










❘❡s✉♠♦

◆♦s ú❧t✐♠♦s ❛♥♦s ❤♦✉✈❡ ✉♠ rá♣✐❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ♥❛ ár❡❛ ❞❡ ✐♠❛❣❡♥s ♦❜t✐❞❛s ✉t✐❧✐③❛♥❞♦

r❛❞✐❛çã♦ ❝♦❡r❡♥t❡ ❞❡ r❛✐♦s✲❳✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ♣♦rq✉❡ ❢♦♥t❡s ❝♦❡r❡♥t❡s ♦✉ ♣❛r❝✐❛❧♠❡♥t❡ ❝♦❡r❡♥t❡s

tê♠ s❡ t♦r♥❛❞♦ ❞✐s♣♦♥í✈❡✐s✳ ❆ ✈❛♥t❛❣❡♠ ❞❡ s❡ ✉s❛r ✉♠ ❢❡✐①❡ ❞❡ r❛✐♦s✲❳ ❝♦❡r❡♥t❡ ❡stá ❡♠ ❡✈✐❞❡♥✲

❝✐❛r ♦ ❝♦♥tr❛st❡ ❝r✐❛❞♦ ♣❡❧❛ ✈❛r✐❛çã♦ ❞❛ ❢❛s❡ ❞♦ ❢❡✐①❡ ❛♦ ❛tr❛✈❡ss❛r ❛ ❛♠♦str❛✳ ▼❡s♠♦ q✉❛♥❞♦ ❛

❝♦❡rê♥❝✐❛ ❞♦ ❢❡✐①❡ ♥ã♦ é ❝♦♠♣❧❡t❛ ❛✐♥❞❛ é ♣♦ssí✈❡❧ ♦❜t❡r ✐♥❢♦r♠❛çã♦ ❞❛ ❢❛s❡ ♥❛ ✐♥t❡r❢❡rê♥❝✐❛ ❞❛

♦♥❞❛ q✉❡ s❡ ♣r♦♣❛❣❛ ❛♣ós t❡r ❛tr❛✈❡ss❛❞♦ ❞❛ ❛♠♦str❛✳ ❊ss❡ ♠ét♦❞♦ é ❝❤❛♠❛❞♦ ❞❡ ❈♦♥tr❛st❡

❞❡ ❋❛s❡ ♣♦r Pr♦♣❛❣❛çã♦ ❡ r❡ss❛❧t❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛ ❞✐❢❡r❡♥ç❛ ❞♦ í♥❞✐❝❡ ❞❡ r❡❢r❛çã♦ ✭♣❛rt❡ r❡❛❧ ❡

✐♠❛❣✐♥ár✐❛✮ ♥❛ ✐♥t❡r❢❛❝❡ ❞❛s ❡str✉t✉r❛s ✐♥t❡r♥❛s ❞❛ ❛♠♦str❛✳ ❊st❡ tr❛❜❛❧❤♦ ✈❛✐ ❛♣r❡s❡♥t❛r ✉♠❛

r❡✈✐sã♦ ❞♦ ♠ét♦❞♦ ❡ ❞❡s❝r❡✈❡r ❛ ♠♦♥t❛❣❡♠ ❞❡ ✉♠❛ ❡st❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ ♣❛r❛ ♠✐❝r♦ t♦♠♦❣r❛✲

✜❛s ❞❡ r❛✐♦s✲❳ ✉t✐❧✐③❛♥❞♦ ♦ ♠ét♦❞♦ ❞❡ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡ ♣♦r ♣r♦♣❛❣❛çã♦✳ ❚❛♠❜é♠ é ❞❡s❝r✐t♦

❝♦♠♦ é ❢❡✐t❛ ❛ s✐♥❝r♦♥✐③❛çã♦ ❞♦ ❡①♣❡r✐♠❡♥t♦ ✉t✐❧✐③❛♥❞♦ ♦ s♦❢t✇❛r❡ ❞❡ ❝♦♥tr♦❧❡ ❊P■❈❙ ❡ ❝♦♠♦ é

❢❡✐t♦ ♦ tr❛t❛♠❡♥t♦✱ r❡❝♦♥str✉çã♦ ❡ ✈✐s✉❛❧✐③❛çã♦ ❞❛s ✐♠❛❣❡♥s tr✐❞✐♠❡♥s✐♦♥❛✐s✳ ❙❡rã♦ ❛♣r❡s❡♥t❛✲

❞♦s r❡s✉❧t❛❞♦s ❞❡ r❛❞✐♦❣r❛✜❛s ❡ r❡❝♦♥str✉çõ❡s t♦♠♦❣rá✜❝❛s ♦❜t✐❞❛s ♥❡st❛ ❡st❛çã♦ ❡①♣❡r✐♠❡♥t❛❧✱

r❡ss❛❧t❛♥❞♦ ❛s ♠❡❧❤♦r❛s ♦❜t✐❞❛s ♣❡❧♦ ✉s♦ ❞❡st❡ ♠ét♦❞♦✱ ❝♦♠♦ ❛ ✈✐s✉❛❧✐③❛çã♦ ❞❡ ❡str✉t✉r❛s ♠♦❧❡s

❞❛s ❛♠♦str❛s ❡ ❞❡✜♥✐çã♦ ❞❛s ❜♦r❞❛s✳

✈✐



❆❜str❛❝t

■♥ t❤❡ ❧❛st ②❡❛rs✱ t❤❡r❡ ❤❛s ❜❡❡♥ ❛ ❢❛st ❞❡✈❡❧♦♣♠❡♥t ♦♥ ❝♦❤❡r❡♥t ①✲r❛② ✐♠❛❣✐♥❣✱ ❡s♣❡❝✐❛❧❧②

❜❡❝❛✉s❡ ❝♦❤❡r❡♥t ♦r ♣❛rt✐❛❧❧② ❝♦❤❡r❡♥t s♦✉r❝❡s ❛r❡ ❜❡❝♦♠✐♥❣ ♠♦r❡ ❛✈❛✐❧❛❜❧❡✳ ❚❤❡ ❛❞✈❛♥t❛❣❡ ✐♥

✉s✐♥❣ ❛ ❝♦❤❡r❡♥t ①✲r❛② ❜❡❛♠ r❡❧✐❡s ♦♥ t❤❡ ❡♥❤❛♥❝❡♠❡♥t ♦❢ ❝♦♥tr❛st ❝r❡❛t❡❞ ❜② t❤❡ ❝❤❛♥❣❡ ✐♥ t❤❡

❜❡❛♠✬s ♣❤❛s❡ ❛❢t❡r ✐♥t❡r❛❝t✐♥❣ ✇✐t❤ t❤❡ s❛♠♣❧❡✳ ❊✈❡♥ ✇❤❡♥ t❤❡ ❜❡❛♠ ✐s ♥♦t ❝♦♠♣❧❡t❡❧② ❝♦❤❡r❡♥t

✐s st✐❧❧ ♣♦ss✐❜❧❡ t♦ ♦❜t❛✐♥ ♣❤❛s❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ ✐♥t❡r❢❡r❡♥❝❡ ♣❛tt❡r♥ ♦❢ t❤❡ ✇❛✈❡ ♣r♦♣❛❣❛t✐♥❣

❢r♦♠ t❤❡ s❛♠♣❧❡✳ ❚❤✐s ♠❡t❤♦❞ ✐s ❝❛❧❧❡❞ Pr♦♣❛❣❛t✐♦♥ P❤❛s❡ ❈♦♥tr❛st ■♠❛❣❡ ❛♥❞ ✐♠♣r♦✈❡ t❤❡

❝♦♥tr❛st ♦♥ t❤❡ ❞✐✛❡r❡♥❝❡ ♦❢ r❡❢r❛❝t✐♦♥ ✐♥❞❡① ✭r❡❛❧ ❛♥❞ ✐♠❛❣✐♥❛r② ♣❛rt✮ ❢r♦♠ t❤❡ s❛♠♣❧❡ ✐♥t❡r✐♦r

✐♥t❡r❢❛❝❡s✳ ❚❤✐s ✇♦r❦ ✇✐❧❧ s❤♦✇ ❛ st✉❞② ♦❢ t❤❡ ♠❡t❤♦❞ ❛♥❞ t❤❡ ❛ss❡♠❜❧② ♦❢ ❛♥ ❡①♣❡r✐♠❡♥t❛❧

st❛t✐♦♥ ❢♦r ①✲r❛② ♠✐❝r♦ t♦♠♦❣r❛♣❤② ✉s✐♥❣ t❤✐s ♠❡t❤♦❞✳ ❲❡ ❛❧s♦ s❤♦✇ ❤♦✇ t❤❡ ❡①♣❡r✐♠❡♥t

s②♥❝❤r♦♥✐③❛t✐♦♥ ✐s ❞♦♥❡ ✉s✐♥❣ t❤❡ ❝♦♥tr♦❧ s♦❢t✇❛r❡ ❊P■❈❙ ❛♥❞ ❤♦✇ t♦ tr❡❛t✱ r❡❝♦♥str✉❝t ❛♥❞

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

r❡❝♦♥str✉❝t✐♦♥s ♦❜t❛✐♥❡❞ ❢r♦♠ t❤✐s ❡①♣❡r✐♠❡♥t❛❧ st❛t✐♦♥✱ s❤♦✇✐♥❣ t❤❡ ✐♠♣r♦✈❡♠❡♥ts ♦❜t❛✐♥❡❞ ❜②

t❤❡ ✉s❡ ♦❢ t❤❡ ♣r♦♣❛❣❛t✐♦♥ ♠❡t❤♦❞✱ ❧✐❦❡ t❤❡ ✈✐s✉❛❧✐③❛t✐♦♥ ♦❢ s♦❢t t✐ss✉❡ ❛♥❞ ✐♥t❡r❢❛❝❡ ❞❡✜♥✐t✐♦♥✳

✈✐✐
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❆❣r❛❞❡❝✐♠❡♥t♦s

❆ ♣r✐♥❝í♣✐♦ ❣♦st❛r✐❛ ❞❡ ❛❣r❛❞❡❝❡r às ♣❡ss♦❛s q✉❡ t♦r♥❛r❛♠ ♦ tr❛❜❛❧❤♦ r❡❛❧✐③❛❞♦ ♥❡ss❛ ❞✐ss❡r✲

t❛çã♦ ♣♦ssí✈❡❧✱ ❡ ♥ã♦ ❢♦r❛♠ ♣♦✉❝❛s✳ ▼❡✉ ♦r✐❡♥t❛❞♦r ❈❛r❧♦s ●✐❧❡s✱ q✉❡♠ ♣r♦♣♦r❝✐♦♥♦✉ ♦s ♠❡✐♦s

❡ ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♣❛r❛ ❡st✉❞❛r ❡ ❝♦♥str✉✐r ❡ss❡ tr❛❜❛❧❤♦ ❡ s✉❛ ❡s♣♦s❛✱ ❈r✐s✱ ♣❡❧♦s ❝♦♥s❡❧❤♦s✳

❈❛r❧♦s ▲❡✐t❡ ♣❡❧♦s ❝♦♥s❡❧❤♦s ❡ ❞✐s❝✉ssõ❡s ✐♥t❡r♠✐♥á✈❡✐s✳ ▼❡✉s ❝♦rr❡t♦r❡s ❡①tr❛♦✜❝✐❛✐s ▼❛✉r✐❝✐♦✱

❆♥❣é❧✐❝❛✱ ❈✐♥t✐❛ ❡ ❘❛❢❛❡❧✳ ❆ ❡q✉✐♣❡ ❞♦ ▲❈❆❘❳ ❡ ❝♦❧❛❜♦r❛❞♦r❡s ❡①t❡r♥♦s✱ ❡♠ ❡s♣❡❝✐❛❧ ❛♦ ▼❛r❦

❘✐✈❡rs✳ ❆ t♦❞❛s ❛s ♦✉tr❛s ♣❡ss♦❛s q✉❡ ❞✉r❛♥t❡ ♦ tr❛❜❛❧❤♦ ♣❛rt✐❝✐♣❛r❛♠ ❞❛s ❞✐s❝✉ssõ❡s ♦✉ ♠❡s♠♦

❛♣❡♥❛s ♠❡ ♦✉✈✐r❛♠ ❢❛❧❛♥❞♦ s❡♠ ♣❛r❛r s♦❜r❡ ♦s ♠❛✐s ❞✐✈❡rs♦s ❛ss✉♥t♦s✳ P♦r ✜♠✱ ❣♦st❛r✐❛ ❞❡

❛❣r❛❞❡❝❡r ♠✐♥❤❛ ❢❛♠í❧✐❛ ❡ ♠❡✉s ♣❛✐s✱ ❘✉❜❡♥s ❡ ❋❡r♥❛♥❞❛✱ ♣♦r t♦❞♦ ❛♣♦✐♦ ❡ s❡❣✉r❛♥ç❛✳

❖❜r✐❣❛❞♦✳
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1
■♥tr♦❞✉çã♦

❉❡s❞❡ ❛ ❞❡s❝♦❜❡rt❛ ❞♦s r❛✐♦s✲❳ ♣♦r ❘ö♥t❣❡♥ ❡♠ ✶✽✾✺✱ ♦s r❛✐♦s✲❳ t❡♠ s✐❞♦ ✉s❛❞♦s ❝♦♠♦

✉♠❛ té❝♥✐❝❛ ❞❡ ❞✐❛❣♥óst✐❝♦ ♣♦r ✐♠❛❣❡♥s ♥❛ ár❡❛ ♠é❞✐❝❛✳ ◆♦ ❡♥t❛♥t♦✱ ❛♣❡s❛r ❞♦ ❣r❛♥❞❡ ❛✈❛♥ç♦

t❡❝♥♦❧ó❣✐❝♦ ♥❛ ár❡❛ ❞❡ ❢♦♥t❡s ❡ ❞❡t❡❝t♦r❡s ❞❡ r❛✐♦s✲❳ ❛s ✐♠❛❣❡♥s ❝❧í♥✐❝❛s ❝♦♠ r❛✐♦s✲❳ ❛✐♥❞❛

✉t✐❧✐③❛♠ ♦s ♠❡s♠♦ ♣r✐♥❝í♣✐♦s ❢ís✐❝♦s ♣❛r❛ s✉❛ ♦❜t❡♥çã♦✳

❋✐❣✉r❛ ✶✳✶✿ Pr✐♠❡✐r❛ ✐♠❛✲

❣❡♠ ❞❡ r❛✐♦s✲❳ ❢❡✐t❛ ♣♦r

❘ö♥t❣❡♥✳ ❬✷✼❪

❖ ❝♦♥tr❛st❡ ♥❛s ✐♠❛❣❡♥s ❞❡ r❛✐♦s✲❳ ♣r♦✈é♠ ❞❡ ❞✐❢❡r❡♥t❡s ✐♥t❡✲

r❛çõ❡s ❢ís✐❝❛s ❡♥tr❡ ❛ r❛❞✐❛çã♦ ❡ ❛ ♠❛tér✐❛✳ ❖ ♣r✐♥❝✐♣❛❧ ♣r♦❝❡ss♦

❞❡ ❝♦♥tr❛st❡ ♥❛s ✐♠❛❣❡♥s ❞❡ r❛✐♦s✲❳ s❡ ❞❡✈❡ ❛ s❡çã♦ ❞❡ ❝❤♦q✉❡ ❞❡

❡s♣❛❧❤❛♠❡♥t♦ ❡ ❛❜s♦rçã♦ ♥❛ ❛♠♦str❛✱ ❡✈✐❞❡♥❝✐❛❞♦ ♣❡❧❛ ❛❜s♦rçã♦

❢♦t♦❡❧étr✐❝❛ ❞❛ r❛❞✐❛çã♦ ❡❧❡tr♦♠❛❣♥ét✐❝❛ ♣❡❧♦s át♦♠♦s✳ ❆♣❡s❛r

❞❡ ❣❡r❛r ❡①❝❡❧❡♥t❡s r❡s✉❧t❛❞♦s ❡♠ r❛❞✐♦❧♦❣✐❛ ❝❧í♥✐❝❛ ♥❛ ár❡❛ ❞❡

♦rt♦♣❡❞✐❛✱ ❡ss❛ té❝♥✐❝❛ ❣❡r❛ r❡s✉❧t❛❞♦s ✐♥❝♦♥❝❧✉s✐✈♦s ♥♦ ❡st✉❞♦

❞❡ ❝❛rt✐❧❛❣❡♥s✱ t❡♥❞õ❡s✱ t✉♠♦r❡s ❡ ♦✉tr♦s t❡❝✐❞♦s ♠♦❧❡s✳

❘❡❝❡♥t❡♠❡♥t❡ ♦ ♣r♦❣r❡ss♦ ♥❛s ❢♦♥t❡s ❞❡ r❛✐♦s✲❳ ❝♦❡r❡♥t❡s t❡♠

♣❡r♠✐t✐❞♦ ❞❡s❡♥✈♦❧✈❡r té❝♥✐❝❛s q✉❡ ❡✈✐❞❡♥❝✐❛♠ ♦ ❝♦♥tr❛st❡ ♣r♦✈❡✲

♥✐❡♥t❡ ❞❛ ❢❛s❡✳ P❛r❛ q✉❡ ♦ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡ ♣♦ss❛ s❡r ❡①♣❧♦r❛❞♦

sã♦ ♥❡❝❡ssár✐♦s ♥♦✈♦s ❛rr❛♥❥♦s ót✐❝♦s ✭❝♦♠♦ ✐♥t❡r❢❡rô♠❡tr♦s ♦✉

❝r✐st❛✐s ❛♥❛❧✐s❛❞♦r❡s✮ ♦✉ ❢♦♥t❡s ♣❛r❝✐❛❧♠❡♥t❡ ❝♦❡r❡♥t❡s ❞❡ r❛✐♦s✲

❳✳

❖ tr❛❜❛❧❤♦ ❡stá ❞✐✈✐❞♦ ❡♠ ❝❛♣ít✉❧♦s q✉❡ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦

✶



✷

❞❡s❡♥✈♦❧✈❡r ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ♥❡❝❡ssár✐♦ ♣❛r❛ ❡♥t❡♥❞❡r ❞❡s❞❡ ❛ ❢♦r♠❛çã♦ ❞❛s ✐♠❛❣❡♥s ❞❡ r❛✐♦s✲❳

❛té ❝♦♠♦ ✈✐s✉❛❧✐③❛r ✉♠❛ t♦♠♦❣r❛✜❛ tr✐❞✐♠❡♥s✐♦♥❛❧✳

❖ ❝❛♣ít✉❧♦ ✷ ♠♦str❛ ✉♠❛ r❡✈✐sã♦ s♦❜r❡ ♦s ♣r♦❝❡ss♦s ❢ís✐❝♦s q✉❡ ❞ã♦ ♦r✐❣❡♠ à ❢♦r♠❛çã♦ ❞❡

✐♠❛❣❡♥s ❞❡ r❛✐♦s✲❳✱ ❞❡✜♥✐çã♦ ❞❛s q✉❛❧✐❞❛❞❡s ❞❡ ✐♠❛❣❡♥s ❡ ❢❛t♦r❡s ❡①♣❡r✐♠❡♥t❛✐s q✉❡ ❛s ✐♥✢✉✲

❡♥❝✐❛♠✱ ✐♥tr♦❞✉çã♦ ♠❛t❡♠át✐❝❛ s♦❜r❡ ❛ ❢♦r♠❛çã♦ ❞❡ ✐♠❛❣❡♥s ❡ ✉♠❛ ✐♥tr♦❞✉çã♦ s♦❜r❡ ✐♠❛❣❡♥s

♣♦r ❛❜s♦rçã♦ ❡ ♣♦r ❝♦♥tr❛st❡ ❞❡ ❢❛s❡✳

❖ ❝❛♣ít✉❧♦ ✸ ❝♦♥t✐♥✉❛ ❝♦♠ ❛ ♣❛rt❡ ♠❛t❡♠át✐❝❛ ❞❡❞✉③✐♥❞♦ ❝♦♠♦ ❛❝♦♥t❡❝❡ ❛ ❢♦r♠❛çã♦ ❞❡

✐♠❛❣❡♥s ❝♦❡r❡♥t❡s✱ ✐♥tr♦❞✉③✐♥❞♦ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❝♦❡rê♥❝✐❛ ❞❡ ✉♠❛ ♦♥❞❛ ❡ ❛s ❢♦♥t❡s q✉❡ ❣❡r❛♠

♦♥❞❛s ❝♦❡r❡♥t❡s✱ ❛ ♣r♦♣❛❣❛çã♦ ❞❡ ✉♠❛ ♦♥❞❛ ❝♦❡r❡♥t❡ ❛tr❛✈és ❞❡ ✉♠❛ ❛♠♦str❛ ❡ ❝♦♠♦ ❡ss❛

✐♥❢♦r♠❛çã♦ s❡ ♣r♦♣❛❣❛ ❛té ♦ ❞❡t❡❝t♦r ❡♠ ❞✐❢❡r❡♥t❡s ❣❡♦♠❡tr✐❛s✳

❖ ❝❛♣ít✉❧♦ ✹ ✐♥tr♦❞✉③ ♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ t♦♠♦❣r❛✜❛ ♣♦r ❝♦♥tr❛st❡ ❞❡ ❢❛s❡ ✉t✐❧✐③❛❞♦ ♥♦ tr❛✲

❜❛❧❤♦✱ ♦s ❡q✉✐♣❛♠❡♥t♦s ✉t✐❧✐③❛❞♦s ❡ ❝♦♠♦ ❢♦r❛♠ ❧✐❣❛❞♦s✱ ❡ ✉♠❛ ✐♥tr♦❞✉çã♦ ❛♦s s♦❢t✇❛r❡ ❞❡

❝♦♥tr♦❧❡ q✉❡ ❝♦♥tr♦❧❛♠ ♦ ❡q✉✐♣❛♠❡♥t♦✳

❖ ❝❛♣ít✉❧♦ ✺ ❞❡♠♦♥str❛ t♦❞♦s ♦s ♣❛ss♦s ❞❡ ✉♠ ❡①♣❡r✐♠❡♥t♦ ❞❡ t♦♠♦❣r❛✜❛ ❞❡s❞❡ ♦ ♣ré✲

❡①♣❡r✐♠❡♥t♦✱ ♦❜t❡♥çã♦ ❞❡ ❞❛❞♦s✱ tr❛t❛♠❡♥t♦ ❞❛s ✐♠❛❣❡♥s✱ r❡❝♦♥str✉çã♦ ❡ r❡♥❞❡r✐③❛çã♦ tr✐❞✐✲

♠❡♥s✐♦♥❛❧✳

❖ ❝❛♣ít✉❧♦ ✻ ❛♣r❡s❡♥t❛ ♦s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♥♦ ❡q✉✐♣❛♠❡♥t♦ ♣❛r❛ ✉♠ ♣❤❛♥t♦♠ ❞❡ ❢❛s❡✱

❛♣❧✐❝❛çõ❡s ♥❛s ár❡❛s ♠é❞✐❝❛✱ ♣❛❧❡♦♥t♦❧♦❣✐❛✱ ❛❣rí❝♦❧❛ ❡ ♠✐❝r♦❡❧❡trô♥✐❝❛✳

❖ ❝❛♣ít✉❧♦ ✼ ❛♣r❡s❡♥t❛ ✉♠ ❜r❡✈❡ r❡s✉♠♦ ❞♦ tr❛❜❛❧❤♦ ❡ ❛♣♦♥t❛ ♣❛r❛ ♦s ♣ró①✐♠♦s ♣❛ss♦s ❞♦

♣r♦❥❡t♦✳



2
■♠❛❣❡♥s ❖❜t✐❞❛s ❝♦♠ ❘❛✐♦s✲❳

◆❡st❡ ❝❛♣ít✉❧♦ s❡rã♦ r❡✈✐s❛❞♦ ♦s ♣r♦❝❡ss♦s ❞❡ ✐♥t❡r❛çã♦ ❞♦s r❛✐♦s✲❳ ❝♦♠ ❛ ♠❛tér✐❛✱ ❝♦♠

ê♥❢❛s❡ ♥❛q✉❡❧❡s q✉❡ sã♦ ✐♠♣♦rt❛♥t❡s ♣❛r❛ ❛ ❢♦r♠❛çã♦ ❞❡ ✐♠❛❣❡♥s✳ ❊♠ s❡❣✉✐❞❛ s❡rã♦ ❞❡✜♥✐✲

❞♦s ♣❛râ♠❡tr♦s q✉❡ ❞❡✜♥❡♠ ❛ q✉❛❧✐❞❛❞❡ ❞❡ ✉♠❛ ✐♠❛❣❡♠ r❛❞✐♦❧ó❣✐❝❛ ❡ s❡rã♦ ✐♥tr♦❞✉③✐❞♦s ♦s

❝♦♥❝❡✐t♦s ♠❛t❡♠át✐❝♦s ❞❛ ❢♦r♠❛çã♦ ❞❡ ✐♠❛❣❡♥s ❝♦♠ ❝♦♥tr❛st❡ ❞❡ ❛❜s♦rçã♦✳

✷✳✶ ■♥t❡r❛çã♦ ❞♦s ❘❛✐♦s✲❳ ❝♦♠ ❛ ▼❛tér✐❛

❊①✐st❡♠ ❞✐❢❡r❡♥t❡s ♣r♦❝❡ss♦s ❞❡ ✐♥t❡r❛çã♦ ❡♥tr❡ ❛ r❛❞✐❛çã♦ ❡❧❡tr♦♠❛❣♥ét✐❝❛ ♥❛ ❢❛✐①❛ ❞♦s r❛✐♦s✲

❳ ❡ ❛ ♠❛tér✐❛✳ ❊st❡s ♣r♦❝❡ss♦s ♣♦❞❡♠ s❡r q✉❛♥t✐✜❝❛❞♦s ♣❡❧❛ s❡çã♦ ❞❡ ❝❤♦q✉❡ ❡s♣❡❝í✜❝❛ ❞❡ ❝❛❞❛

❡❧❡♠❡♥t♦ q✉í♠✐❝♦ ❡ ❛♦ ❛rr❛♥❥♦ ❞❡st❡s át♦♠♦s ♥❛ ♠❛tér✐❛ ✐♥❝❧✉✐♥❞♦ s✉❛ ❡str✉t✉r❛ ❝r✐st❛❧♦❣rá✜❝❛

❡ ❡❧❡trô♥✐❝❛✳ ❆ ✜❣✉r❛ ✷✳✶ ♠♦str❛ ❛ s❡çã♦ ❞❡ ❝❤♦q✉❡ ❞❡ ❝❛❞❛ ✉♠ ❞♦s t✐♣♦s ❞❡ ✐♥t❡r❛çã♦ ♣❛r❛

❞✐❢❡r❡♥t❡s ❡♥❡r❣✐❛s ❞♦ ❢ót♦♥ ✐♥❝✐❞❡♥t❡ ❡♠ ✉♠ ❛tó♠♦ ❞❡ ❈❛r❜♦♥♦✳

❖s ♣r♦❝❡ss♦s ❞❡ ✐♥t❡r❛çã♦ sã♦ ♦s s❡❣✉✐♥t❡✿

✶✳ ❆❜s♦rçã♦ ❢♦t♦❡❧étr✐❝❛✿ q✉❛♥❞♦ ✉♠ ❢ót♦♥ é ❛❜s♦r✈✐❞♦ r❡s✉❧t❛♥❞♦ ♥❛ ✐♦♥✐③❛çã♦ ❞❡ ✉♠ át♦♠♦

♣❡❧❛ s❛í❞❛ ❞❡ ✉♠ ❡❧étr♦♥ ❞❡ ❝❛r♦ç♦✳ ❆♣ós ❛ ✐♦♥✐③❛çã♦✱ ♦ át♦♠♦ ✈♦❧t❛ ❛♦ s❡✉ ❡st❛❞♦ ♥❛t✉r❛❧✱

✈✐❛ ❡♠✐ssã♦ ❞❡ ❢ót♦♥s ❞❡ ✢✉♦r❡s❝ê♥❝✐❛ ✭r❛✐❛s ❝❛r❛❝t❡r✐stí❝❛s✮ ♦✉ ❡❧étr♦♥s ❛✉❣❡r✳ ❆ ❛❜s♦rçã♦

❢♦t♦❡❧étr✐❝❛ é ♦ ♣r♦❝❡ss♦ ❞♦♠✐♥❛♥t❡ ♣❛r❛ ❡♥❡r❣✐❛s ❞♦ ❢ót♦♥ ✐♥✐❝✐❛❧ ❡♥tr❡ 10eV ❡ 10KeV

❡♠ át♦♠♦s ❞❡ ❜❛✐①♦ ♥ú♠❡r♦ ❛tô♠✐❝♦✳

✷✳ ❊s♣❛❧❤❛♠❡♥t♦ ❈♦❡r❡♥t❡✿ é ❛ ✐♥t❡r❛çã♦ q✉❡ ♦❝♦rr❡ q✉❛♥❞♦ ✉♠ ❢ót♦♥ ❞❡ r❛✐♦s✲❳ ✐♥t❡r❛❣❡

✸



✹ ✷✳✶ ■♥t❡r❛çã♦ ❞♦s ❘❛✐♦s✲❳ ❝♦♠ ❛ ▼❛tér✐❛

❋✐❣✉r❛ ✷✳✶✿ ❙❡çã♦ ❞❡ ❝❤♦q✉❡ t♦t❛❧ ❡♠ ✉♠ ❛tó♠♦ ❞❡ ❝❛r❜♦♥♦ ❡♠ ❢✉♥çã♦ ❞❛ ❡♥❡r❣✐❛✱ ♠♦str❛♥❞♦

❛ ❝♦♥tr✐❜✉✐çã♦ ❞♦s ❞✐❢❡r❡♥t❡s ♣r♦❝❡ss♦s ❬✸✶❪✳

❝♦♠ ✉♠ ❡❧étr♦♥ ❧✐✈r❡ ❡ é ❡s♣❛❧❤❛❞♦ s❡♠ q✉❡ ❤❛❥❛ ♠✉❞❛♥ç❛ ♥❛ s✉❛ ❡♥❡r❣✐❛ ✭❡ ♣♦rt❛♥t♦

❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛✮✳ ➱ ♦ ❡s♣❛❧❤❛♠❡♥t♦ r❡s♣♦♥sá✈❡❧ ♣❡❧♦ ♣r♦❝❡ss♦ ❞❡ ❞✐❢r❛çã♦ ❞❡ r❛✐♦s✲

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

♥ã♦ ❝r✐st❛❧✐♥♦s✳

✸✳ ❊s♣❛❧❤❛♠❡♥t♦ ❈♦♠♣t♦♥✿ é ♦ ❡s♣❛❧❤❛♠❡♥t♦ ✐♥❡❧ást✐❝♦ ❞❡ r❛✐♦s✲❳ ♣♦r ❡❧étr♦♥s✳ ❖ ❢ót♦♥

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

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

✹✳ Pr♦❞✉çã♦ ❞❡ ♣❛r❡s✿ é ✉♠❛ ✐♥t❡r❛çã♦ q✉❡ ♣♦❞❡ ♦❝♦rr❡r q✉❛♥❞♦ ❛ ❡♥❡r❣✐❛ ❞♦ ❢ót♦♥ ✐♥❝✐❞❡♥t❡

é ♠❛✐♦r q✉❡ 1.02MeV ✱ ♠❛s só s❡ t♦r♥❛ r❡❛❧♠❡♥t❡ s✐❣♥✐✜❝❛t✐✈❛ ❛♣ós ✶✵ ▼❡❱✳ ❆ ♣r♦❞✉çã♦

❞❡ ♣❛r❡s ♦❝♦rr❡ q✉❛♥❞♦ ✉♠ ♣❛r ❡❧étr♦♥✲♣ós✐tr♦♥ é ❝r✐❛❞♦ ❛ ♣❛rt✐r ❞❛ ❛❜s♦rçã♦ ❞❡ ✉♠

❢ót♦♥ ❞❡ r❛✐♦s✲❳ ✐♥t❡r❛❣✐♥❞♦ ❝♦♠ ✉♠ ♥ú❝❧❡♦ ❛tô♠✐❝♦✳ ❆ ♣r♦❞✉çã♦ ❞❡ ♣❛r❡s é ✐♠♣♦rt❛♥t❡

q✉❛♥❞♦ s❡ t❡♠ ❢ót♦♥s ♠✉✐t♦ ❡♥❡r❣ét✐❝♦s ❛tr❛✈❡ss❛♥❞♦ ♠❡✐♦s ❞❡ ❛❧t♦ ♥ú♠❡r♦ ❛tô♠✐❝♦✳
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✷✳✷ ■♠❛❣❡♥s ❞❡ ❘❛✐♦s✲❳

■♠❛❣❡♥s ❞❡ r❛✐♦s✲❳ ♣♦❞❡♠ s❡r ♦❜t✐❞❛s ❞❡ ❞✉❛s ♠❛♥❡✐r❛s ❜❛s✐❝❛♠❡♥t❡✳ ❖ ♣r✐♠❡✐r♦ ♠ét♦❞♦

❝♦♥s✐st❡ ❡♠ s❡ ♦❜t❡r ❛ ✐♠❛❣❡♠ ❞✐r❡t❛ ❞❛ tr❛♥s♠✐ssã♦ ❞❡ ✉♠ ❢❡✐①❡ ❞❡ r❛✐♦s✲❳ ♣♦r ✉♠❛ ❛♠♦str❛

❡♠ ✉♠ ❞❡t❡❝t♦r ❞❡ ár❡❛✳ ❆s ✐♠❛❣❡♥s ♦❜t✐❞❛s ♣♦r ❡ss❡ ♠ét♦❞♦ sã♦ ❝❤❛♠❛❞❛s ❞❡ ✐♠❛❣❡♥s r❛✲

❞✐♦❣rá✜❝❛s ♦✉ r❛❞✐♦❣r❛✜❛s✳ ❖ s❡❣✉♥❞♦ ♠ét♦❞♦ é ✐♥❞✐r❡t♦ ❡ ❝♦♥s✐st❡ ❡♠ ♦❜t❡r ❛s ✐♥t❡♥s✐❞❛❞❡s

❞❡ ❞✐❢❡r❡♥t❡s ♣r♦❥❡çõ❡s ❞❛ ❛♠♦str❛ ❡ r❡❝♦♥str✉✐r ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ✉♠❛ ✐♠❛❣❡♠ ❛ ♣❛rt✐r ❞❡

❞❛❞♦s ❞❛ tr❛♥s♠✐ssã♦ ❞❡ r❛✐♦s✲❳✳ ❈❛❞❛ ✉♠❛ ❞❡ss❛s ♣r♦❥❡çõ❡s ✐♥❞✐✈✐❞✉❛✐s é ❡q✉✐✈❛❧❡♥t❡ ❛ ✉♠❛

r❛❞✐♦❣r❛✜❛ ❡ ❡ss❡ ♠ét♦❞♦ é ❝❤❛♠❛❞♦ ❞❡ ❚♦♠♦❣r❛✜❛ ❈♦♠♣✉t❛❞♦r✐③❛❞❛ ✭❈❚✮✳

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

s♦❜r❡ ❛ ❛♠♦str❛✱ ♣❛r❛ ✐ss♦ é ♣♦ssí✈❡❧ ❞❡✜♥✐r ❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ❝♦♠✉♥s às ✐♠❛❣❡♥s✳

✷✳✷✳✶ ❈♦♥tr❛st❡

❖ ❝♦♥tr❛st❡ ❡♠ ✉♠❛ ✐♠❛❣❡♠ ❞❡ r❛✐♦s✲❳ ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ❝♦♠♦ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ ✐♥t❡♥s✐❞❛❞❡

❡♥tr❡ ❞♦✐s ♣♦♥t♦s ❞❛ ✐♠❛❣❡♠✳ ❖ ❝♦♥tr❛st❡ é ❛ ❝❛r❛❝t❡ríst✐❝❛ q✉❡ t♦r♥❛ ♣♦ssí✈❡❧ ❛ ✐❞❡♥t✐✜❝❛çã♦

❞❛s ár❡❛s ❞❡ ✐♥t❡r❡ss❡✳ ❆ ✐♠❛❣❡♠ ✷✳✷ ♠♦str❛ ✉♠ ❢❡✐①❡ ✐♥t❡r❛❣✐♥❞♦ ❝♦♠ ✉♠❛ ❛♠♦str❛ ❞♦ t✐♣♦

❞❡❣r❛✉✱ ❣❡r❛♥❞♦ ❞✉❛s r❛❞✐♦❣r❛✜❛s ❞✐❢❡r❡♥t❡s✳ ❈❛❞❛ r❛❞✐♦❣r❛✜❛ t❡♠ ❞✐❢❡r❡♥t❡s t♦♥s ❞❡ ❝✐♥③❛✱ ❛

✬r❛❞✐♦❣r❛✜❛ ❆✬ t❡♠ ✉♠ ❜❛✐①♦ ❝♦♥tr❛st❡✱ ❡♥q✉❛♥t♦ ❛ ✬r❛❞✐♦❣r❛✜❛ ❇✬ t❡♠ ✉♠ ❛❧t♦ ❝♦♥tr❛st❡✳

❋✐❣✉r❛ ✷✳✷✿ ❋❡✐①❡ ✐♥t❡r❛❣✐♥❞♦ ❝♦♠ ✉♠❛ ❛♠♦s✲

tr❛ ❞♦ t✐♣♦ ❞❡❣r❛✉ ❡ ❣❡r❛♥❞♦ ❞✉❛s r❛❞✐♦❣r❛✜❛s

❞✐❢❡r❡♥t❡✳ ❆ ✬r❛❞✐♦❣r❛✜❛ ❆✬ ♠♦str❛ ✉♠❛ ❜❛✐①❛

❞✐❢❡r❡♥ç❛ ♥♦s t♦♥s ❞❡ ❝✐♥③❛ ✭❜❛✐①♦ ❝♦♥tr❛st❡✮✳

❆ r❛❞✐♦❣r❛✜❛ ❇ ♠♦str❛ ✉♠❛ ❛❧t❛ ❞✐❢❡r❡♥ç❛ ♥♦s

t♦♥s ❞❡ ❝✐♥③❛ ✭❛❧t♦ ❝♦♥tr❛st❡✮✳

❆❧é♠ ❞♦s ❡❢❡✐t♦s ❞❡❝♦rr❡♥t❡s à ✐♥t❡r❛çã♦

❞♦s r❛✐♦s✲❳✱ ♦ ❝♦♥tr❛st❡ ❞❛ ✐♠❛❣❡♠ é ❛❢❡t❛❞♦

s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ♣❡❧❛ r❛❞✐❛çã♦ ❞✐❢✉s❛ ✭♣r♦✲

✈❡♥✐❡♥t❡ ❞♦ ❡s♣❛❧❤❛♠❡♥t♦ ❞❛ ❛♠♦str❛✮ ❡ ❝❛✲

r❛❝t❡ríst✐❝❛s ❡❧❡trô♥✐❝❛s ❞♦ ❞❡t❡❝t♦r✳ ❆❧é♠

❞✐ss♦✱ ♦ ❝♦♥tr❛st❡ ❞❡ ♣❡q✉❡♥❛s ❡str✉t✉r❛s ❞❡♥✲

tr♦ ❞❛ ❛♠♦str❛ t❛♠❜é♠ é ♣r♦♣♦r❝✐♦♥❛❧ à ❞❡✲

✜♥✐çã♦ ❞❛ ✐♠❛❣❡♠ q✉❡ s❡rá ❞❡s❝r✐t❛ ♥❛ s❡çã♦

✷✳✷✳✷✳

P❛r❛ ✉♠❛ ❛♠♦str❛ ✐♥❞✐✈✐❞✉❛❧✱ ♦ ✈❛❧♦r ❞❡

❝♦♥tr❛st❡ é ❛ ❞✐❢❡r❡♥ç❛ s✐❣♥✐✜❝❛t✐✈❛ ❡♥tr❡ ❛

ár❡❛ q✉❡ ❣❡r♦✉ ❝♦♥tr❛st❡ ✭♦♥❞❡ ❡st❛✈❛ ♣r❡✲

s❡♥t❡ ❛ ❛♠♦str❛✮ ❡ ♦ ❢✉♥❞♦ ✭✐♥t❡♥s✐❞❛❞❡ r❡✲
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❧❛t✐✈❛ ❛ ✉♠❛ ❡①♣♦s✐çã♦ s❡♠ ❛♠♦str❛✮✳ ❊st❛

❞✐❢❡r❡♥ç❛ ❞❡ ❡①♣♦s✐çã♦ é ❣❡r❛❧♠❡♥t❡ ❡①♣r❡ss❛ ❝♦♠♦ ✉♠ ✈❛❧♦r ❞❡ ♣❡r❝❡♥t❛❣❡♠✳

✷✳✷✳✷ ❉❡✜♥✐çã♦

❆ ❞❡✜♥✐çã♦ ❞❡ ✉♠❛ ✐♠❛❣❡♠ ❞❡ r❛✐♦s✲❳ é ❛ ❝❛r❛❝t❡ríst✐❝❛ q✉❡ ❡✈✐❞❡♥❝✐❛ ❛s ❞✐❢❡r❡♥ç❛s ❞❡

❝♦♥tr❛st❡ ❡♥tr❡ ✐♥t❡r❢❛❝❡s ♥❛ ✐♠❛❣❡♠ ✜♥❛❧✳ ❊❧❛ é ❡①tr❡♠❛♠❡♥t❡ s❡♥sí✈❡❧ ❛ ♠✉❞❛♥ç❛s ♥♦ ❛♣❛r❛t♦

❡①♣❡r✐♠❡♥t❛❧✳ ❆❧❣✉♥s ❢❛t♦r❡s ✐♠♣♦rt❛♥t❡s sã♦ ♦ t❛♠❛♥❤♦ ❞❛ ❢♦♥t❡ ❞❡ r❛❞✐❛çã♦ ❡ ❛s ❞✐stâ♥❝✐❛s

❡♥tr❡ ❢♦♥t❡✱ ❛♠♦str❛ ❡ ❞❡t❡❝t♦r✳

❖✉tr❛ ❝❛r❛❝t❡ríst✐❝❛ ❡①♣❡r✐♠❡♥t❛❧ q✉❡ ♣♦❞❡ ❣❡r❛r ❞❡❣r❛❞❛çã♦ ♥❛ ❞❡✜♥✐çã♦ ❞❛s ✐♠❛❣❡♥s ❞❡

r❛✐♦s✲❳ é ♦ ♠♦✈✐♠❡♥t♦ ✭♦✉ ✈✐❜r❛çã♦✮ ♥ã♦ ❛❝♦♣❧❛❞♦ ❡♥tr❡ ❛ ❢♦♥t❡✱ ❛♠♦str❛ ❡ ❞❡t❡❝t♦r ❞✉r❛♥t❡ ❛

❡①♣♦s✐çã♦ ❞❛ ✐♠❛❣❡♠✳

❆ ✜❣✉r❛ ✷✳✸ ♠♦str❛ ✉♠ ❢❡✐①❡ ❞❡ r❛✐♦s✲❳ ✐♥t❡r❛❣✐♥❞♦ ❝♦♠ ✉♠❛ ❛♠♦str❛ ❞♦ t✐♣♦ ❞❡❣r❛✉ ❡

❣❡r❛♥❞♦ ❞✉❛s r❛❞✐♦❣r❛✜❛s✳ ❆ r❛❞✐♦❣r❛✜❛ ❆ ♠♦str❛ ❝❧❛r❛♠❡♥t❡ ❛ ❜♦r❞❛ ❞♦ ❞❡❣r❛✉ ❡♥q✉❛♥t♦ ❛

r❛❞✐♦❣r❛✜❛ ❇ ♣❛r❡❝❡ ❡♠❜❛ç❛❞❛✳

❋✐❣✉r❛ ✷✳✸✿ ❋❡✐①❡ ❞❡ r❛✐♦s✲❳ ✐♥t❡r❛❣✐♥❞♦ ❝♦♠ ✉♠❛ ❛♠♦str❛ ❞♦ t✐♣♦ ❞❡❣r❛✉ ❡ ❣❡r❛♥❞♦ ❞✉❛s

r❛❞✐♦❣r❛✜❛s✳ ❆ r❛❞✐♦❣r❛✜❛ ❆ ♠♦str❛ ❝❧❛r❛♠❡♥t❡ ❛ ❜♦r❞❛ ❞♦ ❞❡❣r❛✉ ✭❛❧t❛ ❞❡✜♥✐çã♦✮ ❡♥q✉❛♥t♦ ❛

r❛❞✐♦❣r❛✜❛ ❇ ♣❛r❡❝❡ ❡♠❜❛ç❛❞❛ ✭❜❛✐①❛ ❞❡✜♥✐çã♦✮✳

❆ ✜❣✉r❛ ✷✳✹ ♠♦str❛ ❝♦♠♦ ♦ t❛♠❛♥❤♦ ❞❛ ❢♦♥t❡✱ ✬w✬✱ ❡ ❛s ❞✐stâ♥❝✐❛s ❡♥tr❡ ❛ ❢♦♥t❡✱ ❛ ❛♠♦str❛

❡ ♦ ❞❡t❡❝t♦r ♣♦❞❡♠ ❣❡r❛r ✉♠❛ ♣❡r❞❛ ❞❡ ❞❡✜♥✐çã♦ ♥❛ ✐♠❛❣❡♠ ✜♥❛❧✳ ❊ss❡ ❡❢❡✐t♦ é ❝❤❛♠❛❞♦ ❞❡

♣❡♥✉♠❜r❛✳ ❆

❆ r❡❧❛çã♦ ❡♥tr❡ ❛s ❞✐stâ♥❝✐❛s a ❡ b✱ ♦ t❛♠❛♥❤♦ ❞❛ ❢♦♥t❡✱ w✱ ❡ ♦ t❛♠❛♥❤♦ ❞❛ r❡❣✐ã♦ ❞❡

♣❡♥✉♠❜r❛✱ µ ♣♦❞❡♠ s❡r ✈✐st❛s ♥❛ ✜❣✉r❛ ✷✳✹ ❡ ❝❛❧❝✉❧❛❞❛ ♣❡❧❛ ❡q✉❛çã♦ ✷✳✶✳ ❆ ✜❣✉r❛ ✷✳✺ ♠♦str❛
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❋✐❣✉r❛ ✷✳✹✿ ❉❡t❛❧❤❡ s♦❜r❡ ❛s ❞✐stâ♥❝✐❛s ❡♥tr❡ ❢♦♥t❡✱ ❛♠♦str❛ ❡ ❞❡t❡❝t♦r ♥❛ ❢♦r♠❛çã♦ ❞❛ ♣❡♥✉♠❜r❛

✭■♠❛❣❡♠ ❛❞❛♣t❛❞❛ ❞❡ ❬✷✹❪✮✳

três ❝♦♥✜❣✉r❛çõ❡s ❞❡ ❞✐stâ♥❝✐❛s ❡ ❢♦♥t❡s ❞✐❢❡r❡♥t❡s ❣❡r❛♥❞♦ ❞✐❢❡r❡♥t❡s r❡❣✐õ❡s ❞❡ ♣❡♥✉♠❜r❛✳ ➱

✐♠♣♦rt❛♥t❡ ♦❜s❡r✈❛r q✉❡ ✉♠❛ ❢♦♥t❡ ♣♦♥t✉❛❧ ♥ã♦ ❣❡r❛ ♦ ❡❢❡✐t♦ ❞❡ ♣❡♥✉♠❜r❛ ♥❛ ✐♠❛❣❡♠ ✜♥❛❧✳

µ = w
b

a
✭✷✳✶✮

✷✳✷✳✸ ❘❡s♦❧✉çã♦

❆ r❡s♦❧✉çã♦ ❞❡ ✉♠❛ r❛❞✐♦❣r❛✜❛ ❞❡ r❛✐♦s✲❳ ❞❡♣❡♥❞❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞♦ ❞❡t❡❝t♦r ✉s❛❞♦ ❡

❞❛ ❣❡♦♠❡tr✐❛ ❞♦ ❡①♣❡r✐♠❡♥t♦ ✭q✉❡ ♣♦❞❡ t❡r ♠❛❣♥✐✜❝❛çã♦ ♦✉ ♥ã♦✮✳ P❛r❛ ❞❡t❡❝t♦r❡s ❞✐❣✐t❛✐s

♣♦❞❡♠♦s ❞❡✜♥✐r ♦ t❛♠❛♥❤♦ ❞♦ ♣✐①❡❧ ✭♠❡♥♦r r❡❣✐ã♦ ♦♥❞❡ s❡ ❞❡t❡❝t❛ ✉♠❛ ✐♥❢♦r♠❛çã♦✮✱ pdetector✱

❡ s✉❛ ❢✉♥çã♦ ❞❡ ❞✐s♣❡rsã♦ ✭q✉❛♥t♦s ♣✐①❡❧s ❞♦ ❞❡t❡❝t♦r sã♦ ✐❧✉♠✐♥❛❞♦s ♣♦r ✉♠ ❢❡✐①❡ ♣♦♥t✉❛❧✮✳

❆ r❡s♦❧✉çã♦ ❡♥tã♦ ♣♦❞❡ s❡r ❞❡✜♥✐❞❛ ❝♦♠♦ ♦ t❛♠❛♥❤♦ ❞❛ ♠❡♥♦r ❝❛r❛❝t❡ríst✐❝❛ ✈✐sí✈❡❧ ♣❡❧♦ s❡✉

❞❡t❡❝t♦r✳

➱ ♣♦ssí✈❡❧ ❝❛❧❝✉❧❛r ❛ r❡❧❛çã♦ ❡♥tr❡ ♦ t❛♠❛♥❤♦ ❞❡ ♦❜❥❡t♦s ♦❜s❡r✈❛❞♦s ♥❛ ❛♠♦str❛ ♦✉ ♦ t❛♠❛♥❤♦

❞♦ ♣✐①❡❧ ❞❛ ❛♠♦str❛✱ pamostra✱ ❡ s✉❛ ♣r♦❥❡çã♦ ♥♦ ❞❡t❡❝t♦r ✉t✐❧✐③❛♥❞♦ ❛s ❞✐stâ♥❝✐❛s a ✭❞✐stâ♥❝✐❛

❡♥tr❡ ❛ ❢♦♥t❡ ❡ ❛ ❛♠♦str❛✮ ❡ b ✭❞✐stâ♥❝✐❛ ❡♥tr❡ ❛ ❛♠♦str❛ ❡ ♦ ❞❡t❡❝t♦r✮ ❞❛ ✜❣✉r❛ ✷✳✺ ❡ ♦ t❛♠❛♥❤♦

❞♦ ♣✐①❡❧ ❞♦ ❞❡t❡❝t♦r✱ pdetector✱ ❝♦♠ ❛ ❡q✉❛çã♦ ✷✳✷✳

pamostra =
a

a+ b
∗ pdetector ✭✷✳✷✮

❆❧é♠ ❞❛s ❞✐stâ♥❝✐❛s ❡♥tr❡ ❢♦♥t❡✱ ❛♠♦str❛ ❡ ❞❡t❡❝t♦r✱ ❛ ♣♦s✐çã♦ r❡❧❛t✐✈❛ ❡♥tr❡ ♦ ❡✐①♦ ❝❡♥tr❛❧



✽ ✷✳✷ ■♠❛❣❡♥s ❞❡ ❘❛✐♦s✲❳

❋✐❣✉r❛ ✷✳✺✿ ❆ ✐♠❛❣❡♠ ♠♦str❛ três ❝♦♥✜❣✉r❛çõ❡s ❞✐❢❡r❡♥t❡s ♣❛r❛ ✉♠ ♠❡s♠♦ ❡①♣❡r✐♠❡♥t♦✱ ❣❡✲

r❛♥❞♦ ❞✐❢❡r❡♥t❡s r❡❣✐õ❡s ❞❡ ♣❡♥✉♠❜r❛✳ ❆ ❝♦♥✜❣✉r❛çã♦ ❞❛ ❡sq✉❡r❞❛ ❡ ❞♦ ♠❡✐♦ t❡♠ ❢♦♥t❡s ♥ã♦

♣♦♥t✉❛✐s✳ ❆ ❝♦♥✜❣✉r❛çã♦ ❞❛ ❞✐r❡✐t❛ t❡♠ ✉♠❛ ❢♦♥t❡ ♣♦♥t✉❛❧ ❡ ♣♦rt❛♥t♦ ♥ã♦ ❣❡r❛ ♣❡♥✉♠❜r❛

✭■♠❛❣❡♠ ❛❞❛♣t❛❞❛ ❞❡ ❬✷✹❪✮✳

❞❡ ❡♠✐ssã♦ ❞❛ ❢♦♥t❡ ❡ ♦ ❞❡t❡❝t♦r t❛♠❜é♠ ♣♦❞❡ ❣❡r❛r ❛rt❡❢❛t♦s ♥❛ r❡s♦❧✉çã♦✱ ✜❣✉r❛ ✷✳✻✳



✷✳ ■♠❛❣❡♥s ❖❜t✐❞❛s ❝♦♠ ❘❛✐♦s✲❳ ✾

❋✐❣✉r❛ ✷✳✻✿ ❘❡♣r❡s❡♥t❛çã♦ ❞❡ ❝♦♠♦ ♦ ❛❧✐♥❤❛♠❡♥t♦ ❞❛ ❢♦♥t❡ ❣❡r❛ ✉♠❛ ❞✐st♦rçã♦ ♥❛ ✐♠❛❣❡♠ ❞❡

r❛✐♦s✲❳ ✭■♠❛❣❡♠ ❛❞❛♣t❛❞❛ ❞❡ ❬✷✹❪✮✳

✷✳✸ ❊s♣❡❝tr♦ ❞❛ ❋♦♥t❡

❊♠ ✉♠ ❡①♣❡r✐♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s ❞❡ r❛✐♦s✲❳ é ♥❡❝❡ssár✐♦ ❛❥✉st❛r ♦ ❡s♣❡❝tr♦ ❞❡ ❡♠✐ssã♦ ❞❛

❢♦♥t❡ ♣❛r❛ q✉❡ ❛s ❞✐❢❡r❡♥ç❛s ❞❡ ❛t❡♥✉❛çã♦ q✉❡ ❞❡s❡❥❛♠♦s ✈❡r ♥❛ ❛♠♦str❛ ✜q✉❡♠ ♠❛✐s ❡✈✐❞❡♥t❡s

✭t❛♥t♦ ♣❛rt❡s ♠✉✐t♦ ❛❜s♦r✈❡♥t❡s ❝♦♠♦ ♣♦✉❝♦ ❛❜s♦r✈❡♥t❡s ♣♦❞❡♠ ❣❡r❛r ✉♠❛ ♣❡r❞❛ ❞❡ ❝♦♥tr❛st❡

♥❛ ✐♠❛❣❡♠ ✜♥❛❧✮✳ ◆❛s ❢♦♥t❡s ❝♦♥✈❡♥❝✐♦♥❛✐s ❞❡ r❛✐♦s✲❳ é ♣♦ssí✈❡❧ s✐♥t♦♥✐③❛r ♦ ❡s♣❡❝tr♦ ♠♦❞✐✲

✜❝❛♥❞♦ ❛ ✈♦❧t❛❣❡♠ ❡ ❝♦rr❡♥t❡ ❞♦ ❣❡r❛❞♦r ❞❡ r❛✐♦s✲❳ ❡✴♦✉ ✉t✐❧✐③❛♥❞♦ ✜❧tr♦s ❡s♣❡❝í✜❝♦s ♣❛r❛ s❡

♦❜t❡r ❡s♣❡❝tr♦s ❜r❛♥❝♦s ♦✉ ♠♦♥♦❝r♦♠át✐❝♦s✳ ❬✸❪

✷✳✹ ❚r❛♥s♠✐ssã♦ ❞❡ ✉♠❛ ❆♠♦str❛

◗✉❛♥❞♦ ✉♠ ❢ót♦♥ ❞❡ r❛✐♦s✲❳ é ❡♠✐t✐❞♦ ♣❡❧❛ ❢♦♥t❡ ♥❛ ❞✐r❡çã♦ ❞❛ ❛♠♦str❛✱ ❡❧❡ ♣♦❞❡ s♦❢r❡r ❛s

✐♥t❡r❛çõ❡s ❝✐t❛❞❛s ♥❛ s❡çã♦ ✷✳✶ ❛♦ ❛tr❛✈❡ss❛r ❛ ❛♠♦str❛✳ ❆ s♦♠❛ ❞❡ t♦❞♦s ♦s ❡❢❡✐t♦s ❞❛ ♦r✐❣❡♠

❛ ♦♥❞❛ ❞❡ s❛í❞❛ q✉❡ é r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ❢♦r♠❛çã♦ ❞❛ ✐♠❛❣❡♠ ❞❡ r❛✐♦s✲❳ ❛♦ s❡r ❞❡t❡❝t❛❞❛ ❡♠ ✉♠

❞❡t❡❝t♦r ❜✐❞✐♠❡♥s✐♦♥❛❧ ✭❞❡ ár❡❛✮✳ ❆ ✐♥t❡♥s✐❞❛❞❡ ❞❡t❡❝t❛❞❛ ❝♦rr❡s♣♦♥❞❡ ❛♦ ♠ó❞✉❧♦ ❞♦ ✈❡t♦r ❞❡

P♦②♥t✐♥❣ ❬✶✺❪✳



✶✵ ✷✳✹ ❚r❛♥s♠✐ssã♦ ❞❡ ✉♠❛ ❆♠♦str❛

❋✐❣✉r❛ ✷✳✼✿ ❚r❛♥s♠✐ssã♦ ❞❡ ✉♠❛ ❢r❡♥t❡ ❞❡ ♦♥❞❛ Ψ0 ♣♦r ✉♠❛ ❛♠♦str❛ ◗ ❣❡r❛♥❞♦ ❛ ♦♥❞❛ ❞❡

sá✐❞❛ Ψ1✳

P❛r❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ♦♥❞❛ tr❛♥s♠✐t✐❞❛ Ψ1 = A1e
iθ✱ ❛ ✐♥t❡♥s✐❞❛❞❡ tr❛♥s♠✐t✐❞❛ s❡rá✿

I = |Ψ1|
2 = A1e

iθ.A1e
−iθ = A2

1 ✭✷✳✸✮

❊ ♣♦rt❛♥t♦ ❛ ❢❛s❡ ♥ã♦ ❝♦♥tr✐❜✉✐ ♣❛r❛ ♦ ❝♦♥tr❛st❡ ♦❜s❡r✈❛❞♦ ❡♠ ✉♠❛ r❛❞✐♦❣r❛✜❛ tr❛❞✐❝✐♦♥❛❧✳

❚♦❞♦ ♦❜❥❡t♦ ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ♣♦r ✉♠ í♥❞✐❝❡ ❞❡ r❡❢r❛çã♦ ❝♦♠♣❧❡①♦ ✭✷✳✹✮✳ P♦❞❡♠♦s ❞❡s❝r❡✈❡r

❝♦♠♦ ❛❝♦♥t❡❝❡ ❛ ✐♥t❡r❛çã♦ ❞❡ ✉♠❛ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❝♦♠ ✉♠ ♦❜❥❡t♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿

n(x, y, z) = 1− δ(x, y, z) + iβ(x, y, z) ✭✷✳✹✮

β =
µλ

4π
✭✷✳✺✮

δ =
nereλ

2

2π
✭✷✳✻✮

❖♥❞❡ ❛ ❡q✉❛çã♦ ✭✷✳✺✮ ❧❡✈❛ ❡♠ ❝♦♥t❛ ❛ ❛t❡♥✉❛çã♦ ❞❡ r❛✐♦s✲❳✱ s❡♥❞♦ µ✱ ♦ ❝♦❡✜❝✐❡♥t❡ ❞❡

❛t❡♥✉❛çã♦ r❡s♣♦♥sá✈❡❧ ♣♦r ✈❛r✐❛r ❛ ❛♠♣❧✐t✉❞❡ ❞❛ ♦♥❞❛ ❞❡ s❛í❞❛✳ ◆❛ ❡q✉❛çã♦ ✭✷✳✻✮✱ ne é ❛

❞❡♥s✐❞❛❞❡ ❡❧❡trô♥✐❝❛ ❡ re = 2.818∗10−15m é ♦ r❛✐♦ ❝❧áss✐❝♦ ❞♦ ❡❧étr♦♥✳ ❆ ❡q✉❛çã♦ ✷✳✻ ❞❡t❡r♠✐♥❛

❛ ♠✉❞❛♥ç❛ ❞❡ ❢❛s❡ ❞❛ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❡ ❞❡s❝r❡✈❡ ♠❛t❡♠❛t✐❝❛♠❡♥t❡ ♦ ❢❡♥ô♠❡♥♦ r❡s♣♦♥sá✈❡❧ ♣❡❧❛

❞✐❢r❛çã♦✳



✷✳ ■♠❛❣❡♥s ❖❜t✐❞❛s ❝♦♠ ❘❛✐♦s✲❳ ✶✶

✷✳✹✳✶ ❱❛❧♦r❡s ◆✉♠ér✐❝♦s ❞❡ δ ❡ β

P❛r❛ ❡①❡♠♣❧✐✜❝❛r ❛s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ δ ❡ β ♣❛r❛ ❞✐❢❡r❡♥t❡s ❡❧❡♠❡♥t♦s✱ ❛ ✜❣✉r❛ ✷✳✽ ♠♦str❛ ✉♠

❣rá✜❝♦ ❝♦♠ ♦s ✈❛❧♦r❡s ❝❛❧❝✉❧❛❞♦s ❞❡ δ ✭❧✐♥❤❛s ❝❤❡✐❛s✮ ❡ β ✭❧✐♥❤❛s ♣♦♥t✐❧❤❛❞❛s✮ ♣❛r❛ ❞✐❢❡r❡♥t❡s

❡❧❡♠❡♥t♦s ✭❍✱ ❈✱ ❖✱ ◆✱ ❈❛✱ ❋❡✮ ❡ ❞✐❢❡r❡♥t❡ ❡♥❡r❣✐❛s✳

❋✐❣✉r❛ ✷✳✽✿ ❱❛❧♦r❡s ❝❛❧❝✉❧❛❞♦s ❞❡ β ❡ δ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❡❧❡♠❡♥t♦s ❡ ❡♥❡r❣✐❛s✳ ❬✽❪

❯♠ ❡①❡♠♣❧♦ ♣rát✐❝♦ ♦♥❞❡ é ♥❡❝❡ssár✐♦ ✉t✐❧✐③❛r ❛♠❜♦s ♦s ✈❛❧♦r❡s ❞❡ δ ❡ β ♣❛r❛ ❞✐❢❡r❡♥❝✐❛r

❞♦✐s ❝♦♠♣♦st♦s é ♦ ❞♦ ◆②❧♦♥✭CH4O✮ ❡ ♦ ▼❡t❛♥♦❧✭C6H11NO✮✳ ❆ ✜❣✉r❛ ✷✳✶✵ ♠♦str❛ ♦s ✈❛❧♦r❡s

❞❡ δ ❡ β ❞♦s ❝♦♠♣♦st♦s ♣❛r❛ ❞✐❢❡r❡♥t❡s ❡♥❡r❣✐❛s ❡ ❛ ✜❣✉r❛ ✷✳✾ ♠♦str❛ ❛s ❞✐❢❡r❡♥ç❛s ❞♦s ✈❛❧♦r❡s

❡♥tr❡ ♦s ❝♦♠♣♦st♦s✳

❋✐❝❛ ❝❧❛r♦ q✉❡ ❛s ❞✐❢❡r❡♥ç❛s ♥♦s ✈❛❧♦r❡s ❞❡ β sã♦ ♠❡♥♦r❡s q✉❡ ❛s ❞✐❢❡r❡♥ç❛s ♥♦s ✈❛❧♦r❡s ❞❡

δ✳ P♦rt❛♥t♦✱ é ♠❛✐s ✈❛♥t❛❥♦s♦ ✉t✐❧✐③❛r ❛ ✐♥❢♦r♠❛çã♦ ♦❜t✐❞❛ ❛♦ s❡ ♦❜s❡r✈❛r ❛ ❞✐❢❡r❡♥ç❛ ❞❡ δ ♣❛r❛

s❡ ❝❛r❛❝t❡r✐③❛r ♦s ❞♦✐s ❝♦♠♣♦st♦s✳



✶✷ ✷✳✺ ❉❡✜♥✐çã♦ ▼❛t❡♠át✐❝❛ ❞♦ ❋❡✐①❡ ❘❡❢r❛t❛❞♦

❋✐❣✉r❛ ✷✳✾✿ ❱❛❧♦r❡s ❝❛❧❝✉❧❛❞♦s ❞❡ β ❡ δ

♣❛r❛ ◆②❧♦♥✭CH4O✮ ❡ ▼❡t❛♥♦❧✭C6H11NO✮

❡♠ ❞✐❢❡r❡♥t❡s ❡♥❡r❣✐❛s

❋✐❣✉r❛ ✷✳✶✵✿ ❉✐❢❡r❡♥ç❛s ❞❡ β ❡ δ ❡♥tr❡

◆②❧♦♥✭CH4O✮ ❡ ▼❡t❛♥♦❧✭C6H11NO✮ ❡♠

❞✐❢❡r❡♥t❡s ❡♥❡r❣✐❛s

✷✳✺ ❉❡✜♥✐çã♦ ▼❛t❡♠át✐❝❛ ❞♦ ❋❡✐①❡ ❘❡❢r❛t❛❞♦

❆ ✜❣✉r❛ ✷✳✶✶ ♠♦str❛ ✉♠❛ ♦♥❞❛ ♣❧❛♥❛✱ Ψ0✱ ✐♥t❡r❛❣✐♥❞♦ ❝♦♠ ✉♠❛ ❛♠♦str❛ ♣❛r❛ ❣❡r❛r ❛ ❢✉♥çã♦

❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ✉♠ ♦❜❥❡t♦✱ Q(X,Y ,Z)✱ ✉t✐❧✐③❛♥❞♦ ♦ ♣r✐♥❝í♣✐♦ ❞❡ ❍✉②❣❡♥s ❬✻❪✳

❋✐❣✉r❛ ✷✳✶✶✿ ❆ ✐♠❛❣❡♠ ♠♦str❛ ✉♠❛ ♦♥❞❛ ♣❧❛♥❛ Ψ0 ✭♦ ✬♣r♦❜❡✬✮ ✐♥t❡r❛❣✐♥❞♦ ❝♦♠ ✉♠❛ ❛♠♦str❛

✐♥t❡❣r❛❞❛ ♥❛ ❞✐r❡çã♦ ❩✳



✷✳ ■♠❛❣❡♥s ❖❜t✐❞❛s ❝♦♠ ❘❛✐♦s✲❳ ✶✸

❆ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞❡ ✉♠ ♦❜❥❡t♦ ✭❳✱❨✱❩✮ ❛r❜✐trár✐♦ é ♦❜t✐❞❛ ♣♦r✿

Q(X,Y ) = exp





−2πi

λ

l(X,Y ,Z)
∫

0

n(X,Y ,Z)dL



 ✭✷✳✼✮

Q(X,Y ) = exp





2πi

λ

l(X,Y ,Z)
∫

0

[δ(X,Y ,Z) + iβ(X,Y ,Z)dL]



 ✭✷✳✽✮

❖♥❞❡ ▲ é ♦ ❝❛♠✐♥❤♦ ót✐❝♦ ❞❛ ♦♥❞❛ ❞❡♥tr♦ ❞❛ ❛♠♦str❛✱ ♣❛r❛ ♦ ❝❛s♦ ❡st✉❞❛❞♦ dL = dZ ❝♦♠♦

♠♦str❛ ❛ ✜❣✉r❛ ✷✳✶✶✳ ◆❛ ❡q✉❛çã♦ ✭✷✳✽✮ ❛ ✐♥t❡❣r❛❧ ❞❛ ♣❛rt❡ ❝♦♥st❛♥t❡ ❞♦ í♥❞✐❝❡ ❞❡ r❡❢r❛çã♦ ❢♦✐

♦♠✐t✐❞❛ ♣♦✐s ♥ã♦ ❝♦♥tr✐❜✉✐ ❝♦♠ ❛ ✈❛r✐❛çã♦ ❡♠ (X,Y ,Z)✳

P❛r❛ s✐♠♣❧✐✜❝❛r✱ sã♦ ❞❡✜♥✐❞❛s ❢✉♥çõ❡s ❛✉①✐❧✐❛r❡s φ ❡ T ❝♦♠♦✿

φ(X,Y ) =
2π

λ

l(X,Y ,Z)
∫

0

δ(X,Y ,Z)dZ ✭✷✳✾✮

T (X,Y ) = exp





l(X,Y ,Z)
∫

0

4πβ(X,Y ,Z)

λ
dZ



 ✭✷✳✶✵✮

❚♦r♥❛♥❞♦ ❛ ❡q✉❛çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ❞♦ ♦❜❥❡t♦ ♠✉✐t♦ ♠❛✐s s✐♠♣❧❡s✿

q(X,Y ) =
√

T (X,Y ) exp [iφ(X,Y )] ✭✷✳✶✶✮

❖♥❞❡ ♦ t❡r♠♦ exp [iφ(X,Y )] r❡♣r❡s❡♥t❛ ❛ ❞✐❢❡r❡♥ç❛ ❞❡ ❢❛s❡ s♦❢r✐❞❛ ♣❡❧❛ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❡ é

r❡s♣♦♥sá✈❡❧ ♣❡❧❛ ♠✉❞❛♥ç❛ ♥❛ ❞✐r❡çã♦ ❞♦ ❢❡✐①❡❀ ❡ ♦ t❡r♠♦ t❡r♠♦
√

T (X,Y ) é r❡s♣♦♥sá✈❡❧ ♣❡❧❛

❛t❡♥✉❛çã♦ ❡ ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞♦ ♣❡❧❛ ❧❡✐ ❞❡ ❇❡❡r✲▲❛♠❜❡rt ❞❡✜♥✐♥❞♦ q✉❡ ❛ ✐♥t❡♥s✐❞❛❞❡ tr❛♥s♠✐t✐❞❛

I(X,Y ) é ❡q✉✐✈❛❧❡♥t❡ ❛♦ ♠ó❞✉❧♦ ❞❛ tr❛♥s♠✐ssã♦ T (X,Y )✿

I(X,Y ) = I0(X,Y )e−µ
∫
L
dl ✭✷✳✶✷✮

❖♥❞❡ I(X,Y ) é ❛ ✐♥t❡♥s✐❞❛❞❡ tr❛♥s♠✐t✐❞❛✱ I0(X,Y ) é ❛ ✐♥t❡♥s✐❞❛❞❡ ✐♥✐❝✐❛❧✱ µ é ♦ ❝♦❡✜❝✐❡♥t❡

❞❡ ❛t❡♥✉❛çã♦ ❡ L é ♦ ❝❛♠✐♥❤♦ ót✐❝♦ ❬✺✱ ✶✽❪✳



✶✹ ✷✳✻ ■♠❛❣❡♥s ♣♦r ❆❜s♦rçã♦

✷✳✻ ■♠❛❣❡♥s ♣♦r ❆❜s♦rçã♦

❆ ♦♥❞❛ ❞❡ s❛í❞❛ ❣❡r❛ ❝♦♥tr❛st❡ ♥❛ ❢♦r♠❛ ❞❡ ✉♠❛ ✈❛r✐❛çã♦ ❞❛ ✐♥t❡♥s✐❞❛❞❡ tr❛♥s♠✐t✐❞❛ ❝♦♠♦

❢♦✐ ♠♦str❛❞♦ ❛❝✐♠❛✳ ❊st❛ ✈❛r✐❛çã♦ é ❞✐r❡t❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ ❛♦s ❞✐❢❡r❡♥t❡s í♥❞✐❝❡s ❞❡ ❛t❡♥✉✲

❛çã♦ ❡♠ ❝❛❞❛ ✈♦❧✉♠❡ ❞❛ ❛♠♦str❛✳

P❛r❛ q✉❡ ✉♠ ♦❜❥❡t♦ ♦✉ ❡str✉t✉r❛ ❛♥❛tô♠✐❝❛ s❡❥❛ ✈✐sí✈❡❧ ❝♦♠ ✐♠❛❣❡♥s ❞❡ r❛✐♦s✲❳✱ é ♥❡❝❡ssár✐♦

q✉❡ ❤❛❥❛ ✉♠❛ ❞✐❢❡r❡♥ç❛ ♠í♥✐♠❛ ♥❛ ♣❛rt❡ ✐♠❛❣✐♥ár✐❛ ❞♦ í♥❞✐❝❡ ❞❡ r❡❢r❛çã♦ ❡♠ ❞✐❢❡r❡♥t❡s ✈♦❧✉♠❡s

♦❜s❡r✈❛❞♦s✳

✷✳✼ ■♠❛❣❡♥s ❝♦♠ ❈♦♥tr❛st❡ ❞❡ ❋❛s❡

❈♦♠♦ ♠♦str❛❞♦ ♥❛ s❡çã♦ ❛♥t❡r✐♦r ♦ ❢❡✐①❡ ❞❡ s❛í❞❛ ❞❡ ✉♠❛ ❛♠♦str❛ t❡♠ ✉♠❛ ❢❛s❡ ❝❛r❛❝✲

t❡ríst✐❝❛ q✉❡ é ✐rr❡❧❡✈❛♥t❡ ♣❛r❛ ❛s ✐♠❛❣❡♥s tr❛❞✐❝✐♦♥❛✐s ♣♦✐s ❛ ❢❛s❡ s❡ ♣❡r❞❡ ♥❛ ✐♥t❡r❛çã♦ ❞❡

✉♠❛ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ✐♥❝♦❡r❡♥t❡ ❝♦♠ ❛ ❛♠♦str❛✳ ◆♦ ❡♥t❛♥t♦ ❡①✐st❡♠ ♠ét♦❞♦s ♣❛r❛ ✉t✐❧✐③❛r ❛

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

sã♦ ❝❤❛♠❛❞❛s ❞❡ ✐♠❛❣❡♥s ❝♦♠ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡✳

❊①✐st❡♠ q✉❛tr♦ té❝♥✐❝❛s ♣r✐♥❝✐♣❛✐s ♣❛r❛ s❡ ♦❜t❡r ✐♠❛❣❡♥s ❞❡ r❛✐♦s✲❳ ❝♦♠ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡✱

q✉❡ ✉s❛♠ ❞✐❢❡r❡♥t❡s ♠ét♦❞♦s ♣❛r❛ tr❛♥s❢♦r♠❛r ❛ ✐♥❢♦r♠❛çã♦ ❞❛ ❢❛s❡ ❡♠ ❝♦♥tr❛st❡✳ ❖ ♠ét♦❞♦

♠❛✐s s✐♠♣❧❡s q✉❡ é ♦ t❡♠❛ ❞❡st❡ tr❛❜❛❧❤♦ é ♦ ♠ét♦❞♦ ❞❛ ♣r♦♣❛❣❛çã♦✱ q✉❡ ✉t✐❧✐③❛ ❢♦♥t❡s ♣❛r❝✐❛❧✲

♠❡♥t❡ ❝♦❡r❡♥t❡s ♣❛r❛ ✈❡r ❛ ✐♥t❡r❢❡rê♥❝✐❛ ❞❛ ♦♥❞❛ ❞❡ s❛í❞❛ ❞❛ ❛♠♦str❛ ♥♦ ❡s♣❛ç♦✳ P♦❞❡♠♦s t❡r

t❛♠❜é♠ ✐♥t❡r❢❡rô♠❡tr♦s ❞❡ ❚❛❧❜♦t✱ q✉❡ ✉t✐❧✐③❛♠ ❣r❛❞❡s ✐♥t❡r❢❡r♦♠étr✐❝❛s ♣❛r❛ ♠❡❞✐r ❛ ❞❡r✐✈❛❞❛

❞❛ ❢❛s❡❀ ■♠❛❣❡♥s ♠❡❧❤♦r❛❞❛s ♣♦r ❞✐❢r❛çã♦✱ q✉❡ ✉t✐❧✐③❛ ✉♠ ❛♥❛❧✐s❛❞♦r ❝r✐st❛❧✐♥♦ ♣❛r❛ ❞❡t❡r♠✐♥❛r

❛ ❞❡r✐✈❛❞❛ ❞❛ ❢❛s❡❀ ❡ ✐♥t❡r❢❡r♦♠❡tr✐❛ ❞❡ r❛✐♦s✲❳ q✉❡ ✉t✐❧✐③❛ ✐♥t❡r❢❡rô♠❡tr♦s ♣❛r❛ ♠❡❞✐r ❛ ❢❛s❡

r❡❧❛t✐✈❛ ❡♥tr❡ ❞♦✐s ❝❛♠✐♥❤♦s ót✐❝♦s✳

➱ ✐♥t❡r❡ss❛♥t❡ ♦❜s❡r✈❛r q✉❡ ❛♣❡s❛r ❞❡ s❡r❡♠ ❞✐❢❡r❡♥t❡s✱ t♦❞♦s ♦s ♠ét♦❞♦s ❣❡r❛♠ ✐♠❛❣❡♥s

q✉❡ ♣♦❞❡♠ s❡r ✉s❛❞❛s ❝♦♠♦ r❛❞✐♦❣r❛✜❛s tr❛❞✐❝✐♦♥❛✐s ♦♥❞❡ ❛ ú♥✐❝❛ ❞✐❢❡r❡♥ç❛ é ♦ ♣r♦❝❡ss♦ ❢ís✐❝♦

✉t✐❧✐③❛❞♦ ♣❛r❛ s❡ ❣❡r❛r ♦ ❝♦♥tr❛st❡✳ ❚❛♠❜é♠ é ♣♦ssí✈❡❧ r❡❝♦♥str✉✐r ❛ ❢❛s❡ r❡❧❛t✐✈❛ ❞❡ ❝❛❞❛ ✉♠

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

♥❛ ❞✐r❡çã♦ ❢❛✈♦rá✈❡❧ ♣❛r❛ ✐♠❛❣❡♥s ❞❡ ❚❛❧❜♦t ❡ r❡❢r❛çã♦✳



3
■♠❛❣❡♥s ❈♦❡r❡♥t❡s ♣♦r ❘❛✐♦s✲❳

◆❛ ❢ís✐❝❛✱ ❛ ❝♦❡rê♥❝✐❛ é ✉♠❛ ♣r♦♣r✐❡❞❛❞❡ ❞❛s ♦♥❞❛s q✉❡ ♣❡r♠✐t❡ ✐♥t❡r❢❡rê♥❝✐❛ ❡s♣❛❝✐❛❧ ❡

t❡♠♣♦r❛❧✳ ❆ ❝♦❡rê♥❝✐❛ ❞❡s❝r❡✈❡ ❛s ♣r♦♣r✐❡❞❛❞❡s ❞❡ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❞✉❛s q✉❛♥t✐❞❛❞❡s ❢ís✐❝❛s ❞❡

✉♠❛ ú♥✐❝❛ ♦♥❞❛✱ ♦✉ ❡♥tr❡ ✈ár✐❛s ♦♥❞❛s✳

❉♦✐s ❡①❡♠♣❧♦s ❞❡ ❢♦♥t❡s ❝♦❡r❡♥t❡s sã♦ ❧❛s❡rs ❡ ❢♦♥t❡s ♣♦♥t✉❛✐s✳ ❆ ❧✉③ ❡♠✐t✐❞❛ ❡♠ ❧❛s❡rs

♦❝♦rr❡ ♣♦r ✉♠ ♣r♦❝❡ss♦ ❞❡ ❡♠✐ssã♦ ❡st✐♠✉❧❛❞❛ q✉❡ é ✐♥tr✐♥s❡❝❛♠❡♥t❡ ❝♦❡r❡♥t❡✱ ❣❡r❛♥❞♦ ❛ss✐♠

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

❋♦♥t❡s ♥ã♦✲❝♦❡r❡♥t❡s sã♦ ❡①t❡♥s❛s ❡ ❡♠✐t❡♠ ❧✉③ ✈✐❛ ❡♠✐ssã♦ ❡s♣♦♥tâ♥❡❛✱ q✉❡ é ✉♠ ♣r♦❝❡ss♦

❛❧❡❛tór✐♦✳ ❊ss❡ t✐♣♦ ❞❡ ❡♠✐ssã♦ ❞✐❢❡r❡ ❞❡ ✉♠❛ ❢♦♥t❡ ❝♦❡r❡♥t❡ ♣♦✐s ❣❡r❛ ✉♠❛ ❢r❡♥t❡ ❞❡ ♦♥❞❛ s❡♠

❝♦rr❡❧❛çã♦ ♥♦ ❡s♣❛ç♦ ❡ ♥♦ t❡♠♣♦✳ ❊①❡♠♣❧♦s ❞❡ ❢♦♥t❡s ♥ã♦✲❝♦❡r❡♥t❡s sã♦ ❧â♠♣❛❞❛s tér♠✐❝❛s ❡

t✉❜♦s ❞❡ r❛✐♦s✲❳✳

❆s ❢♦♥t❡s sí♥❝r♦tr♦♥ ❞❡ t❡r❝❡✐r❛ ❣❡r❛çã♦ s❡ ❛♣r♦①✐♠❛♠ ❞❡ ✉♠❛ ❢♦♥t❡ ♣♦♥t✉❛❧ ❝♦♠ ❡♠✐ssã♦

❡s♣♦♥tâ♥❡❛ ❡ ♣♦ss✉❡♠ ✉♠ ❛❧t♦ ❣r❛✉ ❞❡ ❝♦❡rê♥❝✐❛ ❡s♣❛❝✐❛❧ ❡♠ ♣♦rçõ❡s ❞♦ ❢❡✐①❡ ❞❛ ♦r❞❡♠ ❞❡

❛❧❣✉♥s ♠✐❝rô♠❡tr♦s✳

✸✳✶ ❈❛r❛❝t❡r✐③❛çã♦ ❞❛ ❈♦❡rê♥❝✐❛

◆♦ ❡st✉❞♦ ❞❛ r❡❝♦♥str✉çã♦ ❞❡ ✐♠❛❣❡♥s ❝♦❡r❡♥t❡s ♥ã♦ ❜❛st❛ s❛❜❡r q✉❡ ❛ s✉❛ ❢r❡♥t❡ ❞❡ ♦♥❞❛

✐♥❝✐❞❡♥t❡ s❡❥❛ ❝♦❡r❡♥t❡ ♠❛s t❛♠❜é♠ é ♥❡❝❡ssár✐♦ q✉❛♥t✐✜❝❛r ❡ss❛ ❝♦❡rê♥❝✐❛✳ P❛r❛ ✐ss♦✱ ❝♦♠♦

❥á ❝✐t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ✈❛♠♦s ❝❧❛ss✐✜❝❛r ❛ ♦♥❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ s✉❛ ✉♥✐❢♦r♠✐❞❛❞❡ ❡s♣❛❝✐❛❧ ❡

t❡♠♣♦r❛❧✳ ❊st❛ s❡çã♦ ✈❛✐ ❞❡s❝r❡✈❡r ❛s ❡q✉❛çõ❡s q✉❡ q✉❛♥t✐✜❝❛♠ ❡ss❛s ❞✉❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ❛s

✶✺



✶✻ ✸✳✶ ❈❛r❛❝t❡r✐③❛çã♦ ❞❛ ❈♦❡rê♥❝✐❛

❞❡❞✉çõ❡s ❞❡t❛❧❤❛❞❛s ❡ ❛♣r♦❢✉♥❞❛❞❛s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞❛s ♥♦s ❧✐✈r♦s ❞❡ ❇♦r♥ ❡ ❲♦❧❢ ❬✻❪ ❡

●♦♦❞♠❛♥ ❬✶✹❪✳ ❖ ❧✐✈r♦ ❞❡ ❆❧s✲◆✐❡❧s❡♥ ❡ ▼❝▼♦rr♦✇ ❬✸❪ s♦❜r❡ r❛❞✐❛çã♦ sí♥❝r♦tr♦♥ ❛♣r❡s❡♥t❛♠

❡①❝❡❧❡♥t❡s ♥♦çõ❡s ♣❛r❛ ♦ ❡st✉❞♦ ❞❡ r❛❞✐❛çã♦ ❝♦❡r❡♥t❡ ❞❡ r❛✐♦s✲❳ ❡ ✉♠ ❡st✉❞♦ s♦❜r❡ ❛s ❝❛r❛❝t❡✲

ríst✐❝❛s ❞❡ ❝❛❞❛ ❢♦♥t❡ ❝♦♠♦ ❛ q✉❛♥t✐✜❝❛çã♦ ❞♦ ✢✉①♦ ❡ ♦s r❡q✉✐s✐t♦s ♠í♥✐♠♦s ❞❡ ✉♠❛ ❢♦♥t❡ ♣❛r❛

❛ r❡❛❧✐③❛çã♦ ❞❡ ❡①♣❡r✐♠❡♥t♦s ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞♦ ❡♠ ❬✸✸❪✳

✸✳✶✳✶ ❈♦❡rê♥❝✐❛ ❚r❛♥s✈❡rs❛❧

❆ ✜❣✉r❛ ✸✳✶ r❡♣r❡s❡♥t❛ ❞✉❛s ❢r❡♥t❡s ❞❡ ♦♥❞❛ ❛tr❛✈❡ss❛♥❞♦ ✉♠ ❡①♣❡r✐♠❡♥t♦ ❞❡ ❞✉♣❧❛ ❢❡♥❞❛

❞❡ ❨♦✉♥❣✱ ♦♥❞❡ w é ❛ ❡①t❡♥sã♦ ❞❛ ❢♦♥t❡ ✐s♦tró♣✐❝❛✱ d é ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❛s ❢❡♥❞❛s✱ R é ❛

❞✐stâ♥❝✐❛ ❞❛ ❢♦♥t❡ ❛té ❛s ❢❡♥❞❛s ❡ L é ❛ ❞✐stâ♥❝✐❛ ❞❛s ❢❡♥❞❛s ❛té ♦ ♣❧❛♥♦ ❞❡ ♠❡❞✐çã♦✳

❋✐❣✉r❛ ✸✳✶✿ ❊sq✉❡♠❛ ❞♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ ❞✉♣❧❛ ❢❡♥❞❛ ❞❡ ❨♦✉♥❣ ✭r❡t✐r❛❞♦ ❞❡ ❬✸✸❪✮✳

❆s ❢r❛♥❥❛s ❞❡ ✐♥t❡r❢❡rê♥❝✐❛ ❣❡r❛❞❛s ♣♦r ✉♠❛ ❢♦♥t❡ ♠✉✐t♦ ♣❡q✉❡♥❛ ❛♣❛r❡❝❡♠ ♥♦s â♥❣✉❧♦s

❞❡ ❞✐❢r❛çã♦ α = mλ/d ❝♦♠ m = 0,±1,±2, ... ♣❛r❛ ♦s ♠á①✐♠♦s ❡ m = ±1/2,±3/2,±5/2, ...

♣❛r❛ ♦s ♠í♥✐♠♦s ✭✉t✐❧✐③❛♥❞♦ ❛ ❛♣r♦①✐♠❛çã♦ ❞❡ ❜❛✐①♦s✲â♥❣✉❧♦s✮✳ ❆s ❢r❛♥❥❛s ♣r♦❞✉③✐❞❛s ♣♦r ✉♠

❡♠✐ss♦r ♥❛s ❜♦r❞❛s ❞❛ ❢♦♥t❡ sã♦ ❡♥❝♦♥tr❛❞❛s ❡♠ mλ/d+ w/2R✳ ❖ ♠á①✐♠♦ ❞❡ ❞✐❢r❛çã♦ ❣❡r❛❞♦

♣♦r ✉♠ ❡♠✐ss♦r ♥❛ ❜♦r❞❛ ❞❛ ❢♦♥t❡ ❝♦✐♥❝✐❞❡ ❝♦♠ ♦ ♠í♥✐♠♦ ❞❡ ✉♠ ❡♠✐ss♦r ♥♦ ❝❡♥tr♦ ❞❛ ❢♦♥t❡

q✉❛♥❞♦ ❛ ❡q✉❛çã♦ ✭✸✳✶✮ ❢♦r s❛t✐s❢❡✐t❛✱ ❡ ❛ss✐♠✱ é ❞❡✜♥✐❞♦ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ❝♦❡rê♥❝✐❛ ❛♥❣✉❧❛r

♦✉ tr❛♥s✈❡rs❛❧✱ ξt✳

d =
λR

w
≡ ξt ✭✸✳✶✮



✸✳ ■♠❛❣❡♥s ❈♦❡r❡♥t❡s ♣♦r ❘❛✐♦s✲❳ ✶✼

✸✳✶✳✷ ❈♦❡rê♥❝✐❛ ▲♦♥❣✐t✉❞✐♥❛❧

❆ ✜❣✉r❛ ✸✳✷ ♠♦str❛ ❞✉❛s ♦♥❞❛s ♣❧❛♥❛s s❡ ♣r♦♣❛❣❛♥❞♦ ❡①❛t❛♠❡♥t❡ ♥❛ ♠❡s♠❛ ❞✐r❡çã♦ ❝♦♠

❝♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛ ❧✐❣❡✐r❛♠❡♥t❡ ❞✐❢❡r❡♥t❡s✱ λ ❡ λ −∆λ✳ ❆♠❜❛s ❡stã♦ ❡♠ ❢❛s❡ ♥❛ ♦r✐❣❡♠ ❡

♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ❝♦❡rê♥❝✐❛ t❡♠♣♦r❛❧✱ ξl✱ ❝♦rr❡s♣♦♥❞❡ à ❞✐stâ♥❝✐❛ q✉❡ ❡❧❛s ❞❡✈❡♠ ♣❡r❝♦rr❡r ❛té

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

❋✐❣✉r❛ ✸✳✷✿ ❊sq✉❡♠❛ ❞❡ ❞✉❛s ♦♥❞❛s ♣❧❛♥❛s s❡ ♣r♦♣❛❣❛♥❞♦ ♥❛ ♠❡s♠❛ ❞✐r❡çã♦ ❡ s❡♥t✐❞♦ ✭r❡t✐r❛❞♦

❞❡ ❬✸✸❪✮✳

❱❡♠♦s q✉❡ s❡ ❛s ♦♥❞❛s ❡stã♦ ❝♦♠♣❧❡t❛♠❡♥t❡ ❢♦r❛ ❞❡ ❢❛s❡ ❛♣ós ♣❡r❝♦rr❡r❡♠ ξl✱ ❡❧❛s ❡st❛rã♦

❡♠ ❢❛s❡ ♥♦✈❛♠❡♥t❡ ❛♣ós 2ξl✱ ♦ q✉❡ ✐♠♣❧✐❝❛ ♥❛ ❡q✉❛çã♦ ✭✸✳✷✮ ❡ q✉❡ ❛ ❞✐stâ♥❝✐❛ ♣❡r❝♦rr✐❞❛ é

❡q✉✐✈❛❧❡♥t❡ ❛ ✉♠ ♥ú♠❡r♦ ✐♥t❡✐r♦✱ N ✱ ❞❡ ❝♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛ λ✳

2ξl = Nλ = (N − 1/2) (λ+∆λ) ✭✸✳✷✮

■ss♦ é ♠♦str❛❞♦ ♥❛ ❡q✉❛çã♦ ✭✸✳✸✮✱ ❛ q✉❛❧ ♣♦❞❡♠♦s ❡①♣❛♥❞✐r ❡♠ ❚❛②❧♦r ♣❛r❛ ♦❜t❡r ♦ ✈❛❧♦r

❛♣r♦①✐♠❛❞♦ ❞♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ❝♦❡rê♥❝✐❛ ❧♦♥❣✐t✉❞✐♥❛❧ ♦✉ t❡♠♣♦r❛❧✱ ξl✳

ξl ≡ Nλ ≈
1

2
.
λ2

∆λ
✭✸✳✸✮

✸✳✶✳✸ ❋♦♥t❡s ❞❡ ❘❛✐♦s✲❳ ❈♦❡r❡♥t❡s

P♦❞❡♠♦s ❝❧❛ss✐✜❝❛r ❛ ❝♦❡rê♥❝✐❛ ❞❛ ❢♦♥t❡ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❝♦❡rê♥❝✐❛ ❞❛ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ♣r♦✲

❞✉③✐❞❛✳ ❙❡♥❞♦ ❛ss✐♠ ❛ ♠❛✐♦r✐❛ ❞❛s ❢♦♥t❡s ❝♦♥✈❡♥❝✐♦♥❛✐s ❞❡ r❛✐♦s✲❳ ❝♦♠♦ t✉❜♦s ❞❡ r❛✐♦s✲❳✱



✶✽ ✸✳✶ ❈❛r❛❝t❡r✐③❛çã♦ ❞❛ ❈♦❡rê♥❝✐❛

❢♦♥t❡s ❞❡ â♥♦❞♦ ❣✐r❛♥t❡✱ ❞í♣♦❧♦s ♠❛❣♥ét✐❝♦s✱ ♦♥❞✉❧❛❞♦r❡s ❡ ✇✐❣❣❧❡rs sã♦ ✐♥tr✐♥s❡❝❛♠❡♥t❡ ✐♥❝♦✲

❡r❡♥t❡s ❡s♣❛❝✐❛❧♠❡♥t❡ ❡ t❡♠♣♦r❛❧♠❡♥t❡✳ ❆ ✜❣✉r❛ ✸✳✸ ♠♦str❛ ❛ r❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠ s✐♥❝r♦tr♦♥

❞❡ t❡r❝❡✐r❛ ❣❡r❛çã♦✱ ♦♥❞❡ s❡ ✐♥s❡r❡♠ ♦s ❞í♣♦❧♦s ♠❛❣♥ét✐❝♦s✱ ♦♥❞✉❧❛❞♦r❡s ❡ ✇✐❣❣❧❡rs ❬✹✱ ✶✶✱✷✶❪✳

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

❚❡r❝❡✐r❛ ●❡r❛çã♦

❊①✐st❡♠ t❛♠❜é♠ ❢♦♥t❡s ✐♥tr✐♥s❡❝❛♠❡♥t❡

❝♦❡r❡♥t❡s ❝♦♠♦ ❛s ❢♦♥t❡s ❞❡ ❣❡r❛çã♦ ❞❡ ❛❧t♦s

❤❛r♠ô♥✐❝♦s ❬✷✵❪ ❡ ♦s ♠♦❞❡r♥♦s ❳❋❊▲✬s✭✧❳✲

❘❛② ❋r❡❡ ❊❧❡❝tr♦♥ ▲❛s❡r✧♦✉ ▲❛s❡r ❞❡ ❡❧étr♦♥s

❧✐✈r❡s✮ r❡♣r❡s❡♥t❛❞♦s ♥❛ ✜❣✉r❛ ✸✳✹ ❬✶✾✱✷✽✱✸✹❪✳

❋✐❣✉r❛ ✸✳✹✿ ❘❡♣r❡s❡♥t❛çã♦ ❞❡ ✉♠ ▲❛s❡r ❞❡ ❊❧é✲

tr♦♥s ▲✐✈r❡s

◆♦ ❡♥t❛♥t♦✱ ❛♣❡s❛r ❞❛s ❢♦♥t❡s ✐♥❝♦❡r❡♥t❡s

s❡r❡♠ ♠❛✐s ❛❜✉♥❞❛♥t❡s ❛✐♥❞❛ é ♣♦ssí✈❡❧ ❡①✲

tr❛✐r ❛ ♣❛rt❡ ❝♦❡r❡♥t❡ ❞❛s ❢r❡♥t❡s ❞❡ ♦♥❞❛ ❣❡✲

r❛❞❛s ♣♦r ❡ss❛s ❢♦♥t❡s✳ P❛r❛ ✐ss♦ é ♥❡❝❡ssár✐♦

✉t✐❧✐③❛r ✜❧tr♦s ❡s♣❛❝✐❛✐s ❡ ❞❡ ❡♥❡r❣✐❛✳

P❛r❛ ❡①tr❛✐r ❛ ♣♦rçã♦ ❡s♣❛❝✐❛❧♠❡♥t❡ ❝♦❡r❡♥t❡ ✉t✐❧✐③❛♠✲s❡ ❢❡♥❞❛s ❡ ♣✐♥❤♦❧❡s✱ ❡♥q✉❛♥t♦ ♣❛r❛

❡①tr❛✐r ✉♠❛ ♣❡q✉❡♥❛ ❜❛♥❞❛ ❞❡ ❝♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛ ♣♦❞❡♠♦s ✉t✐❧✐③❛r ♠♦♥♦❝r♦♠❛❞♦r❡s✳ ❖

♣r♦❜❧❡♠❛ ❡♠ s❡ ✉t✐❧✐③❛r ✜❧tr♦s é ❛ ♣❡r❞❛ ❞❡ ✐♥t❡♥s✐❞❛❞❡ q✉❡ ✐♥✈✐❛❜✐❧✐③❛ ✉♠ ❜♦♠ ❡①♣❡r✐♠❡♥t♦

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

❝♦♠♦ ♦♥❞✉❧❛❞♦r❡s ❡ ✇✐❣❣❧❡rs✱ q✉❡ t❡♠ ✐♥t❡♥s✐❞❛❞❡ s✉✜❝✐❡♥t❡♠❡♥t❡ ❛❧t❛ ♣❛r❛ q✉❡ s❡❥❛ ✈✐á✈❡❧ ❛

✜❧tr❛❣❡♠ ❡s♣❛❝✐❛❧ ❡ t❡♠♣♦r❛❧ ❞❛ ❢r❡♥t❡ ❞❡ ♦♥❞❛✳

❯♠ ❝❛s♦ ❡s♣❡❝✐❛❧ ♣❛r❛ s❡ ♦❜t❡r ✉♠❛ ❢♦♥t❡ ❡s♣❛❝✐❛❧♠❡♥t❡ ❝♦❡r❡♥t❡ é ♦ ❞❡ ❢♦♥t❡s ♠✉✐t♦ ♣❡q✉❡✲

♥❛s✱ ❡ss❡ ❡❢❡✐t♦ ♣♦❞❡ s❡r ♦❜s❡r✈❛❞♦ ✉t✐❧✐③❛♥❞♦ ♦ t❡♦r❡♠❛ ❞❡ ✈❛♥ ❈✐tt❡rt✲❩❡r♥✐❝❦❡ ❬✸✷❪ ❬✸✺❪✳ ❊❧❡

s❡ ✐♥s❡r❡ ♥❛ t❡♦r✐❛ ❞❡ ❝♦❡rê♥❝✐❛ ❡ ♠♦str❛ q✉❡ s♦❜ ❝❡rt❛s ❝♦♥❞✐çõ❡s ❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r

❞❛ ✐♥t❡r❢❡rê♥❝✐❛ ♠út✉❛ ❞❡ ✉♠❛ ❢♦♥t❡ ✐♥❝♦❡r❡♥t❡ ❡ ❞✐st❛♥t❡ é ✐❣✉❛❧ à s✉❛ ✈✐s✐❜✐❧✐❞❛❞❡ ❝♦♠♣❧❡①❛✳

■ss♦ ✐♠♣❧✐❝❛ q✉❡ ❛ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❞❡ ✉♠❛ ❢♦♥t❡ ✐♥❝♦❡r❡♥t❡ ✈❛✐ ❛♣r❡s❡♥t❛r ❡❢❡✐t♦s ❝♦❡r❡♥t❡s ❛

❧♦♥❣❛s ❞✐stâ♥❝✐❛s✳

❊ss❡ t❡♦r❡♠❛ ❢♦✐ ✐♥✐❝✐❛❧♠❡♥t❡ ♣r♦♣♦st♦ ❡♠ ✶✾✸✹ ♣❡❧♦ ✜s✐❝♦ ❱❛♥ ❈✐tt❡rt ❡ q✉❛tr♦ ❛♥♦s ❞❡♣♦✐s

❝♦♠♣r♦✈❛❞♦ ♣❡❧♦ ❣❛♥❤❛❞♦r ❧❛✉r❡❛❞♦ ❞♦ ♣rê♠✐♦ ◆♦❜❡❧ ❋r✐ts ❩❡r♥✐❦❡✳ ❋♦❣❡ ❞♦ ❡s❝♦♣♦ ❞❡ss❡

tr❛❜❛❧❤♦ ✉♠ ❡st✉❞♦ ❛♣r♦❢✉♥❞❛❞♦ s♦❜r❡ ❡ss❡ t❡♦r❡♠❛ q✉❡ ♣♦❞❡ s❡r ❡♥❝♦♥tr❛❞♦ ❡♠ ❬✻❪ ❡ ✉♠❛

❣❡♥❡r❛❧✐③❛çã♦ ❡♠ ❬✷✸❪✳

P❛r❛ ❝♦♠♣❛r❛r ❛ ❝♦❡rê♥❝✐❛ ❞❛s ❢♦♥t❡s ♣♦❞❡♠♦s s✐♠♣❧✐✜❝❛r ❛ ❡q✉❛çã♦ ❞❡ ❱❛♥ ❈✐tt❡rt ❡ ❩❡r♥✐❦❡



✸✳ ■♠❛❣❡♥s ❈♦❡r❡♥t❡s ♣♦r ❘❛✐♦s✲❳ ✶✾

❋✐❣✉r❛ ✸✳✺✿ ❋♦♥t❡ ❝♦♠❡r❝✐❛❧ ▼✐❝r♦❢♦❝♦ ❞❛ ▼❛r❝❛ ❍❆▼❆▼❆❚❙❯ ❬✶✻❪

♣❛r❛ ♦ ❝❛s♦ s✐♠♣❧❡s✱ q✉❡ é ✐❞ê♥t✐❝♦ ❛♦ ❞❛ ❡q✉❛çã♦ ✭✸✳✶✮✳ ❆ t❛❜❡❧❛ ✸✳✶ ♠♦str❛ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡

❝♦❡rê♥❝✐❛ ❧♦♥❣✐t✉❞✐♥❛❧✱ ξt✱ ❝❛❧❝✉❧❛❞♦ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❢♦♥t❡s ✭❡♠ ❞✐❢❡r❡♥t❡s ❞✐stâ♥❝✐❛s ❡ ❡♥❡r❣✐❛s

t❛♠❜é♠✮✳

❚❛❜❡❧❛ ✸✳✶✿ ❚❛❜❡❧❛ ❞❡ ξt ♣❛r❛ ❞✐❢❡r❡♥t❡s ❢♦♥t❡s✳

❋♦♥t❡ w λ D ξt

❙í♥❝r♦tr♦♥ ❞❡ ❚❡r❝❡✐r❛ ●❡r❛çã♦ ✯

✵✳✷♥♠

✻✺♠

14µm✯

306µm✯

▲❛s❡r ❞❡ ❊❧étr♦♥s ▲✐✈r❡s 700µm ✯✯ 700µm✯✯

❋♦♥t❡ ▼✐❝r♦❢♦❝♦

10µm

✶✵❝♠ 1µm

✺✵❝♠ 5µm

✶♠ 10µm

5µm

✶✵❝♠ 2µm

✺✵❝♠ 10µm

✶♠ 20µm

✯❋♦♥t❡ ❞❡ t❛♠❛♥❤♦ ❞✐❢❡r❡♥t❡ ♥❛s ❞✐r❡çõ❡s ① ❡ ②

✯✯❈♦❡rê♥❝✐❛ t♦t❛❧



✷✵ ✸✳✷ ■♥t❡r❛çã♦ ❞❡ ✉♠❛ ❋r❡♥t❡ ❞❡ ❖♥❞❛ ❈♦❡r❡♥t❡

✸✳✷ ■♥t❡r❛çã♦ ❞❡ ✉♠❛ ❋r❡♥t❡ ❞❡ ❖♥❞❛ ❈♦❡r❡♥t❡

❊st❛ s❡çã♦ ✈❛✐ ❛❜♦r❞❛r ❛ ❢♦r♠❛çã♦ ❞❡ ✐♠❛❣❡♥s ❝♦❡r❡♥t❡s ❡♠ ❞✐❢❡r❡♥t❡s ❝♦♥❞✐çõ❡s ❡①♣❡r✐♠❡♥✲

t❛✐s✱ q✉❡ s❡rã♦ ❞❡✜♥✐❞❛s ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❛ ❛♠♦str❛ ❡ ♦ ❞❡t❡❝t♦r ❬✻❪ ❬✶✹❪ ❬✸❪✳

P❛r❛ ♦ ♠♦❞❡❧♦ t❡ór✐❝♦ q✉❡ ✈❛♠♦s ✉t✐❧✐③❛r ♥❛ ❢♦r♠❛çã♦ ❞❡ ✐♠❛❣❡♥s ❝♦❡r❡♥t❡s ♥ã♦ ✈❛✐ s❡r

❧❡✈❛❞♦ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ♦ ❢❛t♦ q✉❡ ❛ ❝♦❡rê♥❝✐❛ ❞❛ ❢r❡♥t❡ ❞❡ ♦♥❞❛ t❡♠ ✉♠ ✈❛❧♦r ✜♥✐t♦ ❬✸✸❪✳

❖ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡ é ♠❛✐♦r ❞♦ q✉❡ ♦ ❝♦♥tr❛st❡ ❞❡ ❛❜s♦rçã♦ ♣❛r❛ ❝♦♠♣r✐♠❡♥t♦s ❞❡ ♦♥❞❛

s✉✜❝✐❡♥t❡♠❡♥t❡ ♣❡q✉❡♥♦s ✭λ < 0.1nm✮✱ β é ❞❛ ♦r❞❡♠ ❞❡ 10−9 ❡♥q✉❛♥t♦ δ é ❞❛ ♦r❞❡♠ ❞❡ 10−6

♣❛r❛ ❛♠♦str❛s ❜✐♦❧ó❣✐❝❛s✳ P♦rt❛♥t♦✱ ♣♦❞❡♠♦s ❞✐③❡r q✉❡ ♥♦ r❡❣✐♠❡ ❞♦s r❛✐♦s✲❳ ❞✉r♦s✱ ♦ ❝♦♥tr❛st❡

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

❆ q✉❛♥t✐❞❛❞❡ ❞❡ ✐♥❢♦r♠❛çã♦ q✉❡ ♣♦❞❡ s❡r ♦❜t✐❞❛ s♦❜r❡ ❛ ❡str✉t✉r❛ ❞♦ ♦❜❥❡t♦ ❡♠ ✉♠❛ ✐♠❛❣❡♠

❞❡ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡ ❞❡♣❡♥❞❡ ❞❛ ❞✐stâ♥❝✐❛ R ❡♥tr❡ ♦ ♦❜❥❡t♦ ❡ ♦ ❞❡t❡❝t♦r✳ P♦❞❡♠♦s ❝❧❛ss✐✜❝❛r

três r❡❣✐♠❡s ❞✐st✐♥t♦s ♣❛r❛ s❡ ♦❜t❡r ✉♠❛ ✐♠❛❣❡♠✳

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

t❛♠❡♥t❡ ❛trás ❞♦ ♦❜❥❡t♦✱ t❡♠ ♦ ❝♦♥tr❛st❡ ❞❛s ✐♠❛❣❡♥s ♦❜t✐❞♦ ❛♣❡♥❛s ♣❡❧❛ ❛❜s♦rçã♦✳ ❖ s❡❣✉♥❞♦

r❡❣✐♠❡ s✉r❣❡ q✉❛♥❞♦ ❛❢❛st❛♠♦s ♦ ❞❡t❡❝t♦r ❞♦ ♦❜❥❡t♦ ❡ ❝♦♠❡ç❛♠ ❛ ❛♣❛r❡❝❡r ❢r❛♥❥❛s ❞❡ ✐♥t❡r❢❡rê♥✲

❝✐❛✱ ❡ss❛ ár❡❛ ♦♥❞❡ ❛ ❞✐❢r❛çã♦ ❝♦♠❡ç❛ ❛ t❡r ✐♥✢✉ê♥❝✐❛ ♥❛ ✐♠❛❣❡♠ é ❝❤❛♠❛❞❛ ❞❡ ③♦♥❛ ❞❡ ❋r❡s♥❡❧✳

P♦r ✜♠ ♦ t❡r❝❡✐r♦ r❡❣✐♠❡ s✉r❣❡ q✉❛♥❞♦ ❛ ❞✐❢r❛çã♦ ♣❛ss❛ ❛ s❡r ♣r❡❞♦♠✐♥❛♥t❡ ❡ é ❝❤❛♠❛❞♦ ❞❡

r❡❣✐♠❡ ❞❡ ❋r❛✉♥❤♦❢❡r✳

P❛r❛ s❡♣❛r❛r ❡ss❡s r❡❣✐♠❡s ✈❛♠♦s ❝♦♥s✐❞❡r❛r ✉♠❛ ♦♥❞❛ ♣❧❛♥❛ ✐♥❝✐❞✐♥❞♦ s♦❜r❡ ✉♠ ♦❜❥❡t♦

❝♦♠ ❢✉♥çã♦ ❞❡ tr❛♥s♠✐ssã♦ Q(X,Y )✱ ❝♦♠♦ ✈✐st♦ ♥❛ ✜❣✉r❛ ✸✳✻✳ ❆ ❛♠♣❧✐t✉❞❡ ❞✐❢r❛t❛❞❛ ❛ ✉♠❛

❞✐stâ♥❝✐❛ R ♥♦ ♣❧❛♥♦✲❞❡t❡❝t♦r (x, y) ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞❛ ✉t✐❧✐③❛♥❞♦ ❛ ❡q✉❛çã♦ ✭✸✳✹✮✱ ♦✉ s❡❥❛ ♦

♣r✐♥❝í♣✐♦ ❞❡ ❍✉②❣❡♥s q✉❡ ❝♦♥s✐❞❡r❛ ❝❛❞❛ ❡❧❡♠❡♥t♦ ✐♥✜♥✐t❡s✐♠❛❧ dXdY ♥♦ ♣❧❛♥♦✲♦❜❥❡t♦ ❝♦♠♦

✉♠❛ ♥♦✈❛ ❢♦♥t❡ ❞❡ ♦♥❞❛ ❡s❢ér✐❝❛ ❬✻❪✳

Ψ(x, y) = −
i

λ

∫ ∫

Q(X,Y ).
exp(ikr)

r
dXdY ✭✸✳✹✮

❖♥❞❡ r = [R2 + (x−X)2 + (y − Y )2]
1

2 = (r20−2xX−2yY +X2+Y 2)
1

2 é ❛ ❞✐stâ♥❝✐❛ ❞♦ ♣♦♥t♦

(x, y) ❛té ♦ ♣♦♥t♦ (X,Y )✳ ❈♦♠♦ {R, r0} >> {x,X, y,Y }✱ ♣♦❞❡♠♦s ❡①♣❛♥❞✐r r ♥♦ ❡①♣♦♥❡♥t❡

❞❛ ❡q✉❛çã♦ ✭✸✳✹✮ ❛té ❛ s❡❣✉♥❞❛ ♦r❞❡♠ ❡♠ t♦r♥♦ ❞❡ r0 ❡ ♦❜t❡r ♥❛ ❡q✉❛çã♦ ✭✸✳✺✮ ❛ ■♥t❡❣r❛❧ ❞❡
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❋✐❣✉r❛ ✸✳✻✿ Pr♦♣❛❣❛çã♦ ❞❡ ✉♠❛ ♦♥❞❛ ♣❧❛♥❛ ❛tr❛✈és ❞❡ ✉♠ ♦❜❥❡t♦ ♣❧❛♥❛r ❝♦♠ ✉♠❛ ❢✉♥çã♦ ❞❡

tr❛♥s♠✐ssã♦ Q(X,Y )✳

❞✐❢r❛çã♦ ❞❡ ❋r❡s♥❡❧ ✭❧❡✈❛♥❞♦ ❡♠ ❝♦♥t❛ ❛ ❛♣r♦①✐♠❛çã♦ ❞❡ ❇♦r♥ ❡♠ ♣r✐♠❡✐r❛ ♦r❞❡♠✮ ❬✻❪ ❬✸❪✳

Ψ(x, y) ≈ −
ieikr0

λr0

∫ ∫

Q(X,Y )exp

(

−ik
xX + yY

r0

)

exp

(

ik
X2 + Y 2

2r0

)

dXdY ✭✸✳✺✮

❖ ❡①♣♦♥❡♥t❡ ❞❛ s❡❣✉♥❞❛ ❡①♣♦♥❡♥❝✐❛❧ ❞❛ ❡q✉❛çã♦ ✭✸✳✺✮ ❧❡✈❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ❝✉r✈❛t✉r❛

❡s❢ér✐❝❛ ❞❛s ❢r❡♥t❡s ❞❡ ♦♥❞❛ ❣❡r❛❞❛s ♣❡❧♦ ♦❜❥❡t♦✳ ❊ss❛ ❝✉r✈❛t✉r❛ s❡ t♦r♥❛ ♥❡❣❧✐❣❡♥❝✐á✈❡❧ q✉❛♥❞♦

r0 ∼= R > a2/λ✱ ❝♦♠ a s❡♥❞♦ ♦ t❛♠❛♥❤♦ ❞❛ ❛♠♦str❛✳ ◆❡ss❡ ❝❛s♦ ❛ s❡❣✉♥❞❛ ❡①♣♦♥❡♥❝✐❛❧ s❡

t♦r♥❛ ✉♥✐tár✐❛✱ ❡ ❛s ❛♠♣❧✐t✉❞❡s ❞✐❢r❛t❛❞❛s sã♦ ❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞❡ q(X,Y )✳ ◆❡ss❛

❝♦♥❞✐çã♦✱ ❡♥tã♦ ❛ ❞✐str✐❜✉✐çã♦ ❞❡ ❛♠♣❧✐t✉❞❡s Ψ(X,Y ) ♥ã♦ ♠✉❞❛ s❡✉ ❢♦r♠❛t♦ ❝♦♠ ❛ ♠✉❞❛♥ç❛

❞❛ ❞✐stâ♥❝✐❛ R✳ ■ss♦ ❞❡✜♥❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ♥♦ r❡❣✐♠❡ ❞❡ ❋r❛✉♥❤♦❢❡r✳ ❆ ③♦♥❛ ❞❡ ❋r❡s♥❡❧ ❡stá

❞❡✜♥✐❞❛ ❡♥tr❡ ♦ r❡❣✐♠❡ ❞❡ q✉❛s❡✲❝♦♥t❛t♦ ❡ ❛ ❜♦r❞❛ q✉❡ ❞❡✜♥❡ ♦ r❡❣✐♠❡ ❞❡ ❋r❛✉♥❤♦❢❡r✱ ♦✉ s❡❥❛

♣❛r❛ R < a2/λ✳



✷✷ ✸✳✸ ❊q✉❛çã♦ ❞❡ ❚r❛♥s♣♦rt❡ ❞❡ ■♥t❡♥s✐❞❛❞❡

✸✳✸ ❊q✉❛çã♦ ❞❡ ❚r❛♥s♣♦rt❡ ❞❡ ■♥t❡♥s✐❞❛❞❡

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

❛♣❡s❛r ❞❡ t♦❞❛ ✐♥❢♦r♠❛çã♦ ✭❛♠♣❧✐t✉❞❡ ❡ ❢❛s❡✮ ❡st❛r s❡ ♣r♦♣❛❣❛♥❞♦ ♥♦ ❡s♣❛ç♦✱ ♦s ❞❡t❡❝t♦r❡s sã♦

❝❛♣❛③❡s ❛♣❡♥❛s ❞❡ ❝♦❧❡t❛r ✐♥❢♦r♠❛çã♦ s♦❜r❡ ❛ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ✭s❡çã♦ ✷✳✹✮✳ ◆♦

❝❛s♦ ❞❛s ✐♠❛❣❡♥s ♦❜t✐❞❛s ❝♦♠ r❛✐♦s✲❳ ❝♦❡r❡♥t❡s✱ ❛ ❡q✉❛çã♦ ✭✸✳✺✮ ❞❡t❡r♠✐♥❛ ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛

♦♥❞❛ ♥♦ ♣❧❛♥♦ ❞♦ ❞❡t❡❝t♦r ❬✸❪ ❬✸✸❪✳ ❆ ✐♥❢♦r♠❛çã♦ ❝♦❧❡t❛❞❛ ✈❛r✐❛ s❡♥s✐✈❡❧♠❡♥t❡ ❝♦♠ ❛ ❞✐stâ♥❝✐❛

R ❡♥tr❡ ❛ ❛♠♦str❛ ❡ ♦ ❞❡t❡❝t♦r✳

✸✳✹ ■♠❛❣❡♥s ♥♦ ❘❡❣✐♠❡ ❞❡ ◗✉❛s❡✲❈♦♥t❛t♦

❊♥tr❡ ♦ r❡❣✐♠❡ ❞❡ ❝♦♥t❛t♦ ❡ ♦ r❡❣✐♠❡ ❞❡ ❋r❡s♥❡❧✱ ❛❝♦♥t❡❝❡ ✉♠ ❡❢❡✐t♦ ❞❡ ❛✉♠❡♥t♦ ❞♦ ❝♦♥tr❛st❡

❞❛s ❞✐❢❡r❡♥ç❛s ❞❡ ❞❡♥s✐❞❛❞❡ ❞❛ ❛♠♦str❛✳ ❙❡ ❛ ♠✉❞❛♥ç❛ ❞❡ ❢❛s❡ ❞♦ ♦❜❥❡t♦ φ(X,Y ) é ♣❡q✉❡♥❛ ❡

r❡❛❧✱ ❡❧❡ é ✉♠ ♦❜❥❡t♦ ❞❡ ❢❛s❡ ❢r❛❝♦ ❡✱ ♣♦rt❛♥t♦✱ ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ❛ ❛♣r♦①✐♠❛çã♦ ❞❛ ❡q✉❛çã♦ ✭✸✳✻✮✳

Q(X,Y ) = exp[iφ(X,Y )] ≈ 1 + iφ(X,Y ) ✭✸✳✻✮

P❛r❛ ♦ ❝❛s♦ ✉♥✐❞✐♠❡♥s✐♦♥❛❧✱ ❛ ❡①♣❛♥sã♦ ❡♠ sér✐❡ ❞❡ ❚❛②❧♦r ❞❛ ❡q✉❛çã♦ ✭✸✳✺✮ s❡ t♦r♥❛ ❛

❡q✉❛çã♦ ✭✸✳✼✮✳

f(x) =

(

i

λR

)
1

2

exp [ikR]

∫

q(X) exp

[

ik(x−X)2

2R

]

dX ✭✸✳✼✮

❯t✐❧✐③❛♥❞♦ ❛ ❞❡✜♥✐çã♦ ❞❡ ❝♦♥✈♦❧✉çã♦ ❡ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ♣♦❞❡♠♦s ❡s❝r❡✈❡r ❛

❡q✉❛çã♦ ✭✸✳✼✮ ❝♦♠♦ ✭✸✳✽✮✳

f(x) = exp [ikR]

∫

Q(u) exp [−2πiuX] exp
[

iπRλu2
]

du ✭✸✳✽✮

❖♥❞❡ Q(u) é ❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞❡ q(X) ❡
∫

Q(u) exp [−2πiuX] exp [iπRλu2] du é ❛

tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ✐♥✈❡rs❛ ❞❡ Q(u) exp [iπRλu2]✳ ◆❡ss❛ r❡❣✐ã♦✱ R é t❛❧ q✉❡ χ = iπRλu2

é ♣❡q✉❡♥♦ ♦ s✉✜❝✐❡♥t❡ ♣❛r❛ q✉❡ sen(χ) ≈ χ ❡ ♣♦rt❛♥t♦ ❛ ❡q✉❛çã♦ ✭✸✳✽✮ s❡ t♦r♥❛ ✭✸✳✾✮✳

f(x) = exp [ikR]

(

q(X) + iπRλ

∫

u2Q(u) exp [−2πiuX] du

)

✭✸✳✾✮
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❈♦♠♦ ❛ s✐♠✉❧❛çã♦ ❧❡✈❛ ❡♠ ❝♦♥t❛ ✉♠ ♦❜❥❡t♦ ❞❡ ❢❛s❡ ❢r❛❝♦✱ ♣❡❧❛ ❡q✉❛çã♦ ✭✸✳✻✮✱ t❡♠♦s ❛

❡q✉❛çã♦ ✭✸✳✶✵✮✳

f(x) = exp [ikR] exp [iφ(X)]×

(

1 +
Rλ

4π

∂2φ(X)

dx2
+

iRλ

4π

[

∂φ(X)

dx

]2
)

✭✸✳✶✵✮

❚r✉♥❝❛♥❞♦✲s❡ ❡♠ ♣r✐♠❡✐r❛ ♦r❞❡♠ ❛ ❡q✉❛çã♦ ✭✸✳✶✵✮✱ ♦❜t❡♠✲s❡ ✭✸✳✶✶✮ ❡ ❡①♣❛♥❞✐♥❞♦ ♣❛r❛ ♦

❝❛s♦ ❜✐❞✐♠❡♥s✐♦♥❛❧✱ ❛ ❡q✉❛çã♦ ✭✸✳✶✷✮✳

I(X) = |f(x)|2 ≈ 1 +
λR

2π

∂2φ(X)

dx2
✭✸✳✶✶✮

I(x, y) ∝
λR

2π
∇2φ(X,Y ) ✭✸✳✶✷✮

❯♠❛ ❞❛s ❝♦♥s❡q✉ê♥❝✐❛s ❞❡ss❛ ❡q✉❛çã♦✱ é q✉❡ ❡①✐st❡ ✉♠❛ ❞✐stâ♥❝✐❛ R q✉❡ r❡❛❧ç❛ ♦ ❝♦♥tr❛st❡

❞❛s ❜♦r❞❛s ❞♦ ♦❜❥❡t♦ ♥❛ ✐♠❛❣❡♠ ✜♥❛❧✱ t♦r♥❛♥❞♦ ♣♦ssí✈❡❧ ✈❡r ❞❡t❛❧❤❡s q✉❡ ♥ã♦ ♣♦❞✐❛♠ s❡r ✈✐st♦s

❛♥t❡s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♥❛ ✐♥t❡r❢❛❝❡ ❞❡ t❡❝✐❞♦s ❝♦♠ í♥❞✐❝❡s ❞❡ ❛❜s♦rçã♦ ♠✉✐t♦ ♣ró①✐♠♦s✳ ❯♠❛

❞❡s❝r✐çã♦ ♠❛✐s ❞❡t❛❧❤❛❞❛ ♣♦❞❡ s❡r ♦❜t✐❞❛ ❡♠ ❬✸✵❪ ❡ ❬✶✷❪✳

✸✳✺ ❋r❡♥t❡ ❞❡ ❖♥❞❛ ❞✐✈❡r❣❡♥t❡

❆ ❡q✉❛çã♦ ❞❡ tr❛♥s♣♦rt❡ ❞❡ ✐♥t❡♥s✐❞❛❞❡ ♣♦❞❡ s❡r r❡❡s❝r✐t❛ ♣❛r❛ ❧❡✈❛r ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❞✐✲

❢❡r❡♥t❡s ❢r❡♥t❡s ❞❡ ♦♥❞❛✳ ❊ss❡ é ♦ ❝❛s♦ ❞❛s ❢♦♥t❡s ♠✐❝r♦❢♦❝♦✱ q✉❡ ❣❡r❛♠ ✉♠❛ ❢r❡♥t❡ ❞❡ ♦♥❞❛

❞✐✈❡r❣❡♥t❡ ❡ ♣♦rt❛♥t♦ ♣♦❞❡♠♦s r❡❡s❝r❡✈❡r ♥♦ss❛ ♦♥❞❛ ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❝♦♠♦✿

❉❡✜♥❡✲s❡ ❛ ❢✉♥çã♦ ❞❡ ♦♥❞❛ ❞✐✈❡r❣❡♥t❡ h(x, y) ✭❡q✉❛çã♦ ✭✸✳✶✸✮✮ ❡ ❝♦♥✈♦❧✉✐✲s❡ ❝♦♠ ❛ ❢✉♥çã♦

❞❡ ♦♥❞❛ ✐♥✐❝✐❛❧ Ψ0(x, y) ✭❡q✉❛çã♦ ✭✸✳✶✹✮✮ ❬✾❪✳

h(x, y) =
1

iλR
e

iR

2z
(x2+y2) ✭✸✳✶✸✮

f(x, y) = f0(x, y) ∗ h(x, y) ✭✸✳✶✹✮

F (x, y) = iλeikRe−iπλR1(x2+y2) ∗Q(u, v).e−iπλR(x2+y2) ✭✸✳✶✺✮

◆❛ ❡q✉❛çã♦ ✭✸✳✶✺✮ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ♦ ❢❛t♦r ❞❡ ❛♠♣❧✐❛çã♦ ❣❡r❛❞♦ ♣❡❧❛ ❞✐stâ♥❝✐❛ R1

✭❛♠♦str❛✲❞❡t❡❝t♦r✮ ❡ ❛ ❞✐stâ♥❝✐❛ R



✷✹ ✸✳✺ ❋r❡♥t❡ ❞❡ ❖♥❞❛ ❞✐✈❡r❣❡♥t❡

❋✐❣✉r❛ ✸✳✼✿ ❆ ✐♠❛❣❡♠ ♠♦str❛ ✉♠❛ ♦♥❞❛ ❡s❢ér✐❝❛ h ✭♦ ✬♣r♦❜❡✬✮✱ ❛ ❛♠♦str❛✱ q✱ ♥♦ ♣❧❛♥♦ ❞♦ ♦❜❥❡t♦

x, y ❡ ❛ ✐♠❛❣❡♠ ✜♥❛❧✱ Ψ ♥♦ ♣❧❛♥♦ ❞♦ ❞❡t❡❝t♦r X,Y ✳

P♦rt❛♥t♦✱ é ♣♦ssí✈❡❧ ❞❡s❝r❡✈❡r ♠❛t❡♠❛t✐❝❛♠❡♥t❡ ❛ ✐♠❛❣❡♠ ❞❡ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡ ❣❡r❛❞❛ ♣♦r

✉♠❛ ❢♦♥t❡ ♠✐❝r♦❢♦❝♦ ❞❡ ❜❛♥❝❛❞❛ ❬✶❪✳ ❆ ❞❡s❝r✐çã♦ ♠❛t❡♠át✐❝❛ ❞❡ ❝♦♠♦ é ❣❡r❛❞♦ ♦ ❝♦♥tr❛st❡

❞❡ ❢❛s❡ ♣❛r❛ ✉♠❛ ❢♦♥t❡ ❞✐✈❡r❣❡♥t❡ é ✐♠♣♦rt❛♥t❡ ♣❛r❛ ❞❡♠♦♥str❛r ❛ ✈✐❛❜✐❧✐❞❛❞❡ ❛ ♦❜t❡♥çã♦ ❞❡

✐♠❛❣❡♥s ❞❡ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡ ❝♦♠ ❢♦♥t❡s ♠✐❝r♦❢♦❝♦✳



4
▼♦♥t❛❣❡♠ ❊①♣❡r✐♠❡♥t❛❧

❊st❡ ❝❛♣ít✉❧♦ ✈❛✐ ❞❡s❝r❡✈❡r q✉❛✐s ❢♦r❛♠ ♦s ❡q✉✐♣❛♠❡♥t♦s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛ ♠♦♥t❛❣❡♠ ❡①♣❡r✐✲

♠❡♥t❛❧ ❞❡ t♦♠♦❣r❛✜❛✱ ❛ss✐♠ ❝♦♠♦ ♦ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧❡ ✉t✐❧✐③❛❞♦ ♣❛r❛ ❛ ❛q✉✐s✐çã♦ ❞❡ t♦♠♦❣r❛✲

✜❛s✳ ❙❡rã♦ ❛♣r❡s❡♥t❛❞❛s ✐♥❢♦r♠❛çõ❡s ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ❢♦♥t❡✱ ❞❡t❡❝t♦r ❡ ♣♦s✐❝✐♦♥❛❞♦r❡s✱ ❡ ❝♦♠♦

❡❧❡s ❢♦r❛♠ ✐♥t❡❣r❛❞♦s ♣❛r❛ ❢✉♥❝✐♦♥❛r ❡♠ ❝♦♥❥✉♥t♦✳ ❊♠ s❡❣✉✐❞❛✱ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♦s s♦❢t✇❛r❡s

❞❡ ❝♦♥tr♦❧❡ q✉❡ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❡ ✉♠❛ ❜r❡✈❡ ❞❡s❝r✐çã♦ ❞❡ s✉❛s ✈❛♥t❛❣❡♥s ❡ ❞❡s✈❛♥t❛❣❡♥s✳

✹✳✶ ▼♦♥t❛❣❡♠ ❊①♣❡r✐♠❡♥t❛❧ ♣❛r❛ ❚♦♠♦❣r❛✜❛s

❆ ♠♦♥t❛❣❡♠ ❝♦♥s✐st❡ ❞❡ ✉♠❛ ❡st❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ ♣❛r❛ s❡ ♦❜t❡r r❛❞✐♦❣r❛✜❛s ❡ t♦♠♦❣r❛✜❛s

✉t✐❧✐③❛♥❞♦ ✐♠❛❣❡♥s ❞❡ r❛✐♦s✲❳ ❝♦♠ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡✳ ❆ ❡st❛çã♦ ❢♦✐ ♠♦♥t❛❞❛ ♥♦ ▲❛❜♦r❛tór✐♦ ❞❡

❈r✐st❛❧♦❣r❛✜❛ ❆♣❧✐❝❛❞❛ ❡ ❘❛✐♦s✲❳✭▲❈❆❘❳✮ ❬✶✼❪✳ ❆ ✜❣✉r❛ ✹✳✶ ♠♦str❛ ✉♠ ❡sq✉❡♠❛ ❞❛ ♠♦♥t❛✲

❣❡♠ ❝♦♠ ❢♦♥t❡✱ tr✐❧❤♦s✱ tr❛♥s❧❛❞♦r❡s✱ ❞❡t❡❝t♦r❡s✳ ❆ ✜❣✉r❛ ✹✳✷ ♠♦str❛ ✉♠❛ ❢♦t♦ ❞❛ ♠♦♥t❛❣❡♠

❡①♣❡r✐♠❡♥t❛❧ ❞♦ ▲❈❆❘❳✳

❈♦♠♦ ❡①♣❧✐❝❛❞♦ ♥❛ s❡çã♦ ✷✳✷✱ ❡♠ ✉♠ ❡①♣❡r✐♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s ❛ ❡st❛❜✐❧✐❞❛❞❡ ♠❡❝â♥✐❝❛ ❞♦s

❡❧❡♠❡♥t♦s ♣r❡❝✐s❛ s❡r ❛❧t❛✱ ❛ss✐♠ ❝♦♠♦ ♦ ❛❧✐♥❤❛♠❡♥t♦ r❡❧❛t✐✈♦ ❡♥tr❡ ❡❧❡s ❞❡✈❡ s❡r ♣r❡❝✐s♦✳ P❛r❛

❝♦♥t♦r♥❛r ❡ss❡ ♣r♦❜❧❡♠❛ ❢♦✐ ❝♦♥str✉í❞❛ ✉♠❛ ♠❡s❛ ❝♦♠ ✉♠ tr✐❧❤♦ q✉❡ ♠❛♥té♠ t♦❞♦s ❡❧❡♠❡♥t♦s

❞♦ ❡①♣❡r✐♠❡♥t♦ ♥♦ ♠❡s♠♦ ♣❧❛♥♦ ❡ s♦❢r❡♥❞♦ ❞❛s ♠❡s♠❛s ✈❛r✐❛çõ❡s ♠❡❝â♥✐❝❛s ✭✈✐❜r❛çõ❡s ❡♠

❡s♣❡❝✐❛❧✮✳ ◆♦ ❝❛s♦ ❞♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s ♥❡♥❤✉♠ ❡❧❡♠❡♥t♦ ✐♥s❡r✐✉ ✈✐❜r❛çõ❡s q✉❡ ❞❡✈❡ss❡♠

s❡r ✐s♦❧❛❞❛s ❞❛s ♦✉tr❛s✳

P❛r❛ ❛ ♦❜t❡♥çã♦ ❞❡ r❛❞✐♦❣r❛✜❛s ❛s ❞✐stâ♥❝✐❛s ❡♥tr❡ ❛ ❛♠♦str❛ ❡ ❛ ❢♦♥t❡ ♣♦❞✐❛♠ ✈❛r✐❛r ❞❡ 3cm

✷✺



✷✻ ✹✳✶ ▼♦♥t❛❣❡♠ ❊①♣❡r✐♠❡♥t❛❧ ♣❛r❛ ❚♦♠♦❣r❛✜❛s

❋✐❣✉r❛ ✹✳✶✿ ❆ ♠♦♥t❛❣❡♠ ❡①♣❡r✐♠❡♥t❛❧ ❝♦♥s✐st❡ ❞❡ ✉♠❛ ❢♦♥t❡ ❞❡ r❛✐♦s✲❳ ♠✐❝r♦❢♦❝♦✱ ✉♠ tr✐❧❤♦

q✉❡ ✐rá ❝♦♥t❡r ✉♠ ♣♦rt❛ ❛♠♦str❛ ❝❛♣❛③ ❞❡ ♦❢❡r❡❝❡r tr❛♥s❧❛çõ❡s ❡ r♦t❛çã♦ ♠♦t♦r✐③❛❞❛s ❡ ✉♠

❞❡t❡❝t♦r s♦❜r❡ ❛s ♠❡s❛s ❞❡ tr❛♥s❧❛çã♦ ♠♦t♦r✐③❛❞❛s✳

❋✐❣✉r❛ ✹✳✷✿ Pr♦tót✐♣♦ ❞❛ ❡st❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ ♣❛r❛ t♦♠♦❣r❛✜❛s ❞♦ ▲❈❆❘❳✳

❛té 280cm ❡ ❡♥tr❡ ❛ ❢♦♥t❡ ❡ ♦ ❞❡t❡❝t♦r ♣♦❞❡r✐❛♠ ✈❛r✐❛r ❞❡ 5cm ❛té 300cm ✭s❡♠♣r❡ ❝♦♥s✐❞❡r❛♥❞♦

q✉❡ ♦ ❞❡t❡❝t♦r ❞❡✈❡ t❡r ✉♠❛ ❞✐stâ♥❝✐❛ ❝♦♠ r❡❧❛çã♦ ❛ ❢♦♥t❡ ♠❛✐♦r ❞♦ q✉❡ ❛ ❞❛ ❛♠♦str❛✮✳ ❊ss❛

♠♦♥t❛❣❡♠ ♣❡r♠✐t✐❛ ✉♠❛ ♠❛❣♥✐✜❝❛çã♦ ❞❡ ❛té 100x ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡q✉❛çã♦ ✷✳✷ ✉t✐❧✐③❛♥❞♦ ❛

❞✐stâ♥❝✐❛ ♠á①✐♠❛ ❡♥tr❡ ♦ ❞❡t❡❝t♦r ❡ ❛ ❛♠♦str❛✳ ❆ r❡s♦❧✉çã♦ ♠á①✐♠❛ ♥❡ss❛ ❝♦♥✜❣✉r❛çã♦ é ❞❡



✹✳ ▼♦♥t❛❣❡♠ ❊①♣❡r✐♠❡♥t❛❧ ✷✼

0.225µm✱ ✉t✐❧✐③❛♥❞♦ ✉♠ ❞❡t❡❝t♦r ❘❛❞✲■❝♦♥ ❍❘ ✭❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✹✳✶✳✷ ❝♦♠ ♣✐①❡❧ ❛♣❛r❡♥t❡ ❞❡

22.5µm✳

❆ ❛♠♦str❛ ♣♦❞❡ s❡r ♣♦s✐❝✐♦♥❛❞❛ ❝♦♠ ♣r❡❝✐sã♦ ♠❡♥♦r ❛ 1µm ♥❛s ❞✉❛s ❞✐r❡çõ❡s ♣❡r♣❡♥❞✐❝✉❧❛✲

r❡s ❛♦ ❢❡✐①❡ ❡ r♦t❛❝✐♦♥❛❞❛ ❝♦♠ ♣r❡❝✐sã♦ ❞❡ ❛té 0.05♦✳ ❖ ❞❡t❡❝t♦r t❡♠ s❡✉s ❝❡♥tr♦s ✭♥❛s ❞✐r❡çõ❡s

♣❡r♣❡♥❞✐❝✉❧❛r ❛♦ ❡✐①♦ ❡♥tr❡ ❛ ❢♦♥t❡ ❡ ❛ ❛♠♦str❛✮ r❡❣✉❧❛❞♦ ♣♦r tr❛♥s❧❛❞♦r❡s ♠✐❝r♦♠étr✐❝♦s ♠❛✲

♥✉❛✐s✳

✹✳✶✳✶ ●❡r❛❞♦r

❈♦♠♦ ❡①♣❧✐❝❛❞♦ ♥❛ s❡çã♦ ✸✳✶✳✸ é ♥❡❝❡ssár✐♦ ✉♠ ❣❡r❛❞♦r ❞❡ r❛✐♦s✲❳ q✉❡ ♣❡r♠✐t❛ ✉♠❛ ❢r❡♥t❡

❞❡ ♦♥❞❛ ❝♦❡r❡♥t❡ ✐❧✉♠✐♥❛♥❞♦ ❛ ❛♠♦str❛✳ P♦r ✐ss♦✱ ❢♦✐ ❡s❝♦❧❤✐❞♦ ✉♠ ❣❡r❛❞♦r ❞❡ r❛✐♦s✲❳ ❝♦♠ ✉♠

❢♦❝♦ ❞❡ ❡♠✐ssã♦ ❞❡ 5µm ❞❛ ♠❛r❝❛ ❍❆▼❆▼❆❚❙❯ ❬✶✻❪ ♠♦❞❡❧♦ ▲✾✶✽✶✲✵✷✳ ❖ ❣rá✜❝♦ ✹✳✸ ♠♦str❛

♣♦rçã♦ ❝♦❡r❡♥t❡ ✐❧✉♠✐♥❛♥❞♦ ❛ ❛♠♦str❛ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❞✐stâ♥❝✐❛s ❡ ❡♥❡r❣✐❛s✳

❖ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ❝♦❡rê♥❝✐❛ ❞❡ss❛s ❢♦♥t❡s ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ♥❛s ❞✉❛s ❞✐r❡çõ❡s ✭❞❡✈✐❞♦ à

s✐♠❡tr✐❛ ❞❛ ❢♦♥t❡✮ ♣❡❧❛ ❡q✉❛çã♦✿

d =
λl

σ
✭✹✳✶✮

❖♥❞❡ λ é ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ♦♥❞❛ ✉t✐❧✐③❛❞♦✱ l é ❛ ❞✐stâ♥❝✐❛ ❞♦ ♦❜❥❡t♦ ❛té ❛ ❢♦♥t❡ ❡ σ

é ♦ t❛♠❛♥❤♦ ❡❢❡t✐✈♦ ❞❛ ❢♦♥t❡✳ P♦rt❛♥t♦✱ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ❝♦❡rê♥❝✐❛ tr❛♥s✈❡rs❛❧ ❡❢❡t✐✈♦ ♥❛

❛♠♦str❛ é ♣r♦♣♦r❝✐♦♥❛❧ à ❞✐stâ♥❝✐❛ ❛té ❛ ❢♦♥t❡ ❡ ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧ à ❡♥❡r❣✐❛ ❞♦s r❛✐♦s✲

❳ ❡ t❛♠❛♥❤♦ ❞❛ ❢♦♥t❡✳ ❆ ✜❣✉r❛ ✹✳✸ ♠♦str❛ ♦ ❣rá✜❝♦ ❝♦♠ ♦s ❝♦♠♣r✐♠❡♥t♦s ❞❡ ❝♦❡rê♥❝✐❛

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

❖✉tr❛ ❝❛r❛❝t❡ríst✐❝❛ ✐♠♣♦rt❛♥t❡ ♣❛r❛ ❡①♣❡r✐♠❡♥t♦s ❞❡ ✐♠❛❣❡♥s sã♦ ♦ ❡s♣❡❝tr♦ ❞❡ ❡♥❡r❣✐❛

q✉❡ ♣♦❞❡ s❡r ♦❜t✐❞♦ ❝♦♠ ♦ ❣❡r❛❞♦r✳ ❆ t❛❜❡❧❛ ✹✳✶ ♠♦str❛ ♠❛✐s ✐♥❢♦r♠❛çõ❡s ❞♦ ❣❡r❛❞♦r✳



✷✽ ✹✳✶ ▼♦♥t❛❣❡♠ ❊①♣❡r✐♠❡♥t❛❧ ♣❛r❛ ❚♦♠♦❣r❛✜❛s

❋✐❣✉r❛ ✹✳✸✿ ❆s ❧✐♥❤❛s ❝❤❡✐❛s r❡♣r❡s❡♥t❛♠ ♦ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ❝♦êr❡♥❝✐❛ ❧❛t❡r❛❧ ❛ ❝❛❞❛ ❞✐stâ♥❝✐❛

❞❛ ❢♦♥t❡✳ ❆ ❧✐♥❤❛ ✈❡rt✐❝❛❧ r♦①❛ ❞❡t❡r♠✐♥❛ ❛ ❞✐stâ♥❝✐❛ ♠á①✐♠❛ ♦❜t✐❞❛ ♥♦ ♥♦ss♦ ❡①♣❡r✐♠❡♥t♦

❡ ❛s ❧✐♥❤❛s ❡♥q✉❛♥t♦ ❛s ❧✐♥❤❛s ❤♦r✐③♦♥t❛✐s ✈❡r❞❡ ❡ ❧❛r❛♥❥❛ ♠♦str❛♠ ♦ t❛♠❛♥❤♦ ❞❡ ♣✐①❡❧ ❞♦s

❞❡t❡❝t♦r❡s q✉❡ t❡♠♦s ❞✐s♣♦♥✐✈é✐s✳



✹✳ ▼♦♥t❛❣❡♠ ❊①♣❡r✐♠❡♥t❛❧ ✷✾

❚❛❜❡❧❛ ✹✳✶✿ ❚❛❜❡❧❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ❞♦ ❣❡r❛❞♦r ❍❆▼❆▼❆❚❙❯ ▲✾✶✽✶✲✵✷

P❛r❛♠êtr♦ ❉❡s❝r✐çã♦ ♦✉ ❱❛❧♦r ❯♥✐❞❛❞❡

❱♦❧t❛❣❡♠ ❖♣❡r❛❝✐♦♥❛❧ ❞♦ ❚✉❜♦ ✹✵ ❛ ✶✸✵ ❦❱

P♦tê♥❝✐❛ ▼á①✐♠❛

✹ ✭♠❡♥♦r ❢♦❝♦✮

❲
✽ ✭❢♦❝♦ ♣❡q✉❡♥♦✮

✶✻ ✭❢♦❝♦ ♠é❞✐♦✮

✸✾ ✭❢♦❝♦ ❧❛r❣♦✮

❚❛♠❛♥❤♦ ❞♦ ❢♦❝♦ ❞❡ r❛✐♦s✲❳

✺

µm
✽

✷✵

✹✵

➶♥❣✉❧♦ ❞❡ ❡♠✐ssã♦ ✹✺ ♦

❉✐stâ♥❝✐❛ ❛♦ ❢♦❝♦ ✶✸ ♠♠

❚✐♣♦ ❞♦ ❚✉❜♦ ❙❡❧❛❞♦ ✲

❘❡❢r✐❣❡r❛çã♦ ❞♦ ❚✉❜♦ ❈♦♥✈❡♥çã♦ ❛ ❛r ✲

▼❛t❡r✐❛❧ ❞❛ ❏❛♥❡❧❛ ❇❡r✐❧✐♦ ✲

❊s♣❡ss✉r❛ ❞❛ ❏❛♥❡❧❛ ✷✵✵ µm

▼❛t❡r✐❛❧ ❞♦ ❆❧✈♦ ❚✉♥❣st❡♥✐♦ ✲

✹✳✶✳✷ ❉❡t❡❝t♦r

❋✐❣✉r❛ ✹✳✹✿ ❉❡t❡❝t♦r ❘❛❞✲

■❝♦♥ ❍❘ ✉t✐❧✐③❛❞♦ ♥♦ ❡①♣❡✲

r✐♠❡♥t♦ ❞❡ t♦♠♦❣r❛✜❛s✳

❯♠❛ ✈❡③ ❞❡t❡r♠✐♥❛❞❛ q✉❛✐s s❡rã♦ ❛s ❞✐stâ♥❝✐❛s ❝❛r❛❝t❡ríst✐❝❛s

❞♦ ❡①♣❡r✐♠❡♥t♦ ❡ ❛s ❡♥❡r❣✐❛s q✉❡ s❡rã♦ ✉t✐❧✐③❛❞❛s é ♥❡❝❡ssár✐♦ ❡s✲

❝♦❧❤❡r ✉♠ ❞❡t❡❝t♦r q✉❡ s❡❥❛ s❡♥sí✈❡❧ à ❡♥❡r❣✐❛ ❡ ❝❛♣❛③ ❞❡ r❡s♦❧✈❡r

❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ❛♠♦str❛ q✉❡ s❡rã♦ ❡st✉❞❛❞❛s✳ ❈♦♠♦ ❡ss❡ é

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

✭❜✐❞✐♠❡♥s✐♦♥❛✐s✮ ❝♦♠ t❡❝♥♦❧♦❣✐❛ ❈▼❖❙✳

P❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ t♦♠♦❣r❛✜❛s ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❞♦✐s ❞❡✲

t❡❝t♦r❡s ❉❛❧s❛ ❘❛❞✲■❝♦♥ ❬✷✻❪ ✉♠ ❍❘ ❡ ✉♠ ✹❑✳ ❯♠ ❝♦♠ t❛♠❛♥❤♦

❞❡ ♣✐①❡❧ ❞❡ 22.5µm ❡ ♦✉tr♦ ❞❡ 48µm ❡ ár❡❛s ❞❡ 1200x1600 ❡



✸✵ ✹✳✶ ▼♦♥t❛❣❡♠ ❊①♣❡r✐♠❡♥t❛❧ ♣❛r❛ ❚♦♠♦❣r❛✜❛s

2000x2048 ♣✐①❡❧s r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❖ ♣r♦❞✉t♦ ❞♦ ♥ú♠❡r♦ ❞❡ ♣✐✲

①❡❧s ♣❡❧♦ s❡✉ t❛♠❛♥❤♦ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ❝❛♠♣♦ ❞❡ ✈✐sã♦ ❞❡ 27x36mm2 ❡ 98x96mm2✳ ❆ t❛❜❡❧❛

✹✳✷ ♠♦str❛ ♠❛✐s ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ♦s ❞❡t❡❝t♦r❡s

❚❛❜❡❧❛ ✹✳✷✿ ■♥❢♦r♠❛çõ❡s s♦❜r❡ ♦s ❞❡t❡❝t♦r❡s ❘❛❞✲■❝♦♥ ❍❘ ❡ ✹❑

❘❛❞✲■❝♦♥ ❍❘ ❘❛❞✲■❝♦♥ ✹❑

➪r❡❛ ❛t✐✈❛ ✷✼①✸✻ ✾✻✱✶①✾✽✱✻ mm2

➪r❡❛ ❡♠ ♣✐①❡❧s ✶✷✵✵①✶✻✵✵ ✷✵✵✵①✷✵✹✽ ♣✐①❡❧s

❚❛♠❛♥❤♦ ❞♦ P✐①❡❧ ✷✷✱✺ ✹✽ µm

❘ú✐❞♦ ❞❡ ❧❡✐t✉r❛ ❁✶ ✷ ❆❉❯ ❬✷❪

❋❛✐①❛ ❞✐♥â♠✐❝❛ ✷✵✵✵✿✶ ✹✵✵✵✿✶ ✲

◆♦ ❣rá✜❝♦ ❞❛ ✜❣✉r❛ ✹✳✸ é ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♥❛s ❧✐♥❤❛s ❤♦r✐③♦♥t❛✐s q✉❛❧ é ❛ ❡♥❡r❣✐❛ ♠á①✐♠❛

❞♦ ❣❡r❛❞♦r q✉❡ t❡♠ ✉♠ ❝♦♠♣r✐♠❡♥t♦ ❞❡ ❝♦❡rê♥❝✐❛ ❝♦♠♣❛tí✈❡❧ ❝♦♠ ✉♠ ❡①♣❡r✐♠❡♥t♦ ❞❡ ❝♦♥tr❛st❡

❞❡ ❢❛s❡ ♣❛r❛ ❝❛❞❛ ❞❡t❡❝t♦r✳ P♦rt❛♥t♦✱ ♣♦❞❡✲s❡ ❛✜r♠❛r q✉❡ ❛♣❡♥❛s ❛s ❡♥❡r❣✐❛s ♠❛✐s ❜❛✐①❛s ❞♦

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

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

✹✳✶✳✸ ❆♠♦str❛

P❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ s❡rã♦ ✉t✐❧✐③❛❞❛s ✉♠❛ tr❛♥s❧❛çã♦ ♣❡r♣❡♥❞✐❝✉❧❛r ❛♦ ❢❡✐①❡ ❡ ✉♠❛ r♦t❛çã♦✳

❆ ♣r✐♥❝í♣✐♦ ♣♦❞❡♠♦s ✐❣♥♦r❛r ❛ ❣❡♦♠❡tr✐❛ ❞♦ ❡①♣❡r✐♠❡♥t♦ ❡ s✉♣♦r q✉❡ ❛ ❛♠♦str❛ ❞❡✈❡ s❡r ♣♦s✐✲

❝✐♦♥❛❞❛ ❝♦♠ ✉♠❛ ♣r❡❝✐sã♦ ♠❛✐♦r q✉❡ ♦ t❛♠❛♥❤♦ ❞♦ ♠❡♥♦r ♣✐①❡❧ ❞✐s♣♦♥í✈❡❧ ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦✳

❋♦r❛♠ ❛❞q✉✐r✐❞♦s tr❛♥s❧❛❞♦r❡s ❢❛❜r✐❝❛❞♦s ♣❡❧❛ ❡♠♣r❡s❛ P❤✐s✐❦✲■♥str✉♠❡♥t✳ P❛r❛ ❛s tr❛♥s❧❛✲

çõ❡s ✉t✐❧✐③❛♠♦s ♦ ♠♦❞❡❧♦ ▼✲✹✶✺✱ ✜❣✉r❛ ✹✳✺✱ q✉❡ t❡♠ r❡♣❡t✐❜✐❧✐❞❛❞❡ ❞❡ 2µm ♥❛ ❛♠♦str❛ ❡ ♣❛r❛

❛ r♦t❛çã♦ ❢♦✐ ❡s❝♦❧❤✐❞♦ ♦ ♠♦❞❡❧♦ ▼✲✵✸✽✳✷❙✱ ✜❣✉r❛ ✹✳✻✳ ❆s ✐♥❢♦r♠❛çõ❡s ❞♦s tr❛♥s❧❛❞♦r❡s ♣♦❞❡♠

s❡r ✈✐st❛s ♥❛ t❛❜❡❧❛ ✹✳✸✳



✹✳ ▼♦♥t❛❣❡♠ ❊①♣❡r✐♠❡♥t❛❧ ✸✶

❋✐❣✉r❛ ✹✳✺✿ ❚r❛♥s❧❛❞♦r ♠♦❞❡❧♦ ▼✹✶✺ ❞❛ ♠❛r❝❛

P❤✐s✐❦ ■♥str✉♠❡♥t❡✳

❋✐❣✉r❛ ✹✳✻✿ ▼❡s❛ ❞❡ r♦t❛çã♦ ♠♦❞❡❧♦ ▼✵✸✽✳✶ ❞❛

♠❛r❝❛ P❤②s✐❦ ■♥str✉♠❡♥t❡✳

❚❛❜❡❧❛ ✹✳✸✿ ❚❛❜❡❧❛ ❞❡ ✐♥❢♦r♠❛çõ❡s ❞❛ ♠❡s❛s ▼✲✵✹✶✺✳✷❙ ❡ ▼✲✵✸✽✳✷❙

▼✲✹✶✺✳✷❙ ▼✲✵✸✽✳✷❙

❊✐①♦s ❆t✐✈♦s ❚r❛♥s❧❛çã♦ ❘♦t❛çã♦

P❡r❝✉rs♦ ✶✺✵♠♠ ❁✸✻✵◦

❘❡s♦❧✉çã♦ Pr❡✈✐st❛ ✵✳✵✼✽✶

µm

✺✳✺✽✯ ✭✵✳✵✵✵✸✷✮ µrad(◦)

▼❡♥♦r ♠♦✈✐♠❡♥t♦ ♣♦ssí✈❡❧ ✵✳✶ ✷✶

µrad
❘❡tr❛çã♦ ✵✳✵✶ ✷✵✵

❘❡♣❡t✐❜✐❧✐❞❛❞❡ ❯♥✐❞✐r❡❝✐♦♥❛❧ ✵✳✷ ✷✵

Pr❡❝❡ssã♦ ✲ ❁✼✺

❱❡❧♦❝✐❞❛❞❡ ▼á①✐♠❛ ❃✸✳✺ ♠♠✴s ✶✵ ♦/s

❚✐♣♦ ❞❡ ▼♦t♦r ▼♦t♦r ❞❡ P❛ss♦

❘❡s♦❧✉çã♦ ❞♦ ▼♦t♦r ✻✹✵✵♣❛ss♦s✴✈♦❧t❛

✹✳✶✳✹ ❚♦♠♦❣r❛✜❛

P❛r❛ ♦❜t❡r ♦s ❝♦♥❥✉♥t♦s ♣❛r❛ r❡❝♦♥str✉çõ❡s t♦♠♦❣rá✜❝❛s ♣♦❞❡✲s❡ ✉t✐❧✐③❛r ❞❡s❞❡ ✶✽✵ ❛té

✷✽✽✵ ♣r♦❥❡çõ❡s ✭r❛❞✐♦❣r❛✜❛s ❝♦♥✈❡♥❝✐♦♥❛✐s t✐r❛❞❛s ❡♠ ❞✐❢❡r❡♥t❡s â♥❣✉❧♦s✮ ❡ ✉♠ ❛❧❣♦r✐t♠♦ ❞❡

r❡❝♦♥str✉çã♦ ❞❡ ❢❡✐①❡✲❝ô♥✐❝♦ ♣❛r❛ r❡❝♦♥str✉çã♦ ❞♦ ❜❧♦❝♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ✭❡ss❛ r❡❝♦♥str✉çã♦ s❡rá

❞❡s❝r✐t❛ ♥❛ s❡çã♦ ✺✳✹✳✶ ❡ ✺✳✹✳✷✮✳ ❆ ✜❣✉r❛ ✹✳✼ ❛♣r❡s❡♥t❛ ✉♠ ❡sq✉❡♠❛ ❞❛s ❞✐stâ♥❝✐❛s ❡ ♠♦✈✐♠❡♥t♦s

❝❛r❛❝t❡ríst✐❝♦s ❞♦ ❡①♣❡r✐♠❡♥t♦ ♣❛r❛ ♦ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❞♦ ❜❧♦❝♦ ❞❡ r❡❝♦♥str✉çã♦✳



✸✷ ✹✳✷ ❆✉t♦♠❛çã♦ ❞❛ ❊st❛çã♦ ❞❡ ❚♦♠♦❣r❛✜❛

❋✐❣✉r❛ ✹✳✼✿ ❊sq✉❡♠❛ tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❛ ❛q✉✐s✐çã♦ ❞❡ ❝♦♥❥✉♥t♦s t♦♠♦❣rá✜❝♦s ✉t✐❧✐③❛♥❞♦ ✉♠❛

❢♦♥t❡ ♠✐❝r♦❢♦❝♦✳

P❛r❛ q✉❡ s❡❥❛ ✈✐á✈❡❧ ♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ t♦♠♦❣r❛✜❛ é ♥❡❝❡ssár✐♦ q✉❡ t♦❞♦s ♦s ❝♦♠♣♦♥❡♥t❡s ❞♦

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

✹✳✷ ❆✉t♦♠❛çã♦ ❞❛ ❊st❛çã♦ ❞❡ ❚♦♠♦❣r❛✜❛

❖ ♥ú♠❡r♦ ❞❡ ✈❛r✐á✈❡✐s ❞❡ ✉♠ ❡①♣❡r✐♠❡♥t♦ ❢ís✐❝♦ ❝r❡s❝❡ ❥✉♥t♦ ❝♦♠ ♦ t❛♠❛♥❤♦ ❡ ❛ ❝♦♠♣❧❡✲

①✐❞❛❞❡ ❞♦ q✉❡ s❡ ❞❡s❡❥❛ ♠❡❞✐r✳ ❈♦♥s✐❞❡r❛♥❞♦ ♦s ♠❛✐s s✐♠♣❧❡s ❡①♣❡r✐♠❡♥t♦s ❞❡ ❜❛♥❝❛❞❛ ❛té ♦s

♠❛✐♦r❡s ❛❝❡❧❡r❛❞♦r❡s ❡ t❡❧❡s❝ó♣✐♦s ❞❛ t❡rr❛✳ P♦r ✐ss♦✱ ♥ã♦ é ✈✐á✈❡❧ ✉t✐❧✐③❛r ❡ss❛s ♠áq✉✐♥❛s s❡♠

s✐st❡♠❛s ❞❡ ❛✉t♦♠❛çã♦ q✉❡ ❝♦♥tr♦❧❡♠ ♦ ♠❛✐♦r ♥ú♠❡r♦ ♣♦ssí✈❡❧ ❞❡ ✈❛r✐á✈❡✐s s❡♠ ❛ ♥❡❝❡ss✐❞❛❞❡

❞❡ ✐♥t❡r❛çã♦ ❤✉♠❛♥❛✳

P♦rt❛♥t♦✱ é ♥❡❝❡ssár✐♦ ❛✉t♦♠❛t✐③❛r ♦s ♣r♦❝❡ss♦s ❞❡ ♠♦❞♦ q✉❡ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ❡①♣❡r✐♠❡♥t♦

s❡❥❛ ♣♦ssí✈❡❧✳ P❛r❛ ✐ss♦ sã♦ ✉t✐❧✐③❛❞♦ s✐st❡♠❛s ❞❡ ❛✉t♦♠❛çã♦✱ q✉❡ ❝♦♥s✐st❡♠ ♥♦ ✉s♦ ❞❡ ♠áq✉✐♥❛s✱

s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡ ❡ t❡❝♥♦❧♦❣✐❛s ❞❡ ✐♥❢♦r♠❛çã♦ ♣❛r❛ ♦t✐♠✐③❛r ♦ ❝♦♥tr♦❧❡ ❞❛s ✈❛r✐á✈❡✐s ❞❡

❝❛❞❛ ❡①♣❡r✐♠❡♥t♦✳ ❈♦♠♦ ♣r✐♥❝✐♣❛✐s ✈❛♥t❛❣❡♥s ❞❛ ❛✉t♦♠❛t✐③❛çã♦ ♣❛r❛ ❡①♣❡r✐♠❡♥t♦s ♣♦❞❡✲s❡

❝✐t❛r ✉♠ ❛✉♠❡♥t♦ ❞♦ r❡♥❞✐♠❡♥t♦✱ ♣r♦❞✉t✐✈✐❞❛❞❡✱ r♦❜✉st❡③ ❡ ♣r❡✈✐s✐❜✐❧✐❞❛❞❡ ❞♦s ❡①♣❡r✐♠❡♥t♦s✱

s✉❜st✐t✉✐çã♦ ❞♦ tr❛❜❛❧❤♦ ❤✉♠❛♥♦ ❡♠ ❛t✐✈✐❞❛❞❡s ♣❡s❛❞❛s✱ ♠♦♥ót♦♥❛s ❡✴♦✉ ♣❡r✐❣♦s❛s✳ ❊ t❛♠❜é♠

❞❡s✈❛♥t❛❣❡♥s ❞❛ ❛✉t♦♠❛t✐③❛çã♦ ♥❛ ♣❡sq✉✐s❛ ❝♦♠♦ ❛♠❡❛ç❛s ❞❡ ❙❡❣✉r❛♥ç❛ ❡ ✈✉❧♥❡r❛❜✐❧✐❞❛❞❡✳ ■ss♦

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



✹✳ ▼♦♥t❛❣❡♠ ❊①♣❡r✐♠❡♥t❛❧ ✸✸

é✱ ♣♦rt❛♥t♦✱ ♠❛✐s s✉s❝❡tí✈❡❧ ❛ ❝♦♠❡t❡r ❡rr♦s q✉❡ ❡st❛rã♦ ❢♦r❛ ❞♦ ❛❧❝❛♥❝❡ ✐♠❡❞✐❛t♦ ❞♦ ✉s✉ár✐♦✳

▼✉✐t♦s tr❛❜❛❧❤♦s q✉❡ sã♦ ❢á❝❡✐s ♣❛r❛ ♦s s❡r❡s ❤✉♠❛♥♦s s❡ ❡♥❝♦♥tr❛♠ ❢♦r❛ ❞❛s ❛t✉❛✐s ♣♦s✲

s✐❜✐❧✐❞❛❞❡s ❞❡ ❛✉t♦♠❛çã♦✳ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ✈✐s✉❛❧ ❞❡ ♣❛❞rõ❡s✱ ❛ ❝♦♠♣r❡❡♥sã♦ ❞❛ ❧✐♥❣✉❛❣❡♠ ❡

❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❞✉çã♦ ❞❡ ❧✐♥❣✉❛❣❡♠ ❡stã♦ ❜❡♠ ❛❧é♠ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦s s✐st❡♠❛s ♠❡❝â♥✐❝♦s ❡

❞❡ ❝♦♠♣✉t❛çã♦ ♠♦❞❡r♥♦s✳

❊♠ q✉❛❧q✉❡r ♥í✈❡❧ ❞❡ ❛✉t♦♠❛çã♦✱ t❡♠♦s ❜❛s✐❝❛♠❡♥t❡ ♦ ♣r♦❜❧❡♠❛ ❞❡ tr❛♥s❢♦r♠❛r ✉♠❛ q✉❛♥✲

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

❆ ✜❣✉r❛ ✹✳✽ ♠♦str❛ ❝♦♠♦ ❢♦r❛♠ ❧✐❣❛❞♦s ♦s ❡q✉✐♣❛♠❡♥t♦s ♣❛r❛ ♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ t♦♠♦❣r❛✜❛✳

❆ ✜❣✉r❛ ❡stá s❡♣❛r❛❞❛ ❡♠ ✸ ♣❛rt❡s q✉❡ ❝♦rr❡s♣♦♥❞❡♠ ❛♦ ❧✉❣❛r ❢ís✐❝♦ ❞❡ ♦♥❞❡ s❡ ❡♥❝♦♥tr❛ ♦

❡q✉✐♣❛♠❡♥t♦✱ ❡♠ ❧❛r❛♥❥❛ ❡stá ❛ ❝❛❜❛♥❛ ❡①♣❡r✐♠❡♥t❛❧✱ ❡♠ ❛♠❛r❡❧♦ ♦ r❛❝❦ ❞❡ ❝♦♥tr♦❧❡ ✭❢♦r❛ ❞❛

❝❛❜❛♥❛✮ ❡ ❡♠ ✈❡r♠❡❧❤♦ ❛s ❡st❛çõ❡s ❞♦ ✉s✉ár✐♦✳ ❆s ❧✐♥❤❛s ❡♥tr❡ ♦s ❡q✉✐♣❛♠❡♥t♦s ♠♦str❛♠ q✉❛❧

❢♦✐ ♦ t✐♣♦ ❞❡ ❝♦♥❡①ã♦ ✉t✐❧✐③❛❞♦s✱ ❡♠ ❛③✉❧ ❝♦♥❡①õ❡s s❡r✐❛✐s ✭s❡çã♦ ✹✳✸✳✶✮✱ ❡♠ ✈❡r❞❡ ❝♦♥❡①õ❡s

❡t❤❡r♥❡t ✭s❡çã♦ ✹✳✸✳✷✮ ❡ ❡♠ ♣r❡t♦ ❝♦♥❡①õ❡s ♣ró♣r✐❛s✳

❋✐❣✉r❛ ✹✳✽✿ ❊sq✉❡♠❛ ❞❡ ❝♦♠♦ ❢♦r❛♠ ❧✐❣❛❞♦s ♦s ❡q✉✐♣❛♠❡♥t♦s ❞♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ t♦♠♦❣r❛✜❛s✳

✹✳✸ ❈♦♠✉♥✐❝❛çã♦

❆ ❝♦♠✉♥✐❝❛çã♦ ❛♥❛❧ó❣✐❝❛ ♦✉ ❞✐❣✐t❛❧ ❡♥tr❡ ❡q✉✐♣❛♠❡♥t♦s ♣♦❞❡ ❛❝♦♥t❡❝❡r ♣♦r ♠❡✐♦ ❞❡ ✜♦s ♦✉

s✐♥❛✐s ✇✐r❡❧❡ss ✭s❡♠ ✜♦✮✳ ◗✉❛♥❞♦ s❡ ♠♦♥t❛ ✉♠ ❡①♣❡r✐♠❡♥t♦ ❞❡✈❡✲s❡ ❧❡✈❛r ❡♠ ❝♦♥t❛ ❛s ❞✐stâ♥❝✐❛s

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



✸✹ ✹✳✹ ❙✐st❡♠❛ ❞❡ ❈♦♥tr♦❧❡

✹✳✸✳✶ ❙❡r✐❛❧

❊♠ t❡❧❡❝♦♠✉♥✐❝❛çõ❡s ❡ ❝✐ê♥❝✐❛ ❞❛ ❝♦♠♣✉t❛çã♦✱ ❝♦♠✉♥✐❝❛çã♦ s❡r✐❛❧ é ♦ ♣r♦❝❡ss♦ ❞❡ ❡♥✈✐❛r

❞❛❞♦s ✉♠ ❜✐t ❞❡ ❝❛❞❛ ✈❡③✱ s❡q✉❡♥❝✐❛❧♠❡♥t❡✱ ❛tr❛✈és ❞❡ ✉♠ ❝❛♥❛❧ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ♦✉ ❜❛rr❛✲

♠❡♥t♦ ❞❡ ❝♦♠♣✉t❛❞♦r✳ ■st♦ ❡stá ❡♠ ❝♦♥tr❛st❡ ❝♦♠ ❛ ❝♦♠✉♥✐❝❛çã♦ ❡♠ ♣❛r❛❧❡❧♦✱ ♦♥❞❡ ✈ár✐♦s ❜✐ts

sã♦ ❡♥✈✐❛❞♦s ❝♦♠♦ ✉♠ t♦❞♦✱ ❡♠ ❧✐❣❛çã♦ ❝♦♠ ✈ár✐♦s ❝❛♥❛✐s ♣❛r❛❧❡❧♦s✳ ❆ ❝♦♠✉♥✐❝❛çã♦ s❡r✐❛❧ é

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

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

✐♠♣r❛t✐❝á✈❡❧✳

✹✳✸✳✷ ❊t❤❡r♥❡t

❊t❤❡r♥❡t ♦ ♥♦♠❡ ❞❛❞♦ ❛ ✉♠❛ ❢❛♠í❧✐❛ ❞❡ t❡❝♥♦❧♦❣✐❛s ❞❡ r❡❞❡s ❞❡ ❝♦♠♣✉t❛❞♦r❡s ♣❛r❛ r❡❞❡s

❧♦❝❛✐s ✭✬▲♦❝❛❧ ❆r❡❛ ◆❡t✇♦r❦✬✮✳ ❖ ♣❛❞rã♦ ❊t❤❡r♥❡t ❢♦✐ ✐♥tr♦❞✉③✐❞♦ ♥♦ ♠❡r❝❛❞♦ ❡♠ ✶✾✽✵ ❡

♣❛❞r♦♥✐③❛❞♦ ❡♠ ✶✾✽✺ ❝♦♠♦ IEEE802.3✳ ❖r✐❣✐♥❛❧♠❡♥t❡✱ ♦ ♣❛❞rã♦ ❡t❤❡r♥❡t ✉t✐❧✐③❛✈❛ ❝❛❜♦s

❝♦❛①✐❛✐s q✉❡ ❤♦❥❡ ❢♦r❛♠ s✉❜st✐t✉í❞♦s ♣♦r ❝❛❜♦s tr❛♥ç❛❞♦s ❡ ✜❜r❛s ót✐❝❛s ❡♠ ❝♦♥❥✉♥t♦s ❝♦♠

❤✉❜s ❡ s✇✐t❝❤✬s ✭r♦t❡❛❞♦r❡s ❞❡ ✐♥❢♦r♠❛çã♦✮✳ ❆s t❛①❛s ❞❡ tr❛♥s♠✐ssã♦ t❛♠❜é♠ ❛✉♠❡♥t❛r❛♠

❣r❛❞✉❛❧♠❡♥t❡ ❞❡s❞❡ s❡✉s ✶✵ ♠❡❣❛❜✐ts ♦r✐❣✐♥❛✐s ❛té ♦s ✸✵✵❣✐❣❛❜✐ts ♣♦r s❡❣✉♥❞♦ ❛t✉❛✐s✳

✹✳✹ ❙✐st❡♠❛ ❞❡ ❈♦♥tr♦❧❡

◆ã♦ só ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ❝♦♠♣✉t❛❞♦r❡s ❡ ❡q✉✐♣❛♠❡♥t♦s ♣r❡❝✐s❛ s❡r ❝♦♥❡❝t❛❞♦✱ ❝♦♠♦ t❛♠❜é♠

♣r❡❝✐s❛ ❡①✐st✐r ✉♠ ♠♦❞♦ ❞❡ tr❛♥s♠✐t✐r ❡ ✐♥t❡r♣r❡t❛r ❛ ✐♥❢♦r♠❛çã♦ ❡♥tr❡ ♦s ❞✐❢❡r❡♥t❡s ❡q✉✐♣❛✲

♠❡♥t♦s✳ P❛r❛ ❝♦♥tr♦❧❛r ❡ss❛ ❝♦♥❡①ã♦ é ❝♦♠✉♠ ❡s❝♦❧❤❡r ✉♠ s✐st❡♠❛ ❝❡♥tr❛❧ ❞❡ ❝♦♥tr♦❧❡ ✭❛q✉❡❧❡

q✉❡ ✈❛✐ ✐♥t❡r❛❣✐r ❝♦♠ t♦❞♦s ♦s ♦✉tr♦s ❡q✉✐♣❛♠❡♥t♦s✮ ❡ ✉t✐❧✐③❛r ✉♠ ❝♦♠♣✉t❛❞♦r ♦✉ ✐♥t❡r❢❛❝❡ ❞❡

❢á❝✐❧ ✐♥t❡r❛çã♦ ❝♦♠ ♦ ✉s✉ár✐♦✳

✹✳✹✳✶ ▲❛❜❱■❊❲

❆ ♣r✐♠❡✐r❛ ✈❡rsã♦ ❞♦ s♦❢t✇❛r❡ ❞❡ ❛✉t♦♠❛çã♦ ❡ ❝♦♥tr♦❧❡ ❞♦ ❡①♣❡r✐♠❡♥t♦ ❢♦✐ ❡s❝r✐t❛ ❡♠ ▲❛❜✲

❱■❊❲ ✭❛❜r❡✈✐❛t✉r❛ ❞❡ ✬▲❛❜♦r❛t♦r② ❱✐rt✉❛❧ ■♥str✉♠❡♥t ❊♥❣✐♥❡❡r✐♥❣ ❲♦r❦❜❡♥❝❤✬✮✱ q✉❡ é ✉♠❛

♣❧❛t❛❢♦r♠❛ ❞❡ ❞❡s✐❣♥ ❞♦ s✐st❡♠❛ ❡ ❛♠❜✐❡♥t❡ ❞❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ♣❛r❛ ❛ ❧✐♥❣✉❛❣❡♠ ❞❡ ♣r♦❣r❛✲

♠❛çã♦ ✈✐s✉❛❧ ❞❛ ◆❛t✐♦♥❛❧ ■♥str✉♠❡♥ts✳



✹✳ ▼♦♥t❛❣❡♠ ❊①♣❡r✐♠❡♥t❛❧ ✸✺

❋✐❣✉r❛ ✹✳✶✵✿ ❚❡❧❛ ❞❡ ❝♦♥tr♦❧❡ ❢❡✐t❛ ❡♠ ▲❛❜❱■❊❲ ❞♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ t♦♠♦❣r❛✜❛✳

❋✐❣✉r❛ ✹✳✾✿ P❛rt❡ ❞❡ ❝♦♥tr♦❧❡

❞♦ ▲❛❜❱■❊❲ ❛ q✉❛❧ ♦ ✉s✉á✲

r✐♦ t❡♠ ❛❝❡ss♦ ♣❛r❛ ♦ ❡①♣❡r✐✲

♠❡♥t♦ ❞❡ t♦♠♦❣r❛✜❛✳

❆ ❧✐♥❣✉❛❣❡♠ ❣rá✜❝❛ é ❝❤❛♠❛❞❛ ❞❡ ✧●✧✭♣❛r❛ ♥ã♦ s❡r ❝♦♥✲

❢✉♥❞✐❞❛ ❝♦♠ ♦ ●✲❝♦❞❡✮✳ ❖r✐❣✐♥❛❧♠❡♥t❡ ❧❛♥ç❛❞♦ ♣❛r❛ ♦ ❆♣♣❧❡

▼❛❝✐♥t♦s❤ ❡♠ ✶✾✽✻✱ ♦ ▲❛❜❱■❊❲ é ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞♦ ♣❛r❛

❛q✉✐s✐çã♦ ❞❡ ❞❛❞♦s✱ ❝♦♥tr♦❧❡ ❞❡ ✐♥str✉♠❡♥t♦s ❡ ❛✉t♦♠❛çã♦ ✐♥✲

❞✉str✐❛❧ ❡♠ ✉♠❛ ✈❛r✐❡❞❛❞❡ ❞❡ ♣❧❛t❛❢♦r♠❛s✱ ✐♥❝❧✉✐♥❞♦ ▼✐❝r♦s♦❢t

❲✐♥❞♦✇s✱ ✈ár✐❛s ✈❡rsõ❡s ❞♦ ❯◆■❳✱ ▲✐♥✉① ❡ ▼❛❝ ❖❙ ❳ ✭❆ ú❧t✐♠❛

✈❡rsã♦ ❞♦ ▲❛❜❱■❊❲ ❢♦✐ ❧❛♥ç❛❞❛ ♥♦ ❛♥♦ ❞❡ ✷✵✶✸✮✳

❖s ♣r♦❣r❛♠❛s ❡♠ ▲❛❜❱■❊❲ ♣♦❞❡♠ s❡r s❡♣❛r❛❞♦s ❜❛s✐❝❛✲

♠❡♥t❡ ❡♥tr❡ ❞✉❛s ♣❛rt❡s✳ ❯♠❛ q✉❡ é ❛ ✐♥t❡r❢❛❝❡ ❞✐r❡t❛ ❝♦♠ ♦

✉s✉ár✐♦ ✭✜❣✉r❛ ✹✳✶✵✮ ❡ ♦✉tr❛ q✉❡ é ♦ ❛❧❣♦r✐t♠♦ ❞❡ ❡①❡❝✉çã♦ ✭✭✜✲

❣✉r❛ ✹✳✾✮✳

P❛r❛ ❝♦♥tr♦❧❛r ♦ ❡①♣❡r✐♠❡♥t♦ ❢♦✐ ❛❞❛♣t❛❞♦ ✉♠❛ r♦t✐♥❛ q✉❡

❝♦♥tr♦❧❛✈❛ ♦s ♠♦t♦r❡s ❡ ❛ ♣❧❛❝❛ ❞❡ ❛q✉✐s✐çã♦ ❞❡ ✐♠❛❣❡♥s ✭✬❢r❛♠❡ ❣r❛❜❜❡r✬✮ P❈■✳ P❛r❛ q✉❡ ❢♦ss❡

♣♦ssí✈❡❧ ❝♦♥tr♦❧❛r ♦ ❢r❛♠❡ ❣r❛❜❜❡r ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ❛s ❜✐❜❧✐♦t❡❝❛s ♣ré✲❝♦♠♣✐❧❛❞❛s ❝♦♠♣❛tí✈❡✐s

❛♣❡♥❛s ❝♦♠ ✇✐♥❞♦✇s ❳P✳ ❊ss❛ s✐st❡♠❛ ♣❡r♠✐t✐❛ t❡♠♣♦s ❞❡ ❡①♣♦s✐çã♦ ❞❡ ❛té 6, 5s ❡ ❡r❛ ❧✐♠✐t❛❞♦

❛ s❛❧✈❛r ❛rq✉✐✈♦s ❞♦ t✐♣♦ ✬r❛✇✬ q✉❡ ♥ã♦ t❡♠ ❝❛❜❡ç❛❧❤♦ ❡ ♣r❡❝✐s❛♠ ❞❡ ♦✉tr❛ r♦t✐♥❛ ♣❛r❛ q✉❡

♣✉❞❡ss❡♠ s❡r ❧✐❞♦s ❛♣ós ♦ ❡①♣❡r✐♠❡♥t♦✳



✸✻ ✹✳✹ ❙✐st❡♠❛ ❞❡ ❈♦♥tr♦❧❡

✹✳✹✳✷ ❊P■❈❙

❈♦♠ ♦s r❡s✉❧t❛❞♦s ❞♦ ♣r✐♠❡✐r♦ ♣r♦tót✐♣♦✱ ❢♦✐ ♣r♦❥❡t❛❞❛ ✉♠❛ ♥♦✈❛ ♠♦♥t❛❣❡♠✳ ❊ss❛ ♥♦✈❛

♠♦♥t❛❣❡♠ ♥ã♦ ✉t✐❧✐③❛✈❛ ❛ ♣❧❛❝❛ ❞❡ ❝❛♣t✉r❛ P❈■ q✉❡ ❢♦✐ tr♦❝❛❞❛ ♣♦r ✉♠ s✐st❡♠❛ q✉❡ ✉t✐❧✐③❛ ❛

r❡❞❡ ❡t❤❡r♥❡t ❝♦♠ ♣r♦t♦❝♦❧♦ ●✐❣❊ ❱✐s✐♦♥✳ ❖ ♥♦✈♦ s✐st❡♠❛ ♣❡r♠✐t❡ t❡♠♣♦s ❞❡ ❡①♣♦s✐çã♦ ❞❡ ❛té

65s ✭✶✵① ♠❛✐♦r q✉❡ ♦ s✐st❡♠❛ P❈■✮✳ ❖✉tr❛ ✈❛♥t❛❣❡♠ ❞♦ ✉s♦ ❞♦ s✐st❡♠❛ ❡t❤❡r♥❡t ✭s❡çã♦ ✹✳✸✮ é

s✉❛ ✐♥t❡❣r❛çã♦ ❞✐r❡t❛ ❝♦♠ ♦ s♦❢t✇❛r❡ ❞❡ ❝♦♥tr♦❧❡ ❊P■❈❙✱ s❡ t♦r♥❛♥❞♦ ✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ s✐st❡♠❛

♦♣❡r❛❝✐♦♥❛❧ ✉t✐❧✐③❛❞♦✳

❊P■❈❙ ✭❛❜r❡✈✐❛çã♦ ❞❡ ✬❊①♣❡r✐♠❡♥t❛❧ P❤②s✐❝s ❛♥❞ ■♥❞✉str✐❛❧ ❈♦♥tr♦❧ ❙②st❡♠✬ ♦✉ ✬❙✐st❡♠❛

❞❡ ❈♦♥tr♦❧❡ ♣❛r❛ ❋ís✐❝❛ ❊①♣❡r✐♠❡♥t❛❧ ❡ ■♥❞ústr✐❛✬✮ é ✉♠ ❛♠❜✐❡♥t❡ ❞❡ s♦❢t✇❛r❡ ✉t✐❧✐③❛❞♦ ♣❛r❛

❞❡s❡♥✈♦❧✈❡r ❡ ✐♠♣❧❡♠❡♥t❛r s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧❡ ❞✐str✐❜✉í❞♦s ♣❛r❛ ♦♣❡r❛r ❞✐s♣♦s✐t✐✈♦s ❝♦♠♦

❛❝❡❧❡r❛❞♦r❡s ❞❡ ♣❛rtí❝✉❧❛s✱ t❡❧❡s❝ó♣✐♦s ❡ ♦✉tr♦s ❡①♣❡r✐♠❡♥t♦s ❞❡ ❣r❛♥❞❡ ♣♦rt❡✳

❆ ✐♥st❛❧❛çã♦ ❞❡ss❡ ♣r♦❣r❛♠❛ ❞❡ ❝♦♥tr♦❧❡ ❡ ♦s ♣❛ss♦s ♣❛r❛ s✉❛ ✐♥t❡❣r❛çã♦ ♥♦ ❡①♣❡r✐♠❡♥t♦

❞❡ t♦♠♦❣r❛✜❛ sã♦ ❞❡s❝r✐t♦s ♥❛ s❡çã♦ ✺✳✷✳✹ ❡ sã♦ ❢r✉t♦ ❞❛ ❝♦❧❛❜♦r❛çã♦ ❡♥tr❡ ♣❡sq✉✐s❛❞♦r❡s ❞♦

❆❞✈❛♥❝❡❞ P❤♦t♦♥ ❙♦✉r❝❡ ❡ ❞❛ ❡♠♣r❡s❛ ❉❛❧s❛ ❘❛❞✲■❝♦♥ ♥♦s ❊st❛❞♦s ❯♥✐❞♦s✱ ❞♦ ❉✐❛♠♦♥❞ ▲✐❣❤t

❙♦✉r❝❡ ♥♦ ❘❡✐♥♦ ❯♥✐❞♦✱ ❡ ❞❛ ❡♠♣r❡s❛ P❤②s✐❦ ■♥str✉♠❡♥t❡ ♥❛ ❆❧❡♠❛♥❤❛ ✳

❋✐❣✉r❛ ✹✳✶✶✿ ▲♦❣♦t✐♣♦ ❞♦ ❊P■❈❙✱

r❡♣r❡s❡♥t❛♥❞♦ ❡♠ ♣r❡t♦ ♦ ❝❛♥❛❧ ❞❡

❛❝❡ss♦✱ ♥♦s q✉❛❞r❛❞♦s ❞❡ ❝✐♠❛ ♦s s❡r✲

✈✐❞♦r❡s ❡ ♥♦s q✉❛❞r❛❞♦s ❞❡ ❜❛✐①♦ ♦s

❝❧✐❡♥t❡s✳

❖ s♦❢t✇❛r❡ ❊P■❈❙ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ❝♦♠♦ ❝❧✐❡♥t❡

♦✉ s❡r✈✐❞♦r ♣❛r❛ s❡ ❝♦♠✉♥✐❝❛r ❡♥tr❡ ♦s ✈ár✐♦s ❝♦♠♣✉✲

t❛❞♦r❡s ❡ ❡q✉✐♣❛♠❡♥t♦s✳ ❯♠ ❡q✉✐♣❛♠❡♥t♦ ❝♦♠ ❊P■❈❙

♣♦❞❡ r❡❝♦❧❤❡r ❞❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s✱ ❝♦♥tr♦❧❛r ❡♠ t❡♠♣♦

r❡❛❧ ❞❡ ♦✉tr♦s ❡q✉✐♣❛♠❡♥t♦s✳

❊st❛ ✐♥❢♦r♠❛çã♦ é ♣✉❜❧✐❝❛❞❛ ♣❛r❛ ✉♠ ♦✉tr♦ ❝♦♥✲

❥✉♥t♦ ❞❡ ❝♦♠♣✉t❛❞♦r❡s ✭♦s ❝❧✐❡♥t❡s✮✱ ✉t✐❧✐③❛♥❞♦ ✉♠ ♣r♦✲

t♦❝♦❧♦ ❞❡ r❡❞❡ ✭❡t❤❡r♥❡t✮ ❝❤❛♠❛❞♦ ❞❡ ❝❛♥❛❧ ❞❡ ❛❝❡ss♦

✭❈❆✮✳ ❈❆ é ✉♠ ♣r♦t♦❝♦❧♦ ❞❡ r❡❞❡ ❞❡ ❛❧t❛ ❧❛r❣✉r❛ ❞❡

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

r❡❛❧✱ ❝♦♠♦ ❡①♣❡r✐♠❡♥t♦s ❝✐❡♥tí✜❝♦s✳ ❆ ✜❣✉r❛ ✹✳✶✶ ♠♦s✲

tr❛ ♦ ❧♦❣♦t✐♣♦ ❞♦ ❊P■❈❙✱ r❡♣r❡s❡♥t❛♥❞♦ ❡♠ ♣r❡t♦ ♦ ❝❛✲

♥❛❧ ❞❡ ❛❝❡ss♦✱ ♥♦s q✉❛❞r❛❞♦s ❞❡ ❝✐♠❛ ♦s s❡r✈✐❞♦r❡s ❡

♥♦s q✉❛❞r❛❞♦s ❞❡ ❜❛✐①♦ ♦s ❝❧✐❡♥t❡s✳

❆❧❣✉♥s ❛s♣❡❝t♦s ❞♦ ❊P■❈❙ ❞❡✈❡♠ s❡r ♠❡♥❝✐♦♥❛❞♦s✱



✹✳ ▼♦♥t❛❣❡♠ ❊①♣❡r✐♠❡♥t❛❧ ✸✼

❛ ✐♥st❛❧❛çã♦ ❡ ❛t✉❛❧✐③❛çã♦ ❞♦ s♦❢t✇❛r❡ é ❞❡ ❣r❛ç❛ ❡ s❡✉s ♣❛❝♦t❡s ♣♦❞❡♠ s❡r ❡♥❝♦♥tr❛❞♦s ♥❛

✐♥t❡r♥❡t✳ ❊❧❡ é ❖♣❡♥ ❙♦✉r❝❡ ✭♦✉ s❡❥❛✱ ♦ ❝ó❞✐❣♦ ❢♦♥t❡ é ❛❝❡ssí✈❡❧✮ ❡ ♣♦rt❛♥t♦ ❛❞❛♣t❛çõ❡s ❡

♠✉❞❛♥ç❛s sã♦ ♣♦ssí✈❡✐s✳ ❊①✐st❡♠ ♠✉✐t♦s ✉s✉ár✐♦s ❡ ❣r❛♥❞❡s ❧❛❜♦r❛tór✐♦s ✉t✐❧✐③❛♥❞♦✱ ♦ q✉❡

s✐❣♥✐✜❝❛ q✉❡ ❣r❛♥❞❡ ♣❛rt❡ ❞♦s ❡rr♦s ❥á ❢♦✐ ❝♦rr✐❣✐❞❛✳ ❚✉❞♦ q✉❡ ✉♠ ❝❧✐❡♥t❡ ♣r❡❝✐s❛ s❛❜❡r é ❝♦♠♦

❛❝❡ss❛r ❛ ✐♥❢♦r♠❛çã♦ ♣✉❜❧✐❝❛❞❛ ♣❡❧♦ ❈❆✱ ❡ ♣♦rt❛♥t♦ t♦❞❛ ❛ ♣❛rt❡ ❞❡ ❝♦♥tr♦❧❡ ✜❝❛ ✐♥✈✐sí✈❡❧ ❛♦

✉s✉ár✐♦✱ ❛s ❝♦✐s❛s ♠❛✐s ❝♦♠♣❧❡①❛s ❡ ❞❡♠♦r❛❞❛s ❥á ❡stã♦ ❢❡✐t❛s ♣❛r❛ ❛ ♠❛✐♦r✐❛ ❞♦s ❡q✉✐♣❛♠❡♥t♦s

❝♦♠❡r❝✐❛✐s ❝♦♥✈❡♥❝✐♦♥❛✐s✳ ❊①✐st❡♠ ♠✉✐t❛s ♣❡ss♦❛s ❞✐s♣♦st❛s ❛ ❝♦♥tr✐❜✉✐r ❡ ❛❥✉❞❛r ♣❛r❛ q✉❡

♦✉tr♦s ✉s✉ár✐♦s ✉t✐❧✐③❡♠ ♦ ❊P■❈❙ ❡ ♥ã♦ ❡①✐st❡ ♥❡♥❤✉♠❛ r❡str✐çã♦ ❞❡ ❝♦♠♦ ♦✉ ♦♥❞❡ ✉t✐❧✐③❛r✱ ♥ã♦

✐♠♣♦rt❛ s❡ s❡✉ ❡①♣❡r✐♠❡♥t♦ t❡♠ ✶✵ ♦✉ ✶✵✳✵✵✵✳✵✵✵ ❞❡ ✈❛r✐á✈❡✐s✳

❆ ✜♠ ❞❡ ❢❛❝✐❧✐t❛r ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❡ ❡①♣❡r✐♠❡♥t♦ ❢♦r❛♠ ❡s❝r✐t♦s ♠❛♥✉❛✐s ❡♠ ♣♦rt✉❣✉ês

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

❞♦s ❡q✉✐♣❛♠❡♥t♦s ✉t✐❧✐③❛❞♦s ♥♦ ❡①♣❡r✐♠❡♥t♦✳



5
❆✉t♦♠❛çã♦ ❡ ❈♦♥tr♦❧❡ ❞❡ ✉♠ ❊①♣❡r✐✲

♠❡♥t♦ ❞❡ ❚♦♠♦❣r❛✜❛

P❛r❛ ❛ r❡❛❧✐③❛çã♦ ❞❡ ✉♠ ❡①♣❡r✐♠❡♥t♦ ❞❡ t♦♠♦❣r❛✜❛ é ♥❡❝❡ssár✐♦ q✉❡ ❛ ♠♦♥t❛❣❡♠ ♠❡❝â♥✐❝❛✱

s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧❡ ❡ ❛s r❡❝♦♥str✉çõ❡s ❝♦♠♣✉t❛❝✐♦♥❛✐s ❞♦ ❡①♣❡r✐♠❡♥t♦ ❡st❡❥❛♠ ✐♥t❡❣r❛❞♦s✳ ❊st❡

❝❛♣ít✉❧♦ ❝♦♥té♠ ✉♠❛ ❞❡s❝r✐çã♦ ❞❡ ❝♦♠♦ ❡ss❛ ✐♥t❡❣r❛çã♦ ❢♦✐ ♦❜t✐❞❛ ❞❡s❞❡ ❛ ♦❜t❡♥çã♦ ❞♦s ❞❛❞♦s

❜r✉t♦s ❛té ❛ ✈✐s✉❛❧✐③❛çã♦ ❞❛s r❡❝♦♥str✉çõ❡s tr✐❞✐♠❡♥s✐♦♥❛✐s✳

✺✳✶ Pr❡♣❛r❛çã♦ ❞♦ ❊①♣❡r✐♠❡♥t♦

❯♠ ❡①♣❡r✐♠❡♥t♦ ❞❡ t♦♠♦❣r❛✜❛ r❡q✉❡r ❛ ♦t✐♠✐③❛çã♦ ❞♦ ❝♦♥tr❛st❡ ❡ r❡s♦❧✉çã♦ ❞❛s ✐♠❛❣❡♥s ❞❛

❛♠♦str❛ ❛ s❡r ❡st✉❞❛❞❛✳ P❛r❛ ✐ss♦ ❞❡✈❡♠✲s❡ ♦t✐♠✐③❛r ❛ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❞♦ ❣❡r❛❞♦r✱ ❛ss✐♠ ❝♦♠♦

❛s ❞✐stâ♥❝✐❛s ❢♦♥t❡✲❛♠♦str❛ ❡ ❢♦♥t❡✲❞❡t❡❝t♦r ❡ ♦t✐♠✐③❛r ❛ r❡s♦❧✉çã♦ ❡ ✐♥t❡♥s✐❞❛❞❡ ♥♦ ❞❡t❡❝t♦r✳

❆❧é♠ ❞✐ss♦✱ ❞❡✈❡✲s❡ ❛❧✐♥❤❛r ♦ ❝❡♥tr♦ ❞♦ ❢❡✐①❡ ❝♦♠ ♦ ❝❡♥tr♦ ❞♦ ❞❡t❡❝t♦r ❡ ♣❡r♣❡♥❞✐❝✉❧❛r ❝♦♠ ♦

❝❡♥tr♦ ❞❡ r♦t❛çã♦ ❞❛ ❛♠♦str❛✳ ❱❡r✐✜❝❛r s❡ t♦❞❛ ❛♠♦str❛ s❡ ❡♥❝♦♥tr❛ ♥♦ ❝❛♠♣♦ ❞❡ ✈✐sã♦ ❡♠

t♦❞❛s ♣r♦❥❡çõ❡s ✭♣❛r❛ ✐ss♦ ❜❛st❛ q✉❡ s❡❥❛ ❢❡✐t❛ ✉♠❛ ✐♠❛❣❡♠ ❞❡ ❧♦♥❣❛ ❡①♣♦s✐çã♦ ❝♦♠ ❛ ❛♠♦str❛

r♦❞❛♥❞♦✮✳

✺✳✷ ❆q✉✐s✐çã♦ ❞❡ ❉❛❞♦s

❯♠ ❡①♣❡r✐♠❡♥t♦ ❞❡ t♦♠♦❣r❛✜❛ ❝♦♥s✐st❡ ♥❛ ❛q✉✐s✐çã♦ ❞❡ ◆ ♣r♦❥❡çõ❡s ❞❡ ✉♠❛ ❛♠♦str❛ ❝♦♠

❞✐❢❡r❡♥t❡s â♥❣✉❧♦s✳ P❛r❛ s✐♠♣❧✐✜❝❛r ❛ ❚r❛♥s❢♦r♠❛❞❛ ❞❡ ❘❛❞♦♥ ♥❛ s❡çã♦ ✺✳✹✳✶ ❡ ♣♦❞❡r ✉t✐❧✐③❛r ♦s

✸✽



✺✳ ❆✉t♦♠❛çã♦ ❡ ❈♦♥tr♦❧❡ ❞❡ ✉♠ ❊①♣❡r✐♠❡♥t♦ ❞❡ ❚♦♠♦❣r❛✜❛ ✸✾

❛❧❣♦r✐t♠♦s ❞❡ r❡tr♦♣r♦❥❡çã♦ ✜❧tr❛❞❛ ✭s❡çã♦ ✺✳✹✳✷✮ r♦t❛❝✐♦♥❛♠♦s ❛ ❛♠♦str❛ ♥♦ ♣❧❛♥♦ ♣❡r♣❡♥❞✐✲

❝✉❧❛r ❛♦ ❞❡t❡❝t♦r ✉t✐❧✐③❛♥❞♦ â♥❣✉❧♦s ❝♦♥❤❡❝✐❞♦s✳ P♦r ❡①❡♠♣❧♦✱ s❡ ♣r❡❝✐s❛♠♦s ❞❡ ✼✷✶ ♣r♦❥❡çõ❡s✱

✉t✐❧✐③❛♠♦s â♥❣✉❧♦s ❝♦♠❡ç❛♥❞♦ ❞❡ ✵♦ ❛té ✸✻✵♦ ❝♦♠ ♣❛ss♦ ❞❡ ✵✳✺♦✳ ❆ q✉❛♥t✐❞❛❞❡ ♠í♥✐♠❛ ❞❡

♣r♦❥❡çõ❡s é ❞❡✜♥✐❞❛ ♣❡❧❛ r❡s♦❧✉çã♦ q✉❡ s❡ ❞❡s❡❥❛ ♦❜t❡r ♥❛ r❡❝♦♥str✉çã♦✳

❋✐❣✉r❛ ✺✳✶✿ ❘❛❞✐♦❣r❛✜❛ ❝♦♠

❝♦♥tr❛st❡ ❞❡ ❢❛s❡ ❞❡ ✉♠ ✐♥✲

s❡t♦✳

❉❡st❛ ❢♦r♠❛ ♣♦❞❡✲s❡ ❝♦♥tr♦❧❛r ♦ ♠♦♠❡♥t♦ ❞❡ ❛❝✐♦♥❛r ♦s tr❛♥s✲

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

✉t✐❧✐③❛❞♦ ♦ s♦❢t✇❛r❡ ▲❛❜❱■❊❲ ❡ ♣♦st❡r✐♦r♠❡♥t❡ ❊P■❈❙✳

✺✳✷✳✶ ❙✐♥❝r♦♥✐③❛çã♦

P❛r❛ s✐♥❝r♦♥✐③❛r t♦❞♦s ♦s ❡q✉✐♣❛♠❡♥t♦s✱ ❢♦✐ ♣r✐♠❡✐r♦ ♥❡❝❡s✲

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

♣❛♠❡♥t♦s ❝♦♥❡❝t❛❞♦s✱ ❝♦♠♦ tr❛♥s❧❛❞♦r❡s✱ ❞❡t❡❝t♦r❡s ❡ ❝â♠❡r❛✳

P❛r❛ ✐ss♦ ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ❝♦♥❡①õ❡s s❡r✐❛❧ ❘❙✲✷✸✷ ❡ ❡t❤❡r♥❡t ❝♦♠♦

❞❡s❝r✐t♦ ♥❛ s❡çã♦ ❛♥t❡r✐♦r✳

✺✳✷✳✷ ▼ó❞✉❧♦ ❊P■❈❙ ss❝❛♥

❖ ♦❜❥❡t✐✈♦ ❞♦ ♠ó❞✉❧♦ ❞❡ ❝♦♥tr♦❧❡ ✬ss❝❛♥✬ é ❝r✐❛r ✉♠❛ r♦t✐♥❛

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

❞✐❢❡r❡♥t❡s ♣♦s✐çõ❡s✳ ❊ss❛ ♦♣❡r❛çã♦ é ❝♦♥❤❡❝✐❞❛ ❝♦♠♦ ✉♠ ✬s❝❛♥✬ ✭♠❡❞✐❞❛✮✱ ♦✉ ✉♠ ❧❛ç♦ ♣❛r❛

❞✐❢❡r❡♥t❡s ✬s❝❛♥s✬✳

❆♣ós ♦s ♣❛râ♠❡tr♦s ♣❛r❛ ✉♠❛ ❞❡t❡r♠✐♥❛❞❛ ♠❡❞✐❞❛ s❡r❡♠ ❛❥✉st❛❞♦s ❡ ❛ ♠❡❞✐❞❛ ✐♥✐❝✐❛❞❛✱

♦ ♠ó❞✉❧♦ ♣❡r♠✐t❡ ❞✐❢❡r❡♥t❡s s❡q✉ê♥❝✐❛s ❞❡ ♠♦✈✐♠❡♥t♦ ❡ ❛t✐✈❛çã♦ ❛✉t♦♠át✐❝❛ ❞♦s ❞❡t❡❝t♦r❡s ❡

♥♦t✐✜❝❛ ♦ ✉s✉ár✐♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❡✈♦❧✉çã♦ ❞❛ ♠❡❞✐❞❛✳

❆ ✐♥❢♦r♠❛çã♦ ❞❡ ✉♠ ✬s❝❛♥✬ ♣♦❞❡ s❡r ❛r♠❛③❡♥❛❞❛ ❡♠ ✉♠ ú♥✐❝♦ ❛rq✉✐✈♦ q✉❡ ❝♦♥té♠ t♦❞❛ ❛

✐♥❢♦r♠❛çã♦ ❞❛ ♠❡❞✐❞❛ ♦✉ ✉♠❛ ♣❛st❛ ❝♦♠ ❞✐❢❡r❡♥t❡s ❛rq✉✐✈♦s ♣❛r❛ ❝❛❞❛ ✐t❡r❛çã♦ ❞♦ ❧❛ç♦✳ ❆♠❜♦s

♦s ♠ét♦❞♦s t❡♠ s✉❛s ✈❛♥t❛❣❡♥s ❡ ❞❡s✈❛♥t❛❣❡♥s✱ ❡ ❢♦✐ ❡s❝♦❧❤✐❞♦ ✉t✐❧✐③❛r ❛rq✉✐✈♦s s❡♣❛r❛❞♦s ♣❛r❛

❝❛❞❛ ✐t❡r❛çã♦ ❞♦ ❧❛ç♦✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ♣r♦❥❡çã♦ ❡♠ â♥❣✉❧♦ ❞✐❢❡r❡♥t❡✳

✺✳✷✳✸ ▼ó❞✉❧♦ ❊P■❈❙ ❛r❡❛❉❡t❡❝t♦r

❊P■❈❙ ❛r❡❛❉❡t❡❝t♦r é ♦ ♥♦♠❡ ❞❡ ✉♠ ♠ó❞✉❧♦ ❞❡ ❝♦♥tr♦❧❡ ❡s❝r✐t♦ ♣❛r❛ ♦ s♦❢t✇❛r❡ ❊P■❈❙

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



✹✵ ✺✳✷ ❆q✉✐s✐çã♦ ❞❡ ❉❛❞♦s

tr❛♥s❢♦r♠❛ ❛s ✐♥str✉çõ❡s ❞❡ ❝♦♥tr♦❧❡ ú♥✐❝❛s ❞❡ ❝❛❞❛ ❝â♠❡r❛ ❡♠ ✐♥str✉çõ❡s ❝♦♠✉♥s ❛ t♦❞❛s ❡

✉♠ ❝♦♥tr♦❧❡ s❡♣❛r❛❞♦ ♣❛r❛ ❛s ❝❛r❛❝t❡ríst✐❝❛s ú♥✐❝❛s ❞❡ ❝❛❞❛ ❝â♠❡r❛✳ ❆ ✜❣✉r❛ ✺✳✷ ♠♦str❛ ❛ t❡❧❛

❝♦♠✉♠ ❞❡ ❝♦♥tr♦❧❡ ❞❛s ❝â♠❡r❛s✳ ◆♦ ♥♦ss♦ ❝❛s♦✱ ♦ ❛r❡ ❉❡t❡❝t♦r ✈❛✐ s❡r ✉s❛❞♦ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠

✉♠ ❞r✐✈❡r ❡s❝r✐t♦ ♣❛r❛ ❝â♠❡r❛s ❝♦♠ ✐♥t❡r❢❛❝❡ ❣✐❣❊ ❱✐s✐♦♥ ✭q✉❡ s❡rá ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✺✳✷✳✹✮ ❡ ❛

♠❛✐♦r✐❛ ❞♦s ♣❛✐♥é✐s ❞❡ ❝♦♥tr♦❧❡ t❡✈❡ ❞❡ s❡r r❡❞❡s❡♥❤❛❞❛ ♣❛r❛ ❛❝♦♠♦❞❛r ♦s ♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s

♣❡❧❛ ♥♦ss❛ ❝â♠❡r❛✳

❋✐❣✉r❛ ✺✳✷✿ ❚❡❧❛ ❞❡ ❈♦♥tr♦❧❡ ❞♦ ♠ó❞✉❧♦ ❛r❡❛❉❡t❡❝t♦r ♣❛r❛ ❊P■❈❙

❆ ✜❣✉r❛ ✺✳✷ ♠♦str❛ t❡❧❛ ❞❡ ❝♦♥tr♦❧❡ q✉❡ ♦ ✉s✉ár✐♦ t❡♠ ❛❝❡ss♦✱ ❡❧❛ ♠♦str❛ ✐♥❢♦r♠❛çõ❡s s♦❜r❡

q✉❛✐s ❝♦♥❡①õ❡s ♦ ❞❡t❡❝t♦r ❡stá ✉t✐❧✐③❛♥❞♦ ❡ s❡✉ ❡st❛❞♦ ✭♣♦r ❡①❡♠♣❧♦✱ s❡ ❡stá ❝♦♥❡❝t❛❞♦ ♦✉ ♥ã♦ ❡

s❡ ❡stá ❛❞q✉✐r✐♥❞♦ ✐♠❛❣❡♥s✮✳ ❚❛♠❜é♠ ♠♦str❛ ❝♦♥tr♦❧❡s ♣❛r❛ ❞✐❢❡r❡♥t❡s ♣❛r❛♠êtr♦s ❞♦ ❞❡t❡❝t♦r

❝♦♠♦ ♦ t❡♠♣♦ ❞❡ ❡①♣♦s✐çã♦ ❞❡ ❝❛❞❛ ✐♠❛❣❡♠ ❡ q✉❛❧ ❛ r❡❣✐ã♦ ❞❛ ✐♠❛❣❡♠ q✉❡ ✈❛✐ s❡r s❛❧✈❛✳

✺✳✷✳✹ ▼♦❞✉❧♦ ❊P■❈❙ ❛r❛✈✐s●✐❣❊

❋♦✐ s❡❧❡❝✐♦♥❛❞♦ ♣❛r❛ ❛ ❝â♠❡r❛ ✉♠❛ ✐♥t❡r❢❛❝❡ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❞♦ t✐♣♦ ●✐❣❊ ❱✐s✐♦♥ ❬✼❪ q✉❡

s✉♣♦rt❛ ♦ ♣❛❞rã♦ ❛t✉❛❧ ❞❡ r❡❞❡s ❞❡ ❝♦♠♣✉t❛❞♦r❡s ❞♦ t✐♣♦ ❊t❤❡r♥❡t ●✐❣❛❜✐t✳ ❆s ❝â♠❡r❛s ❝♦♠

✐♥t❡r❢❛❝❡ ●✐❣❊ ❱✐s✐♦♥ ♣♦❞❡♠ ✉t✐❧✐③❛r ❞❡ss❛s r❡❞❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ❡ tê♠ ♣r♦t♦❝♦❧♦s ❝♦♠✉♥s

♠❡s♠♦ ❡♥tr❡ ❞✐❢❡r❡♥t❡s ❢❛❜r✐❝❛♥t❡s✳



✺✳ ❆✉t♦♠❛çã♦ ❡ ❈♦♥tr♦❧❡ ❞❡ ✉♠ ❊①♣❡r✐♠❡♥t♦ ❞❡ ❚♦♠♦❣r❛✜❛ ✹✶

❖ ❉✐❛♠♦♥❞ ▲✐❣❤t ❙♦✉r❝❡ ❬✶✵❪ ❡s❝r❡✈❡✉ ✉♠ ❛❞❛♣t❛❞♦r ♣❛r❛ q✉❡ ❡ss❛s ❝â♠❡r❛s s❡❥❛♠ ❝♦♠♣❛tí✲

✈❡✐s ❝♦♠ ❊P■❈❙✳ ◆♦ ❡♥t❛♥t♦✱ ✐♥✐❝✐❛❧♠❡♥t❡ ♥♦ss❛ ❝â♠❡r❛ ♥ã♦ r❡s♣♦♥❞✐❛ ❛♦ ♣❛❞rã♦ ●✐❣❊ ❱■❙■❖◆

♠❛s s✐♠ ❛♦ ♣❛❞rã♦ ●✐❣❊ ❝♦♠✉♠✳ ❋♦✐ ♥❡❝❡ssár✐♦ ❛ ❡s❝r✐t❛ ❞❡ ✉♠ ♥♦✈♦ ✜r♠✇❛r❡ ✭s♦❢t✇❛r❡ ✐♥t❡r♥♦

❞❡ ❝♦♥tr♦❧❡✮ ♣❛r❛ ♦ ❤❛r❞✇❛r❡ ❞❛ ❝â♠❡r❛✳

✺✳✸ ❚r❛t❛♠❡♥t♦ ❞❡ ■♠❛❣❡♥s

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

❛❞♦ ❡♠ ♦✉tr❛s ✐♥❢♦r♠❛çõ❡s ❞♦ ❡①♣❡r✐♠❡♥t♦✳ ❖s ❞❡t❡❝t♦r❡s ❞❡ r❛✐♦s✲❳ ✉t✐❧✐③❛♠ ❝❤✐♣s q✉❡ ♣♦❞❡♠

t❡r ✉♠❛ s❡♥s✐❜✐❧✐❞❛❞❡ ❡ r✉í❞♦ ❞✐❢❡r❡♥t❡ ♣❛r❛ ❝❛❞❛ ♣✐①❡❧✳ ❊ss❡s ✈❛❧♦r❡s ♣♦❞❡♠ s❡r ❝♦rr✐❣✐❞♦s

✉t✐❧✐③❛♥❞♦ ✉♠❛ ✐♠❛❣❡♠ ❢❡✐t❛ ♣❡❧❛ ❡①♣♦s✐çã♦ s❡♠ ❛ ♣r❡s❡♥ç❛ ❞❡ r❛✐♦s✲❳✱ ✉♠❛ ✐♠❛❣❡♠ ❢❡✐t❛ ❝♦♠

❛ ❡①♣♦s✐çã♦ ❛♦s r❛✐♦s✲❳ s❡♠ ❛ ♣r❡s❡♥ç❛ ❞❛ ❛♠♦str❛ ❡ ♦ ❝♦♥❤❡❝✐♠❡♥t♦ ❛ ♣r✐♦r✐ ❞❡ q✉❛✐s ♣✐①❡❧s

❞❛ ❝â♠❡r❛ ♥ã♦ sã♦ ❝♦♥✜á✈❡✐s✳

✺✳✸✳✶ ❈♦rr❡çã♦ ❞❡ ❋✉♥❞♦

❆ ❝♦rr❡çã♦ ❞❡ ❢✉♥❞♦ é ❡♠♣r❡❣❛❞❛ ♣❛r❛ ❝♦rr✐❣✐r ♣❡q✉❡♥❛s ✈❛r✐❛çõ❡s ❞❡✈✐❞♦ ❛♦ ❢✉♥❝✐♦♥❛♠❡♥t♦

❡❧❡trô♥✐❝♦ ❞❛ ❝â♠❡r❛✳

Pr✐♠❡✐r♦ é ♦❜t✐❞❛ ✉♠❛ ✐♠❛❣❡♠ ❝♦♠ ♦s r❛✐♦s✲❳ ❞❡s❧✐❣❛❞♦s✱ ❡ ♣♦rt❛♥t♦ ♦ ú♥✐❝♦ s✐♥❛❧ ♥❛

❝â♠❡r❛ é ♣r♦✈❡♥✐❡♥t❡ ❞❡ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❞❡ ✈♦❧t❛❣❡♠ ❡ ❝♦rr❡♥t❡ ♥♦s ❞✐❢❡r❡♥t❡s ♣✐①❡❧s✳ ▼❡s♠♦

q✉❡ ♣❡q✉❡♥❛s ❡ss❛s ✈❛r✐❛çõ❡s ❛❝♦♥t❡❝❡♠ ❡♥tr❡ t♦❞♦s ♦s ♣✐①❡❧s✳

➱ ✐♠♣♦rt❛♥t❡ ❢r✐s❛r q✉❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❛ ✐♠❛❣❡♠ ❞❡ ❝♦rr❡çã♦ ❞❡ ❢✉♥❞♦ ♠✉❞❛ ❞❡ ❛❝♦r❞♦

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

✺✳✸✳✷ ❈♦rr❡çã♦ ❞❡ ●❛♥❤♦

❆ ❝♦rr❡çã♦ ❞❡ ❣❛♥❤♦ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ❝♦rr✐❣✐r ✈❛r✐❛çõ❡s ❞❡ ✐♥t❡♥s✐❞❛❞❡ ❞♦ ❢❡✐①❡ ❞❡ r❛✐♦s✲❳

❞❡✈✐❞♦ à ❞✐❢❡r❡♥t❡ s❡♥s✐❜✐❧✐❞❛❞❡ ❞♦ ❞❡t❡❝t♦r ♦✉ ❞✐st♦rçõ❡s ❞♦ ❢❡✐①❡ ❡ ❞❡✈❡ s❡r ✉t✐❧✐③❛❞❛ s❡♠♣r❡✳

❖ ❛❧❣♦r✐t♠♦ ❞❡ ❝♦rr❡çã♦ ♥♦r♠❛❧✐③❛ ❝❛❞❛ ♥♦✈❛ ✐♠❛❣❡♠ ❛❞q✉✐r✐❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ✉♠❛ ✐♠❛❣❡♠

❜r❛♥❝❛ ❛❞q✉✐r✐❞❛ ✭✐♠❛❣❡♠ ❝♦♠ r❛✐♦s✲❳ ❧✐❣❛❞♦ s❡♠ ❛♠♦str❛✮✱ ❞✐✈✐❞✐♥❞♦ ❝❛❞❛ ♣✐①❡❧ ♣❡❧♦ ✈❛❧♦r ❞♦

♣✐①❡❧ ♥❛ ✐♠❛❣❡♠ ❞❡ ❣❛♥❤♦ ❡ ♠✉❧t✐♣❧✐❝❛♥❞♦ ♣❡❧♦ ✈❛❧♦r ♠é❞✐♦ ❞❛ ✐♠❛❣❡♠ ❞❡ ❣❛♥❤♦✳

❆♣ós ❛ ❝♦rr❡çã♦✱ ♣❡q✉❡♥❛s ✈❛r✐❛çõ❡s ❞❡ ❝♦♥tr❛st❡ ♣♦❞❡♠ s❡ t♦r♥❛r ♠❛✐s ✈✐sí✈❡✐s✳

P❛r❛ ✉♠❛ ❝♦rr❡çã♦ ♠❡❧❤♦r ❛ ✐♠❛❣❡♠ ❜r❛♥❝❛ ✉t✐❧✐③❛❞❛ ♥❛s ❝♦rr❡çõ❡s ❞❡✈❡ s❡r ❛ ♠é❞✐❛ ❞❡ ✶✵

❛ ✷✵ ✐♠❛❣❡♥s ❛❞q✉✐r✐❞❛s✱ ❞❡ ♠♦❞♦ ❛ ❞✐♠✐♥✉✐r ♦ r✉í❞♦✳ ❈❛s♦ ❛❧❣✉♠ ♣❛râ♠❡tr♦ ❡①♣❡r✐♠❡♥t❛❧ s❡❥❛



✹✷ ✺✳✹ ❘❡❝♦♥str✉çã♦ ❚r✐❞✐♠❡♥s✐♦♥❛❧

♠♦❞✐✜❝❛❞♦ ❝♦♠ r❡❧❛çã♦ à ❢♦♥t❡ ❡ ♦ ❞❡t❡❝t♦r✱ ✉♠❛ ♥♦✈❛ ✐♠❛❣❡♠ ❜r❛♥❝❛ ❞❡✈❡ s❡r ❛❞q✉✐r✐❞❛✳

✺✳✸✳✸ ❈♦rr❡çã♦ ❞❡ P✐①❡❧s ❘✉✐♥s

❖✉tr♦ ❢❛t♦r ✐♠♣♦rt❛♥t❡ ♣❛r❛ ♦ ♣ré tr❛t❛♠❡♥t♦ ❞❛s ✐♠❛❣❡♥s é ❛ ❝♦rr❡çã♦ ❞❡ ♣✐①❡❧s r✉✐♥s✳ ❆

❝♦rr❡çã♦ ❝♦♥s✐st❡ ♥❛ ✐♥t❡r♣♦❧❛çã♦ ❝♦♠ ♣r✐♠❡✐r♦s ✈✐③✐♥❤♦s ❞♦s ♣✐①❡❧s q✉❡ t❡♠ ❛❧❣✉♠ ♣r♦❜❧❡♠❛✳

✺✳✹ ❘❡❝♦♥str✉çã♦ ❚r✐❞✐♠❡♥s✐♦♥❛❧

❆♣ós ❛❞q✉✐r✐r ❞✐❢❡r❡♥t❡s ♣r♦❥❡çõ❡s t❡♠♦s ♥♦ss♦ ❝♦♥❥✉♥t♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ♥♦ ❡s♣❛ç♦ ❞❡ ❘❛✲

❞♦♥ x, y, θ❀ ♥♦ ❡♥t❛♥t♦ ♣❛r❛ ✉♠❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛çã♦ é ♥❡❝❡ssár✐♦ tr❛♥s❢♦r♠❛r ♣❛r❛ ♦ ❡s♣❛ç♦

❝❛rt❡s✐❛♥♦ x.y, z✳ P❛r❛ ✐ss♦ s❡ ✉t✐❧✐③❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❘❛❞♦♥ ❡ ♠ét♦❞♦s ❞❡ ♣r♦❥❡çã♦ ✜❧✲

tr❛❞❛✳ ❯♠❛ ✈❡③ ❝♦♠ t♦❞❛ ❛ ✐♥❢♦r♠❛çã♦ ❝♦♥t✐❞❛ ♥♦ ❡s♣❛ç♦ ❝❛rt❡s✐❛♥♦✱ é ♣♦ssí✈❡❧ r❡❝♦♥str✉✐r

tr✐❞✐♠❡♥s✐♦♥❛❧♠❡♥t❡ ❛ ❛♠♦str❛✳

✺✳✹✳✶ ❚r❛♥s❢♦r♠❛❞❛ ❞❡ ❘❛❞♦♥

❊♠ ✶✾✶✼ ❏♦❤❛♥♥ ❘❛❞♦♥ ✐♥tr♦❞✉③✐✉ ❛ tr❛♥s❢♦r♠❛❞❛ ❤♦❥❡ ❝♦♥❤❡❝✐❞❛ ♣❡❧♦ s❡✉ ♥♦♠❡✳ ❆ tr❛♥s✲

❢♦r♠❛❞❛ ❝♦♥s✐st❡ ♥❛ ✐♥t❡❣r❛çã♦ ❞❡ ✉♠❛ ❢✉♥çã♦ s♦❜r❡ ❞✐❢❡r❡♥t❡s ❧✐♥❤❛s r❡t❛s✳ ❏♦❤❛♥♥ t❛♠❜é♠

❛♣r❡s❡♥t♦✉ ❛ ❢ór♠✉❧❛ ❞❛ tr❛♥s❢♦r♠❛❞❛ ✐♥✈❡rs❛ ❡ ❡①♣❛♥❞✐✉ ❛s ❢ór♠✉❧❛s ♣❛r❛ três ❞✐♠❡♥sõ❡s ♦♥❞❡

❛s ❧✐♥❤❛s ❛❣♦r❛ sã♦ ♣❧❛♥♦s✳

❆ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❘❛❞♦♥ é ❞✐r❡t❛♠❡♥t❡ ❛♣❧✐❝❛❞❛ à t♦♠♦❣r❛✜❛✳ ❯♠ ❝♦♥❥✉♥t♦ ❞❡ ✐♠❛❣❡♥s

❞❡ r❛✐♦s✲❳ ♦❜t✐❞♦s ❝♦♠ ❞✐❢❡r❡♥t❡s â♥❣✉❧♦s ♣♦❞❡ ❣❡r❛r ✉♠❛ ✐♠❛❣❡♠ ♥♦ ❡s♣❛ç♦ ❞❡ ❘❛❞♦♥✳ ❙❡ ❛

❢✉♥çã♦ ❢ r❡♣r❡s❡♥t❛ ✉♠❛ ❞❡♥s✐❞❛❞❡ ♥ã♦ ❝♦♥❤❡❝✐❞❛✱ ❡♥tã♦ ❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❘❛❞♦♥ r❡♣r❡s❡♥t❛

♦ ❝♦♥❥✉♥t♦ ❞❡ ♠❡❞✐❞❛s ✭♣r♦❥❡çõ❡s✮ ❞❡ r❛✐♦s✲❳ ❛❞q✉✐r✐❞❛s ♣❛r❛ s❡ ♦❜t❡r ❛ t♦♠♦❣r❛✜❛✳ P♦rt❛♥t♦

✉♠❛ tr❛♥s❢♦r♠❛❞❛ ✐♥✈❡rs❛ ❞❡ ❘❛❞♦♥ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞❛ ♣❛r❛ s❡ ♦❜t❡r q✉❛❧ ❢♦✐ ♦ ♦❜❥❡t♦ ♦r✐❣✐♥❛❧

q✉❡ ❣❡r♦✉ ♦ ❝♦♥❥✉♥t♦ ❢✳ ❊ss❡ ♣r♦❝❡❞✐♠❡♥t♦ é ❛ ❜❛s❡ ♠❛t❡♠át✐❝❛ ❞❛ r❡❝♦♥str✉çã♦ t♦♠♦❣rá✜❝❛ ❡

t❛♠❜é♠ r❡❝♦♥❤❡❝✐❞♦ ❝♦♠♦ r❡❝♦♥str✉çã♦ t♦♠♦❣rá✜❝❛✳ ❬✷✷❪

❆ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❘❛❞♦♥ ❞❡ ✉♠❛ ✐♠❛❣❡♠ é ❣❡r❛❧♠❡♥t❡ ❝❤❛♠❛❞❛ ❞❡ s✐♥♦❣r❛♠❛✳ ❖ ♠♦t✐✈♦

é q✉❡ ❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❘❛❞♦♥ ❞❡ ✉♠❛ ❢✉♥çã♦ ❞❡❧t❛ ❞❡ ❉✐r❛❝ é ✉♠ s❡♥♦✳ P♦rt❛♥t♦✱ ❛ tr❛♥s✲

❢♦r♠❛❞❛ ❞❡ ❘❛❞♦♥ ❞❡ ✉♠ ♦❜❥❡t♦ q✉❛❧q✉❡r ❛♣❛r❡❝❡ ❝♦♠♦ ✈ár✐♦s s❡♥♦s ❞❡ ❞✐❢❡r❡♥t❡s ❛♠♣❧✐t✉❞❡s✱

❢r❡q✉ê♥❝✐❛s ❡ ❢❛s❡s✳ ❆ ✜❣✉r❛ ✺✳✸ ♠♦str❛ ♦ s✐♥♦❣r❛♠❛ ❣❡r❛❞♦ ♣❡❧❛ ❛♣❧✐❝❛çã♦ ❞❛ tr❛♥s❢♦r♠❛❞❛ ❞❡

❘❛❞♦♥ ❡♠ ✉♠ ♣❤❛♥t♦♠ ❞❡ ❙❤❡♣♣✲▲♦❣❛♥ ❬✷✾❪✳



✺✳ ❆✉t♦♠❛çã♦ ❡ ❈♦♥tr♦❧❡ ❞❡ ✉♠ ❊①♣❡r✐♠❡♥t♦ ❞❡ ❚♦♠♦❣r❛✜❛ ✹✸

❋✐❣✉r❛ ✺✳✸✿ ❙✐♥♦❣r❛♠❛ ❞❡ ✉♠ ♣❤❛♥t♦♠ ❣❡♥ér✐❝♦✳

✺✳✹✳✷ ❘❡tr♦♣r♦❥❡çã♦ ❋✐❧tr❛❞❛

❆ r❡tr♦♣r♦❥❡çã♦ ✜❧tr❛❞❛ é ✉♠ ❛❧❣♦r✐t♠♦ ♥✉♠ér✐❝♦ ♣❛r❛ r❡s♦❧✈❡r ❛ tr❛♥s❢♦r♠❛❞❛ ✐♥✈❡rs❛ ❞❡

❘❛❞♦♥✳ ❆ ✐❞❡✐❛ ♣♦r trás ❞♦ ❛❧❣♦r✐t♠♦ é q✉❡ ✐♠❛❣❡♥s ❞❡ r❛✐♦s✲❳ ♣♦r tr❛♥s♠✐ssã♦ sã♦ ❡q✉✐✈❛❧❡♥t❡s

❛ ✐♥t❡❣r❛✐s ❞❡ ❧✐♥❤❛ ♥❛ ❞✐r❡çã♦ ❞❡ ♣r♦♣❛❣❛çã♦ ❞❡♥tr♦ ❞❛ ❛♠♦str❛ ❡ ♣♦rt❛♥t♦ s❡ ✈♦❝ê t✐✈❡r

❞✐❢❡r❡♥t❡s ♣r♦❥❡çõ❡s ✭❞✐r❡çõ❡s ❞❡ ♣r♦♣❛❣❛çã♦✮ é ♣♦ssí✈❡❧ r❡❝♦♥str✉✐r ❛s ✐♥t❡♥s✐❞❛❞❡s q✉❡ ❣❡r❛r❛♠

❛q✉❡❧❛s ✐♥t❡❣r❛✐s✳ ❖ ❛❧❣♦r✐t♠♦ ❝♦♥s✐st❡ ❡♠ s♦♠❛r ❛s ✐♥t❡♥s✐❞❛❞❡s ❞❡ ❝❛❞❛ ♣r♦❥❡çã♦ ♥❛ ❞✐r❡çã♦ ❞❡

♣r♦♣❛❣❛çã♦ ✭♣♦r ✐ss♦ ♦ ♥♦♠❡ ✬r❡tr♦♣r♦❥❡çã♦✬✮ ♣❛r❛ s❡ ♦❜t❡r ✉♠❛ ❛♣r♦①✐♠❛çã♦ ❞❛s ✐♥t❡♥s✐❞❛❞❡s

♦r✐❣✐♥❛✐s✳ ❈❛❞❛ ♣✐①❡❧ ♥❛ ✐♠❛❣❡♠ r❡❝♦♥str✉í❞❛ ✈❛✐ t❡r ♠❛✐♦r ❝♦♥tr✐❜✉✐çã♦ ❞❛s ♣r♦❥❡çõ❡s ❞❡ s✉❛

✐♥t❡♥s✐❞❛❞❡ ✈❡r❞❛❞❡✐r❛ ❬✶✸✱ ✷✺❪✳ ❆ ✜❣✉r❛ ✺✳✹ ♠♦str❛ ♦ ❛❧❣♦r✐t♠♦ s❡♥❞♦ ❡①❡❝✉t❛❞♦ ♣❛r❛ ✉♠

❞✐❢❡r❡♥t❡ ♥ú♠❡r♦ ❞❡ ♣r♦❥❡çõ❡s✳

❖ ♣r♦❜❧❡♠❛ ❞❛ r❡tr♦♣r♦❥❡çã♦ ✜❧tr❛❞❛ é q✉❡ ❡❧❛ é ❜❛s❡❛❞❛ ♥♦ ❢❛t♦ ❞❡ q✉❡ ❛s ♣r♦❥❡çõ❡s sã♦

✈❡r❞❛❞❡✐r❛s ❡ ❝❛s♦ ✐ss♦ ♥ã♦ s❡❥❛ ✈❡r❞❛❞❡✐r♦ ♦ ♠ét♦❞♦ ❣❡r❛ ❛rt❡❢❛t♦s✳ ❊ss❡s ❛rt❡❢❛t♦s tê♠ ♣❛❞rõ❡s

❝✐r❝✉❧❛r❡s✳

P♦❞❡♠♦s ✉t✐❧✐③❛r ✜❧tr♦s ❞✉r❛♥t❡ ❛ r❡❝♦♥str✉çã♦ ♣❛r❛ ❝♦rr✐❣✐r ❛❧❣✉♥s ❛rt❡❢❛t♦s✱ ❡ss❡ ♠ét♦❞♦ é

❝❤❛♠❛❞♦ ❞❡ r❡tr♦♣r♦❥❡çã♦ ✜❧tr❛❞❛✱ ✉♠ ❡①❡♠♣❧♦ ❞♦ ❡❢❡✐t♦ ❞♦ ✜❧tr♦ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ✜❣✉r❛ ✺✳✺✳



✹✹ ✺✳✹ ❘❡❝♦♥str✉çã♦ ❚r✐❞✐♠❡♥s✐♦♥❛❧

❋✐❣✉r❛ ✺✳✹✿ ❘❡❝♦♥str✉çã♦ ❞❛ ❛♠♦str❛ ♦r✐❣✐♥❛❧ ♣♦r ❞✐❢❡r❡♥t❡ ♥ú♠❡r♦ ❞❡ ♣r♦❥❡çõ❡s ✉t✐❧✐③❛♥❞♦ ♦

❛❧❣♦r✐t♠♦ ❞❡ r❡tr♦♣r♦❥❡çã♦ ✜❧tr❛❞❛✳

❋✐❣✉r❛ ✺✳✺✿ ❘❡❝♦♥str✉çã♦ ❞❛ ❛♠♦str❛ ♦r✐❣✐♥❛❧ ✉t✐❧✐③❛♥❞♦ ♦ ❛❧❣♦r✐t♠♦ ❞❡ r❡tr♦♣r♦❥❡çã♦ ✜❧tr❛❞❛

❝♦♠ ✜❧tr♦ ❞❡ r❛♠♣ ❡ ❝♦rt❡ ❡♠ ✵✳✼ ❡ s❡♠ ✜❧tr♦✳

✺✳✹✳✸ ❱✐s✉❛❧✐③❛çã♦ ❞❡ ❈♦rt❡s

❆♣ós ❛ r❡❝♦♥str✉çã♦ tr✐❞✐♠❡♥s✐♦♥❛❧ t❡♠♦s ❛ ✐♥❢♦r♠❛çã♦ ❞❛ ❛♠♦str❛ ♥♦ ❡s♣❛ç♦ ❝❛rt❡s✐❛♥♦

tr❛❞✐❝✐♦♥❛❧ x, y, z ❞❡ ♠♦❞♦ q✉❡ ♣♦❞❡♠♦s ❞❡✜♥✐r ❞✐❢❡r❡♥t❡s ❝♦rt❡s ❡ ✈✐s✉❛❧✐③❛r ❛s ❡str✉t✉r❛s

✐♥t❡r♥❛s✳ ❚✐♣✐❝❛♠❡♥t❡✱ ❛s ✐♠❛❣❡♥s ♠é❞✐❝❛s sã♦ ♠♦str❛❞❛s ❝♦♠ ✸ ♣r♦❥❡çõ❡s ♦rt♦❣♦♥❛✐s ❡♠



✺✳ ❆✉t♦♠❛çã♦ ❡ ❈♦♥tr♦❧❡ ❞❡ ✉♠ ❊①♣❡r✐♠❡♥t♦ ❞❡ ❚♦♠♦❣r❛✜❛ ✹✺

❞✐❢❡r❡♥t❡s ❛❧t✉r❛s✳ ❆ ✜❣✉r❛ ✺✳✻ ♠♦str❛ ❛s ✸ ✈✐st❛s ♣♦ssí✈❡✐s ❞❛ r❡❝♦♥str✉çã♦ ❞❡ ✉♠ ✐♥s❡t♦✳

❋✐❣✉r❛ ✺✳✻✿ ❱✐s✉❛❧✐③❛çã♦ ❞♦s ❝♦rt❡s ❧❛t❡r❛✐s ❞❡ ✉♠ ✐♥s❡t♦✳

✺✳✺ ❘❡♥❞❡r✐③❛çã♦ ❙ó❧✐❞❛

P♦❞❡♠♦s s✐♠✉❧❛r ❝♦♠♦ ✉♠ ♦❜❥❡t♦ ✐r✐❛ ♣❛r❡❝❡r ❡♠ três ❞✐♠❡♥sõ❡s ❞❡✜♥✐♥❞♦ ✉♠ ❝♦rt❡ ♣❛r❛

❛ ✐♥t❡♥s✐❞❛❞❡ ♠á①✐♠❛ ❡ s✐♠✉❧❛♥❞♦ ❝♦♠♦ s❡r✐❛ ♦ ♦❜❥❡t♦ ❢♦r♠❛❞♦ ♣♦r ❛q✉❡❧❡s ✈♦①❡❧s ✭♣✐①❡❧s

tr✐❞✐♠❡♥s✐♦♥❛✐s✮✳ ❊♥tã♦✱ ✉♠ ♠♦❞❡❧♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ♣♦❞❡ s❡r ❝♦♥str✉í❞♦ s❛❜❡♥❞♦ ♦♥❞❡ ❡stã♦ ❛s

❜♦r❞❛s ❞❛ ❛♠♦str❛✳ ❆ ✜❣✉r❛ ✺✳✼ ♠♦str❛ ❛ r❡♥❞❡r✐③❛çã♦ só❧✐❞❛ ❞❡ ✉♠ ✐♥s❡t♦✱ ❡✈✐❞❡♥❝✐❛♥❞♦ ❛

❢♦r♠❛ ❡①t❡r♥❛✳

P❛r❛ ✉♠ ❡st✉❞♦ ♠❡❧❤♦r✱ ♣♦❞❡✲s❡ r❡❝♦♥str✉✐r ✈ár✐♦s ♦❜❥❡t♦s ❝♦♠ ❞✐❢❡r❡♥t❡s ❝♦rt❡s ♥❛ ✐♥t❡♥✲

s✐❞❛❞❡s ♠á①✐♠❛s ♣❛r❛ ✈❡r✐✜❝❛çã♦ ♠♦r❢♦❧ó❣✐❝❛ ❞❡ ❞✐❢❡r❡♥t❡s ❡str✉t✉r❛s ❞♦ ♦❜❥❡t♦✳ ➱ ✐♠♣♦rt❛♥t❡

r❡ss❛❧t❛r q✉❡ ❡st❡ ♠ét♦❞♦ ♥ã♦ ♣❡r♠✐t❡ ❛ ✈✐s✉❛❧✐③❛çã♦ ❞❛s ❡str✉t✉r❛s ✐♥t❡r♥❛s ♣♦✐s ❞❡♣❡♥❞❡ ❞❡

❝♦r❡s só❧✐❞❛s ♣❛r❛ ❛ r❡❝♦♥str✉çã♦✳



✹✻ ✺✳✺ ❘❡♥❞❡r✐③❛çã♦ ❙ó❧✐❞❛

❋✐❣✉r❛ ✺✳✼✿ ❘❡❝♦♥str✉çã♦ ✈♦❧✉♠étr✐❝❛ só❧✐❞❛ ❞❡ ✉♠ ✐♥s❡t♦✳

✺✳✺✳✶ ❘❡♥❞❡r✐③❛çã♦ ❚r❛♥s❧ú❝✐❞❛

P❛r❛ ❝♦♥t♦r♥❛r ♦ ♣r♦❜❧❡♠❛ ❞❡ ✈✐s✉❛❧✐③❛çã♦ ❞❡ ❡str✉t✉r❛s ✐♥t❡r♥❛s q✉❡ ❡①✐st❡ ♥❛ r❡♥❞❡r✐③❛çã♦

tr✐❞✐♠❡♥s✐♦♥❛❧ só❧✐❞❛✱ ♣♦❞❡♠♦s ❞❡✜♥✐r ✉♠❛ ❝♦r ❡ ✉♠ ✈❛❧♦r ❞❡ ♦♣❛❝✐❞❛❞❡ ♣❛r❛ ❝❛❞❛ ✈❛❧♦r ❞❡

✐♥t❡♥s✐❞❛❞❡ ❞❛ ✐♠❛❣❡♠ tr✐❞✐♠❡♥s✐♦♥❛❧✳ ❉❡ss❡ ♠♦❞♦✱ ♣♦❞❡♠♦s s✐♠✉❧❛r ♦ ♦❜❥❡t♦ ❞♦ ♣♦♥t♦ ❞❡

✈✐st❛ ❞❡ ✉♠ ♦❜s❡r✈❛❞♦r ✐♠❛❣✐♥ár✐♦✳ P♦r ❡①❡♠♣❧♦✱ ♣♦❞❡✲s❡ ♠♦str❛r ♦ ❡①♦❡sq✉❡❧❡t♦ ❞❡ ✉♠ ✐♥s❡t♦

s❡♠✐tr❛♥s♣❛r❡♥t❡ ❡ s✉❛s ❞✐❢❡r❡♥t❡s ❡str✉t✉r❛s ✐♥t❡r♥❛s ❝♦♠ ❞✐❢❡r❡♥t❡s ❝♦r❡s ❡ ♦♣❛❝✐❞❛❞❡s✳ ❆

✜❣✉r❛ ✺✳✽ ♠♦str❛ ❛ r❡♥❞❡r✐③❛çã♦ tr❛♥s❧ú❝✐❞❛ ❞❡ ✉♠ ✐♥s❡t♦✱ ❡✈✐❞❡♥❝✐❛♥❞♦ ❛s ❡str✉t✉r❛s ✐♥t❡r♥❛s✳

❋✐❣✉r❛ ✺✳✽✿ ❘❡❝♦♥str✉çã♦ ✈♦❧✉♠étr✐❝❛ tr❛♥s❧ú❝✐❞❛ ❞❡ ✉♠ ✐♥s❡t♦✳



6
❘❡s✉❧t❛❞♦s

❊st❡ ❝❛♣ít✉❧♦ ✈❛✐ ❞❡♠♦♥str❛r ❛♣❧✐❝❛çõ❡s ♣rát✐❝❛s ❡ ♠❡❞✐❞❛s ♦❜t✐❞❛s ✉t✐❧✐③❛♥❞♦ ❛ ❡st❛çã♦

❡①♣❡r✐♠❡♥t❛❧ ❞❡s❝r✐t❛ ♥♦ tr❛❜❛❧❤♦✳

✻✳✶ ❖❜❥❡t♦ ❞❡ ❋❛s❡ ❋r❛❝♦

P❛r❛ ❞❡♠♦♥str❛r ❛ ✈✐❛❜✐❧✐❞❛❞❡ ❞❛ ✉t✐❧✐③❛çã♦ ❞❛ ❡st❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ ♣❛r❛ t✐r❛r r❛❞✐♦❣r❛✲

✜❛s ❞❡ ♦❜❥❡t♦s ❞❡ ❢❛s❡ ❢r❛❝❛ ✭♠✉✐t♦ ♣♦✉❝♦ ❛❜s♦r✈❡♥t❡s✮✳ P❛r❛ ✐ss♦ ❢♦✐ ❡s❝♦❧❤✐❞♦ ✉♠❛ ❛♠♦str❛

q✉❡ ❝♦♥s✐st✐❛ ❡♠ ✈ár✐❛s ❢♦❧❤❛s ❞❡ ❑❛♣t♦♥✳ ❆ ✐♠❛❣❡♠ ✻✳✶ ♠♦str❛ ♦ ♠❡s♠♦ r❡s✉❧t❛❞♦ ❛♣ós ♦s

tr❛t❛♠❡♥t♦s ❞❡s❝r✐t♦s ♥❛ s❡çã♦ ✺✳✸✳ P❛r❛ q✉❡ ❢♦ss❡ ♦❜t✐❞♦ ❛❧❣✉♠ ❝♦♥tr❛st❡ ❢♦r❛♠ t✐r❛❞❛s ✷✵✵

❡①♣♦s✐çõ❡s ❞❛ ♠❡s♠❛ ✐♠❛❣❡♠ ❡ ✷✵ ❡①♣♦s✐çõ❡s ❞❛s ✐♠❛❣❡♥s ❞❡ ❢❡✐①❡ ❜r❛♥❝♦ ❡ r✉í❞♦✳

P❛r❛ ✈❡r✐✜❝❛r ❛ ♣r❡s❡♥ç❛ ❞❡ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡ ❢♦r❛♠ ❛❧✐♥❤❛❞♦s ❛❧❣✉♠❛s ❞❛s ❜♦r❞❛s ❝♦♠ ❛

✈❡rt✐❝❛❧ ❡ ❢❡✐t♦ ✉♠❛ ❛♠♣❧✐❛çã♦ q✉❡ ♣♦❞❡ s❡r ✈✐st♦ ♥♦s ❣rá✜❝♦s ❞❛s ✜❣✉r❛s ✻✳✷ ❡ ✻✳✸✳ ❆♣❡s❛r

❞❛ ❞✐❢❡r❡♥ç❛ ❞❡ ❝♦♥tr❛st❡ ❡♥tr❡ ♦ ♣r❡❡♥❝❤✐♠❡♥t♦ ❞❛s ✐♥t❡r❢❛❝❡s s❡r ❜❛✐①♦✳ ❆s ❜♦r❞❛s ❢♦r❛♠

r❡❛❧ç❛❞❛s ❞❡♠♦♥str❛♥❞♦ ❛ ♣r❡s❡♥ç❛ ❞♦ ❡❢❡✐t♦ ❞❡ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡ ♣♦r ♣r♦♣❛❣❛çã♦✳

✹✼



✹✽ ✻✳✷ ❆♣❧✐❝❛çã♦ ♥❛ ▼❡❞✐❝✐♥❛

❋✐❣✉r❛ ✻✳✶✿ ❆♠♦str❛ ❞❡ ❑❛♣t♦♥ ❛♥t❡s ❞♦ tr❛t❛♠❡♥t♦

❋✐❣✉r❛ ✻✳✷✿ ●rá✜❝♦ ❞❡ ❝♦♥tr❛st❡ ❞♦ ♥②❧♦♥ ♥❛ ✜❣✉r❛ ✻✳✶

❋✐❣✉r❛ ✻✳✸✿ ●rá✜❝♦ ❞❡ ❝♦♥tr❛st❡ ❞♦ ❦❛♣t♦♥ ♥❛ ✜❣✉r❛ ✻✳✶

✻✳✷ ❆♣❧✐❝❛çã♦ ♥❛ ▼❡❞✐❝✐♥❛

❆ ❛♣❧✐❝❛çã♦ ❞❡ r❛❞✐♦❣r❛✜❛s ❡ t♦♠♦❣r❛✜❛s ♥❛ ár❡❛ ♠é❞✐❝❛ t❛♠❜é♠ ❢♦✐ ✈❡r✐✜❝❛❞❛✳ ❆ ✐♠❛❣❡♠

✻✳✹ ♠♦str❛ ✉♠❛ ❞❛s ✼✷✶ r❛❞✐♦❣r❛✜❛s t✐r❛❞❛s ❞❛ ❝❛❜❡ç❛ ❞♦ ❢ê♠✉r ❞❡ ✉♠ ❝♦❡❧❤♦✳ ❆s ✐♠❛❣❡♥s

❢♦r❛♠ ♦❜t✐❞❛s ✉t✐❧✐③❛♥❞♦ ♦ ❞❡t❡❝t♦r ❞❡ ✷✵✹✽①✷✵✵✵ ♣✐①❡❧s ♣❛r❛ s❡ ♦❜t❡r ✉♠ ❝❛♠♣♦ ❞❡ ✈✐sã♦ ❣r❛♥❞❡



✻✳ ❘❡s✉❧t❛❞♦s ✹✾

♠❡s♠♦ ❛ ✉♠❛ ❧♦♥❣❛ ❞✐stâ♥❝✐❛✳ ❆ ❛♠♦str❛ ❡st❛✈❛ ❛ 15cm ❞❛ ❢♦♥t❡✱ ❡♥q✉❛♥t♦ ♦ ❞❡t❡❝t♦r ❡st❛✈❛

❛ 120cm✳ ❊ss❛s ❞✐stâ♥❝✐❛s ❞❡r❛♠ ❛♦ ❡①♣❡r✐♠❡♥t♦ ✉♠ t❛♠❛♥❤♦ ❞❡ ♣✐①❡❧ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡

7µm✳ ❆ ✜❣✉r❛ ✻✳✺ ♠♦str❛ ✉♠❛ ✈✐st❛ ❞❡ ❝♦rt❡ s❛❣✐t❛❧ ♦❜t✐❞❛ ❛♣ós ❛ r❡❝♦♥str✉çã♦ t♦♠♦❣rá✜❝❛

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

r❡❝♦♥str✉í❞❛✱ ❛ ❞❡✜♥✐çã♦ ❛✐♥❞❛ ✜❝♦✉ ♠✉✐t♦ ❞✐❢✉s❛ ❞❡✈✐❞♦ ❛♦ ♣ré tr❛t❛♠❡♥t♦ ♥❛s ✐♠❛❣❡♥s ❡

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

❋✐❣✉r❛ ✻✳✹✿ ■♠❛❣❡♠ ♣♦r ❝♦♥tr❛st❡ ❞❡ ❢❛s❡

❞❡ ✉♠ ❋ê♠✉r ❞❡ ❈♦❡❧❤♦ ♦❜t✐❞❛ ♥♦ ▲❈❆❘❳

✲ ■❋●❲

❋✐❣✉r❛ ✻✳✺✿ ❘❡❝♦♥str✉çã♦ ❚♦♠♦❣rá✜❝❛ ♣♦r

❝♦♥tr❛st❡ ❞❡ ❢❛s❡ ❞❡ ✉♠ ❋ê♠✉r ❞❡ ❈♦❡❧❤♦

♦❜t✐❞❛ ♥♦ ▲❈❆❘❳ ✲ ■❋●❲

✻✳✸ ❆♣❧✐❝❛çã♦ ❡♠ ❊♥t♦♠♦❧♦❣✐❛

❖✉tr♦ ❡①❡♠♣❧♦ ♣❛r❛ ❞❡♠♦♥str❛r ❛s ❝❛♣❛❝✐❞❛❞❡s ❞❛ ❡st❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ é ❛ ✈✐s✉❛❧✐③❛çã♦

tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❡ ✐♥s❡t♦s✳ ❖ ❡①♣❡r✐♠❡♥t♦ ❢♦✐ ❢❡✐t♦ ❝♦♠ ✉♠❛ ✈♦❧t❛❣❡♠ ❞❡ 40kV ❡ ❛♠♣❡r❛❣❡♠

❞❡ 200µA✱ ❛s ❞✐stâ♥❝✐❛s ♦❜❥❡t♦✲❢♦♥t❡ ❡ ♦❜❥❡t♦✲❞❡t❡❝t♦r ❡r❛♠ ❞❡ 34cm ❡ 195cm✳ ❋♦✐ ✉s❛❞♦

♦ ❞❡t❡❝t♦r ❘❛❞✲■❝♦♥ ❍❘ r❡s✉❧t❛♥❞♦ ❡♠ ✉♠ ♣✐①❡❧ ❛♣❛r❡♥t❡ ❞❡ 3, 9µm ♥❛ ❛♠♦str❛✳ P❛r❛ ❛

r❡❝♦♥str✉çã♦ t♦♠♦❣rá✜❝❛ ❢♦r❛♠ t✐r❛❞❛s ✼✷✵ ✐♠❛❣❡♥s ❝♦♠ ✉♠❛ ❞✐❢❡r❡♥ç❛ ❛♥❣✉❧❛r ❞❡ 0, 5♦✳

❆ ✜❣✉r❛ ✻✳✻ é ✉♠❛ ❞❛s ✼✷✵ r❛❞✐♦❣r❛✜❛s ✉t✐❧✐③❛❞❛s ♣❛r❛ r❡❝♦♥str✉✐r tr✐❞✐♠❡♥s✐♦♥❛❧♠❡♥t❡ ♦

✐♥s❡t♦✳ ❆ ✜❣✉r❛ ✻✳✼ ♠♦str❛ ✉♠❛ r❡♥❞❡r✐③❛çã♦ só❧✐❞❛ ❞♦ ✐♥s❡t♦✱ ❡♥q✉❛♥t♦ ❛ ✜❣✉r❛ ✻✳✽ ♠♦str❛ ❛

♠❡s♠❛ r❡❝♦♥str✉çã♦ ❝♦♠ ✉♠❛ r❡♥❞❡r✐③❛çã♦ tr❛♥s❧ú❝✐❞❛ ✭s❡çã♦ ✺✳✺✳✶✮✳

P❛r❛ ♠♦str❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❛s ✐♠❛❣❡♥s ♦❜t✐❞❛s ❝♦♠ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡ ❢♦✐ ❢❡✐t♦ ✉♠ ❝♦♥❥✉♥t♦

❞❡ r❛❞✐♦❣r❛✜❛s ❡♠ ❛❧t❛ r❡s♦❧✉çã♦ ❞❡ ✉♠❛ ❢♦r♠✐❣❛✳ ❉❡✈✐❞♦ ❛♦ t❛♠❛♥❤♦ ❞♦ ♦❜❥❡t♦ ❡st✉❞❛❞♦ ❢♦✐

♥❡❝❡ssár✐♦ ❛❧✐♥❤❛r ❝♦♠ ♠✉✐t❛ ♣r❡❝✐sã♦ ♦ ❝❡♥tr♦ ❞♦ ❞❡t❡❝t♦r ❛♦ ❝❡♥tr♦ ❞❡ r♦t❛çã♦✳ ❆s ❞✐stâ♥❝✐❛s

❞❡r❛♠ ♦r✐❣❡♠ ❛ ✉♠ ♣✐①❡❧ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 13µm ♥❛ r❡❝♦♥str✉çã♦ ✜♥❛❧✳ P❛r❛ ❛✉♠❡♥t❛r



✺✵ ✻✳✸ ❆♣❧✐❝❛çã♦ ❡♠ ❊♥t♦♠♦❧♦❣✐❛

❋✐❣✉r❛ ✻✳✻✿ ❘❛❞✐♦❣r❛✜❛ ✉♠❛ ✁▼❛r✐❛✲❋❡❞✐❞❛✁✭◆❡③❛r❛ ✈✐r✐❞✉❧❛✮ ▼♦str❛♥❞♦ ❝❧❛r❛♠❡♥t❡ ❛ ♣r❡✲

s❡♥ç❛ ❞❡ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡✳

❋✐❣✉r❛ ✻✳✼✿ ❘❡♥❞❡r✐③❛çã♦ só❧✐❞❛ ❞❛ r❡❝♦♥str✉çã♦ ❞❡ ✉♠❛ ✁▼❛r✐❛✲❋❡❞✐❞❛✁✭◆❡③❛r❛ ✈✐r✐❞✉❧❛✮

♦ ❝♦♥tr❛st❡ ❡♥tr❡ ❛s ❡str✉t✉r❛s ❞❛ ❢♦r♠✐❣❛✱ ❢♦✐ ✉t✐❧✐③❛❞❛ ✉♠❛ ❡♥❡r❣✐❛ ♠á①✐♠❛ ❞❡ 40KeV ✳ ❆s

✜❣✉r❛s ✻✳✾ ❡ ✻✳✶✵ ♠♦str❛s ❛ r❡♥❞❡r✐③❛çã♦ tr❛♥s❧ú❝✐❞❛ ❞❛ t♦♠♦❣r❛✜❛s✱ ❡✈✐❞❡♥❝✐❛♥❞♦ ❛ ♣r❡s❡♥ç❛



✻✳ ❘❡s✉❧t❛❞♦s ✺✶

❋✐❣✉r❛ ✻✳✽✿ ❱✐s✉❛❧✐③❛çã♦ ❞❛s ❡str✉t✉r❛s ✐♥t❡r♥❛s ❞❡ ✉♠❛ ✁▼❛r✐❛✲❋❡❞✐❞❛✁✭◆❡③❛r❛ ✈✐r✐❞✉❧❛✮

❞❛s ❡str✉t✉r❛s r❡s♣✐r❛tór✐❛ ❡ ❡①❝r❡t♦r❛✳

❋✐❣✉r❛ ✻✳✾✿ ❘❡♥❞❡r✐③❛çã♦ ❞❛ r❡❝♦♥str✉çã♦

t♦♠♦❣rá✜❝❛ ❞❡ ✉♠❛ ❢♦r♠✐❣❛✱ ♠♦str❛♥❞♦ ♦

s✐st❡♠❛ r❡s♣✐r❛tór✐♦✳

❋✐❣✉r❛ ✻✳✶✵✿ ❘❡♥❞❡r✐③❛çã♦ ❞❛ r❡❝♦♥str✉çã♦

t♦♠♦❣rá✜❝❛ ❞❡ ✉♠❛ ❢♦r♠✐❣❛✱ ♠♦str❛♥❞♦ ♦

s✐st❡♠❛ ❡①❝r❡t♦r✳

✻✳✹ ❆♣❧✐❝❛çã♦ ❡♠ P❛❧❡♦♥t♦❧♦❣✐❛

❯♠❛ ❞❛s ❛♣❧✐❝❛çõ❡s ❡♠ t♦♠♦❣r❛✜❛s ♣♦r r❛✐♦s✲❳ é ❛ ❛♥á❧✐s❡ ♥ã♦ ❞❡str✉t✐✈❛ ❞❡ ♦❜❥❡t♦s✳ ■ss♦

s❡ t♦r♥❛ ❡✈✐❞❡♥t❡ q✉❛♥❞♦ ♥ã♦ s❡ ♣♦❞❡ ❞❛♥✐✜❝❛r ❛ ❛♠♦str❛ ❞❡✈✐❞♦ ❛ s✉❛ ❝♦♠♣❧❡①✐❞❛❞❡ ♦✉ ✈❛❧♦r

❤✐stór✐❝♦ ❡ ♠♦♥❡tár✐♦✳ ◆♦ ❡st✉❞♦ ❞❛ ♣❛❧❡♦♥t♦❧♦❣✐❛✱ ♣♦❞❡♠♦s ♦❜t❡r ✐♥❢♦r♠❛çã♦ s♦❜r❡ ❛ ♠♦r❢♦❧♦❣✐❛

❞❡ ♦❜❥❡t♦s ❝♦♠♦ ❛ r❛❞✐♦❣r❛✜❛ ❞❡ ✉♠ ✐♥s❡t♦ ♣r❡s♦ ❡♠ â♠❜❛r ♥❛ ✜❣✉r❛ ✻✳✶✶ ❡ ✈✐s✉❛❧✐③❛r ❛

r❡❝♦♥str✉çã♦ t♦♠♦❣rá✜❝❛ ♥❛ ✜❣✉r❛ ✻✳✶✷✳



✺✷ ✻✳✹ ❆♣❧✐❝❛çã♦ ❡♠ P❛❧❡♦♥t♦❧♦❣✐❛

❋✐❣✉r❛ ✻✳✶✶✿ ❘❛❞✐♦❣r❛✜❛ ❞❡ ✉♠ ✐♥s❡t♦ ♣r❡s♦ ♥♦ ➶♠❜❛r ✭❈❡❞✐❞♦ ♣❡❧❛ Pr♦❢✳ ❉r✳ ❋r❡s✐❛ ❘✐❝❛r❞✐✲

❇r❛♥❝♦ ❞♦ ■●✲❯◆■❈❆▼P✮

▼✉✐t❛s ✈❡③❡s✱ q✉❛♥❞♦ s❡ ❡st✉❞❛ ♦❜❥❡t♦s ❢♦ss✐❧✐③❛❞♦s✱ ♥ã♦ é ♣♦ssí✈❡❧ ✐❞❡♥t✐✜❝❛r ❞♦ q✉❡ ❡❧❡s s❡

tr❛t❛♠✳ ❆s ✐♠❛❣❡♥s ✻✳✶✸ ❡ ✻✳✶✹ ♠♦str❛♠ ❛ r❡❝♦♥str✉çã♦ só❧✐❞❛ ❡ tr❛♥s❧ú❝✐❞❛ ❞❡ ✉♠❛ s❡♠❡♥t❡

q✉❡ t✐♥❤❛✲s❡ ❞ú✈✐❞❛ s❡ ❡r❛ ✉♠❛ s❡♠❡♥t❡ ♦✉ ✉♠ ❞❡♥t❡ ❞❡ ❞✐♥♦ss❛✉r♦✳



✻✳ ❘❡s✉❧t❛❞♦s ✺✸

❋✐❣✉r❛ ✻✳✶✷✿ ❚♦♠♦❣r❛✜❛ ❞❡ ✉♠ ✐♥s❡t♦ ♣r❡s♦ ♥♦ ➶♠❜❛r ✭❈❡❞✐❞♦ ♣❡❧❛ Pr♦❢✳ ❉r✳ ❋r❡s✐❛ ❘✐❝❛r❞✐✲

❇r❛♥❝♦ ❞♦ ■●✲❯◆■❈❆▼P✮

❋✐❣✉r❛ ✻✳✶✸✿ ❚♦♠♦❣r❛✜❛ ❞❡ ✉♠❛ s❡✲

♠❡♥t❡✳ ✭❈❡❞✐❞♦ ♣❡❧❛ Pr♦❢✳ ❉r✳ ❋r❡s✐❛

❘✐❝❛r❞✐✲❇r❛♥❝♦ ❞♦ ■●✲❯◆■❈❆▼P✮

❋✐❣✉r❛ ✻✳✶✹✿ ❚♦♠♦❣r❛✜❛ ❞❡ ✉♠❛ s❡✲

♠❡♥t❡✳ ✭❈❡❞✐❞♦ ♣❡❧❛ Pr♦❢✳ ❉r✳ ❋r❡s✐❛

❘✐❝❛r❞✐✲❇r❛♥❝♦ ❞♦ ■●✲❯◆■❈❆▼P✮

✻✳✺ ❆♥á❧✐s❡ ❞❡ ❆ssí❞✉♦s ❆❣rí❝♦❧❛s

❖✉tr❛ ❛♣❧✐❝❛çã♦ ❞❛s ✐♠❛❣❡♥s ❞❡ r❛✐♦s✲❳ é ♦ ❡st✉❞♦ ❡ q✉❛♥t✐✜❝❛çã♦ ❞❛ q✉❛❧✐❞❛❞❡ ❞❡ ♣r♦❞✉✲

t♦s ❛❣rí❝♦❧❛s✱ ❝♦♠♦ s❡♠❡♥t❡s✱ ❢r✉t❛s✱ ♥♦③❡s✱ ❣rã♦s✱ ❡t❝✳ ❆s ✜❣✉r❛s ✻✳✶✺ ❡ ✻✳✶✻ ♠♦str❛♠ ❞✉❛s

✈✐s✉❛❧✐③❛çõ❡s ❞✐❢❡r❡♥t❡s ❞❛ r❡❝♦♥str✉çã♦ ❞❡ ✉♠❛ ❛♠♦r❛✳ ❈♦♠♣❛r❛♥❞♦ ❛s ❞✉❛s ✜❣✉r❛s ♣♦❞❡✲s❡

♦❜t❡r ✐♥❢♦r♠❛çã♦ s♦❜r❡ ❛ ♣r❡s❡♥ç❛ ❞❡ ♣❛r❛s✐t❛s ❡ ♦✉tr❛s ♣r❛❣❛s ✭❛♣❡s❛r ❞❡ ❡ss❡ ♥ã♦ s❡r ♦ ❝❛s♦



✺✹ ✻✳✻ ❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s ❊❧❡trô♥✐❝♦s ❡ ▼✐❝r♦❡❧❡trô♥✐❝♦s

❞❛ ❛♠♦r❛ ♠♦str❛❞❛✮✳

❋✐❣✉r❛ ✻✳✶✺✿ ❘❡❝♦♥str✉çã♦ ❚♦♠♦❣rá✲

✜❝❛ ❞❡ ✉♠❛ ❆♠♦r❛✳

❋✐❣✉r❛ ✻✳✶✻✿ ❘❡❝♦♥str✉çã♦ t♦♠♦❣rá✲

✜❝❛ ❞❡ ✉♠❛ ❛♠♦r❛✳

✻✳✻ ❆♥á❧✐s❡ ❞❡ ❈♦♠♣♦♥❡♥t❡s ❊❧❡trô♥✐❝♦s ❡ ▼✐❝r♦❡❧❡trô♥✐✲

❝♦s

➱ ♣♦ssí✈❡❧ ❛ ❛♣❧✐❝❛çã♦ ❞❛s ✐♠❛❣❡♥s ❞❡ r❛✐♦s✲❳ ♥❛ ❛♥á❧✐s❡ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❡❧❡trô♥✐❝♦s✳ ❆

✜❣✉r❛ ✻✳✶✼ ♠♦str❛ ❛ ♣❛rt❡ ✐♥t❡r♥❛ ❞❡ ✉♠ ❝❛♣❛❝✐t♦r ❞❡ ❡st❛❞♦ só❧✐❞♦ ❡ ❛ ✜❣✉r❛ ✻✳✶✽ ♠♦str❛ ❛

♣❛rt❡ ♠❡tá❧✐❝❛ ❞❡ ✉♠ ❝✐r❝✉✐t♦ ✐♠♣r❡ss♦✳ P♦❞❡✲s❡ ✈❡r✐✜❝❛r ❛ ♣r❡s❡♥ç❛ ❞❡ s♦❧❞❛s ❢r✐❛s ❡ ♦✉tr♦s

♣r♦❜❧❡♠❛s✳

❋✐❣✉r❛ ✻✳✶✼✿ ❘❡❝♦♥str✉çã♦

tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❡ ✉♠ ❝❛♣❛✲

❝✐t♦r ❝♦♠✉♠✳

❋✐❣✉r❛ ✻✳✶✽✿ ❘❡❝♦♥str✉çã♦

t♦♠♦❣rá✜❝❛ ❞❡ ✉♠ ❝✐r❝✉✐t♦

✐♥t❡❣r❛❞♦
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❈♦♥❝❧✉sõ❡s

❖ tr❛❜❛❧❤♦ ♠♦str♦✉ q✉❡ é ♣♦ssí✈❡❧ s❡ ♦❜t❡r r❛❞✐♦❣r❛✜❛s ❡ t♦♠♦❣r❛✜❛s ❝♦♠ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡

✉t✐❧✐③❛♥❞♦ ✉♠ ❡①♣❡r✐♠❡♥t♦ ❞❡ ❜❛♥❝❛❞❛ ❝♦♥✈❡♥❝✐♦♥❛❧✳ P❛r❛ ✐ss♦ ❢♦r❛♠ ✐♥tr♦❞✉③✐❞❛s ❛s ❝❛r❛❝✲

t❡ríst✐❝❛s q✉❡ ❞❡✜♥❡♠ ❛ q✉❛❧✐❞❛❞❡ ❞❡ ✉♠❛ ✐♠❛❣❡♠ ❞❡ r❛✐♦s✲❳ ❡ ❝♦♠♦ ♦ ❛rr❛♥❥♦ ❡①♣❡r✐♠❡♥t❛❧

❛❢❡t❛ ❡ss❛s ❝❛r❛❝t❡ríst✐❝❛s✳ ❋♦✐ ❢❡✐t❛ ✉♠❛ r❡✈✐sã♦ s♦❜r❡ ❛ ✐♥t❡r❛çã♦ ❞♦s r❛✐♦s✲❳ ❝♦♠ ❛ ♠❛tér✐❛ ❡

❛ ❢♦r♠❛çã♦ ❞❡ ✐♠❛❣❡♥s ❞❡ r❛✐♦✲❳ ❝♦♠ ❢♦♥t❡s ❝♦♥✈❡♥❝✐♦♥❛✐s✳ ❋♦r❛♠ ✐♥tr♦❞✉③✐❞❛s ❛s ❝❛r❛❝t❡rís✲

t✐❝❛s ❞❡ ❝♦❡rê♥❝✐❛ ❞❡ ✉♠❛ ♦♥❞❛ ❡ r❡✈✐s❛❞❛ ❛ ❢♦r♠❛çã♦ ❞❡ ✐♠❛❣❡♥s ❝♦❡r❡♥t❡s q✉❡ ❞ã♦ ♦r✐❣❡♠ ❛♦

♠ét♦❞♦ ❞❡ ❝♦♥tr❛st❡ ❞❡ ❢❛s❡ ♣♦r ♣r♦♣❛❣❛çã♦ q✉❡ é ♦ t❡♠❛ ❞♦ tr❛❜❛❧❤♦✳

❋♦✐ ❞❡s❝r✐t❛ ❛ ♠♦♥t❛❣❡♠ ❡ ✐♥t❡❣r❛çã♦ ❞❡ ✉♠ ❡①♣❡r✐♠❡♥t♦ ♣❛r❛ s❡ ♦❜t❡r t♦♠♦❣r❛✜❛s ❝♦♠

❝♦♥tr❛st❡ ❞❡ ❢❛s❡ ♣♦r ♣r♦♣❛❣❛çã♦✳ ❋♦r❛♠ ✐♥tr♦❞✉③✐❞♦s ♦s ❡q✉✐♣❛♠❡♥t♦s ✉t✐❧✐③❛❞♦s ❡ ♦s ❝♦♥❝❡✐t♦s

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

❝♦♠♦ ✐♥t❡❣r❛r ✉♠ ❞❡t❡❝t♦r ❞❡ ár❡❛ ❝♦♠❡r❝✐❛❧ ❘❛❞✲■❝♦♥ ❝♦♠ ♦ s♦❢t✇❛r❡ ❞❡ ❝♦♥tr♦❧❡ ❊P■❈❙✱ ❡ss❛

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

P❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❡ ♣r♦❥❡t♦ ❢♦✐ ♥❡❝❡ssár✐❛ ❛ r❡❞❛♣á ❞♦s ♣r♦❝❡❞✐♠❡♥t♦s ❞❡ ✐♥st❛❧ã♦

❞♦ s♦❢t✇❛r❡ ❊P■❈❙ ❡ ♣r♦❝❡❞✐♠❡♥t♦s ♦♣❡r❛❝✐♦♥❛✐s ♣❛❛ ❝♦♥tr♦❧❡ ❞❡ s❡✉s ♣r✐♥❝✐♣❛✐s ♠ó❞✉❧♦s✳

P❛r❛ ❞❡♠♦♥str❛r ❛s ❝❛♣❛❝✐❞❛❞❡s ❞♦ ❡①♣❡r✐♠❡♥t♦ ❞❡ t♦♠♦❣r❛✜❛ ❢♦r❛♠ ♠♦str❛❞♦s r❡s✉❧t❛❞♦s

❞❡ ♣❤❛♥t♦♠s ❡ ❛♣❧✐❝❛çõ❡s ♥❛ ár❡❛ ♠é❞✐❝❛✱ ♣❛❧❡♦♥t♦❧♦❣✐❛✱ ❛❧✐♠❡♥tí❝✐❛✱ ❝✐ê♥❝✐❛ ❞♦s ♠❛t❡r✐❛s ❡

♠✐❝r♦❡❧❡trô♥✐❝❛✳

P❛r❛ ❛ ❝♦♥t✐♥✉✐❞❛❞❡ ❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡st❡ ♣r♦❥❡t♦ ❡stá ♣r❡✈✐st❛ ❛ ❝♦♥str✉çã♦ ❞❡ ✉♠❛

♥♦✈❛ ❡st❛çã♦ ❡①♣❡r✐♠❡♥t❛❧ q✉❡ ✈❛✐ ❝♦♥s✐st✐r ❞❡ ✉♠❛ ♠❡s❛ ót✐❝❛✱ tr✐❧❤♦s ❡ t♦❞❛s ❛s tr❛♥s❧❛çõ❡s ❡

✺✺



✺✻
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