
❊s♣❡ss✉r❛ ❞❡ ❜♦❧❤❛s ❞❡ s❛❜ã♦

❈❤❡r②❧ ❍❡♥❦❡❧s ❞❡ ❙♦✉③❛

✸✶ ❞❡ ♦✉t✉❜r♦ ❞❡ ✷✵✶✻

✶



❙✉♠ár✐♦

✶ ■♥tr♦❞✉çã♦ ✸

✷ ❚❡♦r✐❛ ✸

✸ ❊①♣❡r✐♠❡♥t♦ ✺

✹ ❈♦♥❝❧✉sã♦ ✶✸

✷



✶ ■♥tr♦❞✉çã♦

❇♦❧❤❛s ❞❡ s❛❜ã♦ sã♦ ✉♠ ✐♥t❡r❡ss❛♥t❡ ♦❜❥❡t♦ ❞❡ ❡st✉❞♦ ❞❡✈✐❞♦ às ❝♦r❡s q✉❡
❡❧❛s ♣♦ss✉❡♠✳ ❊ss❛s ❝♦r❡s sã♦ ♦❜t✐❞❛s ♣❡❧❛ r❡✢❡①ã♦ ❞❛ ❧✉③ s♦❜r❡ ❛s s✉♣❡r❢í❝✐❡s
❞❛ ❜♦❧❤❛s ❡ ❛ ✐♥t❡r❢❡rê♥❝✐❛ ❞❡ss❛s ♦♥❞❛s r❡✢❡t✐❞❛s✳

❈❛❞❛ ❝♦r ♣♦ss✉✐ ✉♠ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ ❡s♣❡❝í✜❝♦✱ ✐ss♦ ❢❛③ ❝♦♠ q✉❡
s♦♠❡♥t❡ ♣❛r❛ ❞❡t❡r♠✐♥❛❞❛s ❡s♣❡ss✉r❛s s❡❥❛ ♣♦ssí✈❡❧ ✈✐s✉❛❧✐③á✲❧❛✳ ❊ ❡ss❡ ❢❛t♦
♣♦❞❡ s❡r ✉s❛❞♦ ♣❛r❛ ❞❡s❝♦❜r✐r ❛ ❡s♣❡ss✉r❛ ❞❡ ✉♠❛ ❜♦❧❤❛ ❞❡ s❛❜ã♦✳

✷ ❚❡♦r✐❛

◗✉❛♥❞♦ ❛ ❧✉③ ✐♥❝✐❞❡ s♦❜r❡ ✉♠❛ s✉♣❡r❢í❝✐❡ ✜♥❛ ❡ tr❛♥s♣❛r❡♥t❡ ❝♦♠♦ ✉♠❛
❜♦❧❤❛ ❞❡ s❛❜ã♦ ✭✜❧♠❡ ✜♥♦✮ ✉♠❛ ♣❛rt❡ ❞♦s r❛✐♦s é r❡✢❡t✐❞❛ ♥❛ s✉♣❡r❢í❝✐❡
❡①t❡r♥❛ ❞❛ ❜♦❧❤❛ ❡♥q✉❛♥t♦ ♦✉tr❛ ♣❛rt❡ é r❡❢r❛t❛❞❛ ♣❛r❛ ♦ ✐♥t❡r✐♦r ❞❛ ♠❡s♠❛✳
❉❡♣♦✐s ♦s r❛✐♦s r❡❢r❛t❛❞♦s s♦❢r❡♠ ✉♠❛ s❡❣✉♥❞❛ r❡✢❡①ã♦ ♥❛ s✉♣❡r❢í❝✐❡ ✐♥t❡r♥❛
❞❛ ❜♦❧❤❛ ❡ s❛❡♠ ♣❡❧❛ s✉♣❡r❢í❝✐❡ ❡①t❡r♥❛ ❞❛ ♠❡s♠❛✱ sã♦ ❞❡s❝♦♥s✐❞❡r❛❞❛s ❛s
♦✉tr❛s r❡✢❡①õ❡s ❡ r❡❢r❛çõ❡s q✉❡ ❛ ❧✉③ s♦❢r❡ ♥♦ ❝❛♠✐♥❤♦✳ ◗✉❛♥❞♦ ❡ss❡s r❛✐♦s ❞❡
❧✉③ s❛❡♠ ❞❛ ❜♦❧❤❛ ♦❝♦rr❡ ✐♥t❡r❢❡rê♥❝✐❛ ✭s✉♣❡r♣♦s✐çã♦ ❞❡ ❞✉❛s ♦✉ ♠❛✐s ♦♥❞❛s
♥❛ ♠❡s♠❛ r❡❣✐ã♦ ❞♦ ❡s♣❛ç♦✮ ❞❡ ❞✐✈❡rs♦s ❝♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛ ❡♠ ❞✐✈❡rs♦s
❧✉❣❛r❡s ❞♦ ❡s♣❛ç♦✳ ■ss♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❋✐❣✉r❛ ✶✳

❋✐❣✉r❛ ✶✿ ❘❡✢❡①ã♦ ♥❛s s✉♣❡r❢í❝✐❡s ❡①t❡r♥❛ ❡ ✐♥t❡r♥❛ ❞❛ ❜♦❧❤❛✳

❋♦♥t❡✿ ❤tt♣s✿✴✴✉♣❧♦❛❞✳✇✐❦✐♠❡❞✐❛✳♦r❣✴✇✐❦✐♣❡❞✐❛✴❝♦♠♠♦♥s✴❛✴❛✵✴

❘❡❢❧❡❝t✐♦♥❴❢r♦♠❴❛❴❜✉❜❜❧❡✶✳♣♥❣ ❬✷❪

❆ ❧✉③ r❡✢❡t✐❞❛ ♥❛ s✉♣❡r❢í❝✐❡ ❡①t❡r♥❛ s♦❢r❡ ✉♠❛ ♠✉❞❛♥ç❛ ❞❡ ❢❛s❡ ❞❡ π r❛❞
♣♦✐s ♣❛ss❛ ❞❡ ✉♠ ♠❡✐♦ ❝♦♠ ♠❡♥♦r í♥❞✐❝❡ ❞❡ r❡❢r❛çã♦ ✭❛r✮ ♣❛r❛ ✉♠ ♠❡✐♦ ❝♦♠
♠❛✐♦r í♥❞✐❝❡ ❞❡ r❡❢r❛çã♦ ✭á❣✉❛ ❝♦♠ s❛❜ã♦✮✳ ■ss♦ ♥ã♦ ♦❝♦rr❡ ♥❛ r❡✢❡①ã♦ ❞❛
s✉♣❡r❢í❝✐❡ ✐♥t❡r♥❛✱ ♣♦✐s ❛ ❧✉③ ♣❛ss❛ ❞♦ ♠❡✐♦ ❝♦♠ ♠❛✐♦r í♥❞✐❝❡ ❞❡ r❡❢r❛çã♦ ♣❛r❛
✉♠ ♠❡✐♦ ❝♦♠ ♠❡♥♦r í♥❞✐❝❡ ❞❡ r❡❢r❛çã♦✳

❆❧é♠ ❞❛ ❞✐❢❡r❡♥ç❛ ❞❡ ♣❡r❝✉rs♦ ó♣t✐❝♦ ❝❛✉s❛❞❛ ♣❡❧❛ ♣r✐♠❡✐r❛ r❡✢❡①ã♦✱
t❛♠❜é♠ é ♥❡❝❡ssár✐♦ ❧❡✈❛r ❡♠ ❝♦♥t❛ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ ♣❡r❝✉rs♦ ❢❡✐t♦ ♣❡❧❛ ❧✉③

✸



✭∆S✮✳ ❊♥tã♦✱ s❡♥❞♦ t ❛ ❡s♣❡ss✉r❛ ❞❛ ❜♦❧❤❛✱ d ❛ ❞✐stâ♥❝✐❛ q✉❡ ❛ ❧✉③ ♣❡r❝♦rr❡✉
❞❡♥tr♦ ❞❛ ❜♦❧❤❛ ❡♥tr❡ ❛ ♣r✐♠❡✐r❛ r❡✢❡①ã♦ ❡ ❛ s❡❣✉♥❞❛✱ θ1 é ♦ â♥❣✉❧♦ ❞❡
✐♥❝✐❞ê♥❝✐❛ ❡ θ2 é ♦ â♥❣✉❧♦ ❞❡ r❡❢r❛çã♦✳ P♦❞❡✲s❡ ❡s❝r❡✈❡r q✉❡ ♦ ♣❡r❝✉rs♦ ❢❡✐t♦
♣❡❧❛ ❧✉③ ❞❡♥tr♦ ❞❛ ❜♦❧❤❛ é ❞❛❞♦ ♣♦r✿

❋✐❣✉r❛ ✷✿ ●❡♦♠❡tr✐❛ ❞❡ ❞♦✐s r❛✐♦s ❞❡ ❧✉③ ✐♥❝✐❞✐♥❞♦ s♦❜r❡ ❛ s✉♣❡r❢í❝✐❡ ❞❡ ✉♠❛
❜♦❧❤❛✳

❋♦♥t❡✿ ❤tt♣✿✴✴✇✇✇✳s❝✐❡♥❝❡❝❛❧❝✉❧❛t♦rs✳♦r❣✴♦♣t✐❝s✴t❤✐♥✲❢✐❧♠s✴ ❬✶❪✳

∆S2 = 2 d n2 =
2 t n2

cos θ2

✱ ♦♥❞❡ n2 é ♦ í♥❞✐❝❡ ❞❡ r❡❢r❛çã♦ ♥❛ ❜♦❧❤❛✳
❊ ♣♦❞❡✲s❡ ❡s❝r❡✈❡r q✉❡ ♦ r❛✐♦ ❞❛ ♣r✐♠❡✐r❛ r❡✢❡①ã♦ ❢❛③ ✉♠ ♣❡r❝✉rs♦

∆S1 = 2 d n1 sin θ2 sin θ1 = 2 t n1 tan θ2 sin θ1

✱ ♦♥❞❡ n1 é ♦ í♥❞✐❝❡ ❞❡ r❡❢r❛çã♦ ♥♦ ❛r ✳
❆ ❞✐❢❡r❡♥ç❛ ❞❡ ♣❡r❝✉rs♦ ❢❡✐t♦ ♣❡❧♦s ✷ r❛✐♦s ❞❡ ❧✉③ é✿

∆S =
2 t n2

cos θ2
− 2 t n1 tan θ2 sin θ1 =

2 t n2

cos θ2
(n2 − n1 sin θ1 sin θ2)

✹



❯s❛♥❞♦ ❛ ❧❡✐ ❞❡ ❙♥❡❧❧✱

∆S =
2 t n2

cos θ2
(n2 − n2 sin θ2 sin θ2) =

2 t n2

cos θ2
(n2 − n2 + cos2 θ2)

∆S = 2 t n2 cos θ2

P❛r❛ q✉❡ ♦❝♦rr❛ ✐♥t❡r❢❡rê♥❝✐❛ ❝♦♥str✉t✐✈❛✱ é ♥❡❝❡ssár✐♦ q✉❡ ❛ ❞✐❢❡r❡♥ç❛ ❞❡
❝❛♠✐♥❤♦ ó♣t✐❝♦ s❡❥❛ ✉♠ ♠ú❧t✐♣❧♦ ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ λ✱ ❡♥tã♦

∆L = mλ

∆S +
λ

2
= mλ

2 t n cos θ2 = (
1

2
+m)λ

▲♦❣♦✱ ♣❛r❛ ❝❛❞❛ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ ❛ ✐♥t❡r❢❡rê♥❝✐❛ ❝♦♥str✉t✐✈❛ ♦❝♦rr❡
♣❛r❛ ✉♠❛ ❡s♣❡ss✉r❛ ❞✐❢❡r❡♥t❡✳ ❆ss✐♠✱ ♣♦❞❡✲s❡ ✉s❛r ❛ ❝♦r r❡✢❡t✐❞❛ ♣♦r ✉♠❛
❜♦❧❤❛ ❞❡ s❛❜ã♦ ♣❛r❛ s❛❜❡r s✉❛ ❡s♣❡ss✉r❛✳

❚❡♠✲s❡ q✉❡ ❧❡✈❛r ❡♠ ❝♦♥t❛ q✉❡ ❛ ❡s♣❡ss✉r❛ ❞❡ ✉♠❛ ❜♦❧❤❛ ♥ã♦ é ❤♦♠♦❣ê✲
♥❡❛✱ ❡❧❛ é ♠❡♥♦r ❡♠ ❝✐♠❛ ❞♦ q✉❡ ❡♠ ❜❛✐①♦✱ ❡ ❞✐♠✐♥✉✐ ❝♦♠ ♦ ♣❛ss❛r ❞♦ t❡♠♣♦✱
❞❡✈✐❞♦ à ❡✈❛♣♦r❛çã♦ ❞❛ á❣✉❛✳

✸ ❊①♣❡r✐♠❡♥t♦

P❛r❛ r❡❛❧✐③❛çã♦ ❞♦ ❡①♣❡r✐♠❡♥t♦ ✉t✐❧✐③♦✉✲s❡ ✉♠❛ ♠✐st✉r❛ ❞❡ ✻✵✵ ♠❧ ❞❡
á❣✉❛✱ ✶✵✵ ♠❧ ❞❡ ❞❡t❡r❣❡♥t❡ ❡ ✷✵ ♠❧ ❞❡ ❣❧✐❝❡r✐♥❛ ❡ ✉♠❛ ❛r❣♦❧❛ ♠❡tá❧✐❝❛ ♣❛r❛
s♦♣r❛r ❛s ❜♦❧❤❛s✳ ❚❛♠❜é♠ ❢♦✐ ❢❡✐t♦ ✉♠ ❝✐❧✐♥❞r♦ ❞❡ ♣❛♣❡❧ ❜r❛♥❝♦ ❝♦♠ ❛♣r♦✲
①✐♠❛❞❛♠❡♥t❡ ✶✾ ❝♠ ❞❡ ❛❧t✉r❛ ❡ ✽ ❝♠ ❞❡ ❞✐â♠❡tr♦ q✉❡ ❢♦✐ ❝♦❧♦❝❛❞♦ ❡♠ ✈♦❧t❛
❞❛ ❜♦❧❤❛ ♣❛r❛ ♣❡r♠✐t✐r q✉❡ ❛ ❧✉③ ✐♥❝✐❞❛ s♦♠❡♥t❡ ❡♠ ❝✐♠❛ ❞❛ ❜♦❧❤❛ ✭❞✐♠✐♥✉✐r
❛ ❧✉③ q✉❡ ✐♥❝✐❞❡ ♥❛s ❧❛t❡r❛✐s ❞❛ ♠❡s♠❛✮✳ ❆ ♠❡s❛ t❛♠❜é♠ ❢♦✐ ❢♦rr❛❞❛ ❝♦♠
✉♠ ♣❧ást✐❝♦ ♣r❡t♦ ❛ ✜♠ ❞❡ ❡✈✐t❛r q✉❡ ❛ ❧✉③ q✉❡ é r❡❢r❛t❛❞❛ ♥❛ s✉♣❡r❢í❝✐❡
✐♥t❡r♥❛ ❞❛ ❜♦❧❤❛ s❡❥❛ r❡✢❡t✐❞❛ ♣❡❧❛ ♠❡s❛ ❡ ♣❛ss❡ ♥♦✈❛♠❡♥t❡ ♣❡❧❛ ❜♦❧❤❛✳ ❯♠
s✉♣♦rt❡ ❢♦✐ ♠♦♥t❛❞♦ s♦❜r❡ ❛ ❜♦❧❤❛ ❡ ♦ ❝♦♥❡ ❞❡ ♣❛♣❡❧ ♣❛r❛ ✜①❛r ❛ ❝â♠❡r❛
❛❝✐♠❛ ❞❛ ❜♦❧❤❛ ❡ ♦❜t❡r t♦❞❛s ❛s ❢♦t♦s t✐r❛❞❛s ❞❛ ♠❡s♠❛ ♣♦s✐çã♦✳ ❖ ❛♣❛r❛t♦
❢♦✐ ♠♦♥t❛❞♦ ❝♦♥❢♦r♠❡ ❛ ✜❣✉r❛ ✸✳

❋♦r❛♠ t✐r❛❞❛s ❢♦t♦s ❛ ❝❛❞❛ ✺ s❡❣✉♥❞♦s ❛té q✉❡ ❛ ❜♦❧❤❛ ❡st♦✉r❛ss❡✱ ♣❛r❛
✈✐s✉❛❧✐③❛r ❡ ❡st✉❞❛r ❛s ❝♦r❡s ♥❛ ❜♦❧❤❛ ❡♠ ❞✐✈❡rs♦s ✐♥t❡r✈❛❧♦s ❞❡ t❡♠♣♦✳

P❛r❛ ❞❡s❝♦❜r✐r ❛ ❡s♣❡ss✉r❛ ❞❛ ❜♦❧❤❛✱ ✉s♦✉✲s❡ ♦ ❢❛t♦ ❞❡ q✉❡ ❝❛❞❛ ❝♦♠✲
♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ ✭❝♦r✮ só é ♦❜s❡r✈❛❞♦ ✭✐♥t❡r❢❡rê♥❝✐❛ ❝♦♥str✉t✐✈❛✮ ❡♠ ❞❡t❡r✲
♠✐♥❛❞❛s ❡s♣❡ss✉r❛s✱ ❡ q✉❡ ❡ss❛ ❝♦r t❛♠❜é♠ ❞❡♣❡♥❞❡ ❞♦ â♥❣✉❧♦ ❞❡ r❡❢r❛çã♦✳
P❛r❛ ❞❡s❝♦❜r✐ ♦ â♥❣✉❧♦ θ2 ✉s♦✉✲s❡ ❛ ❣❡♦♠❡tr✐❛ ❞♦ ❛♣❛r❛t♦✳

✺



❋✐❣✉r❛ ✸✿ ❊sq✉❡♠❛ ❞♦ ❛♣❛r❛t♦✳ ❖ ❡❧❡♠❡♥t♦ ✶ é ❛ ❝â♠❡r❛✱ ✷ é ✉♠ r❛✐♦ q✉❡
❝❤❡❣❛ ❛té ❛ ❝â♠❡r❛✱ ✸ é ❛ ❜♦❧❤❛✳

❋♦♥t❡✿ ❆rt✐❣♦ ✧▼❡❛s✉r✐♥❣ s♦❛♣ ❜✉❜❜❧❡ t❤✐❝❦♥❡ss ✇✐t❤ ❝♦❧♦r ♠❛t❝❤✐♥❣✧ ❬✼❪✳

❋✐❣✉r❛ ✹✿ ●❡♦♠❡tr✐❛ ❞♦ ❛♣❛r❛t♦✳

❋♦♥t❡✿ ❆rt✐❣♦ ✧▼❡❛s✉r✐♥❣ s♦❛♣ ❜✉❜❜❧❡ t❤✐❝❦♥❡ss ✇✐t❤ ❝♦❧♦r ♠❛t❝❤✐♥❣✧ ❬✼❪✳

✻



❚❡♠♦s q✉❡ θ1 = α + β ❡✱ ♣♦rt❛♥t♦✿

α = arcsin(
x

R
)

β = arctan(
x

R−R cosα +H − h
)

R =
D2/4 + h2

2h

❊ ❝♦♥❤❡❝❡♥❞♦ ♦ θ1 ♣♦❞❡✲s❡ ❞❡s❝♦❜r✐r ❝♦♠ ❛ ❧❡✐ ❞❡ ❙♥❡❧❧ ♦ θ2✳ ◆❡ss❛
❡①♣❡r✐ê♥❝✐❛ ♦❜s❡r✈♦✉✲s❡ ♦ ❞✐â♠❡tr♦ ❞❛ ❜♦❧❤❛ ✭D = 6 ± 1cm✮✱ ❛ ❛❧t✉r❛ ❞❛
❜♦❧❤❛✭ h = 2, 5± 0, 5cm✮ ❡ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❛ ♠❡s❛ ❡ ❛ ❝â♠❡r❛✭H = 22, 00±
0, 05cm✮✱ ♦♥❞❡ ♦s ❡rr♦s sã♦ ❡st✐♠❛❞♦s ❧❡✈❛♥❞♦✲s❡ ❡♠ ❝♦♥t❛ ❛ ❤❛❜✐❧✐❞❛❞❡ ❞♦
♦❜s❡r✈❛❞♦r✳❚❛♠❜é♠ ✉s♦✉✲s❡ ♦ í♥❞✐❝❡ ❞❡ r❡❢r❛çã♦ ❞♦ ❛r ✐❣✉❛❧ ❛ ✶ ❡ ♦ í♥❞✐❝❡ ❞❡
r❡❢r❛çã♦ ❞❛ ❜♦❧❤❛ ✐❣✉❛❧ ❛ ✶✱✸✸✳

❆ ♣❛rt✐r ❞❡ss❡s ❞❛❞♦s ❝r✐♦✉✲s❡ ✉♠ ♣r♦❣r❛♠❛ ♦♥❞❡ ❜❛st❛✈❛ ♦ ✉s✉ár✐♦ ❞✐❣✐t❛r
♦ ❝♦♠♣r✐♠❡♥t♦ ❞❛ ♦♥❞❛ q✉❡ ❡❧❡ ♦❜s❡r✈❛✈❛ λ ✭♦s ✈❛❧♦r❡s ♣❛r❛ ♦ ❝♦♠♣r✐♠❡♥t♦
❞❡ ♦♥❞❛ ❢♦r❛♠ ♦❜t✐❞♦s ♥✉♠❛ t❛❜❡❧❛ ✲ ❋✐❣✉r❛ ✺✮✱ ❛ ❞✐stâ♥❝✐❛ ♥❛ q✉❛❧ ❝♦r s❡
❡♥❝♦♥tr❛✈❛ ❞♦ ❝❡♥tr♦ ❞❛ ❜♦❧❤❛ ①✱ ❡ ❛ ♦r❞❡♠ ❞❡ ✐♥t❡r❢❡rê♥❝✐❛ q✉❡ ♦ ✉s✉ár✐♦
♦❜s❡r✈❛✈❛ ♠✱ ❡ ♦ ♣r♦❣r❛♠❛ ❝❛❧❝✉❧❛✈❛ ❛ ❡s♣❡ss✉r❛ ❞❛ ❜♦❧❤❛✳

❋✐❣✉r❛ ✺✿ ❚❛❜❡❧❛ r❡❧❛❝✐♦♥❛♥❞♦ ❝❛❞❛ ❝♦r ❛ s❡✉ ❞❡✈✐❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛✳

❋♦♥t❡✿ ❤tt♣✿✴✴s❝✐❡♥❝❡❧❡❛r♥✳♦r❣✳♥③✴❈♦♥t❡①ts✴▲✐❣❤t✲❛♥❞✲❙✐❣❤t✴

❙❝✐❡♥❝❡✲■❞❡❛s✲❛♥❞✲❈♦♥❝❡♣ts✴❈♦❧♦✉rs✲♦❢✲❧✐❣❤t ❬✹❪✳

❆ss✐♠✱ ❛♥❛❧✐s♦✉✲s❡ ❛ ❜♦❧❤❛ ♥♦ ♣r✐♠❡✐r♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ❡❧❛ ❢♦✐ ❢♦t♦❣r❛❢❛❞❛
✭t❂✵✮✱ ❡ ♦❜t❡✈❡✲s❡ ♦s s❡❣✉✐♥t❡s r❡s✉❧t❛❞♦s✿

✼



① ✭❝♠✮ ♠ ❝♦r ❊s♣❡ss✉r❛ ✭♠✮
✵✳✷✺ ✵ ❛③✉❧ 8.857081419049469× 10−8

✵✳✸✺ ✵ ❛♠❛r❡❧♦ 1.133462155375942× 10−7

✵✳✺✵ ✵ ❧❛r❛♥❥❛ 1.196366419180042× 10−7

✵✳✺✺ ✵ ✈❡r♠❡❧❤♦ 1.265559985432133× 10−7

✵✳✻✵ ✶ ✈✐♦❧❡t❛ 2.289135245222556× 10−7

✵✳✼✵ ✶ ❛③✉❧ 2.704240830739002× 10−7

✵✳✾✵ ✶ ✈❡r❞❡ 3.207127968776458× 10−7

✶✳✶✵ ✶ ❛♠❛r❡❧♦ 3.558574306987755× 10−7

✶✳✷✵ ✶ ✈❡r♠❡❧❤♦ 3.983300272758789× 10−7

✶✳✺✵ ✷ ✈✐♦❧❡t❛ 4.138167334036864× 10−7

✶✳✺✺ ✷ ❛③✉❧ 4.895773337924085× 10−7

✶✳✻✵ ✷ ✈❡r❞❡ 5.770051944297508× 10−7

✷✳✶✵ ✸ ✈✐♦❧❡t❛ 6.410807469871966× 10−7

✷✳✺✺ ✸ ❛③✉❧ 8.371362581414895× 10−7

✷✳✼✵ ✹ ✈✐♦❧❡t❛ 9.535572637280993× 10−7

❚❛❜❡❧❛ ✶✿ ❚❛❜❡❧❛ ❞♦s ❞❛❞♦s ♦❜t✐❞♦s ❛tr❛✈és ❞❛ ❛♥á❧✐s❡ ❞❛ ❢♦t♦ ❞❛ ❜♦❧❤❛ ♥♦
♣r✐♠❡✐r♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ❛ ♠❡s♠❛ ❢♦✐ ❢♦t♦❣r❛❢❛❞❛✳ ❆ ❝♦r✱ ❛ ♦r❞❡♠ ❡s♣❡❝tr❛❧
✭♠✮ ❡ ❛ ❞✐stâ♥❝✐❛ ❞♦ ❝❡♥tr♦ ❞❛ ❜♦❧❤❛ ✭①✮ ❢♦r❛♠ ❡st✐♠❛❞♦s ♣❡❧♦ ♦❜s❡r✈❛❞♦r
✉s❛♥❞♦✲s❡ ❛♣❡♥❛s ✉♠❛ ❡s❝❛❧❛ ♠✐❧✐♠❡tr❛❞❛ s♦❜r❡ ❛ ❢♦t♦ ❞❛ ❜♦❧❤❛ ❡ s❡✉s ❝♦✲
♥❤❡❝✐♠❡♥t♦s ♣ré✈✐♦s✳

❋✐❣✉r❛ ✻✿ ❋♦t♦ ❞❛ ❜♦❧❤❛ ♥♦ ♣r✐♠❡✐r♦ ✐♥st❛♥t❡ ❡♠ q✉❡ é ❢♦t♦❣r❛❢❛❞❛✳

❋♦♥t❡✿ ❋♦t♦ t✐r❛❞❛ ♣❡❧♦ ♣ró♣r✐♦ ❛✉t♦r✳

✽



❋✐❣✉r❛ ✼✿ ●rá✜❝♦ ❞❛ ❡s♣❡ss✉r❛ ❞❛ ❜♦❧❤❛ ❡♠ ❢✉♥çã♦ ❞❛ ❞✐stâ♥❝✐❛ ❛ ♣❛rt✐r ❞♦
❝❡♥tr♦ ①✱ ♥♦ ♣r✐♠❡✐r♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ❡❧❛ ❢♦✐ ❢♦t♦❣r❛❢❛❞❛✳ ❆ ❧✐♥❤❛ é s♦♠❡♥t❡
✉♠❛ ❛♣r♦①✐♠❛çã♦ ❧✐♥❡❛r ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ♣♦♥t♦s✳

❚❛♠❜é♠ ❢♦✐ ❛♥❛❧✐s❛❞♦ ❛ ❜♦❧❤❛ ✶ ♠✐♥✉t♦ ❛♣ós ❛ ♣r✐♠❡✐r❛ ❢♦t♦✳

❋✐❣✉r❛ ✽✿ ❋♦t♦ ❞❛ ❜♦❧❤❛ ❞❡♣♦✐s ❞❡ ✶ ♠✐♥✉t♦s ❞❡ ♦❜s❡r✈❛çã♦✳

❋♦♥t❡✿ ❋♦t♦ t✐r❛❞❛ ♣❡❧♦ ♣ró♣r✐♦ ❛✉t♦r✳

✾



❋✐❣✉r❛ ✾✿ ●rá✜❝♦ ❞❛ ❡s♣❡ss✉r❛ ❞❛ ❜♦❧❤❛ ❡♠ ❢✉♥çã♦ ❞❛ ❞✐stâ♥❝✐❛ ❛ ♣❛rt✐r
❞♦ ❝❡♥tr♦ ①✱ ❞❡♣♦✐s ❞❡ ✶ ♠✐♥✉t♦ ❞❡ ♦❜s❡r✈❛çã♦✳ ❆ ❧✐♥❤❛ é s♦♠❡♥t❡ ✉♠❛
❛♣r♦①✐♠❛çã♦ ❧✐♥❡❛r ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ♣♦♥t♦s✳

❊ ❛ ❜♦❧❤❛ ♥♦ ú❧t✐♠♦ ✐♥st❛♥t❡ ❛♥t❡s ❞❡❧❛ ❡st♦✉r❛r✳

❋✐❣✉r❛ ✶✵✿ ❋♦t♦ ❞❛ ❜♦❧❤❛ ✐♥st❛♥t❡s ❛♥t❡s ❞❡❧❛ ❡st♦✉r❛r✱ ❛♣ós ✻ ♠✐♥✉t♦s ❡ ✷✺
s❡❣✉♥❞♦s ❞❡ ♦❜s❡r✈❛çã♦✳

❋♦♥t❡✿ ❋♦t♦ t✐r❛❞❛ ♣❡❧♦ ♣ró♣r✐♦ ❛✉t♦r✳

✶✵



❋✐❣✉r❛ ✶✶✿ ●rá✜❝♦ ❞❛ ❡s♣❡ss✉r❛ ❞❛ ❜♦❧❤❛ ❡♠ ❢✉♥çã♦ ❞❛ ❞✐stâ♥❝✐❛ ❛ ♣❛rt✐r ❞♦
❝❡♥tr♦ ①✱ ✐♥st❛♥t❡s ❛♥t❡s ❞❡❧❛ ❡st♦✉r❛r✳ ❆ ❧✐♥❤❛ é s♦♠❡♥t❡ ✉♠❛ ❛♣r♦①✐♠❛çã♦
❧✐♥❡❛r ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ♣♦♥t♦s✳

❖ ♠❡s♠♦ ♣r♦❝❡❞✐♠❡♥t♦ ♣♦❞❡ s❡r ❛♣❧✐❝❛❞♦ ♣❛r❛ ❛ ❜♦❧❤❛ ❡♠ q✉❛❧q✉❡r ✐♥s✲
t❛♥t❡ ❞❡ t❡♠♣♦✱ ♣♦ré♠ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ s✐♠♣❧✐✜❝❛r ♦ tr❛❜❛❧❤♦ ❡s❝♦❧❤❡✉✲s❡
❡st✉❞❛r s♦♠❡♥t❡ ❛ ❜♦❧❤❛ ♥❡ss❡s ✸ ✐♥st❛♥t❡s✳ ❖✉tr♦ ♠♦t✐✈♦ ♣❛r❛ ❡ss❛ ❡s❝♦❧❤❛
❢♦✐ q✉❡ ❝♦♠ ♦ ♣❛ss❛r ❞♦ t❡♠♣♦ ❛s ❧✐♥❤❛s ❝♦❧♦r✐❞❛s ❝♦♠❡ç❛♠ ❛ s❡ ♠✐st✉r❛r
❡ ❢♦r♠❛r ✜❣✉r❛s ♠❛✐s ❝♦♠♣❧❡①❛s✱ ♦ q✉❡ t♦r♥❛ ❞✐❢í❝✐❧ ❛ ❛♥á❧✐s❡ ❞❛ ❡s♣❡ss✉r❛
♥❡ss❡s ❝❛s♦s✳

❆♥❛❧✐s♦✉✲s❡ t❛♠❜é♠ ❛ ❡s♣❡ss✉r❛ ❞❛ ❜♦❧❤❛ ❡♠ ✉♠ ♣♦♥t♦ ❛ ✶ ❝♠ ❞♦ s❡✉
❝❡♥tr♦ ❝♦♠ ♦ ♣❛ss❛r ❞♦ t❡♠♣♦✳

✶✶



❚❡♠♣♦ ✭♠✐♥✮ ♠ ❝♦r ❊s♣❡ss✉r❛ ✭♠✮
✵ ✶ ❛♠❛r❡❧♦ 3.526876671542642× 10−7

✶ ✶ ❛③✉❧ 2.762720059375070× 10−7

✷ ✶ ✈✐♦❧❡t❛ 2.351251114361761× 10−7

✸ ✵ ✈❡r❞❡ 1.077656760749141× 10−7

✹ ✵ í♥❞✐❣♦ 8.327347696697906× 10−8

✺ ✵ ✈✐♦❧❡t❛ 7.837503714539205× 10−8

✻ ✵ ♣r❡t♦ ✐♥❞❡✜♥✐❞❛
✻✱✹ ✵ ♣r❡t♦ ✐♥❞❡✜♥✐❞❛

❚❛❜❡❧❛ ✷✿ ❚❛❜❡❧❛ ❞♦s ❞❛❞♦s ♦❜t✐❞♦s ❛tr❛✈és ❞❛ ❛♥á❧✐s❡ ❞❡ ❢♦t♦s t✐r❛❞❛s ❞❛
❜♦❧❤❛ ❛ ❝❛❞❛ ♠✐♥✉t♦✳ ❆ ❝♦r ❡ ❛ ♦r❞❡♠ ❡s♣❡❝tr❛❧ ✭♠✮ ❢♦r❛♠ ❡st✐♠❛❞♦s ♣❡❧♦
♦❜s❡r✈❛❞♦r ✉s❛♥❞♦✲s❡ ❛♣❡♥❛s ✉♠❛ ❡s❝❛❧❛ ♠✐❧✐♠❡tr❛❞❛ s♦❜r❡ ❛ ❢♦t♦ ❞❛ ❜♦❧❤❛
❡ s❡✉s ❝♦♥❤❡❝✐♠❡♥t♦s ♣ré✈✐♦s✳ ❆♣ós ✻ ♠✐♥✉t♦s✱ ♥ã♦ é ♠❛✐s ♣♦ssí✈❡❧ s❛❜❡r ❛
❡s♣❡ss✉r❛ ❞❛ ❜♦❧❤❛ ♣♦✐s ❡❧❛ s❡ ❡♥❝♦♥tr❛ tã♦ ✜♥❛ q✉❡ ♥ã♦ ❤á ♠❛✐s ✐♥t❡r❢❡rê♥❝✐❛
❝♦♥str✉t✐✈❛ ♣❛r❛ ♦s ❝♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛ ❞❛ ❧✉③ ✈✐sí✈❡❧✳

❋✐❣✉r❛ ✶✷✿ ●rá✜❝♦ ❞❛ ❡s♣❡ss✉r❛ ❞❛ ❜♦❧❤❛ ❡♠ ❢✉♥çã♦ ❞♦ t❡♠♣♦✳ ❆ ❧✐♥❤❛ é
s♦♠❡♥t❡ ✉♠❛ ❛♣r♦①✐♠❛çã♦ ❧✐♥❡❛r ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞♦s ♣♦♥t♦s✳

❉♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❡r❝❡❜❡✲s❡ q✉❡ ❤á ✉♠❛ ♠❛♥❝❤❛ ❡s❝✉r❛ ❜❡♠ ♥♦
❝❡♥tr♦ ❞❛ ❜♦❧❤❛ q✉❡ ❝r❡s❝❡ ❝♦♠ ♦ ♣❛ss❛r ❞♦ t❡♠♣♦✳ ❊ss❛ ♠❛♥❝❤❛ ♦❝♦rr❡

✶✷



♣♦rq✉❡ ♥❡ss❡ ❧♦❝❛❧ ❛ ❜♦❧❤❛ s❡ ❡♥❝♦♥tr❛ tã♦ ✜♥❛ q✉❡ ♣❛r❛ ♦s ❝♦♠♣r✐♠❡♥t♦s
❞❡ ♦♥❞❛ ❞❛ ❧✉③ ✈✐sí✈❡❧ ♥ã♦ ♦❝♦rr❡ ✐♥t❡r❢❡rê♥❝✐❛ ❝♦♥str✉t✐✈❛ ✭só ♦❝♦rr❡ ❝♦♠
❝♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛ ♠❡♥♦r❡s✱ ❝♦♠♦ ✉❧tr❛✲✈✐♦❧❡t❛✱ r❛✐♦s✲❳ ❡ r❛✐♦s ❣❛♠❛✮ ❡✱
❝♦♠♦ ❤á ✉♠❛ ♠✉❞❛♥ç❛ ❞❡ ❢❛s❡ ❞❡ π r❛❞ ♥❛ ♣r✐♠❡✐r❛ r❡✢❡①ã♦✱ ♦❝♦rr❡ ✐♥t❡r✲
❢❡rê♥❝✐❛ ❞❡str✉t✐✈❛✱ ❡ ♦ ✜❧♠❡ s❡ t♦r♥❛ ❡s❝✉r♦ ♥❡ss❡ ♣♦♥t♦✳ ❈♦♠♦ ❛ ❡s♣❡ss✉r❛
❞❛ ❜♦❧❤❛ ❞✐♠✐♥✉✐ ❝♦♠ ♦ t❡♠♣♦ ❡ss❛ ♠❛♥❝❤❛ ❛✉♠❡♥t❛✱ ❡ q✉❛♥❞♦ ❡❧❛ ❛t✐♥❣❡
s❡✉ t❛♠❛♥❤♦ ♠á①✐♠♦ ❛ ❜♦❧❤❛ ❡st♦✉r❛✳

❚❛♠❜é♠ ♣ô❞❡✲s❡ ♦❜s❡r✈❛r q✉❡✱ ♣❛r❛ ♦r❞❡♥s ❡s♣❡❝tr❛✐s ♠❛✐♦r❡s✱ ❤♦✉✈❡
♠❛✐s ✧♠✐st✉r❛✧❞❛s ❝♦r❡s✱ ✐ss♦ s✐❣♥✐✜❝❛ q✉❡ ❝♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛ ❞❡ ✉♠❛
♦r❞❡♠ ❡s♣❡❝tr❛❧ t✐♥❤❛♠ s✉❛ ♠á①✐♠❛ ✐♥t❡♥s✐❞❛❞❡ ♥❛ ♠❡s♠❛ ♣♦s✐çã♦ q✉❡ ♦s
❞❡ ♦✉tr❛s ♦r❞❡♥s ❡s♣❡❝tr❛✐s✳

❚❛♠❜é♠ ♣ô❞❡✲s❡ ♣❡r❝❡❜❡r q✉❡ ❛ ❡s♣❡ss✉r❛ ❞❛ ❜♦❧❤❛ é ♠❛✐♦r ♥❛ ♣❛rt❡
✐♥❢❡r✐♦r ❞❛ ❜♦❧❤❛ ❞♦ q✉❡ ♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❞❛ ♠❡s♠❛✱ ✐ss♦ ♦❝♦rr❡ ❞❡✈✐❞♦ à
❢♦rç❛ ❣r❛✈✐t❛❝✐♦♥❛❧ q✉❡ ❛❣❡ ♥❛ ❜♦❧❤❛✱ t♦r♥❛♥❞♦ s✉❛ ❡s♣❡ss✉r❛ ♥ã♦ ❤♦♠♦❣ê♥❡❛✳

✹ ❈♦♥❝❧✉sã♦

❆ r❡✢❡①ã♦ ❞❛ ❧✉③ ❜r❛♥❝❛ ❡♠ ✉♠ ✜❧♠❡ ✜♥♦ ❝❛✉s❛ ❛ ❢♦r♠❛çã♦ ❞❡ ✉♠ ❡s✲
♣❡❝tr♦✱ ♥♦ ❝❛s♦ ❞❡ ✉♠❛ ❜♦❧❤❛ ❡ss❡ ❡s♣❡❝tr♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ♥❛ ❢♦r♠❛ ❞❡
❛♥é✐s ❝♦❧♦r✐❞♦s ❝♦♥❝ê♥tr✐❝♦s✳ ❈❛❞❛ ❛♥❡❧ ❢♦r♠❛❞♦ ♣♦ss✉✐ ✉♠❛ ❡s♣❡ss✉r❛ ❝❛✲
r❛❝t❡ríst✐❝❛✱ ❡ ✐ss♦ ♣♦❞❡ s❡r ✉s❛❞♦ ♣❛r❛ ❢❛③❡r ✉♠ ♠❛♣❡❛♠❡♥t♦ ❞❛ ❡s♣❡ss✉r❛
❞❡ ✉♠❛ ❜♦❧❤❛ ❞❡ s❛❜ã♦✳

◆❡ss❡ ♠❛♣❡❛♠❡♥t♦ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r q✉❡ ❛ ❡s♣❡ss✉r❛ ❞❛ ❜♦❧❤❛ é ♠❛✐♦r
♥❛ ♣❛rt❡ ✐♥❢❡r✐♦r ❞♦ q✉❡ ♥❛ ♣❛rt❡ s✉♣❡r✐♦r ❞❛ ♠❡s♠❛✱ ✐ss♦ ♦❝♦rr❡ ❞❡✈✐❞♦ à ❛çã♦
❞❛ ❢♦rç❛ ❣r❛✈✐t❛❝✐♦♥❛❧✳ ❚❛♠❜é♠ ♣♦❞❡✲s❡ ♣❡r❝❡❜❡r q✉❡ ❛ ❡s♣❡ss✉r❛ ❞✐♠✐♥✉✐
❝♦♠ ♦ t❡♠♣♦✱ ❞❡✈✐❞♦ à ❡✈❛♣♦r❛çã♦ ❞❛ á❣✉❛ ❞❛ ❜♦❧❤❛✳

❚❛♠❜é♠ é ♣♦ssí✈❡❧ s❛❜❡r ♦ ♠♦♠❡♥t♦ q✉❡ ❛ ❜♦❧❤❛ ❡stá ♣r❡st❡s ❛ ❡st♦✉r❛r✱
❞❡✈✐❞♦ ❛♦ t❛♠❛♥❤♦ ❞❛ ♠❛♥❝❤❛ ❡s❝✉r❛ q✉❡ ❢♦r♠❛✲s❡ ♥♦ ❝❡♥tr♦ ❞❛ ♠❡s♠❛✱ ♣♦✐s
♥❡ss❡ ♠♦♠❡♥t♦ ♦ ✜❧♠❡ ❡♥❝♦♥tr❛✲s❡ tã♦ ✜♥♦ q✉❡ ♥ã♦ é ♠❛✐s ♣♦ssí✈❡❧ ♦❜s❡r✈❛r
❛ ✐♥t❡r❢❡rê♥❝✐❛ ❞❛ ❧✉③ ✈✐sí✈❡❧✳

❘❡❢❡rê♥❝✐❛s

❬✶❪ ❚❤✐♥ ✜❧♠s✳ ❉✐s♣♦♥í✈❡❧ ❡♠ ❤tt♣✿✴✴✇✇✇✳s❝✐❡♥❝❡❝❛❧❝✉❧❛t♦rs✳♦r❣✴

♦♣t✐❝s✴t❤✐♥✲❢✐❧♠s✴✳❆❝❡ss❛❞♦ ❡♠ ✸✵ ❞❡ ♦✉t✉❜r♦ ❞❡ ✷✵✶✻✱ às ✶✵❤✶✷✳

❬✷❪ ❲✐❦✐♠❡❞✐❛ ❈♦♠♠♦♥s✳ ❘❡✢❡❝t✐♦♥ ❢r♦♠ ❛ ❜✉❜❜❧❡✳ ❉✐s♣♦♥í✲
✈❡❧ ❡♠ ❤tt♣s✿✴✴✉♣❧♦❛❞✳✇✐❦✐♠❡❞✐❛✳♦r❣✴✇✐❦✐♣❡❞✐❛✴❝♦♠♠♦♥s✴❛✴❛✵✴

❘❡❢❧❡❝t✐♦♥❴❢r♦♠❴❛❴❜✉❜❜❧❡✶✳♣♥❣✳ ❆❝❡ss❛❞♦ ❡♠ ✷✾ ❞❡ ♦✉t✉❜r♦ ❞❡ ✷✵✶✻✱
às ✾❤✹✺✳

✶✸



❬✸❪ ❙❊❆❘❙ ❡ ❩❊▼❆◆❙❑❨✳ ❋ís✐❝❛ ■❱✿ ót✐❝❛ ❡ ❢ís✐❝❛ ♠♦❞❡r♥❛✳ ✶✷ ❡❞✐t✐♦♥✳

❬✹❪ ❙❝✐❡♥❝❡ ▲❡❛r♥✳ ❈♦❧♦✉rs ♦❢ ❧✐❣❤t✳ ❉✐s♣♦♥í✈❡❧ ❡♠ ❤tt♣✿✴✴s❝✐❡♥❝❡❧❡❛r♥✳

♦r❣✳♥③✴❈♦♥t❡①ts✴▲✐❣❤t✲❛♥❞✲❙✐❣❤t✴❙❝✐❡♥❝❡✲■❞❡❛s✲❛♥❞✲❈♦♥❝❡♣ts✴

❈♦❧♦✉rs✲♦❢✲❧✐❣❤t✳ ❆❝❡ss❛❞♦ ❡♠ ✶ ❞❡ ♥♦✈❡♠❜r♦ ❞❡ ✷✵✶✻✱ às ✾❤✵✷✳

❬✺❪ ❊♥s✐♥♦ ◆♦✈♦✳ ■♥t❡r❢❡rê♥❝✐❛✳ ❉✐s♣♦♥í✈❡❧ ❡♠ ❤tt♣✿✴✴❡♥s✐♥♦♥♦✈♦✳✐❢✳✉s♣✳

❜r✴✉♥✐✈❡rs✐t❛r✐♦✲❛❧✉♥♦s✴✐♥t❡r❢❡r❡♥❝✐❛✴✳ ❆❝❡ss❛❞♦ ❡♠ ✸✵ ❞❡ ♦✉t✉✲
❜r♦ ❞❡ ✷✵✶✻✱ às ✶✵❤✷✷✳

❬✻❪ ❈❧❡♠❡♥t✐♥❛ ❙❆◆❚❖❙✱ ▼ár✐♦ ◆✳ ❇✳❡ ❚❊■❳❊■❘❆✳ ❇♦❧❛s ❞❡ s❛❜ã♦✿ ♣r❡✲
♣❛r❛çã♦✱ ❡str✉t✉r❛ ❡ ♣r♦♣r✐❡❞❛❞❡s✳ ❉✐s♣♦♥í✈❡❧ ❡♠ ❤tt♣✿✴✴✇❡❜✳✐st✳✉t❧✳

♣t✴✐st✶✷✷✶✾✴❞❛t❛✴✾✵✳♣❞❢✳

❬✼❪ ❈✳ ●✳ ❉❊❆❈❖◆ ❨✳ ❉✳ ❆❋❆◆❆❙❨❊❱✱ ●✳ ❚✳ ❆◆❉❘❊❲❙✳ ▼❡✲
❛s✉r✐♥❣ s♦❛♣ ❜✉❜❜❧❡ t❤✐❝❦♥❡ss ✇✐t❤ ❝♦❧♦r ♠❛t❝❤✐♥❣✳ ❉✐s♣♦✲
♥í✈❡❧ ❡♠ ❤tt♣s✿✴✴✇✇✇✳r❡s❡❛r❝❤❣❛t❡✳♥❡t✴♣✉❜❧✐❝❛t✐♦♥✴✷✺✷✼✸✸✽✵✸❴

▼❡❛s✉r✐♥❣❴s♦❛♣❴❜✉❜❜❧❡❴t❤✐❝❦♥❡ss❴✇✐t❤❴❝♦❧♦r❴♠❛t❝❤✐♥❣✳

✶✹


