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❆❝✐♦♥❛♠❡♥t♦ ❞❡ ▼áq✉✐♥❛s ✭▲❊■❆▼✮✱ s♦❜ ♦r✐❡♥t❛çã♦ ❞♦ Pr♦❢✳ ❉r✳ ❆❧❡①❛♥❞r❡

❈✉♥❤❛ ❞❡ ❖❧✐✈❡✐r❛ ❡ s✉♣❡r✈✐sã♦ ❞♦ Pr♦❢✳ ❉r✳ ●✉t❡♠❜❡r❣ ●♦♥ç❛❧✈❡s ❞♦s ❙❛♥t♦s

❏ú♥✐♦r✳

❖ ♦❜❥❡t✐✈♦ ❞♦ ❡stá❣✐♦ ❢♦✐ ❛ r❡❛❧✐③❛çã♦ ❞❛ ♠♦♥t❛❣❡♠ ❡ ❞❡ t❡st❡s ❡♠ ✉♠

❝♦♥✈❡rs♦r ❈❈✲❈❈ ♣❛r❛ ❝❛rr❡❣❛♠❡♥t♦ ❞❡ ❜❛t❡r✐❛s✳

❖s t❡st❡s ❝♦♥s✐st✐r❛♠ ❞❛ ♠♦♥t❛❣❡♠ ❞♦ ❝♦♥✈❡rs♦r ❛ ♣❛rt✐r ❞❛ ❧✐❣❛çã♦ ❞❡

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

♣❛r❛ ❡♥tã♦ ✈❡r✐✜❝❛r ❛s ❣r❛♥❞❡③❛s ❡❧étr✐❝❛s ❞♦ ❝✐r❝✉✐t♦ ❞✉r❛♥t❡ ♦ s❡✉ ❢✉♥❝✐♦♥❛✲

♠❡♥t♦✳

P❛❧❛✈r❛s✲❈❤❛✈❡✿ ❈♦♥✈❡rs♦r ❈❈✲❈❈✱ ❇❛t❡r✐❛s

✹



✶ ■♥tr♦❞✉çã♦

❊st❡ r❡❧❛tór✐♦ ❛♣r❡s❡♥t❛ ❛s ❛t✐✈✐❞❛❞❡s ❞❡s❡♥✈♦❧✈✐❞❛s ♣❡❧♦ ❛✉t♦r ❞✉r❛♥t❡

♦ ❡stá❣✐♦ s✉♣❡r✈✐s✐♦♥❛❞♦ r❡❛❧✐③❛❞♦ ♥♦ ▲❛❜♦r❛tór✐♦ ❞❡ ❊❧❡trô♥✐❝❛ ■♥❞✉str✐❛❧ ❡

❆❝✐♦♥❛♠❡♥t♦ ❞❡ ▼áq✉✐♥❛s ✭▲❊■❆▼✮ ❞❛ ❯♥✐❞❛❞❡ ❆❝❛❞ê♠✐❝❛ ❞❡ ❊♥❣❡♥❤❛r✐❛

❊❧étr✐❝❛ ✭❯❆❊❊✮ ❞❛ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❈❛♠♣✐♥❛ ●r❛♥❞❡♠ ♥♦ ♣❡rí♦❞♦

❞❡ ✶✻✴✵✹✴✷✵✶✽ ❛ ✵✽✴✵✻✴✷✵✶✽✳

❆s ❛t✐✈✐❞❛❞❡s r❡❛❧✐③❛❞❛s ❝♦♥s✐st✐r❛♠ ❞❛ ♠♦♥t❛❣❡♠ ❞❡ ✉♠ ❝♦♥✈❡rs♦r ❈❈✲

❈❈ ✭❇✉❝❦✮ ♣❛r❛ ♦ ❝❛rr❡❣❛♠❡♥t♦ ❞❡ ❜❛t❡r✐❛s ❡ ❞❛ r❡❛❧✐③❛çã♦ ❞❡ t❡st❡s ❝♦♠ ♦

♠❡s♠♦✳ ❖ ♣r♦❝❡ss♦ ❞❡ ♠♦♥t❛❣❡♠✱ ❛ss✐♠ ❝♦♠♦ ❛ r❡❛❧✐③❛çã♦ ❞♦s t❡st❡s sã♦ ❞❡s✲

❝r✐t♦s ♥♦ ❝❛♣ít✉❧♦ ✸ ❞❡st❡ r❡❧❛tór✐♦✱ q✉❡ ❞❡t❛❧❤❛♠ ❛s ❡t❛♣❛s ❞❡ ♠♦♥t❛❣❡♠ ❞♦

❝♦♥✈❡rs♦r✳

✺



✷ ❋✉♥❞❛♠❡♥t❛çã♦

✷✳✶ ❈♦♥✈❡rs♦r ❈❈✲❈❈ ❇✉❝❦

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

❡ ❛❝✐♦♥❛♠❡♥t♦ ❞❡ ♠♦t♦r❡s✱ é ♥❡❝❡ssár✐❛ ❛ ♠✉❞❛♥ç❛ ❞♦s ♥í✈❡✐s ❞❡ t❡♥sã♦ ❞❛ ❢♦♥t❡

❞✐s♣♦♥í✈❡❧ ♣❛r❛ ❛ ❝❛r❣❛✳ ❯♠ ❞♦s ♠♦❞♦s ❡①✐st❡♥t❡s ❞❡ s❡ ❞✐♠✐♥✉✐r ❛ t❡♥sã♦ ❞❡

✉♠❛ ❢♦♥t❡ ❈❈ é ♦ ✉s♦ ❞❡ ✉♠ ❝♦♥✈❡rs♦r ❇✉❝❦✳ ❆ ❋✐❣✉r❛ ✶✱ ❛ s❡❣✉✐r✱ r❡♣r❡s❡♥t❛

♦ ❝✐r❝✉✐t♦ ❞❡st❡✳

❋✐❣✉r❛ ✶✿ ❈✐r❝✉✐t♦ ❞♦ ❈♦♥✈❡rs♦r ❇✉❝❦

❋♦♥t❡✿ ❍❛rt ✭✷✵✶✵✮

❖ ❝♦♥✈❡rs♦r ❇✉❝❦ s❡ tr❛t❛ ❞❡ ✉♠ ❝✐r❝✉✐t♦ ❝❤❛✈❡❛❞♦ q✉❡ ♣♦ss✉✐ ❞♦✐s ♠♦✲

❞♦s ❞❡ ❢✉♥❝✐♦♥❛♠❡♥t♦✱ ♦ ♠♦❞♦ ❞❡ ❝♦♥❞✉çã♦ ❝♦♥tí♥✉❛ ❡ ♦ ♠♦❞♦ ❞❡ ❝♦♥❞✉çã♦

❞❡s❝♦♥tí♥✉❛✳ ◆♦ ❝❛s♦ ❞❡ ✉♠ ❝♦♥✈❡rs♦r ❡♠ ♠♦❞♦ ❞❡ ❝♦♥❞✉çã♦ ❝♦♥tí♥✉❛✱ ❛ ❝♦r✲

r❡♥t❡ q✉❡ ♣❛ss❛ ♣❡❧♦ ✐♥❞✉t♦r✱ ❛♣ós ❛t✐♥❣✐r ♦ r❡❣✐♠❡ ♣❡r♠❛♥❡♥t❡✱ ♥✉♥❝❛ ❝❤❡❣❛ ❛

③❡r♦ ✭❋✐❣✉r❛ ✷✮✳ ❏á ♥♦ ♠♦❞♦ ❞❡ ❝♦♥❞✉çã♦ ❞❡s❝♦♥tí♥✉❛✱ ❛ ❝♦rr❡♥t❡ ♥♦ ✐♥❞✉t♦r

t♦r♥❛✲s❡ ♥✉❧❛ ❡♠ ♣❛rt❡ ❞♦ ♣❡rí♦❞♦ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ✭❋✐❣✉r❛ ✸✮✳

❋✐❣✉r❛ ✷✿ ❈♦rr❡♥t❡ ♥♦ ■♥❞✉t♦r ❡♠ ▼♦❞♦ ❞❡ ❈♦♥❞✉çã♦ ❈♦♥tí♥✉❛

❋♦♥t❡✿ ❍❛rt ✭✷✵✶✵✮

✻



❋✐❣✉r❛ ✸✿ ❈♦rr❡♥t❡ ♥♦ ■♥❞✉t♦r ❡♠ ▼♦❞♦ ❞❡ ❈♦♥❞✉çã♦ ❉❡s❝♦♥tí♥✉❛

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r✳

❉❡✈✐❞♦ ❛♦ ❢❛t♦ ❞❡ ♦ ❝♦♥✈❡rs♦r ❛ s❡r ❞❡s❡♥✈♦❧✈✐❞♦ ♦♣❡r❛r ❛♣❡♥❛s ♥♦ ♠♦❞♦

❞❡ ❝♦♥❞✉çã♦ ❝♦♥tí♥✉❛✱ ❛ ❛♥á❧✐s❡ ❛ s❡❣✉✐r s❡rá ❢❡✐t❛ ❛♣❡♥❛s ♣❛r❛ ✉♠ ❝✐r❝✉✐t♦ q✉❡

♦♣❡r❡ ♥❡st❡ ♠♦❞♦✱ ❛ss✐♠✱ ❡❧❡ ❞❡✈❡ s❡r ❛♥❛❧✐s❛❞♦ ❛♣❡♥❛s ♥♦s ❞♦✐s ❡st❛❞♦s ❞♦

❝❤❛✈❡❛♠❡♥t♦✱ ♦♥ ✭❋✐❣✉r❛ ✹✮ ❡ ♦✛ ✭❋✐❣✉r❛ ✺✮✳

❋✐❣✉r❛ ✹✿ ❈✐r❝✉✐t♦ ❞♦ ❈♦♥✈❡rs♦r ❇✉❝❦ ❝♦♠ ❛ ❝❤❛✈❡ ❧✐❣❛❞❛

❋♦♥t❡✿ ❍❛rt ✭✷✵✶✵✮

❋✐❣✉r❛ ✺✿ ❈✐r❝✉✐t♦ ❞♦ ❈♦♥✈❡rs♦r ❇✉❝❦ ❝♦♠ ❛ ❝❤❛✈❡ ❞❡s❧✐❣❛❞❛

❋♦♥t❡✿ ❍❛rt ✭✷✵✶✵✮

❯♠❛ ✈❡③ q✉❡ ❛ tr❛♥s✐çã♦ ❡♥tr❡ ♦s ❡st❛❞♦s é ♣❡r✐ó❞✐❝❛✱ ❛ ❝♦rr❡♥t❡ s♦❜r❡

♦ ✐♥❞✉t♦r t❛♠❜é♠ é ♣❡r✐ó❞✐❝❛✳

iL(t+ T ) = iL(t) ✭✶✮

❖ ♣❡rí♦❞♦ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ é ❚✱ ❡ ♣♦rt❛♥t♦ ❛ ❝❤❛✈❡ ✜❝❛ ❢❡❝❤❛❞❛ ♣♦r ✉♠

✼



♣❡rí♦❞♦ DT ❡ ❛❜❡rt❛ ♣♦r ✉♠ ♣❡rí♦❞♦ (1−D)T ✳

❆ t❡♥sã♦ ♠é❞✐❛ s♦❜r❡ ♦ ✐♥❞✉t♦r é ③❡r♦✳

VL =
1

T

∫ t+T

t

vl(λ)dλ = 0 ✭✷✮

❆ ❝♦rr❡♥t❡ ♠é❞✐❛ ❞♦ ❝❛♣❛❝✐t♦r é ③❡r♦✳

IC =
1

T

∫ t+T

t

ic(λ)dλ = 0 ✭✸✮

❊♠ ✉♠ ❝♦♥✈❡rs♦r ✐❞❡❛❧✱ ❛ ♣♦tê♥❝✐❛ ❡♥tr❡❣✉❡ à ❝❛r❣❛ é ✐❣✉❛❧ à ♣♦tê♥❝✐❛

r❡❝❡❜✐❞❛ ♣❡❧❛ ❢♦♥t❡✳

Pi = Po ✭✹✮

❉❡ ♣♦ss❡ ❞❡ss❛s ✐♥❢♦r♠❛çõ❡s✱ é ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r ❛ t❡♥sã♦ ❞❡ s❛í❞❛

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

❡♥❝♦♥tr❛ ❢❡❝❤❛❞❛✱ ♦ ❝✐r❝✉✐t♦ ❡q✉✐✈❛❧❡♥t❡ é ♦ ❞❛ ❋✐❣✉r❛ ✶✳ ❈♦♠ ❛ ❝❤❛✈❡ ❢❡❝❤❛❞❛✱

♦ ❞✐♦❞♦ ❡stá r❡✈❡rs❛♠❡♥t❡ ♣♦❧❛r✐③❛❞♦✱ ❡ ❛ t❡♥sã♦ s♦❜r❡ ♦ ✐♥❞✉t♦r é ❛ ❞✐❢❡r❡♥ç❛

❡♥tr❡ ❛ t❡♥sã♦ ❞❛ ❢♦♥t❡ ❡ ❛ t❡♥sã♦ ❞❡ s❛í❞❛✱ Vi−Vo✱ ❡ ♣♦rt❛♥t♦ ♦ ✐♥❞✉t♦r ❝♦♠❡ç❛

❛ s❡ ❝❛rr❡❣❛r✳

vL = Vi − Vo = L
diL

dt
✭✺✮

❘❡❛rr❛♥❥❛♥❞♦ ✺✱

diL

dt
=

Vi − Vo

L
✭✻✮

◗✉❡ ♣♦❞❡ s❡r r❡❡s❝r✐t❛ ❝♦♠♦✱

✽



∆iL

∆t
=

∆iL

DT
=

Vi − Vo

L
✭✼✮

∆iL✰ =
Vi − Vo

L
DT ✭✽✮

◗✉❛♥❞♦ ❛ ❝❤❛✈❡ ❛❜r❡✱ ❋✐❣✉r❛✶✱ ♦ ❞✐♦❞♦ ✜❝❛ ❞✐r❡t❛♠❡♥t❡ ♣♦❧❛r✐③❛❞♦ ❡

❛ss✐♠✱ ❛ t❡♥sã♦ s♦❜r❡ ♦ ✐♥❞✉t♦r ♣❛ss❛ ❛ s❡r −Vo✱ q✉❡ ♣❛ss❛ ❛ ❞❡s❝❛rr❡❣❛r✳ ❆ss✐♠✱

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

vL = −Vo = L
diL

dt
✭✾✮

diL

dt
=

−Vo

L
✭✶✵✮

∆iL

∆t
=

∆iL

1−DT
=

−Vo

L
✭✶✶✮

∆iL✲ =
−Vo

L
(1−DT ) ✭✶✷✮

❈♦♠♦ ❛ t❡♥sã♦ ♠é❞✐❛✱ ❡♠ ✉♠ ♣❡rí♦❞♦ ❞❡ ❝❤❛✈❡❛♠❡♥t♦✱ ♥♦ ✐♥❞✉t♦r é

③❡r♦✱ ♦ ❛✉♠❡♥t♦ ❞❡ ❝♦rr❡♥t❡ s♦❜r❡ ♦ ✐♥❞✉t♦r ♥♦ ♣❡rí♦❞♦ ❡♠ q✉❡ ❛ ❝❤❛✈❡ ❡stá

❢❡❝❤❛❞❛ ❞❡✈❡ s❡r ✐❣✉❛❧ à ❞✐♠✐♥✉✐çã♦ ❞❛ ❝♦rr❡♥t❡ ♥♦ ♣❡rí♦❞♦ ❡♠ q✉❡ ❛ ❝❤❛✈❡

❡stá ❛❜❡rt❛✱ ❛ss✐♠✱ ✐❣✉❛❧❛♥❞♦ ❛s ❡q✉❛çõ❡s ✽ ❡ ✶✷ ❡ r❡❛rr❛♥❥❛♥❞♦ ❛s ✈❛r✐á✈❡✐s✱

❡♥❝♦♥tr❛♠♦s ❛ r❡❧❛çã♦ ❞❡ ❣❛♥❤♦ ❞❡ t❡♥sã♦ ❞♦ ❝♦♥✈❡rs♦r ❜✉❝❦ ❡♠ ❢✉♥çã♦ ❞♦ ❞✉t②

❝②❝❧❡✳

Vo = ViD ✭✶✸✮

✾



❯♠❛ ✈❡③ q✉❡ ❛ ❝♦rr❡♥t❡ ♠é❞✐❛ ♥♦ ❝❛♣❛❝✐t♦r ❞❡✈❡ s❡r ♥✉❧❛ ❡♠ ✉♠ ♣❡rí♦❞♦

❞❡ ❝❤❛✈❡❛♠❡♥t♦ ✭❍❆❘❚✮✱ ❛ ❝♦rr❡♥t❡ ♠é❞✐❛ ♥❛ ❝❛r❣❛ é ✐❣✉❛❧ ❛ ❝♦rr❡♥t❡ ♠é❞✐❛

♥♦ ✐♥❞✉t♦r✳

IL = IR =
Vo

R
✭✶✹✮

❆ss✐♠✱ ❝♦♠♦ ❛ ✈❛r✐❛çã♦ ❞❛ ❝♦rr❡♥t❡ é ❝♦♥❤❡❝✐❞❛✱ ✭❡q✉❛çõ❡s ✽ ❡ ✶✷✮✱ é

♣♦ssí✈❡❧ ♦❜t❡r ❛s ❝♦rr❡♥t❡s ♠á①✐♠❛ ❡ ♠í♥✐♠❛ ♥♦ ✐♥❞✉t♦r✳

Imax = IL +
∆iL

2
= Vo(

1

R
+

1−D

2Lf
) ✭✶✺✮

Imin = IL −
∆iL

2
= Vo(

1

R
−

1−D

2Lf
) ✭✶✻✮

P❛r❛ q✉❡ t♦❞❛ ❛ ❛♥á❧✐s❡ ❛♥t❡r✐♦r♠❡♥t❡ ❢❡✐t❛ s❡❥❛ ✈❡r❞❛❞❡✐r❛✱ ♦ ❝♦♥✈❡rs♦r

❞❡✈❡ ♦♣❡r❛r ❡♠ ♠♦❞♦ ❞❡ ❝♦♥❞✉çã♦ ❝♦♥tí♥✉❛✳ ◆♦ ❧✐♠✐t❡ ❞❛ ❝♦♥t✐♥✉✐❞❛❞❡✱ ❛ ❝♦r✲

r❡♥t❡ ♥♦ ✐♥❞✉t♦r t♦r♥❛✲s❡ ♥✉❧❛ ❡♠ ✉♠ ✐♥st❛♥t❡ ✐♥✜♥✐t❡s✐♠❛❧✱ ❛ss✐♠✱ ❞❛ ❡q✉❛çã♦

✶✻✱ ❞❛ ❝♦♥❞✐çã♦ Imin = 0✱ é ♣♦ssí✈❡❧ ❞❡t❡r♠✐♥❛r ❛ ✐♥❞✉tâ♥❝✐❛ ♠í♥✐♠❛ ♣❛r❛ q✉❡

♦ ❝♦♥✈❡rs♦r ♦♣❡r❡ ♥♦ ♠♦❞♦ ❞❡ ❝♦♥❞✉çã♦ ❝♦♥tí♥✉❛✳

Lmin =
(1−D)R

2f
✭✶✼✮

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

❛tr❛✈és ❞❛ ❡q✉❛çã♦ ✶✾

Q = CVo ✭✶✽✮

✶✵



∆Vo =
∆Q

C
✭✶✾✮

❆ ✈❛r✐❛çã♦ ❞❡ ❝❛r❣❛ ♥♦ ❝❛♣❛❝✐t♦r ♣♦❞❡ s❡r ❞❡t❡r♠✐♥❛❞❛ ❛tr❛✈és ❞❛ ár❡❛

s♦❜ ❛ ❝✉r✈❛ ❞❡ s✉❛ ❝♦rr❡♥t❡✱ ❞❛❞❛ ♣❡❧❛ r❡❧❛çã♦ iC = iL− iR ✭❞❡ ❢♦r♠❛t♦ tr✐❛♥❣✉✲

❧❛r✮✱ ❡♠ ♠❡✐♦ ♣❡rí♦❞♦ ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ✭t❡♠♣♦ ❡♠ q✉❡ ♦ ❝❛♣❛❝✐t♦r é ❝❛rr❡❣❛❞♦✮✳

∆Q =
1

2

T

2

∆iL

2
=

T∆iL

8
✭✷✵✮

❆ss✐♠✱

∆Vo =
T∆iL

8C
✭✷✶✮

❯t✐❧✐③❛♥❞♦ ❛ ❡q✉❛çã♦ ✽ ♣❛r❛ ∆iL✱ ❡♥❝♦♥tr❛♠♦s ❛ ❡q✉❛çã♦ ♣❛r❛ ❞❡t❡r✲

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

∆Vo =
Vo(1−D)

8LCf2
✭✷✷✮

◗✉❡ ♣♦ss✐❜✐❧✐t❛ ❡♥❝♦♥tr❛r ❛ ❝❛♣❛❝✐tâ♥❝✐❛ ♥❡❝❡ssár✐❛ ♣❛r❛ ❣❛r❛♥t✐r ♦ r✐♣✲

♣❧❡ ❞❡ t❡♥sã♦ ❞❡s❡❥❛❞♦✱ ❞❛ ❡q✉❛çã♦ ✷✸

C =
1−D

8L(∆Vo

Vo
)f2

✭✷✸✮

✶✶



✷✳✷ ❙♥✉❜❜❡r

❙❡❣✉♥❞♦ ❞❡s❝r❡✈❡ ❍❆❘❚✱ ✉♠ ❝✐r❝✉✐t♦ s♥✉❜❜❡r r❡❞✉③ ❛s ♣❡r❞❛s ❞❡ ❝❤❛✲

✈❡❛♠❡♥t♦ ❞❡ ✉♠ tr❛♥s✐st♦r ✭♥ã♦ ♥❡❝❡ss❛r✐❛♠❡♥t❡ t♦t❛❧♠❡♥t❡✮✱ ❡ ♣r♦t❡❣❡ ♦ ❞✐s✲

♣♦s✐t✐✈♦ ❞❡ ❡str❡ss❡s ❞❡ ❛❧t❛s t❡♥sã♦ ❡ ❝♦rr❡♥t❡✳

❆ ❋✐❣✉r❛ ✻ ♠♦str❛ ✉♠ ♠♦❞❡❧♦ ❞❡ ✉♠ ❝♦♥✈❡rs♦r ❝♦♠ ✉♠❛ ❝❛r❣❛ ❛❧t❛✲

♠❡♥t❡ ✐♥❞✉t✐✈❛✳ ◗✉❛♥❞♦ ♦ tr❛♥s✐st♦r ❡stá ♥♦ ❡st❛❞♦ ♦♥✱ ♦ ❞✐♦❞♦ ❡stá ❛❜❡rt♦ ❡

♦ tr❛♥s✐st♦r ❝♦♥❞✉③ t♦❞❛ ❛ ❝♦rr❡♥t❡ ❞❛ ❝❛r❣❛✳ ◗✉❛♥❞♦ ♦ tr❛♥s✐st♦r tr❛♥s✐❝✐♦♥❛

♣❛r❛ ♦ ❡st❛❞♦ ♦✛✱ ♦ ❞✐♦❞♦ s❡ t♦r♥❛ r❡✈❡rs❛♠❡♥t❡ ♣♦❧❛r✐③❛❞♦ ❛té q✉❡ ❛ t❡♥sã♦

♥♦ tr❛♥s✐st♦r ✈◗ ❛❧❝❛♥❝❡ ❛ t❡♥sã♦ ❱❙ ❡ ❛ t❡♥sã♦ ♥❛ ❝❛r❣❛ ❞❡❝❛✐❛ ❛ ③❡r♦✳ ❆ ❝♦r✲

r❡♥t❡ ♥♦ ❞✐♦❞♦ s❡ t♦r♥❛ ❛ ❝♦rr❡♥t❡ ❞❛ ❝❛r❣❛✱ ❡♥q✉❛♥t♦ ❛ ❝♦rr❡♥t❡ ❞♦ tr❛♥s✐st♦r

s❡ t♦r♥❛ ③❡r♦✳ ❆ss✐♠✱ ❤á ✉♠ ✐♥st❛♥t❡ ❞✉r❛♥t❡ ♦ ❞❡s❧✐❣❛♠❡♥t♦ ❞♦ tr❛♥s✐st♦r ❡♠

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

❡❧❡✈❛❞♦✱ ❝♦♠♦ ♠♦str❛ ♦ ❣rá✜❝♦ ❞❛ ❋✐❣✉r❛ ✼✳ ◗✉❛♥❞♦ ♦ tr❛♥s✐st♦r s❡ ❡♥❝♦♥tr❛

❞❡s❧✐❣❛❞♦✱ ♦ ❞✐♦❞♦ ❝♦♥❞✉③ t♦❞❛ ❛ ❝♦rr❡♥t❡ ❞❛ ❝❛r❣❛✱ ❛ss✐♠✱ ♥♦ ❝❤❛✈❡❛♠❡♥t♦✱ ❛

t❡♥sã♦ ♥♦ tr❛♥s✐st♦r ♥ã♦ ♣♦❞❡ ❝❛✐r ❛❜❛✐①♦ ❞❡ ❱❙ ❡♥q✉❛♥t♦ ♦ ❞✐♦❞♦ ♥ã♦ ❡♥tr❛r ❡♠

❜❧♦q✉❡✐♦ ❡ s✉❛ ❝♦rr❡♥t❡ ❝❛✐❛ ❛té ③❡r♦✱ ♠♦♠❡♥t♦ ❡♠ q✉❡ ♦ tr❛♥s✐st♦r ❝♦♥❞✉③ t♦❞❛

❛ ❝♦rr❡♥t❡ ❞❛ ❝❛r❣❛✳ P♦rt❛♥t♦✱ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ❝♦rr❡♥t❡ ❡ t❡♥sã♦ ❞✉r❛♥t❡

♦s ✐♥st❛♥t❡s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❞♦ tr❛♥s✐st♦r ♣❛r❛ ♦ ❡st❛❞♦ ♦♥ é s❡♠❡❧❤❛♥t❡ ❛♦ ❞♦

❡st❛❞♦ ♦✛✱ ❧❡✈❛♥❞♦ ❛ ✉♠ s❡❣✉♥❞♦ ♣✐❝♦ ❞❡ ♣♦tê♥❝✐❛ ♥❛ ❝❤❛✈❡✳

✶✷



❋✐❣✉r❛ ✻✿ ▼♦❞❡❧♦ ❞❡ ✉♠ ❝♦♥✈❡rs♦r ❝♦♠ ❝❛r❣❛ ❛❧t❛♠❡♥t❡ ✐♥❞✉t✐✈❛

❋♦♥t❡✿ ❍❛rt ✭✷✵✶✵✮

❋✐❣✉r❛ ✼✿ ❈✉r✈❛s ❞❡ ❚❡♥sã♦✱ ❈♦rr❡♥t❡ ❡ P♦tê♥❝✐❛ ♥♦ ❚r❛♥s✐st♦r ❞✉r❛♥t❡ ♦ ❝❤❛✲

✈❡❛♠❡♥t♦

❋♦♥t❡✿ ❍❛rt ✭✷✵✶✵✮

❆♦ s❡ ❛❞✐❝✐♦♥❛r ✉♠ ❝✐r❝✉✐t♦ s♥✉❜❜❡r ♥♦ ❝✐r❝✉✐t♦ ❞❛ ❋✐❣✉r❛ ✻✱ ❝♦♠♦ r❡♣r❡✲

s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✽✱ ❛❧t❡r❛ ❛s ❢♦r♠❛s ❞❡ ♦♥❞❛ ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♥♦ tr❛♥s✐st♦r✳

✶✸



◗✉❛♥❞♦ ♦ tr❛♥s✐st♦r é ❞❡s❧✐❣❛❞♦✱ ❛ t❡♥sã♦ s♦❜r❡ ❡❧❡ ❝♦♠❡ç❛ ❛ s❡ ❡❧❡✈❛r✱ ♦ ❞✐♦❞♦

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

❯♠❛ ✈❡③ q✉❡ ♦ ❝❛♣❛❝✐t♦r ❛♣r❡s❡♥t❛r ✉♠❛ ❞✐♥â♠✐❝❛ ❞❡ ❝❛rr❡❣❛♠❡♥t♦✱ ❛ t❛①❛

❡♠ q✉❡ ❛ t❡♥sã♦ s♦❜r❡ ♦ tr❛♥s✐st♦r ❛✉♠❡♥t❛ é ❛❧t❡r❛❞❛✳ ◗✉❛♥❞♦ ♦ tr❛♥s✐st♦r é

❧✐❣❛❞♦ ♥♦✈❛♠❡♥t❡✱ ♦ ❝❛♣❛❝✐t♦r é ❞❡s❝❛rr❡❣❛❞♦ ❛tr❛✈és ❞❛ r❡s✐stê♥❝✐❛ ❡ ❞♦ tr❛♥✲

s✐st♦r✳ ❊st❛ ♥♦✈❛ ❞✐♥â♠✐❝❛ ✐♠♣♦st❛ ♣❡❧♦ ❝❛♣❛❝✐t♦r s✉❛✈✐③❛ ❛s ❢♦r♠❛s ❞❡ ♦♥❞❛

❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡✱ ❝♦♠♦ ♠♦str❛❞♦ ♥❛ ✜❣✉r❛ ✾✱ ❧❡✈❛♥❞♦ ❛ ✉♠❛ r❡❞✉çã♦ ❞❛s

♣❡r❞❛s ❞❡ ❝❤❛✈❡❛♠❡♥t♦ ❞♦ tr❛♥s✐st♦r✳

❋✐❣✉r❛ ✽✿ ▼♦❞❡❧♦ ❞❡ ✉♠ ❝♦♥✈❡rs♦r ❝♦♠ ❝❛r❣❛ ❛❧t❛♠❡♥t❡ ✐♥❞✉t✐✈❛ ❡ ❛❞✐çã♦ ❞❡

✉♠ s♥✉❜❜❡r

❋♦♥t❡✿ ❍❛rt ✭✷✵✶✵✮

✶✹



❋✐❣✉r❛ ✾✿ ❈✉r✈❛s ❞❡ ❚❡♥sã♦✱ ❈♦rr❡♥t❡ ❡ P♦tê♥❝✐❛ ♥♦ ❚r❛♥s✐st♦r ❞✉r❛♥t❡ ♦ ❝❤❛✲

✈❡❛♠❡♥t♦ ❝♦♠ s♥✉❜❜❡r

❋♦♥t❡✿ ❍❛rt ✭✷✵✶✵✮

❆ ✈❛r✐❛çã♦ ❞❛ t❡♥sã♦ s♦❜r❡ ♦ tr❛♥s✐st♦r é ❞❡t❡r♠✐♥❛❞❛ ♣❡❧♦ ❝❛♣❛❝✐t♦r

✭❍❆❘❚✮✱ ♣♦rt❛♥t♦✱ ✉♠ ❝❛♣❛❝✐t♦r ❞❡ ❜❛✐①❛ ❝❛♣❛❝✐tâ♥❝✐❛ ✐♠♣❧✐❝❛ ♥❛ t❡♥sã♦ ❞♦

❝❛♣❛❝✐t♦r ❛t✐♥❣✐♥❞♦ ❛ t❡♥sã♦ ❞❛ ❢♦♥t❡ ❛♥t❡s ❞❡ ❛ ❝♦rr❡♥t❡ ♥♦ tr❛♥s✐st♦r ❛t✐♥❣✐r

③❡r♦✳ ❆ss✐♠✱ ❛ ❝❛♣❛❝✐tâ♥❝✐❛ é ❞❡t❡r♠✐♥❛❞❛ ❛ ♣❛rt✐r ❞❛ t❡♥sã♦ ❞❡s❡❥❛❞❛ ♥♦ ✐♥s✲

t❛♥t❡ ❡♠ q✉❡ ❛ ❝♦rr❡♥t❡ ❛t✐♥❣❡ ③❡r♦✳ ❆ t❡♥sã♦ s♦❜r❡ ♦ ❝❛♣❛❝✐t♦r é ❞❡t❡r♠✐♥❛❞❛

♣♦r✿

vc =



















1

C

∫ t

0

ILt
tf

dt = ILt2

2Ctf
, 0 ≤ t ≤ tf

1

C

∫ t

tf
ILdt+ vc(tf ) =

Il
C
(t− tf ) +

ILtf
2C

, tf ≤ t ≤ tx

Vs t ≥ tx

✭✷✹✮

❙❡ ❛ ❝♦rr❡♥t❡ ❞♦ tr❛♥s✐st♦r ❛t✐♥❣❡ ③❡r♦ ❛♥t❡s ❞❡ ♦ ❝❛♣❛❝✐t♦r s❡ ❝❛rr❡❣❛r

t♦t❛❧♠❡♥t❡✱ s✉❛ t❡♥sã♦ é ❞❛❞❛ ♣❡❧❛ ♣r✐♠❡✐r❛ ♣❛rt❡ ❞❛ ❡q✉❛çã♦ ✷✹✱ ♥♦ ✐♥st❛♥t❡

t❢✳

Vf =
ILt

2
f

2Ctf
=

ILtf

2C
✭✷✺✮

❖♥❞❡ ❱❢ é ❛ t❡♥sã♦ ❞❡s❡❥❛❞❛ ♥♦ ❝❛♣❛❝✐t♦r ♥♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ❛ ❝♦rr❡♥t❡

♥♦ tr❛♥s✐st♦r é ✐❣✉❛❧ ❛ ③❡r♦✳

■s♦❧❛♥❞♦ ❛ ❝❛♣❛❝✐tâ♥❝✐❛ ♥❛ ❡q✉❛çã♦ ✷✺✱ t❡♠♦s✿

C =
ILtf

2Vf

✭✷✻✮

❯♠❛ ✈❡③ q✉❡ s❡ ❞❡s❡❥❛ q✉❡ ♦ ❝❛♣❛❝✐t♦r s❡ ❞❡s❝❛rr❡❣✉❡ ❝♦♠♣❧❡t❛♠❡♥t❡

✶✺



❞✉r❛♥t❡ ♦ t❡♠♣♦ ❡♠ q✉❡ ♦ tr❛♥s✐st♦r ❡stá ❧✐❣❛❞♦✱ ✉t✐❧✐③❛✲s❡ ✺ ✭❝✐♥❝♦✮ ❝♦♥st❛♥t❡s

❞❡ t❡♠♣♦ ❝♦♠♦ t❡♠♣♦ ♠í♥✐♠♦ ❞❡ ❝♦♥❞✉çã♦ ❞♦ tr❛♥s✐st♦r✱ ❛ss✐♠✿

ton > 5RC ✭✷✼✮

R <
ton

5C
✭✷✽✮

❈♦♠♦ ♦ ❝❛♣❛❝✐t♦r s❡ ❞❡s❝❛rr❡❣❛ ❝♦♠♣❧❡t❛♠❡♥t❡ ♣❡❧♦ r❡s✐st♦r ❡♥q✉❛♥t♦

♦ tr❛♥s✐st♦r ❝♦♥❞✉③✱ ♣♦❞❡✲s❡ ❝❛❧❝✉❧❛r ❛ ♣♦tê♥❝✐❛ ❞✐ss✐♣❛❞❛ ♣❡❧♦ r❡s✐st♦r ❛tr❛✈és

❞❛ ❡q✉❛çã♦ ✷✾✳

P =
1

2
CV 2

s fs ✭✷✾✮

❖♥❞❡ ❢s é ❛ ❢r❡q✉ê♥❝✐❛ ❞❡ ❝❤❛✈❡❛♠❡♥t♦✳

✷✳✸ ❘❡❞✉çã♦ ❞❡ ❘✉í❞♦ ♥♦ ❈❛♥❛❧

❙❡❣✉♥❞♦ ❍❆❨❑■◆✱ ♦ t❡r♠♦ ❘✉í❞♦ é ✉s❛❞♦ ♣❛r❛ ❞❡s✐❣♥❛r s✐♥❛✐s ♥ã♦

❞❡s❡❥❛❞♦s q✉❡ ♣❡rt✉r❜❛♠ ❛ tr❛♥s♠✐ssã♦✳ ❖ r✉í❞♦ ♣♦❞❡ s❡r ❡①t❡r♥♦ ♦✉ ✐♥t❡r♥♦ ❞♦

s✐st❡♠❛✳ ❊①❡♠♣❧♦s ❞❡ r✉í❞♦s ❡①t❡r♥♦s sã♦ ❛ r❛❞✐❛çã♦ ❞❡ ❢✉♥❞♦✱ r✉í❞♦ ❛t♠♦s❢ér✐❝♦

♦✉ ❞❡ ♦r✐❣❡♠ ❤✉♠❛♥❛✳ ❖s r✉í❞♦s ✐♥t❡r♥♦s sã♦ ♣r♦✈❡♥✐❡♥t❡s ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❡

✈❛r✐❛çõ❡s ❞❡ t❡♥sã♦ ♦✉ ❝♦rr❡♥t❡ ❡♠ ❝✐r❝✉✐t♦s ❡❧étr✐❝♦s✳ ❖s ❡①❡♠♣❧♦s ♠❛✐s ❝♦♠✉♥s

❞❡ss❛s ✈❛r✐❛çõ❡s sã♦ ♦s r✉í❞♦s tér♠✐❝♦ ❡ ♦ ❞❡ ❞✐s♣❛r♦✱ ❛tr❡❧❛❞♦s ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛

❞✐s♣♦s✐t✐✈♦s ❝♦♠♦ ❞✐♦❞♦s ❡ tr❛♥s✐st♦r❡s✱ ❞❡✈✐❞♦ à ❢♦r♠❛ ❝♦♠♦ ♦❝♦rr❡ ❛ ❝♦♥❞✉çã♦

♥❡st❡s ❞✐s♣♦s✐t✐✈♦s✳

❯♠❛ ❞❛s ❢♦r♠❛s ❞❡ s❡ r❡❞✉③✐r ♦s ❡❢❡✐t♦s ❞♦ r✉í❞♦ é ❛ tr❛♥s♠✐ssã♦ ❛tr❛✈és

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

s❡❣✉❡♠ ♦ ♠❡s♠♦ tr❛❥❡t♦✱ ❡ ♥❛ r❡❝❡♣çã♦ é ❝❛❧❝✉❧❛❞❛ ❛ ❞✐❢❡r❡♥ç❛ ❞❡st❡s s✐♥❛✐s✱

❝♦♠♦ ❛♠❜♦s ♦s ❝❛♥❛✐s ❡stã♦ s✉❥❡✐t♦s ❛♦ ♠❡s♠♦ r✉í❞♦✱ ❡ss❛ s✉❜tr❛çã♦ ❡❧✐♠✐♥❛ ♦

r✉í❞♦ ❡ ♦ r❡s✉❧t❛❞♦ é ♦ s✐♥❛❧ ♦r✐❣✐♥❛❧✳

❊ss❛ tr❛♥s♠✐ssã♦ ❞✐❢❡r❡♥❝✐❛❧ ♣♦❞❡ s❡r ❢❡✐t❛ ❛tr❛✈és ❞❡ ✉♠ tr❛♥s❝❡♣t♦r✱

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

✶✻



❞❛ ❥✉♥çã♦ ❞❛s ❞✉❛s ♣❛❧❛✈r❛s✱ tr❛♥s♠✐tt❡r ❡ r❡❝❡✐✈❡r✱ ❢♦r♠❛♥❞♦ ❛ ♣❛❧❛✈r❛ tr❛♥s✲

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

❞❛ ♥❡❝❡ss✐❞❛❞❡✳ ❆ ✜❣✉r❛ ✶✵ ❡①❡♠♣❧✐✜❝❛ ❡st❡ ❢✉♥❝✐♦♥❛♠❡♥t♦✳

❋✐❣✉r❛ ✶✵✿ ❙✐♥❛❧ ❡ ❘✉í❞♦ tr❛♥s♠✐t✐❞♦s ❛tr❛✈és ❞❡ ✉♠ ❝❛♥❛❧ ❞✐❢❡r❡♥❝✐❛❧

❋♦♥t❡✿ ✐♥t❡r♥❡t

❖ s✐♥❛❧ ❞❡ s❛í❞❛ ♣♦❞❡ s❡r r❡♣r❡s❡♥t❛❞♦ ♣❡❧❛ s❡❣✉✐♥t❡ ❡q✉❛çã♦✳

Vo = Vx − Vy ✭✸✵✮

❖♥❞❡ Vy = −Vx✱ ❛ss✐♠✱

Vo = Vx − (−Vx) = 2Vx ✭✸✶✮

✶✼



✸ ❆t✐✈✐❞❛❞❡s ❉❡s❡♥✈♦❧✈✐❞❛s

❈♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ♠♦♥t❛r ✉♠ ❝♦♥✈❡rs♦r ♣❛r❛ ♦ ❝❛rr❡❣❛♠❡♥t♦ ❞❡ ❜❛t❡r✐❛s✱

r❡❛❧✐③♦✉✲s❡ ❛ ❝♦♥str✉çã♦ ❞❡ ✉♠ ❝♦♥✈❡rs♦r ❈❈✲❈❈ ❞♦ t✐♣♦ ❇✉❝❦ q✉❡ ❢♦r❛ ♣r♦❥❡✲

t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳ ❖s ❞❛❞♦s ❞♦ ❝♦♥✈❡rs♦r ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ♥❛ ❚❛❜❡❧❛

✶✳

❚❛❜❡❧❛ ✶✿ ❊s♣❡❝✐✜❝❛çõ❡s ❞♦ ❈♦♥✈❡rs♦r
❚❡♥sã♦ ❞❡ ❊♥tr❛❞❛ ✭Vi✮ ✸✶✶❱
❚❡♥sã♦ ❞❡ ❙❛í❞❛ ✭Vo✮ ✶✷✴✷✹✴✸✻❱
❈♦rr❡♥t❡ ♥♦ ■♥❞✉t♦r ✭IL✮ ✷✺❆
❖♥❞✉❧❛çã♦ ❞❡ ❈♦rr❡♥t❡ ♥♦ ■♥❞✉t♦r ✭∆IL✮ ✷✵✪
❖♥❞✉❧❛çã♦ ❞❡ ❚❡♥sã♦ ♥❛ ❙❛í❞❛ ✭∆Vo✮ ✷✪
❋r❡q✉ê♥❝✐❛ ❞❡ ❈❤❛✈❡❛♠❡♥t♦ ✭❢s✮ ✷✵❦❍③

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❛✉t♦r

❖ ✐♥❞✉t♦r ♠í♥✐♠♦ ❛ s❡r ✉t✐❧✐③❛❞♦ ♣❛r❛ ❝✉♠♣r✐r ❛s ❡s♣❡❝✐✜❝❛çõ❡s ❞❛ ❚❛✲

❜❡❧❛ ✶ é ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✼✽✵µ❍✳ ❱✐st♦ q✉❡ ❥á ❡①✐st✐❛♠ ❞♦✐s ✐♥❞✉t♦r❡s ❞❡

✹✼✵µ❍ ♥♦ ❧❛❜♦r❛tór✐♦ ✭✷✶✮✱ ♦♣t♦✉✲s❡ ♣♦r ❧✐❣á✲❧♦s ❡♠ sér✐❡ ❡ ♦❜t❡r ❛ss✐♠ ✉♠ ✐♥✲

❞✉t♦r ❞❡ ✾✹✵µ❍✳ ❖s ❝❛♣❛❝✐t♦r❡s ❞❡ s❛í❞❛ sã♦ ❡♥tã♦ ❞✐♠❡♥s✐♦♥❛❞♦s ❝♦♠ ❜❛s❡ ♥❛

♦s❝✐❧❛çã♦ ❞❛ t❡♥sã♦ ❞❡ s❛í❞❛✳ ❆ ❝❛♣❛❝✐tâ♥❝✐❛ ♠í♥✐♠❛ ❝❛❧❝✉❧❛❞❛ ❢♦✐ ❞❡ ❛♣r♦①✐♠❛✲

❞❛♠❡♥t❡ ✶✶✶µ❋✳

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

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

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

❞❡ ❜❛t❡r✐❛s ♣❛r❛ ♦ ❧❡✈❛♥t❛♠❡♥t♦ ❞♦s ♠♦❞❡❧♦s ❞❛s ♠❡s♠❛s✳ ❆s ❛t✐✈✐❞❛❞❡s ❞❡s❡♥✲

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

✸✳✶ ❚❡st❡s ■♥✐❝✐❛✐s

❆✜♠ ❞❡ s❡ ✈❡r✐✜❝❛r s❡ ♦s ♥í✈❡✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❛t✐♥❣✐r✐❛♠ ♦s ✈❛❧♦r❡s

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

❞❡ t❡st❡ ❞♦ ❝♦♥✈❡rs♦r✳

❆ ❝❤❛✈❡ ❡s❝♦❧❤✐❞❛ ❢♦✐ ✉♠ ■●❇❚ ✭■♥s✉❧❛t❡❞ ●❛t❡ ❇✐♣♦❧❛r ❚r❛♥s✐st♦r✮ ❞❡

♠♦❞❡❧♦ ■❳❳❍✽✵◆✻✺❇✹✱ ❝♦♠♦ ♦ ❡♥❝❛♣s✉❧❛♠❡♥t♦ ❚❖✲✷✹✼❆❉ ✭❋✐❣✉r❛ ✶✶✮✳ ❚❛❧

✶✽



■●❇❚ ❢♦✐ ✉t✐❧✐③❛❞♦ ❡♠ ✉♠ ♠ó❞✉❧♦ ❥á ❡①✐st❡♥t❡ ♥♦ ❧❛❜♦r❛tór✐♦✱ q✉❡ ❢❛❝✐❧✐t❛✈❛ s✉❛

❝♦♥❡①ã♦ ❛♦ ❞r✐✈❡r ❡ ❛♦ r❡st❛♥t❡ ❞♦ ❝♦♥✈❡rs♦r✳ ❖ ♠ó❞✉❧♦ ✉t✐❧✐③❛❞♦ ♣♦❞❡ s❡r ✈✐st♦

♥❛ ✜❣✉r❛ ✶✷

❋✐❣✉r❛ ✶✶✿ ❊♥❝❛♣s✉❧❛♠❡♥t♦ ❚❖✲✷✹✼

❋♦♥t❡✿ ❉❛t❛s❤❡❡t ❞♦ ❉✐s♣♦s✐t✐✈♦

❋✐❣✉r❛ ✶✷✿ ▼ó❞✉❧♦ ■●❇❚✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

P❛r❛ ♦ ❛❝✐♦♥❛♠❡♥t♦ ❞♦ ■●❇❚✱ ❢❛③✲s❡ ♥❡❝❡ssár✐♦ ♦ ✉s♦ ❞❡ ✉♠ ❞r✐✈❡r✱ ♦

❡s❝♦❧❤✐❞♦ ♣❛r❛ ♦s t❡st❡s ❢♦✐ ♦ ❋❖❉✸✶✽✵✱ ❥✉♥t❛♠❡♥t❡ ❝♦♠ s❡✉ ❝✐r❝✉✐t♦ ❝♦♠♣❧❡✲

♠❡♥t❛r ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✶✸✱ t❛❧ ♣❧❛❝❛ ❥á ❡①✐st✐❛ ♥♦ ❧❛❜♦r❛tór✐♦ ❡ ❢♦✐

❛♣❡♥❛s r❡✉t✐❧✐③❛❞❛✳

✶✾



❋✐❣✉r❛ ✶✸✿ P❧❛❝❛ ❞♦ ❞r✐✈❡r✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

❖s ♦✉tr♦s ❝♦♠♣♦♥❡♥t❡s ❡ ♠ó❞✉❧♦s ✉t✐❧✐③❛❞♦s ♥♦ ❝♦♥✈❡rs♦r ❢♦r❛♠✿

• ❯♠❛ ♣♦♥t❡ r❡t✐✜❝❛❞♦r❛ tr✐❢ás✐❝❛ ✭❋✐❣✉r❛ ✶✹✮❀

❋✐❣✉r❛ ✶✹✿ P♦♥t❡ ❘❡t✐✜❝❛❞♦r❛ ❚r✐❢ás✐❝❛✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

• ❯♠ ✜❧tr♦ ❞❡ ❡♥tr❛❞❛✱ ❝♦♠♣♦st♦ ♣♦r ✉♠❛ ❛ss♦❝✐❛çã♦ ❡♠ ♣❛r❛❧❡❧♦ ❞❡ ❝❛♣❛❝✐✲

t♦r❡s ❡❧❡tr♦❧ít✐❝♦s q✉❡ s❡r✈✐❛♠ ❝♦♠♦ ❜❛rr❛♠❡♥t♦ ❈❈ ❞♦ ❝♦♥✈❡rs♦r ✭❋✐❣✉r❛

✶✺✮❀

✷✵



❋✐❣✉r❛ ✶✺✿ ❋✐❧tr♦ ❞❡ ❊♥tr❛❞❛✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

• ❉♦✐s ✐♥❞✉t♦r❡s ❡♠ sér✐❡ ❞❡ ✹✼✵µ❍ ❝❛❞❛✱ t♦t❛❧✐③❛♥❞♦ ✾✹✵µ❍ ✭❋✐❣✉r❛ ✶✻✮❀

❋✐❣✉r❛ ✶✻✿ ■♥❞✉t♦r✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

• ❯♠❛ ❝❛r❣❛ r❡s✐st✐✈❛✱ ❞❡ ✶Ω ❡ ✶✺✵✵❲✱ ❢❡✐t❛ ❝♦♠ ✉♠❛ ❛ss♦❝✐❛çã♦ ❡♠ ♣❛r❛❧❡❧♦

❞❡ r❡s✐st♦r❡s ♠♦♥t❛❞♦s s♦❜r❡ ❞♦✐s ❞✐ss✐♣❛❞♦r❡s ❞❡ ❛❧✉♠í♥✐♦ ✭❋✐❣✉r❛ ✶✼✮✳

✷✶



❋✐❣✉r❛ ✶✼✿ ❈❛r❣❛ ❘❡s✐st✐✈❛✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

• ❯♠ ✜❧tr♦ ❞❡ s❛í❞❛✱ ❝♦♠♣♦st♦ ❞❡ ✉♠ ❝❛♣❛❝✐t♦r ❡❧❡tr♦❧ít✐❝♦ ❞❡ ✹✹✵✵µ❋✱ ✉t✐✲

❧✐③❛❞♦ ♣❛r❛ ❞✐♠✐♥✉✐r ♦ r✐♣♣❧❡ ❞❡ t❡♥sã♦ ♥❛ s❛í❞❛✳

• ❯♠ ❞✐♦❞♦ ❞♦ t✐♣♦ ❊✹✵❊❉✷ ❝♦♠ ❡♥❝❛♣s✉❧❛♠❡♥t♦✱ ❛ss✐♠ ❝♦♠♦ ♦ ■●❇❚✱ ❞♦

t✐♣♦ ❚❖✲✷✹✼ ✭❋✐❣✉r❛ ✶✶✮✳

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

t❡st❡ ❞♦ ❝♦♥✈❡rs♦r✱ ❛✜♠ ❞❡ s❡ ✈❡r✐✜❝❛r ♦s s✐♥❛✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❞❡ s❛í❞❛✱

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

♣♦❞❡ s❡r ♦❜s❡r✈❛❞❛ ♥❛ ❋✐❣✉r❛ ✶✽✳

❋✐❣✉r❛ ✶✽✿ ▼♦♥t❛❣❡♠ ❞❡ t❡st❡✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

❉✉r❛♥t❡s ♦s t❡st❡s✱ ❛✜♠ ❞❡ ❣❡r❛r ❛ s❛í❞❛ ❞❡s❡❥❛❞❛✱ ✉t✐❧✐③♦✉✲s❡ ✉♠❛ ❧❛✉♥✲

❝❤♣❛❞ ❞❛ ❚❡①❛s ■♥str✉♠❡♥ts✱ ❞♦ t✐♣♦ ❚✐✈❛ ❈ ❙❡r✐❡s ❚▼✹❈✶✷✸●✱ ♣❛r❛ ❣❡r❛r ✉♠

✷✷



P❲▼ ✭P✉❧s❡ ❲✐❞t❤ ▼♦❞✉❧❛t✐♦♥✮ ✈❛r✐á✈❡❧✳ ❊st❡ s✐♥❛❧ ❡r❛ ❡♥✈✐❛❞♦ ❛♦ ❞r✐✈❡r q✉❡

❢❛③✐❛ ♦ ❛❝✐♦♥❛♠❡♥t♦ ❞♦ ■●❇❚✳

◆♦s ♣r✐♠❡✐r♦s t❡st❡s ❞♦ ❝♦♥✈❡rs♦r✱ s✉r❣✐❛ ✉♠ r✉í❞♦ ♥♦ P❲▼ ❞♦ ♠✐❝r♦✲

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

✉t✐❧✐③❛♥❞♦ ✉♠ ❛✉t♦tr❛♥s❢♦r♠❛❞♦r ✈❛r✐á✈❡❧✱ ❝♦♠♦ ♦ ❞❛ ❋✐❣✉r❛ ✶✾✱ ❡ ❝♦♥s❡q✉❡♥✲

t❡♠❡♥t❡ ❛ ❝♦rr❡♥t❡ ❞❡ s❛í❞❛✳ ❊st❡ r✉í❞♦ t♦r♥❛✈❛✲s❡ ❞❡str✉t✐✈♦✱ ❝❛✉s❛♥❞♦ ✉♠❛

❛❧t❡r❛çã♦ ❞♦ ❞✉t②✲❝②❝❧❡ ❞♦ P❲▼ ❞♦ ♠✐❝r♦❝♦♥tr♦❧❛❞♦r✳

❋✐❣✉r❛ ✶✾✿ ❚r❛♥s❢♦r♠❛❞♦r ❱❛r✐á✈❡❧✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

❆ss✐♠✱ ❛✜♠ ❞❡ s❡ r❡❞✉③✐r ❡st❡ r✉í❞♦✱ ♣❛ss♦✉✲s❡ ❛ ✉t✐❧✐③❛r ✉♠ ❝❛❜♦ ❜❧✐♥✲

❞❛❞♦✱ ✭❋✐❣✉r❛ ✷✵✮ ❡ tr❛♥s❝❡♣t♦r❡s ❞✐❢❡r❡♥❝✐❛✐s ✭❋✐❣✉r❛ ✷✶✮ ♣❛r❛ ♦ ❡♥✈✐♦ ❞♦ s✐♥❛❧✱

♦s tr❛♥s❝❡♣t♦r❡s ✉t✐❧✐③❛❞♦s ❢♦r❛♠ ❞♦ t✐♣♦ ❙◆✼✺✶✼✻❆✳

✷✸



❋✐❣✉r❛ ✷✵✿ ❈❛❜♦ ❇❧✐♥❞❛❞♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

❋✐❣✉r❛ ✷✶✿ P❧❛❝❛ ❝♦♠ ❙◆✼✺✶✼✻❆✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

▼❡s♠♦ ❝♦♠ ♦ ✉s♦ ❞♦s tr❛♥s❝❡♣t♦r❡s✱ ♦ r✉í❞♦ ♥ã♦ ❢♦✐ t♦t❛❧♠❡♥t❡ ❡❧✐♠✐✲

♥❛❞♦✱ ❛ss✐♠✱ ❞❡❝✐❞✐✉✲s❡ ✉t✐❧✐③❛r ✉♠ ♥ú❝❧❡♦ t♦r♦✐❞❛❧ ♥❛♥♦❝r✐st❛❧✐♥♦ ❛✜♠ ❞❡ s❡

❝r✐❛r ✉♠❛ ✐♥❞✉tâ♥❝✐❛ ♥♦ ❝❛❜♦✱ ❝♦♠♦ ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✷✷✱ q✉❡ s❡r✈✐r✐❛ ❞❡ ✜❧tr♦

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

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

❝r✐❛çã♦ ❞❡ ✉♠❛ ✐♥❞✉tâ♥❝✐❛ ♠❛✐s ❡❧❡✈❛❞❛ ♣❛r❛ ✉♠ ♠❡♥♦r ♥ú♠❡r♦ ❞❡ ❡s♣✐r❛s✳

❆tr❛✈és ❞❡ss❛s s♦❧✉çõ❡s✱ ❝♦♥s❡❣✉✐✉✲s❡ q✉❡ ♦ r✉í❞♦ ❢♦ss❡ ♠✐♥✐♠✐③❛❞♦ ❡

❡♥tã♦ ✐♥✐❝✐♦✉✲s❡ ❛ r❡❛❧✐③❛çã♦ ❞❡ ❡♥s❛✐♦s ❡♠ ♥í✈❡✐s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♠❛✐s

❡❧❡✈❛❞♦s✱ s❡ ❛♣r♦①✐♠❛♥❞♦ ❞♦ ✈❛❧♦r ♥♦♠✐♥❛❧ ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞♦ ❝♦♥✈❡rs♦r✳

❉✉r❛♥t❡ ✉♠ ❞♦s t❡st❡s✱ ❛♦ s❡ ❛♣r♦①✐♠❛r ❞❛ t❡♥sã♦ ♥♦♠✐♥❛❧ ♥♦ ❜❛rr❛✲

♠❡♥t♦ ❞❡ ❡♥tr❛❞❛✱ ♦ ■●❇❚ q✉❡✐♠♦✉✳ ❯♠❛ ❞❛s ❤✐♣ót❡s❡s ❧❡✈❛♥t❛❞❛s✱ q✉❡ ♣♦❞❡r✐❛

❡①♣❧✐❝❛r ❡ss❡ ♣r♦❜❧❡♠❛✱ ❢♦✐ ❛ ❞♦ s✉r❣✐♠❡♥t♦ ❞❡ r❡❛tâ♥❝✐❛s ♣❛r❛s✐t❛s ♥❛ ♠♦♥t❛✲

❣❡♠✱ ✉♠❛ ✈❡③ q✉❡ ❡❧❛ ❡r❛ ❝♦♥st✐t✉í❞♦ ❞❡ ♠ó❞✉❧♦s s❡♣❛r❛❞♦s ❡ ❧✐❣❛❞♦s ❛tr❛✈és

✷✹



❋✐❣✉r❛ ✷✷✿ ❈❛❜♦ ❜❧✐♥❞❛❞♦ ❝♦♠ ✜❧tr♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

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

❞❛ ♠♦♥t❛❣❡♠ ❧❡✈❛✈❛♠ ❛ ❛❧t❛s r❡❛tâ♥❝✐❛s ✐♥❞✉t✐✈❛s✳ ❆✜♠ ❞❡ ✈❡r✐✜❝❛r s❡ ❡ss❛

❢♦✐ ❛ r❛③ã♦ ❞♦ ❞❡❢❡✐t♦✱ s✉❜st✐t✉✐✉✲s❡ ♦ ■●❇❚ ❡ ✐♥❝✐♦✉✲s❡ ♥♦✈❛♠❡♥t❡ ♦ t❡st❡ ❡♠

♥í✈❡✐s ❞❡ t❡♥sã♦ ❞❡ ❡♥tr❛❞❛ ♠❛✐s ❜❛✐①♦s✱ ❛✜♠ ❞❡ s❡ ♦❜s❡r✈❛r ♦ ❝♦♠♣♦rt❛♠❡♥t♦

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

◆❛ ❋✐❣✉r❛ ✷✸ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r✱ ♥♦ ❝❛♥t♦ ✐♥❢❡r✐♦r ❞✐r❡✐t♦✱ q✉❡ ❛ ❧❡✐t✉r❛ ❞❡ ♣✐❝♦ ❛

♣✐❝♦ ❞♦ ❝❛♥❛❧ ✷ ❞♦ ♦s❝✐❧♦s❝ó♣✐♦ r❡❣✐str❛✈❛ ✉♠ ✈❛❧♦r ❞❡ ✶✾✸❱ ❞❡ t❡♥sã♦ s♦❜r❡ ♦

■●❇❚ ♣❛r❛ ✉♠❛ t❡♥sã♦ ❞❡ ❡♥tr❛❞❛ ❞❡ ✶✵✵❱❝❝ ♥♦ ❜❛rr❛♠❡♥t♦ ❞❡ ❡♥tr❛❞❛✳

❋✐❣✉r❛ ✷✸✿ ❚❡♥sã♦ ❡♥tr❡ ❝♦❧❡t♦r ❡ ❡♠✐ss♦r ♣❛r❛ ✶✵✵❱❝❝✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

❆ss✐♠✱ ❛ ✜♠ ❞❡ s❡ ❡♥❝♦♥tr❛r ✉♠ ♠♦❞❡❧♦ ♣❛r❛ ♦ ❝♦♥✈❡rs♦r q✉❡ ❛♣r❡✲

s❡♥t❛ss❡ ♦ ♠❡s♠♦ ❝♦♠♣♦rt❛♠❡♥t♦✱ ✐♥s❡r✐✉✲s❡ ✐♥❞✉tâ♥❝✐❛s ♣❛r❛s✐t❛s ❡♠ ❞✐✈❡rs♦s

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

✷✺



♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✹✳

❋✐❣✉r❛ ✷✹✿ ▼♦❞❡❧♦ s✐♠✉❧❛❞♦ ❝♦♠ ✐♥❞✉tâ♥❝✐❛ ♣❛r❛s✐t❛✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

❚❛❧ ♠♦❞❡❧♦ ❞♦ ❝♦♥✈❡rs♦r ❛♣r❡s❡♥t❛ t❡♥sã♦ s♦❜r❡ ♦ ■●❇❚ s❡♠❡❧❤❛♥t❡ ❛♦

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

❞❛ ✜❣✉r❛ ✷✺✳ ❖ ♠♦t✐✈♦ ❞❛ ❡①✐stê♥❝✐❛ ❞❡ss❡s ♣✐❝♦s é q✉❡ q✉❛♥❞♦ ♦ ■●❇❚ ♣❛ss❛

♣❛r❛ ♦ ❡st❛❞♦ ♦✛✱ ❡ss❛ ✐♥❞✉tâ♥❝✐❛ ❡♠ sér✐❡ ❝♦♠ ♦ ❞✐♦❞♦ s❡ ♦♣õ❡ à ♣❛ss❛❣❡♠ ❞❛

❝♦rr❡♥t❡ ♣❡❧♦ ❞✐♦❞♦✱ ❛✉♠❡♥t❛♥❞♦ ❛ t❡♥sã♦ ♥♦ ♥ó q✉❡ ❧✐❣❛ ♦ ❞✐♦❞♦ ❡ ♦ ■●❇❚✳

❋✐❣✉r❛ ✷✺✿ ❘❡s✉❧t❛❞♦ ❞❛ s✐♠✉❧❛çã♦ ♣❛r❛ ❡♥tr❛❞❛ ❞❡ ✸✶✶❱❝❝✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

❯♠❛ ✈❡③ q✉❡ ♦s ♣✐❝♦s ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ■●❇❚✱ ❞✉r❛♥t❡ ❛ s✐♠✉❧❛çã♦✱

❡r❛♠ ❞❡ ✽✵✵❱✱ t♦r♥❛✲s❡ ❡①♣❧✐❝✐t♦ ♦ ♠♦t✐✈♦ ❞❡ ♦ ❞✐s♣♦s✐t✐✈♦ q✉❡✐♠❛r✱ ♣♦✐s s✉❛

t❡♥sã♦ ♠á①✐♠❛ ❞❡ ♦♣❡r❛çã♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ❞❛t❛s❤❡❡t é ❞❡ ✻✺✵❱✳

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

❛✜♠ ❞❡ s❡ r❡❞✉③✐r ♦s ♣✐❝♦s ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ■●❇❚ ✭❋✐❣✉r❛ ✷✻✮✳

❖ ❝✐r❝✉✐t♦ s❡ ♠♦str♦✉ ❡✜❝❛③ ♥❛ r❡❞✉çã♦ ❞♦s ♣✐❝♦s ❞❡ t❡♥sã♦ s♦❜r❡ ♦

✷✻



❋✐❣✉r❛ ✷✻✿ ❙♥✉❜❜❡r ❛❝♦♣❧❛❞♦ ❛ ♣❧❛❝❛ ❞♦ ■●❇❚✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

■●❇❚✱ ❝♦♠♦ é ♣♦ssí✈❡❧ ♣❡r❝❡❜❡r ♥❛ ❋✐❣✉r❛ ✷✼✱ ♦♥❞❡ ❛ t❡♥sã♦ ♥♦ ❜❛rr❛♠❡♥t♦ ❞❡

❡♥tr❛❞❛ ❡r❛ ❞❡ ✶✵✵❱❝❝✱ ♦s ♣✐❝♦s ❞❡ t❡♥sã♦ ❢♦r❛♠ r❡❞✉③✐❞♦s✱ ❝♦♠♦ ✈✐st♦ ♥♦ ❝❛♥t♦

✐♥❢❡r✐♦r ❞✐r❡✐t♦✱ ♣❛r❛ ✶✷✾❱✳

❋✐❣✉r❛ ✷✼✿ P✐❝♦s ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ■●❇❚ ✉t✐❧✐③❛♥❞♦ ♦ s♥✉❜❜❡r✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

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

❥á q✉❡ ❛♣r❡s❡♥t♦✉ ✉♠❛ ❞✐♠✐♥✉✐çã♦ ❞♦s ♣✐❝♦s ❞❡ ✶✾✸❱ ♣❛r❛ ✶✷✾❱✱ ❛ ❞✐ss✐♣❛çã♦

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

✸✳✷ ❚❡st❡s ❡♠ ✉♠ ❝♦♥✈❡rs♦r ❝♦♠♣❛❝t♦

❉❡✈✐❞♦ às s♦❧✉çõ❡s ❜✉s❝❛❞❛s ♥ã♦ s❡ ♠♦str❛r❡♠ ❡✜❝✐❡♥t❡s✱ ♦♣t♦✉✲s❡ ♣❡❧❛

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

✷✼



♠♦s ❝♦♠♣♦♥❡♥t❡s ❛♥t❡r✐♦r♠❡♥t❡ ❞❡s❝r✐t♦s✳ ❊st❛ ✈❡rsã♦✱ ♠❛✐s ❝♦♠♣❛❝t❛✱ ✐♥t❡❣r♦✉

❛ ♠❛✐♦r✐❛ ❞♦s ♠ó❞✉❧♦s ❛♥t❡r✐♦r♠❡♥t❡ ✉t✐❧✐③❛❞♦s ❡♠ ✉♠❛ ú♥✐❝❛ ♣❧❛❝❛ ♠♦♥t❛❞❛

s♦❜r❡ ✉♠ ú♥✐❝♦ ❞✐ss✐♣❛❞♦r✱ ❝♦♥❢♦r♠❡ ❛♣r❡s❡♥t❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✽✳

❋✐❣✉r❛ ✷✽✿ Pr♦tót✐♣♦ ❞♦ ❝♦♥✈❡rs♦r✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

❊st❡ ♣r♦tót✐♣♦ ❥á ❛♣r❡s❡♥t❛ ❛s ❝♦♥❡①õ❡s ♣❛r❛ ❛ ♣❧❛❝❛ ❞❡ ❝♦♥tr♦❧❡✱ ❛tr❛✈és

❞❡ ✉♠ ❝♦♥❡❝t♦r ■❉❈✳ ❆❧é♠ ❞❡ ❛♣r❡s❡♥t❛r t❛♠❜é♠ ♦s s❡♥s♦r❡s ❞❡ ❝♦rr❡♥t❡ ❡

t❡♥sã♦ ❞❡ s❛í❞❛ ❞♦ ❝♦♥✈❡rs♦r✱ q✉❡ ❡♥✈✐❛ ♦s s✐♥❛✐s ♣❛r❛ ❛ ♣❧❛❝❛ ❞❡ ❝♦♥tr♦❧❡ ❛tr❛✈és

❞♦ ❝♦♥❡❝t♦r ■❉❈✳

✷✽



❆ s❡❣✉✐r sã♦ ❡♥✉♠❡r❛❞♦s ♦s ♠ó❞✉❧♦s q✉❡ ❢♦r❛♠ ✐♥t❡❣r❛❞♦s ♥❛ ♥♦✈❛

♣❧❛❝❛✱ ❞❡st❛❝❛❞♦s ♥❛ ❋✐❣✉r❛ ✷✾✳

❋✐❣✉r❛ ✷✾✿ Pr♦tót✐♣♦ ❞♦ ❝♦♥✈❡rs♦r✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

✶✳ ❘❡t✐✜❝❛❞♦r ♠♦♥♦❢ás✐❝♦ ❑❇P❈✺✵✶✵✱ ♣❛r❛ ✺✵❆ ❡ ✶✵✵✵❱✳

✷✳ ❋✐❧tr♦ ❞❡ ❡♥tr❛❞❛ ❝♦♥s✐st✐♥❞♦ ❞❡ ✹ ✭q✉❛tr♦✮ ❝❛♣❛❝✐t♦r❡s ❡❧❡tr♦❧ít✐❝♦s ❞❡

✻✽✵µ❋✱ ✹✵✵❱✳

✸✳ ■♥❞✉t♦r❡s ❞❡ ✹✼✵µ ❍ ❧✐❣❛❞♦s ❡♠ sér✐❡ ❛tr❛✈és ❞❛ ♣❧❛❝❛✳

✹✳ ❋✐❧tr♦ ❞❡ s❛í❞❛✱ ✉♠ ❝❛♣❛❝✐t♦r ❞❡ ✹✼✵✵µ❋✱ ✶✵✵❱✳

✺✳ ❈♦♥❡❝t♦r ■❉❈ ♣❛r❛ ❛ ♣❧❛❝❛ ❞❡ ❝♦♥tr♦❧❡✳

✻✳ ❙❡♥s♦r ❞❡ ❝♦rr❡♥t❡ ▲❆✷✺✲P✳

✷✾



✼✳ ❙❡♥s♦r ❞❡ t❡♥sã♦ ▲❱✷✵✲P✳

❆❧é♠ ❞♦s ✐t❡♥s ❧✐st❛❞♦s✱ ❡①✐st❡♠✱ ❛✐♥❞❛✱ ♦ ■●❇❚ ❡ ❞♦✐s ❞✐♦❞♦s q✉❡ ♥ã♦

♣♦❞❡♠ s❡r ✈✐s✉❛❧✐③❛❞♦s ♥❛ ❋✐❣✉r❛ ✷✾ ♣♦r ❡st❛r❡♠ ♥❛ ❢❛❝❡ ✐♥❢❡r✐♦r ❞❛ ♣❧❛❝❛✱ ❡♠

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

✉♠❛ r❡❞✉çã♦ ❞rást✐❝❛✱ q✉❛♥❞♦ ❝♦♠♣❛r❛❞❛ à ♣r✐♠❡✐r❛ ♠❡❞✐çã♦ ❢❡✐t❛ ❞❛ t❡♥sã♦

❡♥tr❡ ♦ ❝♦❧❡t♦r ❡ ❡♠✐ss♦r ❞♦ ■●❇❚ ❞❛ ❋✐❣✉r❛ ✷✸ ❞♦s ♣✐❝♦s ❞❡ t❡♥sã♦ s♦❜r❡ ♦

■●❇❚✱ ❝♦♠♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥♦ ❝❛♥t♦ ✐♥❢❡r✐♦r ❞✐r❡✐t♦ ❞❛ ❋✐❣✉r❛ ✸✵✱ ❛ ❧❡✐t✉r❛

♣✐❝♦ ❛ ♣✐❝♦ ❞❛ t❡♥sã♦ ❢♦✐ r❡❞✉③✐❞❛ ♣❛r❛ ✶✷✺❱ ❡♠ ✉♠❛ t❡♥sã♦ ❞❡ ❡♥tr❛❞❛ ❞❡

✶✵✵❱❝❝✳

❋✐❣✉r❛ ✸✵✿ P✐❝♦s ❞❡ t❡♥sã♦ s♦❜r❡ ♦ ■●❇❚ ♣❛r❛ ♦ ❝♦♥✈❡rs♦r ❝♦♠♣❛❝t❛❞♦✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

❈♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ✈❡r✐✜❝❛r s❡ ❤❛✈✐❛ ❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ✉♠ ❝❛❜♦ ❜❧✐♥❞❛❞♦

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

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

✸✵✳

❈♦♠♦ ♦s r❡s✉❧t❛❞♦s ❝♦♠ ♦ ❝♦♥✈❡rs♦r ❝♦♠♣❛❝t❛❞♦ s❡ ♠♦str❛r❛♠ ♣♦s✐t✐✲

✈♦s✱ ❞❡❝✐❞✐✉✲s❡ ❡♥tã♦ t❡st❛r ♦ ❝♦♥✈❡rs♦r ❡♠ ❝♦rr❡♥t❡ ♥♦♠✐♥❛❧✱ ❝♦♠ ✉♠❛ t❡♥sã♦

❞❡ ❡♥tr❛❞❛ ❞❡ ✸✶✶❱✳ ❖ r❡s✉❧t❛❞♦ ♦❜t✐❞♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ✜❣✉r❛ ✸✶✳
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❋✐❣✉r❛ ✸✶✿ ❘❡s✉❧t❛❞♦s ♣❛r❛ ♦ ❝♦♥✈❡rs♦r ❝♦♠♣❛❝t❛❞♦ ❝♦♠ ✸✶✶❱❝❝ ❞❡ ❡♥tr❛❞❛ ❡

❝♦rr❡♥t❡ ♥♦♠✐♥❛❧✳

❋♦♥t❡✿ ♦ ♣ró♣r✐♦ ❆✉t♦r

❈♦♠♦ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♥♦s r❡s✉❧t❛❞♦s✱ ♦s ♣✐❝♦s ❞❡ t❡♥sã♦ s♦❜r❡ ♦

■●❇❚ ❡st❛✈❛♠ ❡♠ ❧✐♠✐t❡s ❛❝❡✐tá✈❡✐s ❡ ♦ r✉í❞♦ ♥♦ P❲▼ ♥❛ ♣❧❛❝❛ ❞❡ ❝♦♥tr♦❧❡✱

❛♣❡s❛r ❞❡ ♣❡rs✐st✐r✱ ♥ã♦ ♣r❡❥✉❞✐❝♦✉ ♦ ❝❤❛✈❡❛♠❡♥t♦✳
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✹ ❈♦♥s✐❞❡r❛çõ❡s ❋✐♥❛✐s

◆❡st❡ r❡❧❛tór✐♦ ❞❡ ❡stá❣✐♦ ❢♦r❛♠ ❞❡s❝r✐t❛s ❛s ❛t✐✈✐❞❛❞❡s r❡❛❧✐③❛❞❛s ♣❡❧♦

❛❧✉♥♦ ❞✉r❛♥t❡ ♦ ❡stá❣✐♦ s✉♣❡r✈✐s✐♦♥❛❞♦ ♦❜r✐❣❛tór✐♦ ❝♦♠ ❝❛r❣❛ ❤♦rár✐❛ ❞❡ ✶✽✵

❤♦r❛s✳

❉✉r❛♥t❡ ❛ r❡❛❧✐③❛çã♦ ❞♦ ❡stá❣✐♦ ❢♦✐ ♣♦ssí✈❡❧✱ ❛❧é♠ ❞❡ ♦❜s❡r✈❛r ♦s ❢❡♥ô✲

♠❡♥♦s ❡st✉❞❛❞♦s t❡♦r✐❝❛♠❡♥t❡ ❞✉r❛♥t❡ ♦ ❝✉rs♦ ❞❡ ❇❛❝❤❛r❡❧❛❞♦ ❡♠ ❊♥❣❡♥❤❛r✐❛

❊❧étr✐❝❛✱ ❡①❡❝✉t❛r ❛çõ❡s ♣rát✐❝❛s q✉❡ ♣♦ss✐❜✐❧✐t❛r❛♠ ✈❡r✐✜❝❛r ❛ ♦❝♦rrê♥❝✐❛ ❞❡ ❡❢❡✐✲

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

✐♠♣❡❞â♥❝✐❛s ♣❛r❛s✐t❛s ♥♦s ❝✐r❝✉✐t♦s✱ ❛ss✐♠ ❝♦♠♦ s✉❛s ✐♥✢✉ê♥❝✐❛s ♥♦s ♠❡s♠♦s✳

❊♥t❡♥❞❡✲s❡✱ ♣♦rt❛♥t♦✱ q✉❡ ♦ ♦❜❥❡t✐✈♦ ❞♦ ❡stá❣✐♦ ❢♦✐ ❛❧❝❛♥ç❛❞♦✱ ❥á q✉❡✱

❛❧é♠ ❞❛ r❡❛❧✐③❛çã♦ ❞❛ ♠♦♥t❛❣❡♠ ❡ t❡st❡s ❡♠ ✉♠ ❝♦♥✈❡rs♦r ❈❈✲❈❈ ❇✉❝❦✱ q✉❡

♣♦❞❡rá s❡r ✉t✐❧✐③❛❞♦ ❢✉t✉r❛♠❡♥t❡ ♥♦ ❧❡✈❛♥t❛♠❡♥t♦ ❞❡ ♠♦❞❡❧♦s ❞❡ ❜❛t❡r✐❛s✱ ♣♦s✲

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

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

r✐ê♥❝✐❛ ♥❛ s♦❧✉çã♦ ❞❡ ♣r♦❜❧❡♠❛s ♣rát✐❝♦s q✉❡ ✉♠ ❡♥❣❡♥❤❡✐r♦ ❡❧❡tr✐❝✐st❛ ♣♦❞❡rá

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