
❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛
❋❛❝✉❧❞❛❞❡ ❞❡ ▼❛t❡♠át✐❝❛

❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛

❆◆➪▲■❙❊ ❉❊ ❈▲❯❙❚❊❘ ❊ ❇❖❖❚❙❚❘❆P
◆❖ ❊❙❚❯❉❖ ❉❆ ■◆❚❊❘❆➬➹❖
●❊◆Ó❚■P❖ × ❆▼❇■❊◆❚❊

❏♦ã♦ ❱✐t♦r ❘✐❜❡✐r♦ ❙✐❧✈❛

❯❜❡r❧â♥❞✐❛✲▼●

✷✵✶✽





❏♦ã♦ ❱✐t♦r ❘✐❜❡✐r♦ ❙✐❧✈❛

❆◆➪▲■❙❊ ❉❊ ❈▲❯❙❚❊❘ ❊ ❇❖❖❚❙❚❘❆P
◆❖ ❊❙❚❯❉❖ ❉❆ ■◆❚❊❘❆➬➹❖
●❊◆Ó❚■P❖ × ❆▼❇■❊◆❚❊

❚r❛❜❛❧❤♦ ❞❡ ❝♦♥❝❧✉sã♦ ❞❡ ❝✉rs♦ ❛♣r❡s❡♥t❛❞♦ à ❈♦✲

♦r❞❡♥❛çã♦ ❞♦ ❈✉rs♦ ❞❡ ❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛

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

❇❛❝❤❛r❡❧ ❡♠ ❊st❛tíst✐❝❛✳

❖r✐❡♥t❛❞♦r✿ ▲ú❝✐♦ ❇♦r❣❡s ❞❡ ❆r❛ú❥♦

❯❜❡r❧â♥❞✐❛✲▼●

✷✵✶✽





❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛
❋❛❝✉❧❞❛❞❡ ❞❡ ▼❛t❡♠át✐❝❛

❈♦♦r❞❡♥❛çã♦ ❞♦ ❈✉rs♦ ❞❡ ❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛

❆ ❜❛♥❝❛ ❡①❛♠✐♥❛❞♦r❛✱ ❝♦♥❢♦r♠❡ ❛❜❛✐①♦ ❛ss✐♥❛❞♦✱ ❝❡rt✐✜❝❛ ❛ ❛❞❡q✉❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦ ❞❡

❝♦♥❝❧✉sã♦ ❞❡ ❝✉rs♦ ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ ❣r❛✉ ❞❡ ❇❛❝❤❛r❡❧ ❡♠ ❊st❛tíst✐❝❛✳

❯❜❡r❧â♥❞✐❛✱ ❞❡ ❞❡ ✷✵

❇❆◆❈❆ ❊❳❆▼■◆❆❉❖❘❆

▲ú❝✐♦ ❇♦r❣❡s ❞❡ ❆r❛ú❥♦

Pr✐s❝✐❧❛ ◆❡✈❡s ❋❛r✐❛

❏❛♥s❡r ▼♦✉r❛ P❡r❡✐r❛

❯❜❡r❧â♥❞✐❛✲▼●

✷✵✶✽





❆❣r❛❞❡❝✐♠❡♥t♦s

●♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝❡r ❛♦s ♠❡✉s ♣❛✐s✱ ❏♦sé ●❡r❛❧❞♦ ❡ ▼❛r✐❛ ❆♣❛r❡❝✐❞❛✱ ♣♦r t♦❞♦ ♦ ❛♣♦✐♦✱
❛♠♦r✱ ❝♦♥s❡❧❤♦s✳ ❱♦❝ês ❢♦r❛♠ ❡ss❡♥❝✐❛✐s ♣❛r❛ q✉❡ ❡✉ ♣✉❞❡ss❡ ❝♦♥q✉✐st❛r ♠❛✐s ✉♠❛ ❡t❛♣❛✳
❖❜r✐❣❛❞♦ ♣♦r t♦❞❛ ❛ ❛❥✉❞❛✱ ♣♦r ❡st❛r❡♠ s❡♠♣r❡ ❛♦ ♠❡✉ ❧❛❞♦ ❡ ♣♦r ❢❛③❡r ♦ ♣♦ssí✈❡❧ ❡ ✐♠♣♦ssí✈❡❧
♣❛r❛ q✉❡ ❡✉ ♣✉❞❡ss❡ ❝❤❡❣❛r ❛té ❛q✉✐✳ ❊ss❛ ❝♦♥q✉✐st❛ é ❛♣❡♥❛s ♠❛✐s ✉♠❛ ❞❡ ♥♦ss❛s ❝♦♥q✉✐st❛s✦

❆❣r❛❞❡ç♦ ❛ ♠✐♥❤❛ ✐r♠ã ❉é❜♦r❛✱ ♣♦r t❡r s✐❞♦ ♠❡✉ ❛♣♦✐♦ ❞✉r❛♥t❡ t♦❞❛ ❛ ❣r❛❞✉❛çã♦✳ ❱♦❝ê
s❡♠♣r❡ ❢♦✐ ♦ ♠❡✉ ❡①❡♠♣❧♦✱ ♦❜r✐❣❛❞♦ ♣❡❧❛s ❝♦♥✈❡rs❛s✱ ♣❡❧♦s ❝♦♥s❡❧❤♦s✱ ❝♦♠♣❛♥❤✐❛ ❡✱ ❛❝✐♠❛ ❞❡
t✉❞♦✱ ♣♦r s❡♠♣r❡ ❡st❛r ❞♦ ♠❡✉ ❧❛❞♦✳

❆s ♠✐♥❤❛s ✐r♠ãs ❇ár❜❛r❛ ❡ ▲í✈✐❛✱ ❛❣r❛❞❡ç♦ ♣♦r t♦❞♦ ♦ ❡①❡♠♣❧♦ ❡ ❛♣♦✐♦✳ ❆❣r❛❞❡ç♦ ❛ t♦❞❛ ❛
♠✐♥❤❛ ❢❛♠í❧✐❛ ♣❡❧❛s ❡♥❡r❣✐❛s ♣♦s✐t✐✈❛s ❡ ♣♦r s❡♠♣r❡ ❝♦♥✜❛r❡♠ ♥❛ ♠✐♥❤❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❝♦♥s❡❣✉✐r
r❡❛❧✐③❛r ♦s ♠❡✉s s♦♥❤♦s✳

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

❊♠ ❡s♣❡❝✐❛❧✱ q✉❡r✐❛ ❛❣r❛❞❡❝❡r ❛♦ ❲✐❧❧✐❛♠ ❈♦st❛✱ ▲✐❛ ❘❡③❡♥❞❡ ❇r✉♥♦ ❆❧❜❡r♥❛③ ❡ ❏✉❧✐❡♥❞❡rs♦♥
❈♦st❛ ♣♦r s❡r❡♠ ❛s ♠❡❧❤♦r❡s ♣❡ss♦❛s q✉❡ ❡✉ ♣♦❞❡r✐❛ ❝♦♥❤❡❝❡r✱ ♦❜r✐❣❛❞♦ ♣♦r t♦❞♦ ♦ ❛♣♦✐♦ ❡ ♣♦r
s❡♠♣r❡ ❡st❛r❡♠ ❛♦ ♠❡✉ ❧❛❞♦✳ ❱♦❝ês sã♦ ♠✉✐t♦ ❡s♣❡❝✐❛✐s ♣❛r❛ ♠✐♠✳

❆♦s ♠❡✉s ❝♦❧❡❣❛s ❡ ❛♠✐❣♦s✱ ✈♦❝ês ❢♦r❛♠ ♣❛rt❡ ❞❡ss❛ ❝♦♥q✉✐st❛✳ ❖❜r✐❣❛❞♦ ❘❛❢❛❡❧ ❊s♣♦st✐✱
❆♠❛♥❞❛ ▲♦♥❞❡r♦✱ ▼❛t❤❡✉s ❏ú❧✐♦ ❡ t♦❞♦s ♦s ❞❡♠❛✐s ♣❡❧❛ ❝♦♠♣❛♥❤✐❛✱ ❝♦♥s❡❧❤♦s ❡ ❛♠✐③❛❞❡✳

❆♦ ♠❡✉ ♦r✐❡♥t❛❞♦r✱ Pr♦❢✳ ❉r✳ ▲ú❝✐♦ ❇♦r❣❡s ❞❡ ❆r❛ú❥♦✱ ❛❣r❛❞❡ç♦ ♣♦r t♦❞♦s ♦s ❝♦♥s❡❧❤♦s✱
♣♦r ❛♥♦s ❞❡ ♦r✐❡♥t❛çã♦ ❡ ♣❡❧❛ ❝♦♥✜❛♥ç❛ ❡♠ ♠✐♠✳ ❱♦❝ê ❝♦♠ ❝❡rt❡③❛ ❢♦✐ ✉♠ ❣r❛♥❞❡ ♠❡str❡✱ q✉❡
❡✉ ✈♦✉ ❧❡✈❛r ♣❛r❛ ❛ ✈✐❞❛ t♦❞❛✳

❆❣r❛❞❡ç♦ ❛ t♦❞♦s ♦s ♣r♦❢❡ss♦r❡s✱ té❝♥✐❝♦s ❡ s❡r✈✐❞♦r❡s q✉❡ ✜③❡r❛♠ ♣❛rt❡ ❞❡ss❛ ❝♦♥q✉✐st❛✳
❙❡♠ ✈♦❝ês✱ ♥❛❞❛ ❞✐ss♦ s❡r✐❛ ♣♦ssí✈❡❧✳ ❖❜r✐❣❛❞♦ ♣♦r ❛♥♦s ❞❡ ❡♥s✐♥❛♠❡♥t♦s ❡ ❝♦♥s❡❧❤♦s✳

❆❣r❛❞❡ç♦ ❛♦s ❝♦❧❡❣❛s ❞❡ ❡stá❣✐♦✱ ♣♦r t♦❞♦ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡ ❝r❡s❝✐♠❡♥t♦ q✉❡ ♦❜t✐✈❡ ❛♦
❧❛❞♦ ❞❡ ✈♦❝ês✳ ❇r✉♥❛ ❈♦st❛✱ ❑ê♥✐❛ ❖❧✐✈❡✐r❛✱ ❆❧✐♥❡ ❙✐❧✈❛✱ ▼❛r✐❛ ❈❧❛r❛ ❙♦❛r❡s ❡ ❙✉❡♠❛r ❆✈❡❧❛r✱
♠✉✐t♦ ♦❜r✐❣❛❞♦✳

❆ t♦❞♦s q✉❡✱ ❞❡ ❛❧❣✉♠❛ ❢♦r♠❛ ✜③❡r❛♠ ♣❛rt❡ ❞❡ss❛ ❝♦♥q✉✐st❛✱ ❡✉ só ❞❡✈♦ ❛ ✈♦❝ês ♦ ♠❡✉
♠✉✐t♦ ♦❜r✐❣❛❞♦✦





❘❡s✉♠♦

❆ ❡①♣❡r✐♠❡♥t❛çã♦ ❛❣rí❝♦❧❛ é ✉♠❛ té❝♥✐❝❛ ❡st❛tíst✐❝❛ q✉❡ ❡stá s❡ t♦r♥❛♥❞♦ ❝❛❞❛ ❞✐❛ ♠❛✐s
r❡❝♦♥❤❡❝✐❞❛ ❡ ✉t✐❧✐③❛❞❛✱ ♣♦✐s ❡①✐st❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ♣r♦❞✉③✐r ♠❛✐s ❛❧✐♠❡♥t♦s ❡♠ ♠❡♥♦s
t❡♠♣♦✴❡s♣❛ç♦✳ ❊st✉❞♦s ♠♦str❛♠ q✉❡ ❛ ✐♥t❡r❛çã♦ ❡♥tr❡ ❣❡♥ót✐♣♦s ❡ ❛♠❜✐❡♥t❡s é ✐♠♣♦rt❛♥t❡
♥❡ss❡ t✐♣♦ ❞❡ ❛♥á❧✐s❡✱ ♣♦✐s ❡①✐st❡♠ ❣❡♥ót✐♣♦s q✉❡ sã♦ ❢❛✈♦r❡❝✐❞♦s ❡♠ ❝❡rt♦s ❛♠❜✐❡♥t❡s✱ ♦ q✉❡
tr❛③ ✉♠ ❛✉♠❡♥t♦ ♥❛ ♣r♦❞✉çã♦ ❞❡ss❡s ❣❡♥ót✐♣♦s✳

◆❡ss❡ tr❛❜❛❧❤♦ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♦ ✉s♦ ❞❡ ✉♠❛ té❝♥✐❝❛ ❞❡ ❡①♣❡r✐♠❡♥t❛çã♦ ❛❣rí❝♦❧❛ ❝❤❛♠❛❞❛
❆▼▼■ ✭❛❞❞✐t✐✈❡ ♠❛✐♥ ❡✛❡❝ts ❛♥❞ ♠✉❧t✐♣❧✐❝❛t✐✈❡ ✐♥t❡r❛❝t✐♦♥ ♠♦❞❡❧✮ ❝✉❥♦ ♦❜❥❡t✐✈♦ é ❛♥❛❧✐s❛r ❛
✐♥t❡r❛çã♦ ❡♥tr❡ ❣❡♥ót✐♣♦s ❡ ❛♠❜✐❡♥t❡s ✉t✐❧✐③❛♥❞♦ ♦ ♠ét♦❞♦ ❇♦♦tstr❛♣ ♣❛r❛ ❢❛③❡r ✉♠❛ r❡❛♠♦s✲
tr❛❣❡♠ ❞♦s ❞❛❞♦s ❡ ♦❜t❡r ✐♥❢♦r♠❛çõ❡s ♠❛✐s ♣r❡❝✐s❛s✳

❆❧é♠ ❞❛ ❛♥á❧✐s❡ ❆▼▼■✱ s❡rá r❡❛❧✐③❛❞❛ ✉♠❛ ❛♥á❧✐s❡ ❞❡ ❈❧✉st❡r ♣❛r❛ ✈❡r✐✜❝❛r s❡ ♦s ❛♠❜✐❡♥t❡s
q✉❡ ❡stã♦ ❞✐✈✐❞✐❞♦s ❡♠ r❡❣✐õ❡s sã♦ ❤♦♠♦❣ê♥❡♦s ❞❡♥tr♦ ❞♦s ❣r✉♣♦s ❡ ❤❡t❡r♦❣ê♥❡♦s ❡♥tr❡ ♦s
♠❡s♠♦s✳

P❛❧❛✈r❛s✲❝❤❛✈❡✿ ❊①♣❡r✐♠❡♥t❛çã♦ ❛❣rí❝♦❧❛✱ ❆▼▼■✱ ❝❧✉st❡r ❛♥❛❧②s✐s✳





❆❜str❛❝t

❆❣r✐❝✉❧t✉r❛❧ ❡①♣❡r✐♠❡♥t❛t✐♦♥ ✐s ❛ st❛t✐st✐❝❛❧ t❡❝❤♥✐q✉❡ t❤❛t ✐s ❜❡❝♦♠✐♥❣ ♠♦r❡ ❛♥❞ ♠♦r❡
r❡❝♦❣♥✐③❡❞ ❛♥❞ ✉s❡❞ s✐♥❝❡ t❤❡r❡ ✐s ❛ ♥❡❡❞ t♦ ♣r♦❞✉❝❡ ♠♦r❡ ❢♦♦❞ ✐♥ ❧❡ss t✐♠❡/s♣❛❝❡✳

❙t✉❞✐❡s s❤♦✇ t❤❛t t❤❡ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ ❣❡♥♦t②♣❡s ❛♥❞ ❡♥✈✐r♦♥♠❡♥ts ✐s ✐♠♣♦rt❛♥t ✐♥ t❤✐s
t②♣❡ ♦❢ ❛♥❛❧②s✐s✱ ❜❡❝❛✉s❡ t❤❡r❡ ❛r❡ ❣❡♥♦t②♣❡s t❤❛t ❛r❡ ❢❛✈♦r❡❞ ✐♥ ❝❡rt❛✐♥ ❡♥✈✐r♦♥♠❡♥ts✱ ✇❤✐❝❤
❜r✐♥❣s ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♣r♦❞✉❝t✐♦♥ ♦❢ t❤❡s❡ ❣❡♥♦t②♣❡s✳

■♥ t❤✐s ♣❛♣❡r ✇❡ ✇✐❧❧ ♣r❡s❡♥t t❤❡ ✉s❡ ♦❢ ❛♥ ❛❣r✐❝✉❧t✉r❛❧ ❡①♣❡r✐♠❡♥t❛t✐♦♥ t❡❝❤♥✐q✉❡ ❝❛❧❧❡❞
❆▼▼■ ✭❛❞❞✐t✐✈❡ ♠❛✐♥ ❡✛❡❝ts ❛♥❞ ♠✉❧t✐♣❧✐❝❛t✐✈❡ ✐♥t❡r❛❝t✐♦♥ ♠♦❞❡❧✮ ✇❤♦s❡ ♦❜❥❡❝t✐✈❡ ✐s t♦ ❛♥❛❧②③❡
t❤❡ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ ❣❡♥♦t②♣❡s ❛♥❞ ❡♥✈✐r♦♥♠❡♥ts ✉s✐♥❣ t❤❡ ❇♦♦tstr❛♣ ♠❡t❤♦❞ t♦ ♠❛❦❡ ❛
r❡s❛♠♣❧✐♥❣ ♦❢ t❤❡ ❞❛t❛ ❛♥❞ ♦❜t❛✐♥ ♠♦r❡ ❛❝❝✉r❛t❡ ✐♥❢♦r♠❛t✐♦♥✳

■♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ ❆▼▼■ ❛♥❛❧②s✐s✱ ❛ ❈❧✉st❡r ❛♥❛❧②s✐s ✇✐❧❧ ❜❡ ♣❡r❢♦r♠❡❞ t♦ ✈❡r✐❢② ✐❢ t❤❡ ❡♥✈✐✲
r♦♥♠❡♥ts t❤❛t ❛r❡ ❞✐✈✐❞❡❞ ✐♥t♦ r❡❣✐♦♥s ❛r❡ ❤♦♠♦❣❡♥❡♦✉s ✇✐t❤✐♥ t❤❡ ❣r♦✉♣s ❛♥❞ ❤❡t❡r♦❣❡♥❡♦✉s
❛♠♦♥❣ t❤❡♠✳

❑❡②✇♦r❞s✿ ❆❣r✐❝✉❧t✉r❛❧ ❡①♣❡r✐♠❡♥t❛t✐♦♥✱ ❆▼▼■✱ ❝❧✉st❡r ❛♥❛❧②s✐s✳





❙✉♠ár✐♦

▲✐st❛ ❞❡ ❋✐❣✉r❛s ■

▲✐st❛ ❞❡ ❚❛❜❡❧❛s ■■■

✶ ■♥tr♦❞✉çã♦ ✶

✷ ▼❡t♦❞♦❧♦❣✐❛ ✺

✸ ❘❡s✉❧t❛❞♦s ✾

✸✳✶ ❆♥á❧✐s❡ ❞❡ ❈❧✉st❡r ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾
✸✳✷ ❆♥á❧✐s❡ ❆▼▼■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵

✸✳✷✳✶ ❘❡❛♠♦str❛❣❡♠ ❇♦♦tstr❛♣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷

✹ ❈♦♥❝❧✉sõ❡s ✶✼

❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá✜❝❛s ✶✾





■

▲✐st❛ ❞❡ ❋✐❣✉r❛s

✸✳✶ ❇✐♣❧♦t ❞♦s ❣❡♥ót✐♣♦s ❡ ❛♠❜✐❡♥t❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶
✸✳✷ ❘❡❣✐ã♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪ ♣❛r❛ ♦s ❣❡♥ót✐♣♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸
✸✳✸ ❘❡❣✐ã♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪ ♣❛r❛ ♦s ❛♠❜✐❡♥t❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹

❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛





■■■

▲✐st❛ ❞❡ ❚❛❜❡❧❛s

✷✳✶ ❆◆❆❱❆ ❝♦♥❥✉♥t❛ ♣❛r❛ ❛ ❛♥á❧✐s❡ ❞❛ ✐♥t❡r❛çã♦ ●×❊ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻
✷✳✷ ◆í✈❡❧ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ❞♦s ❣❡♥ót✐♣♦s ❡ ❛♠❜✐❡♥t❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽

✸✳✶ ❉✐✈✐sã♦ ❞♦s ❛♠❜✐❡♥t❡s ♣♦r r❡❣✐ã♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾
✸✳✷ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞❛s r❡❣✐õ❡s ♣❛r❛ ❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❡♠ kg.ha−1 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾
✸✳✸ ❈❧❛ss✐✜❝❛çã♦ ❞♦s ❛♠❜✐❡♥t❡s ❝♦♥❢♦r♠❡ ❛♥á❧✐s❡ ❞❡ ❈❧✉st❡r ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵
✸✳✹ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ♣❛r❛ ❛s ♥♦✈❛s r❡❣✐õ❡s ♦❜t✐❞❛s ♥❛ ❛♥á❧✐s❡ ❞❡ ❈❧✉st❡r ♣❛r❛ ❛

♣r♦❞✉t✐✈✐❞❛❞❡ ❡♠ kg.ha−1 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵
✸✳✺ ❆◆❆❱❆ ❝♦♥❥✉♥t❛ ♣❛r❛ ❛ ❛♥á❧✐s❡ ❆▼▼■ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶
✸✳✻ ❉❡❝♦♠♣♦s✐çã♦ ❞❛ ✐♥t❡r❛çã♦ ●×❊ ✉t✐❧✐③❛♥❞♦ ♦ ♠ét♦❞♦ ❞❡ ●♦❧❧♦❜ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶
✸✳✼ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞♦s ❣❡♥ót✐♣♦s ♣❛r❛ ❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❡♠ kg.ha−1 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷
✸✳✽ ◆í✈❡❧ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ❞♦s ❣❡♥ót✐♣♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸
✸✳✾ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞♦s ❛♠❜✐❡♥t❡s ♣❛r❛ ❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❡♠ kg.ha−1 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹
✸✳✶✵ ◆í✈❡❧ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ❞♦s ❛♠❜✐❡♥t❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺

❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛





■♥tr♦❞✉çã♦ ✶

✶✳ ■♥tr♦❞✉çã♦

◆♦ ❇r❛s✐❧✱ ♦ ♠✐❧❤♦ é ❛ s❡❣✉♥❞❛ ❝✉❧t✉r❛ ♠❛✐s ♣r♦❞✉③✐❞❛✱ ♣❡r❞❡♥❞♦ ❛♣❡♥❛s ♣❛r❛ ❛ s♦❥❛✳ ❆❧é♠

❞✐ss♦✱ ♦ ❇r❛s✐❧ é ♦ s❡❣✉♥❞♦ ♠❛✐♦r ❡①♣♦rt❛❞♦r ❞❡ ♠✐❧❤♦ ❞♦ ♠✉♥❞♦✱ s❡♥❞♦ ♦s ❊st❛❞♦s ❯♥✐❞♦s ♦

♠❛✐♦r ❡①♣♦rt❛❞♦r✳

❖ ♠✐❧❤♦ é ✉♠❛ ❞❛s ❝✉❧t✉r❛s ♠❛✐s ❛♥t✐❣❛s ❞♦ ♠✉♥❞♦✱ ❛❧✐♠❡♥t♦ ♣❛r❛ ❛ s✉❜s✐stê♥❝✐❛ ❤✉♠❛♥❛✱

♣r✐♥❝✐♣❛❧ ✐♥s✉♠♦ ♣❛r❛ ❛ ♣r♦❞✉çã♦ ❞❡ ❛❧❣✉♥s ❛♥✐♠❛✐s ✭❝♦♠♦ s✉í♥♦s ❡ ❛✈❡s✮ ❡✱ s❡❣✉♥❞♦ ❛ ❊♠♣r❡s❛

❇r❛s✐❧❡✐r❛ ❞❡ P❡sq✉✐s❛ ❆❣r♦♣❡❝✉ár✐❛ ✭❊▼❇❘❆P❆✮ é ♠✉✐t♦ ✐♠♣♦rt❛♥t❡ ❡❝♦♥♦♠✐❝❛♠❡♥t❡✱ ♣♦r

s✉❛s ❞✐✈❡rs❛s ❢♦r♠❛s ❞❡ ✉t✐❧✐③❛çã♦✳

❖ ❡❝♦♥♦♠✐st❛ ✐♥❣❧ês ❚❤♦♠❛s ❘♦❜❡rt ▼❛❧t❤✉s ❡♠ s❡✉ ❧✐✈r♦ ✐♥t✐t✉❧❛❞♦ ✏❊♥s❛✐♦ s♦❜r❡ ♦ ♣r✐♥❝í✲

♣✐♦ ❞❛ ♣♦♣✉❧❛çã♦✑ ❬✶✸❪✱ ❞❡s❡♥✈♦❧✈❡✉ ❛ ✉♠❛ t❡♦r✐❛ ❞❡♠♦❣rá✜❝❛ ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ♠❛❧t❤✉s✐❛♥✐s♠♦✳

◆❡ss❛ t❡♦r✐❛✱ ♦ ❛✉t♦r ❞✐③ q✉❡ ❛ ♣♦♣✉❧❛çã♦ ♠✉♥❞✐❛❧ ❝r❡s❝❡ s❡❣✉✐♥❞♦ ✉♠❛ ♣r♦❣r❡ssã♦ ❣❡♦♠é✲

tr✐❝❛✱ ♦✉ s❡❥❛✱ ❝r❡s❝❡ ❡①♣♦♥❡♥❝✐❛❧♠❡♥t❡✱ ❡♥q✉❛♥t♦ ❛ ♣r♦❞✉çã♦ ❞❡ ❛❧✐♠❡♥t♦s ❝r❡s❝❡ s❡❣✉✐♥❞♦ ✉♠❛

♣r♦❣r❡ssã♦ ❛r✐t♠ét✐❝❛✱ ♦ q✉❡ ♦❝❛s✐♦♥❛r✐❛ ♥❛ ❢❛❧t❛ ❞❡ ❛❧✐♠❡♥t♦s ❡ ❢♦♠❡ ❡♠ t♦❞♦ ♦ ♠✉♥❞♦✳

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

t♦❞❛s ❛s ♥❡❝❡ss✐❞❛❞❡s ❞❛ ♣♦♣✉❧❛çã♦✳ ❙❡❣✉♥❞♦ ❛♥✉♥❝✐❛❞♦ ♣❡❧❛ ❖r❣❛♥✐③❛çã♦ ❞❛s ◆❛çõ❡s ❯♥✐✲

❞❛s ♣❛r❛ ❛ ❆❧✐♠❡♥t❛çã♦ ❡ ❛ ❆❣r✐❝✉❧t✉r❛ ❬✼❪✱ ❛ ♣r♦❞✉çã♦ ❞❡ ❛❧✐♠❡♥t♦s ❞❡✈❡r✐❛ ❛✉♠❡♥t❛r ❡♠

70% ♥♦s ♣ró①✐♠♦s ✹✵ ❛♥♦s✳ ❈♦♠ ✐ss♦✱ ♦s ❡st✉❞♦s ❞❡ ❝✉❧t✐✈❛r❡s ❣❡♥❡t✐❝❛♠❡♥t❡ ♠♦❞✐✜❝❛❞♦s ❢♦✲

r❛♠ ❡✈♦❧✉✐♥❞♦ ♣♦r ♠❡✐♦ ❞❡ ❡①♣❡r✐♠❡♥t❛çã♦ ❛❣rí❝♦❧❛ ♠✉❧t✐✲❛♠❜✐❡♥t❛✐s✱ ❣❛♥❤❛♥❞♦ ✉♠❛ ♠❛✐♦r

✐♠♣♦rtâ♥❝✐❛✳

❯♠❛ ❛♥á❧✐s❡ ♣r♦♣♦st❛ ♣♦r ❬✽❪ ❡♠ ✶✾✽✽✱ r❡❛❧✐③❛✈❛ ❛ ❞❡❝♦♠♣♦s✐çã♦ ❞❛ s♦♠❛ ❞❡ q✉❛❞r❛❞♦s

✭SQG×E✮ ❡♠ ❡✐①♦s✱ s❡♣❛r❛❞♦s ❡♠ ♣❛❞rã♦ ❡ r✉í❞♦✱ ❡♠ q✉❡ ♦s ♣r✐♠❡✐r♦s ❡✐①♦s ✭❡✐①♦s ❞❡ ♠❡♥♦r

❣r❛✉✮ ❡r❛♠ ❝♦♠♣♦st♦s ♣♦r t♦❞♦ ♦ ♣❛❞rã♦ ❞❛ ✐♥t❡r❛çã♦ ❣❡♥ót✐♣♦ × ❛♠❜✐❡♥t❡ ✭●×❊✮ ❡ ♦s ú❧t✐♠♦s

❡✐①♦s ❝♦♥t✐♥❤❛♠ s♦♠❡♥t❡ ♦ r✉í❞♦✳ ❊ss❛ ❛♥á❧✐s❡ ❢♦✐ ❝❤❛♠❛❞❛ ❞❡ ♠♦❞❡❧♦ ❞❡ ❡❢❡✐t♦s ❛❞✐t✐✈♦s

♣r✐♥❝✐♣❛✐s ❡ ✐♥t❡r❛çã♦ ♠✉❧t✐♣❧✐❝❛t✐✈❛ ✭❆▼▼■✱ ❞♦ ✐♥❣❧ês✱ ❆❞❞✐t✐✈❡ ▼❛✐♥ ❊✛❡❝ts ❛♥❞ ▼✉❧t✐♣❧✐❝❛t✐✈❡

■♥t❡r❛❝t✐♦♥✮✳

❊♠ ❛❧❣✉♥s ❝❛s♦s✱ ❡①✐st❡ ✉♠❛ ♥❡❝❡ss✐❞❛❞❡ ❡♠ ❣❡♥❡r❛❧✐③❛r ♦s r❡s✉❧t❛❞♦s ♣❛r❛ ❝♦♥❞✐çõ❡s ❣❡✲

r❛✐s ❞❡ r❡❣✐õ❡s✴❛♠❜✐❡♥t❡s ♥❛ ❛✈❛❧✐❛çã♦ ❞❡ ❞✐✈❡rs♦s ❣❡♥ót✐♣♦s ❞❡ ❝✉❧t✐✈❛r❡s✳ P❡sq✉✐s❛❞♦r❡s✱ ♥❛

♠❛✐♦r✐❛ ❞❛s ✈❡③❡s✱ ❞❡s❡❥❛♠ ❡♥❝♦♥tr❛r ✉♠ ❣❡♥ót✐♣♦ q✉❡✱ ❝♦♠❜✐♥❛❞♦ ❝♦♠ ✉♠ ❛♠❜✐❡♥t❡ ♣♦ss✉❛

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

❛❧✐♠❡♥t♦s✳ P♦ré♠✱ ❡ss❛ ✐♥t❡r❛çã♦✱ t❛♠❜é♠ ❝❤❛♠❛❞❛ ❞❡ ●×❊✱ ♣♦❞❡ ❢❛③❡r ❝♦♠ q✉❡ ♦s ♠❡❧❤♦r❡s

❣❡♥ót✐♣♦s ❡♠ ❛❧❣✉♥s ❛♠❜✐❡♥t❡s✱ ♥ã♦ s❡❥❛♠ ♦s ♠❡❧❤♦r❡s ❡♠ ♦✉tr♦s✱ ❝♦♥❢♦r♠❡ ❬✸❪✳

P❛r❛ ❬✶❪ ❛ ✐♥t❡r❛çã♦ r❡s✉❧t❛ ❞❛ r❡s♣♦st❛ ❞✐❢❡r❡♥t❡ ❞♦s ❣❡♥ót✐♣♦s ❡♠ ❛♠❜✐❡♥t❡s ❞✐st✐♥t♦s✱

♣♦r ✐ss♦✱ é ✐♠♣♦rt❛♥t❡ q✉❡ ❡①✐st❛♠ ❞✐❢❡r❡♥ç❛s ❡♥tr❡ ♦s ❛♠❜✐❡♥t❡s✱ ♣❛r❛ q✉❡ ♣♦ss❛ r❡s✉❧t❛r ✉♠

❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛



✷ ■♥tr♦❞✉çã♦

❞❡s❡♠♣❡♥❤♦ ❞✐❢❡r❡♥t❡ ♣❛r❛ ❝❛❞❛ ❧♦❝❛❧

❆ s✐❣♥✐✜❝â♥❝✐❛ ❞❡ss❛ ✐♥t❡r❛çã♦ ●×❊ é ✈❡r✐✜❝❛❞❛ ❛♣❡♥❛s q✉❛♥❞♦ ♦ ❡①♣❡r✐♠❡♥t♦ é r❡♣❡t✐❞♦

♠ú❧t✐♣❧❛s ✈❡③❡s✱ ♣♦✐s r❡❛❧✐③❛r ♦ ❡①♣❡r✐♠❡♥t♦ ✉♠❛ ú♥✐❝❛ ✈❡③ ♣♦❞❡rá s✉♣❡r❡st✐♠❛r ♦s ❣❛♥❤♦s

❣❡♥ét✐❝♦s ❬✷❪✳

❊①✐st❡♠ ❞✐✈❡rs♦s ♠ét♦❞♦s ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❛ ❛♥á❧✐s❡ ❞❛ ✐♥t❡r❛çã♦ ●×❊✱ ❝♦♠♦ ❛ ❛♥á❧✐s❡

❞❡ ✈❛r✐â♥❝✐❛ ✭❆◆❖❱❆✮✱ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ✭❆❈P✮✱ r❡❣r❡ssã♦ ❧✐♥❡❛r ✭❘▲✮✱ ③♦♥❡✲

❛♠❡♥t♦ ❛❣r♦♥ô♠✐❝♦ ❡ ❛✈❛❧✐❛çã♦ ❞❡ ♣❛❞rõ❡s ❞❡ ❞✐ss✐♠✐❧❛r✐❞❛❞❡✱ ♣♦ré♠ ❡ss❡s ♠ét♦❞♦s ♣♦ss✉❡♠

✉♠❛ ❜❛✐①❛ ❡✜❝✐ê♥❝✐❛ ❬✻❪✳

❯♠ ♠ét♦❞♦ q✉❡ t❡♠ s❡ ❞❡st❛❝❛❞♦ ❞❡♥tr❡ ♦s ❞❡♠❛✐s é ♦ ♠♦❞❡❧♦ ❆▼▼■✱ ♣♦✐s t♦❞❛s ❛s ♦✉✲

tr❛s ❛♥á❧✐s❡s✱ ❝♦♠♦ ❛♥á❧✐s❡ ❞❡ ✈❛r✐â♥❝✐❛ ✭❆◆❖❱❆✮✱ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛✐s ✭❆❈P✮

❡ r❡❣r❡ssã♦ ❧✐♥❡❛r ✭❘▲✮✱ sã♦ ❝♦♥s✐❞❡r❛❞❛s s✉❜✲❝❛s♦s ❞❛ ❛♥á❧✐s❡ ❆▼▼■ ♣♦✐s✱ s❡ t✐✈❡r♠♦s ❛♣❡♥❛s

♦s ❡❢❡✐t♦s ❛❞✐t✐✈♦s✱ ❛ ❛♥á❧✐s❡ ❆▼▼■ é r❡❞✉③✐❞❛ ❛ ✉♠❛ ❆◆❖❱❆✱ s❡ t✐✈❡r♠♦s ❛♣❡♥❛s ♦s ❡❢❡✐t♦s

♠✉❧t✐♣❧✐❝❛t✐✈♦s✱ ❛ ❛♥á❧✐s❡ ❆▼▼■ é r❡❞✉③✐❞❛ ❛ ✉♠❛ ❆❈P ❡ s❡ t✐✈❡r♠♦s ❛♣❡♥❛s ✉♠❛ r❡❧❛çã♦ ❡♥tr❡

❣❡♥ót✐♣♦ ❡ ❛♠❜✐❡♥t❡✱ ❛ ❛♥á❧✐s❡ ❆▼▼■ é r❡❞✉③✐❞❛ ❛ ✉♠❛ ❘▲ ❬✶✹❪✳

❖ ♠♦❞❡❧♦ ❆▼▼■ é ✉♠ ♠ét♦❞♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❣❡♥❡r❛❧✐③❛r ♦s ❞❛❞♦s ❞❡ ❣❡♥ót✐♣♦s ❡ ❛♠❜✐❡♥t❡s

♣r♦✈❡♥✐❡♥t❡s ❞❡ ✉♠❛ t❛❜❡❧❛ ❞❡ ❞✉♣❧❛ ❡♥tr❛❞❛ ❡ ❡♥❣❧♦❜❛ ❛ ❆◆❖❱❆ ♣❛r❛ ♦s ❡❢❡✐t♦s ❛❞✐t✐✈♦s✱ ❝♦♠♦

♦s ❣❡♥ót✐♣♦s ❡ ❛♠❜✐❡♥t❡s ❡ t❛♠❜é♠ ♣❛r❛ ♦ ❡❢❡✐t♦ ♠✉❧t✐♣❧✐❝❛t✐✈♦✱ ♦✉ s❡❥❛✱ ❛ ✐♥t❡r❛çã♦ ●×❊✳ ➱

r❡❛❧✐③❛❞♦ ✉♠ ❞❡s❞♦❜r❛♠❡♥t♦ ❞❛ s♦♠❛ ❞❡ q✉❛❞r❛❞♦s ❞❛ ✐♥t❡r❛çã♦ ●×❊ ✭SQG×E✮ ♣❛r❛ r❡t✐r❛r

r❡sí❞✉♦s ❛❞✐❝✐♦♥❛✐s ❡✱ ♣♦r ✜♠✱ ♦s ❞❛❞♦s sã♦ ❛♣r♦①✐♠❛❞♦s ❛ ✉♠❛ ♠❛tr✐③ ❞❡ ✐♥t❡r❛çã♦✱ ♦ q✉❡

♣❡r♠✐t❡ ✉♠❛ ✐♥t❡r♣r❡t❛çã♦ ❞♦s ❞❛❞♦s s❡♠ r✉í❞♦s✳

❊①✐st❡♠ ❞✐✈❡rs♦s ♠ét♦❞♦s ♣❛r❛ ❢❛③❡r ♦ ❞❡s❞♦❜r❛♠❡♥t♦ ❞❛ ✐♥t❡r❛çã♦ ●×❊ ❡ ❞❡✜♥✐r ♦ ♠♦❞❡❧♦

❆▼▼■ ✜♥❛❧✱ ♣♦ré♠ ♦ ♠ét♦❞♦ ♣r♦♣♦st♦ ♣♦r ❬✾❪ q✉❡ ✉t✐❧✐③❛ ❛ ❞❡❝♦♠♣♦s✐çã♦ ❡♠ ✈❛❧♦r s✐♥❣✉❧❛r

✭❉❱❙✮ é ✉♠ ♠ét♦❞♦ s✐♠♣❧❡s✱ q✉❡ ❣❛r❛♥t❡ ✉♠ ♥ú♠❡r♦ ♠❛✐♦r ❞❡ ❢❛t♦r❡s ♠✉❧t✐♣❧✐❝❛t✐✈♦s ❝♦♠ ✉♠

♠❡♥♦r r✐❣♦r ♥♦s ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱ ❡①♣❧✐❝❛ ♠❡❧❤♦r ♦ ♣❛❞rã♦ ❡♠ r❛③ã♦ ❞❛

✐♥t❡r❛çã♦ ●×❊ ❬✶✷❪✳

❆♣ós ❛ ❡s❝♦❧❤❛ ❞♦ ♠♦❞❡❧♦ ✜♥❛❧✱ ✉♠ ❣rá✜❝♦ ❜✐♣❧♦t é ♦❜t✐❞♦ ♣❛r❛ r❡❛❧✐③❛r ❛s ❛♥á❧✐s❡s ✈✐s✉✲

❛❧♠❡♥t❡✱ ♦ q✉❡ ♣❡r♠✐t❡ ✉♠❛ ✐♥t❡r♣r❡t❛çã♦ ❞♦s ❞❛❞♦s ♠❛✐s ❞❡t❛❧❤❛❞❛✳ ❙❡❣✉♥❞♦ ❬✹❪✱ ✉♠❛ ❞❛s

✈✐rt✉❞❡s ❞♦ ♠ét♦❞♦ ❆▼▼■ ❡stá ♥❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ r❡♣r❡s❡♥t❛r ♦s ❡❢❡✐t♦s ❞❛ ✐♥t❡r❛çã♦ ♣❛r❛

❝❛❞❛ ❣❡♥ót✐♣♦ ❡ ❛♠❜✐❡♥t❡ ❡♠ ✉♠ ú♥✐❝♦ ❣rá✜❝♦✳

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

❞♦ ❣rá✜❝♦ ❜✐♣❧♦t ❬✻❪ ❡ ♦ ❞❡s❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ ❞✐str✐❜✉✐çã♦ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞♦ ♠♦❞❡❧♦ ❆▼▼■✱

✈✐✉✲s❡ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ♦✉tr♦ ♠ét♦❞♦ ♣❛r❛ r❡❛❧✐③❛r ❛ ❡ss❛ ❛♥á❧✐s❡ ❡✱♣❛r❛ ✐ss♦✱

❢♦✐ ✉t✐❧✐③❛❞❛ ❛ r❡❛♠♦str❛❣❡♠ ❇♦♦tstr❛♣✳

❆ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ r❡❛♠♦str❛❣❡♠ ❇♦♦tstr❛♣ ♣r♦♣♦st❛ ♣♦r ❬✺❪ ❝♦♥s✐st❡ ❡♠ ❞✐✈✐❞✐r ❛ ❛♠♦str❛

❡♠ s✉❜✲❛♠♦str❛s ❞❡ t❛♠❛♥❤♦ ♠❡♥♦r ❡ r❡❛♠♦str❛r ❡ss❛s s✉❜✲❛♠♦str❛s q✉❛♥t❛s ✈❡③❡s ❥✉❧❣❛r

♥❡❝❡ssár✐♦✱ ❛✜♠ ❞❡ ♦❜t❡r ✉♠❛ ❛♠♦str❛ ♠❛✐♦r ❝♦♠ ✉♠ ♥í✈❡❧ ❞❡ ✐♥❝❡rt❡③❛ ♠❡♥♦r ❡ ♠❡❧❤♦r❛r ❛

q✉❛❧✐❞❛❞❡ ❞♦ ♠♦❞❡❧♦ ❬✶✶❪✳

P❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡ ❝♦♠♣❛r❛çõ❡s ❡♥tr❡ ❣r✉♣♦s✱ ❛ ❛♥á❧✐s❡ ❞❡ ❛❣r✉♣❛♠❡♥t♦s ✭♦✉ ❛♥á❧✐s❡ ❞❡

❈❧✉st❡r✮ é ✉♠❛ ❛♥á❧✐s❡ s✐♠♣❧❡s✱ ❞❡ ❢á❝✐❧ ❛♣❧✐❝❛çã♦ ❡ ❝♦♠ r❡s✉❧t❛❞♦s ❞❡ ❢á❝✐❧ ✐♥t❡r♣r❡t❛çã♦✳ ❆

❛♥á❧✐s❡ ❞❡ ❈❧✉st❡r é ✉♠❛ ❡st❛tíst✐❝❛ ♠✉❧t✐✈❛r✐❛❞❛ ❝✉❥♦ ♦❜❥❡t✐✈♦ é r❡❛❧✐③❛r ❛ s❡♣❛r❛çã♦ ❞❡ ❣r✉♣♦s

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛ ✲ ❋❛❝✉❧❞❛❞❡ ❞❡ ▼❛t❡♠át✐❝❛



■♥tr♦❞✉çã♦ ✸

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

❞♦ ♦✉tr♦ ❣r✉♣♦ ❬✶✵❪✳

❖s ♦❜❥❡t✐✈♦s ❞❡ss❡ tr❛❜❛❧❤♦ sã♦ r❡❛❧✐③❛r ✉♠❛ r❡❛♠♦str❛❣❡♠ ❇♦♦tstr❛♣ ♣❛r❛ ❛✈❛❧✐❛r ❛s ✐♥✲

❝❡rt❡③❛s ❞♦ ♠♦❞❡❧♦ ❆▼▼■ ❡ ❛s ❡st❛❜✐❧✐❞❛❞❡s ❞♦s ❣❡♥ót✐♣♦s ❡ ❛♠❜✐❡♥t❡s✱ ❛❧é♠ ❞❡ r❡❛❧✐③❛r ✉♠❛

❛♥á❧✐s❡ ❞❡ ❈❧✉st❡r ♣❛r❛ ✈❡r✐✜❝❛r s❡ ♦s ❛♠❜✐❡♥t❡s ❡♠ ❝❛❞❛ r❡❣✐ã♦ t❡♠ ✉♠ ❞❡s❡♠♣❡♥❤♦ ❤♦♠♦❣ê♥❡♦

❡♠ r❡❧❛çã♦ ❛ ✐♥t❡r❛çã♦ ❝♦♠ ♦s ❣❡♥ót✐♣♦s✳

❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛



✹ ■♥tr♦❞✉çã♦

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛ ✲ ❋❛❝✉❧❞❛❞❡ ❞❡ ▼❛t❡♠át✐❝❛



▼❡t♦❞♦❧♦❣✐❛ ✺

✷✳ ▼❡t♦❞♦❧♦❣✐❛

❖s ❞❛❞♦s ❛ s❡r❡♠ ✉t✐❧✐③❛❞♦s sã♦ ❞❛❞♦s ❞❡ ♠✐❧❤♦ ❛♠❛r❡❧♦ ✭❩❡❛ ♠❛②❡s✮✱ ♦❜t✐❞♦s ❞❡ ✉♠❛

♠✉❧t✐♥❛❝✐♦♥❛❧ ♥❛ ár❡❛ ❞❡ s❡♠❡♥t❡s✱ q✉❡ ❝♦♥t❛♠ ❝♦♠ 3 r❡♣❡t✐çõ❡s ❞❡ 9 ❣❡♥ót✐♣♦s ❡♠ 7 ❛♠❜✐❡♥t❡s✱

♣r♦✈❡♥✐❡♥t❡s ❞❡ 4 r❡❣✐õ❡s✳ ❖s ♣❧❛♥t✐♦s ♦❝♦rr❡r❛♠ ♥❛ s❛❢r❛ ❞❡ 2016 − 2017 ❡♠ ❞✐❢❡r❡♥t❡s ❧♦❝❛✐s

♥♦ ❇r❛s✐❧ ❡ ❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❞♦s ♠❛t❡r✐❛✐s ❢♦✐ ♠❡❞✐❞❛ ❡♠ q✉✐❧♦❣r❛♠❛ ♣♦r ❤❡❝t❛r❡ ✭kg/ha✮✳

❯♠❛ ❛♥á❧✐s❡ ❞❡ ❝❧✉st❡r ❤✐❡rárq✉✐❝♦ s❡rá r❡❛❧✐③❛❞❛ ♣❛r❛ ✈❡r✐✜❝❛r s❡ ❛s r❡❣✐õ❡s ✉t✐❧✐③❛❞❛s sã♦

❤❡t❡r♦❣ê♥❡❛s ❡♥tr❡ s✐ ✭❡ ❤♦♠♦❣ê♥❡❛s ❞❡♥tr♦ ❞❛s ♠❡s♠❛s✮ q✉❛♥t♦ ❛ ✐♥t❡r❛çã♦ ●×❊ ♥❡ss❡s ❧♦❝❛✐s✳

❆ ❛♥á❧✐s❡ ❞❡ ❝❧✉st❡r ✉t✐❧✐③❛ ❞❛ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞✐❛♥❛ ♣❛r❛ ❛♥❛❧✐s❛r ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦s ♣♦♥t♦s

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

❆ ❞✐stâ♥❝✐❛ ❡✉❝❧✐❞❡❛♥❛ ❛♦ q✉❛❞r❛❞♦ ❡♥tr❡ ❞♦✐s ♣♦♥t♦s a = (aj, ..., an) ❡ b = (bj, ..., bn) ♣♦❞❡

s❡r ❝❛❧❝✉❧❛❞❛ ♣♦r✿

X2
ab =

n∑

j=1

(daj − dbj)
2 ✭✷✳✶✮

❡♠ q✉❡✿

daj é ❛ ❥✲és✐♠❛ ❝♦♦r❞❡♥❛❞❛ ❞❡ ❛❀

dbj é ❛ ❥✲és✐♠❛ ❝♦♦r❞❡♥❛❞❛ ❞❡ ❜✳

P❛r❛ ✐ss♦✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦ ♠ét♦❞♦ ❞❡ ❑✲♠❡❛♥s✱ q✉❡ ✈✐s❛ ❛❣r✉♣❛r ❛s ♦❜s❡r✈❛çõ❡s ❡♠ ❦ ❣r✉♣♦s✱

❡st❡s✱ ❝♦♠ ❛ ♠❡♥♦r ❞✐stâ♥❝✐❛ ✐♥t❡r♥❛✳ ❊ss❡ ♠ét♦❞♦ ❢✉♥❝✐♦♥❛ ❡♠ 4 ❡t❛♣❛s✿

1❛Etapa : sã♦ ❣❡r❛❞♦s ❦ ❝❡♥tr♦✐❞❡s ❛❧❡❛tór✐♦s❀

2❛Etapa : sã♦ ❝❛❧❝✉❧❛❞❛s t♦❞❛s ❛s ❞✐stâ♥❝✐❛s ❡♥tr❡ t♦❞❛s ❛s ♦❜s❡r✈❛çõ❡s ❡ ♦s ❝❡♥tr♦✐❞❡s ❡

❛ss✐♠✱ ❛s ♦❜s❡r✈❛çõ❡s ❝✉❥❛ ❞✐stâ♥❝✐❛ é ♠í♥✐♠❛ ❝♦♠ ♦ ❝❡♥tr♦✐❞❡✱ é ❛tr✐❜✉✐❞❛ àq✉❡❧❡ ❣r✉♣♦❀

3❛Etapa : ❝♦♠ t♦❞♦s ♦s ❣r✉♣♦s ❢♦r♠❛❞♦s✱ é ❢❡✐t♦ ✉♠ ♥♦✈♦ ❝á❧❝✉❧♦ ♣❛r❛ ♦ ❝❡♥tr♦✐❞❡✱ ✉t✐❧✐③❛♥❞♦

❛ ♠é❞✐❛ ❞♦s ✈❛❧♦r❡s ❞❡ ❝❛❞❛ ❣r✉♣♦❀

4❛Etapa : sã♦ r❡♣❡t✐❞❛s ❛s ❡t❛♣❛s 2 ❡ 3 ❛té q✉❡ ♦s ❝❡♥tr♦✐❞❡s s❡ ♠❛♥t❡♥❤❛♠ ❡stát✐❝♦s✳

❆ss✐♠✱ ♦s ❛♠❜✐❡♥t❡s s❡rã♦ ❝❧❛ss✐✜❝❛❞♦s ❡♥tr❡ ♦s ❦ ❣r✉♣♦s ❝r✐❛❞♦s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❞✐stâ♥❝✐❛

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

P❛r❛ ❛ ❛♥á❧✐s❡ ❆▼▼■✱ ♦ ♣r✐♠❡✐r♦ ♣❛ss♦ é r❡❛❧✐③❛r ✉♠❛ ❛♥á❧✐s❡ ❞❡ ✈❛r✐â♥❝✐❛ ❝♦♥❥✉♥t❛

✭❆◆❆❱❆✮ ♣❛r❛ ❛ ✐♥t❡r❛çã♦ ●×❊✳ ❆ ❆◆❆❱❆ ❜❛s❡✐❛✲s❡ ♥❛ ❞❡❝♦♠♣♦s✐çã♦ ❞❛ ✈❛r✐❛çã♦ t♦t❛❧ ❞❛

✈❛r✐á✈❡❧ r❡s♣♦st❛ ❡♠ ❡❢❡✐t♦s ♣r✐♥❝✐♣❛✐s ✭●❡♥ót✐♣♦ ❡ ❆♠❜✐❡♥t❡✮✱ ❡❢❡✐t♦s ♠✉❧t✐♣❧✐❝❛t✐✈♦s ✭✐♥t❡r❛çã♦

●×❊✮ ❡ ❡rr♦ ❡①♣❡r✐♠❡♥t❛❧✱ s❡♥❞♦ q✉❡✱ ❡♠ ❝❛❞❛ ❛♠❜✐❡♥t❡✱ t❡✈❡✲s❡ ✉♠ ❞❡❧✐♥❡❛♠❡♥t♦ ❡♠ ❜❧♦❝♦s

❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛



✻ ▼❡t♦❞♦❧♦❣✐❛

❝❛s✉❛❧✐③❛❞♦s✳ ❖ ♠♦❞❡❧♦ ❆▼▼■ ♣♦❞❡ s❡r ❞❡s❝r✐t♦ ♣♦r✿

Yijk = µ+ gi + ej + (ge)ij + bk(j) + εijk ✭✷✳✷✮

s❡♥❞♦

Yijk✿ é ♦ ✈❛❧♦r ❞❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ♦❜s❡r✈❛❞❛ ♥♦ ✐✲és✐♠♦ ❣❡♥ót✐♣♦✱ ♥♦ ❥✲és✐♠♦ ❛♠❜✐❡♥t❡ ❡ ♥♦

❦✲és✐♠♦ ❜❧♦❝♦✱ ❝♦♠ ✐❂✶✱✳✳✳✱❣❀ ❥❂✶✱✳✳✳✱❡❀ ❦❂✶✱✳✳✳✱r❀

µ✿ é ❛ ♠é❞✐❛ ❣❡r❛❧❀

gi✿ é ♦ ❡❢❡✐t♦ ❞♦ ✐✲és✐♠♦ ❣❡♥ót✐♣♦❀

ej✿ é ♦ ❡❢❡✐t♦ ❞♦ ❥✲és✐♠♦ ❛♠❜✐❡♥t❡❀

(ge)ij✿ é ♦ ❡❢❡✐t♦ ❞❛ ✐♥t❡r❛çã♦ ❞♦ ❣❡♥ót✐♣♦ ✐ ❝♦♠ ♦ ❛♠❜✐❡♥t❡ ❥❀

bk(j)✿ é ♦ ❡❢❡✐t♦ ❞♦ ❦✲és✐♠♦ ❜❧♦❝♦ ❞❡♥tr♦ ❞♦ ❥✲és✐♠♦ ❛♠❜✐❡♥t❡❀

εijk✿ é ♦ ❡rr♦ ❡①♣❡r✐♠❡♥t❛❧ ❛ss♦❝✐❛❞♦ ❛♦ ✐✲és✐♠♦ ❣❡♥ót✐♣♦✱ ♥♦ ❥✲és✐♠♦ ❛♠❜✐❡♥t❡ ❡ ♥♦ ❦✲és✐♠♦

❜❧♦❝♦✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❡ ❝♦♠ ❞✐str✐❜✉✐çã♦ ♥♦r♠❛❧ ❝♦♠ ♠é❞✐❛ 0 ❡ ✈❛r✐â♥❝✐❛ σ2✳

❆ ❚❛❜❡❧❛ ✷✳✶ ♠♦str❛ ❝♦♠♦ s❡r✐❛ ♦ ♣r✐♠❡✐r♦ ♣❛ss♦ ♣❛r❛ ❢❛③❡r ❛ ❛♥á❧✐s❡ ❆▼▼■✱ ♦✉ s❡❥❛✱ ❛

❆◆❆❱❆ ❝♦♥❥✉♥t❛ ♣❛r❛ ♦s ❞❛❞♦s✳

❚❛❜❡❧❛ ✷✳✶✿ ❆◆❆❱❆ ❝♦♥❥✉♥t❛ ♣❛r❛ ❛ ❛♥á❧✐s❡ ❞❛ ✐♥t❡r❛çã♦ ●×❊
❋♦♥t❡ ❞❡ ❱❛r✐❛çã♦ ❙♦♠❛ ❞❡ ◗✉❛❞r❛❞♦s ●r❛✉s ❞❡ ▲✐❜❡r❞❛❞❡ ◗✉❛❞r❛❞♦s ▼é❞✐♦s ❚❡st❡ ❋

❇❧♦❝♦s SQBloco e(r − 1) QMBloco =
SQBloco

e(r − 1)

QMBloco

QMErro

●❡♥ót✐♣♦s ✭●✮ SQG (g − 1) QMG =
SQG

(g − 1)

QMG

QMErro

❆♠❜✐❡♥t❡s ✭❊✮ SQE (e− 1) QME =
SQE

(e− 1)

QME

QMErro

■♥t❡r❛çã♦ ●×❊ SQG×E (g − 1)(e− 1) QMG×E =
SQG×E

(g − 1)(e− 1)

QMG×E

QMErro

❊rr♦ SQErro e(g − 1)(r − 1) QMErro =
SQErro

eg(n− 1)
✲

❚♦t❛❧ SQTotal (n− 1) ✲ ✲

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

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

SQG = eΣi(ĝi)
2 ✭✷✳✸✮

SQE = gΣj(êj)
2 ✭✷✳✹✮

SQG×E = Σi,j(ĝeij)
2 ✭✷✳✺✮

SQERRO = Σi,j,kε̂
2
ijk ✭✷✳✻✮

SQTOTAL = SQG + SQE + SQG×E + SQERRO ✭✷✳✼✮

s❡♥❞♦✿

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛ ✲ ❋❛❝✉❧❞❛❞❡ ❞❡ ▼❛t❡♠át✐❝❛



▼❡t♦❞♦❧♦❣✐❛ ✼

r✿ é ♦ ♥ú♠❡r♦ ❞❡ r❡♣❡t✐çõ❡s❀

n✿ é ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛❀

SQG✿ é ❛ s♦♠❛ ❞❡ q✉❛❞r❛❞♦s ❞♦s ❣❡♥ót✐♣♦s❀

SQE✿ é ❛ s♦♠❛ ❞❡ q✉❛❞r❛❞♦s ❞♦s ❛♠❜✐❡♥t❡s❀

SQERRO✿ é ❛ s♦♠❛ ❞❡ q✉❛❞r❛❞♦s ❞♦s ❡rr♦s❀

SQG×E✿ é ❛ s♦♠❛ ❞❡ q✉❛❞r❛❞♦s ❞❛ ✐♥t❡r❛çã♦❀

SQTOTAL✿ é ❛ s♦♠❛ ❞❡ q✉❛❞r❛❞♦s t♦t❛❧❀

e✿ é ♦ ♥ú♠❡r♦ ❞❡ ❛♠❜✐❡♥t❡s❀

g✿ é ♦ ♥ú♠❡r♦ ❞❡ ❣❡♥ót✐♣♦s❀

ĝi✿ é ♦ ❡❢❡✐t♦ ❞♦ ✐✲és✐♠♦ ❣❡♥ót✐♣♦❀

êj✿ é ♦ ❡❢❡✐t♦ ❞♦ ❥✲és✐♠♦ ❛♠❜✐❡♥t❡❀

ε̂ij✿ é ♦ ❡rr♦ ❡①♣❡r✐♠❡♥t❛❧ ❛ss♦❝✐❛❞♦ ❛♦ ✐✲és✐♠♦ ❣❡♥ót✐♣♦✱ ❞♦ ❥✲és✐♠♦ ❛♠❜✐❡♥t❡ ♥♦ ❦✲és✐♠♦

❜❧♦❝♦❀

ĝeij✿ é ♦ t❡r♠♦ ❡❢❡✐t♦ ❞❛ ✐♥t❡r❛çã♦ ❞♦ ✐✲és✐♠♦ ❣❡♥ót✐♣♦ ❝♦♠ ♦ ❥✲és✐♠♦ ❛♠❜✐❡♥t❡✳

❈♦♠ ❛ ✐♥t❡r❛çã♦ ●×❊ s✐❣♥✐✜❝❛t✐✈❛✱ ♦ ♣ró①✐♠♦ ♣❛ss♦ é ❢❛③❡r ❛ ❞❡❝♦♠♣♦s✐çã♦ ❞❛ SQG×E✱

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

s✐♠♣❧❡s ✉t✐❧✐③❛❞♦ ♥❛ ❛♥á❧✐s❡ ❆▼▼■ ❡ ♣❡r♠✐t❡ ❛ ❝❛♣t❛çã♦ ❞❡ t♦❞♦ ♣❛❞rã♦ ❞❛ ✐♥t❡r❛çã♦ ●×❊✳

❆tr❛✈és ❞♦ ♠ét♦❞♦ ❞❡ ●♦❧❧♦❜✱ é ♣♦ssí✈❡❧ ♦❜t❡r ❛ ♠❛tr✐③ ❞❡ ❡❢❡✐t♦s ĜE✳

❉❡ss❛ ♠❛tr✐③ ❞❡ ❡❢❡✐t♦s ĜE ❢♦r❛♠ ❢❡✐t❛s ✹✵✵ r❡❛♠♦str❛❣❡♥s ❜♦♦tstr❛♣ ❡♠ r❡❧❛çã♦ ❛♦s ❣❡✲

♥ót✐♣♦s ✭❝♦♠ r❡♣♦s✐çã♦ ♥❛s ❧✐♥❤❛s✮ ❡ ✹✵✵ r❡❛♠♦str❛❣❡♥s ❜♦♦tstr❛♣ ❡♠ r❡❧❛çã♦ ❛♦s ❛♠❜✐❡♥t❡s

✭❝♦♠ r❡♣♦s✐çã♦ ♥❛s ❝♦❧✉♥❛s✮✱ ♦❜t❡♥❞♦ ❛s ♠❛tr✐③❡s ĜE
∗

kl✱ ❡♠ q✉❡ k r❡♣r❡s❡♥t❛ ♦ ❣❡♥ót✐♣♦ (g) ♦✉

❛♠❜✐❡♥t❡ (e)❀ l = 1, ..., 400✳

❆ ✜♠ ❞❡ ♦❜t❡r ❛ ♠❛tr✐③ ❞❡ r❡sí❞✉♦s ❝♦rr✐❣✐❞♦s✱ ❛ ♠❛tr✐③ ĜE
∗

kl ❢♦✐ ❝❡♥tr❛❞❛ ❡♠ r❡❧❛çã♦ ❛

♠é❞✐❛✱ ❧✐♥❤❛ ❡ ❝♦❧✉♥❛ ♣♦r✿

ge∗ij = ĝe∗ij − ĝe∗i. − ĝe∗.j + ĝe∗.. ✭✷✳✽✮

❡♠ q✉❡✿

ge∗ij é ♦ r❡sí❞✉♦ ❝♦rr✐❣✐❞♦ ❞♦ ✐✲és✐♠♦ ❣❡♥ót✐♣♦ ♥♦ ❥✲és✐♠♦ ❛♠❜✐❡♥t❡❀

ĝe∗ij é ♦ ✈❛❧♦r r❡s✐❞✉❛❧ ♦❜s❡r✈❛❞♦ ♥♦ ✐✲és✐♠♦ ❣❡♥ót✐♣♦ ♥♦ ❥✲és✐♠♦ ❛♠❜✐❡♥t❡❀

ĝe∗i. é ❛ ♠é❞✐❛ ❞♦s r❡sí❞✉♦s ❞♦ ✐✲és✐♠♦ ❣❡♥ót✐♣♦❀

ĝe∗.j é ❛ ♠é❞✐❛ ❞♦s r❡sí❞✉♦s ❞♦ ❥✲és✐♠♦ ❛♠❜✐❡♥t❡❀

ĝe∗.. é ❛ ♠é❞✐❛ ❣❡r❛❧ ❞♦s r❡sí❞✉♦s✳

❆ss✐♠ q✉❡ ♦s r❡sí❞✉♦s sã♦ ❝❡♥tr❛❧✐③❛❞♦s✱ é ♣♦ssí✈❡❧ ❝❛❧❝✉❧❛r ♦ ❡❢❡✐t♦ ❜♦♦tstr❛♣ ♣❛r❛ ♦s ❣❡♥ó✲

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

✭❉❱❙✮✱ ♦♥❞❡ ♦ ❡❢❡✐t♦ ❜♦♦tstr❛♣ ❞❛ ✐♥t❡r❛çã♦ é ❞❡❝♦♠♣♦st♦ ❡♠ ✸ ♣❛rt❡s✿ GE
∗

ij = U ∗ S ∗ V ′✱

s❡♥❞♦ U ❛ ♠❛tr✐③ ❝♦♠ ♦s ✈❡t♦r❡s ❜♦♦tstr❛♣ s✐♥❣✉❧❛r✲❝♦❧✉♥❛ γ✱ S ❛ ♠❛tr✐③ ❝♦♠ ♦s ❛✉t♦✈❛❧♦r❡s

❜♦♦tstr❛♣ ❡ V ❛ ♠❛tr✐③ ❝♦♠ ♦s ✈❡t♦r❡s ❜♦♦tstr❛♣ s✐♥❣✉❧❛r✲❧✐♥❤❛✳ ❆ss✐♠✱ ♦s ❡❢❡✐t♦s ❞♦ ❣❡♥ót✐♣♦ ❡

❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛



✽ ▼❡t♦❞♦❧♦❣✐❛

❛♠❜✐❡♥t❡ s❡rã♦✿

G
∗

= US1/2 ✭✷✳✾✮

E
∗

= S1/2V ′ ✭✷✳✶✵✮

❡♠ q✉❡✿ G
∗

é ♦ ❡❢❡✐t♦ ❜♦♦tstr❛♣ ♣❛r❛ ♦s ❣❡♥ót✐♣♦s ❡ E
∗

é ♦ ❡❢❡✐t♦ ❜♦♦tstr❛♣ ♣❛r❛ ♦s ❛♠❜✐❡♥t❡s✳

❖s ❡❢❡✐t♦s ❝❛❧❝✉❧❛❞♦s t❛♠❜é♠ ♣♦❞❡♠ s❡r ❝❤❛♠❛❞♦s ❞❡ ❡s❝♦r❡s✳ ❊ss❡s ❡s❝♦r❡s sã♦ ♥♦t❛s

❛tr✐❜✉✐❞❛s ❛ ❝❛❞❛ ❣❡♥ót✐♣♦ ❡ ❛♠❜✐❡♥t❡ q✉❡ s❡rã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ♦❜t❡r ❛ r❡❣✐ã♦ ❞❡ ❝♦♥✜❛♥ç❛ ❡♠

q✉❡ ❝❛❞❛ ✉♠ s❡ ❡♥❝♦♥tr❛ ♥♦ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦ IPCA1×■P❈❆2 ✭❡♠ q✉❡ IPCAi ✐♥❞✐❝❛ ❛ ✐✲és✐♠❛

❝♦♠♣♦♥❡♥t❡ ♣r✐♥❝✐♣❛❧ ❞❛ ✐♥t❡r❛çã♦✮ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ❞❡✜♥✐r s❡ ❡ss❡ ❣❡♥ót✐♣♦ ♦✉ ❛♠❜✐❡♥t❡ ❡stá

♦✉ ♥ã♦ ❡♠ ✉♠❛ r❡❣✐ã♦ ❞❡ ❡st❛❜✐❧✐❞❛❞❡✳

❆ r❡❣✐ã♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ 95% ♣❛r❛ ❛ ♠é❞✐❛ ❞♦s ❡s❝♦r❡s✱ t❛♠❜é♠ ❝❤❛♠❛❞❛ ❞❡ ❈♦❡✜❝✐❡♥t❡

❇♦♦tstr❛♣ ❞❡ ❊st❛❜✐❧✐❞❛❛❞❡ ✭❈❇❊✮✱ ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞❛ ❜❛s❡❛❞❛ ♥♦ q✉❛❞r❛❞♦ ❞❛ ❞✐stâ♥❝✐❛ ❞❡

♠❛❤❛❧❛♥♦❜✐s ❡ é ❞❛❞❛ ♣♦r✿

CBE = [(θ
∗

k − θk)
′S−1

θk
(θ

∗

k − θk) ≤
2(B − 1)

(B − 2)
F(2,B−2)α]B

−1 ✭✷✳✶✶✮

s❡♥❞♦ ♣❛r❛ ❝❛❞❛ ❣❡♥ót✐♣♦ ❡ ❛♠❜✐❡♥t❡✿

B ♦ ♥ú♠❡r♦ ❞❡ ❛♠♦str❛s ❜♦♦tstr❛♣❀

θ
∗

k ♦ ✈❡t♦r [IPCA1; IPCA2]❀

Sθk ❛ ♠❛tr✐③ ❞❡ ❝♦✈❛r✐â♥❝✐❛s✳

❆ss✐♠✱ q✉❛♥❞♦ ❛ r❡❣✐ã♦ ❞❡ ❝♦♥✜❛♥ç❛ ❡♥❣❧♦❜❛ ♦ ♣♦♥t♦ (0, 0)✱ ♣♦❞❡✲s❡ ❞✐③❡r q✉❡ ❛ ✈❛r✐á✈❡❧

❡st✉❞❛❞❛ é ❡stá✈❡❧✳ ◗✉❛♥❞♦ ❛ ✈❛r✐á✈❡❧ é ❡stá✈❡❧✱ ❡ss❛ ❡st❛❜✐❧✐❞❛❞❡ ♣♦❞❡ s❡r ❝❧❛ss✐✜❝❛❞❛ ❡♠ ✹

♥í✈❡✐s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❈❇❊✱ ❝♦♥❢♦r♠❡ s❡❣✉❡ ♥❛ ❚❛❜❡❧❛ ✷✳✷✳

❚❛❜❡❧❛ ✷✳✷✿ ◆í✈❡❧ ❞❡ ❝❧❛ss✐✜❝❛çã♦ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ❞♦s ❣❡♥ót✐♣♦s ❡ ❛♠❜✐❡♥t❡s
❊st✐♠❛t✐✈❛ ◆í✈❡❧ ❞❡ ❊st❛❜✐❧✐❞❛❞❡
❈❇❊ ≤ Q3 ❈♦♥s✐st❡♥t❡

Q2 ≤ ❈❇❊ ≤ Q3 ❆❧t❛
Q1 ≤ ❈❇❊ ≤ Q2 ▼é❞✐❛

❈❇❊ ❁ Q1 ❇❛✐①❛

❡♠ q✉❡✿

❈❇❊ ✈❛r✐❛ ❡♥tr❡ 0 ❡ 1❀

Qi r❡♣r❡s❡♥t❛ ♦ ✐✲és✐♠♦ q✉❛rt✐❧ ♥♦ ✐♥t❡r✈❛❧♦✳

❚♦❞❛s ❛s ❛♥á❧✐s❡s ❢♦r❛♠ ❢❡✐t❛s ✉t✐❧✐③❛♥❞♦ ♦ s♦❢t✇❛r❡ ❘ ✈❡rs✐♦♥ ✸✳✹✳✹✱ ❝♦♠ ✉♠ ♥í✈❡❧ ❞❡ s✐❣♥✐✲

✜❝â♥❝✐❛ ❞❡ 5%✳

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛ ✲ ❋❛❝✉❧❞❛❞❡ ❞❡ ▼❛t❡♠át✐❝❛



❘❡s✉❧t❛❞♦s ✾

✸✳ ❘❡s✉❧t❛❞♦s

✸✳✶ ❆♥á❧✐s❡ ❞❡ ❈❧✉st❡r

❆ ♣r✐♠❡✐r❛ ❛♥á❧✐s❡ ❛ s❡r r❡❛❧✐③❛❞❛ é ❛ ❛♥á❧✐s❡ ❞❡ ❈❧✉st❡r✱ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ✈❡r✐✜❝❛r s❡ ❡①✐st❡

✉♠❛ ❤♦♠♦❣❡♥❡✐❞❛❞❡ ❡♥tr❡ ❛s r❡❣✐õ❡s ❞♦s ❛♠❜✐❡♥t❡s ❛♥❛❧✐s❛❞♦s✳ ❖s 7 ❛♠❜✐❡♥t❡s ❡stã♦ ❞✐✈✐❞✐❞♦s

❡♠ 4 r❡❣✐õ❡s✱ q✉❡ ♣♦❞❡♠ s❡r ♦❜s❡r✈❛❞❛s ♥❛ ❚❛❜❡❧❛ ✸✳✶✳

❚❛❜❡❧❛ ✸✳✶✿ ❉✐✈✐sã♦ ❞♦s ❛♠❜✐❡♥t❡s ♣♦r r❡❣✐ã♦
❘❡❣✐ã♦ ❆♠❜✐❡♥t❡

❘✵✶
❊✵✶
❊✵✸

❘✵✷
❊✵✺
❊✵✼

❘✵✸
❊✵✹
❊✵✻

❘✵✹ ❊✵✷

P❛r❛ ❝❛r❛❝t❡r✐③❛r ❡ss❛s r❡❣✐õ❡s✱ ❢♦✐ r❡❛❧✐③❛❞❛ ✉♠❛ ❛♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ s✐♠♣❧❡s✱ ❝♦♥t❡♥❞♦ ♦s

♠í♥✐♠♦s✱ ♠á①✐♠♦s ❡ ♠é❞✐❛ ❞❡ ❝❛❞❛ ✉♠❛ ❞❛s r❡❣✐õ❡s✳ ❊ss❡s r❡s✉❧t❛❞♦s ♣♦❞❡♠ s❡r ♦❜s❡r✈❛❞♦s

♥❛ ❚❛❜❡❧❛ ✸✳✷✳ P♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ❛ r❡❣✐ã♦ ✵✹ é ❛ ♠❛✐s ♣r♦❞✉t✐✈❛ ❡ ❛ r❡❣✐ã♦ ✵✸ ❛ ♠❡♥♦s

♣r♦❞✉t✐✈❛✳

❚❛❜❡❧❛ ✸✳✷✿ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞❛s r❡❣✐õ❡s ♣❛r❛ ❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❡♠ kg.ha−1

❘❡❣✐ã♦ ▼✐♥ ▼❛① ▼é❞✐❛

❘✵✶ ✶✼✸✾✱✺✾ ✶✵✺✼✼✱✵✶ ✻✶✾✵✱✼✺

❘✵✷ ✹✶✺✸✱✼✾ ✾✹✻✽✱✻✷ ✼✵✷✸✱✸✹

❘✵✸ ✶✼✾✹✱✷✶ ✾✷✹✷✱✸✻ ✺✻✹✵✱✷✽

❘✵✹ ✺✸✾✾✱✹✽ ✶✷✵✸✵✱✺✼ ✾✵✾✺✱✼✸

❯t✐❧✐③❛♥❞♦ ❛ ❛♥á❧✐s❡ ❞❡ ❈❧✉st❡r ❡ ♦ ♠ét♦❞♦ ❞❡ ❦✲♠❡❛♥s ❝♦♠ ✹ ❣r✉♣♦s✱ ♦❜t❡♠✲s❡ ♦s ❛♠❜✐❡♥t❡s

❝❧❛ss✐✜❝❛❞♦s ❝♦♥❢♦r♠❡ ❛ ❚❛❜❡❧❛ ✸✳✸✱ ♦♥❞❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ q✉❡ ❛s r❡❣✐õ❡s ♥ã♦ sã♦ ❛s ♠❡s♠❛s

❞♦s ❞❛❞♦s ♦r✐❣✐♥❛✐s✱ ❝♦♠ ❡①❝❡ssã♦ ❞❛ ❘✵✹✳

❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛



✶✵ ❘❡s✉❧t❛❞♦s

❚❛❜❡❧❛ ✸✳✸✿ ❈❧❛ss✐✜❝❛çã♦ ❞♦s ❛♠❜✐❡♥t❡s ❝♦♥❢♦r♠❡ ❛♥á❧✐s❡ ❞❡ ❈❧✉st❡r

❈❧❛ss✐✜❝❛çã♦ ❆♠❜✐❡♥t❡

R̂01 ❊✵✶

R̂04 ❊✵✷

R̂03 ❊✵✸

R̂03 ❊✵✹

R̂03 ❊✵✺

R̂02 ❊✵✻

R̂02 ❊✵✼

❆ss✐♠✱ ♦s ♥♦✈♦s ❣r✉♣♦s ❢♦r♠❛❞♦s ♣❡❧❛ ❛♥á❧✐s❡ ❞❡ ❈❧✉st❡r sã♦✿ R̂01 : ❊✵✶❀ R̂02 : ❊✵✻ ❡

❊✵✼❀ R̂03 : ❊✵✸✱ ❊✵✹ ❡ ❊✵✺❀ R̂04 : ❊✵✷ ❡ ❛ ❛♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ♣❛r❛ ❡ss❡s ♥♦✈♦s ❣r✉♣♦s ♣♦❞❡

s❡r ♦❜s❡r✈❛❞❛ ♥❛ ❚❛❜❡❧❛ ✸✳✹✳ ❙❡♥❞♦ q✉❡ R̂02 é ❛ r❡❣✐ã♦ ♠❡♥♦s ♣r♦❞✉t✐✈❛ ❡ R̂04 ❛ r❡❣✐ã♦ ♠❛✐s

♣r♦❞✉t✐✈❛✳

❚❛❜❡❧❛ ✸✳✹✿ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ♣❛r❛ ❛s ♥♦✈❛s r❡❣✐õ❡s ♦❜t✐❞❛s ♥❛ ❛♥á❧✐s❡ ❞❡ ❈❧✉st❡r ♣❛r❛ ❛

♣r♦❞✉t✐✈✐❞❛❞❡ ❡♠ kg.ha−1

❘❡❣✐ã♦ ▼✐♥ ▼❛① ▼é❞✐❛

R̂01 ✺✵✻✽✱✾✼ ✶✵✺✼✼✱✵✶ ✼✸✼✻✱✻✾

R̂02 ✶✼✾✹✱✷✶ ✽✻✵✻✱✸✺ ✺✹✹✾✱✵✻

R̂03 ✶✼✸✾✱✺✾ ✾✹✻✽✱✻✷ ✻✹✼✼✱✾✽

R̂04 ✺✸✾✾✱✹✽ ✶✷✵✸✵✱✺✼ ✾✵✾✺✱✼✸

❖✉ s❡❥❛✱ ♠❡s♠♦ ♦s ❛♠❜✐❡♥t❡s ♣❡rt❡♥❝❡♥❞♦ ❛ ♠❡s♠❛ r❡❣✐ã♦ ❣❡♦❣rá✜❝❛ ♥♦ ❇r❛s✐❧✱ ♦s ❛♠❜✐❡♥t❡s

q✉❡ ♣❡rt❡♥❝❡♠ ❛ ♠❡s♠❛ r❡❣✐ã♦ t✐✈❡r❛♠ ❡❢❡✐t♦ ❤❡t❡r♦❣ê♥❡♦ ♥❛ ✐♥t❡r❛çã♦ ❝♦♠ ♦s ❣❡♥ót✐♣♦s ❡ ❛ss✐♠

❢♦r❛♠ ❛❣r✉♣❛❞♦s ❡♠ ❈❧✉st❡rs ❞✐❢❡r❡♥t❡s ❞✉r❛♥t❡ ❛ ❛♥á❧✐s❡✳ ■ss♦ ♣♦❞❡ s❡r ❞❡✈✐❞♦ à ❞✐❢❡r❡♥ç❛s

❡①✐st❡♥t❡s ❞❡♥tr♦ ❞❛s r❡❣✐õ❡s q✉❡ ❛❢❡t❛♠ ♦s ❛♠❜✐❡♥t❡s✱ ❝♦♠♦ ♦ ❝❧✐♠❛✱ ❛❧t✐t✉❞❡ ♦✉ ❝♦♥❞✐çõ❡s

♠❡t❡r❡♦❧ó❣✐❝❛s✱ ♣♦r ❡①❡♠♣❧♦✳

✸✳✷ ❆♥á❧✐s❡ ❆▼▼■

P❛r❛ ❛ ❛♥á❧✐s❡ ❆▼▼■✱ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s 9 ❣❡♥ót✐♣♦s ❡ 7 ❛♠❜✐❡♥t❡s✱ ❡st❡s✱ ♣r♦✈❡♥✐❡♥t❡s ❞❡ 4

r❡❣✐õ❡s ❡ ❝♦♥t❛♥❞♦ ❝♦♠ 3 r❡♣❡t✐çõ❡s ❝❛❞❛✱ ♦✉ s❡❥❛✱ ❡ss❡ ❡①♣❡r✐♠❡♥t♦ ❝♦♥t♦✉ ❝♦♠ ✉♠ t♦t❛❧ ❞❡

189 ♦❜s❡r✈❛çõ❡s✳

❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ♣❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❛ ❛♥á❧✐s❡ ❆▼▼■ é r❡❛❧✐③❛r ❛ ❆◆❆❱❆ ❡ ♦ r❡s✉❧t❛❞♦ ♣♦❞❡

s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❚❛❜❡❧❛ ✸✳✺✳

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛ ✲ ❋❛❝✉❧❞❛❞❡ ❞❡ ▼❛t❡♠át✐❝❛



❘❡s✉❧t❛❞♦s ✶✶

❚❛❜❡❧❛ ✸✳✺✿ ❆◆❆❱❆ ❝♦♥❥✉♥t❛ ♣❛r❛ ❛ ❛♥á❧✐s❡ ❆▼▼■
❋❱ ●▲ ❙◗ ◗▼ ❋ ❱❛❧♦r ♣

❆♠❜✐❡♥t❡ ✻ ✹✹✺✽✾✺✻✸✾ ✼✹✸✶✺✾✹✵ ✶✸✱✺✽ ❁✵✱✵✵✵✶

❇❧♦❝♦ ✶✹ ✼✻✺✽✼✷✶✼ ✺✹✼✵✺✶✺ ✺✱✶✹ ❁✵✱✵✵✵✶

●❡♥ót✐♣♦ ✽ ✽✶✸✾✺✺✺✷ ✶✵✶✼✹✹✹✹ ✾✱✺✼ ❁✵✱✵✵✵✶

■♥t❡r❛çã♦ ●×❊ ✹✽ ✽✺✸✸✼✽✹✼ ✶✼✼✼✽✼✷ ✶✱✻✼ ✵✱✵✶

❊rr♦ ✶✶✷ ✶✶✾✶✵✽✸✻✶ ✶✵✻✸✹✻✽ ✲ ✲

❈♦♠ ❛ ✐♥t❡r❛çã♦ ●×❊ s❡♥❞♦ s✐❣♥✐✜❝❛t✐✈❛ ✭F = 1, 67 ❡ ✈❛❧♦r ♣= 0, 01✮✱ é ♣♦ssí✈❡❧ r❡❛❧✐③❛r ❛

❞❡❝♦♠♣♦s✐çã♦ ❞❛ ✐♥t❡r❛çã♦ ❡ r❡❛❧✐③❛r ❛ ❛♥á❧✐s❡ ❆▼▼■✳

❆ ❞❡❝♦♠♣♦s✐çã♦ ❞❛ ✐♥t❡r❛çã♦ ●×❊ ❡ ❛ ❝♦♥tr✐❜✉✐çã♦ ❞❡ ❝❛❞❛ ■P❈❆ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞❛ ♥❛

❚❛❜❡❧❛ ✸✳✻✳

❚❛❜❡❧❛ ✸✳✻✿ ❉❡❝♦♠♣♦s✐çã♦ ❞❛ ✐♥t❡r❛çã♦ ●×❊ ✉t✐❧✐③❛♥❞♦ ♦ ♠ét♦❞♦ ❞❡ ●♦❧❧♦❜
❋❱ ●▲ ❙◗ ◗▼ ❋ ❱❛❧♦r ♣

■♥t❡r❛çã♦ ●×❊ ✹✽ ✽✺✸✸✼✽✹✼ ✶✼✼✼✽✼✷ ✶✱✻✼ ✵✱✵✶

■P❈❆✶ ✶✸ ✺✷✼✽✷✼✷✾ ✹✵✻✵✷✶✵✳✵ ✸✱✽✷ ✵✱✵✵✵✵

■P❈❆✷ ✶✶ ✶✻✹✻✵✾✺✾ ✶✹✾✻✹✺✵✳✽ ✶✱✹✶ ✵✱✶✼✽✶

■P❈❆✸ ✾ ✽✷✶✾✽✶✶ ✾✶✸✸✶✷✳✹ ✵✱✽✻ ✵✱✺✻✸✶

■P❈❆✹ ✼ ✸✾✷✷✷✸✾ ✺✻✵✸✶✾✳✾ ✵✱✺✸ ✵✱✽✶✵✷

■P❈❆✺ ✺ ✷✹✶✽✷✻✹ ✹✽✸✻✺✷✳✼ ✵✱✹✺ ✵✱✽✶✷✺

■P❈❆✻ ✸ ✶✺✸✸✽✹✹ ✺✶✶✷✽✶✳✺ ✵✱✹✽ ✵✱✻✾✻✽

❖❜s❡r✈❛♥❞♦ ❛ ❞❡❝♦♠♣♦s✐çã♦ ❞❛ ✐♥t❡r❛çã♦ ●×❊✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❛♣❡♥❛s ❛ ♣r✐♠❡✐r❛

❞❡❝♦♠♣♦s✐çã♦ ❢♦✐ s✐❣♥✐✜❝❛t✐✈❛✱ ♣♦ré♠ ♣❛r❛ ❛ ❝♦♥str✉çã♦ ❞♦ ❣rá✜❝♦ ❜✐♣❧♦t ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♦s

❡✐①♦s ■P❈❆✶ ❡ ■P❈❆✷✱ q✉❡ r❡♣r❡s❡♥t❛♠ 81, 1% ❞❛ ✈❛r✐❛çã♦ ❞❛ ✐♥t❡r❛çã♦ ●×❊✳ ❖ ❜✐♣❧♦t é

❝♦♥str✉✐❞♦ ❝♦♠ ♦ ■P❈❆✶ ♥♦ ❡✐①♦ ❳ ❡ ■P❈❆✷ ♥♦ ❡✐①♦ ❨✱ ❝♦♠♦ s❡❣✉❡ ♥❛ ❋✐❣✉r❛ ✸✳✶✳

❋✐❣✉r❛ ✸✳✶✿ ❇✐♣❧♦t ❞♦s ❣❡♥ót✐♣♦s ❡ ❛♠❜✐❡♥t❡s

❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛



✶✷ ❘❡s✉❧t❛❞♦s

❆ ✐♥t❡r♣r❡t❛çã♦ ❞♦ ❣rá✜❝♦ ❜✐♣❧♦t ♣♦❞❡ s❡r ❢❡✐t❛ ✉t✐❧✐③❛♥❞♦ ♦ â♥❣✉❧♦ ❡♥tr❡ ♦s ❣❡♥ót✐♣♦s ❡

❛♠❜✐❡♥t❡s✳

❖ ❝♦ss❡♥♦ ❞♦ â♥❣✉❧♦ ❡♥tr❡ ❛s ✈❛r✐á✈❡✐s ❡①♣r❡ss❛ ❛ ♠❛❣♥✐t✉❞❡ ❞❛ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ❛s ♠❡s♠❛s✱

♣♦❞❡♥❞♦ ❡ss❛ ❛ss♦❝✐❛çã♦ s❡r ♣♦s✐t✐✈❛ ♦✉ ♥❡❣❛t✐✈❛✳ ◗✉❛♥t♦ ♠❛✐s ♣ró①✐♠♦ ❞❡ ✶ ♦✉ ✲✶✱ ♠❛✐♦r s❡rá

❛ ❛ss♦❝✐❛çã♦ ❡♥tr❡ ♦ ❣❡♥ót✐♣♦ ❡ ❛♠❜✐❡♥t❡✳

❆ss✐♠✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ♦s ❛♠❜✐❡♥t❡s ❊✵✶✱ ❊✵✹ ❡ ❊✵✼ t❡r✐❛♠ ✉♠❛ ❛ss♦❝✐❛çã♦ ♣♦s✐t✐✈❛

❝♦♠ ♦s ❣❡♥ót✐♣♦s ●✵✸ ❡ ●✵✻✱ ❡♥q✉❛♥t♦ ♦ ❛♠❜✐❡♥t❡ ❊✵✸ t❡r✐❛ ✉♠❛ ❛ss♦❝✐❛çã♦ ♥❡❣❛t✐✈❛ ❝♦♠

❡ss❡s ❣❡♥ót✐♣♦s✳ ❖s ❣❡♥ót✐♣♦s ●✵✶✱ ●✵✷✱ ●✵✹ ❡ ●✵✺ t❡r✐❛♠ ✉♠❛ ❛ss♦❝✐❛çã♦ ♣♦s✐t✐✈❛ ❝♦♠ ♦s

❛♠❜✐❡♥t❡s ❊✵✷ ❡ ❊✵✺✱ ❡ ✉♠❛ ❛ss♦❝✐❛çã♦ ♥❡❣❛t✐✈♦ ♥♦s ❛♠❜✐❡♥t❡s ❊✵✸ ❡ ❊✵✹✳ ❖s ❛♠❜✐❡♥t❡s ❊✵✸

❡ ❊✵✻ t❡r✐❛♠ ✉♠❛ ❛ss♦❝✐❛çã♦ ♣♦s✐t✐✈❛ ❛♣❡♥❛s ♣❛r❛ ♦s ❣❡♥ót✐♣♦s ●✵✼✱ ●✵✽ ❡ ●✵✾✳

✸✳✷✳✶ ❘❡❛♠♦str❛❣❡♠ ❇♦♦tstr❛♣

❯t✐❧✐③❛♥❞♦ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❡ r❡❛♠♦str❛❣❡♠ ❇♦♦tstr❛♣✱ ♦s ❣❡♥ót✐♣♦s ❡ ❛♠❜✐❡♥t❡s ❢♦r❛♠ r❡❛✲

♠♦str❛❞♦s ✹✵✵ ✈❡③❡s ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ♦❜t❡r ✉♠❛ ❡st✐♠❛t✐✈❛ ♠❛✐s ♣r❡❝✐s❛ ♣❛r❛ ♦s ❡st✐♠❛❞♦r❡s

❡st❛tíst✐❝♦s ❡ ✉♠❛ ♠❡❧❤♦r q✉❛❧✐❞❛❞❡ ♥♦ ♠♦❞❡❧♦✳

❆ ♣r✐♥❝í♣✐♦✱ ✉♠❛ ❛♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❢♦✐ r❡❛❧✐③❛❞❛ ♣❛r❛ ♦s ❣❡♥ót✐♣♦s ❡♠ r❡❧❛çã♦ ❛♦ r❡♥❞✐♠❡♥t♦

❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞❛ ♥❛ ❚❛❜❡❧❛ ✸✳✼✳

❚❛❜❡❧❛ ✸✳✼✿ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞♦s ❣❡♥ót✐♣♦s ♣❛r❛ ❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❡♠ kg.ha−1

●❡♥ót✐♣♦ ◆ ▼✐♥ ▼é❞✐❛ ▼❡❞✐❛♥❛ ▼❛① ❉❡s✈✐♦ P❛❞rã♦

●✵✶ ✷✶ ✶✼✾✹✱✷✶ ✼✷✾✼✱✵✻ ✼✾✺✽✱✹✸ ✶✶✶✸✶✱✼✶ ✷✷✾✹✱✸✾

●✵✷ ✷✶ ✶✼✽✾✱✼✾ ✼✶✼✻✱✼✾ ✼✺✾✽✱✺✼ ✶✶✸✼✸✱✻✵ ✷✸✼✾✱✹✺

●✵✸ ✷✶ ✷✶✼✺✱✶✼ ✻✹✼✻✱✵✺ ✼✵✺✺✱✾✵ ✾✼✹✼✱✼✽ ✷✵✽✽✱✵✸

●✵✹ ✷✶ ✷✼✸✼✱✶✶ ✺✾✺✺✱✽✹ ✻✶✷✽✱✸✾ ✽✸✷✺✱✻✸ ✶✼✽✺✱✸✵

●✵✺ ✷✶ ✶✽✽✽✱✶✷ ✺✼✼✷✱✻✺ ✺✼✸✷✱✾✺ ✾✹✷✼✱✸✶ ✷✵✶✼✱✼✺

●✵✻ ✷✶ ✶✼✸✾✱✺✾ ✼✶✺✽✱✼✼ ✼✽✹✻✱✻✼ ✶✷✵✸✵✱✺✼ ✷✻✹✹✱✻✺

●✵✼ ✷✶ ✸✵✺✹✱✵✹ ✻✶✽✻✱✵✷ ✻✹✼✽✱✽✷ ✾✸✾✹✱✷✾ ✶✺✾✶✱✻✺

●✵✽ ✷✶ ✷✼✸✽✱✹✸ ✻✸✹✺✱✷✷ ✻✹✵✵✱✾✾ ✽✹✾✹✱✵✹ ✶✷✾✸✱✽✻

●✵✾ ✷✶ ✹✻✽✸✱✻✽ ✼✽✵✽✱✼✾ ✼✻✻✻✱✻✼ ✶✶✷✾✺✱✽✵ ✶✻✶✷✱✺✸

❚❖❚❆▲ ✶✽✾ ✶✼✸✾✱✺✾ ✻✻✽✻✱✸✺ ✻✽✶✶✱✺✼ ✶✷✵✸✵✱✺✼ ✷✵✼✸✱✺✹

❆ ♣❛rt✐r ❞❛ ❚❛❜❡❧❛ ✸✳✼ é ♣♦ssí✈❡❧ ♥♦t❛r q✉❡ ♦ ❣❡♥ót✐♣♦ ✵✾ é✱ ❡♠ ♠é❞✐❛✱ ♦ ♠❛✐s ♣r♦❞✉t✐✈♦ ❞❡♥✲

tr❡ t♦❞♦s ♦s ❣❡♥ót✐♣♦s✱ ❝♦♠ ✉♠❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 7800kg.ha−1 ❡ ♦ ❣❡♥ót✐♣♦

✵✺ é ♦ q✉❡ ♣♦ss✉✐ ❛ ♠❡♥♦r ♣r♦❞✉t✐✈✐❞❛❞❡ ♠é❞✐❛✱ ❞❡ 5772kg.ha−1✳

❯t✐❧✐③❛♥❞♦ ❛ r❡❛♠♦str❛❣❡♠✱ ❢♦✐ ❣❡r❛❞❛ ✉♠❛ r❡❣✐ã♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪ ♣❛r❛ ❛♥❛❧✐s❛r ❛

❡st❛❜✐❧✐❞❛❞❡ ❞♦s ❣❡♥ót✐♣♦s✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✷✳

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛ ✲ ❋❛❝✉❧❞❛❞❡ ❞❡ ▼❛t❡♠át✐❝❛



❘❡s✉❧t❛❞♦s ✶✸

❋✐❣✉r❛ ✸✳✷✿ ❘❡❣✐ã♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪ ♣❛r❛ ♦s ❣❡♥ót✐♣♦s

❯♠ ❣❡♥ót✐♣♦ é ❞✐t♦ ❡stá✈❡❧ q✉❛♥❞♦ ❛ r❡❣✐ã♦ ❞❡ ❝♦♥✜❛♥ç❛ ❝♦♥té♠ ♦ ✈❡t♦r ♥✉❧♦ (0, 0)✳ ❆♥❛✲

❧✐s❛♥❞♦ ❛ ❋✐❣✉r❛ ✸✳✷✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❛♣❡♥❛s ♦ ❣❡♥ót✐♣♦ ●✵✶ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ✐♥stá✈❡❧

♥❡ss❛ ❛♥á❧✐s❡✳

❆ss✐♠✱ ✉t✐❧✐③❛♥❞♦ ♦ ❈❇❊ é ♣♦ssí✈❡❧ ❝❧❛ss✐✜❝❛r ♦s ♦✉tr♦s ❣❡♥ót✐♣♦s q✉❛♥❞♦ ❛♦ ♥í✈❡❧ ❞❡ ❡st❛✲

❜✐❧✐❞❛❞❡ ❡ ❡ss❡ r❡s✉❧t❛❞♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❚❛❜❡❧❛ ✸✳✽✳

❚❛❜❡❧❛ ✸✳✽✿ ◆í✈❡❧ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ❞♦s ❣❡♥ót✐♣♦s
●❡♥ót✐♣♦ ◆í✈❡❧ ❞❡ ❡st❛❜✐❧✐❞❛❞❡

●✵✷ ❇❛✐①❛

●✵✸ ❇❛✐①❛

●✵✹ ❇❛✐①❛

●✵✺ ❇❛✐①❛

●✵✻ ❇❛✐①❛

●✵✼ ❇❛✐①❛

●✵✽ ❇❛✐①❛

●✵✾ ❇❛✐①❛

❈♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦✱ t♦❞♦s ♦s ❣❡♥ót✐♣♦s ❡stá✈❡✐s ❢♦r❛♠ ❝❧❛ss✐✜❝❛❞♦s ❝♦♠ ❜❛✐①❛ ❡st❛✲

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

❖ ♠❡s♠♦ ♣r♦❝❡❞✐♠❡♥t♦ ❢❡✐t♦ ♣❛r❛ ♦s ❣❡♥ót✐♣♦s s❡rá r❡❛❧✐③❛❞♦ ♣❛r❛ ♦s ❛♠❜✐❡♥t❡s✳ ❆ ❛♥á❧✐s❡

❞❡s❝r✐t✐✈❛ ♣❛r❛ ♦s ❛♠❜✐❡♥t❡s ❡♠ r❡❧❛çã♦ ❛♦ r❡♥❞✐♠❡♥t♦ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞❛ ♥❛ ❚❛❜❡❧❛ ✸✳✾✳

❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛



✶✹ ❘❡s✉❧t❛❞♦s

❚❛❜❡❧❛ ✸✳✾✿ ❆♥á❧✐s❡ ❞❡s❝r✐t✐✈❛ ❞♦s ❛♠❜✐❡♥t❡s ♣❛r❛ ❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❡♠ kg.ha−1

❆♠❜✐❡♥t❡ ◆ ▼✐♥ ▼é❞✐❛ ▼❡❞✐❛♥❛ ▼❛① ❉❡s✈✐♦ P❛❞rã♦

❊✵✶ ✷✼ ✺✵✻✽✱✾✼ ✼✸✼✻✱✻✾ ✼✺✾✽✱✺✼ ✶✵✺✼✼✱✵✶ ✶✸✻✵✱✹✷

❊✵✷ ✷✼ ✺✸✾✾✱✹✽ ✾✵✾✺✱✼✸ ✾✶✼✶✱✷✻ ✶✷✵✸✵✱✺✼ ✶✺✾✽✱✵✶

❊✵✸ ✷✼ ✶✼✸✾✱✺✾ ✺✵✵✹✱✽✵ ✺✷✼✺✱✽✻ ✽✾✹✶✱✻✶ ✶✽✼✼✱✷✷

❊✵✹ ✷✼ ✺✶✵✸✱✵✹ ✼✷✵✼✱✷✼ ✼✸✶✸✱✾✹ ✾✷✹✷✱✸✻ ✶✵✺✽✱✺✵

❊✵✺ ✷✼ ✹✶✺✸✱✼✾ ✼✷✷✶✱✽✻ ✼✸✽✻✱✻✾ ✾✹✻✽✱✻✷ ✶✸✺✵✱✸✸

❊✵✻ ✷✼ ✶✼✾✹✱✷✶ ✹✵✼✸✱✷✾ ✹✷✷✷✱✹✼ ✻✶✽✵✱✸✵ ✶✸✹✹✱✻✸

❊✵✼ ✷✼ ✹✾✶✶✱✹✸ ✻✽✷✹✱✽✸ ✻✼✷✼✱✵✻ ✽✻✵✻✱✸✺ ✶✶✷✷✱✶✾

❚❖❚❆▲ ✶✽✾ ✶✼✸✾✱✺✾ ✻✻✽✻✱✸✺ ✻✽✶✶✱✺✼ ✶✷✵✸✵✱✺✼ ✷✵✼✸✱✺✹

❆q✉✐ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ♦ ❛♠❜✐❡♥t❡ ❝✉❥❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ♠é❞✐❛ ❢♦✐ ❛ ♠❛✐♦r ♥❡ss❡ ❝♦♥❥✉♥t♦

❞❡ ❞❛❞♦s✱ ❢♦✐ ♦ ❛♠❜✐❡♥t❡ ✵✷✱ ❝♦♠ ♣r♦❞✉t✐✈✐❞❛❞❡ ❞❡ ♠❛✐s ❞❡ 9000kg.ha−1✱ ❡♥q✉❛♥t♦ ♦ ❛♠❜✐❡♥t❡

q✉❡ t❡✈❡ ❛ ♠❡♥♦r ♣r♦❞✉t✐✈✐❞❛❞❡ ♠é❞✐❛ ❢♦✐ ♦ ❛♠❜✐❡♥t❡ ✵✻✱ ❝♦♠ ♣r♦❞✉t✐✈✐❞❛❞❡ ❞❡ 4073kg.ha−1✳

❆✜♠ ❞❡ ❛♥á❧✐s❛r ❛ ❡st❛❜✐❧✐❞❛❞❡ ❞♦s ❛♠❜✐❡♥t❡s✱ ❢♦✐ ❣❡r❛❞❛ ✉♠❛ r❡❣✐ã♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪✱

❝♦♥❢♦r♠❡ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✸✳✸✳

❋✐❣✉r❛ ✸✳✸✿ ❘❡❣✐ã♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ ✾✺✪ ♣❛r❛ ♦s ❛♠❜✐❡♥t❡s

❖❜s❡r✈❛♥❞♦ ❛ ❋✐❣✉r❛ ✸✳✸✱ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ t♦❞♦s ♦s ❛♠❜✐❡♥t❡s ❢♦r❛♠ ❝♦♥s✐❞❡r❛❞♦s ❡s✲

tá✈❡✐s✱ ♦✉ s❡❥❛✱ ❛ r❡❣✐ã♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ t♦❞♦s ♦s ❣❡♥ót✐♣♦s ❝♦♥t✐♥❤❛♠ ♦ ✈❡t♦r ♥✉❧♦ ✭✈❡t♦r (0, 0)✮✳

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

s❡r ❛♥❛❧✐s❛❞♦s ♥❛ ❚❛❜❡❧❛ ✸✳✶✵✳

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛ ✲ ❋❛❝✉❧❞❛❞❡ ❞❡ ▼❛t❡♠át✐❝❛



❘❡s✉❧t❛❞♦s ✶✺

❚❛❜❡❧❛ ✸✳✶✵✿ ◆í✈❡❧ ❞❡ ❡st❛❜✐❧✐❞❛❞❡ ❞♦s ❛♠❜✐❡♥t❡s
❆♠❜✐❡♥t❡ ◆í✈❡❧ ❞❡ ❡st❛❜✐❧✐❞❛❞❡

❊✵✶ ❇❛✐①❛

❊✵✷ ❇❛✐①❛

❊✵✸ ❇❛✐①❛

❊✵✹ ❇❛✐①❛

❊✵✺ ❇❛✐①❛

❊✵✻ ❇❛✐①❛

❊✵✼ ❇❛✐①❛

❆ss✐♠ ❝♦♠♦ ♥♦s ❣❡♥ót✐♣♦s✱ ♦s ❛♠❜✐❡♥t❡s t❛♠❜é♠ ❢♦r❛♠ 100% ❝❧❛ss✐✜❝❛❞♦s ❝♦♠ ❡st❛❜✐❧✐❞❛❞❡

❜❛✐①❛✱ q✉❡ t❛♠❜é♠ ♣❡❞❡ ❝❛✉t❡❧❛ ❝♦♠ ❛s ✐♥❞✐❝❛çõ❡s ❞❡ q✉❛✐s ❛♠❜✐❡♥t❡s ♣♦❞❡♠ s❡r ❜♦♥s ♣❛r❛ ♦s

❣❡♥ót✐♣♦s✳

❉❡ ♠♦❞♦ ❣❡r❛❧✱ ♦s ❣❡♥ót✐♣♦s ❡ ❛♠❜✐❡♥t❡s ❛♣r❡s❡♥t❛r❛♠ ❜❛✐①❛ ❡st❛❜✐❧✐❞❛❞❡✱ ♦✉ s❡❥❛✱ ♥❡♥❤✉♠

❞♦s ❣❡♥ót✐♣♦s ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ❡♠ t♦❞♦s ♦s ❛♠❜✐❡♥t❡s✳ ■ss♦ s❡ ❞❡✈❡ ❛♦ ❢❛t♦ ❞❡ q✉❡ ❡ss❡s ♠❛✲

t❡r✐❛✐s ❢❛③❡♠ ♣❛rt❡ ❞❡ ✉♠ ♣r♦❣r❛♠❛ ❞❡ ♠❡❧❤♦r❛♠❡♥t♦ ❡✱ ♣♦rt❛♥t♦✱ ❡r❛ ❡s♣❡r❛❞♦ q✉❡ ❤♦✉✈❡ss❡♠

❛❞❛♣t❛çõ❡s ❞❡ ❣❡♥ót✐♣♦s ❛ ❝❡rt♦s ❛♠❜✐❡♥t❡s✳

❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛



✶✻ ❘❡s✉❧t❛❞♦s

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛ ✲ ❋❛❝✉❧❞❛❞❡ ❞❡ ▼❛t❡♠át✐❝❛



❈♦♥❝❧✉sõ❡s ✶✼

✹✳ ❈♦♥❝❧✉sõ❡s

❆ ❛♥á❧✐s❡ ❞❡ ❈❧✉st❡r ♠♦str♦✉ q✉❡ ♦s ❛♠❜✐❡♥t❡s q✉❡✱ ♦r✐❣✐♥❛❧♠❡♥t❡ sã♦ ❞❡✜♥✐❞♦s ❞❡♥tr♦ ❞❛s

r❡❣✐õ❡s ❣❡♦❣rá✜❝❛s ♥♦ ❇r❛s✐❧✱ ♥ã♦ ♦❜t✐✈❡r❛♠ ❛ ✐♥t❡r❛çã♦ ●×❊ ❤♦♠♦❣ê♥❡❛ ❞❡♥tr♦ ❞♦s ❣r✉♣♦s

❡ ❤❡t❡r♦❣ê♥❡❛ ❡♥tr❡ ♦s ❣r✉♣♦s✱ ✈✐st♦ q✉❡ ♦s ❛♠❜✐❡♥t❡s ❢♦r❛♠ ❝❧❛ss✐✜❝❛❞♦s ❡♠ ❣r✉♣♦s ❞✐❢❡r❡♥t❡

❞♦s ♦r✐❣✐♥❛✐s✳ ■ss♦ ♣♦❞❡ s❡r ❞❡✈✐❞♦ ❛ ❞✐❢❡r❡♥t❡s ❝❛r❛❝t❡ríst✐❝❛s ❞❡♥tr♦ ❞❛s r❡❣✐õ❡s✱ ❢❛③❡♥❞♦ ❝♦♠

q✉❡ ♦s ❛♠❜✐❡♥t❡s ♥ã♦ ❢♦ss❡♠ ❤♦♠♦❣ê♥❡♦s ❞❡♥tr♦ ❞❛s r❡❣✐õ❡s✳

❆ ❛♥á❧✐s❡ ❆▼▼■ ♣❡r♠✐t✐✉ ✉♠❛ ❞❡❝♦♠♣♦s✐çã♦ s❛t✐s❢❛tór✐❛ ❞❛ s♦♠❛ ❞❡ q✉❛❞r❛❞♦s ❞❛ ✐♥t❡r❛çã♦

●×❊ ✭SQG × E✮✱ ❡♠ q✉❡ ✷ ❞♦s ❡✐①♦s ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ♥❛ ❝r✐❛çã♦ ❞♦ ❣rá✜❝♦ ❜✐♣❧♦t✱ r❡♣r❡s❡♥✲

t❛♥❞♦ 81, 1% ❞❛ ✈❛r✐❛çã♦ ❞❛ ✐♥t❡r❛çã♦ ❡ ♣❡r♠✐t✐♥❞♦ ✉♠❛ ✐♥t❡r♣r❡t❛çã♦ ✈✐s✉❛❧ ❞♦s r❡s✉❧t❛❞♦s ❞❛

✐♥t❡r❛çã♦✳

❆ r❡❛♠♦str❛❣❡♠ ❜♦♦tstr❛♣ ❢❡③✲s❡ ♥❡❝❡ssár✐❛ ♣❛r❛ t❡r ✉♠❛ ♠❛✐♦r ♣❡r❝✐sã♦ ❞❛ ✐♥❢♦r♠❛çã♦✳

❊ss❛ r❡❛♠♦str❛❣❡♠ ❞❡ 400 ✈❡③❡s ♣❛r❛ ♦s ❣❡♥ót✐♣♦s ❡ 400 ✈❡③❡s ♣❛r❛ ♦s ❛♠❜✐❡♥t❡s✱ ♣❡r♠✐t✐✉

✉♠❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ✉♠❛ r❡❣✐ã♦ ❞❡ ❝♦♥✜❛♥ç❛ ❞❡ 95% ♣❛r❛ ❛ ✐♥t❡r❛çã♦ ❡✱ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡✱

✉♠❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❛ ❡st❛❜✐❧✐❞❛❞❡ ❞❡ss❛s ♦❜s❡r✈❛çõ❡s✳

❆ ♣❛rt✐r ❞❡ss❛ ❡st❛❜✐❧✐❞❛❞❡✱ t❛♠❜é♠ ❢♦✐ ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ❡♠ q✉❛❧ ❞♦s ✹ ♥í✈❡✐s ❞❡ ❡st❛❜✐❧✐✲

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

❡ ❣❡♥ót✐♣♦s ❢♦r❛♠ ❝❧❛ss✐✜❝❛❞♦s ❝♦♠ ❜❛✐①❛ ❡st❛❜✐❧✐❞❛❞❡✱ ♦ q✉❡ r❡q✉❡r ❝❡rt♦ ❝✉✐❞❛❞♦ ❛♦ ❢❛③❡r

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

❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊st❛tíst✐❝❛



✶✽ ❈♦♥❝❧✉sõ❡s

❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❯❜❡r❧â♥❞✐❛ ✲ ❋❛❝✉❧❞❛❞❡ ❞❡ ▼❛t❡♠át✐❝❛



❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá❢✐❝❛s ✶✾

❘❡❢❡rê♥❝✐❛s ❇✐❜❧✐♦❣rá❢✐❝❛s

❬✶❪ ❈❍❆❱❊❙✱ ❏✳ ▲✳✿ ■♥t❡r❛çã♦ ❞❡ ❝✉❧t✐✈❛r❡s ❝♦♠ ❛♠❜✐❡♥t❡s✳ ❘❡❝✉rs♦s ❣❡♥ét✐❝♦s ❡ ♠❡❧❤♦r❛♠❡♥t♦

✲ ♣❧❛♥t❛s✱ ♣♣✳ ✻✼✸✕✼✶✸✱ ✷✵✵✶✳

❬✷❪ ❈❘❖❙❙❆✱ ❏✳✿ ❙t❛t✐st✐❝❛❧ ❆♥❛❧②s❡s ♦❢ ♠✉❧t✐❧♦❝❛t✐♦♥ tr✐❛❧s✳ ❆❞✈❛♥❝❡s ✐♥ ❆❣r♦♥♦♠②✳ ◆❡✇

❨♦r❦✱ ✹✹✿✺✺✕✽✺✱ ✶✾✾✵✳

❬✸❪ ❉■❆❙✱ ❈✳❚✳ ❙✳ ❡✳ ❛✳✿ ❆ ♠❡t♦❞♦❧♦❣✐❛ ❆▼▼■✿ ❝♦♠ ❛♣❧✐❝❛çã♦ ❛♦ ♠❡❧❤♦r❛♠❡♥t♦ ❣❡♥ét✐❝♦✳ P✐✲

r❛❝✐❝❛❜❛✿ ❊❙❆▲◗✴❯❙P✱ ✷✵✶✹✳

❬✹❪ ❉❯❆❘❚❊✱ ❏✳ ❇✳❀ ❱❊◆❈❖❱❙❑❨✱ ❘✳✿ ■♥t❡r❛çã♦ ❣❡♥ót✐♣♦s ① ❛♠❜✐❡♥t❡s✳ ❯♠❛ ✐♥tr♦❞✉çã♦ à

❛♥á❧✐s❡ ❆▼▼■✳ ❙♦❝✐❡❞❛❞❡ ❇r❛s✐❧❡✐r❛ ❞❡ ●❡♥ét✐❝❛✳ ❘✐❜❡✐rã♦ Pr❡t♦ ✲ ❙P✱ ✶✾✾✾✳

❬✺❪ ❊❋❘❖◆✱ ❇✳✿ ❇♦♦tstr❛♣ ♠❡t❤♦❞s✿ ❛♥♦t❤❡r ❧♦♦❦ ❛t ❥❛❝❦♥✐❢❡✳ ❆♥♥❛❧s ♦❢ ❙t❛t✐st✐❝s✱ ✼✿✶✕✷✻✱

✶✾✼✾✳

❬✻❪ ❋❆❘■❆✱ P✳◆✳✿ ❯t✐❧✐③❛çã♦ ❞❡ té❝♥✐❝❛s ♠✉❧t✐✈❛r✐❛❞❛s ♥❛ ❛♥á❧✐s❡ ❞❛ ❞✐✈❡r❣ê♥❝✐❛ ❣❡♥ét✐❝❛ ✈✐❛

♠♦❞❡❧♦ ❆▼▼■ ❝♦♠ r❡❛♠♦str❛❣❡♠ ✧❜♦♦tstr❛♣✧✳ ❚❡s❡ ❞❡ ❉♦✉t♦r❛❞♦✱ ✷✵✶✷✳

❬✼❪ ❋♦♦❞ ❡ ❯♥✐t❡❞ ◆❛t✐♦♥s✱ ❆✳❖✳ ♦❢ t❤❡✿ ❘❡♣r❡s❡♥t❛♥t❡ ❞❛ ❋❆❖ ❇r❛s✐❧ ❛♣r❡s❡♥t❛ ❝❡♥ár✐♦ ❞❛

❞❡♠❛♥❞❛ ♣♦r ❛❧✐♠❡♥t♦s✱ ✷✵✶✼✳ ❤tt♣✿✴✴✇✇✇✳❢❛♦✳♦r❣✴❜r❛s✐❧✴♥♦t✐❝✐❛s✴❞❡t❛✐❧✲❡✈❡♥ts✴

❡♥✴❝✴✾✵✶✶✻✽✴✱ ❛❝❡ss❛❞♦ ❡♠ ✵✷✴✵✻✴✷✵✶✽✳

❬✽❪ ●❆❯❈❍✱ ❍✳●✳✿▼♦❞❡❧ s❡❧❡❝t✐♦♥ ❛♥❞ ✈❛❧✐❞❛t✐♦♥ ❢♦r ②✐❡❧❞ tr✐❛❧s ✇✐t❤ ✐♥t❡r❛❝t✐♦♥✳ ❇✐♦♠❡tr✐❝s✱

❲❛s❤✐♥❣t♦♥✱ ✹✹✿✼✵✺✕✼✶✺✱ ✶✾✽✽✳

❬✾❪ ●❖▲▲❖❇✱ ❍✳ ❋✳✿ ❆ st❛t✐st✐❝❛❧ ♠♦❞❡❧ ✇❤✐❝❤ ❝♦♠❜✐♥❡s ❢❡❛t✉r❡s ♦❢ ❢❛❝t♦r ❛♥❛❧②t✐❝ ❛♥❞ ❛♥❛❧②s✐s

♦❢ ✈❛r✐❛♥❝❡ t❡❝❤♥✐q✉❡s✳ Ps②❝❤♦♠❡tr✐❦❛✱ ✸✸✿✼✸✕✶✶✺✱ ✶✾✻✽✳

❬✶✵❪ ❑❍❆❚❚❘❊❊✱ ❘✳❀ ◆❆■❑✱ ❉✳◆✳✿ ▼✉❧t✐✈❛r✐❛t❡ ❞❛t❛ r❡❞✉❝t✐♦♥ ❛♥❞ ❞✐s❝r✐♠✐♥❛t✐♦♥ ✇✐t❤ ❙❆❙
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