♦✜ss✐♦♥❛❧✱ q✉❡ ❞❡✈❡♠ s❡♠♣r❡ ❜✉s❝❛r ♥♦✈♦s ♠ét♦❞♦s ❞❡
❡♥s✐♥♦ ❡ q✉❡ t✉❞♦ ✐ss♦ é ♠✉✐t♦ ❝❛♥s❛t✐✈♦✳

P♦r ♦✉tr♦ ❧❛❞♦✱ ❡♥s✐♥❛r ♣♦ss✉✐ ❛ ♠❛❣✐❛ ❞❛ ❡❞✉❝❛çã♦✳ ➱ ♦♥❞❡ t♦❞♦ ❡❞✉❝❛✲
❞♦r s❡ s❛t✐s❢❛③✱ ♦♥❞❡ ♦ ♣r♦❢❡ss♦r s❡ r❡♥♦✈❛✳

❊♥s✐♥❛r ❡♥✈♦❧✈❡ ♦ ❡st✉❞♦ ❡ ❛ ❜✉s❝❛ ♣♦r ♠❡t♦❞♦❧♦❣✐❛s ❞✐❢❡r❡♥t❡s✱ ❜✉s❝❛♥❞♦
♦ s✉❝❡ss♦ ❞♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠✳ ❋❛③❡r ❝♦♠ q✉❡ ♦ ❛❧✉♥♦ t❡♥❤❛
❝♦♥❞✐çõ❡s ❞❡ ❝♦♥str✉✐r s❡✉ ♣ró♣r✐♦ ❝♦♥❤❡❝✐♠❡♥t♦✳

P❛rt✐♥❞♦ ❞♦ ♣r❡ss✉♣♦st♦ q✉❡ só s❡ ♣♦❞❡ ❡♥s✐♥❛r ❛q✉✐❧♦ q✉❡ s❡ s❛❜❡✱ ♦
♣r♦❢❡ss♦r t❡♠ q✉❡ ♥♦ ♠í♥✐♠♦ s❡r ✉♠ ❣r❛♥❞❡ ♣❡sq✉✐s❛❞♦r ♥❛ s✉❛ ár❡❛ ❞❡
❛t✉❛çã♦✳ ✏❈♦♥s✐❞❡r❛♥❞♦ q✉❡ ♥✐♥❣✉é♠ ❝♦♥s❡❣✉❡ ❡♥s✐♥❛r ♦ q✉❡ ♥ã♦ s❡ s❛❜❡✱
❞❡❝♦rr❡ q✉❡ ♥✐♥❣✉é♠ ❛♣r❡♥❞❡ ❝♦♠ ❛q✉❡❧❡ q✉❡ ❞á ❛✉❧❛s s♦❜r❡ ♦ q✉❡ ♥ã♦ ❝♦✲
♥❤❡❝❡✑✭▲❖❘❊◆❩❆❚❖✱ ✷✵✶✵✱ ♣✳ ✸✮✳

❖ ♣r♦❢❡ss♦r ❞❡✈❡ ❝♦♥❤❡❝❡r s✉❛ ❞✐s❝✐♣❧✐♥❛✱ ❡ ✐ss♦ é ❢r✉t♦ ❞❡ ♠✉✐t♦ ❡st✉❞♦✳
❚❡♥❞♦ ❢❡✐t♦ ❛ s✉❛ ♣❛rt❡✱ ❡st✉❞❛r✱ ❡st❛rá s❡❣✉r♦ ❡♠ s✉❛s ❛✉❧❛s ❞♦ q✉❡ ❞❡s❡❥❛
❡①❡❝✉t❛r ❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡st❛rá ❜❡♠ ❡♥❝❛♠✐♥❤❛❞♦✳ ❙❡ ♥ã♦✱ ❡❧❡ ♥ã♦
♣❛ss❛rá ❝♦♥✜❛♥ç❛ ❛ s❡✉s ❛❧✉♥♦s✳ ◗✉❛♥❞♦ ♦ ♣r♦❢❡ss♦r ♥ã♦ t❡♠ ♣❧❡♥♦ ❞♦♠í♥✐♦
❞❡ s✉❛ ❞✐s❝✐♣❧✐♥❛✱ ❡❧❡ ❡①❛❧❛ ✐♥s❡❣✉r❛♥ç❛ ❡ ❞❡s❝♦♥✜❛♥ç❛✳ ➱ ♣❡r❝❡♣tí✈❡❧ q✉❡ ♥ã♦
t❡♥❤❛ ❞♦♠í♥✐♦ ♣❧❡♥♦ ❞♦ q✉❡ ❞❡s❡❥❛ ❡♥s✐♥❛r✳

▼❡s♠♦ q✉❡ ♦ ❡❞✉❝❛❞♦r t❡♥❤❛ ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♥❡❝❡ssár✐♦ ❞♦ q✉❡ ❞❡s❡❥❛
❡♥s✐♥❛r✱ ✐ss♦ ♥ã♦ ❣❛r❛♥t❡ ♦ s✉❝❡ss♦ ♥♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❡ ❛♣r❡♥❞✐③❛❣❡♠✳
P♦✐s ♦ ê①✐t♦ ❞❡♣❡♥❞❡ ❞❡ ❞♦✐s ✐♠♣♦rt❛♥t❡s tó♣✐❝♦s✿ ✏♦ q✉❡✑ ❛♣r❡♥❞❡r ❡ ♦ ✏❝♦♠♦✑
❛♣r❡♥❞❡r✳ ❖ ♣r✐♠❡✐r♦ é ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❛ s❡r tr❛♥s♠✐t✐❞♦✱ ♦ ❝♦♥t❡ú❞♦ ❛
s❡r ❡♥s✐♥❛❞♦✳ ❖ s❡❣✉♥❞♦ ❡stá r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ♦ ✏❝♦♠♦✑ ❡♥s✐♥❛r✱ ♣♦rt❛♥t♦
é r❡❢❡r❡♥t❡ à ♠❛♥❡✐r❛ ❝♦♠♦ ♦ ❝♦♥t❡ú❞♦ s❡rá tr❛♥s♠✐t✐❞♦✱ ❛ ❛❜♦r❞❛❣❡♠✱ ♦
♠ét♦❞♦✳

❉❛ ❢♦r♠❛ q✉❡ s❡ ♠♦str❛♠ ♦s r❡s✉❧t❛❞♦s ❛t✉❛✐s ❞❛ ♠❛t❡♠át✐❝❛ ♥❛s ✐♥st✐t✉✐✲
çõ❡s ❞❡ ❡♥s✐♥♦✱ ❡❧❛ s❡ ❛♣r❡s❡♥t❛ s❡♥❞♦ ✉♠ ✏❜✐❝❤♦ ♣❛♣ã♦✑✱ ❞❡✈✐❞♦ ❛ q✉❛♥t✐❞❛❞❡
❞❡ ❛❧✉♥♦s q✉❡ ✜❝❛♠ ❞❡ r❡❝✉♣❡r❛çã♦ ❡ ❛té ♠❡s♠♦ r❡♣r♦✈❛❞♦s✱ ♥♦s ❧❡✈❛ ❛ q✉❡s✲
t✐♦♥❛r ♦s ♠ét♦❞♦s ❛♣❧✐❝❛❞♦s ♣❛r❛ tr❛♥s♠✐ssã♦ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ▲✐♠❛ ✭✶✾✾✾✱ ♣✳ ✶✮ ✏♦ ❡♥s✐♥♦ ❞❛ ▼❛t❡♠át✐❝❛ ❞❡✈❡ ❛❜r❛♥✲
❣❡r três ❝♦♠♣♦♥❡♥t❡s ❢✉♥❞❛♠❡♥t❛✐s✱ q✉❡ s❡rã♦ ❝❤❛♠❛❞❛s ❞❡ ❈♦♥❝❡✐t✉❛çã♦✱
▼❛♥✐♣✉❧❛çã♦ ❡ ❆♣❧✐❝❛çõ❡s✑✳ ❆ ♣r✐♠❡✐r❛ ❝♦♠♣♦♥❡♥t❡ é r❡❢❡r❡♥t❡ ❛♦ tr❛❜❛❧❤♦
♣r♦♣r✐❛♠❡♥t❡ ❞✐t♦ ❞♦ ♣r♦❢❡ss♦r ❞❡ ♠❛t❡♠át✐❝❛✱ sã♦ ❛s ❛✉❧❛s t❡ór✐❝❛s ♦♥❞❡ sã♦
❛♣r❡s❡♥t❛❞❛s ❛s ❞❡✜♥✐çõ❡s✱ ♦♥❞❡ sã♦ ❢❡✐t❛s ❛s ❞❡♠♦♥str❛çõ❡s ❞❛s ❢ór♠✉❧❛s ❡
♦♥❞❡ s❡ ❜✉s❝❛ r❡❧❛❝✐♦♥❛r ♦s ❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s ❝♦♠ ♦s ❝♦♥❤❡❝✐♠❡♥t♦s tr❛✲
③✐❞♦s ♣❡❧♦s ❛❧✉♥♦s✳ ❆ s❡❣✉♥❞❛ é ❛ ❛♣❧✐❝❛çã♦ ❞❛ ♣r✐♠❡✐r❛ ❝♦♠♣♦♥❡♥t❡ ❛tr❛✈és
❞❡ ❛t✐✈✐❞❛❞❡s✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ✜①❛r ♦ ❝♦♥t❡ú❞♦ ♥❛ ♠❡♥t❡ ❞♦s ❡❞✉❝❛♥❞♦s✱
❡♠ q✉❡ ♦s ❛❧✉♥♦s ❞❡✈❡♠ ✉t✐❧✐③❛r ♦s ❝♦♥❝❡✐t♦s ❡ ❢ór♠✉❧❛s q✉❡ ❢♦r❛♠ ❡st❛❜❡❧❡❝✐✲
❞♦s ♥❛ ❝♦♠♣♦♥❡♥t❡ ✐♥✐❝✐❛❧✳ ➱ ♦ tr❡✐♥❛♠❡♥t♦ ❛tr❛✈és ❞❡ r❡♣❡t✐çõ❡s✳ ❊ ❛ ú❧t✐♠❛

✸✵



❝♦♠♣♦♥❡♥t❡ é ✉t✐❧✐③❛r✱ ♥♦ ❞✐❛ ❛ ❞✐❛✱ ❛s ❞❡✜♥✐çõ❡s ❡ t❡♦r✐❛s ♠❛t❡♠át✐❝❛s ❡♠
s✐t✉❛çõ❡s q✉❡ ✈ã♦ ❞❛s ♠❛✐s s✐♠♣❧❡s ❛té ♦s ♠❛✐s ❝♦♠♣❧❡①♦s ❡♥✈♦❧✈❡♥❞♦ ♦✉tr❛s
ár❡❛s ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦✳

P❛r❛ ❘✐❜❡✐r♦ ✭✷✵✶✼✱ ♣✳ ✶✼✮

P♦❞❡✲s❡ ✐❞❡♥t✐✜❝❛r ❡ss❛ ❡str✉t✉r❛ ❝♦♠♦ ❛ ♠❡s♠❛ ♣r❡s❡♥t❡ ♥♦s ❧✐✈r♦s ❞✐❞á✲

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

♣❛rt❡ ❞♦s ♣r♦❢❡ss♦r❡s✳ P♦ré♠✱ ❡ss❛ ♠❡t♦❞♦❧♦❣✐❛ t❡♠ ❣❡r❛❞♦ r❡s✉❧t❛❞♦s

✐♥s❛t✐s❢❛tór✐♦s ♣❛r❛ ♦ ❡♥s✐♥♦ ❞❛ ▼❛t❡♠át✐❝❛✳ ❊ ✐ss♦ ❞❡❝♦rr❡ t❛♠❜é♠ ❞❛

♣♦✉❝❛ ê♥❢❛s❡ ♥♦ tr❛t❛♠❡♥t♦ ❡ ✉s♦ ❞❡ s✐t✉❛çõ❡s ❝♦♠ ♠❛✐s ❛♣❧✐❝❛❜✐❧✐❞❛❞❡✳

❊♥t❡♥❞❡✲s❡ ❛tr❛✈és ❞❡ss❛ ❝✐t❛çã♦ q✉❡ ❡st❛ ♠❛♥❡✐r❛ ❞❡ ❡♥s✐♥❛r ♠❛t❡♠á✲
t✐❝❛ ❡st❛ ❜❡♠ ✉❧tr❛♣❛ss❛❞❛✱ ♣♦✐s ♦s r❡s✉❧t❛❞♦s ❛♣r❡s❡♥t❛❞♦s sã♦ ✉♠ t❛♥t♦
♥❡❣❛t✐✈♦s✳ P♦✐s✱ ❛♦ s❡❣✉✐r ♦ ♠ét♦❞♦ ❞♦s ❧✐✈r♦s ❞❡✐①❛✲s❡ ❛ ❞❡s❡❥❛r ♥♦ q✉❡s✐t♦
❡①♣❡r✐♠❡♥t❛çã♦✳ ◆♦ q✉❡ é ❝♦♥trár✐♦ ❛♦ q✉❡ ❞✐③ ❛ ❛♥t✐❣❛ s❛❜❡❞♦r✐❛ ♣♦♣✉❧❛r✿
✏é ❢❛③❡♥❞♦ q✉❡ s❡ ❛♣r❡♥❞❡✑✳

❖ ❡①♣❡r✐♠❡♥t♦ s❡♠♣r❡ ❡st❡✈❡ ❡ s❡♠♣r❡ ❡st❛rá ♣r❡s❡♥t❡ ❡♠ ♥♦ss❛s ✈✐❞❛s✳
▼✉✐t❛s ❞❛s ❝♦✐s❛s q✉❡ ❢♦r❛♠ ❛♣r❡♥❞✐❞❛s✱ é ♦✉ s❡rá r❡s✉❧t❛❞♦ ❞❛ ❡①♣❡r✐♠❡♥t❛✲
çã♦✳ ❯♠❛ ❝r✐❛♥ç❛ ♣❛r❛ ❛♣r❡♥❞❡r ❛ ❛♥❞❛r ❞❡✈❡ ❡①♣❡r✐♠❡♥t❛r✱ ♠❡s♠♦ ❝♦rr❡♥❞♦
♦ r✐s❝♦ ❞❡ ❝❛✐r ❡ s❡ ♠❛❝❤✉❝❛r❀ ♣❛r❛ ✉♠❛ ❝r✐❛♥ç❛ ❛♣r❡♥❞❡r ❛ ❛♥❞❛r ❞❡ ❜✐❝✐❝❧❡t❛
❞❡✈❡ t❛♠❜é♠ ❡①♣❡r✐♠❡♥t❛r ❡ s❡ ❝♦❧♦❝❛r ❡♠ ♣❡r✐❣♦ ❞❡ s❡ ♠❛❝❤✉❝❛r✳ ❊ss❡s sã♦
❞♦✐s ❡①❡♠♣❧♦s ❞❡ q✉❡ ♦ ❛♣r❡♥❞✐③❛❞♦ ❛❝♦♥t❡❝❡ ♣♦r ♠❡✐♦ ❞❛ ❡①♣❡r✐♠❡♥t❛çã♦ ❡
q✉❡ ❝♦♠ ❡❧❛ ❞✐✜❝✐❧♠❡♥t❡ s❡ ❡sq✉❡❝❡ ♦ q✉❡ ❢♦✐ ❛♣r❡♥❞✐❞♦✳

P❛r❛ ▲♦r❡♥③❛t♦ ✭✷✵✶✵✱ ♣✳ ✼✷✮ ❡①♣❡r✐♠❡♥t❛r ❡stá r❡❧❛❝✐♦♥❛❞♦ ❝♦♠ ✐♥✈❡s✲
t✐❣❛çã♦ ❡ ✐♥✈❡st✐❣❛r é ❛♥❛❧✐s❛r✱ ♣r♦❝✉r❛r✱ ❛✈❛❧✐❛r✳ ❖✉ s❡❥❛✱ ❡①♣❡r✐♠❡♥t❛r é
♦ ♣r♦❝❡ss♦ ♦♥❞❡ s❡ ♣r♦❝✉r❛ ❛♣r❡♥❞❡r ♦ q✉❡ s❡ ❞❡✈❡ ❢❛③❡r ♣❛r❛ ❝❤❡❣❛r ❛♦
r❡s✉❧t❛❞♦✳ ❖ ♣r♦❝❡ss♦ ❞❡ r❡s♦❧✉çã♦ é ♠❛✐s ✐♠♣♦rt❛♥t❡ q✉❡ ❝♦♥❤❡❝❡r ♦ r❡s✉❧✲
t❛❞♦✳ ❈♦♠ ❊①♣❡r✐♠❡♥t❛çõ❡s s❡ ❛♣r❡♥❞❡ ♦ ♣❛ss♦ ❛ ♣❛ss♦ ♣❛r❛ s❡ s♦❧✉❝✐♦♥❛r
♦s ♣r♦❜❧❡♠❛s✳ ❆tr❛✈és ❞❡❧❛ ♦ ❛❧✉♥♦ ❜✉s❝❛ s❡ ❡♥✈♦❧✈❡r ♠❛✐s ❝♦♠ ♦ q✉❡ ❡st❛
s❡♥❞♦ ❡st✉❞❛❞♦✱ ❛ss✐♠ ♣r♦✈♦❝❛ ♣❡sq✉✐s❛✱ r❛❝✐♦❝í♥✐♦ ❡ ❢❛❝✐❧✐t❛ ❛ ❝♦♥str✉çã♦ ❞♦
❝♦♥❤❡❝✐♠❡♥t♦✳

❈♦♠ ❛ ♣rát✐❝❛ ❞❛ ❡①♣❡r✐♠❡♥t❛çã♦ ♦ ❛♥t✐❣♦ ♣r♦✈ér❜✐♦ ❝❤✐♥ês s❡ ❝♦♠♣❧❡t❛
✏s❡ ❡s❝✉t♦✱ ❡sq✉❡ç♦❀ s❡ ✈❡❥♦✱ ❧❡♠❜r♦❀ ♠❛s s❡ ❢❛ç♦✱ ❛♣r❡♥❞♦✑✳ ❈♦♠♣❧❡t❛♥❞♦
t❛♠❜é♠ ♦ ♣r♦❝❡ss♦ ❞❡❢❡♥❞✐❞♦ ♣♦r ▲✐♠❛ ✭✶✾✾✾✱ ♣✳ ✶✮ ♦ q✉❡ é ♠✉✐t♦ ❜♦♠ ♣❛r❛
♦ ❡♥s✐♥♦ ❞❛ ♠❛t❡♠át✐❝❛✳

▼❛s ❞❡✈❡✲s❡ s❡♠♣r❡ ❜✉s❝❛r ♥♦✈♦s ♠ét♦❞♦s✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ s❛✐r ❞♦
tr❛❞✐❝✐♦♥❛❧ ❡ ♣❛r❛ ♠❡❧❤♦r❛r ♦ ❡♥s✐♥♦ ❞❛ ♠❛t❡♠át✐❝❛ é q✉❡ ❡st❡ tr❛❜❛❧❤♦
❛♣r❡s❡♥t❛ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ q✉❡ ❡♥❣❧♦❜❛ ❛s ❜❛s❡s ❞❡❢❡♥❞✐❞❛s ♣♦r ❊❧♦♥ ▲❛✲
❣❡s ▲✐♠❛ ✭❈♦♥❝❡✐t✉❛çã♦✱ ▼❛♥✐♣✉❧❛çã♦ ❡ ❆♣❧✐❝❛çõ❡s✮ ❡ ✐♥❝❧✉✐ ♦ ♣❡♥s❛♠❡♥t♦
❞❡ ▲♦r❡♥③❛t♦ ✭❊①♣❡r✐♠❡♥t❛çã♦✮ ❞❡ ❢♦r♠❛ ❞✐♥â♠✐❝❛ ❡ ❝r✐❛t✐✈❛✿ ❛ ♠♦❞❡❧❛❣❡♠
♠❛t❡♠át✐❝❛✳

✸✶



▼❛s ♦ q✉❡ é ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛❄
❈á❧❝✉❧♦s q✉❡ ♣♦❞❡r✐❛♠ ❧❡✈❛r ❤♦r❛s✱ ❞✐❛s ♦✉ ❛té ♠❡s♠♦ s❡♠❛♥❛s ♣❛r❛ s❡✲

r❡♠ s♦❧✉❝✐♦♥❛❞♦s ♣♦r ♣❡ss♦❛s✱ ❧❡✈❛♠ s♦♠❡♥t❡ ❛❧❣✉♥s s❡❣✉♥❞♦s ♣❛r❛ s❡r❡♠
r❡s♦❧✈✐❞♦s ♣♦r ♠áq✉✐♥❛s ♣r♦✈✐❞❛s ❞❡ ♣r♦❣r❛♠❛s ❡s♣❡❝í✜❝♦s q✉❡ ♣♦ss✉❡♠ ❢ór✲
♠✉❧❛s ❡ ❛❧❣♦r✐t♠♦s ♣r❡♣❛r❛❞♦s ♣❛r❛ ❡ss❡ ✜♠✳ ❚✉❞♦ ❜❛s❡❛❞♦ ❡♠ ❝♦♥❝❡✐t♦s ❡
❢ór♠✉❧❛s ❡♠❜✉t✐❞❛s✳ ❆ss✐♠ ❛❝♦♥t❡❝❡ ♦ q✉❡ s❡ ♣♦❞❡ ❝❤❛♠❛r ❞❡ ❞❡s♠❛t❡♠❛✲
t✐③❛çã♦ ✭❞❡s✐♥t❡r❡ss❡ ♣♦r ❛♣r❡♥❞❡r ♠❛t❡♠át✐❝❛✮✱ ❞❡✈✐❞♦ ❛ ❣r❛♥❞❡ ❢❛❝✐❧✐❞❛❞❡
♣r♦♣♦r❝✐♦♥❛❞❛ ♣❡❧❛ ✐♥❢♦r♠át✐❝❛✳

■ss♦ ❢❛③ ❝♦♠ q✉❡ ♦ ❡♥s✐♥♦ ❞❛ ♠❛t❡♠át✐❝❛ ♣❡r❝❛ ♦ s❡♥t✐❞♦ ❡ ♠✉✐t♦s q✉❡st✐✲
♦♥❛♠❡♥t♦s ❛♣❛r❡ç❛♠ ♣❛r❛ ❞✉✈✐❞❛r s✉❛ ✉t✐❧✐❞❛❞❡✳ P❡r❣✉♥t❛s ❞♦ t✐♣♦ ✏P♦r q✉❡
❞❡✈♦ ❛♣r❡♥❞❡r ❡st❡ ❛ss✉♥t♦❄✑ ♦✉ ✏◗✉❛❧ ❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞❡st❡ ❝♦♥t❡ú❞♦❄✑✱ sã♦
❝♦♠✉♥s ♥♦ ❝♦t✐❞✐❛♥♦ ❞♦ ♣r♦❢❡ss♦r ❞❡ ♠❛t❡♠át✐❝❛✳

❊st❡s q✉❡st✐♦♥❛♠❡♥t♦s s✉r❣❡♠ ❞❡✈✐❞♦ ❛ ❛♣r❡s❡♥t❛çã♦ ❞❛ ♠❛t❡♠át✐❝❛ ❛❝♦♥✲
t❡❝❡r ❞❡ ❢♦r♠❛ ✐s♦❧❛❞❛✱ s❡♠ ❝♦♥t❡①t♦✱ s❡♠ ✉t✐❧✐❞❛❞❡✳ P❛r❛ t❡♥t❛r s♦❧✉❝✐♦♥❛r
❡ss❡ ♣r♦❜❧❡♠❛ é q✉❡ s✉r❣❡ ❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛✳

❈♦♥❢♦r♠❡ ❇✉r❛❦ ✭✶✾✾✷✮ ♣♦❞❡✲s❡ ❡♥t❡♥❞❡r q✉❡ ❞❡s❞❡ ❛ Pré✲❤✐stór✐❛ ♦ ❤♦✲
♠❡♠ ❜✉s❝❛ ❡♥t❡♥❞❡r ♦ ♠❡✐♦ ❡♠ q✉❡ ✈✐✈❡ ✉s❛♥❞♦ q✉❡st✐♦♥❛♠❡♥t♦s ❛ r❡s♣❡✐t♦
❞♦s ❢❡♥ô♠❡♥♦s ♥❛t✉r❛✐s ❡ ❛ ♣ró♣r✐❛ ♥❛t✉r❡③❛✱ ❝♦♠ ✐ss♦ ❛ ❝✐ê♥❝✐❛ ❡✈♦❧✉✐✉✱ ❡♠
❡s♣❡❝✐❛❧ ❛ ❛str♦♥♦♠✐❛ ❡ ❛ ♠❛t❡♠át✐❝❛✳ ❊ ❛ ♠❛t❡♠át✐❝❛ ♣❛ss♦✉ ❛ s❡r ✉s❛❞❛✱
✉♥✐❞❛ ❛♦ ❡s♣✐r✐t♦ ❞❡ ✐♥✈❡st✐❣❛çã♦✱ ♣❛r❛ ❡①♣❧♦r❛r ♦ ♠❡✐♦ ❛♠❜✐❡♥t❡✱ ♠♦❞❡❧❛♥❞♦✲
♦ ♣❛r❛ ♠❡❧❤♦r ❡♥t❡♥❞❡✲❧♦✳ ❆ss✐♠ t❡♠✲s❡ ♦ ❛♣❛r❡❝✐♠❡♥t♦ ❞❡ ❢♦r♠❛ ✐♠♣❧í❝✐t❛
❞❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ♥❛ ✈✐❞❛ ❤✉♠❛♥❛✳

❈♦♠♦ ❞❡s❝r✐t♦ ♣♦r ❙✐❧✈❡✐r❛ ❡ ❘✐❜❛s ✭✷✵✵✹✮ ♦ ❡st✉❞♦ ❞❛ ♠♦❞❡❧❛❣❡♠ ♠❛✲
t❡♠át✐❝❛ ♥♦ ❇r❛s✐❧ s✉r❣✐✉ ♥❛ ❋❛❝✉❧❞❛❞❡ ❞❡ ❋✐❧♦s♦✜❛ ❈✐❡♥❝✐❛s ❡ ▲❡tr❛s ❞❡
●✉❛r❛♣✉❛✈❛✲❋❆❋■● ♥❛ ❞é❝❛❞❛ ❞❡ ✽✵ ❡ q✉❡ ❣❛♥❤♦✉ ♠✉✐t♦s s✐♠♣❛t✐③❛♥t❡s
❝♦♠ ♦ ✐♥✐❝✐♦ ❞♦ ♣r♦❣r❛♠❛ ❞❡ ♠❡str❛❞♦ ❞❛ ❯◆❊❙P q✉❡ ❜✉s❝❛✈❛♠ ❢♦r♠❛s ❛❧✲
t❡r♥❛t✐✈❛s ♣❛r❛ ♦ ❡♥s✐♥♦ ❞❛ ♠❛t❡♠át✐❝❛ ♣❛r❛ ❛❧✉♥♦s ❞♦ ❡♥s✐♥♦ ❢✉♥❞❛♠❡♥t❛❧
❡ ♠é❞✐♦✳ ❊ ❛ ♣❡sq✉✐s❛ s♦❜r❡ ♦ t❡♠❛ ❝r❡s❝❡✉ ♠✉✐t♦ ♥❡ss❡s ♠❛✐s ♦✉ ♠❡♥♦s ✸✽
❛♥♦s✳

❙❡❣✉♥❞♦ ❇❛ss❛♥❡③✐ ✭✷✵✶✹✱ ♣✳ ✷✹ ❛♣✉❞ ❙✐❧✈❛✱ ✷✵✶✽✱ ♣✳ ✷✾✮

▼♦❞❡❧❛❣❡♠ ▼❛t❡♠át✐❝❛ é ✉♠ ♣r♦❝❡ss♦ ❞✐♥â♠✐❝♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛ ♦❜t❡♥✲

çã♦ ❡ ✈❛❧✐❞❛çã♦ ❞❡ ♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s✳ ➱ ✉♠❛ ❢♦r♠❛ ❞❡ ❛❜str❛çã♦ ❡

❣❡♥❡r❛❧✐③❛çã♦ ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ♣r❡✈✐sã♦ ❞❡ t❡♥❞ê♥❝✐❛s✳ ❆ ♠♦❞❡❧❛❣❡♠

❝♦♥s✐st❡✱ ❡ss❡♥❝✐❛❧♠❡♥t❡✱ ♥❛ ❛rt❡ ❞❡ tr❛♥s❢♦r♠❛r s✐t✉❛çõ❡s ❞❛ r❡❛❧✐❞❛❞❡

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

❧✐♥❣✉❛❣❡♠ ✉s✉❛❧✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❝✐t❛❞♦ ❛ ❝✐♠❛✱ ❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❛♣r♦①✐♠❛ ❛
r❡❛❧✐❞❛❞❡ ❞♦ ♠❡✐♦ ❡st✉❞❛♥t✐❧ ❛tr❛✈és ❞❛ tr❛♥s❢♦r♠❛çã♦ ❞❡ ♠♦❞❡❧♦s r❡❛✐s ❡♠
♠♦❞❡❧♦s ♠❛t❡♠át✐❝♦s ❞❡ ♠❛♥❡✐r❛ ❞✐♥â♠✐❝❛✳

❈♦♠♦ ❞❡s❝r✐t♦ ♣♦r ❙✐❧✈❛ ✭✷✵✶✽✳ ♣✳ ✷✼✮

✸✷



❆ ▼♦❞❡❧❛❣❡♠ ▼❛t❡♠át✐❝❛ t❡♠ ❝♦♠♦ ♣r✐♥❝✐♣❛❧ ♦❜❥❡t✐✈♦✱ ❡st✐♠✉❧❛r ❛ ❝r✐✲

❛t✐✈✐❞❛❞❡ ❡ ♦ r❛❝✐♦❝í♥✐♦ ♠❛t❡♠át✐❝♦✱ ❞❛r ✉♠❛ ♠❛✐♦r ❝♦♠♣r❡❡♥sã♦ ❞❛

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

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

❛ ❛♣r❡♥❞❡r ❞❡ ❢♦r♠❛ ❝♦♥tí♥✉❛✳

❆ss✐♠ ❡♥t❡♥❞❡✲s❡ q✉❡ ❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ t❡♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ✐♥❝❡♥t✐✲
✈❛r ♦ r❛❝✐♦❝í♥✐♦ ♠❛t❡♠át✐❝♦✱ r❡❧❛❝✐♦♥❛r ❛ ♠❛t❡♠át✐❝❛ ❝♦♠ ♦✉tr❛s ❞✐s❝✐♣❧✐♥❛s✱
❢❛③❡r ❝♦♠ ♦s ❛❧✉♥♦s ❛❞q✉✐r❛♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡ r❡s♦❧✈❡r ♣r♦❜❧❡♠❛s ❡ ♠❛♥tê✲❧♦s
♠♦t✐✈❛❞♦s ♣❛r❛ ♦ ❡st✉❞♦✳

❉♦ ♣♦♥t♦ ❞❡ ✈✐st❛ ❞❡ ❘✐❣♦♥❛tt♦ ✭✷✵✶✽✮ ▼♦❞❡❧❛❣❡♠ ▼❛t❡♠át✐❝❛ é ❝r✐❛r
♠❛t❡♠❛t✐❝❛♠❡♥t❡ ✉♠ ♠♦❞❡❧♦ ❞❡ ✉♠ ❛❝♦♥t❡❝✐♠❡♥t♦ ❞❛ ♥❛t✉r❡③❛ ❝♦♠ ♦ ♦❜✲
❥❡t✐✈♦ ❞❡ s❡ ❡①♣❧✐❝❛r ❡ ❝♦♠♣r❡❡♥❞❡r ❡st❡ ❛❝♦♥t❡❝✐♠❡♥t♦✳

▼♦❞❡❧❛❣❡♠ ▼❛t❡♠át✐❝❛ é ✉♠❛ ♠❛♥❡✐r❛ ❞❡ ❞✐♠✐♥✉✐r ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡
♦s ❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s ❡①♣♦st♦ ♥❛ ❡s❝♦❧❛ ❛♦ ❞✐❛ ❛ ❞✐❛ ❞♦s ❡st✉❞❛♥t❡s ❞❡
❢♦r♠❛ ❝♦♥t❡①t✉❛❧✐③❛❞❛ ❡ ❞❡ ❢♦r♠❛ ✐♥t❡r❞✐s❝✐♣❧✐♥❛r✱ ♦ q✉❡ ❛ t♦r♥❛ ♠✉✐t♦ ♠❛✐s
✐♥t❡r❡ss❛♥t❡✳

✸✸



✸ P❘❖❏❊❚❖ ❉❊ ▲❆◆➬❆▼❊◆❚❖❉❊ ❋❖●❯❊✲
❚❊❙

❖ ❡st✉❞♦ ❞❛s ❢✉♥çõ❡s é ♠✉✐t♦ ✈❛st♦ ❡ s✉❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ é ♠✉✐t♦ ✐♠♣♦r✲
t❛♥t❡ ❡♠ ♥♦ss♦ ❝♦t✐❞✐❛♥♦✱ ♣♦r ✐ss♦ é ❞❡ ❡①tr❡♠❛ ✐♠♣♦rtâ♥❝✐❛ ❛♣r♦①✐♠❛r ♦
❝♦♥t❡ú❞♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ s❛❧❛ ❞❡ ❛✉❧❛ ❛♦ ❞✐❛ ❛ ❞✐❛ ❞♦s ❛❧✉♥♦s✱ t♦r♥❛♥❞♦ ♦
❡st✉❞♦ ♠❛✐s ❞✐♥â♠✐❝♦ ❡ ✐♥t❡r❡ss❛♥t❡✳ P♦r ✐ss♦ ♠♦❞❡❧♦✉✲s❡ ❡ss❡ ❡st✉❞♦ ❛tr❛✈és
❞♦ ❧❛♥ç❛♠❡♥t♦ ❞♦s ❢♦❣✉❡t❡s q✉❡ ♥❡st❛ s❡çã♦ ❞♦ tr❛❜❛❧❤♦ s❡rá ❛♣r❡s❡♥t❛❞♦ ❛
♣r♦♣♦st❛ ❞❡ ❡♥s✐♥♦✳

✸✳✶ ❆♣r❡s❡♥t❛çã♦ ❞♦ Pr♦❥❡t♦

❋♦r❛♠ r❡❛❧✐③❛❞❛s 7 ❛✉❧❛s ❞❡ 100 ♠✐♥✉t♦s ❝❛❞❛✱ ❝♦♠ ❛❧✉♥♦s ❞♦ ✶♦ ❛♥♦ ❇ ❞❛
❡s❝♦❧❛ ❈❊ ❏❡r✉s❛ ❞❛ ❙✐❧✈❛ ❘❛❜❡❧♦✱ ❧♦❝❛❧✐③❛❞♦ ♥♦ ❇❛✐rr♦ P✐t♦♠❜❡✐r❛ ♥❛ ❝✐❞❛❞❡
❞❡ P✐♥❞❛ré✲▼✐r✐♠✱ ▼❛✳

◆♦s ❞✐❛s 08✱ 22 ❡ 29 ❞❡ ♥♦✈❡♠❜r♦ ❞❡ 2018 ❢♦r❛♠ ♠✐♥✐str❛❞❛s ❛✉❧❛s r❡❢❡✲
r❡♥t❡s ❛♦ ❝♦♥t❡ú❞♦ ❞❡ ❢✉♥çã♦ ♣♦❧✐♥♦♠✐❛❧ ❞❡ 2♦ ❣r❛✉❀ ♥♦ ❞✐❛ 16 ❞❡ ♥♦✈❡♠❜r♦
❞❡ 2018 ❡①❡❝✉t♦✉✲s❡ ❛ ♦✜❝✐♥❛ ❞❡ ❝♦♥str✉çã♦ ❞❡ ❢♦❣✉❡t❡s❀ ♥♦ ❞✐❛ 10 ❞❡ ❞❡③❡♠✲
❜r♦ ❞❡ 2018 ❢♦r❛♠ ❡①❡❝✉t❛❞♦s ♦s ❧❛♥ç❛♠❡♥t♦s ❡♠ ❢♦r♠❛ ❞❡ ❝♦♠♣❡t✐çã♦ ❡♥tr❡
❛s ❡q✉✐♣❡s ❝♦♠♣♦st❛s ♣♦r ♥♦ ♠á①✐♠♦ ✺ ❡st✉❞❛♥t❡s❀ ♥♦ ❞✐❛ 12 ❞❡ ❞❡③❡♠❜r♦
❞❡ 2018 ❛s ❛✉❧❛s ❢♦r❛♠ r❡t♦♠❛❞❛s ♣❛r❛ ❛♥❛❧✐s❛r ♦s ❧❛♥ç❛♠❡♥t♦s ❡ ❝♦♠ ♦ ♦❜✲
❥❡t✐✈♦ ❞❡ r❡s♣♦♥❞❡r ✉♠❛ q✉❡stã♦ ❡❧❛❜♦r❛❞❛ ❛ ♣❛rt✐r ❞❡ ✉♠ ❞♦s ❧❛♥ç❛♠❡♥t♦s
r❡❛❧✐③❛❞♦s✳ ❆ ✉❧t✐♠❛ ❛✉❧❛ ✜❝♦✉ ♣❛r❛ ♦ ❞✐❛ 18/12/2018✱ ♦♥❞❡ ❢♦✐ ❛ss✐st✐❞♦ ✉♠
✜❧♠❡ r❡❧❛❝✐♦♥❛❞♦ ❛ ❤✐stór✐❛ ❞♦s ❢♦❣✉❡t❡s✳

❆ ❝♦♠♣❡t✐çã♦ ❝✐t❛❞❛ ♥♦ ♣❛rá❣r❛❢♦ ❛♥t❡r✐♦r ❢♦✐ ❝♦♠♣♦st❛ ❞❡ ❞✉❛s ❡t❛♣❛s✿
♦ ❧❛♥ç❛♠❡♥t♦ ❡ ❛ r❡s♦❧✉çã♦ ❞❛ q✉❡stã♦ ♣r♦♣♦st❛ ♥♦ ❞✐❛ ✶✷ ❞❡ ❞❡③❡♠❜r♦✳
❆ss✐♠ ♣❛r❛ ❛ ❡q✉✐♣❡ s❡r ❝♦♥s✐❞❡r❛❞❛ ❝❛♠♣❡ã ❞❡✈❡r✐❛ ♦❜t❡r ♦ ♠❛✐♦r ❛❧❝❛♥❝❡
♥♦ ❧❛♥ç❛♠❡♥t♦ ❞♦ ❢♦❣✉❡t❡ ❡ r❡s♣♦♥❞❡r ❝♦rr❡t❛♠❡♥t❡ ❛ q✉❡stã♦ q✉❡ ❧❤❡s ❢♦✐
✐♠♣♦st❛ ♥❛ ❛✉❧❛ s❡❣✉✐♥t❡✳ ❈❛s♦ ❛ ❡q✉✐♣❡ ❝♦♠ ♠❛✐♦r ❛❧❝❛♥❝❡ ♥ã♦ ❝♦♥s❡❣✉✐ss❡
r❡s♣♦♥❞❡r ❛ q✉❡stã♦✱ s❡✉ ❛❧❝❛♥❝❡ s❡r✐❛ ❡❧✐♠✐♥❛❞♦ ❡ ❞❛✈❛ ❛ ❝❤❛♥❝❡ ❞❡ s❡ s❛❣r❛r
❝❛♠♣❡ã ♣❛r❛ ❛s ❡q✉✐♣❡s ❞❡ ♠❡♥♦r ❛❧❝❛♥❝❡✳

❆✉❧❛ 1✿
❈♦♠❡ç♦✉✲s❡ ❢❛❧❛♥❞♦ ❞❡ ❢♦❣✉❡t❡s ❡ ❞❡s❡♥✈♦❧✈❡♥❞♦ ✉♠ r❡s✉♠♦ ❞❛ ❤✐stór✐❛

❞♦s ♠❡s♠♦s ❜❛s❡❛❞♦ ♥♦ q✉❡ s❡ ❛♣r❡s❡♥t♦✉ ♥♦ ❛♣ê♥❞✐❝❡ ❆ ❞❡st❡ tr❛❜❛❧❤♦✳
❉❛♥❞♦ ê♥❢❛s❡ ❛ ❝♦♠♦ ❡r❛♠ ✉s❛❞♦s ♥♦ ♣❛ss❛❞♦ ❡ ❛ ❢♦r♠❛ ❞❡ s✉❛s tr❛❥❡tór✐❛s
q✉❡ ❡r❛♠ ♣r❡❝✐s❛♠❡♥t❡ ❛ ❢♦r♠❛ ❞♦ ❣rá✜❝♦ ❞❛ ❢✉♥çã♦ q✉❛❞rát✐❝❛✳

❆ ♣❛rt✐r ❞❛í ✐♥✐❝✐♦✉✲s❡ ♦ ❡st✉❞♦ ❞❛ ❢✉♥çã♦ ♣♦❧✐♥♦♠✐❛❧ ❞❡ 2♦ ❣r❛✉ ♦♥❞❡ ❢♦✐
❞❛❞♦ ê♥❢❛s❡ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ x ❡ ❞♦ t❡r♠♦ ✐♥❞❡♣❡♥❞❡♥t❡ ❡
♦ ❝á❧❝✉❧♦ ❞❛s r❛í③❡s ❛tr❛✈és ❞❛ ❢ór♠✉❧❛ ❞❡ ♦❜t❡♥çã♦ ❞❛s ♠❡s♠❛s ❡ t❛♠❜é♠
♣❡❧♦s ♠ét♦❞♦s ❞❡ r❡s♦❧✉çã♦ ❞❡ ❡q✉❛çõ❡s ✐♥❝♦♠♣❧❡t❛s✳

✸✹



❱❛❧❡ ❢r✐s❛r ❛q✉✐ q✉❡ q✉❛♥❞♦ s❡ ❝♦♠❡♥t❛ ❛ r❡s♣❡✐t♦ ❞❛ ❤✐stór✐❛ ❞♦s ❢♦❣✉❡t❡s
❣❡r❛✲s❡ ✉♠ ❣r❛♥❞❡ ♣♦♥t♦ ❞❡ ✐♥t❡r❞✐s❝✐♣❧✐♥❛r✐❞❛❞❡ ♣♦✐s ❛♦ s❡ ❢❛❧❛r ❞♦ ❝♦♥t❡①t♦
❤✐stór✐❝♦ ❞♦s ❢♦❣✉❡t❡s ❛❝❛❜❛✲s❡ ❢❛③❡♥❞♦ ❝♦♥t❛t♦ ❝♦♠ ❞✐s❝✐♣❧✐♥❛ ✧❤✐stór✐❛ ❣❡✲
r❛❧✧❛tr❛✈és ❞❛ s❡❣✉♥❞❛ ❣✉❡rr❛ ♠✉♥❞✐❛❧✳

❆✉❧❛ 2✿
◆♦ ❞✐❛ 16 ❞❡ ♥♦✈❡♠❜r♦ ❞❡ 2018 ❢♦✐ r❡❛❧✐③❛❞❛ ✉♠❛ ♦✜❝✐♥❛ ❞❡ ❢♦r♠❛ ❞✐❛✲

❧♦❣❛❞❛ ❡ ❞✐♥â♠✐❝❛✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❡♥s✐♥❛r ♦s ❛❧✉♥♦s ❛ ❝♦♥str✉ír❡♠ s❡✉s
♣ró♣r✐♦s ❢♦❣✉❡t❡s ❞❡ ❣❛rr❛❢❛ P❊❚✳ P❛r❛ ✐ss♦✱ ❢♦✐ s❡❣✉✐❞♦ ♦ r♦t❡✐r♦ ❞❡ ❝♦♥str✉✲
çã♦ q✉❡ ❡stá ❞❡s❝r✐t♦ ♥❡ss❛ s❡çã♦ ❞❡st❡ tr❛❜❛❧❤♦✳ ◆❡ss❡ ♠♦♠❡♥t♦ é ♥❡❝❡ssár✐♦
❢r✐s❛r q✉❡ ❢♦✐ ❞❛❞♦ ✐♥✐❝✐♦ ❛♦ tr❛❜❛❧❤♦ ❡♠ ❡q✉✐♣❡✳

❈♦♠♦ ❢♦✐ ♣❡❞✐❞♦ ♥❛ ❛✉❧❛ ❛♥t❡r✐♦r✱ ❛s ❡q✉✐♣❡s s❡ ❛♣r❡s❡♥t❛r❛♠ ♥❡st❡ ❞✐❛
♠✉♥✐❞❛s ❞❡ t♦❞♦s ♦s ♠❛t❡r✐❛✐s ♥❡❝❡ssár✐♦s ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞♦ ❢♦❣✉❡t❡ ❞❡
❣❛rr❛❢❛ P❊❚✳

◆♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❛ ♦✜❝✐♥❛✱ ❛♣r♦✈❡✐t♦✉✲s❡ ♣❛r❛ r❡❢♦rç❛r ♦✉tr♦s tó♣✐❝♦s
❞❛ ♠❛t❡♠át✐❝❛ ❝♦♠♦ ♣♦r ❡①❡♠♣❧♦ ❛ ❣❡♦♠❡tr✐❛ ♣❧❛♥❛ ❡ ❡s♣❛❝✐❛❧ q✉❡ sã♦ ✉s❛❞♦s
♣❛r❛ ❛ ❝♦♥❢❡❝çã♦ ❞❛s ❛❧❡t❛s ❡ ❞❛ s❛✐❛ ❞♦ ❢♦❣✉❡t❡✳ ❚❛♠❜é♠ ♣♦❞❡ s❡r r❡❢♦rç❛❞♦
♦ ❝♦♥t❡ú❞♦ ✉♥✐❞❛❞❡s ❞❡ ♠❡❞✐❞❛s ❞❡ ❝♦♠♣r✐♠❡♥t♦✱ ❞❡ ár❡❛ ❡ ❞❡ ✈♦❧✉♠❡✳

❆✉❧❛ 3✿
❆✉❧❛ ❞❡s❡♥✈♦❧✈✐❞❛ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❡st✉❞❛r ♦ ✈ért✐❝❡ ❞❛ ♣❛rá❜♦❧❛✱ ♣♦♥t♦

❞❡ ♠✉✐t❛ ✐♠♣♦rtâ♥❝✐❛ ♣❛r❛ ❛ ♠♦♥t❛❣❡♠ ❞♦ ❣rá✜❝♦✳ ❆q✉✐ t❛♠❜é♠ ❢♦✐ ❡st✉✲
❞❛❞♦ t♦❞♦s ♦s ♦✉tr♦s ♣♦♥t♦s ♥♦tá✈❡✐s ❞❛ ♣❛rá❜♦❧❛✳ ❖♥❞❡ t❛♠❜é♠ ❢♦✐ ❡①✲
♣❧✐❝❛❞♦ ❝♦♠♦ s❡ ♠♦♥t❛ ♦ ❡s❜♦ç♦ ❣rá✜❝♦ ❞❛ ❢✉♥çã♦ q✉❛❞rát✐❝❛ ✉t✐❧✐③❛♥❞♦✲s❡
❡①❡♠♣❧♦s ❝♦♠ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ♥♦ ❝♦t✐❞✐❛♥♦✳

❆✉❧❛ ✹✿
◆❡st❛ ❛✉❧❛ ❢♦r❛♠ ❢❡✐t♦s ♦✉tr♦s ❡①❡♠♣❧♦s ❞❡ ❝♦♠♦ s❡ ♠♦♥t❛ ♦ ❣rá✜❝♦ ❞❛

❢✉♥çã♦ q✉❛❞rát✐❝❛ ❡ ♦✉tr❛s q✉❡stõ❡s ❡♠ q✉❡ ❛ ♣❛rt✐r ❞♦ ❣rá✜❝♦ ❡♥❝♦♥tr❛♠✲s❡
❛ ❢✉♥çã♦ r❡❢❡r❡♥t❡ ❛♦ ❣rá✜❝♦ s❡♠♣r❡ ❞❛♥❞♦ ê♥❢❛s❡ ❛♦s ♣♦♥t♦s ♥♦tá✈❡✐s ❞❛
♣❛rá❜♦❧❛✳

❆✉❧❛ ✺✿
◆♦ ❞✐❛ 10 ❞❡ ❞❡③❡♠❜r♦ ❞❡ 2018 ❢♦✐ ♦ ❞✐❛ ❞♦s ❧❛♥ç❛♠❡♥t♦s✳ ❖♥❞❡ t❡✈❡✲s❡

❛ ♣❛rt✐❝✐♣❛çã♦ ❞❡ 6 ❡q✉✐♣❡s q✉❡ s❡ ♠♦str❛r❛♠ ❜❡♠ ♠♦t✐✈❛❞❛s ❡ ♠✉♥✐❞❛s ❞❡
s❡✉s ❢♦❣✉❡t❡s q✉❡ ❢♦r❛♠ ❝♦♥str✉í❞♦s ❡♠ ❛✉❧❛ ❛♥t❡r✐♦r ❝♦♠♦ ❥á ❝✐t❛❞♦ ♥❡ss❡
tr❛❜❛❧❤♦✳

◆♦ ❞✐❛ ✶✻ ❞❡ ♥♦✈❡♠❜r♦ ❞❡ ✷✵✶✽ ❞❡✐①♦✉✲s❡ ❛ ❝r✐tér✐♦ ❞♦s ❛❧✉♥♦s ❛ ♠♦♥t❛❣❡♠
❞❛s ❡q✉✐♣❡s q✉❡✱ ❞❡✈✐❞♦ ❛ ✐ss♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♣❛rt✐❝✐♣❛♥t❡s ♣♦r ❡q✉✐♣❡ ♥ã♦
✜❝❛r❛♠ ❜❡♠ ❞✐str✐❜✉í❞❛s✳ ▼❛s ❢♦✐ ♣❡r❝❡❜✐❞♦✱ ♥♦ ❞✐❛ ❞♦ ❧❛♥ç❛♠❡♥t♦✱ q✉❡
tr❛❜❛❧❤❛r❛♠ ❞❡ ❢♦r♠❛ q✉❡ ❝❛❞❛ ♣❛rt✐❝✐♣❛♥t❡ ❞❛s ❡q✉✐♣❡s ❝♦♥tr✐❜✉✐✉ ♣❛r❛ q✉❡
s❡✉s ❧❛♥ç❛♠❡♥t♦s ❛❝♦♥t❡❝❡ss❡♠✳ ❉✐str✐❜✉ír❛♠ ♦s ❛❢❛③❡r❡s ❡♥tr❡ ❡❧❡s✳ ❯♠
❝♦❧♦❝♦✉ ❛ á❣✉❛ ❞❡♥tr♦ ❞♦ ❝♦r♣♦ ❞♦ ❢♦❣✉❡t❡✱ ♦✉tr♦ ❛♥❡①♦✉ ♦ ❢♦❣✉❡t❡ à ❜❛s❡
❞❡ ❧❛♥ç❛♠❡♥t♦✱ ♦✉tr❛ ♣❡ss♦❛ ❜♦♠❜❡♦✉ ❛té q✉❡ s❡ ♦❜t❡✈❡ ❛ ♣r❡ssã♦ ♥❡❝❡ssár✐❛
♣❛r❛ ♦ ❧❛♥ç❛♠❡♥t♦✱ ♦✉tr❛ ❛❝✐♦♥♦✉ ♦ ❣❛t✐❧❤♦ ❡ ✉♠❛ ♦✉tr❛ ♣❡ss♦❛ ♦❜s❡r✈❛✈❛

✸✺



♦♥❞❡ ♦ ❢♦❣✉❡t❡ ❝❛✐❛ ❡ ❢❛③✐❛ ❛ ♠❡❞✐çã♦ ❞♦ ❛❧❝❛♥❝❡ ❥✉♥t♦ ❝♦♠ ✉♠ ❞♦s ❛ss✐st❡♥t❡s✳
❖ ♦❜❥❡t✐✈♦ ❞❡ss❡ t✐♣♦ ❞❡ ❝♦♠♣❡t✐çã♦ é q✉❡ ♦ ❢♦❣✉❡t❡ ❛♥❞❡ ❛ ♠❛✐♦r ❞✐stâ♥✲

❝✐❛ ♣♦ssí✈❡❧ ♥❛ ❤♦r✐③♦♥t❛❧✱ ❞✐stâ♥❝✐❛ ❡ss❛ ❝❤❛♠❛❞❛ ❞❡ ✏❛❧❝❛♥❝❡✑✳ ❇❡♠ ❞✐❢❡r❡♥t❡
❞♦ q✉❡ s❡ ✐♠❛❣✐♥❛ q✉❛♥❞♦✱ ♣❡❧❛ ♣r✐♠❡✐r❛ ✈❡③✱ ♦✉✈❡✲s❡ ❢❛❧❛r ❞❡ ❝♦♠♣❡t✐çã♦ ❞❡
❢♦❣✉❡t❡s✳ ❆ ♣r✐♥❝í♣✐♦ ♣❡♥s❛✲s❡ ❡♠ ❛❧t✐t✉❞❡✱ t❛❧✈❡③ ♣❡❧❛ ❣r❛♥❞❡ ❢✉♥❝✐♦♥❛❧✐✲
❞❛❞❡ ❞♦s ❢♦❣✉❡t❡s q✉❡ é ❧❡✈❛r s❡r❡s ❡ ♦❜❥❡t♦s ❛♦ ❡s♣❛ç♦✳ ▼❛s ♥❡ss❡ t✐♣♦ ❞❡
❝♦♠♣❡t✐çã♦ ♦ q✉❡ ✐♥t❡r❡ss❛ é ❛ ❞✐stâ♥❝✐❛ ♥❛ ❤♦r✐③♦♥t❛❧✳

❊♥tã♦ ♠♦✈✐❞♦s ♣❡❧♦ ❡s♣✐r✐t♦ ❞❡ ❝♦♠♣❡t✐çã♦ ♠✐st✉r❛❞♦ ❛♦ ❡s♣ír✐t♦ ❞❡ ❛♣r❡♥✲
❞✐③❛❣❡♠ ♠❡ s✉r♣r❡❡♥❞❡r❛♠ q✉❛♥❞♦ ✈✐ 26 ❛❧✉♥♦s r❡✉♥✐❞♦s ♥❛ ❢r❡♥t❡ ❞❛ ❡s❝♦❧❛
♣r♦♥t♦s ♣❛r❛ ♦ ❧❛♥ç❛♠❡♥t♦ ❡♠ ❤♦rár✐♦ t♦t❛❧♠❡♥t❡ ❞✐❢❡r❡♥t❡ ❛ ❞❡ s❡✉ ❡st✉❞♦✳
❖s ❧❛♥ç❛♠❡♥t♦s ❢♦r❛♠ ❢❡✐t♦s ♥♦ t✉r♥♦ ♠❛t✉t✐♥♦✱ s❡♥❞♦ q✉❡ ❡❧❡s ❡st✉❞❛♠ ♥♦
t✉r♥♦ ✈❡s♣❡rt✐♥♦✳ ▼♦✈✐❞♦s t❛♠❜é♠ ♣❡❧♦ ❡s♣✐r✐t♦ ❞❡ ❝♦❧♦❝❛r s✉❛s ❝r✐❛çõ❡s ❡♠
♠♦✈✐♠❡♥t♦ ❡ ♦❜s❡r✈❛r ❞❡ ♠❛♥❡✐r❛ ♣rát✐❝❛ ♦ ❝♦♥t❡ú❞♦ ❡st✉❞❛❞♦ ❡♠ s❛❧❛ ❞❡
❛✉❧❛✱ ❛ ❢✉♥çã♦ q✉❛❞rát✐❝❛✳

➱ ❣r❛t✐✜❝❛♥t❡ ♦❜s❡r✈❛r ❛❧✉♥♦s t♦r❝❡♥❞♦ ♣❛r❛ q✉❡ s❡✉s ❢♦❣✉❡t❡s ❢❛ç❛♠ ✉♠
❜♦♠ ✈♦♦✳ ❈❛❞❛ ❧❛♥ç❛♠❡♥t♦ é ❛❝♦♠♣❛♥❤❛❞♦ ❞❡ ❣r✐t♦s ❡ s❛❧t♦s✳ ❯♠ ♠❛✐s ❛❧t♦
q✉❡ ♦ ♦✉tr♦✳ ➱ ✉♠❛ ❝♦♠♣❡t✐çã♦ ❞❡ ❢♦❣✉❡t❡s ♦♥❞❡ q✉❡♠ s❛✐ ❝♦♠♦ ✈❡♥❝❡❞♦r❛
é ❛ ♠❛t❡♠át✐❝❛✱ ♦ ♣r♦❢❡ss♦r ❞❡ ♠❛t❡♠át✐❝❛✱ ❛ ❝✐ê♥❝✐❛✱ ❡ ❛❝✐♠❛ ❞❡ t✉❞♦ ♦s
❛❧✉♥♦s q✉❡ ❛♣r❡♥❞❡♠ ❞❡ ❢♦r♠❛ ♣r❛t✐❝❛✳

❋♦r❛♠ ❢❡✐t♦s 12 ❧❛♥ç❛♠❡♥t♦s ❡♠ q✉❡ ♦s ♣r✐♠❡✐r♦s s❡✐s ❢♦r❛♠ ♦s ✈á❧✐❞♦s
♣❛r❛ ❛ ❝♦♠♣❡t✐çã♦ ❡ ♦ r❡st❛♥t❡ ❢♦✐ ♣❛r❛ ❞✐✈❡rsã♦ ❞❡ ♦♥❞❡ t❛♠❜é♠ s❡ t✐r❛
❛♣r❡♥❞✐③❛❣❡♠✳ ❖♥❞❡ s❡ ♦❜s❡r✈❛ ♦s ♣♦♥t♦s ♠á①✐♠♦s ❞❛s ♣❛rá❜♦❧❛s ❞❡s❝r✐t❛s✱
♦s ♣♦♥t♦s ❞❡ ❝♦♥t❛t♦ ❞♦s ❢♦❣✉❡t❡s ❝♦♠ ♦ s♦❧♦ q✉❡ r❡♣r❡s❡♥t❛♠ ❛s r❛í③❡s✱ ❛
❝♦♥❝❛✈✐❞❛❞❡ ❞❛s ♣❛rá❜♦❧❛s sã♦ ✈♦❧t❛❞❛s ♣❛r❛ ❜❛✐①♦✱ ♦♥❞❡ s❡ ♦❜s❡r✈❛ ❡♠ q✉❛✐s
♣♦♥t♦s ❛ ❛❧t✉r❛ ❝r❡s❝❡ ❡ ♦♥❞❡ ❡❧❛ ❞❡❝r❡s❝❡✳ ❊♥✜♠ t♦❞❛s ❛s ♣r♦♣r✐❡❞❛❞❡s ❞❛
♣❛rá❜♦❧❛ sã♦ ❜❡♠ ♦❜s❡r✈❛❞❛s ❛tr❛✈és ❞♦ ❧❛♥ç❛♠❡♥t♦ ❞❡ ❢♦❣✉❡t❡s ❞❡ ❣❛rr❛❢❛s
P❊❚✳

❖s ❧❛♥ç❛♠❡♥t♦s ❢♦r❛♠ ❢❡✐t♦s ♦❜❡❞❡❝❡♥❞♦ ❛s s❡❣✉✐♥t❡s r❡❣r❛s✿
✶✲ ❯♠❛ ❧✐♥❤❛ ❞❡ ❧❛♥ç❛♠❡♥t♦ ❢♦✐ ❢❡✐t❛ ♦♥❞❡ t♦❞♦s ♦s ❛❧✉♥♦s ❞❡✈❡r✐❛♠ ✜❝❛r

❛trás ❞❡❧❛ ♣♦r ♠❡❞✐❞❛ ❞❡ s❡❣✉r❛♥ç❛✱ ✈✐st♦ q✉❡ ♦s ❢♦❣✉❡t❡s s❛❡♠ ❞❛ ❜❛s❡ ❝♦♠
✈❡❧♦❝✐❞❛❞❡ ❛❧t❛ ❡ ♣♦❞❡♠ ♠❛❝❤✉❝❛r s❡ ❛t✐♥❣✐r ❛❧❣✉é♠❀

✷✲ ❖s ❢♦❣✉❡t❡s ❛ s❡r❡♠ ❧❛♥ç❛❞♦s ♥ã♦ ♣♦❞❡♠ ✉❧tr❛♣❛ss❛r ❛ ❧✐♥❤❛ ❞❡ ❧❛♥ç❛✲
♠❡♥t♦❀

✸✲ ❚♦❞♦s ❞❛ ❡q✉✐♣❡✱ ❞❡ ❛❧❣✉♠❛ ♠❛♥❡✐r❛✱ ❞❡✈❡r✐❛♠ t❡r ♣❛rt✐❝✐♣❛çã♦ ❛t✐✈❛
♥♦ ❧❛♥ç❛♠❡♥t♦✳ ❈♦❧♦❝❛r á❣✉❛ ♥♦ ❝♦r♣♦ ❞♦ ❢♦❣✉❡t❡✱ ❛♥❡①❛✲❧♦ ❛ ❜❛s❡✱ ♣✉①❛r
♦ ❣❛t✐❧❤♦ ♦✉ ❛té ♠❡s♠♦ ♠❡❞✐r ♦ ❛❧❝❛♥❝❡✳ ❖ ♦❜❥❡t✐✈♦ é q✉❡ tr❛❜❛❧❤❡♠ ❡♠
❡q✉✐♣❡❀

✹✲ ❙ó ❞❡✈❡r✐❛ s❡r ❢❡✐t♦ ♦ ❧❛♥ç❛♠❡♥t♦ ❞❡♣♦✐s q✉❡ ❛ ❡q✉✐♣❡ ❛♥t❡❝❡❞❡♥t❡ ❥á
❡st✐✈❡ss❡ ❡✈❛❝✉❛❞❛ ❛ ár❡❛❀

✺✲ ❖ ❧❛♥ç❛♠❡♥t♦ só ❞❡✈❡r✐❛ ❛❝♦♥t❡❝❡r ❛♣ós ❛ ♦r❞❡♠ ❞♦ ♣r♦❢❡ss♦r❀
✻✲ ❆♣ós ❝♦♥❡❝t❛❞♦ à ❜❛s❡✱ ❥á ❝❤❡✐♦ ❞❡ ❛r ❡ ❝♦♠ ♣r❡ssã♦ s✉✜❝✐❡♥t❡ ♦✉ ♥ã♦

✸✻



♣❛r❛ ♦ ❧❛♥ç❛♠❡♥t♦✱ ♥ã♦ ♣♦❞❡r✐❛ s❡r ❞✐r❡❝✐♦♥❛❞♦ ❛♦✭s✮ ❝♦❧❡❣❛✭s✮ ♦✉ ❛ ❛❧❣✉é♠
❞❛ ❡q✉✐♣❡ ♦r❣❛♥✐③❛❞♦r❛✳

◗✉❡❜r❛❞❛ ✉♠❛ ❞❡ss❛s r❡❣r❛s ❛ ❡q✉✐♣❡ s❡r✐❛ ♣❡♥❛❧✐③❛❞❛ ❝♦♠ 10 ♠❡tr♦s ❛
♠❡♥♦s ❡♠ s❡✉ ❧❛♥ç❛♠❡♥t♦✳ ❆ss✐♠ ♣♦r ❡①❡♠♣❧♦ s❡ ✉♠❛ ❞❛s ❡q✉✐♣❡s ♥♦ s❡✉
❧❛♥ç❛♠❡♥t♦ ♦❜t❡✈❡ ❛❧❝❛♥❝❡ ❞❡ 70 ♠❡tr♦s ♠❛s q✉❡❜r♦✉ ❛ r❡❣r❛ 4✱ ❛ ♠❡tr❛❣❡♠
❛ s❡r r❡❣✐str❛❞❛ s❡r✐❛ 60 ♠❡tr♦s✱ ♣♦✐s 70− 10 = 60✳

❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦s ❛❧✉♥♦s s❡ ❝♦♠♣♦rt❛r❛♠ ❞❡ ♠❛♥❡✐r❛ ❜r✐❧❤❛♥t❡ ❡ ♥❡♠
✉♠❛ ❡q✉✐♣❡ t❡✈❡ q✉❡ s❡r ♣❡♥❛❧✐③❛❞❛✳ ❊♥tã♦ ❞❡ ♣♦ss❡ ❞♦s ❢♦❣✉❡t❡s✱ ❞❛ ❜❛s❡ ❞❡
❧❛♥ç❛♠❡♥t♦✱ ❜♦♠❜❛✱ tr❡♥❛ ❡ á❣✉❛ ♦s ❧❛♥ç❛♠❡♥t♦s ❛❝♦♥t❡❝❡r❛♠ ♦❜❡❞❡❝❡♥❞♦
♦s ♣r♦❝❡❞✐♠❡♥t♦s ❝✐t❛❞♦s ❛❜❛✐①♦✿

✶✲ ❈♦❧♦❝❛✲s❡ á❣✉❛ ♥♦ ❝♦r♣♦ ❞♦ ❢♦❣✉❡t❡✳ ❆♣r♦①✐♠❛❞❛♠❡♥t❡ 500ml ❞❡ á❣✉❛✳
❊ss❛ ♠❡❞✐❞❛ ✈❛r✐❛ ❞❡ ❢♦❣✉❡t❡ ♣❛r❛ ❢♦❣✉❡t❡❀

✷✲ ❈♦♥❡❝t❛✲s❡ ♦ ❢♦❣✉❡t❡ à ❜❛s❡ ❞❡ ❧❛♥ç❛♠❡♥t♦ ❡ ♦ ♣r❡♥❞❡ ❝♦♠ ♦ ❞✐s♣♦s✐t✐✈♦
q✉❡ ❝❤❛♠❛♠♦s ❞❡ ❣❛t✐❧❤♦ ❞❡s❝r✐t♦ ♥♦ ❝❛♣✐t✉❧♦ ✏❝♦♥str✉çã♦ ❞♦ ❢♦❣✉❡t❡✑❀

✸✲ ❈♦♠ ❛ ❜♦♠❜❛ ❝♦♥❡❝t❛❞❛ à ❜❛s❡✱ ❜♦♠❜❡❛r ❛té ❛❞q✉✐r✐r ♣r❡ssã♦ s✉✜❝✐❡♥t❡
♣❛r❛ ♦ ❧❛♥ç❛♠❡♥t♦❀

✹✲ P✉①❛r ♦ ✜♦ ❞♦ ❣❛t✐❧❤♦❀
✺✲ ▼❡❞✐r ❝♦♠ ❛ tr❡♥❛ ❡ ❞❡ ♠❛♥❡✐r❛ ♣❡r♣❡♥❞✐❝✉❧❛r ❛ ❧✐♥❤❛ ❞❡ ❧❛♥ç❛♠❡♥t♦

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

❛t✐♥❣✐❞♦s ♣❡❧♦s ❢♦❣✉❡t❡s ❞❡ ❝❛❞❛ ❡q✉✐♣❡✳ ❆s ❡q✉✐♣❡s ❢♦r❛♠ ❝♦♠♣♦st❛s ❝♦♠
♥♦ ♠á①✐♠♦ 5 ❛❧✉♥♦s ❡ ❢♦r❛♠ ❞✐✈✐❞❛s ♣❡❧♦s ♣ró♣r✐♦s ❛❧✉♥♦s ❝♦♠♦ ❥á ❢♦✐ ❞✐t♦
❛♥t❡s✳

❚❛❜❡❧❛ ✷✿ ❚❛❜❡❧❛ ❞♦s ❆❧❝❛♥❝❡s

❊◗❯■P❊❙ ❊q✉✐♣❡ ✶ ❊q✉✐♣❡ ✷ ❊q✉✐♣❡ ✸ ❊q✉✐♣❡ ✹ ❊q✉✐♣❡ ✺ ❊q✉✐♣❡ ✻
❆▲❈❆◆❈❊❙ ✹✼✱✺♠ ✷✽♠ ✸✹♠ ✷✵♠ ✸✼✱✻♠ ✺✷♠

❢♦♥t❡✿P❡sq✉✐s❛

❆ss✐♠ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ t❛❜❡❧❛ ❛ ❡q✉✐♣❡ q✉❡ ❝♦♥s❡❣✉✐✉ ❛ ♠❛✐♦r ❞✐stâ♥❝✐❛
❢♦✐ ❛ ❡q✉✐♣❡ 6 ❡ ❡♥tã♦ s❛✐✉ ♥❛ ❢r❡♥t❡ ❞❛ ❝♦♠♣❡t✐çã♦✳ ▼❛s ❛ ❝♦♠♣❡t✐çã♦ ❢♦✐
❞✐✈✐❞✐❞❛ ❡♠ ❞✉❛s ❡t❛♣❛s✿ ❛ ♣r✐♠❡✐r❛ ❡r❛ ♦ ❧❛♥ç❛♠❡♥t♦ ❞♦s ❢♦❣✉❡t❡s ♦ q✉❛❧ ❥á
❢♦✐ ❡①❡❝✉t❛❞❛ ❝♦♠♦ ❞❡s❝r✐t♦ ❛ ❝✐♠❛✳

❆ s❡❣✉♥❞❛ ❡t❛♣❛ ❢♦✐ ❡①❡❝✉t❛❞❛ ❡♠ s❛❧❛ ❞❡ ❛✉❧❛ ♥♦ ❞✐❛ 12 ❞❡ ❞❡③❡♠❜r♦✱
q✉❡ ❢♦✐ ❛ s❡❣✉✐♥t❡✿ ❡❧❛❜♦r❛r ❛ ❢✉♥çã♦ q✉❡ ❞❡s❝r❡✈❡ ♦ ♠♦✈✐♠❡♥t♦ ❞❡ ✉♠ ❞♦s
❧❛♥ç❛♠❡♥t♦s ❞♦s ❢♦❣✉❡t❡s✱ ❡♠ q✉❡ s❡ ❝♦❧❤❡✉ ❛s ✐♥❢♦r♠❛çõ❡s ❝♦♠ ♦ ❛✉①✐❧✐♦ ❞❡
❞♦✐s ♣r♦❣r❛♠❛s✱ ♦ ✏tr❛❝❦❡r✑ ❡ ♦ ✏s❝✐❞❛✈✐s✑✳ ❋✐❧♠♦✉✲s❡ t♦❞♦s ♦s ❧❛♥ç❛♠❡♥t♦s
♣❛r❛ ❝♦❧❤❡r ❛s ✐♥❢♦r♠❛çõ❡s ❞♦s ✈í❞❡♦s ❛tr❛✈és ❞♦s ♣r♦❣r❛♠❛s ♠❡♥❝✐♦♥❛❞♦s✳

P❛r❛ ❛ ❝♦❧❡t❛ ✉s♦✉✲s❡ ✉♠ ❞♦s s❡✐s ú❧t✐♠♦s ❧❛♥ç❛♠❡♥t♦s✱ ✉♠ ❡♠ q✉❡ ♥ã♦ ❢♦✐
❜❡♠ s✉❝❡❞✐❞♦✳ ❖♥❞❡ ♦ ❢♦❣✉❡t❡ ♥ã♦ ❢♦✐ ❛❧t♦ ❡ q✉❡ ❛ s✉❛ ❞✐stâ♥❝✐❛ ❤♦r✐③♦♥t❛❧
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❢♦✐ ♣❡q✉❡♥❛✳ ❯♠ ❧❛♥ç❛♠❡♥t♦ ♦♥❞❡ s❡ ♣✉❞❡ss❡✱ s❡♠ q✉❡ ❛ ✐♠❛❣❡♠ ✜❝❛ss❡
❞✐st♦r❝✐❞❛ ♥♦ ♠♦♠❡♥t♦ ❞❡ ✉s❛r ♦s ♣r♦❣r❛♠❛s ❝✐t❛❞♦s ♥♦ ♣❛r❛❣r❛❢♦ ❛♥t❡r✐♦r✳

❈♦❧♦❝❛♥❞♦ ♦ ✈í❞❡♦ ❡s❝♦❧❤✐❞♦ ♥♦ tr❛❝❦❡r✱❡ s❡❧❡❝✐♦♥❛♥❞♦ ♥♦ ❡✐①♦ ❤♦r✐③♦♥t❛❧
♦ x q✉❡ r❡♣r❡s❡♥t❛ ❛ ❞✐st❛♥❝✐❛ ❛❧❝❛♥ç❛❞❛ ♣❡❧♦ ❢♦❣✉❡t❡ ♥❛ ❤♦r✐③♦♥t❛❧ ✭❛❧❝❛♥❝❡✮
❡ ♥♦ ✈❡rt✐❝❛❧ ♦ y q✉❡ r❡♣r❡s❡♥t❛ ❛ ❛❧t✉r❛✱ ♦ ♣r♦❣r❛♠❛ ❡❧❛❜♦r❛ ♦ ❣rá✜❝♦✱
❛♣r❡s❡♥t❛❞♦ ♥❛ ✜❣✉r❛ ✶✶ ❛❜❛✐①♦✱ ❡♠ q✉❡ ❥❛ s❡ ♣♦❞❡ r❡t✐r❛r ❛ ❛❧t✉r❛ ♠á①✐♠❛
❡ ♦ ❛❧❝❛♥❝❡ ❛t✐♥❣✐❞♦ ♣❡❧♦ ❢♦❣✉❡t❡ q✉❡ é ♦ q✉❡ ♥❡❝❡ss✐t❛♠♦s ♣❛r❛ ❛ ♦❜t❡♥çã♦
❞❛ ❢✉♥çã♦ q✉❡ ♦ ♠♦✈✐♠❡♥t♦ ❞♦ ❢♦❣✉❡t❡ ♦❜❡❞❡❝❡✳

❋✐❣✉r❛ ✶✶✿ ❚r❛❥❡tór✐❛ ♥♦ ❚r❛❝❦❡r

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

◆♦ tr❛❝❦❡r ♦s ❞❛❞♦s ❢♦r❛♠ ❝♦❧❡t❛❞♦s ❡ ❝♦♣✐❛❞♦s✱ ❡ ❧♦❣♦ ❡♠ s❡❣✉✐❞❛ ❢♦r❛♠
❝♦❧❛❞♦s ♥♦ s❝✐❞❛✈✐s ❡♠ q✉❡ ❛ ♣❛rá❜♦❧❛ ❢♦✐ ♠♦❞❡❧❛❞❛ s♦♠❡♥t❡ ❝♦♠ ❛s ♣♦s✐çõ❡s
♦❝✉♣❛❞❛s ♣❡❧♦ ❢♦❣✉❡t❡✱ ✜❝❛♥❞♦ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ✜❣✉r❛ ✶✷✳

✸✽



❋✐❣✉r❛ ✶✷✿ ❚r❛❥❡tór✐❛ ♥♦ ❙❝✐❞❛✈✐s

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

▲♦❣♦ ❡♠ s❡❣✉✐❞❛ ❝❧✐❝❛ss❡ ♥♦ ❜♦tã♦ ✧❛❥✉st❛r✧✱ ❡ ♦ ♣r♦❣r❛♠❛ ❛❥✉st❛ ❛ ♣❛✲
rá❜♦❧❛ ❡ ❡①♣r❡ss❛ ❛ ❢✉♥çã♦ q✉❡ r❡❣❡ ♦ ♠♦✈✐♠❡♥t♦ ❞♦ ♣r♦❥❡t✐❧✱ ❝♦♠♦ s❡ ♠♦str❛
♥❛ ✜❣✉r❛ ✶✸✳ ◗✉❡ s❡r✈✐✉ ♣❛r❛ s❡ ❝♦♠♣❛r❛r ❝♦♠ ❛s r❡s♣♦st❛s ❞♦s ❛❧✉♥♦s✳

❋✐❣✉r❛ ✶✸✿ ❚r❛❥❡tór✐❛ ♥♦ ❙❝✐❞❛✈✐s ❆❥✉st❛❞❛

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

❉❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♣r♦❣r❛♠❛ ♣❡r❝❡❜❡✉✲s❡ q✉❡ ❡❧❡ ♥ã♦ ❝♦♥s✐❞❡r♦✉ ❛ ♣♦♥t❛
❞♦ ❢♦❣✉❡t❡ ♥❛ ♦r✐❣❡♠ ❞♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦ ❝♦♠♦ ❢♦✐ ❞❡s❡❥❛❞♦✱ ❞❡✈✐❞♦ ❛ ✐ss♦ ♦ ❝
❞❛ ❢✉♥çã♦ ♥ã♦ é ③❡r♦✱ ♠❛s é ♠✉✐t♦ ♣ró①✐♠♦ ❞❡ ③❡r♦✳ ❆ss✐♠ ♣❛r❛ ❛ ❡❧❛❜♦r❛çã♦

✸✾



❞❛ q✉❡stã♦ q✉❡ ❢♦✐ r❡s♦❧✈✐❞❛ ♣❡❧♦s ❛❧✉♥♦s✱ ❝♦♥s✐❞❡r♦✉✲s❡ q✉❡ ♦ ❢♦❣✉❡t❡ ♣❛rt✐✉
❞❛ ♦r✐❣❡♠ ❞♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦✱ ♦✉ s❡❥❛✱ c = 0 ❡ q✉❡ ❝♦✐♥❝✐❞❡ ❝♦♠ ✉♠❛s ❞❛s
r❛í③❡s✱ ❥á q✉❡ é ✉♠ ❞♦s ♣♦♥t♦s ♦♥❞❡ ❡①✐st❡ ❝♦♥t❛t♦ ❞♦ ❢♦❣✉❡t❡ ❝♦♠ ♦ ❡✐①♦
❤♦r✐③♦♥t❛❧✳

❆ss✐♠ ❢♦✐ ♣r❡♣❛r❛❞❛ ❛ q✉❡stã♦ q✉❡ ✈✐r✐❛ ❛ s❡r r❡s♦❧✈✐❞❛ ♣❡❧♦s ❛❧✉♥♦s ❡♠
s❛❧❛ ❞❡ ❛✉❧❛ q✉❛♥❞♦ s❡ r❡t♦r♥❛ss❡ ♣❛r❛ s❛❧❛ ♥♦ ❞✐❛ 12 ❞❡ ❞❡③❡♠❜r♦✳ ❆ ❛t✐✈✐✲
❞❛❞❡ ✜❝♦✉ ❛ss✐♠✿

❊♠ ✉♠ ❞♦s ❧❛♥ç❛♠❡♥t♦s r❡❛❧✐③❛❞♦s ♥♦ ❝❛♠♣❡♦♥❛t♦ ❞❡ ❢♦❣✉❡t❡s✱ ✉♠ ❞♦s
❢♦❣✉❡t❡s ❛t✐♥❣✐✉ ❛ ❛❧t✉r❛ ♠á①✐♠❛ ❞❡ 2, 4 ♠❡tr♦s ❡ ❛t✐♥❣✐✉ ♦ ❛❧❝❛♥❝❡ ❤♦r✐③♦♥t❛❧
❞❡ 7, 8 ♠❡tr♦s✳ ❉❡s❝r❡✈❛ ❛ tr❛❥❡tór✐❛ ❞♦ ❢♦❣✉❡t❡ ✐♥❞✐❝❛♥❞♦ ♦s ✈❛❧♦r❡s ♥♦tá✈❡✐s
❞❛ ♣❛rá❜♦❧❛ ❡ ❞❡t❡r♠✐♥❡ ❛ ❡q✉❛çã♦ ❞❛ ♣❛rá❜♦❧❛ q✉❡ ❞❡s❝r❡✈❡ ❛ tr❛❥❡tór✐❛
❞❡ss❡ ❢♦❣✉❡t❡✳

❱❛❧❡ s❛❧✐❡♥t❛r q✉❡ s❡ ♦ ♣r♦❢❡ss♦r ♥ã♦ q✉✐s❡r ✉s❛r ♦s s♦❢t✇❛r❡s ❝✐t❛❞♦s ❛
❝✐♠❛✱ ❡❧❡ ♣♦❞❡ ❡♥❝♦♥tr❛r ❛s ❝♦♦r❞❡♥❛❞❛s ❞♦ ✈ért✐❝❡ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

❆ ❝♦♦r❞❡♥❛❞❛ x ❞♦ ✈ért✐❝❡ ♣❛r❛ s❡r ♦❜t✐❞❛ ❜❛st❛ ♠❡❞✐r ♦ ❛❧❝❛♥❝❡ ❞♦
❧❛♥ç❛♠❡♥t♦ ❡ ♦ ✈❛❧♦r ❡♥❝♦♥tr❛❞♦ ❞❡✈❡ s❡r ❞✐✈✐❞♦ ♣♦r 2✱ ♣♦✐s ❡❧❡ é ✐❣✉❛❧ ❛
♠❡❞✐❛ ❛r✐t♠ét✐❝❛ ❞❛s r❛í③❡s✳ ❊❧❡ ❡stá ♥♦ ♠❡✐♦ ❞❛s r❛í③❡s ❝♦♠♦ ❥á ❝✐t❛❞♦ ❡♠
✉♠❛ ❞❛s s❡çõ❡s ❛♥t❡r✐♦r❡s✳

P❛r❛ ❡♥❝♦♥tr❛r ❛ ❝♦♦r❞❡♥❛❞❛ y ❞♦ ✈ért✐❝❡ ❞❡✈❡✲s❡ ✉s❛r ♦ ❝♦♥❤❡❝✐♠❡♥t♦
❞❡ ❧❛♥ç❛♠❡♥t♦ ♦❜❧íq✉♦✱ ✉s❛r ❛ ❡q✉❛çã♦ ❞❡ ❚♦rr✐❝❡❧❡ v2

y
= v2

0y
− 2g∆h✱ ❡♠

q✉❡ ∆h = h − h0✱ ❝♦♠♦ h0 = 0 ♣♦✐s ❢♦❣✉❡t❡ ❡st❛ s❛✐♥❞♦ ❞♦ s♦❧♦ ∆h = h✳
❆ss✐♠ v2

y
= v2

0y
− 2gh✱ h❂ ❛❧t✉r❛ ♠á①✐♠❛ ❡ g é ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 10m/s2✳

▼❛s ♣❛r❛ s❡ ✉s❛r ❛ ❡q✉❛çã♦ ❞❡ ❚♦rr✐❝❡❧❧✐ t❡♠♦s q✉❡ ❡♥❝♦♥tr❛r ♦ ✈❛❧♦r ❞❛
v0y q✉❡ é ❛ ❝♦♠♣♦♥❡♥t❡ y ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❧❛♥ç❛♠❡♥t♦ v0✳ P❛r❛ ✐ss♦ ♣r✐♠❡✐r♦
❝❛❧❝✉❧♦✉✲s❡ ♦ ✈❛❧♦r ❞❡ v0 ✉s❛♥❞♦ ♦s ❞❛❞♦s ❞♦ ❡✐①♦ ❤♦r✐③♦♥t❛❧✳ ❈♦♠♦ ❥á ❢♦✐
❝✐t❛❞♦ ♥♦ tr❛❜❛❧❤♦ q✉❡ ♥♦ ❡✐①♦ ❤♦r✐③♦♥t❛❧ ♦ ♠♦✈✐♠❡♥t♦ é ✉♥✐❢♦r♠❡ ✉s❛✲s❡ ❛
s❡❣✉✐♥t❡ ❡q✉❛çã♦ ❞♦ ❛❧❝❛♥❝❡ A = v0xt ❡♠ q✉❡ t é ♦ t❡♠♣♦ t♦t❛❧ ❡♠ q✉❡ ♦
❢♦❣✉❡t❡ ♣❡r♠❛♥❡❝❡ ♥♦ ❛r q✉❡ ♣♦❞❡ s❡r ❝r♦♥♦♠❡tr❛❞♦ ♣❡❧♦ ♣r♦❢❡ss♦r ♦✉ ♣♦❞❡
s❡r ♦❜t✐❞♦ ❛ ♣❛rt✐r ❞♦ ✈í❞❡♦ ❡ A é ♦ ❛❧❝❛♥❝❡ q✉❡ ❥á ❢❛❧❛♠♦s ❝♦♠♦ ❞❡✈❡ s❡r
♠❡❞✐❞♦✱ ❧♦❣♦ v0x = A/t✳

❉❡ ♣♦ss❡ ❞♦ ✈❛❧♦r ❞❡ v0x ✉s❛✲s❡ ❛ ❡q✉❛çã♦ v0x = v0 cosα ♣❛r❛ ❝❛❧❝✉❧❛r v0
s❛❜❡♥❞♦ q✉❡ ♦ â♥❣✉❧♦ α é 45♦ ❞❡ ❢á❝✐❧ ♦❜t❡♥çã♦ ❞♦ s❡✉ s❡♥♦ ❡ ❝♦ss❡♥♦✱ ✈✐st♦
q✉❡ é ♦ â♥❣✉❧♦ q✉❡ ♣❡r♠✐t❡ ❛ ♦❜t❡♥çã♦ ❞❡ ♠❛✐♦r ❛❧❝❛♥❝❡✱ ♣♦r ✐ss♦ ❛ ❜❛s❡
❞❡ ❧❛♥ç❛♠❡♥t♦ ❥á é ❝♦♥str✉í❞❛ ❝♦♠ ❡st❛ ✐♥❝❧✐♥❛çã♦✳ ❆ss✐♠ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡
❧❛♥ç❛♠❡♥t♦ v0 =

v0x
cosα

✳

❖ ♣ró①✐♠♦ ♣❛ss♦ é ❡♥❝♦♥tr❛r ♦ ✈❛❧♦r ❞❛ ❝♦♠♣♦♥❡♥t❡ y ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡
❧❛♥ç❛♠❡♥t♦ ❛tr❛✈és ❞❡ v0y = v0 sinα✳ ❉❡ ♣♦ss❡ ❞❡ss❡ ú❧t✐♠♦ ✈❛❧♦r ✉s❛✲s❡ ❛
❡q✉❛çã♦ ❞❡ ❚♦rr✐❝❡❧❧✐ v2

2
= v2

0
− 2gh ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ s❡ ♦❜t❡r ♦ ✈❛❧♦r ❞❛

❛❧t✉r❛ ♠á①✐♠❛ h✳
❆✉❧❛ ✻✿

✹✵



◆♦ ❞✐❛ 12 ❞❡ ❞❡③❡♠❜r♦✱ ♥❛ s❛❧❛ ❞❡ ❛✉❧❛✱ ❢♦✐ ♣❛ss❛❞❛ ❛ q✉❡stã♦ ❛ ❝✐♠❛ ♦♥❞❡
❛s ❡q✉✐♣❡s s❡ r❡✉♥✐r❛♠ ❡ r❡s♣♦♥❞❡r❛♠ ❡ q✉❡ ♥❛ s❡çã♦ ✺ ♠♦str❛✲s❡ ❛❧❣✉♠❛s
r❡s♦❧✉çõ❡s ❡ ❝♦♠❡♥tár✐♦s ❛ r❡s♣❡✐t♦✳

❆✉❧❛ ✼✿
❊ss❛ ❢♦✐ ❛ ❛✉❧❛ ❞❡ ❡♥❝❡rr❛♠❡♥t♦ ❞♦ ♣r♦❥❡t♦✱q✉❡ ❢♦✐ ✉s❛❞❛ ♣❛r❛ ❛ss✐st✐r ♦

✜❧♠❡ ✧♦ ❝é✉ ❞❡ ♦✉t✉❜r♦✧✳ ❋✐❧♠❡ q✉❡ r❡❧❛t❛ ❛ ❤✐stór✐❛ ❞❡ ✉♠ ❣❛r♦t♦ ❡ três
❛♠✐❣♦s q✉❡ ✈✐r❛♠ ❢♦❣✉❡t❡✐r♦s ❡ ❣❛♥❤❛♠ ❜♦❧s❛s ❞❡ ❡st✉❞♦s ♥❛s ♠❡❧❤♦r❡s ❢❛❝✉❧✲
❞❛❞❡s ❛♠❡r✐❝❛♥❛s✳ ❖s ❛❧✉♥♦s ❣♦st❛r❛♠ ♠✉✐t♦ ❞♦ ✜❧♠❡ ❡ s❛ír❛♠ ♠♦t✐✈❛❞♦s ❛
❡st✉❞❛r ♣❛r❛ r❡❛❧✐③❛r❡♠ s❡✉s s♦♥❤♦s ❞❡✈✐❞♦ ❛♦ ❡①❡♠♣❧♦ ❞♦s ❣❛r♦t♦s ❞♦ ✜❧♠❡✳

✸✳✷ ❈♦♥str✉çã♦ ❞♦ ❋♦❣✉❡t❡ ❞❡ ●❛rr❛❢❛ P❊❚

✸✳✷✳✶ ▼❛t❡r✐❛✐s ❯t✐❧✐③❛❞♦s ♥❛ ❈♦♥str✉çã♦ ❞♦ ❋♦❣✉❡t❡

P❛r❛ ❛ ❝♦♥str✉çã♦ ❞♦ ❢♦❣✉❡t❡ ♦ ❞♦❝❡♥t❡ ❡ ♦s ❞✐s❝❡♥t❡s ♣r❡❝✐s❛♠ ❞♦s s❡✲
❣✉✐♥t❡s ♠❛t❡r✐❛✐s✿

✶✲❉✉❛s ❣❛rr❛❢❛s P❊❚✭❛s ♠❛✐s ✉s❛❞❛s sã♦ ❛s ❞❡ ✷ ❧✐tr♦s✮❀
✷✲❋✐t❛ ❛❞❡s✐✈❛ ✏❞✉r❡①✑ ❧❛r❣❛❀
✸✲P❛♣❡❧ã♦ ♦✉ P❛st❛ ♣❧ást✐❝❛ ✭❡s❝❛r❝❡❧❛s✮✱ ♣r❛ ❝♦♥str✉✐r ❛s ❛❧❡t❛s ❞♦ ❢♦❣✉❡t❡

✭❛s❛s✮❀
✹✲❯♠ ❜❛❧ã♦❀
✺✲❯♠❛ t❡s♦✉r❛ ♠é❞✐❛ ✭♣❛r❛ ❝♦rt❛r ♦ ❢♦❣✉❡t❡ ❡ ♦ ❜❛❧ã♦ ✮❀
✻✲❯♠ ❡st✐❧❡t❡ ♣❛r❛ ❢✉r❛r ❛ ❣❛rr❛❢❛ ❝♦♠ ♠❛✐s ❢❛❝✐❧✐❞❛❞❡✳

✸✳✷✳✷ Pr♦❝❡❞✐♠❡♥t♦s ♣❛r❛ ❛ ❈♦♥str✉çã♦ ❞♦ ❋♦❣✉❡t❡

❊♠ ♣♦ss❡ ❞❛s ❞✉❛s ❣❛rr❛❢❛s P❊❚✱ s❡♠❡❧❤❛♥t❡ ❛s ❞❛ ✜❣✉r❛ ✶✹✱ ❞❡✈❡✲s❡
s❡❣✉✐r ♦ q✉❡ ❡stá ❞❡s❝r✐t♦ ❛❜❛✐①♦ ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞♦ ❢♦❣✉❡t❡✳

✹✶



❋✐❣✉r❛ ✶✹✿ ●❛rr❛❢❛s P❡t

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

• P❛r❛ ❛ ❝♦♥str✉çã♦ ❞♦ ❢♦❣✉❡t❡ ✉♠❛ ❞❛s ❣❛rr❛❢❛s ♥ã♦ s❡rá ❝♦rt❛❞❛ ♣♦✐s
❡❧❛ ❢✉♥❝✐♦♥❛rá ❝♦♠♦ ❝♦r♣♦ ❞♦ ❢♦❣✉❡t❡✳ ➱ ♥❡❧❛✱ ❞❡♣♦✐s ❞♦ ❢♦❣✉❡t❡ ♣r♦♥t♦✱
q✉❡ s❡ ❞❡✈❡ ❛❞✐❝✐♦♥❛r ♦ ❝♦♠❜✉stí✈❡❧ ❞❡ ♣r♦♣✉❧sã♦✱ q✉❡ ♥❡ss❡ ❝❛s♦ s❡rá á❣✉❛
❡ ❛r ❝♦♠♣r✐♠✐❞♦✳ Pr❛ q✉❡ ♦ ❝♦♠❜✉stí✈❡❧ ❢✉♥❝✐♦♥❡ ❛❞❡q✉❛❞❛♠❡♥t❡ ❝♦❧♦❝❛✲s❡
✉♠ ♣♦✉❝♦ ♠❡♥♦s ❞❡ ✺✵✵♠❧ ❞❡ á❣✉❛ ♥♦ ❝♦r♣♦ ❞♦ ❢♦❣✉❡t❡✳ ❆ ♦✉tr❛ ❣❛rr❛❢❛
P❊❚ ❞❡✈❡ s❡r r❡❝♦rt❛❞❛ ❞❡ ♠❛♥❡✐r❛ ❛❞❡q✉❛❞❛ ♣❛r❛ q✉❡ s❡ ♣♦ss❛ ♦❜t❡r ❞♦✐s
❛❝❡ssór✐♦s ❢✉♥❞❛♠❡♥t❛✐s ♣❛r❛ q✉❡ s❡ t❡♥❤❛ ✉♠ ❡①❝❡❧❡♥t❡ ✈♦♦ ❞♦ ❢♦❣✉❡t❡✱ ✏♦
❜✐❝♦ ❡ ❛ s❛✐❛✑✳

• ❖ ❜✐❝♦ ♥ã♦ t❡♠ ✉♠ t❛♠❛♥❤♦ ♦✜❝✐❛❧✳ ◆ã♦ t❡♠ ✉♠❛ ❢ór♠✉❧❛ ♠❛t❡♠át✐❝❛
♣❛r❛ ❡ss❡ t❛♠❛♥❤♦✳ ■ss♦ ✈❛r✐❛ ❞❡ ❢♦❣✉❡t❡ ♣❛r❛ ❢♦❣✉❡t❡✳ ▼❛s ❛ s✉❣❡stã♦ é
q✉❡ s❡ ❝♦rt❡✱ ❞❡ ♠❛♥❡✐r❛ ♣❡r♣❡♥❞✐❝✉❧❛r ❛♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ❣❛rr❛❢❛✱ ❛ ✉♠❛
❞✐stâ♥❝✐❛ ❞❡ ✶✹ ❛ ✷✵ ❝♠ ❞❛ ❜♦❝❛ ❞❛ ❣❛rr❛❢❛✳ ❉❡ s♦rt❡ q✉❡ ✜q✉❡ ✉♠❛ ❜♦r❞❛
❝♦♠ t❛♠❛♥❤♦ s✉✜❝✐❡♥t❡ ♣❛r❛ s❡r ❡♥❝❛✐①❛❞❛ ❡ ♣r❡s❛✱ ❛tr❛✈és ❞❛ ✜t❛ ❞✉r❡①✱ ♥❛
♦✉tr❛ ❣❛rr❛❢❛✳ ❙❡♠❡❧❤❛♥t❡ à ✜❣✉r❛ ✶✺✳

✹✷



❋✐❣✉r❛ ✶✺✿ ●❛rr❛❢❛s P❡t

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

❉❡♥tr♦ ❞♦ ❜✐❝♦ ✭♦✉ ♣♦♥t❛ ❞♦ ❢♦❣✉❡t❡✮ ✈❛✐ ♦ q✉❡ é ❝❤❛♠❛❞♦ ❞❡ ❝❛r❣❛ út✐❧✱
❡❧❛ ❢❛③ ❝♦♠ q✉❡ ♦ ❢♦❣✉❡t❡ ♥ã♦ s❡ ❞❡s✈✐❡ ❝♦♠ ❢❛❝✐❧✐❞❛❞❡✳ ❆ ❝❛r❣❛ út✐❧ é ♦ ❜❛❧ã♦
❝♦♠ ✉♠ ♣♦✉❝♦ ❞❡ á❣✉❛ ♦✉ ❛r❡✐❛ ❞❡♥tr♦ ❞❡❧❡ ✭✈❡❥❛ ❛ ✜❣✉r❛ ✶✻✮✳ ❚❛♠❜é♠ ♥ã♦
s❡ t❡♠ ✉♠ ✈♦❧✉♠❡ ♣ré ❞❡✜♥✐❞♦ ♣❛r❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ á❣✉❛ ♦✉ ❛r❡✐❛ ♣❛r❛ s❡
❝♦❧♦❝❛r ♥♦ ❜❛❧ã♦✳ ❉❡✈❡✲s❡ t♦♠❛r ❝✉✐❞❛❞♦ ♣r❛ q✉❡ ♥ã♦ ✜q✉❡ ♠✉✐t♦ ♣❡s❛❞♦✳
◆❡st❡ ❡①❡♠♣❧♦ ❡s❝♦❧❤❡✉✲s❡ ❝♦❧♦❝❛r á❣✉❛ ❡♠ q✉❛♥t✐❞❛❞❡ s✉✜❝✐❡♥t❡ ♣❛r❛ q✉❡
✜q✉❡ ♠❡♥♦r q✉❡ ✉♠ ♦✈♦ ❞❡ ❣❛❧✐♥❤❛ ❡ ♠❛✐♦r q✉❡ ✉♠ ♦✈♦ ❞❡ ❝♦❞♦r♥❛✳ ❯♠
t❛♠❛♥❤♦ ✐♥t❡r♠❡❞✐ár✐♦✳

❋✐❣✉r❛ ✶✻✿ ❈❛r❣❛ Út✐❧

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

✹✸



▲♦❣♦ ❡♠ s❡❣✉✐❞❛ ❛♥❡①♦✉✲s❡ ❛ ❝❛r❣❛ út✐❧ ♥♦ ❜✐❝♦ ♣❡❧❛ ♣❛rt❡ ✐♥t❡r♥❛ ❞♦
♠❡s♠♦ ❡ ♣❛r❛ ♦ ✜①❛r✱ ❡st✐❝♦✉✲s❡ ❛ ♣♦♥t❛ ❞♦ ❜❛❧ã♦ ♣❛ss❛♥❞♦ ♣❡❧❛ ❜♦❝❛ ❞❛
❣❛rr❛❢❛ ❝♦rt❛❞❛ ✭♦ ❜✐❝♦✮ ❡ ❢♦✐ ♣r❡♥❞✐❞❛ r♦sq✉❡❛♥❞♦ ❛ t❛♠♣❛ ❞❛ ❣❛rr❛❢❛✳ ❈♦♠♦
r❡♣r❡s❡♥t❛❞♦ ♥❛ ✜❣✉r❛ ✶✼✳

❋✐❣✉r❛ ✶✼✿ ❈❛r❣❛ Út✐❧ ❡ ♦ ❇✐❝♦

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

• ❆ s❛✐❛ ❞♦ ❢♦❣✉❡t❡ ❞❡✈❡ s❡r ❢❡✐t❛ ❝♦♠ ♦ r❡st❛♥t❡ ❞❛ ❣❛rr❛❢❛ r❡❝♦rt❛❞❛✳
❇❛st❛ r❡❝♦rt❛r ♦ ❢✉♥❞♦ ❞♦ q✉❡ r❡st♦✉ ❞❛ ❣❛rr❛❢❛ P❊❚✳ ❖❜s❡r✈❡ ❛ ✜❣✉r❛ ✶✽✳

❋✐❣✉r❛ ✶✽✿ ❙❛✐❛

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

✹✹



◆❡❧❛ sã♦ ❝♦❧♦❝❛❞❛s ❛s ❛❧❡t❛s ❞♦ ❢♦❣✉❡t❡✳ ❘❡❝♦♠❡♥❞❛✲s❡ q✉❡ s❡❥❛♠ ❝♦❧♦✲
❝❛❞❛s ❞❡ ✸ ❛ ✺ ❛❧❡t❛s✳ ❙ã♦ ❛s ❛❧❡t❛s q✉❡ ❞ã♦ ❡st❛❜✐❧✐❞❛❞❡ ❛♦ ❢♦❣✉❡t❡✳ ❆ss✐♠
❛ s❛✐❛ ❞❡✈❡ ❛♣r❡s❡♥t❛r ❝♦♠♣r✐♠❡♥t♦ ♠❛✐♦r ♦✉ ✐❣✉❛❧ ❛♦ ❞❛s ❛❧❡t❛s✳ ◆❡st❡
❡①❡♠♣❧♦ ✉t✐❧✐③♦✉✲s❡ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ s❛✐❛ ✐❣✉❛❧ ❛ 13cm ♣♦r ✉♠❛ q✉❡stã♦ ❞❡
❡stét✐❝❛✳ ❘❡❝♦♠❡♥❞❛✲s❡ q✉❡ ❛s ❛❧❡t❛s t❡♥❤❛♠ ❛ ❢♦r♠❛ q✉❛❞r❛❞❛✱ ♠❛s t❛♠✲
❜é♠ ♣♦❞❡♠ s❡r ❞❡ ❢♦r♠❛ tr✐❛♥❣✉❧❛r ♦✉ ❛té ♠❡s♠♦ ❛ ❢♦r♠❛ ❞❡ tr❛♣é③✐♦✳ ❆q✉✐
❢♦✐ ✉s❛❞❛ ❛ ❢♦r♠❛ ❞❡ tr❛♣é③✐♦✳

❆ ❝♦♥❢❡❝çã♦ ❞❛s ❛❧❡t❛s ❞á✲s❡ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿
✶♦✮ ❈♦rt❛✲s❡ ♦ ♣❛♣❡❧ã♦ ♦✉ ♦ ♣❧❛st✐❝♦✭❡s❝❛♥❝❡❧❛✮ ♥❛ ❢♦r♠❛ ❞❡ q✉❛❞r❛❞♦s ❞❡

❛♣r♦①✐♠❛❞❛♠❡♥t❡ 8cm ❞❡ ❧❛❞♦ ✭✈❡r ✜❣✉r❛ ✶✾✮❀

❋✐❣✉r❛ ✶✾✿ ❆❧❡t❛s ♥❛ ❋♦r♠❛ ◗✉❛❞r❛❞❛

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

✷♦✮ ❆ 1, 5cm ❞❡ ✉♠ ❞♦s ✈ért✐❝❡s ❞♦ q✉❛❞r❛❞♦ ♠❛r❝❛✲s❡ ✉♠ ♣♦♥t♦ q✉❡ ❞❡✈❡
s❡r ❧✐❣❛❞♦✱ ❛tr❛✈és ❞❡ ✉♠❛ r❡t❛✱ ❛♦ ✈ért✐❝❡ ♦♣♦st♦ ❛♦ ❡s❝♦❧❤✐❞♦❀

✸♦✮ ❈♦rt❛✲s❡ ♦ q✉❛❞r❛❞♦ ❡①❛t❛♠❡♥t❡ ♥❛ r❡t❛ ❞❡s❝r✐t❛ ♥♦ ✐t❡♠ ❛♥t❡r✐♦r✱
❣❡r❛♥❞♦ ✉♠ tr❛♣é③✐♦ s❡♠❡❧❤❛♥t❡ ❛♦ ❞❛ ✜❣✉r❛ ✷✵ ❛❜❛✐①♦❀

✹✺



❋✐❣✉r❛ ✷✵✿ ❆❧❡t❛s ♥❛ ❋♦r♠❛ ❞❡ ❚r❛♣é③✐♦

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

✹♦✮ ◆❛ ❜❛s❡ ♠❛✐♦r ♠❛r❝❛✲s❡ três ♣♦♥t♦s q✉❡ ❛ ❞✐✈✐❞❛ ❡♠ q✉❛tr♦ ♣❛rt❡s
✐❣✉❛✐s ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 2cm✳ ❊♠ s❡❣✉✐❞❛✱ ♥♦s ♣♦♥t♦s ♠❛r❝❛❞♦s✱ ❝♦rt❛✲s❡
❛ ❛❧❡t❛ ❞❡ ♠❛♥❡✐r❛ ♣❡r♣❡♥❞✐❝✉❧❛r à ❜❛s❡ ❛té ✉♠❛ ❛❧t✉r❛ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡
2cm✳ ❋♦r♠❛♥❞♦ ❛ss✐♠ três q✉❛❞r❛❞♦s ❞❡ 2cm ❞❡ ❧❛❞♦ ❡ ✉♠ tr❛♣é③✐♦ r❡tâ♥❣✉❧♦
❝♦♠ ❜❛s❡ ♠❛✐♦r ❡ ❛❧t✉r❛ ❝♦♠ 2cm q✉❡ s❡rã♦ ❞♦❜r❛❞♦s ❛❧t❡r♥❛❞❛♠❡♥t❡ ♣❛r❛
✉♠ ❧❛❞♦ ❡ ♣❛r❛ ♦ ♦✉tr♦✱ ❝♦♠♦ ❡①❡♠♣❧✐✜❝❛❞♦ ♥❛ ✜❣✉r❛ ✷✶✳ ❊ss❡s s❡rã♦ ♦s
♣♦♥t♦s ❞❡ ❝♦♥t❛t♦ ❞❛s ❛❧❡t❛s ❝♦♠ ❛ s❛✐❛ ❞♦ ❢♦❣✉❡t❡ ❢♦❣✉❡t❡✱ q✉❡ s❡rã♦ ✜①❛❞❛s
❝♦♠ ♦ ❛✉①✐❧✐♦ ❞❛ ✜t❛ ❛❞❡s✐✈❛✳

❋✐❣✉r❛ ✷✶✿ P♦♥t♦s ❞❡ ❈♦♥t❛t♦ ❊♥tr❡ ❛s ❆❧❡t❛s ❡ ❛ ❙❛✐❛

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

✹✻



❖ ♣❛ss♦ s❡❣✉✐♥t❡ é ❝♦❧♦❝❛r ❛s ❛❧❡t❛s ♥❛ s❛✐❛ ♥♦s s❡✉s ❞❡✈✐❞♦s ❧✉❣❛r❡s ❡ ❛s
✜①❛r ❝♦♠ ♦ ❛✉①✐❧✐♦ ❞❛ ✜t❛ ❛❞❡s✐✈❛✳ P❛r❛ ❡st❡ ♣r♦tót✐♣♦ ❡s❝♦❧❤❡✉✲s❡ ❝♦❧♦❝❛r
✹ ❛❧❡t❛s✳ ❊♥tã♦ ❞❡✈❡✲s❡ ❢❛③❡r q✉❛tr♦ ❝♦rt❡s ❧♦♥❣✐t✉❞✐♥❛✐s ♥❛s ❛❧❡t❛s ❝♦♠ ♦
♠❡s♠♦ ❝♦♠♣r✐♠❡♥t♦ ❡ t♦❞♦s ✐❣✉❛❧♠❡♥t❡ ❡s♣❛ç❛❞♦ ❡♠ r❡❧❛çã♦ às ❜♦r❞❛s ❞❛
s❛✐❛ ❡ q✉❡ ✜q✉❡♠ ❞✐❛♠❡tr❛❧♠❡♥t❡ ♦♣♦st♦s ❞♦✐s ❛ ❞♦✐s✳ P❛r❛ q✉❡ ✜q✉❡♠
❞✐❛♠❡tr❛❧♠❡♥t❡ ♦♣♦st♦s ❞❡✈❡✲s❡ ♠❡❞✐r ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ❝✐r❝✉♥❢❡rê♥❝✐❛ ❞❛
s❛✐❛ ❡ ❞✐✈✐❞✐r ♦ r❡s✉❧t❛❞♦ ♣♦r ✹✳ ❖ r❡s✉❧t❛❞♦ é ❡①❛t❛♠❡♥t❡ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡
❞✉❛s ❛❧❡t❛s ❝♦♥s❡❝✉t✐✈❛s✳ ❙❡ ❢♦r ❞❡❝✐❞✐❞♦ ❝♦❧♦❝❛r ♠❛✐s ♦✉ ♠❡♥♦s ❛❧❡t❛s ♦
♣r♦❝❡ss♦ ❞❡✈❡ s❡r r❡❛❧✐③❛❞♦ ❞❡ ❢♦r♠❛ s✐♠✐❧❛r ❞✐✈✐❞✐♥❞♦ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛
❝✐r❝✉♥❢❡rê♥❝✐❛ ♣❡❧❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❛❧❡t❛s ❡s❝♦❧❤✐❞♦✳

❖s ❝♦rt❡s ❢❡✐t♦s ♥❛ s❛✐❛ s❡r✈✐r❛♠ ♣❛r❛ ❛ ✜①❛çã♦ ❞❛s ❛❧❡t❛s q✉❡ ❞❡✈❡♠ s❡r
❝♦❧♦❝❛❞❛s ❞❡ ❞❡♥tr♦ ♣❛r❛ ❢♦r❛ ❡ ♣r❡s❛s ❝♦♠ ♦ ❛✉①✐❧✐♦ ❞❛ ✜t❛ ❛❞❡s✐✈❛ ♥❛ ♣❛rt❡
✐♥t❡r♥❛ ❞❛ s❛✐❛✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ✜❣✉r❛ ✷✷✳

❋✐❣✉r❛ ✷✷✿ ❙❛✐❛ Pr♦♥t❛

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

✹✼



❈♦♠ ♦ ❜✐❝♦ ❡ ❛ s❛✐❛ ♣r♦♥t♦s ♦ ♣ró①✐♠♦ ♣❛ss♦ é ✜①❛✲❧♦s✱ ❞❡ ♠❛♥❡✐r❛ ❛❥✉s✲
t❛❞❛ ❡ ❝♦♠ ♦ ❛✉①✐❧✐♦ ❞❛ ✜t❛ ❛❞❡s✐✈❛✱ ❛ ♦✉tr❛ ❣❛rr❛❢❛ P❊❚ q✉❡ ♥ã♦ ❢♦✐ ❝♦rt❛❞❛
❡ ♦ ❢♦❣✉❡t❡ ❡st❛rá ♣r♦♥t♦✳ ❆í ♣♦❞❡✲s❡ ✉s❛r ❞❛ ❝r✐❛t✐✈✐❞❛❞❡ ♣❛r❛ ❞❡✐①❛✲❧♦ ❝♦♠
✉♠ ✈✐s✉❛❧ ♠❛✐s ✐♥t❡r❡ss❛♥t❡✳ ❈♦♠♦ s❡ ♦❜s❡r✈❛ ♥❛ ✜❣✉r❛ ✷✸✱ ❡st❡ ❡①❡♠♣❧♦
✜❝♦✉ ♥♦ ❢♦r♠❛t♦ tr❛❞✐❝✐♦♥❛❧✳

❋✐❣✉r❛ ✷✸✿ ❖ ❋♦❣✉❡t❡

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

✸✳✸ ❈♦♥str✉çã♦ ❞❛ ❇❛s❡ ❞❡ ▲❛♥ç❛♠❡♥t♦

✸✳✸✳✶ ▼❛t❡r✐❛✐s ❯t✐❧✐③❛❞♦s ♥❛ ❈♦♥str✉çã♦ ❞❛ ❇❛s❡ ❞❡ ▲❛♥ç❛♠❡♥t♦

✶ ❝❛♥♦ ❞❡ ♣✈❝ ❞❡ ✷✵♠♠ ❞❡ ❞✐â♠❡tr♦❀
✷ ❚ ❞❡ ✷✵♠♠ ❞❡ ❞✐â♠❡tr♦❀
✷ ❥♦❡❧❤♦s ❞❡ ✷✵♠♠ ❞❡ ❞✐â♠❡tr♦❀
✷ t❛♣s ❞❡ ✷✵ ♠♠ ❞❡ ❞✐â♠❡tr♦❀
✶ ♣✐t♦ ❞❡ ♣♥❡✉ ❞❡ ❜✐❝✐❝❧❡t❛❀
✶ t✉❜♦ ❞❡ ❝♦❧❛ ❞❡ ❝❛♥♦❀
✶ s❡rr❛ ♣❛r❛ ❝❛♥♦❀
✶ r♦❧♦ ❞❡ ❡s♣❛r❛❞r❛♣♦❀
✶ t✉❜♦ ❞❡ ✈❛s❡❧✐♥❛❀
✹ ❛❜r❛ç❛❞❡✐r❛s ❞❡ ♣❧❛st✐❝♦ ❝♦♠ ❝❛❜❡ç♦t❡ ❞❡ ✸✱✺ ❛ ✸✱✼ ♠♠❀
✶ ❛❜r❛ç❛❞❡✐r❛ ❞❡ ♠❡t❛❧ ❞❡ ✶ ❝♠ ❞❡ ❞✐â♠❡tr♦❀
✶ ♣❡❞❛ç♦ ❞❡ ❝❛♥♦ ❞❡ ✹✵ ♠♠ ❝♦♠ ✸ ❛ ✹ ❝♠ ❞❡ ❝♦♠♣r✐♠❡♥t♦❀
✻♠ ❞❡ ❜❛r❜❛♥t❡

✹✽



✸✳✸✳✷ Pr♦❝❡❞✐♠❡♥t♦s ♣❛r❛ ❛ ❈♦♥str✉çã♦ ❞❛ ❇❛s❡ ❞❡ ▲❛♥ç❛♠❡♥t♦

❋✐❣✉r❛ ✷✹✿ ▼❛t❡r✐❛✐s ♣❛r❛ ❛ ❇❛s❡

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

❉❡ ♣♦ss❡ ❞❡ t♦❞♦ ♦ ♠❛t❡r✐❛❧ q✉❡ s❡ ♠♦str❛ ♥❛ ✜❣✉r❛ ✷✹✱ ♣❛r❛ ✐♥✐❝✐❛r ❛
❝♦♥str✉çã♦ ❞❛ ❜❛s❡✱ ❞❡✈❡✲s❡ ❝♦rt❛r ♦ ❝❛♥♦ ❞❡ 20mm ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿ ❞♦✐s
♣❡❞❛ç♦s ❞❡ 20cm✱ ❞♦✐s ♣❡❞❛ç♦s ❞❡ 10cm✳ ❊♠ s❡❣✉✐❞❛ ♣♦❞❡ ✜①❛r ✉♠❛ ❞❛s
❡①tr❡♠✐❞❛❞❡s ❞♦s ❝❛♥♦s ❞❡ 10cm ❞❡ ❝♦♠♣r✐♠❡♥t♦ ❡♠ ✉♠ ❞♦s ts ❡ ❛s ♦✉tr❛s
❡①tr❡♠✐❞❛❞❡s ♥♦s ❥♦❡❧❤♦s ❥✉♥t❛♠❡♥t❡ ❝♦♠ ♦s ♣❡❞❛ç♦s ❞❡ 20cm q✉❡ t❛♠❜é♠
❥❛ ❞❡✈❡♠ ❡st❛r ❝♦♠ ♦s t❛♣s ❡♥❝❛✐①❛❞♦s✭s❡♠ ❝♦❧❛✮ ❡ ♦ r❡st❛♥t❡ ❞♦ ❝❛♥♦ ❞❡✈❡
s❡r ❝♦❧❛❞♦ t❛♠❜é♠ ♥♦ t✳ ❉❡ s♦rt❡ q✉❡ ❡st❛ ✉❧t✐♠❛ ♣❛rt❡ ❛♣r❡s❡♥t❡ ✉♠ ❛♥❣✉❧♦
❞❡ 45♦ ❝♦♠ ❛ ❤♦r✐③♦♥t❛❧✳ ❱❡❥❛ ❛ ✜❣✉r❛ ✷✺✳

✹✾



❋✐❣✉r❛ ✷✺✿ ❇❛s❡ ✶

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

❖s t❛♣s ❞❡✈❡♠ s❡r ❢✉r❛❞♦s ❝♦♠ ♦ ❛✉①✐❧✐♦ ❞❡ ✉♠ ❜❡s♦✉r♦ ❡❧étr✐❝♦✳ ❉❡✈❡✲
s❡ ❡s❝♦❧❤❡r ❞✉❛s ❜r♦❝❛s q✉❡ ❢❛ç❛♠ ❢✉r♦s q✉❡ ♣♦ss❛♠ s❡r ❝♦❧♦❝❛❞♦s ❡♠ ✉♠
❞♦s t❛♣s ♦ ♣✐t♦ ❞❡ ♣♥❡✉ ❜✐❝✐❝❧❡t❛ ❡ ♥♦ ♦✉tr♦ ✉♠❛ ♠❛♥❣✉❡✐r❛ ✜♥❛ ✭♠❛♥❣✉❡✐r❛
❞❡ ❛q✉ár✐♦✮✳ ❊ ❝♦♠ ♦ ❛✉①✐❧✐♦ ❞❡ ❞✉r❡♣♦①✱ ♦ ♣✐t♦ ❡ ❛ ♠❛♥❣✉❡✐r❛✱ ❞❡✈❡♠ s❡r
✜①❛❞♦s ❝♦♠ ♦ ❛✉①✐❧✐♦ ❞❛ ❝♦❧❛✱ ✉♠ ❡♠ ❝❛❞❛ t❛♣s✱ ❞❡ ❢♦r♠❛ q✉❡ ✜q✉❡♠ ❜❡♠
✈❡❞❛❞♦s✳

◆❛ ♣❛rt❡ ✐♥❝❧✐♥❛❞❛✱ é ❛❝♦♥s❡❧❤❛❞♦ ❝♦❧♦❝❛r ✉♠ s✉♣♦rt❡ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡
♠❛♥t❡r ❛ ✐♥❝❧✐♥❛çã♦ q✉❛♥❞♦ ♦ ❢♦❣✉❡t❡ ❝♦♠ á❣✉❛ ❢♦r ❛♥❡①❛❞♦✱ ❡ ♦ ❧❛♥ç❛♠❡♥t♦
s❡ ❛♣r♦①✐♠❡ ❞❛ ♣❡r❢❡✐çã♦✳ P❛r❛ ✐ss♦ ✉s❛✲s❡ ♦ ♦✉tr♦ ❚ ❡ ♠❛✐s ✉♠ ♣❡❞❛ç♦ ❞❡
❝❛♥♦ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 10cm✳ ❖♥❞❡ t❛♠❜é♠ ❥á s❡ ❞❡✈❡ ❝♦❧♦❝❛r ❛s ❛❜r❛✲
ç❛❞❡✐r❛s ❞❡ ♣❧❛st✐❝♦ ✜①❛❞❛s ❝♦♠ ❛✉①✐❧✐♦ ❞❛ ❛❜r❛ç❛❞❡✐r❛ ❞❡ ♠❡t❛❧✳ ❋✐❝❛♥❞♦
♥♦ ❢♦r♠❛t♦ ❛♣r❡s❡♥t❛❞♦ ♥❛ ✜❣✉r❛ ✷✻✳

✺✵



❋✐❣✉r❛ ✷✻✿ ❇❛s❡ ✷

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

P❛r❛ ✜♥❛❧✐③❛r ❝♦❧♦❝❛✲s❡ ❛ ❜♦❝❛ ❞❡ ✉♠ ❜❛❧ã♦ ✜①❛ ♣♦r ❡s♣❛r❛❞r❛♣♦ ❛ ✉♠❛
❛❧t✉r❛ ❡♠ q✉❡ ♣♦ss❛ ✈❡❞❛r ✉♠❛ ❣❛rr❛❢❛ P❊❚ ❡ ❡st❛ s❡❥❛ ♣r❡s❛ ❝♦♠ ❛s ❝❛❜❡ç❛s
❞❛s ❛❜r❛ç❛❞❡✐r❛s ❞❡ ♣❧ást✐❝♦✳ ❊ ✉t✐❧✐③❛✲s❡ ♦ r♦❧♦ ❞❡ ♣❛♣❡❧ ❤✐❣✐ê♥✐❝♦ ♣❧❛st✐✜❝❛❞♦
✭♣❛r❛ t♦r♥á✲❧♦ ✐♠♣❡r♠❡á✈❡❧✮ ♣r❡s♦ ❛ ✉♠ ✜♦ ❧♦♥❣♦ ♣r❛ s❡r✈✐ ❞❡ ❣❛t✐❧❤♦✱ ❝♦♠♦
s❡ ♠♦str❛ ♥❛ ✜❣✉r❛ ✷✼✳

❋✐❣✉r❛ ✷✼✿ ❇❛s❡ Pr♦♥t❛

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

✺✶



✹ ❘❊❙❯▲❚❆❉❖❙ ❊ ❉■❙❈❯❙❙➹❖

❆ s❡❣✉✐r ❛♣r❡s❡♥t❛♠♦s ♦s r❡s✉❧t❛❞♦s ❞❡ ❝❛❞❛ ❡q✉✐♣❡ ♥❛ r❡s♦❧✉çã♦ ❞❛ q✉❡s✲
tã♦ ♣r♦♣♦st❛ ❛♣ós ♦s ❧❛♥ç❛♠❡♥t♦s✳

❋✐❣✉r❛ ✷✽✿ ❘❡s✉❧t❛❞♦ ✶

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ✜❣✉r❛ ✷✽✱ ♣❡r❝❡❜❡✲s❡ q✉❡ ♦ r❡s✉❧t❛❞♦ ❞❡st❛ ❡q✉✐♣❡ ♥ã♦ ❢♦✐
❡s♣❡r❛❞♦ ♣♦✐s ❝♦♠❡t❡r❛♠ ❛❧❣✉♥s ❡rr♦s ❜ás✐❝♦s ❞❡ ❝á❧❝✉❧♦ ❡ ♣♦rt❛♥t♦ ♦s ✈❛❧♦r❡s
❞♦s ❝♦❡✜❝✐❡♥t❡s ❛ ❡ ❜ ♥ã♦ ❢♦r❛♠ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❡s♣❡r❛❞♦✳ ▼❛s ♣❡r❝❡❜❡✉✲s❡
q✉❡ ❡①✐st✐✉ ✉♠❛ ❜♦❛ ❛ss✐♠✐❧❛çã♦ ❞♦ ❝♦♥t❡ú❞♦ ♣♦✐s ❛ r❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❡stá
♠✉✐t♦ ❜❡♠ ❡❧❛❜♦r❛❞❛✳ ❖s ❡rr♦s ❝♦♠❡t✐❞♦s ❢♦r❛♠ ♥♦ q✉❡s✐t♦ ♠✉❧t✐♣❧✐❝❛çã♦ ❡
❞✐✈✐sã♦ ❝♦♠ ♥ú♠❡r♦s ❞❡❝✐♠❛✐s✱ ❡♠ q✉❡ ♦ ♣r♦❢❡ss♦r ❢❡③ ✈ár✐♦s ❡①❡♠♣❧♦s ♣r❛
q✉❡ ♦s ❛❧✉♥♦s ❧❡♠❜r❛ss❡♠ ❡ss❡ t✐♣♦ ❞❡ ❝❛❧❝✉❧♦ ✈✐st♦ q✉❡ é ✉♠ ❛ss✉♥t♦ ❞♦
❡♥s✐♥♦ ❢✉♥❞❛♠❡♥t❛❧ ❡ ♣✉❞❡ss❡♠ ❛ss✐♠ ❢❛③❡r ❛ ❝♦rr❡çã♦✳

✺✷



❋✐❣✉r❛ ✷✾✿ ❘❡s✉❧t❛❞♦ ✷

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

❆ ✜❣✉r❛ ✷✾ ♠♦str❛ q✉❡ ♦ ❣rá✜❝♦ ♠✉✐t♦ ❜❡♠ r❡♣r❡s❡♥t❛❞♦ ❢❛❧t♦✉ ♣❡r❢❡✐çã♦
♥❛ ♠✉❧t✐♣❧✐❝❛çã♦ ❝♦♠ ♥ú♠❡r♦s ❞❡❝✐♠❛✐s q✉❡ ❢❡③ ❝♦♠ q✉❡ ♦ ✈❛❧♦r ❞♦ ❝♦❡✜❝✐❡♥t❡
❜ ❢♦ss❡ ❡♥❝♦♥tr❛❞♦ ❝♦♠ ❢❛❧❤❛s✳ ❊♥❝♦♥tr❛✲s❡ ✉♠❛ ❢❛❧❤❛ t❛♠❜é♠ ♥❛ ❡s❝r✐t❛ ❞❛
❢✉♥çã♦ ❡♠ q✉❡ tr♦❝❛r❛♠ ♦ s✐♥❛❧ ❞♦ ❝♦❡✜❝✐❡♥t❡ ❛✱ ❝♦♥tr❛❞✐③❡♥❞♦ ♦ ❣rá✜❝♦ q✉❡
❛♣r❡s❡♥t❛ ♣❛rá❜♦❧❛ ❝♦♠ ❝♦♥❝❛✈✐❞❛❞❡ ✈♦❧t❛❞❛ ♣❛r❛ ❜❛✐①♦✳

✺✸



❋✐❣✉r❛ ✸✵✿ ❘❡s✉❧t❛❞♦ ✸

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

◆❡st❡ r❡s✉❧t❛❞♦✱ ❛♣r❡s❡♥t❛❞♦ ♥❛ ✜❣✉r❛ ✸✵✱ ❛ r❡♣r❡s❡♥t❛çã♦ ❣rá✜❝❛ ❡stá
❝♦♠ ❢❛❧❤❛s✱ ♦s ♣♦♥t♦s ♥♦tá✈❡✐s ♥ã♦ ❡stã♦ ❝♦♠♦ ❡s♣❡r❛❞♦✳ ▼❛s ♦s ✈❛❧♦r❡s ❞♦s
❝♦❡✜❝✐❡♥t❡s ❞❛ ❢✉♥çã♦ ❢♦r❛♠ ❡♥❝♦♥tr❛❞♦s ❝♦♠♦ ❡s♣❡r❛❞♦✳

❋✐❣✉r❛ ✸✶✿ ❘❡s✉❧t❛❞♦ ✹

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

✺✹



❋✐❣✉r❛ ✸✷✿ ❘❡s✉❧t❛❞♦ ✺

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

❋✐❣✉r❛ ✸✸✿ ❘❡s✉❧t❛❞♦ ✻

❋♦♥t❡✿Pró♣r✐❛ ❞♦ ❆✉t♦r

✺✺



❖s r❡s✉❧t❛❞♦s ✹✱ ✺ ❡ ✻✱ ❛♣r❡s❡♥t❛❞♦s✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♥❛s ✜❣✉r❛s ✸✶✱✸✷ ❡
✸✸✱ ❢♦r❛♠ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❡s♣❡r❛❞♦✳ ❚❛♥t♦ ❛s r❡♣r❡s❡♥t❛çõ❡s ❣rá✜❝❛s q✉❛♥t♦
♦s ❝á❧❝✉❧♦s ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦s ✈❛❧♦r❡s ❞♦s ❝♦❡✜❝✐❡♥t❡s ❛ ❡ ❜ ❢♦r❛♠ ❢❡✐t♦s
❝♦♠ ♣r❡❝✐sã♦✳

❱❛❧❡ r❡ss❛❧t❛r ❛q✉✐ q✉❡ ❞♦ ✐♥✐❝✐♦ ❛♦ ✜♥❛❧ ❞♦ ♣r♦❥❡t♦ ♥ã♦ s❡ ♦✉✈✐✉ ♥❡♠
✉♠❛ ♣❡r❣✉♥t❛ ♦✉ ❝♦♠❡♥tár✐♦ s♦❜r❡ ❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞❛ ❢✉♥çã♦ q✉❛❞rát✐❝❛ ❡
♣❡r❝❡❜❡✉✲s❡ q✉❡ ❛té ♠❡s♠♦ ♦ ❛❧✉♥♦ q✉❡ ♠❡♥♦s s❡ ❡♥✈♦❧✈❡✉ ♥♦ ♣r♦❥❡t♦ s❡
♠♦str♦✉ ❝♦♠ ❝♦♥❤❡❝✐♠❡♥t♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ✐♥t❡r♣r❡t❛çã♦ ❣rá✜❝❛ ♦✉ ♣❛r❛ ♦s
❝á❧❝✉❧♦s ❡♥✈♦❧✈✐❞♦s ♥♦ ❛ss✉♥t♦ ❡♠ ❛♥❛❧✐s❡✳

❆♣r❡s❡♥t❛♠♦s ❛❜❛✐①♦ ❛❧❣✉♥s ❞❡♣♦✐♠❡♥t♦s ❞♦s ❛❧✉♥♦s ❛♣ós ♦ t❡r♠✐♥♦ ❞♦
♣r♦❥❡t♦✿

❆❧✉♥♦ A3✿ ✧❋♦✐ ♠✉✐t♦ ✐♥t❡r❡ss❛♥t❡ ❛s ❛✉❧❛s q✉❡ t✐✈❡♠♦s ❝♦♠ ♦ ♣r♦❢❡ss♦r
●✐✉❧✐❛♥♦ t❛♥t♦ ♥❛ ♣❛rt❡ t❡ór✐❝❛ q✉❛♥t♦ ♥❛ ♣rát✐❝❛✧❀

❆❧✉♥♦ A8✿ ✧❖ ♠ét♦❞♦ ✉s❛❞♦ ♣❡❧♦ ♣r♦❢❡ss♦r ❢❡③ ❝♦♠ q✉❡ t♦❞♦s ♦s ❛❧✉♥♦s
♣r❡st❛ss❡♠ ❛t❡♥çã♦ ❡ ♣✉❞❡ss❡♠ ❛r♠❛③❡♥❛r t♦❞♦ ♦ ❝♦♥t❡ú❞♦ ❡♠ s✉❛s ♠❡♥t❡s✧❀

❆❧✉♥♦ A13✿ ✧❖s ❧❛♥ç❛♠❡♥t♦s ❞♦s ❢♦❣✉❡t❡s ❢♦✐ s✉♣❡r ❧❡❣❛❧ ♣♦rq✉❡ t♦❞♦s
♥ós ❛♣r❡♥❞❡♠♦s ❞❡ ✉♠❛ ❢♦r♠❛ ❞✐✈❡rt✐❞❛ ❡ ♥ã♦ ❞❡ ✉♠❛ ❢♦r♠❛ ❝❤❛t❛✧❀

❆❧✉♥♦ A23✿ ✧◆♦ ✾♦ ❛♥♦ ❞♦ ❡♥s✐♥♦ ❢✉♥❞❛♠❡♥t❛❧ ❡st✉❞❛♠♦s ❡q✉❛çõ❡s ❞❡
✷♦ ❣r❛✉ ♦♥❞❡ ♥ã♦ ❛♣r❡♥❞❡♠♦s q✉❛s❡ ♥❛❞❛✳ ❊ ❝♦♠ ❡ss❛ ❢♦r♠❛ ❞❡ ❡st✉❞❛r
♣❡r❝❡❜❡♠♦s q✉❡ ❛ ♠❛t❡♠át✐❝❛ ♣♦❞❡ s❡r ❞✐✈❡rt✐❞❛ ❡ ♥ã♦ é tã♦ ❞✐❢í❝✐❧ ❝♦♠♦
❛❧❣✉♥s ❛❧✉♥♦s ♣❡♥s❛♠✳ ❉❡ ❢♦r♠❛ ♣rát✐❝❛ ❛♣r❡♥❞✐ ❝❛❞❛ ♣♦♥t♦ ✐♠♣♦rt❛♥t❡ ❞❛
♣❛rá❜♦❧❛ ❡ t✉❞♦ q✉❡ ❞❡✈❡r✐❛ t❡r ❛♣r❡♥❞✐❞♦ ♥♦ ✾♦ ❛♥♦✧✳

✺✻



✺ ❈❖◆❙■❉❊❘❆➬Õ❊❙ ❋■◆❆■❙

❆♦ ❧♦♥❣♦ ❞❡ 8 ❛♥♦s ❝♦♠♦ ♣r♦❢❡ss♦r ❞❛ r❡❞❡ ❡st❛❞✉❛❧ ❞❡ ❡♥s✐♥♦ ♥❛ ❝✐❞❛❞❡
❞❡ P✐♥❞❛ré ▼✐r✐♠ ♣❡r❝❡❜✐ ✉♠❛ ❣r❛♥❞❡ ❞✐✜❝✉❧❞❛❞❡ ❞❡ ❛♣r❡♥❞✐③❛❣❡♠ ♥♦s ❛❧✉✲
♥♦s ❞♦ ✶♦ ❛♥♦ ❞♦ ❡♥s✐♥♦ ♠é❞✐♦ q✉❛♥t♦ ❛♦s ❝♦♥❝❡✐t♦s ❡st✉❞❛❞♦s✳ ❆ ❢✉♥çã♦
q✉❛❞rát✐❝❛ ❛♣r❡s❡♥t❛ ✉♠❛ ✐❞❡✐❛ q✉❡ ❛ ♣r✐♥❝í♣✐♦ ♥ã♦ é ❞❡ ❢á❝✐❧ ✈✐s✉❛❧✐③❛çã♦
♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛ ❛❧✉♥♦s q✉❡ ✈❡♠ ❞❡ ✉♠ ❡♥s✐♥♦ ❢✉♥❞❛♠❡♥t❛❧ ♥ã♦ ♠✉✐t♦
❡✜❝✐❡♥t❡✳ ❆ss✐♠ s❡ t♦r♥❛ ❡①tr❡♠❛♠❡♥t❡ ✐♠♣♦rt❛♥t❡ ✉♠❛ ❛❜♦r❞❛❣❡♠ ❞✐❢❡✲
r❡♥t❡ q✉❡ ♣♦ss❛ t♦r♥❛r ♦ ❛ss✉♥t♦ ♠❛✐s ❢á❝✐❧ ❡ q✉❡ ♣♦ss❛ ♣r❡♥❞❡r ♠✉✐t♦ ♠❛✐s
s✉❛ ❛t❡♥çã♦ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❛ ❛♣r❡♥❞✐③❛❣❡♠ s❡❥❛ ❜❡♠ s✉❝❡❞✐❞❛✳

❊st❛ ♣❡sq✉✐s❛ ♣r♦♣õ❡ ✉♠ ♠ét♦❞♦ ❛❧t❡r♥❛t✐✈♦ q✉❡ ❢❛❝✐❧✐t❛ ♦ ❡♥s✐♥♦ ❡ ❛♣r❡♥✲
❞✐③❛❣❡♠ ❞❛ ❢✉♥çã♦ ❞❡ s❡❣✉♥❞♦ ❣r❛✉ ❡♥✈♦❧✈❡♥❞♦ ♦ ❧❛♥ç❛♠❡♥t♦ ❞❡ ❢♦❣✉❡t❡s ❞❡
❣❛rr❛❢❛s P❊❚ ❡ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛✱ ✉♠❛ ❢♦r♠❛ ❞❡ ❞❛r s❡♥t✐❞♦ ❛♦ ❝♦♥✲
t❡ú❞♦ ♥❛ ✈✐❞❛ ❞♦s ❡st✉❞❛♥t❡s q✉❡ ❛♣r❡s❡♥t❛♠ ❞✐✜❝✉❧❞❛❞❡ ♥❛ ❛ss✐♠✐❧❛çã♦ ♣♦r
♥ã♦ ❝♦♥s❡❣✉✐r❡♠ r❡❧❛❝✐♦♥❛r ♦ ❝♦♥t❡ú❞♦ ❝♦♠ ♦ s❡✉ ❞✐❛ ❛ ❞✐❛✱ ♦✉ s❡❥❛✱ ♥ã♦
❝♦♥s❡❣✉✐r❡♠ ♣❡r❝❡❜❡r ❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞❡ ❞❛ ❢✉♥çã♦ q✉❛❞rát✐❝❛✳

❆ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠át✐❝❛ ❢♦✐ ❡s❝♦❧❤✐❞❛ ♥ã♦ ❛♣❡♥❛s ♣♦rq✉❡ s❡ ❡st✉❞❛ ❛
♠❛t❡♠át✐❝❛ ❞❡ ♠❛♥❡✐r❛ ❛♣❧✐❝❛❞❛✱ ♠❛s t❛♠❜é♠ ♣♦rq✉❡ ❞❡s♣❡rt❛ ♥♦ ❛❧✉♥♦
♠❛✐♦r ✐♥t❡r❡ss❡ ❡♠ ❡st✉❞❛r ♠❛t❡♠át✐❝❛ ❞❡ ❢♦r♠❛ q✉❡ ♣♦ss❛ ❛♣❧✐❝❛✲❧❛ ♦✉ ♦❜✲
s❡r✈❛r s✉❛s ❛♣❧✐❝❛çõ❡s ♥♦ ❝♦t✐❞✐❛♥♦❀ ♣♦r ❢❛❝✐❧✐t❛r ❛ ❝♦♠♣r❡❡♥sã♦ ❞❛s ✐❞❡✐❛s
♠❛t❡♠át✐❝❛s✱ ❥á q✉❡ ❡stã♦ ❝♦♥❡❝t❛❞❛s ❛ ♦✉tr♦s ❛ss✉♥t♦s❀ t❡♠♦s ❛ ♣r❡♣❛r❛çã♦
♣❛r❛ s❡ ✉t✐❧✐③❛r ❛ ♠❛t❡♠át✐❝❛ ❡♠ ❞✐❢❡r❡♥t❡s ár❡❛s❀ ❞❡s❡♥✈♦❧✈❡r ❤❛❜✐❧✐❞❛❞❡s
❣❡r❛✐s ❞❡ ✐♥✈❡st✐❣❛çã♦❀ ❡ ❛♥❛❧✐s❛r ❝♦♠♦ ❛ ♠❛t❡♠át✐❝❛ ♣♦❞❡ s❡r ✉s❛❞❛ ♥❛s
♣r❛t✐❝❛s s♦❝✐❛✐s✳

❯♠ ❞♦s ♠♦♠❡♥t♦s ❞❡ ❣r❛♥❞❡ ✐♠♣♦rtâ♥❝✐❛ ♥❡ss❛ ♣r♦♣♦st❛ ❞❡ ❡♥s✐♥♦ ❡
t❛♠❜é♠ ♦ ♠❛✐s ❛❣✉❛r❞❛❞♦ ♣❡❧♦s ❛❧✉♥♦s✱ ❢♦✐ ❛ ❛✉❧❛ ♣rát✐❝❛ ❞❡ ❧❛♥ç❛♠❡♥t♦ ❞❡
❢♦❣✉❡t❡s ❞❡ ❣❛rr❛❢❛s P❊❚✳ ❖♥❞❡ t♦r♥♦✉✲s❡ r❡❛❧ ❡ ❝♦♠ s✐❣♥✐✜❝❛❞♦ ♦ ❣rá✜❝♦
❞❛ ❢✉♥çã♦ ♣♦❧✐♥♦♠✐❛❧ ❞❡ ✷♦ ❣r❛✉✱ ❛ ♣❛rá❜♦❧❛ q✉❡ é ❡①❛t❛♠❡♥t❡ ❛ tr❛❥❡tór✐❛
❞❡s❝r✐t❛ ♣❡❧♦ ❢♦❣✉❡t❡✳ ❆ss✐♠✱ t♦❞❛ ❛ ♣❛rt❡ t❡ór✐❝❛ ❡①♣♦st❛ ❛♥t❡r✐♦r♠❡♥t❡
♣❛ss♦✉ ❛ t❡r s✐❣♥✐✜❝❛❞♦ ❝♦♥❝r❡t♦ ❡ ♣❡r❝❡♣tí✈❡❧ ♣❛r❛ ❝❛❞❛ ✉♠ ❞♦s ❛❧✉♥♦s✳

❋❡✐t♦ ❛ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s ❞❛ ❛t✐✈✐❞❛❞❡ ♣r♦♣♦st❛ ❞❡♣♦✐s ❞❛ ❛✉❧❛ ♣rá✲
t✐❝❛ ❡ ❞♦s ❞❡♣♦✐♠❡♥t♦s ❝✐t❛❞♦s ♣❡r❝❡❜❡✉✲s❡ q✉❡ ♦ ♣r♦❝❡ss♦ ❞❡ ❡♥s✐♥♦ ❛♣r❡♥✲
❞✐③❛❣❡♠ ❢♦✐ ❜❡♠ s✉❝❡❞✐❞♦ ❛tr❛✈és ❞❡st❛ ♣r♦♣♦st❛ ❞❡ ❡♥s✐♥♦✳ P♦✐s ♦s ❛❧✉♥♦s
❝♦♥s❡❣✉✐r❛♠ ♠❛t❡♠❛t✐③❛r ❛ s✐t✉❛çã♦ ♣r♦❜❧❡♠❛ ✭❧❛♥ç❛♠❡♥t♦ ❞♦ ❢♦❣✉❡t❡✮✱ ♦✉
s❡❥❛✱ ❝♦♥s❡❣✉✐r❛♠ r❡♣r❡s❡♥t❛r ❛ s✐t✉❛çã♦ ♣r♦❜❧❡♠❛ ❛tr❛✈és ❞❡ ✉♠❛ ❡q✉❛çã♦
♦✉ ❛tr❛✈és ❞♦ ❣rá✜❝♦ ♦✉ ❛té ♠❡s♠♦ ❛tr❛✈és ❞♦ ❣rá✜❝♦ ❡ ❞❛ ❡q✉❛çã♦✳

❆♣ós ❛ r❡❛❧✐③❛çã♦ ❞♦ ❡①♣❡r✐♠❡♥t♦ ♥♦t♦✉✲s❡ q✉❡ ♣❡❧♦ ❡st✐♠✉❧♦ q✉❡ t✐✈❡r❛♠
♥❛ ♣r❡♣❛r❛çã♦ ❞❛ ❜❛s❡ ❡ ❧❛♥ç❛♠❡♥t♦ ❞♦ ❢♦❣✉❡t❡✱ q✉❡ ♦s ❛❧✉♥♦s ❛❞q✉✐r❛♠ ❝❡rt❛
❛✉t♦♥♦♠✐❛ ♥♦ ♣r♦❝❡ss♦ ❞❡ r❡s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s✱ ❞❡s♣❡rt❛♥❞♦ ❛✐♥❞❛ ♥❡❧❡s
♦ ❡s♣✐r✐t♦ ❞❡ ✐♥✈❡st✐❣❛çã♦✱ ♣r❛③❡r ❡♠ ❝♦♥str✉✐r ❝♦♥❤❡❝✐♠❡♥t♦ ❡ ✐♠♣♦rtâ♥❝✐❛

✺✼



❞❡ tr❛❜❛❧❤❛r ❡♠ ❣r✉♣♦
❈♦♥st❛t♦✉✲s❡ ❛♣ós ❛ r❡❛❧✐③❛çã♦ ❞❡st❡ ❡st✉❞♦ q✉❡ ❛ r❡❧❛çã♦ ❡♥tr❡ t❡♦r✐❛

❡ ♣rát✐❝❛ ❢♦✐ ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ♦s ❛❧✉♥♦s ✈✐✈❡♥❝✐❛r❡♠ ❛ ♠♦❞❡❧❛❣❡♠ ♥❛s s✐✲
t✉❛çõ❡s ❞❡ ❝♦♥t❡①t♦s ❞✐✈❡rs♦s✳ ❆♦ s❡ ❛♣r♦♣r✐❛r❡♠ ❞♦ ❝♦♥❤❡❝✐♠❡♥t♦ t❡ór✐❝♦
✈❡r✐✜❝♦✉✲s❡ q✉❡ ❛s t♦♠❛❞❛s ❞❡ ❞❡❝✐sã♦ ❢♦r❛♠ ♠❛✐s ❝♦♥s❝✐❡♥t❡s ❡ s❡❣✉r❛s✳

❉❡♣♦✐s q✉❡ ♦s ❛❧✉♥♦s r❡❛❧✐③❛r❛♠ ❛s ♠❡❞✐çõ❡s✱ ❝á❧❝✉❧♦s ❡ ❡st✐♠❛t✐✈❛s✱ ✈✐✲
✈❡♥❝✐❛r❛♠ ❛ ❡①♣❡r✐ê♥❝✐❛ ❞❡ ❧❛♥ç❛r ✉♠ ❢♦❣✉❡t❡✱ ❝♦♠♣❛r❛r ♦s r❡s✉❧t❛❞♦s ❛❧❝❛♥✲
ç❛❞♦s ♥♦ ❡①♣❡r✐♠❡♥t♦✱ ♠♦❜✐❧✐③❛r ❝♦♥❤❡❝✐♠❡♥t♦s ♣ré✈✐♦s ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞❡
♥♦✈♦s ❝♦♥❤❡❝✐♠❡♥t♦s✱ ✜❝♦✉ ❡✈✐❞❡♥t❡ ♣❛r❛ ❛❧✉♥♦s ❡ ♣r♦❢❡ss♦r ❛ ✐♠♣♦rtâ♥❝✐❛
❞❛ r❡❧❛çã♦ ♣❡❞❛❣ó❣✐❝❛ ♣❛r❛ ❛ trí❛❞❡ s❛❜❡r✱ ❛❧✉♥♦ ❡ ♣r♦❢❡ss♦r✳

❊st❡ tr❛❜❛❧❤♦ t❡♠ ❛ ✐♥t❡♥çã♦ ❞❡ ❛♣r❡s❡♥t❛r ♠❛✐s ✉♠❛ ❛❧t❡r♥❛t✐✈❛ ❞✐❞át✐❝❛
♣❛r❛ ♦ ❡♥s✐♥♦ ❞❛ ♠❛t❡♠át✐❝❛✱ ❡s♣❡❝✐✜❝❛♠❡♥t❡ ♣❛r❛ ♦ ❡♥s✐♥♦ ❞❡ ❢✉♥çã♦ q✉❛✲
❞rát✐❝❛✳ ❊s♣❡r❛✲s❡ ❡st❛r ❝♦♥tr✐❜✉✐♥❞♦ ❞❡ ❢♦r♠❛ ❛ ❛♠❡♥✐③❛r ❛s ❞✐✜❝✉❧❞❛❞❡s
❡♥✈♦❧✈✐❞❛s ♥♦ ❡♥s✐♥♦ ❞❡ ❢✉♥çã♦ ♣♦❧✐♥♦♠✐❛❧ ❞❡ ✷♦ ❣r❛✉✱ s✉❛s r❡♣r❡s❡♥t❛çõ❡s ❡
♣r♦♣r✐❡❞❛❞❡s✳ ◆❛ ❝❡rt❡③❛ ❞❡ q✉❡ ♥ã♦ s❡ ❡st❛❣♥❛rá ♣♦r ❛q✉✐ ❜✉s❝❛♥❞♦ ♠❡t♦❞♦✲
❧♦❣✐❛s q✉❡ ♣♦ss❛♠ ♠❡❧❤♦r❛r ♦ ❡♥s✐♥♦ ❞❛ ♠❛t❡♠át✐❝❛ ♥♦ ❛✉①✐❧✐♦ ❞❡ ♣r♦❢❡ss♦r❡s
❡ ❛❧✉♥♦s✳
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❘❊❋❊❘✃◆❈■❆❙

❘❡❢❡rê♥❝✐❛s

❬✶❪ ❆❘❆Ú❏❖✱ ❏✉ss❛r❛ ❞❡ ▲♦✐♦❧❛✳ ❯♠❛ ❆❜♦r❞❛❣❡♠ ❙ó❝✐♦✲❈rít✐❝❛ ❞❛
▼♦❞❡❧❛❣❡♠ ▼❛t❡♠át✐❝❛✿ ❛ ♣❡rs♣❡❝t✐✈❛ ❞❛ ♠♦❞❡❧❛❣❡♠ ♠❛t❡♠á✲
t✐❝❛ ❝rít✐❝❛✳ ❆▲❊❳❆◆❉❘■❆ ❘❡✈✐st❛ ❞❡ ❊❞✉❝❛çã♦ ❡♠ ❈✐ê♥❝✐❛
❡ ❚❡❝♥♦❧♦❣✐❛✱ ✈✳✷✱ ♥✳✷✱ ♣✳✺✺✲✻✽✱ ❥✉❧✳ ✷✵✵✾✳ ❉✐s♣♦♥í✈❡❧ ❡♠ ❁
❤tt♣✿✴✴❛❧❡①❛♥❞r✐❛✳♣♣❣❡❝t✳✉❢s❝✳❜r✴✜❧❡s✴✷✵✶✷✴✵✸✴❥✉ss❛r❛✳♣❞❢❃

❬✷❪ ❆❘❆Ú❏❖✱ ❏✳ ▲✳❀ ❇❖❘❇❆✱ ▼✳ ❈✳ ❈♦♥str✉✐♥❞♦ P❡sq✉✐s❛s ❈♦❧❡t✐✈❛♠❡♥t❡
❡♠ ❊❞✉❝❛çã♦ ▼❛t❡♠át✐❝❛✳ ■♥✿ ❇❖❘❇❆✱ ▼✳ ❈✳❀ ❆❘❆Ú❏❖✱ ❏✳ ▲✳ ✭❖r❣✳✮
P❡sq✉✐s❛ ◗✉❛❧✐t❛t✐✈❛ ❡♠ ❊❞✉❝❛çã♦ ▼❛t❡♠át✐❝❛✱ ❇❡❧♦ ❍♦r✐③♦♥t❡✿ ❆✉tê♥✲
t✐❝❛✱ ✷✵✵✹✳

❬✸❪ ➪❱■▲❆✱ ●✳ ❙✳ ❙✳ ❈á❧❝✉❧♦ ❞❛s ❋✉♥çõ❡s ❞❡ ❯♠❛ ❱❛r✐á✈❡❧✳ ✼✳ ❡❞✳ ❘✐♦ ❞❡
❏❛♥❡✐r♦✿ ▲❚❈✱ ✷✵✵✸✳

❬✹❪ ❇❖●❉❆◆✱ ❘✳❈✳❀ ❇■❑▲❊◆✱ ❙✳ ❑✳ ■♥✈❡st✐❣❛çã♦ ◗✉❛❧✐t❛t✐✈❛ ❡♠ ❊❞✉❝❛çã♦
▼❛t❡♠át✐❝❛✿ ✉♠❛ ✐♥tr♦❞✉çã♦ à t❡♦r✐❛ ❡ ❛♦s ♠ét♦❞♦s✳ ▲✐s❜♦❛✿ P♦rt♦ ❊❞✐✲
t♦r❛✱ ✶✾✾✹

❬✺❪ ❇❖●❉❆◆ ❡ ❇■❑▲❊◆✱ ✶✾✾✹❀ ❑■▲P❆❚❘■❈❑✱ ●Ó▼❊ ❡ ❘■❈❖✱ ✶✾✾✽❀
❇❖❘❇❆✱ ✷✵✵✶❀ ❙❑❖❱❙▼❖❙❊✱ ✷✵✵✶❀ ❆❘❆Ú❏❖ ❡ ❇❖❘❇❆✱✷✵✵✹❀ ●❆❘✲
◆■❈❆✱ ✷✵✵✶✹❀ ❋■❖❘❊◆❚■◆■ ❡ ▲❖❘❊◆❩❆❚❖✱ ✷✵✵✻❀ ❘❖❙❆ ❡ ❱❆◆■◆■✱
✷✵✶✶✱ ✷✵✶✷

❬✻❪ ❇❖❘❇❆✱ ▼✳ ❈✳ ❈♦❧❡t✐✈♦s ❙❡r❡s✲❤✉♠❛♥♦s✲❝♦♠✲♠í❞✐❛s ❡ ❛ Pr♦❞✉çã♦ ❞❡
▼❛t❡♠át✐❝❛✳ ■♥✿ ■ ❙✐♠♣ós✐♦ ❇r❛s✐❧❡✐r♦ ❞❡ Ps✐❝♦❧♦❣✐❛ ❞❛ ❊❞✉❝❛çã♦ ▼❛t❡✲
♠át✐❝❛✱ ❈✉r✐t✐❜❛✱ ✷✵✵✶✳

❬✼❪ ❇❘❆❙■▲✳ ▼✐♥✐stér✐♦ ❞❛ ❊❞✉❝❛çã♦✳ ❇❛s❡ ◆❛❝✐♦♥❛❧ ❈♦♠✉♠ ❈✉rr✐❝✉❧❛r✳
❇r❛sí❧✐❛✲❉❋✱ ✷✵✶✽✳

❬✽❪ ❈❆❘❆➬❆✱ ❇✳ ❞❡ ❏✳ ❈♦♥❝❡✐t♦s ❋✉♥❞❛♠❡♥t❛✐s ❞❛ ♠❛t❡♠át✐❝❛✳ ✹✳❡❞✳ ▲✐s❜♦❛✿
●r❛❞✐✈❛✱ ✶✾✾✽✳

❬✾❪ ❉❆◆❚❊✱ ▲✳ ❘✳ ❈♦♥t❡①t♦ ❡ ❆♣❧✐❝❛çõ❡s✿ ❱♦❧✉♠❡ Ú♥✐❝♦✳ ❙ã♦ P❛✉❧♦✿ ➪t✐❝❛✱
✷✵✵✵✳
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♣❛r❛ ✉♠ ❆♣r❡♥❞✐③❛❞♦ ❙✐❣♥✐✜❝❛t✐✈♦✳ ✷✵✶✽✳ ✼✺❢✳ ❉✐ss❡rt❛çã♦ ❞❡ ▼❡str❛❞♦ ✲
❯♥✐✈❡rs✐❞❛❞❡ ❊st❛❞✉❛❧ ❞♦ P✐❛✉í✱ ❚❡r❡s✐♥❛✲P✐✳ ✷✵✶✽✳

✻✶



❬✸✸❪ ❙■▲❱❊■❘❆✱ ❏✳ ❈✳ ❘■❇❆❙✱ ❏✳ ▲✳ ❉✳ ❉✐s❝✉s✲
sõ❡s ❙♦❜r❡ ▼♦❞❡❧❛❣❡♠ ▼❛t❡♠át✐❝❛✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿
❁❤tt♣s✿✴✴✇✇✇✳s♦♠❛t❡♠❛t✐❝❛✳❝♦♠✳❜r✴❛rt✐❣♦s✴❛✽✴✐♥❞❡①✳♣❤♣❃ ❆❝❡ss♦
❡♠✿ ✶✾ ❞❡ ♥♦✈❡♠❜r♦ ❞❡ ✷✵✶✽✳

❬✸✹❪ ❙■❚❊ ❙❖❋■❙■❈❆✳❈❖▼✳ ❊s♣❡❧❤♦ ❈ô♥❝❛✈♦✳ ✷✵✵✽✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿
❁❤tt♣s✿✴✴❤tt♣s✿✴✴✇✇✇✳s♦✜s✐❝❛✳❝♦♠✳❜r❃✳ ❆❝❡ss♦✿ ✷✹ ❞❡ ♥♦✈❡♠❜r♦ ❞❡
✷✵✶✽✳

❬✸✺❪ ❙■❚❊ ❲■❑■P❊❉■❆✳❖❘●✳ ❉✐❛❣r❛♠❛ ❞❡ ✉♠ t❡❧❡s❝ó♣✐♦ ❞❡ ◆❡✇t♦♥✳ ✷✵✶✽✳
❉✐s♣♦♥í✈❡❧ ❡♠✿ ❁ ❤tt♣s✿✴✴♣t✳✇✐❦✐♣❡❞✐❛✳♦r❣✴✇✐❦✐✴❚❡❧❡s❝

❬✸✻❪ ❙❑❖❱❙▼❖❙❊✱ ❖✳ ❊❞✉❝❛çã♦ ▼❛t❡♠át✐❝❛ ❈rít✐❝❛✿ ❛ q✉❡stã♦ ❞❛ ❞❡♠♦❝r❛✲
❝✐❛✳ ✷✳ ❡❞✳ ❚r❛❞✉çã♦ ❞❡ ❆❜❣❛✐❧ ▲✐♥s ❡ ❏✉ss❛r❛ ❞❡ ▲♦✐♦❧❛ ❆r❛ú❥♦✳ ❈❛♠♣✐♥❛s✱
❙P✿ ❊❞✐t♦r❛ P❛♣✐r✉s✱ ✷✵✵✶✳

❬✸✼❪ ❚❘■❱■◆❖❙✱ ❆✳ ◆✳ ❙✳ ■♥tr♦❞✉çã♦ à ♣❡sq✉✐s❛ ❡♠ ❝✐ê♥❝✐❛s s♦❝✐❛✐s✿ ❛ ♣❡s✲
q✉✐s❛ q✉❛❧✐t❛t✐✈❛ ❡♠ ❡❞✉❝❛çã♦✳ ❙ã♦ P❛✉❧♦✿ ❆t❧❛s✱ ✶✾✽✼✳

❬✸✽❪ ❨❖❯◆●✱ ❍✳ ❉✳ ❙❡❛rs ❛♥❞ ❩❡♠❛♥s❦②✬s✳ ❯♥✐✈❡rs✐t② P❤②s✐❝s✳ ❚r❛❞✉çã♦ ❡
❘❡✈✐sã♦ ❚é❝♥✐❝❛✿ ❆❞✐r ▼♦②sés ▲✉✐③✳ ✸❛ ❘❡✐♠♣r❡ssã♦✳ ❙ã♦ P❛✉❧♦✿ P❡❛rs♦♥
❊❞✉❝❛t✐♦♥ ❞♦ ❇r❛s✐❧✱ ✷✵✵✻✳

✻✷



❆P✃◆❉■❈❊

❆♣ê♥❞✐❝❡ ❆ ✲ ❍✐stór✐❛ ❞♦s ❋♦❣✉❡t❡s

P❛r❛ ❖❧✐✈❡✐r❛ ✭✷✵✵✽✱ ♣✳ ✹✮

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

❜❛♠❜✉ ❝❤❡✐♦s ❞❡ ✉♠❛ ❡s♣é❝✐❡ ❞❡ ♣ó❧✈♦r❛ q✉❡ ❡r❛♠ ✉t✐❧✐③❛❞♦s ❡♠ ❢❡st✐✈✐✲

❞❛❞❡s r❡❧✐❣✐♦s❛s ♥❛ ❈❤✐♥❛✳ ❖s ❝❤✐♥❡s❡s ❢♦r❛♠ ♦s ♣r✐♠❡✐r♦s ❛ ❡①♣❡r✐♠❡♥t❛r

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

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

s❡ ❝♦♠ ❛ ✐♠♣✉❧sã♦ ❞♦s ❣❛s❡s ❧✐❜❡r❛❞♦s ♣❡❧❛ r❡❛çã♦ q✉í♠✐❝❛✳ ◆❛s❝✐❛ ♦

♣r✐♠❡✐r♦ ❢♦❣✉❡t❡✳

❊ss❛ r❡♣❧✐❝❛ ❞♦ ❢♦❣✉❡t❡ ❡r❛ ❧❛♥ç❛❞❛ ❡♠ ❝❡r✐♠ô♥✐❛s ❞❡ ❢❡st✐✈❛✐s r❡❧✐❣✐♦s♦s✱
♣♦r ✈♦❧t❛ ❞♦ 3♦ sé❝✉❧♦ ❛♥t❡s ❞❡ ❈r✐st♦✱ ❝♦♠ ❛ ❢✉♥çã♦ ❞❡ ❡①♣✉❧s❛r ❡s♣ír✐t♦s
❞♦ ♠❛❧ ❛tr❛✈és ❞♦ ❣r❛♥❞❡ ❜❛r✉❧❤♦ ❡♠✐t✐❞♦ ❞❛ ❡①♣❧♦sã♦✳

❆ ♣❛rt✐r ❞❛í ♦s ❢♦❣✉❡t❡s ♣❛ss❛r❛♠ ❛ s❡r ✉s❛❞♦s ❝♦♠♦ ♦❜❥❡t♦ ❜é❧✐❝♦ ♣❡❧♦s
❝❤✐♥❡s❡s✳ ❖s ❢♦❣✉❡t❡s ❢❛③✐❛♠ ✉♠ ❜❛r✉❧❤♦ ❜❡♠ ♣❛r❡❝✐❞♦ ❛♦ ❞❡ ✉♠ tr♦✈ã♦✱
♠❛s ❝♦♥s❡❣✉✐❛ ❛t✐♥❣✐r ❛❧✈♦s ❛ 24 q✉✐❧ô♠❡tr♦s ❞❡ ❞✐st❛♥❝✐❛ ❡ ❞❡✈❛st❛✈❛♠
❛ r❡❣✐ã♦ ❛t✐♥❣✐❞❛ ♥✉♠ r❛✐♦ ❞❡ 600 ♠❡tr♦s✳

P♦r ✈♦❧t❛ ❞❡ 1241 ❞✳❈✳✱ ♦s ❢♦❣✉❡t❡s ❝❤❡❣❛r❛♠ ❛ ❊✉r♦♣❛ ❝♦♠♦ ♠❛t❡r✐❛❧
❞❡ ❣✉❡rr❛✳ ❊ ♠✉✐t♦s ♦✉tr♦s ♣❛ís❡s t❛♠❜é♠ ♣❛ss❛r❛♠ ❛ ❡st✉❞❛r ❡ ✉s❛✲❧♦s
❝♦♠♦ ♠❛t❡r✐❛❧ ❜é❧✐❝♦✳

▼❛s ♦ ❛✉❣❡ ❞♦s ❢♦❣✉❡t❡s ❝♦♠♦ ❛r♠❛ ❢♦✐ ♥♦ ✜♥❛❧ ❞❛ s❡❣✉♥❞❛ ❣✉❡rr❛ ♠✉♥❞✐❛❧
q✉❛♥❞♦ ❲❡r♥❡r ❱♦♥ ❇r❛✇♥ ❡ s✉❛ ❡q✉✐♣❡ ❧❛♥ç❛r❛♠ ♦ ♣r✐♠❡✐r♦ ❢♦❣✉❡t❡
❜❛❧íst✐❝♦ ♠♦✈✐❞♦ ❛ ❝♦♠❜✉stí✈❡❧ ❧✐q✉✐❞♦✱ ♦ V 2✱ q✉❡ ❛♥t❡s ❡r❛ ❝♦♥❤❡❝✐❞♦
❝♦♠♦ A4✳ ❉❡♣♦✐s ❞❡ ✈ár✐❛s t❡♥t❛t✐✈❛s✱ ❛ ♣❡r❢❡✐çã♦ s♦♥❤❛❞❛ ❛❝♦♥t❡❝❡✳ ❖
❢♦❣✉❡t❡ s❡❣✉✐✉ ❝♦rr❡t❛♠❡♥t❡ s✉❛ tr❛❥❡tór✐❛ ♣ré✲❞❡✜♥✐❞❛ ❡ ❛t✐♥❣✐✉ ♦ ❛❧✈♦ ❛
193km ❞❡ ❞✐st❛♥❝✐❛✳ ▼❛r❝❛♥❞♦ ❛ss✐♠ ♦ ✐♥í❝✐♦ ❞❛ ❡r❛ ❊s♣❛❝✐❛❧✳

❱♦♥ ❇r❛✇♥ ❢♦✐ ❝♦♥tr❛t❛❞♦ ♣❡❧♦s ♥❛③✐st❛s ❝♦♠♦ ✉♠❛ ❡s♣é❝✐❡ ❞❡ ❡❧❡♠❡♥t♦
s✉r♣r❡s❛✳ ▼❛s q✉❛♥❞♦ ♦❜t❡✈❡ s✉❝❡ss♦ ♥♦ ❧❛♥ç❛♠❡♥t♦✱ ❥á ❡r❛ t❛r❞❡ ❞❡♠❛✐s✳
◆ã♦ ♣♦❞❡ ♠❛✐s ♠✉❞❛r ♦ r✉♠♦ ❞❛ ❤✐st♦r✐❛ ❝♦❧♦❝❛♥❞♦ ❛ ❣✉❡rr❛ ❛ ❢❛✈♦r ❞❡
❍✐t❧❡r✳

❊♠ 1961✱ ♦ ❢♦❝♦ ❞♦s ❢♦❣✉❡t❡s s♦❢r❡ ✉♠❛ ♠✉❞❛♥ç❛ ❡ ❨✉r✐ ●❛❣❛r✐♥ ❞❡✉ ✉♠❛
✈♦❧t❛ ♥❛ ♦r❜✐t❛ t❡rr❡str❡ ❡ ❛✜r♠♦✉ q✉❡ ❛ t❡rr❛ ❡r❛ ❛③✉❧✳

❆té ❱♦♥ ❇r❛✇♥ ♠✉❞❛ s❡✉ ❢♦❝♦ ❡ ❝r✐❛ ♦ ♣r♦❥❡t♦ ❙❛t✉r♥♦ ❱✱ ❢♦❣✉❡t❡ q✉❡
❧❡✈♦✉ ❛ ❆♣♦❧❧♦ 11 à ❧✉❛✳

✻✸



❖ ❇r❛s✐❧ ♥ã♦ ✜❝♦✉ ❞❡ ❢♦r❛ ❞♦ ❡st✉❞♦ ❞♦s ❢♦❣✉❡t❡s✳ ❚❛♥t♦ q✉❡ ❢♦✐ ❡st❛✲
❜❡❧❡❝✐❞❛ ✉♠❛ ❜❛s❡ ❞❡ ❧❛♥ç❛♠❡♥t♦ ❡♠ ♥♦ss♦ ♣❛ís ❧♦❝❛❧✐③❛❞❛ ♥❛ ❝✐❞❛❞❡ ❞❡
❆❧❝â♥t❛r❛ ♥♦ ❡st❛❞♦ ❞♦ ▼❛r❛♥❤ã♦ ❡ t✐✈❡♠♦s ✉♠ ❜r❛s✐❧❡✐r♦ ♣❛rt✐❝✐♣❛♥❞♦
❞❡ ✉♠❛ ♠✐ssã♦ ❡s♣❛❝✐❛❧ ✐♥t❡r♥❛❝✐♦♥❛❧ ♥♦ ❛♥♦ ❞❡ 2006✱ ♦ ▼❛r❝♦s P♦♥t❡s✳
❊ss❛ ▼✐ssã♦ ❊s♣❛❝✐❛❧ r❡❝❡❜❡✉ ♦ ♥♦♠❡ ❞❡ ✏ ▼✐ssã♦ ❈❡♥t❡♥ár✐♦✑ q✉❡ ❢❛③✐❛
❛❧✉sã♦ ❛♦s ❝❡♠ ❛♥♦s ❥á ♣❛ss❛❞♦s ❞♦ ✈♦♦ ❞❡ s❛♥t♦s ❉✬✉♠♦♥t ♥♦ ❢❛♠♦s♦
❛✈✐ã♦ 14 ❇✐s✳

❊♣✐s♦❞✐♦ q✉❡ ♥♦s tr♦✉①❡ ❛❧❡❣r✐❛✱ ♦r❣✉❧❤♦✱ ❡s♣❡r❛♥ç❛ ❡ s❛t✐s❢❛çã♦✳ ✏❖ ❇r❛s✐❧
❝♦♠❡♠♦r❛✦ ❊♥✜♠✱ ❛ ❜❛♥❞❡✐r❛ ✈❡r❞❡✲❡✲❛♠❛r❡❧♦ ❞❡❝♦❧❛✱ ❣❧♦r✐♦s❛ ♣❛r❛ ♦
❡s♣❛ç♦✦✑ ✭P❖◆❚❊❙✱ ✷✵✶✶✳ ♣✳ ✷✻✺✮✳ ❬✷❪

❖ ▼❛r❝♦s P♦♥t❡s é s✐♠ ❢♦♥t❡ ❞❡ ❊s♣❡r❛♥ç❛ ❡ ✐♥s♣✐r❛çã♦ ♣❛r❛ t♦❞♦s ♥ós
❜r❛s✐❧❡✐r♦s✳ ✏❙❡ ❛❧❣♦ ❡rr❛❞♦ ❛❝♦♥t❡❝❡r✱ ❛✐♥❞❛ ❛ss✐♠ s❡r❡✐ ✐♥s♣✐r❛çã♦ ♣❛r❛ ♦
s✉❝❡ss♦ ❞❡ ♠✐❧❤õ❡s ❞❡ ❥♦✈❡♥s ❜r❛s✐❧❡✐r♦s q✉❡ ♥ã♦ ♥❛s❝❡r❛♠ ❡♠ ❜❡rç♦ ❞❡
♦✉r♦✳ ❊❧❡s s❛❜❡rã♦ q✉❡ ❝♦♠ ❡❞✉❝❛çã♦ ❡ ❞❡t❡r♠✐♥❛çã♦ t✉❞♦ é ♣♦ssí✈❡❧✦✑
✭P❖◆❚❊❙✳ ✷✵✶✶✳ ♣✳✷✻✸✮✳ ❬✷❪

❆t✉❛❧♠❡♥t❡ t❡♠♦s ❡♠ ♥♦ss♦ P❛ís ✈ár✐♦s ♠❡✐♦s ❞❡ ✐♥✢✉❡♥❝✐❛r ❥♦✈❡♥s ❛
s❡ t♦r♥❛r❡♠ ♣❡sq✉✐s❛❞♦r❡s ♥❛ ár❡❛ ❞❡ ❛str♦♥♦♠✐❛ ❡ ❛str♦♥á✉t✐❝❛✳ ❚❡♠♦s
♦❧✐♠♣í❛❞❛s ✈♦❧t❛❞❛s ♣❛r❛ ❢♦rt❛❧❡❝✐♠❡♥t♦ ❞❡ss❡ ❝♦♥❤❡❝✐♠❡♥t♦✳ ❈♦♠♦ t❛♠✲
❜é♠ t❡♠♦s ❝♦♠♣❡t✐çõ❡s ❡s♣❡❝✐✜❝❛s ♣❛r❛ ❢♦❣✉❡t❡s✳ ❈♦♠♣❡t✐çõ❡s ❞❡ ♥í✈❡❧
♠é❞✐♦ q✉❡ ✉t✐❧✐③❛♠ ❢♦❣✉❡t❡s ❞❡ ❣❛rr❛❢❛ ♣❡t✱ q✉❡ é ✉♠ ❞♦s ♦❜❥❡t♦s ❡♠
❡st✉❞♦ ♥❡ss❡ tr❛❜❛❧❤♦✳

❇❛s❡❛❞♦ ♥♦ ❡①♣♦st♦ ❛ ❝✐♠❛ ♣♦❞❡♠♦s ❛✜r♠❛r q✉❡ t❡♠♦s ✉♠❛ ❣r❛♥❞❡ ✐♥✲
t❡r❞✐s❝✐♣❧✐♥❛r✐❞❛❞❡ ❡♥tr❡ ❛ ♠❛t❡♠át✐❝❛ ❡ ❛ ❤✐stór✐❛✱ ❥á q✉❡ ♦s ❢♦❣✉❡t❡s
❡stã♦ ♣r❡s❡♥t❡s ❡♠ ✉♠❛ ❣r❛♥❞❡ ♣❛r❝❡❧❛ ❞❛ ✈✐❞❛ ❤✉♠❛♥❛ ❡ q✉❡ t❡✈❡ ✉♠
♣♦♥t♦ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡ ♥❛ s❡❣✉♥❞❛ ❣✉❡rr❛ ♠✉♥❞✐❛❧✳
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Apêndice B 

Estado do Maranhão  

Secretaria Estadual de Educação 

C.E. Jerusa da Silva Rabelo  

AUTORIZAÇÃO PARA PARTICIPAÇÃO DE PESQUISA 

 Senhores pais ou responsáveis pelo 

aluno(a)________________________________________________________________  

Através deste documento venho pedir sua autorização para que seu(sua) filho(a), aluno do 1º 

Ano B do Centro de Ensino Jerusa da Silva Rabelo participe da pesquisa, que é de fundamental 

importância para minha dissertação e consequentemente obtenção do titulo de mestre 

através do Programa de Mestrado Profissional em Matemática em Rede Nacional – PROFMAT, 

realizado pela Universidade Estadual do Maranhão – UEMA. 

A pesquisa acontecerá no horário das aulas de Matemática e através da realização de uma aula 

prática na manhã do dia 10/12/2018 no horário das 8hs às 9hs 30min, no campo de futebol do 

bairro Pitombeira, onde faremos os lançamentos dos foguetes que foram construídos pelos 

alunos, sendo os alunos acompanhados por mim e por mais dois assistentes que já 

apresentam grande experiência nesta prática. 

Ressalto aqui que o nome do(a) aluno(a) não será exposto na pesquisa, mas venho por meio 

deste também pedir sua autorização para a publicação de fotos que ilustram a prática que são 

de grande necessidade para a pesquisa. 

 

Espero que compreenda e autorize. 

 Atenciosamente,  

Profº Giuliano Eduardo Batista Cutrim 

 Contato: (98) 98135-8715  

Pindaré-Mirim, 05 de dezembro de 2018 

( ) Autorizo ( ) Não Autorizo  

______________________________________________________________________ 

Assinatura do responsável 


