
❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡

❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛

❈❡♥tr♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛ ❡ ■♥❢♦r♠át✐❝❛

❈✉rs♦ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛

❊❙❚❯❉❖ ❉❆ P❘❖❚❊➬➹❖ ❉❊ ❙❖❇❘❊❈❖❘❘❊◆❚❊ P❊▲❖
❘❊▲➱ ❙❊▲✲✸✺✶❆

❆❧✉♥♦✿ ▲✉✐s ❖tá✈✐♦ ❇✉❡♥♦ ❖✐t✐❝✐❝❛

▼❛trí❝✉❧❛✿ ✷✵✻✷✶✻✹✵

❈❛♠♣✐♥❛ ●r❛♥❞❡

✷✵✶✶



▲✉✐s ❖tá✈✐♦ ❇✉❡♥♦ ❖✐t✐❝✐❝❛

❊❙❚❯❉❖ ❉❆ P❘❖❚❊➬➹❖ ❉❊ ❙❖❇❘❊❈❖❘❘❊◆❚❊ P❊▲❖
❘❊▲➱ ❙❊▲✲✸✺✶❆

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

❞❛❞❡ ❆❝❛❞ê♠✐❝❛ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛❞❛ ❯❋❈●✱

❝♦♠♦ ♣❛rt❡ ❞♦s r❡q✉✐s✐t♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ❛ ♦❜✲

t❡♥çã♦ ❞♦ ❣r❛✉ ❞❡ ❊♥❣❡♥❤❡✐r♦ ❊❧❡tr✐❝✐st❛✳

➪r❡❛ ❞❡ ❝♦♥❝❡♥tr❛çã♦✿ ❊❧❡tr♦té❝♥✐❝❛✳

❖r✐❡♥t❛❞♦r✿ ❋r❛♥❝✐s❝♦ ❞❛s ❈❤❛❣❛s ❋❡r♥❛♥❞❡s ●✉❡rr❛

❉♦✉t♦r ❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛

❈❛♠♣✐♥❛ ●r❛♥❞❡

✷✵✶✶



▲✉✐s ❖tá✈✐♦ ❇✉❡♥♦ ❖✐t✐❝✐❝❛

❊❙❚❯❉❖ ❉❆ P❘❖❚❊➬➹❖ ❉❊ ❙❖❇❘❊❈❖❘❘❊◆❚❊ P❊▲❖
❘❊▲➱ ❙❊▲✲✸✺✶❆

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

❞❛❞❡ ❆❝❛❞ê♠✐❝❛ ❞❡ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛❞❛ ❯❋❈●✱

❝♦♠♦ ♣❛rt❡ ❞♦s r❡q✉✐s✐t♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ❛ ♦❜✲

t❡♥çã♦ ❞♦ ❣r❛✉ ❞❡ ❊♥❣❡♥❤❡✐r♦ ❊❧❡tr✐❝✐st❛✳

➪r❡❛ ❞❡ ❝♦♥❝❡♥tr❛çã♦✿ ❊❧❡tr♦té❝♥✐❝❛✳

❆♣r♦✈❛❞♦ ❡♠ ❴❴✴❴❴✴❴❴❴❴

❇❆◆❈❆ ❊❳❆▼■◆❆❉❖❘❆

❋r❛♥❝✐s❝♦ ❞❛s ❈❤❛❣❛s ❋❡r♥❛♥❞❡s ●✉❡rr❛

❉♦✉t♦r ❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛

❲❛s❤✐♥❣t♦♥ ▲✉✐③ ❆r❛ú❥♦ ◆❡✈❡s

❉♦✉t♦r ❡♠ ❊♥❣❡♥❤❛r✐❛ ❊❧étr✐❝❛



❆♦s ♠❡✉s ♣❛✐s ❡ ✐r♠ã✳

❆♦s ❛♠✐❣♦s✱ ♣❡❧♦ ❛♣♦✐♦ ❡ ❝♦♠♣❛♥❤❡✐r✐s♠♦✳

➚ ♠✐♥❤❛ ♥❛♠♦r❛❞❛ ♣❡❧❛ ❢♦rç❛✱ ❛♣♦✐♦ ❡ ❝♦♠✲

♣r❡❡♥sã♦✳



✏❖ ú♥✐❝♦ ❧✉❣❛r ♦♥❞❡ ♦ s✉❝❡ss♦ ✈❡♠ ❛♥t❡s

❞♦ tr❛❜❛❧❤♦ é ♥♦ ❞✐❝✐♦♥ár✐♦✳✑

❆❧❜❡rt ❊✐♥st❡✐♥



❘❡s✉♠♦

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

❞✐❛s ❞❡ ❤♦❥❡✳ ❈♦♠ ❛ ♠♦❞❡r♥✐❞❛❞❡ ❞❛ t❡❝♥♦❧♦❣✐❛✱ ♦s r❡❧és ❞❡ ♣r♦t❡çã♦ r♦❜✉st♦s q✉❡ ❛♥t❡s

❡r❛♠ ❡❧❡tr♦♠❡❝â♥✐❝♦s ❡ ❡stát✐❝♦s ♣❛ss❛r❛♠ ❛ s❡r r❡❧és ❞✐❣✐t❛✐s ♥♦ q✉❛❧ sã♦ ♠✉✐t♦ ♠❛✐s

s✐♠♣❧❡s ❡ ❝♦♠♣❛❝t♦s✳ ❊ss❡ ❢♦✐ ♦ ❣r❛♥❞❡ ✐♥❝❡♥t✐✈♦ ❞❛ ❡s❝♦❧❤❛ ❞♦ t❡♠❛✳ ❖ tr❛❜❛❧❤♦ ❝♦♥s✐st❡

❡♠ ✉♠ ❡st✉❞♦ ❞♦s r❡❧és ❡❧❡tr♦♠❡❝â♥✐❝♦s ❡ ❞✐❣✐t❛✐s ❝♦♠ ♦ ❢♦❝♦ ❞♦ r❡❧é ❞✐❣✐t❛❧ ❙❊▲✲✸✺✶❆✱

♠♦str❛♥❞♦ s✉❛s ❞✐✈❡rs❛s ❢✉♥çõ❡s ❡ s❡✉s ❜❡♥✐❢í❝✐♦s ♥❛ ❡s❝♦❧❤❛ ❞♦ ♠❡s♠♦✳ ◆♦ ✐♥í❝✐♦ t❡♠♦s

✉♠❛ ❛❜♦r❞❛❣❡♠ ❜ás✐❝❛ s♦❜r❡ ♦ ❤✐stór✐❝♦ ❞♦s r❡❧és✱ ♠♦str❛♥❞♦ ❛❧❣✉♠❛s ✈❛♥t❛❣❡♥s ❡ ❞❡s✲

✈❛♥t❛❣❡♥s✳ ▲♦❣♦ ❡♠ s❡❣✉✐❞❛ ❞✐s❝✉t✐♠♦s s♦❜r❡ ♦s ♣r✐♥❝í♣✐♦s ❢✉♥❞❛♠❡♥t❛✐s ❞♦s r❡❧és ✱ ❛ss✐♠

❝♦♠♦ ❛ ❝❧❛ss✐✜❝❛çã♦ ❡ ❛s q✉❛❧✐❞❛❞❡s r❡q✉❡r✐❞❛s ♣♦r ✉♠ r❡❧é✳ ❉❡♣♦✐s ❞❡ ✉♠ ♣♦✉❝♦ ❞❡ t❡♦✲

r✐❛ ❞♦s ♣r✐♥❝✐♣✐♦s ❜ás✐❝♦s ❞♦s r❡❧és✱ ♣❛ss❛♠♦s ♦ ❢♦❝♦ ♣❛r❛ ❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❛♥t♦

❞♦s r❡❧és ❡❧❡tr♦♠❡❝â♥✐❝♦s q✉❡ sã♦ ✉t✐❧✐③❛❞♦s ❛té ❤♦❥❡ ♥♦s s✐st❡♠❛s ❞❡ ♣♦tê♥❝✐❛ q✉❛♥t♦ ❞♦s

r❡❧és ❞✐❣✐t❛✐s✳ ❊♠ s❡❣✉✐❞❛✱ ❞✐s❝✉t✐r❡♠♦s s♦❜r❡ ♦ r❡❧é ❞✐❣✐t❛❧ ❙❊▲✲✸✺✶❆ ♥♦ q✉❛❧ ❢❛③ ❛ ♣r♦✲

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

♣❛r❛ ❛s ❢✉♥çõ❡s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛✳ P♦r ✜♠✱ ❢❛③❡✲

♠♦s ❛ s✐♠✉❧❛çã♦ ❞❡st❡ r❡❧é ✉t✐❧✐③❛♥❞♦ ❛ ❢❡rr❛♠❡♥t❛ ❆❝❙❊▲❛r❛t♦r ◗✉✐❝❦s❡t ❡ ❛♥❛❧✐s❛r❡♠♦s

r❡s✉❧t❛❞♦s✳

P❛❧❛✈r❛s✲❝❤❛✈❡s✿ r❡❧és ❞❡ ♣r♦t❡çã♦✱ r❡❧és ❡❧❡tr♦♠❡❝â♥✐❝♦s✱ r❡❧és ❞✐❣✐t❛✐s✱ s♦❜r❡❝♦rr❡♥t❡

✐♥st❛♥tâ♥❡❛✱ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛✳



❆❜str❛❝t

❚❤✐s st✉❞② ❛❞❞r❡ss❡s ❛ t♦♣✐❝ ✇✐❞❡❧② ❞✐s❝✉ss❡❞ ✐♥ t❤❡ ♣r♦t❡❝t✐♦♥ ❛r❡❛ t♦❞❛②✳ ❲✐t❤

♠♦❞❡r♥ t❡❝❤♥♦❧♦❣②✱ ♣r♦t❡❝t✐♦♥ r❡❧❛②s t❤❛t ✇❡r❡ r♦❜✉st ❡❧❡❝tr♦♠❡❝❤❛♥✐❝❛❧ ❛♥❞ st❛t✐❝ r❡❧❛②s

❤❛✈❡ ❜❡❝♦♠❡ ❞✐❣✐t❛❧ ✐♥ ✇❤✐❝❤ ❛r❡ ♠✉❝❤ s✐♠♣❧❡r ❛♥❞ ❝♦♠♣❛❝t✳ ❚❤❛t ✇❛s t❤❡ ❣r❡❛t ✐♥❝❡♥t✐✈❡

♦❢ ❝❤♦✐❝❡ ♦❢ t♦♣✐❝✳ ❚❤❡ ✇♦r❦ ❝♦♥s✐sts ♦❢ ❛ st✉❞② ♦❢ ❡❧❡❝tr♦♠❡❝❤❛♥✐❝❛❧ r❡❧❛②s ❛♥❞ ❞✐❣✐t❛❧

❢♦❝✉s ♦❢ t❤❡ ❞✐❣✐t❛❧ ❙❊▲✲✸✺✶❆ r❡❧❛②✱ s❤♦✇✐♥❣ ✐ts ✈❛r✐♦✉s ❢✉♥❝t✐♦♥s ❛♥❞ ✐ts ❜❡♥❡✜ts ✐♥ t❤❡

s❛♠❡ ❝❤♦✐❝❡✳ ❆t t❤❡ ❜❡❣✐♥♥✐♥❣ ✇❡ ❤❛✈❡ ❛ ❜❛s✐❝ ❛♣♣r♦❛❝❤ ♦♥ t❤❡ ❤✐st♦r② ♦❢ t❤❡ r❡❧❛②s✱

s❤♦✇✐♥❣ s♦♠❡ ❛❞✈❛♥t❛❣❡s ❛♥❞ ❞✐s❛❞✈❛♥t❛❣❡s✳ ❙♦♦♥ ❛❢t❡r ✇❡ ❞✐s❝✉ss❡❞ t❤❡ ❢✉♥❞❛♠❡♥t❛❧

♣r✐♥❝✐♣❧❡s ♦❢ t❤❡ r❡❧❛②s✱ ❛s ✇❡❧❧ ❛s t❤❡ ❝❧❛ss✐✜❝❛t✐♦♥ ❛♥❞ t❤❡ q✉❛❧✐t✐❡s r❡q✉✐r❡❞ ❜② ❛ r❡❧❛②✳

❆❢t❡r ❛ ❧✐tt❧❡ t❤❡♦r② ♦❢ t❤❡ ❜❛s✐❝ ♣r✐♥❝✐♣❧❡s ♦❢ t❤❡ r❡❧❛②s✱ ✇❡ ❢♦❝✉s t♦ t❤❡ ♦✈❡r❝✉rr❡♥t

❢✉♥❝t✐♦♥ ♦❢ ❜♦t❤ t❤❡ ❡❧❡❝tr♦♠❡❝❤❛♥✐❝❛❧ r❡❧❛②s t❤❛t ❛r❡ ✉s❡❞ t♦❞❛② ✐♥ ♣♦✇❡r s②st❡♠s ❛♥❞

❞✐❣✐t❛❧ r❡❧❛②s✳ ❚❤❡♥ ✇❡ ✇✐❧❧ ❞✐s❝✉ss ❛❜♦✉t t❤❡ ❞✐❣✐t❛❧ ❙❊▲✲✸✺✶❆ r❡❧❛② ✐♥ ✇❤✐❝❤ ♠❛❦❡s

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

✐♥st❛♥t❛♥❡♦✉s ♦✈❡r❝✉rr❡♥t ❛♥❞ t✐♠❡✲♦✈❡r❝✉rr❡♥t✳ ❋✐♥❛❧❧②✱ ✇❡ ♠❛❦❡ t❤✐s r❡❧❛② ✉s✐♥❣ t❤❡

s✐♠✉❧❛t✐♦♥ t♦♦❧ ❆❝❙❊▲❛r❛t♦r ◗✉✐❝❦s❡t ❛♥❞ ❛♥❛❧②③❡ r❡s✉❧ts✳

❑❡②✇♦r❞s✿ ♣r♦t❡❝t✐♦♥ r❡❧❛②s✱ ❡❧❡❝tr♦♠❡❝❤❛♥✐❝❛❧ r❡❧❛②s✱ ❞✐❣✐t❛❧ r❡❧❛②s✱ ✐♥st❛♥t❛♥❡♦✉s ♦✈❡r✲

❝✉rr❡♥t ❛♥❞ t✐♠❡✲♦✈❡r❝✉rr❡♥t✳



❆❣r❛❞❡❝✐♠❡♥t♦s

❆❣r❛❞❡ç♦ ♣r✐♠❡✐r❛♠❡♥t❡ ❛ ❉❡✉s ♣♦r t❡r ♠❡ ❞❛❞♦ ❢♦rç❛s ❡ ❝❛♣❛❝✐❞❛❞❡ ♣❛r❛ ❛♣r❡♥❞❡r

✉♠ ❝♦♥t❡ú❞♦ q✉❡ t✐✈❡ ❜❛st❛♥t❡ ❞✐✜❝✉❧❞❛❞❡ ❞✉r❛♥t❡ ♦ ❝✉rs♦ ❞❡ ❡♥❣❡♥❤❛r✐❛ ❡❧étr✐❝❛ ❡ ♣♦r

t❡r ✐❧✉♠✐♥❛❞♦ ♠❡✉ ❝❛♠✐♥❤♦ ♥❛s ❤♦r❛s ♠❛✐s ❞✐❢í❝❡✐s ♠❡ ❢❛③❡♥❞♦ ❝❤❡❣❛r ❛té ❛q✉✐✳

❆❣r❛❞❡ç♦ ❛♦s ♠❡✉s ♣❛✐s ❘♦❣ér✐♦ ❡ ❆♥❛ ♣♦r t♦❞♦ ♦ s✉♣♦rt❡ ❡ s✉❜sí❞✐♦ ♣❛r❛ q✉❡ ❡✉

❝♦♥❝❧✉íss❡ ♠❡✉ ❝✉rs♦ ❞❛ ♠❡❧❤♦r ❢♦r♠❛ ♣♦ssí✈❡❧✳

❆❣r❛❞❡ç♦ ❛ ♠✐♥❤❛ ✐r♠ã ❘❡♥❛t❛ ♣♦r ❡st❛r s❡♠♣r❡ ♣r❡s❡♥t❡ ❝♦♠♣❛rt✐❧❤❛♥❞♦ ❝♦♠✐❣♦

♦s ♠♦♠❡♥t♦s ✈✐✈✐❞♦s ❞✉r❛♥t❡ ♦ ❝✉rs♦✳

❆❣r❛❞❡ç♦ t❛♠❜é♠ ❛♦ ♠❡✉ ♣r♦❢❡ss♦r ♦r✐❡♥t❛❞♦r ❈❤❛❣❛s ♣♦r t❡r ❛❝❡✐t❛❞♦ ♠❡ ♦r✐❡♥t❛r✱

♣r♦♣♦st♦ ❡ss❡ ❞❡s❛✜♦ q✉❡ ♠❡ ❢❡③ ❝r❡s❝❡r ❜❛st❛♥t❡ ❡♠ ✉♠❛ ár❡❛ ♠✉✐t♦ ✐♠♣♦rt❛♥t❡ ♣❛r❛ ❛

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

❆❣r❛❞❡ç♦ t❛♠❜é♠ ❛♦ ❛♠✐❣♦ ❉❛♥✐❡❧ ❆r❛ú❥♦ ♣❡❧❛ ❛♠✐③❛❞❡ ❡ ❝♦♠♣❛♥❤❡✐r✐s♠♦ ♥❛s ❤♦r❛s

q✉❡ ♠❛✐s ♣r❡❝✐s❡✐✳

❆❣r❛❞❡ç♦ ❛ t♦❞♦s q✉❡ ❢❛③❡♠ ❛ ❡q✉✐♣❡ ❞❡ ❝♦♦r❞❡♥❛çã♦ ❞♦ ❉❊❊ ♣❡❧♦ t❡♠♣♦✱ ❛❥✉❞❛ ❡

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

❆❣r❛❞❡ç♦ ❛ t♦❞♦s ♦s ♠❡✉s ❛♠✐❣♦s q✉❡ ❡st✐✈❡r❛♠ ❝♦♠✐❣♦ ❞❡s❞❡ ♦ ❝♦♠❡ç♦ ❞❡ss❛ ✐♥t❡♥s❛

❝❛♠✐♥❤❛❞❛ ♣❡❧♦s ót✐♠♦s ❡ ❞✐❢í❝❡✐s ♠♦♠❡♥t♦s q✉❡ ✈✐✈❡♥❝✐❛♠♦s ❥✉♥t♦s✳ ❚❡♥❤♦ ❝❡rt❡③❛ q✉❡

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

❣r❛♥❞❡ ❢❛♠í❧✐❛ s❡ ❢♦r♠♦✉✳

❊♠ ❡s♣❡❝✐❛❧✱ ❛❣r❛❞❡ç♦ à ♠✐♥❤❛ ♥❛♠♦r❛❞❛ ●✐♦✈❛♥♥❛ ♣♦✐s ❢♦✐ ❡❧❛ q✉❡♠ ♠❛✐s ♠❡ ❛♣♦✐♦✉

❡ ♠❡ ❞❡✉ ❢♦rç❛ ❞✉r❛♥t❡ t♦❞♦ ♦ ♠❡✉ ❝✉rs♦ ❝♦♠ t♦❞❛ s✉❛ ♣❛❝✐ê♥❝✐❛ s❛❝r✐✜❝❛♥❞♦ ♠✉✐t♦s ✜♥❛✐s

❞❡ s❡♠❛♥❛ ♣❛r❛ ♣❛r❛ q✉❡ ❡✉ ♣✉❞❡ss❡ ❡st✉❞❛r✳
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✶ ■♥tr♦❞✉çã♦

❖s ❙✐st❡♠❛s ❞❡ ♣r♦t❡çã♦ sã♦ s✐st❡♠❛s ❛♦s q✉❛✐s ❡stã♦ ❛ss♦❝✐❛❞♦s t♦❞♦s ♦s ❞✐s♣♦s✐t✐✲

✈♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ❞❡t❡❝t❛r✱ ❧♦❝❛❧✐③❛r ❡ ❝♦♠❛♥❞❛r ❛ ❡❧✐♠✐♥❛çã♦ ❞❡ ✉♠ ❝✉rt♦✲❝✐r❝✉✐t♦ ♦✉

✉♠❛ ❝♦♥❞✐çã♦ ❛♥♦r♠❛❧ ❞❡ ♦♣❡r❛çã♦ ❞❡ ✉♠ s✐st❡♠❛ ❡❧étr✐❝♦✱ ❞✐♠✐♥✉✐♥❞♦ ♦s ❞❛♥♦s ❛♦s ❡q✉✐✲

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

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

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

❈♦♠ ♦ ❛✈❛♥ç♦ ❞❛ t❡❝♥♦❧♦❣✐❛✱ ♦s r❡❧és ❡❧❡tr♦♠❡❝â♥✐❝♦s ❡ ❡stát✐❝♦s ✜❝❛r❛♠ ❧✐♠✐t❛❞♦s

♣♦✐s ♦ ❛t✉❛❧ r❡❧é é ❞♦ t✐♣♦ ❞✐❣✐t❛❧ q✉❡ ♣♦ss✉✐ ✉♠❛ ♠❡❧❤♦r ❡①❛t✐❞ã♦✱ ❛❧é♠ ❞❡ s❡r❡♠ ♠❛✐s

❝♦♠♣❛❝t♦s✱ ♣♦ss✉ír❡♠ ♠ú❧t✐♣❧❛s ❢✉♥çõ❡s✱ ♦s❝✐❧♦❣r❛✜❛✱ ❧♦❝❛❧✐③❛çã♦ ❞❡ ❢❛❧t❛✱ ❡♥tr❡ ♦✉tr❛s

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

❱❛❧❡ r❡ss❛❧t❛r q✉❡ ♦ r❡❧é✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ t✐♣♦ ❝♦♥str✉t✐✈♦✱ t❡♠ q✉❡ ❡st❛r ❛ss♦❝✐❛❞♦

❛ ✉♠ ❝✐r❝✉✐t♦ ❞❡ ♣♦tê♥❝✐❛ ❢❛③❡♥❞♦ ❝♦♠ q✉❡ s❡✉s ❝♦♥t❛t♦s ❞❡ s❛í❞❛ ♦♣❡r❡♠ ♥❛s ❜♦❜✐♥❛s ❞❡

♠í♥✐♠❛✱ ❞❡ ❢❡❝❤❛♠❡♥t♦ ❡ ❞❡ ❛❜❡rt✉r❛ ❞♦ ❞✐s❥✉♥t♦r✳

P❛r❛ ✈❡r✐✜❝❛r t❛✐s ❡❢❡✐t♦s✱ s❡rã♦ ❢❡✐t❛s s✐♠✉❧❛çõ❡s ❞♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ r❡❧é ❞✐❣✐t❛❧

❙❊▲✲✸✺✶❆ ❝♦♠ ✉s♦ ❞❛ ❢❡rr❛♠❡♥t❛ ❛❝❙❊▲❡r❛t♦r ◗✉✐❝❦s❡t✳
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✷ ❍✐stór✐❛ ❞♦s ❘❡❧és

❖s r❡❧és ❡❧❡tr♦♠❡❝â♥✐❝♦s s✉r❣✐r❛♠ ♥♦ ✐♥í❝✐♦ ❞♦ sé❝✉❧♦ ❳❳ ❡ ❢♦r❛♠ ♦s ♣✐♦♥❡✐r♦s ❞❛

♣r♦t❡çã♦ ❞♦s s✐st❡♠❛s ❡❧étr✐❝♦s✳ ❋♦r❛♠ ❡❧❛❜♦r❛❞♦s✱ ♣r♦❥❡t❛❞♦s ❡ ❝♦♥str✉í❞♦s ❝♦♠ ♣r❡❞♦✲

♠✐♥â♥❝✐❛ ❞♦s ♠♦✈✐♠❡♥t♦s ♠❡❝â♥✐❝♦s ♣r♦✈❡♥✐❡♥t❡ ❞♦s ❛❝♦♣❧❛♠❡♥t♦s ♠❛❣♥ét✐❝♦s ❡ ❡❧étr✐❝♦s✳

❚❛✐s ❞✐s♣♦s✐t✐✈♦s sã♦ ❝♦♥st✐t✉í❞♦s ♣♦r ✈ár✐❛s ❜♦❜✐♥❛s✱ ♥ú❝❧❡♦s ♠❛❣♥ét✐❝♦s✱ ♠♦❧❛s✱ ❛❧❛✈❛♥✲

❝❛s ❡ ❡♥❣r❡♥❛❣❡♥s✳ ❊♠ r❡❧❛çã♦ ❛♦ ♣r✐♥❝✐♣✐♦ ❜ás✐❝♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦✱ t❛❧ r❡❧é ♦♣❡r❛ ❞❡ ✷

♠♦❞♦s✿

✶✳ ❆tr❛çã♦ ❡❧❡tr♦♠❛❣♥ét✐❝❛✳

✷✳ ■♥❞✉çã♦ ❡❧❡tr♦♠❛❣♥ét✐❝❛✳

❱ár✐♦s ♣r♦❜❧❡♠❛s ❢♦r❛♠ ❛♣r❡s❡♥t❛❞♦s ♣❡❧♦s r❡❧és ❡❧❡tr♦♠❡❝â♥✐❝♦s✱ ❝♦♠♦ ❡❧❡✈❛❞♦ ❝♦♥s✉♠♦✱

❛tr✐t♦ ❡ ✐♥ér❝✐❛ ❞❛s ♣❛rt❡s ♠ó✈❡✐s✳

❚❛✐s ♣r♦❜❧❡♠❛s ❢♦r❛♠ s✉♣❡r❛❞♦s ♥❛ ❞é❝❛❞❛ ❞❡ 30 ❝♦♠ ❛ ❝❤❡❣❛❞❛ ❞♦s r❡❧és ❡❧❡trô✲

♥✐❝♦s✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞♦s ❝♦♠♦ r❡❧és ❡stát✐❝♦s✱ ♥♦s q✉❛✐s ❡r❛♠ ✉t✐❧✐③❛❞❛s ✈á❧✈✉❧❛s ❡ ♦s

❝♦♠♣♦♥❡♥t❡s ♠❡❝â♥✐❝♦s ❢♦r❛♠ s✉❜st✐t✉í❞♦s ♣♦r ❝♦♠♣♦♥❡♥t❡s ❡❧❡trô♥✐❝♦s✳ ◆❡st❡s r❡❧és ♥ã♦

❤á ♥❡♥❤✉♠ ❞✐s♣♦s✐t✐✈♦ ♠❡❝â♥✐❝♦ ❡♠ ♠♦✈✐♠❡♥t♦✱ ❞❛í ❛ ❞❡♥♦♠✐♥❛çã♦ ❞❡ r❡❧é ❡stát✐❝♦✱ ❡

t♦❞♦s ♦s ❝♦♠❛♥❞♦s ❡ ♦♣❡r❛çõ❡s sã♦ ❢❡✐t♦s ❡❧❡tr♦♥✐❝❛♠❡♥t❡✳ P♦ss✉❡♠ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡

♦♣❡r❛çã♦ ❡ ♠❡♥♦r ♠❛♥✉t❡♥çã♦ q✉❛♥❞♦ ❝♦♠♣❛r❛❞♦ ❝♦♠ ♦s r❡❧és ❡❧❡tr♦♠❡❝â♥✐❝♦s✳ ❚❛♠❜é♠

s✉r❣✐r❛♠ ♦s r❡❧és s❡♠✐✲❡stát✐❝♦s✱ q✉❡ ♣♦ss✉í❛♠ ❝♦♠♣♦♥❡♥t❡s ❡❧❡trô♥✐❝♦s ❡ ❡❧❡tr♦♠❡❝â♥✐❝♦s✱

♠❛s ♣♦ss✉í❛♠ ❡❧❡✈❛❞♦ ❝♦♥s✉♠♦ ❛❧é♠ ❞❛s ✈á❧✈✉❧❛s ♣♦ss✉ír❡♠ ❛❧t♦ í♥❞✐❝❡ ❞❡ ❢❛❧❤❛ ❡ ♣♦r

✐ss♦ ♥ã♦ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❡♠ ❣r❛♥❞❡ ❡s❝❛❧❛✳

❊♠ ♠❡❛❞♦s ❞❡ 1950✱ ♦s tr❛♥s✐st♦r❡s ❝♦♠❡ç❛r❛♠ ❛ s✉r❣✐r ❡♠ ❡s❝❛❧❛ ✐♥❞✉str✐❛❧✱ s✉❜s✲

t✐t✉✐♥❞♦ ❛s ✈á❧✈✉❧❛s✳ ❖s ♣r✐♠❡✐r♦s r❡❧és ❛ ❡st❛❞♦ só❧✐❞♦ ♣♦ss✉í❛♠ s✉❛s ♣r✐♥❝✐♣❛✐s ♣❛rt❡s

❝♦♥st✐t✉í❞❛s ♣♦r ❝♦♠♣♦♥❡♥t❡s ❡❧❡trô♥✐❝♦s✱ ❝♦♠♦ ❞✐♦❞♦ ❝♦♠✉♠✱ tr❛♥s✐st♦r❡s✱ ❞✐♦❞♦ ③❡♥❡r✳

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

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

❞❛ t❡❝♥♦❧♦❣✐❛ ❞♦s ❝✐r❝✉✐t♦s ✐♥t❡❣r❛❞♦s ✭❈■✬s✮ ❡st❡ ♣r♦❜❧❡♠❛ ❢♦✐ ❝♦♥t♦r♥❛❞♦✳❖s r❡❧és ❡stá✲

t✐❝♦s ❝♦♠ ❈■✬s ❢♦r❛♠ ✐♥tr♦❞✉③✐❞♦s ♥♦ ❇r❛s✐❧ ♥❛ ♣r✐♠❡✐r❛ ♠❡t❛❞❡ ❞❛ ❞é❝❛❞❛ ❞❡ 70 ❡ ❢♦✐

❧❛r❣❛♠❡♥t❡ ✉t✐❧✐③❛❞♦ ♣♦r ✉♠ ♣❡rí♦❞♦ ❞❡ ✶✵ ❛♥♦s✳ ❆♣r❡s❡♥t❛♠ ✈ár✐❛s ✈❛♥t❛❣❡♥s ❝♦♠♦ ♦



✷ ❍✐stór✐❛ ❞♦s ❘❡❧és ✶✷

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

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

❜é♠ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ r❡❧és ♠✐❝r♦♣r♦❝❡ss❛❞♦s✱ ♦♥❞❡ s✐♥❛✐s ❞❡ ❡♥tr❛❞❛ ❞❛s ❣r❛♥❞❡③❛s ❡ ♣❛✲

râ♠❡tr♦s ❞✐❣✐t❛❞♦s sã♦ ❝♦♥tr♦❧❛❞♦s ✈✐❛ s♦❢t✇❛r❡ q✉❡ ♣r♦❝❡ss❛ ❛ ❧ó❣✐❝❛ ❞❛ ♣r♦t❡çã♦ ❛tr❛✈és

❞❡ ❛❧❣♦r✐t♠♦s✳ ❙ã♦ ❝♦♥❤❡❝✐❞♦s ❝♦♠♦ r❡❧é ♠✉❧t✐❢✉♥çõ❡s ♣♦✐s ♣♦❞❡♠ s✐♠✉❧❛r ✉♠ r❡❧é ♦✉ t♦✲

❞♦s ♦s r❡❧és ❡①✐st❡♥t❡s ♥✉♠ só ❡q✉✐♣❛♠❡♥t♦✱ ♣r♦❞✉③✐♥❞♦ ❛✐♥❞❛ ♦✉tr❛s ❢✉♥çõ❡s✱ t❛✐s ❝♦♠♦✱

♠❡❞✐çõ❡s ❞❡ s✉❛s ❣r❛♥❞❡③❛s ❞❡ ❡♥tr❛❞❛✳



✶✸

✸ Pr✐♥❝í♣✐♦s ❋✉♥❞❛♠❡♥t❛✐s ❞♦s ❘❡❧és

❉✉❛s r❡❣r❛s ❜ás✐❝❛s ❞❡✈❡♠ s❡r ♦❜s❡r✈❛❞❛s ♣❡❧♦s ❡q✉✐♣❛♠❡♥t♦s ❞❡ ♣r♦t❡çã♦✳ ❙❡ ♥ã♦

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

s❡r ♣✐♦r❡s q✉❡ ❛ ❢❛❧❤❛ ❞❡ ❛t✉❛çã♦ ❡ ❝❛s♦ ❤❛❥❛ ❞❡❢❡✐t♦ ♥❛ ③♦♥❛ ❞❡ ❝♦♥tr♦❧❡ ❞♦ r❡❧é✱ ❛s ♦r❞❡♥s

❞❡✈❡♠ s❡r ♣r❡❝✐s❛s ❬✹❪✳ ❙❡rá ✐♥tr♦❞✉③✐❞♦ ♥❛ s❡q✉ê♥❝✐❛ ♦s ♣r✐♥❝í♣✐♦s ❢✉♥❞❛♠❡♥t❛✐s ❞♦s r❡❧és✳

✸✳✶ ❉❡✜♥✐çã♦ ❞❡ ❘❡❧é

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

s❡ ♣r♦❞✉③❡♠ ✈❛r✐❛çõ❡s ♥❛s ❝♦♥❞✐çõ❡s ❞❡ ♦♣❡r❛çã♦ ❞❡st❡s ❡q✉✐♣❛♠❡♥t♦s ♦✉ ❞♦ ❝✐r❝✉✐t♦ ❡♠

q✉❡ ❡❧❡ ❡stá ❧✐❣❛❞♦✳ ❖s r❡❧és ❞❡ ♣r♦t❡çã♦ sã♦ ❞✐s♣♦s✐t✐✈♦s q✉❡ ❝♦♠♣❛r❛♠ ♦s ♣❛râ♠❡✲

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

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

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

q✉❛❞♦✳

✸✳✷ ❈❧❛ss✐✜❝❛çã♦ ❞♦s ❘❡❧és

❊①✐st❡ ✉♠❛ ❣r❛♥❞❡ ✈❛r✐❡❞❛❞❡ ❞❡ r❡❧és✱ ❛t❡♥❞❡♥❞♦ ❛s ❞✐✈❡rs❛s ❛♣❧✐❝❛çõ❡s✱ ♣♦ré♠ ❡❧❡s

♣♦❞❡♠ s❡r r❡❞✉③✐❞♦s ❛ ✉♠ ♣❡q✉❡♥♦ ♥ú♠❡r♦ ❞❡ t✐♣♦s✳ P♦❞❡♠♦s ❝❧❛ss✐✜❝❛r ♦s r❡❧és ❝♦♠♦✿

❛✮ ◗✉❛♥t♦ ❛s ❣r❛♥❞❡③❛s ❢ís✐❝❛s ❞❡ ❛t✉❛çã♦✿

✶✳ ❊❧étr✐❝❛s❀

✷✳ ▼❡❝â♥✐❝❛s❀

✸✳ ❚ér♠✐❝❛s❀

✹✳ Ót✐❝❛s❀

✺✳ ❊t❝❀



✸✳✷ ❈❧❛ss✐✜❝❛çã♦ ❞♦s ❘❡❧és ✶✹

❜✮ ◗✉❛♥t♦ ❛♦ t✐♣♦ ❞❡ ❣r❛♥❞❡③❛ ❞❡ ❛t✉❛çã♦✿

✶✳ ❈♦rr❡♥t❡❀

✷✳ ❚❡♥sã♦❀

✸✳ P♦tê♥❝✐❛❀

✹✳ ❋r❡q✉ê♥❝✐❛❀

✺✳ Pr❡ssã♦❀

✻✳ ❚❡♠♣❡r❛t✉r❛❀

✼✳ ❊t❝❀

❝✮ ◗✉❛♥t♦ ❛♦ t✐♣♦ ❝♦♥str✉t✐✈♦✿

✶✳ ❊❧❡tr♦♠❡❝â♥✐❝♦s ✭✐♥❞✉çã♦✮❀

✷✳ ▼❡❝â♥✐❝♦s ✭❝❡♥trí❢✉❣♦s✮❀

✸✳ ❊❧❡trô♥✐❝♦s ✭❢♦t♦❡❧étr✐❝♦s✮❀

✹✳ ❊stát✐❝♦s ✭❡❢❡✐t♦ ❍❛❧❧✮❀

✺✳ ❊t❝❀

❞✮ ◗✉❛♥t♦ à ❢✉♥çã♦✿

✶✳ ❙♦❜r❡ ❡ s✉❜❝♦rr❡♥t❡❀

✷✳ ❚❡♥sã♦ ♦✉ ♣♦tê♥❝✐❛❀

✸✳ ❉✐❢❡r❡♥❝✐❛❧❀

✹✳ ❉✐stâ♥❝✐❛❀

✺✳ ❉✐r❡❝✐♦♥❛❧ ❞❡ ❝♦rr❡♥t❡ ♦✉ ♣♦tê♥❝✐❛❀

✻✳ ❊t❝❀

❡✮ ◗✉❛♥t♦ à ❢♦r♠❛ ❞❡ ❝♦♥❡①ã♦ ❞♦ ❡❧❡♠❡♥t♦ s❡♥s♦r✿

✶✳ ❉✐r❡t♦ ♥♦ ❝✐r❝✉✐t♦ ♣r✐♠ár✐♦❀

✷✳ ❆tr❛✈és ❞❡ r❡❞✉t♦r❡s ❞❡ ♠❡❞✐❞❛❀



✸✳✷ ❈❧❛ss✐✜❝❛çã♦ ❞♦s ❘❡❧és ✶✺

❢✮ ◗✉❛♥t♦ ❛♦ ❣r❛✉ ❞❡ ✐♠♣♦rtâ♥❝✐❛✿

✶✳ Pr✐♥❝✐♣❛❧ ✭✺✶ ❆❙❆✮❀

✷✳ ■♥t❡r♠❡❞✐ár✐♦ ✭✽✻ ❆❙❆✮❀

❣✮ ◗✉❛♥t♦ ❛♦ t✐♣♦ ❞❡ ❢♦♥t❡ ♣❛r❛ ❛t✉❛çã♦ ❞♦ ❡❧❡♠❡♥t♦ ❞❡ ❝♦♥tr♦❧❡✿

✶✳ ❈♦rr❡♥t❡ ❛❧t❡r♥❛❞❛❀

✷✳ ❈♦rr❡♥t❡ ❝♦♥t✐♥✉❛❀

❤✮ ◗✉❛♥t♦ à ❛♣❧✐❝❛çã♦✿

✶✳ ▼áq✉✐♥❛s r♦t❛t✐✈❛s ✭❣❡r❛❞♦r✮❀

✷✳ ▼áq✉✐♥❛s ❡stát✐❝❛s ✭tr❛♥s❢♦r♠❛❞♦r❡s✮❀

✸✳ ▲✐♥❤❛s ❛ér❡❛s ♦✉ s✉❜t❡rrâ♥❡❛s❀

✹✳ ❆♣❛r❡❧❤♦s ❡♠ ❣❡r❛❧❀

✐✮ ◗✉❛♥t♦ ❛♦ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s✿

✶✳ ◆♦r♠❛❧♠❡♥t❡ ❛❜❡rt♦ ✭◆❆✮❀

✷✳ ◆♦r♠❛❧♠❡♥t❡ ❢❡❝❤❛❞♦ ✭◆❋✮❀

❥✮ ◗✉❛♥t♦ ❛♦ ♣r✐♥❝✐♣✐♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦✿

✶✳ ❆tr❛çã♦ ❡❧❡tr♦♠❛❣♥ét✐❝❛❀

✷✳ ■♥❞✉çã♦ ❡❧❡tr♦♠❛❣♥ét✐❝❛❀

❦✮ ◗✉❛♥t♦ ❛♦ t❡♠♣♦ ❞❡ ❛t✉❛çã♦✿

✶✳ ■♥st❛♥tâ♥❡♦❀

✷✳ ❚❡♠♣♦r✐③❛❞♦❀



✸✳✸ ◗✉❛❧✐❞❛❞❡s ❘❡q✉❡r✐❞❛s ❞❡ ✉♠ ❘❡❧é ✶✻

✸✳✸ ◗✉❛❧✐❞❛❞❡s ❘❡q✉❡r✐❞❛s ❞❡ ✉♠ ❘❡❧é

P❛r❛ ❝✉♠♣r✐r s✉❛ ✜♥❛❧✐❞❛❞❡✱ ♦s r❡❧és ❞❡✈❡♠✿

❛✮ ❙❡r s✐♠♣❧❡s ❡ r♦❜✉st♦s ♦ q✉❛♥t♦ ♣♦ssí✈❡❧❀

❜✮ ❙❡r rá♣✐❞♦s✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ ✈❛❧♦r✱ ♥❛t✉r❡③❛ ❡ ❧♦❝❛❧✐③❛çã♦ ❞♦ ❞❡❢❡✐t♦❀

❝✮ ❚❡r ❛❧t❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ ♣♦❞❡r ❞❡ ❞✐s❝r✐♠✐♥❛çã♦❀

❞✮ ❚❡r ❜❛✐①♦ ❝♦♥s✉♠♦ ♣ró♣r✐♦❀

❡✮ ▼❛♥t❡r s❡✉ ❛❥✉st❡✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ t❡♠♣❡r❛t✉r❛ ❡①t❡r✐♦r✱ ✈❛r✐❛çõ❡s ❞❡ ❢r❡q✉ê♥❝✐❛✱ ❡t❝✳

❢✮ ❘❡❛❧✐③❛r ❝♦♥t❛t♦s ✜r♠❡s ❡✈✐t❛♥❞♦ ❝❡♥t❡❧❤❛♠❡♥t♦s❀



✶✼

✹ ❘❡❧és ❞❡ ❙♦❜r❡❝♦rr❡♥t❡

❙ã♦ t♦❞♦s ♦s r❡❧és q✉❡ ❛t✉❛♠ ♣❛r❛ ✉♠❛ ❝♦rr❡♥t❡ ♠❛✐♦r ❞♦ q✉❡ ❛ ❞♦ s❡✉ ❛❥✉st❡✱

♦✉ s❡❥❛✱ q✉❛♥❞♦ ❛ ❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ✉❧tr❛♣❛ss❛ ❛ ❝♦rr❡♥t❡ ♣ré✲❛❥✉st❛❞❛ ❞♦ r❡❧é✱

♦ ♠❡s♠♦ ❛t✉❛ ✐♥st❛♥t❛♥❡❛♠❡♥t❡ ♦✉ ❞❡♣♦✐s ❞❡ ✉♠ t❡♠♣♦✱ ❝♦♥❢♦r♠❡ ❛ ♥❡❝❡ss✐❞❛❞❡✳ ❖s

r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ ♣♦❞❡♠ s❡♠ ❡❧❡tr♦♠❡❝â♥✐❝♦s✱ ❡❧❡trô♥✐❝♦s ♦✉ ❞✐❣✐t❛✐s✳ ❆t✉❛❧♠❡♥t❡ ♦s

r❡❧és ❡❧❡tr♦♠❡❝â♥✐❝♦s ❡ ❡❧❡trô♥✐❝♦s ❡stã♦ s❡♥❞♦ ❧❛r❣❛♠❡♥t❡ s✉❜st✐t✉í❞♦s ♣❡❧♦s r❡❧és ❞✐❣✐t❛✐s

❞❡✈✐❞♦ ❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ✐♥❢♦r♠❛çõ❡s q✉❡ ❡st❡s ❝♦♥s❡❣✉❡♠ ❛r♠❛③❡♥❛r ❡ ❞♦ ❡❧❡✈❛❞♦

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

❆ ❝♦rr❡♥t❡ ❞❡ ❛❥✉st❡ ♣♦❞❡ ✈❛r✐❛r ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ tr❛❝✐♦♥❛♠❡♥t♦ ❞❛ ♠♦❧❛✱ ✈❛r✐❛çã♦

❞♦ ❡♥tr❡❢❡rr♦✱ ✈❛r✐❛çã♦ ❞❡ ❡❧❡♠❡♥t♦s ❞♦ ❝✐r❝✉✐t♦s ♦✉ ❝♦♥tr♦❧❡ ♣♦r s♦❢t✇❛r❡✳

✹✳✶ ❘❡❧és ❊❧❡tr♦♠❡❝â♥✐❝♦s

❖s r❡❧és ❞❡ s♦❜r❡❝♦rr❡♥t❡ sã♦ ♦s r❡❧és tr❛❞✐❝✐♦♥❛✐s✱ ♣✐♦♥❡✐r♦s ❞❛ ♣r♦t❡çã♦✱ ❡❧❛❜♦r❛❞♦s✱

♣r♦❥❡t❛❞♦s ❡ ❝♦♥str✉í❞♦s ❝♦♠ ♣r❡❞♦♠✐♥â♥❝✐❛ ❞♦s ♠♦✈✐♠❡♥t♦s ♠❡❝â♥✐❝♦s ♣r♦✈❡♥✐❡♥t❡s ❞❡

❛❝♦♣❧❛♠❡♥t♦s ♠❛❣♥ét✐❝♦s ❡ ❡❧étr✐❝♦s ❡ sã♦ ♦s ♠❛✐s ✉t✐❧✐③❛❞♦s ❡♠ s✐st❡♠❛s ❞❡ s✉❜tr❛♥s♠✐s✲

sã♦ ❡ ❞✐str✐❜✉✐çã♦ ❞❡ ❝♦♥❝❡ss✐♦♥ár✐❛s ❡ ✐♥❞ústr✐❛s✳ ❆♣r❡s❡♥t❛♠ ❜❛✐①♦ ❝✉st♦ ❡ sã♦ ♠✉✐t♦

s✐♠♣❧❡s✳

❋✐❣✉r❛ ✶✿ ❘❡❧é ❡❧❡tr♦♠❡❝â♥✐❝♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❡ t❡♠♣♦r✐③❛❞❛ ❞❛ ●❊✳



✹✳✶ ❘❡❧és ❊❧❡tr♦♠❡❝â♥✐❝♦s ✶✽

❊♠ r❡❧❛çã♦ ❛♦ ♣r✐♥❝í♣✐♦ ❜ás✐❝♦ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦✱ ❛t✉❛ ❞❡ ❞♦✐s ♠♦❞♦s✿

✶✳ ■♥❞✉çã♦ ❊❧❡tr♦♠❛❣♥ét✐❝❛✳

✷✳ ❆tr❛çã♦ ❊❧❡tr♦♠❛❣♥ét✐❝❛✳

❆ ❛t✉❛çã♦ ❞♦ r❡❧é ❞❡ s♦❜r❡❝♦rr❡♥t❡ ♣♦❞❡ s❡r ✐♥st❛♥tâ♥❡❛ ♦✉ t❡♠♣♦r✐③❛❞❛✳

✹✳✶✳✶ ❋✉♥çã♦ ❞❡ ❙♦❜r❡❝♦rr❡♥t❡ ■♥st❛♥tâ♥❡❛ ❞♦ ❘❡❧é ❊❧❡tr♦♠❡❝â✲

♥✐❝♦ ✭✺✵✮

❖ r❡❧é ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡♦ ❛t✉❛ ✐♥st❛♥t❛♥❡❛♠❡♥t❡ ♣❛r❛ ✉♠❛ ❝♦rr❡♥t❡ ♠❛✐♦r

❞♦ q✉❡ s❡✉ ❛❥✉st❡✱ ♥ã♦ ♣♦ss✉✐♥❞♦ ❝❛r❛❝t❡ríst✐❝❛ t❡♠♣♦r✐③❛❞❛✳ ❆ ❋✐❣✳ ✷ ♠♦str❛ ✉♠ t✐♣♦

❞❡ r❡❧é ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ q✉❡ ❢✉♥❝✐♦♥❛ t❛♥t♦ ❡♠ ❝♦rr❡♥t❡ ❝♦♥tí♥✉❛ ❝♦♠♦ ❡♠

❝♦rr❡♥t❡ ❛❧t❡r♥❛❞❛ q✉❡ ❢✉♥❝✐♦♥❛ ❜❛s✐❝❛♠❡♥t❡ ♠❡❞✐❛♥t❡ ❛tr❛çã♦ ❞❡ ✉♠❛ ❛r♠❛❞✉r❛ ❜❛s❝✉✲

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

❋✐❣✉r❛ ✷✿ ❘❡❧é ❡❧❡tr♦♠❡❝â♥✐❝♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❬✶❪✳

◗✉❛♥❞♦ ❛t✐♥❣✐✲s❡ ✉♠ ✈❛❧♦r ❞❡ ❝♦rr❡♥t❡ ❛❝✐♠❛ ❞❡ Ia é ❞❡s❡♥✈♦❧✈✐❞❛ ✉♠❛ ❢♦rç❛ ❞❡

❛tr❛çã♦ ♥♦ ❡♥tr❡❢❡rr♦✱ Fe✱ q✉❡ s✉♣❡r❛ ❛ ❛çã♦ ❞❛ ❣r❛✈✐❞❛❞❡ s♦❜r❡ ❛ ❛r♠❛❞✉r❛ ♠ó✈❡❧✱ ♦❝❛s✐✲

♦♥❛♥❞♦ ♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s ❞❡ ✉♠ ❝✐r❝✉✐t♦ ♣r♦✈♦❝❛♥❞♦ ❛ r❡t✐r❛❞❛ ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦

✐♠❡❞✐❛t♦ ❞♦ ❞✐s❥✉♥t♦r✳

❖ ❢✉♥❝✐♦♥❛♠❡♥t♦ ✐❞❡❛❧ ❞♦ r❡❧é ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✳

✸✳ ❈♦♠♦ ❡①✐st❡ ✉♠ t❡♠♣♦ ❞♦ ❢❡❝❤❛♠❡♥t♦ ❞♦s ❝♦♥t❛t♦s ❞♦ r❡❧é ❛té ❛ r❡t✐r❛❞❛ ❞❡ ♦♣❡r❛çã♦



✹✳✶ ❘❡❧és ❊❧❡tr♦♠❡❝â♥✐❝♦s ✶✾

❞♦ ❞✐s❥✉♥t♦r✱ t❡♠✲s❡ q✉❡ ♥❛ ♣rát✐❝❛ ❛ ❛t✉❛çã♦ ♥ã♦ é ✐♥st❛♥t❛♥❡❛♠❡♥t❡✱ ❧❡✈❛♥❞♦✲s❡ ❛❧❣✉♥s

♠✐❧és✐♠♦s ❞❡ s❡❣✉♥❞♦ ♣❛r❛ r❡t✐r❛❞❛ ❞♦ ❞✐s❥✉♥t♦r✳ ❖s r❡❧és ❡❧❡tr♦♠❡❝â♥✐❝♦s ♠❛✐s rá♣✐❞♦s

❛t✐♥❣❡♠ 2, 3 ❝✐❝❧♦s✳

❋✐❣✉r❛ ✸✿ ❈❛r❛❝t❡ríst✐❝❛ ✐❞❡❛❧ ❬✶❪✳

➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡ ♦ ❛❥✉st❡ ❞♦ r❡❧é ❡❧❡tr♦♠❡❝â♥✐❝♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥s✲

t❛♥tâ♥❡❛ é ❞❡ ❡①tr❡♠❛ ❞✐✜❝✉❧❞❛❞❡ ♣♦✐s ❡ss❡ ❛❥✉st❡ ✈❛r✐❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❛♣❡rt♦ ❞❡ ✉♠

♣❛r❛❢✉s♦ q✉❡ ♣♦ss✉✐ ✉♠ ❞❡s❧♦❝❛♠❡♥t♦ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 5 ❝❡♥tí♠❡tr♦s t❡♥❞♦ ✉♠❛ ✈❛✲

r✐❛çã♦ ❞❡ 70 ❛♠♣❡r❡s✳ ➱ ✐♥✈✐á✈❡❧ ❢❛③❡r ♦ ❛❥✉st❡ ♥❡ss❡ t✐♣♦ ❞❡ r❡❧é ♣❛r❛ t❡r ✉♠❛ ❡①❛t✐❞ã♦

❝♦♠♦ ✐❧✉str❛❞♦ ♥❛ ❋✐❣✳✹

❋✐❣✉r❛ ✹✿ ❆❥✉st❡ ♥♦ r❡❧é ❡❧❡tr♦♠❡❝â♥✐❝♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛✳
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✹✳✶✳✷ ❋✉♥çã♦ ❞❡ ❙♦❜r❡❝♦rr❡♥t❡ ❚❡♠♣♦r✐③❛❞❛ ❞♦ ❘❡❧é ❊❧❡tr♦♠❡❝â✲

♥✐❝♦ ✭✺✶✮

❙ã♦ ❝❧❛ss✐✜❝❛❞♦s ❝♦♠♦ r❡❧és ❞❡ t❡♠♣♦ ❞❡✜♥✐❞♦ ♦✉ ❞❡ t❡♠♣♦ ✐♥✈❡rs♦✳ ◆❛ ❝❛r❛❝t❡ríst✐❝❛

❞❡ t❡♠♣♦ ❞❡✜♥✐❞♦ ♦ r❡❧é ♥ã♦ ❛t✉❛ ♣❛r❛ ❝♦rr❡♥t❡s ♠❡♥♦r❡s q✉❡ Ia✱ ❡♥q✉❛♥t♦ ♣❛r❛ ❝♦rr❡♥t❡

♠❛✐♦r❡s ♦ r❡❧é ❛t✉❛ ❝♦♠ ✉♠ t❡♠♣♦ ❛❥✉stá✈❡❧ Ta ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ❋✐❣✳ ✺ ❛❜❛✐①♦✳

❋✐❣✉r❛ ✺✿ ❘❡❧é ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛ ❝♦♠ t❡♠♣♦ ❞❡✜♥✐❞♦ ❬✶❪✳

◆❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ t❡♠♣♦ ✐♥✈❡rs♦✱ ♦ t❡♠♣♦ ❞❡ ❛t✉❛çã♦ ❞✐♠✐♥✉✐ ❝♦♠ ♦ ❛✉♠❡♥t♦ ❞❛

❝♦rr❡♥t❡ ❝♦♠♦ ♣♦❞❡✲s❡ ♣❡r❝❡❜❡r ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✳ ✻✳

❋✐❣✉r❛ ✻✿ ❘❡❧é ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛ ❝♦♠ t❡♠♣♦ ✐♥✈❡rs♦ ❬✶❪✳

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

♣❛r❛ ❛♣❧✐❝❛çã♦ sã♦ ♠♦str❛❞❛s ♥❛ ❋✐❣✳ ✼
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❋✐❣✉r❛ ✼✿ ❉✐✈❡rs❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ r❡❧é ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛ ❝♦♠ t❡♠♣♦ ✐♥✈❡rs♦

❬✶❪✳

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

❞❛s ❝♦rr❡♥t❡s ♣❛r❛s✐t❛s ❡♠ ✉♠ ❞✐s❝♦ ♠❡tá❧✐❝♦✱ ❝♦♠♦ ✈✐st♦ ♥❛s ✜❣✉r❛s ❛❜❛✐①♦✳

✭❛✮ ❱✐sã♦ ❢r♦♥t❛❧✳ ✭❜✮ ❱✐sã♦ ❡s♣❛❝✐❛❧✳

❋✐❣✉r❛ ✽✿ ❘❡❧é ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞♦ ❞♦ t✐♣♦ ✐♥❞✉çã♦ ❬✷❪✳

❖s r❡❧és ❞❡ ■♥❞✉çã♦ ❡❧❡tr♦♠❡❝â♥✐❝❛ ✉t✐❧✐③❛♠ ♦ ♣r✐♥❝í♣✐♦ ❞❡ ✉♠ ♠♦t♦r ❞❡ ✐♥❞✉çã♦✱

♦♥❞❡ ✉♠ t♦rq✉❡ ❣✐r❛ ✉♠ r♦t♦r q✉❡ ♣r♦❞✉③ ♦ ❢❡❝❤❛♠❡♥t♦ ❞❡ ❝♦♥t❛t♦s ◆❆ ❞❡ r❡❧és q✉❡

❛t✐✈❛♠ ♦ ❝✐r❝✉✐t♦ ♦✉ ♠❡❝❛♥✐s♠♦ q✉❡ ♣r♦✈♦❝❛ ❛ ❛❜❡rt✉r❛ ❞♦ ❞✐s❥✉♥t♦r✳ ❊ss❡s r❡❧és ♦♣❡r❛♠
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s♦♠❡♥t❡ ❝♦♠ ❝♦rr❡♥t❡ ❛❧t❡r♥❛❞❛✳ ❆ ❢✉♥çã♦ ❞❛ ♠♦❧❛ é ♣r♦❞✉③✐r ✉♠ ❝♦♥❥✉❣❛❞♦ ❛♥t❛❣♦♥✐st❛✱

♠❛♥t❡♥❞♦ ♦s ❝♦♥t❛t♦s ❛❜❡rt♦s ❛♦ ♠á①✐♠♦ ❡♠ ❝♦♥❞✐çõ❡s ♥♦r♠❛✐s✳

❆ ❝♦rr❡♥t❡ s❡❝✉♥❞ár✐❛ ✭Is✮ ♣❡r❝♦rr❡ ❛ ❜♦❜✐♥❛ ♠❛❣♥❡t✐③❛♥t❡✱ ❣❡r❛♥❞♦ ✉♠❛ ❢♦rç❛

♠❛❣♥❡t♦✲♠♦tr✐③ q✉❡ ❝r✐❛ ✉♠ ✢✉①♦ ♠❛❣♥ét✐❝♦ ❞❡♥tr♦ ❞♦ ❝✐r❝✉✐t♦ ♠❛❣♥ét✐❝♦ ❞♦ ♥ú❝❧❡♦

❞♦ r❡❧é✳

❖ ✢✉①♦ φ t❡rá ❝❛r❛❝t❡ríst✐❝❛ s❡♥♦✐❞❛❧✱ ♣♦✐s ❛ ❝♦rr❡♥t❡ s❡❝✉♥❞ár✐❛ ✭Is✮ é ❛❧t❡r♥❛❞❛✳

❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ▲❡✐ ❞❡ ▲❡♥③✱ ❛ ✈❛r✐❛çã♦ ❞♦ ✢✉①♦ φ ❣❡r❛ ✉♠❛ ❝♦rr❡♥t❡ ✐♥❞✉③✐❞❛ q✉❡ ❝r✐❛

✉♠ ♥♦✈♦ ✢✉①♦ ♠❛❣♥ét✐❝♦ ❞❡ ♦♣♦s✐çã♦ à ✈❛r✐❛çã♦ ❞♦ ✢✉①♦ ♦r✐❣✐♥❛❧ φ✳

❉❛ ✐♥t❡r❛çã♦ ❞❡ss❡s 2 ✢✉①♦s✱ r❡s✉❧t❛ ♦ ✢✉①♦ φ2(t) q✉❡ ❡stá ✉♠ ♣♦✉❝♦ ❞❡❢❛s❛❞♦ ❡♠

r❡❧❛çã♦ ❛♦ ✢✉①♦ φ1(t)✳❖ ✢✉①♦ φ1(t) ❡stá ❡♠ ❢❛s❡ ❝♦♠ ♦ ✢✉①♦ φ(t) ♦r✐❣✐♥❛❧✳ ❆ ✜❧♦s♦✜❛ ❞♦

❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ss❡s r❡❧és é q✉❡ ♦s ✢✉①♦s φ1(t) ❡ φ2(t) ❡stã♦ ❞❡❢❛s❛❞♦s✱ ❛❣✐♥❞♦ ♥♦ ❞✐s❝♦

♣r♦✈♦❝❛♥❞♦ ❛ r♦t❛çã♦ ❞❡st❡✳ ❚❡♠♦s q✉❡ ✿

φ1 = φM1sen(wt) ✭✹✳✶✮

φ2 = φM2sen(wt+ θ) ✭✹✳✷✮

❋✐❣✉r❛ ✾✿ ❉❡❢❛s❛❣❡♠ ❡♥tr❡ ♦s ✷ ✢✉①♦s ❬✷❪✳

• θ ➱ ❛ ❞❡❢❛s❛❣❡♠ ❡♥tr❡ φ1 ❡ φ2✳

❆♣❡s❛r ❞❡ ♦s ✢✉①♦s s❡r❡♠ s❡♥♦✐❞❛✐s✱ ❛ ❢♦rç❛ q✉❡ ❛t✉❛ ♥♦ ❞✐s❝♦ é ❝♦♥st❛♥t❡ ❣❡r❛♥❞♦

✉♠ t♦rq✉❡✭τ✮ ❝♦♥st❛♥t❡✱ ❞❛♥❞♦ ✉♠ ♠♦✈✐♠❡♥t♦ ❞❡ ❣✐r♦ ♥♦ ❞✐s❝♦ s❡♠ ✈✐❜r❛çõ❡s✳ ❆ ❡q✉❛çã♦

❣❡r❛❧ ❞♦ t♦rq✉❡ ❞♦ ♠♦t♦r é ❞❛❞♦ ♣❡❧❛ ❡①♣r❡ssã♦ ✹✳✸✿

τ = K1φM1φM2sen(θ) ✭✹✳✸✮

• φM1 → ❱❛❧♦r ❡✜❝❛③ ❞♦ ✢✉①♦ φ1✳
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• φM2 → ❱❛❧♦r ❡✜❝❛③ ❞♦ ✢✉①♦ φ2✳

• K1 → ❈♦♥st❛♥t❡ q✉❡ ❞❡♣❡♥❞❡ ❞❡ ❝❛❞❛ ♣♦s✐çã♦ ❞❛ ❛❧❛✈❛♥❝❛ ❡♥tr❡ ♦s ❝♦♥t❛t♦s ✜①♦ ❡

♠ó✈❡❧ ❞♦ r❡❧é✳

❖ t♦rq✉❡✭τ✮ ♠á①✐♠♦ ♦❝♦rr❡ ♣❛r❛ ✉♠ â♥❣✉❧♦ θ = 90o✳ ■st♦ s❡r✐❛ ✐❞❡❛❧ ♣❛r❛ ♦ r❡❧é✱

♠❛s ♥ã♦ é ♣♦ssí✈❡❧ ♣♦✐s ❛ ❜♦❜✐♥❛ ❞❡ s♦♠❜r❛ ❝♦♥s❡❣✉❡ ❛♣❡♥❛s ♣r♦❞✉③✐r ✈❛r✐❛çõ❡s ❞❡ 20o ❛

33o✳

❈♦♠♦ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ❝♦♥t❛t♦ ✜①♦ ❡ ♠ó✈❡❧ ♣❛r❛ ✉♠❛ r❡❣✉❧❛❣❡♠ é ✜①❛ ❡ ❝❛❞❛

❝♦rr❡♥t❡ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ♣r♦❞✉③ ✉♠ t♦rq✉❡✭τ✮ ❞✐❢❡r❡♥t❡✱ ♣♦❞❡✲s❡ ♦❜t❡r ✉♠❛ ❡q✉❛çã♦

❣❡♥ér✐❝❛ ❞♦ r❡❧é✱ q✉❡ é ❞❛❞❛ ♣♦r✿

K = I2t ✭✹✳✹✮

❆ ❛❧❛✈❛♥❝❛ ❞❡ t❡♠♣♦✱ ❛ss✐♠ ❝♦♠♦ ❛ ❝✉r✈❛ ❝❛r❛❝t❡ríst✐❝❛ ✐♥✈❡rs❛ é ♠♦str❛❞❛ ♥❛ ✜❣✉r❛

❛ s❡❣✉✐r ✿

✭❛✮ ❉✐s❝♦ ❞❡ ✐♥❞✉çã♦ ❡ ❛❧❛✈❛♥❝❛ ❞❡ t❡♠♣♦✳ ✭❜✮ ❈❛r❛❝t❡ríst✐❝❛ ❞❡ t❡♠♣♦ ✐♥✈❡rs♦✳

❋✐❣✉r❛ ✶✵✿ ❘❡❧é ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛ ❬✷❪✳

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

♠✉❞❛♥❞♦ ❛♣❡♥❛s ♦ ✈❛❧♦r ❞❡ K✳

❆ ❝♦rr❡♥t❡ Ia é ❛ ❝♦rr❡♥t❡ ♠í♥✐♠❛ ❞❡ ❛t✉❛çã♦ ✭❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✉♣✮ ❞♦ r❡❧é✳ ❊❧❛

❞❡♣❡♥❞❡ ❞♦s s❡❣✉✐♥t❡s ❢❛t♦r❡s✿

• ◆ú♠❡r♦ ❞❡ ❡s♣✐r❛s ❞❛ ❜♦❜✐♥❛ ♣r✐♥❝✐♣❛❧✳

• ❚❛♠❛♥❤♦ ❞♦ ❡♥tr❡❢❡rr♦✱ ♣❡r♠❡❛❜✐❧✐❞❛❞❡ ❡ ❞✐♠❡♥sõ❡s ❣❡♦♠étr✐❝❛s ❞♦ ♥ú❝❧❡♦ ❢❡rr♦✲

♠❛❣♥ét✐❝♦✱ ❜❡♠ ❝♦♠♦ ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ❜♦❜✐♥❛ ❞❡ ❞❡❢❛s❛❣❡♠✱ r❡❧❛❝✐♦♥❛❞♦s à ❝♦♥s✲

t❛♥t❡ ❑✶✳
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• ❈❛r❛❝t❡ríst✐❝❛s ❞❛ ♠♦❧❛ ❡ í♠ã ♣❡r♠❛♥❡♥t❡✳

◆❛ ♣rát✐❝❛ sã♦ ❢❡✐t♦s ❞♦✐s ❛❥✉st❡s ♥❡ss❡ r❡❧é✿

• ❆❥✉st❡ ❞❡ ❝♦rr❡♥t❡ ❢❡✐t♦ ♣♦r ❡s❝♦❧❤❛ ❞♦ t❛♣❡ ❝♦♠ ♦ ♥ú♠❡r♦ ❞❡ ❡s♣✐r❛s ❛❞❡q✉❛❞♦

✭❛❥✉st❡ ❣r♦ss♦✮ ❡ ❞❛ r❡❣✉❧❛❣❡♠ ❞❛ ❛çã♦ ❞❛ ♠♦❧❛ ✭❛❥✉st❡ ✜♥♦✮✳

• ❆❥✉st❡ ❞❡ t❡♠♣♦✱ ❢❡✐t♦ ❛tr❛✈és ❞❛ r❡❣✉❧❛❣❡♠ ❞❛ ❞✐stâ♥❝✐❛ ✐♥✐❝✐❛❧ ❡♥tr❡ ♦ ❝♦♥t❛t♦ ✜①♦

❡ ♦ ❝♦♥t❛t♦ ♠ó✈❡❧✳

✹✳✷ ❘❡❧és ❉✐❣✐t❛✐s

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

❛t✉❛♥❞♦ ❡♠ ❞✐✈❡rs❛s ❢✉♥çõ❡s ❝♦♠♦✿ ♣r♦t❡çã♦✱ ♠❡❞✐çã♦✱ ❝♦♥tr♦❧❡ ❡ ❝♦♠✉♥✐❝❛çã♦✳ ◆♦s r❡❧és

❞✐❣✐t❛✐s✱ ♥ã♦ ❡①✐st❡ ♥❡♥❤✉♠ ❞✐s♣♦s✐t✐✈♦ ♠❡❝â♥✐❝♦ ❡♠ ♠♦✈✐♠❡♥t♦ ❡ t♦❞♦s ♦s ❝♦♠❛♥❞♦s ❡

♦♣❡r❛çõ❡s sã♦ ❢❡✐t♦s ❡❧❡tr♦♥✐❝❛♠❡♥t❡ ✳

❖s r❡❧és ❞✐❣✐t❛✐s sã♦ r❡❧és ❡❧❡trô♥✐❝♦s ❣❡r❡♥❝✐❛❞♦s ♣♦r ♠✐❝r♦♣r♦❝❡ss❛❞♦r❡s ♦♥❞❡ s✐♥❛✐s

❞❡ ❡♥tr❛❞❛ ❞❛s ❣r❛♥❞❡③❛s ♠❡❞✐❞❛s sã♦ ❝♦♠♣❛r❛❞❛s ❝♦♠ ❛s ❣r❛♥❞❡③❛s ♣ré✲❛❥✉st❛❞❛s ♣♦r

✉♠ s♦❢t✇❛r❡ q✉❡ ♣r♦❝❡ss❛ ❛ ❧ó❣✐❝❛ ❞❛ ♣r♦t❡çã♦ ❛tr❛✈és ❞❡ ✉♠ ❛❧❣♦r✐t♠♦✳ P♦❞❡ s✐♠✉❧❛r ✉♠

r❡❧é ♦✉ t♦❞♦s ♦s r❡❧és ❡①✐st❡♥t❡s ♥✉♠ só ❡q✉✐♣❛♠❡♥t♦✱ ♣r♦❞✉③✐♥❞♦ ♦✉tr❛s ❢✉♥çõ❡s ❝♦♠♦

♠❡❞✐çõ❡s ❞❡ s✉❛s ❣r❛♥❞❡③❛s ❞❡ ❡♥tr❛❞❛ ❡✴♦✉ ❛ss♦❝✐❛❞❛s ❡ r❡❛❧✐③❛♥❞♦ ♦✉tr❛s ❢❛❝✐❧✐❞❛❞❡s

s❡♥❞♦ ♣♦r ✐st♦ ❞❡♥♦♠✐♥❛❞♦ r❡ r❡❧é ❞❡ ♠✉❧t✐❢✉♥çã♦ ❬✷❪✳

❖s r❡❧és ❞✐❣✐t❛✐s ♣♦ss✉❡♠ ✐♥ú♠❡r❛s ❢✉♥çõ❡s✱ t❛✐s ❝♦♠♦ ✿

• Pr♦t❡çã♦✳

• ❙✉♣❡r✈✐sã♦ ❞❡ r❡❞❡✳

• ❚r❛♥s♠✐ssã♦ ❞❡ s✐♥❛✐s✳

• ❖s❝✐❧♦❣r❛✜❛✳

• ❘❡❧✐❣❛♠❡♥t♦ ❞♦s ❞✐s❥✉♥t♦r❡s✳

• ■❞❡♥t✐✜❝❛çã♦ ❞♦ t✐♣♦ ❞♦ ❞❡❢❡✐t♦✳

• ▲♦❝❛❧✐③❛❞♦r ❞❡ ❢❛❧t❛✳



✹✳✷ ❘❡❧és ❉✐❣✐t❛✐s ✷✺

❖✉tr❛ ✐♠♣♦rt❛♥t❡ ❢✉♥çã♦ ❞❡st❡ r❡❧é é ♦ ❛✉t♦t❡st❡ ♦✉ ❛✉t♦❞✐❛❣♥óst✐❝♦✳ ❊ss❛ ❢✉♥çã♦

❢❛③ ❝♦♠ q✉❡ ♦ r❡❧é r❡❛❧✐③❡ ✉♠❛ s✉♣❡r✈✐sã♦ ❝♦♥tí♥✉❛ ❞❡ s❡✉ s♦❢t✇❛r❡ ❡ ❤❛r❞✇❛r❡✱ ❞❡t❡❝t❛♥❞♦

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

✐♥❝♦rr❡t❛♠❡♥t❡ ♦✉ ❞❡✐①❡ ❞❡ ❢❛③❡✲❧♦ ♥❛ ♦❝❛s✐ã♦ ❝❡rt❛ ❬✺❪✳



✷✻

✺ ❘❡❧é ❉✐❣✐t❛❧ ❙❊▲✲351❆

❖ r❡❧é ❞✐❣✐t❛❧ ❙❊▲✲✸✺✶❆ ✭❋✐❣✳✶✶ é ✉s❛❞♦ ♥❛ ♣r♦t❡çã♦ ❞❡ ❛❧✐♠❡♥t❛❞♦r❡s ❝♦♠♣❛r❛♥❞♦

♦s ✈❛❧♦r❡s ♠❡❞✐❞♦s ❝♦♠ ♦s ❛❥✉st❛❞♦s ✈✐❛ s♦❢t✇❛r❡ ❛❝s❡❧❛r❛t♦r q✉✐❝❦s❡t✳

❋✐❣✉r❛ ✶✶✿ ❘❡❧é ❙❊▲✲✸✺✶❆✳

❊ss❡ r❡❧é é ❝♦♠♣♦st♦ ♣♦r ✷ ♣❧❛❝❛s✳ ❯♠❛ ♣❧❛❝❛ é ❞❡♥♦♠✐♥❛❞❛ ❞❡ ♣❧❛❝❛ ❞❡ ❡♥tr❛❞❛

✭❋✐❣✳✶✷✮ ❡ ❛ ♦✉tr❛ é ❝❤❛♠❛❞❛ ❞❡ ♣❧❛❝❛ ❞❡ ❝♦♥tr♦❧❡✳

❋✐❣✉r❛ ✶✷✿ ❱✐sã♦ s✉♣❡r✐♦r ❞❛ ♣❧❛❝❛ ❞❡ ❡♥tr❛❞❛✳



✺ ❘❡❧é ❉✐❣✐t❛❧ ❙❊▲✲351❆ ✷✼

◆❛ ♣❧❛❝❛ ❞❡ ❡♥tr❛❞❛ t❡♠✲s❡ ✹ ❜♦❜✐♥❛s ❛♠♣❡r✐♠étr✐❝❛s ✭❞❛s ✸ ❢❛s❡s ❡ ✉♠❛ ❞♦ ♥❡✉tr♦✮✱

✹ ❜♦❜✐♥❛s ✈♦❧t✐♠étr✐❝❛s ✭❞❛s ✸ ❢❛s❡s ❡ ❱s✮✱ ✉♠❛ ❢♦♥t❡ ❝❤❛✈❡❛❞❛ q✉❡ ❛❧✐♠❡♥t❛rá ✐♥t❡r♥❛✲

♠❡♥t❡ ♦s ❝♦♠♣♦♥❡♥t❡s ❞♦ r❡❧é ❡ ❛ ❛❧✐♠❡♥t❛çã♦ ❞♦ r❡❧é✳

❆s ✜❣✉r❛s ✶✸ ❡ ✶✹ ♠♦str❛♠ ❡①❛t❛♠❡♥t❡ ❛s ✽ ❜♦❜✐♥❛s ❡ ❛ ❢♦♥t❡ ❝❤❛✈❡❛❞❛ r❡s♣❡❝t✐✈❛✲

♠❡♥t❡✳

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

❋✐❣✉r❛ ✶✹✿ ❋♦♥t❡ ❝❤❛✈❡❛❞❛ ❡ ❛❧✐♠❡♥t❛çã♦✳

◆❛ ♣❧❛❝❛ ❞❡ ❝♦♥tr♦❧❡ t❡♠✲s❡ ❛s ♣♦rt❛s ❞❡ ❝♦♠✉♥✐❝❛çã♦✱ ♦s ✽ r❡❧és ❞❡ s❛í❞❛✭❞♦ ❖❯❚✶✵✶

❛♦ ❖❯❚✶✵✽ s❡♥❞♦ ♦ ❖❯❚✶✵✽ ❛ s❛í❞❛ ❞❡ ❛❧❛r♠❡✮✱ ✻ r❡❧és ❞❡ ❡♥tr❛❞❛ ✭❞♦ ■◆✶✵✶ ❛♦ ■◆✶✵✻✮✱

❛❧❛r♠❡s✱ ❜♦tõ❡s✱ ❝♦♥✈❡rs♦r❡s ❆✴❉✱ ❈P❯ ❡ ❝♦♥❡❝t♦r❡s ♣❛r❛ ❝♦♠✉♥✐❝❛çã♦ ❞❛s ✷ ♣❧❛❝❛s✱ ❝♦♠♦

♠♦str❛ ❛ ❋✐❣✳✶✺✳



✺ ❘❡❧é ❉✐❣✐t❛❧ ❙❊▲✲351❆ ✷✽

❋✐❣✉r❛ ✶✺✿ P❧❛❝❛ ❞❡ ❝♦♥tr♦❧❡✳

❆tr❛✈és ❞❛ ❋✐❣✳✶✻ t❡♠✲s❡ ♦ ❡♥❝❛✐①❡ ❞❛s ✷ ♣❧❛❝❛s ♥♦ r❡❧é✱ ❡ ♥❛ ❋✐❣✳✶✼ t❡♠✲s❡ ❛ ✈✐sã♦

tr❛s❡✐r❛ ❝♦♠ ♦s ❝♦♥t❛t♦s ❖❯❚✱ ■◆✱ ❝♦rr❡♥t❡s ❞❡ ❢❛s❡ ❡ t❡♥sõ❡s ❞❡ ❢❛s❡✳

❋✐❣✉r❛ ✶✻✿ ❊♥❝❛✐①❡ ❞❛s ♣❧❛❝❛s✳



✺✳✶ ❋✉♥çã♦ ❙♦❜r❡❝♦rr❡♥t❡ ■♥st❛♥tâ♥❡❛ ✭✺✵✮ ✷✾

❋✐❣✉r❛ ✶✼✿ ❱✐sã♦ tr❛s❡✐r❛ ❞♦ r❡❧é✳

✺✳✶ ❋✉♥çã♦ ❙♦❜r❡❝♦rr❡♥t❡ ■♥st❛♥tâ♥❡❛ ✭✺✵✮

❆ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ é r❡♣r❡s❡♥t❛❞❛ ♣❡❧♦ ♥ú♠❡r♦ 50 ❞❡ ❛❝♦r❞♦ ❝♦♠

❛ t❛❜❡❧❛ ❞❛ ❆◆❙■✳

✺✳✶✳✶ ❊❧❡♠❡♥t♦s ❞❡ ❙♦❜r❡❝♦rr❡♥t❡ ■♥st❛♥tâ♥❡❛ ❞❡ ❋❛s❡

■♥t❡r✈❛❧♦s ❞❡ ❛❥✉st❡✿

• 0, 25 ✲ 100, 00A ♥♦ s❡❝✉♥❞ár✐♦ ✭5A ❞❡ ❡♥tr❛❞❛ ❞❡ ❝♦rr❡♥t❡ ❞❡ ❢❛s❡ ♥♦♠✐♥❛❧✱ ■❆✱■❇✱■❈✮✳

• 0, 05 ✲ 20, 00A ♥♦ s❡❝✉♥❞ár✐♦ ✭1A ❞❡ ❡♥tr❛❞❛ ❞❡ ❝♦rr❡♥t❡ ❞❡ ❢❛s❡ ♥♦♠✐♥❛❧✱ ■❆✱■❇✱■❈✮✳

50P1P → ❆❥✉st❡ ✭P✐❝❦✉♣✮ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❢❛s❡ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛

❞♦ ❧❡✈❡❧ 1✱ t❡♥❞♦ ❡♠ ✈✐st❛ q✉❡ ❡ss❡ r❡❧é ♣♦ss✉✐ ✻ ♥í✈❡✐s ❞❡ ❛❥✉st❡ ♣❛r❛ ♦❜t❡r♠♦s ✻

t✐♣♦s ❞✐❢❡r❡♥t❡s ❞❡ ♣r♦❣r❛♠❛çã♦✳

50P1P ❢❛③ ❛ ❝♦♠♣❛r❛çã♦ ❛tr❛✈és ❞❡ ❛♠♣❧✐✜❝❛❞♦r❡s ♦♣❡r❛❝✐♦♥❛✐s ❝♦♠ ❛s ♠❡❞✐çõ❡s

❞❛s ❝♦rr❡♥t❡s ❞❛s ❢❛s❡s ❆✱ ❇ ❡ ❈ ❝♦♠♦ é ♠♦str❛❞❛ ♥❛ ❋✐❣✳✶✽✳ ❖s ❜✐ts ❞❛s ♣❛❧❛✈r❛s ❞❛

❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ s❡rã♦ ❛t✐✈❛❞❛s s❡✿

• Ia ❢♦r ♠❛✐♦r q✉❡ 50P1P s❡t❛✲s❡ 50A1✳

• Ib ❢♦r ♠❛✐♦r q✉❡ 50P1P s❡t❛✲s❡ 50B1✳

• Ic ❢♦r ♠❛✐♦r q✉❡ 50P1P s❡t❛✲s❡ 50C1✳

❆s s❛í❞❛s 50A1✱ 50B1 ❡ 50C1 ❡♥tr❛♠ ❡♠ ✉♠❛ ♣♦rt❛ ❧ó❣✐❝❛ OU ❡ ❛t✐✈❛ ❛ ♣❛❧❛✈r❛

50P1✳



✺✳✶ ❋✉♥çã♦ ❙♦❜r❡❝♦rr❡♥t❡ ■♥st❛♥tâ♥❡❛ ✭✺✵✮ ✸✵

❋✐❣✉r❛ ✶✽✿ ❈♦♠♣❛r❛çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❛❥✉st❡ ❝♦♠ ❛s ♠❡❞✐çõ❡s ❞❛s ❝♦rr❡♥t❡s ❞❡ ❢❛s❡ ❬✸❪✳

❆ ♣❛❧❛✈r❛ 50P1 ❡♥tr❛ ❡♠ ✉♠❛ ♣♦rt❛ ❧ó❣✐❝❛ E ❥✉♥t❛♠❡♥t❡ ❝♦♠ ♦ ❙❊▲♦❣✐❝ ❝♦♥tr♦❧❡

❞❡ t♦rq✉❡ ❡ ♦ ❝♦♥tr♦❧❡ ❞✐r❡❝✐♦♥❛❧✭s❡ E32 ❂ ◆ ❛ ❧ó❣✐❝❛ ❞❡ss❡ ❝♦♥tr♦❧❡ ❞✐r❡❝✐♦♥❛❧ é 1✮✳❉❡

❛❝♦r❞♦ ❝♦♠ ❛ ❋✐❣✳✶✾ s❡ ❛s 3 ❝♦♥❞✐çõ❡s ❢♦r❡♠ ♥í✈❡✐s ❧ó❣✐❝♦s 1✱ ❛ ♣❛❧❛✈r❛ 67P1 s❡rá ❛t✐✈❛❞❛

❡ ♣❛ss❛rá ♣♦r ✉♠ t❡♠♣♦r✐③❛❞♦r 67P1D✳ ❙❡ ❡ss❛ ♣❛❧❛✈r❛ 67P1 ❝♦♥t✐♥✉❛r ❛t✐✈❛ ♣❡❧♦ t❡♠♣♦

67P1D q✉❡ ❛❥✉st❛r❡♠♦s✱ ❡♥tã♦ ❛ ♣❛❧❛✈r❛ 67P1T s❡rá ❛t✐✈❛❞❛✳



✺✳✶ ❋✉♥çã♦ ❙♦❜r❡❝♦rr❡♥t❡ ■♥st❛♥tâ♥❡❛ ✭✺✵✮ ✸✶

❋✐❣✉r❛ ✶✾✿ ❊❧❡♠❡♥t♦s ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❞❡ ❢❛s❡ ❬✸❪✳

✺✳✶✳✷ ❊❧❡♠❡♥t♦s ❞❡ ❙♦❜r❡❝♦rr❡♥t❡ ■♥st❛♥tâ♥❡❛ ❞❡ ◆❡✉tr♦✲❚❡rr❛

■♥t❡r✈❛❧♦s ❞❡ ❛❥✉st❡✿

• 0, 25 ✲ 100, 00A ♥♦ s❡❝✉♥❞ár✐♦ ✭5A ❞❡ ❡♥tr❛❞❛ ❞❡ ❝♦rr❡♥t❡ ❞❡ ❢❛s❡ ♥♦♠✐♥❛❧✱ ■❆✱■❇✱■❈✮✳

• 0, 05 ✲ 20, 00A ♥♦ s❡❝✉♥❞ár✐♦ ✭1A ❞❡ ❡♥tr❛❞❛ ❞❡ ❝♦rr❡♥t❡ ❞❡ ❢❛s❡ ♥♦♠✐♥❛❧✱ ■❆✱■❇✱■❈✮✳

• 0, 005 ✲ 1, 50A ♥♦ s❡❝✉♥❞ár✐♦ ✭0, 05A ❞❡ ❡♥tr❛❞❛ ❝♦rr❡♥t❡ ❞❡ ❢❛s❡ ♥♦♠✐♥❛❧✱ ■❆✱■❇✱■❈✮✳

50N1P → P✐❝❦ ✉♣ ❞❛ ❝♦rr❡♥t❡ ❞❡ ♥❡✉tr♦ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❞♦ ❧❡✈❡❧

1✳



✺✳✶ ❋✉♥çã♦ ❙♦❜r❡❝♦rr❡♥t❡ ■♥st❛♥tâ♥❡❛ ✭✺✵✮ ✸✷

50N1P ❝♦♠♣❛r❛ ❛tr❛✈és ❞❡ ❛♠♣❧✐✜❝❛❞♦r❡s ♦♣❡r❛❝✐♦♥❛✐s ✐❧✉str❛❞♦s ♥❛ ❋✐❣✳✷✵ ❝♦♠

❛ ❝♦rr❡♥t❡ ♠❡❞✐❞❛ ♥♦ ♥❡✉tr♦✳ ❙❡ In ❢♦r ♠❛✐♦r q✉❡ 50N1P ❛ ♣❛❧❛✈r❛ 50N1 ✈❛✐ ♣❛r❛

♥í✈❡❧ ❧ó❣✐❝♦ 1✳ ❆ ♣❛❧❛✈r❛ 50N1 ❡♥tr❛ ❡♠ ✉♠❛ ♣♦rt❛ ❧ó❣✐❝❛ E ❥✉♥t❛♠❡♥t❡ ❝♦♠ ♦ ❙❊▲♦❣✐❝

❝♦♥tr♦❧❡ ❞❡ t♦rq✉❡ ❡ ♦ ❝♦♥tr♦❧❡ ❞✐r❡❝✐♦♥❛❧✭s❡ E32 ❂ ◆ ❛ ❧ó❣✐❝❛ ❞❡ss❡ ❝♦♥tr♦❧❡ ❞✐r❡❝✐♦♥❛❧ é

1✮✳❙❡ ❛s 3 ❝♦♥❞✐çõ❡s ❢♦r❡♠ ♥í✈❡✐s ❧ó❣✐❝♦s 1✱ ❛ ♣❛❧❛✈r❛ 67N1 s❡rá ❛t✐✈❛❞❛ ❡ ♣❛ss❛rá ♣♦r ✉♠

t❡♠♣♦r✐③❛❞♦r 67P1D✳ ❙❡ ❡ss❛ ♣❛❧❛✈r❛ 67N1 ❝♦♥t✐♥✉❛r ❛t✐✈❛ ♣❡❧♦ t❡♠♣♦ q✉❡ ❛❥✉st❛r❡♠♦s✱

❡♥tã♦ ❛ ♣❛❧❛✈r❛ 67N1T s❡rá ❛t✐✈❛❞❛✳

❋✐❣✉r❛ ✷✵✿ ❈♦♠♣❛r❛çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❛❥✉st❡ ❝♦♠ ❛s ♠❡❞✐çõ❡s ❞❛s ❝♦rr❡♥t❡s ❞❡ ♥❡✉tr♦

❬✸❪✳

❆ ❝♦rr❡♥t❡ ❞❡ ♥❡✉tr♦ ♣r♦✈é♠ ❞♦ s❡❝✉♥❞ár✐♦ ❞♦ ❚❈ ❡ t❡♠ ✷ ❢♦r♠❛s ❞❡ s❡r❡♠ ♦❜t✐❞❛s✿

❆ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❡ss❛s ❧✐❣❛çõ❡s é q✉❡ ❛ tr❛♥s❢♦r♠❛çã♦ ❞❡ ❝♦rr❡♥t❡ ❞❛s ❢❛s❡s s❡r✐❛

✐❣✉❛❧ ♣❛r❛ ♦ ♥❡✉tr♦ ♥❛ ❧❡tr❛ b)✳◆❛ ❧❡tr❛ a) ♣♦❞❡r✐❛♠♦s t❡r ✉♠❛ r❡❧❛çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦

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

♠✉✐t♦ ♠❡❧❤♦r✳ ❉❡✈❡♠♦s ❜♦t❛r In ♥♦ ❝❛♥❛❧ ❞❡ ✐♥t❡r✈❛❧♦ ❞❡ ❛❥✉st❡ ❞❡ 0.05A ♥♦♠✐♥❛❧✳



✺✳✶ ❋✉♥çã♦ ❙♦❜r❡❝♦rr❡♥t❡ ■♥st❛♥tâ♥❡❛ ✭✺✵✮ ✸✸

✭❛✮ ❯♠ ❚❈ ♣ró♣r✐♦ ♣❛r❛ In✳ ✭❜✮ In ❛tr❛✈és ❞♦s ❚❈✬s ❞❛s ❢❛s❡s✳

❋✐❣✉r❛ ✷✶✿ ▲✐❣❛çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ♥❡✉tr♦ ❬✸❪✳

✺✳✶✳✸ ❊❧❡♠❡♥t♦s ❞❡ ❙♦❜r❡❝♦rr❡♥t❡ ■♥st❛♥tâ♥❡❛ ❘❡s✐❞✉❛❧✲❚❡rr❛

■♥t❡r✈❛❧♦s ❞❡ ❛❥✉st❡✿

• 0, 25 ✲ 100, 00A ♥♦ s❡❝✉♥❞ár✐♦ ✭5A ❞❡ ❡♥tr❛❞❛ ❞❡ ❝♦rr❡♥t❡ ❞❡ ❢❛s❡ ♥♦♠✐♥❛❧✱ ■❆✱■❇✱■❈✮✳

• 0, 05 ✲ 20, 00A ♥♦ s❡❝✉♥❞ár✐♦ ✭1A ❞❡ ❡♥tr❛❞❛ ❞❡ ❝♦rr❡♥t❡ ❞❡ ❢❛s❡ ♥♦♠✐♥❛❧✱ ■❆✱■❇✱■❈✮✳

IG é ❛ s♦♠❛ ✈❡t♦r✐❛❧ ❞❡ ■❆ ✱ ■❇ ❡ ■❈✳

❙❡ IG ❢♦r ♠❛✐♦r q✉❡ 50G1P s❡t❛ ❛ ♣❛❧❛✈r❛ 50G1✳ ❆ ❧ó❣✐❝❛ é ❛ ♠❡s♠❛ ❞♦s ❡❧❡♠❡♥t♦s

❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❞❡ ❢❛s❡ ❡ ❞❡ ♥❡✉tr♦✳



✺✳✷ ❋✉♥çã♦ ❙♦❜r❡❝♦rr❡♥t❡ ❚❡♠♣♦r✐③❛❞♦ ✭✺✶✮ ✸✹

❋✐❣✉r❛ ✷✷✿ ❈♦♠♣❛r❛çã♦ ❞❛ ❝♦rr❡♥t❡ ❞❡ ❛❥✉st❡ ❝♦♠ ❛ ♠❡❞✐çã♦ ❞❛ ❝♦rr❡♥t❡ r❡s✐❞✉❛❧✲t❡rr❛

❬✸❪✳

❆❥✉st❛♠♦s ✉♠ t❡♠♣♦ ♣❛r❛ 67G1 ❛tr❛✈és ❞❛ ♣❛❧❛✈r❛ 67G1D✱ ❡ s❡ ♦ ♠❡s♠♦ ♣❡r♠❛✲

♥❡❝❡r ❛❥✉st❛❞♦ ❛♣ós ♣❛ss❛❞♦ ❡ss❡ t❡♠♣♦✱ ❛ ♣❛❧❛✈r❛ 67G1T s❡rá ❛t✐✈❛❞❛✳

✺✳✷ ❋✉♥çã♦ ❙♦❜r❡❝♦rr❡♥t❡ ❚❡♠♣♦r✐③❛❞♦ ✭✺✶✮

❆ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛ é r❡♣r❡s❡♥t❛❞❛ ♣❡❧♦ ♥ú♠❡r♦ 51 ❞❡ ❛❝♦r❞♦

❝♦♠ ❛ t❛❜❡❧❛ ❞❛ ❆◆❙■✳

✺✳✷✳✶ ❊❧❡♠❡♥t♦s ❞❡ ❙♦❜r❡❝♦rr❡♥t❡ ❚❡♠♣♦r✐③❛❞❛ ❞❡ ❋❛s❡

P❛r❛ ❢❛③❡r♠♦s ♦ ❛❥✉st❡ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛ ♥♦ r❡❧é ❙❊▲✲✸✺✶❆

t❡♠♦s q✉❡ ❞❡✜♥✐r ❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✉♣✭51PP ✮ q✉❡ s❡rá ❝♦♠♣❛r❛❞❛ ❛tr❛✈és ❞❡ ❛♠♣❧✐✜❝❛✲

❞♦r❡s ♦♣❡r❛❝✐♦♥❛✐s ❝♦♠ ❛ ♠❛✐♦r ❞❛s ❝♦rr❡♥t❡s ♠❡❞✐❞❛s ❞❡ ❝❛❞❛ ❢❛s❡ ❝♦♠♦ ♠♦str❛❞♦ ♥❛

❋✐❣✳ ✷✸✳



✺✳✷ ❋✉♥çã♦ ❙♦❜r❡❝♦rr❡♥t❡ ❚❡♠♣♦r✐③❛❞♦ ✭✺✶✮ ✸✺

❋✐❣✉r❛ ✷✸✿ ❊❧❡♠❡♥t♦s ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛ ❬✸❪✳

■♥t❡r✈❛❧♦ ❞❡ ❛❥✉st❡ ❞❛ ❢✉♥çã♦ 51PP ✿

• 0, 50− 16, 00A ♥♦ s❡❝✉♥❞ár✐♦ ✭✺❆ ♥♦♠✐♥❛✐s ❞❛s ❝♦rr❡♥t❡s ❞❡ ❢❛s❡ ■❆✱■❇✱■❈✮✳

• 0, 10− 3, 20A ♥♦ s❡❝✉♥❞ár✐♦ ✭✶❆ ♥♦♠✐♥❛❧ ❞❛s ❝♦rr❡♥t❡s ❞❡ ❢❛s❡ ■❆✱■❇✱■❈✮✳

❚❡♠♦s q✉❡ ❛❥✉st❛r t❛♠❜é♠ ♦ t✐♣♦ ❞❡ ❝✉r✈❛ ✭51PC✮ ❡ s✉❛ ❝❛r❛❝t❡ríst✐❝❛ q✉❡ ✈❛r✐❛

❞❡ ♥♦r♠❛❧♠❡♥t❡ ✐♥✈❡rs❛ ❛té ❡①tr❡♠❛♠❡♥t❡ ✐♥✈❡rs❛✱ ❛ss✐♠ ❝♦♠♦ ♦ t✐♠❡ ❞✐❛❧✭51PTD✮ q✉❡

❞✐❢❡r❡♥t❡♠❡♥t❡ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ♥ã♦ é ♦ t❡♠♣♦ ❡♠ s❡❣✉♥❞♦s q✉❡ ♦

r❡❧é ❛t✉❛rá s❡ ❛ ♣❛❧❛✈r❛ ❝♦♥t✐♥✉❛r ❛t✐✈❛ ❡ s✐♠ ♦ ❢❛t♦r ♠✉❧t✐♣❧✐❝❛t✐✈♦ ❞❛ ❝✉r✈❛✳

❆ ✉t✐❧✐③❛çã♦ ❞❡ ❞✐❢❡r❡♥t❡s ❝✉r✈❛s ❡ ❝❛r❛❝t❡ríst✐❝❛s ✈❛r✐❛♠ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♣r♦❥❡t♦✳

❊①✐st❡♠ ✷ t✐♣♦s ❞❡ ❝✉r✈❛s ✭■✳❊✳❈✳ ❡ ❯✳❙✳✮ ❡ ❝❛❞❛ ❝✉r✈❛ ♣♦ss✉✐ ✺ ❝❛r❛❝t❡ríst✐❝❛s ❞✐❢❡r❡♥t❡s

❢❛③❡♥❞♦ ❝♦♠ q✉❡ ❛t✉❡♠ ❡♠ t❡♠♣♦s ❞✐❢❡r❡♥t❡s✳ ❊ss❡ t❡♠♣♦✭s❡❣✉♥❞♦s✮ ❞❡ ❛t✉❛çã♦ é ❞❡♥♦✲

♠✐♥❛❞♦ ❞❡ tp ❡ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ❛tr❛✈és ❞❡ ❢ór♠✉❧❛s✭ ❋✐❣✳✷✹ ✮ ♦✉ ❡♥tã♦ ♣❡❧♦ ❣rá✜❝♦

❞❡ ❝✉r✈❛s✳



✺✳✷ ❋✉♥çã♦ ❙♦❜r❡❝♦rr❡♥t❡ ❚❡♠♣♦r✐③❛❞♦ ✭✺✶✮ ✸✻

❋✐❣✉r❛ ✷✹✿ ❋ór♠✉❧❛s ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ t❡♠♣♦ ❞❡ ❛t✉❛çã♦ ❬✸❪✳



✺✳✷ ❋✉♥çã♦ ❙♦❜r❡❝♦rr❡♥t❡ ❚❡♠♣♦r✐③❛❞♦ ✭✺✶✮ ✸✼

✭❛✮ ❈✉r✈❛ ♠♦❞❡r❛❞❛♠❡♥t❡ ✐♥✈❡rs❛ ✿ ❯✶✳ ✭❜✮ ❈✉r✈❛ ✐♥✈❡rs❛ ✿ ❯✷✳

✭❝✮ ❈✉r✈❛ ♠✉✐t♦ ✐♥✈❡rs❛ ✿ ❯✸✳ ✭❞✮ ❈✉r✈❛ ❡①tr❡♠❛♠❡♥t❡ ✐♥✈❡rs❛ ✿ ❯✹✳

❋✐❣✉r❛ ✷✺✿ ❈✉r✈❛s ❞❛ ❯✳❙✳ ❬✸❪✳



✺✳✷ ❋✉♥çã♦ ❙♦❜r❡❝♦rr❡♥t❡ ❚❡♠♣♦r✐③❛❞♦ ✭✺✶✮ ✸✽

✭❛✮ ❈✉r✈❛ ♥♦r♠❛❧♠❡♥t❡ ✐♥✈❡rs❛ ✿ ❈✶✳ ✭❜✮ ❈✉r✈❛ ♠✉✐t♦ ✐♥✈❡rs❛ ✿ ❈✷✳

✭❝✮ ❈✉r✈❛ ❡①tr❡♠❛♠❡♥t❡ ✐♥✈❡rs❛ ✿ ❈✸✳ ✭❞✮ ❈✉r✈❛ ✐♥✈❡rs❛ ❞❡ ❧♦♥❣♦ t❡♠♣♦ ✿ ❈✹✳

❋✐❣✉r❛ ✷✻✿ ❈✉r✈❛s ❞❛ ■✳❊✳❈✳ ❬✸❪✳



✺✳✷ ❋✉♥çã♦ ❙♦❜r❡❝♦rr❡♥t❡ ❚❡♠♣♦r✐③❛❞♦ ✭✺✶✮ ✸✾

✺✳✷✳✷ ❊❧❡♠❡♥t♦s ❞❡ ❙♦❜r❡❝♦rr❡♥t❡ ❚❡♠♣♦r✐③❛❞❛ ❞❡ ◆❡✉tr♦ ❡ ❘❡✲

s✐❞✉❛❧

P♦ss✉❡♠ ❡①❛t❛♠❡♥t❡ ❛ ♠❡s♠❛ ❧ó❣✐❝❛ ❞❡ ❝♦♥✜❣✉r❛çã♦ ❞♦s ❡❧❡♠❡♥t♦s ❞❡ s♦❜r❡❝♦rr❡♥t❡

t❡♠♣♦r✐③❛❞❛ ❞❡ ❢❛s❡✱ ❛❧t❡r❛♥❞♦ ❛♣❡♥❛s ❛s ♣❛❧❛✈r❛s ❞❡ ❛❥✉st❡ ❞❡ 51PP ♣❛r❛ 51NP ❡ 51GP ✳

❚❡♠♦s q✉❡ ❞❡✜♥✐r ♦ t✐♣♦ ❞❡ ❝✉r✈❛✱ ❛ss✐♠ ❝♦♠♦ ♦ ❢❛t♦r ♠✉❧t✐♣❧✐❝❛t✐✈♦ ❞❛s ❝✉r✈❛s ✭TD✮✳ ❆

❢ór♠✉❧❛ ♣❛r❛ ♦ t❡♠♣♦ ❞❡ ❛t✉❛çã♦ tp é ❛ ♠❡s♠❛ ❥á ❛♣r❡s❡♥t❛❞❛ ❛♥t❡r✐♦r♠❡♥t❡✳



✹✵

✻ ❙✐♠✉❧❛çã♦ ❞♦ ❋✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ❘❡❧é ❉✐❣✐t❛❧

❙❊▲✲✸✺✶❆ ❯t✐❧✐③❛♥❞♦ ❛ ❋❡rr❛♠❡♥t❛

❆❝s❡❧❛r❛t♦r ◗✉✐❝❦s❡t

❆ ❢❡rr❛♠❡♥t❛ ❛❝s❡❧❛r❛t♦r q✉✐❝❦s❡t é ✉♠ s♦❢t✇❛r❡ q✉❡ ♣r♦❝❡ss❛ t♦❞❛ ❛ ❧ó❣✐❝❛ ❞❡ ❝♦♠✲

♣❛r❛çã♦ ❡♥tr❡ ♦s ✈❛❧♦r❡s ♠❡❞✐❞♦s ❡ ♦s ✈❛❧♦r❡s ❛❥✉st❛❞♦s✳ ◆❛ s✐♠✉❧❛çã♦✱ s✐♠✉❧❛✲s❡ ✉♠

❝♦♠❛♥❞♦ ❞❡ ❚❘■P ♣❛r❛ ❛❜❡rt✉r❛ ❞❡ ✉♠ ❞✐s❥✉♥t♦r✳ ❘❡ss❛❧t❛♥❞♦ q✉❡ ♦ r❡❧é t❡♠ q✉❡ ❡st❛r

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

♠❡♥t♦✱ ❞❡ ❛❜❡rt✉r❛ ❡ ❞❡ ♠í♥✐♠❛ t❡♥sã♦ ❞♦ ❞✐s❥✉♥t♦r✱ ♣♦✐s s♦③✐♥❤♦ ♥ã♦ t❡♠ ❛ ♠í♥✐♠❛

❢✉♥çã♦✳

✭❛✮ ❆❧✐♠❡♥t❛❞♦r✳ ✭❜✮ ❉✐❛❣r❛♠❛ ✉♥✐✜❧❛r tí♣✐❝♦ ✲ ❈✐r❝✉✐t♦ ❛❧✐♠❡♥✲

t❛❞♦r✳

❋✐❣✉r❛ ✷✼✿ ❆❧✐♠❡♥t❛❞♦r❡s ❡ ❞✐❛❣r❛♠❛ ✉♥✐✜❧❛r✳



✻ ❙✐♠✉❧❛çã♦ ❞♦ ❋✉♥❝✐♦♥❛♠❡♥t♦ ❞♦ ❘❡❧é ❉✐❣✐t❛❧ ❙❊▲✲✸✺✶❆ ❯t✐❧✐③❛♥❞♦ ❛ ❋❡rr❛♠❡♥t❛ ❆❝s❡❧❛r❛t♦r ◗✉✐❝❦s❡t✹✶

◆❛ s✐♠✉❧❛çã♦✱ ❝♦♠♦ ♥ã♦ t✐✈❡♠♦s ❛❝❡ss♦ ❛ ✉♠ ❞✐s❥✉♥t♦r✱ s✐♠✉❧❛♠♦s ❛s ❜♦❜✐♥❛s ❞♦

❞✐s❥✉♥t♦r ❝♦♠♦ s❡♥❞♦ ✸ ❝♦♥t❛❝t♦r❡s ✭❜♦❜✐♥❛ ❞♦ ❞✐s❥✉♥t♦r ♣r✐♥❝✐♣❛❧✱ ❜♦❜✐♥❛ ❞❡ ❢❡❝❤❛♠❡♥t♦

❡ ❜♦❜✐♥❛ ❞❡ ❛❜❡rt✉r❛✮✳

✭❛✮ ❇♦❜✐♥❛s ❞♦s ❝♦♥t❛❝t♦r❡s s✐♠✉❧❛♥❞♦ ✉♠ ❞✐s❥✉♥t♦r✳✳

✭❜✮ ❙✐♠✉❧❛çã♦ ❞♦ ❞✐s❥✉♥t♦r ❛tr❛✈és ❞❡ ✸ ❝♦♥t❛❝t♦r❡s✳

❋✐❣✉r❛ ✷✽✿ ❙✐♠✉❧❛çã♦ ❞❡ ✉♠ ❞✐s❥✉♥t♦r✳



✻✳✶ ❙✐♠✉❧❛çã♦ ✹✷

✻✳✶ ❙✐♠✉❧❛çã♦

❈♦♥s✐❞❡r❛♥❞♦ ✉♠❛ ❝❛r❣❛ ❞❡ 1000kV A ❡ ✉♠❛ t❡♥sã♦ ❞❡ 13, 8KV t❡♠♦s ✿

❋✐❣✉r❛ ✷✾✿ ■♥t❡r❢❛❝❡ ❞♦ ❛❝s❡❧❛r❛t♦r q✉✐❝❦s❡t✳

◆❛ s✐♠✉❧❛çã♦ ✉t✐❧✐③❛✲s❡ ❛♣❡♥❛s ✶ ❣r✉♣♦ ❞♦s ✻ ♣❡r♠✐t✐❞♦s ♣♦✐s t♦❞♦s sã♦ ❡①❛t❛♠❡♥t❡

✐❣✉❛✐s✳ ❆ ❞✐✈✐sã♦ ❞♦ ❣r✉♣♦ ✶ é ♠♦str❛❞❛ ♥❛ ❋✐❣✳✸✵✳



✻✳✶ ❙✐♠✉❧❛çã♦ ✹✸

❋✐❣✉r❛ ✸✵✿ ❉✐✈✐sã♦ ❞♦ ❣r✉♣♦ ✶ ✳

◆♦ ❙❡t ✶ ❢❛③✲s❡ ♦s ❛❥✉st❡s ❞❡ t♦❞❛s ❛s ❢✉♥çõ❡s q✉❡ ♦ r❡❧é ✐rá ✉t✐❧✐③❛r✳ ◆❡ss❛ s✐♠✉❧❛çã♦

❛❥✉st❛✲s❡ ❛s ❝♦♥✜❣✉r❛çõ❡s ❣❡r❛✐s ❞♦ r❡❧é✭r❡❧❛çã♦ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞♦ ❚❈ ❡ ❚P✮✱ ❛s ❢✉♥çõ❡s

❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛✭✺✵✮ ❡ ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛✭✺✶✮✳ ◆❛s ❝♦♥✜❣✉r❛çõ❡s

❣❡r❛✐s ❛❥✉st❛✲s❡ ❛ r❡❧❛çã♦ ❞♦ ❚❈ ❞❛s ❢❛s❡s ❡ ❞♦ ♥❡✉tr♦ ♣❛r❛ ✷✵✱ ❡ ❞♦ ❚P ♣❛r❛ ✶✷✵✳



✻✳✶ ❙✐♠✉❧❛çã♦ ✹✹

❋✐❣✉r❛ ✸✶✿ ❈♦♥✜❣✉r❛çõ❡s ❣❡r❛✐s ❞♦ ❛❝s❡❧❛r❛t♦r q✉✐❝❦s❡t✳

◆❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❞❡ ❢❛s❡ ❛❥✉st❛✲s❡ ♦ ♣✐❝❦✉♣ ❞❡ 2 ❢❛s❡s ♣❛r❛

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

❛ss♦❝✐❛❞♦ ❛♦s 2 ♣✐❝❦✉♣s✳ ◆❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛ ❞❡ ♥❡✉tr♦ ❡ ❞❡ r❡s✐❞✉❛❧

❛❥✉st❛✲s❡ 1 ♣✐❝❦✉♣ ♣❛r❛ ❝❛❞❛ ❢✉♥çã♦ ❡ ♣❛r❛ s❡✉s t❡♠♣♦s✳



✻✳✶ ❙✐♠✉❧❛çã♦ ✹✺

❋✐❣✉r❛ ✸✷✿ ❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✉♣ ❞❡ ✷ ❢❛s❡s ❡ s❡✉s r❡s♣❡❝t✐✈♦s t❡♠♣♦s ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡✲

❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛✳



✻✳✶ ❙✐♠✉❧❛çã♦ ✹✻

❋✐❣✉r❛ ✸✸✿ ❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✉♣ ❞❡ ♥❡✉tr♦ ❡ s❡✉ t❡♠♣♦ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥✲

tâ♥❡❛✳



✻✳✶ ❙✐♠✉❧❛çã♦ ✹✼

❋✐❣✉r❛ ✸✹✿ ❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✉♣ r❡s✐❞✉❛❧ ❡ s❡✉ r❡s♣❡❝t✐✈♦ t❡♠♣♦ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡

✐♥st❛♥tâ♥❡❛✳

❉❡♣♦✐s ❞❡ ❝♦♥✜❣✉r❛❞❛ ❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ ✐♥st❛♥tâ♥❡❛✱ ❝♦♥✜❣✉r❛✲s❡ ❛ ❢✉♥çã♦

❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛✳ ❆❥✉st❛✲s❡ ❛ ❝♦rr❡♥t❡ ❞❡ ♣✐❝❦✉♣ ❞❡ ❢❛s❡ ♣❛r❛ 2, 50 ♣♦✐s ❛

❝♦rr❡♥t❡ ♥♦♠✐♥❛❧ ❞❛ ❝❛r❣❛ ♥♦ s❡❝✉♥❞ár✐♦ é ❞❡ 2, 09A✳ ❆ ❝✉r✈❛ C1✭♥♦r♠❛❧♠❡♥t❡ ✐♥✈❡rs❛✮ ❢♦✐

❛ ❡s❝♦❧❤✐❞❛ ❡ ♦ ❢❛t♦r ♠✉❧t✐♣❧✐❝❛t✐✈♦✭TD✮ ❢♦✐ 0, 1✳ ❋❛③✲s❡ ❡①❛t❛♠❡♥t❡ ❛ ♠❡s♠❛ ❛❜♦r❞❛❣❡♠

♣❛r❛ ♦ ❛❥✉st❡ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛ ❞❡ ♥❡✉tr♦ ❡ r❡s✐❞✉❛❧✳



✻✳✶ ❙✐♠✉❧❛çã♦ ✹✽

❋✐❣✉r❛ ✸✺✿ ❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✉♣ ❞❡ ❢❛s❡ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛✳

❋✐❣✉r❛ ✸✻✿ ❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✉♣ ❞❡ ♥❡✉tr♦ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛✳



✻✳✶ ❙✐♠✉❧❛çã♦ ✹✾

❋✐❣✉r❛ ✸✼✿ ❈♦rr❡♥t❡ ❞❡ ♣✐❝❦✉♣ r❡s✐❞✉❛❧ ❞❛ ❢✉♥çã♦ ❞❡ s♦❜r❡❝♦rr❡♥t❡ t❡♠♣♦r✐③❛❞❛✳

❉❡♣♦✐s ❞❛ ❝♦♥✜❣✉r❛çã♦ ❞♦ ❙❡t ✶✱ ❛❥✉st❛✲s❡ ❛ ❝♦♥✜❣✉r❛çã♦ ❞❛ ❧ó❣✐❝❛ ❞❡ tr✐♣ ✭tr✐♣ ❧♦❣✐❝✮
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t❡♠♣♦✳

❋✐❣✉r❛ ✸✾✿ ❘❡❧❛tór✐♦ ❞❡ ❡✈❡♥t♦s✳

❱❛r✐❛♠♦s ❛ ❝♦rr❡♥t❡ ❜r✉s❝❛♠❡♥t❡ ❢❛③❡♥❞♦ ❝♦♠ q✉❡ ❛s ♣❛❧❛✈r❛s 50P1 ❡ 50P2 ✜❝❛ss❡♠
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❡q✉✐♣❛♠❡♥t♦ q✉❡ ✐rá ❛t✉❛r✳
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