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❙♦♠❡ ♦❢ t❤❡ ♠❛t❡r✐❛❧ ✐♥❝❧✉❞❡❞ ✐♥ t❤✐s ❞♦❝✉♠❡♥t ❤❛s ❜❡❡♥ ❛❧r❡❛❞② ♣✉❜❧✐s❤❡❞ ✐♥ t❤❡
▼♦♥t❤❧② ◆♦t✐❝❡s ♦❢ t❤❡ ❘♦②❛❧ ❆str♦♥♦♠✐❝❛❧ ❙♦❝✐❡t②✿ ▲❡tt❡rs✱ Pr♦❝❡❡❞✐♥❣s ♦❢ ❙P■❊ ❛♥❞
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❆ ❧❛ ♠❡♠♦r✐❛ ❞❡ ♠✐ ♣❛❞r❡❞✱ q✉❡ ♠❡ ❡♥s❡ñó q✉❡ ❧❛ ❝✉r✐♦s✐❞❛❞✱ ❧❛ ❢❛♥t❛sí❛ ② ❧❛
❡①♣❡r✐♠❡♥t❛❝✐ó♥ s♦♥ ❡❧ ❝❛♠✐♥♦ ❛❧ ❝♦♥♦❝✐♠✐❡♥t♦✳ ❉❡ é❧ ❛♣r❡♥❞í q✉❡ ♥♦ ❤❛② q✉❡ ❤❛❝❡r
❧❛s ❝♦s❛s ❞❡♣r✐s❛✱ s✐♥♦ q✉❡ ❧♦ q✉❡ ✉♥♦ ❤❛❝❡ ❤❛ ❞❡ ❤❛❝❡r❧♦ ❜✐❡♥ ② ♣♦❞❡r s❡♥t✐rs❡ ♦r❣✉❧❧♦s♦
❞❡ ❡❧❧♦✳ ✖ ✓◆♦ ❤❛② q✉❡ s❡r ❡❧ ♣r✐♠❡r♦✱ s✐♥♦ ❡❧ ♠❡❥♦r✔✳ ❨ ❝♦♥ é❧✱ ❛ ♠✐ ♠❛❞r❡✱ q✉✐❡♥
s✐❡♠♣r❡ ❤❛ ❝r❡í❞♦ ❡♥ ♠í✳

❆ ♠✐ ♠✉❥❡r✱ ▼❛rí❛✱ ② ❛ ♠✐s ❤✐❥♦s ■❛❣♦ ② ❆❧❡✱ q✉✐❡♥❡s ♠❡ ❤❛♥ ♣❡r♠✐t✐❞♦ s✐❡♠♣r❡
❤❛❝❡r ❧♦ q✉❡ ♠❡ ❣✉st❛✳ ▼❛rí❛ ❤❛ r❡♥✉♥❝✐❛❞♦ ❛ ♣❛rt❡ ❞❡ s✉s ✐❧✉s✐♦♥❡s ♣♦r ❡♠♣✉❥❛r ❛
q✉❡ ❧❛s ♠í❛s ♣✉❞✐❡r❛♥ s❛❧✐r ❛ ✢♦t❡✳

◗✉✐s✐❡r❛ ❞❡❞✐❝❛r ❡st❡ tr❛❜❛❥♦ ❞❡ t❡s✐s ❛ t♦❞❛s ❛q✉❡❧❧❛s ♣❡rs♦♥❛s q✉❡✱ ❞❡ ❛❧❣✉♥❛
♠❛♥❡r❛✱ ♠❡ ❛♣♦②❛r♦♥ ❡♥ ❡st❡ ❝❛♠✐♥♦✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❛ ♠✐s ❞✐r❡❝t♦r❡s q✉❡ ❤❛♥
❝♦♥✈❡rt✐❞♦ ❡♥ s✉ ❡♠♣❡ñ♦ ❡❧ q✉❡ ❡s❝r✐❜❛ ❡st❡ tr❛❜❛❥♦✳

❆ ♠✐s ❛♠✐❣♦s✱ ❝♦♠♣❛ñ❡r♦s ② t♦❞♦s ❧♦s q✉❡ ❤❛♥ ❝♦♠♣❛rt✐❞♦ ♠✐ ❝❛♠✐♥♦ ② ♠✐
tr❛❜❛❥♦ ❤❛st❛ ❧❧❡❣❛r ❛q✉í ②✱ ❛❢♦rt✉♥❛❞❛♠❡♥t❡✱ ❛ ♠✉❝❤♦s ♦tr♦s ❝♦♥ ❧♦s q✉❡ ♣✉❡❞♦
❝♦♥t❛r✱ q✉❡ s✐❡♠♣r❡ ❤❛♥ ❡st❛❞♦ ❛❤í ♣❛r❛ ❝♦♠♣❛rt✐r ❝❛❞❛ ❡①♣❡r✐❡♥❝✐❛ ❞❡ ♥✉❡str❛ ✈✐❞❛
❝♦♥ ✉♥❛ s♦♥r✐s❛ ♦ ✉♥❛ ❜✉❡♥❛ ❞✐s❝✉s✐ó♥✳

❆ ❈❛r❧♦s❞✱ ❈❤✐q✉✐❞ ② P❛❝♦❝♦❞

✖ ❘♦❜❡rt♦ ▲ó♣❡③
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Pr❡❢❛❝✐♦

▲❛ ♦❜s❡r✈❛❝✐ó♥ ❛str♦♥ó♠✐❝❛ ♣r♦❜❛❜❧❡♠❡♥t❡ ❡♠♣❡③ó ❡♥ é♣♦❝❛s ♣r❡❤✐stór✐❝❛s ❝♦♠♦
♠❡r❛s ♣r❡❣✉♥t❛s ♦ ❝✉r✐♦s✐❞❛❞ s♦❜r❡ ❧♦s ♣✉♥t♦s ❞❡ ❧✉③ q✉❡ ❛♣❛r❡❝í❛♥ ❡♥ ❛q✉❡❧❧❛s ❧✐♠♣✐❛s
② ♦s❝✉r❛s ♥♦❝❤❡s✳

▲❛ ▲✉♥❛ ❞❡❜✐ó ❞❡ s❡r ❡❧ ♣r✐♠❡r ❡s♣❡❝tá❝✉❧♦ q✉❡ ❛♣r❡♥❞❡rí❛♠♦s ❛ s❡❣✉✐r ② ❛ ❝♦♥tr♦✲
❧❛r✱ ❛❧ ❞❛r♥♦s ❝✉❡♥t❛ ❞❡ s✉ ♣❡r✐♦❞✐❝✐❞❛❞✿ ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❢❛s❡✱ ❧❛ ✐♠❛❣❡♥ q✉❡ s✐❡♠♣r❡
♠✉❡str❛✱ ❡❧ ♠♦✈✐♠✐❡♥t♦ ❞✐❛r✐♦ ② ❡❧ ♣r♦❣r❡s✐✈♦ ❡st❛❝✐♦♥❛❧ ❞❡❧ ❝❛♠♣♦ ❞❡ ❡str❡❧❧❛s❀ s✉
r❡♣❡t✐❝✐ó♥ ❛♥✉❛❧ ♣❛s❛rí❛ ❛ ♠❛r❝❛r ❧❛ ✈✐❞❛ ❞❡ ♥✉❡str♦s ❛♥❝❡str♦s✳ ▲♦s ♣❧❛♥❡t❛s ♠ás
❜r✐❧❧❛♥t❡s ✕❱❡♥✉s✱ ▼❛rt❡✱ ❏ú♣✐t❡r ② ❙❛t✉r♥♦✕ s❡rí❛♥✱ s✐♥ ❧✉❣❛r ❛ ❞✉❞❛s✱ ❧♦s s✐❣✉✐❡♥t❡s
❢❡♥ó♠❡♥♦s ♦❜s❡r✈❛❞♦s q✉❡ r♦♠♣í❛♥ ❧❛ ✐♥♠♦✈✐❧✐❞❛❞ ❞❡❧ ❢♦♥❞♦✳

❊♥ ❧❛s ✓♦s❝✉r❛s ♥♦❝❤❡s ❡str❡❧❧❛❞❛s✔ ♣r♦❜❛❜❧❡♠❡♥t❡ ❛❧❣✉✐❡♥ ♣✉❞♦ ❧❧❡❣❛r ❛ ❞❛rs❡
❝✉❡♥t❛ ❞❡ ❝✐❡rt♦s t✐t✐❧❡♦s ❞❡ ❛❧❣✉♥♦s ♣✉♥t♦s✱ ✐♥❝❧✉s♦ ❞❡ ❧❛s ✈❛r✐❛❝✐♦♥❡s ❞❡ ❧✉③✱ ❝♦❧♦r
② ❢♦r♠❛ q✉❡ ♠♦str❛❜❛♥ ❝✉❛♥❞♦ ❡st❛❜❛♥ ♠ás ❝❡r❝❛ ❞❡❧ ❤♦r✐③♦♥t❡✳ P❡r♦ ❤❛st❛ ❡❧ ❘❡✲
♥❛❝✐♠✐❡♥t♦ ♥♦ ❞❡s❝✉❜r✐♠♦s q✉❡✱ ❛❧ ✉s❛r ✐♥str✉♠❡♥t♦s q✉❡ ♥♦s ♣❡r♠✐tí❛♥ ❧❧❡❣❛r ♠ás
♣r♦❢✉♥❞♦ ✭♦❜❥❡t♦s ♠ás ❞é❜✐❧❡s✮✱ ❛❧❣✉♥♦s ❞❡ ❧♦s ♣✉♥t♦s ♠ás ❣r❛♥❞❡s ② ❜r✐❧❧❛♥t❡s ❜❛✐✲
❧❛❜❛♥ ② s❡ ❞❡❢♦r♠❛❜❛♥✳ ▲♦s ✐♥str✉♠❡♥t♦s✱ ❝♦♥ ❧❡♥t❡s ❣r❛♥❞❡s✱ r♦♠♣✐❡r♦♥ ❡❧ ❧í♠✐t❡ ❞❡
❞✐❢r❛❝❝✐ó♥ q✉❡ t❡♥í❛♥ ♥✉❡str♦s ♦❥♦s✳

❉❡s❞❡ ❡♥t♦♥❝❡s ❜✉s❝❛♠♦s ❝♦❧❡❝t♦r❡s ❞❡ ❧✉③ ❝♦♥ ❝❛❞❛ ✈❡③ ♠❛②♦r ár❡❛✱ ② ❞❡s❞❡
❡♥t♦♥❝❡s ❝❛❞❛ ✈❡③ ♥♦s ❛♣❛rt❛♠♦s ♠ás ❞❡ ❧❛ ♠ás ❧í♠♣✐❞❛ ② ♣✉r❛ ♥✐t✐❞❡③ ❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡
❞✐❢r❛❝❝✐ó♥✱ q✉❡ s❡ ❤❛❝❡ ♠ás ♣❡q✉❡ñ❛ ❝♦♥❢♦r♠❡ ✈❛♥ ❛✉♠❡♥t❛♥❞♦ ❧♦s ❞✐á♠❡tr♦s✳ ❊♥ ❧♦s
ú❧t✐♠♦s t✐❡♠♣♦s s❡ ❤❛♥ ❞❡s❛rr♦❧❧❛❞♦ ❧❛s ❤❡rr❛♠✐❡♥t❛s ♣❛r❛ ❛❝❡r❝❛r♥♦s ❧♦ ♠ás ♣♦s✐❜❧❡ ❛❧
❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡ ❧♦s t❡❧❡s❝♦♣✐♦s ② ♣♦❞❡r ❛sí r❡s♦❧✈❡r ❧♦s ♠ás ❞é❜✐❧❡s ♦❜❥❡t♦s q✉❡
❡stá♥ ♣ró①✐♠♦s ❛ ♦tr♦s ♠ás ❜r✐❧❧❛♥t❡s✳ ▲❛s té❝♥✐❝❛s ❤❛❜✐t✉❛❧❡s ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛
✭❆❖✮ tr❛t❛♥ ❞❡ ❛❝♦♠♦❞❛r ❧❛ ✐♠❛❣❡♥ ❝♦❧❡❝t❛❞❛ ❛ ✉♥ ♠á①✐♠♦ ❞❡ ✐❧✉♠✐♥❛❝✐ó♥ ② ❛ ✉♥
♠í♥✐♠♦ ❞❡ ❞✐s♣❡rs✐ó♥ ♦ ❡s♣❛r❝✐♠✐❡♥t♦ ❞❡ ❧❛ ❧✉③✱ ❝♦♠♣❡♥s❛♥❞♦ ❧❛s ❞❡❢♦r♠❛❝✐♦♥❡s q✉❡
❧❛ ❛t♠ós❢❡r❛ ♣r♦❞✉❝❡ s♦❜r❡ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ q✉❡ ❧❛ ❛tr❛✈✐❡s❛ ② ❧❧❡✈❛ ❧❛ ✐♥❢♦r♠❛❝✐ó♥
❞❡❧ ♦❜❥❡t♦✳ ❊st❛s té❝♥✐❝❛s ♣❡r♠✐t❡♥ ❝♦rr❡❣✐r ❧❛ ❛t♠ós❢❡r❛ ❡♥ t♦r♥♦ ❛ ✉♥ ♣✉♥t♦ ✉ ♦❜❥❡t♦
❞❡ r❡❢❡r❡♥❝✐❛ q✉❡ ❛❜❛r❝❛ ✉♥ ❝❛♠♣♦ ❞❡ ♠✉② ♣♦❝♦s s❡❣✉♥❞♦s ❞❡ ❛r❝♦✱ q✉❡ ❧❧❛♠❛♠♦s
á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦✳

❖tr♦s ❞❡s❛rr♦❧❧♦s s✉r❣✐❞♦s ú❧t✐♠❛♠❡♥t❡ tr❛t❛♥ ❞❡ ❛♣r♦✈❡❝❤❛r ❧❛ ❣r❛♥ ❡✜❝✐❡♥❝✐❛ ②
❡❧ ❛✉♠❡♥t♦ ❞❡ ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❡❝t✉r❛ ❞❡ ❧♦s ❞❡t❡❝t♦r❡s ♠❛♥t❡♥✐❡♥❞♦ ✉♥ ❜❛❥♦ ♥✐✈❡❧
❞❡ r✉✐❞♦✳ ❉❡ ♠♦❞♦ q✉❡✱ ❡♥ ❧✉❣❛r ❞❡ ❛❝✉♠✉❧❛r ❧♦s ❢♦t♦♥❡s ❞✉r❛♥t❡ ❧❛r❣♦s ♣❡r✐♦❞♦s ❞❡
t✐❡♠♣♦✱ ❛❝✉♠✉❧❛♥ ♠✉❝❤❛s ✐♠á❣❡♥❡s ❞❡ ♠✉② ❝♦rt❛ ❡①♣♦s✐❝✐ó♥ ♣❛r❛ ✐♥t❡♥t❛r q✉❡❞❛rs❡
❝♦♥ ✉♥❛ ❝♦♥❣❡❧❛❝✐ó♥ ❞❡❧ ♠í♥✐♠♦ ♥ú♠❡r♦ ❞❡ ❢r❡♥t❡s ❞❡ ♦♥❞❛ ✐♠♣r❡s❝✐♥❞✐❜❧❡ q✉❡ ♥♦ ❤❛✲
②❛♥ ✈❛r✐❛❞♦ s✉ ❢♦r♠❛ ❡♥tr❡ sí✳ ❊st❛ té❝♥✐❝❛ s❡ ❜❛s❛ ❡♥ ❡❧ ❛♥t❡❝❡❞❡♥t❡ ❞❡ ❧♦s ❝♦♥♦❝✐❞♦s
♠ét♦❞♦s ❞❡ s♣❡❝❦❧❡ ❡♥ ❧♦s q✉❡✱ ❝♦♥ ❝♦rt❛s ❡①♣♦s✐❝✐♦♥❡s✱ s❡ ♣♦❞í❛ ✐❞❡♥t✐✜❝❛r ❡♥ ❝❛❞❛
✉♥❛ ✈❛r✐❛s ✐♠á❣❡♥❡s ❞❡ ❞✐❢r❛❝❝✐ó♥ ♠✉② ❞é❜✐❧❡s✳ ❆❤♦r❛✱ ②❛ ❝♦♥ ❞❡t❡❝t♦r❡s ❞✐❣✐t❛❧❡s ②
♠✉❝❤♦ ♠ás s❡♥s✐❜❧❡s q✉❡ ❧❛s ❛♥t✐❣✉❛s ♣❡❧í❝✉❧❛s ❢♦t♦❣rá✜❝❛s✱ s❡ ♣✉❡❞❡ s❡❧❡❝❝✐♦♥❛r ❡❧
♠ás ❜r✐❧❧❛♥t❡ ❞❡ ❡♥tr❡ ❧♦s ♣♦❝♦s s♣❡❝❦❧❡s ❞❡ ❝❛❞❛ ✐♠❛❣❡♥ ② s✉♠❛r ❧❛s s✉❝❡s✐✈❛s ✐♠á✲
❣❡♥❡s✱ r❡❝❡♥trá♥❞♦❧❛s t♦❞❛s s♦❜r❡ ❡❧ ♠ás ❜r✐❧❧❛♥t❡ ❞❡ ❝❛❞❛ ❝❛s♦✳ ❈✉❛♥❞♦ ❡st♦ s❡ ❤❛❝❡
s♦❜r❡ ✉♥❛ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ✐♠á❣❡♥❡s ② ❛❞❡♠ás s❡ s❡❧❡❝❝✐♦♥❛♥ só❧♦ ❧❛s ✓♠❡❥♦r❡s✔ ❞❡
❡♥tr❡ t♦❞❛s✱ ❞❡ ♠♦❞♦ q✉❡ só❧♦ ❧♦s s♣❡❝❦❧❡s ♠ás ❞❡✜♥✐❞♦s s❡ ❛♣r♦✈❡❝❤❛♥ ✭❝♦♥ ✉♥ ♣♦r✲
❝❡♥t❛❥❡ q✉❡ ❞❡♣❡♥❞❡ ❞❡ ❧♦s ♦❜❥❡t✐✈♦s ❞❡❧ ♣r♦❣r❛♠❛ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ♦ ❞❡ ❧❛s ❜♦♥❞❛❞❡s

✐✐✐



❞❡❧ s✐t✐♦✮✱ ❤❛❜❧❛♠♦s ❞❡ ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣✳
◆♦s♦tr♦s ❤❡♠♦s ❞❡s❛rr♦❧❧❛❞♦ ✉♥ s✐st❡♠❛ ♣r♦❢❡s✐♦♥❛❧ ② ♣rá❝t✐❝♦ q✉❡ ✉t✐❧✐③❛ ❡st❛

té❝♥✐❝❛ ② q✉❡ ❧❛ ❧❧❡✈❛ ❛ s✉ ♠á①✐♠♦ ❛♣r♦✈❡❝❤❛♠✐❡♥t♦ ❞❡ ❢♦r♠❛ s❡♥❝✐❧❧❛✱ ❛♣❧✐❝❛❜❧❡ ❛
♠ú❧t✐♣❧❡s t❡❧❡s❝♦♣✐♦s ② ❝♦♥ r❡s✉❧t❛❞♦s ❡s♣❡❝t❛❝✉❧❛r❡s✳

❊st❡ tr❛❜❛❥♦ q✉✐❡r❡ r❡✐✈✐♥❞✐❝❛r ❧❛ ■♥str✉♠❡♥t❛❝✐ó♥ ② ❧❛ ❋ís✐❝❛ ❆♣❧✐❝❛❞❛ ❛ ❧❛ t❡❝✲
♥♦❧♦❣í❛❀ ♥♦ ❧♦s ❤❛❜✐t✉❛❧❡s tr❛❜❛❥♦s ❞❡ t♦♠❛ ❞❡ ❞❛t♦s ② r❡❞✉❝❝✐ó♥✱ ♣❛r❛ ❧❛ ❝❛❧✐❜r❛❝✐ó♥
♦ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡ ❞❡t❡❝t♦r❡s✱ ❞❡ ✐♥str✉♠❡♥t♦s ♦ ❞❡ s✐st❡♠❛s t❡❝♥♦❧ó❣✐❝♦s✱ ♦ ❧♦s ②❛
❞❡ ❡st✉❞✐♦ ❛str♦❢ís✐❝♦ q✉❡✱ ❤❛❝✐❡♥❞♦ ✉s♦ ❞❡ ❧♦s ✐♥str✉♠❡♥t♦s✱ ❝❛r❛❝t❡r✐③❛♥ ♦❜❥❡t♦s ♦
❣r✉♣♦s ❡s♣❡❝✐❛❧❡s ❞❡ ♦❜❥❡t♦s ❛str♦♥ó♠✐❝♦s✱ s✉s r❡❛❝❝✐♦♥❡s ♦ ♣r♦❝❡s♦s ❢ís✐❝♦s ❝♦♥ ❡❧
❝♦♥s✐❣✉✐❡♥t❡ ❛❝ú♠✉❧♦✱ r❡❞✉❝❝✐ó♥ ❡ ✐♥t❡r♣r❡t❛❝✐ó♥ ❞❡ ❧♦s ❞❛t♦s ♦❜t❡♥✐❞♦s✳

❆q✉í q✉❡r❡♠♦s ♠♦str❛r ② ♣♦♥❡r ❞❡ ♠❛♥✐✜❡st♦ ❧♦s ♣r♦❝❡s♦s ❢ís✐❝♦s✱ ❧❛s ♠❛t❡r✐❛s ②
♣r♦♣✐❡❞❛❞❡s ❞❡ ❧❛ ❋ís✐❝❛ ✐♠♣❧✐❝❛❞❛s✱ q✉❡ ✐♥t❡r✈✐❡♥❡♥ ② q✉❡ s❡ ♥❡❝❡s✐t❛ ❞♦♠✐♥❛r✱ ♣❛r❛
♣♦♥❡r ❡♥ ♠❛r❝❤❛ t♦❞♦ ❡❧ ♣r♦❝❡s♦ ❞❡ ✐♥❣❡♥✐❡rí❛ q✉❡ ❧❧❡✈❛ ❛ tér♠✐♥♦ ✉♥ ✐♥str✉♠❡♥t♦✳
❊♥ ❡st❡ ❝❛s♦✱ ❧❛ ✓❛♣❧✐❝❛❝✐ó♥✔ ❡s ♦tr❛ r❛♠❛ ❞❡ ❧❛ ❋ís✐❝❛✱ q✉✐③ás ❧❛ ♣r✐♠❡r❛ ❡♥ ❛♣❛r❡❝❡r
❝♦♠♦ t❛❧ ❡♥ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ♦ r❛③♦♥❛♠✐❡♥t♦ ❞❡❧ ❍♦♠❜r❡✱ ② q✉❡ ❤♦② s✐❣✉❡ s✐❡♥❞♦ ✉♥♦
❞❡ ❧♦s ♣✐❧❛r❡s ❞❡❧ ❜❡♥❡✜❝✐♦ ❞❡ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥ ② ❞❡s❛rr♦❧❧♦ t❡❝♥♦❧ó❣✐❝♦✶✱ q✉❡ r❡q✉✐❡r❡
❞❡ ❧♦s ♠ás ✜♥♦s ② ♠ás ✈❛♥❣✉❛r❞✐st❛s ❞❡s❛rr♦❧❧♦s ② ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ ❧❛ ❝✐❡♥❝✐❛ ② ❧❛
t❡❝♥♦❧♦❣í❛✳

❈♦♥♦❝✐♠✐❡♥t♦ ❞❡❧ ❝❛♠♣♦ ② ❜❛s❡s ❞❡ tr❛❜❛❥♦✿ t❡❧❡s❝♦♣✐♦s✱ ❆str♦❢ís✐❝❛✱✳ ✳ ✳ ❈✐r❝✉♥s✲
t❛♥❝✐❛s q✉❡ ✐♥✢✉②❡♥✱ ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❝♦♥t♦r♥♦✿ ❛t♠ós❢❡r❛✱ ❝ú♣✉❧❛✱ ó♣t✐❝❛✱ ❛❜❡rr❛❝✐♦♥❡s✱
❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛✱ r❡❢r❛❝❝✐♦♥❡s ❞✐❢❡r❡♥❝✐❛❧❡s✱✳ ✳ ✳ ❨ ❧❛s té❝♥✐❝❛s q✉❡ s❡ ❞❡❜❡♥ ❛♣❧✐✲
❝❛r✿ ❉✐s❡ñ♦ Ó♣t✐❝♦✱ ❞✐❢r❛❝❝✐ó♥✱ ❢r❡♥t❡ ❞❡ ♦♥❞❛✱ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❡♥❡r❣í❛ ❡ ✐♥❢♦r♠❛❝✐ó♥✱
❛❝♦♣❧❛♠✐❡♥t♦ ❛ t❡❧❡s❝♦♣✐♦s✱✳ ✳ ✳ ❚♦❞♦s ❡❧❧♦s ❝♦♥❝❡♣t♦s ② t❡♠❛s ❞❡ ❡st✉❞✐♦ q✉❡ ❝♦♥st✐✲
t✉②❡♥ ❡❧ ❝♦♠♣❧❡❥♦ ❝❛♠♣♦ ❞❡ tr❛❜❛❥♦ ❡♥ q✉❡ s❡ ♠✉❡✈❡ ❧❛ ■♥str✉♠❡♥t❛❝✐ó♥ ❆str♦❢ís✐❝❛
❞❡s❞❡ ❡❧ ♣✉♥t♦ ✈✐st❛ ❞❡ ❧❛ ■♥❣❡♥✐❡rí❛ Ó♣t✐❝❛✳ ❨✱ t♦❞♦s ❡❧❧♦s✱ ❧♦s ✐♥❣r❡❞✐❡♥t❡s ❞❡ ❡st❡
tr❛❜❛❥♦ ❞❡ t❡s✐s ❞♦❝t♦r❛❧✳

✶❆r♠❛♠❡♥t♦✱ ▼❡❞✐❝✐♥❛ ② ❆str♦❢ís✐❝❛ ✭t❡rr❡str❡ ② ❡s♣❛❝✐❛❧✮ r❡q✉✐❡r❡♥ ② ❝♦♥❧❧❡✈❛♥ ❧❛s ♠❛②♦r❡s
✐♥✈❡rs✐♦♥❡s ❡♥ ❞❡s❛rr♦❧❧♦ ❡♥ t♦❞♦s ❧♦s ♥✐✈❡❧❡s✳ ❆r♠❛♠❡♥t♦ ❝♦♠♦ ✐♥✈❡rs✐ó♥ ♣✉❜❧✐❝❛ ❡♥ ❡❧ s❡❝t♦r ♣r✐✈❛❞♦✳
▼❡❞✐❝✐♥❛ ❝♦♠♦ ✐♥✈❡rs✐ó♥ ♣r✐✈❛❞❛ ❝♦♥ ❜❡♥❡✜❝✐♦ s♦❝✐❛❧ ✭② ♣r✐✈❛❞♦✱ ♦❜✈✐❛♠❡♥t❡✮✳ ❆str♦❢ís✐❝❛ ❝♦♠♦
✐♥✈❡rs✐ó♥ ♣ú❜❧✐❝❛ ❝♦♥ ❜❡♥❡✜❝✐♦ ✐♥t❡❧❡❝t✉❛❧ ✭② q✉❡ ♣❡r♠✐t❡ ❡❧ ❞❡s❛rr♦❧❧♦ ❜❛s❡ ❞❡❧ s❡❝t♦r ♣r✐✈❛❞♦ ♣❛r❛
❛❢r♦♥t❛r ❧♦s ❛♥t❡r✐♦r❡s✮✳

✐✈



❘❡s✉♠❡♥

❊st❡ tr❛❜❛❥♦ ❞❡s❝r✐❜❡ ❡❧ ❝♦♥❝❡♣t♦✱ ❞✐s❡ñ♦✱ ❞❡s❛rr♦❧❧♦✱ ❡✈♦❧✉❝✐ó♥ ② ❛♣❧✐❝❛❝✐ó♥ ❞❡❧
✐♥str✉♠❡♥t♦ ❋❛st❈❛♠✳ ❋❛st❈❛♠ ❡s ✉♥ ❢♦tó♠❡tr♦ ❞❡ ✐♠❛❣❡♥ ❛str♦♥ó♠✐❝❛✱ ❝♦♥ ❝❛♣t✉r❛
❞❡ ✐♠á❣❡♥❡s ❛ ❛❧t❛ ❢r❡❝✉❡♥❝✐❛ ② ❧✐♠✐t❛❞♦ ♣♦r ❞✐❢r❛❝❝✐ó♥✱ ♣❛r❛ ❛♣❧✐❝❛r ❧❛ té❝♥✐❝❛ ❞❡
▲✉❝❦② ■♠❛❣✐♥❣ ❡♥ t❡❧❡s❝♦♣✐♦s ❞❡ ❝❧❛s❡ ♠❡❞✐❛ ② ❛❧t❛ ✭1′5 ❛ 4♠✮✳ ▲❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦②
■♠❛❣✐♥❣ ♣❡r♠✐t❡✱ ❡♥ ❝♦♥❞✐❝✐♦♥❡s ❛♣r♦♣✐❛❞❛s✱ ❛❧❝❛♥③❛r ❡❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❞❡ ❧♦s
t❡❧❡s❝♦♣✐♦s s✐t✉❛❞♦s ❡♥ t✐❡rr❛ ♣❛r❛ ✐♠á❣❡♥❡s ❛str♦♥ó♠✐❝❛s✳ ❊❧ tr❛❜❛❥♦ ❞❡s❝r✐❜❡ ❧♦s
♣r♦❜❧❡♠❛s ② ❝♦♥❞✐❝✐♦♥❛♥t❡s q✉❡ ✐♠♣♦♥❡ ❧❛ ❛t♠ós❢❡r❛ ② ❧❛s té❝♥✐❝❛s ❞❡ ó♣t✐❝❛ ❛❝t✐✈❛
② ❛❞❛♣t❛t✐✈❛ ♣❛r❛ s♦❧✈❡♥t❛r❧♦s✱ ❛sí ❝♦♠♦ ❧♦s ❢✉♥❞❛♠❡♥t♦s ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣✳ ❙❡ ❧❧❡✈❛
❛ ❝❛❜♦ ✉♥❛ ❞❡s❝r✐♣❝✐ó♥ ❞❡ ❧❛s ❝♦♥s✐❞❡r❛❝✐♦♥❡s ♣❛r❛ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ ♣r♦②❡❝t♦ ② ❧♦s
♣❛rá♠❡tr♦s ❞❡❧ ❞✐s❡ñ♦✳ ❆ ❝♦♥t✐♥✉❛❝✐ó♥ s❡ r❡✈✐s❛ ❡❧ ❞✐s❡ñ♦ ó♣t✐❝♦ ② ❧❛s ❛❞❛♣t❛❝✐♦♥❡s
❛ ❞✐st✐♥t♦s t❡❧❡s❝♦♣✐♦s✳ ❊♥ ✉♥ s✐❣✉✐❡♥t❡ ♣❛s♦ s❡ ♠✉❡str❛♥ ❛❧❣✉♥♦s ❞❡ ❧♦s r❡s✉❧t❛❞♦s
❝✐❡♥tí✜❝♦s ♦❜t❡♥✐❞♦s ❣r❛❝✐❛s ❛ ❡st❡ ♣r♦②❡❝t♦✱ t❛♥t♦ ❞❡ ❛str♦♥♦♠í❛ ❞❡ ♣♦s✐❝✐ó♥ ❝♦♠♦
❞❡ ❡str✉❝t✉r❛s ❝♦♠♣❧❡❥❛s ❡♥ ❝ú♠✉❧♦s ❣❧♦❜✉❧❛r❡s ② s✐st❡♠❛s ❜✐♥❛r✐♦s✱ ② s❡ ❡①♣❧✐❝❛♥ ❧♦s
❞✐❢❡r❡♥t❡s ❞✐s❡ñ♦s s✉r❣✐❞♦s ❛ ♣❛rt✐r ❞❡ ❧❛ ✐❞❡❛ ❜❛s❡ ② ❧♦s ✐♥str✉♠❡♥t♦s ❛❝t✉❛❧♠❡♥t❡
❡♥ ❞❡s❛rr♦❧❧♦ q✉❡ ❡stá♥ ❛♠♣❧✐❛♥❞♦ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡❧ s✐st❡♠❛ ② ❧❛ té❝♥✐❝❛ ❡♥ sí✳ ❙❡
❛♣✉♥t❛rá♥ t❛♠❜✐é♥ ❛❧❣✉♥❛s ❞❡ ❧❛s ♣♦s✐❜❧❡s ❛♣❧✐❝❛❝✐♦♥❡s ❛ ♦tr♦s ❝❛♠♣♦s ❡♥ ❧♦s q✉❡ ❧❛
♥✐t✐❞❡③ ❞❡ ❧❛ ✐♠❛❣❡♥ ❡s ♥❡❝❡s❛r✐❛ ❛ ♣❡s❛r ❞❡ ♦s❝✐❧❛❝✐♦♥❡s ♦ ✐♥❡st❛❜✐❧✐❞❛❞❡s ❞❡❧ s✐st❡♠❛
❞❡ ♦❜s❡r✈❛❝✐ó♥✿ ♦❢t❛❧♠♦❧♦❣í❛✱ ✈í❞❡♦✲❝♦♥tr♦❧✱ ❡t❝✳

❘❡s✉♠♦

❊st❡ tr❛❜❛❧❧♦ ❞❡s❝r✐❜❡ ♦ ❝♦♥❝❡♣t♦✱ ❞❡s❡ñ♦✱ ❞❡s❡♥r♦❧♦✱ ❡✈♦❧✉❝✐ó♥ ❡ ❛♣❧✐❝❛❝✐ó♥ ❞♦
✐♥str✉♠❡♥t♦ ❋❛st❈❛♠✳ ❋❛st❈❛♠ é ✉♥ ❢♦tó♠❡tr♦ ❞❡ ✐♠❛①❡ ❛str♦♥ó♠✐❝❛ ❝♦♥ ❝❛♣t✉r❛
❞❡ ✐♠❛①❡ ❛ ❛❧t❛ ❢r❡❝✉❡♥❝✐❛ ❡ ❧✐♠✐t❛❞♦ ♣♦❧❛ ❞✐❢r❛❝✐ó♥✱ ♣❛r❛ ❛♣❧✐❝❛r ❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦②
■♠❛❣✐♥❣ ❡♥ t❡❧❡s❝♦♣✐♦s ❞❡ ❝❧❛s❡ ♠❡❞✐❛ ❡ ❛❧t❛ ✭1′5 ❛ 4♠✮✳ ❆ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣
♣❡r♠✐t❡✱ ❡♥ ❝♦♥❞✐❝✐ó♥s ❛①❡✐t❛❞❛s✱ ❛❝❛❞❛r ♦ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❞♦s t❡❧❡s❝♦♣✐♦s t❡rr❡s✲
tr❡s ♣r❛ ✐♠❛①❡s ❛str♦♥ó♠✐❝❛s✳ ❖ tr❛❜❛❧❧♦ ❞❡s❝r✐❜❡ ♦s ♣r♦❜❧❡♠❛s ❡ ❝♦♥❞✐❝✐♦♥❛♠❡♥t♦s
q✉❡ ✐♠♣ó♥ ❛ ❛t♠ós❢❡r❛ ❡ ❛s té❝♥✐❝❛s ❞❡ ó♣t✐❝❛ ❛❝t✐✈❛ ❡ ❛❞❛♣t❛t✐✈❛ ♣r❛ s♦❧✈❡♥t❛❧♦s✱ ❛sí
❝♦♠♦ ♦s ❢✉♥❞❛♠❡♥t♦s ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣✳ ▲é✈❛s❡ ❛ ❝❛❜♦ ✉♥❤❛ ❞❡s❝r✐❝✐ó♥ ❞❛s ❝♦♥s✐❞❡✲
r❛❝✐ó♥s ♣r❛ ♦ ❞❡s❡♥✈♦❧✈❡♠❡♥t♦ ❞♦ ♣r♦①❡❝t♦ ❡ ♦s ♣❛rá♠❡tr♦s ❞❡ ❞❡s❡ñ♦✳ ❆ ❝♦♥t✐♥✉❛❝✐ó♥
r❡✈ís❛s❡ ♦ ❞❡s❡ñ♦ ó♣t✐❝♦ ❡ ❛s ❛❞❛♣t❛❝✐ó♥s ❛ ❞✐st✐♥t♦s t❡❧❡s❝♦♣✐♦s✳ ◆✉♥ s❡❣✉✐♥t❡ ♣❛s♦
♠óstr❛♥s❡ ❛❧❣ú♥s ❞♦s r❡s✉❧t❛❞♦s ❝✐❡♥tí✜❝♦s ♦❜t✐❞♦s ❣r❛③❛s ❛ ❡st❡ ♣r♦①❡❝t♦✱ t❛♥t♦ ❞❡
❛str♦♥♦♠í❛ ❞❡ ♣♦s✐❝✐ó♥ ❝♦♠❛ ❞❡ ❡str✉t✉r❛s ❝♦♠♣❧❡①❛s ❡♥ ❝ú♠✉❧♦s ❣❧♦❜✉❧❛r❡s ❡ s✐s✲
t❡♠❛s ❜✐♥❛r✐♦s❀ ❡ ❡①♣❧í❝❛♥s❡ ♦s ❞✐❢❡r❡♥t❡s ❞❡s❡ñ♦s ①✉r❞✐❞♦s ❛ ♣❛rt✐r ❞❛ ✐❞❡❛ ❜ás✐❝❛ ❡
♦s ✐♥str✉♠❡♥t♦s ❛❣♦r❛ ❡♥ ❞❡s❡♥r♦❧♦ q✉❡ ❡stá♥ ❛ ♠❡❧❧♦r❛r ❛s ❝❛♣❛❝✐❞❛❞❡s ❞♦ s✐st❡♠❛ ❡
❞❛ té❝♥✐❝❛ ❡♥ s✐✳ ❆♣✉♥t❛rás❡ t❛♠é♥ ❛❧❣✉♥❤❛ ❞❛s ♣♦s✐❜❧❡s ❛♣❧✐❝❛❝✐ós ❛ ♦✉tr♦s ❝❛♠♣♦s
♥♦s q✉❡ ❛ ♥✐t✐❞❡③ ❞❛ ✐♠❛①❡ é ♥❡❝❡s❛r✐❛ ❛ ♣❡s❛r ❞❛s ♦s❝✐❧❛❝✐ó♥s ♦✉ ✐♥❡st❛❜✐❧✐❞❛❞❡s ❞♦
s✐st❡♠❛ ❞❡ ♦❜s❡r✈❛❝✐ó♥✿ ♦❢t❛❧♠♦❧♦①í❛✱ ✈í❞❡♦✲❝♦♥tr♦❧✱ ❡t❝✳
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❙✉♠♠❛r②

❚❤✐s ✇♦r❦ ❞❡s❝r✐❜❡s t❤❡ ❝♦♥❝❡♣t✱ ❞❡s✐❣♥✱ ❞❡✈❡❧♦♣❡♠❡♥t✱ ❡✈♦❧✉t✐♦♥ ❛♥❞ ❛♣♣❧✐❝❛t✐♦♥
♦❢ t❤❡ ❋❛st❈❛♠ ✐♥str✉♠❡♥t✳ ❋❛st❈❛♠ ✐s ❛♥ ✐♠❛❣❡ ♣❤♦t♦♠❡t❡r ❢♦r ❛str♦♥♦♠② ✇✐t❤
✐♠❛❣❡ ❝❛♣t✉r❡ ✐♥ ❛ ❤✐❣❤ ❢r❡q✉❡♥❝② r❛♥❣❡ ❛♥❞ ❞✐✛r❛❝t✐♦♥ ❧✐♠✐t❡❞✱ ✐♥ ♦r❞❡r t♦ ❛♣♣❧②
t❤❡ ▲✉❝❦② ■♠❛❣✐♥❣ t❡❝❤♥✐q✉❡ t♦ ♠❡❞✐✉♠✲ ❛♥❞ ❧❛r❣❡✲s✐③❡❞ ✭1.5 t♦ 4♠✮ t❡❧❡s❝♦♣❡s✳ ❚❤❡
▲✉❝❦② ■♠❛❣✐♥❣ t❡❝❤♥✐q✉❡ ❛❧❧♦✇s✱ ❢♦r ❣r♦✉♥❞ ❜❛s❡❞ t❡❧❡s❝♦♣❡s✱ t♦ ❛❝❤✐❡✈❡ t❤❡ r❡s♦❧✉✲
t✐♦♥ ❧✐♠✐t ❢♦r ❛str♦♥♦♠✐❝❛❧ ✐♠❛❣❡s ✉♥❞❡r s✉✐t❛❜❧❡ ❝♦♥❞✐t✐♦♥s✳ ❚❤✐s ✇♦r❦ ❞❡s❝r✐❜❡s t❤❡
❛t♠♦s♣❤❡r✐❝ ♣r♦❜❧❡♠s ❛♥❞ t❤❡ ❛❝t✐✈❡ ❛♥❞ ❛❞❛♣t✐✈❡ ♦♣t✐❝s t❡❝❤♥✐q✉❡s t♦ s♦❧✈❡ t❤❡♠✱
❛s ✇❡❧❧ ❛s t❤❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❢✉♥❞❛♠❡♥t❛❧s✳ ❆ ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ ❝♦♥s✐❞❡r❛t✐♦♥s t♦ t❤❡
♣r♦❥❡❝t ❞❡✈❡❧♦♣♠❡♥t ❛♥❞ ❞❡s✐❣♥ ♣❛r❛♠❡t❡rs ✐s ♣❡r❢♦r♠❡❞✳ ❚❤❡♥✱ t❤❡ ♦♣t✐❝❛❧ ❞❡s✐❣♥
❛♥❞ ❞✐✛❡r❡♥t ❛❞❛♣t❛t✐♦♥s t♦ s❡✈❡r❛❧ t❡❧❡s❝♦♣❡s ✇✐❧❧ ❜❡ r❡✈✐s❡❞✳ ■♥ ❛ ♥❡①t st❡♣✱ s♦♠❡
♦❢ t❤❡ s❝✐❡♥t✐✜❝ r❡s✉❧ts ♦❜t❛✐♥❡❞ t❤❛♥❦s t♦ t❤✐s ♣r♦❥❡❝t ❛r❡ s❤♦✇♥✱ ❜♦t❤ ✐♥ ♣♦s✐t✐♦♥
❛str♦♥♦♠② ❛♥❞ ❝♦♠♣❧❡① str✉❝t✉r❡s ✐♥ ❣❧♦❜✉❧❛r ❝❧✉st❡r ❛♥❞ ❜✐♥❛r② s②st❡♠s✳ ❉✐✛❡r❡♥t
❞❡s✐❣♥s ❛r✐s✐♥❣ ❢r♦♠ t❤❡ ❜❛s✐❝ ✐❞❡❛ ❛♥❞ t❤❡ ✐♥str✉♠❡♥ts ♥♦✇ ✐♥ ❞❡✈❡❧♦♣♠❡♥t t❤❛t
❛r❡ ❡①♣❛♥❞✐♥❣ t❤❡ s②st❡♠✬s ❝❛♣❛❜✐❧✐t✐❡s ❛♥❞ t❤❡ t❡❝❤♥✐q✉❡ ❛r❡ ❡①♣❧❛✐♥❡❞✳ ❙♦♠❡ ♦t✲
❤❡r ♣♦ss✐❜❧❡ ❛♣♣❧✐❝❛t✐♦♥s t♦ ♦t❤❡r ✜❡❧❞s ✐♥ ✇❤✐❝❤ t❤❡ ✐♠❛❣❡ s❤❛r♣♥❡ss ✐s ♥❡❝❡ss❛r②
❞❡s♣✐t❡ ✢✉❝t✉❛t✐♦♥s ♦r ✐♥st❛❜✐❧✐t✐❡s ♦❢ t❤❡ ♦❜s❡r✈✐♥❣ s②st❡♠ ✇✐❧❧ ❜❡ ❛❧s♦ ♣♦✐♥t❡❞ ♦✉t✿
♦♣❤t❤❛❧♠♦❧♦❣②✱ ✈✐❞❡♦✲❝♦♥tr♦❧✱ ❡t❝✳
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Pró❧♦❣♦

■♥✐❝✐♦

❊st❛ ♠❡♠♦r✐❛ ❝♦♥t✐❡♥❡ ✉♥ ❝♦♠♣❡♥❞✐♦ ❞❡ t♦❞❛ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ♣❡rt✐♥❡♥t❡ ② r❡❧❛t✐✈❛
❛❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥ tr❛❜❛❥♦ ❡♠✐♥❡♥t❡♠❡♥t❡ ✐♥str✉♠❡♥t❛❧✳ ◆♦s r❡❢❡r✐♠♦s ❛q✉í✱ ♣♦r
t❛♥t♦✱ ❛ ❧❛ ❣❡st❛❝✐ó♥ ❞❡ ✉♥ ✐♥str✉♠❡♥t♦ ❞❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ó♣t✐❝♦ ② ❞❡ ❡♥s❛♠❜❧❡✱
✐♥t❡❣r❛❝✐ó♥ ② ✈❡r✐✜❝❛❝✐ó♥✳ P❛r❛ ❡❧❧♦ s❡ ❤❛♥ t❡♥✐❞♦ ❡♥ ❝✉❡♥t❛ t♦❞♦s ❧♦s ❞❡s❛rr♦❧❧♦s
♣r❡✈✐♦s ② ❧❛s r❡❢❡r❡♥❝✐❛s ❜✐❜❧✐♦❣rá✜❝❛s ❡♥ ❡❧ ❝❛♠♣♦ q✉❡ ❤❛♥✱ ❞❡ ✉♥❛ ❢♦r♠❛ ✉ ♦tr❛✱
♣♦s✐❜✐❧✐t❛❞♦ ♥✉❡str♦ tr❛❜❛❥♦ ② ❧❛ ❝r❡❛❝✐ó♥ ❞❡ ♥✉❡str♦ ✐♥str✉♠❡♥t♦✳

❙✉♣♦♥❞r❡♠♦s ❝♦♥♦❝✐❞❛s ❧❛s ❜❛s❡s t❡ór✐❝❛s ❞❡ ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣✱ ❞❡ ❧♦s
♣r✐♥❝✐♣✐♦s ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ② ❞❡ t❡♦rí❛ ❛t♠♦s❢ér✐❝❛ ❞❡ ♣❡rt✉r❜❛❝✐ó♥ ❞❡ ❢r❡♥t❡
❞❡ ♦♥❞❛❀ só❧♦ tr❛t❛r❡♠♦s ❛q✉í ❧❛ ❞❡s❝r✐♣❝✐ó♥ ✐♠♣r❡s❝✐♥❞✐❜❧❡ ❞❡ ❛q✉❡❧❧♦s ❝♦♥❝❡♣t♦s ②
♣❛rá♠❡tr♦s q✉❡ ♥♦s ❛❢❡❝t❛♥ ❛ ❧❛ ❤♦r❛ ❞❡❧ ❞✐s❡ñ♦ ② ❞❡s❛rr♦❧❧♦ ❞❡❧ s✐st❡♠❛✳ ■❣✉❛❧♠❡♥t❡
s❡ ❤❛rá ❡♥ ❧♦ q✉❡ s❡ r❡✜❡r❡ ❛ ♦tr♦s ❝♦♠♣♦♥❡♥t❡s ② ♣❛rt✐❝✉❧❛r✐❞❛❞❡s q✉❡ t✐❡♥❡♥ ✐♠✲
♣❧✐❝❛❝✐♦♥❡s s♦❜r❡ ❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❞❡❧ ✐♥str✉♠❡♥t♦✳ ❊♥ ❝✉❡st✐ó♥ ❞❡ ❞❛t♦s ♦❜t❡♥✐❞♦s✱
s✉ ♣r♦❝❡s❛❞♦ ❡ ✐♥t❡r♣r❡t❛❝✐ó♥✱ ❞❡ ♥✉❡✈♦✱ só❧♦ ❡♥ ❧♦ r❡❢❡r❡♥t❡ ❛ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡❧
✐♥str✉♠❡♥t♦ ♣❧❛♥t❡❛r❡♠♦s ❧❛s ❝♦♥✈❡♥✐❡♥t❡s ❡①♣❧✐❝❛❝✐♦♥❡s✳

❊♥ ♠✉❝❤❛s ♦❝❛s✐♦♥❡s ❛❧❣✉♥♦s ❝♦♥❝❡♣t♦s✱ ♣❛❧❛❜r❛s ♦ ❢r❛s❡s✱ q✉❡ ♣✉❡❞❡♥ r❡q✉❡r✐r
✉♥❛ ❛❝❧❛r❛❝✐ó♥✱ s✐ ❡s ❝♦rt❛✱ s❡ ✐♥❝❧✉✐rá ❝♦♠♦ ✉♥❛ ♥♦t❛ ❛❧ ♣✐❡✳ P❡r♦✱ ❝♦♠♦ ❡♥ ❡❧ ❞❡s❛rr♦❧❧♦
❞❡❧ tr❛❜❛❥♦ s❡ ✈❛♥ ❛ ♠❛♥❡❥❛r t❡♠❛s ② ❝♦♥❝❡♣t♦s ♠✉② ✈❛r✐❛❞♦s ② ❡s♣❡❝í✜❝♦s ❞❡ ♠✉❝❤♦s
❝❛♠♣♦s✱ ❛ñ❛❞✐r❡♠♦s ✉♥ ❣❧♦s❛r✐♦ ❛❧ ✜♥❛❧ ❡♥ ❞♦♥❞❡ s❡ ♣✉❡❞❡♥ ❡♥❝♦♥tr❛r ❛❧❣✉♥❛s ♥♦t❛s
❛❧❣♦ ♠ás ❡①t❡♥s❛s q✉❡ ♣✉❡❞❡♥ ❛②✉❞❛r ❛ ❛❝❧❛r❛r ❡❧ ❝♦♥❝❡♣t♦ q✉❡ s❡ ♠❛♥❡❥❛✳ ◆♦ ❝r❡♦
q✉❡ s❡❛ ♥❡❝❡s❛r✐♦✱ s❛❧✈♦ ❡♥ ❝❛s♦s ♠✉② ❝♦♥❝r❡t♦s✱ ❡❧ r❡❝✉rr✐r ❛ ✐♥❞✐❝❛r ❝❛❞❛ ✉♥♦ ❞❡ ❡s♦s
tér♠✐♥♦s ❞❡ ❣❧♦s❛r✐♦✱ ②❛ q✉❡ ❛❧ ❛♣❛r❡❝❡r ♠✉❝❤❛s ✈❡❝❡s ♣♦❞rí❛ r❡s✉❧t❛r ❡♥♦❥♦s♦✳

▲♦s ❞✐s❡ñ♦s ó♣t✐❝♦s ❝r❡❛❞♦s ♣❛r❛ ❡st❡ ✐♥str✉♠❡♥t♦ s♦♥ ♦r✐❣✐♥❛❧❡s ② ❡s♣❡❝í✜❝♦s
♣❛r❛ ❝❛❞❛ ❝❛s♦ ❛✉♥q✉❡✱ ❝♦♠♦ s❡ ✈❡rá✱ ❡♥ ♥✉♠❡r♦s❛s ♦❝❛s✐♦♥❡s s❡ ✐♥t❡♥tó ❝♦♥s❡❣✉✐r ❧❛
♣❧✉r❛❧✐❞❛❞ ❞❡ ❛♣❧✐❝❛❝✐ó♥✳ ❍❛② ✈❛r✐♦s ❞❡s❛rr♦❧❧♦s ❡ ✐❞❡❛s ❞❡ ❞✐s❡ñ♦ q✉❡ s♦♥ ❛s✐♠✐s♠♦
t♦t❛❧♠❡♥t❡ ♦r✐❣✐♥❛❧❡s ② q✉❡✱ ♣♦r t❛♥t♦✱ t❛♠❜✐é♥ s❡rá♥ ❞❡s❝r✐t♦s ② ❡①♣❧✐❝❛❞♦s✳

➱st❡ ❡s✱ ❞❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ❡str✉❝t✉r❛❧✱ ✉♥ ✓❤✉♠✐❧❞❡ ✐♥str✉♠❡♥t♦✔ ❡♥ ❡❧ q✉❡
❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧❛s ú❧t✐♠❛s té❝♥✐❝❛s ❞❡s❛rr♦❧❧❛❞❛s ❡♥ ❆str♦❢ís✐❝❛✱ s♦❢t✇❛r❡ ❞❡ ❝♦♥tr♦❧✱
❛❞q✉✐s✐❝✐ó♥ ② r❡❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s✱ t❡❝♥♦❧♦❣í❛ ❞❡ ❞❡t❡❝t♦r❡s ② ❞✐s❡ñ♦ ó♣t✐❝♦✱ ♣❡r♠✐t❡♥
✈❡♥❝❡r ❧❛s ❧✐♠✐t❛❝✐♦♥❡s ❞❡ ❧❛ ❛t♠ós❢❡r❛ ❛ ✉♥ ♣r❡❝✐♦ ❛s❡q✉✐❜❧❡✳ ❆ ♣❡s❛r ❞❡ ❡❧❧♦✱ ❧♦s
r❡s✉❧t❛❞♦s ❝✐❡♥tí✜❝♦s q✉❡ ❤❛ ♦❜t❡♥✐❞♦ ② ❧❛s té❝♥✐❝❛s ❡♠♣❧❡❛❞❛s ❤❛♥ s✉♣✉❡st♦ ♣❛s♦s
❞❡ ❣✐❣❛♥t❡ ❡♥ ♥✉❡str♦s ❝♦♥♦❝✐♠✐❡♥t♦s✳

✈✐✐



❉❡s❝r✐♣❝✐ó♥ ❞❡❧ tr❛❜❛❥♦

❊❧ ✐♥str✉♠❡♥t♦ ❋❛st❈❛♠ ♥❛❝❡ ❝♦♠♦ ♥❡❝❡s✐❞❛❞ ❞❡ ❛♣r♦✈❡❝❤❛r ❧❛s ♥✉❡✈❛s ❝❛♣❛✲
❝✐❞❛❞❡s ❞❡ ❧♦s ♠♦❞❡r♥♦s ❞❡t❡❝t♦r❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞ ② ❜❛❥♦ r✉✐❞♦ ❞❡ ❧❡❝t✉r❛✳ ▲❛
❝♦♥str✉❝❝✐ó♥ ❞❡ ❣r❛♥❞❡s t❡❧❡s❝♦♣✐♦s ♣❡r♠✐t❡ ❝♦❧❡❝t❛r ♠✉❝❤❛ ♠ás ❝❛♥t✐❞❛❞ ❞❡ ❢♦t♦♥❡s
②✱ ❡♥ ♠❡♥♦s t✐❡♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥✱ s❡ ❝♦♥s✐❣✉❡♥ ♣r♦❢✉♥❞✐❞❛❞❡s ♠❛②♦r❡s✳ ❙✐♥ ❡♠❜❛r✲
❣♦✱ ❧♦s t❡❧❡s❝♦♣✐♦s ✐♥st❛❧❛❞♦s ❡♥ t✐❡rr❛ ❛❞♦❧❡❝❡♥ ❞❡ ♦tr❛s ❧✐♠✐t❛❝✐♦♥❡s✳ ▲❛ ❝❛♥t✐❞❛❞ ❞❡
❢♦t♦♥❡s ❛♣r♦✈❡❝❤❛❜❧❡s ♥♦ ❡s ❞❡❧ t♦❞♦ ♣r♦♣♦r❝✐♦♥❛❧ ❛ ❧❛ s❡ñ❛❧ ♦r✐❣✐♥❛❧✿ ❧❛ ❛t♠ós❢❡r❛
♣❛s❛ ❢❛❝t✉r❛✳ ❙♦♥ ❞♦s ❧♦s ❡❢❡❝t♦s ❣❧♦❜❛❧❡s q✉❡ ❤❛❝❡♥ q✉❡ ❧❛ ❛t♠ós❢❡r❛ s❡❛ ❧✐♠✐t❛♥t❡✳

P♦r ✉♥ ❧❛❞♦✱ ❧❛ ❞✐s♣❡rs✐ó♥ ❛t♠♦s❢ér✐❝❛ ❝r❡❛ ✉♥ ❢♦♥❞♦ ❧✉♠✐♥♦s♦ q✉❡✱ ❡♥ ❝❛❞❛ ❜❛♥✲
❞❛ ❞❡ ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛✱ ❧✐♠✐t❛ ❧❛ ♠❛❣♥✐t✉❞ ❞❡ ❧❛s ❡str❡❧❧❛s ♦❜s❡r✈❛❜❧❡s✳ ❨ sí✱ ❝♦♥
t❡❧❡s❝♦♣✐♦s ♠❛s ❣r❛♥❞❡s ② ♠❡❥♦r❡s ❞❡t❡❝t♦r❡s ♣♦❞❡♠♦s ❝❛♣t❛r ♠í♥✐♠❛s ❝❛♥t✐❞❛❞❡s ❞❡
❧✉③ ♣❡r♦✱ ❛❧ ♠✐s♠♦ t✐❡♠♣♦✱ ❧❛ ♠❛②♦r ár❡❛ ❝♦❧❡❝t♦r❛ t❛♠❜✐é♥ ❛✉♠❡♥t❛ ❝✉❛❞rát✐❝❛♠❡♥✲
t❡ ❧❛ ❧✉③ ❞❡ ❢♦♥❞♦ q✉❡ ❧❧❡❣❛ ❡♥ t♦❞❛s ❞✐r❡❝❝✐♦♥❡s✱ ② r❡s✉❧t❛ s✉♠❛♠❡♥t❡ ❝♦♠♣❧✐❝❛❞♦
♣♦❞❡r ❛❝❝❡❞❡r ❛ ♦❜❥❡t♦s ♠✉② ❞é❜✐❧❡s✳ ❊st❡ ❡❢❡❝t♦ ❧♦ ❡♥t❡♥❞❡♠♦s ❜✐❡♥ s✐ ♣❡♥s❛♠♦s ❡♥
q✉❡ ❞❡ ❞í❛ ♥♦ ✈❡♠♦s ❧❛s ❡str❡❧❧❛s✳ ❊stá♥ ❛❤í✱ ② ❝✐❡rt❛♠❡♥t❡ ❝♦♥ ✉♥ t❡❧❡s❝♦♣✐♦ ② ❡♥
❞❡t❡r♠✐♥❛❞❛s ❝♦♥❞✐❝✐♦♥❡s ♣♦❞❡♠♦s ❛♣✉♥t❛r ❛ ✉♥❛ ❡str❡❧❧❛ ② ✈❡r❧❛ ❡♥ ♣❧❡♥♦ ❞í❛✱ ② ❡♥
✉♥❛s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ ♠❡❥♦r q✉❡ ❡♥ ♦tr❛s✱ ♣❡r♦ ❛✉♥ ❛sí só❧♦ ❝♦♥ ❧❛s ♠ás ❜r✐❧❧❛♥✲
t❡s r❡s✉❧t❛ ✈✐s✐❜❧❡♠❡♥t❡ ♣❧❛✉s✐❜❧❡✳ ❊❧ ❡❢❡❝t♦ ❞❡ ❧❛ ❞✐s♣❡rs✐ó♥ ❡s ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ✉♥
❡❢❡❝t♦ ❢♦t♦♠étr✐❝♦✿ ❝❛♥t✐❞❛❞ ❞❡ ❧✉③ ② ❝♦♥tr❛st❡✳

❊❧ ♦tr♦ ❡❢❡❝t♦ ❡s ❡❧ ✏s❡❡✐♥❣✑✳ ❊❧ s❡❡✐♥❣ ❡♥❣❧♦❜❛ ✈❛r✐♦s ❛s♣❡❝t♦s ❞❡ ❧❛ ❞✐♥á♠✐❝❛ ❞❡
❧❛ ❛t♠ós❢❡r❛✳ ▲❛ ❛t♠ós❢❡r❛✱ ♣♦r ❞❡s❣r❛❝✐❛ ♣❛r❛ ❧❛ ❆str♦♥♦♠í❛✱ ♥♦ ❡s ♥❛❞❛ ❡stát✐❝❛✳
❆❞❡♠ás✱ ♥♦ ❡s ❞❡ ❝♦♠♣♦s✐❝✐ó♥ ❤♦♠♦❣é♥❡❛ ② s❡ ❡str❛t✐✜❝❛ ❡♥ ❝❛♣❛s ❝♦♥ ❞✐♥á♠✐❝❛s
❞✐❢❡r❡♥t❡s✳ ❈❛❞❛ ✉♥♦ ❞❡ ❡st♦s ❛s♣❡❝t♦s ❣❡♥❡r❛ ✉♥ ❡❢❡❝t♦ ❡s♣❡❝í✜❝♦✱ ② ❡♥ ❝♦♥❥✉♥t♦ ❧♦s
❝♦♥♦❝❡♠♦s ❝♦♠♦ s❡❡✐♥❣✳ ❊❧ ♠♦✈✐♠✐❡♥t♦ ♠ás ❣❧♦❜❛❧ ❞❡ ❧❛ ❛t♠ós❢❡r❛ ♣r♦❞✉❝❡ q✉❡ ❧♦s
r❛②♦s ❞❡ ❧✉③ r❡❢r❛❝t❛❞♦s✱ ♣r♦❝❡❞❡♥t❡s ❞❡ ✉♥ s♦❧♦ ♣✉♥t♦✱ ✐♥❝✐❞❛♥ ❡♥ ❞✐st✐♥t❛s ♣♦s✐❝✐♦✲
♥❡s ❞❡ ❧❛ s✉♣❡r✜❝✐❡ ❢♦❝❛❧ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦ ❝♦❧❡❝t♦r✳ ❙✐ ❛❝✉♠✉❧❛♠♦s ❧♦s ❢♦t♦♥❡s s❡
♣r♦❞✉❝❡ ✉♥❛ ♠❛♥❝❤❛ q✉❡ ❞❡❝✐♠♦s q✉❡ ✓♠✉❡✈❡✔ ❡❧ ♣✉♥t♦ ✐♠❛❣❡♥✳ ❙✐ ❡❧ ♠♦✈✐♠✐❡♥t♦
❞❡ ❧❛ ❛t♠ós❢❡r❛ ❤❛❝❡ q✉❡ ❡❧ ❝❛♠✐♥♦ ❞❡ ❧♦s ❢♦t♦♥❡s ✈❛rí❡✱ ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ❧❛ ❛t♠ós❢❡r❛
✭❝♦♥t❡♥✐❞♦ ❡♥ ❛❣✉❛✱ ❝♦rr✐❡♥t❡s tér♠✐❝❛s✱✳✳✳✮ ❣❡♥❡r❛ q✉❡ s❡ ♣r♦❞✉③❝❛♥ ❛❜s♦r❝✐♦♥❡s ❞❡
❢♦t♦♥❡s q✉❡ ✈❛rí❛♥ ❧❛ ✐♥t❡♥s✐❞❛❞ ❞❡ ❧❛ ❧✉③ ❝♦❧❡❝t❛❞❛✳ ❙❡ ❧❧❛♠❛ ❝❡♥t❡❧❧❡♦ ❛ ❡st❡ ❡❢❡❝t♦
❞❡❧ s❡❡✐♥❣✳ P♦r ú❧t✐♠♦✱ ❧❛ ❡str❛t✐✜❝❛❝✐ó♥ ❤❛❝❡ q✉❡ ❧♦s ❞❡s♣❧❛③❛♠✐❡♥t♦s r❡❢r❛❝t✐✈♦s ❞❡
❧♦s r❛②♦s t❡♥❣❛♥ ❞✐st✐♥t❛s ❞✐r❡❝❝✐♦♥❡s s✐♠✉❧tá♥❡❛s ② ♠✉❡str❡♥✱ ♣♦r t❛♥t♦✱ ❞✐❢❡r❡♥t❡s
❡❢❡❝t♦s ♣❛r❛ ✉♥♦s r❛②♦s ② ♣❛r❛ ♦tr♦s ❞❡♥tr♦ ❞❡❧ ♠✐s♠♦ ❢r❡♥t❡ ❞❡ ♦♥❞❛✱ ♣r♦❞✉❝✐❡♥❞♦
❞✐st✐♥t♦s ✐♠♣❛❝t♦s s✐♠✉❧tá♥❡♦s ❡♥ ❡❧ ♣❧❛♥♦ ❢♦❝❛❧✱ ❝♦♠♦ ♣r♦❝❡❞❡♥t❡s ❞❡ ❞✐✈❡rs❛s ③♦♥❛s
❞❡❧ s✐st❡♠❛ ❝♦❧❡❝t♦r✳ ❊st❡ ❡❢❡❝t♦ ❞❡❝✐♠♦s q✉❡ ✓❡♠❜♦rr♦♥❛✔ ❧❛ ✐♠❛❣❡♥✳ ❊❧ s❡❡✐♥❣ ❡s
✉♥ ❡❢❡❝t♦ ❞❡ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ ② t✐❡♥❡ q✉❡ ✈❡r ❝♦♥ ❧❛ r❡s♦❧✉❝✐ó♥ ♦ ❝❛♣❛❝✐❞❛❞ ❞❡ ✉♥
s✐st❡♠❛ ó♣t✐❝♦ ❞❡ ✈❡r ♠ás ✓✜♥♦✔✳

❊①✐st❡♥ ♦tr♦s ❡❢❡❝t♦s ❞❡ ❧❛ ❛t♠ós❢❡r❛ q✉❡ ♣❡rt✉r❜❛♥ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ② q✉❡ ♣✉❡❞❡♥
s❡r ♠✉② ✐♠♣♦rt❛♥t❡s ② ❡♥❣♦rr♦s♦s❀ s❡ ❞❡❜❡♥ ❛ ❧❛ ❡str✉❝t✉r❛ ♠❛t❡r✐❛❧ ❞❡ ❧❛ ❛t♠ós❢❡r❛
❝♦♠♦ ✉♥ t♦❞♦ ② ❞❡✜♥❡♥ ❧❛ ♣r♦♣✐❡❞❛❞ r❡❢r❛❝t✐✈❛ ❞❡❧ ❛✐r❡✳ ▲❛ r❡❢r❛❝❝✐ó♥ ó♣t✐❝❛ ❞❡
✉♥ ♠❛t❡r✐❛❧ ❝❛♠❜✐❛ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ♣r♦♣❛❣❛❝✐ó♥ ❞❡ ❧❛ ❧✉③ ✭❢r❡♥t❡ ❞❡ ♦♥❞❛ ♦ r❛②♦
❝♦♠♦ ❧❛ ♥♦r♠❛❧ ❛ ést❡✮✳ ❊♥t♦♥❝❡s✱ ❧❛ ❛t♠ós❢❡r❛ ♠♦❞✐✜❝❛ ❧❛ ♣♦s✐❝✐ó♥ r❡❛❧ ❡♥ q✉❡
♦❜s❡r✈❛♠♦s ✉♥❛ ❡str❡❧❧❛ ❡♥ ❝❛❞❛ ♠♦♠❡♥t♦ ❛❧ ❝❛♠❜✐❛r ❝♦♥t✐♥✉❛♠❡♥t❡ ❧❛ ❧í♥❡❛ q✉❡

✈✐✐✐



tr❛③❛♥ ❧♦s ❢♦t♦♥❡s q✉❡ ♥♦s ❧❧❡❣❛♥ s❡❣ú♥ r♦t❛ ❧❛ ❚✐❡rr❛ ② ❞❡s♣❧❛③❛ ❧❛ ♣♦s✐❝✐ó♥ ❛♣❛r❡♥t❡
❞❡ ❧❛ ❡str❡❧❧❛✳ ■♥❝❧✉s♦ ♣❡r♠✐t❡ ✈❡r ❡str❡❧❧❛s ❜❛❥♦ ❧❛ ❧í♥❡❛ ❞❡❧ ❤♦r✐③♦♥t❡✱ ♠✐❡♥tr❛s q✉❡
♥♦ ❡①✐st❡ ❞❡s✈í♦ ❝✉❛♥❞♦ ❡stá ❡♥ ❡❧ ③❡♥✐t✳ ❆❞❡♠ás✱ ❡❧ í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥ ❞❡♣❡♥❞❡ ❞❡ ❧❛
❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ②✱ ❡♥ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ❜❛♥❞❛ ❡s♣❡❝tr❛❧✱ ❧♦s r❛②♦s ✭❝♦♠♦ tr❛②❡❝t♦r✐❛s
❞❡ ❢♦t♦♥❡s✮ ♠ás ❛③✉❧❡s s❡ ❞❡s✈í❛♥ ❡♥ ♠❛②♦r ♠❡❞✐❞❛ q✉❡ ❧♦s ♠ás r♦❥♦s✳ ❊st♦ ❤❛❝❡ q✉❡
❧❛s ❡str❡❧❧❛s ♣✉♥t✉❛❧❡s ❡♥ r❡❛❧✐❞❛❞ ❧❛s ✈❡❛♠♦s ❛❧❛r❣❛❞❛s ❝♦♥ ✉♥ ❡①tr❡♠♦ ♠ás r♦❥✐③♦ ②
❡❧ ♦tr♦ ♠ás ❛③✉❧❛❞♦✳ ❊st❡ ❡❢❡❝t♦ s❡ ❝♦♥♦❝❡ ❝♦♠♦ ❉✐s♣❡rs✐ó♥ ❆t♠♦s❢ér✐❝❛ ❈r♦♠át✐❝❛✳

❚r❛❞✐❝✐♦♥❛❧♠❡♥t❡✱ ❧♦s ❞✐st✐♥t♦s ❡❢❡❝t♦s s❡ ❤❛♥ ✈❡♥✐❞♦ ❛s✉♠✐❡♥❞♦ ② tr❛t❛♥❞♦ ♣♦r
s❡♣❛r❛❞♦✳ ▲❛s ❧✐♠✐t❛❝✐♦♥❡s ❢♦t♦♠étr✐❝❛s ♣✐❞❡♥ ❝♦❧❡❝t♦r❡s ❞❡ ♠❛②♦r ár❡❛✱ ❞❡t❡❝t♦r❡s
♠ás ❡✜❝✐❡♥t❡s ② ♠ás s❡♥s✐❜❧❡s✱ ❝❛♠♣♦s ❝❛❞❛ ✈❡③ ♠ás ♣❡q✉❡ñ♦s ✭♠❡♥♦s ár❡❛ ❞❡ ❝✐❡❧♦
❝♦♥tr✐❜✉②❡♥❞♦ ❛❧ ✓❢♦♥❞♦ ♣ró①✐♠♦✔✮✳ ▲❛ ❞✐s♣❡rs✐ó♥ ❛t♠♦s❢ér✐❝❛ s❡ ❝♦rr✐❣❡ ❝♦♥ ❈♦rr❡❝✲
t♦r❡s ❞❡ ❉✐s♣❡rs✐ó♥ ❆t♠♦s❢ér✐❝❛ ✭❆❉❈ ✕ ❞❡ s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮✱ q✉❡ s♦♥ s✐st❡♠❛s
ó♣t✐❝♦s q✉❡ ✈❛♥ ❝♦♠♣❡♥s❛♥❞♦ ❡♥ ❝❛❞❛ ♣♦s✐❝✐ó♥ ❧❛ r❡❢r❛❝❝✐ó♥ ❞✐❢❡r❡♥❝✐❛❧ ❞❡ ❧♦s ❝♦❧♦r❡s✳
❨ ❡❧ s❡❡✐♥❣ ❤❛ ❞❛❞♦ ❧✉❣❛r ❛ ❧❛s té❝♥✐❝❛s ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ✭❆❖✮✱ ❝♦♥ ❡s♣❡❥♦s ♦s✲
❝✐❧❛♥t❡s ✭❚✐♣✲❚✐❧t✮ ② ❞❡❢♦r♠❛❜❧❡s ✭❉▼✱ ❉❡❢♦r♠❛❜❧❡ ▼✐rr♦r✱ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮✱
q✉❡ r❡q✉✐❡r❡♥ ❛❧❣ú♥ s✐st❡♠❛ ❞❡ ♠✉❡str❡♦ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ q✉❡ ♣❡r♠✐t❛ ❛❝t✉❛r ❝♦♠♦
s❡r✈♦❝♦♥tr♦❧ ❞❡ ❡st♦s ❛❝t✉❛❞♦r❡s✳

▲❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ✭■♠❛❣❡♥ ❆❢♦rt✉♥❛❞❛✮ s✉r❣✐ó ❝♦♠♦ ✉♥❛ ❛❧t❡r♥❛t✐✈❛
❛ ❧❛ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛✱ ❛✉♥q✉❡ ❛❤♦r❛ ❡♠♣✐❡③❛ ❛ ❜❡♥❡✜❝✐❛rs❡ t❛♠❜✐é♥ ❞❡ ést❛ ♣❛r❛
❣r❛♥❞❡s t❡❧❡s❝♦♣✐♦s✳ ❊❧ s❡❝r❡t♦ ❡stá ❡♥ t♦♠❛r ✐♠á❣❡♥❡s ❛ ♠✉② ❛❧t❛ ✈❡❧♦❝✐❞❛❞ ♣❛r❛
❛♣r♦✈❡❝❤❛r ❧♦s ✐♥t❡r✈❛❧♦s ❡♥ ❧♦s q✉❡ ❧❛ ❛t♠ós❢❡r❛ s❡ ♣✉❡❞❡ ❝♦♥s✐❞❡r❛r ❝♦♠♦ ❡st❛❜❧❡
❞❡♥tr♦ ❞❡❧ t✉❜♦ ❝♦❧❡❝t♦r q✉❡ r❡❝♦rr❡ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛✳ ❆sí✱ ❞❡ ✈❡③ ❡♥ ❝✉❛♥❞♦ ❝♦♥✲
s❡❣✉✐♠♦s t❡♥❡r ❛❧❣✉♥♦s ❢♦t♦♥❡s q✉❡ ❞❡✜♥❡♥ ♠✉② ❜✐❡♥ ② ♠✉② ❧✐♠♣✐❛♠❡♥t❡ ❧❛ ✐♠❛❣❡♥
❝❛♣t✉r❛❞❛✳ ❙✐ ❛❝✉♠✉❧❛♠♦s s✉✜❝✐❡♥t❡s ❞❡ ❡st❛s ✐♠á❣❡♥❡s✱ r❡❝❡♥trá♥❞♦❧❛s ② s✉♠á♥❞♦❧❛s
✉♥❛s s♦❜r❡ ♦tr❛s✱ ♣♦❞❡♠♦s t❡♥❡r ❡❧ ❡q✉✐✈❛❧❡♥t❡ ❛ ✉♥❛ ✐♠❛❣❡♥ ❞❡ ♠✉② ❜✉❡♥❛ ❝❛❧✐❞❛❞
❝❡r❝❛ ❞❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦ ②✱ ❛♠♣❧✐❛♥❞♦ ❡❧ t✐❡♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥✱
♣♦❞r❡♠♦s ❛❧❝❛♥③❛r ❧❛s ♠❛❣♥✐t✉❞❡s ❛♣r♦♣✐❛❞❛s✳

▲❛ ó♣t✐❝❛ q✉❡ ❞❡✜♥❡ ❡❧ ♣r♦❜❧❡♠❛ ② ❧❛ q✉❡ ❧♦ r❡s✉❡❧✈❡ s♦♥ ❝♦♥♦❝✐❞❛s ② s❡ ♣✉❡❞❡ ❝❛❧✲
❝✉❧❛r ❡❧ s✐st❡♠❛ t❡ór✐❝♦ ✐❞❡❛❧✳ ▲♦ ♠❛❧♦ ❡s q✉❡ ❧♦s ❡❧❡♠❡♥t♦s ó♣t✐❝♦s✱ ② ❧❛s ❡str✉❝t✉r❛s
q✉❡ ❧♦s ❝♦♥t✐❡♥❡♥✱ ♥♦ s♦♥ ♣❡r❢❡❝t♦s✳ ❊①✐st❡♥ ♠✉❝❤♦s ❢❛❝t♦r❡s q✉❡ ✐♥t❡r✜❡r❡♥ ❡ ✐♥✢✉②❡♥
❡♥ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ✜♥❛❧ q✉❡ ❧❧❡❣❛ ❛❧ ❞❡t❡❝t♦r ② q✉❡ ♣❡rt❡♥❡❝❡♥ ❛❧ s✐st❡♠❛ ❞❡ ♦❜s❡r✲
✈❛❝✐ó♥ ✭❝♦❧❡❝t♦r ♠ás ✐♥str✉♠❡♥t♦✮✱ ❤❛❝✐❡♥❞♦ q✉❡ ❧❛ ✐♠❛❣❡♥ ♥♦ s❡❛ ♣❡r❢❡❝t❛ ② ♠✉❡str❡
❛❜❡rr❛❝✐♦♥❡s✳ ❙❡ ❤❛♥ ❞❡s❛rr♦❧❧❛❞♦ té❝♥✐❝❛s ♣❛r❛ ❡st✉❞✐❛r ② ❞✐s❡ñ❛r s✐st❡♠❛s r❡❛❧❡s q✉❡
♠✐♥✐♠✐❝❡♥ ❡st❛s ❛❜❡rr❛❝✐♦♥❡s ❞❡ ♠♦❞♦ q✉❡ s✉ ✐♥✢✉❡♥❝✐❛ ♣✉❡❞❛ q✉❡❞❛r ♣♦r ❞❡❜❛❥♦ ❞❡
✉♥ ❝✐❡rt♦ ❧í♠✐t❡✳ ❊st❛s té❝♥✐❝❛s ❞❡ ❞✐s❡ñ♦ ó♣t✐❝♦ r❡q✉✐❡r❡♥ ❤♦② ❞❡ ✉♥❛ r❡❧❛t✐✈❛ ♣♦t❡♥✲
❝✐❛ ❞❡ ❝á❧❝✉❧♦ ♣❛r❛ ❧♦s ❛♥á❧✐s✐s ♥✉♠ér✐❝♦s ❞❡ ❧♦s s✐st❡♠❛s ②✱ ❡♥ ❧♦s ❝❛s♦s ♥❡❝❡s❛r✐♦s✱
❧♦s ♣r♦❝❡s♦s ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❛♣r♦♣✐❛❞♦s✳ ▲❛ r❡❛❧✐③❛❝✐ó♥ ❞❡ ❡st❡ t✐♣♦ ❞❡ t❛r❡❛s ♣r❡❝✐s❛
❞❡❧ ✉s♦ ❞❡ ❞✐✈❡rs♦s ♣r♦❣r❛♠❛s ❞❡ ❞✐s❡ñ♦ ó♣t✐❝♦ ❛s✐st✐❞♦ ♣♦r ❝♦♠♣✉t❛❝✐ó♥✳

❊♥ ❣❡♥❡r❛❧✱ ❝✉❛♥❞♦ s❡ tr❛❜❛❥❛ ❝♦♥ s✐st❡♠❛s ❝♦♥✈❡♥❝✐♦♥❛❧❡s✱ s❡ ❞❡✜♥❡ ❡s❡ ❧í♠✐t❡ ❞❡
✐♥✢✉❡♥❝✐❛ ❞❡ ❧❛s ❛❜❡rr❛❝✐♦♥❡s ❝♦♠♦ ✉♥ ❝✐❡rt♦ ✈❛❧♦r q✉❡ ♣❡r♠✐t❡ ❛❧❝❛♥③❛r ❧❛ ♥✐t✐❞❡③
❛♣r♦♣✐❛❞❛ ❞❡ ❧❛ ✐♠❛❣❡♥ ❡♥ ❝❛❞❛ ❝❛s♦✳ ❊♥ ♥✉♠❡r♦s❛s ♦❝❛s✐♦♥❡s ❡s ❡❧ t❛♠❛ñ♦ ❞❡ ♠✉❡s✲
tr❡♦ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥✱ tí♣✐❝❛♠❡♥t❡ ❡❧ ♣í①❡❧ ❞❡❧ ❞❡t❡❝t♦r✳ ❖tr❛s ✈❡❝❡s ❡s ✉♥ ✈❛❧♦r ♠ás
❛♠♣❧✐♦ s✐ q✉❡r❡♠♦s ❛❧❝❛♥③❛r ✐♥❢♦r♠❛❝✐ó♥ ♠ás ✜❛❜❧❡ ❡♥ ❧♦ q✉❡ s❡ r❡✜❡r❡ ❛❧ ❛♣❛rt❛❞♦
❢♦t♦♠étr✐❝♦✱ ❧❛ ❡st❛❜✐❧✐❞❛❞ ♦✱ s✐♠♣❧❡♠❡♥t❡✱ ❡❧ ❝♦st♦✳ ❊♥ ❝✐❡rt♦s ❝❛s♦s✱ ♣♦r ❡❧ ❝♦♥tr❛✲

✐①



r✐♦✱ ❧❛ ♥❡❝❡s✐❞❛❞ ❞❡ t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥ ♠ás ❞❡t❛❧❧❛❞❛✱ ❝♦♠♦ ❡♥ ✉♥❛ ✐♠❛❣❡♥ ❝♦♥ ♠❛②♦r
r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧✱ ❤❛❝❡ q✉❡ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s s❡❛♥ ♠ás r❡str✐❝t✐✈♦s ② ♥❡❝❡s✐t❡♠♦s
✉♥❛ s✉♣❡r✐♦r ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥✳ ❨✱ ✜♥❛❧♠❡♥t❡✱ ♥✉❡str♦ ❝❛s♦✱ ❡♥ ❡❧ q✉❡ ❜✉s❝❛♠♦s ❧❛
♠á①✐♠❛ r❡s♦❧✉❝✐ó♥ ② ♥✐t✐❞❡③✱ ❤❛st❛ ❧❧❡❣❛r ❛❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ▲❛s ♣❡❝✉❧✐❛r✐❞❛❞❡s
❞❡ ❡st❡ s✐st❡♠❛ ❡①✐❣❡♥ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ té❝♥✐❝❛s ❞❡ ❞✐s❡ñ♦ ♠✉② ❡s♣❡❝í✜❝❛s ② ✉♥ ❝✉✐✲
❞❛❞♦ ❡①q✉✐s✐t♦ ❡♥ ❧❛ s❡❧❡❝❝✐ó♥ ❞❡ ♠❛t❡r✐❛❧❡s ② ❝♦♠♣♦♥❡♥t❡s✱ ❛sí ❝♦♠♦ ✉♥ ❣r❛❞♦ ❞❡
❡st❛❜✐❧✐❞❛❞ ❞❡ ❧❛ ❡str✉❝t✉r❛ s♦♣♦rt❡ q✉❡ ❣❛r❛♥t✐❝❡ ❧❛ ✜❛❜✐❧✐❞❛❞ ❞❡❧ s✐st❡♠❛✳ ❚♦❞♦ ❡st♦
❡♥❣❧♦❜❛ ✉♥ ♣r♦❝❡s♦ ❞❡ ❞✐s❡ñ♦✱ ó♣t✐❝♦ ② ♠❡❝á♥✐❝♦✱ q✉❡ ♣r❡❝✐s❛ ❞❡ ❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡ ✉♥♦s
r❡q✉❡r✐♠✐❡♥t♦s ❝✐❡♥tí✜❝♦s ❡①tr❡♠❛❞❛♠❡♥t❡ ❝❧❛r♦s ② ❡❧ ❝á❧❝✉❧♦ ❛ ♣❛rt✐r ❞❡ ❡❧❧♦s ❞❡ ❧♦s
r❡q✉❡r✐♠✐❡♥t♦s ♦♣t♦✲♠❡❝á♥✐❝♦s q✉❡ ❝♦♥❞✉③❝❛♥ ❛ ❧❛ ❢❛❜r✐❝❛❝✐ó♥ ✜♥❛❧ ❞❡❧ ✐♥str✉♠❡♥t♦✳

❊❧ ❞✐s❡ñ♦ ❜❛s❡ ❞❡ ✉♥ ✐♥str✉♠❡♥t♦ ❝♦♥❧❧❡✈❛ ✉♥❛ ❞❡✜♥✐❝✐ó♥ ❞❡❧ ♣r♦❝❡s♦ ❞❡ ✐♥t❡❣r❛✲
❝✐ó♥ ② ❧❛ ❛❞❛♣t❛❝✐ó♥ ❛ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡t❡r♠✐♥❛❞♦✳ ❈✉❛♥❞♦ ❛❞❡♠ás s❡ ❜✉s❝❛ ❞❛r❧❡
♣♦t❡♥❝✐❛❧✐❞❛❞❡s ❛❧ s✐st❡♠❛ ♣❛r❛ ♣♦❞❡r ❛❞❛♣t❛rs❡ ❛ ❞✐st✐♥t♦s t❡❧❡s❝♦♣✐♦s✱ t❛♥t♦ ❡❧ ❞✐✲
s❡ñ♦ ❝♦♠♦ ❧♦s ♣r♦❝❡s♦s ❞❡ ✐♥t❡❣r❛❝✐ó♥ ♦❜❧✐❣❛♥ ❛ ♣❧❛♥t❡❛♠✐❡♥t♦s ♠ás ❛❜✐❡rt♦s ②✱ ♣♦r
t❛♥t♦✱ ♠❡♥♦s ❝♦♥tr♦❧❛❞♦s✱ ♣❡r♦ r❡s♣♦♥❞✐❡♥❞♦ ❛ ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ❞❛❞❛s✳ ▲❛ ❜✉❡✲
♥❛ ❞❡✜♥✐❝✐ó♥ ② ❞✐s❡ñ♦ ❞❡ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ② ❡str✉❝t✉r❛ ❜ás✐❝♦s✱ ② ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡
❛❞❛♣t❛❝✐ó♥ ② ❞❡s❛rr♦❧❧♦ ✭❡♥ ❡❧ s❡♥t✐❞♦ ❞❡ ❡✈♦❧✉❝✐ó♥✮ ❞❡❧ ✐♥str✉♠❡♥t♦ ❛ ❞✐❢❡r❡♥t❡s t❡✲
❧❡s❝♦♣✐♦s ② s✐st❡♠❛s ❛ñ❛❞✐❞♦s✱ ♣❡r♠✐t❡ ❧❛ ❝r❡❛❝✐ó♥ ❞❡ t♦❞❛ ✉♥❛ ❧í♥❡❛ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥
② ♣r♦❣r❡s♦ t❛♥t♦ ♣❛r❛ ❧♦s ❝✐❡♥tí✜❝♦s ❝♦♠♦ ♣❛r❛ ❧♦s ✐♥str✉♠❡♥t❛❧✐st❛s✳

❊❧ ✐♥st❛❧❛r ❋❛st❈❛♠ ❡♥ ❞✐st✐♥t♦s t❡❧❡s❝♦♣✐♦s ❤❛ ♣❡r♠✐t✐❞♦ ❞❡s❝✉❜r✐r ♠✉❧t✐t✉❞ ❞❡
♣❛rá♠❡tr♦s q✉❡ ❛❢❡❝t❛♥ ❛❧ s✐st❡♠❛ ②✱ ♣♦r t❛♥t♦✱ ❛②✉❞❛♥ ❛ ♠❡❥♦r❛r❧♦✳ ❈♦♠♦✱ ♣♦r ❡❥❡♠✲
♣❧♦✱ ❡❧ ❛ñ❛❞✐r ✉♥ ❈♦rr❡❝t♦r ❞❡ ❉✐s♣❡rs✐ó♥ ❆t♠♦s❢ér✐❝❛ ♣❛r❛ ❛✉♠❡♥t❛r ❡❧ ❛r❝♦ ❞❡ ❝✐❡❧♦
♦❜s❡r✈❛❜❧❡✳ ❆ ❧❛ ✈❡③✱ ❛❧❣✉♥♦s ❞❡ ❡st♦s ♣❛rá♠❡tr♦s ✐♥❞✐❝❛♥ ♥✉❡✈❛s ♣♦s✐❜✐❧✐❞❛❞❡s ❞❡❧
✐♥str✉♠❡♥t♦ s❡❣ú♥ ❧♦ q✉❡ s❡ ♣r❡t❡♥❞❛ ❜✉s❝❛r ❡♥ ❝❛❞❛ s✐st❡♠❛✳ ❊♥ ❡❧ ❝❛s♦ ❞❡❧ ●r❛♥
❚❡❧❡s❝♦♣✐♦ ❈❛♥❛r✐❛s ✭●❚❈✮✱ ♣♦r ❝✐t❛r só❧♦ ✉♥ ❝❛s♦✱ ❝♦♥ s✉ ❡s♣❡❥♦ s❡❣♠❡♥t❛❞♦✱ ❛②✉❞❛✲
rí❛ ❛ ♠❡❥♦r❛r ❡❧ ❝♦❢❛s❡♦ ❞❡ ❧♦s ❡s♣❡❥♦s✱ ♣❡r♦ t❛♠❜✐é♥ ❛ ❤❛❝❡r ❡st✉❞✐♦s ❞❡ t✉r❜✉❧❡♥❝✐❛
❛t♠♦s❢ér✐❝❛ ❧♦❝❛❧✳ ▲❛ ✐♥s❡r❝✐ó♥ ❡♥ ✉♥ s✐st❡♠❛ ❝♦♥ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ✭s✐st❡♠❛ ◆❆❖✲
▼■ ❞❡❧ ❚❡❧❡s❝♦♣✐♦ ❲✐❧❧✐❛♠ ❍❡rs❝❤❡❧✮ ♠✉❡str❛ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ♠❡❥♦r❛ ② ❛❞❛♣t❛❝✐ó♥
❛ ❣r❛♥❞❡s ♦ ♠✉② ❣r❛♥❞❡s t❡❧❡s❝♦♣✐♦s✳ ❊s ✉♥❛ r❡❛❧✐❞❛❞ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧❛ té❝♥✐❝❛ ❛
♦❜❥❡t♦s ❢♦t♦♠étr✐❝♦s ❞❡ rá♣✐❞❛ ✈❛r✐❛❝✐ó♥ t❡♠♣♦r❛❧ ✭❝ú❛s❛r❡s✱ ♣ú❧s❛r❡s ♦ ♥♦✈❛s✮✱ ♦ ❝♦✲
♠♦ s✐st❡♠❛ ❢♦t♦♠étr✐❝♦ ❞❡ ❣r❛♥ ❝❛♠♣♦ ✭❝❛s♦ ❞❡ ❧❛ ✈❡rs✐ó♥ ❲✐❞❡❋❈ ❞❡❧ ✐♥str✉♠❡♥t♦✱
❝♦♠♦ s✐st❡♠❛ ❞❡ ❜úsq✉❡❞❛ ② s❡❣✉✐♠✐❡♥t♦ ❞❡ ♦❝✉❧t❛❝✐♦♥❡s ✕✈❡r ❙❡❝✳ ✺✳✹✳✶ ② ✻✳✷✳✸✮✳
❆s✐♠✐s♠♦✱ ♣♦❞❡♠♦s ♠❡♥❝✐♦♥❛r ❧♦s ❞❡s❛rr♦❧❧♦s ❢✉t✉r♦s✱ ②❛ ❡♥ ♠❛r❝❤❛✱ ❞❡ ❋❛st❈❛♠
❝♦♥ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❞❡ s✉ ♣r♦♣✐♦ s✐st❡♠❛ ❞❡ ❆❖ ② ❛❝❝❡s♦ ❛ ❡str❡❧❧❛s ❛rt✐✜❝✐❛❧❡s✱ ♦ ❝♦♥
✉♥ ❝♦r♦♥ó❣r❛❢♦ ❡st❡❧❛r✳

❨✱ ✜♥❛❧♠❡♥t❡✱ ❧❛s ♠❡❥♦r❛s ❡♥ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❞❡❧ ✐♥str✉♠❡♥t♦✱ ❞❡ ❧❛ té❝♥✐❝❛ ②
❞❡ ❧❛ ❛♣❧✐❝❛❜✐❧✐❞❛❞ ❞❡❧ s✐st❡♠❛ ♥♦s ♣❡r♠✐t❡♥ ♣❡♥s❛r ❡♥ ❛♣❧✐❝❛❝✐♦♥❡s ✐♥str✉♠❡♥t❛❧❡s
❛ ♦tr♦s ❝❛♠♣♦s ♥♦ ❛str♦♥ó♠✐❝♦s✱ ❝♦♠♦ ♣✉❡❞❡ s❡r ❧❛ ♦❢t❛❧♠♦❧♦❣í❛ ② ❧❛ ❧✉❝❤❛ ❝♦♥ ❧❛
♦s❝✐❧❛❝✐ó♥ ♦❝✉❧❛r q✉❡ ❞✐✜❝✉❧t❛ ❧❛ ♦❜t❡♥❝✐ó♥ ❞❡ ✐♠á❣❡♥❡s s✉✜❝✐❡♥t❡♠❡♥t❡ ♥ít✐❞❛s ❞❡❧
❢♦♥❞♦ ❞❡ ♦❥♦✳ ❖✱ ❡♥ ❣❡♥❡r❛❧✱ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❛ ❝✉❛❧q✉✐❡r s✐st❡♠❛ ❞❡ ✐♠❛❣❡♥ ❡♥ t✐❡♠♣♦
❝✉❛s✐ r❡❛❧ q✉❡ ♥❡❝❡s✐t❡ ✉♥ ♣r❡♣r♦❝❡s❛❞♦ ♣❛r❛ ❡st❛❜✐❧✐③❛r ❧❛ ✐♠❛❣❡♥ q✉❡ s❡ ♣r❡s❡♥t❛
♦ q✉❡ s❡ ♣r❡t❡♥❞❡ ❛♥❛❧✐③❛r✱ ❝♦♠♦ s♦♥ ❧♦s s✐st❡♠❛s ❞❡ ✈í❞❡♦❝♦♥tr♦❧✱ ❡♥ ❝❛❞❡♥❛s ❞❡
♣r♦❞✉❝❝✐ó♥ ♦ ❡♥ r♦❜ót✐❝❛✱ ♦ s✐♠♣❧❡♠❡♥t❡ ✈✐❣✐❧❛♥❝✐❛ ② s✐st❡♠❛s ❡♥ ❞✉r❛s ❝♦♥❞✐❝✐♦♥❡s
❝♦♥ ✈✐❡♥t♦ ♦ ✈✐❜r❛❝✐♦♥❡s✳

①



❖r❣❛♥✐③❛❝✐ó♥ ❞❡❧ tr❛❜❛❥♦

■♥tr♦❞✉❝✐♠♦s ❡❧ tr❛❜❛❥♦ ❝♦♥ ✉♥ ❝❛♣ít✉❧♦ ❡♥ ❡❧ q✉❡ s❡ ❞❡s❝r✐❜❡ ❡❧ ✓♣r♦❜❧❡♠❛✔✱ ❧❛
❜úsq✉❡❞❛ ❞❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡ ❧❛ ó♣t✐❝❛ ♦✱ ❛❧ ♠❡♥♦s✱ ❞❡ ❧❛ P❙❋ ✭P♦✐♥t ❙♣r❡❛❞
❋✉♥❝t✐♦♥ ❬❋✉♥❝✐ó♥ ❞❡ P✉♥t♦ ❊s♣❛r❝✐❞♦❪✮ ❞❡ ❛❜❡rr❛❝✐ó♥✳ ❙❡ s✐tú❛ ❡♥ ❡❧ á♠❜✐t♦ ❞❡ ❧❛
❛t♠ós❢❡r❛ ② ❡❧ s❡❡✐♥❣ ② s❡ ❞❡s❝r✐❜❡♥ s✉s ❝♦♠♣♦♥❡♥t❡s✳ ❉✐s❝✉t✐♠♦s ❧❛ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥
② ❧♦s ❧í♠✐t❡s ❞❡❧ ❞✐s❡ñ♦ ó♣t✐❝♦✱ t❡❧❡s❝♦♣✐♦s ❡ ✐♥str✉♠❡♥t♦s✳ ❈♦♥ ❡st♦ ❝♦♥❢♦r♠❛♠♦s ❡❧
❈❛♣ít✉❧♦ ✶✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ ❡♥ ❡❧ ❈❛♣ít✉❧♦ ✷✱ ♣r♦❝❡❞❡♠♦s ❛ ❝♦♥s✐❞❡r❛r ❧❛s té❝♥✐❝❛s q✉❡ s❡ ✉s❛♥
♣❛r❛ ❝♦♥tr❛rr❡st❛r ❧♦s ❞✐st✐♥t♦s ❡❢❡❝t♦s ✖ ❆❧✐♥❡❛❞♦s ❞❡ t❡❧❡s❝♦♣✐♦s ✭❝♦♥ ❡❧ ❙❡♥s♦r ❞❡
❋r❡♥t❡ ❞❡ ❖♥❞❛✮✱ ▼♦♥t❛❥❡ ❞❡ ❧♦s ✐♥str✉♠❡♥t♦s✱ Ó♣t✐❝❛ ❆❝t✐✈❛ ✭❧♦s s❡♥s♦r❡s ❞❡ ❝❛r❣❛
② ❛❝t✉❛❞♦r❡s ♣✐❡③♦❡❧é❝tr✐❝♦s ❡♥ ❡s♣❡❥♦s✮✱ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ✭✉s♦ ❞❡ t✐♣✲t✐❧t✱ ❝♦rr❡✲
❧❛❞♦r✱ ❡s♣❡❥♦s ❞❡❢♦r♠❛❜❧❡s✱ s❡♥s♦r❡s ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛✿ ❝✉r✈❛t✉r❛✱ ❙❤❛❝❦✲❍❛rt♠❛♥♥✱
♣❧❡♥ó♣t✐❝❛✱ s❤❛❜❛r✱✳✳✳✮✱ ❡t❝✳✖ ❞❡s❝r✐❜✐❡♥❞♦ ❧❛s ♦♣❝✐♦♥❡s ② ❛♣❧✐❝❛❜✐❧✐❞❛❞ ❞❡ ❝❛❞❛ ✉♥❛✳
❚❛♠❜✐é♥ ♦tr❛s q✉❡ ❡stá♥ ❡♥ ❞❡s❛rr♦❧❧♦ ②✱ ❡♥tr❡ ❡❧❧❛s✱ ❧❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣✳ ❈✉❛♥❞♦ ❡❧
♣r♦❜❧❡♠❛ ②❛ ❤❛ q✉❡❞❛❞♦ ❜✐❡♥ ❞❡✜♥✐❞♦ ② ♥♦s ❤❡♠♦s ❝❡♥tr❛❞♦ ❡♥ ❧❛ ✓té❝♥✐❝❛✔ s♦❜r❡
❧❛ q✉❡ ✈❛♠♦s ❛ tr❛t❛r✱ ❞❡s❝r✐❜✐♠♦s ❡♥ q✉é s❡ ❜❛s❛ ② ❧♦ q✉❡ ❜✉s❝❛♠♦s ✐♥✐❝✐❛❧♠❡♥t❡
✭✐♠á❣❡♥❡s ❞❡ s♣❡❝❦❧❡s ❡ ✐♠❛❣❡♥ s✉♠❛❞❛✮✳

❊♥ ❡❧ s✐❣✉✐❡♥t❡ ❝❛♣ít✉❧♦ ❤❛❝❡♠♦s ✉♥ ♣♦❝♦ ❞❡ ❤✐st♦r✐❛ s♦❜r❡ ❝ó♠♦ ❝♦♠❡♥③❛♠♦s
❡❧ ♣r♦②❡❝t♦ ② ❧♦ q✉❡ ♣r❡t❡♥❞í❛♠♦s ✐♥✐❝✐❛❧♠❡♥t❡✳ ❊①♣❧✐❝❛♠♦s ❧❛s té❝♥✐❝❛s ❞❡ ✓❞✐s❡ñ♦✔
ó♣t✐❝♦ ② ❡❧ ❞✐s❡ñ♦ ♦r✐❣✐♥❛❧✱ ❛sí ❝♦♠♦ ❡❧ ♣r♦❣r❛♠❛ ❞❡ r❡❞✉❝❝✐ó♥ ❞❡ ❧♦s ❞❛t♦s❀ ❤❛❜❧❛♠♦s
❞❡❧ ♠♦♥t❛❥❡ ❡♥ ❡❧ ❧❛❜♦r❛t♦r✐♦ ② ❞❡s❝r✐❜✐♠♦s ❡❧ ✓❛t❛q✉❡✔ ❛❧ ❚❡❧❡s❝♦♣✐♦ ❈❛r❧♦s ❙á♥❝❤❡③✳

❊❧ é①✐t♦ ♦❜t❡♥✐❞♦ ♥♦s ❝♦♥❞✉❝❡✱ ✐♥❡✈✐t❛❜❧❡♠❡♥t❡✱ ❛ ♣❧❛♥t❡❛r♥♦s ✉♥ ❞✐s❡ñ♦ ♠ás s❡r✐♦
✭❞❡s❛rr♦❧❧♦ ❞❡ ❧❛ ♥✉❡✈❛ ❝❛❥❛ ❛ ♣❛rt✐r ❞❡ ❧❛ té❝♥✐❝❛ ❞❡ ♣r♦t♦t✐♣❛❥❡✮ ②✱ ♥♦ só❧♦ ❡s♦✱ ❛ ✐r ❛
♦tr♦s t❡❧❡s❝♦♣✐♦s✳ ❉❡s♣✉és ❞❡ ❡❧❧♦ s❡ ❞❡s❝r✐❜❡ ❧❛ ❞❡❝✐s✐ó♥ ❞❡ ♦❜t❡♥❡r ✉♥ ♠❡❥♦r ❞❡t❡❝t♦r
✭❧♦ q✉❡ ❝♦♥❞✐❝✐♦♥❛ ❡❧ ❞✐s❡ñ♦ ó♣t✐❝♦✮ ② ❧❛s ♣♦s✐❜✐❧✐❞❛❞❡s ❞❡ ❧❛s ❋P●❆✬s ✭❝✐r❝✉✐t♦s
❡❧❡❝tró♥✐❝♦s ❞❡ ♣✉❡rt❛s ♣r♦❣r❛♠❛❜❧❡s✮ ② ❡❧ ❡♠♣✉❥❡ ♣❛r❛ q✉❡ s❡ ✐♠♣❧❡♠❡♥t❛r❛♥✳ ❚r❛s
❡s♦✱ s❡ ✐♥tr♦❞✉❝❡ ❝ó♠♦ ❧❧❡❣❛♠♦s ❛❧ ♥✉❡✈♦ ❝♦♥❝❡♣t♦ ♠ás ♣♦rtát✐❧ ② ❧❛s ❛❞❛♣t❛❝✐♦♥❡s q✉❡
r❡❛❧✐❝é ♣❛r❛ ❝❛❞❛ t❡❧❡s❝♦♣✐♦ ✭❞✐s❡ñ♦s ó♣t✐❝♦s✮✳ ❚r❛s ❤❛❜❧❛r ❞❡ ✜❧tr♦s ② ❆❉❈ ✜♥❛❧✐③❛
❡❧ ❈❛♣ít✉❧♦ ✹ ❝♦♥ ❡❧ ✓❞❡s❛rr♦❧❧♦✔ ❞❡❧ ♣r♦②❡❝t♦✳

❍❛❜❧❛♠♦s ❡♥t♦♥❝❡s ❡♥ ❡❧ ❈❛♣ít✉❧♦ ✺ ❞❡ ❧♦s ✓r❡s✉❧t❛❞♦s✔ ❞❡❧ ♣r♦②❡❝t♦ ❜✉s❝❛♥❞♦
❡①♣❧✐❝❛❝✐♦♥❡s té❝♥✐❝❛s ❛ ❛❧❣✉♥❛s ❞❡ ❧❛s ✐♠á❣❡♥❡s ② ❞❛t♦s ♦❜t❡♥✐❞♦s✱ ② ❝ó♠♦ s❡ ❣❡♥❡r❛♥
✐❞❡❛s ❞❡ ♠❡❥♦r❛ ♣❛r❛ ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ② ♣r♦❝❡s❛❞♦ ❞❡ ❞❛t♦s✳ ▼❡♥❝✐♦♥❛♠♦s
❛❧❣ú♥ ❧♦❣r♦ ♦❜t❡♥✐❞♦ ❛ ♣❛rt✐r ❞❡ r❡s♦❧✉❝✐ó♥ t❡♠♣♦r❛❧ ② ❛❧❣✉♥♦s r❡s✉❧t❛❞♦s ❝✐❡♥tí✜❝♦s
♥♦t❛❜❧❡s ♦ ❞❡ ✐♥t❡rés✳ ▲✐st❛♠♦s ❛❞❡♠ás ✉♥❛ s❡r✐❡ ❞❡ tr❛❜❛❥♦s q✉❡ s❡ ❡stá♥ r❡❛❧✐③❛♥❞♦
❛❝t✉❛❧♠❡♥t❡ ❝♦♥ ❋❛st❈❛♠ ❝♦♠♦ ✐♥str✉♠❡♥t♦ ❞❡ ✉s♦ ❝♦♠ú♥ ❡♥ ❡❧ ❚❈❙✳

❊♥ ❡❧ ❈❛♣ít✉❧♦ ✻ ♥♦s ❝❡♥tr❛♠♦s ❡♥ ❧❛s ✓❝♦♥s❡❝✉❡♥❝✐❛s✔✱ ❝♦♥ t♦❞♦s ❧♦s ✐♥str✉♠❡♥t♦s
② ❝♦♠♣❧❡♠❡♥t♦s q✉❡ ♥❛❝✐❡r♦♥ ❛ ♣❛rt✐r ❞❡ ❋❛st❈❛♠✳ ❈♦♥ ❧♦s ❛✈❛♥❝❡s✱ ♠♦❞✐✜❝❛❝✐♦♥❡s
② ♠❡❥♦r❛s ❞❡❧ ✐♥str✉♠❡♥t♦✱ ❛sí ❝♦♠♦ ❧❛s ❛❞❛♣t❛❝✐♦♥❡s q✉❡ s❡ r❡❛❧✐③❛r♦♥ ❛ ♦tr♦s ✐♥s✲
tr✉♠❡♥t♦s ② ❧♦ q✉❡ s❡ ❤❛ ❤❡❝❤♦ ❝♦♥ ❡❧❧♦s ♦ ❧♦ q✉❡ s❡ ♣❧❛♥t❡❛ ❤❛❝❡r ❝♦♥ ❧❛s ✐❞❡❛s ❞❡
❛♣❧✐❝❛❝✐ó♥ ❞❡❧ ✐♥str✉♠❡♥t♦ ❜❛s❡✳ ❋✐♥❛❧✐③❛♠♦s ❡❧ ❝❛♣ít✉❧♦ tr❛t❛♥❞♦ s♦❜r❡ ❧❛s ✓♣♦s✐❜✐❧✐✲
❞❛❞❡s✔ q✉❡ s❡ ❞❡r✐✈❛♥ ❞❡ ✉♥ ✐♥str✉♠❡♥t♦ ❝♦♠♦ ést❡ ② s✉s r❡s✉❧t❛❞♦s✱ ❛sí ❝♦♠♦ s♦❜r❡
♦tr❛s ♣♦s✐❜❧❡s ❛♣❧✐❝❛❝✐♦♥❡s✱ ❡s ❞❡❝✐r✱ ❧❛ ✐♥♥♦✈❛❝✐ó♥ ② ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞❡ ❧❛ té❝♥✐❝❛ ❞❡❧
s✐st❡♠❛ ♦r✐❣✐♥❛❧✳

①✐



❊❧ ú❧t✐♠♦ ❝❛♣ít✉❧♦ s✐r✈❡ ♣❛r❛ ♣r❡s❡♥t❛r ❧❛s ✓❝♦♥❝❧✉s✐♦♥❡s✔✱ q✉❡ ♣♦❞rí❛♥ s❡r ✉♥
❡♣í❧♦❣♦ ❝♦♥ ✉♥ r❡s✉♠❡♥ ❞❡ ❧♦s ❞❡s❛rr♦❧❧♦s ♣r♦♣✐♦s✱ té❝♥✐❝♦s ❡ ✐❞❡❛s✱ ② ❝ó♠♦ t♦❞♦s
❡❧❧♦s ❡♠♣✉❥❛♥ ❤❛❝✐❛ ❡❧ ✜♥❛❧✳

❆❞❡♠ás ❞❡ ❡st❛ ✐♥❢♦r♠❛❝✐ó♥✱ s❡ ❤❛ ❝r❡í❞♦ ❝♦♥✈❡♥✐❡♥t❡ ✐♥❝❧✉✐r ✉♥❛ s❡r✐❡ ❞❡ ❛♥❡①♦s
❡♥ ❧♦s ❝✉❛❧❡s s❡ tr❛t❛ ❝♦♥ ♠ás ❞❡t❛❧❧❡ ❧♦s r❡sú♠❡♥❡s ❞❡❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ ❈♦rr❡❝t♦r ❞❡
❉✐s♣❡rs✐ó♥ ❆t♠♦s❢ér✐❝❛ ② ❧♦s ❝á❧❝✉❧♦s ❞❡ ❧♦s á♥❣✉❧♦s ❞❡ ❞✐s♣❡rs✐ó♥ ② ❝♦rr❡❝❝✐ó♥✳ ❙❡
❞❡s❝r✐❜❡✱ t❛♠❜✐é♥✱ ❧❛ ♠♦♥t✉r❛ ✜♥❛❧ ② ❧♦s ♣❧❛♥♦s ❞❡❧ ❋❛st❈❛♠ ❞❡✜♥✐t✐✈♦ r❡❛❧✐③❛❞♦s
♣♦r ❧❛ ❡♠♣r❡s❛ ■❉❖▼ tr❛s ♥✉❡str❛s ✐♥❞✐❝❛❝✐♦♥❡s✳ ❆ñ❛❞✐♠♦s ❛s✐♠✐s♠♦ ✉♥ r❡s✉♠❡♥
❞❡❧ r❡❝♦rr✐❞♦ ✐♥str✉♠❡♥t❛❧ q✉❡ ♠❡ ❤❛ ♣❡r♠✐t✐❞♦ ❧❧❡❣❛r ❛ ❡st❡ ❞❡s❛rr♦❧❧♦ ② q✉❡ ❥✉st✐✜❝❛
♣❛rt❡ ❞❡ ❧❛s ❞❡❝✐s✐♦♥❡s ② ♦♣❡r❛❝✐♦♥❡s r❡❛❧✐③❛❞❛s✳ ❨ t❛♠❜✐é♥✱ ✜♥❛❧♠❡♥t❡✱ ✉♥❛ s❡r✐❡ ❞❡
♣r♦❝❡❡❞✐♥❣s ② ❛rtí❝✉❧♦s q✉❡✱ s♦❜r❡ ❡❧ ✐♥str✉♠❡♥t♦ ② s✉s tr❛❜❛❥♦s✱ s❡ ❤❛♥ ♣✉❜❧✐❝❛❞♦✱ ②
❡♥ ❧♦s ❝✉❛❧❡s ❛♣❛r❡③❝♦ ❝♦♠♦ ❝♦❛✉t♦r ② q✉❡✱ ❞❡ ❛❧❣✉♥❛ ❢♦r♠❛✱ ❝♦♠♣❧❡♠❡♥t❛♥ ❧❛ t❡s✐s
♣r❡s❡♥t❛❞❛✳

①✐✐



❆❜r❡✈✐❛t✉r❛s ② ❆❝ró♥✐♠♦s

❛r❝s❡❝ ❉❡❧ ✐♥❣❧és ❛r❝ s❡❝♦♥❞✱ s❡ r❡♣r❡s❡♥t❛ t❛♠❜✐é♥ ❝♦♠♦ ′′ ② ❡q✉✐✈❛❧❡ ❛ ✶✴✸✻✵✵
❞❡ ❣r❛❞♦✱ 1/206264′806 ❞❡ r❛❞✐á♥✱ 7′716 · 10−7 ❞❡ ✉♥ ❝✐❝❧♦✳ ❘❡♣r❡s❡♥t❛
❧❛ ✉♥✐❞❛❞ ❛♥❣✉❧❛r ❜ás✐❝❛ ♣❛r❛ ♠❡❞✐❞❛ ❞❡ ❞✐st❛♥❝✐❛s ❡♥ ❡❧ ❝✐❡❧♦✱ ❤❛❜✐t✉❛❧✲
♠❡♥t❡ ✉s❛❞❛ ❡♥ ❆str♦♥♦♠í❛✳

❆❝t❖ ❆❝t✐✈❡ ❖♣t✐❝s ✭Ó♣t✐❝❛ ❆❝t✐✈❛✮✳

❆❉❈ ❆t♠♦s♣❤❡r✐❝ ❉✐s♣❡rs✐♦♥ ❈♦rr❡❝t♦r ✭❈♦rr❡❝t♦r ❞❡ ❉✐s♣❡rs✐ó♥ ❆t♠♦s❢ér✐✲
❝❛✮✳

❆■❱ ❆ss❡♠❜❧②✱ ■♥t❡❣r❛t✐♦♥ ❛♥❞ ❱❡r✐✜❝❛t✐♦♥ ✭❊♥s❛♠❜❧❡✴❆❧✐♥❡❛❞♦✱ ■♥t❡❣r❛❝✐ó♥
② ❱❡r✐✜❝❛❝✐ó♥✮✱ ✈❡r ●❧♦s❛r✐♦✿ ❆■❱✳

❆❖ ❆❞❛♣t✐✈❡ ❖♣t✐❝s ✭Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛✮✱ ✈❡r ●❧♦s❛r✐♦✿ ❆❖✳

❆❖▲■ ❆❞❛♣t✐✈❡ ❖♣t✐❝❛❧ ▲✉❝❦② ■♠❛❣✐♥❣ ✭■♠❛❣❡♥ ❛❢♦rt✉♥❛❞❛ ❝♦♥ Ó♣t✐❝❛ ❆❞❛♣✲
t❛t✐✈❛✮✳

❈❆■◆ ❈á♠❛r❛ ■♥❢r❛rr♦❥❛✳

❈❆❖❉ ❈♦♠♣✉t❡r ❆✐❞❡❞ ❖♣t✐❝❛❧ ❉❡s✐❣♥ ✭❉✐s❡ñ♦ Ó♣t✐❝♦ ❆s✐st✐❞♦ ♣♦r ❈♦♠♣✉✲
t❛❞♦r✮✳

❈❈❉ ❈❤❛r❣❡ ❈♦✉♣❧❡❞ ❉❡✈✐❝❡ ✭❉✐s♣♦s✐t✐✈♦ ❞❡ ❚r❛♥s❢❡r❡♥❝✐❛ ❞❡ ❈❛r❣❛ ❆❝♦♣❧❛✲
❞❛✮✳ ❱❡r ●❧♦s❛r✐♦✿ ❈❈❉ ❈❤❛r❣❡ ❈♦✉♣❧❡❞ ❉❡✈✐❝❡ ❬❉✐s♣♦s✐t✐✈♦ ❞❡ ❚r❛♥s❢❡✲
r❡♥❝✐❛ ❞❡ ❈❛r❣❛❪✳

❉▼ ❉❡❢♦r♠❛❜❧❡ ▼✐rr♦r ✭❊s♣❡❥♦ ❉❡❢♦r♠❛❜❧❡✮✳

❊▼❈❈❉ ❊❧❡❝tr♦♥ ▼✉❧t✐♣❧②✐♥❣ ❈❤❛r❣❡ ❈♦✉♣❧❡❞ ❉❡✈✐❝❡ ✭❉✐s♣♦s✐t✐✈♦ ❞❡ ❚r❛♥s❢❡r❡♥✲
❝✐❛ ❞❡ ❈❛r❣❛ ♣♦r ▼✉❧t✐♣❧✐❝❛❝✐ó♥ ❞❡ ❊❧❡❝tr♦♥❡s✮✳

❊▼■❘ ❊s♣❡❝tró❣r❛❢♦ ▼✉❧t✐♦❜❥❡t♦ ■♥❢r❛✲❘♦❥♦ ♣❛r❛ ●❚❈✱ ✈❡r ●❧♦s❛r✐♦✿ ❊▼■❘✳

r♠s ❘♦♦t ▼❡❛♥ ❙q✉❛r❡ ✭❘❛í③ ❈✉❛❞rát✐❝❛ ▼❡❞✐❛✮✳

❋❛st❈❛♠ ■♥str✉♠❡♥t♦ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❞❡s❛rr♦❧❧❛❞♦ ♣❛r❛ ❛❧t❛ r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧
❝♦♥ t❡❧❡s❝♦♣✐♦s ❞❡s❞❡ t✐❡rr❛✳

①✐✐✐



❋❖❱ ❋✐❡❧❞ ♦❢ ✈✐❡✇ ✭❈❛♠♣♦ ❞❡ ✈✐s✐ó♥✮✱ ✈❡r ●❧♦s❛r✐♦✿ ❋❖❱✳

❋❖❱■❆ ❋❖tó♠❡tr♦ ❱■s✐❜❧❡ ❆❞❛♣t❛❞♦✳

❋P●❆ ❋✐❡❧❞ Pr♦❣r❛♠♠❛❜❧❡ ●❛t❡ ❆rr❛② ✭▼❛tr✐③ ❞❡ P✉❡rt❛s ❞❡ ❈❛♠♣♦ Pr♦❣r❛✲
♠❛❜❧❡✮ ✈❡r ●❧♦s❛r✐♦✿ ❋P●❆✳

❋❲❍▼ ❋✉❧❧ ❲✐❞t❤ ❛t ❍❛❧❢ ▼❛①✐♠✉♥ ❬❆♥❝❤♦ ❛ ▼✐t❛❞ ❞❡ ❆❧t✉r❛❪✱ ✈❡r ●❧♦s❛r✐♦
❋❲❍▼✳

●❍❘■▲ ●r♦✉♥❞ ❍✐❣❤ ❘❡s♦❧✉t✐♦♥ ■♠❛❣❡ ▲❛❜♦r❛t♦r② ✭▲❛❜♦r❛t♦r✐♦ ❞❡ ■♠❛❣❡♥ ❞❡
❆❧t❛ ❘❡s♦❧✉❝✐ó♥ ❡♥ ❚✐❡rr❛✮✳

●❘❊●❖❘ ●r❡❣♦r ❙♦❧❛r ❚❡❧❡s❝♦♣❡✳

●❘■❙ ●❘❡❣♦r ■♥❢r❛r❡❞ ❙♣❡❝tr♦❣r❛♣❤ ✭❊s♣❡❝tró❣r❛❢♦ ■♥❢r❛rr♦❥♦ ●❘❡❣♦r✮✳

●❚❈ ●r❛♥ ❚❡❧❡s❝♦♣✐♦ ❈❛♥❛r✐❛s✳

❍❙❚ ❍✉❜❜❧❡ ❙♣❛❝❡ ❚❡❧❡s❝♦♣❡ ✭❚❡❧❡s❝♦♣✐♦ ❊s♣❛❝✐❛❧ ❍✉❜❜❧❡✮✳

■◆●❘■❉ ■s❛❛❝ ◆❡✇t♦♥ ●r♦✉♣ ❘❡❞ ■♠❛❣✐♥❣ ❉❡✈✐❝❡ ■◆●❘■❉ ❡s ✉♥❛ ❝á♠❛r❛ ❙❲■❘
♣❛r❛ ✉s❛r ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❲❍❚ ❞❡ 4′2♠ ✳ ■◆●❘■❉ s❡ ❜❛s❛ ❡♥ ✉♥ ❞❡t❡❝t♦r
■❘✲❍❛✇❛✐✐ ❞❡ 1024× 1024 ♣✐① ♣❛r❛ ✐♠❛❣❡♥ ❡♥ ❡❧ r❛♥❣♦ 0′8 ❛ 2′5µ♠✱ ❝♦♥
✉♥ t❛♠❛ñ♦ ❞❡ ♣í①❡❧ ❞❡ 0′238 ❛r❝s❡❝ ❞❡s❛rr♦❧❧❛❞♦ ♣❛r❛ ✉t✐❧✐③❛r ❡❧ s✐st❡♠❛
❞❡ ◆❆❖▼■✳

■❘ ■♥❢r❛✲❘♦❥♦✳

▲✸❈❈❉ ▲♦✇ ▲✐❣❤t ▲❡✈❡❧ ❈❤❛r❣❡ ❈♦✉♣❧❡❞ ❉❡✈✐❝❡ ✭❉✐s♣♦s✐t✐✈♦ ❞❡ ❚r❛♥s❢❡r❡♥❝✐❛
❞❡ ❈❛r❣❛ ❞❡ ❇❛❥♦ ◆✐✈❡❧ ❞❡ ▲✉③✮✳

▲❊❉ ▲✐❣❤t✲❊♠✐tt✐♥❣ ❉✐♦❞❡ ✭❉✐♦❞♦ ❊♠✐s♦r ❞❡ ▲✉③✮✳

▲■❘■❙ ▲♦♥❣✲s❧✐t ■♥t❡r♠❡❞✐❛t❡ ❘❡s♦❧✉t✐♦♥ ■♥❢r❛r❡❞ ❙♣❡❝tr♦❣r❛♣❤ ❢♦r t❤❡ ❲❍❚
❬❊s♣❡❝tró❣r❛❢♦ ■♥❢r❛rr♦❥♦ ❞❡ ❘❡♥❞✐❥❛ ▲❛r❣❛ ❞❡ ❘❡s♦❧✉❝✐ó♥ ■♥t❡r♠❡❞✐❛✱
♣❛r❛ ❡❧ ❲❍❚❪✳

▼❈❆❖ ▼✉❧t✐❈♦♥❥✉❣❛t❡ ❆❞❛♣t✐✈❡ ❖♣t✐❝s ✭Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ▼✉❧t✐❈♦♥❥✉❣❛❞❛✮✱
✈❡r ●❧♦s❛r✐♦✿ ▼❈❆❖✳

◆■❘ ◆❡❛r ■♥❢r❛r❡❞ ✭✐♥❢r❛rr♦❥♦ ♣ró①✐♠♦✮✳ ❘❡❣✐ó♥ ❞❡❧ ❡s♣❡❝tr♦ ✐♥❢r❛rr♦❥♦ s❡♥s✐✲
❜❧❡ ♣❛r❛ ❧♦s ❢♦t♦❞❡t❡❝t♦r❡s✿ ∼ 750− 1100 ♥♠✳

◆❖❚ ◆♦r❞✐❝ ❖♣t✐❝❛❧ ❚❡❧❡s❝♦♣❡ ✭❚❡❧❡s❝♦♣✐♦ Ó♣t✐❝♦ ◆ór❞✐❝♦✮✳

❖❘▼ ❖❜s❡r✈❛t♦r✐♦ ❞❡❧ ❘♦q✉❡ ❞❡ ❧♦s ▼✉❝❤❛❝❤♦s✳

❖❙■❘■❙ ❖♣t✐❝❛❧ ❙②st❡♠ ❢♦r ■♠❛❣✐♥❣ ❛♥❞ ❧♦✇✲■♥t❡r♠❡❞✐❛t❡✲❘❡s♦❧✉t✐♦♥ ■♥t❡❣r❛t❡❞
❙♣❡❝tr♦s❝♦♣② ❢♦r ●❚❈ ✭❙✐st❡♠❛ Ó♣t✐❝♦ ♣❛r❛ ■♠❛❣❡♥ ② ❡❙♣❡❝tr♦s❝♦♣í❛ ❞❡
❘❡s♦❧✉❝✐ó♥ ❜❛❥❛✲■♥t❡r♠❡❞✐❛✮✱ ✈❡r ●❧♦s❛r✐♦✿ ❖❙■❘■❙✳
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P❙❋ P♦✐♥t ❙♣r❡❛❞ ❋✉♥❝t✐♦♥ ✭❋✉♥❝✐ó♥ ❞❡ P✉♥t♦ ❊s♣❛r❝✐❞♦✮✱ ✈❡r ●❧♦s❛r✐♦✿ P❙❋✳

❙❇■● ❙❛♥t❛ ❇❛r❜❛r❛ ■♥str✉♠❡♥t ●r♦✉♣✳

❙❈■❉❆❘ ❙❈■♥t✐❧❧❛t✐♦♥ ❉❡t❡❝t✐♦♥ ❛♥❞ ❘❛♥❣✐♥❣ ✭❉❡t❡❝❝✐ó♥ ❞❡ ❈❡♥t❡❧❧❡♦ ② ❋❧✉❝t✉❛✲
❝✐ó♥✮✱ ✈❡r ●❧♦s❛r✐♦✿ ❙❈■❉❆❘✳

s❈▼❖❙ ❙❝✐❡♥t✐✜❝ ❈♦♠♣❧❡♠❡♥t❛r② ▼❡t❛❧✲❖①✐❞❡✲❙❡♠✐❝♦♥❞✉❝t♦r ✭❉❡t❡❝t♦r ❈✐❡♥tí✲
✜❝♦ ❞❡ ✉♥✐ó♥ ❈♦♠♣❧❡♠❡♥t❛r✐❛ ▼❡t❛❧✲❖①✐❞♦✲❙❡♠✐❝♦♥❞✉❝t♦r✮✳ ❱❡r ●❧♦s❛✲
r✐♦✿ ❈❈❉ ❈❤❛r❣❡ ❈♦✉♣❧❡❞ ❉❡✈✐❝❡ ❬❉✐s♣♦s✐t✐✈♦ ❞❡ ❚r❛♥s❢❡r❡♥❝✐❛ ❞❡ ❈❛r❣❛❪✳

❙❋❖ ❙❡♥s♦r ❞❡ ❋r❡♥t❡ ❞❡ ❖♥❞❛ ✭❲❛✈❡❢r♦♥t ❙❡♥s♦r✱ ❲❋❙✮✱ ✈❡r ●❧♦s❛r✐♦✿ ❙❋❖✳

❙❲■❘ ❘❡❣✐ó♥ ✐♥❢r❛rr♦❥❛ ❞❡❧ ❡s♣❡❝tr♦ ❝♦♥ tr❛♥s♠✐s✐♦♥ ❛t♠ós❢❡r✐❝❛✿∼ 0′9−2′5µ♠✳

❚❈❙ ❚❡❧❡s❝♦♣✐♦ ❈❛r❧♦s ❙á♥❝❤❡③✳

❚❚ ❚✐♣❚✐❧t ✭❖s❝✐❧❛♥t❡✱ r❡❢❡r✐❞♦ ♥♦r♠❛❧♠❡♥t❡ ❛ ✉♥ ❡s♣❡❥♦✮✳

❚❚▼ ❚✐♣❚✐❧t ▼✐rr♦r ✭❊s♣❡❥♦ ❖s❝✐❧❛♥t❡✮✳

❯❊❙ ❯tr❡❝❤ ❊❝❤❡❧❧❡ ❙♣❡❝tr♦❣r❛♣❤ ✭❊s♣❡❝tr♦❣r❛❢♦ ❞❡ ✓❊❝❤❡❧❧❡✔ ❞❡ ❧❛ ✉♥✐✈❡rs✐✲
❞❛❞ ❞❡ ❯tr❡❝❤✮✳

❯P❈❚ ❯♥✐✈❡rs✐❞❛❞ P♦❧✐té❝♥✐❝❛ ❞❡ ❈❛rt❛❣❡♥❛✳

❱■❙ ❘❡❣✐ó♥ ✈✐s✐❜❧❡ ❞❡❧ ❡s♣❡❝tr♦✿ ∼ 380− 760 ♥♠✳

❱❚❚ ❱❛❝✉✉♠ ❚♦✇❡r ❚❡❧❡s❝♦♣❡ ✭❚❡❧❡s❝♦♣✐♦ ❞❡ ❚♦rr❡ ❛❧ ❱❛❝í♦✮✳

❲❍❚ ❲✐❧❧✐❛♠ ❍❡rs❝❤❡❧ ❚❡❧❡s❝♦♣❡✳
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❮♥❞✐❝❡ ❣❡♥❡r❛❧

Pró❧♦❣♦ ✈✐✐

❆❜r❡✈✐❛t✉r❛s ② ❆❝ró♥✐♠♦s ①✐✐✐
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✸✳ ❊❧ ❞✐s❡ñ♦ ✺✼
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✸✳✷✳ ❉✐s❡ñ♦ ❖♣t♦♠❡❝á♥✐❝♦✳ ❈♦♥s✐❞❡r❛❝✐♦♥❡s ♣rá❝t✐❝❛s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼✸
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■✳❛✳ ❉✐s♣❡rs✐ó♥ ❈r♦♠át✐❝❛ ❆t♠♦s❢ér✐❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷✾

■✳❛✳✶✳ ❊✈❛❧✉❛❝✐ó♥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷✾
■✳❜✳ ❆❉❈ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸✵

■✳❜✳✶✳ ●❡♦♠❡trí❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸✸
■✳❝✳ ■♠♣❧❡♠❡♥t❛❝✐ó♥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸✹

■✳❝✳✶✳ ❝♦♥tr♦❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸✺
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❇✳ ▼♦♥t✉r❛ ■❉❖▼ ✷✸✼
■■✳❛✳ ❊str✉❝t✉r❛ s♦♣♦rt❡ ❞❡ ❋❛st❈❛♠ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✸✾

■■✳❛✳✶✳ ❈♦♠♣❡♥s❛❞♦r❡s tér♠✐❝♦s ❞❡ ♣♦s✐❝✐ó♥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹✵
■■✳❛✳✷✳ ❋✐❧tr♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹✶
■■✳❛✳✸✳ ❈á♠❛r❛ ❞❡ ❝❛♠♣♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹✷
■■✳❛✳✹✳ ❉❡t❡❝t♦r ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹✷

■■✳❜✳ ❆❉❈ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹✷

❈✳ ❈✉rr✐❝✉❧✉♠ ■♥str✉♠❡♥t❛❧ ✷✹✺
■■■✳❛✳❈✉rr✐❝✉❧✉♠ ✐♥str✉♠❡♥t❛❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹✼

■■■✳❛✳✶✳ ❖tr♦s ♠ér✐t♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹✼
■■■✳❜✳❍✐t♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺✵

■■■✳❜✳✶✳ ❈❧í♥✐❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺✵
❖❋❚❆❈❘❖▼ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺✵

■■■✳❜✳✷✳ ❆str♦❢ís✐❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺✸
■■■✳❜✳✸✳ ❍♦② ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺✾

❉✳ P✉❜❧✐❝❛❝✐♦♥❡s ✷✻✶
■❱✳❛✳❋❛st❈❛♠✿ ❯♥ ♥✉❡✈♦ ✐♥str✉♠❡♥t♦ ❞❡ ✐♠❛❣❡♥

❛❢♦rt✉♥❛❞❛ ♣❛r❛ t❡❧❡s❝♦♣✐♦s ❞❡ t❛♠❛ñ♦ ♠❡❞✐♦✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻✺
■❱✳❜✳❯♥ ❈♦rr❡❝t♦r ❆t♠♦s❢ér✐❝♦ ♣❛r❛ tr❛❜❛❥❛r ❝♦♥

❋❛st❈❛♠ ❡♥ ❡❧ ❚❡❧❡s❝♦♣✐♦ ❲✐❧❧✐❛♠ ❍❡rs❝❤❡❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✽✶
■❱✳❝✳ ❉✐s❡ñ♦ ❞❡❧ s✐st❡♠❛ ♦♣t♦♠❡❝á♥✐❝♦ ② ❢❛❜r✐❝❛❝✐ó♥ ❞❡ ❋❛st❈❛♠ ✳ ✳ ✳ ✳ ✳ ✳ ✷✾✼
■❱✳❞✳❆❧t❛ r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧ ❡ ✐♠❛❣❡♥ s♣❡❝❦❧❡ ❞❡ ❛❧t♦

❝♦♥tr❛st❡ ❝♦♥ ❋❛st❈❛♠ ❡♥ ❡❧ ❖❘▼ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✵✺
■❱✳❡✳ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ❡ ■♠❛❣❡♥ ❆❢♦rt✉♥❛❞❛ ❞❡ ❧❛

❜✐♥❛r✐❛ ❞❡ ❡♥❛♥❛s ♠❛rr♦♥❡s ●❏✺✻✾❇❛❜ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶✾
■❱✳❢✳ ■♠á❣❡♥❡s ó♣t✐❝❛s ❞❡ ❛❧t♦ ❝♦♥tr❛st❡ ❞❡ ❝♦♠♣❛ñ❡r♦s✿

❡❧ ❝❛s♦ ❞❡ ❧❛ ❜✐♥❛r✐❛ ❞❡ ❡♥❛♥❛s ♠❛rr♦♥❡s ❍❉ ✶✸✵✾✹✽ ❇❈ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✸✺
■❱✳❣✳ ■♠á❣❡♥❡s ✈✐s✐❜❧❡s ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥ ❞❡❧ ❝❡♥tr♦ ❞❡❧

❝ú♠✉❧♦ ❣❧♦❜✉❧❛r ▼✶✺ ❝♦♥ ❋❛st❈❛♠ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹✺

◆♦t❛s ✜♥❛❧❡s ✸✻✾
❏✉st✐✜❝❛❝✐ó♥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✼✶
❆❣r❛❞❡❝✐♠✐❡♥t♦s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✼✷

❘❡❢❡r❡♥❝✐❛s ✸✽✷

❇✐❜❧✐♦❣r❛❢í❛ ✸✽✸

●❧♦s❛r✐♦ ✸✽✼

❮♥❞✐❝❡ ❛❧❢❛❜ét✐❝♦ ✹✶✸
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✶

❊❧ ♣r♦❜❧❡♠❛

❈♦♠♣r❡♥❞❡r ❧❛s ❝♦s❛s q✉❡ ♥♦s r♦❞❡❛♥ ❡s ❧❛ ♠❡❥♦r

♣r❡♣❛r❛❝✐ó♥ ♣❛r❛ ❝♦♠♣r❡♥❞❡r ❧❛s ❝♦s❛s q✉❡ ❤❛②

♠❛s ❛❧❧á✳

❍②♣❛t✐❛✭Υπατια✮ ❞❡ ❆❧❡❥❛♥❞rí❛✱

355/370− 415❉❈✳

✶





✶✳✶✳ ❆♥t❡❝❡❞❡♥t❡s✴■♥tr♦❞✉❝❝✐ó♥ ✸

P
❛s❛r♦♥ ♠❡♥♦s ❞❡ ❞♦s ♠❡s❡s ❡♥tr❡ ♠✐ ♥❡❣❛t✐✈❛ ✐♥✐❝✐❛❧ ❛ ♣❛rt✐❝✐♣❛r ❡♥ ❡❧ ♣r♦②❡❝✲

t♦ ② ❡❧ ❡st❛r ❝❡❧❡❜r❛♥❞♦ ❡❧ é①✐t♦ ✐♥❡s♣❡r❛❞♦ ❞❡ ❧❛ ♣r✐♠❡r❛ ♦❜s❡r✈❛❝✐ó♥ ❝♦♥ ✉♥

♣r♦t♦t✐♣♦ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦✳

▲❛ ✐❞❡❛ ❡r❛ ❧❧❡✈❛r ❛ t❡❧❡s❝♦♣✐♦ ✉♥ s✐st❡♠❛ ❞✐s❡ñ❛❞♦ ❡① ♣r♦❢❡s♦ ♣❛r❛ ✉s❛r ✉♥ s♦❢t✲

✇❛r❡ ❜❛s❛❞♦ ❡♥ ❧❛s té❝♥✐❝❛s ✉s❛❞❛s ♣♦r ❧♦s ❛stró♥♦♠♦s ❛✜❝✐♦♥❛❞♦s q✉✐❡♥❡s✱ ❛❧ ♥♦

❞✐s♣♦♥❡r ❞❡ ❛❝❝❡s♦ ❛ ❧♦s ♣r❡❝✐s♦s ② ❝❛r♦s ❞❡t❡❝t♦r❡s ❝✐❡♥tí✜❝♦s✱ ✉s❛♥ ❝á♠❛r❛s ❞❡ ❚❱

♦ ✇❡❜❝❛♠s ❣r❛❜❛♥❞♦ ✉♥❛ ♣❡❧í❝✉❧❛ ❞❡ ✈í❞❡♦✳ ❆ ❝♦♥t✐♥✉❛❝✐ó♥ ♣r♦❝❡s❛♥ ❡st❛ ♣❡❧í❝✉❧❛

❢♦t♦❣r❛♠❛ ❛ ❢♦t♦❣r❛♠❛ ❞❡ ♠♦❞♦ q✉❡ ❜✉s❝❛♥ ❧❛ ♣♦s✐❝✐ó♥ ❞❡ ❧♦s ♠á①✐♠♦s ❝♦rr❡❧❛❝✐♦✲

♥❛❞♦s ② s✉♠❛♥ t♦❞❛s ❧❛ ✐♠á❣❡♥❡s ❡♥ ✉♥❛ s♦❧❛✱ ❛❧❝❛♥③❛♥❞♦ ❡s♣❡❝t❛❝✉❧❛r❡s r❡s✉❧t❛❞♦s✱

t❛♥t♦ ❡♥ r❡s♦❧✉❝✐ó♥ ❝♦♠♦ ❡♥ ♥✐t✐❞❡③ ② ♣r♦❢✉♥❞✐❞❛❞✳

❊st♦ s❡ ❝♦♥s✐❣✉❡ ❣r❛❝✐❛s ❛ q✉❡ ❧❛ ❡①♣♦s✐❝✐ó♥ ❞❡ ❝❛❞❛ ❢♦t♦❣r❛♠❛ ❡s ❞❡ 1/25 s✱ ❧♦

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

✐♠á❣❡♥❡s r❡❧❛t✐✈❛♠❡♥t❡ ♥ít✐❞❛s✱ ❛✉♥q✉❡ t❡♥✉❡s✳ ❈♦♥ ❡❧ r❡❝❡♥tr❛❞♦ s❡ ❛✜♥❛ ❧❛ ♠❛♥❝❤❛

❞❡ ❧✉③ ② s❡ ❛♠♣❧✐✜❝❛ ❧❛ ♥✐t✐❞❡③ ② ❡❧ ❝♦♥tr❛st❡✳

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

♣❛r❡❝í❛ ✉♥❛ ✐❞❡❛ ♣♦❝♦ ❛❢♦rt✉♥❛❞❛✳ ❍❛② ♠✉❝❤♦s ❛r❣✉♠❡♥t♦s ❡♥ ❝♦♥tr❛ ❞❡ ❧❛ ♣♦s✐❜✐❧✐✲

❞❛❞ ❞❡ é①✐t♦✳ ❊♥tr❡ ❡❧❧♦s✱ ♠ú❧t✐♣❧❡s ❝❡❧❞❛s ❞❡ s❡❡✐♥❣ q✉❡ ♣r♦❞✉❝❡♥ ✉♥ ❛❧t♦ í♥❞✐❝❡ ❞❡

s♣❡❝❦❧❡ ②✱ ♣♦r t❛♥t♦✱ ♣♦❝❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ ♦❜t❡♥❡r ✉♥ ♣✐❝♦ ✉♥✐❢♦r♠❡ r❡❝❡♥tr❛❜❧❡✳ ❊❧

r❡s✉❧t❛❞♦ ♦❜t❡♥✐❞♦ ♣❛r❡❝❡ ❞❡♠♦str❛r ❧♦ ❝♦♥tr❛r✐♦✳ ▲❛ ❡①♣❧✐❝❛❝✐ó♥ ✈✐❡♥❡ ❞❛❞❛✱ ♥♦ ♦❜s✲

t❛♥t❡✱ ♣♦r ❧❛ té❝♥✐❝❛ q✉❡ ❡♠♣❧❡❛♠♦s ❡♥ ❡st❡ ❝❛s♦✳ ▲✉❝❦② ■♠❛❣✐♥❣ ❡s ✉♥❛ té❝♥✐❝❛ q✉❡

❝♦♥s✐st❡ ❡♥ ❝♦♥❝❡♥tr❛rs❡ ú♥✐❝❛♠❡♥t❡ ❡♥ ❧❛s ♠❡❥♦r❡s ✐♠á❣❡♥❡s✱ ❡♥ ❛q✉❡❧❧❛s ❡①❝❡♣❝✐♦✲

♥❛❧❡s✱ q✉❡ s❡ s❡❧❡❝❝✐♦♥❛♥✱ r❡❝❡♥tr❛♥ ② s✉♠❛♥✱ ♦❜t❡♥✐❡♥❞♦ ✉♥ r❡s✉❧t❛❞♦ ❡s♣❡❝t❛❝✉❧❛r✿

s♦♥ ❧❛s ✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s✳

✶✳✶✳ ❆♥t❡❝❡❞❡♥t❡s✴■♥tr♦❞✉❝❝✐ó♥

❍❛st❛ ♥♦ ❤❛❝❡ ♠✉❝❤♦ t✐❡♠♣♦ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ ❛❧♠❛❝❡♥á❜❛♠♦s ❞❡❧ ❝✐❡❧♦ ♥♦s

❧❧❡❣❛❜❛ ❛ tr❛✈és ❞❡ ♣❧❛❝❛s ❢♦t♦❣rá✜❝❛s✳ ▲❛ ❡♥❡r❣í❛ ♥❡❝❡s❛r✐❛ ♣❛r❛ ❤❛❝❡r r❡❛❝❝✐♦♥❛r

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

❡str❡❧❧❛s ❡r❛✱ ❡♥ ❣❡♥❡r❛❧✱ ♠✉❝❤❛ ♣❛r❛ ❧❛ ❝❛♥t✐❞❛❞ q✉❡ ♣♦❞í❛♥ ❞❛r♥♦s ❧♦s t❡❧❡s❝♦♣✐♦s✳ ❨

❧♦s t✐❡♠♣♦s ❞❡ ❡①♣♦s✐❝✐ó♥ ♥❡❝❡s❛r✐♦s ♣❛r❛ ❧❧❡❣❛r ❛ ❞❡t❡❝t❛r ♦❜❥❡t♦s ❞é❜✐❧❡s ❞❡♠❛s✐❛❞♦

❧❛r❣♦ ♣❛r❛ ♣❧❛♥t❡❛r♥♦s ❢❡♥ó♠❡♥♦s ❛t♠♦s❢ér✐❝♦s✳



✹ ✶✳ ❊❧ ♣r♦❜❧❡♠❛

❈✉❛♥❞♦ ❧❧❡❣❛r♦♥ ❧♦s ❞❡t❡❝t♦r❡s ❢♦tó♥✐❝♦s ✭❢♦t♦❞✐♦❞♦s✱ ❢♦t♦♠✉❧t✐♣❧✐❝❛❞♦r❡s✱✳✳✳✮ ❧❛

✐♥❢♦r♠❛❝✐ó♥ ♣♦❞í❛ ♠❡❥♦r❛r✱ ♣❡r♦ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❞❛t♦s ❡r❛ ❧✐♠✐t❛❞❛✳ ▲♦s ❞❡t❡❝t♦r❡s ♥♦

❞✐st✐♥❣✉í❛♥ ❡♥tr❡ ❞✐st✐♥t❛s ❢✉❡♥t❡s ② ❧❛ ♦❜s❡r✈❛❝✐ó♥ s❡ ❧❧❡✈❛❜❛ ❛ ❝❛❜♦ só❧♦ s♦❜r❡ ♦❜❥❡t♦s

❝♦♥❝r❡t♦s✱ ❤❛❝✐❡♥❞♦✱ s✐ ❛❝❛s♦✱ ♣❡q✉❡ñ♦s ❜❛rr✐❞♦s✳ P❡r♦ ❡r❛♥ ❡❧❡♠❡♥t♦s ❡s❝♦❣✐❞♦s ❛

♣❛rt✐r ❞❡ ❢♦t♦❣r❛❢í❛s ♣r❡✈✐❛s ❞❡ ❝❛♠♣♦s ❡s♣❡❝í✜❝♦s✳

❈♦♥ ❧❛ ❧❧❡❣❛❞❛ ❞❡ ❧♦s ❝♦♠♣✉t❛❞♦r❡s ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❞❛t♦s ♣♦❞í❛ ❛✉♠❡♥t❛r ② s❡

❡s❝❛♥❡❛❜❛♥ ❧❛s ♣❧❛❝❛s ❢♦t♦❣rá✜❝❛s ♣❛r❛ ♦❜t❡♥❡r ♠❛♣❛s ❞❡ ✐♥t❡♥s✐❞❛❞ q✉❡ ♣❡r♠✐tí❛♥

❛❜❛r❝❛r ♠❛②♦r❡s ❝❛♠♣♦s ❡♥ ❡❧ ❝✐❡❧♦✳

P❡r♦✱ ❛✉♥ ❛sí✱ ❡st❛❜❛♥ ❧✐♠✐t❛❞♦s ❧♦s ❝❛♠♣♦s ② r❛♥❣♦s ❞❡ ❛♣❧✐❝❛❝✐ó♥✳ ❙✐♥ ❡♠❜❛r❣♦✱

❡❧ ♦❜❥❡t✐✈♦ ✜♥❛❧ s✐❡♠♣r❡ ❡r❛ ❧❧❡❣❛r ❛ ♦❜s❡r✈❛r ♠ás ♣r♦❢✉♥❞♦ ② ♠ás ✜♥♦✳ ▼ás ♣r♦❢✉♥❞♦

s✐❣♥✐✜❝❛ ♦❜❥❡t♦s ♠ás ❞é❜✐❧❡s ②✱ ❡♥ ❣❡♥❡r❛❧✱ ♠ás ❧❡❥❛♥♦s✱ ② ♠ás ✜♥♦ s✐❣♥✐✜❝❛ ❝♦♥ ♠❛②♦r

r❡s♦❧✉❝✐ó♥✳ ❊st♦s ❞♦s s♦♥ ❧♦s ❛✉té♥t✐❝♦s r❡t♦s ❞❡ ❧❛ ❆str♦♥♦♠í❛ ♦❜s❡r✈❛❝✐♦♥❛❧✿ ♠ás

♣r♦❢✉♥❞♦ ② ❝♦♥ ♠❛②♦r ❞❡t❛❧❧❡✳

❆ ♣r✐♥❝✐♣✐♦s ❞❡ ❧♦s ❛ñ♦s ✽✵ ❞❡❧ s✐❣❧♦ ♣❛s❛❞♦ ❧❛ s❡♥s✐❜✐❧✐❞❛❞ ❞❡ ❛❧❣✉♥❛s ♣❧❛❝❛s

❢♦t♦❣rá✜❝❛s ♣♦❞í❛ ♣❡r♠✐t✐r✱ ❝♦♥ ❧❛s ❡str❡❧❧❛s ♠ás ❜r✐❧❧❛♥t❡s✱ ❤❛❝❡r ❡st✉❞✐♦s ❞❡ ❛❧❣✉♥♦s

❢❡♥ó♠❡♥♦s q✉❡ s❡ ✐♥t✉í❛ q✉❡ ❡st❛❜❛♥ r❡❧❛❝✐♦♥❛❞♦s ❝♦♥ ❧❛ ❛t♠ós❢❡r❛✳ ❊r❛♥ ❧❛s ♣r✐♠❡r❛s

✐♠á❣❡♥❡s ❞❡ s♣❡❝❦❧❡s ❞♦♥❞❡✱ ❡♥ ✐♠á❣❡♥❡s ❞❡ ♠✉② ❝♦rt❛ ❡①♣♦s✐❝✐ó♥✱ s❡ ♦❜s❡r✈❛❜❛ q✉❡

❧❛ ♠❛♥❝❤❛ q✉❡ ❞❡✜♥í❛ ✉♥❛ ❡str❡❧❧❛ ❡st❛❜❛ ❝♦♥st✐t✉✐❞❛ ♣♦r ✉♥❛ ❝❛♥t✐❞❛❞ ❞❡ ♣❡q✉❡ñ❛s

♠❛♥❝❤✐t❛s ❝❛s✐ ♣✉♥t✉❛❧❡s ❡♥ ❧❛s q✉❡ ✐♥❝❧✉s♦ ❛❧❣✉♥❛s ♠♦str❛❜❛♥ ❛♥✐❧❧♦s ❞❡ ❞✐❢r❛❝❝✐ó♥✳

▲❛ ♠❡❞✐❞❛ ❞❡ ❡s♦s ❛♥✐❧❧♦s ❝♦♥✜r♠ó q✉❡ ❡r❛ ♣♦s✐❜❧❡ ♦❜t❡♥❡r ✐♠á❣❡♥❡s ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡

❡str❡❧❧❛s✳ P❡r♦ ❡❧ ❧í♠✐t❡ ❡r❛ ❧❛ ❛t♠ós❢❡r❛✳

✶✳✷✳ ❙❡❡✐♥❣

❍✐stór✐❝❛♠❡♥t❡✱ ❧❛ ♦❜s❡r✈❛❝✐ó♥ ❞❡❧ ❝✐❡❧♦ ✐♥t❡♥t❛ ♣r♦❢✉♥❞✐③❛r s✐❡♠♣r❡ ♠ás ❡♥ ❧❛s

tr❛③❛s ❞❡❧ t✐❡♠♣♦✳ ❊s♦ s✐❣♥✐✜❝❛ ❞❡t❡❝t❛r í♥✜♠❛s ❝❛♥t✐❞❛❞❡s ❞❡ ❧✉③✱ ② ♣❛r❛ ❡❧❧♦ ❜✉s✲

❝❛♠♦s ♣✉♣✐❧❛s ❞❡ ♦❜s❡r✈❛❝✐ó♥ ❝❛❞❛ ✈❡③ ♠ás ❣r❛♥❞❡s✱ ❛✉♠❡♥t❛♥❞♦ ❡❧ ár❡❛ ❞❡ ♥✉❡str♦s

❝♦❧❡❝t♦r❡s✳ ◆♦ ♦❜st❛♥t❡✱ ❧❛ ♠❡❥♦r❛ ❢♦t♦♠étr✐❝❛ ♥♦ ❝♦♥s✐❣✉❡ s✉♣❡r❛r ❡❧ ❧í♠✐t❡ q✉❡ ✐♠✲

♣♦♥❡♥ ❧❛s t✉r❜✉❧❡♥❝✐❛s ❛t♠♦s❢ér✐❝❛s q✉❡ ❞❡s✈í❛♥ ② ❛❣✐t❛♥ ❝♦♥t✐♥✉❛♠❡♥t❡ ❡❧ ❢r❡♥t❡ ❞❡

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

♠❡♥❝✐♦♥❛❞♦ ♣r❡✈✐❛♠❡♥t❡✱ ❡♥ ✉♥ ♠♦❞♦ ❣❧♦❜❛❧ ❝♦♠♦ s❡❡✐♥❣✳ ❊st❡ ❢❡♥ó♠❡♥♦ s❡ ❝♦♠♣♦✲

♥❡ ❞❡ ❞✐st✐♥t♦s ❡❢❡❝t♦s ♣♦r ❧❛s ♣❡rt✉r❜❛❝✐♦♥❡s q✉❡ ❧❛ ❞❡♥s✐❞❛❞ ❞❡ ❧❛ ❛t♠ós❢❡r❛ ❡❥❡r❝❡

s♦❜r❡ ❧♦s r❛②♦s ❞❡ ❧✉③✳

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

❝✐ó♥ ❞❡ ❧❛ ❛t♠ós❢❡r❛✳ ❊❧ ❛✐r❡ ♥♦ ❡s ❡❧ ✈❛❝í♦ ②✱ ❛✉♥q✉❡ s✉ ❡❢❡❝t♦ ❡s ♠✉② ♣❡q✉❡ñ♦✱ sí

❡❥❡r❝❡ ✉♥❛ r❡❞✉❝❝✐ó♥ ❞❡ ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❛ ❧✉③✳



✶✳✷✳ ❙❡❡✐♥❣ ✺

▲❛ r❡❢r❛❝❝✐ó♥ ❛t♠♦s❢ér✐❝❛ t✐❡♥❡✱ ❛ s✉ ✈❡③✱ ✈❛r✐♦s ❡❢❡❝t♦s s♦❜r❡ ❧❛ ❧✉③ ♣r♦❝❡❞❡♥t❡

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

❞✐r❡❝❝✐ó♥ ❡♥ q✉❡ ♦❜s❡r✈❛♠♦s ✉♥ ❞❡t❡r♠✐♥❛❞♦ ♣✉♥t♦✱ ♦ ❛str♦✱ ❡♥ ❡❧ ❡s♣❛❝✐♦ ✈✐❡♥❡ ❞❛❞❛

♣♦r ✉♥❛ ❧í♥❡❛ q✉❡ ♥♦ ❛♣✉♥t❛ ❞✐r❡❝t❛♠❡♥t❡ ❛ ❧❛ ❡str❡❧❧❛✱ ②❛ q✉❡ ✈❛rí❛ ❝♦♥ ❧❛ ✐♥❝❧✐♥❛❝✐ó♥

❞❡s❞❡ ❡❧ ③❡♥✐t✳ ❚♦❞♦s t❡♥❡♠♦s ❧❛ ✐♠❛❣❡♥ ❞❡ ❝ó♠♦ ❛♣❛r❡♥t❡♠❡♥t❡ s❡ ❝♦rt❛ ✉♥ ❧á♣✐③

❝✉❛♥❞♦ ❧♦ s✉♠❡r❣✐♠♦s ❡♥ ✉♥ ♠❡❞✐♦ ♠ás ❞❡♥s♦ q✉❡ ❡❧ ❛✐r❡✱ ❝♦♠♦ ❡❧ ❛❣✉❛✳ ❈✉❛♥❞♦

♦❜s❡r✈❛♠♦s✱ ❞❡s❞❡ ✉♥ ❞❡t❡r♠✐♥❛❞♦ ❧✉❣❛r✱ ✉♥❛ ❡str❡❧❧❛ s✐t✉❛❞❛ ❡♥ ❡❧ ③❡♥✐t✱ ❧❛ ❧✉③ q✉❡

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

q✉❡ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ❧♦s r❛②♦s ❞❡ ❧✉③ ♣r♦❝❡❞❡♥t❡s ❞❡ ❧❛ ❡str❡❧❧❛ ♥♦ s✉❢r❡♥ ❧♦s ❡❢❡❝t♦s

r❡❢r❛❝t✐✈♦s✳ ❊st♦ ♥♦ s✉❝❡❞❡ ❝✉❛♥❞♦ ❧❛ ❡str❡❧❧❛ s❡ ❡♥❝✉❡♥tr❛ ❡♥ ❝✉❛❧q✉✐❡r ♦tr❛ ♣♦s✐❝✐ó♥

❞✐st✐♥t❛ ❞❡❧ ③❡♥✐t✳

▲❛ ❧❡② ❞❡ ❙♥❡❧❧ ✭❙❡❛✹✾❀▲✉❡✵✷❀❖✬❈✶✵❀✇✐❦✶✶✮ ❡st❛❜❧❡❝❡ q✉❡ ✉♥ ❢r❡♥t❡ ❞❡ ♦♥❞❛ s✉❢r❡ ✉♥

❝❛♠❜✐♦ ❞❡ ❞✐r❡❝❝✐ó♥ ❛❧ ✐♥❝✐❞✐r ❝♦♥ ✉♥ ❝✐❡rt♦ á♥❣✉❧♦ ❡♥ ❧❛ ✐♥t❡r❢❛③ ❡♥tr❡ ❞♦s ♠❡❞✐♦s✿

n1 sin(i1) = n2 sin(i2)
✶✳

P❛r❛ ❝❛❧❝✉❧❛r ❧❛ ♣♦s✐❝✐ó♥ ❡①❛❝t❛ ❞❡ ✉♥❛ ❡str❡❧❧❛ s❡ ❡♠♣❧❡❛♥ ❢ór♠✉❧❛s ♠ás ♦ ♠❡♥♦s

❝♦♠♣❧❡❥❛s ② ❝♦♥s✐❞❡r❛♥❞♦ ✈❛r✐❛❜❧❡s q✉❡ ❞❡♣❡♥❞❡♥✱ ❡♥ ❣❡♥❡r❛❧✱ ❞❡❧ ♣✉♥t♦ ❞❡ ♦❜s❡r✈❛✲

❝✐ó♥ ② q✉❡ ✈❛rí❛♥ ❝♦♥ ❧❛ é♣♦❝❛ ❞❡❧ ❛ñ♦ ❞❡❜✐❞♦ ❛ ❝❛♠❜✐♦s ❞❡ t❡♠♣❡r❛t✉r❛ ② ♣r❡s✐ó♥ ❡♥

❧❛ ❛t♠ós❢❡r❛✳ ▲❛s ❢ór♠✉❧❛s ♠ás ❛♣❧✐❝❛❞❛s ❤♦② ❡♥ ❞í❛ r❡q✉✐❡r❡♥ ✐♥t❡❣r❛❝✐ó♥ ♥✉♠ér✐❝❛✱

✉s❛♥❞♦ ❛❧❣ú♥ ♠ét♦❞♦ ❝♦♠♣❧❡❥♦ ❝♦♠♦ ❡❧ ❞❡s❝r✐t♦ ❡♥ ❆✉❡r ❛♥❞ ❙t❛♥❞✐s❤✭❆❙✵✵✮ ✭✷✵✵✵✮✳

❯♥❛ ❢ór♠✉❧❛ ❡♠♣ír✐❝❛ s✐♠♣❧❡ ♣❛r❛ ❝❛❧❝✉❧❛r ❧❛ r❡❢r❛❝❝✐ó♥ ✭❘✮ ❡♥ ♠✐♥✉t♦s ❞❡ ❛r❝♦ ❛

♣❛rt✐r ❞❡ ❧❛ ❛❧t✉r❛ ❛♣❛r❡♥t❡ ❞❡ ✉♥ ❛str♦ ✭ha✮ ❢✉❡ ❞❡s❛rr♦❧❧❛❞❛ ♣♦r ❇❡♥♥❡tt✭✶✵✮ ✭✶✾✽✷✮

② r❡❝❛❧❝✉❧❛❞❛ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ❛❧t✉r❛ r❡❛❧ ✭h✮ ♣♦r ❙æ♠✉♥❞ss♦♥✭✶✶✮ ✭✶✾✽✻✮✿

R = cot

(
ha +

7′31

ha + 4′4

)
, ✭✶✳✶✮

R = 1′02 cot

(
h+

10′3

h+ 5′11

)
. ✭✶✳✷✮

❆♠❜❛s ❡❝✉❛❝✐♦♥❡s s❡ ❞❡✜♥❡♥ ♣❛r❛ ✉♥❛s ❞❡t❡r♠✐♥❛❞❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ♣r❡s✐ó♥ P

✭101′325 ❦P❛✮ ② t❡♠♣❡r❛t✉r❛ ❚ ✭10❽✮✱ ② s❡ ♠♦❞✐✜❝❛♥ ♠✉❧t✐♣❧✐❝❛♥❞♦ ♣♦r ✉♥ ❢❛❝t♦r

P

101

283

273 + T

♣❛r❛ ♦tr❛s ❝♦♥❞✐❝✐♦♥❡s✳

▲❛ r❡❢r❛❝❝✐ó♥ ❛t♠♦s❢ér✐❝❛ t✐❡♥❡ t❛♠❜✐é♥ ♦tr❛s ❝♦♥s❡❝✉❡♥❝✐❛s✳ ❯♥❛ ❡s ❧❛ ❞❡♣❡♥❞❡♥✲

✶n1 ② n2 s♦♥ ❧♦s í♥❞✐❝❡s ❞❡ r❡❢r❛❝❝✐ó♥ ❞❡ ❛♠❜♦s ♠❡❞✐♦s✱ i1 ❡s ❡❧ á♥❣✉❧♦ q✉❡ ❢♦r♠❛ ❡❧ r❛②♦ ❞❡ ❧✉③
✐♥❝✐❞❡♥t❡ ❝♦♥ ❧❛ ♣❡r♣❡♥❞✐❝✉❧❛r ❛ ❧❛ ✐♥t❡r❢❛③ ❡ i2 ❡❧ á♥❣✉❧♦ q✉❡ ❢♦r♠❛ ❞✐❝❤♦ r❛②♦ ❝♦♥ ❧❛ ♠✐s♠❛ ♥♦r♠❛❧
❡♥ ❡❧ s❡❣✉♥❞♦ ♠❡❞✐♦✳



✻ ✶✳ ❊❧ ♣r♦❜❧❡♠❛

❝✐❛ ❞❡❧ í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥ ❞❡❧ ❛✐r❡ ✭nair✮ ❝♦♥ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ✭λ✮✿

nair = 1 +
(n0 − 1)P

1 + (T − 15) · (3′4785×10−3)
, ✭✶✳✸✮

s✐❡♥❞♦

n0 = 1 +

[
6432′8 +

2949810λ2

146λ2 − 1
+

25540λ2

41λ2 − 1

]
×10−8 . ✭✶✳✹✮

❊♥ ❧❛ ❡❝✉❛❝✐ó♥ ❞❡ r❡❢❡r❡♥❝✐❛ ♣❛r❛ n0 s❡ ❝♦♥s✐❞❡r❛ ✉♥❛ ♣r❡s✐ó♥ P ❞❡ ✶ ❛t♠ós❢❡r❛ ②

❚❂15❽✳ ▲❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ❡s λ ✭ ❩❊▼❆❳ ❯s❡rs✬ ❑♥♦✇❧❡❞❣❡ ❇❛s❡✭❚e08✮✮✳

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

❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛✳ ➱st❛ ❡s r❡s♣♦♥s❛❜❧❡ ❞❡ ❣❡♥❡r❛r ✉♥ ❛❧❛r❣❛♠✐❡♥t♦ ❞❡ ❧❛ ✐♠❛❣❡♥

❡♥ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ❧❛ ❛❧t✉r❛ s♦❜r❡ ❡❧ ❤♦r✐③♦♥t❡ ❞❡❧ ❛str♦ ❞❡❜✐❞❛ ❛ ❧♦s ❞✐st✐♥t♦s ❢♦❝♦s

♣❛r❛ ❝❛❞❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✳ ❊s ❡❧ ❡q✉✐✈❛❧❡♥t❡ ❛ ✉♥ ♣r✐s♠❛ ❞❡ ♣❡q✉❡ñ♦ á♥❣✉❧♦✳

❨✱ ♣♦r ✜♥✱ ❧❛ r❡❢r❛❝❝✐ó♥ t✐❡♥❡ t❛♠❜✐é♥ ✉♥ ❡❢❡❝t♦ s♦❜r❡ ❡❧ s❡❡✐♥❣✱ ❞❡❜✐❞♦ ❛❧ ♠♦✈✐✲

♠✐❡♥t♦ r❡❧❛t✐✈♦ ❡♥tr❡ ❞✐st✐♥t❛s ❝❛♣❛s ❞❡ ❧❛ ❛t♠ós❢❡r❛✱ ❛sí ❝♦♠♦ ❛ ❧❛ ✈❛r✐❛❝✐ó♥ ❝♦♥t✐♥✉❛✲

❞❛ ❡♥ ❞❡♥s✐❞❛❞ ❣❡♥❡r❛❞❛ ♣♦r ♠♦✈✐♠✐❡♥t♦s ❝♦♥✈❡❝t✐✈♦s q✉❡ ♠♦❞✐✜❝❛♥ ❧❛ tr❛②❡❝t♦r✐❛

❞❡ ❧♦s r❛②♦s✳ ❊st❛s ❞❡s✈✐❛❝✐♦♥❡s ❤❛❝❡♥ q✉❡ ✉♥ s✐st❡♠❛ ❝♦❧❡❝t♦r✱ t❡❧❡s❝♦♣✐♦✱ ❢♦❝❛❧✐❝❡

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

❝❡♥tr♦ ❣❡♦♠étr✐❝♦ ❞❡ ❧❛ ✐♠❛❣❡♥✳ ❊st❛ ♦s❝✐❧❛❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥ ✭✐♠❛❣❡ ♠♦t✐♦♥✮ s♦❜r❡ ❡❧

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

❞✉r❛♥t❡ ❛❧❣ú♥ t✐❡♠♣♦✳ ❙✐ ♣❡♥s❛♠♦s ❡♥ ✉♥❛ ❛t♠ós❢❡r❛ ✐❞❡❛❧♠❡♥t❡ ❡st❛❜❧❡ ② ❡stát✐❝❛

❡❧ ú♥✐❝♦ ❡❢❡❝t♦ s♦❜r❡ ❧♦s r❛②♦s ❞❡ ❧✉③ ♣r♦❝❡❞❡♥t❡s ❞❡ ❧❛ ❡str❡❧❧❛ ❡s ❧❛ r❡❢r❛❝❝✐ó♥ q✉❡

s❡ ♣r♦❞✉❝❡ ♣♦r ❡❧ ❝❛♠❜✐♦ ❞❡ í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥ ❡♥tr❡ ❡❧ ✈❛❝í♦ ② ❧❛ ♣r♦♣✐❛ ❛t♠ós❢❡r❛✳

▲❛ ✐♠❛❣❡♥ ✐❞❡❛❧ q✉❡ r❡s✉❧t❛ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❡s ❧❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞❡ ❧❛ ♣✉♣✐❧❛✱

❡♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❝❛s♦s ✉♥❛ ❢✉♥❝✐ó♥ ❞❡ ❇❡ss❡❧✳ ❊s❛ ❢✉♥❝✐ó♥ s❡ ✈❛ ♠♦✈✐❡♥❞♦ ♣♦r ❡❧

❞❡t❡❝t♦r✱ ♣r♦❞✉❝✐❡♥❞♦ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❡①t❡♥❞✐❞❛ q✉❡ t✐❡♥❞❡ ❛ t❡♥❡r ❧❛ ❢♦r♠❛ ❞❡ ✉♥❛

❣❛✉ss✐❛♥❛ ❜✐❞✐♠❡♥s✐♦♥❛❧✳

▲❛ ✈❛r✐❛❝✐ó♥ ❡♥ ❞❡♥s✐❞❛❞ ❞❡ ❧❛s ❞✐✈❡rs❛s ❝❛♣❛s t❛♠❜✐é♥ ❛❜s♦r❜❡ ❧❛ ❧✉③ ❞❡ ♠♦❞♦

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

✭s♣❡❝❦❧❡s✮ t❡♥❣❛♥ ❞✐❢❡r❡♥t❡ ✐♥t❡♥s✐❞❛❞✱ ✈❛r✐❛♥❞♦ ✐♥❝❧✉s♦ s✉ ❝♦♠♣♦s✐❝✐ó♥ ❝r♦♠át✐❝❛✳

❊st♦ ❤❛❝❡ q✉❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❣❛✉ss✐❛♥❛ ♣✉❡❞❛ t❡♥❡r ❛s✐♠❡trí❛s ♦ ✉♥❛ ✈❛r✐❛❝✐ó♥ ❧♦✲

r❡♥t③✐❛♥❛ ❞❡ ❧❛ ❢♦r♠❛✳ ❊st❡ ❡❢❡❝t♦ ❡s ❝♦♥♦❝✐❞♦ ❝♦♠♦ ❝❡♥t❡❧❧❡♦ ✭s❝✐♥t✐❧❧❛t✐♦♥✮✳

❊❧ ❡❢❡❝t♦ ♠ás ♣✉r❛♠❡♥t❡ ✐❞❡♥t✐✜❝❛❞♦ ❝♦♥ ❡❧ s❡❡✐♥❣ s❡ ❞❡❜❡ ❛ ❧❛ ❛♣❛r✐❝✐ó♥ ❞❡ ♠✉✲

❝❤♦s ♣✉♥t♦s ❜r✐❧❧❛♥t❡s✱ s♣❡❝❦❧❡s✱ s♦❜r❡ ✉♥❛ ✐♠❛❣❡♥ ❞❡ ❝♦rt❛ ❡①♣♦s✐❝✐ó♥✳ ❊st♦s ♣✉♥t♦s

s❡ ❞❡❜❡♥ ❛ ❧❛ ❛❣✐t❛❝✐ó♥ ♦ t✉r❜✉❧❡♥❝✐❛ ❞❡ ❧❛s ❝❛♣❛s ❞❡ ❛✐r❡✱ ② ♣r♦❞✉❝❡♥ r♦t✉r❛s ② ❞✐s✲

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

http://www.zemax.com/kb/articles/230/2/How-ZEMAX-Calculates-Refractive-Index-At-Arbitrary-Temperatures-and-Pressures/Page2.html


✶✳✸✳ ❈❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ ❛t♠♦s❢ér✐❝❛ ✼

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

q✉❡ ✈❛rí❛ ❡♥ ❝❛❞❛ ✐♥st❛♥t❡✱ ❧♦ ❝✉❛❧ ❤❛❝❡ q✉❡ s❡ r❡❧❧❡♥❡ ✉♥❛ ♠❛♥❝❤❛ ♠ás ❛♥❝❤❛ q✉❡ ❧❛

✐❞❡❛❧ ❞❡❧ t❡❧❡s❝♦♣✐♦ ✭✈❡r ❋✐❣✳ ✶✳✶✮✳

❊❧ ❡♠❜♦rr♦♥❛♠✐❡♥t♦ ✭❜❧✉rr✐♥❣✮ ② ❡❧ ❡♥s❛♥❝❤❛♠✐❡♥t♦ ❞❡ ❧❛ ✐♠❛❣❡♥ s♦♥ ❞❡❜✐❞♦s ❛

❧❛ s✉♠❛ ❡stát✐❝❛ ❞❡ ❧♦s ❞✐st✐♥t♦s s♣❡❝❦❧❡s q✉❡ s❡ ♣r♦❞✉❝❡♥ ❡♥ ✉♥ t✐❡♠♣♦ ❞❛❞♦✳ ❙❡

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

❡♥ ✉♥ t✐❡♠♣♦ ❝♦rt♦ s✐♥ q✉❡ ❛❝tú❡ ❡❧ ♠♦❞♦ ♠ás ❧❡♥t♦ ❞❡ ❛rr❛str❡ ❞❡❧ ❝❡♥tr♦ ❞❡ ❣r❛✈❡✲

❞❛❞ ❞❡ ❡s❛ ♠❛♥❝❤❛ ❞❡❜✐❞♦ ❛ ❧♦s ♠♦✈✐♠✐❡♥t♦s ♠ás ❧❡♥t♦s ❞❡ ❧❛ ❛t♠ós❢❡r❛ ✭♦s❝✐❧❛❝✐ó♥

✭✐♠❛❣❡ ♠♦t✐♦♥✮ ♦ ♠♦✈✐♠✐❡♥t♦ ❞❡❧ ❝❡♥tr♦ ❞❡ ❣r❛✈❡❞❛❞ ❞❡❧ ❣r✉♣♦✮✳ ❘❡❛❧♠❡♥t❡✱ ést❡

❡s ❡❧ ❡❢❡❝t♦ ❝♦♥st✐t✉t✐✈♦ ❞❡❧ s❡❡✐♥❣ ♠ás ✐❞❡♥t✐✜❝❛❜❧❡ ❝♦♥ ❧❛ ✐♠❛❣❡♥ ✐♥st❛♥tá♥❡❛ ② ❞❡

❝♦rt❛ ❡①♣♦s✐❝✐ó♥✳ ❈❛❞❛ ♠❛♥❝❤✐t❛ ✐❞❡❛❧ ❝♦rr❡s♣♦♥❞❡ ❛ ❧♦ q✉❡ ❞❡♥♦♠✐♥❛♠♦s ❝❡❧❞❛s ❞❡

♣❡rt✉r❜❛❝✐ó♥ ❝♦♥ t❛♠❛ñ♦s ❝❛r❛❝t❡ríst✐❝♦s ❡♥ ❝❛❞❛ ♦❜s❡r✈❛t♦r✐♦✱ ② q✉❡ ❞❡♣❡♥❞❡♥ ❞❡ ❧❛

❛❝❝✐ó♥ ❞❡ ❧❛ ❛t♠ós❢❡r❛ ❛ ❞✐st✐♥t❛s ❛❧t✉r❛s✳

✶✳✸✳ ❈❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ ❛t♠♦s❢ér✐❝❛

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

❡❧ t❡❧❡s❝♦♣✐♦✳ ❊❧ t❡❧❡s❝♦♣✐♦ ❡s ❡❧ ❝♦❧❡❝t♦r ② ❡❧ ❡♥❝❛r❣❛❞♦ ❞❡ ❞❛r♥♦s ❧❛ ✐♠❛❣❡♥ ❞❡❧ ♦❜❥❡t♦

♦❜s❡r✈❛❞♦✳ ❊❧ ár❡❛ ❞❡ ❧❛ ❛❜❡rt✉r❛ ♥♦s ♠❛r❝❛ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❧✉③ r❡❝♦❣✐❞❛✱ ② ❡s ❧❛ q✉❡

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

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

❝♦♥❞✐❝✐♦♥❡s ❡s ❧❛ ✐♠❛❣❡♥ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡ ✉♥ ♣✉♥t♦ ② ♠❛r❝❛ ❡❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❞❡❧

♠✐s♠♦✳ ▲❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧✉③ ❡♥ ❡❧ ♣❧❛♥♦ ❢♦❝❛❧ q✉❡ ❧❧❛♠❛♠♦s ✐♠❛❣❡♥ ❞❡ ❞✐❢r❛❝❝✐ó♥

✈✐❡♥❡ ❞❡✜♥✐❞❛ ♣♦r ❧❛ P♦✐♥t ❙♣r❡❛❞ ❋✉♥❝t✐♦♥ ❬❋✉♥❝✐ó♥ ❞❡ P✉♥t♦ ❊s♣❛r❝✐❞♦❪ ✭P❙❋✮✳

❆♣❛rt❡ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❡♥ sí✱ ❧❛ ó♣t✐❝❛ ❞❡ r❡✐♠❛❣✐♥❛❝✐ó♥ ❞❡ ❝❛❞❛ ✐♥str✉♠❡♥t♦ t❛♠✲

❜✐é♥ ♠♦❞✐✜❝❛ ② ❞❡❢♦r♠❛ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ q✉❡ ♣r♦♣♦r❝✐♦♥❛ ❡❧ t❡❧❡s❝♦♣✐♦✳ ❊♥ ❡❧ ❝❛s♦ ❞❡

q✉❡ ❝♦♥s✐❞❡r❡♠♦s ✉♥ s✐st❡♠❛ ✐❞❡❛❧✱ ♣♦r ❡❥❡♠♣❧♦ ✉♥ t❡❧❡s❝♦♣✐♦ ❧✐♠✐t❛❞♦ ♣♦r ❞✐❢r❛❝❝✐ó♥✷

② ❡♥ ❡❧ ❡s♣❛❝✐♦✱ ❧❛ P❙❋ q✉❡ ❛❧❝❛♥③❛ ❡❧ ♣❧❛♥♦ ✐♠❛❣❡♥ ✜♥❛❧ ❞❡❧ s✐st❡♠❛ ❡s ❧❛ ❝♦♥✈♦❧✉❝✐ó♥

❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❝♦♥ ❧♦s ❡❧❡♠❡♥t♦s ó♣t✐❝♦s✱ q✉❡ ❧❧❡✈❛♥ ❡❧ ❞✐s❝♦ ❞❡ ❆✐r②✸ ❞❡❧ ♣❧❛♥♦

❢♦❝❛❧ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ ❝♦♥ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❆✐r②✱ ❛❧ ♣❧❛♥♦ ✐♥str✉♠❡♥t❛❧✳ P❛r❛ ✉♥

s✐st❡♠❛ ❞❡ r❡✐♠❛❣✐♥❛❝✐ó♥ ✐❞❡❛❧ ❧❛ ❞✐str✐❜✉❝✐ó♥ s❡❣✉✐rá s✐❡♥❞♦✱ ❡♥ ❣❡♥❡r❛❧✱ ❧❛ ❢✉♥❝✐ó♥

❞❡ ❆✐r②✳ P❡r♦ ❛✉♥ ❝♦♥s✐❞❡r❛♥❞♦ ✉♥ s✐st❡♠❛ r❡❛❧ ❡ ✐♥❝❧✉s♦ ❛❜❡rr❛♥t❡✱ ❧❛ ❞✐str✐❜✉❝✐ó♥

✷❙✉ ❝❛❧✐❞❛❞ ó♣t✐❝❛ ♥♦ ❞❡❢♦r♠❛ ❡❧ ❞✐s❝♦ ❞❡ ❆✐r② ♣r♦❞✉❝✐❞♦ s♦❜r❡ ✉♥ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ♣❧❛♥♦✳
✸▲❛ ❢✉♥❝✐ó♥ ❞❡ ❆✐r② ❡s ❧❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞❡ ✉♥ ❝ír❝✉❧♦ ♣♦♥❞❡r❛❞❛ ♣♦r ❡❧ r❛❞✐♦ ❞❡ ést❡✳

❈✉❛♥❞♦ ❧❛ ♣✉♣✐❧❛ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ♥♦ ❡s ✉♥ ❝ír❝✉❧♦✱ ❝♦♠♦ ❡♥ ❡❧ ❝❛s♦ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❈❛s❡❣r❛✐♥ ❝♦♥ s✉
♦s❝✉r❡❝✐♠✐❡♥t♦ ❝❡♥tr❛❧ ♦ ✉♥ t❡❧❡s❝♦♣✐♦ ❝♦♥ ♣r✐♠❛r✐♦ ❡①❛❣♦♥❛❧ s❡❣♠❡♥t❛❞♦✱ ❧❛ ❢✉♥❝✐ó♥ tr❛♥s❢♦r♠❛❞❛
♥♦ ❡s ✉♥ ❞✐s❝♦ ❞❡ ❆✐r②✳



✽ ✶✳ ❊❧ ♣r♦❜❧❡♠❛

❋✐❣✉r❛ ✶✳✶✿ ❙❡r✐❡ ❝♦♥t✐♥✉❛ ❞❡ ✐♠á❣❡♥❡s ❞❡ 30♠s ❞❡ ❡①♣♦s✐❝✐ó♥ ❝❛❞❛ ✉♥❛ ❞❡ ❧❛ ❡str❡❧❧❛ ●❏ ✹✸✻✱
♦❜t❡♥✐❞❛ ❝♦♥ ❋❛st❈❛♠ ❡❧ ✷✺ ❞❡ ❢❡❜r❡r♦ ❞❡ ✷✵✵✼ ❝♦♥ ❡❧ ❚❡❧❡s❝♦♣✐♦ ❈❛r❧♦s ❙á♥❝❤❡③ ✭❚❈❙✮ ❞❡❧
❖❜s❡r✈❛t♦r✐♦ ❞❡❧ ❚❡✐❞❡✳ ❈♦♥ ❡①♣♦s✐❝✐♦♥❡s s✉✜❝✐❡♥t❡♠❡♥t❡ ❝♦rt❛s s❡ ♦❜s❡r✈❛ ❧❛ ❞✐st♦rs✐ó♥ ❞❡ ❧❛
P❙❋ ♣♦r ❧❛ ❛t♠ós❢❡r❛✱ ♣r♦❞✉❝✐❡♥❞♦ ♣❛tr♦♥❡s ❞❡ s♣❡❝❦❧❡s✱ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ♣❡q✉❡ñ❛s ♠❛♥❝❤❛s
❞❡❧ t❛♠❛ñ♦ ❞❡❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ q✉❡ ❝♦♥s❡r✈❛♥ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛ ❡str❡❧❧❛
❛♥t❡s ❞❡ s❡r ❞✐st♦rs✐♦♥❛❞❛✳ ❊❧ ❝❛♠♣♦ ❡♥ ❡st❛s ✐♠á❣❡♥❡s ❡s ❞❡ ✉♥♦s 6′′ ✭s❡❣✉♥❞♦s ❞❡ ❛r❝♦✿
❛r❝s❡❝✮ ❝♦♥ s❡❡✐♥❣ ❞❡ 2

′
2 ❛r❝s❡❝✳ ❯♥✐❞❛❞❡s ❡♥ ♣í①❡❧❡s ✭✽✵✮✱ ❝♦♥ ✉♥❛ ❡s❝❛❧❛ 0

′
076 ❛r❝s❡❝✴♣✐①✳

✜♥❛❧ ❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡ ✉♥❛ ❡str❡❧❧❛ s❡ ❝♦♥s✐❞❡r❛ ❧❛ P❙❋ ❞❡❧ s✐st❡♠❛✳ ◆♦ ♦❜st❛♥t❡✱ ❧❛

✐♠❛❣❡♥ ✜♥❛❧ ❞❡ ✉♥ s✐st❡♠❛ ♥♦ s✉❡❧❡ s❡r ✉♥❛ P❙❋✹ ❞❡❜✐❞♦✱ ❝♦♠♦ ❤❡♠♦s ✈✐st♦✱ ❛ ❧♦s

♣r♦❜❧❡♠❛s ❞❡ t✉r❜✉❧❡♥❝✐❛✳

❊st♦ ♥♦ s✉♣♦♥❞rí❛ ♠❛②♦r ♣r♦❜❧❡♠❛ s✐ ♥♦ ❢✉❡r❛ ♣♦r ❡❧ ❡❢❡❝t♦ q✉❡ t✐❡♥❡ ❡♥ ❧❛ ❝❛❧✐❞❛❞

❞❡ ✐♠❛❣❡♥✱ ❡s ❞❡❝✐r✱ ❡♥ ❧❛ r❡s♦❧✉❝✐ó♥✳ ❊❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❝❧ás✐❝♦ ♣❛r❛ s✐st❡♠❛s

ó♣t✐❝♦s ❝✐r❝✉❧❛r❡s ❝♦♥ ✉♥❛ P❙❋ q✉❡ t❡♥❣❛ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❆✐r② ✭❇♦r♥✫❲♦❧❢✭❇❲✾✾✮

✶✾✺✾✮ ✈✐❡♥❡ ❞❛❞♦ ♣♦r✿

θ = 1′22
λ

D
, ✭✶✳✺✮

✹
◆♦t❛ ❞❡ ✐♥❣❡♥✐❡rí❛✿ ❆ ♣❡s❛r ❞❡ q✉❡ ❧❛ P❙❋ ❡s ✉♥❛ ✐♠❛❣❡♥ ❧✐♠♣✐❛ ❞❡ ✉♥ ♦❜❥❡t♦ tr❛♥s❢♦r♠❛❞♦

♣♦r ❡❧ s✐st❡♠❛ ó♣t✐❝♦ ❝♦♥ s✉s ❛❜❡rr❛❝✐♦♥❡s✱ ♥♦r♠❛❧♠❡♥t❡ ❡♥ ❆str♦♥♦♠í❛ s❡ s✐❣✉❡ ✉s❛♥❞♦ ❡❧ tér♠✐♥♦
P❙❋ ♣❛r❛ ❧❛ ♠❛♥❝❤❛ ❣❛✉ss✐❛♥❛ ✜♥❛❧ ♣r♦♠❡❞✐❛❞❛ ❞❡ ❧❛ s✉♣❡r♣♦s✐❝✐ó♥ ❞❡ ❧♦s s♣❡❝❦❧❡s s✉❝❡s✐✈♦s ❡♥ ❡❧
t✐❡♠♣♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥✳ ❱❡r ●❧♦s❛r✐♦✳



✶✳✸✳ ❈❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ ❛t♠♦s❢ér✐❝❛ ✾

s✐❡♥❞♦ D ❡❧ ❞✐á♠❡tr♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ② λ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ❞❡ ♦❜s❡r✈❛❝✐ó♥✳ ❊❧ ❧í♠✐t❡

❞❡ r❡s♦❧✉❝✐ó♥ θ ♣❛r❛ t❡❧❡s❝♦♣✐♦s s❡ ❞❛ ❞❡ ❢♦r♠❛ ❛♥❣✉❧❛r✱ ②❛ q✉❡ ❡s ❧❛ ❢♦r♠❛ ❡♥ q✉❡

s❡ ♠✐❞❡♥ ❧❛s ❞✐st❛♥❝✐❛s ❡♥tr❡ ♦❜❥❡t♦s ❛str♦♥ó♠✐❝♦s✱ ❛❧ ♠❡♥♦s ❞❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛

❞❡❧ ❛♣✉♥t❛❞♦ ② ❧❛ ♦❜s❡r✈❛❝✐ó♥✳

▲❛ P❙❋ ❞❡ ❧❛ ♦❜s❡r✈❛❝✐ó♥ t❡rr❡str❡ ❝❧ás✐❝❛ ❝♦♥ ❧❛r❣❛s ❡①♣♦s✐❝✐♦♥❡s ❡s ❡❧ r❡s✉❧t❛❞♦

❞❡ ❧❛ ❛❝✉♠✉❧❛❝✐ó♥ ❞❡ ❧❛s ♠ú❧t✐♣❧❡s P❙❋s ❞❡❢♦r♠❛❞❛s ♣♦r ❧❛ t✉r❜✉❧❡♥❝✐❛ ❛t♠♦s❢ér✐✲

❝❛✱ ♣r♦❞✉❝✐❡♥❞♦ ✉♥❛ ❢♦r♠❛ ❡①t❡♥s❛ ❝♦♥ ✉♥ ❋✉❧❧ ❲✐❞t❤ ❛t ❍❛❧❢ ▼❛①✐♠✉♥ ❬❆♥❝❤♦ ❛

▼✐t❛❞ ❞❡ ❆❧t✉r❛❪ ✭❋❲❍▼✮ ✈❛r✐❛s ✈❡❝❡s s✉♣❡r✐♦r ❛❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥✳ ❊st❛s ✐♠á✲

❣❡♥❡s t✐❡♥❡♥ ✉♥ ❋❲❍▼ ♣r♦♠❡❞✐♦ ❞❡❧ ♦r❞❡♥ ❞❡ 2′′ ❡♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ♦❜s❡r✈❛t♦r✐♦s

❛str♦♥ó♠✐❝♦s ② ❞✐s♠✐♥✉②❡ ❤❛st❛ ❧♦s 0′5
′′ ❝❛r❛❝t❡ríst✐❝♦ ❞❡ ❧♦s ♠❡❥♦r❡s ♦❜s❡r✈❛t♦r✐♦s✳

❊♥tr❛♥❞♦ ❡♥ ❧❛ t❡♦rí❛ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛✱ ♣❛r❛ ✉♥❛ ❡str❡❧❧❛✱ ést❡ s❡ ♣✉❡❞❡ ❝♦♥s✐❞❡r❛r

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

✉♥ ✈❡❝t♦r ❞❡ ♦♥❞❛ ❦✱ ♣♦❞❡♠♦s ❞❡s❝r✐❜✐r ❡❧ ❝❛♠♣♦ ❝♦♠♣❧❡❥♦ ❡♥ ❧❛ ♣♦s✐❝✐ó♥ r ❡♥ ✉♥

t✐❡♠♣♦ t✱ ψ0✱ ❝♦♠♦✿

ψ0(r, t) = Aei(φ0+2πνt+❦·r) . ✭✶✳✻✮

✭❛✮ ❉✐s❝♦ ❞❡ ❆✐r②✳

0

0.2

0.4

0.6

0.8

1

-20 -15 -10 -5 0 5 10 15 20

✭❜✮ P❡r✜❧ ❞❡ ■♥t❡♥s✐❞❛❞✳

❋✐❣✉r❛ ✶✳✷✿ ✭❛✮ ■♠❛❣❡♥ ❞❡ ❞✐❢r❛❝❝✐ó♥ ✭❞❡ ❋r❛✉♥❤♦❢❡r✮ ❞❡ ✉♥❛ ❛❜❡rt✉r❛ ❝✐r❝✉❧❛r✳ ❙❡ ❝♦rr❡s✲
♣♦♥❞❡ ❝♦♥ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❆✐r②✱ q✉❡ ❡s ✉♥❛ ❢✉♥❝✐ó♥ ❞❡ ❇❡ss❡❧ ✭❱❡r ●❧♦❛sr✐♦✿ ❆✐r②✮✳ ✭❜✮ ❊❧ ❝♦rt❡
tr❛♥s✈❡rs❛❧ ❞❡ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❆✐r②✱ ♥♦ ❞❡❜❡ ❝♦♥❢✉♥❞✐rs❡ ❝♦♥ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❞✐❢r❛❝❝✐ó♥ tr❛♥s✈❡rs❛❧
❞❡ ✉♥❛ r❡♥❞✐❥❛✱ ❧❛ ❝✉❛❧ ❡s✿ s✐♥❝2x = (sin(x)/x)2✳ ❊❧ ❞✐á♠❡tr♦ ❞❡❧ ❧ó❜✉❧♦ ❝❡♥tr❛❧ ✈✐❡♥❡ ❞❛❞♦
♣♦r ❧❛ ❡❝✉❛❝✐ó♥ ρ = 2

′
44λ · f/D✱ s✐❡♥❞♦ ❉ ❡❧ ❞✐á♠❡tr♦ ❞❡ ❧❛ ♣✉♣✐❧❛ ❞❡❧ t❡❧❡s❝♦♣✐♦ ② ❢ ❧❛ ❢♦❝❛❧

❡❢❡❝t✐✈❛✳



✶✵ ✶✳ ❊❧ ♣r♦❜❧❡♠❛

▲❛s ♣❛rt❡s r❡❛❧ ❡ ✐♠❛❣✐♥❛r✐❛ ❞❡❧ ❝❛♠♣♦ s❡ ❝♦rr❡s♣♦♥❞❡♥ ❝♦♥ ❧❛s ❝♦♠♣♦♥❡♥t❡s ❞❡❧

❝❛♠♣♦ ❡❧é❝tr✐❝♦ ② ♠❛❣♥ét✐❝♦✳ φ0 r❡♣r❡s❡♥t❛ ✉♥ ❞❡s❢❛s❡ ❡♥ ❧❛ ♦♥❞❛✱ ν ❧❛ ❢r❡❝✉❡♥❝✐❛ ❞❡

❧❛ ❧✉③✱ ν = c|❦|/2π✱ ② A ❡s ❧❛ ❛♠♣❧✐t✉❞ ❞❡❧ ❝❛♠♣♦✳

❊♥ ❡st❡ ❝❛s♦ ❡❧ ✢✉❥♦ ❞❡ ❢♦t♦♥❡s ✭❡♥❡r❣í❛ ♣♦r ✉♥✐❞❛❞ ❞❡ t✐❡♠♣♦✮ ❡s ♣r♦♣♦r❝✐♦♥❛❧

❛❧ ❝✉❛❞r❛❞♦ ❞❡ ❧❛ ❛♠♣❧✐t✉❞ A✱ ② ❧❛ ❢❛s❡ s❡rá ❧❛ ♣❛rt❡ ❝♦♠♣❧❡❥❛ ❞❡ ❧❛ ❢✉♥❝✐ó♥ ❞❡

♦♥❞❛ ψ0✳ ❈✉❛♥❞♦ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛✱ ❝♦♠♦ ②❛ s❡ ❤❛ ❞✐❝❤♦✱ ❛tr❛✈✐❡s❛ ❧❛s ❞✐st✐♥t❛s

❝❛♣❛s ❛t♠♦s❢ér✐❝❛s s❡ ✈❡ ♣❡rt✉r❜❛❞♦ ❛♥t❡s ❞❡ ✐♥❝✐❞✐r ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦✳ ❙✐ ❞❡✜♥✐♠♦s

✉♥❛ ♣❡rt✉r❜❛❝✐ó♥ ✐♥✜♥✐t❡s✐♠❛❧ ❡♥ ❧❛ ❛♠♣❧✐t✉❞ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ χa(r) ♣♦❞❡♠♦s

❝♦♥s✐❞❡r❛r ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ♣❡rt✉r❜❛❞♦✿

ψp(r) =
(
χa(r)e

iφa(r)
)
ψ0(r) , ✭✶✳✼✮

❞♦♥❞❡ φa(r) ❡s ❡❧ ❝❛♠❜✐♦ ❡♥ ❧❛ ❢❛s❡ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❞❡❜✐❞♦ ❛ ❧❛ t✉r❜✉❧❡♥❝✐❛ ❛t✲

♠♦s❢ér✐❝❛✳ ❙❡ ❤❛ ❞❡ ♥♦t❛r q✉❡ ψp(r) ② φa(r) ✈❛rí❛♥ ❝♦♥ ❧❛s ✢✉❝t✉❛❝✐♦♥❡s ❞❡❧ í♥❞✐❝❡ ❞❡

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

✶✳✸✳✶✳ ▼♦❞❡❧♦ ❞❡ ❑♦❧♠♦❣♦r♦✈

❯♥❛ ❞❡s❝r✐♣❝✐ó♥ ❞❡ ♣❡rt✉r❜❛❝✐♦♥❡s ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ✐♥tr♦❞✉❝✐❞❛ ♣♦r ❧❛ ❛t♠ós✲

❢❡r❛ ❧❛ ♣r♦♣♦r❝✐♦♥❛ ❡❧ ♠♦❞❡❧♦ ❞❡ ❑♦❧♠♦❣♦r♦✈ ❞❡s❛rr♦❧❧❛❞♦ ♣♦r ❚❛t❛rs❦✐✭✶✹✮ ✭✶✾✻✶✮✱ ②

s❡ ❜❛s❛ ❡♥ ❧♦s ❡st✉❞✐♦s ❞❡❧ ♠❛t❡♠át✐❝♦ r✉s♦ ❆♥❞ré ❑♦❧♠♦❣♦r♦✈ ✭❑♦❧♠♦❣♦r♦✈✭✶✷❀✶✸✮

✶✾✹✶❛✱ ❜✮✳ ❊st❡ ♠♦❞❡❧♦ s❡ r❡❢✉❡r③❛ ❡♥ ✉♥❛ s❡r✐❡ ❞❡ tr❛❜❛❥♦s ❡①♣❡r✐♠❡♥t❛❧❡s ✭♣♦r ❡❥❡♠✲

♣❧♦✱ ❇✉s❝❤❡r ❡t ❛❧✳ ✭✶✾✾✺✮✱ ◆✐❣❤t✐♥❣❛❧❡ ② ❇✉s❝❤❡r ✭✶✾✾✶✮✱ ❖✬❇②r♥❡ ✭✶✾✽✽✮✱ ❈♦❧❛✈✐t❛

❡t ❛❧✳ ✭✶✾✽✼✮✮✭✹✼✮ ② ❡s ❡❧ ♠ás ✉t✐❧✐③❛❞♦ ❡♥ ❧❛s s✐♠✉❧❛❝✐♦♥❡s ❞❡ ✐♠❛❣❡♥ ❛str♦♥ó♠✐❝❛✳

❊❧ ♠♦❞❡❧♦ s✉♣♦♥❡ q✉❡ ❧❛s ♣❡rt✉r❜❛❝✐♦♥❡s s♦♥ ❞❡❜✐❞❛s ❛ ✈❛r✐❛❝✐♦♥❡s ❞❡❧ í♥❞✐❝❡ ❞❡

r❡❢r❛❝❝✐ó♥ ❞❡ ❧❛ ❛t♠ós❢❡r❛ q✉❡ ♣r♦❞✉❝❡♥ ❧❛s ✢✉❝t✉❛❝✐♦♥❡s ❞❡ ❢❛s❡ ❡♥ φa(r)✱ ♠✐❡♥tr❛s

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

tr❛②❡❝t♦ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❞❡s❞❡ ❧❛ ❝❛♣❛ ❞❡ ♣❡rt✉r❜❛❝✐ó♥ ❤❛st❛ ❡❧ t❡❧❡s❝♦♣✐♦✳ ❍❛st❛

❛❤♦r❛✱ ❡♥ t♦❞♦s ❧♦s ♠♦❞❡❧♦s r❛③♦♥❛❜❧❡s ❞❡ ❧❛ ❛t♠ós❢❡r❛✱ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ✐♠❛❣❡♥ ✐♥st❛♥✲

tá♥❡❛ ❡♥ ❧❛s ❜❛♥❞❛s ✈✐s✐❜❧❡ ❡ ✐♥❢r❛rr♦❥♦ ❝❡r❝❛♥♦ ❡stá ❞♦♠✐♥❛❞❛ ♣♦r ❧❛s ✢✉❝t✉❛❝✐♦♥❡s

❞❡ ❢❛s❡ φa(r)✳ ▲❛s ✢✉❝t✉❛❝✐♦♥❡s ❞❡ ❛♠♣❧✐t✉❞ χa(r) t✐❡♥❡♥ ✉♥ ❡❢❡❝t♦ ❞❡s♣r❡❝✐❛❜❧❡ ❡♥

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

▲❛s ✢✉❝t✉❛❝✐♦♥❡s ❞❡ ❢❛s❡ ❡♥ ❡❧ ♠♦❞❡❧♦ ❞❡ ❚❛t❛rs❦✐ s❡ s✉♣♦♥❡ q✉❡ t✐❡♥❡♥ ✉♥❛

❞✐str✐❜✉❝✐ó♥ ❛❧❡❛t♦r✐❛ ✓❣❛✉ss✐❛♥❛✔ ❝♦♥ ✉♥❛ ❢✉♥❝✐ó♥ ❞❡ ❡str✉❝t✉r❛ ❞❡ s❡❣✉♥❞♦ ♦r❞❡♥

❝♦♥ ❧❛ ❢♦r♠❛✿

Dφa(ρ) =
〈
|φa(r)− φa(r+ ρ)|2

〉

r

, ✭✶✳✽✮

❞♦♥❞❡ Dφa(ρ) ❡s ❧❛ ✈❛r✐❛♥③❛ ✐♥❞✉❝✐❞❛ ♣♦r ❧❛ ❛t♠ós❢❡r❛ ❡♥ ❧❛ ❢❛s❡ ❡♥tr❡ ❞♦s ♣✉♥t♦s



✶✳✸✳ ❈❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ ❛t♠♦s❢ér✐❝❛ ✶✶

✭❛✮ ■♠❛❣❡♥ ✐♥st❛♥tá♥❡❛✳ ✭❜✮ ■♠❛❣❡♥ ✐♥t❡❣r❛❞❛✳ ✭❝✮ ■♠❛❣❡♥ ♣r♦❝❡s❛❞❛✳

❋✐❣✉r❛ ✶✳✸✿ ❘❡❝♦♥str✉❝❝✐ó♥ ❞❡ ✈❛r✐❛s ✐♠á❣❡♥❡s ❞♦♥❞❡ s❡ ✈❡ ❧❛ ♠❛♥❝❤❛ ❞❡ s❡❡✐♥❣ ✐♥st❛♥tá♥❡❛✱
❧❛ ✐♥t❡❣r❛❞❛ ② ❧❛ r❡❞✉❝✐❞❛ ♣♦r ▲✉❝❦② ■♠❛❣✐♥❣✳

❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ s❡♣❛r❛❞♦s ✉♥❛ ❞✐st❛♥❝✐❛ ρ ❡♥ ❡❧ ♣❧❛♥♦ ❞❡ ❛❜❡rt✉r❛✱ ② ❡s ✐❣✉❛❧ ❛❧

♣r♦♠❡❞✐♦ ❞❡❧ ❣r✉♣♦✳

❈♦♠♦ ❡❧ ❞❡s❢❛s❡ ❞❡♣❡♥❞❡ ❞❡❧ í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥✱ s✉♣♦♥✐❡♥❞♦ ♣❡rt✉r❜❛❝✐♦♥❡s ♣❡✲

q✉❡ñ❛s✱ ❧❛ ❡❝✉❛❝✐ó♥ ✶✳✽ s❡ ♣✉❡❞❡ ❡s❝r✐❜✐r ❝♦♠♦ ✭✈é❛s❡✱ ♣♦r ❡❥❡♠♣❧♦✱ ❇♦♥❡t✭❇♦♥✾✾✮

✶✾✾✾✮✿

Dφa(ρ) = 2′91k
2 ρ

5/3

cos ζ

∫
C2
n(h)dh , ✭✶✳✾✮

❞♦♥❞❡ ❦ ❡s ❡❧ ♥ú♠❡r♦ ❞❡ ♦♥❞❛✱ ζ ❧❛ ❞✐st❛♥❝✐❛ ❛❧ ③é♥✐t ❞❡ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ✐♥❝✐❞❡♥❝✐❛

② ❤ ❧❛ ❛❧t✉r❛ ❡♥ ❧❛ ❛t♠ós❢❡r❛✳ Cn ❡s ❧❛ ❝♦♥st❛♥t❡ ❞❡ í♥❞✐❝❡ ❞❡ ❡str✉❝t✉r❛✱ q✉❡ ✈❛rí❛

❝♦♥ ❧❛ ❛❧t✉r❛ ❡♥ ❧❛ ❛t♠ós❢❡r❛✱ ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡❧ ✈✐❡♥t♦ ② ❧❛ t✉r❜✉❧❡♥❝✐❛ ❡♥ s✉♣❡r✜❝✐❡✳

❋r✐❡❞ ✭✶✽✮ ✭✶✾✻✻✮ ❝❛❧❝✉❧❛ ❡❧ ♣❛rá♠❡tr♦ r0✿

r0 =

[
0′423k

2 sec ζ

∫
C2
n(h)dh

]−3/5

, ✭✶✳✶✵✮

♦✱ ❧♦ q✉❡ ❡s ❧♦ ♠✐s♠♦✿

r0 =
1′1654 · 10−8λ6/5 sin3/5 η

[∫ Z
h0
C2
n(h)dh

]3/5 ♠ , ✭✶✳✶✶✮

s✐❡♥❞♦ C2
n(h) ❡❧ ✈❛❧♦r ❝❛r❛❝t❡ríst✐❝♦ ♦ ♣❡r✜❧ ❞❡ ❧❛ t✉r❜✉❧❡♥❝✐❛ ② η ❡❧ á♥❣✉❧♦ ❞❡ ❡❧❡✈❛❝✐ó♥✳

❨✱ ❝♦♥ ❡❧❧♦✱ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❡str✉❝t✉r❛ ❞❡ ❚❛t❛rs❦✐✭✶✹✮ ✭✶✾✻✶✮ s❡ ❞❡✜♥❡ ❤❛❜✐t✉❛❧♠❡♥t❡

file:./figuras/WDS15258_anim.gif


✶✷ ✶✳ ❊❧ ♣r♦❜❧❡♠❛

❡♥ ❢✉♥❝✐ó♥ ❞❡❧ ♣❛rá♠❡tr♦ r0✿

Dφa(ρ) = 6′88

( |ρ|
r0

)5/3

, ✭✶✳✶✷✮

r0 ❡s ✉♥ ✐♥❞✐❝❛❞♦r ❞❡ ❧❛ ✓❢✉❡r③❛✔ ❞❡ ❧❛s ✢✉❝t✉❛❝✐♦♥❡s ❞❡ ❢❛s❡✱ ② s❡ ❝♦rr❡s♣♦♥❞❡rí❛

❝♦♥ ❧❛ ❛❜❡rt✉r❛ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ ♣✉♣✐❧❛ ❝✐r❝✉❧❛r ❡♥ ❡❧ q✉❡ ❧❛s ♣❡rt✉r❜❛❝✐♦♥❡s ❞❡

❧❛ ❢❛s❡ ♣❛s❛♥ ❛ s❡r ❧✐♠✐t❛♥t❡s ❡♥ r❡s♦❧✉❝✐ó♥✳ ▲♦s ✈❛❧♦r❡s tí♣✐❝♦s ♣❛r❛ r0 ❡♥ ❜❛♥❞❛ ■

✭λ ≈ 0, 9µ♠✮ ❡♥ ❜✉❡♥❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❛t♠ós❢❡r❛ s♦♥ ❞❡ 200✖400♠♠ ② ❞❡ 10 ❝♠

♣❛r❛ ✉♥❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ❞❡ 0′5µ♠✳

▲♦♥❣✐t✉❞ ❞❡ ❈♦❤❡r❡♥❝✐❛

❋r✐❡❞ ✭✶✻✮ ✭✶✾✻✺✮ ② ◆♦❧❧ ✭✶✺✮ ✭✶✾✼✻✮ ❛♣✉♥t❛♥ ❛ q✉❡ ❡❧ ♣❛rá♠❡tr♦ r0 s❡ ❝♦rr❡s♣♦♥❞❡

t❛♠❜✐é♥ ❝♦♥ ❡❧ ❞✐á♠❡tr♦ ❞❡ ❛♣❡rt✉r❛ ♣❛r❛ ❡❧ q✉❡ ❧❛ ✈❛r✐❛♥③❛ σ2 ❞❡ ❧❛ ❢❛s❡ ❞❡❧ ❢r❡♥✲

t❡ ❞❡ ♦♥❞❛ ♣r♦♠❡❞✐❛❞❛ s♦❜r❡ ❧❛ ❛♣❡rt✉r❛ D s❡ ❤❛❝❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 1 r❛❞2✳ ❊st❛

❝♦♠♣❡♥s❛❝✐ó♥ ❡♥ ❡❧ ♠♦❞♦ ❞❡ ❢❛s❡ ✭♣r✐♠❡r tér♠✐♥♦ ❞❡ ❩❡r♥✐❦❡✺ ♦ ♣✐stó♥✮ ♣❡r♠✐t❡ ♦tr❛

✐♥t❡r♣r❡t❛❝✐ó♥ ❞❡❧ ♣❛rá♠❡tr♦ r0✿

σ2 = 1′0299

(
D

r0

)5/3
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❊❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❞❡❧✐♠✐t❛❞♦ ♣♦r ❡st❛ ❛❜❡rt✉r❛ ❡s ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ♣❧❛♥♦ ❛ ❡❢❡❝t♦s

❞❡ ✐♥❝✐❞❡♥❝✐❛ ❡♥ ❡❧ ❝♦❧❡❝t♦r ♣❛r❛ ❢♦r♠❛r ✐♠❛❣❡♥✳ P♦r t❛♥t♦✱ r0 r❡♣r❡s❡♥t❛ ❡❧ t❛♠❛ñ♦ ❞❡

❧❛s r❡❣✐♦♥❡s ❝♦❤❡r❡♥t❡s ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❝✉❛♥❞♦ ❛❧❝❛♥③❛♥ ❧❛ ♣✉♣✐❧❛ ❞❡❧ t❡❧❡s❝♦♣✐♦✳ ▲❛

❡❝✉❛❝✐ó♥ ✶✳✶✸ r❡♣r❡s❡♥t❛ ❧❛ ❞❡✜♥✐❝✐ó♥ ❝♦♠ú♥ ❞❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ❝♦❤❡r❡♥❝✐❛ ♦ ♣❛rá♠❡tr♦

❞❡ ❋r✐❡❞ r0✳ ❯♥❛ ✐♥t❡r♣r❡t❛❝✐ó♥ ✓❧✐❜r❡✔ ❞❡ ❡st❡ ♣❛rá♠❡tr♦ ❡s ❡❧ ❞❡❧ ❞✐á♠❡tr♦ ❞❡

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

❞✐st♦rs✐ó♥ ❡s s✐♠♣❧❡♠❡♥t❡ ✉♥❛ ✐♥❝❧✐♥❛❝✐ó♥ ♦ t❛♠❛ñ♦ ❞❡ ❧♦s tr♦③♦s ❡♥ ❧♦s q✉❡ s❡ ♣❛rt❡

❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛✱ ② ✈❛rí❛ ❝♦♥ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ❝♦♠♦✿ r0 ∝ λ6/5✱ ❞❡✜♥✐❡♥❞♦ ❡❧

s❡❡✐♥❣ ❝♦♠♦ ❡❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❞❡ ✉♥❛ ❝❡❧❞❛ ❞❡ ❝♦❤❡r❡♥❝✐❛ ❛t♠♦s❢ér✐❝❛✿

θ0 = 1′22
λ

r0
∝ λ−1/5 .

❨ θ0 ❧♦ ♠❡❞✐♠♦s ❡♥ s❡❣✉♥❞♦s ❞❡ ❛r❝♦✳

✺▲♦s ♣♦❧✐♥♦♠✐♦s ❞❡ ❩❡r♥✐❦❡ ❢♦r♠❛♥ ✉♥❛ ❜❛s❡ ✐♥✜♥✐t❛ ❞❡ ♣♦❧✐♥♦♠✐♦s ✓♦rt♦♥♦r♠❛❧✔ ❡♥ ❝♦♦r❞❡♥❛❞❛s
♣♦❧❛r❡s ♣❛r❛ ♣✉♥t♦s ❞❡♥tr♦ ❞❡❧ ❝ír❝✉❧♦ ❞❡ r❛❞✐♦ ✉♥✐❞❛❞✳ ❯♥❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❧❛ ❜❛s❡ ♣❡r♠✐t❡ ❡①t❡♥❞❡r
❧❛ ✓♦rt♦❣♦♥❛❧✐❞❛❞✔ ❛ ✉♥ ár❡❛ ❛♥✉❧❛r ❝♦♠♦ ❧❛ ♣✉♣✐❧❛ ❞❡ ❧♦s t❡❧❡s❝♦♣✐♦s ❝♦♥ ♦s❝✉r❡❝✐♠✐❡♥t♦ ❝❡♥tr❛❧✳
❱❡r ●❧♦s❛r✐♦✳
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➪♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦

❊❧ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦ φ0 ❡s ❡❧ ♠❛r❣❡♥ ❛♥❣✉❧❛r ❡♥ ❡❧ ❝✉❛❧ ✉♥❛ ♣❛rt❡ ❞❡❧ ❢r❡♥t❡ ❞❡

♦♥❞❛ ♠❛♥t✐❡♥❡ ✉♥ ❣r❛❞♦ ❡s♣❡❝í✜❝♦ ❞❡ ❝♦rr❡❧❛❝✐ó♥ tr❛s ❛tr❛✈❡s❛r ✉♥❛ t✉r❜✉❧❡♥❝✐❛✳ ▲♦s

á♥❣✉❧♦s ✐s♦♣❧❛♥át✐❝♦s ♣❛r❛ ❆str♦♥♦♠í❛ s✉❡❧❡♥ s❡r ❞❡❧ ♦r❞❡♥ ❞❡ 10−6 ❛ 10−4 r❛❞✳ ▲♦s

✈❛❧♦r❡s ♠ás ❣r❛♥❞❡s ❞❡ φ0 ❝♦rr❡s♣♦♥❞❡♥ ❛ á♥❣✉❧♦s ❞❡ ❡❧❡✈❛❝✐ó♥ ❛❧t♦s✱ ❧♦♥❣✐t✉❞❡s ❞❡

♦♥❞❛ ❣r❛♥❞❡s ② ✈❛❧♦r❡s ♣❡q✉❡ñ♦s ❞❡ C2
n✳ φ0 ❞✐s♠✐♥✉②❡ ❝❛s✐ ❧✐♥❡❛❧♠❡♥t❡ ❝♦♥ ❧❛ ❧♦♥❣✐t✉❞

❞❡ ♦♥❞❛ ② ❝❛❡ rá♣✐❞❛♠❡♥t❡ ♣❛r❛ ❞✐st❛♥❝✐❛s ③❡♥✐t❛❧❡s ♠❛②♦r❡s q✉❡ 15◦✳

φ0 =

[
2′914k

2 sec8/3 ζ

∫ Z

h0

C2
n(h)(h− h0)

5/3dh

]−3/5

r❛❞ , ✭✶✳✶✹✮

s✐❡♥❞♦ k ❡❧ ♥ú♠❡r♦ ❞❡ ♦♥❞❛ ✭2π/λ✮✱ ζ ❞✐st❛♥❝✐❛ ③❡♥✐t❛❧✱ λ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ✭♠✮✱ h

❧❛ ❛❧t✉r❛ s♦❜r❡ ❡❧ t❡❧❡s❝♦♣✐♦ ② h0 ❧❛ ❛❧t✉r❛ ❞❡ ❧❛ ❝ú♣✉❧❛ s♦❜r❡ ❡❧ ♥✐✈❡❧ ❞❡❧ s✉❡❧♦ ✭♠✮✳

❊①♣r❡sá♥❞♦❧♦ ❡♥ ❢✉♥❝✐ó♥ ❞❡❧ á♥❣✉❧♦ ❞❡ ❡❧❡✈❛❝✐ó♥✱ η✱ q✉❡❞❛✿

φ0 =
3′663 · 10−9λ6/5 sin5/3 η

[∫ Z
h0
C2
n(h)(h− h0)5/3dh

]3/5 r❛❞ . ✭✶✳✶✺✮

❊♥ ❧❛ ♣rá❝t✐❝❛ ❡❧ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦ ♠✐❞❡ ❧❛ ❛♠♣❧✐t✉❞ ❞❡ ❧❛s ❞❡❢♦r♠❛❝✐♦♥❡s ❞❡❧ ❢r❡♥t❡

❞❡ ♦♥❞❛ ❝♦♥ ❧❛ ❛❧t✉r❛✳ ❆sí✱ ❧❛ ♠✐s♠❛ ❞❡❢♦r♠❛❝✐ó♥ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❛ ✉♥❛ ❛❧t✉r❛

s♦❜r❡ ❡❧ t❡❧❡s❝♦♣✐♦ ❜❛❥❛ ♥♦s ❞❛rá ✉♥ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦ ♠❛②♦r q✉❡ s✐ ❡s❛ ❞❡❢♦r♠❛❝✐ó♥

s❡ ♣r♦❞✉❝❡ ❛ ✉♥❛ ❛❧t✉r❛ ❣r❛♥❞❡✳

❙✐ ❝♦♥s✐❞❡r❛♠♦s ✉♥ ♠♦❞❡❧♦ ❛t♠♦s❢ér✐❝♦ ❡str❛t✐✜❝❛❞♦ ❡♥ ♠✉❧t✐❝❛♣❛s✱ ❧❛ ✐♥t❡❣r❛❧ ❞❡

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

C2
n(h)✿

h̃ ∼
[∫

C2
n(h)(h− h0)

5/3dh∫
C2
n(h)dh

]3/5

. ✭✶✳✶✻✮

❊st❛ ❡❝✉❛❝✐ó♥ ♥♦s ♣❡r♠✐t❡ ❤❛❝❡r ❧❛ ♣r♦♣♦r❝✐ó♥✿ φ0 ∼ r0
h̃
.

❚í♣✐❝❛♠❡♥t❡✱ φ0 ❡s ❞❡❧ ♦r❞❡♥ ❞❡ 2 ❛r❝s❡❝ ✭s❡❣✉♥❞♦s ❞❡ ❛r❝♦✮ ♣❛r❛ ✉♥❛ ❧♦♥❣✐t✉❞ ❞❡

♦♥❞❛ ❞❡ 0′5µ♠ ❡♥ ❡❧ r❛♥❣♦ ✈✐s✐❜❧❡ ♣❛r❛ ♦❜s❡r✈❛t♦r✐♦s ❡♥tr❡ ✵ ② 5000♠ s♦❜r❡ ❡❧ ♥✐✈❡❧

❞❡❧ ♠❛r ❝♦♥ ✉♥ á♥❣✉❧♦ ❞❡ ❡❧❡✈❛❝✐ó♥ ♠❛②♦r q✉❡ 45◦ ② ✉♥❛ ❛❧t✉r❛ r❡❛❧ ❞❡ ❧❛s t✉r❜✉❧❡♥❝✐❛s

❞❡ Z = 20 ❦♠ s♦❜r❡ ❡❧ ♦❜s❡r✈❛t♦r✐♦ ✭❋✉❡♥s❛❧✐❞❛✭✸✺✮ ✷✵✵✹✮✳ ❊❧ ré❣✐♠❡♥ ❧❛♠✐♥❛r s♦❜r❡

❡❧ ♠❛r ♦ s♦❜r❡ ❧❛s ❝❛♣❛s ❞❡ ✐♥✈❡rs✐ó♥ ❞❡ ♥✉❜❡s ❡♥ ❧❛s ✐s❧❛s ❢❛✈♦r❡❝❡ ❧❛s ❝♦♥❞✐❝✐♦♥❡s

♣❛r❛ ❛♠♣❧✐❛r ❡❧ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦ ❤❛st❛ ❧♦s 4 ♦ 7 ❛r❝s❡❝ ❡♥ ❧♦s ❖❜s❡r✈❛t♦r✐♦s ❞❡❧

❚❡✐❞❡ ✭❖❚✮ ② ❡❧ ❘♦q✉❡ ❞❡ ❧♦s ▼✉❝❤❛❝❤♦s ✭❖❘▼✮ ✭❋✉❡♥s❛❧✐❞❛✭✸✻✮ ✷✵✵✾✮✳



✶✹ ✶✳ ❊❧ ♣r♦❜❧❡♠❛

❚✐❡♠♣♦ ❞❡ ❝♦❤❡r❡♥❝✐❛

▲❛ ❝❛r❛❝t❡ríst✐❝❛ t❡♠♣♦r❛❧ ❞❡ ❧❛ t✉r❜✉❧❡♥❝✐❛✱ t✐❡♠♣♦ ❞❡ ❝♦❤❡r❡♥❝✐❛✱ s❡ ❞❡✜♥❡ ♠❡✲

❞✐❛♥t❡ ✉♥❛ ❝♦♥st❛♥t❡ ❝rít✐❝❛ ❞❡ t✐❡♠♣♦✱ τ0✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛❧ t✐❡♠♣♦ ❞❡ r❡s♣✉❡st❛

♥❡❝❡s❛r✐♦ ♣❛r❛ r❡❞✉❝✐r ❧♦s ❡❢❡❝t♦s ❞❡ ❧❛ t✉r❜✉❧❡♥❝✐❛✳ ❊❧ ✈❛❧♦r ❞❡ τ0 ❡stá r❡❧❛❝✐♦♥❛❞♦

❝♦♥ ✉♥ ♣❛rá♠❡tr♦ ❞❡ ❢r❡❝✉❡♥❝✐❛ ❝♦♠ú♥♠❡♥t❡ ✉t✐❧✐③❛❞♦✱ fG✳ ▲❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❧♦s ♣❛rá✲

♠❡tr♦s ❡s ✐♥✈❡rs❛♠❡♥t❡ ♣r♦♣♦r❝✐♦♥❛❧✱ ❡st♦ ❡s✱ τ0 = 1/fG✳ ❊❧ ♠ét♦❞♦ q✉❡ s❡ ❞❡s❝r✐❜❡ ❛

❝♦♥t✐♥✉❛❝✐ó♥ ♣✉❡❞❡ ✉t✐❧✐③❛rs❡ ♣❛r❛ ❝❛❧❝✉❧❛r τ0 ♣❛r❛ tr❛②❡❝t♦r✐❛s ♦❜❧✐❝✉❛s ❝♦♥ á♥❣✉❧♦s

❞❡ ❡❧❡✈❛❝✐ó♥ ♠❛②♦r❡s q✉❡ 45◦✳

▲❛ ❞❡♣❡♥❞❡♥❝✐❛ ❞❡ ❧❛ t✉r❜✉❧❡♥❝✐❛ ❛t♠♦s❢ér✐❝❛ ❝♦♥ ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡❧ ✈✐❡♥t♦ ❤♦r✐③♦♥✲

t❛❧ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ❛❧t✉r❛ v(h) s❡ ♣✉❡❞❡ ❛♣r♦①✐♠❛r ♣♦r✿

v(h) = vg + 30 exp

(
−h− 9400

4800

)2

♠✴s , ✭✶✳✶✼✮

s✐❡♥❞♦ vg ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡❧ ✈✐❡♥t♦ ❡♥ ❡❧ ♦❜s❡r✈❛t♦r✐♦ ② ❤ ❧❛ ❛❧t✉r❛ s♦❜r❡ ❡❧ s✉❡❧♦ ❡♥

♠❡tr♦s✳

❙✐❣✉✐❡♥❞♦ ❝♦♥ ❡❧ ♠♦❞❡❧♦ ❞❡ ❡str✉❝t✉r❛✱ ❧❛ t✉r❜✉❧❡♥❝✐❛ ✐♥t❡❣r❛❞❛ ♣♦♥❞❡r❛❞❛ ♣♦r ❡❧

✈✐❡♥t♦ s❡ ❡①♣r❡s❛ ❝♦♠♦✿

v5/3 =

∫ Z

h0

C2
n(h)[v(h)]

5/3dh ♠2/s5/3 , ✭✶✳✶✽✮

❞♦♥❞❡ C2
n(h) ❡s ❡❧ ♣❡r✜❧ ❞❡ t✉r❜✉❧❡♥❝✐❛ ✭♠2/3✮✱ h0 ❧❛ ❛❧t✉r❛ ❞❡ ❧❛ ❛❜❡rt✉r❛ ❞❡❧ t❡❧❡s✲

❝♦♣✐♦✱ h ❧❛ ❛❧t✉r❛ ❝♦♥s✐❞❡r❛❞❛ s♦❜r❡ ❡❧ s✉❡❧♦ ② Z ❧❛ ❛❧t✉r❛ r❡❛❧ ❞❡ ❧❛s t✉r❜✉❧❡♥❝✐❛s

✭∼20 ❦♠✮✳

❈♦♥ t♦❞♦ ❡❧❧♦✱ ❧❛ ❡❝✉❛❝✐ó♥ ❞❡❧ t✐❡♠♣♦ ❞❡ ❝♦❤❡r❡♥❝✐❛ ❧❛ ❡s❝r✐❜✐♠♦s ❝♦♠♦✿

τ0 =
2′729 · 10−8λ6/5 sin3/5 η

v
3/5
5/3

s , ✭✶✳✶✾✮

s✐❡♥❞♦ η ❡❧ á♥❣✉❧♦ ❞❡ ❡❧❡✈❛❝✐ó♥ ❞❡ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ♦❜s❡r✈❛❝✐ó♥✳

❚❛♠❜✐é♥ ♣♦❞❡♠♦s ❞❡✜♥✐r ✉♥❛ ✈❡❧♦❝✐❞❛❞ ♠❡❞✐❛ ❞❡❧ ✈✐❡♥t♦ ♣♦♥❞❡r❛❞❛ ❞❡ ❧❛ t✉r✲

❜✉❧❡♥❝✐❛ ṽ✱ ❞❡ ♠♦❞♦ q✉❡ s❡ ♦❜t✐❡♥❡ ✭❝♦♥ v(h) ② C2
n(h) ❝♦♥st❛♥t❡s✮ ❞❡ ♥✉❡✈♦ ✉♥❛

♣r♦♣♦r❝✐ó♥ ❞❡❧ t✐♣♦ τ0 ∼ r0
ṽ ✳

❉❡ ❡st❛ r❡❧❛❝✐ó♥ s❡ ❞❡❞✉❝❡ q✉❡ ❛ ♠❛②♦r t✉r❜✉❧❡♥❝✐❛✱ ♦ ♠❛②♦r ✈❡❧♦❝✐❞❛❞ ❞❡❧ ✈✐❡♥t♦✱

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

✉♥❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ❞❡ 0′5µ♠✱ ❡❧ t✐❡♠♣♦ ❞❡ ❝♦❤❡r❡♥❝✐❛ ❞❡ ❧❛ ❛t♠ós❢❡r❛ ❡♥ ❝❛❧♠❛ ❡s

τ0 ≃ 5♠s✳ ❯♥❛ r❡❣❧❛ ♥❡♠♦té❝♥✐❝❛ ✉s❛❞❛ ♣♦r ❧♦s ❛stró♥♦♠♦s ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛



✶✳✹✳ ❈♦♥tr♦❧ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❛t♠♦s❢ér✐❝❛ ✶✺

❡st❛❜❧❡❝❡ q✉❡✱ ♣❛r❛ ✉♥❛ ❧♦♥❣✐t✉❞ ❞❡ ❝♦❤❡r❡♥❝✐❛ ❞❡ 10 ❝♠✱ ❝♦♥ ✉♥❛ ✈❡❧♦❝✐❞❛❞ ❞❡❧ ✈✐❡♥t♦

❞❡ 10♠✴s✱ ❡❧ t✐❡♠♣♦ ❞❡ ❝♦❤❡r❡♥❝✐❛ ❡s ❞❡ 10♠s✳

▲❛s r❡✈✐s✐♦♥❡s ♣r❡✈✐❛s ❞❡ ❧♦s ♣❛rá♠❡tr♦s ❝❛r❛❝t❡ríst✐❝♦s ❞❡ ❧❛ t✉r❜✉❧❡♥❝✐❛ ❛t♠♦s❢é✲

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

▼♦str❛♠♦s✱ ❛ ♠♦❞♦ ❞❡ r❡s✉♠❡♥✱ ❧❛s ♣r✐♥❝✐♣❛❧❡s ♣r♦♣✐❡❞❛❞❡s ❞❡ ❡st♦s ♣❛rá♠❡tr♦s ❡♥

❧❛ t❛❜❧❛ ✶✳✶✿

r0 ∼ λ6/5

ΣC2
n

r0 ∝ λ6/5

φ0 ∼ r0
h̃

φ0 ∝ λ6/5

τ0 ∼ r0
ṽ τ0 ∝ λ6/5

❚❛❜❧❛ ✶✳✶✿ ❘❡❧❛❝✐♦♥❡s ❞❡ ❧♦s ♣❛rá♠❡tr♦s q✉❡ ❞❡✜♥❡♥ ❧❛ t✉r❜✉❧❡♥❝✐❛ ❛t♠♦s❢ér✐❝❛ s❡❣✉♥ ❡❧
♠♦❞❡❧♦ ❞❡ ❡str✉❝t✉r❛❝✐ó♥ ❡❧❛❜♦r❛❞♦ ♣♦r ❚❛t❛rs❦✐ ❛ ♣❛rt✐r ❞❡❧ ♠♦❞❡❧♦ ❞❡ ❑♦❧♠♦❣♦r♦✈✿ ❧♦♥❣✐t✉❞
❞❡ ❝♦❤❡r❡♥❝✐❛ ✭♣❛rá♠❡tr♦ ❞❡ ❋r✐❡❞✮✱ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦ ② t✐❡♠♣♦ ❞❡ ❝♦❤❡r❡♥❝✐❛✳

✶✳✹✳ ❈♦♥tr♦❧ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❛t♠♦s❢ér✐❝❛

▲❛ tr♦♣♦s❢❡r❛ ❡s ❧❛ ❝❛♣❛ ❞❡ ❧❛ ❛t♠ós❢❡r❛ t❡rr❡str❡ ❞♦♥❞❡ s❡ ❝♦♥❝❡♥tr❛ ❤❛st❛ ❡❧

80% ❞❡ ❧❛ ♠❛s❛ ❛t♠♦s❢ér✐❝❛✳ ❙ó❧♦ ♥✉❜❡s ❡str❛t♦s❢ér✐❝❛s ❛♣❛r❡❝❡♥ ❡♥ r❡❣✐♦♥❡s ♣♦❧❛r❡s✳

➱st❛ ❡s ❧❛ ❝❛♣❛ q✉❡ s❡ ❝♦♥s✐❞❡r❛ r❡s♣♦♥s❛❜❧❡ ❞❡❧ s❡❡✐♥❣ ❝♦♠♦ ♣❡rt✉r❜❛❞♦r ❞❡ ❧❛ ❧✐♠♣✐❛

♦❜s❡r✈❛❝✐ó♥ ❛str♦♥ó♠✐❝❛ ❞❡s❞❡ ♦❜s❡r✈❛t♦r✐♦s ❡♥ ❧❛ s✉♣❡r✜❝✐❡ ❞❡ ❧❛ ❚✐❡rr❛✳

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

❧❛ ❝❛♣❛ ❞❡ ❝ú♣✉❧❛✱ r❡✜r✐é♥❞♦♥♦s ❛ ❧❛s ♣❡rt✉r❜❛❝✐♦♥❡s q✉❡ s❡ ♣r♦❞✉❝❡♥ ♣♦r t✉r❜✉❧❡♥❝✐❛s

❛❧r❡❞❡❞♦r ❞❡❧ ❡❞✐✜❝✐♦ ❞❡❧ t❡❧❡s❝♦♣✐♦✳ ❙❡ ❝♦rr✐❣❡♥ ❝♦♥ ❧❛ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ❞❡ ♣✉♣✐❧❛✳

❊st❛ ❝❛♣❛ s❡ ❝♦♥s✐❞❡r❛ ❧❛ ♠ás ✐♠♣♦rt❛♥t❡ ② s❡ ❡st✐♠❛ q✉❡ ❧❧❡❣❛ ❤❛st❛ 600− 900♠ ❞❡

❛❧t✉r❛ s♦❜r❡ ❡❧ ♥✐✈❡❧ ❞❡❧ t❡❧❡s❝♦♣✐♦✳

❙♦❜r❡ ❝❛❞❛ ♦❜s❡r✈❛t♦r✐♦ s❡ ❡str❛t✐✜❝❛ ❧❛ ❛t♠ós❢❡r❛ ❞❡♣❡♥❞✐❡♥❞♦ ❞❡ ❧❛ ♦r♦❣r❛❢í❛✱

❤✉♠❡❞❛❞ ♦ ✢♦r❛ ❞❡ s✉♣❡r✜❝✐❡ q✉❡ ❝♦♥❞✐❝✐♦♥❛♥ ❧❛ ❝❛♣❛ ✐♥❢❡r✐♦r ❞❡ ❧❛ ❛t♠ós❢❡r❛✳ ❉✉r❛♥✲

t❡ ❡❧ ❞í❛✱ ❡♥ ♦❜s❡r✈❛❝✐♦♥❡s s♦❧❛r❡s✱ ❡s ❡❧ t✉❜♦ ❞❡❧ ❤❛③ ❡❧ q✉❡ ❡stá s✉❢r✐❡♥❞♦ ✉♥ ❝❛♠❜✐♦

❝♦♥t✐♥✉♦ ❡♥ s✉ ❝♦♥✜❣✉r❛❝✐ó♥ ❛t♠♦s❢ér✐❝❛✳ ▲❛ t❡♠♣❡r❛t✉r❛ ✈❛rí❛ ❛❧ ✐r ❛✈❛♥③❛♥❞♦ ❧❛

❧í♥❡❛ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ② ❡s ♣r❡❝✐s❛♠❡♥t❡ ♠ás ❝❡r❝❛ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❞♦♥❞❡ ♠ás s❡ ❝♦♥❝❡♥✲

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

❝❛❧✐❡♥t❡s q✉❡ ❛s❝✐❡♥❞❡♥ ② ♣❡rt✉r❜❛♥ ❧❛s ♣r♦①✐♠✐❞❛❞❡s ❞❡ ❧❛ ❝ú♣✉❧❛✳ ❉✉r❛♥t❡ ❧❛ ♥♦✲



✶✻ ✶✳ ❊❧ ♣r♦❜❧❡♠❛

❝❤❡ ❧❛ ♠✐s♠❛ ❝❛♣❛ ❞✐s✐♣❛ ② ♣✐❡r❞❡ t❡♠♣❡r❛t✉r❛✱ ❣❡♥❡r❛♥❞♦ ❞❡ ♥✉❡✈♦ ♠♦✈✐♠✐❡♥t♦s

❝♦♥✈❡❝t✐✈♦s ❛s❝❡♥❞❡♥t❡s ❞❡❧ ❛✐r❡ ♠ás ❝❛❧✐❡♥t❡ ♣ró①✐♠♦ ❛❧ s✉❡❧♦✳

❊s✱ ♣♦r t❛♥t♦✱ ❡♥ ❧❛ ❝❛♣❛ ♠ás ❜❛❥❛ ♦ ❝❛♣❛ ❞❡ ❝ú♣✉❧❛ ✭❧❛ ♠ás ❞❡♥s❛ ❛❞❡♠ás✮

❞♦♥❞❡ s❡ ♣r♦❞✉❝❡♥ ❧♦s ♠♦✈✐♠✐❡♥t♦s ❝♦♥✈❡❝t✐✈♦s ❞❡ ❧❛ ❛t♠ós❢❡r❛ ② q✉❡ s❡ ❝♦♥s✐❞❡r❛♥

r❡s♣♦♥s❛❜❧❡s ❞❡ ❧♦s ❡❢❡❝t♦s ♠ás ❢✉❡rt❡s ❞❡❧ s❡❡✐♥❣✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡

✐♠❛❣❡♥ ✉ ♦s❝✐❧❛❝✐ó♥✳

◆♦ ♦❜st❛♥t❡✱ ❡①✐st❡♥ ♦tr❛s ③♦♥❛s ❡♥ ❧❛s q✉❡ ❧❛ ❛t♠ós❢❡r❛ t✐❡♥❡ ❝♦♠♣♦rt❛♠✐❡♥t♦s

❡s♣❡❝í✜❝♦s ♦ ♣r♦♣✐♦s ② q✉❡✱ ❛✉♥q✉❡ ❞❡♣❡♥❞❡♥ ❞❡❧ ♦❜s❡r✈❛t♦r✐♦✱ ❡stá♥ ②❛ ❛ ❛❧t✉r❛s ❡♥

❧❛s q✉❡ ❧❛ ✐♥✢✉❡♥❝✐❛ s❡ ❝✐r❝✉♥s❝r✐❜❡ ❛ ❡❢❡❝t♦s ♠ás ❣❧♦❜❛❧❡s✱ ❝♦♠♦ s♦♥ ❧♦s ♣❛s✐❧❧♦s ♦

❝♦rr❡❞♦r❡s ❞❡ t♦r♠❡♥t❛s ✭③♦♥❛ ❞❡ ❧♦s r❛②♦s ❤♦r✐③♦♥t❛❧❡s✮ ❝♦♥ ♥✉❜❡s ❛❧t❛s✱ ❤ú♠❡❞❛s ②

♠✉② ❢rí❛s ② ❞♦♥❞❡ s❡ ❣❡♥❡r❛♥ ❝❤♦q✉❡s tér♠✐❝♦s✳ ▲♦s ❡❢❡❝t♦s ❝♦♥✈❡❝t✐✈♦s ❛s❝❡♥❞❡♥t❡s

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

♣r♦❞✉❝❡♥ ✈❛r✐❛❝✐♦♥❡s ❡♥ ❡❧ ✐♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥ ❞❡❜✐❞♦ ❛ ✢✉❝t✉❛❝✐♦♥❡s ♠ás ❤♦r✐③♦♥✲

t❛❧❡s ❞❡ t❡♠♣❡r❛t✉r❛ ♦ ❞❡♥s✐❞❛❞✳ ❊♥ ❝❛♣❛s ♠ás ❛❧t❛s t♦❞❛✈í❛✱ ❤❛❝✐❛ ❧❛ tr♦♣♦♣❛✉s❛

✭s❡♣❛r❛❝✐ó♥ ❡♥tr❡ ❧❛ tr♦♣♦s❢❡r❛ ② ❧❛ ❡str❛t♦s❢❡r❛✮✱ ❧♦s ❡❢❡❝t♦s s♦♥ ❞❡❜✐❞♦s ❛ ❧❛ ✐♥st❛✲

❧❛❝✐ó♥ ❞❡ ❝❛♣❛s ❞❡ ✐♥✈❡rs✐ó♥ ② ❞♦♥❞❡ ❧❛ ❞❡♥s✐❞❛❞ ❛t♠♦s❢ér✐❝❛ ❡s ②❛ ♠✉② ♣❡q✉❡ñ❛✳ ❙❡

❝♦♥s✐❞❡r❛ q✉❡ ❛q✉í ❧❛ ❤✉♠❡❞❛❞ ❡s ❜❛❥❛ ② ❡①✐st❡♥ ❝r✐st❛❧❡s ❞❡ ❤✐❡❧♦ q✉❡ s♦♥ r❡s♣♦♥s❛❜❧❡s

❞❡❧ ❡s♣❛r❝✐♠✐❡♥t♦ ❞❡ ❧❛ ❧✉③✳

❊♥ ❧❛ ❜❛❥❛ ❛t♠ós❢❡r❛ ❧♦s ❢❡♥ó♠❡♥♦s ❝♦♥✈❡❝t✐✈♦s t✐❡♥❡♥ ❣r❛♥ ✐♠♣♦rt❛♥❝✐❛ ② ❣❡♥❡✲

r❛♥ t✉r❜✉❧❡♥❝✐❛s r❡s♣♦♥s❛❜❧❡s ❞❡ ❧❛ ♦s❝✐❧❛❝✐ó♥ ❞❡❧ s❡❡✐♥❣✳ ❆ ♠❡❞✐❛ ❛❧t✉r❛✱ ✷ ❛ 9 ❦♠✱

❧❛s ❝♦rr✐❡♥t❡s ❤♦r✐③♦♥t❛❧❡s tér♠✐❝❛s ♣r♦❞✉❝❡♥ ❡❢❡❝t♦s ❞❡ ❝❡♥t❡❧❧❡♦✳ ❨ ❧♦s ❝❛♠❜✐♦s ♠ás

❛✐s❧❛❞♦s ❞❡ ❞❡♥s✐❞❛❞ ❡♥ ❝❛♣❛s ❛❧r❡❞❡❞♦r ❞❡ ✶✷ ❛ 25 ❦♠ t✐❡♥❡♥ ❝♦♥s❡❝✉❡♥❝✐❛ ❡♥ ❡❧ ❡♠❜♦✲

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

❧❛ ❧✉③ ❛❧ ❞✐✈✐❞✐r ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ♠ás ❤♦♠♦❣é♥❡♦ q✉❡ ♣❡♥❡tr❛ ❡♥ ❧❛ ❛t♠ós❢❡r❛✳

▲❛ s✐t✉❛❝✐ó♥ ② ❡❢❡❝t♦s ❞❡ ❡st❛s ❝❛♣❛s ❡s ❛♠♣❧✐❛♠❡♥t❡ ❞✐s❝✉t✐❞❛ ② ❧❛ ❝♦♥s✐❞❡r❛❝✐ó♥

❞❡ s✉s ❡❢❡❝t♦s✱ ❛sí ❝♦♠♦ ❡❧ ♥ú♠❡r♦ ② ♣♦s✐❝✐ó♥ ❞❡ ❧❛s ❝❛♣❛s✱ ♥♦ ❡s ❛s✉♠✐❞❛ ❞❡ ✐❣✉❛❧

♠♦❞♦ ♣♦r t♦❞♦s ❧♦s ❛✉t♦r❡s ✭❍❛qq✲▼✐sr❛✭✷✷✮ ✷✵✶✵ ② ❈❤♦ ✭✷✸✮ ✶✾✾✻✮✳ ❊❧❧♦✱ ❥✉♥t♦ ❛ q✉❡

♥♦ s❡ ❤❛ ♣r♦❜❛❞♦ q✉❡ ♥✐♥❣ú♥ s✐st❡♠❛ ❞❡ ▼❈❆❖ ✭❞❡❧ ✐♥❣❧és ▼✉❧t✐✲❈♦♥❥✉❣❛t❡ ❆❞❛♣t✐✈❡

❖♣t✐❝s✮ ♣r♦❞✉③❝❛ ✉♥ ❡❢❡❝t♦ r❡❛❧♠❡♥t❡ ✈❛❧♦r❛❜❧❡ ♣♦r ❡❧ ♠♦♠❡♥t♦✻✱ ♥♦s ❤❛❝❡ ❝♦♥s✐❞❡r❛r

q✉❡ ❛❧❣✉♥❛s ❞❡ ❧❛s ❝✉❡st✐♦♥❡s r❡s♣❡❝t♦ ❛ ❧❛ ❝♦rr❡❝❝✐ó♥ s❡❝✉❡♥❝✐❛❧✱ s❡❝✉❡♥❝✐❛❧ ✐♥✈❡rs❛

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

❞❡♠❛s✐❛❞♦ ✜❛❜❧❡s t♦❞❛✈í❛✳

▲❛ ❆str♦♥♦♠í❛ s♦❧❛r t✐❡♥❡ ✉♥ ♣✉♥t♦ ❞❡ ✈✐st❛ ② ✉♥❛ ✈❛❧♦r❛❝✐ó♥ ❞❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦

✻▲♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❞❡s❞❡ ✷✵✵✺ ❝♦♥ s✐st❡♠❛s ▼❈❆❖ ✭●❡▼s✱ ●❡♠✐♥✐ ▼✉❧t✐✲❈♦♥❥✉❣❛t❡
❆❞❛♣t✐✈❡ ❖♣t✐❝s ❙②st❡♠ ② ▼❆❉ ❡♥ ❱▲❚✿ ▼✉❧t✐✲❈♦♥❥✉❣❛t❡ ❆❞❛♣t✐✈❡ ❖♣t✐❝s ❉❡♠♦♥str❛t♦r✱ ❛❧ ✐❣✉❛❧
q✉❡ ♦tr♦s✮ ❤❛♥ ❢✉♥❝✐♦♥❛❞♦✱ ♣❡r♦ s❡ ❞✐s❝✉t❡ s✐ ❡s ✉♥ ❡❢❡❝t♦ ❞❡ ❧❛ ❝♦♥❥✉❣❛❝✐ó♥ ❞❡ ❝❛♣❛s ♦ ❞❡❧ ♠ú❧t✐♣❧❡
♠✉❡str❡♦ ❞❡ ❧❛ ❛t♠ós❢❡r❛✱ ② ♣♦r t❛♥t♦ ❝♦♥ ❝♦rr❡❝❝✐ó♥ ❞❡ ❝❛♠♣♦✳



✶✳✹✳ ❈♦♥tr♦❧ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❛t♠♦s❢ér✐❝❛ ✶✼

② ❞✐♥á♠✐❝❛ ❞❡ ❧❛s ❝❛♣❛s ❞✐❢❡r❡♥t❡ ❛ ❧❛ ❆str♦♥♦♠í❛ ♥♦❝t✉r♥❛✳ ❊❧❧♦ ❡s ❧ó❣✐❝♦✱ ②❛ q✉❡

❧❛ ♦❜s❡r✈❛❝✐ó♥ ❞❡❧ ❙♦❧ s❡ ♣r♦❞✉❝❡ ❛ tr❛✈és ❞❡❧ t✉❜♦ ❞❡ ♣❡rt✉r❜❛❝✐ó♥✱ r❡s♣♦♥s❛❜❧❡ ❞❡

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

❛t♠ós❢❡r❛ q✉❡ ✐♥✢✉②❡ ❡♥ ❧❛ ♦❜s❡r✈❛❝✐ó♥ s❡ ♣r♦❞✉❝❡ ❥✉st♦ ❡♥ ❧❛ ❧í♥❡❛ ❞❡ s✉ ♣♦s✐❝✐ó♥✳

▲❛ ❛t♠ós❢❡r❛ ♥♦❝t✉r♥❛✱ ❡♥ ❝❛♠❜✐♦✱ ❡s ❞✐s✐♣❛t✐✈❛ ② ❛❜✐❡rt❛✱ ② ❧❛ ❧í♥❡❛ ❞❡ ♦❜s❡r✈❛❝✐ó♥

✈❛rí❛ ❞❡ ✉♥ ♦❜❥❡t♦ ❛ ♦tr♦✱ ② ❝♦♥ ❡❧❧❛ ❧❛s ❝❛♣❛s ❞❡ ♣❡rt✉r❜❛❝✐ó♥✳

✶✳✹✳✶✳ ❈❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡ ❧❛ ❛t♠ós❢❡r❛

▲♦s t❡❧❡s❝♦♣✐♦s s❡ ❤❛❝❡♥ ❝❛❞❛ ✈❡③ ♠ás ❣r❛♥❞❡s ② ❡❧ ❡❢❡❝t♦ ❞❡❧ s❡❡✐♥❣ ❡s ♠ás

✐♠♣♦rt❛♥t❡✳ P♦❝♦ s❡♥t✐❞♦ t❡♥❞rí❛ ✐r ❛ ❝♦❧❡❝t♦r❡s ❞❡ ❣r❛♥ ❞✐á♠❡tr♦ ② ❣r❛♥ ❝❛♣❛❝✐❞❛❞

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

P❛r❛ ♠❡❥♦r❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ✐♠❛❣❡♥ s❡ r❡❝✉rr❡ ❛ ❞✐st✐♥t❛s té❝♥✐❝❛s✱ ♣❡r♦ ♣❛r❛ ♣♦❞❡r

❛♣❧✐❝❛r❧❛s ✭♦✱ ❛❧ ♠❡♥♦s✱ ❧❛ ♠ás ❛❞❡❝✉❛❞❛✮ ❡s ❢✉♥❞❛♠❡♥t❛❧ ❝♦♥♦❝❡r ❡❧ ♣r♦❜❧❡♠❛ ②

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

❛str♦♥ó♠✐❝❛✱ ❧♦ q✉❡ ❡s r❡❛❧♠❡♥t❡ ✐♠♣♦rt❛♥t❡ ❡s ❧❛ ❜✉❡♥❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡ ✉♥ ❧✉❣❛r

② ♦❜s❡r✈❛t♦r✐♦✳

P❛r❛ ♣♦❞❡r ❝♦♥tr♦❧❛r ❡❧ s❡❡✐♥❣ ❡s ✐♠♣♦rt❛♥t❡ ♠❡❞✐r❧♦✳ ❈❛r❛❝t❡r✐③❛r ✉♥ ♦❜s❡r✈❛t♦r✐♦

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

② s✐t✉❛❝✐♦♥❡s ❛t♠♦s❢ér✐❝❛s ♣♦s✐❜❧❡s✳ ❊♥ ❣❡♥❡r❛❧✱ s❡ ❝♦♥s✐❞❡r❛ q✉❡ ❡①✐st❡♥ ✉♥♦s tr❡✐♥t❛

♣❛rá♠❡tr♦s ❞✐❢❡r❡♥t❡s q✉❡ ❝❛r❛❝t❡r✐③❛♥ ♣❡r❢❡❝t❛♠❡♥t❡ ❛ ✉♥ ♦❜s❡r✈❛t♦r✐♦ ❛✉♥q✉❡✱ ♣♦r

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

❙❡ ❤❛♥ ❞❡s❛rr♦❧❧❛❞♦ ♥✉♠❡r♦s♦s s✐st❡♠❛s ❝❛♣❛❝❡s ❞❡ ♠❡❞✐r ❞✐st✐♥t♦s ♣❛rá♠❡tr♦s

❞❡❧ s❡❡✐♥❣ ❞❡ ✉♥ ❧✉❣❛r✳ ▲♦s ❧❧❛♠❛❞♦s ✏♠♦♥✐t♦r❡s ❞❡ s❡❡✐♥❣✑ ❢✉♥❝✐♦♥❛♥ ❜❛❥♦ ❧❛ ♣r❡♠✐s❛

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

❞♦s ❛❜❡rt✉r❛s ❧♦ ♠ás s❡♣❛r❛❞❛s ♣♦s✐❜❧❡✱ ❞❡ ✉♥❛ ❡str❡❧❧❛ ② ♠❡❞✐r ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❧♦s

♠á①✐♠♦s ♦❜t❡♥✐❞♦s✳

❙✐ ❡❧ s❡❡✐♥❣ ❢✉❡s❡ ❝❡r♦✱ ❧❛s ❞♦s ❛❜❡rt✉r❛s ♣r♦❞✉❝✐rí❛♥ ✉♥❛ ú♥✐❝❛ ✐♠❛❣❡♥ ❡♥ ❡❧ ❢♦❝♦

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

ést❡ s❡ ❤❛❝❡ ♠ás ♠❛r❝❛❞♦ ② ❝❛❞❛ ❛❜❡rt✉r❛ t✐❡♥❞❡ ❛ ♣r♦❞✉❝✐r ✉♥❛ ✐♠❛❣❡♥ s❡♣❛r❛❞❛ ✭❡s

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

s❡♣❛r❛❞♦s ② ♠✐❞✐❡♥❞♦ ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❡❧❧♦s✮✳ ❊s❛ ❞✐st❛♥❝✐❛ ❝♦♥✈❡rt✐❞❛ ♣♦r ❧❛ ❡s❝❛❧❛

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

❡♥ ❝♦♥❞✐❝✐♦♥❡s ❞❡ ♦❜s❡r✈❛❝✐ó♥ ❡❧ s❡❡✐♥❣ tí♣✐❝♦ ♣✉❡❞❡ r♦♥❞❛r ❧♦s 3 ❛r❝s❡❝✳ ❊♥ ✉♥❛ ♠♦♥✲

t❛ñ❛ ❡♥ ❧❛s ♠✐s♠❛s ❝♦♥❞✐❝✐♦♥❡s s❡rá ❞❡ 2 ❛r❝s❡❝✳ ❯♥ ♦❜s❡r✈❛t♦r✐♦ ❛str♦♥ó♠✐❝♦ s❡rá ✉♥

❧✉❣❛r ❝♦♥ ✉♥ s❡❡✐♥❣ tí♣✐❝♦ ❞❡ 1 ❛r❝s❡❝✳ ❨ ✉♥ ❜✉❡♥ ♦❜s❡r✈❛t♦r✐♦ ❛str♦♥ó♠✐❝♦ t❡♥❞rá ✉♥

s❡❡✐♥❣ ♣♦r ❞❡❜❛❥♦ ❞❡ ❡s❡ ✈❛❧♦r✳ ▲♦s ❣r❛♥❞❡s ♦❜s❡r✈❛t♦r✐♦s ❞❡❧ ♠✉♥❞♦ ✭❚❡✐❞❡✱ ❘♦q✉❡



✶✽ ✶✳ ❊❧ ♣r♦❜❧❡♠❛

❞❡ ❧♦s ▼✉❝❤❛❝❤♦s✱ ▼❛✉♥❛ ❑❡❛✱ ▲❛ ❙✐❧❧❛✱ ▲❛s ❈❛♠♣❛♥❛s✱ ❈❡rr♦ ❚♦❧♦❧♦✱ P❛r❛♥❛❧✱✳✳✳✮

t✐❡♥❡♥ ❛❞❡♠ás ✉♥ ♠✉② ❛❧t♦ ♣♦r❝❡♥t❛❥❡ ❞❡ ♥♦❝❤❡s ❧í♠♣✐❛s ❝♦♥ s❡❡✐♥❣ ❞❡❧ ♦r❞❡♥ ❞❡

0′5 ❛r❝s❡❝ ♦ ♠❡❥♦r ✭❱❡r✱ ♣♦r ❡❥❡♠♣❧♦✱ ❤tt♣✿✴✴✇✇✇✳✐❛❝✳❡s✴♣r♦②❡❝t♦✴s✐t❡✲t❡st✐♥❣✴

♣❛r❛ ♠❡❞✐❝✐♦♥❡s ❞❡❧ s❡❡✐♥❣ ♥♦❝t✉r♥♦ ② ❡❧ ✈❛♣♦r ❞❡ ❛❣✉❛ ❡♥ ❧♦s ❖❜s❡r✈❛t♦r✐♦s ❞❡

❈❛♥❛r✐❛s✮✳ ❉❡ ❤❡❝❤♦✱ ❡❧ ✈❛❧♦r ♣r♦♠❡❞✐♦ ❞❡❧ s❡❡✐♥❣ ❡♥ ❖❚ ② ❖❘▼ ❡stá ❡♥tr❡ ✵✱✼ ② ✵✱✼✺✳

❉■▼▼❆✱ ▼❆❙❙✲❉■▼▼✱ ❙❈■❉❆❘✱ ❙❖❉❆❘ ♦ ❙❍❆❇❆❘ s♦♥ ❛❧❣✉♥♦s ❞❡ ❧♦s ♥♦♠✲

❜r❡s ❞❡ ♠❡❞✐❞♦r❡s ❞❡ s❡❡✐♥❣ q✉❡ s❡ ❡stá♥ ✉t✐❧✐③❛♥❞♦ ② ❡st❛♥❞❛r✐③❛♥❞♦ ♣❛r❛ ❡✈❛❧✉❛r ②

❝❛r❛❝t❡r✐③❛r ❡❧ s❡❡✐♥❣ ❞❡ ❧♦s ❣r❛♥❞❡s ♦❜s❡r✈❛t♦r✐♦s✳ ❈❛❞❛ ✉♥♦ ✐♥❝✐❞❡ ❡♥ ❝✐❡rt♦s ❢❛❝t♦r❡s

❞❡❧ s❡❡✐♥❣ ♦ ✐♠♣❧❡♠❡♥t❛ ❝❛r❛❝t❡ríst✐❝❛s ❡s♣❡❝✐❛❧❡s ♣❛r❛ ♦❜t❡♥❡r ✈❛❧♦r❡s ❞❡❧ s❡❡✐♥❣ ❞❡❧

♠♦❞♦ ♠ás ❤♦♠♦❣é♥❡♦ ♦ ❝♦❤❡r❡♥t❡ ♣♦s✐❜❧❡✳

P❡r♦ ❛❤í ♥♦ t❡r♠✐♥❛ ❡❧ ❛s✉♥t♦✳ ▼❡❞✐❝✐♦♥❡s ❞❡ ❧❛ ❡str✉❝t✉r❛ ❞❡ ❧❛s ❝❛♣❛s ❞❡ s♦❞✐♦✱

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

❝♦rr❡❧❛❝✐♦♥❡s ❝♦♥ ❧♦s ❞❛t♦s ♠❡t❡♦r♦❧ó❣✐❝♦s ❡♥ ♥✉♠❡r♦s❛s ❜❛♥❞❛s s✐♠✉❧tá♥❡❛♠❡♥t❡✱

❡st✐♠❛❝✐♦♥❡s ❞❡ ❧❛ ❡①t✐♥❝✐ó♥✱ ❡t❝✳✱ s♦♥ ❛❧❣✉♥❛s ❞❡ ❧❛s ❝❛♥t✐❞❛❞❡s ♥❡❝❡s❛r✐❛s ❤♦② ❡♥ ❞í❛

♣❛r❛ ❞❡t❡r♠✐♥❛r ❧❛ ❜♦♥❞❛❞ ❞❡ ✉♥ ♦❜s❡r✈❛t♦r✐♦ ❞❡ ♣r✐♠❡r ♦r❞❡♥ ♠✉♥❞✐❛❧ ✭❱❛r❡❧❛✭✸✾✮

✷✵✵✽✮✳ ❆s✐♠✐s♠♦✱ ❡st❛s ♠❡❞✐❞❛s s❡rá♥ ❝r✉❝✐❛❧❡s ❛ ❧❛ ❤♦r❛ ❞❡ ❡st❛❜❧❡❝❡r ❞ó♥❞❡ s❡

s✐t✉❛rá♥ ❧❛s ♥✉❡✈❛s ♠❛❝r♦✲✐♥st❛❧❛❝✐♦♥❡s✱ ♥♦ só❧♦ ❞❡❝✐❞✐❡♥❞♦ q✉é ♦❜s❡r✈❛t♦r✐♦ s❡rá ❡❧

❡❧❡❣✐❞♦✱ s✐♥♦ t❛♠❜✐é♥ ❝✉á❧ ❡s ❡❧ ♠❡❥♦r s✐t✐♦ ❞❡ ❞✐❝❤♦ ♦❜s❡r✈❛t♦r✐♦ ♣❛r❛ ❧❛ ❝♦♥str✉❝❝✐ó♥

✭❱❡r♥✐♥✭✹✵✮ ✷✵✶✶✮✳

✶✳✺✳ ❚❡❧❡s❝♦♣✐♦s

❆♣❛rt❡ ❞❡ ❧❛ ❛t♠ós❢❡r❛✱ ❤❛② ♠ás ❢❛❝t♦r❡s q✉❡ ❛❢❡❝t❛♥ ② ❞❡❢♦r♠❛♥ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛

❛♥t❡s ❞❡ ❧❧❡❣❛r ❛❧ ❞❡t❡❝t♦r✳ ❊❧ ♣r✐♠❡r♦ ❡s ❡❧ t❡❧❡s❝♦♣✐♦✳ ❊♥ ❧♦s t❡❧❡s❝♦♣✐♦s ❡stá♥❞❛r✱

❝♦♥ ❝♦♥✜❣✉r❛❝✐ó♥ ❈❛ss❡❣r❛✐♥✱ ♥♦r♠❛❧♠❡♥t❡ ❧❛ ♣✉♣✐❧❛ s❡ s✐tú❛ ❡♥ ❡❧ ❡s♣❡❥♦ ♣r✐♠❛✲

r✐♦✳ ❊s ♣✉❡s ❡st❛ s✉♣❡r✜❝✐❡ ❧❛ q✉❡ r❡❝✐❜❡ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ q✉❡ ❝♦❧❡❝t❛♠♦s✳ ❚♦❞❛ ❧❛

✐♥❢♦r♠❛❝✐ó♥ ❞❡❧ ♦❜❥❡t♦ ♦❜s❡r✈❛❞♦ q✉❡ ♣♦❞❛♠♦s r❡❝❛❜❛r ❡stá ❡♥ ❡s❛ ♣r✐♠❡r❛ r❡✢❡①✐ó♥✳

❯♥❛ ♣r♦♣✐❡❞❛❞ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ❧♦s ❡s♣❡❥♦s ❡s q✉❡ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ r❡✢❡❥❛❞♦ ❞✉✲

♣❧✐❝❛ ❧♦s r❡tr❛s♦s ♣r♦❞✉❝✐❞♦s ❡♥ ❧❛ s✉♣❡r✜❝✐❡ ❞❡❧ ❡s♣❡❥♦✼✱ ②❛ s❡❛ ♣♦r ❞❡❢❡❝t♦s ❞❡ ♣✉❧✐❞♦

♦ ♣♦r ❞❡❢♦r♠❛❝✐♦♥❡s ❞❡❧ ❡s♣❡❥♦ ✭♣r❡s✐ó♥✱ tr❛❝❝✐ó♥✱ t❡♠♣❡r❛t✉r❛ ♦ ❛♣♦②♦✮✳ ❈✉❛❧q✉✐❡r

❞❡❢❡❝t♦ ❡♥ ❡s❛ s✉♣❡r✜❝✐❡ ❛❢❡❝t❛ ❛ ❧❛ ✐♠❛❣❡♥ ✜♥❛❧ ②✱ ❝♦♠♦ ♠❡♥❝✐♦♥❛♠♦s✱ ❧♦s ❞❡❢❡❝t♦s

✼❙✐ ❝♦♥s✐❞❡r❛♠♦s ✉♥ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ♣❧❛♥♦ ✐♥❝✐❞✐❡♥❞♦ s♦❜r❡ ✉♥ ❡s♣❡❥♦ ❝♦♥ ✉♥ ♣❡q✉❡ñ♦ ❡s❝❛❧ó♥✱
♠✐❡♥tr❛s ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ✐♥✈✐❡rt❡ s✉ s❡♥t✐❞♦ ❡♥ ❧❛ s✉♣❡r✜❝✐❡ ❞❡❧ ❡s♣❡❥♦ ❧❛ ♣❛rt❡ s♦❜r❡ ❡❧ ❡s❝❛❧ó♥
t♦❞❛✈í❛ ❛✈❛♥③❛✱ ② ♣❛r❛ ❝✉❛♥❞♦ s❡ r❡✢❡❥❛ ❡♥ ❡❧ ❡s❝❛❧ó♥ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❜❛s❡ ②❛ ❧❧❡✈❛ r❡✢❡❥❛❞♦
✉♥❛ ❞✐st❛♥❝✐❛ ✐❣✉❛❧ ❛ ❧❛ ❞❡❧ ❡s❝❛❧ó♥✳ ❈✉❛♥❞♦ ❡❧ r❡✢❡❥♦ ❡♥ ❡❧ ❡s❝❛❧ó♥ r❡❝✉♣❡r❛ ❧❛ ♣♦s✐❝✐ó♥ ❞❡ ❧❛ ❜❛s❡
❡s♣❡❝✉❧❛r ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ②❛ ❡st❛rá ❛ ✉♥❛ ❞✐st❛♥❝✐❛ ✐❣✉❛❧ ❛ ❞♦s ✈❡❝❡s ❡❧ ❡s❝❛❧ó♥✳

http://www.iac.es/proyecto/site-testing/


✶✳✺✳ ❚❡❧❡s❝♦♣✐♦s ✶✾

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

❊❧ ❡s♣❡❥♦ ♣r✐♠❛r✐♦ s❡ ✈❡ ❛❢❡❝t❛❞♦ ♣♦r ♥✉♠❡r♦s♦s ♣❛rá♠❡tr♦s ② ❢❛❝t♦r❡s q✉❡ t✐❡♥❞❡♥

❛ ❞❡❢♦r♠❛r❧♦ ❞❡ ❛❧❣ú♥ ♠♦❞♦✳

Pr✐♠❡r♦ ❞❡❜❡♠♦s ♣❡♥s❛r ❡♥ q✉❡ ❡st❡ ❡s♣❡❥♦ ❡stá s♦♣♦rt❛❞♦ ♣♦r ✉♥❛ s❡r✐❡ ❞❡ ❛♣♦②♦s

❞✐s❝r❡t♦s✳ ❊st♦s ❛♣♦②♦s ✐♥t❡♥t❛♥ ✉♥✐❢♦r♠✐③❛r ❧❛s ❞❡❢♦r♠❛❝✐♦♥❡s q✉❡ s✉❢r❡ ❡❧ ❡s♣❡❥♦ ♣♦r

s✉ ♣r♦♣✐♦ ♣❡s♦ ♣❡r♦✱ ❛✉♥ ❛sí✱ ❡♥ ❧♦s ❡s♣❛❝✐♦s ❡♥tr❡ ❡❧❧♦s ❡❧ ✈✐❞r✐♦ s❡ ❤✉♥❞❡✳ ▲❛s ❜❛❧❧❡st❛s

q✉❡ ❛❝tú❛♥ s♦❜r❡ ❧♦s ❛♣♦②♦s ❝♦♠♦ ♣r❡❝❛r❣❛ ✈❛rí❛♥ s✉ t❡♥s✐ó♥ ② s✉ ❢✉❡r③❛ ❝♦♥ ❡❢❡❝t♦s

❝♦♠♦ ❧❛ t❡♠♣❡r❛t✉r❛✳ ▲♦s ❝❛♠❜✐♦s ❞❡ t❡♠♣❡r❛t✉r❛ ❞❡❧ ❞í❛ ❛ ❧❛ ♥♦❝❤❡ ❛❢❡❝t❛♥ ♥♦ só❧♦

❛ ❡st❛s ❜❛❧❧❡st❛s ② ❛♣♦②♦s s✐♥♦ t❛♠❜✐é♥ ❛ ❧❛ ♣r♦♣✐❛ ♠❛s❛ ② ❢♦r♠❛ ❞❡❧ ❡s♣❡❥♦✱ ② ❛ ❧❛

❡str✉❝t✉r❛ s♦♣♦rt❡ ❣❧♦❜❛❧ ❞❡❧ t❡❧❡s❝♦♣✐♦✳

P❛r❛ ❡❧❧♦✱ ❡♥ ❧❛s ❝ú♣✉❧❛s s❡ s✉❡❧❡♥ ✐♥st❛❧❛r ✈❡♥t✐❧❛❞♦r❡s ② ✈❡♥t❛♥❛s q✉❡ ❢❛❝✐❧✐t❛♥

❧❛ ❝✐r❝✉❧❛❝✐ó♥ ❞❡❧ ❛✐r❡ ❝♦♥ ❡❧ ❡①t❡r✐♦r ♣❛r❛ ❛②✉❞❛r ❛ ✉♥✐❢♦r♠✐③❛r ❧❛s t❡♠♣❡r❛t✉r❛s✳

❊❧❧♦ ♥♦ só❧♦ ❢❛❝✐❧✐t❛ ❡❧ ❡q✉✐❧✐❜r✐♦ tér♠✐❝♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ s✐♥♦ q✉❡ s❡ ❡✈✐t❛♥ ❡❢❡❝t♦s ❞❡

t✉r❜✉❧❡♥❝✐❛ ❡♥ ❡❧ t✉❜♦ ② ❡♥ ❧❛ ✈❡♥t❛♥❛ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ❞❡ ❧❛ ❝ú♣✉❧❛✳ ❯♥ ❝❛♠❜✐♦ ❞✉r❛♥t❡

❧❛ ♦❜s❡r✈❛❝✐ó♥ ♣✉❡❞❡ ❧❧❡❣❛r ❛ s❡r ♣❡♦r q✉❡ ✉♥❛ ❞❡❢♦r♠❛❝✐ó♥ ❡stát✐❝❛✳ ❊♥ ❧♦s ♠♦❞❡r♥♦s

② ❣r❛♥❞❡s t❡❧❡s❝♦♣✐♦s s❡ ✐♥st❛❧❛♥ ✐♥❝❧✉s♦ s✐st❡♠❛s ❞❡ ❛✐r❡ ❛❝♦♥❞✐❝✐♦♥❛❞♦ q✉❡ ❛❝tú❛♥

❞✉r❛♥t❡ ❡❧ ❞í❛ ♣❛r❛ ❡✈✐t❛r q✉❡ ❧❛ ❝ú♣✉❧❛✱ ② ♣♦r t❛♥t♦ ❧❛s ❡str✉❝t✉r❛s✱ s❡ ❝❛❧✐❡♥t❡♥✱

❞❡ ♠♦❞♦ q✉❡ ❧❛s ✈❛r✐❛❝✐♦♥❡s tér♠✐❝❛s s❡❛♥ ♠❡♥♦r❡s✳ ❆❞❡♠ás✱ ❛❧ ❛t❛r❞❡❝❡r s❡ ❛❜r❡♥

❧❛s ✈❡♥t❛♥❛s ② ❡♥tr❛♥ ❡♥ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❧♦s ✈❡♥t✐❧❛❞♦r❡s q✉❡ tr❛t❛♥ ❞❡ ❡q✉✐❧✐❜r❛r ❧❛

t❡♠♣❡r❛t✉r❛ ❝♦♥ ❡❧ ❡①t❡r✐♦r✳

❆♣❛rt❡ ❞❡ ❧♦s ❛♣♦②♦s ② ❧♦s s✐st❡♠❛s ❞❡ ♣r❡❝❛r❣❛✱ ❧❛ ♣r♦♣✐❛ ♦r✐❡♥t❛❝✐ó♥ ❞❡❧ t❡✲

❧❡s❝♦♣✐♦ ②✱ ♣♦r t❛♥t♦✱ ❧❛ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡❧ ❡s♣❡❥♦ ❣❡♥❡r❛♥ t❡♥s✐♦♥❡s ♣♦r ♣r❡s✐ó♥ s♦❜r❡

✉♥♦s ❛♣♦②♦s ② tr❛❝❝✐ó♥ s♦❜r❡ ♦tr♦s✱ q✉❡ s❡ tr❛♥s♠✐t❡♥ ❛ ❧❛ s✉♣❡r✜❝✐❡ ❞❡❧ ❡s♣❡❥♦ ② s❡

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

▲♦s ❡s♣❡❥♦s ♣r✐♠❛r✐♦s ❢♦r♠❛❞♦s ❛ s✉ ✈❡③ ♣♦r ✈❛r✐♦s s❡❣♠❡♥t♦s ✭❝♦♠♦ ❧♦s ❞❡ ❧♦s

t❡❧❡s❝♦♣✐♦s ●❚❈✱ ❑❡❝❦✱ ❙✉❜❛r✉✱ ❡t❝✳✮ s✉❢r❡♥ ❛❧❣✉♥♦s ❞❡ ❡st♦s ❡❢❡❝t♦s ❡♥ ♠♦❞♦ ② ❣r❛❞♦

❞✐st✐♥t♦✳ P♦r ✉♥ ❧❛❞♦✱ ❧♦s s❡❣♠❡♥t♦s s♦♥ ♠❡♥♦s ♣❡s❛❞♦s ② ❧❧❡✈❛♥ s✐st❡♠❛s ✐♥❞✐✈✐❞✉❛❧❡s

② ❛❝t✐✈♦s ❞❡ ❝♦♠♣❡♥s❛❝✐ó♥ ❞❡ ❢♦r♠❛ ② ♣♦s✐❝✐ó♥✳ ❨✱ ♣♦r ♦tr♦ ❧❛❞♦✱ ❡s❛ ❝✉❛❧✐❞❛❞ ②

❧✐❣❡r❡③❛ ❧♦s ❤❛❝❡ ♠ás s❡♥s✐❜❧❡s ❛ ❝❛♠❜✐♦s tér♠✐❝♦s ♦ ♣r♦❜❧❡♠❛s ❞❡ ❛♣♦②♦✳ ❚❛♠❜✐é♥

♥♦t❛♥ ♠ás ❧♦s ❡❢❡❝t♦s ❞❡ ❝♦rr✐❡♥t❡s q✉❡ s❡ ❣❡♥❡r❛♥ ♣♦r ❝❛✉s❛ ❞❡❧ ✈✐❡♥t♦✱ ②❛ q✉❡ ♣♦r

❡❢❡❝t♦ ❱❡♥t✉r✐ s❡ ♣r♦❞✉❝❡ ✉♥❛ ❜❛❥❛❞❛ ❞❡ ♣r❡s✐ó♥ ❡♥ ❧❛ ✈❡♥t❛♥❛ ❞❡ ❧❛ ❝ú♣✉❧❛ ② s❡

♦r✐❣✐♥❛ ✉♥ ✈❛❝í♦ ❥✉st♦ ❡♥ ❡❧ t✉❜♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ q✉❡ ❛❣✐t❛ ❧♦s s❡❣♠❡♥t♦s ❞❡ ♠♦❞♦s

✐♥❝♦♥tr♦❧❛❜❧❡s ❡ ✐♠♣r❡❞❡❝✐❜❧❡s q✉❡ ♥♦ s♦♥ ❢á❝✐❧❡s ❞❡ ❝♦rr❡❣✐r ♣♦r ❧♦s s✐st❡♠❛s ❛❝t✐✈♦s✳

❊♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s t❡❧❡s❝♦♣✐♦s ❡❧ ✈✐❡♥t♦ ❡s ✉♥ ♣r♦❜❧❡♠❛ ②❛ q✉❡✱ ❛✉♥q✉❡ ♥♦

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

❞❡❧ t❡❧❡s❝♦♣✐♦✱ ❛❧ ♠❡♥♦s ❧❛ ❜♦❝❛ ❞❡❧ t✉❜♦✱ ❥✉st♦ ❞♦♥❞❡ ❡stá ❡❧ s❡❝✉♥❞❛r✐♦✳ ❊❧❧♦



✷✵ ✶✳ ❊❧ ♣r♦❜❧❡♠❛

♣r♦❞✉❝❡ t❛♠❜✐é♥ ♦tr♦ ❡❢❡❝t♦✱ ♣✉❡s ❡❧ s❡❝✉♥❞❛r✐♦ ❛❝tú❛ ó♣t✐❝❛♠❡♥t❡ ❝♦♠♦ ✉♥❛

♣❛❧❛♥❝❛ ❛❧❛r❣❛♥❞♦ ❧❛ ❢♦❝❛❧ ❞❡❧ s✐st❡♠❛✱ ② ❞❡ ❧❛ ♠✐s♠❛ ❢♦r♠❛ ♣❡q✉❡ñ♦s ♠♦✈✐♠✐❡♥t♦s

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

▲♦s ❡❢❡❝t♦s tér♠✐❝♦s s♦♥ ❞❡ ❡s♣❡❝✐❛❧ ✐♥t❡rés ❡♥ ❧♦ q✉❡ s❡ r❡✜❡r❡ ❛ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧

❡s♣❡❥♦ s❡❝✉♥❞❛r✐♦✱ ❥✉st❛♠❡♥t❡ ♣♦r ❧♦ ♥♦t♦r✐♦s q✉❡ s❡ ❤❛❝❡♥ ❛❧ tr❛♥s♠✐t✐r ❧❛s ♠ás

❣r❛♥❞❡s ✈❛r✐❛❝✐♦♥❡s ❡♥ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ❧❛ ❡str✉❝t✉r❛ ❛❧ s❡r ✉♥❛ ❞❡♣❡♥❞❡♥❝✐❛ ❧✐♥❡❛❧ ❞❡

❧❛ t❡♠♣❡r❛t✉r❛✳ ❆❞❡♠ás✱ ❝♦♠♦ ❧❛s ❡str✉❝t✉r❛s s✉❡❧❡♥ s❡r ♠❡tá❧✐❝❛s✱ ❧❛ tr❛♥s♠✐s✐ó♥

tér♠✐❝❛ ❡s ♠✉② rá♣✐❞❛ ② ❡✜❝❛③✱ ♣r♦❞✉❝✐❡♥❞♦ ♣♦r ❡s❡ ❡❢❡❝t♦ ♣❛❧❛♥❝❛ ✉♥❛ ✈❛r✐❛❝✐ó♥ ❞❡

❞✐st❛♥❝✐❛ ❢♦❝❛❧ ②✱ ♣♦r t❛♥t♦✱ ✉♥ ❞❡s❡♥❢♦q✉❡ ❡♥ ❡❧ ♣❧❛♥♦ ❢♦❝❛❧ ❞❡❧ t❡❧❡s❝♦♣✐♦✳ ❊s ♣♦r

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

❖tr❛ ❛❧t❡r❛❝✐ó♥ q✉❡ ♦❝✉rr❡ s♦❜r❡ ❡❧ s❡❝✉♥❞❛r✐♦ ❡s ❡❧ ❞❡s❛❧✐♥❡❛♠✐❡♥t♦ q✉❡ s❡ ❣❡♥❡r❛

♣♦r ❧❛ ✢❡①✐ó♥ ❞❡❧ t✉❜♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❡♥ ❡❧ ❛♣✉♥t❛❞♦ ❛ ♦❜❥❡t♦s ❛❧❡❥❛❞♦s ❞❡❧ ③❡♥✐t✱ ②❛

q✉❡ s❡ ♣r♦❞✉❝❡ ✉♥ ❝❛í❞❛ ❞❡❧ ❡s♣❡❥♦ s❡❝✉♥❞❛r✐♦ ✭s❡ ❞♦❜❧❛ ❡❧ t✉❜♦ ❡♥ ❧❛ ♣❛rt❡ ❛❧t❛ ♣♦r

❡❧ ♣❡s♦ ❞❡ ❧❛ ❡str✉❝t✉r❛ ❞❡❧ s❡❝✉♥❞❛r✐♦✮ q✉❡ ❧❡ ♦❝❛s✐♦♥❛ ✉♥❛ ✈❛r✐❛❝✐ó♥ ❡♥ ❡❧ ❝❡♥tr❛❞♦

② ❡♥ ❧❛ ✐♥❝❧✐♥❛❝✐ó♥ ❝♦♥ r❡s♣❡❝t♦ ❛❧ ❡❥❡ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ ❧♦ q✉❡ ✐♠♣❧✐❝❛ ✉♥ ❞❡s❛❧✐♥❡❛❞♦

❞❡ ❧❛ ó♣t✐❝❛✳

▲❛ ❝❛❧✐❞❛❞ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ q✉❡ ❢♦r♠❛ ❧❛ ✐♠❛❣❡♥ s❡ ✈❡ ♣❡rt✉r❜❛❞❛ t❛♠❜✐é♥

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

t❡❧❡s❝♦♣✐♦ ♠✐❡♥tr❛s s✐❣✉❡ ❛❧ ♦❜❥❡t♦ ❛♣✉♥t❛❞♦✳ ❙✐❡♠♣r❡ ❤❛② ♣❡q✉❡ñ♦s ❞❡s❛❥✉st❡s ❡♥

❧❛ ❡①❛❝t❛ ♦r✐❡♥t❛❝✐ó♥ ❞❡ ❧❛ ♠♦♥t✉r❛ ❞❡❧ t❡❧❡s❝♦♣✐♦ ②✱ ❛✉♥q✉❡ ♥♦ ❡s ❣r❛✈❡✱ s❡ r❡q✉✐❡r❡

q✉❡ ❧♦s ♠♦✈✐♠✐❡♥t♦s ❞❡ ❧♦s ❡❥❡s ❞❡❧ t❡❧❡s❝♦♣✐♦ ❝♦♠♣❡♥s❡♥ ❡s♦s ❞❡s❛❥✉st❡s ②✱ ♣♦r t❛♥t♦✱

s❡ ✈❛♥ ♣r♦❞✉❝✐❡♥❞♦ ❛❝❡❧❡r❛❝✐♦♥❡s ② ♣❛r♦s ❡♥ ❝❛❞❛ ❡❥❡ ♣❛r❛ ♠❛♥t❡♥❡r ❡❧ ♦❜❥❡t♦ ❡♥ s✉

s✐t✐♦✳ ❊st❡ ❡❢❡❝t♦ s❡ ♥♦t❛ ♠✉❝❤♦ ♠ás ❡♥ t❡❧❡s❝♦♣✐♦s ❝♦♥ ♠♦♥t✉r❛s ❛❧t❛❝✐♠✉t❛❧❡s ②❛

q✉❡ ❧♦s ❞♦s ❡❥❡s t✐❡♥❡♥ q✉❡ ❛❝t✉❛r s✐❡♠♣r❡ ② ♠✉❝❤♦ ♠ás rá♣✐❞♦ ❝✉❛♥t♦ ♠ás ❝❡r❝❛ ❞❡❧

③❡♥✐t✳

❋✐♥❛❧♠❡♥t❡✱ ❧❛ ❡str✉❝t✉r❛ s♦♣♦rt❡ ❞❡ ❧♦s ✐♥str✉♠❡♥t♦s t❛♠❜✐é♥ ✢❡❝t❛ ♣♦r ❡❧ ♣❡s♦

❞❡ ❡st♦s ②✱ s❛❧✈♦ ❡♥ s✐st❡♠❛s ❡stát✐❝♦s✱ s♦❜r❡ ✉♥❛ ♠❡s❛ ❡♥ ❢♦❝♦s ◆❛s♠②t❤ ♦ ❈♦✉❞é✽✱

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

❛❧ ♠❡♥♦s ♣❛r❛ ✐♥str✉♠❡♥t♦s ❛❧❛r❣❛❞♦s q✉❡ ❧❧❡✈❛♥ ❡❧ ❡❥❡ ó♣t✐❝♦ ❧❡❥♦s ❞❡❧ ♣❧❛♥♦ ❢♦❝❛❧

❞❡❧ t❡❧❡s❝♦♣✐♦✳

◆♦ ❡s ❞❡ ❡①tr❛ñ❛r ❡♥t♦♥❝❡s q✉❡ s❡❛ ✉♥ r❡q✉❡r✐♠✐❡♥t♦ ♠✉② ✐♠♣♦rt❛♥t❡ ❡❧ ♠❛♥t❡♥❡r

✽✏▲❡ ♣❧❛♥ ❢♦❝❛❧❡ ❞✬✉♥ té❧❡s❝♦♣❡ éq✉❛t♦r✐❛❧ ♣❡✉t êtr❡ ❝♦✉❞é❡ ❡t ✐❧ s✬❛♣♣❡❧❧❡ ❧❡ ❢♦②❡r ❝♦✉❞é✑✳ ❊❧
♣❧❛♥♦ ❢♦❝❛❧ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❡❝✉❛t♦r✐❛❧ ♣✉❡❞❡ s❡r ❛❝♦❞❛❞♦ ② s❡ ❧❧❛♠❛ ❡❧ ❢♦❝♦ ❝♦✉❞é✳ ❈♦✉❞é❡ s✐❣♥✐✜❝❛
❞♦❜❧❛❞♦✱ ✐♥❝❧✐♥❛❞♦ ♦ ❛❝♦❞❛❞♦✳ ❈♦✉❞é ❡s ♠ás ❜✐❡♥ ❛♥❣✉❧❛❞♦ ♦ ❡♥ á♥❣✉❧♦✳



✶✳✺✳ ❚❡❧❡s❝♦♣✐♦s ✷✶

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

♣❡rt✉r❜❛❝✐♦♥❡s t❡♥❣❛♥ ♠í♥✐♠❛s ❝♦♥s❡❝✉❡♥❝✐❛s ♦ s✉ ✐♥✢✉❡♥❝✐❛ ♥♦ s❡❛ ✉♥ ♣r♦❜❧❡♠❛✳

❊①✐st❡ ✉♥ ❝♦♥❝❡♣t♦ q✉❡ s❡ ✉t✐❧✐③❛ ❡♥ ❧❛ ❡st✐♠❛❝✐ó♥ ❞❡ ❧❛ ❜♦♥❞❛❞ ❞❡ ✉♥ s✐st❡♠❛

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

s✐❞❛❞ ♠á①✐♠❛ ♦❜t❡♥✐❞❛ ♣❛r❛ ❧❛ ✐♠❛❣❡♥ ❞❡ ✉♥ ♣✉♥t♦ ❢r❡♥t❡ ❛ ❧❛ ✐♥t❡♥s✐❞❛❞ t❡ór✐❝❛ ❞❡

s✉ ✐♠❛❣❡♥ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ▲❧❛♠❛♠♦s ❝♦❡✜❝✐❡♥t❡ ♦ r❡❧❛❝✐ó♥ ❞❡ ❙tr❡❤❧✾ ❛ ❡st❡ ✈❛❧♦r✿

SR =
I

I0
. ✭✶✳✷✵✮

❱❛❧♦r q✉❡ ♥♦ ❞❡♣❡♥❞❡ só❧♦ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ♣✉♣✐❧❛ ♦ s✉♣❡r✜❝✐❡s ó♣t✐❝❛s❀ ❡❧ ❢❛❝t♦r

tr❛♥s♠✐s✐ó♥ ♦ t❤r♦✉❣❤♣✉t ❡s ✉♥ ❝♦♥❞✐❝✐♦♥❛♥t❡ ✐♠♣♦rt❛♥t❡✳ ❊♥ ♥✉♠❡r♦s❛s ♦❝❛s✐♦♥❡s✱

❛✉♥q✉❡ ❡st❡♠♦s ❞❡♥tr♦ ❞❡ ✭❛❧❝❛♥❝❡♠♦s✮ ❧❛ ✐♠❛❣❡♥ ❞❡ ❞✐❢r❛❝❝✐ó♥✱ ❧❛ r❡❧❛❝✐ó♥ ❞❡ ❙tr❡❤❧

❡s r❡❧❛t✐✈❛♠❡♥t❡ ❜❛❥❛✱ ❞❡❧ ♦r❞❡♥ ❞❡❧ 20− 30%✳ ❊❧❧♦ ❡s ❞❡❜✐❞♦ ❛ ❧❛ ❝❛❧✐❞❛❞ ❞❡❧ ❢r❡♥t❡

❞❡ ♦♥❞❛ q✉❡ ❧❧❡❣❛ ❛ ❧❛ ♣✉♣✐❧❛ ❞❡ ❡♥tr❛❞❛ ② ❛ ❞❡❢❡❝t♦s ❞❡ ❛❧✐♥❡❛❞♦ ♦ ❞❡ r❡✢❡❝t✐✈✐✲

❞❛❞✴tr❛♥s♠✐s✐✈✐❞❛❞ ❞❡ ❧❛ ó♣t✐❝❛✳ P♦r ♠✉② ❜✐❡♥ ♣✉❧✐❞❛ ② ❛❧✉♠✐♥✐③❛❞❛ q✉❡ t❡♥❣❛♠♦s

✉♥❛ s✉♣❡r✜❝✐❡✱ ❡❧ ♣♦❧✈♦✱ ❞❡❢❡❝t♦s ❞❡ ❛❞❤❡r❡♥❝✐❛✱ ✐♥❤♦♠♦❣❡♥❡✐❞❛❞❡s ❞❡ ❧♦s ✈✐❞r✐♦s ②✱ ❡♥

❞❡✜♥✐t✐✈❛✱ ❧❛s ♠í♥✐♠❛s ✐rr❡❣✉❧❛r✐❞❛❞❡s q✉❡ ❡stá♥ ❞❡♥tr♦ ❞❡ ❧❛s t♦❧❡r❛♥❝✐❛s✱ r❡❞✉❝❡♥ ❧❛

❡♥❡r❣í❛ ❝❛♣❛③ ❞❡ ❝♦♥❝❡♥tr❛r ❡❧ s✐st❡♠❛ ❞❡♥tr♦ ❞❡❧ ❞✐s❝♦ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ➱st❡ ♣✉❡❞❡ s❡r

♠✉② ♥ít✐❞♦ ② ❞❡❧ ❞✐á♠❡tr♦ ❛♣r♦♣✐❛❞♦✱ ♣❡r♦ ❞❡s✈í❛ ♣❛rt❡ ❞❡ ❧❛ ❡♥❡r❣í❛ ❛ ❧♦s ❧ó❜✉❧♦s

s❡❝✉♥❞❛r✐♦s ❞❡❧ ❞✐s❝♦ ❞❡ ❞✐❢r❛❝❝✐ó♥ ♦✱ ✐♥❝❧✉s♦✱ ♥✐ s✐q✉✐❡r❛ ❡s♦✱ ♣❛rt❡ ❞❡ ❧❛ ❡♥❡r❣í❛ s❡

♣✐❡r❞❡ ♣♦r ❡❧ ❝❛♠✐♥♦ ❝♦♠♦ ❧✉③ ❞✐❢✉s❛ ② ❛❜s♦r❝✐♦♥❡s✳

❊st♦ ❡s ❛❧❣♦ q✉❡ t❡♥❡♠♦s ♠✉② ❡♥ ❝✉❡♥t❛ ❝✉❛♥❞♦ ✈❛❧♦r❛♠♦s ❡❧ ❛❧✐♥❡❛❞♦ ❞❡ ✉♥

t❡❧❡s❝♦♣✐♦✳ ❘❡❧❛❝✐♦♥❡s ❞❡ ❙tr❡❤❧ ♣♦r ❡♥❝✐♠❛ ❞❡❧ 25% ✐♥❞✐❝❛♥ q✉❡ s❡ ❛❧❝❛♥③❛ ❡❧ ❡♥t♦r♥♦

❞❡❧ ❞✐s❡ñ♦ ❝♦♥ ❧❛s ❛❜❡rr❛❝✐♦♥❡s ♠✐♥✐♠✐③❛❞❛s✳ ❊❧ 30% ♥♦s ❞✐❝❡ q✉❡ ②❛ r♦♥❞❛♠♦s ✉♥

❛❧✐♥❡❛❞♦ ② ❝❛❧✐❞❛❞ ❞❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ❨ ❝♦♥ r❡❧❛❝✐♦♥❡s ❞❡ ❙tr❡❤❧ ♣♦r ❡♥❝✐♠❛ ❞❡❧

36% ❞❡❝✐♠♦s q✉❡ ②❛ ♥♦ s❡ ♣✉❡❞❡ ❤❛❝❡r ♠ás ❡♥ ❝✉❡st✐ó♥ ❞❡ ❛❧✐♥❡❛❞♦ ✭✉♥ t❡❧❡s❝♦♣✐♦

❝♦♥ ✉♥ ♣r✐♠❛r✐♦ ❝♦♥ ❝❛❧✐❞❛❞ ❞❡ ♣✉❧✐❞♦ rms✶✵ ∼ λ/8 ♣r♦❞✉❝✐rá ✉♥❛ ✐♠❛❣❡♥ ❝♦♥ ✉♥

❙tr❡❤❧ ❞❡❧ 47%✮✳ P❛r❛ ❛✉♠❡♥t❛r ❡s❡ ❢❛❝t♦r s❡ ♥❡❝❡s✐t❛rí❛ ♠❡❥♦r❛r ❡❧ ♣✉❧✐❞♦ ❞❡ ❧❛s

s✉♣❡r✜❝✐❡s✱ ❧✐♠♣✐❛r❧❛s ② ❡❧✐♠✐♥❛r ❧❛s ✐♥❤♦♠♦❣❡♥❡✐❞❛❞❡s✱ ❡t❝✳

❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ♣❛r❛ ✉♥ t❡❧❡s❝♦♣✐♦✱ ❡s ♠✉② ❞✐❢í❝✐❧ q✉❡ ✈❡❛♠♦s ♥ú♠❡r♦s ❛❧t♦s✳

❆✉♥q✉❡ ✉s❛♠♦s s✐st❡♠❛s ❞❡ ❙❡♥s♦r ❞❡ ❋r❡♥t❡ ❞❡ ❖♥❞❛ ❬❲❛✈❡❢r♦♥t ❙❡♥s♦r✱ ❲❋❙❪

✾◆♦ q✉❡❞❛ ❝❧❛r♦ s✐ ❡st❡ ✈❛❧♦r s❡ r❡✜❡r❡ ❛❧ ✈❛❧♦r ❞❡❧ ♠á①✐♠♦ ❡♥ ❝❛❞❛ ❝❛s♦ ♦ ❛ ❧❛ ❡♥❡r❣í❛ ❝♦♥t❡♥✐❞❛
❡♥ ❡❧ ♣r✐♠❡r ❛♥✐❧❧♦✳ ❙❡ ✉s❛ ❡❧ ✈❛❧♦r ❞❡❧ ♠á①✐♠♦ ❝♦♠♦ ❧❛ r❡❢❡r❡♥❝✐❛ ✭t❡ór✐❝❛✱ ♥♦r♠❛❧✐③❛❞❛✮ ♣❡r♦✱ ❞❡
❤❡❝❤♦✱ ♥♦ ❤❛ ❤❛❜✐❞♦ ❞❡♠❛s✐❛❞❛s ♦♣❝✐♦♥❡s ❞❡ ♠❡❞✐r❧❛ ❝♦rr❡❝t❛♠❡♥t❡ ②❛ q✉❡ ♣r♦❜❛❜❧❡♠❡♥t❡ ❤❛②❛♠♦s
s✐❞♦ ♥♦s♦tr♦s✱ ❝♦♥ ❋❛st❈❛♠✱ ❞❡ ❧♦s ♣r✐♠❡r♦s ❡♥ ♠✉❡str❡❛r s✉✜❝✐❡♥t❡♠❡♥t❡ ❧❛ P❙❋ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡
✉♥ t❡❧❡s❝♦♣✐♦ ❡♥ t✐❡rr❛ ♣❛r❛ ♣♦❞❡r ❡st✐♠❛r r❡❛❧♠❡♥t❡ ❡st♦s ✈❛❧♦r❡s✳ ◆♦ ♦❜st❛♥t❡✱ ❧❛ ❞❡✜♥✐❝✐ó♥ ② ❧❛
✈❛❧♦r❛❝✐ó♥ s❡ ✈✐❡♥❡ ✉t✐❧✐③❛♥❞♦ ❞❡s❞❡ ♠❡❞✐❛❞♦s ❞❡❧ s✐❣❧♦ ♣❛s❛❞♦✳ ❱❡r ●❧♦s❛r✐♦✳

✶✵r♦♦t ♠❡❛♥ sq✉❛r❡ ❬r❛í③ ❝✉❛❞rát✐❝❛ ♠❡❞✐❛❪ ✭r♠s✮



✷✷ ✶✳ ❊❧ ♣r♦❜❧❡♠❛

✭❙❋❖✮ ✭❙❡❝✳ ✷✳✶✮ ♣❛r❛ ❛❧✐♥❡❛r ❡❧ t❡❧❡s❝♦♣✐♦✱ ❞❡♣❡♥❞❡♠♦s ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❞❡ ❧❛

❡str❡❧❧❛ ❞❡ r❡❢❡r❡♥❝✐❛✳ ❨✱ ❛✉♥q✉❡ s❡ ❤❛❝❡ ✉♥❛ ✐♥t❡❣r❛❝✐ó♥ s✉✜❝✐❡♥t❡ ♣❛r❛ ♣r♦♠❡❞✐❛r ❡❧

❢r❡♥t❡ ❞❡ ♦♥❞❛ s♦❜r❡ ❧❛ ♣✉♣✐❧❛ ② ❡✈✐t❛r ❧♦s ❢❛❝t♦r❡s q✉❡ ♣✉❡❞❡♥ ❞❡♣❡♥❞❡r ❞❡ é❧✱ ❡①✐st❡♥

♣r♦❜❧❡♠❛s ❝♦♥ ❧❛ ❝❛♥t✐❞❛❞ ♦ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ❧✉③ q✉❡ ❡s ❝❛♣❛③ ❞❡ ❞❛r ❧❛ ❛t♠ós❢❡r❛

❡♥ ❡❧ ár❡❛ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ t❛♠❛ñ♦ ❝♦♥s✐❞❡r❛❜❧❡✳ ❊❧ s❡❡✐♥❣ ❞✐❢í❝✐❧♠❡♥t❡ ♥♦s ❞❡❥❛rá

t❡♥❡r ✉♥❛ ❣❛✉ss✐❛♥❛ s✉✜❝✐❡♥t❡♠❡♥t❡ ✜♥❛ ❝♦♠♦ ♣❛r❛ q✉❡ ❡❧ s✐st❡♠❛ ❞é ❛♥á❧✐s✐s ❞❡

❡rr♦r❡s ❞❡ ❝♦rr❡❧❛❝✐ó♥ ❛♣r♦♣✐❛❞❛♠❡♥t❡ ❜❛❥♦s ❝♦♠♦ ♣❛r❛ ✈❛❧♦r❛r ✉♥❛ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡

❡♥❡r❣í❛ ❛❧t❛ ♦✱ ❡q✉✐✈❛❧❡♥t❡♠❡♥t❡✱ ❧❛ ❞✐s♣❡rs✐ó♥ ❞❡ ést❛ t❛♥ ❜❛❥❛ ❝♦♠♦ s❡ r❡q✉❡r✐rí❛✳

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

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

s❡r✈✐❝✐♦ q✉❡ ❣❛r❛♥t✐③❛ ✉♥ ✈❛❧♦r ♠í♥✐♠♦ ❞❡ s✉ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❙tr❡❤❧ ❛ ✜♥ ❞❡ ♦❢r❡❝❡r

❧❛s ♠á①✐♠❛s ❝❛♣❛❝✐❞❛❞❡s ♣♦s✐❜❧❡s ❛ ❝✉❛❧q✉✐❡r ✉s✉❛r✐♦✳ ▲❛ ✈❡r✐✜❝❛❝✐ó♥ ♣❡r✐ó❞✐❝❛ ❞❡❧

❛❧✐♥❡❛❞♦ ② ✉♥❛ ♣♦❧ít✐❝❛ ❞❡ ❧✐♠♣✐❡③❛ ② r❡❛❧✉♠✐♥✐③❛❞♦s ❛❥✉st❛❞❛ ❤❛rá♥ q✉❡ ❡❧ t❡❧❡s❝♦♣✐♦

♠❛♥t❡♥❣❛ ✉♥❛ r❡❧❛❝✐ó♥ ❞❡ ❙tr❡❤❧ ❛❧t❛✳

✶✳✻✳ ■♥str✉♠❡♥t♦s

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

▲❛ ó♣t✐❝❛ ❞❡ ❡s❝❛❧❛❞♦ q✉❡ ♣❡r♠✐t❡ ❧❧❡✈❛r ❡❧ ❝❛♠♣♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❛❧ ❞❡t❡❝t♦r ❡s ❡❧

❝♦♥❞✐❝✐♦♥❛♥t❡ ú❧t✐♠♦✳ ❙❡ ♣✉❡❞❡ ❤❛❝❡r ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ❝♦♥ ♠✉② ❜✉❡♥❛ ♦ s♦❧❛♠❡♥t❡

❜✉❡♥❛ ❝❛❧✐❞❛❞ ó♣t✐❝❛✳ ❚♦❞♦ ❞❡♣❡♥❞❡rá ❞❡ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ② ❞❡ ❧♦ q✉❡ ❡st❡♠♦s

❞✐s♣✉❡st♦s ❛ ✐♥✈❡rt✐r✳

◆♦ s❡rá ♣rá❝t✐❝♦ ✐♥✈❡rt✐r ❡♥ ✉♥ s✐st❡♠❛ q✉❡ ♥♦ ✈❛ ❛ t❡♥❡r ♥✉♥❝❛ ❧❛ ♣♦s✐❜✐❧✐❞❛❞

❞❡ ❞❛r ✉♥❛ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ s✉✜❝✐❡♥t❡♠❡♥t❡ ❜✉❡♥❛✱ ❡s ❞❡❝✐r✱ s✐ ❧❛ ❡s❝❛❧❛ ❞❡ ✐♠❛❣❡♥

♥✉♥❝❛ ✈❛ ❛ ♣❡r♠✐t✐r ❛❧❝❛♥③❛r ♠✉❡str❡♦ s✉✜❝✐❡♥t❡✱ ♣♦r ❡❥❡♠♣❧♦ s✐ ❡❧ ❝❛♠♣♦ r❡q✉❡r✐❞♦

♣r♦❞✉❝❡ ✉♥❛ ❡s❝❛❧❛ ❞❡ ♠✉❡str❡♦ ❞❡❧ ♠✐s♠♦ ♦r❞❡♥ q✉❡ ❡❧ s❡❡✐♥❣ ✭❡✳❣✳ 0′5 ❛r❝s❡❝✴♣✐①✮✳

❍❛② q✉❡ ❝♦♥s✐❞❡r❛r q✉❡ r❡❛❧♠❡♥t❡ ❡♥ ❧♦s t❡❧❡s❝♦♣✐♦s ❞❡ ❣r❛♥ t❛♠❛ñ♦ ❡❧ ❝❛♠♣♦

❧✐♥❡❛❧ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❡s ♠✉② ❣r❛♥❞❡ ②✱ ♥♦r♠❛❧♠❡♥t❡✱ s❡ r❡q✉✐❡r❡♥ ❡s❝❛❧❛❞♦s ❞❡ ✐♠❛❣❡♥

❛♣r♦♣✐❛❞♦s ♣❛r❛ ❛♣r♦✈❡❝❤❛r ❧♦s ❞❡t❡❝t♦r❡s q✉❡ ❡①✐st❡♥✱ ❛❞❡♠ás ❞❡ ❛❥✉st❛r ❡❧ ♠✉❡str❡♦

❛❧ t❛♠❛ñ♦ ❞❡ ♣í①❡❧✳

▲♦s s✐st❡♠❛s ó♣t✐❝♦s ❞❡❣r❛❞❛♥ s✐❡♠♣r❡ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛✳ ▲♦s ♠❛t❡r✐❛❧❡s ♥♦ s♦♥

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

♣❡r❢❡❝t♦s✱ ②❛ q✉❡ s❡ r❡❛❧✐③❛♥ s✐❣✉✐❡♥❞♦ ✉♥❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ♣❛r❛ ❝♦♥s❡❣✉✐r ✉♥♦s ❝✐❡r✲

t♦s r❡q✉❡r✐♠✐❡♥t♦s✳ ❊♥ ❣❡♥❡r❛❧✱ ♥♦ s❡ ♣✐❞❡ ❛❧❝❛♥③❛r ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ✭❡st♦ ❡s



✶✳✻✳ ■♥str✉♠❡♥t♦s ✷✸

❛❧❣♦ ♠✉② ♣♦❝♦ ✉s✉❛❧✮ ② ❡♥ ❧❛s t❛r❡❛s ♠ás ❝♦t✐❞✐❛♥❛s ❧♦s r❡q✉❡r✐♠✐❡♥t♦s só❧♦ ♥❡❝❡s✐t❛♥

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

✉♥ ♠❛r❣❡♥✳ P❡r♦✱ ❛✉♥ ❛sí✱ ❧♦s ❞✐s❡ñ♦s ❛❞♦❧❡❝❡rá♥ ❞❡ ❛❜❡rr❛❝✐♦♥❡s✳ ▲❛s ❛❜❡rr❛❝✐♦♥❡s

s♦♥ ❞✐st✐♥t♦s ❝♦♠♣♦rt❛♠✐❡♥t♦s q✉❡ s❡ ❢✉❡r③❛♥ s♦❜r❡ ❧♦s ❢r❡♥t❡s ♦♥❞❛ ❞❡❜✐❞♦ ❛ ❧❛s ❝✉r✲

✈❛t✉r❛s ② ❝♦♥str✐❝❝✐♦♥❡s q✉❡ r❡q✉✐❡r❡♥ ❧♦s ❡❧❡♠❡♥t♦s ó♣t✐❝♦s✿ ❧❡♥t❡s✱ ❡s♣❡❥♦s✱ ♣r✐s♠❛s✱

✜❧tr♦s✱ ❡t❝✳

▲♦s ❢r❡♥t❡s ❞❡ ♦♥❞❛ q✉❡ ❛tr❛✈✐❡s❛♥ ✉♥❛ ❧❡♥t❡ r❡❝♦rr❡♥ ✉♥ ❞✐st✐♥t♦ ❝❛♠✐♥♦ ó♣t✐❝♦

♣♦r ❡❧ ❝❡♥tr♦ q✉❡ ♣♦r ❧♦s ❜♦r❞❡s ②✱ s✐ ❛❞❡♠ás ❝♦rr❡s♣♦♥❞❡♥ ❛ ♣✉♥t♦s ❢✉❡r❛ ❞❡❧ ❡❥❡✱

❡st♦s ❡❢❡❝t♦s s♦♥ ❛s✐♠étr✐❝♦s✳ ❊s❛s ❛s✐♠❡trí❛s ② ❞✐❢❡r❡♥❝✐❛s ❞❡ ❝❛♠✐♥♦ ó♣t✐❝♦ ❞❛♥ ❧✉✲

❣❛r ❛ ❡rr♦r❡s ❞❡ ❝♦♥✈❡r❣❡♥❝✐❛ ♦ ❞✐st♦rs✐♦♥❛♥ ❧❛ ❡q✉✐✈❛❧❡♥❝✐❛ ❞❡ ♣✉♥t♦s ❢✉❡r❛ ❞❡❧ ❡❥❡

❝♦♥ r❡s♣❡❝t♦ ❛ ❧♦s q✉❡ ❡stá♥ ♠ás ♣ró①✐♠♦s ❛ ést❡✳ ▲❛ ó♣t✐❝❛ ❣❡♦♠étr✐❝❛ ❞❡✜♥❡ ✉♥❛

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

♠❛t❡♠át✐❝❛s s✐♠♣❧❡s✳ ▲❛ ó♣t✐❝❛ r❡❛❧ ♣r♦❞✉❝❡ ❛❜❡rr❛❝✐♦♥❡s✿ ❡s❢ér✐❝❛✱ ❝♦♠❛✱ ❛st✐❣♠❛✲

t✐s♠♦✱ ❞✐st♦rs✐ó♥ ② ❝✉r✈❛t✉r❛ ❞❡ ❝❛♠♣♦ s♦♥ ❧❛s ❛❜❡rr❛❝✐♦♥❡s ❝❧ás✐❝❛s✱ ❞❡ t❡r❝❡r ♦r❞❡♥

♦ ❛❜❡rr❛❝✐♦♥❡s ❞❡ ❙❡✐❞❡❧✳ ▲❛ ❝r♦♠át✐❝❛ ❡s ♦tr♦ ❝♦♥❥✉♥t♦ ❞❡ ❛❜❡rr❛❝✐♦♥❡s q✉❡ ❛♣❛r❡❝❡♥

❞❡❜✐❞♦ ❛ ❧❛ ❞❡♣❡♥❞❡♥❝✐❛ ❞❡❧ í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥ ❞❡ ❧♦s ✈✐❞r✐♦s ❝♦♥ ❧❛ ❧♦♥❣✐t✉❞ ❞❡

♦♥❞❛✳

❊❧ ❞✐s❡ñ♦ ❞❡ ❧❛ ó♣t✐❝❛ ❞❡ ✉♥ ✐♥str✉♠❡♥t♦ ❧❧❡✈❛ ✐♠♣❧í❝✐t♦ q✉❡ s❡ ♠✐♥✐♠✐③❛♥ ❧❛s

❛❜❡rr❛❝✐♦♥❡s ❛ ✉♥ ♥✐✈❡❧ t♦❧❡r❛❜❧❡ ♣♦r ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡❧ s✐st❡♠❛✳ P❡r♦✱ ❛✉♥ ❛sí✱

❤❛② q✉❡ ❝♦♥t❛r ❝♦♥ ❡❧ ♠♦♥t❛❥❡ ❞❡ ❡s♦s ❡❧❡♠❡♥t♦s ó♣t✐❝♦s✳ ❊❧ ❉✐s❡ñ♦ Ó♣t✐❝♦ ❞❡✜♥❡

✉♥❛s t♦❧❡r❛♥❝✐❛s ❞❡ ❢❛❜r✐❝❛❝✐ó♥✱ q✉❡ ❧❡ ❡①✐❣✐♠♦s ❛ ❧♦s ❢❛❜r✐❝❛♥t❡s✱ ② ✉♥❛s t♦❧❡r❛♥❝✐❛s

❞❡ ♠♦♥t❛❥❡✱ q✉❡ r❡❢❡r✐❞♦s ❛ ❧♦s s✉❜s✐st❡♠❛s ♣♦❞❡♠♦s r❡q✉❡r✐r ❞❡❧ ❢❛❜r✐❝❛♥t❡✱ ② q✉❡✱

❡♥ ❡❧ ❝❛s♦ ♠ás ❣❡♥❡r❛❧ ❞❡❧ ❛❥✉st❡ ② ❛❝♦♣❧❛♠✐❡♥t♦ ❞❡ ❧♦s ✈❛r✐♦s s✉❜s✐st❡♠❛s✱ ❞❡❜❡♠♦s

❡①✐❣✐r ❛❧ ♣r♦❝❡s♦ ❞❡ ❛❧✐♥❡❛❞♦ ❡ ✐♥t❡❣r❛❝✐ó♥✳ ❨✱ ♣❛r❛ ❡❧❧♦✱ ❡❧ ❞✐s❡ñ♦ ♠❡❝á♥✐❝♦ ❤❛ ❞❡

t❡♥❡r ❡♥ ❝✉❡♥t❛ ❡❧ ✓♣r❡s✉♣✉❡st♦ ❞❡ ❡rr♦r❡s✔ q✉❡ s❡ ❞❡s♣r❡♥❞❡ ❞❡ ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s

❞❡❧ s✐st❡♠❛✱ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡❧ ❉✐s❡ñ♦ Ó♣t✐❝♦ ② ❧❛s t♦❧❡r❛♥❝✐❛s ❛❝❡♣t❛❜❧❡s ♣♦r

ést❡✳

❈✉❛♥❞♦ ❡❧ ✐♥str✉♠❡♥t♦ s❡ ❛❧✐♥❡❛ ❡ ✐♥t❡❣r❛ s❡ ✈❛ t❛♠❜✐é♥ ✈❡r✐✜❝❛♥❞♦ q✉❡ s❡ ❝✉♠✲

♣❧❡♥ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ② q✉❡ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ó♣t✐❝❛s ♥♦ s❡ ♣✐❡r❞❡♥ ❞❡❜✐❞♦ ❛ ❧❛

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

② ❧❛ ♠❛s❛ ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s ó♣t✐❝♦s q✉❡ s❡ ✈❡♥ s♦♠❡t✐❞♦s ❛ ❞✐st✐♥t❛s ♦r✐❡♥t❛❝✐♦♥❡s ②

❝♦♥❞✐❝✐♦♥❡s ❛❧ s✐t✉❛rs❡ ❡♥ ✉♥ t❡❧❡s❝♦♣✐♦✳ ▲❛ ❡st❛❜✐❧✐❞❛❞ ❢r❡♥t❡ ❛ ♠♦✈✐♠✐❡♥t♦s✱ ②❛ s❡❛♥

❞❡ ❛♣✉♥t❛❞♦ ♦ ❞❡ s❡❣✉✐♠✐❡♥t♦✱ ❞❡❜❡ s❡r ✈❡r✐✜❝❛❞❛ ♣❛r❛ ❣❛r❛♥t✐③❛r q✉❡ ❡s r❡♣❡t✐t✐✈❛

② ❞❡♥tr♦ ❞❡ ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s✳

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

❛ ❧❛ ♥♦❝❤❡ ② ❞✉r❛♥t❡ ést❛✱ ② ♠ás ❞❡ ✉♥❛ é♣♦❝❛ ❞❡❧ ❛ñ♦ ❛ ♦tr❛✱ ❞❡ ♠♦❞♦ q✉❡ ❧♦s



✷✹ ✶✳ ❊❧ ♣r♦❜❧❡♠❛

✐♥str✉♠❡♥t♦s ♣✉❡❞❡♥ s✉❢r✐r ❝❛♠❜✐♦s ❞❡ ❝♦♥✜❣✉r❛❝✐ó♥ ♦ ❞❡❢♦r♠❛❝✐♦♥❡s ❞❡❜✐❞♦ ❛ ❞✐❝❤❛s

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

♠♦♥t✉r❛s ❞❡ ♠♦❞♦ q✉❡ s❡ ❝♦♠♣❡♥s❡♥ ② s❡ ❞é ✉♥ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❛❝❡♣t❛❜❧❡ ❡♥ ❡❧

r❛♥❣♦ r❡q✉❡r✐❞♦✳ ❖tr❛s ✈❡❝❡s s❡ ❤❛❝❡ ✉♥ ❞✐s❡ñ♦ ❛t❡r♠❛❧✐③❛❞♦✱ ②❛ s❡❛ ♣♦r ✈❛❝í♦ ♦ ♣♦r

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

✉♥❛s ❝♦♥❞✐❝✐♦♥❡s ❡st❛❜❧❡s ❞❡ t❡♠♣❡r❛t✉r❛✳ ❨✱ ❡♥ ♦❝❛s✐♦♥❡s✱ ❧❛ ♣r♦♣✐❛ ❝♦♥✜❣✉r❛❝✐ó♥

❞❡❧ tr❛❜❛❥♦ ♦❜❧✐❣❛ ❛ ✉♥ ❞✐s❡ñ♦ ❝r✐♦❣é♥✐❝♦ ♣❛r❛ ❡✈✐t❛r ❝♦♥tr✐❜✉❝✐♦♥❡s ❞❡ s❡ñ❛❧ ❞❡❜✐❞♦

❛ ❡♠✐s✐ó♥ tér♠✐❝❛✱ ❝♦♠♦ ❡s ❡❧ ❝❛s♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ✐♥❢r❛rr♦❥❛ ❛ ♣❛rt✐r ❞❡ 1′8 µ♠✳

❊s ♠✐s✐ó♥ ❞❡❧ ❞✐s❡ñ♦✱ ó♣t✐❝♦ ② ♠❡❝á♥✐❝♦✱ ❝♦♥✜❣✉r❛r ❧♦s s✐st❡♠❛s ❞❡ ♠♦❞♦ q✉❡

❢✉♥❝✐♦♥❡♥ ❡♥ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❡s♣❡❝✐✜❝❛❞❛s ♣❛r❛ ❝♦♥s❡❣✉✐r ♠✐♥✐♠✐③❛r ❞❡❢♦r♠❛❝✐♦♥❡s ②

❞❡s❛❧✐♥❡❛❞♦s q✉❡ s♦❜r❡♣❛s❡♥ ❧♦s ❧✐♠✐t❡s t♦❧❡r❛❞♦s ② s❡ ♣r♦❞✉③❝❛♥ ❛❜❡rr❛❝✐♦♥❡s ❡♥ ❧❛s

✐♠á❣❡♥❡s q✉❡ ❧❧❡❣❛♥ ❛❧ ❞❡t❡❝t♦r✳

❊①✐st❡♥✱ ♥♦ ♦❜st❛♥t❡✱ ✉♥❛ s❡r✐❡ ❞❡ ♣r♦❜❧❡♠❛s ❛s♦❝✐❛❞♦s ❛ ❧❛ ó♣t✐❝❛ q✉❡ ♥♦ ♣♦❞❡♠♦s

❝♦♥s✐❞❡r❛r ❛❜❡rr❛❝✐♦♥❡s✱ ②❛ q✉❡ ♥♦ ❞❡❢♦r♠❛♥ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❞❡ ❧❛ ✐♠❛❣❡♥✳ ❙♦♥

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

❊st♦ ✐♠♣❧✐❝❛✱ ❡♥ ❧♦ q✉❡ s❡ r❡✜❡r❡ ❛❧ ❞❡t❡❝t♦r✱ ✉♥❛ ♣ér❞✐❞❛ ❞❡ ❝♦♥tr❛st❡ ❡♥ ❧❛ ✐♠❛❣❡♥ ❛❧

❛✉♠❡♥t❛r ❡❧ ♥✐✈❡❧ ❞❡ ❢♦♥❞♦✳ ❙❡ ♣✉❡❞❡♥ ❡♥❣❧♦❜❛r ❡♥ ❝✉❛tr♦ ❣r✉♣♦s✿ ✶✮ ❢♦♥❞♦✱ ♦❝❛s✐♦♥❛❞♦

♣♦r ❧✉❝❡s ❝❡r❝❛♥❛s ❛❧ ❞❡t❡❝t♦r❀ ✷✮ ❧✉③ ❞✐❢✉s❛✱ ❣❡♥❡r❛❞❛ ❡♥ ♥✉❡str♦ s✐st❡♠❛ ó♣t✐❝♦ ♣♦r

❤❛❝❡s ❞❡♠❛s✐❛❞♦ ❛❜✐❡rt♦s✱ ❞❡s✈✐❛❝✐♦♥❡s✱ ❡❧❡♠❡♥t♦s ❞✐❢r❛❝t✐✈♦s✱ ❡t❝✳❀ ✸✮ r❡✢❡❥♦s✱ ♣♦r

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

s✐st❡♠❛ ó♣t✐❝♦❀ ② ✹✮ ❢❛♥t❛s♠❛s✱ ✐♠á❣❡♥❡s q✉❡ ❛♣❛r❡❝❡♥ s✉♣❡r♣✉❡st❛s ♦ ❝❡r❝❛ ❞❡ ❧♦s

♦❜❥❡t♦s q✉❡ ♦❜s❡r✈❛♠♦s✳

▲♦s ❡❧❡♠❡♥t♦s ó♣t✐❝♦s ♠ás ♣r♦♣❡♥s♦s ❛ ♣r♦❞✉❝✐r ❝♦♥t❛♠✐♥❛❝✐ó♥ ❧✉♠✐♥♦s❛ s♦♥ ❧♦s

✈✐❞r✐♦s ❝♦♥ s✉♣❡r✜❝✐❡s ♣❧❛♥❛s ♦ ❞✐❢r❛❝t✐✈❛s✿ ♣r✐s♠❛s✱ ❞✐✈✐s♦r❡s ❞❡ ❤❛③✱ ✜❧tr♦s✱ r❡❞❡s

❞❡ ❞✐❢r❛❝❝✐ó♥ ② s✐♠✐❧❛r❡s✳ ▲♦s ❞❡t❡❝t♦r❡s✱ t❛♠❜✐é♥ ❡❧❡♠❡♥t♦s ❝♦♠♣❧✐❝❛❞♦s ❡♥ ❡st❡

❛s♣❡❝t♦✱ s♦♥ s✉♣❡r✜❝✐❡s ❜ás✐❝❛♠❡♥t❡ ♣❧❛♥❛s ❝♦♥ ♣í①❡❧❡s✱ q✉❡ ❛❝tú❛♥ ❝♦♠♦ ✉♥❛ ♠❛tr✐③

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

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

❋✐♥❛❧♠❡♥t❡✱ ❡stá♥ ❧♦s r✉✐❞♦s ♦ s❡ñ❛❧❡s ♣r♦♣✐❛s ❞❡❧ s✐st❡♠❛ ❞❡ ❞❡t❡❝❝✐ó♥✿ ❝♦rr✐❡♥✲

t❡ ❞❡ ❜✐❛s✱ ❝♦rr✐❡♥t❡ ❞❡ ♦s❝✉r✐❞❛❞✱ r❡s♣✉❡st❛ ② ❢♦♥❞♦✳ ❊♥ ❣❡♥❡r❛❧✱ ❡st♦s r✉✐❞♦s s♦♥

❢á❝✐❧♠❡♥t❡ ♠❡❞✐❜❧❡s ② ❝❛❧✐❜r❛❜❧❡s✳

❊♥ r❡s✉♠❡♥✱ ❡①✐st❡♥ ✐♥✜♥✐❞❛❞ ❞❡ ❢❛❝t♦r❡s q✉❡ ❝♦♥tr✐❜✉②❡♥ ❛ ❞❡t❡r✐♦r❛r ❧❛ ❝❛❧✐❞❛❞

❞❡ ❧❛s ✐♠á❣❡♥❡s q✉❡ s❡ r❡❝✐❜❡♥ ❡♥ ❧♦s t❡❧❡s❝♦♣✐♦s✴✐♥str✉♠❡♥t♦s✴❡①♣❡r✐♠❡♥t♦s ❛str♦♥ó✲

♠✐❝♦s✳ ❊❧ ❡st✉❞✐♦ ❞❡ ❡st♦s ❢❛❝t♦r❡s ②✱ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡✱ s✉ ❡❧✐♠✐♥❛❝✐ó♥ ❝♦♥st✐t✉②❡♥

❧❛ ♣✐❡❞r❛ ❛♥❣✉❧❛r s♦❜r❡ ❧❛ q✉❡ s❡ ❜❛s❛ ❧❛ ❆str♦❢ís✐❝❛ ❞❡❧ s✐❣❧♦ ❳❳■✱ ♣♦r ❧♦ q✉❡ ❧♦s

❡s❢✉❡r③♦s ❞❡❞✐❝❛❞♦s ♣❛r❛ ❡❧❧♦ s♦♥ ❛❜s♦❧✉t❛♠❡♥t❡ ✐♥❣❡♥t❡s✳



✷

▲❛ té❝♥✐❝❛

❊❧ ❡①♣❡r✐♠❡♥t❛❞♦r q✉❡ ♥♦ s❛❜❡ ❧♦ q✉❡ ❡stá

❜✉s❝❛♥❞♦ ♥♦ ❝♦♠♣r❡♥❞❡rá ❧♦ q✉❡ ❡♥❝✉❡♥tr❛✳

❈❧❛✉❞❡ ❇❡r♥❛r❞ ✭✶✽✶✸✲✶✽✼✽✮✳ ❋✐s✐ó❧♦❣♦ ❢r❛♥❝és✳

✷✺





✷✼

❈
✉❛♥❞♦ ♥♦s ❡♥❢r❡♥t❛♠♦s ❛❧ ❞✐s❡ñ♦ ❞❡ ✉♥ ✐♥str✉♠❡♥t♦ ❧♦ ❤❛❝❡♠♦s ✐♥✐❝✐❛❧♠❡♥t❡

❛t❡♥❞✐❡♥❞♦ ❛ ✉♥ ♦❜❥❡t✐✈♦ ❝✐❡♥tí✜❝♦✳ ❊❧ ♣r♦♣♦♥❡♥t❡ ❝✐❡♥tí✜❝♦✱ ✐♥✈❡st✐❣❛❞♦r ♣r✐♥✲

❝✐♣❛❧ ❞❡❧ ♣r♦②❡❝t♦ ② q✉❡ ♥♦r♠❛❧♠❡♥t❡ s❡ r❡s♣♦♥s❛❜✐❧✐③❛ ❞❡ ❧❛ ♣r♦♣✉❡st❛ ② ♣♦♥❡ s✉

❝✉rr✐❝✉❧✉♠ ② tr❛②❡❝t♦r✐❛ ♣❛r❛ ❝♦♥s❡❣✉✐r ❧❛ ❛♣r♦❜❛❝✐ó♥ ② ❡❥❡❝✉❝✐ó♥ ❞❡ ❧❛ ✐❞❡❛✱ ❣❡♥❡✲

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

❛s✉♥t♦✳ ❙✐ ❧❛s r❡s♣✉❡st❛s ❡♥ ✉♥❛ r❡✉♥✐ó♥ ❞❡ ✈❛❧♦r❛❝✐ó♥ ✭♦ ❡♥❝✉❡st❛s ❡♥ ❡❧ ♣❛s✐❧❧♦ ②

❧❛ ❝❛❢❡t❡rí❛✮ ❧❡ ❝♦♥✜r♠❛♥ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ r❡❛❧ ❞❡ ❤❛❝❡r ✉♥ ✐♥str✉♠❡♥t♦ ♣❛r❛ s✉ ♣r♦✲

②❡❝t♦✱ ❛ ❧❛ ❤♦r❛ ❞❡ ♣r♦♣♦♥❡r ❧❛ r❡❛❧✐③❛❝✐ó♥ ❞❡❧ ♠✐s♠♦ s❡ ✈❡ ♦❜❧✐❣❛❞♦ ❛ ✐❞❡♥t✐✜❝❛r ②

✈❛❧♦r❛r ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❝✐❡♥tí✜❝♦s✳ ❊♥ ❡❧ ❝❛s♦ ❞❡ ❧❛ ❆str♦❢ís✐❝❛✱ ❡st♦ t✐❡♥❡ q✉❡ ✈❡r

❝♦♥ ♠❛❣♥✐t✉❞ ❧í♠✐t❡ ✭♥✐✈❡❧ ❞❡ ❧✉③✱ ✐rr❛❞✐❛♥❝✐❛ ♦ ❜r✐❧❧♦ ❛ ❞❡t❡❝t❛r✮✱ r❛♥❣♦ ❡s♣❡❝tr❛❧✱

♣r❡❝✐s✐♦♥❡s ❞❡ ❛♣✉♥t❛❞♦ ② s❡❣✉✐♠✐❡♥t♦✱ ♠♦✈✐♠✐❡♥t♦ ♠á①✐♠♦ ❞❡ ❧❛ ✐♠❛❣❡♥✱ ❝❛❧✐❞❛❞ ②

❡s❝❛❧❛ ❞❡ ❡s❛ ✐♠❛❣❡♥ ②✱ ♣♦r s✉♣✉❡st♦✱ ❡❧ ❝❛♠♣♦ q✉❡ s❡ q✉✐❡r❡ ❝✉❜r✐r✳ ❆s✐♠✐s♠♦✱ ❤❛②

q✉❡ ✐❞❡♥t✐✜❝❛r ❧♦s r✉✐❞♦s q✉❡ s❡ ♣✉❡❞❡♥ ❝♦♥tr♦❧❛r ❛str♦♠étr✐❝❛♠❡♥t❡ ② ❡❧ ♠á①✐♠♦

♣❡r♠✐t✐❞♦ ❞❡ r✉✐❞♦s ❞❡ ❞❡t❡❝❝✐ó♥✱ ❧❡❝t✉r❛ ② ❛❞q✉✐s✐❝✐ó♥✱ ❡t❝✳

▲❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❝♦♥❞✐❝✐♦♥❛♥t❡s ❝✐❡♥tí✜❝♦s t✐❡♥❡ ✉♥❛ tr❛s❧❛❝✐ó♥ ❞✐r❡❝t❛ ② ❡❧ ❛s✲

tró♥♦♠♦✱ ❡♥ ❡st❡ ❝❛s♦✱ ❡s ❝❛♣❛③ ❞❡ ❞❡✜♥✐r ❧♦s ♣❛rá♠❡tr♦s té❝♥✐❝♦s ♥❡❝❡s❛r✐♦s✿ ❈❈❉ ❛

✉t✐❧✐③❛r ② ♥ú♠❡r♦ ❞❡ ♣í①❡❧❡s ❡♥ ❡❧ ❝❛♠♣♦✱ ❡s❝❛❧❛ ❞❡ ♣❧❛❝❛✱ r❡s♦❧✉❝✐ó♥ ❡♥ ❡♥❡r❣í❛ ♣♦r

♣í①❡❧ ♦ ♥ú♠❡r♦ ❞❡ ♣í①❡❧❡s ♣♦r P❙❋✱ ✢✉❥♦s ♥❡❝❡s❛r✐♦s✱ t✐❡♠♣♦s✱ r✉✐❞♦s✱ ❡t❝✳ P❡r♦ ❡s

❡❧ ❡q✉✐♣♦ ❞❡ ❛♣♦②♦ té❝♥✐❝♦ ❡❧ q✉❡ ♥♦r♠❛❧♠❡♥t❡ ❝♦♥✈✐❡rt❡ ② ❡s♣❡❝✐✜❝❛ ❧♦s ♣❛rá♠❡tr♦s

❞❡ ✐♥❣❡♥✐❡rí❛ q✉❡ ❤❛ ❞❡ s❛t✐s❢❛❝❡r ✉♥ ❞✐s❡ñ♦✱ ❝♦♥❞✐❝✐♦♥❛♥❞♦ ❤❛❜✐t✉❛❧♠❡♥t❡ ❧❛s ✈❛❧♦✲

r❛❝✐♦♥❡s ❞❡ ❝❛rá❝t❡r ♣✉r❛♠❡♥t❡ t❡ór✐❝♦ ♦ ❞❡ ❝á❧❝✉❧♦✳ ▲❛ ❡①♣❡r✐❡♥❝✐❛ ❛❝✉♠✉❧❛❞❛ ✭✈❡r

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

❡♥tr❡ t❛♠❛ñ♦ ❞❡❧ ❞❡t❡❝t♦r✱ t❛♠❛ñ♦ ❞❡ ♣í①❡❧ ② s❡♥s✐❜✐❧✐❞❛❞✱ q✉❡ ❛❢❡❝t❛ ❛ t✐❡♠♣♦s ②

r✉✐❞♦s✱ ❝♦♥ ❡❧ ❝❛♠♣♦✱ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥✱ ♠❛❣♥✐t✉❞ ② ❜❛♥❞❛ ❞❡ tr❛❜❛❥♦✱ ❡t❝✳

▲♦s ❞❡t❡❝t♦r❡s ❡stá♥ ❧✐♠✐t❛❞♦s ❛ ❧♦ q✉❡ ❡①✐st❡ ❡♥ ❝❛❞❛ ♠♦♠❡♥t♦ ❡♥ ❡❧ ♠❡r❝❛❞♦

②✱ s❛❧✈♦ ❝❛s♦s ❡①❝❡♣❝✐♦♥❛❧❡s ❞♦♥❞❡ s❡ ♣❧❛♥t❡❛♥ ♣r♦②❡❝t♦s ❛ ❧❛r❣♦ ♣❧❛③♦ ✭❊❙❚ ♣❛r❛

✷✵✶✾✱ ❊✲❊▲❚ ♣❛r❛ ✷✵✷✵ ② s✉s ✐♥str✉♠❡♥t♦s✱ ♣❛r❛ ❧♦s ❝✉❛❧❡s ❡stá♥ ❝♦♥s✐❞❡rá♥❞♦s❡ ❧♦s

❞❡s❛rr♦❧❧♦s ❞❡ ❞❡t❡❝t♦r❡s ② ♦tr♦s ♠✉❝❤♦s s✐st❡♠❛s t♦❞❛✈í❛ ❤♦② ♥♦ r❡s✉❡❧t♦s✮✱ ❤❛② q✉❡

tr❛❜❛❥❛r ❜❛sá♥❞♦♥♦s ❡♥ ❡❧❧♦s✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥ t✐❡♥❡ ❡❢❡❝t♦ ❧❛ ❝♦♥s✐❞❡r❛❝✐ó♥ ❞❡ ♠❛s❛s ② ✈♦❧ú♠❡♥❡s ❞❡ ❧❛ ó♣t✐❝❛ ②✱

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

♣❡q✉❡ñ♦s q✉❡ s❡❛♥✱ ♦❝✉♣❛♥ ♠✉❝❤❛ s✉♣❡r✜❝✐❡ ❡♥ ♣❧❛♥♦ ❢♦❝❛❧✱ ② ❡s♦ ❧❧❡✈❛ ❛ s✐st❡♠❛s

ó♣t✐❝♦s ❞❡ ❣r❛♥ ❞✐á♠❡tr♦✱ ❧♦ q✉❡ s✉❡❧❡ ❝♦♥❧❧❡✈❛r ❧♦♥❣✐t✉❞❡s ❢♦❝❛❧❡s ❧❛r❣❛s ②✱ ♣♦r ❝♦♥✲

s✐❣✉✐❡♥t❡✱ ✈♦❧ú♠❡♥❡s ❣r❛♥❞❡s✳ ❙✐ ❛❞❡♠ás ❤❛❜❧❛♠♦s ❞❡ ■❘✱ ❧❛s ♠❛s❛s ② ❧♦s ✈♦❧ú♠❡♥❡s



✷✽ ✷✳ ▲❛ té❝♥✐❝❛

s❡ ♠✉❧t✐♣❧✐❝❛♥✳

❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ② ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ❞❡❧ ✐♥str✉♠❡♥t♦ ❧♦ q✉❡ ❤❛♥

❞❡ ❞❡✜♥✐r s♦♥ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❝♦♥❝r❡t❛s q✉❡ ❛❧ ✜♥❛❧ ♣❡r♠✐t❛♥ ❛❧❝❛♥③❛r ❧♦s r❡s✉❧t❛❞♦s

❜✉s❝❛❞♦s ❝✉❛♥❞♦ s❡ ✐❞❡ó✳ ❊❧ ♣r♦❜❧❡♠❛ ❡stá✱ ❝♦♠♦ ✈✐♠♦s ❡♥ ❡❧ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r✱ ❡♥ q✉❡

t❛♥t♦ ❧❛ ❛t♠ós❢❡r❛ ❝♦♠♦ ❡❧ t❡❧❡s❝♦♣✐♦ ② ❡❧ ♣r♦♣✐♦ ✐♥str✉♠❡♥t♦ ❝♦♥tr✐❜✉②❡♥ ❛ ❞❡❣r❛❞❛r

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

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

❧❛ ♠❡❥♦r❛ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ✐♠❛❣❡♥✱ ② ✜♥❛❧♠❡♥t❡ ❧♦s ❞❡s❛rr♦❧❧♦s ♣❛r❛ ❧✉❝❤❛r ❝♦♥tr❛

❧❛s ♣❡rt✉r❜❛❝✐♦♥❡s ❛t♠♦s❢ér✐❝❛s✳

❨❛ ✈✐♠♦s ❝ó♠♦ ❛❝tú❛ ❧❛ ❛t♠ós❢❡r❛✳ ❊❧ t❡❧❡s❝♦♣✐♦ ② ❡❧ ✐♥str✉♠❡♥t♦ s❡ ❞❡❢♦r♠❛♥ ②

t✐❡♥❡♥ t♦❧❡r❛♥❝✐❛s ❞❡ ❢❛❜r✐❝❛❝✐ó♥ q✉❡ ♠❛r❝❛♥ ❧♦s ❧í♠✐t❡s ♠❡❝á♥✐❝♦s ❞❡ ❡st❛❜✐❧✐❞❛❞ ②

♣r❡❝✐s✐ó♥✳ ❆❞❡♠ás✱ ❧❛ ó♣t✐❝❛✱ ❛♣❛rt❡ ❞❡ ❧❛s ❞❡❢♦r♠❛❝✐♦♥❡s ② ❞❡s❛❧✐♥❡❛❞♦s q✉❡ s✉❢r❡ ❛

❝❛✉s❛ ❞❡ s✉s s♦♣♦rt❡s✱ ❛❞♦❧❡❝❡rá ❞❡ ✉♥ ❝✐❡rt♦ ❣r❛❞♦ ❞❡ ❞❡❣❡♥❡r❛❝✐ó♥ ❞❡❧ ❤❛③ ❞❡ ❧✉③

q✉❡ tr❛♥s❢♦r♠❛✱ ❧♦ q✉❡ ❡♥ s✉ ❝♦♥❥✉♥t♦ ❝♦♥♦❝❡♠♦s ❝♦♠♦ ❛❜❡rr❛❝✐♦♥❡s✱ ② q✉❡ ❞❡❣r❛✲

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

❞❡❢♦r♠❛❝✐♦♥❡s ❛❝t✐✈❛s ❞❡ ❧❛ ❡str✉❝t✉r❛ q✉❡ ❧❛ s♦♣♦rt❛✱ ②❛ s❡❛ ♣♦r ♣❛rt❡ ❞❡❧ t❡❧❡s❝♦♣✐♦

❝♦♠♦ ❞❡❧ ✐♥str✉♠❡♥t♦✳

✷✳✶✳ ❆❧✐♥❡❛❞♦ ❞❡ t❡❧❡s❝♦♣✐♦s

❊❧ ♣r✐♠❡r ♣❛s♦ q✉❡ s❡ ♣✉❡❞❡ ② s❡ ❞❡❜❡ ❞❛r ♣❛r❛ ♣♦s✐❜✐❧✐t❛r ❧❛ ♠❡❥♦r ❝❛❧✐❞❛❞ ❞❡

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

✉♥❛ ✈❡③ q✉❡ ❡❧ s✐st❡♠❛ ②❛ ❡stá ❝♦♥str✉✐❞♦ ② ♠♦♥t❛❞♦✱ q✉❡ ❤❛② q✉❡ ♠❛♥t❡♥❡r❧♦ ❡♥ ❡❧

♠❡❥♦r ❡st❛❞♦ ❞❡ ❛❧✐♥❡❛❞♦✱ ❧✐♠♣✐❡③❛ ② s❡❣✉✐♠✐❡♥t♦✳ ❊❧ s❡❣✉✐♠✐❡♥t♦ ❡s ✉♥❛ ❝✉❡st✐ó♥ ❞❡❧

❜✉❡♥ ❛❥✉st❡ ❞❡ ❧❛ ♠❡❝á♥✐❝❛✱ ✉♥ ❛❞❡❝✉❛❞♦ ♠❛♣❛ ❞❡ ❛♣✉♥t❛❞♦ ② ✉♥ s♦❢t✇❛r❡ q✉❡ ❛❝tú❡

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

❡✈✐t❛r ❛❝❡❧❡r❛❝✐♦♥❡s ♦ ♣❛r❛❞❛s ② ❛rr❛♥q✉❡s ❜r✉s❝♦s q✉❡ ❞❡ ✉♥ ♠♦❞♦ ✉ ♦tr♦ tr❛♥s♠✐t❡♥

✈✐❜r❛❝✐♦♥❡s ❛ ❧❛ ❡str✉❝t✉r❛✳

▲❛ ❧✐♠♣✐❡③❛ ❡s ✉♥❛ ❝✉❡st✐ó♥ ♣❡r✐ó❞✐❝❛ ② ♠❡tó❞✐❝❛ q✉❡ ♣✉❡❞❡ r❡♣r❡s❡♥t❛r ♠❡❥♦r❛s

❞❡ ❤❛st❛ ❡❧ 80% ❡♥ ❧❛ r❡✢❡❝t✐✈✐❞❛❞ ❞❡ ❧♦s ❡s♣❡❥♦s ❝✉❛♥❞♦ ❡stá♥ r❡❝✐❡♥ ❛❧✉♠✐♥✐③❛❞♦s✱

❢r❡♥t❡ ❛ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❡♥ q✉❡ ❧❧❡❣❛♥ ❛ ❡st❛r ❞❡s♣✉és ❞❡ ✉♥♦ ♦ ❞♦s ❛ñ♦s ❛❝✉♠✉❧❛♥❞♦

♣♦❧✈♦ q✉❡✱ ❛❞❡♠ás✱ s❡ ✜❥❛ ❝♦♥ ❧❛ ❤✉♠❡❞❛❞✳

❊❧ ❛❧✐♥❡❛❞♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❡s ✉♥❛ t❛r❡❛ ♠ás ❛❝t✐✈❛ ② ❞❡ ♣❡r✐♦❞✐❝✐❞❛❞ ❝♦rt❛✳ ▲♦s

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

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

❛❧✐♥❡❛♠✐❡♥t♦ ②✱ ♣♦r t❛♥t♦✱ s✉ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ ❞❡ ✉♥ ♠♦❞♦ r✉t✐♥❛r✐♦✳ ▲♦s ♠♦✈✐♠✐❡♥✲



✷✳✶✳ ❆❧✐♥❡❛❞♦ ❞❡ t❡❧❡s❝♦♣✐♦s ✷✾

t♦s ❛♥❣✉❧❛r❡s ❛❢❡❝t❛♥ ❛ ❧❛ ♣✉♣✐❧❛ ② ♣r♦❞✉❝❡♥ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡❧ ❡❥❡ ❡♥ ♣❧❛♥♦ ❢♦❝❛❧✳ ▲♦s

❞❡s❝❡♥tr❛❞♦s ❞❡ ❡❥❡s ❛❢❡❝t❛♥ ❛❧ ❝❛♠♣♦ ② ♣r♦❞✉❝❡♥ ✈✐ñ❡t❡♦ ❞❡ ❧❛ ♣✉♣✐❧❛✳

❙✐♥ ❡♠❜❛r❣♦✱ ♥♦ ❡s t❛♥ ❤❛❜✐t✉❛❧ ❡❧ q✉❡ ✉♥ t❡❧❡s❝♦♣✐♦ s❡ ❞❡s❛❧✐♥❡❡✳ ▲♦s t❡❧❡s❝♦♣✐♦s

❞❡ ❡s♣❡❥♦ ♣r✐♠❛r✐♦ ♠♦♥♦❧ít✐❝♦ ❞❡ ❣r❛♥ ♦ ♣❡q✉❡ñ♦ t❛♠❛ñ♦ t✐❡♥❡♥ ✉♥❛ ❝✐❡rt❛ ✐♥❡r❝✐❛

❛ ♠❛♥t❡♥❡rs❡ ❡st❛❜❧❡s ♣♦rq✉❡✱ ♦ ❜✐❡♥ ♥♦ s✉❢r❡♥ ❞❡♠❛s✐❛❞❛s ❝❛r❣❛s ♦ ❧❛s r❡s✐st❡♥ ❝♦♥

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

❧♦s q✉❡ s♦♥ s✉s❝❡♣t✐❜❧❡s ❞❡ ❞❡s❝♦♠♣❡♥s❛rs❡✳ ▲♦s ❛❧t❛③✐♠✉t❛❧❡s s♦♥ ♠✉❝❤♦ ♠ás ❡st❛❜❧❡s

② rí❣✐❞♦s ②✱ ❛❞❡♠ás✱ s✉❡❧❡♥ t❡♥❡r ❢♦❝♦s ◆❛s♠②t❤ q✉❡ ✐♥❞❡♣❡♥❞✐③❛♥ ❧❛ ❝❛r❣❛ ❞❡ ❧❛

❡str✉❝t✉r❛ ❞❡❧ t✉❜♦✳ ❊♥ ❝❛s♦ ❞❡ ✉s❛r ❢♦❝♦ ❈❛ss❡❣r❛✐♥✱ ❧♦ ❤❛❜✐t✉❛❧ ❡s q✉❡ t❡♥❣❛♥ ✉♥

✐♥str✉♠❡♥t♦ ✜❥♦ ❡♥ ❡s❛ ♣♦s✐❝✐ó♥✱ ❝♦♥ ❧♦ q✉❡ ♥♦ ✐♥✢✉②❡ ❛ ❧❛ ❤♦r❛ ❞❡ ♠♦❞✐✜❝❛r ❝❛r❣❛s

s♦❜r❡ ❧♦s s♦♣♦rt❡s ❞❡❧ ❡s♣❡❥♦ ♦ ❡❧ ❡❥❡ ❞❡ ❣✐r♦ ❞❡❧ t✉❜♦✳

❙♦♥✱ ❡❢❡❝t✐✈❛♠❡♥t❡✱ ❧❛ ❝❛r❣❛ ② ❧♦s ❝♦♥tr❛♣❡s♦s q✉❡ s❡ r❡♣❛rt❡♥ ❡♥ ❧❛ ❡str✉❝t✉r❛ ❞❡❧

t✉❜♦ ❧♦s q✉❡✱ ❛❧ ❝❛♠❜✐❛r ❞❡ ♣♦s✐❝✐ó♥ ♣❛r❛ ❞✐st✐♥t♦s ✐♥str✉♠❡♥t♦s✱ ♠♦❞✐✜❝❛♥ ❡❧ r❡♣❛rt♦

❞❡ ❝❛r❣❛s ② ❞❡❢♦r♠❛❝✐♦♥❡s✱ q✉❡ s❡ tr❛♥s♠✐t❡♥ ❛ ❧❛ ❡str✉❝t✉r❛ s♦♣♦rt❡ ❞❡ ❧♦s ❡s♣❡❥♦s ❡♥

❡❧ t✉❜♦✳ ❊st♦s ♣r♦❜❧❡♠❛s ❛❢❡❝t❛♥✱ ♣♦r t❛♥t♦✱ ❛ t❡❧❡s❝♦♣✐♦s ❡❝✉❛t♦r✐❛❧❡s ♣r♦❢❡s✐♦♥❛❧❡s

❞❡ ❡♥tr❡ ✉♥♦ ② ✸ ♠❡tr♦s✳

❊❧ ❛r♦ ♣♦rt❛✲❡q✉✐♣♦s ❡s ✉♥❛ ❡str✉❝t✉r❛ q✉❡ ♣r❡t❡♥❞❡ ❡st❛r ❧♦ ♠ás rí❣✐❞❛♠❡♥t❡

❧✐❣❛❞❛ ❛❧ s♦♣♦rt❡ ❞❡❧ ❡s♣❡❥♦ ♣r✐♠❛r✐♦ ❛ ✜♥ ❞❡ ❝♦♠♣❛rt✐r ❡❧ ♠✐s♠♦ ❡❥❡ ❡♥ t♦❞❛s ❧❛s

♣♦s✐❝✐♦♥❡s ② ♦r✐❡♥t❛❝✐♦♥❡s✳ ◆♦r♠❛❧♠❡♥t❡✱ ❧♦s ❞✐❢❡r❡♥t❡s ✐♥str✉♠❡♥t♦s q✉❡ s❡ ❝✉❡❧❣❛♥

❞❡ ❡st❡ ❛r♦ t✐❡♥❡♥ ❡❧ ♣❧❛♥♦ ❢♦❝❛❧ ♣ró①✐♠♦ ❛ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ❢♦❝♦ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ ②❛

q✉❡ ést❡ ❡s ✉♥ ❝♦♥❞✐❝✐♦♥❛♥t❡ ❞✐♠❡♥s✐♦♥❛❧ ② ❞❡ tr❛❜❛❥♦✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❞❡♣❡♥❞✐❡♥❞♦

❞❡ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡❧ ✐♥str✉♠❡♥t♦✱ ❡❧ ❝❡♥tr♦ ❞❡ ❣r❛✈❡❞❛❞ ♣✉❡❞❡ ✈❛r✐❛r ♠✉❝❤♦✳ P❛r❛

❝♦♠♣❡♥s❛r ❡st❡ ❞❡s♣❧❛③❛♠✐❡♥t♦ s❡ ❞✐str✐❜✉②❡♥ ❞✐st✐♥t♦s ❝♦♥tr❛♣❡s♦s ❡♥ ❡❧ t✉❜♦ q✉❡

♣❡r♠✐t✐rá♥ q✉❡ ❡❧ t❡❧❡s❝♦♣✐♦ ❛♣✉♥t❡ ② ♠❛♥t❡♥❣❛ ❡❧ s❡❣✉✐♠✐❡♥t♦ ❞❡ ❢♦r♠❛ ❝♦❤❡r❡♥t❡✳

❙♦♥ ♣r❡❝✐s❛♠❡♥t❡ ❧❛s ❝❛r❣❛s q✉❡ ❣❡♥❡r❛♥ ♣♦r ❣r❛✈❡❞❛❞ ❡❧ ✐♥str✉♠❡♥t♦ ② ❡❧ ❡s♣❡❥♦ ❧❛s

q✉❡ ❢✉❡r③❛♥ ❧♦s ❛♣♦②♦s ❞❡❧ ♣r✐♠❛r✐♦✱ ❞❡ ✉♥ ♠♦❞♦ ❞✐❢❡r❡♥t❡ s❡❣ú♥ ❡❧ ✐♥str✉♠❡♥t♦ ② ❧❛

♦r✐❡♥t❛❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦✳ ■❣✉❛❧♠❡♥t❡✱ ❧❛ ♣r♦♣✐❛ ❡str✉❝t✉r❛ ❞❡ t✉❜♦ ② ❧❛ r❡❧❛t✐✈❛♠❡♥t❡

❧✐❣❡r❛ ❡str✉❝t✉r❛ s♦♣♦rt❡ ❞❡ ✉♥ s❡❝✉♥❞❛r✐♦ ❞❡ t❛♠❛ñ♦ ♠❡❞✐♦ t❛♠❜✐é♥ ♣✉❡❞❡♥ ✈❡rs❡

❛❢❡❝t❛❞❛s ♣♦r ❧♦s ❞✐st✐♥t♦s ❝♦♥tr❛♣❡s♦s✱ ✐♥❝❧✐♥❛❝✐♦♥❡s ② ♦r✐❡♥t❛❝✐♦♥❡s✱ ❤❛❝✐❡♥❞♦ q✉❡ ❡❧

s❡❝✉♥❞❛r✐♦ s❡ ♣✉❡❞❛ ❞❡s❝❡♥tr❛r ♦ t♦rs✐♦♥❛r ♠ás ❞❡ ❧❛ ❝✉❡♥t❛✳

❊❧ ❛❧✐♥❡❛❞♦ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❡s ❝♦♥❝❡♣t✉❛❧♠❡♥t❡ ✉♥❛ t❛r❡❛ s❡♥❝✐❧❧❛✱ ② ❞❡s❞❡ ❛♥✲

t✐❣✉♦ ❡①✐st❡♥ té❝♥✐❝❛s ② ♠ét♦❞♦s ♣❛r❛ ❛❧✐♥❡❛r ❝♦♥ ♠✉❝❤❛ ♣r❡❝✐s✐ó♥ ❧♦s ❡s♣❡❥♦s ❞❡

✉♥ t❡❧❡s❝♦♣✐♦ ❈❛ss❡❣r❛✐♥✿ ❛♥✉❧❛r ❡❧ ❝♦♠❛ ❡♥ ❡❥❡ ♦❜s❡r✈❛♥❞♦ ✉♥❛ ❡str❡❧❧❛ ❞❡s❡♥❢♦❝❛❞❛

✭❛♥✐❧❧♦ ❞❡ ❧✉③ ❝♦rr❡s♣♦♥❞✐❡♥t❡ ❛ ❧❛ s♦♠❜r❛ ❞❡❧ s❡❝✉♥❞❛r✐♦ s♦❜r❡ ❡❧ ♣r✐♠❛r✐♦✮ ❝❡♥tr❛♥❞♦

❡❧ s❡❝✉♥❞❛r✐♦ ✭❧❛ s♦♠❜r❛✮ s♦❜r❡ ❡❧ ❞✐s❝♦ ❞❡ ❧✉③❀ ❜✉s❝❛r ❧❛ ✉♥✐❢♦r♠✐❞❛❞ ❞❡ ❧❛ ♣✉♣✐❧❛

✉s❛♥❞♦ ❡❧ ❜♦r❞❡ ❞❡ ✉♥❛ ❝✉❝❤✐❧❧❛ ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ❞❡ ❢♦❝♦ ② ❞❡s♣❧❛③á♥❞♦❧❛ ❛♥t❡s ② ❞❡s✲



✸✵ ✷✳ ▲❛ té❝♥✐❝❛

♣✉és ❞❡ ést❡ ♣❛r❛ ✈✐s✉❛❧✐③❛r ❧❛s s♦♠❜r❛s ✭❞❡s❢❛s❡s✮ ❡♥ ❧❛ ♣✉♣✐❧❛ ✖ ❡❧ ❧❧❛♠❛❞♦ ✓❚❡st

❞❡ ❋♦✉❝❛✉❧t✔ ✖✲✱ ❡t❝✳

❋✐❣✉r❛ ✷✳✶✿ ■♠á❣❡♥❡s ❞❡ ✉♥ ❚❡st ❞❡ ❝✉❝❤✐❧❧❛ ❞❡ ❋♦✉❝❛✉❧t ♣❛r❛ ✉♥ ❡s♣❡❥♦ ✐❧✉♠✐♥❛❞♦ ♣♦r ✉♥
❢r❡♥t❡ ❞❡ ♦♥❞❛ ♣❧❛♥♦✳ ▲❛s ✐♠á❣❡♥❡s ❝♦rr❡s♣♦♥❞❡♥ ❛ ❧❛ ❧♦❝❛❧✐③❛❝✐ó♥ ❞❡❧ ❜♦r❞❡ ❡♥ ❧❛s ♣♦s✐❝✐♦♥❡s
q✉❡ s❡ ✐♥❞✐❝❛♥ ❞❡❜❛❥♦ ❞❡ ❧❛s ♠✐s♠❛s✳

❚❛♠❜✐é♥ s❡ ♣✉❡❞❡ ✉s❛r ✉♥❛ ♠ás❝❛r❛ ❞❡ ❛❜❡rt✉r❛s s♦❜r❡ ❧❛ ♣✉♣✐❧❛ ❞❡ ♠♦❞♦ q✉❡✱

♠♦❞✐✜❝❛♥❞♦ ❧♦s ❛♣♦②♦s ❞❡❧ ♣r✐♠❛r✐♦✱ s❡ ❤❛❣❛♥ ❝♦✐♥❝✐❞✐r ❧❛s ❞✐st✐♥t❛s ✐♠á❣❡♥❡s ❞❡ ❝❛❞❛

s✉❜❛♣❡rt✉r❛ ❡♥ ❡❧ ♣❧❛♥♦ ❢♦❝❛❧✿ ❚❡st ❞❡ ❍❛rt♠❛♥♥✳ ❙✐♠✐❧❛r ❛ ést❡ ❡s ❡❧ ❚❡st ❞❡ ♠✉❡str❡♦

❞❡ ❙❤❛❝❦✱ ❞♦♥❞❡ ❡s ❧❛ ✐♠❛❣❡♥ ❞❡ ❧❛ ♣✉♣✐❧❛ ❧❛ q✉❡ s❡ ❤❛❝❡ ♣❛s❛r ♣♦r ✉♥❛ ♠ás❝❛r❛ ❝♦♥

♣❡q✉❡ñ♦s ♦r✐✜❝✐♦s ♣❡r❢❡❝t❛♠❡♥t❡ r❡t✐❝✉❧❛❞♦s ② ❧♦ q✉❡ s❡ ❜✉s❝❛ ❡s ❡❧ ❛❧✐♥❡❛❞♦ ❞❡ t♦❞♦s

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

❍♦② s❡ ❤❛ ♠❡❥♦r❛❞♦ ❧❛ té❝♥✐❝❛✱ ❜ás✐❝❛♠❡♥t❡ ♣♦r ♣♦❞❡r ❞✐s♣♦♥❡r ❞❡ ❞❡t❡❝t♦r❡s ❞❡

✐♠❛❣❡♥ ❡♥ t✐❡♠♣♦ r❡❛❧✳ ❯♥ ❙❡♥s♦r ❞❡ ❋r❡♥t❡ ❞❡ ❖♥❞❛ ❬❲❛✈❡❢r♦♥t ❙❡♥s♦r✱ ❲❋❙❪✭❙❋❖✮

❡s ♠ás ♦ ♠❡♥♦s ✉♥❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❛❧❣✉♥❛ ❞❡ ❡st❛s té❝♥✐❝❛s ❛❧❣♦ ♠ás r❡✜♥❛❞❛s ② ❛✉✲

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

❛♥❛❧✐③❛♥❞♦ ❧♦s ❞❡s❢❛s❡s ❡♥ ❧❛ ♣✉♣✐❧❛ ❝♦♠♦ ❡♥ ❡❧ ❝❛s♦ ❞❡ ✉♥ ❚❡st ❞❡ ❋♦✉❝❛✉❧t✳ ❙✐ ♣❡♥✲

s❛♠♦s ❡♥ ✉♥ s❡♥s♦r ❍❛rt♠❛♥♥✲❙❤❛❝❦ ❡s ♠ás ✉♥ ❚❡st ❞❡ ❙❤❛❝❦ ♣❡r♦ ❞♦♥❞❡ ❤❛❝❡♠♦s ❡❧

♠✉❡str❡♦ ♠ás ❛♠♣❧✐♦ s♦❜r❡ ❧❛ ♣✉♣✐❧❛ ❛❧ ♣r♦②❡❝t❛r ést❛ s♦❜r❡ ✉♥❛ ♠❛tr✐③ ❞❡ ♠✐❝r♦❧❡♥t❡s

q✉❡ r❡❧❧❡♥❛♥ t♦❞❛ ❧❛ ✐♠❛❣❡♥ ❝♦♠♦ ❡♥ ✉♥ ❚❡st ❞❡ ❍❛rt♠❛♥♥✳

❊❧ s❡♥s♦r ❙❤❛❝❦✲❍❛rt♠❛♥♥ ❡s ✉♥♦ ❞❡ ❧♦s ❞❡ ✉s♦ ♠ás ❡①t❡♥❞✐❞♦ ❞❛❞❛ s✉ s✐♠♣❧✐❝✐❞❛❞

② ❢❛❝✐❧✐❞❛❞ ❞❡ ❛❥✉st❡s✳ ❇ás✐❝❛♠❡♥t❡ ❝♦♥s✐st❡ ❡♥ ❧❛ r❡✐♠❛❣✐♥❛❝✐ó♥ ❞❡ ❧❛ ♣✉♣✐❧❛ s♦❜r❡

✉♥❛ ♠❛tr✐③ ❞❡ ♠✐❝r♦❧❡♥t❡s✳ ❊st❛s ♠✐❝r♦❧❡♥t❡s s❡ s✐tú❛♥ ❞❡ t❛❧ ♠❛♥❡r❛ q✉❡ s✉ ♣❧❛♥♦

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

❞❡ ♦♥❞❛ ♣❧❛♥♦ ♣❛r❛❧❡❧♦ ❛❧ s✉str❛t♦ ❞❡ ❧❛ ♠❛tr✐③✱ ❝❛❞❛ ♠✐❝❧♦❧❡♥t❡ ❢♦❝❛❧✐③❛rá ✉♥ ♣✉♥t♦

s♦❜r❡ ❡❧ ❞❡t❡❝t♦r ✭❋✐❣✳ ✷✳✷✭❛✮✮✳ ❊❧ ❝❡♥tr♦✐❞❡ ❞❡ ❝❛❞❛ ♣✉♥t♦ (xi, yi) ♠❛r❝❛ ❡❧ ❡❥❡ ❞❡ ❝❛❞❛



✷✳✶✳ ❆❧✐♥❡❛❞♦ ❞❡ t❡❧❡s❝♦♣✐♦s ✸✶

♠✐❝r♦❧❡♥t❡✳ ❈✉❛♥❞♦ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛✱ ✐♠❛❣❡♥ ❞❡❧ q✉❡ ❧❧❡❣❛ ❛ ❧❛ ♣✉♣✐❧❛ ✭❋✐❣✳ ✷✳✷✭❜✮✮✱

♥♦ ❡s ♣❡r❢❡❝t❛♠❡♥t❡ ♣❧❛♥♦ ❝❛❞❛ ♠✐❝r♦❧❡♥t❡ ❢♦❝❛❧✐③❛rá ❧❛ ✐♠❛❣❡♥ ❞❡ ❧❛ ♣♦r❝✐ó♥ ❞❡❧

❢r❡♥t❡ ❞❡ ♦♥❞❛ q✉❡ ✐♥❝✐❞❡ s♦❜r❡ ❡❧❧❛ ❡♥ ✉♥❛ ♣♦s✐❝✐ó♥ ❞❡s✈✐❛❞❛ ❞❡❧ ❡❥❡ (∆xi,∆yi)

s❡❣ú♥ ❧❛ ✐♥❝❧✐♥❛❝✐ó♥ (αi, βi) ❞❡ t❛❧ ♣♦r❝✐ó♥ ✭❋✐❣✳ ✷✳✷✭❝✮✮✳ ▲❛s ♣♦s✐❝✐♦♥❡s ❞❡ ❝❛❞❛ ♥✉❡✈♦

❝❡♥tr♦✐❞❡✱ ∆xi = f tanαi ② ∆yi = f tanβi✱ ❞❡t❡r♠✐♥❛♥ ❡❧ ♠❛♣❛ ❞❡ ✐♥❝❧✐♥❛❝✐♦♥❡s ❞❡❧

❢r❡♥t❡ ❞❡ ♦♥❞❛ s♦❜r❡ ❧❛ ♣✉♣✐❧❛ ✭❋✐❣✳ ✷✳✷✭❞✮✮✱ ❞♦♥❞❡ f ❡s ❧❛ ❢♦❝❛❧ ❞❡ ❝❛❞❛ ♠✐❝r♦❧❡♥t❡✳

✭❛✮ ■♠❣❡♥ ❝♦♥ ❧❛ ♠❛tr✐③ ❞❡
♠✐❝r♦❧❡♥t❡s ❝♦♠♦ r❡❢❡r❡♥✲
❝✐❛✳

✭❜✮ ▼✐❝r♦❧❡♥t❡s ✐❧✉♠✐♥❛❞❛s
♣♦r ❧❛ ♣✉♣✐❧❛✳
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✭❞✮ ❉✐❛❣r❛♠❛ ✭∆x−∆y✮✳
❘❡♣r❡s❡♥t❛ ✉♥ ❉✐❛❣r❛♠❛
❞❡ s♣♦ts✳

✭❡✮ ▼❛♣❛ ❞❡ ❢❛s❡ r❡❝♦♥str✉✐❞♦✳
▲♦s ♥✐✈❡❧❡s s♦♥ ♥♠✳

✭❢✮ ❋r❡♥t❡ ❞❡ ♦♥❞❛ r❡❝♦♥str✉✐❞♦
✭s❡ ❧❡ r❡st❛♥ tér♠✐♥♦s ❞❡ t✐❧t ②
❞❡❢♦❝✉s✮✳

❋✐❣✉r❛ ✷✳✷✿ ❊sq✉❡♠❛s ❝♦♥ ❧♦s ♣❛s♦s ❞❡ ♣r♦❝❡s❛❞♦ ❞❡ ✉♥ ❙❋❖✳ ✭❛✮ ❙❡ ♦❜t✐❡♥❡ ❧❛ r❡❢❡r❡♥❝✐❛ ❞❡
❧❛s ♣♦s✐❝✐♦♥❡s ❞❡ ❧❛ ♠❛tr✐③ ❞❡ ♠✐❝r♦❧❡♥t❡s✳ ❉❡s♣✉és ✭❜✮ s❡ ♠✉❡str❡❛ ❧❛ ♣✉♣✐❧❛ ❝♦♥ ❧❛ ❧✉③ ❞❡ ✉♥❛
❡str❡❧❧❛✳ ✭❝✮ ❙❡ ❝❛❧❝✉❧❛✱ ❡♥t♦♥❝❡s✱ ❧❛ ❞❡s✈✐❛❝✐ó♥ ❞❡❧ ❋r❡♥t❡ ❞❡ ♦♥❞❛ ❡♥ ❝❛❞❛ ♠✐❝r♦❧❡♥t❡✳ ✭❞✮ ▲❛
r❡♣r❡s❡♥t❛❝✐ó♥ ❞❡ ❧❛s ❞❡s✈✐❛❝✐♦♥❡s ❡♥ ❳ ❢r❡♥t❡ ❧❛s ❞❡ ❨ ♥♦s ❞✐❜✉❥❛♥ ❡❧ ❞✐❛❣r❛♠❛ ❞❡ ✐♠♣❛❝t♦s
❞❡ ❝❛❞❛ ❝❡❧❞❛ ❞❡ ❧❛ ♣✉♣✐❧❛ ✭❉✐❛❣r❛♠❛ ❞❡ s♣♦ts✳ ❱❡r ♣á❣✳ ✻✷✳✮✳ ❆ ♣❛rt✐r ❞❡ ❧❛s ❞❡s✈✐❛❝✐♦♥❡s
② ❧❛s ❝♦♦r❞❡♥❛❞❛s r❛❞✐❛❧❡s ❞❡ ❝❛❞❛ ♠✉❡str❡♦ s❡ ❝❛❧❝✉❧❛ ❡❧ ✭❡✮ ♠❛♣❛ ❞❡ ❢❛s❡ ♦ ✭❢✮ ❢r❡♥t❡ ❞❡
♦♥❞❛✳ ▲❛s ✉♥✐❞❛❞❡s ❞❡ ❧❛ ❞❡❢♦r♠❛❝✐♦♥ ✸❉ ❡st❛♥ ❡♥ ♥♠✳

❙✐ s❡ ❤❛❝❡ ✉♥❛ ❡①♣♦s✐❝✐ó♥ ❧❡♥t❛✱ ❞❡ ♠♦❞♦ q✉❡ ❧❛s ♣❡rt✉r❜❛❝✐♦♥❡s ❛t♠♦s❢ér✐❝❛s s❡

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

②✱ ♣♦r t❛♥t♦✱ ♣♦❞❡♠♦s ❞❡t❡r♠✐♥❛r ❧❛ ❢♦r♠❛ ❞❡ ❧❛ ♠✐s♠❛✳

❙✐ ❧❛ ♣✉♣✐❧❛ ❡st❛ ❝♦rr❡❣✐❞❛ ✭♦ s✐ t♦♠❛♠♦s ❡❧ ♠❛♣❛ ❞❡ ❞❡❢♦r♠❛❝✐ó♥ ❞❡ ❧❛ ♣✉♣✐❧❛

❝♦♠♦ r❡❢❡r❡♥❝✐❛✮ ② ❤❛❝❡♠♦s ❡①♣♦s✐❝✐♦♥❡s s✉✜❝✐❡♥t❡♠❡♥t❡ rá♣✐❞❛s ♣♦❞❡♠♦s ♠❛♣❡❛r ❧❛s

❞❡❢♦r♠❛❝✐♦♥❡s ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❞❡❜✐❞❛s ❛ ❢❡♥ó♠❡♥♦s q✉❡ ❧♦ ♣❡rt✉r❜❛♥ ❛ ♠❛②♦r❡s



✸✷ ✷✳ ▲❛ té❝♥✐❝❛

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

❊❧ ✉s♦ ❞❡ ✉♥ ❙❡♥s♦r ❞❡ ❋r❡♥t❡ ❞❡ ❖♥❞❛ ♣❛r❛ ❡❧ ❛❧✐♥❡❛❞♦ ❞❡ t❡❧❡s❝♦♣✐♦s ♣❡r♠✐t❡ r❡✲

❞✉❝✐r ❡❧ t✐❡♠♣♦ ② ❝♦st♦ ❞❡ ♠❛♥t❡♥✐♠✐❡♥t♦ ② ❣❛r❛♥t✐③❛ ❧❛ ♣✉❡st❛ ❛ ♣✉♥t♦ ❞❡❧ t❡❧❡s❝♦♣✐♦

❡♥ t♦❞♦ ♠♦♠❡♥t♦✳

✷✳✷✳ ❆■❱

❈✉❛♥❞♦ ✉♥ ✐♥str✉♠❡♥t♦ ❧❧❡❣❛ ❛❧ t❡❧❡s❝♦♣✐♦ s❡ ❝♦♥❢í❛ ❡♥ q✉❡ ést❡ ✭❡❧ t❡❧❡s❝♦♣✐♦✮ ❡sté

❡♥ ♣❡r❢❡❝t❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ✉s♦✱ ❞❡ ♠♦❞♦ q✉❡ ❡❧ ✐♥str✉♠❡♥t♦ ♣✉❡❞❛ ♦❜t❡♥❡r ❡❧ ♠á①✐♠♦

r❡♥❞✐♠✐❡♥t♦✳ ❙✐♥ ❡♠❜❛r❣♦✱ ♣❛r❛ ❡❧❧♦ ♣r✐♠❡r♦ ❤❛② q✉❡ ❧❧❡❣❛r ❛ t❡♥❡r ❡❧ ✐♥str✉♠❡♥t♦ ❡♥

❧❛s ♠❡❥♦r❡s ❝♦♥❞✐❝✐♦♥❡s✱ q✉❡ ❞❡❜❡rí❛♥ s❡r ❧❛s ❡s♣❡❝✐✜❝❛❞❛s ♦ ❧❛s ❞❡ ❞✐s❡ñ♦✳

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

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

❧♦s ❡❧❡♠❡♥t♦s ② ❝♦♠♣♦♥❡♥t❡s ❥✉♥t♦s ❢✉♥❝✐♦♥❡♥ ❝♦♠♦ s❡ ❡s♣❡r❛✳ ▲❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s

❞❡❧ s✐st❡♠❛✱ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡❧ ❉✐s❡ñ♦ Ó♣t✐❝♦ ② ❧❛s t♦❧❡r❛♥❝✐❛s ❛❝❡♣t❛❜❧❡s ♣♦r ést❡✱

❝♦♥❞✐❝✐♦♥❛♥ t❛♥t♦ ❛ ❧♦s ❡❧❡♠❡♥t♦s ó♣t✐❝♦s ❝♦♠♦ ❛❧ ♠♦♥t❛❥❡ ❝♦♥❥✉♥t♦ ❞❡ t♦❞♦s ❡❧❧♦s ❛

tr❛✈és ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s ♠❡❝á♥✐❝♦s✱ ❞❡ ♥✉❡✈♦ ❡st♦s ❝♦♥ s✉s ♣r♦♣✐❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s✱

r❡q✉❡r✐♠✐❡♥t♦s ② t♦❧❡r❛♥❝✐❛s✳ ❊❧ ♣r♦❜❧❡♠❛ ❞❡ ♣♦♥❡r❧❛s t♦❞❛s ❥✉♥t❛s ② q✉❡ ❢✉♥❝✐♦♥❡♥ ❡s

✉♥❛ ❧❛❜♦r ❞❡ ❆ss❡♠❜❧②✱ ■♥t❡❣r❛t✐♦♥ ❛♥❞ ❱❡r✐✜❝❛t✐♦♥ ❬❊♥s❛♠❜❧❡✴❆❧✐♥❡❛❞♦✱ ■♥t❡❣r❛❝✐ó♥

② ❱❡r✐✜❝❛❝✐ó♥❪ ✭❆■❱✮✳

▲❛s t❛r❡❛s ❞❡ ❆■❱ ❡♠♣✐❡③❛♥ ❡♥ r❡❛❧✐❞❛❞ ❞❡s❞❡ ❧❛ ❢❛s❡ ❞❡ ❞✐s❡ñ♦✱ ♣✉❡s ♣✉❡❞❡♥

❝♦♥❞✐❝✐♦♥❛r ❛ ést❡ ②✱ ♣♦r s✉♣✉❡st♦✱ ❧♦s ❞✐s❡ñ♦s ó♣t✐❝♦ ② ♠❡❝á♥✐❝♦ ✈❛♥ ❛ ❝♦♥❞✐❝✐♦♥❛r ❧❛

✐♥t❡❣r❛❝✐ó♥ ② ❛❧✐♥❡❛❞♦✳ P♦r t♦❞♦ ❡❧❧♦✱ ❧❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❧❛s ✐♥❣❡♥✐❡rí❛s ❞❡ ❆■❱ ② ❧❛s ❞❡

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

❞❡s❡❛❜❧❡✱ s✐♥♦ q✉❡ r❡s✉❧t❛ ✐♠♣r❡s❝✐♥❞✐❜❧❡✳ ❆❧❣✉♥♦s✱ ♣♦❝♦s✱ ❡❥❡♠♣❧♦s ❞❡ ❧❛ ✐♠♣♦rt❛♥❝✐❛

❞❡ ❡st❛ r❡❧❛❝✐ó♥ s❡ ❞❡s❝r✐❜❡♥ ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳

❊♥ ♣r✐♠❡r ❧✉❣❛r✱ ♣❛r❛ ❆■❱ ❧♦s s✐st❡♠❛s ó♣t✐❝♦s ❞❡❜❡rá♥ ❡st❛r✱ ♣r❡❢❡r✐❜❧❡♠❡♥t❡✱

❝❡♥tr❛❞♦s ② ❞✐s♣♦♥❡r ❞❡ ♣♦❝♦s ❝❛♠❜✐♦s ❞❡ ❞✐r❡❝❝✐ó♥✳ ▲♦s s✐st❡♠❛s ❝♦♥ ✐♠❛❣❡♥ ❞❡ ♣✉✲

♣✐❧❛ ❧♦❝❛❧✐③❛❞❛ s♦♥ ♠ás ❝♦♥tr♦❧❛❜❧❡s ② ❢á❝✐❧❡s ❞❡ ❛❧✐♥❡❛r✳ ▲♦s ✐♥str✉♠❡♥t♦s ✐♥❢r❛rr♦❥♦s

❝♦♥ ❝♦♠♣♦♥❡♥t❡s ❝r✐♦❣é♥✐❝♦s ❛ 77❑ ✭−196◦❈✮ r❡q✉✐❡r❡♥ ♠♦♥t❛❥❡s ❞❡s❛❧✐♥❡❛❞♦s ❡♥

❝❛❧✐❡♥t❡ ② ✈❡r✐✜❝❛❝✐♦♥❡s ❞❡ ❛❧✐♥❡❛❞♦ ② ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❡♥ ❢rí♦✱ ❞❡ ♠♦❞♦ q✉❡ s❡ ♥❡❝❡✲

s✐t❛ ❝♦♥tr♦❧❛r ♠✉② ❜✐❡♥ ❧❛s ♠♦♥t✉r❛s ② ❛❥✉st❡s ❞❡ ést❛s ②✱ ❛ ❧❛ ✈❡③✱ t❡♥❡r ♣r❡✈✐st♦s

❧♦s ❡♥s❛②♦s q✉❡ ♣❡r♠✐t❛♥ ❡✈❛❧✉❛r ② ❝✉❛♥t✐✜❝❛r ❧❛s ❞❡s✈✐❛❝✐♦♥❡s ❞❡❧ ❛❧✐♥❡❛❞♦ ❝♦rr❡❝t♦✱

❡♥ ✐♥❝❧✐♥❛❝✐♦♥❡s✱ ❞❡s✈✐❛❝✐♦♥❡s ② ❢♦❝♦✱ ❡t❝✳ P♦r ú❧t✐♠♦✱ s✐❡♠♣r❡ ❤❛② q✉❡ ❝♦♥t❛r ❝♦♥

♣r✉❡❜❛s ② ✈❡r✐✜❝❛❝✐♦♥❡s ❞❡ ♠♦♥t❛❥❡s ♣❛r❝✐❛❧❡s q✉❡ ♣✉❡❞❛♥ ✐r ❣❛r❛♥t✐③❛♥❞♦ q✉❡ ❧♦s

s✉❜s✐st❡♠❛s ❝♦♠♦ t❛❧❡s ❢✉♥❝✐♦♥❛♥ ❜✐❡♥✳ ❊st❛s s♦♥ s♦❧❛♠❡♥t❡ ❛❧❣✉♥❛s ✐❞❡❛s✱ ❛♣r❡♥✲
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❞✐❞❛s ❡♥ s✉ ♠❛②♦rí❛ ❣r❛❝✐❛s ❛ ❧❛ ❡①♣❡r✐❡♥❝✐❛ ❡♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✐♥str✉♠❡♥t♦s✱ q✉❡

❛②✉❞❛♥ ❛ ❣❛r❛♥t✐③❛r ❡❧ é①✐t♦ ❞❡ ✉♥ ♣r♦②❡❝t♦ ✐♥str✉♠❡♥t❛❧✳

❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ❧❛s té❝♥✐❝❛s ❞❡ ❆■❱ ✐♠♣❧✐❝❛♥ ♠✉❝❤♦ ❡♥s❛②♦ ② ❡rr♦r ♣❛r❛ ♣♦❞❡r ✐r

♣r♦❜❛♥❞♦ ② ❛❥✉st❛♥❞♦ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s✳ P❛r❛ ❡❧❧♦ s❡ ✉s❛♥ ❤❡rr❛♠✐❡♥t❛s

❝♦♠♦ t❡❧❡s❝♦♣✐♦s ② ♠✐❝r♦s❝♦♣✐♦s ❞❡ ❛❧✐♥❡❛❞♦✱ ❛✉t♦❝♦❧✐♠❛❞♦r❡s✱ s✐♠✉❧❛❞♦r❡s ❞❡ ♣❧❛♥♦

❢♦❝❛❧ ② ❞❡ ♣✉♣✐❧❛ ②✱ s♦❜r❡ t♦❞♦✱ ♠♦♥t❛❥❡s ♠ás ♦ ♠❡♥♦s ❝♦♠♣❧❡❥♦s ♦ ❡s♣❡❝í✜❝♦s ♣❛r❛

♣r♦❜❛r✱ ♠❡❞✐r✱ ❛❧✐♥❡❛r✱ ✐♥t❡❣r❛r ② ✈❡r✐✜❝❛r ❧♦s ❝♦♠♣♦♥❡♥t❡s ❡♥ ❧❛s ❞✐st✐♥t❛s ❡t❛♣❛s ❞❡❧

♣r♦❝❡s♦✳

❊s ❢✉♥❞❛♠❡♥t❛❧ ❡❧ s❡❣✉✐♠✐❡♥t♦ ❞❡ ❝❛❞❛ ❡t❛♣❛ ② ❧❛ ❝♦♠♣r♦❜❛❝✐ó♥ ❞❡ q✉❡ ❝❛❞❛

❡s♣❡❝✐✜❝❛❝✐ó♥ ② r❡q✉❡r✐♠✐❡♥t♦ s❡ ❡stá ❝✉♠♣❧✐❡♥❞♦✱ ❞❡s❞❡ ❡❧ ♠♦♠❡♥t♦ ❡♥ q✉❡ ❝❛❞❛

✉♥❛ ❞❡ ❡❧❧❛s ❡s ✈✐❛❜❧❡✱ ❞❡ ♠♦❞♦ q✉❡ s❡ ✈❛②❛ ❣❛r❛♥t✐③❛♥❞♦ q✉❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❞❡❧

✐♥str✉♠❡♥t♦ ❝✉♠♣❧❡ ❝♦♥ ❧♦ ❡s♣❡r❛❞♦✳ ❆sí✱ s✐ ❡♥ ✉♥❛ ❡t❛♣❛ ❞❡t❡r♠✐♥❛❞❛ ❞❡❧ ♣r♦❝❡s♦

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

❧❛s q✉❡ t❡♥❡♠♦s ❝♦♥tr♦❧❛❞❛s ② s❡❣✉r❛s✳

▲❛s ❝♦♥❞✐❝✐♦♥❡s ② ❧♦s ❝♦♥❞✐❝✐♦♥❛♥t❡s ❞❡ ❝❛❞❛ ✐♥str✉♠❡♥t♦ s♦♥ ♠✉② ❞✐st✐♥t♦s✿ ♥♦ ❡s

❧♦ ♠✐s♠♦ ✉♥❛ ❝á♠❛r❛ ❞❡ ❣r❛♥ ❝❛♠♣♦✱ q✉❡ ✐♠♣❧✐❝❛rá r❡❞✉❝❝✐♦♥❡s ❢♦❝❛❧❡s ②✱ ♣♦r t❛♥t♦✱

á♥❣✉❧♦s ♠✉② ❣r❛♥❞❡s ② ❞✐st❛♥❝✐❛s ❝♦rt❛s q✉❡ ✉♥ ❡s♣❡❝tró❣r❛❢♦ ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥✱ q✉❡

s❡❣✉r❛♠❡♥t❡ r❡q✉❡r✐rá ❣r❛♥❞❡s ❢♦❝❛❧❡s ② ❣r❛♥❞❡s ❞✐♠❡♥s✐♦♥❡s✱ ❛♣❛rt❡ ❞❡ ♠✉② ❛❧t❛

❡st❛❜✐❧✐❞❛❞✳ ❈♦♠♦ ❡❥❡♠♣❧♦ ❞❡ ❧♦ ❞✐❝❤♦✱ ❧❛ ❈➪♠❛r❛ ■◆❢r❛rr♦❥❛ ✭❈❆■◆✮✱ ✐♥st❛❧❛❞❛ ❡♥

❡❧ ❚❈❙ ② ❝♦♥ ✉♥ ❝❛♠♣♦ ❞❡ ✹ ❛r❝♠✐♥✱ t✐❡♥❡ ✉♥❛ ❧♦♥❣✐t✉❞ ❞❡s❞❡ ❡❧ ❢♦❝♦ ❞❡❧ t❡❧❡s❝♦♣✐♦

❞❡ ❛♣❡♥❛s 200♠♠✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❖❙■❘■❙ ♣❛r❛ ●❚❈✱ ❝♦♥ ∼6×8 ❛r❝♠✐♥ ② ✉♥ ❝❛♠♣♦

❧✐♥❡❛❧ ❞❡ ❤❛st❛ 500♠♠✱ t✐❡♥❡ ✉♥❛ ❢♦❝❛❧ ❞❡ ❝♦❧✐♠❛❞♦r ❞❡ 1′7♠ ② ✉♥ r❡❝♦rr✐❞♦ t♦t❛❧ ❞❡

3′7♠✳ P♦r ❡❧ ❝♦♥tr❛r✐♦✱ ✉♥♦ ❞❡ ❧♦s ú❧t✐♠♦s ♣r♦②❡❝t♦s ❡♥ ❧♦s q✉❡ ❡st♦② tr❛❜❛❥❛♥❞♦✱ ❡❧

❡s♣❡❝tró❣r❛❢♦ ●❘■❙✱ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ s♦❧❛r ❞❡ ✶✱✺♠ ●❘❊●❖❘✱ ❡s t♦t❛❧♠❡♥t❡ ❞✐st✐♥t♦

❛ ❧♦ ❛♥t❡r✐♦r ② ✉♥ ❡❥❡♠♣❧♦ ❝❧❛r♦ ❞❡ ❧❛ ✐♠♣♦rt❛♥❝✐❛ ✈✐t❛❧ q✉❡ ✉♥ ❆■❱ r❡♣r❡s❡♥t❛ ♣❛r❛ ❡❧

é①✐t♦ ✜♥❛❧ ❞❡ ✉♥ ✐♥str✉♠❡♥t♦✳ ●❘■❙ t✐❡♥❡ ✉♥❛s ❢♦❝❛❧❡s ❞❡ ❝♦❧✐♠❛❞♦r ② ❝á♠❛r❛ ❞❡ 6♠

♠ás ✉♥ r❡❞✉❝t♦r ❢♦❝❛❧✱ ❝♦♥ ✉♥ r❡❝♦rr✐❞♦ t♦t❛❧ ❞❡ 26♠ ② ♣r❡❝✐s✐♦♥❡s ❞❡ 10−4 ❣r❛❞♦s

❝♦♥ s❡♥s✐❜✐❧✐❞❛❞❡s ❞❡ 10−6 ❣r❛❞♦s✱ ❞❡ ♠♦❞♦ q✉❡ r❡q✉✐❡r❡ ✉♥❛ ❤❛❜✐t❛❝✐ó♥ ❝♦♥ t❡♠♣❡✲

r❛t✉r❛ ❝♦♥tr♦❧❛❞❛ ② ✉♥ ❜❛♥❝♦ sís♠✐❝♦ ♣❛r❛ ❡❧ ♠♦♥t❛❥❡ ❛ ✜♥ ❞❡ ❡✈✐t❛r ♦s❝✐❧❛❝✐♦♥❡s

♣♦r ✈✐❜r❛❝✐♦♥❡s ❞❡❧ s✉❡❧♦ ② ❞❡❧ ❛✐r❡✱ ❛sí ❝♦♠♦ ❝❛♠❜✐♦s ❞❡ t❡♠♣❡r❛t✉r❛✳ ❊❧ ♣r♦❝❡s♦

❞❡ ❛❧✐♥❡❛❞♦ ✜♥♦ ❡♥ ❡st❡ ❝❛s♦ ❞✉ró tr❡s ♠❡s❡s✳ ❊❧ r❡s✉❧t❛❞♦✿ ♣♦❞❡r t❡♥❡r ✉♥ r❛♥❣♦ ❞❡

3′2
◦

❆ ❡♥ ✉♥ ❞❡t❡❝t♦r ❞❡ 1024×1024 ♣í①❡❧❡s ❞❡ 24 µ♠✴♣✐①✳ ❨ ❝♦♠♦ ❛❞❡♠ás ●❘■❙ ♠✐❞❡

♣♦❧❛r✐③❛❝✐ó♥✱ ❡s ♠✉② ❝rít✐❝♦ ❝✉❛❧q✉✐❡r ❝❛♠❜✐♦ ♣♦r ♣í①❡❧✱ ②❛ q✉❡ ✈❛rí❛♥ ❧♦s ♣❛rá♠❡tr♦s

❞❡ ❙t♦❝❦❡s ② ❣❡♥❡r❛ ✐♥❞❡t❡r♠✐♥❛❝✐♦♥❡s ❡♥ ❡❧ ❛♥❝❤♦ ♦ ❢♦r♠❛ ❞❡ ❧❛s ❧í♥❡❛s ❡s♣❡❝tr❛❧❡s

②✱ ♣♦r t❛♥t♦✱ s♦❜r❡ ❧♦s ❡❢❡❝t♦s ♠❛❣♥ét✐❝♦s q✉❡ s❡ ♣✉❡❞❛♥ ❡st❛r ♦❜s❡r✈❛♥❞♦ ❡♥ ❛❧❣✉♥❛

r❡❣✐ó♥ ❞❡❧ ❙♦❧✳ ▲♦s ♠♦✈✐♠✐❡♥t♦s ❡♥ ❧❛ r❡❞✱ ❛❧ ♥♦ tr❛❜❛❥❛r ❝♦♥ ✐♠❛❣❡♥ ❞✐r❡❝t❛✱ ❝❛♠❜✐❛♥
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❡♥ ✐❣✉❛❧ ♣r♦♣♦r❝✐ó♥ ❧❛ r❡♣r❡s❡♥t❛❝✐ó♥ ❡s♣❛❝✐❛❧ ②✱ ❝♦♠♦ ❡❧ ❙♦❧ ❡s ♠✉② ❣r❛♥❞❡✱ ✉♥❛ ♠✉②

♣❡q✉❡ñ❛ ✈❛r✐❛❝✐ó♥ ♣✉❡❞❡ r❡♣r❡s❡♥t❛r ❝✐❡♥t♦s ♦ ♠✐❧❡s ❞❡ ❦✐❧ó♠❡tr♦s✳

❘❡q✉❡r✐♠✐❡♥t♦s ❞❡ ❆■❱ q✉❡ ❝♦♥❞✐❝✐♦♥❛♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ✉♥ ✐♥str✉♠❡♥t♦ ♣✉❡❞❡♥ s❡r

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

♦ ◆❛s♠②t❤✱ ❝♦♥ r♦t❛❝✐ó♥ ♣♦r ❡❧ ❝❛♠♣♦✳ ➱st❡ ❡r❛ ❡❧ ❝❛s♦ ❞❡ ✈❛r✐♦s ✐♥str✉♠❡♥t♦s ❝♦♠♦

▲■❘■❙✱ ❊▼■❘ ② ❖❙■❘■❙✱ ❡❧ ❝✉❛❧✱ ❛❞❡♠ás✱ ❞❡❜í❛ ❝✉♠♣❧✐r ❝♦♥ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡

♣♦❞❡r ♠♦♥t❛rs❡ ② ❛❥✉st❛rs❡ ❛ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❛♠❜♦s ❢♦❝♦s✳

▲■❘■❙ ❡s ✉♥❛ ❝á♠❛r❛ ② ❡s♣❡❝tró❣r❛❢♦ ■❘ ❞❡ ❜❛❥❛ r❡s♦❧✉❝✐ó♥ ♣❛r❛ ❡❧ t❡❧❡s❝♦♣✐♦

❲❍❚✱ ♠✐❡♥tr❛s q✉❡ ❊▼■❘ ❡s ✉♥ ❡q✉✐✈❛❧❡♥t❡ ♣❛r❛ ❡❧ t❡❧❡s❝♦♣✐♦ ●❚❈✳ ▲■❘■❙ ❡stá ❡♥

✉♥ ❝r✐♦st❛t♦ ❞❡ ∼ 1♠ ❞❡ ❞✐á♠❡tr♦ ② ❡❧ ❝❛♠♣♦ ❧✐♥❡❛❧ ❡s ❞❡ 57′40×57′40♠♠✱ ❝♦♥ ❧❛

❧❡♥t❡ ♠ás ❣r❛♥❞❡ ❞❡ 120♠♠ ❞❡ ❞✐á♠❡tr♦✳ ❊▼■❘ t✐❡♥❡ ✉♥ ❜❛♥❝♦ ó♣t✐❝♦ ❢rí♦ ❝♦♥ ❞♦s

❜❛s❡s ✉♥✐❞❛s ♣♦r ✉♥ ♣❡r✐s❝♦♣✐♦ ❝♦♥ ✉♥ r❡❝♦rr✐❞♦ ❞❡ ∼3♠ ♠❡t✐❞♦ ❡♥ ✉♥❛ ❝á♠❛r❛ ❞❡

✈❛❝í♦ ❞❡ 2♠ ❞❡ ❞✐❛♠étr♦ ♣♦r ✷ ❞❡ ❧❛r❣♦✱ ♠♦♥t❛❞❛ ❡♥ ✉♥ ❛r♦ ❣✉í❛ ❡①❝é♥tr✐❝♦ ❞❡ ❝❛s✐

3♠ ❞❡ ❞✐á♠❡tr♦ q✉❡ s❡ r✐❣✐❞✐③❛ ❛❧ r♦t❛❞♦r ❞❡ 2′5♠ ❞❡ ❞✐á♠❡tr♦ ❞❡❧ ❢♦❝♦ ◆❛s♠②t❤ ❞❡

●❚❈✳ ❊❧ ❝❛♠♣♦ ❧✐♥❡❛❧ ❡♥ ❡st❡ ❝❛s♦ ❡s ❞❡ 360×360♠♠✳

❊♥ ▲■❘■❙ ❧❛ ó♣t✐❝❛ ✈❛ ♠♦♥t❛❞❛ ❡♥ ❡str✉❝t✉r❛s ❡♥ ❱✱ ❡s ❞❡❝✐r✱ ❧❛s ❧❡♥t❡s

❛♣♦②❛♥ ❡♥ ❞♦s ♣✉♥t♦s ❞❡ ❧❛ ❱ ② s❡ ❣❛r❛♥t✐③❛ s✉ ❛♣♦②♦ ♣♦r ✉♥❛ ❜❛❧❧❡st❛ ❞❡s❞❡

❡❧ ❞✐á♠❡tr♦ ♦♣✉❡st♦ ❛❧ ✈ért✐❝❡ ❞❡ ❧❛ ❱✳ ❊s♦ s✐❣♥✐✜❝❛ q✉❡ ❡♥ ❝❛❧✐❡♥t❡ ❧❛s ❧❡♥t❡s

♠♦♥t❛❞❛s ❡stá♥ ❞❡s❛❧✐♥❡❛❞❛s✱ ♣♦r ❞❡✜♥✐❝✐ó♥✳ P♦r t❛♥t♦✱ ♥♦ ❡s ♣♦s✐❜❧❡ ✈❡r✐✜❝❛r ❡♥

❝❛❧✐❡♥t❡ ♥✐♥❣ú♥ ❝r✐t❡r✐♦ ❞❡ ❝❛❧✐❞❛❞ ó♣t✐❝❛✱ ② ❛ ❞✉r❛s ♣❡♥❛s ❡❧ ❞❡ tr❛♥s♠✐s✐ó♥✳ ❙❡

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

❝♦♠♦ ❧❛ ❝á♠❛r❛ ② ✈❡r✐✜❝❛r❧♦s ♣♦r s❡♣❛r❛❞♦ ② ❡♥ ❢rí♦✳ ❊▼■❘✱ ♣♦r ❡❧ ❝♦♥tr❛r✐♦✱ t✐❡♥❡

✉♥♦s ❜❛rr✐❧❡s ❝♦♥ ❧❛ ó♣t✐❝❛ q✉❡ ♠❛♥t✐❡♥❡♥ ❧❛s ❧❡♥t❡s ✢♦t❛♥t❡s ② ❝❡♥tr❛❞❛s✳ ❆✉♥

❛sí✱ ❞❛❞♦ q✉❡ ❧❛ ❝á♠❛r❛ ♥♦ tr❛♥s♠✐t❡ ❡♥ ✈✐s✐❜❧❡ ② q✉❡ r❡s✉❧t❛ ❞❡♠❛s✐❛❞♦ ❣r❛♥❞❡

✭∼200♠♠ ❞❡ ❞✐á♠❡tr♦✱ 400♠♠ ❞❡ ❧❛r❣♦ ② 40 ❦❣ ❞❡ ♣❡s♦✮ ♣❛r❛ ✉♥ ❝r✐♦st❛t♦ ❝♦♥✈❡♥✲

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

♣❛r❛ ❡❧ ♣r♦②❡❝t♦ ② q✉❡ ❡s ❝❛♣❛③ ❞❡ ❛❧♦❥❛r ❧♦s ❜❛rr✐❧❡s ❞❡ ❝♦❧✐♠❛❞♦r ② ❝á♠❛r❛ ❡♥ ❢rí♦✳

❙ó❧♦ ❧❛ ♣r✐♠❡r❛ ❧❡♥t❡ ❞❡❧ ❝♦❧✐♠❛❞♦r ❞❡ 500♠♠ ❞❡ ❞✐á♠❡tr♦ ❧❛ ♠♦♥t❛♠♦s ❡♥ ❝❛❧✐❡♥t❡✱

❛sí ❝♦♠♦ ❡❧ s✐st❡♠❛ ❞❡ ✈✐s✉❛❧✐③❛❝✐ó♥ ❞❡ ❢♦❝♦✳ ❈♦♥ s❡♠❡❥❛♥t❡ ♠♦♥t❛❥❡ ✈❡r✐✜❝❛♠♦s q✉❡

❧❛ ó♣t✐❝❛ ❡s ❝❛♣❛③ ❞❡ ❛❧❝❛♥③❛r ② s✉♣❡r❛r ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡ r❡s♦❧✉❝✐ó♥ ♣❡❞✐❞♦s✱

❣❛r❛♥t✐③❛♥❞♦ ❧❛s t♦❧❡r❛♥❝✐❛s ❞❡ ❞✐s❡ñ♦ ❞❡♥tr♦ ❞❡ ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ❞❡ ❢❛❜r✐❝❛❝✐ó♥ ②

♠♦♥t❛❥❡✳

❋✐♥❛❧♠❡♥t❡✱ ❧❛ ❢❛s❡ ❞❡ ❆■❱ t✐❡♥❡ t❛♠❜✐é♥ ❧❛ r❡s♣♦♥s❛❜✐❧✐❞❛❞ ❞❡ ❧❛ ❝♦rr❡❝❝✐ó♥ ❞❡

❧♦s ❞❡❢❡❝t♦s ❞❡ ❢❛❜r✐❝❛❝✐ó♥ q✉❡✱ ♣♦r ❛❧❣✉♥❛ r❛③ó♥✱ s❡ ❤❛②❛♥ ❛❝❡♣t❛❞♦✱ ❢♦r③❛♥❞♦ ✉♥❛

❝♦rr❡❝❝✐ó♥ s♦❜r❡ ❡❧ ❞✐s❡ñ♦ ♦ ❞❡s❛rr♦❧❧❛♥❞♦ ❡ ✐♥t❡❣r❛♥❞♦ ❛❧❣ú♥ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧ ♣❛r❛



✷✳✸✳ Ó♣t✐❝❛ ❆❝t✐✈❛ ✸✺

❡✈✐t❛r ❞❡❢♦r♠❛❝✐♦♥❡s ❞❡ ❡str✉❝t✉r❛ ♦ s♦♣♦rt❡ ❞❡ ❧❛ ó♣t✐❝❛✳ ■❣✉❛❧♠❡♥t❡ s✉❝❡❞❡ ❝♦♥ ❧♦s

❡❢❡❝t♦s ❞❡ ❜❛✢❡❛❞♦ ♣❛r❛ ❡✈✐t❛r ❧✉③ ❞✐❢✉s❛ ♦ r❡✢❡①✐♦♥❡s ✐♥❞❡s❡❛❞❛s✳ ❊♥ ❞❡✜♥✐t✐✈❛ ❧♦

q✉❡ s❡ ♣r❡t❡♥❞❡ ❡s ❝♦♥tr♦❧❛r ❧♦s ♠♦♥t❛❥❡s ❞❡ ❝✉❛❧q✉✐❡r ❡❧❡♠❡♥t♦ q✉❡ ♣✉❡❞❛ ♣❡rt✉r❜❛r

❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ✐❞❡❛❧ ❞❡❧ s✐st❡♠❛ ✭♣✉♣✐❧❛s✱ ❧②♦ts✱ ♠ás❝❛r❛s✱ ✜❧tr♦s✱ ♣r✐s♠❛s✲❣r✐s♠❛s✱

♣♦❧❛r✐③❛❞♦r❡s✱ ❞✐✈✐s♦r❡s✱ ❡s♣❡❥♦s✱ ❡t❝✳✮✳

✷✳✸✳ Ó♣t✐❝❛ ❆❝t✐✈❛

▲❛ ✐♥str✉♠❡♥t❛❝✐ó♥ ❞❡❣r❛❞❛ ❧❛ ❝❛❧✐❞❛❞ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ q✉❡ ❝♦❧❡❝t❛♠♦s✳ P❛r❛

❡✈✐t❛r❧♦✱ r❡❝✉rr✐♠♦s ❛ ❞✐s❡ñ♦s ♠ás ♦ ♠❡♥♦s ❝♦♠♣❧❡❥♦s q✉❡ ♥♦r♠❛❧♠❡♥t❡ s✐❣♥✐✜❝❛♥ ✐♥✲

❝r❡♠❡♥t♦s ❞❡ ♠❛s❛✱ ✈♦❧✉♠❡♥ ② ❝♦st♦s q✉❡ ❧✐♠✐t❛♥ ♠✉❝❤♦ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✐♥str✉♠❡♥t♦s

②❛ s❡❛ ♣♦r ❧❛ ❡str✉❝t✉r❛✱ ❧❛ ❝♦♠♣❧❡❥✐❞❛❞ ♦ ❧❛ ✐♠♣♦s✐❜✐❧✐❞❛❞ ❞❡ ❛❧❝❛♥③❛r ❞❡t❡r♠✐♥❛❞♦s

r❡q✉❡r✐♠✐❡♥t♦s✳ ❖✱ ❛❧ ♠❡♥♦s✱ ❡s♦ ❡r❛ ❤❛st❛ ❤❛❝❡ ✉♥♦s ❛ñ♦s✳ ❉❡s❞❡ ❤❛❝❡ ❛❧❣ú♥ t✐❡♠♣♦

❧❛ ✐♥✈✐❛❜✐❧✐❞❛❞ ❞❡ ❣❡♥❡r❛r ❡str✉❝t✉r❛s ❡stát✐❝❛s s✉✜❝✐❡♥t❡♠❡♥t❡ ❡st❛❜❧❡s ❤❛ ❞❛❞♦ ♣❛s♦

❛ ❧❛ ✉t✐❧✐③❛❝✐ó♥ ❞❡ té❝♥✐❝❛s q✉❡✱ ❝♦♥ ❛②✉❞❛ ❞❡ s❡♥s♦r❡s✱ ❛❝t✉❛❞♦r❡s ② ❝♦♠♣✉t❛❞♦r❡s

❝❛❞❛ ✈❡③ ♠ás ♣♦t❡♥t❡s✱ ♣✉❡❞❡♥ ❝♦♥tr♦❧❛r ❡str✉❝t✉r❛s ♠✉② ❧✐❣❡r❛s ② ❡♥❞❡❜❧❡s✱ ♣❡r♦

q✉❡✱ ❛❧ s❡r ❛❝t✐✈❛s✱ ♥♦s ♣❡r♠✐t❡♥ ♠♦❞✐✜❝❛r ❡♥ t✐❡♠♣♦ r❡❛❧ ❧♦s s♦♣♦rt❡s ❞❡ ❧❛ ó♣t✐❝❛ ②

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

❞❡ ❧❛ ó♣t✐❝❛ ② s❡ ❝♦♥tr♦❧❡ ❡❧ ❤❛③ ❞❡ ❧❛ ✐♠❛❣❡♥ q✉❡ ❧❧❡❣❛ ❛❧ ❞❡t❡❝t♦r✳

❊st❡ t✐♣♦ ❞❡ ❝♦♥tr♦❧ ❞❡ ❆❝t✐✈❡ ❖♣t✐❝s ❬Ó♣t✐❝❛ ❆❝t✐✈❛❪ ✭❆❝t❖✮ ❡s✱ ♦ s✉❡❧❡ s❡r✱ ✉♥

❝♦♥tr♦❧ ♣r✐♠❛r✐♦ ② ❝❛❧✐❜r❛❞♦✱ ❞❡ ♠♦❞♦ q✉❡ ❡s r❡♣❡t✐t✐✈♦ ② r❡s♣♦♥❞❡ ❡♥ ❣❡♥❡r❛❧ ❛ ✉♥

♠❛♣❡♦ ❞❡ ❞✐st✐♥t❛s ♣♦s✐❝✐♦♥❡s ♦ ❝♦♥✜❣✉r❛❝✐♦♥❡s ❞❡❧ t❡❧❡s❝♦♣✐♦ ♦ ❞❡❧ ✐♥str✉♠❡♥t♦✳ ❊❧

❡❥❡♠♣❧♦ tí♣✐❝♦ q✉❡ s❡ s✉❡❧❡ ❞❡s❝r✐❜✐r ❡s ❡❧ ❞❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❛♣♦②♦s ❛❝t✐✈♦s q✉❡ ❞❡t❡❝t❛♥✶

❧❛ ❝❛r❣❛ ✭❝é❧✉❧❛s ❞❡ ❝❛r❣❛✮ q✉❡ ❡❥❡r❝❡ ❡❧ ❡s♣❡❥♦ ♣r✐♠❛r✐♦ s♦❜r❡ ❝❛❞❛ ✉♥♦ ❞❡♣❡♥❞✐❡♥❞♦

❞❡ ❧❛ ♦r✐❡♥t❛❝✐ó♥✱ ② ❝♦♠♣❡♥s❛♥ ❧❛ ❞❡❢♦r♠❛❝✐ó♥ q✉❡ s❡ ♣r♦❞✉❝❡ ❡♥ ❡❧ ❡s♣❡❥♦ ❡♠♣✉✲

❥❛♥❞♦ ♦ r❡❧❛❥❛♥❞♦ ❧❛ ♣r❡s✐ó♥ s♦❜r❡ ❡❧ ♠✐s♠♦ ♠❡❞✐❛♥t❡ s✐st❡♠❛s ♣✐❡③♦❡❧é❝tr✐❝♦s ❝♦♥

♠♦✈✐♠✐❡♥t♦s ❞❡ ♣♦❝♦s ♥❛♥ó♠❡tr♦s✱ ❝♦♥s✐❣✉✐❡♥❞♦ ❛sí r❡❤❛❝❡r ✉♥❛ ❝✐❡rt❛ ❢♦r♠❛ ❞❡❧ ❡s✲

♣❡❥♦ ♣❛r❛ ♦♣t✐♠✐③❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ s❡❣ú♥ ❧❛ ♦r✐❡♥t❛❝✐ó♥ ❞❡❧ ❛♣✉♥t❛❞♦✳ ❆ ❡st❡

t✐♣♦ ❞❡ ❆❝t❖ s❡ ❧❡ ❞❡♥♦♠✐♥❛❜❛ ❡♥ ♦❝❛s✐♦♥❡s✱ ❛❧ ♠❡♥♦s ❤❛st❛ ❤❛❝❡ ♣♦❝♦✱ Ó♣t✐❝❛ ❙❡✲

♠✐❆❝t✐✈❛✱ ②❛ q✉❡ ❡♥ r❡❛❧✐❞❛❞ ❛❝tú❛ s♦❜r❡ ❧❛s ❡str✉❝t✉r❛s ♠ás q✉❡ s♦❜r❡ ❧❛ ó♣t✐❝❛ ♦ ❡❧

❤❛③✳ ❙♦♥ ❛❝❝✐♦♥❡s q✉❡ s❡ ❛♣❧✐❝❛♥ s❡❣ú♥ ✉♥ ♠❛♣❛ ❞❡ ♣♦s✐❝✐ó♥ ♣r❡❝❛❧✐❜r❛❞♦ ♦ r❡❢❡r✐❞♦

❛ s❡♥s♦r❡s q✉❡ ❛❝tú❛♥ ❡♥ ré❣✐♠❡♥ ❞❡ ♠✉② ❜❛❥❛ ❢r❡❝✉❡♥❝✐❛ ♦ só❧♦ ♣✉♥t✉❛❧♠❡♥t❡ ♣❛r❛

❝♦♠♣❡♥s❛r ❡❧ ❞❡s♣❧❛③❛♠✐❡♥t♦ ❞❡❧ ❝❡♥tr♦ ❞❡ ❣r❛✈❡❞❛❞ ❞❡❜✐❞♦ ❛ ✉♥ ✐♥str✉♠❡♥t♦ ♦ ♣♦r ❡❧

s❡❣✉✐♠✐❡♥t♦✳ ❈❛♠❜✐♦s ♦ ❣♦❧♣❡s ❞❡ ✈✐❡♥t♦ s♦❜r❡ ❧❛ ✈❡♥t❛♥❛ ❞❡ ❧❛ ❝ú♣✉❧❛ ❣❡♥❡r❛♥ ❛❧❣✉♥❛

✶❊♥ r❡❛❧✐❞❛❞ s❡ tr❛t❛ ❞❡ ✉♥❛ ❞❡t❡❝❝✐ó♥ ❞✐❢❡r❡♥❝✐❛❧ ❞❡ ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❝❛r❣❛ s❡❣ú♥ ❧❛ ♦r✐❡♥t❛❝✐ó♥✱
❝❛r❣❛ ❞❡❧ ✈✐❡♥t♦✱ ✐♥str✉♠❡♥t♦ ❝♦❧❣❛❞♦✱✳✳✳ ❙❡ r❡✜❡r❡ ❛ ❧❛ ❞❡t❡❝❝✐ó♥ ❡♥ ❡❧ s❡♥t✐❞♦ ❞❡ ✓s❡♥s❛❞♦✔✳



✸✻ ✷✳ ▲❛ té❝♥✐❝❛

♦s❝✐❧❛❝✐ó♥ ♥♦ ♣r♦❣r❛♠❛❞❛ q✉❡ ❧♦s s❡♥s♦r❡s ❤♦② ②❛ ♣✉❡❞❡♥ ❞❡t❡❝t❛r ② ❝♦♠♣❡♥s❛r✳

❊♥ ❛❧❣✉♥❛s ♦❝❛s✐♦♥❡s ❡st♦s s✐st❡♠❛s s❡ ❛♣❧✐❝❛♥✱ ❤♦② ❡♥ ❞í❛✱ ♠ás ❡♥ ❝♦♥❝r❡t♦ ❛ ❧♦s

s✉❜s✐st❡♠❛s ❞❡ ❧❛ ó♣t✐❝❛ ❞❡ ✐♥str✉♠❡♥t♦s ❛ ✜♥ ❞❡ ❝♦♥s❡❣✉✐r ❞❡❢♦r♠❛❝✐♦♥❡s ❛s❢ér✐❝❛s

♦ ❛s✐♠étr✐❝❛s ♣❛r❛ ♠❡❥♦r❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ✐♠❛❣❡♥ ❢✉❡r❛ ❞❡ ❡❥❡ ② ✉♥✐❢♦r♠✐③❛r ❡❧

❝❛♠♣♦✳ ❯♥ ❝❛s♦ ❝♦♠ú♥ s♦♥ ❧♦s ❞✐st✐♥t♦s t✐♣♦s ❞❡ s✐st❡♠❛s ❛❝t✐✈♦s q✉❡ ❝♦♥tr♦❧❛♥

❞❡t❡❝t♦r❡s ✉ ♦❜❥❡t✐✈♦s ❢♦t♦❣rá✜❝♦s ♦ ❞❡ ✈í❞❡♦ ♣❛r❛ ❝♦♠♣❡♥s❛r ❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡ ❧❛

❝á♠❛r❛ ♦ ❛♠♣❧✐❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ ❛❧ ❜♦r❞❡ ❞❡❧ ❝❛♠♣♦✳ ❊st❡ t✐♣♦ ❞❡ ❝♦♥tr♦❧ ❧♦

❝♦♥s✐❞❡r❛♠♦s ❝♦♠♦ Ó♣t✐❝❛ ❆❝t✐✈❛ ❱❡r❞❛❞❡r❛ ✭❚❆❝t❖✱ ❚r✉❡ ❆❝t✐✈❡ ❖♣t✐❝s✮✳

❉❡♥tr♦ ❞❡ ❡st❛ ❝❧❛s❡ ❞❡ ❝♦rr❡❝t♦r❡s ❝❛❞❛ ✈❡③ ♠ás s❡ ❞❡s❛rr♦❧❧❛♥ ✐♥str✉♠❡♥t♦s ♦

s✐st❡♠❛s q✉❡ ❜✉s❝❛♥ ❝♦rr❡❣✐r ❞❡ ♠♦❞♦ ❛❝t✐✈♦ ♥♦ só❧♦ ❧❛s ♦s❝✐❧❛❝✐♦♥❡s ♦ ❞❡❢♦r♠❛❝✐♦♥❡s

❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❞❡❜✐❞❛s ❛ ❧❛ ❡str✉❝t✉r❛ ♦ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡❧ s✐st❡♠❛ ♦ ✐♥str✉♠❡♥t♦✳

P❧❛❝❛s ❞❡ ❢❛s❡✱ ♠ás❝❛r❛s ❞❡ ❛♣♦❞✐③❛❝✐ó♥ ② ❝♦♠♣❡♥s❛❝✐ó♥ ❞❡ ❝❛♠✐♥♦s ó♣t✐❝♦s✱ ✐♥❝❧✉s♦

ó♣t✐❝❛ ❞✐❢r❛❝t✐✈❛ ② ♣♦❧❛r✐③❛♥t❡✱ ❜❛s❛❞❛ ②❛ ❡♥ ❝r✐st❛❧❡s ❧íq✉✐❞♦s ②✱ ♣♦r t❛♥t♦✱ ♠♦❞✐✜❝❛❜❧❡

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

❡s♣❡❝í✜❝❛s ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦✳ ❊s ❝♦♠ú♥ ✐♥❝❧✉s♦ ❧❛ ✐♥s❡r❝✐ó♥ ❞❡ ❧❡♥t❡s ❞❡ ❋r❡s♥❡❧

❞✐s❡ñ❛❞❛s ❡s♣❡❝í✜❝❛♠❡♥t❡ ♣❛r❛ ✉♥ s✐st❡♠❛ q✉❡ ❝♦rr✐❣❡♥ ❡❢❡❝t♦s ❛s❢ér✐❝♦s ♦ ❝✉r✈❛t✉r❛

❞❡ ❝❛♠♣♦ ♦ ❛❜❡rr❛❝✐ó♥ ❡s❢ér✐❝❛ ❞❡❧ ❞✐s❡ñ♦ ❝♦♥ ❧❡♥t❡s✳

P❡r♦✱ s✐♥ ❞✉❞❛ ❛❧❣✉♥❛✱ ❡❧ s✐st❡♠❛ ❞❡ ❆❝t❖ ♠ás ❞❡s❛rr♦❧❧❛❞♦ ② ❣❧♦❜❛❧♠❡♥t❡ ❛s✉♠✐✲

❞♦ ❡s ❧❛ s❡❣♠❡♥t❛❝✐ó♥ ❞❡ ❧❛ ♣r♦♣✐❛ ♣✉♣✐❧❛ ❞❡❧ t❡❧❡s❝♦♣✐♦✳ ▲♦s ♠ás ❣r❛♥❞❡s t❡❧❡s❝♦♣✐♦s

❡♥ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ② ❧♦s ♠ás ❣r❛♥❞❡s ❡♥ ❞❡s❛rr♦❧❧♦ ②❛ só❧♦ ❡s ♣♦s✐❜❧❡ ❝♦♥t❡♠♣❧❛r❧♦s

❝♦♠♦ t❡❧❡s❝♦♣✐♦s ❞❡ ❡s♣❡❥♦ ♣r✐♠❛r✐♦ s❡❣♠❡♥t❛❞♦✳ ❊❧ ♣r✐♠❛r✐♦ s❡❣♠❡♥t❛❞♦ ❡s ♣❛r❡❝✐✲

❞♦ ❛❧ s✐st❡♠❛ ❞❡ ❆❝t❖ s♦❜r❡ ❧♦s ❛♣♦②♦s ❞❡ ✉♥ ♠♦♥♦❧ít✐❝♦✳ ▲❛ ❞✐st✐♥❝✐ó♥ ❡stá ❡♥ ❧❛

♥❡❝❡s✐❞❛❞ ❞❡ ✉♥ ❝♦♥tr♦❧ ❞❡ ❢❛s❡ ✭♣✐stó♥✮ s♦❜r❡ ❧♦s ❞✐✈❡rs♦s s❡❣♠❡♥t♦s✱ ❞❡ ♠♦❞♦ q✉❡

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

❢r❛❝❝✐ó♥ ❞❡ ♦♥❞❛✳ ❯♥ ❞❡s❢❛s❡ λ/8 ♣r♦❞✉❝❡ ✉♥❛ r❛③ó♥ ❞❡ ❙tr❡❤❧ ❞❡ 0′38✱ ❞❡s✈✐❛♥❞♦

❡♥❡r❣í❛ ❛ ❧♦s ❛♥✐❧❧♦s✱ ② ❤❛② q✉❡ ♣❡♥s❛r q✉❡ ❧♦s s❡❣♠❡♥t♦s q✉❡ ♥♦ ❡stá♥ ❡♥ ❢❛s❡ ❝♦♥✲

tr✐❜✉②❡♥ ❛❞❡♠ás ❛ ❡rr♦r❡s ❞❡ ❢❛s❡ ❞❡str✉②❡♥❞♦ ❧❛ ✐♠❛❣❡♥ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ P♦s✐❜❧❡♠❡♥t❡

❡♥ ❧♦s ♣r♦②❡❝t♦s ❢✉t✉r♦s ♣❛r❛ ❛❜❡rt✉r❛s ❞❡ ✸✵ ♦ 40♠ ❝♦♥ ✾✵✵ s❡❣♠❡♥t♦s ❡❧ ♣✐stó♥ ❞❡

✉♥ ❡s♣❡❥♦ s❡ ♣✉❡❞❛ ✈❡r ❝♦♠♦ ✉♥❛ ❞❡❢♦r♠❛❝✐ó♥ ❧♦❝❛❧ ❞❡ s✉♣❡r✜❝✐❡✱ ♣❡r♦ ♥♦ ❡s ❛sí ❡♥

❧♦s t❡❧❡s❝♦♣✐♦s ❞❡ ❝❧❛s❡ 10♠ ❞❡ ❤♦② ❝♦♥ só❧♦ ✸✻ s❡❣♠❡♥t♦s✳

▲♦s t❡❧❡s❝♦♣✐♦s ❣❛r❛♥t✐③❛♥ ❡❧ ❝♦❢❛s❡♦ ✉t✐❧✐③❛♥❞♦ ♠❡❞✐❞❛s ❞❡ ♣❡rt✉r❜❛❝✐ó♥ ❞❡ ❝❛♠♣♦

❡❧é❝tr✐❝♦✷✱ ❧❧❡❣❛♥❞♦ ❛ ♠❡❞✐r ✈❛r✐❛❝✐♦♥❡s ❞❡ ♣♦❝♦s ♥❛♥ó♠❡tr♦s✳ ▲♦s s❡❣♠❡♥t♦s ✈❛♥

❛❝♦♣❧❛❞♦s ❛ ✉♥ s✐st❡♠❛ s♦♣♦rt❡ q✉❡ ✜❥❛ s✉ ❢♦r♠❛ ② ❝♦♥ ❡♠✐s♦r❡s ② s❡♥s♦r❡s ❡♥ ❝❛❞❛

✷❙❡ ❜❛s❛ ❡♥ ❧❛ ❡♠✐s✐ó♥ ❞❡ ❞♦s ❢r❡❝✉❡♥❝✐❛s ❞❡ ❝❛♠♣♦ q✉❡ s❡ ❛❥✉st❛♥ ♦ s✐♥t♦♥✐③❛♥ ❛ ✉♥ ❞❡s❢❛s❡
❝❡r♦ ❞❡ ♠♦❞♦ q✉❡ ❝✉❛♥❞♦ ✉♥❛ ❞❡ ❧❛s ❛♥t❡♥❛s ❞❡t❡❝t❛ ✉♥❛ ✈❛r✐❛❝✐ó♥ ❞❡❧ ❝❛♠♣♦ ❡❧é❝tr✐❝♦ ✭♣♦r ❡❢❡❝t♦
❝❛♣❛❝✐t✐✈♦ ♦ ✐♥❞✉❝t✐✈♦✮ ❣❡♥❡r❛ ✉♥❛ s❡ñ❛❧ ❞❡ ❞❡s❢❛s❡✳



✷✳✹✳ ❆❧t❛ ❞❡✜♥✐❝✐ó♥ ❡s♣❛❝✐❛❧ ✸✼

❋✐❣✉r❛ ✷✳✸✿ ■♠❛❣❡♥ ❞❡❧ ♣r✐♠❛r✐♦ s❡❣♠❡♥t❛❞♦ ❞❡ ●❚❈✳ ❆q✉í t♦❞❛✈í❛ ❝♦♥ ❧♦s ♣r✐♠❡r♦s ✷✹
s❡❣♠❡♥t♦s ❛❝t✐✈♦s✳

❧❛❞♦ ❞❡❧ ❤❡①á❣♦♥♦ ② ❝♦♥ tr❡s ❛❝t✉❛❞♦r❡s q✉❡ ♣❡r♠✐t❡♥ ♠♦❞✐✜❝❛r ❧❛ ♦r✐❡♥t❛❝✐ó♥ ❞❡❧

❡s♣❡❥♦✳ ❯♥ ♣♦s✐❝✐♦♥❛❞♦r ❣❧♦❜❛❧ ✜❥❛ ❡❧ ♣✐stó♥✳

✷✳✹✳ ❆❧t❛ ❞❡✜♥✐❝✐ó♥ ❡s♣❛❝✐❛❧

▲❛ ❆str♦❢ís✐❝❛ ❜❛s❛ s✉ ✐♥t❡r❛❝❝✐ó♥ ② ♠ét♦❞♦ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ❡♥ ❧❛

❝❛♣t❛❝✐ó♥ ❞❡ ❧❛ ❧✉③ ♣r♦✈❡♥✐❡♥t❡ ❞❡ ✉♥ ❛str♦ ② s✉ ❝♦♥s✐❣✉✐❡♥t❡ ❛♥á❧✐s✐s✳ ➱st❡ ♣✉❡❞❡ s❡r

❢♦t♦♠étr✐❝♦✴r❛❞✐♦♠étr✐❝♦ ♦ ❞❡ ✐♠❛❣❡♥✱ ② ❡♥ ❛♠❜♦s ❝❛s♦s ❞❡ ✐♥t❡♥s✐❞❛❞ ♦ ❡s♣❡❝tr❛❧✳

▲❛ ❢♦t♦♠❡trí❛ ♣✉r❛ ❤❛ ✐❞♦ ❞❡s❛♣❛r❡❝✐❡♥❞♦ ❡♥ ❧♦s ú❧t✐♠♦s ✷✺ ❛ñ♦s✱ ❞❡ ♠♦❞♦ q✉❡

❤♦② ❤❛❜❧❛r ❞❡ ❢♦t♦♠❡trí❛ ❡s ❤❛❜❧❛r ❞❡ ✐♠á❣❡♥❡s ❡♥ ❞✐st✐♥t❛s ❜❛♥❞❛s✳ ❨ ❧♦ q✉❡ s❡ ❜✉s❝❛

❡♥ ❡st♦s ❝❛s♦s ❡s ♦❜t❡♥❡r ❧❛ ♠❛②♦r ❝❛♥t✐❞❛❞ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ❡♥ ❡❧ ♠í♥✐♠♦ t✐❡♠♣♦✳ ❊s❛

✐♥❢♦r♠❛❝✐ó♥ ♥♦s ✈✐❡♥❡ ❡♥ ❢♦r♠❛ ❞❡ ✐♥t❡♥s✐❞❛❞ ❧✉♠✐♥♦s❛✳ ❉❡ ❧❛s ✐♠á❣❡♥❡s ✭♠❛♣❛s ❞❡

✐rr❛❞✐❛♥❝✐❛✮ ♦❜t❡♥❡♠♦s ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❞❡♥s✐❞❛❞ ❞❡♣❡♥❞✐❡♥❞♦ ❞❡❧ ♥ú♠❡r♦ ❞❡ ♦❜❥❡t♦s

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



✸✽ ✷✳ ▲❛ té❝♥✐❝❛

❞❡ ✐♥t❡♥s✐❞❛❞ q✉❡ ♣♦❞❛♠♦s ❧❧❡❣❛r ❛ ❞❡t❡❝t❛r✳ ✓❉✐s❝❡r♥✐r✔ ❡s ✉♥❛ ♣❛❧❛❜r❛ q✉❡ ✐❞❡♥t✐✜❝❛

❡st❛s ❞♦s ❝✉❛❧✐❞❛❞❡s ❞❡ ✉♥❛ ✐♠❛❣❡♥✳ ❉✐s❝❡r♥✐r ❡♥ ✐♥t❡♥s✐❞❛❞ s✐❣♥✐✜❝❛ ♣♦❞❡r ❞❡t❡❝t❛r

✉♥ ❛♠♣❧✐♦ r❛♥❣♦✱ ♦ ❡❧ ♠í♥✐♠♦ ♥✐✈❡❧ ❞❡ ❧✉③✱ ❧♦ q✉❡ ♥♦s ❧❧❡✈❛ ❛ ✐❞❡♥t✐✜❝❛r ♦❜❥❡t♦s

♠✉② ❞é❜✐❧❡s ♦ ❧❡❥❛♥♦s✳ ❉✐s❝❡r♥✐r ❡♥ ♣♦s✐❝✐ó♥ s✐❣♥✐✜❝❛ ♣♦❞❡r r❡s♦❧✈❡r ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡

♦❜❥❡t♦s ♠✉② ♣ró①✐♠♦s ②❛ s❡❛ ❡♥ ♣r♦②❡❝❝✐ó♥ ♦ ❡♥ ❡❧ ❡s♣❛❝✐♦ r❡❛❧✳ ❊♥ ✉♥ ❝❛s♦ ❤❛❜❧❛♠♦s

❞❡ r❡s♦❧✉❝✐ó♥ ❡♥ ♠❛❣♥✐t✉❞ ② ❡♥ ❡❧ ♦tr♦ ❞❡ r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧✳

➽P♦r q✉é ❡s t❛♥ ✐♥t❡r❡s❛♥t❡ ❧❛ r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧❄ ❉✐❣❛♠♦s q✉❡✱ ❞❛❞♦ q✉❡ ❧❛ ú♥✐❝❛

✐♥❢♦r♠❛❝✐ó♥ q✉❡ ♣♦❞❡♠♦s ❛♥❛❧✐③❛r ❡s ❧❛ ❧✉③ q✉❡ ♣r♦❝❡❞❡ ❞❡ ❧♦s ❛str♦s✱ ❝♦♠♦ ✉♥♦s s♦♥

✐♥trí♥s❡❝❛♠❡♥t❡ ♦ ✈✐s✉❛❧♠❡♥t❡ ♠ás ❜r✐❧❧❛♥t❡s q✉❡ ♦tr♦s✱ ❧♦s ♠ás ❞é❜✐❧❡s ❛♣❛r❡❝❡rá♥

t❛♣❛❞♦s ♣♦r ❧♦s ♠ás ❜r✐❧❧❛♥t❡s✳ ❨✱ s✐ s♦♥ ❝♦♠♣❛r❛❜❧❡s✱ r❡s✉❧t❛rá♥ ❡♥ ✈❛❧♦r❛❝✐♦♥❡s ❡♥✲

❣❛ñ♦s❛s✱ ②❛ q✉❡ r❡s♣♦♥❞❡rá♥ ❛ ♠❛s❛s ② ❞✐st❛♥❝✐❛s✱ ② ❛ ♣❛rt✐r ❞❡ ❡❧❧♦ ✈❡❧♦❝✐❞❛❞❡s ②

♣r♦♣✐❡❞❛❞❡s q✉❡ ♥♦ ❧❡s ❝♦rr❡s♣♦♥❞❡♥✱ ❝♦♥❢✉♥❞✐❡♥❞♦ ♥✉❡str♦s ❞❛t♦s ② ♥✉❡str❛ ✐♥❢♦r✲

♠❛❝✐ó♥✳ ◆♦ ♦❧✈✐❞❡♠♦s q✉❡✱ ❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ♦tr❛s ❝✐❡♥❝✐❛s✱ ❧❛ ❆str♦❢ís✐❝❛ ❝❛s✐ ♥✉♥❝❛

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

❤❛♥ ❞❡ ❡st❛r ♦♣t✐♠✐③❛❞♦s✳

❨❛ ❤❡♠♦s ✈✐st♦ ❝ó♠♦ ❧❛ ❛t♠ós❢❡r❛ ② ❧❛ ✐♥str✉♠❡♥t❛❝✐ó♥ ❞❡❣r❛❞❛♥ ❧❛ ❝❛❧✐❞❛❞ ❞❡❧

❢r❡♥t❡ ❞❡ ♦♥❞❛ q✉❡ r❡❝♦❣❡♠♦s ❡♥ ♥✉❡str♦ ❞❡t❡❝t♦r✳ ❈✉❛♥❞♦ ❝♦♥s❡❣✉✐♠♦s✱ ❝♦♥ té❝♥✐❝❛s

♣❛s✐✈❛s ♦ ❛❝t✐✈❛s✱ ❡st❛❜✐❧✐③❛r ❧❛ ✐♥str✉♠❡♥t❛❝✐ó♥ ② ♦♣t✐♠✐③❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥

✐♥str✉♠❡♥t❛❧ ❤❛❜❧❛♠♦s ❞❡ tr❛❜❛❥❛r ❡♥ ✉♥ s✐st❡♠❛ ♥♦ ❧✐♠✐t❛❞♦ ♣♦r ❞✐❢r❛❝❝✐ó♥✱ ❡s ❞❡❝✐r✱

❧✐♠✐t❛❞♦ ♣♦r s❡❡✐♥❣✳ ❯♥ s✐st❡♠❛ ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧ ❡s ❛q✉❡❧ q✉❡✱ ❡♥ ❜✉❡♥❛s

❝♦♥❞✐❝✐♦♥❡s ❞❡ s❡❡✐♥❣ ✭< 0′5 ❛r❝s❡❝✮✱ ♥♦ ❡stá ❧✐♠✐t❛❞♦ ♣♦r ❡❧ t❡❧❡s❝♦♣✐♦ ♥✐ ♣♦r ❡❧

✐♥str✉♠❡♥t♦✳

❊s ❛ ♣❛rt✐r ❞❡ ❛q✉í ❝✉❛♥❞♦ s❡ ❡♠♣✐❡③❛♥ ❛ ❝♦♥s✐❞❡r❛r té❝♥✐❝❛s ♠ás ❞❡❧✐❝❛❞❛s ②

❝♦♠♣❧❡❥❛s q✉❡ ✐♥t❡♥t❛♥ ❧✐♠♣✐❛r ❧❛ ✐♠❛❣❡♥ q✉❡ ❞❡str♦③❛ ❧❛ ❛t♠ós❢❡r❛✳ ▼ás ❛❧❧á ❞❡ ❡st❡

♣✉♥t♦ ❝✉❛❧q✉✐❡r ♠❡❥♦r❛ s✉♣♦♥❡ tr❛❜❛❥❛r ❡♥ ré❣✐♠❡♥ ❞❡ ❛❧t❛ ♦ ♠✉② ❛❧t❛ r❡s♦❧✉❝✐ó♥

❡s♣❛❝✐❛❧✳ ▲❛s té❝♥✐❝❛s ✐♥✐❝✐❛❧❡s✱ ❝♦♥ ♣❧❛❝❛ ❢♦t♦❣rá✜❝❛✱ s❡ ❜❛s❛❜❛♥ ❡♥ s✉❜❡①♣♦s✐❝✐♦♥❡s

q✉❡ ♣❡r♠✐tí❛♥ ❡♥ ❝✐❡rt♦s ❝❛s♦s ♦❜t❡♥❡r s♣❡❝❦❧❡s ♣✉❞✐❡♥❞♦ ❞❡t❡r♠✐♥❛r ❛❧❣✉♥❛ ✈❡③ q✉❡

❡①✐stí❛ ♠ás ❞❡ ✉♥ ♦❜❥❡t♦ ❞❡♥tr♦ ❞❡ ❧❛ ♠✐s♠❛ ♠❛♥❝❤❛ ❞❡ ❧✉③ ✭▲❛❜❡②r✐❡✭✷✺✮ ✶✾✼✵✮✳ ❙❡

❞❡s❛rr♦❧❧❛r♦♥ t❛♠❜✐é♥ té❝♥✐❝❛s ❞❡ ❢♦t♦♠❡trí❛ s♣❡❝❦❧❡ q✉❡ s❡ ❜❛s❛❜❛♥ ❡♥ ♠✉❡str❡♦s

❛ ❞✐st✐♥t❛s ❢r❡❝✉❡♥❝✐❛s ♣❛r❛ ✜❧tr❛r ❝♦♠♣♦♥❡♥t❡s ❛r♠ó♥✐❝❛s ② ❞❡t❡r♠✐♥❛r s✐ ❡①✐stí❛

♠ás ❞❡ ✉♥ ❝♦♠♣♦♥❡♥t❡ ❡♥ ✉♥❛ ♠❛♥❝❤❛✳ ❍❡♠♦s ❞❡ ❞❡❝✐r q✉❡ ❡st❛ té❝♥✐❝❛✱ ✐❞❡❛❞❛ ♣♦r

❏✐♠é♥❡③ ❋✉❡♥s❛❧✐❞❛ ✭✶✾✽✸✮✸✱ ♥❡❝❡s✐t❛❜❛ r❡❝✉rr✐r ❛ ❝❛♥❞✐❞❛t♦s ♣❧❛✉s✐❜❧❡s✱ ❞❡t❡r♠✐♥❛❞♦s

❜✐❡♥ ♣♦r ❢♦t♦❣r❛❢í❛ s♣❡❝❦❧❡ ✉ ♦❝✉❧t❛❝✐♦♥❡s ❧✉♥❛r❡s✳ ❨ ❛✉♥ ❛sí✱ ❞❡❜✐❞♦ ❛ q✉❡ ✉sá❜❛♠♦s

❢♦t♦♠✉❧t✐♣❧✐❝❛❞♦r❡s ✭P▼❚s✮✱ ❡❢❡❝t✉❛♥❞♦ ❝♦♥t❡♦ ❞❡ ❢♦t♦♥❡s ❡♥ ♠✉❝❤♦s ❝❛s♦s✱ ❡❧ r✉✐❞♦

✸❊❧ ♣r♦②❡❝t♦ ❞❡s❛rr♦❧❧❛❞♦ ♥♦ ♣r♦❞✉❥♦ r❡s✉❧t❛❞♦s ♣✉❜❧✐❝❛❜❧❡s ❞❛❞♦ ❧♦ ❛rt❡s❛♥❛❧ ❞❡❧ ♣r♦❝❡s❛❞♦ ❞❡
❞❛t♦s ② só❧♦ ❧❧❡❣❛♠♦s ❛ ✈❡r✐✜❝❛r s✉ ✈✐❛❜✐❧✐❞❛❞✳



✷✳✹✳ ❆❧t❛ ❞❡✜♥✐❝✐ó♥ ❡s♣❛❝✐❛❧ ✸✾

❙❤♦t ② ❏♦♥❤s♦♥✹ ❞❡ ❡st♦s ❤❛❝í❛ ♠✉② ❞✐❢í❝✐❧ ❧❛ ✐♥t❡r♣r❡t❛❝✐ó♥ ❞❡ ❧♦s ❞❛t♦s✳

❍♦② ❧❛s té❝♥✐❝❛s ♠ás ❛♣❧✐❝❛❞❛s s❡ ❜❛s❛♥ ❡♥ ❆❖ ② ②❛ ❝♦♥ ❡s♣❡❥♦s ❞❡❢♦r♠❛❜❧❡s✱

❛✉♥q✉❡ s❡ s✐❣✉❡ ✉s❛♥❞♦ ✉♥ ❚✐♣❚✐❧t ❬❖s❝✐❧❛♥t❡✱ r❡❢❡r✐❞♦ ♥♦r♠❛❧♠❡♥t❡ ❛ ✉♥ ❡s♣❡❥♦❪

✭❚❚✮✱ ②❛ s❡❛ ❞❡ ❡s♣❡❥♦ ♦ ❞❡ ❧á♠✐♥❛ r❡❢r❛❝t✐✈❛✱ ♣❛r❛ ❝♦rr❡❣✐r ❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡ ❣r✉♣♦

❞❡ ❧❛ ♠❛♥❝❤❛ ❞❡ s❡❡✐♥❣✳

▲❛s té❝♥✐❝❛s ❞❡ ❆❖ s❡ ❜❛s❛♥ ❡♥ ✉♥ s✐st❡♠❛ ❞❡ ❝♦rr❡❧❛❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥✱ r❡❝✐❜✐❞❛

❛ tr❛✈és ❞❡ ✉♥❛ ó♣t✐❝❛ ❝♦♥ ❧❛ ✐♠❛❣❡♥ ♠✉❡str❡❛❞❛ ❡♥ ✉♥ ❙❋❖✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ ✉♥ ♦❜❥❡t♦

♣✉♥t✉❛❧✱ ♦ ❞❡ ✉♥❛ ✐♠❛❣❡♥ ❞❡ ❛❧t♦ ❝♦♥tr❛st❡ s♦❜r❡ ✉♥ ❞❡t❡❝t♦r ❞❡ ♣♦❝♦s ♣í①❡❧❡s ②

❣r❛♥ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❡❝t✉r❛ ♣❛r❛ ❡❧ ❝❛s♦ ❞❡ ♦❜❥❡t♦s ❡①t❡♥s♦s ✭❛✉♥q✉❡✱ ❞❡♣❡♥❞✐❡♥❞♦ ❞❡❧

♦❜❥❡t♦✱ s❡ ✉s❡♥ t❛♠❜✐é♥ ❙❋❖ ❝♦♥ ✉♥ ✐♥t❡❣r❛❞♦r✱ ♦ r❡♥❞✐❥❛✱ ❡♥ ♣❧❛♥♦ ❢♦❝❛❧✮✳

❋✐❣✉r❛ ✷✳✹✿ ❈♦♠♣❛r❛❝✐ó♥ ❞❡ ❞♦s ✐♠á❣❡♥❡s ❞❡ ❯r❛♥♦ ❡♥ ❧❛ ❜❛♥❞❛ ❍✳ ❆ ❧❛ ✐③q✉✐❡r❞❛ s✐♥
❝♦rr❡❝❝✐ó♥ ♣♦r Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛✱ ❛ ❧❛ ❞❡r❡❝❤❛ ❝♦♥ ❝♦rr❡❝❝✐ó♥ ♣♦r Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ✉t✐❧✐✲
③❛♥❞♦ ❡❧ ❧ás❡r ●▲❆❙✳ ❊❧ ♣✉♥t♦ s✐t✉❛❞♦ ❞❡❜❛❥♦ ❡s ❡❧ s❛té❧✐t❡ ❞❡ ❯r❛♥♦ ❧❧❛♠❛❞♦ ▼✐r❛♥❞❛✳ ▲❛
♠❡❥♦r❛ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ ❡s ♥♦t♦r✐❛✳
❆✉t♦r✿ ❘❡♥é ❘✉tt❡♥✱ ❏❛✈✐❡r ▼é♥❞❡③ ② ❡❧ ❡q✉✐♣♦ ❞❡ ●▲❆❙✳

❆ ♠❡❞✐❛❞♦s ❞❡ ❧♦s ❛ñ♦s ✾✵ ❞❡s❛rr♦❧❧❛♠♦s ✭❇❛❧❧❡st❡r♦s✭❇❇❈
+✾✸✮ ✶✾✾✸✮ ✉♥ s✐st❡♠❛

❞❡ ❝♦rr❡❧❛❞♦r s♦❧❛r ♣❛r❛ ♦❜t❡♥❡r ✐♠á❣❡♥❡s✱ ✐♥❝❧✉s♦ ✈í❞❡♦✱ ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥ ❞❡ ❧❛
✹❊❧ r✉✐❞♦ ❙❤♦t ❡♥ ❧♦s ❢♦t♦♠✉❧t✐♣❧✐❝❛❞♦r❡s s❡ r❡✜❡r❡ ❛ ❧❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❛♠♣❧✐✜❝❛❝✐ó♥ ❞❡❜✐❞❛ ❛

❧♦s ❡❧❡❝tr♦♥❡s ❡s♣✉r✐♦s q✉❡ s❡ ♣r♦❞✉❝❡♥ ❡♥ ❧♦s ❞✐st✐♥t♦s ❞✐♥♦❞♦s ✭á♥♦❞♦s✮ ❞❡ ❧❛ ❝❛s❝❛❞❛✳ ❊❧ r✉✐❞♦
❏♦❤♥s♦♥ s❡ ♣r♦❞✉❝❡ ♣♦r ❡❢❡❝t♦ ❏♦✉❧❡ ② ❡s ❧❛ ❝♦♠♣♦♥❡♥t❡ tér♠✐❝❛ ❞❡ ❧❛ ❛♠♣❧✐✜❝❛❝✐ó♥✱ ❞❡❜✐❞♦ ❛ ❧♦s
❡❧❡❝tr♦♥❡s ❣❡♥❡r❛❞♦s ♣♦r ❝❛❧❡♥t❛♠✐❡♥t♦ ❞❡ ❧♦s ❞✐♥♦❞♦s✳



✹✵ ✷✳ ▲❛ té❝♥✐❝❛

❢♦t♦s❢❡r❛ s♦❧❛r✱ ❞♦♥❞❡ ✜♥❛❧♠❡♥t❡ s❡ ♣✉❞✐❡r♦♥ ❞❡s❝✉❜r✐r s✉❜❡str✉❝t✉r❛s ♠✉② ✜♥❛s ②

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

♦♣t✐♠✐③❛❞♦ ❜❛s❛❞♦ ❡♥ ❡st❡ ❝♦rr❡❧❛❞♦r ❢✉❡ ✐♥❝♦r♣♦r❛❞♦ ♣♦r ❡❧ ❑✐❡♣❡♥❤❡✉❡r✲■♥st✐t✉t

❢ür ❙♦♥♥❡♥♣❤②s✐❦ ✭❑■❙✮ ✭❙❑✾✺✮ ❛❧ t❡❧❡s❝♦♣✐♦ s♦❧❛r ❞❡ 70 ❝♠ ❱❚❚ ❞❡❧ ❖❜s❡r✈❛t♦r✐♦ ❞❡❧

❚❡✐❞❡✱ q✉❡ ❧♦ ❤❛ ❞♦t❛❞♦ ❤❛st❛ ❤♦② ❡♥ ❞í❛ ❞❡ ✉♥♦ ❞❡ ❧♦s ♠❡❥♦r❡s ♣❧❛♥♦s ❢♦❝❛❧❡s s♦❧❛r❡s

❡♥ t❡❧❡s❝♦♣✐♦s ✐♥st❛❧❛❞♦s ❡♥ t✐❡rr❛✳

▲❛ t❡❝♥♦❧♦❣í❛ ❛❝t✉❛❧ ♣❡r♠✐t❡ ②❛ ♣r❡s❝✐♥❞✐r ❞❡ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❡♥tr❡ ♦❜❥❡t♦ ♣✉♥t✉❛❧ ♦

❡①t❡♥s♦✱ ② s❡ ✉s❛♥ ❙❋❖s ❝♦♥ ♣❧❛♥♦ ❢♦❝❛❧ ② ♠✉❡str❡♦ ❝♦♥ ✜❧tr❛❞♦ ❡s♣❛❝✐❛❧ q✉❡ ♣❡r♠✐t❡♥

❡❧ ❝♦♥tr♦❧ s✐♠✉❧tá♥❡♦ ❞❡❧ ❚❚ ② ❡❧ ❉❡❢♦r♠❛❜❧❡ ▼✐rr♦r ❬❊s♣❡❥♦ ❉❡❢♦r♠❛❜❧❡❪ ✭❉▼✮✳ ❊s

❡❧ ❝❛s♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ s♦❧❛r ●❘❊●❖❘✱ ❞❡ ✶✱✺♠ ❞❡ ❞✐á♠❡tr♦ q✉❡ ❧♦ ❝♦♥✈✐❡rt❡♥ ❡♥ ❡❧

s❡❣✉♥❞♦ ♠❛②♦r t❡❧❡s❝♦♣✐♦ s♦❧❛r ❞❡❧ ♠✉♥❞♦ ❡♥ ❢✉♥❝✐♦♥❛♠✐❡♥t♦✱ s✐t✉❛❞♦ t❛♠❜✐é♥ ❡♥ ❡❧

❖❜s❡r✈❛t♦r✐♦ ❞❡❧ ❚❡✐❞❡ ② q✉❡ ✐♥✐❝✐ó ❧❛ ❢❛s❡ ❞❡ ♣✉❡st❛ ❡♥ ♠❛r❝❤❛ ❡♥ ✈❡r❛♥♦✲♦t♦ñ♦ ❞❡

✷✵✶✶✳

✷✳✹✳✶✳ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛

▲❛ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ♣r❡t❡♥❞❡ ❝♦rr❡❣✐r ❧❛s ❞❡❢♦r♠❛❝✐♦♥❡s ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛

q✉❡✱ ♣r♦❝❡❞❡♥t❡ ❞❡ ✉♥ ♦❜❥❡t♦ ♣✉♥t✉❛❧ ❢✉❡r❛ ❞❡ ❧❛ ❛t♠ós❢❡r❛✱ ❧❧❡❣❛ ❛❧ ♣❧❛♥♦ ❢♦❝❛❧ ❞❡❧

t❡❧❡s❝♦♣✐♦✱ ❞♦♥❞❡ s❡ ♣✉❡❞❡ ❛♥❛❧✐③❛r ② ❝♦♠♣❡♥s❛r✳

▲♦s ♣r✐♠❡r♦s ❞✐s♣♦s✐t✐✈♦s ❞❡ ❆❞❛♣t✐✈❡ ❖♣t✐❝s ❬Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛❪ ✭❆❖✮ ✐♥t❡♥✲

t❛❜❛♥ ❝♦rr❡❣✐r ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ❡❧ ❡❢❡❝t♦ ❞❡ ✐♠❛❣❡ ♠♦t✐♦♥ ❞❡❧ s❡❡✐♥❣✱ ② ♣❛r❛ ❡❧❧♦

s❡ ✉s❛❜❛ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ♦s❝✐❧❛♥t❡ ❛ ❛❧t❛ ❢r❡❝✉❡♥❝✐❛ q✉❡ tr❛t❛❜❛ ❞❡ ♠❛①✐♠✐③❛r ❧❛

❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ❡♥❡r❣í❛ ❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡ ✉♥❛ ❡str❡❧❧❛ ❞❡ r❡❢❡r❡♥❝✐❛✳ ❆❧ ♣r✐♥❝✐♣✐♦ ❡❧

♦s❝✐❧❛❞♦r ❡r❛ ✉♥ ❡s♣❡❥♦ ♦ ✉♥ ✈✐❞r✐♦ q✉❡ ❞❡s✈✐❛❜❛ ❡❧ ❤❛③ q✉❡ s❡ ❢♦❝❛❧✐③❛✱ ❝♦♠♣❡♥s❛♥✲

❞♦ ❧❛s ❞❡s✈✐❛❝✐♦♥❡s q✉❡ ♣r♦❞✉❝❡ ❧❛ ❛t♠ós❢❡r❛✳ ❆ ❡st❡ ❡❧❡♠❡♥t♦ ❧❡ ❧❧❛♠❛♠♦s s✐st❡♠❛

❚✐♣✲❚✐❧t ✭❚❚✮ ♦✱ ♠ás ❝♦♠ú♥♠❡♥t❡✱ ❚✐♣✲❚✐❧t ▼✐rr♦r ✭❚❚▼✮✱ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ♣♦r

✉t✐❧✐③❛rs❡ ♠ás ❛ ♠❡♥✉❞♦ ✉♥ ❡s♣❡❥♦✱ ❛❧ s❡r ♠ás ❢á❝✐❧♠❡♥t❡ ❝♦♥tr♦❧❛❜❧❡ ♠❡❞✐❛♥t❡ ♠✐❝r♦✲

♠♦✈✐♠✐❡♥t♦s ❞❡ ❝r✐st❛❧❡s ♣✐❡③♦❡❧é❝tr✐❝♦s✱ q✉❡ ✉♥❛ ❧á♠✐♥❛ tr❛♥s♠✐s♦r❛✳ P❛r❛ ✉♥ ❡s♣❡❥♦✱

✉♥❛ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡ ✉♥ á♥❣✉❧♦ α ❡♥ ✉♥❛ ❞✐r❡❝❝✐ó♥ ❞❛❞❛ s❡ ❝♦♥✈✐❡rt❡ ❡♥ ✉♥ ❝❛♠❜✐♦ 2α

♣❛r❛ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛✱ ♠✐❡♥tr❛s q✉❡ ♣❛r❛ ✉♥❛ ❧á♠✐♥❛ ♣❧❛♥♦♣❛r❛❧❡❧❛ ❞❡ ❡s♣❡s♦r x ❧❛

❞❡s✈✐❛❝✐ó♥ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ q✉❡ ❧❛ ❛tr❛✈✐❡s❛ ❡s d = x sin(α−α′)
cos(α′) ✱ s✐❡♥❞♦ α′ ❡❧ á♥❣✉❧♦ ❞❡

r❡❢r❛❝❝✐ó♥ ✭sinα = n sinα′✮✳ ❨ ❡❧❧♦ ✐♥❞❡♣❡♥❞✐❡♥t❡♠❡♥t❡ ❞❡ ❧❛ ❞✐st❛♥❝✐❛✱ ♠✐❡♥tr❛s q✉❡

❧❛ ❞❡s✈✐❛❝✐ó♥ ❝♦♥ ✉♥ ❡s♣❡❥♦ ❝r❡❝❡ ❝♦♥ ❧❛ ❞✐st❛♥❝✐❛ ❛ ést❡✳ ❊s ❞❡❝✐r✱ ♣❛r❛ ❝♦♥s❡❣✉✐r ✉♥❛

❞❡t❡r♠✐♥❛❞❛ ❞❡s✈✐❛❝✐ó♥ s❡ ♥❡❝❡s✐t❛ ♣r♦❞✉❝✐r ✉♥❛ ♠❛②♦r ✐♥❝❧✐♥❛❝✐ó♥ ❡♥ ✉♥❛ ❧á♠✐♥❛

♣❧❛♥♦♣❛r❛❧❡❧❛ q✉❡ ❡♥ ✉♥ ❡s♣❡❥♦✳

❙✐ ❜✐❡♥ ❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡ ✐♠❛❣❡♥ s❡ ❝♦♠♣❡♥s❛ ❞❡ ✉♥ ♠♦❞♦ s❡♥❝✐❧❧♦ ❝♦♥ ✉♥ s✐st❡♠❛

❚❚✱ ❧♦s ♦tr♦s ❡❢❡❝t♦s ❞❡❧ s❡❡✐♥❣ q✉❡ ❣❡♥❡r❛♥ ❡❧ s♣❡❝❦❧❡ ✭❡♠❜♦rr♦♥❛♠✐❡♥t♦ ② ❝❡♥t❡❧❧❡♦✮



✷✳✹✳ ❆❧t❛ ❞❡✜♥✐❝✐ó♥ ❡s♣❛❝✐❛❧ ✹✶

s♦♥ ♣r♦♣✐❡❞❛❞❡s q✉❡ ❞❡♣❡♥❞❡♥ ❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❡♥ ♣✉♣✐❧❛ ❞❡ ❧❛s ❞✐st✐♥t❛s ♣❛rt❡s ❞❡

✉♥ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ② r❡q✉✐❡r❡♥ ❞❡ ✉♥❛ ♠♦❞✐✜❝❛❝✐ó♥ ③♦♥❛❧ ❞❡❧ ♠✐s♠♦✳

P❛r❛ ♣♦❞❡r ❝♦♠♣❡♥s❛r ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❡♥ ❞✐❢❡r❡♥t❡s ③♦♥❛s ❞❡ ❧❛ ♣✉♣✐❧❛ ❤❛② q✉❡

♠✉❡str❡❛r ② ❞✐✈✐❞✐r ést❛ ② ❝♦rr❡❣✐r ❧❛s ❞✐st✐♥t❛s ❞❡❢♦r♠❛❝✐♦♥❡s ❞❡ ♠♦❞♦ ✐♥❞❡♣❡♥❞✐❡♥t❡✳

❊❧ ♠✉❡str❡♦ s❡ ❤❛❝❡ ♣♦r ♠❡❞✐♦ ❞❡ ✉♥ s❡♥s♦r ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ② ❧❛ ❞✐✈✐s✐ó♥ ❝♦♥ ✉♥ ❉▼✳

❈♦♠♦ ✈✐♠♦s ❛♥t❡r✐♦r♠❡♥t❡✱ ✉♥ ❙❡♥s♦r ❞❡ ❋r❡♥t❡ ❞❡ ❖♥❞❛ ❡s ✉♥ ♠♦♥t❛❥❡ ó♣t✐❝♦

❡♥ q✉❡ s❡ r❡✐♠❛❣✐♥❛ ❧❛ ♣✉♣✐❧❛ s♦❜r❡ ✉♥ s✐st❡♠❛ ❞❡ ♠✉❡str❡♦ ❝✉②♦ t✐♣♦ ♣✉❡❞❡ s❡r

❞❡ ❝✉r✈❛t✉r❛✱ ♣✐rá♠✐❞❡✱ ✐♥t❡r❢❡r♦♠étr✐❝♦ ✭❙❤❡❛r✐♥❣✴❘♦♥❝❤✐✮ ♦ ❞❡ ♠✉❡str❡♦ ♣♦r ✉♥❛

♠❛tr✐③ ❞❡ ♠✐❝r♦❧❡♥t❡s ✭❙❤❛❝❦✲❍❛rt♠❛♥♥✱ ♣❧❡♥ó♣t✐❝❛✮✳ ❊♥ t♦❞♦s ❧♦s ❝❛s♦s s❡ ♠✐❞❡ ❧❛

✐♥❝❧✐♥❛❝✐ó♥ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❡♥ ❝❛❞❛ ❝❡❧❞❛ ❞❡ ♠✉❡str❡♦✳ ❊s❡ ✈❛❧♦r s❡ ❡s❝❛❧❛ ② r❡❡♥✈í❛

❛ ✉♥ ❡s♣❡❥♦ ❞❡❢♦r♠❛❜❧❡ q✉❡ ♣❡r♠✐t❡ ♠♦❞✐✜❝❛r ❧❛ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡ ❧❛s ❞✐st✐♥t❛s s❡❝❝✐♦♥❡s

q✉❡ ❧♦ ❝♦♠♣♦♥❡♥✱ ❝♦♠♣❡♥s❛♥❞♦ ❛sí ❞✐❝❤❛s ✐♥❝❧✐♥❛❝✐♦♥❡s ② r❡❝✉♣❡r❛♥❞♦ ❧❛ ❢♦r♠❛ ♣❧❛♥❛

❞❡ ❧❛ ♣✉♣✐❧❛✳

➱st❛ ❡s ✉♥❛ s✐♠♣❧✐✜❝❛❝✐ó♥ ❞❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ② ♣r♦❝❡s♦ ❞❡ ♠✉❡str❡♦ ② ❝♦rr❡❝❝✐ó♥

❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ♣❛r❛ ♠♦str❛r ❞❡ ✉♥ ♠♦❞♦ ❝❧❛r♦ ❝ó♠♦ ❛❝tú❛ ❡❧ s✐st❡♠❛ ❣❡♥❡r❛❧ ❞❡

❝♦rr❡❝❝✐ó♥ ❞❡ ❆❖✳ P❛r❛ ♦❜t❡♥❡r ✉♥❛ ❡①♣❧✐❝❛❝✐ó♥ ♠ás ❞❡t❛❧❧❛❞❛ ❞❡❧ ♣r♦❝❡s♦ s✐❣❛♠♦s

❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ t❛♥t♦ ❞❡ ✉♥ ❙❋❖ ❝♦♠♦ ❞❡ ✉♥ ❉▼✳

❈♦♥s✐❞❡r❛r❡♠♦s ✉♥ ❙❋❖ ❜❛s❛❞♦ ❡♥ ♠✐❝r♦❧❡♥t❡s✳ ❯♥❛ ♠❛tr✐③ ❞❡ ♠✐❝r♦❧❡♥t❡s ❡s

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

❤❛❝❡♥ ❝r❡❝❡r ♦ s❡ ♠♦❧❞❡❛♥ ✉♥❛ s❡r✐❡ ❞❡ s✉♣❡r✜❝✐❡s ❡s❢ér✐❝❛s q✉❡ ❛❝tú❛♥ ❝♦♠♦ ❧❡♥t❡s

♣❧❛♥♦✲❝♦♥✈❡①❛s✳ ❉❡♣❡♥❞✐❡♥❞♦ ❞❡❧ ♠❛t❡r✐❛❧ ✉s❛❞♦ ❧❛ ❢♦❝❛❧ ❡❢❡❝t✐✈❛ ❞❡ ❝❛❞❛ ❧❡♥t✐❧❧❛ ❞❡❧

❛rr❛② ✈✐❡♥❡ ❞❛❞❛ ♣♦r feff = ROC/(n−1)✱ s✐❡♥❞♦ ROC ❡❧ r❛❞✐♦ ❞❡ ❝✉r✈❛t✉r❛ ❞❡ ❝❛❞❛

♠✐❝r♦❧❡♥t❡ ② n ❡❧ í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥ ❞❡❧ s✉str❛t♦✳

❈❛❞❛ ♠✐❝r♦❧❡♥t❡ ❡♥❢♦❝❛ ✉♥ ❤❛③ ❝♦❧✐♠❛❞♦ q✉❡ ❧❧❡❣❛ ❛ ❡❧❧❛s✳ ▲❛ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡❧ ❤❛③

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

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

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

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

❡str❡❧❧❛ ❝✉❛♥❞♦ ♣❛s❛ ♣♦r ❧❛ ♣✉♣✐❧❛ ② ❧❛s ❞❡❢♦r♠❛❝✐♦♥❡s ❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡ ❧❛ ❡str❡❧❧❛ s❡

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

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

❞❡ ❧❛ ♣✉♣✐❧❛✳

❆sí ♣✉❡s✱ ❧❛s ❞✐st✐♥t❛s ❞❡s✈✐❛❝✐♦♥❡s ♠❛r❝❛❞❛s ♣♦r ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s ✐♠á❣❡♥❡s

❞❡ ❧❛ ❡str❡❧❧❛ q✉❡ ❢♦r♠❛♥ ❧❛s ♠✐❝r♦❧❡♥t❡s ♥♦s ✐♥❞✐❝❛♥ ❧❛ ❞❡❢♦r♠❛❝✐ó♥ ♦ ♣❡♥❞✐❡♥t❡

❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❡♥ ❝❛❞❛ ③♦♥❛ ♠✉❡str❡❛❞❛ ❞❡ ❧❛ ♣✉♣✐❧❛ ✭M✮✳ ❆ ♣❛rt✐r ❞❡ ❡st♦s



✹✷ ✷✳ ▲❛ té❝♥✐❝❛

❋✐❣✉r❛ ✷✳✺✿ ▼✉❡str❡♦ ❞❡❧ ❋r♥t❡ ❞❡ ❖♥❞❛ ❡♥ ♣❧❛♥♦ ♣✉♣✐❧❛ ❡♥ ✉♥ ❙❋❖ ❞❡ ♠✐❝r♦❧❡♥t❡s✳

❞❛t♦s s❡ r❡❝♦♥str✉②❡ ❡❧ ♠❛♣❛ ❞❡ ❢❛s❡ ✭Φ✮ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❡♥ ❧❛ ♣✉♣✐❧❛✳ ❙❡ ❛♣❧✐❝❛♥

❞✐st✐♥t♦s ♠ét♦❞♦s✿ r❡❝♦♥str✉❝❝✐ó♥ ♠♦❞❛❧ ♦ ③♦♥❛❧✱ ❞❡ ♠♦❞♦ q✉❡ s❡ ♣✉❡❞❡ ❤❛❝❡r ♣♦r

♠✐♥✐♠✐③❛❝✐ó♥ ✭❈❤✐✲❝✉❛❞r❛❞♦ ♦ ♠í♥✐♠♦s ❝✉❛❞r❛❞♦s✮ ♦ ♠❛tr✐❝✐❛❧ ❛ tr❛✈és ❞❡ ✉♥❛

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

❙❱❉✮✿ Φ = SV D ∗M ✱ ♦ ♣♦r tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r✳ ❍❛❜✐t✉❛❧♠❡♥t❡ s❡ ✉t✐❧✐③❛ ❧❛

❞❡s❝♦♠♣♦s✐❝✐ó♥ ❞❡ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛ Φ ❛ ♣❛rt✐r ❞❡ ✉♥❛ ❜❛s❡ ❞❡ ♣♦❧✐♥♦♠✐♦s

♦rt♦❣♦♥❛❧❡s ❞❡ ❩❡r♥✐❦❡✳ ❈❛❞❛ ✉♥♦ ❞❡ ❧♦s tér♠✐♥♦s ❧♦ ❛s♦❝✐❛♠♦s ❛ ❞✐st✐♥t♦s ❡❢❡❝t♦s ❞❡

❛❜❡rr❛❝✐ó♥✳ ❆❧❣✉♥♦s ❝♦✐♥❝✐❞❡♥ ❞✐r❡❝t❛♠❡♥t❡ ❝♦♥ ❧♦s tér♠✐♥♦s ❞❡❧ ❞❡s❛rr♦❧❧♦ ❡♥ s❡r✐❡

❞❡ ❙❡✐❞❡❧ ② ♦tr❛s ❝♦♠❜✐♥❛❝✐♦♥❡s ❝♦rr❡s♣♦♥❞❡♥ ❝♦♥ ❧❛s ❞❡♠ás ❛❜❡rr❛❝✐♦♥❡s ❝❧ás✐❝❛s

✭■♠❛❣✐♥❣ ✐♥ ❆str♦♥♦♠② ✭✷✻✮ ✶✾✾✹✮✱ ✭❚❛❦❛t♦✭✷✼✮ ✶✾✾✹✮✱ ✭❈❤❛♥❣✭✷✽✮ ✷✵✵✵✮✳

❯♥ ❡s♣❡❥♦ ❞❡❢♦r♠❛❜❧❡ ❝♦♥s✐st❡ ❡♥ ✉♥❛ ♠❡♠❜r❛♥❛ r❡✢❡❝t✐✈❛ tr❛s ❧❛ q✉❡ s❡ ✐♥s❡rt❛

✉♥❛ ♠❛tr✐③ ❞❡ ❛❝t✉❛❞♦r❡s ❡❧❡❝tr♦stát✐❝♦s q✉❡ ❛tr❛❡♥ ♦ r❡♣❡❧❡♥ ❧❛ ♠❡♠❜r❛♥❛ ❡♥ ❢✉♥❝✐ó♥

❞❡❧ ✈♦❧t❛❥❡ ❛♣❧✐❝❛❞♦ ❛ ❡❧❧♦s✺✳ ▲❛ ❛❝❝✐ó♥ ❞❡ ❝❛❞❛ ❛❝t✉❛❞♦r ✐♥✢✉✐rá ❡♥ ❧❛ ❢♦r♠❛ ❞❡❧ ❡s♣❡❥♦

q✉❡ ✓✈❡rá♥✔ ❧♦s ❞❡♠ás✱ ♠á①✐♠❡ ❧♦s ❞❡ ❛❧r❡❞❡❞♦r✳ ▲❛ ❝❛❧✐❜r❛❝✐ó♥ ❞❡❧ ❡s♣❡❥♦ ✭♠❛tr✐③

❞❡ ✐♥✢✉❡♥❝✐❛✮ ② ❧❛ r❡s♣✉❡st❛ ❛ ✉♥❛ s❡r✐❡ ❞❡ ✈♦❧t❛❥❡s ♣❛tró♥ ❞❡✜♥❡ ✉♥❛ ♠❛tr✐③ ❞❡

✺▲❛ r❡❧❛❝✐ó♥ ❞❡ ❞❡❢♦r♠❛❝✐ó♥ ❞❡ ❧❛ s✉♣❡r✜❝✐❡ ❡♥ ❢✉♥❝✐ó♥ ❞❡❧ ✈♦❧t❛❥❡ ♥♦r♠❛❧♠❡♥t❡ ❡s ❝✉❛❞rát✐❝❛✿
δd ∝ V 2✳



✷✳✹✳ ❆❧t❛ ❞❡✜♥✐❝✐ó♥ ❡s♣❛❝✐❛❧ ✹✸

❝♦♥tr♦❧ ✭❈▼✮✱ ❞❡ ♠♦❞♦ q✉❡ s❡ ♣✉❡❞❡ r❡♣r❡s❡♥t❛r ✉♥ ❝✐❡rt♦ ♠❛♣❛ ❞❡ ❢❛s❡ ❡♥ ❢✉♥❝✐ó♥

❞❡ ❧♦s ✈♦❧t❛❥❡s ✭❱✮ ❛♣❧✐❝❛❞♦s✿ Φ = CM ∗V ✳ ❚❛♠❜✐é♥ ❤❛② q✉❡ t❡♥❡r ❡♥ ❝✉❡♥t❛ q✉❡ ❧❛s

❞❡❢♦r♠❛❝✐♦♥❡s ❞❡ ✉♥ ❢r❡♥t❡ ❞❡ ♦♥❞❛ s❡ ❞✉♣❧✐❝❛♥ ♣♦r r❡✢❡①✐ó♥ ✭❡❧ r❡tr❛s♦ ♣r♦❞✉❝✐❞♦

♣♦r ✉♥ ✈❛❧❧❡ ❡♥ ✉♥ ❡s♣❡❥♦ ❡s ❡❧ ❞♦❜❧❡ ❡♥ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ q✉❡ s❡ r❡✢❡❥❛✮✳

❋✐❣✉r❛ ✷✳✻✿ ❈♦rr❡❝❝✐ó♥ ❞❡ ❧❛ ♣❡rt✉r❜❛❝✐ó♥ ❞❡ ✉♥ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ♣♦r ✉♥ s✐st❡♠❛ ❞❡ Ó♣t✐❝❛
❆❞❛♣t❛t✐✈❛✳

❆ ♣❛rt✐r ❞❡❧ ♠❛♣❛ ❞❡ ❢❛s❡ s❡ ❛♣❧✐❝❛ ❧❛ ♠❛tr✐③ ❞❡ ❝♦♥✈❡rs✐ó♥ q✉❡ r❡❧❛❝✐♦♥❛ ❡❧ ♠❛♣❛

❞❡ ❢❛s❡ ♦❜t❡♥✐❞♦ ❝♦♥ ❡❧ ❙❋❖ ② ❧♦s ✈♦❧t❛❥❡s ♥❡❝❡s❛r✐♦s ♣❛r❛ ❝♦♥s❡❣✉✐r ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛

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

❞❡❢♦r♠❛❜❧❡✳

❊①✐st❡ ✉♥ ♠ét♦❞♦ ❛❧t❡r♥❛t✐✈♦ ❞❡ ❝♦♥tr♦❧ ❞❡❧ ❉▼ ❛ ♣❛rt✐r ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡

❞❡❢♦r♠❛❝✐ó♥ ❞✐r❡❝t❛ ❞❡❧ ❙❋❖✳ ❈❛❞❛ ♠✐❝r♦❧❡♥t❡ ❞❡ ♠✉❡st❡♦ s❡ ❝♦rr❡s♣♦♥❞❡ ❝♦♥ ✉♥❛s

❝♦♦r❞❡♥❛❞❛s ② ✉♥❛ ③♦♥❛ ❞❡ ♠✉❡str❡♦ ❞❡ ❧❛ ♣✉♣✐❧❛✳ ▲❛ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛

❡♥ ❡s❛ ③♦♥❛ ✈✐❡♥❡ ❞❡t❡r♠✐♥❛❞❛ ♣♦r ❡❧ ❞❡s♣❧❛③❛♠✐❡♥t♦ ❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡ ❧❛ ❡str❡❧❧❛

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

❊❧ ✓♠ét♦❞♦ ❞❡ ❝♦rr❡❧❛❝✐ó♥ ❞✐r❡❝t❛✔ r❡❧❛❝✐♦♥❛ ❡s❡ ❞❡s♣❧❛③❛♠✐❡♥t♦ ❝♦♥ ❧❛ ♠❛tr✐③ ❞❡

✐♥✢✉❡♥❝✐❛ ❞❡❧ ❉▼ ② ♣❡r♠✐t❡ ❛♣❧✐❝❛r ✉♥ ✈♦❧t❛❥❡ ❛♣r♦♣✐❛❞♦ ❛ ❧♦s ❛❝t✉❛❞♦r❡s ♥❡❝❡s❛r✐♦s



✹✹ ✷✳ ▲❛ té❝♥✐❝❛

♣❛r❛ ❝♦♠♣❡♥s❛r ♦ r❡✈❡rt✐r ❡❧ ❞❡s♣❧❛③❛♠✐❡♥t♦ ❞❡ ❧❛s ✐♠á❣❡♥❡s ❞❡ ❧❛ ❡str❡❧❧❛ ❡♥ ❡❧ ❙❋❖✱

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

❊♥ ✉♥ s✐st❡♠❛ ❞❡ ❆❖ ❡❧ ❚❚ ❤❛❝❡ ✉♥❛ ♣r✐♠❡r❛ ❝♦rr❡❝❝✐ó♥ q✉❡ ❡st❛❜✐❧✐③❛ ❡❧ ❢r❡♥t❡

❞❡ ♦♥❞❛ ❞❡ ♠♦❞♦ q✉❡ ❡❧ ♠✉❡str❡♦ s❡ ❤❛❝❡ ❡st❛❜❧❡ ② ♣❡r♠✐t❡ ✉♥ ❛♥á❧✐s✐s ♠ás rá♣✐❞♦

♣❛r❛ ❧❛s ❝♦rr❡❝❝✐♦♥❡s ❝♦♥ ❡❧ ❉▼ ❛❧ ♠❡❥♦r❛r ❧❛ r❡❧❛❝✐ó♥ ❞❡ ❙tr❡❤❧ ❞❡ ❧❛ s❡ñ❛❧ r❡♠❛♥❡♥t❡✳

▲❛ té❝♥✐❝❛ s❡ ❤❛ ✐❞♦ ♠❡❥♦r❛♥❞♦ ❡♥ ❧♦s ú❧t✐♠♦s ❛ñ♦s✱ ❞❡s❛rr♦❧❧❛♥❞♦ s✐st❡♠❛s

❞❡ r❡✐♠❛❣✐♥❛❝✐ó♥ ② ♠✉❡str❡♦ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❡♥ ♣♦s✐❝✐♦♥❡s ❝♦rr❡s♣♦♥❞✐❡♥t❡s ❛

❝❛♣❛s ❛t♠♦s❢ér✐❝❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ❞♦♥❞❡ ❧❛ ♣❡rt✉r❜❛❝✐ó♥ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ s❛❜❡♠♦s

q✉❡ s❡ ❝♦♠♣♦rt❛ ❡s♣❡❝✐❛❧♠❡♥t❡ ❛❝t✐✈❛ ❡♥ ❝❛❞❛ ♦❜s❡r✈❛t♦r✐♦✳ ❊st❛ té❝♥✐❝❛ s❡ ❧❧❛♠❛

▼✉❧t✐❈♦♥❥✉❣❛t❡ ❆❞❛♣t✐✈❡ ❖♣t✐❝s ❬Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ▼✉❧t✐❈♦♥❥✉❣❛❞❛❪ ✭▼❈❆❖✮✳

❯♥♦ ❞❡ ❧♦s ♣r♦❜❧❡♠❛s ❛s♦❝✐❛❞♦s ❛ ❧♦s s✐st❡♠❛s ❞❡ ❆❖ ❡s q✉❡ ❧❛ ❝♦rr❡❝❝✐ó♥ r❡❛❧ ❞❡❧

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

❡♠♣❧❡❛ ❝♦♠♦ ❝♦♥tr♦❧✳ ❈♦♠♦ ❤❡♠♦s ✈✐st♦ ❡♥ ❡❧ ♣r✐♠❡r ❝❛♣ít✉❧♦✱ ❡①✐st❡ ✉♥ ♠á①✐♠♦ ❞❡

❝❛♠♣♦ ❛❧ q✉❡ ❡st❛ té❝♥✐❝❛ s❡ ♣✉❡❞❡ ❛♣❧✐❝❛r✳ ❊❧ ♠❛♣❛ ❞❡ ❢❛s❡ q✉❡ s❡ ❝♦rr✐❣❡ ❡s ✈á❧✐❞♦

só❧♦ ♣❛r❛ ❢r❡♥t❡s ❞❡ ♦♥❞❛ ♣r♦❝❡❞❡♥t❡s ❞❡ ♦tr♦s ♦❜❥❡t♦s q✉❡ ❡sté♥ ❞❡♥tr♦ ❞❡❧ r❛♥❣♦

❞❡❧ t✐❡♠♣♦ ❞❡ ❝♦❤❡r❡♥❝✐❛✱ ② ❡♥ ✉♥ ❝❛♠♣♦ ❞❡♥tr♦ ❞❡❧ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦ ❡♥ ❡❧ q✉❡

❝♦♥s✐❞❡r❛♠♦s q✉❡ ❧❛ ❛t♠ós❢❡r❛ t✐❡♥❡ ✉♥ ❝♦♠♣♦rt❛♠✐❡♥t♦ s✐♠✐❧❛r ♦ ✓❡♥ ❢❛s❡✔✳

❆❞❡♠ás✱ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ❝♦❤❡r❡♥❝✐❛ ♥♦s ❞✐❝❡ q✉❡ ❧❛s ❝♦rr❡❝❝✐♦♥❡s t❡♥❞rá♥ ✉♥ ❧í♠✐t❡

♣♦r ❡❧ ♥ú♠❡r♦ ❞❡ s✉❜❛♣❡rt✉r❛s ♦ ❝❡❧❞❛s ❞❡ ♣❡rt✉r❜❛❝✐ó♥ q✉❡ ❧❧❡♥❛♥ ❧❛ ❛❜❡rt✉r❛ ❞❡❧

❝♦❧❡❝t♦r✳ ❈✉❛♥t♦ ♠❛②♦r s❡❛ ❡❧ ♥ú♠❡r♦ ❞❡ s✉❜❛♣❡rt✉r❛s ❞❡ ❛t♠ós❢❡r❛ ❝♦❤❡r❡♥t❡ q✉❡

❝♦♥t❡♥❣❛ ❡❧ ❞✐á♠❡tr♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ♠ás ❞✐❢í❝✐❧ s❡rá ❝♦❢❛s❡❛r❧❛s ✭♣♦♥❡r❧❛s ❡♥ ❢❛s❡✮ ♣❛r❛

❝♦rr❡❣✐r ❡❧ ♠❛♣❛ ❞❡ ❢❛s❡✱ ② ♣❡♦r ❛✉♥ ❝✉❛♥❞♦ ❝♦♥s✐❞❡r❛♠♦s q✉❡ t❡♥❡♠♦s ✉♥ ❝❛♠♣♦ ②

❝❛❞❛ ♣✉♥t♦ ❡♥ é❧ t✐❡♥❡ s✉ ♣r♦♣✐♦ ♠❛♣❛ ❞❡ ♣❡rt✉r❜❛❝✐ó♥ ✭❧❛ ❛t♠ós❢❡r❛ ❛tr❛✈❡s❛❞❛ ♣♦r

❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❞❡ ❝❛❞❛ ♣✉♥t♦ ❞❡❧ ❝❛♠♣♦ ❡s ❞✐st✐♥t❛ ② s❡ ❞✐❢❡r❡♥❝✐❛ ♠ás ❝✉❛♥t♦ ♠ás

❛❧t❛s ❝♦♥s✐❞❡r❡♠♦s ❧❛s ♣❡rt✉r❜❛❝✐♦♥❡s ②✱ ❡♥ ♣r✐♥❝✐♣✐♦✱ ❧❛ ✐♠❛❣❡♥ q✉❡❞❛ ❧✐♠✐t❛❞❛ ♣♦r

❡❧ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦✮✳

✷✳✹✳✷✳ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ▼✉❧t✐❝♦♥❥✉❣❛❞❛

▲♦s ú❧t✐♠♦s ❞❡s❛rr♦❧❧♦s q✉❡ s❡ ❡stá♥ ✐♥tr♦❞✉❝✐❡♥❞♦ ❡♥ ❡❧ á♠❜✐t♦ ❞❡ ❧❛ Ó♣t✐❝❛

❆❞❛♣t❛t✐✈❛ s❡ ❞❡♥♦♠✐♥❛♥ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ▼✉❧t✐❝♦♥❥✉❣❛❞❛ ✭▼❈❆❖✱ ♣♦r s✉s s✐❣❧❛s

❡♥ ✐♥❣❧és✮✳ ❈♦♠♦ ❝♦♠❡♥t❛♠♦s ❛♥t❡r✐♦r♠❡♥t❡✱ ❡❧ ❝❛♠♣♦ ❛♥❣✉❧❛r ❞❡♥tr♦ ❞❡❧ ❝✉❛❧ ❧❛

t✉r❜✉❧❡♥❝✐❛ ♣✉❡❞❡ s❡r ❝♦♥s✐❞❡r❛❞❛ ❝♦♥st❛♥t❡ ❡s ♠✉② ♣❡q✉❡ñ♦✱ ❞❡ ❛❤í q✉❡ ❧❛ ③♦♥❛ ❞❡❧

❝❛♠♣♦ ❞❡ ✈✐s✐ó♥ ✭❋❖❱✱ ❋✐❡❧❞ ❖❢ ❱✐❡✇✮✱ ♦ s❡❝❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥✱ ❞♦♥❞❡ ❡❧ ❢r❡♥t❡ ❞❡

♦♥❞❛ q✉❡❞❛ ❝♦rr❡❣✐❞♦ ♣♦r ✉♥ s✐st❡♠❛ ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ❡s ♠✉② r❡❞✉❝✐❞❛✳

▲❛ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ▼✉❧t✐❝♦♥❥✉❣❛❞❛ ♣r❡t❡♥❞❡ ❝♦rr❡❣✐r ❧❛ t✉r❜✉❧❡♥❝✐❛ ❛t♠♦s❢é✲



✷✳✹✳ ❆❧t❛ ❞❡✜♥✐❝✐ó♥ ❡s♣❛❝✐❛❧ ✹✺

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

❝♦♥❥✉❣❛ ó♣t✐❝❛♠❡♥t❡ ❛ ✉♥❛ ❛❧t✉r❛ ❞❡t❡r♠✐♥❛❞❛ s♦❜r❡ ❡❧ t❡❧❡s❝♦♣✐♦✱ ❡st♦ ❡s✱ s❡ ❞✐s❡ñ❛

✉♥ s✐st❡♠❛ ó♣t✐❝♦ q✉❡ ♣♦s✐❝✐♦♥❛ ❡♥ ❡❧ ❝❛♠✐♥♦ ❞❡❧ ❤❛③ ❧❛ ✐♠❛❣❡♥ ❞❡ ❧❛ ❝❛♣❛ ❞❡ ✐♥t❡rés✱

r❡❝♦rt❛❞❛ ♣♦r ❧❛ ❢♦r♠❛ ❞❡ ❧❛ ♣✉♣✐❧❛✳ ❊♥ ❝❛❞❛ ♣♦s✐❝✐ó♥ s❡ ✐♥tr♦❞✉❝❡ ✉♥ ❉▼ ❞❡ t❛❧

❢♦r♠❛ q✉❡ ❧❛ ❧✉③ q✉❡ ♣❛s❛ ♣♦r é❧ ❡s ❝♦♠♦ s✐ ❢✉❡r❛ ♦❜s❡r✈❛❞❛ ❡♥ ✉♥❛ ❝❛♣❛ ❞❡t❡r♠✐♥❛❞❛

❞❡ ❧❛ ❛t♠ós❢❡r❛✳

▲❛ ✈❡♥t❛❥❛ q✉❡ ♦❢r❡❝❡ ❡st❡ ♠ét♦❞♦ ❡s q✉❡✱ ❝♦♠❜✐♥❛♥❞♦ ❧❛ ❝♦rr❡❝❝✐ó♥ ❞❡ t♦❞♦s ❧♦s

❡s♣❡❥♦s✱ ❡❧ ár❡❛ ✐s♦♣❧❛♥át✐❝❛ ♦ ♣❛rt❡ ❞❡ ♥✉❡str❛ ✐♠❛❣❡♥ q✉❡ q✉❡❞❛ ❝♦rr❡❣✐❞❛ ❞❡ s❡❡✐♥❣

❡s ♠❛②♦r✳ ▲❛s s❡ñ❛❧❡s ❞❡ ❝♦♥tr♦❧ ♣❛r❛ ❧♦s ❛❝t✉❛❞♦r❡s ❞❡ ❝❛❞❛ ❡s♣❡❥♦ ❞❡❢♦r♠❛❜❧❡ s❡

♦❜t✐❡♥❡♥ ❞❡ ❙❡♥s♦r❡s ❞❡ ❋r❡♥t❡ ❞❡ ❖♥❞❛ ♣❛r❛ ❝❛❞❛ ❝❛♣❛✱ ❝❛❞❛ ✉♥♦ ♦❜s❡r✈❛♥❞♦ s✉

♣r♦♣✐❛ ❡str❡❧❧❛ ❣✉í❛✳ ❊❧ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧ ♣r♦❝❡s❛ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ t♦❞♦s ❧♦s ❙❋❖s

② ✓r❡❝♦♥str✉②❡✔ ❧❛ ❞✐st♦rs✐ó♥ tr✐❞✐♠❡♥s✐♦♥❛❧ ✐♥st❛♥tá♥❡❛ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛✱ ❞❡t❡r♠✐✲

♥❛♥❞♦ ❛ s✉ ✈❡③ ❧❛ ❝♦rr❡❝❝✐ó♥ ❛ ❛♣❧✐❝❛r ♣❛r❛ ❝❛❞❛ ❉▼✳ ❆❧ ❝♦♥❝❡♣t♦ ❞❡ r❡❝♦♥str✉❝❝✐ó♥

❞❡ ❧❛ ❡str✉❝t✉r❛ ❡♥ tr❡s ❞✐♠❡♥s✐♦♥❡s ❞❡ ✉♥ ♦❜❥❡t♦ ✭❡♥ ❡st❡ ❝❛s♦ ❧❛ t✉r❜✉❧❡♥❝✐❛✮ ❛

♣❛rt✐r ❞❡ s✉ ♦❜s❡r✈❛❝✐ó♥ ❞❡s❞❡ ✈❛r✐♦s ♣✉♥t♦s ❞❡ ✈✐st❛ s❡ ❧❡ ❞❡♥♦♠✐♥❛ ✓t♦♠♦❣r❛❢í❛✔✳

❊❧ ✐♥t❡rés ❛❝t✉❛❧ ❡♥ ❧❛ ▼❈❆❖ ❡stá ❞✐r❡❝t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞♦ ❝♦♥ ❧❛ ❝♦rr❡❝❝✐ó♥

❞❡ ❧♦s ❡❢❡❝t♦s ❞❡ ❧❛ t✉r❜✉❧❡♥❝✐❛ ❡♥ ❣r❛♥❞❡s t❡❧❡s❝♦♣✐♦s ② ❡♥ ❧♦s ❢✉t✉r♦s t❡❧❡s❝♦♣✐♦s

❡①tr❡♠❛❞❛♠❡♥t❡ ❣r❛♥❞❡s ✭❊▲❚s✮✱ ❡♥ t♦❞♦ ❡❧ ❡s♣❡❝tr♦ ✐♥❢r❛rr♦❥♦ ② ✈✐s✐❜❧❡✳

✷✳✹✳✸✳ ❊str❡❧❧❛s ❧ás❡r

▲❛ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ t✐❡♥❡✱ ❡✈✐❞❡♥t❡♠❡♥t❡✱ s✉s ✈❡♥t❛❥❛s✱ ❝♦♠♦ ②❛ ❤❡♠♦s ✈✐st♦✳

❙✐♥ ❡♠❜❛r❣♦✱ t✐❡♥❡ ♣♦❞❡r♦s♦s ✐♥❝♦♥✈❡♥✐❡♥t❡s✱ ② ♥♦ s♦❧❛♠❡♥t❡ s✉ ❡①❛❣❡r❛❞❛♠❡♥t❡ ❛❧✲

t♦ ♣r❡❝✐♦✳ ❈✉❛♥❞♦ q✉❡r❡♠♦s ✉s❛r ✉♥ ❣r❛♥ t❡❧❡s❝♦♣✐♦ ❡s ♣♦rq✉❡ ♥✉❡str❛ ✐♥t❡♥❝✐ó♥ ❡s

♦❜s❡r✈❛r ❡str❡❧❧❛s ♠✉② ❞é❜✐❧❡s✳ ❈♦♠♦ ②❛ ❤❡♠♦s ❞❡t❛❧❧❛❞♦✱ ❡❧ ❝❛♠♣♦ ❞❡ ✈✐s✐ó♥ q✉❡ s❡

♣✉❡❞❡ ❝♦rr❡❣✐r ❝♦♥ ❆❖✱ ♦ ✐♥❝❧✉s♦ ❝♦♥ ▼❈❆❖✱ ❡s ♠✉② ♣❡q✉❡ñ♦✱ ② ❧♦ q✉❡ ❡s ❡①tr❡✲

♠❛❞❛♠❡♥t❡ ✐♥✉s✉❛❧ ❡s ❞✐s♣♦♥❡r ❞❡ ❛❧❣✉♥❛ ❡str❡❧❧❛ q✉❡ s✐r✈❛ ❝♦♠♦ r❡❢❡r❡♥❝✐❛ ② q✉❡

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

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

❆ r❛í③ ❞❡ ❧♦s tr❛❜❛❥♦s ❞❡ ♣♦s✐❝✐♦♥❛♠✐❡♥t♦ ② s❡❣✉✐♠✐❡♥t♦ ❞❡ s❛té❧✐t❡s s❡ ❞❡s❝✉❜r✐ó

q✉❡ ❝✐❡rt❛s ❝❛♣❛s ❞❡ ❧❛ ❛t♠ós❢❡r❛ s♦♥ ✈❡r❞❛❞❡r♦s ✜❧tr♦s ❞❡ ❛❧❣✉♥❛s ❧♦♥❣✐t✉❞❡s ❞❡

♦♥❞❛✳ ❆sí✱ ✉♥❛ ❝❛♣❛ ❞❡ ❧❛ ♠❡sós❢❡r❛ ❛❧r❡❞❡❞♦r ❞❡ ✉♥♦s 80 − 90 ❦♠ ❞❡ ❛❧t✉r❛ t✐❡♥❡

s✉✜❝✐❡♥t❡ ❝❛♥t✐❞❛❞ ❞❡ át♦♠♦s ❞❡ s♦❞✐♦ ❝♦♠♦ ♣❛r❛ ✜❧tr❛r ♣❛rt❡ ❞❡ ❧❛ ❜❛♥❞❛ ✭589′29 ♥♠✮

❞❡❧ ❞♦❜❧❡t❡ ❉ ❞❡❧ s♦❞✐♦ ✭◆❡✇♠❛♥✭✷✾✮ ✶✾✽✽ ② ●✉♠❜❡❧ ✭✸✵✮ ✷✵✵✸✮✿ λD2 = 588′9950 ♥♠

② λD1 = 589′5924 ♥♠✳ ❊st❡ ❢❡♥ó♠❡♥♦ s❡ ❛♣r♦✈❡❝❤❛ ♣❛r❛ ❡♥❢♦❝❛r ❡♥ ❡s❛ ❛❧t✉r❛ ✉♥

❤❛③ ❧ás❡r ❞❡ ❛❧t❛ ♣♦t❡♥❝✐❛ ❛ tr❛✈és ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ ♠♦❞♦ q✉❡ ❧❛ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡

❡♥❡r❣í❛ ❡①❝✐t❛ ❧♦s át♦♠♦s ❞❡ s♦❞✐♦ ② ❧♦s ❤❛❝❡ ❜r✐❧❧❛r ❡♥ ❧❛ tr❛③❛ ❞❡ ✉♥❛ ♣❡q✉❡ñ❛ r❡❣✐ó♥✳



✹✻ ✷✳ ▲❛ té❝♥✐❝❛

❱✐st♦ ❝♦♥ ✉♥ á♥❣✉❧♦ ♣❡q✉❡ñ♦ ❛♣❛r❡❝❡ s✉✜❝✐❡♥t❡♠❡♥t❡ ♣✉♥t✉❛❧ ❝♦♠♦ ♣❛r❛ t♦♠❛r❧♦ ❞❡

r❡❢❡r❡♥❝✐❛ ✐❣✉❛❧ q✉❡ s✐ ❢✉❡r❛ ✉♥❛ ❡str❡❧❧❛✱ ♥♦ ❞❡♠❛s✐❛❞♦ ❜r✐❧❧❛♥t❡ ♣❡r♦ ♠✉② ❛♣r♦♣✐❛❞❛

♣❛r❛ ♠❡❞✐❞❛s ❞❡ ❆❖✳

❯♥❛ ✈❡rs✐ó♥ ♠♦❞✐✜❝❛❞❛ ✉s❛♥❞♦ té❝♥✐❝❛s ❞❡ s❝❛tt❡r✐♥❣ ✭❞✐s♣❡rs✐ó♥✴❞✐❢✉s✐ó♥✮ ❘❛②✲

❧❡✐❣❤ ❡s ❧❛ ♣r♦②❡❝❝✐ó♥ ❛ 15 ❦♠ s♦❜r❡ ❡❧ t❡❧❡s❝♦♣✐♦ ❞❡ ✉♥ ❧ás❡r ♣✉❧s❛♥t❡ ✈❡r❞❡ ✭✺✸✷♥♠✮

❞❡ ✉♥♦s ✷✺❲ ❞❡ ♣♦t❡♥❝✐❛✱ ♠♦♥t❛❞♦ ❞❡❧❛♥t❡ ❞❡❧ s❡❝✉♥❞❛r✐♦✳ ▲❛ ❜❛❥❛ ❛❧t✉r❛ ✐♠♣❧✐❝❛

q✉❡ ❧❛ t✉r❜✉❧❡♥❝✐❛ ♠ás ❝❡r❝❛ ❞❡❧ s✉❡❧♦ ❡stá ♠❡❥♦r ✐❧✉♠✐♥❛❞❛ ② ♣❡r♠✐t❡ ♠♦♥✐t♦r✐③❛r

❧❛ ❝❛♣❛ ❞❡ ❝ú♣✉❧❛ ♠ás ♣ró①✐♠❛ ❛❧ s✉❡❧♦✱ q✉❡ ❡s ❧❛ q✉❡ ♠ás ❛❢❡❝t❛ ❛❧ s❡❡✐♥❣✳ ▲❛ ❧✉③

❘❛②❧❡✐❣❤ r❡tr♦✲❞✐s♣❡rs❛❞❛ s❡rá ❞❡t❡❝t❛❞❛ ♣♦r ✉♥ s✐st❡♠❛ ❙❋❖ q✉❡ ♠✐❞❡ ❧❛ ❢♦r♠❛ ❞❡❧

❢r❡♥t❡ ❞❡ ♦♥❞❛ ❞❡ ❧❛ ❡str❡❧❧❛ ❣✉í❛ ❧ás❡r ❢♦r♠❛❞❛ ✭▼♦rr✐s✭▼♦r✵✺✮ ✷✵✵✺✮✱ ✭❖❧✐✈✐❡r ✭✸✷✮

✷✵✵✽✮✳

▲❛s ❡str❡❧❧❛s ❧ás❡r ❣✉í❛ ♥♦ s✐❡♠♣r❡ s♦♥ ❡♠✐t✐❞❛s ❞❡s❞❡ ❡❧ ♠✐s♠♦ t❡❧❡s❝♦♣✐♦ ❞❡

♦❜s❡r✈❛❝✐ó♥✱ ♣r❡❝✐s❛♠❡♥t❡ ♣♦r ❧❛ ❞✐s♣❡rs✐ó♥ ❘❛②❧❡✐❣❤ q✉❡ s❡ ❢♦r♠❛ ❞❡❧❛♥t❡ ❞❡ ❧❛ ♣✉♣✐❧❛

② q✉❡✱ ♣❛r❛ ♦❜s❡r✈❛❝✐ó♥ ❞❡ ❝❛♠♣♦s ♠✉② ❞é❜✐❧❡s✱ ♣✉❡❞❡ ❣❡♥❡r❛r ♠✉❝❤❛ s❡ñ❛❧ ❞❡ ❢♦♥❞♦

❡♥ ❧❛s ❜❛♥❞❛s ❞❡ ✈✐s✐❜❧❡✱ ❛✉♥q✉❡ sí ❡s ❛♣r♦♣✐❛❞♦ ♣❛r❛ ♦❜s❡r✈❛❝✐ó♥ ✐♥❢r❛rr♦❥❛✳ P♦r ❡❧❧♦✱

s❡ ❛♣r♦✈❡❝❤❛♥ ♣❡q✉❡ñ♦s t❡❧❡s❝♦♣✐♦s✱ s✐t✉❛❞♦s ❡♥ ❧♦s ♦❜s❡r✈❛t♦r✐♦s ❝❡r❝❛ ❞❡ ❧♦s ♠ás

❣r❛♥❞❡s✱ ♣❛r❛ ♣r♦②❡❝t❛r ❧❛s ❡str❡❧❧❛s ❧ás❡r ❣✉í❛ ❞❡♥tr♦ ❞❡❧ ❝❛♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ❞❡❧

t❡❧❡s❝♦♣✐♦ ♠❛②♦r✳

❆♣r♦✈❡❝❤❛♥❞♦ ❡❧ r❡❝♦rr✐❞♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ❞❡ ❧❛ tr❛③❛ ❞❡❧ ❧ás❡r s❡ ❡stá♥ ❞❡s❛rr♦✲

❧❧❛♥❞♦ ♥✉❡✈♦s ♠ét♦❞♦s ❞❡ s❡♥s♦r ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ✐♥❝❧✉s♦ ❝♦♥ ✐♥❢♦r♠❛❝✐ó♥ tr✐❞✐♠❡♥✲

s✐♦♥❛❧✱ ❝♦♠♦ ❡s ✉♥ s✐st❡♠❛ ❝♦♥ ♠❛♣❡❛❞♦ t♦♠♦❣rá✜❝♦ ❞❡ ❧❛ ❡str❡❧❧❛ ❣❡♥❡r❛❞❛✳ ❚❛❧ ❡s

❡❧ ❝❛s♦ ❞❡ ✉♥ s❡♥s♦r ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ♣❧❡♥ó♣t✐❝♦ q✉❡ ♣❛r❡❝❡ q✉❡ ❡stá ❞❛♥❞♦ ❜✉❡✲

♥♦s r❡s✉❧t❛❞♦s ❡♥ s✉s ♣r✉❡❜❛s ✭❘♦❞rí❣✉❡③✲❘❛♠♦s✭❘▼❉+✵✾❀❘❋▼+✶✵❀❘▲▲+✶✶✮ ✷✵✵✾✱ ✷✵✶✵✱

✷✵✶✶✮ ② ✭▼♦♥t✐❧❧❛ ✭▼❘❋❘✶✵✮ ✷✵✶✵✮✳

✷✳✺✳ ■♠❛❣❡♥ ❆❢♦rt✉♥❛❞❛

❊♥ ❡❧ t❡①t♦ ❛♥t❡r✐♦r ❤❡♠♦s tr❛t❛❞♦ s♦❜r❡ ❧♦s ❞✐st✐♥t♦s ❝♦♠♣♦♥❡♥t❡s ❞❡❧ s❡❡✐♥❣

② ❤❡♠♦s ✈✐st♦ ❝ó♠♦ ❞❡♥tr♦ ❞❡ ❝♦rt♦s ✐♥st❛♥t❡s ❞❡ ❝♦❤❡r❡♥❝✐❛ s❡ ♣r♦❞✉❝❡♥ ♣❡q✉❡✲

ñ♦s s♣❡❝❦❧❡s ❡♥ ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ❊st❛ ✐♥❢♦r♠❛❝✐ó♥ ❧❛ ❝♦♥♦❝❡♥ ♣❡r❢❡❝t❛♠❡♥t❡

❧♦s ❛stró♥♦♠♦s ❛✜❝✐♦♥❛❞♦s✳ ❊st♦s✱ ❛❧ ♥♦ t❡♥❡r ♣♦s✐❜✐❧✐❞❛❞❡s ❞❡ ❛❝❝❡s♦ ❛ ❞❡t❡❝t♦r❡s

❝✐❡♥tí✜❝♦s ♣r♦❢❡s✐♦♥❛❧❡s✱ ✉t✐❧✐③❛♥ ❞❡s❞❡ ❤❛❝❡ t✐❡♠♣♦ ❝á♠❛r❛s ❞❡ ✈í❞❡♦ ♣❛r❛ ❛❝✉♠✉❧❛r

♥✉♠❡r♦s❛s ✐♠á❣❡♥❡s ❝♦♥ ❝♦rt♦ t✐❡♠♣♦ ❞❡ ❡①♣♦s✐❝✐ó♥ ✭24 ❛ 30 ❢♣s✻✮ ♣❛r❛✱ ❛ ❝♦♥t✐♥✉❛✲

❝✐ó♥✱ s✉♠❛r❧❛s t♦❞❛s ❤❛❝✐❡♥❞♦ ✉♥ r❡❝❡♥tr❛❞♦ ❞❡ ❝❛❞❛ ✉♥❛ ❝♦♥ ❡❧ ✜♥ ❞❡ r❡❞✉❝✐r ❡❧

❡❢❡❝t♦ ❞❡ ♠♦✈✐♠✐❡♥t♦ ❞❡ ✐♠❛❣❡♥✳

✻❢♣s✿ ✏❢r❛♠❡s ♣❡r s❡❝♦♥❞✑✱ ✓✐♠á❣❡♥❡s ♣♦r s❡❣✉♥❞♦✔✳



✷✳✺✳ ■♠❛❣❡♥ ❆❢♦rt✉♥❛❞❛ ✹✼

▲❛ té❝♥✐❝❛ ❢✉♥❝✐♦♥❛ ♣r❡❝✐s❛♠❡♥t❡ ♣♦r ❡st❡ ❡❢❡❝t♦✱ ♦ ❛❧ ♠❡♥♦s ❡♥ ❣r❛♥ ♣❛rt❡✳ ❆❧

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

❞❡❝✐r✱ ❞❡♥tr♦ ❞❡❧ t✐❡♠♣♦ ❝❛r❛❝t❡ríst✐❝♦ ❞❡ ❝♦❤❡r❡♥❝✐❛✱ s❡ ❝♦♥s✐❣✉❡ q✉❡ ❛❧❣✉♥❛s ❞❡ ❡❧❧❛s

t❡♥❣❛♥ ✉♥❛ ❜❛❥❛ ❞✐s♣❡rs✐ó♥ ②✱ ♣♦r t❛♥t♦✱ ✉♥❛ ♠❛②♦r ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ❡♥❡r❣í❛ ❡♥ ♣♦❝♦s

s♣❡❝❦❧❡s✳ ❆ ❝❛❞❛ ✉♥❛ ❞❡ ❡s❛s ✐♠á❣❡♥❡s ❝♦♥ ❝❛❧✐❞❛❞ s✉♣❡r✐♦r s❡ ❧❛s ❞❡♥♦♠✐♥❛ ✐♠❛❣❡♥

❛❢♦rt✉♥❛❞❛ ✭❧✉❝❦② ✐♠❛❣❡ ❡♥ ✐♥❣❧és✮✳ ❙✐ ❡s❝♦❣❡♠♦s ❧❛s ♠❡❥♦r❡s ✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s

②✱ ❞❡ ❝❛❞❛ ✉♥❛✱ t♦♠❛♠♦s ❡❧ s♣❡❝❦❧❡ ❝♦♥ ❡❧ ♣✐❝♦ ♠ás ❛❧t♦✱ ❧♦s r❡❝❡♥tr❛♠♦s t♦❞♦s s♦❜r❡

❡❧ ♣r✐♠❡r♦ ② ❧♦s ❛♣✐❧❛♠♦s✱ t❡♥❞r❡♠♦s ✉♥ ❣r❛♥ ♣✐❝♦ ❡♥ ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳

■♥✐❝✐❛❧♠❡♥t❡✱ ❡❧ ♣r♦❝❡s❛❞♦ ❞❡ ❧❛s ✐♠á❣❡♥❡s ❞❡ ✈í❞❡♦ ❛♥❛❧ó❣✐❝♦ ❤❛❝í❛ ♣❡r❞❡r ❜❛s✲

t❛♥t❡ ✐♥❢♦r♠❛❝✐ó♥ ②✱ ❛ ♣❡s❛r ❞❡ ❝♦♥s❡❣✉✐r ♠❡❥♦r❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛s ✐♠á❣❡♥❡s ❢r❡♥t❡

❛ ❧♦ q✉❡ s❡ ♦❜t❡♥í❛ ❝♦♥ ❢♦t♦❣r❛❢í❛ ❞❡ ❧❛r❣❛ ❡①♣♦s✐❝✐ó♥✱ ❧❛ ❞✐❣✐t❛❧✐③❛❝✐ó♥ ♥♦ ❡r❛ ❞❡

♠ás ❞❡ ✽ ❛ 10 ❜✐ts✳ ▲❛s ❝á♠❛r❛s ❞✐❣✐t❛❧❡s ② ✇❡❜❝❛♠s ♣❡r♠✐tí❛♥ ♠❡❥♦r❛r ❤❛st❛ 12 ❜✐ts✳

▲❛s ❝á♠❛r❛s ♣r♦❢❡s✐♦♥❛❧❡s ❞❡ ❤♦② ❞❛♥✱ ❝✉❛♥❞♦ ♠❡♥♦s✱ 14 ❜✐ts✳ ❆❧ ♣♦❞❡r ❛♥❛❧✐③❛r ❧❛s

✐♠á❣❡♥❡s ♠ás ❡♥ ❞❡t❛❧❧❡✱ ✐♥❝❧✉s♦ ❞❡ ♠♦❞♦ ❛✉t♦♠át✐❝♦✱ s❡ ❢✉❡ ❞❡s❝✉❜r✐❡♥❞♦ q✉❡ ❤❛❜í❛

✐♠á❣❡♥❡s r❡❛❧♠❡♥t❡ ♠❛❧❛s q✉❡ ❡r❛ ♠❡❥♦r ❞❡s❝❛rt❛r✳ ■♥❝❧✉s♦ s❡ ♦❜s❡r✈❛ q✉❡✱ ❞❡ ✈❡③ ❡♥

❝✉❛♥❞♦✱ ❛♣❛r❡❝❡♥ ✐♠á❣❡♥❡s r❡❛❧♠❡♥t❡ ❜✉❡♥❛s ❝♦♥ ♠✉② ♣♦❝♦s s♣❡❝❦❧❡s ② ❛❧❣✉♥♦ ♠ás

✐♥t❡♥s♦✳

❆♣❛r❡❝✐❡r♦♥ ♣r♦❣r❛♠❛s ❞❡ ❛✜❝✐♦♥❛❞♦s ✭❛str❛✐♠❛❣❡✱ r❡❣✐st❛❝❦✱ ❛str♦st❛❝❦✱ ❛✈✐s✲

t❛❝❦✱✳✳✳✮ q✉❡ ❛✉t♦♠❛t✐③❛❜❛♥ ♦ ❢❛❝✐❧✐t❛❜❛♥ ❧❛ t❛r❡❛ ❞❡ ♣r♦❝❡s❛❞♦ ❞❡ ❧❛s ✐♠á❣❡♥❡s✳ ❊♥

✉♥ ♣r✐♠❡r ♣❛s♦ ❛♥❛❧✐③❛♥ ❧❛s ✐♠á❣❡♥❡s ❝♦♥ ✉♥ ❝r✐t❡r✐♦ ❞❡ ❝❛❧✐❞❛❞ ♠❛r❝❛❞♦ ♣♦r ❞❡❢❡❝t♦

♦ ♠♦❞✐✜❝❛❞♦ ♣♦r ❡❧ ✉s✉❛r✐♦✱ ❞❡ ♠♦❞♦ q✉❡ s❡ ❞❡s❝❛rt❛♥ ❧❛s ♣❡♦r❡s ✐♠á❣❡♥❡s✳ ❊♥ ✉♥

s❡❣✉♥❞♦ ♣❛s♦ ②❛ s❡ s❡❧❡❝❝✐♦♥❛♥ ❧❛s ♠❡❥♦r❡s ♠❡❞✐❛♥t❡ ♣♦r❝❡♥t❛❥❡ ♦ ✉s❛♥❞♦ ❝r✐t❡r✐♦s

❜❛s❛❞♦s ❡♥ ❝♦♥tr❛st❡ ② ❝♦♥❣r✉❡♥❝✐❛ ❛♥❛❧ít✐❝❛ ❣❡♦♠étr✐❝❛✳

❊❧ ❞❡s❛rr♦❧❧♦ ② ❛❜❛r❛t❛♠✐❡♥t♦ ❞❡ ❧♦s ❞❡t❡❝t♦r❡s ❢♦t♦❣rá✜❝♦s ② ❞❡ ✈í❞❡♦ ❞❡ ❛❧t❛

r❡s♦❧✉❝✐ó♥ ❡♠♣✉❥ó ❛ ♣♦♥❡r ❞❡ ♠♦❞❛ ❡st❛ té❝♥✐❝❛ ❤❛st❛ ❧❧❡❣❛r ❛ ❝♦♥s❡❣✉✐r q✉❡ ❧❛

❛str♦❢♦t♦❣r❛❢í❛ ❝♦♥ t❡❧❡s❝♦♣✐♦s ❞❡ ✷✺✵ ❛ 500♠♠ ❞❡ ❞✐á♠❡tr♦ ❡♠♣❡③❛r❛ ❛ ❝♦♠♣❡t✐r

❝♦♥ ❧❛ ❛str♦♠❡trí❛ ❛❧ ❝♦♥s❡❣✉✐r r❡s♦❧✉❝✐♦♥❡s ❤❛❜✐t✉❛❧❡s ❝♦♥ ✈❛❧♦r❡s ♣♦r ❞❡❜❛❥♦

❞❡ 0′5 ❛r❝s❡❝✱ ✐♥❝❧✉s♦ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡ ♠❛♥❡r❛ ❤❛❜✐t✉❛❧ ✭❇❛❧❞✇✐♥✭✹✹✮ ✷✵✵✶✮✱

✭▲❛✇ ✭✹✺❀✹✻✮ ✷✵✵✻✮ ② ✭❍♦r♠✉t❤✭✺✹✮ ✷✵✵✼✮✳

❙❡ ❝♦♥s✐❞❡r❛ q✉❡ ❇♦❜ ❍✉❢♥❛❣❡❧✭✺✵✮ ❡♥ ✶✾✻✻ ❢✉❡ ❡❧ ♣r✐♠❡r♦ ❡♥ ♠❡♥❝✐♦♥❛r ❡❧ ❝♦♥✲

❝❡♣t♦ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ♦ ▲✉❝❦② ❊①♣♦s✉r❡✱ ♣✉❡s ❋r✐❡❞✭✷✵✮ ❧♦ r❡❢❡r❡♥❝✐❛ ❡♥ s✉ tr❛❜❛❥♦

❞❡ ✶✾✼✽✳ P❡r♦ ♥♦ s❡ ❡♠♣❡③ó ❛ ❝♦♥s✐❞❡r❛r ❧❛ té❝♥✐❝❛ ❤❛st❛ q✉❡ ❧♦s ❞❡t❡❝t♦r❡s ❞❡ ✐♠❛✲

❣❡♥ ❈❈❉ ❡♠♣❡③❛r♦♥ ❛ s❡r s✉✜❝✐❡♥t❡♠❡♥t❡ ❡✜❝✐❡♥t❡s ② rá♣✐❞♦s✳ ▲❛ ✈❛❧♦r❛❝✐ó♥ ❞❡ ❧❛

❡✜❝✐❡♥❝✐❛ ✈✐❡♥❡ ♥♦ só❧♦ ❡♥ ❝✉❛♥t♦ ❛ s❡♥s✐❜✐❧✐❞❛❞✱ s✐♥♦ t❛♠❜✐é♥ ❡♥ ❝✉❛♥t♦ ❛ r✉✐❞♦ ❞❡

❧❡❝t✉r❛✿ ❡❧❡❝tr♦♥❡s ❣❡♥❡r❛❞♦s ♣♦r ❧❛ ❡❧❡❝tró♥✐❝❛ q✉❡ ❝♦♥tr♦❧❛ ❧❛ tr❛♥s❢❡r❡♥❝✐❛ ❞❡ ❧❛



✹✽ ✷✳ ▲❛ té❝♥✐❝❛

s❡ñ❛❧ ❛ tr❛✈és ❞❡❧ ❛❝♦♣❧❛♠✐❡♥t♦ ❞❡ ❝❛r❣❛s✳ ❈♦♠♦ ❧❛ té❝♥✐❝❛ ❧♦ q✉❡ ❤❛❝❡ ❡s s✉♠❛r ❣r❛♥

❝❛♥t✐❞❛❞ ❞❡ ✐♠á❣❡♥❡s✱ s✐ ❡❧ r✉✐❞♦ ❞❡ ❧❡❝t✉r❛ ❣❡♥❡r❛ ❞❡♠❛s✐❛❞♦s ❡❧❡❝tr♦♥❡s ♣♦r ♣í①❡❧✱

❛❧ ❧❡❡r t♦❞❛s ❧❛s ✐♠á❣❡♥❡s ② s✉♠❛r❧❛s✱ ❡❧ ♥ú♠❡r♦ ❞❡ ❡❧❡❝tr♦♥❡s ❞❡ r✉✐❞♦ ♣✉❡❞❡ s❡r

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

❆sí✱ ❧♦s ♥✉❡✈♦s ❞❡t❡❝t♦r❡s ▲♦✇ ▲✐❣❤t ▲❡✈❡❧ ❈❤❛r❣❡ ❈♦✉♣❧❡❞ ❉❡✈✐❝❡ ❬❉✐s♣♦s✐t✐✈♦ ❞❡

❚r❛♥s❢❡r❡♥❝✐❛ ❞❡ ❈❛r❣❛ ❞❡ ❇❛❥♦ ◆✐✈❡❧ ❞❡ ▲✉③❪ ✭▲✸❈❈❉✮ ❞❡s❛rr♦❧❧❛❞♦s ♣♦r ❊✷❱ ❚❡❝❤✲

♥♦❧♦❣✐❡s ✭❈❤❡❧♠s❢♦r❞✱ ❘❡✐♥♦ ❯♥✐❞♦✮ ♦ ✉♥❛ t❡❝♥♦❧♦❣í❛ s✐♠✐❧❛r ❊❧❡❝tr♦♥ ▼✉❧t✐♣❧②✐♥❣

❈❤❛r❣❡ ❈♦✉♣❧❡❞ ❉❡✈✐❝❡ ❬❉✐s♣♦s✐t✐✈♦ ❞❡ ❚r❛♥s❢❡r❡♥❝✐❛ ❞❡ ❈❛r❣❛ ♣♦r ▼✉❧t✐♣❧✐❝❛❝✐ó♥

❞❡ ❊❧❡❝tr♦♥❡s❪ ✭❊▼❈❈❉✮ ❞❡s❛rr♦❧❧❛❞❛ ♣♦r ❚❡①❛s ■♥str✉♠❡♥ts ✭❏❛♣ó♥✮ t✐❡♥❡♥ ✐♥❝♦r✲

♣♦r❛❞❛ ✉♥❛ s❡❝❝✐ó♥ ❛ñ❛❞✐❞❛ q✉❡ ❛♠♣❧í❛ ❡❧ r❡❣✐str♦ ❞❡ s❛❧✐❞❛ q✉❡ s❡ r❡❣✉❧❛ ♠❡❞✐❛♥t❡

♠❛②♦r❡s ✈♦❧t❛❥❡s q✉❡ ❧♦s ✉s✉❛❧❡s ② ♦❢r❡❝❡ ❝♦♠♦ r❡s✉❧t❛❞♦ ✉♥❛ ♠✉❧t✐♣❧✐❝❛❝✐ó♥ ❡❧❡❝✲

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

s❛❧t♦ ❞❡ ❝❛❧✐❞❛❞ ❞❡✜♥✐t✐✈♦ ♣❛r❛ q✉❡ ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❡♥tr❡ ❞❡ ❧❧❡♥♦ ❡♥ ✭②

r❡✈♦❧✉❝✐♦♥❡✱ t♦❞♦ s❡❛ ❞✐❝❤♦✮ ❧❛ ❆str♦❢ís✐❝❛ ♣r♦❢❡s✐♦♥❛❧ ♠♦❞❡r♥❛✳

❊❧ ❝r✐t❡r✐♦ ❞❡ s❡❧❡❝❝✐ó♥ ❞❡ ❧❛s ✐♠á❣❡♥❡s q✉❡ s❡ ❛❝❡♣t❛♥ ❝♦♠♦ ✈á❧✐❞❛s ② s❡ ❛❝✉♠✉❧❛♥

✈❛ ❛ ❞❡♣❡♥❞❡r✱ ❝♦♠♦ ✐♥❞✐❝❛ ❡❧ ♣r♦♣✐♦ ♥♦♠❜r❡ ❞❡ ❧❛ té❝♥✐❝❛✱ ❞❡ s❛❜❡r ❡s❝♦❣❡r ❧❛s ♠❡❥♦r❡s

✓✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s✔ q✉❡ ❝❛♣t✉r❛♠♦s✳ P❛r❛ ❞❡❝✐❞✐r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛s ✐♠á❣❡♥❡s

✐♥❞✐✈✐❞✉❛❧❡s ❞❡ ❝♦rt❛ ❡①♣♦s✐❝✐ó♥✱ ② t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ q✉❡ ♣♦❞❡♠♦s ❡st❛r ✐♥t❡r❡s❛❞♦s

❡♥ ✉♥ ❝❛♠♣♦ ♠ás ❡①t❡♥s♦ ② ❝♦♥ ♦❜❥❡t♦s ♠✉② ❞é❜✐❧❡s✱ ♣rá❝t✐❝❛♠❡♥t❡ ✐♥❛♣r❡❝✐❛❜❧❡s ❡♥

❝❛❞❛ ❡①♣♦s✐❝✐ó♥ ✐♥❞✐✈✐❞✉❛❧✱ ♥❡❝❡s✐t❛r❡♠♦s t❡♥❡r ✉♥ ♦❜❥❡t♦ ❞❡ r❡❢❡r❡♥❝✐❛ ❞❡♥tr♦ ❞❡❧

❝❛♠♣♦ ❝♦♥ ❝❛r❛❝t❡ríst✐❝❛s ❝♦♥♦❝✐❞❛s ♣❛r❛ ♣♦❞❡r ❝♦♠♣❛r❛r ❧♦ q✉❡ t❡♥❡♠♦s ❡♥ ❝❛❞❛

✐♠❛❣❡♥ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ ✭❢r❛♠❡✮ ❝♦♥ ❧♦ q✉❡ s❡ ❡s♣❡r❛rí❛ t❡ór✐❝❛♠❡♥t❡ ❡♥ ❛✉s❡♥❝✐❛ ❞❡

✈❛r✐❛❝✐♦♥❡s ❞❡ ❢❛s❡✳ P❛r❛ ✐♠á❣❡♥❡s ♣❧❛♥❡t❛r✐❛s ♦ ❞❡ ❧❛ ▲✉♥❛✱ ♦ ❞❡ ✉♥ ❝❛♠♣♦ ❞❡ ✈✐s✐ó♥

❡♥ t✐❡rr❛✱ s❡rá ❛❧❣ú♥ ❝r✐t❡r✐♦ ❞❡ ♥✐t✐❞❡③ ♦ ❝♦♥tr❛st❡✱ ♣❡r♦ ♣❛r❛ ✐♠á❣❡♥❡s ❛str♦♥ó♠✐❝❛s

✉s❛♠♦s ✉♥❛ ❡str❡❧❧❛✱ ❡♥ ♣r✐♥❝✐♣✐♦ s✐♥ r❡s♦❧✈❡r✳ ▲❛ ✐❞❡❛ ❡s ♦❜t❡♥❡r ❧❛ r❡❧❛❝✐ó♥ ❞❡ ❙tr❡❤❧

✭❡♥ ❧❛ q✉❡✱ ❝♦♠♦ ②❛ s❡ ❡①♣❧✐❝ó✱ s❡ ❝♦♠♣❛r❛ ❡❧ ❜r✐❧❧♦ ♠á①✐♠♦ ❞❡ ❧❛ ❡str❡❧❧❛ ❡♥ ❝❛❞❛

✐♠❛❣❡♥ ❝♦♥ ❡❧ ✈❛❧♦r t❡ór✐❝♦ ♠á①✐♠♦ q✉❡ ♦❜t❡♥❞rí❛ ❡♥ ❛✉s❡♥❝✐❛ ❞❡ ♣❡rt✉r❜❛❝✐♦♥❡s ❡♥

❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛✮ ❞❡ ❧❛ ❡str❡❧❧❛ ❞❡ r❡❢❡r❡♥❝✐❛ ❡♥ ❝❛❞❛ ✐♠❛❣❡♥ ♦r❞❡♥á♥❞♦❧❛s s❡❣ú♥ ✉♥❛

s❡❝✉❡♥❝✐❛ ❞❡ ❝❛❧✐❞❛❞✳ ▲❛s ♠❡❥♦r❡s ✐♠á❣❡♥❡s s❡ ✈❛♥ ❛❧✐♥❡❛♥❞♦ ❡♥tr❡ sí ② s❡ s✉♠❛♥✳

❈✉❛♥t♦ ♠ás r❡str✐♥❣✐❞❛ s❡❛ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❧❛s ♠❡❥♦r❡s ✐♠á❣❡♥❡s ❛♣✐❧❛❞❛s ❧❛ r❡✲

s♦❧✉❝✐ó♥ q✉❡ s❡ ♦❜t✐❡♥❡ ❡s ♠❡❥♦r✱ ♣❡r♦ t❛♠❜✐é♥ s❡ ❞❡❣r❛❞❛ ❧❛ r❡❧❛❝✐ó♥ s❡ñ❛❧✲r✉✐❞♦ ②❛

q✉❡ ❧❛ ❧✉③ ❡♥ ❝❛❞❛ ✐♠❛❣❡♥ ❡s ♠✉② ❡s❝❛s❛ ② ❝♦♥ ✉♥❛ ❜❛❥❛ ❝❛♥t✐❞❛❞ ❞❡ ✐♠á❣❡♥❡s ♣❡s❛

♣♦r❝❡♥t✉❛❧♠❡♥t❡ ♣♦❝♦✳ ❊s♦ s❡ ♥♦t❛ ♠✉❝❤♦ ❝✉❛♥❞♦ ❜✉s❝❛♠♦s ❛❧t❛ r❡s♦❧✉❝✐ó♥ ❝♦♥ ♦❜❥❡✲

t♦s ♠✉② ❞é❜✐❧❡s ② ❧❛ ✐♠❛❣❡♥ ❛♣❛r❡❝❡ ❣r❛♥✉❧❛❞❛ ②❛ q✉❡ ❧♦s ♥✐✈❡❧❡s ❞❡ s❡ñ❛❧ ② ❞❡ ❢♦♥❞♦

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

❛❝✉♠✉❧❛r ♠✉❝❤❛s ✐♠á❣❡♥❡s ♣❛r❛ ❞❡t❡❝t❛r ♦❜❥❡t♦s ❞é❜✐❧❡s✱ ❝♦♠♦ s❡ ♣✉❡❞❡ ♦❜s❡r✈❛r ❡♥



✷✳✺✳ ■♠❛❣❡♥ ❆❢♦rt✉♥❛❞❛ ✹✾

✭❛✮ 10% ❞❡❧ t♦t❛❧ ❞❡ ✐♠á❣❡♥❡s✳ ✭❜✮ 50% ❞❡❧ t♦t❛❧ ❞❡ ✐♠á❣❡♥❡s✳

❋✐❣✉r❛ ✷✳✼✿ ■♠á❣❡♥❡s ❞❡❧ s✐st❡♠❛ tr✐♣❧❡ ❙❆❖ 78233 ✈✐st♦ ❝♦♥ ❞♦s ♥✐✈❡❧❡s ❞❡ ✐♥t❡❣r❛❝✐ó♥✳ ❊♥
✭❛✮ ✉s❛♠♦s ♣♦❝❛s ✐♠á❣❡♥❡s ♣❛r❛ ✈❡r ❡❧ s✐st❡♠❛ ❝♦♥ ♥✐t✐❞❡③✳ ❊♥ ✭❜✮ ♦❜s❡r✈❛♠♦s ❝ó♠♦ ❡①✐st❡
✉♥ ❝✉❛rt♦ ❝♦♠♣♦♥❡♥t❡ ❛ 0

′
27′′ ❞❡❧ ❝♦♠♣♦♥❡♥t❡ ❈ ❛ ❧❛ ❞❡r❡❝❤❛✳ ❊❧ ❝❛♠♣♦ t♦t❛❧ s♦♥ 9×9 ❛r❝s❡❝2

② ❧❛s ✐♠á❣❡♥❡s ❢✉❡r♦♥ t♦♠❛❞❛s ❡♥ ❜❛♥❞❛ ■ ❝♦♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙✳

❧❛ ✜❣✉r❛ ✷✳✼✱ ❛✉♥ ❛ ♣❡s❛r ❞❡ ❧❛ ♣ér❞✐❞❛ ❞❡ r❡s♦❧✉❝✐ó♥ ❡♥ ❛❧❣ú♥ ❝❛s♦✳

❊❧ ❝❛s♦ ❝♦♥tr❛r✐♦ ♣✉❡❞❡ ♦❝✉rr✐r ❝✉❛♥❞♦ ❝♦♥s✐❞❡r❛♠♦s ✐♠á❣❡♥❡s ❞❡ ♦❜❥❡t♦s ❡①✲

t❡♥s♦s✱ t❛♥t♦ q✉❡ ♥♦ t❡♥❡♠♦s ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ✉t✐❧✐③❛r ✉♥❛ ❡str❡❧❧❛ ❞❡ r❡❢❡r❡♥❝✐❛ ❡♥ ❡❧

❝❛♠♣♦✱ ♦ ✐♥❝❧✉s♦ ♦❜❥❡t♦s ❝♦♥ ✉♥ ❡①❝❡s♦ ❞❡ ❧✉③✱ ❝♦♠♦ ♣✉❡❞❡ s❡r ❡❧ ❝❛s♦ ❞❡ ❧❛ ▲✉✲

♥❛✱ ❏ú♣✐t❡r ♦ ✉♥❛ ♥❡❜✉❧♦s❛✳ ❊♥ ❡st❛s s✐t✉❛❝✐♦♥❡s t❡♥❡♠♦s q✉❡ ✉s❛r ♦tr♦s ❝r✐t❡r✐♦s✿

❧♦s ❝❡♥tr❛❞♦s ② ❛❝✉♠✉❧❛❝✐♦♥❡s t❡♥❞rá♥ ✉♥❛ ♦r✐❡♥t❛❝✐ó♥ ② ❧❛ ♥♦r♠❛ ❞❡ ❝♦♠♣❛r❛r ❧♦s

❝♦❡✜❝✐❡♥t❡s ❞❡ ❙tr❡❤❧ ♥♦ t✐❡♥❡♥ s❡♥t✐❞♦✳ ❙❡ ♣✉❡❞❡♥ ❜✉s❝❛r ♣✉♥t♦s ❜r✐❧❧❛♥t❡s ♦ ❞❡ ❛❧✲

t♦ ❝♦♥tr❛st❡ ❡♥ ❧❛s ✐♠á❣❡♥❡s✱ ♣❡r♦ ②❛ ♥♦ ♣❡r♠✐t❡♥ ✉s❛r ✉♥ ❝r✐t❡r✐♦ ✉♥í✈♦❝♦✳ P✉❡❞❡

♦❝✉rr✐r ✐♥❝❧✉s♦ q✉❡ ❡♥ ❞♦s ✐♠á❣❡♥❡s s❡ ✐♥✈✐❡rt❛♥ ❧♦s ✈❛❧♦r❡s ❞❡ ❧✉♠✐♥♦s✐❞❛❞ ❞❡ ❧♦s

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

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

❧♦s ✈❛❧♦r❡s ❞❡ ❜r✐❧❧♦ ♥♦ s❛t✉r❛♥✱ ②❛ s❡❛♥ ❞❡✜♥✐❞♦s ♣♦r ❡❧ ✉s✉❛r✐♦ ♦ s❡❣ú♥ ❛❧❣ú♥ ❝r✐t❡r✐♦

❛✉t♦♠át✐❝♦✳

❊♥ ♠✉❝❤♦s ❝❛s♦s s❡ ❤❛❝❡ ❡st❛❞íst✐❝❛ ❞❡ ❧❛s ✐♠á❣❡♥❡s ② s❡ ❞❡s❝❛rt❛♥ ❞❡ ♠♦❞♦ ❞❡✜✲

♥✐t✐✈♦ ❛q✉❡❧❧❛s ❝♦♥ ✉♥❛ r❛③ó♥ ❞❡ ❙tr❡❤❧ ❞❡♠❛s✐❛❞♦ ❜❛❥❛✳ ❊♥ ❢✉♥❝✐ó♥ ❞❡ ❧♦ ❜✉❡♥♦ q✉❡

s❡❛ ❡❧ ❤✐st♦❣r❛♠❛ s❡ ♣✉❡❞❡ ♣♦♥❡r ❡❧ ❝r✐t❡r✐♦ ❞❡ ❞❡s❝❛rt❡ ♠ás ♦ ♠❡♥♦s ❛❧t♦✳ ❙✐♥ ❡♠✲

❜❛r❣♦ ❡s ♠ás ❝♦♠♣❧✐❝❛❞♦ ❡❧ ❝r✐t❡r✐♦ ♣❛r❛ ❞❡❝✐❞✐r ❝✉á♥t❛s ♣♦❞❡♠♦s ❛❝✉♠✉❧❛r✱ ❝♦♥ ✐❞❡❛

❞❡ ❧❧❡❣❛r ❛ ✐♠á❣❡♥❡s ❝♦♠♣❛r❛❜❧❡s ❢♦t♦♠étr✐❝❛♠❡♥t❡ ❛ ❛q✉❡❧❧❛s ♦❜t❡♥✐❞❛s ❝♦♥ ❈❈❉s



✺✵ ✷✳ ▲❛ té❝♥✐❝❛

✓♥♦r♠❛❧❡s✔✱ ♦ s✐ ❡s s✉✜❝✐❡♥t❡ ✉t✐❧✐③❛r ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ 1′5♠ ♣❛r❛ ♥✉❡str♦s ♣r♦♣ós✐✲

t♦s ♦ s✐✱ ♣♦r ❡❧ ❝♦♥tr❛r✐♦✱ ♥❡❝❡s✐t❛r❡♠♦s ✉♥♦ ♠❛②♦r ♣❛r❛ ♣♦❞❡r t❡♥❡r ✉♥ r❡♥❞✐♠✐❡♥t♦

✈á❧✐❞♦ ❞❡ ❡st❛ té❝♥✐❝❛✱ ❡ ✐♥❝❧✉s♦ ✉♥❛ ❝♦♠♣❛r❛t✐✈❛ ♣♦r ❝♦st❡s ❞❡ ❡st❡ ♠ét♦❞♦ ❝♦♥ ✉♥

t❡❧❡s❝♦♣✐♦ ❡♥ ❡❧ ❡s♣❛❝✐♦✳ ❋r✐❡❞✭✷✵✮ ✭✶✾✼✽✮ ❝❛❧❝✉❧❛ q✉❡ ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ♦❜t❡♥❡r ✉♥❛

✐♠❛❣❡♥ ❡♥ ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❡♥ ✉♥❛ ❛t♠ós❢❡r❛ ❞❡ ♠í♥✐♠❛ t✉r❜✉❧❡♥❝✐❛ ✭s❡❣ú♥ ❧❛

❡st❛❞íst✐❝❛ ❞❡ ❑♦❧♠♦❣♦r♦✈✮ ♣❛r❛ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡♣❡♥❞❡ ❞❡ s✉ ❛❜❡rt✉r❛ D ② ❞❡❧ s❡❡✐♥❣

✭❛ tr❛✈és ❞❡❧ ♣❛rá♠❡tr♦ ❞❡ ❋r✐❡❞✱ r0✮✳ ❊s❛ ♣r♦❜❛❜✐❧✐❞❛❞ ✈✐❡♥❡ ❞❛❞❛ ❝♦♠♦✿

P ≈ 5′6 exp

[
−0′1557

(
D

r0

)2
]
. ✭✷✳✶✮

❙❡❣ú♥ ❡st❛ r❡❧❛❝✐ó♥✱ ♣❛r❛ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ 1′5♠ ❝♦♠♦ ❡❧ ❚❈❙✱ s✐ s✉♣♦♥❡♠♦s

✉♥ r❛❞✐♦ ❞❡ ❝♦❤❡r❡♥❝✐❛ ❞❡ 0′35♠ ♣❛r❛ ❜❛♥❞❛ ■✱ ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ t❡♥❡r ✐♠á❣❡♥❡s

❡♥ ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❡s ❞❡ ✉♥ 32%✳ ❙✐ t♦♠❛♠♦s r0 = 0′25♠ ❡♥ ❜❛♥❞❛ ❱✱ ❧❛

♣r♦❜❛❜✐❧✐❞❛❞ ❝❛❡ ❛❧ 2%✳

▲❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❡s ✉♥❛ té❝♥✐❝❛ ❞❡ ✐♠❛❣❡♥ s❡❧❡❝t✐✈❛✳ P♦r t❛♥t♦✱ ♣❛r❛

❛❧❝❛♥③❛r ✉♥❛ ❝✐❡rt❛ ✐rr❛❞✐❛♥❝✐❛ ✭♠❛❣♥✐t✉❞✮ s❡ ♥❡❝❡s✐t❛ ✉♥❛ ❝❛♥t✐❞❛❞ ❞❡ ✐♠á❣❡♥❡s

♠✉② ❣r❛♥❞❡ ♣❛r❛ ❛❝✉♠✉❧❛r ❧❛ ❡♥❡r❣í❛ ♥❡❝❡s❛r✐❛ ②✱ s✐ ❧❛ q✉❡r❡♠♦s ❝♦♥ ❜✉❡♥❛ ❝❛❧✐❞❛❞✱

♣♦♥❣❛♠♦s ❞❡♥tr♦ ❞❡ ❡s❡ 32% ❡♥ ❜❛♥❞❛ ■✱ r❡q✉❡r✐r❡♠♦s tr❡s ✈❡❝❡s ♠ás ✐♠á❣❡♥❡s q✉❡

❧❛s ♣r❡❝✐s❛s ♣❛r❛ ❝♦♥s❡❣✉✐r ❡❧ ♠✐s♠♦ ♥ú♠❡r♦ ❞❡ ❢♦t♦♥❡s ❡♥ ✉♥ s✐st❡♠❛ ❢♦t♦♠étr✐❝♦

♣♦r t✐❡♠♣♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥✳ ❆sí✱ s✐ t♦♠❛♠♦s ✐♠á❣❡♥❡s ❝♦♥ ✉♥ t✐❡♠♣♦ ❞❡ ❡①♣♦s✐❝✐ó♥

♣❛r❛ ❝❛❞❛ ✉♥❛ ❞❡ 35♠s ✭❡❧ t✐❡♠♣♦ ♠í♥✐♠♦ q✉❡ s❡ ♣✉❡❞❡ ♣♦♥❡r ❡♥ ✉♥❛ ❝á♠❛r❛ ❆♥❞♦r

✺✶✷①✺✶✷✱ ❧❛ ❡stá♥❞❛r ❞❡ ✉s♦ ❡♥ ❡❧ ■❆❈✮✱ ❡st♦ s✐❣♥✐✜❝❛ ✉♥ ♠✉❡str❡♦ ❞❡ 28′6 ✐♠á❣❡♥❡s

♣♦r s❡❣✉♥❞♦✳ ❙✐ ♥❡❝❡s✐t❛♠♦s ✉♥ t✐❡♠♣♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ❞❡ 1♠✐♥ ♣❛r❛ ❛❧❝❛♥③❛r ✉♥❛

♠❛❣♥✐t✉❞ ❞❛❞❛✱ ❡❧❧♦ s✉♣♦♥❡ ✉♥❛s ✶✼✵✵ ✐♠á❣❡♥❡s ❞❡ 35♠s ❝❛❞❛ ✉♥❛ s✐ s❡ ✉t✐❧✐③❛♥

t♦❞❛s ❡❧❧❛s✳ P❡r♦✱ s✐ ✈❛♠♦s ❛ ❛♣r♦✈❡❝❤❛r só❧♦ ❡❧ 30% ❞❡ ❧❛s ✐♠á❣❡♥❡s✱ ♥♦s ❤❛rá♥ ❢❛❧t❛

♠ás ❞❡ ✺✻✵✵ ✐♠á❣❡♥❡s ♣❛r❛ ❛❧❝❛♥③❛r ❡s❛ ♠✐s♠❛ ♠❛❣♥✐t✉❞ ❛ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❡♥

❜❛♥❞❛ ■✳

▲❛ ✐♠❛❣❡♥ ✜♥❛❧✱ ❡♥ ❛♠❜♦s ❝❛s♦s✱ ♦❝✉♣❛ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❡❧ ♠✐s♠♦ ♥ú♠❡r♦ ❞❡

❜✐ts✱ ♣❡r♦ ❡✈✐❞❡♥t❡♠❡♥t❡ ❡❧ ♣r♦❝❡s♦ ♦❝✉♣❛ ✺✻✵✵ ✈❡❝❡s ♠ás✳ ❆ ❝❛❞❛ ❜❧♦q✉❡ ❞❡ ❛❞q✉✐✲

s✐❝✐ó♥ ❞❡ ❞❛t♦s ❧❡ ❧❧❛♠❛♠♦s ❝✉❜♦ ❞❡ ❞❛t♦s ♦ ❝✉❜♦ ❞❡ ✐♠á❣❡♥❡s✱ ②❛ q✉❡ r❡♣r❡s❡♥t❛ ❡❧

❛❧♠❛❝❡♥❛♠✐❡♥t♦ s❡❝✉❡♥❝✐❛❧ ❞❡ s✉♣❡r✜❝✐❡s ✐♠❛❣❡♥✱ ❝♦♠♦ ♣á❣✐♥❛s ❞❡ ✉♥ ❧✐❜r♦✱ ②✱ ♣♦r

t❛♥t♦✱ ✸ ❞✐♠❡♥s✐♦♥❡s ❞❡ ❞❛t♦s✱ ❞♦s ❡s♣❛❝✐❛❧❡s ② ✉♥❛ t❡♠♣♦r❛❧✳

❯♥ ✐♥❝♦♥✈❡♥✐❡♥t❡ ❞❡ ❧❛ té❝♥✐❝❛✱ ❛✉♥q✉❡ ♥♦ ❡s ❡①❝❧✉s✐✈♦ ❞❡ ❡❧❧❛✱ ❡s ❧❛ ❛❝✉♠✉❧❛❝✐ó♥

❞❡ ❡♥❡r❣í❛ ❡♥ ❧♦s ❛❧r❡❞❡❞♦r❡s ❞❡❧ ♣✉♥t♦ ❝❡♥tr❛❧ ❞❡ ❛♣✐❧❛❞♦✳ ❊st❡ s♦❜r❡❢♦♥❞♦ ❡s ❞❡❜✐❞♦

❛ ❧❛ s✉♠❛ ❞❡ ❧❛s ♣❛rt❡s ❞❡ ❝❛❞❛ ♠❛♥❝❤❛ ❞❡ s♣❡❝❦❧❡s q✉❡ r♦❞❡❞❛♥ ❛❧ ♣✐❝♦ q✉❡ s❡

s❡❧❡❝❝✐♦♥❛ ♣❛r❛ r❡❝❡♥tr❛r✳ ❈✉❛♥t❛s ♠ás ✐♠á❣❡♥❡s s✉♠❛♠♦s ♠ás ❝r❡❝❡ ❡❧ ♣✐❝♦ ❞❡ s❡ñ❛❧



✷✳✻✳ ❆str♦❢ís✐❝❛ ✺✶

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

t❛♠❜✐é♥ ❛✉♠❡♥t❛ ❤❛st❛ ❧❧❡❣❛r ❛ r❡❧❧❡♥❛r ❡❧ ♠í♥✐♠♦ ❞❡❧ ♣r✐♠❡r ❛♥✐❧❧♦✳ ❊❧❧♦ ❤❛❝❡ q✉❡

♣❡r❞❛♠♦s ❧❛ ❡s❝❛❧❛ ②✱ ♣♦r t❛♥t♦✱ ❡❧ ✈❛❧♦r ❞❡ ❧❛ ❡♥❡r❣í❛ ❡♥❝❡rr❛❞❛ ❡♥ ❡❧ ❞✐s❝♦ ❞❡ ❆✐r②✱

❞❡s♣❡r❞✐❝✐❛♥❞♦ ❡❧ ✈❛❧♦r ❢♦t♦♠étr✐❝♦ ❡q✉✐✈❛❧❡♥t❡ ❞❡ ❧❛ s✉♠❛✳ ➱st❡ ❡s✱ ♣♦r ❝♦♥s✐❣✉✐❡♥t❡✱

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

❊❧ q✉❡ ❧❛s ✐♠á❣❡♥❡s q✉❡ ❛❝✉♠✉❧❛♠♦s ♥♦ s❡❛♥ s✉❝❡s✐✈❛s ✐♠♣❧✐❝❛ q✉❡ ♣❡r❞❛♠♦s

t❛♠❜✐é♥ ❡❧ ✈❛❧♦r ❞❡ ❢❛s❡ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❝♦♥t❡♥✐❞❛ ❡♥ ❡❧ ❞✐s❝♦ ❞❡ ❆✐r②✳ P♦r t❛♥✲

t♦✱ t❛♠♣♦❝♦ ♣♦❞❡♠♦s ❡①tr❛❡r ❧♦s ❞❛t♦s ❞❡❧ ❞✐s❝♦ ❞❡ ❆✐r②✱ q✉❡ s❡ ❝♦rr❡s♣♦♥❞❡ ❝♦♥

✐♥❢♦r♠❛❝✐ó♥ s♦❜r❡ t❛♠❛ñ♦✱ ✈❡❧♦❝✐❞❛❞ ❞❡ r♦t❛❝✐ó♥✱ ❡t❝✳

❆❧ s❡r ✉♥❛ té❝♥✐❝❛ r❡❝✐❡♥t❡ t♦❞❛✈í❛ ❤❛② ❝✉❡st✐♦♥❡s q✉❡ ♥♦ ❡stá♥ ❜✐❡♥ ❞❡✜♥✐❞❛s✱

② ♠✉❝❤♦ ♠❡♥♦s ❛♥❛❧✐③❛❞❛s✱ ② q✉❡ ❛❜r❡♥ ✉♥ ❣r❛♥ ❝❛♠♣♦ ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ② ❡st✉❞✐♦✳

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

t❡❧❡s❝♦♣✐♦s ❞❡ ❣r❛♥ ❛❜❡rt✉r❛✳ ❙✐ ♣❡♥s❛♠♦s ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ❋r✐❡❞

✭❊q✳ ✷✳✶✮ ❡♥ ❧❛s ♠✐s♠❛s ❝♦♥❞✐❝✐♦♥❡s s✉♣✉❡st❛s ♣❛r❛ ❡❧ ❚❈❙✱ ♣❛r❛ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡

2′5♠ ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ♦❜t❡♥❡r ✉♥❛ ✐♠❛❣❡♥ ❛❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❡♥ ❜❛♥❞❛ ■ ❡s ❞❡

0′2%✱ ♣❛r❛ 4′2♠ ❡s ②❛ ❞❡ 10−7%✳ ❙✐♥ ❡♠❜❛r❣♦✱ ♣❛r❛ ❧❧❡❣❛r ❛ ❧❛ ♠✐s♠❛ ♠❛❣♥✐t✉❞ ❤❛②

q✉❡ t♦♠❛r ♠❡♥♦s ✐♠á❣❡♥❡s ❡♥ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ ♠❛②♦r t❛♠❛ñ♦✱ ❧♦ q✉❡ ❝♦♠♣❡♥s❛ ❡♥

♣❛rt❡ ✭♣❡r♦ ♥♦ t♦❞♦✮ ❡st❡ ♠❡♥♦r ♥ú♠❡r♦ ❞❡ ❧✉❝❦② ✐♠❛❣❡s✳

❖tr♦ ♣✉♥t♦ ❞❡ ❞✐s❝✉s✐ó♥ ❡s ❧❛ ❧✐♠✐t❛❝✐ó♥ ❞❡❧ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦✳ ▲♦s ❡st✉❞✐♦s ❞❡

❛t♠ós❢❡r❛ q✉❡ ②❛ ❤❡♠♦s ✈✐st♦ ❡♥ ❡❧ ❝❛♣ít✉❧♦ ❛♥t❡r✐♦r ✭❙❡❝✳ ✶✳✸✳✶✮ ♥♦s ✐♥❞✐❝❛♥ q✉❡ ❡❧

❝❛♠♣♦ ❞❡ ✈✐s✐ó♥ ✭❋❖❱✮ ❡stá ❧✐♠✐t❛❞♦ ♣♦r s❡❡✐♥❣✱ ② ♠ás ♣❛r❛ ✐♥❝❧✐♥❛❝✐♦♥❡s ❧❡❥♦s ❞❡❧

③❡♥✐t✳ ❊st♦ s✐❣♥✐✜❝❛ q✉❡✱ ❛ ♠❡❞✐❞❛ q✉❡ ❝❛♣t✉r❡♠♦s ✉♥ ❝❛♠♣♦ ♠❛②♦r✱ ❧❛ ❝♦rr❡❝❝✐ó♥

q✉❡ ♥♦s ❞❛ ✉♥❛ ❡str❡❧❧❛ ♥♦ ❞❡❜✐❡r❛ ♣♦❞❡r s❡✈✐r ♠ás q✉❡ ♣❛r❛ ✉♥ ❋❖❱ ❞❡♥tr♦ ❞❡❧

á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦ ②✱ ♣♦r t❛♥t♦✱ ❡❧ ❝❛♠♣♦ ❝♦❧❡❝t❛❞♦ ♥♦ ❡st❛rá ❝♦rr❡❣✐❞♦ ❢✉❡r❛ ❞❡ ❡s❡

r❛♥❣♦✳

❊♥ ❡❧ tr❛♥s❝✉rs♦ ❞❡❧ tr❛❜❛❥♦ r❡❛❧✐③❛❞♦ ❤❡♠♦s ❞❡s❝✉❜✐❡rt♦ ❝✐❡rt♦s ❡❢❡❝t♦s ② ❢❡♥ó✲

♠❡♥♦s r❡❧❛❝✐♦♥❛❞♦s ❝♦♥ ❧❛ té❝♥✐❝❛ ❞❡ ✐♠á❣❡♥ s❡❝✉❡♥❝✐❛❧✱ ✐♠❛❣❡♥ ❛❢♦rt✉♥❛❞❛✱ ♦ ▲✉❝❦②

■♠❛❣✐♥❣ q✉❡ ♣♦❞rá♥ ❛❝❧❛r❛r♥♦s ❛❧❣♦ ♠ás ❡st♦s ② ♦tr♦s ♣✉♥t♦s✳

✷✳✻✳ ❆str♦❢ís✐❝❛

▲❛ ❆str♦❢ís✐❝❛ ♦❜s❡r✈❛❝✐♦♥❛❧ ♠♦❞❡r♥❛ ♠❛♥t✐❡♥❡ ✉♥❛ ❜úsq✉❡❞❛ ❝♦♥st❛♥t❡ ❞❡ ♠❡❥♦✲

r❛ ❡♥ ❞♦s ❢❛❝t♦r❡s✿ ♣r♦❢✉♥❞✐❞❛❞ ❡♥ ❧❛s ♦❜s❡r✈❛❝✐♦♥❡s ② r❡s♦❧✉❝✐ó♥ ❞❡ ❧❛s ♠✐s♠❛s✳ ❈♦♠♦

②❛ ❤❡♠♦s ✈✐st♦✱ ❧♦ ♣r✐♠❡r♦ s❡ s♦❧✉❝✐♦♥❛ ♠❡❞✐❛♥t❡ ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡ t❡❧❡s❝♦♣✐♦s ❝❛❞❛

✈❡③ ♠❛②♦r❡s✱ ❤❛st❛ ❧♦s ❣✐❣❛♥t❡s ❞❡ ✹✵ ♠❡tr♦s ❛❤♦r❛ ♠✐s♠♦ ❡♥ ♣r♦②❡❝t♦✱ ♠✐❡♥tr❛s q✉❡

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



✺✷ ✷✳ ▲❛ té❝♥✐❝❛

❍♦② ❡♥ ❞í❛ s♦♥ ♠✉❝❤❛s ❧❛s r❛♠❛s ❞❡ ❧❛ ❆str♦❢ís✐❝❛ q✉❡ ♥❡❝❡s✐t❛♥ ❞❡ ✉♥❛ ❛❧tís✐♠❛

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

❧❛ ❧✐st❛ ❡s ✐♥t❡r♠✐♥❛❜❧❡✱ ♣♦❞rí❛♥ s❡r✿ ❡st✉❞✐♦s ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ❛t♠ós❢❡r❛✱ t❛♥t♦

❡♥ ❧❛ ❚✐❡rr❛ ❝♦♠♦ ❡♥ ♦tr♦s ♣❧❛♥❡t❛s❀ ❞❡t❡❝❝✐ó♥ ❞❡ ❡♥❛♥❛s ♠❛rr♦♥❡s ❝♦♠♣❛ñ❡r❛s ❞❡

❡str❡❧❧❛s❀ ❜úsq✉❡❞❛ ❞❡ ❜✐♥❛r✐❛s ❡♥ ❡str❡❧❧❛s t✐♣♦ ▼ ❝♦♥ ❡s❝❛s❛ s❡♣❛r❛❝✐ó♥❀ ♣❛r❡❥❛s ❞❡

❡♥❛♥❛s ♠❛rr♦♥❡s❀ ❡st✉❞✐♦s ❞❡ ❜✐♥❛r✐❛s ❞❡ ❜❛❥❛ ♠❛s❛❀ ❡st✉❞✐♦s ❞✐♥á♠✐❝♦s ❞❡ ♥ú❝❧❡♦s

❞❡ ❝ú♠✉❧♦s ❣❧♦❜✉❧❛r❡s ♣❛r❛ ❧❛ ❞❡t❡❝❝✐ó♥ ❞❡ ❛❣✉❥❡r♦s ♥❡❣r♦s ❞❡ t❛♠❛ñ♦ ✐♥t❡r♠❡❞✐♦❀

♠✉❧t✐♣❧✐❝✐❞❛❞ ❞❡ ❡str❡❧❧❛s ❡♥ ❝ú♠✉❧♦s ② ❞❡ ❧❛ r❡❧❛❝✐ó♥ ♠❛s❛✴❧✉♠✐♥♦s✐❞❛❞ ❛ ❞✐✈❡rs❛s

❡❞❛❞❡s❀ ❡st✉❞✐♦s ❞✐♥á♠✐❝♦s ❞❡ s✐st❡♠❛s ❜✐♥❛r✐♦s ❝❡r❝❛♥♦s ❛❧ ❙♦❧ ♣❛r❛ ❞❡t❡r♠✐♥❛❝✐ó♥

❞❡ ♣❛rá♠❡tr♦s ♦r❜✐t❛❧❡s ② ♠❛s❛s ❞❡ ❧❛s ❝♦♠♣♦♥❡♥t❡s❀ ♦❜s❡r✈❛❝✐ó♥ ❞❡ ❛st❡r♦✐❞❡s ②

❝♦♠❡t❛s❀ ❝❤♦rr♦s ❡♥ ❡str❡❧❧❛s ❚ ❚❛✉r✐❀ ❞❡t❡❝❝✐ó♥ ❞❡ t♦❞❛s ❧❛s ❝♦♠♣♦♥❡♥t❡s ❡♥ ❧❡♥t❡s

❣r❛✈✐t❛t♦r✐❛s❀ ❜✐♥❛r✐❛s ❞❡ r❛②♦s ❳ ♣❡rs✐st❡♥t❡s ② tr❛♥s✐t♦r✐❛s ❝♦♥ ❛❣✉❥❡r♦ ♥❡❣r♦❀ ♥❡❜✉✲

❧♦s❛s ♣❧❛♥❡t❛r✐❛s✱ ❡t❝✼✳ ❊s ❞❡❝✐r✱ q✉❡ r❡s✉❧t❛ ♥❡❝❡s❛r✐♦ ❞❡s❞❡ ♦❜s❡r✈❛❝✐♦♥❡s ❞❡❧ s✐st❡♠❛

s♦❧❛r ❤❛st❛ ❧♦s ♠ás ❛❧❡❥❛❞♦s ❝✉ás❛r❡s✳ ❉❡ ❛❤í ❡❧ ❡s❢✉❡r③♦ q✉❡ s❡ ❡stá r❡❛❧✐③❛♥❞♦ ❡♥

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

▲❛ ❆str♦❢ís✐❝❛ ❡s ✉♥❛ ❞❡ ❧❛s r❛♠❛s ❢✉♥❞❛♠❡♥t❛❧❡s ❞❡ ❧❛ ❋ís✐❝❛ ② ♣r♦❜❛❜❧❡♠❡♥t❡ ❞❡

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

❞❡ ❡st✉❞✐♦ ② ❡①♣❡r✐♠❡♥t❛❝✐ó♥✱ só❧♦ r❡❝✐❜✐♠♦s ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❡s♦s ♦❜❥❡t♦s ❡♥ ❢♦r♠❛

❞❡ ❧✉③✱ ❢♦t♦♥❡s ✉ ♦♥❞❛s ❡❧❡❝tr♦♠❛❣♥ét✐❝❛s❀ ❡s ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡❧ ♠ét♦❞♦ ❝✐❡♥tí✜❝♦ ♣♦r

❛♥t♦♥♦♠❛s✐❛✳ ❊s ❝✐❡rt♦ q✉❡ ❡❧ ♥ú♠❡r♦ ❞❡ ♦❜❥❡t♦s ❡s ✐♥♠❡♥s♦ ② s❡ ♦❜s❡r✈❛♥ ❡♥ t♦❞❛s

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

♦❜❥❡t♦ ❡♥ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ❝♦♥❞✐❝✐ó♥✱ ❧♦ ❝✉❛❧ ♥♦s ♣❡r♠✐t❡ ✈❛❧✐❞❛r ❧♦s ❡①♣❡r✐♠❡♥t♦s ②

❧❛s t❡♦rí❛s ❡♥ ✉♥ ❝✐❡rt♦ ❣r❛❞♦ ❡st❛❞íst✐❝♦✳

▲❛ ✐♥str✉♠❡♥t❛❝✐ó♥ ❛str♦❢ís✐❝❛ s❡ ❜❛s❛ ❡♥ ❧❛ ♠❡❞✐❞❛ ❞❡ ❧❛ ❧✉③ ❝♦❧❡❝t❛❞❛ ♣♦r

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

q✉❡ ♥♦s ❧❧❡❣❛ ❞❡ ✉♥ ♦❜❥❡t♦✱ ② ❤❛❜❧❛♠♦s ❞❡ ❢♦t♦♠❡trí❛✳ P♦❞❡♠♦s ❞❡s❝♦♠♣♦♥❡r❧❛

❡s♣❡❝tr❛❧♠❡♥t❡ ② tr❛❜❛❥❛♠♦s ❝♦♥ ❡s♣❡❝tr♦s❝♦♣í❛✳ P♦❞❡♠♦s ❛♥❛❧✐③❛r s✉ ❡st❛❞♦ ❞❡

♣♦❧❛r✐③❛❝✐ó♥ ② s❡rá ♣♦❧❛r✐♠❡trí❛ ✭❢♦t♦♠étr✐❝❛ ♦ ❡s♣❡❝tr♦♠étr✐❝❛✮✳ ❙✐ ❝♦♥s✐❞❡r❛♠♦s

❧♦s ❞❡t❡❝t♦r❡s ❜✐❞✐♠❡♥s✐♦♥❛❧❡s✱ ❞❡s❞❡ ♣❧❛❝❛s ❢♦t♦❣rá✜❝❛s ❛ ❈❈❉s✱ s❡❣✉✐♠♦s t❡♥✐❡♥❞♦

❧♦s ♠✐s♠♦s ♣r♦❝❡s♦s✱ ❛✉♥q✉❡ ♣♦❞❡♠♦s ❛❜❛r❝❛r ✈❛r✐♦s ♦❜❥❡t♦s s✐♠✉❧tá♥❡❛♠❡♥t❡✳ ❊♥

❡st❛ s✐t✉❛❝✐ó♥ ❤❛♥ tr❛♥s❝✉rr✐❞♦ ❧❛ ✐♥♠❡♥s❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❡st✉❞✐♦s ❛str♦♥ó♠✐❝♦s ②

❛str♦❢ís✐❝♦s ❡♥ t♦❞❛ ❧❛ ❤✐st♦r✐❛✱ ② ❡❧ ♣r♦❜❧❡♠❛ ❞❡ ❧❛ ❛t♠ós❢❡r❛ ❤❛❜í❛♠♦s ❝♦♥s❡❣✉✐❞♦

❛s✉♠✐r❧♦✱ ❞❡ ♠❛♥❡r❛ q✉❡ ♥♦ ✐♠♣♦rt❛❜❛ ❡❧ q✉❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧✉③ ❞❡ ❧♦s ♦❜❥❡t♦s q✉❡

t❡♥í❛♠♦s ❢✉❡r❛ ❣❛✉ss✐❛♥❛✳ ❍❛st❛ ♥♦s ✈❡♥í❛ ❜✐❡♥✿ ❡s ✉♥❛ ❝✉r✈❛ ♠✉② ❜✐❡♥ ❝❛r❛❝t❡r✐③❛❞❛

✼P✉❡❞❡ ✈❡rs❡ ✉♥ ♣♦❝♦ ♠ás ❡①t❡♥❞✐❞♦ ❡♥ ❧❛ ❞❡s❝r✐♣❝✐ó♥ ❞❡ ❧❛s ❛❝t✉❛❧❡s ♣❡t✐❝✐♦♥❡s ❞❡ t✐❡♠♣♦ ❞❡
♦❜s❡r✈❛❝✐ó♥ ❝♦♥ ❋❛st❈❛♠ ❞❡ ❧❛ s❡❝❝✐ó♥ ✺✳✹✳✶



✷✳✻✳ ❆str♦❢ís✐❝❛ ✺✸

② s❛❜❡♠♦s ❧♦ q✉❡ r❡♣r❡s❡♥t❛ ② q✉é s✐❣♥✐✜❝❛✱ ❛♣❛rt❡ ❞❡ q✉❡ ✉♥✐❢♦r♠✐③❛ ❛ t♦❞♦s ❧♦s

♦❜❥❡t♦s✳ ❙✐♥ ❡♠❜❛r❣♦ ❝♦♥ ❧❛s ✐♠á❣❡♥❡s✱ ❛❞❡♠ás✱ ❛♣❛r❡❝❡ ✉♥❛ ❝❛♣❛❝✐❞❛❞ ❡①tr❛✱ ❧❛

♠❡❞✐❞❛ ❞❡ ❞✐st❛♥❝✐❛s ②✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ ♦❜❥❡t♦s ❡①t❡♥s♦s✱ ❧❛ ♠❡❞✐❞❛ ❞❡ s✉ ❡str✉❝t✉r❛✳

❊♥ ❡st❡ ❝❛s♦ ❡st❛♠♦s ❤❛❜❧❛♥❞♦ ❞❡ r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧ ②✱ ❡♥ ❡s♦✱ ❧❛ ❛t♠ós❢❡r❛ sí ❡s ✉♥

✈❡r❞❛❞❡r♦ ♣r♦❜❧❡♠❛✱ ❝♦♠♦ ②❛ ❤❡♠♦s ✈✐st♦✳

❈♦♥ ❧❛ ❢♦t♦♠❡trí❛ ♣♦❞❡♠♦s ♦❜t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥ ❛❝❡r❝❛ ❞❡ ❞✐st❛♥❝✐❛s✱ ♠❛s❛s✱ t❛✲

♠❛ñ♦s✱ ❡❞❛❞❡s✱ ❡t❝✳✱ ② ❣r❛❝✐❛s ❛ ❡❧❧♦ ❤❡♠♦s ❞❡s❛rr♦❧❧❛❞♦ t♦❞❛ ❧❛ ❝❧❛s✐✜❝❛❝✐ó♥ ❜❛s❡ ②

❧❛ ❡✈♦❧✉❝✐ó♥ ❞❡ ❧❛s ❡str❡❧❧❛s✳ ▲❛s ♦❝✉❧t❛❝✐♦♥❡s ② ❧❛s ✢✉❝t✉❛❝✐♦♥❡s ❡♥ ❜r✐❧❧♦ ♥♦s ❤❛♥

❡♥s❡ñ❛❞♦ ❛ ❡♥❝♦♥tr❛r ❝♦♠♣❛ñ❡r❛s ♦s❝✉r❛s ♦ ✐♥❝❧✉s♦ ❛❣✉❥❡r♦s ♥❡❣r♦s✳ ▲❛ ❡s♣❡❝tr♦s❝♦✲

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

♣♦r ❛♥♦♠❛❧í❛s ❞❡ ❧♦s ❡s♣❡❝tr♦s ❞❡t❡❝t❛♠♦s ❝♦♠♣❛ñ❡r❛s ♦❝✉❧t❛s✳ ▲❛ ♣♦❧❛r✐♠❡trí❛ ♥♦s

❤❛ ❞❛❞♦ ♣✐st❛s ♣❛r❛ ❡♥❝♦♥tr❛r ❢❡♥ó♠❡♥♦s ♠❛❣♥ét✐❝♦s ② r♦t❛❝✐ó♥ ❞❡ ❛❧❣✉♥❛s ❡str❡❧❧❛s✳

❨ t♦❞❛s ❡❧❧❛s ♥♦s ❤❛♥ ❛②✉❞❛❞♦ ❛ ❞❡s❛rr♦❧❧❛r ❧❛s t❡♦rí❛s ❞❡ ❢♦r♠❛❝✐ó♥ ② ❡✈♦❧✉❝✐ó♥ ❞❡❧

❯♥✐✈❡rs♦ q✉❡ t❡♥❡♠♦s ❤♦②✳

P❡r♦ ❛❤♦r❛ ❡st❛♠♦s ❡♥ ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❛✜♥❛r ❛❧❣♦ ♠ás✳ ▲❛ t❡❝♥♦❧♦❣í❛ ♥♦s ♣❡r♠✐t❡

✈❡r ♦❜❥❡t♦s ♠ás ❞é❜✐❧❡s ❛❧ ❤❛❝❡r t❡❧❡s❝♦♣✐♦s ♠❛②♦r❡s ② ❞❡t❡❝t♦r❡s ♠ás s❡♥s✐❜❧❡s ②

❡✜❝✐❡♥t❡s✱ ♣❡r♦ ❡❧ ✈❡r ♦❜❥❡t♦s ♠ás ❞é❜✐❧❡s ♥♦ s✐❡♠♣r❡ s✐❣♥✐✜❝❛ ❜✉s❝❛r❧♦s ♠ás ❧❡❥♦s

✭q✉❡ ❛♣♦rt❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛ ❡✈♦❧✉❝✐ó♥✱ ②❛ q✉❡ ❧❛ ❧✉③ q✉❡ ♥♦s ❧❧❡❣❛ ❢✉❡ ❡♠✐t✐❞❛ ❤❛❝❡

♠✉❝❤♦ t✐❡♠♣♦✮✳ ❉❡ ❤❡❝❤♦✱ ♥♦s ✐♥t❡r❡s❛♥ ❧♦s ♦❜❥❡t♦s ♠✉② ❞é❜✐❧❡s q✉❡ ❡stá♥ ❝❡r❝❛✳ ◆♦s

✐♥t❡r❡s❛♥ ♣❧❛♥❡t❛s ❡♥ t♦r♥♦ ❛ ❧❛s ❡str❡❧❧❛s ♣ró①✐♠❛s✳ ◆♦s ✐♥t❡r❡s❛ r❡s♦❧✈❡r ❡str✉❝t✉r❛s

❞❡ ♦❜❥❡t♦s ❝❛s✐✲♣✉♥t✉❛❧❡s q✉❡ ❡stá♥ r❡❧❛t✐✈❛♠❡♥t❡ ♣ró①✐♠♦s✿ ♥♦✈❛s✱ ❛❣✉❥❡r♦s ♥❡❣r♦s ②

s✐st❡♠❛s ❜✐♥❛r✐♦s ❝♦♥ ❝♦♠♣❛ñ❡r❛s ♦s❝✉r❛s ✭❡♥❛♥❛s ♠❛rr♦♥❡s✮ q✉❡ ❡st❛❜❧❡❝❡♥ ✉♥ ♣❛s♦

♠ás ❞❡ ❧❛ ❡✈♦❧✉❝✐ó♥ ❡st❡❧❛r✳

❍❡♠♦s ✐❞❡❛❞♦ té❝♥✐❝❛s ♣❛r❛ ♠❡❞✐r ✢✉❝t✉❛❝✐♦♥❡s ❞❡ ❧✉③ ♠✉② ♣r❡❝✐s❛s ② ❞❡s❝♦♠✲

♣♦s✐❝✐ó♥ ❡s♣❡❝tr❛❧ s♦❜r❡♠✉❡str❡❛❞❛ ♣❛r❛ ♣♦❞❡r ❞❡t❡❝t❛r ❢❡♥ó♠❡♥♦s ❞❡❜✐❞♦s ❛ ♦❜❥❡t♦s

♦s❝✉r♦s ❡♥ ❧❛s ♣r♦①✐♠✐❞❛❞❡s ❞❡ ♦tr♦s ♠ás ❜r✐❧❧❛♥t❡s ② ❡s♦ ♥♦s ❤❛ ♣❡r♠✐t✐❞♦✱ ❡♥tr❡

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

❞❡ ❡str❡❧❧❛s ❝♦♥♦❝✐❞❛s✳ P♦r ❞❡s❣r❛❝✐❛✱ s✐❡♠♣r❡ s♦♥ ♠ét♦❞♦s ✐♥❞✐r❡❝t♦s ❛ ♣❛rt✐r ❞❡ ❧♦s

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

♣❡r♠✐t❡ ✈❡r ♠✉② ❝❡r❝❛ ❞❡ ❧❛s ❡str❡❧❧❛s ♠ás ❝❡r❝❛♥❛s ♣❡r♦✱ ❤❛st❛ ❧❛ ❢❡❝❤❛✱ ❧❛ ♠á①✐♠❛

r❡s♦❧✉❝✐ó♥ ❧❛ t❡♥í❛♠♦s ❝♦♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❡s♣❛❝✐❛❧ ❍✉❜❜❧❡ ❞❡ 2′5♠ ❞❡ ❞✐á♠❡tr♦✱ q✉❡

♥♦s ❞❛ ✉♥ ♠á①✐♠♦ ❞❡ 50♠❛s ❞❡ r❡s♦❧✉❝✐ó♥ ❡♥ ❜❛♥❞❛ ❱✳ P♦r ❝♦♥tr❛✱ ❡♥ t✐❡rr❛ s♦♥

②❛ ✈❛r✐♦s ❧♦s t❡❧❡s❝♦♣✐♦s ❞❡ ✽ ② 10♠ q✉❡ ♣✉❡❞❡♥ ❞❛r♥♦s ✶✻ ♦ 12′5♠❛s ❞❡ r❡s♦❧✉❝✐ó♥

t❡ór✐❝❛ ❡♥ ❡s❛ ♠✐s♠❛ ❜❛♥❞❛ ② ❛❧❝❛♥③❛♥❞♦ ✸ ♠❛❣♥✐t✉❞❡s ♠ás ❞é❜✐❧❡s ❡♥ ❧❛s ♠✐s♠❛s

❝♦♥❞✐❝✐♦♥❡s✳
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▲❛ ♦♣❝✐ó♥ ❞❡ t♦♠❛r ♠✉❝❤❛s ✐♠á❣❡♥❡s ② ❛ ❛❧t❛ ❢r❡❝✉❡♥❝✐❛ t❛♠❜✐é♥ ♣✉❡❞❡ ❛♣♦rt❛r

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

❞♦✳ ❈✉❛♥❞♦ s❡ ❛♥❛❧✐③❛♥ ❧❛s ✐♠á❣❡♥❡s s❡❝✉❡♥❝✐❛❞❛s ♣✉❡❞❡ ❛♣❛r❡❝❡r ❛❧❣ú♥ ♦❜❥❡t♦ q✉❡

✓♣❛r♣❛❞❡❡✔ ② q✉❡✱ ♣♦r s✉ ❢r❡❝✉❡♥❝✐❛✱ ♥♦ s❡❛ ❞❡t❡❝t❛❜❧❡ ❤❛❜✐t✉❛❧♠❡♥t❡ ♦ q✉❡ ♥♦ s❡ ❧❡

❝♦♥♦③❝❛ t❛❧ ❝❛r❛❝t❡ríst✐❝❛✱ ❛❧ ♦❜s❡r✈❛r❧♦ ❡♥ t✐❡♠♣♦s ✐♥t❡❣r❛❞♦s✳ ❊s ❡❧ ❝❛s♦ ❞❡ ♣ú❧s❛r❡s

❝♦♠♦ ❡❧ ❞❡❧ ❝❛♥❣r❡❥♦✱ q✉❡ t✐❡♥❡ ✉♥❛ ❢r❡❝✉❡♥❝✐❛ ❞❡ ✸✵ ❡st❛❧❧✐❞♦s ❧✉♠í♥✐❝♦s ♣♦r s❡❣✉♥❞♦✳

P♦❞rí❛♠♦s ❞❡❝✐r q✉❡ ❧❛ ❞❡t❡❝❝✐ó♥ ❞❡ ❛❧❣✉♥♦ ❞❡ ❡st♦s ♦❜❥❡t♦s t❛♠❜✐é♥ ❡s ❡❧ ❞❡ ✉♥❛

✐♠❛❣❡♥ ❛❢♦rt✉♥❛❞❛✳

❋✐♥❛❧♠❡♥t❡✱ ♠❡♥❝✐♦♥❛r q✉❡ ❡❧ ❡❢❡❝t♦ ❞❡ ❧❛ ❞❡♣❡♥❞❡♥❝✐❛ ❞❡❧ í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥

❞❡❧ ❛✐r❡ ❝♦♥ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ♣r♦❞✉❝❡ ❧♦ q✉❡ s❡ ❧❧❛♠❛ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛✳

➱st❛ ❡s r❡s♣♦♥s❛❜❧❡ ❞❡ ❣❡♥❡r❛r ✉♥ ❛❧❛r❣❛♠✐❡♥t♦ ❞❡ ❧❛ ✐♠❛❣❡♥ ❡♥ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ❧❛

❛❧t✉r❛ s♦❜r❡ ❡❧ ❤♦r✐③♦♥t❡ ❞❡❧ ❛str♦ ❞❡❜✐❞❛ ❛ ❧♦s ❞✐st✐♥t♦s ❢♦❝♦s ♣❛r❛ ❝❛❞❛ ❧♦♥❣✐t✉❞

❞❡ ♦♥❞❛✳ ❊s ❡❧ ❡q✉✐✈❛❧❡♥t❡ ❛ ✉♥ ♣r✐s♠❛ ❞❡ ♣❡q✉❡ñ♦ á♥❣✉❧♦✳ P❛r❛ ✐♠á❣❡♥❡s ❡♥

❝♦♥❞✐❝✐♦♥❡s ♥♦r♠❛❧❡s ❧❛ ♠❛♥❝❤❛ ❞❡ s❡❡✐♥❣ r❡❧❧❡♥❛ ② ❡♠❜♦rr♦♥❛ ❡st❡ ❡❢❡❝t♦✱ ♣❡r♦

❡♥ ❡❧ ❝❛s♦ ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥ ❞✐❝❤♦ ❡❢❡❝t♦ sí ❡s ❛♣r❡❝✐❛❜❧❡✳ ❊❧ ❛❧❛r❣❛♠✐❡♥t♦ ❡♥

❧❛ ❞✐r❡❝❝✐ó♥ ③❡♥✐t❛❧ s❡ ❞❡❜❡ ❛❧ ❞✐st✐♥t♦ á♥❣✉❧♦ ❞❡ r❡❢r❛❝❝✐ó♥ ♣❛r❛ ❝❛❞❛ ❧♦♥❣✐t✉❞

❞❡ ♦♥❞❛✱ s✉♣♦♥✐❡♥❞♦ ✉♥❛ ú♥✐❝❛ ❞✐r❡❝❝✐ó♥ ❞❡ ✐♥❝✐❞❡♥❝✐❛ s♦❜r❡ ❧❛ ❛t♠ós❢❡r❛ ❛ ✉♥❛

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

♣r✐s♠❛ ❞✐s♣❡rs♦r ♣❛r❛ ✉♥ ❤❛③ q✉❡ ✐♥❝✐❞❡ ❝♦♥ ✉♥ ❝✐❡rt♦ á♥❣✉❧♦ s♦❜r❡ ✉♥❛ ❝❛r❛

❞❡❧ ♣r✐s♠❛✳ P❛r❛ ❛t❛❥❛r ❡st❡ ❢❡♥ó♠❡♥♦ ✉t✐❧✐③❛♠♦s ❧♦ q✉❡ s❡ ❧❧❛♠❛ ❆t♠♦s♣❤❡r✐❝

❉✐s♣❡rs✐♦♥ ❈♦rr❡❝t♦r ❬❈♦rr❡❝t♦r ❞❡ ❉✐s♣❡rs✐ó♥ ❆t♠♦s❢ér✐❝❛❪ ✭❆❉❈✮✳ ❊♥ ❡❧ tr❛♥s❝✉rs♦

❞❡ ❡st❡ ♣r♦②❡❝t♦ ❞✐s❡ñ❛♠♦s ② ❝♦♥str✉✐♠♦s ✉♥ s✐st❡♠❛ ❞❡ ❡st❡ t✐♣♦ ♣❛r❛ ✉t✐❧✐③❛r❧♦

❡♥ ❧♦s t❡❧❡s❝♦♣✐♦s ♠❛②♦r❡s ❞♦♥❞❡✱ ❛❧ t❡♥❡r ♠❛②♦r ❝❛♥t✐❞❛❞ ❞❡ ❧✉③ ♣♦r ❢r❛♠❡✱ ❡❧

❛❧❛r❣❛♠✐❡♥t♦ ❡s ♠ás ❞❡t❡❝t❛❜❧❡✱ ♣❡r♦ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ♣♦rq✉❡ ❝♦♥ ❧❛s ♠♦♥t✉r❛s

❛❧t♦✲❛❝✐♠✉t❛❧❡s ❡s ♠✉② ❝♦♠♣❧✐❝❛❞♦ tr❛❜❛❥❛r ❝❡r❝❛ ❞❡❧ ③❡♥✐t✱ ❞♦♥❞❡ ❞✐❝❤♦ ❡❢❡❝t♦

♥♦ ❛♣❛r❡❝❡✳ ❙❡ r❡❛❧✐③❛ ✉♥❛ ❞❡s❝r✐♣❝✐ó♥ ❡s♣❡❝í✜❝❛ ❞❡❧ ❡❢❡❝t♦ ② ❡❧ ❝♦rr❡❝t♦r ❡♥ ❡❧ ❛♥❡①♦ ❆

❆ú♥ q✉❡❞❛ ♣♦r t❡♥❡r ❡♥ ❝✉❡♥t❛ q✉❡ ❡♥ ❆str♦❢ís✐❝❛✱ ② ❆str♦♥♦♠í❛ ❡♥ ❣❡♥❡r❛❧✱ ♥♦

só❧♦ ❧❛ ❛t♠ós❢❡r❛ ♥♦s ❞❡❣r❛❞❛ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ ❧❧❡❣❛ ❞❡ ❧♦s ♦❜❥❡t♦s ❝❡❧❡st❡s✱ ❧❛s

❛❜❡rr❛❝✐♦♥❡s ❞❡ t♦❞❛ ❧❛ ó♣t✐❝❛ ❞❡ ♥✉❡str♦s t❡❧❡s❝♦♣✐♦s ❡ ✐♥str✉♠❡♥t♦s ❞❡❣r❛❞❛♥ ❧❛

P❙❋ q✉❡ ❣❡♥❡r❛ ❧❛ ❛❜❡rt✉r❛ ❛❧ tr❛♥s❢♦r♠❛r ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ s♦❜r❡ ❡❧ ♣❧❛♥♦ ❢♦❝❛❧✳

▲❛ ♣ér❞✐❞❛ ❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡ ❞✐❢r❛❝❝✐ó♥ ✭tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞❡ ❧❛ ❛❜❡rt✉r❛✮

♥♦ só❧♦ ❜❛❥❛ ❧❛ r❡s♦❧✉❝✐ó♥ ❞❡❧ s✐st❡♠❛ ✭s❡♣❛r❛❝✐ó♥ ❞✐s❝❡r♥✐❜❧❡ ❞❡ ❧♦s ♠á①✐♠♦s ❡♥

❧❛s ✐♠á❣❡♥❡s ❞❡ ❞♦s ♦❜❥❡t♦s ♣✉♥t✉❛❧❡s✮✱ ♥♦s ❤❛❝❡ ♣❡r❞❡r ❡♥❡r❣í❛ ❞❡❧ ❧ó❜✉❧♦ ❝❡♥tr❛❧

❡s♣❛r❝✐é♥❞♦❧❛ s♦❜r❡ ❧♦s ❛♥✐❧❧♦s ② ♣r♦❞✉❝✐❡♥❞♦ ❞❡❢♦r♠❛❝✐♦♥❡s ❡♥ ❧❛ P❙❋ ✐❞❡❛❧✱ q✉❡

❛❞❡♠ás✱ ❧❛ ✈❛r✐❛❜✐❧✐❞❛❞ ❛❧❡❛t♦r✐❛ ❞❡ ❧❛ ❛t♠ós❢❡r❛ t✐❡♥❞❡ ❛ tr❛♥s❢♦r♠❛r ❡♥ ❣❛✉ss✐❛♥❛s✳



✷✳✻✳ ❆str♦❢ís✐❝❛ ✺✺

❚♦❞❛s ❧❛s té❝♥✐❝❛s q✉❡ ❤❡♠♦s r❡✈✐s❛❞♦ ❡♥ ❡st❡ ❝❛♣ít✉❧♦ ❡stá♥ ♦r✐❡♥t❛❞❛s ❛ ♠❡❥♦r❛r

❧❛ r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧ ♣❛r❛ ❧❧❡❣❛r ❛ ✈❡r ♠ás ✜♥♦ ② ❞❡t❡❝t❛r✱ ♣♦r ❡❥❡♠♣❧♦✱ ♠ás ♦❜❥❡t♦s ❡♥

❡❧ ❝✐❡❧♦ q✉❡ ❡stá♥ ❝❡r❝❛ ② ❛ú♥ ♥♦ ❧♦s ❝♦♥♦❝❡♠♦s✳ ▲❛ ❆❖ ② ▼❈❆❖ ❤❛♥ ❞❛❞♦ r❡s✉❧t❛❞♦s✱

♣❡r♦ ❝✐❡rt❛♠❡♥t❡ ❡♥ ❧♦s ❛ñ♦s q✉❡ ❧❧❡✈❛♥ ❞❡ ❞❡s❛rr♦❧❧♦ ❡st♦s ♥♦ ❤❛♥ s✉♣✉❡st♦ ❧♦s ❧♦❣r♦s

❡s♣❡r❛❞♦s✳ ❊①✐st❡♥ ❧✐♠✐t❛❝✐♦♥❡s✱ ② ♥♦ só❧♦ té❝♥✐❝❛s✱ q✉❡ ♣❛r❡❝❡♥ ♥♦ ♣❡r♠✐t✐r ❡❧ ❛✜♥❛r

t♦❞♦ ❧♦ ❞❡s❡❛❜❧❡✳ ▲❛ té❝♥✐❝❛ ❞❡ ■♠❛❣❡♥ ❆❢♦rt✉♥❛❞❛ ♣❛r❡❝❡✱ ❛❧ ♠❡♥♦s ❡♥ ❛❧❣✉♥♦s

❛s♣❡❝t♦s✱ ♠ás ♣r♦♠❡t❡❞♦r❛ ♦✱ ❝♦♠♦ ♠í♥✐♠♦✱ ❞❡ r❡s✉❧t❛❞♦s ♠ás ❞✐r❡❝t♦s ②✱ s♦❜r❡

t♦❞♦✱ ❛ ♠✉❝❤♦ ♠❡♥♦r ❝♦st❡✱ t❛❧ ② ❝♦♠♦ ✈❡r❡♠♦s ❡♥ ❡❧ r❡st♦ ❞❡ ❧❛ t❡s✐s✳



✺✻ ✷✳ ▲❛ té❝♥✐❝❛



✸

❊❧ ❞✐s❡ñ♦

❍❛② ✉♥❛ ú♥✐❝❛ ❧✉③ ❞❡ ❧❛ ❝✐❡♥❝✐❛ ② ❡♥❝❡♥❞❡r❧❛ ❡♥

❛❧❣ú♥ ❧✉❣❛r ❡s ❤❛❝❡r❧❛ ❜r✐❧❧❛r ❡♥ t♦❞❛s ♣❛rt❡s✳

■s❛❛❝ ❆s✐♠♦✈

✺✼



✺✽ ✸✳ ❊❧ ❞✐s❡ñ♦



❍
❛❜❧❛r ❞❡ ❞✐s❡ñ♦ ❡s ✉♥ t❡♠❛ ♣❡❧✐❣r♦s♦✳ ▲♦ q✉❡ ❤❛❜✐t✉❛❧♠❡♥t❡ s❡ ❡♥t✐❡♥❞❡ ♣♦r

❞✐s❡ñ♦ ❡stá r❡❧❛❝✐♦♥❛❞♦ ❜ás✐❝❛♠❡♥t❡ ❝♦♥ ❧♦ q✉❡ ❧♦s ♠❡❞✐♦s ♥♦s ❝♦♠✉♥✐❝❛♥ ❝♦♥✲

t✐♥✉❛♠❡♥t❡✳ ❙❡ r❡✜❡r❡♥ ❛ ❞❡s❛rr♦❧❧♦s ❛rtíst✐❝♦s ② q✉❡ s♦♥ ❝❛♣❛❝❡s ❞❡ ❞❡✜♥✐r t❡♥❞❡♥❝✐❛s✳

❊s ❝✐❡rt♦ q✉❡ ❛rt❡ ✈✐❡♥❡ ❞❡ ❧❛ r❛í③ ❧❛t✐♥❛ ❛rs✱ q✉❡ ❝✉r✐♦s❛♠❡♥t❡ ❡q✉✐✈❛❧❡ ❛ ❧❛ r❛í③ ❣r✐❡❣❛

τ έχνη ✭té❝❤♥❡✮✿ ❵❛rt❡✱ té❝♥✐❝❛✱ ♦✜❝✐♦✬✱ ② q✉❡ s❡ r❡✜❡r❡ ❛❧ tr❛❜❛❥♦ ❡s♣❡❝✐❛❧✐③❛❞♦ ✭♠ás

❝♦♠♦ ❧♦s ❛rt❡s❛♥♦s q✉❡ ❝♦♠♦ ❧♦s ❛rt✐st❛s✮✳ ❨ ❡❧❧♦ ❡s✱ ♣r❡❝✐s❛♠❡♥t❡✱ ❧♦ q✉❡ ♣❡r♠✐t❡

❤❛❜❧❛r ❞❡ ❞✐s❡ñ♦ ❝♦♥ t♦❞❛ ♣r♦♣✐❡❞❛❞✱ t❛♥t♦ ❛❧ ♠✉♥❞♦ ❞❡ ❧❛s ❛rt❡s ❝♦♠♦ ❞❡ ❧❛ t❡❝♥♦✲

❧♦❣í❛✳ ❨ sí✱ ❧♦s ❞✐s❡ñ♦s t❡❝♥♦❧ó❣✐❝♦s t❛♠❜✐é♥ ♠❛r❝❛♥ t❡♥❞❡♥❝✐❛s✱ ✐❣✉❛❧ q✉❡ s❡ ❜❛s❛♥

❡♥ ❡❧❧❛s✳

❉✐s❡ñ♦ ❡s✱ ❡♥ ❞❡✜♥✐t✐✈❛✱ ❧❛ ❡①♣r❡s✐ó♥ ❞❡ ✉♥❛ ✐❞❡❛ ❡♥ ❡❧ ❧í♠✐t❡ ❡♥tr❡ ❡❧ ❛rt❡ ②

❧❛ té❝♥✐❝❛✳ ❉✐s❡ñ♦ ❡s ♣❧❛s♠❛r ❡♥ ❝á❧❝✉❧♦s✱ ❞✐❜✉❥♦s ♦ ♠♦❞❡❧♦s ❧❛s ✐❞❡❛s ❞❡ ❛❧❣♦ ♣❛r❛

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

✉♥ ③❛♣❛t♦✳ ❊♥ ❞❡✜♥✐t✐✈❛✱ ❡s ✉♥ ♦❜❥❡t♦ ✓❛rt❡s❛♥❛❧✔ ♦ ✓té❝♥✐❝♦✔ ✜♥❛❧✳ ❊❧ ♣❛s♦ ❡♥tr❡

❞✐s❡ñ♦ ② ♠♦❞❡❧♦ ❡s ♣❧❛s♠❛r ❧❛ ✐❞❡❛ ❡♥ ✉♥ ♠❡❞✐♦ ❢ís✐❝♦ q✉❡ ♣❡r♠✐t❛ tr❛♥s♠✐t✐r❧❛✳ ❊❧

s✐❣✉✐❡♥t❡ ♣❛s♦ s❡rá ❧❛ ♦❜t❡♥❝✐ó♥ ❞❡ ✉♥ ♣r♦t♦t✐♣♦✱ ❡❧ ♣r✐♠❡r ♦❜❥❡t♦ ❞✐s❡ñ❛❞♦ ❤❡❝❤♦

r❡❛❧✐❞❛❞ ② ❢✉♥❝✐♦♥❛♥❞♦✳ ❊st❡ ♣r♦t♦t✐♣♦ ♥♦s s❡r✈✐rá ♣❛r❛ ✈❡r✐✜❝❛r s✉ ✈✐❛❜✐❧✐❞❛❞✱ s✉

❢✉♥❝✐♦♥❛❧✐❞❛❞ ② ❞❡s❝✉❜r✐r ❧♦ ♠❡❥♦r❛❜❧❡✱ ❧♦ ❝✉❛❧ ❣❡♥❡r❛rá ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ ♠♦❞❡❧♦

✜♥❛❧❀ ❡s ✉♥ ✐♥str✉♠❡♥t♦✱ ❧✐st♦ ♣❛r❛ ♣r♦❞✉❝✐r ② ❝♦♣✐❛r ❡♥ s✉ ❝❛s♦✳

✸✳✶✳ ❉✐s❡ñ♦ Ó♣t✐❝♦

❊❧ ❉✐s❡ñ♦ Ó♣t✐❝♦ ❡s ✉♥❛ ❞✐s❝✐♣❧✐♥❛ q✉❡ ❤❛ ❝r❡❝✐❞♦ ❞❡ ♠♦❞♦ ❡①♣♦♥❡♥❝✐❛❧ ❡♥ ❧♦s

ú❧t✐♠♦s t✐❡♠♣♦s ❣r❛❝✐❛s ❛ ❧♦s ♣r♦❣r❛♠❛s ❞❡ tr❛③❛❞♦ ❛✉t♦♠át✐❝♦ ❞❡ r❛②♦s ❞❡s❛rr♦❧❧❛❞♦s

♣❛r❛ ❧♦s ❝♦♠♣✉t❛❞♦r❡s ❛❝t✉❛❧❡s✳

■s❛❛❝ ◆❡✇t♦♥✭✶✮ ✭❖♣t✐❝❦s✱ ✶✼✶✽✮ ❢✉❡ ❡❧ ♣r✐♠❡r♦ ❡♥ ❡①♣r❡s❛r ✉♥❛ ❢♦r♠✉❧❛❝✐ó♥ ❞❡

❧❛ r❡✐♠❛❣✐♥❛❝✐ó♥ ❞❡ ❧❛s ❧❡♥t❡s ❝♦♠♦ s✐st❡♠❛s ♣❛r❛①✐❛❧❡s✳ ▼ás t❛r❞❡✱ ❈❛r❧ ❋r✐❡❞r✐❝❤

●❛✉ss ✭✹✮ ✭✶✽✹✶✮ ❡st✉❞✐ó ❧❛ ❢♦r♠❛❝✐ó♥ ❞❡ ✐♠á❣❡♥❡s✱ ❛♥❛❧✐③❛♥❞♦ ❛❞❡♠ás ❧❛ ♣❡rt✉r❜❛✲

❝✐ó♥ s♦❜r❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛s ♠✐s♠❛s✿ ❛❜❡rr❛❝✐♦♥❡s ♠♦♥♦❝r♦♠át✐❝❛s✳ ●❛✉ss ❝♦♥s✐❞❡ró

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

② ❞❡✜♥✐ó ❧❛ ♠❛②♦rí❛ ❞❡ ❧❛s ❡❝✉❛❝✐♦♥❡s ❞❡ ❧❛ ó♣t✐❝❛ ❣❡♦♠étr✐❝❛ q✉❡ ❝♦♥♦❝❡♠♦s ❤♦②✳

❆ñ♦s ❞❡s♣✉és✱ ❡♥ ✶✽✺✻✱ P❤✐❧✐♣♣ ▲✉❞✇✐❣ ✈♦♥ ❙❡✐❞❡❧ ✭✺✮ ❞❡s❛rr♦❧❧ó ② ♣✉❜❧✐❝ó ♣♦r ♣r✐♠❡✲

r❛ ✈❡③ ✉♥❛ t❡♦rí❛ ♠ás ❝♦♠♣❧❡t❛ q✉❡ ❧❛ ❞❡ ●❛✉ss ♣❛r❛ ❡❧ ❞✐s❡ñ♦ ❞❡ s✐st❡♠❛s ó♣t✐❝♦s✱

♠✐♥✐♠✐③❛♥❞♦ ❧♦s tér♠✐♥♦s ❞❡ ❧❛s ❛❜❡rr❛❝✐♦♥❡s ❝❧ás✐❝❛s ✭❝♦♠❛✱ ❡s❢ér✐❝❛✱ ❛st✐❣♠❛t✐s♠♦✱

❝✉r✈❛t✉r❛ ❞❡ ❝❛♠♣♦ ② ❞✐st♦rs✐ó♥ ❡♥ t❡r❝❡r ♦r❞❡♥ ② tr✐❢♦✐❧✱ t❡tr❛❢♦✐❧✱ ❡s❢ér✐❝❛✱ q✉❛❞r❛s✲

t✐❣♠❛t✐s♠♦ ② tr✐❝♦♠❛ ❡♥ q✉✐♥t♦ ♦r❞❡♥✮✳ ❆❧❡①❛♥❞❡r ❊✉❣❡♥ ❈♦♥r❛❞② ♣✉❜❧✐❝ó ❡♥ ✶✾✷✾ ❡❧

❧✐❜r♦ ✏❆♣♣❧✐❡❞ ❖♣t✐❝s ❛♥❞ ❖♣t✐❝❛❧ ❉❡s✐❣♥ ✭❈♦♥✷✾✮✑ ✱ ❞♦♥❞❡ ❞❡s❛rr♦❧❧❛ ❧♦s ❢✉♥❞❛♠❡♥t♦s



✻✵ ✸✳ ❊❧ ❞✐s❡ñ♦

❋✐❣✉r❛ ✸✳✶✿ ❊sq✉❡♠❛ ❞❡ ♣r♦❣r❡s✐ó♥ ❡ ✐♥t❡r❢❛③ ❞❡ ✉♥ r❛②♦ ❝♦♥ ✉♥❛ s✉♣❡r✜❝✐❡ ❡♥ ✉♥ tr❛③❛❞♦
❞❡ r❛②♦s✳

❞❡❧ ❞✐s❡ñ♦ ♠♦❞❡r♥♦ ❞❡ s✐st❡♠❛s ó♣t✐❝♦s ❞❡ ❝❛❧✐❞❛❞✳

❉✉r❛♥t❡ ♠✉❝❤♦s ❛ñ♦s ❡❧ ❉✐s❡ñ♦ Ó♣t✐❝♦ ❡r❛ ✉♥❛ ❞✐s❝✐♣❧✐♥❛ ❡❥❡r❝✐❞❛ ♣♦r ✉♥♦s ❝✉❛♥✲

t♦s ó♣t✐❝♦s ❡①♣❡r✐♠❡♥t❛❞♦s ② ❝♦♥ ✉♥ ❣r❛♥ ❜❛❣❛❥❡ ❛ s✉s ❡s♣❛❧❞❛s✱ ❝♦♥s❡❣✉✐❞♦ ❡♥ ❧❛

♠❛②♦r ♣❛rt❡ ❞❡ ❧❛s ♦❝❛s✐♦♥❡s ❣r❛❝✐❛s ❛ ❧♦s ❝♦♥♦❝✐♠✐❡♥t♦s ② ❤❛❜✐❧✐❞❛❞❡s ❛❞q✉✐r✐❞❛s ♠❡✲

❞✐❛♥t❡ s✉s tr❛❜❛❥♦s ♣r❡✈✐♦s✳ ❍❛② t♦❞❛ ✉♥❛ ❞✐s❝✐♣❧✐♥❛✱ ó♣t✐❝❛ ❣❡♦♠étr✐❝❛✱ q✉❡ ❡st✉❞✐❛

❧❛ ❢♦r♠❛ ❞❡ ❧❛s ❧❡♥t❡s ② ❡s♣❡❥♦s ② s✉ ❛❝❝✐ó♥ s♦❜r❡ ❧♦s r❛②♦s ó♣t✐❝♦s✳ ▲♦s tr❛t❛♠✐❡♥t♦s

♠❛t❡♠át✐❝♦s ❝♦♥ ❧❛s ❢ór♠✉❧❛s ❞❡ t❡♦rí❛ ♣❛r❛①✐❛❧ ② ❧✐❣❡r❛s ❛♣r♦①✐♠❛❝✐♦♥❡s ❞❡ s✐st❡♠❛s

❝♦♠♣✉❡st♦s s❡ ❤❛♥ ✐❞♦ r❡❛❧✐③❛♥❞♦ ❞❡s❞❡ ✜♥❛❧❡s ❞❡❧ s✐❣❧♦ ❳■❳✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❝♦♥ ❧❛

❧❧❡❣❛❞❛ ❞❡ ❧♦s ❝♦♠♣✉t❛❞♦r❡s✱ ②❛ ❡♥ ❧♦s ❛ñ♦s ✻✵✱ s❡ ❡♠♣❡③❛r♦♥ ❛ ❞❡s❛rr♦❧❧❛r ♣r♦❣r❛♠❛s

q✉❡ tr❛③❛❜❛♥ ❡❧ ❝❛♠✐♥♦ ❞❡ ✉♥ r❛②♦ ❛ tr❛✈és ❞❡ ✉♥ s✐st❡♠❛ ó♣t✐❝♦✳

❆ ♣❛rt✐r ❞❡ ❧♦s ❝♦s❡♥♦s ❞✐r❡❝t♦r❡s ❞❡ ✉♥ r❛②♦ ❞❡s❞❡ ✉♥ ♣✉♥t♦ ❞❡ ♦r✐❣❡♥ s❡ ✈❛

❝❛❧❝✉❧❛♥❞♦ ❡❧ ♣✉♥t♦ ❞❡ ✐♥t❡rs❡❝❝✐ó♥ ❝♦♥ ✉♥❛ s✉♣❡r✜❝✐❡ ❝♦rr❡s♣♦♥❞✐❡♥t❡ ❛ ✉♥ ❡❧❡♠❡♥t♦

ó♣t✐❝♦✳ Pr✐♠❡r♦ ❝♦♥ ❡❧ ♣❧❛♥♦ q✉❡ ❝♦rt❛ ❛❧ ❡❥❡ ❡♥ ❡❧ ✈ért✐❝❡ ❞❡ ❧❛ s✉♣❡r✜❝✐❡✱ ❞❡s♣✉és s❡

❤❛❝❡ ❧❛ ❛♣r♦①✐♠❛❝✐ó♥ ❛ ❧❛ ❝✐r❝✉♥❢❡r❡♥❝✐❛ ❝♦♥ ❡❧ r❛❞✐♦ ❞❡ ❝✉r✈❛t✉r❛ ❞❡ ❡s❛ s✉♣❡r✜❝✐❡✳ ❙❡

♣❛s❛ ❛ ❝♦♥t✐♥✉❛❝✐ó♥ ❛ ❧❛ ✐♥t❡rs❡❝❝✐ó♥ ❝♦♥ ❧❛ ❝ó♥✐❝❛ ♦ ❛s❢ér✐❝❛s ❞❡ ♦r❞❡♥ s✉♣❡r✐♦r q✉❡

♣✉❡❞❛♥ ❞❡s❝r✐❜✐r ❧❛ s✉♣❡r✜❝✐❡✳ ❙❡ ❛♣❧✐❝❛ ❡♥t♦♥❝❡s ❧❛ ❧❡② ❞❡ ❙♥❡❧❧✱ ②❛ s❡❛ ♣♦r r❡✢❡①✐ó♥

♦ ♣♦r r❡❢r❛❝❝✐ó♥✱ ② s❡ ♦❜t✐❡♥❡♥ ❧♦s ❝♦s❡♥♦s ❞✐r❡❝t♦r❡s ❞❡❧ r❛②♦ ❡♠❡r❣❡♥t❡✱ t❛❧ ② ❝♦♠♦

s❡ ✈❡ ❡♥ ❧❛ ✜❣✉r❛ ✸✳✶✳ ❊♥ ❡s❡ ♠♦♠❡♥t♦ s❡ ✈✉❡❧✈❡ ❛ r❡✐♥✐❝✐❛r ❡❧ ♣r♦❝❡s♦ ❝♦♥ ❧❛ s✐❣✉✐❡♥t❡

s✉♣❡r✜❝✐❡✳

❊st❡ ♣r♦❝❡❞✐♠✐❡♥t♦✱ ❤❛st❛ ❧❛ ✐rr✉♣❝✐ó♥ ❞❡ ❧♦s ❝♦♠♣✉t❛❞♦r❡s✱ s❡ ❤❛❝í❛ ❡♥ ❡❧ ♠❡❥♦r ❞❡

❧♦s ❝❛s♦s ❛ ♠❛♥♦ ♣❛r❛ ❝✐♥❝♦ r❛②♦s ❞❡s❞❡ ❞♦s ♦ tr❡s ♣✉♥t♦s ❞❡❧ ♦❜❥❡t♦✿ ❡❥❡✱ 0′7 ❞❡❧ ❝❛♠♣♦



✸✳✶✳ ❉✐s❡ñ♦ Ó♣t✐❝♦ ✻✶

② ❜♦r❞❡ ❞❡ ❝❛♠♣♦✳ ▲♦s r❛②♦s tr❛③❛❞♦s ♣❛s❛♥ ♣♦r ❡❧ ❝❡♥tr♦ ✭r❛②♦ ♣r✐♥❝✐♣❛❧✮✱ ❜♦r❞❡

s✉♣❡r✐♦r✱ ❜♦r❞❡ ✐♥❢❡r✐♦r ✭r❛②♦s t❛♥❣❡♥❝✐❛❧❡s✮✱ ❜♦r❞❡ ❞❡r❡❝❤♦ ② ❜♦r❞❡ ✐③q✉✐❡r❞♦ ✭r❛②♦s

s❛❣✐t❛❧❡s✮ ❞❡ ❧❛ ♣✉♣✐❧❛ ❞❡ ❡♥tr❛❞❛✳ ❆❧❣✉♥♦s ❞❡ ❧♦s r❛②♦s ♠❛r❣✐♥❛❧❡s ✭t❛♥❣❡♥❝✐❛❧❡s

② s❛❣✐t❛❧❡s✮ s❡ ♣♦❞í❛♥ ❡✈✐t❛r ❡♥ ❝✐❡rt♦s ❝❛s♦s ♣♦r s✐♠❡trí❛ ✭✈❡r ❋✐❣✳ ✸✳✷ ② ❣❧♦s❛r✐♦✿

❘❛②♦s✮✳ ❆♥❛❧✐③❛♥❞♦ ❧❛ ♣♦s✐❝✐ó♥ ❞❡ ❧♦s r❛②♦s ❡♥ ❡❧ ♣❧❛♥♦ ✐♠❛❣❡♥ s❡ ♣✉❡❞❡♥ ♦❜t❡♥❡r

❧❛s ❝✉r✈❛s ❞❡ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❝❛♠✐♥♦ ó♣t✐❝♦ s❡❣ú♥ ❧♦s ♣❧❛♥♦s t❛♥❣❡♥❝✐❛❧ ② s❛❣✐t❛❧✱ ❛sí

❝♦♠♦ ❞✐st✐♥t♦s ♣❛rá♠❡tr♦s ❞❡ s❡♣❛r❛❝✐ó♥ ❝♦♥ r❡s♣❡❝t♦ ❛❧ r❛②♦ ♣r✐♥❝✐♣❛❧ q✉❡ s❡ ❧✐❣❛♥

❡♥ ❧❛s ❡❝✉❛❝✐♦♥❡s ❞❡ ❧❛s ❛❜❡rr❛❝✐♦♥❡s ❞❡ ❙❡✐❞❡❧ ♣❛r❛ ❞❛r ✈❛❧♦r ❛ ést❛s✱ q✉❡ s❡ ♣✉❡❞❡♥

❞❡s❝♦♠♣♦♥❡r ❡♥ ❝♦♥tr✐❜✉❝✐♦♥❡s ❞❡ ❝❛❞❛ s✉♣❡r✜❝✐❡✳ ❈♦♠♦ s❡ ♣✉❡❞❡ ✐♠❛❣✐♥❛r✱ ♣❛r❛

s✐st❡♠❛s ❞❡ ♠ás ❞❡ ✉♥♦s ♣♦❝♦s ❡❧❡♠❡♥t♦s ó♣t✐❝♦s✱ ❡st♦s ❝á❧❝✉❧♦s s❡ ❤❛❝❡♥ ❧❛❜♦r✐♦s♦s

❡ ✐♥❣❡♥t❡s✳

❋✐❣✉r❛ ✸✳✷✿ ❊sq✉❡♠❛ ❞❡ ❧♦s r❛②♦s ② ♣❧❛♥♦s q✉❡ s❡ tr❛③❛♥ ❛ tr❛✈és ❞❡ ❧❛ ♣✉♣✐❧❛ ❞❡ ✉♥ s✐st❡♠❛
ó♣t✐❝♦✳ ❊❧ ♣❧❛♥♦ t❛♥❣❡♥❝✐❛❧ ❧♦ ❞❡✜♥❡ ❡❧ r❛②♦ ♣r✐♥❝✐♣❛❧ ② ❡❧ ❡❥❡✳ ❊❧ ♣❧❛♥♦ s❛❣✐t❛❧ ❡s ♣❡r♣❡♥❞✐❝✉❧❛r
❛❧ t❛♥❣❡♥❝✐❛❧ ② ❝♦♥t✐❡♥❡ ❛❧ r❛②♦ ♣r✐♥❝✐♣❛❧✳ ▲♦s r❛②♦s q✉❡✱ ♣r♦❝❡❞❡♥t❡s ❞❡❧ ♦❜❥❡t♦✱ ❛tr❛✈✐❡s❛♥
❧❛ ♣✉♣✐❧❛ s♦♥ r❛②♦s ♠❡r✐❞✐♦♥❛❧❡s ❝✉❛♥❞♦ s❡ ❝♦♥✜♥❛♥ ❛❧ ♣❧❛♥♦ t❛♥❣❡♥❝✐❛❧ ② ♦❜❧✐❝✉♦s ❡❧ r❡st♦✳
❈✉❛♥❞♦ ❡st♦s ❡stá♥ ❝♦♥t❡♥✐❞♦s ❡♥ ❡❧ ♣❧❛♥♦ s❛❣✐t❛❧ s♦♥ tr❛♥s✈❡rs❛❧❡s✳ ▲♦s r❛②♦s q✉❡ ♣r♦❝❡❞❡♥
❞❡❧ ❡❥❡ ó♣t✐❝♦ ❡♥ ❡❧ ♣❧❛♥♦ ♦❜❥❡t♦ ② ❛tr❛✈✐❡s❛♥ ❧❛ ♣✉♣✐❧❛ ♣♦r ❡❧ ❜♦r❞❡ s♦♥ ❧♦s r❛②♦s ♠❛r❣✐♥❛❧❡s✳



✻✷ ✸✳ ❊❧ ❞✐s❡ñ♦

❋✐❣✉r❛ ✸✳✸✿ ❉✐❛❣r❛♠❛ ❞❡ ♠❛♥❝❤❛s ❞❡ ✉♥ ❞✐s❡ñ♦✳ P❛r❛ ❝❛❞❛ ♣✉♥t♦ ♦❜❥❡t♦ ② s✉ ❝♦rr❡s♣♦♥✲
❞✐❡♥t❡ ✐♠❛❣❡♥✱ ❝♦♥ ✉♥❛ ❡s❝❛❧❛ ❞❡ 40µ♠ ❞❡ ❧❛❞♦ ❞❡ ❧❛ ❝❛❥❛ ❞❡ ❝❛♠♣♦✱ s❡ ✈❡♥ ❧❛s ✐♥t❡rs❡❝❝✐♦♥❡s
❞❡ ❧♦s r❛②♦s ♣r♦❝❡❞❡♥t❡s ❞❡ ❧❛ ❢✉❡♥t❡✱ ♣❛s❛♥❞♦ ❛ tr❛✈és ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦✱ ❝♦♥ ❧❛ s✉♣❡r✜❝✐❡
✐♠❛❣❡♥✳ ❈❛❞❛ ❝♦❧♦r ❞❡♥♦t❛ ✉♥❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✳

▲❛ ✈❡♥t❛❥❛ ❞❡ ❧♦s ❝á❧❝✉❧♦s ♣♦r ❝♦♠♣✉t❛❞♦r❛ ❡stá ❡♥ q✉❡ ❡❧ ♥ú♠❡r♦ ❞❡ r❛②♦s ② ♥ú✲

♠❡r♦ ❞❡ s✉♣❡r✜❝✐❡s ❛ ♠❛♥❡❥❛r ♣✉❡❞❡ s❡r ♠✉② ❣r❛♥❞❡✱ ② s❡ ♣✉❡❞❡♥ ❛✜♥❛r ❧❛s ❝✉r✈❛s ❞❡

❛❜❡rr❛❝✐ó♥ ② ✈❛❧♦r❛r ❝♦♥ ♠✉❝❤❛ ♠❛②♦r ♣r❡❝✐s✐ó♥ ❧❛s ❛❜❡rr❛❝✐♦♥❡s ❞❡❧ s✐st❡♠❛✳ ❚❛♠✲

❜✐é♥ ❛♣❛r❡❝❡♥ ❧♦s ❞✐❛❣r❛♠❛s ❞❡ ✏s♣♦t✑ ♦ ❞❡ ✓♠❛♥❝❤❛s✔✱ q✉❡ r❡♣r❡s❡♥t❛♥ ❧♦s ♣✉♥t♦s ❞❡

✐♠♣❛❝t♦ ❞❡ ❝❛❞❛ r❛②♦ s♦❜r❡ ❡❧ ♣❧❛♥♦ ✐♠❛❣❡♥ ② q✉❡ ♥♦s ❞❛♥ ✉♥❛ ✐❞❡❛ ❞❡ ❧❛ ❢♦r♠❛ q✉❡

t♦♠❛ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ✐♥t❡♥s✐❞❛❞ ❡♥ ❧❛ ✐♠❛❣❡♥ ❞❡ ✉♥ ♣✉♥t♦ ✭P❙❋✮ ②✱ ❛❞❡♠ás✱ ♣❛r❛

♠✉❝❤♦s ♣✉♥t♦s ❞❡❧ ❝❛♠♣♦✳ P❡r♦ ❧♦ ♠ás ❡①✐t♦s♦ ❡stá ❡♥ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ♦♣t✐♠✐③❛r ❡❧

s✐st❡♠❛ ❞❡ ♠♦❞♦ ❛✉t♦♠át✐❝♦✱ ❡s ❞❡❝✐r✱ ❛❥✉st❛r ❧♦s ✈❛❧♦r❡s ❞❡ ❝✉r✈❛t✉r❛s ② ❡s♣❡s♦r❡s

② ❞✐st❛♥❝✐❛s q✉❡ ❤❛❝❡♥ q✉❡ ❧❛s P❙❋s ❞❡ t♦❞♦ ❡❧ ❝❛♠♣♦ s❡❛♥ ❧♦ ♠ás ♣❡q✉❡ñ❛s ♣♦s✐❜❧❡✳

❊♥ ❧♦s ♠♦❞❡r♥♦s ♣r♦❣r❛♠❛s ②❛ s❡ ♣✉❡❞❡♥ ❛ñ❛❞✐r ♠✉❝❤♦s ♠ás ♣❛rá♠❡tr♦s ♣❛r❛ ❧❛

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

✉♥❛ ❢✉♥❝✐ó♥ q✉❡ ❞❡✜♥❡ ❛❧ s✐st❡♠❛ ② q✉❡ s❡ ❝♦♥♦❝❡ ❝♦♠♦ ✓❢✉♥❝✐ó♥ ❞❡ ♠ér✐t♦✔✳



✸✳✶✳ ❉✐s❡ñ♦ Ó♣t✐❝♦ ✻✸

❈❛❞❛ ♣r♦❣r❛♠❛ ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ t✐❡♥❡ s✉s ♣r♦♣✐❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ❡st❛♥❞♦ ✉♥♦s

♠ás ♦r✐❡♥t❛❞♦s ❛ ❛♥á❧✐s✐s ❞❡❧ s✐st❡♠❛✱ ❝♦♥ ❣r❛♥❞❡s ♣♦t❡♥❝✐❛❧✐❞❛❞❡s ❣rá✜❝❛s✱ ❝á❧❝✉❧♦

❞❡ t♦❧❡r❛♥❝✐❛s✱ ❛♥á❧✐s✐s ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ② ❞✐❢r❛❝❝✐ó♥ ✭✜❣✉r❛s ❞❡ ❡♥❡r❣í❛ ② r❡s♦❧✉❝✐ó♥

❡♥ ❢r❡❝✉❡♥❝✐❛s ❡s♣❛❝✐❛❧❡s✮✱ ❡t❝✳ ❖tr♦s✱ s✐♥ ❡♠❜❛r❣♦✱ s❡ ♦r✐❡♥t❛♥ ♠ás ❛ ♣♦s✐❜✐❧✐❞❛❞❡s

❞❡ ❞✐s❡ñ♦ ❛ ♣❛rt✐r ❞❡ ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡ ✈✐❞r✐♦s ♦ ♣♦r ❧❛ ✉t✐❧✐③❛❝✐ó♥ ❞❡ ♣♦t❡♥t❡s ❢✉♥❝✐♦♥❡s

❞❡ ♠ér✐t♦ ❞❡✜♥✐❞❛s ♣❛r❛ ❧❛ ♦♣t✐♠✐③❛❝✐ó♥✳ ❯♥ t❡r❝❡r ❣r✉♣♦ s❡ ❝❡♥tr❛✱ ♥♦ ♦❜st❛♥t❡✱

❡♥ ❧❛ ❢❛❝✐❧✐❞❛❞ ❞❡ ✉s♦ ❡ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♦ ❡❧❡♠❡♥t♦s ó♣t✐❝♦s ♠ás

s♦✜st✐❝❛❞♦s✳ ▲❛ ❞❡✜♥✐❝✐ó♥ ❞❡❧ s✐st❡♠❛ s✉❡❧❡ s❡r ✉♥❛ t❛r❡❛ ❝♦st♦s❛✳ ❈❛❞❛ ♣r♦❣r❛♠❛

t✐❡♥❡ s✉ ❢♦r♠❛t♦ ❞❡ ❞❛t♦s ②✱ s✐ ❜✐❡♥ ❧♦s ✈❛❧♦r❡s ❢✉♥❞❛♠❡♥t❛❧❡s s♦♥ ❧❛ ❝✉r✈❛t✉r❛✱ ❞✐á✲

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

s✐st❡♠❛ ♣✉❡❞❡♥ ❝♦♠♣❧✐❝❛r ♠✉❝❤♦ ❡st❛ ✐♥❢♦r♠❛❝✐ó♥✳ ❊①✐st❡♥ s✐st❡♠❛s ❞❡s❝❡♥tr❛❞♦s✱

r❡✢❡①✐♦♥❡s q✉❡ ❝❛♠❜✐❛♥ ❡❧ á♥❣✉❧♦✱ s✉♣❡r✜❝✐❡s ♦ ♣✉♣✐❧❛s ❛♣♦❞✐③❛❞❛s ♦ ❝♦♥ ✉♥ ❛❣✉❥❡r♦✱

❝♦♠♦ ❡♥ ✉♥ ♣r✐♠❛r✐♦ ❈❛ss❡❣r❛✐♥✳ ❊❧❡♠❡♥t♦s ❝♦♠♦ r❡❞❡s ❞❡ ❞✐❢r❛❝❝✐ó♥✱ ✜❜r❛s ó♣t✐❝❛s

② ❛rr❛②s ♦ s✉♣❡r✜❝✐❡s ♠✉❧t✐❡❧❡♠❡♥t♦s ❞✐✜❝✉❧t❛♥ ❛ú♥ ♠ás✱ s✐ ❝❛❜❡✱ ❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡❧

s✐st❡♠❛✳ ❨✱ ❡♥ ♥✉♠❡r♦s❛s ♦❝❛s✐♦♥❡s✱ ✉♥♦ ♣r❡✜❡r❡ ❧❛ ❝♦♠♦❞✐❞❛❞ ❞❡ ♠❛♥✐♣✉❧❛❝✐ó♥ ❛

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

❊❧ ♣r♦❝❡s♦ ❞❡ ❞✐s❡ñ♦ s❡ ♣✉❡❞❡ ❤❛❝❡r ❛✉t♦♠át✐❝♦ ❛ ♣❛rt✐r ❞❡ ✉♥ s✐st❡♠❛ ó♣t✐❝♦

❜ás✐❝♦✱ ❞á♥❞♦❧❡ ❧✐❜❡rt❛❞ ❛❧ ♣r♦❣r❛♠❛ ♣❛r❛ q✉❡ ✈❛rí❡ t♦❞♦s ❧♦s ♣❛rá♠❡tr♦s ❞❡ ♠♦❞♦

✐t❡r❛t✐✈♦ ✈❛❧♦r❛♥❞♦ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ♠ér✐t♦ ② ❡♥❝♦♥tr❛♥❞♦ ❧❛ ❝♦♠❜✐♥❛❝✐ó♥ ♣❛r❛ ❡❧ ♠í✲

♥✐♠♦✳ ❊st❛ té❝♥✐❝❛ s❡ ❞❡♥♦♠✐♥❛ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❣❧♦❜❛❧✱ ② ❡s ♠✉② ❧❡♥t❛ ② ❝♦♥❞✉❝❡

❛ r❡s✉❧t❛❞♦s ♣♦❝♦ s❛t✐s❢❛❝t♦r✐♦s✳ ❙❡ ♣✉❡❞❡ ❤❛❝❡r ✉♥❛ ♦♣t✐♠✐③❛❝✐ó♥ ❛✉t♦♠át✐❝❛ ❝♦♥✲

tr♦❧❛❞❛✱ ❡♥ ❧❛ q✉❡ ❡❧ ❞✐s❡ñ❛❞♦r ❞❡✜♥❡ ❧♦s ♣❛rá♠❡tr♦s ✈❛r✐❛❜❧❡s ❡♥ ❧❛ ♦♣t✐♠✐③❛❝✐ó♥✳

❊s ❧❛ té❝♥✐❝❛ ♠ás ✉s❛❞❛ ② s♦♥ ✈❛r✐♦s ❧♦s ♣r♦❣r❛♠❛s q✉❡ ❢✉♥❝✐♦♥❛♥ ❜✐❡♥ ❝♦♥ ❡st♦✳

❋✐♥❛❧♠❡♥t❡✱ t❛♠❜✐é♥ s❡ ♣✉❡❞❡ r❡❛❧✐③❛r ✉♥❛ ♦♣t✐♠✐③❛❝✐ó♥ ♣♦r ❛♥á❧✐s✐s✱ ❡♥ ❧❛ q✉❡ ❡❧

❞✐s❡ñ❛❞♦r ❝♦♥tr♦❧❛ ② ❛♥❛❧✐③❛ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❝❛❞❛ ❝❛♠❜✐♦ ❡♥ ❧♦s ♣❛rá♠❡tr♦s✱ ❞❡❝✐✲

❞✐❡♥❞♦ s✐ ❝♦♥t✐♥ú❛ ❧❛ ♦♣t✐♠✐③❛❝✐ó♥ ♦ r❡t♦♠❛ ♦tr♦s ✈❛❧♦r❡s ❞❡ ♣❛rt✐❞❛ ♦ ♣❛rá♠❡tr♦s ❛

♦♣t✐♠✐③❛r✳

❊❧ ♣r✐♥❝✐♣❛❧ ♣r♦❜❧❡♠❛ ❛ q✉❡ s❡ ❡♥❢r❡♥t❛ ♥♦r♠❛❧♠❡♥t❡ ✉♥ ❞✐s❡ñ❛❞♦r ❤♦② ❡s ❞❡✜♥✐r

❡❧ s✐st❡♠❛ ❞❡ ♣❛rt✐❞❛✳ ❊①✐st❡♥ ♠ét♦❞♦s ♣❛r❛ ❛♥❛❧✐③❛r ② ❡s❝❛❧❛r ❛❧❣✉♥♦s ❞❡ ❧♦s s✐st❡♠❛s

②❛ ❡①✐st❡♥t❡s q✉❡✱ ❛ ♣❛rt✐r ❞❡ ❧❛ tr❛♥s♠✐s✐ó♥✱ ❛✉♠❡♥t♦✱ ❝❛♠♣♦✱ ❢ ✲♥♦✱ ✉ ♦tr♦s ❢❛❝t♦r❡s✱

♥♦s ❞❡❥❛♥ ❡❧❡❣✐r ✉♥ s✐st❡♠❛ ❞❡ ♣❛rt✐❞❛ ♠ás ♦ ♠❡♥♦s ❛❞❡❝✉❛❞♦✳ ❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱

❧♦s r❡s✉❧t❛❞♦s ♠ás ❛♣r♦♣✐❛❞♦s ♣✉❡❞❡♥ ❞✐❢❡r✐r ♠✉❝❤♦ ❞❡❧ ♦r✐❣✐♥❛❧✱ ② ❡❧ ✐♥❝♦♥✈❡♥✐❡♥t❡

s✉❡❧❡ s❡r ❡❧ ❝♦st❡ ✜♥❛❧ ❞❡❧ s✐st❡♠❛✳ ▲❛ ❢❛❜r✐❝❛❝✐ó♥ ❞❡ ❧❡♥t❡s s❡ ❞❡❜❡ ❛❥✉st❛r ❛ ❧♦s r❛❞✐♦s

❝❛❧✐❜r❛❞♦s ♦ ♣❛tró♥ ❞❡ ✉♥ ❢❛❜r✐❝❛♥t❡✱ ② ❡s♦ ✐♠♣❧✐❝❛ ❧✐❣❛rs❡✱ ❤❛st❛ ❝✐❡rt♦ ♣✉♥t♦✱ ❛ ❞✐❝❤♦

❢❛❜r✐❝❛♥t❡ ②❛ ❞❡s❞❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ❞✐s❡ñ♦ ②✱ ❛❧ s❡r s✐st❡♠❛s ú♥✐❝♦s✱ ❡❧ r❡s✉❧t❛❞♦ ❡s ♠✉②

❝❛r♦✳ ❊♥ ✐♥str✉♠❡♥t❛❝✐ó♥ ❛str♦♥ó♠✐❝❛✱ ② t♦❞❛✈í❛ ♠ás s✐ s❡ tr❛❜❛❥❛ ❡♥ ✐♥❢r❛rr♦❥♦✱ ❧♦s



✻✹ ✸✳ ❊❧ ❞✐s❡ñ♦

❋✐❣✉r❛ ✸✳✹✿ ❚r❛③❛❞♦ ❞❡ r❛②♦s ✸❉ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦ ❞❡ ❊▼■❘✳

♠❛t❡r✐❛❧❡s s♦♥ ♠ás ❡s♣❡❝✐❛❧❡s✱ ❞❡❧✐❝❛❞♦s ② ❝❛r♦s✱ ② ❡❧ ❝♦st❡ ❞❡ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ♣❛r❛

✉♥ ✐♥str✉♠❡♥t♦ ❡s✱ ❡♥ ❣❡♥❡r❛❧✱ ✉♥❛ ♣❛rt❡ ♠✉② ✐♠♣♦rt❛♥t❡ ❞❡❧ ✈❛❧♦r ❞❡❧ ♠✐s♠♦✳

❯♥♦ ❞❡ ❧♦s ✐♥❝♦♥✈❡♥✐❡♥t❡s ❞❡ ❧❛s ❢✉♥❝✐♦♥❡s ❞❡ ♠ér✐t♦ ❡s q✉❡ ♥♦ s❡ ♣✉❡❞❡♥ ♦♣t✐♠✐③❛r

❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❡♥t❡s ❞❡ ❝❛tá❧♦❣♦✱ ❡s ❞❡❝✐r✱ ❤❛❝❡r ② ♦♣t✐♠✐③❛r ❡❧ ❞✐s❡ñ♦ ✉s❛♥❞♦ ❧❡♥t❡s ❞❡

❢❛❜r✐❝❛❝✐ó♥ ❡♥ s❡r✐❡ s❡❣ú♥ ❧♦s ❞❛t♦s ❞❡ ✉♥ ❝❛tá❧♦❣♦✳ ❆sí ♣✉❡s✱ ♦tr❛ ❞❡ ❧❛s té❝♥✐❝❛s ❞❡

❞✐s❡ñ♦ q✉❡ t♦❞❛✈í❛ s✐❣✉❡ s✐❡♥❞♦ s❡♠✐❛✉t♦♠át✐❝❛ ❡s ❡❧ ❞✐s❡ñ♦ ② ♦♣t✐♠✐③❛❝✐ó♥ ❛ ♣❛rt✐r

❞❡ ❧❡♥t❡s ❞❡ ❝❛tá❧♦❣♦✳ ❊♥ ést❛✱ ❡s ❡❧ ❞✐s❡ñ❛❞♦r ❡❧ q✉❡ ✈❛ ♣r♦❜❛♥❞♦✱ ♥♦ ②❛ ❧♦s ❝❛♠❜✐♦s

❡♥ ✉♥❛ s✉♣❡r✜❝✐❡✱ s❡♣❛r❛❝✐ó♥✱ ♠❛t❡r✐❛❧ ✉ ♦tr♦s ♣❛rá♠❡tr♦s✱ s✐♥♦ q✉❡ ❞✐r❡❝t❛♠❡♥t❡ s❡

❝❛♠❜✐❛ ❧❛ ❧❡♥t❡ ❝♦♠♣❧❡t❛✱ ②❛ s❡❛ ♣♦r ❝❛♠❜✐♦ ❞❡ ❢♦❝❛❧✱ ♠❛t❡r✐❛❧✱ ❞✐♠❡♥s✐♦♥❡s✱ ♣♦s✐❝✐ó♥

♦ ❝♦♠♣♦♥❡♥t❡s ❡♥ ❝❛s♦ ❞❡ ✉♥ ❞♦❜❧❡t❡ ❛❝r♦♠át✐❝♦✳ ❊♥ ❡st❡ ❝❛s♦✱ ✐❣✉❛❧ q✉❡ ❡♥ ❡❧ ❞✐s❡ñ♦

❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ♣♦r ❛♥á❧✐s✐s✱ ❡❧ ❞✐s❡ñ❛❞♦r r❡✈✐s❛ ❧♦s r❡s✉❧t❛❞♦s ❞❡❧ ❝❛♠❜✐♦ ② ✈❛❧♦r❛

❧❛ ♠❡❥♦rí❛✳ ❙❡ ♣✉❡❞❡ ❛②✉❞❛r ❛❧ ♣r♦❝❡s♦ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡❥❛♥❞♦ ✈❛r✐❛❜❧❡s só❧♦ ❧♦s

♣❛rá♠❡tr♦s q✉❡ ♥♦ ❛❢❡❝t❛♥ ❛ ❧❛ ❡str✉❝t✉r❛ ❞❡ ❧❛s ❧❡♥t❡s✱ ❛✉♥q✉❡ ❡♥ ♦❝❛s✐♦♥❡s s❡ ♣✉❡❞❡

❝❛♠❜✐❛r ✉♥❛ ❧❡♥t❡ ❡♥ ❝♦♥❝r❡t♦ q✉❡ ♣❡r♠✐t❛ ❞❛r♥♦s ✉♥❛ ✐❞❡❛ ❞❡ ❝✉á❧ s❡rí❛ ❧❛ ♠ás

❛♣r♦♣✐❛❞❛ ❡ ✐♥t❡♥t❛r ❝♦♥s❡❣✉✐r ❧❛ ♠ás ♣❛r❡❝✐❞❛ ❡♥ ✉♥ ❝❛tá❧♦❣♦✳



✸✳✶✳ ❉✐s❡ñ♦ Ó♣t✐❝♦ ✻✺

❆ ♣❡s❛r ❞❡ s❡r ♠✉② ✐♥t❡r❛❝t✐✈♦ ② ❞❡ ❜❛s❛rs❡ ❡♥ ❧❛ s❡❧❡❝❝✐ó♥ ❤✉♠❛♥❛ ❡♥ ♠✉❝❤♦s ❝❛✲

s♦s✱ s♦❜r❡ t♦❞♦ ❝✉❛♥❞♦ s❡ s❛❜❡ ❜✐❡♥ ❝ó♠♦ s❡ ❝♦♠♣♦rt❛ ♦ s❡ ❞❡❜❡ ❝♦♠♣♦rt❛r ❡❧ s✐st❡♠❛

ó♣t✐❝♦✱ ❡s ✉♥ ♠ét♦❞♦ ❞❡ tr❛❜❛❥♦ r❡❧❛t✐✈❛♠❡♥t❡ rá♣✐❞♦✱ ②❛ q✉❡ ♥♦ r❡q✉✐❡r❡ ♣r♦❝❡s♦s ❞❡

❛❥✉st❡ ❛ ❢❛❜r✐❝❛❝✐ó♥ ②✱ ❛❧ s❡r✈✐rs❡ ♣♦r ❝❛tá❧♦❣♦✱ ❧❛ ❞✐s♣♦♥✐❜✐❧✐❞❛❞ ❡s ❝❛s✐ ✐♥♠❡❞✐❛t❛✳

➱st❡ s✐❣✉❡ s✐❡♥❞♦ ✉♥♦ ❞❡ ❧♦s ♠ét♦❞♦s ♣r❡❢❡r✐❞♦s ♣♦r ❧♦s ó♣t✐❝♦s ❝♦♥ ❡①♣❡r✐❡♥❝✐❛ ♦

q✉❡ ♥♦ s♦♥ ❞✐s❡ñ❛❞♦r❡s ♣✉r♦s✳ ❨✱ s♦❜r❡ t♦❞♦✱ ❡st♦ ❡s ❢❛❝t✐❜❧❡ só❧♦ ❡♥ s✐st❡♠❛s q✉❡

♥♦ s❡ ❝♦♥s✐❞❡r❛♥ ❡♥ ❡❧ ❧í♠✐t❡ ❞❡❧ ✓❡st❛❞♦ ❞❡❧ ❛rt❡✔ ❞❡ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ✐♥str✉♠❡♥t❛❧❡s

✭❣r❛♥❞❡s ❝❛♠♣♦s✱ r❡s♦❧✉❝✐ó♥✱ ❛♥❝❤♦ ❞❡ ❜❛♥❞❛✱ ❡t❝✳✮✳

❆sí ♣✉❡s✱ ♣♦❞❡♠♦s ❞❡❝✐r q✉❡ ❡❧ ❞✐s❡ñ♦ ❞❡ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ t✐❡♥❡ ❤♦② ❤❡rr❛♠✐❡♥✲

t❛s ❛❞❡❝✉❛❞❛s ♣❛r❛ s❡r ✉♥❛ t❛r❡❛ ❛❜♦r❞❛❜❧❡ ❡♥ ♣r♦②❡❝t♦s ✐♥❝❧✉s♦ ❞❡ ♣❡q✉❡ñ♦ t❛♠❛ñ♦✳

❆❤♦r❛ ❜✐❡♥✱ ♣❛r❛ ❞✐s❡ñ❛r ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ❤❛② q✉❡ s❛❜❡r q✉é ❡s ❧♦ q✉❡ s❡ ♣r❡t❡♥❞❡✱

❝✉á❧❡s s♦♥ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❝✐❡♥tí✜❝♦s ② ❝✉á❧❡s ❞❡❜❡♥ s❡r ❧❛s ♣r❡st❛❝✐♦♥❡s ♠í♥✐♠❛s✳

❚❛♠❜✐é♥ ❡s ♥❡❝❡s❛r✐♦ ❝♦♥♦❝❡r ❧♦s ❧í♠✐t❡s ❞❡ tr❛❜❛❥♦✱ ❡s ❞❡❝✐r✱ ♣❛rá♠❡tr♦s ♥❡❣♦❝✐❛❜❧❡s✱

② ❝✉á❧❡s s♦♥ ✐♠♣r❡s❝✐♥❞✐❜❧❡s✱ ❛sí ❝♦♠♦ ❧♦s ❝♦♥❞✐❝✐♦♥❛♥t❡s ❞❡❧ s✐st❡♠❛✱ ②❛ s❡❛ ❡❧ t❡❧❡s✲

❝♦♣✐♦ ♦ ❡❧ ❞❡t❡❝t♦r✳ ❨✱ ✜♥❛❧♠❡♥t❡✱ s❡ ❤❛ ❞❡ t❡♥❡r ❡♥ ❝✉❡♥t❛ q✉❡ ❡❧ ❝✐❡♥tí✜❝♦ s✐❡♠♣r❡

✐♥t❡♥t❛rá ❧❧❡❣❛r ♠ás ❛❧❧á ❡♥ ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s✳

❊♥ ✐♥str✉♠❡♥t❛❝✐ó♥ ❛str♦♥ó♠✐❝❛ ❡❧ ♣r✐♥❝✐♣❛❧ ❝♦♥❞✐❝✐♦♥❛♥t❡ s✐❡♠♣r❡ ❡s ❡❧ t❡❧❡s❝♦✲

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

♣r✐♠❡r❛ ❛♣r♦①✐♠❛❝✐ó♥ ✭♣♦❞rí❛♠♦s ❧❧❛♠❛r❧♦s ❞❡ ♣r✐♠❡r ♦r❞❡♥✮ s♦♥ ❧❛ ❛❜❡rt✉r❛✱ ❡❧ ❢ ✲♥♦

② ❡❧ ❝❛♠♣♦✳ ❆✉♥q✉❡ ❡st❡ ú❧t✐♠♦ s✉❡❧❡ ❞❡✜♥✐r❧♦ ✐♥✐❝✐❛❧♠❡♥t❡ ❡❧ ❝✐❡♥tí✜❝♦✱ ❡❧ t❡❧❡s❝♦♣✐♦

❡st❛rá ♦♣t✐♠✐③❛❞♦ ❤❛st❛ ✉♥ ❝✐❡rt♦ ✈❛❧♦r ❛ ♣❛rt✐r ❞❡❧ ❝✉❛❧ ❧❛s ❛❜❡rr❛❝✐♦♥❡s ✐♥trí♥s❡❝❛s

s♦♥ ♠✉② ❞✐❢í❝✐❧♠❡♥t❡ ❛s✉♠✐❜❧❡s ♦ ❜✐❡♥✱ s✐♠♣❧❡♠❡♥t❡ ♣♦r ❢❛❜r✐❝❛❝✐ó♥✱ ❡①✐st❡ ❛❧❣✉♥❛

❧✐♠✐t❛❝✐ó♥ ❢ís✐❝❛ ❛❧ ❞✐á♠❡tr♦ ❞❡❧ ❝❛♠♣♦ ❡♥ ❡❧ ♣❧❛♥♦ ❢♦❝❛❧✳ ❈♦♥ ❡❧ ❢ ✲♥♦ ② ❡❧ ❞✐á♠❡tr♦

❞❡ ♣✉♣✐❧❛ ❝♦♥♦❝❡r❡♠♦s ❧❛ ❢♦❝❛❧ ②✱ ❝♦♥ ❡❧❧♦✱ ❧❛ ❡s❝❛❧❛ ❞❡ ✐♠❛❣❡♥ ② ❧❛ r❡s♦❧✉❝✐ó♥✳ ❆

♣❛rt✐r ❞❡ ❛q✉í ❡❧ tr❛❜❛❥♦ ❝♦♥s✐st✐rá ❡♥ ❧❧❡✈❛r ❛❧ ❞❡t❡❝t♦r ❧❛ ✐♠❛❣❡♥ ❞❡❧ ❝❛♠♣♦ ❞❡s❡❛❞♦

❝♦♥ ❧❛ ❡s❝❛❧❛ ② r❡s♦❧✉❝✐ó♥ ❛♣r♦♣✐❛❞❛s✳

▲❛ ❡s❝❛❧❛ ❧❛ ♠❛r❝❛ ❡❧ t❛♠❛ñ♦ ❞❡❧ ❞❡t❡❝t♦r ② ❡❧ ❝❛♠♣♦ q✉❡ q✉❡r❡♠♦s t❡♥❡r ❡♥ é❧✳

▲❛ r❡s♦❧✉❝✐ó♥ ♥♦s ❧❛ ❞❛ ❡❧ t❛♠❛ñ♦ ❞❡❧ ❡❧❡♠❡♥t♦ ❞❡ ♠✉❡str❡♦✱ ♣í①❡❧✳ ❊①✐st❡♥ ❞✐st✐♥t❛s

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

✈❛❧♦r❡s✳ ❊♥ ❣❡♥❡r❛❧✱ ❧♦ q✉❡ s❡ ❞❡s❡❛ ❡s ❝♦♥s❡❣✉✐r ❧❛ ♠❛②♦r ❝❛♥t✐❞❛❞ ❞❡ ❡♥❡r❣í❛ ♣♦s✐❜❧❡

❡♥ ❡❧ ♠❡♥♦r ♥ú♠❡r♦ ❞❡ ♣í①❡❧❡s ♣❛r❛ ✉♥ ❝❛♠♣♦ ❞❛❞♦✳ ▲♦ q✉❡ ♣✉❡❞❡ ♦❝✉rr✐r ❡s q✉❡

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

♣í①❡❧✳ ❊♥ ❡st❡ ❝❛s♦ s❡ ❞❡❜❡ r❡❞✉❝✐r ❡❧ ❝❛♠♣♦ ♣❛r❛ q✉❡ ❧❛ ✐♠❛❣❡♥ ✭P❙❋ ❛ ♠✐t❛❞ ❞❡

❛❧t✉r❛✮ ♦❝✉♣❡ ❛❧ ♠❡♥♦s 2×2 ♣✐①✱ t❛♥t♦ ♣♦r ♠✉❡str❡♦ ❞❡ ❧❛ ♣r♦♣✐❛ P❙❋ ❝♦♠♦ ♣♦r ❡✈✐t❛r

❝♦♥❢✉s✐♦♥❡s ❝♦♥ ♣í①❡❧❡s ❞❡❢❡❝t✉♦s♦s ♦ r❛②♦s ❝ós♠✐❝♦s✳ ❖tr♦ ❝❛s♦ ❡①tr❡♠♦ ❡s r❡q✉❡r✐r

✉♥❛ ✐♠❛❣❡♥ ❞❡ ❣r❛♥ ❝❛♠♣♦ ♣❡r♦ ❝♦♥ ✉♥❛ P❙❋ ❞❡❣❡♥❡r❛❞❛ ♣❛r❛ ♣♦❞❡r ♠❡❞✐r ❜✐❡♥ ❧❛



✻✻ ✸✳ ❊❧ ❞✐s❡ñ♦

✐♠❛❣❡♥ ❛ ✜♥ ❞❡ ♦❜t❡♥❡r ❛❧❣ú♥ t✐♣♦ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ✭❡s♣❡❝tr♦ ♦ ❢♦t♦♠❡trí❛ r❡❧❛t✐✈❛✮

♦ ♣❛r❛ ♥♦ s❛t✉r❛r ♣í①❡❧❡s ❝♦♥ ❧❛ ✐❞❡❛ ❞❡ ❛❧❝❛♥③❛r r❛♥❣♦s ❞✐♥á♠✐❝♦s ❣r❛♥❞❡s ✭♦❜❥❡t♦s

♠✉② ❜r✐❧❧❛♥t❡s ② ♠✉② ❞é❜✐❧❡s ❡♥ ❡❧ ♠✐s♠♦ ❝❛♠♣♦✮✳ ❊❧ ❡❥❡♠♣❧♦ ♣♦r ❛♥t♦♥♦♠❛s✐❛ ❡s ❡❧

❧❧❡❣❛r ❛❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ② ♠✉❡str❡❛r❧♦✳ ❊♥ ❡st❡ ❝❛s♦✱ ❧♦ q✉❡ ❝♦♥❞✐❝✐♦♥❛ ❛❧ s✐st❡♠❛

❡s ❡❧ ❞✐s❝♦ ❞❡ ❆✐r② ②✱ s✐ s❡ q✉✐❡r❡ ✉♥ ♠✉❡str❡♦ ❛♣r♦♣✐❛❞♦✱ ❤❡♠♦s ❞❡ ♣❡♥s❛r ❡♥ ✉♥ ❞✐s❝♦

❝❡♥tr❛❧ ❞❡ 5 ♣✐① ❞❡ ❛♥❝❤♦ ❞♦♥❞❡ ✐❞❡❛❧♠❡♥t❡ ❡❧ ♣í①❡❧ ❝❡♥tr❛❧ ❝♦✐♥❝✐❞❛ ❝♦♥ ❡❧ ♠á①✐♠♦

② ❧♦s ❡①tr❡♠♦s ❝♦♥ ❧♦s ♠í♥✐♠♦s ❞❡❧ ♣r✐♠❡r ❛♥✐❧❧♦✱ ❞❡❥❛♥❞♦ ✉♥ ♣í①❡❧ ❛ ❝❛❞❛ ❧❛❞♦ ❞❡❧

♠á①✐♠♦ ❝♦♠♦ ♠✉❡str❡♦ ❞❡ ❧❛ ❝✉r✈❛✳ ❙✐ ❤❛❜❧❛♠♦s ❞❡ r❡s♦❧✉❝✐ó♥✱ s❡ ❝♦♥s✐❞❡r❛ ❡❧ ❛♥❝❤♦

♠✐t❛❞ ♦ ❋❲❍▼✱ q✉❡ ❡q✉✐✈❛❧❡ ❛ ❛❧❣♦ ♠ás✴♠❡♥♦s ❞❡ ✷ ♣í①❡❧❡s✳ ❊♥ ❡st❡ ❝❛s♦✱ ❡❧ ❝❛♠♣♦

t♦t❛❧ ✈✐❡♥❡ ❞❛❞♦ ♣♦r ❧❛ r❡s♦❧✉❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦ ♠✉❧t✐♣❧✐❝❛❞♦ ♣♦r ❡❧ ♥ú♠❡r♦ ❞❡ ♣í①❡❧❡s

❞✐✈✐❞✐❞♦ ♣♦r ✷✳

❙✐ ❡❧ ✐♥str✉♠❡♥t♦ ❡s ♠✉❧t✐✲♣r♦♣ós✐t♦✱ ❡s ❞❡❝✐r✱ s❡ ✈❛ ❛ ✐♥st❛❧❛r ❡♥ ♠ás ❞❡ ✉♥ t❡❧❡s✲

❝♦♣✐♦✱ ❤❛❜rá q✉❡ ❞✐s❡ñ❛r ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ♣❛r❛ ❝❛❞❛ ❝❛s♦✱ s❛❧✈♦ q✉❡ ❧♦s ♣❛rá♠❡tr♦s

❞❡ ❛❧❣ú♥ t❡❧❡s❝♦♣✐♦ ♣✉❡❞❛♥ ❝♦♠♣❡♥s❛rs❡✳

✸✳✶✳✶✳ ❈♦❞❡❱➋✱ ❩❡♠❛①➋✱ ❖s❧♦➋

▲♦s ♣r♦❣r❛♠❛s ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ ❛♣❛r❡❝✐❡r♦♥ ♣r♦♥t♦ ❝♦♥ ❧♦s ♣r✐♠❡r♦s ❝♦♠♣✉t❛❞♦✲

r❡s✱ ❞❛❞❛ ❧❛ ❞✐r❡❝t❛ ❛♣❧✐❝❛❝✐ó♥ ❛ ♣r♦❝❡s❛❞♦ ❞❡ ❞❛t♦s ♠❛s✐✈♦✳ ❈♦♠♦ s❡ ❤❛ ❝♦♠❡♥t❛❞♦✱

❡❧ ❝á❧❝✉❧♦ ❞❡ tr❛③❛❞♦ ❞❡ r❛②♦s ❡s ✉♥❛ t❛r❡❛ r❡✐t❡r❛t✐✈❛ q✉❡ só❧♦ ❞❡♣❡♥❞❡ ❞❡❧ ♥ú♠❡r♦

❞❡ s✉♣❡r✜❝✐❡s ② ❞❡ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ r❛②♦s q✉❡ s❡ ❞❡s❡❛ tr❛③❛r ② ♥ú♠❡r♦ ❞❡ ♣✉♥t♦s ❡♥

❡❧ ♣❧❛♥♦ ♦❜❥❡t♦ ❡ ✐♠❛❣❡♥ ♣❛r❛ ❡❧ q✉❡ t❡♥❡♠♦s ✐♥❢♦r♠❛❝✐ó♥✳ ❆ ♠❛②♦r ❝❛♥t✐❞❛❞ ❞❡

r❛②♦s ♠ás ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ♣✉♥t♦ ❡♥ ❡❧ ♣❧❛♥♦ ✐♠❛❣❡♥✱

② ❞❡ ♣❛s♦ ❞❡ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ❞❡ ❝❛❞❛ s✉♣❡r✜❝✐❡ ❝♦♥ ❝❛❞❛ r❛②♦ ②✱ ♣♦r t❛♥t♦✱ ❞❡ s✉

❝♦♥tr✐❜✉❝✐ó♥ ❛ ❧❛s ❛❜❡rr❛❝✐♦♥❡s ❞❡❧ s✐st❡♠❛✳ ❊s ❝✐❡rt♦ q✉❡ s❡ tr❛t❛ ❞❡ ✉♥❛ ❞✐str✐❜✉✲

❝✐ó♥ ❞❡ ♣✉♥t♦ ❣❡♦♠étr✐❝❛✱ ♣❡r♦ s✐ tr❛③❛♠♦s ✉♥❛ ❝❛♥t✐❞❛❞ s✉✜❝✐❡♥t❡ ❞❡ r❛②♦s ♣✉❡❞❡

❛♣r♦①✐♠❛r♥♦s ❛ ❧❛ P❙❋ ❞❡❧ s✐st❡♠❛✳ ❆❞❡♠ás✱ ❡❧ t❡♥❡r s✉✜❝✐❡♥t❡s r❛②♦s ♥♦s ❞❛ ♠✉❝❤❛

r❡s♦❧✉❝✐ó♥ ♣❛r❛ ❝♦♥♦❝❡r ❧❛s ❝✉r✈❛s ❞❡ ❛❜❡rr❛❝✐ó♥ ❡♥ ❢✉♥❝✐ó♥ ❞❡❧ ❝❛♠♣♦✳

❯♥♦ ❞❡ ❧♦s ♣r✐♠❡r♦s ② ♠ás ✐♠♣♦rt❛♥t❡s ♣r♦❣r❛♠❛s ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ ❡s ❈♦❞❡✲❱✳

❖♣t✐❝❛❧ ❘❡s❡❛r❝❤ ❆ss♦❝✐❛t❡s ✭❖❘❆✮ ♥❛❝✐ó ❡♥ ✶✾✻✸ ❝♦♠♦ ✉♥❛ ❡♠♣r❡s❛ ❞❡ s❡r✈✐❝✐♦s

❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦✳ ❆ ✜♥❛❧❡s ❞❡ ❧♦s ❛ñ♦s ✻✵ ❞❡❧ s✐❣❧♦ ♣❛s❛❞♦ ❡♠♣❡③❛r♦♥ ❛ ♦❢❡rt❛r ❡❧

✉s♦ ❞❡ s✉s ♣r♦❣r❛♠❛s ❞❡ tr❛③❛❞♦ ❞❡ r❛②♦s ❡❥❡❝✉tá♥❞♦s❡ ✈í❛ t❡❧♥❡t ❡♥ ✉♥ s❡r✈✐❞♦r

♠❛✐♥❢r❛♠❡ ❡♥ ♠♦❞♦ r❡♠♦t♦✳ ❊♥ ❧♦s ✼✵ ♣❛só ❛ s❡r ❈♦❞❡✲❱ ②✱ ❝♦♥ ❡❧ ❛❞✈❡♥✐♠✐❡♥t♦ ❞❡

❧♦s ❝♦♠♣✉t❛❞♦r❡s ✐♥❞✐✈✐❞✉❛❧❡s✱ ✇♦r❦st❛t✐♦♥s ② ♦r❞❡♥❛❞♦r❡s ♣❡rs♦♥❛❧❡s ✭P❈✮✱ s❡ ✐♥✐❝✐❛

❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡❧ ♣❛q✉❡t❡ ❞❡ s♦❢t✇❛r❡ ❡♥ ❧♦s ❛ñ♦s ✽✵✳

Pr♦❜❛❜❧❡♠❡♥t❡ ♣♦r s✉ ❤✐st♦r✐❛ ❞❡ ❡❥❡❝✉❝✐ó♥ ❡♥ ♠♦❞♦ t❡r♠✐♥❛❧ r❡♠♦t❛✱ ✉♥❛ ❞❡ s✉s

♣r✐♥❝✐♣❛❧❡s ❝❛r❛❝t❡ríst✐❝❛s ❡s ❧❛ ♣♦t❡♥❝✐❛ ❞❡ ❡❥❡❝✉❝✐ó♥ ❞❡ ❡st❡ s♦❢t✇❛r❡ ❡♥ ♠♦❞♦ ❝♦✲



✸✳✶✳ ❉✐s❡ñ♦ Ó♣t✐❝♦ ✻✼

❋✐❣✉r❛ ✸✳✺✿ ■♥t❡r❢❛③ ❞❡ tr❛❜❛❥♦ ❝♦♥ ❡❧ ♣r♦❣r❛♠❛ ❈♦❞❡✲❱✳ ❚❡❧❡s❝♦♣✐♦ ●❘❊●❖❘ ❝♦♥ ❡❧ ❡s✲
♣❡❝tró❣r❛❢♦ ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥✳

♠❛♥❞♦✳ ❚♦❞❛s ❧❛s ♦♣❡r❛❝✐♦♥❡s s❡ ♣✉❡❞❡♥ r❡❛❧✐③❛r ❡♥ s✉ ❧í♥❡❛ ❞❡ ❝♦♠❛♥❞♦s✱ ♠♦str❛♥❞♦

❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ ❢✉♥❝✐ó♥✳ ❊❧ ❞❡s❛rr♦❧❧♦ ✐♥✐❝✐❛❧ s❡ ❤✐③♦ ❡♥ ❯◆■❳✱ ② ♣❛r❛ ❙✉♥✲❖❙

s❡ ❞❡s❛rr♦❧❧ó ✉♥❛ ✈❡rs✐ó♥ ❣rá✜❝❛ ❜❛s❛❞❛ ❡♥ ✈❡♥t❛♥❛s✱ ♠❡♥ús ② t❛❜❧❛s✳ P❡r♦✱ tr❛s ❧❛

❛♣❛r✐❝✐ó♥ ❞❡ ▼❙✲❲✐♥❞♦✇s ◆❚✱ s❡ r❡❤✐③♦ ✉♥❛ ❛❞❛♣t❛❝✐ó♥ ❛ ❡st❡ s✐st❡♠❛ ♦♣❡r❛t✐✈♦

❞❡❥❛♥❞♦✱ ❛ ♣❛rt✐r ❞❡ ✷✵✵✵✱ ❡❧ s♦♣♦rt❡ ❛ ♦tr♦s s✐st❡♠❛s ♦♣❡r❛t✐✈♦s✳

❈♦❞❡✲❱ ❡s ♣♦s✐❜❧❡♠❡♥t❡ ❡❧ ✓❡st❛❞♦✲❞❡❧✲❛rt❡✔ ❡♥ ❉✐s❡ñ♦ Ó♣t✐❝♦ ❣r❛❝✐❛s ❛ s✉s ❡❧❛✲

❜♦r❛❞❛s ❢✉♥❝✐♦♥❡s ② ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s✳ ❖❘❆ ❧♦ ❞❡✜♥❡ ❝♦♠♦ ✉♥ ♣r♦❣r❛♠❛ ❞❡ ❉✐s❡ñ♦

Ó♣t✐❝♦ ✓♣❛r❛ ♠♦❞❡❧❛r✱ ❛♥❛❧✐③❛r✱ ♦♣t✐♠✐③❛r ② ❞❛r s♦♣♦rt❡ ❛ ❢❛❜r✐❝❛❝✐ó♥ ♣❛r❛ ❡❧ ❞❡s❛✲

rr♦❧❧♦ ❞❡ s✐st❡♠❛s ó♣t✐❝♦s✔✳ ▲♦ ❝✐❡rt♦ ❡s q✉❡ t✐❡♥❡ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ❜❛s❡s ❞❡ ❞❛t♦s ②

❝❛tá❧♦❣♦s q✉❡ ❧❡ ♣❡r♠✐t❡♥ ❛❝❝❡❞❡r ❛ ❝♦st❡s ❞❡ ✈✐❞r✐♦s ② ♠❛t❡r✐❛❧❡s✱ ❞❡ ♠♦❞♦ q✉❡ ❡s

❝❛♣❛③✱ ❛❞❡♠ás ❞❡ ❝❛❧❝✉❧❛r ♠❛s❛s ② ❞✐♠❡♥s✐♦♥❡s ❞❡ ❢❛❜r✐❝❛❝✐ó♥✱ ❞❡ ✈❛❧♦r❛r ❡❧ ❝♦st❡ ❞❡❧

♠❛t❡r✐❛❧ ♥❡❝❡s❛r✐♦ ♣❛r❛ ❧❛ ❢❛❜r✐❝❛❝✐ó♥✳ ❚✐❡♥❡ t❛♠❜✐é♥ ✉♥❛ ❢✉♥❝✐ó♥ ❞❡ ♠ér✐t♦ ❡①❝❡♣✲

❝✐♦♥❛❧♠❡♥t❡ ❡✜❝✐❡♥t❡✱ ❡♥ ❧❛ q✉❡ ❧❛ ú♥✐❝❛ ✐♥t❡r✈❡♥❝✐ó♥ ❞❡❧ ✉s✉❛r✐♦ ❡s s♦❜r❡ ❧♦s ♣❡s♦s

❛♣❧✐❝❛❞♦s ❡♥ ❝❛❞❛ ❝❛s♦ ❛ ❝✐❡rt♦s ❢❛❝t♦r❡s ❞❡ ❧♦s q✉❡ s❡ q✉✐❡r❡♥ ♦♣t✐♠✐③❛r✳ ❙ó❧♦ ♣❡r♠✐t❡

❛❝t✐✈❛r ♦ ❞❡s❛❝t✐✈❛r ❧♦s ♣❛rá♠❡tr♦s ó♣t✐❝♦s q✉❡ s❡ ❞❡s❡❛ q✉❡ s❡ ♦♣t✐♠✐❝❡♥✱ ② ❡♥ s✉
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❋✐❣✉r❛ ✸✳✻✿ ■♥t❡r❢❛③ ❞❡ tr❛❜❛❥♦ ❝♦♥ ❡❧ ♣r♦❣r❛♠❛ ❩❡♠❛①✳

❝❛s♦ ❞❡✜♥✐r ✉♥ ✈❛❧♦r ♦❜❥❡t✐✈♦ ❞❡ ❛❧❣✉♥♦s ❞❡ ❧♦s ♣❛rá♠❡tr♦s✳ ❙✐ s❡ ❞❡s❡❛ ✐♥t❡r❢❡r✐r ♠ás

♣r♦❢✉♥❞❛♠❡♥t❡ ❡♥ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ♠ér✐t♦ ❤❛② q✉❡ ❤❛❝❡r❧♦ ♠❡❞✐❛♥t❡ s❝r✐♣ts ✉s❛♥❞♦ ✉♥

❧❡♥❣✉❛❥❡ ❞❡ ♣r♦❣r❛♠❛❝✐ó♥ ♣r♦♣✐♦ ✭▼❛❝r♦✲P❧✉s✮✳

❈♦❞❡✲❱ ❡s ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ ♣♦r ❛♥t♦♥♦♠❛s✐❛✱ ② ❞❡✜♥❡ ❤♦② ❧♦s ♣❛✲

tr♦♥❡s ❞❡ ✜❛❜✐❧✐❞❛❞ ❡♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥ ❉✐s❡ñ♦ Ó♣t✐❝♦✳

❩❡♠❛① ❡s ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ ♠ás ❡①t❡♥❞✐❞♦ ❤♦② ② ❛❝tú❛ ❝♦♠♦ ✉♥

❡stá♥❞❛r✳ ❊s ✉♥ ♣r♦❣r❛♠❛ ♠❡r❛♠❡♥t❡ ❡♥ ❡♥t♦r♥♦ ❣rá✜❝♦✱ ❛✉♥q✉❡ t✐❡♥❡ ✉♥ ❧❡♥❣✉❛❥❡

❞❡ ♣r♦❣r❛♠❛❝✐ó♥ ♣❛r❛ ❣❡♥❡r❛r ❝♦♠❛♥❞♦s ❡s♣❡❝í✜❝♦s✳ ❊s❡ ❧❡♥❣✉❛❥❡ ❡s ❡❧ q✉❡ ✉s❛ ❛❧

♠✐s♠♦ t✐❡♠♣♦ ♣❛r❛ r❡❢❡r❡♥❝✐❛r ❧♦s tér♠✐♥♦s ② ♣❛rá♠❡tr♦s ❞❡ ❧♦s ❞✐st✐♥t♦s ❡❞✐t♦r❡s ②

❧❛ ❢✉♥❝✐ó♥ ❞❡ ♠ér✐t♦✱ q✉❡ ❡♥ ❡st❡ ❝❛s♦ ❡s t♦t❛❧♠❡♥t❡ ❛❝❝❡s✐❜❧❡ ♣❛r❛ ❡❧ ✉s✉❛r✐♦✳ ❩❡♠❛①

❡s ✉♥ ♣r♦❣r❛♠❛ ♦r✐❣✐♥❛❞♦ ❡♥ ❧♦s ✾✵ ② q✉❡ s❡ ✐♥✐❝✐ó ❝♦♠♦ ❣❛♠❛ ♠❡❞✐❛ ♦r✐❡♥t❛❞♦

❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ❛ ❛♥á❧✐s✐s✱ ② ❝♦♥ ❝✐❡rt❛s ♦r✐❣✐♥❛❧✐❞❛❞❡s ❡♥❝❛♠✐♥❛❞❛s ❛ s✐♠♣❧✐✜❝❛r

❧♦s ♣❛rá♠❡tr♦s ❞❡ ❞❡✜♥✐❝✐ó♥ ② ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ s✐st❡♠❛s ó♣t✐❝♦s ❝♦♠♣❧❡❥♦s ❡♥ ❢♦r♠❛

② ♦r✐❡♥t❛❝✐ó♥ ❡♥ ❡❧ ❡s♣❛❝✐♦✳ ■♥❝♦r♣♦r❛ ❛❧ s✐st❡♠❛ ✉♥ t✐♣♦ ❞❡ s✉♣❡r✜❝✐❡ ❡s♣❡❝✐❛❧ q✉❡

r❡❞❡✜♥❡ ❧❛s ❝♦♦r❞❡♥❛❞❛s ❞❡❧ ❡❥❡ ó♣t✐❝♦ ❛ ♣❛rt✐r ❞❡ ❡❧❧❛✱ ♣r♦❞✉❝✐❡♥❞♦ ✐♥❝❧✐♥❛❝✐♦♥❡s✱

♦r✐❡♥t❛❝✐♦♥❡s ② ❞❡s❝❡♥tr❛❞♦s ❞❡ ✉♥ ♠♦❞♦ rá♣✐❞♦✱ ✐♥t❡❣r❛❞♦ ❡ ✐♥t✉✐t✐✈♦✳ ❨ ❡❧❧♦ ❤✐③♦
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❋✐❣✉r❛ ✸✳✼✿ ■♥t❡r❢❛③ ❞❡ tr❛❜❛❥♦ ❝♦♥ ❡❧ ♣r♦❣r❛♠❛ ❖❙▲❖✱ ❞✐s❡ñ♦ ❞❡ ❲✐❞❡✲❋❛st❈❛♠✳

q✉❡ rá♣✐❞❛♠❡♥t❡ s❡ ❝♦❧♦❝❛r❛ ♣♦r ❡♥❝✐♠❛ ❞❡ ♦tr♦s ♣r♦❣r❛♠❛s ❝♦♥ ♠❛②♦r tr❛❞✐❝✐ó♥ ②

♣❡s♦ ❡♥ ❡❧ ❝❛♠♣♦ ❞❡❧ ❞✐s❡ñ♦ ❝♦♠♦ ❡❧ ❙✐❣♠❛✲P❈ ❞❡ ❑✐❞❣❡r ❖♣t✐❝s ✉ ❖s❧♦ ❞❡ ❙✐♥❝❧❛✐r

❖♣t✐❝s✱ ❛♠é♥ ❞❡ ♦tr♦s q✉❡ ♥✉♥❝❛ ❧❧❡❣❛r♦♥ ❛ s♦❜r❡s❛❧✐r✳

❩❡♠❛①✱ q✉❡ t❛♠❜✐é♥ só❧♦ s❡ ❡❥❡❝✉t❛ ❡♥ ▼❙✲❲✐♥❞♦✇s✱ ❡s ♣r❡❝✐s❛♠❡♥t❡ ❡❧ ♣r♦❣r❛♠❛

q✉❡ ♠ás s❡ ❤❛ ❛❞♦♣t❛❞♦✱ ♣♦r s✉ s✐♠♣❧✐❝✐❞❛❞ ② ♣r❡❝✐♦✱ ❞❡♥tr♦ ❞❡ ❧❛ ❝♦♠✉♥✐❞❛❞ ❞❡

❞✐s❡ñ❛❞♦r❡s✳ ▲♦s ♣❛rá♠❡tr♦s ó♣t✐❝♦s s❡ ❞❡✜♥❡♥ ❡♥ ✉♥❛ t❛❜❧❛ ❡♥ ❢♦r♠❛ ❞❡ ❤♦❥❛ ❞❡

❝á❧❝✉❧♦✿ ❡❞✐t♦r ❞❡ ❞❛t♦s✳ ❆q✉í s❡ ✐♥tr♦❞✉❝❡♥ ❧♦s ✈❛❧♦r❡s ❞❡ ❛❜❡rt✉r❛s✱ t✐♣♦ ❞❡ s✉♣❡r✜❝✐❡✱

❞✐st❛♥❝✐❛s✱ ♠❛t❡r✐❛❧❡s✱ ❝✉r✈❛t✉r❛✱ ❝♦♥✐❝✐❞❛❞✱ ❞❡s❝❡♥tr❛❞♦s✱ t✐❧ts✳✳✳ ❈✉❛♥❞♦ s❡ ❛♥❛❧✐③❛♥

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

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

♣r♦❣r❛♠❛ ❡s ❡❧ ❞❡ ♦♣t✐♠✐③❛❝✐ó♥✱ ❞♦♥❞❡ s❡ ♠♦❞✐✜❝❛♥ ♦ ✐♥s❡rt❛♥ ❧♦s ♣❛rá♠❡tr♦s ❞❡ ❧❛

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

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

❛ñ❛❞✐r ❧í♥❡❛s ♣❡rs♦♥❛❧✐③❛❞❛s✳ ❆❞❡♠ás✱ ❤❛② ✉♥ ❡❞✐t♦r ❞❡ ♣❛rá♠❡tr♦s ❡①tr❛ q✉❡ s❡

♣✉❡❞❡♥ ❡♥❧❛③❛r ❛ ✜❝❤❡r♦s ♣r♦❣r❛♠❛❞♦s ♣♦r ❡❧ ✉s✉❛r✐♦ ✭❧❡♥❣✉❛❥❡ ③♣❧ ♦ ❡♥ ❧✐❜r❡rí❛s
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❝♦♠♣✐❧❛❞❛s ❞❧❧✮✱ ② tr❛❡ t❛♠❜✐é♥ ✉♥ ❡❞✐t♦r ♣❛r❛ s✐st❡♠❛s ✓♥♦ s❡❝✉❡♥❝✐❛❧❡s✔✳

▲♦s ♣r♦❣r❛♠❛s ❞❡ tr❛③❛❞♦ ♥♦ s❡❝✉❡♥❝✐❛❧ s❡ ❤❛♥ ❞❡s❛rr♦❧❧❛❞♦ ❛ ♣❛rt✐r ❞❡ ❧♦s ✾✵✱ ②

s❡ ✐♥✐❝✐❛r♦♥ ♣❛r❛ ❛♥❛❧✐③❛r ❧✉③ ❞✐❢✉s❛ ❞❡♥tr♦ ❞❡ s✐st❡♠❛s ó♣t✐❝♦s✳ ❙✐♥ ❡♠❜❛r❣♦✱ rá♣✐✲

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

✐♥t❡r❛❝❝✐♦♥❡s ❝♦♥ ♠ú❧t✐♣❧❡s ♠❛t❡r✐❛❧❡s ② r❡✢❡①✐♦♥❡s ❡♥ ♠✉❝❤❛s s✉♣❡r✜❝✐❡s ❞❡ ❞✐st✐♥t❛s

❝❛r❛❝t❡ríst✐❝❛s ✭❆❙❆P✱ ❚r❛❝❡✲Pr♦✱ ▲✐❣❤t ❚♦♦❧s✮✳ ◆♦ ♦❜st❛♥t❡✱ ❩❡♠❛① ❤❛ ♠❛♥t❡♥✐❞♦

❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❡s♣❡❝í✜❝❛s ♣❛r❛ s✐st❡♠❛s ó♣t✐❝♦s s✐♥ ❧❛ ♥❡❝❡s✐❞❛❞ ❞❡ r❡❝✉rr✐r ❛ ✉♥

♣r♦❣r❛♠❛ ♣❛r❛ ❞✐s❡ñ♦ ② ♦tr♦ ♣❛r❛ ❛♥á❧✐s✐s ❞❡ ❧✉③ ❞✐❢✉s❛✳ ❆❞✐❝✐♦♥❛❧♠❡♥t❡✱ ❝♦♥ ❧❛s ♥✉❡✲

✈❛s té❝♥✐❝❛s ❡♥ s✐st❡♠❛s ó♣t✐❝♦s✱ ❡❧ ❡st✉❞✐♦ ❞❡ tr❛③❛❞♦ ✓♥♦ s❡❝✉❡♥❝✐❛❧✔ s❡ ✈✉❡❧✈❡ ♠✉②

út✐❧ ❝♦♠♦ ❡♥ s✐st❡♠❛s ❞❡ ❛rr❛②✱ ②❛ s❡❛♥ ❡s♣❡❥♦s✱ ✜❜r❛s✱ ✈❛r✐❛s ❢✉❡♥t❡s ② ❝♦♥ ♣r♦❜❧❡♠❛s

❞❡ ❛❜s♦r❝✐ó♥ ♦ ❝♦❤❡r❡♥❝✐❛✱ ❡t❝✶✳

◗✉❡r❡♠♦s ♠❡♥❝✐♦♥❛r ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❈♦♠♣✉t❡r ❆✐❞❡❞ ❖♣t✐❝❛❧ ❉❡s✐❣♥ ❬❉✐s❡ñ♦

Ó♣t✐❝♦ ❆s✐st✐❞♦ ♣♦r ❈♦♠♣✉t❛❞♦r❪ ✭❈❆❖❉✮ ❖❙▲❖✳ ❊st❡ ♣r♦❣r❛♠❛✱ ❛❤♦r❛ ♠❛♥t❡♥✐❞♦

♣♦r ▲❛♠❜❞❛ ❘❡s❡❛r❝❤✱ ❡s ❡❧ ú♥✐❝♦ q✉❡ s✐❣✉❡ ❝♦♥s❡r✈❛♥❞♦ ✉♥❛ ✈❡rs✐ó♥ ❯◆■❳✳ ❊s

✉♥❛ ❛♣❧✐❝❛❝✐ó♥ q✉❡✱ s✐♥ ❣r❛♥❞❡s ♣r❡t❡♥s✐♦♥❡s✱ ❝♦♥t❡♠♣❧❛ ❧♦s r❡❝✉rs♦s ❜ás✐❝♦s ♣❛r❛

❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥ ❉✐s❡ñ♦ Ó♣t✐❝♦✱ ♣❡r♦ ❡stá ❛❧t❛♠❡♥t❡ ♦r✐❡♥t❛❞♦ ❛ ❡✈❛❧✉❛❝✐ó♥ ❞❡

s✐st❡♠❛s ó♣t✐❝♦s✳ ❚✐❡♥❡ ✉♥❛ ❣r❛♥ ✢❡①✐❜✐❧✐❞❛❞ ② ♠✉❧t✐t✉❞ ❞❡ ♦♣❝✐♦♥❡s ♣❛r❛ ♣r❡s❡♥t❛r

❞❛t♦s t❛♥t♦ ❡♥ ♠♦❞♦ ♥✉♠ér✐❝♦ ❝♦♠♦ ❣rá✜❝♦✳ ◆♦ ❡s ✉♥ ♣r♦❣r❛♠❛ q✉❡ ②♦ ❤❛②❛ ✉s❛❞♦

♣❛r❛ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ♥✐♥❣ú♥ ❞✐s❡ñ♦✳ ❙✐♥ ❡♠❜❛r❣♦✱ sí q✉❡ ♠❡r❡❝❡ ❧❛ ♣❡♥❛ ✐♥✈❡rt✐r ✉♥

t✐❡♠♣♦✱ ✉♥❛ ✈❡③ ❞❡✜♥✐❞♦ ❡❧ s✐st❡♠❛ r❡q✉❡r✐❞♦✱ ❡♥ ✐♥tr♦❞✉❝✐r ❧♦s ❞❛t♦s ❞❡❧ ❝♦♥❥✉♥t♦✳

❊st♦ ❡s ❛sí ♣♦rq✉❡ ❧❛ ♠❛②♦r ♣❛rt❡ ❞❡ ❧❛s ✈❡❝❡s ❧♦s ✈❛❧♦r❡s ♥♦ s❡ ♣✉❡❞❡♥ ✐♠♣♦rt❛r✱

②❛ q✉❡ ❧♦s ✐♥str✉♠❡♥t♦s s✉❡❧❡♥ ❝♦♠♣❧✐❝❛rs❡ ❞❡♠❛s✐❛❞♦ ② ❤❛② ♠✉❝❤♦s ♣❛rá♠❡tr♦s ♥♦

s♦♣♦rt❛❞♦s ♣♦r ❧❛s r✉t✐♥❛s ❞❡ ❝♦♥✈❡rs✐ó♥✳

❙♦♥ ❞❡st❛❝❛❜❧❡s ❧❛s ❣rá✜❝❛s ❞❡ ♣r❡s❡♥t❛❝✐ó♥ ❞❡ ❧♦s ❞✐❛❣r❛♠❛s ❞❡ ♠❛♥❝❤❛s✱ ❞✐r❡❝✲

t❛♠❡♥t❡ ♦r❞❡♥❛❞❛s s❡❣ú♥ s✉ ♣♦s✐❝✐ó♥ ❡♥ ❡❧ ❝❛♠♣♦ ♦ ❧♦s ✐♥❢♦r♠❡s ❣rá✜❝♦s ❝♦♥ t♦❞❛s

❧❛s ❝✉r✈❛s ❞❡ ❛❜❡rr❛❝✐ó♥ t❛♥❣❡♥❝✐❛❧ ② s❛❣✐t❛❧✱ ❞✐❢❡r❡♥❝✐❛s ❞❡ ❝❛♠✐♥♦ ó♣t✐❝♦ ✭❖P❉✮✱

q✉❡ r❡♣r❡s❡♥t❛♥ ❧❛s ❞❡❢♦r♠❛❝✐♦♥❡s ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛✱ ❡❧ ❝♦❧♦r ❧❛t❡r❛❧ ② ❧❛ ❞✐st♦rs✐ó♥✱

t♦❞♦ ❡♥ ✉♥❛ ✈❡♥t❛♥❛✱ ❝♦♠♦ ♣✉❡❞❡ ✈❡rs❡ ❡♥ ❧❛ ✜❣✉r❛ ✸✳✼✳

✶❱❡ás❡ ❤tt♣✿✴✴✇✇✇✳❩❡♠❛①✳❝♦♠✴❦❜✴❛rt✐❝❧❡s✴✺✹✴✶✴❊①♣❧♦r✐♥❣✲◆♦♥✲❙❡q✉❡♥t✐❛❧✲▼♦❞❡✲✐♥✲❩❡♠❛①✴
P❛❣❡✶✳❤t♠❧✱ ②
❤tt♣✿✴✴✇✇✇✳❩❡♠❛①✳❝♦♠✴❦❜✴❛rt✐❝❧❡s✴✸✸✴✶✴❍♦✇✲t♦✲❈r❡❛t❡✲❛✲❙✐♠♣❧❡✲◆♦♥✲❙❡q✉❡♥t✐❛❧✲❙②st❡♠✴

P❛❣❡✶✳❤t♠❧

❘❡✢❡❝t♦r❡s ❢❛❝❡t❛❞♦s✱ ❉✐str✐❜✉❝✐♦♥❡s ❞❡ ❧á♠♣❛r❛s✱ Pr✐s♠❛s✱ ❉✐✈✐s✐ó♥ ❞❡ r❛②♦s✱ ❙❝❛tt❡r✐♥❣✱ Ó♣t✐❝❛
❞✐❢r❛❝t✐✈❛✱ ▼♦❞❡❧❛❞♦ ❞❡ ❝♦❤❡r❡♥❝✐❛✱ ❈r❡❛❝✐ó♥ ❞❡ ❣❡♦♠❡trí❛s ❝♦♠♣❧❡❥❛s✱ ❆♥á❧✐s✐s ❞❡ ❛❜s♦r❝✐ó♥✱ ❡t❝✳

http://www.Zemax.com/kb/articles/54/1/Exploring-Non-Sequential-Mode-in-Zemax/Page1.html
http://www.Zemax.com/kb/articles/54/1/Exploring-Non-Sequential-Mode-in-Zemax/Page1.html
http://www.Zemax.com/kb/articles/33/1/How-to-Create-a-Simple-Non-Sequential-System/Page1.html
http://www.Zemax.com/kb/articles/33/1/How-to-Create-a-Simple-Non-Sequential-System/Page1.html


✸✳✶✳ ❉✐s❡ñ♦ Ó♣t✐❝♦ ✼✶

✸✳✶✳✷✳ ❈♦♠♣❧❡♠❡♥t♦s ❞❡ ❝á❧❝✉❧♦✿ ▼❛t❧❛❜➋✴❖❝t❛✈❡✱ ❈❛❧❝✴❊①❝❡❧➋

❆❞❡♠ás ❞❡ ❧♦s ♣r♦❣r❛♠❛s ❡s♣❡❝í✜❝♦s ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ q✉❡ ♠❡♥❝✐♦♥❛♠♦s ❛♥t❡✲

r✐♦r♠❡♥t❡✱ ❡♥ ❉✐s❡ñ♦ Ó♣t✐❝♦ s❡ ❤❛❝❡ ✉s♦ ❞❡ ♦tr♦s ♣r♦❣r❛♠❛s ❝♦♠♦ ❝♦♠♣❧❡♠❡♥t♦ ♣❛r❛

✈❛❧♦r❛r ② ♣♦♥❞❡r❛r ♦tr♦s ♣❛rá♠❡tr♦s ② ❢❛❝t♦r❡s q✉❡ ✐♥✢✉②❡♥ ② ❞❡✜♥❡♥✱ ♦ ❛②✉❞❛♥ ❛

❞❡✜♥✐r ♠ás ❜✐❡♥✱ ❡❧ s✐st❡♠❛ ó♣t✐❝♦✳ ❊♥ ❝✐❡rt❛s ♦❝❛s✐♦♥❡s ♠❡r❡❝❡ ❧❛ ♣❡♥❛ ❡❧❛❜♦r❛r ❢✉♥✲

❝✐♦♥❡s ♦ ✓♠❛❝r♦s✔ ✐♥t❡r♥❛s ♣❛r❛ ❛❝❝❡❞❡r ♦ ❝❛❧❝✉❧❛r ❝✐❡rt♦s r❡s✉❧t❛❞♦s ❞❡♣❡♥❞✐❡♥t❡s

❞❡❧ tr❛③❛❞♦ ❞❡ r❛②♦s ♦ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❡♥ ❛❧❣✉♥❛ s✉♣❡r✜❝✐❡ ❡s♣❡❝í✜❝❛ ♦ ❢❛♥t❛s♠❛

♣❛r❛ ✈❛❧♦r❛r ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧❛ ó♣t✐❝❛✳ ❊st♦ r❡s✉❧t❛ ♣♦s✐t✐✈♦ ❝✉❛♥❞♦ ❡s ♣❛r❛ ❧❛

♦❜t❡♥❝✐ó♥ ❞❡ ❞❛t♦s ❞❡ ✉♥ ♠♦❞♦ r❡♣❡t✐t✐✈♦ ② ❞❡ ❛❝❝❡s♦ rá♣✐❞♦ q✉❡ ❞❡♣❡♥❞❡♥ ♠✉❝❤♦

❞❡ ❧♦s ♣❛rá♠❡tr♦s ❞❡❧ s✐st❡♠❛ ② q✉❡ ❝❛♠❜✐❛♥ ❝♦♥ ❝❛❞❛ ♠♦❞✐✜❝❛❝✐ó♥ ❞❡ ❧♦s ✈❛❧♦r❡s ❞❡❧

s✐st❡♠❛ ó♣t✐❝♦✳

❊♥ ♦tr♦s ❝❛s♦s s♦♥ ❞❡t❛❧❧❡s q✉❡ ❛❢❡❝t❛♥ ❛ ❝♦♥s✐❞❡r❛❝✐♦♥❡s ♠❡❝á♥✐❝❛s ♦ ❢❛❝t♦r✐③❛✲

❝✐♦♥❡s ❣❡♦♠étr✐❝❛s q✉❡ ✐♠♣❧✐❝❛♥ ♦tr♦s ❝♦♠♣♦♥❡♥t❡s ♥♦ ❛❝t✐✈❛♠❡♥t❡ ♣❡rt❡♥❡❝✐❡♥t❡s ❛❧

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

❡s❝❛❧❛s✱ á♥❣✉❧♦s ♦ r❡s♦❧✉❝✐♦♥❡s✳

❉❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ❞❡ ❝á❧❝✉❧♦ ♣✉r♦ ② ♣r♦❝❡s❛❞♦ ❞❡ ❞❛t♦s✱ ❡❧ ✉s♦ ❞❡ ♣r♦❣r❛✲

♠❛s ❞❡s❛rr♦❧❧❛❞♦s ❡s♣❡❝í✜❝❛♠❡♥t❡ ♣❛r❛ ❝❛❞❛ s✐st❡♠❛ ó♣t✐❝♦ ❡s ♣♦❝♦ ❡✜❝✐❡♥t❡✳ ❆sí✱ ❡❧

❞❡s❛rr♦❧❧❛r ♣r♦❣r❛♠❛s ❡♥ ❈✱ ❋♦rtr❛♥ ♦ s✐♠✐❧❛r ❞❡❥❛ ♣♦❝♦ ♠❛r❣❡♥ ♣❛r❛ ♠♦❞✐✜❝❛❝✐♦✲

♥❡s ♦ ✈❛r✐❛❝✐♦♥❡s✱ ② t❛♥t♦ ♣❛r❛ ❧❛ ❡♥tr❛❞❛ ❝♦♠♦ ♣❛r❛ ❧❛ s❛❧✐❞❛ ❞❡ ❞❛t♦s s❡ ♣r❡❝✐s❛

✉♥ ♣r♦t♦❝♦❧♦ ❡❧❛❜♦r❛❞♦✳ ❆♥t✐❣✉❛♠❡♥t❡ t❡♥í❛♠♦s ♣♦❝❛s ♣♦s✐❜✐❧✐❞❛❞❡s ②✱ ❡♥ ❣❡♥❡r❛❧✱

r❡❝✉rrí❛♠♦s ❛ ❧❛s ❝❛❧❝✉❧❛❞♦r❛s✱ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ♣r♦❣r❛♠❛❜❧❡s✳ P❡r♦ ❡❧ ✉s♦ ❤♦② ❞❡

♣r♦❣r❛♠❛s ❛✉t♦✲❝♦♠♣✐❧❛❜❧❡s ♦ ✐♥t❡r♣r❡t❛❞♦s ❝♦♠♦ ■❉▲ ② ▼❛t❧❛❜✱ ♦ s✉s ❡q✉✐✈❛❧❡♥t❡s

✏♦♣❡♥ s♦✉r❝❡✑ ❖❝t❛✈❡✱ ❙❝✐▲❛❜✱✳✳✳✱ ♣❡r♠✐t❡ ✉♥❛ ✐♥t❡r❛❝❝✐ó♥ rá♣✐❞❛ ② ❞✐♥á♠✐❝❛ ❝♦♥ ❧♦s

❞❛t♦s ♦ ❧❛s ♣♦s✐❜❧❡s ✈❛r✐❛❝✐♦♥❡s ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦✳ ❆❞❡♠ás✱ ♦❢r❡❝❡♥ ✉♥❛ ♠♦❞❡❧✐③❛✲

❝✐ó♥ ② ✈❡r✐✜❝❛❝✐♦♥❡s ❣rá✜❝❛s q✉❡ ♥♦ ♥♦s ❞❛♥ ❧♦s ♣r♦❣r❛♠❛s ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ ❞❡ ♠♦❞♦

❞✐r❡❝t♦✳

❊s t❛♠❜✐é♥ ❛♣r♦♣✐❛❞♦ ❡❧ ✉s♦ ❞❡ ✓❤♦❥❛s ❞❡ ❝á❧❝✉❧♦✔✱ ❞❛❞❛ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ♣r❡✲

s❡♥t❛❝✐ó♥ ❞❡ ❞❛t♦s ✐♥t❡rr❡❧❛❝✐♦♥❛❞♦s ❞❡ ♠♦❞♦ q✉❡ ❝♦♥s❡❣✉✐♠♦s ❞✐r✐❣✐r ♦ ♠♦❞✐✜❝❛r✱ ❡♥

♣❡q✉❡ñ❛s ♣❛r❝❡❧❛s✱ ♣❛rá♠❡tr♦s q✉❡ ♣✉❡❞❡♥ ❞❡♣❡♥❞❡r ❞❡ ♦tr♦s ❢❛❝t♦r❡s✳ ❯♥ ❡❥❡♠♣❧♦

❝❧❛r♦ q✉❡✱ ❞❡ ❤❡❝❤♦✱ ✉s❛♠♦s ❞❡ ♠♦❞♦ ❝❛s✐ ❣❡♥❡r❛❧✱ ❡s ❡❧ ❡st✉❞✐♦ ❞❡ ❡rr♦r❡s✱ r❡str✐❝❝✐♦✲

♥❡s ② t♦❧❡r❛♥❝✐❛s ❝♦♥♦❝✐❞♦ ❝♦♠♦ ❡rr♦r ❜✉❞❣❡t ✭♣r❡s✉♣✉❡st♦ ❞❡ ❡rr♦r❡s✮ ❞❡ ✉♥ s✐st❡♠❛

ó♣t✐❝♦✳ ❊♥ ❡st❛s ❤♦❥❛s ♣r❡s❡♥t❛♠♦s ❡❧ r❡s✉❧t❛❞♦ ② ❝ó♠♦ s❡ ♠♦❞✐✜❝❛♥ t♦❞❛s ❧❛s t♦✲

❧❡r❛♥❝✐❛s r❡❧❛❝✐♦♥❛❞❛s ❞❡♥tr♦ ❞❡ ✉♥❛s r❡str✐❝❝✐♦♥❡s q✉❡ s❡rá♥ ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ②

❞❡♠ás ♣❛rá♠❡tr♦s ♠❡❝á♥✐❝♦s✱ tér♠✐❝♦s✱ ❡❝♦♥ó♠✐❝♦s ♦ ♠❛t❡r✐❛❧❡s q✉❡ ❛❢❡❝t❛♥ ❛ ❧♦s

❝♦♠♣♦♥❡♥t❡s ó♣t✐❝♦s ✭❞✐á♠❡tr♦s✱ s♦❜r❡❞✐á♠❡tr♦s✱ s♦♣♦rt❡s✱ ❛♣♦②♦s✱ ❛❝♦♣❧❡s✱ s✉❥❡❝✐♦✲

♥❡s✱ s❡♣❛r❛❝✐♦♥❡s✱ ❡s♣❡s♦r❡s✱ ❜✐s❡❧❡s✱ ❜♦r❞❡s✱ ❝✉r✈❛t✉r❛s✱ ❡t❝✳✮✳



✼✷ ✸✳ ❊❧ ❞✐s❡ñ♦

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

❧✐③❛r ❞❡ ✉♥ ♠♦❞♦ rá♣✐❞♦ ✉♥ ❣r✉♣♦ ❞❡ ♣❛rá♠❡tr♦s q✉❡ ❞❡✜♥❡♥ ❡❧ s✐st❡♠❛ ② q✉❡ ✈❛rí❛♥

♠✉❝❤♦ ❝♦♥ ♣♦❝♦s ❝❛♠❜✐♦s✳ ❊❥❡♠♣❧♦s ❞❡ ❡st♦ s♦♥ ❧❛s r❡s♦❧✉❝✐♦♥❡s ♦ ❞✐s♣❡rs✐♦♥❡s✱ t❛✲

♠❛ñ♦s ❞❡ ❧♦s s♣♦ts ② ♥ú♠❡r♦ ❞❡ ♣í①❡❧❡s ❡♥ ✉♥❛ P❙❋✱ q✉❡ ❞❡♣❡♥❞❡♥ ❞❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡

♦♥❞❛❀ ♦ ❧❛ ❡s❝❛❧❛ ❞❡ ✐♠❛❣❡♥ s❡♥s✐❜❧❡ ❛ ❝❛♠❜✐♦s ❞❡ ❛✉♠❡♥t♦s ②✱ ♣♦r t❛♥t♦✱ ❞❡ ♣❡q✉❡✲

ñ❛s ✈❛r✐❛❝✐♦♥❡s ❞❡ ❧❛ ❡str✉❝t✉r❛ ❞❡ ❧♦s ❝♦♠♣♦♥❡♥t❡s ó♣t✐❝♦s❀ ♦✱ s✐♠♣❧❡♠❡♥t❡✱ ❝✉❛♥❞♦

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

s✐st❡♠❛ ó♣t✐❝♦ ② ♥❡❝❡s✐t❛♠♦s ✉♥ ✓t❛♥t❡♦✔ ❞❡ ❛❧❣✉♥♦s ✈❛❧♦r❡s ❞❡ ❝✐❡rt♦s ♣❛rá♠❡tr♦s✳

▲❛ ♣♦t❡♥❝✐❛ ❞❡ ♣r♦❣r❛♠❛s ❝♦♠♦ ▼❛t❧❛❜ ♦✱ ✐♥❝❧✉s♦ ❡♥ ❝✐❡rt♦ ♠♦❞♦ ♠❡❥♦r✱ ❖❝t❛✈❡✱

r❡s✐❞❡ ❡♥ ♣♦❞❡r ❞❡s❛rr♦❧❧❛r r✉t✐♥❛s ♦ ✐♥t❡r❢❛❝❡s ❝♦♥ ❧♦s ♣r♦♣✐♦s ♣r♦❣r❛♠❛s ❞❡ ❞✐s❡ñ♦

❛ tr❛✈és ❞❡ ❧✐❜r❡rí❛s q✉❡ ❝♦♠♣❛rt❡♥ ♦ ❛❝❝❡❞❡♥ ❛ ❧❛s ♣♦s✐❝✐♦♥❡s ❞❡ ♠❡♠♦r✐❛ ❞♦♥❞❡

❡stá♥ ❧♦s ❞❛t♦s✳ ❖ ❜✐❡♥ ♠❡③❝❧❛s ❡♥tr❡ ♠❛❝r♦s ✐♥t❡r♥❛s ❞❡ ❧♦s ♣r♦❣r❛♠❛s ❞❡ ❞✐s❡ñ♦

q✉❡ s❛❧✈❛♥ ❞❛t♦s ② ✏s❝r✐♣ts✑ ♦ ❧✐❜r❡r✐❛s ❞❡ ❝á❧❝✉❧♦ q✉❡ ❛❝❝❡❞❡♥ ❛ ❧♦s ♠✐s♠♦s ② ❧♦s

♣r♦❝❡s❛♥✳ ❉❡ ❡st❡ ♠♦❞♦ s❡ ♣✉❡❞❡♥ ♦❜t❡♥❡r ❞❡t❡r♠✐♥❛❞♦s r❡s✉❧t❛❞♦s ♦ ❣rá✜❝♦s✳ ❊st♦s

♥♦s ❛②✉❞❛♥✱ ♣♦r ❡❥❡♠♣❧♦ ❡♥ ✉♥❛ ♦♣t✐♠✐③❛❝✐ó♥✱ ❛ ❞❡✜♥✐r ♠❡❥♦r❡s r✉t❛s ❞❡ ❛❥✉st❡s ♦

♠✐♥✐♠✐③❛❝✐ó♥✱ ❞❡t❡r♠✐♥❛♥❞♦ ❝✉á❧ ♣✉❡❞❡ s❡r ✉♥❛ ♠❡❥♦r t❡♥❞❡♥❝✐❛ ❞❡ ✈✐❞r✐♦s ♦ ❡s♣❡s♦r❡s

♦ ❝✉r✈❛t✉r❛s ♦ ❛ ❞❡s♣❧❛③❛r ❧❛s t♦❧❡r❛♥❝✐❛s ❞❡♠❛s✐❛❞♦ rí❣✐❞❛s✱ ❡♥ ❛❧❣ú♥ ❝♦♠♣♦♥❡♥t❡✱

❛ ♦tr♦s ♣❛rá♠❡tr♦s ♠❡♥♦s ❝rít✐❝♦s✳

❚❛♠❜✐é♥ ❡①✐st❡♥ ♣r♦❣r❛♠❛s ♦ r✉t✐♥❛s ❞❡ ❝ó❞✐❣♦ ❛❜✐❡rt♦ q✉❡ ❤❛❝❡♥ tr❛③❛❞♦s ❞❡ r❛✲

②♦s ② q✉❡ ♣❡r♠✐t❡♥ ❞❡✜♥✐r s✐st❡♠❛s ❞❡ ♣❛rt✐❞❛ ❝❡r❝❛ ❞❡ ❧♦ q✉❡ s❡ r❡q✉✐❡r❡✳ ❆s✐♠✐s♠♦✱

♣❡r♠✐t❡♥ ❡✈❛❧✉❛r ❞❡ ♠♦❞♦ ❡s♣❡❝í✜❝♦ ❝✐❡rt♦s ❝❛s♦s ♦ ❝♦♠♣♦rt❛♠✐❡♥t♦s ❞❡❧ s✐st❡♠❛✱

❝♦♠♦ s♦♥ ❧❛s ❞✐str✐❜✉❝✐♦♥❡s ❞❡ ❧♦s ❞✐❛❣r❛♠❛s ❞❡ ♠❛♥❝❤❛s✱ ② t❛♠❜✐é♥✱ ♣♦♥❞❡r❛r ❧♦s

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

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

❝♦♥t❡♠♣❧❛❞❛ ♣♦r ❧♦s ♣r♦❣r❛♠❛s ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ ♠ás rí❣✐❞♦s✳

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

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

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

❉❡❧ ♠✐s♠♦ ♠♦❞♦✱ t❛♠❜✐é♥ s❡ ❞✐s♣♦♥❡ ❞❡ ♠✉❝❤❛s r✉t✐♥❛s ♣❛r❛ ❝á❧❝✉❧♦s ❞❡ ❡♥❡r❣í❛✱

P❙❋✱ ❝♦♠❜✐♥❛❝✐♦♥❡s ❞❡ ❧❡♥t❡s ♦ ♣❛rá♠❡tr♦s ❞❡ ♣♦s✐❝✐ó♥✱ ❡s♣❡s♦r✱ ❡t❝✳✱ ♣❛r❛ ❞✐st✐♥t❛s

♣♦s✐❜✐❧✐❞❛❞❡s✳ ❋✐♥❛❧♠❡♥t❡✱ t❛♠❜✐é♥ t❡♥❡♠♦s ♦tr♦s ♠✉❝❤♦s ❞❡s❛rr♦❧❧♦s ♠ás ❡s♣❡❝í✜❝♦s

❡❧❛❜♦r❛❞♦s ♣❛r❛ ❞✐s❡ñ♦s ♣r❡✈✐♦s✳



✸✳✷✳ ❉✐s❡ñ♦ ❖♣t♦♠❡❝á♥✐❝♦✳ ❈♦♥s✐❞❡r❛❝✐♦♥❡s ♣rá❝t✐❝❛s ✼✸

✸✳✷✳ ❉✐s❡ñ♦ ❖♣t♦♠❡❝á♥✐❝♦✳ ❈♦♥s✐❞❡r❛❝✐♦♥❡s ♣rá❝t✐❝❛s

❆ ♣❡s❛r ❞❡ t♦❞❛s ❧❛s ✐♥st❛❧❛❝✐♦♥❡s ❛ ❧❛s q✉❡ t✐❡♥❡♥ ❛❝❝❡s♦ ❧♦s ❝✐❡♥tí✜❝♦s ❞❡❧ ■❆❈✱

❡♥tr❡ ❡❧❧❛s ❞♦s ❞❡ ❧♦s ♠❡❥♦r❡s ♦❜s❡r✈❛t♦r✐♦s ❛str♦♥ó♠✐❝♦s ② ❡❧ ♠❛②♦r t❡❧❡s❝♦♣✐♦ ✈✐s✐✲

❜❧❡✴✐♥❢r❛rr♦❥♦ ❞❡❧ ♠✉♥❞♦✱ ❡①✐stí❛♥ ❝❛♠♣♦s ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ② ♦❜❥❡t♦s ❞❡ ❡st✉❞✐♦ q✉❡

♥♦ ♣♦❞í❛♥ s❡r ❛❧❝❛♥③❛❞♦s✳ ❊r❛ ♥❡❝❡s❛r✐♦ ❞✐s♣♦♥❡r ❞❡ ✉♥ ✐♥str✉♠❡♥t♦ q✉❡ ♣❡r♠✐t✐❡s❡

♦❜t❡♥❡r r❡s♦❧✉❝✐♦♥❡s ❡s♣❛❝✐❛❧❡s s✐♥ ♣r❡❝❡❞❡♥t❡s ❞❡s❞❡ t✐❡rr❛✳ P♦r ❞❡s❣r❛❝✐❛✱ ❧❛ Ó♣t✐❝❛

❆❞❛♣t❛t✐✈❛ ♥♦ ❡stá s✉✜❝✐❡♥t❡♠❡♥t❡ ❛✈❛♥③❛❞❛ ② s✉ ✐♠♣❧❛♥t❛❝✐ó♥ r❡s✉❧t❛ ❡①❝❡s✐✈❛♠❡♥✲

t❡ ❝❛r❛✳ ❈✉❛♥❞♦ ♣❧❛♥t❡❛♠♦s ❧❛ ✐❞❡❛ ❞❡ ♣r♦❜❛r ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ♥✉❡str❛

✐♥t❡♥❝✐ó♥ ②❛ ❡r❛ ❛♣❧✐❝❛r❧❛ ❛ ♥✉♠❡r♦s❛s r❛♠❛s ❞❡ ❧❛ ❆str♦❢ís✐❝❛✱ ❞❡s❞❡ ♣❧❛♥❡t❛s ❡①tr❛✲

s♦❧❛r❡s ❤❛st❛ ❛❣✉❥❡r♦s ♥❡❣r♦s✱ t❛♥t♦ ❞❡ ♠❛s❛ s♦❧❛r ❝♦♠♦ ❧♦s ❞❡ t✐♣♦ ❣❛❧á❝t✐❝♦✳ ❊st♦s

❞♦s ❝❛♠♣♦s s♦♥ ❡❥❡♠♣❧♦s ❡①tr❡♠♦s✱ ② ❝✐❡rt❛♠❡♥t❡ ♠✉② ❝♦♠♣❧✐❝❛❞♦s✱ ❞❡ ♣♦s✐❜❧❡s ❛♣❧✐✲

❝❛❝✐♦♥❡s ❞❡ ❡st❛ ♥✉❡✈❛ té❝♥✐❝❛✳ ❊♥ ❡❧ ❝❛s♦ ❞❡❧ ❡st✉❞✐♦ ❞❡❧ ❡♥t♦r♥♦ ✭❤♦r✐③♦♥t❡✮ ❞❡ ❧♦s

❛❣✉❥❡r♦s ♥❡❣r♦s ❡❧ ♣r♦❜❧❡♠❛ ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❛♣❧✐❝❛r ❡❧ ▲✉❝❦② ■♠❛❣✐♥❣ ♣r♦❝❡❞❡ ❞❡

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

♠í♥✐♠♦✱ ❛ ♣❛rt✐r ❞❡ ❧❛ ❜❛♥❞❛ ❍ ✭1′6µ♠✮ ❞❡❜✐❞♦ ❛ ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s ② ❞❡♥s✐❞❛❞ ❞❡ ❧❛

♠❛t❡r✐❛ ❛❧r❡❞❡❞♦r✳ ❨✱ ❡♥ ❧♦ q✉❡ s❡ r❡✜❡r❡ ❛ ❧♦s ♣❧❛♥❡t❛s ❡①tr❛s♦❧❛r❡s✱ ❞❡❜✐❞♦ ❛ q✉❡ ❧❛

r❡s♦❧✉❝✐ó♥ ❤❛ ❞❡ ❧❧❡✈❛rs❡ ❛❧ ❡①tr❡♠♦ ❡♥ ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ ❛③✉❧❡s ✭❜❛♥❞❛ ❇< 500 ♥♠✮✳

❊♥ ❡❧ ❝❛s♦ ✐♥❢r❛rr♦❥♦ ❧♦s ♠❛❧❡s ♣r♦❝❡❞❡♥ ❞❡ q✉❡ ❧♦s ❞❡t❡❝t♦r❡s ✐♥❢r❛rr♦❥♦s ❡①✐st❡♥t❡s

❤♦② ❡♥ ❞í❛ q✉❡ s♦♥ s✉✜❝✐❡♥t❡♠❡♥t❡ rá♣✐❞♦s ♣❛r❛ ❛♣❧✐❝❛r ❡st❛ té❝♥✐❝❛ ♣r❡s❡♥t❛♥ ✉♥ r✉✐✲

❞♦ t♦t❛❧♠❡♥t❡ ✐♥❛❝❡♣t❛❜❧❡✳ ❊♥ ❧❛ ♣❛rt❡ ❛③✉❧ ❞❡❧ r❛♥❣♦ ✈✐s✐❜❧❡✱ ♣♦r ❝♦♥tr❛✱ ❡❧ ♣r♦❜❧❡♠❛

❡stá ❡♥ ❧♦ ❛❣✐t❛❞❛ q✉❡ r❡s✉❧t❛ ❧❛ ❛t♠ós❢❡r❛ ❡♥ ❡s❛s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛✳

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

✶✮ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ♥✉❡✈♦s ❞❡t❡❝t♦r❡s t✐♣♦ ❊▼❈❈❉ q✉❡ ♣❡r♠✐tí❛♥ ✉♥❛ ❧❡❝t✉r❛ s✉✜✲

❝✐❡♥t❡♠❡♥t❡ rá♣✐❞❛ ❝♦♠♦ ♣❛r❛ ✓❝♦♥❣❡❧❛r✔ ❧❛ ❛t♠ós❢❡r❛ s✐♥ q✉❡ ✈❛②❛ ❛❝♦♠♣❛ñ❛❞♦ ❞❡

♠✉❝❤♦ r✉✐❞♦ ❞❡ ❧❡❝t✉r❛❀ ✷✮ ♠✐ ❡①♣❡r✐❡♥❝✐❛ ♣r❡✈✐❛ ❡♥ ♣r♦②❡❝t♦s ❞❡ ✐♠á❣❡♥❡s ❝✉❛s✐✲

♣❡r❢❡❝t❛s ❣r❛❝✐❛s ❛ ♠✐s ❝♦❧❛❜♦r❛❝✐♦♥❡s ❝♦♥ ✐♥str✉♠❡♥t♦s s♦❧❛r❡s❀ ✸✮ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡

❡♥ ❡❧ ■❆❈ ♦tr♦ ♣r♦②❡❝t♦✱ ❙❈■❉❆❘✱ ❡st❛❜❛ tr❛❜❛❥❛♥❞♦ ❝♦♥ ✉♥❛ ❝á♠❛r❛ ❊▼❈❈❉ ♣❛r❛

♠❡❞✐r ❧❛ ❝❛❧✐❞❛❞ ❞❡❧ ❝✐❡❧♦❀ ✹✮ ❡❧ ❜❛❣❛❥❡ ❛❞q✉✐r✐❞♦ ♣♦r ❡❧ ■❆❈ ❡♥ ♥✉♠❡r♦s♦s ❝❛♠♣♦s

t❡❝♥♦❧ó❣✐❝♦s✱ ❝♦♠♦ ❧❛s ❋✐❡❧❞ Pr♦❣r❛♠♠❛❜❧❡ ●❛t❡ ❆rr❛② ❬▼❛tr✐③ ❞❡ P✉❡rt❛s ❞❡ ❈❛♠✲

♣♦ Pr♦❣r❛♠❛❜❧❡❪ ✭❋P●❆✮✱ q✉❡ ♣♦❞rí❛♥ ❝♦♠♣❧❡♠❡♥t❛r♥♦s✳ ❚♦❞♦s ❡st♦s ❢❛❝t♦r❡s ♥♦s

✓❡♠♣✉❥❛r♦♥✔ ❛ ❧❛ r❡❛❧✐③❛❝✐ó♥ ❞❡ ✉♥ ✐♥str✉♠❡♥t♦ t♦t❛❧♠❡♥t❡ ❞✐st✐♥t♦ ❛ ❧♦ q✉❡ s❡ ❤❛❜í❛

✈✐st♦ ❡♥ ❡❧ ■❆❈ ❤❛st❛ ❡♥t♦♥❝❡s✳ ◆♦ ♦❜st❛♥t❡✱ ✉♥❛ ✈❡③ s❡❧❡❝❝✐♦♥❛❞♦ ❡❧ ❞❡t❡❝t♦r ❛ ✉s❛r✱

② ❞❛❞♦ q✉❡ s✉ s❡♥s✐❜✐❧✐❞❛❞ ❡♥ ❜❛♥❞❛ ❇✱ ❛✉♥ s✐❡♥❞♦ ❜❛❥❛✱ t♦❞❛✈í❛ ♣❛r❡❝❡ t❡♥❡r ✉♥❛

r❡s♣✉❡st❛ ❛❝❡♣t❛❜❧❡✱ ❞❡❝✐❞✐♠♦s ♣❡♥s❛r ❡♥ ✉♥ ✐♥str✉♠❡♥t♦ q✉❡ tr❛❜❛❥❛r❛ ❡♥ ❧❛s ❜❛♥❞❛s



✼✹ ✸✳ ❊❧ ❞✐s❡ñ♦

❇✱ ❱✱ ❘ ❡ ■✷✳ ❊♥ ❡s❡ ♠♦♠❡♥t♦ s❡ ❞❡t❡r♠✐♥ó ♣r❡♣❛r❛r ✉♥ ♣r♦t♦t✐♣♦ rá♣✐❞♦ ❛ ♣❛rt✐r

❞❡ ✉♥❛ ❝á♠❛r❛ ❈❈❉ ❞❡ ❧❛ ✜r♠❛ ❆◆❉❖❘ q✉❡ s❡ ❞✐s♣♦♥í❛ ❣r❛❝✐❛s ❛ ♦tr♦ ♣r♦②❡❝t♦✱

❝♦♥ ✉♥ ❞❡t❡❝t♦r ❊▼❈❈❉ ❞❡ 128×128 ♣✐① ❞❡ 24µ♠✴♣✐① ❝♦♥ ✉♥❛ ♣❡❧t✐❡r q✉❡ ♣❡r♠✐tí❛

❛❧❝❛♥③❛r t❡♠♣❡r❛t✉r❛s ❞❡ ❤❛st❛ −50◦❈ ② ❝❛♣❛❝✐❞❛❞ ♣❛r❛ r❡❢r✐❣❡r❛❝✐ó♥ ♣♦r ❝✐r❝✉✐t♦

❝❡rr❛❞♦ ❤❛st❛ −90◦❈✳

▲❛ ✈❡❧♦❝✐❞❛❞ ✭t✐❡♠♣♦✮ ❞❡ ❧❡❝t✉r❛ ❧❧❡❣❛❜❛ ❛ 10♠s ♣❛r❛ t♦❞♦ ❡❧ s❡♥s♦r✱ ② ♣♦❞í❛

❧♦❣r❛r ✐♥❝❧✉s♦ 1♠s ♣❛r❛ ✉♥❛ ✈❡♥t❛♥❛ ❞❡ 32×32 ♣✐①✳ ❆❞❡♠ás✱ ❝♦♥tá❜❛♠♦s ❝♦♥ ♦tr♦

❢❛❝t♦r q✉❡ ❥✉❣❛❜❛ ❛ ♥✉❡str♦ ❢❛✈♦r✿ t❡♥í❛♠♦s ❛ ♥✉❡str❛ ❞✐s♣♦s✐❝✐ó♥ ② ✓❛❧ ❧❛❞♦ ❞❡ ❝❛✲

s❛✔ ✉♥ t❡❧❡s❝♦♣✐♦ ♣r♦❢❡s✐♦♥❛❧ ♣❛r❛ r❡❛❧✐③❛r ❧❛s ♣r✉❡❜❛s✱ ❡❧ ❚❡❧❡s❝♦♣✐♦ ❈❛r❧♦s ❙á♥❝❤❡③

✭❚❈❙✮✱ ❝♦♥ 1′5♠ ❞❡ ❞✐á♠❡tr♦ ❞❡ s✉ ❡s♣❡❥♦ ♣r✐♠❛r✐♦✳

▲❛ ♣r❡♣❛r❛❝✐ó♥ ❞❡ ✉♥ ♣r♦t♦t✐♣♦ ❡r❛ ✉♥❛ t❛r❡❛ ♠ás ❝♦♠♣❧✐❝❛❞❛✳ ❊♥ ♣r✐♠❡r ❧✉❣❛r

♣♦r ❡❧ ✐♥t❡rés ❡♥ ♣r♦❜❛r❧♦ ❡♥ ❡❧ ♠❡♥♦r t✐❡♠♣♦ ♣♦s✐❜❧❡ ②✱ ❡♥ s❡❣✉♥❞♦ ❧✉❣❛r✱ ♣♦r ❧❛ ❞❡❞✐✲

❝❛❝✐ó♥ ❞❡ ❧♦s ✐♥❣❡♥✐❡r♦s ♠❡❝á♥✐❝♦s✱ q✉❡ ❡♥ ❡s❡ ♠♦♠❡♥t♦ ❡st❛❜❛♥ t♦❞♦s ❝♦♥❝❡♥tr❛❞♦s

❡♥ ❧♦s ú❧t✐♠♦s ❡st❛❞í♦s ❞❡ ❢❛❜r✐❝❛❝✐ó♥ ② ♠♦♥t❛❥❡ ❞❡❧ ✐♥str✉♠❡♥t♦ ❖❙■❘■❙ ♣❛r❛ ❡❧

●r❛♥ ❚❡❧❡s❝♦♣✐♦ ❈❛♥❛r✐❛s ✭●❚❈✮ ② ❡♥ ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ❞❡ ❢❛❜r✐❝❛❝✐ó♥ ❞❡ ❞✐st✐♥t♦s

s✉❜s✐st❡♠❛s ❞❡❧ ♣r♦②❡❝t♦ ❊▼■❘✱ t❛♠❜✐é♥ ♣❛r❛ ●❚❈✳

❉❡s❞❡ ❡❧ ♣r✐♠❡r ♠♦♠❡♥t♦ s❡ ❞❡❝✐❞✐ó q✉❡ ②♦ ♠❡ ❡♥❝❛r❣❛rí❛ ❞❡❧ ❞✐s❡ñ♦ ♦♣t♦♠❡❝á♥✐❝♦

❞❡❧ ♣r♦t♦t✐♣♦ ❞❡❧ ✐♥str✉♠❡♥t♦✱ q✉❡ ❡♥ ❢❡❜r❡r♦ ❞❡ ✷✵✵✻ ❜❛✉t✐③❛♠♦s ❝♦♠♦ ❋❛st❈❛♠

✭❋❈✮✳ ❊♥tr❡ ♦tr♦s ♠✉❝❤♦s ❢❛❝t♦r❡s✱ ❡st♦ s❡ ❞❡❜✐ó ❛ ♠✐ ❡①♣❡r✐❡♥❝✐❛ ❡♥ t❡♠❛s ❞❡ ❆■❱✱

❛❧ ❛❝❝❡s♦ q✉❡ t❡♥í❛ ❛ ❧♦s t❛❧❧❡r❡s ❞❡❧ ■❆❈ ✭❞❡❜✐❞♦ ❛ ♠✐ ✐♠♣❧✐❝❛❝✐ó♥ ❡♥ ❧♦s ❆■❱ ❞❡

❖❙■❘■❙ ② ❞❡❧ ❡s♣❡❝tró❣r❛❢♦ ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥ ♣❛r❛ ❡❧ t❡❧❡s❝♦♣✐♦ s♦❧❛r ●❘❊●❖❘

❛♣❛rt❡ ❞❡ ♦tr♦s ♣r♦②❡❝t♦s✮✱ ❛❞❡♠ás ❞❡ ♠✐ ❝♦♥♦❝✐♠✐❡♥t♦ ② ❡①♣❡r✐❡♥❝✐❛ ❝♦♥ ❡❧ ❚❈❙ ② ❛

❧♦s tr❛❜❛❥♦s ♣r❡✈✐♦s q✉❡ ❤❛❜í❛ r❡❛❧✐③❛❞♦ ❝♦♥ ♦tr♦s ✐♥str✉♠❡♥t♦s ❞❡ ♠❡❥♦r❛ ❞❡ ❝❛❧✐❞❛❞

❞❡ ✐♠❛❣❡♥✳

❨❛ q✉❡ ❧♦ ♠ás ❝♦♠♣❧✐❝❛❞♦ ❞❡ ❢❛❜r✐❝❛r ♣♦❞rí❛ s❡r ❡❧ s♦♣♦rt❡ ❡ ✐♥t❡r❢❛③ ❝♦♥ ❡❧

t❡❧❡s❝♦♣✐♦✱ ❞❡❝✐❞í r❡❝✉rr✐r ❛❧ r❡❝✐❝❧❛❞♦ ❞❡ ✉♥ ❜❛♥❝♦ ❞❡ ♣r✉❡❜❛s q✉❡ ②❛ ❤❛❜í❛ ❞✐s❡ñ❛❞♦

② ✉t✐❧✐③❛❞♦ ❡♥ ✶✾✾✺ ♣❛r❛ ❧❛s ♣r✉❡❜❛s ❞❡ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥ s❡♥s♦r ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛

❞❡❞✐❝❛❞♦ ❛❧ ❛❧✐♥❡❛❞♦ ❞❡ t❡❧❡s❝♦♣✐♦s✳ ❙❡ tr❛t❛ ❞❡ ✉♥ ♣❡q✉❡ñ♦ t❛❜❧❡r♦ ó♣t✐❝♦ ❞❡ ❛❝❡r♦✱

r✐❣✐❞✐③❛❞♦ ❝♦♥ ✉♥❛ ❡str✉❝t✉r❛ ❞❡ ♣❛♥❛❧ ❞❡ ❛❜❡❥❛ ② ✉♥ ♣❛tró♥ ❞❡ ❛❣✉❥❡r♦s r♦s❝❛❞♦s✱ ❞❡

300×400♠♠ ❞❡ t❛♠❛ñ♦✱ ❛❧ q✉❡ ❛❝♦♣❧❛♠♦s ✉♥ ♣❡r✜❧ ❡♥ ▲ ② ✉♥♦s t✐r❛♥t❡s ❞❡ ❛❧✉♠✐♥✐♦

q✉❡ ❛❝t✉❛❜❛♥ ❝♦♠♦ ♣✉♥t♦s ❞❡ ✜❥❛❝✐ó♥ ❛ ❧❛ ✐♥t❡r❢❛③ ❞❡ ❧❛ ❝á♠❛r❛ ✐♥❢r❛rr♦❥❛ ❈❆■◆ ❡♥

❡❧ ❚❈❙✳

❯♥❛ ✈❡③ s❡❧❡❝❝✐♦♥❛❞❛ ❡s❛ ♠♦♥t✉r❛✱ s❡ tr❛t❛❜❛✱ ❡♥t♦♥❝❡s✱ ❞❡ ❤❛❝❡r ✉♥ ❞✐s❡ñ♦ ❞❡❧

s✐st❡♠❛ ó♣t✐❝♦ q✉❡ ♣❡r♠✐t✐❡r❛ ❛❥✉st❛r ❧❛ ❈❈❉ ② ✉♥❛ r✉❡❞❛ ❞❡ ✜❧tr♦s ❝♦♥ s✉s s✐st❡♠❛s

❞❡ ✜❥❛❝✐ó♥✳ ❨ ❤❛❜rí❛ q✉❡ ❞✐s❡ñ❛r ❛ ❝♦♥t✐♥✉❛❝✐ó♥ ❧♦s s✐st❡♠❛s s♦♣♦rt❡ ② ❞❡ ✜❥❛❝✐ó♥ ❞❡

✷❇ 450 ♥♠✱ ❱ 550 ♥♠✱ ❘ 650 ♥♠✱ ■ 850 ♥♠✳



✸✳✸✳ ❉✐s❡ñ♦ ❞❡ ❧❛ ó♣t✐❝❛ ✼✺

❋✐❣✉r❛ ✸✳✽✿ Pr✐♠❡r ♠♦♥t❛❥❡ ❞❡ ❋❛st❈❛♠ ❡♥ ❡❧ ❚❈❙✱ ❡♥ ♠❛r③♦ ❞❡ ✷✵✵✻✱ ❝♦♥ ✉♥ ❜❛♥❝♦ ó♣t✐❝♦✱
s♦♣♦rt❡s ❞❡ ❧❛❜♦r❛t♦r✐♦ ② ✉♥❛ r✉❡❞❛ ❞❡ ✜❧tr♦s ♠❛♥✉❛❧✳

t♦❞♦s ❧♦s ❝♦♠♣♦♥❡♥t❡s✳

✸✳✸✳ ❉✐s❡ñ♦ ❞❡ ❧❛ ó♣t✐❝❛

▲♦ ❤❛❜✐t✉❛❧ ❝✉❛♥❞♦ s❡ ♣❧❛♥❡❛ ✉♥ ♣r♦②❡❝t♦ q✉❡ ✐♠♣❧✐❝❛ ✉♥ ❉✐s❡ñ♦ Ó♣t✐❝♦ ❡s ❡st❛✲

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

❡❧ ❝❛♠♣♦ ❞❡ ✈✐s✐ó♥ t❛♠❜✐é♥ r❡s✉❧t❛♥ ♠✉② ✐♠♣♦rt❛♥t❡s ♣❛r❛ ♣♦❞❡r ✐♥✐❝✐❛r ❧♦s ❝á❧❝✉❧♦s✳

❊♥ ❆str♦❢ís✐❝❛✱ ❡♥ ❣❡♥❡r❛❧✱ ❧❛s ❞❡❝✐s✐♦♥❡s s✉❡❧❡♥ s❡r ♠✉② ♦❜✈✐❛s ② ❞✐r❡❝t❛s✳ ❈✉❛♥❞♦

s❡ t✐❡♥❡ ✉♥ ❞❡t❡❝t♦r X×Y ♣✐① ❧♦ q✉❡ s❡ s✉❡❧❡ ♣❡❞✐r ❡s✱ ❛❧ ♠❡♥♦s✱ ❞♦s ♣í①❡❧❡s ♣❛r❛ ❡❧

❛♥❝❤♦ ❛ ♠✐t❛❞ ❞❡ ❛❧t✉r❛ ❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡ ✉♥❛ ❡str❡❧❧❛✳ ❙✐ s❡ ❝❛❧❝✉❧❛ ♣❛r❛ ✉♥ s❡❡✐♥❣ ❞❡

0′5 ❛r❝s❡❝✱ rá♣✐❞❛♠❡♥t❡ q✉❡❞❛ t♦❞♦ ❞❡✜♥✐❞♦✳ ❊s ❞❡❝✐r✱ ❝♦♥s✐❞❡r❛♠♦s ✉♥❛ ❣❛✉ss✐❛♥❛

❝♦♥ ❡❧ 50% ❞❡ ❧❛ ❡♥❡r❣í❛ ❡♥ ✉♥ ❋❲❍▼ ❞❡ 0′5 ❛r❝s❡❝ ② 2×2 ♣✐①✳ ❊♥ ♦tr❛s ♦❝❛s✐♦♥❡s

s❡ r❡q✉✐❡r❡ q✉❡ s❡❛ ❡❧ 84% ❞❡ ❧❛ ❡♥❡r❣í❛✱ ❛✉♥q✉❡ ❡♥t♦♥❝❡s ❤❛ ❞❡ ✐r ♥♦r♠❛❧♠❡♥t❡ ❡♥



✼✻ ✸✳ ❊❧ ❞✐s❡ñ♦

✸ ✭② ♥♦ ✷✮ ♣í①❡❧❡s✳ ❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ❧❛ ❡s❝❛❧❛ ❞❡ ✐♠❛❣❡♥ s❡ ♦❜t✐❡♥❡ ❞✐r❡❝t❛♠❡♥t❡✱ ②

ést❛ ❡s ❧❛ ❢♦r♠❛ ❞❡ ❞❡✜♥✐r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ t❛♠❜✐é♥ ❞✐r❡❝t❛♠❡♥t❡✳

◆✉❡str♦ ✐♥str✉♠❡♥t♦ ❡r❛ ❞✐❢❡r❡♥t❡ ❡♥ ❡st❡ s❡♥t✐❞♦✱ ②❛ q✉❡ ♥♦ ❜✉s❝❛♠♦s ✉♥❛ ❣❛✉s✲

s✐❛♥❛ ② ♥♦ t❡♥❡♠♦s ❧❛ r❡❢❡r❡♥❝✐❛ ❞❡❧ s❡❡✐♥❣✱ ♣♦rq✉❡ ❧♦ q✉❡ ♣r❡t❡♥❞❡♠♦s ❡s ♠✉❡str❡❛r

❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ❊❧ ❛♥❝❤♦ ❛ ♠❡❞✐❛ ❛❧t✉r❛ ❡s ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❧❛ ♠✐t❛❞ ❞❡❧

❞✐á♠❡tr♦ ❞❡❧ ❞✐s❝♦ ❞❡ ❆✐r② ② ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ ♣❡r♦ ❡♥ ♥✉❡str♦ ❝❛s♦

②❛ ♥♦ ❡stá t❛♥ ❝❧❛r♦ q✉❡ ❧♦ q✉❡ q✉❡r❛♠♦s s❡❛♥ ❧♦s 2 ♣✐①✱ ❝♦♠♦ ❡♥ ❧❛ s✐t✉❛❝✐ó♥ ❛♥t❡r✐♦r✳

❆ ♣❡s❛r ❞❡ t♦❞♦ ❡❧❧♦✱ sí q✉❡ ❤❛❜í❛ q✉❡ r❡q✉❡r✐r ❛❧ ❡q✉✐♣♦ ❞❡ ❝✐❡♥❝✐❛ q✉❡ ❡st❛❜❧❡❝✐❡r❛

✉♥ ❝r✐t❡r✐♦ ♣❛r❛ ♣♦❞❡r ❞❡✜♥✐r ❧♦s ♣❛rá♠❡tr♦s ❞❡ tr❛❜❛❥♦ ✐♠♣r❡s❝✐♥❞✐❜❧❡s ♣❛r❛ ❝r❡❛r

❡st❡ ♥✉❡✈♦ ✐♥str✉♠❡♥t♦ ✳

✸✳✸✳✶✳ ❊s♣❡❝✐✜❝❛❝✐♦♥❡s

❊♥ r❡s✉♠❡♥✱ ❧♦ q✉❡ s❡ r❡q✉❡rí❛ ♣♦r ♣❛rt❡ ❞❡❧ ❡q✉✐♣♦ ❝✐❡♥tí✜❝♦ ❞❡❧ ♣r♦②❡❝t♦ ❡r❛

✉♥ ✐♥str✉♠❡♥t♦ ❝❛♣❛③ ❞❡ ♦❜t❡♥❡r ✐♠á❣❡♥❡s ✈❛r✐❛s ❞❡❝❡♥❛s ❞❡ ✈❡❝❡s ♣♦r s❡❣✉♥❞♦✱ q✉❡

♣✉❞✐❡r❛ ♦❜s❡r✈❛r ❡♥ ❡❧ r❛♥❣♦ ✈✐s✐❜❧❡ ✭♦ ❡♥ ♣❛rt❡ ❞❡ é❧✮✱ ❝♦♥ ✉♥ ❞❡t❡❝t♦r ❞❡ 24micra/♣✐①

② ❝♦♥ ✉♥❛ ❡st❛❜✐❧✐❞❛❞ ♠❡❝á♥✐❝❛ ② ó♣t✐❝❛ ❡s♣❡❝t❛❝✉❧❛r✳ ❨✱ t♦❞♦ ❡❧❧♦✱ ❡♥ ❡❧ ♠❡♥♦r t✐❡♠♣♦

♣♦s✐❜❧❡ ② ❝❛s✐ s✐♥ ♣r❡s✉♣✉❡st♦✳ ❊s ❞❡❝✐r✱ s❡ ❞❡s❡❛❜❛ ♦❜t❡♥❡r ❛❧❣✉♥❛s ❞❡ ❧❛s ♠❡❥♦r❡s

✐♠á❣❡♥❡s ❥❛♠ás ❧♦❣r❛❞❛s ❞❡s❞❡ t✐❡rr❛ s✐♥ ❛♣❡♥❛s ❣❛st♦ ❡♥ ✉♥ t✐❡♠♣♦ ré❝♦r❞✱ ② ❧♦

❝♦♥s❡❣✉✐♠♦s✳

❍❛❜rí❛ q✉❡ ❡♠♣❡③❛r ❞✐❝✐❡♥❞♦ q✉❡ ♥❡❝❡s✐t❛♠♦s ❛❥✉st❛r ✈❛r✐♦s ❞❡ ❧♦s ♣❛rá♠❡tr♦s

❝♦♥ ❧♦s q✉❡ í❜❛♠♦s ❛ tr❛❜❛❥❛r ♣❛r❛ ♣♦❞❡r ❞❡✜♥✐r ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❝✐❡♥tí✜❝♦s✳ ❈♦♠♦

t❡♥❡♠♦s ✜❥♦ ❡❧ t❡❧❡s❝♦♣✐♦ ② ✈❛♠♦s ❛ ✉s❛r ✉♥ ❞❡t❡❝t♦r ❞❡t❡r♠✐♥❛❞♦✱ t❡♥❞r❡♠♦s q✉❡

❛❥✉st❛r ✉♥❛ ❡s❝❛❧❛ ❞❡ ✐♠❛❣❡♥ ❡♥ ❢✉♥❝✐ó♥ ❞❡❧ ♠✉❡str❡♦ ❞❡s❡❛❞♦✳ ❖✱ q✉✐③ás ♠❡❥♦r✱ ❧❧❡❣❛r

❛ ✉♥ ❝♦♠♣r♦♠✐s♦✳

▲♦s ❞❛t♦s ❞❡ ♣❛rt✐❞❛✱ ❝♦♥ ✈❛❧♦r❡s ❞❡ r❡❞♦♥❞❡♦✱ q✉❡ ♣♦♥❡♠♦s s♦❜r❡ ❧❛ ♠❡s❛ ♣❛r❛

❤❛❝❡r ❧❛s ♣r✐♠❡r❛s ✈❛❧♦r❛❝✐♦♥❡s✱ s♦♥✿

❚❛❜❧❛ ✸✳✶✿ P❛rá♠❡tr♦s ❞❡ ♣❛rt✐❞❛✳ ❉❛t♦s ❞❡❧ ❚❈❙ ② ❧❛ ❈❈❉✳

❉✐á♠❡tr♦ ❞❡❧ ❚❈❙✿ 1520♠♠
❢ ✕♥♦✿ 13′8

❉❡t❡❝t♦r ✿ 128 ♣✐①
Pí①❡❧✿ 24µ♠

❚❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ ❡st♦s ❞❛t♦s ❝❛❧❝✉❧❛♠♦s ❧♦s ♣❛rá♠❡tr♦s ❜❛s❡ ❞❡❧ t❡❧❡s❝♦♣✐♦ ②

❧❛ r❡❧❛❝✐ó♥ ❝♦♥ ❡❧ ❞❡t❡❝t♦r✳



✸✳✸✳ ❉✐s❡ñ♦ ❞❡ ❧❛ ó♣t✐❝❛ ✼✼

❊♥ ♣r✐♠❡r ❧✉❣❛r✱ ❡❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❡s✿

θ = 1′22
λ

D
= 6′91 · 10−7 r❛❞ ≡ 0′142

′′ ,

❞♦♥❞❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✱ λ✱ q✉❡ ❤❡♠♦s t♦♠❛❞♦ ❡s 850 ♥♠✸✳ ❊s♦ s✐❣♥✐✜❝❛ q✉❡ ❡❧

❞✐á♠❡tr♦ ❞❡❧ ❞✐s❝♦ ❞❡ ❆✐r② ❡s ❞❡ 0′284 ❛r❝s❡❝ ② ❡q✉✐✈❛❧❡ ❛ 2′44λ · 13′8 = 28′62µ♠✳

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

❝♦♥❞✐❝✐♦♥❡s ❞❡ ♠✉❡str❡♦ ♦❜t❡♥✐❡♥❞♦ ❞✐st✐♥t♦s t❛♠❛ñ♦s ❞❡ ❡s❝❛❧❛ ❞❡ ♣❧❛❝❛ ② ❞❡ ❝❛♠♣♦

q✉❡ s❡ ❛❥✉st❛rá♥ ❝♦♥ ❡❧ ❛✉♠❡♥t♦ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦ q✉❡ ❞❡❜❡♠♦s ❝❛❧❝✉❧❛r ② ❞✐s❡ñ❛r✳

❚❛❜❧❛ ✸✳✷✿ P❛rá♠❡tr♦s ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ❡❧ ❙✐st❡♠❛ Ó♣t✐❝♦✳

▼✉❡str❡♦ P❙❋✭µ♠✮ ❆✉♠❡♥t♦✭Γ✮ ❊s❝❛❧❛ ♣❧❛❝❛ ❈❛♠♣♦✭❛r❝s❡❝✮
✭♣✐①✴❉❆✮ ✭❛r❝s❡❝✴♣✐①✮

✸ 3×24 = 72µ♠ 72/28
′
62 = 2

′
52 0

′
284/3 = 0

′
095 128×0

′
095 = 12

′
16

✹ 4×24 = 96µ♠ 96/28
′
62 = 3

′
35 0

′
284/4 = 0

′
071 128×0

′
071 = 9

′
09

✺ 5×24 = 120µ♠ 120/28
′
62 = 4

′
19 0

′
284/5 = 0

′
057 128×0

′
0568 = 7

′
27

▲❛ t❛❜❧❛ ✸✳✷ ♥♦s ❞❛ ✉♥❛ ♠✉❡str❛ ❞❡ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❛ ❧❛s q✉❡ ♥♦s ❡♥❢r❡♥t❛♠♦s

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

❋❛st❈❛♠✳ ▲❛ ❞❡❝✐s✐ó♥ s♦❜r❡ ❝✉á❧❡s s♦♥ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ②✱ ♣♦r t❛♥t♦✱ ❝✉á❧❡s ✈❛♥ ❛

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

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

142♠❛s ✭♠✐❧✐s❡❣✉♥❞♦s ❞❡ ❛r❝♦✮ ② ✉♥❛ ❡s❝❛❧❛ ❞❡ ♣❧❛❝❛ ❞❡ ❧❛ ♠✐t❛❞✱ ❡s ❞❡❝✐r✱ ✷ ♣í①❡❧❡s✱

q✉❡ ❡s ❡❧ ♠í♥✐♠♦ ✈❛❧♦r ❛❞♠✐s✐❜❧❡ ♣❛r❛ ❝♦♥s✐❞❡r❛r ❡❧ ♠✉❡str❡♦ ❞❡ ❧❛ r❡s♦❧✉❝✐ó♥✳ ❙✐♥

❡♠❜❛r❣♦✱ ❡❧ ♣r♦❜❧❡♠❛ ✈✐❡♥❡ ♣♦r ❡❧ ❤❡❝❤♦ ❞❡ q✉❡✱ ❛❧ s❡r ♣❧❛✉s✐❜❧❡ q✉❡ ❤❛②❛ r✉✐❞♦ ♦

❝♦♥t❛♠✐♥❛❝✐ó♥ ❞❡ ❧❛ s❡ñ❛❧ ❞❡ ✉♥❛ ✜❣✉r❛ ❞❡ ❞✐❢r❛❝❝✐ó♥ s♦❜r❡ ♦tr❛✱ ②❛ s❡❛ ♣♦r ❡❧ s❡❡✐♥❣

♦ ♣♦r ❧❛s ❛❜❡rr❛❝✐♦♥❡s ❞❡❧ s✐st❡♠❛✱ ❧♦ ♠ás ♣r♦❜❛❜❧❡ ❡s q✉❡✱ ❡♥ ❡❧ ❧í♠✐t❡✱ ❧♦s r❡s✉❧t❛❞♦s

❛♣❛r❡③❝❛♥ ❞✐❢✉s♦s✳

❊❧ ✐♥❝♦♥✈❡♥✐❡♥t❡✱ ♥♦ ♦❜st❛♥t❡✱ ❞❡ ✉♥ ♠❡❥♦r ♠✉❡str❡♦ ❡s ❧❛ r❡❞✉❝❝✐ó♥ ❞❡❧ ❝❛♠♣♦

t♦t❛❧✳ P♦r ❡❥❡♠♣❧♦✱ s✐ t❡♥❡♠♦s ❡♥ ❝✉❡♥t❛ ✉♥ ✈❛❧♦r ❞❡ s❡❡✐♥❣ ❞❡ 2′′ ✭❡♥tr❡ ❡❧ ❡s♣❛r❝✐✲

♠✐❡♥t♦ ② ❧❛ ♦s❝✐❧❛❝✐ó♥✮✱ ♠ás ❡❧ ❡rr♦r ❞❡ ❣✉✐❛❞♦ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ ❝♦♥ 7 ❛r❝s❡❝ ♥♦s ❞❡❥❛

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

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

r❡❛❧✐❞❛❞ ❡r❛ ✉♥ ♣r✐♠❡r ♣r♦t♦t✐♣♦✱ ❧♦ ♠❡❥♦r s❡rí❛ ❛s❡❣✉r❛r ❡❧ ❝❛♠♣♦ ② s♦♠❡t❡r ❛ ♣r✉❡❜❛

✸❊❧ t❡❧❡s❝♦♣✐♦ ❚❈❙ ✉s❛ ✉♥ s✐st❡♠❛ ❞❡ ❞❡ ❛✉t♦✲❣✉✐❛❞♦ ❋❖❱■❆ ❛♣r♦✈❡❝❤❛♥❞♦ q✉❡ ♥♦ s❡ ♦❜s❡r✈❛
❡♥ ✈✐s✐❜❧❡✳ ❊①✐st❡ ✉♥ ❞✐❝r♦✐❝♦ ❛♥t❡s ❞❡❧ ❢♦❝♦ q✉❡ ❞❡❥❛ ♣❛s❛r ❣r❛♥ ♣❛rt❡ ❞❡❧ ❡s♣❡❝tr♦ ✈✐s✐❜❧❡ ❤❛❝✐❛ ✉♥
❞❡t❡❝t♦r ✐♥t❡♥s✐✜❝❛❞♦ ② r❡✢❡❥❛ ❧❛s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ ♣♦r ❡♥❝✐♠❛ ❞❡ 680 ♥♠✳



✼✽ ✸✳ ❊❧ ❞✐s❡ñ♦

❧❛ ó♣t✐❝❛ ② ❡❧ s✐st❡♠❛ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ② ♣r♦❝❡s❛❞♦✳ ❚❛♠❜✐é♥ ❡s ✈❡r❞❛❞ q✉❡✱ ❞❡s❞❡ ❡❧

♣✉♥t♦ ❞❡ ✈✐st❛ ó♣t✐❝♦✱ ❡s ♠ás ✐♥t❡r❡s❛♥t❡ ❞✐s❡ñ❛r ✉♥ s✐st❡♠❛ ♠ás r❡❧❛❥❛❞♦ ❡♥ ❝✉❛♥t♦

❛ r❡q✉❡r✐♠✐❡♥t♦s ❞❡ ♣♦t❡♥❝✐❛ s✐ ❧♦ q✉❡ ❜✉s❝❛♠♦s ❡s ✉♥ s✐st❡♠❛ ♣♦❝♦ ❛❜❡rr❛♥t❡✳ ❆sí

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

❚❈❙ ❡♥ ❡❧ ❞❡t❡❝t♦r ❝♦♥ ✉♥ ❛✉♠❡♥t♦ ❞❡ ❛❧r❡❞❡❞♦r ❞❡ 3′3✳

▲❛ r❡❧❛❝✐ó♥ ❞❡ ❛✉♠❡♥t♦ ♥♦s ♠❛r❝❛ q✉❡ ❧❛ ❞✐st❛♥❝✐❛ ✐♠❛❣❡♥ ✭s2✮ ❤❛ ❞❡ s❡r 3′3

✈❡❝❡s ♠❛②♦r q✉❡ ❧❛ ❞✐st❛♥❝✐❛ ♦❜❥❡t♦ ✭s1✮✹✳ ❚❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ q✉❡ ❡❧ ❝❛♠♣♦ ❞❡❧ q✉❡

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

♣❡q✉❡ñ♦s ❞❡ ❧❛s ❞✐♠❡♥s✐♦♥❡s ó♣t✐❝❛s✱ s❡rí❛ ♥❡❝❡s❛r✐♦ ❞✐s♣♦♥❡r ❞❡ ✉♥❛ ❧❡♥t❡ ❞❡ ❝❛❧✐❞❛❞

q✉❡ s❛t✐s✜❝✐❡r❛ ❧❛ ❝♦♥❞✐❝✐ó♥✿

f =
s1s2
s1 + s2

=
3′3s1

4′3
= 0′77s1 .

❖✱ ❧♦ q✉❡ ❡s ❧♦ ♠✐s♠♦✱ ✉s❛♥❞♦ ✉♥❛ ❞✐st❛♥❝✐❛ ♦❜❥❡t♦ ✭s1 = f/0′77✮ 1′3 ✈❡❝❡s ❧❛ ❢♦❝❛❧

✭f✮ ❞❡ ❧❛ ❧❡♥t❡✱ ❧❛ ✐♠❛❣❡♥ ❡st❛rí❛ ❛ 4′3 ✈❡❝❡s ❧❛ ❢♦❝❛❧ ❞❡ ❧❛ ❧❡♥t❡✳ ❚♦♠❛♥❞♦ ✉♥❛ ❧❡♥t❡ ❞❡

✺✵ ♦ ✻✵ ♠♠ ❞❡ ❢♦❝❛❧ ❧❛s ❞✐♠❡♥s✐♦♥❡s s❡❣✉✐rí❛♥ ♠❛♥t❡♥✐é♥❞♦s❡ ❞❡♥tr♦ ❞❡ ✉♥♦s ✈❛❧♦r❡s

♠✉② ❝ó♠♦❞♦s✳

▲♦ q✉❡ ♦❝✉rr❡ ❡s q✉❡✱ ❛❧ ❤❛❝❡r ❧❛s ❝♦♥s✐❞❡r❛❝✐♦♥❡s ó♣t✐❝❛s ♦♣♦rt✉♥❛s✱ ❛♣❛r❡❝❡♥

✈❛r✐♦s ❝♦♥❞✐❝✐♦♥❛♥t❡s ❛ t❡♥❡r ❡♥ ❝✉❡♥t❛✳ Pr✐♠❡r♦✱ q✉❡ ❡s❛ ❧❡♥t❡ ❢♦r♠❛rá ✉♥❛ ✐♠❛❣❡♥

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

♣r♦❝❡❞❡♥t❡ ❞❡ ❡s❡ ár❡❛ ✭❛ 3′3 ✈❡❝❡s ❧❛ ❢♦❝❛❧✮✳ ❊s♦ ♥♦ t✐❡♥❡ ♣♦r q✉é s❡r ✐♥trí♥s❡❝❛♠❡♥t❡

♠❛❧♦✱ s❛❧✈♦ q✉❡ ❧❛ ❢♦t♦♠❡trí❛ s❡rá ❛❧❣♦ r✉✐❞♦s❛✱ ②❛ q✉❡ ❡❧ ❞❡t❡❝t♦r ❡s ♠ás ♣❡q✉❡ñ♦ q✉❡

❧❛ ♣✉♣✐❧❛✱ ② ❡❧ ❢❛❝t♦r ❞❡ ✉♥✐❢♦r♠✐❞❛❞ sí q✉❡❞❛rí❛ s❛t✐s❢❡❝❤♦✳ ❉❡s♣✉és✱ ❡❧ ❝r♦♠❛t✐s♠♦

② ❧❛s ❛❜❡rr❛❝✐♦♥❡s ✭❡s❢ér✐❝❛✮ ♣r♦❜❛❜❧❡♠❡♥t❡ s❡rá♥ ✐♠♣♦rt❛♥t❡s✱ ❛✉♥q✉❡ ❧❛ ❝r♦♠át✐❝❛

s❡ ♣✉❡❞❛ r❡❞✉❝✐r ❝♦♥ ✉♥ ❞♦❜❧❡t❡ ❛❝r♦♠át✐❝♦✳ P❡r♦ ♥♦ ❤❛② ♣♦r q✉é ❧❧❡❣❛r ❛ ❢♦r③❛r ❧♦s

r❡q✉❡r✐♠✐❡♥t♦s✳

❖tr❛ ❢♦r♠❛ ❞❡ ♦❜t❡♥❡r ❡❧ ♠✐s♠♦ r❡s✉❧t❛❞♦ ❡s ❝♦♥ ❧❛ ✉t✐❧✐③❛❝✐ó♥ ❞❡ ✉♥ s✐st❡♠❛

❝♦❧✐♠❛❞♦r✴❝á♠❛r❛ ✉s❛♥❞♦ ❞♦s ❧❡♥t❡s✱ q✉❡ ❛❧ ♠❡♥♦s ♦❢r❡❝❡ ❧❛ s✉❛✈✐③❛❝✐ó♥ ❞❡ ❧❛s ❝❛✲

r❛❝t❡ríst✐❝❛s ó♣t✐❝❛s ② ♥♦ ❛♣❛r❡❝❡rá♥ tr❛②❡❝t♦r✐❛s ❞❡ r❛②♦s ❞❡♠❛s✐❛❞♦ ❢♦r③❛❞❛s✳ ❊♥

t❛❧ s✐st❡♠❛ s❡ ✈❡r✐✜❝❛rá q✉❡ ❧❛ ❢♦❝❛❧ ❞❡ ❧❛ ❧❡♥t❡ ❞❡ ❝á♠❛r❛ s❡rá ❞❡ ♥✉❡✈♦ 3′3 ✈❡❝❡s

♠❛②♦r q✉❡ ❧❛ ❢♦❝❛❧ ❞❡❧ ❝♦❧✐♠❛❞♦r✳ ▲❛ ✈❡♥t❛❥❛ ❞❡ ✉♥❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ❡st❡ t✐♣♦ ❡s q✉❡✱

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

✈✐❛❜❧❡s✳ ❆❞❡♠ás✱ ♣❛r❛ ❡❧❧♦ ❤❛② ❞✐st✐♥t❛s ❢♦r♠❛s ❞❡ ❧❡♥t❡s q✉❡ s❡ ❝♦♠♣♦rt❛♥ ♠❡❥♦r ❡♥

✹❊♥ ó♣t✐❝❛ ♣❛r❛①✐❛❧ ❡❧ ❛✉♠❡♥t♦ s❡ ❞❡✜♥❡ ❝♦♠♦ ❡❧ ❝♦❝✐❡♥t❡ ❡♥tr❡ ❡❧ t❛♠❛ñ♦ ❞❡ ❧❛ ✐♠❛❣❡♥ ② ❡❧ ❞❡❧
♦❜❥❡t♦ ②✱ ♣♦r s✐♠❡trí❛ ❞❡ tr✐á♥❣✉❧♦s✱ ❞❡ s✉s ❞✐st❛♥❝✐❛s✿ Γ = y2/y1 = s2/s1✳



✸✳✸✳ ❉✐s❡ñ♦ ❞❡ ❧❛ ó♣t✐❝❛ ✼✾

❝♦♥❞✐❝✐♦♥❡s ❞❡ ❝♦❧✐♠❛❝✐ó♥ ♦ ❡♥❢♦q✉❡✺✳

P❡r♦ ❛✉♥ ❡♥ ❡st❛s ❝♦♥❞✐❝✐♦♥❡s s❡❣✉✐rá ❛♣❛r❡❝✐❡♥❞♦ ❡❧ ♣r♦❜❧❡♠❛ ❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡ ❧❛

♣✉♣✐❧❛ ❞❡ s❛❧✐❞❛✱ ②❛ q✉❡ s✉ t❛♠❛ñ♦ ② ♣♦s✐❝✐ó♥ ❝♦♥ r❡s♣❡❝t♦ ❛❧ ❞❡t❡❝t♦r ② ❧❛ ❢♦r♠❛ ❞❡❧

❤❛③ ✐♥t❡r✈✐❡♥❡ t❛♠❜✐é♥ ❡♥ ❧❛ ❧✉♠✐♥♦s✐❞❛❞ ② ❛❜❡rr❛❝✐♦♥❡s ❞❡❧ s✐st❡♠❛✳ ❍❡♠♦s ❞❡ t❡♥❡r

❡♥ ❝✉❡♥t❛ q✉❡ ✉♥ s✐st❡♠❛ ❞❡ ❞♦s ❧❡♥t❡s ♣❡❣❛❞❛s ❝♦♥ ❝♦❧✐♠❛❝✐ó♥ ❡♥tr❡ ❡❧❧❛s ❡q✉✐✈❛❧❡ ❛

✉♥❛ ❧❡♥t❡ ❝♦♥ ❞♦s ♣❧❛♥♦s ♣r✐♥❝✐♣❛❧❡s✳ ▲❛ s♦❧✉❝✐ó♥✱ ♦❜✈✐❛♠❡♥t❡✱ ✈❛ ❡♥ ❡st❛ ❞✐r❡❝❝✐ó♥✱ ②

❞❡♣❡♥❞❡ ❞❡❧ ❞✐s❡ñ♦ ♦✱ ❡♥ ❡st❡ ❝❛s♦✱ ❞❡ ❧♦s ❛♥á❧✐s✐s ❞❡ ❞✐s❡ñ♦ ❝♦♥ ❧❡♥t❡s ❞❡ ❧❛❜♦r❛t♦r✐♦

♦ ❞❡ ❝❛tá❧♦❣♦ q✉❡ ❡st✉❞✐❡♠♦s ❡♥ ✉♥ ♣r♦❣r❛♠❛ ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦✳

❉✐❣❛♠♦s✱ ♥♦ ♦❜st❛♥t❡✱ q✉❡ ❧❛ ❝♦♥❞✐❝✐ó♥ ✐❞❡❛❧ s❡rá ✉s❛r ✉♥ s✐st❡♠❛ ❝♦❧✐♠❛❞♦r✲

❝á♠❛r❛ ❡♥ ✉♥ ♠♦♥t❛❥❡ t❡❧❡❝é♥tr✐❝♦✱ ❡s ❞❡❝✐r✱ ❝♦♥ ✉♥❛ ✐♠❛❣❡♥ ❞❡ ❧❛ ♣✉♣✐❧❛ ❞❡ s❛❧✐❞❛ ❡♥

❡❧ ✐♥✜♥✐t♦✳ ❊st♦ ❣❛r❛♥t✐③❛ q✉❡ t♦❞♦s ❧♦s ♣✉♥t♦s ❞❡❧ ❝❛♠♣♦ t❡♥❞rá♥ ❧❛ ♠✐s♠❛ ✐❧✉♠✐♥❛✲

❝✐ó♥ ② ❧♦s r❛②♦s ✐♥❝✐❞❡♥t❡s ❡♥ ❝❛❞❛ ♣✉♥t♦ ❞❡❧ ❝❛♠♣♦ s❡ ✈❡rá♥ ❝♦♠♦ ❧♦s ♦❜❥❡t♦s r❡❛❧❡s

❛ q✉❡ ❝♦rr❡s♣♦♥❞❡♥✳ ❊❧ ❛✉♠❡♥t♦ ❞❡ t♦❧❡r❛♥❝✐❛ ❞❡ ❡♥❢♦q✉❡ ② ❡❧ ❝♦♥s❡❣✉✐r q✉❡ t♦❞♦s

❧♦s ♣✉♥t♦s ❞❡❧ ❝❛♠♣♦ t❡♥❣❛♥ ❡❧ ♠✐s♠♦ ❛✉♠❡♥t♦ ❢❛❝✐❧✐t❛ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ❛❧❝❛♥③❛r ❡❧

❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❞❡❧ s✐st❡♠❛✳

✸✳✸✳✷✳ ❙❡❧❡❝❝✐ó♥

❈♦♥t❛♠♦s ❝♦♥ ❧❛ s✉❡rt❡ ❞❡ ✉♥ ❝❛♠♣♦ ♣❡q✉❡ñ♦ ② ❧❛s ❞✐♠❡♥s✐♦♥❡s ♥♦s ♣❡r♠✐t❡♥✱ s✐♥

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

❧✐♠✐t❡ ❡❧ ❤❛③ ② ♥♦ s❡ ♠♦❞✐✜❝❛ ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ❊❧❧♦ ♣♦s✐❜✐❧✐t❛ ♣♦❞❡r ♣❡♥s❛r ❡♥

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

❈✉❛♥❞♦ t❡ ❡♥❢r❡♥t❛s ❛ ✉♥ ❉✐s❡ñ♦ Ó♣t✐❝♦ ♥✉❡✈♦ t✐❡♥❡s ✈❛r✐❛s ♦♣❝✐♦♥❡s ❞❡ ♣❛rt✐❞❛✳

❯♥❛ ❞❡ ❡❧❧❛s ❡s ❜✉s❝❛r ✉♥ ❞✐s❡ñ♦ ♣r❡✈✐♦ ② ❢✉♥❝✐♦♥❛❧ ❡♥ ❧❛s ❝♦♥❞✐❝✐♦♥❡s q✉❡ s❡ ♣r❡❝✐s❛♥

②✱ ❡♥ s✉ ❝❛s♦✱ ❡s❝❛❧❛r❧♦ ❛ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡❧ s✐st❡♠❛ ♣r♦♣✐♦✳ ❚❛♠❜✐é♥ ❝❛❜❡ ❧❛ ♣♦s✐✲

❜✐❧✐❞❛❞ ❞❡ r❡❝✉rr✐r ❛ ❜✉s❝❛r s✐st❡♠❛s ❝♦♠♣❧❡❥♦s q✉❡✱ ❝♦♠♦ ❡♥ ♥✉❡str♦ ❝❛s♦✱ ❢✉♥❝✐♦♥❡♥

❜✐❡♥ ♣♦r ♣❛rt❡s ✭❛q✉í✱ ✉♥ ❝♦❧✐♠❛❞♦r ② ✉♥❛ ❝á♠❛r❛✮ ② tr❛t❛r ❞❡ ❝♦♠❜✐♥❛r❧♦s ♦♣t✐♠✐✲

③❛♥❞♦ s✉s ❞✐str✐❜✉❝✐♦♥❡s ② ❝❛r❛❝t❡ríst✐❝❛s ♣❛r❛ ❝♦♥s❡❣✉✐r ✉♥ ❜✉❡♥ s✐st❡♠❛ ✈á❧✐❞♦ ♣❛r❛

❧♦ q✉❡ s❡ ♣r❡t❡♥❞❡✳ ❊✈✐❞❡♥t❡♠❡♥t❡✱ ❡stá s✐❡♠♣r❡ ❧❛ ♦♣❝✐ó♥ ❞❡ ❝❛❧❝✉❧❛r ❛ ♠❛♥♦ ♦ ❝♦♥

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

♣r✐♠❡r s✐st❡♠❛ ❞❡ ❛♣r♦①✐♠❛❝✐ó♥ ② ❡♥t♦♥❝❡s ♣❛s❛r ❛ ♦♣t✐♠✐③❛r ❝♦♥ ❡❧ ♣r♦❣r❛♠❛ ❞❡

❉✐s❡ñ♦ Ó♣t✐❝♦✳ P❡r♦ ❧❛ q✉❡ ❝❛s✐ s✐❡♠♣r❡ s❡ ♣r✉❡❜❛ ♣r✐♠❡r♦ ✭♦✱ ❛❧ ♠❡♥♦s✱ ❧❛ q✉❡ ②♦

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

✺❉❡♣❡♥❞✐❡♥❞♦ ❞❡ ❧❛ ❢♦r♠❛✿ ♠❡♥✐s❝♦✱ ♣❧❛♥❛ ♦ ❜✐❝♦♥✈❡①❛✱ ❧❛s ❧❡♥t❡s r❡s♣♦♥❞❡♥ ♠❡❥♦r ♦ ♣❡♦r ❛ ❧♦s
❤❛❝❡s ✐♥❝✐❞❡♥t❡s q✉❡ s❡❛♥ ❝♦♥✈❡r❣❡♥t❡s✱ ♣❛r❛❧❡❧♦s ♦ ❞✐✈❡r❣❡♥t❡s ❛ ❧❛ ❤♦r❛ ❞❡ ✐♥❝✐❞✐r ❡♥ ❧❛s ❞✐st✐♥t❛s
❝✉r✈❛t✉r❛s ❝ó♥❝❛✈❛✱ ♣❧❛♥❛ ♦ ❝♦♥✈❡①❛✱ ② ❧♦ ♠✐s♠♦ s❡ ♣✉❡❞❡ ❞❡❝✐r ♣❛r❛ ❧♦s ❤❛❝❡s ❡♠❡r❣❡♥t❡s✳ ❆sí
s❡ ♣✉❡❞❡♥ ❝♦♥s❡❣✉✐r ❝♦♠♣❡♥s❛❝✐♦♥❡s ❛♣r♦♣✐❛❞❛s ♣❛r❛ s✉♠❛r ♦ r❡st❛r ❛❧❣ú♥ t✐♣♦ ❞❡ ❝♦♠♣♦♥❡♥t❡
❛❜❡rr❛♥t❡✳



✽✵ ✸✳ ❊❧ ❞✐s❡ñ♦

❞❡ r❡❝✉rr✐r ❛ ✉♥ ❝❛tá❧♦❣♦ ❞❡ ❧❡♥t❡s✱ s✐ s❡ ♣✉❡❞❡ ❝♦♥ ❝♦rr❡❝❝✐ó♥ ❝r♦♠át✐❝❛ ❞❡ ♣❛rt✐❞❛✱

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

tr♦♥♦♠í❛ s✉❡❧❡♥ ❡st❛r ❞❡✜♥✐❞♦s ♣♦r ❜❛♥❞❛s ❡stá♥❞❛r✳ ❊s ♠ás ❝♦♠♣❧✐❝❛❞♦ ❝✉❛♥❞♦ s❡

✐♥t❡♥t❛ ❛❜❛r❝❛r ❛♠♣❧✐♦s r❛♥❣♦s✱ ❛❧ ❡♥tr❛r ❡♥ ✐♥❢r❛rr♦❥♦✳

❊♥ ❡st❡ ❝❛s♦ ❡❧ r❛♥❣♦ ♣♦s✐❜❧❡ ❞❡ tr❛❜❛❥♦ ❡s ❧❛ s❡♥s✐❜✐❧✐❞❛❞ ❞❡❧ ❞❡t❡❝t♦r ② ❧❛ ♠❛②♦rí❛

❞❡ ❧♦s ❝❛tá❧♦❣♦s ❝♦♠❡r❝✐❛❧❡s ❞✐s♣♦♥❡♥ ❞❡ ❞♦❜❧❡t❡s ❛❝r♦♠át✐❝♦s ❝♦♠♣❡♥s❛❞♦s ❡♥ ❡❧

r❛♥❣♦ ✈✐s✐❜❧❡ ✭❱■❙✮ ♦ ◆❡❛r ■♥❢r❛r❡❞ ❬✐♥❢r❛rr♦❥♦ ♣ró①✐♠♦❪ ✭◆■❘✮ ♦ ✐♥❝❧✉s♦ ✐♥t❡r♠❡❞✐♦

❱■❙✲◆■❘✳ ❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ❧♦s ❞♦❜❧❡t❡s ♥♦s ❣❛r❛♥t✐③❛♥ q✉❡ ♥♦ ❤❛②❛ ✉♥ ❝❛♠❜✐♦

❜r✉s❝♦ ❞❡❧ í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥ ❡❢❡❝t✐✈♦ ❞❡ ❧❛ ❧❡♥t❡✱ ❞❡ ♠♦❞♦ q✉❡ ♥♦ ✈❛♠♦s ❛ t❡♥❡r

✭s❛❧✈♦ ❛❧❣ú♥ ❝❛s♦ ♣❛rt✐❝✉❧❛r ② ❡s♣❡❝✐❛❧✮ ✉♥ ❝r♦♠❛t✐s♠♦ ❡①❛❣❡r❛❞♦ ❡♥ ♥✐♥❣✉♥❛ ❞❡ ❧❛s

❜❛♥❞❛s✱ ❧♦ ❝✉❛❧ ♥♦ ❡s ó❜✐❝❡ ♣❛r❛ q✉❡ ❡♥ ❡❧ ❝❛♠❜✐♦ ❞❡ ✉♥❛ ❜❛♥❞❛ ❛ ♦tr❛ sí ♣✉❡❞❛ ✈❛r✐❛r

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

❝r♦♠át✐❝❛ ❧❛t❡r❛❧ r❡q✉❡r✐rá ❛❞❡♠ás ✉♥❛ r❡❝❛❧✐❜r❛❝✐ó♥ ❞❡ ❧❛ ❡s❝❛❧❛ ❞❡ ♣❧❛❝❛ s❡❣ú♥ ❧❛

❜❛♥❞❛✳

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

❛❝♦♣❧❛❞♦ ❛❧ t❡❧❡s❝♦♣✐♦ ❚❈❙✱ ♥♦s ❞✐❡r❛ ✉♥❛ ❝❛❧✐❞❛❞ ó♣t✐❝❛ ❛❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❞❡❧

♠✐s♠♦✳ ❆ ❡s❛s ❛❧t✉r❛s t♦❞❛✈í❛ ♥♦ s❛❜í❛♠♦s ❝✉á❧ ♣♦❞í❛ s❡r ❡s❡ ✈❛❧♦r✳ ❊❧ ❧í♠✐t❡ ❞❡

r❡s♦❧✉❝✐ó♥ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ✈✐❡♥❡ ❞❛❞♦ ♣♦r s✉ P❙❋✱ q✉❡ ♥♦ t✐❡♥❡ ♣♦r q✉é ❝♦✐♥❝✐❞✐r

❝♦♥ s✉ ❞✐s❝♦ ❞❡ ❆✐r② ✭♦ ❧❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞❡ s✉ ♣✉♣✐❧❛✱ ❞❡ ✉♥ ♠♦❞♦ ♠ás

❣❡♥❡r❛❧✮✳ ❊❧ ❚❈❙ ❡s ✉♥ t❡❧❡s❝♦♣✐♦ ✉s❛❞♦ ♣❛r❛ ♦❜s❡r✈❛❝✐♦♥❡s ❢♦t♦♠étr✐❝❛s ✐♥❢r❛rr♦❥❛s✱

②❛ q✉❡ s✉ ❝❛❧✐❞❛❞ ♥♦ ❡st❛❜❛ ❣❛r❛♥t✐③❛❞❛ ❡♥ ❡❧ r❛♥❣♦ ✈✐s✐❜❧❡ ❛❧ ♥♦ ❤❛❜❡r s✐❞♦ ❞✐s❡ñ❛❞♦

❡s♣❡❝í✜❝❛♠❡♥t❡ ♣❛r❛ ❡❧❧♦✳

P❛r❛ ♣♦❞❡r ✐♥✐❝✐❛r ❡❧ ❡st✉❞✐♦ ❞❡ ✉♥ s✐st❡♠❛ ❝♦♥ ✉♥ ♣r♦❣r❛♠❛ ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦

♣❛rt✐♠♦s ❞❡ ❧♦s ❞❛t♦s ó♣t✐❝♦s ❞❡❧ t❡❧❡s❝♦♣✐♦ ② ♣❛s❛♠♦s ❞❡s♣✉és ❛ ❝❛❧❝✉❧❛r ❧❛s ❧❡♥t❡s

✐❞❡❛❧❡s ❛♣r♦♣✐❛❞❛s ♣❛r❛ ♦❜t❡♥❡r ❧❛ ❡s❝❛❧❛ ❞❡ ✐♠❛❣❡♥✱ ❝❛♠♣♦ ② r❡s♦❧✉❝✐ó♥ q✉❡ ♥♦s

♠❛r❝❛♥ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s

❈♦♠♦ ❤❡♠♦s ✈✐st♦✱ ❧❛ ❝♦♥❞✐❝✐ó♥ ✐♥✐❝✐❛❧ ♣❧❛♥t❡❛❞❛ ❡s q✉❡ ❞❡s❡❛♠♦s tr❛❜❛❥❛r ❝♦♥

✉♥ ❝❛♠♣♦ ❛♣r♦①✐♠❛❞♦ ❞❡ 9 ❛r❝s❡❝ ②✱ ♣♦r t❛♥t♦✱ ❝♦♥ ✉♥ ❛✉♠❡♥t♦ 3′3 ② ✉♥ s✐st❡♠❛ ❞❡

r❡✐♠❛❣✐♥❛❝✐ó♥ ❝♦❧✐♠❛❞♦r✲❝á♠❛r❛ t❡❧❡❝é♥tr✐❝♦✳

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

✉♥ ♣❧❛♥♦ ♣ró①✐♠♦ ❛ s✉ ❞✐st❛♥❝✐❛ ❢♦❝❛❧ ♣♦st❡r✐♦r ❛ ❧❛ ✈❡③ q✉❡ ❝♦❧✐♠❛ ❡❧ ❤❛③ ♣r♦❝❡❞❡♥t❡

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

❛♥t❡r✐♦r ❝♦✐♥❝✐❞❡♥t❡ ❝♦♥ ❧❛ ✐♠❛❣❡♥ ❞❡ ♣✉♣✐❧❛ ♣❛r❛ ♦❜t❡♥❡r ✉♥❛ ✐♠❛❣❡♥ ❞❡ ést❛ ❡♥ ❡❧

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



✸✳✸✳ ❉✐s❡ñ♦ ❞❡ ❧❛ ó♣t✐❝❛ ✽✶

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

Γ =
fcam
fcol

. ✭✸✳✶✮

❆sí ♣✉❡s✱ ❡s ♠✉② ❢á❝✐❧ ❞✐s❝❡r♥✐r ❝✉á❧ ❡s ❧❛ ❧❡♥t❡ ♥❡❝❡s❛r✐❛ ✉♥❛ ✈❡③ ❞❡❝✐❞❛♠♦s ❝✉á❧

❡s ❧❛ ♦tr❛✳ ◆♦ ♦❜st❛♥t❡✱ ❛✉♥q✉❡ ②❛ ❝♦♠❡♥t❛♠♦s q✉❡ ❝♦♥ ❡st♦s ✈❛❧♦r❡s ❡❧ s✐st❡♠❛

❡s ♠❛♥❡❥❛❜❧❡✱ ♥♦ ❤❛② q✉❡ ♦❧✈✐❞❛r q✉❡✱ ♣❛r❛ ✉♥ s✐st❡♠❛ t❡❧❡❝é♥tr✐❝♦ ❝♦♠♦ ❡❧ q✉❡

❝♦♥s✐❞❡r❛♠♦s✱ ❧❛ ❧♦♥❣✐t✉❞ ó♣t✐❝❛ t♦t❛❧ ❡s 2(fcol + fcam)✱ ❞❛❞❛ ❧❛ r❡✐♠❛❣✐♥❛❝✐ó♥ ②

r❡❝♦❧✐♠❛❝✐ó♥ ❞❡ ❧❛ ♣✉♣✐❧❛✳

❚❛❜❧❛ ✸✳✸✿ P❛rá♠❡tr♦s ② ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❧❛s ❧❡♥t❡s s❡❧❡❝❝✐♦♥❛❞❛s ♣❛r❛ ❡❧ ♣r✐♠❡r ❡st✉❞✐♦
❞❡ ❋❛st❈❛♠ ❝♦♥ ❡❧ ❞❡t❡❝t♦r ✉t✐❧✐③❛❞♦ ❡♥ ❡❧ ♣r♦②❡❝t♦ ❙❈■❉❆❘✳

❉♦❜❧❡t❡ ❆❝r♦♠át✐❝♦ ✷✺♠♠ ❉✐á✳ ① ✸✵♠♠ ❋▲ ✸✵♠♠ ❉✐á✳ ① ✶✵✵♠♠ ❋▲

▼♦❞❡❧♦ ◆❚✹✺✲✷✶✶ ◆❚✸✷✲✺✵✵
❉✐á♠❡tr♦ 25′00♠♠ 30′00♠♠
❚♦❧❡r❛♥❝✐❛ ❉✐á♠❡tr♦ +0′0/− 0′10♠♠ +0′0/− 0′10♠♠
❆♣❡rt✉r❛ ▲✐❜r❡ ❈❆ 24′00♠♠ 29′00♠♠
❋♦❝❛❧ ❊❢❡❝t✐✈❛ ❊❋▲ 30′00♠♠ 100′00♠♠
❇❛❝❦ ❋♦❝❛❧ ❇❋▲ 22′23♠♠ 94′54♠♠
❚♦❧❡r❛♥❝✐❛ ❋♦❝❛❧ ±2% ±2%
❊s♣❡s♦r ❡♥ ❇♦r❞❡ ❊❚ 9′30♠♠ 8′31♠♠
❊s♣❡s♦r ❡♥ ❈❡♥tr♦ ❈❚✶ 11′04♠♠ 8′25♠♠
❊s♣❡s♦r ❡♥ ❈❡♥tr♦ ❈❚✷ 3′00♠♠ 2′80♠♠
❚♦❧❡r❛♥❝✐❛ ❊s♣❡s♦r ±0′2♠♠ ±0′2♠♠
❈❡♥tr❛❞♦ 3− 5 ❛r❝♠✐♥ 3− 5amin
❘❛❞✐♦ ❘✶ 21′17♠♠ 61′36♠♠
❘❛❞✐♦ ❘✷ −16′08♠♠ −44′30♠♠
❘❛❞✐♦ ❘✸ −118′66♠♠ −128′90♠♠
❈❛❧✐❞❛❞ ❙✉♣❡r✜❝✐❛❧ 40− 20 60− 40
❇✐s❡❧ ▼á①✐♠♦ 0′25♠♠×45◦ 0′3♠♠×45◦

❱✐❞r✐♦s ❙✉❜str❛t♦ ◆✲❇❛❋✶✵✴◆✲❙❋✶✵ ◆✲❇❑✼✴◆✲❙❋✺

❯♥❛ ✈❡③ ❡♠♣❡③❛♠♦s ❛ tr❛❜❛❥❛r ❝♦♥ ❩❡♠❛① ♣❛s❛♠♦s ❛ s✉ ❧✐st❛ ❞❡ ❝❛tá❧♦❣♦s✱ ✉s❛♥❞♦

✉♥♦ ❞❡ ❧♦s q✉❡ t❛♠❜✐é♥ ❞✐s♣♦♥❡♠♦s ❡♥ ♣❛♣❡❧✳ ▲❛ ♣r✐♠❡r❛ ❛♣r♦①✐♠❛❝✐ó♥ ❧❛ r❡❛❧✐③❛♠♦s

❝♦♥ ✉♥❛ ❧❡♥t❡ ❝♦❧✐♠❛❞♦r❛ ❞❡ 30♠♠ ❞❡ ❢♦❝❛❧ ❡❢❡❝t✐✈❛✱ ❝♦♥ ❧♦ q✉❡ ♥♦s r❡s✉❧t❛❜❛ ✉♥❛

❧❡♥t❡ ❞❡ ❝á♠❛r❛ ❞❡ 100♠♠ ❞❡ ❢♦❝❛❧✱ ❝✉♠♣❧✐❡♥❞♦ ❛sí ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ❞❡ ♣❛rt✐❞❛

❝♦♥ ✉♥♦s ♥ú♠❡r♦s r❡❞♦♥❞♦s ② ❢á❝✐❧❡s ❞❡ ❝♦♥s❡❣✉✐r✳ ❆❞❡♠ás✱ q✉❡❞❛ ✉♥ s✐st❡♠❛ ❝♦♠✲

♣❛❝t♦ ②✱ ❛ ❧❛ ✈❡③✱ ♣♦❝♦ r❡str✐❝t✐✈♦✱ ②❛ q✉❡ ❧♦s ❞✐á♠❡tr♦s ❞❡ ❧❛s ❧❡♥t❡s ♥♦ ❧✐♠✐t❛♥ ❡❧



✽✷ ✸✳ ❊❧ ❞✐s❡ñ♦

❤❛③✱ ♥✐ s✐q✉✐❡r❛ ♣❛r❛ ❣r❛♥❞❡s ❝❛♠♣♦s✳ ❉❡❜✐❞♦ ❛ ❧❛ ❢♦r♠❛ ❞❡❧ t❡❧❡s❝♦♣✐♦ ② ❛❧ ❧✉❣❛r

❞♦♥❞❡ s❡ ✐❜❛ ❛ ✐♥st❛❧❛r ❋❛st❈❛♠✱ ❡r❛ ✐♠♣r❡s❝✐♥❞✐❜❧❡ q✉❡ ❡❧ ✐♥str✉♠❡♥t♦ ❢✉❡s❡ ❧♦ ♠ás

❝♦♠♣❛❝t♦ ♣♦s✐❜❧❡✱ ♣❛r❛ ❡✈✐t❛r ♣r♦❜❧❡♠❛s ❝♦♥ ❡❧ ❝♦♥tr❛♣❡s❛❞♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ② ❝❤♦q✉❡s

❞❡❧ ✐♥str✉♠❡♥t♦ ❝♦♥ ♦tr❛s ❡str✉❝t✉r❛s✳

❊❢❡❝t✐✈❛♠❡♥t❡✱ ❝♦♥❞✐❝✐♦♥❛♥❞♦ ❧♦s ❝r✐t❡r✐♦s ❞❡ ❜úsq✉❡❞❛✱ ❡♥❝♦♥tr❛♠♦s✱ ❡♥ ❝❛❞❛

❝❛s♦✱ ❞♦❜❧❡t❡s ❛❝r♦♠át✐❝♦s ❞❡ ❢♦❝❛❧❡s ❛♣r♦♣✐❛❞❛s ② ❞✐á♠❡tr♦s s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡s

❝✉②❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ✈❡♠♦s ❡♥ ❧❛ t❛❜❧❛ ✸✳✸✳

❆♣❛rt❡ ❞❡ ❧♦s ♣❛rá♠❡tr♦s q✉❡ ♥♦s ❞❛ ❡st❡ ❝❛tá❧♦❣♦ ❤❛② ♦tr♦s ♣❛rá♠❡tr♦s ❞❡ ❧❛s

❧❡♥t❡s r❡❛❧❡s q✉❡ s♦♥ ❞❡ ❜❛st❛♥t❡ ✉t✐❧✐❞❛❞ ♣❛r❛ ❡❢❡❝t✉❛r ❝á❧❝✉❧♦s ❞❡ ♣♦s✐❝✐ó♥ ② ✈❛❧♦r❛✲

❝✐ó♥ ❞❡ ♦r✐❡♥t❛❝✐ó♥ ❝♦♠♦ s♦♥ ❧❛s ♣♦s✐❝✐♦♥❡s ❞❡ ❧♦s ♣❧❛♥♦s ♣r✐♥❝✐♣❛❧❡s H1 ② H2✳ ❍❛②

✈❛r✐❛s ❢♦r♠❛s ❞❡ ❝❛❧❝✉❧❛r❧♦s✳ ❊s s❡♥❝✐❧❧♦ ♣❛r❛ ❧❡♥t❡s s✐♠♣❧❡s ② s❡ ❝♦♠♣❧✐❝❛ ♣❛r❛ ❧❡♥t❡s

❝♦♠♣✉❡st❛s ② ♣❛r❛ s✐st❡♠❛s ❞❡ ❧❡♥t❡s✳

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

s✐st❡♠❛✱ ❡s ❞❡❝✐r✱ ❧❛s ❞✐st❛♥❝✐❛s ❛ ❧♦s ✈ért✐❝❡s ❞❡ ❧❛ ❧❡♥t❡ s♦♥✿ h2 = efl − bfl ②

h1 = efl − ffl✳ P♦r t❛♥t♦✱ s❡ ♣✉❡❞❡ ❡❢❡❝t✉❛r ✉♥❛ ♠❡❞✐❞❛ ❡①♣❡r✐♠❡♥t❛❧✱ ❤❛❝✐❡♥❞♦

✐♥❝✐❞✐r ✉♥ ❤❛③ ❝♦❧✐♠❛❞♦ ♣♦r ❝❛❞❛ ❧❛❞♦ ❞❡ ❧❛ ❧❡♥t❡ ② ♠✐❞✐❡♥❞♦ ❧❛ ❜✢ r❡s✉❧t❛♥t❡ ❡♥ ❝❛❞❛

❝❛s♦✳ ❯♥❛ ❣r❛♥ ✈❡♥t❛❥❛ ❡s q✉❡ ❡st♦ s❡ ♣✉❡❞❡ ❝❛❧❝✉❧❛r t❛♠❜✐é♥ ❝♦♥ ❡❧ ♣r♦❣r❛♠❛ ❞❡

❉✐s❡ñ♦ Ó♣t✐❝♦✳ ▲♦s r❡s✉❧t❛❞♦s ❧♦s ♣♦❞❡♠♦s ✈❡r ❡♥ ❡❧ ❝✉❛❞r♦ ✸✳✹✳

❚❛❜❧❛ ✸✳✹✿ P✉♥t♦s ❝❛r❞✐♥❛❧❡s ❞❡ ❧❛s ❧❡♥t❡s ❞❡❧ ♣r♦t♦t✐♣♦ ❞❡ ❋❛st❈❛♠❅❚❈❙ ♣❛r❛ ❧❛s ❧♦♥❣✐✲
t✉❞❡s ❞❡ ♦♥❞❛ ❞❡ 550 ② 850 ♥♠✳

▲❡♥t❡ ✹✺✲✷✶✶ ✸✷✲✺✵✵

efl(550) −29′947♠♠ −99′974♠♠
ffl(550) −29′141♠♠ −98′172♠♠
bfl(550) −22′171♠♠ −94′544♠♠
h1(550) 0′805♠♠ 1′802♠♠
h2(550) 7′775♠♠ 5′430♠♠

efl(850) −30′245♠♠ −100′368♠♠
ffl(850) −29′349♠♠ −98′513♠♠
bfl(850) −22′462♠♠ −94′939♠♠
h1(850) 0′896♠♠ 1′855♠♠
h2(850) 7′782♠♠ 5′429♠♠

❊❧ t❡♥❡r ❧♦s ♣❛rá♠❡tr♦s ❢✉♥❞❛♠❡♥t❛❧❡s ♣❛r❛①✐❛❧❡s ♦ ❞❡ ♣r✐♠❡r ♦r❞❡♥ ❞❡ ❧❛s ❧❡♥t❡s

♦ s✐st❡♠❛s ó♣t✐❝♦s ♥♦s ❛②✉❞❛ ❛ r❡❛❧✐③❛r ❧♦s ❝á❧❝✉❧♦s ❜ás✐❝♦s ♣❛r❛ ❝♦♥♦❝❡r ❧❛s r❡❧❛❝✐♦♥❡s

❡♥tr❡ ❧♦s ♥♦❞♦s ❞❡❧ s✐st❡♠❛✳ ❉❡ ❝❛r❛ ❛❧ ♣r♦❣r❛♠❛ ❞❡ ❞✐s❡ñ♦ ♥♦s ♣❡r♠✐t❡ ✉s❛r ♠❡❞✐❞❛s



✸✳✸✳ ❉✐s❡ñ♦ ❞❡ ❧❛ ó♣t✐❝❛ ✽✸

r❡❛❧✐st❛s ❡♥ ❧❛ ✐♥tr♦❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s✳

▲♦s ❞♦❜❧❡t❡s ❛❝r♦♠át✐❝♦s r❡s♣♦♥❞❡♥ ❛ ✉♥ ❝r✐t❡r✐♦ ❞❡ ❞✐s❡ñ♦ s❡❣ú♥ ❡❧ ❝✉❛❧ s❡ ❛❥✉st❛♥

❧❛s ❝✉r✈❛t✉r❛s ② ❧♦s ✈✐❞r✐♦s ♣❛r❛ ❝♦♥s❡❣✉✐r q✉❡ ❧❛ ♣♦t❡♥❝✐❛ ♣❛r❛ ❞♦s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛

s❡❛♥ ❧❛s ♠✐s♠❛s✳ P❛r❛ ❧♦❣r❛r ❡s♦ ♥♦ ❜❛st❛ ❝♦♥ q✉❡ ❝♦✐♥❝✐❞❛♥ ❧❛s ✐♠á❣❡♥❡s ❛③✉❧ ② r♦❥❛✱

②❛ q✉❡ ❧❛s ♣♦s✐❝✐♦♥❡s ❞❡ ❧♦s ♣❧❛♥♦s ♣r✐♥❝✐♣❛❧❡s ♣❛r❛ ✉♥❛ ② ♦tr❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛

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

❝r♦♠át✐❝❛ ❧❛t❡r❛❧✳ ❊❧ ❝r✐t❡r✐♦ ♦❜❧✐❣❛ ❛ q✉❡ ❧❛ ♣♦s✐❝✐ó♥ ❞❡ ❧♦s ♣❧❛♥♦s ♣r✐♥❝✐♣❛❧❡s ❞❡ s❛❧✐❞❛

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

❞❡ ✉♥ ❞♦❜❧❡t❡ ❡stá ❡♥ ✓❝✉á♥t♦✔ s❡ ♣❛r❡❝❡♥ t♦❞❛s ❡st❛s ❞✐st❛♥❝✐❛s✳ ❊♥ ❡❧ ❝✉❛❞r♦ ✸✳✹

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

♣♦s✐❝✐♦♥❡s ❞❡ ❧♦s ♣✉♥t♦s ❝❛r❞✐♥❛❧❡s ❞❡ ❝❛❞❛ ❧❡♥t❡ s❡ ♠❛♥t✐❡♥❡♥ ❡♥ ✉♥♦s ✈❛❧♦r❡s ♠✉②

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

❋✐❣✉r❛ ✸✳✾✿ ❉✐s♣♦s✐❝✐ó♥ ❞❡ ❧❛s ❧❡♥t❡s ❞❡ ❋❛st❈❛♠✳

P♦r ♦tr♦ ❧❛❞♦✱ ❡❧ ❝r✐t❡r✐♦ ❞❡ ❞✐s❡ñ♦ s❡ ❤❛❝❡ ♣r❡❝✐s❛♠❡♥t❡ ♣❛r❛ ✉♥❛ ❝♦♥✜❣✉r❛❝✐ó♥

❝♦♥ ✉♥ ♦❜❥❡t♦ ❡♥ ❡❧ ✐♥✜♥✐t♦ ② ❧❛ ✐♠❛❣❡♥ ❡♥ ❡❧ ♣❧❛♥♦ ❢♦❝❛❧✱ t♦♠❛♥❞♦ ❝♦♠♦ ♣r✐♠❡r



✽✹ ✸✳ ❊❧ ❞✐s❡ñ♦

❡❧❡♠❡♥t♦ ❧❛ ❧❡♥t❡ ♣♦s✐t✐✈❛ ❞❡ ✉♥ ♠❛t❡r✐❛❧ ❝r♦✇♥ ② ✉♥❛ ♥❡❣❛t✐✈❛ ❞❡ ✉♥ ✈✐❞r✐♦ ✢✐♥t✻

❝♦♠♦ ❧❡♥t❡ ❞❡ s❛❧✐❞❛ ❛❧ ❢♦❝♦✳ ❊st♦ s✐❣♥✐✜❝❛ q✉❡ ❧♦s ♣❧❛♥♦s ♣r✐♥❝✐♣❛❧❡s ó♣t✐♠♦s ♣❛r❛

tr❛❜❛❥❛r ❛ ❢♦❝♦ s♦♥ ❧♦s q✉❡ ❝♦rr❡s♣♦♥❞❡♥ ❛❧ ❧❛❞♦ ❞❡ ❧❛ ❧❡♥t❡ ♥❡❣❛t✐✈❛ ②✱ ♣♦r t❛♥t♦✱ ❧♦s

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

❡♥❢r❡♥t❛❞❛s ✭✈❡r ✜❣✉r❛ ✸✳✾✮✳

❆sí ♣✉❡s✱ t❡♥❡♠♦s ❡❧ s✐st❡♠❛ ❞❡s❡❛❞♦ ❝♦♥ ❞♦s ❧❡♥t❡s ❞❡ ❝❛tá❧♦❣♦ ②✱ ❝♦♠♦ s❡ ❛♣r❡❝✐❛

❡♥ ❧❛ ✜❣✉r❛ ✸✳✾✱ s✐♥ ❧✐♠✐t❛❝✐♦♥❡s s♦❜r❡ ❡❧ ❞✐á♠❡tr♦ ❞❡❧ ❤❛③ q✉❡ ❡s♣❡r❛♠♦s s❡ ❝♦♠♣♦r✲

t❛rá ❝♦♠♦ ✉♥ s✐st❡♠❛ ♣❛r❛①✐❛❧✳ P♦r t❛♥t♦✱ ♥♦s q✉❡❞❛ ❛♥❛❧✐③❛r ② ❡✈❛❧✉❛r✱ ② ❡♥ s✉ ❝❛s♦

♦♣t✐♠✐③❛r✱ ❧❛s ❞✐st❛♥❝✐❛s ♣❛r❛ ♣♦❞❡r ✈❛❧✐❞❛r ❡❧ ❞✐s❡ñ♦✳

✸✳✸✳✸✳ ❆♥á❧✐s✐s

▲❛s ❤❡rr❛♠✐❡♥t❛s ♣❛r❛ ❛♥á❧✐s✐s ② ❡✈❛❧✉❛❝✐ó♥ ❞❡ ✉♥ ❉✐s❡ñ♦ Ó♣t✐❝♦ q✉❡ ❡♥❝♦♥tr❛♠♦s

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

♥❡s ❞❡ ❝❛❞❛ s✉♣❡r✜❝✐❡ ❛ ❧❛s ❛❜❡rr❛❝✐♦♥❡s ❞❡ ❙❡✐❞❡❧✳ ❊s ❧♦ q✉❡ ❧❧❛♠❛♠♦s ♣❛rá♠❡tr♦s ❞❡

t❡r❝❡r ♦r❞❡♥✳ ❊st❛s t❛❜❧❛s s❡ ❝♦♥str✉②❡♥ ❛ ♣❛rt✐r ❞❡ ❧❛s ❝♦♦r❞❡♥❛❞❛s ❞❡ ❝❛❞❛ r❛②♦ q✉❡✱

♣r♦❝❡❞❡♥t❡s ❞❡ ✉♥ ♣✉♥t♦ ♦❜❥❡t♦✱ r❡❧❧❡♥❛♥ ❞✐st✐♥t♦s ♣✉♥t♦s ❞❡ ❧❛ ♣✉♣✐❧❛ ② ❛tr❛✈✐❡s❛♥

❝❛❞❛ s✉♣❡r✜❝✐❡ ❝♦♥ ✉♥❛ ❝✐❡rt❛ ❞❡s✈✐❛❝✐ó♥ ❝♦♥ r❡s♣❡❝t♦ ❛ ❧♦ ❡s♣❡r❛❞♦✱ ❝♦♥✜❣✉r❛♥❞♦ ✉♥❛

❞❡s✈✐❛❝✐ó♥ r♠s ❞❡ ❧♦s r❛②♦s ② ❞❡t❡r♠✐♥❛♥❞♦ ❡❧ ✈❛❧♦r ♣♦♥❞❡r❛❞♦ ❞❡ ❝❛❞❛ ❛❜❡rr❛❝✐ó♥

❞❡ t❡r❝❡r ♦r❞❡♥✳

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

② ❧❛s ❞❡s✈✐❛❝✐♦♥❡s ❞❡ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s r❛②♦s ❝❛r❛❝t❡ríst✐❝♦s✼ ♣❛r❛ ❝❛❞❛ ♣✉♥t♦ ❞❡❧

❝❛♠♣♦ ♣❡r♠✐t❡♥ ❡st✉❞✐❛r ❧❛s ❝✉r✈❛s ❞❡ ❛❜❡rr❛❝✐♦♥❡s s❛❣✐t❛❧❡s ② t❛♥❣❡♥❝✐❛❧❡s ♣❛r❛

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

ó♣t✐❝♦ ✭❖P❉ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮✳

❊♥ ❧❛ ✜❣✉r❛ ✸✳✶✵ s❡ ♠✉❡str❛♥ ✈❛r✐♦s ❞❡ ❧♦s ❞✐❛❣r❛♠❛s q✉❡ s❡ ❝♦♥s✐❞❡r❛♥ ❤❛❜✐✲

t✉❛❧♠❡♥t❡ ♣❛r❛ ❡❧ ❛♥á❧✐s✐s ② ❡✈❛❧✉❛❝✐ó♥ ♦ ✈❛❧♦r❛❝✐ó♥ ❞❡ ❧❛ ❜♦♥❞❛❞ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦

❞✐s❡ñ❛❞♦✳

❊♥ ❡st❡ ❝❛s♦ s❡ ♣✉❡❞❡ ✈❡r ❝❧❛r❛♠❡♥t❡ q✉❡ ♥✐♥❣✉♥❛ ❞❡ ❧❛s ❣rá✜❝❛s ✐♥❞✐❝❛ r❡str✐❝✲

❝✐♦♥❡s ❡♥ ❡❧ ❞✐s❡ñ♦❀ ❜❛st❛ ❝♦♥ q✉❡ ♥♦s ✜❥❡♠♦s ❡♥ ❧♦s ❞✐❛❣r❛♠❛s ❞❡ ♠❛♥❝❤❛s q✉❡

♠♦str❛♠♦s ❡♥ ❧❛ ✜❣✉r❛ ✸✳✶✵✳ ❊st♦s s♦♥ ✉♥❛ r❡♣r❡s❡♥t❛❝✐ó♥ ❞❡ ❧♦s ❞✐st✐♥t♦s ❝❛♠♣♦s

✻❚r❛❞✐❝✐♦♥❛❧♠❡♥t❡✱ ❧♦s ✈✐❞r✐♦s ❡♥ ❡❧ r❛♥❣♦ nd > 1
′
60, Vd > 50 s❡ ❞❡♥♦♠✐♥❛♥ ❑r♦✇♥ ② ❧♦s ✈✐❞r✐♦s

❝♦♥ nd < 1
′
60, Vd < 55 ❋❧✐♥t✳ ❉❡ ❛❤í ❧❛ ú❧t✐♠❛ ❧❡tr❛ ❞❡ s✉ ♥♦♠❜r❡ ✭❧❛s ♣❛❧❛❜r❛s ❑r♦✇♥ ② ❋❧✐♥t

s♦♥ ❞❡ ♦r✐❣❡♥ ❣❡r♠❛♥♦✱ ❛✉♥q✉❡ s❡ ❤❛♥ ❛♥❣❧✐❝❛♥✐③❛❞♦✿ ❝r♦✇♥ ② ✢✐♥t✮✳ nd ❡s ❡❧ í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥

❡♥ ❧❛ ❧í♥❡❛ ❞❡❧ ❤❡❧✐♦ ❞(He 5875
′
618 ❆̊)✱ Vd =

nd − 1

nF − nC
❡s ❡❧ ♥ú♠❡r♦ ❞❡ ❞✐s♣❡rs✐ó♥ ❞❡ ❆❜❜❡✳ ❈♦♥

❋(H 4861
′
327 ❆̊)✱ ② ❈(H 6562

′
816 ❆̊)✳

✼❘❛②♦ ♣r✐♥❝✐♣❛❧ ② r❛②♦s ♠❡r✐❞✐♦♥❛❧❡s ✭t❛♥❣❡♥❝✐❛❧❡s✮ ② ♦❜❧✐❝✉♦s ✭s❛❣✐t❛❧❡s✮✳ ❘❛②♦s ♠❛r❣✐♥❛❧❡s s♦♥
❧♦s t❛♥❣❡♥❝✐❛❧❡s ② s❛❣✐t❛❧❡s q✉❡✱♣r♦❝❡❞❡♥t❡s ❞❡❧ ❡❥❡✱ ♣❛s❛♥ ♣♦r ❡❧ ❜♦r❞❡ ❞❡ ❧❛ ♣✉♣✐❧❛✳



✸✳✸✳ ❉✐s❡ñ♦ ❞❡ ❧❛ ó♣t✐❝❛ ✽✺

❋✐❣✉r❛ ✸✳✶✵✿ ❈✉r✈❛s ❞❡ ❛❜❡rr❛❝✐ó♥ ❞❡❧ ♣r✐♠❡r ❞✐s❡ñ♦ ❤❡❝❤♦ ♣❛r❛ ❋❛st❈❛♠ ❡♥ ❚❈❙✳ ❆rr✐❜❛
❛ ❧❛ ✐③q✉✐❡r❞❛ ❧❛s ❣rá✜❝❛s ❞❡ ❝✉r✈❛t✉r❛ ❞❡ ❝❛♠♣♦ ♣♦r ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ✭❞❡♥tr♦ ❞❡ ❧❛ ❜❛♥❞❛
■✮ ♣❛r❛ ♣❧❛♥♦ t❛♥❣❡♥❝✐❛❧ ② s❛❣✐t❛❧ ❥✉♥t♦ ❝♦♥ ❧❛s ❞❡ ❞✐st♦rs✐ó♥✳ ❊♥ ❛♠❜❛s ❡❧ ❡❥❡ ❨ r❡♣r❡s❡♥t❛ ❡❧
❝❛♠♣♦ ❞❡ ❝❡♥tr♦ ❛ ❜♦r❞❡ ② ❡♥ ❡❧ ❡❥❡ ❳ ❧♦s ✈❛❧♦r❡s ❞❡ sá❣✐t❛ ② ♣♦r❝❡♥t❛❥❡✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊❧
❝❡♥tr♦ ❛rr✐❜❛ ❡s ❡❧ ❝♦❧♦r ❧♦♥❣✐t✉❞✐♥❛❧ ✭♣♦s✐❝✐♦♥ ❞❡❧ ♠❡❥♦r ❢♦❝♦ ♣❛r❛ ❝❛❞❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✮✳
❆rr✐❜❛ ❛ ❧❛ ❞❡r❡❝❤❛ ❡❧ ❞✐❛❣r❛♠❛ ❞❡ ♠❛♥❝❤❛s ✓❞❡♥tr♦ ❞❡❧ ❞✐s❝♦ ❞❡ ❆✐r②✔ ❝♦♥ ✉♥ ♠❛r❣❡♥ ❞❡
±1♠♠ ❞❡❧❛♥t❡ ② ❞❡trás ❞❡❧ ♠❡❥♦r ❢♦❝♦ ❝♦♥❥✉♥t♦ ❞❡ t♦❞❛s ❧❛s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ ② ❝❛♠♣♦s✳
❆❜❛❥♦✱ ❧❛s ❝✉r✈❛s ❞❡ tr❛③❛❞♦ ❞❡ r❛②♦s ② ❖P❉✳ ❱❡r ●❧♦s❛r✐♦✿ ❝✉r✈❛s ❞❡ ❛❜❡rr❛❝✐♦♥❡s✳

❡♥ s✉♣❡r✜❝✐❡s s✉❝❡s✐✈❛s t♦♠❛❞❛s ❝❛❞❛ ♠❡❞✐♦ ♠✐❧í♠❡tr♦ ❞❡s❞❡ 1♠♠ ❛♥t❡s ❛ 1♠♠

❞❡s♣✉és ❞❡❧ ♠❡❥♦r ♣❧❛♥♦ ❢♦❝❛❧✳ ▲♦s ❝ír❝✉❧♦s r❡♣r❡s❡♥t❛♥ ❡❧ ❞✐s❝♦ ❝❡♥tr❛❧ ❞❡ ❧❛ ✐♠❛❣❡♥

❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡ ✉♥ ♣✉♥t♦ ✐❞❡❛❧✳ ❊s ❞❡❝✐r✱ ❝✉❛❧q✉✐❡r ♣♦s✐❜❧❡ ❛❜❡rr❛❝✐ó♥ ❞❡❧ s✐st❡♠❛

❡stá ❝♦♥t❡♥✐❞❛ ❞❡♥tr♦ ❞❡❧ ♣❛tró♥ ❞❡ ❞✐❢r❛❝❝✐ó♥ ♦ P❙❋ ✐❞❡❛❧ ❞❡❧ ♠✐s♠♦✱ ✐♥❝❧✉s♦ ❞❡♥tr♦

❞❡ ✉♥ ❞❡s❡♥❢♦q✉❡ ❞❡ ±1♠♠✳ ❆❞❡♠ás✱ s❡ ❞❡❜❡ ❤❛❝❡r ♥♦t❛r q✉❡ t♦❞♦s ❧♦s ❣rá✜❝♦s ❞❡

❡✈❛❧✉❛❝✐ó♥ ❡stá♥ ✈❛❧♦r❛❞♦s ❤❛st❛ ❡❧ ❞♦❜❧❡ ❞❡❧ ❝❛♠♣♦ r❡❛❧ ❞❡❧ s✐st❡♠❛✽✳ ❯♥ ♠✐❧í♠❡tr♦

♣✉❡❞❡ ♥♦ ♣❛r❡❝❡r ♠✉❝❤♦✱ ♣❡r♦ ❡♥ s✐st❡♠❛s ó♣t✐❝♦s✱ ✐♥❝❧✉s♦ t❡❧❡❝é♥tr✐❝♦s ❞❡ ❣r❛♥❞❡s ❢♦✲

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

♣❛r❛①✐❛❧✳

✽❙❡ ♠❛♥t✐❡♥❡ ❡♥ ❡❧ ❡st✉❞✐♦ ❡❧ ✜❝❤❡r♦ ♦r✐❣✐♥❛❧ ❡♥ q✉❡✱ ♣♦r ❡rr♦r✱ s❡ ❝♦♥s✐❞❡ró ❡♥ ❧❛ ✐♥tr♦❞✉❝❝✐ó♥
❞❡ ❞❛t♦s ❝♦♠♦ ♠❡❞✐♦ ❝❛♠♣♦ ❡❧ ❡s♣❡❝✐✜❝❛❞♦ ❝♦♠♦ ❝❛♠♣♦ t♦t❛❧✳



✽✻ ✸✳ ❊❧ ❞✐s❡ñ♦

❊♥ ❣❡♥❡r❛❧✱ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ r❡❛❧ ♥♦ ❡s ♣❛r❛①✐❛❧✳ ▲❛s ❧❡♥t❡s t✐❡♥❡♥ ❡s♣❡s♦r ②

❝✉r✈❛t✉r❛s ② s❡ ♣r♦❞✉❝❡♥ s✐❡♠♣r❡ ❞✐❢❡r❡♥❝✐❛s ❞❡ ❝❛♠✐♥♦ ❡♥tr❡ ❧♦s r❛②♦s q✉❡ ♣❛s❛♥ ♣♦r

❡❧ ❝❡♥tr♦ ② ❧♦s q✉❡ ♣❛s❛♥ ♣♦r ❡❧ ❜♦r❞❡✱ ❣❡♥❡r❛♥❞♦ ✉♥❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❢❛s❡ ❡♥ ❡❧ ❢r❡♥t❡

❞❡ ♦♥❞❛✳ ❆❞❡♠ás✱ ❝♦♠♦ ❧♦s r❛②♦s ♦❜❧✐❝✉♦s✱ ❧♦s q✉❡ ♠ás s❡ ❝r✉③❛♥✱ s❡ r❡❢r❛❝t❛♥ ❝♦♥

♠❛②♦r❡s á♥❣✉❧♦s✱ ❧❛s ❛❜❡rr❛❝✐♦♥❡s ❞❡ ❝❛♠♣♦ t❛♠❜✐é♥ ❝♦♥tr✐❜✉②❡♥ ❡♥ ♠❛②♦r ♠❡❞✐❞❛ ❛❧

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

❧❛ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ s♦♥ ♣✉♥t♦s ❛❜❡rr❛❞♦s✳ ❊♥ ❆str♦❢ís✐❝❛ ❡s♦ ❡stá t❛♥ ❛s✉♠✐❞♦ q✉❡✱

❝✉❛♥❞♦ s❡ ❝♦♥s✐❞❡r❛♥ ❧♦s ♣♦s✐❜❧❡s ✐♥str✉♠❡♥t♦s✱ ❡♥ ❝✉❛♥t♦ ❛ ❧❛ ó♣t✐❝❛ ♦ ❧♦s ❞❡t❡❝t♦r❡s✱

s❡ ❡s♣❡❝✐✜❝❛♥ r❡q✉❡r✐♠✐❡♥t♦s s♦❜r❡ ❧❛ P❙❋ ❝♦♥s✐❞❡r❛❞❛ ❝♦♠♦ ✉♥❛ ❣❛✉ss✐❛♥❛ ❞♦♥❞❡ s❡

r❡❢❡r❡♥❝✐❛ ❡❧ ❋❲❍▼ ♦✱ ❡♥ ♦❝❛s✐♦♥❡s ♣❛r❛ s✐st❡♠❛s ❢♦t♦♠étr✐❝♦s ❞❡ ♣r❡❝✐s✐ó♥✱ ❡❧ ❛♥❝❤♦

❞❡s❡❛❞♦ ❞❡ ❧❛ ❣❛✉ss✐❛♥❛ ❝♦♥ ❡❧ 84% ❞❡ ❧❛ ❡♥❡r❣í❛✳

❊s ✐♠♣♦rt❛♥t❡ ❛❝❧❛r❛r q✉❡ ❧❛ P❙❋ ❡s ❧❛ ❢✉♥❝✐ó♥ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ✉♥ s✐st❡♠❛ ó♣t✐✲

❝♦✳ ❙✐ ❡❧ s✐st❡♠❛ ❡s ♣❛r❛①✐❛❧ ♦ ✐❞❡❛❧ ❧❛ P❙❋ s❡rá ✉♥❛ ✐♠❛❣❡♥ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡ ❧❛ ♣✉♣✐❧❛✳

❈♦♠♦ ②❛ ❤❡♠♦s ✈✐st♦✱ ést❛ ♣✉❡❞❡ ❡st❛r ❞❡t❡r✐♦r❛❞❛ ♣♦r ❡❧ s❡❡✐♥❣ ❛t♠♦s❢ér✐❝♦✱ ♣❡r♦

❧♦s t❡❧❡s❝♦♣✐♦s r❡✢❡❝t♦r❡s ❝♦♠♦ t❛❧❡s s♦♥✱ ❡♥ ❣❡♥❡r❛❧✱ s✐st❡♠❛s ♣❛r❛①✐❛❧❡s ②✱ ♣♦r t❛♥t♦✱

s✉ P❙❋ ❡s ❞✐❢r❛❝t✐✈❛✳ ▲♦s ✐♥str✉♠❡♥t♦s ❡♥ ❝❛♠❜✐♦ ♥❡❝❡s✐t❛♥ ❡s❝❛❧❛r ❡❧ ❝❛♠♣♦ ② ❡❧❧♦

♣r❡❝✐s❛ ❞❡ ❞✐s❡ñ♦s ó♣t✐❝♦s ❝♦♠♣❧❡❥♦s✱ q✉❡ ❛❞❡♠ás ❞❡❜❡♥ t❡♥❡r t❛♠❛ñ♦s ❧✐♠✐t❛❞♦s ②

❝♦st❡s ❛❥✉st❛❞♦s✾✳ ❊s♦s s✐st❡♠❛s ó♣t✐❝♦s ❞❡❢♦r♠❛♥ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ② ❧❛s ❛❜❡rr❛❝✐♦♥❡s

♣r♦❞✉❝❡♥ ✉♥❛ P❙❋ ❡♥ ❣❡♥❡r❛❧ ♠ás ❡s♣❛r❝✐❞❛ q✉❡ ❧❛ ✐♠❛❣❡♥ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❝♦rr❡s♣♦♥✲

❞✐❡♥t❡✳ ❊st❛s P❙❋s ❞❡♣❡♥❞❡rá♥✱ ❛❞❡♠ás✱ ❞❡ ❧❛ ③♦♥❛ ❞❡❧ ❝❛♠♣♦ ♦ ❞❡ ❧❛ ♣♦s✐❝✐ó♥ ❝♦♥

r❡s♣❡❝t♦ ❛❧ ❢♦❝♦✱ ②❛ q✉❡ ❝✐❡rt❛s ❛❜❡rr❛❝✐♦♥❡s✱ ❝♦♠♦ ❝✉r✈❛t✉r❛ ❞❡ ❝❛♠♣♦✱ ❡s❢ér✐❝❛ ♦

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

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

▲❛s P❙❋s ♥♦ só❧♦ ✈❛rí❛♥ ❡♥ t❛♠❛ñ♦ ❝♦♥ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ❝❛♠♣♦ s✐♥♦ q✉❡ t❛♠❜✐é♥

❧♦ ❤❛❝❡♥ ❡♥ s✉ ❢♦r♠❛✳ ❈❛❞❛ ❛❜❡rr❛❝✐ó♥ t✐❡♥❡ ❢♦r♠❛s ❝❛r❛❝t❡ríst✐❝❛s✱ ❝♦♠♦ s♦♥ ❧♦s

❝ír❝✉❧♦s ♠ás ❜r✐❧❧❛♥t❡s ❡♥ ❧❛ ❝✐r❝✉♥❢❡r❡♥❝✐❛ q✉❡ ❡♥ ❡❧ ❝❡♥tr♦ ✭❡s❢ér✐❝❛✮✱ ♠❛♥❝❤❛s ❡♥

❢♦r♠❛ ❞❡ ❝♦♠❛ ❝♦♥ ❧❛ ♣✉♥t❛ ❤❛❝✐❛ ❡❧ ❝❡♥tr♦✱ ♦ ❛❧❛r❣❛❞❛s ❡♥ ✉♥❛ ❞✐r❡❝❝✐ó♥ ② ❝r✉③á♥❞♦s❡

❡s❡ ❛❧❛r❣❛♠✐❡♥t♦ ❛❧ ❛tr❛✈❡s❛r ❡❧ ♠❡❥♦r ❢♦❝♦ ✭❛st✐❣♠❛t✐s♠♦✮✳ ◆♦ ♦❜st❛♥t❡✱ ♣♦r ❞✐s❡ñ♦

❜✉s❝❛♠♦s ❧❛ ✉♥✐❢♦r♠✐❞❛❞ ❞❡ ❡s❛s ♠❛♥❝❤❛s✱ ✐♥❝❧✉s♦ ❝♦♥ ❞❡s❡♥❢♦q✉❡✳ ❊s♦ ❡s ♣❛r❛ ♣♦❞❡r

❝♦♠♣❛r❛r ✉♥❛s ❝♦♥ ♦tr❛s ② q✉❡ ❡❧ ❡s♣❛r❝✐♠✐❡♥t♦ ❞❡ ❧❛ ❧✉③ s❡❛ ❧♦ ♠ás ✓❣❛✉ss✐❛♥♦✔

♣♦s✐❜❧❡✱ ❛ ✜♥ ❞❡ t❡♥❡r ✉♥❛ r❡❢❡r❡♥❝✐❛ ❝♦♠ú♥ ② ❜✐❡♥ ❝❛r❛❝t❡r✐③❛❞❛ ❝♦♥ ❡❧ ♦❜❥❡t✐✈♦

❞❡ ♦❜t❡♥❡r r❡s✉❧t❛❞♦s✱ ❞❡❞✉❝❝✐♦♥❡s ② ❝♦♥❝❧✉s✐♦♥❡s ✜❛❜❧❡s ② ✈á❧✐❞❛s✳ ❆❧❣✉♥❛s ❞❡ ❧❛s

❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❣❛✉ss✐❛♥❛ ❜✐❞✐♠❡♥s✐♦♥❛❧ s♦♥✿

❡❧ ❋❲❍▼ ♥♦s ❞❛ ✉♥❛ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ❡♥❡r❣í❛ ❞❡❧ 50% ❞❡♥tr♦ ❞❡ ❡s❡ ár❡❛✱
✉♥ r❛❞✐♦ ❞❡ σ ✭❞❡s✈✐❛❝✐ó♥ tí♣✐❝❛✮ r❡♣r❡s❡♥t❛ ❡❧ 39′61% ❞❡ ❧❛ ❡♥❡r❣í❛✱

✾❊❧ t❡❧❡s❝♦♣✐♦ ❡s ✉♥♦ ❡ ✐♥str✉♠❡♥t♦s ✈❛r✐♦s ❧♦s q✉❡ s❡ ♠♦♥t❛♥ ❛ ❧♦ ❧❛r❣♦ ❞❡ ❧❛ ✈✐❞❛ ❞❡❧ ♠✐s♠♦✳



✸✳✸✳ ❉✐s❡ñ♦ ❞❡ ❧❛ ó♣t✐❝❛ ✽✼

✉♥ r❛❞✐♦ ❞❡ 2σ r❡♣r❡s❡♥t❛ ❡❧ 86′47% ❞❡ ❧❛ ❡♥❡r❣í❛✱

✉♥ r❛❞✐♦ ❞❡ 3σ r❡♣r❡s❡♥t❛ ❡❧ 98′87% ❞❡ ❧❛ ❡♥❡r❣í❛✳

❯♥❛ r❡❣❧❛✱ q✉❡ ♣✉❡❞❡ s❡r ♠ás ♦ ♠❡♥♦s ❞✐s❝✉t✐❞❛ ♣❡r♦ ❞❡ ❧❛ q✉❡ s❡ ❤❛❝❡ ♠✉❝❤♦ ✉s♦✱

q✉✐③ás ♣♦r tr❛❞✐❝✐ó♥✱ ❡s q✉❡✱ ❞❛❞♦ q✉❡ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❆✐r② ❝♦♥t✐❡♥❡ ❡❧ 84% ❞❡ ❧❛ ❡♥❡r❣í❛

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

r❡❧❡✈❛♥t❡ ❞❡ ✉♥ ♦❜❥❡t♦ ❡s ❡❧ ❝ír❝✉❧♦ q✉❡ ❡♥❝✐❡rr❛ ❡s❛ ♠✐s♠❛ ❡♥❡r❣í❛✳ ❉❡ ❛❤í q✉❡ s❡❛ ✉♥❛

r❡❢❡r❡♥❝✐❛ ❤❛❜✐t✉❛❧ ♣❛r❛ s✐st❡♠❛s ❢♦t♦♠étr✐❝♦s t♦♠❛r ✉♥ r❛❞✐♦ 2σ ❝♦♠♦ ❡s♣❡❝✐✜❝❛❝✐ó♥

♣❛r❛ ❡❧ 84% ❞❡ ❧❛ ❡♥❡r❣í❛ ❝♦♥t❡♥✐❞❛✳

❈♦♠♦ ❛♥é❝❞♦t❛✱ ♣❛r❛ ✉♥ ❛♥❝❤♦ ♠✐t❛❞ ❞❡ ❧❛ ❜❛s❡ ❞❡ ✉♥ ❞✐s❝♦ ❞❡ ❆✐r② ✭1′22λ/D✮

❧❛ ❡♥❡r❣í❛ ❡s 75%✱ ♣❡r♦ s✐ ❧❛ ❛❜❡rt✉r❛ t✐❡♥❡ ✉♥ ♦s❝✉r❡❝✐♠✐❡♥t♦ ❝❡♥tr❛❧ ❞❡ ✶✴✺ ❞❡❧

r❛❞✐♦ ②❛ só❧♦ ❡s ❞❡ ✉♥ 69′8%✳ ❙✐ ❝♦♥s✐❞❡r❛♠♦s ❧❛ ♠✐t❛❞ ❞❡ ❛❧t✉r❛ ❞❡ ❧❛ ❢✉♥❝✐ó♥ ❞❡

✐♥t❡♥s✐❞❛❞ ✭❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥✱ q✉❡ ❡s ❞❡ ❞✐❢r❛❝❝✐ó♥ ❡♥ ❡st❡ ❝❛s♦✮ ❧❛s ❡♥❡r❣í❛s s♦♥ ❞❡❧

52′3% ② 49′3%✱ s✐♥ ② ❝♦♥ ❛❣✉❥❡r♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❈♦♠♦ r❡❢❡r❡♥❝✐❛✱ ❡❧ ❞✐s❝♦ ❝❡♥tr❛❧

❞❡ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❞✐❢r❛❝❝✐ó♥ ♣❛r❛ ❡❧ ♠✐s♠♦ ❡s♣❡❥♦ s✐♥ ❛❣✉❥❡r♦ ❝♦♥t✐❡♥❡ ❡❧ 87′6% ② ❡❧

84% ❝♦♥ ❛❣✉❥❡r♦✳

✸✳✸✳✹✳ ❱❛❧✐❞❛❝✐ó♥

❊❧ tr❛③❛❞♦ ❞❡ r❛②♦s q✉❡ ❤❛❝❡ ✉♥ ♣r♦❣r❛♠❛ ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ ❡s ✉♥❛ ✈❛❧♦r❛❝✐ó♥

❣❡♦♠étr✐❝❛ ② só❧♦ ❡♥t✐❡♥❞❡ ❞❡ ♣♦s✐❝✐♦♥❡s✱ ♥♦ ❝♦♥s✐❞❡r❛ ❡❧ ❡❢❡❝t♦ ♦♥❞✉❧❛t♦r✐♦ ②✱ ♣♦r

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

❡❧ t❛♠❛ñ♦ ♠í♥✐♠♦ ❞❡ ✉♥❛ ✐♠❛❣❡♥ ❞❛❞❛ ♣♦r ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ② ❝✉❛❧q✉✐❡r ❞✐str✐❜✉❝✐ó♥

❞❡❧ s♣♦t ❞❡ ♣✉♥t♦s ❝♦♥t❡♥✐❞❛ ❞❡♥tr♦ ❞❡❧ ❞✐á♠❡tr♦ ❞❡❧ ❞✐s❝♦ ❞❡ ❆✐r② ♥♦ ❡s r❡❛❧ ②

t❡♥❞r❡♠♦s só❧♦ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❆✐r②✱ ❝♦♥ ❧❛ ♣♦♥❞❡r❛❝✐ó♥ ❞❡ ❧❛ ✜❣✉r❛

❞❡ ❙tr❡❤❧ ❡♥ s✉ ❝❛s♦✳

❊❧ ❞✐❛❣r❛♠❛ ✏t❤r♦✉❣❤ ❢♦❝✉s✑ ♥♦s ❞✐❝❡ q✉❡ ❡❧ s✐st❡♠❛✱ ♦ ❡❧ ❞❡t❡❝t♦r✱ t✐❡♥❡ ✉♥❛

t♦❧❡r❛♥❝✐❛ ❞❡ ❝❡♥tr❛❞♦ ♠❡❥♦r q✉❡ ❡❧ ❞♦❜❧❡ ❞❡ s✉ ❝❛♠♣♦ ② ✉♥ r❛♥❣♦ ❞❡ ♠ás ❞❡ 2♠♠

❞❡ ❡rr♦r ❞❡ ❡♥❢♦q✉❡✳ ❚♦❞♦ ❡❧❧♦ ✐♥✢✉②❡ ❡♥ ❞❡✜♥✐r ✉♥ s✐st❡♠❛ ❛❧t❛♠❡♥t❡ t♦❧❡r❛❜❧❡✱ ❧♦ ❝✉❛❧

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

❡♥ t❡❧❡s❝♦♣✐♦ ②✱ ♣♦r s✉♣✉❡st♦✱ ❧❛s ✈❛r✐❛❝✐♦♥❡s ❞❡ ♣♦s✐❝✐ó♥ ❞❡❜✐❞❛s ❛ ✐♥❡st❛❜✐❧✐❞❛❞❡s ♦

❝❛♠❜✐♦s tér♠✐❝♦s✱ ✐♥❝❧✉s♦ ❞✉r❛♥t❡ ❡❧ tr❛♥s❝✉rs♦ ❞❡ ✉♥❛ ♦❜s❡r✈❛❝✐ó♥✱ ♥♦ ✈❛②❛♥ ❛ ❛❢❡❝t❛r

❛ ❧❛ ✐♠❛❣❡♥ q✉❡ s❡ ♣✉❡❞❛ ❝♦♥s❡❣✉✐r✳

❯♥ ✐♥❞✐❝❛❞♦r ❡①tr❛ ❞❡❧ ❜✉❡♥ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡❧ s✐st❡♠❛ ❧♦ t❡♥❡♠♦s ❡♥ ❡❧ ❣rá✜❝♦

❞❡ ❧❛ ✜❣✉r❛ ✸✳✶✶✱ q✉❡ r❡♣r❡s❡♥t❛✱ ❡♥ ❡❧ ❡❥❡ ❨✱ ❧❛ ♣❛rt❡ ❞❡ ❧❛ ❡♥❡r❣í❛ ❡♥❝❡rr❛❞❛ ❡♥

✉♥ ❝ír❝✉❧♦ s❡❣ú♥ ❡❧ r❛❞✐♦ r❡♣r❡s❡♥t❛❞♦ ❡♥ ❳✳ ❙❡ ♣✉❡❞❡ ♦❜s❡r✈❛r ❝♦♠♦ ♣❛r❛ t♦❞♦s

❧♦s ❝❛♠♣♦s ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❡♥❡r❣í❛ ❡s ❧❛ ♠✐s♠❛✱ ② ❛❞❡♠ás ❝♦✐♥❝✐❞❡ ❝♦♥ ❧❛ ❞❡ ✉♥



✽✽ ✸✳ ❊❧ ❞✐s❡ñ♦

❋✐❣✉r❛ ✸✳✶✶✿ ❈✉r✈❛ ❞❡ ❡♥❡r❣í❛ ❡♥❝❡rr❛❞❛✳ ❙❡ ✈❡ ❝♦♠♦ s❡ ❛❧❝❛♥③❛ ❧❛ ❜❛s❡ ❞❡❧ ♣r✐♠❡r ❛♥✐❧❧♦
❛❧ 84% ❞❡ ❧❛ ❡♥❡r❣í❛✱ ② t♦❞❛✈í❛ ❧❛ ❜❛s❡ ❞❡❧ s❡❣✉♥❞♦ ❛♥✐❧❧♦ ❛❧r❡❞❡❞♦r ❞❡❧ 0

′
9✳

❞✐s❝♦ ❞❡ ❆✐r②✳ ❱❡♠♦s ❝♦♠♦ ❧❛ ❝✉r✈❛ s❡ ❤❛❝❡ ❤♦r✐③♦♥t❛❧ ❡♥ ❡❧ ♠í♥✐♠♦ ❞❡❧ ♣r✐♠❡r ❛♥✐❧❧♦

❝♦♥t❡♥✐❡♥❞♦ ❧❛ ❢r❛❝❝✐ó♥ ❞❡❧ 0′84 ❛ ✉♥ r❛❞✐♦ ♣♦r ❞❡❜❛❥♦ ❞❡ 100µ♠✳

▲♦ ♥♦r♠❛❧ ❡♥ ❧♦s ❞✐s❡ñ♦s ó♣t✐❝♦s ❡s ❝♦♠♣❛r❛r ❧❛ ❝✉r✈❛ ❞❡ ❡♥❡r❣í❛ ❡♥❝❡rr❛❞❛ ❝♦♥

✉♥❛ ❝✉r✈❛ ❜❛s❡ s✐♠✐❧❛r ❛ ést❛ q✉❡ r❡♣r❡s❡♥t❛rí❛ ❧❛ ❡♥❡r❣í❛ t❡ór✐❝❛ ❡♥❝❡rr❛❞❛ ♣❛r❛ ❡❧

s✐st❡♠❛ ó♣t✐❝♦ ❞✐s❡ñ❛❞♦ ❝♦♥ ✉♥ ❝♦♠♣♦rt❛♠✐❡♥t♦ ✐❞❡❛❧✳ ▲❛s ❝✉r✈❛s s❡ ♣❛r❡❝❡♥ ❡♥t♦♥❝❡s

❛ ❣❛✉ss✐❛♥❛s ② ❡s ❡♥ ❡❧❧❛s ❞♦♥❞❡ ❜✉s❝❛♠♦s ❛ q✉é r❛❞✐♦ s❡ ❛❧❝❛♥③❛♥ ❧♦s ♣♦r❝❡♥t❛❥❡s ❞❡

❡♥❡r❣í❛ q✉❡ ♣✐❞❡♥ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s✳

✸✳✹✳ Pr♦t♦t✐♣♦

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

② ❞❡♥tr♦ ❞❡ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ✐♥✐❝✐❛❧❡s ❡♥ ❡s❝❛❧❛ ❞❡ ✐♠❛❣❡♥ ② ♠✉❡str❡♦ ❞❡ ❧❛ P❙❋✱

❢✉❡ ❝✉❛♥❞♦ ❡❧ ♣❧❛♥t❡❛♠✐❡♥t♦ ✐♥✐❝✐❛❧ t❛♥ ❞✉❜✐t❛t✐✈♦ ❡♠♣❡③ó ❛ t❛♠❜❛❧❡❛rs❡ ② ❛ ❣❡♥❡r❛r

✉♥❛ ❝✐❡rt❛ ✐❧✉s✐ó♥✳ ❘á♣✐❞❛♠❡♥t❡ ♣❛sé ❛ ❡♥❝❛r❣❛r ❧❛s ❧❡♥t❡s ❝❛❧❝✉❧❛❞❛s ❞❡ ❞✐s❡ñ♦ ② ❛



✸✳✹✳ Pr♦t♦t✐♣♦ ✽✾

❡♥❝❛r❛r ❧♦s ♣❛s♦s s✐❣✉✐❡♥t❡s ♣❛r❛ ♣♦❞❡r r❡❛❧♠❡♥t❡ ❝r❡❛r ✉♥ ✐♥str✉♠❡♥t♦ ② ❧❧❡✈❛r❧♦ ❛

t❡❧❡s❝♦♣✐♦✳

✸✳✹✳✶✳ ❋❛st❈❛♠❅▲❆❇

❊♥ ❡❧ t✐❡♠♣♦ q✉❡ tr❛♥s❝✉rrí❛ ❤❛st❛ q✉❡ ❧❧❡❣❛s❡♥ ❧❛s ❧❡♥t❡s ❛❞❡❝✉❛❞❛s ❝♦♠❡♥❝é ❛

♠♦♥t❛r ✉♥ s✐st❡♠❛ ❞❡ ♣r✉❡❜❛ ❡♥ ❧❛❜♦r❛t♦r✐♦✳ ❊st♦ ❢✉❡ ♣♦s✐❜❧❡ ❣r❛❝✐❛s ❛ ❧❛ ✜♥❛❧✐③❛❝✐ó♥

❞❡ ❧❛ ❝❛♠♣❛ñ❛ ❞❡ ♦❜s❡r✈❛❝✐♦♥❡s ❝♦♥ ❙❈■❉❆❘✱ ♣♦r ❧♦ q✉❡ ♣♦❞í❛✱ ♣♦r ✜♥✱ ❛❝❝❡❞❡r ❛ ❧❛

❈❈❉ q✉❡ í❜❛♠♦s ❛ ✉s❛r ♣❛r❛ ❧❛s ♣r✉❡❜❛s✳

❊❧ ♠♦♥t❛❥❡ ❞❡ ❧❛❜♦r❛t♦r✐♦ ❧♦ ❤✐❝❡ ❝♦♥ ✉♥❛s ❧❡♥t❡s ❞❡ ❢♦❝❛❧ ❡q✉✐✈❛❧❡♥t❡✱ ❛✉♥q✉❡

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

❡str❡❧❧❛ ❛ ♦❜s❡r✈❛r ✉t✐❧✐❝é ✉♥ s✐♠✉❧❛❞♦r ❞❡ t❡❧❡s❝♦♣✐♦ ❞✐s❡ñ❛❞♦ ✐♥✐❝✐❛❧♠❡♥t❡ ♣❛r❛

s✐♠✉❧❛r ✉♥❛ ❡str❡❧❧❛ ❡♥ ❡❧ ❢♦❝♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ●❚❈✱ q✉❡ r❡❛❞❛♣té ♣❛r❛ ✉♥ ❢♦❝♦ f/13′8

❡q✉✐✈❛❧❡♥t❡ ❛❧ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙✳

❊❧ s✐♠✉❧❛❞♦r ❝♦♥s✐st❡ ❡♥ ✉♥❛ ✜❜r❛ ó♣t✐❝❛ q✉❡ ✐❧✉♠✐♥❛ ✉♥❛ ♣✉♣✐❧❛✱ ❧❛ ❝✉❛❧ ❡s

✈✐st❛ ♣♦r ✉♥❛ ❧❡♥t❡ q✉❡✱ ❛ ❧❛ ✈❡③ q✉❡ ❝♦❧✐♠❛ ❧❛ ✜❜r❛ ó♣t✐❝❛✱ ❝r❡❛ ✉♥❛ ✐♠❛❣❡♥

✈✐rt✉❛❧ ❞❡ ❧❛ ♣✉♣✐❧❛✳ ❯♥❛ s❡❣✉♥❞❛ ❧❡♥t❡ r❡❡♥❢♦❝❛ ❡❧ ❤❛③ ❝♦❧✐♠❛❞♦ ♣r♦❝❡❞❡♥t❡ ❞❡

❧❛ ✜❜r❛ ②✱ ❛ ♣❛rt✐r ❞❡ ❧❛ ✐♠❛❣❡♥ ✈✐rt✉❛❧ ❞❡ ❧❛ ♣✉♣✐❧❛✱ ❢♦r♠❛ ✉♥❛ ♥✉❡✈❛ ✐♠❛❣❡♥

✈✐rt✉❛❧ ❞❡ ❧❛ ♣✉♣✐❧❛ ❝♦♥ ✉♥ ❞✐á♠❡tr♦ ② ❞✐st❛♥❝✐❛ ❡q✉✐✈❛❧❡♥t❡s ❛ ❧♦s ✈❛❧♦r❡s ❞❡❧ ❚❈❙

✭1520♠♠ ② 21♠✮✳ ▲♦s ú♥✐❝♦s ❝❛♠❜✐♦s ♥❡❝❡s❛r✐♦s ♣❛r❛ ❤❛❝❡r ❧❛ ❛❞❛♣t❛❝✐ó♥ ❢✉❡r♦♥

♠♦❞✐✜❝❛r ❧❛ ♣♦s✐❝✐ó♥ ❞❡ ❧❛ ♣✉♣✐❧❛ ② ❡❧ ✉s♦ ❞❡ ✉♥❛ ❧❡♥t❡ ❞❡ r❡❡♥❢♦q✉❡ ❞✐❢❡r❡♥t❡

♣❛r❛ ❝♦♥s❡❣✉✐r ❡❧ f−♥♦✳ ❞❡❧ ❚❈❙✳ ▲❛ ú♥✐❝❛ ✈❛r✐❛❝✐ó♥ ❞✐♠❡♥s✐♦♥❛❧ ♥♦ ❝♦♥❣r✉❡♥t❡

❡st✉✈♦ ❡♥ q✉❡ ❧❛ ✜❜r❛ q✉❡ t❡♥í❛♠♦s ♣❛r❛ s✐♠✉❧❛r ❧❛ ❡str❡❧❧❛ ❡♥ ●❚❈ ❡r❛ ❞❡ 61µ♠

② ❣❡♥❡r❛❜❛ ✉♥❛ ✐♠❛❣❡♥ ❞❡ 183µ♠✱ q✉❡ ❡q✉✐✈❛❧❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❛❧ t❛♠❛ñ♦

❞❡ 0′2 ❛r❝s❡❝ (165µ♠) ❡♥ ●❚❈✳ P❛r❛ ❚❈❙ ♥♦s q✉❡❞❛❜❛ ✉♥ t❛♠❛ñ♦ ❞❡ ✐♠❛❣❡♥

❞❡ 146µ♠✱ q✉❡ s♦♥ 1′4 ❛r❝s❡❝✳ ◆♦ ♦❜st❛♥t❡✱ ♣✉❞✐♠♦s ✉s❛r ✉♥❛ ✜❜r❛ ❡stá♥❞❛r ❞❡

❝♦♠✉♥✐❝❛❝✐♦♥❡s ❞❡ 9′2µ♠ q✉❡ s✐♠✉❧❛ ✉♥ ♣✉♥t♦ ❞❡ 216♠❛s ✭22µ♠✮ ❡♥ ❚❈❙✳ ❊❧

❞✐s❝♦ ❞❡ ❆✐r② ❡♥ ❜❛♥❞❛ ■ ✭850 ♥♠✮ t✐❡♥❡ ✉♥ ❞✐á♠❡tr♦ ❞❡ 2′44λf/D = 28µ♠✱ ❧♦ q✉❡

♥♦s ✐♥❞✐❝❛ q✉❡ t❡♥❞rí❛♠♦s ❡❧ ❡q✉✐✈❛❧❡♥t❡ ❛ ✉♥ ❞✐s❝♦ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡❧ ❚❈❙ ❡♥ ❜❛♥❞❛ ■✳

❨✱ ❡❢❡❝t✐✈❛♠❡♥t❡✱ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛❜♦r❛t♦r✐♦ ♥♦s ♠♦str❛r♦♥ q✉❡ t❡♥í❛♠♦s ✉♥

♣✉♥t♦ ❞❡ ✺ ♣í①❡❧❡s ❞❡ ❞✐á♠❡tr♦✳ ❆s✐♠✐s♠♦✱ ❝♦♠♣r♦❜❛♠♦s ❧♦ s❡♥s✐❜❧❡ q✉❡ r❡s✉❧t❛❜❛

tr❛❜❛❥❛r ❝♦♥ ❧❛ ❝á♠❛r❛ ❞❡ ❆◆❉❖❘ ②❛ q✉❡✱ s✐♥ ❣❛♥❛♥❝✐❛s ❛❝t✐✈❛s ② ❝♦♥ ✉♥ ♠í♥✐♠♦ ❞❡

✐❧✉♠✐♥❛❝✐ó♥ ❡♥ ❧❛ ✜❜r❛✱ ❧❛ s❡ñ❛❧ ❡st❛❜❛ ❛❧ ❧í♠✐t❡ ❞❡❧ ♣♦③♦ ❞❡ ♣♦t❡♥❝✐❛❧ ② ❛ ♥✐✈❡❧❡s ❞❡

s❛t✉r❛❝✐ó♥ ♣❛r❛ ❧❡❝t✉r❛s ❞❡ 30♠s✳ P♦r ❡❧❧♦✱ ❡♥ ❧❛❜♦r❛t♦r✐♦ tr❛❜❛❥á❜❛♠♦s ❝♦♥ t✐❡♠♣♦s

❞❡ ❡①♣♦s✐❝✐ó♥ ❞❡ 10♠s✳



✾✵ ✸✳ ❊❧ ❞✐s❡ñ♦

❊❧ ♠♦♥t❛❥❡✱ s✐♥ ❡♠❜❛r❣♦✱ ♣❡r♠✐t✐ó ✈❡r✐✜❝❛r ❧❛ ✈✐❛❜✐❧✐❞❛❞ ❞❡❧ s✐st❡♠❛ ✐❞❡❛❞♦✳ P♦r

t❛♥t♦✱ ❡r❛ ②❛ só❧♦ ❝✉❡st✐ó♥ ❞❡ ✐♥t❡❣r❛r❧♦ ❡♥ s✉ ❢♦r♠❛t♦ ❞❡ ♣r♦t♦t✐♣♦ ♣❛r❛ ❧❧❡✈❛r❧♦ ❛❧

t❡❧❡s❝♦♣✐♦✳

❊♥ ♣❛r❛❧❡❧♦ ♣❛sé ❛ t❛❧❧❡r ❧♦s ♣❧❛♥♦s ❞❡ ❢❛❜r✐❝❛❝✐ó♥ ❞❡ ❧♦s s♦♣♦rt❡s ❞❡ ❧❛s ❧❡♥t❡s

s❡❧❡❝❝✐♦♥❛❞❛s ❡♥ ❡❧ ❞✐s❡ñ♦✱ ②❛ q✉❡ ést❛s ❡r❛♥ ❞❡ ✷✺ ② 30♠♠ ❞❡ ❞✐á♠❡tr♦✱ ♠❡❞✐❞❛✱

❡st❛ ú❧t✐♠❛✱ ♥♦ ❡stá♥❞❛r ❡♥ ❡❧ ♠❛t❡r✐❛❧ ❞❡❧ ❧❛❜♦r❛t♦r✐♦✳ ❆❞❡♠ás✱ ♣❛r❡❝í❛ ❛❞❡❝✉❛❞♦

q✉❡ ❢✉❡r❛ ✉♥ ❞✐s❡ñ♦ ♣r♦♣✐♦ ♣❛r❛ ❡❧ ✐♥str✉♠❡♥t♦✱ ❛✉♥q✉❡ ❧♦s ❛❥✉st❡s ❢✉❡s❡♥ ❝♦♥ ❧♦s

s♦♣♦rt❡s ❞❡❧ ❧❛❜♦r❛t♦r✐♦✳

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

✜❧tr♦s✱ ♣❡♥s❛♠♦s ❡♥ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ♦❜s❡r✈❛r ❡♥ ❛❧❣✉♥❛ ♦tr❛ ❜❛♥❞❛ ❡stá♥❞❛r ♣❛r❛

✈❡r ❤❛st❛ ❞ó♥❞❡ ♣♦❞í❛♥ ❡①t❡♥❞❡rs❡ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡❧ s✐st❡♠❛ ❞✐s❡ñ❛❞♦✳ P♦r ❡❧❧♦

✐♥t❡❣r❛♠♦s ✉♥❛ r✉❡❞❛ ❞❡ ✜❧tr♦s ❞❡ ✉s♦ ♠❛♥✉❛❧ ♣❛r❛ ♠♦♥t❛❥❡s ❞❡❧ ❧❛❜♦r❛t♦r✐♦ ❝♦♥

❝✐♥❝♦ ♣♦s✐❝✐♦♥❡s ❡♥ ❧❛s q✉❡ ✐♥s❡rt❛♠♦s ❧♦s ✜❧tr♦s ❇✱ ❱✱ ❘ ❡ ■✱ ❞❡❥❛♥❞♦ ✉♥ ♣✉❡rt♦ ✈❛❝í♦

♣❛r❛ q✉❡ ♣✉❞✐❡s❡ ♣❛s❛r ❧❛ ❧✉③ ✐♥t❡❣r❛❧✱ ❛ ✜♥ ❞❡ ❢❛❝✐❧✐t❛r ❧❛ ❧♦❝❛❧✐③❛❝✐ó♥ ② ❡♥❢♦q✉❡ ❞❡

✉♥❛ ❡str❡❧❧❛✳ ▲❛ r✉❡❞❛ ❧❛ ✐♥s❡rt❛♠♦s ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡ ♣✉♣✐❧❛✱ ❛ ✉♥♦s

30♠♠ ❞❡ ❧❛ ❧❡♥t❡ ❝♦❧✐♠❛❞♦r❛✳

✸✳✹✳✷✳ ❋❛st❈❛♠❅❚❈❙

❯♥❛ ✈❡③ t✉✈✐♠♦s ❧♦s s♦♣♦rt❡s ♣❛r❛ ❧❛s ❧❡♥t❡s ② q✉❡ ést❛s ❧❧❡❣❛r♦♥✱ ♠♦♥té ❡❧ s✐st❡♠❛

♦♣t♦✲♠❡❝á♥✐❝♦ ❝♦♠♣❧❡t♦ ❡♥ ❡❧ ❜❛♥❝♦ ó♣t✐❝♦ ✭✜❣✉r❛ ❄❄✮✳ ▼✐❡♥tr❛s r❡❤❛❝í❛♠♦s ♣r✉❡❜❛s

❞❡ ♠❡❞✐❞❛ ② ❝❛♣t✉r❛ ❞❡ ✐♠á❣❡♥❡s✱ ②❛ ❝♦♥ ❡❧ ♣r♦t♦t✐♣♦ ✓❞❡✜♥✐t✐✈♦✔✱ ❡♠♣❡③❛♠♦s ❛

♣r❡♣❛r❛r t♦❞♦ ❧♦ ♥❡❝❡s❛r✐♦ ♣❛r❛ ♣♦❞❡r ♣r♦❜❛r❧♦ ♣♦r ✜♥ ❡♥ t❡❧❡s❝♦♣✐♦✳

❊❧ tr❛❜❛❥♦✱ ❞❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ó♣t✐❝♦✱ s❡ ❞✐✈✐❞✐ó ❡♥ ❞♦s t❛r❡❛s ❢✉♥❞❛♠❡♥t❛❧❡s✳

P♦r ✉♥ ❧❛❞♦✱ ❡❧ ❞✐s❡ñ♦ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦ ♣❛r❛ ❝♦♥s❡❣✉✐r ❧❛ ❡s❝❛❧❛ ② ❝❛♠♣♦ r❡q✉❡r✐❞♦s

❛❞❛♣t❛❞♦s ❛❧ t❡❧❡s❝♦♣✐♦ q✉❡ ②❛ t❡♥í❛♠♦s✳ ❨✱ ♣♦r ♦tr♦✱ ❡❧ r❡t♦ ♠ás ❞✉❞♦s♦ ❡♥ ❛q✉❡❧

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

t❛r❡❛s✳

❆❧✐♥❡❛❞♦ ❞❡❧ ❚❡❧❡s❝♦♣✐♦ ❈❛r❧♦s ❙á♥❝❤❡③

❊❧ ❈❛r❧♦s ❙á♥❝❤❡③ ❡s ✉♥ t❡❧❡s❝♦♣✐♦ ❤❡r❡❞❛❞♦ ♣♦r ❡❧ ■❆❈✱ q✉❡ s❡ ❢❛❜r✐❝ó ❡♥ ❡❧ ❛ñ♦

✶✾✼✶ ❝♦♠♦ ✉♥❛ ♠❛q✉❡t❛ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❞❡ 3′8♠ ❯❑■❘❚ ❞❡ ▼❛✉✐✲❍❛✇❛✐✐✳ ❋✉♥❝✐♦♥❛

❞❡s❞❡ ❡❧ ❛ñ♦ ✶✾✼✷ ❝♦♠♦ ❝♦❧❡❝t♦r ❢♦t♦♠étr✐❝♦ ❡♥ ■❘✱ ②❛ q✉❡ ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ❞❡ ❢❛✲

❜r✐❝❛❝✐ó♥ ❞❡❧ ❡s♣❡❥♦ ♣r✐♠❛r✐♦ s♦♥ ❞❡ λ/4 ❛ 1µ♠✱ ② t✐❡♥❡ ❝♦♠♦ ♣r✐♥❝✐♣❛❧ ❝❛r❛❝t❡ríst✐❝❛

❧❛ ❣r❛♥ r❡❧❛❝✐ó♥ ❉✴t ✭❞✐á♠❡tr♦✴❡s♣❡s♦r✮✱ s✐❡♥❞♦ ❞❡ ❧♦s ♣r✐♠❡r♦s ❝♦♥str✉✐❞♦s ❝♦♥ ✉♥



✸✳✹✳ Pr♦t♦t✐♣♦ ✾✶

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

❊❧ r❡t♦ ❡♥ ❡st❡ ❝❛s♦ ❢✉❡ ♣♦❞❡r ❧❧❡❣❛r ❛ ❛❧✐♥❡❛r ❡❧ t❡❧❡s❝♦♣✐♦ ❝♦♥ ❧❛ ♠á①✐♠❛ ❝❛❧✐❞❛❞

ó♣t✐❝❛✱ ❝♦s❛ q✉❡ ♥✉♥❝❛ s❡ ❤❛❜í❛ ♣❧❛♥t❡❛❞♦✳ P❛r❛ ❡❧❧♦✱ ❞❡❝✐❞✐♠♦s ❞❡❞✐❝❛r ✉♥❛ s❡♠❛♥❛

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

♣❛r❛ ❛❧✐♥❡❛r ❧♦s t❡❧❡s❝♦♣✐♦s ❚❈❙ ❡ ■❆❈✽✵ ❞❡s❞❡ ✶✾✾✼✱ ❝♦♥ ❧♦ q✉❡ ❧♦ ❝♦♥♦❝❡♠♦s ❜❛s✲

t❛♥t❡ ❜✐❡♥✳ P❛r❛ ❛❧❝❛♥③❛r ❡st♦ ❝❡♥tr❛♠♦s ❧❛s t❛r❡❛s ❡♥ ❝♦♥s❡❣✉✐r r❡❞✉❝✐r ❛❧ ♠í♥✐♠♦

❧❛s ❞❡❢♦r♠❛❝✐♦♥❡s ❞❡ ❧❛ ♣✉♣✐❧❛ ❝♦♥ ❡❧ ✜♥ ❞❡ ♦❜t❡♥❡r ❧❛ ♠á①✐♠❛ r❡❧❛❝✐ó♥ ❞❡ ❙tr❡❤❧

✭❊q✳ ✶✳✷✵✮ ② ❧❛ ♠á①✐♠❛ r❡s♦❧✉❝✐ó♥ t❡ór✐❝❛ s❡❣ú♥ ❧❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞❡❧ ♠❛♣❛

❞❡ ♣✉♣✐❧❛✳ ▲❛ r❡s♦❧✉❝✐ó♥ ♠á①✐♠❛ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ 1′5♠ ❛ 633 ♥♠ ❡s ❞❡ 106′6♠❛s

✭♠✐❧✐✲❛r❝s❡❝✮✳ ❊❧ ❞♦❜❧❡ ❡s ❡❧ ❞✐á♠❡tr♦ ❞❡❧ ♣r✐♠❡r ❛♥✐❧❧♦ ♦ ❞✐á♠❡tr♦ ❞❡❧ ❞✐s❝♦ ❞❡ ❆✐r②✳

❊♥ ❛❜r✐❧ ❞❡ ✷✵✵✻ ❝♦♠❡♥③❛♠♦s ❛ tr❛❜❛❥❛r s♦❜r❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❛❧✐♥❡❛❞♦ ✷ ♠❡s❡s

❛♥t❡s✱ ❝♦♥ ✉♥♦s ✈❛❧♦r❡s ❞❡ rms ❡♥ ❧❛ ❢♦r♠❛ ❞❡ ♣✉♣✐❧❛ ❡♥ t♦r♥♦ ❛ 200 ♥♠ ✭♠❡❥♦r

q✉❡ λ/4@1µ♠ ❡s♣❡❝✐✜❝❛❞♦✮✱ q✉❡ r❡♣r❡s❡♥t❛❜❛♥ ✉♥❛ P❙❋ ❞❡ ❛❧r❡❞❡❞♦r ❞❡ 0′6 ❛r❝s❡❝✱

❧♦s ✈❛❧♦r❡s ❡st❛♥❞❛r✐③❛❞♦s ❤❛st❛ ❡♥t♦♥❝❡s ❝♦♠♦ ❝❛❧✐❞❛❞ ❛ ❛❧❝❛♥③❛r ❡♥ ❡❧ ❛❧✐♥❡❛❞♦ ❞❡❧

t❡❧❡s❝♦♣✐♦✳ ❘❡s✉❧tó q✉❡✱ ❛❝t✉❛♥❞♦ ❝♦♥ ♠✉❝❤❛ ❞❡❧✐❝❛❞❡③❛ s♦❜r❡ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ✶✷

s♦♣♦rt❡s ❞❡❧ ❡s♣❡❥♦ ♣r✐♠❛r✐♦✱ ✉♥❛ ✈❡③ r❡❞✉❝✐❞❛ ❧❛ ❝♦♠❛ ❞❡ ❛❧✐♥❡❛❞♦ ❞❡❧ s❡❝✉♥❞❛r✐♦✱

❝♦♥s❡❣✉✐♠♦s ❛♣❧❛♥❛r ❧❛ ♣✉♣✐❧❛ ❝♦♥ ✉♥❛ ✜❣✉r❛ ❞❡ 0′23 ❛r❝s❡❝ ② ✉♥❛ r❡❧❛❝✐ó♥ ❞❡ ❙tr❡❤❧

♠❡❥♦r q✉❡ ✷✺✪✳ ❊❧ rms ❞❡ ❞❡❢♦r♠❛❝✐ó♥ ❞❡ ❧❛ ♣✉♣✐❧❛ ❧♦ ❞❡❥❛♠♦s ❡♥ 111 ♥♠✱ q✉❡ ❡s ❞❡❧

♦r❞❡♥ ❞❡ λ/10@1µ♠ ❡ ✐♥❝❧✉s♦ ♠❡❥♦r q✉❡ λ/4@500 ♥♠✱ q✉❡ s❡rí❛ ❧♦ q✉❡ s❡ ❝♦♥s✐❞❡r❛rí❛

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

s❛t✐s❢❛❝í❛✱ s✐♥♦ q✉❡ s✉♣❡r❛❜❛ ❝♦♥ ❝r❡❝❡s ♥✉❡str❛s ♠❡❥♦r❡s ❡①♣❡❝t❛t✐✈❛s✳

❘❡❛❧♠❡♥t❡✱ ❡st♦ s✐❣♥✐✜❝❛ q✉❡ ❧❛s s✉♣❡r✜❝✐❡s t✐❡♥❡♥ ✐♥❝❧✉s♦ ♠✉❝❤❛ ♠❡❥♦r ❝❛❧✐❞❛❞✱

②❛ q✉❡ ❧❛s ❞❡❢♦r♠❛❝✐♦♥❡s ② ❡rr♦r❡s ❞❡ ✉♥ ❡s♣❡❥♦ ❞✉♣❧✐❝❛♥ ❧❛ ❞❡❢♦r♠❛❝✐ó♥ ❞❡❧ ❢r❡♥t❡

❞❡ ♦♥❞❛ ✐♥❝✐❞❡♥t❡✳ ❊❧❧♦ ♥♦ ❝♦♥tr❛❞✐❝❡ ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ❞❡ ❢❛❜r✐❝❛❝✐ó♥ ❞❡❧ ❡s♣❡❥♦✱

②❛ q✉❡ ést❡ ❡s ✉♥ ✈❛❧♦r rms ② ❧❛ ❝❛❧✐❞❛❞ ❞❡❧ ♣✉❧✐❞♦ ❞❡❧ ❡s♣❡❥♦ ❡s ❡❧ ❡rr♦r ♠á①✐♠♦ ♦

♣✐❝♦✲✈❛❧❧❡✱ q✉❡ sí ♣✉❡❞❡ s❡r s✉♣❡r✐♦r ♣✉♥t✉❛❧♠❡♥t❡ ♦ ❡♥ ③♦♥❛s ❡s♣❡❝í✜❝❛s✱ ♠✐❡♥tr❛s

q✉❡ s❡ ♠❛♥t✐❡♥❡ ✉♥❛ ❝❛❧✐❞❛❞ ♠❡❥♦r ❡♥ ❧❛ ♠❛②♦r ♣❛rt❡ ❞❡ ❧❛ s✉♣❡r✜❝✐❡✳ ❊st♦ s✐❣♥✐✜❝❛

q✉❡ ❡❧ ❚❈❙ ♥♦ só❧♦ s✐r✈❡ ❡♥ ■❘ s✐♥♦ q✉❡✱ s♦r♣r❡♥❞❡♥t❡♠❡♥t❡✱ ❛❧❝❛♥③❛ ✉♥❛ ❝❛❧✐❞❛❞

ó♣t✐❝❛ ♠✉② ❛❝❡♣t❛❜❧❡ ❡♥ ❡❧ r❛♥❣♦ ✈✐s✐❜❧❡✳

❉❡s♣✉és ❞❡ ❡s❡ ♣r✐♠❡r ❛❧✐♥❡❛❞♦ ✜♥♦ ❤❡♠♦s ❝♦♥s❡❣✉✐❞♦ ✐r ♦♣t✐♠✐③❛♥❞♦ ❡❧ ♣r♦❝❡❞✐✲

♠✐❡♥t♦ ② ❧❛ ❡①✐❣❡♥❝✐❛ ❞❡ ❝❛❧✐❞❛❞ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ ❧❧❡❣❛♥❞♦ ❛ r❡❣✐str❛r ✈❛❧♦r❡s rms ❞❡

❤❛st❛ 92 ♥♠ ❞❡ ❞❡❢♦r♠❛❝✐ó♥ ❞❡ ♣✉♣✐❧❛ ② 0′15 ❛r❝s❡❝ ❞❡ P❙❋✱ s✐❡♥❞♦ ②❛ ❤❛❜✐t✉❛❧❡s ❧♦s

✈❛❧♦r❡s ❞❡ rms = 110 ♥♠ ② 0′18 ❛ 0′20 ❛r❝s❡❝ ❞❡ ❞✐á♠❡tr♦ ❞❡❧ ❞✐s❝♦ ❞❡ ❆✐r②✳

❊st❡ r❡s✉❧t❛❞♦ ❤❛ s✐❞♦ t❡♠❛ ❞❡ ❝♦♥tr♦✈❡rs✐❛ ❡♥ ❡❧ ❡q✉✐♣♦ ② ❡❧ ❞❡♣❛rt❛♠❡♥t♦ ❞❡

ó♣t✐❝❛✱ ❞❛❞♦ q✉❡ ❡❧ ❞✐s❝♦ ♠í♥✐♠♦ ❡s♣❡r❛❞♦ ❡r❛ ❞❡ 0′21 ❛r❝s❡❝✳ ❙✐♥ ❡♠❜❛r❣♦✱ s❡ ❤❛

❞❡ t❡♥❡r ❡♥ ❝✉❡♥t❛ q✉❡✱ ❛✉♥q✉❡ ❧❛ r❡❢❡r❡♥❝✐❛ ❞❡❧ ❙❋❖ ❧❛ t♦♠❛♠♦s ❝♦♥ ✉♥ ❧ás❡r ❞❡
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❋✐❣✉r❛ ✸✳✶✷✿ ▼❛♣❛ ❞❡ ♣✉♣✐❧❛ ❞❡❧ ❚❈❙ ❛♥❛❧✐③❛❞♦ ❝♦♥ ❡❧ ❙❋❖✱ ❞♦♥❞❡ ❛♣❛r❡❝❡♥ ♠❛r❝❛❞♦s
❧♦s ❛♣♦②♦s ❞❡❧ ♣r✐♠❛r✐♦ ② ❧♦s tr❡s ♣♦s✐❝✐♦♥❛❞♦r❡s ❞❡❧ s❡❝✉♥❞❛r✐♦✳ Pr♦❜❛❜❧❡♠❡♥t❡ t♦❝❛♥❞♦ ❧♦s
❛♣♦②♦s ✶✶ ② ✶✷ s❡ ♣♦❞rí❛ ❜❛❥❛r ❧❛ ❝❛r❣❛ ❡♥ ❡s♦s ♣✉♥t♦s ② s❡ ♠❡❥♦r❛rí❛ ❛ú♥ ♠ás ❡❧ ♠❛♣❛ ❞❡
❢❛s❡ ② ❝♦♥ ❡❧❧♦ ❡❧ rms ② P✐❝♦✲❱❛❧❧❡ ♣❡r♦✱ ❛❧ s❡r ✉♥ s✐st❡♠❛ ♠❛♥✉❛❧✱ ❧❛ tr❛♥s♠✐s✐ó♥ ❞❡ ❧❛s
✈❛r✐❛❝✐♦♥❡s ❞❡ ❝❛r❣❛ ❡♥ ❧♦s ❛♣♦②♦s ❜❛❥♦ ❡❧ ❡s♣❡❥♦ ♥♦ t✐❡♥❡♥ ✉♥❛ tr❛s❧❛❝✐ó♥ ❝♦♥tr♦❧❛❜❧❡ s♦❜r❡
❧❛ s✉♣❡r✜❝✐❡ ❞❡❧ ♣r✐♠❛r✐♦✳ ❨❛ ❤❛♥ s✐❞♦ ✈❛r✐❛s ❧❛s ✈❡❝❡s q✉❡✱ ❝r❡②❡♥❞♦ q✉❡ ♠❡❥♦r❛rí❛♠♦s✱
❤❡♠♦s ❡♠♣❡♦r❛❞♦ ❡❧ s✐st❡♠❛✱ ❧♦ q✉❡ ♥♦s ❤❛ ❧❧❡✈❛❞♦ ❞❡s♣✉és ❤♦r❛s ♣❛r❛ r❡❝✉♣❡r❛r ❧♦s ✈❛❧♦r❡s
❛❞❡❝✉❛❞♦s✳

633 ♥♠✱ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❧♦ ♠❡❞✐♠♦s ❡♥ ❧✉③ ❜❧❛♥❝❛ ✐♥t❡❣r❛❞❛✱ ❝♦♥ ❧♦ q✉❡ ❡❧ ♠á①✐♠♦

❞❡❧ ❝❡♥tr♦✐❞❡ ❞❡ ❝❛❧✐❜r❛❝✐ó♥ ❝♦rr❡s♣♦♥❞❡rá ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❛ 550 ♥♠✱ q✉❡ ❞❛rí❛♥

✉♥ ❞✐s❝♦ ❞❡ ❆✐r② ❞❡ 184♠❛s✳ ❆sí ♣✉❡s✱ ❧❛ ♦♣✐♥✐ó♥ q✉❡ ♣r❡✈❛❧❡❝❡ ❡s q✉❡✱ ❛❧ s❡r ✉♥

❝á❧❝✉❧♦ ❝♦♠♦ ❋❋❚ ❞❡ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ♦ ♠❛♣❛ ❞❡ ❢❛s❡ ♦❜t❡♥✐❞♦ ❞❡ ❧❛

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

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

r❡s♦❧✉❝✐ó♥ ❞❡ 75♠❛s tr❛❜❛❥❛♥❞♦ ❡♥ 450 ♥♠✳

▼♦♥t❛❥❡ ❞❡ ❋❛st❈❛♠

P♦r ✜♥ ❧❧❡❣ó ❡❧ ❞í❛ ❡♥ ❡❧ q✉❡ ❞❡❜í❛♠♦s ✐♥st❛❧❛r ❋❛st❈❛♠ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦✳ ❊❧

♠♦♥t❛❥❡ ❡♥ t❡❧❡s❝♦♣✐♦ ❞❡❧ ❜❛♥❝♦ ó♣t✐❝♦ q✉❡ ❝♦♥st✐t✉②❡ ❋❛st❈❛♠ s❡ ❤❛❝❡ ❡♥ ❡❧ ❧✉❣❛r

❞❡❧ ❢♦❝♦ ✐♥❢r❛rr♦❥♦✱ ❞❡ ♠♦❞♦ q✉❡ s❡ s✐❣✉❡ ✉t✐❧✐③❛♥❞♦ ❡❧ ❛✉t♦ ❣✉✐❛❞♦ ❝♦♥ ❋❖❱■❆✳ ▲❛

✜❥❛❝✐ó♥ ❡s ❛ tr❛✈és ❞❡ ✉♥ ❛♥❣✉❧❛r ♠♦♥t❛❞♦ ❡♥ ❡❧ ♣r♦♣✐♦ ❜❛♥❝♦ ó♣t✐❝♦ ② ❞♦s t✐r❛♥t❡s

q✉❡ ❧♦ ❛❧✐♥❡❛♥ ② ❝❡♥tr❛♥✳
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❉❡❜❡♠♦s ❛❝❧❛r❛r ♣r✐♠❡r♦ q✉❡ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙ ❛❞♦❧❡❝❡ ❞❡ ✉♥ ♣r♦❜❧❡♠❛ ❞❡ ❣✉✐❛❞♦

❞❡❜✐❞♦ ❛ ✉♥❛ ❞❡❢♦r♠❛❝✐ó♥ ❞❡ ❧♦s ❤✉s✐❧❧♦s ❞❡ ❆❘ ② ❉❊❈✱ ❧♦ ❝✉❛❧ s❡ s♦❧✈❡♥t❛ ❝♦♥ ✉♥

s✐st❡♠❛ ❞❡ ❛✉t♦❣✉✐❛❞♦ ♣♦r ♠❡❞✐♦ ❞❡ ✉♥❛ ❝á♠❛r❛ ✐♥t❡♥s✐✜❝❛❞❛ ② ✉♥ ♣r♦❣r❛♠❛ ❞❡

❝♦♥tr♦❧ q✉❡ ♣❡r♠✐t❡ ♠❛♥t❡♥❡r ❝❡♥tr❛❞❛✱ ❞❡♥tr♦ ❞❡ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ 1”✱ ✉♥❛ ❡str❡❧❧❛✳

❍❛st❛ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❞❡ ❋❛st❈❛♠ ♥✉♥❝❛ ❤✉❜♦ ♦tr♦ ♣❧❛♥t❡❛♠✐❡♥t♦ s♦❜r❡ ❡st❡ s✐st❡♠❛✱

②❛ q✉❡ ❡❧ t❡❧❡s❝♦♣✐♦ s✐❡♠♣r❡ s❡ ❤❛ ✉s❛❞♦ ♣❛r❛ ❢♦t♦♠❡trí❛ ✐♥❢r❛rr♦❥❛✱ q✉❡ ♥♦ s✉♣♦♥❡

♣r♦❜❧❡♠❛s ❛ ❧❛ ❤♦r❛ ❞❡ ✉t✐❧✐③❛r ✉♥ ✓❡s♣❡❥♦ ❞✐❝r♦✐❝♦✔ q✉❡ r❡✢❡❥❛ ❧❛ s❡ñ❛❧ ✐♥❢r❛rr♦❥❛✱

❞❡❥❛♥❞♦ tr❛♥s♠✐t✐r ❧❛ ✈✐s✐❜❧❡ q✉❡ s❡ ❡♥❢♦❝❛ ❡♥ ✉♥❛ ❝á♠❛r❛ ❈❈❉ ✐♥t❡♥s✐✜❝❛❞❛✱ ❞❡ ❞♦♥❞❡

s❡ ❡①tr❛❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ♣♦s✐❝✐♦♥❛❞♦ ❞❡❧ ❝❡♥tr♦✐❞❡ ❞❡ ❧❛ ❡str❡❧❧❛ ❣✉í❛✱ ♥♦r♠❛❧♠❡♥t❡

❧❛ ♣r♦♣✐❛ ❡str❡❧❧❛ ❞❡ ✐♥t❡rés✳ ❊❧ s✐st❡♠❛ ❞❡ ❛✉t♦❣✉✐❛❞♦✱ ❋❖❱■❆✱ ♠♦❞✐✜❝❛ ❧❛ s❡ñ❛❧ ❞❡

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

❞❡❧ ❝❡♥tr♦✐❞❡ ❞❡ ❧❛ ✐♠❛❣❡♥✳

■♥✐❝✐❛❧♠❡♥t❡ ❝♦❧♦❝❛♠♦s t❛♠❜✐é♥ ✉♥ ✐r✐s ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ❞❡ ♣❧❛♥♦ ❢♦❝❛❧ ♣❛r❛ ❢❛❝✐❧✐t❛r

❋✐❣✉r❛ ✸✳✶✸✿ ❋♦t♦❣r❛❢í❛ ❞❡❧ ♣r✐♠❡r s✐st❡♠❛ ❞❡ ❋❛st❈❛♠ ✐♥st❛❧❛❞♦ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙✳ ▲❛
r✉❡❞❛ ❞❡ ✜❧tr♦s s❡ ♠♦♥t❛ s♦❜r❡ ♣♦s✐❝✐♦♥ ❞❡ ♣✉♣✐❧❛ ❡♥ ❡❧ ♣❧❛♥♦ ❢♦❝❛❧ ❞❡❧ ❝♦❧✐♠❛❞♦r ▲❛ ❧❡♥t❡ ❞❡
❝á♠❛r❛ ❧❛ s✐t✉❛♠♦s t❛♠❜✐é♥ ♣❡❣❛❞❛ ❛ ❧❛ r✉❡❞❛ ❞❡ ✜❧tr♦s ♣❛r❛ ❡✈✐t❛r ❡❢❡❝t♦s ❞❡ ✈✐s✐♦♥ ❞❡ ❧✉③
❞✐❢✉s❛✳ ❆❧ ❞❡t❡❝t♦r ❧❡ r♦s❝❛♠♦s ✉♥ t✉❜♦ q✉❡ ❛❝tú❛ ❝♦♠♦ ❜❛✤❡ ② ❛♣❛♥t❛❧❧❛ ❧❛ ❧✉③✳ ❊❧ s✐st❡♠❛
❡♥t❡r♦ s❡ ❡♥✈✉❡❧✈❡ ❝♦♥ ✉♥ ♣❛ñ♦ ♥❡❣r♦ ♣❛r❛ r❡❞✉❝✐r ❡❧ ❢♦♥❞♦✳
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❧❛s t❛r❡❛s ❞❡ ❛♣✉♥t❛❞♦ ② ❛❧✐♥❡❛❞♦✳ ❊❧❧♦ ❡r❛ ♥❡❝❡s❛r✐♦ ②❛ q✉❡ ❧❛ ❡s❝❛❧❛ ❞❡ ✐♠❛❣❡♥

♥♦s ♦❜❧✐❣❛❜❛ ❛ ♦❜s❡r✈❛r ✉♥ ❝❛♠♣♦ ❡s♣❡❝✐❛❧♠❡♥t❡ ♣❡q✉❡ñ♦ ❞✐♠❡♥s✐♦♥❛❧♠❡♥t❡ ② ❧❛s

♣r✐♠❡r❛s ✈❡❝❡s ❝♦♥ ✉♥ ✐♥str✉♠❡♥t♦ ♥✉❡✈♦ s✉❡❧❡ s❡r ✉♥❛ t❛r❡❛ ❡♥❣♦rr♦s❛ ❧❧❡❣❛r ❛

❝❛r❛❝t❡r✐③❛r s✉ ❧í♥❡❛ ❞❡ ❛♣✉♥t❛❞♦✳ ❈♦♥ ✉♥ ❞❡t❡❝t♦r ❞❡ ✶✷✽ ♣í①❡❧❡s ❞❡ ❧❛❞♦ ❞❡ 24µ♠

❝❛❞❛ ✉♥♦✱ ❡s ✉♥ t❛♠❛ñ♦ ❞❡ ❛♣❡♥❛s 2′56♠♠ ❞❡ ❧❛❞♦✳ ❨ r❡❝♦r❞❡♠♦s q✉❡ ❧❛ ❡s❝❛❧❛ ❞❡

✐♠❛❣❡♥ ❞❡ ❋❛st❈❛♠ ❡s ❞❡ ∼1 : 3 ②✱ ♣♦r t❛♥t♦✱ ❡♥ ♣❧❛♥♦ ❢♦❝❛❧ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❡❧ ❡s♣❛❝✐♦

✈✐st♦ s♦❜r❡ ❡❧ ❞❡t❡❝t♦r s❡rá ✉♥ ❝✉❛❞r❛❞♦ ❞❡ 0′85♠♠ ❞❡ ❧❛❞♦✳

❊❧ s✐st❡♠❛ s❡ ❝✉❜r❡ ❝♦♥ ✉♥ ♣❛ñ♦ ❞❡ ✜❡❧tr♦ ♥❡❣r♦ ❤❛❜✐t✉❛❧♠❡♥t❡ ✉t✐❧✐③❛❞♦ ❡♥ t❡❧❡s✲

❝♦♣✐♦ ♣❛r❛ ❛♣❛♥t❛❧❧❛r✱ ❛♠♦rt✐❣✉❛r ♦ t❛♣❛r ❧❛ ❡♥tr❛❞❛ ❞❡ ❧✉③ ❛ ❧♦s ✐♥str✉♠❡♥t♦s ♠ás

❛❜✐❡rt♦s✱ ❝♦♠♦ ❡r❛ ♥✉❡str♦ ❝❛s♦✳ ❊st♦ s❡ ❤❛❝❡ ♣❛r❛ ❡✈✐t❛r r❡✢❡❥♦s ♦ ❧✉❝❡s ② ▲❊❉s q✉❡

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

✉♥ ❜❛✤❡ q✉❡ ❧♦ ❛♣❛♥t❛❧❧❡✳

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

t❛♥t❡❛♥❞♦ ❧❛ ♣♦s✐❝✐ó♥ ❡♥ q✉❡ s❡ ❛❝♦♠♦❞❛ ❧❛ r✉❡❞❛ ❡♥ s✉ ✜❥❛❞♦r ❞❡ ♣♦s✐❝✐♦♥❛❞♦✳ ❉❡

t♦❞♦s ♠♦❞♦s✱ s✐♠♣❧❡♠❡♥t❡ ❡♠♣❧❡❛♠♦s ✉♥ ✜❧tr♦ ■ ② ❡❧ ❛❜✐❡rt♦✳ ❋✐♥❛❧♠❡♥t❡✱ ❧❛ ❝♦♥❡①✐ó♥

❞❡ ❧❛ ❈❈❉ ❞❡ ❆◆❉❖❘ ❛❧ ❋r❛♠❡●r❛❜❜❡r✶✵ s❡ ❤✐③♦ ❝♦♥ s✉ ♣r♦♣✐♦ ❝❛❜❧❡ ❛ ✉♥ P❈ ❝♦♥ ❡❧

s✐st❡♠❛ ♦♣❡r❛t✐✈♦ ❲✐♥❞♦✇sTM ✳ ❊st❡ P❈ s❡ ❞❡❥ó ❡♥ ❝ú♣✉❧❛ ②❛ q✉❡ ❡❧ ❝❛❜❧❡ ♥♦ ♣❡r♠✐t❡

s✉ ❡①t❡♥s✐ó♥ ❤❛st❛ ❧❛ s❛❧❛ ❞❡ ❝♦♥tr♦❧✳ ❊❧ P❈ s❡ ❝♦♥❡❝t❛ ❛ r❡❞✱ ❧♦ q✉❡ ♣❡r♠✐t❡ ❛❝❝❡❞❡r

❛ é❧ r❡♠♦t❛♠❡♥t❡✱ ❛❜r✐❡♥❞♦ ✉♥ ❝❧✐❡♥t❡ ❞❡ ❚❡r♠✐♥❛❧ ❙❡r✈❡r ❝♦♠♦ ❱◆❈✱ ❞❡s❞❡ ♦tr♦

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

❧♦s ❞❛t♦s ② ❞♦♥❞❡ s❡ ❡❥❡❝✉t❛ ❡❧ ♣r♦❣r❛♠❛ ❞❡ ♣r♦❝❡s❛❞♦✳ ❙✐♠✉❧tá♥❡❛♠❡♥t❡✱ ♠❡❞✐❛♥t❡

❧❛ s❡s✐ó♥ ❱◆❈ s❡ ❝♦♥tr♦❧❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ♣r♦♣✐❛ ❞❡ ❆◆❉❖❘ ❞❡ ❝♦♥tr♦❧ ② ❛❞q✉✐s✐❝✐ó♥

❞❡ ❧❛ ❈❈❉✳

✸✳✹✳✸✳ ❙♦❢t✇❛r❡

▲❛ t❛r❡❛ ❞❡ s♦❢t✇❛r❡ ♥♦ s❡ q✉❡❞❛ só❧♦ ❡♥ ❧❛ r❡❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s✳ ◆♦r♠❛❧♠❡♥t❡

✐♠♣❧✐❝❛ ❝♦♥tr♦❧ ❞❡❧ ✐♥str✉♠❡♥t♦✱ ✐♥t❡r❛❝❝✐ó♥ ❝♦♥ ❡❧ t❡❧❡s❝♦♣✐♦✱ ❛❞q✉✐s✐❝✐ó♥ ② r❡❞✉❝❝✐ó♥

❞❡ ❞❛t♦s✳ P♦r ♣♦♥❡r só❧♦ ✉♥ ❡❥❡♠♣❧♦ ❞❡ ❝✉❡st✐♦♥❡s r❡❧❛❝✐♦♥❛❞❛s ❝♦♥ ❡❧ s♦❢t✇❛r❡✱ ✉♥♦

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

❢♦r♠❛t♦ ❞❡ ❧❛s ✐♠á❣❡♥❡s✳ ▲❛ ❝á♠❛r❛ ❞❡ ❆◆❉❖❘ t✐❡♥❡ ✉♥ ♣r♦❣r❛♠❛ ❡s♣❡❝í✜❝♦ ② ✉♥

❋r❛♠❡●r❛❜❜❡r ♣❛r❛ ❝♦♥tr♦❧❛r ② ❣r❛❜❛r ❧❛s ✐♠á❣❡♥❡s q✉❡ ♦❜t✐❡♥❡✳ ❆❞❡♠ás✱ ❡s ✉♥

✶✵❋r❛♠❡●r❛❜❜❡r ❡s ✉♥❛ ♣❧❛❝❛ ❞❡ ❝♦♠♣✉t❛❞♦r ❝♦♥✈❡rs♦r❛ ❞❡ ❧❛ s❡ñ❛❧ ♣r♦❝❡❞❡♥t❡ ❞❡ ✉♥ ❞❡t❡❝t♦r
❛♥❛❧ó❣✐❝♦ ♦ ❞✐❣✐t❛❧ q✉❡ ♣r♦❝❡s❛ ② ❣r❛❜❛ ❧❛s ✐♠á❣❡♥❡s ♦ ✈í❞❡♦ ❡♥ ❢♦r♠❛t♦ ❞✐❣✐t❛❧ ❡♥ ✉♥ ❞✐s❝♦ ② q✉❡
s♦♥ ❝♦♥tr♦❧❛❞❛s ♣♦r ❛❧❣ú♥ ♣r♦❣r❛♠❛✳ P✉❡❞❡♥ s❡r ♣♦r ♣r♦t♦❝♦❧♦ ♣❛r❛❧❡❧♦ ✭♥♦r♠❛❧♠❡♥t❡ ❘❙✲✹✷✷✮ ♦ ❡♥
s❡r✐❡ ♣❛r❛ ❛❧t❛ ✈❡❧♦❝✐❞❛❞ ❞❡ tr❛♥s❢❡r❡♥❝✐❛ ✭❈❛♠❡r❛ ▲✐♥❦✮✳



✸✳✹✳ Pr♦t♦t✐♣♦ ✾✺

♣r♦❣r❛♠❛ q✉❡ s❡ ❡❥❡❝✉t❛ ❡♥ ❡❧ s✐st❡♠❛ ♦♣❡r❛t✐✈♦ ❲✐♥❞♦✇s ♣❡r♦ q✉❡ ❡s ♣♦❝♦ ♣rá❝t✐❝♦

❡♥ ✐♥str✉♠❡♥t❛❝✐ó♥ ② ♦❜s❡r✈❛❝✐ó♥ ❛str♦♥ó♠✐❝❛✳

❋✐❣✉r❛ ✸✳✶✹✿ ■♠❛❣❡♥ ❞❡❧ ♣r♦❣r❛♠❛ ❞❡ ❝♦♥tr♦❧ ② ❛❞q✉✐s✐❝✐ó♥ ❞❡❧ ❈❈❉ ❞❡ ❆◆❉❖❘✳ ❆ ❧❛
✐③q✉✐❡r❞❛ s❡ ✈❡ ✉♥❛ ✈❡♥t❛♥❛ ❝♦♥ ❧❛ ✐♠❛❣❡♥ ❞❡❧ ❈❈❉ ② ❛ ❧❛ ❞❡r❡❝❤❛ ❧❛ ✈❡♥t❛♥❛ ❞❡ ❝♦♥✜❣✉r❛❝✐♦♥
❞❡ ❧♦s ♣❛r❛♠❡tr♦s ❞❡ ❡①♣♦s✐❝✐♦♥ ② ❣❛♥❛♥❝✐❛✳

❯♥❛ ♦♣❝✐ó♥ q✉❡ t✐❡♥❡ ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❧❛ ❝á♠❛r❛ ❆◆❉❖❘ ❡s ❣❡♥❡r❛r ✉♥❛ ❝❛❞❡♥❛ ❞❡

✈í❞❡♦ ❆❱■ s✐♥ ❝♦♠♣r✐♠✐r✱ ❡s ❞❡❝✐r✱ ✉♥❛ s✉❝❡s✐ó♥ ❞❡ ✐♠á❣❡♥❡s ❇▼P✳ ❆sí q✉❡ ❤❛❜í❛ q✉❡

✐♠♣❧❡♠❡♥t❛r ✉♥ ♣r♦❣r❛♠❛ ❞❡ ❝♦♥✈❡rs✐ó♥ q✉❡ ❡①tr❛❥❡r❛ ❝❛❞❛ ❢♦t♦❣r❛♠❛ ② ❧♦ ❝♦♥✈✐rt✐❡r❛

❛ ✉♥ ❢♦r♠❛t♦ ❞❡ ✐♠❛❣❡♥ ♠❛♥❡❥❛❜❧❡ ♣♦r ❡❧ ♣r♦❣r❛♠❛ ♣r♦♣✐♦ q✉❡ s❡ ❤❛❜í❛ ❞❡s❛rr♦❧❧❛❞♦

♣❛r❛ ❧❛ r❡❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s ② q✉❡ q✉❡rí❛♠♦s ♣r♦❜❛r✳ ❊♥ ❡st❡ ❝❛s♦ ❡❧ q✉❡ ♠ás ✐♥t❡r❡s❛

❡s ❋■❚❙✱ q✉❡ ♣❡r♠✐t❡ ♣♦❞❡r ♠❛♥✐♣✉❧❛r t❛♠❜✐é♥ ❧❛s ✐♠á❣❡♥❡s ❝♦♥ ♦tr♦s ♣r♦❣r❛♠❛s

❞❡ ✉s♦ ❛str♦♥ó♠✐❝♦ ❝♦♠♦ ■❘❆❋✳ ❙✐♥ ❡♠❜❛r❣♦✱ ✉♥❛ ✈❡③ ❡♠♣❡③❛❞❛s ❧❛ ♣r✉❡❜❛s q✉❡❞ó

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

✈❛r✐♦s ♣r♦❣r❛♠❛s ❤❛❜✐t✉❛❧❡s ❡♥tr❡ ❛stró♥♦♠♦s ❛✜❝✐♦♥❛❞♦s q✉❡ ♣r♦❝❡s❛♥ ❞✐r❡❝t❛♠❡♥t❡

❢♦r♠❛t♦ ❆❱■✿ q❛str♦❝❛♠✱ ❛✈✐st❛❝❦ ② r❡❣✐st❛① ✭♣r♦❣r❛♠❛s ❞❡ ❧✐❜r❡ ❞✐str✐❜✉❝✐ó♥ ② ❛❧❣✉♥♦

❞❡ ❝ó❞✐❣♦ ❛❜✐❡rt♦✮✳

❊❧ s♦❢t✇❛r❡ ❞❡ ❧❛ ❈❈❉ ❛❞❡♠ás ❞❡ ❧❛ ❛❞q✉✐s✐❝✐ó♥ ♣❡r♠✐t❡ ❣♦❜❡r♥❛r ♠ú❧t✐♣❧❡s

♣❛rá♠❡tr♦s ❞❡ ❝♦♥tr♦❧ ❞❡ ❧❛ ❝á♠❛r❛ ✭❋✐❣✳ ✸✳✶✹✮✳ ❊♥tr❡ ♦tr❛s ❝♦s❛s✱ ♣♦s✐❜✐❧✐t❛ ♠♦❞✐✜❝❛r



✾✻ ✸✳ ❊❧ ❞✐s❡ñ♦

❧❛ ❣❛♥❛♥❝✐❛✱ ❜✐❡♥ ♣♦r ❛♠♣❧✐✜❝❛❝✐ó♥ ❞❡ ❧❛ s❡ñ❛❧ ♦ ❜✐❡♥ ♣♦r ♠♦❞✐✜❝❛❝✐ó♥ ❞❡ ❧❛ ❝♦rr✐❡♥t❡

❞❡ ♣♦❧❛r✐③❛❝✐ó♥✳ ❈♦♠♦ ❡s ❧ó❣✐❝♦✱ t❛♠❜✐é♥ ♥♦s ❞❛ ❛❝❝❡s♦ ❛❧ t✐❡♠♣♦ ❞❡ ❡①♣♦s✐❝✐ó♥✳

❆s✐♠✐s♠♦✱ t✐❡♥❡ ✈❛r✐♦s ♠♦❞♦s ❞❡ ❧❡❝t✉r❛ ❞❡❧ ❛rr❛②✱ ❡♥ ❢✉♥❝✐ó♥ ❞❡ q✉❡ q✉❡r❛♠♦s ✈❡r

t♦❞♦s ❧♦s ❢♦t♦❣r❛♠❛s ♦ só❧♦ ✈♦❧❝❛r❧♦s ❛❧ ❞✐s❝♦✱ ♦ q✉❡ q✉❡r❛♠♦s ✉♥ ❛r❝❤✐✈♦ ❞❡ ✈í❞❡♦ ♦

❧❛ s✉❝❡s✐ó♥ ❞❡ ✐♠á❣❡♥❡s ✐♥❞✐✈✐❞✉❛❧❡s✳

P❡r♦ ❡❧ ♣r♦❣r❛♠❛ q✉❡ ❤❛❝❡ ♣♦s✐❜❧❡ ❋❛st❈❛♠✱ ② q✉❡ ♠❛r❝❛ ❧❛ ❞✐❢❡r❡♥❝✐❛ r❡s♣❡❝t♦

❛ ♦tr♦s ✐♥str✉♠❡♥t♦s s✐♠✐❧❛r❡s✱ ❡s ❡❧ ♣r♦❣r❛♠❛ ❞❡ ♣r♦❝❡s❛❞♦ ❞❡ ❞❛t♦s✱ ❡❧ ❝✉á❧ ❤❛ s✐❞♦

❞❡s❛rr♦❧❧❛❞♦ ♣♦r ❡❧ ❣r✉♣♦ ❞❡❧ ❞❡♣❛rt❛♠❡♥t♦ ❞❡ ❋ís✐❝❛ ❆♣❧✐❝❛❞❛ ❞❡ ❧❛ ❯♥✐✈❡rs✐❞❛❞

P♦❧✐té❝♥✐❝❛ ❞❡ ❈❛rt❛❣❡♥❛✶✶✳ ❊❧ ♣r♦❣r❛♠❛ ❢❛st❝❛♠ s❡ ❡❥❡❝✉t❛ ❡♥ ❧✐♥✉① ② t✐❡♥❡ ✉♥❛

♣❛rt❡ ❞❡ ✐♥t❡r❢❛③ ❣rá✜❝❛ ❡♥ ❧❛ q✉❡ s❡ ❝♦♥✜❣✉r❛♥ ❧♦s ♣❛rá♠❡tr♦s ❞❡ ❝♦♥tr♦❧✿ ♥♦♠❜r❡

❞❡❧ ✜❝❤❡r♦✴s❡r✐❡✱ ❞❛t♦s ❞❡ ❧❛ ♦❜s❡r✈❛❝✐ó♥✱ ♣♦r❝❡♥t❛❥❡ ❞❡ ✐♠á❣❡♥❡s ❜✉❡♥❛s ❞❡s❡❛❞❛s✱

❡t❝✳ ❚❛♠❜✐é♥ t✐❡♥❡ ✉♥❛ ♣❛rt❡ ❞❡ ❝á❧❝✉❧♦ q✉❡ ❛♥❛❧✐③❛ ❧❛ s❡r✐❡ ❞❡ ✐♠á❣❡♥❡s ♥♦ ❝♦♠♦ ❡♥

❧❛ t❡♦rí❛✱ s✐♥♦ q✉❡✱ ❛❧ t❡♥❡r s✉✜❝✐❡♥t❡ ♠✉❡str❡♦ ❞❡ ❧❛ P❙❋ t❡ór✐❝❛✱ ❧♦ q✉❡ ❤❛❝❡ ❡s t♦♠❛r

s✐❡♠♣r❡ ❡❧ ♣í①❡❧ ♠ás ❜r✐❧❧❛♥t❡ ❡♥ ❧✉❣❛r ❞❡ ❜✉s❝❛r ❧❛ r❡❧❛❝✐ó♥ ❞❡ ❙tr❡❤❧ ♣❛r❛ ♦r❞❡♥❛r

❧❛s ✐♠á❣❡♥❡s✳ ❋✐❥❛♥❞♦ ❡❧ ❝❡♥tr♦✐❞❡ ❡♥ ❡s❡ ♣✉♥t♦✱ r❡❝❡♥tr❛ ② ❛❝✉♠✉❧❛ ❡❧ ♣♦r❝❡♥t❛❥❡

❞❡s❡❛❞♦ ❞❡ ♠❡❥♦r❡s ✈❛❧♦r❡s✳ ❊st♦ ❧❡ ❞❛ ✉♥❛ ♣♦t❡♥❝✐❛ ② ✈❡rs❛t✐❧✐❞❛❞ ❡①tr❛✱ ❛❧ ♣♦❞❡r

✐r ♠✉❝❤♦ ♠ás rá♣✐❞♦ ② ❛s✉♠✐r q✉❡ ❧♦s ✈❛❧♦r❡s ♠ás ❛❧t♦s ❝♦rr❡s♣♦♥❞❡rá♥ ❛ ♠❡❥♦r❡s ②

♠ás ❝♦♥❝❡♥tr❛❞❛s s❡ñ❛❧❡s ②✱ ♣♦r t❛♥t♦✱ ♠❡❥♦r❡s ✐♠á❣❡♥❡s✳

❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ❡♥ ❧❛ ♣r✐♠❡r❛ ♦❜s❡r✈❛❝✐ó♥ t❛r❞á❜❛♠♦s ❜❛st❛♥t❡ ❡♥ ❧❧❡❣❛r ❛

♣r♦❝❡s❛r ❧♦s ❞❛t♦s ❛❧ ❡st❛r tr❛❜❛❥❛♥❞♦ ❝♦♥ ❞♦s ♦r❞❡♥❛❞♦r❡s ❞✐st✐♥t♦s✳ ❊st♦s ❡st❛❜❛♥

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

❡❧ ♣r♦❣r❛♠❛ ❞❡ ❆◆❉❖❘ ❛❧ ♦tr♦ P❈✱ ❞♦♥❞❡ s❡ ❡❥❡❝✉t❛❜❛ ❡❧ ♣r♦❣r❛♠❛ ❞❡ ♣r♦❝❡s❛❞♦✳

P♦st❡r✐♦r♠❡♥t❡✱ ❝✉❛♥❞♦ ②❛ s❡ ❞❡s❝❛r❣❛❜❛♥ ❧♦s ❞❛t♦s ❞✐r❡❝t❛♠❡♥t❡ ❛ tr❛✈és ❞❡ ✉♥

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

s❡❧❡❝❝✐♦♥❛♥❞♦ ✐♠á❣❡♥❡s ② ❡r❛ ❝❛♣❛③ ❞❡ ♣r❡s❡♥t❛r ✉♥❛ ❡st✐♠❛❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥ ✜♥❛❧✳

✸✳✹✳✹✳ ❊❧❡❝tró♥✐❝❛

▲❛ ❡❧❡❝tró♥✐❝❛ ❡s ✉♥❛ ♣❛rt❡ ❢✉♥❞❛♠❡♥t❛❧ ❞❡ ✉♥ ✐♥str✉♠❡♥t♦ ❛str♦♥ó♠✐❝♦✳ ❊♠♣❡✲

③❛♥❞♦ ♣♦r ❡❧ ❞❡t❡❝t♦r ② ❡❧ s✐st❡♠❛ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ②✱ ❡♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❝❛s♦s✱ ❞❡

❝♦♥tr♦❧ ② ❝♦♠✉♥✐❝❛❝✐ó♥✳ ❊♥ ♥✉❡str❛ ♣r✐♠❡r❛ ❛✈❡♥t✉r❛ ♥♦ t✉✈✐♠♦s ♠✉❝❤❛ ♦♣❝✐ó♥✳ ▲❛

ú♥✐❝❛ ❡❧❡❝tró♥✐❝❛ ✈❡♥í❛ ✐♥t❡❣r❛❞❛ ❡♥ ❧❛ ❈❈❉ ② ést❛ s❡ ❝♦♥tr♦❧❛❜❛ ❛ tr❛✈és ❞❡ ✉♥❛ ✐♥✲

t❡r❢❛③ ❡♥ ❡❧ P❈✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❧❛ ❡❧❡❝tró♥✐❝❛ s✐❣✉❡ ♠❛r❝❛♥❞♦ ❡❧ r✐t♠♦✱ ② ❧❛ ❞❡♣❡♥❞❡♥❝✐❛

✶✶❆♥t♦♥✐♦ Pér❡③ ●❛rr✐❞♦ ❡s ✐♥✈❡st✐❣❛❞♦r ♣r✐♥❝✐♣❛❧ ❞❡❧ ●r✉♣♦ ❞❡ ❆str♦❢ís✐❝❛ ② ❞❡ ❧❛ ▼❛t❡r✐❛ ❈♦♥✲
❞❡♥s❛❞❛ ❞❡❧ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❋ís✐❝❛ ❆♣❧✐❝❛❞❛ ❞❡ ❧❛ ❯P❈❚ ② ❤❛ ❞❡s❛rr♦❧❧❛❞♦ ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❝♦♥tr♦❧
② r❡❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s ❢❛ts❝❛♠✳



✸✳✹✳ Pr♦t♦t✐♣♦ ✾✼

❞❡ ❡❧❧❛ ❡s ❣r❛♥❞❡✱ ❝♦♠♦ ✈❡r❡♠♦s✳

❉❡t❡❝t♦r

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

❧❛ ❛❝t✉❛❧✐❞❛❞ ♣❛r❛ r❡❝✉rr✐r ❛ ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ✳ ❯♥❛ ❞❡ ❧❛s ♣r✐♥❝✐♣❛❧❡s

❞✐✜❝✉❧t❛❞❡s ❞❡ ❡st❛ té❝♥✐❝❛ ❡s ❡❧ r❡♥❞✐♠✐❡♥t♦ ❞❡ ❧♦s ❈❈❉s q✉❡ s❡ ✉s❛♥ ❡♥ ❆str♦✲

♥♦♠í❛✳ ❆✉♥q✉❡ ❧♦s ❞❡t❡❝t♦r❡s ❈❈❉ ❛❝t✉❛❧❡s s❡ ❤❛♥ ✈✉❡❧t♦ ❝❛s✐ ♣❡r❢❡❝t♦s✱ ❝♦♥ ❛❧t❛

❡✜❝✐❡♥❝✐❛ ❝✉á♥t✐❝❛ ② ❝❛❧✐❞❛❞ ❝♦s♠ét✐❝❛✱ ② ❛❞❡♠ás✱ s♦♥ ✈❡rsát✐❧❡s ❡♥ t❛♠❛ñ♦ ② ❝♦♥

❣r❛♥ ❡st❛❜✐❧✐❞❛❞ ♠❡❝á♥✐❝❛ ② ❡❧❡❝tró♥✐❝❛✱ ❣❡♥❡r❛❧♠❡♥t❡ s❡ ❧❡❡♥ ❧❡♥t❛♠❡♥t❡ ✭✸✵ ❛ ✺✵✵

❦❍③✲♣í①❡❧✮ ❝♦♥ ❡❧ ✜♥ ❞❡ ♠✐♥✐♠✐③❛r ❡❧ r✉✐❞♦ ❞❡ ❧❡❝t✉r❛ ✭r✉✐❞♦ q✉❡ s❡ ❛❣r❡❣❛ ❛ ❝❛❞❛

♣í①❡❧ ✐♥❞❡♣❡♥❞✐❡♥t❡♠❡♥t❡ ❞❡❧ ♥✐✈❡❧ ❞❡ ❝❛r❣❛ ✐♥t❡r♥♦✮ ❞❡❜✐❞♦ ❛❧ ❛♠♣❧✐✜❝❛❞♦r ❞❡ s❛❧✐❞❛

❞❡❧ ❈❈❉✳

▲❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❡❝t✉r❛ ♥❡❝❡s❛r✐❛ ♣❛r❛ q✉❡ ✉♥ ❈❈❉ s❡❛ út✐❧ ♣❛r❛ ▲✉❝❦② ■♠❛❣✐♥❣

✭5 − 35▼❍③✲♣í①✮ ❤❛❝❡ q✉❡ ❡❧ r✉✐❞♦ ❞❡ ❧❡❝t✉r❛ s❡❛ ♠✉❝❤♦ ♠ás ❛❧t♦✱ ❞❡❧ ♦r❞❡♥ ❞❡

✶✵✵ ❡❧❡❝tr♦♥❡s ♣♦r ♣í①❡❧ ♣❛r❛ ❝❛❞❛ s❡❝❝✐ó♥ ❛ ❧❡❡r✳ ❆sí✱ ♣♦r ❡❥❡♠♣❧♦✱ s✐ s❡❧❡❝❝✐♦♥❛♠♦s

✹✵✵✵ ✐♠á❣❡♥❡s ❞❡ ✉♥ t♦t❛❧ ❞❡ ✹✵✵✵✵✱ ❝♦♥ ❡s❡ r✉✐❞♦ ❞❡ ❧❡❝t✉r❛✱ ❡❧ ❢♦♥❞♦ ❞❡ ❧❛ ✐♠❛❣❡♥

s✉♠❛❞❛ s❡rá ≈ 64 ✭
√
4000✮ ✈❡❝❡s ♠ás ❛❧t♦ q✉❡ ❡♥ ✉♥❛ ✐♠❛❣❡♥ s✐♠♣❧❡✳ ❊st♦ ❞❛rí❛

✻✹✵✵ ✭
√
4000 · 1002✮ ❡❧❡❝tr♦♥❡s ♣♦r ♣í①❡❧ s♦❧❛♠❡♥t❡ ❞❡ ❢♦♥❞♦✳ ❙✐ ✉♥❛ ❡str❡❧❧❛ ❝✉❜r❡ ❞❡❧

♦r❞❡♥ ❞❡ 10 ♣✐①✱ ♥❡❝❡s✐t❛rí❛ ❛❝✉♠✉❧❛r ❛❧r❡❞❡❞♦r ❞❡ 300 ❦❡− ✭❢♦t♦♥❡s ❞❡t❡❝t❛❞♦s✮ ♣❛r❛

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

❘❡❝✐❡♥t❡♠❡♥t❡ ❊✷❱ ❚❡❝❤♥♦❧♦❣✐❡s ✭❈❤❡❧♠s❢♦r❞✱ ❘❡✐♥♦ ❯♥✐❞♦✮ ❞❡s❛rr♦❧❧ó ✉♥❛ ♥✉❡✈❛

❡str✉❝t✉r❛ ❞❡ s❛❧✐❞❛ ♣❛r❛ ❧♦s ❈❈❉s✱ q✉❡ s❡ ❝♦♥♦❝❡ ❝♦♠♦ ❈❈❉s ❞❡ ❜❛❥♦ ♥✐✈❡❧ ❞❡ ❧✉③ ♦

▲✸❈❈❉ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és ✭❧♦✇ ❧✐❣❤t ❧❡✈❡❧✮✳ ❉❡t❡❝t♦r❡s s✐♠✐❧❛r❡s✱ ❝♦♥ t❡❝♥♦❧♦❣í❛

❞❡ ♠✉❧t✐♣❧✐❝❛❝✐ó♥ ❞❡ ❝♦rr✐❡♥t❡ ❊▼❈❈❉✱ ❤❛♥ s✐❞♦ ❞❡s❛rr♦❧❧❛❞♦s ♣♦r ❚❡①❛s ■♥str✉♠❡♥ts

✭❏❛♣ó♥✮✳ ❆♠❜♦s tr❛❜❛❥❛♥ ❡①t❡♥❞✐❡♥❞♦ ❡❧ r❡❣✐str♦ ❞❡ s❛❧✐❞❛ ❝♦♥ ✉♥❛ s❡❝❝✐ó♥ ❛❞✐❝✐♦♥❛❧✱

❧❧❛♠❛❞❛ r❡❣✐str♦ ❞❡ ❣❛♥❛♥❝✐❛✱ q✉❡ s❡ s✐♥❝r♦♥✐③❛ ❝♦♥ ✈♦❧t❛❥❡s ♠✉② s✉♣❡r✐♦r❡s ❛ ❧♦

❤❛❜✐t✉❛❧ ② q✉❡ ❞❛♥ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧❛ ♠✉❧t✐♣❧✐❝❛❝✐ó♥ ❞❡ ❡❧❡❝tr♦♥❡s ❧✐❜r❡ ❞❡ r✉✐❞♦

❛♥t❡s ❞❡❧ ❛♠♣❧✐✜❝❛❞♦r ❞❡ s❛❧✐❞❛✳ ❊st❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ s❡ñ❛❧ ❛♠♣❧✐✜❝❛❞❛ r❡❞✉❝❡ ❞❡

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

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

♠✐❧❧❛r❡s✳ ▲❛ ❧❡❝t✉r❛ ❞❡ ✉♥❛ ✐♠❛❣❡♥ s✐♠♣❧❡ ❛ ❛❧t❛ ✈❡❧♦❝✐❞❛❞ ❝♦♥ ❡st❛ t❡❝♥♦❧♦❣í❛ ❡st❛rá

❡s❡♥❝✐❛❧♠❡♥t❡ ❧✐❜r❡ ❞❡ ❡❧❡❝tr♦♥❡s ❞❡ r✉✐❞♦✳ ❇ás✐❝❛♠❡♥t❡ ❧♦s ❊▼❈❈❉ ❢✉♥❝✐♦♥❛♥ ❝♦♠♦

✉♥ ❈❈❉ ❝♦♥✈❡♥❝✐♦♥❛❧ ❛❧ q✉❡ s❡ ❧❡ ✐♥❝♦r♣♦r❛ ✉♥❛ ❧í♥❡❛ ❡①tr❛ ❞❡ ♣í①❡❧❡s ♣♦r ❧❛ q✉❡

♣❛s❛ ❧❛ ❝❛r❣❛ q✉❡ s❡ tr❛♥s✜❡r❡✱ ❞♦♥❞❡ ❝❛❞❛ ♣í①❡❧ s❡ ❝♦♥❡❝t❛ ❛ ❞♦s ❡❧❡❝tr♦❞♦s✱ ✉♥♦

❞❡ ❡❧❧♦s ❝♦♥ ♣♦t❡♥❝✐❛❧ ✜❥♦ ② ❡❧ ♦tr♦ ♦s❝✐❧❛ ❝♦♠♦ ❡♥ ❧♦s ❈❈❉s ♥♦r♠❛❧❡s ♣❡r♦ ❝♦♥ ✉♥

✈♦❧t❛❥❡ s✉♣❡r✐♦r ❡♥ t♦r♥♦ ❛ 50❱ ❡♥ ❧✉❣❛r ❞❡ ❧♦s 5❱ ❡stá♥❞❛r✳ ❊st❡ ✈♦❧t❛❥❡ ❡s ♠✉②



✾✽ ✸✳ ❊❧ ❞✐s❡ñ♦

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

♣r♦❞✉❝✐r ✐♦♥✐③❛❝✐ó♥ ♣♦r ✐♠♣❛❝t♦✱ ❣❡♥❡r❛♥❞♦ ♥✉❡✈♦s ❡❧❡❝tr♦♥❡s✳ ❊❧ ✈♦❧t❛❥❡ ❛♣❧✐❝❛❞♦✱

② ♣♦r t❛♥t♦ ❧❛ ✓♠✉❧t✐♣❧✐❝❛❝✐ó♥ ❞❡ ❡❧❡❝tr♦♥❡s ✭❊▼✮✔✱ s❡ ❝♦♥tr♦❧❛ ❞❡s❞❡ ❡❧ ♣r♦❣r❛♠❛

♣r♦♣✐♦ ❞❡ ❧❛ ❝á♠❛r❛✳ ■♥❝❧✉s♦✱ ②❛ ❡s ♣♦s✐❜❧❡ ❝♦♥str✉✐r ❝á♠❛r❛s q✉❡ ♣✉❡❞❡♥ ✈❡r ❝❛❞❛

❢♦tó♥ ✐♥❞✐✈✐❞✉❛❧ ❞❡t❡❝t❛❞♦ ♣♦r ❡❧ ❝❤✐♣ ❞❡❧ ❈❈❉✳ ▲❛ ❝♦♥s❡❝✉❡♥❝✐❛ ❞❡ t♦❞♦ ❡st♦ ❡s

q✉❡ ❧❛ s❡♥s✐❜✐❧✐❞❛❞ ❧✐♠✐t❛♥t❡ s❡ ✐♥❝r❡♠❡♥t❛ ❞r❛♠át✐❝❛♠❡♥t❡ ❤❛st❛ q✉✐③ás só❧♦ ✸✵✲✶✵✵

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

✸✵✵✵ ❡♥ ❡❧ ❡❥❡♠♣❧♦ ♣r❡✈✐♦✳ ❊st❛ t❡❝♥♦❧♦❣í❛ ❤❛❝❡ ♣♦s✐❜❧❡ ♣♦r t❛♥t♦ ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦②

■♠❛❣✐♥❣ q✉❡ ❤❡♠♦s ✉s❛❞♦ ❡♥ ♥✉❡str♦ ❞❡s❛rr♦❧❧♦✳ •9
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❋✐❣✉r❛ ✸✳✶✺✿ ❈✉r✈❛ ❞❡ ❡✜❝✐❡♥❝✐❛ ❝✉á♥t✐❝❛ ♦❢r❡❝✐❞❛ ♣♦r ❧❛ ❡♠♣r❡s❛ ❆◆❉❖❘ ♣❛r❛ ❡❧ ❞❡t❡❝t♦r
✐❳♦♥ ✽✻✵ ❞❡ 128×128 ♣✐①✳



✸✳✹✳ Pr♦t♦t✐♣♦ ✾✾

❊♥ ♥✉❡str♦ ❝❛s♦ ❡❧ ❞❡t❡❝t♦r ❡s ✉♥ ❚❊❳❈❍ ❈❈❉✻✵ ❞❡ ❊✷❱ ❞❡ t✐♣♦ ❊▼❈❈❉ ❞❡

✐❧✉♠✐♥❛❝✐ó♥ ♣♦st❡r✐♦r✶✷✱ ♠♦♥t❛❞♦ ❡♥ ✉♥❛ ❝á♠❛r❛ ❞❡ ✐♠á❣❡♥❡s ❞❡ ❛❧t❛ s❡♥s✐❜✐❧✐❞❛❞ ❞❡

❧❛ ✜r♠❛ ❆◆❉❖❘✿ ✐❳♦♥✸ ✽✻✵ ❇❛❝❦✲■❧❧✉♠✐♥❛t❡❞ ❊▼❈❈❉ ❝❛♠❡r❛✳

❆❧ ✐❣✉❛❧ q✉❡ ❧♦s ❈❈❉s ❤❛❜✐t✉❛❧❡s✱ ❧♦s ❊▼❈❈❉ t❛♠❜✐é♥ ♠✉❡str❛♥ ✓❝♦rr✐❡♥t❡ ❞❡

♦s❝✉r✐❞❛❞ ✭❞❛r❝❦ ❝✉rr❡♥t✮✔✱ q✉❡ s❡ ❤❛❝❡ ♣rá❝t✐❝❛♠❡♥t❡ ❞❡s♣r❡❝✐❛❜❧❡ ❣r❛❝✐❛s ❛ ❧❛ ❛❧t❛

r❡❢r✐❣❡r❛❝✐ó♥✳ ❊♥ ♥✉❡str♦ ❝❛s♦✱ ❧❛s ❝á♠❛r❛s ❞❡ ❆◆❉❖❘ ❧❧❡✈❛♥ ✉♥ ♣♦t❡♥t❡ s✐st❡♠❛ ❞❡

P❡❧t✐❡r✱ ❝♦♥ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ❛s✐st❡♥❝✐❛ ❞❡ ❞✐s✐♣❛❝✐ó♥ ♣♦r ✉♥ ❝✐r❝✉✐t♦ ❞❡ ❛❣✉❛✳

❊❧ r✉✐❞♦ ❞❡ ❧❡❝t✉r❛ ❡s t❛♠❜✐é♥ ❝♦♠ú♥ ❛ ❡st❡ t✐♣♦ ❞❡ ❞❡t❡❝t♦r❡s ② ♣♦❞rí❛ s❡r

❞♦♠✐♥❛♥t❡ ❞❛❞♦ ❡❧ ♠♦❞♦ ❞❡ ❧❡❝t✉r❛ rá♣✐❞❛ ❝♦♥ ❡❧ q✉❡ s❡ tr❛❜❛❥❛ ❡♥ ❋❛st❈❛♠✳ ❊♥

❡❧ ❝❛s♦ ♣❛rt✐❝✉❧❛r ❞❡ ❧♦s ❊▼❈❈❉ ❛♣❛r❡❝❡ ✉♥❛ ❢✉❡♥t❡ ❛❞✐❝✐♦♥❛❧ ❞❡ r✉✐❞♦ ❞❡❜✐❞❛ ❛❧

♦s❝✐❧❛❞♦r ❞❡ ❧❡❝t✉r❛ ❈■❈ ✭❈❧♦❝❦ ■♥❞✉❝❡❞ ❈❤❛r❣❡✮ ✭❉●●
+✵✽✮✳ ❊st❡ ❣❡♥❡r❛❞♦r ❞❡ r✉✐❞♦

❡s ✐♠♣♦rt❛♥t❡ ♣♦rq✉❡ ❡♥ ❡❧ ♠♦❞♦ ❞❡ ❧❡❝t✉r❛ rá♣✐❞❛ ❡❧ r❡❧♦❥ ❞❡ ❧❡❝t✉r❛ ❢✉♥❝✐♦♥❛ ❝♦♥

❢r❡❝✉❡♥❝✐❛s ❞❡ ▼❍③ ❢r❡♥t❡ ❛ ❧♦s ❦❍③ ❞❡ ❧♦s ❈❈❉s ❝♦♥✈❡♥❝✐♦♥❛❧❡s✳

❈♦♥ ❡❧ t✐❡♠♣♦ ❛♣r❡♥❞✐♠♦s q✉❡✱ ✉t✐❧✐③❛♥❞♦ ✉♥❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❡❝t✉r❛ ❡♥ t♦r♥♦ ❛

✶✵ ▼❍③✱ s❡ ♣✉❡❞❡ ❝♦♥tr♦❧❛r ❡st❛ ❢✉❡♥t❡ ❞❡ r✉✐❞♦ ♣❛r❛ ❡①♣♦s✐❝✐♦♥❡s ❡♥tr❡ ✶✵ ② ✻✵ ♠s✳

❱❛❧♦r❡s ❞❡ ❧❡❝t✉r❛ s✉♣❡r✐♦r❡s ♣r♦❞✉❝❡♥ ✉♥ r✉✐❞♦ ❞❡ ❧❡❝t✉r❛ ✐♥♥❡❝❡s❛r✐♦ q✉❡ ❛✉♠❡♥t❛

❞❡ ♠♦❞♦ ❡①♣♦♥❡♥❝✐❛❧ ❝♦♥ ❧❛ ❢r❡❝✉❡♥❝✐❛ ❞❡❧ r❡❧♦❥✱ ♠✐❡♥tr❛s q✉❡ ❧♦s ✈❛❧♦r❡s ♠ás ❜❛❥♦s

❧✐♠✐t❛♥ ❧❛ r❛♣✐❞❡③ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ❞❡ ✐♠á❣❡♥❡s✳ ❊st❡ ú❧t✐♠♦ ❢❛❝t♦r ❡s ✐♠♣♦rt❛♥t❡ ②❛

q✉❡✱ ❛❧ ❛✉♠❡♥t❛r ❡❧ t❛♠❛ñ♦ ❞❡❧ ❞❡t❡❝t♦r✱ ❧❛ tr❛♥s❢❡r❡♥❝✐❛ ❞❡ ❝❛r❣❛ s❡ ❤❛rá ♠ás ❧❡♥t❛✳

❆❞❡♠ás ❞❡ ❧❛ ❊▼✱ ❧❛ ❝á♠❛r❛ ♣♦s❡❡ t❛♠❜✐é♥ ✉♥ ♣r❡❛♠♣❧✐✜❝❛❞♦r ♦ ❛♠♣❧✐✜❝❛❞♦r

❡①t❡r♥♦ q✉❡ t❛♠❜✐é♥ ♠❡❥♦r❛ ❧❛ s❡ñ❛❧✱ ❛✉♥q✉❡ ❝♦♥tr✐❜✉②❡ ❝♦♥ ✉♥ ❝✐❡rt♦ r✉✐❞♦✳ P❛r❛

♥♦s♦tr♦s s✉ ❢❛❝t♦r ❞❡ ❛♠♣❧✐✜❝❛❝✐ó♥ ♥♦ ❡s t❛♥ r❡❧❡✈❛♥t❡ ② s❡ ❝♦♠♣r♦❜ó q✉❡ ❡r❛ ♠ás

❛❞❡❝✉❛❞♦ ✉s❛r ✈❛❧♦r❡s ❜❛❥♦s ♣❛r❛ ❞✐s♠✐♥✉✐r s✉ ❛♣♦rt❛❝✐ó♥ ❛❧ r✉✐❞♦ ❞❡ ❧❛ s❡ñ❛❧ ✭Pér❡③✲

Pr✐❡t♦✭PP✵✼✮ ✷✵✵✼✮✶✸✳

✸✳✹✳✺✳ ❘❡s✉❧t❛❞♦s

▲❛ ♣r✐♠❡r❛ ❧✉③ ♦✜❝✐❛❧ ❞❡ ❋❛st❈❛♠ ✭❋❈✮ s❡ ♣r♦❞✉❥♦ ❧❛ ♥♦❝❤❡ ❞❡❧ ✶✼ ❛❧ ✶✽ ❞❡ ♠❛②♦

❞❡ ✷✵✵✻✱ ❞❡s♣✉és ❞❡ ✉♥ ♣r✐♠❡r ✐♥t❡♥t♦ ❧❛ ♥♦❝❤❡ ❞❡❧ ✹ ❛❧ ✺✳ ❊st❛ ♣r✐♠❡r❛ t❡♥t❛t✐✈❛✱

♥♦ ♦❜st❛♥t❡✱ ♥♦s s✐r✈✐ó ♣❛r❛ ✈❡r✐✜❝❛r ❡❧ ♠♦♥t❛❥❡ ② ♣r✉❡❜❛s ❞❡ ❡♥❢♦q✉❡ ② ❛❥✉st❡ ❝♦♥

❡❧ s✐st❡♠❛ ❞❡ ❣✉✐❛❞♦ ❞❡ ❋❖❱■❆✳

▲❛ ♠❡❥♦r ❢♦r♠❛ ❞❡ ✈❡r✐✜❝❛r ✉♥ s✐st❡♠❛ ❞❡ ✐♠❛❣❡♥ ❡♥ ❛str♦♥♦♠í❛ ❡s ❛♣✉♥t❛♥❞♦

❛ ✉♥ ❝ú♠✉❧♦ ❞❡ ❡str❡❧❧❛s✱ ❞❡ ♠♦❞♦ q✉❡ t❡♥❣❛♠♦s s✉✜❝✐❡♥t❡s ♦❜❥❡t♦s✱ ✐♥❝❧✉s♦ ❞❡ ✈❛✲

✶✷❙❡ ❤❛❜❧❛ ❞❡ ❞❡t❡❝t♦r❡s ❞❡ ✐❧✉♠✐♥❛❝✐ó♥ ♣♦st❡r✐♦r ♦ ❜❛❝❦✲✐❧✉♠✐♥❛t❡❞ ❝✉❛♥❞♦ ❧❛ ❧✉③ ✐♥❝✐❞❡ ❡♥ ❡❧
s❡♠✐❝♦♥❞✉❝t♦r ❛ tr❛✈és ❞❡❧ s✉str❛t♦ ❞♦♥❞❡ s❡ ✜❥❛ ♦ s❡ s♦♣♦rt❛ ❧❛ ♣❡❧í❝✉❧❛ s❡♥s✐❜❧❡✳

✶✸❊s ♣♦s✐❜❧❡ q✉❡ ❡st❛ ❛♠♣❧✐✜❝❛❝✐ó♥ ❝♦♥tr✐❜✉②❛ ❛ ✉♥❛ ❝♦♥t❛♠✐♥❛❝✐ó♥ ❞✐❛❣♦♥❛❧ ❞❡ ❧❛ ✐♠❛❣❡♥✳ ❱❡r ❧❛
s❡❝❝✐ó♥ ✷✳✻ ❞❡❧ ❉❊❆ r❡❢❡r❡♥❝✐❛❞♦✳



✶✵✵ ✸✳ ❊❧ ❞✐s❡ñ♦

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

❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥✳ ❊♥ ♥✉❡str♦ ❝❛s♦✱ ❜✉s❝❛♥❞♦ ❛❞❡♠ás ❧❛ ♠❡♥♦r ♣❡rt✉r❜❛❝✐ó♥ ❛t♠♦s✲

❢ér✐❝❛ ♣♦s✐❜❧❡✱ ❡♥❝♦♥tr❛♠♦s ❡❧ ❝ú♠✉❧♦ ❣❧♦❜✉❧❛r ▼✸✱ q✉❡ ❝✉❧♠✐♥❛❜❛ ♣rá❝t✐❝❛♠❡♥t❡ ❡♥

❡❧ ❩❡♥✐t ❝❡r❝❛ ❞❡ ❧❛s 0 ❤♦r❛s ❞❡❧ ❞✐❛ ✶✽✳

❋✐❣✉r❛ ✸✳✶✻✿ ■♠❛❣❡♥ ❞❡❧ ❝❡♥tr♦ ❞❡❧ ❝ú♠✉❧♦ ❣❧♦❜✉❧❛r ▼✸ t♦♠❛❞❛ ❝♦♥ ❋❛st❈❛♠ ❡♥ ❡❧ ❚❈❙ ✭❝✮
❡♥ ❧❛ ♥♦❝❤❡ ❞❡ ♣r✐♠❡r❛ ❧✉③✳ ▲❛ ✐♠❛❣❡♥ ❡s ❡❧ r❡s✉❧t❛❞♦ ❞❡ s❡❧❡❝❝✐♦♥❛r ❡❧ 10% ❞❡ ❧❛s ♠❡❥♦r❡s
✐♠á❣❡♥❡s ❞❡ ✽ s❡r✐❡s ❞❡ 10 s ❝❛❞❛ ✉♥❛ ❡♥ ❜❛♥❞❛ ■✱ ❡♥ ✉♥❛ ♥♦❝❤❡ ❝♦♥ ✉♥ s❡❡✐♥❣ ♣❡♦r q✉❡
1

′
6 ❛r❝s❡❝✳ ❙❡ ♣✉❡❞❡ ❝♦♠♣❛r❛r ❝♦♥ ❧♦s ❝❛♠♣♦s ❡q✉✐✈❛❧❡♥t❡s ♦❜t❡♥✐❞♦s ♣♦r✿ ✭❛✮ ❡❧ t❡❧❡s❝♦♣✐♦

❲■❨◆ ✭❲✐s❝♦♥s✐♥✱ ■♥❞✐❛♥❛ ❯♥✐✈❡rs✐t②✱ ❨❛❧❡ ❯♥✐✈❡rs✐t②✱ ❛♥❞ t❤❡ ◆❛t✐♦♥❛❧ ❖♣t✐❝❛❧ ❆str♦♥♦♠②
❖❜s❡r✈❛t♦r② ✭◆❖❆❖✮✮ ❞❡ 3

′
5♠ ❞❡ ❛❜❡rt✉r❛ ✐♥st❛❧❛❞♦ ❡♥ ❑✐tt P❡❛❦ ② ❡♥ ✉♥❛s ❝♦♥❞✐❝✐♦♥❡s

❞❡ s❡❡✐♥❣ ❞❡ 0
′
5 ❛r❝s❡❝ ❡♥ ❜❛♥❞❛ ❘ ② ✭❜✮ ❡❧ ❚❡❧❡s❝♦♣✐♦ ❊s♣❛❝✐❛❧ ❍✉❜❜❧❡ ❞❡ 2

′
5♠✱ ♦❜✈✐❛♠❡♥t❡

s✐♥ s❡❡✐♥❣ ② t❛♠❜✐é♥ ❡♥ ❜❛♥❞❛ ■✳

❆✉♥q✉❡ ❤❛❜í❛♠♦s ♣r♦❜❛❞♦ ❧❛ ❛❞q✉✐s✐❝✐ó♥ ❡♥ ❧❛❜♦r❛t♦r✐♦✱ ❝♦♠♦ s✐❡♠♣r❡✱ ❧❛ ♦♣❡r❛✲



✸✳✹✳ Pr♦t♦t✐♣♦ ✶✵✶

❝✐ó♥ ❡♥ t❡❧❡s❝♦♣✐♦ r❡s✉❧t❛ ❞✐st✐♥t❛✳ ❚♦♠❛♠♦s ❞✐st✐♥t❛s s❡r✐❡s ❞❡ ✐♠á❣❡♥❡s ②✱ ❛ ♣❡s❛r

❞❡ q✉❡ ❤❛❜í❛♠♦s ❞❡❝✐❞✐❞♦ s❡❧❡❝❝✐♦♥❛r ❡❧ ❢♦r♠❛t♦ ❆❱■ s✐♥ ♣ér❞✐❞❛ ✭s❡❝✉❡♥❝✐❛ ❝♦♥t✐♥✉❛

❞❡ ✐♠á❣❡♥❡s ❜✐t♠❛♣✮✱ ❧♦ ❝✐❡rt♦ ❡s q✉❡ ✉s❛♠♦s t❛♠❜✐é♥ ❡❧ ❢♦r♠❛t♦ ♥❛t✐✈♦ ❞❡❧ ♣r♦❣r❛✲

♠❛ ❞❡ ❝♦♥tr♦❧ ❞❡ ❧❛ ❝á♠❛r❛ ♣♦r s✐ ♣♦❞í❛♠♦s t❡♥❡r ❛❝❝❡s♦ ❛ ♠ás ✐♥❢♦r♠❛❝✐ó♥✱ ♦ ❧❛

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

❊♥ ❧❛ ✜❣✉r❛ ✸✳✶✻ s❡ ♠✉❡str❛ ✉♥❛ ❝♦♠♣❛r❛t✐✈❛ ❞❡ ✉♥❛ ✐♠❛❣❡♥ ❧♦❣r❛❞❛ ❡♥ ❧❛ ♣r✐✲

♠❡r❛ ♥♦❝❤❡ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ❝♦♥ ❋❛st❈❛♠ ❡♥ ❡❧ ❚❡❧❡s❝♦♣✐♦ ❈❛r❧♦s ❙á♥❝❤❡③ ❞❡ 1′5♠ ❞❡

❛❜❡rt✉r❛✱ ❡♥ ✉♥ ♠♦♠❡♥t♦ ❞❡ r❡❧❛t✐✈♦ ❜✉❡♥ s❡❡✐♥❣ ✭♣❛r❛ ❧♦ q✉❡ ❡r❛ ❛q✉❡❧❧❛ ♥♦❝❤❡✮✱

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

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

t❡❧❡s❝♦♣✐♦ ❞❡ 3′5♠ ❞❡ ❛❜❡rt✉r❛✱ ❝♦♠♦ ❡s ❲■❨◆ ❡♥ ❑✐tt✲P❡❛❦ ✭❯❙❆✮✱ ❡ ✐♥❝❧✉s♦ ♠ás

♥ít✐❞❛s✳ ❆ ♣❡s❛r ❞❡ ❡❧❧♦✱ s♦♥ ❧❛ ♥✐t✐❞❡③ ② ♣r♦❢✉♥❞✐❞❛❞ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❡s♣❛❝✐❛❧ ❝♦♥ 2′5♠

② ❧✐❜r❡ ❞❡ s❡❡✐♥❣ ❧❛s q✉❡ ♥♦s ♠✉❡str❛♥ ❧♦ q✉❡ ❢❛❧t❛ ♣♦r ❛❧❝❛♥③❛r✳ ❍❛② q✉❡ ♥♦t❛r q✉❡✱

❡♥ r❡❛❧✐❞❛❞✱ t❛♠♣♦❝♦ t❡♥❡♠♦s ❞❛t♦s ❞❡ ❧♦s t✐❡♠♣♦s ❞❡ ✐♥t❡❣r❛❝✐ó♥ ❞❡ ❛♠❜❛s ✐♠á❣❡♥❡s

❧♦ q✉❡✱ ❛❧ s❡r ❞❡ t❡❧❡s❝♦♣✐♦s ❞❡ ♠❛②♦r ❞✐á♠❡tr♦✱ ❥✉❡❣❛ t❛♠❜✐é♥ ❡♥ ♥✉❡str❛ ❝♦♥tr❛✳ ❊♥

❡❧ ❝❛s♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❲■❨◆✱ ❛❞❡♠ás✱ ❧❛ ✐♠❛❣❡♥ ❡s ❡♥ ❜❛♥❞❛ ❘✱ ❝♦♥ ✉♥❛ ❧♦♥❣✐t✉❞ ❞❡

♦♥❞❛ ❝❡♥tr❛❧ ♠ás ❝♦rt❛ ②✱ ♣♦r t❛♥t♦✱ ♠ás r❡s♦❧✉t✐✈❛ ✭❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ♠❡♥♦r✮✶✹✳

▲❛s ✐♠á❣❡♥❡s ② s✉❝❡s✐ó♥ ❞❡ ✐♠á❣❡♥❡s t♦♠❛❞❛s ❡s❛ ♥♦❝❤❡ s❡ ❝❡♥tr❛r♦♥ ❡♥ ▼✸ ♣❛r❛

❡✈❛❧✉❛r ❡❧ ❝❛♠♣♦✱ ❡♥ ❝❛❧✐❞❛❞ ② ❝❛♣❛❝✐❞❛❞ ❞❡ ❝♦rr❡❝❝✐ó♥ ❞❡ ❧❛ té❝♥✐❝❛ ❝♦♥ ❡❧ s♦❢t✇❛r❡

❞❡s❛rr♦❧❧❛❞♦✱ ② ❧❛ ♣r♦❢✉♥❞✐❞❛❞ q✉❡ s❡ ♣♦❞rí❛ ❛❧❝❛♥③❛r✳ P❛r❛ ❡❧ ❝❛❧✐❜r❛❞♦ ❞❡ ❧❛ ❡s❝❛❧❛

❡s❝♦❣✐♠♦s ζ−❇♦öt✐s✱ ✉♥❛ ❜✐♥❛r✐❛ ❞❡ ❝✉❛rt❛ ♠❛❣♥✐t✉❞✳

❊str❡❧❧❛ ▼❛❣♥✐t✉❞❡s ❙❡♣✳ ❆✳P✳ ❚✐♣♦ ❊s♣❡❝t✳ ❘✳❆✳✭✷✵✵✵✮ ❉❡❝✳
ζ✕❇♦ö 4′5 ✫ 4′6 0′9

′′ 301◦ ❆✸✲❆✷ 14❤ 41′1
♠ +13◦44′

❚❛❜❧❛ ✸✳✺✿ ❉❛t♦s ❞❡ ❧❛ ❡str❡❧❧❛ ❜✐♥❛r✐❛ ζ✕❇♦♦t❡s✳

▲❛s ❡str❡❧❧❛s ❞♦❜❧❡s ♥♦ s❡ r❡ú♥❡♥ ❡♥ r❡❣✐♦♥❡s ❝♦♥❝r❡t❛s✱ t❛❧ ② ❝♦♠♦ s✉❝❡❞❡ ❝♦♥ ❧❛

♠❛②♦rí❛ ❞❡ ❧♦s ♦❜❥❡t♦s ❡①t❡♥s♦s✳ ■③❛r ♦ ▼✐r❛❦ ✭ε✕❇♦♦✮ s❡ s✐tú❛ ❡♥ ❇♦öt✐s ✭❇♦öt❡s✱

❇♦♦t❡s✱ ❇♦②❡r♦✿ P❛st♦r ❞❡ ❜✉❡②❡s✮✶✺ só❧♦ ❛♣❛r❡♥t❡♠❡♥t❡✱ ②❛ q✉❡ ❡stá ❡♠♣❧❛③❛❞❛ ❛

✉♥❛ ❞✐st❛♥❝✐❛ ❞✐st✐♥t❛✱ ♣❡r♦ ❡♥ ❧❛ ♠✐s♠❛ ❧í♥❡❛ ❞❡ ✈✐s✐ó♥✳ ❇♦öt✐s ❡s ✉♥ r❡❢✉❣✐♦ ❞❡

✶✹❊♥ ❤♦♥♦r ❛ ❧❛ ✈❡r❞❛❞✱ ❛❝❧❛r❛r q✉❡ t❛♠❜✐é♥ ❡s ✉♥❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ♠ás ❛❢❡❝t❛❞❛ ♣♦r ❡❢❡❝t♦s ❞❡
s❡❡✐♥❣✳

✶✺▲❛ ♥♦♠❡♥❝❧❛t✉r❛ ♣♦r ♦r❞❡♥ ❞❡ ❜r✐❧❧♦ ❞❡ ❧❛s ❡str❡❧❧❛s ❡♥ ❝❛❞❛ ❝♦♥st❡❧❛❝✐ó♥ ✈✐❡♥❡✱ ❡♥ ♠✉❝❤♦s ❝❛s♦s✱
✐♠♣✉❡st❛ ♣♦r ❧❛ tr❛❞✐❝✐ó♥ ②✱ ❡♥ ♦tr♦s✱ ♣♦r q✉✐é♥ ② ❝✉á♥❞♦ ❧❛ ❝❛t❛❧♦❣❛✳ ❊♥ ❧❛s ❝♦♥st❡❧❛❝✐♦♥❡s ❝♦♥
♥♦♠❜r❡ ❣r✐❡❣♦✱ ❧✐st❛❞❛s ♣♦r Pt♦❧♦♠❡♦✱ s❡ s✉❡❧❡ ✉s❛r ❧❛ ❧❡tr❛ ❣r✐❡❣❛ ❛s♦❝✐❛❞❛ ❛ s✉ ♥♦♠❜r❡ t❛♠❜✐é♥
❤❡❧❡♥♦✱ ♣❡r♦ ❡♥ ♠✉❝❤♦s ❝❛s♦s✱ ♣❛r❛ ❡str❡❧❧❛s ❝❛t❛❧♦❣❛❞❛s ❛ ♣♦rt❡r✐♦r✐✱ s❡ r❡❝✉rr❡ ❛ ✉♥❛ ♥♦t❛❝✐ó♥
❧❛t✐♥✐③❛❞❛✳
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❛❜✉♥❞❛♥t❡s ❡str❡❧❧❛s ❞♦❜❧❡s✱ ② ♠✉❝❤❛s ❞❡ ❡❧❧❛s s♦♥ ♠✉② ❝❛❧✐❡♥t❡s ② ❜❧❛♥❝❛s✱ ❧♦ ❝✉❛❧

❡s ❜❛st❛♥t❡ ❡①tr❛ñ♦✳ ▲❛ ♠❛②♦rí❛ ❞❡ ❧❛s ✈❡r❞❛❞❡r❛s ❜✐♥❛r✐❛s r❡s✉❡❧t❛s t✐❡♥❞❡♥ ❛ s❡r

❛♠❛r✐❧❧❛s ② ♥❛r❛♥❥❛s✱ ♠ás ❢rí❛s✳

❋✐❣✉r❛ ✸✳✶✼✿ ■♠❛❣❡♥ ❞❡ ❧❛ ❜✐♥❛r✐❛ ③✲❇♦♦t❡s ❛❞q✉✐r✐❞❛ ❞✉r❛♥t❡ ❧❛ ♥♦❝❤❡ ❞❡ ♣r✐♠❡r❛ ❧✉③ ❡❧ ✶✼
❞❡ ♠❛②♦ ❞❡ ✷✵✵✻ ❝♦♥ ❋❛st❈❛♠ ❡♥ ❡❧ ❚❈❙✳ ❙❡ ✉só ❝♦♠♦ r❡❢❡r❡♥❝✐❛ ♣❛r❛ ✈❡r✐✜❝❛r ❡❧ ❝❛❧✐❜r❛❞♦
❞❡ ❧❛ ❡s❝❛❧❛ ❞❡ ♣❧❛❝❛✱ ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ s♦♥ ♦❜❥❡t♦s ♣ró①✐♠♦s ❜✐❡♥ ❝♦♥♦❝✐❞♦s ② ❝♦♥ ❜✉❡♥❛
❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥✳

❩❡t❛ ✭ζ✮ ❇♦öt✐s ❡s ✉♥❛ ♣❛r❡❥❛ ❡①❝❡♣❝✐♦♥❛❧✳ ❊♥tr❡ ❧❛s ♣❛r❡❥❛s ❝♦♥ ór❜✐t❛s ❝♦♥♦❝✐❞❛s✱

s❡ ♣✉❡❞❡ ❝♦♥s✐❞❡r❛r ❛ ❩❡t❛ ❇♦öt✐s ❝♦♠♦ ❧❛ r❡✐♥❛ ❞❡ ❧❛s ❙✐r✐❛s✳ ❊s ❡❧ ♣❛r ♠ás rá♣✐❞♦

❞❡ ❡str❡❧❧❛s t✐♣♦ ❆ q✉❡ s❡ ❤❛②❛ r❡s✉❡❧t♦✳ ❙✐r✐♦ ❡s ❡❧ ❡❥❡♠♣❧♦ ♠ás ❜r✐❧❧❛♥t❡ ❞❡ ❡st❛

❝❧❛s❡✳ ❩❡t❛✕❇♦♦t❡s ❡s ✉♥ ♣❛r ❞❡ ❙✐r✐❛s ✐❞é♥t✐❝❛s ❞❡ 4❛✠ ♠❛❣♥✐t✉❞ ❝♦♥ ✉♥ ♣❡r✐♦❞♦

♦r❜✐t❛❧ ❞❡ só❧♦ ✶✷✺ ❛ñ♦s✳ P❛r❛ s❡r ❡str❡❧❧❛s ❞♦❜❧❡s r❡s♦❧✉❜❧❡s ❡st❡ ♣❡r✐♦❞♦ ❡s ✉♥

s✉s♣✐r♦✳ ❆✉♥q✉❡ ❧❛s ❣❡♠❡❧❛s s♦♥ ♠✉❝❤♦ ♠ás ❢á❝✐❧❡s ❞❡ s❡♣❛r❛r q✉❡ ❧❛s ❝♦♥tr❛st❛❞❛s✱

❩❡t❛ ❡stá ❞❡♠❛s✐❛❞♦ ♣❡❣❛❞❛ ❝♦♠♦ ♣❛r❛ r❡s♦❧✈❡r❧❛ ❝♦♥ ❢❛❝✐❧✐❞❛❞✳ ❙✉s ♠✐❡♠❜r♦s ❡stá♥

s❡♣❛r❛❞♦s 0′9
′′ ❛♣r♦①✐♠❛❞❛♠❡♥t❡✱ ② s❡ ❞❡❜❡♥ ❛♣❧✐❝❛r ♠❡❞✐♦s ② ❛❧t♦s ❛✉♠❡♥t♦s ♣❛r❛
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❝♦♥s❡❣✉✐r ✈❡r❧❛s ✐♥❞✐✈✐❞✉❛❧♠❡♥t❡✳ ▲❛ ❛❜❡rt✉r❛ ♠í♥✐♠❛ ♣❛r❛ r❡s♦❧✈❡r ✉♥ s❡❣✉♥❞♦ ❞❡

❛r❝♦ ❡s 139♠♠ ② ♥❡❝❡s✐t❛♠♦s 154♠♠ ♣❛r❛ s❡♣❛r❛r 0′9 ❛r❝s❡❝✳ ❨✱ ❡♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱

❡❧ ❛✉♠❡♥t♦ ✈✐s✉❛❧ ♥❡❝❡s❛r✐♦ ❡s G = Fob/foc = α ÷ θ = 67✶✻✳ P❛r❛ ♥♦s♦tr♦s✱ ❝♦♥

❋❛st❈❛♠✱ ❧❛ s❡♣❛r❛❝✐ó♥ ❞❡ ❧♦s ❝❡♥tr♦✐❞❡s ❡s ❞❡ 11′51 ♣✐① ②✱ ♣♦r t❛♥t♦✱ ❧❛ ❡s❝❛❧❛ ❞❡

✐♠❛❣❡♥ r❡s✉❧t❛ 0′9/11′5 = 0′078 ❛r❝s❡❝✴♣✐①✳ ❊st❡ ✈❛❧♦r ♥♦s ❧❧❡✈❛ ❛ ✉♥ ❝❛♠♣♦ t♦t❛❧ ❞❡

128×0′078 = 10 ❛r❝s❡❝✳

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

❝❛❧❝✉❧❛❞♦✶✼ q✉❡ s✉♣♦♥í❛♥ ❧♦s 71♠❛s✴♣✐① ② ✉♥ ❝❛♠♣♦ ❞❡ 9 ❛r❝s❡❝✳ ◆♦ ♦❜st❛♥t❡✱ ❞❛❞♦ ❡❧

é①✐t♦ ❞❡ ❧❛s ♣r✉❡❜❛s ② q✉❡ ❧❛ r❡s♦❧✉❝✐ó♥ ❡r❛ s✉✜❝✐❡♥t❡ ♣❛r❛ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙✱ ♠á①✐♠❡

t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ ❧♦s ♥✐✈❡❧❡s ❞❡ s❡❡✐♥❣ q✉❡ ❤❛❜í❛ ❡s❛ ♥♦❝❤❡✱ q✉❡ ♥❡❝❡s✐tá❜❛♠♦s ❧❛

♠❛②♦r ❝❛♥t✐❞❛❞ ♣♦s✐❜❧❡ ❞❡ ❡♥❡r❣í❛ ♣♦r ♣í①❡❧ ② ❝♦♠♦ ❛❞❡♠ás ♥♦s ❛♣♦rt❛❜❛ ✉♥ ♠❛②♦r

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

t❡❧❡s❝♦♣✐♦✳

✶✻α ❡s ❧❛ r❡s♦❧✉❝✐ó♥ ❞❡❧ ♦❥♦✱ q✉❡ s❡ ❞❡✜♥❡ ❡stá♥❞❛r ❝♦♠♦ 1 ❛r❝♠✐♥ ② θ = 1
′
22λ/D = 0

′
9 ❛r❝s❡❝✳

✶✼▲♦ ♠ás ♣r♦❜❛❜❧❡ ❡s q✉❡✱ ❞❡❜✐❞♦ ❛ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡❧ ❞❡t❡❝t♦r ❞❡ ❆◆❉❖❘✱ ❡❧ ♣♦s✐❝✐♦♥❛❞♦ ❞❡
❧❛ ❧❡♥t❡ ❞❡ ❝á♠❛r❛ t✉✈✐❡r❛ ✉♥ ❧✐❣❡r♦ ❡rr♦r ✭♠ás ❛❧❡❥❛❞❛✴♣ró①✐♠❛✮ ② q✉❡✱ ♣❛r❛ ❝♦♠♣❡♥s❛r❧♦✱ ❢♦r③ó
❛ q✉❡ s✐t✉ár❛♠♦s ❡❧ ❢♦❝♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❛ ❧❛ ❞✐st❛♥❝✐❛ ❝♦♥❥✉❣❛❞❛ ❞❡ ❧❛ ✐♠❛❣❡♥ ❛ tr❛✈és ❞❡ ❧❛ ❧❡♥t❡
❝♦❧✐♠❛❞♦r❛ ✭♠ás ❝❡r❝❛✴❧❡❥♦s✮✱ ❞❛♥❞♦ ✉♥ ❛✉♠❡♥t♦ ❧✐❣❡r❛♠❡♥t❡ s✉♣❡r✐♦r✳



✶✵✹ ✸✳ ❊❧ ❞✐s❡ñ♦



✹

❊❧ ❞❡s❛rr♦❧❧♦

❯♥❛ ❞❡ ❧❛s ✈❡♥t❛❥❛s ❞❡ s❡r ❞❡s♦r❞❡♥❛❞♦ ❡s q✉❡ s❡

❤❛❝❡♥ ❤❛❧❧❛③❣♦s ❡♠♦❝✐♦♥❛♥t❡s✳

✭❆✳❆✳ ▼✐❧♥❡✮

✶✵✺
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▲
❛s ♣r✐♠❡r❛s ♦❜s❡r✈❛❝✐♦♥❡s ❝♦♥ ❡❧ ♣r♦t♦t✐♣♦ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙ ❞❡♠♦str❛r♦♥ q✉❡

❡❧ s✐st❡♠❛ ❡r❛ ✈✐❛❜❧❡✳ ▲❛ ❡①♣❡r✐❡♥❝✐❛ ❞❡ tr❛❜❛❥♦ ♣❡r♠✐t✐ó ❞❡✜♥✐r ✉♥❛ s❡r✐❡ ❞❡

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

✹✳✶✳ ❆✈❛♥❝❡s

❋✉❡r♦♥ ♠✉❝❤♦s ❧♦s ♣❛s♦s q✉❡ s❡ ❞✐❡r♦♥ ❞❡s❞❡ ❡❧ ♣r✐♠❡r é①✐t♦ ② ❧❛ ❞❡♠♦str❛❝✐ó♥

❞❡ q✉❡ ❡❧ s✐st❡♠❛ ❢✉♥❝✐♦♥❛❜❛ ② q✉❡✱ ♣♦r t❛♥t♦✱ ♥♦ ❡r❛ ❞❡s❝❛❜❡❧❧❛❞♦ ♣❧❛♥t❡❛rs❡ ✉♥

✐♥str✉♠❡♥t♦ ❞❡ ❡st❡ t✐♣♦✳ ❙✐♥ ❡♠❜❛r❣♦✱ ♥♦ ❞❡❜❡♠♦s ♦❧✈✐❞❛r q✉❡ ❧♦ q✉❡ ❤❛❜í❛♠♦s

❞✐s❡ñ❛❞♦ ❡r❛ ✉♥ ♣r♦t♦t✐♣♦✱ r❡❛❧✐③❛❞♦ ❝♦♠♦ ✉♥ ♠♦♥t❛❥❡ ❞❡ ❧❛❜♦r❛t♦r✐♦✳ ❊❧ s✐❣✉✐❡♥t❡

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

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

❝♦♥ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ t❛♠❛ñ♦ s✐♠✐❧❛r✳ ❙ó❧♦ ❛sí q✉❡❞❛rí❛ ❝❧❛r❛ s✉ ✈❡♥t❛❥❛✳ ❊❧ ♦❜❥❡t✐✈♦

❡♥t♦♥❝❡s ❡st❛❜❛ ❝❧❛r♦✱ t❛♥t♦ ♣♦r ❝❛❧✐❞❛❞ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❝♦♠♦ ♣♦r ♣r♦①✐♠✐❞❛❞✱ ❛sí ❝♦✲

♠♦ ♣♦rq✉❡ s✉ t❛♠❛ñ♦ ❡s s❡♠❡❥❛♥t❡ ❛❧ ❞❡❧ ❍✉❜❜❧❡ ❙♣❛❝❡ ❚❡❧❡s❝♦♣❡ ✭❍❙❚✮✿ ✐rí❛♠♦s

❛❧ t❡❧❡s❝♦♣✐♦ ◆♦r❞✐❝ ❖♣t✐❝❛❧ ❚❡❧❡s❝♦♣❡ ❬❚❡❧❡s❝♦♣✐♦ Ó♣t✐❝♦ ◆ór❞✐❝♦❪ ✭◆❖❚✮✳ ❊❧ ❝♦♥✲

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

❝♦♠♣❛r❛r ❞✐r❡❝t❛♠❡♥t❡ t✐❡♠♣♦s ② t❛♠❛ñ♦ ❞❡❧ ❝❛♠♣♦ ♣❛r❛ ♣♦❞❡r ❤❛❜❧❛r ❞❡ ❝♦st❡ ②

❝♦♠♣❡t✐t✐✈✐❞❛❞✳

P❡r♦✱ ♣❛r❛ ✐♥st❛❧❛r♥♦s ❡♥ ❡❧ ◆❖❚ ❝♦♥ ✉♥ ❢♦❝♦ ❈❛ss❡❣r❛✐♥ ✈❡rt✐❝❛❧ ② ❝♦♥ ✉♥❛

✐♥t❡r❢❛③ ❞✐❢❡r❡♥t❡ ❡♥tr❡ t❡❧❡s❝♦♣✐♦ ② ❡❧ ✐♥str✉♠❡♥t♦✱ ♥♦ ♣♦❞í❛♠♦s ♣❡♥s❛r ❡♥ ✉s❛r ❡❧

♠♦♥t❛❥❡ ❞❡ ❧❛❜♦r❛t♦r✐♦✳ P❛r❛ ❝♦♠♣❧✐❝❛r ❧❛s ❝♦s❛s✱ t❛♠♣♦❝♦ ❡❧ ❛❝❝❡s♦ ❛❧ t❡❧❡s❝♦♣✐♦ ❡s

t❛♥ ❝ó♠♦❞♦ ❝♦♠♦ ❡♥ ❡❧ ❝❛s♦ ❞❡❧ ❚❈❙ ♥✐ r❡s✉❧t❛ t❛♥ ❢á❝✐❧ ♠❛♥✐♣✉❧❛r ❡❧ ✐♥str✉♠❡♥t♦✱

② t♦❞♦ ❡st♦ ❝♦♥s✐❞❡r❛♥❞♦ ❛❞❡♠ás q✉❡ ❤❛st❛ ❡♥t♦♥❝❡s ❡stá❜❛♠♦s ✉s❛♥❞♦ ✉♥ ❝❛♠❜✐♦

♠❛♥✉❛❧ ❞❡ ✜❧tr♦s✳ P♦r ú❧t✐♠♦✱ t❛♠❜✐é♥ ❞❡❜í❛♠♦s t❡♥❡r ❡♥ ❝✉❡♥t❛ q✉❡ ❡❧ ♠♦❞♦ ❞❡

❛♣✉♥t❛❞♦ ❞❡ ◆❖❚ ❡s ✐♥❞❡♣❡♥❞✐❡♥t❡✿ t✐❡♥❡ ✉♥ s✐st❡♠❛ ♣r♦♣✐♦ ❡♥ ❡❧ q✉❡ ❧❛ ❡str❡❧❧❛ ❞❡

❣✉✐❛❞♦ ♥♦ ❝♦✐♥❝✐❞❡ ❝♦♥ ❧❛ ❡str❡❧❧❛ ♦❜s❡r✈❛❞❛✱ ❝♦♠♦ ❡♥ ❡❧ ❚❈❙✱ ❧♦ q✉❡ ❞✐✜❝✉❧t❛❜❛ ❛ú♥

♠ás ❧❛ ❛❞❛♣t❛❝✐ó♥ ❞❡ ❞✐s❡ñ♦✳

❆sí ♣✉❡s✱ ❤❛❜í❛ q✉❡ ♣❧❛♥t❡❛rs❡ ❡❧ ❞✐s❡ñ♦ ② ❝♦♥str✉❝❝✐ó♥ ❞❡ ✉♥ ♥✉❡✈♦ s✐st❡♠❛

q✉❡ ❛❞❡♠ás ❢✉❡r❛ ✈❡rsát✐❧ ② ❝❛♣❛③ ❞❡ ♣♦❞❡r ♠♦♥t❛rs❡ ❡♥ ✈❛r✐♦s t❡❧❡s❝♦♣✐♦s ②❛ q✉❡✱

❧❧❡❣❛❞♦s ❛ ❡st❡ ♣✉♥t♦✱ ♥♦ ❞❡❜í❛♠♦s ♥✐ q✉❡rí❛♠♦s ❧✐♠✐t❛r♥♦s s♦❧❛♠❡♥t❡ ❛ ❚❈❙ ② ◆❖❚✳

▲♦s ♣r♦❜❧❡♠❛s ❝♦♥ ❡st❡ t✐♣♦ ❞❡ t❛r❡❛s✱ ♠á①✐♠❡ ❝✉❛♥❞♦ ❡❧ ♣r♦②❡❝t♦ t♦❞❛✈í❛ ♥♦ ❧♦

❡r❛ ❞❡ ♠♦❞♦ ♦✜❝✐❛❧✱ ❡s ❡❧ ❛❝❝❡s♦ ❛ r❡❝✉rs♦s✱ t❛♥t♦ ❞❡ ♣❡rs♦♥❛❧ ❝♦♠♦ ❞❡ ♠áq✉✐♥❛s✳

❚❡♥í❛♠♦s ❡♥tr❡ ♠❛♥♦s ✉♥ ✐♥str✉♠❡♥t♦ q✉❡ ♣♦❞rí❛ r❡✈♦❧✉❝✐♦♥❛r ❧❛ ❛str♦❢ís✐❝❛ q✉❡ s❡

♦❜t❡♥í❛ ❡♥ ❈❛♥❛r✐❛s✱ ② ❞❡❜í❛♠♦s ❝♦♥t✐♥✉❛r ❛✈❛♥③❛♥❞♦ t❛♥ rá♣✐❞♦ ❝♦♠♦ ♣✉❞✐és❡♠♦s

♣❡r♦✱ ❛❧ ♠✐s♠♦ t✐❡♠♣♦✱ ❞❡❜í❛♠♦s ♣❛r❛r ♣❛r❛ ❝r❡❛r ❡❧ ♣r♦②❡❝t♦ ✓♦✜❝✐❛❧♠❡♥t❡✔✱ ❧♦ q✉❡



✶✵✽ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

♣❡r♠✐t✐rí❛ ❣❡st✐♦♥❛r ❡❧ ❛❝❝❡s♦ ❛ ✐♥❢r❛❡str✉❝t✉r❛s✳ ❆❞❡♠ás ❞❡ t♦❞♦ ❡❧❧♦✱ s❛❜í❛♠♦s q✉❡

♥♦ ❤❛❜í❛ ♦♣❝✐ó♥ ❞❡ ❛❝❝❡❞❡r ❛ ✉♥ ❞✐s❡ñ❛❞♦r ♠❡❝á♥✐❝♦ ❤❛st❛ ✈❛r✐♦s ♠❡s❡s ♠ás t❛r❞❡✱

②❛ q✉❡ t❡♥í❛♥ ❛s✐❣♥❛❞❛s t❛r❡❛s ✉r❣❡♥t❡s ❞❡❧ ♣r♦②❡❝t♦ ❊▼■❘✱ ② ❡❧ ❛❝❝❡s♦ ❛ t❛❧❧❡r❡s

❡st❛❜❛ t❛♠❜✐é♥ ❧✐♠✐t❛❞♦ ♣♦r ❧❛ ✜♥❛❧✐③❛❝✐ó♥ ❞❡ ❧❛s t❛r❡❛s ❞❡ ❢❛❜r✐❝❛❝✐ó♥ ② ♠♦♥t❛❥❡ ❞❡

❖❙■❘■❙✳

❋✉❡ ❡♥ ❡st❡ ♣✉♥t♦ ❞♦♥❞❡ ❞❡ ♥✉❡✈♦ ❛♣r♦✈❡❝❤❛♠♦s ♠✐ ❡①♣❡r✐❡♥❝✐❛ ♣r❡✈✐❛ ② ♠✐

✐♠♣❧✐❝❛❝✐ó♥ ❡♥ ❖❙■❘■❙✱ ❞❡ ♠❛♥❡r❛ q✉❡ ♣✉❞❡ ❞✐s❡ñ❛r ✉♥❛ ❛❞❛♣t❛❝✐ó♥ ♠ás rí❣✐❞❛✱

❣r❛♥❞❡ ② ❝♦♥ ✉♥ ❝✐❡rt♦ ❣r❛❞♦ ❞❡ ❝♦♥✜❣✉r❛❜✐❧✐❞❛❞ ❛ ♠♦❞♦ ❞❡ s✐st❡♠❛ ❞❡ ♣r♦t♦t✐♣❛❥❡✳

▲❛ ✐❞❡❛ ❢✉♥❞❛♠❡♥t❛❧ ❡r❛ q✉❡✱ ❛ ❧❛ ✈❡③ q✉❡ ❢✉❡r❛ ❢á❝✐❧ ❞❡ r❡✐♠♣❧❡♠❡♥t❛r ❡❧ s✐st❡♠❛

❡♥ ❡st❛ ♥✉❡✈❛ ❡str✉❝t✉r❛✱ ❢✉❡s❡ ❛❧❣♦ ♠ás ✈❡rsát✐❧ ② ♣✉❞✐❡r❛ ❛❧❜❡r❣❛r ❛❧❣✉♥♦s ❞❡ ❧♦s

r❡q✉❡r✐♠✐❡♥t♦s q✉❡ ❝♦♥s✐❞❡rá❜❛♠♦s ♥❡❝❡s❛r✐♦s ❡♥ ❧❛ ♥✉❡✈❛ ❝♦♥✜❣✉r❛❝✐ó♥✿ r✉❡❞❛ ❞❡

✜❧tr♦s ❝♦♥tr♦❧❛❜❧❡✱ ❆❉❈✱ ❝á♠❛r❛ ❞❡ ❝❛♠♣♦ ❛♠♣❧✐♦✱ ❛❞❛♣t❛❝✐ó♥ ❛ ❞✐st✐♥t❛s ♣❧❛❝❛s

❢♦❝❛❧❡s✱ ❡t❝✳

P♦r ♦tr♦ ❧❛❞♦✱ ❡st❛❜❛ ❡❧ s❡❣✉✐♠✐❡♥t♦ ② ❧❛ ❛❞q✉✐s✐❝✐ó♥ ❞❡ ✐♠á❣❡♥❡s✳ ❊♥ ❡❧ ❚❈❙ ②❛

❤❛❜í❛♠♦s ✈✐st♦ q✉❡✱ ❝♦♥ ✉♥ ❝❛♠♣♦ t❛♥ ♣❡q✉❡ñ♦✱ r❡s✉❧t❛❜❛ ♠✉② ❞✐❢í❝✐❧ tr❛❜❛❥❛r✳ ❙❡

r❡q✉❡rí❛ ✉♥ ❞❡t❡❝t♦r ♠❛②♦r✱ ♠ás ❛✉♥ s✐ í❜❛♠♦s ❛ t❡❧❡s❝♦♣✐♦s ♠ás ❣r❛♥❞❡s ❝♦♥ ❡s❝❛❧❛s

❞❡ ♣❧❛❝❛ ♠❛②♦r❡s✱ ❝♦♠♦ ❡r❛ ❡❧ ❝❛s♦✳

❆❞❡♠ás✱ ❡❧ ♣r♦❝❡s♦ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ② ♣r♦❝❡s❛❞♦ ❞❡ ❧❛s ✐♠á❣❡♥❡s ❞❡♠♦r❛❜❛ ♠✉❝❤♦

❧❛s ♣r✉❡❜❛s ② ❡r❛ ❞✐❢í❝✐❧ ❞❡t❡r♠✐♥❛r ❝✉á♥❞♦ ❡stá❜❛♠♦s ❡♥ ❝♦♥❞✐❝✐♦♥❡s ❞❡ ✐❞❡♥t✐✜❝❛r

❛❧❣ú♥ ♦❜❥❡t♦ ❛str♦♥ó♠✐❝♦✳ ❍❡♠♦s ❞❡ t❡♥❡r ❡♥ ❝✉❡♥t❛ q✉❡ ❧❛s ✐♠á❣❡♥❡s ❞❡ ❧❛s ❡str❡❧❧❛s✱

❛❧ ❞✐s♣❡rs❛rs❡ ♣♦r ❧♦s ❡❢❡❝t♦s ❞❡ ❧❛ ❛t♠ós❢❡r❛✱ r❡❞✉❝❡♥ ❧❛ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ❧✉③ ❡♥ ✉♥

♣✉♥t♦ ② s♦♥ ♠✉❝❤♦ ♠ás ❞✐❢í❝✐❧❡s ❞❡ ✐❞❡♥t✐✜❝❛r ♣❛r❛ t✐❡♠♣♦s ❞❡ ✐♥t❡❣r❛❝✐ó♥ ❝♦rt♦s✱

② ❡♥ ♥✉❡str♦ ❝❛s♦ ❡r❛♥ ♠✉② ❝♦rt♦s✱ ❝♦♠♦ ②❛ s❡ ❤❛ ❡①♣❧✐❝❛❞♦✳ ❊❧ ✉s♦ ❞❡ ✉♥❛ ❝á♠❛r❛

❞❡ ❣r❛♥ ❝❛♠♣♦✱ ❞✐st✐♥t❛ ❞❡❧ ❞❡t❡❝t♦r ❝✐❡♥tí✜❝♦✱ ♣❛r❛ ♣♦❞❡r ✐❞❡♥t✐✜❝❛r ❞ó♥❞❡ ❡stá❜❛✲

♠♦s ❛♣✉♥t❛♥❞♦ t❛♠♣♦❝♦ ♥♦s ❢❛❝✐❧✐t❛❜❛ ♠✉❝❤♦ ❡❧ tr❛❜❛❥♦✳ ❆❧ ♣❡r❞❡r r❡s♦❧✉❝✐ó♥✱ s♦❜r❡

t♦❞♦ ❝✉❛♥❞♦ ❛✉♠❡♥tá❜❛♠♦s ❧♦s t✐❡♠♣♦s ❞❡ ✐♥t❡❣r❛❝✐ó♥✱ ♥♦ ♣♦❞í❛♠♦s ❞❡t❡r♠✐♥❛r ❧❛

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

P♦r s✉❡rt❡✱ ❞❡❜✐❞♦ ❛❧ tr❛❜❛❥♦ ❞❡❧ ❞❡♣❛rt❛♠❡♥t♦ ❞❡ ❡❧❡❝tró♥✐❝❛ ❡♥ ♦tr♦ ♣r♦②❡❝t♦✱

❙❈■❉❆❘✱ ❝♦♥♦❝í❛ ❧♦s ❞❡s❛rr♦❧❧♦s q✉❡ s❡ ❡st❛❜❛♥ r❡❛❧✐③❛♥❞♦ ❡♥ ❡❧ ■❆❈ ♣❛r❛ ❝♦♥tr♦❧❛r

❧❛ ❛❞q✉✐s✐❝✐ó♥ ② ♣r♦❝❡s❛❞♦ ❞❡ ✐♠á❣❡♥❡s q✉❡ ❡st❛❜✐❧✐③❛r❛♥ ❡❧ ❋r❡♥t❡ ❞❡ ❖♥❞❛ ❡♥ ♠♦❞♦

❞❡ ❧❛③♦ ❝❡rr❛❞♦ ♣♦r ❤❛r❞✇❛r❡✱ ♠❡❞✐❛♥t❡ ❡❧ ✉s♦ ❞❡ ✉♥❛ ❋P●❆✳ ❈♦♠♦ s❡ ✈❡rá✱ ❡st❡

♣✉♥t♦ ❢✉❡ ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ❡❧ é①✐t♦ ❞❡ ❋❛st❈❛♠ ❞✉r❛♥t❡ ❧♦s ♣r✐♠❡r♦s ❛ñ♦s✳



✹✳✷✳ ❆❞❛♣t❛❝✐♦♥❡s ② ♠❡❥♦r❛s ✶✵✾

✹✳✷✳ ❆❞❛♣t❛❝✐♦♥❡s ② ♠❡❥♦r❛s

❊s❛s ♣r✐♠❡r❛s ♦❜s❡r✈❛❝✐♦♥❡s ♦✱ ♠❡❥♦r ❞✐❝❤♦✱ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❡s❛s ♦❜s❡r✈❛❝✐♦♥❡s

♥♦s ✐♥❝✐t❛r♦♥ ❛ ❞❡✜♥✐r ✉♥ ♣r♦②❡❝t♦ ❞❡ ✈❡r❞❛❞ ② ❤❛❝❡r❧♦ ♦✜❝✐❛❧✳ ◆♦ s❡ tr❛t❛❜❛ ②❛

❞❡ ✉♥ ❡①♣❡r✐♠❡♥t♦ ② ✉♥ ♣r♦t♦t✐♣♦ ❞❡ ❧❛❜♦r❛t♦r✐♦✱ ❛♣r♦✈❡❝❤❛♥❞♦ ♠❛t❡r✐❛❧ ② ❡q✉✐♣♦

❞❡❧ q✉❡ ❞✐s♣♦♥í❛♠♦s ❡♥ ❡❧ ❞❡♣❛rt❛♠❡♥t♦ ② ❡♥ ❡❧ ❧❛❜♦r❛t♦r✐♦ ❞❡ ó♣t✐❝❛✱ ② ❝♦♥ ✉♥

❞❡t❡❝t♦r ❝♦♠♣❛rt✐❞♦ ❝♦♥ ❡❧ ♣r♦②❡❝t♦ ❙❈■❉❆❘✳ ❊st❛❜❛ ❝❧❛r♦ q✉❡ ❡❧ ♠ét♦❞♦ ② ❡❧ ♣r♦❝❡s♦

❞❡ r❡❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s ❢✉♥❝✐♦♥❛❜❛✳ ❉❡❜í❛♠♦s ♠❡❥♦r❛r❧♦ ② ♣♦❞❡r ❝♦♥✈❡rt✐r❧♦ ❡♥ ✉♥

✐♥str✉♠❡♥t♦ ❛✉tó♥♦♠♦ ② ❡✜❝❛③✳

❍❛❜í❛ ✉♥❛ s❡r✐❡ ❞❡ ♣r♦❜❧❡♠❛s ♠✉② ❡✈✐❞❡♥t❡s q✉❡ ❞❡❜í❛♠♦s s♦❧✉❝✐♦♥❛r✳ ▲❛s ♦❜s❡r✲

✈❛❝✐♦♥❡s ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙ ❞❡♠♦str❛r♦♥ q✉❡ ❡❧ ❝❛♠❜✐♦ ❞❡ ✜❧tr♦s ♠❛♥✉❛❧ ❡r❛ ✉♥

❡♥❣♦rr♦✳ ❨ ❡❧ t❡♥❡r q✉❡ ✉s❛r ✉♥ ♣❛ñ♦ ♥❡❣r♦ ♣❛r❛ t❛♣❛r ❡❧ ♠♦♥t❛❥❡ ❡♥ ❡❧ ❜❛♥❝♦ ó♣t✐❝♦

t❛♠♣♦❝♦ ❡r❛ ♣rá❝t✐❝♦✳ ■❣✉❛❧♠❡♥t❡ ❧❛ ✐❞❡♥t✐✜❝❛❝✐ó♥ ❞❡ ❝❛♠♣♦ s♦❧❛♠❡♥t❡ ❡r❛ ✈✐❛❜❧❡

♣❛r❛ ❡str❡❧❧❛s ❞❡ ❤❛st❛ ♥♦✈❡♥❛ ♠❛❣♥✐t✉❞ ✉s❛♥❞♦ ❧❛ ❝á♠❛r❛ ❞❡ ❣✉✐❛❞♦ ❞❡❧ ❚❡❧❡s❝♦♣✐♦

❈❛r❧♦s ❙á♥❝❤❡③✱ ♣❡r♦ ❛ ♣❛rt✐r ❞❡ ❡s❡ ♣✉♥t♦ ♥♦ t❡♥í❛♠♦s ❣❛r❛♥tí❛ ❞❡ ❛♣✉♥t❛r r❡❛❧♠❡♥t❡

❛❧ ♦❜❥❡t♦ ❞❡s❡❛❞♦✳

❊❧ ❝❛♠♣♦ ❞❡ 9 ❛r❝s❡❝ ❝❧❛r❛♠❡♥t❡ s❡ ❤❛❝í❛ ♣❡q✉❡ñ♦✱ ② tr❛❜❛❥❛r ❝♦♥ ✉♥ ❞❡t❡❝t♦r

❞❡ 128×128 ♣í①❡❧❡s ❞❡ ✷✹ ♠✐❝r❛s ❞❡ t❛♠❛ñ♦ ❞❡ ❝❛❞❛ ✉♥♦ ❞❡ ❡❧❧♦s ❡r❛ t❛♠❜✐é♥ ✉♥❛

❧✐♠✐t❛❝✐ó♥✳ ❚❛♠♣♦❝♦ r❡s✉❧t❛❜❛ ❡❢❡❝t✐✈♦ ❡❧ t❡♥❡r q✉❡ ❤❛❝❡r ❡❧ ♣r♦❝❡s❛❞♦ ❞❡ ❝❛❞❛ ❝✉❜♦✶

❞❡ ✐♠á❣❡♥❡s ♣❛r❛ ✈❡r✐✜❝❛r ❧❛ ❝❛❧✐❞❛❞ ② ✈❛❧✐❞❡③ ❞❡ ❧❛ ♦❜s❡r✈❛❝✐ó♥✱ ②❛ q✉❡ r❡s✉❧t❛❜❛

♠✉② ❡♥❣♦rr♦s♦ ② ❧❡♥t♦✳ ❨✱ ♣♦r ú❧t✐♠♦✱ ❡st❛❜❛ ❧❛ ❝♦♠♣❧✐❝❛❝✐ó♥ ❞❡ ❧❛ t♦♠❛ ❞❡ ❞❛t♦s ♣♦r

♠❡❞✐♦ ❞❡ ✉♥ s♦❢t✇❛r❡ ♣r♦♣✐❡t❛r✐♦ ❡❥❡❝✉tá♥❞♦s❡ ❡♥ ✉♥ P❈ ❝♦♥ ❲✐♥❞♦✇s ② ❝♦♣✐❛♥❞♦

❞❡s♣✉és ❡s♦s ❞❛t♦s ❛❧ P❈ ❝♦♥ ❡❧ s♦❢t✇❛r❡ ❞❡ ♣r♦❝❡s❛❞♦ ❡♥ ✉♥ s✐st❡♠❛ ▲✐♥✉①✳

❊♥ ❧❛ ❝❛♠♣❛ñ❛ ❞❡❧ ✾✲✶✶ ❞❡ ❛❣♦st♦ s❡ ♣r♦❜ó ❡❧ s♦❢t✇❛r❡ ❞❡s❛rr♦❧❧❛❞♦ ❡s♣❡❝í✜❝❛♠❡♥✲

t❡ ♣❛r❛ ❋❛st❈❛♠✱ ❛✉♥q✉❡ s❡ ✉só s♦❧❛♠❡♥t❡ ❝♦♠♦ ♣♦st♣r♦❝❡s❛❞♦✳ ◆♦ ❢✉❡ s✐♥♦ ❤❛st❛

❧❛ s✐❣✉✐❡♥t❡ ❝❛♠♣❛ñ❛ ❞❡❧ ✷✼ ❞❡ s❡♣t✐❡♠❜r❡ ❞❡ ✷✵✵✻ ❝✉❛♥❞♦ ❡❧ ♣r♦❣r❛♠❛ t✉✈♦ ❛❝❝❡s♦

❞✐r❡❝t♦ ❛❧ ❝♦♥tr♦❧ ❞❡ ❧❛ ❝á♠❛r❛ ❞❡ ❆◆❉❖❘ ② s❡ ❡♠♣❡③❛r♦♥ ❛ ❛❞q✉✐r✐r ❞❛t♦s ❞❡s❞❡

✉♥❛ ✉♥✐❞❛❞ ❧✐♥✉① ❡♥ s❛❧❛ ❞❡ ♦♣❡r❛❞♦r❡s ❛ tr❛✈és ❞❡❧ P❈ ❝♦♥ ✇✐♥❞♦✇s ② ❧❛ ♣❧❛❝❛

❢r❛♠❡❣r❛❜❜❡r ❞❡ ❝♦♥tr♦❧ ❞❡ ❧❛ ❝á♠❛r❛✳

❯♥❛ ✈❡③ ♣✉❡st❛s ❡st❛s ✐❞❡❛s s♦❜r❡ ❡❧ t❛♣❡t❡ s❡ ❞❡❝✐❞✐ó q✉❡ ❡♠♣❡③❛rí❛♠♦s ♣♦r

✉♥❛ ♣❛rt❡ ❢✉♥❞❛♠❡♥t❛❧✿ s❡❧❡❝❝✐♦♥❛r ❡❧ ♥✉❡✈♦ ❞❡t❡❝t♦r ❞❡❧ ✐♥str✉♠❡♥t♦✳ ❊❧ t✐❡♠♣♦ ❞❡

✐♥t❡❣r❛❝✐ó♥ r❡q✉❡r✐❞♦ ♣❛r❛ ❧❛ ✓❝♦♥❣❡❧❛❝✐ó♥✔ ❞❡ ❧❛ ❛t♠ós❢❡r❛ ❡♥ ❧❛s ❜❛♥❞❛s ❘ ❡ ■ ❡♥

❧❛s q✉❡ ❞❡❝✐❞✐♠♦s ❝❡♥tr❛r ❡❧ r❛♥❣♦ ❞❡ tr❛❜❛❥♦ ❢✉♥❞❛♠❡♥t❛❧ ❡r❛ ❞❡ 35♠s✱ ② ❡s♦ ♥♦s

♣❡r♠✐tí❛ ❡s❝♦❣❡r ✉♥ ❞❡t❡❝t♦r ❞❡ 512×512 ♣✐① ✭✈❡r ❙❡❝✳ ✸✳✹✳✹✮ ❝♦♥ ❧❛s ♠✐s♠❛s ✐♥t❡r❢❛❝❡s

✶▲❧❛♠❛♠♦s ❝✉❜♦ ❞❡ ✐♠á❣❡♥❡s ❛ ✉♥❛ s❡❝✉❡♥❝✐❛ ❞❡ ✐♠á❣❡♥❡s ❛ ♠♦❞♦ ❞❡ ♣❡❧í❝✉❧❛✱ ❞♦♥❞❡ ❝❛❞❛
✐♠❛❣❡♥ ❢♦r♠❛ ✉♥❛ s✉♣❡r✜❝✐❡ ♦ ♣á❣✐♥❛ ② ❧❛ s❡❝✉❡♥❝✐❛ t❡♠♣♦r❛❧ ✈❛ ❝r❡❛♥❞♦ ❡❧ ❧✐❜r♦ ♦ ❝✉❜♦✳



✶✶✵ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

②✱ ❡♥ ♣r✐♥❝✐♣✐♦✱ ❝♦♥ ❧❛s ♠✐s♠❛s ❝❛r❛❝t❡ríst✐❝❛s q✉❡ ❡❧ ✉s❛❞♦ ♣r❡✈✐❛♠❡♥t❡✷✳ ❊❧ ❞❡t❡❝t♦r

♣❡r♠✐t❡ ♦❜s❡r✈❛r ✉♥ ❝❛♠♣♦ ♠❛②♦r✱ ❛✉♥q✉❡ ❝♦♥ ♠❡♥♦r t❛♠❛ñ♦ ❞❡ ♣í①❡❧ ② ❞❡ ♠✉❡str❡♦

②✱ ♣♦r t❛♥t♦✱ ✉♥ ♥✉❡✈♦ ❉✐s❡ñ♦ Ó♣t✐❝♦✳ ❨ ❡s ♣r❡❝✐s❛♠❡♥t❡ ❡s❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ ❡❧ q✉❡

♣❛s❛ ❛ ❝♦♥❞✐❝✐♦♥❛r♥♦s ❡❧ ♠♦♥t❛❥❡ ② s✉ t❛♠❛ñ♦✳

❆❤♦r❛ sí✱ ❡❧ ✐♥str✉♠❡♥t♦✱ ❝♦♥ ❡st❡ ♥✉❡✈♦ ❞❡t❡❝t♦r ② ❧❛ ❡①♣❡r✐❡♥❝✐❛ ❣❛♥❛❞❛✱ r❡q✉❡✲

r✐rí❛ ♥✉♠❡r♦s❛s ♠❡❥♦r❛s✳ ▲❛ ❜❛s❡ ❞❡❧ ❞✐s❡ñ♦ s❡rí❛ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙✱ ♣❡r♦✱ ❝♦♠♦ ②❛

❤❡♠♦s ❝♦♠❡♥t❛❞♦✱ ❝♦♥s✐❞❡r❛♥❞♦ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ✐r ❛ ♦tr♦s t❡❧❡s❝♦♣✐♦s✱ ❝♦♠♦ ❡❧ ◆❖❚✳

▲❛ ✐❞❡❛ ❜❛s❡ ♣✉❡s ❡r❛ ✐♥t❡❣r❛r ❡❧ ♥✉❡✈♦ ❞✐s❡ñ♦ ❞❡ ❋❛st❈❛♠ ❝♦♥ ✉♥❛ r✉❡❞❛ ❞❡ ✜❧tr♦s

❛✉t♦♠❛t✐③❛❞❛ ② ✉♥❛ ❝á♠❛r❛ ❞❡ ❣r❛♥ ❝❛♠♣♦ ❡♥ ✉♥❛ ❡str✉❝t✉r❛ ❝❡rr❛❞❛✱ ❝♦♥s✐❞❡r❛♥✲

❞♦ ❛❞❡♠ás ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ✐♥❝❧✉✐r ✉♥ ❆❉❈ ② ✉♥❛ ❝á♠❛r❛ ❡①tr❛ ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❡❧

❝❛♠♣♦✳ ❆❞❡♠ás ❞❡ ❡❧❧♦✱ ❞❡❜í❛♠♦s ♣r❡✈❡r ❧❛ ✐♥❝❧✉s✐ó♥ ❞❡ ✉♥ ❝✐r❝✉✐t♦ ❞❡ ❝✐❝❧♦ ❝❡rr❛❞♦

❞❡ ❧íq✉✐❞♦ ❞❡ r❡❢r✐❣❡r❛❝✐ó♥ ♣❛r❛ ❞✐s♠✐♥✉✐r ② ❡st❛❜✐❧✐③❛r ❧❛ t❡♠♣❡r❛t✉r❛ ❞❡ tr❛❜❛❥♦ ❞❡❧

❞❡t❡❝t♦r ② ♠❡❥♦r❛r ❛sí s✉ ❡✜❝❛❝✐❛✳

◆♦ só❧♦ ❡s♦✱ t❛♠❜✐é♥ q✉❡rí❛♠♦s ♣♦❞❡r ❛❝❝❡❞❡r ❛ ✉♥❛ ♣r❡✈✐s✉❛❧✐③❛❝✐ó♥ ❞❡❧ r❡s✉❧t❛❞♦

❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡❧ s✐st❡♠❛ ✉ ♦❜❥❡t♦ ♦❜s❡r✈❛❞♦ ② ❡s♦ s✐♥ t❡♥❡r q✉❡ tr❛s❧❛❞❛r ❧♦s ❞❛t♦s

❞❡❧ P❈ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ❛❧ ❞❡ ♣r♦❝❡s❛❞♦ ❞❡s♣✉és ❞❡ ❝❛❞❛ ❡①♣♦s✐❝✐ó♥✳

❊♥ ❧♦ q✉❡ r❡s♣❡❝t❛ ❛❧ s♦❢t✇❛r❡ t❛♠❜✐é♥ s❡ ♣r❡t❡♥❞í❛♥ ♠❡❥♦r❛s✳ ❆❧ ❞✐s♣♦♥❡r ❞❡

✉♥ ♠❛②♦r ❝❛♠♣♦ ♣♦❞í❛♠♦s ❝♦♥s✐❞❡r❛r ❝❡♥tr❛r♥♦s ❡♥ ③♦♥❛s ❝♦♥❝r❡t❛s ❞❡❧ ♠✐s♠♦ ❞❡

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

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

♣r♦❝❡s❛❞♦✱ ❛❧ ❝♦♥s✐❞❡r❛r ✉♥ ♠❡♥♦r ♥ú♠❡r♦ ❞❡ ♣í①❡❧❡s✳ ◗✉❡rí❛♠♦s ♣♦❞❡r ❡✈❛❧✉❛r ❧❛

❝❛❧✐❞❛❞ ② ❢♦r♠❛ ❞❡ ❧❛ ✐♠❛❣❡♥ r❡❞✉❝✐❞❛✱ ♦ ✐♥❝❧✉s♦ s✐♥ r❡❞✉❝✐r✱ ♣❛r❛ ❡✈❛❧✉❛r ❡❧ s❡❡✐♥❣✱ ❞❡

✉♥ ♠♦❞♦ ✐♥t❡r❛❝t✐✈♦ ② rá♣✐❞♦ s✐♥ t❡♥❡r q✉❡ tr❛❜❛❥❛r ❝♦♥ ♦tr♦ ♣r♦❣r❛♠❛ ❞❡ ♣r♦❝❡s❛❞♦

❝♦♠♦ ■❘❆❋✳ ❉❡ ✐❣✉❛❧ ♠❛♥❡r❛✱ ✉♥❛ ♣r❡❡✈❛❧✉❛❝✐ó♥✱ s✐♥ ❛❧♠❛❝❡♥❛♠✐❡♥t♦✱ ❞❡ ❧❛ ✐♠❛✲

❣❡♥ ♣❛r❛ ♦♣t✐♠✐③❛r ❡❧ ❡♥❢♦q✉❡ ❡r❛♥ r❡q✉❡r✐♠✐❡♥t♦s ✐♠♣✉❡st♦s ♣❛r❛ ✉♥❛ ♥✉❡✈❛ ✈❡rs✐ó♥✳

❈♦♠♦ ✈❡♠♦s✱ ❡❧ ♣❛s♦ ❞❡❧ ♣r✐♠❡r ♣r♦t♦t✐♣♦ ❛ ❧♦ q✉❡ ❞❡❜❡rí❛ s❡r ✉♥ ✐♥str✉♠❡♥t♦

❞❡ ✉s♦ ❝♦♠ú♥ ❝♦♥❧❧❡✈❛❜❛ ♥✉♠❡r♦s♦s ② ❝♦♠♣❧❡❥♦s ❝❛♠❜✐♦s✳ ■♥t❡♥t❛r❡♠♦s ✐r ♣♦r ♣❛rt❡s

❞❡s❝r✐❜✐❡♥❞♦ ❡❧ ♣r♦❝❡s♦ q✉❡ s✉r❣✐ó ♣❛r❛ ❡❧❛❜♦r❛r ❡st❡ ✕②❛✕ ♣r♦②❡❝t♦ ♦✜❝✐❛❧✳

✹✳✷✳✶✳ ❊❧❡❝tró♥✐❝❛

❊❧ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❊❧❡❝tró♥✐❝❛ ❧❧❡✈❛ ✈❛r✐♦s ❛ñ♦s tr❛❜❛❥❛♥❞♦ ② ❞❡s❛rr♦❧❧❛♥❞♦ s✐s✲

t❡♠❛s ❞❡ ❝♦♥tr♦❧ ② ♣r♦❝❡s❛❞♦ ❞✐r❡❝t♦ ❞❡ ❛❝t✉❛❞♦r❡s ♣♦r ♠❡❞✐♦ ❞❡ ❞✐s♣♦s✐t✐✈♦s ❞❡

♠ú❧t✐♣❧❡s ♣✉❡rt❛s ❞❡ ❝❛♠♣♦ ♣r♦❣r❛♠❛❜❧❡ ✭❋P●❆✱ ❋✐❡❧❞ Pr♦❣r❛♠♠❛❜❧❡ ●❛t❡ ❆rr❛②

✷❊❧ t❛♠❛ñ♦ ❞❡ ♣í①❡❧ ❡s ❞✐st✐♥t♦ ② ❡❧ s♦❢t✇❛r❡ ♠ás ♠♦❞❡r♥♦✳ ❊❧ r❛♥❣♦ ❞❡ ❣❛♥❛♥❝✐❛s t❛♠❜✐é♥
✈❛r✐❛❜❛✳



✹✳✷✳ ❆❞❛♣t❛❝✐♦♥❡s ② ♠❡❥♦r❛s ✶✶✶

❡♥ ✐♥❣❧és✮✳ ▲❛s ❋P●❆ ♣❡r♠✐t❡♥ ❝r❡❛r ❝✐r❝✉✐t♦s ♠❡❞✐❛♥t❡ ❧❛ ♣r♦❣r❛♠❛❝✐ó♥ ❞❡ ♣✉❡rt❛s

❧ó❣✐❝❛s✱ ❧♦ q✉❡ ❞❛ ✉♥❛ ♣♦t❡♥❝✐❛❧✐❞❛❞ ② ✢❡①✐❜✐❧✐❞❛❞ ♠✉② ❣r❛♥❞❡ ❛ ❡st♦s ❝✐r❝✉✐t♦s s❡♠✐✲

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

❢✉♥❝✐♦♥❛❧✐❞❛❞❡s✳ ▲❛ ❛♣❧✐❝❛❝✐ó♥ ❢✉♥❞❛♠❡♥t❛❧ ❞❡ ❧❛s ❋P●❆ ❡♥ ❡❧ ■❆❈ ❤❛❜í❛ s✐❞♦ ♣❛r❛

❡❧ ❝♦♥tr♦❧ ❞❡ ❧♦s s✐st❡♠❛s ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ t❛♥t♦ ♣❛r❛ ❙❈■❉❆❘ ❝♦♠♦ ♣❛r❛ ✉♥

❡s♣❡❥♦ ❞❡❢♦r♠❛❜❧❡ ② s✉ ❙❡♥s♦r ❞❡ ❋r❡♥t❡ ❞❡ ❖♥❞❛✳ ❊♥ ❡s❡ ♠♦♠❡♥t♦ t✉✈✐♠♦s ❝❧❛r♦

q✉❡ ❡❧ ❞✐s♣♦♥❡r ❞❡ ❋P●❆ ❡♥ ❋❛st❈❛♠ s❡rí❛ ❝r✉❝✐❛❧ ♣❛r❛ ❡❧ ❝♦♥tr♦❧ ② tr❛t❛♠✐❡♥t♦ ❞❡

❧❛s ✐♠á❣❡♥❡s✱ ❞❛♥❞♦ ❛❧ ✐♥str✉♠❡♥t♦ ✉♥❛ ✈❡rs❛t✐❧✐❞❛❞ s✉♣❡r✐♦r ❛ ❧♦s ❡q✉✐♣♦s s✐♠✐❧❛r❡s

q✉❡ ❡♥ ❡s❡ ♠♦♠❡♥t♦ s❡ ❡st❛❜❛♥ ❞✐s❡ñ❛♥❞♦ ❡♥ ♦tr♦s ❧✉❣❛r❡s✳

❈♦♥t♦❧ ❞❡ ❋P●❆s

▲❛ ❝♦❧❛❜♦r❛❝✐ó♥ ❝♦♥ ❧❛ ❯♥✐✈❡rs✐❞❛❞ P♦❧✐té❝♥✐❝❛ ❞❡ ❈❛rt❛❣❡♥❛ ✭❯P❈❚✮ ♥♦s ♣❡r♠✐✲

t✐ó✱ ②❛ ❞❡s❞❡ ❡❧ ✈❡r❛♥♦ ❞❡ ✷✵✵✻✱ tr❛❜❛❥❛r ❝♦♥ ✉♥ ❜❡❝❛r✐♦ ❞❡ ✈❡r❛♥♦✸ ♣❛r❛ q✉❡ ❡♥tr❛s❡

❡♥ ❝♦♥t❛❝t♦ ❝♦♥ ❡❧ ♣r♦❝❡s♦ ❞❡ ♣r♦❣r❛♠❛❝✐ó♥ ❞❡ ❧❛s ❋P●❆✳ ▲♦s ❡①❝❡❧❡♥t❡s r❡s✉❧t❛❞♦s

♦❜t❡♥✐❞♦s ♥♦s ❧❧❡✈❛r♦♥ ❛ s✉ ❝♦♥tr❛t❛❝✐ó♥ ❛❧ ❛ñ♦ s✐❣✉✐❡♥t❡✱ ❝✉❛♥❞♦ ✜♥❛❧✐③ó ❧❛ ❝❛rr❡r❛ ❡♥

❧❛ ❯P❈❚✱ ❝♦♥ ✉♥ ♣r♦②❡❝t♦ ❜❛s❛❞♦ ❡♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥ ♣r❡♣r♦❝❡s❛❞♦r ❞❡ ✐♠á❣❡♥❡s

♣♦r ❋P●❆ ② q✉❡ ♣r♦❜❛rí❛♠♦s ❡♥ ❧❛ ❝❛♠♣❛ñ❛ ❞❡❧ ✶ ❞❡ ♠❛②♦ ❞❡ ✷✵✵✼✳

▲❛ ✐❞❡❛ q✉❡ t❡♥í❛♠♦s ♣❛r❛ ❧❛ ❢✉♥❝✐ó♥ ✐♥✐❝✐❛❧ ❞❡ ❧❛ ❋P●❆ ❡r❛ ❧❛ ❞❡ q✉❡ ♣♦s✐❜✐❧✐t❛s❡

❡❧ ❝♦♥tr♦❧ ② ❛❞q✉✐s✐❝✐ó♥ ❞❡ ❧♦s ❞❛t♦s ❞❡❧ ❞❡t❡❝t♦r ② s✉ tr❛♥s♠✐s✐ó♥ ♣❛r❛ ♣r♦❝❡s❛❞♦ ②

❛❧♠❛❝❡♥❛♠✐❡♥t♦✳ ❊❧ ❝♦♥❝❡♣t♦ ❞❡ ❜❛s❡ ❡r❛ r❡❛❧✐③❛r ✉♥ ♠✉❧t✐♣❧❡①♦r ♣❛r❛ ❧❛ ❞✐✈✐s✐ó♥ ②

r❡❞✐r❡❝❝✐ó♥ ❞❡ ❧❛s s❡ñ❛❧❡s ❞❡❧ ❞❡t❡❝t♦r✳

❊❧ ♠✉❧t✐♣❧❡①♦r s❡ ❝♦♥tr♦❧❛ ❞❡s❞❡ ✉♥ P❈ ❛ tr❛✈és ❞❡ ✉♥❛ r❡❞ ❡t❤❡r♥❡t ❞❡ ♠♦❞♦

q✉❡✱ ✐♥s❡rtá♥❞♦s❡ ❡♥tr❡ ❡❧ ❞❡t❡❝t♦r ② ✉♥ P❈ ❞❡ ❝♦♥tr♦❧✱ ♣❡r♠✐t❡ ❞❡r✐✈❛r ❧♦s ❞❛t♦s ❞❡❧

❞❡t❡❝t♦r ♣♦r ✉♥ ❧❛❞♦ ❛❧ P❈ ❝♦♥ ❧❛ ♣❧❛❝❛ ② ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❝♦♥tr♦❧✱ ♣♦r ♦tr♦ ❧❛❞♦ ❛❧

P❈ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ② ♣♦st♣r♦❝❡s❛❞♦ ②✱ ❛ ❧❛ ✈❡③✱ ❛❧ s✐st❡♠❛ ❞❡ ♠❡♠♦r✐❛ ② ♣r♦❝❡s❛❞♦ ❞❡

❧❛ ♣r♦♣✐❛ ❋P●❆✳ ▲❛ ❝♦♥❡①✐ó♥ ② tr❛♥s♠✐s✐ó♥ ❞❡ ❞❛t♦s ❞❡ ❧♦s P❈s ❝♦♥ ❡❧ ♠✉❧t✐♣❧❡①♦r

s❡ ❤❛❝❡ ❛ tr❛✈és ❞❡ ✉♥ ♣r♦t♦❝♦❧♦ ❡t❤❡r♥❡t ❡♥ ✉♥❛ r❡❞ ✓❣✐❣❛❜✐t✔✳

▲❛ ❢✉♥❝✐ó♥ ❞❡❧ ♠✉❧t✐♣❧❡①♦r ❧❛ ❤❛❝❡ r❡❛❧♠❡♥t❡ ❧❛ ♣❧❛❝❛ ❋P●❆✳ ❈♦♥ s✉ s✐st❡♠❛ ❞❡

♣✉❡rt❛s ❧ó❣✐❝❛s s❡ ♣✉❡❞❡ ♣r♦❣r❛♠❛r ♣❛r❛ ❡✈❛❧✉❛r ❡ ✐♥❝❧✉s♦ ❛♠♣❧✐✜❝❛r ❧❛ s❡ñ❛❧ r❡❝✐❜✐❞❛

② r❡❞✐r❡❝❝✐♦♥❛r❧❛ ❛ ❧♦s s✐st❡♠❛s ❞❡s❝r✐t♦s✳

❆sí ♣✉❡s✱ ❛ ♣❛rt✐r ❞❡❧ ✈❡r❛♥♦ ❞❡ ✷✵✵✻ t✉✈✐♠♦s ✉♥❛ ♣❡rs♦♥❛ ❞❡❞✐❝❛❞❛ ❞❡ ♠♦❞♦

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

♣♦r ❋P●❆✳ ▲❛ ✐❞❡❛ ❡r❛ ❝r❡❛r ✉♥ ❝✐r❝✉✐t♦ q✉❡✱ ❛ ❧❛ ✈❡③ q✉❡ ❞✐r❡❝❝✐♦♥❛❜❛ ❧♦s ❞❛t♦s

❛❞q✉✐r✐❞♦s ♣♦r ❧❛ ❈❈❉ ❛❧ ❝♦♠♣✉t❛❞♦r ❞❡ ❛❞q✉✐s✐❝✐ó♥ ♣❛r❛ s✉ ❛❧♠❛❝❡♥❛♠✐❡♥t♦ ②

✸❏✉❛♥❥♦ P✐q✉❡r❛s ❡♥tró ❛ ❢♦r♠❛r ♣❛rt❡ ❞❡❧ Pr♦②❡❝t♦ ❝♦♠♦ ❜❡❝❛r✐♦ ❞❡ ✈❡r❛♥♦✱ ❞❡s❛rr♦❧❧❛♥❞♦ s✉
♣r♦②❡❝t♦ ❞❡ ❧✐❝❡♥❝✐❛t✉r❛ ❞✉r❛♥t❡ ❡❧ s✐❣✉✐❡♥t❡ ❛ñ♦✳



✶✶✷ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

❋✐❣✉r❛ ✹✳✶✿ ❊sq✉❡♠❛ ❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ s❡ñ❛❧❡s ❡♥tr❡ ❡❧ ❞❡t❡❝t♦r ② ❧♦s ♦r❞❡♥❛❞♦r❡s
❝♦♥tr♦❧❛❞❛s ♣♦r ❧❛ ♣❧❛❝❛ ❋P●❆ ♣r♦❣r❛♠❛❞❛✳

♣♦s✲♣r♦❝❡s❛❞♦✱ ♣r❡♣r♦❝❡s❛❜❛ ❡s❛ ✐♥❢♦r♠❛❝✐ó♥ ❡♥ ❧❛ ♠❡♠♦r✐❛ ✐♥t❡r♥❛✱ r❡❝❡♥tr❛♥❞♦

❧❛s ✐♠á❣❡♥❡s s❡❣ú♥ ❡❧ ♣í①❡❧ ♠ás ❜r✐❧❧❛♥t❡✱ ❡♥✈✐❛♥❞♦ ❧❛ ✐♠❛❣❡♥ r❡s✉❧t❛♥t❡ ❡♥ ♠♦❞♦

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

✉♥ P❈ ❡r❛ ❛❝t✉❛❧✐③❛❞♦ ❛ ✈♦❧✉♥t❛❞ ♣❛r❛ ♦❜t❡♥❡r ✐♠á❣❡♥❡s ❧✐♠♣✐❛s ❝❛❞❛ ♣♦❝♦s s❡❣✉♥❞♦s✳

❊❧ ♠✐❝r♦♣r♦❝❡s❛❞♦r ② ♠❡♠♦r✐❛ ❞❡ ❧❛ ❋P●❆ ♣❡r♠✐t❡♥ ♦❜t❡♥❡r ✐♠á❣❡♥❡s ♣r❡♣r♦✲

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

♣r❡♣❛r❛❝✐ó♥ ② ♦❜s❡r✈❛❝✐ó♥ ❛❧ ♣❡r♠✐t✐r ❤❛❝❡r♥♦s ✉♥❛ ✐❞❡❛ ❞❡❧ t✐♣♦ ❞❡ ♦❜❥❡t♦ q✉❡ ♦❜✲

s❡r✈❛♠♦s ❛✉♥ ❛♥t❡s ❞❡ ❧❛ ❛❞q✉✐s✐❝✐ó♥ ❞❡ ✉♥ ❝✉❜♦ ❞❡ ❞❛t♦s✳

❯♥ ✉s♦ ② ❜❡♥❡✜❝✐♦ ✐♥♠❡❞✐❛t♦ s✉r❣❡ ❡♥ ❡❧ ❡♥❢♦q✉❡ ② ✈❛❧♦r❛❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥ ❝✉❛♥❞♦

❡st❛♠♦s ❡♥ t❡❧❡s❝♦♣✐♦✳ ❆✉♥q✉❡ ♥♦ t✐❡♥❡ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ✜❧tr❛r ❧❛s ✐♠á❣❡♥❡s ♠❛❧❛s ②

❣❡♥❡r❛ ✐♠á❣❡♥❡s ❛❝✉♠✉❧❛t✐✈❛s q✉❡ ❞❡❜❡♠♦s r❡✐♥✐❝✐❛❧✐③❛r ❝❛❞❛ ❝✐❡rt♦ t✐❡♠♣♦✱ ♥♦s ❞❛

✉♥❛ ✐❞❡❛ ❞❡ ❝ó♠♦ ❞❡ ✐♥t❡♥s❛ ❡s ❧❛ s❡ñ❛❧ ②✱ ♣♦r t❛♥t♦✱ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ❛t♠ós❢❡r❛

♠✐❡♥tr❛s ❛❥✉st❛♠♦s ❡❧ ♠❡❥♦r ❢♦❝♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❤❛❝✐❡♥❞♦ q✉❡ ❧❛ ✐♠❛❣❡♥ ♣r♦♣♦r❝✐♦♥❛❞❛

♠❡❥♦r❡ ❡♥ r❡s♦❧✉❝✐ó♥ ❡ ✐♥t❡♥s✐❞❛❞✳



✹✳✷✳ ❆❞❛♣t❛❝✐♦♥❡s ② ♠❡❥♦r❛s ✶✶✸

❋✐❣✉r❛ ✹✳✷✿ ■♠❛❣❡♥ q✉❡ ♠✉❡str❛ ❧❛ ♣r❡s❡♥t❛❝✐ó♥ ❡♥ ♠♦♥✐t♦r ❞❡ ❧❛ ✐♠❛❣❡♥ ♣r❡♣r♦❝❡s❛❞❛ ♣♦r
❧❛ ❋P●❆✳ ❙❡ ✈❡ ❡❧ r❡s✉❧t❛❞♦ ❞❡❧ r❡❝❡♥tr❛❞♦ ❡♥ t✐❡♠♣♦ r❡❛❧ ❞❡ ❧❛ ❜✐♥❛r✐❛ ❆❉❙ ✶✵✺✾✽✱ ❝♦♥
✉♥❛ s❡♣❛r❛❝✐ó♥ ❞❡ 0

′
2 ❛r❝s❡❝✱ q✉❡ s❡ ♦❜s❡r✈❛ ❝♦♥ ✉♥ ❡❢❡❝t♦ ❞❡ ✓tr✐♣❧❡ ✐♠❛❣❡♥✔ ❞❡❜✐❞♦ ❛❧ s❛❧t♦

❡♥tr❡ ❧♦s ♠á①✐♠♦s ❞❡ ✉♥❛ ❡str❡❧❧❛ ② ❞❡ ❧❛ ♦tr❛ ❝✉❛♥❞♦ ❧❛s ❝♦♠♣♦♥❡♥t❡s s♦♥ ♠✉② ♣❛r❡❝✐❞❛s✳

❉❡t❡❝t♦r

❆ ❧♦ ❧❛r❣♦ ❞❡ ❧❛s ❝❛♠♣❛ñ❛s ❞❡ ♣r✉❡❜❛s ❞❡s❛rr♦❧❧❛❞❛s ❞✉r❛♥t❡ ✷✵✵✻✲✷✵✵✼ ❡♥ ❡❧

❚❈❙ s❡ ✈✐♦ ❝❧❛r♦ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡❧ s✐st❡♠❛ ♣❛r❛ s♦❜r❡♣♦♥❡rs❡ ❛ ❧❛ ❛t♠ós❢❡r❛✳ ◆♦

♦❜st❛♥t❡✱ ② s✐ ❜✐❡♥ ❡❧ ❝❛♠♣♦ ❞❡❧ ❞❡t❡❝t♦r q✉❡ ✉sá❜❛♠♦s ❡r❛ s✉✜❝✐❡♥t❡ ② ❛♣r♦♣✐❛❞♦

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

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

✈✐s✐❜❧❡s ❝♦♠♦ ❛❣✉❥❡r♦s ♥❡❣r♦s✱ ♥♦s ❡①✐❣í❛ ❧❛ ❡①t❡♥s✐ó♥ ❞❡❧ ❝❛♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥✳

❉❛❞♦ q✉❡ ❧♦s ❞❡t❡❝t♦r❡s ♠♦♥t❛❞♦s ❡♥ ❧❛s ❝á♠❛r❛s ❞❡ ❧❛ ✜r♠❛ ❆◆❉❖❘✱ q✉❡ ❤❛❜í❛

s✉♠✐♥✐str❛❞♦ ❡❧ ❞❡t❡❝t♦r q✉❡ ✉sá❜❛♠♦s✱ ♣♦❞í❛♥ t❡♥❡r t❛♠❜✐é♥ ♦tr♦s t❛♠❛ñ♦s✱ ❝♦♠♦

512×512 ♣✐① ② 1024×1024 ♣✐①✱ ❞❡ ❢♦r♠❛ s✐♠✉❧tá♥❡❛ ❛❧ ✐♥✐❝✐♦ ❞❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❧❛ té❝♥✐❝❛

❞❡ ❋P●❆ s❡ ❞❡❝✐❞✐ó ♣r❡♣❛r❛r❧❛ ♣❛r❛ ✉♥ ❞❡t❡❝t♦r ❞❡ ✓♠❡❞✐♦ ❑✔✳

▲❛ ❡❧❡❝❝✐ó♥ ❞❡❧ ❞❡t❡❝t♦r ❞❡ 512×512 ♣✐① s❡ ❜❛só✱ ♣r✐♠❡r♦✱ ❡♥ ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❡❝t✉r❛✱

②❛ q✉❡ ❧❛ ❝á♠❛r❛ s✉♠✐♥✐str❛❞❛ ❝♦♥ ❡st❡ ❞❡t❡❝t♦r t❡♥í❛ ❡❧❡❝tró♥✐❝❛ ♣❛r❛ ❧❛ ❧❡❝t✉r❛ ❞❡❧

s❡♥s♦r ❝♦♠♣❧❡t♦ ❛ ✈❡❧♦❝✐❞❛❞❡s ❞❡ ❡①♣♦s✐❝✐ó♥ ❞❡ ✸✵♠s✱ ♠✐❡♥tr❛s q✉❡ ❡❧ ❢♦r♠❛t♦ ❞❡ ✓✉♥

❑✔ ♥♦ ♣♦❞í❛ ❧❡❡rs❡ ❝♦♠♣❧❡t♦ ♠ás rá♣✐❞❛♠❡♥t❡ ❞❡ ✶✵✵♠s ✭❙❡❝✳ ✸✳✹✳✹✮✳ ❖tr❛s ❞✐❢❡r❡♥❝✐❛s



✶✶✹ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

❡r❛♥ q✉❡ ❡❧ s✐st❡♠❛ ❞❡ 1024×1024 ♣✐① ♥♦ ❧❧❡✈❛ ♦❜t✉r❛❞♦r ② ❡❧ r✉✐❞♦ ❞❡ ❧❡❝t✉r❛ ❡s ✉♥

♣♦❝♦ s✉♣❡r✐♦r✳ ❚❛♠❜✐é♥ ❡❧ t❛♠❛ñ♦ ❞❡ ♣í①❡❧ ❢✉❡ ✉♥ ❢❛❝t♦r ❛ ❝♦♥s✐❞❡r❛r✳ ❊❧ s❡♥s♦r q✉❡

❡stá❜❛♠♦s ✉s❛♥❞♦ ❞❡ 128×128 ♣✐① t❡♥í❛ ✉♥ t❛♠❛ñ♦ ❞❡ ♣í①❡❧ ❞❡ 24µ♠✱ ♠✐❡♥tr❛s q✉❡

❡❧ ❞❡ ✺✶✷ ♣✐① ❡r❛ ❞❡ 16µ♠ ② ❡❧ ❞❡ ✶✵✷✹ ♣✐① ❞❡ 13µ♠✳ ➱st❡ ❡s ✉♥ ♣❛rá♠❡tr♦ ❛ t❡♥❡r

♠✉② ❡♥ ❝✉❡♥t❛ ❡♥ ✉♥ ♥✉❡✈♦ ❉✐s❡ñ♦ Ó♣t✐❝♦ ②❛ q✉❡✱ ♥♦ ❡s ②❛ só❧♦ q✉❡ ❡❧ ❝❛♠♣♦ ❝r❡❝❡ ②

❜✉s❝❛♠♦s ❧❛ ♠á①✐♠❛ ❝❛❧✐❞❛❞ ❡♥ t♦❞♦ ❡❧ ❋✐❡❧❞ ♦❢ ✈✐❡✇ ❬❈❛♠♣♦ ❞❡ ✈✐s✐ó♥❪ ✭❋❖❱✮✱ s✐♥♦

q✉❡ ❡❧ ♠✉❡str❡♦ ❝♦♥❞✐❝✐♦♥❛ t❛♠❜✐é♥ ❧❛ r❡❧❛❝✐ó♥ ❞❡ ❛✉♠❡♥t♦ s✐ ♠❛♥t❡♥❡♠♦s ❡❧ ❝r✐t❡r✐♦

❞❡ ✺ ♣í① ♣♦r P❙❋✳

❉❡ t♦❞❛s ❢♦r♠❛s✱ s❡ ❤✐③♦ ✉♥ ❡st✉❞✐♦ ❞❡ ❧❛s ♣♦s✐❜❧❡s ❝♦♠❜✐♥❛❝✐♦♥❡s ❞❡ ❝❛♠♣♦s✱

♠✉❡str❡♦✱ t❛♠❛ñ♦s ❞❡ P❙❋ ② r❡❧❛❝✐♦♥❡s ❞❡ ❛✉♠❡♥t♦ ❞❡ ❧❛ ó♣t✐❝❛ ♥♦ só❧♦ ♣❛r❛ ❡❧

t❡❧❡s❝♦♣✐♦ ❚❈❙ s✐♥♦ q✉❡ ❛ñ❛❞✐♠♦s ❛❞❡♠ás ❧♦s t❡❧❡s❝♦♣✐♦s ◆❖❚ ❞❡ 2′5♠ ② ❲❍❚ ❞❡

4′2♠ ❞❡ ❛❜❡rt✉r❛✳ ❊♥ ❡s❡ ♠♦♠❡♥t♦ ♥♦s ❞❡❝❛♥tá❜❛♠♦s ②❛ ♣♦r ✉♥ s❡♥s♦r ❞❡ 512×512 ♣✐①
s✐ ❡❧ r❡st♦ ❞❡ ❝♦♥❞✐❝✐♦♥❛♥t❡s ♥♦ ♥♦s ❧♦ ❞❡s❛❝♦♥s❡❥❛❜❛♥✳

❈❛❧✐❜r❛❞♦

P♦r ❡st❛s ❢❡❝❤❛s ❡❧ ➪r❡❛ ❞❡ ■♥str✉♠❡♥t❛t❛❝✐ó♥ ❞❡❧ ■❆❈ ❛❝❛❜❛❜❛ ❞❡ ❛❞q✉✐r✐r✱ ♣❛r❛

❡❧ ❣r✉♣♦ ❞❡ ❞❡t❡❝t♦r❡s ❞❡❧ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❊❧❡❝tró♥✐❝❛✱ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ♠❛t❡r✐❛❧

♣❛r❛ r❡♣r♦❞✉❝✐r ❡❧ s✐st❡♠❛ ❞❡ ❝❛❧✐❜r❛❝✐ó♥ ❞❡ ❞❡t❡❝t♦r❡s ✉t✐❧✐③❛❞♦ ♣♦r ●❚❈✳ ❊❧ ♥✉❡✈♦

❞❡t❡❝t♦r ❛❞q✉✐r✐❞♦ ♣❛r❛ ❋❛st❈❛♠ ❢✉❡ ❡❧ ♣r✐♠❡r♦ ❡♥ s❡r ♣r♦❜❛❞♦ ❡♥ ❡❧ ❜❛♥❝♦ ❞❡ ❝❛❧✐✲

❜r❛❝✐ó♥✱ ❛✉♥q✉❡ s♦❧❛♠❡♥t❡ s❡ ❧❧❡✈ó ❛ ❝❛❜♦ ✉♥❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡ ❡✜❝✐❡♥❝✐❛ ❝✉á♥t✐❝❛✱

②❛ q✉❡ ❡❧ ❜❛♥❝♦ ❞❡ ♣r✉❡❜❛s ♥♦ ❡st❛❜❛ ✜♥❛❧✐③❛❞♦ t♦t❛❧♠❡♥t❡✳ ❊❧ s✐st❡♠❛ ❞❡ ❝❛❧✐❜r❛❞♦

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

❞✐❢✉s❛ ❞❡ ✐♥t❡♥s✐❞❛❞ ✈❛r✐❛❜❧❡ ❝♦♥tr♦❧❛❞❛ ❛ tr❛✈és ❞❡ ✉♥ ❢♦tó♠❡tr♦ ♣❛tró♥✳ ❊♥ ❡❧ ❝❛✲

♠✐♥♦ s❡ ✐♥s❡rt❛ ✉♥❛ r✉❡❞❛ ❞❡ ✜❧tr♦s ❞❡ ❜❛♥❞❛ ❡str❡❝❤❛ ♣❛r❛ ❤❛❝❡r ♠❡❞✐❞❛s ❛ ❞✐st✐♥t❛s

❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛✳ ❆❞❡♠ás ❞❡ ❡❧❧♦✱ t❛♠❜✐é♥ s❡ ❛♣r♦✈❡❝❤ó ♣❛r❛ ❡♥❝♦♥tr❛r ❧❛ ♠❡❥♦r

r❡❧❛❝✐ó♥ ❞❡ ❣❛♥❛♥❝✐❛s ② ❛♠♣❧✐✜❝❛❝✐ó♥ ❛ ✉t✐❧✐③❛r✳

❊❧ r❡s✉❧t❛❞♦ ❞❡ t♦❞♦ ❡❧❧♦ ❢✉❡ ✉♥❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡ ❧❛ ❝á♠❛r❛ ❆◆❉❖❘ ♠✉②

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

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

♣r❡s❡♥t❛❞❛ ♣♦r ❆◆❉❖❘ ♣❡r♦ ❧✐❣❡r❛♠❡♥t❡ ♣❡♦r ❡♥ ❝❛❧✐❞❛❞✳ ❊st♦s ✈❛❧♦r❡s ♥♦s ♣❡r♠✐✲

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

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

❆ ♣❡s❛r ❞❡ q✉❡ ❡st❛ ❝❛❧✐❜r❛❝✐ó♥ ❡r❛ ♠✉❝❤♦ ♠❡❥♦r q✉❡ ❧❛ ♣r❡s❡♥t❛❞❛ ♣♦r ❆◆❉❖❘✱

❡st❛s ♠❡❞✐❝✐♦♥❡s ❞❡❜❡♥ t♦♠❛rs❡ ❝♦♠♦ ✉♥❛ ♣r✐♠❡r❛ ❛♣r♦①✐♠❛❝✐ó♥✳ ▲❛ r❡❧❛❝✐ó♥ ❞❡ ❣❛✲

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

② ♥♦ s❡ ❤✐③♦ ✉♥ ❝❛❧✐❜r❛❞♦ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ✐♥t❡♥s✐❞❛❞ r❡❝✐❜✐❞❛ ♦ ❡❧ t✐❡♠♣♦ ❞❡ ✐♥t❡✲



✹✳✷✳ ❆❞❛♣t❛❝✐♦♥❡s ② ♠❡❥♦r❛s ✶✶✺

❣r❛❝✐ó♥✳ ❆❞❡♠ás✱ ❡❧ ❜❛♥❝♦ ❞❡ ❝❛❧✐❜r❛❞♦ ❛❞♦❧❡❝❡ ❞❡ ❝✐❡rt♦s ❞❡❢❡❝t♦s✱ ❝♦♠♦ ❡❧ ✉s♦ ❞❡

✜❧tr♦s✹✳

❊❧ ❝❛❧✐❜r❛❞♦ ❞❡✜♥✐t✐✈♦ ❞❡ ❡st❛ ❝á♠❛r❛ ② ❞❡ t♦❞❛s ❧❛s ❞❡♠ás q✉❡ ❤❛♥ ✐❞♦ ✈✐♥✐❡♥❞♦

❞❡trás ❧♦ ❤❡♠♦s r❡❛❧✐③❛❞♦ ❡♥ ❡❧ ❚❈❙✱ ♠❡❞✐❛♥t❡ ❞❡❝❡♥❛s ❞❡ ♥♦❝❤❡s ❞❡ ♦❜s❡r✈❛❝✐ó♥

❞❡ ❞✐st✐♥t♦s ♦❜❥❡t♦s✳ ▲❛ ✈❛r✐❛❝✐ó♥ ❞❡ ♠❛❣♥✐t✉❞❡s✱ ❣❛♥❛♥❝✐❛s ② t✐❡♠♣♦s ❞❡ ❡①♣♦s✐❝✐ó♥

♥♦s ❤❛♥ ♣❡r♠✐t✐❞♦ ❝❛r❛❝t❡r✐③❛r ♣❡r❢❡❝t❛♠❡♥t❡ t♦❞❛s ❧❛s ❝á♠❛r❛s ❆◆❉❖❘✱ ❧❧❡❣❛♥❞♦

❛ ❝♦♥♦❝❡r ❜✐❡♥ s✉s r❡s♣✉❡st❛s✱ s✉s ❜♦♥❞❛❞❡s ② s✉s ❧✐♠✐t❛❝✐♦♥❡s✳

❘✉❡❞❛ ❞❡ ❋✐❧tr♦s

❍❡♠♦s ❞❡ ❝♦♥s✐❞❡r❛r ❛q✉í t❛♠❜✐é♥ ✉♥ ❡①tr❛ q✉❡ ❛ñ❛❞✐r ❛ ❧❛ ❝♦❤♦rt❡ ❞❡ ♠♦❞✐✜❝❛✲

❝✐♦♥❡s ❞❡❧ s✐st❡♠❛✳ ❊♥ r❡❛❧✐❞❛❞ ♥♦ ❡r❛ ✉♥ ❛ñ❛❞✐❞♦ ❛ ❋❛st❈❛♠✱ s✐♥♦ ✉♥❛ ♠♦❞✐✜❝❛❝✐ó♥ ♦

❛✉t♦♠❛t✐③❛❝✐ó♥ ♣❛r❛ ❡❧ ♥✉❡✈♦ ❞✐s❡ñ♦✳ ❙✐ ❜✐❡♥ t❡♥í❛♠♦s ❡♥ ♠❡♥t❡ ✐♥tr♦❞✉❝✐r ✉♥❛ r✉❡❞❛

❞❡ ✜❧tr♦s ❛✉t♦♠❛t✐③❛❞❛✱ ♥♦ t❡r♠✐♥❛♠♦s ❞❡ ❞❡❝✐❞✐r ❡❧ ♥ú♠❡r♦ ② ❢♦r♠❛ ❞❡ ❧♦s ✜❧tr♦s✳

P♦r ❡❧❧♦✱ ❛❧ ✜♥❛❧ ✐♥s❡rt❛♠♦s ✉♥❛ r✉❡❞❛ ♠♦t♦r✐③❛❞❛ q✉❡ t❡♥í❛♠♦s ❝♦♠♦ r❡s✉❧t❛❞♦ ❞❡ ❧❛

❝❛♥✐❜❛❧✐③❛❝✐ó♥ ❞❡❧ ❡s♣❡❝tró❣r❛❢♦ ❞❡ ❞✐s♣❡rs✐ó♥ ❝r✉③❛❞❛ ❯tr❡❝❤ ❊❝❤❡❧❧❡ ❙♣❡❝tr♦❣r❛♣❤

✭❯❊❙✮✱ r❡❝✐❡♥t❡♠❡♥t❡ r❡t✐r❛❞♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❲❍❚✱ ❝♦♥ ❧❛ ✐❞❡❛ ❞❡ ❛♣r♦✈❡❝❤❛r s✉ ó♣✲

t✐❝❛ ♣❛r❛ r❡❤❛❝❡r ✉♥ ❡s♣❡❝tró❣r❛❢♦ ❡q✉✐✈❛❧❡♥t❡ ♣❡r♦ ❛❧✐♠❡♥t❛❞♦ ♣♦r ✜❜r❛s ó♣t✐❝❛s✳ ❊❧

✐♥❝♦♥✈❡♥✐❡♥t❡ ❡st❛❜❛ ❡♥ q✉❡ ❡❧ ❝♦♥tr♦❧ ❞❡ ❧❛ r✉❡❞❛ ❡r❛ ♣❛rt❡ ❞❡ ❧❛ ♦❜s♦❧❡t❛ ❡❧❡❝tró♥✐❝❛

② ♥♦ s❡ ♣♦❞í❛ r❡❝✉♣❡r❛r✳ P♦r ❡❧❧♦✱ ♦♣t❛♠♦s ♣♦r ✐♥s❡rt❛r ✉♥❛ ♣❧❛❝❛ ❆✴❉ ❡♥ ❡❧ P❈ q✉❡

s❡ q✉❡❞❛❜❛ ❡♥ ❧❛ ❝ú♣✉❧❛ ❝♦♥ ❡❧ ❝♦♥tr♦❧ ❞❡❧ ❞❡t❡❝t♦r✳ ▲❛ ♣❧❛❝❛ ♣❡r♠✐tí❛ ❛❧✐♠❡♥t❛r ❡❧

♠♦t♦r ❉❈ ② ❧❡❡r ✉♥ ♣♦t❡♥❝✐ó♠❡tr♦ ❞❡ 360◦ ♠♦♥t❛❞♦ ❡♥ ❡❧ ♠✐s♠♦ ❡❥❡ ❞❡ ❧❛ r✉❡❞❛✳ ❊st❛

r✉❡❞❛ ❞❡ ✜❧tr♦s s❡ s✉st✐t✉②ó ♠ás ❛❞❡❧❛♥t❡ ♣♦r ✉♥❛s r✉❡❞❛s ❝♦♠❡r❝✐❛❧❡s ❞❡ ❧❛ ♠❛r❝❛

❙✉♣❛❙❧✐♠✳

❈á♠❛r❛ ❞❡ ❈❛♠♣♦

❯♥♦ ❞❡ ❧♦s ✐♥❝♦♥✈❡♥✐❡♥t❡s ❞❡ ❧❛ t❡❝♥♦❧♦❣í❛ ♥❡❝❡s❛r✐❛ ♣❛r❛ ▲✉❝❦② ■♠❛❣✐♥❣ ❡s q✉❡ ❡❧

t❛♠❛ñ♦ ❞❡ ❧♦s ❞❡t❡❝t♦r❡s ♥♦ ♣✉❡❞❡ s❡r ♠✉② ❣r❛♥❞❡✱ ②❛ q✉❡ ❡❧ t✐❡♠♣♦ ❞❡ ❧❡❝t✉r❛ ❝r❡❝❡

❞r❛♠át✐❝❛♠❡♥t❡ ❝♦♥ ❡❧ ♥ú♠❡r♦ ❞❡ ♣í①❡❧❡s✳ ❆ ❧❛ ✈❡③✱ ❡❧ r✉✐❞♦ ❣❡♥❡r❛❞♦ ❡♥ ❧♦s ♣í①❡❧❡s

❡s t❛♥t♦ ♠ás ❜❛❥♦ ❝✉❛♥t♦ ♠ás ♣❡q✉❡ñ♦s s♦♥ ❡st♦s✳ ❆sí ♣✉❡s✱ ❞❡❜❡♠♦s ❝♦♥❢♦r♠❛r♥♦s

❝♦♥ ❞❡t❡❝t♦r❡s ♣❡q✉❡ñ♦s ❡♥ ♥ú♠❡r♦ ❞❡ ♣í①❡❧❡s ②✱ ❝♦♠♦ ❝♦♥s❡❝✉❡♥❝✐❛✱ ❡♥ t❛♠❛ñ♦✱ ② ❡❧

❝❛♠♣♦ ❝✉❜✐❡rt♦✱ s✐ ❛❞❡♠ás q✉❡r❡♠♦s ✉♥ ♠✉❡str❡♦ ❛♣r♦♣✐❛❞♦✱ s❡ ❤❛❝❡ ♠í♥✐♠♦✳

❊❧ ♣r♦❜❧❡♠❛ ❞❡ ✉♥ ❝❛♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ♠✉② ♣❡q✉❡ñ♦ ❡s ❧❛ ❞✐✜❝✉❧t❛❞ ❞❡ ❣❛r❛♥✲

t✐③❛r q✉❡ ❡❧ ❛♣✉♥t❛❞♦ ❡s ❡❧ ❝♦rr❡❝t♦ ❝✉❛♥❞♦ s❡ ❜✉s❝❛♥ ♦❜❥❡t♦s ♠✉② ❞é❜✐❧❡s✱ ♠á①✐♠❡

✹▲❛ tr❛♥s♠✐s✐ó♥ t♦t❛❧ ❞❡❧ s✐st❡♠❛ ❞❡ ❝❛❧✐❜r❛❝✐ó♥ s✐❡♠♣r❡ ❡stá ♠♦❞✉❧❛❞❛ ❡♥ ✉♥ ❛♥❝❤♦ ❞❡ ❜❛♥❞❛
❛♠♣❧✐♦ q✉❡ ❧✐♠✐t❛ ❡❧ ❛♥❝❤♦ ❞❡ ❜❛♥❞❛ ❞❡ ❧❛ ✉t✐❧✐③❛❝✐ó♥ ❞❡❧ s❡♥s♦r ② ❧♦s ❞❛t♦s ❞❡❧ ❞❡t❡❝t♦r ♥♦ s❡rá♥
✈á❧✐❞♦s ♣❛r❛ ♠❡❞✐❞❛s ❝♦♥ ✉♥ ❛♥❝❤♦ ❞❡ ❜❛♥❞❛ ✐♥❢❡r✐♦r ❛❧ ❞❡ ❧❛ ❝❛❧✐❜r❛❝✐ó♥✳



✶✶✻ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

❋✐❣✉r❛ ✹✳✸✿ ❋♦t♦❣r❛❢í❛ ❞❡❧ s✐st❡♠❛ ❞❡ ❋❛st❈❛♠ ❝♦♥ ❡❧ ❞❡t❛❧❧❡ ❞❡ ❧❛ r✉❡❞❛ ❞❡ ✜❧tr♦s✳ ❆ ❧❛
❞❡r❡❝❤❛ s❡ ♣✉❡❞❡ ✈❡r ❧❛ ❝á♠❛r❛ ❞❡ ❝❛♠♣♦ ❞❡ ❙❇■● ❝♦♥ ❡❧ ♠♦t♦r q✉❡ ✐♥s❡rt❛ ❡❧ ❡s♣❡❥♦ ❛
❧❛ ✐③q✉✐❡r❞❛ ❡♥ ♣r✐♠❡r ♣❧❛♥♦✳ ❚❛♠❜✐é♥ ❛❧ ❢r❡♥t❡ ❛s♦♠❛ ❡❧ ♠♦t♦r ❞❡❧ r♦t❛❞♦r ❞❡ ♣r✐s♠❛s ❞❡❧
❆❉❈❀ ❡❧ ú❧t✐♠♦ ♣r✐s♠❛ s❡ ✈❡ ❛ tr❛✈és ❞❡❧ ❤✉❡❝♦ ❞❡❧ ❢r♦♥t❛❧ ❞❡ ❋❛st❈❛♠✳

❡♥ ❧❛s ✐♠á❣❡♥❡s ❞❡ ❝♦rt❛ ❡①♣♦s✐❝✐ó♥✳ ❆sí ♣✉❡s✱ ✉♥♦ ❞❡ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s q✉❡ ❞❡s❞❡ ❡❧

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

❞❡ ✉♥ ❝❛♠♣♦ ♠ás ❛♠♣❧✐♦ ② q✉❡ ♣♦❞í❛♠♦s t❡♥❡r ❛❧✐♥❡❛❞♦ ② ❝❛❧✐❜r❛❞♦ ♣❛r❛ ❣❛r❛♥t✐③❛r

❡❧ ❛♣✉♥t❛❞♦ ❝♦rr❡❝t♦ ❞❡❧ ❞❡t❡❝t♦r ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ✳ ❈♦♠♦ ❡❧ ❢❛❝t♦r ❞❡ ❛✉♠❡♥t♦ ❞❡❧

❝❛♠♣♦ ❞❡ ✈✐s✐ó♥ ❞❡ ❋❛st❈❛♠ ❡r❛ ❞❡ ∼3✱ ♣❛r❡❝í❛ q✉❡ ✉♥ ❢❛❝t♦r ❞❡ ✶✿✶✱ ♣❛r❛ ❡❧ ❝❛♠♣♦

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

❡r❛ q✉❡ ❡❧ ❞❡t❡❝t♦r s❡rí❛ ❞✐♠❡♥s✐♦♥❛❧♠❡♥t❡ ♠❛②♦r✳ ❆❞❡♠ás✱ r❡q✉❡r✐rí❛♠♦s q✉❡ t✉✈✐❡r❛

❝❛♣❛❝✐❞❛❞ ❡ ✐♥t❡❣r❛❝✐ó♥✳ Prá❝t✐❝❛♠❡♥t❡ r❡s✉❧t❛❜❛ ♦❜✈✐♦ q✉❡ ✉s❛rí❛♠♦s ✉♥ ❞❡t❡❝t♦r

❤❛❜✐t✉❛❧ ❡♥ ❧♦s ❧❛❜♦r❛t♦r✐♦s ② ♣❡q✉❡ñ♦s t❡❧❡s❝♦♣✐♦s ❞❡❧ ♦❜s❡r✈❛t♦r✐♦✳ ❙❡ tr❛t❛ ❞❡ ❧❛

s❡r✐❡ ❙❇✲✼✴✽✴✶✵ ❞❡ ❈❈❉✬s ❞❡ ❧❛ ✜r♠❛ ❙❇■●✱ ❜❛s❛❞♦s ❡♥ ❞❡t❡❝t♦r❡s ❞❡ ❑♦❞❛❦ ❝♦♠♦ ❡❧

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

❞❡ ❧❛ ❡s♣❡❝✐❛❧✐❞❛❞ ② ♣❛r❛ ❢♦t♦❣r❛❢í❛s ❛str♦♥ó♠✐❝❛s ② ❞✐✈✉❧❣❛❝✐ó♥✳

❊❧ ❞❡t❡❝t♦r ❧♦ ♠♦♥t❛rí❛♠♦s ❡♥ ✉♥ ❜r❛③♦ ❛ ✾✵ ❣r❛❞♦s ❞❡❧ ❞❡t❡❝t♦r ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣

❞❡ ♠♦❞♦ q✉❡✱ ✐♥s❡rt❛♥❞♦ ✉♥ ❡s♣❡❥♦ ❛ 45◦ ❡♥ ❡❧ tr❛♠♦ ❝♦❧✐♠❛❞♦ ❞❡s♣✉és ❞❡ ❧❛ r✉❡❞❛

❞❡ ✜❧tr♦s✱ só❧♦ s❡ ♥❡❝❡s✐t❛ ✉♥❛ ❧❡♥t❡ ❞❡ ❝á♠❛r❛ ❞❡ ✉♥❛ ❢♦❝❛❧ s✐♠✐❧❛r ❛❧ ❝♦❧✐♠❛❞♦r ② ❛

✉♥❛ ❝♦rt❛ ❞✐st❛♥❝✐❛ ❞❡ ❧❛ ♣✉♣✐❧❛ ♣❛r❛ q✉❡ ❧❛ ♣r♦②❡❝❝✐ó♥ ❞❡ ést❛ s❡❛ ❧♦ ♠❛②♦r ♣♦s✐❜❧❡



✹✳✷✳ ❆❞❛♣t❛❝✐♦♥❡s ② ♠❡❥♦r❛s ✶✶✼

s♦❜r❡ ❡❧ ❞❡t❡❝t♦r✳

❍❛st❛ ❡❧ ♠♦♠❡♥t♦ ❤❡♠♦s ✉s❛❞♦ ❞♦s ❞❡t❡❝t♦r❡s ❞✐st✐♥t♦s ❝♦♠♦ ❝❤✐♣ ❞❡ ❣r❛♥ ❝❛♠✲

♣♦✳ ▲❛s ♣r✐♠❡r❛s ♣r✉❡❜❛s ❧❛s ❤✐❝✐♠♦s ❝♦♥ ✉♥❛ ❈❈❉ ❙❚✲✽❳▼❊ ❝♦♥ ✉♥ s❡♥s♦r ❑❆❋✲

✶✻✵✸▼❊ ❞❡ 1530×1020 ♣✐①✱ ❞❡ 9µ♠ ❝❛❞❛ ✉♥♦ ② ❧❡❝t✉r❛ ♣♦r ♣✉❡rt♦ ♣❛r❛❧❡❧♦✳ ▼ás

❛❞❡❧❛♥t❡ ✉s❛♠♦s ✉♥ ❙❚✲✶✵❳▼❊ ✭❑❆❋✲✸✷✵✵▼❊✮ ❞❡ 2184×1472 ♣✐①✱ ❞❡ 6′8µ♠ ❝❛❞❛

✉♥♦✱ ② ❝♦♥ ❧❡❝t✉r❛ ♣♦r ♣✉❡rt♦ ❯❙❇✳ ❊❧ ♣r♦❜❧❡♠❛ ❡♥ ❛♠❜♦s ❝❛s♦s ✈✐❡♥❡ ♣♦r ❡❧ t✐❡♠♣♦

❞❡ ❧❡❝t✉r❛ ❡①❝❡s✐✈❛♠❡♥t❡ ❧❛r❣♦ ♣❛r❛ ❝❛❞❛ ✐♠❛❣❡♥✱ ❞❡ ✸✵s ❡♥ ❡❧ ♣r✐♠❡r ❝❛s♦ ② ❞❡ ✶✷s ❡♥

❡❧ s❡❣✉♥❞♦✳ P❛r❛ ❡❧ s✐st❡♠❛ ❞❡✜♥✐t✐✈♦ ✐♥st❛❧❛r❡♠♦s ✉♥ ❞❡t❡❝t♦r ❝♦♥ ❝♦♥❡①✐ó♥ ❡❤t❡r♥❡t

❞❡ ❧❡❝t✉r❛ ♠ás rá♣✐❞❛ ✭✐♥❢❡r✐♦r ❛ ✶ s❡❣✉♥❞♦✮✳

✹✳✷✳✷✳ Ó♣t✐❝❛

❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ❧♦ q✉❡ t❡♥í❛♠♦s ❝❧❛r♦ s✐♥ ♥✐♥❣ú♥ t✐♣♦ ❞❡ ❞✉❞❛s ❡r❛ q✉❡ ❧❛

❡✈♦❧✉❝✐ó♥ ❞❡❧ ✐♥str✉♠❡♥t♦ r❡q✉❡rí❛ ✉♥ ❝❛♠❜✐♦ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦✳ P♦r ✉♥ ❧❛❞♦ ❡r❛

❝♦♠♣❧✐❝❛❞♦ ❡❧ ♣❧❛♥t❡❛♠✐❡♥t♦ ❞❡ ❝✉❜r✐r ✉♥ ♠❛②♦r ✓❝❛♠♣♦ ❞❡ ✈✐s✐ó♥✔ ✭❋❖❱✱ ♣♦r s✉s

s✐❣❧❛s ❡♥ ✐♥❣❧és✮ ♠❛♥t❡♥✐❡♥❞♦ ✉♥❛ ❝❛❧✐❞❛❞ ❛ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ P❡r♦✱ ❛❞❡♠ás✱ ❝♦♠♦

②❛ s❡ ♠❡♥❝✐♦♥ó ❛♥t❡r✐♦r♠❡♥t❡✱ ❞❡s❞❡ ❧❛ ♣r✐♠❡r❛ ❧✉③ ❡r❛ ✉♥ ♦❜❥❡t✐✈♦ ❡❧ ✐r ❝♦♥ ❋❛st❈❛♠

❛❧ t❡❧❡s❝♦♣✐♦ ◆❖❚ ❞❡ 2′5♠ ❞❡ ❞✐á♠❡tr♦ ② ❛♣r♦✈❡❝❤❛r ♥♦ só❧♦ s✉ ♠❛②♦r t❛♠❛ñ♦ s✐♥♦

t❛♠❜✐é♥ ❧❛s ♠❡❥♦r❡s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ♦❜s❡r✈❛❝✐ó♥ ❞❡❧ ♦❜s❡r✈❛t♦r✐♦ ❞❡❧ ❘♦q✉❡ ❞❡ ❧♦s

▼✉❝❤❛❝❤♦s ✭❖❘▼✮ ❡♥ ❧❛ ✐s❧❛ ❞❡ ▲❛ P❛❧♠❛✳

❆sí ♣✉❡s✱ ♥♦ s❡ tr❛t❛❜❛ só❧♦ ❞❡ ❛❥✉st❛r ❡❧ ♠✉❡str❡♦ ② ❡❧ ❝❛♠♣♦ ❞❡❧ ❚❡❧❡s❝♦♣✐♦ ❈❛r❧♦s

❙á♥❝❤❡③ ❛❧ ♥✉❡✈♦ ❞❡t❡❝t♦r s❡❧❡❝❝✐♦♥❛❞♦✳ ◆❡❝❡s✐t❛❜❛ ❞✐s❡ñ❛r ② ❝❛❧❝✉❧❛r ✉♥ s✐st❡♠❛

✓✐t✐♥❡r❛♥t❡✔ ♣❛r❛ ❧♦s t❡❧❡s❝♦♣✐♦s ◆❖❚ ② ❲❍❚✱ ❛♠❜♦s ❝♦♥ ✉♥❛ ❛❜❡rt✉r❛ f/11✳ ❊❧

♠✉❡str❡♦ ❞❡ ✺ ♣í①❡❧❡s ♣♦r P❙❋ ❡r❛ ❧❛ ❝♦♥❞✐❝✐ó♥ ❜❛s❡ ❛ ♠❛♥t❡♥❡r✱ ② ❝♦♥ ❡s❛ ❜❛s❡ ✐♥✐❝✐é

❡❧ ❡st✉❞✐♦ ❞❡ ❧❛s ♣♦s✐❜✐❧✐❞❛❞❡s✳

❯♥❛ ✈❡③ q✉❡ ✜♥❛❧✐③ó ❧❛ ❝❛♠♣❛ñ❛ ❞❡ ♦❜s❡r✈❛❝✐♦♥❡s ❡♥ ❡❧ ❚❈❙ ❡♥ ❢❡❜r❡r♦ ❞❡ ✷✵✵✼

❞❡❝✐❞✐♠♦s s♦❧✐❝✐t❛r t✐❡♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ❡♥ ❧♦s t❡❧❡s❝♦♣✐♦s ◆❖❚ ② ❲❍❚ ❝♦♥ ❧❛ ✐❞❡❛

❞❡ ✐♥❝♦r♣♦r❛r ❛❧❣✉♥❛ ❞❡ ❧❛s ✐❞❡❛s ❞❡ ♠❡❥♦r❛ q✉❡ ②❛ ❤❛❜í❛♠♦s ❝♦♥s✐❞❡r❛❞♦✳

❨ ❢✉❡ ♣♦r ❡st❛s ❢❡❝❤❛s ❝✉❛♥❞♦ ✐♥✐❝✐é ✉♥ ❞♦❝✉♠❡♥t♦ q✉❡ ❤❛ ✐❞♦ ❝r❡❝✐❡♥❞♦ ② q✉❡

❝♦♥t✐❡♥❡ ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❋❛st❈❛♠ ❡♥ t♦❞♦s ❧♦s t❡❧❡s❝♦♣✐♦s✱

❜❛♥❞❛s ② ❝♦♥✜❣✉r❛❝✐♦♥❡s ❡♥ ❧❛s q✉❡ ❤❛ tr❛❜❛❥❛❞♦ ♦ ❡♥ ❧❛s q✉❡ ♣✉❞♦ ❤❛❜❡r❧♦ ❤❡❝❤♦✳

❙❡ tr❛t❛ ❞❡ ✉♥❛ ❤♦❥❛ ❞❡ ❝á❧❝✉❧♦ ❛ ♠♦❞♦ ❞❡ t❛❜❧❛ q✉❡ ♠✉❡str❛ ❧♦s ✈❛❧♦r❡s ❜❛s❡ ❞❡ ❧♦s

♣r✐♥❝✐♣❛❧❡s ♣❛rá♠❡tr♦s ❞❡ ❝á❧❝✉❧♦ ♣❛r❛ ❞✐st✐♥t❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ❞❡ t❡❧❡s❝♦♣✐♦s ♦ ❞❡❧

♣r♦♣✐♦ ❋❛st❈❛♠✳

▲❛ ♣r✐♠❡r❛ t❛❜❧❛ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s ❡♠♣❡③ó ❝♦♥ ❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ♦r✐❣✐♥❛❧ ❞❡❧ ✐♥s✲

tr✉♠❡♥t♦✱ ❡s ❞❡❝✐r✱ ❧♦s ♣❛rá♠❡tr♦s ❞❡❧ ❚❈❙ ② ❧❛s ❞✐st✐♥t❛s ♦♣❝✐♦♥❡s q✉❡ ②❛ ❤❡♠♦s

✈✐st♦ ❡♥ ❧❛ t❛❜❧❛ ✸✳✷✱ ② ♣❛r❛ ✈❛r✐❛s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛✳



✶✶✽ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

❊♥ ❧❛ ❤♦❥❛ ❞❡ ❝á❧❝✉❧♦ ❡♠♣❡③❛r♦♥ ❛ ❡♥tr❛r ♥ú♠❡r♦s ❞❡ ❝♦♥✜❣✉r❛❝✐♦♥❡s ❞❡ ❧♦s

t❡❧❡s❝♦♣✐♦s ② ❧í♥❡❛s ♣❛r❛ ❞✐st✐♥t❛s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛✳ ❊❧ ❝❛♠♣♦ t♦t❛❧ só❧♦ ❞❡♣❡♥❞❡

❞❡ ❧❛ ❢♦❝❛❧ ②✱ ♣♦r t❛♥t♦✱ ❛ ♠❛②♦r t❛♠❛ñ♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❤❛❜rá✱ ❡♥ ❣❡♥❡r❛❧✱ ♠❡♥♦r

❝❛♠♣♦✳ P♦r ♦tr♦ ❧❛❞♦✱ ❧❛ r❡s♦❧✉❝✐ó♥ ❞❡♣❡♥❞❡ ❞❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✱ ② s✐ ♦♣t✐♠✐③❛♠♦s

♣❛r❛ ❧❛ ❜❛♥❞❛ ■✱ ❝♦♠♦ ❤❛❜í❛♠♦s ❤❡❝❤♦ ♣❛r❛ ❡❧ ❚❈❙✱ s❛❝r✐✜❝❛r❡♠♦s ❧❛ ❜❛♥❞❛ ❱✳

P♦r t❛♥t♦✱ ♠✐ ♠✐s✐ó♥ ❝♦♥s✐stí❛ ❡♥ ♣♦♥❞❡r❛r ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ tr❛❜❛❥❛r ❡♥ ❧♦s ❣r❛♥❞❡s

t❡❧❡s❝♦♣✐♦s ❡♥ ❜❛♥❞❛s ❱✱ ❘ ❡ ■✳

▲♦ ♣r✐♠❡r♦ ❢✉❡ ❡✈❛❧✉❛r ❡❧ s✐st❡♠❛ ❛❝t✉❛❧ ❞❡ ❋❛st❈❛♠ ❝♦♥ ❡❧ ♥✉❡✈♦ ❞❡t❡❝t♦r✳ ❘❡✲

❝♦r❞❡♠♦s q✉❡ ❡❧ ❝❛♠♣♦ ❝r❡❝❡ ② ❡❧ ♣í①❡❧ s❡ r❡❞✉❝❡✳ ❊❢❡❝t✐✈❛♠❡♥t❡✱ ❝♦♥ ❡❧ ❞❡t❡❝t♦r ❞❡

512 ♣✐① ♣❛s❛♠♦s ❛ t❡♥❡r ✉♥ ❝❛♠♣♦ ❞❡ 24′5 ❛r❝s❡❝ ② ✻ ♣í①❡❧❡s ♣♦r P❙❋ ❡♥ ❜❛♥❞❛ ■ q✉❡

s♦♥ ❝❛s✐ ✹ ❡♥ ❱✳ ▲❛ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ s❡ ♠❛♥t✐❡♥❡✱ ❛✉♥q✉❡ r❡q✉✐❡r❡ ✉♥ r❡❡♥❢♦q✉❡ ❞❡

2♠♠ ♠ás ❝❡r❝❛ ❞❡ ❧❛ ❧❡♥t❡ ❞❡ ❝á♠❛r❛ ♣❛r❛ ❛❥✉st❛r ❧❛ ♠❛♥❝❤❛ ❛❧ ❞✐s❝♦ ❞❡ ❆✐r② ❡♥ ❧❛s

❡sq✉✐♥❛s ❞❡❧ ❞❡t❡❝t♦r✳ P❡r♦✱ ❝♦♥ ❞✐❝❤♦ ❞❡t❡❝t♦r ❝✐❡rt❛♠❡♥t❡ ❛❧❝❛♥③❛♠♦s ❡❧ ❧í♠✐t❡ ❞❡

❛♣r♦✈❡❝❤❛♠✐❡♥t♦ ❞❡ ❡st❡ s✐st❡♠❛ ó♣t✐❝♦ ♣❛r❛ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙✳

❊st❡ ♣r✐♠❡r t❛♥t❡♦ ♥♦s ✐♥❞✐❝❛ q✉❡ r❡❛❧♠❡♥t❡ ❡❧ s✐st❡♠❛✱ t❛❧ ② ❝♦♠♦ ❡st❛❜❛ ♣❧❛♥t❡❛✲

❞♦✱ ♥♦ ✈❛ ❛ s❡r t♦t❛❧♠❡♥t❡ ✈✐❛❜❧❡ ♣❛r❛ ❧♦s t❡❧❡s❝♦♣✐♦s ♠❛②♦r❡s✳ ❙✐♥ ❡♠❜❛r❣♦✱ sí ♠❡r❡❝í❛

❧❛ ♣❡♥❛ ❝♦♥s✐❞❡r❛r❧♦✱ ②❛ q✉❡ ❧♦s t❡❧❡s❝♦♣✐♦s ◆❖❚ ② ❲❍❚ s♦♥ ❝♦♠❜✐♥❛❝✐♦♥❡s ❈❛ss❡✲

❣r❛✐♥ ♠ás ❝❧ás✐❝❛s ② ♠❡♥♦s ❛st✐❣♠át✐❝❛s ✭❛ ♣❡s❛r ❞❡ q✉❡ ◆❖❚ ❡s ❘✐t❝❤❡②✲❈❤rét✐❡♥✮✳

▲♦ ❝✐❡rt♦ ❡s q✉❡ ❡♥ ❧♦s ❝❛♠♣♦s ❝r✉③❛❞♦s ❧❛ ❝❛❧✐❞❛❞ ó♣t✐❝❛ s❡ ♠❛♥t✐❡♥❡ ❞❡♥tr♦ ❞❡ ❆✐r②✱

♠✐❡♥tr❛s q✉❡ ❡♥ ❧❛s ❡sq✉✐♥❛s ②❛ ♥♦✱ ② ❡❧❧♦ ♣❛r❛ ❛♠❜♦s t❡❧❡s❝♦♣✐♦s ② ❝♦♥ ❧❛ ó♣t✐❝❛

❜❛s❡ ❞✐s❡ñ❛❞❛ ♣❛r❛ ❋❛st❈❛♠ ❡♥ ❡❧ ❚❈❙✳ ▲♦s ❝❛♠♣♦s ② ❧❛ r❡s♦❧✉❝✐ó♥ q✉❡ r❡s✉❧t❛♥

❝♦♥ ❡st❛ ❝♦♠❜✐♥❛❝✐ó♥ s♦♥ ❞❡ 18′5 ② 11′0 ❛r❝s❡❝ ② 4′75 ♣✐①✴P❙❋ ♣❛r❛ ◆❖❚ ② ❲❍❚

r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❡♥ ❜❛♥❞❛ ■✳ ❊st♦s ♥♦ s♦♥ ❞❛t♦s ♠❛❧♦s ② ♥♦s ❞✐❡r♦♥ ✉♥ r❡s♣❛❧❞♦ ❝♦♥

❧❛ ❝♦♥✜❛♥③❛ ❞❡ q✉❡ ❡❧ s✐st❡♠❛ ♣♦❞rí❛ ❢✉♥❝✐♦♥❛r ❝♦♥ ❡❧ ♥✉❡✈♦ ❞❡t❡❝t♦r ② ❡♥ ❧♦s tr❡s

t❡❧❡s❝♦♣✐♦s✳

❆ ✜♥❛❧❡s ❞❡ ♠❛②♦ ❞❡ ✷✵✵✼ ♥♦s ❝♦♥✜r♠❛r♦♥ q✉❡ t❡♥❞rí❛♠♦s ❞♦s ♥♦❝❤❡s ❡♥ ◆❖❚

❛ ♣r✐♥❝✐♣✐♦s ❞❡ ♦❝t✉❜r❡✳ ❙❡ ✐♥✐❝✐ó ❡♥t♦♥❝❡s ✉♥❛ ❝❛rr❡r❛ ❝♦♥tr❛ ❧♦s ✐♥❝♦♥✈❡♥✐❡♥t❡s✱

❥✉st♦ ❡♥ ❧♦s ♠❡s❡s ♠ás ❞✐❢í❝✐❧❡s ♣❛r❛ tr❛♠✐t❛r ❝♦♠♣r❛s ② r❡❝✉rs♦s✳ ❆❞❡♠ás✱ ❡♥ ❡s❡

♠♦♠❡♥t♦ ❡st❛❜❛ ❝❛❧✐❜r❛♥❞♦ ❡❧ s✐st❡♠❛ ❞❡ ♣♦s✐❝✐♦♥❛❞♦ ② ❛❧✐♥❡❛❞♦ ❞❡❧ ❡s♣❡❝tró❣r❛❢♦

♣❛r❛ ❡❧ t❡❧❡s❝♦♣✐♦ ●❘❊●❖❘ ② ♦❝✉♣❛♥❞♦ tr❡s ❞❡ ❧❛s ♠❡s❛s ❞❡❧ ❧❛❜♦r❛t♦r✐♦ ❞❡ ó♣t✐❝❛✳

❈♦♥ ❧♦s ❞❛t♦s ❡♥ ❧❛ ♠❛♥♦ r❡s✉❧t❛❜❛ ❥✉st♦ ❡❧ ♥♦ ❛♣r♦✈❡❝❤❛r t♦❞♦ ❡❧ ❝❛♠♣♦ ② ♥♦

t❡♥❡r ♠❛s q✉❡ 3 ♣✐①✴P❙❋ ❡♥ ❜❛♥❞❛ ❱ ♣❛r❛ ❧♦s t❡❧❡s❝♦♣✐♦s ❣r❛♥❞❡s✳ ◆♦ ♦❧✈✐❞❡♠♦s

q✉❡ ❚❈❙ ❡s ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ ❝❧❛s❡ ■❘ ♣❡r♦ ♥♦ ❡s ó♣t✐♠♦ ♣❛r❛ ❱■❙✱ ♠✐❡♥tr❛s q✉❡

◆❖❚ ② ❲❍❚ s♦♥ t❡❧❡s❝♦♣✐♦s ❞❡ ❝❛❧✐❞❛❞ ♦♣t✐♠✐③❛❞❛ ❡♥ ❡❧ ✈✐s✐❜❧❡✳ ▲❛ ✐❞❡❛ ❜❛s❡ ❡r❛

❡♥❝♦♥tr❛r ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ♠ás ♦ ♠❡♥♦s s✐♠✐❧❛r✱ ❛❧❣♦ ♠❡❥♦r ❡♥ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥✱

q✉❡ ♣❡r♠✐t✐❡r❛✱ ❛❧ ♠❡♥♦s✱ ❝✉❜r✐r t♦❞♦ ❡❧ ❝❛♠♣♦ ❡♥ ❜❛♥❞❛s ■ ② ❘ ② ❧♦ ♠❡❥♦r ♣♦s✐❜❧❡ ❡♥



✹✳✷✳ ❆❞❛♣t❛❝✐♦♥❡s ② ♠❡❥♦r❛s ✶✶✾

❱■❙✳ ❨ ♣❛r❛ ❡❧ s✐st❡♠❛ ✐t✐♥❡r❛♥t❡ sí ♥❡❝❡s✐tá❜❛♠♦s ♠❡❥♦r❛r ❧❛ r❡s♦❧✉❝✐ó♥ ❡ ✐♥t❡♥t❛r

t❡♥❡r ❧♦s ✹ ♣í①❡❧❡s ♣♦r ❞✐s❝♦ ❞❡ ❆✐r② ❡♥ ❱✱ ♦ ❡♥ s✉ ❝❛s♦ ❜✉s❝❛r ✉♥ ❝♦♠♣r♦♠✐s♦ ♣❛r❛

♥♦ q✉❡❞❛r♥♦s s✐♥ ❝❛♠♣♦✳

❆sí ❝♦♠♦ ❡❧ ♣r✐♠❡r ❞✐s❡ñ♦✱ ❜❛s❛❞♦ ❡♥ ❧❡♥t❡s ❞❡ ❝❛tá❧♦❣♦✱ s❡ ❝♦♥s✐❣✉✐ó r❡❧❛t✐✈❛♠❡♥t❡

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

♣♦❞í❛♥ r❡s✉❧t❛r ❝♦♥✈❡♥✐❡♥t❡s✱ ❝♦♥ ❧❛s ❛♣❡rt✉r❛s✺ ♠ás rá♣✐❞❛s ❞❡ ❧♦s t❡❧❡s❝♦♣✐♦s ❞❡ ▲❛

P❛❧♠❛✱ ♥♦ ♣❛r❡❝í❛♥ ❛❥✉st❛r ❜✐❡♥ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡ ❝❛❧✐❞❛❞✳ ❙❡ ❜❛r❛❥❛r♦♥ ♠✉❝❤❛s

❧❡♥t❡s ❞❡ ❞✐st✐♥t♦s ❢❛❜r✐❝❛♥t❡s ② ❝❛tá❧♦❣♦s✱ ✈❛r✐❛♥❞♦ ❡❧ t❛♠❛ñ♦ ② ❧❛s ❝♦♠❜✐♥❛❝✐♦♥❡s ❞❡

✈✐❞r✐♦s ❡♥ ❧♦s ❞♦❜❧❡t❡s ❛❝r♦♠át✐❝♦s ❡ ✐♥❝❧✉s♦ tr✐♣❧❡t❡s ♦ ❛❧❣ú♥ ❞✐s❡ñ♦ ❝♦♥ ♠ás ❞❡ ✉♥❛

❧❡♥t❡ ❝♦♠♦ ❝♦♠♣♦♥❡♥t❡ ❡♥ ❧♦s ❞♦s ❜❛rr✐❧❡s✳ ▲♦ ❝✐❡rt♦ ❡s q✉❡ ❧♦s t❛♠❛ñ♦s ❡♠♣❡③❛r♦♥

❛ ❝r❡❝❡r✱ ② ❝♦♥ ❡❧❧♦s ❧❛s ❞✐♠❡♥s✐♦♥❡s ❞❡❧ s✐st❡♠❛✿ ♣❛r❛ ♣♦❞❡r ❝♦♠♣❡♥s❛r ② ❛❥✉st❛r

❧❛ ❝❛❧✐❞❛❞ ó♣t✐❝❛ ❡♥ t♦❞♦ ❡❧ ❝❛♠♣♦ ❝♦♥ ❧♦s ❛✉♠❡♥t♦s r❡q✉❡r✐❞♦s s✐❡♠♣r❡ ❡s ♠❡❥♦r

r❡❧❛❥❛r ❧♦s ❡❢❡❝t♦s ❞❡ ❞♦❜❧❛❞♦ ❞❡ ❧♦s r❛②♦s ❡♥ ❝❛❞❛ s✉♣❡r✜❝✐❡ ② ♣❛r❛ t❡♥❡r ✉♥ s✐st❡♠❛

t❡❧❡❝é♥tr✐❝♦ q✉❡ ❢❛❝✐❧✐t❡ ❡❧ ❛❧❝❛♥③❛r ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❝♦♥✈✐❡♥❡ ♥♦ t❡♥❡r ♣✉♣✐❧❛s

r❡❞✉❝✐❞❛s✳ ❊st♦ ❝♦♥❞✉❝❡✱ ✐♥❡✈✐t❛❜❧❡♠❡♥t❡✱ ❛ ✉♥ ❛✉♠❡♥t♦ ❞❡❧ t❛♠❛ñ♦ ❞❡❧ s✐st❡♠❛✳

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

✐♠❛❣❡♥ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦ ❞❡❧ ♣r♦②❡❝t♦ ❖❙■❘■❙✱ ♥❡❝❡s✐té ❜✉s❝❛r ✉♥❛s ❧❡♥t❡s ❡♥ ❡❧

❝❛tá❧♦❣♦ ❞❡ ❊❞♠✉♥❞ ❖♣t✐❝s ② r❡❝✉rrí ❛❧ ♥✉❡✈♦ ❝❛tá❧♦❣♦ ❡♥ ♣❛♣❡❧ ❝♦rr❡s♣♦♥❞✐❡♥t❡ ❛❧

❛ñ♦ ✷✵✵✼✳ ❆❧❧í ♠❡ ❡♥❝♦♥tré ❝♦♥ ✉♥❛ s❡r✐❡ ❞❡ ❧❡♥t❡s ❡t✐q✉❡t❛❞❛s ❝♦♠♦ ✓♥✉❡✈❛s✔✱ ② q✉❡

♣♦r t❛♥t♦ ♥♦ ❡st❛❜❛♥ ❡♥ ❡❧ ❝❛tá❧♦❣♦ ❡❧❡❝tró♥✐❝♦ ❞❡ q✉❡ ❞✐s♣♦♥í❛ ❝♦♥ ❡❧ ♣r♦❣r❛♠❛ ❞❡

❞✐s❡ñ♦✳

❊♥ ❡s❡ ♠♦♠❡♥t♦✱ ❛❞❡♠ás✱ ②❛ t❡♥í❛ ❝❧❛r♦ q✉é ♠❛t❡r✐❛❧❡s ♥♦ ❢✉♥❝✐♦♥❛❜❛♥ ❜✐❡♥ ❡♥

❧❛s ❝♦♠❜✐♥❛❝✐♦♥❡s ❞❡ ❧♦s ❞♦❜❧❡t❡s ♣❛r❛ ❝♦❧✐♠❛❞♦r ② ❝á♠❛r❛✱ ❛sí q✉❡ ✉♥ ♥✉❡✈♦ ❞♦❜❧❡t❡

❛❝r♦♠át✐❝♦ ❞❡ 40♠♠ ❞❡ ❢♦❝❛❧ ② 15♠♠ ❞❡ ❞✐á♠❡tr♦ ❝♦♠♣✉❡st♦ ♣♦r ❞♦s ❡❧❡♠❡♥t♦s ❞❡

❙❋✶✵✴❇❛❋◆✶✵ ❡st❛❜❛ ❡♥tr❡ ❧♦s ♣♦s✐❜❧❡s ❝❛♥❞✐❞❛t♦s ❛ ❡♥❝❛❥❛r ❝♦♥ ❛❧❣✉♥❛ ♦tr❛ ❝♦♠❜✐✲

♥❛❝✐ó♥ ❞❡ ✈✐❞r✐♦s ②❛ ♣r♦❜❛❞❛✳ P❛r❛ ✉♥ ❝♦❧✐♠❛❞♦r ❞❡ 40♠♠ ❞❡ ❢♦❝❛❧ ❧❛s ❢♦❝❛❧❡s q✉❡

♠❡❥♦r ❛❥✉st❛♥ ❞❡♥tr♦ ❞❡ ❧♦s ❝r✐t❡r✐♦s ❞❡✜♥✐❞♦s ❞❡ ❝❛♠♣♦ ② r❡s♦❧✉❝✐ó♥ ♣❛r❛ ❡❧ t❡❧❡s✲

❝♦♣✐♦ ❚❈❙ ❡stá♥ ❡♥tr❡ 120♠♠ ② 180♠♠✱ ♣❡r♦ ❧❛ ú♥✐❝❛ q✉❡ ❛❥✉st❛ ❜✐❡♥ ❧❛ ❝❛❧✐❞❛❞

r❡q✉❡r✐❞❛ ❡s ✉♥❛ ❞❡ ❢♦❝❛❧ 150♠♠ ② 25, 4♠♠ ❞❡ ❞✐á♠❡tr♦ ❢♦r♠❛❞❛ ♣♦r ❞♦s ❡❧❡♠❡♥✲

t♦s ❞❡ ✈✐❞r✐♦s ❇❑✼✴❙❋✺✳ ❊❧ ❞✐á♠❡tr♦ ❞❡ ❧❛ ❧❡♥t❡ ❝♦❧✐♠❛❞♦r❛ r❡s✉❧t❛ ❛♣❛r❡♥t❡♠❡♥t❡

♣❡q✉❡ñ♦✱ ♣❡r♦ ❞❛❞♦ q✉❡ ❡❧ ❢✲♥♦ ❞❡❧ ❚❈❙ ❡s ✉♥ f/13′8 ② ❧❛ ❢♦❝❛❧ ❡s ❝♦rt❛✱ ❛ ❢❛❧t❛ ❞❡

t❡♥❡r ❡♥ ❝✉❡♥t❛ ❡❧ ❝❛♠♣♦✱ ❞❡❜✐❡r❛ s❡r s✉✜❝✐❡♥t❡ ♣❛r❛ ♥✉❡str❛ ❝♦♥✜❣✉r❛❝✐ó♥✳

❯♥❛ ✈❡③ ✐♥tr♦❞✉❝✐❞♦s ❧♦s ❞❛t♦s ❞❡ ❧❛s ❧❡♥t❡s ❡♥ ❡❧ ✜❝❤❡r♦ ❞❡ ❞✐s❡ñ♦ ❝♦rr❡s♣♦♥✲

❞✐❡♥t❡ ❛❧ t❡❧❡s❝♦♣✐♦ ❚❈❙ ❧♦s r❡s✉❧t❛❞♦s ❛♣❛r❡❝✐❡r♦♥ r❡❛❧♠❡♥t❡ ❜r✐❧❧❛♥t❡s ②❛ q✉❡✱

✺❍❛❜❧❛♠♦s ❞❡ ❛♣❡rt✉r❛ ♣❛r❛ ❡❧ ❢✲♥♦ ② ❛❜❡rt✉r❛ ♣❛r❛ ❡❧ ❞✐á♠❡tr♦ ❞❡ ❧❛ ♣✉♣✐❧❛✳ ❱❡r ❣❧♦s❛r✐♦ ❢ ✲♥♦✳



✶✷✵ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

❋✐❣✉r❛ ✹✳✹✿ ❉✐❛❣r❛♠❛ ❞❡ ♠❛♥❝❤❛s ✓❛ tr❛✈és ❞❡❧ ❢♦❝♦✔ ❝♦rr❡s♣♦♥❞✐❡♥t❡ ❛❧ ❉✐s❡ñ♦ Ó♣t✐❝♦
❝♦♥s❡❣✉✐❞♦ ♣❛r❛ ❡❧ ❞❡t❡❝t♦r ❞❡ 512×512 ♣✐①✳

❛❞❡♠ás✱ ❛♣❛r❡❝í❛ ✉♥ r❛♥❣♦ ♦ ♠❛r❣❡♥ ❞❡ ❛❥✉st❡ ❞❡ ♠ás ❞❡ ±4♠♠ ❞❡ t♦❧❡r❛♥❝✐❛ ❞❡

❡♥❢♦q✉❡✳ ❊st❡ ✈❛❧♦r✱ ❞❛❞❛s ❧❛s ❞✐♠❡♥s✐♦♥❡s ② r❡q✉❡r✐♠✐❡♥t♦s ❞❡❧ s✐st❡♠❛✱ ❛♣♦rt❛ ✉♥❛

❝♦♥✜❛♥③❛ t♦t❛❧ ❡♥ ❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ✜♥❛❧ ❞❡❧ s✐st❡♠❛✳ ❊❧❧♦ ❣❛r❛♥t✐③❛ ❧❛ ❡st❛❜✐❧✐❞❛❞

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

t♦rs✐ó♥✱ ✢❡①✐ó♥ ♦ ✈✐❡♥t♦✱ ②❛ q✉❡ ❝✉❛❧q✉✐❡r ❞✐st♦rs✐ó♥ ❞❡ ❧❛ ✜❣✉r❛ ❞❡ s♣♦ts ❝♦♥ t♦❞❛

♣r♦❜❛❜✐❧✐❞❛❞ ♣❡r♠❛♥❡❝❡rá ❝♦♥t❡♥✐❞❛ ❞❡♥tr♦ ❞❡❧ ❞✐s❝♦ ❞❡ ❆✐r②✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✹ ✈❡♠♦s

❡❧ ❞✐❛❣r❛♠❛ ❞❡ s♣♦ts q✉❡ r❡s✉❧t❛ t♦♠❛♥❞♦ ✐♥t❡r✈❛❧♦s ❝❛❞❛ 2♠♠ ❛♥t❡s ② ❞❡s♣✉és ❞❡❧

♠❡❥♦r ❢♦❝♦✳

▲❛ ♣r✉❡❜❛ ✐♥♠❡❞✐❛t❛ ❡r❛✱ ❝❧❛r♦ ❡stá✱ ✐♥tr♦❞✉❝✐r ❡st❡ s✐st❡♠❛ ❡♥ ❧♦s ❞✐s❡ñ♦s ♣❛r❛

❧♦s ♦tr♦s ❞♦s t❡❧❡s❝♦♣✐♦s ❝♦♥ ✉♥❛ ❛♣❡rt✉r❛ f/11✳ ❆q✉í ❡❧ ♠✐❡❞♦ ❛ q✉❡ ❡❧ ❝♦❧✐♠❛❞♦r

♣✉❞✐❡r❛ q✉❡❞❛r ❥✉st♦ ❡r❛ ❛❧❣♦ ♠❛②♦r✱ ②❛ q✉❡ ❧❛ ❛♣❡rt✉r❛ ❡s ♠ás rá♣✐❞❛✻✱ ② ♥♦ só❧♦

♣♦r ❡❧ ❢✲♥♦ s✐♥♦ q✉❡ ❧❛s ❢♦❝❛❧❡s ❞❡ ❧♦s t❡❧❡s❝♦♣✐♦s s♦♥ ♠❛②♦r❡s ②✱ ♣♦r t❛♥t♦✱ ❡❧ ❝❛♠♣♦

❧✐♥❡❛❧ ❡s t❛♠❜✐é♥ ♠❛②♦r✳ ◆♦ ❡s ❛❧❣♦ t❛♥ ✐♥s✐❣♥✐✜❝❛♥t❡ ❝♦♠♦ ♣❛r❡❝❡ ②❛ q✉❡ ❡❧ ❞❡t❡❝t♦r

♥♦ ❡s ❞✐♠❡♥s✐♦♥❛❧♠❡♥t❡ t❛♥ ❞❡s♣r❡❝✐❛❜❧❡ ❝♦♠♦ ❡♥ ❡❧ ❝❛s♦ ❞❡❧ ❞❡ ✶✷✽ ♣í①❡❧❡s✳ ❨✱ ♥♦

✻❆q✉í ❡s ❞♦♥❞❡ s❡ ❛♣r❡❝✐❛ ❡❧ s❡♥t✐❞♦ ❞❡❧ ♥♦♠❜r❡ ❛♣❡rt✉r❛✱ ②❛ q✉❡ ❡q✉✐✈❛❧❡ ❛ ❞❡❝✐r q✉❡ ❧❛ ❛♣❡rt✉r❛
❞❡❧ ❤❛③ ❞❡ ❧✉③ ❡s ♠ás rá♣✐❞❛ ❛❧ t❡♥❡r ✉♥ á♥❣✉❧♦ ♠❛②♦r✳



✹✳✷✳ ❆❞❛♣t❛❝✐♦♥❡s ② ♠❡❥♦r❛s ✶✷✶

✭❛✮ ◆❖❚✳

✭❜✮ ❲❍❚✳

❋✐❣✉r❛ ✹✳✺✿ ❉✐❛❣r❛♠❛s ❞❡ ♠❛♥❝❤❛s ♣❛r❛ ❧♦s t❡❧❡s❝♦♣✐♦s ◆❖❚ ② ❲❍❚ ❝♦♥ ❡❧ ❞✐s❡ñ♦ ❛❝❡♣t❛❞♦
❞❡ ❋❛st❈❛♠ ❡♥ ❜❛♥❞❛ ■ ♣❛r❛ ❡❧ ✐♥str✉♠❡♥t♦ ✓❝♦♥s✐❞❡r❛❞♦✔ ✐t✐♥❡r❛♥t❡✳



✶✷✷ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

♦❜st❛♥t❡✱ sí r❡s✉❧t❛ ♠ás ♦❜✈✐♦ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡✱ ❛❧ t❡♥❡r ♠❛②♦r ❡s❝❛❧❛ ❛♥❣✉❧❛r ❡♥ ❧♦s

t❡❧❡s❝♦♣✐♦s✱ ❡♥ r❡❛❧✐❞❛❞ ❡❧ ❝❛♠♣♦ ♣r♦②❡❝t❛❞♦ q✉❡ ♦❝✉♣❛ ❡❧ ❞❡t❡❝t♦r ✭❛❧ s❡r ❡❧ ♠✐s♠♦

s✐st❡♠❛ ② ❝♦♥ ❡❧ ♠✐s♠♦ ❛✉♠❡♥t♦ ó♣t✐❝♦✮ s❡rá ❡♥ r❡❛❧✐❞❛❞ ♠❡♥♦r✱ ❛ ♠❛②♦r ❢♦❝❛❧ ♣❛r❛

✉♥ ♠✐s♠♦ t❛♠❛ñ♦✳ ❉❡ ❡st❡ ♠♦❞♦ r❡s✉❧t❛♥ ❝❛♠♣♦s ❧✐♥❡❛❧❡s ❞❡ ✾✵✱ ✼✵ ② 40µ♠ ♣❛r❛

❚❈❙✱ ◆❖❚ ② ❲❍❚✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ q✉❡ ❝♦rr❡s♣♦♥❞❡♥ ❛ 21′77✱ 18′43 ② 9′75 s❡❣✉♥❞♦s

❞❡ ❛r❝♦✳

❊♥ ❧❛ ✜❣✉r❛ ✹✳✺ ✈❡♠♦s ❧♦s ❞✐❛❣r❛♠❛s ❞❡ ♠❛♥❝❤❛s ❛ tr❛✈és ❞❡❧ ❢♦❝♦✱ ❡♥ ❜❛♥❞❛ ■✱

q✉❡ r❡s✉❧t❛♥ ♣❛r❛ ❡st❛ ❝♦♠❜✐♥❛❝✐ó♥ ❞❡ ❧❡♥t❡s ❡♥ ❧♦s t❡❧❡s❝♦♣✐♦s ◆❖❚ ② ❲❍❚✳ ❙❡

♣✉❡❞❡ ♦❜s❡r✈❛r ❝ó♠♦ ❧❛s t♦❧❡r❛♥❝✐❛s ❞❡ ❡♥❢♦q✉❡ s❡ r❡❞✉❝❡♥ ❛❧ ❛✉♠❡♥t❛r ❧❛ ❢♦❝❛❧ ②

❡❧ ❞✐á♠❡tr♦ ❞❡ ❧♦s t❡❧❡s❝♦♣✐♦s✱ ❛✉♥q✉❡ ❡❧ ❝❛♠♣♦ ❛♥❣✉❧❛r sí ❞✐s♠✐♥✉②❡✳ ❊♥ ❝✉❛❧q✉✐❡r

❝❛s♦✱ ♣♦❞❡♠♦s ❝♦♥❝❧✉✐r q✉❡ ❡❧ s✐st❡♠❛ ❛❧❝❛♥③❛❞♦ ❡s ♠✉② t♦❧❡r❛♥t❡ ② ❝♦♥ ✉♥❛ ♠❛❣♥í✜❝❛

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

r❛♥❣♦s ❡①tr❡♠♦s ❞❡ ❧❛s ❜❛♥❞❛s✳ ❖❜✈✐❛♠❡♥t❡✱ ❛ ♠❡❞✐❞❛ q✉❡ ✈❛♠♦s ❛❧ ❛③✉❧ ② ❧❛ ✜❣✉r❛

❞❡ ❞✐❢r❛❝❝✐ó♥ s❡ ❤❛❝❡ ♠ás ♣❡q✉❡ñ❛ ❧❛ t♦❧❡r❛♥❝✐❛ ❞❡ ❡♥❢♦q✉❡ t❛♠❜✐é♥ s❡ ❤❛❝❡ ♠❡♥♦r

❛❧ ❛❝♦t❛r ♠ás ❡❧ ❞✐❛❣r❛♠❛ ❞❡ ♠❛♥❝❤❛s ❛❧ ❞✐s❝♦ ❞❡ ❆✐r②✳

▲❛ s✐❣✉✐❡♥t❡ ✜❣✉r❛✱ ✹✳✻✱ ♠✉❡str❛ ❧♦s ❞✐❛❣r❛♠❛s ❞❡ s♣♦ts ❞❡❧ ♥✉❡✈♦ s✐st❡♠❛ ó♣t✐❝♦

❞❡ ❋❛st❈❛♠ ♣❛r❛ ❧❛s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ ❝❡♥tr❛❧❡s ❞❡ ❝❛❞❛ ❜❛♥❞❛ ❇✱ ❱✱ ❘✱ ■✱ ❩✳

❊❧ ❡♥❢♦q✉❡ ❡♥ ❝❛❞❛ ❜❛♥❞❛ s❡ ❤❛❝❡ ❡♥ ❡st❡ ❝❛s♦ ❝❛♠❜✐❛♥❞♦ ❧❛ ❝♦❧✐♠❛❝✐ó♥✱ ❡s ❞❡❝✐r✱

✈❛r✐❛♥❞♦ ❧❛ s❡♣❛r❛❝✐ó♥ ❡♥tr❡ ❧❛ ✐♠❛❣❡♥ ❞❡❧ t❡❧❡s❝♦♣✐♦ ② ❡❧ ❝♦❧✐♠❛❞♦r✳ ❈♦♠♦ s❡ ❤❛❝❡

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

❡①tr❡♠♦ ❛ ❡①tr❡♠♦✱ ② s✐❡♠♣r❡ ❝❡♥tr❛♥❞♦ ♣❛r❛ q✉❡ ❡❧ ❞❡s❡♥❢♦q✉❡ ❞❡ ❝❛❞❛ ❧♦♥❣✐t✉❞

❞❡ ♦♥❞❛ s❡ ♠❛♥t❡♥❣❛ ❞❡♥tr♦ ❞❡❧ ❞✐s❝♦ ❞❡ ❆✐r② ✐♥❝❧✉s♦ ❡♥ ±1♠♠ ② ♣❛r❛ ❝❛❞❛ ❜❛♥❞❛

❝♦♥ ❧❛s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ ❡①tr❡♠❛s ❞❡♥tr♦ ❞❡ ±0′5♠♠✳ ❊❧ s✐st❡♠❛ r❡s✉❧t❛ ❛❞❡♠ás

♠✉② t♦❧❡r❛♥t❡ ②❛ q✉❡ s❡ ❝♦♥s✐❣✉❡ ✐♠❛❣❡♥ ❞❡ ❞✐❢r❛❝❝✐ó♥ ✐♥❝❧✉s♦ ❝♦♥ ✈❛r✐❛❝✐♦♥❡s ❞❡

♣♦s✐❝✐♦♥❛❞♦ ❞❡ ❧❛ ❧❡♥t❡ ❞❡ ❝á♠❛r❛ ❞❡ ❤❛st❛ ±2♠♠✳ ❊s ❞❡❝✐r✱ ❡♥ t❛❧ ❝❛s♦ s✐❡♠♣r❡ s❡

♣✉❡❞❡ ❝♦rr❡❣✐r ❡❧ ❢♦❝♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ♣❛r❛ ❛❧❝❛♥③❛r ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❡♥ ❝✉❛❧q✉✐❡r❛

❞❡ ❧❛s ❜❛♥❞❛s✳ ❊st♦ ❡s ✉♥❛ ❝❛r❛❝t❡ríst✐❝❛ ❛ñ❛❞✐❞❛ q✉❡ ❣❛r❛♥t✐③❛ ❧❛ ❝❛❧✐❞❛❞ ❞❡❧ s✐st❡♠❛

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

s✐ ❡❧ ✐♥str✉♠❡♥t♦ s❡ ✈❡ s♦♠❡t✐❞♦ ❛ ❞✐st✐♥t❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ♦ s✐t✉❛❝✐♦♥❡s ❝♦♠♦ s♦♥

❧♦s ❞✐❢❡r❡♥t❡s ♠♦♥t❛❥❡s ❡♥ ❝❛❞❛ t❡❧❡s❝♦♣✐♦✳ ❊❧❧♦ ❢❛❝✐❧✐t❛ ❡❧ ❞✐s❡ñ♦ ♠❡❝á♥✐❝♦ ② r❡❧❛❥❛

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

❉✐s❡ñ♦ ❞❡❧ ❆❉❈

❊♥ ❡❧ ❝❛♣ít✉❧♦ ✶✳✷ ✈✐♠♦s ❝ó♠♦ ✉♥♦ ❞❡ ❧♦s ❡❢❡❝t♦s ❞❡ ❧❛ r❡❢r❛❝❝✐ó♥ ❛t♠♦s❢ér✐❝❛ ❡s ❧❛

❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ q✉❡ s❡ ♣r♦❞✉❝❡ ❞❡❜✐❞♦ ❛ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❝❛♠✐♥♦ q✉❡ s✐❣✉❡♥ ❞✐s✲

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



✹✳✷✳ ❆❞❛♣t❛❝✐♦♥❡s ② ♠❡❥♦r❛s ✶✷✸

✭❛✮ ◆❖❚✿
❉✐s❝♦s ❞❡ ❆✐r② ❂ 47; 57; 67; 78; 88; 98µ♠
❉❡s❡♥❢♦q✉❡ ❂ −0

′
14;−0

′
14;−0

′
08; 0;+0

′
08

② +0
′
14♠♠✳

✭❜✮ ❲❍❚✿
❉✐s❝♦s ❞❡ ❆✐r② ❂ 45; 55; 65; 75; 85; 95µ♠
❉❡s❡♥❢♦q✉❡ ❂ −0

′
15;−0

′
13;−0

′
08; 0;+0

′
08

② +0
′
15♠♠✳

✭❝✮ ❚❈❙✿
❉✐s❝♦s ❞❡ ❆✐r② = 57; 69; 82; 95; 107; 120µ♠
❉❡s❡♥❢♦q✉❡ ❂−0

′
12;−0

′
1;−0

′
04;+0

′
02;+0

′
1

② +0
′
2♠♠✳

❋✐❣✉r❛ ✹✳✻✿ ❉✐❛❣r❛♠❛s ❞❡ ♠❛♥❝❤❛s ♣❛r❛ ❧♦s t❡❧❡s❝♦♣✐♦s ◆❖❚✱ ❲❍❚ ② ❚❈❙ ❝♦♥ ❡❧ ❞✐s❡ñ♦
❛❝❡♣t❛❞♦ ❞❡ ❋❛st❈❛♠ ❡♥ ❧❛s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ ❝❡♥tr❛❧❡s ❞❡ ❞✐st✐♥t❛s ❜❛♥❞❛s ✭✹✺✵✱ ✺✺✵✱ ✻✺✵✱
✼✺✵✱ ✽✺✵✱ 950 ♥♠✮✱ ❝♦♥ ❧♦s ❞✐á♠❡tr♦s ❞❡ ❧♦s ❞✐s❝♦s ❞❡ ❆✐r② ❡♥ ❝❛❞❛ ❝❛s♦ ② ❧❛s ♣♦s✐❝✐♦♥❡s ❞❡
❧♦s ♠❡❥♦r❡s ❢♦❝♦s só❧♦ ♠♦✈✐❡♥❞♦ ❡❧ ❢♦❝♦ ❞❡❧ t❡❧❡s❝♦♣✐♦✳ ❊♥ t♦❞♦ ♠♦♠❡♥t♦ s❡ t♦♠ó ❡❧ ♠❡❥♦r
❢♦❝♦ ❞❛♥❞♦ ✉♥ ♠❛r❣❡♥ ❞❡ ❞❡s❡♥❢♦q✉❡ ❞❡❧ s♣♦t ❞❡♥tr♦ ❞❡❧ ❞✐s❝♦ ❞❡ ❆✐r② ❞❡✱ ❛❧ ♠❡♥♦s✱ ±1♠♠✳

❞❡❧ í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥ ❝♦♥ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✳ ❊❧ ❤❛③ ♣❛r❛❧❡❧♦ ✭r❛❞✐❛❧♠❡♥t❡ ② ❡♥

❢r❡♥t❡ ❞❡ ♦♥❞❛✮ q✉❡ ❧❧❡❣❛ ❛ ❧❛ ❚✐❡rr❛ ♣r♦❝❡❞❡♥t❡ ❞❡ ✉♥ ❛str♦ ❡stá ❝♦♠♣✉❡st♦ ♣♦r ♠ú❧✲

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

❝♦♥ ❞✐❢❡r❡♥t❡ á♥❣✉❧♦✱ ❝♦♠♦ ❧♦ ❤❛❝❡ ✉♥ ♣r✐s♠❛✱ ② ❝✉❛♥❞♦ ✜♥❛❧♠❡♥t❡ ❧♦ ❡♥❢♦❝❛♠♦s ❝♦♥

✉♥ t❡❧❡s❝♦♣✐♦ ❝❛❞❛ á♥❣✉❧♦ s❡ ❝♦rr❡s♣♦♥❞❡rá ❝♦♥ ✉♥❛ ✐♠❛❣❡♥ ❞✐st✐♥t❛ ❞❡❧ ❛str♦ ♣❛r❛

❝❛❞❛ ❝♦❧♦r✳ ❊s♦ ❤❛❝❡ q✉❡ s❡ ♣r♦②❡❝t❡ ✉♥ ❡s♣❡❝tr♦✱ ② ❡♥ ❡❧ ❝❛s♦ ❞❡ ✉♥❛ ❜❛♥❞❛ ❛ tr❛✈és



✶✷✹ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

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

❧❛ ❡str❡❧❧❛✳ ❊st❡ ❛❧❛r❣❛♠✐❡♥t♦ s❡ ♣r♦❞✉❝❡ ❡♥ ❧❛ ❞✐r❡❝❝✐ó♥ ❡♥ q✉❡ ❛✉♠❡♥t❛ ❧❛ ❞✐❢❡r❡♥❝✐❛

❛♥❣✉❧❛r ❡♥tr❡ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡❧ ♦❜❥❡t♦ ❛str♦♥ó♠✐❝♦ ② ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ♦❜s❡r✈❛❝✐ó♥ r❡❛❧✱

♦ ❞✐❢❡r❡♥❝✐❛ ❝♦♥ r❡s♣❡❝t♦ ❛ ❧❛ ❞✐r❡❝❝✐ó♥ r❛❞✐❛❧ q✉❡ ♠❛r❝❛ ❧❛ ✈❡rt✐❝❛❧ ②✱ ♣♦r t❛♥t♦✱

❧❛ ♣❡r♣❡♥❞✐❝✉❧❛r ❛❧ s✐t✐♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥✳ ❊s ❞❡❝✐r✱ ❧❛ r❡❢r❛❝❝✐ó♥ q✉❡ s❡ ♣r♦❞✉❝❡ ♣❛r❛

t♦❞❛s ❧❛s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ ❛✉♠❡♥t❛ ❝♦♥ ❡❧ ❛♥❣✉❧♦ ③❡♥✐t❛❧ ② ❧❛ ❧í♥❡❛ ❡s♣❡❝tr❛❧ s✐❣✉❡

t❛♠❜✐é♥ ❡s❛ ❞✐r❡❝❝✐ó♥ ②❛ q✉❡ ❧❛s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ ❝♦rt❛s s❡ r❡❢r❛❝t❛♥ ♠ás✳

❆❞❡♠ás✱ ❤❛② ✉♥ ❢❛❝t♦r ❡①tr❛ q✉❡ ❛❢❡❝t❛ ❛ ❧❛s ♦❜s❡r✈❛❝✐♦♥❡s ❛str♦♥ó♠✐❝❛s✳ ❈♦♠♦

❧♦s r❛②♦s ♣r♦❝❡❞❡♥t❡s ❞❡ ✉♥ ♦❜❥❡t♦ ❛str♦♥ó♠✐❝♦ s❡ ♣✉❡❞❡♥ ❝♦♥s✐❞❡r❛r ♣❛r❛❧❡❧♦s✱ ❧❛

❞✐st✐♥t❛ r❡❢r❛❝❝✐ó♥ ♣❛r❛ ❝❛❞❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ❡s ✉♥ ❡❢❡❝t♦ ❛♥❣✉❧❛r✳ ❊s ❞❡❝✐r✱ ✓❡❧

á♥❣✉❧♦ ❝♦♥ q✉❡ ✈❡♠♦s ❝❛❞❛ ❝♦❧♦r ❞✐s♣❡rs❛❞♦ ❞❡ ✉♥ ♦❜❥❡t♦ ❛str♦♥ó♠✐❝♦ ✈✐❡♥❡ ❞❡ ✉♥❛

❞✐r❡❝❝✐ó♥ ❞✐st✐♥t❛✔✳ ❊st♦ ❤❛❝❡ q✉❡✱ ❝✉❛♥❞♦ ❝♦❧❡❝t❛♠♦s ❧♦s ❢r❡♥t❡s ❞❡ ♦♥❞❛ ❞❡ ❝❛❞❛

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

❡♥tr❡ ✉♥♦s ❝♦❧♦r❡s ② ♦tr♦s s❡r❛ ♠❛②♦r✳ ❆sí✱ s✐ s✉♣♦♥❡♠♦s ✉♥❛ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛

❡♥t❡ λ1 ② λ2 ❞❡ α s❡❣✉♥❞♦s ❞❡ ❛r❝♦✱ ❡❧ t❛♠❛ñ♦ ❞❡ ❧❛ ♠❛♥❝❤❛ s❡rá F ·α✱ ② ❝♦♠♦ ❧❛ ❢♦❝❛❧

❞❡ ❧♦s ❣r❛♥❞❡s t❡❧❡s❝♦♣✐♦s s✉❡❧❡ s❡r ♠❛②♦r✱ ❡❧ ❡❢❡❝t♦ s❡rá ♠ás ✈✐s✐❜❧❡✳ ❊✈✐❞❡♥t❡♠❡♥t❡✱

❡❧ ❡❢❡❝t♦ ❞❡ ❧❛ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ ❛t♠♦s❢ér✐❝❛ ✭❉❈❆✮ ❡s ❞❡s♣r❡❝✐❛❜❧❡ ♠✐❡♥tr❛s s✉

✈❛❧♦r ♣❡r♠❛♥❡❝❡ ❞❡♥tr♦ ❞❡ ❧♦s ❧í♠✐t❡s ❞❡ s❡❡✐♥❣ ♦✱ ❡♥ ♥✉❡str♦ ❝❛s♦✱ ❞❡♥tr♦ ❞❡❧ ❞✐á♠❡tr♦

❞❡❧ ❞✐s❝♦ ❞❡ ❞✐❢r❛❝❝✐ó♥✳

▲❛ ❡❝✉❛❝✐ó♥ ❞❡ ❧❛ ❉❈❆ ♠ás ❤❛❜✐t✉❛❧♠❡♥t❡ ♠❛♥❡❥❛❞❛ ❡stá ❞❛❞❛ ♠❡❞✐❛♥t❡ ❧❛ r❡✲

❧❛❝✐ó♥ ❞❡❧ ❛♥❡①♦ ❆✳✸✱ ❞♦♥❞❡ ❧❛ ❣rá✜❝❛ ❆✳✶ ♠✉❡str❛ ❧❛ ❉❈❆ ♣❛r❛ ❞✐st✐♥t❛s ❜❛♥❞❛s ② ❛

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

❡♥ ❞✐st✐♥t♦s t❡❧❡s❝♦♣✐♦s✳

❉❛❞♦ q✉❡✱ s❛❧✈♦ ❡❧ ❚❈❙✱ ❧♦s t❡❧❡s❝♦♣✐♦s q✉❡ ❝♦♥s✐❞❡r❛♠♦s ♣❛r❛ ✐r ❛ ♦❜s❡r✈❛r s♦♥

❆❧t♦✲❆③✐♠✉t❛❧❡s✱ t❡♥❡♠♦s q✉❡ t❡♥❡r ❡♥ ❝✉❡♥t❛ ❧❛ r♦t❛❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥ ② q✉❡ ❡♥

❧♦s ♣✉♥t♦s ♣ró①✐♠♦s ❛❧ ③❡♥✐t ♣❛r❛ ❡st♦s t❡❧❡s❝♦♣✐♦s ❡s ✐♥❝♦♠♦❞♦ tr❛❜❛❥❛r✱ ②❛ q✉❡ ❧♦s

♠♦✈✐♠✐❡♥t♦s ❛♥❣✉❧❛r❡s ✐♥tr♦❞✉❝✐❞♦s ♣♦r ❡❧ s❡❣✉✐♠✐❡♥t♦ ♣✉❡❞❡♥ s❡r ♠✉② rá♣✐❞♦s✳ ❊st♦

❧♦s ❝♦♥✈✐❡rt❡✱ ♣♦r t❛♥t♦✱ ✐♥❝ó♠♦❞♦s ② ❞❡❧✐❝❛❞♦s ♣❛r❛ ❧♦s ✐♥str✉♠❡♥t♦s✱ s♦❜r❡ t♦❞♦

s✐ q✉❡r❡♠♦s ♠❛♥t❡♥❡r ❧❛ ♦r✐❡♥t❛❝✐ó♥ ❞❡❧ ♦❜❥❡t♦ s♦❜r❡ ❡❧ ❞❡t❡❝t♦r✱ ②❛ s❡❛ ♠❡❞✐❛♥t❡

❧❛ r♦t❛❝✐ó♥ ❞❡❧ ❛r♦ ♣♦rt❛❡q✉✐♣♦s ♦ ✉s❛♥❞♦ ✉♥ ❞❡rr♦t❛❞♦r ó♣t✐❝♦ s✐ ❡❧ ✐♥str✉♠❡♥t♦

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

✐❜❛ ❛ ♦❜❧✐❣❛r ❛ ✉s❛r ✉♥ ❈♦rr❡❝t♦r ❞❡ ❉✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ ❆t♠♦s❢ér✐❝❛ ✭❆❉❈✮✳

❆❤♦r❛ s❛❜❡♠♦s q✉❡ ❡①✐st❡♥ ✉♥♦s ❆❉❈s r♦t❛❝✐♦♥❛❧❡s s✐♠♣❧❡s ❝♦♠❡r❝✐❛❧❡s ♣r❡♣❛✲

r❛❞♦s ♣❛r❛ ❛❝♦♣❧❛r ❛ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ ❛✜❝✐♦♥❛❞♦ ✭❧♦s t❡❧❡s❝♦♣✐♦s ❞❡ ❜❛❥♦ t❛♠❛ñ♦ ♥♦

♥♦t❛♥ ❧❛ ♣❡q✉❡ñ❛ ❉❈❆✱ s❛❧✈♦ q✉❡ ✉s❡♥ té❝♥✐❝❛s ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣✮✱ ♣❡r♦ ❡♥ s✉ ♠♦✲

♠❡♥t♦ ✐❣♥♦rá❜❛♠♦s ❡st♦ ② ♥♦ ❢✉✐♠♦s ❝❛♣❛❝❡s ❞❡ ❡♥❝♦♥tr❛r ♥✐♥❣ú♥ ❆❉❈ ♣r♦❢❡s✐♦♥❛❧



✹✳✷✳ ❆❞❛♣t❛❝✐♦♥❡s ② ♠❡❥♦r❛s ✶✷✺

❋✐❣✉r❛ ✹✳✼✿ ❋♦t♦❣r❛❢í❛ ❞❡❧ ♣r✐♠❡r ♠♦♥t❛❥❡ ❞❡❧ ❆❉❈ ♣❛r❛ ✉♥ f/11 ♣r❡♣❛r❛❞♦ ♣❛r❛ ❧❛s
♣r✉❡❜❛s ❡♥ ❧❛❜♦r❛t♦r✐♦✳ ❙❡ ♣✉❡❞❡ ♦❜s❡r✈❛r ❡❧ r♦t❛❞♦r ♠ás ❣r❛♥❞❡ q✉❡ s♦♣♦rt❛ ✉♥ ♣r✐s♠❛ ✜❥♦
② ❡❧ ❞❡s❧✐③❛❞♦r ♠✐❝r♦♠étr✐❝♦✱ ❛✉♥ ❝♦♥ ✉♥ ♠✐❝ró♠❡tr♦ ♠❛♥✉❛❧✱ q✉❡ ❧❧❡✈❛ ❡❧ s❡❣✉♥❞♦ ♣r✐s♠❛
q✉❡ ❝♦♠♣❡♥s❛ ❧❛ ❞✐s♣❡rs✐ó♥ ❛❧ ❛❧❡❥❛rs❡ ❞❡❧ ♣r✐♠❡r♦✳

②❛ ❢❛❜r✐❝❛❞♦ ♦ ❝♦♠❡r❝✐❛❧✐③❛❞♦✳ ❆♣r♦✈❡❝❤❛♥❞♦ ❡❧ tr❛❜❛❥♦ ❞❡ ♣r♦②❡❝t♦ ❞❡ ▼ást❡r ❞❡

✉♥❛ ❛❧✉♠♥❛✱ ♣✉s✐♠♦s ❛ ♣r✉❡❜❛ ❡❧ ❝♦♥❝❡♣t♦ ❞❡ ✉♥ ❆❉❈ r♦t❛❝✐♦♥❛❧✲❧✐♥❡❛❧ ♣r❡❢♦❝♦ q✉❡

♣✉❞✐♠♦s ♠♦♥t❛r ❡♥ ❧❛❜♦r❛t♦r✐♦ ② ❝♦♥tr♦❧❛r ❝♦♥ ♣❡q✉❡ñ♦s ❝♦♠♣♦♥❡♥t❡s ♠♦t♦r✐③❛❞♦s✱

✉s❛♥❞♦ ❞♦s ♣r✐s♠❛s✳

▲❛ ✐❞❡❛ ❞❡ ✉♥ ❆❉❈ ✭❧✐♥❡❛❧ ♦ r♦t❛❝✐♦♥❛❧✮ q✉❡ ❢✉♥❝✐♦♥❡ ♣♦r ♣r✐s♠❛s s❡ ❜❛s❛ ❡♥ ❡❧

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

❞❡ ♥✉❡✈♦ ❡♥ ❧✉③ ❜❧❛♥❝❛ ❝♦❧♦❝❛♥❞♦ ✉♥ ♣r✐s♠❛ ❣❡♠❡❧♦ ✐♥✈❡rt✐❞♦ ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳ ▲♦s

❆❉❈s r♦t❛❝✐♦♥❛❧❡s tr❛❜❛❥❛♥ ♣r❡❢♦❝♦✱ ❡s ❞❡❝✐r✱ ❛♥t❡s ❞❡❧ ♣❧❛♥♦ ❢♦❝❛❧ ❞❡❧ t❡❧❡s❝♦♣✐♦ ♦

❞❡❧ ✐♥str✉♠❡♥t♦✱ ② r♦t❛♥ ❞❡ ♠♦❞♦ ❞✐❢❡r❡♥❝✐❛❧ ❧♦s ♣r✐s♠❛s ♣❛r❛ ❝♦♥s❡❣✉✐r ♣❡q✉❡ñ❛s

❝♦rr❡❝❝✐♦♥❡s ❞❡ ❧❛ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ ② ❧❧❡✈❛r ❧♦s ❞✐st✐♥t♦s ❝♦♠♣♦♥❡♥t❡s ❝r♦♠át✐❝♦s

❛ ✉♥ ♠✐s♠♦ ♣✉♥t♦✳ ❊st♦s ❆❉❈s ❢✉♥❝✐♦♥❛♥ ❞❡ ✉♥ ♠♦❞♦ r❡❧❛t✐✈❛♠❡♥t❡ s✐♠♣❧❡ ♣❛r❛

t❡❧❡s❝♦♣✐♦s ❝♦♥ ♠♦♥t✉r❛ ❡❝✉❛t♦r✐❛❧ q✉❡ ♥♦ r♦t❛♥ ❧❛ ✐♠❛❣❡♥ ✭❛✉♥q✉❡ ♣♦❞rí❛♥ r♦t❛rs❡

❡♥ ❝♦♥❥✉♥t♦ ♣❛r❛ ❝♦♠♣❡♥s❛r ❡s❡ ❡❢❡❝t♦✮✳ ❊❧ ♣r♦❜❧❡♠❛ ❝♦♥ ❡❧❧♦s ❡s q✉❡ r❡q✉✐❡r❡♥ ✉♥

❛❥✉st❡ ❝♦♥t✐♥✉♦ q✉❡ ❡s ❞✐❢í❝✐❧ ❞❡ ❝❛❧✐❜r❛r✱ ②❛ q✉❡ ❧❛ r♦t❛❝✐ó♥ ❞❡ ✉♥♦ ❞❡♣❡♥❞❡ ❞❡ ❧❛

r♦t❛❝✐ó♥ ❞❡❧ ♦tr♦ ② ❧❛ ♦r✐❡♥t❛❝✐ó♥ ❞❡❧ ❣r✉♣♦✳ P♦r ❝♦♥tr❛✱ t✐❡♥❡♥ ❧❛ ✈❡♥t❛❥❛ ❞❡ q✉❡ ❡❧

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

◆♦s♦tr♦s✱ ❝♦♥s✐❞❡r❛♥❞♦ ♠ás ❡❧ ✉s♦ ❞❡ ✉♥ r♦t❛❞♦r ② ✉♥ ❞❡rr♦t❛❞♦r ♣❛r❛ ◆❖❚ ②



✶✷✻ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

✭❛✮ ❋✉♥❝✐♦♥❛♠✐❡♥t♦ ❞❡ ✉♥ ❆❉❈ r♦t❛❝✐♦♥❛❧✳

✭❜✮ ❆❉❈ r♦t❛❝✐♦♥❛❧ ❞❡ ❛str♦s②st❡♠s✳

❋✐❣✉r❛ ✹✳✽✿ ■♠❛❣❡♥ ❞❡ ✉♥ ❆❉❈ r♦t❛❝✐♥❛❧ s✐♠♣❧❡ ❝♦♠♦ ❡❧ ❛❞q✉✐r✐❞♦ ♣❛r❛ ❋❛st❝❛♠✳ ▲❛
❝♦♠♣❡♥s❛❝✐ó♥ s❡ ❝♦♥s✐❣✉❡ ♦r✐❡♥t❛♥❞♦ ❧♦s ♣r✐s♠❛s ❞❡ ♠♦❞♦ q✉❡ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ❧❛ ❡❧♦♥❣❛❝✐ó♥
❝r♦♠át✐❝❛ ② s✉ ❡①t❡♥s✐ó♥ q✉❡❞❛♥ ❝♦♠♣❡♥s❛❞❛s ♣♦r ❧❛s ♣♦s✐❝✐♦♥❡s r❡❧❛t✐✈❛s❞❡ ❧❛s ❝✉ñ❛s ❞❡
✈✐❞r✐♦✳ ■♠á❣❡♥❡s ❞❡ ❤tt♣✿✴✴✇✇✇✳❛str♦s②st❡♠s✳♥❧✴✳

❲❍❚✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ♣❡♥s❛♠♦s ❡♥ ✉♥ s✐st❡♠❛ ❧✐♥❡❛❧✳ ❊s ❞❡❝✐r✱ ❧❛ ❞✐s♣❡rs✐ó♥ s❡

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

s❡ ❢✉❡r③❛ ♠ás ❧❛ r❡❝♦♥❡①✐ó♥ ❞❡ ❧❛s ❞✐❢❡r❡♥t❡s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛✼✳ ❨ ❧❛ ♦r✐❡♥t❛❝✐ó♥

✈✐❡♥❡ ❞❛❞❛ ♣♦r ❡❧ ❛♥❣✉❧♦ ❞❡❧ r♦t❛❞♦r✴❞❡rr♦t❛❞♦r✳ ❉❡ ❤❡❝❤♦✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ ✉♥ ❞❡rr♦t❛❞♦r

♠❡❝á♥✐❝♦ ❧❛ ♦r✐❡♥t❛❝✐ó♥ ♥♦s ✈✐❡♥❡ ♣r❡✜❥❛❞❛ ② ♥♦ ♥❡❝❡s✐t❛♠♦s r♦t❛r ❡❧ ❆❉❈ ❞✉r❛♥t❡

❧❛ ♦❜s❡r✈❛❝✐ó♥✱ ❛✉♥q✉❡ sí ❧♦ ❤❛❝❡♠♦s ♣❛r❛ ❝❛❞❛ ♦❜❥❡t♦ ❞✐st✐♥t♦✳ ▲❛ ❞❡s✈❡♥t❛❥❛ ❞❡ ❡st❡

s✐st❡♠❛ ❡s ❡❧ ❞❡s♣❧❛③❛♠✐❡♥t♦ ❞❡ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ♦❜❥❡t♦ ❡♥ ♣❧❛♥♦ ❢♦❝❛❧ ❛ ♠❡❞✐❞❛ q✉❡ s❡

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

❆✉♥q✉❡ ❡❧ ❆❉❈ ❧♦ ♠♦♥t❛♠♦s ② ❝❛❧✐❜r❛♠♦s t❡ór✐❝❛♠❡♥t❡✱ ❡❧ ♣r♦②❡❝t♦ ❞❡ ♠ást❡r

♣❡r♠✐t✐ó ✈❡r✐✜❝❛r❧♦ ② ❝♦♠♣r♦❜❛r❧♦ ❡♥ ❧❛❜♦r❛t♦r✐♦✱ ❞❡ ✐❣✉❛❧ ♠❛♥❡r❛ q✉❡ ♦tr♦s ✐♥t❡♥t♦s

❝♦♥ ✉♥ s✐st❡♠❛ ❡♥ ❤❛③ ❝♦❧✐♠❛❞♦ q✉❡ ♥♦ ✈❛r✐❛s❡ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ♦❜❥❡t♦ ❡♥ ♣❧❛♥♦ ❢♦❝❛❧

② ♣❡r♠✐t✐❡r❛ ❧❛ r♦t❛❝✐ó♥ ♣❛r❛ ❝♦rr❡❣✐r ✉ ♦r✐❡♥t❛r ❧❛ ❞✐s♣❡rs✐ó♥✳

✼❯♥ ❞✐❜✉❥♦ ② ❧❛s ❡❝✉❛❝✐♦♥❡s ❞❡ tr❛♥s♠✐s✐ó♥ ❞❡ ❧♦s ♣r✐s♠❛s s❡ ♣✉❡❞❡ ✈❡r ❡♥ ❡❧ ❛♥❡①♦ ❆✿ ❋✐❣✳ ❆✳✹
② ❊q✳ ❆✳✹✳ ❱❡r t❛♠❜✐é♥ ❡❧ ❛rtí❝✉❧♦ ■❱✳❜✳

http://www.astrosystems.nl/


✹✳✷✳ ❆❞❛♣t❛❝✐♦♥❡s ② ♠❡❥♦r❛s ✶✷✼

❊♥ ❡❧ ❛♣é♥❞✐❝❡ ❆ s❡ ❞❡s❝r✐❜❡ ❡❧ ♣r♦❝❡s♦ ❞❡ ❝á❧❝✉❧♦ ② ❞✐s❡ñ♦ ♠ás ❞❡t❛❧❧❛❞♦✱ ❛sí

❝♦♠♦ ❧❛ ❞❡s❝r✐♣❝✐ó♥ ❞❡ ❢✉♥❝✐♦♥❛♠✐❡♥t♦✱ ② ❡♥ ❡❧ ❛♥❡①♦ ❞❡ ♣✉❜❧✐❝❛❝✐♦♥❡s r❡❧❛t✐✈❛s ❛

❋❛st❈❛♠ s❡ ✐♥❝❧✉②❡ ❡❧ ❛rtí❝✉❧♦ ♣r❡s❡♥t❛❞♦ ❡♥ ❧❛ ❝♦♥❢❡r❡♥❝✐❛ ❞❡ ❙P■❊ ❞❡ ✐♥str✉♠❡♥t❛✲

❝✐ó♥ ❛str♦♥ó♠✐❝❛ ❞❡ ✷✵✵✽ ❡♥ ▼❛rs❡❧❧❛✳

▲❛ ♣r✐♠❡r❛ ✐♥t❡❣r❛❝✐ó♥ ❝♦♥ ❋❛st❈❛♠ s❡ ❤✐③♦ ❡♥ ♥♦✈✐❡♠❜r❡ ❞❡ ✷✵✵✼ ❡♥ ◆❖❚ ✭② ❡♥

❲❍❚ ♥♦ s❡ ♣✉❞♦ ♣♦r ❢❛❧t❛ ❞❡ ❜✉❡♥ t✐❡♠♣♦ ② ❧♦ r❡t✐r❛♠♦s s✐♥ ♣r♦❜❛r❧♦ ♣♦r ❢❛❧t❛ ❞❡

❧✉③✮ ❝♦♥ r❡s✉❧t❛❞♦s ♣♦s✐t✐✈♦s ② ♥❡❣❛t✐✈♦s✳ P♦s✐t✐✈♦s ♣♦r ✉♥ ❧❛❞♦ ♣♦rq✉❡ ✈❡r✐✜❝❛♠♦s

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

♠❡❝á♥✐❝♦✱ ✉♥❛ ✈❡③ ♦r✐❡♥t❛❞♦ ②❛ ♥♦ t❡♥í❛♠♦s q✉❡ r♦t❛r❧♦ ♣❛r❛ ❝♦rr❡❣✐r ❧❛ r♦t❛❝✐ó♥ ❞❡❧

❝✐❡❧♦✳ ▲❛ ♣❛rt❡ ♠❛❧❛ ❡s q✉❡ ❧♦s ♣r✐s♠❛s q✉❡ ✉s❛♠♦s ♥♦ t❡♥í❛♥ ❛♥t✐trr❡✢❡❝t❛♥t❡✱ ②❛

q✉❡ ❤❛❜í❛♥ s✐❞♦ ❝♦♠♣r❛❞♦s ❝♦♠♦ ❝♦♥❝❡♥tr❛❞♦r❡s ❞❡ ❤❛③ ♣❛r❛ ❡❧ ❡s♣❡❝tr♦♣♦❧❛rí♠❡tr♦

❞❡ ●❘❊●❖❘ ② t❡♥í❛♥ q✉❡ ❢✉♥❝✐♦♥❛r ❡♥ ✐♥❢r❛rr♦❥♦ ② ❡♥ ✈✐s✐❜❧❡ ② ♥♦ ❛❢❡❝t❛r ❛ ❧❛

♣♦❧❛r✐③❛❝✐ó♥ ❡♥ ❧♦ ♣♦s✐❜❧❡✱ ❛❧ ♠❡♥♦s ♥♦ ❡s♣❡❝tr❛❧♠❡♥t❡✳ ▲❛ ♣ér❞✐❞❛ ❞❡ ✐♥t❡♥s✐❞❛❞

❡♥ ✉♥❛ ❝❛♠♣❛ñ❛ ❡♥ ❧❛ q✉❡ q✉❡rí❛♠♦s ♣r♦❜❛r ❧❛ ♣r♦❢✉♥❞✐❞❛❞ ❢♦t♦♠étr✐❝❛ ❛ ❧❛ q✉❡

♣♦❞í❛♠♦s ❧❧❡❣❛r ❝♦♥ ❋❛st❈❛♠ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ◆❖❚ ♥♦ ❡r❛ ❞❡s♣r❡❝✐❛❜❧❡✳

❊❧ ♠♦♥t❛❥❡ ♣❛r❛ ❡st❛ ❝❛♠♣❛ñ❛ ❧♦ ❝♦♥s✐❞❡r❛♠♦s ❝♦♠♦ ✉♥❛ ♣r✉❡❜❛✿ t♦❞❛✈í❛ ❡s✲

tá❜❛♠♦s ❡st✉❞✐❛♥❞♦ ❧❛s ♣♦s✐❜✐❧✐❞❛❞❡s ❞❡ ♦tr❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s ② ❛ú♥ ♥♦ t❡♥í❛♠♦s

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

r❡♣✉❡st♦ ❞❡ ●❘❡❣♦r ■♥❢r❛r❡❞ ❙♣❡❝tr♦❣r❛♣❤ ❬❊s♣❡❝tró❣r❛❢♦ ■♥❢r❛rr♦❥♦ ●❘❡❣♦r❪ ✭●❘■❙✮

❢✉❡ ❧❛ q✉❡ ♥♦s ❛♥✐♠ó ❛ ❧❛♥③❛r♥♦s ❛ ❡❧❧♦✳ ❆❞❡♠ás✱ ❛❧ ♣r♦❜❛r ❝ó♠♦ s❡ ❝♦♠♣♦rt❛rí❛♥

❡st♦s ♣r✐s♠❛s ❝♦♥ ❡❧ s♦❢t✇❛r❡ ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ s❡ ♠❡ ♦❝✉rr✐ó ❧❛ ✐❞❡❛ ❞❡ q✉❡✱ s✐ ❧♦s

✉t✐❧✐③❛❜❛ ✐♥❝❧✐♥❛❞♦s✱ ❝♦♥s❡❣✉í❛ ❡❧✐♠✐♥❛r ❣r❛♥ ♣❛rt❡ ❞❡❧ ❡❢❡❝t♦ ❞❡ ❛st✐❣♠❛t✐s♠♦ ② ❡s❢é✲

r✐❝❛ q✉❡ ✐♥tr♦❞✉❝í❛♥ s✐ s❡ ❧♦s ♠♦♥t❛❜❛ r❡❝t♦s ✭♣❡r♣❡♥❞✐❝✉❧❛r❡s ❛❧ ❤❛③ ❡♥ ❧❛s ❝❛r❛s ❞❡

❡♥tr❛❞❛ ② s❛❧✐❞❛✱ ❞❡❥❛♥❞♦ ❧❛s ✐♥❝❧✐♥❛❞❛s ❡♥ ❧❛ s❡♣❛r❛❝✐ó♥✮✳ ▲❛ ❝♦rr❡❝❝✐ó♥ ❞❡ ❞✐s♣❡rs✐ó♥

s❡ r❡❞✉❝í❛ ❛❧ ❞✐s♠✐♥✉✐r ❡❧ á♥❣✉❧♦ ❞✐❢❡r❡♥❝✐❛❧ ✭25◦ ❞❡❧ ♣r✐s♠❛ ♣♦r 17◦ ❞❡ ✐♥❝❧✐♥❛❝✐ó♥✮

♣❡r♦ ❡❧ ❜❡♥❡✜❝✐♦ ❡♥ ❝❛❧✐❞❛❞ ❝♦♠♣❡♥s❛❜❛ ❧❛ ♥❡❝❡s✐❞❛❞ ❞❡ s❡♣❛r❛r❧♦s ♠ás✳

❋✐♥❛❧♠❡♥t❡✱ ❡❧ ❆❉❈ ♠❡❥♦r❛❞♦ s❡ ♣r♦❜ó ❡♥ ❲❍❚ ❡♥ ❧❛ ❝❛♠♣❛ñ❛ ❞❡ ♠❛②♦ ❞❡ ✷✵✵✽

❡♥ ❧❛ q✉❡ sí ❤✉❜♦ ✉♥❛ ✈❡r✐✜❝❛❝✐ó♥ ❞❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ② ✉♥ ❛♣r♦✈❡❝❤❛♠✐❡♥t♦ ❞❡ ❡❧❧♦

♣❛r❛ ❛❧❝❛♥③❛r á♥❣✉❧♦s ❞❡ ❤❛st❛ 45◦ s✐♥ ♣r♦❜❧❡♠❛✳ ❍❡♠♦s ❞❡ ❞❡st❛❝❛r ❞♦s t❡♠❛s✳ ▲❡

❤❛❜í❛♠♦s ❡❝❤❛❞♦ ❛❧ ❆❉❈ ❧❛ ❝✉❧♣❛✱ ❡♥ ♥♦✈✐❡♠❜r❡✱ ❞❡ ❧❛ ♣ér❞✐❞❛ ❞❡ ❧✉③✱ ❝✉❛♥❞♦ ❡♥

r❡❛❧✐❞❛❞ ❡❧ ♣r♦❜❧❡♠❛ ❡st❛❜❛ ❡♥ ❧❛ ♦♣t✐♠✐③❛❝✐ó♥ ❞❡❧ ❞❡rr♦t❛❞♦r ó♣t✐❝♦ ❞❡❧ ❢♦❝♦ ●❍❘■▲

♣❛r❛ ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ ❡♥ ❡❧ tr❛♠♦ ❛③✉❧ ❞❡❧ ❡s♣❡❝tr♦✳ ❨ ❛❞❡♠ás✱ ❞❡s❝✉❜r✐♠♦s q✉❡

❡❧ ❞❡rr♦t❛❞♦r ② ❡❧ ❆❉❈ ❞❡♣❡♥❞❡♥ ❞❡❧ á♥❣✉❧♦ ♣❛r❛❧á❝t✐❝♦ ✭♥♦ ❞❡ ♣❛r❛❧❛❥❡✮ ② r♦t❛♥ ❞♦s

✈❡❝❡s ♠ás rá♣✐❞♦ q✉❡ ❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡ ❧❛s ❡str❡❧❧❛s✱ ❡s ❞❡❝✐r✱ ❞❛♥ ✉♥❛ ✈✉❡❧t❛ ❝✉❛♥❞♦

❧❛ ❡str❡❧❧❛ ✈❛ ❞❡ ❤♦r✐③♦♥t❡ ❛ ❤♦r✐③♦♥t❡✳



✶✷✽ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

✹✳✷✳✸✳ ❙♦❢t✇❛r❡

▲❛ ❞❡❝✐s✐ó♥ ❞❡ ❛❝t✉❛❧✐③❛r♥♦s ❛❧ ❞❡t❡❝t♦r ❞❡ ✓♠❡❞✐♦ ❑✔ ✐♠♣❧✐❝❛❜❛ ✉♥❛ s❡r✐❡ ❞❡

♠♦❞✐✜❝❛❝✐♦♥❡s ❡♥ ❧♦s r❡q✉❡r✐♠✐❡♥t♦s ❞❡❧ s♦❢t✇❛r❡ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ② ♣r♦❝❡s❛❞♦✱ ♣❡r♦

♥♦ ♥♦s q✉❡❞❛♠♦s ❛❤í ② r❡❞❡✜♥✐♠♦s ❞✐❝❤♦s r❡q✉❡r✐♠✐❡♥t♦s ♣❛r❛ s❡r ♠ás ❛♠❜✐❝✐♦s♦s ②

❞❛r ✉♥ s❛❧t♦ ✐♠♣♦rt❛♥t❡ ❞❡ ❝❛❧✐❞❛❞✳ ❊♥tr❡ ♦tr♦s ♣✉♥t♦s ❢✉♥❞❛♠❡♥t❛❧❡s✱ q✉❡ ❞❡s❛rr♦✲

❧❧❛r❡♠♦s ❡♥ ❧♦s s✐❣✉✐❡♥t❡s ♣árr❛❢♦s✱ ❡stá♥✿ ✶✮ ❡❧ ②❛ ♠❡♥❝✐♦♥❛❞♦ ❞❡ t❡♥❡r ❝❛♣❛❝✐❞❛❞ ❞❡

❛♥á❧✐s✐s ❞❡ ❧❛s ✐♠á❣❡♥❡s ♣♦r ✈❡♥t❛♥❛s✱ ❛♣❛rt❡ ❞❡❧ ♣r♦❝❡s❛❞♦ ❞❡ ❧❛s s❡r✐❡s ❣❧♦❜❛❧❡s ❞❡

✐♠á❣❡♥❡s❀ ✷✮ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ❤❛❝❡r ✉♥❛ ❡✈❛❧✉❛❝✐ó♥ ❞❡ ❧❛s ✐♠á❣❡♥❡s ❡♥ ❡❧ ♠❡❥♦r ❢♦❝♦❀

② ✸✮ ✉♥ r❡q✉❡r✐♠✐❡♥t♦ ❡①tr❛ q✉❡ ❡r❛ ❡❧ ❝♦♥tr♦❧ r❡♠♦t♦ ❞❡❧ ♣r♦❣r❛♠❛ ❞❡ ❝♦♥tr♦❧ ❞❡❧

❞❡t❡❝t♦r✳

■❞❡❛❧♠❡♥t❡ ❞❡❜❡rí❛♠♦s ❤❛❜❡r ♣♦❞✐❞♦ ❛❝❝❡❞❡r ❞✐r❡❝t❛♠❡♥t❡ ❛❧ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧

❞❡❧ ❞❡t❡❝t♦r✱ ♣❡r♦ ❡❧ ❢❛❜r✐❝❛♥t❡ ♥♦ t❡♥í❛ ❞❡✜♥✐❞❛ ♥✐♥❣✉♥❛ ❧✐❜r❡rí❛ ❞❡ ❝♦♥tr♦❧ ❞❡ s✉ ♣❧❛❝❛

❜❛❥♦ ❡❧ s✐st❡♠❛ ♦♣❡r❛t✐✈♦ ▲✐♥✉①✳ ◆✉❡str❛ ✐❞❡❛ ❡♥t♦♥❝❡s ❡r❛ ♣♦❞❡r ♣❛s❛r ❧♦s ♣❛rá♠❡tr♦s

q✉❡ ❞❡✜♥í❛♠♦s ❝♦♥ ❡❧ ♣r♦❣r❛♠❛ ❜❛❥♦ ❧✐❝❡♥❝✐❛ ✭❣❛♥❛♥❝✐❛s ❞❡ ❧❛ ❡t❛♣❛ ❞❡ ♠✉❧t✐♣❧✐❝❛❝✐ó♥

② ♣r❡❛♠♣❧✐✜❝❛❞♦r✱ t✐❡♠♣♦ ❞❡ ❡①♣♦s✐❝✐ó♥✱ ♥ú♠❡r♦ ❞❡ ✐♠á❣❡♥❡s✱ ❡t❝✳✮ ❞❡s❞❡ ❡❧ ♣r♦❣r❛♠❛

❞❡ ❛❞q✉✐s✐❝✐ó♥ ❛ tr❛✈és ❞❡ ✉♥ ❝♦♠❛♥❞♦ ♦ ✓♠❛❝r♦✔ ✐♥t❡r♠❡❞✐❛✳ ❊st❛ ❝❛r❛❝t❡ríst✐❝❛ s❡

✐♥t❡♥tó ✐♠♣❧❡♠❡♥t❛r✱ ♣❡r♦ r❡q✉❡rí❛ ❝❡rr❛r ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❝♦♥tr♦❧ ❡♥ ❲✐♥❞♦✇s✳ P♦r

❡❧❧♦ s❡ ♦♣tó ♣♦r ❞❡✜♥✐r ❧♦s ♣❛rá♠❡tr♦s ♣❛r❛ ❡❧ ♥♦♠❜r❡ ② ❝❛❜❡❝❡r❛ ❞❡ ❧♦s ✜❝❤❡r♦s ❝♦♥

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

❞❡ ❆◆❉❖❘ ❡♥ ♠♦❞♦ ❞❡ ❡s❝✉❝❤❛ ✭❣r❛♥❞❡s ✈❛❧♦r❡s ♣❛r❛ ❧❛ t♦♠❛ ❞❡ ✐♠á❣❡♥❡s✮ ❤❛st❛

q✉❡✱ ❞❡s❞❡ ❡❧ ♦tr♦ P❈✱ s❡ ❛❝t✐✈❛❜❛ ❧❛ ❝❛♣t✉r❛✳ ▼✐❡♥tr❛s✱ ❡❧ ♠✉❧t✐♣❧❡①♦r ❞❡s❞♦❜❧❛❜❛ ❧♦s

❞❛t♦s ❝♦♥s❡❣✉✐❞♦s✳ ❊s ❞❡❝✐r✱ ♠❛♥t❡♥í❛♠♦s ❛ ❧❛ ❝á♠❛r❛ t♦♠❛♥❞♦ ❞❛t♦s ❝♦♥st❛♥t❡♠❡♥t❡

♣❡r♦ ❡st♦s s♦❧❛♠❡♥t❡ s❡ ❣✉❛r❞❛❜❛♥ ② ❛♥❛❧✐③❛❜❛♥ ❝✉❛♥❞♦ ❞❡❝✐❞í❛♠♦s ❝♦♠❡♥③❛r ❝♦♥ ❧❛

♦❜s❡r✈❛❝✐ó♥✳

❊♥ ❝♦♥s❡❝✉❡♥❝✐❛✱ ❡♥ ❡❧ P❈ ❞❡ ❝♦♥tr♦❧ t❡♥í❛♠♦s ❧♦s ❞❛t♦s ❡♥ t✐❡♠♣♦ r❡❛❧ ♣❛r❛

✈✐s✉❛❧✐③❛❝✐ó♥✳ ❉✐s♣♦♥í❛♠♦s ❞❡ tr❡s t✐♣♦s ❞❡ ✈✐s✉❛❧✐③❛❝✐ó♥✿ ❧❛ ❋P●❆ ♥♦s ♣❡r♠✐tí❛ ✉♥❛

✈✐s✉❛❧✐③❛❝✐ó♥ ♣r❡♣r♦❝❡s❛❞❛✱ ❛ ❧❛ ✈❡③ q✉❡ ✉♥❛ ❡♥ t✐❡♠♣♦ r❡❛❧ ② ✉♥❛ ❛❝✉♠✉❧❛❞❛✳ ❨✱

✜♥❛❧♠❡♥t❡✱ ❡❧ ♣r♦❣r❛♠❛ ❢❛st❝❛♠ ❛❧♠❛❝❡♥❛❜❛ ❧♦s ❞❛t♦s ❡♥ ❢♦r♠❛t♦ ❋■❚❙ ✭❋❧❡①✐❜❧❡

■♠❛❣❡ ❚r❛♥s♣♦rt ❙②st❡♠✮ ❡♥ ❣r✉♣♦s ❞❡ ✐♠á❣❡♥❡s s✉❝❡s✐✈❛s ❛ ♠♦❞♦ ❞❡ ✓❧✐❜r♦✔ ❞♦♥❞❡

❝❛❞❛ ♣á❣✐♥❛ ❡s ✉♥❛ ✐♠❛❣❡♥✱ ❢♦r♠❛t♦ ❛❧ q✉❡ ❧❧❛♠❛♠♦s ❝✉❜♦ ❞❡ ✐♠á❣❡♥❡s✳ ❊♥ ❧♦ q✉❡

s❡ r❡✜❡r❡ ❛ ❧❛ ❝❛❜❡❝❡r❛ ❞❡❧ ✜❝❤❡r♦✱ ❡r❛ ❡❧ ♣r♦❣r❛♠❛ ❞❡ ♣r♦❝❡s❛❞♦ ❡❧ q✉❡ s❡ ❡♥❝❛r❣❛❜❛

❞❡ ✐♥❝❧✉✐r ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛ ♠❛♥❡r❛ ❤❛❜✐t✉❛❧✳ ❙✐♥ ❡♠❜❛r❣♦✱ ♥✉❡str♦s ❞❛t♦s ♥♦

❝♦rr❡s♣♦♥❞❡♥ ❛ ♦❜s❡r✈❛❝✐♦♥❡s ✓♥♦r♠❛❧❡s✔✳ ❈♦♠♦ ❧♦s ❞❛t♦s ❝♦rr❡s♣♦♥❞✐❡♥t❡s ❛ ❝❛❞❛

❝❛♠♣♦ s✉❡❧❡♥ ❝♦♥st❛r ❞❡ ✈❛r✐♦s ❝✉❜♦s ❞❡ ✐♠á❣❡♥❡s s❡♣❛r❛❞❛s ✭❡✳❣✳ ✶✵ s❡r✐❡s ❞❡ ✹✵✵✵

✐♠á❣❡♥❡s ❞❡ ✸✺♠s ❝❛❞❛ ✉♥❛✱ q✉❡ s✉♣♦♥❡♥ ✉♥ t✐❡♠♣♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ❞❡ ❤❛st❛ ✷✸

♠✐♥✉t♦s✮✱ ❛ ♣❛rt✐r ❞❡❧ ♣r✐♠❡r ❝✉❜♦ ❛❧♠❛❝❡♥❛❞♦ ②❛ s❡ ♣♦❞í❛♥ ❡♠♣❡③❛r ❛ ✈✐s✉❛❧✐③❛r



✹✳✷✳ ❆❞❛♣t❛❝✐♦♥❡s ② ♠❡❥♦r❛s ✶✷✾

❋✐❣✉r❛ ✹✳✾✿ ■♠❛❣❡♥ ❞❡ γ−V irginis(0
′
6′′) ♦❜t❡♥✐❞❛ ❡❧ ✷✵✵✼✳✵✹✳✶✾ ❡♥ ❚❈❙ ❞♦♥❞❡ s❡ ❛♣r❡❝✐❛ ❡❧

❡❢❡❝t♦ ❞❡ ✐♠❛❣❡♥ tr✐♣❧❡ ❞❡❜✐❞♦ ❛ ❧❛ ❛❧t❡r♥❛♥❝✐❛ ❞❡❧ ♣í①❡❧ ♠á①✐♠♦ s❡❧❡❝❝✐♦♥❛❞♦ ♣❛r❛ r❡❝❡♥tr❛r
❡♥tr❡ ❛♠❜❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ♠❛❣♥✐t✉❞❡s ♠✉② s✐♠✐❧❛r❡s✿ 3

′
48 ② 3

′
50✳ ▲❛ ♦♣t✐♠✐③❛❝✐ó♥ ♣♦r

❝♦rr❡❧❛❝✐ó♥ ❞❡ ❧❛s ❝♦♠❜✐♥❛❝✐♦♥❡s ❞❡ ❧♦s ♠❡❥♦r❡s ♠á①✐♠♦s ❝♦♥ ❡❧ ♣r♦❣r❛♠❛ ❞❡ ♣r♦❝❡s❛❞♦ ❞❡
❞❛t♦s ✓❢❛st❝❛♠✔ ❡❧✐♠✐♥❛ ❧❛ ❡str❡❧❧❛ ❢❛♥t❛s♠❛ ❛❧ ♥♦ ❝♦♥s✐❞❡r❛r ❛❢♦rt✉♥❛❞❛s ❧❛s ✐♠á❣❡♥❡s q✉❡
♥♦ r❡s♣♦♥❞❡♥ ❛❧ ♣❛tró♥ ❣❡♥❡r❛❧✳

❧♦s ❞❛t♦s ♣r♦❝❡s❛❞♦s✱ ♣✉❡s ❣❡♥❡rá❜❛♠♦s ❧❛s ✐♠á❣❡♥❡s r❡❞✉❝✐❞❛s ❝♦♥ ❡❧ 1%✱ ❡❧ 10%

② ❡❧ 50% ❞❡ ❧❛s ✐♠á❣❡♥❡s ♠ás ❛❢♦rt✉♥❛❞❛s✱ ✐♠á❣❡♥❡s q✉❡ t❛♠❜✐é♥ s❡ ❣✉❛r❞❛♥ ❝♦♠♦

✜❝❤❡r♦s ♣r♦❝❡s❛❞♦s✳ P♦r ♦tr♦ ❧❛❞♦✱ s❡ ❞❡❥❛❜❛ ♣❛r❛ ✉♥ ♣♦st♣r♦❝❡s❛❞♦ ❡❧ ❛♥á❧✐s✐s ❞❡ ❧❛s

s❡r✐❡s ❝♦♠♣❧❡t❛s ② ❧❛ ❞❡t❡r♠✐♥❛❝✐ó♥ ❞❡ ❧❛ ♠❡❥♦r r❡❧❛❝✐ó♥ ❞❡ ✓✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s✔✳

▲♦s ♣r✐♠❡r♦s ♣r♦❜❧❡♠❛s ❝♦♥ ♥✉❡str♦ s♦❢t✇❛r❡ ❧♦s ❞❡t❡❝t❛♠♦s ②❛ ❞✉r❛♥t❡ ❧❛s ♣r✉❡✲

❜❛s ✐♥✐❝✐❛❧❡s✱ ❝♦♥ ❧❛ ❛♣❛r✐❝✐ó♥ ❞❡ s✐st❡♠❛s tr✐♣❧❡s ❝✉❛♥❞♦ ♦❜s❡r✈á❜❛♠♦s ❝✐❡rt♦s s✐s✲

t❡♠❛s ❜✐♥❛r✐♦s✳ ❊st♦ s❡ ❤✐③♦ ♠ás ♦❜✈✐♦ ❝✉❛♥❞♦ ②❛ ❞✐s♣✉s✐♠♦s ❞❡ ❧❛ ♣r❡✈✐s✉❛❧✐③❛❝✐ó♥

❛ tr❛✈és ❞❡ ❧❛ ❋P●❆✳ ❊❧ ♣r♦❝❡s❛❞♦ ❞❡ ❧♦s ❞❛t♦s ❡♥ ❧❛ ❋P●❆ ❡s ❜❛st❛♥t❡ s✐♠♣❧❡✱

t♦♠❛♥❞♦ ❡❧ ♠á①✐♠♦ ❞❡ ❝❛❞❛ ✐♠❛❣❡♥ ② r❡❝❡♥trá♥❞♦❧♦✳ ❊st♦ ♦r✐❣✐♥❛ q✉❡✱ ❡♥ ❝♦♥❞✐❝✐♦✲

♥❡s ❞❡ ♦❜s❡r✈❛❝✐ó♥ ❝♦♥ ✉♥❛ ❛t♠ós❢❡r❛ ✐♥❡st❛❜❧❡✱ ②❛ s❡❛ ♣♦r ✈✐❡♥t♦ ♦ ♣♦r s❡❡✐♥❣ ✱ ❡♥

s✐st❡♠❛s ❝♦♥ ❞♦s ❡str❡❧❧❛s ❞❡ ❜r✐❧❧♦ s✐♠✐❧❛r ❛ ✈❡❝❡s ❡❧ ♣í①❡❧ ♠ás ❜r✐❧❧❛♥t❡ ❞❡ ✉♥❛ ✐♠❛✲

❣❡♥ ❝♦rr❡s♣♦♥❞❡rá ❛ ✉♥❛ ❝♦♠♣♦♥❡♥t❡ ② ❡♥ ♦tr❛s ✐♠á❣❡♥❡s ❛ ❧❛ ♦tr❛✳ ❊st♦ ❤❛❝❡ q✉❡

❧❛ ❛❝✉♠✉❧❛❝✐ó♥ ✉♥❛s ✈❡❝❡s s✉♠❡ s♦❜r❡ ✉♥❛ ❝♦♠♣♦♥❡♥t❡ ② ♦tr❛ ✈❡❝❡s s♦❜r❡ ❧❛ ♦tr❛✱

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

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

❧❛s ❞❡ ❧♦s ❡①tr❡♠♦s t✐❡♥❡♥ só❧♦ ❝♦♥tr✐❜✉❝✐♦♥❡s ❞❡ ❝❛❞❛ ✉♥❛ ❞❡ ❡❧❧❛s✳

❊st❛ ♣ér❞✐❞❛ ❞❡ ❡✜❝✐❡♥❝✐❛ ❞❡❧ ♣r♦❝❡s❛❞♦ ♥♦ r❡s✉❧t❛ ❛❞❡❝✉❛❞❛✱ ② ♣❛r❛ ❡❧ ♣r♦❣r❛♠❛

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

❞✐s❝❡r♥✐r ❛ q✉é ❡str❡❧❧❛ ♣❡rt❡♥❡❝í❛ ❡❧ ♣í①❡❧ ♠ás ❜r✐❧❧❛♥t❡ ✉s❛❞♦ ♣❛r❛ ❡❧ r❡❝❡♥tr❛❞♦

❡♥ ❧❛s ✐♠á❣❡♥❡s s❡❧❡❝❝✐♦♥❛❞❛s✳ P❛r❛ ❡❧❧♦ t✐❡♥❡ ❡♥ ❝✉❡♥t❛ t♦❞❛s ❧❛s ✐♠á❣❡♥❡s ② s❡



✶✸✵ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

❜❛s❛ ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ✓❝♦♥t✐♥✉❛✔ ❞❡ ❧♦s ♣í①❡❧❡s ♠ás ❜r✐❧❧❛♥t❡s✳ ❨✱ ❡♥ ❝❛s♦ ❞❡ ❞✉❞❛ ✭✉♥

❢✉❡rt❡ ❣♦❧♣❡ ❞❡ ✈✐❡♥t♦ q✉❡ ❤❛❝❡ s❛❧t❛r ♠ás q✉❡ ❧❛ s❡♣❛r❛❝✐ó♥ ♣r❡✈✐st❛ ❧♦s ♠á①✐♠♦s

❞❡ ✉♥❛ ✐♠❛❣❡♥ ❛ ❧❛ s✐❣✉✐❡♥t❡✮✱ ❞❡s❡st✐♠❛ ❧❛ ✐♠❛❣❡♥ ♣❛r❛ ❡❧ ❛❝ú♠✉❧♦ ② ❝♦♠♦ ✐♠❛❣❡♥

❛❢♦rt✉♥❛❞❛✳

P♦r ♦tr❛ ♣❛rt❡✱ ♣❛r❛ ❡❧ ❝♦♥tr♦❧ ❞❡❧ ✐♥str✉♠❡♥t♦ ❤✐❝✐♠♦s ✈❛r✐♦s s❝r✐♣ts ❡♥

▼❆❚▲❆❇TM ✳ ❊❧ ❛❝❝❡s♦ ❛❧ ♣r♦❣r❛♠❛ t❡♥í❛ ❧✉❣❛r ❛ tr❛✈és ❞❡ ✉♥❛ t❡r♠✐♥❛❧ r❡♠♦t❛

q✉❡ ✐♥st❛❧❛♠♦s ♣❛r❛ ❛❝❝❡❞❡r ❛❧ P❈ ❞❡ ❝ú♣✉❧❛ ❞♦♥❞❡ ❡st❛❜❛♥ ❧♦s ❝♦♥tr♦❧❛❞♦r❡s ❞❡

♠♦t♦r❡s ② ✉♥❛ ♣❧❛❝❛ ❉✉❛❧✲❆✴❉ ✭❆♥❛❧♦❣✐❝♦✲❉✐❣✐t❛❧ ❞❡ ❡♥tr❛❞❛ ② s❛❧✐❞❛✮✱ ❛❞❡♠ás ❞❡

❧❛ ♣❧❛❝❛ ❞❡ ❝♦♥tr♦❧ ❞❡❧ ❞❡t❡❝t♦r ❞❡ ❆◆❉❖❘✳

❯♥❛ ♣r✐♠❡r❛ r✉t✐♥❛ s❡r✈í❛ ♣❛r❛ ❝♦♥tr♦❧❛r ❧❛ ❛❧✐♠❡♥t❛❝✐ó♥ ❞❡❧ ♠♦t♦r ❞❡ ❧❛ r✉❡❞❛

❞❡ ✜❧tr♦s ② ❧❡❡r ✉♥ ♣♦t❡♥❝✐ó♠❡tr♦ ❞❡ 360◦✳ ❊❧ ♣r♦❣r❛♠❛ ❧❡í❛ ❧♦s ❞❛t♦s ❞❡ ❧♦s ✜❧tr♦s

✐♥st❛❧❛❞♦s ❞❡ ✉♥ ✜❝❤❡r♦ ❞♦♥❞❡ s❡ ♠♦❞✐✜❝❛❜❛ ❧❛ t❛❜❧❛ s❡❣ú♥ ❧♦s ✜❧tr♦s q✉❡ ❤✉❜✐és❡♠♦s

♠♦♥t❛❞♦ ❡♥ ❧❛ r✉❡❞❛ ② s✉ ♣♦s✐❝✐ó♥✳ ❊st❛s ♣♦s✐❝✐♦♥❡s t❡♥í❛♥ ❛s♦❝✐❛❞❛s ❡♥ ❧❛ t❛❜❧❛ ✉♥

r❛♥❣♦ ❞❡ ✈♦❧t❛❥❡ ❝❛❧✐❜r❛❞♦ ♣r❡✈✐❛♠❡♥t❡ ② q✉❡✱ ❛ tr❛✈és ❞❡❧ s❝r✐♣t✱ ♣❡r♠✐tí❛ ❝♦♥tr♦❧❛r

❡❧ ♣♦s✐❝✐♦♥❛❞♦ ❞❡ ❧❛ r✉❡❞❛✳

❙❡ r❡❛❧✐③ó ✐❣✉❛❧♠❡♥t❡ ♦tr♦ ♣r♦❣r❛♠❛ ❡♥ ▼❆❚▲❆❇ q✉❡ ❝♦♥tr♦❧❛❜❛ ❡❧ ♣♦s✐❝✐♦♥❛❞♦

❞❡❧ ❡s♣❡❥♦ ❡♥ ❤❛③ ❝♦❧✐♠❛❞♦ ♣❛r❛ ❞❡s✈✐❛r ❡❧ ❤❛③ ❤❛❝✐❛ ❡❧ ❞❡t❡❝t♦r ❞❡ ❙❛♥t❛ ❇❛r❜❛r❛

■♥str✉♠❡♥t ●r♦✉♣ ✭❙❇■●✮ ❝♦♥ ✉♥❛ ❝á♠❛r❛ ó♣t✐❝❛ q✉❡ ♥♦s ❞❛❜❛ ✉♥ ❝❛♠♣♦ ❞❡ ✈❛r✐♦s

♠✐♥✉t♦s ♣❛r❛ ♣♦❞❡r r❡❝♦♥♦❝❡r ❡❧ ❛♣✉♥t❛❞♦ ❡♥ ❧❛ ②❛ ❝✐t❛❞❛ ✓❝á♠❛r❛ ❞❡ ❝❛♠♣♦ ❛♠♣❧✐♦✔✳

❆s✐♠✐s♠♦✱ ❛ tr❛✈és ❞❡ ❡st❛ r✉t✐♥❛ s❡ ❛❝❝❡❞í❛ ❛❧ ❝♦♥tr♦❧ ② ❛❞q✉✐s✐❝✐ó♥ ❞❡ ❞✐❝❤♦ ❞❡t❡❝t♦r✳

P♦r ú❧t✐♠♦✱ t❛♠❜✐é♥ s❡ ❝r❡ó ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❝♦♥tr♦❧ ② ♣♦s✐❝✐♦♥❛❞♦ ❞❡ ❧♦s

♠♦t♦r❡s ❞❡❧ ❆❉❈ q✉❡ ❛ñ❛❞✐♠♦s✳ ❊st❡ ♣r♦❣r❛♠❛ ❝♦♥tr♦❧❛❜❛ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ♦❜❥❡t♦ ❛

♦❜s❡r✈❛r ②✱ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ♦r✐❡♥t❛❝✐ó♥ ② ❞✐st❛♥❝✐❛ ❝♦♥ r❡s♣❡❝t♦ ❛❧ ③❡♥✐t✱ r♦t❛❜❛ ②

s❡♣❛r❛❜❛ ❧♦s ♣r✐s♠❛s ❞❡❧ ❆❉❈ ♣❛r❛ ❝♦♠♣❡♥s❛r ❡❧ ❛❧❛r❣❛♠✐❡♥t♦ ❞❡s❞❡ ❡❧ ③❡♥✐t q✉❡

s✉❢r❡♥ ❧❛s ❡str❡❧❧❛s ❧❡❥♦s ❞❡ ❧❛ ✈❡rt✐❝❛❧ ❞❡❜✐❞♦ ❛ ❧❛ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ ❞❡ ❧❛ ❛t♠ós❢❡r❛✳

❚♦❞♦ ❡st❡ ❝♦♥❥✉♥t♦ ❞❡ ♠♦❞✐✜❝❛❝✐♦♥❡s ❡♥ ❡❧ s♦❢t✇❛r❡✱ ❛❞❡♠ás ❞❡ ❢❛❝✐❧✐t❛r♥♦s ❡♥♦r✲

♠❡♠❡♥t❡ ❧❛ ✈✐❞❛✱ ❝♦♥❞✉❥♦ ❛ ❧❛ ✓♣r♦❢❡s✐♦♥❛❧✐③❛❝✐ó♥✔ ❞❡❧ s♦❢t✇❛r❡ ❞❡ ❋❛st❈❛♠✳

✹✳✷✳✹✳ ▼❡❝á♥✐❝❛

▲❛ ♥✉❡✈❛ ❡str✉❝t✉r❛ ♠❡❝á♥✐❝❛ s✉r❣✐ó ❞❡ ✉♥ ♠♦❞♦ ♥❛t✉r❛❧✱ ❝♦♠♦ ✉♥ ❛✈❛♥❝❡ ❞❡❧

♠♦❞❡❧♦ ❞❡ ❧❛❜♦r❛t♦r✐♦✱ ♣❡r♦ t♦❞❛✈í❛ ❝♦♥s✐❞❡r❛♥❞♦ s✉ ❛❞❛♣t❛❜✐❧✐❞❛❞ ② ❢❛❝✐❧✐❞❛❞ ❞❡

♠♦♥t❛❥❡✱ ❧✐❣❡r❡③❛ ② ❝❛♣❛❝✐❞❛❞✳

▲❛s ❝♦♥❞✐❝✐♦♥❡s q✉❡ s❡ ♥♦s r❡q✉❡rí❛♥ ❡♥ ❝✉❛♥t♦ ❛ ❛❞❛♣t❛❜✐❧✐❞❛❞ ❡r❛♥ q✉❡ ♣✉❞✐❡r❛

❡♥❝❛❥❛r ❡♥ ❚❈❙✱ ✉s❛♥❞♦ ❧❛ ♠✐s♠❛ ✐♥t❡r❢❛③ q✉❡ ❧❛ ❝❛❥❛ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ❞❡ ❧❛ ❈➪♠❛r❛



✹✳✷✳ ❆❞❛♣t❛❝✐♦♥❡s ② ♠❡❥♦r❛s ✶✸✶

■◆❢r❛rr♦❥❛ ✭❈❆■◆✮ ❞❡ ✐❣✉❛❧ ♠❛♥❡r❛ q✉❡ ❡❧ ♣r♦t♦t✐♣♦ ❞❡ ❧❛❜♦r❛t♦r✐♦✳ P❡r♦✱ ❛❞❡♠❛s✱

❞❡❜❡rí❛ ♣♦❞❡r ❛❝♦♣❧❛rs❡ ❝♦♥ ❢❛❝✐❧✐❞❛❞ ❛❧ ❢♦❝♦ ❞❡ ◆❖❚✱ ② ❝♦♥s✐❞❡r❛♥❞♦ t❛♠❜✐é♥ ♦tr❛s

♦♣❝✐♦♥❡s ❝♦♠♦ ❡❧ ♠♦♥t❛r❧♦ ❡♥❲❍❚✱ ②❛ ❢✉❡r❛ ❡♥ ❢♦❝♦ ❈❛ss❡❣r❛✐♥ ♦ ❡♥ ✉♥ ❢♦❝♦ ◆❛s♠②t❤

❡♥ ✉♥❛ ♠❡s❛ ✜❥❛✳

❘❡s♣❡❝t♦ ❛ ❡st♦s ♣❛rá♠❡tr♦s✱ ❡❧ ♣✉♥t♦ ♠ás ❝rít✐❝♦ ❡r❛ ❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡ ❝♦♥❞✐❝✐♦♥❡s

s♦❜r❡ ❡❧ ❡❥❡ ó♣t✐❝♦ ② ❧❛ ❞✐st❛♥❝✐❛ ❞❡❧ ♣❧❛♥♦ ❢♦❝❛❧ ❛❧ ♣❧❛♥♦ ❞❡ ❡♥❣❛♥❝❤❡✳ ▲❛ ♣r✐♠❡r❛

❝♦♥❞✐❝✐ó♥ ❧❛ ♣♦♥❡ ❚❈❙✱ ②❛ q✉❡ ❧❛ ❞✐st❛♥❝✐❛ ❞❡❧ ♣❧❛♥♦ ❞❡ ❛❝♦♣❧❡ ❛❧ ❢♦❝♦ ❡s ❞❡❧ ♦r❞❡♥

❞❡ 39♠♠ ✭s✐❡♠♣r❡ s❡ ♣✉❡❞❡ ✈❛r✐❛r ❡❧ ❢♦❝♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❡♥ ✉♥♦s ♠✐❧í♠❡tr♦s ♠ás ♦

♠❡♥♦s✮✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❡♥ ❡❧ ❝❛s♦ ❞❡❧ ❢♦❝♦ ❞❡ ◆❖❚ s♦♥ ❡♥ t♦r♥♦ ❛ 230♠♠ ❝♦♥ r❡s♣❡❝t♦

❛❧ ❛r♦ ♣♦rt❛✲❡q✉✐♣♦s✳ ❊♥ ❢♦❝♦ ❈❛ss❡❣r❛✐♥ ❞❡ ❲❍❚✱ ♣♦r ♦tr♦ ❧❛❞♦✱ ❞❡♣❡♥❞❡ ❞❡ ❞ó♥❞❡

s❡ ❡♥❣❛♥❝❤❡✱ ♣✉❡s ❡①✐st❡ ✉♥ s✐st❡♠❛ ❞❡ ❝♦♠♣❡♥s❛❝✐ó♥ ❞❡ ❞✐st❛♥❝✐❛ ❢♦❝❛❧✳ ❊♥ ❢♦❝♦

◆❛s♠②t❤ ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ❞❡ ❧❛ ♠❡s❛ ó♣t✐❝❛ ❡stá♥❞❛r s✐t✉❛❞❛ ❡♥ ❡❧ ❢♦❝♦ ●r♦✉♥❞

❍✐❣❤ ❘❡s♦❧✉t✐♦♥ ■♠❛❣❡ ▲❛❜♦r❛t♦r② ❬▲❛❜♦r❛t♦r✐♦ ❞❡ ■♠❛❣❡♥ ❞❡ ❆❧t❛ ❘❡s♦❧✉❝✐ó♥ ❡♥

❚✐❡rr❛❪ ✭●❍❘■▲✮ s♦♥ ❞❡ 150♠♠ ❞❡s❞❡ ❡❧ ❢r❡♥t❡ ❞❡ ❧❛ ♠❡s❛✱ ❛ 300♠♠ ❞❡❧ ❧❛t❡r❛❧ ② ❛

✉♥❛ ❛❧t✉r❛ ❞❡ 150♠♠ s♦❜r❡ ❧❛ s✉♣❡r✜❝✐❡ ❞❡ ❧❛ ♠❡s❛✳ ❆❞❡♠ás✱ ❧❛ ♠❡s❛ ❡stá s✐t✉❛❞❛ ❛

155♠♠ ❞❡ ❧❛ s❛❧✐❞❛ ❞❡ ❧❛ ❝❛❥❛ ❞❡❧ ❞❡rr♦t❛❞♦r ó♣t✐❝♦✳

P❛rt❡ ❞❡❧ ♣r♦❜❧❡♠❛ ❞❡❧ ❞✐s❡ñ♦ ❡stá ❡♥ q✉❡✱ ❝✉❛♥❞♦ ❡♠♣❡③❛♠♦s ❛ ♣❧❛♥t❡❛r♥♦s ❡st❛

❡str✉❝t✉r❛✱ ♥♦ ❡stá t♦❞❛✈í❛ ❞❡✜♥✐❞♦ ❡❧ s✐st❡♠❛ ó♣t✐❝♦✱ ② ♥♦ s❛❜❡♠♦s s✐ ✈❛♥ ❛ s❡r ✉♥♦✱

❞♦s ♦ tr❡s s✐st❡♠❛s ❞✐❢❡r❡♥t❡s✳ ❊st♦ ❤❛❝❡ q✉❡ ♠❡ ♣❧❛♥t❡❡ ✉♥❛ ❡str✉❝t✉r❛ ❝♦♠♦ ✉♥

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

❝♦♥✜❣✉r❛❝✐♦♥❡s✱ ② ❞❡❝✐❞♦ ❜❛s❛r♠❡ ❡♥ ❡❧ s✐st❡♠❛ q✉❡ ②❛ t❡♥í❛♠♦s ❤❡❝❤♦ ❝♦♥ ❡❧ ❜❛♥❝♦

❞❡ ❧❛❜♦r❛t♦r✐♦ ② ✉♥♦s t✐r❛♥t❡s✳ ▲❛ ✐❞❡❛ ❝♦♥s✐stí❛ s✐♠♣❧❡♠❡♥t❡ ❡♥ r✐❣✐❞✐③❛r❧♦ ❡♥ ❡❧ ♣❧❛♥♦

❞❡ ❛❝♦♣❧❡ ② ❛❧✐❣❡r❛r ❧❛ ❜❛s❡✱ ♣❡r♦ t❛♠❜✐é♥ ❝♦♥ ✉♥ ♣❛tró♥ ❞❡ ❛❣✉❥❡r♦s r♦s❝❛❞♦s ♣❛r❛

❝♦♠♣❛t✐❜✐❧✐③❛r❧♦ ❝♦♥ ❡❧ s✐st❡♠❛ ♣r❡✈✐♦ ② ♣♦❞❡r t❡♥❡r ❧✐❜❡rt❛❞ ♣❛r❛ ♠♦♥t❛r ❞✐❢❡r❡♥t❡s

s✉❜s✐st❡♠❛s s❡❣ú♥ s❡❛ ❡❧ ❞✐s❡ñ♦ ❡♥ ❝❛❞❛ ❝❛s♦✱ ❞❛♥❞♦ ❝❛♣❛❝✐❞❛❞ ♣❛r❛ ❛♥❝❧❛r ❧♦s ❝❛❜❧❡s

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

❝✐❝❧❛❞♦ ❞❡ ❧íq✉✐❞♦ ❞❡ r❡❢r✐❣❡r❛❝✐ó♥✱ q✉❡ ♣❡♥sá❜❛♠♦s ✐♥❝❧✉✐r ❡♥ ❡❧ ❢✉t✉r♦ ❝♦♥ ❡❧ ✜♥

❞❡ ❞✐s♠✐♥✉✐r ② ❡st❛❜✐❧✐③❛r ❧❛ t❡♠♣❡r❛t✉r❛ ❞❡❧ ❞❡t❡❝t♦r✱ ♠❡❥♦r❛♥❞♦ s✉ r❡♥❞✐♠✐❡♥t♦✳

❆❞❡♠ás✱ t❛♠❜✐é♥ ❧❡ ❛ñ❛❞♦ ❛ ❧❛ ❡str✉❝t✉r❛ ✉♥ ❝♦♥t♦r♥♦ ② ❣✉✐❛❞♦ ♣❛r❛ ✉♥❛ t❛♣❛ ❞❡

❝✐❡rr❡ rí❣✐❞❛ q✉❡ ♦s❝✉r❡③❝❛ ② ♣r♦t❡❥❛ ❡❧ s✐st❡♠❛✳

❚♦♠é ❧❛ ❞❡❝✐s✐ó♥ ❞❡ ❞❡❥❛r ❧❛ ❛❧t✉r❛ ❞❡❧ ❡❥❡ ó♣t✐❝♦ ❛❧❣♦ ♠ás ❝♦rt❛ q✉❡ ❧♦s 150♠♠

✐♥❞✐❝❛❞♦s ♣❛r❛ ❲❍❚✱ ②❛ q✉❡ s✐❡♠♣r❡ s❡ ♣♦❞rá ❡❧❡✈❛r ❧❛ ❡str✉❝t✉r❛ ♣❡r♦ ♥♦ s❡ ♣♦❞rí❛

r❡❝♦rt❛r✱ ❛sí q✉❡ ❡❧ ❡s♣❡s♦r ❞❡ ❧❛ ❜❛s❡ ♠ás ❡❧ ❡❥❡ s♦❜r❡ ést❛ ❧♦s ✜❥♦ ❡♥tr❡ ✶✷✵ ② 140♠♠✳

▼ás ❝♦♠♣❧✐❝❛❞❛ r❡s✉❧t❛❜❛ ❧❛ ❞❡❝✐s✐ó♥ ❛❝❡r❝❛ ❞❡ ❧❛ ❧♦♥❣✐t✉❞ ② ❛♥❝❤✉r❛✳ ❊st❛ ú❧t✐♠❛

❧❛ ✜❥é ♣♦r s✐♠❡trí❛✱ ②❛ q✉❡ ❧♦ ♠ás ♣rá❝t✐❝♦ ② q✉❡ ♣♦❞rí❛ ❡✈✐t❛r ♣r♦❜❧❡♠❛s ❡s q✉❡ ❡❧ ❛❧t♦

② ❡❧ ❛♥❝❤♦ s❡❛♥ ✐❣✉❛❧❡s ② q✉❡ ❡❧ ❡❥❡ q✉❡❞❡ ❝❡♥tr❛❞♦✳ ❆sí✱ ❛ ❧❛ ♣❧❛❝❛ ❢r♦♥t❛❧ ❧❡ ❞❡✜♥♦
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✉♥ t❛♠❛ñ♦ ❞❡ 275×275♠♠✱ ❞❛♥❞♦ ✉♥❛ ❜❛s❡ ❞❡ 15♠♠ ❝♦♥ tr❡s ③♦♥❛s✱ ❧❛ s✉♣❡r✐♦r ❞❡

6♠♠ ♣❛r❛ ❡♥❝❛❥❛r ❡❧ ❝✐❡rr❡ ② s✉s t♦r♥✐❧❧♦s✳ ❯♥❛ ③♦♥❛ ❜❛❥❛ ❞❡ 6♠♠ q✉❡ s❡ ✉s❛ ♣❛r❛

❧♦s r❡❜❛❥❡s ❡♥ ❢♦r♠❛ ❞❡ ❝ír❝✉❧♦s ❞❡ ✈❛r✐♦s ❝❡♥tí♠❡tr♦s ❞❡ ❞✐á♠❡tr♦✱ ♣❛r❛ ❛❧✐❣❡r❛r ❧❛

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

❞❡ ❧❛ ❜❛s❡ ② t♦♣❡ ♣❛r❛ ❡❧ ❝✐❡rr❡✳ ❆❧ ❢r♦♥t❛❧ ❞❡ 12♠♠ ❞❡ ❡s♣❡s♦r ❧❡ ❤❛❝❡♠♦s ✉♥ ❝❛♥❛❧

❝❡♥tr❛❞♦ ♣❛r❛ ❡♥❝❛❥❛r ② ❣✉✐❛r ❡❧ ❝✐❡rr❡✱ ❞❡ ♠♦❞♦ q✉❡ s❡ ❡str✉❝t✉r❡ ② ❛♣❛♥t❛❧❧❡ ❧❛

❡♥tr❛❞❛ ❞❡ ❧✉③✳ ❈♦♥ r❡s♣❡❝t♦ ❛ ❧❛ ❧♦♥❣✐t✉❞✱ ❧♦ q✉❡ sí s❛❜í❛♠♦s ❡s q✉❡ s❡rí❛ ♠ás ❧❛r❣♦

②❛ q✉❡✱ ❛❧ ♣r❡t❡♥❞❡r q✉❡ ❡❧ ❞❡t❡❝t♦r s❡❛ ♠❛②♦r ❡ ✐r ❛ t❡❧❡s❝♦♣✐♦s ❞❡ ♠❛②♦r ❢♦❝❛❧✱ ❧❛

r❡❧❛❝✐ó♥ ❞❡ ❛✉♠❡♥t♦ fcam/fcol ✐❜❛ ❛ s❡r s✉♣❡r✐♦r✳ ❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ❧♦s t✐r❛♥t❡s ❞❡

❡str✉❝t✉r❛ ❧♦s ❞❡✜♥í ❝♦♥ ❛♣♦②♦ ❧♦♥❣✐t✉❞✐♥❛❧ ❛ ❧❛ ❞✐st❛♥❝✐❛ ❞❡ ❧❛ ♠❡❞✐❞❛ ❞❡❧ s✐st❡♠❛

ó♣t✐❝♦ ✐♥✐❝✐❛❧ ✭∼400♠♠✮✳

❆❢♦rt✉♥❛❞❛♠❡♥t❡✱ ❡❧ ♣r♦❣r❡s♦ ❞❡❧ ❞✐s❡ñ♦ ♠❡❝á♥✐❝♦ ❢✉❡ ❡✈♦❧✉❝✐♦♥❛♥❞♦ ❝♦♥ ❡❧ ❞✐s❡ñ♦

❞❡ ❧❛ ó♣t✐❝❛ ② ❝♦♥ ❧❛s ✐❞❡❛s ❞❡ ♠♦♥t❛❥❡✳ Pr✐♠❡r♦ ❢✉❡✱ ❝♦♠♦ ❤❡♠♦s ✈✐st♦✱ ❧❛ ❝♦♥✜r♠❛✲

❝✐ó♥ ❞❡ q✉❡ ✐rí❛♠♦s ❛ ◆❖❚✱ ♣❡r♦ ♠✉② ♣r♦♥t♦ s✉♣✐♠♦s q✉❡ ♣♦❞rí❛♠♦s ❡st❛r t❛♠❜✐é♥

❡♥ ❲❍❚ ② ❡♥ ❡❧ ❢♦❝♦ ●❍❘■▲✳ ▲❛ ♦❜t❡♥❝✐ó♥ ❞❡ t♦❞♦ ❡st❡ t✐❡♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ❡♥

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

❞❡s❛rr♦❧❧♦ ❞❡ ❡st❡ ♣r♦②❡❝t♦✳ ❉❡ t♦❞♦s ♠♦❞♦s✱ ♥♦ ❝❛❜❡ ❞✉❞❛ ❞❡ q✉❡ ❢✉❡ ✉♥❛ ✈❡♥t❛❥❛

q✉❡ ❛♠❜♦s ❞✐s❡ñ♦s ② ❡❧ ♣❧❛♥ ❞❡ ❆■❱ ❢✉❡r❛♥ ♠✐s t❛r❡❛s ❡♥ ❡❧ ♣r♦②❡❝t♦✳ ❊❧ ❛❥✉st❡ ❞❡

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

q✉❡ t❡♥í❛♠♦s ❡♥ ❧❛❜♦r❛t♦r✐♦ ② s❡ ❝❡rró ❝♦♥ ❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡❧ ♥✉❡✈♦ s✐st❡♠❛ ó♣t✐❝♦✳ ❋✐✲

♥❛❧♠❡♥t❡✱ ❡❧ ❧❛r❣♦ ❞❡ ❧❛ ❜❛s❡ ❡s ❞❡ 600♠♠✱ ❝♦♥✜❣✉r❛♥❞♦ ✉♥ s✐st❡♠❛ ♠✉❧t✐✲t❡❧❡s❝♦♣✐♦

q✉❡ ♥♦s ❞✐♦✱ ❝♦♠♦ s❡ ✈❡rá ♠ás ❛❞❡❧❛♥t❡✱ ♠✉❝❤❛s ♥♦❝❤❡s ❞❡ ❜✉❡♥♦s ❞❛t♦s✳
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❊♥ ❧❛s s❡❝❝✐♦♥❡s ❛♥t❡r✐♦r❡s ❤❡♠♦s ❛♣✉♥t❛❞♦ ❧❛ ❡①✐st❡♥❝✐❛ ❞❡ ❞✐✈❡rs❛s ✐♥st❛❧❛❝✐♦♥❡s

❞❡ ❋❛st❈❛♠ ❡♥ ❞✐st✐♥t♦s t❡❧❡s❝♦♣✐♦s✳ P❛s❛r❡♠♦s ❛q✉í ❛ ❡①♣❧✐❝❛r s✉ ❡✈♦❧✉❝✐ó♥ t❡♠♣♦✲

r❛❧ ❞❡ ❢♦r♠❛ ♠ás ♦r❞❡♥❛❞❛✳ ❊❧ ✐♥str✉♠❡♥t♦ ♣r♦t♦t✐♣♦ ❡st✉✈♦ ✉t✐❧✐③á♥❞♦s❡ ❡♥ ❚❈❙

❞✉r❛♥t❡ ❧❛s ❝❛♠♣❛ñ❛s ❞❡ ❛❣♦st♦ ② s❡♣t✐❡♠❜r❡ ❞❡ ✷✵✵✻ ② ❢❡❜r❡r♦ ② ❛❜r✐❧ ❞❡ ✷✵✵✼✳ ◆♦

❢✉❡ ❤❛st❛ ❡❧ ✷✶ ❞❡ s❡♣t✐❡♠❜r❡ ❞❡ ✷✵✵✼ ❝✉❛♥❞♦ ♣r♦❜❛♠♦s ❧❛s ❋P●❆ ❝♦♥ ❡❧ ❞❡t❡❝t♦r

❞❡ 128×128 ❡♥ ❚❈❙ ② ②❛ ❡♥ ❧❛ ❝❛♠♣❛ñ❛ ❞❡ ✷✲✸ ❞❡ ♦❝t✉❜r❡ ❡str❡♥❛♠♦s ❧❛ ❡str✉❝t✉r❛

♥✉❡✈❛✱ ✐t✐♥❡r❛♥t❡✱ ❝♦♥ ❡❧ ❞❡t❡❝t♦r ❞❡ ✓✵✲✺✲❦✔✳ P♦r ú❧t✐♠♦✱ ❡♥ ♥♦✈✐❡♠❜r❡ ❞❡ ✷✵✵✼ ✐♠✲

♣❧❡♠❡♥t❛♠♦s ♥✉♠❡r♦s♦s ② út✐❧❡s ❝❛♠❜✐♦s ❥✉♥t♦ ❛❧ ♥✉❡✈♦ ❞❡t❡❝t♦r ② ❧❛ ó♣t✐❝❛ ❝♦♥ ❧❛

♥✉❡✈❛ ❡str✉❝t✉r❛✱ ❧♦s ✜❧tr♦s✱ ❡❧ ❞❡t❡❝t♦r ❞❡ ❝❛♠♣♦ ② ❡❧ ❆❉❈✱ ♣r✐♠❡r♦✱ ❡♥ ❚❈❙ ② ♠ás



✹✳✸✳ ■t✐♥❡r❛♥❝✐❛ ✶✸✸

t❛r❞❡ ❡♥ ❲❍❚✽✳

❋✐❣✉r❛ ✹✳✶✵✿ ❊♠♣❛q✉❡t❛♠✐❡♥t♦ ② ❝❛r❣❛ ❡♥ ✉♥ ❢✉r❣♦♥ ♣❛r❛ ❞❡s♣❧❛③❛r t♦❞♦ ❡❧ ❡q✉✐♣❛♠✐❡♥t♦
❞❡ ❋❛st❈❛♠ ■t✐♥❡r❛♥t❡ ❞✉r❛♥t❡ ❧❛s ❝❛♠♣❛ñ❛s ❡♥ ❡❧ ❖❘▼✳

❊❧ ♥✉❡✈♦ ❞✐s❡ñ♦ ② ❡str✉❝t✉r❛❝✐ó♥ ❞❡❧ ✐♥str✉♠❡♥t♦ ♥♦s ♦❜❧✐❣ó ❛ ❣❡st✐♦♥❛r ❡❧ ❡♠♣❛✲

q✉❡t❛❞♦ ② ❞❡s♣❧❛③❛♠✐❡♥t♦ ❞❡❧ s✐st❡♠❛ ❝♦♥ s✉ ❡q✉✐♣❛♠✐❡♥t♦✿ ❋❛st❈❛♠✱ ❊❧❡❝tró♥✐❝❛ ❞❡

❋P●❆ ② ❈♦♠✉♥✐❝❛❝✐♦♥❡s✱ P❈ ❞❡ ❈♦♠✉♥✐❝❛❝✐♦♥❡s✱ P❈ ❞❡ ❈♦♥tr♦❧ ② P❈ ❞❡ ❛❞q✉✐s✐❝✐ó♥

② ♣r♦❝❡s❛❞♦✱ ❥✉♥t♦ ❝♦♥ s✉s ♠♦♥✐t♦r❡s✱ ❝❛❜❧❡❛❞♦s ② ❞✐st✐♥t♦s ❛❝❝❡s♦r✐♦s s❡❣ú♥ ❡❧ t❡❧❡s✲

❝♦♣✐♦ ❡♥ q✉❡ s❡ tr❛❜❛❥❛✳ ❊♥ ❧❛ ✜❣✉r❛ ✹✳✶✵ ♣♦❞❡♠♦s ✈❡r ✉♥❛ ✐♠❛❣❡♥ ❞❡❧ ❡♠♣❛q✉❡t❛❞♦

❞❡❧ s✐st❡♠❛ ♣❛r❛ s✉ tr❛♥s♣♦rt❡✳

✹✳✸✳✶✳ ❚❈❙

❊❧ t❡❧❡s❝♦♣✐♦ ❚❈❙ s✐❡♠♣r❡ ❤❛ s✐❞♦ ❡❧ ❜❛♥❝♦ ❞❡ ♣r✉❡❜❛s ❞❡ ❋❛st❈❛♠✳ ❊♥ s❡♣t✐❡♠❜r❡

❞❡ ✷✵✵✼ ❝♦♥s❡❣✉✐♠♦s ♠♦♥t❛r ② ♣r♦❜❛r ❡♥ t❡❧❡s❝♦♣✐♦ ❡❧ s✐st❡♠❛ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ♣♦r

❋P●❆✱ q✉❡ ♥♦s ♣❡r♠✐tí❛ t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❡♥ t✐❡♠♣♦ r❡❛❧✱ ❛ ❧❛

✈❡③ q✉❡ ♣♦❞í❛♠♦s ♣r♦❝❡s❛r ❧❛s ✐♠á❣❡♥❡s s❡❣ú♥ s❡ ✐❜❛♥ r❡❝✐❜✐❡♥❞♦✳ ❊❧ tr✉❝♦ ❡st❛❜❛

❡♥ t❡♥❡r ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❝♦♥tr♦❧ ❞❡❧ ❞❡t❡❝t♦r ❞❡ ❆◆❉❖❘ ❡♥ ♠♦❞♦ ❞❡ ❛❞q✉✐s✐❝✐ó♥

❝♦♥t✐♥✉❛✱ ❞❡ t❛❧ ❢♦r♠❛ q✉❡ ❧❛ ❋P●❆ ♣♦❞í❛ ♣r❡♣r♦❝❡s❛r ② ❛♥❛❧✐③❛r ❧❛s ✐♠á❣❡♥❡s ② ❡❧

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

❛♥❛❧✐③❛r ② t♦♠❛r ❞❡❝✐s✐♦♥❡s s♦❜r❡ ❧❛s ✐♠á❣❡♥❡s ② ♦❜❥❡t♦s s❡❧❡❝❝✐♦♥❛❞♦s s✐♥ ♥❡❝❡s✐❞❛❞

❞❡ ✉♥ ♣♦st♣r♦❝❡s❛❞♦ ❝♦♠♦ s✉❝❡❞í❛ ✭② s✐❣✉❡ s✉❝❡❞✐❡♥❞♦✮ ❝♦♥ ❡❧ r❡st♦ ❞❡ ✐♥str✉♠❡♥t♦s

❞❡ t✐♣♦ ▲✉❝❦② ■♠❛❣✐♥❣✳

✽❘❡❛❧♠❡♥t❡ ❡♥ ❚❈❙ ♥✉♥❝❛ s❡ ♣r♦❜ó ❡❧ ❆❉❈✱ ②❛ q✉❡ ♥♦ ♣✉❞✐♠♦s ❡♥❝❛❥❛r❧♦ ❡♥ ❧❛ ❡str✉❝t✉r❛ ♣r❡❢♦❝♦
❞❡❧ t❡❧❡s❝♦♣✐♦



✶✸✹ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

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

❞í❛♠♦s✳ ❊♥ ❧❛ ♣r✐♠❡r❛ ♥♦❝❤❡ ♣r❡✈✐st❛ ❡s♣❡rá❜❛♠♦s ✉s❛r ❡❧ ❞❡t❡❝t♦r ♥✉❡✈♦ r❡❝✐é♥

❛❞q✉✐r✐❞♦✱ ♣❡r♦ ést❡ ♥♦ ❧❧❡❣ó ❛ t✐❡♠♣♦ ② t✉✈✐♠♦s q✉❡ tr❛❜❛❥❛r ❝♦♥ ❡❧ ❞❡t❡❝t♦r ❞❡

128×128 ♣✐①✳ ■❣✉❛❧♠❡♥t❡✱ t❛♠♣♦❝♦ ❝♦♥s❡❣✉✐♠♦s ❧❛ ♠♦♥t✉r❛ ♥✉❡✈❛✱ ②❛ q✉❡ ❧❛s ♣r✐♦✲

r✐❞❛❞❡s ❞❡ t❛❧❧❡r ♥♦ ♣❡r♠✐t✐❡r♦♥ ✜♥❛❧✐③❛r ❧❛ ❢❛❜r✐❝❛❝✐ó♥ ♣❛r❛ ❧❛ ♥♦❝❤❡ ❞❡❧ ✶✽ ❛❧ ✶✾ ❞❡

s❡♣t✐❡♠❜r❡✳

❋✐❣✉r❛ ✹✳✶✶✿ ■♥st❛❧❛❝✐ó♥ ❞❡ ❋❛st❈❛♠ ✓✐t✐♥❡r❛♥t❡✔ ❡♥ ❚❈❙ ❝♦♠♦ ♣r✐♠❡r❛ ♣r✉❡❜❛ ❞❡❧ ♥✉❡✈♦
s✐st❡♠❛ ❛❧ ❝♦♠♣❧❡t♦ ❛♥t❡s ❞❡ ✐r ❛ ❲❍❚✳

❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ❝♦♥s✐❞❡r❛♠♦s q✉❡ ❧❛ ❡①♣❡r✐❡♥❝✐❛ ❢✉❡ ✉♥ é①✐t♦✿ ❝♦♥s❡❣✉✐r ❧❛ ❝♦♥✲

✜❣✉r❛❝✐ó♥ ② ❞✐str✐❜✉❝✐ó♥ ❛❞❡❝✉❛❞❛ ❞❡ ❧♦s ❝❛❜❧❡s ② r❡❞ ❣✐❣❛❜✐t ❥✉♥t♦ ❝♦♥ ❧♦s ♠♦♥✐t♦r❡s

② ❝♦♥tr♦❧❡s r❡♠♦t♦s ❞❡❧ P❈ ② ❋P●❆✱ q✉❡ ✐❜❛♥ ❡♥ ❝ú♣✉❧❛✱ ❞❡s❞❡ ❧❛ s❛❧❛ ❞❡ ❝♦♥tr♦❧

❞❡❧ t❡❧❡s❝♦♣✐♦ r❡s✉❧tó ❝✐❡rt❛♠❡♥t❡ ❝♦♠♣❧✐❝❛❞♦ ♣❡r♦ s❛❧✐ó ♠✉② ❜✐❡♥✳ ❆sí ② t♦❞♦✱ ❝♦♥s❡✲

❣✉✐♠♦s ❛♣✉♥t❛r ② ♦❜s❡r✈❛r ❞✐st✐♥t♦s ♦❜❥❡t♦s✱ ❧❧❡❣❛♥❞♦ ❛ ✈❡r✱ ❡♥ t✐❡♠♣♦ r❡❛❧✱ ❜✐♥❛r✐❛s

s❡♣❛r❛❞❛s 0′23 ❛r❝s❡❝ ❛ tr❛✈és ❞❡❧ ♠♦♥✐t♦r ❞❡ ❧❛ ❋P●❆✳

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

♥♦ ❝♦♥ ❡❧ ❆❉❈ ②❛ q✉❡ ❧❛ ❝❛❥❛ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ② ❣✉✐❛❞♦ ❞❡❧ ❚❈❙ ♥♦ t✐❡♥❡ ❡s♣❛❝✐♦

s✉✜❝✐❡♥t❡ ♣❛r❛ ✐♥s❡rt❛r ❡❧ s✐st❡♠❛ q✉❡ ❤❛❜í❛♠♦s ❝♦♥str✉✐❞♦✳

▲❛s ♣r✉❡❜❛s ❡♥ ❡st❛ ♦❝❛s✐ó♥ t❛♠❜✐é♥ ❢✉❡r♦♥ ♠✉② ♣r♦✈❡❝❤♦s❛s ②❛ q✉❡ ♣✉❞✐♠♦s

✈❡r✐✜❝❛r t♦❞♦s ❧♦s ❝♦♠♣♦♥❡♥t❡s ❡♥ ❢✉♥❝✐♦♥❛♠✐❡♥t♦✳ ❋✉❡ ❡♥ ❡st❡ ♠♦♠❡♥t♦ ❝✉❛♥❞♦
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❞❡s❝✉❜r✐♠♦s q✉❡ ❡❧ s✐st❡♠❛ ❞❡❧ ❞❡t❡❝t♦r ♣❛r❛ ❝❛♠♣♦ ❛♠♣❧✐♦ ❡r❛ ❧❡♥t♦ ♣❛r❛ ❡❧ ♣r♦❝❡s♦

q✉❡ ♣r❡t❡♥❞í❛♠♦s✳ ❆✉♥q✉❡ ❝❡♥tr❛♠♦s ② ✈❡r✐✜❝❛♠♦s ❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❞❡ ❧❛ ❝á♠❛r❛ ❞❡

❝❛♠♣♦✱ ❡❧ t✐❡♠♣♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ♥❡❝❡s❛r✐♦ ♣❛r❛ ❛❧❝❛♥③❛r ♠❛❣♥✐t✉❞ ✶✸ ♠ás ❡❧ t✐❡♠♣♦

❞❡ ❞❡s❝❛r❣❛ ❞❡ ❧❛ ✐♠❛❣❡♥ ❝♦♠♣❧❡t❛ ❡r❛ ❧❛r❣♦✳ ❙✐ ♥♦s ❧✐♠✐tá❜❛♠♦s ❛ ✐❞❡♥t✐✜❝❛r ❡str❡❧❧❛s

❞❡ ♠❡♥♦r ♠❛❣♥✐t✉❞ ② ✉sá❜❛♠♦s ❜✐♥♥✐♥❣✾ ❡❧ t✐❡♠♣♦ ❞❡ ❞❡s❝❛r❣❛ s❡ r❡❞✉❝í❛✱ ♣❡r♦ ❧❛

r❡s♦❧✉❝✐ó♥ t❛♠❜✐é♥ ②✱ ❡♥ ❣❡♥❡r❛❧✱ ❡❧ ❜❡♥❡✜❝✐♦ ♥♦ ❡r❛ ❧♦ q✉❡ ❡s♣❡rá❜❛♠♦s✳ ❆ ♣❡s❛r ❞❡

❡❧❧♦✱ ❡st❛ ♣❛rt❡ ❞❡ ❋❛st❈❛♠ ❡r❛ ❧❛ ♠❡♥♦s ✐♠♣♦rt❛♥t❡ ❞❡ t♦❞♦ ❡❧ s✐st❡♠❛✱ ❞❛❞♦ ❡❧ ❜✉❡♥

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

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

❝♦♥tr♦❧❛❞♦ ❞❡s❞❡ ❧❛ ❝♦♥s♦❧❛ ② ❛❧ ✉s❛r ❡❧ ❝✐❝❧♦ ❝❡rr❛❞♦ ❝♦♥ ✓❛❣✉❛ ❣❧✐❝♦❧❛❞❛✔ ♣❛r❛

r❡❢r✐❣❡r❛r ❡❧ ❞❡t❡❝t♦r✱ q✉❡ ♣❡r♠✐tí❛ ❜❛❥❛r ❧❛ t❡♠♣❡r❛t✉r❛ ❛ −90 ◦❈ ❝♦♥ ✉♥❛ ♠❡❥♦r❛

s✉st❛♥❝✐❛❧ ❞❡ ❧❛ r❡❧❛❝✐ó♥ s❡ñ❛❧✴r✉✐❞♦✳ ❨✱ ♣♦r s✉♣✉❡st♦✱ ❧❛ ❋P●❆✱ ❝♦♥ ❡❧ ❞❡t❡❝t♦r ❞❡

512×512 ♣✐① ② ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ❧❡❝t✉r❛ ❡♥ ✈❡♥t❛♥❛s✱ ②❛ ✐♠♣❧❡♠❡♥t❛❞❛ ❡♥ ❧❛ ✐♠❛❣❡♥

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

✹✳✸✳✷✳ ◆❖❚

❊♥ ❝✉❛♥t♦ ✈✐♠♦s ❧♦ q✉❡ s❡ ♣♦❞í❛ ♦❜t❡♥❡r ❝♦♥ ❋❛st❈❛♠ ❡♥ ❚❈❙ ♥✉❡str♦ ♦❜❥❡t✐✈♦

♣❛só ❛ s❡r ♣♦❞❡r ♣r♦❜❛r❧♦ ❡♥ ◆❖❚✳ ▲❛ ✈❡r✐✜❝❛❝✐ó♥ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❡♥ ❡st❡ ❝❛s♦

s❡rí❛ ❞✐r❡❝t❛♠❡♥t❡ ❝♦♠♣❛r❛❜❧❡ ❝♦♥ ❧❛s ✐♠á❣❡♥❡s ♦❜t❡♥✐❞❛s ♣♦r ❡❧ t❡❧❡s❝♦♣✐♦ ❡s♣❛❝✐❛❧

❍✉❜❜❧❡ ✭❍✉❜❜❧❡ ❙♣❛❝❡ ❚❡❧❡s❝♦♣❡ ✭❍❙❚✮✮✱ ②❛ q✉❡ ❡❧ t❛♠❛ñ♦ ❞❡ ❛♠❜♦s t❡❧❡s❝♦♣✐♦s ❡s

s✐♠✐❧❛r✱ ♣♦r ❧♦ q✉❡ s✉♣♦♥í❛ ♥✉❡str❛ ✓♣r✉❡❜❛ ❞❡ ❢✉❡❣♦✔ ❞❡ q✉❡ ❞✐s♣♦♥í❛♠♦s ❞❡ ✉♥

✐♥str✉♠❡♥t♦ ❝♦♠♣❡t✐t✐✈♦✳ ❙♦♥ ❞♦s ❧❛s ❝♦♥❝❧✉s✐♦♥❡s ❞✐r❡❝t❛s q✉❡ s❡ ♣♦❞rí❛♥ ♦❜t❡♥❡r

❞❡ ❧❛ ❝♦♠♣❛r❛❝✐ó♥✿ ❝❛♣❛❝✐❞❛❞ ❞❡ r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧ ② t✐❡♠♣♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥✳

❆❧ s❡r ❛♠❜♦s t❡❧❡s❝♦♣✐♦s ❞❡ ✐❣✉❛❧ ❞✐á♠❡tr♦ ❧❛ r❡s♦❧✉❝✐ó♥ t❡ór✐❝❛ ❛❧❝❛♥③❛❜❧❡ s❡rí❛ ❧❛

♠✐s♠❛ ②✱ ❛❞❡♠ás✱ ❡❧ t✐❡♠♣♦ ✐♥✈❡rt✐❞♦✱ ②❛ s❡❛ ❡♥ ✐♥t❡❣r❛❝✐ó♥ ♦ ❡♥ ❛❝ú♠✉❧♦ ❞❡ ✐♠á❣❡♥❡s

t♦t❛❧ ♦ ❛♣r♦✈❡❝❤❛❜❧❡s✱ ♣♦❞rí❛ ❞❛r♥♦s ✉♥❛ ✐❞❡❛ ❞❡❧ r❡♥❞✐♠✐❡♥t♦ ❞❡ ❡st❛ té❝♥✐❝❛ ♣❛r❛

t❡❧❡s❝♦♣✐♦s ❡♥ t✐❡rr❛✳ P♦r ❡❧❧♦✱ s❡ s♦❧✐❝✐t❛r♦♥ ✈❛r✐❛s ♥♦❝❤❡s ❞❡ ♦❜s❡r✈❛❝✐ó♥ ♣❛r❛ ❧❛

s✐❣✉✐❡♥t❡ ❝❛♠♣❛ñ❛✱ ②❛ ❡♥ ❡❧ s❡❣✉♥❞♦ s❡♠❡str❡ ❞❡ ✷✵✵✼✳

◆✉❡str❛ ♣r✐♠❡r❛ ♣r✐♦r✐❞❛❞ ❡♥ ❡s❡ ♠♦♠❡♥t♦ r❡s✉❧tó s❡r ❡❧ ❞✐s❡ñ♦ ❞❡ ✉♥ s✐st❡♠❛

♦♣t♦♠❡❝á♥✐❝♦ ♠ás r♦❜✉st♦ ♣❛r❛ ♣♦❞❡r ✐r ❝❛♠❜✐❛♥❞♦ ❞❡ ✉♥♦ ❛ ♦tr♦ t❡❧❡s❝♦♣✐♦ ② q✉❡

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

❉✉r❛♥t❡ ❧♦s s✐❣✉✐❡♥t❡s ♠❡s❡s s❡ ♣r♦❞✉❥♦ ❡❧ ❞✐s❡ñ♦ ② ❢❛❜r✐❝❛❝✐ó♥ ❞❡ ✉♥❛ ♥✉❡✈❛ ❡s✲

✾❙❡ ❧❧❛♠❛ ❜✐♥♥✐♥❣ ❛❧ ❤❡❝❤♦ ❞❡ ♣r♦♠❡❞✐❛r ✉♥ ❣r✉♣♦ ❞❡ ♣í①❡❧❡s ❝♦♠♦ s✐ ❢✉❡r❛ ✉♥♦ s♦❧♦✳ ❆sí✱ s✐
t♦♠❛♠♦s ✉♥ ❜✐♥♥✐♥❣ ❞❡ ✸✱ s✐❣♥✐✜❝❛ q✉❡ ❝♦♥s✐❞❡r❛♠♦s ✉♥ ❣r✉♣♦ ❞❡ 3×3 ♣✐① ❝♦♠♦ s✐ ❢✉❡r❛ ✉♥ ♣í①❡❧
ú♥✐❝♦✳



✶✸✻ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

tr✉❝t✉r❛ ❥✉♥t♦ ❝♦♥ ❧❛ ✐♠♣❧❡♠❡♥t❛❝✐ó♥ ❞❡❧ s✐st❡♠❛ ❝♦♥ ❋P●❆✳ ❊❧ s✐st❡♠❛ ❞❡ ❋P●❆ ❧♦

♣r♦❜❛♠♦s ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙ ✉♥♦s ❞í❛s ❛♥t❡s ❞❡ ✐r ❛ ◆❖❚✳ ◆♦ s✉❝❡❞✐ó ❧♦ ♠✐s♠♦ ❝♦♥

❧❛ ❡str✉❝t✉r❛ ② ❡❧ ❞❡t❡❝t♦r✱ q✉❡ ❢✉❡r♦♥ ❧❛s ♥♦✈❡❞❛❞❡s ❞❡ ❡s❛ ❝❛♠♣❛ñ❛ ❞❡ ♦❜s❡r✈❛❝✐ó♥

✭✈❡r ✜❣✳ ✹✳✶✷✮✳ P❛r❛ ❡❧ ❛❝♦♣❧❡ ❛❧ ❛r♦ ♣♦rt❛✲❡q✉✐♣♦s ❞✐s❡ñé ✉♥ s❡♣❛r❛❞♦r q✉❡ ❛❝t✉❛❜❛

❞❡ ✐♥t❡r❢❛③ ② q✉❡ t❡♥í❛ ✉♥ ❞✐s❝♦ ❝♦♥ ❡❧ ♣❛tró♥ ❞❡ t❛❧❛❞r♦s ❞❡ ❧❛ ❝❛❥❛ ❞❡ ❛❞q✉✐s✐❝✐ó♥

② ❣✉✐❛❞♦ ❞❡ ◆❖❚ ②✱ s❡♣❛r❛❞♦ ♣♦r ✉♥❛ ❡str✉❝t✉r❛ ❝✉❛❞r❛❞❛ ❞❡ ♣❧❛❝❛s ❞❡ ❛❧✉♠✐♥✐♦

s♦❧❞❛❞❛s✱ ♦tr❛ ♣❧❛❝❛ ❝♦♥ ✉♥ ♣❛tró♥ s✐♠✐❧❛r ❛ ❧❛ ❝❛❥❛ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ② ❣✉✐❛❞♦ ❞❡ ❚❈❙

❞♦♥❞❡ s❡ ❛❝♦♣❧❛❜❛ ❋❛st❈❛♠✳

❚❛❧ ② ❝♦♠♦ ②❛ ❤❛❜í❛♠♦s ❝♦♠♣r♦❜❛❞♦ ❡♥ ❚❈❙✱ ❧❛ ♣r❡✈✐s✉❛❧✐③❛❝✐ó♥ ❞❡ ❧❛s ✐♠á❣❡♥❡s

♠❡❞✐❛♥t❡ ❧❛ ❋P●❆ r❡s✉❧tó ✉♥ ❧♦❣r♦ ✐♠♣♦rt❛♥t❡✱ ❛♣❛rt❡ ❞❡ ♦❢r❡❝❡r ✉♥ ❛tr❛❝t✐✈♦ ❡①tr❛ ❛❧

✐♥str✉♠❡♥t♦✳ ❊❧ t❡♥❞✐❞♦ ❞❡ ❝❛❜❧❡s ❞❡ ❧❛ r❡❞ ❣✐❣❛❜✐t ❢✉♥❝✐♦♥ó s✐♥ ♣r♦❜❧❡♠❛s ② ♣✉❞✐♠♦s

✈❡r✐✜❝❛r ② ❛♣r♦✈❡❝❤❛r ❧❛ ♥✉❡✈❛ ❣r❛♥ ✈❡♥t❛❥❛ q✉❡ s✉♣♦♥í❛ ❧❛ ✐♠❛❣❡♥ ❝♦♥ r❡❝❡♥tr❛❞♦ ❡♥

t✐❡♠♣♦ r❡❛❧✳ ▲❛ ❛♠♣❧✐❛❝✐ó♥ ❞❡ ❢✉♥❝✐♦♥❡s ❤✐③♦ q✉❡ ❡❧ ❡q✉✐♣♦ q✉❡ ✐♥st❛❧❛♠♦s ♦❝✉♣❛s❡

♣rá❝t✐❝❛♠❡♥t❡ t♦❞♦ ❡❧ ❤✉❡❝♦ ❞❡ ❧❛ ♠❡s❛ ❞❡ ✐♥✈✐t❛❞♦s ❞❡ ❧❛ s❛❧❛ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ✭✈❡r ✜❣✳

✹✳✶✸✮✳ ❋✉❡ ✉♥ ❡s♣❡❝tá❝✉❧♦ ♣♦❞❡r ✈❡r ❧❛s ❡str❡❧❧❛s ❝♦♠♦ ❞✐s❝♦s ❞❡ ❆✐r② ❞✐r❡❝t❛♠❡♥t❡

❡♥ ♣❛♥t❛❧❧❛ ♠✐❡♥tr❛s ❝❡♥trá❜❛♠♦s ❡❧ ❝❛♠♣♦✳ ❊♥ ❡❧ t❡❧❡s❝♦♣✐♦ ◆❖❚ ❧❛ ❝á♠❛r❛ ❞❡

❋✐❣✉r❛ ✹✳✶✷✿ Pr✐♠❡r❛ ✐♥st❛❧❛❝✐ó♥ ❞❡ ❋❛st❈❛♠ ❡♥ ◆❖❚ ❝♦♥ ❧❛ ♥✉❡✈❛ ❡str✉❝t✉r❛ ✓✐t✐♥❡r❛♥t❡✔✳
❙❡ ♣✉❡❞❡ ♥♦t❛r q✉❡ t♦❞❛✈í❛ ♠❛♥t✐❡♥❡ ❡❧ s✐st❡♠❛ ó♣t✐❝♦ ❛♥t✐❣✉♦ ❝♦♥ ❧❛ r✉❡❞❛ ❞❡ ✜❧tr♦s ♠❛♥✉❛❧
♣❡r♦ ❝♦♥ ❡❧ ❞❡t❡❝t♦r ♥✉❡✈♦ ❞❡ 512×512♣í①✳



✹✳✸✳ ■t✐♥❡r❛♥❝✐❛ ✶✸✼

❋✐❣✉r❛ ✹✳✶✸✿ Pr✐♠❡r❛ ✐♥st❛❧❛❝✐ó♥ ❞❡ ❋❛st❈❛♠ ❡♥ ◆❖❚ ❝♦♥ ❡❧ ♥✉❡✈♦ ❞❡t❡❝t♦r ② ❡❧ s✐st❡♠❛
❞❡ ♣r❡✈✐s✉❛❧✐③❛❝✐ó♥ ♣♦r ❋P●❆✳ ❊♥ ❧❛ ❢♦t♦ s❡ ✈❡ ❡❧ ❞❡s♣❧✐❡❣✉❡ ❞❡ ♠♦♥✐t♦r❡s ❞❡ ❝♦♥tr♦❧ ②
❛❞q✉✐s✐❝✐ó♥ q✉❡ ✉sá❜❛♠♦s ❡♥ ❧❛ s❛❧❛ ❞❡ ♦❜s❡r✈❛❝✐ó♥✳

❛♣✉♥t❛❞♦ ② ❣✉✐❛❞♦ ❡s ✐♥❞❡♣❡♥❞✐❡♥t❡ ❞❡❧ ❤❛③ ❞❡ ♦❜s❡r✈❛❝✐ó♥✱ ❞❡ ♠♦❞♦ q✉❡ ❡❧ ❛♣✉♥t❛❞♦

② ❣✉✐❛❞♦ s❡ ❧❧❡✈❛ ❛ ❝❛❜♦ ❝♦♥ ✉♥❛ ❡str❡❧❧❛ ❞❡ ❝❛♠♣♦ r❡❝♦♥♦❝✐❜❧❡✱ ♣❡r♦ q✉❡ ♥♦ ✐♥t❡r✜❡r❡

❝♦♥ ❧❛ ❡str❡❧❧❛ ❞❡ ♦❜s❡r✈❛❝✐ó♥✳ P♦r ❡❧❧♦✱ ②❛ s❛❜í❛♠♦s q✉❡ ❡❧ ❞❡t❡❝t♦r ❞❡ ❝❛♠♣♦ ❛♠♣❧✐♦

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

❊♥ ❡s❛s ❞♦s ♥♦❝❤❡s s♦♠❡t✐♠♦s ❛ ♣r✉❡❜❛ t♦❞♦s ❧♦s ❝♦♠♣♦♥❡♥t❡s ✐♠♣♦rt❛♥t❡s ❞❡❧

✐♥str✉♠❡♥t♦✳ ❍✐❝✐♠♦s ❡❧ ❝á❧❝✉❧♦ ❞❡ ❡s❝❛❧❛ ❞❡ ✐♠❛❣❡♥ ② ♦❜s❡r✈❛♠♦s ✈❛r✐♦s s✐st❡♠❛s ❜✐✲

♥❛r✐♦s ❡s♣❡❝✐❛❧❡s ❝♦♥ s✉ s❡♣❛r❛❝✐ó♥ ♣❡r❢❡❝t❛♠❡♥t❡ ❝♦♥♦❝✐❞❛ ♣❛r❛ ❝♦♠♣r♦❜❛r❧♦✳ ❱❡í❛✲

♠♦s✱ ❝♦♠♦ ②❛ s❡ ❤❛ ❝♦♠❡♥t❛❞♦✱ ❞✐s❝♦s ❞❡ ❆✐r② ❛ tr❛✈és ❞❡❧ ♠♦♥✐t♦r ❞❡ ❧❛s ✐♠á❣❡♥❡s ❞❡

❧❛ ❋P●❆✱ ② ❡st♦s ❡r❛♥ ❛✉♥ ♠ás ♥ít✐❞♦s ❡♥ ❧❛s ✐♠á❣❡♥❡s ♠ás ❡❧❛❜♦r❛❞❛s q✉❡ ♦❜t❡♥í❛✲

♠♦s ❝♦♥ ❡❧ ♣r♦❝❡s❛❞♦ ❞❡ ❢❛st❝❛♠✳ ❘❡❛❧✐③❛♠♦s ✉♥ ♠♦s❛✐❝♦ ❞❡ 3×3 ✐♠á❣❡♥❡s ❞❡❧ ❝ú♠✉❧♦

❣❧♦❜✉❧❛r ▼✶✺✱ ❝♦♥ ✉♥ ✐♥t❡rés ♠✉② ❡s♣❡❝✐❛❧ ❡♥ s✉ ❝❡♥tr♦ ❝♦♠♦ ♣♦s✐❜❧❡ ❝♦♥t✐♥❡♥t❡ ❞❡

✉♥ ❛❣✉❥❡r♦ ♥❡❣r♦ ❞❡ t❛♠❛ñ♦ ✐♥t❡r♠❡❞✐♦✳ ➱r❛♠♦s ❝❛♣❛❝❡s ❞❡ ♣r♦❝❡s❛r rá♣✐❞❛♠❡♥t❡

❧❛s ✐♠á❣❡♥❡s ② ❞❡❝✐❞✐r s✐ ♥❡❝❡s✐tá❜❛♠♦s ♠ás ❝✉❜♦s ❞❡ ❞❛t♦s ♦ ②❛ ❤❛❜í❛♠♦s ❛✜♥❛❞♦

s✉✜❝✐❡♥t❡✳ ❨✱ ♣❛r❛ ❧♦s ✜❧tr♦s✱ t♦❞❛✈í❛ ❞❡❜í❛♠♦s t✉r♥❛r♥♦s ♣❛r❛ s✉❜✐r ❛ ❝❛♠❜✐❛r❧♦s ❛

♠❛♥♦✳ ▲❛s ♦❜s❡r✈❛❝✐♦♥❡s s❡ ❤✐❝✐❡r♦♥ ❝♦♥ ♥✐✈❡❧❡s ❞❡ s❡❡✐♥❣ ♥❛❞❛ ❞❡s♣r❡❝✐❛❜❧❡s✱ ❞❡ 1′2 ②

1′6 s❡❣✉♥❞♦s ❞❡ ❛r❝♦✱ ② ❛✉♥ ② t♦❞♦ ❝♦♥s❡❣✉í❛♠♦s ✐♠á❣❡♥❡s ❡♥ ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥



✶✸✽ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

❞❡ 0′09 s❡❣✉♥❞♦s ❞❡ ❛r❝♦✳ ▲♦ ❝✐❡rt♦ ❡s q✉❡ ♥♦s ❢✉✐♠♦s ❝♦♥ ❧❛ s❛t✐s❢❛❝❝✐ó♥ ❞❡ ❡st❛r

❝♦♥s✐❣✉✐❡♥❞♦ ❛❧❣♦ ❤✐stór✐❝♦✳

❋✐❣✉r❛ ✹✳✶✹✿ ■♥st❛❧❛❝✐ó♥ ❞❡ ❋❛st❈❛♠ ❡♥ ◆❖❚ ❝♦♥ ❧❛ r✉❡❞❛ ❞❡ ♠♦t♦r ❞❡❧ ❆❉❈ ❛s♦♠❛♥❞♦
❡♥tr❡ ❧❛ ❡sr✉❝t✉r❛ ❞❡ ❛❝♦♣❧❡✳ ❊♥ ♣r✐♠❡r ♣❧❛♥♦ ❧♦s ❝♦♥tr♦❧❛❞♦r❡s ❞❡ ❧♦s ♠♦t♦r❡s ✉t✐❧✐③❛❞♦s✳ ❙❡
✈❡ ❡❧ ❤✉❡❝♦ ✈❛❝í♦ ❞❡❧ ❞❡t❡❝t♦r ❞❡ ❝❛♠♣♦ ② ❡❧ ❜r❛③♦ ♠♦t♦r ❞❡❧ ❡s♣❡❥♦ ❛t❛❞♦ ❝♦♥ ❝✐♥t❛ ❞❡ ✈❡❧❝r♦
r♦❥❛✳

▲❛ s✐❣✉✐❡♥t❡ ❝❛♠♣❛ñ❛ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ◆❖❚ ❢✉❡ ❡♥ ♠❛②♦ ❞❡ ✷✵✵✽✳ ❊♥ ❡st❛ ♦❝❛s✐ó♥

②❛ ❝♦♥ ❡❧ ❆❉❈ ② ❡❧ ♥✉❡✈♦ s✐st❡♠❛ ó♣t✐❝♦ ✐♥st❛❧❛❞♦✳ ▲♦s ❞✐❛s ✷✼ ② ✷✽ ❞❡ ♠❛②♦ ♠♦♥t❛✲

♠♦s ♣♦r ♣r✐♠❡r❛ ✈❡③ ❡❧ s✐st❡♠❛ ♥✉❡✈♦ ❛❧ ❝♦♠♣❧❡t♦✱ ❝♦♥ ❡❧ ❆❉❈ ✐♥s❡rt❛❞♦ ❞❡♥tr♦ ❞❡❧

❜❧♦q✉❡ s♦❧❞❛❞♦ s❡♣❛r❛❞♦r ❡♥ ❡❧ ❛❞❛♣t❛❞♦r ❞❡❧ ◆❖❚✱ ♣❛r❛ ❧♦ ❝✉❛❧ ❧♦ ❤❛❜í❛♠♦s ❝♦r✲

t❛❞♦✳✭✜❣✳ ✹✳✶✹✮✳ ❊❧ ❆❉❈ ❢✉♥❝✐♦♥❛❜❛✱ ♣❡r♦ t♦❞❛✈í❛ ♥♦ ér❛♠♦s ❝❛♣❛❝❡s ❞❡ ♠❛♥❡❥❛r❧♦

❝♦♥✈❡♥✐❡♥t❡♠❡♥t❡✿ ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❝♦♥tr♦❧ ❛✉t♦♠át✐❝♦ ♥♦ ❝♦♥s❡❣✉í❛ ❛❧✐♥❡❛rs❡ ❝♦♥ ❧❛

❡❧♦♥❣❛❝✐ó♥ ❞❡ ❧❛s ❡str❡❧❧❛s q✉❡ ♣r♦❜❛♠♦s ❛ ♦❜s❡r✈❛r ❛ ❜❛❥❛ ❛❧t✉r❛✱ ❛✉♥q✉❡ sí ✈❡í❛♠♦s

q✉❡ s❡ ♠♦❞✐✜❝❛❜❛ s✉ ❢♦r♠❛✳ ❊♥ ❡❧ ❡st✉❞✐♦ ♣♦st❡r✐♦r ♥♦s ❞✐♠♦s ❝✉❡♥t❛ ❞❡ q✉❡✱ ❛❧ t❡♥❡r

✉♥ ❞❡rr♦t❛❞♦r ♠❡❝á♥✐❝♦ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦✱ ✉♥❛ ✈❡③ ❛♣✉♥t❛❞♦ ❛ ✉♥ ♦❜❥❡t♦ ② ♣✉❡st♦ ❡❧

t❡❧❡s❝♦♣✐♦ ❡♥ s❡❣✉✐♠✐❡♥t♦✱ ❧❛ ✐♠❛❣❡♥ ②❛ ♥♦ r♦t❛❜❛✱ ② ❡❧ ♣r♦❣r❛♠❛ q✉❡ ❤❛❜í❛♠♦s ❤❡✲

❝❤♦ s❡ ❛❧✐♥❡❛❜❛ ❝♦♥ ❧❛ ❡str❡❧❧❛ ② ❞❡s♣❧❛③❛❜❛ ❧♦s ♣r✐s♠❛s ♣❛r❛ ❝♦rr❡❣✐r ❡❧ ❡❢❡❝t♦ t❡ór✐❝♦

❞❡ ❧❛ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ ❛t♠♦s❢ér✐❝❛✳ P♦r ❡❧❧♦✱ ❞✉r❛♥t❡ ❧❛ ♦❜s❡r✈❛❝✐ó♥ s✐t✉❛♠♦s ❧♦s

♣r✐s♠❛s ❛ ❞✐st❛♥❝✐❛ ❝❡r♦ ❞❡ ♠♦❞♦ q✉❡ ♥♦ ❛♣❛r❡❝✐❡r❛♥ ❡❢❡❝t♦s ❞❡ ❝♦rr❡❝❝✐ó♥✳

❉✐s❢r✉t❛♠♦s✱ ❡s♦ sí✱ ❞❡ ♥♦ t❡♥❡r q✉❡ s✉❜✐r ❛ ❝❛♠❜✐❛r ❧♦s ✜❧tr♦s✱ ② ❧❛s ♦❜s❡r✈❛❝✐♦♥❡s

❝♦♥ ❧♦s ♥✉❡✈♦s ❝❛♠♣♦ ② ó♣t✐❝❛ ❞✐❡r♦♥ ♠❡♥♦s ❞✐s❝♦s ❞❡ ❆✐r② ✈✐s✐❜❧❡s✱ ♣❡r♦ ❝♦♥ ✉♥❛



✹✳✸✳ ■t✐♥❡r❛♥❝✐❛ ✶✸✾

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

t❡❧❡s❝♦♣✐♦ ❧❧❡❣❛♥❞♦ ❛ 0′09 ❛r❝s❡❝ ❡♥ ❜❛♥❞❛ ■✳

✹✳✸✳✸✳ ❲❍❚

❙✐♠✉❧tá♥❡❛♠❡♥t❡ ❛ ❧❛ ♣❡t✐❝✐ó♥ ❞❡ t✐❡♠♣♦ ❡♥ ◆❖❚ s❡ ❤✐③♦ t♦❞♦ ❧♦ ♣♦s✐❜❧❡ ♣❛r❛

❝♦♥s❡❣✉✐r ✉♥❛ ♥♦❝❤❡ ❡♥ ❲❍❚✳ ❨ s✉r❣✐ó ❧❛ ♦♣♦rt✉♥✐❞❛❞ ❞❡ ❞✐s♣♦♥❡r ❞❡ ❞♦s ♠❡❞✐❛s

♥♦❝❤❡s✱ ❝♦♠♣❛rt✐❡♥❞♦ ❡❧ t❡❧❡s❝♦♣✐♦ ❝♦♥ ♦tr♦ ❣r✉♣♦ q✉❡ ✉s❛❜❛ ❡❧ ✐♥str✉♠❡♥t♦ s✐t✉❛❞♦

❡♥ ❢♦❝♦ ❈❛ss❡❣r❛✐♥✳

❆q✉í t♦❞♦ ❝❛♠❜✐❛❜❛ ❝♦♥ r❡s♣❡❝t♦ ❛ ♥✉❡str❛s ♦❜s❡r✈❛❝✐♦♥❡s ❛♥t❡r✐♦r❡s✿ ❞❡❜í❛♠♦s

♠♦♥t❛r ❋❛st❈❛♠ ❡♥ ✉♥ ❢♦❝♦ ◆❛s♠②t❤✱ ❞❡♥tr♦ ❞❡❧ ❧❛❜♦r❛t♦r✐♦ ●r♦✉♥❞ ❍✐❣❤ ❘❡s♦❧✉t✐♦♥

■♠❛❣❡ ▲❛❜♦r❛t♦r② ❬▲❛❜♦r❛t♦r✐♦ ❞❡ ■♠❛❣❡♥ ❞❡ ❆❧t❛ ❘❡s♦❧✉❝✐ó♥ ❡♥ ❚✐❡rr❛❪ ✭●❍❘■▲✮✱

s♦❜r❡ ✉♥❛ ♠❡s❛ ❡stát✐❝❛ ② ❝♦♥ ✉♥ ❞❡rr♦t❛❞♦r ó♣t✐❝♦✳ ❊❧ ✐♥❝♦♥✈❡♥✐❡♥t❡ ❡s q✉❡ ❡❧ ❞❡✲

rr♦t❛❞♦r q✉❡ ♣♦❞í❛♠♦s ✉t✐❧✐③❛r ❡s ❡❧ ♦♣t✐♠✐③❛❞♦ ♣❛r❛ ❡❧ ❛③✉❧✱ ②❛ q✉❡ ❡❧ ♦♣t✐♠✐③❛❞♦

♣❛r❛ ❡❧ r♦❥♦ ❡st❛❜❛ ♠♦♥t❛❞♦ ❡♥ ❡❧ ♦tr♦ ❢♦❝♦ ◆❛s♠②t❤✱ ●❘❆❈❊✱ ♣❛r❛ ❧♦s ✐♥str✉♠❡♥✲

t♦s ❛❧❧í ✐♥st❛❧❛❞♦s ✭❢♦tó♠❡tr♦ ✐♥❢r❛rr♦❥♦ ■s❛❛❝ ◆❡✇t♦♥ ●r♦✉♣ ❘❡❞ ■♠❛❣✐♥❣ ❉❡✈✐❝❡

✭■◆●❘■❉✮ ② ❡s♣❡❝tró❣r❛❢♦ ❞❡ ❝❛♠♣♦ ✐♥t❡❣r❛❧ ❖❆❙■❙✱ ❛♠❜♦s ✉t✐❧✐③❛♥❞♦ ❡❧ s✐st❡♠❛

❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ◆❆❖▼■✮✳ ❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ♥♦ ♣♦❞í❛♠♦s ❞❡s❛♣r♦✈❡❝❤❛r ❡s❛

♦♣♦rt✉♥✐❞❛❞✳

❋✐❣✉r❛ ✹✳✶✺✿ ■♥st❛❧❛❝✐ó♥ ❞❡ ❋❛st❈❛♠ ❡♥ ❡❧ ❧❛❜♦r❛t♦r✐♦ ●❍❘■▲ ❞❡ ❲❍❚✳
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▲❛ ♣r✐♠❡r❛ ♥♦❝❤❡ ❧❛ ❞❡❞✐❝❛♠♦s ♠ás ❞❡ ♣r✉❡❜❛s ② ♣✉❡st❛ ❛ ♣✉♥t♦ ② ♣❛r❛ ❝♦♠♣r♦✲

❜❛r ❧♦s s✉❜s✐st❡♠❛s✱ ♣♦r ♣r✐♠❡r❛ ✈❡③ t♦❞♦s ❥✉♥t♦s ❡♥ t❡❧❡s❝♦♣✐♦ ② ❝♦♥ ❡❧ ❞❡t❡❝t♦r ❞❡

✺✶✷❦✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❡st❛s ♣r✉❡❜❛s ♥♦ ❡st✉✈✐❡r♦♥ ❧✐❜r❡s ❞❡ ♣r♦❜❧❡♠❛s✳ ■♥✐❝✐❛❧♠❡♥t❡✱ ❛❧

♥♦ ❤❛❜❡r♥♦s ✐♥❢♦r♠❛❞♦ ❞❡ q✉❡ ❡stá❜❛♠♦s ✉s❛♥❞♦ ❡❧ ❞❡rr♦t❛❞♦r ❛③✉❧✱ ♣❡♥s❛♠♦s q✉❡

❧♦s ♣r♦❜❧❡♠❛s ✈❡♥í❛♥ ❞❡❧ s✐st❡♠❛ ❞❡rr♦t❛❞♦r ② ✉♥ ♣♦s✐❜❧❡ ❞❡s❝❡♥tr❛❞♦✳ ❈♦♠♣r♦❜❛✲

♠♦s q✉❡ ♥♦ ♣❛r❡❝í❛ s❡r ❡❧ ❆❉❈ ❡❧ q✉❡ ♥♦s ❧✐♠✐t❛❜❛✱ ②❛ q✉❡ t❛♠♣♦❝♦ ♠❡❥♦r❛♠♦s ❧❛

❞❡t❡❝t✐✈✐❞❛❞ ❛❧ r❡t✐r❛r ❡❧ ❆❉❈ ✭q✉❡ ❞❡❝✐❞✐♠♦s q✉✐t❛r ♣❛r❛ ❡❧✐♠✐♥❛r ✐♥❝❡rt✐❞✉♠❜r❡s✮✳

❖❜t✉✈✐♠♦s ✐♠á❣❡♥❡s ❞❡ ❛❧❣✉♥♦s ❝❛♠♣♦s ② ♣✉❞✐♠♦s ❝❛❧✐❜r❛r ❧❛ ❡s❝❛❧❛ ❞❡ ♣❧❛❝❛✱ ♣❡r♦

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

❊♥ ❡st❛s ❝♦♥❞✐❝✐♦♥❡s ❛❢r♦♥t❛♠♦s ❧❛ s❡❣✉♥❞❛ ♥♦❝❤❡✳ ❊❧ t✐❡♠♣♦ ❝♦♠❡♥③ó ♠❛❧♦✱

✐♥❝❧✉s♦ ❝♦♥ ❧❧✉✈✐❛✱ ❛✉♥q✉❡ ❢✉❡ ♠❡❥♦r❛♥❞♦ s❡❣ú♥ ♣❛s❛❜❛♥ ❧❛s ❤♦r❛s✳ ❈❡r❝❛ ❞❡❧

❛♠❛♥❡❝❡r✱ ❝✉❛♥❞♦ s❡ ♣✉❞♦ ❛❜r✐r✱ ♦❜t✉✈✐♠♦s ✉♥❛ ✐♠❛❣❡♥ ❞❡ ❧❛ ❜✐♥❛r✐❛ ✓❈❖❯ ✷✾✷✔

❝♦♥ s♦❧❛♠❡♥t❡ 0′067 ❛r❝s❡❝ ❞❡ s❡♣❛r❛❝✐ó♥ ♣❡r❢❡❝t❛♠❡♥t❡ r❡s✉❡❧t❛ t❛♥t♦ ❡♥ ❜❛♥❞❛ ■

❝♦♠♦ ❘✱ ❛❧❝❛♥③❛♥❞♦ ❧❛ ♠❡❥♦r r❡s♦❧✉❝✐ó♥ q✉❡ s❡ s✉♣✐❡r❛ ♦❜t❡♥✐❞❛ ♥✉♥❝❛ ❡♥ ❡❧ ❲❍❚

✐♥❝❧✉✐❞❛s ❧❛s ♦❜s❡r✈❛❝✐♦♥❡s ❝♦♥ ❡❧ s✐st❡♠❛ ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛✳ ❊st❛ ✐♠❛❣❡♥ ❡s✱ ❞❡

❤❡❝❤♦✱ ❧❛ ♦❜s❡r✈❛❝✐ó♥ ❝♦♥ ♠❡❥♦r r❡s♦❧✉❝✐ó♥ ❥❛♠ás ❧♦❣r❛❞❛ ❡♥ ❧♦s ❖❜s❡r✈❛t♦r✐♦s ❞❡

❈❛♥❛r✐❛s ❡♥ ❡❧ r❛♥❣♦ ✈✐s✐❜❧❡✳

▲❛ s✐❣✉✐❡♥t❡ ✈✐s✐t❛ ❛❧ t❡❧❡s❝♦♣✐♦✱ ❡♥ ♠❛②♦ ❞❡ ✷✵✵✽✱ ❡st❛❜❛ ♠ás ❝♦♥tr♦❧❛❞❛ ② ②❛

s❛❜í❛♠♦s q✉❡ ❡❧ ❞❡rr♦t❛❞♦r ♥♦s ❧✐♠✐t❛❜❛ ❡♥ tr❛♥s♠✐s✐ó♥✱ ♣❡r♦ ❡r❛ ✐♠♣♦rt❛♥t❡ ✐r ❛❧❧í

♣❛r❛ ❡♥❝♦♥tr❛r ❡❧ ❧í♠✐t❡ ❞❡❧ t❡❧❡s❝♦♣✐♦ ② ❝♦♠♣❛r❛r ❧❛ ❞❡t❡❝t✐✈✐❞❛❞ ❞❡ ❜✐♥❛r✐❛s ❝♦♥

❣r❛♥ ❞✐❢❡r❡♥❝✐❛ ❞❡ ♠❛❣♥✐t✉❞✳ ❊♥ ❝✉❛♥t♦ ❛ ♦❜❥❡t✐✈♦s ❝✐❡♥tí✜❝♦s✱ t❛♠❜✐é♥ s❡ ✐♥tr♦❞✉✲

❥❡r♦♥ ✈❛r✐❛s ❜✐♥❛r✐❛s ❡s♣❡❝✐❛❧❡s ♣❛r❛ ✐♥t❡♥t❛r ♠❡❥♦r❛r ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ s✉s ór❜✐t❛s✳

❨✱ ❡♥ ❧♦ q✉❡ r❡s♣❡❝t❛ ❛❧ ✐♥str✉♠❡♥t♦✱ ❡r❛ ✉♥❛ ♣r✐♦r✐❞❛❞ ♣r♦❜❛r ❡❧ ❆❉❈ ❛❧ q✉❡ ❤❛✲

❜í❛♠♦s r❡♥✉♥❝✐❛❞♦ ❡♥ ❧❛ ♦❝❛s✐ó♥ ❛♥t❡r✐♦r✳ ❊♥ ❡st❡ s❡♥t✐❞♦✱ ❝♦♥s❡❣✉✐♠♦s ❝❛❧✐❜r❛r ❡❧

♠♦✈✐♠✐❡♥t♦ ❞❡ ❝❛♠♣♦ ❛❧ s❡♣❛r❛r ❧♦s ♣r✐s♠❛s✱ q✉❡ r❡s✉❧tó s❡r ❞❡ 1′03 ❛r❝s❡❝✴♠♠✱ ❛✉♥✲

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

③❡♥✐t❛❧ ❞❡ ❞✐s♣❡rs✐ó♥✳ ❆ ♣♦st❡r✐♦r✐ ❞❡s❝✉❜r✐♠♦s q✉❡ ♥♦ ❞❡❜í❛♠♦s ♠❛r❝❛r ✉♥ á♥❣✉❧♦

❝♦♥ r❡s♣❡❝t♦ ❛ ❧❛ ❝♦♠♣❡♥s❛❝✐ó♥ ❞❡ ♦r✐❡♥t❛❝✐ó♥ ❞❡❧ ❞❡rr♦t❛❞♦r ó♣t✐❝♦✱ ②❛ q✉❡ ést❡ s❡

❡♥❝❛r❣❛❜❛ ❞❡ ❞❡❥❛r♥♦s ✜❥❛ ❧❛ ♦r✐❡♥t❛❝✐ó♥ ❞❡❧ ❝✐❡❧♦ s♦❜r❡ ❡❧ ❞❡t❡❝t♦r✳

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

❞❡rr♦t❛❞♦r✳ P❛r❛ ✈❡r✐✜❝❛r❧♦✱ ❛♣❛rt❡ ❞❡ ❧❛s ♣r✉❡❜❛s ❝♦♥ ❡❧ ❧ás❡r ❞❡ ❛❧✐♥❡❛❞♦✱ r❡❝✉rr✐♠♦s

❛ ❛♣✉♥t❛r ❛ ❧❛ ❡str❡❧❧❛ ❙✐r✐♦ ➼❛ ❧❛s ✶✹✿✸✵ ❤♦r❛s ❞❡ ❧❛ t❛r❞❡✦✱ ❛ ✉♥♦s 45◦ ❞❡❧ ❙♦❧✳ ❉❡

♠♦❞♦ q✉❡✱ ❛❜r✐❡♥❞♦ ❡❧ ♠í♥✐♠♦ ✐♠♣r❡s❝✐♥❞✐❜❧❡ ❧❛s ❝♦♠♣✉❡rt❛s ❞❡ ❧❛ ❝ú♣✉❧❛ ♣❛r❛ ❡✈✐t❛r

❧❛ ❧✉③ ❞✐❢✉s❛✱ s❡ ❛♣✉♥tó ❛ ❙✐r✐♦ ②✱ ✉♥❛ ✈❡③ ❡♥ ❢♦❝♦✱ ♣r♦❝❡❞✐♠♦s ❛ r♦t❛r ✶✽✵ ❣r❛❞♦s ❡❧

❞❡rr♦t❛❞♦r ♣r♦❞✉❝✐❡♥❞♦ ❡❧ ❣✐r♦ ❞❡ ✸✻✵ ❣r❛❞♦s ❞❡❧ ❝❛♠♣♦ ② ♠✐❞✐❡♥❞♦ ❡❧ ♠♦✈✐♠✐❡♥t♦



✹✳✸✳ ■t✐♥❡r❛♥❝✐❛ ✶✹✶

❋✐❣✉r❛ ✹✳✶✻✿ ■♥st❛❧❛❝✐ó♥ ❞❡ ❋❛st❈❛♠ ❡♥ ❡❧ ❧❛❜♦r❛t♦r✐♦ ●❍❘■▲ ❞❡ ❲❍❚✳ ❊♥ ❡st❛ ♦❝❛s✐ó♥ ❡❧
❆❉❈ ❡stá ❡♥ s✉ ♣♦s✐❝✐ó♥ ②✱ ❡♥ ❝❛♠❜✐♦✱ ②❛ ❞❡s❛♣❛r❡❝❡ ❧❛ ❝á♠❛r❛ ❞❡ ❝❛♠♣♦ ② ❛ñ❛❞✐♠♦s ✉♥❛
♥✉❡✈❛ r✉❡❞❛ ❞❡ ✜❧tr♦s ❝♦♥ ✜❧tr♦s ❞❡ ❧í♥❡❛s ❞❡ ❖✐✐✐✱ ❙✐✐✱ ◆✐✐ ② ❍α t❛♥t♦ ❞❡ ❧❛ ❧í♥❡❛ ❝♦♠♦ ❞❡❧
❝♦♥t✐♥✉♦✳

② ❞❡s❝❡♥tr❛❞♦ ❞❡ ❧❛ ❡str❡❧❧❛✱ q✉❡ ❢✉❡ ❞❡ 1′5♠♠ ❞❡ ❞✐á♠❡tr♦✳ ❊st❡ ❞❡s♣❧❛③❛♠✐❡♥t♦

❡q✉✐✈❛❧❡ ❛ 3′3 ❛r❝s❡❝ ❞❡ ❞❡s❝❡♥tr❛❞♦✱ ❝♦s❛ ❛s✉♠✐❜❧❡ ②❛ q✉❡ ❡stá ❞❡♥tr♦ ❞❡❧ ❝❛♠♣♦ ② ❡❧

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

♠ás ❝♦rt❛s ❞❡ ❝❛❞❛ ❡①♣♦s✐❝✐ó♥✳ ❨✱ ✜♥❛❧♠❡♥t❡✱ t❡r♠✐♥❛♠♦s ♣♦r ✜❛r♥♦s ❞❡❧ s✐st❡♠❛

❞❡ ❝♦♠♣❡♥s❛❝✐ó♥ ❞❡ ❛♣✉♥t❛❞♦ ② ❞❡rr♦t❛❝✐ó♥✱ ❛✉♥q✉❡ ♥♦ s❡ ♦❜t✉✈✐❡r♦♥ r❡s✉❧t❛❞♦s

❡s♣❡❝t❛❝✉❧❛r❡s ♦ q✉❡ ♥♦s ❛♥✐♠❛r❛♥ ❛ s❡❣✉✐r tr❛❜❛❥❛♥❞♦ ❡♥ ❢♦❝♦ ●❍❘■▲✳

✹✳✸✳✹✳ ●❚❈

▲❛ ❡st❛♥❝✐❛ ❡♥ ●❚❈ ❢✉❡ ❛ ❧❛ ✈❡③ ❡♠♦❝✐♦♥❛♥t❡ ② ❝♦♥t❡♥✐❞❛✳ ❯♥❛ ✐♥✈✐t❛❝✐ó♥ ♣❛✲

r❛ ♣r♦❜❛r ❧❛ ❝❛❧✐❞❛❞ ❛❧❝❛♥③❛❞❛ ♣♦r ❡❧ ❢♦❝♦ ✉♥✐✜❝❛❞♦ ❞❡ ❧♦s ✷✹ ♣r✐♠❡r♦s s❡❣♠❡♥t♦s

♠♦♥t❛❞♦s ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ② ❡❧ ❝♦♠♣r♦❜❛r s✐ ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ♣♦❞í❛ ❛②✉✲

❞❛r ❛ ♠❡❥♦r❛r ♦ ❝❛r❛❝t❡r✐③❛r ❡s❡ ❢♦❝♦ ❡r❛ ❛❧❣♦ ❛❜s♦❧✉t❛♠❡♥t❡ ❡①❝❡♣❝✐♦♥❛❧✱ ♠á①✐♠❡ s✐

❝♦♥s✐❞❡r❛♠♦s q✉❡ ❋❛st❈❛♠ ✐❜❛ ❛ s❡r ❡❧ ♣r✐♠❡r ✐♥str✉♠❡♥t♦ ✐♥st❛❧❛❞♦ ❡♥ ●❚❈✳

❈✉❛♥❞♦ s❡ ❝♦♥✜r♠❛r♦♥ ❧❛s ❢❡❝❤❛s ❞❡ ♠❛②♦ ❞❡ ✷✵✵✽ ♣❛r❛ ♦❜s❡r✈❛r ❡♥ ❲❍❚ ② ◆❖❚✱

❡♠♣❡③❛♠♦s ❛ ❜✉s❝❛r ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ✐♥st❛❧❛r ❋❛st❈❛♠ ❡♥ ●❚❈✳ ▲❛ ✐❞❡❛ ❡r❛ q✉❡✱

s✐ ♥♦ s❡ ♣♦❞í❛ ❧❧❡❣❛r ❛ ❛♣r♦✈❡❝❤❛r ❡❧ ❞✐á♠❡tr♦ ❝♦♠♣❧❡t♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ♣♦r ❧❛ ❣r❛♥

❝❛♥t✐❞❛❞ ❞❡ s♣❡❝❦❧❡s q✉❡ s❡ ♣♦❞rí❛♥ ❥✉♥t❛r ❡♥ ❝❛❞❛ ✐♠❛❣❡♥✱ s❡ ♣♦❞í❛ ❝♦♥s✐❞❡r❛r ❡❧



✶✹✷ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

tr❛❜❛❥♦ ❝♦♥ s❡✐s s✉❜♣✉♣✐❧❛s✱ ❝❛❞❛ ✉♥❛ ❡q✉✐✈❛❧❡♥t❡ ❛ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ 4′2♠✳ ❉❡ ❡st❡

♠♦❞♦✱ t❡♥❞rí❛♠♦s ❧❛ r❡s♦❧✉❝✐ó♥ ❡q✉✐✈❛❧❡♥t❡ ❛ ❲❍❚ ♣❡r♦✱ s✉♠❛♥❞♦ ❧❛ ❧✉③ ❞❡ ❧❛s s❡✐s

♣♦r❝✐♦♥❡s ❞❡ ♣✉♣✐❧❛✱ ❞✐s♣♦♥❞rí❛♠♦s ❞❡ ❧❛ ♣r♦❢✉♥❞✐❞❛❞ ❞❡ ✉♥ ❝♦❧❡❝t♦r ❞❡ 10♠✳ ◆♦

♦❜st❛♥t❡✱ ❡❧ t❡❧❡s❝♦♣✐♦ t♦❞❛✈í❛ ♥♦ ❡st❛❜❛ t♦t❛❧♠❡♥t❡ ❢✉♥❝✐♦♥❛❧ ② ♠❡♥♦s ❡♥ ❝✉❛♥t♦ ❛

❝♦❢❛s❡♦✱ ♦ ♣✉❡st❛ ❡♥ ❢❛s❡ ❞❡ t♦❞♦s ❧♦s s❡❣♠❡♥t♦s q✉❡ ❝♦♠♣♦♥❡♥ ❡❧ ár❡❛ ❛❝t✐✈❛ ❞❡❧

❡s♣❡❥♦ ♣r✐♠❛r✐♦✳ ❊♥t♦♥❝❡s✱ ✉♥❛ ❞❡ ❧❛s ❝❛♣❛❝✐❞❛❞❡s q✉❡ ♣❡♥s❛♠♦s ❡♥ q✉❡ ♣♦❞í❛ s❡r

út✐❧ ❋❛st❈❛♠ ♣❛r❛ ●❚❈ ❡s ♣❛r❛ ♣♦❞❡r ♠✉❡str❡❛r ❧❛s ♠❛♥❝❤❛ ❞❡ ❝♦❢❛s❡♦ ② ❛②✉❞❛r ❛❧

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

❛ ●❚❈ ♣❛r❛ ❤❛❝❡r ♣r✉❡❜❛s s♦❜r❡ ❝ó♠♦ s❡rí❛ ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧❛ té❝♥✐❝❛ ❝♦♥ ❡❧

s✐st❡♠❛ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ ♠á①✐♠❡ ❝♦♥ ❡❧ ✉s♦ ❞❡ ❧❛ ❋P●❆ ② ❧❛ ♦❜s❡r✈❛❝✐ó♥ ❡♥ t✐❡♠♣♦

r❡❛❧✳

❋❛st❈❛♠ ❡r❛ ❡❧ ♣r✐♠❡r ✐♥str✉♠❡♥t♦ ✈✐s✐t❛♥t❡ q✉❡ s❡ ♠♦♥t❛❜❛ ❡♥ ●❚❈✱ ② ❤✉❜♦

q✉❡ ❞✐s❡ñ❛r ✉♥❛ ❡str✉❝t✉r❛ ❞❡ ❛❝♦♣❧❛♠✐❡♥t♦ q✉❡✱ ❛❞❡♠ás✱ ❞❡❜í❛ s❡r ♠✉② rí❣✐❞❛✳ ▲❛

❝♦♠♣❧✐❝❛❝✐ó♥ ❡st❛❜❛ ❡♥ q✉❡ ♥♦ ❤❛❜í❛ ♥✐♥❣ú♥ ✐♥❣❡♥✐❡r♦ ♠❡❝á♥✐❝♦ ❞✐s♣♦♥✐❜❧❡ ❡♥ t❛♥

❝♦rt♦ ♣❧❛③♦ ② q✉❡ ♥♦ s❡ ♥♦s ❣❛r❛♥t✐③❛❜❛ t✐❡♠♣♦ ❞❡ ❞❡❧✐♥❡❛❝✐ó♥ ② t❛❧❧❡r ♣❛r❛ ❢❛❜r✐❝❛r

✉♥ s✐st❡♠❛ s♦♣♦rt❡ ❛♣❛r❡♥t❡♠❡♥t❡ ❝♦♠♣❧❡❥♦✳

▲❛ s♦❧✉❝✐ó♥ ✈✐♥♦ ❛ ♣❛rt✐r ❞❡ ✉♥❛ ❝♦♥✈❡rs❛❝✐ó♥ ❝♦♥ ❡❧ ✐♥❣❡♥✐❡r♦ ❞❡ ❞✐s❡ñ♦ ❞❡ ●❚❈✱

q✉✐❡♥ s✉❣✐ríó q✉❡✱ s✐❡♥❞♦ ♣❛r❛ ✉♥❛s ♣r✉❡❜❛s ② ❞❛❞♦ q✉❡ ❡❧ ✐♥str✉♠❡♥t♦ ❡r❛ ♠✉② ♣❡✲

q✉❡ñ♦✱ s❡ ♣♦❞rí❛♥ ♣r❡♣❛r❛r ✉♥♦s t✐r❛♥t❡s q✉❡ ❧♦ ❝❡♥tr❛r❛♥ ② ❧♦ ❛♥❝❧❛r❛♥ ❡♥ ♣♦s✐❝✐ó♥✱

❛✉♥q✉❡ ❧❛ ✐❞❡❛ ❡r❛ ♣♦❝♦ s❡❣✉r❛ ②❛ q✉❡ ❧♦s t✐r❛♥t❡s ♣♦❞rí❛♥ ♦s❝✐❧❛r ❛❧ ♥♦ q✉❡❞❛r s✉✜✲

❝✐❡♥t❡♠❡♥t❡ s❡♣❛r❛❞♦s ♣r❡❝✐s❛♠❡♥t❡ ♣♦r ❡❧ ♣❡q✉❡ñ♦ t❛♠❛ñ♦ ❞❡ ❋❛st❈❛♠✳ ❇❛sá♥❞♦♠❡

❡♥ ❡❧❧♦ s❡ ♠❡ ♦❝✉rr✐ó ❤❛❝❡r ❝❛s✐ ❧♦ ♠✐s♠♦✱ ♣❡r♦ ❝♦♥ ❜❛rr❛s rí❣✐❞❛s ② q✉❡ s❡ ❡✈✐t❛r❛

s✉ ♦s❝✐❧❛❝✐ó♥ ✉s❛♥❞♦ ✉♥ ❞♦❜❧❡ ❛♣♦②♦ ❡♥ ❝❛❞❛ ❡①tr❡♠♦✳ P♦r ❡❧❧♦ ❞✐s❡ñé ❝✉❛tr♦ ❜❛rr❛s

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

❛r♦ ♣♦rt❛✲❡q✉✐♣♦s ❞❡❧ ❢♦❝♦ ◆❛s♠②t❤ ② ♦tr❛ ✜❥❛♥❞♦ ❛ ❞♦s t♦r♥✐❧❧♦s ❞❡❧ ❛r♦ ❞❡ ❛❝♦♣❧❡

♠♦♥t❛❞♦ ❡♥ ❋❛st❈❛♠✳ ❈♦♠♦ ❛r♦ r❡s✉❧tó ❛♣r♦♣✐❛❞♦ ✉s❛r ❡❧ ❛r♦ ❞❡ ❛❞❛♣t❛❝✐ó♥ ❛❧ t❡✲

❧❡s❝♦♣✐♦ ◆❖❚✱ q✉❡ ❛❞❡♠ás s❡♣❛r❛❜❛ ❡❧ ♣❧❛♥♦ ❢♦❝❛❧ ❧♦ s✉✜❝✐❡♥t❡ ❝♦♠♦ ♣❛r❛ q✉❡ ❧❛s

❜❛rr❛s ② ♣❛❧❛s ❝♦♠♣❧❡t❛r❛♥ ❡❧ ❡s♣❡s♦r ❛ ❧❛ ❞✐st❛♥❝✐❛ ♥♦♠✐♥❛❧ ❞❡❧ ❢♦❝♦ ❞❡ ●❚❈ ❝♦♥

r❡s♣❡❝t♦ ❛❧ ♣❧❛♥♦ ❞❡❧ r♦t❛❞♦r ✭339♠♠✮✳

●❚❈ t✐❡♥❡ ✉♥❛ r❡❧❛❝✐ó♥ ❢♦❝❛❧ ❡①tr❡♠❛❞❛♠❡♥t❡ ❧❛r❣❛ ② ♥♦ r❡s✉❧t❛❜❛ ♣rá❝t✐❝♦ ❡❧

✉s♦ ❞❡❧ s✐st❡♠❛ ❞❡ ✓❣r❛♥ ❝❛♠♣♦✔ ❞✐s❡ñ❛❞♦ ♣❛r❛ ❧♦s ♦tr♦s t❡❧❡s❝♦♣✐♦s✳ ❆sí q✉❡ ❝❛❧❝✉❧❛✲

♠♦s ✉♥❛ ♥✉❡✈❛ ❝♦♠❜✐♥❛❝✐ó♥ ❞❡ ❝♦❧✐♠❛❞♦r✲❝á♠❛r❛ ♣❛r❛ t❡♥❡r ❛ ❧❛ ✈❡③ ✉♥❛ r❡s♦❧✉❝✐ó♥

s✉✜❝✐❡♥t❡ ♣❛r❛ ❡❧ ❡s♣❡❥♦ ❝♦♠♣❧❡t♦✱ ♣❛r❛ ❧♦s s❡❝t♦r❡s ② ♣❛r❛ ❧♦s s❡❣♠❡♥t♦s ❞❡ ♠♦❞♦

✐♥❞✐✈✐❞✉❛❧✳ ❉❡❜✐❞♦ ❛ ❧❛ ❛♠♣❧✐✜❝❛❝✐ó♥ ❞❡ ❝❛♠♣♦ t❛♥ ❣r❛♥❞❡ q✉❡ ❞❛ ●❚❈✱ s❡ ♥❡❝❡s✐tó

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

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



✹✳✸✳ ■t✐♥❡r❛♥❝✐❛ ✶✹✸

❞❡ 40♠♠ ❞❡ ❢♦❝❛❧ q✉❡ ②❛ ❞✐s♣♦♥í❛♠♦s ❝♦♠♦ ❝♦❧✐♠❛❞♦r✱ ♣❡r♦ ❛❤♦r❛ ❛❝t✉❛♥❞♦ ❝♦♠♦

❝á♠❛r❛ ♣❛r❛ ✉♥ ❝♦❧✐♠❛❞♦r ❞❡ 56♠♠ ❞❡ ❢♦❝❛❧ q✉❡ ❞❛❜❛ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ ❞❡♥tr♦

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

✭❛✮ ❱✳

✭❜✮ ❍✶✳

✭❝✮ ❍✷✳

❋✐❣✉r❛ ✹✳✶✼✿ ■♥st❛❧❛❝✐ó♥ ❞❡ ❋❛st❈❛♠ ❡♥ ❡❧ ●❚❈✳

▲❛ s♦r♣r❡s❛ s✉r❣✐ó ❝✉❛♥❞♦✱ ❛❧ ♠♦♥t❛r❧♦ ❡♥ ●❚❈✱ ✈✐♠♦s ✉♥ ❣r❛♥ ✈❛❝í♦ ❞❡❧ ❝❛♠♣♦✱

❞❡❜✐❞♦ ❛❧ ♣❡q✉❡ñ♦ t❛♠❛ñ♦ ❞❡ ❧❛ ♣✉♣✐❧❛ ② ❧❛ ♣♦❝❛ ❛❜❡rt✉r❛ ❞❡ ést❛ s♦❜r❡ ❧❛ ❧❡♥t❡ ❞❡

❝á♠❛r❛✱ ❧❛ ❝✉❛❧✱ ❛ s✉ ✈❡③✱ ✈❡í❛ ❛❧ ❝♦❧✐♠❛❞♦r ❝♦♠♦ ✉♥❛ ♣❡q✉❡ñ❛ ❛❜❡rt✉r❛✱ r❡❧❧❡♥❛♥❞♦

❡❧ ❝❛♠♣♦ ❧♦s ❛❧r❡❞❡❞♦r❡s ❞❡ ❧❛ ❧❡♥t❡ ❝♦♥ ❡❧ ✐♥t❡r✐♦r ❞❡ ❋❛st❈❛♠✳ ❍✉❜♦ q✉❡ ✐♠♣r♦✈✐s❛r

✉♥❛ ❝♦rr❡❝❝✐ó♥ ❞❡ ♠♦♥t❛❥❡ ❝♦❧♦❝❛♥❞♦ ❧❛ ❧❡♥t❡ ❞❡ ❝á♠❛r❛ ❞✐r❡❝t❛♠❡♥t❡ ❡♥ ❧❛ ♣♦s✐❝✐ó♥

❞❡ ♣✉♣✐❧❛ ② ❛s✉♠✐r ✉♥❛ r❡❞✉❝❝✐ó♥ ❞❡ ❝❛♠♣♦ ❡♥ ❧♦s ❡①tr❡♠♦s ❞✐❛❣♦♥❛❧❡s ❞❡❜✐❞♦ ❞❡

♥✉❡✈♦ ❛❧ ♣❡q✉❡ñ♦ ❞✐á♠❡tr♦ ❞❡❧ ❤❛③ ❡♥ ❡❧ ❝♦❧✐♠❛❞♦r✳ ▲❛ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥✱ ♥♦ ♦❜st❛♥t❡✱

s❡ ♠❛♥t❡♥í❛ ❞❡♥tr♦ ❞❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ▲❛ ❝♦♠♣r♦❜❛❝✐ó♥ ❢✉❡ ❤❡❝❤❛ ❡♥ ♣r✐♠❡r

❧✉❣❛r ❝♦♥ ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❞✐s❡ñ♦✱ ❩❊▼❆❳✱ ② ♠ás t❛r❞❡ ❧♦ ✈❡r✐✜❝❛♠♦s ❡❢❡❝t✐✈❛♠❡♥t❡

❝♦♥ ❧❛s ✐♠á❣❡♥❡s✳ ❆✉♥q✉❡ ♥♦ ❧❧❡❣❛♠♦s ❛❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✱ sí ❝♦♠♣r♦❜❛♠♦s q✉❡✱

❞❡s❞❡ ❧✉❡❣♦✱ ♥♦ ♥♦s ❧✐♠✐t❛❜❛ ❡♥ ♥✐♥❣ú♥ ♠♦♠❡♥t♦ ② ❧❛ ❡s❝❛❧❛ ❞❡ ♣í①❡❧ ❡r❛ ❧❛ ❛❞❡❝✉❛❞❛✳

▲♦s ❝♦♠♣♦♥❡♥t❡s q✉❡ ♥♦ s❡ ✉t✐❧✐③❛❜❛♥ ❡♥ ❡st❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❧♦s r❡t✐r❛♠♦s ♣❛r❛ ♥♦



✶✹✹ ✹✳ ❊❧ ❞❡s❛rr♦❧❧♦

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

❋✐❣✉r❛ ✹✳✶✽✿ ■♥st❛❧❛❝✐ó♥ ❞❡ ❋❛st❈❛♠ ❡♥ ●❚❈✳ ❊❧ s✐st❡♠❛ q✉❡❞ó r❡❞✉❝✐❞♦ ❛ s✉ ♠í♥✐♠❛
❡①♣r❡s✐ó♥ ❞♦♥❞❡ ❝♦❧✐♠❛❞♦r✱ r✉❡❞❛ ❞❡ ✜❧tr♦s✱ ❝á♠❛r❛ ② ❞❡t❡❝t♦r s❡ ♠♦♥t❛r♦♥ ❡♥ ✉♥❛ ❞✐st❛♥❝✐❛
❞❡ 152♠♠ ❞❡ ❢♦❝♦ ❛ ❢♦❝♦✳ ❊❧ r❡st♦ ❞❡ ❡❧❡♠❡♥t♦s ② ❝♦♠♣♦♥❡♥t❡s ❢✉❡r♦♥ r❡t✐r❛❞♦s ✉♥❛ ✈❡③ ②❛
♠♦♥t❛❞♦ ❡♥ ❡❧ r♦t❛❞♦r ◆❛s♠②t❤✳

❊❧ ♣r♦❜❧❡♠❛ ❞❡❧ ✈✐ñ❡t❡♦ s❡ ❡①♣❧✐❝❛ ♣♦rq✉❡✱ ❞❛❞♦ ❡❧ f/17 ❞❡ ❛♣❡rt✉r❛ ❞❡ ●❚❈✱ ❡❧

❤❛③ s❡ ❝✐❡rr❛ ② ❛❜r❡ ♠✉② ❧❡♥t❛♠❡♥t❡ ✭á♥❣✉❧♦ ♠✉② ♣❡q✉❡ñ♦✮✱ ② ❧❛ ♣r♦②❡❝❝✐ó♥ ❞❡ ❡st❡

s♦❜r❡ ❡❧ ❞❡t❡❝t♦r✱ ✐♥❝❧✉s♦ s✐♥ r❡❞✉❝✐r❧♦ ❝♦♥ ❧❛ ❧❡♥t❡ ❞❡ ❝á♠❛r❛✱ ♥♦ t❡r♠✐♥❛ ❞❡ ❧❧❡♥❛r

t♦❞♦ ❡❧ ❞❡t❡❝t♦r✳

❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ②❛ ♥♦ s❡ ♣♦❞í❛ ❤❛❝❡r ♦tr❛ ❝♦s❛ ② r❡❛❧♠❡♥t❡ ♥♦ r❡s✉❧tó ✉♥

♣r♦❜❧❡♠❛ t❛♥ ❣r❛✈❡ ② ♣✉❞✐♠♦s tr❛❜❛❥❛r✱ t❛♥t♦ ❝♦♥ ❧❛ ♣✉♣✐❧❛ ú♥✐❝❛ ❝♦♠♦ ❝♦♥ ✉♥❛ ❝♦♥✲

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

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

❚❡♥í❛♠♦s ❛❧❣✉♥❛s ❞✉❞❛s s♦❜r❡ ❡❧ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❞❡❧ s✐st❡♠❛ ❛ tr❛✈és ❞❡❧ ❝❛❜❧❡❛❞♦

❞❡ ♥✉❡str❛ r❡❞ ❣✐❣❛❜✐t✱ ②❛ q✉❡ ❡♥ ❡st❛ ♦❝❛s✐ó♥ ❡❧ t❡♥❞✐❞♦ ❞❡ ❝❛❜❧❡s ❡r❛ ❞❡ 100♠ ❝❛❞❛

✉♥♦✳ P❡r♦ ❧♦ ❝✐❡rt♦ ❡s q✉❡ ❡❧ r❡s✉❧t❛❞♦ ♥♦ ♣✉❞♦ s❡r ♠❡❥♦r✳

❊♥ ❧❛ s❛❧❛ ❞❡ ❝♦♥tr♦❧ ♣✉❞✐♠♦s t❡♥❡r ✐♠á❣❡♥❡s ❡♥ t✐❡♠♣♦ r❡❛❧ ❞❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦

❞❡ ❧♦s s❡❣♠❡♥t♦s ② ❞❡❧ ♣r♦♣✐♦ t❡❧❡s❝♦♣✐♦✳ ❙✐ ❜✐❡♥ ♥♦ ❝♦♥s❡❣✉✐♠♦s ♦❜s❡r✈❛r ♥✐♥❣ú♥

♦❜❥❡t♦ q✉❡ ♣✉❞✐❡r❛ ♣♦♥❡r ❛ ♣r✉❡❜❛ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡ ❋❛st❈❛♠ ❡♥ ●❚❈✱ sí ❧❧❡❣❛♠♦s

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

s❡❣♠❡♥t♦s ② ❡❧ ❝♦❢❛s❡♦ ❛❧❝❛♥③❛❞♦ ❡♥ ❛q✉❡❧ ♠♦♠❡♥t♦✳

❊♥ ❝✉❛♥t♦ ❛❧ ❝♦❢❛s❡♦ ❞❡❧ s✐st❡♠❛ ❝♦♠♣❧❡t♦ ♣✉❞✐♠♦s ❝♦♠♣r♦❜❛r✱ ♦❜s❡r✈❛♥❞♦ ✉♥
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s✐st❡♠❛ tr✐♣❧❡✱ q✉❡ ést❡ ❡r❛ ♠❡❥♦r q✉❡ 0′19 ❛r❝s❡❝✱ ❧♦ ❝✉❛❧ ❢✉❡ ✉♥❛ ❜✉❡♥❛ ♥♦t✐❝✐❛ ♣❛r❛

❡❧❧♦s ②❛ q✉❡ ❡r❛ ❧❛ ❝♦♥✜r♠❛❝✐ó♥ ❞❡ s✉s ❞❛t♦s✳ ❨✱ ❡♥ ❝✉❛♥t♦ ❛❧ ❛♥á❧✐s✐s ❞❡ ❧❛ ✐♠❛❣❡♥

s❡❣♠❡♥t❛❞❛✱ r❡s✉❧tó ♠✉② ❞✐❞á❝t✐❝♦✱ ②❛ q✉❡ ♣✉❞✐♠♦s ❛♣r❡❝✐❛r ❡♥ t✐❡♠♣♦ r❡❛❧ ❣r❛❝✐❛s

❛ ❧❛ ❋P●❆ ❝ó♠♦ ❡❧ s❡❡✐♥❣ ✈❛r✐❛❜❛ s♦❜r❡ ❧❛ ♣✉♣✐❧❛✳ ❉❡ ❤❡❝❤♦✱ s❡ ❛♣r❡❝✐❛❜❛ ❡❧ ❛✈❛♥✲

❝❡ ❞❡ ❧❛ ♦♥❞❛ ❞❡ ♣❡rt✉r❜❛❝✐ó♥ ❛ tr❛✈és ❞❡ ❧❛ ❛❜❡rt✉r❛ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❛❧ ✈❡r ❝ó♠♦ ❧❛s

♠❛♥❝❤❛s ❣❡♥❡r❛❞❛s ♣♦r ❝❛❞❛ s❡❣♠❡♥t♦ ✐♥❞✐✈✐❞✉❛❧ ✐❜❛♥ ♠❡❥♦r❛♥❞♦ ② ❡♠♣❡♦r❛♥❞♦ ♣r♦✲

❣r❡s✐✈❛♠❡♥t❡ ❞❡ ✉♥ ❡①tr❡♠♦ ❛ ♦tr♦ ❞❡ ❧❛ ❛❜❡rt✉r❛ ❝♦♠♦ ❡♠♣✉❥❛❞♦s ♣♦r ❡❧ ✈✐❡♥t♦✳ ❉❡

❤❡❝❤♦✱ s❡ ♣❧❛♥t❡ó ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ✐♠♣❧❡♠❡♥t❛r ❛❧❣ú♥ s✐st❡♠❛ ❝♦♥ ❋P●❆ ♣❛r❛ ♣♦❞❡r

❤❛❝❡r ❡st✉❞✐♦s ❞❡ ❧❛ ❛t♠ós❢❡r❛ ❞❡ ❝ú♣✉❧❛ ♠❡❞✐❛♥t❡ ❡st❛ ♠❡t♦❞♦❧♦❣í❛✱ ❛✉♥q✉❡ t♦❞♦s

❡stá❜❛♠♦s ❞❡ ❛❝✉❡r❞♦ ❡♥ q✉❡ ❧♦ ♣r✐♦r✐t❛r✐♦ ♣❛r❛ ●❚❈ ❡r❛ ❡❧ t❡r♠✐♥❛r ❞❡ ♠♦♥t❛r ②

❝♦❢❛s❡❛r t♦❞♦s ❧♦s ❡s♣❡❥♦s✳

❯♥❛ ❞❡ ❧❛s ❝♦♥❝❧✉s✐♦♥❡s ❛ q✉❡ ❧❧❡❣❛♠♦s ❡♥ ❛q✉❡❧ ♠♦♠❡♥t♦ ❡s q✉❡✱ ✉♥❛ ✈❡③ q✉❡

❡❧ t❡❧❡s❝♦♣✐♦ t❡♥❣❛ ❡❧ s✐st❡♠❛ ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ❢✉♥❝✐♦♥❛♥❞♦✱ s❡rí❛ ✐♠♣♦rt❛♥t❡

♣♦❞❡r ✈♦❧✈❡r ❝♦♥ ❋❛st❈❛♠ ♣❛r❛ ✈❛❧♦r❛r ♥♦ só❧♦ ❡❧ ❝♦❢❛s❡♦ s✐♥♦ ✐♥❝❧✉s♦ ✈❡r✐✜❝❛r s✐ ❧❛

té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ♣✉❡❞❡ ✉s❛rs❡ ❝♦♥ ✉♥❛ ♣✉♣✐❧❛ ❞❡ 10♠✳
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❊❧ r❡s✉❧t❛❞♦

❈✉❛♥❞♦ ❡stás s♦❧✉❝✐♦♥❛♥❞♦ ✉♥ ♣r♦❜❧❡♠❛✱ ♥♦ t❡

♣r❡♦❝✉♣❡s✳ ❆❤♦r❛✱ ❞❡s♣✉és ❞❡ q✉❡ ❤❛s r❡s✉❡❧t♦ ❡❧

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

❘✐❝❤❛r❞ P❤✐❧❧✐♣s ❋❡②♥♠❛♥

✶✹✼





✺✳✶✳ ❘❡s✉❧t❛❞♦s ❚é❝♥✐❝♦s ✶✹✾

❋
❛st❈❛♠✱ ❞❡s❞❡ s✉ ♣r✐♠❡r❛ ✐♥st❛❧❛❝✐ó♥ ❝♦♥ ❡❧ ❞❡t❡❝t♦r ❞❡ 128×128 ♣✐① ❡♥ ♠❛②♦

❞❡ ✷✵✵✻✱ ❤❛ ❞✐s❢r✉t❛❞♦ ❞❡ ❝✐❡♥t♦s ❞❡ ♥♦❝❤❡s ❞❡ ♦❜s❡r✈❛❝✐ó♥ ❡♥ ❝✉❛tr♦ t❡❧❡s❝♦♣✐♦s

❡♥ s✉s ❞✐st✐♥t❛s ❝♦♥✜❣✉r❛❝✐♦♥❡s✳ ❊♥ ❛❧❣✉♥♦s ♠♦♠❡♥t♦s ✐♥❝❧✉s♦ ❤❛ s✐❞♦ ❡❧ ✐♥str✉♠❡♥t♦

♠ás ❞❡♠❛♥❞❛❞♦ ❞❡❧ ❚❈❙✳ ❊s ❡❧ ♠♦♠❡♥t♦ ❞❡ ♣r❡s❡♥t❛r✱ ❡♥ ❡st❡ ❝❛♣ít✉❧♦✱ ❧♦s r❡s✉❧t❛❞♦s

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

❝✐❛❞♦s✳ P♦r ✉♥ ❧❛❞♦ ❡stá♥ ❛q✉❡❧❧♦s ❝❧❛r❛♠❡♥t❡ ❞❡ t✐♣♦ té❝♥✐❝♦ ②✱ ♣♦r ♦tr♦✱ ❛q✉❡❧❧♦s

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

s❡♥t✐❞♦✱ ♥♦ s❡ ❤❛ ❡①♣❧♦t❛❞♦ t♦❞♦ ❡❧ ♣♦t❡♥❝✐❛❧ q✉❡ t✐❡♥❡ ❡❧ ✐♥str✉♠❡♥t♦✳

✺✳✶✳ ❘❡s✉❧t❛❞♦s ❚é❝♥✐❝♦s

❊❧ ▲✉❝❦② ■♠❛❣✐♥❣ ❡s ✉♥❛ té❝♥✐❝❛ q✉❡ ❝❛❞❛ ✈❡③ t❡♥❞rá ♠ás ♣r❡♣♦♥❞❡r❛♥❝✐❛ ❡♥

♥✉♠❡r♦s♦s ❝❛♠♣♦s ❝✐❡♥tí✜❝♦s✱ ② ♥♦ s♦❧❛♠❡♥t❡ ❡♥ ❆str♦❢ís✐❝❛✱ ♠á①✐♠❡ ✈✐❡♥❞♦ ❡❧ ❛✈❛♥✲

❝❡ q✉❡ s❡ ❡stá r❡❛❧✐③❛♥❞♦ ❡♥ ❧♦s ❞❡t❡❝t♦r❡s ❊▼❈❈❉ ②✱ s♦❜r❡ t♦❞♦✱ ❡♥ ❡❧ ❡♥♦r♠❡

✐♠♣✉❧s♦ q✉❡ s❡ ❡stá ❞❛♥❞♦ ❛ ❧♦s s❡♥s♦r❡s ❙❝✐❡♥t✐✜❝ ❈♦♠♣❧❡♠❡♥t❛r② ▼❡t❛❧✲❖①✐❞❡✲

❙❡♠✐❝♦♥❞✉❝t♦r ❉❡t❡❝t♦r ❬❉❡t❡❝t♦r ❈✐❡♥tí✜❝♦ ❞❡ ✉♥✐ó♥ ❈♦♠♣❧❡♠❡♥t❛r✐❛ ▼❡t❛❧✲❖①✐❞♦✲

❙❡♠✐❝♦♥❞✉❝t♦r❪ ✭s❈▼❖❙✮✳ ◆✉❡str♦s r❡s✉❧t❛❞♦s té❝♥✐❝♦s ♥♦ s♦❧❛♠❡♥t❡ ♥♦s ❤❛♥ ♣❡r♠✐✲

t✐❞♦ ❝♦♥♦❝❡r ♠ás ♥✉❡str♦ ✐♥str✉♠❡♥t♦ ②✱ ♣♦r t❛♥t♦✱ ♠❡❥♦r❛r❧♦✱ s✐♥♦ q✉❡ ❤❛♥ ♦❢r❡❝✐❞♦

❛ ❧❛ ❡♠♣r❡s❛ ❢❛❜r✐❝❛♥t❡ ❞❡ ❧❛ ❝á♠❛r❛✱ ❆◆❉❖❘✱ ❞❛t♦s ❞❡ ✉♥ ✈❛❧♦r ✐♥❝❛❧❝✉❧❛❜❧❡ s♦❜r❡

s✉s ❝á♠❛r❛s✱ ❧♦ q✉❡ s❡ ❤❛ ♥♦t❛❞♦ ❡♥ ❧♦s ♥✉❡✈♦s ♠♦❞❡❧♦s✳

✺✳✶✳✶✳ ❉❡t❡❝t♦r

▲♦s ♥✉❡✈♦s ❞❡t❡❝t♦r❡s t✐❡♥❡♥ ❧♦s ♣í①❡❧❡s ❝❛❞❛ ✈❡③ ♠ás ♣❡q✉❡ñ♦s ②✱ s✐ ❜✐❡♥ ❧♦s

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

❡①tr❡♠♦✱ ❧♦s ♥✉❡✈♦s s❡♥s♦r❡s ❞❡ ❍❉❚❱ ② ❙❍❉❚❱ ❞❡ ❤❛st❛ 6000×4000 ♣✐①✱ q✉❡ s❡

❧❡❡♥ ❛ ✈❡❧♦❝✐❞❛❞❡s ❞❡ 60 ❢♣s ② q✉❡ ♠❛r❝❛rá♥ ♥♦ só❧♦ ❧❛ t❡❧❡✈✐s✐ó♥✱ ② ❧❛ ✐♠❛❣❡♥ ✸❉✱

s✐♥♦ ❡❧ ♠✉♥❞♦ ❞❡ ❧❛s s❛❧❛s ❞❡ ♣r♦②❡❝❝✐ó♥✳ ❊st♦s ❞❡t❡❝t♦r❡s ❧❧❡❣❛rá♥ ❛❧ ❝❛♠♣♦ ❞❡ ❧❛

❆str♦♥♦♠í❛ ② ❧♦s ✉s❛r❡♠♦s ❞❡ ♠♦❞♦ ❤❛❜✐t✉❛❧ ❝♦♠♦ s✐st❡♠❛s ▲✉❝❦② ■♠❛❣✐♥❣ ❡♥ ✉♥

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

❡❧❡❝tró♥✐❝❛✳

P❡r♦✱ ❤❛st❛ ❡♥t♦♥❝❡s✱ ❞❡❜❡♠♦s ✈♦❧✈❡r ❛❧ ♣r❡s❡♥t❡ ② ♣❡♥s❛r ❡♥ ❧♦s s✐st❡♠❛s q✉❡

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

❛❧ ❡①tr❡♠♦ ❞❡ ❧❛ t❡❝♥♦❧♦❣í❛✳

▲❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡ ❧♦s ❢♦t♦❞❡t❡❝t♦r❡s s❡ ❧❧❡✈❛ ❛ ❝❛❜♦ ♠✐❞✐❡♥❞♦ s✉ r❡s♣✉❡st❛

❛♥t❡ ❞✐st✐♥t♦s ❡stí♠✉❧♦s✱ ❧✉♠✐♥♦s♦s ② ❡❧é❝tr✐❝♦s✳ ▲♦s ♣❛rá♠❡tr♦s q✉❡ ❞❡t❡r♠✐♥❛♥ ♣❧❡✲



✶✺✵ ✺✳ ❊❧ r❡s✉❧t❛❞♦

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

❈✉r✈❛ ❈❛r❛❝t❡ríst✐❝❛ ♦ ❘❡s♣♦♥s✐✈✐❞❛❞ ❊s ❧❛ ♠❡❞✐❞❛ ❞❡ ❧❛ ❡❢❡❝t✐✈✐❞❛❞ ❞❡ ✉♥ ❞❡✲

t❡❝t♦r ♣❛r❛ ♣r♦❞✉❝✐r ✉♥❛ s❡ñ❛❧ ❡❧é❝tr✐❝❛ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ❡①♣♦s✐❝✐ó♥ ♦ ♥ú♠❡r♦

❞❡ ❢♦t♦♥❡s ❝♦❧❡❝t❛❞♦s✳

❙❡♥s✐❜✐❧✐❞❛❞ ▼✐❞❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ❧❛ ♣❡♥❞✐❡♥t❡ ❧✐♥❡❛❧ ② ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ❛❝✉♠✉❧❛r

❝❛r❣❛s✴❢♦t♦♥❡s❀ ❡s ✉♥❛ ✐♥t❡❣r❛❧ ❞❡ ❧❛ r❡s♣♦♥s✐✈✐❞❛❞✳

❘❡s♣✉❡st❛ ❡s♣❡❝tr❛❧ ❉❡s❝r✐❜❡ ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❧❛ s❡♥s✐❜✐❧✐❞❛❞ ❝♦♥ ❧❛ ❧♦♥❣✐t✉❞ ❞❡

♦♥❞❛✳

❊✜❝✐❡♥❝✐❛ ❝✉á♥t✐❝❛ ✭◗❊✮ ❊s ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡❧ ❞❡t❡❝t♦r ❞❡ ❝♦♥✈❡rt✐r ❧♦s ❢♦t♦♥❡s ❡♥

s❡ñ❛❧ ❡❧é❝tr✐❝❛✱ ② ❞❡♣❡♥❞❡ ❞❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ✭❡♥❡r❣í❛ ❞❡ ❝❛❞❛ ❢♦tó♥✮✳

◆❊P ❊s ❧❛ ♣♦t❡♥❝✐❛ ❞❡ ❧❛ ❧✉③ ✐♥❝✐❞❡♥t❡ r❡q✉❡r✐❞❛ ♣❛r❛ ♣r♦❞✉❝✐r ✉♥❛ s❡ñ❛❧ ❡♥ ❡❧

❞❡t❡❝t♦r q✉❡ s❡❛ ✐❣✉❛❧ ❛❧ r✉✐❞♦✱ t❛❧ q✉❡ ❧❛ r❡❧❛❝✐ó♥ s❡ñ❛❧ ❛ r✉✐❞♦ ❡s ✐❣✉❛❧ ❛ ✉♥♦✳

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

❞❡❧ ❞❡t❡❝t♦r ② ❧❛ té❝♥✐❝❛ ❞❡ tr❛❜❛❥♦ ✭♣r♦❝❡s❛❞♦ ② r❡❞✉❝❝✐ó♥✮ q✉❡ í❜❛♠♦s ❛ ❡❢❡❝t✉❛r✳

❊♥ ❣❡♥❡r❛❧✱ ♣❛r❛ ❡❧ tr❛❜❛❥♦ s❡r✐♦ ② r❡❣✉❧❛r ❝♦♥ ✉♥ ♥✉❡✈♦ ❞❡t❡❝t♦r✱ ❜✐❡♥ ❡♥ ❧❛❜♦r❛t♦r✐♦

♦✱ ②❛ ❝❛❞❛ ✈❡③ ♠ás✱ ❞✐r❡❝t❛♠❡♥t❡ ❡♥ ❝✐❡❧♦✱ s❡ ❝❛❧✐❜r❛ ✉♥ ✐♥str✉♠❡♥t♦ ❝❛r❛❝t❡r✐③❛♥❞♦

❡❧ ❞❡t❡❝t♦r ❛ ♣❛rt✐r ❞❡ ❢✉❡♥t❡s ❝♦♥♦❝✐❞❛s ② ❝♦♥ ❧❛s ❢✉♥❝✐♦♥❡s ♦ ✜❣✉r❛s ❞❡ ♠ér✐t♦ q✉❡

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

✈❛❧♦r❛❜❧❡ ② ❝♦♠♣❛r❛❜❧❡ ❝♦♥ ♦tr♦s ✐♥str✉♠❡♥t♦s✳

▲❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡ ❧❛s ♣r✐♥❝✐♣❛❧❡s ✜❣✉r❛s ❞❡ ♠ér✐t♦ ❞❡ ❞❡t❡❝t♦r❡s ❡♥ ❡❧ r❛♥❣♦

✈✐s✐❜❧❡ q✉❡ s❡ ❤❛❝❡ s♦♥✿

❡❧ ❢❛❝t♦r ❞❡ ❝♦♥✈❡rs✐ó♥ ♦ ❣❛♥❛♥❝✐❛✱

❡❧ r✉✐❞♦ ❞❡ ❧❡❝t✉r❛✱

❧❛ ❧✐♥❡❛❧✐❞❛❞✱

❧♦s ♥✐✈❡❧❡s ❞❡ s❛t✉r❛❝✐ó♥✱

❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡ tr❛♥s❢❡r❡♥❝✐❛ ❞❡ ❝❛r❣❛✱

❧❛ ♥♦ ✉♥✐❢♦r♠✐❞❛❞ ❞❡ ❧❛ r❡s♣✉❡st❛ ❞❡ ❧♦s ♣í①❡❧❡s✱

❡❧ ❤❛❧♦✱ ✭❢r❛♥❥❛s✮✱



✺✳✶✳ ❘❡s✉❧t❛❞♦s ❚é❝♥✐❝♦s ✶✺✶

❧❛ ❝♦rr✐❡♥t❡ ❞❡ ♦s❝✉r✐❞❛❞✱

❧❛ ❝♦s♠ét✐❝❛✱

❧❛ ❡✜❝✐❡♥❝✐❛ ❝✉á♥t✐❝❛ ✭♣r♦❜❛❜❧❡♠❡♥t❡ ❡❧ t❡♠❛ ♠ás ❝rít✐❝♦ ❡♥ ❡st❡ t✐♣♦ ❞❡ ❞✐s♣♦✲

s✐t✐✈♦s✮✳

❚♦❞♦s ❡st♦s ❢❛❝t♦r❡s s❡ ✈❛♥ ♦❜t❡♥✐❡♥❞♦ ② ❛✜♥❛♥❞♦ ❝♦♥ ❡❧ s✉❝❡s✐✈♦ ✉s♦ ❞❡❧ ✐♥str✉✲

♠❡♥t♦✱ ❣r❛❝✐❛s ❛ ❧❛ ♦❜s❡r✈❛❝✐ó♥ ② r❡❞✉❝❝✐ó♥ ❞❡ ✐♠á❣❡♥❡s ❞❡ t♦❞♦ t✐♣♦ ❞❡ ♦❜❥❡t♦s ❜✐❡♥

❝❛❧✐❜r❛❞♦s ② ♦❜t❡♥✐❞❛s ❜❛❥♦ ❞✐❢❡r❡♥t❡s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ♦❜s❡r✈❛❝✐ó♥✳

❆❧❣✉♥❛s ❞❡ ❡st❛s ✜❣✉r❛s ❞❡ ♠ér✐t♦ s❡ ♣✉❡❞❡♥ ♦❜t❡♥❡r ❡♥ ❧❛❜♦r❛t♦r✐♦✱ ❧♦ q✉❡ ♣❡r✲

♠✐t❡ ❡s♣❡❝✐✜❝❛r ❡❧ ❝❛❧✐❜r❛❞♦ ❜❛s❡ ❞❡❧ ❞❡t❡❝t♦r✳ P♦r ❞❡s❣r❛❝✐❛✱ ❝✉❛♥❞♦ ♥♦ ❧♦ ❤❛❝❡♠♦s ②

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

❞❡ ❧❛s ✜❣✉r❛s ❞❡ ♠ér✐t♦ ❡stá♥ ♠ás ❜✐❡♥ s♦❜r❡st✐♠❛❞❛s✳ ❆sí✱ ♣♦r ❡❥❡♠♣❧♦✱ ❧❛ ❡✜❝✐❡♥❝✐❛

❝✉á♥t✐❝❛ ♥♦ ❡s ♥♦r♠❛❧♠❡♥t❡ ❞❡❧ ✾✵✪✱ ❡❧ r✉✐❞♦ s✉❡❧❡ s❡r ❛❧❣♦ ♠❛②♦r✱ ❡t❝✳ ❊s ❝✐❡rt♦✱

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

r❡❛❧✐st❛s ② ✜❛❜❧❡s✳ ❊♥ ♥✉❡str♦ ❝❛s♦✱ ❡♥ ♣❛rt❡ ❡s ❞❡❜✐❞♦ ❛ ❧❛ r❡tr♦❛❧✐♠❡♥t❛❝✐ó♥ q✉❡

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

❊♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s ❞❡t❡❝t♦r❡s ❊▼❈❈❉ ❞❡ ❆◆❉❖❘ q✉❡ ❤❡♠♦s ✉t✐❧✐③❛❞♦ ❤❛st❛

❛❤♦r❛ ❤❡♠♦s ❞❡ ❞❡❝✐r q✉❡ ❧❛s ✜❣✉r❛s ❞❡ ♠❡r✐t♦ q✉❡ s❡ ❤❛♥ ✐❞♦ ♦❜t❡♥✐❡♥❞♦ ❡stá♥✱ ❡♥

❣r❛♥ ♠❡❞✐❞❛✱ ❞❡♥tr♦ ❞❡❧ ♦r❞❡♥ q✉❡ s❡ ❡s♣❡❝✐✜❝❛✳ ❙ó❧♦ ❡♥ ❧♦s ❝❛s♦s ♠ás ❡①tr❡♠♦s✱ q✉❡

s♦♥ ♠ás ❡s♣❡❝í✜❝♦s ❡♥ ❆str♦♥♦♠í❛ ②✱ ♣♦r t❛♥t♦✱ ❧♦s q✉❡ ❧❧❡✈❛♥ ❛ ❧♦s ❧í♠✐t❡s ❛ ❡st♦s

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

❞❛t♦s ❞❡❧ ❢❛❜r✐❝❛♥t❡✳

❆♣❛rt❡ ❞❡ ❧❛s ✜❣✉r❛s ❞❡ ♠ér✐t♦ q✉❡ ❝❛r❛❝t❡r✐③❛♥ ❛ ✉♥ ❞❡t❡❝t♦r ❞❡ ✉♥ ♠♦❞♦ ❣❡♥❡r❛❧✱

❤❛② ✉♥❛ s❡r✐❡ ❞❡ ♣❛rá♠❡tr♦s q✉❡ ❛❢❡❝t❛♥ ❞✐r❡❝t❛♠❡♥t❡ ❛ ✉♥❛ ♦❜s❡r✈❛❝✐ó♥ ❛str♦♥ó♠✐❝❛

② q✉❡✱ ❡♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❝❛s♦s✱ ✈❛rí❛♥ ❞❡ ✉♥❛ ♦❜s❡r✈❛❝✐ó♥ ❛ ♦tr❛✱ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡

♣♦rq✉❡ ❡♥ r❡❛❧✐❞❛❞ ✈❛rí❛♥ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❧❛ ♦❜s❡r✈❛❝✐ó♥✳ ❙♦♥ ❧♦s ❢❛❝t♦r❡s ❞❡ r❡s✲

♣✉❡st❛ ❞❡❧ ❞❡t❡❝t♦r✱ q✉❡ ❞❡♣❡♥❞❡♥ ❞❡❧ s❡♥s♦r ② ❞❡ ❧❛ ❡❧❡❝tró♥✐❝❛✱ ❛sí ❝♦♠♦ ❞❡❧ t✐❡♠♣♦

❞❡ ❡①♣♦s✐❝✐ó♥✳ ❊st♦s ✈❛❧♦r❡s ❡♥ ❣r❛♥ ♠❡❞✐❞❛ ❝♦♥t✐❡♥❡♥ ② ♣❡r♠✐t❡♥ ❝❛r❛❝t❡r✐③❛r✱ ❝♦♥

s✉ ❡st❛❞íst✐❝❛✱ ❧❛s ✈❡r❞❛❞❡r❛s ✜❣✉r❛s ❞❡ ♠ér✐t♦ ❞❡❧ ❞❡t❡❝t♦r ♦ ❞❡❧ ✐♥str✉♠❡♥t♦✳

❇✐❛s

❈❛r❛❝t❡ríst✐❝❛ ❡❧❡❝tró♥✐❝❛✿ s❡ñ❛❧ ✭✐♠❛❣❡♥✮ q✉❡ ❣❡♥❡r❛ ❡❧ ❞❡t❡❝t♦r ❝✉❛♥❞♦ ❡s ❧❡í❞♦

s✐♥ ❡①♣♦♥❡r✳ ❊♥ ❧❛ ♠❛②♦rí❛ ❞❡ ❧♦s ❝❛s♦s s❡ tr❛t❛ ❞❡ ✉♥❛ ❡①♣♦s✐❝✐ó♥ ❞❡ t✐❡♠♣♦ ❝❡r♦ ♦

❡❧ ♠í♥✐♠♦ ♣♦s✐❜❧❡✳ ❚r❛t❛ ❞❡ ♠❡❞✐r ❧❛ s❡ñ❛❧ ❣❡♥❡r❛❞❛ ♣♦r ❧❛ ❡❧❡❝tró♥✐❝❛ ❞❡❧ ❞❡t❡❝t♦r

✭❧❡❝t✉r❛✱ ❛♠♣❧✐✜❝❛❝✐ó♥✱ ❡t❝✮✳



✶✺✷ ✺✳ ❊❧ r❡s✉❧t❛❞♦

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

❞❡t❡❝t♦r ② s❡ ❡st✉❞✐❛ s✉ r❡♣r♦❞✉❝✐❜✐❧✐❞❛❞✱ ② ❝♦♥ ❡❧❧♦ ❧❛ ❞❡♣❡♥❞❡♥❝✐❛ ❞❡❧ ♥ú♠❡r♦ ❞❡

✐♠á❣❡♥❡s q✉❡ s❡ ♣✉❡❞❡♥ ♦ ❞❡❜❡♥ ✉t✐❧✐③❛r ♣❛r❛ ❤❛❝❡r ✉♥❛ ✐♠❛❣❡♥ ❞❡ ❜✐❛s ♠❡❞✐❛ q✉❡

♣♦❞❛♠♦s ❛♣❧✐❝❛r ❛ ❧❛s ✐♠á❣❡♥❡s ❝♦♥ ❞❛t♦s ♦❜t❡♥✐❞❛s✳

✭❛✮ ■♠❛❣❡♥ ✐♥st❛♥tá♥❡❛ ❞❡ ❜✐❛s✳ ✭❜✮ ■♠❛❣❡♥ ❞❡ ❜✐❛s ♣r♦♠❡❞✐❛❞❛ ❞❡ ✶✵✵
✐♠á❣❡♥❡s ✐♥❞✐✈✐❞✉❛❧❡s✳

✭❝✮ ■♠❛❣❡♥ ❞❡ ❜✐❛s ♣r♦♠❡❞✐❛❞❛ ❞❡ ✶✵✵✵✳ ✭❞✮ ■♠❛❣❡♥ ❞❡ ❜✐❛s ♣r♦♠❡❞✐❛❞❛ ❞❡ ✹✵✵✵✳

❋✐❣✉r❛ ✺✳✶✿ ❊♥ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ✐♠❛❣❡♥❡s ♣r♦♠❡❞✐❛❞❛s s❡ ♦❜s❡r✈❛ ✉♥❛ ❡str✉❝t✉r❛ ✈❡rt✐❝❛❧ q✉❡
s❡ ♠❛r❝❛ s❡❣ú♥ ❛✉♠❡♥t❛ ❡❧ ♥ú♠❡r♦ ❞❡ ✐♠á❣❡♥❡s q✉❡ s❡ ♣r♦♠❡❞✐❛♥✳ ◆♦ ♦❜st❛♥t❡✱ ❧❛ ✈❛r✐❛❝✐ó♥
❞❡❧ ✈❛❧♦r ♣r♦♠❡❞✐♦ ♣♦r ♣í①❡❧ ♥♦ s✉♣❡r❛ ❧❛s 2❆❉❯✳
◆❖❚❆✿ ■♠á❣❡♥❡s r❡❞✉❝✐❞❛s ♣♦r ❏♦r❣❡ ❆♥❞rés Pér❡③ Pr✐❡t♦ ♣❛r❛ s✉ tr❛❜❛❥♦ ❞❡ ❉❊❆ ✭PP✵✼✮✳

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

❣❡♥❡s ❝✐❡♥tí✜❝❛s ② ❞❡ ✢❛t✜❡❧❞✱ ❡s t♦♠❛r ❝✉❜♦s ❞❡ ♠✐❧❡s ❞❡ ✐♠á❣❡♥❡s✳ P♦r t❛♥t♦✱ ❡s



✺✳✶✳ ❘❡s✉❧t❛❞♦s ❚é❝♥✐❝♦s ✶✺✸

♠✉② út✐❧ s❛❜❡r ❝✉á❧ ❡s ❡❧ ❡❢❡❝t♦ ❞❡ ♣r♦♠❡❞✐❛r ❞✐st✐♥t♦ ♥ú♠❡r♦ ❞❡ ✐♠á❣❡♥❡s✱ ❛ ✜♥ ❞❡

❞❡t❡r♠✐♥❛r ❝✉á❧ ❡s ❡❧ ♥ú♠❡r♦ ❞❡ ✐♠á❣❡♥❡s ♥❡❝❡s❛r✐♦ ♦ ❛♣r♦♣✐❛❞♦ ♣❛r❛ ♦❜t❡♥❡r ❡❧ ♠❡✲

❥♦r ❜✐❛s✱ ❛ ♣❛rt✐r ❞❡ q✉é ❝❛♥t✐❞❛❞ ♥♦ s❡ ♦❜t✐❡♥❡ ♥✐♥❣✉♥❛ ♠❡❥♦r❛ ❛✉♥q✉❡ s❡ ♣r♦♠❡❞✐❡♥

♠ás ✐♠á❣❡♥❡s✱ ❝✉á❧ ❡s ❡❧ ♥ú♠❡r♦ ♠í♥✐♠♦ ❞❡ ❜✐❛s ♥❡❝❡s❛r✐♦s✱ ❡t❝✳

❈♦♠♦ s❡ ♠✉❡str❛ ❡♥ ❧❛ ✜❣✉r❛ ✺✳✶✱ ❧❛ ❞✐s♣❡rs✐ó♥ ❡♥ ❧❛s ✐♠á❣❡♥❡s ❞❡ ❜✐❛s ♣r♦♠❡❞✐❛✲

❞❛s ❞✐s♠✐♥✉②❡ rá♣✐❞❛♠❡♥t❡ ❝♦♥ ❡❧ ♥ú♠❡r♦ ❞❡ ✐♠á❣❡♥❡s ♣r♦♠❡❞✐❛❞❛s✳ ❊♥ ❧❛ ♣rá❝t✐❝❛

❝♦♠♣r♦❜❛♠♦s ✭Pér❡③✲Pr✐❡t♦✭PP✵✼✮ ✷✵✵✼✮ q✉❡ ❝♦♥ ❝✉❜♦s ❞❡ ✺✵✵ ✐♠á❣❡♥❡s ❞❡ ❜✐❛s ♦❜✲

t❡♥í❛♠♦s ✈❛❧♦r❡s ❝♦rr❡❝t♦s✳

◆♦ ♦❜st❛♥t❡✱ ♣✉❞✐♠♦s ❞❡♠♦str❛r t❛♠❜✐é♥ q✉❡ ❧❛ s❡ñ❛❧ ❞❡ ❜✐❛s ✈✐❡♥❡ ❛❢❡❝t❛❞❛ ♣♦r

❧♦s ❢❛❝t♦r❡s ❞❡ ❛♠♣❧✐✜❝❛❝✐ó♥ ② ❣❛♥❛♥❝✐❛ q✉❡ s❡ ❡♠♣❧❡❛♥ ❡♥ ❡❧ ❞❡t❡❝t♦r✳ ❊❧ ✈❛❧♦r ♠❡❞✐♦

❞❡ ❧❛ s❡ñ❛❧ ♣r♦❞✉❝✐❞❛ ❡s ♠ás s❡♥s✐❜❧❡ ❛ ❧❛ ❣❛♥❛♥❝✐❛ ❡❧❡❝tró♥✐❝❛ ❞❡❧ ♣r❡❛♠♣❧✐✜❝❛❞♦r q✉❡

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

❞❡ ❣❛♥❛♥❝✐❛ ♣❛r❛ ♠❛♥t❡♥❡r ❡❧ ❜✐❛s ❧♦ ♠ás ❜❛❥♦ ♣♦s✐❜❧❡✱ ❞❡❧ ♦r❞❡♥ ❞❡ ✹✵✵ ❝✉❡♥t❛s✶✳ ❊❧

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

❡st♦s ❞❡t❡❝t♦r❡s✱ ❧♦ q✉❡ r❡❞✉♥❞ó ❡♥ ✉♥❛ ♠❡❥♦r r❡❞✉❝❝✐ó♥ ❞❡ ❧❛s ✐♠á❣❡♥❡s ❝✐❡♥tí✜❝❛s

② ❡♥ ✉♥❛ ♠❛②♦r ♣r❡❝✐s✐ó♥ ② ❝❛❧✐❞❛❞ ❞❡ ❧❛s ♠✐s♠❛s✳

❈♦rr✐❡♥t❡ ❞❡ ♦s❝✉r✐❞❛❞

▲❛ ❝♦rr✐❡♥t❡ ❞❡ ♦s❝✉r✐❞❛❞ ❡s ❧❛ s❡ñ❛❧ ♦ ✐♠❛❣❡♥ q✉❡ ❣❡♥❡r❛ ❡❧ ❞❡t❡❝t♦r ❝✉❛♥❞♦ ❡s

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

tr❛t❛ ❞❡ ❧❛ ❧✉③ q✉❡ ♣✉❡❞❛ ❧❧❡❣❛r ❛ ✉♥ ❞❡t❡❝t♦r ② q✉❡ ❡s ❞❡♣❡♥❞✐❡♥t❡ ♦ ♣r♦❝❡❞❡♥t❡

❞❡❧ ✐♥str✉♠❡♥t♦✳ ❊♥ r❡❛❧✐❞❛❞✱ ❧♦ ✐❞❡❛❧ s❡rí❛ t❛♣❛r ❡❧ ❝♦❧❡❝t♦r ② t♦♠❛r ✉♥❛ ✐♠❛❣❡♥✱ ❞❡

♠♦❞♦ q✉❡ ❡❧ ❞❡t❡❝t♦r ✈✐❡r❛ t♦❞❛ ❧❛ ❧✉③ ❞❡❧ ❡♥t♦r♥♦ q✉❡ ♥♦ ❡s s❡ñ❛❧ r❡❛❧ ♣r♦❝❡❞❡♥t❡ ❞❡❧

❝❛♠♣♦ ❞❡ ✐♥t❡rés✳ ➱st❡ ❡s ✉♥ ❢❛❝t♦r ♠✉② ✐♠♣♦rt❛♥t❡ ❡♥ ■❘✱ ②❛ q✉❡ ❧❛ s❡ñ❛❧ ♣r♦❞✉❝✐❞❛

♣♦r ❧❛ ♣r♦♣✐❛ ó♣t✐❝❛ ② s♦♣♦rt❡s ❞❡❜✐❞♦ ❛ ❧❛ t❡♠♣❡r❛t✉r❛ ❛♠❜✐❡♥t❡ ❣❡♥❡r❛ ✉♥ ❢♦♥❞♦

✐♥❤❡r❡♥t❡ ❛❧ ✐♥str✉♠❡♥t♦✳ ❊♥ t♦❞♦s ❧♦s ❝❛s♦s ♣❛rt❡ ❞❡ ❧❛ ❝♦rr✐❡♥t❡ ❞❡ ♦s❝✉r✐❞❛❞ s✉r❣❡

❞❡❧ ♣r♦♣✐♦ r✉✐❞♦ tér♠✐❝♦ ❞❡❧ s❡♥s♦r ② ❧❛ ❛♠♣❧✐✜❝❛❝✐ó♥ ❞❡ ést❡ ♣♦r ❡❧ s✐st❡♠❛ ❞❡ ❧❡❝t✉r❛✳

❊st❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❧❛ ❝♦rr✐❡♥t❡ ❞❡ ♦s❝✉r✐❞❛❞ s❡ ♣✉❡❞❡ r❡❞✉❝✐r ❝♦♥ ❧❛ r❡❢r✐❣❡r❛❝✐ó♥ ❞❡❧

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

✉♥ ❧íq✉✐❞♦ r❡❢r✐❣❡r❛♥t❡✳

▲❛ ✐♠❛❣❡♥ ❞❡ ♦s❝✉r✐❞❛❞ ♥♦ ❡s ❧♦ ♠✐s♠♦ q✉❡ ✉♥❛ ✐♠❛❣❡♥ ❞❡ ❜✐❛s✱ ②❛ q✉❡ ❡♥ ést❡

❡❧ t✐❡♠♣♦ ❡s ❝❡r♦✱ ② ❛q✉í ❜✉s❝❛♠♦s ❧❛ s❡ñ❛❧ ❝❛✉s❛❞❛ ♣♦r ❧❛ ❧✉③ q✉❡ ♥♦ ♣r♦❝❡❞❡ ❞❡❧

❝❛♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥✳

▲❛ ❝♦rr✐❡♥t❡ ❞❡ ♦s❝✉r✐❞❛❞ ❤❛ ❞❡ ❝♦♠♣❛r❛rs❡ ❡♥tr❡ ✐♠á❣❡♥❡s t♦♠❛❞❛s ❝♦♥ ❡❧ ♠✐s♠♦

✶❱❡r ●❧♦s❛r✐♦ ❆❉❯✳



✶✺✹ ✺✳ ❊❧ r❡s✉❧t❛❞♦

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

✐♥t❡rés ② ❧❛ ♦tr❛ ❝♦♥ ❡❧ s✐st❡♠❛ ❝❡rr❛❞♦✳

❊♥ ❣❡♥❡r❛❧✱ ❡♥ ❡❧ r❛♥❣♦ ✈✐s✐❜❧❡✱ s❡ ♠✐❞❡ ✉♥❛ ❝♦rr✐❡♥t❡ ❞❡ ♦s❝✉r✐❞❛❞ ♦ ❞❛r❦ ✐♠❛❣❡

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

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

✈❛❧♦r ❡s ❜❛❥♦ ② ♥♦ s❡ s✉❡❧❡♥ t♦♠❛r ❞❛r❦s✳ ❊♥ ✐♥❢r❛rr♦❥♦ t❛♠♣♦❝♦ ❡s ♥❡❝❡s❛r✐♦ t♦♠❛r

❞❛r❦s s✐ ❧❛ ♦❜s❡r✈❛❝✐ó♥ s❡ r❡❛❧✐③❛ r❡st❛♥❞♦ ❧❛ ✐♠❛❣❡♥ ❞❡❧ ♦❜❥❡t♦ ❞❡ ✐♥t❡rés ♠❡♥♦s ♦tr❛

✐♠❛❣❡♥ ❝♦♥ ❡❧ ♠✐s♠♦ t✐❡♠♣♦ ❞❡ ❡①♣♦s✐❝✐ó♥ ♣❡r♦ ❞❡ ❝✐❡❧♦ ✈❛❝í♦✳ ▲❛ r❡st❛ ❞❡ ❛♠❜❛s

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

❊♥ ♥✉❡str♦ ❝❛s♦✱ ❧❛s ♣r✉❡❜❛s s❡ ❤✐❝✐❡r♦♥ ✐♥✐❝✐❛❧♠❡♥t❡ ❞❡ ❧♦s ❞♦s t✐♣♦s ✭❝♦♥ ♦❜✲

t✉r❛❞♦r ❝❡rr❛❞♦ ② s✐♠♣❧❡♠❡♥t❡ ♦❜s❡r✈❛♥❞♦ ♦s❝✉r✐❞❛❞✮✱ ② ❛❞❡♠ás s❡ ❝♦♠♣❛r❛r♦♥ ❝♦♥

❧❛s ❞❡ ❧❛❜♦r❛t♦r✐♦✳ ❊❧ ♦❜t✉r❛❞♦r ❞❡❧ ❞❡t❡❝t♦r ❞❡♠♦stró ♥♦ ♣♦❞❡r ❛✐s❧❛r ❡❧ s❡♥s♦r ♣❛r❛

❧❛ ❧✉③ ❞✐❢✉s❛ ❞❡❧ ❧❛❜♦r❛t♦r✐♦✳ ◆♦ ♦❜st❛♥t❡✱ ❝♦♥ ❧❛ ✐♥❝❧✉s✐ó♥ ❞❡ ✉♥ ❜❛✤❡ ❞❡ 25♠♠ ❞❡

❞✐á♠❡tr♦ ② 100♠♠ ❞❡ ❧❛r❣♦ r♦s❝❛❞♦ ❡♥ ❡❧ ❞❡t❡❝t♦r ❝♦♠♣r♦❜❛♠♦s q✉❡ ♥♦ ❡①✐st❡ ❝♦♥✲

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

② ❝♦♥ ❡❧ ♦❜t✉r❛❞♦r ②❛ q✉❡✱ ❣r❛❝✐❛s ❛❧ ❜✉❡♥ t❡❧❡❝❡♥tr✐s♠♦ ② ❝♦♥❥✉❣❛❝✐ó♥ ❞❡❧ s✐st❡♠❛

ó♣t✐❝♦✱ só❧♦ ❡❧ ❝❛♠♣♦ ❞❡ ✈✐s✐ó♥ ✐❧✉♠✐♥❛ ❡❧ s❡♥s♦r✳ ❉❡ ❤❡❝❤♦✱ ❛❧❣✉♥❛s ♣r✉❡❜❛s ❤❡❝❤❛s

❡♥ ❚❈❙✱ ❝♦♥ ❡❧ s✐st❡♠❛ ❞❡ ❋❛st❈❛♠ ❛❝t✉❛❧♠❡♥t❡ ❡♥ ❢✉♥❝✐♦♥❛♠✐❡♥t♦✱ ❞❡♠✉❡str❛♥ q✉❡

♥♦ ❡①✐st❡ ✉♥ ❜❡♥❡✜❝✐♦ ❡①tr❛ ❡♥ ❝❡rr❛r ❋❛st❈❛♠✱ ❝✉❛♥❞♦ ❡❧ ❜❛✤❡ ❡stá ♠♦♥t❛❞♦✱ ❡♥ ❧♦

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

❋♦♥❞♦

❊❧ ♥✐✈❡❧ ♦ s❡ñ❛❧ ❞❡ ❢♦♥❞♦ ❞❡ ✉♥❛ ✐♠❛❣❡♥ ❡s ❡❧ r❡s✉❧t❛❞♦ ❞❡ t♦❞❛ ❧❛ ❧✉③ q✉❡ ❧❧❡❣❛

❛❧ ❞❡t❡❝t♦r ❞❡ ♠♦❞♦ ❞✐❢✉s♦ ② q✉❡ ♣r♦✈✐❡♥❡ ♥♦ só❧♦ ❞❡ ❧❛ r❡❣✐ó♥ ❞❡❧ ❝✐❡❧♦ q✉❡ s❡ ❡stá

♦❜s❡r✈❛♥❞♦ s✐♥♦ t❛♠❜✐é♥ ❞❡ ♦❜❥❡t♦s ❢✉❡r❛ ❞❡❧ ❝❛♠♣♦ ❝✉②❛ ❧✉③ s❡ ❞✐❢✉♥❞❡ ❞❡♥tr♦ ❞❡❧

s✐st❡♠❛ ❞❡ ✐♠❛❣❡♥ ✭♠❡❞✐♦✰ó♣t✐❝❛✰❞❡t❡❝t♦r✮✱ ❧❛ ❞✐❢✉♥❞✐❞❛ ♣♦r ❡❧ ♣r♦♣✐♦ ♦❜❥❡t♦ ② ❧♦s

♣❛rás✐t♦s q✉❡ ❡stá♥ ❡♥ ❧♦s ❛❧r❡❞❡❞♦r❡s ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦ ② ❞❡t❡❝t♦r✳ ●❡♥❡r❛❧♠❡♥t❡

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

❝❛♠♣♦✱ ❞❡ ♠❛♥❡r❛ q✉❡ ♣♦❞❛♠♦s ♦❜t❡♥❡r ❧❛ s❡ñ❛❧ s✐♥ ❧❛ ❞❡❧ ♣r♦♣✐♦ ♦❜❥❡t♦✳ ◆✐ q✉❡ ❞❡❝✐r

t✐❡♥❡ q✉❡ ❡st♦ ♥♦ s✐❡♠♣r❡ ❡s ♣♦s✐❜❧❡✱ ② ♣♦r ❡❧❧♦ s❡ r❡❝✉rr❡ ♠✉❝❤❛s ✈❡❝❡s ❛ tr❛❜❛❥❛r ❡♥

❝❛♠♣♦ ❝♦♥ ♦❜❥❡t♦s ♣r❡ ❝❛❧✐❜r❛❞♦s q✉❡ ♣❡r♠✐t❡♥ ❧❛ ❝♦♠♣❛r❛❝✐ó♥ ❞✐r❡❝t❛ ❞❡ s❡ñ❛❧❡s✳

❊❧❧♦ ❡s ✐♥❝❧✉s♦ ♠ás ❞✐❢í❝✐❧ s✐ s❡ tr❛t❛ ❞❡ ♦❜❥❡t♦s ❡①t❡♥s♦s ②❛ q✉❡ ❡❧ ♦❜t❡♥❡r ❧❛ s❡ñ❛❧

❝♦♥❥✉♥t❛ ❞❡ ✉♥ ♦❜❥❡t♦ ❡①t❡♥s♦ ♥♦ ❡s tr✐✈✐❛❧✳ ❊♥ r❡s✉♠❡♥✱ ❛❧ ♠❡❞✐r ❧❛ s❡ñ❛❧ ❞❡ ❢♦♥❞♦

❧♦ q✉❡ ❜✉s❝❛♠♦s ❡s ❧❛ ❧✉③ ❝♦♥t❛♠✐♥❛♥t❡ ❞❡❧ ❝❛♠♣♦ q✉❡ ❡st❛♠♦s ♦❜s❡r✈❛♥❞♦ ② ❞❡ s✉

❡♥t♦r♥♦ q✉❡ ♥♦ ❡s ❧❛ s❡ñ❛❧ ❞❡ ✐♥t❡rés ♣❛r❛ ♥✉❡str♦ ♣r♦❣r❛♠❛ ❝✐❡♥tí✜❝♦✳

❊❧ ♥✉❡str♦ ❡s ✉♥ ❝❛s♦ ❡s♣❡❝✐❛❧✱ ② ②♦ ❧♦ ❝❛❧✐✜❝❛rí❛ ❞❡ ❡①❝❡♣❝✐♦♥❛❧✳ ❊❧ ❢♦♥❞♦ ❧♦



✺✳✶✳ ❘❡s✉❧t❛❞♦s ❚é❝♥✐❝♦s ✶✺✺

✭❛✮ ❈♦rt❡s t❡ór✐❝♦s✳ ✭❜✮ ❈♦rt❡s ❞❡ ❧❛ ❡str❡❧❧❛ ❍❘✾✺✻✳

❋✐❣✉r❛ ✺✳✷✿ ✭❛✮ ❈♦rt❡ t❡ór✐❝♦ ❞❡ ✉♥ ❞✐s❝♦ ❞❡ ❆✐r② ✭❛③✉❧✮ ② ✉♥❛ ●❛✉ss✐❛♥❛ ✭r♦❥♦✮ ❥✉♥t♦ ❝♦♥
❧❛ s✉♠❛ ❞❡ ❛♠❜❛s ✭✈❡r❞❡✮ ❝♦♠♦ ❝♦♥s❡❝✉❡♥❝✐❛ ❞❡❧ r❡❝❡♥tr❛❞♦ ② ❛❝ú♠✉❧♦✳ ▲❛ ●❛✉ss✐❛♥❛ s❡
❝♦rr❡s♣♦♥❞❡ ❝♦♥ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧♦s s♣❡❝❦❧❡s r❡❝❡♥tr❛❞♦s✳ ✭❜✮ ❈♦rt❡s r❡❛❧❡s ♥♦r♠❛❧✐③❛❞♦s
❞❡ ✈❛r✐❛s ✐♠á❣❡♥❡s ❞❡ ❧❛ ❡str❡❧❧❛ ❍❘✾✺✻ ♦❜t❡♥✐❞❛s ❝♦♥ ❝✉❜♦s ❞❡ ✹✵✵✵ ✐♠á❣❡♥❡s ❞❡ 30♠s ❞❡
❡①♣♦s✐❝✐ó♥ ❝❛❞❛ ✉♥❛ q✉❡ ❞❛♥ ✉♥❛ ❋❲❍▼❂0

′
17 ❛r❝s❡❝ ✉s❛♥❞♦ ❡❧ ✶✪ ❞❡ ❧❛s ♠❡❥♦r❡s ✐♠á❣❡♥❡s✳

❊♥ ❧❛ ✐♠❛❣❡♥ s❡ ✐♥❝❧✉②❡♥ ❧♦s ❝♦rt❡s ♣❛r❛ ✉♥❛ s❡❧❡❝❝✐ó♥ ❞❡❧ ✶✱ ✶✵✱ ✺✵ ② 100% ❞❡ ❧❛s ✐♠á❣❡♥❡s✳ ❙❡
♦❜s❡r✈❛ ❡♥ ❧❛ ❝✉r✈❛ ✈❡r❞❡ ❞❡❧ ✶✪ ❧❛ ❛♣❛r✐❝✐ó♥ ❞❡ ❧♦s ❧ó❜✉❧♦s ❝♦rr❡s♣♦♥❞✐❡♥t❡s ❛❧ ♣r✐♠❡r ❛♥✐❧❧♦
❞❡ ❞✐❢r❛❝❝✐ó♥✳ ❈✉❛♥❞♦ ❡❧ ♥ú♠❡r♦ ❞❡ ✐♠á❣❡♥❡s ✉s❛❞❛s ❡s ❣r❛♥❞❡✱ ❡❧ ❢❛❝t♦r ❞❡ ♣❡s♦ ❞❡❧ ❢♦♥❞♦ s❡
❤❛❝❡ ♠ás ♥♦t❛❜❧❡✳ ▲❛ ❝✉r✈❛ ♠ás ❡①t❡r✐♦r s❡ ❝♦rr❡s♣♦♥❞❡ ❝♦♥ ❧❛ ✐♠❛❣❡♥ ✐♥t❡❣r❛❞❛ ❞❡ ❧❛ ❡str❡❧❧❛
s✐♥ r❡❝❡♥tr❛r ❜❛❥♦ ❝♦♥❞✐❝✐♦♥❡s ❞❡ s❡❡✐♥❣ ❞❡ 2′′✳ ◆ót❡s❡ q✉❡ ❡❧ r❡s✉❧t❛❞♦ ❛q✉í ❡stá ❧✐❣❡r❛♠❡♥t❡
❢❛❧s❡❛❞♦✱ ②❛ q✉❡ ❧❛ ❝✉r✈❛ ✐♥t❡❣r❛❧ ❡stá ❛❥✉st❛❞❛ ❛ ✉♥❛ ●❛✉ss✐❛♥❛✱ ② ❧❛ ♥♦r♠❛❧✐③❛❝✐ó♥ r❡❞✉❝❡
❛ ❝❡r♦ ❡❧ ❢♦♥❞♦ ❞❡ r❡❢❡r❡♥❝✐❛ ❡♥ ❡st❡ ❝❛s♦✳

❝♦♥✈❡rt✐♠♦s ❡♥ ✉♥❛ ❝❛r❛❝t❡ríst✐❝❛ ♦ ❢❛❝t♦r ❧♦❝❛❧ ② ❛❞❡♠ás✱ ♠✉② ❞❡♣❡♥❞✐❡♥t❡✱ ♥♦ ②❛

❞❡ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡❧ ✐♥str✉♠❡♥t♦ ❡♥ ❧❛ ♦❜s❡r✈❛❝✐ó♥ s✐♥♦ ❞❡ ❧❛ ♦❜s❡r✈❛❝✐ó♥ ❡♥ sí

♠✐s♠❛✳ ❨ ♥♦ só❧♦ ♣♦r ❧♦ q✉❡ ❛❢❡❝t❛ ❛ t♦❞❛ ❧❛ s✉♣❡r✜❝✐❡ ❞❡❧ ❞❡t❡❝t♦r✱ s✐♥♦ q✉❡ ♥✉❡str♦

♣r✐♥❝✐♣❛❧ ❣❡♥❡r❛❞♦r ❞❡ ❢♦♥❞♦ ❡s ❧❛ ♣r♦♣✐❛ ❡str❡❧❧❛ q✉❡ ♦❜s❡r✈❛♠♦s ② ❧♦ ♣❡rt✉r❜❛❞❛

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

❈✉❛♥❞♦ s❡❧❡❝❝✐♦♥❛♠♦s ✉♥ ♠á①✐♠♦ ❞❡❧ s♣❡❝❦❧❡ ♣❛r❛ r❡❝❡♥tr❛r ❧❛ ✐♠❛❣❡♥✱ ❡st❛♠♦s

❛rr❛str❛♥❞♦ ❡❧ r❡st♦ ❞❡ ❧❛s ♠❛♥❝❤❛s ❞❡ s♣❡❝❦❧❡ ❞❡❢♦r♠❛❞❛s ♣♦r ❧❛ ❛t♠ós❢❡r❛ q✉❡

r♦❞❡❛♥ ❛ ❧❛ ✜❣✉r❛ ❝❡♥tr❛❞❛✱ ② ❛❝✉♠✉❧❛♠♦s t♦❞❛ ❡s❛ ❡♥❡r❣í❛ ❝♦♥ ❧❛ ❞❡ ❝❛❞❛ ❡①♣♦s✐❝✐ó♥

❞❡ t❛❧ ♠❛♥❡r❛ q✉❡✱ ❛✉♥q✉❡ ✜♥❛❧♠❡♥t❡ ♦❜t❡♥❡♠♦s ✉♥ ❛❧t♦ ② ✜♥♦ ♣✐❝♦ ❞❡ s❡ñ❛❧✱ ést❡

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

❡♥ ❝❛❞❛ ✐♠❛❣❡♥✳ ❊♥ ❧❛ ✜❣✉r❛ ✺✳✸ ✈❡♠♦s ✉♥❛ r❡♣r❡s❡♥t❛❝✐ó♥ ❞❡ ❧❛ ❡♥❡r❣í❛ ❛❝✉♠✉❧❛❞❛

❡♥ ❧❛ ✐♠❛❣❡♥ ❞❡ ❧❛ ❜✐♥❛r✐❛ ❍❉ ✶✺✺✽✼✻✱ ❞♦♥❞❡ ♣♦❞❡♠♦s ♦❜s❡r✈❛r ✉♥ ✓❛❜✉❧t❛♠✐❡♥t♦✔

❡♥ ❧❛ ❜❛s❡ ♣♦r ❧❛ ❡♥❡r❣í❛ ❡s♣❛r❝✐❞❛ ❡♥ ❝❛❞❛ ♠❛♥❝❤❛ ❞❡ s❡❡✐♥❣ ② q✉❡ r❡❞✐str✐❜✉✐♠♦s

❛❧ r❡❝❡♥tr❛r ❡❧ ♣í①❡❧ ♠á①✐♠♦ ♣r♦✈♦❝❛♥❞♦ ✉♥❛ ❛❝✉♠✉❧❛❝✐ó♥ ❞✐❢✉s❛ ❞❡ t♦❞❛ ❡s❛ ❡♥❡r❣í❛



✶✺✻ ✺✳ ❊❧ r❡s✉❧t❛❞♦

❞✐s♣❡rs❛ ❞❡❜✐❞❛ ❛ ❧❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ❡♠❜♦rr♦♥❛♠✐❡♥t♦ ❞❡❧ s❡❡✐♥❣ ✳

❋✐❣✉r❛ ✺✳✸✿ ■♠❛❣❡♥ ❞❡ ❧❛ ❜✐♥❛r✐❛ ❍❉ ✶✺✺✽✼✻ ❛❞q✉✐r✐❞❛ ❝♦♥ ❋❛st❈❛♠ ❡♥ ❡❧ ❚❈❙✳ ▼✉❡str❛ ❧❛
❢♦r♠❛ ❞❡ ❧❛ ❛❝✉♠✉❧❛❝✐ó♥ ❞❡ ❢♦t♦♥❡s ② r❡❝❡♥tr❛❞♦ s♦❜r❡ ❡❧ ♣í①❡❧ ♠❛①✐♠♦ ❝♦♥ ✉♥ ❢♦♥❞♦ ❞❡❜✐❞♦
❛ ❧♦s s♣❡❝❦❧❡s ♥♦ r❡❝❡♥tr❛❞♦s✳

❈♦♠♦ ❡s ❤❛❜✐t✉❛❧ ❡♥ ❆str♦❢ís✐❝❛✱ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ▼♦✛❛t✐❛♥❛ r❡♣r❡s❡♥t❛ ❜❛st❛♥t❡

❜✐❡♥ ❡❧ ♠✉❡str❡♦ ❞❡ ❧❛s P❙❋ ❞❡ ♦❜❥❡t♦s ♣✉♥t✉❛❧❡s✱ ❛✉♥q✉❡ ❡♥ ❡st❡ ❝❛s♦ ❡❧ ❛❥✉st❡

❛ ❧❛s ❝✉r✈❛s ♦❜t❡♥✐❞❛s s❡ ❝♦♥s✐❣✉❡ ❝♦♥ ❧❛ s✉♠❛ ❞❡ ✉♥❛ ❢✉♥❝✐ó♥ ●❛✉ss✐s❛♥❛ ② ✉♥❛

▼♦✛❛t✐❛♥❛✳ ❆❧ ❝♦♥tr❛r✐♦ q✉❡ ❡♥ ♦tr❛s ❞✐str✐❜✉❝✐♦♥❡s✱ ❧❛ ▼♦✛❛t✐❛♥❛ ❛❥✉st❛ ♠❡❥♦r ❡❧

♣✐❝♦ ② ❧❛ ●❛✉ss✐❛♥❛ ❧❛s ❛❧❛s✱ ②❛ q✉❡ ❡❧ r❡❝❡♥tr❛❞♦ s❡ ❤❛❝❡ s✐❡♠♣r❡ s♦❜r❡ ❡❧ ♣í①❡❧ ♠ás

❜r✐❧❧❛♥t❡✱ ❧♦ q✉❡ ❛❥✉st❛ ❡❧ ♣✐❝♦ ❡str❡❝❤♦ ❞❡ ❧❛ ▼♦✛❛t✐❛♥❛✱ ② ❧❛s ❛❧❛s r❡♣r❡s❡♥t❛♥ ❧❛

❞✐str✐❜✉❝✐ó♥ ❞❡ ❧❛s ❞❡❢♦r♠❛❝✐♦♥❡s ❞❡ ❧❛ ♠❛♥❝❤❛ ❞❡ s❡❡✐♥❣ ✱ ❧♦ ❝✉❛❧ ❝♦♥❝✉❡r❞❛ ❝♦♥ ❧♦

q✉❡ ♥♦s ❛♣r♦①✐♠❛ ❧❛ t❡♦rí❛✳

F (x, y) = Ae−u2/2 +A′e−v2/2 + (Bx+ Cy) +D , ✭✺✳✶✮

F (x, y) = Ae−u2/2 +
A′

1 + v2β
+ (Bx+ Cy) +D , ✭✺✳✷✮

F (x, y) = Ae−u2/2 +
A′

(1 + v2)β
+ (Bx+ Cy) +D , ✭✺✳✸✮



✺✳✶✳ ❘❡s✉❧t❛❞♦s ❚é❝♥✐❝♦s ✶✺✼

❞♦♥❞❡✿

u2 =
(x− x0)

2

σ2x
+

(y − y0)
2

σ2y
, ✭✺✳✹✮

② ❛❧❣♦ s✐♠✐❧❛r ♣❛r❛ v ❝♦♥ ✉♥❛s σ′x ② σ′y ❞✐❢❡r❡♥t❡s✳ β ❡s ✉♥ ♣❛rá♠❡tr♦ q✉❡ ❞❡♣❡♥❞❡ ❞❡

❧❛ ❞✐s♣❡rs✐ó♥ ❞❡ ♠✉❡str❛s ✭❡♥ ♥✉❡str♦ ❝❛s♦ s❡❡✐♥❣✮✳ ❊❧ tér♠✐♥♦ Bx+Cy ❝♦rr❡s♣♦♥❞❡ ❛

✉♥❛ ✐♥❝❧✐♥❛❝✐ó♥ ♣❛r❛ ❛❥✉st❛r ♣♦s✐❜❧❡s ❣r❛❞✐❡♥t❡s ② D ✉♥❛ ❝♦♥st❛♥t❡ q✉❡ ❛❥✉st❛ ♥✐✈❡❧❡s

❞❡ ❜✐❛s ② ✢❛t✜❡❧❞✳

▲❛ ❡❝✉❛❝✐ó♥ ✺✳✶ s❡ ❝♦♠♣♦♥❡ ❞❡ ❞♦s ●❛✉ss✐❛♥❛s ♣❛r❛ ❤❛❝❡r ❡❧ ❛❥✉st❡✱ ❧❛ ✺✳✷ ✉s❛

✉♥❛ ●❛✉ss✐❛♥❛ ② ✉♥❛ ▼♦✛❛t✐❛♥❛ ② ❧❛ ✺✳✸ ❡s ✉♥❛ ●❛✉ss✐❛♥❛ ② ✉♥❛ ▲♦r❡♥t③✐❛♥❛✳

❯♥ ❡st✉❞✐♦ ♠ás ❡s♣❡❝í✜❝♦✱ ② q✉✐③ás ❡st❛❞íst✐❝♦✱ ❞❡ ❡st❡ t✐♣♦ ❞❡ ♠❛♥❝❤❛s ♣♦❞rí❛

❡♥s❡ñ❛r♥♦s ❛ ✉t✐❧✐③❛r ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ♣❛r❛ ♣♦❞❡r ❝♦♥✜❣✉r❛r ② ❞❡✜♥✐r ✉♥❛

❢✉♥❝✐ó♥ ❢♦t♦♠étr✐❝❛ ♣❛r❛ ❧❛ ♦❜s❡r✈❛❝✐ó♥ ❝♦♥ ▲✉❝❦② ■♠❛❣✐♥❣ ✳ ❊st❛ ❢✉♥❝✐ó♥ ❞❡❜❡rí❛

❝♦♥s✐❞❡r❛r ❝♦♠♦ ♣❛rá♠❡tr♦s✿ ❡❧ ♥ú♠❡r♦ ❞❡ ✐♠á❣❡♥❡s ❛❝✉♠✉❧❛❞❛s✱ ❡❧ t✐❡♠♣♦ ❞❡ ❡①✲

♣♦s✐❝✐ó♥ ✐♥❞✐✈✐❞✉❛❧ ② ❡❧ t♦t❛❧ r❡s✉❧t❛♥t❡ ❞❡ ❧❛ ✐♠❛❣❡♥ r❡❞✉❝✐❞❛✱ ❛sí ❝♦♠♦ ❧♦s ❢❛❝t♦r❡s

❞❡✜♥✐t♦r✐♦s ❞❡ ❧♦s ❛❥✉st❡s✱ t❛♥t♦ ❞❡❧ ♣✐❝♦ ② s✉ ❛♥❝❤♦ ❝♦♠♦ ❞❡ ❧❛ ●❛✉ss✐❛♥❛ ❞❡ ❧❛ ❜❛s❡

② s✉ ❛♥❝❤♦✳ ❯♥ tr❛❜❛❥♦ ❝♦♥ ❡stá♥❞❛r❡s ❢♦t♦♠étr✐❝♦s ② ❛♣❧✐❝❛❞♦ ❛ ❡str❡❧❧❛s ♠ás ❞é❜✐❧❡s

② ❜✐❡♥ ❝♦♥♦❝✐❞❛s s❡rí❛ ✉♥❛ t❛r❡❛ ♣r♦❜❛❜❧❡♠❡♥t❡ ♠✉② ♣♦s✐t✐✈❛ ♣❛r❛ ❡❧ ❢✉t✉r♦ ❞❡ ❧❛

té❝♥✐❝❛✳

❋❧❛t✜❡❧❞

❋❧❛t✜❡❧❞ ❡s ❧❛ ✐♠❛❣❡♥ ❞❡❧ ❞❡t❡❝t♦r ❝✉❛♥❞♦ ❡s ❡①♣✉❡st♦ ❛ ✉♥❛ s❡ñ❛❧ ❞❡ ✐❧✉♠✐♥❛❝✐ó♥

✉♥✐❢♦r♠❡ ❝♦♥♦❝✐❞❛✳ P✉❡❞❡ s❡r ❜❧❛♥❝❛✱ tér♠✐❝❛✱ ✜❧tr❛❞❛ ♦ ❡s♣❡❝tr❛❧✱ ♣❡r♦ ♣❡r♠✐t❡ ❝❛✲

❧✐❜r❛r ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ r❡s♣✉❡st❛ ❡♥tr❡ ❧♦s ♣í①❡❧❡s✳ ❊♥ r✐❣♦r✱ ❞❡❜❡rí❛ ♣❧❛♥✐✜❝❛rs❡ ♣❛r❛

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

❡①♣♦s✐❝✐♦♥❡s q✉❡ ❡♥ ❧❛ ♦❜s❡r✈❛❝✐ó♥✳ ❈♦♥♦❝❡r ❧❛ ❝✉r✈❛ ❝❛r❛❝t❡ríst✐❝❛ ♦ ❞❡ r❡s♣✉❡st❛ ❞❡❧

❞❡t❡❝t♦r ❡s ❝r✉❝✐❛❧ ♣❛r❛ ❝♦♠♣r❡♥❞❡r ② ❛♥❛❧✐③❛r ❝♦rr❡❝t❛♠❡♥t❡ ❧♦s ❞❛t♦s ♦❜t❡♥✐❞♦s✳

❊st❛ ❝✉r✈❛ t✐❡♥❡ ✉♥ tr❛♠♦ ❞❡ ✈❡❧♦ ♦ ❜❛❥❛ s❡ñ❛❧ ② ✉♥ tr❛♠♦ ❞❡ s❛t✉r❛❝✐ó♥ q✉❡ ❝♦♥❧❧❡✈❛

♣r❡✲ ② s♦❜r❡✲s❛t✉r❛❝✐ó♥✱ ❞♦♥❞❡ ❧❛ r❡s♣✉❡st❛ ②❛ ♥♦ ❡s ♣r♦♣♦r❝✐♦♥❛❧ ❛ ❧❛ ❡①♣♦s✐❝✐ó♥ ②

❞♦♥❞❡ ②❛ ♥♦ s❡ t✐❡♥❡ ♠ás s❡ñ❛❧ ♣♦r ♠✉❝❤♦s ❢♦t♦♥❡s q✉❡ s❡ ❛❝✉♠✉❧❡♥✷✱ ② ❞❡❜❡♠♦s

tr❛❜❛❥❛r ❡♥ ❧❛ ③♦♥❛ ❧✐♥❡❛❧ ✐♥t❡r♠❡❞✐❛✳

▲❛ ♣❡♥❞✐❡♥t❡ ❞❡ ❡st❡ tr❛♠♦ ❞❡♣❡♥❞❡ ❞❡ ❧❛ ❛♠♣❧✐✜❝❛❝✐ó♥ ❢r❡♥t❡ ❛ ❧❛ ❝❛♥t✐❞❛❞ ❞❡

❧✉③ q✉❡ r❡❝✐❜❡ ❡❧ ❞❡t❡❝t♦r ② ❧❛ ③♦♥❛ ♦ r❛♥❣♦ ❞❡ tr❛❜❛❥♦ ❞❡❧ t✐❡♠♣♦ ❞❡ ❡①♣♦s✐❝✐ó♥✳ ❊♥

r❡❛❧✐❞❛❞ ❢✉♥❝✐♦♥❛ ❝♦♠♦ ❧❛s ♣❡❧í❝✉❧❛s ❢♦t♦❣rá✜❝❛s ❞❡ s✐❡♠♣r❡✳ ❨✱ ♣♦r ❡❧❧♦✱ ❞❡❝✐♠♦s q✉❡

❧❛ ❣❛♥❛♥❝✐❛ ♦ ❛♠♣❧✐✜❝❛❝✐ó♥ ✈❛rí❛ ❧❛ s❡♥s✐❜✐❧✐❞❛❞ ❞❡❧ s❡♥s♦r✳

✷❚é❝♥✐❝❛♠❡♥t❡ s❡ ❞✐❝❡ q✉❡ ❡❧ ♣♦③♦ ❞❡ ♣♦t❡♥❝✐❛❧✱ q✉❡ ❛❝✉♠✉❧❛ ❝❛r❣❛✱ ❡stá ❧❧❡♥♦✳



✶✺✽ ✺✳ ❊❧ r❡s✉❧t❛❞♦

▲♦ ❝✐❡rt♦ ❡s q✉❡ ❤❛② ✉♥ ❢❛❝t♦r ❡①tr❛ q✉❡ ✈❛rí❛ ❡s❛ s❡♥s✐❜✐❧✐❞❛❞ ② ❡s ❧❛ ❝♦rr✐❡♥t❡ ❞❡

♣♦❧❛r✐③❛❝✐ó♥ ✐♥✈❡rs❛✱ q✉❡ t❛♠❜✐é♥ s❡ ❧❧❛♠❛ ❜✐❛s✳ ❊♥ ❡st❡ ❝❛s♦ ❡s ✉♥❛ t❡♥s✐ó♥ ❛♣❧✐❝❛❞❛ ❛❧

❞❡t❡❝t♦r ♣❛r❛ ♠♦❞✐✜❝❛r ❧❛ ♣r♦❢✉♥❞✐❞❛❞ ❞❡❧ ♣♦③♦ ❞❡ ♣♦t❡♥❝✐❛❧ ✭❛✉♥q✉❡ ♥♦r♠❛❧♠❡♥t❡

❡s ✜❥❛✮ ②✱ ❝♦♥ ❡❧❧♦✱ ❧❛ r❡s♣✉❡st❛ ❞❡❧ s❡♥s♦r ❛❧ ♥ú♠❡r♦ ❞❡ ❢♦t♦♥❡s ✐♥❝✐❞❡♥t❡s✳ ❊s ❡❧

❡q✉✐✈❛❧❡♥t❡ ❛❧ ■❙❖✴❆❙❆ ❞❡ ❧❛s ♣❡❧í❝✉❧❛s ❢♦t♦❣rá✜❝❛s✳

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

❛♣❧✐❝❛♥ ♣❛r❛ ❝❛❞❛ ♣í①❡❧ ② ❡s ❝♦♥ ❧❛s ❞✐st✐♥t❛s ❡①♣♦s✐❝✐♦♥❡s ❞❡ ✉♥❛ s❡ñ❛❧ ❞❡ ✢❛t✜❡❧❞

❝♦♠♦ ♣♦❞❡♠♦s ❝❛❧✐❜r❛r ❧❛ ❝♦♠♣❛r❛t✐✈❛✳

❊❧ ♠❛♣❛ ❞❡ ✢❛t t❛♠❜✐é♥ ♥♦s ❞❛ ❧❛ ❝♦s♠ét✐❝❛ ❞❡❧ s❡♥s♦r ❝✉❛♥❞♦ s❡ ❡①♣♦♥❡ t♦❞❛ ❧❛

s✉♣❡r✜❝✐❡ ❞❡ ♠♦❞♦ ✉♥✐❢♦r♠❡✱ ②❛ q✉❡ ♣♦♥❡ ❞❡ ♠❛♥✐✜❡st♦ ❧♦s ♣í①❡❧❡s ❞❡❢❡❝t✉♦s♦s t❛♥t♦

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

❊♥ ♣❛rt✐❝✉❧❛r✱ ♣❛r❛ ❋❛st❈❛♠✱ ❧♦s ♣❡r✜❧❡s ❞❡ ✢❛ts ♠✉❡str❛♥ ✉♥❛ ✈❛r✐❛❝✐ó♥ ❞✐❛❣♦♥❛❧

❝♦♥ ✉♥❛ ❝❛í❞❛ ❞❡ ✉♥ ✽✪ ❞❡ ✐③q✉✐❡r❞❛ ❛ ❞❡r❡❝❤❛ ② ✉♥ ✸✪ ❞❡ ❛rr✐❜❛ ❛ ❛❜❛❥♦✳ ❙❡ ❛♣r❡❝✐❛

q✉❡ ❡s s❡♥s✐❜❧❡ ❛❧ ❢❛❝t♦r ❞❡ ♠✉❧t✐♣❧✐❝❛❝✐ó♥ ❞❡ ❡❧❡❝tr♦♥❡s ② ❛❧ ♥ú♠❡r♦ ❞❡ ❝✉❡♥t❛s ✭♥✐✈❡❧

❞❡ s❡ñ❛❧✮ ♣❡r♦ ♥♦ ❛ ❧❛ ❣❛♥❛♥❝✐❛ ❞❡ ♣r❡❛♠♣❧✐✜❝❛❝✐ó♥✳ ❙❡ ❞❡t❡r♠✐♥ó q✉❡✱ ♣♦s✐❜❧❡♠❡♥t❡✱

❡❧ ❣r❛❞✐❡♥t❡ s❡❛ ✐♥❞✉❝✐❞♦ ♣♦r ❡❧ r❡❧♦❥ ✐♥t❡r♥♦ ✭❈■❈✱ ❝❧♦❝❦ ✐♥❞✉❝❡❞ r❛t❡✮ ♦ ♣♦r ❧❛

❡t❛♣❛ ❞❡ ♠✉❧t✐♣❧✐❝❛❝✐ó♥✳ ❊♥ t♦❞♦ ❝❛s♦✱ ♦❜❧✐❣❛ ❛ s❡r ❝✉✐❞❛❞♦s♦ ❝♦♥ ❧❛ r❡❞✉❝❝✐ó♥ ❞❡

✢❛t✜❡❧❞ ② s❡ ❞❡❜❡♥ t♦♠❛r ✢❛ts s✐❡♠♣r❡ ② ❡♥ ❧❛s ♠✐s♠❛s ❝♦♥❞✐❝✐♦♥❡s q✉❡ ❧❛s ✐♠á❣❡♥❡s

❝✐❡♥tí✜❝❛s✭PP✵✼✮ ✭Pér❡③✲Pr✐❡t♦✱ ✷✵✵✼✮✳

✺✳✶✳✷✳ ❘❡❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s

❯♥❛ ✈❡③ q✉❡ ❞✐s♣♦♥❡♠♦s ❞❡ ❧♦s ❝r✐t❡r✐♦s ❜ás✐❝♦s ❞❡ ❆str♦♥♦♠í❛ ❖❜s❡r✈❛❝✐♦♥❛❧

❛♣❧✐❝❛❞♦s ❛ ♥✉❡str♦ ✐♥str✉♠❡♥t♦ ② ♣❛rt✐❝✉❧❛r✐③❛❞♦s ❛❧ ♠ét♦❞♦ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ②

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

r❡s✉❧t❛❞♦ ♥♦s ♣❡r♠✐t❛ ✓❝♦♥♦❝❡r✔ ❡❧ ♦❜❥❡t♦ ❞❡ ✐♥t❡rés ❞❡ ❧❛ ❢♦r♠❛ ♠ás r❡❛❧ ♣♦s✐❜❧❡✳

❙✐♥ ❡♠❜❛r❣♦✱ ❧❛ r❡❛❧✐❞❛❞ s✐❡♠♣r❡ s✉♣❡r❛ ❛ ❧❛ t❡♦rí❛ ②✱ ❝♦♠♦ s✐❡♠♣r❡✱ ❛♣❛r❡❝❡♥

❡❢❡❝t♦s q✉❡ ♥♦ s❡ ❝♦rr❡s♣♦♥❞❡♥ ❝♦♥ ❧♦ q✉❡ ❡s♣❡rá❜❛♠♦s✳ ▲❛s té❝♥✐❝❛s ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥

❝♦♥ s✐st❡♠❛s ❞❡ ❆❖ ♦ ❞❡ ✐♠❛❣❡♥ s❡❧❡❝t✐✈❛ ✭▲✉❝❦② ■♠❛❣✐♥❣✮ ❡♠♣❧❡❛♥ ❝r✐t❡r✐♦s ❞❡

❛♥á❧✐s✐s ② ❡✈❛❧✉❛❝✐ó♥ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥✳ ❨❛ ❤❛❜❧❛♠♦s ❡♥ ❧❛ s❡❝❝✐ó♥ ✷✳✺ ❞❡ ❧♦s

❝r✐t❡r✐♦s ♣❛r❛ s❡❧❡❝❝✐♦♥❛r ❧❛s ✐♠á❣❡♥❡s ② ❞❡❢❡♥❞í❛♠♦s q✉❡ ❡❧ ❝r✐t❡r✐♦ ❞❡❧ ♣í①❡❧ ♠á①✐♠♦

❡s ✉♥ ♠ét♦❞♦ ♠ás rá♣✐❞♦ ② ❡✜❝❛③✱ ②❛ q✉❡ ❧♦s ♠❛②♦r❡s ✈❛❧♦r❡s s❡ ❝♦rr❡s♣♦♥❞❡rá♥ ❝♦♥

r❡❧❛❝✐♦♥❡s ❞❡ ❙tr❡❤❧ ♠❡❥♦r❡s✱ ② ❝♦♠♦ ❧❛s ♣❡♦r❡s t❡♥❞rá♥ ❧♦s ♠❡♥♦r❡s ✈❛❧♦r❡s✱ s❡rá♥ ❧❛s

♣r✐♠❡r❛s ❡♥ s❡r ❞❡s❝❛rt❛❞❛s ❛ ❧❛ ❤♦r❛ ❞❡ s❡❧❡❝❝✐♦♥❛r ❧❛s ✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s✳

❊❧ ❛❧✐♥❡❛❞♦ ❞❡ ❧❛s ✐♠á❣❡♥❡s s❡ ❤❛❝❡✱ t❛♠❜✐é♥✱ t♦♠❛♥❞♦ ❡❧ ♣í①❡❧ ♠á①✐♠♦ ❡♥ ❧✉✲

❣❛r ❞❡❧ ❝❡♥tr♦✐❞❡✳ ❈❤r✐st♦✉✭✷✹✮ ✭✶✾✾✶✮ ❝♦♠♣❛r❛❜❛ ❡❧ ✉s♦ ❞❡❧ ♣í①❡❧ ♠á①✐♠♦ ❢r❡♥t❡ ❛❧

❝❡♥tr♦✐❞❡ ♣❛r❛ r❡❝❡♥tr❛❞♦ ❞❡ ✐♠á❣❡♥❡s ❡♥ ◆■❘ ✉s❛♥❞♦ ❧❛ té❝♥✐❝❛ s❤✐❢t ❛♥❞ ❛❞❞ ✭❞❡s✲



✺✳✶✳ ❘❡s✉❧t❛❞♦s ❚é❝♥✐❝♦s ✶✺✾

♣❧❛③❛r ② s✉♠❛r✮✳ ❊st❡ tr❛❜❛❥♦ ♠✉❡str❛ ♠❡❥♦r❡s r❡s✉❧t❛❞♦s ♣❛r❛ ❡❧ ✉s♦ ❞❡❧ ♣í①❡❧ ♠ás

❜r✐❧❧❛♥t❡✱ s♦❜r❡ t♦❞♦ ❝✉❛♥❞♦ ❡❧ s❡❡✐♥❣ ♥♦ ❡s ♠✉② ❜✉❡♥♦✳ Pér❡③✲Pr✐❡t♦✭PP✵✼✮ ✭✷✵✵✼✮

❤❛❝❡ ✉♥ ❡st✉❞✐♦ ♣❛r❛ ♥✉❡str♦ ♣r♦②❡❝t♦ ✉s❛♥❞♦ ✐♠á❣❡♥❡s ❡♥ ❜❛♥❞❛ ■ ❝♦♥ ❡①♣♦s✐❝✐♦♥❡s

❞❡ 5♠s ❞♦♥❞❡ ❡♥❝✉❡♥tr❛ ✉♥❛ ❞✐❢❡r❡♥❝✐❛ tí♣✐❝❛ ❞❡ 0′3
′′− 0′4

′′ ❡♥tr❡ ❛♠❜♦s ♣✉♥t♦s✱ q✉❡

❞✐s♠✐♥✉②❡ ❝♦♥ ❧❛ s✐♠❡trí❛ ❞❡ ❧❛ ♠❛♥❝❤❛ ❞❡ s❡❡✐♥❣ ② ❛✉♠❡♥t❛ ❝✉❛♥❞♦ ést❛ ❛♣❛r❡❝❡

♠✉② ❡s♣❛r❝✐❞❛✳

P♦r ♦tr♦ ❧❛❞♦✱ ❡❧ ✉s♦ ❞❡ ✉♥ ♣í①❡❧ ú♥✐❝♦ ♣❛r❛ ❡❧ ❛❧✐♥❡❛❞♦ ❞❡ t♦❞❛ ❧❛ ✐♠❛❣❡♥

t❛♠❜✐é♥ ❣❡♥❡r❛ ♦✱ ♠❡❥♦r ❞✐❝❤♦✱ ❣❡♥❡ró ♣r♦❜❧❡♠❛s✱ ②❛ q✉❡ ♥♦ ❡r❛ ✉♥ ❡❢❡❝t♦ q✉❡

s❡ ❤✉❜✐❡r❛ t❡♥✐❞♦ ❡♥ ❝✉❡♥t❛✳ ❘❡s✉❧tó q✉❡✱ ♣❛r❛ s✐st❡♠❛s ❜✐♥❛r✐♦s s✉✜❝✐❡♥t❡♠❡♥t❡

♣ró①✐♠♦s ✭< 1′5”✮ ② ❞❡ ♠❛❣♥✐t✉❞ s✐♠✐❧❛r✱ ❡❧ ♣í①❡❧ ♠ás ❜r✐❧❧❛♥t❡ ♣✉❡❞❡ ❛♣❛r❡❝❡r

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

✉♥❛ ✐♠❛❣❡♥ tr✐♣❧❡✱ t❛❧ ② ❝♦♠♦ s❡ ✈❡ ❡♥ ❧❛ ✜❣✉r❛ ✹✳✾✳

▲❛ r❡❞✉❝❝✐ó♥ ❞❡ ✐♠á❣❡♥❡s s❡ r❡❛❧✐③❛ r❡st❛♥❞♦ ❧❛ ✐♠❛❣❡♥ ♣r♦♠❡❞✐♦ ❞❡ ❜✐❛s ②✱ s✐ ❡s

✈❛❧♦r❛❜❧❡✱ ❧❛ ❞❡ ♦s❝✉r✐❞❛❞ ② ❞✐✈✐❞✐❡♥❞♦ ♣♦r ❧♦s ✢❛ts ❡q✉✐✈❛❧❡♥t❡s ♥♦r♠❛❧✐③❛❞♦s✳ ❊♥

❣❡♥❡r❛❧✱ ❝♦♠♦ ✈✐♠♦s✱ ❡❧ ♣r♦♠❡❞✐♦ ❞❡ ❝✉❜♦s ❞❡ ✺✵✵ ❛ ✶✵✵✵ ✐♠á❣❡♥❡s ❞❡ ❜✐❛s ② ✢❛ts

❡s s✉✜❝✐❡♥t❡ ♣❛r❛ ❤♦♠♦❣❡♥❡✐③❛r ❧❛ ❞❡s✈✐❛❝✐ó♥ ❡stá♥❞❛r ② s❡ ❛♣❧✐❝❛ ❛ ❝❛❞❛ ✐♠❛❣❡♥

✐♥❞✐✈✐❞✉❛❧✱ ❞❡❜✐❞♦ ❛❧ ♣❡r✜❧ q✉❡ ♣r❡s❡♥t❛♥ ❧❛s ✐♠á❣❡♥❡s ❞❡ ✢❛t✜❡❧❞ ✭❙❡❝✳ ✺✳✶✳✶✮✳

❉✉r❛♥t❡ ❧❛s ♣r✐♠❡r❛s ❝❛♠♣❛ñ❛s s❡ ❤✐❝✐❡r♦♥ ♣♦❝❛s s❡r✐❡s ❞❡ ❝♦rr✐❡♥t❡ ❞❡ ♦s❝✉r✐❞❛❞

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

q✉❡ t❡♥❡r❧❛ ❡♥ ❝✉❡♥t❛✱ ✐♥❝❧✉s♦ ❝✉❛♥❞♦ s❡ ✐♥st❛✉ró ❡❧ ✉s♦ ❞❡ r❡❢r✐❣❡r❛❝✐ó♥ ❢♦r③❛❞❛ q✉❡

t♦❞❛✈í❛ ❜❛❥ó ♠ás ❧❛s ❝✉❡♥t❛s✱ ②❛ q✉❡ ❡❧ ♥♦ ❤❛❝❡r❧♦ ❛sí ✐♥❞✉❝❡ ✉♥ ❢♦♥❞♦ q✉❡ r❡s✉❧t❛

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

♣♦r ❡❢❡❝t♦s ❞❡ ✐❧✉♠✐♥❛❝✐ó♥ r❡✢❡❥❛ ❞❡♥tr♦ ❞❡❧ ❝❛♠♣♦ q✉❡ ❧❛ ❛♠♣❧✐✜❝❛❝✐ó♥✱ ❥✉♥t♦ ❝♦♥ ❡❧

❡❢❡❝t♦ ❞❡ ❝❡♥tr❛❞♦ ② ❛❝ú♠✉❧♦✱ r❡s❛❧t❛♥✳

❯♥❛ ❞❡ ❧❛s ❛❣r❛❞❛❜❧❡s s♦r♣r❡s❛s q✉❡ ♥♦s ❞❡♣❛ró ❡❧ ♣r♦❝❡s❛❞♦ ❞❡ ❞❛t♦s ❢✉❡ q✉❡ ♥♦

♣❛r❡❝❡ ❡①✐st✐r ✉♥ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦ ❡♥ ♥✉❡str❛s ✐♠á❣❡♥❡s✳ ❊♥ ✐♠á❣❡♥❡s ❝♦♥ ❝❛♠♣♦s

❛♠♣❧✐♦s ♦ ❝♦♥ s✉✜❝✐❡♥t❡s ❡str❡❧❧❛s ❡❧ ✉s♦ ❞❡ ✉♥❛ s♦❧❛ ❡str❡❧❧❛ ❜❛st❛ ♣❛r❛ ❝♦rr❡❣✐r ❡❧

❝❛♠♣♦ ❡♥t❡r♦ ❞❡ ♠ás ❞❡ 7′′ q✉❡ ♣r❡❞✐❝❡ ❧❛ t❡♦rí❛ ♣❛r❛ ✉♥ ❜✉❡♥ s❡❡✐♥❣ ✳ ❊❧ s✐st❡♠❛

❞❡♠✉❡str❛✱ ✐♥❝❧✉s♦ ❝♦♥ ❝♦♥❞✐❝✐♦♥❡s ❞✉r❛s ❞❡ s❡❡✐♥❣ ✱ q✉❡ ❡s ❝❛♣❛③ ❞❡ ❝♦rr❡❣✐r ❧❛s

♣❡rt✉r❜❛❝✐♦♥❡s ❛t♠♦s❢ér✐❝❛s ② ❛❧❝❛♥③❛r ❡❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥✳ ❊♥ ♠✉❝❤❛s ❞❡ ❧❛s

♣r✐♠❡r❛s ♥♦❝❤❡s ❞❡ ❝❛♠♣❛ñ❛s ❡♥ ❡❧ ❚❡❧❡s❝♦♣✐♦ ❈❛r❧♦s ❙á♥❝❤❡③ ❡❧ s❡❡✐♥❣ ❡st✉✈♦ ❛

2 ❛r❝s❡❝✱ ❡ ✐♥❝❧✉s♦ s❡ ❧❧❡❣❛r♦♥ ❛ t♦♠❛r ② r❡❞✉❝✐r ✐♠á❣❡♥❡s ❡♥ ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❤❛st❛

4 ❛r❝s❡❝ ❞❡ s❡❡✐♥❣ ❡❧ ✷✶ ❞❡ ❛❜r✐❧ ❞❡ ✷✵✵✼✳

◆♦ t❡♥❡♠♦s t♦❞❛✈í❛ ✉♥❛ r❡s♣✉❡st❛ ❝❧❛r❛ ♣❛r❛ ❡st❡ ❡❢❡❝t♦✳ ❯♥❛ ❞❡ ❧❛s t❡♦rí❛s ♠❛✲

♥❡❥❛❞❛s ❛♣✉♥t❛ ❛ ❧❛ ❡st❛❜✐❧✐❞❛❞ ❞❡ ❧❛s ❛❧t❛s ❝❛♣❛s ❡♥ ❧♦s ♦❜s❡r✈❛t♦r✐♦s ❞❡ ❈❛♥❛r✐❛s✱



✶✻✵ ✺✳ ❊❧ r❡s✉❧t❛❞♦

❋✐❣✉r❛ ✺✳✹✿ ■♠❛❣❡♥ ❞❡ ❧❛ ❜✐♥❛r✐❛ ③✲❇♦♦t❡s ❛❞q✉✐r✐❞❛ ❞✉r❛♥t❡ ❧❛ ♥♦❝❤❡ ❞❡ ♣r✐♠❡r❛ ❧✉③ ❡❧ ✶✼
❞❡ ♠❛②♦ ❞❡ ✷✵✵✻ ❝♦♥ ❋❛st❈❛♠ ❡♥ ❡❧ ❚❈❙✳ P♦❞❡♠♦s ✈❡r ❧❛ ♣r✐♠❡r❛ ✈❡rs✐ó♥ ❞❡❧ ♣r♦❣r❛♠❛ ❞❡
♣r♦❝❡s❛❞♦ ❢❛st❝❛♠✱ ❝✉❛♥❞♦ ✉♥♦s ❞í❛s ❞❡s♣✉és✱ r❡✈✐sá❜❛♠♦s ❧♦s ❞❛t♦s ❞❡ ✉♥❛ ❞❡ ❧❛s ✐♠á❣❡♥❡s
❞❡ ✉♥ ❝✉❜♦ ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ ❛ ❧❛ ✐③q✉✐❡r❞❛ ② ❧❛ ✐♠❛❣❡♥ ♣r♦❝❡s❛❞❛ ❞❡❧ ❝✉❜♦ ❛ ❧❛ ❞❡r❡❝❤❛✳ ▲❛
✐♠❛❣❡♥ s✐♥ ♣r♦❝❡s❛r ♠✉❡str❛ ❧❛ ❡str❡❧❧❛ ♠❛r❝❛❞❛ ❝♦♠♦ r❡❢❡r❡♥❝✐❛ ♣❛r❛ ❡✈✐t❛r ❡❧ ❡❢❡❝t♦ ❞❡
❡str❡❧❧❛ tr✐♣❧❡✳

②❛ q✉❡ ❡stá♥ ❡♥ ♠❡❞✐♦ ❞❡❧ ♠❛r✱ ❞♦♥❞❡✱ ❡♥ ❛❧t✉r❛✱ ❧❛ ❛t♠ós❢❡r❛ s❡rá ♠ás ❧❛♠✐♥❛r q✉❡

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

❊❧ s❡❡✐♥❣ tí♣✐❝♦ ❞❡ ❧❛s ❝❛♠♣❛ñ❛s ❞❡ ❋❛st❈❛♠ ❡♥ ❚❈❙ r♦♥❞❛ ❧♦s 1′5
′′✱ ❧♦ ❝✉❛❧ ♣❡r✲

♠✐t❡ r❡❝❡♥tr❛r ❡str❡❧❧❛s ❝♦♥ ♠❛❣♥✐t✉❞ ■❂12 ∼ 13✱ s✐ ❜✐❡♥ ❜❛❥❛ ❛ 10 ∼ 11 s✐ ést❡ s✉❜❡

❛ 2′5
′′✳ ❈✉❛♥❞♦ ❡❧ s❡❡✐♥❣ ❡s ♠❡❥♦r ❧❛ ❧✐♠✐t❛❝✐ó♥ ❡s ❢♦t♦♠étr✐❝❛✱ ②❛ q✉❡ ❡❧ s❡❣✉✐♠✐❡♥t♦

❞❡❧ t❡❧❡s❝♦♣✐♦ ♥♦ ♣❡r♠✐t❡ ♠❛♥t❡♥❡r ❧❛s ❡str❡❧❧❛s ♠ás ❞é❜✐❧❡s ❡♥ ❝❛♠♣♦ s✉✜❝✐❡♥t❡♠❡♥✲

t❡ ❡st❛❜❧❡s ❝♦♠♦ ♣❛r❛ ❤❛❝❡r ✉♥❛ ❛❞q✉✐s✐❝✐ó♥ s✉✜❝✐❡♥t❡♠❡♥t❡ ❧❛r❣❛✳ ❊s♣❡r❛♠♦s✱ ♥♦

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

q✉✐s✐❝✐ó♥ ♠❡❥♦r❡ ❡st♦ ✉♥ ♣♦❝♦✱ ❛❧ t❡♥❡r ❛❧❣♦ ♠ás ❞❡ ❧✉③ ② ♠❛♥❡❥❛r ❡❧ ❣✉✐❛❞♦ ❝♦♠♦

♣❛rt❡ ❞❡❧ r❡❝❡♥tr❛❞♦✳

❊♥ ❝✉❛♥t♦ ❛ ❝❛♣❛❝✐❞❛❞❡s✱ ♥♦ ❝❛❜❡ ❞✉❞❛ ❞❡ q✉❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ s❡❝✉❡♥❝✐❛❞❛✱ ❡s



✺✳✶✳ ❘❡s✉❧t❛❞♦s ❚é❝♥✐❝♦s ✶✻✶

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

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

✐♥t❡❣r❛❝✐ó♥ ❝♦♥t✐♥✉❛ ❤❛❜✐t✉❛❧✳ ❯♥ ❡❥❡♠♣❧♦ ❞❡ ❡st♦ ❧♦ t❡♥❡♠♦s ❡♥ ❧❛ ✜❣✳ ✺✳✺✭❛✮ ❡♥

❞♦♥❞❡✱ s✐ s❡❧❡❝❝✐♦♥❛♠♦s ♠✉② ♣♦❝❛s ✐♠á❣❡♥❡s✱ ♣♦❞❡♠♦s ✈❡r ❧❛ ❜✐♥❛r✐❛ ♣ró①✐♠❛ q✉❡

♣❛r❛ ✉♥❛ ✐♥t❡❣r❛❝✐ó♥ ♠❛②♦r✱ ❝❛♣❛③ ❞❡ ✈❡r ❧❛ t❡r❝❡r❛ ❝♦♠♣❛ñ❡r❛✱ ♠♦str❛rí❛ s❛t✉r❛❞❛✳

❖tr❛ té❝♥✐❝❛ ♣❛r❛ ♣♦❞❡r ✈❡r ✉♥❛ ❣r❛♥ ❞✐❢❡r❡♥❝✐❛ ❞❡ ♠❛❣♥✐t✉❞❡s ❡s ✉s❛r ✉♥❛ ❡s❝❛❧❛

❧♦❣❛rít♠✐❝❛✱ ♣❡r♦ ❡❧❧♦ ❡s ✈á❧✐❞♦ só❧♦ ❝✉❛♥❞♦ ❡❧ r❡❝❡♥tr❛❞♦ ♥♦ ❡♠❜♦rr♦♥❛ ❧❛ ✐♠❛❣❡♥✱

❝♦♠♦ ❡♥ ❡❧ ❝❛s♦ ❞❡❧ s✐st❡♠❛ tr✐♣❧❡ ❍❉ ✹✻✶✺✵ q✉❡ s❡ ✈❡ ❡♥ ❧❛ ✜❣✉r❛ ✺✳✺✭❜✮✱ ❞♦♥❞❡ ❧❛

❡str❡❧❧❛ ♠ás ❜r✐❧❧❛♥t❡ ❞❛ ♠ás ❞❡ 12 000 ❝✉❡♥t❛s ❢r❡♥t❡ ❛ ❧❛s ❝♦♠♣❛ñ❡r❛s q✉❡ t✐❡♥❡♥

✾✼✵ ② ✷✼✵✱ s♦❜r❡ ✉♥ ❢♦♥❞♦ ❝♦♥ ✹✺ ❝✉❡♥t❛s✳

✭❛✮ ❊str❡❧❧❛ tr✐♣❧❡ ❡♥ σ−❖r✐♦♥✐s✳ ✭❜✮ ❊str❡❧❧❛ tr✐♣❧❡ ❍❉ ✹✻✶✺✵✳

❋✐❣✉r❛ ✺✳✺✿ ■♠á❣❡♥❡s ♠♦str❛♥❞♦ ❞♦s té❝♥✐❝❛s ❞❡ ✈✐s✉❛❧✐③❛❝✐ó♥ ❞❡ ❡str❡❧❧❛s tr✐♣❧❡s ❛ ♣❛rt✐r
❞❡ ❋❛st❈❛♠ ❞♦♥❞❡ ❧❛s ♠❛❣♥✐t✉❞❡s s♦♥ ♠✉② ❞✐❢❡r❡♥t❡s✳

❯♥ ❢❡♥ó♠❡♥♦ ❤❛❜✐t✉❛❧ ❡♥ ✐♠á❣❡♥❡s ❛str♦♥ó♠✐❝❛s ❡s ❧❛ ❛♣❛r✐❝✐ó♥ ❞❡ ✓♣í①❡❧❡s ❝❛✲

❧✐❡♥t❡s✔✱ q✉❡ s❡ ❞❡❜❡♥ ❛ r❛②♦s ❝ós♠✐❝♦s ♦ ❛ ❛❧❣ú♥ ❡❢❡❝t♦ tr❛♥s✐t♦r✐♦ ❞❡❧ ❞❡t❡❝t♦r✳ ❊♥

♦❝❛s✐♦♥❡s✱ ❝✉❛♥❞♦ ❡st♦s ❤❛♥ ❛♣❛r❡❝✐❞♦ ❝♦♥ s❡ñ❛❧ ♠✉② s✉♣❡r✐♦r ❛❧ ♣í①❡❧ ♠ás ❜r✐❧❧❛♥t❡

❞❡ ❧❛ ❡str❡❧❧❛✱ s✉ ❡❢❡❝t♦ ❞❡s❛♣❛r❡❝❡ ❛❧ ♣r♦♠❡❞✐❛r ♠ás ❞❡ ✉♥ 5% ❡♥ ✉♥ ❝✉❜♦ ❞❡ ♠✉❝❤❛s

✐♠á❣❡♥❡s ✭∼12 000✮✳ P❡r♦✱ ❝✉❛♥❞♦ ♦❝✉rrí❛ ❡♥ ❝✉❜♦s ❝♦rt♦s ✭∼4000✮ ② ♣r♦♠❡❞✐❛♠♦s

✉♥ 1%✱ ❧♦s ♣í①❡❧❡s ❝❛❧✐❡♥t❡s s❡ ❛♣r❡❝✐❛♥ ② r❡❝✉rrí❛♠♦s ❛ ❡❧✐♠✐♥❛r ❧❛ ✐♠❛❣❡♥ ❡s♣❡❝í✜❝❛✳

▲♦s t✐❡♠♣♦s ❞❡ ❡①♣♦s✐❝✐ó♥✱ ❧❛s ❣❛♥❛♥❝✐❛s ❞❡ ♠✉❧t✐♣❧✐❝❛❝✐ó♥ ❞❡ ❡❧❡❝tr♦♥❡s ✭❊▼✮ ②

❞❡ ❛♠♣❧✐✜❝❛❝✐ó♥ ❞❡ s❡ñ❛❧ ✭●✮✱ ❧♦s ❛❥✉st❡s ❞❡ ♣❡r✜❧❡s✱ ❡❧ ❧í♠✐t❡ ❞❡ ❞❡t❡❝❝✐ó♥ ❞❡ ❢✉❡♥t❡s✱

❡❧ ♣r♦♣✐♦ s❡❡✐♥❣ ❡♥ ❝❛❞❛ ♦❜s❡r✈❛❝✐ó♥✳ ❚♦❞♦s ❡st♦s s♦♥ ❢❛❝t♦r❡s q✉❡ ❧♦s ❛stró♥♦♠♦s ❤❛♥



✶✻✷ ✺✳ ❊❧ r❡s✉❧t❛❞♦

✐❞♦ ❛♣r❡♥❞✐❡♥❞♦ ❛ ❛❥✉st❛r s❡❣ú♥ s❡ ❤❛♥ ✐❞♦ ♦❜t❡♥✐❡♥❞♦ ❝❛❞❛ ✈❡③ ♠ás r❡s✉❧t❛❞♦s✳ ❊st♦✱

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

♦❝❛s✐♦♥❡s ❞❡❧ t✐♣♦ ❞❡ tr❛❜❛❥♦✱ ❤❛♥ ♣❡r♠✐t✐❞♦ ❛✜♥❛r ♥♦ só❧♦ ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❝♦♥tr♦❧ ②

❛❞q✉✐s✐❝✐ó♥ ❞❡ ❞❛t♦s s✐♥♦ ❧❛s té❝♥✐❝❛s ❞❡ ♦❜s❡r✈❛❝✐ó♥ ❝♦♥ ❧❛ ❝♦♥s❡❝✉❡♥t❡ ♠❡❥♦r❛ ❞❡

❧♦s r❡s✉❧t❛❞♦s✳

✺✳✶✳✸✳ ■♥t❡r♣r❡t❛❝✐ó♥

▲❛ ✐♥t❡r♣r❡t❛❝✐ó♥ ❞❡ ❧♦s r❡s✉❧t❛❞♦s té❝♥✐❝♦s ❞❡ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❋❛st❈❛♠ ❧❛

♣♦❞❡♠♦s ❝♦♥s✐❞❡r❛r ❝♦♠♦ ❛❧t❛♠❡♥t❡ s❛t✐s❢❛❝t♦r✐❛✱ ♥♦ só❧♦ ♣♦rq✉❡ ❤❡♠♦s s❛❜✐❞♦ ✐♥✲

t❡r♣r❡t❛r ❧❛ ❣r❛♥ ♠❛②♦rí❛ ❞❡ ❡❧❧♦s ②✱ ❛ ♣❛rt✐r ❞❡ ❛❤í✱ ♠❡❥♦r❛r ❡❧ ♣r♦❝❡s♦ ❞❡ r❡❞✉❝❝✐ó♥

❞❡ ❧♦s ❞❛t♦s✱ s✐♥♦ ♣♦rq✉❡ ❝♦♥ ❡❧ t✐❡♠♣♦ ② ♥✉❡✈♦s ❞❡t❡❝t♦r❡s✱ ♠ás r❡s♦❧✉t✐✈♦s ② ❝♦♥

♠ás ❝❛♠♣♦✱ ❤❡♠♦s ❝♦♠♣r♦❜❛❞♦ q✉❡ ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡❧ s✐st❡♠❛ ❡s ✐♠♣❡❝❛❜❧❡✳ ❊♥

❚❈❙✱ ❡❧ s✐st❡♠❛ ✜♥❛❧ ❢✉♥❝✐♦♥❛ ❞❡ ♠♦❞♦ ❤❛❜✐t✉❛❧ ❝♦♠♦ ✐♥str✉♠❡♥t♦ ❞❡ ✉s♦ ❝♦♠ú♥✱

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

s❡❡✐♥❣ q✉❡ ❝♦♥ ♦tr❛s té❝♥✐❝❛s ♥✐ s✐q✉✐❡r❛ s❡ ♣❧❛♥t❡❛rí❛ ♦❜s❡r✈❛r✳ ❊stá ❝❧❛r♦ q✉❡ ❧❛

té❝♥✐❝❛ ❜❛s❡ ❞❡ ❛♣✐❧❛❞♦ ② ❛❝✉♠✉❧❛❝✐ó♥ ❢✉♥❝✐♦♥❛✱ ② ❝♦♥ ❡❧ ❛❧❣♦r✐t♠♦ ❞❡ s❡❧❡❝❝✐ó♥ q✉❡

✐♥❝♦r♣♦r❛ ❡❧ ♣r♦❣r❛♠❛ ❢❛st❝❛♠ ❡s ✉♥ ✐♥str✉♠❡♥t♦ ❞❡ ❣r❛♥ ✜❛❜✐❧✐❞❛❞ ② ❝❛♣❛❝✐❞❛❞❡s✳

❨✱ ❛ ♣❡s❛r ❞❡ ❧♦ q✉❡ ♣r❡❞✐❝❡ ❧❛ t❡♦rí❛✱ ❡❧ ❝❛♠♣♦ ❝♦rr❡❣✐❞♦ ❡s ❝♦♠♣❧❡t♦✱ ✐♥❝❧✉s♦ ❡♥ ❡❧

r❛♥❣♦ ❞❡ ❧♦s 20 ❛r❝s❡❝ ❞❡ ❝❛♠♣♦ ❝♦♥ ❡❧ ❞❡t❡❝t♦r ❞❡ 512×512 ♣✐①✳

◗✉❡❞❛♥✱ ❡s ❝✐❡rt♦✱ ♣✉♥t♦s ♣♦r ♠❡❥♦r❛r ♦ ❛♣r❡♥❞❡r ❛ ❛♣r♦✈❡❝❤❛r ❝♦♠♦✱ ♣♦r ❡❥❡♠♣❧♦✱

❡❧ ❢♦♥❞♦ ❧♦❝❛❧ ❞❡❜✐❞♦ ❛ ❧❛ ❛❝✉♠✉❧❛❝✐ó♥ ❞❡❧ ❛♣✐❧❛❞♦ ❞❡❧ ❝♦♥t♦r♥♦ ❞❡❧ s♣❡❝❦❧❡ ♠á①✐♠♦✳

❖ ❧❛ ♠❛❣♥✐t✉❞ ❧í♠✐t❡ ❛❧❝❛♥③❛❜❧❡ ❞❡❜✐❞♦ ❛ ❧♦s ♣r♦❜❧❡♠❛s ❞❡ s❡❣✉✐♠✐❡♥t♦ ❞❡❧ t❡❧❡s❝♦♣✐♦

❚❈❙ ♦ ❞❡❧ ✜❧tr❛❞♦ ❞❡❧ ❞❡rr♦t❛❞♦r ❡♥ ❜❛♥❞❛s r♦❥❛s ❞❡❧ ❲❍❚✳ ❨ ❡s t❛♠❜✐é♥ ✉♥ r❡t♦

❞❡ ❧❛ r❡❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s ❧❛ ✉t✐❧✐③❛❝✐ó♥ ❞❡ ❡st♦s ♣❛r❛ t❡♥❡r ✜❛❜✐❧✐❞❛❞ ❢♦t♦♠étr✐❝❛ ❞❡

❧❛s ✐♠á❣❡♥❡s ✜♥❛❧❡s✳

❊❧ tr❛❜❛❥♦ ❝♦♥ ✉♥ ♥✉❡✈♦ ✐♥str✉♠❡♥t♦ ② ✉♥❛ té❝♥✐❝❛ ❝❛s✐ r❡✈♦❧✉❝✐♦♥❛r✐❛✱ ❝♦♠♦ ❡s

♥✉❡str♦ ❝❛s♦✱ ❝♦♥s✐st❡ ❡♥ ✉♥ ♣r♦❝❡s♦ ❞❡ ❛♣r❡♥❞✐③❛❥❡ ❡♥ ❡❧ q✉❡ ♥❡❝❡s✐t❛♠♦s ✉♥❛ ❛♠♣❧✐❛

❡st❛❞íst✐❝❛ ② ❝❛s♦s ❛♣r♦♣✐❛❞♦s✳ ❈♦♥ ❡❧ t✐❡♠♣♦ t❡♥❞r❡♠♦s ♥✉❡✈♦s ② ♠❡❥♦r❡s ❞❡t❡❝t♦r❡s

② t❛♠❜✐é♥ ♣♦❞r❡♠♦s ✐r tr❛❜❛❥❛♥❞♦ ❝♦♥ ❡str❡❧❧❛s ❝❛❧✐❜r❛❞❛s ❢♦t♦♠étr✐❝❛s✳ ❊♥ ❛❧❣ú♥

♠♦♠❡♥t♦ ❡❧ ❝♦♥tr♦❧ ❞❡ s❡❣✉✐♠✐❡♥t♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ♣❛s❛rá ❛ ❤❛❝❡rs❡ ❝♦♥ ❧❛ ♣r♦♣✐❛

❡str❡❧❧❛ ❞❡ r❡❝❡♥tr❛❞♦ ② ♣♦❞r❡♠♦s ❞❡t❡r♠✐♥❛r ❧❛ ❡st❛❞íst✐❝❛ ❞❡❧ ❢♦♥❞♦ ❝♦♠♣❛r❛♥❞♦

❞✐st✐♥t❛s ❡str❡❧❧❛s✳ ◗✉✐③ás ❛②✉❞❡ ❛ ❝❛r❛❝t❡r✐③❛r ❡❧ s❡❡✐♥❣ ✱ ♣❡r♦ s❛❜r❡♠♦s ❧❛ ✐♥✢✉❡♥❝✐❛

❞❡❧ ❢♦♥❞♦ ❡♥ ❧❛ ✜♥✉r❛ r❡s♦❧✉t✐✈❛ ❡♥ ❢✉♥❝✐ó♥ ❞❡❧ ♥ú♠❡r♦ ❞❡ ✐♠á❣❡♥❡s ② ♣♦❞❡r ❝❛❧✐❜r❛r

❛sí ❧♦s ❞❛t♦s ❝♦♠♦ ✐♥❢♦r♠❛❝✐ó♥ ❢♦t♦♠étr✐❝❛✳

❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ♥♦ ♥♦s ❝❛❜❡ ❞✉❞❛ ❞❡ q✉❡ ❋❛st❈❛♠ ❡s ✉♥ ♣r✐♠❡r ♣❛s♦ ♥♦ só❧♦

♣❛r❛ ❛❧❝❛♥③❛r ❡❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❡♥ t✐❡rr❛ ② ✉♥❛ ♥✉❡✈❛ ❢♦r♠❛ ❞❡ ♦❜t❡♥❡r ✐♥❢♦r✲



✺✳✷✳ ❘❡s✉❧t❛❞♦s ❈✐❡♥tí✜❝♦s ✶✻✸

♠❛❝✐ó♥ ❡st❡❧❛r❀ t❛♠❜✐é♥ ❛❜r❡ ✉♥❛ ♥✉❡✈❛ ❢♦r♠❛ ❞❡ ♦❜t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥ ❛t♠♦s❢ér✐❝❛ ②

♣❛r❛♠❡tr✐③❛r ❡❧ s❡❡✐♥❣ ❝♦♠♦ ❢✉♥❝✐ó♥ ❞❡❧ ❝♦♥t♦r♥♦ ❞❡ ✉♥❛ ♠❛♥❝❤❛ ❞❡ s♣❡❝❦❧❡✳

✺✳✷✳ ❘❡s✉❧t❛❞♦s ❈✐❡♥tí✜❝♦s

❍❛② ✉♥❛ s❡r✐❡ ❞❡ r❡s✉❧t❛❞♦s ❝✐❡♥tí✜❝♦s ② ❞❡ í♥❞♦❧❡ ❛str♦♥ó♠✐❝❛ q✉❡ s❡ ❤❛♥ ✐❞♦

♦❜t❡♥✐❡♥❞♦ ❡♥ ❡❧ tr❛♥s❝✉rs♦ ❞❡ ❧❛s ❞✐✈❡rs❛s ❝❛♠♣❛ñ❛s ❞❡ ❞❡s❛rr♦❧❧♦ ② ♣r✉❡❜❛s ❞❡

❋❛st❈❛♠ ❡♥ ❧♦s ❞✐st✐♥t♦s t❡❧❡s❝♦♣✐♦s✳ ❉❡ ✐❣✉❛❧ ♠♦❞♦✱ ❤❛② ✉♥ ❣r❛♥ ♥ú♠❡r♦ ❞❡ ❣r✉♣♦s ❞❡

✐♥✈❡st✐❣❛❝✐ó♥ ② ♣r♦♣✉❡st❛s ❞❡ ♦❜s❡r✈❛❝✐ó♥ q✉❡ ❡stá♥ ❡①♣❧♦t❛♥❞♦ ❧❛s ❝❛♣❛❝✐❞❛❞❡s q✉❡

♦❢r❡❝❡ ❋❛st❈❛♠ ❞❡ ♠♦❞♦ ❞✐r❡❝t♦ ❝♦♠♦ ✐♥str✉♠❡♥t♦✳ ◆♦ ✈❛♠♦s ❛ ❡♥tr❛r ❡♥ ♣r♦❢✉♥❞✐❞❛❞

❡♥ ❡st♦s ♣r♦②❡❝t♦s✱ ②❛ q✉❡ ♠✉❝❤♦s ❞❡ ❡❧❧♦s ❡stá♥ ❡♥ ♣❧❡♥♦ ❞❡s❛rr♦❧❧♦✱ ❡ ✐♠♣❧✐❝❛♥ ❡♥

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

P♦r ❡❧❧♦✱ ♠❡♥❝✐♦♥❛ré ② ♠♦str❛ré s♦❧❛♠❡♥t❡ ❡❥❡♠♣❧♦s ❞❡ ❛❧❣✉♥♦s ❞❡ ❧♦s r❡s✉❧t❛❞♦s

✐♥✐❝✐❛❧❡s q✉❡ ❢✉✐♠♦s ♦❜t❡♥✐❡♥❞♦ ❝♦♥ ❋❛st❈❛♠ ❡♥ ❧❛s ♣r✐♠❡r❛s ❡t❛♣❛s ❞❡ ❞❡s❛rr♦❧❧♦ ②

❧♦ ♠ás r❡❧❡✈❛♥t❡ s✉r❣✐❞♦ ❞✉r❛♥t❡ ❧❛s ♣r✐♠❡r❛s ♣r✉❡❜❛s ❡♥ ✐t✐♥❡r❛♥❝✐❛ ② ❧❛s ❞✐✈❡rs❛s

❛❞❛♣t❛❝✐♦♥❡s ❞❡ ❋❛st❈❛♠✳

✺✳✷✳✶✳ Pr♦t♦t✐♣♦ ❋❛st❈❛♠

❋✉❡ ✉♥ é①✐t♦ ❛ ♣❡s❛r ❞❡ q✉❡✱ ❧❛ ♣r✐♠❡r❛ ♥♦❝❤❡✱ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦✱ t❡♥í❛♠♦s ✉♥ ✈❡r❞❛✲

❞❡r♦ ❝❛♦s✳ ◆✐♥❣✉♥♦ ❡stá❜❛♠♦s ♠✉② s❡❣✉r♦s s♦❜r❡ ❝ó♠♦ ❡♠♣❡③❛r ❛ ✉t✐❧✐③❛r ❡❧ s✐st❡♠❛✳

❊❧ ♣r♦❣r❛♠❛ ❞✐s❡ñ❛❞♦ ♣♦r ❡❧ s✉♠✐str❛❞♦r ❞❡❧ ❞❡t❡❝t♦r ♥♦ ❡s ❞❡♠❛s✐❛❞♦ ❛♠✐❣❛❜❧❡ ♣❛r❛

❧❛s ❧❛❜♦r❡s ❞❡ ❡♥❢♦q✉❡✱ ♣r✉❡❜❛s ❞❡ r✉✐❞♦✱ ❢♦♥❞♦ ② ❞❡♠ás t❛r❡❛s ❞❡ ♣r❡♣❛r❛❝✐ó♥ ② ❡st✉✲

❞✐♦ ❞❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡❧ s✐st❡♠❛ ❡♥ t❡❧❡s❝♦♣✐♦✳ ▲❛s ♣r✐♠❡r❛s ❤♦r❛s s❡ s✉❝❡❞í❛♥ ❧♦s

♣r♦❜❧❡♠❛s✿ q✉❡ s✐ ❧❛ ❡①♣♦s✐❝✐ó♥ ❡s ❜❛❥❛✱ ❧❛ ❣❛♥❛♥❝✐❛ s❛t✉r❛ rá♣✐❞♦✱ ❧❛ ♠✉❧t✐♣❧✐❝❛❝✐ó♥

❞❡ ❡❧❡❝tr♦♥❡s ♥♦s ❧✐♠✐t❛ ❧❛ ✈❡❧♦❝✐❞❛❞✱ ♣♦r ❞❡❜❛❥♦✱ ❡t❝✳ ❆❞❡♠ás✱ t❡♥í❛♠♦s ✉♥ s❡❡✐♥❣

❞❡ ∼2′5
′′✱ ② ❡❧ ❞❡t❡❝t♦r ❞❡ 128×128 ♣✐① ♥♦ ❞❛❜❛ ♠✉❝❤♦ ♠❛r❣❡♥ ♣❛r❛ ✈❡r ② ❡st❛❜✐❧✐③❛r

❧❛ ✐♠❛❣❡♥ ❞❡♥tr♦ ❞❡❧ s❡♥s♦r✳

P❡r♦ ❧♦ ❝✐❡rt♦ ❡s q✉❡✱ ❛ ♣❡s❛r ❞❡ t♦❞♦ ❡❧❧♦✱ ♣✉❞✐♠♦s ❝❛❧❝✉❧❛r ❧❛ ❡s❝❛❧❛ ❞❡ ♣❧❛❝❛✱

✈❡r ✉♥❛ ❜✐♥❛r✐❛ ❞❡ ♠❛❣♥✐t✉❞ ✾ ② ♠❡♥♦s ❞❡ 1 ❛r❝s❡❝ ❞❡ s❡♣❛r❛❝✐ó♥ ② t♦♠❛r ✉♥ ❝❛♠♣♦

❞❡❧ ♥ú❝❧❡♦ ❞❡ ▼✸✱ t❛❧ ② ❝♦♠♦ ②❛ ✈✐♠♦s ❡♥ ❧❛ s❡❝❝✐ó♥ ✸✳✹✳✺✳

❨ ❛✉♥ ❛sí ❤❛② q✉❡ ❞❡❝✐r q✉❡ ❧❛ ❝❛♠♣❛ñ❛ ❞❡ s❡❣✉✐♠✐❡♥t♦ ❞❡❧ s✐❣✉✐❡♥t❡ ❛ñ♦✱ ❝♦♥

❡s❡ ♣r♦t♦t✐♣♦ ♥♦ ❞❡❥ó ❞❡ s❡r ✉♥ é①✐t♦ ② ❞❡ ❞❡♠♦str❛r ❧❛s ❝❛♣❛❝✐❞❛❞❡s q✉❡ t❡♥í❛ ❡❧

✐♥str✉♠❡♥t♦✱ ♠á①✐♠❡ ❝✉❛♥❞♦ ②❛ ❡♠♣❡③ó ❛ tr❛❜❛❥❛r ❝♦♥ ❡❧ ♣r♦❣r❛♠❛ ❤♦♠ó♥✐♠♦ ② ❧♦s

r❡s✉❧t❛❞♦s✱ ❛❧ ♠❡♥♦s✱ ♣r❡✲♣r♦❝❡s❛❞♦s s❡ ♣♦❞í❛♥ ❡♠♣❡③❛r ❛ ✈❡r ❛❧ ♣♦❝♦ t✐❡♠♣♦✳

❯♥♦ ❞❡ ❧♦s ♣r✐♠❡r♦s ♣r♦❣r❛♠❛s ❝✐❡♥tí✜❝♦s ❞❡ ❋❛st❈❛♠ ❡♥ ❚❈❙ ❡r❛ ❡❧ s❡❣✉✐♠✐❡♥t♦

❞❡ ❧♦s s✐st❡♠❛s ♠ás ❝❡r❝❛♥♦s ❛❧ ❙♦❧ ♣❛r❛ ❞❡t❡r♠✐♥❛r s✐ r❡❛❧♠❡♥t❡ ❡r❛♥ s✐st❡♠❛s



✶✻✹ ✺✳ ❊❧ r❡s✉❧t❛❞♦

❜✐♥❛r✐♦s ♦ ❡str❡❧❧❛s ❛✐s❧❛❞❛s ② ❝♦♥s❡❣✉✐r ♥✉❡✈❛s ♠❡❞✐❞❛s ❞❡ ❧❛s ♣❛r❡❥❛s ❝♦♥♦❝✐❞❛s ♣❛r❛

♠❡❥♦r❛r ❧♦s ♣❛rá♠❡tr♦s ♦r❜✐t❛❧❡s✳ ❈♦♠♦ r❡❢❡r❡♥❝✐❛ s❡ ✉s❛ ❡❧ ❝❛tá❧♦❣♦ ❞❡❧ ❝♦♥s♦r❝✐♦

❘❊❈❖◆❙ ✭❘❡s❡❛r❝❤ ❈♦♥s♦rt✐✉♠ ♦♥ ◆❡❛r❜② ❙t❛rs✮✱ q✉❡ ✐♥t❡♥t❛ ❝❛r❛❝t❡r✐③❛r t♦❞♦s

❧♦s s✐st❡♠❛s ❝❡r❝❛♥♦s ❛ ♠❡♥♦s ❞❡ 10 ♣❝ ♠❡❞✐❛♥t❡ ♦❜s❡r✈❛❝✐♦♥❡s ❛str♦♠étr✐❝❛s✱

❢♦t♦♠étr✐❝❛s ② ❡s♣❡❝tr♦s❝ó♣✐❝❛s✱ ② ❝♦♥t✐❡♥❡ ❛❧r❡❞❡❞♦r ❞❡ ❧❛s ✶✵✵ ❜✐♥❛r✐❛s ♠ás

♣ró①✐♠❛s✳ ❊♥ ❧❛ ✜❣✉r❛ ✺✳✻ t❡♥❡♠♦s ✉♥♦s ❝✉❛♥t♦s ❡❥❡♠♣❧♦s ❞❡ ❜✐♥❛r✐❛s ❘❊❈❖◆❙

♦❜s❡r✈❛❞❛s ❞✉r❛♥t❡ ❧♦s ❛ñ♦s ✷✵✵✻ ② ✷✵✵✼✳ ❊❧ r❡s✉❧t❛❞♦ ❞❡ ❡st❡ ♣r♦②❡❝t♦✱ ❡♥ ♠❛r❝❤❛

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

❡str❡❧❧❛s ② ❧❛ ❞❡t❡r♠✐♥❛❝✐ó♥ ♣r❡❝✐s❛ ❞❡ ♥✉♠❡r♦s♦s ♣❛rá♠❡tr♦s ❞❡ ❧♦s s✐st❡♠❛s✳

❋✐❣✉r❛ ✺✳✻✿ ❈♦♥❥✉♥t♦ ❞❡ ❛❧❣✉♥❛s ✐♠á❣❡♥❡s ❞❡ ❜✐♥❛r✐❛s ❞❡ ❘❊❈❖◆❙ ♦❜s❡r✈❛❞❛s ❝♦♥ ❡❧
♣r♦t♦t✐♣♦ ❞❡ ❋❛st❈❛♠ ❞✉r❛♥t❡ ❡❧ ♣❡r✐♦❞♦ ✷✵✵✻✲✷✵✵✼✳ ❈♦♠♦ ❡❥❡♠♣❧♦ ❞❡❧ ♣♦❞❡r r❡s♦❧✉t✐✈♦ ❞❡❧
❚❈❙✱ ●❏✷✻✽✱ ❡❧ ú❧t✐♠♦ ❞❡ ❧♦s ♦❜❥❡t♦s r❡♣r❡s❡♥t❛❞♦s✱ ❡s ✉♥ s✐st❡♠❛ ❞♦❜❧❡ ❢♦r♠❛❞♦ ♣♦r ❞♦s
❡str❡❧❧❛s ❞❡ ♠❛❣♥✐t✉❞ ❱❂✶✷ q✉❡ ♥♦ s❡ ❧❧❡❣❛r♦♥ ❛ ✐♥❞✐✈✐❞✉❛❧✐③❛r✱ ❛✉♥q✉❡ sí s❡ ✐❞❡♥t✐✜❝❛♥ ❞♦s
♣♦s✐❜❧❡s ❝ír❝✉❧♦s ❝❡♥tr❛❞♦s ❛ 0

′
16 ❛r❝s❡❝✱ ❛❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙✳

◆❖❚❆✿ ■♠❛❣❡♥ r❡❞✉❝✐❞❛ ② ❝♦♠♣✉❡st❛ ♣♦r ❏♦r❣❡ ❆♥❞rés Pér❡③ Pr✐❡t♦ ♣❛r❛ s✉ tr❛❜❛❥♦ ❞❡
❉❊❆ ✭PP✵✼✮



✺✳✷✳ ❘❡s✉❧t❛❞♦s ❈✐❡♥tí✜❝♦s ✶✻✺

❋✐❣✉r❛ ✺✳✼✿ ❆❧❣✉♥❛s ✐♠á❣❡♥❡s ♠♦str❛♥❞♦ s✐st❡♠❛s ❞❡ ❙❝❛r❞✐❛ q✉❡ s❡ ✉s❛r♦♥ ♣❛r❛ ♠❡❞✐r ❧❛
❡s❝❛❧❛ ❞❡ ❝❛♠♣♦ ❞❡ ❋❛st❈❛♠ ❡♥ ❧❛s ❝❛♠♣❛ñ❛s ❞❡ ✷✵✵✻✲✷✵✵✼✳

◆♦ ❡s ♠❡♥♦s ✐♠♣♦rt❛♥t❡ ♠❡♥❝✐♦♥❛r ❧♦s ♣❛r❡s ❞❡ ❡str❡❧❧❛s ❞❡ ❧❛s ❜✐♥❛r✐❛s ✓s❝❛r✲

❞✐❛s✔ ✭✺✺❀✺✻✮ ✭❙❝❛r❞✐❛ ❡t ❛❧✳ ✷✵✵✻✱ ✷✵✵✼✮✱ ✉t✐❧✐③❛❞❛s ♠✉❝❤❛s ✈❡❝❡s ♣❛r❛ ❝❛❧✐❜r❛r ❧❛ ❡s❝❛❧❛

❞❡ ❝❛♠♣♦ ❞❡ ❋❛st❈❛♠ ② q✉❡ s❡ ♣✉❡❞❡♥ ✈❡r ❡♥ ❧❛ ✜❣✉r❛ ✺✳✼✳

❊s ❞❡ ♥♦t❛r t❛♠❜✐é♥ ✉♥❛ ❡str❡❧❧❛ ❛✐s❧❛❞❛✱ ●✵✾✾✲✵✹✾✱ t✐♣♦ ▼✱ q✉❡ ❡♥tró ❡♥ ❧❛ ❧✐st❛

❞❡ ❘❊❈❖◆❙ r❡❝✐❡♥t❡♠❡♥t❡ ② q✉❡✱ ❛✉♥q✉❡ ♥♦ s❡ ♦❜s❡r✈❛r♦♥ ❝♦♠♣❛ñ❡r❛s ❝♦♥ ❋❛st❈❛♠✱

sí s❡ ❞❡t❡❝tó ✉♥❛ ❡❧♦♥❣❛❝✐ó♥ ❞❡ ❧❛ P❙❋ q✉❡ s❡ ♠❛♥t✉✈♦ ❞✉r❛♥t❡ tr❡s ❝❛♠♣❛ñ❛s ❡♥ ❚❈❙

✭❙❡♣✵✻✱ ❋❡❜✵✼ ② ❆❜r✵✼✮✱ ✈❛r✐❛♥❞♦ ❧❛ ♦r✐❡♥t❛❝✐ó♥✭PP✵✼✮ ✭Pér❡③✲Pr✐❡t♦✱ ✷✵✵✼✮✳ ❊st♦ ♥♦s

❤❛❝❡ s♦s♣❡❝❤❛r q✉❡ ❡st❛ ❡str❡❧❧❛ t✐❡♥❡ ✉♥ ❝♦♠♣❛ñ❡r♦ ❞❡❧ q✉❡ ❛ú♥ ♥♦ t❡♥❡♠♦s ❝❧❛r♦ s✉

t✐♣♦ ♦ ❝❧❛s❡✳

✺✳✷✳✷✳ ■♥str✉♠❡♥t♦ ❋❛st❈❛♠

❊❧ ♣r✐♠❡r ♦❜❥❡t✐✈♦ ❞❡ ❋❛st❈❛♠ ❡r❛ ❡❧ ❛❧❝❛♥③❛r ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❞❡ ❧♦s t❡❧❡s❝♦✲

♣✐♦s ② ♣♦❞❡r ❧❧❡❣❛r ❛ t❡♥❡r ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ s✐ ❧♦s t❡❧❡s❝♦♣✐♦s ❧♦ ♣❡r♠✐tí❛♥✳

❚♦❞❛✈í❛ ❝♦♥ ❡❧ ♠♦♥t❛❥❡ ♣r♦t♦t✐♣♦✱ ②❛ q✉❡ ♥♦ ❤❛❜í❛ ❧❧❡❣❛❞♦ ❡❧ ❞❡t❡❝t♦r ♥✉❡✈♦✱

❡♥ s❡♣t✐❡♠❜r❡ ❞❡ ✷✵✵✼ s✉❜✐♠♦s ❛ ♣r♦❜❛r ❡❧ s✐st❡♠❛ ❞❡ ♠✉❧t✐♣❧❡①❛❞♦ ❝♦♥ ❋P●❆ ②

❧❛ ❛❞q✉✐s✐❝✐ó♥ s✐♠✉❧tá♥❡❛ ❝♦♥ ❡❧ ♣r♦❣r❛♠❛ ❢❛st❝❛♠✳ ▲❛s ✐♠á❣❡♥❡s ❞❡ ❡s❛ ♥♦❝❤❡ ❧❛s

r❡❝♦r❞❛r❡♠♦s s✐❡♠♣r❡✳ ❋✉❡ ❧❛ ♣r✐♠❡r❛ ✈❡③ q✉❡ ✈❡í❛♠♦s ❞✐r❡❝t❛♠❡♥t❡✱ ② ❛❝t✉❛❧✐③❛❞♦

✭t✐❡♠♣♦ r❡❛❧✮ ❡str❡❧❧❛s ❝♦♥ ❢♦r♠❛ ❞❡ ❛♥✐❧❧♦s ❞❡ ❆✐r②✳ ▲❛ ♥♦❝❤❡ ❡r❛ ✐❞❡❛❧ ❝♦♥ ✉♥ s❡❡✐♥❣



✶✻✻ ✺✳ ❊❧ r❡s✉❧t❛❞♦

❋✐❣✉r❛ ✺✳✽✿ ❆❧❣✉♥❛s ✐♠á❣❡♥❡s ❡♥ ❜❛♥❞❛ ■ ♦❜t❡♥✐❞❛s ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙ ❡❧ ✷✶ ❞❡ s❡♣t✐❡♠❜r❡
❞❡ ✷✵✵✼✳ ❯♥❛ ❞❡ ❧❛s ♠❡❥♦r❡s ♥♦❝❤❡s ♣♦r ❝❛❧✐❞❛❞ ❞❡ s❡❡✐♥❣ ② ❛❧✐♥❡❛❞♦ ❞❡❧ t❡❧❡s❝♦♣✐♦✳ ❙❡
♦❜s❡r✈❛♥ ♣❡r❢❡❝t❛♠❡♥t❡ ❧♦s ❛♥✐❧❧♦s ❞❡ ❆✐r② ❞❡ ❧❛s ❡str❡❧❧❛s ♣r♦❝❡s❛❞❛s ❛❧ ✶✵✪ ❞❡ ❧❛s ♠❡❥♦r❡s
✐♠á❣❡♥❡s✳

❞❡❧ ♦r❞❡♥ ❞❡ 1′2
′′ ❡ ✐♥❝❧✉s♦ ♠❡❥♦r✳ ❊❧ ♠♦♥✐t♦r ❞❡ ❧❛ ❋P●❆✱ ❝♦♥ ❡❧ s✐♠♣❧❡ ❛❧❣♦r✐t✲

♠♦ ✐♥t❡r♥♦ ❞❡ r❡❝❡♥tr❛❞♦ ② ❛❝ú♠✉❧♦✱ ♥♦s ♠♦str❛❜❛ ❡str❡❧❧❛s ❛❧ ❧✐♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳

❆❧❣✉♥❛s ❞❡ ❧❛s ✐♠á❣❡♥❡s ❞❡ ❡s❛ ♥♦❝❤❡ ❧❛s ♠♦str❛♠♦s ❡♥ ❧❛ ✜❣✉r❛ ✺✳✽✳

❨✱ ✉♥❛ ✈❡③ ♣r♦❜❛❞♦ ❡❧ ♥✉❡✈♦ s✐st❡♠❛ ❞❡ ❛❞q✉✐s✐❝✐ó♥✱ ♥♦s ❢✉✐♠♦s ❛❧ ◆❖❚✱ ❝♦♥ ❡❧

♥✉❡✈♦ ❞❡t❡❝t♦r✱ ❡♥ ❧❛ ♣r✐♠❡r❛ s❡♠❛♥❛ ✭✷ ② ✸✮ ❞❡ ♦❝t✉❜r❡✳

❊s❛s ❞♦s ♥♦❝❤❡s ❝♦♥s❡❣✉✐♠♦s ❛❧❣✉♥❛s ❞❡ ❧❛s ♠❡❥♦r❡s ✐♠á❣❡♥❡s ♦❜t❡♥✐❞❛s ♥✉♥❝❛

❞❡s❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❡♥ t✐❡rr❛✳ ❍✐❝✐♠♦s ✉♥ ♠♦s❛✐❝♦ ❞❡❧ ❝ú♠✉❧♦ ❣❧♦❜✉❧❛r ▼✶✺✱ q✉❡ ❤❛

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

r♦♥ ❧❛s ❡str❡❧❧❛s ❞❡t❡❝t❛❞❛s ❝♦♥ ❧❛s ✐♠á❣❡♥❡s ♦❜t❡♥✐❞❛s ♣♦r ❡❧ ❍❙❚✱ ✈❡r✐✜❝❛♥❞♦ q✉❡

❧❧❡❣❛♠♦s ❛ ✈❡r ❧❛s ♠✐s♠❛s ❡str❡❧❧❛s✱ t❛♥t♦ ❡♥ ♣r♦❢✉♥❞✐❞❛❞ ❝♦♠♦ ❡♥ r❡s♦❧✉❝✐ó♥ ✭❱❡r✱

♣♦r ❡❥❡♠♣❧♦✱ ◆♦t❛ ❞❡ ♣r❡♥s❛ ■❆❈✱ ✷✷✴✶✵✴✷✵✵✼✿ ✏❯♥ ♥✉❡✈♦ ✐♥str✉♠❡♥t♦ ❝❛♣t❛ ✐♠á❣❡✲

♥❡s ❝♦♥ ✉♥❛ ♥✐t✐❞❡③ ❝♦♠♣❛r❛❜❧❡ ❛ ❧❛s ❞❡❧ t❡❧❡s❝♦♣✐♦ ❍✉❜❜❧❡✑✮✳ ❚❛♠❜✐é♥ s✐r✈✐❡r♦♥ ♣❛r❛

❝♦♥✜r♠❛r q✉❡ s❡ ♣♦❞í❛ ✉s❛r ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ♣❛r❛ ❡❧ ❡st✉❞✐♦ ❞❡❧ ❝❡♥tr♦

❞❡ ❝ú♠✉❧♦s ❣❧♦❜✉❧❛r❡s✳ P❡r♦ ❛❤í ♥♦ t❡r♠✐♥ó ❡❧ ❡st✉❞✐♦✿ ♣♦r s✐ s❡ ♣✉❞✐❡r❛ ♦❜t❡♥❡r ❛❧✲

❣✉♥❛ ✐♥❢♦r♠❛❝✐ó♥ ❡①tr❛ ❞❡ ❧♦s ❞❛t♦s✱ q✉❡ ❝♦♥ ❡❧ ♣r♦❝❡s❛❞♦ ❡stá♥❞❛r s❡ ♥♦s ♣✉❞✐❡r❛

❡s❝❛♣❛r✱ ❧❡ ♣❡❞✐♠♦s ❛❧ ❉r✳ ❏♦sé ❆♥t♦♥✐♦ ❇♦♥❡t q✉❡ ❡❥❡❝✉t❛r❛ ❡❧ ❛❧❣♦r✐t♠♦ ❞❡ s✉♣❡r

http://www.iac.es/divulgacion.php?id=485&op1=16&img=497
http://www.iac.es/divulgacion.php?id=485&op1=16&img=497


✺✳✷✳ ❘❡s✉❧t❛❞♦s ❈✐❡♥tí✜❝♦s ✶✻✼

❋✐❣✉r❛ ✺✳✾✿ ▼♦s❛✐❝♦ ❞❡ ✸①✸ ❞❡❧ ❝❡♥tr♦ ❞❡❧ ❝ú♠✉❧♦ ❣❧♦❜✉❧❛r ▼✶✺ t♦♠❛❞♦ ❡♥ ❡❧ ◆❖❚ ❡❧
✷✵✶✷✳✶✵✳✵✸✳

r❡s♦❧✉❝✐ó♥ ♣♦r P❤❛s❡ ❉✐✈❡rs✐t② ✭❇▼✵✸❀❇▼▼+✵✹❀❇▼▼+✵✺✮ ✭❇♦♥❡t ❡t ❛❧✳✱ ✷✵✵✸✱ ✷✵✵✹✱ ✷✵✵✺✮

❛ ❧❛s ✐♠á❣❡♥❡s q✉❡ t❡♥í❛♠♦s ❞❡❧ ❝ú♠✉❧♦✳ ❇♦♥❡t ✉só✱ ❞❡ ❤❡❝❤♦✱ ✉♥ ♠ét♦❞♦ ♠❡❥♦r❛❞♦✿

▼✉❧t✐✲❖❜❥❡❝t ▼✉❧t✐✲❋r❛♠❡ ❇❧✐♥❞✲❉❡❝♦♥✈♦❧✉t✐♦♥ ✭▼❖▼❋❇❉✮ ✭✈❘▲✵✺✮ ✭❱❛♥ ◆♦♦rt ❡t

❛❧✳✱ ✷✵✵✺✮ q✉❡ ❛♣❧✐❝❛♥ ❤❛❜✐t✉❛❧♠❡♥t❡ ♣❛r❛ ✐♠á❣❡♥❡s ❝♦♥t✐♥✉❛s ❞❡ ❧❛ ❢♦t♦s❢❡r❛ s♦❧❛r✳

❈♦♠♦ s❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r ❡♥ ❧❛ ✜❣✉r❛ ✺✳✶✵✱ s❡ ❧✐♠♣✐❛ ❧❛ ✐♠❛❣❡♥ ② s❡ ❛✜♥❛♥ ❧♦s ♣❡r✜❧❡s

❞❡ ❧❛s ❡str❡❧❧❛s✱ ❧❧❡❣á♥❞♦s❡ ❛ ❞✐st✐♥❣✉✐r ❧♦s ❛♥✐❧❧♦s ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡ ❧♦s ♣✉♥t♦s✱ ♣❡r♦ ♥♦

❛♣❛r❡❝❡ ♥✐♥❣✉♥❛ ❡str❡❧❧❛ ❡①tr❛✳

❊❧ ♣r♦❝❡s❛❞♦ ❞❡ P❤❛s❡ ❉✐✈❡rs✐t② ❛❤♦r❛ ❝♦♥ ▼❖▼❋❇❉ ❡s ✉s❛❞♦ ♣❛r❛ ♦♣t✐♠✐③❛❝✐ó♥

❞❡ s❡r✐❡s ❞❡ ✐♠á❣❡♥❡s ❞❡ ❛t♠ós❢❡r❛ s♦❧❛r✱ q✉❡ ❡s ❛❝t✐✈❛✱ ② q✉❡ ❤❛ ♣❡r♠✐t✐❞♦ ❞❡t❡❝t❛r

❡str✉❝t✉r❛s ❡s♣❡❝✐❛❧❡s t♦❞❛✈í❛ ♥♦ ❡①♣❧✐❝❛❞❛s ❡♥ t♦❞♦s ❧♦s ❝❛s♦s ❡♥ ❧♦s ❡s♣❛❝✐♦s ❞❡ ✐♥t❡r✲

❣r❛♥✉❧❛❞♦ ✭❙▼❇+✵✹❀❇▼❙+✵✽❀❙❇❱❉✶✵✮ ✭❇♦♥❡t✱ ❙á♥❝❤❡③✲❆❧♠❡✐❞❛ ❡t ❛❧✳✱ ✷✵✵✹✱ ✷✵✵✽✱ ✷✵✶✵✮

✭✈❡r t❛♠❜✐é♥✿ ❘❡♠♦❧✐♥♦s ❡♥ ❡❧ ❙♦❧✿ ❤tt♣✿✴✴✇✇✇✳②♦✉t✉❜❡✳❝♦♠✴✇❛t❝❤❄✈❂❳❤❍s❡❝✽❖❚❳❯

② ●❛❧❡rí❛ ❞❡ ❘❡s✉❧t❛❞♦s ■❆❈✿ P✉♥t♦s ❜r✐❧❧❛♥t❡s ♠❛❣♥ét✐❝♦s ❡♥ ❡❧ s♦❧ ❡♥ ❝❛❧♠❛✳✮✱ ❛♣❧✐✲

❝❛❞♦ ❛q✉í ♥♦ ❛♣♦rt❛ ✉♥ ❜❡♥❡✜❝✐♦ ❛♣r❡❝✐❛❜❧❡ ② ❡♥ r❡❛❧✐❞❛❞ r❡q✉✐❡r❡ ❡❧ ❝♦♥s✉♠♦ ❞❡

http://www.youtube.com/watch?v=XhHsec8OTXU
http://www.iac.es/proyectos.php?op1=40&id=61&y=2010


✶✻✽ ✺✳ ❊❧ r❡s✉❧t❛❞♦

♠✉❝❤♦s r❡❝✉rs♦s ❞❡ ♣r❡♣❛r❛❝✐ó♥ ❞❡ ❧❛s s❡❝✉❡♥❝✐❛s ② ❞❡ t✐❡♠♣♦ ❞❡ ❝♦♠♣✉t❛❝✐ó♥ ✉s❛♥✲

❞♦ ✉♥ ❝♦♠♣✉t❛❞♦r ❞❡ ❝á❧❝✉❧♦ ♠❛s✐✈♦✳

✭❛✮ ■♠❛❣❡♥ ❝❡♥tr❛❧ ❞❡ ▼✶✺ ♣r♦❝❡s❛❞❛ ❛❧ ✶✪✳ ✭❜✮ ■♠❛❣❡♥ ❝❡♥tr❛❧ ❞❡ ▼✶✺ ♣r♦❝❡s❛❞❛ ❝♦♥ ❡❧
❛❧❣♦r✐t♠♦ ❞❡ ❞❡❝♦♥✈♦❧✉❝✐ó♥ ▼❖▼❋❇❉✳

❋✐❣✉r❛ ✺✳✶✵✿ ▲❛ ✜❣✉r❛ ✭❛✮ ♠✉❡str❛ q✉❡ s❡ ✈❡♥ t❛♥t❛s ❡str❡❧❧❛s ❝♦♠♦ ❍❙❚✱ ❤❛st❛ ♠❛❣♥✐t✉❞
■❂19✳ ❊♥ ❧❛ ✜❣✉r❛ ✭❜✮ s❡ ✈❡r✐✜❝ó q✉❡ ❡❧ ❆❧❣♦r✐t♠♦ s✐ ❜✐❡♥ r❡s❛❧t❛ ❧❛s ❡str❡❧❧❛s ② ♠✉❡str❛ ❧❛
❡①✐st❡♥❝✐❛ ❞❡ ❞✐s❝♦s ❞❡ ❆✐r②✱ ♥♦ ❛♣♦rt❛ ♥✐♥❣✉♥ ♦❜❥❡t♦ ♥♦ r❡❝♦♥♦❝✐❜❧❡ ❡♥ ❧❛ ✐♠❛❣❡♥ ❞❡ ▲✉❝❦②
■♠❛❣✐♥❣ ✳

❯♥ ❤❡❝❤♦ ✐♠♣♦rt❛♥t❡ ❞❡ ❡st❛ ✐♠❛❣❡♥ ❡s ❡❧ ❤❡❝❤♦ ❞❡ q✉❡✱ ❝♦♥ ❡st❡ ♠ét♦❞♦ ❞❡

♦❜s❡r✈❛❝✐ó♥✱ ♣♦❞❡♠♦s ✐♥❞✐✈✐❞✉❛❧✐③❛r ♠✉② ❜✐❡♥ ❧❛s ❡str❡❧❧❛s ❞❡❧ ❝❡♥tr♦ ❞❡❧ ❝ú♠✉❧♦✱ ❧♦

q✉❡ ♣❡r♠✐t❡ ❤❛❝❡r ✉♥ s❡❣✉✐♠✐❡♥t♦ ❞❡ s✉s ór❜✐t❛s✳ ▲❛ ♦❜s❡r✈❛❝✐ó♥ ✐♥❞✐✈✐❞✉❛❧✐③❛❞❛ ❞❡

❧❛s ❡str❡❧❧❛s ❝❡♥tr❛❧❡s ❡♥ ❝ú♠✉❧♦s ❣❧♦❜✉❧❛r❡s ❡s ❤❛rt♦ ❞✐❢í❝✐❧✱ ❛✉♥q✉❡ r❡s✉❧t❛ ❝r✉❝✐❛❧

♣❛r❛ ✈❡r✐✜❝❛r ♦ ♥♦ ❧❛ ❡①✐st❡♥❝✐❛ ❞❡ ❧♦s ❤❛st❛ ❛❤♦r❛ ❡s❝✉rr✐❞✐③♦s ❛❣✉❥❡r♦s ♥❡❣r♦s ❞❡

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

❝♦♠♦ ▼✶✺✳ ❊♥ ❧❛ ✜❣✉r❛ ✺✳✶✶ s❡ ♠✉❡str❛ ❧❛ q✉❡ ❡s ✉♥❛ ❜✉❡♥❛ ✐♠❛❣❡♥ ❞❡❧ ❝❡♥tr♦ ❞❡❧

❝ú♠✉❧♦ ♦❜t❡♥✐❞❛ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ◆❖❚ ② ❝ó♠♦ s❡ ✈❡ ✉♥❛ ✈❡③ ♣r♦❝❡s❛❞❛ ♣♦r ▲✉❝❦②

■♠❛❣✐♥❣ ✳

P❡r♦ ♥♦ só❧♦ ▼✶✺ ❢✉❡ ✉♥ ❣r❛♥ r❡s✉❧t❛❞♦✱ ❧❛ ♥♦❝❤❡ ♣r❡✈✐❛ ②❛ q✉❡rí❛♠♦s ❜r✐♥❞❛r

♣♦r ❡❧ é①✐t♦ q✉❡ s✉♣✉s♦ ❧❛ ♣r✐♠❡r❛ ❝❛♠♣❛ñ❛ ❡♥ ❡❧ ◆❖❚✳ ❊♥ ❧❛ ✜❣✉r❛ ✺✳✶✷ s❡ ✈❡ ✉♥❛

❝❛♣t✉r❛ ❞❡ ♣❛♥t❛❧❧❛ ❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡ ✉♥❛ ❡str❡❧❧❛ ♠✐❡♥tr❛s ❛♥❛❧✐③á❜❛♠♦s ❡❧ r❡s✉❧t❛✲

❞♦ ❞❡❧ ♣r♦❝❡s❛❞♦ ▲✉❝❦② ■♠❛❣✐♥❣ ♣♦r ❡❧ ♣r♦❣r❛♠❛ ❢❛st❝❛♠ ❝♦♥ ❧❛s ❤❡rr❛♠✐❡♥t❛s ❞❡❧

♣❛q✉❡t❡ ❞❡ r❡❞✉❝❝✐ó♥ ② ♣r♦❝❡s❛❞♦✿ ■❘❆❋✳ ❙❡ ♣✉❡❞❡ ❞✐st✐♥❣✉✐r ❡❧ ❣r✉♣♦ ❞❡ ♣í①❡❧❡s

q✉❡ ❝♦rr❡s♣♦♥❞❡♥ ❛❧ ❝♦rt❡ ❞❡❧ ♣r✐♠❡r ❛♥✐❧❧♦ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ❨ ❡s q✉❡ ❡❧ ❛rr❛♥q✉❡ ❢✉❡



✺✳✷✳ ❘❡s✉❧t❛❞♦s ❈✐❡♥tí✜❝♦s ✶✻✾

✭❛✮ ◆ú❝❧❡♦ ❞❡ ▼✶✺ ❝♦♥ s❡❡✐♥❣ ✳ ✭❜✮ ◆ú❝❧❡♦ ❞❡ ▼✶✺ ❝♦♥ ▲✉❝❦② ■♠❛❣✐♥❣ ❛❧
✺✵✪✳

✭❝✮ ◆ú❝❧❡♦ ❞❡ ▼✶✺ ❝♦♥ ▲✉❝❦② ■♠❛❣✐♥❣ ❛❧
✶✵✪✳

✭❞✮ ◆ú❝❧❡♦ ❞❡ ▼✶✺ ❝♦♥ ▼❖▼❋❇❉✳

❋✐❣✉r❛ ✺✳✶✶✿ ■♠á❣❡♥❡s ❞❡❧ ❝❡♥tr♦ ❞❡ ▼✶✺✳ ❊♥ ❧❛ ✐♠á❣❡♥ ✭❛✮ s❡ ✈❡ ❡❧ ❝❡♥tr♦ ❡♥ ❝♦♥❞✐❝✐♦♥❡s
❜✉❡♥❛s ❞❡ s❡❡✐♥❣ ✳ ❊♥ ❧❛ ✐♠á❣❡♥ ✭❜✮ s❡ ✈❡ ❡❧ ❝❡♥tr♦ ♣r♦❝❡s❛❞♦ ❝♦♥ ▲✉❝❦② ■♠❛❣✐♥❣ ✉s❛♥❞♦ ❡❧
✺✵✪ ❞❡ ❧❛s ♠❡❥♦r❡s ✐♠á❣❡♥❡s✳ ▲❛ ✐♠❛❣❡♥ ✭❝✮ ♠✉❡str❛ ❧❛ ❡str✉❝t✉r❛ ❞❡❧ ♥ú❝❧❡♦ ❝♦♥ ❡❧ ✶✵✪
❞❡ ❧❛s ✐♠á❣❡♥❡s t♦♠❛❞❛s ❝♦♥ ▲✉❝❦② ■♠❛❣✐♥❣ ✳ P♦r ú❧t✐♠♦✱ ❧❛ ✐♠❛❣❡♥ ✭❞✮ ❡s ❡❧ r❡s✉❧t❛❞♦ ❞❡❧
❛♥á❧✐s✐s ♣♦r P❤❛s❡ ❉✐✈❡rs✐t② ❞❡ t♦❞❛s ❧❛s ✐♠á❣❡♥❡s t♦♠❛❞❛s✳



✶✼✵ ✺✳ ❊❧ r❡s✉❧t❛❞♦

❡s♣❡❝t❛❝✉❧❛r✳ ❊r❛ ❧❛ ♣r✐♠❡r❛ ✈❡③ q✉❡ ❛♣✉♥tá❜❛♠♦s ❛❧ ❝✐❡❧♦ ❝♦♥ ❡❧ ♥✉❡✈♦ ❞❡t❡❝t♦r ②

❡❧ ♠♦♥✐t♦r ❞❡ ❧❛ ❋P●❆ ♥♦s ♠♦str❛❜❛ ✉♥ ❝❛♠♣♦ ❞❡ ❡str❡❧❧❛s✱ ♥♦ ❝♦♠♦ ❧❛s ❤❛❜✐t✉❛❧❡s

✐♠á❣❡♥❡s ❞✐❢r❛❝t✐✈❛s ❝♦♥ ❧❛s tr❡s ♦ ❝✉❛tr♦ ♣✉♥t❛s ❞❡❜✐❞❛s ❛ ❧❛ ❛r❛ñ❛ ❞❡❧ s❡❝✉♥❞❛r✐♦✱

s✐♥♦ ✉♥♦s ♣✉♥t♦s r♦❞❡❛❞♦s ❞❡ ✉♥ ❛♥✐❧❧✐t♦ ②✱ ❛❧ s❡r ✉♥ s✐st❡♠❛ ❞❡ ❛❞✐❝✐ó♥ ❞❡ s❡ñ❛❧✱ t❡r✲

♠✐♥❛❜❛♥ ♣♦r ♠♦str❛r ❤❛st❛ ✉♥ s❡❣✉♥❞♦ ❛♥✐❧❧♦✱ ❡♥ ❛❧❣ú♥ ❝❛s♦✱ ❥✉st♦ ❛♥t❡s ❞❡ s❛t✉r❛rs❡

② t❡♥❡r q✉❡ ✓r❡s❡t❡❛r✔ ❧❛ ✈✐s✉❛❧✐③❛❝✐ó♥ ❡♥ t✐❡♠♣♦ r❡❛❧ ❞❛❞❛ ♣♦r ❧❛ ❋P●❆✳ ❊stá❜❛♠♦s

✈✐❡♥❞♦ ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ 2′5♠ ❞❡ ❛❜❡rt✉r❛❀ ➼❧♦ ♠✐s♠♦ q✉❡

❡❧ t❡❧❡s❝♦♣✐♦ ❡s♣❛❝✐❛❧✦ ❊r❛♥ 85♠❛s ✭♠✐❧✐ s❡❣✉♥❞♦s ❞❡ ❛r❝♦✮ ❝♦♥ ✉♥❛ ❡s❝❛❧❛ ❞❡ ✉♥♦s

26♠❛s✴♣✐① ✭ú❧t✐♠❛♠❡♥t❡ ❞❡♥♦t❛❞♦s ♠❛①✮✳

❋✐❣✉r❛ ✺✳✶✷✿ Pr♦❝❡s❛❞♦ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ ✐♠❛❣❡♥ r❡❞✉❝✐❞❛ ❛❧ ✶✵✪ ❞❡ ❧❛ ❡str❡❧❧❛ ❍❘✼✺✸✸
❞♦♥❞❡ s❡ ❛♣r❡❝✐❛ ❡❧ ♣r✐♠❡r ❛♥✐❧❧♦ ❞❡❧ ❞✐s❝♦ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ❨❛ ❝♦♥ ❡❧ ♥✉❡✈♦ ❞❡t❡❝t♦r ② ❡s❝❛❧❛
❞❡ ♣❧❛❝❛✳

❚❛♠❜✐é♥ ❢✉❡ ❡♠♦❝✐♦♥❛♥t❡ ❝♦♥✜r♠❛r ❧❛ s❡♣❛r❛❝✐ó♥ ❞❡ ❧❛ ❜✐♥❛r✐❛ ❈❖❯ ✼✾ ❡♥ ❜❛♥✲

❞❛s ❘ ❡ ■ s❡♣❛r❛❞❛s 130♠❛s ✜❣✉r❛ ✺✳✶✸✭❛✮❀ ✈❡r ❧❛ ❝♦♠♣❛r❛❝✐ó♥ ❝♦♥ ❍❙❚ ❞❡ ❧❛ ❜✐♥❛r✐❛

✐♥t❡r❢❡r♦♠étr✐❝❛ ▲P ✹✶✺✲✶✵✽ ✭❘❍② ✷✹✹❆❇✮ ❞❡ ♠❛❣♥✐t✉❞ ❱❂15′64 ❡ ✭■✲❱✮❂2′97 s❡♣❛✲

r❛❞❛s 0′′′14❀ ♦ ❧❛ ❜✐♥❛r✐❛ ❡s♣❡❝tr♦s❝ó♣✐❝❛ ❍❘ ✺✺✶✭●r✐✽✶✮ ✭●r✐✣♥✱✶✾✽✶✮ ❞❡ ❧❛ q✉❡ ♥♦ s❡

❝♦♥♦❝í❛ s❡♣❛r❛❝✐ó♥ s✐♥♦ só❧♦ ❧♦s ❞❛t♦s ❞❡ ❧❛ ór❜✐t❛ ✭✽✸✽ ❞í❛s✮ ♣♦r ❞❡t❡r♠✐♥❛❝✐ó♥ ❞❡



✺✳✷✳ ❘❡s✉❧t❛❞♦s ❈✐❡♥tí✜❝♦s ✶✼✶

✈❡❧♦❝✐❞❛❞❡s r❛❞✐❛❧❡s ❛ ♣❛rt✐r ❞❡ ❡s♣❡❝tr♦s❝♦♣í❛ ❢♦t♦❡❧é❝tr✐❝❛✱ ② ❞❡ ❧❛ q✉❡ ❡♥❝♦♥tr❛♠♦s

✉♥❛ s❡♣❛r❛❝✐ó♥ ❞❡ 0′92 ❛r❝s❡❝ ✭❋✐❣✳ ✺✳✶✸✭❜✮✮✳

✭❛✮ ❇✐♥❛r✐❛ ❞❡ ✐♥t❡r❢❡r♦♠❡trí❛ s♣❡❝❦❧❡ ❞❡
❧❛ q✉❡ s❡ ♣r❡t❡♥❞❡ ❞❡s❝✉❜r✐r ❝✉á❧❡s s♦♥
❧♦s ♣❛rá♠❡tr♦s ❞❡ ❧❛ ór❜✐t❛ r❡❛❧✳ ❙✉s ❝♦♠✲
♣♦♥❡♥t❡s ❡stá♥ s❡♣❛r❛❞❛s 0′′

′
13✳

✭❜✮ ❈❛♣t✉r❛ ❞❡ ♣❛♥t❛❧❧❛ ❝♦♥ ❧❛s ✐♠á❣❡♥❡s ❞❡ ❞♦s
❜✐♥❛r✐❛s✱ ❧❛ ✐♥t❡r❢❡r♦♠étr✐❝❛ ❘❍②✷✹✹ ② ❧❛ ❡s♣❡❝✲
tr♦s❝ó♣✐❝❛ ❍❘✺✺✶✱ q✉❡ r❡s✉❧t❛♥ ❛ ✶✹✵ ② ✾✷♠❛s✳

✭❝✮ ■♠❛❣❡♥ ❞❡ ❘❍② ✷✹✹❆❇ t♦♠❛❞❛ ❝♦♥
❲❋P❈✷ ❡♥ ❍❙❚✳ ❙❡♣❛r❛❝✐ó♥ ❞❡ 0′′

′
14 ❝♦♥ ❡s✲

❝❛❧❛ ❞❡ 46♠❛①✳

✭❞✮ ■♠❛❣❡♥ ❞❡ ❘❍② ✷✹✹❆❇ ♣♦r ❋❈❅◆❖❚ ❝♦♥
✉♥❛ ❡s❝❛❧❛ ❞❡ 32♠❛①✳

❋✐❣✉r❛ ✺✳✶✸✿ ■♠á❣❡♥❡s ❞❡ r❡❝♦r❞ ❞❡ r❡s♦❧✉❝✐ó♥ ❝♦♥ ❡❧ ◆❖❚ ❤❛st❛ 0′′
′
92✳

❨✱ ❛❞❡♠ás✱ ✉♥❛ ú❧t✐♠❛ ❥♦②❛ q✉❡ ♥♦s ❞✐♠♦s ❡❧ ❧✉❥♦ ❞❡ ❝❛♣t✉r❛r ❡♥ ◆❖❚✳ ❈♦♠♦

❞❡♠♦str❛❝✐ó♥ ❞❡ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡ r❡s♦❧✉❝✐ó♥ t❡♠♣♦r❛❧ q✉❡ t✐❡♥❡ ❋❛st❈❛♠ ❛♣✉♥t❛✲

♠♦s ❛ ❧❛ ♥❡❜✉❧♦s❛ ❞❡❧ ❝❛♥❣r❡❥♦✳ ❆❧ ♠✐s♠♦ t✐❡♠♣♦✱ ❛♣r♦✈❡❝❤❛♠♦s ❧❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡



✶✼✷ ✺✳ ❊❧ r❡s✉❧t❛❞♦

s❡❧❡❝❝✐♦♥❛r ❧❛ ✈❡♥t❛♥❛ ❛❝t✐✈❛ ❞❡❧ ❞❡t❡❝t♦r q✉❡ ♥♦s ✐♥t❡r❡s❛ ❧❡❡r ② ❛sí ♣♦❞❡r ❛✉♠❡♥t❛r

❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❡❝t✉r❛✳ ❊❧ ❞❡t❡❝t♦r ❞❡ 512×512 ♣✐① t✐❡♥❡ ✉♥❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❡❝t✉r❛

♠á①✐♠❛ ♣❛r❛ t♦❞♦ ❡❧ ❞❡t❡❝t♦r ❞❡ ✸✺ ✐♠á❣❡♥❡s ♣♦r s❡❣✉♥❞♦✱ ♣❡r♦ ❡♥ ✉♥❛ ✈❡♥t❛♥❛ ❞❡

128×128 ♣✐① s❡ ♣✉❡❞❡♥ ❧❡❡r ❤❛st❛ 450 ❢♣s✳ ❊s♦ ♥♦s ♣❡r♠✐tí❛ ♦❜t❡♥❡r ✉♥❛ s❡❝✉❡♥❝✐❛ ❞❡❧

♣ú❧s❛r ❞❡ ❧❛ ♥❡❜✉❧♦s❛ ❞❡❧ ❝❛♥❣r❡❥♦ ❚❛✉❆✱ q✉❡ ❣✐r❛ ❛ ✸✵ r❡✈♦❧✉❝✐♦♥❡s ♣♦r s❡❣✉♥❞♦✳ ❊♥

❧❛ ✜❣✉r❛ ✺✳✶✼ ✈❡♠♦s ❞♦s ✐♠á❣❡♥❡s ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ ❝♦♥ ② s✐♥ ❡❧ ❤❛③ ❞❡❧ ♣ú❧s❛r✳

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

♣❛r❛ ❧❛ ♥✉❡✈❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡ ❋❛st❈❛♠ ✭❆❉❈✱ ❈❈❉ ❞❡ ❝❛♠♣♦✱ ❡s♣❡❥♦ ♣❛r❛ ést❛ ②

r✉❡❞❛ ❞❡ ✜❧tr♦s✮✳ ❆ ✜♥❛❧❡s ❞❡ ♥♦✈✐❡♠❜r❡ ❧♦ ♣r♦❜❛♠♦s ❡♥ ❚❈❙ ② ❢✉✐♠♦s ❛ ❲❍❚✳

❨❛ ❝♦♠❡♥t❛♠♦s ❡♥ ❧❛ s❡❝❝✐ó♥ ✹✳✸✳✸ q✉❡ ♥♦ ❢✉❡r♦♥ ✉♥❛s ♠❡❞✐❛s ♥♦❝❤❡s ♣r♦❞✉❝t✐✈❛s

❞❡❜✐❞♦ ❛ q✉❡ ❡❧ s✐st❡♠❛ t❡♥í❛ ②❛ ✉♥❛ ❝♦♠♣❧❡❥✐❞❛❞ q✉❡ ♥♦ ❡r❛ t❛♥ ❢á❝✐❧ ❞❡ ♠❛♥❡❥❛r✱ ❛

♣r♦❜❧❡♠❛s ❝♦♥ ❞❡❧ ❞❡rr♦t❛❞♦r ❞❡❧ t❡❧❡s❝♦♣✐♦ ② ❛ ❝✉❡st✐♦♥❡s ❝❧✐♠❛t♦❧ó❣✐❝❛s✳ ❙✐♥ ❡♠❜❛r✲

❣♦✱ ❡♥ ❧❛ s❡❣✉♥❞❛ ♥♦❝❤❡✱ ❝✉❛♥❞♦ ♣rá❝t✐❝❛♠❡♥t❡ ❧❛ ❞á❜❛♠♦s ♣♦r ♣❡r❞✐❞❛✱ ❧❛ ♣❛❝✐❡♥❝✐❛

② ❞❡❞✐❝❛❝✐ó♥ ❞❡ ❏♦r❣❡ ❆♥❞rés Pér❡③✱ ❛❣✉❛♥t❛♥❞♦ ❤❛st❛ ❧❛ ♠❛❞r✉❣❛❞❛✱ ❝♦♥s✐❣✉✐ó✱

❝✉❛♥❞♦ s❡ ❞❡s♣❡❥❛r♦♥ ❧❛s ♥✉❜❡s✱ ❧❛s ❞♦s ♠❡❥♦r❡s ✐♠á❣❡♥❡s ✭❋✐❣✳ ✺✳✶✹✮ ❡♥ ❝✉❛♥t♦ ❛

r❡s♦❧✉❝✐ó♥ t♦♠❛❞❛s ♥✉♥❝❛ ❡♥ ❡❧ ❲❍❚ ② ❧♦s ❖❜s❡r✈❛t♦r✐♦s ❞❡ ❈❛♥❛r✐❛s✳ ✭✈❡r ♥♦t✐❝✐❛

♦✜❝✐❛❧ ❞❡ ■◆●✿ ❤tt♣✿✴✴✇✇✇✳✐♥❣✳✐❛❝✳❡s✴P❘✴♣r❡ss✴❢❛st❝❛♠✳❤t♠❧✮✱ ② ❡❧❧♦ ❛ ♣❡s❛r

❞❡❧ ♠❛❧ s❡❡✐♥❣ ✳ ❋✉❡ ❧❛ ❜✐♥❛r✐❛ ✐♥t❡r❢❡r♦♠étr✐❝❛ ❈❖❯ ✷✾✷✱ ❞❡ ❧❛ q✉❡ s❡ ❝❛❧❝✉❧❛❜❛ ✉♥❛

s❡♣❛r❛❝✐ó♥ ❛❧r❡❞❡❞♦r ❞❡ 70♠❛s ② q✉❡✱ ❝♦♥ ✉♥❛ ❡s❝❛❧❛ ❞❡ 19♠❛s✴♣✐① ♥♦s ❞❛❜❛ ✉♥ ✈❛❧♦r

✜♥❛❧ ❞❡ 0,067± 0,007 ❛r❝s❡❝ ❞❡ s❡♣❛r❛❝✐ó♥✳

❊❧ s✐❣✉✐❡♥t❡ ♣❛s♦ ❢✉❡ ❧❧❡❣❛r ❛ ●❚❈✳ ❘❡❛❧♠❡♥t❡ ♥♦ ❡s♣❡rá❜❛♠♦s t❡♥❡r ♥✐♥❣ú♥ r❡✲

s✉❧t❛❞♦✳ ❮❜❛♠♦s ❛ ♣r♦❜❛r ❝ó♠♦ s❡ ❝♦♠♣♦rt❛rí❛ ❧❛ té❝♥✐❝❛ ❝♦♥ ✉♥❛ ❣r❛♥ ❛❜❡rt✉r❛✱✳✳✳

② ❡s♦ ♥♦ ♣✉❞♦ s❡r✳ ▲❛ r❛③ó♥ ❞❡ ❡❧❧♦ ♥♦ ❢✉❡ ♣♦rq✉❡ ♥♦ ❡st✉✈✐❡r❛♥ t♦❞♦s ❧♦s s❡❣♠❡♥t♦s

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

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

✐♠❛❣❡♥ ❞❡ ❝♦♥❥✉♥t♦ ❛❝❡♣t❛❜❧❡✳

◆♦ ♦❜st❛♥t❡ ❢✉❡ ✉♥❛ s♦r♣r❡s❛ ❡❧ ♣♦❞❡r tr❛❜❛❥❛r ❝♦♥ ❧♦s ✷✹ s❡❣♠❡♥t♦s ✐♥❞✐✈✐❞✉❛✲

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

✈✐s✉❛❧✐③❛r ❝♦♥ ❧❛ ❋P●❆ ❝ó♠♦ ❧❛s ♣❡rt✉r❜❛❝✐♦♥❡s ❞❡ ❧❛s ❞✐st✐♥t❛s ♠❛♥❝❤❛s s❡ ✐❜❛♥

❞❡s♣❧❛③❛♥❞♦ ❞❡ ✉♥ ❡①tr❡♠♦ ❛❧ ♦tr♦✱ ❝♦♠♦ s✐ ✉♥ ❢r❡♥t❡ ❞❡ ♣❡rt✉r❜❛❝✐ó♥ ❢✉❡r❛ ❡♠♣✉❥❛✲

❞♦ ♣♦r ❡❧ ✈✐❡♥t♦ ❞❡❧❛♥t❡ ❞❡ ❧❛ ♣✉♣✐❧❛ ♦ ❛❜❡rt✉r❛ ❞❡ ❧❛ ❝ú♣✉❧❛✳

❊♥ ❡st❡ s❡♥t✐❞♦✱ ❡♥ ❧❛ ✜❣✉r❛s ✺✳✶✺✭❛✮ ② ✺✳✶✺✭❜✮ ♣♦❞❡♠♦s ✈❡r ❞♦s ✐♠á❣❡♥❡s ✐♥s✲

t❛♥tá♥❡❛s ❞❡ ❧♦s s❡❣♠❡♥t♦s ❛♣✉♥t❛♥❞♦ ❛❧ s✐st❡♠❛ ❍❉✻✻❆❇❈ ② ❡♥ ❧❛ ✜❣✉r❛ ✺✳✶✺✭❝✮ ❡❧

s✐st❡♠❛ r❡❞✉❝✐❞♦✳

❙❡ ♣✉❡❞❡ ❛♣r❡❝✐❛r ❝ó♠♦ ❡♥ ❧❛s ✐♠á❣❡♥❡s ✐♥❞✐✈✐❞✉❛❧❡s ❞❡ ❧❛ s❡❝✉❡♥❝✐❛ ❛♣❛r❡❝❡♥

❞❡ ♠✉② ❞✐st✐♥t❛ ❢♦r♠❛ ❧❛s ♠❛♥❝❤❛s ❝❛♣t❛❞❛s ♣♦r ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s s❡❣♠❡♥t♦s ❡♥ ✉♥

http://www.ing.iac.es/PR/press/fastcam.html


✺✳✷✳ ❘❡s✉❧t❛❞♦s ❈✐❡♥tí✜❝♦s ✶✼✸

✭❛✮ ❋❈❅❲❍❚✿ ❈❖❯ ✷✾✷✳ ❇❛♥❞❛ ❘✳ ✭❜✮ ❋❈❅❲❍❚✿ ❈❖❯ ✷✾✷✳ ❇❛♥❞❛ ■✳

❋✐❣✉r❛ ✺✳✶✹✿ ■♠á❣❡♥❡s ❞❡ ❧❛ ❜✐♥❛r✐❛ ✐♥t❡r❢❡r♦♠étr✐❝❛ ❈❖❯ ✷✾✷ t♦♠❛❞❛s ❡♥ ❜❛♥❞❛s ❘ ❡ ■
❝♦♥ ❋❛st❈❛♠ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❲❍❚ ❡❧ ✷✽ ❞❡ ♥♦✈✐❡♠❜r❡ ❞❡ ✷✵✵✼ ② q✉❡ ❝♦♥st✐t✉②❡♥ ❧❛ ♠á①✐♠❛
r❡s♦❧✉❝✐ó♥ ❛❧❝❛♥③❛❞❛ ❝♦♥ ❡❧ ❲❍❚ ❤❛st❛ ❧❛ ❢❡❝❤❛ ❝♦♥ ✉♥❛ s❡♣❛r❛❝✐ó♥ ❞❡ 0

′
067 ❛r❝s❡❝✳

♠♦♠❡♥t♦ ❞❛❞♦✳ ▲❛ s❡♣❛r❛❝✐ó♥ ❞❡ ❧❛ ❝♦♠♣♦♥❡♥t❡ ❈✱ q✉❡ ❡s ❞❡ 0′196 ❛r❝s❡❝ ❡s ❧❛ ♠❡❥♦r

r❡s♦❧✉❝✐ó♥ ❞❛❞❛ ♣♦r ❡❧ t❡❧❡s❝♦♣✐♦ ❤❛st❛ ❧❛ ❢❡❝❤❛✳ ◆♦s ❝♦♥st❛ q✉❡ ❡❧ ❝♦❢❛s❡♦ ❞❡ ❧♦s ✸✻

❡s♣❡❥♦s ❡stá ②❛ ♠❡❥♦r q✉❡ ❡s♦ ♣❡r♦✱ ❛❧ ♥♦ ❞✐s♣♦♥❡r ❞❡ ✐♥str✉♠❡♥t♦s q✉❡ r❡q✉✐❡r❛♥ ♦

♣✉❡❞❛♥ ✈✐s✉❛❧✐③❛r❧♦✱ ❡s❡ ✈❛❧♦r ❞❡ r❡s♦❧✉❝✐ó♥ ♥♦ s❡ ❤❛ ✈✉❡❧t♦ ❛ r❡♣♦rt❛r✳

❈❛❞❛ ✉♥♦ ❞❡ ❧♦s ❡s♣❡❥♦s ❡q✉✐✈❛❧❡ ❛ ✉♥❛ ❛❜❡rt✉r❛ ❡♥ t♦r♥♦ ❛ 1′8♠ ❞❡ ❞✐á♠❡tr♦

✭❛♣❂1650♠♠ r❂1900♠♠✮✱ ❝❛♣❛③ ♣♦r t❛♥t♦ ❞❡ ❛♣♦rt❛r ✉♥❛ r❡s♦❧✉❝✐ó♥ t❡ór✐❝❛ ❞❡

119♠❛s ❡♥ ❜❛♥❞❛ ■✳

✺✳✷✳✸✳ ❇✐♥❛r✐❛s

❆✉♥q✉❡ ❝♦♠❡♥té q✉❡ ♥♦ ✐❜❛ ❛ ❡♥tr❛r ❡♥ ❧♦s tr❛❜❛❥♦s ❝✐❡♥tí✜❝♦s q✉❡ s❡ r❡❛❧✐③❛♥ ❝♦♥

❋❛st❈❛♠✱ ②❛ q✉❡ ✐♠♣❧✐❝❛♥ ♦tr❛s ✐♥✈❡st✐❣❛❝✐♦♥❡s ❡s♣❡❝í✜❝❛s✱ sí ❡s ❞❡ r❡❝✐❜♦ ❡①♣❧✐❝❛r

♠ás ❡♥ ♣r♦❢✉♥❞✐❞❛❞ ❛❧❣✉♥♦s t❡♠❛s q✉❡ ❥✉st✐✜❝❛♥ ♣❧❡♥❛♠❡♥t❡ q✉❡ s❡ ❤❛②❛ r❡❛❧✐③❛❞♦

❋❛st❈❛♠ ② q✉❡ ❧♦ ❤❛②❛♠♦s ❡st❛❞♦ ✉s❛♥❞♦ ❡♥ ♠✉❧t✐t✉❞ ❞❡ ❝❛♠♣❛ñ❛s✱ ② ♥♦ só❧♦ ♣❛r❛

♣r♦❜❛r❧♦ ♦ ❧✉❝✐r❧♦✳

◆♦ ❝❛❜❡ ❞✉❞❛ ❞❡ q✉❡ ✉♥❛ ❞❡ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡ ✉♥ s✐st❡♠❛ ❝♦♠♦ ❋❛st❈❛♠ ❡s

❧❛ ❛str♦♠étr✐❝❛ ② ♣♦r t❛♥t♦ ❡❧ ❞✐s❝❡r♥✐r ❧❛s ❝♦♠♣♦♥❡♥t❡s ❞❡ ❡str❡❧❧❛s ❜✐♥❛r✐❛s✳ ❨❛

❤❡♠♦s ♠❡♥❝✐♦♥❛❞♦ ❛❧❣✉♥❛s ❞❡ ❧❛s ❜✐♥❛r✐❛s ✐♥t❡r❢❡r♦♠étr✐❝❛s ② ❡s♣❡❝tr♦s❝ó♣✐❝❛s q✉❡

♥♦ ❡st❛❜❛♥ r❡s✉❡❧t❛s ② q✉❡✱ ♣♦r ❡❧❧♦✱ ❧❛s ♦❜s❡r✈❛♠♦s ❝♦♥ ❧♦s t❡❧❡s❝♦♣✐♦s ❛♣r♦♣✐❛❞♦s



✶✼✹ ✺✳ ❊❧ r❡s✉❧t❛❞♦

✭❛✮ ❋❈❅●❚❈✿ ❍❯ ✻✻❆❇❝✳ ■♠❛❣❡♥ ✐♥❞✐✈✐✲
❞✉❛❧ ❞❡ ❧❛ ❝❛♣t✉r❛✳

✭❜✮ ❋❈❅●❚❈✿ ❍❯ ✻✻❆❇❝✳ ■♠❛❣❡♥ ✐♥❞✐✈✐✲
❞✉❛❧ ❞❡ ❧❛ ❝❛♣t✉r❛✳

✭❝✮ ❋❈❅●❚❈✿ ❍❯ ✻✻❆❇❝✳ ■♠❛❣❡♥ ♣r♦❝❡s❛✲
❞❛✳

❋✐❣✉r❛ ✺✳✶✺✿ ■♠á❣❡♥❡s ❞❡❧ s✐st❡♠❛ ♠ú❧t✐♣❧❡ ❍❯ ✻✻❆❇❈✳ ❙❡♣❛r❛❝✐♦♥❡s ❞❡ 0
′
196′′✱ ② 0

′
906′′

♦❜t❡♥✐❞❛s ❡♥ ●❚❈ ❡❧ ✷ ❞❡ ❥✉♥✐♦ ❞❡ ✷✵✵✽ ② q✉❡ ❝♦♥st✐t✉②❡♥ ❧❛ ♠á①✐♠❛ r❡s♦❧✉❝✐ó♥ ❛❧❝❛♥③❛❞❛
❝♦♥ ●❚❈ ❤❛st❛ ❛❤♦r❛✳



✺✳✷✳ ❘❡s✉❧t❛❞♦s ❈✐❡♥tí✜❝♦s ✶✼✺

♣❛r❛ ♣♦❞❡r ❧❧❡❣❛r ❛ r❡s♦❧✈❡r❧❛s✳ ❍❘ ✺✺✶ ❡♥ ◆❖❚ ② ❈❖❯ ✷✾✷ ❡♥ ❲❍❚ s♦♥ ❡❥❡♠♣❧♦s

❞❡ ❡❧❧♦✳ P❡r♦ ❤❛② ♠ás r❛③♦♥❡s ♦ ♣r♦②❡❝t♦s ❞❡ ✐♥t❡rés ❡♥ ❜✐♥❛r✐❛s✱ ❝♦♠♦ ❡♥❝♦♥tr❛r

❝♦♠♣❛ñ❡r❛s ♣♦❝♦ ❜r✐❧❧❛♥t❡s✱ ❝♦♠♦ ♣✉❡❞❡♥ s❡r ❡♥❛♥❛s ♠❛rr♦♥❡s✳ ❊♥ ❡❧ ❛♣é♥❞✐❝❡ ❉

❡stá♥✱ ❡♥tr❡ ♦tr♦s✱ ❧❛s ❝♦♠✉♥✐❝❛❝✐♦♥❡s ■❱✳❡ ② ■❱✳❞ q✉❡ ♣r❡s❡♥t❛♥ ❧❛s ❞✐st✐♥t❛s té❝♥✐❝❛s

q✉❡ ❤❡♠♦s ❞❡s❛rr♦❧❧❛❞♦ ❝♦♥ ❋❛st❈❛♠ ♣❛r❛ ❞❛r ❡s❡ ♣❛s♦ ♠ás✳

✺✳✷✳✹✳ ❙❡❣✉✐♠✐❡♥t♦s

❯♥♦ ❞❡ ❧♦s tr❛❜❛❥♦s ♠ás ✐♠♣♦rt❛♥t❡s q✉❡ ♣♦❞❡♠♦s ❛s✐❣♥❛r ❛ ❋❛st❈❛♠✱ s♦❜r❡ t♦❞♦

❡♥ s✉ ✈❡rs✐ó♥ ❡st❛❜❧❡ ❡♥ ❡❧ ❚❡❧❡s❝♦♣✐♦ ❈❛r❧♦s ❙á♥❝❤❡③✱ ❡s ❡❧ ❞❡ ❧♦s ❛♣✉♥t❛❞♦s r✉t✐♥❛r✐♦s✳

❊st♦s tr❛❜❛❥♦s s♦♥ ❧♦s q✉❡ r❡q✉✐❡r❡♥ ❞❡ ✉♥ s❡❣✉✐♠✐❡♥t♦ ♣❡r✐ó❞✐❝♦ ② ♣r♦❧♦♥❣❛❞♦ ❡♥ ❡❧

t✐❡♠♣♦ ❞❡ ❛❧❣✉♥♦s s✐st❡♠❛s ❝♦♥ ❡❧ ✜♥✱ ♣♦r ❡❥❡♠♣❧♦✱ ❞❡ ❞❡t❡r♠✐♥❛r ❧❛ ór❜✐t❛ ❞❡ ✉♥❛

❜✐♥❛r✐❛ ♦ ❝♦♠♣r♦❜❛r ❧❛ ✐♥✢✉❡♥❝✐❛ t❡♠♣♦r❛❧ ❞❡ ✉♥ ❛❣✉❥❡r♦ ♥❡❣r♦✳

❖tr♦ ❞❡ ❡st♦s ♣r♦❣r❛♠❛s q✉❡ r❡q✉✐❡r❡♥ ❞❡ ♥✉♠❡r♦s❛s ♦❜s❡r✈❛❝✐♦♥❡s ❡s ❡❧ ❞❡ ❜ús✲

q✉❡❞❛ ❞❡ ❜✐♥❛r✐❛s ❡♥tr❡ ✉♥❛ ❧❛r❣❛ ❧✐st❛ ❞❡ ❝❛♥❞✐❞❛t♦s✳ ❊♥ ❡st❡ ❝❛s♦ ♣✉❡❞❡♥ s❡r✱ ❞❡

♥✉❡✈♦✱ ❡str❡❧❧❛s q✉❡✱ ♣♦r t❡♥❡r ♣❡rí♦❞♦s ♠✉② ❧❛r❣♦s✴❝♦rt♦s✱ ♥♦ s❡ ❤❛♥ ❝♦♥s❡❣✉✐❞♦ r❡✲

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

▲❛ ✜❣✉r❛ ✺✳✶✻ ♠✉❡str❛ ❧♦s ❞❛t♦s ♦❜t❡♥✐❞♦s ❡♥ ❡❧ s❡❣✉✐♠✐❡♥t♦ ❞❡ ❧❛ ❡str❡❧❧❛ ❜✐♥❛r✐❛

❲♦❧❢ ✹✷✹ ❝♦♥ ✉♥❛ s❡♣❛r❛❝✐ó♥ ❞❡ 0′42
′′ ② ❝❛t❛❧♦❣❛❞❛ ❝♦♠♦ ●❏ 473❆❇ ✭●❧✐❡s❡✲❏❛❤r❡✐ÿ✮✳

❆ ❡st❡ r❡s♣❡❝t♦✱ ❤❛② ✉♥♦s ❝✉❛♥t♦s ❝❛tá❧♦❣♦s ❞❡ ❝❛♥❞✐❞❛t♦s✱ t❛♥t♦ ♣❛r❛ ❜úsq✉❡❞❛s

❝♦♠♦ ♣❛r❛ ❞❡t❡r♠✐♥❛❝✐ó♥ ❞❡ ór❜✐t❛s✿

❘❊❈❖◆❙ ✭❘❡s❡❛r❝❤ ❈♦♥s♦rt✐✉♠ ❖♥ ◆❡❛r❜② ❙t❛rs✮ s♦♥ ❧❛s ✶✵✵ ❜✐♥❛r✐❛s ♠❛s ♣ró①✐✲

♠❛s ❝♦♥tá♥❞♦❧❛s ❡♥ 10 pc ✭32′616 ❛ñ♦s✲❧✉③✮
✸✳

❙❝❛r❞✐❛s ❯♥ ❡q✉✐♣♦ ❞❡ ❛str♦❢ís✐❝♦s ❡✉r♦♣❡♦s✱ ❡♥tr❡ ❧♦s q✉❡ s❡ ❡♥❝✉❡♥tr❛ ❡❧ ✐t❛❧✐❛♥♦

▼✳ ❙❝❛r❞✐❛ ② ❡❧ ❜r✐tá♥✐❝♦ ❘✳ ❲✳ ❆r❣②❧❡✱ ♣r❡s❡♥t❛r♦♥ ♠❡❞✐❝✐♦♥❡s ❛str♦♠étr✐❝❛s

❞❡ ❜✐♥❛r✐❛s ✈✐s✉❛❧❡s ❞✉r❛♥t❡ ❡❧ ♣r✐♠❡r s❡♠❡str❡ ❞❡ ✷✵✵✼✳ P❛r❛ ❡❧❧♦ ✉s❛r♦♥ ❧❛

❝á♠❛r❛ ❞❡ ■♥t❡r❢❡r♦♠❡trí❛ ❙♣❡❝❦❧❡ P✉♣✐❧ ✭P■❙❈❖✮ s♦❜r❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❩❡✐ss

❞❡ ✶✱✵✷ ♠❡tr♦s ❞❡ ❞✐á♠❡tr♦ s✐t✉❛❞♦ ❡♥ ❡❧ ♦❜s❡r✈❛t♦r✐♦ ❞❡ ❇r❡♥❛ ❡♥ ▼❡r❛t❡

✭■t❛❧✐❛✮✳ ▲❛ ♠✉❡str❛ ❞❡ ❜✐♥❛r✐❛s ❝♦♥t✐❡♥❡ ❞♦❜❧❡s ♦r❜✐t❛❧❡s ❛sí ❝♦♠♦ ❜✐♥❛r✐❛s

❝✉②♦ ♠♦✈✐♠✐❡♥t♦ ♦r❜✐t❛❧ ❛ú♥ ❡s ✐♥❝✐❡rt♦✳ ❖❜t✉✈✐❡r♦♥ ✷✷✻ ♥✉❡✈❛s ♠❡❞✐❝✐♦♥❡s

❞❡ ✷✶✹ ♦❜❥❡t♦s✱ ❝♦♥ s❡♣❛r❛❝✐♦♥❡s ❛♥❣✉❧❛r❡s ❡♥tr❡ ✵✱✶✺ ② ✹✱✺ s❡❣✉♥❞♦s ❞❡ ❛r❝♦✳

▲❛ ♣r❡❝✐s✐ó♥ ♠❡❞✐❛ ❞❡ ❧❛s ♠❡❞✐❝✐♦♥❡s ❡s ❞❡ 0′013 asec✳ ▲♦s ❛str♦❢ís✐❝♦s t❛♠❜✐é♥

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

✸❯♥ ♣❛rs❡❝ ❡s ❧❛ ❞✐st❛♥❝✐❛ ❛ ❧❛ q✉❡ ✉♥ ♦❜❥❡t♦ ♠✉❡str❛ ✉♥ ♣❛r❛❧❛❥❡ ❞❡ ✉♥ s❡❣✉♥❞♦ ❞❡ ❛r❝♦ r❡s♣❡❝t♦
❛❧ ❢♦♥❞♦ ✜❥♦ ❞❡ ❡str❡❧❧❛s✳ ❊❧ ♣❛r❛❧❛❥❡ s❡ r❡✜❡r❡ ❛ ❧❛ ❞✐st❛♥❝✐❛ ❚✐❡rr❛✲❙♦❧ ✭1❆❯✱ ✉♥✐❞❛❞ ❛str♦♥ó♠✐❝❛✮✳



✶✼✻ ✺✳ ❊❧ r❡s✉❧t❛❞♦

✭❛✮ ●❏✹✼✸ ❡♥ ❚❈❙✳ ✭❜✮ ●❏✹✼✸ ❡♥ ◆❖❚✳

✭❝✮ ❉❡t❛❧❧❡ ❞❡❧ ❛❥✉st❡ ❞❡ ❧❛ ór❜✐t❛ ❞❡ ●❏✹✼✸✳

❋✐❣✉r❛ ✺✳✶✻✿ ■♠á❣❡♥❡s ❞❡❧ s❡❣✉✐♠✐❡♥t♦ ❞❡ ❧❛ ❜✐♥❛r✐❛ ●❏ ✹✼✸ ✭❲♦❧❢ ✹✷✹✮ t♦♠❛❞❛s ❡♥ ❞✐st✐♥t❛s
é♣♦❝❛s ❝♦♥ ❞✐❢❡r❡♥t❡s s❡♣❛r❛❝✐♦♥❡s ② ❡♥ ❧♦s t❡❧❡s❝♦♣✐♦s ❚❈❙ ② ◆❖❚✳ ❚❛♠❜✐é♥ s❡ ♠✉❡str❛ ❡❧
❞❡t❛❧❧❡ ❞❡ ❧❛ ór❜✐t❛ q✉❡ ❛❥✉st❛ ❛ ❡st❛s ♣♦s✐❝✐♦♥❡s✱ t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ ❛❞❡♠ás ♦tr❛s ♦❜s❡r✈❛✲
❝✐♦♥❡s r❡❛❧✐③❛❞❛s ❞❡♥tr♦ ❞❡ ❧❛ ❝❛♠♣❛ñ❛ ❞❡ s❡❣✉✐♠✐❡♥t♦✳

●❧✐❡s❡ ✭❈❛tá❧♦❣♦ ●❧✐❡s❡ ❞❡ ❡str❡❧❧❛s ❝❡r❝❛♥❛s✮ ❙❡ r❡❢❡r❡♥❝✐❛ ❝♦♠♦ ❡❧ ❝❛tá❧♦❣♦ ♠♦✲

❞❡r♥♦ ❞❡ ❡str❡❧❧❛s ❧♦❝❛❧✐③❛❞❛s ❡♥ 25 ♣❝s ✭81′54 ❛ñ♦s✲❧✉③✮ ❞❡ ❧❛ ❚✐❡rr❛✳ ❊❧ ❝❛tá❧♦❣♦

●❧✐❡s❡ ✭♣♦st❡r✐♦r♠❡♥t❡ ●❧✐❡s❡✲❏❛❤r❡✐ÿ✮ ♣r❡t❡♥❞í❛ ❤❛❝❡r ✉♥ ❧✐st❛❞♦ ❞❡ t♦❞♦s ❧♦s

s✐st❡♠❛s ❡st❡❧❛r❡s ❡♥ 20 ♣❝ ✭65 ❛ñ♦s✲❧✉③✮ ❞❡ ❧❛ ❚✐❡rr❛ ♦r❞❡♥❛❞♦s ♣♦r ❛s❝❡♥s✐ó♥

r❡❝t❛✳ ▲❛ ú❧t✐♠❛ ❡❞✐❝✐ó♥ ❝✉❜r❡ ②❛ ❧♦s ✷✺ ♣❛rs❡❝s✳

❲❉❙ ❊❧ ❲❛s❤✐♥❣t♦♥ ❉♦✉❜❧❡ ❙t❛r ❈❛t❛❧♦❣✱ ♠❛♥t❡♥✐❞♦ ♣♦r ❡❧ ❖❜s❡r✈❛t♦r✐♦ ◆❛✈❛❧

❞❡ ❊st❛❞♦s ❯♥✐❞♦s✱ ❡s ❧❛ ♣r✐♥❝✐♣❛❧ ❜❛s❡ ❞❡ ❞❛t♦s ♠✉♥❞✐❛❧ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ❛s✲

tr♦♠étr✐❝❛ ❞❡ ❡str❡❧❧❛s ❞♦❜❧❡s ② ♠ú❧t✐♣❧❡s✳ ❊❧ ❝❛tá❧♦❣♦ ❝♦♥t✐❡♥❡ ❧❛s ♣♦s✐❝✐♦♥❡s



✺✳✷✳ ❘❡s✉❧t❛❞♦s ❈✐❡♥tí✜❝♦s ✶✼✼

✭❛✮ ❊str❡❧❧❛ ❚❛✉ ❆ q✉❡ s❡ ✈❡ s♦❜r❡ ❧❛ ♥❡❜✉✲
❧♦s❛ ❞❡❧ ❝❛♥❣r❡❥♦✳

✭❜✮ P✉❧s❛r ❝❡♥tr❛❧ ❞❡ ❧❛ ♥❡❜✉❧♦s❛ ❞❡❧ ❝❛♥✲
❣r❡❥♦ ❥✉♥t♦ ❛ ❚❛✉ ❆✳

❋✐❣✉r❛ ✺✳✶✼✿ ❊♥ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡ ✐♠á❣❡♥❡s✱ t♦♠❛❞❛s ❝❛❞❛ 10ms✱ ❛♣❛r❡❝❡ ❛❧t❡r♥❛t✐✈❛♠❡♥t❡
❡❧ ✢❛s❤ ❞❡❧ ♣✉❧s❛r ❝❡♥tr❛❧ ❞❡ ❧❛ ♥❡❜✉❧♦s❛ ❞❡❧ ❝❛♥❣r❡❥♦✱ q✉❡ s❡ ♣✉❡❞❡ ✈❡r ❝❛❞❛ 33♠s✳

✭❏✷✵✵✵✮✱ ❞❡s✐❣♥❛❝✐♦♥❡s✱ ❞❡s❝✉❜r✐❞♦r✱ é♣♦❝❛s✱ á♥❣✉❧♦s ❞❡ ♣♦s✐❝✐ó♥✱ s❡♣❛r❛❝✐♦♥❡s✱

♠❛❣♥✐t✉❞❡s✱ t✐♣♦s ❡s♣❡❝tr❛❧❡s✱ ♠♦✈✐♠✐❡♥t♦s ♣r♦♣✐♦s ②✱ ❝✉❛♥❞♦ ❡sté♥ ❞✐s♣♦♥✐❜❧❡s✱

❧♦s ♥ú♠❡r♦s ❉✉r❝❤♠✉st❡r✉♥❣ ✭❉▼✮ ② ♥♦t❛s ♣❛r❛ ❧♦s ❝♦♠♣♦♥❡♥t❡s ❞❡ 103 861

s✐st❡♠❛s ❜❛s❛❞♦s ❡♥ 750 563 ♠❡❞✐❞❛s✳

❋✐♥❛❧♠❡♥t❡✱ ♦tr♦ ♣✉♥t♦ ❞❡ ❧♦s s❡❣✉✐♠✐❡♥t♦s ❡s ❧❛ ❞❡t❡r♠✐♥❛❝✐ó♥ ❡♥ ♥ú❝❧❡♦s ❞❡

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

♣r❡❝✐s❛r s✐ ❤❛② ✉♥ ♦❜❥❡t♦ ❛❧❧í ♦ ♥♦✳

✺✳✷✳✺✳ ❘❡s♦❧✉❝✐ó♥

❈✉❛♥❞♦ ❤❛❜❧❛♠♦s ❞❡ r❡s♦❧✉❝✐ó♥ ♦ r❡s♦❧✉❝✐ó♥ ♠á①✐♠❛ ❛❧❝❛♥③❛❞❛ ♣♦r ❋❛st❈❛♠ ❡s✲

t❛♠♦s ❡♥ r❡❛❧✐❞❛❞ ❥✉❣❛♥❞♦ ❝♦♥ ❧♦s ❝♦♥❝❡♣t♦s ❞❡ ❧✐♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ② r❡s♦❧✉❝✐ó♥✳

❊♥ ❚❈❙ ② ◆❖❚ ❤❡♠♦s ✈✐st♦ ✐♥❝❧✉s♦ ❞❡ ♠♦❞♦ ❤❛❜✐t✉❛❧ ❞✐s❝♦s ❞❡ ❆✐r② ♦ ❞✐s❝♦s ❞❡

❞✐❢r❛❝❝✐ó♥✳ ❊s♦ ♣r✉❡❜❛ q✉❡✱ ♣❛r❛ ❞♦s ❡str❡❧❧❛s ❞❡ ✐❣✉❛❧ ♠❛❣♥✐t✉❞ s❡♣❛r❛❞❛s 1′22λ/D✱

❛❧❝❛♥③❛♠♦s ❧❛ ♠á①✐♠❛ r❡s♦❧✉❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ ❛✉♥q✉❡ r❡❛❧♠❡♥t❡ ♥♦ ❤❛②❛♠♦s ❝♦♥✲

s❡❣✉✐❞♦ ❡♥❝♦♥tr❛r ❡str❡❧❧❛s ❡♥ t❛❧❡s ❝♦♥❞✐❝✐♦♥❡s❀ ❡st♦ ♥♦ ♣❛só ❝♦♥ ❲❍❚✱ ♦ ●❚❈

♦❜✈✐❛♠❡♥t❡✳

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

❞❡t❡❝t♦r❡s rá♣✐❞♦s ❊▼❈❈❉✱ ▲✸❈❈❉ ♦ ❧♦s ú❧t✐♠♦s s❈▼❖❙✳



✶✼✽ ✺✳ ❊❧ r❡s✉❧t❛❞♦

❋✐❣✉r❛ ✺✳✶✽✿ ■♠á❣❡♥❡s ❡①tr❛✐❞❛s ❞❡ ✉♥❛ s❡❝✉❡♥❝✐❛ t♦♠❛❞❛ ❝♦♥ ❧♦s s❡❣♠❡♥t♦s ❞❡ ●❚❈
r❡❛❧✐♥❡❛❞♦s ❞❡♥tr♦ ❞❡❧ ❝❛♠♣♦ ❞❡❧ ❞❡t❡❝t♦r✳

▲❛ ✜❣✉r❛ ✺✳✶✼ ♠✉❡str❛ ❞♦s ✐♠á❣❡♥❡s ❞❡ ✉♥❛ s❡❝✉❡♥❝✐❛ ❡♥ ❧❛ q✉❡ ❛♣✉♥t❛♠♦s ❛

❧❛ ♥❡❜✉❧♦s❛ ❞❡❧ ❈❛♥❣r❡❥♦ ❡♥ ❧❛ ❝♦♥st❡❧❛❝✐ó♥ ❞❡ ❚❛✉r♦✳ ▲❛ ❡str❡❧❧❛ ❞❡ r❡❢❡r❡♥❝✐❛ ❡s

❚❛✉r✉s ❆✱ ② ❧❛ q✉❡ ❛♣❛r❡❝❡ ② ❞❡s❛♣❛r❡❝❡ ❝♦♥ ✉♥❛ ❢r❡❝✉❡♥❝✐❛ ❝♦♥st❛♥t❡ ❡s ✉♥❛ ❡str❡❧❧❛

❞❡ ♥❡✉tr♦♥❡s q✉❡ s❡ ❝❛❧❝✉❧❛ q✉❡ t✐❡♥❡ ✉♥♦s 25 km ❞❡ ❞✐á♠❡tr♦✱ ❝♦♥ ✉♥❛ ♠❛s❛ ❡st✐♠❛❞❛

❡♥tr❡ 1′4 ② ✷ ♠❛s❛s s♦❧❛r❡s✱ r♦t❛♥❞♦ ✸✵ ✈❡❝❡s ♣♦r s❡❣✉♥❞♦✱ ❤❛❝✐❡♥❞♦ q✉❡ ✉♥♦ ❞❡ s✉s

♣♦❧♦s ♠❛❣♥ét✐❝♦s ❛♣✉♥t❡ ❤❛❝✐❛ ♥♦s♦tr♦s ❝♦♥ ❡s❛ ❢r❡❝✉❡♥❝✐❛✳ ❊s ❡❧ ♣ú❧s❛r ❝❡♥tr❛❧ ❞❡ ❧❛

♥❡❜✉❧♦s❛ q✉❡ s❡ ❞❡♥♦♠✐♥❛ P❙❘✵✺✸✶✰✶✷✶✳

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

❢✉❡r❛♥ ✉♥❛ ♣❡❧í❝✉❧❛✱ ② ♣♦r ❡❧❧♦ ❛❧❣✉♥♦s ❞❡ ❧♦s t♦♠❛❞♦s ❡♥ ●❚❈ ♠✉❡str❛♥ ❝ó♠♦ ❧❛

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

✐♥❞✐✈✐❞✉❛❧❡s✳ ❊st♦ s❡ ♣✉❡❞❡ ♦❜s❡r✈❛r ❡♥ ❧❛ ✜❣✉r❛ ✺✳✶✽✱ ❞♦♥❞❡ s❡ ❛♣r❡❝✐❛ ❡❧ ♠♦✈✐♠✐❡♥t♦

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

❈♦♥ ❡st♦ ✈❡♠♦s ❝❧❛r❛♠❡♥t❡ q✉❡ ❋❛st❈❛♠ ♥♦ s♦❧❛♠❡♥t❡ ❡s ✉♥ ✐♥str✉♠❡♥t♦ s✉♠❛✲

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

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

♣❛r❛ ♦tr♦s ♣r♦②❡❝t♦s ❝✐❡♥tí✜❝♦s✳

✺✳✷✳✻✳ ❋♦t♦♠❡trí❛

❯♥♦ ❞❡ ❧♦s ♣✉♥t♦s ❞é❜✐❧❡s ❞❡ ❋❛st❈❛♠ ② ❡❧ ♠ét♦❞♦ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❡s ❧❛ ❢♦t♦✲

♠❡trí❛✳ ❆ ♣❡s❛r ❞❡ q✉❡ ❧♦s r❡s✉❧t❛❞♦s ❛str♦♠étr✐❝♦s q✉❡ ♦❜t❡♥❡♠♦s s♦♥ ❢❛♥tást✐❝♦s✱ ②

❛✉♥q✉❡ ❧❧❡✈❛♠♦s tr❛❜❛❥❛♥❞♦ ❡♥ ❡st❡ ❛s✉♥t♦ ❞❡s❞❡ ❡❧ ♣r✐♠❡r ♠♦♠❡♥t♦✱ ♥♦ ❞✐s♣♦♥❡♠♦s

❞❡ ✉♥❛ ❢ór♠✉❧❛ ✐❞❡❛❧ ♣❛r❛ tr❛t❛r ❧❛s ✐♠á❣❡♥❡s ❞❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ❢♦t♦♠étr✐❝♦✳

▲♦s ❛✈❛♥❝❡s q✉❡ ❤❡♠♦s ❤❡❝❤♦ ❡♥ ❡st❡ ❝❛♠♣♦ s♦♥ ❛❜✉♥❞❛♥t❡s✱ ② ❧❛ ❢♦t♦♠❡trí❛ q✉❡

♦❜t❡♥❡♠♦s ❡s ❜❛st❛♥t❡ ❜✉❡♥❛✱ ♣❡r♦ t♦❞❛✈í❛ ♥♦s ❢❛❧t❛ ✉♥ ♣✉♥t♦ ♣❛r❛ ❧❧❡❣❛r ❛ q✉❡ s❡❛

ó♣t✐♠❛✱ ② ♣♦❞❡r ❞❡❢❡♥❞❡r❧❛ ❝♦♠♦ s✐st❡♠❛ ❞❡ ♠❡❞✐❞❛ ✈á❧✐❞♦✳

❊❧ ♣r♦❜❧❡♠❛ r❡❛❧ ❡str✐❜❛ ♥♦ t❛♥t♦ ❡♥ q✉❡ s❡❧❡❝❝✐♦♥❛♠♦s só❧♦ ❧❛s ♠❡❥♦r❡s ✐♠á❣❡♥❡s

✭❡♥ ♣r✐♥❝✐♣✐♦ ❝❛❞❛ ✉♥❛ ❞❡ ❡❧❧❛s ❞❡❜✐❡r❛ t❡♥❡r ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❢♦t♦♠ét✐❝❛ ♣r♦♣♦r❝✐♦♥❛❧✮✱



✺✳✷✳ ❘❡s✉❧t❛❞♦s ❈✐❡♥tí✜❝♦s ✶✼✾

s✐♥♦ ♠ás ❡♥ q✉❡ ❡❧ ❛✜♥❛♠✐❡♥t♦ ❞❡❧ ❧ó❜✉❧♦ ❝❡♥tr❛❧ r❡❞✉❝❡ ❧❛ ♣r❡❝✐s✐ó♥ ❞❡❧ ❛♥❝❤♦ ❞❡❧

❢♦♥❞♦✳ ❙❡ r❡q✉✐❡r❡ ✉♥ ❡st✉❞✐♦ ❡st❛❞íst✐❝♦ ❝♦♥ ♠✉❝❤❛s ❡str❡❧❧❛s ❢♦t♦♠étr✐❝❛s ❞♦♥❞❡ ❡♥

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

♣♦r ❞❡t❡r♠✐♥❛r✳ ❨ ❛ ♣❛rt✐r ❞❡ ❡s♦s ❞❛t♦s ❡st✉❞✐❛r ❝✉á❧ ❡s ❡❧ ❛♥❝❤♦ ❞❡❧ ❢♦♥❞♦ ② ❡❧ ❛♥❝❤♦

❛❧ q✉❡ ❡q✉✐✈❛❧❡ ❡♥ ❧❛ ♠❛♥❝❤❛ t♦t❛❧ ②❛ ✜❧tr❛❞❛✱ ❛ ❞✐st✐♥t♦s ♣♦r❝❡♥t❛❥❡s✱ ❡♥ ❢✉♥❝✐ó♥ ❞❡

❧❛ ❢♦t♦♠❡trí❛ ❝♦♥♦❝✐❞❛✳ ❉❡ ❛❤í s❡ ♣♦❞rí❛ ❝♦♥❝❧✉✐r ❞ó♥❞❡ ♠❡❞✐r ❡❧ ❛♥❝❤♦ ❛str♦♠étr✐❝♦

② ❞ó♥❞❡ ❡❧ ❛♥❝❤♦ ❢♦t♦♠étr✐❝♦✱ ❞❡ ♠♦❞♦ q✉❡✱ ❞❛❞❛ ✉♥❛ ✐♠❛❣❡♥ ❞❡ ❧❛ q✉❡ s❛❜❡♠♦s

❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s✱ ♣♦❞❛♠♦s ❞❡t❡r♠✐♥❛r ❡❧ ❜r✐❧❧♦ ❞❡ ❧♦s ♦❜❥❡t♦s

♠✐❞✐❡♥❞♦ ✉♥ ❝✐❡rt♦ ✈❛❧♦r ❞❡❧ ❢♦♥❞♦✳

Pr♦❜❛❜❧❡♠❡♥t❡ ❛❧❣✉♥♦ ❞❡ ❧♦s ❢✉t✉r♦s tr❛❜❛❥♦s ♦❜s❡r✈❛❝✐♦♥❛❧❡s ❝♦♥ ❋❛st❈❛♠

♣♦❞rá ❡❧❛❜♦r❛r ✉♥ ❡st✉❞✐♦ ❡♥ ❡st❡ s❡♥t✐❞♦ ② ❞❡s❝✉❜r✐r s✐ ❡①✐st❡ ✉♥❛ ❝♦rr❡❧❛❝✐ó♥

❢♦t♦♠étr✐❝❛✱ ② ❡♥ q✉é ❢♦r♠❛✱ ❞❡ ❧♦s ❞❛t♦s ♦❜t❡♥✐❞♦s ♣♦r ❋❛st❈❛♠ ❝♦♥ r❡s♣❡❝t♦ ❛ ✉♥❛

✭♠✉❝❤❛s✮ r❡❢❡r❡♥❝✐❛ ❢♦t♦♠étr✐❝❛ ❡st❡❧❛r✳

❖tr❛ ❝✉❡st✐ó♥ ❢♦t♦♠étr✐❝❛ s✉r❣❡ ❞❡ ❧♦s ♣❧❛♥t❡❛♠✐❡♥t♦s ❞❡ ✉s♦ ❞❡ ❋❛st❈❛♠ ❝♦♥ ✉♥

s✐st❡♠❛ ♠✉❧t✐s❡❣♠❡♥t♦ ♦ ❝♦♥ ❞✐✈✐s♦r ❞❡ ♣✉♣✐❧❛ ❡♥ ❣r❛♥❞❡s ❛❜❡rt✉r❛s✳ ❊stá ❝❧❛r♦✱ ②

❧♦ ❤❡♠♦s ❝♦♠♣r♦❜❛❞♦ ❡♥ ●❚❈✱ q✉❡✱ ❝✉❛♥❞♦ ❝♦rr❡❧❛♠♦s ❧❛s ✐♠á❣❡♥❡s ❞❡ ❧♦s ❞✐st✐♥t♦s

s❡❣♠❡♥t♦s ② s✉♠❛♠♦s ❧❛s ✐♠á❣❡♥❡s r❡❞✉❝✐❞❛s✱ ❛❧❝❛♥③❛♠♦s ♠✉❝❤❛ ♠ás ♣r♦❢✉♥❞✐❞❛❞

q✉❡ ❝♦♥ ✉♥ s❡❣♠❡♥t♦ s♦❧♦✱ ❛✉♥q✉❡ ♥♦s q✉❡❞❛♠♦s ❝♦♥ ❧❛ r❡s♦❧✉❝✐ó♥ ♠á①✐♠❛ ❞❡ ❝❛✲

❞❛ ✉♥♦ ❞❡ ❧♦s s❡❣♠❡♥t♦s✳ ❊st♦ t✐❡♥❡ ✐♠♣♦rt❛♥❝✐❛ ♥♦ só❧♦ ♣❛r❛ ❛str♦♠❡trí❛ ❞❡ ❝✐❡❧♦

♣r♦❢✉♥❞♦✱ s✐♥♦ ♣❛r❛ ❧❛ ❞❡t❡r♠✐♥❛❝✐ó♥ ❢♦t♦♠étr✐❝❛ ❞❡ ❧♦s ❞é❜✐❧❡s ♦❜❥❡t♦s r❡s✉❡❧t♦s✳

❯♥❛ s♦❧✉❝✐ó♥ q✉❡ ❡♥❝♦♥tré ♣❛r❛ ❡❧ ❝❛s♦ ❞❡ ❧♦s s✐st❡♠❛s ♠✉❧t✐♣✉♣✐❧❛ ❢✉❡ ❧❛

♣♦s✐❜✐❧✐❞❛❞ ❞❡ ❝♦❧♦❝❛r ✉♥ ❞✐✈✐s♦r ✭♣✐rá♠✐❞❡ ❡s♣❡❝✉❧❛r✮ ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥

❞❡ ♣✉♣✐❧❛ ❣❡♥❡r❛❞❛ ♣♦r ✉♥ ❝♦❧✐♠❛❞♦r ❞❡ ♠♦❞♦ q✉❡ ♣❛r❛ ●❚❈✱ ♣♦r ❡❥❡♠♣❧♦✱

❞✐✈✐❞✐♠♦s ❡❧ ❤❡①á❣♦♥♦ q✉❡ ❢♦r♠❛♥ ❧♦s s❡❣♠❡♥t♦s ❞❡❧ ♣r✐♠❛r✐♦ ❡♥ s❡✐s ✓♣♦r❝✐♦♥❡s✔

♣s❡✉❞♦✲tr✐❛♥❣✉❧❛r❡s ❞✐r✐❣✐❡♥❞♦ ❝❛❞❛ ✉♥❛ ❤❛❝✐❛ ✉♥❛ ❝á♠❛r❛ q✉❡ ❧❛ ❡♥❢♦q✉❡ ❡♥ ✉♥

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

▲❛ r❡s♦❧✉❝✐ó♥ s❡rá ❧❛ ❞❡ ❝❛❞❛ ✓♣♦r❝✐ó♥✔✱ ❧❛ ❡♥❡r❣í❛ ❧❛ s✉♠❛ ❞❡ ❧❛s s❡✐s✱ ❡s ❞❡❝✐r✱ ❧❛

❞❡ ❧❛ ❛❜❡rt✉r❛ ❝♦♠♣❧❡t❛ ❞❡❧ t❡❧❡s❝♦♣✐♦ ✭✈❡r ❧❛s s❡❝❝✐♦♥❡s ✻✳✶ ② ✻✳✸✳✶✮✳

❋✐♥❛❧♠❡♥t❡✱ ♦tr❛ ❢♦r♠❛ ❞❡ ❡♥❢r❡♥t❛r ❡❧ ♣r♦❜❧❡♠❛ ❢♦t♦♠étr✐❝♦ ❡s ❡❧ ♣✉r❛♠❡♥t❡

❝♦♠♣❛r❛t✐✈♦✳ ◆♦ s✐❡♠♣r❡ s❡rá ♣♦s✐❜❧❡✱ ♣❡r♦ ❡♥ ❧♦s ❝❛s♦s ❡♥ q✉❡ s❡ t❡♥❣❛ ✉♥ ❝❛♠♣♦

❛str♦♠étr✐❝♦ ❝♦♥ ❋❛st❈❛♠ ❡♥ ❡❧ q✉❡ ❛♣❛r❡③❝❛ ✉♥ ♦❜❥❡t♦ q✉❡ ♣♦❞❛♠♦s ❝♦♠♣❛r❛r

❞✐r❡❝t❛♠❡♥t❡ ❝♦♥ ❛❧❣✉♥❛ ✐♠❛❣❡♥ ❢♦t♦♠étr✐❝❛ ✈á❧✐❞❛ ② ✉s❛r ❝♦♠♦ r❡❢❡r❡♥❝✐❛✱ ❡❧ ✈❛❧♦r

❢♦t♦♠étr✐❝♦ ♣♦❞rá s❡r ❡①tr❛♣♦❧❛❞♦ ❛ ❧❛s ❡str❡❧❧❛s ❞❡s❝♦♥♦❝✐❞❛s✳

❖✱ ❡♥ s✐t✉❛❝✐♦♥❡s t♦❞❛✈í❛ ♠ás ❛❢♦rt✉♥❛❞❛s ❡♥ q✉❡ t❡♥❣❛♠♦s r❡❢❡r❡♥❝✐❛s ❞❡ ❢♦t♦✲



✶✽✵ ✺✳ ❊❧ r❡s✉❧t❛❞♦

♠❡trí❛ ❡♥ ❡❧ ❡s♣❛❝✐♦✱ s❡ ♣♦❞rá♥ ❝♦♠♣❛r❛r ❞✐r❡❝t❛♠❡♥t❡✳ ❊s ❡❧ ❝❛s♦ q✉❡ ❤❡♠♦s ✈✐st♦

❝♦♥ ▼✶✺ ❡♥ ◆❖❚✳ ❊①✐st❡♥ ❞❛t♦s ❞❡ t♦❞❛s ❧❛s ❡str❡❧❧❛s ♦❜s❡r✈❛❞❛s ♠❡❞✐❞❛s ♣♦r ❡❧

t❡❧❡s❝♦♣✐♦ ❡s♣❛❝✐❛❧ ❍✉❜❜❧❡✱ ❞❡ ♠♦❞♦ q✉❡ s❛❜❡♠♦s q✉❡ ❧❛s ❡str❡❧❧❛s ♠ás ❞é❜✐❧❡s ❞❡t❡❝✲

t❛❞❛s ❡♥ ❞✐❝❤♦ ❝ú♠✉❧♦ ❝♦♥ ◆❖❚ s♦♥ ❞❡ ♠❛❣♥✐t✉❞ ✶✾✱ ♣✉❡s s♦♥ ❧❛s ♠✐s♠❛s ❞❡t❡❝t❛❞❛s

❝♦♥ ❍❙❚✳

◆♦ q✉✐❡r♦ ❞❡❥❛r ❞❡ ♠❡♥❝✐♦♥❛r ❡❧ ♠ét♦❞♦ ❝❧ás✐❝♦✳ ❊✈✐❞❡♥t❡♠❡♥t❡✱ ❛✉♥q✉❡ ♥♦ ♣✉❡❞❡

s❡r ❛♣❧✐❝❛❞♦ ❛ t♦❞❛s ❧❛s ❡str❡❧❧❛s ②❛ q✉❡ s❡ ♣✐❡r❞❡ r❡s♦❧✉❝✐ó♥✱ ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦②

■♠❛❣✐♥❣ s✐❡♠♣r❡ t✐❡♥❡ ❧❛ ♦♣❝✐ó♥ ❞❡ s✉♠❛r ❡❧ 100% ❞❡ ❧❛s ✐♠á❣❡♥❡s t♦♠❛❞❛s✳ ❊❧❧♦

s✉♣♦♥❡ ②❛ ✉♥❛ ♠❡❥♦r❛✱ ❛❧ ❡❧✐♠✐♥❛r ❧❛ ❝♦♠♣♦♥❡♥t❡ ❞❡♠♦✈✐♠✐❡♥t♦ ❞❡ ✐♠❛❣❡♥ ❞❡❧ s❡❡✐♥❣ ✱

② ❧❛ ❢♦t♦♠❡trí❛ ❝❧ás✐❝❛✱ ❡♥ ❡st❡ ❝❛s♦✱ ❡s ♣❡r❢❡❝t❛♠❡♥t❡ ✈á❧✐❞❛✳

✺✳✸✳ ■♥t❡r♣r❡t❛❝✐ó♥ ② ❛♥á❧✐s✐s

❆ ♣❡s❛r ❞❡ q✉❡ ❡s ✉♥ t❡♠❛ ❡♥ ❡❧ q✉❡ ♥♦ ♣r♦❢✉♥❞✐③❛ré✱ ②❛ q✉❡ ❝❛❞❛ ♣r♦❣r❛♠❛

❝✐❡♥tí✜❝♦ ❞✐s♣♦♥❡ ❞❡ ❡①♣❡rt♦s q✉❡ ✐♥t❡r♣r❡t❛♥ ② ❛♥❛❧✐③❛♥ ❧♦s ❞❛t♦s ♦❜t❡♥✐❞♦s✱ sí q✉❡

♠❡ ❣✉st❛rí❛ ❞❡st❛❝❛r ❛❧❣✉♥♦s ♣✉♥t♦s✳ ❊♥ ♣r✐♠❡r ❧✉❣❛r✱ ❡s ♦❜❧✐❣❛❞♦ ♠❡♥❝✐♦♥❛r ❡❧ ❤❛❜❡r

♣♦❞✐❞♦ ❤❛❝❡r ♦❜s❡r✈❛❝✐♦♥❡s ❝♦♥ ❡❧ ◆❖❚ ❡q✉✐✈❛❧❡♥t❡s ❛ ❧❛s ❞❡❧ t❡❧❡s❝♦♣✐♦ ❡s♣❛❝✐❛❧ ❍❙❚✱

q✉❡ ❝♦♥ ❧❛ ♠✐s♠❛ ❛❜❡rt✉r❛ t✐❡♥❡♥ ❧❛ ♠✐s♠❛ r❡s♦❧✉❝✐ó♥✳ ❯♥❛ ♣r✉❡❜❛ ❞❡ ❡st♦ s♦♥ ❧❛s

❝♦♠♣❛r❛❝✐♦♥❡s ②❛ ♠♦str❛❞❛s ❡♥ ❧❛s q✉❡✱ ❢♦t♦♠ét✐❝❛♠❡♥t❡✱ ✈❡♠♦s ❧❛s ♠✐s♠❛s ❡str❡❧❧❛s

q✉❡ ❍❙❚ ❡♥ ▼✶✺ ②✱ ❝♦♥ ✉♥ ♠❡❥♦r ♠✉❡str❡♦✱ r❡s♦❧✈❡♠♦s ♣❡r❢❡❝t❛♠❡♥t❡ ❡❧ s✐st❡♠❛

❘❍② ✷✹✹❆❇✳ ❉❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ❝✐❡♥tí✜❝♦✱ ❤❡♠♦s t❛r❞❛❞♦ ♠ás ❞❡ ❧♦ ♥♦r♠❛❧

❡♥ ♣r♦❞✉❝✐r ❧♦s r❡s✉❧t❛❞♦s✱ ♣❡r♦ ❡❧❧♦ s❡ ❞❡❜í❛ ❛ ❧❛ ❢❛❧t❛ ❞❡ ❞❡✜♥✐❝✐ó♥ ❞❡❧ ♣r♦❝❡s♦ ❞❡

r❡❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s ② ❛ ❧❛s ♣r✉❡❜❛s q✉❡ ❤❡♠♦s t❡♥✐❞♦ q✉❡ ✐r ❤❛❝✐❡♥❞♦✱ ❛❞❡♠ás ❞❡

✐r ✈❡r✐✜❝❛♥❞♦ ♠✉② ❜✐❡♥ t♦❞♦s ❧♦s ♣❛s♦s✳ P♦r s✉♣✉❡st♦✱ ♥♦ ❣❛♥❛♠♦s ❡♥ t✐❡♠♣♦ ❞❡

✐♥t❡❣r❛❝✐ó♥ ❛❧ ❍❙❚ ♣❡r♦✱ ❞❛❞♦ q✉❡ ❡s t✐❡♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ♠✉❝❤♦ ♠ás ❜❛r❛t♦ ②

❛❝❝❡s✐❜❧❡✱ r❡s✉❧t❛ ♠✉❝❤♦ ♠ás r❡♥t❛❜❧❡ ❡♥ ❡st❡ ❝❛♠♣♦ ❡❧ ✉s♦ ❞❡ té❝♥✐❝❛s ❞❡ ▲✉❝❦②

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

❍✉❜❜❧❡✳

❊❧ ✐♥❝♦♥✈❡♥✐❡♥t❡✱ t❛❧ ② ❝♦♠♦ ❤❡♠♦s ✈✐st♦ ❡♥ ❧❛ s❡❝❝✐ó♥ ✺✳✷✳✻✱ ❡s q✉❡ ♥♦ t❡♥❡♠♦s

❢♦t♦♠❡trí❛ ❝♦♥ ✉♥❛ ♣r❡❝✐s✐ó♥ ❡①tr❡♠❛❞❛♠❡♥t❡ ❛❧t❛ t♦❞❛✈í❛ ❝♦♥ ❋❛st❈❛♠ ② ▲✉❝❦②

■♠❛❣✐♥❣ ✳

▲❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❤❛ ❞❡♠♦str❛❞♦ s❡r ♠❛②♦r ❞❡ ❡❞❛❞❀ ❡st❛r ❛ ✉♥ ♥✐✈❡❧

❡q✉✐♣❛r❛❜❧❡ ❛ ❧❛s té❝♥✐❝❛s ❞❡ ❛str♦♠❡trí❛ ❝❧ás✐❝❛s ❝♦♥s✐❣✉✐❡♥❞♦ ❡①♣r✐♠✐r ❛❧ ♠á①✐♠♦

❧❛s ♣♦s✐❜✐❧✐❞❛❞❡s ❞❡✱ ❛❧ ♠❡♥♦s✱ ❧♦s t❡❧❡s❝♦♣✐♦s ❞❡ t❛♠❛ñ♦ ✐♥t❡r♠❡❞✐♦ ② ❞❡ ❧♦s q✉❡ ❤❛②

♠✉❝❤♦s ② ♣♦r t❛♥t♦ ♠✉② ❛♣r♦✈❡❝❤❛❜❧❡s ♣❛r❛ tr❛❜❛❥♦s ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥✳ ❆❞❡♠ás✱

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



✺✳✹✳ ❚r❛❜❛❥♦s ❡♥ ❝✉rs♦ ✶✽✶

❝♦♠♦ ❧❛ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ② ❡❧ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦✳ ▲♦s ♣❛s♦s s✐❣✉✐❡♥t❡s ❛ ❞❛r ❞❡✲

❜❡rá♥ ❡♥❝❛♠✐♥❛rs❡ ❤❛❝✐❛ ♠❛②♦r❡s ❞❡t❡❝t♦r❡s ② ♠❛②♦r❡s t❡❧❡s❝♦♣✐♦s✱ ❛ ✐♥str✉♠❡♥t♦s

♠ás ❝♦♠♣❧❡❥♦s ② ❛ ❝♦♥s❡❣✉✐r ✉♥ ♣r♦❝❡s❛❞♦ q✉❡ ♠❡❥♦r❡ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❢♦t♦♠étr✐❝❛s

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

❧❛ ❞❡t❡❝❝✐ó♥ ❛str♦♥ó♠✐❝❛✱ ❛❧ ♠❡♥♦s ❞❡s❞❡ t✐❡rr❛✱ s❡ ❤❛rá ❝♦♥ ♣r♦❝❡s❛❞♦ ❞❡ ✐♠á❣❡✲

♥❡s s♦❜r❡♠✉❡str❡❛♥❞♦ ❧❛s ♣❡rt✉r❜❛❝✐♦♥❡s ❛t♠♦s❢ér✐❝❛s ② ♦♣t✐♠✐③❛♥❞♦ ❡❧ r❡❝❡♥tr❛❞♦

② s✉♠❛ ❞❡ ✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s✳ ▼❡❥♦r❡s ❞❡t❡❝t♦r❡s✱ ♠❛②♦r❡s ✈❡❧♦❝✐❞❛❞❡s ❞❡ ❧❡❝✲

t✉r❛✱ ♠❛②♦r ❛♠♣❧✐✜❝❛❝✐ó♥✱ ♠❡♥♦r r✉✐❞♦✱ r❛♥❣♦s ❞✐♥á♠✐❝♦s ♠❛②♦r❡s ② ♣♦s✐❜❧❡♠❡♥t❡

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

♣í①❡❧❡s ♦ ✈❡♥t❛♥❛s✱ ❡t❝✳ ❚♦❞♦ ❝♦♠♦ ♠❡❥♦r❛ ❞❡ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡ ♦❜t❡♥❡r ② ♦♣t✐♠✐③❛r

✐♥❢♦r♠❛❝✐ó♥ ❛ ♣❛rt✐r ❞❡ ❧❛ ❧✉③ q✉❡ ♥♦s ❧❧❡❣❛ ❞❡ ❧❛s ❡str❡❧❧❛s✳

✺✳✹✳ ❚r❛❜❛❥♦s ❡♥ ❝✉rs♦

❊❧ ♣r♦②❡❝t♦ s✐❣✉❡ ✈✐✈♦✳ ◆♦ só❧♦ ♣♦rq✉❡ ♥♦s♦tr♦s ❝♦♥t✐♥✉❛♠♦s ❞❡s❛rr♦❧❧❛♥❞♦ ❝❛♣❛✲

❝✐❞❛❞❡s ❛ ♣❛rt✐r ❞❡❧ s✐st❡♠❛ ❜❛s❡✳ ▲♦s ❝✐❡♥tí✜❝♦s s♦♥ ❝♦♥s❝✐❡♥t❡s ❞❡ ❧❛s ♣♦s✐❜✐❧✐❞❛❞❡s

❞❡❧ ✐♥str✉♠❡♥t♦ ② ❞❡ ❧♦ q✉❡ ♣✉❡❞❡ ❛♣♦rt❛r✳ ❇❛st❛ ❡❝❤❛r ✉♥❛ ♦❥❡❛❞❛ ❛ ❧❛s ♦❜s❡r✈❛✲

❝✐♦♥❡s ❡♥ ❝✉rs♦ ② ❛ ❛❧❣✉♥❛s ❞❡ ❧❛s ♣r♦♣✉❡st❛s ❞❡ t✐❡♠♣♦ ♣❛r❛ ❡❧ ✉s♦ ❞❡ ❋❛st❈❛♠ ❡♥

❚❈❙✳

✺✳✹✳✶✳ Pr♦♣✉❡st❛s ❤❛❜✐t✉❛❧❡s ♣❛r❛ ✉s♦ ❞❡ ❋❛st❈❛♠ ② ❲■❉❊✲

❋❛st❈❛♠

❉❡♥tr♦ ❞❡ ❧♦s ♣r✐♥❝✐♣❛❧❡s ♣r♦❣r❛♠❛s ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ q✉❡ ❡stá♥ ❡♥ ♠❛r❝❤❛✱ ❧♦s ❞❡

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

❞❡ s❡r✈✐❝✐♦✱ s♦♥ ❧❛s t❛r❡❛s ✜❥❛s q✉❡ s✐❡♠♣r❡ ❛❜s♦r❜❡♥ ♣❛rt❡ ❞❡❧ t✐❡♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥✳

❊♥tr❡ ❡❧❧♦s✿

❊st✉❞✐♦s ❞✐♥á♠✐❝♦s ❞❡ ❧❛s ❡str❡❧❧❛s ❡♥ ❧♦s ♥ú❝❧❡♦s ❞❡ ❝ú♠✉❧♦s ❣❧♦❜✉❧❛r❡s ♣❛r❛

✐♥✈❡st✐❣❛r ❧❛ ❡①✐st❡♥❝✐❛ ❞❡ ❛❣✉❥❡r♦s ♥❡❣r♦s ❞❡ ♠❛s❛s ✐♥t❡r♠❡❞✐❛s ❡♥tr❡ ✶✵✵ ②

✶✵✵✵ ✈❡❝❡s ❧❛ ♠❛s❛ ❞❡❧ ❙♦❧✳

❊st✉❞✐♦s ❞✐♥á♠✐❝♦s ❞❡ s✐st❡♠❛s ❜✐♥❛r✐♦s ❝❡r❝❛♥♦s ❛❧ ❙♦❧ ✭d < 20 ♣❝✮ ♣❛r❛ ❞❡✲

t❡r♠✐♥❛r ♣❛rá♠❡tr♦s ♦r❜✐t❛❧❡s ② ❧❛s ♠❛s❛s ❞❡ ❧❛s ❝♦♠♣♦♥❡♥t❡s✳ ❈♦♥ ❋❛st❈❛♠

❡s ♣♦s✐❜❧❡ r❡s♦❧✈❡r✱ ❛ ✉♥❛ ❞✐st❛♥❝✐❛ ❞❡ ✶✵ ♣❝✱ s✐st❡♠❛s ❞❡ ✐❣✉❛❧ ♠❛s❛ q✉❡ ❡sté♥

s❡♣❛r❛❞♦s ❧❛ ❞✐st❛♥❝✐❛ ❙♦❧✲❚✐❡rr❛ ✭✶ ❛✉✮ ②✱ ♣♦r t❛♥t♦✱ ❞❡t❡r♠✐♥❛r ❡♥ ❡❧ ♣❧❛③♦ ❞❡

✉♥ ❛ñ♦ ❧♦s ♣❛rá♠❡tr♦s ♦r❜✐t❛❧❡s ❝♦♥ ♣r❡❝✐s✐ó♥✳



✶✽✷ ✺✳ ❊❧ r❡s✉❧t❛❞♦

❊st✉❞✐♦s ❞❡ ❧❛ ♠✉❧t✐♣❧✐❝✐❞❛❞ ❞❡ ❡str❡❧❧❛s ❡♥ ❝ú♠✉❧♦s ② ❞❡ ❧❛ r❡❧❛❝✐ó♥ ♠❛s❛✲

❧✉♠✐♥♦s✐❞❛❞ ❛ ❞✐✈❡rs❛s ❡❞❛❞❡s ♦ ❡st❛❞♦s ❡✈♦❧✉t✐✈♦s✳

❍❛② ♦tr♦s ♣r♦❣r❛♠❛s ❝✐❡♥tí✜❝♦s q✉❡ s❡ ♣✉❡❞❡♥ ❧❧❡✈❛r ❛ ❝❛❜♦ ❝♦♥ ❋❛st❈❛♠✱ ❞❛❞♦

q✉❡ ❡❧ ✐♥str✉♠❡♥t♦ ♣❡r♠✐t❡ ♦❢r❡❝❡r ♦❜s❡r✈❛❝✐♦♥❡s ❝♦♠♣❡t✐t✐✈❛s ❡♥ ♠ú❧t✐♣❧❡s ❝❛♠♣♦s

❞❡ ❧❛ ❆str♦♥♦♠í❛✳ ◆♦ ♦❜st❛♥t❡✱ ❧♦s ✉s✉❛r✐♦s ♠❛r❝❛♥ ❡❧ ✉s♦ ♣r✐♥❝✐♣❛❧ q✉❡ s❡ ❧❡ ❞❛ ❛❧

✐♥str✉♠❡♥t♦ ❞❡ ✉s♦ ❝♦♠ú♥ ❡♥ ❚❈❙✳ ▲❛s ♣r♦♣✉❡st❛s ♠ás ❛❝t✉❛❧❡s ② ❧❛s ♣❡t✐❝✐♦♥❡s ❞❡

t✐❡♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ❝♦♥ ❋❛st❈❛♠ ② ❲■❉❊✲❋❛st❈❛♠ ❝♦♠♣❧❡t❛♥ ✉♥ ❛♠♣❧✐♦ r❛♥❣♦

❞❡ ✐♥t❡r❡s❡s✿

❖❝✉❧t❛❝✐♦♥❡s ❞❡ ❡str❡❧❧❛s ♣♦r ❛st❡r♦✐❞❡s✳

❖❢r❡❝❡ ❞❛t♦s ❢✉♥❞❛♠❡♥t❛❧❡s s♦❜r❡ ♣♦s✐❜❧❡s ❛t♠ós❢❡r❛s ❡♥ ❧♦s ❛st❡r♦✐❞❡s✱ ❛sí ❝♦♠♦

s♦❜r❡ s✉ t❛♠❛ñ♦✳

❊st✉❞✐♦ ❞❡ ❞❡st❡❧❧♦s ❞❡ ✐♠♣❛❝t♦ ❡♥ ❧❛ ▲✉♥❛ ❛ ❜❛❥❛s ❡♥❡r❣í❛s ✭❲■❉❊✲❋❈✮✳

❇✉s❝❛ ❡♥❝♦♥tr❛r ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ✐♠♣❛❝t♦s ❞❡ ♠❡t❡♦r♦✐❞❡s ❡♥ ❧❛ ▲✉♥❛ ❡♥

❢✉♥❝✐ó♥ ❞❡ s✉ ❡♥❡r❣í❛ ❞❡ ❝♦❧✐s✐ó♥✳

▼❡❞✐❝✐♦♥❡s ❛str♦♠étr✐❝❛s ② ❢♦t♦♠étr✐❝❛s ❞❡ ❡str❡❧❧❛s ❜✐♥❛r✐❛s ✈✐s✉❛❧❡s✳

Pr❡t❡♥❞❡ ❞❡t❡r♠✐♥❛r ❧❛s ♠❛s❛s ❞❡ ❡str❡❧❧❛s ❡♥ s✐st❡♠❛s ❜✐♥❛r✐♦s ❛ ♣❛rt✐r ❞❡ ❞❛t♦s

♠❡❞✐❞♦s ❝♦♥ ❣r❛♥ ♣r❡❝✐s✐ó♥ ❞❡ s✉s ♣❛rá♠❡tr♦s ♦r❜✐t❛❧❡s✳ ❊❧ ♦❜❥❡t✐✈♦ ❡s ❛♠♣❧✐❛r

❧❛ ❡st❛❞íst✐❝❛ ♣❛r❛ ♠❡❥♦r❛r ❧♦s ❝♦♥♦❝✐♠✐❡♥t♦s ❞❡ ❧❛ ❢♦r♠❛❝✐ó♥ ② ❡✈♦❧✉❝✐♦♥ ❡st❡❧❛r✳

❇úsq✉❡❞❛ ② ❝♦♥✜r♠❛❝✐ó♥ ❞❡ ❜✐♥❛r✐❛s ❡♥❛♥❛s ▼ ❛ ♣❛rt✐r ❞❡ ❧❛ ♠✉❡str❛ ❈❆❘▼❊◆❊❙✳

❏✉st❛♠❡♥t❡ ✈❡r✐✜❝❛r s✐ ❧❛s ❜✐♥❛r✐❛s ▼ ❡♥❝♦♥tr❛❞❛s ❝♦♥ ❈❆❘▼❊◆❊❙ ✭❜úsq✉❡❞❛

❞❡ ♣❧❛♥❡t❛s r♦❝♦s♦s ❝♦♥ ❡❧ t❡❧❡s❝♦♣✐♦ 3′5♠ ❞❡ ❈❛❧❛r ❆❧t♦✮ ❢♦r♠❛♥ s✐st❡♠❛s

❧✐❣❛❞♦s ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ❡❧ ✐♥str✉♠❡♥t♦ ❈❆❘▼❊◆❊❙✳

❙❡❣✉✐♠✐❡♥t♦ ❢♦t♦♠étr✐❝♦ ❞❡ ❝❛♥❞✐❞❛t♦s ❛ ❡♥❛♥❛s ♠❛rr♦♥❡s ❞❡ ❧❛ ♠✉❡str❛ ▼❆❘❱❊▲❙✳

❚r❛t❛ ❞❡ ❡♥❝♦♥tr❛r ❝♦♠♣❛ñ❡r♦s ❞é❜✐❧❡s ❡♥ s❡❣✉✐♠✐❡♥t♦s ❞❡ ❧❛r❣❛ ❞✉r❛❝✐ó♥✳

❱❛❧✐❞❛❝✐ó♥ ❞❡ ✉♥ ♣❧❛♥❡t❛ ❝✐r❝✉♠❜✐♥❛r✐♦ ❛❧r❡❞❡❞♦r ❞❡ ❨❨ ●❡♠✳

❙❡ q✉✐❡r❡♥ ❝♦♥s❡❣✉✐r ✐♠á❣❡♥❡s ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥ ② ❛❧t♦ ❝♦♥tr❛st❡ ♣❛r❛ ❡①❝❧✉✐r

♣♦s✐❜❧❡s ❝♦♠♣❛ñ❡r♦s ❡st❡❧❛r❡s✳

❙❡❣✉✐♠✐❡♥t♦ ❞❡ ♦❜❥❡t✐✈♦s ❞❡ ❑❡♣❧❡r✳

❙❡❣✉✐♠✐❡♥t♦s ❞❡ ✸✵ ♦❜❥❡t♦s ❑❡♣❧❡r ♣❛r❛ r❡❞✉❝✐r ❡❧ ♥ú♠❡r♦ ❞❡ ❜✐♥❛r✐❛s✳



✺✳✹✳ ❚r❛❜❛❥♦s ❡♥ ❝✉rs♦ ✶✽✸

Ór❜✐t❛s ❞❡ s✐st❡♠❛s ❜✐♥❛r✐♦s ❝❡r❝❛♥♦s ❞❡ ❜❛❥❛ ♠❛s❛✳

❙❡ q✉✐❡r❡♥ ❞❡t❡r♠✐♥❛r ❧❛s ♠❛s❛s ② ❧❛ ❛❜✉♥❞❛♥❝✐❛ ❞❡ s✐st❡♠❛s ❜✐♥❛r✐♦s ❞❡ ❜❛❥❛

♠❛s❛ ✭❡str❡❧❧❛s t✐♣♦ ▼✮✳

❇úsq✉❡❞❛ ❞❡ r❛②♦s ❡♥ ❱❡♥✉s ② ♦tr♦s ♣❧❛♥❡t❛s ❞❡❧ ❙✐st❡♠❛ ❙♦❧❛r✳

■♥t❡♥t❛ ❛♣r♦✈❡❝❤❛r ❧❛ s❡♥s✐❜✐❧✐❞❛❞ ② ❝❛♣❛❝✐❞❛❞ t❡♠♣♦r❛❧ ❞❡ ❋❛st❈❛♠ ♣❛r❛ ❞✐✲

r✐♠✐r ❧❛ ❝✉❡st✐ó♥ ❞❡ s✐ ❤❛② ♦ ♥♦ r❛②♦s ❡♥ ❧❛ ❛t♠ós❢❡r❛ ✈❡♥✉s✐♥❛✳

❊st✉❞✐♦ ❞❡ s✐ ❧❛s ❝♦♠♣❛ñ❡r❛s ✐♥✈✐s✐❜❧❡s ❞❡ ❡str❡❧❧❛s ❆ s♦♥ ❧❛ ❢✉❡♥t❡ ❞❡ ❧❛ ♠✐st❡r✐♦s❛

❡♠✐s✐ó♥ ❡♥ r❛②♦s ❳✳

❈✉r✈❛s ❞❡ ❧✉③ ❞❡ ❡♥❛♥❛s ♣✉❧s❛♥t❡s ✉❧tr❛❢rí❛s✳

❙❡ tr❛t❛ ❞❡ ❝♦♥♦❝❡r ❧❛ ❝♦rr❡❧❛❝✐ó♥ ❡♥tr❡ ❧♦s ❞❛t♦s t❡♠♣♦r❛❧❡s ❞❡ ❡♥❛♥❛s ♣✉❧s❛♥t❡s

❝♦♥ ♦tr♦s ♦❜t❡♥✐❞♦s✳

Prá❝t✐❝❛s ❞❡ ❧♦s ❡st✉❞✐❛♥t❡s ❞❡ ❧❛ ✉♥✐✈❡rs✐❞❛❞ ❞❡ ❆❛r❤✉s✳

❖❜s❡r✈❛r♦♥✿ ●❘❇s✱ ❝♦♠❡♥t❛s✱ tr❛♥s✲♥❡♣t✉♥✐❛♥♦s✱ s✉♣❡r♥♦✈❛s✱ ❡str❡❧❧❛s ♣✉❧s❛♥✲

t❡s ② ❜✐♥❛r✐❛s ❡❝❧✐♣s❛♥t❡s✱ ❞✐❛❣r❛♠❛s ❍❘ ② ❝ú♠✉❧♦s ❞❡ ❡str❡❧❧❛s✱ trá♥s✐t♦s ❞❡

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

❈♦♠♣❛ñ❡r❛s ❡♥ ❙✐❣♠❛ ❖r✐♦♥✐s✳

❖❜t❡♥❡r ✐♠á❣❡♥❡s ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥ ♣❛r❛ ❝♦♠❜✐♥❛r ❝♦♥ ♦tr♦s ♦❜t❡♥✐❞♦s ❝♦♥ ❆❖

❡♥ ❜❛♥❞❛s ❏ ② ❍✳

P❛r❡❥❛s ❞❡ ❡♥❛♥❛s ♠❛rr♦♥❡s✳

❱❡r✐✜❝❛r s✐st❡♠❛s ❝♦♥ ❡♥❛♥❛s ♠❛rr♦♥❡s q✉❡ s❡ ❤❛♥ ❞❡t❡❝t❛❞♦ ❝♦♥ ❆❖ ❡♥ ❣r❛♥❞❡s

t❡❧❡s❝♦♣✐♦s✳

❈♦♠♣❛r❛❝✐ó♥ ❝♦♥ ❧♦s ❞❛t♦s s✐s♠♦❧ó❣✐❝♦s✳

❇✐♥❛r✐❛s ❞❡ ❜❛❥❛ ♠❛s❛✳

❇✐♥❛r✐❛s ❞❡ r❛②♦s ❳ ♣❡rs✐st❡♥t❡s✳

❙❡❣✉✐♠✐❡♥t♦ ❞❡ ❧❛ ✈❛r✐❛❜✐❧✐❞❛❞ ❞❡❧ ♣✉❧s❛r ② ❞❡t❡r♠✐♥❛r ❧❛s ✐♥❡st❛❜✐❧✐❞❛❞❡s ❞❡❧

r✐t♠♦ ❞❡ ❛❝r❡❝✐ó♥✳

❇✐♥❛r✐❛s ❞❡ r❛②♦s ❳ tr❛♥s✐t♦r✐❛s ❝♦♥ ❛❣✉❥❡r♦ ♥❡❣r♦✳

❙❡❣✉✐♠✐❡♥t♦ ❡♥ ◆■❘ ❞❡ ❧❛ ✈❛r✐❛❜✐❧✐❞❛❞ ♣♦r ✢❛r❡s ✭❢✉❧❣✉r❛❝✐♦♥❡s✮ ② ◗P❖s ✭◗✉❛s✐✲

P❡r✐♦❞✐❝ ❖s❝✐❧❧❛t✐♦♥s✮✳



✶✽✹ ✺✳ ❊❧ r❡s✉❧t❛❞♦

❇úsq✉❡❞❛ ❞❡ ♣❧❛♥❡t❛s r♦❝♦s♦s tr❛♥s✐t❛♥t❡s ❛❧r❡❞❡❞♦r ❞❡ ❜✐♥❛r✐❛s ❡♥❛♥❛s ▼ ✭❲■❉❊✲

❋❈✮✳

❇úsq✉❡❞❛ ❢♦t♦♠étr✐❝❛ ❞❡ sú♣❡r✲❚✐❡rr❛s tr❛♥s✐t❛♥t❡s ❡♥ ③♦♥❛ ❤❛❜✐t❛❜❧❡ ♣❛r❛ ❡s✲

tr❡❧❧❛s ❞❡ ♣♦❝❛ ♠❛s❛✳

❘❊❈❖◆❙ Pr♦❣r❛♠❛ ❘❊❈❖◆❙ ❞❡ ❧❛s ❡str❡❧❧❛s ♠ás ❝❡r❝❛♥❛s ❛❧ ❙♦❧ ♣❛r❛ ❝♦rr♦❜♦r❛r

♦❜❥❡t♦s✱ ♠❛s❛s ② ór❜✐t❛s✳

❚❨❈❍❖

Pr♦❣r❛♠❛ ▼✉❧t✐♣❧✐❝✐❞❛❞ ❞❡ ♦❜❥❡t♦s ❚❨❈❍❖✳

❍✐❛❞❡s✳

▲❛s ❍í❛❞❡s ❡stá♥ ❛ ✹✺ ♣❝ ② r❡s♦❧✈❡r ✉♥❛ ❜✐♥❛r✐❛ ❛ ✵✳✸ ❛r❝s❡❝ s✉♣♦♥❡ ✉♥ s❡♠✐❡❥❡

❞❡ ❧❛ ♦r❜✐t❛ ❞❡ ✶✺ ❆❯✱ ② ✉♥ ♣❡r✐♦❞♦ ♦r❜✐t❛❧ q✉❡ ♣♦❞rí❛♠♦s ❞❡t❡r♠✐♥❛r ❝♦♥

♦❜s❡r✈❛❝✐♦♥❡s ❡s♣❛r❝✐❞❛s ❡♥ ✉♥ ♣❛r ❞❡ ❛ñ♦s✳

❙✐st❡♠❛ ❆❝r❡t❛♥t❡ ♣ú❧s❛r ✰ ❡str❡❧❧❛ t✐♣♦ ❆✳

❙❡ ♣r❡t❡♥❞❡ ♠❡❞✐r ❡❧ ❞❡s♣❧❛③❛♠✐❡♥t♦ ✓❉♦♣♣❧❡r✔ ❞❡ ❧♦s ♣✉❧s♦s ② s✉ ❡❝♦ ❛

0′8065❍③ ❡♥ ❧❛ ♠❛t❡r✐❛ ❛❝r❡t❛♥t❡ ❞❡s❞❡ ❧❛ ❡str❡❧❧❛ t✐♣♦ ❆✳

❊st✉❞✐♦ ❞❡ ❜✐♥❛r✐❛s ❡♥tr❡ ❡str❡❧❧❛s ▼ ❝♦♥ s❡♣❛r❛❝✐♦♥❡s ❞❡ ♠❡♥♦s ❞❡ ✶ s❡❣✉♥❞♦ ❞❡

❛r❝♦ ❞❡s❝✉❜✐❡rt❛s ❝♦♥ ❍❙❚✳

❆st❡r♦✐❞❡s ② ❝♦♠❡t❛s ❞❡♥tr♦ ❞❡❧ ❙✐st❡♠❛ ❙♦❧❛r✳

❊st✉❞✐♦s ❞❡ ❢♦r♠❛❝✐ó♥ ② ❞✐♥á♠✐❝❛ ❡st❡❧❛r✳

❈❤♦rr♦s ♦ ❏❡ts ❡♥ ❡str❡❧❧❛s ❚ ❚❛✉r✐✳

❊♥❛♥❛s ♠❛r♦♥❡s ❥ó✈❡♥❡s✳

❊st✉❞✐♦s ❡①tr❛❣❛❧á❝t✐❝♦s ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥✿ ❈✉ás❛r❡s✱ ❆●◆s ✭❆❝t✐✈❡ ●❛❧❛①② ◆✉❝❧❡✐✮✱

❡t❝✳ ✭s✐❡♠♣r❡ q✉❡ t❡♥❣❛♥ ✉♥ ♥ú❝❧❡♦ s✉✜❝✐❡♥t❡♠❡♥t❡ ❜r✐❧❧❛♥t❡ ❞❡ ❤❛st❛ ♠❛❣ ✶✺

❬♠❡❞✐❞❛ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ◆❖❚✱ s❡rá ♠❡♥♦r ❡♥ ❚❈❙❪ ♣❛r❛ ❛s❡❣✉r❛r q✉❡ ❧❛ té❝♥✐❝❛

❢✉♥❝✐♦♥❛✮✳

◆❡❜✉❧♦s❛s ♣❧❛♥❡t❛r✐❛s✳

❚♦❞♦s ❡st♦s tr❛❜❛❥♦s ❞❡♠✉❡str❛♥ ❧❛ ✈✐t❛❧✐❞❛❞ ② ✈❡rs❛t✐❧✐❞❛❞ ❞❡ ❋❛st❈❛♠ ❝♦♠♦

✐♥str✉♠❡♥t♦ ❞❡ ✉s♦ ❝♦♠ú♥ ② ♦❝✉♣❛♥❞♦ ✉♥❛ ❣r❛♥ ♣❛rt❡ ❞❡❧ t✐❡♠♣♦ ❞❡❞✐❝❛❞♦ ❞❡ ♦❜s❡r✲

✈❛❝✐♦♥❡s ❡♥ ❚❈❙✳ ❊♥ ❝✉❛♥t♦ s❡ ♣✉❡❞❛ ♣♦♥❡r ❛ ♣✉♥t♦ ❧❛ ❝♦♠✉♥✐❝❛❝✐ó♥ ❞❡❧ ♣r♦❣r❛♠❛



✺✳✹✳ ❚r❛❜❛❥♦s ❡♥ ❝✉rs♦ ✶✽✺

❢❛st❝❛♠ ❝♦♥ ❡❧ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧ ❞❡❧ t❡❧❡s❝♦♣✐♦ s❡ ♣♦❞rá ❛♠♣❧✐❛r ❛❞❡♠ás ❡❧ r❛♥❣♦ ❞❡

tr❛❜❛❥♦ ② ❛♣r♦✈❡❝❤❛♠✐❡♥t♦ ❞❡ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡❧ ✐♥str✉♠❡♥t♦✱ ②❛ q✉❡ s❡ ❡❧✐♠✐♥❛rá

❧❛ ❜❛rr❡r❛ q✉❡ ❝♦♥st✐t✉②❡ ❡❧ ❞✐❝r♦✐❝♦ q✉❡ r❡✢❡❥❛ ❡❧ ❤❛③ ❞❡ ❝✐❡♥❝✐❛ ❡♥ ❧♦♥❣✐t✉❞❡s ❞❡

♦♥❞❛ r♦❥❛s ❡ ✐♥❢r❛rr♦❥❛s ② tr❛♥s♠✐t❡ ❛❧ ❞❡t❡❝t♦r ❞❡ ❣✉✐❛❞♦ ❧❛s ❜❛♥❞❛s ❞❡ ❧♦♥❣✐t✉❞❡s

❞❡ ♦♥❞❛ ✐♥❢❡r✐♦r❡s✱ ❡❧✐♠✐♥á♥❞♦❧❛s ❞❡ ❧❛ ♦❜s❡r✈❛❝✐ó♥ ❝✐❡♥tí✜❝❛✳ ❙✐✱ ❛❞❡♠ás✱ s❡ ❝♦♥s✐❣✉❡

✐♠♣❧❡♠❡♥t❛r ❡❧ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧ ❞❡❧ ❡s♣❡❥♦ ❡♥ ♣♦s✐❝✐ó♥ ❞❡❧ ❞✐❝r♦✐❝♦✱ s❡ ♣♦❞rá♥ ❤❛❝❡r

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



✶✽✻ ✺✳ ❊❧ r❡s✉❧t❛❞♦



✻

▲❛ ❈♦♥s❡❝✉❡♥❝✐❛

▲❛ ✈✐❞❛ ❡s ❛q✉❡❧❧♦ q✉❡ t❡ ✈❛ s✉❝❡❞✐❡♥❞♦ ♠✐❡♥tr❛s

t❡ ❡♠♣❡ñ❛s ❡♥ ❤❛❝❡r ♦tr♦s ♣❧❛♥❡s✳

❏♦❤♥ ▲❡♥♥♦♥

✶✽✼





✻✳✶✳ ❊✈♦❧✉❝✐ó♥ ✶✽✾

❚
❡♥í❛♠♦s ❋❛st❈❛♠ ❢✉♥❝✐♦♥❛♥❞♦ ② ❝♦♥ t✐❡♠♣♦s ❝♦♥❝❡❞✐❞♦s ❡♥ ✈❛r✐♦s t❡❧❡s❝♦♣✐♦s

❞❡ ♠♦❞♦ q✉❡ ❡❧ ♣r♦❣r❛♠❛ ❝✐❡♥tí✜❝♦ ❜❛s❡ s✐❣✉✐❡r❛ ❢✉♥❝✐♦♥❛♥❞♦✳ P❡r♦✱ ❛❞❡♠ás✱

❡❧ ✐♥str✉♠❡♥t♦ s❡ ♦❢r❡❝✐ó ❛ ❧❛ ❝♦♠✉♥✐❞❛❞ ♣❛r❛ q✉❡ s❡ ♣✉❞✐❡s❡ ❡♠♣❧❡❛r ♣❛r❛ ❝✉❛❧q✉✐❡r

♦tr♦ ✉s♦ ❝✐❡♥tí✜❝♦ q✉❡ ♣✉❞✐❡s❡ s✉r❣✐r✳

❨ r❡s✉❧tó ✉♥ é①✐t♦✳ ❆❧ ♣r✐♥❝✐♣✐♦✱ ❧♦s t✐❡♠♣♦s s❡ ♣❡❞í❛♥ ❝♦♠♣❛rt✐❞♦s ♦ s❡ s♦❧✐❝✐t❛❜❛

❛❧ ❡q✉✐♣♦ ❝✐❡♥tí✜❝♦ ❞❡ ❋❛st❈❛♠ q✉❡ ♦❜s❡r✈❛r❛♥ ❞❡t❡r♠✐♥❛❞♦s ♦❜❥❡t♦s ❡♥ ❞✐❢❡r❡♥t❡s

❝♦♥✜❣✉r❛❝✐♦♥❡s✳ P❡r♦✱ ♣♦❝♦ ❛ ♣♦❝♦✱ s❡ ✐❜❛ ❣❡♥❡r❛❧✐③❛♥❞♦ ❡❧ ✉s♦ ❞❡ ❋❛st❈❛♠ ❡♥tr❡ ❧♦s

❛stró♥♦♠♦s ✭✈❡r s❡❝❝✐ó♥ ❞❡ r❡s✉❧t❛❞♦s ❝✐❡♥tí✜❝♦s✿ ✺✳✷✮✱ ② ♥♦ só❧♦ ♣❛r❛ ♦❜s❡r✈❛❝✐ó♥ ❞❡

❜✐♥❛r✐❛s✱ s✐♥♦ q✉❡ s❡ ❝♦♠❡♥③❛r♦♥ ❛ ♦❜s❡r✈❛r ✐♥❝❧✉s♦ ♦❜❥❡t♦s ❡①t❡♥s♦s✱ ❝♦♠♦ ❣❛❧❛①✐❛s✳

❊♥ ❡st❡ ú❧t✐♠♦ ❝❛s♦✱ ② ❞❛❞♦ q✉❡ ❡❧ ❛❧❣♦r✐t♠♦ ❞❡ s❡❧❡❝❝✐ó♥ ② r❡❝❡♥tr❛❞♦ ♥♦ ❡stá ❞✐s❡ñ❛❞♦

♣❛r❛ ♦❜❥❡t♦s ❡①t❡♥s♦s✱ ♥♦ s❡ ❤❛ ❣❡♥❡r❛❧✐③❛❞♦ s✉ ✉s♦✱ ♣❡r♦ ♥♦s ❝♦♥st❛ q✉❡✱ ❡♥ ❛❧❣ú♥

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

❞❡ r❡❞✉❝❝✐ó♥ ♣❛r❛ ♦❜t❡♥❡r ✉♥ ♠❡❥♦r ❛♣r♦✈❡❝❤❛♠✐❡♥t♦✳ ■♥❝❧✉s♦ ❤❛ ❤❛❜✐❞♦ ✐♥t❡rés ❡♥

❡❧ ❡st✉❞✐♦ ❞❡❧ ✓s❛♥t♦ ❣r✐❛❧✔ ❞❡ ❧❛ ❆str♦❢ís✐❝❛ ❤♦② ❡♥ ❞í❛✿ ❧♦s ♣❧❛♥❡t❛s ❡①tr❛s♦❧❛r❡s✳

❚❛♠❜✐é♥ ❤✉❜♦ ✉♥ ❝✐❡rt♦ ✐♥t❡rés ❡♥ ❧❛ ✉t✐❧✐③❛❝✐ó♥ ♣❛r❛ ❡❧ ❡st✉❞✐♦ ❞❡ ❧♦s ♣❧❛♥❡t❛s ❞❡❧

❙✐st❡♠❛ ❙♦❧❛r✳

❈✉❛♥❞♦ ❞❡s❝r✐❜✐♠♦s ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ ♣r♦②❡❝t♦ ❋❛st❈❛♠ ❤❛❜❧á❜❛♠♦s ❞❡ ❧❛s ♠❡✲

❥♦r❛s ② ❛❞❛♣t❛❝✐♦♥❡s q✉❡ ❢✉✐♠♦s ❝❛♣❛❝❡s ❞❡ ❤❛❝❡r❧❡ ❛❧ ✐♥str✉♠❡♥t♦ ❝♦♠♦ t❛❧ ♣❛r❛

❡♥r✐q✉❡❝❡r❧♦ ❡♥ sí ♠✐s♠♦ ② ❛♣r♦✈❡❝❤❛r❧♦ ❡♥ ♦tr♦s t❡❧❡s❝♦♣✐♦s ② ♦tr❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡

tr❛❜❛❥♦✳ ■❣✉❛❧♠❡♥t❡✱ ❝✉❛♥❞♦ ❡①♣❧✐❝❛♠♦s ❧♦s r❡s✉❧t❛❞♦s ✈✐♠♦s ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❡♥ ❞✐s✲

t✐♥t♦s á♠❜✐t♦s q✉❡ ♥♦s ❛♣♦rt❛ ❋❛st❈❛♠✳ ❨ ❧♦ ♠❡❥♦r ❞❡ t♦❞♦ ❡s q✉❡ ❝♦♥s✐st❡ ❡♥ ✉♥

✐♥str✉♠❡♥t♦ ✓♠❛r❝❛ ❞❡ ❧❛ ❝❛s❛✔✱ ❡s ❞❡❝✐r✱ q✉❡ ❡❧ ❞❡s❛rr♦❧❧♦ ② ❧❛s ❝❛♣❛❝✐❞❛❞❡s q✉❡

❧♦ ❤❛♥ ❝♦♥✈❡rt✐❞♦ ❡♥ ✉♥ ✐♥str✉♠❡♥t♦ ❞❡ ✉s♦ ❝♦♠ú♥ ❡♥ ❡❧ ❚❈❙ ② ❞❡ ✉s✉❛r✐♦ ❝♦♠♦

✐t✐♥❡r❛♥t❡ ❡♥ ◆❖❚ ② ❡♥ ❲❍❚ ❤❛♥ s✐❞♦ ✐❞❡❛❞❛s ❡ ✐♠♣❧❡♠❡♥t❛❞❛s ♣♦r ❡❧ ❡q✉✐♣♦ q✉❡

❝♦♥st✐t✉②ó ❋❛st❈❛♠ ❝♦♥ ✉♥❛ ✜❧♦s♦❢í❛ ❝❧❛r❛ ❞❡ ❝r❡❛r ✉♥ ✐♥str✉♠❡♥t♦ q✉❡ ♣✉❞✐❡r❛ ❢✉♥✲

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

s✉❢r✐r ❧❛s ❝♦♥s❛❜✐❞❛s ❡t❛♣❛s ❞❡ ✉♥ ♣r♦②❡❝t♦ ② ❧❛ t✐r❛♥í❛ ❞❡ ✉♥❛ ❣❡st✐ó♥ ❞❡ ♣r♦②❡❝t♦ ❡

✐♥❣❡♥✐❡rí❛ ❞❡ s✐st❡♠❛s✳ ❚♦❞♦s ❤❛❝í❛♠♦s ❞❡ t♦❞♦ ♣❛r❛ q✉❡ ❡❧ ✐♥str✉♠❡♥t♦ ❢✉❡r❛ s✐❡♠♣r❡

❛❞❡❧❛♥t❡✳ ➱s❡ ❢✉❡ ♥✉❡str♦ s❡❧❧♦ ② ❡s♦ ❢✉❡ ❧♦ q✉❡ ❣❡♥❡ró t❛♥t❛s ✐❞❡❛s ❞❡ ✐♥♥♦✈❛❝✐ó♥ ②

♥✉❡✈♦s ❞❡s❛rr♦❧❧♦s q✉❡ ❝❛s✐ ♥♦s s✉♣❡r❛r♦♥✳

✻✳✶✳ ❊✈♦❧✉❝✐ó♥

◆♦ ❝❛❜❡ ❞✉❞❛ ❞❡ q✉❡ ❋❛st❈❛♠ s❡ ❤❛ ❝♦♥✈❡rt✐❞♦ ❡♥ ✉♥ é①✐t♦✳ ❊s ✉♥ é①✐t♦ ❝♦♠♦

✐♥str✉♠❡♥t♦ ❡♥ sí✿ ♣❧❛③♦s✱ ❧♦❣r♦s✱ ❡q✉✐♣♦✱ ❡t❝✳ P❡r♦ t❛♠❜✐é♥ ❡s ✉♥ é①✐t♦ ♣♦rq✉❡ ❤❛

❞❡♠♦str❛❞♦ ❝♦♥ q✉é s❡♥❝✐❧❧❡③ s❡ ❛❧❝❛♥③❛ ❧❛ r❡s♦❧✉❝✐ó♥ ❡①tr❡♠❛ ❞❡❧ ❡s♣❛❝✐♦✳ ❍❛ r❡s✉❧✲



✶✾✵ ✻✳ ▲❛ ❈♦♥s❡❝✉❡♥❝✐❛

t❛❞♦✱ ❛❞❡♠ás✱ ❡♥ ✉♥ ✐♥str✉♠❡♥t♦ ❝♦♠♣❧❡t♦ ② ❜ás✐❝♦✱ q✉❡ ❞❡✜♥❡ ✉♥ tr❛❜❛❥♦ ❞❡ ❡q✉✐♣♦

♣❛rt✐❝✉❧❛r ② ✓♠❛r❝❛ ❞❡ ❧❛ ❝❛s❛✔✱ ❝♦♠♦ ②❛ ❤❡ ♠❡♥❝✐♦♥❛❞♦ ❛♥t❡s✳ ❆ ♣❡s❛r ❞❡ ♥♦ s❡r

❡❧ ♣r✐♠❡r ✐♥str✉♠❡♥t♦ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❝♦♥ r❡s✉❧t❛❞♦s ❡♥ t❡❧❡s❝♦♣✐♦✱ sí ❤❛ s✐❞♦ ❡❧

♣r✐♠❡r♦ ❡♥ ❛♣❧✐❝❛❝✐ó♥ ❛str♦♥ó♠✐❝❛ ② ❝♦♥ r❡s✉❧t❛❞♦s ❝✐❡♥tí✜❝♦s✱ ♥♦ só❧♦ ❝♦♠♦ ♠❡r❛

❝♦♥s❡❝✉❡♥❝✐❛ ❞❡ ✉♥❛ té❝♥✐❝❛✳ ❍❛ ❞❡♠♦str❛❞♦ ❧❛ ✈✐❛❜✐❧✐❞❛❞ ❞❡ ést❛ ② s✉ ❛♣❧✐❝❛❜✐❧✐❞❛❞

❛str♦♠étr✐❝❛✱ ❡♥ ♣r✐♥❝✐♣✐♦✱ ♣❡r♦ ❝♦♥ ❡st✉❞✐♦s ❞❡ s✉s ❝❛♣❛❝✐❞❛❞❡s ❡♥ ❢♦t♦♠❡trí❛ ❡ ✐♥✲

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

✐♥str✉♠❡♥t❛❧ ② ❝✐❡♥tí✜❝❛ ❛ ❡①♣❧♦t❛r ② q✉❡ ❤❛ s✐❞♦ ✐❞❡❛❞♦ ② ❞❡s❛rr♦❧❧❛❞♦ ♣♦r ♥♦s♦tr♦s✳

❆ ♣❡s❛r ❞❡ ❡❧❧♦✱ t♦❞❛✈í❛ ♥♦ ❤❛ t❡♥✐❞♦ t♦❞❛ ❧❛ r❡♣❡r❝✉s✐ó♥ q✉❡ ❡♥ sí s✐❣♥✐✜❝❛✱ q✉✐③ás

♣♦r ♥✉❡str❛ ❝✉❧♣❛✱ q✉✐③ás ♣♦r ♥♦ ❤❛❜❡r s❛❜✐❞♦ tr❛s❧❛❞❛r ❧♦s r❡s✉❧t❛❞♦s ❛ ❧❛ ❝♦♠✉♥✐❞❛❞

❝♦♥ ❧❛ ❝❡❧❡r✐❞❛❞ q✉❡ r❡q✉❡rí❛✳ ▲♦s ❧♦❣r♦s ❝✐❡♥tí✜❝♦s s❡ ❤❛♥ q✉❡r✐❞♦ ❡①♣❧♦t❛r ② ❤❛❝❡r ✉♥

s❡❣✉✐♠✐❡♥t♦ ❞❡ ❞✐st✐♥t❛s ❡str✉❝t✉r❛s q✉❡ ♠✉❡str❡♥ s✉s ❝❛♣❛❝✐❞❛❞❡s✳ ◆ú❝❧❡♦ ❞❡ ▼✶✺

✭❙❡❝✳ ✺✳✷✳✷✮✱ Ór❜✐t❛ ❞❡ ❲♦❧❢ ✹✷✹ ✭❙❡❝✳ ✺✳✷✳✹✮✱✳✳✳ P❡r♦✱ s♦❜r❡ t♦❞♦✱ ❧♦ q✉❡ ♥♦ ♥♦s ❤❛

❞❡❥❛❞♦ ❝❡♥tr❛r♥♦s ❡♥ ❡❧ é①✐t♦ ✐♥trí♥s❡❝♦ ❞❡ ❧❛s ❝❛♣❛❝✐❞❛❞❡s r❡s♦❧✉t✐✈❛s ❞❡ ❋❛st❈❛♠

s♦♥ ❧♦s ✏s♣✐♥✲♦✛✑ q✉❡ ❤❛♥ ✈❡♥✐❞♦ ❛ ♦❝✉♣❛r ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ s✐st❡♠❛✳

❋✐❣✉r❛ ✻✳✶✿ ❊sq✉❡♠❛ ❞❡ ✉♥ s✐st❡♠❛ ❞❡ ❝♦r♦♥♦❣r❛❢í❛ ❝♦♥ ❆❖✳

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

❛♣❧✐❝❛♥❞♦ ❧♦s ❝♦♥♦❝✐♠✐❡♥t♦s ❛❞q✉✐r✐❞♦s ❡♥ ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣✳ P❛r❛ ❡❧❧♦✱

❤❡♠♦s ❡st✉❞✐❛❞♦ ❧❛s ♣♦s✐❜✐❧✐❞❛❞❡s ❞❡ ❤❛❝❡r ❝♦r♦♥♦❣r❛❢í❛ ♠❡❞✐❛♥t❡ ❞♦s ♠ét♦❞♦s✿ ♦❝✉❧✲

t❛❝✐ó♥ ✭❛♣♦❞✐③❛❝✐ó♥✮ ♦ r❡✢❡①✐ó♥✳ ❊♥ ❡❧ ♣r✐♠❡r ❝❛s♦ t❛♣❛♠♦s ❧✐t❡r❛❧♠❡♥t❡ ❧❛ ✐♠❛❣❡♥ ❞❡

❧❛ ❡str❡❧❧❛ ❝❡♥tr❛❧ ❡♥ ❡❧ ❞❡t❡❝t♦r✱ ❛♥✉❧á♥❞♦❧❛✱ r❡❞✉❝✐❡♥❞♦ s✉ ❧✉♠✐♥♦s✐❞❛❞ ♦ r❡✢❡❥á♥❞♦❧❛

❤❛❝✐❛ ♦tr♦ ❞❡t❡❝t♦r ② ❡♥t♦♥❝❡s ❛♥❛❧✐③❛♠♦s ❧❛ ✐♠❛❣❡♥ ❡♥ ❜✉s❝❛ ❞❡ ❛❧❣✉♥❛ ❝♦♠♣❛ñ❡r❛ ♦

♣❧❛♥❡t❛✳ ❉❡ ❡st❛s ✈❛r✐❛❝✐♦♥❡s✱ ❧❛ q✉❡ ♠ás s❡ ❛❝♦♠♦❞❛ ❛ ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣

❡s ❡❧ ❛♣❛♥t❛❧❧❛♠✐❡♥t♦ ❞❡ ❧✉♠✐♥♦s✐❞❛❞✱ ②❛ q✉❡ ♣❡r♠✐t✐rí❛ ♦❜s❡r✈❛r s✐♠✉❧tá♥❡❛♠❡♥t❡



✻✳✷✳ ❉❡s❛rr♦❧❧♦s ❝♦♠♣❧❡♠❡♥t❛r✐♦s ✶✾✶

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

② ❧♦s ♣♦s✐❜❧❡s r❛♥❣♦s ❞❡ ✈❛r✐❛❜✐❧✐❞❛❞✳ ❊♥ ❝❛s♦ ❞❡ r❡❝✉rr✐r ❛ ❝♦r♦♥♦❣r❛❢í❛ ❞❡ r❡✢❡①✐ó♥✱

❞♦♥❞❡ ❧❛ ❧✉③ ❞❡ ❧❛ ❡str❡❧❧❛ ♣r✐♥❝✐♣❛❧ s❡ ❞❡❥❛ ♣❛s❛r ❛ ✉♥ ❞❡t❡❝t♦r q✉❡✱ ❛❞❡♠ás✱ ❧❛ ✉s❛

❝♦♠♦ ♦❜❥❡t♦ ♣❛r❛ ❣✉✐❛❞♦ ② ❝♦rr❡❝❝✐ó♥ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ♦ ❆❖✱ ❞❡ ♣r✐♠❡r ♦r❞❡♥

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

❞♦ ❞❡t❡❝t♦r ♠✉❧t✐♣❧❡①❛❞♦ ❝♦♥ ❡❧ ♣r✐♠❡r♦ ✭s✐ ❤❛② ❝♦rr❡❝❝✐ó♥ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣✮ ♦ ❝♦♥

✉♥ ❛♥á❧✐s✐s ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ✐♥❞❡♣❡♥❞✐❡♥t❡✱ ♣❡r♦ ❛♠❜♦s ❝♦♥ í♥❞✐❝❡ ❞❡ s❡❝✉❡♥❝✐❛ ♦

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

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

r❡✐♠❛❣✐♥❛❝✐ó♥ ② ❡s❝❛❧❛❞♦ q✉❡ ♣❡r♠✐t❛ ❧❛ ♠❛♥✐♣✉❧❛❝✐ó♥ ❞❡ ❧❛s ❞✐♠❡♥s✐♦♥❡s ❞❡ ❧❛ ✐♠❛❣❡♥

②✱ ♣♦r t❛♥t♦✱ ✉♥❛ r❡❞✉❝❝✐ó♥ ❞❡❧ ❝❛♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥✳ ❊st♦ ♥♦ ❞❡❜❡rí❛ s❡r ♣r♦❜❧❡♠❛

②❛ q✉❡✱ ❡♥ ♣r✐♥❝✐♣✐♦✱ t❛❧ s✐st❡♠❛ s❡ ❛♣❧✐❝❛rí❛ ❛ ♦❜❥❡t♦s ♣r❡✈✐❛♠❡♥t❡ s❡❧❡❝❝✐♦♥❛❞♦s

❝♦♠♦ ❝❛♥❞✐❞❛t♦s✳

❙✐♠✉❧tá♥❡❛♠❡♥t❡ ❛ ❡st❡ ♣♦s✐❜❧❡ ❞✐s❡ñ♦ ❞❡ ✉♥ s✐st❡♠❛ ❝♦♠♣❧❡t♦ ❝♦♥ ❝♦r♦♥♦❣r❛❢í❛

s✉r❣✐ó ❧❛ ♦♣❝✐ó♥ ❞❡ ✉t✐❧✐③❛r ✉♥ s✐st❡♠❛ ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ♣❛r❛ r❡❞✉❝✐r ♣❛rt❡ ❞❡

❧♦s ♣r♦❜❧❡♠❛s ❛t♠♦s❢ér✐❝♦s ② ❛✉♠❡♥t❛r ❛❧ ♠✐s♠♦ t✐❡♠♣♦ ❧❛ ❣❛♥❛♥❝✐❛ ❞❡ ✐♠á❣❡♥❡s

✈á❧✐❞❛s✳ ❉❡ ❡st❡ ♠♦❞♦ s❡ r❡❞✉❝✐rí❛ ❡❧ t✐❡♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ♥❡❝❡s❛r✐♦ ♣❛r❛ ❛❧❝❛♥③❛r

✉♥❛ ♠❛②♦r ♣r♦❢✉♥❞✐❞❛❞ ❢♦t♦♠étr✐❝❛✱ ♠❛♥t❡♥✐❡♥❞♦ ❧❛ r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧ ❡①tr❡♠❛✳

❖tr❛ ❞❡ ❧❛s ♣♦s✐❜✐❧✐❞❛❞❡s q✉❡ ❤❛❜í❛ ✈❡♥✐❞♦ s✐❡♥❞♦ ✉♥❛ ❧✉❝❤❛ ❞❡s❞❡ ❡❧ ♣r✐♥❝✐♣✐♦ ❡s

❧❛ ❛♠♣❧✐❛❝✐ó♥ ❞❡❧ ❝❛♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥✳ ❚❡♥❡♠♦s ❧í♠✐t❡s t❡ór✐❝♦s ❛ ❡st❡ ♣r♦❜❧❡♠❛✱

❝♦♠♦ ❡s ❡❧ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦ q✉❡ ♥♦s ❞✐❝❡ q✉❡ ❧❛ ❛t♠ós❢❡r❛ t✐❡♥❡ ✉♥❛ ❡①t❡♥s✐ó♥

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

❤♦♠♦❣é♥❡♦✳ P♦r t❛♥t♦✱ r❡❝✉rr✐r ❛ s✐st❡♠❛s ❞❡ ❆❖ q✉❡ ❡st❛❜✐❧✐❝❡♥ ❡❧ ❝❛♠♣♦ ❧♦ s✉✜❝✐❡♥t❡

❝♦♠♦ ♣❛r❛ ♣♦❞❡r ❛♣❧✐❝❛r s♦❜r❡ é❧ ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❡r❛ ❝❛s✐ ♦❜❧✐❣❛t♦r✐♦✳ P♦r

❞❡s❣r❛❝✐❛✱ ❛✉♥ ❛sí ♥♦s ❢❛❧t❛♥ ❞❡t❡❝t♦r❡s s✉✜❝✐❡♥t❡♠❡♥t❡ ❣r❛♥❞❡s ② ❝❛♣❛❝❡s ❞❡ ❧❡❡rs❡

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

❞❡ ❝♦rt❛r ❡❧ ❝❛♠♣♦✱ ❞❡ ✉♥ ♠♦❞♦ s✐♠✐❧❛r ❛ ❝♦♠♦ ♣❧❛♥t❡❛♠♦s ❡❧ ❝♦rt❡ ❞❡ ❧❛ ♣✉♣✐❧❛ ❡♥

♣♦r❝✐♦♥❡s ♣❛r❛ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ ❣r❛♥ ár❡❛✱ ❝♦rt❛♥❞♦ ❡❧ ❤❛③ ❡♥ ❧❛ ♣♦s✐❝✐ó♥ ❞❡ ♣✉♣✐❧❛ ❡♥

❤❛③ ❝♦❧✐♠❛❞♦ ② ❡♥❢♦❝á♥❞♦❧♦ ❡♥ ❞✐st✐♥t♦s ❞❡t❡❝t♦r❡s✳ ❊st♦ s❡ ♣✉❡❞❡ ❤❛❝❡r ♠❡❞✐❛♥t❡ ✉♥

s❧✐❝❡r ❡♥ ♣❧❛♥♦ ❢♦❝❛❧ ❝♦♥ ❧❛ r❡✐♠❛❣✐♥❛❝✐ó♥ ❝♦rr❡s♣♦♥❞✐❡♥t❡✳ ❉❡ ♥✉❡✈♦✱ ❡❧ s✐♥❝r♦♥✐s♠♦

s❡rí❛ ❢✉♥❞❛♠❡♥t❛❧ ♣❛r❛ ✉♥ ♠♦❞♦ ✉ ♦tr♦✳

✻✳✷✳ ❉❡s❛rr♦❧❧♦s ❝♦♠♣❧❡♠❡♥t❛r✐♦s

▲♦s ❞✐✈❡rs♦s ❝❛♠♣♦s ❞❡ tr❛❜❛❥♦ ❤❛♥ ❡♠♣❡③❛❞♦ ❛ ❣❡♥❡r❛r s✉s ♣r♦♣✐❛s ♥❡❝❡s✐❞❛❞❡s

② ♣❡t✐❝✐ó♥ ❞❡ ❛❞❛♣t❛❝✐♦♥❡s ♦ ♥✉❡✈❛s ✐♠♣❧❡♠❡♥t❛❝✐♦♥❡s✳ ❊❧ ♣r♦②❡❝t♦ ❡stá ✈✐✈♦ ② t✐❡♥❡



✶✾✷ ✻✳ ▲❛ ❈♦♥s❡❝✉❡♥❝✐❛

❋✐❣✉r❛ ✻✳✷✿ ❊sq✉❡♠❛ ❞❡ ✉♥ s✐st❡♠❛ ♠✉❧t✐❝❛♠♣♦✴♠✉❧t✐♣✉♣✐❧❛✳ ❯♥❛ ♣✐rá♠✐❞❡ ❝♦rt❛ ❡❧ ❝❛♠✲
♣♦✴♣✉♣✐❧❛ ② ✉♥ s✐st❡♠❛ ♣♦st❡r✐♦r ❧♦ r❡✐♠❛❣✐♥❛ ♦ ❡♥❢♦❝❛ ❡♥ ✈❛r✐♦s ❞❡t❡❝t♦r❡s s✐♥❝r♦♥✐③❛❞♦s
②✴♦ ♠✉❧t✐♣❧❡①❛❞♦s✳

❞❡s❝❡♥❞❡♥❝✐❛✳

Pr✐♠❡r♦ ❢✉❡r♦♥ ♥✉❡str❛ ❝á♠❛r❛ ❞❡ ❝❛♠♣♦✱ q✉❡ t♦❞❛✈í❛ ❡stá ♣❡♥❞✐❡♥t❡ ❞❡ ♠❡❥♦r❛✱

❡❧ ❆❉❈ ❧✐♥❡❛❧ ♣r❡❢♦❝♦✱ q✉❡ ❤❡♠♦s ✐♠♣❧❡♠❡♥t❛❞♦ ② ❞❡❧ q✉❡ t❡♥❡♠♦s ✉♥ ♣r♦t♦t✐♣♦ ❞❡

❢❛❜r✐❝❛❝✐ó♥✱ ♠ás ✉♥ ❆❉❈ r♦t❛t✐✈♦ ❝♦♠❡r❝✐❛❧ q✉❡ ♣r❡t❡♥❞❡♠♦s ♠♦t♦r✐③❛r ② ❝❛❧✐❜r❛r ②

q✉❡ ❧❡ ♣✉❡❞❡ ❞❛r ❧❛ ✐♥❞❡♣❡♥❞❡♥❝✐❛ ② t♦t❛❧✐❞❛❞ q✉❡ ❋❛st❈❛♠ ♠❡r❡❝❡✳

P❡r♦✱ ❛♣❛rt❡✱ ❤❛♥ s✉r❣✐❞♦ ♦tr❛s ♥❡❝❡s✐❞❛❞❡s ② ♦tr♦s ♠♦❞♦s ❞❡ tr❛❜❛❥♦✿

■❉❖▼

●r❆♥❋❈ ✭●❘❛♥ ➪◆❣✉❧♦ ❋❈✮ ❛❤♦r❛ ❲■❉❊✲❋❛st❈❛♠ ✭❲■❉❊✲❋❈ ♦ ❲❋❈✮

❋❈❅◆❆❖▼■✿ ❲❍❚✴❆❖✲●❘❆❈❊

❙♦❢t✇❛r❡❅❚❈❙✿ ❊❧ ❝♦♥tr♦❧ ❞❡ ✜❧tr♦s✱ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❞❡ ❋♦✈✐❛ ② ❡❧ ❜❛rr✐❞♦ ❞❡



✻✳✷✳ ❉❡s❛rr♦❧❧♦s ❝♦♠♣❧❡♠❡♥t❛r✐♦s ✶✾✸

❝❛♠♣♦ ② ❛❧✐♥❡❛❞♦✳

✻✳✷✳✶✳ ■❉❖▼

▲❛ ❡♠♣r❡s❛ ❞❡ ✐♥❣❡♥✐❡rí❛ ■❉❖▼ s❡ ❤❛ ❣❛♥❛❞♦✱ ♣♦r ♠ér✐t♦s ♣r♦♣✐♦s✱ ✉♥❛ s❡❝❝✐ó♥

❝♦♠♣❧❡t❛ ❡♥ ❡st❛ ♣❛rt❡ ❞❡ ❧❛ t❡s✐s s♦❜r❡ ❧❛s ❝♦♥s❡❝✉❡♥❝✐❛s ❞❡ ♥✉❡str♦ ❞❡s❛rr♦❧❧♦✳

❈✉❛♥❞♦ q✉❡❞ó ❝❧❛r♦ q✉❡ ❋❛st❈❛♠ ✐❜❛ ❛ ✈✐❛❥❛r ❛ ❧♦s t❡❧❡s❝♦♣✐♦s ❞❡❧ ❖❘▼ ❡♥ ❧❛

✐s❧❛ ❞❡ ▲❛ P❛❧♠❛ ❝♦♥ ✉♥❛ ❝✐❡rt❛ ❢r❡❝✉❡♥❝✐❛✱ ❛❧ ♠❡♥♦s✱ ❡♥ ❝❛❞❛ s❡♠❡str❡✱ s❡ ♣❧❛♥t❡ó

❧❛ ♥❡❝❡s✐❞❛❞ ❞❡ ♠❛♥t❡♥❡r ✉♥❛ ❝♦♣✐❛ ❛❝t✐✈❛ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙✳ ❊❧ ♠♦t✐✈♦ ♣r✐♥❝✐♣❛❧

❞❡ ❡st♦ ❡r❛ ♣❛r❛ ♣♦❞❡r ♠❛♥t❡♥❡r ❧♦s ❡st✉❞✐♦s ♠❡tó❞✐❝♦s ❞❡ ❛❧❣✉♥♦s ❞❡ ❧♦s ♣r♦②❡❝t♦s

❝✐❡♥tí✜❝♦s ❡♥ ♠❛r❝❤❛ ② ♣♦❞❡r ❝♦♥t❛r ❝♦♥ t✐❡♠♣♦ ❞❡ t❡❧❡s❝♦♣✐♦✱ ❢❛❝✐❧✐❞❛❞ ❞❡ ❛❝❝❡s♦

② ✉♥ ❡q✉✐♣♦ ❞❡ ❛stró♥♦♠♦s ❞❡ s♦♣♦rt❡ q✉❡ s❡ ♣✉❡❞❡♥ ❡♥❝❛r❣❛r ❞❡ ❧❛s ♦❜s❡r✈❛❝✐♦♥❡s

r✉t✐♥❛r✐❛s✳

❋✐❣✉r❛ ✻✳✸✿ ❆❝t✉❛❧ ❋❛st❈❛♠ ❝♦♥ ❧❛ ❡str✉❝t✉r❛ ♠❡❝á♥✐❝❛ ❞✐s❡ñ❛❞❛ ♣♦r ❧❛ ❡♠♣r❡s❛ ■❉❖▼ ②
q✉❡ ❡s ②❛ ✉♥ ✐♥str✉♠❡♥t♦ ❞❡ ✉s♦ ❝♦♠ú♥ ❡♥ ❡❧ ❚❈❙✳

❚♦❞♦ ❡❧❧♦ ❣❡♥❡ró q✉❡ ❡❧ ❝♦♦r❞✐♥❛❞♦r ❞❡❧ ♣r♦②❡❝t♦ ② ❞✐r❡❝t♦r ❞❡ ✐♥st❛❧❛❝✐♦♥❡s t❡❧❡s✲

❝ó♣✐❝❛s t♦♠❛r❛ ❧❛ ❞❡❝✐s✐ó♥ ❞❡ ✜❥❛r ✉♥ ✐♥str✉♠❡♥t♦ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❞❡ ✉s♦ ❝♦♠ú♥

❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙✳ ❙❡ ♣✐❞✐ó ❡♥t♦♥❝❡s✱ ❞✉r❛♥t❡ ❡❧ ❛ñ♦ ✷✵✵✾✱ ✉♥ ❡st✉❞✐♦ ❛ ■❉❖▼



✶✾✹ ✻✳ ▲❛ ❈♦♥s❡❝✉❡♥❝✐❛

♣❛r❛ r❡s♦❧✈❡r ✉♥ s✐st❡♠❛ ❝♦♠♣❛❝t♦✱ ② q✉❡ ❢✉❡r❛ rí❣✐❞♦✱ ✜❛❜❧❡ ② ♠❛♥❡❥❛❜❧❡ ✭✜♥❛♥❝✐❛❞♦

❣r❛❝✐❛s ❛ ✉♥❛ ❝♦♥✈♦❝❛t♦r✐❛ q✉❡ s❡ ❧❛♥③ó ❛❧ ❈❉❚■ ✭❈❡♥tr♦ ♣❛r❛ ❡❧ ❉❡s❛rr♦❧❧♦ ❚❡❝♥♦✲

❧ó❣✐❝♦ ■♥❞✉str✐❛❧✮✮✳ ❉❡ ❛❤í s✉r❣✐ó✱ tr❛s ♠ú❧t✐♣❧❡s ✐♥t❡r❛❝❝✐♦♥❡s ❝♦♥ ❡❧ ❡q✉✐♣♦ ❞❡❧ ■❆❈

♣❛r❛ ❛❝❧❛r❛r ② r❡s♦❧✈❡r ✐♥✜♥✐❞❛❞ ❞❡ ❞❡t❛❧❧❡s✱ ❡❧ ❞✐s❡ñ♦ ❞❡ ❋❛st❈❛♠ ❝♦♠♦ ❡❧ ✐♥str✉✲

♠❡♥t♦ q✉❡ ❤♦② s❡ ❝♦♥♦❝❡ ② ②❛ ❞❡s❞❡ ✷✵✶✵ ❝♦♠♦ ❋❛st❈❛♠ ♣r♦♣✐❛♠❡♥t❡ ❞✐❝❤♦✳ ❊♥ ❡❧

❡st✉❞✐♦ s❡ ❛ñ❛❞✐ó ✉♥❛ s❡❣✉♥❞❛ ♣❛rt❡ ♣❛r❛ ✐♥❝♦r♣♦r❛r❧❡ ✉♥ ❆❉❈✱ ❛✉♥q✉❡ ❡st❛ ❡t❛♣❛

❧❛ ❤❡♠♦s ❞❡t❡♥✐❞♦ t❡♠♣♦r❛❧♠❡♥t❡ ❛❧ ❝♦♠♣r♦❜❛r q✉❡ ❡❧ s✐st❡♠❛ ❧✐♥❡❛❧ ❞✐s❡ñ❛❞♦ só❧♦

tr❛❜❛❥❛ ❜✐❡♥ ❤❛st❛ f/11 ② ♣♦❞rí❛ ✉t✐❧✐③❛rs❡ ♣❛r❝✐❛❧♠❡♥t❡ ❤❛st❛ ❡❧ f/13′8 ❞❡❧ ❢♦❝♦ ❞❡❧

❚❈❙ ✭♠á①✿ Z = 40◦✮✱ ♣❡r♦ ♥♦ ❞❡❧❛♥t❡ ❞❡❧ ❞❡t❡❝t♦r ❝♦♥ ✉♥ ❢✲♥♦✳ ❞❡ 52′5✳ ❊❧ ❞✐s❡ñ♦

❡①✐st❡♥t❡ ♣❛r❛ ❡❧ ❆❉❈ ❧✐♥❡❛❧ ❤❛❜rí❛ q✉❡ r❡t♦❝❛r❧♦ ♣❛r❛ ♣♦❞❡r ✐♥tr♦❞✉❝✐r❧♦ ❞❡❧❛♥t❡ ❞❡

❋❛st❈❛♠✱ ❡♥tr❛♥❞♦ ❞❡♥tr♦ ❞❡ ❧❛ ❝❛❥❛ ❞❡ ❆✫● ❞❡❧ ❚❈❙✳

❋✐❣✉r❛ ✻✳✹✿ ❋❛st❈❛♠ ❛❝t✉❛❧♠❡♥t❡ ❡♥ ✉s♦ ❝♦♠♦ ✐♥str✉♠❡♥t♦ ❞❡ ✉s♦ ❝♦♠ú♥ ❡♥ ❡❧ ❚❈❙✳

▲❛ ❡str✉❝t✉r❛ ❡stá ♠✉② ❜✐❡♥ ❞✐s❡ñ❛❞❛✱ ❛♣❛rt❡ ❞❡ ❡❧❡❣❛♥t❡ ② ❧✐❣❡r❛ ❝♦♥t✐❡♥❡ t♦❞❛s

❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ② ❝❛r❛❝t❡ríst✐❝❛s q✉❡ s❡ ♣❡❞í❛♥✳ ▲❛s ❜❛s❡s ❡ ✐♥t❡r❢❛❝❡s s♦♥ ❞❡

❛❧✉♠✐♥✐♦✳ ▲❛ ❡str✉❝t✉r❛❝✐ó♥ ❞❡❧ ✐♥str✉♠❡♥t♦ ❧❛ ❞❛♥ ✉♥❛s ❜❛rr❛s ❞❡ ✜❜r❛ ❞❡ ❝❛r❜♦♥♦✱

q✉❡ ❞❡t❡r♠✐♥❛♥ ❧❛ r✐❣✐❞❡③ ② ❛t❡r♠❛❧✐③❛❝✐ó♥ ❞❡ ❧❛ ❡str✉❝t✉r❛✳ P❡r♦ ❡❧ ❝♦♠♣❡♥s❛❞♦r



✻✳✷✳ ❉❡s❛rr♦❧❧♦s ❝♦♠♣❧❡♠❡♥t❛r✐♦s ✶✾✺

tér♠✐❝♦ ♣❛r❛ ♠✐♥✐♠✐③❛r ❧❛ ♦s❝✐❧❛❝✐ó♥ ❞❡ ❧❛ ❢♦❝❛❧ ❡❢❡❝t✐✈❛ ❞❡❧ s✐st❡♠❛ ②✱ ♣♦r t❛♥t♦✱

❣❛r❛♥t✐③❛r ❡❧ t❛♠❛ñ♦ ❞❡ ❡s❝❛❧❛ ❛ ❧♦ ❧❛r❣♦ ❞❡ ❧❛ ♥♦❝❤❡ ♦ ❡♥tr❡ ❝❛♠♣❛ñ❛s ❞❡ ♦❜s❡r✈❛❝✐ó♥

❧♦ ❝♦♥st✐t✉②❡♥ ❧♦s t✐r❛♥t❡s ❝ó♥✐❝♦s ❞❡ ❛❝❡r♦ q✉❡ s♦♣♦rt❛♥ ✉♥♦s ♣♦rt❛✲❧❡♥t❡s q✉❡ ❧❧❡✈❛♥

✉♥ s✐st❡♠❛ ❞❡ ❜❛❧❧❡st❛s ❞❡ ✐♥✈❛r ② ✉♥❛ ♠♦♥t✉r❛ r♦s❝❛❞❛ ♣❛r❛ ❛✜♥❛r ❡❧ ❢♦❝♦ ❞❡ ❝❛❞❛

❧❡♥t❡✳

❊♥ ❧❛s ♣❧❛❝❛s ❜❛s❡ ② ❞❡ ✐♥t❡r❢❛③ s❡ s♦♣♦rt❛♥ ♣♦r ✉♥ ❧❛❞♦ ❧❛s ❞♦s r✉❡❞❛s ❞❡ ✜❧tr♦s✱

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

♣❛r❛ ❧❛ ♦❜s❡r✈❛❝✐ó♥✱ ❞❡❥❛♥❞♦ ❡♥ ❧❛ r✉❡❞❛ ❜❧♦q✉❡❛❞❛ ❧♦s ✜❧tr♦s ❞❡ ❜❛♥❞❛s ❡stá♥❞❛r✳

P♦r ❧❛ ♦tr❛ ♣❛rt❡ ❞❡ ❧❛ ✐♥t❡r❢❛③ s❡ ♠♦♥t❛ ✉♥ ♠♦t♦r ❝♦♥ ✉♥ ❡s♣❡❥♦ q✉❡ s❡ ♣✉❡❞❡ ❛❝t✐✈❛r

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

❊❧ ❞❡t❡❝t♦r s❡ ✐♥t❡❣r❛ ❡♥ ✉♥❛ ❡str✉❝t✉r❛ ❞❡ ♣❧❛❝❛s t❡♥s♦r❛s q✉❡ ❧♦ ❞❡❥❛♥ ✢♦t❛♥t❡

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

❧✉③✳ ▲❛ ❡str✉❝t✉r❛✱ ♥♦ ♦❜st❛♥t❡✱ ❡stá ❞✐s❡ñ❛❞❛ ♣❛r❛ ✐♥❝♦r♣♦r❛r❧❡ ✉♥ ❝✐❡rr❡ ♠❡❞✐❛♥t❡

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

▲❛ ❛❞q✉✐s✐❝✐ó♥ ❞❡ ❞❛t♦s s❡ ❤❛❝❡ ❞❡ ♠♦❞♦ ❞✐r❡❝t♦ ❞❡s❞❡ ❡❧ ❞❡t❡❝t♦r✳ ❆❧ ♣r✐♥❝✐♣✐♦

❛ tr❛✈és ❞❡❧ ♠✉❧t✐♣❧❡①❛❞♦ ❞❡ ❧❛ ❋P●❆ ❞♦♥❞❡ ❧❛ ♣❧❛❝❛ ❞❡ ❢r❛♠❡❣r❛❜❜❡r ② ❝♦♥tr♦❧ ❞❡

❆◆❉❖❘ s❡ ✉t✐❧✐③❛❜❛ só❧♦ ♣❛r❛ ❛❝t✐✈❛r ❡❧ ❝♦♥tr♦❧ ❞❡ ❡①♣♦s✐❝✐ó♥ ❝♦♥t✐♥✉❛ ② ❣❛♥❛♥❝✐❛s✱

♠✐❡♥tr❛s q✉❡ ❧♦s ❞❛t♦s s❡ ❛❝✉♠✉❧❛❜❛♥ ② ♣r♦❝❡s❛❜❛♥ ❡♥ ✉♥ ❝♦♠♣✉t❛❞♦r ❞❡ ❝á❧❝✉❧♦✳ ▲♦s

❞❛t♦s s❡ tr❛♥s♠✐tí❛♥ ❞❡s❞❡ ❧❛ ❋P●❆ ❛ tr❛✈és ❞❡ ✉♥❛ ❝♦♠✉♥✐❝❛❝✐ó♥ ❡t❤❡r♥❡t ●✐❣❛❇✐t✳

❊♥ ❧❛ ❛❝t✉❛❧✐❞❛❞ ❝♦♥ ❧♦s ❝♦♠♣✉t❛❞♦r❡s ♠✉❧t✐♣r♦❝❡s❛❞♦r ② ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ ♠❡♠♦r✐❛

❤❡♠♦s r❡t✐r❛❞♦ ❧❛ ❋P●❆ ② ❧❛ ❝♦♠✉♥✐❝❛❝✐ó♥ ●✐❣❛❇✐t ❡s ❡♥tr❡ ❞♦s ❝♦♠♣✉t❛❞♦r❡s ❞♦♥❞❡

✉♥♦ só❧♦ ✐♥t❡r♣r❡t❛ ❧♦s ❝♦♠❛♥❞♦s ❞❡ ❝♦♥tr♦❧ ② ❛❞q✉✐s✐❝✐ó♥✱ ♣❛r❛ ♦♣❡r❛r ❡❧ ❞❡t❡❝t♦r✱ q✉❡

❧❡ ❡♥✈í❛ ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ② ♣r♦❝❡s❛❞♦✳ ❊❧ ❝♦♠♣✉t❛❞♦r ❝♦♥ ❡❧ ❢r❛♠❡❣r❛❜❜❡r

② ❧♦s ♣✉❡rt♦s ❞❡ ❝♦♥tr♦❧ ❞❡ ❧❛s r✉❡❞❛s ❞❡ ✜❧tr♦s ❡s ♣❛rt❡ ❞❡❧ ❡q✉✐♣♦ ❞❡ ❝ú♣✉❧❛ ② s❡

❝✉❡❧❣❛ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❝♦♠♦ ♣❛rt❡ ❞❡❧ ✐♥str✉♠❡♥t♦✱ ❞❡ ♠♦❞♦ q✉❡ ❧❛ ú♥✐❝❛ ❝♦♠✉♥✐❝❛❝✐ó♥

❡s ✉♥ ❝❛❜❧❡ ❡t❤❡r♥❡t✳

✻✳✷✳✷✳ ❋❈❅◆❆❖▼■

❯♥ ❞❡s❛rr♦❧❧♦ ♥❛t✉r❛❧✱ ② ♣❡rs❡❣✉✐❞♦ ❞❡s❞❡ ❡❧ ♣r✐♠❡r ❞í❛ q✉❡ ❢✉✐♠♦s ❛❧ t❡❧❡s❝♦♣✐♦

❲❍❚✱ ❡r❛ ♣r♦❜❛r ❋❛st❈❛♠ ❝♦♥ ❡❧ ❛♣♦②♦ ❞❡ ✉♥ s✐st❡♠❛ ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛✳ ❙✐♥

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

♣❛r❛ ✉s❛r ❧❛ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ❞❡ ■s❛❛❝ ◆❡✇t♦♥ ●r♦✉♣ ❘❡❞ ■♠❛❣✐♥❣ ❉❡✈✐❝❡ ✭■◆✲

●❘■❉✮ s✐♥♦ ♣♦r ✐♥t❡♥t❛r ✉s❛r ❡❧ ❞❡rr♦t❛❞♦r ó♣t✐❝♦ ❞❡❧ ❢♦❝♦ ◆❛s♠②t❤ ●❘❆❈❊✱ q✉❡

❡stá ♦♣t✐♠✐③❛❞♦ ♣❛r❛ ❧❛ ♠✐t❛❞ r♦❥❛✴✐♥❢r❛rr♦❥❛ ❞❡❧ ❡s♣❡❝tr♦✱ ❞♦♥❞❡ ❡s s❡♥s✐❜❧❡ ■◆●❘■❉✳

❚❛♠❜✐é♥ ❡❧ ❡s♣❡❝tró❣r❛❢♦ ❖❆❙■❙ s❡ ❜❡♥❡✜❝✐❛ ❞❡ ❡st❡ s✐st❡♠❛✳

◆✉❡str❛ ✐♥s✐st❡♥❝✐❛ ② ❧❛ ❞❡♠♦str❛❝✐ó♥ ❞❡ q✉❡ ♣♦❞í❛♠♦s r❡s♦❧✈❡r ❡str❡❧❧❛s ❛ ❧í♠✐t❡



✶✾✻ ✻✳ ▲❛ ❈♦♥s❡❝✉❡♥❝✐❛

✭❛✮ ❍✉❡❝♦❅■◆●❘■❉✳

✭❜✮ ❊♥ ❡❧ ❍✉❡❝♦❅■◆●❘■❉✳ ✭❝✮ ❆❧✐♥❡❛❞♦❅◆❆❖▼■✳

✭❞✮ ❋❈❅◆❆❖▼■✳

❋✐❣✉r❛ ✻✳✺✿ ■♥st❛❧❛❝✐ó♥ ❞❡ ❋❛st❈❛♠ ❡♥ ❡❧ ❢♦❝♦ ●❘❆❈❊ ❞❡ ❲❍❚ ❞❡♥tr♦ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦
❞❡ ■◆●❘■●❉ ✉t✐❧✐③❛♥❞♦ ❡❧ s✐st❡♠❛ ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ◆❆❖▼■✳



✻✳✷✳ ❉❡s❛rr♦❧❧♦s ❝♦♠♣❧❡♠❡♥t❛r✐♦s ✶✾✼

❞❡ ❞✐❢r❛❝❝✐ó♥✱ ♣❡r♦ s✐♥ ❛❧❝❛♥③❛r ❧❛ ♣r♦❢✉♥❞✐❞❛❞ ✈❡r✐✜❝❛❞❛ ❝♦♥ ❡❧ t❡❧❡s❝♦♣✐♦ ◆❖❚✱

❤✐❝✐❡r♦♥ q✉❡ ♣♦r ✜♥ ♥♦s ❞❡❥❛r❛♥ ✐♥t❡♥t❛r ✐♥st❛❧❛r ❋❛st❈❛♠ ❡♥ ❡❧ ❜❛♥❝♦ ❞❡ ■◆●❘■❉✳

❙❡ ♥♦s ❢❛❝✐❧✐tó ❡❧ ❡sq✉❡♠❛ ó♣t✐❝♦ ②✱ ❝♦♥ é❧✱ ♣✉❞❡ ❡♥❝♦♥tr❛r ✉♥ ❤✉❡❝♦ ❡♥ ❤❛③ ❝♦❧✐♠❛❞♦

❞♦♥❞❡ ❝♦❧♦❝❛r ✉♥ ♣❡q✉❡ñ♦ ❡s♣❡❥♦ ②✱ ✉t✐❧✐③❛♥❞♦ ✉♥❛ ❧❡♥t❡ ❛ ♠♦❞♦ ❞❡ ❝á♠❛r❛✱ ❣❡♥❡r❛r

✉♥ ❢♦❝♦ ❛ ♣❛rt✐r ❞❡❧ ❝✉❛❧ ✐♥s❡rt❛♠♦s ❋❛st❈❛♠✳ ❈♦♠♦ ❡❧ s✐st❡♠❛ ó♣t✐❝♦ ❞❡ ■◆●❘■❉

♠♦❞✐✜❝❛ ♦❜✈✐❛♠❡♥t❡ ❡❧ ❤❛③✱ ②❛ ❝♦♥ ❧♦s ❞❛t♦s ❞❡ ❞✐s❡ñ♦ ❡♥ ❧❛s ♠❛♥♦s ✈♦❧✈í ❛❧ ♣r♦❣r❛♠❛

❞❡ ❞✐s❡ñ♦ ♣❛r❛ ❡♥❝♦♥tr❛r✱ ❡♥ ❡st❡ ❝❛s♦✱ ❧❛ ❝♦♠❜✐♥❛❝✐ó♥ ❞❡ tr❡s ❧❡♥t❡s q✉❡✱ ❞❛♥❞♦ ✉♥❛

❡s❝❛❧❛ ❞❡ ♣❧❛❝❛ ❛❝❡♣t❛❜❧❡✱ t✉✈✐❡r❛ ❧❛ r❡s♦❧✉❝✐ó♥ ♣♦r ♣í①❡❧ ♠ás ❛♣r♦♣✐❛❞❛ ♣❛r❛ ♦❜s❡r✈❛r

② r❡s♦❧✈❡r ❧♦s ♦❜❥❡t♦s ❡♥ ❡st❡ t❡❧❡s❝♦♣✐♦✳

❆ ♣❡s❛r ❞❡ ❡❧❧♦✱ ❧♦ ❝✐❡rt♦ ❡s q✉❡ ❡st❡ ❞✐s❡ñ♦ ❧♦ ❤❛❝í❛♠♦s ②❛ ❝♦♥ ❧❛ ✐❞❡❛ ② ❧❛ ♠❡♥t❡

♣✉❡st❛ ❡♥ ♣♦❞❡r tr❛❜❛❥❛r ❛❝t✐✈❛♥❞♦ ❡❧ s✐st❡♠❛ ❞❡ ❆❖ ❛ tr❛✈és ❞❡❧ q✉❡ ♣❛s❛❜❛ ❡❧ ❤❛③✳

❊❧ ♣r✐♠❡r ❞í❛ q✉❡ ❡st✉✈✐♠♦s ❡♥ ●❘❆❈❊ ♥♦ s❡ ♣✉❞♦ ✉t✐❧✐③❛r ❡❧ s✐st❡♠❛ ❞❡ ❆❖ ♣✉❡s

❡①✐stí❛ ✉♥ ♣r♦❜❧❡♠❛ ❝♦♥ ❡❧ ❝♦♥tr♦❧✳ ❆✉♥q✉❡✱ ❞❡s❣r❛❝✐❛❞❛♠❡♥t❡✱ s✐r✈✐ó ♣❛r❛ ❝♦♠♣r♦❜❛r

q✉❡ ❡❧ tr❛❜❛❥♦ ❝♦♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❲❍❚ ♥♦ ✐❜❛ ❛ r❡s✉❧t❛r ❡✜❝❛③✳ ◆♦ ❤❛❜í❛ ♥✐♥❣✉♥❛

♠❡❥♦r❛ ❞❡ s❡ñ❛❧ ❝♦♥ r❡s♣❡❝t♦ ❛ ❧♦ ♦❜t❡♥✐❞♦ ❡♥ ●❍❘■▲✳ Pr♦❜❛❜❧❡♠❡♥t❡ ❧❛ ♠❡❥♦r❛ ❞❡

tr❛♥s♠✐s✐ó♥ ❞❡❧ ❞❡rr♦t❛❞♦r s❡ ❝♦♠♣❡♥s❛❜❛ ❝♦♥ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ❡❧❡♠❡♥t♦s ❡①tr❛ q✉❡

❧❧❡✈❛❜❛♥ ❧❛ ❧✉③ ❤❛st❛ ❋❛st❈❛♠✳

❈✉❛♥❞♦ ♣♦r ✜♥ ♣✉❞✐♠♦s ✉t✐❧✐③❛r ❡❧ s✐st❡♠❛ ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ❛♣❛r❡❝✐❡r♦♥

r❡s✉❧t❛❞♦s ✉♥ t❛♥t♦ ❝♦♥tr❛❞✐❝t♦r✐♦s✳ ❆❧ ✜♥ ❝♦♥s❡❣✉í❛♠♦s ♠❡❥♦r s❡ñ❛❧ ② ♣♦❞í❛♠♦s

t❡♥❡r ❡str❡❧❧❛s ♠ás ❞é❜✐❧❡s✳ ❙✐♥ ❡♠❜❛r❣♦✱ ♥♦ ❧♦❣rá❜❛♠♦s ✉♥❛ ♠❡❥♦r❛ ❞❡ r❡s♦❧✉❝✐ó♥✳ ❊s

❞❡❝✐r✱ ❧❛ ❛♣♦rt❛❝✐ó♥ ❞❡❧ s✐st❡♠❛ ❞❡ ❆❖ ♣❡r♠✐t❡ t❡♥❡r ♥✉♠❡r♦s❛s ✐♠á❣❡♥❡s ♠❡❥♦r❡s✱

② ❧❛ ✐♥t❡❣r❛❝✐ó♥ ♦ ❛❝ú♠✉❧♦ ❞❡ ✐♠á❣❡♥❡s ❡s ♠ás ❡✜❝✐❡♥t❡✱ ♣❡r♦ ❡❧ s✐st❡♠❛ ó♣t✐❝♦ ② ❧❛s

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

▼✐ ♦♣✐♥✐ó♥ ♣❡rs♦♥❛❧ ❡s q✉❡ ❡❧ s✐st❡♠❛ ❞❡ ❆❖ ❧✐♠✐t❛ ❧❛ r❡s♦❧✉❝✐ó♥ ♣r❡❝✐s❛♠❡♥t❡ ♣♦r

♠❡❥♦r❛r ❡❧ ♣♦r❝❡♥t❛❥❡ ❞❡ ✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s✳ ➱st❛s ❧♦ s♦♥✱ ♣❡r♦ ❛❧ ❧í♠✐t❡ ❞❡ r❡s♦✲

❧✉❝✐ó♥ ❞❡❧ s✐st❡♠❛ ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛✱ ②❛ q✉❡ ♥♦ ♣❡r♠✐t❡ ❧♦s s♣❡❝❦❧❡s ♥❛t✉r❛❧❡s ❛❧

❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦ ② ❡❧ ❛❝ú♠✉❧♦ s❡ ❤❛❝❡ s♦❜r❡ ✐♠á❣❡♥❡s ②❛ ❝♦rr❡❣✐❞❛s✱

② ✓✜❧tr❛❞❛s✔ ♣♦r ❡❧ s✐st❡♠❛ ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛✳ ❊♥ ❡st❡ ❝❛s♦✱ s✐ ❡❧ s✐st❡♠❛ ❞❡ ❆❖

♥♦ ❛❧❝❛♥③❛ ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ ❧❛ ♠❡❥♦r ✐♠❛❣❡♥ q✉❡ ✈❡rá ❋❛st❈❛♠

❡st❛rá ❧✐♠✐t❛❞❛✳ ▲♦ ♥♦r♠❛❧ ❡s ♣r❡❝✐s❛♠❡♥t❡ q✉❡ ❡❧ s✐st❡♠❛ ❞❡ ❆❖ ♥♦ ❛❧❝❛♥❝❡ ❡❧ ❧í♠✐t❡

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

② ❧♦ q✉❡ ❤❛❝❡ ❛❧ r❡❞✉❝✐r❧♦s ❡s s✉♣❡r♣♦♥❡r ❧♦s ❞✐st✐♥t♦s s♣❡❝❦❧❡s ❞❡ ❝❛❞❛ ❝❡❧❞❛ ❞❡ ♣❡r✲

t✉r❜❛❝✐ó♥✱ ♣❡r♦ s✐♥ ❧❧❡❣❛r ❛ ❧❛ ✉♥✐❝✐❞❛❞ ❞❛♥❞♦✱ ♣♦r t❛♥t♦✱ ✉♥❛ ♠❛♥❝❤❛ ♠ás ❛♥❝❤❛ q✉❡

❡❧ ❞✐s❝♦ ❞❡ ❆✐r② ❞❡ ❞♦♥❞❡ ♥♦ s❡ ♣✉❡❞❡ ❡①tr❛❡r ✉♥❛ ✐♠❛❣❡♥ ❛❢♦rt✉♥❛❞❛ ❝❧❛r❛ ② ❧✐♠♣✐❛

q✉❡ ❛❧❝❛♥❝❡ ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ❖❜✈✐❛♠❡♥t❡✱ ❧❛ ❡♥❡r❣í❛ ❝♦♥❝❡♥tr❛❞❛ ❡s ♠❛②♦r ②

❧❛ ♣r♦❢✉♥❞✐❞❛❞ ❛❧❝❛♥③❛❞❛ t❛♠❜✐é♥✱ ♣❡r♦ q✉✐③ás ❡❧ ♣r♦❝❡s♦ ❞❡ ❝❡♥tr❛❞♦ ② s✉♠❛ ♥♦ s❡❛



✶✾✽ ✻✳ ▲❛ ❈♦♥s❡❝✉❡♥❝✐❛

♠ás ❡✜❝✐❡♥t❡ q✉❡ ✉♥ t✐♣✲t✐❧t ❛❧ r❡❝❡♥tr❛r ❧❛s ♣♦s✐❜❧❡s ♦s❝✐❧❛❝✐♦♥❡s ❞❡❧ s❡❡✐♥❣ ✳

❙❡ ❤❛♥ ❤❡❝❤♦ ✈❛r✐❛s ❝❛♠♣❛ñ❛s ❝♦♥ ❋❛st❈❛♠ ❡♥ ●❘❆❈❊ ❞❡s❞❡ ❡♥t♦♥❝❡s ② ❧♦s

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

♥♦❝❤❡ ✐♥❝❧✉s♦ ❝♦♥ ❧❧✉✈✐❛✳

❋✐♥❛❧♠❡♥t❡ s❡ ✐♥❝♦r♣♦ró ✉♥❛ ✈❛r✐❛♥t❡ ❡♥ ❡❧ s✐st❡♠❛ ❞❡ ◆❆❖▼■ ❞❡ ♠♦❞♦ q✉❡ s❡

♠♦♥tó ❞✐r❡❝t❛♠❡♥t❡ ✉♥ ❞❡t❡❝t♦r ❊▼❈❈❉ s✐♠✐❧❛r ❛❧ ♥✉❡str♦ ②✱ ✉t✐❧✐③❛♥❞♦ ❡❧ ♣r♦❣r❛♠❛

❢❛st❝❛♠✱ s❡ ✐♥t❡❣ró ❡♥ ❡❧ s✐st❡♠❛ ❞❡ ❛❞q✉✐s✐❝✐ó♥ ❞❡ ◆❆❖▼■✳ ▲❛ ❝❛♥t✐❞❛❞ ❞❡ ✐♠á❣❡♥❡s

❛❢♦rt✉♥❛❞❛s ❛✉♠❡♥tó ♣❡r♦✱ ❞❡ ♥✉❡✈♦✱ s✐♥ ♠❡❥♦r❛r ❧❛ r❡s♦❧✉❝✐ó♥✳ ❆❤♦r❛ ♣❛r❡❝❡ q✉❡ s❡

❤❛ ❛s✉♠✐❞♦ ❧❛ ❧✐♠✐t❛❝✐ó♥ ❞❡❧ s✐st❡♠❛ ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❲❍❚ ② s❡

tr❛❜❛❥❛ ②❛ ❡♥ ❡❧ r❡❞✐s❡ñ♦ ❞❡ ❡st❡ s✐st❡♠❛✱ ❡♠♣❡③❛♥❞♦ ♣♦r ✉♥ ♥✉❡✈♦ ❡s♣❡❥♦ ❞❡❢♦r♠❛❜❧❡✳

❆ ❡st❡ r❡s♣❡❝t♦✱ ❤❡♠♦s ❞❡ ❞❡❝✐r q✉❡ ❡❧ ❡s♣❡❥♦ ❞❡❢♦r♠❛❜❧❡ q✉❡ t✐❡♥❡ ◆❆❖▼■ ❡s

❜❛st❛♥t❡ ❛♥t✐❣✉♦✱ ❝♦♥ s✉❜❡❧❡♠❡♥t♦s ❝✉❛❞r❛❞♦s ② ❝♦♥ ❛❧ ♠❡♥♦s ✉♥♦ q✉❡ ♥♦ ❢✉♥❝✐♦♥❛✱

❧♦ ❝✉❛❧✱ ❡✈✐❞❡♥t❡♠❡♥t❡✱ ❛❢❡❝t❛ ❞❡ ❛❧❣ú♥ ♠♦❞♦ ❛ ❧❛ r❡s♦❧✉❝✐ó♥ ♠á①✐♠❛ ❞❡ ❧❛ P❙❋ q✉❡

❢♦r♠❛✳

✻✳✷✳✸✳ ❲■❉❊✲❋❈

❊♥ ❡❧ ♠❛r❝♦ ❞❡❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ ✐♥str✉♠❡♥t♦✱ ② ❜✉s❝❛♥❞♦ ✐♥✐❝✐❛❧♠❡♥t❡ ❛✉♠❡♥t❛r ❡❧

❝❛♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥✱ ❡❧ ♣r♦②❡❝t♦✱ ❛ tr❛✈és ❞❡❧ ♣r♦❣r❛♠❛ ❈♦♥s♦❧✐❞❡r✱ ❛❝❝❡❞✐ó ❛ ❧❛

❝♦♠♣r❛ ❞❡ ✉♥ ♥✉❡✈♦ ❞❡t❡❝t♦r ❞❡ ♠❛②♦r t❛♠❛ñ♦✱ 1❦×1❦ ♣í①✱ ❡s ❞❡❝✐r✱ 1024×1024 ♣✐①✳

❊st❡ ❞❡t❡❝t♦r ❡s s✉st❛♥❝✐❛❧♠❡♥t❡ ❞✐❢❡r❡♥t❡ ❛ ❧♦s ❛♥t❡r✐♦r❡s✱ ② ♥♦ só❧♦ ♣♦r t❛♠❛ñ♦✱

✐♥❝❧✉✐❞♦ ❡❧ t❛♠❛ñ♦ ❞❡ ♣í①❡❧✳ ▲❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❡❝t✉r❛ ❞❡❧ s❡♥s♦r ❝♦♠♣❧❡t♦ só❧♦ ❡s ❞❡

0′1 s✱ ② ♥❡❝❡s✐t❛♠♦s r❡❝✉rr✐r ❛ ✈❡♥t❛♥❛s ♠❡♥♦r❡s ♣❛r❛ ♣♦❞❡r ❧❧❡❣❛r ❛ ❧❛s ✈❡❧♦❝✐❞❛❞❡s

❞❡ ♠✉❡str❡♦ ❞❡ ❧❛ ❛t♠ós❢❡r❛✳ ❚❛♠♣♦❝♦ t✐❡♥❡ ✉♥ ♦❜t✉r❛❞♦r✱ ❞❡ ♠♦❞♦ q✉❡ ❡❧ s❡♥s♦r

s❡ ✈❡ ❡①♣✉❡st♦ ❝♦♥t✐♥✉❛♠❡♥t❡✳ ❊♥ ♣r✐♥❝✐♣✐♦✱ ♥✐♥❣✉♥❛ ❞❡ ❡st❛s ❝❛r❛❝t❡ríst✐❝❛s ❡s ✉♥

✐♥❝♦♥✈❡♥✐❡♥t❡ ❣r❛✈❡✱ ♣❡r♦ ❡✈✐❞❡♥t❡♠❡♥t❡ ❛❢❡❝t❛ ❛ ❧❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡ ❜✐❛s ② ❛ ❧❛

♠á①✐♠❛ ❝♦rr❡❝❝✐ó♥ ❡s♣❡r❛❜❧❡ ❡♥ ❝❛♠♣♦ t♦t❛❧✳ ❚❛♠❜✐é♥ s✐❣♥✐✜❝❛ q✉❡ ❧❛ ❝❛❧✐❜r❛❝✐ó♥

❞❡ ✢❛t✜❡❧❞ ② ❞❛r❦ ❞❡❜❡ ❤❛❝❡rs❡ ❝♦♥ ♠ás ♠❡t✐❝✉❧♦s✐❞❛❞ ♣❛r❛ ❣❛r❛♥t✐③❛r q✉❡ ♥♦ s❡

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

❧❛s ♠❡❞✐❞❛s ❞❡ ❛❧❣✉♥♦s ♣í①❡❧❡s✳

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

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

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

❧❡❝t✉r❛ rá♣✐❞❛ ❡s ✉♥❛ ✈❡♥t❛❥❛✱ ♣♦r ❡❥❡♠♣❧♦ ❡♥ trá♥s✐t♦s s♦❜r❡ ❧❛ ❧í♥❡❛ ❞❡ ✈✐s✐ó♥ ❞❡

❛❧❣✉♥❛s ❡str❡❧❧❛s✳ ❊st♦ ❡s ✐♠♣♦rt❛♥t❡ t❛♥t♦ ❡♥ ❧❛ ♠❡❞✐❞❛ ❞❡ ❧❛ ❝✉r✈❛ ❞❡ ❝❛í❞❛ ② s✉❜✐❞❛

❞❡ s❡ñ❛❧ ✭♣r✐♥❝✐♣✐♦ ② ✜♥❛❧ ❞❡❧ trá♥s✐t♦✮ ❝♦♠♦ ❡♥ ❧❛ ❢♦t♦♠❡trí❛ ❞✉r❛♥t❡ ❡❧ trá♥s✐t♦✳

❯♥ s♣✐♥✲♦✛ r❡❛❧ ② ♥♦t❛❜❧❡ ❞❡ ❋❛st❈❛♠ ❡s ❧❛ ❝á♠❛r❛ ❞❡ ❣r❛♥ ❝❛♠♣♦ ❞❡ ✈✐❣✐❧❛♥❝✐❛



✻✳✷✳ ❉❡s❛rr♦❧❧♦s ❝♦♠♣❧❡♠❡♥t❛r✐♦s ✶✾✾

❞❡ trá♥s✐t♦s q✉❡ ❞❡s❛rr♦❧❧❛♠♦s ♣❛r❛ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙✳

❊❧ ❣r✉♣♦ ❞❡ s❡❣✉✐♠✐❡♥t♦ ❞❡ trá♥s✐t♦s ♣❧❛♥❡t❛r✐♦s ♦ ❝♦♠♣❛ñ❡r❛s ♦s❝✉r❛s ❡♥ ❡str❡❧❧❛s

♥❡❝❡s✐t❛❜❛ ✉♥ s✐st❡♠❛ ❝❛♣❛③ ❞❡ ♣♦❞❡r r❡❛❧✐③❛r ✉♥ s❡❣✉✐♠✐❡♥t♦ ❞❡ trá♥s✐t♦s ❡♥ ❡str❡❧❧❛s

♣ró①✐♠❛s ❞❡ ✉♥ ♠♦❞♦ s✐st❡♠át✐❝♦ ② ♣r❡❝✐s♦✱ ♣❛r❛ ❧♦ ❝✉❛❧ ❡s ❢✉♥❞❛♠❡♥t❛❧ t❡♥❡r ❜✉❡♥❛

❢♦t♦♠❡trí❛✳ ❊r❛ ✐♥t❡r❡s❛♥t❡ ♣♦❞❡r ❤❛❝❡r❧♦ ❝♦♥ ✉♥ t❡❧❡s❝♦♣✐♦ ❛❝❝❡s✐❜❧❡ ② ❝♦♥ ♣r♦❣r❛♠❛s

r✉t✐♥❛r✐♦s ❝♦♠♦ ❡s ❡❧ ❚❈❙✱ ❞❡ ♠♦❞♦ q✉❡ s❡ ♣✉❞✐❡s❡♥ ❞❡t❡❝t❛r ② ❝♦♥tr♦❧❛r ❧♦s trá♥s✐t♦s

❝♦♥ ❧❛ ♠❛②♦r ♣r❡❝✐s✐ó♥ ♣♦s✐❜❧❡ ② ♣♦❞❡r✱ ✉♥❛ ✈❡③ ❝♦♥♦❝✐❞♦s✱ ♣❡❞✐r s✉ s❡❣✉✐♠✐❡♥t♦ ❝♦♥

t❡❧❡s❝♦♣✐♦s ♠❛②♦r❡s ♣❛r❛ ♦❜t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥ ♠ás ❝♦♥❝r❡t❛ ♦ ♣r❡❝✐s❛ ❞❡ ❧♦s ♠❡❥♦r❡s

❝❛♥❞✐❞❛t♦s✳

❋✐❣✉r❛ ✻✳✻✿ ❉✐s❡ñ♦ ✐♥✐❝✐❛❧ ❞❡ ❲■❉❊✲❋❛st❈❛♠ ❡♥ ✉♥❛ ❡t❛♣❛ ❞❡ ❛❧✐♥❡❛❞♦ ❡♥ ❧♦s ❧❛❜♦r❛t♦r✐♦s
❞❡❧ ■❆❈✳

❲■❉❊✲❋❛st❈❛♠ r❡q✉✐❡r❡ ✉t✐❧✐③❛r ❧❛ ✈❡❧♦③ ❛❞q✉✐s✐❝✐ó♥ ❞❡ ✐♠á❣❡♥❡s ♣❛r❛ ♣♦❞❡r

❞❡t❡❝t❛r ✢✉❝t✉❛❝✐♦♥❡s rá♣✐❞❛s ② r✉✐❞♦s q✉❡ s❡ ♣✉❡❞❛♥ ❡❧✐♠✐♥❛r ❛ ♣♦st❡r✐♦r✐ ❡♥ ❡❧

♣r♦❝❡s❛❞♦ ❛ ❧❛ ❤♦r❛ ❞❡ ❛❝✉♠✉❧❛r ② ♣r♦♠❡❞✐❛r ❧❛s ✐♠á❣❡♥❡s ❡♥ ❧❛ s❡❝✉❡♥❝✐❛ ❞❡❧ trá♥s✐t♦✳

❆sí ♣✉❡s✱ ❡s ❧❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ r❡s♦❧✉❝✐ó♥ t❡♠♣♦r❛❧ ❞❡❧ s✐st❡♠❛ ❧❛ q✉❡ ✐♥t❡r❡s❛ ♣❛r❛

❡st❡ t✐♣♦ ❞❡ ❡st✉❞✐♦s✳

❊st❡ ♣r♦②❡❝t♦ ♥❡❝❡s✐t❛ t❡♥❡r ❡str❡❧❧❛s ❞❡ r❡❢❡r❡♥❝✐❛ ❢♦t♦♠étr✐❝❛ ❡♥ ❡❧ ❝❛♠♣♦ ❞❡

❡①♣♦s✐❝✐ó♥ ♠✐❡♥tr❛s s❡ ❤❛❝❡ ❧❛ ♦❜s❡r✈❛❝✐ó♥✱ ❡s ❞❡❝✐r✱ ❛♥t❡s✱ ❞✉r❛♥t❡ ② ❞❡s♣✉és ❞❡❧

trá♥s✐t♦✳ ❙❡ ❝♦♥s✐❞❡r❛ q✉❡ ❧❛s r❡❢❡r❡♥❝✐❛s ❢♦t♦♠étr✐❝❛s ❡stá♥ r❡♣❛rt✐❞❛s ♠ás ♦ ♠❡♥♦s

❡♥ ✉♥ r❛♥❣♦ ❞❡ ✽ ❛ 10 ❛r❝♠✐♥ ❞❡ ❝✐❡❧♦✳ ❙❡ ♠❡ ♣✐❞✐ó ❡♥t♦♥❝❡s ❡❧ ♣♦❞❡r ❛❞❛♣t❛r ♦✱ ♠❡❥♦r

❞✐❝❤♦✱ ✉t✐❧✐③❛r ❧❛ ❊▼❈❈❉ ❞❡ ❋❛st❈❛♠ ② s✉ s♦❢t✇❛r❡ ♣❛r❛ ♦❜s❡r✈❛r trá♥s✐t♦s ❡♥ ✉♥

❝❛♠♣♦ ❞❡ 10×10 ❛r❝♠✐♥✳

P❛r❛ ❡♠♣❡③❛r✱ r❡❝♦r❞❛r q✉❡ ❡❧ ❚❈❙ ❡s ✉♥ t❡❧❡s❝♦♣✐♦ ♣r♦t♦t✐♣♦ ❝♦♥ ✉♥❛ ❡s♣❡❝✐✜❝❛✲



✷✵✵ ✻✳ ▲❛ ❈♦♥s❡❝✉❡♥❝✐❛

❝✐ó♥ ❞❡ ❝❛❧✐❞❛❞ r❛❞✐♦♠étr✐❝❛ ♣❛r❛ ✉♥❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ❞❡ 1µ♠✳ ▲❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❞❡

✉♥ ❉❛❧❧✲❑✐r❦❤❛♠ ❡s ❞❡ ✉♥❛ ♠♦♥t✉r❛ ❈❛ss❡❣r❛✐♥ ❝♦♥ ✉♥ ♣r✐♠❛r✐♦ ❝♦♠♦ ✉♥ ❡❧✐♣s♦✐❞❡

♦❜❧❛t♦ ✭❡❥❡ ó♣t✐❝♦ s❡❣ú♥ ❡❧ ❡❥❡ ♠❡♥♦r✮ ② ✉♥ s❡❝✉♥❞❛r✐♦ ❡s❢ér✐❝♦✳ ❊s✱ ♣♦r ❞❡✜♥✐❝✐ó♥✱ ✉♥

❝♦❧❡❝t♦r ❞❡ ❧✉③✱ ❡s ❞❡❝✐r✱ ♥♦ s❡ ❧❡ ♣✐❞❡ ❝❛❧✐❞❛❞ ó♣t✐❝❛ ❢✉❡r❛ ❞❡ ❡❥❡ ②✱ ❞❡ ❤❡❝❤♦✱ t✐❡♥❡

❣r❛♥ ❝♦♠❛ ❢✉❡r❛ ❞❡ ❡❥❡ ② ✉♥❛ ❝✉r✈❛t✉r❛ ❞❡ P❡t③✈❛❧ ❞❡ 2′1♠✱ ♠ás ❞❡❧ ✶✵✪ ❞❡ s✉ ❢♦❝❛❧✳

❆ ✉♥ r❛❞✐♦ ❞❡ 5 ❛r❝♠✐♥ ✭30′34♠♠✮ ❡❧ s♣♦t ❡s ❞❡ 250µ♠✳

❊❧ ♣r♦②❡❝t♦ ♠❡ s♦❧✐❝✐t❛❜❛ q✉❡ ❧❧❡✈❛s❡ ❡s❡ ❝❛♠♣♦✱ 10 ❛r❝♠✐♥ ✭60′7×60′7♠♠✮ ❝♦♥ ✉♥❛

❞✐❛❣♦♥❛❧ ❞❡ 14 ❛r❝♠✐♥✱ ❛ ✉♥ ❞❡t❡❝t♦r ❞❡ 16×16♠♠✱ ❛❧ ♠❡♥♦s ✐♥✐❝✐❛❧♠❡♥t❡✱ ❝♦♥ ✉♥❛

r❡s♦❧✉❝✐ó♥ ❞❡ 5 ♣✐①✴P❙❋ ✭65µ♠✮✳ ❇❛❥♦ ❡st❛s ❝♦♥❞✐❝✐♦♥❡s ❡♥ ❡❧ ❡①tr❡♠♦ ❞❡ ❧❛ ❞✐❛❣♦♥❛❧

❞❡❧ ❝❛♠♣♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❧❛ ♠❛♥❝❤❛ ❞❡ ❝♦♠❛ ✭P❙❋✮ t✐❡♥❡ ❛❧❣♦ ♠ás ❞❡ 350µ♠ ❞❡

t❛♠❛ñ♦✳

❯♥♦s ♣r♦❜❧❡♠❛s ❛❞✐❝✐♦♥❛❧❡s ❡r❛♥ q✉❡ t❡♥í❛ q✉❡ s❡r ❜❛r❛t♦ ② ❡st❛r ❡♥ ❢✉♥❝✐♦♥❛♠✐❡♥✲

t♦ r❡❧❛t✐✈❛♠❡♥t❡ ♣r♦♥t♦✳ ▲♦ ❝✐❡rt♦ ❡s q✉❡ ✜♥❛❧♠❡♥t❡ s❡ ❝♦♥s✐❣✉✐ó ✉♥ ❞✐s❡ñ♦ q✉❡ ♣rá❝✲

t✐❝❛♠❡♥t❡ ❧❧❡❣❛❜❛✱ ❛❧ ♠❡♥♦s ❡♥ ❡❧ ❝❛♠♣♦ ❝r✉③❛❞♦ ✭❞❡♥tr♦ ❞❡❧ ❝ír❝✉❧♦ ❞❡ 10 ❛r❝♠✐♥✮✱ ❛

❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s r❡q✉❡r✐❞❛s✳ ❉❡❝✐❞✐♠♦s ♣r♦❜❛r❧♦ ②✱ ♣❛r❛ s♦r♣r❡s❛ ❞❡ t♦❞♦s✱ ❛♣❛r❡✲

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

q✉❡ s❡♣❛r❛ ❡❧ ❤❛③ r♦❥♦ ❞❡ ✐♥str✉♠❡♥t♦s ❞❡❧ ❤❛③ ❛③✉❧ ❞❡ ❧❛ ❝á♠❛r❛ ❞❡ ❣✉✐❛❞♦✱ q✉❡ ❡r❛

❞❡♠❛s✐❛❞♦ ♣❡q✉❡ñ♦ ②❛ q✉❡ ♥✉♥❝❛ s❡ ♣❧❛♥t❡ó ♣❛r❛ ✉♥ ❝❛♠♣♦ t❛♥ ❣r❛♥❞❡✳

❋✐❣✉r❛ ✻✳✼✿ ❲■❉❊✲❋❛st❈❛♠ ❝♦♥ ❡❧ ♥✉❡✈♦ ❉✐s❡ñ♦ Ó♣t✐❝♦ q✉❡ ❡s♣❡r❛♠♦s ❝♦rr✐❥❛ ❞❡ ✉♥ ♠♦❞♦
♠ás ♣r♦♣♦r❝✐♦♥❛❧ ❡❧ ❝❛♠♣♦ ❞❡ 10 ❛r❝♠✐♥ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙✳

❆❞❡♠ás✱ s❡ ♦❜s❡r✈❛❜❛♥ ✉♥❛s ❛❜❡rr❛❝✐♦♥❡s ♥♦ ❝❡♥tr❛❞❛s q✉❡ ✐♥❞✐❝❛❜❛♥ q✉❡ ❛❧❣♦

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

✈✐❞r✐♦ ❞❡❧❣❛❞♦ ✭✸♠♠ ❞❡ ❡s♣❡s♦r✮ ♣❛r❛ ❡❧ ❞✐á♠❡tr♦ ❞❡ ✻✵♠♠ q✉❡ t✐❡♥❡✱ s❡ ♣♦❞rí❛



✻✳✷✳ ❉❡s❛rr♦❧❧♦s ❝♦♠♣❧❡♠❡♥t❛r✐♦s ✷✵✶

❝♦♠❜❛r ✭❤✉♥❞✐r ❡♥ ❡❧ ❝❡♥tr♦✮ ② ❞❡❢♦r♠❛r ❡❧ ❤❛③✱ ❧♦ q✉❡✱ ❥✉♥t♦ ❝♦♥ ✉♥ s✐st❡♠❛ ❞❡

❝♦❧✐♠❛❞♦r ✐♥❝❧✐♥❛❞♦ ② q✉✐③ás ✉♥❛ ❢❛❧t❛ ❞❡ ❛❧✐♥❡❛❞♦✱ ♣♦❞rí❛ ❡①♣❧✐❝❛r ❧❛s ✐♠á❣❡♥❡s✳

▲❧❡❣❛♠♦s ❛ ❤❛❝❡r ❧❛ ♣r✉❡❜❛ ❞❡ s✉st✐t✉✐r ❡❧ ❞✐❝r♦✐❝♦ ♣♦r ✉♥ ❡s♣❡❥♦ ❞❡ ♠❛②♦r t❛✲

♠❛ñ♦✱ ♣❡r♦ ❡❧ ❤✉❡❝♦ ❤❛❝❡ q✉❡ ❡❧ ✈✐ñ❡t❡♦ ❡♥ ❧❛s ❡sq✉✐♥❛s s❡❛ ✐♥❡✈✐t❛❜❧❡✳ ❆✉♥q✉❡ ❧❛s

❛❜❡rr❛❝✐♦♥❡s ❝❛♠❜✐❛r♦♥✱ ❡①✐stí❛ ✉♥❛ ❞❡❢♦r♠❛❝✐ó♥ ❡♥ ❧❛s ❡str❡❧❧❛s ❞❡ ❧❛s ✐♠á❣❡♥❡s ♥♦

r❡❝♦♥♦❝✐❜❧❡s ❡♥ ❡❧ ❉✐s❡ñ♦ Ó♣t✐❝♦✳

❙❡ ❞❡❝✐❞✐ó ❡♥t♦♥❝❡s r❡❞✉❝✐r ❡❧ ❝❛♠♣♦ ✐♥t❡♥t❛♥❞♦ ♠❡❥♦r❛r ❧❛ ✐♠❛❣❡♥ ② ❛♣r♦✈❡❝❤❛r

❡❧ ❞❡t❡❝t♦r✳ P❛s❛♠♦s ❛ ✉♥ ❝❛♠♣♦ ❞❡ 8×8 ❛r❝♠✐♥✱ q✉❡ s♦♥ 11′3 ❛r❝♠✐♥ ❡♥ ❧❛ ❞✐❛❣♦♥❛❧✱

❝♦♥ ✉♥ ♣♦s✐❜❧❡ ✈✐ñ❡t❡♦ ❞❡ ♠❡❞✐♦ ♠✐♥✉t♦ ❞❡ ❛r❝♦ ❡♥ ❝❛❞❛ ❡sq✉✐♥❛✱ q✉❡ ②❛ ♣❛r❡❝í❛ ♠ás

❛s✉♠✐❜❧❡✳

❊❧ ♥✉❡✈♦ ❞✐s❡ñ♦ ❞❡ ✜❧♦s♦❢í❛ ❡q✉✐✈❛❧❡♥t❡ ❛❧ ❛♥t❡r✐♦r r❡s✉❧t❛ ♠ás ❝♦♠♣❛❝t♦ ② ❝♦♠✲

♣❡♥s❛❞♦ ❛ ♣❡s❛r ❞❡ ❡st❛r ❝♦♥st✐t✉✐❞♦ ♣♦r ❧❡♥t❡s ♠ás ❣r❛♥❞❡s✳ ❊❧ s✐st❡♠❛ ✜♥❛❧♠❡♥t❡

❤❛❜rá ❞❡♠♦str❛❞♦ s✉ ✈✐❛❜✐❧✐❞❛❞ ♥♦ só❧♦ ♣♦r ❝✉❜r✐r ❡❧ ❝❛♠♣♦ ❝♦♠♣❧❡t♦ ❞❡ ❚❈❙ s✐♥♦

t❛♠❜✐é♥ ♣♦r ❡❧✐♠✐♥❛r ❧❛s ❛❜❡rr❛❝✐♦♥❡s✳ ●r❛❝✐❛s ❛ é❧ s❡ ❡stá ❧❧❡✈❛♥❞♦ ❛ ❝❛❜♦ ❡❧ ♣r♦②❡❝t♦

❝✐❡♥tí✜❝♦ ❛♥t❡s ♠❡♥❝✐♦♥❛❞♦✳

✻✳✷✳✹✳ ❙♦❢t✇❛r❡

❊❧ ♣r♦❣r❛♠❛ ❞❡ r❡❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s ❞❡ ❋❛st❈❛♠ t❛♠❜✐é♥ ❤❛ ❡✈♦❧✉❝✐♦♥❛❞♦ ②✱ ❞❡

❤❡❝❤♦✱ r❡s♣♦♥❞❡ ②❛ ❛ ❧❛ ✜❧♦s♦❢í❛ ❞❡ q✉❡ s✐ ❋❛st❈❛♠ ❡s ❝❛♣❛③ ❞❡ ✐r ❞❡t❡r♠✐♥❛♥❞♦ ❡❧

♠❡❥♦r ❝❡♥tr♦✐❞❡ ❞❡ ❝❛❞❛ ✐♠❛❣❡♥ ❡♥ t✐❡♠♣♦ r❡❛❧ ✭❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❛ ✸✺ ✐♠á❣❡♥❡s

♣♦r s❡❣✉♥❞♦✮✱ ♣✉❡❞❡ ❡♥✈✐❛r ❧❛ s❡ñ❛❧ ❞❡ ❝♦rr❡❝❝✐ó♥ ❛❧ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧ ❞❡❧ t❡❧❡s❝♦♣✐♦

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

♠ás ❡st❛❜❧❡ ❡❧ ❣✉✐❛❞♦ ② ✈✐s✉❛❧✐③❛❝✐ó♥ ❞❡ ❧❛ ♦❜s❡r✈❛❝✐ó♥✳ ❆✉♥q✉❡ ♥♦ ❡s ♥❡❝❡s❛r✐❛ ❡s❛

✈❡❧♦❝✐❞❛❞ ❞❡ ❝♦rr❡❝❝✐ó♥ ❡♥ ❡❧ ❝❛s♦ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ ❜❛st❛ ❝♦♥ ❡♥✈✐❛r❧❛ ❞❡❧ ♦r❞❡♥ ❞❡ ✉♥❛

✈❡③ ♣♦r s❡❣✉♥❞♦✳ ❊st❡ ❛✈❛♥❝❡ ♣❡r♠✐t❡ ❛ ❋❛st❈❛♠ tr❛❜❛❥❛r ❡♥ ❚❈❙ s✐♥ ❡❧ ❞✐❝r♦✐❝♦ ② s✐♥

❧❛ ❝á♠❛r❛ ❞❡ ❣✉✐❛❞♦ ❞❡❧ t❡❧❡s❝♦♣✐♦✳ ❊❧ s✐st❡♠❛ ✐♥t❡❣r❛❞♦ ✐♥✐❝✐❛❧♠❡♥t❡ ❡♥ ❡❧ ♣r♦❣r❛♠❛

❢❛st❝❛♠ s❡ ❤❛ ❞❡❝✐❞✐❞♦ s❡♣❛r❛r ❝♦♠♦ ❢✉♥❝✐ó♥ ✐♥❞✐✈✐❞✉❛❧ ❛ ✜♥ ❞❡ ♣♦❞❡r ❞❡s❛rr♦❧❧❛r

❡st❛ ❛♣❧✐❝❛❝✐ó♥ ♣❛r❛ ♦tr♦s ✐♥str✉♠❡♥t♦s✳

❉❡ ✐❣✉❛❧ ♠❛♥❡r❛ ❤❡♠♦s ❤❡❝❤♦ ❝♦♥ ❡❧ ❝♦♥tr♦❧ ❞❡ ❧❛s r✉❡❞❛s ❞❡ ✜❧tr♦s✱ q✉❡ ♣❛s❛♥

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

r✉❡❞❛s ✐♥❞❡♣❡♥❞✐❡♥t❡s✱ s✐ ❜✐❡♥ s✐♠✐❧❛r❡s✱ ❛ ❧❛s ❞❡ ❋❛st❈❛♠✳

❊♥ ♦tr♦ ♦r❞❡♥ ❞❡ ❝♦s❛s✱ ❞❛❞♦ q✉❡ ❡❧ ❞✐❝r♦✐❝♦ ❡stá ♠♦t♦r✐③❛❞♦✱ ❤❡♠♦s ❝♦♥s✐❞❡r❛❞♦

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

♠✐t✐r ❛❧✐♥❡❛r ♦ ❝❡♥tr❛r ❡❧ ❝❛♠♣♦ q✉❡ ✈❡ ❋❛st❈❛♠ ♣❛r❛ ❤❛❝❡r ❜❛rr✐❞♦s✱ ♣♦r ❡❥❡♠♣❧♦

❡♥ ✉♥ ♠♦♥t❛❥❡ ❞❡ ❝ú♠✉❧♦s✱ s✐♥ ♥❡❝❡s✐❞❛❞ ❞❡ ❡st❛r r❡❛♣✉♥t❛♥❞♦ ❡❧ t❡❧❡s❝♦♣✐♦✳ ❉❡ ❧❛

♠✐s♠❛ ♠❛♥❡r❛✱ s✐ ✐♥❞✐✈✐❞✉❛❧✐③❛♠♦s ❧❛ ❢✉♥❝✐ó♥ ♣♦❞rá s❡r ❛♣r♦✈❡❝❤❛❞❛ t❛♠❜✐é♥ ♣♦r



✷✵✷ ✻✳ ▲❛ ❈♦♥s❡❝✉❡♥❝✐❛

❝✉❛❧q✉✐❡r ♦tr♦ ✐♥str✉♠❡♥t♦✳

❍❛② ✉♥ ú❧t✐♠♦ ♣♦s✐❜❧❡ ❛ñ❛❞✐❞♦ ❛ ❋❛st❈❛♠✱ ② ❡s ✉♥ ❡s♣❡❥♦ ❚✐♣❚✐❧t q✉❡ ♣✉❡❞❛ ❡st❛r

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

♥✉❡✈♦ ✉s❛rí❛♠♦s ❡❧ ❛♥á❧✐s✐s ❡♥ t✐❡♠♣♦ r❡❛❧ ❞❡ ❧❛s ✐♠á❣❡♥❡s ❞❡ ❋❛st❈❛♠ ♣❛r❛ ❡♥✈✐❛r

❧❛ s❡ñ❛❧ ❞❡ ❝♦rr❡❝❝✐ó♥ ❛ ✉♥ ♦s❝✐❧❛❞♦r ♣✐❡③♦❡❧é❝tr✐❝♦ q✉❡ ✐♥❝♦r♣♦r❡ ✉♥ ❡s♣❡❥♦ ♦ ✉♥❛

❧á♠✐♥❛ ♣❧❛♥♦ ♣❛r❛❧❡❧❛ ♣❛r❛ ❤❛❝❡r ❧❛ ❝♦rr❡❝❝✐ó♥ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ② ❛sí ♥♦ t❡♥❡r q✉❡

♣r♦❝❡s❛r❧❛ ♣♦r ▲✉❝❦② ■♠❛❣✐♥❣ ✳

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

tr✉♠❡♥t♦ ❞❡ ❢✉t✉r♦ ❝♦♥ ✉♥ ❚❚▼ ✐♥t❡❣r❛❞♦ ❞❡ ♠♦❞♦ q✉❡ s❡ ♣✉❡❞❛ tr❛❜❛❥❛r s✐❡♠♣r❡

❛ ♣❛rt✐r ❞❡ ✉♥❛ ✐♠❛❣❡♥ ♣r❡✲❡st❛❜✐❧✐③❛❞❛✳ ❊st♦✱ ❡♥ ♣r✐♥❝✐♣✐♦✱ ♣❡r♠✐t✐rá t❡♥❡r ♠✉❝❤❛s

♠ás ✐♠á❣❡♥❡s ❞❡ ❝❛❧✐❞❛❞ ② ❝♦♥ ♠❡♥♦s ❞✐s♣❡rs✐ó♥ ②✱ ♣♦r t❛♥t♦✱ ✓♠ás ♣r❡❛♣✐❧❛❞❛s✔✱

r❡❞✉❝✐❡♥❞♦ ❧❛ ❜❛s❡ ❝♦♥ s❡ñ❛❧ ♥♦ ❛♣r♦✈❡❝❤❛❜❧❡ q✉❡ ❧✐♠✐t❛ ❧❛ ❢♦t♦♠❡trí❛ ❞❡ ♣r❡❝✐s✐ó♥✳

✻✳✷✳✺✳ ❆❉❈

❊❧ ❆❉❈✱ ❡♥ ❡st❡ ❝❛s♦✱ ❡s ✉♥ tr❛❜❛❥♦ ✓❡①tr❛ ② ♠❡③❝❧❛✔✱ ❡♥ ♣❛rt❡ ♣♦rq✉❡ s❡ tr❛t❛ ❞❡

♠♦t♦r✐③❛r ❡ ✐♥❝♦r♣♦r❛r ❡♥ ❧❛ s❡❝❝✐ó♥ ❞❡❧ ❢♦❝♦ ❞❡ ❞❡t❡❝t♦r ❡❧ ❆❉❈ r♦t❛❝✐♦♥❛❧ q✉❡ ❤❡♠♦s

❛❞q✉✐r✐❞♦ ♣❛r❛ ❋❛st❈❛♠ ❡♥ ❚❈❙✳ ❊st❡ s✐st❡♠❛ ♥❡❝❡s✐t❛rá ✉♥ s♦❢t✇❛r❡ ♣r♦♣✐♦ q✉❡

♣❡r♠✐t❛ ❝❛❧✐❜r❛r❧♦ ② ❛❝t✐✈❛r❧♦ s❡❣ú♥ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦✳ ❊♥ ✉♥ ❆❉❈ r♦t❛❝✐♦♥❛❧

❧❛ ❝♦rr❡❝❝✐ó♥ ❞❡ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ s❡ ❤❛❝❡ ✈❛r✐❛♥❞♦ ❡❧ á♥❣✉❧♦ ❡♥tr❡ ❧♦s ❞♦s ♣r✐s♠❛s

②✱ ❛ ❧❛ ✈❡③✱ ❧❛ r♦t❛❝✐ó♥ ❞❡❧ ❝♦♥❥✉♥t♦ ❞❡♣❡♥❞✐❡♥❞♦ ❞❡ ❧❛ ❞✐st❛♥❝✐❛ ③❡♥✐t❛❧ ② s✉ ♦r✐❡♥t❛❝✐ó♥

♦ ❛③✐♠✉t✳

✻✳✸✳ ❉❡s❛rr♦❧❧♦s ❝♦♠♣❧❡♠❡♥t❛r✐♦s ♣r♦♣✐♦s ② ❡①t❡r♥♦s

❊❧ ❣r✉♣♦ ❞❡ ♣❡rs♦♥❛s q✉❡ ✐♥t❡❣r❛♠♦s ❡st❡ ♣r♦②❡❝t♦✱ ❛♣❛rt❡ ❞❡❧ ❞❡s❛rr♦❧❧♦ ✐♥t❡r♥♦

② s✉s ♠❡❥♦r❛s ❛s♦❝✐❛❞❛s✱ q✉❡ ❡♥ t♦❞♦ ♠♦♠❡♥t♦ s❡ ❤❛♥ ❧❧❡✈❛❞♦ ❛ ❝❛❜♦✱ s✐❡♠♣r❡ ❤❡♠♦s

♠❛♥❡❥❛❞♦ ❡①t❡♥s✐♦♥❡s ② ❛♣❧✐❝❛❝✐♦♥❡s ❞❡❧ s✐st❡♠❛✳ ❊❧ ♣r✐♠❡r ♣❧❛♥t❡❛♠✐❡♥t♦ ❞❡ ❞✐s❡ñ❛r

✉♥ s✐st❡♠❛ ♠ás ❝♦♠♣❧❡❥♦ s✉r❣✐ó ❡♥ ❧❛s ♣r✐♠❡r❛s ✈❛❧♦r❛❝✐♦♥❡s ❞❡ ❧♦ q✉❡ s✉♣♦♥❡ ✐r ❛

✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ ❣r❛♥ t❛♠❛ñ♦✱ ❝♦♠♦ ❡r❛ ❡❧ ❝❛s♦ ❞❡ ●❚❈✳ ❨❛ ❤❡♠♦s r❡❢❡r✐❞♦ ❝♦♠♦

❧❛s ♣r✉❡❜❛s ❡♥ ●❚❈ r❡q✉✐r✐❡r♦♥ ✉♥ ❞✐s❡ñ♦ ❡s♣❡❝✐❛❧ ❡♥ ❡❧ q✉❡ s❡ ❤❛❝í❛ ♥❡❝❡s❛r✐❛ ✉♥❛

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

✐♥♠❡❞✐❛t❛ ❞❡ ❡st♦ ❡s q✉❡ ❡❧ t❛♠❛ñ♦ ❞❡❧ ❞❡t❡❝t♦r ❝♦♥ ❧❡❝t✉r❛ rá♣✐❞❛ s❡ q✉❡❞❛ ♣❡q✉❡✲

ñ♦✳ ❊❧ ♣❧❛♥t❡❛♠✐❡♥t♦ ❡♥t♦♥❝❡s ❡r❛ ✐♥st❛❧❛r ✉♥❛ ♠❛tr✐③ ❞❡ ❞❡t❡❝t♦r❡s ❝♦♥ ✉♥ s✐st❡♠❛

sí♥❝r♦♥♦ ❞❡ ❧❡❝t✉r❛ s✐♠✉❧tá♥❡❛✳ ❊❧ ♣r✐♠❡r ♣r♦❜❧❡♠❛ ❡s q✉❡ ❧♦s ❞❡t❡❝t♦r❡s ❝♦♠❡r❝✐❛✲

❧❡s ✈❛♥ ♠♦♥t❛❞♦s ② t✐❡♥❡♥ t❛♠❛ñ♦ ② ❡❧❡❝tró♥✐❝❛ ❡s♣❡❝í✜❝❛✳ ❆❞❡♠ás✱ ❡st♦s s✐st❡♠❛s

s♦♥ ❝❛r♦s ②✱ ♣♦r t❛♥t♦✱ t❡♥❞rí❛♠♦s q✉❡ ❛❝❝❡❞❡r ❛ ❧♦s s❡♥s♦r❡s ✐♥❞✐✈✐❞✉❛❧❡s ② ♣♦❞❡r



✻✳✸✳ ❉❡s❛rr♦❧❧♦s ❝♦♠♣❧❡♠❡♥t❛r✐♦s ♣r♦♣✐♦s ② ❡①t❡r♥♦s ✷✵✸

❞❡s❛rr♦❧❧❛r ❧❛ ❡❧❡❝tró♥✐❝❛ ❞❡ ❝♦♥tr♦❧ q✉❡ ♣❡r♠✐t✐❡r❛ ♠❛♥❡❥❛r ❧♦s ✈❛r✐♦s ❞❡t❡❝t♦r❡s q✉❡

s❡ ♥❡❝❡s✐t❛♥✳ ❊st❡ ❞❡s❛rr♦❧❧♦ ❡s ❝♦♠♣❧✐❝❛❞♦ ② r❡q✉✐❡r❡ ❞❡ ✉♥♦s r❡❝✉rs♦s ❞❡ ❧♦s q✉❡

♥♦ ❡s ❢á❝✐❧ ❞✐s♣♦♥❡r ♠✐❡♥tr❛s s❡ ♠❛♥t✐❡♥❡♥ ✈✐✈♦s ♦tr♦s ♣r♦②❡❝t♦s✱ ❡♥ ♠✉❝❤♦s ❝❛s♦s✱

♠ás ✐♠♣♦rt❛♥t❡s✳ ❨✱ ♣♦r s✐ ❢✉❡r❛ ♣♦❝♦✱ ❧♦s s❡♥s♦r❡s ❡♥ sí ♥♦ ❡stá♥ ♣r❡♣❛r❛❞♦s ♣❛r❛

♠♦♥t❛r❧♦s ❡♥ ✉♥ ❛rr❡❣❧♦ ❞❡ s✉♣❡r✜❝✐❡ s❡♥s✐❜❧❡ ❝♦♥t✐♥✉❛ ② ❧♦s ❢❛❜r✐❝❛♥t❡s ♥♦ ❡stá♥

❞✐s♣✉❡st♦s ❛ ✐♥✈❡rt✐r ❡♥ ❡s❛s ♠♦❞✐✜❝❛❝✐♦♥❡s s✐ ♥♦ s❡ ❡s♣❡r❛ ✉♥❛ ♣r♦❞✉❝❝✐ó♥ ❞❡ ❡st❡

t✐♣♦ q✉❡ r❡♣❡r❝✉t❛ ❡♥ ✉♥❛ ❝♦♠♣❡♥s❛❝✐ó♥ ❝♦♠❡r❝✐❛❧✳

✻✳✸✳✶✳ ❉✐✈✐s♦r❡s

▲❛ ✐❞❡❛ ❡♥t♦♥❝❡s ❡s r❡❝✉rr✐r ❛ ✉♥ ❞✐✈✐s♦r ❞❡ ❝❛♠♣♦ ✭s❧✐❝❡r✮ ② ✉s❛r ✈❛r✐♦s ❞❡t❡❝t♦r❡s

s❡♣❛r❛❞♦s ❢✉♥❝✐♦♥❛♥❞♦ s✐♠✉❧tá♥❡❛♠❡♥t❡ ② r❡❝♦♥str✉②❡♥❞♦ ❡❧ ❝❛♠♣♦ ✉♥✐❡♥❞♦ ❧❛s ✐♠á✲

❣❡♥❡s ♣r♦❝❡s❛❞❛s✳ ▲♦ ✐❞❡❛❧ s❡rí❛ t❡♥❡r ❞❡s❛rr♦❧❧❛❞♦ ✉♥ ❝♦♥tr♦❧❛❞♦r✱ ❝♦♠♦ ❞❡❝í❛♠♦s✱

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

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

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

●❚❈✱ ❞❡ q✉❡ ♣✉❡❞❛ s❡r ♥❡❝❡s❛r✐♦ r❡❝✉rr✐r ❛ ♣❛rt✐r ❧❛ ♣✉♣✐❧❛ s✐ r❡s✉❧t❛ q✉❡ ❡❧ ár❡❛ ❝♦✲

❧❡❝t♦r❛ ❡s t❛♥ ❣r❛♥❞❡ q✉❡ ♥♦ s❡ ♣✉❡❞❡ ❝♦♥s❡❣✉✐r ✉♥ ❡✜❝❛③ ♠ét♦❞♦ ❞❡ ♦❜t❡♥❡r ✐♠á❣❡♥❡s

s✉✜❝✐❡♥t❡♠❡♥t❡ ✓❧í♠♣✐❛s✔ ❝♦♠♦ ♣❛r❛ ❝♦♥s✐❞❡r❛r❧❛s ❛❢♦rt✉♥❛❞❛s✳ ❨❛ ♠❡♥❝✐♦♥❛♠♦s ❧❛

♣♦s✐❜✐❧✐❞❛❞ ❞❡ ♠♦♥t❛r ✉♥❛ ♣✐rá♠✐❞❡ ❞❡ N ❧❛❞♦s ❡♥ ✉♥❛ ✐♠❛❣❡♥ ❞❡ ♣✉♣✐❧❛ q✉❡ r❡✢❡❥❛r❛

❝❛❞❛ s❡❝t♦r ❡q✉✐✈❛❧❡♥t❡ ❛ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ D/
√
N ❤❛❝✐❛ ✉♥ s✐st❡♠❛ ❝♦♠♦ ❋❛st❈❛♠

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

●❚❈ ❞❡ 10′4 ♠ ❞❡ ❞✐á♠❡tr♦ ❝♦♥ ❧❛ r❡s♦❧✉❝✐ó♥ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ 4 ♠✳

❊❧ ♣r✐♠❡r t✐♣♦ ❧♦ ❧❧❛♠❛♠♦s ♠✉❧t✐❞❡t❡❝t♦r ♦✱ ❡♥ ❡❧ ❝❛s♦ ❡st✉❞✐❛❞♦ ♣❛r❛ ●❚❈✱ ●❚❈✻

✭✻ ❝❛♠♣♦s ❝♦♥ ✉♥❛ ♣✉♣✐❧❛✮✳ ❊♥ ❡❧ s❡❣✉♥❞♦ ❝❛s♦✱ ♠✉❧t✐♣✉♣✐❧❛ ♦✱ ●❚❈✿✻ ✭s❡✐s ♣✉♣✐❧❛s

❡♥ ✉♥ ❝❛♠♣♦✮✳

▲❛ ❞✐✈✐s✐ó♥ ❡♥ ❡❧ ♣r✐♠❡r ❝❛s♦ s❡rí❛ ✉♥❛ ♣✐rá♠✐❞❡ ♦ ❜❛♥❞❛s ❡s♣❡❝✉❧❛r❡s s✐t✉❛❞❛s

❡♥ ❡❧ ♣❧❛♥♦ ❢♦❝❛❧ ❞❡❧ t❡❧❡s❝♦♣✐♦ q✉❡ r❡✢❡❥❛r❛♥ ✉♥❛ ♣❛rt❡ ❞❡❧ ❝❛♠♣♦ ❡♥ ❝❛❞❛ ❞✐r❡❝❝✐ó♥✱

❞♦♥❞❡ ❝❛❞❛ ❝♦❧✐♠❛❞♦r ✐♥✐❝✐❛rí❛ ✉♥ s✐st❡♠❛ ❝♦♠♣❧❡t♦ ❝♦♠♦ ❋❛st❈❛♠✱ ♣r♦❝❡s❛♥❞♦ ❞❡

♠♦❞♦ ✐♥❞❡♣❡♥❞✐❡♥t❡ ② s✐♥❝r♦♥✐③❛❞♦ ❝❛❞❛ s❡❝❝✐ó♥ ❞❡❧ ❝❛♠♣♦✳

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

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

❞❡s❡❡♠♦s✱ ② ❡♥ ❝❛❞❛ ❝❛♠✐♥♦ r❡✢❡❥❛❞♦ ✉♥❛ ❧❡♥t❡ ❞❡ ❝á♠❛r❛ ❡♥❢♦❝❛rí❛ s♦❜r❡ ❡❧ ❞❡t❡❝t♦r

❧❛ ✐♠❛❣❡♥ ❝♦♠ú♥ q✉❡ s❡ ♣r♦❝❡s❛rí❛ ✐♥❞❡♣❡♥❞✐❡♥t❡♠❡♥t❡✳



✷✵✹ ✻✳ ▲❛ ❈♦♥s❡❝✉❡♥❝✐❛

✻✳✸✳✷✳ ❆❖▲■

❙✐❡♠♣r❡✱ ❝♦♠♦ ❤❛ q✉❡❞❛❞♦ ❝❧❛r♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❤❡♠♦s q✉❡r✐❞♦ ♣♦❞❡r ✉t✐❧✐③❛r

❋❛st❈❛♠ ❝♦♥ ✉♥ s✐st❡♠❛ ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛✳ ❙✐♥ ❡♠❜❛r❣♦✱ t❛❧ ② ❝♦♠♦ ❤❡ ♣✉♥t✉❛✲

❧✐③❛❞♦✱ ❝♦♥s✐❞❡r♦ q✉❡ ✉♥ s✐st❡♠❛ ❞❡ ❆❖ ♠❡❥♦r❛ ❧❛ r❡❧❛❝✐ó♥ ❞❡ ✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s✱

♣❡r♦ ❞❡✜♥✐❡♥❞♦ ❡❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❛ ❛q✉❡❧ ❛❧❝❛♥③❛❜❧❡ ♣♦r ❡❧ s✐st❡♠❛ ❞❡ ❆❖✳ ▲❛

❡①♣❡r✐❡♥❝✐❛ ❛❝✉♠✉❧❛❞❛ ♥♦s ✐♥❞✐❝❛ q✉❡ ❧♦s s✐st❡♠❛s ❞❡ ❆❖ ❡stá♥ ❡❢❡❝t✐✈❛♠❡♥t❡ ❧✐♠✐✲

t❛❞♦s ♣♦r ❡❧ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦ ② ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ❝♦❤❡r❡♥❝✐❛✱ q✉❡ ❞❡✜♥❡ ❡❧ ♥ú♠❡r♦

❞❡ ❝❡❧❞❛s ❞❡ ♣❡rt✉r❜❛❝✐ó♥✱ ♣❡r♦ ❛❞❡♠ás ❧♦s ❡rr♦r❡s r❡s✐❞✉❛❧❡s ❞❡ ❝♦rr❡❝❝✐ó♥ ❞❡ ❢r❡♥t❡

❞❡ ♦♥❞❛ ♣r♦❞✉❝✐rá♥ ✉♥ ❝✐❡rt♦ s♦❧❛♣❛♠✐❡♥t♦ ❞❡ ❧♦s s♣❡❝❦❧❡s✳ P♦r t❛♥t♦✱ ❡♥ ❧❛ ✐♠❛❣❡♥

❛❢♦rt✉♥❛❞❛ q✉❡ s❡ s❡❧❡❝❝✐♦♥❛ ❛♣❛r❡❝❡rá ✉♥❛ P❙❋ ❧✐❣❡r❛♠❡♥t❡ ♣❡♦r q✉❡ ❧❛ ✐♠❛❣❡♥ ❞❡

❞✐❢r❛❝❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❛✉♥q✉❡✱ ❡s♦ sí✱ ♠✉❝❤♦ ♠ás ❜r✐❧❧❛♥t❡ ② ❝♦♥ ♠❡❥♦r r❡❧❛❝✐ó♥ ❞❡

❙tr❡❤❧ ❛ ♣❡s❛r ❞❡ q✉❡ s❡❛ ♠ás ❛♥❝❤❛ q✉❡ ❡❧ ❞✐s❝♦ ❞❡ ❆✐r②✳

❍❡♠♦s ❞❡ r❡❝♦♥♦❝❡r q✉❡ ♥♦ ❤❡♠♦s s✐❞♦ ❧♦s ♣r✐♠❡r♦s ❡♥ ❧❧❡✈❛r ✉♥ ✐♥str✉♠❡♥t♦

❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❛ ✉♥ t❡❧❡s❝♦♣✐♦ ♣r♦❢❡s✐♦♥❛❧✿ ✭❚e05❀❚e07❀❈❛❍✵✻❀❚e09✮ ❧❛ ❯♥✐✈❡rs✐❞❛❞ ❞❡

❈❛♠❜r✐❞❣❡ t✐❡♥❡ ❡①♣❡r✐❡♥❝✐❛ ❡♥ ❡❧ tr❛❜❛❥♦ ❝♦♥ s❡♥s♦r❡s ❊▼❈❈❉✱ ❤❛❜✐❡♥❞♦ ✐♥❝❧✉s♦

❞❡s❛rr♦❧❧❛❞♦ s✉ ♣r♦♣✐♦ ❝♦♥tr♦❧❛❞♦r✳ ❊❧ s✐❣✉✐❡♥t❡ ♣❛s♦ ♥♦s ♣❛r❡❝✐ó✱ ♣♦r t❛♥t♦✱ ❧ó❣✐❝♦✱

❝♦♥t❛❝t❛r ❝♦♥ ❡❧❧♦s ♣❛r❛ ✐♥✐❝✐❛r ✉♥ ♣r♦②❡❝t♦ ❝♦♠ú♥ ❡♥ ❡❧ q✉❡ ♣✉❞✐és❡♠♦s ❝♦♠♣❧❡♠❡♥✲

t❛r ♥✉❡str❛s ❡①♣❡r✐❡♥❝✐❛s ② té❝♥✐❝❛s✳

❆❞❛♣t✐✈❡ ❖♣t✐❝❛❧ ▲✉❝❦② ■♠❛❣✐♥❣ ✭❆❖▲■✮✱ ❡❧ ✐♥str✉♠❡♥t♦ ♠ás ❛♠❜✐❝✐♦s♦ ❥❛♠ás

❛❜♦r❞❛❞♦ ❡♥ ❡❧ ❝❛♠♣♦ ❞❡❧ ▲✉❝❦② ■♠❛❣✐♥❣✱ s✉r❣❡ ❝♦♠♦ ♣r♦②❡❝t♦ ❝♦♥❥✉♥t♦ ❝♦♥ ❧❛ ❯♥✐✲

✈❡rs✐t② ♦❢ ❈❛♠❜r✐❞❣❡ ✭❯❈❛♠✮✱ ❯♥✐✈❡rs✐tät ③✉ ❑ö❧♥ ✭❈♦❧♦♥✐❛✮✱ ■s❛❛❝ ◆❡✇t♦♥ ●r♦✉♣ ♦❢

❚❡❧❡s❝♦♣❡s ✭■◆●✮✱ ❧❛ ❯P❈❚ ② ❡❧ ■❆❈✳ ❆❞❡♠ás ❞❡ ♥✉❡str❛ ❡①♣❡r✐❡♥❝✐❛ ♦♣t♦♠❡❝á♥✐❝❛

❝♦♥ ❋❛st❈❛♠ ② ❞❡❧ s♦❢t✇❛r❡ ú♥✐❝♦ ❡♥ ❡st❡ ❝❛♠♣♦ q✉❡ ❤❡♠♦s ❞❡s❛rr♦❧❧❛❞♦✱ q✉❡rí❛♠♦s

❛♣r♦✈❡❝❤❛r ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ♣♦r ❧❛ ❯❈❛♠ ❞❡❧ ❝♦♥tr♦❧ ❞✐r❡❝t♦ ❞❡ ❞❡t❡❝t♦r❡s ❊▼❈❈❉

❞❡ ♠♦❞♦ q✉❡ s❡ ♣✉❡❞❛♥ s✐♥❝r♦♥✐③❛r ② ✉t✐❧✐③❛r ✈❛r✐♦s s✐♠✉❧tá♥❡❛♠❡♥t❡ ② ❛ ✉♥ ♣r❡✲

❝✐♦ r❛③♦♥❛❜❧❡✳ ❆s✐♠✐s♠♦✱ ② ❞❛❞♦s ❧♦s ♠❛❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❝♦♥ ◆❆❖▼■✱ ❡♥ ❡❧

❲❍❚✱ ❜✉s❝á❜❛♠♦s ✐♥❝♦r♣♦r❛r ❡❧ ❞✐s❡ñ♦ ❞❡ ✉♥ s✐st❡♠❛ ❞❡ ❆❖ ❞❡♥tr♦ ❞❡❧ ♠♦♥t❛❥❡ ❞❡

▲✉❝❦② ■♠❛❣✐♥❣ ♣❛r❛ ✐♥t❡❣r❛r❧♦ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❲❍❚✳

❆❖▲■ t✐❡♥❡ ❝♦♠♦ ❝❛r❛❝t❡ríst✐❝❛s ♣❛rt✐❝✉❧❛r❡s ❡❧ ✉s❛r ❝✉❛tr♦ ❞❡t❡❝t♦r❡s ♠✉❧t✐❝❛♠✲

♣♦ ❝♦♥tr♦❧❛❞♦s ♣♦r ✉♥❛ ❡❧❡❝tró♥✐❝❛ ❝♦♠ú♥✱ ❥✉♥t♦ ❝♦♥ ✉♥ s✐st❡♠❛ ❞❡ ❆❖ ❝♦♥ ✉♥ ❡s♣❡❥♦

❞❡❢♦r♠❛❜❧❡ ❝♦♠❡r❝✐❛❧ ❞❡ ✶✹✹ ❛❝t✉❛❞♦r❡s✳ P❛r❛ ♣♦❞❡r s❡r✈✐r ❧♦ ♠❡❥♦r ♣♦s✐❜❧❡ ❛ ❧♦s r❡✲

q✉❡r✐♠✐❡♥t♦s ❞❡ ✈❡❧♦❝✐❞❛❞✱ ✐♥t❡♥t❛♥❞♦ ❡✈✐t❛r ❧❛ ❧✐♠✐t❛❝✐ó♥ ❞❡ ❛❥✉st❡ ❞❡❧ ❉▼✱ ❡❧ ❝♦♥tr♦❧

❞❡❧ ❧❛③♦ ❝❡rr❛❞♦ ❞❡ ❆❖ s❡ ❤❛❝❡ ❝♦♥ ✉♥ s❡♥s♦r ❞❡ ❝✉r✈❛t✉r❛ ❡♥ ❡❧ q✉❡ t❡♥❡♠♦s ♣✉❡st❛s

♠✉❝❤❛s ❡s♣❡r❛♥③❛s ②❛ q✉❡✱ ❤❛st❛ ❧❛ ❢❡❝❤❛✱ ♥♦ ❤❛♥ s✐❞♦ ♣r♦❜❛❞♦s ❝♦♠♦ ❝♦♥tr♦❧❛❞♦r❡s

❞❡ ❆❖✳ ▲❛ ✈❡♥t❛❥❛ ❞❡ ✉♥ s✐st❡♠❛ ❛sí ❡stá ❡♥ q✉❡ ♥♦ r❡st❛ ❧✉③ ❛❧ ♦❜❥❡t♦ ❡♥ ❡st✉❞✐♦ ②

❝♦rr✐❣❡ ❛ ♣❛rt✐r ❞❡ ❧♦s ♦❜❥❡t♦s ❞❡ ❝❛♠♣♦✳ ❊♥ ❡st♦s ♠♦♠❡♥t♦s ♥♦ ❤❛② ♦tr♦ ✐♥str✉♠❡♥t♦



✻✳✸✳ ❉❡s❛rr♦❧❧♦s ❝♦♠♣❧❡♠❡♥t❛r✐♦s ♣r♦♣✐♦s ② ❡①t❡r♥♦s ✷✵✺

s✐♠✐❧❛r ❛ ❆❖▲■ ❡♥ t♦❞♦ ❡❧ ♠✉♥❞♦✳ ❆❖▲■ ❞❡❜❡rí❛ ✈❡r s✉ ♣r✐♠❡r❛ ❧✉③ ❡♥ ❲❍❚ ❡♥ ❡❧

ú❧t✐♠♦ tr✐♠❡str❡ ❞❡ ✷✵✶✸✳ ❆ ♣❛rt✐r ❞❡ ❡♥t♦♥❝❡s ❝♦♠❡♥③❛rá ❧❛ ❝❛rr❡r❛ ♣❛r❛ ❢❛❜r✐❝❛r ✉♥

❆❖▲■ ♣❛r❛ ●❚❈✳

✻✳✸✳✸✳ ❈♦r♦♥ó❣r❛❢♦

❖tr❛ ✐❞❡❛ ♥❛❝✐❞❛ ❝❛s✐ ❝♦♠♦ ❛♣❧✐❝❛❝✐ó♥ ✐♥♠❡❞✐❛t❛✱ s♦❜r❡ t♦❞♦ ❞❛❞♦ ❡❧ ✐♥t❡rés ❞❡❧

❡q✉✐♣♦ ❡♥ ❧❛ ❞❡t❡❝❝✐ó♥ ❞❡ ❝♦♠♣❛ñ❡r♦s ♦s❝✉r♦s ♦ ♠✉② ❞é❜✐❧❡s✱ ❡s ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❛ ✉♥

s✐st❡♠❛ ❞❡ ❝♦r♦♥♦❣r❛❢í❛ ❡st❡❧❛r✳ ▲❛ ❝♦r♦♥♦❣r❛❢í❛ ❡st❡❧❛r ♥♦ s❡ r❡✜❡r❡ ❛❧ ❡st✉❞✐♦ ❞❡ ❧❛s

❝❛♣❛s ❡①t❡r♥❛s ❞❡ ❧❛ ❡str❡❧❧❛ ♦✱ ❛❧ ♠❡♥♦s✱ ♥♦ ❝♦♠♦ ♣❛rt❡ ❞❡ ❧❛ ❡str❡❧❧❛✳ ▲♦ q✉❡ s❡

♣r❡t❡♥❞❡ ❡s t❛♣❛r ♦ ❡❧✐♠✐♥❛r ❞❡❧ ❞❡t❡❝t♦r ❞❡ ❞❛t♦s ❡❧ ✢✉❥♦ ❞❡ ❧❛ ❡str❡❧❧❛ ♣r✐♥❝✐♣❛❧ ②

♣♦❞❡r ♦❜s❡r✈❛r ♦ ❞❡t❡❝t❛r ❧♦s ♦❜❥❡t♦s ♠✉❝❤♦ ♠ás ❞é❜✐❧❡s q✉❡ ♣✉❡❞❛♥ ♦r❜✐t❛r ❛ ést❛✳

❊♥ ❣❡♥❡r❛❧✱ ❡♥ ❧❛s ✐♠á❣❡♥❡s ❝♦♥ s❡❡✐♥❣ ❧❛ s❡ñ❛❧ ❞❡ ❧❛ ❡str❡❧❧❛ ♣r✐♥❝✐♣❛❧ t♦♠❛ ❧❛

❢♦r♠❛ ❞❡ ✉♥❛ ❣❛✉ss✐❛♥❛ ② s❡ ❡①t✐❡♥❞❡ ♠✉❝❤♦ ♠ás ❛❧❧á ❞❡ ❧❛ ③♦♥❛ ❞♦♥❞❡ ❝❛❜rí❛ ❡s♣❡r❛r

❡♥❝♦♥tr❛r ❝♦♠♣❛ñ❡r♦s t❛♣❛♥❞♦ ❧❛ s❡ñ❛❧ ❞❡ ❡st♦s✳

❙✐ ❛♣❧✐❝❛♠♦s ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ♣♦❞❡♠♦s ❧❧❡❣❛r ❛ t❡♥❡r ❧❛ ✐♠❛❣❡♥ ❞❡

✉♥❛ ❡str❡❧❧❛ ❛❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ❊♥t♦♥❝❡s ♣r♦❝❡❞❡rí❛♠♦s ❛ t❛♣❛r ❡❧ ❞✐s❝♦ ❝❡♥tr❛❧

♦ ❡❧ ❡s♣❛❝✐♦ ❝♦rr❡s♣♦♥❞✐❡♥t❡ ❛❧ ❞✐á♠❡tr♦ ❤❛st❛ ❡❧ q✉❡ ❝♦♥s✐❞❡r❛♠♦s ❧❧❡❣❛ ❧❛ ❡str❡❧❧❛✱

tí♣✐❝❛♠❡♥t❡ ❛❧r❡❞❡❞♦r ❞❡ 1 ❛r❝s❡❝✱ ②✱ ❛ ♣❛rt✐r ❞❡ ❛❤í✱ ❜✉s❝❛r ❡♥ ❧♦s ❛♥✐❧❧♦s r❡st❛♥t❡s

❧❛s ♣❡rt✉r❜❛❝✐♦♥❡s ❞❡ ✉♥❛ ♣♦s✐❜❧❡ ❝♦♠♣❛ñ❡r❛ s♦❜r❡ ❧♦s ❛♥✐❧❧♦s ❞❡ ❧❛ ♣r✐♥❝✐♣❛❧✱ ❡♥ ✉♥❛

③♦♥❛ ❞♦♥❞❡ ❧❛ ✐♥t❡♥s✐❞❛❞ ❞❡ ✉♥♦s ② ♦tr❛ ♣✉❡❞❛♥ ❞❛r♥♦s s✉✜❝✐❡♥t❡ ❝♦♥tr❛st❡✳

❊❧ ❝♦r♦♥ó❣r❛❢♦ ❡♥ ❡st❡ ❝❛s♦ ♣✉❡❞❡ ❞✐s❡ñ❛rs❡ ❞❡ ✈❛r✐❛s ❢♦r♠❛s✱ ❝♦♥ ✜❧tr❛❞♦ ❞❡ ❧❛

❡str❡❧❧❛ ♣r✐♥❝✐♣❛❧ ♣♦r ♦❜str✉❝❝✐ó♥ ♦ ♣♦r tr❛♥s♠✐s✐ó♥✳ ❚❛♠❜✐é♥ ❡❧ ❞❡t❡❝t♦r ❞❡ ❝♦♥tr♦❧

♣✉❡❞❡ ❛❝t✉❛r s♦❜r❡ ❧❛ ❡str❡❧❧❛ ♣r✐♥❝✐♣❛❧ ♦ s♦❜r❡ ❧❛ ✐♠❛❣❡♥✱ ② ♣✉❡❞❡ ❤❛❝❡r❧♦ ♣♦r ▲✉❝❦②

■♠❛❣✐♥❣ ♣✉r♦ ♦ ♣♦r ❝♦♥tr♦❧ ❞❡ ✉♥ ❚❚▼✳

❊♥ ❡❧ ❝❛s♦ ❞❡ ✜❧tr❛❞♦ ♣♦r tr❛♥s♠✐s✐ó♥ ✭♣✉❡❞❡ s❡r r❡✢❡①✐ó♥ ✉s❛❞♦ ❝♦♠♦ ♦❜str✉❝✲

❝✐ó♥✮ ♣♦❞❡♠♦s ❝♦♥tr♦❧❛r ② ❝♦rr❡❧❛r ♠❡❞✐❛♥t❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❧❛ ❡str❡❧❧❛ ❝❡♥tr❛❧✱ ❣❡♥❡✲

r❛♥❞♦ ✉♥❛ s❡ñ❛❧ ❞❡ ❝ó❞✐❣♦ q✉❡ ♣❡r♠✐t❡ ❛♣❧✐❝❛r ❧❛ ✈❛❧✐❞❡③ ❞❡ ❧❛ ✐♠❛❣❡♥ ❝♦♠♦ ❛❢♦rt✉♥❛❞❛

❛ ✉♥ s❡❣✉♥❞♦ ❞❡t❡❝t♦r q✉❡ ❝❛♣t✉r❛ ❧❛ ③♦♥❛ ❝♦r♦♥❛❧ ❞❡ ❧❛ ❡str❡❧❧❛ r❡✢❡❥❛❞❛✴tr❛♥s♠✐t✐❞❛

♣♦r ❧❛ ♠ás❝❛r❛ ❞❡ tr❛♥s♠✐s✐ó♥ ✉s❛❞❛✳

❙✐ ❧❛ s❡ñ❛❧ s❡ ❤❛❝❡ ♣♦r ♦❜str✉❝❝✐ó♥ ♣✉r❛✱ ② s✐ ❡❧ ♦❜❥❡t♦ ❜✉s❝❛❞♦ ❝♦♥s✐❣✉❡ ✈✐s✉❛❧✐✲

③❛rs❡ ❛❧ t❡♥❡r ♠❛②♦r ❝♦♥tr❛st❡✱ ♣♦❞❡♠♦s ❛♣❧✐❝❛r ▲✉❝❦② ■♠❛❣✐♥❣ ❞✐r❡❝t❛♠❡♥t❡ ♦✱ ❡♥

❝❛s♦ ❝♦♥tr❛r✐♦ ♣♦❞❡♠♦s ✉t✐❧✐③❛r ✉♥ ❚❚▼ ❝♦♥tr♦❧❛❞♦ ♣♦r ✉♥ ❞❡t❡❝t♦r q✉❡✱ ❛ ♣❛rt✐r ❞❡

✉♥❛ r❡❢❡r❡♥❝✐❛ ❞❡ ❝❛♠♣♦✱ ♠❛♥t✐❡♥❡ ❧❛ ❡str❡❧❧❛ ♣r✐♥❝✐♣❛❧ ❞❡trás ❞❡ ❧❛ ♠ás❝❛r❛ ❝♦r♦✲

♥♦❣rá✜❝❛✳ ❊♥ ❡st❡ ❝❛s♦ ❞❡❥❛rí❛♠♦s q✉❡ ❡❧ ❞❡t❡❝t♦r ❞❡ ✐♠á❣❡♥❡s ♣✉❡❞❛ ❤❛❝❡r ▲✉❝❦②

■♠❛❣✐♥❣ ♦ ✐♥t❡❣r❛r ♣❛r❛ ♦❜t❡♥❡r ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛ r❡❣✐ó♥ ❞❡ ❧♦s ❛♥✐❧❧♦s✳

❊s ❧❛ ♣r✐♠❡r❛ té❝♥✐❝❛ ❧❛ q✉❡ ❛♣❧✐❝❛♠♦s ❡♥ ❡❧ s✐st❡♠❛ q✉❡ ❡st❛♠♦s ❞❡s❛rr♦❧❧❛♥❞♦



✷✵✻ ✻✳ ▲❛ ❈♦♥s❡❝✉❡♥❝✐❛

❋✐❣✉r❛ ✻✳✽✿ ▼♦♥t❛❥❡ ❞❡❧ ❝♦r♦♥ó❣r❛❢♦ ❞❡s♣✉és ❞❡❧ ❛❧✐♥❡❛❞♦ ❡♥ ❧♦s ❧❛❜♦r❛t♦r✐♦s ❞❡❧ ■❆❈✳ ❊♥ ❧❛
❢♦t♦❣r❛❢í❛ ❢❛❧t❛ ✉♥❛ ♣❧❛❝❛ ❝♦♥ s✉s ❛♣♦②♦s ♣❛r❛ ❞❡✜♥✐r ❧❛ ❛❧t✉r❛ ❞❡❧ ❡❥❡ ó♣t✐❝♦ ❞❡❧ ❧❛❜♦r❛t♦r✐♦
●❍❘■▲ ❡♥ ❡❧ ❢♦❝♦ ◆❛s♠②t❤ ❞❡❧ ❲❍❚ ② ✉♥ ❝✐❡rr❡ ♣r♦t❡❝t♦r✳

❝♦♥❥✉♥t❛♠❡♥t❡ ❡♥tr❡ ❧❛ ❯♥✐✈❡rs✐❞❛❞ ❞❡ ❙❛♥t❛♥❞❡r✱ ❧❛ ❯P❈❚ ② ❡❧ ■❆❈✳ ▲❛ ✉♥✐✈❡rs✐❞❛❞

❞❡ ❙❛♥t❛♥❞❡r ❢❛❜r✐❝❛ ❡❧ ❝♦r♦♥ó❣r❛❢♦ ❡♥ sí✱ ♠✐❡♥tr❛s q✉❡ ■❆❈ ② ❯P❈❚ ♣❛rt✐❝✐♣❛♥ ❝♦♥

❧♦s ❞❡t❡❝t♦r❡s✱ ❡❧ ❚❚▼ ② s✉ ❝♦♥tr♦❧✱ ❧❛ ❡❧❡❝tró♥✐❝❛ ② ❢❛st❝❛♠✳ ❊❧ s✐st❡♠❛ s❡ ♣r♦❜❛rá

❡♥ ❲❍❚ ❧♦s ❞✐❛s ✷✼ ② ✷✽ ❞❡ ❞✐❝✐❡♠❜r❡ ❞❡ ✷✵✶✷✳

✻✳✸✳✹✳ P❧❛♥❡t❈❛♠

❯♥❛ ❛❧❡❣rí❛ q✉❡ ♥♦s ❧❧❡✈❛♠♦s ❡♥ ❡❧ ♣r♦②❡❝t♦ ❢✉❡ ❧❛ ❧❧❛♠❛❞❛ q✉❡ r❡❝✐❜✐♠♦s ♣❛r❛

♣♦❞❡r ❛s❡s♦r❛r ❛ ■❉❖▼ ② ❧❛ ❯♥✐✈❡rs✐❞❛❞ ❞❡❧ P❛✐s ❱❛s❝♦ ❡♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥❛ ❝á♠❛r❛

♣❧❛♥❡t❛r✐❛ ❜❛s❛❞❛ ❡♥ té❝♥✐❝❛s ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ✳ ▲❛s té❝♥✐❝❛s ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣

❛♣❧✐❝❛❞❛s ❛ ♣❧❛♥❡t❛s ♥♦ s♦♥ t❛♥ ♦❜✈✐❛s ❝♦♠♦ ♣❛r❛ ♦❜❥❡t♦s ♣✉♥t✉❛❧❡s✱ ♣❡r♦ ❡stá♥

t❛♠❜✐é♥ ♠✉② ❞❡s❛rr♦❧❧❛❞♦s ❧♦s ❛❧❣♦r✐t♠♦s q✉❡ s❡ ❛♣❧✐❝❛♥ ♣❛r❛ s❡❧❡❝❝✐♦♥❛r ② ❛♣✐❧❛r ❧❛s

✐♠á❣❡♥❡s✳ P♦❞❡♠♦s ❝♦♥✜r♠❛r q✉❡ ❧❛s ♣r✐♠❡r❛s ❡t❛♣❛s ❞❡ P❧❛♥❡t❈❛♠ ♥♦ ❤❛♥ s✐❞♦ ❞❡❧

t♦❞♦ ✉♥ é①✐t♦✱ ♠ás ♣♦r ❡rr♦r❡s ❞❡ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ ♣♦r ❢✉♥❝✐♦♥❛♠✐❡♥t♦✱ ②❛ q✉❡ ❡♥ ❡❧

t❡❧❡s❝♦♣✐♦ ❞❡ 1′2♠ ❞❡ ❈❛❧❛r ❆❧t♦ ✭❆❧♠❡rí❛✮ ❡❧ s✐st❡♠❛ ❢✉♥❝✐♦♥ó ❜✐❡♥ ② s❡ ❝♦♥s✐❞❡r❛♥

♠✉② ♣♦s✐t✐✈♦s ❧♦s r❡s✉❧t❛❞♦s✳ ◆♦ ❢✉❡ t❛♥ ❜✐❡♥ ❡♥ P✐❝ ❞✉ ▼✐❞✐✱ ②❛ q✉❡ ❤✉❜♦ q✉❡

✐♠♣r♦✈✐s❛r ✉♥❛ ❛❞❛♣t❛❝✐ó♥ ❞❡ ❧❛ ❡s❝❛❧❛ ❞❡ ✐♠❛❣❡♥ q✉❡ s❡ ❤❛❜í❛ ❝❛❧❝✉❧❛❞♦ ❞❡ ♠♦❞♦

❡rró♥❡♦✳

❊♥ ❝✉❛❧q✉✐❡r ❝❛s♦✱ ❧❛s ❡①♣❡r✐❡♥❝✐❛s ❤❛♥ s✐❞♦ ♣♦s✐t✐✈❛s ② ❧❛ ❡✈♦❧✉❝✐ó♥ ❞❡❧ ✐♥str✉♠❡♥✲

t♦ t❡♥❞rá ②❛ ❝♦rr❡❣✐❞♦s ❧♦s ❡rr♦r❡s✳ ❊♥ ❡♥❡r♦ ❞❡ ✷✵✶✸ s❡ ✐♥st❛❧❛rá ❝♦♠♦ ✐♥str✉♠❡♥t♦

✐♥✈✐t❛❞♦ ❡♥ ❡❧ ❚❈❙✳



✻✳✸✳ ❉❡s❛rr♦❧❧♦s ❝♦♠♣❧❡♠❡♥t❛r✐♦s ♣r♦♣✐♦s ② ❡①t❡r♥♦s ✷✵✼

❋✐❣✉r❛ ✻✳✾✿ ❊❧ ✐♥str✉♠❡♥t♦ ❞❡ ❧❛ ❯P❱✰■❉❖▼✿ P❧❛♥❡t❈❛♠❅❈❛❍❛✧✳

✻✳✸✳✺✳ ▼ás ♦♣❝✐♦♥❡s

❊①✐st❡♥ ♦tr❛s ✐❞❡❛s q✉❡ r♦❞❡❛♥ ❛❧ ♣r♦②❡❝t♦ ❝♦♠♦ ♣♦s✐❜✐❧✐❞❛❞❡s ❞❡ ❛♣❧✐❝❛❝✐ó♥✳ P♦r

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

♣❛r❛ ❝❡♥tr❛r ② ♠❛♥t❡♥❡r ❧❛ ❡str❡❧❧❛ ♣r✐♥❝✐♣❛❧ ② s✉s ❛❧r❡❞❡❞♦r❡s ❡♥ ✉♥ ❤❛③ ❞❡ ✜❜r❛s

❝♦♥❡❝t❛❞♦ ❛ ✉♥ ❡s♣❡❝tró❣r❛❢♦ ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥ ♣❛r❛ ❞❡t❡❝t❛r ❞✐❢❡r❡♥❝✐❛❧❡s ❞❡ ❝♦rr✐✲

♠✐❡♥t♦ ❉♦♣♣❧❡r ❞❡ ❧❛s ❧í♥❡❛s ❡♥ ❝❛❞❛ ✜❜r❛✱ ♣❡r♠✐t✐❡♥❞♦ ❞❡s❝✉❜r✐r ❝♦♠♣❛ñ❡r♦s q✉❡ s❡

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

❚❛♠❜✐é♥ ❡①✐st❡ ❧❛ ✐❞❡❛ ❞❡ ♣♦❞❡r ✐♥st❛❧❛r ✉♥ ❞❡t❡❝t♦r ❊▼❈❈❉ ② ❡❧ ♣r♦❣r❛♠❛

❢❛st❝❛♠ ❡♥ ✉♥ ✐♥str✉♠❡♥t♦ ❝♦♠♦ ❖❙■❘■❙ ❡♥ ●❚❈✱ s✉st✐t✉②❡♥❞♦ ❛❧ ❞❡t❡❝t♦r ♦r✐❣✐♥❛❧ ❞❡

ést❡✳ ▲❛ ✈❡♥t❛❥❛ q✉❡ s❡ ♦❜t❡♥❞rí❛ ❡stá ❡♥ ♣♦❞❡r ❛♣r♦✈❡❝❤❛r ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❝♦❧❡❝t♦r❛s

② ❞❡ ❡s♣❡❝tr♦s❝♦♣í❛ q✉❡ ❞❛ ❖❙■❘■❙✱ ② ❧❛ ♠❡❥♦r ❝❛❧✐❞❛❞ ❞❡ ✐♠❛❣❡♥ ❛ q✉❡ ♣✉❡❞❡ ❧❧❡❣❛r

♣❛r❛ ♦❜t❡♥❡r ✐♠á❣❡♥❡s ❛ s✉ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥✶✳

❨ t♦❞❛✈í❛ s❡❣✉✐♠♦s ❡s♣❡r❛♥❞♦ ❛ q✉❡ ❛♣❛r❡③❝❛♥ ❞❡t❡❝t♦r❡s ■❘ s✉✜❝✐❡♥t❡♠❡♥t❡

✶❆ ❧❛ ❡s❝❛❧❛ ❞❡ ✐♠❛❣❡♥ ❞❡ ❖❙■❘■❙ ❡st❛♠♦s ♠✉② ❧❡❥♦s ❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡ ●❚❈ ♣❡r♦✱
♣♦s✐❜❧❡♠❡♥t❡✱ ♣♦❞rí❛♠♦s ♠✉❡str❡❛r ❡❧ ❝♦❢❛s❡♦ r❡❛❧ ❞❡❧ t❡❧❡s❝♦♣✐♦ s✐♥ t❡♥❡r q✉❡ ❡s♣❡r❛r ❛ q✉❡ ❡sté
❡♥ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❡❧ s✐st❡♠❛ ❞❡ ❆❖ ❞❡ ●❚❈✳ ❉❡ ❡st❡ ♠♦❞♦✱ s❡ ♣♦❞rí❛ t❡♥❡r ✉♥❛ r❡❢❡r❡♥❝✐❛ ♣❛r❛
♠❡❥♦r❛r❧♦ ❛❧❣♦ ♠ás✳



✷✵✽ ✻✳ ▲❛ ❈♦♥s❡❝✉❡♥❝✐❛

rá♣✐❞♦s ② ❝♦♥ ❜❛❥♦ r✉✐❞♦ ♣❛r❛ ♣♦❞❡r tr❛❜❛❥❛r ❛❧ ♠❡♥♦s ❡♥ ❡❧ r❛♥❣♦ ❞❡ ❙❤♦rt ❲❛✈❡

■♥❢r❛r❡❞ ❬✐♥❢r❛rr♦❥♦ ❝❡r❝❛♥♦❪ ✭❙❲■❘✮✳ ❊❧ r❛♥❣♦ ■❘ ♥♦s ❞❛rí❛ ♥✉❡✈❛s ❧í♥❡❛s ❞❡ ❡st✉❞✐♦

② ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❝♦♥ ✉♥ ❋❈✲■❘✳

✻✳✸✳✻✳ ❘❡s✉♠❡♥

❆ ♠♦❞♦ ❞❡ r❡s✉♠❡♥✱ ♣r❡s❡♥t❛♠♦s ✉♥❛ ❧✐st❛ ❞❡ ❧♦s ♣r♦②❡❝t♦s ❡ ✐❞❡❛s ❡♥ ❝♦♥s✐✲

❞❡r❛❝✐ó♥ q✉❡✱ ❡♥ ♠❛②♦r ♦ ♠❡♥♦r ♠❡❞✐❞❛✱ ❡stá♥ ❛❤♦r❛ s♦❜r❡ ❧❛ ♠❡s❛ ♦ ❡♥ ❞❡s❛rr♦❧❧♦✱

❜❛s❛❞♦s ❡♥ ❋❛st❈❛♠ ② s✉ ♣r♦❣r❛♠❛ ❞❡ ❝♦♥tr♦❧✱ ❛✉♥q✉❡ ❡♥ ❛❧❣ú♥ ❝❛s♦ ✐♠♣❧✐❝❛♥ ❞✐s❡ñ♦s

♠ás ❝♦♠♣❧❡❥♦s✳

❋❈❅◆❆❖▼■✳

❲■❉❊✲❋❈✳

❈♦♥tr♦❧ ❞❡ ●✉✐❛❞♦ ❞❡ ❚❈❙✳

❋❈✲▼✉❧t✐♣✉♣✐❧❛✳

❋❈✲▼✉❧t✐❉❡t❡❝t♦r✴▼✉❧t✐❝❛♠♣♦✭▼❋❖❱✮✳

❆❖▲■✿ ❝♦❧❛❜♦r❛❝✐ó♥ ■❆❈✲❯❈❛♠✲❯♥✐✈❡rs✐tät ③✉ ❑ö❧♥✭❑♦❡❧♥✮✲❯P❈❚✳

❈♦r♦♥ó❣r❛❢♦✿ ❝♦❧❛❜♦r❛❝✐ó♥ ■❆❈✲❯P❈❚✲❯❈❆◆✳

P❧❛♥❡t❈❛♠ ✭❯P❱✲■❉❖▼✮✳ Pr♦②❡❝t♦ ❡①t❡r♥♦ ❡♥ q✉❡ ❤❡♠♦s ❛❝t✉❛❞♦ ❝♦♠♦ ❛s❡✲

s♦r❡s✳

❍❖❘❯❙✲❋❈✿ ❡s♣❡❝tr♦s❝♦♣í❛ ❝♦♥ ✜❜r❛s✱ ❡st❛❜✐❧✐③❛❝✐ó♥ ❡♥ ✉♥❛ ✜❜r❛ ② ❛♥á❧✐s✐s ❞❡

❧❛s ❝♦♥t✐❣✉❛s✳

❆♣❧✐❝❛❝✐ó♥ ❝♦♠♦ ❞❡t❡❝t♦r s✉st✐t✉t♦ ❡♥ ♦tr♦s ✐♥str✉♠❡♥t♦s✿ ❖❙■❘■❙✲❋❈✳

■❘✳

P♦s✐❜✐❧✐❞❛❞❡s ❞❡ ✐♠♣❧❛♥t❛❝✐ó♥ ❞❡ ♥✉❡✈♦s ❞❡t❡❝t♦r❡s s❈▼❖❙✳

✻✳✹✳ ▲♦ ♣♦s✐❜❧❡

◆♦ q✉✐❡r♦ ❞❡❥❛r ❞❡ ❝♦♥t❡♠♣❧❛r ❛q✉í ❧❛s ✐❞❡❛s q✉❡ t♦❞♦ ❡st❡ ❞❡s❛rr♦❧❧♦ ❤❛ ❛♣♦rt❛❞♦

♣❛r❛ ✓♣♦s✐❜❧❡s✔ ❛♣❧✐❝❛❝✐♦♥❡s ❛ té❝♥✐❝❛s ❛str♦❢ís✐❝❛s ② ♦tr♦s ❝❛♠♣♦s ❞❡ ✐♥str✉♠❡♥t❛✲

❝✐ó♥✳



✻✳✹✳ ▲♦ ♣♦s✐❜❧❡ ✷✵✾

❉❡♥tr♦ ❞❡ ❧❛s ♣♦s✐❜✐❧✐❞❛❞❡s ❞❡❧ ✐♥str✉♠❡♥t♦✱ ♦ ❧❛ té❝♥✐❝❛ ❛♣❧✐❝❛❞❛✱ t❡♥❡♠♦s ✈❛r✐❛s

✐❞❡❛s q✉❡ ♣♦❞rí❛♥ s❡r ❡①♣❧♦t❛❞❛s ♣♦r ❣r✉♣♦s ❞❡ tr❛❜❛❥♦ ♦ ✐♥t❡rés✳ ❆❧❣✉♥❛s ♥❡❝❡s✐✲

t❛rá♥ ❞❡ ❝✐❡rt♦ ❞❡s❛rr♦❧❧♦ ✐♥str✉♠❡♥t❛❧ ❡s♣❡❝í✜❝♦ ② ♦tr❛s ♣♦s✐❜❧❡♠❡♥t❡ só❧♦ ♣r❡❝✐s❡♥

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

❊♥ t♦❞♦ ❝❛s♦✱ ❧❛s ♦♣❝✐♦♥❡s q✉❡ s❡ ♥♦s ♦❝✉rr❡♥ ❞❡♥tr♦ ❞❡ ✓❧♦ ♣♦s✐❜❧❡✔ s♦♥ ♠✉❝❤❛s

♣❡r♦✱ s❡♣❛rá♥❞♦❧❛s ❡♥ ❞♦s ❣r✉♣♦s q✉❡ ♥♦s ♣❛r❡❝❡♥ ♦❜✈✐♦s✱ ❧❛s ❞❡ ♥✉❡str♦ tr❛❜❛❥♦ ❡♥

✐♥str✉♠❡♥t❛❝✐ó♥ ❛str♦♥ó♠✐❝❛ ② ❧❛s ♦tr❛s✳

✻✳✹✳✶✳ ❆str♦❢ís✐❝❛

❨❛ ❤❡♠♦s ✈✐st♦ ❧♦s ❞❡s❛rr♦❧❧♦s s✉r❣✐❞♦s ❝♦♠♦ ❝♦♥s❡❝✉❡♥❝✐❛ ❞❡ ♥✉❡str♦ ♣r♦②❡❝t♦

♦r✐❣✐♥❛❧ ❝♦♥ ❋❛st❈❛♠✱ ② ❛❧❣✉♥❛s ❞❡ ❧❛s ✐❞❡❛s q✉❡ t♦❞❛✈í❛ ❡stá♥ ♠❛❞✉r❛♥❞♦✱ ♣❡r♦ ❤❛②

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

q✉❡r❡♠♦s ❤❛❜❧❛r✳

❙✐ ❤❛❜❧❛♠♦s ❞❡ ✓❧♦ ♣♦s✐❜❧❡✳✳✳ ❡♥ ❆str♦♥♦♠í❛✔✱ t❡♥❡♠♦s q✉❡ ❡♠♣❡③❛r ♣♦r ❝♦♥s✐❞❡✲

r❛r s❡r✐❛♠❡♥t❡✱ ❛ ❞í❛ ❞❡ ❤♦② ✭✷✵✶✷✮✱ ❧❛ ❡✈♦❧✉❝✐ó♥✱ q✉❡ ♥♦s ♣r♦♠❡t❡♥ ❧♦s ❢❛❜r✐❝❛♥t❡s✱

❡♥ ❧♦s ♣ró①✐♠♦s ❛ñ♦s ❞❡ ❧♦s s❈▼❖❙✳ ❨❛ ♠❡♥❝✐♦♥❛♠♦s ❧♦s t❛♠❛ñ♦s ② ✈❡❧♦❝✐❞❛❞ ❞❡

❧♦s ❞❡s❛rr♦❧❧♦s ♣❛r❛ ❝✐♥❡✱ ✈í❞❡♦ ② ❢♦t♦❣r❛❢í❛ ❞❡ ❛❧t❛ ❞❡✜♥✐❝✐ó♥✳ ❍♦② ②❛ ❧♦s ❤❛② ❝♦✲

♠❡r❝✐❛❧❡s✱ ❞❡ ♣❡q✉❡ñ♦ t❛♠❛ñ♦ ② s❡♥s✐❜✐❧✐❞❛❞ ❞✐❢❡r❡♥❝✐❛❧✱ q✉❡ ♣❡r♠✐t❡♥ ❛♣❧✐❝❛r ✉♥❛

r❡s♣✉❡st❛ ❧♦❣❛rít♠✐❝❛ t♦t❛❧ ❡ ✐♥❝❧✉s♦ ③♦♥❛❧✳ ▲♦s tr❛❜❛❥♦s ♣❛r❛ ❡❧ ♣r♦②❡❝t♦ ❞❡ ✉♥ s❛té✲

❧✐t❡ ♦r❜✐t❛❧ s♦❧❛r✿ ❙❖▲❆❘✲❈✱ ❡stá♥ r❡❝✉rr✐❡♥❞♦ ❛ ❡st❡ t✐♣♦ ❞❡ ❞❡t❡❝t♦r❡s ♣❛r❛ ♣♦❞❡r

❤❛❝❡r ♣s❡✉❞♦✲♦❝✉❧t❛❝✐♦♥❡s ❞❡ ③♦♥❛s ❜r✐❧❧❛♥t❡s✳ ❨ ❡s ❡♥ ❝✐❡rt♦s ❝❛♠♣♦s ❞❡ ❧❛ ✐♥❞✉str✐❛✱

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

❡♥ ❧❛s ♦r✐❧❧❛s ❞❡ ❧❛ ❝❛rr❡t❡r❛✱ ❡✈✐t❛♥❞♦ ❡❧ ❞❡s❧✉♠❜r❛♠✐❡♥t♦ ❞❡ ❧♦s ❝♦❝❤❡s ❡♥ ❞✐r❡❝❝✐ó♥

❝♦♥tr❛r✐❛✳ ❚❛♠❜✐é♥ s❡ ❡stá♥ ❞❡s❛rr♦❧❧❛♥❞♦ ❝♦♥tr♦❧❛❞♦r❡s ❡❧❡❝tró♥✐❝♦s q✉❡ ♣♦s✐❜✐❧✐t❛♥

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

s❛t✉r❛❝✐ó♥✳ ❊❧ ❞❡❢❡❝t♦ ❞❡ ❡st♦ ❡s q✉❡ s✐❡♠♣r❡ ❡①✐st❡ ❧✉③ ❞✐❢✉s❛ q✉❡ ❛❧❝❛♥③❛ ❧♦s ♣í①❡❧❡s

❛❞②❛❝❡♥t❡s ② q✉❡ s❡rí❛♥ ❞❡ ✐♥t❡rés✳

❉❡st❛❝❛r t❛♠❜✐é♥ ❧♦s ❞❡s❛rr♦❧❧♦s q✉❡ ❡stá♥ t❡♥✐❡♥❞♦ ❧♦s ❞❡t❡❝t♦r❡s ✐♥❢r❛rr♦❥♦s ♣♦r

❞❡❜❛❥♦ ❞❡ ❧♦s ❧í♠✐t❡s tér♠✐❝♦s ❞❡❧ ❡♥t♦r♥♦ ✭❤❛st❛ 1′8µ♠✮ ② q✉❡ ♣r♦♠❡t❡♥ ✉s❛r té❝♥✐❝❛s

❡q✉✐✈❛❧❡♥t❡s ❛ ❧♦s ❈▼❖❙ ❡♥ ❧♦s ♣ró①✐♠♦s ❛ñ♦s ❝♦♥ ✉♥❛ r❡❞✉❝❝✐ó♥ ✐♠♣♦rt❛♥t❡ ❞❡ ❧♦s

❡❧❡❝tr♦♥❡s ❝♦♥t❛♠✐♥❛♥t❡s ❡♥ ❧❛ s❡ñ❛❧✳

❚❛♠❜✐é♥ ❡①✐st❡ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ✉s❛r ✉♥ s✐st❡♠❛ ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥ ❝♦♥ ❡str❡❧❧❛s

♣❛r❛ ❡st✉❞✐❛r ❡❧ s❡❡✐♥❣ ② ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧❛ ❛t♠ós❢❡r❛✱ ❛ ♥✐✈❡❧ ❞❡ ❝ú♣✉❧❛ ♦ ❛

❞✐st✐♥t❛s ❛❧t✉r❛s✱ ✉s❛♥❞♦ ❡str❡❧❧❛s ❧ás❡r ❡♥❢♦❝❛❞❛s ❡♥ ❝✐❡rt❛s ❝❛♣❛s ❞❡ ✐♥t❡rés ② ✈✐❡♥❞♦

❝ó♠♦ s♦♥ ♣❡rt✉r❜❛❞❛s ♣♦r ❧❛ ❛t♠ós❢❡r❛✳ ■♥❝❧✉s♦ ❝♦♥ ❡❧ ✉s♦ ❞❡ ♠ú❧t✐♣❧❡s ❝♦❧❡❝t♦r❡s

✐♥❞✐✈✐❞✉❛❧❡s✱ ❝♦♠♦ ✈✐♠♦s ❡♥ ❡❧ ❝❛s♦ ❞❡ ❧❛ ♠✉❧t✐♣✉♣✐❧❛ ❞❡ ●❚❈✱ ♣❡r♠✐t✐rí❛ ❡st✉❞✐❛r



✷✶✵ ✻✳ ▲❛ ❈♦♥s❡❝✉❡♥❝✐❛

❝ó♠♦ s❡ ♣r♦♣❛❣❛ ✉♥❛ ♣❡rt✉r❜❛❝✐ó♥ ② ❡❧ t✐❡♠♣♦ ❞❡ ✐♥❝✐❞❡♥❝✐❛ ♦ ♣❡r♠❛♥❡♥❝✐❛✱ ❛sí

❝♦♠♦ s✉ ♣❡r✐♦❞✐❝✐❞❛❞✳

▲❛ ❛♣❧✐❝❛❝✐ó♥ ❛ ❡s♣❡❝tr♦s❝♦♣í❛ ❡s ✉♥❛ ✐❞❡❛ q✉❡ ❧❧❡✈❛♠♦s ✐♥t❡♥t❛♥❞♦ ❛❞❛♣t❛r ②

❡①♣❧♦t❛r ❞❡s❞❡ ❝❛s✐ ❡❧ ♣r✐♥❝✐♣✐♦✱ ❛✉♥q✉❡ ♥♦ ♥♦s ❤❛②❛ r❡s✉❧t❛❞♦ t♦❞❛✈í❛ ✈✐❛❜❧❡ ♥✐♥❣✉♥❛

❞❡ ❧❛s ✐❞❡❛s ♣❧❛♥t❡❛❞❛s✳

❉❡ t♦❞❛s ❢♦r♠❛s✱ ❡stá ❝❧❛r♦ q✉❡ ❡❧ t❡♠❛ ❞❡ ❛♣❧✐❝❛❝✐ó♥ ❛ ✐♠❛❣❡♥ ❡①t❡♥s❛ ❡s ✉♥❛ ❞❡

❧❛s ♠ás ❛tr❛②❡♥t❡s✱ ❛ ♣❡s❛r ❞❡ q✉❡ ♥♦ ❤❛②❛ s✐❞♦ ❤❛st❛ ❛❤♦r❛ t♦t❛❧♠❡♥t❡ ❡①♣❧♦t❛❞❛✳

▲❛ ❞✐✜❝✉❧t❛❞ ❞❡ ❞❡s❛rr♦❧❧❛r ✉♥ ✈❡r❞❛❞❡r♦ ❛❧❣♦r✐t♠♦ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ♣❛r❛ ✐♠❛❣❡♥

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

♥❡❜✉❧♦s❛s✱ ♣❧❛♥❡t❛s ♦ ❡❧ ❙♦❧✳

❊stá ❝❧❛r♦ q✉❡ ✉♥ ♣✉♥t♦✱ ② s✉ s♣❡❝❦❧❡✱ ♣❡r♠✐t❡ s❡❧❡❝❝✐♦♥❛r ❧❛s ♠❛♥❝❤❛s ❞♦♥❞❡

❛❧❣ú♥ ♣✐❝♦ t✐❡♥❡ ✉♥❛ r❡❧❛❝✐ó♥ ❞❡ ❙tr❡❤❧ ❞❡ s✉✜❝✐❡♥t❡ ❡♥t✐❞❛❞ ♣❛r❛ ❝♦♥s✐❞❡r❛r❧♦ ❝♦♠♦

✈✐❛❜❧❡✳ ▲❛ s❡❧❡❝❝✐ó♥ ② ♣♦st❡r✐♦r r❡❝❡♥tr❛❞♦ ② s✉♠❛ ❞❡ ✉♥❛ ✐♠❛❣❡♥ ❛rr❛str❛ ✉♥ ❝✐❡rt♦

❢♦♥❞♦ q✉❡ ✐♥tr♦❞✉❝❡ ✉♥ ❛❝ú♠✉❧♦ ❞❡ ❝✉❡♥t❛s ❛❧r❡❞❡❞♦r ❞❡ ❧❛ ✐♠❛❣❡♥ ✜♥❛❧ ❞❡ ❧❛ ❡str❡❧❧❛✳

❊♥ ❡❧ ❝❛s♦ ❞❡ ✉♥❛ ✐♠❛❣❡♥ ❡①t❡♥s❛✱ ❡❧ ♣✉♥t♦ s❡❧❡❝❝✐♦♥❛❞♦ ♣❛r❛ ❤❛❝❡r s❡❧❡❝❝✐ó♥ ②

r❡❝❡♥tr❛❞♦ ❝♦♥t❛♠✐♥❛rá ❧♦s ♣✉♥t♦s ❛❧r❡❞❡❞♦r ②✱ ❝♦♠♦ ❡❧❧♦ ♦❝✉rr❡ ♣❛r❛ ❝❛❞❛ ♣✉♥t♦ ❞❡

❧❛ ✐♠❛❣❡♥✱ ❡①✐st✐rá ✉♥ ❡♠❜♦rr♦♥❛♠✐❡♥t♦ ♦ ♣ér❞✐❞❛ ❞❡ ❝♦♥tr❛st❡ ❞❡ ❧❛ ✐♠❛❣❡♥ ❣❧♦❜❛❧

q✉❡ ♥♦ ♠❡❥♦r❛rá ♠ás ❛❧❧á ❞❡ ✉♥ ❝✐❡rt♦ ♣✉♥t♦ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ✐♠❛❣❡♥✳ ❨ ❡❧❧♦ s❡ ❞❡❜❡rá

❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ❛❧ r❡❝❡♥tr❛❞♦ q✉❡ ❡❧✐♠✐♥❛ ❡❧ ❡❢❡❝t♦ ❞❡ ♦s❝✐❧❛❝✐ó♥ ❞❡❧ s❡❡✐♥❣✳

❙✐♥ ❞✉❞❛✱ ❧❛ té❝♥✐❝❛ ❞❡ ✐♠❛❣❡♥ ❞❡ ❝♦rt❛ ❡①♣♦s✐❝✐ó♥ ② r❡❝❡♥tr❛❞♦ ♣✉❡❞❡ ❝♦♠♣❡t✐r

❝♦♥ ❡❧ s✐st❡♠❛ ❞❡ ❝♦rr❡❧❛❝✐ó♥ ♦ ❚✐♣❚✐❧t ✉s❛❞♦ ❡♥ ✐♠❛❣❡♥ s♦❧❛r ② ♣❧❛♥❡t❛r✐❛✳ ❯♥ ❝♦rr❡✲

❧❛❞♦r ❝♦rr✐❣❡ ❧❛ ♦s❝✐❧❛❝✐ó♥ ❞❡❧ s❡❡✐♥❣ ✱ ▲✉❝❦② ■♠❛❣✐♥❣ ❝♦♠♣❡♥s❛ ❧❛ ♦s❝✐❧❛❝✐ó♥ ✭❝❡♥tr♦

❞❡ ❣r❛✈❡❞❛❞ ❞❡ ❧❛ ♠❛♥❝❤❛ ❞❡ s❡❡✐♥❣✮ ② ❡❧ ❡♠❜♦rr♦♥❛♠✐❡♥t♦ ✭s❡❧❡❝❝✐ó♥ ② ❛❝ú♠✉❧♦✮ ②

s❡rá ❛❧❣♦ ♠✉② ❛♣r♦✈❡❝❤❛❜❧❡ ❝✉❛♥❞♦ s❡ ♣✉❡❞❛ ❛♣❧✐❝❛r ❛❧❣✉♥❛ té❝♥✐❝❛ ❞❡ ♣r♦❝❡s❛❞♦ ❞❡

❧❛s ✐♠á❣❡♥❡s q✉❡ ✉t✐❧✐❝❡ ✉♥ ❛❧❣♦r✐t♠♦ q✉❡ s❡❛ ❝❛♣❛③ ❞❡ ❛❝t✉❛r ♣♦r ③♦♥❛s ② ❛❥✉st❛r

♠❡❥♦r ❧❛ ✐♠❛❣❡♥ ❛❝✉♠✉❧❛❞❛ r❡s✉❧t❛♥t❡✳

✻✳✹✳✷✳ ❖tr❛s ❆♣❧✐❝❛❝✐♦♥❡s

❖❢t❛❧♠♦❧♦❣í❛

❆ ❧♦ ❧❛r❣♦ ❞❡ ❧♦s ❛ñ♦s ❧❛ ❝♦❧❛❜♦r❛❝✐ó♥ ❝♦♥ ❡❧ ❞❡♣❛rt❛♠❡♥t♦ ❞❡ ♦❢t❛❧♠♦❧♦❣í❛ ❞❡❧

❍♦s♣✐t❛❧ ❯♥✐✈❡rs✐t❛r✐♦ ❞❡ ❈❛♥❛r✐❛s ✭❛♥t❡s ●❡♥❡r❛❧ ② ❈❧í♥✐❝♦ ❞❡ ❚❡♥❡r✐❢❡✮✱ ❛ tr❛✈és ❞❡❧

♣r♦❢❡s♦r ▼❛♥✉❡❧ ❆♥t♦♥✐♦ ●♦♥③á❧❡③ ❞❡ ❧❛ ❘♦s❛✱ ♥♦s ♣❡r♠✐t✐ó ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✈❛r✐♦s

✐♥str✉♠❡♥t♦s✱ ❞❡st❛❝❛♥❞♦ ❞♦s ❡s♣❡❝tr♦❢♦tó♠❡tr♦s ✭✈❡r ❛♥❡①♦ ❈✮✱ ✉♥ ❝❛♠♣í♠❡tr♦ ②

✉♥ r❡t✐♥ó❣r❛❢♦✳ ❚❛♠❜✐é♥ ❤❛♥ s✐❞♦ ✈❛r✐❛s ❧❛s ❝♦❧❛❜♦r❛❝✐♦♥❡s ❝♦♥ ❡❧ ♣r♦❢❡s♦r ❏♦sé ▲✉✐s



✻✳✹✳ ▲♦ ♣♦s✐❜❧❡ ✷✶✶

●♦♥③á❧❡③ ▼♦r❛✱ ♥❡✉r♦✜s✐ó❧♦❣♦ ❞❡❧ ❍♦s♣✐t❛❧ ❯♥✐✈❡rs✐t❛r✐♦ ❞❡ ❈❛♥❛r✐❛s✱ ❝♦♥ q✉✐❡♥✱

❡♥tr❡ ♦tr❛s ❝♦s❛s✱ r❡❛❧✐③❛♠♦s ❧❛ ♦❜s❡r✈❛❝✐ó♥ ② ❝♦♥tr♦❧ ❞❡ ❧❛ ❛❝❝✐ó♥ ❞❡ ❧❛s ❜♦♠❜❛s

❞❡ ◆❛✲❑ ✭s♦❞✐♦✲♣♦t❛s✐♦✮ ❡♥ ❧❛ ✐♥t❡r❛❝❝✐ó♥ ♥❡✉r♦♥❛❧ ✉t✐❧✐③❛♥❞♦ ✜❜r❛s ó♣t✐❝❛s ✭✾✵ ❛

✷✵✵ ♠✐❝r❛s✮ ❝♦♠♦ ❡st✐♠✉❧❛❞♦r❡s ② ❝♦❧❡❝t♦r❡s✳ ❨ ❡❧ ♣r♦②❡❝t♦ q✉✐③ás ♠ás ❝♦♥♦❝✐❞♦

s❡❛ ❡❧ ❊s♣❛❝✐♦ ❆❝úst✐❝♦ ❱✐rt✉❛❧✱ ❡♥ ❡❧ ❝✉❛❧ s❡ ❝♦♥✈❡rtí❛♥ ❡♥ ❢r❡❝✉❡♥❝✐❛s ❛❝úst✐❝❛s ❧❛s

✐♠á❣❡♥❡s ❝♦❧❡❝t❛❞❛s ♣♦r ❞♦s ❝á♠❛r❛s ❡♥ ♠♦❞♦ ❡st❡r❡♦s❝ó♣✐❝♦✱ ♣❡r♠✐t✐❡♥❞♦ ❛ ♣❡rs♦♥❛s

✐♥✈✐❞❡♥t❡s ❤❛❝❡rs❡ ✉♥❛ ✐❞❡❛ ❞❡ ❧♦s ♦❜❥❡t♦s ② ❡❧ ❡s♣❛❝✐♦ q✉❡ t✐❡♥❡♥ ❡♥❢r❡♥t❡✳

❚♦❞♦s ❡st♦s tr❛❜❛❥♦s ♣r❡✈✐♦s✱ ❡♥ ❧♦s q✉❡ ❤❡ r❡❧❛❝✐♦♥❛❞♦ ♠✐s ❝♦♥♦❝✐♠✐❡♥t♦s ♦ ❧♦s

♣r♦②❡❝t♦s ó♣t✐❝♦s ❡♥ ❧♦s q✉❡ tr❛❜❛❥❛❜❛ ❝♦♥ ❡❧ ♠✉♥❞♦ ❞❡ ❧❛ ♠❡❞✐❝✐♥❛✱ ❤❛❝❡♥ q✉❡ ♠❡

r❡s✉❧t❡ ❢á❝✐❧ ❞✐r✐❣✐r ❡st❡ ♣r♦②❡❝t♦ ❛ t❡♠❛s ❝❧í♥✐❝♦s✳ ▲❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦②

■♠❛❣✐♥❣ ❛ ❧❛ ♦❢t❛❧♠♦❧♦❣í❛ r❡s✉❧t❛✱ ❡♥ ♠✐ ♦♣✐♥✐ó♥✱ ❜❛st❛♥t❡ ❡✈✐❞❡♥t❡✳ ■♥✐❝✐❛❧♠❡♥t❡✱

s✐♠♣❧❡♠❡♥t❡ ❝♦♥s✐❞❡r❛❜❛ q✉❡ ❧♦s tr❛❜❛❥♦s ❞❡ ❛♥á❧✐s✐s ❞❡ ❞❡❢♦r♠❛❝✐ó♥ ❞❡ ❢r❡♥t❡ ❞❡

♦♥❞❛ ❞❡❜✐❞♦ ❛ ❧❛s s✉♣❡r✜❝✐❡s ó♣t✐❝❛s ❞❡❧ ♦❥♦ ❡r❛♥ ❡❧ ♥❡①♦ ❞✐r❡❝t♦✳ ❙✐♥ ❡♠❜❛r❣♦✱ ✉♥❛

✈❡③ ❛♥❛❧✐③❛❞♦ ❡❧ ♠ét♦❞♦ ❞❡ tr❛❜❛❥♦ ② ❧♦s ♣❛rá♠❡tr♦s ✐♠♣❧✐❝❛❞♦s✱ ❤❡ ♣♦❞✐❞♦ ❝♦♠♣r♦❜❛r

q✉❡ ♥♦ ❡s ❧❛ ♦❜t❡♥❝✐ó♥ ❞❡ ✐♠á❣❡♥❡s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞ ❧♦ q✉❡ ♣✉❡❞❡ ❢❛❝✐❧✐t❛r♥♦s ❛❧❝❛♥③❛r

r❡s✉❧t❛❞♦s ❡♥ ❧❛ ❧í♥❡❛ ❞❡ ❝❛r❛❝t❡r✐③❛r ❧❛s ❛❜❡rr❛❝✐♦♥❡s ❞❡❧ ♦❥♦✳

▲❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ♥♦ ❡s ❛♣❧✐❝❛❜❧❡ ❛❧ ❛♥á❧✐s✐s ❞❡ ❧❛ ó♣t✐❝❛✱ ♣❡r♦ sí ♣✉❡❞❡

❛♣❧✐❝❛rs❡ ❛ ❧❛ ❡st❛❜✐❧✐③❛❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥ ♦❜t❡♥✐❞❛✳ ❊❧ ♦❥♦ t✐❡♥❡ ✉♥ ♣✉♥t♦ ❞❡ ❡♥❢♦q✉❡

❡♥ ✉♥❛ ③♦♥❛ ♠✉② ♣❡q✉❡ñ❛ q✉❡ s❡ ❧❧❛♠❛ ❢ó✈❡❛✳ ❊♥ ❡s❛ ③♦♥❛✱ ❞❡ ♣♦❝♦s ♠✐❧í♠❡tr♦s✱ ❤❛②

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

❝r❡❛r ✉♥❛ ✐♠❛❣❡♥ ♥ít✐❞❛ ❞❡❧ ❝❛♠♣♦ ❞❡ ✈✐s✐ó♥✱ ♦s❝✐❧❛ ② ✓♠❛♣❡❛✔ ❡❧ ❝❛♠♣♦✱ ❜❛rr✐é♥❞♦❧♦

s♦❜r❡ ❡st❛ ③♦♥❛✳ ❊st♦s ♠♦✈✐♠✐❡♥t♦s ♦❝✉❧❛r❡s s♦♥ ❝♦♥t✐♥✉♦s ② rá♣✐❞♦s✱ ❧♦ q✉❡ ♣r♦✈♦❝❛

q✉❡ ❧❛s té❝♥✐❝❛s ❞❡ ❛♥á❧✐s✐s s✉❢r❛♥ ❞❡ ❝✐❡rt❛s ❞✐✜❝✉❧t❛❞❡s ❛❧ ✉t✐❧✐③❛r ❞✐st✐♥t❛s ③♦♥❛s ❞❡

❧❛ ❝ór♥❡❛ ② ❡❧ ❝r✐st❛❧✐♥♦ ♣❛r❛ ❝❛❞❛ ❝❛♠♣♦ ❡♥ ❝❛❞❛ ✐♥st❛♥t❡✳

❯♥❛ ✈✐s✉❛❧✐③❛❝✐ó♥ ❡♥ t✐❡♠♣♦ r❡❛❧ ❞❡ ✐♠á❣❡♥❡s ♣r♦❝❡s❛❞❛s ♣♦r ▲✉❝❦② ■♠❛❣✐♥❣

♣❡r♠✐t✐rá ❧❛ ❡st❛❜✐❧✐③❛❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥ ♦❝✉❧❛r✱ t❛❧ ② ❝♦♠♦ ❤❛❝í❛♠♦s ❝♦♥ ❧❛ ✐♠❛❣❡♥

♣r❡♣r♦❝❡s❛❞❛ ♣♦r ❋P●❆✳ ❊st♦ ♣♦❞rí❛ s❡r ❛♣❧✐❝❛❜❧❡ ❛ ♠✉❝❤♦s ❞❡ ❧♦s tr❛t❛♠✐❡♥t♦s

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

♣✉❡❞❡♥ s❡r ❧❛s ♦♣❡r❛❝✐♦♥❡s ❧ás❡r ❞❡ ❝ór♥❡❛ ♦ ❞❡ s♦❧❞❛❞♦ ❞❡ r❡t✐♥❛ ♦ ❧❛ ❣❡♥❡r❛❝✐ó♥ ❞❡

✉♥ ♠❛♣❛ ❞❡ ❧❛ ❢♦r♠❛ ♦ ❛❜❡rr❛❝✐ó♥ ❞❡ ❧♦s ❡❧❡♠❡♥t♦s ó♣t✐❝♦s ✖❝ór♥❡❛ ② ❝r✐st❛❧✐♥♦✖

❛❞❡♠ás ❞❡ ❧♦s ❡st✉❞✐♦s ❞❡ r❡t✐♥❛ ♦ ❝é❧✉❧❛s ❞❡ ést❛✳

❊♥ ❡st❡ ❝❛s♦✱ ♥♦ s❡rí❛ ❡❧ s✐st❡♠❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ❡❧ ❡♥❝❛r❣❛❞♦ ❞❡ ❧❛ ❛❞q✉✐s✐❝✐ó♥

❞❡ ❞❛t♦s s✐♥♦ ❡❧ ✐♥str✉♠❡♥t♦ ❞❡ ♣r♦❝❡s❛❞♦ ♣❛r❛ ❣❡♥❡r❛r ✉♥❛ ✐♠❛❣❡♥ ❡st❛❜❧❡ ❛❧ ♠é❞✐❝♦

♦ ❛❧ ✐♥str✉♠❡♥t♦ ❛❝t✉❛♥t❡✳



✷✶✷ ✻✳ ▲❛ ❈♦♥s❡❝✉❡♥❝✐❛

▲✉❝❦② ■♠❛❣✐♥❣

▲❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ✱ ❡♥ ❡❧ s❡♥t✐❞♦ ❞❡ ❡st❛❜✐❧✐③❛❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥ ♦ ♣r♦✲

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

♠❛s ❞❡ ✐♠❛❣❡♥ ❡♥ ♠♦✈✐♠✐❡♥t♦ q✉❡ ❤♦② ✉t✐❧✐③❛♥ ♦tr♦s s✐st❡♠❛s ❞❡ ❡st❛❜✐❧✐③❛❝✐ó♥✳ ❊♥tr❡

❡❧❧♦s✱ ❧❛s ❝á♠❛r❛s ❞❡ ❢♦t♦❣r❛❢í❛✱ ✈í❞❡♦ ② ❝✐♥❡ q✉❡ r❡❝✉rr❡♥ ❛ s✐st❡♠❛s ❞❡ ❝♦♠♣❡♥s❛❝✐ó♥

❚✐♣❚✐❧t ❝♦♥ ❧á♠✐♥❛s ♣❧❛♥♦ ♣❛r❛❧❡❧❛s ② ✉t✐❧✐③❛♥❞♦ ❛❝❡❧❡ró♠❡tr♦s ♦ ♣é♥❞✉❧♦s✳

❙✐ s❡ t✐❡♥❡ ✉♥ ♣❡q✉❡ñ♦ ❞❡t❡❝t♦r q✉❡ ✈✐s✉❛❧✐③❛ ❡❧ ❝❛♠♣♦ ♦ ♣❛rt❡ ❞❡ é❧ ② ✉t✐❧✐③❛ ❧❛s

✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s ♣r♦❝❡s❛❞❛s ♣❛r❛ ♥✉♠❡r❛r ② ❝♦❞✐✜❝❛r ❡❧ r❡❝❡♥tr❛❞♦ ② ❛♣✐❧❛❞♦ ❞❡

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

s✐st❡♠❛s ❡❧❡❝tró♥✐❝♦s q✉❡ s❡ ❜❛s❛♥ só❧♦ ❡♥ ❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡❧ ❞❡t❡❝t♦r✳ P♦r ❡❥❡♠♣❧♦✱

✐♠á❣❡♥❡s ❞❡ ❝❛♠♣♦ ❛♠♣❧✐♦ ❡♥ ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❛t♠ós❢❡r❛s ♣❡rt✉r❜❛❞❛s ♣♦r ❤✉♠♦✱ ❣❛s❡s✱

❛❡r♦s♦❧❡s✱ ❝♦rr✐❡♥t❡s tér♠✐❝❛s✱ ❡t❝✳✿ ✈✐❣✐❧❛♥❝✐❛ ❡♥ ❧í♥❡❛s ❞❡ ♣r♦❞✉❝❝✐ó♥ ❡♥ ❢á❜r✐❝❛s ♣❛r❛

❝♦♥tr♦❧ ❞❡ ❝❛❧✐❞❛❞ ♦ s❡❣✉r✐❞❛❞✱ ❝♦♥tr♦❧ ❞❡ trá✜❝♦ ♦ ♣ú❜❧✐❝♦✳

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

❡❧❡❝tró♥✐❝♦s ❝♦♠♦ ♣✉❡❞❡♥ s❡r ❡♥ ✐♠á❣❡♥❡s ❛ér❡❛s ♦ ❡♥ ✈❡❤í❝✉❧♦s ❞❡ ✐♥s♣❡❝❝✐ó♥✳ ❆s✐✲

♠✐s♠♦✱ t❛♠❜✐é♥✱ ✐♠á❣❡♥❡s ♣♦r s❛té❧✐t❡ ♦ ❝♦♥tr♦❧ ❞❡ ✈✐❜r❛❝✐♦♥❡s ❞✐❢❡r❡♥❝✐❛❧❡s✱ ❛✈✐♦♥❡s✱

❝♦❤❡t❡s✱ ❡t❝✳

❯♥ ❝❛s♦ ❝♦♥❝r❡t♦ s✉❢r✐❞♦ ♣♦r ✉s✉❛r✐♦s ❡s ❡♥ ❡❧ ✉s♦ ❞❡ t❡❧❡♦❜❥❡t✐✈♦s ② ③♦♦♠s ♣❛r❛

✈í❞❡♦ ♦ ❢♦t♦❣r❛❢í❛✳ ❈✉❛♥❞♦ ❡❧ ❤❛③ s❡ ❝♦♥❝❡♥tr❛ ❡♥ ✉♥ ♣✉♥t♦ ♠✉② ❧❡❥❛♥♦ ❧❛ ✈✐❜r❛❝✐ó♥

❞❡ ❧❛ ❝á♠❛r❛✱ ♦ ❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡❧ ♦❜❥❡t♦ ♣❡rs❡❣✉✐❞♦✱ s❡ ❤❛❝❡ ✐♥❡st❛❜❧❡ ② ❜♦rr♦s♦✳

▲❛ té❝♥✐❝❛ ❞❡ s❡❧❡❝❝✐ó♥✲r❡❝❡♥tr❛❞♦✲❛❝✉♠✉❧❛❞♦ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ♣✉❡❞❡ ♠❡❥♦r❛r ❧❛s

✐♠á❣❡♥❡s ❤❛❝✐é♥❞♦❧❛s ♠ás ♥ít✐❞❛s ❛❧ ❝♦♠♣❡♥s❛r ❡❧ ❡♠❜♦rr♦♥❛♠✐❡♥t♦ ♣♦r ♠♦✈✐♠✐❡♥t♦s✱

❛t♠ós❢❡r❛✱ ❡t❝✳

❋❛st✲❈❛♠

▲❛ ✐❞❡❛ ❞❡ ❋❛st❈❛♠ ❡s ❧❛ ❞❡ ❥✉❣❛r ❝♦♥ s✉ ♥♦♠❜r❡✳ ▲❛ ♣❛❧❛❜r❛ ❋❛st s✐❣♥✐✜❝❛ rá♣✐❞♦✳

▲❛ ♣❛rt❡ ❞❡ ✓❈❛♠✔ ❛❧✉❞❡ ❛ ❧❛ ❝❛♣t❛❝✐ó♥ ❞❡ ✐♠á❣❡♥❡s ②✱ ♣♦r t❛♥t♦✱ ❛❧ r❡❝❡♥tr❛❞♦

② ❛❝✉♠✉❧❛❝✐ó♥✳ ❨ ❧❛ ✐❞❡❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ♦ ✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s ♥♦s ✐♥❞✐❝❛ ❧❛

❝❛♣❛❝✐❞❛❞ ❞❡ s❡❧❡❝❝✐ó♥✳

▲❛ ❛♣❧✐❝❛❝✐ó♥ ❞✐r❡❝t❛ ❞❡ ❋❛st❈❛♠ ❝♦♠♦ t❛❧ ❛ ❛♣❧✐❝❛❝✐♦♥❡s ❣❡♥❡r❛❧❡s ❡s ❞❡♠❛s✐❛❞♦

❡s♣❡❝í✜❝❛✱ ② s❛❧✈♦ ❡♥ ❧♦s ❝❛s♦s ❝♦♠♦ ❧♦s ♠❡♥❝✐♦♥❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡ ❡♥ ❧♦s q✉❡ s❡

♠❡❥♦r❛ ❧❛ ✐♠❛❣❡♥✱ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ s❡❧❡❝❝✐ó♥✱ r❡❝❡♥tr❛❞♦ ② ❛♣✐❧❛❞♦ ❣❡♥❡r❛ ✉♥❛ ✐♠❛❣❡♥

✜❥❛ q✉❡ ❞❛rá ♠❛②♦r r❡s♦❧✉❝✐ó♥ ② ❝♦♥tr❛st❡ ❢r❡♥t❡ ❛ ❧❛ ✐♠❛❣❡♥ ❝♦♥t✐♥✉❛♠❡♥t❡ ♦s❝✐❧❛♥t❡

q✉❡ s❡ r❡❝✐❜❡ ❡♥ ❡❧ ♠♦❞♦ ❝♦♥t✐♥✉♦ ❤❛❜✐t✉❛❧✳ ❊♥ ❆str♦♥♦♠í❛ ❡stá ❝❧❛r♦ q✉❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥

❞✐r❡❝t❛ ❡s ♣❛r❛ ❆str♦❢♦t♦❣r❛❢í❛ ② ❆str♦♥♦♠í❛ ❞❡ ♣♦s✐❝✐ó♥✳ ❊♥ ♦tr♦s ❛s♣❡❝t♦s s❡rá



✻✳✹✳ ▲♦ ♣♦s✐❜❧❡ ✷✶✸

t❛♠❜✐é♥ ♣❛r❛ ❋♦t♦❣r❛❢í❛ ② P♦s✐❝✐♦♥❛❞♦ ❞❡ ♦❜❥❡t♦s q✉❡ ✈✐❜r❛♥✱ ♣♦r ❡❥❡♠♣❧♦ ❡♥ ✉♥

❝❛❞❡♥❛ ♦ ❝✐♥t❛ ❞❡ ♣♦s✐❝✐♦♥❛❞♦ ❞❡ ❡❧❡♠❡♥t♦s✳ ■❣✉❛❧♠❡♥t❡ ❡♥ ✇❡❜❝❛♠s ❞❡ ♠❡t❡♦r♦❧♦❣í❛

♦ ❝♦♥tr♦❧ ❞❡ ❝❛❧✐❞❛❞ ❞❡ ✉♥ ❡t✐q✉❡t❛❞♦✳

❋❛st❈❛♠ tr❛❜❛❥❛ ✉s❛♥❞♦ ❧❛s té❝♥✐❝❛s ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ✱ ♣❡r♦ t❛♠❜✐é♥ ❤❛② q✉❡

t❡♥❡r ❡♥ ❝✉❡♥t❛ q✉❡ ❧♦ ❤❛❝❡ ❝♦♥ ❞❡t❡❝t♦r❡s ♠✉② ❜✉❡♥♦s ② ♠✉② rá♣✐❞♦s✳ ❊st♦ ♣♦s✐❜✐❧✐t❛

❝❛♣❛❝✐❞❛❞❡s✱ ② ♣♦r t❛♥t♦ ❛♣❧✐❝❛❝✐♦♥❡s✱ ❡♥ ❝♦♥❞✐❝✐♦♥❡s ❞♦♥❞❡ ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❡❝t✉r❛ ♦

❧❛ ✈❛r✐❛❜✐❧✐❞❛❞ ❞❡ ❧❛ ❢✉❡♥t❡ s❡❛ ✉♥ ❢❛❝t♦r ✐♠♣♦rt❛♥t❡✳ ❊s ❞❡❝✐r✱ ❧❛ r❡s♦❧✉❝✐ó♥ t❡♠♣♦r❛❧

q✉❡ ♥♦s ♣❡r♠✐t❡ ❛♣❧✐❝❛r ❋❛st❈❛♠ ♣❛r❛ ❝♦♥tr♦❧❛r ♣r♦❝❡s♦s ♠✉② rá♣✐❞♦s ② q✉❡ ♠✉❡str❛♥

✈❛r✐♦s ❢❛❝t♦r❡s ❡♥ ❧❛ ✐♠❛❣❡♥✱ r❡❝♦♥♦❝✐♠✐♥❡t♦ ❞❡ ♠❛trí❝✉❧❛s✱ ✈✐❣✐❧❛♥❝✐❛✱ ❝♦♥tr♦❧ ❞❡

trá✜❝♦✱ ❡t❝✳

❈♦♠♦ ❡♥tr❡t❡♥✐♠✐❡♥t♦ ❡♥ ❢♦t♦❣r❛❢í❛ ❞❡ ❝♦♥s✉♠♦ ♣♦s✐❜✐❧✐t❛ ✓❞✐s♣❛r❛r✔ t♦♠❛♥❞♦

♥✉♠❡r♦s❛s ❢♦t♦s ♠✉② rá♣✐❞♦ ✭✈í❞❡♦ ❝♦rt♦✮ ❞❡ ♠♦❞♦ q✉❡ ❡❧ ♣r♦❝❡s♦ s❡ ❝♦♥t✐♥ú❛ ❞❡

♠♦❞♦ ❛✉t♦♠át✐❝♦ s❡❧❡❝❝✐♦♥❛♥❞♦✱ r❡❝❡♥tr❛♥❞♦ ② ❛❝✉♠✉❧❛♥❞♦ ❧❛s ✐♠á❣❡♥❡s ❛♣r♦♣✐❛❞❛s✱

❡✈✐t❛♥❞♦ ❢♦t♦s ♠♦✈✐❞❛s✳ ❆❞❡♠ás ♣❡r♠✐t✐rí❛ r❡❛❧✐③❛r ❛ ♣♦st❡r✐♦r✐ ❧❛ s❡❧❡❝❝✐ó♥ ❞❡ ❧❛

❡①♣♦s✐❝✐ó♥ ✜♥❛❧✱ ❞á♥❞♦♥♦s ✉♥ ❝♦♥tr♦❧ ❡①tr❛ ❞❡ ❧❛ ❢♦t♦❣r❛❢í❛✱ ❡♥ ✐❧✉♠✐♥❛❝✐ó♥✱ ❝♦♥tr❛st❡

② ♥✐t✐❞❡③✳

❚❛♠❜✐é♥ ❡♥ ❡st❡ ❝❛♠♣♦ ❡st❛rí❛ ❧❛ ✐♥❝♦r♣♦r❛❝✐ó♥ ❝♦♠♦ ❛♣♣s ♣❛r❛ ❧❛ ❝á♠❛r❛ ❞❡

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

♣r❡s❡♥t❛❝✐ó♥ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ❣❡♦❣rá✜❝❛✳ ❊s ❞❡❝✐r✱ s❡ ♣✉❡❞❡ ❛♣❧✐❝❛r ♣❛r❛ ❢♦t♦❣r❛❢í❛

t❡rr❡str❡ ❞❡s❞❡ ❡❧ ❡s♣❛❝✐♦ ❞♦♥❞❡ s❡ ♣♦❞rí❛ ♠❡❥♦r❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛s ✐♠á❣❡♥❡s ❝♦♠♦ ②❛

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

❞❡ ♠♦❞♦ s✐♠✐❧❛r ❛ ❝♦♠♦ ♥♦s ♦❝✉rr❡ ❡♥ ❆str♦❢ís✐❝❛✱ ♣❡r♦ ❞❡✈♦❧✈✐é♥❞♦♥♦s ❡❧ ♣✉♥t♦ ❞❡

✈✐st❛✳

✧▲♦ q✉❡ ♣✉❡❞❡s ❤❛❝❡r✱ ♦ ❤❛s s♦ñ❛❞♦ q✉❡ ♣♦❞rí❛s

❤❛❝❡r✱ ❞❡❜❡s ❝♦♠❡♥③❛r❧♦✳ ▲❛ ♦s❛❞í❛ ❧❧❡✈❛ ❡♥ sí✱

❣❡♥✐♦✱ ♣♦❞❡r ② ♠❛❣✐❛✧✳ ✿❛♣❧❛✉s♦✿

❏✳❲✳ ✈♦♥ ●♦❡t❤❡



✷✶✹ ✻✳ ▲❛ ❈♦♥s❡❝✉❡♥❝✐❛



✼

❈♦♥❝❧✉s✐♦♥❡s

▲♦ q✉❡ ♦②❡s ❧♦ ♦❧✈✐❞❛s✱ ❧♦ q✉❡ ✈❡s ❧♦ r❡❝✉❡r❞❛s✱ ❧♦

q✉❡ ❤❛❝❡s ❧♦ ❛♣r❡♥❞❡s✳ Pr♦✈❡r❜✐♦ ❝❤✐♥♦

❊❧ q✉❡ ♥♦ s❡ ❡q✉✐✈♦❝❛ ♥✉♥❝❛ ❡s ♣♦rq✉❡ ♥✉♥❝❛ ❤❛❝❡

♥❛❞❛✳ ▼❛❤♦♠❛

❙✐❡♠♣r❡ q✉❡ ❡♥s❡ñ❡s✱ ❡♥s❡ñ❛ ❛ ❧❛ ✈❡③ ❛ ❞✉❞❛r ❧♦

q✉❡ ❡♥s❡ñ❛s✳ ❏♦sé ❖rt❡❣❛ ② ●❛ss❡t

▼✐❡♥tr❛s ♠❡ q✉❡❞❡ ❛❧❣♦ ♣♦r ❤❛❝❡r✱ ♥♦ ❤❛❜ré ❤❡❝❤♦

♥❛❞❛✳ ❏✉❧✐♦ ❈és❛r

✷✶✺





✼✳✶✳ ❈♦♥❝❧✉s✐♦♥❡s ② ♣❡rs♣❡❝t✐✈❛s ✷✶✼

❈
✉❛♥❞♦ s❡ ✐♥✐❝✐❛ ✉♥❛ t❡s✐s s❡ ❝♦♥❝❧✉②❡♥ ❧♦s ❡st✉❞✐♦s ②✱ ❛ s✉ ✈❡③✱ ❝♦♠✐❡♥③❛ ✉♥

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

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

❡♥ ❡st❛ t❡s✐s s❡ ♣✉❡❞❡ ❛✜r♠❛r q✉❡ ❤❛ s✐❞♦ ✉♥ ♣r♦❝❡s♦ ❞❡ r❡✲❞❡s❝✉❜r✐♠✐❡♥t♦✳ ❊♥ ❡❧

tr❛♥s❝✉rs♦ ❞❡ ❧❛ r❡❛❧✐③❛❝✐ó♥ ❞❡ ❧❛ ♠✐s♠❛ s❡ ❤❛ ❢♦rt❛❧❡❝✐❞♦ ❡❧ ❝♦♥♦❝✐♠✐❡♥t♦ ❞❡ ❧❛s

té❝♥✐❝❛s ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ ② s❡ ❤❛♥ ❛❝t✉❛❧✐③❛❞♦ ♣r♦❣r❛♠❛s ② ❝á❧❝✉❧♦s ❝♦♥ ♥✉❡✈♦s

♠ét♦❞♦s ❞❡ tr❛❜❛❥♦✳ ❙❡ ❤❛♥ ❛♣r❡♥❞✐❞♦ ❞✐st✐♥t❛s ❢♦r♠❛s ❞❡ ♦❜t❡♥❝✐ó♥ ② ♣r♦❝❡s❛❞♦ ❞❡

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

❧♦s ❝♦♥❝❡♣t♦s ② ❝♦♥♦❝✐♠✐❡♥t♦s ❞❡ ❛str♦♥♦♠í❛ ② ♠❡❝á♥✐❝❛ ❝❡❧❡st❡ ❝♦♠♦✱ ♣♦r ❡❥❡♠♣❧♦✱

❧❛ ♣✉❡st❛ ❛❧ ❞í❛ ❡♥ ❧❛s ✐❞❡❛s ♠ás ❛❝t✉❛❧❡s s♦❜r❡ ❜✐♥❛r✐❛s ❝♦♥ ❝♦♠♣❛ñ❡r♦s ♦s❝✉r♦s ♦

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

♣r❡t❡♥❞❡r r❡❛❧✐③❛r ❞❡s❝✉❜r✐♠✐❡♥t♦s✳ ❊st❡ tr❛❜❛❥♦ ❤❛ ❝✉❜✐❡rt♦ ✉♥ ❛♠♣❧✐♦ ❡s♣❡❝tr♦ ❞❡

té❝♥✐❝❛s ✐♥str✉♠❡♥t❛❧❡s ② ❛str♦♥ó♠✐❝❛s✱ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✐❞❡❛s ② ❝♦♥❝❡♣t♦s ♥✉❡✈♦s ②

♣❛rt✐❝✉❧❛r❡s ❞❡ ❡st❛s té❝♥✐❝❛s ❞❡ ♦❜s❡r✈❛❝✐ó♥✳ ❨ só❧♦ ❡❧ ❢✉t✉r♦ ❞✐rá s✐ ❡st❛♠♦s ❡♥ ❧♦

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

❘❡s✉❧t❛ ❜❛st❛♥t❡ ❝❧❛r♦ q✉❡ ❧❛s ✐❞❡❛s ❞❡ ❞✐s❡ñ♦✱ ❝á❧❝✉❧♦✱ ❞❡t❡❝❝✐ó♥✱ ❢♦t♦♠❡trí❛ ②

r❡❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s ❧♦s ❤❡♠♦s ♠❛♥❡❥❛❞♦ ❜✐❡♥✳ ▲♦s ❝♦♥❝❡♣t♦s ❞❡ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦✱

❢♦♥❞♦ ❞❡ ❧♦s ❛♥✐❧❧♦s✱ ❞✐s❝♦ ❞❡ ❆✐r② ② P❙❋ ❞❡ ♣✉♣✐❧❛s ♥♦ ❝✐r❝✉❧❛r❡s ♣✉❡❞❡♥ ♣r❡s❡♥t❛r

❛❧❣✉♥❛ ❞✉❞❛✳ ▲❛ ✈❛❧✐❞❛❝✐ó♥ ❞❡ ❛❧❣✉♥❛s té❝♥✐❝❛s ♦ ❝r✐t❡r✐♦s ❛ ❧❛ ❤♦r❛ ❞❡ ❡s❝♦❣❡r ❧❛ ❜❛s❡

❞❡ ❧❛ r❡❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s ✖t✐❡♠♣♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥✱ ❣❛♥❛♥❝✐❛✱ ♥ú♠❡r♦ ❞❡ ✐♠á❣❡♥❡s t♦t❛❧✱

♥ú♠❡r♦ ❞❡ ✐♠á❣❡♥❡s ✈á❧✐❞❛s✱ ❡t❝✳✖ só❧♦ ❡❧ t✐❡♠♣♦ ② ❧♦s ✉s✉❛r✐♦s ✐rá♥ ✜❧tr❛♥❞♦ ❧♦s

✈❛❧♦r❡s ② ♠♦❞♦s ♠ás ❛♣r♦♣✐❛❞♦s✳

✼✳✶✳ ❈♦♥❝❧✉s✐♦♥❡s ② ♣❡rs♣❡❝t✐✈❛s

❊♥ ❡st❛ t❡s✐s ❞♦❝t♦r❛❧ ❤❡♠♦s ♣r❡s❡♥t❛❞♦ ❡❧ ❞✐s❡ñ♦ ② ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥ s✐st❡♠❛ q✉❡

❞❡♠✉❡str❛ ❝ó♠♦ ❝♦♥ ✉♥ t❡❧❡s❝♦♣✐♦ ❝♦♥ ❝❛❧✐❞❛❞ s✉♣❡r✜❝✐❛❧ ❧✐♠✐t❛❞❛ ②✱ ♣♦r t❛♥t♦✱ ❝♦♥

✉♥❛ r❡❧❛❝✐ó♥ ❞❡ ❙tr❡❤❧ ❜❛s❡ ♠✉② ❜❛❥❛ s❡ ♣✉❡❞❡ ♠❡❥♦r❛r ❝♦♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ✉♥ s✐st❡♠❛

ó♣t✐❝♦ ❝❛♣❛③ ❞❡ ❛♣r♦✈❡❝❤❛r ❧❛ ❛❜❡rt✉r❛✱ q✉❡ ❡s ❧♦ q✉❡ ❞❡✜♥❡ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ r❡s♦❧✉❝✐ó♥

② ❧❛ ❢♦r♠❛ ❞❡ s✉ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞❛ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦✳

❆s✐♠✐s♠♦✱ ❤❡♠♦s ✈✐st♦ q✉❡✱ ✉t✐❧✐③❛♥❞♦ ❧❛s té❝♥✐❝❛s ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ✱ s♦♠♦s ❝❛♣❛❝❡s

❞❡ ❧❧❡❣❛r ❛❧ ❛♣r♦✈❡❝❤❛♠✐❡♥t♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❝♦♠♦ ❝♦❧❡❝t♦r ❛ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ▲❛

té❝♥✐❝❛ ♣❡r♠✐t❡ ♦♣t✐♠✐③❛r ② ♣r♦♠❡❞✐❛r ❧❛s ♠❡❥♦r❡s ✜❣✉r❛s ❞❡ s♣❡❝❦❧❡✱ ❛❧ s❡❧❡❝❝✐♦♥❛r ❧❛s

♠ás ❛❞❡❝✉❛❞❛s✱ q✉❡ r❡❝❡♥tr❛❞❛s ② s✉♠❛❞❛s ♥♦s ❤❛♥ ❝♦♥❞✉❝✐❞♦ ❛ ❛❧❝❛♥③❛r ❡❧ ❧✐♠✐t❡

❞❡ ❞✐❢r❛❝❝✐ó♥ ② ❝♦♥s❡❣✉✐r ✉♥❛ ♠❛❣♥✐t✉❞ ❡q✉✐✈❛❧❡♥t❡ ❛ ❧❛ ♦❜t❡♥✐❞❛ ❝♦♥ ✉♥ s✐st❡♠❛

❝❧ás✐❝♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥✳ ❆❞❡♠ás✱ ❧❛ ❝♦♠♣❡♥s❛❝✐ó♥ ✭♣♦r ♠❡❞✐♦ ❞❡ ❡s❝♦❣❡r ❧♦s ♠❡❥♦r❡s



✷✶✽ ✼✳ ❈♦♥❝❧✉s✐♦♥❡s

s♣❡❝❦❧❡s✮ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❧❛ ❛t♠ós❢❡r❛✱ ♦♣t✐♠✐③❛♥❞♦ ❛sí ❧❛ ❞❡ ❧❛ ó♣t✐❝❛ ❞❡❧ t❡❧❡s❝♦♣✐♦✱

♥♦s ❤❛ ♣❡r♠✐t✐❞♦ ❞❡♠♦str❛r q✉❡ s❡ ♣✉❡❞❡ s✉♣❡r❛r ❡❧ ❧í♠✐t❡ ❞❡❧ á♥❣✉❧♦ ✐s♦♣❧❛♥át✐❝♦ ❡♥

❡❧ ❝❛♠♣♦ ❞❡ ✈✐s✐ó♥✳

❍❡♠♦s ♣r♦❜❛❞♦✱ t❛♠❜✐é♥✱ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡❧ ❞✐s❡ñ♦ ❞❡ ❛❞❛♣t❛rs❡ ❛ ❞✐st✐♥t♦s ❞❡t❡❝✲

t♦r❡s✱ t❡❧❡s❝♦♣✐♦s ② té❝♥✐❝❛s ❞❡ s♦❢t✇❛r❡ ②✱ ❛❞❡♠ás✱ ❞❛♠♦s ✉♥❛s ❣✉í❛s s♦❜r❡ ❝ó♠♦ s❡

♣♦❞rí❛ ✐♥t❡r♣r❡t❛r ❧❛ ❢♦t♦♠❡trí❛ ♣❛r❛ ♣♦❞❡r ❤❛❝❡r ♠❡❞✐❞❛s ❝♦♠♣❛r❛❜❧❡s ♦ ✐♥t❡rr❡❧❛✲

❝✐♦♥❛❞❛s✳ P♦r ♦tr♦ ❧❛❞♦✱ ♠♦str❛♠♦s r❡s✉❧t❛❞♦s ② ♣r✉❡❜❛s q✉❡ s✉♣❡r❛♥ ❧♦s ❧♦❣r♦s ❞❡

té❝♥✐❝❛s ❝❧ás✐❝❛s ❡♥ t♦❞♦s ❡❧❧♦s✱ ❡ ✐♥❝❧✉s♦ ❞❡ ❧♦s s✐st❡♠❛s ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ❡♥

❛❧❣✉♥♦ ❞❡ ❧♦s ❝❛s♦s✳

❋✐♥❛❧♠❡♥t❡✱ ❤❡♠♦s ❡①♣✉❡st♦ ❛❧❣✉♥❛s ❞❡ ❧❛s ❝♦♥s❡❝✉❡♥❝✐❛s ❞❡ ❞❡s❛rr♦❧❧♦ ❛ q✉❡

❡st❡ tr❛❜❛❥♦ ❤❛ ❞❛❞♦ ♦r✐❣❡♥✱ ❛❞❡♠ás ❞❡ ❧❛s ♣♦s✐❜❧❡s ❛♣❧✐❝❛❝✐♦♥❡s t❛♥t♦ ❛❧ ❝❛♠♣♦ ❞❡

❧❛ ✐♥str✉♠❡♥t❛❝✐ó♥ ❛str♦❢ís✐❝❛ ❝♦♠♦ ❞❡ ♦tr♦s ❝❛♠♣♦s ❡♥ ♦❢t❛❧♠♦❧♦❣í❛✱ ♣r♦❞✉❝❝✐ó♥✱

s❡❣✉r✐❞❛❞✱ ❢♦t♦❣r❛❢í❛ ② ❝♦♥s✉♠♦ ❡♥ ❣❡♥❡r❛❧✳

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

♣r♦②❡❝t♦ ② ❡❧ tr❛❜❛❥♦ q✉❡ ❤❛ ♣r♦❞✉❝✐❞♦ ❤❛♥ ❝♦♥s❡❣✉✐❞♦ ❣❡♥❡r❛r✿

✶✳ ◗✉✐③ás ❧❛ ♣r✐♠❡r❛ ② ♠ás ♦❜✈✐❛ ❝♦♥❝❧✉s✐ó♥ ❡s q✉❡ s❡ ♣✉❡❞❡ ❛❧❝❛♥③❛r

❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ t❛♠❛ñ♦ ♠❡❞✐♦ ❞❡s❞❡ t✐❡✲

rr❛✱ ✐♥❝❧✉s♦ ❜❛❥♦ ❞✉r❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ s❡❡✐♥❣ ✳ ❊❧❧♦ ❞❡♠✉❡str❛ q✉❡

❧❛ té❝♥✐❝❛ ❞❡ ▲✉❝❦② ■♠❛❣✐♥❣ ✱ ❡♥ ❧❛ q✉❡ ❤❡♠♦s ❜❛s❛❞♦ ❡❧ ❞❡s❛rr♦❧❧♦

❞❡ ❡st❡ ♣r♦②❡❝t♦ ② ❡st❡ tr❛❜❛❥♦✱ ❡s ✉♥ ♣r♦❝❡s♦ ✈✐❛❜❧❡ ② ❝♦♥ ❜✉❡♥❛s

♣❡rs♣❡❝t✐✈❛s ❞❡ ❢✉t✉r♦✳

✷✳ ❉❡❧ ♣❧❛♥t❡❛♠✐❡♥t♦ ❞❡❧ ✐♥✐❝✐♦✱ s✉r❣❡ ❧❛ s✐❣✉✐❡♥t❡ ❝♦♥❝❧✉s✐♦♥✿

❆✉♥q✉❡ ❡❧ ❡s♣❡❥♦✴t❡❧❡s❝♦♣✐♦ s❡❛ ♠❛❧♦ ❡♥ ❝✉❛♥t♦ ❛ s✉♣❡r✜❝✐❡✱ ❧❛ té❝✲

♥✐❝❛ s✐❡♠♣r❡ ✈❛ ❛ ❢✉♥❝✐♦♥❛r ②❛ q✉❡✱ ❛✉♥q✉❡ s❡❛ ❡♥ ♣❡q✉❡ñ♦s ♣♦r❝❡♥✲

t❛❥❡s✱ ❧♦s ♠❡❥♦r❡s s♣❡❝❦❧❡s ❡stá♥ ❛❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ❊s ❞❡❝✐r✱ ❧♦s

s♣❡❝❦❧❡s s❡❧❡❝❝✐♦♥❛❞♦s t❡♥❞rá♥ ✉♥❛ ❜❛❥❛ r❡❧❛❝✐ó♥ ❞❡ ❙tr❡❤❧✱ ♣❡r♦ s✉

❢♦r♠❛ ② t❛♠❛ñ♦ s❡ ❝♦rr❡s♣♦♥❞❡♥ ❝♦♥ ❧❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❧❛ ♣✉♣✐❧❛✳

▲❛ ✐♠❛❣❡♥ ♠❡❥♦r❛rá ❝✉❛♥t♦ ♠❡♥♦s ❞❡❢♦r♠❛❞❛ s❡❛ ❧❛ ó♣t✐❝❛ ② ❤❛❜rá

✉♥❛ ❢r♦♥t❡r❛ ❡♥tr❡ ❛t♠ós❢❡r❛ ② ❝❛❧✐❞❛❞ ❞❡ ❧❛ ♣✉♣✐❧❛✱ ♣❡r♦ ❡stá ❝❧❛✲

r♦ q✉❡ ❧❛ ❛t♠ós❢❡r❛ s✐❡♠♣r❡ ❡s ♣❡♦r q✉❡ ❧♦s ❡stá♥❞❛r❡s ❞❡ ♣✉❧✐❞♦ ♦

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

❡st❛❜❛ ❝❧❛r❛ ❛♥t❡s ❞❡ ❡st❛ t❡s✐s✳

✸✳ ❉❡ ❧♦s ❡st✉❞✐♦s ❞❡ ❞✐s❡ñ♦ ♣♦❞❡♠♦s ❝♦♥❝❧✉✐r q✉❡✱ s✐ ❜✐❡♥ s❡ ♣✉❡❞❡♥

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



✼✳✶✳ ❈♦♥❝❧✉s✐♦♥❡s ② ♣❡rs♣❡❝t✐✈❛s ✷✶✾

❧✉❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ ✉♥ s✐st❡♠❛ ❜✐❡♥ ❡st✉❞✐❛❞♦✱ t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛

❧❛s ❧✐♠✐t❛❝✐♦♥❡s q✉❡ ✐♠♣♦♥❡ ❧❛ ✐♥str✉♠❡♥t❛❝✐ó♥ ❛str♦♥ó♠✐❝❛ ♣✉❡❞❡✱

♥♦ só❧♦ ♣♦s✐❜✐❧✐t❛r ❛❧❝❛♥③❛r ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡ ✉♥ s✐st❡♠❛ ♣r❡✲

❝❛r✐♦ ② ❡♥ ❞✐❢í❝✐❧❡s ② ❝❛♠❜✐❛♥t❡s ❝♦♥❞✐❝✐♦♥❡s ❝♦♠♦ s♦♥ ❧♦s ❝❛♠❜✐♦s

❞❡ t❡♠♣❡r❛t✉r❛✱ ❝❛r❣❛s ② t❡♥s✐♦♥❡s ❣r❛✈✐t❛❝✐♦♥❛❧❡s ② ❞❡ ❝♦♠♣♦♥❡♥t❡s

❛❝❝❡s♦r✐♦s✱ s✐♥♦ q✉❡ ✐♥❝❧✉s♦ ♠❡❥♦r❛ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡ ❝❛❧✐❞❛❞ ó♣t✐✲

❝❛ ②✱ ♠ás ❛✉♥✱ ♣❡r♠✐t❡ s✉ ❡①t❡♥s✐ó♥ ② ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ❡♥ ❞✐st✐♥t♦s

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

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

❡♥ ❡❧ ❚❡❧❡s❝♦♣✐♦ ❈❛r❧♦s ❙á♥❝❤❡③✱ ❡①t❡♥❞❡r s✉ ❛❧✐♥❡❛❞♦ ② ♦♣t✐♠✐③❛❝✐ó♥

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

❞❡ ❡s♣❡❥♦ ❞❡❧❣❛❞♦✮ ❤❛st❛ ❛❧❝❛♥③❛r ✉♥❛ ❝❛❧✐❞❛❞ s✉♣❡r✜❝✐❛❧ ❝♦♥tr❛st❛❞❛

❞❡ λ/5 ❡♥ ✈✐s✐❜❧❡✱ ❝✉❛♥❞♦ s✉ ❡s♣❡❝✐✜❝❛❝✐ó♥ ❞❡ ♣✉❧✐❞♦ ② ♠♦♥t❛❥❡ ❡r❛

❞❡ λ/4 ❛ ✉♥❛ ♠✐❝r❛✳ ▲❛ ✈❡r✐✜❝❛❝✐ó♥ ❧❛ ❤❡♠♦s t❡♥✐❞♦ ❛ ❧♦ ❧❛r❣♦ ❞❡ ❡st♦s

❝✉❛tr♦ ú❧t✐♠♦s ❛ñ♦s✱ ❡♥ ❧♦s q✉❡ s✐st❡♠át✐❝❛♠❡♥t❡ ❤❡♠♦s ❝♦♠♣r♦❜❛❞♦

q✉❡ ❧❛ ❢♦r♠❛ P✐❝♦✲❱❛❧❧❡ ♥✉♥❝❛ ❧❛ ❤❡♠♦s r❡❞✉❝✐❞♦ ❞❡ 0′3µ♠✱ ♣❡r♦ ❡❧

r♠s ❧♦ ❤❡♠♦s t❡♥✐❞♦ ✈❛r✐❛s ✈❡❝❡s ♣♦r ❞❡❜❛❥♦ ❞❡ 100 ♥♠✳

✺✳ ❊❧ ❛❧❣♦r✐t♠♦ ❞❡ ♣r♦❝❡s❛❞♦ ❜❛s❛❞♦ ❡♥ ❧❛ ✉t✐❧✐③❛❝✐ó♥ ❞❡ ❧♦s ✈❛❧♦r❡s ♠ás

❛❧t♦s ❞❡ ❧♦s ❝❡♥tr♦✐❞❡s ❞❡ s♣❡❝❦❧❡ ❤❛ ❞❡♠♦str❛❞♦ q✉❡ ♥♦ ♥❡❝❡s✐t❛

❞❡t❡r♠✐♥❛r ❧❛ ❝❛❧✐❞❛❞ ❞❡ ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s ♠❛♥❝❤❛s ❞❡ ❞✐❢r❛❝❝✐ó♥ ②

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

❞❡❧ ❞✐s❝♦ ❞❡ ❆✐r② ❡♥ t✐❡♠♣♦ r❡❛❧ ✭❜❛st❛ ❝♦♥ ❞❡✜♥✐r ✉♥ ♠í♥✐♠♦ ❞❡

❝❛❧✐❞❛❞✮✳ ◆♦ ♦❜st❛♥t❡✱ ❧❛ ♦r❞❡♥❛❝✐ó♥ ❛♥t❡s ❞❡ ❧❛ s❡❧❡❝❝✐ó♥ ❝♦♥s✐❣✉❡

❛❧❝❛♥③❛r ♥✐✈❡❧❡s ❞❡ ❝♦♥tr❛st❡ ♠✉❝❤♦ ♠❡❥♦r❡s ❛♣r♦✈❡❝❤❛♥❞♦ ♠✉❝❤❛s

♠ás ✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s✳

✻✳ ❊❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥ ✐♥str✉♠❡♥t♦ ✉t✐❧✐③❛♥❞♦ ❧❛s té❝♥✐❝❛s ❞❡ ♣r♦t♦t✐✲

♣❛❞♦ ❛ ♣❛rt✐r ❞❡ s✐st❡♠❛s ❞❡ ❧❛❜♦r❛t♦r✐♦ ♦ ②❛ ♣r❡❞✐s❡ñ❛❞♦s ♣❡r♠✐t❡

❝♦♥s❡❣✉✐r ✉♥ s✐st❡♠❛ ❢✉♥❝✐♦♥❛❧ r❡❞✉❝✐❡♥❞♦ ❛❧ ♠í♥✐♠♦ ❡❧ ❝♦st❡ ❡♥ ♠❛✲

t❡r✐❛❧✱ ❡q✉✐♣♦s ② r❡❝✉rs♦s✱ ② ♠✐♥✐♠✐③❛♥❞♦ ❡❧ t✐❡♠♣♦ ❞❡ ❞❡s❛rr♦❧❧♦ ❡

✐♠♣❧❡♠❡♥t❛❝✐ó♥ ② ♣✉❡st❛ ❛ ♣✉♥t♦ ❞❡❧ ♠✐s♠♦✱ ❛❞❡♠ás ❞❡ ❢❛❝✐❧✐t❛r ❡❧

❆■❱✳

✼✳ ❊st❡ ❞❡s❛rr♦❧❧♦ ♣❡r♠✐t❡✱ ❛s✐♠✐s♠♦✱ ❧❛ ♠♦❞✉❧❛r✐③❛❝✐ó♥✱ ❝♦♥ ❧♦ ❝✉❛❧

❢❛❝✐❧✐t❛ ② ❛❝❡❧❡r❛ ❡❧ ♣♦st❡r✐♦r ❞❡s❛rr♦❧❧♦✱ ❛♠♣❧✐❛❝✐ó♥ ② ♠❡❥♦r❛s ❞❡❧

✐♥str✉♠❡♥t♦✱ ✐♥❝❧✉s♦ ❞❡ ❛❞❛♣t❛❝✐♦♥❡s ❝♦♠♣❧✐❝❛❞❛s ♦ ❡s♣❡❝í✜❝❛s ❝♦✲

♠♦ ♣✉❞♦ s❡r ❡♥ ♥✉❡str♦ ❝❛s♦ ❡❧ ❛❝❝❡s♦ ❛ ●❚❈✳ ❈r❡❡♠♦s q✉❡ ❡♥tr❛



✷✷✵ ✼✳ ❈♦♥❝❧✉s✐♦♥❡s

t❛♠❜✐é♥ ❡♥ ❡st❡ ♣✉♥t♦ ❧❛ ❡①t❡♥s✐ó♥ ❛ ♥✉❡✈♦s ♣r♦t♦t✐♣♦s q✉❡ s✉r❣❡♥

❝♦♠♦ ❛♣❧✐❝❛❝✐ó♥ ✭❲✐❞❡✲❋❈ ② ❋❈❅◆❆❖▼■✮✳ ❍❡♠♦s ❞❡ ❞❡st❛❝❛r q✉❡

❢✉✐♠♦s ❡❧ ♣r✐♠❡r ✐♥str✉♠❡♥t♦ ✐♥st❛❧❛❞♦ ❡♥ ❡❧ ♠❛②♦r t❡❧❡s❝♦♣✐♦ ❞❡❧

♠✉♥❞♦✱ ●❚❈✱ ♦❜t❡♥✐❡♥❞♦ ❜✉❡♥♦s r❡s✉❧t❛❞♦s ❛❞❡♠ás✳

✽✳ ▲❛ ♠♦❞✉❧❛r✐③❛❝✐ó♥ ❞❡❧ s♦❢t✇❛r❡ t❛♠❜✐é♥ r❡s✉❧t❛ s❡r ♠✉② ❝♦♥✈❡♥✐❡♥✲

t❡ ♣❛r❛ ❡❧ ✐♥str✉♠❡♥t♦ ② ❧♦s ♥✉❡✈♦s ❞❡s❛rr♦❧❧♦s q✉❡ ♣✉❡❞❡♥ ✉s❛r❧♦✱

❝♦♠♦ ♣r♦❣r❛♠❛ ❞❡ ♣r♦❝❡s❛❞♦ ② ❝♦♠♦ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧ ❛❝t✐✈♦ ♣❛r❛

❡st❛❜✐❧✐③❛r ② ♣♦t❡♥❝✐❛r ❡❧ t❡❧❡s❝♦♣✐♦ ❡♥ r❛♥❣♦ ❡s♣❡❝tr❛❧ ② ❝❛♣❛❝✐❞❛❞❡s

❞❡ ♦❜s❡r✈❛❝✐ó♥✳

✾✳ ❊♥ ❧♦ q✉❡ s❡ r❡✜❡r❡ ❛ ❧♦s r❡s✉❧t❛❞♦s✱ ❧❛ ♣r✐♠❡r❛ ❝♦♥❝❧✉s✐ó♥ q✉❡ ❞❡❜❡✲

♠♦s ❞❡st❛❝❛r ❡s q✉❡ ❡❧ ✐♥str✉♠❡♥t♦ ② ❧❛ té❝♥✐❝❛ ♣♦s✐❜✐❧✐t❛♥ s✉♣❡r❛r

❧♦s ❧í♠✐t❡s t❡ór✐❝♦s ❞❡ ❧❛ ♦❜s❡r✈❛❝✐ó♥ ❝♦♥ s❡❡✐♥❣ ❞❡s❞❡ ✉♥ ♦❜s❡r✈❛t♦✲

r✐♦ ❡♥ t✐❡rr❛✳ ▲❛ té❝♥✐❝❛ ❡♥ sí ✐♥❝✐❞❡ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ❡♥ ❡❧ t✐❡♠♣♦

❞❡ ❝♦❤❡r❡♥❝✐❛ ❛❧ t♦♠❛r ✐♠á❣❡♥❡s ❞❡♥tr♦ ❞❡ ❡s❡ ✈❛❧♦r ② ❝♦♥ ❧❛ s❡❧❡❝❝✐ó♥

❞❡ ❧❛s ♠❡❥♦r❡s ✐♠á❣❡♥❡s s✉♣❡r❛ ❡❧ ❧í♠✐t❡ ❞❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ❝♦❤❡r❡♥❝✐❛✳

❙❛❜❡♠♦s q✉❡ ❤❛② ✉♥❛ ❞❡❣r❛❞❛❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡ ❝❡♥tr♦ ❛ ❜♦r❞❡

❞❡❧ ❝❛♠♣♦ ♣❡r♦✱ ❛✉♥ ❛sí✱ ❧❛ s✉♠❛ ❞❡ ❧❛s ✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s ✉♥❛

✈❡③ r❡❝❡♥tr❛❞❛s✱ ❛ ♣❛rt✐r ❞❡ ❛❧❣✉♥❛ ❞❡♥tr♦ ❞❡❧ ❝❛♠♣♦ ❞❡ ✈✐s✐ó♥✱ ♣❡r✲

♠✐t❡ s✉♣❡r❛r ❡❧ ❝❛♠♣♦ ❝♦rr❡❣✐❞♦ ♠ás ❛❧❧á ❞❡ ❧❛ ❧✐♠✐t❛❝✐ó♥ ❞❡❧ á♥❣✉❧♦

✐s♦♣❧❛♥át✐❝♦✳ ❙✐ s❡ ❝♦♥s✐❣✉❡ ❛❞❛♣t❛r ❡❧ ❛❧❣♦r✐t♠♦ ❞❡ ♣r♦❝❡s❛❞♦ ❛ ✉♥

❛❥✉st❡ ③♦♥❛❧✱ ❡❧ ❝❛♠♣♦ ❝♦rr❡❣✐❞♦ ♣♦❞rá s❡r ♠✉② s✉♣❡r✐♦r t❛♥t♦ ❡♥

t❛♠❛ñ♦ ❝♦♠♦ ❡♥ ❝❛❧✐❞❛❞✳

✶✵✳ ▲❛ ❝♦♥s❡❝✉❡♥❝✐❛ ❛♥t❡r✐♦r ♥♦s ♣❡r♠✐t❡ t❛♠❜✐é♥ ✐♥❢❡r✐r q✉❡ ❡❧ s✐st❡♠❛

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

ñ♦ ✐♥t❡r♠❡❞✐♦✱ ❞❡ ❧♦s q✉❡ ❤❛② ♠✉❝❤♦s ②✱ ♣♦r t❛♥t♦✱ ♠✉② ❛♣r♦✈❡❝❤❛✲

❜❧❡s ♣❛r❛ tr❛❜❛❥♦s ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥✳ ❆❞❡♠ás✱ ❤❡♠♦s ❝♦♠♣r♦❜❛❞♦

q✉❡ ♥♦ t❡♥❡♠♦s ❧♦s ❧í♠✐t❡s ❞❡ ♦tr❛s té❝♥✐❝❛s ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥ ❝♦♠♦

❧❛ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ❝♦♥ ❡❧ ♠í♥✐♠♦ ❋❲❍▼ ② ❡❧ ❧í♠✐t❡ ❞❡❧ á♥❣✉❧♦

✐s♦♣❧❛♥át✐❝♦✳ ▲❛ ❢✉t✉r❛ ❡✈♦❧✉❝✐ó♥ ❞❡ ❧♦s ✐♥str✉♠❡♥t♦s ❛♣❧✐❝❛♥❞♦ ❡st❛

té❝♥✐❝❛ ❤❛ ❞❡ ❡♥❝❛♠✐♥❛rs❡ ❤❛❝✐❛ ♠❛②♦r❡s ❞❡t❡❝t♦r❡s ② ♠❛②♦r❡s t❡❧❡s✲

❝♦♣✐♦s✱ ❛ ✐♥str✉♠❡♥t♦s ♠ás ❝♦♠♣❧❡❥♦s ② ❛ ❝♦♥s❡❣✉✐r ✉♥ ♣r♦❝❡s❛❞♦ q✉❡

♠❡❥♦r❡ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❢♦t♦♠étr✐❝❛s ❞❡ ❡st❡ t✐♣♦ ❞❡ ♦❜s❡r✈❛❝✐♦♥❡s✳

✶✶✳ ❊❧ ❛❝❝❡s♦ ❛❧ t❡❧❡s❝♦♣✐♦ ◆❖❚✱ ❝♦♥ 2′5♠✱ ❡q✉✐✈❛❧❡♥t❡ ❛❧ t❡❧❡s❝♦♣✐♦ ❡s✲

♣❛❝✐❛❧✱ ♥♦s ❤❛ ❞❡♠♦str❛❞♦ q✉❡ ❧❛ té❝♥✐❝❛ ② ❡❧ ✐♥str✉♠❡♥t♦ ❧♦ ❤❛❝❡♥

✉♥ s✐st❡♠❛ ❝♦♠♣❡t✐t✐✈♦ ❝♦♥ ❍❙❚ ❞❛❞♦ q✉❡✱ ❛✉♥q✉❡ ♥♦ ❣❛♥❛♠♦s ❡♥



✼✳✶✳ ❈♦♥❝❧✉s✐♦♥❡s ② ♣❡rs♣❡❝t✐✈❛s ✷✷✶

t✐❡♠♣♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥✱ sí ❡s t✐❡♠♣♦ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ♠✉❝❤♦ ♠ás ❜❛✲

r❛t♦ ② ❛❝❝❡s✐❜❧❡✳ P♦❞❡♠♦s ♦❜t❡♥❡r ✐♠❛❣❡♥ ❛❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✱

❛♣❛r❡♥t❡♠❡♥t❡✱ ❤❛st❛ ❧❛ ♠✐s♠❛ ♣r♦❢✉♥❞✐❞❛❞ q✉❡ ❡❧ ❍✉❜❜❧❡✳

✶✷✳ ❚❛♠❜✐é♥✱ ❤❡♠♦s ❝♦♠♣r♦❜❛❞♦ q✉❡ ♥✉❡str❛ té❝♥✐❝❛ ❡s ❡❧ ❢✉t✉r♦ ❞❡ ❧❛

❞❡t❡❝❝✐ó♥ ❛str♦♥ó♠✐❝❛✱ ❛❧ ♠❡♥♦s ❞❡s❞❡ t✐❡rr❛✳ ➱st❛ s❡ ❤❛rá ❝♦♥ ♣r♦❝❡✲

s❛❞♦ ❞❡ ✐♠á❣❡♥❡s s♦❜r❡♠✉❡str❡❛♥❞♦ ❧❛s ♣❡rt✉r❜❛❝✐♦♥❡s ❛t♠♦s❢ér✐❝❛s

② ♦♣t✐♠✐③❛♥❞♦ ❡❧ r❡❝❡♥tr❛❞♦ ② s✉♠❛ ❞❡ ✐♠á❣❡♥❡s ❛❢♦rt✉♥❛❞❛s✳ ▼❡❥♦✲

r❡s ❞❡t❡❝t♦r❡s✱ ♠❛②♦r❡s ✈❡❧♦❝✐❞❛❞❡s ❞❡ ❧❡❝t✉r❛✱ ♠❛②♦r ❛♠♣❧✐✜❝❛❝✐ó♥✱

♠❡♥♦r r✉✐❞♦✱ r❛♥❣♦s ❞✐♥á♠✐❝♦s ♠❛②♦r❡s ② ♣♦s✐❜❧❡♠❡♥t❡ ✈❛r✐❛❜❧❡s✱

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

t✐✈❛s ♣♦r ♣í①❡❧❡s ♦ ✈❡♥t❛♥❛s✱ ❡t❝✳

✶✸✳ ❊❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ ♣r♦②❡❝t♦ ❤❛ ❝✉♠♣❧✐❞♦ s♦❜r❛❞❛♠❡♥t❡ ❧♦s ♦❜❥❡t✐✈♦s

❜✉s❝❛❞♦s✱ ❣❡♥❡r❛♥❞♦ ❛❞❡♠ás ✉♥ ❞❡s❛rr♦❧❧♦ ❡①tr❛ ❞❡ ♦tr❛ ✐♥str✉♠❡♥✲

t❛❝✐ó♥ ② ❞❡ ♦tr♦s ✐♥str✉♠❡♥t♦s✳ ❍❛ ♣♦s✐❜✐❧✐t❛❞♦ t❛♠❜✐é♥ ❧❛ ❛♣❧✐❝❛❝✐ó♥

❞❡ ❧❛ té❝♥✐❝❛ ② ❡❧ ✐♥str✉♠❡♥t♦ ♣❛r❛ ❞❡s❛rr♦❧❧❛r ♥✉♠❡r♦s♦s tr❛❜❛❥♦s

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

❧í♥❡❛s✱ ❝♦♠♦ ❤❡♠♦s ✈✐st♦ r❡♣❛s❛♥❞♦ ❧❛s ♣r♦♣✉❡st❛s ❞❡ ♦❜s❡r✈❛❝✐♦♥❡s✳

✶✹✳ ❆❞❡♠ás✱ ❤❛ r❡s✉❧t❛❞♦ ❡♥ ✉♥ ❝♦♥❥✉♥t♦ ❞❡ ✐❞❡❛s ❞❡ ❛♣❧✐❝❛❝✐ó♥ ❛ ♦tr♦s

❝❛♠♣♦s ✐♥str✉♠❡♥t❛❧❡s q✉❡ s❡ ♣✉❡❞❡♥ ❜❡♥❡✜❝✐❛r ❞❡ ❡st❡ tr❛❜❛❥♦✳

✶✺✳ ❋✐♥❛❧♠❡♥t❡✱ ♣♦❞❡♠♦s ❡st❛r ♦r❣✉❧❧♦s♦s ❞❡❧ tr❛❜❛❥♦ r❡❛❧✐③❛❞♦ ❛❧ ❤❛❜❡r

❡①♣r✐♠✐❞♦ ❡❧ t✐❡♠♣♦✱ ❧♦s r❡❝✉rs♦s ② ❡❧ ❡q✉✐♣❛♠✐❡♥t♦ ♣❛r❛ ♣r♦❞✉❝✐r

② ❡♥tr❡❣❛r ❛ ❧❛ ❝♦♠✉♥✐❞❛❞ ❛str♦♥ó♠✐❝❛ ❡ ✐♥str✉♠❡♥t❛❧ ✉♥ s✐st❡♠❛

q✉❡ ♣❡r♠✐t❡ ✐❞❡♥t✐✜❝❛rs❡ ❝♦♥ ❧❛ ♠á①✐♠❛ ❞❡ ■✰❉✰✐ ② q✉❡ ❛ú♥❛ ❧❛

✐♥❣❡♥✐❡rí❛ ó♣t✐❝❛✱ ✐♥str✉♠❡♥t❛❧ ② ❧❛ ❋ís✐❝❛ ❆♣❧✐❝❛❞❛ ② ❧❛ ❆str♦❢ís✐❝❛✳

✼✳✶✳✶✳ ▲♦❣r♦s

❉❡ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s✱ ❞❡st❛❝❛♠♦s ❧♦s s✐❣✉✐❡♥t❡s✿

❍❡♠♦s ❞✐s❡ñ❛❞♦ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ t❡❧❡❝é♥tr✐❝♦ ❞❡ ❛❧t❛ t♦❧❡r❛♥❝✐❛

❞✐♠❡♥s✐♦♥❛❧ q✉❡ ♠❡❥♦r❛ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ó♣t✐❝❛s ❞❡ ❚❈❙ ② ♣❡r♠✐✲

t❡ ❛❝♦♣❧❛rs❡ ❛ ❞✐st✐♥t♦s ❢♦❝♦s ❡♥ ♦tr♦s t❡❧❡s❝♦♣✐♦s ♠❛♥t❡♥✐❡♥❞♦ s✉s

❝❛♣❛❝✐❞❛❞❡s ② s✐♥ ❧✐♠✐t❛r ❧❛ r❡s♦❧✉❝✐ó♥ ❞❡ ♥✐♥❣✉♥♦ ❞❡ ❡❧❧♦s✳

❍❡♠♦s ❞✐s❡ñ❛❞♦ ✉♥ s✐st❡♠❛ ♦♣t♦✲♠❡❝á♥✐❝♦ ❡st❛❜❧❡ ❝❛♣❛③ ❞❡ ❛❞❡❝✉❛r✲

s❡ ❛ ❧♦s ❝✐♥❝♦ ♣❧❛♥♦s ❢♦❝❛❧❡s ❡♥ q✉❡ ❢✉❡ ✉t✐❧✐③❛❞♦✳

❍❡♠♦s ❛❧❝❛♥③❛❞♦ ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❡♥ ❜❛♥❞❛ ■ ❡♥ ❡❧ t❡❧s❝♦♣✐♦

❞❡ 1′5♠✱ ❚❈❙✱ ② ❡♥ ❜❛♥❞❛s ❘ ❡ ■ ❡♥ ◆❖❚✱ ❞❡ 2′5♠✳



✷✷✷ ✼✳ ❈♦♥❝❧✉s✐♦♥❡s

❍❡♠♦s ♦❜t❡♥✐❞♦ ❧❛s ✐♠á❣❡♥❡s ❞❡ ♠❡❥♦r r❡s♦❧✉❝✐ó♥ ❥❛♠ás ❝♦♥s❡❣✉✐❞❛s

❤❛st❛ ❧❛ ❢❡❝❤❛ ❝♦♥ ❧♦s ❝✉❛tr♦ t❡❧❡s❝♦♣✐♦s ❡♥ q✉❡ ❢✉❡ ♣r♦❜❛❞♦ ❋❛st❈❛♠✿

❚❈❙✱ ◆❖❚✱ ❲❍❚ ② ●❚❈✳ ❊♥ ❡❧ ❲❍❚ ❧♦❣r❛♠♦s ❧❛ ♠❡❥♦r ✐♠❛❣❡♥

♥✉♥❝❛ t♦♠❛❞❛ ❞❡s❞❡ ❧❛s ■s❧❛s ❈❛♥❛r✐❛s✳

❈♦♥s❡❣✉✐♠♦s ✐❣✉❛❧❛r ❡♥ r❡s♦❧✉❝✐ó♥ ② ♣r♦❢✉♥❞✐❞❛❞ ❛❧ t❡❧❡s❝♦♣✐♦ ❡s♣❛✲

❝✐❛❧ ❡♥ ❡❧ ❡st✉❞✐♦ ❞❡❧ ❝ú♠✉❧♦ ❣❧♦❜✉❧❛r ▼✶✺✳

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

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

❆♣♦rt❛♠♦s ❞❛t♦s ✈✐s✉❛❧❡s ♣❛r❛ ❝♦♥❝r❡t❛r ❧♦s ♣❛rá♠❡tr♦s ♦r❜✐t❛❧❡s ❞❡

❛❧ ♠❡♥♦s ✉♥ s✐st❡♠❛ ❜✐♥❛r✐♦✳

❙❡ ❤❛ ❧❧❡✈❛❞♦ ❛ ❝❛❜♦ ✉♥ tr❛❜❛❥♦ ❞❡ ❉✐♣❧♦♠❛t✉r❛ ❞❡ ❊st✉❞✐♦s ❆✈❛♥✲

③❛❞♦s q✉❡ ❤❛ ✐♠♣❧✐❝❛❞♦ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❧♦s ♣r♦❝❡s♦s ❞❡ r❡❞✉❝❝✐ó♥ ❞❡

❞❛t♦s ② ❤❛ s✐❞♦ ❢✉❡♥t❡ ❞❡ ♠✉❝❤❛s ❞❡ ❧❛s ✐♠á❣❡♥❡s ② ❞❛t♦s ❝✐❡♥tí✜❝♦s

q✉❡ ❤❡♠♦s r❡✈✐s❛❞♦✳ ❆❞❡♠ás✱ ❡stá ♣❡r♠✐t✐❡♥❞♦ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✈❛✲

r✐♦s tr❛❜❛❥♦s ❞❡ t❡s✐s ❜❛s❛❞♦s ❡♥ ❡st✉❞✐♦s ② ♦❜s❡r✈❛❝✐♦♥❡s r❡❛❧✐③❛❞❛s

❝♦♥ ❋❛st❈❛♠✳

❈♦♥s❡❝✉❡♥t❡♠❡♥t❡✱ ❤✉❜♦ ♠ás ❞❡s❛rr♦❧❧♦s ❞❡ ✐♥str✉♠❡♥t❛❝✐ó♥✱ ♣❛r❛❧❡❧♦s ❛ ❧♦s ❛♥t❡✲

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

❞❡ ✐♠♣♦rt❛♥t❡s ❡♥ s✉ ❛♣♦rt❛❝✐ó♥ ❛❧ ❛♣r❡♥❞✐③❛❥❡ ② ❝♦♠♦ ❞❡s❛rr♦❧❧♦ ❞❡❧ ✐♥str✉♠❡♥t♦✳

❙❡ ❛♥❡①❛♥ ❧♦s s✐❣✉✐❡♥t❡s r❡s✉❧t❛❞♦s ❛❞②❛❝❡♥t❡s✿

❙❡ ❞❡s❛rr♦❧❧❛ ✉♥ s♦❢t✇❛r❡ ❞❡ ♣r♦❝❡s❛❞♦ rá♣✐❞♦✱ ♣♦t❡♥t❡ ② ❝♦♥ ❝❛♣❛✲

❝✐❞❛❞❡s ♣r♦❢❡s✐♦♥❛❧❡s q✉❡ ♥♦ ❤❛♥ ♠♦str❛❞♦ ❧♦s ❞❡s❛rr♦❧❧♦s ♣r❡✈✐♦s ②✱

q✉❡ s❡♣❛♠♦s✱ ♥✐♥❣✉♥♦ ♣♦st❡r✐♦r✳

❙❡ ✐♠♣❧❡♠❡♥t❛ ✉♥ s✐st❡♠❛ ❞❡ ♣r❡✈✐s✉❛❧✐③❛❝✐ó♥ ❡♥ t✐❡♠♣♦ r❡❛❧ ✉t✐❧✐✲

③❛♥❞♦ ✉♥ s✐st❡♠❛ ❞❡ ❋P●❆ ❝♦♠♦ ♠✉❧t✐♣❧❡①♦r✳

❙❡ ❞❡s❛rr♦❧❧❛ ✉♥ s✐st❡♠❛ ❞❡ ❝♦♠♣❡♥s❛❝✐ó♥ ❝r♦♠át✐❝❛ ❛t♠♦s❢ér✐❝❛ ❧✐✲

♥❡❛❧ ❞❡ ♣r✐s♠❛s ✭❆❉❈✮✳

✼✳✶✳✷✳ ❋✉t✉r♦

❆ ❧♦ ❧❛r❣♦ ❞❡❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ tr❛❜❛❥♦ ❤❡♠♦s s✐❡♠♣r❡ t❡♥✐❞♦ ♠✉② ♣r❡s❡♥t❡s ❧❛s ♣♦✲

s✐❜✐❧✐❞❛❞❡s ❞❡ ❢✉t✉r♦ ❞❡❧ ✐♥str✉♠❡♥t♦ ② ❞❡ s✉s ❝❛♣❛❝✐❞❛❞❡s ② ♣r❡st❛❝✐♦♥❡s✳ ❊♥ t♦❞♦

♠♦♠❡♥t♦ ❤❡♠♦s s❛❜✐❞♦ q✉❡ ❡❧ ✐♥str✉♠❡♥t♦ ❡s ♠❡❥♦r❛❜❧❡ ② q✉❡ t✐❡♥❡ q✉❡ ❝r❡❝❡r✳ ❚❛♠✲

❜✐é♥ ❤❡♠♦s q✉❡r✐❞♦ s✐❡♠♣r❡ ♠❛♥t❡♥❡r ❡❧ s❡❧❧♦ ✓♠❛r❝❛ ❞❡ ❧❛ ❝❛s❛✔ ♣❛r❛ ❞❡♥♦t❛r ❧❛



✼✳✶✳ ❈♦♥❝❧✉s✐♦♥❡s ② ♣❡rs♣❡❝t✐✈❛s ✷✷✸

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

❉❡ ✐❣✉❛❧ ♠❛♥❡r❛✱ ❤❡♠♦s ❝♦♠❡♥t❛❞♦ ❛ ❧♦ ❧❛r❣♦ ❞❡ ❧❛ t❡s✐s ❞✐st✐♥t❛s ✐❞❡❛s s♦❜r❡ ❧❛s ♣♦s✐✲

❜✐❧✐❞❛❞❡s ❞❡ ❡✈♦❧✉❝✐ó♥ ❞❡❧ ♣r♦②❡❝t♦ ② ❧❛s q✉❡ ②❛ ❡stá♥ ❡♥ ♠❛r❝❤❛✿ ❆❖▲■✱ ❈♦r♦♥ó❣r❛❢♦✱

P❧❛♥❡t❈❛♠✱ ❲❋❈✳ ❨✱ ♣♦r s✉♣✉❡st♦✱ ❧❛s ✐❞❡❛s q✉❡ ❞❡♠✉❡str❛♥ t♦❞♦ ❧♦ q✉❡ t♦❞❛✈í❛

❡stá ♣♦r ❤❛❝❡r ② q✉❡✱ ❡♥ ✈❡r❞❛❞✱ s❡ ♣✉❡❞❡ ❤❛❝❡r✳ ❆ ♠♦❞♦ ❞❡ r❡s✉♠❡♥✱ ♣♦❞❡♠♦s ❝✐t❛r

❧❛s ♠❛s r❡❧❡✈❛♥t❡s✿

▲❛ ❡✈♦❧✉❝✐ó♥ ❞❡ ❧♦s ❞❡t❡❝t♦r❡s ❛ s❈▼❖❙✱ ❝♦♥ ♠❛②♦r r❡s♦❧✉❝✐ó♥✱ ♠❛✲

②♦r t❛♠❛ñ♦✱ ♠❡♥♦r r✉✐❞♦✱ ♠ás ❝❛♣❛❝✐❞❛❞❡s ③♦♥❛❧❡s✳

▲❛ ❛❞❛♣t❛❝✐ó♥ ❛ s✐st❡♠❛s ♠✉❧t✐♣✉♣✐❧❛ ♣❛r❛ t❡❧❡s❝♦♣✐♦s ❞❡ ❣r❛♥ ❞✐á✲

♠❡tr♦✳

▲❛ ✐♥❝♦r♣♦r❛❝✐ó♥ ❞❡ ❞❡t❡❝t♦r❡s ■❘✳

▲❛ ♠❡❥♦r❛ ② ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ ❝♦♥tr♦❧ ❞❡ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❢♦t♦♠étr✐❝❛s✳

▲❛ ♠❡❥♦r❛ ❡ ✐♥❝♦r♣♦r❛❝✐ó♥ ❞❡ ❝❛♣❛❝✐❞❛❞❡s ③♦♥❛❧❡s ❛❧ ♣r♦❣r❛♠❛ ❞❡

♣r♦❝❡s❛❞♦✱ ❛❞❡♠ás ❞❡ ❝❛♣❛❝✐❞❛❞❡s ❞❡ ♣r♦❝❡s❛r ❞❡ ♠♦❞♦ ó♣t✐♠♦ ✐♠❛✲

❣❡♥ ❡①t❡♥s❛✳

▲❛ ✐♥❝♦r♣♦r❛❝✐ó♥ ❞❡ ✉♥ ♠ó❞✉❧♦ ❞❡ ❝♦♥tr♦❧ ♣❛r❛ q✉❡ ❡❧ s✐st❡♠❛ ❞❡

▲✉❝❦② ■♠❛❣✐♥❣ ❛❝tú❡ ❝♦♠♦ s❡r✈♦ ♦ ❧❛③♦ ♣❛r❛ ♦tr♦s ✐♥str✉♠❡♥t♦s

❞❡♥tr♦ ❞❡ ✉♥❛ ❈❛❥❛ ❞❡ ❆❞q✉✐s✐❝✐ó♥ ② ●✉✐❛❞♦✿ ❚✐♣❚✐❧t✱ ❈♦rr❡❧❛❞♦r✱

●✉✐❛❞♦✱ ❊s♣❡❝tró❣r❛❢♦✱ ❡t❝✳

▲❛ ✐♥❝♦r♣♦r❛❝✐ó♥ ❝♦♠♦ ❞❡t❡❝t♦r ② ♣r♦❝❡s❛❞♦ s✉♣❧❡♥t❡ ❡♥ ♦tr♦s ✐♥s✲

tr✉♠❡♥t♦s✳

❆❞❛♣t❛❝✐ó♥ ❛ ♦tr♦s ❝❛♠♣♦s ❝♦♠♦ ❖❢t❛❧♠♦❧♦❣í❛✱ ❋♦t♦❣r❛❢í❛ ② ❱í❞❡♦✱

❈♦♥tr♦❧ ❞❡ ❝❛❧✐❞❛❞ ② ❙❡❣✉r✐❞❛❞✳



✷✷✹ ✼✳ ❈♦♥❝❧✉s✐♦♥❡s



❆♥❡①♦s

✷✷✺





❆♣é♥❞✐❝❡ ❆

❈♦rr❡❝t♦r ❞❡ ❉✐s♣❡rs✐ó♥

❆t♠♦s❢ér✐❝❛✿ ❆❉❈

❊♥ ❡❧ ❢♦♥❞♦✱ ❧♦s ❝✐❡♥tí✜❝♦s s♦♠♦s ❣❡♥t❡ ❝♦♥

s✉❡rt❡✿ ♣♦❞❡♠♦s ❥✉❣❛r ❛ ❧♦ q✉❡ q✉❡r❛♠♦s ❞✉r❛♥t❡

t♦❞❛ ❧❛ ✈✐❞❛✳

▲❡❡ ❙♠♦❧✐♥

✷✷✼





■✳❛✳ ❉✐s♣❡rs✐ó♥ ❈r♦♠át✐❝❛ ❆t♠♦s❢ér✐❝❛ ✷✷✾

❊
♥ ❧♦s ❞✐s❡ñ♦s ② ❞❡s❛rr♦❧❧♦s ❞❡ s✐st❡♠❛s ó♣t✐❝♦s ❡ ✐♥str✉♠❡♥t♦s ♣❛r❛ ❆str♦❢ís✐❝❛

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

❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ ❛t♠♦s❢ér✐❝❛ ✭❉❈❆✮✳ ❙✐❡♠♣r❡ ❤❛❜í❛ tr❛❜❛❥❛❞♦ ❜❛❥♦ ❧♦s ❝r✐t❡r✐♦s

❞❡ ✉♥❛ ♠❛♥❝❤❛ ❣❛✉ss✐❛♥❛ ❞❡ ❞♦s ♦ tr❡s ♣í①❡❧❡s ❞❡ ❛♥❝❤✉r❛ ❛ ♠✐t❛❞ ❞❡ ❛❧t✉r❛ ✭❋❲❍▼✮✱

② ♣❛r❛ ❡s♦ ❝♦♥s✐❞❡r❛♥❞♦ ❝♦♠♦ ♠✉❝❤♦ 0′5
′′ ❡♥ ❡s❡ ❛♥❝❤♦✳ ▲❛ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ ❡♥ ❡❧

r❛♥❣♦ ❛③✉❧ ❡s ❞❡ 0′5 ❛r❝s❡❝ ❛ ✹✺ ❣r❛❞♦s ❞❡❧ ③❡♥✐t ♦ ❞❡ ❡❧❡✈❛❝✐ó♥✱ ♣❡r♦✱ ❛ ❡s❛ ❛❧t✉r❛✱ ❧❛

❝❛❧✐❞❛❞ ❞❡ ❧❛ ❛t♠ós❢❡r❛ ♥✉♥❝❛ ❧❛ s✉♣♦♥❡♠♦s ♠❡❥♦r ❞❡ 1 ♦ 2 ❛r❝s❡❝✱ ② ✈❛ ❛ ♣❡♦r ❝✉❛♥t♦

♠ás ❜❛❥♦ ❛♣✉♥t❛♠♦s ❡❧ t❡❧❡s❝♦♣✐♦✳ P♦r t❛♥t♦✱ ❡st❡ ♥✉♥❝❛ ❡r❛ ✉♥ ❢❛❝t♦r ❛ ❝♦♥s✐❞❡r❛r✳

■✳❛✳ ❉✐s♣❡rs✐ó♥ ❈r♦♠át✐❝❛ ❆t♠♦s❢ér✐❝❛

▲❛ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ ❛t♠♦s❢ér✐❝❛ s❡ ♣r♦❞✉❝❡ ❡♥ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ③❡♥✐t ❛ ❤♦r✐✲

③♦♥t❡ ② s✉ ✈❛❧♦r ❛✉♠❡♥t❛ ❝♦♥ ❡❧ á♥❣✉❧♦ ❞❡ ❞✐st❛♥❝✐❛ ③❡♥✐t❛❧ ❞❡❜✐❞♦ ❛ ❧❛ r❡❢r❛❝❝✐ó♥

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

❆❧ ❡♠♣❡③❛r ❛ tr❛❜❛❥❛r ❝♦♥ s✐st❡♠❛s ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ② ❛❧t❛ r❡s♦❧✉❝✐ó♥

❡s♣❛❝✐❛❧ ❝♦♠❡♥③á❜❛♠♦s ❛ ❤❛❜❧❛r ❞❡ ❧♦ ♣r❡♦❝✉♣❛♥t❡ q✉❡ ♣♦❞rí❛ s❡r ② ❤❛st❛ q✉é

♣✉♥t♦ ♥♦s ❛❢❡❝t❛rí❛ ❡st❡ ❡❢❡❝t♦✳ ❈♦♠♦ ❧♦s s✐st❡♠❛s ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ❤❛st❛ ❤❛❝❡

♠✉② ♣♦❝♦ só❧♦ ❧♦s ✉t✐❧✐③á❜❛♠♦s ❡♥ ❜❛♥❞❛s ◆■❘ ♦ ❙❲■❘✱ ♦ ❝♦♠♦ ♠✉❝❤♦ ❡♥ ✜❧tr♦ ❘

✭DCA∼ 0′2 ❛r❝s❡❝❅45◦✮✱ t❛♠♣♦❝♦ s✉♣♦♥í❛♥ ✉♥ ❝r✐t❡r✐♦ ❛ t❡♥❡r ♠✉② ❡♥ ❝✉❡♥t❛✳ ❙✐♥

❡♠❜❛r❣♦ ❝✉❛♥❞♦ ❡♠♣❡③❛♠♦s ❛ tr❛❜❛❥❛r ❝♦♥ ❋❛st❈❛♠✱ ②❛ ❡♥ ❚❈❙✱ ✈✐♠♦s q✉❡✱ ♣❛r❛

❜❛♥❞❛ ■ ✭0′75− 0′95µ♠✮✱ ❛ ♣❛rt✐r ❞❡ ❧♦s ✷✺ ♦ 30◦ ❧♦s 50♠❛s ❞❡ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛

❡♥ ❡st❛ ❜❛♥❞❛ ❡♠♣❡③❛❜❛♥ ❛ ❤❛❝❡rs❡ ♥♦t❛r✳ P❡♥s❛♥❞♦ ❡♥ ❧♦s t❡❧❡s❝♦♣✐♦s ♠❛②♦r❡s ②

❡♥ ♥♦ ❧✐♠✐t❛r♥♦s ❛ ❡s❛ ♣♦r❝✐ó♥ ❞❡ ❝✐❡❧♦✱ ❞♦♥❞❡ ❧❛ ❉❈❆ ❡stá ♣♦r ❞❡❜❛❥♦ ❞❡❧ ❧í♠✐t❡ ❞❡

❞✐❢r❛❝❝✐ó♥ ❞❡ ❧♦s t❡❧❡s❝♦♣✐♦s✱ ♥♦s ♣❧❛♥t❡❛♠♦s ❡❧ ❞✐s❡ñ♦ ❞❡ ✉♥ ❝♦rr❡❝t♦r ❞❡ ❞✐s♣❡rs✐ó♥

❛t♠♦s❢ér✐❝❛ ✭❆❉❈✮✳

■✳❛✳✶✳ ❊✈❛❧✉❛❝✐ó♥

▲❛ ❞✐s♣❡rs✐ó♥ ❛t♠♦s❢ér✐❝❛ ❡s ✉♥ ❡❢❡❝t♦ ❞❡ s❡❣✉♥❞♦ ♦r❞❡♥ ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ❧❛

✈❛r✐❛❝✐ó♥ ❞❡ ❧❛ r❡❢r❛❝❝✐ó♥ ❝♦♠♦ ✉♥❛ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✳ ❉❡♣❡♥❞❡ ❞❡

❞✐❢❡r❡♥t❡s ♣❛rá♠❡tr♦s✿ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✱ ❞✐st❛♥❝✐❛ ③❡♥✐t❛❧✱ ❝♦♦r❞❡♥❛❞❛s✱ t❡♠♣❡r❛t✉r❛✱

♣r❡s✐ó♥ ② t✐❡♠♣♦✳

❚❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ t♦❞❛s ❡st❛s ✈❛r✐❛❜❧❡s✱ ❧❛ ❞✐s♣❡rs✐ó♥✱ ❡♥ ❛r❝♦ s❡❣✉♥❞♦s✱ ♣❛r❛

❞♦s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛ ❡stá ❞❛❞❛ ♣♦r ❧❛ ❡❝✉❛❝✐ó♥ ❆✳✶✿

δ (λf , λi) ≈ 3600
180

π
· (n (λf )− n (λi)) · t❛♥z , ✭❆✳✶✮



✷✸✵ ❆♣é♥❞✐❝❡ ❆✳ ❈♦rr❡❝t♦r ❞❡ ❉✐s♣❡rs✐ó♥ ❆t♠♦s❢ér✐❝❛✿ ❆❉❈

❞♦♥❞❡ ❡❧ ✐♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥ ❡s ✉♥❛ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✱ ♣r❡s✐ó♥ ② t❡♠✲

♣❡r❛t✉r❛✿

n(λ)− 1 =
[
64, 328 + 29498,1

146−(1/λ)2
+ 255,4

41−(1/λ)2

]
· 10−6 · P ·[1+(1,049−0,0157·T )·10−6·P ]

720,883·(1+0,003661·T )

✭❆✳✷✮

❋✐♥❛❧♠❡♥t❡✱ ❧❛ ❞✐s♣❡rs✐ó♥ ❛t♠♦s❢ér✐❝❛ ♣✉❡❞❡ ❝❛❧❝✉❧❛rs❡ ✉s❛♥❞♦ ❧❛ s✐❣✉✐❡♥t❡ ❡q✉❛✲

❝✐ó♥ ❆✳✸✿

δ = 3600180
π

[[
64′328 +

29498′1

146−(1/λf)
2 +

255′4

41−(1/λf)
2

]
10−6 · P ·[1+(1′049−0′0157·T)·10−6·P ]

720′883·(1+0′003661·T)
+ 1

]
−

[[
64′328 +

29498′1

146−(1/λi)
2 +

255′4

41−(1/λi)
2

]
10−6 · P ·[1+(1′049−0′0157·T)·10−6·P ]

720′883·(1+0′003661·T)
+ 1

]
· t❛♥z

✭❆✳✸✮

■✳❜✳ ❆❉❈

❈♦♠♦ ❝❛s✐ t♦❞♦ ❡♥ ❡st❡ ♣r♦②❡❝t♦✱ ❤❛❜í❛ q✉❡ t❡♥❡r ✉♥ ❆❉❈ ❝✉❛♥t♦ ❛♥t❡s ② ❛

♠í♥✐♠♦ ❝♦st❡✳ ❍❛st❛ ❞♦♥❞❡ ②♦ ❡♥t✐❡♥❞♦✱ ❧♦s ❝♦rr❡❝t♦r❡s ❛❝r♦♠át✐❝♦s q✉❡ s❡ ✐♥s❡rt❛♥

❡♥ ❧♦s s✐st❡♠❛s ó♣t✐❝♦s ❛❝t✉❛♥❞♦ ❝♦♥ ❡❧ ❞♦❜❧❡ ❡❢❡❝t♦ ❞❡ ❧❡♥t❡ ② ❝♦rr❡❝t♦r ❝r♦♠át✐❝♦

❡stá♥ ♠ás ♣❡♥s❛❞♦s ♣❛r❛ ❝♦rr❡❣✐r ❧❛ ❝r♦♠át✐❝❛ ❞❡❧ ❞✐s❡ñ♦✱ ♣❡r♦ ❡stá ❝❧❛r♦ q✉❡ ❡s

♣❡r❢❡❝t❛♠❡♥t❡ ❛♣❧✐❝❛❜❧❡ ❛ ❧❛ ❞✐s♣❡rs✐ó♥ ❛t♠♦s❢ér✐❝❛✱ só❧♦ ❤❛② q✉❡ ❤❛❝❡r ❡❧ s✐st❡♠❛

❛❝t✐✈♦ ♣❛r❛ ♦r✐❡♥t❛r ❧❛ ❝♦rr❡❝❝✐ó♥ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ♦❜❥❡t♦ ♦❜s❡r✈❛❞♦✳ ◆♦

♠❡ ♣❛r❡❝í❛✱ s✐♥ ❡♠❜❛r❣♦✱ q✉❡ ❢✉❡r❛ ✉♥❛ ♦♣❝✐ó♥ ❛♣r♦♣✐❛❞❛ ♣❛r❛ ♥✉❡str♦ s✐st❡♠❛✳ ◆♦

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

❞❡❝✐s✐ó♥✳

❯♥ ❆❉❈ ❜✉❡♥♦ ❡ ✐❞❡❛❧♠❡♥t❡ ❛♣r♦♣✐❛❞♦ ♣❛r❛ ❝❛s✐ ❝✉❛❧q✉✐❡r s✐st❡♠❛ ❡s ✉♥ ❞♦❜❧❡

❜✐♣r✐s♠❛ ❞❡ ❆♠✐❝✐✳ ➱st❡ ❡stá ❢♦r♠❛❞♦ ♣♦r ❞♦s ❧á♠✐♥❛s ✐❣✉❛❧❡s ② ❝♦♥tr❛♣✉❡st❛s✱ ❝♦♥s✲

t✐t✉✐❞❛s ♣♦r ❞♦s ♣r✐s♠❛s ❞❡ ✐❣✉❛❧ á♥❣✉❧♦ ♣❡❣❛❞♦s✱ ❝❛❞❛ ♣r✐s♠❛ ❞❡ ♠❛t❡r✐❛❧ ② ❡s♣❡s♦r

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

❡❧ ❤❛③ ❝♦♥✈❡r❣❡♥t❡ ♣r❡❢♦❝♦ ② r♦t❛♥❞♦ ❧♦s ❜✐♣r✐s♠❛s s❡ ❝♦♥s✐❣✉❡ r❡❞✉❝✐r ❤❛st❛ ❛♥✉❧❛r

❧❛ ❛❜❡rr❛❝✐ó♥ ❝r♦♠át✐❝❛ ❧❛t❡r❛❧✱ s✐♠✐❧❛r ❛ ❧❛ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ ❛t♠♦s❢ér✐❝❛✳ ➱st❛

❡s✱ ❝♦♠♦ ❞✐❣♦✱ ✓❧❛ ♦♣❝✐ó♥ ❣♦❧♦s❛✔✳ P❡r♦ ❡❧ ✐♥❝♦♥✈❡♥✐❡♥t❡ ❡s q✉❡ ♥❡❝❡s✐t❛ ✉♥ ❝✐❡rt♦

❡st✉❞✐♦ ♣❛r❛ ❛❞❛♣t❛r❧♦ ❛❧ ❤❛③ ❞❡ ❝❛❞❛ t❡❧❡s❝♦♣✐♦✱ ② ❡♥ ♥✉❡str♦ ❝❛s♦ ♣♦❞í❛ s✉♣♦♥❡r

♠❛t❡r✐❛❧❡s ♦ ❡s♣❡s♦r❡s ❞✐st✐♥t♦s✳ ❆❞❡♠ás✱ ❡❧ ♣r❡❝✐♦✱ ❛✉♥q✉❡ ❛s✉♠✐❜❧❡✱ ♥♦ ❡s ❜❛r❛t♦✳ ❆

♣❡s❛r ❞❡ t♦❞♦ ❡st♦✱ ❧♦ q✉❡ ♠ás ❡❝❤❛❜❛ ♣❛r❛ ❛trás ❡r❛ ❡❧ t✐❡♠♣♦ q✉❡ ♥♦s ❞❛❜❛♥ ♣❛r❛

❧❛ ❢❛❜r✐❝❛❝✐ó♥ ② ❣❛r❛♥tí❛ ❞❡ ❡q✉✐❧✐❜r❛❞♦✳



■✳❜✳ ❆❉❈ ✷✸✶

❋✐❣✉r❛ ❆✳✶✿ ❈✉r✈❛s ❞❡ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ ♣❛r❛ ❞✐❢❡r❡♥t❡s ❧♦♥❣✐t✉❞❡s ❞❡ ♦♥❞❛✳ ❊♥ ❡❧ ❡❥❡ ❳
t❡♥❡♠♦s ❧♦s ✈❛❧♦r❡s ❞❡ ❞✐st❛♥❝✐❛ ③❡♥✐t❛❧ ② ❡♥ ❨ ❡❧ t❛♠❛ñ♦ ❛♥❣✉❧❛r✳ ▲❛s r❡❢❡r❡♥❝✐❛s ❛♥❣✉❧❛r❡s
❝♦rr❡s♣♦♥❞❡♥ ❛ ❧♦s ❞✐á♠❡tr♦s ❞❡❧ ❞✐s❝♦ ❞❡ ❆✐r② ❞❡ ❝❛❞❛ t❡❧❡s❝♦♣✐♦ ❚❈❙✱ ◆❖❚✱ ❲❍❚ ② ●❚❈✳
▲❛s ❝✉r✈❛s ♥❡❣r❛s ❝♦♥ ♣✉♥t♦s ❞❡ ❝♦❧♦r❡s ❝♦rr❡s♣♦♥❞❡♥ ❛ ❧♦s ❧í♠✐t❡s ❞❡ r❡s♦❧✉❝✐ó♥ s❡❣ú♥ ❧❛
❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ♣❛r❛ ❝❛❞❛ t❡❧❡s❝♦♣✐♦✳

P♦r t❛♥t♦ ❡♠♣❡❝é ❛ ❡st✉❞✐❛r ❧❛s ♦♣❝✐♦♥❡s ♠ás ♣rá❝t✐❝❛s ② ♠ás ❛ ♠❛♥♦ q✉❡ t❡♥í❛✳

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

r❡❝t♦s ❞❡ ♣❡q✉❡ñ❛ ❝✉ñ❛ ❝♦♥tr❛✲r♦t❛♥t❡s ② ❞❡ s❡♣❛r❛❝✐ó♥✳ ❙❡❣ú♥ ♠✐ ♣r✐♠❡r❛ ✈❛❧♦r❛✲

❝✐ó♥✱ ❧♦s ♣r✐s♠❛s r♦t❛♥t❡s t❡♥í❛♥ ❡❧ ✐♥❝♦♥✈❡♥✐❡♥t❡ ❞❡ ❞❡s♣❧❛③❛r ❡❧ ❤❛③ ❧❛t❡r❛❧♠❡♥t❡

❡♥ ✉♥ ❝ír❝✉❧♦ ❝♦♥ r❛❞✐♦ ② ❞✐r❡❝❝✐ó♥ ✈❛r✐❛❜❧❡ s❡❣ú♥ ❧❛ r❡❧❛❝✐ó♥ ❞❡ ❧❛ ♦r✐❡♥t❛❝✐ó♥ ❞❡

❧❛s ✐♥❝❧✐♥❛❝✐♦♥❡s ❞❡ ❧❛s ❝✉ñ❛s✳ ❊s♦✱ q✉❡ ❞✐❝❤♦ ❛sí ♣❛r❡❝❡ ✉♥ ❧í♦✱ ❡s ✉♥ r♦❧❧♦✳ ❇r♦♠❛s

❛♣❛rt❡✱ ❛✉♥q✉❡ ❡s ✉♥❛ s♦❧✉❝✐ó♥ rá♣✐❞❛✱ ❢✉♥❝✐♦♥❛❧ ② ♥♦ ❞❡♠❛s✐❛❞♦ ❝♦♠♣❧✐❝❛❞❛ ❞❡ ✐♠✲

♣❧❡♠❡♥t❛r ♦♣t♦✲♠❡❝á♥✐❝❛♠❡♥t❡✱ ♣r❡❢❡rí❛ ♥♦ t❡♥❡r q✉❡ r❡❝✉rr✐r ❛ ❡❧❧❛✳ ▲❛ ❝♦rr❡❝❝✐ó♥

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

♣♦s✐❝✐ó♥ ♥❡✉tr❛ ✭❧á♠✐♥❛ ♣❧❛♥♦♣❛r❛❧❡❧❛✮ ❞♦♥❞❡ ♥♦ s❡ ♣r♦❞✉❝❡ ❞✐s♣❡rs✐ó♥ ❤❛st❛ ❡❧ ♣✉♥✲

t♦ ❞♦♥❞❡ s❡ ❛❧❝❛♥③❛ ❡❧ ✈❛❧♦r ❜✉s❝❛❞♦ ❞❡❧ ❞❡s♣❧❛③❛♠✐❡♥t♦ ❛③✉❧✲r♦❥♦ q✉❡ ❝♦♠♣❡♥s❡ ❡❧

✈❛❧♦r ❝♦♥tr❛r✐♦ ❞❡ ❧❛ ❛t♠ós❢❡r❛✳ ▲❛ ♦r✐❡♥t❛❝✐ó♥ ❞❡ ❧❛ ❞✐s♣❡rs✐ó♥ s❡ ❝♦♥s✐❣✉❡ r♦t❛♥❞♦

s✐♠✉❧tá♥❡❛♠❡♥t❡ ❧♦s ❞♦s ♣r✐s♠❛s ♣❛r❛ ❛❧✐♥❡❛r ❧❛ ❧í♥❡❛ ❞❡ ❝♦❧♦r ❝♦♥ ❡❧ á♥❣✉❧♦ ❤♦r❛r✐♦✳



✷✸✷ ❆♣é♥❞✐❝❡ ❆✳ ❈♦rr❡❝t♦r ❞❡ ❉✐s♣❡rs✐ó♥ ❆t♠♦s❢ér✐❝❛✿ ❆❉❈

❘❡❛❧♠❡♥t❡✱ ❧❛ ❞❡❝✐s✐ó♥ ❞❡ ✉s❛r ✉♥ ❆❉❈ ❧♦♥❣✐t✉❞✐♥❛❧ ❤❡ ❞❡ r❡❝♦♥♦❝❡r q✉❡ ❢✉❡

❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ♣rá❝t✐❝❛✳ ❈✉❡st✐ó♥ ❞❡ t✐❡♠♣♦ ② ❝♦st❡✳ ❉❡s♣✉és ✈✐♥✐❡r♦♥ ❧♦s ❡st✉❞✐♦s

② ❡❧ r❡❝♦♥♦❝✐♠✐❡♥t♦ ❞❡ s❡r ❧❛ ♠❡❥♦r ♦♣❝✐ó♥✳

❊♥ ❡❧ ♠♦♠❡♥t♦ ❞❡ ♣❧❛♥t❡❛r♥♦s ❡❧ ❆❉❈ ❛❝❛❜❛❜❛ ❞❡ r❡❝✐❜✐r ❧♦s ♣r✐s♠❛s ❞❡ ❝♦rr❡❝✲

❝✐ó♥ ❛♥❛♠ór✜❝❛ ❞❡❧ ❞♦❜❧❡ ❤❛③ ♣♦❧❛r✐♠étr✐❝♦ ♣❛r❛ ❡❧ ❡s♣❡❝tró❣r❛❢♦ ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥

❡♥ ✐♥❢r❛rr♦❥♦ ●❘■❙✱ ♣❛r❛ ❡❧ t❡❧❡s❝♦♣✐♦ s♦❧❛r ●❘❊●❖❘✳ ❊st♦s ♣r✐s♠❛s s❡ ❤❛❜í❛♥ ❡♥✲

❝❛r❣❛❞♦ ❡s♣❡❝í✜❝♦s ❝♦♥ ✉♥ t❛♠❛ñ♦ ❞❡ 25×50♠♠ ② 25◦✳ ❙❡ ❡♥❝❛r❣❛r♦♥ ✶✵ ❞❡ ❡❧❧♦s✳

❈✉❛tr♦ ♣❛r❛ ❡❧ s✐st❡♠❛ ❞❡ ❝♦rr❡❝❝✐ó♥ ❞❡ ●❘■❙✱ ♦tr♦s ♣❛r❛ ✉♥ s✐st❡♠❛ s✐♠✐❧❛r ♣❛r❛ ❡❧

♠♦♥t❛❥❡ ❞❡❧ ♣♦❧❛rí♠❡tr♦ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ❱❚❚✱ ② ❞♦s ❝♦♥s✐❞❡r❛❞♦s ❞❡ r❡♣✉❡st♦✳

❊♥ ❧❛s t❛r❡❛s ❞❡ ❞✐s❡ñ♦ ❞❡ ❧❛s ❡str✉❝t✉r❛s s♦♣♦rt❡ s❡ ♠❡ ♦❝✉rr✐ó ✉♥ ❞✐s❡ñ♦ ♣❛r❛

s✉❥❡t❛r❧♦s ② ♠♦♥t❛r❧♦s ❡♥ ✉♥ ❆❉❈ ❧✐♥❡❛❧ ♣❛r❛ ❋❛st❈❛♠✳ ▲❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ✐♥st❛❧❛r❧♦s

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

❞✐♠❡♥s✐♦♥❡s✳

✭❛✮ ❚r❛③❛❞♦ ❞❡ r❛②♦s ❛ tr❛✈és ❞❡ ❧♦s ♣r✐s♠❛s
❡♥ ♣♦s✐❝✐ó♥ ♥❡✉tr❛✳

✭❜✮ ❚r❛③❛❞♦ ❞❡ r❛②♦s ❛ tr❛✈és ❞❡ ❧♦s ♣r✐s♠❛s
❡♥ ♣♦s✐❝✐ó♥ ❞❡ ❝♦rr❡❝❝✐ó♥✳

❋✐❣✉r❛ ❆✳✷✿ ❉❡s✈✐❛❝✐♦♥❡s ❞❡❧ tr❛③❛❞♦ ❞❡ r❛②♦s ❡♥ ❡❧ ❢♦❝♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❞❡❜✐❞❛s ❛ ❧❛ ✐♥tr✉s✐ó♥
❞❡ ❧♦s ♣r✐s♠❛s ❡♥ ❡♥ ❝❛♠✐♥♦ ó♣t✐❝♦✳

Pr❡♣❛ré ❡♥t♦♥❝❡s ✉♥ ❡st✉❞✐♦ s♦❜r❡ ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ✉♥ s✐st❡♠❛ ❧✐♥❡❛❧ ❞❡

♣r✐s♠❛s ② r❡❛❧✐❝é ✉♥❛ s✐♠✉❧❛❝✐ó♥ ❝♦♥ ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ ❩❡♠❛① ♣❛r❛

✈❡r ❝✉á❧ s❡rí❛ s✉ ❝♦♠♣♦rt❛♠✐❡♥t♦ ó♣t✐❝♦✱ ❡♥ ❞✐s♣❡rs✐ó♥ ② ❛❜❡rr❛❝✐♦♥❡s ✐♥tr♦❞✉❝✐❞❛s

❛❧ s✐st❡♠❛✳ ❍❡ ❞❡ ♠❡♥❝✐♦♥❛r ❛q✉í q✉❡ ✉♥ ✈✐❞r✐♦ ♥❡✉tr♦✱ ✉♥❛ ❧á♠✐♥❛ ♣❧❛♥♦ ♣❛r❛❧❡❧❛

❡♥ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ❡♥ ❤❛③ ❝♦♥✈❡r❣❡♥t❡✱ ♣r♦❞✉❝❡ ❛❜❡rr❛❝✐ó♥ ❡s❢ér✐❝❛✱ ② ❝✉❛♥❞♦ ❧♦s

♣r✐s♠❛s s❡ s❡♣❛r❛♥ ❤❛② ✉♥❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❝❛♠✐♥♦ ❡♥tr❡ ❧♦s ❡❥❡s tr❛♥s✈❡rs❛❧ ② s❛❣✐t❛❧

q✉❡ ✐♥tr♦❞✉❝❡ ❛st✐❣♠❛t✐s♠♦✳

❊❧ r❡s✉❧t❛❞♦ ♥♦ ❡r❛ t♦❞♦ ❧♦ ó♣t✐♠♦ q✉❡ s❡ ❞❡s❡❛rí❛✳ ▲❛ ❡s❢ér✐❝❛ ❝✉❛♥❞♦ ❧♦s ♣r✐s♠❛s
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❡st❛❜❛♥ ♣❡❣❛❞♦s✱ s✐♥ ❝♦♠♣❡♥s❛❝✐ó♥ ❝r♦♠át✐❝❛✱ ❡r❛ ❛s✉♠✐❜❧❡✱ ♣❡r♦ ❛❧ s❡♣❛r❛rs❡ ❧❛s

❛❜❡rr❛❝✐♦♥❡s ❛✉♠❡♥t❛♥ ♣♦r ❡♥❝✐♠❛ ❞❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ◆♦ ♦❜st❛♥t❡✱ ❛♥❛❧✐③❛♥❞♦

❧❛ ❡❧♦♥❣❛❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥ ❡♥ ❝❛❞❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ❞❡❞✉❥❡ q✉❡ ♣♦❞í❛ ❝♦♠♣❡♥s❛r❧❛

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

② ❧❛ ♠❛♥❝❤❛ ❞❡ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ ❞❡♥tr♦ ❞❡❧ ❞✐s❝♦ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦✳ ❊♥

❡st❡ ❝❛s♦ t♦♠é ❡❧ ❲❍❚ ❝♦♠♦ ❡❥❡♠♣❧♦ ❞❡ ❝á❧❝✉❧♦✳

✭❛✮ ❉✐s♣❡rs✐ó♥ ❝r♦♠❛t✐❝❛ ❝♦♥ ❧♦s ♣r✐s♠❛s ❡♥
♣♦s✐❝✐ó♥ ♥❡✉tr❛✳

✭❜✮ ❉✐❛❣r❛♠❛s ❞❡ ♠❛♥❝❤❛s ❝♦♥ ❧❛ ❝♦rr❡❝❝✐ó♥
❞❡ ❧♦s ♣r✐s♠❛s✳

❋✐❣✉r❛ ❆✳✸✿ ❉✐❛❣r❛♠❛s ❞❡ ♠❛♥❝❤❛s ♣❛r❛ ❧❛ ❝♦rr❡❝❝✐ó♥ ❝r♦♠át✐❝❛ ❞❡ ❧❛ ❜❛♥❞❛ ■ ❛ 60◦ ❞❡
❞✐st❛♥❝✐❛ ③❡♥✐t❛❧✳ ❘❡❝♦r❞❡♠♦s q✉❡ ❧❛s ❢♦r♠❛s ❣❡♦♠étr✐❝❛s ❞❡❧ tr❛③❛❞♦ ❞❡ r❛②♦s ♥♦ ❡①✐st❡♥
❞❡♥tr♦ ❞❡❧ ❞✐s❝♦ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡ ❆✐r② q✉❡ s❡ r❡♣r❡s❡♥t❛✳

❊st♦ r❡s✉❧t❛❜❛ ❡♥ t❡♥❡r ❡♥ ❝♦♥✜❣✉r❛❝✐ó♥ ♥❡✉tr❛ ✉♥❛ ❧á♠✐♥❛ ♣❧❛♥♦♣❛r❛❧❡❧❛ ✐♥✲

❝❧✐♥❛❞❛✱ q✉❡ ❛❞❡♠ás ❞❡ ❡s❢ér✐❝❛ ✐♥tr♦❞✉❝í❛ ❛st✐❣♠❛t✐s♠♦✳ ❍❛❝✐❡♥❞♦ ✉♥ ❡st✉❞✐♦ ♠ás

❡❧❛❜♦r❛❞♦ ♣✉❞❡ ✈❡r✐✜❝❛r q✉❡ ❧❛ ❡s❢ér✐❝❛ ❡r❛ ❧✐❣❡r❛♠❡♥t❡ ♠❡♥♦r ② ❡❧ ❛st✐❣♠❛t✐s♠♦ q✉❡✲

❞❛❜❛ ❞❡♥tr♦ ❞❡❧ ❧✐♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❝✉❛♥❞♦ ❧❛ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡ ❧♦s ♣r✐s♠❛s ❡r❛ ❞❡ 17′5
◦✳

Pr♦❜❛♥❞♦ ❡❧ s✐st❡♠❛ ❡♥ ❧❛s ❞✐st✐♥t❛s ❜❛♥❞❛s ♣♦s✐❜❧❡s ❞❡ tr❛❜❛❥♦ ✭❇✱ ❱✱ ❘✱ ■✮ ✈❡r✐✜q✉é

q✉❡ ♣♦❞í❛ ❝♦♠♣❡♥s❛r ✈❛❧♦r❡s ❞❡ ❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛ ❛t♠♦s❢ér✐❝❛ ♣♦r ❡♥❝✐♠❛ ❞❡ 45◦

❡♥ t♦❞❛s ❧❛s ❜❛♥❞❛s s❡♣❛r❛♥❞♦ ❧♦s ♣r✐s♠❛s ❤❛st❛ 26♠♠✳

■✳❜✳✶✳ ●❡♦♠❡trí❛

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

❧❛ ✐♠❛❣❡♥✱ ❛sí q✉❡ s❡ ♥❡❝❡s✐t❛❜❛ ❝❛r❛❝t❡r✐③❛r ♠❛t❡♠át✐❝❛♠❡♥t❡ ❡s❡ ❡❢❡❝t♦ ② t❡♥❡r❧♦

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

♠♦❞♦ q✉❡ s✉♣✐ér❛♠♦s ❝✉á♥t♦ ❤❛❜í❛ q✉❡ ❝♦rr❡❣✐r ❡❧ ❛♣✉♥t❛❞♦ ♣❛r❛ t❡♥❡r ❝♦rr❡❣✐❞❛ ❧❛

❞✐s♣❡rs✐ó♥ ❝r♦♠át✐❝❛✳ P♦r ❡st❡ ♠♦t✐✈♦ ❞❡s❛rr♦❧❧❛♠♦s ❧❛s ❡❝✉❛❝✐♦♥❡s ❣❡♦♠étr✐❝❛s ❞❡



✷✸✹ ❆♣é♥❞✐❝❡ ❆✳ ❈♦rr❡❝t♦r ❞❡ ❉✐s♣❡rs✐ó♥ ❆t♠♦s❢ér✐❝❛✿ ❆❉❈

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

② ❝✉❛♥❞♦ s❡ ✐❜❛♥ s❡♣❛r❛♥❞♦✳

▲❛ ❡❝✉❛❝✐ó♥ ❞❡ tr❛♥s♠✐s✐ó♥ ❞❡ ✉♥ ♣r✐s♠❛ ✈✐❡♥❡ ❞❛❞❛ ♣♦r✿

sin τ2 = sinα
√
n2 − sin2ϕ− sinϕ cosα, ✭❆✳✹✮

❞♦♥❞❡ α ❡s ❡❧ ❛♥❣✉❧♦ ❞❡❧ ♣r✐s♠❛✱ ϕ ❡s ❡❧ á♥❣✉❧♦ ❞❡ ✐♥❝✐❞❡♥❝✐❛ ♦ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡❧ ♣r✐s♠❛

② τ2 ❡s ❡❧ á♥❣✉❧♦ ❞❡ s❛❧✐❞❛ ✭s❡❣✉♥❞❛ r❡❢r❛❝❝✐ó♥✮✳ ❙✐ θ ❡s ❧❛ ❞✐❢❡r❡♥❝✐❛ ❡♥tr❡ ❡❧ á♥❣✉❧♦

❞❡ ✐♥❝✐❞❡♥❝✐❛ ② ❡❧ ❞❡ ❡♠❡r❣❡♥❝✐❛✱ ❡♥t♦♥❝❡s s❡ ✈❡r✐✜❝❛✿

θ = ϕ− α+ τ2. ✭❆✳✺✮

❙✐ τ1 ❡s ❡❧ ♣r✐♠❡r á♥❣✉❧♦ ❞❡ r❡❢r❛❝❝✐ó♥✱ sin τ1 =
sinϕ
n ✳

❊♥t♦♥❝❡s ❧❛ ❞❡s✈✐❛❝✐ó♥✱ h0✱ ♣r♦❞✉❝✐❞❛ ♣♦r ❧❛ ❧á♠✐♥❛✱ ❡q✉✐✈❛❧❡♥t❡✱ ❞❡ ❧♦s ❞♦s ♣r✐s♠❛s✱

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

s❡rá✿

h0 = x (sinϕ− tan τ1 cosϕ) , ✭❆✳✻✮

s✐❡♥❞♦ ① ❡❧ ❡s♣❡s♦r t♦t❛❧ ❞❡❧ ✈✐❞r✐♦✳

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

τ2 q✉❡ ❞❡s♣❧❛③❛ ❡❧ ❡❥❡ ❞❡❧ ❤❛③✳

❊♥t♦♥❝❡s✱ r❡s♣❡❝t♦ ❛ ❧❛ ❞❡s✈✐❛❝✐ó♥ ✐♥✐❝✐❛❧✱ ❧❛ ❞❡s✈✐❛❝✐ó♥ ❞❡❧ ❤❛③✱ h✱ ♣r♦❞✉❝✐❞❛ ♣♦r

❧❛ s❡♣❛r❛❝✐ó♥✱ s✱ ❞❡ ❧♦s ❞♦s ♣r✐s♠❛s ✈✐❡♥❡ ❞❛❞❛ ♣♦r✿

h = s · sin θ · cos(α− ϕ)

cos τ2
. ✭❆✳✼✮

❚♦❞♦ ❡st♦✱ ❛♣❧✐❝❛♥❞♦ ❧♦s ✈❛❧♦r❡s ❞❡ ♥✉❡str♦s ♣r✐s♠❛s✱ ❧❧❡✈❛❞♦ ❛ ❝♦♦r❞❡♥❛❞❛s ❞❡

❝✐❡❧♦ ❡q✉✐✈❛❧❞rá ❛✿ 1′03 ❛r❝s❡❝/♠♠ ❞❡ s❡♣❛r❛❝✐ó♥✳

■✳❝✳ ■♠♣❧❡♠❡♥t❛❝✐ó♥

❯♥❛ ✈❡③ ♦❜t❡♥✐❞♦s ❧♦s ♣❛rá♠❡tr♦s q✉❡ ✈❡r✐✜❝❛❜❛♥ ❧❛ ✈✐❛❜✐❧✐❞❛❞ ❞❡❧ s✐st❡♠❛✱ ♣r♦✲

♣✉s❡ ✉♥ tr❛❜❛❥♦ ♣❛r❛ ❡❧ ♠ást❡r ❞❡ ✐♥str✉♠❡♥t❛❝✐ó♥ ❛str♦♥ó♠✐❝❛ ♣❛r❛ r❡❛❧✐③❛r t♦❞❛s

❧❛s ♣r✉❡❜❛s ❞❡ ❧❛❜♦r❛t♦r✐♦ ❝♦♥ ❡❧ ✜♥ ❞❡ ✈❡r✐✜❝❛r ❧❛ ♦♣❡r❛t✐✈✐❞❛❞ ② ❝❛❧✐❜r❛r ❧♦s ♠♦✈✐✲

♠✐❡♥t♦s✳ ❊♥ ❡❧ tr❛❜❛❥♦ t❛♠❜✐é♥ s❡ ❜✉s❝❛❜❛ ❧❛ ✈✐❛❜✐❧✐❞❛❞ ② ❝❛❧✐❜r❛❝✐ó♥ ❞❡ ♦tr♦ s✐st❡♠❛

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



■✳❝✳ ■♠♣❧❡♠❡♥t❛❝✐ó♥ ✷✸✺

α

h0/2

h

ϕ

ϕ

τ
1

τ
2

τ
2

h0/2

x

s

❋✐❣✉r❛ ❆✳✹✿ P❛rá♠❡tr♦s ❞❡ ❝á❧❝✉❧♦ ❞❡ ❧❛ tr❛♥s♠✐s✐ó♥ ❞❡ ❧♦s r❛②♦s ❛ tr❛✈és ❞❡ ❞♦s ♣r✐s♠❛s
❞❡ ✉♥ ❆❉❈ ❧♦♥❣✐t✉❞✐♥❛❧✳

s❡ñ♦ ② q✉❡✱ ❛❧ ✐r ♠♦♥t❛❞♦ ❡♥ ❤❛③ ❝♦❧✐♠❛❞♦✱ ♥♦ ✐♠♣❧✐❝❛rí❛ ❞❡s♣❧❛③❛♠✐❡♥t♦ ❞❡❧ ❡❥❡ ❞❡

♦❜s❡r✈❛❝✐ó♥✳

❊❧ tr❛❜❛❥♦ ✜♥❛❧♠❡♥t❡ ❞❡♠♦stró ❧❛ ✈✐❛❜✐❧✐❞❛❞ ② ❧❛ ❧✐♥❡❛❧✐❞❛❞ ❞❡❧ s✐st❡♠❛ ❧♦♥❣✐t✉✲

❞✐♥❛❧✳ ❚❛♠❜✐é♥ s❡ ❝♦♠♣r♦❜ó q✉❡ ❡❧ s✐st❡♠❛ ❞❡ ❜❛❧❛♥❝❡♦ ♣♦❞í❛ ❢✉♥❝✐♦♥❛r ❡♥ ✉♥ ❝✐❡rt♦

r❛♥❣♦✳ ◆♦ ♦❜st❛♥t❡✱ s❡ ✈✐♦ q✉❡ ❤❛❜í❛ ♠ás ❞❡ ✉♥❛ s♦❧✉❝✐ó♥ ♣♦s✐❜❧❡ ♣❛r❛ ❝❛❞❛ ♣♦s✐❝✐ó♥

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

❉❡❧ tr❛❜❛❥♦ ❞❡ ♠ást❡r ❡❧❛❜♦r❛♠♦s ✉♥❛ ❝♦♠✉♥✐❝❛❝✐ó♥ ❡♥ ❢♦r♠❛ ❞❡ ♣óst❡r q✉❡

❧❧❡✈❛♠♦s ❛❧ ❝♦♥❣r❡s♦ ❞❡ ✐♥str✉♠❡♥t❛❝✐ó♥ ❛str♦♥ó♠✐❝❛ ❞❡ ❙P■❊ ❞❡ ✷✵✵✽ ❡♥ ▼❛rs❡❧❧❛✳

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

❤✐❝✐♠♦s ✉♥❛s ♣✐❡③❛s ❡♥ ❞♦♥❞❡ s❡ ✜❥❛❜❛♥ ❧♦s ♣r✐s♠❛s ❝♦♥ ❡❧ á♥❣✉❧♦ ❞❡ 17′5
◦✳ ▲❛s ❞♦s

♣✐❡③❛s s❡ ♠♦♥t❛r♦♥ ❡♥ ✉♥ ❞❡s❧✐③❛❞♦r ♠✐❝r♦♠étr✐❝♦ ♠♦t♦r✐③❛❞♦✱ ✉♥❛ ❡♥ ❧❛ ♣❛rt❡ ✜❥❛ ② ❧❛

♦tr❛ ❡♥ ❧❛ ♠ó✈✐❧✱ ❝♦♥ ✉♥ r❡❝♦rr✐❞♦ t♦t❛❧ ❞❡ 26♠♠✳ ❊❧ ❝♦♥❥✉♥t♦ ❧♦ ❛❝♦♣❧❛♠♦s ♠❡❞✐❛♥t❡

✉♥❛ ✓▲✔ ❛ ✉♥ r♦t❛❞♦r q✉❡ ♣❡r♠✐tí❛ ✜❥❛r ❧❛ ♦r✐❡♥t❛❝✐ó♥ ❞❡ ❧❛ ❧í♥❡❛ ❞❡ ❞✐s♣❡rs✐ó♥✱ ②

♣♦r t❛♥t♦ ❞❡ s✉ ❝♦rr❡❝❝✐ó♥✳

■✳❝✳✶✳ ❝♦♥tr♦❧

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

t✐♥❛s ❞❡ ❝♦♥tr♦❧ ♣❛r❛ s❡r ✉s❛❞❛s ❛ tr❛✈és ❞❡ ✉♥❛ ❝♦♥s♦❧❛ ▼❆❚▲❆❇✱ ❡♥ ❡❧ ♣r♦②❡❝t♦

❞❡ ♠ást❡r t❛♠❜✐é♥ s❡ ✐♥❝❧✉②ó ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❧♦s ♣r♦❣r❛♠❛s ❡s♣❡❝í✜❝♦s ♣❛r❛ ♣♦s✐❝✐♦✲

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

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

❞✉r❛♥t❡ ❡❧ s❡❣✉✐♠✐❡♥t♦✳



✷✸✻ ❆♣é♥❞✐❝❡ ❆✳ ❈♦rr❡❝t♦r ❞❡ ❉✐s♣❡rs✐ó♥ ❆t♠♦s❢ér✐❝❛✿ ❆❉❈

P♦r ♣r♦❜❧❡♠❛s ❞❡ ❞❡t❡❝t✐✈✐❞❛❞✱ ❢❛❧s❛♠❡♥t❡ ❛tr✐❜✉✐❞♦s ❛ ❧♦s ♣r✐s♠❛s ❞❡❧ ❆❉❈✱ ♥♦

❧♦s ❧❧❡❣❛♠♦s ❛ ✉t✐❧✐③❛r ❞❡ ♠♦❞♦ ❝♦♥t✐♥✉♦ ❡♥ ❧❛s ❝❛♠♣❛ñ❛s ❞❡ ✷✵✵✼ ❡♥ ❲❍❚ ② ❞❡ ✷✵✵✽

❡♥ ◆❖❚✱ ♣❡r♦ sí ❡♥ ✷✵✵✽ ❡♥ ❲❍❚✱ ❞♦♥❞❡ t✉✈✐♠♦s q✉❡ ♣r♦❝❡❞❡r ❛ ❝♦♥tr♦❧ ♠❛♥✉❛❧ s✐♥

❞❡❥❛r ❧❛ ❝♦rr❡❝❝✐ó♥ ❛❧ ♣r♦❣r❛♠❛ ♣♦r ♥♦ ❤❛❜❡r ✐♥t❡r♣r❡t❛❞♦ q✉❡ ❡❧ ❞❡rr♦t❛❞♦r ó♣t✐❝♦

✐♥st❛❧❛❞♦ ❡♥ ❡❧ ❢♦❝♦ ◆❛s♠②t❤ ❞❡❧ t❡❧❡s❝♦♣✐♦ ②❛ s❡ ❡♥❝❛r❣❛❜❛ ❞❡ ♦r✐❡♥t❛r ❧❛ ❧í♥❡❛ ❞❡

❡❧❡✈❛❝✐ó♥ ❞❡❧ ♦❜❥❡t♦✳ ❉❡❜✐❞♦ ❛ ❡st♦ ♥✉❡str♦ ♣r♦❣r❛♠❛ s♦❜r❡ ❝♦rr❡❣í❛ ② ♣❡r❞í❛♠♦s ❡❧

❛❧✐♥❡❛❞♦✳

◆♦ ♦❜st❛♥t❡✱ ✈❡r✐✜❝❛♠♦s q✉❡ ❡❧ s✐st❡♠❛ ❢✉♥❝✐♦♥❛❜❛ ❝♦rr❡❝t❛♠❡♥t❡ ② ❝♦♥ ❧♦s ✈❛❧♦r❡s

❡s♣❡r❛❞♦s✱ ✐♥❝❧✉s♦ ❡♥ ❧❛ ❞❡s✈✐❛❝✐ó♥✱ q✉❡ r❡s✉❧tó ♠ás ♣❛r❡❝✐❞❛ ❛ ❧❛ ❝❛❧✐❜r❛❝✐ó♥ ❡♥

❧❛❜♦r❛t♦r✐♦ q✉❡ ❛ ❧❛ ❢ór♠✉❧❛✳ ▲❛ ✐♥t❡r♣r❡t❛❝✐ó♥ ❝♦♥✜r♠ó q✉❡ ❧❛ ❞✐❢❡r❡♥❝✐❛ ✈❡♥í❛ ❞❡

q✉❡ ❧♦s ♣r✐s♠❛s ♥✐ ❡r❛♥ ❞❡❧ t♦❞♦ ✐❣✉❛❧❡s ♥✐ t❡♥í❛♥ r❡❛❧♠❡♥t❡ ❡❧ ✈❛❧♦r ❞❡ 25◦ s✐♥♦ ❛❧❣♦

♠❡♥♦s✳



❆♣é♥❞✐❝❡ ❇

▼♦♥t✉r❛ ■❉❖▼

❙✐ ❤❛❝❡s ❧♦ q✉❡ s✐❡♠♣r❡ ❤❛s ❤❡❝❤♦ ♥✉♥❝❛ ❧❧❡❣❛rás

♠ás ❛❧❧á ❞❡ ❞♦♥❞❡ s✐❡♠♣r❡ ❤❛s ❧❧❡❣❛❞♦✳

❆♥ó♥✐♠♦

✷✸✼





■■✳❛✳ ❊str✉❝t✉r❛ s♦♣♦rt❡ ❞❡ ❋❛st❈❛♠ ✷✸✾

❊
♥ ❛❧❣ú♥ ♠♦♠❡♥t♦ ❞❛❞♦ ♥♦s ❞✐♠♦s ❝✉❡♥t❛ ❞❡ q✉❡ ❋❛st❈❛♠ ❡r❛ ✉♥❛ r❡❛❧✐❞❛❞ ② q✉❡

✐❜❛ ❛ ❡st❛r ②❡♥❞♦ ❞❡ ❢♦r♠❛ ♠ás ♦ ♠❡♥♦s r❡❣✉❧❛r ❛ ❧♦s t❡❧❡s❝♦♣✐♦s ❞❡❧ ♦❜s❡r✈❛t♦r✐♦

❞❡❧ ❘♦q✉❡ ❞❡ ❧♦s ♠✉❝❤❛❝❤♦s ❡♥ ❧❛ ✐s❧❛ ❞❡ ▲❛ P❛❧♠❛✳ ❊♥ ✈✐st❛ ❞❡ ❡st❛ s✐t✉❛❝✐ó♥✱ ❡❧ ❥❡❢❡

❞❡ ❧❛s ✐♥st❛❧❛❝✐♦♥❡s t❡❧❡s❝ó♣✐❝❛s ❞❡❧ ■❆❈✱ r❡s♣♦♥s❛❜❧❡✱ ❡♥tr❡ ♦tr♦s✱ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❚❈❙

❡♥ ❡❧ ♦❜s❡r✈❛t♦r✐♦ ❞❡❧ ❚❡✐❞❡✱ ❞❡❝✐❞✐ó q✉❡ s❡ r❡q✉❡rí❛ ✉♥ ✐♥str✉♠❡♥t♦ ❞❡ ✉s♦ ❝♦♠ú♥ ✜❥♦

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

❝♦♥t❛❝t❛♠♦s ❝♦♥ ❧❛ ❡♠♣r❡s❛ ❞❡ ♣r♦②❡❝t♦s ❞❡ ✐♥❣❡♥✐❡rí❛ ■❉❖▼ ❞❡❜✐❞♦ ❛ s✉ ❡①♣❡r✐❡♥❝✐❛

♣r❡✈✐❛ ❡♥ ♦tr♦s ♠ú❧t✐♣❧❡s ♣r♦②❡❝t♦s ✐♥str✉♠❡♥t❛❧❡s ❞❡❧ ■❆❈ ② ❛ s✉ ❡①❝❡❧❡♥t❡ r❡❧❛❝✐ó♥

❝❛❧✐❞❛❞✴♣r❡❝✐♦✳

❯♥❛ ✈❡③ ♣✉❡st♦s ❡♥ ❛♥t❡❝❡❞❡♥t❡s ② ❝♦♥ ❧❛s ❝♦♥✈♦❝❛t♦r✐❛s ❞❡ ❧❛ ❈❉❚■ ❞❡ ❢♦♥❞♦✱ ❧❡s

♣r♦♣✉s✐♠♦s ✉♥ ❡st✉❞✐♦ ❞❡❧ s✐st❡♠❛ ② q✉❡ ♥♦s ♦❢❡rt❛r❛♥ ✉♥ s✐st❡♠❛ ♣r♦❢❡s✐♦♥❛❧ q✉❡ ♣❡r✲

♠✐t✐❡s❡ ❞❡❥❛r ❡❧ ✐♥str✉♠❡♥t♦ ❝♦♥ ✉♥❛ ❡str✉❝t✉r❛ ❡s♣❡❝í✜❝❛ ② ❞❡✜♥✐t✐✈❛✱ ❛❜❛♥❞♦♥❛♥❞♦

②❛ ❧❛ ♠♦♥t✉r❛ ② ❡❧ ❡st❛t✉s ❞❡ ♣r♦t♦t✐♣♦✳

■■✳❛✳ ❊str✉❝t✉r❛ s♦♣♦rt❡ ❞❡ ❋❛st❈❛♠

❊♥ ❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ❤❛❝í❛♠♦s ❤✐♥❝❛♣✐é ❡♥ ❧♦ ✐♠♣♦rt❛♥t❡ q✉❡ ❡r❛ ❝♦♥s❡❣✉✐r ✉♥❛

❡st❛❜✐❧✐❞❛❞ ❞❡ ❧❛ ❡s❝❛❧❛ ❞❡ ✐♠❛❣❡♥✳ ❊s ❞❡❝✐r✱ q✉❡ ❞✉r❛♥t❡ ✉♥❛ ♦❜s❡r✈❛❝✐ó♥ ♥♦ ✈❛r✐❛s❡♥

❧❛s ❞✐st❛♥❝✐❛s ❞❡❧ s✐st❡♠❛ ❞❡ r❡✐♠❛❣✐♥❛❝✐ó♥ ❞❡ ♠♦❞♦ q✉❡ t♦❞❛s ❧❛s ✐♠á❣❡♥❡s ❢✉❡r❛♥

❝♦♥❣r✉❡♥t❡s✳ ❚❛♠❜✐é♥ ❡r❛ ✐♠♣♦rt❛♥t❡ q✉❡ ❡st❛ ♣♦s✐❝✐ó♥ ❢✉❡r❛ ❧♦ ♠ás ❡st❛❜❧❡ ♣♦s✐❜❧❡

❡♥ ❡❧ t✐❡♠♣♦✳

❊❧ ♣r♦❝❡s♦ ❞❡ ✐♥t❡r❛❝❝✐ó♥ q✉❡ s✐❣✉✐ó ❢✉❡ ♣r♦✈❡❝❤♦s♦✱ ②❛ q✉❡ ❛❧❣✉♥❛s ❞❡ ❧❛s ♣r❡❣✉♥✲

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

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

♦❜s❡r✈❛❝✐ó♥✱ ❧♦s ❝❛♠❜✐♦s tér♠✐❝♦s q✉❡ t✐❡♥❡ ❡♥tr❡ ❡❧ ❛❧♠❛❝é♥✱ ❝✉❛♥❞♦ ♥♦ ❡stá ❡♥ ✉s♦

② ❧❛ ❝ú♣✉❧❛✱ ❧❛s ❝❛r❣❛s q✉❡ s✉❢r❡ ❞✉r❛♥t❡ ❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ ❧❛ ♦r✐❡♥t❛❝✐ó♥

❡♥ ❧❛ q✉❡ ✐rá s✐t✉❛❞♦✱ ❡t❝✳

▼✉❝❤❛s ❞❡ ❧❛s ❝✉❡st✐♦♥❡s ♥♦ t❡♥í❛♥ ❞❡♠❛s✐❛❞♦ s❡♥t✐❞♦ ② ❞❡♥♦t❛❜❛♥ ❧❛ ✐❣♥♦r❛♥❝✐❛

❞❡❧ tr❛❜❛❥♦ ❡♥ t❡❧❡s❝♦♣✐♦✱ ♣❡r♦ ♦tr❛s r❡♣r❡s❡♥t❛❜❛♥ ❝✉❡st✐♦♥❡s q✉❡ r❡q✉✐r✐❡r♦♥ ❛❧❣✉✲

♥♦s tr❛❜❛❥♦s ❞❡ ❡st✉❞✐♦✱ s♦❜r❡ t♦❞♦ t❡♥✐❡♥❞♦ ❡♥ ❝✉❡♥t❛ q✉❡ ❡❧ ❉✐s❡ñ♦ Ó♣t✐❝♦ ❡r❛ ♠✉②

t♦❧❡r❛♥t❡✳ ❈♦♠♦ ❡❥❡♠♣❧♦ t✉✈✐♠♦s q✉❡ ❞❡t❡r♠✐♥❛r ❧❛ ❝❛r❣❛ q✉❡ r❡♣r❡s❡♥t❛♥ ❧❛s ♠❛♥✲

❣✉❡r❛s ❞❡ r❡❢r✐❣❡r❛♥t❡ ② s✐ ❧❛s t❡♥s✐♦♥❡s ❝❛♠❜✐❛❜❛♥ ❞✉r❛♥t❡ ❧❛ ♦❜s❡r✈❛❝✐ó♥✱ ❧♦ q✉❡ ♥♦s

❤✐③♦ r❡♣❧❛♥t❡❛r♥♦s ❛❧❣✉♥♦s ❞❡ ❧♦s ❤á❜✐t♦s ❞❡ tr❛❜❛❥♦✳ ●r❛❝✐❛s ❛ ❡❧❧♦✱ ❤♦② ❡♥ ❞í❛ ❧❛s

♠❛♥❣✉❡r❛s ❡stá♥ ✜❥❛s ❛ ❧❛ ❡str✉❝t✉r❛ ♠ó✈✐❧ ❞❡❧ t❡❧❡s❝♦♣✐♦✳



✷✹✵ ❆♣é♥❞✐❝❡ ❇✳ ▼♦♥t✉r❛ ■❉❖▼

■■✳❛✳✶✳ ❈♦♠♣❡♥s❛❞♦r❡s tér♠✐❝♦s ❞❡ ♣♦s✐❝✐ó♥

❚r❛s ✉♥♦s ♠❡s❡s ❞❡ tr❛❜❛❥♦ ❡ ✐♥t❡r❛❝❝✐ó♥✱ ♣♦r ✜♥ t✉✈✐♠♦s ✉♥❛ r❡✉♥✐ó♥ ❞♦♥❞❡

♥♦s ♣r❡s❡♥t❛r♦♥ ❡❧ ❞✐s❡ñ♦ q✉❡ ❤❛❜í❛♥ ❤❡❝❤♦ ② q✉❡ tr❛t❛ré ❞❡ r❡s✉♠✐r ❛q✉í✳ ■❉❖▼

❤❛❜í❛ ❝r❡❛❞♦ ✉♥ s✐st❡♠❛ ♣♦r ♣❛rt❡s✱ ❝♦♠♦ s✐ ❢✉❡r❛♥ ♠ó❞✉❧♦s✳ ▲❛s ❞✐st✐♥t❛s ♣❛rt❡s

❡st❛❜❛♥ ❝♦♥st✐t✉✐❞❛s ♣♦r ♣❧❛❝❛s ❞❡ ❛❧✉♠✐♥✐♦ q✉❡ s❡r✈í❛♥ ❞❡ ❛♣♦②♦ ♣❛r❛ ❡❧ ❡♥❣❛♥❝❤❡ ❛❧
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▲❛s ♣❧❛❝❛s ✈❛♥ ❝♦♥❡❝t❛❞❛s ② ❡str✉❝t✉r❛❞❛s ♣♦r ❜❛rr❛s ❞❡ ✜❜r❛ ❞❡ ❝❛r❜♦♥♦ ❝♦♠✲

♣♦♥✐❡♥❞♦ ✓❱✬s✔ ❝r✉③❛❞❛s ❝♦♥ ♠✉② ❜❛❥♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ ❡❧❛st✐❝✐❞❛❞ ② ❞✐❧❛t❛❝✐ó♥✳ ❊❧

❝♦♥❥✉♥t♦ ❛♣❛r❡♥t❛❜❛ ✉♥❛ ❣r❛♥ r✐❣✐❞❡③ ② ❡st❛❜✐❧✐❞❛❞✳

P❛r❛ ♠♦♥t❛r ❧❛s ❧❡♥t❡s ❡♥ s✉ ♣♦s✐❝✐ó♥ ❛♣r♦♣✐❛❞❛ ② ❡♥ ❡❧ ❡❥❡ ó♣t✐❝♦ ❞✐s❡ñ❛r♦♥ ✉♥♦s

❝♦♥♦s ❝♦rt❛❞♦s ❛ ♠♦❞♦ ❞❡ ♣❛t❛s✱ r❡❛❧✐③❛❞♦s ❡♥ ❛❝❡r♦ ✐♥♦①✐❞❛❜❧❡✱ q✉❡ s❡ ✜❥❛❜❛♥ ❡♥ ❧❛

♣r✐♠❡r❛ ② t❡r❝❡r❛ ♣❧❛❝❛s✳ ❊♥ ❧♦s ✈ért✐❝❡s tr✉♥❝❛❞♦s s❡ r♦s❝❛❜❛♥ ❧♦s s♦♣♦rt❡s ❞❡ ❧❛s

❧❡♥t❡s✱ ❧❛s ❝✉❛❧❡s ✈❛♥ ♠♦♥t❛❞❛s ❝♦♥ ❛♣♦②♦ ❡♥ ✉♥❛ s✉♣❡r✜❝✐❡ ❞❡ r❡❢❡r❡♥❝✐❛ ② ✜❥❛❞❛s

♣♦r ✉♥❛s ❜❛❧❧❡st❛s ❞❡ ✐♥✈❛r q✉❡ ❧❡s ♣❡r♠✐t❡♥ ❡①♣❛♥❞✐rs❡ ② ❝♦♥tr❛❡rs❡ ♠❛♥t❡♥✐❡♥❞♦

s✐❡♠♣r❡ ❧❛ r❡❢❡r❡♥❝✐❛ ❞❡ ❛♣♦②♦✳

◆♦ ❝❛❜❡ ❞✉❞❛ ❞❡ q✉❡ ❤✐❝✐❡r♦♥ ❧♦s ❞❡❜❡r❡s ♣✉❡s ❞❛❜❛♥ ✉♥ ✈❛❧♦r ❞❡ ♦s❝✐❧❛❝✐ó♥ ♠á①✐✲
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LENS MOUNT SUPPORT

Material: AISI-410

General tolerences acc. to UNE 2768 -mK

Weight: 225 g

3,2 (1,6 )

❋✐❣✉r❛ ❇✳✷✿ P❧❛♥♦ ❞❡❧ s♦♣♦rt❡ ❞❡❧ ❝♦❧✐♠❛❞♦r✳

♠❛ ❞❡ ❧❛ ♣♦s✐❝✐ó♥ r❡❧❛t✐✈❛ ❞❡ ❧❛s ❧❡♥t❡s ② ❡❧ ♣❧❛♥♦ ❞❡❧ ❞❡t❡❝t♦r ❞❡ ✶✵✵ ② 200µ♠✱ ♠✉②

♣♦r ❞❡❜❛❥♦ ❞❡ ❧❛s t♦❧❡r❛♥❝✐❛s ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦✳ ❊stá ❝❧❛r♦ q✉❡ ❡❧ s✐st❡♠❛ ♣r❡s❡♥t❛❞♦

♥♦s ❝♦♥✈❡♥❝✐ó✳ ❍♦② r❡♣r❡s❡♥t❛ ❧❛ ❡str✉❝t✉r❛ ♦♣t♦♠❡❝á♥✐❝❛ ❞❡ ❋❛st❈❛♠✳

■■✳❛✳✷✳ ❋✐❧tr♦s

P❛r❛ ❧♦s ✜❧tr♦s ✉s❛r♦♥ ❞♦s r✉❡❞❛s ❝♦♠❡r❝✐❛❧❡s q✉❡ ❤❛❜✐❛♠♦s s❡❧❡❝❝✐♦♥❛❞♦ ♥♦s♦tr♦s

② q✉❡ ♣❡r♠✐t❡♥ ♠♦♥t❛r ② ❞❡s♠♦♥t❛r ❧❛ r✉❡❞❛ s♦♣♦rt❡ ❞❡ ❧♦s ✜❧tr♦s ❞❡❧ ❡♥❣r❛♥❡ q✉❡

❧❛ ♠✉❡✈❡✱ ② ❛❞❡♠ás ♣♦s✐❜✐❧✐t❛♥ ♠♦♥t❛r ❞✐st✐♥t♦s t✐♣♦s ❞❡ r✉❡❞❛s ❞❡ ♠ás ♦ ♠❡♥♦s

❛❜❡rt✉r❛s ♣❛r❛ ✜❧tr♦s✳

❯♥❛ ❞❡ ❧❛s r✉❡❞❛s✱ ❝♦♥ ❝✐♥❝♦ ❛❜❡rt✉r❛s✱ q✉❡❞❛❜❛ ❡♥ ♣♦s✐❝✐ó♥ ❜❧♦q✉❡❛❞❛ q✉❡ ♥♦

♣✉❡❞❡ ❛❜r✐rs❡ s✐♥ ❞❡s♠♦♥t❛r❧❛ ② q✉❡ s❡ ❝♦♥s✐❞❡r❛❜❛ ❛♣r♦♣✐❛❞❛ ♣❛r❛ ❝♦♥t❡♥❡r ❧♦s ✜❧tr♦s

❞❡ ❧❛s ❜❛♥❞❛s ❡stá♥❞❛r q✉❡ ♥♦ s❡ ❝❛♠❜✐❛♥✱ ② ❧❛ ♦tr❛✱ ❝♦♥ ♦❝❤♦ ❛❜❡rt✉r❛s✱ ❛♣r♦♣✐❛✲

❞❛ ♣❛r❛ ♠♦♥t❛r ✜❧tr♦s ♠ás ♣❡q✉❡ñ♦s ② ♠ás ❡s♣❡❝í✜❝♦s✱ ✐♥❝❧✉s♦ q✉❡ ♣✉❡❞❛ tr❛❡r ❡❧

❛stró♥♦♠♦ ♣❛r❛ ✉♥❛ ❝✐❡rt❛ ❧í♥❡❛ ♦ ❜❛♥❞❛✳ ❊st❛ r✉❡❞❛ sí ♣❡r♠✐t❡ s✉ ♠❛♥✐♣✉❧❛❝✐ó♥ ②

❡①tr❛❝❝✐ó♥ ❞❡❧ s♦♣♦rt❡ ❝♦♥ ❢❛❝✐❧✐❞❛❞✳
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▲❛ ❝á♠❛r❛ ❞❡ ❝❛♠♣♦ ❧❛ ❤❛❜í❛♠♦s ❞❡✜♥✐❞♦ ❝♦♠♦ ✉♥ ♠♦❞❡❧♦ ❙❚ ❞❡ ❙❇■●✱ ❝♦♥tr♦✲

❧❛❞❛ ♣♦r ♣✉❡rt♦ ❯❙❇✳ ❊st❛ ❈❈❉ ✈❛ s♦♣♦rt❛❞❛ ❥✉♥t♦ ❛ ✉♥❛ ❧❡♥t❡ ♦❜❥❡t✐✈♦ ❛ ❧❛ ♣❧❛❝❛

❜❛s❡ ❛ tr❛✈és ❞❡ ✉♥ ❞♦❜❧❡ ❡♥❣❛♥❝❤❡ ❡♥ ✓▲✔✱ ♣❡r♠✐t✐❡♥❞♦ ♣♦♥❡r ❧❛ ❧❡♥t❡ ❛ ❧❛ ❞✐st❛♥❝✐❛

❛♣r♦♣✐❛❞❛✳

❊♥❢r❡♥t❡✱ ✜❥♦ t❛♠❜✐é♥ ❛ ❧❛ ♣❧❛❝❛✱ s❡ s✐tú❛ ❡❧ ♠ó❞✉❧♦ s♦♣♦rt❡ ❞❡❧ ❡s♣❡❥♦✱ q✉❡ s❡

✐♥t❡r❝❛❧❛ ❡♥ ❡❧ ❝❛♠✐♥♦ ó♣t✐❝♦ ♣♦r ♠❡❞✐♦ ❞❡ ✉♥ ♠♦t♦r ♣❛s♦ ❛ ♣❛s♦✳
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❊❧ ❞❡t❡❝t♦r s❡ ✜❥❛ ❛ ❧❛ ♣❧❛❝❛ ✜♥❛❧ ❛ tr❛✈és ❞❡ ❞♦s ♣❧❛❝❛s ❡♥ ✓▲✔ q✉❡ ❧❛ ❡str✉❝t✉r❛♥

② ♣❡r♠✐t❡♥ ✉♥ ❝✐❡rt♦ ❥✉❡❣♦ ♣❛r❛ ❛❥✉st❛r ② ❛❧✐♥❡❛r ❡❧ ❝❡♥tr❛❞♦ ❞❡❧ s❡♥s♦r✳
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▲❛ ♣❧❛❝❛ ✜♥❛❧ ✐♥t❡r♥❛♠❡♥t❡ t✐❡♥❡ ✉♥ ♣❡r✜❧ ♣❛r❛ ✐♥s❡rt❛r ❡❧ ♣♦s✐❜❧❡ ❆❉❈ q✉❡

t❛♠❜✐é♥ ❞✐s❡ñ❛r♦♥ ♠♦t♦r✐③❛❞♦ ② ♠✉② ❝♦♠♣❛❝t♦✳ ❯♥♦ ❞❡ ❧♦s ♠♦t♦r❡s ❣✐r❛ ✉♥ ❝✐❧✐♥❞r♦
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q✉❡ ❝♦♥t✐❡♥❡ ❧♦s ❞♦s ♣r✐s♠❛s ② ♦tr♦ ♠♦t♦r ❤❛❝❡ ❣✐r❛r ✉♥ ❝✐❧✐♥❞r♦ q✉❡ ❛ ❝♦♥tr❛rr♦s❝❛

❤❛❝❡ ❛✈❛♥③❛r ❛❧ ♦tr♦ ♣r✐s♠❛✱ ② q✉❡ ❝♦♥ ✉♥❛ ❣✉í❛ ❡✈✐t❛ q✉❡ ❡❧ ♣r✐s♠❛ r♦t❡✳

❙✐♥ ❡♠❜❛r❣♦✱ ❤❡♠♦s ♣❛r❛❞♦ s✉ ❝♦♥str✉❝❝✐ó♥ ❛❧ ❞❡s❝✉❜r✐r q✉❡ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ♣r✐s✲

♠❛s s❡❧❡❝❝✐♦♥❛❞♦ ♥♦ ♣❡r♠✐t❡ s✉ ✐♥❝❧✉s✐ó♥ ❡♥ ✉♥ ❤❛③ ❞❡ ❛❜❡rt✉r❛ ♥✉♠ér✐❝❛ t❛♥ ❣r❛♥❞❡

❝♦♥s❡r✈❛♥❞♦ ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❧✐♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥✳ ❆❞❡♠ás✱ ✐♠♣❧✐❝❛rí❛ ✉♥ r❡❝♦rr✐❞♦

❝✐♥❝♦ ✈❡❝❡s s✉♣❡r✐♦r ♣❛r❛ ❧❛ ♠✐s♠❛ ❝♦♠♣❡♥s❛❝✐ó♥✳

❊❧ s✐st❡♠❛ s❡rí❛ ✐❞❡❛❧ s✐ s❡ ♣✉❞✐❡r❛ ♠♦♥t❛r ❡♥ ❧❛ ♣❧❛❝❛ ❞❡ ✐♥t❡r❢❛③ ❝♦♥ ❡❧ t❡❧❡s❝♦♣✐♦✱

❛✉♥q✉❡ ♣r♦❜❛❜❧❡♠❡♥t❡ ✐♥t❡r❢❡r✐rí❛ ❝♦♥ ❧❛ ❡str✉❝t✉r❛ ✐♥t❡r♥❛ ❞❡ ❧❛ ❝❛❥❛ ❞❡ ❛❞q✉✐s✐❝✐ó♥

② ❣✉✐❛❞♦✳



✷✹✹ ❆♣é♥❞✐❝❡ ❇✳ ▼♦♥t✉r❛ ■❉❖▼



❆♣é♥❞✐❝❡ ❈

❈✉rr✐❝✉❧✉♠ ■♥str✉♠❡♥t❛❧

◆♦ s❡ ❧♦ q✉❡ ♣❛r❡❝❡ré ❛ ❧♦s ♦❥♦s ❞❡❧ ♠✉♥❞♦✱ ♣❡r♦

❛ ❧♦s ♠í♦s ❡s ❝♦♠♦ s✐ ❤✉❜✐❡s❡ s✐❞♦ ✉♥ ♠✉❝❤❛❝❤♦

q✉❡ ❥✉❡❣❛ ❡♥ ❧❛ ♦r✐❧❧❛ ❞❡❧ ♠❛r ② s❡ ❞✐✈✐❡rt❡ ❞❡

t❛♥t♦ ❡♥ t❛♥t♦ ❡♥❝♦♥tr❛♥❞♦ ✉♥ ❣✉✐❥❛rr♦ ♠ás

♣✉❧✐❞♦ ♦ ✉♥❛ ❝♦♥❝❤❛ ♠ás ❤❡r♠♦s❛✱ ♠✐❡♥tr❛s ❡❧

✐♥♠❡♥s♦ ♦❝é❛♥♦ ❞❡ ❧❛ ✈❡r❞❛❞ s❡ ❡①t❡♥❞í❛✱

✐♥❡①♣❧♦r❛❞♦ ❢r❡♥t❡ ❛ ♠í✳

■s❛❛❝ ◆❡✇t♦♥ ✭✶✻✹✷✲✶✼✷✼✮

✷✹✺





■■■✳❛✳ ❈✉rr✐❝✉❧✉♠ ✐♥str✉♠❡♥t❛❧ ✷✹✼

➱
st❡ ❡s ✉♥ ❛♣é♥❞✐❝❡ ♥♦ ❤❛❜✐t✉❛❧ ❡♥ ✉♥❛ t❡s✐s ②✱ ❞❡s❞❡ ❧✉❡❣♦✱ ♥♦ ❡♥ ✉♥❛ t❡s✐s ❞❡

❋ís✐❝❛✳ ▲♦ ♥♦r♠❛❧ ❡s q✉❡ ❧❛ t❡s✐s ❝♦♥st✐t✉②❛ ❡❧ ♣r✐♠❡r ♣❛s♦ ❡♥ ❡❧ ❝❛♠♣♦ ❞❡ ❧❛

❝✐❡♥❝✐❛✱ ♦ ✐♥❝❧✉s♦ ❞❡ ❧❛ ✐♥❣❡♥✐❡rí❛✱ ❡♥ ❧❛s ❧❛❜♦r❡s ❞❡ ✐♥✈❡st✐❣❛❝✐ó♥ ② ❞❡s❛rr♦❧❧♦✳ ❖❜✈✐❛✲

♠❡♥t❡✱ ♥♦ ❡s ♠✐ ❝❛s♦✱ ② ❡❧ t✐❡♠♣♦ ❞❡❞✐❝❛❞♦ ❛ ❧❛ ✐♥str✉♠❡♥t❛❝✐ó♥ ♠❡ ❤❛ r❡♣♦rt❛❞♦ ✉♥

❢♦♥❞♦ ❞❡ ❡①♣❡r✐❡♥❝✐❛ ② ❝♦♥♦❝✐♠✐❡♥t♦s ❛❞q✉✐r✐❞♦s q✉❡ ♥♦ s❡ ❞❛♥ ❡♥ ❧❛ ♣r❡s❡♥t❛❝✐ó♥ ❞❡

tr❛❜❛❥♦s ❞❡ t❡s✐s ❤❛❜✐t✉❛❧♠❡♥t❡✳

❊♥ ❡st❡ ♣✉♥t♦ ❝r❡♦ q✉❡ ❡s ♥❡❝❡s❛r✐♦ ❤❛❝❡r ✉♥ r❡❝✉❡♥t♦✱ ♦ ❜✐♦❣r❛❢í❛ ♣r♦❢❡s✐♦♥❛❧✱ ❞❡

❧♦ q✉❡ ❤❛ s✐❞♦ ♠✐ tr❛❜❛❥♦ ② tr❛t❛r ❞❡ ❡①♣❧✐❝❛r ❝ó♠♦ ❤❡ ❧❧❡❣❛❞♦ ❛ ❛tr❡✈❡r♠❡ ❛ ❞✐s❡ñ❛r

② ❝♦♥str✉✐r ✉♥ ✐♥str✉♠❡♥t♦ ❝♦♠♦ ❋❛st❈❛♠✳

■■■✳❛✳ ❈✉rr✐❝✉❧✉♠ ✐♥str✉♠❡♥t❛❧

❚♦❞♦s s❛❜❡♠♦s q✉❡ ✉♥ ❝✉rr✐❝✉❧✉♠ ❡s ✉♥❛ ❢♦r♠❛ ❞❡ r❡❝♦❣❡r ✉♥ r❡s✉♠❡♥ ♦ ❝♦♠♣❡♥✲

❞✐♦ ❞❡ ❧♦s tr❛❜❛❥♦s ② ❧❛❜♦r❡s ♣r♦❢❡s✐♦♥❛❧❡s q✉❡ s❡ ❤❛♥ ❝♦♥tr❛st❛❞♦ ② q✉❡ ♥♦r♠❛❧♠❡♥t❡

s❡ r❡s✉♠❡♥ ❡♥ ❧♦s ❛rtí❝✉❧♦s ② ❝♦♠✉♥✐❝❛❝✐♦♥❡s✱ ❧❛❜♦r❡s ❞❡ ❣❡st✐ó♥ ❞❡ ♣r❡s✉♣✉❡st♦s ②

❞❡♠ás t❛r❡❛s ❞❡ ❞❡s❛rr♦❧❧♦ ❞❡ ♣r♦②❡❝t♦s✱ ❝♦♥ ❧♦s ♠ér✐t♦s q✉❡ ❡♥ ❡①♣❡r✐❡♥❝✐❛ ② ❛❞q✉✐✲

s✐❝✐ó♥ ❞❡ ❝♦♥♦❝✐♠✐❡♥t♦ ❝♦♥❧❧❡✈❛✳ ❍❛❜✐t✉❛❧♠❡♥t❡✱ ❡♥ ❡❧ ❝❛s♦ ❞❡ ✐♥❣❡♥✐❡rí❛ ♦✱ ❝♦♠♦ ést❡✱

❡♥ ✐♥str✉♠❡♥t❛❝✐ó♥ ② ❞❡s❛rr♦❧❧♦✱ s❡ ❡❧❛❜♦r❛ ✉♥❛ s❡❝❝✐ó♥ ❝♦♥ ✓♦tr♦s ♠ér✐t♦s✔ ❞♦♥❞❡ s❡

r❡s✉♠❡♥ ❧♦s tr❛❜❛❥♦s ❝♦♠♣❧❡♠❡♥t❛r✐♦s ❝♦♥ s✉✜❝✐❡♥t❡ r❡❧❡✈❛♥❝✐❛ ❝♦♠♦ ♣❛r❛ s✐❣♥✐✜❝❛r

❛❧❣ú♥ ❛♣♦rt❡ té❝♥✐❝♦ ♦ ❝✐❡♥tí✜❝♦ ❡♥ ❡❧ ❝❛♠♣♦ ❞❡ tr❛❜❛❥♦ ❞✐r❡❝t♦ ♦ ❡♥ t❛r❡❛s ❝♦♠♣❧❡✲

♠❡♥t❛r✐❛s✳ ▲♦s ❛♣❛rt❛❞♦s ❞❡ ❝✉rs♦s✱ ❡st❛♥❝✐❛s ❝♦rt❛s ❞❡ tr❛❜❛❥♦ ♦ ❡♥tr❡♥❛♠✐❡♥t♦ ②

❝♦❧❛❜♦r❛❝✐♦♥❡s ♦ ❛s❡s♦r❛♠✐❡♥t♦ t❛♠❜✐é♥ r❡❧❧❡♥❛♥ ♦tr❛s s❡❝❝✐♦♥❡s✳

❆q✉í ✈♦② ❛ ♣r❡s❡♥t❛r só❧♦ ❧♦ q✉❡ ❝♦♥s✐❞❡r♦ ❧♦s tr❛❜❛❥♦s ♠ás r❡❧❡✈❛♥t❡s ❞❡ ❧❛

♣❛rt✐❝✐♣❛❝✐ó♥ ❡♥ ♣r♦②❡❝t♦s q✉❡ s✉st❡♥t❛♥ ❧❛ r✉t❛ ❞❡ ♠✐ tr❛❜❛❥♦ ❝♦♠♦ ✐♥str✉♠❡♥t❛❧✐st❛✳

❆❞❡♠ás ✐♥t❡♥t❛ré ❞❡s❝r✐❜✐r ❧♦s ❤✐t♦s ♠ás ✐♥t❡r❡s❛♥t❡s ❞❡ ❡st❡ ❝❛♠✐♥♦✳

■■■✳❛✳✶✳ ❖tr♦s ♠ér✐t♦s

❆ ♠♦❞♦ ❞❡ r❡s✉♠❡♥✱ ✉♥❛ ❜r❡✈❡ ❞❡s❝r✐♣❝✐ó♥ ❞❡ ❧♦s tr❛❜❛❥♦s r❡❛❧✐③❛❞♦s ❛ ❧♦ ❧❛r❣♦

❞❡ ♠✐ ❝❛rr❡r❛ ② ❧❛s té❝♥✐❝❛s ❞♦♠✐♥❛❞❛s q✉❡ ❝r❡♦ s❡ ❝♦rr❡s♣♦♥❞❡♥ ❝♦♥ ❧❛ ❧í♥❡❛ ❞❡

❡✈♦❧✉❝✐ó♥ ② ❛♣r❡♥❞✐③❛❥❡ q✉❡ ♠❡ ❤❛♥ s❡r✈✐❞♦ ♣❛r❛ ❧❧❡❣❛r ❛ ❡st❡ ♣✉♥t♦✳

P♦r ■♥str✉♠❡♥t♦s✿

❈❛❧✐❜r❛❞♦ ❞❡ ✉♥ s✐st❡♠❛ ❡s♣❡❝tr♦♠étr✐❝♦ ② r❛❞✐♦♠étr✐❝♦ ❝♦♠♣❧❡t♦✳ ❋✉❡♥t❡✱

❞❡t❡❝t♦r❡s ② ♠♦♥♦❝r♦♠❛❞♦r❡s ♣❛r❛ ✉s♦ ❡♥ ❧❛❜♦r❛t♦r✐♦ ❞❡ ✐♥str✉♠❡♥t❛❝✐ó♥✳

✶✾✽✷✳



✷✹✽ ❆♣é♥❞✐❝❡ ❈✳ ❈✉rr✐❝✉❧✉♠ ■♥str✉♠❡♥t❛❧

❈♦♠♣❛r❛❞♦r ❡s♣❡❝tr♦s❝ó♣✐❝♦✳ P✉❡st❛ ❡♥ ♠❛r❝❤❛ ② ❝❛❧✐❜r❛❝✐ó♥✳ ✶✾✽✷✳

❉✐s❡ñ♦✱ ♠♦♥t❛❥❡ ② ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥ s✐st❡♠❛ ❞❡ ■♥t❡r❢❡r♦♠❡trí❛ ❍♦❧♦❣rá✜❝❛✳

✶✾✽✷✳

❚❡❧❡s❝♦♣✐♦ s♦❧❛r ❘❛③❞♦✇✿ ♠♦♥t❛❥❡ ② ❛❧✐♥❡❛❞♦ ✭✜❧tr♦ ❍α ❞❡ ♠ú❧t✐♣❧❡s ❧á✲

♠✐♥❛s r❡t❛r❞❛❞♦r❛s ✭∆λ = 0,003
◦

❆✮ ✰ ❞✐✈✐s♦r❡s✮✳ ❈á♠❛r❛ ❞❡ ❧✉③ ❜❧❛♥❝❛ ②

s❡❣✉✐♠✐❡♥t♦ ♣♦r s❡♥s♦r ❞❡ ✹ ❝✉❛❞r❛♥t❡s✳ ✶✾✽✸✳

❈á❧❝✉❧♦ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ 3′5♠✳ Pr❡s❡♥t❛❞♦ ❡♥ ❧❛ ❆s❛♠❜❧❡❛ ◆❛❝✐♦♥❛❧ ❞❡

❆str♦♥♦♠í❛ ② ❆str♦❢ís✐❝❛ ❡♥ ❙❛♥t✐❛❣♦ ❞❡ ❈♦♠♣♦st❡❧❛✳ ✶✾✽✸✳

❈❛❧✐❜r❛❝✐ó♥ ❡s♣❡❝tr♦❢♦t♦♠étr✐❝❛ ❞❡ ❧á♠♣❛r❛s ② ❞❡t❡❝t♦r❡s ♣❛tró♥ ❡♥ ❡❧ ■♥s✲

t✐t✉t♦ ❞❡ Ó♣t✐❝❛ ✓❉❛③❛ ❞❡ ❱❛❧❞és✔ ❞❡❧ ❈❙■❈ ❡♥ ▼❛❞r✐❞ ❜❛❥♦ ❧❛ ❉✐r❡❝❝✐ó♥

❞❡ ❆♥t♦♥✐♦ ❈♦rr♦♥s ✭r❡s♣♦♥s❛❜❧❡ ❞❡ ❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡ ❧❛ ❝❛♥❞❡❧❛ ❝♦♠♦ ✉♥✐✲

❞❛❞ ② ♣❛tró♥ ❞❡ ✐♥t❡♥s✐❞❛❞✮ ② ❆❧✐❝✐❛ P♦♥s✳ ✶✾✽✸✳

❉❡s❛rr♦❧❧♦ ❞❡ ✉♥ ♣r♦❣r❛♠❛ ❞❡ ❛♥á❧✐s✐s ② ❝❛❧❝✉❧♦ ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦✳ ✶✾✽✹✳

❚❡❧❡s❝♦♣✐♦ ■❘ ✓♠❡tr♦ ② ♠❡❞✐♦✔ ✭❆❧✐♥❡❛❞♦✮✳✶✾✽✹✳

▼✐❝r♦❞❡♥s✐tó♠❡tr♦✳ P✉❡st❛ ❡♥ ♠❛r❝❤❛ ② ❝❛❧✐❜r❛❝✐ó♥✳ ✶✾✽✹✳

❖❢t❛❝r♦♠✳ ❉❡s❛rr♦❧❧♦ ❞❡ ✉♥ s✐st❡♠❛ ❞❡ ❡♣❡❝tr♦✲✢✉♦r♦✲❢♦t♦♠❡trí❛ ❞❡ ❆♥á❧✐✲

s✐s ❈❧í♥✐❝♦ ♣❛r❛ ❖❢t❛❧♠♦❧♦❣í❛ ✭♣r✐♠❡r ✐♥t❡♥t♦ ❞❡ ❚❡s✐s✳ ❱❡r ❝✉rr✐❝✉❧♦ ❈❛r❧♦s

❙á♥❝❤❡③ ▼❛❣r♦✮✳ ✶✾✽✸✲✶✾✽✼✳

❊st❛♥❝✐❛ ❡♥ ❡❧ ❈❡♥tr♦ ❞❡ ■♥✈❡st✐❣❛❝✐ó♥ ② ❉❡s❛rr♦❧❧♦ ❞❡ ❧❛ ❆r♠❛❞❛ ✭❈■❉❆✮

♣❛r❛ ❡st✉❞✐♦ ❞❡ ❧❛s té❝♥✐❝❛s ❞❡ ❡✈❛♣♦r❛❝✐ó♥ ② ❞❡♣♦s✐❝✐ó♥ ❞❡ ♠✉❧t✐❝❛♣❛s

r❡✢❡❝t❛♥t❡s ② ❛♥t✐rr❡✢❡❝t❛♥t❡s ♣❛r❛ ó♣t✐❝❛ ❡♥ ❝á♠❛r❛s ❞❡ ❛❧t♦ ✈❛❝í♦✳ ❙❡✲

❧❡❝❝✐ó♥ ② ❝♦♠♣r❛ ❞❡ ✉♥❛ ❡✈❛♣♦r❛❞♦r❛ ❞❡ ❛❧t♦ ✈❛❝í♦ ❇❛❧❝❡rs✳ ✶✾✽✻✳

P✉❡st❛ ❡♥ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ ② ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧❛ ❝❛♠❛r❛ ❞❡ ♣❡❧í❝✉❧❛s ❞❡❧❣❛❞❛s

❇❛❧❝❡rs✳ ❘❡❛❧✐③❛❝✐ó♥ ❞❡ ❡s♣❡❥♦s ❞❡ ❈r✱ ❆❧✱ ❆❣ ② ❆✉✱ ❛sí ❝♦♠♦ ♠✉❧t✐❝❛♣❛s

❞❡ ❋2▼❣ ② ❚❛❖3✰❙✐❖2✳ ✶✾✽✼✳

■P❉✳ ❈❛❧✐❜r❛❞♦ ❞❡ ✉♥ s❡♥s♦r ❜✐❞✐♠❡♥s✐♦♥❛❧ ❢♦t♦❝♦♥❞✉❝t✐✈♦✳✶✾✽✽✳

■❙❖P❍❖❚✲❙✱ ✭s❡❣✉♥❞♦ ✐♥t❡♥t♦ ❞❡ ❚❡s✐s✱ ❝♦❞✐r✐❣✐❞♦ ♣♦r P❛❝♦ ●❛r③ó♥ ✫

❏♦sé ▼✐❣✉❡❧ ❘♦❞rí❣✉❡③ ❊s♣✐♥♦s❛✮✳ ❉✐s❡ñ♦✱ ❆■❱✱ ❝❛❧✐❜r❛❝✐ó♥✳ ❉✐s❡ñ♦s ❖♣✲

t♦♠❡❝á♥✐❝♦s ✭♠♦❞❡❧♦ ❞❡ ❛❧✐♥❡❛❞♦✱ ❡str✉❝t✉r❛ ❞❡ ❛❧✐♥❡❛♠✐❡♥t♦ ❡♥ ❜❛♥❝♦

❝❧❛s❡✶✵✵✱ ✐♥t❡r❢❛③ ♦♣t♦♠❡❝á♥✐❝❛ ❝r✐♦❣é♥✐❝❛ ✭❛❞❡♠ás ♣✉❧✐❞♦ ❞❡ ✉♥ ❡s♣❡✲

❥♦ ❞❡ ❛❧✉♠✐♥✐♦✮✱ s✐st❡♠❛ ♣♦rt❛✜❧tr♦s ② ❜❛✤❡❛❞♦✮✱ s♦❢t✇❛r❡ ❞❡ ❝♦♥tr♦❧ ②

✈✐s✉❛❧✐③❛❝✐ó♥✳ ▼♦♥t❛❥❡✱ ❛❧✐♥❡❛❞♦ ✭❝♦rr❡❝❝✐♦♥❡s ❞❡ ❞✐s❡ñ♦ ② ❢❛❜r✐❝❛❝✐ó♥✮✱

✈❡r✐✜❝❛❝✐♦♥❡s ② ❝❛❧✐❜r❛❞♦ ❡♥ ❧❛❜♦r❛t♦r✐♦ ❛ t❡♠♣❡r❛t✉r❛ ❞❡ ▲✲❍❡ ✭4′2❑✮✳

✶✾✽✾✲✶✾✾✻✳

http://www.syrma.net/docs/2009/05/06/sanchez/magro/doc_curriculo.html
http://www.syrma.net/docs/2009/05/06/sanchez/magro/doc_curriculo.html
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❈á♠❛r❛ ❈❈❉ ❱■❙ ✺✶✷①✺✶✷ ■❆❈✽✵✳ Pr✐♠❡r ❝❛❧✐❜r❛❞♦ ❢♦t♦♠étr✐❝♦ ❞❡ ✉♥

❞❡t❡❝t♦r ❈❈❉ ❡♥ ❡❧ ■❆❈✳ ✶✾✾✶

❋♦t♦♣❧❛rí♠❡tr♦ ❙♦❧❛r ❯♥✐✈❡rs✐❞❛❞ ❞❡ ◆■❩❆✱ ❆❘❈❚❯❘❖✳ ❆❧✐♥❡❛❞♦✱ ♣✉❡st❛

❡♥ ♠❛r❝❤❛ ② ❝❛❧✐❜r❛❞♦✳ ✶✾✾✷✳

❈♦rr❡❧❛❞♦r ❙♦❧❛r✳ ❉✐s❡ñ♦ ② ❆■❱✳ ✶✾✾✸✳

●❚❈✳ ❊st✉❞✐♦ ❞❡ ❞✐s❡ñ♦s ❞❡ s✐st❡♠❛s ❞❡ ✐♠❛❣❡♥ ❞❡ ❣r❛♥ ❝❛♠♣♦ ❡♥ r❛♥❣♦s

0′35 ❛ 2′5µ♠✳ ✶✾✾✹

❙❋❖✳ ❉✐s❡ñ♦✱ ♣r♦t♦t✐♣♦✱ ✐♥t❡❣r❛❝✐ó♥ ② ♣✉❡st❛ ❡♥ ♠❛r❝❤❛ ❞❡ ✉♥ s✐st❡♠❛

❙❤❛❝❦✲❍❛rt♠❛♥♥ ❞❡ s❡♥s❛❞♦ ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛✳ ✶✾✾✺✲✶✾✾✼✳

❈❆■◆✳ ❉✐s❡ñ♦✱ ❆■❱✳ ✶✾✾✽✳

▲■❘■❙✳ ❆■❱✳ ✶✾✾✾✲✷✵✵✸✳

❖❙■❘■❙✳ ❆■❱✳ ✷✵✵✹✲✷✵✵✾✳

●❘❊●❖❘✳ ❊s♣❡❝tr♦❣r❛❢♦✿ ❞✐s❡ñ♦✱ ❆■❱✳ ✷✵✵✺✲✷✵✶✶✳
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❊s♣r❡ss♦✲❈♦❞❡①✳ ❆s✐st❡♥❝✐❛ ❛ ❉✐s❡ñ♦ ▼❡❝á♥✐❝♦ ② ❝♦♥s✐❞❡r❛❝✐♦♥❡s ❞❡ ❆■❱✳

✷✵✵✼✲✷✵✵✾✳

❋❈ ✰ ❲❋❈ ✰ ❈♦r♦♥ó❣r❛❢♦ ✰ ❆❖▲■ ✭❚❡r❝❡r ✐♥t❡♥t♦ ❞❡ ❚❡s✐s✱ ❉✐r❡❝❝✐ó♥

❆♥❛ ❯❧❧❛ ▼✐❣✉❡❧ ② ❆❧❡❥❛♥❞r♦ ❖s❝♦③ ❆❜❛❞✮✳ ❉✐s❡ñ♦ ✰ Pr♦t♦t✐♣❛❥❡ ✰ ❆■❱

✰ ❉❡s❛rr♦❧❧♦ ✰ ■♥✈❡st✐❣❛❝✐ó♥✳ ✷✵✵✻✲✷✵✶✷✳

▲❨❙P▲❨✳ ❈♦♥s✉❧t♦rí❛ ② ❛s❡s♦r❛♠✐❡♥t♦ s♦❜r❡ ❧❛s ❝♦♥s✐❞❡r❛❝✐♦♥❡s ❞❡ ❞✐s❡ñ♦

❞❡ ✉♥ ❝♦❧❡❝t♦r ② ❝♦♥❝❡♥tr❛❞♦r s♦❧❛r ❞❡ ❣r❛♥ ár❡❛✳ ✷✵✵✽

❊❙❚✳ ❆s✐st❡♥❝✐❛ ② s✉♣❡r✈✐s✐♦♥ ❞❡ ❞✐s❡ñ♦✿ ❚❡❧❡s❝♦♣✐♦ ✰ ■❋❯ ② ❊s♣❡❝tró❣r❛✲

❢♦✳ ❉✐s❡ñ♦ ❙❤❛❜❛r✳ ✷✵✵✽✲✷✵✶✶✳

❈❛❢❛❞✐s✳ ❙❡♥s♦r ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛ P❧❡♥ó♣t✐❝♦ ② ❱í❞❡♦ ✸❉✿ ❞✐s❡ñ♦ ❖❊▼

✭♣❡♥❞✐❡♥t❡ ❞❡ ♣❛t❡♥t❡✮ ✰ ❆■❱✳ ✷✵✵✽✲✷✵✶✶✳

P❧❛♥❡t❈❛♠✳ ❊st✉❞✐♦ ② ❛s❡s♦r❛♠✐❡♥t♦ ❞❡ ❝♦♥❝❡♣t♦ ② ❞✐s❡ñ♦ ❞❡❧ ✐♥str✉♠❡♥t♦

② s✉s ❝❛♣❛❝✐❞❛❞❡s ② ♣♦s✐❜✐❧✐❞❛❞❡s✳ ✷✵✶✶✳

❊❙❚r❛♥●■❙✳ ❉✐s❡ñ♦ ✰ ❆■❱ ✰ s❡❣✉✐♠✐❡♥t♦ ❞❡❧ trá♥s✐t♦ ❞❡ ❱❡♥✉s✳ ✷✵✶✵✲

✷✵✶✷✳

❈❊❙✲▼❚✳ ❊st✉❞✐♦ ❞❡ ❡✜❝✐❡♥❝✐❛ ② ❛s❡s♦r❛♠✐❡♥t♦ s♦❜r❡ ✉♥ ❝♦♥❝❡♥tr❛❞♦r

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

② ❝♦rr❡❝❝✐ó♥ ❞❡ ❡s❢ér✐❝❛ ♣♦r ❧íq✉✐❞♦s ❞❡ ❞✐st✐♥t♦ í♥❞✐❝❡✳ ❍❡❧✐♦❝♦♠✲■❜❡r♥♦r✳

✷✵✶✷✲✷✵✶✸✳



✷✺✵ ❆♣é♥❞✐❝❡ ❈✳ ❈✉rr✐❝✉❧✉♠ ■♥str✉♠❡♥t❛❧

❊▼■❘✳ ❆■❱✳ ✷✵✶✵✲✷✵✶✸✳

P♦r ❚é❝♥✐❝❛s✿

❘❛❞✐♦♠❡trí❛✱ ❋♦t♦♠❡trí❛✱ ❊s♣❡❝tr♦s❝♦♣í❛✱ ■♥t❡r❢❡r♦♠❡trí❛✳

▼✐❝r♦❞❡♥s✐tó♠❡tr♦✱ ❈♦♠♣❛r❛❞♦r✱ ❉❡t❡❝t♦r❡s✳

❍♦❧♦❣r❛❢í❛✱ ■♥t❡r❢❡r♦♠❡trí❛ ❤♦❧♦❣rá✜❝❛✳

❉✐s❡ñ♦ Ó♣t✐❝♦✱ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛✱✳✳✳

❆■❱✱ ❆❧✐♥❡❛❞♦✱ ❈❛❧✐❜r❛❝✐ó♥✱ ▼❡tr♦❧♦❣í❛ ó♣t✐❝❛✱ Pr♦t♦t✐♣❛❥❡✱ ❖♣t♦♠❡❝á♥✐✲

❝❛✳

❈r✐♦❣❡♥✐❛ ▲◆✷✱ ▲❍❡✱ ■❘✳

Pr♦❣r❛♠❛❝✐♦♥✿ ❈✱ ❋♦rtr❛♥✱ P❛s❝❛❧✱ ▼❛t❧❛❜✴❖❝t❛✈❡✱ ❇❛s❤✱ P②t❤♦♥✳

❯♥❛ ❧✐st❛ ❞❡ ❡t✐q✉❡t❛s ♦ ♣❛❧❛❜r❛s ❝❧❛✈❡ q✉❡ ♣✉❡❞❛♥ ❞❡✜♥✐r ♠✐ tr❛❜❛❥♦ ② ❡s♣❡❝✐❛✲

❧✐③❛❝✐ó♥✿

❆str♦♥♦♠í❛✱ ❆str♦❢ís✐❝❛✱ ■♥str✉♠❡♥t❛❝✐ó♥✱ Ó♣t✐❝❛✱ ❘❛❞✐♦♠❡trí❛✱ ❉✐s❡ñ♦ Ó♣t✐❝♦✱

❖♣t♦✲♠❡❝á♥✐❝❛✱ Pr♦t♦t✐♣❛❥❡✱ ❆■❱✱ ❈❛❧✐❜r❛❝✐ó♥✱ ▼❡tr♦❧♦❣í❛✱ ❈r✐♦❣❡♥✐❛✱ ■❘✱ Ó♣t✐❝❛

❆❞❛♣t❛t✐✈❛✱ ❆❧t❛ r❡s♦❧✉❝✐ó♥✳

■■■✳❜✳ ❍✐t♦s

■■■✳❜✳✶✳ ❈❧í♥✐❝❛

❖❋❚❆❈❘❖▼

❉❡s❞❡ ❡❧ ❝♦♠✐❡♥③♦ ❞❡ ♠✐ tr❛❜❛❥♦ ❡♥ ✐♥str✉♠❡♥t❛❝✐ó♥✱ ❡♥ ❡❧ ■❆❈✱ ❤❡ ❡st❛❞♦ ❧✐❣❛❞♦

❛❧ ♠✉♥❞♦ ❞❡ ❧❛ ♦❢t❛❧♠♦❧♦❣í❛✳ ▼✐ ♣r✐♠❡r ✐♥str✉♠❡♥t♦ ❝♦♥s✐st✐ó ❡♥ ✉♥ ❞❡s❛rr♦❧❧♦ q✉❡

s✉r❣✐ó ❛ ♣❛rt✐r ❞❡ ✉♥ ♣❧❛♥t❡❛♠✐❡♥t♦ ✐♥✐❝✐❛❧ ❡♥ ✈❛r✐❛s ❝❤❛r❧❛s ❝♦♥ ❡❧ ❥❡❢❡ ❞❡❧ ❞❡♣❛rt❛✲

♠❡♥t♦ ❞❡ ♦❢t❛❧♠♦❧♦❣í❛ ❞❡❧ ❍♦s♣✐t❛❧ ❯♥✐✈❡rs✐t❛r✐♦ ❞❡ ❈❛♥❛r✐❛s✶✳ ❚r❛s ✉♥♦s ♠♦♥t❛❥❡s

❞❡ ❧❛❜♦r❛t♦r✐♦ ❡ ✐r ❡①♣❧♦r❛♥❞♦ ♣♦s✐❜✐❧✐❞❛❞❡s ② ❝❛♣❛❝✐❞❛❞❡s ❞❡❧ ✉s♦ ❞❡ ✜❜r❛s ó♣t✐❝❛s ②

❝♦♥t❡♦ ❞❡ ❢♦t♦♥❡s s❡ ♣❛só ❛ ♣r❡s❡♥t❛r ✉♥ ❛♥t❡♣r♦②❡❝t♦ ❜❛sá♥❞♦♥♦s ❡♥ ❧❛s ✐❞❡❛s ② r❡s✉❧✲

t❛❞♦s ♦❜t❡♥✐❞♦s✱ ♣❛r❛ ❧❧❡❣❛r ✜♥❛❧♠❡♥t❡ ❛ ✉♥ ❉✐s❡ñ♦ Ó♣t✐❝♦ ② ♠❡❝á♥✐❝♦ ② s✉ ♣♦st❡r✐♦r

✶❊❧ ❝❛t❡❞rát✐❝♦ Pr❢✳ ▼❛♥✉❡❧ ❆♥t♦♥✐♦ ●♦♥③á❧❡③ ❞❡ ❧❛ ❘♦s❛ ❡r❛ ❏❡❢❡ ❞❡❧ s❡r✈✐❝✐ó ❞❡ ❖❢t❛❧♠♦❧♦❣í❛
❞❡❧ ❍❯❈ ② ❥❡❢❡ ❞❡❧ ❞❡♣❛rt❛♠❡♥t♦ ❞❡ ❧❛ ✉♥✐✈❡rs✐❞❛❞ ❞❡ ▲❛ ▲❛❣✉♥❛✳ ❍❛ s✐❞♦ ✉♥❛ ♣❡rs♦♥❛ s✐❡♠♣r❡ ❧✐✲
❣❛❞❛ ❛ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥ ② ❞❡s❛rr♦❧❧♦s ❞❡ ❞✐st✐♥t♦s ✐♥str✉♠❡♥t♦s✿ ❊s♣❡❝tr♦❢t❛❧✱ ❖❢t❛❝r♦♠ ✭❢♦tó♠❡tr♦ ②
❡s♣❡❝tr♦✢✉♦r♦❢♦tó♠❡tr♦ ❞❡ ❜❛rr✐❞♦✮✱ ✈❛r✐♦s ❈❛♠♣í♠❡tr♦s ✭❍②♣♦❝❛♠♣✉s ✕r❡✢❡❝t✐✈♦✱ ♣❡r♦ ❞❡ t❛♠❛ñ♦
♠✉② r❡❞✉❝✐❞♦✕ ② ❛❧❣✉♥♦s ❜❛s❛❞♦s ❡♥ ❧❛ ❧✉♠✐♥♦s✐❞❛❞ ② ❝♦♥tr❛st❡ ❞❡ ♣❛♥t❛❧❧❛s ❞❡ t✉❜♦ ❈❚❘ ② ▲❈❉✮
② ✉♥❛ ♠♦❞✐✜❝❛❝✐ó♥ ❞❡ ✉♥ ❘❡t✐♥ó❣r❛❢♦ ♣❛r❛ ❤❛❝❡r ❡s♣❡❝tr♦rr❡t✐♥♦❣r❛❢í❛ ✉s❛♥❞♦ ✜❜r❛s ó♣t✐❝❛s ❡ ✐❧✉✲
♠✐♥❛♥❞♦ ❞✐r❡❝t❛♠❡♥t❡ ❝♦♥ ❡❧ ❝♦❧♦r ❞❡ ✐♥t❡rés ② ♠✐❞✐❡♥❞♦ s✉ r❡✢❡❝t✐✈✐❞❛❞✱ ❡♥ ❧✉❣❛r ❞❡ ❧❛ tr❛❞✐❝✐♦♥❛❧
✐❧✉♠✐♥❛❝✐ó♥ ❜❧❛♥❝❛ ② ♠❡❞✐❞❛ ❡♥ ❜❛♥❞❛s✱ r❡❞✉❝✐❡♥❞♦ ❧❛ ❧✉③ ✐♥❝✐❞❡♥t❡ s♦❜r❡ ❡❧ ♦❥♦✳



■■■✳❜✳ ❍✐t♦s ✷✺✶

❢❛❜r✐❝❛❝✐ó♥ ② ♣✉❡st❛ ❡♥ ♠❛r❝❤❛✳ ❊st♦ s❡ ♣r♦❞✉❥♦ ❝♦♥ ✉♥ ❝✐❡rt♦ r❡tr❛s♦✱ ②❛ q✉❡ ❧❛ ♣❛rt❡

❡❧❡❝tró♥✐❝❛ ② ❞❡ ❝♦♥tr♦❧ ❛✉t♦♠át✐❝♦ r❡q✉✐r✐ó ❡s♣❡r❛r ❛ t❡♥❡r ❛ ✉♥❛ ♣❡rs♦♥❛ ❝❛♣❛③ ❞❡

❞❡s❛rr♦❧❧❛r ❡❧ tr❛❜❛❥♦✱ ❞❡s♣✉és ❞❡ q✉❡ ❧❛ ♣❡rs♦♥❛ q✉❡ ✐♥✐❝✐❛❧♠❡♥t❡ s❡ ♦❝✉♣❛❜❛ ❞❡ ❡❧❧♦

s❡ ❢✉❡r❛✳

❊st❡ ♣r♦②❡❝t♦ ♠❡ ✐♥✐❝✐ó ❡♥ ❧❛s té❝♥✐❝❛s ❞❡ ❞❡t❡❝❝✐ó♥ ② ❡♥ ❧❛s ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ ②

♦♣t♦♠❡❝á♥✐❝♦✱ ❧❧❡❣❛♥❞♦ ❛ r❡❛❧✐③❛r ✉♥ ♣r♦❣r❛♠❛ ❞❡ tr❛③❛❞♦ ❞❡ r❛②♦s ❝♦♠♣❧❡t♦ ♣❛r❛

❡♥t❡♥❞❡r ❡❧ ♣r♦❝❡s♦✱ ❛✉♥q✉❡ ❧♦s ❡st✉❞✐♦s ♠ás ✜♥♦s ❧♦s r❡❛❧✐❝é ❝♦♥ ✉♥ ♣r♦❣r❛♠❛ ❞❡s❛✲

rr♦❧❧❛❞♦ ♣♦r ❋r❛♥❝✐s❝♦ ❈♦❜♦s✷ ❡♥ ❆❧❣♦❧ ② q✉❡ ②♦ r❡❝♦♥✈❡rtí ❡ ✐♠♣❧❡♠❡♥té ❡♥ ❋♦rtr❛♥

❡♥ ✶✾✽✸✳ ❉❡ ❡st❡ ♠♦❞♦✱ ❝♦♥s❡❣✉í ❝♦♠♣✐❧❛r❧♦ ② ❡❥❡❝✉t❛r❧♦ ❡♥ ❡❧ ❱❆❳ ❞❡ ❉✐❣✐t❛❧ ② ❡♥

❡❧ ❊❝❧✐♣s❡ ❞❡ ❉❛t❛ ●❡♥❡r❛❧ q✉❡ t❡♥í❛♠♦s ❡♥ ❧❛ ❯▲▲ ② ❡❧ ■❆❈✭●❈✽✸✮✳ ❊st❡ ♣r♦②❡❝t♦

❝♦♥st✐t✉í❛ ♠✐ tr❛❜❛❥♦ ❞❡ t❡s✐s ❞♦❝t♦r❛❧✱ ❞✐r✐❣✐❞❛ ♣♦r ❡❧ ♣r♦❢❡s♦r ❈❛r❧♦s ❙á♥❝❤❡③ ▼❛❣r♦✱

❢❛❧❧❡❝✐❞♦ ❡♥ ✶✾✽✺ ❝✉❛♥❞♦ ❡❧ tr❛❜❛❥♦ ❡st❛❜❛ ❛ ♠❡❞✐♦ ❤❛❝❡r ✭✈❡r ❤tt♣✿✴✴✇✇✇✳s②r♠❛✳

♥❡t✴❞♦❝s✴✷✵✵✾✴✵✺✴✵✻✴s❛♥❝❤❡③✴♠❛❣r♦✴❞♦❝❴❝✉rr✐❝✉❧♦✳❤t♠❧✮✳ ▲❛ ❝♦❞✐r❡❝❝✐ó♥ ❡st❛✲

❜❛ ❛ ❝❛r❣♦ ❞❡ ▼❛①✐♠✐♥♦ ●❛❧á♥ ◆✉ñ❡③ q✉✐❡♥ ❞❡❥ó t❛♠❜✐é♥ ❡❧ ■❆❈ ✉♥♦s ♠❡s❡s ❞❡s♣✉és

❡s❡ ♠✐s♠♦ ❛ñ♦✳ ◆♦ ❤✉❜♦ r❡s♣♦♥s❛❜❧❡ ♣♦st❡r✐♦r q✉❡ ❛s✉♠✐❡r❛ ❧❛ ❝♦♥t✐♥✉✐❞❛❞ ❞❡ ❧❛

❞✐r❡❝❝✐ó♥ ② ✜♥❛❧✐③❛❝✐ó♥ ❞❡ ❧❛ t❡s✐s✳

❆❧ ♠✐s♠♦ t✐❡♠♣♦ ♠❡ ✐♥✐❝✐é ❡♥ ❡❧ ✉s♦ ❞❡❧ ♣r♦❣r❛♠❛ ❞❡ ❉✐s❡ñ♦ Ó♣t✐❝♦ ❈♦❞❡ ❱✱ q✉❡

♣♦r ❛q✉❡❧❧❛s ❢❡❝❤❛s ❧♦ ❡❥❡❝✉tá❜❛♠♦s ♣♦r ❝♦♥❡①✐ó♥ t❡❧♥❡t ❝♦♥ ❡❧ ♦r❞❡♥❛❞♦r ❞❡ ❖♣t✐❝❛❧

❘❡s❡❛r❝❤ ❡♥ P❛s❛❞❡♥❛✱ ♣❛❣❛♥❞♦ ✉♥ ❛❧q✉✐❧❡r ♣♦r ✓t✐❡♠♣♦ ❞❡ ❈P❯✔✳ ▲♦s ❞❛t♦s ❧♦s

❝♦♣✐á❜❛♠♦s ❛ ♠❛♥♦ ♦✱ ❝✉❛♥❞♦ t❡♥í❛♠♦s ✉♥❛ s❛❧✐❞❛ ②❛ ✈❛❧✐❞❛❞❛✱ r❡❞✐r✐❣í❛♠♦s ❛ ✉♥❛

✐♠♣r❡s♦r❛ ♣❛r❛ ❣✉❛r❞❛r ❧♦s ♥ú♠❡r♦s ② ✈✐s✉❛❧✐③❛r ✉♥ ❝✐❡rt♦ ❣r❛✜❝❛❞♦ ❡♥ ♠♦❞♦ t❡①t♦

❝♦♥ ❧♦s ❝❛r❛❝t❡r❡s ✜❥♦s ❞❡ ❧❛ ✐♠♣r❡s♦r❛✱ ❡r❣♦ ❣r❛t✐❛✿ ❭ ⑤ ✴ ✲ ✰ ① ✳ ✯ ♦ ❫ ✈ ❁ ❃✳

❊❧ ❖❢t❛❝r♦♠ ❡r❛ ✉♥ ❡s♣❡❝tr♦✲✢✉♦r♦❢♦tó♠❡tr♦ ❞❡ ❛♥á❧✐s✐s ❝❧í♥✐❝♦ q✉❡ s❡ ❝♦♥❡❝t❛✲

❜❛ ❛ ❧❛ ❧á♠♣❛r❛ ❞❡ ❤❡♥❞✐❞✉r❛ ♦❢t❛❧♠♦❧ó❣✐❝❛ ❛ tr❛✈és ❞❡ ✉♥❛ ✜❜r❛ ó♣t✐❝❛✱ ❞❡ ♠♦❞♦

q✉❡ ♣♦❞í❛♠♦s ♠❡❞✐r í♥✜♠❛s ✜❧tr❛❝✐♦♥❡s ❞❡ ✢✉♦r❡s❝❡í♥❛ ❞✐s✉❡❧t❛ ❡♥ ❧❛ s❛♥❣r❡ ❛ tr❛✈és

❞❡ ❧❛ ❜❛rr❡r❛ ❤❡♠❛t♦rr❡t✐♥✐❛♥❛✳ ❊st❛ té❝♥✐❝❛ ♣❡r♠✐tí❛ ❧❛ ❞❡t❡❝❝✐ó♥ ❞❡ ♣r♦❜❧❡♠❛s ❞❡

❞✐❛❜❡t❡s ② ♣r✐♥❝✐♣✐♦s ❞❡ ❝❡❣✉❡r❛ ❞✐❛❜ét✐❝❛ ♣♦r ❞❡s♣r❡♥❞✐♠✐❡♥t♦ ❞❡ r❡t✐♥❛✳ ❊❧ ❢♦t♦♠✉❧✲

t✐♣❧✐❝❛❞♦r ❧❧❡✈❛❜❛ ❧♦s s✐st❡♠❛s ❞❡ ❛❝♦♥❞✐❝✐♦♥❛♠✐❡♥t♦ q✉❡ ✉sá❜❛♠♦s ❡♥ ❆str♦❢ís✐❝❛✳

■❜❛ ❡♥❝❡rr❛❞♦ ❡♥ ✉♥❛ ❝á♠❛r❛ r❡❢r✐❣❡r❛❞❛ ❝♦♥ ❝❡❧❞❛s ♣❡❧t✐❡r✱ ② ❧❛ s✉♣❡r✜❝✐❡ r❡❝❡♣t♦r❛

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

❧❛ ❞❡✢❡①✐ó♥ ❞❡ ❧♦s ❡❧❡❝tr♦♥❡s q✉❡ s❡ ❞❡s♣r❡♥❞❡♥ ❞❡❧ ❝át♦❞♦ ♣♦r ❡❢❡❝t♦ ❏♦✉❧❡ ② q✉❡✱

❞❡❜✐❞♦ ❛ ❧❛ ❛♠♣❧✐✜❝❛❝✐ó♥✱ ❣❡♥❡r❛♥ ✉♥ r✉✐❞♦ ❞❡ ❢♦♥❞♦ ❝♦♥s✐❞❡r❛❜❧❡✳ ❆❞❡♠ás✱ ♣❛r❛ ❧♦s

✷
❞❋r❛♥❝ís❝♦ ❈♦❜♦s ❡r❛ ❞✐s❡ñ❛❞♦r ó♣t✐❝♦ ❞❡❧ ■♥st✐t✉t♦ ❞❡ ❆str♦♥♦♠í❛ ❞❡ ❧❛ ❯◆❆▼ ✭❯♥✐✈❡rs✐❞❛❞

◆❛❝✐♦♥❛❧ ❆✉tó♥♦♠❛ ❞❡ ▼é①✐❝♦✮✳ ❊s ❡❧ ❞✐s❡ñ❛❞♦r✱ ❡♥tr❡ ♦tr♦s✱ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦ ❞❡❧ ✐♥str✉♠❡♥t♦
❖❙■❘■❙✱ ✐♥str✉♠❡♥t♦ ♣r✐♥❝✐♣❛❧ ❞❡ ♣r✐♠❡r❛ ❧✉③ ❞❡ ●❚❈✳ ▲♦s ♣r✐♠❡r♦s ❝♦♥t❛❝t♦s ❢✉❡r♦♥ ❛ r❛✐③ ❞❡❧
❞✐s❡ñ♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ■❆❈ ✽✵ ② ✉♥ s✐st❡♠❛ ❞❡ ❧❡♥t❡s ❝♦♠♦ ❛♣❧❛♥❛❞♦r ❞❡ ❝❛♠♣♦✳ ❚❛♠❜✐é♥ ♣❛rt✐❝✐♣ó
❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦ ❞❡❧ ❢♦tó♠❡tr♦ ■❘ ❞❡ ✸✷ ❡❧❡♠❡♥t♦s✳

http://www.syrma.net/docs/2009/05/06/sanchez/magro/doc_curriculo.html
http://www.syrma.net/docs/2009/05/06/sanchez/magro/doc_curriculo.html


✷✺✷ ❆♣é♥❞✐❝❡ ❈✳ ❈✉rr✐❝✉❧✉♠ ■♥str✉♠❡♥t❛❧

❋✐❣✉r❛ ❈✳✶✿ Póst❡r ② ❡sq✉❡♠❛ ❞❡ ♣r❡s❡♥t❛❝✐ó♥ ❞❡❧ ✐♥str✉♠❡♥t♦ ❞❡ ❡s♣❡❝tr♦✲✢✉♦r♦❢♦t♦♠❡trí❛
❞❡ ❛♥á❧✐s✐s ❝❧í♥✐❝♦ ✓❖❢t❛❝r♦♠✔✳

❡st✉❞✐♦s ❞❡ ♣r✐♠❡r❛ ❡①♣❧♦r❛❝✐ó♥ t❡♥í❛ ✉♥ ♠♦❞♦ ❞❡ ❝♦♥t❡♦ ❞❡ ❢♦t♦♥❡s✱ ②❛ q✉❡ ❤❛❜í❛✲

♠♦s ❝♦♥s❡❣✉✐❞♦ ❛♣❛♥t❛❧❧❛r ② r❡❞✉❝✐r ❝✉❛❧q✉✐❡r ❧✉③ ❝♦♥t❛♠✐♥❛♥t❡ ② ❞✐s♣♦♥í❛♠♦s ❞❡ ✉♥

s✐st❡♠❛ s✉♠❛♠❡♥t❡ ❡✜❝✐❡♥t❡✳ ❆❞✐❝✐♦♥❛❧♠❡♥t❡✱ ❝♦♥t❛❜❛ ❝♦♥ ✉♥ ♠♦❞♦ ❡s♣❡❝tr♦s❝ó♣✐❝♦

✐♥s❡rt❛♥❞♦ ✉♥ ❝✐r❝✉✐t♦ ó♣t✐❝♦ ❛ tr❛✈és ❞❡ ✉♥ ♠♦♥♦❝r♦♠❛❞♦r ♣❛r❛ ❤❛❝❡r ❡①♣❧♦r❛❝✐♦♥❡s

❝r♦♠át✐❝❛s ❞❡ ❢♦♥❞♦ ❞❡ r❡t✐♥❛✳

❊♥ ❡❧ ♠✐s♠♦ ♠ó❞✉❧♦ s❡ ✐♥❝♦r♣♦ró ✉♥❛ ❢✉❡♥t❡ ❞❡ ❧✉③ q✉❡ s❡ r❡❞✐r✐❣í❛ ❛ ♦tr❛

✜❜r❛ ó♣t✐❝❛ ❞❡ ✐❧✉♠✐♥❛❝✐ó♥✱ ❞❡ ♠♦❞♦ q✉❡ ✐❧✉♠✐♥❛❜❛ ✉♥❛ r❡♥❞✐❥❛ q✉❡ s❡ ♣r♦②❡❝t❛❜❛

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

❝♦♥ ❧❛ ✐♥t❡rs❡❝❝✐ó♥ ❞❡ ❧❛ r❡♥❞✐❥❛ ❞❡ ♦❜s❡r✈❛❝✐ó♥ ❛ tr❛✈és ❞❡ ❧❛ ✜❜r❛ ❝♦❧❡❝t♦r❛✱

✉♥ ✈♦❧✉♠❡♥ ❞❡ ❤✉♠♦r ✈ítr❡♦ q✉❡ ♣❡r♠✐tí❛ ❝❛❧✐❜r❛r ❧❛ ✐♥❝✐❞❡♥❝✐❛ ② ❞✐❢✉s✐ó♥ ❞❡ ❧❛

✢✉♦r❡s❝❡í♥❛ ❡♥ ❡❧ ✐♥t❡r✐♦r ❞❡❧ ♦❥♦✳ ❊st❛ ♠❡❞✐❞❛ s❡ ❤❛❝í❛ ❞❡ ♠♦❞♦ ❛✉t♦♠át✐❝♦✱ ②❛ q✉❡

❡❧ ❝♦♥❥✉♥t♦ ❧♦ ♠♦♥t❛♠♦s ❡♥ ✉♥ ❝❛rr✐t♦ ♠♦t♦r✐③❛❞♦ ❝♦♥ ✉♥ r❡❝♦rr✐❞♦ ❞❡ ✷✺♠♠✳ ▲♦s

❞❛t♦s ❞❡ ✢✉♦r❡s❝❡♥❝✐❛ ❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ♣r♦❢✉♥❞✐❞❛❞ ♣❡r♠✐tí❛♥ ❛❧ ♠é❞✐❝♦ ❡♥❝♦♥tr❛r

❧♦s ♣❛rá♠❡tr♦s ❞❡ ✈❡❧♦❝✐❞❛❞ ❞❡ ❞✐❢✉s✐ó♥ ❛ ❧❛ ✈❡③ q✉❡ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ ✜❧tr❛❞♦ ②✱ ❝♦♥

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

❞❡ ✢✉♦r❡s❝❡í♥❛ ❞❡t❡r♠✐♥❛ ✉♥ ❞❡❜✐❧✐t❛♠✐❡♥t♦ ❞❡ ❧❛ ❜❛rr❡r❛ ❤❡♠❛t♦rr❡t✐♥✐❛♥❛ ❡
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✐♥❞✐❝❛ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ✉♥ ❞❡s♣r❡♥❞✐♠✐❡♥t♦ ② ♣r❡❞✐❝❡ ✉♥❛ ♣♦s✐❜❧❡ ❞✐❛❜❡t❡s✳ ❊❧

tr❛❜❛❥♦ ❝❧í♥✐❝♦ r❡❛❧✐③❛❞♦ ❝♦♥ ❡❧ ❖❢t❛❝r♦♠ ♣♦s✐❜✐❧✐tó ❧❛ r❡❛❧✐③❛❝✐ó♥ ❞❡ ✉♥❛ t❡s✐s ❞♦❝✲

t♦r❛❧ ❡♥ ♠❡❞✐❝✐♥❛ q✉❡ ❢✉❡ ❣❛❧❛r❞♦♥❛❞❛ ❝♦♥ ✉♥ ♣r❡♠✐♦ ♥❛❝✐♦♥❛❧ ❞❡ t❡s✐s ❡♥ ❡❧ ❛ñ♦ ✶✾✽✾✳

❆ ❧♦ ❧❛r❣♦ ❞❡ ❧♦s ❛ñ♦s ❧❛ ❝♦❧❛❜♦r❛❝✐ó♥ ❝♦♥ ❡❧ ❞❡♣❛rt❛♠❡♥t♦ ❞❡ ♦❢t❛❧♠♦❧♦❣í❛ ❞❡❧

❍♦s♣✐t❛❧ ❯♥✐✈❡rs✐t❛r✐♦ ❞❡ ❈❛♥❛r✐❛s ✭❛♥t❡s ●❡♥❡r❛❧ ② ❈❧í♥✐❝♦ ❞❡ ❚❡♥❡r✐❢❡✮✱ ❛ tr❛✈és ❞❡❧

♣r♦❢❡s♦r ▼❛♥✉❡❧ ❆♥t♦♥✐♦ ●♦♥③á❧❡③ ❞❡ ❧❛ ❘♦s❛✱ ♥♦s ♣❡r♠✐t✐ó ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✈❛r✐♦s ✐♥s✲

tr✉♠❡♥t♦s✱ ❞❡st❛❝❛♥❞♦ ❞♦s ❡s♣❡❝tr♦❢♦tó♠❡tr♦s ✭❊❙P❊❈❚❘❖❋❚❆▲ ② ❖❋❚❆❈❘❖▼✮✱

✉♥ ❝❛♠♣í♠❡tr♦ ✭❉❊▲P❍■✮ ② ✉♥ r❡t✐♥ó❣r❛❢♦✳ ❚❛♠❜✐é♥ ❤❛♥ s✐❞♦ ✈❛r✐❛s ❧❛s ❝♦❧❛❜♦r❛❝✐♦✲

♥❡s ❝♦♥ ❡❧ ♣r♦❢❡s♦r ❏♦sé ▲✉✐s ●♦♥③á❧❡③ ▼♦r❛✱ ♥❡✉r♦✜s✐ó❧♦❣♦ ❞❡❧ ❍♦s♣✐t❛❧ ❯♥✐✈❡rs✐t❛r✐♦

❞❡ ❈❛♥❛r✐❛s✱ ❝♦♥ q✉✐❡♥✱ ❡♥tr❡ ♦tr❛s ❝♦s❛s✱ r❡❛❧✐③❛♠♦s ❧❛ ♦❜s❡r✈❛❝✐ó♥ ② ❝♦♥tr♦❧ ❞❡ ❧❛

❛❝❝✐ó♥ ❞❡ ❧❛s ❜♦♠❜❛s ❞❡ ◆❛✲❑ ✭s♦❞✐♦✲♣♦t❛s✐♦✮ ❡♥ ❧❛ ✐♥t❡r❛❝❝✐ó♥ ♥❡✉r♦♥❛❧ ✉t✐❧✐③❛♥❞♦

✜❜r❛s ó♣t✐❝❛s ✭✾✵ ❛ ✷✵✵ ♠✐❝r❛s✮ ❝♦♠♦ ❡st✐♠✉❧❛❞♦r❡s ② ❝♦❧❡❝t♦r❡s✳ ➱st❛s s❡ ♣r♦❜❛❜❛♥

❡♥ r❛t❛s ❞❡ ❧❛❜♦r❛t♦r✐♦ ❞❡❧ ❛♥✐♠❛❧❛r✐♦ ❞❡ ❧❛ ❢❛❝✉❧t❛❞ ❞❡ ▼❡❞✐❝✐♥❛ ❞❡ ❧❛ ❯♥✐✈❡rs✐❞❛❞

❞❡ ▲❛ ▲❛❣✉♥❛✳ ❨ ❡❧ ♣r♦②❡❝t♦ q✉✐③ás ♠ás ❝♦♥♦❝✐❞♦ s❡❛ ❡❧ ❊s♣❛❝✐♦ ❆❝úst✐❝♦ ❱✐rt✉❛❧✱

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

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

❝♦❧❛❜♦r❛r♦♥ ❡♥ ❡❧ tr❛❜❛❥♦ ❧❧❡❣❛r ❛ ❞❡s❛rr♦❧❧❛r ✈✐s✐ó♥✲❛❝úst✐❝❛ ❛✉tó♥♦♠❛✳ ❊❧ ♣r♦②❡❝t♦

s❡ ♣❛ró ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ♣♦r ❧❛ ♥❡❝❡s✐❞❛❞ ❞❡ ✉♥ ❞✉r♦ ❡♥tr❡♥❛♠✐❡♥t♦ ② ❧♦ ♣❡s❛❞♦ ❞❡❧

❡q✉✐♣♦ ♥❡❝❡s❛r✐♦✳ P♦s✐❜❧❡♠❡♥t❡ ❤♦② ❡❧ s✐st❡♠❛ s❡rí❛ ♠ás ✈✐❛❜❧❡✱ ❛✉♥q✉❡ ♥♦ s❡ r❡❞✉❝❡

❡❧ ❡♥tr❡♥❛♠✐❡♥t♦✳ ❙❡ ❡stá♥ ❞❡s❛rr♦❧❧❛♥❞♦ ❞❡s❞❡ ❡♥t♦♥❝❡s ♦tr♦s ❞✐✈❡rs♦s s✐st❡♠❛s ❞❡

tr❛♥s❝r✐♣❝✐ó♥ q✉❡ ♣❛r❡❝❡♥ ♠ás ♣r♦♠❡t❡❞♦r❡s✱ ❛✉♥q✉❡ ❡♥ s✉ ♠♦♠❡♥t♦ ❡❧ tr❛❜❛❥♦ q✉❡

❞❡s❛rr♦❧❧❛♠♦s r❡s✉❧tó ♣✉♥t❡r♦ ❡♥ ❡st❡ ❝❛♠♣♦✳
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▼✐ ♣❡r❢í❧ ❞❡ ❛stró♥♦♠♦ ❞❡s♣✉és ❞❡ q✉❡ ❝♦♠♦ ❛❧✉♠♥♦ ② ♣♦st❣r❛❞♦ ✐♥✐❝✐❛r❛ tr❛❜❛❥♦s

❞❡ ❛str♦♥♦♠í❛ ✐♥❢r❛rr♦❥❛ ❝♦♥ ❡❧ ♣r♦❢❡s♦r ❈❛r❧♦s ❙á♥❝❤❡③ ❢✉❡ ❡✈♦❧✉❝✐♦♥❛♥❞♦ ❛ tr❛✈és

❞❡ ❧❛ ✐♥str✉♠❡♥t❛❝✐ó♥ ❞❡s❞❡ ❧❛s ♣r✐♠❡r❛s ❛♣❧✐❝❛❝✐♦♥❡s ❢♦t♦♠étr✐❝❛s ② ❞❡ ❛❧✐♥❡❛❞♦ ②

❝❛❧✐❜r❛❞♦ ❜❛❥♦ ❧❛ t✉t❡❧❛ ❞❡ ❈❤✐q✉✐ ●❛❧á♥✱ ❛❧ ❞✐s❡ñ♦✱ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ② ❧❛ ✈❡r✐✜❝❛❝✐ó♥ ❞❡

❧♦s ✐♥str✉♠❡♥t♦s ✉♥❛ ✈❡③ ❛s✉♠✐❞♦ ❡❧ ♣❛♣❡❧ ❞❡ ✐♥str✉♠❡♥t❛❧✐st❛✳

❆❧ ✜♥❛❧✐③❛r ❡❧ ♣r♦②❡❝t♦ ❞❡❧ ❖❋❚❆❈❘❖▼ ✐♥✐❝✐é ♠✐s ♣r✐♠❡r♦s ❝♦♥t❛❝t♦s ❝♦♥ s✐st❡✲

♠❛s ♠✉❧t✐✲s❡♥s♦r✿ ❡❧ ✓✸✷✲❡❧❡♠❡♥t♦s✔✱ ❡r❛ ✉♥ ❛rr❛② ❧✐♥❡❛❧ ❞❡ ✸✷ ♠✐❝r♦ s❡♥s♦r❡s ✐♥❢r❛✲

rr♦❥♦s ❞❡ 250×250µ♠✳ ❙❡❣✉✐❞❛♠❡♥t❡ ♠❡ t✉✈❡ q✉❡ ❡♥❢r❡♥t❛r ❝♦♥ ❧❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥

❞❡ ✉♥ s❡♥s♦r ■P❉ ✭■♥t❡❣r❛t❡❞ Pr❡❛♠♣❧✐✜❡❞ ❉❡t❡❝t♦r✮ ❜✐❞✐♠❡♥s✐♦♥❛❧ q✉❡✱ ❛ tr❛✈és ❞❡

s✉s ❝✉❛tr♦ ❝♦♥❡①✐♦♥❡s✱ ♣♦❞í❛ ❞❡t❡r♠✐♥❛r ❝✐❡rt❛ ❢♦r♠❛ ❞❡ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❧❛ ✐❧✉♠✐♥❛✲

❝✐ó♥ s♦❜r❡ s✉ s✉♣❡r✜❝✐❡✳ P♦st❡r✐♦r♠❡♥t❡✱ ❡♥ ❝♦❧❛❜♦r❛❝✐ó♥ ❝♦♥ ❧❛ ✉♥✐✈❡rs✐❞❛❞ ❞❡ ◆✐③❛✱



✷✺✹ ❆♣é♥❞✐❝❡ ❈✳ ❈✉rr✐❝✉❧✉♠ ■♥str✉♠❡♥t❛❧

♣❛rt✐❝✐♣é ❡♥ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ② ❝❛❧✐❜r❛❝✐ó♥ ❡♥ ❧❛❜♦r❛t♦r✐♦ ❞❡ ✉♥ ❢♦t♦♣♦❧❛rí♠❡tr♦ s♦❧❛r✳

❙❡ ✐♥✐❝✐ó ❞❡s♣✉és ❧❛ ✐♠♣❧✐❝❛❝✐ó♥ ❞❡❧ ■❆❈ ❡♥ ❧❛ ❢❛s❡ ❆ ❞❡❧ ♣r♦②❡❝t♦ ❞❡ ✉♥♦ ❞❡

❧♦s ❡①♣❡r✐♠❡♥t♦s ❞❡❧ ✐♥str✉♠❡♥t♦ ■❙❖P❍❖❚ ♣❛r❛ ❡❧ sát❡❧✐t❡ ❞❡ ❧❛ ❆❣❡♥❝✐❛ ❊s♣❛❝✐❛❧

❊✉r♦♣❡❛ ✭❊❙❆✮ ■❙❖ ✭■♥❢r❛r❡❞ ❙❛t❡❧❧✐t❡ ❖❜s❡r✈❛t♦r②✮✳ ❊❧ ✐♥str✉♠❡♥t♦✱ ■❙❖P❍❖❚✲

❙✱ ❡r❛ ✉♥ ❞♦❜❧❡ ❡s♣❡❝tró❣r❛❢♦ ✐♥❢r❛rr♦❥♦ ♣❛r❛ ❧♦s r❛♥❣♦s 2′5 ❛ 5µ♠ ② 6 ❛ 12µ♠✳

■❙❖P❍❖❚✲❙ ❢✉❡ ❞✐s❡ñ❛❞♦ ② ♣r❡s❡♥t❛❞♦ ❝♦♠♦ ♣r♦②❡❝t♦ ♣♦r ❈❛r❧♦s ❙á♥❝❤❡③ ✭■❆❈✮✱

▼✐❦❡ ❙❡❧❜② ② ▼❛rt②♥ ❲❡❧❧s ✭■❈❙❚▼▲✮ ❛ ❧❛ ❊❙❆ ❡♥ ✶✾✽✺✳

■❙❖P❍❖❚✲❙ ❢✉❡ ❡❧ ♣r✐♠❡r ✐♥str✉♠❡♥t♦ ❝✐❡♥tí✜❝♦ ❞✐s❡ñ❛❞♦ ② ❝♦♥str✉✐❞♦ ♣♦r ❊s✲

♣❛ñ❛ q✉❡ s❡ ✐♥t❡❣ró ❡♥ ✉♥❛ ♠✐s✐ó♥ ❡s♣❛❝✐❛❧✳ ❊s ❝✐❡rt♦ q✉❡ ❧❛ ❢❛❜r✐❝❛❝✐ó♥ ❞❡ ❧♦s ❝♦♠✲

♣♦♥❡♥t❡s ó♣t✐❝♦s ② ❧♦s ❞❡t❡❝t♦r❡s ❢✉❡ r❡❛❧✐③❛❞❛ ❡♥ ●r❛♥ ❇r❡t❛ñ❛ ② ❆❧❡♠❛♥✐❛✱ ♣❡r♦ ❡❧

❛❧✐♥❡❛❞♦✱ ♠♦♥t❛❥❡ ❡ ✐♥t❡❣r❛❝✐ó♥✱ ❛❞❡♠ás ❞❡ ❧❛ ❝❛❧✐❜r❛❝✐ó♥ ❡♥ ❧❛❜♦r❛t♦r✐♦ ② ❡❧ ❞✐s❡ñ♦

② ❢❛❜r✐❝❛❝✐ó♥ ❞❡ ❧♦s ♠♦❞❡❧♦s ❞❡ ♠❛s❛✱ ❛❧✐♥❡❛❞♦ ② r❡♣✉❡st♦✱ ❡ ✐♥❝❧✉s♦ ✉♥❛ ❝♦rr❡❝❝✐ó♥

❞❡ ❞✐s❡ñ♦ ② ❢❛❜r✐❝❛❝✐ó♥ s♦❜r❡ ❧❛s r❡❞❡s ❞❡ ❞✐❢r❛❝❝✐ó♥✱ ❢✉❡r♦♥ r❡❛❧✐③❛❞❛s ♣♦r ♠í ❡♥ ❧♦s

❧❛❜♦r❛t♦r✐♦s ❞❡❧ ■❆❈✳

❊❧ ♣r♦②❡❝t♦ s✉♣✉s♦ ✉♥❛ ✐♠♣❧✐❝❛❝✐ó♥ t♦t❛❧ ❞❡❧ ár❡❛ ❞❡ ✐♥❣❡♥✐❡rí❛ ❞❡❧ ■❆❈✱ ♣❡r♦ ❞❡

❤❡❝❤♦ ❧❛ ú♥✐❝❛ ♣❡rs♦♥❛ ❛✉t♦r✐③❛❞❛ ♣♦r ❧❛ ❊❙❆ ❛ t♦❝❛r ❡❧ ✐♥str✉♠❡♥t♦ ❡r❛ ②♦✳ P❛r❛

♣♦❞❡r r❡❛❧✐③❛r ❧❛s t❛r❡❛s ♥❡❝❡s❛r✐❛s ❤✉❜❡ ❞❡ ♣r♦❣r❛♠❛r ❧♦s s✐st❡♠❛s ❞❡ ❝♦♥tr♦❧ ❞❡

♠❡❞✐❞❛s✱ ❡s ❞❡❝✐r✱ ❡❧ ❛❝❝❡s♦ ❛ ❧♦s s✐st❡♠❛s ❞❡ ❛❞q✉✐s✐❝✐ó♥✱ ❡ ✐♥❝❧✉s♦ ❧♦s ❣rá✜❝♦s ❡♥

t✐❡♠♣♦ r❡❛❧✳ ❆♣❛rt❡ ❞❡ ❛♣r❡♥❞❡r ② ❞❡s❛rr♦❧❧❛r té❝♥✐❝❛s ❞❡ tr❛❜❛❥♦ ❛ t❡♠♣❡r❛t✉r❛ ❞❡

❍❡ ❧íq✉✐❞♦ ❛ 4′2❑✳ ❚✉✈❡ q✉❡ ✐❞❡❛r ② ❞❡s❛rr♦❧❧❛r ♣r♦❝❡❞✐♠✐❡♥t♦s ❞❡ ♠❡❞✐❞❛s ♣❛r❛

❧❛s ♣r✉❡❜❛s ② ❡❧ ❝❛❧✐❜r❛❞♦ ❡♥ ❧❛❜♦r❛t♦r✐♦ ❞❡❧ ✐♥str✉♠❡♥t♦✳ ■❣✉❛❧♠❡♥t❡ ♦❝✉rr✐ó ❝♦♥ ❡❧

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

❨✱ ❝♦♠♦ ②❛ ❤❡ ♠❡♥❝✐♦♥❛❞♦✱ ❧❛ ❡①♣❧✐❝❛❝✐ó♥ ❞❡❧ ♣♦rq✉é ♥♦ s❡ ♣♦❞í❛ ❛❧✐♥❡❛r ❡❧ ❞✐s❡ñ♦

♦r✐❣✐♥❛❧ ② ❝ó♠♦ ✐❞❡é ❧❛ ❝♦rr❡❝❝✐ó♥ ❞❡ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡ ❧❛s r❡❞❡s ❞❡ ❞✐❢r❛❝❝✐ó♥ ♣❛r❛ q✉❡ s❡

♣✉❞✐❡r❛ ❧❧❡✈❛r ❛ ❝❛❜♦ ❧❛ ✐♥t❡❣r❛❝✐ó♥✳ ❈ó♠♦ ✐♥t❡❣ré ❧♦s ✜❧tr♦s ♥❡✉tr♦s ■❘ ❡♥ ❡❧ ❝r✐♦st❛t♦

❡✈✐t❛♥❞♦ ❧❛ ♣r♦♣❛❣❛❝✐ó♥ ❞❡ r❡✢❡❥♦s ❡ ✐♠á❣❡♥❡s ❢❛♥t❛s♠❛✳ ❈ó♠♦ ❞✐s❡ñé ✉♥❛ ❜❛s❡ ❞❡

✐♥t❡❣r❛❝✐ó♥ ② ✉♥ ❡s♣❡❥♦ ❞❡ ✐♥❝✐❞❡♥❝✐❛ ❞❡♥tr♦ ❞❡❧ ❝r✐♦st❛t♦✱ ❛sí ❝♦♠♦ ✉♥❛ ♣❧❛t❛❢♦r♠❛ ♦

t♦rr❡ ♠✐❝r♦♠étr✐❝❛ ♣❛r❛ ❡❧ ♣♦s✐❝✐♦♥❛❞♦ ② ❜❛rr✐❞♦s ❝♦♥ ❡❧ ❝r✐♦st❛t♦✱ s✐♥ ♣❡r❞❡r ❡❧ ❢♦❝♦

❞❡❧ ❤❛③ ❡♥ ❧❛ ❛❜❡rt✉r❛ ❞❡❧ ❡s♣❡❝tró❣r❛❢♦ ❞❡♥tr♦ ❞❡❧ ❝r✐♦st❛t♦ ❢rí♦✳

❊❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❡st❡ ♣r♦②❡❝t♦ ❝♦♥ t♦❞♦s ❧♦s tr❛❜❛❥♦s ❡♥ ❧♦s ❞✐st✐♥t♦s ❝❛♠♣♦s ❝♦♥✲

tr✐❜✉②ó ❛ ❝♦♥s♦❧✐❞❛r ♠✐ ♣❡r✜❧ ❡♥ ✐♥str✉♠❡♥t❛❝✐ó♥ ② ❆■❱✳ ❋✐♥❛❧♠❡♥t❡✱ ♣♦r ♣r♦❜❧❡♠❛s

❡♥ ❧❛s ♣r✉❡❜❛s ② s✐♠✉❧❛❝✐ó♥ ❞❡❧ ❧❛♥③❛♠✐❡♥t♦ ② ✈✉❡❧♦✱ ❧❛ ♣✉❡st❛ ❡♥ ❢✉♥❝✐♦♥❛♠✐❡♥t♦ s❡

♣♦s♣✉s♦ ♠ás ❞❡ ❞♦s ❛ñ♦s ②✱ ❛❞❡♠ás✱ ❛ ♣❡s❛r ❞❡ ♣❡rt❡♥❡❝❡r ❛❧ ❝♦♥s♦r❝✐♦ ✐♥str✉♠❡♥t❛❧

② ❞❡ ❝♦♠✐ss✐♦♥✐♥❣ ❞❡❧ s❛té❧✐t❡✱ ❡❧ ❣r✉♣♦ ❞❡ ■❙❖P❍❖❚ ♥♦ ❧✐❜❡ró ❧♦s ❞❛t♦s ❞❡ ❧❛s

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

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



■■■✳❜✳ ❍✐t♦s ✷✺✺

❋✐❣✉r❛ ❈✳✷✿ ▼♦♥t❛❥❡ ❞❡ ❧❛ ♠❛q✉❡t❛ ❞❡ ❛❧✐♥❡❛❞♦ ❞❡❧ P❍❖❚✲❙✱ r❡❛❧✐③❛❞❛ ❝♦♥ ❧♦s ❝♦♠♣♦♥❡♥t❡s
❞❡ r❡♣✉❡st♦ ② ❡❧ ♠♦❞❡❧♦ ❞❡ ❞❡t❡❝t♦r ② ❧❛ ❧á♠✐♥❛ ❞❡ ❛❧✐♥❡❛❞♦✳ ❊❧ s✐st❡♠❛ ❡stá ♠♦♥t❛❞♦ ❡♥ ❧❛
❜❛s❡ ❢rí❛ ♦r✐❣✐♥❛❧ ❞❡ ❝❛❧✐❜r❛❞♦✳ ❊❧ ❤❛③ ❧ás❡r r❡❝♦rr❡ ❡❧ tr❛♠♦ ❡s♣❡❝tr❛❧ ❞❡ ❧♦♥❞✐t✉❞❡s ❞❡ ♦♥❞❛
♠ás ❝♦rt❛s✳

② ✈❛❧✐❞❛❝✐ó♥ ❞❡❧ ♣r♦❝❡s♦ ❞❡ ❝❛❧✐❜r❛❝✐ó♥ ❡♥ ❡❧ ❧❛❜♦r❛t♦r✐♦✳ ❚♦❞♦ ❡❧❧♦ s✉♣✉s♦ ❡❧

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

♠♦♠❡♥t♦✳

❊♥tr❡ ❧♦s tr❛❜❛❥♦s ♣❛r❛❧❡❧♦s r❡❛❧✐③❛❞♦s ❞✉r❛♥t❡ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ ♣r♦②❡❝t♦ ❞❡❧ P❤♦t✲

❙ ❡s ❞❡ r❡s❛❧t❛r ❡❧ ❝❛❧✐❜r❛❞♦✱ ❞❡ ❧♦s ♣r✐♠❡r♦s ❤❡❝❤♦s ♥✉♥❝❛✱ ❞❡ ✉♥ ❞❡t❡❝t♦r ❈❈❉ ❞❡

512×512 ♣✐① q✉❡ ❝♦♥st✐t✉✐rí❛ ❧❛ ♣r✐♠❡r❛ ❝á♠❛r❛ ❈❈❉ ✈✐s✐❜❧❡ ✐♥st❛❧❛❞❛ ❡♥ ❧♦s t❡❧❡s❝♦✲

♣✐♦s ❞❡ ❈❛♥❛r✐❛s✳ ❆ ♣❛rt✐r ❞❡ ❧❛s ♣r✉❡❜❛s r❡❛❧✐③❛❞❛s ❝♦♥ ❡❧ ■P❉ ② ❞❡ ✈❛r✐♦s ❞❡ ❧♦s t❡sts

❞✐s❡ñ❛❞♦s ♣❛r❛ ❝❛r❛❝t❡r✐③❛r ❧♦s ❞❡t❡❝t♦r❡s ❞❡ P❤♦t✲❙✱ ❞✐s❡ñé ✉♥❛ ❜❛t❡rí❛ ❞❡ ♣r✉❡❜❛s

q✉❡ s❡ s✐❣✉❡♥ ❛♣❧✐❝❛♥❞♦ ❤♦② ❡♥ ❧❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡ ❧♦s ❞❡t❡❝t♦r❡s ❜✐❞✐♠❡♥s✐♦♥❛✲

❧❡s✳ ❈♦♥❝❡♣t♦s ❝♦♠♦ ✢❛t✜❡❧❞ ♥♦ ❡①✐stí❛♥ ② ❧♦ ❞❡♥♦♠✐♥❛❜❛ s❡♥s✐❜✐❧✐❞❛❞ ❞✐❢❡r❡♥❝✐❛❧✱

❧❛ ❡✜❝✐❡♥❝✐❛ ❝✉á♥t✐❝❛ ❡r❛ s❡♥s✐❜✐❧✐❞❛❞ ❡s♣❡❝í✜❝❛✱ ❡❧ r❛♥❣♦ ❞✐♥á♠✐❝♦✱ ♥✐✈❡❧ ❞❡ ❡♥❡r❣í❛

♠á①✐♠❛✱ ❡t❝✳ ❱✐st♦ ❡♥ ♣❡rs♣❡❝t✐✈❛ r❡s✉❧t❛ ✉♥ tr❛❜❛❥♦ ❞✐✈❡rt✐❞♦✱ ♣❡r♦ ❡♥ s✉ ❞í❛ ❡r❛

❢r✉str❛♥t❡ ❛❧ ♥♦ t❡♥❡r r❡❢❡r❡♥❝✐❛s ♣r❡✈✐❛s ❞❡ q✉é ❡r❛ ❧♦ q✉❡ ❞❡❜í❛♠♦s ❤❛❝❡r✳

❈✉❛♥❞♦ ❡❧ ♣r♦❝❡s♦ ❞❡ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦ ❞❡ ✈✉❡❧♦ ❝♦♥❝❧✉②ó ♣❛sé ❛ ♣❛rt✐✲

❝✐♣❛r ❡♥ ❡❧ ♣r♦②❡❝t♦ ❞❡❧ ❈♦rr❡❧❛❞♦r ❙♦❧❛r ♣❛r❛ ❧❛ ❱❚❚✳ ■♥✐❝✐❛❧♠❡♥t❡ s❡ ♠❡ r❡q✉❡rí❛



✷✺✻ ❆♣é♥❞✐❝❡ ❈✳ ❈✉rr✐❝✉❧✉♠ ■♥str✉♠❡♥t❛❧

♣❛r❛ ❞✐s❡ñ❛r ❛❧❣ú♥ ♠ét♦❞♦ ❞❡ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡❧ ❡s♣❡❥♦ ❛❝t✐✈♦✳ ➱st❡ ❡r❛ ✉♥ ❡s♣❡❥♦

♣❡❣❛❞♦ ❛ ✉♥ ♣♦s✐❝✐♦♥❛❞♦r ❞❡ ❛❝t✉❛❞♦r❡s ♣✐❡③♦❡❧é❝tr✐❝♦s✳ ▲❛ ❝❛r❛❝t❡r✐③❛❝✐ó♥ ❡❧❡❝tró✲

♥✐❝❛ ❞❡❧ ♣✐❡③♦❡❧é❝tr✐❝♦ ♥♦ ✐♥❢♦r♠❛❜❛ ❞❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ q✉❡ ♣♦❞í❛ t❡♥❡r ❛❧ ❧❧❡✈❛r ❡❧

♣❡s♦ ❞❡❧ ❡s♣❡❥♦ ♣❡❣❛❞♦ ♥✐ ❞❡❧ ❡❢❡❝t♦ q✉❡ ♣r♦❞✉❝í❛ ❡s❡ ♣❡❣❛♠❡♥t♦✳ ❚❛♠♣♦❝♦ s❡ t❡♥í❛

✐♥❢♦r♠❛❝✐ó♥ s♦❜r❡ ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ✐♥❡r❝✐❛❧ ❞❡❧ ❝♦♥❥✉♥t♦ ❡♥ s✉ s♦♣♦rt❡✳ ▲❛ ✐❞❡❛ ❢✉❡

❞❡s❛rr♦❧❧❛r ✉♥ ♠♦♥t❛❥❡ ❢♦t♦♠étr✐❝♦ ❝♦♥ ✉♥ ❞❡t❡❝t♦r rá♣✐❞♦✳ ▲♦s s✐st❡♠❛s ❢♦t♦♠étr✐❝♦s

s✐♠♣❧❡s s♦♥ ♠✉② s❡♥s✐❜❧❡s ② ♠✉② ♣r❡❝✐s♦s✱ ② ❧♦ q✉❡ ✐♥t❡r❡s❛❜❛ ❡r❛ ♠❡❞✐r ❧❛ ♠♦❞✐✜✲

❝❛❝✐ó♥ ❞❡ ❧❛ s❡ñ❛❧ s♦❜r❡ ✉♥ ❞❡t❡❝t♦r ❛❧ ♦s❝✐❧❛r ❡❧ ❡s♣❡❥♦✳ ❊❧ ♠♦♥t❛❥❡ ❛♣❧✐❝❛❜❛ ❝♦♠♦

❞✐❛❢r❛❣♠❛ ❞❡ ❝❛♠♣♦ ✉♥❛ r❡♥❞✐❥❛ ❝♦♥ ❧♦ q✉❡ ♣♦❞í❛♠♦s ♠❡❞✐r ❡❧ ár❡❛ ✐❧✉♠✐♥❛❞❛ ②✱

♣♦r t❛♥t♦✱ ❝❛❧✐❜r❛r ❡❧ ♠♦✈✐♠✐❡♥t♦ ❞❡❧ ♣✐❡③♦✳ P♦st❡r✐♦r♠❡♥t❡ ②❛ ❛❝❝❡❞í ❛❧ ♣r♦❝❡s♦ ❞❡

❛❧✐♥❡❛❞♦✱ ♠♦♥t❛❥❡ ❡ ✐♥t❡❣r❛❝✐ó♥ ❡♥ ❧❛ ❱❚❚✱ ❞♦♥❞❡ r❡s✉❧t♦ ✉♥ é①✐t♦ t♦t❛❧✳

❉❡s♣✉és ❞❡❧ ❝♦rr❡❧❛❞♦r r❡t♦♠é t❛r❡❛s ❞❡ ❞✐s❡ñ♦ ② r❡❛❧✐❝é ✉♥ ❡st✉❞✐♦ ❞❡ ❞✐s❡ñ♦ ❞❡

❧♦s t✐♣♦s ② ♣♦s✐❜❧❡s ✐♥str✉♠❡♥t♦s q✉❡ s❡ ♣♦❞rí❛♥ ❝♦♥s✐❞❡r❛r ♣❛r❛ ●❚❈ ❝♦♥ ❡❧ ♣r♦♣ós✐t♦

❞❡ ❝♦♥♦❝❡r ❝ó♠♦ ❡r❛ ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ❡♥ ❧♦s ❧í♠✐t❡s ❞❡ ❝❛♠♣♦ ② ❡♥

❢✉♥❝✐ó♥ ❞❡ ❞✐st✐♥t♦s t✐♣♦s ❞❡ ♣♦s✐❜❧❡s ✐♥str✉♠❡♥t♦s✳ ❊♥ ❡st❛ ❡t❛♣❛ t❛♠❜✐é♥ ✐♥✐❝✐❡

tr❛❜❛❥♦s ❞❡ ♣r✉❡❜❛s ❞❡ ♣♦❧❛r✐③❛❞♦r❡s ❞❡ ❝r✐st❛❧ ❧íq✉✐❞♦ ❝♦♠♦ ❡st✉❞✐♦ ♣❛r❛ ❡❧ ♣r♦②❡❝t♦

❞❡ ❧♦s P♦❧❛rí♠❡tr♦s ❙♦❧❛r❡s ❱✐s✐❜❧❡ ❡ ■♥❢r❛rr♦❥♦✳ ❙✐♥ ❡♠❜❛r❣♦ s✉r❣✐ó ❧❛ ♥❡❝❡s✐❞❛❞ ❞❡

❞❡s❛rr♦❧❧❛r ✉♥ ❙❡♥s♦r ❞❡ ❋r❡♥t❡ ❞❡ ❖♥❞❛✱ ❡♥ ♣❛rt❡ ♣❛r❛ ♣♦❞❡r ✐♥tr♦❞✉❝✐r♥♦s ❡♥ ❧❛s

♥✉❡✈❛s té❝♥✐❝❛s ❞❡ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ② ❡♥ ♣❛rt❡ ♣❛r❛ t❡♥❡r ✉♥❛ ❤❡rr❛♠✐❡♥t❛ ♣❛r❛

❛❧✐♥❡❛❞♦ ❞❡ ❧♦s t❡❧❡s❝♦♣✐♦s ❛ ❧♦s q✉❡ ❞á❜❛♠♦s s♦♣♦rt❡ ② q✉❡ ❞❡s❞❡ ❤❛❝í❛ ♠❛s ❞❡ ✶✵

❛ñ♦s ❡r❛ ②♦ ❡❧ ❡♥❝❛r❣❛❞♦ ❞❡ r❡✈✐s❛r❧♦s ② r❡❛❧✐♥❡❛r❧♦s ♣❡r✐ó❞✐❝❛♠❡♥t❡ ❞❡ ♠♦❞♦ ♠❛♥✉❛❧✳

❊❧ ❤❡❝❤♦ ❡s q✉❡ ❤♦② s✐❣✉❡ s✐❡♥❞♦ ❛sí✱ s✐ ❜✐❡♥ ❧❛ r❡✈✐s✐ó♥ ② ❧❛ ❣❡st✐ó♥ ♠❡ ✈✐❡♥❡ ❞❛❞❛

② só❧♦ t❡♥❣♦ q✉❡ s✉❜✐r ♣❡r✐ó❞✐❝❛♠❡♥t❡ ❛ ❛❧✐♥❡❛r ♦ ✈❡r✐✜❝❛r ❡❧ ❛❧✐♥❡❛❞♦ ❝♦♥ ✉♥ ❙❡♥s♦r

❞❡ ❋r❡♥t❡ ❞❡ ❖♥❞❛ ❍❛r♠♠❛♥✲❙❤❛❝❦ ❞❡❞✐❝❛❞♦ ❛ ❡s♦✳

▲❛ ❝♦♥t✐♥✉❛❝✐ó♥ ❢✉❡ ❧❛ ✐♥❝♦r♣♦r❛❝✐ó♥ ❛❧ ♣r♦②❡❝t♦ ❞❡ ❧❛ ❈á♠❛r❛ ■♥❢r❛rr♦❥❛✱ ❈❆■◆✳

❉❡s♣✉és ❞❡❧ ❢r❛❝❛s♦ ❞❡❧ ❞✐s❡ñ♦ ② ❢❛❜r✐❝❛❝✐ó♥ ❞❡ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ t♦❞♦ r❡✢❡❝t✐✈♦✱

❧♦s t✐❡♠♣♦s ❞❡ ✜♥❛❧✐③❛❝✐ó♥ s❡ ✈❡♥í❛♥ ❡♥❝✐♠❛ ②✱ ❞❡s❞❡ ❡❧ ♠♦♠❡♥t♦ ❡♥ q✉❡ s❡ ✐♥✐❝✐❛✲

r♦♥ ❧♦s tr❛♠✐t❡s ❞❡ ❢❛❜r✐❝❛❝✐ó♥ ❞❡ ❧❛ ó♣t✐❝❛✱ ❡♠♣❡❝é ❛ ❞✐s❡ñ❛r ❡❧ ♣r♦t♦❝♦❧♦ ❞❡ ❆■❱

ó♣t✐❝♦✱ ♠❡❝á♥✐❝♦ ② ❝r✐♦❣é♥✐❝♦✳ ❆ ♣❡s❛r ❞❡ t♦❞♦s ❧♦s ♣r♦❜❧❡♠❛s q✉❡ ❡♥❝♦♥tr❛♠♦s✱ ❡❧

✐♥str✉♠❡♥t♦ ♣✉❞✐♠♦s ✜♥❛❧✐③❛r❧♦ ② ♣♦♥❡r❧♦ ❛ ♣✉♥t♦ ♣❛r❛ q✉❡ ❧❛ ♣r✉❡❜❛ ❞❡ ❢✉❡❣♦ ❢✉❡s❡

❛♣✉♥t❛r ❛ ❏ú♣✐t❡r ② ♦❜s❡r✈❛r ❧♦s ✐♠♣❛❝t♦s ❞❡❧ ❝♦♠❡t❛ ❙❤♦❡♠❛❦❡r✲▲❡✈② ❡♥ ❧❛s ❜❛♥❞❛s

✐♥❢r❛rr♦❥❛s q✉❡ s❡ ❧❡ ✐♠♣❧❡♠❡♥t❛r♦♥✳

❊❧ s✐❣✉✐❡♥t❡ ❤✐t♦ ❞❡ ♠✐ ❢♦r♠❛❝✐ó♥ ✐♥str✉♠❡♥t❛❧ t❛♠❜✐é♥ ❝♦♥t✐♥✉❛❜❛ ❧❛ ❧í♥❡❛ ✐♥✲

❢r❛rr♦❥❛✿ ▲■❘■❙ ❡s ✉♥ ❡s♣❡❝tr♦❢♦tó♠❡tr♦ ✐♥❢r❛rr♦❥♦ ❞❡ ❜❛❥❛ r❡s♦❧✉❝✐ó♥ ❡s♣❡❝tr❛❧ ♣❛r❛

❲❍❚✳ ❊❧ ♣r♦②❡❝t♦ r❡♣r❡s❡♥tó ✉♥ ♥✉❡✈♦ r❡❢❡r❡♥t❡ ♣❛r❛ ♠í✱ ②❛ q✉❡ ♣❛sé ❛ ✐♠♣❧✐❝❛r♠❡

❡♥ t♦❞♦ ❡❧ ♣r♦❝❡s♦ ❞❡ ❢❛❜r✐❝❛❝✐ó♥ ❞❡ ❧❛ ó♣t✐❝❛ ②✱ ❝♦♥❥✉♥t❛♠❡♥t❡ ❝♦♥ ❡❧ ❡q✉✐♣♦ ❞❡ ✐♥❣❡✲



■■■✳❜✳ ❍✐t♦s ✷✺✼

♥✐❡rí❛ ♠❡❝á♥✐❝❛✱ ❞✐s❡ñ❛r ❡❧ ❆■❱ ② ♣❧❛♥✐✜❝❛r ❡❧ ❆■❱ ó♣t✐❝♦✱ ❛sí ❝♦♠♦ ❧❛ r❡❞❡✜♥✐❝✐ó♥ ❞❡

❧❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s ② ❧❛ ❛❝♦♠♦❞❛❝✐ó♥ ❞❡ t♦❞♦s ❧♦s ❝♦♥❞✐❝✐♦♥❛♥t❡s ❛ ❡❧❧♦ ✭s✉♣✉s♦ r❡❤❛✲

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

♥✉❡✈❛s ② r❡❛❧✐st❛s ❡s♣❡❝✐✜❝❛❝✐♦♥❡s✮✳ ❊❧ ♣r♦❝❡s♦ ❞❡ ❆■❱✱ ♠❡❝á♥✐❝♦ ② ó♣t✐❝♦✱ ❢✉❡ ❞✉r♦

♣❡r♦ ♠✉② s❛t✐s❢❛❝t♦r✐♦✳ ❙❡ ❝♦♥s✐❣✉✐❡r♦♥ ❛❧❝❛♥③❛r ② ✈❡r✐✜❝❛r t♦❞♦s ❧♦s r❡q✉❡r✐♠✐❡♥t♦s✱

② ❝❛❞❛ ❝✉❛❧ ❡♥ ❡❧ ♠♦♠❡♥t♦ ♣r♦♣✐❝✐♦ ♣❡r♠✐t✐r ❧❛ ❝♦♥t✐♥✉✐❞❛❞ ❞❡❧ ✐♥str✉♠❡♥t♦✳ ❉❛❞♦

❡❧ t❛♠❛ñ♦ ❞❡❧ ✐♥str✉♠❡♥t♦ ② ❧❛ ó♣t✐❝❛✱ ② q✉❡✱ ❛❞❡♠ás✱ ❡r❛ ✉♥ s✐st❡♠❛ ❝r✐♦❣é♥✐❝♦✱

r❡♣r❡s❡♥tó ✉♥ é①✐t♦ ② ✉♥ ✈❡r❞❛❞❡r♦ ❤✐t♦ ✐♥str✉♠❡♥t❛❧✱ ♥♦ só❧♦ ♣❛r❛ ♠í s✐♥♦ q✉❡ ❡r❛

❡❧ ✐♥str✉♠❡♥t♦ ♠❛②♦r ② ♠ás ❝♦♠♣❧✐❝❛❞♦ r❡❛❧✐③❛❞♦ ❡♥ ❡❧ ■❆❈✳

❉❡s♣✉és ❞❡ ❡st❡ ♣r♦②❡❝t♦ ❞❡❞✐q✉é ❣r❛♥ ❝❛♥t✐❞❛❞ ❞❡ t✐❡♠♣♦ ❛ ❢♦r♠❛❝✐ó♥✱ t❛♥t♦ ❡♥

❆❖ ❝♦♠♦ ❡♥ ❝♦♥tr♦❧ ② té❝♥✐❝❛s ❞❡ ♠❡tr♦❧♦❣í❛✱ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ♠✐❝r♦♠❡tr♦❧♦❣í❛

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

✐♥t❡r❢❡r♦♠❡trí❛ ❞✐❢❡r❡♥❝✐❛❧ ② ♠✐❝r♦♣♦s✐❝✐♦♥❛❞♦r❡s ❝♦♥tr♦❧❛❞♦s✳ ❊❧ s✐❣✉✐❡♥t❡ ♣❛s♦ ❡r❛

❡♥tr❛r ❡♥ ❧❛ ♠✐s♠❛ ❞✐♥á♠✐❝❛ ❝♦♥ ❡❧ ♣r♦②❡❝t♦ ❖❙■❘■❙ ♣❛r❛ ●❚❈✱ ♣❡r♦ ♥♦ ❝✉❛❥ó✳ ❉❡❜✐❞♦

❛ ❧❛ s✐♠✉❧t❛♥❡✐❞❛❞ ❞❡ ❞♦s ♣r♦②❡❝t♦s ❝♦♠♦ ❖❙■❘■❙ ② ❊▼■❘ ❡♥ ❧❛ ✐♥❣❡♥✐❡rí❛ ❞❡❧ ■❆❈

s❡ ♣r♦❞✉❝í❛ ✉♥❛ ✐♥❞❡✜♥✐❝✐ó♥ ❞❡ ❧♦s ✐♥❣❡♥✐❡r♦s ❛ q✉✐❡♥❡s r❡❝✉rr✐r ❡♥ ❝❛❞❛ ❝❛s♦ ♣❛r❛

✐♥t❡♥t❛r ❡st❛❜❧❡❝❡r ❡❧ ♣r♦❝❡❞✐♠✐❡♥t♦ ❞❡ ❆■❱ ② ❆■❱ ó♣t✐❝♦✳ ❉❡❜✐❞♦ ❛ ❞✐✈❡rs♦s ♠♦t✐✈♦s✱

❡❧ ár❡❛ ♣❡r❞✐ó ❛ ✈❛r✐♦s ✐♥❣❡♥✐❡r♦s ♠❡❝á♥✐❝♦s ② ❛ ✉♥♦ ❞❡ ❧♦s ó♣t✐❝♦s r❡s♣♦♥s❛❜❧❡ ❞❡

✉♥ ♣r♦②❡❝t♦✱ ❝♦♥ ❧♦ q✉❡ ❧♦s ❞❡♠ás t✉✈✐♠♦s q✉❡ ❛s✉♠✐r t❛r❡❛s ❝♦♠♣r♦♠❡t✐❞❛s✳ ❊♥

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

❡♥ ✐♥❢r❛rr♦❥♦ ♣❛r❛ ❡❧ t❡❧❡s❝♦♣✐♦ s♦❧❛r ❞❡ 1′5♠ ●❘❊●❖❘✳ ❊❧ ♣❡r✐♦❞♦ ✷✵✵✺✲✷✵✵✻ ❢✉❡ ✉♥

❛ñ♦ ❝♦♠♣❧❡t♦✱ ②❛ q✉❡ ❞✐s❡ñé ❡❧ s✐st❡♠❛ ❞❡ r❡✐♠❛❣✐♥❛❝✐ó♥ ❞❡❧ ❡s♣❡❝tró❣r❛❢♦ ●❘❡❣♦r

■♥❢r❛r❡❞ ❙♣❡❝tr♦❣r❛♣❤ ❬❊s♣❡❝tró❣r❛❢♦ ■♥❢r❛rr♦❥♦ ●❘❡❣♦r❪ ✭●❘■❙✮✱ ❞✐s❡ñé ❡❧ ♣r✐♠❡r

♣r♦t♦t✐♣♦ ❞❡ ❋❛st❈❛♠ ② ♣❧❛♥✐✜q✉é ❡ ✐♥✐❝✐é ❡❧ ❆■❱ ❞❡ ❖❙■❘■❙✳ ❊st♦s ♣r♦❝❡s♦s s❡

❢✉❡r♦♥ ❝♦♠♣❧✐❝❛♥❞♦ ② s♦❧❛♣❛♥❞♦ ❡♥ ❧♦s s✐❣✉✐❡♥t❡s ❛ñ♦s✱ ♠á①✐♠❡ ❝✉❛♥❞♦✱ ❡♥ ✷✵✵✾✱

♣♦❝♦ ❛♥t❡s ❞❡ ❡♥tr❡❣❛r ❖❙■❘■❙✱ ②❛ ♠❡ ✐♠♣❧✐q✉é t❛♠❜✐é♥ ❡♥ ❡❧ ❡q✉✐♣♦ ❞❡ ❊▼■❘ ♣❛r❛

❛s✉♠✐r ❧❛s t❛r❡❛s ❞❡ ❆■❱✳ ❙✐♠✉❧tá♥❡❛♠❡♥t❡ ♣❛rt✐❝✐♣é ❡♥ ❧♦s ❞✐s❡ñ♦s ❝♦♥❝❡♣t✉❛❧❡s ❞❡

♠♦❞❡❧❛❞♦ ❞❡ ❡str✉❝t✉r❛ ② ❆■❱ ❞❡❧ ❡s♣❡❝tró❣r❛❢♦ ❊❙P❘❊❙❙❖ ✭♣❛r❛ ❱▲❚✮ ② ❡♥ ❧❛s

❝♦♥s✐❞❡r❛❝✐♦♥❡s ❞❡ ❞✐s❡ñ♦ ❞❡ ❧❛ ó♣t✐❝❛✱ ♠♦❞❡❧❛❞♦ ② ❆■❱ ❞❡ ❈❖❉❊❳ ✭❡s♣❡❝tró❣r❛❢♦

♣❛r❛ ❊✲❊▲❚✮✳

❚❛♠❜✐é♥ s✐♠✉❧t❛♥❡❛♠❡♥t❡ ❞❡s♠♦♥té ❡❧ ❡s♣❡❝tró❣r❛❢♦ ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥ ❯❊❙

✭❯tr❡❝❤ ❊❝❤❡❧❧❡ ❙♣❡❝tr♦❣r❛♣❤✮ ❞❛❞♦ ❞❡ ❜❛❥❛ ❡♥ ❲❍❚ ② r❡❞✐s❡ñé ❧❛ ❡str✉❝t✉r❛ ❞❡

❧❛ ó♣t✐❝❛ ♣❛r❛ ♣♦❞❡r ✐♥❝♦r♣♦r❛r❧❡ ✉♥❛ ❱P❍ ✭❱♦❧✉♠❡ P❤❛s❡ ❍♦❧♦❣r❛♣❤② ❉✐✛r❛❝t✐♦♥

●r❛t✐♥❣✮ ❝♦♠♦ s✉st✐t✉❝✐ó♥ ❞❡ ❧♦s ♣r✐s♠❛s ♣❛r❛ ❧❛ ❞✐s♣❡rs✐ó♥ ❝r✉③❛❞❛✳ ❉❡ ❤❡❝❤♦✱ ❝♦❞✐✲

r✐❣í ❡❧ ♣r♦②❡❝t♦ ✜♥ ❞❡ ❝❛rr❡r❛ ❞❡ ✉♥ ✐♥❣❡♥✐❡r♦ q✉❡ ❞✐s❡ñó ❧❛ ❡str✉❝t✉r❛ ♠❡❝á♥✐❝❛ ♣❛r❛

❧❛ ♥✉❡✈❛ ❝♦♥✜❣✉r❛❝✐ó♥✳ ❍❡ ❞❡ ❞❡❝✐r q✉❡ ✜♥❛❧♠❡♥t❡ ❡❧ ♣r♦②❡❝t♦ ❤❛ t♦♠❛❞♦ ♦tr❛ ❧í♥❡❛



✷✺✽ ❆♣é♥❞✐❝❡ ❈✳ ❈✉rr✐❝✉❧✉♠ ■♥str✉♠❡♥t❛❧

❞❡ ♣❧❛♥t❡❛♠✐❡♥t♦ ② ②♦ ②❛ ❡st♦② ❞❡s❧✐❣❛❞♦ ❞❡❧ ❛❤♦r❛ ♣r♦②❡❝t♦ ❍❖❘❯❙✱ ❡♥ ♣❛rt❡ ♣♦r

❧❛ ♥❡❝❡s✐❞❛❞ ❞❡ ❞❡❞✐❝❛r♠❡ ❛ ✐♥t❡❣r❛r ❡❧ ❡s♣❡❝tró❣r❛❢♦ ●❘■❙✳

❊♥ ❡s❡ ♠♦♠❡♥t♦ t❛♠❜✐é♥ s❡ ✐♥✐❝✐ó ❡❧ ♣r♦②❡❝t♦ ❞❡❧ ❚❡❧❡s❝♦♣✐♦ ❙♦❧❛r ❊✉r♦♣❡♦ ✭❊❙❚✱

♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮ ♣❛rt✐❝✐♣❛♥❞♦ ✐♥✐❝✐❛❧♠❡♥t❡ ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡ ✉♥ s✐st❡♠❛ ❞❡

♠♦♥✐t♦r✐③❛❝✐ó♥ ❞❡ ❝❛❧✐❞❛❞ ❛t♠♦s❢ér✐❝❛ t✐♣♦ ❙❍❆❇❆❘ ② ❡♥ ❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡❧ s✐st❡♠❛

♦ ♠♦♥t✉r❛ ♦♣t♦✲♠❡❝á♥✐❝❛ ❞❡❧ t❡❧❡s❝♦♣✐♦✳ ▼í❛ ❡s ❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡ ✉♥ s✐st❡♠❛ ❜❛s❡

●r❡❣♦r② ♣❡r♦ ❝♦♥ ❡❧ ♣r✐♠❛r✐♦ ♣♦r ❡♥❝✐♠❛ ❞❡❧ ❡❥❡ ❛③✐♠✉t❛❧ ② ❝♦♥ ✉♥ ❢♦❝♦ ❝❡r❝❛ ❞❡❧

❝r✉❝❡ ❞❡ ❡❥❡s ♣❛r❛ ♠✐♥✐♠✐③❛r ❧♦s t❛♠❛ñ♦s ❞❡ ❧❛ ó♣t✐❝❛ ② ❡✈✐t❛r ❡♥ ❧♦ ♣♦s✐❜❧❡ ❧❛r❣♦s

❜r❛③♦s ó♣t✐❝♦s r♦t❛♥t❡s ❝♦♥ á♥❣✉❧♦s q✉❡ ♥♦ ❛❝❡♣t❡♥ ❝♦♠♣❡♥s❛❝✐ó♥ ♣♦❧❛r✐♠étr✐❝❛✳ P❛sé

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

♣❛rt✐❝✐♣é ❡♥ ❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡❧ ♠✉❧t✐❡s♣❡❝tró❣r❛❢♦ ❞❡ ♠✉② ❛❧t❛ r❡s♦❧✉❝✐ó♥✱ ❛♣♦rt❛♥❞♦

t❛♠❜✐é♥ ❧❛ ✐❞❡❛ ❞❡ ❞✐✈✐❞✐r❧♦ ❡♥ ❝✉❛tr♦ tr❛❜❛❥❛♥❞♦ ♣♦r r❛♥❣♦s ❡s♣❡❝tr❛❧❡s✳ ❉❡ ♥✉❡✈♦

t❛♠❜✐é♥ ♣❛sé ❛ s✉♣❡r✈✐s❛r ❡❧ ❞✐s❡ñ♦ ❞❡❧ ❡s♣❡❝tró❣r❛❢♦ ♠✉❧t✐r❡♥❞✐❥❛ ② ♠✉❧t✐❧♦♥❣✐t✉❞

❞❡ ♦♥❞❛✳ ❊st❡ ❡s♣❡❝tró❣r❛❢♦ s❡ ❤❛❜í❛ ✐❞❡❛❞♦ ✐♥✐❝✐❛❧♠❡♥t❡ ❝♦♥ ❛❧✐♠❡♥t❛❝✐ó♥ ♣♦r ✜❜r❛s

ó♣t✐❝❛s r❡❝♦❣✐❡♥❞♦ ❡❧ ❝❛♠♣♦ ♦r❞❡♥❛❞♦✳ ▲❛ r❡s♣♦♥s❛❜❧❡ ❞❡❧ ❞✐s❡ñ♦✱ ♣❧❛♥t❡ó ✉♥❛ ■❋❯

✭❯♥✐❞❛❞ ❞❡ ❈❛♠♣♦ ■♥t❡❣r❛❧✮ ❛ ♣❛rt✐r ❞❡ ✉♥ s❧✐❝❡r ❛♣♦②á♥❞♦s❡ ❡♥ ❧❛s ✐❞❡❛s ❞❡ ❧❛s

■❋❯❙✿ ❋■❙■❈❆ ❞❡❧ ❡s♣❡❝tró❣r❛❢♦ ❞❡ ❧❛ ✉♥✐✈❡rs✐❞❛❞ ❞❡ ❋❧♦r✐❞❛✱ ❋▲❆▼■◆●❖❙ ✭◆❖❆❖✮

② ❋▲❆▼■◆●❖❙❙✲■■ ✭●❊▼■◆■■✮ ② ❧❛ ❞❡❧ ❡s♣❡❝tró❣r❛❢♦ ✸❉✱ ▼❯❙❊✱ ♣❛r❛ ❱▲❚✳ ❆♠❜❛s

t✐❡♥❡♥ ❝♦♥❝❡♣t♦s ♠✉② ❛♣r♦♣✐❛❞♦s✱ ♣❡r♦ ❧❛ ❞✐✜❝✉❧t❛❞ ❞❡ ❝♦rt❛r ❡❧ ❝❛♠♣♦ ♣❛r❛ ✽ r❡♥❞✐❥❛s

♠✉❧t✐♣❧✐❝❛ ❧❛s s✉♣❡r✜❝✐❡s✳ ❙❡ ♥♦s ♦❝✉rr✐ó ❡♥t♦♥❝❡s ❤❛❝❡r ✉♥ ❞♦❜❧❡ s❧✐❝❡r q✉❡ s❡❧❡❝❝✐♦♥❛

② ❞✐✈✐❞❡ ❡❧ ❝❛♠♣♦ s✐♠✉❧tá♥❡❛♠❡♥t❡✳ P❛r❛ ♣♦❞❡r ❛♣r♦✈❡❝❤❛r ❡s❛ ❞✐str✐❜✉❝✐ó♥ ② ♥♦

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

❝r✉③❛♥❞♦ t♦❞❛s ❧❛s ♣✉♣✐❧❛s ❞❡❧ s❧✐❝❡r ❡♥ ✉♥❛ s♦❧❛ q✉❡ ❛❝tú❛ ❝♦♠♦ ✈ért✐❝❡ ❞❡ s✐♠❡trí❛✳

❊❧ ♥✉❡✈♦ ❝♦♥❝❡♣t♦ ❡♥ ❢♦r♠❛ ❞❡ ♠❛r✐♣♦s❛ ❧♦ ❧❧❛♠❛♠♦s ▼❯❙■❈❆✳ ❊❧ ❡s♣❡❝tró❣r❛❢♦ s❡

❝♦♥✈✐❡rt❡ ❛sí ❡♥ ✐♥t❡❣r❛❧ ❋✐❡❧❞ ♠✉❧t✐s❧✐t ♠✉❧t✐✇❛✈❡▲❡♥❣t❤ ❆♥❞ ❤✐❣❤✲❘❡s♦❧✉t✐♦♥ ❊❙❚

❙♣❡❝tr♦❣r❛♣❤✱ ❋▲❆❘❊❙✳ ❊st❡ tr❛❜❛❥♦ ❝♦♥st✐t✉②❡ ❧❛ t❡s✐s ❞♦❝t♦r❛❧ ❞❡ ❧❛ ❞✐s❡ñ❛❞♦r❛✳

❉❡ ❧♦s tr❛❜❛❥♦s r❡❧❛❝✐♦♥❛❞♦s ❝♦♥ ❡❧ ♠❛♣❡❛❞♦ ✸❉ ② ❧❛ ♠❡❞✐❞❛ ❞❡ ❞✐st❛♥❝✐❛s ❡♥

❡❧ ■❆❈✱ ② ❡♥ ❝♦❧❛❜♦r❛❝✐ó♥ ❝♦♥ ❧❛ ❯▲▲✱ s❡ ❤❛ ❧❧❡❣❛❞♦ ❛ ❞❡s❛rr♦❧❧❛r ✉♥ s✐st❡♠❛ ❞❡

♣♦s✐❝✐♦♥❛❞♦ ♣❧❡♥ó♣t✐❝♦ q✉❡ ♣r❡s❡♥t❛ ❜✉❡♥♦s ❛✉❣✉r✐♦s ♣❛r❛ ❡❧ ❝♦♥tr♦❧ ❞❡ ❡str❡❧❧❛s ❧ás❡r

② ❡♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥❛ té❝♥✐❝❛ ♣❧❡♥ó♣t✐❝❛ ♣❛r❛ ♦❜t❡♥❝✐ó♥ ❞❡ ✐♠á❣❡♥❡s ❛✉t♦✲✸❉

✭tr✐❞✐♠❡♥s✐♦♥❛❧✮ ② ✏❛❧❧ ✐♥ ❢♦❝✉s✑ ✭t♦❞♦ ❡♥❢♦❝❛❞♦✮ ❡♥ ❢♦t♦❣r❛❢í❛✱ ✈í❞❡♦ ② ❛♥á❧✐s✐s ❡♥

t✐❡♠♣♦ r❡❛❧ ✭Pr♦②❡❝t♦ ❈❆❋❆❉■❙✭❘❋▼
+✶✵✮✮ ❡♥ ❡❧ q✉❡ ❤❡ ♣❛rt✐❝✐♣❛❞♦ ❞✉r❛♥t❡ ✉♥♦s ❛ñ♦s

✭✷✵✵✽ ❛ ✷✵✶✶✮ ❞✐s❡ñ❛♥❞♦ ✉♥ ♠ó❞✉❧♦ ó♣t✐❝♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ❞❡ ❧❛ ♠❛tr✐③ ❞❡ ♠✐❝r♦❧❡♥t❡s

♣❛r❛ ❛❞❛♣t❛r❧♦ ❛ ❝✉❛❧q✉✐❡r ❞❡t❡❝t♦r ♦ s✐st❡♠❛ ❝♦♠❡r❝✐❛❧ ✭♣❡♥❞✐❡♥t❡ ❞❡ ♣❛t❡♥t❡✮✳

❨✱ ❡♥ ♠❡❞✐♦ ❞❡ t♦❞♦ ❡st♦✱ ♥❛❝✐ó ❋❛st❈❛♠ ② s✉s ❞❡r✐✈❛❞♦s✱ ❥✉♥t♦ ❝♦♥ ❡❧ tr❛❜❛❥♦ ❞❡

❚❡s✐s✱ q✉❡ ♣❛r❛ ❧✐♠✐t❛r❧❛ ❛❧❣♦ ♠ás ❤❛ t❡♥✐❞♦ q✉❡ ❝♦♠♣❛rt✐r t✐❡♠♣♦ ❝♦♥ ❡❧ ❞❡s❛rr♦❧❧♦



■■■✳❜✳ ❍✐t♦s ✷✺✾

❞❡❧ ♣r♦②❡❝t♦ ❊❙❚❘❆◆●■❙ ✭❊①tr❛✲❙♦❧❛r ❚❆◆❙✐ts ❢r♦♠ ●r♦✉♥❞✲❜❛s❡❞ ■♥str✉♠❡♥t

❙✐♠✉❧❛t♦r✮ q✉❡ s❡ ❞❡s❛rr♦❧❧ó ♣❛r❛ s❡❣✉✐r ② ♠❡❞✐r ❡❧ trá♥s✐t♦ ❞❡ ❱❡♥✉s ❛ tr❛✈és ❞❡❧ ❙♦❧

❡❧ ✻ ❞❡ ❏✉♥✐♦ ❞❡ ✷✵✶✷✳ ▲♦ q✉❡ ❡r❛ ❛s❡s♦rí❛ ② s✉♣❡r✈✐s✐ó♥✱ ❛♣❛rt❡ ❞❡❧ ❞✐s❡ñ♦ ② ♠♦♥t❛❥❡

❞❡❧ ❞♦❜❧❡ ❡s♣❡❝tró❣r❛❢♦ ❱■❙ ❡ ■❘✱ s❡ ❝♦♥✈✐rt✐ó ❡♥ ❆■❱ ② r❡❞✐s❡ñ♦ ❞❡ ❧♦s t❡❧❡s❝♦♣✐♦s ②

❛❞❛♣t❛❝✐♦♥❡s✱ ❝♦♥ ❞❡s♣❧❛③❛♠✐❡♥t♦ ❛❧ ❞❡s✐❡rt♦ ❛✉str❛❧✐❛♥♦ ♣❛r❛ ♣♦❞❡r s❡❣✉✐r t♦❞♦ ❡❧

trá♥s✐t♦ ❡♥ ♣r❡❝❛r✐❛s ❝♦♥❞✐❝✐♦♥❡s✳ ◆♦ ♦❜st❛♥t❡✱ ② ♠✐❧❛❣r♦s❛♠❡♥t❡✱ r❡s✉❧tó ✉♥ é①✐t♦✳

❊♥ t♦❞❛s ❧❛s ❡t❛♣❛s ❤❛ ❤❛❜✐❞♦ ❞✐s❡ñ♦ ♦♣t♦♠❡❝á♥✐❝♦✱ t❛r❡❛s ❞❡ ❝♦♥tr♦❧ ② ♠❡❞✐✲

❞❛s ó♣t✐❝❛s ❞❡ ❛❧t❛ ♣r❡❝✐s✐ó♥✱ ♥♦ só❧♦ ❢♦t♦♠étr✐❝❛s s✐♥♦ t❛♠❜✐é♥ ❞❡ ❛❧✐♥❡❛❞♦ tr❛❜❛✲

❥❛♥❞♦ ♣♦r ❞❡❜❛❥♦ ❞❡ ❧❛ ❞é❝✐♠❛ ❞❡ ♠✐❧í♠❡tr♦ ✭100µ♠✮ ② ❛ ♥✐✈❡❧ ❞❡ ♠✐❝r♦rr❛❞✐❛♥❡s

✭100µr❛❞ ≃ 20 ❛r❝s❡❝✮✳ ▲❛s t❛r❡❛s ❞❡ ❞✐s❡ñ♦ ② r❡❛❧✐③❛❝✐ó♥ ❞❡ ♠♦♥t❛❥❡s ❡s♣❡❝✐❛❧❡s ♣❛✲

r❛ s✐♠✉❧❛r ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❞❡ ✉s♦ ② ❛♣❧✐❝❛❝✐ó♥ ❤❛♥ s✐❞♦ ② s✐❣✉❡♥ s✐❡♥❞♦ ❧❛ ❝♦♥st❛♥t❡

❞❡ ♠✐ tr❛❜❛❥♦✳

❆❞❡♠ás ❤❡ ✐♥✐❝✐❛❞♦ ✉♥❛ ❧í♥❡❛ ❞❡ ❛✉t♦♠át✐❝❛ ② ❝♦♥tr♦❧ ♦r✐❡♥t❛❞♦ ❛ r♦❜♦t✐③❛❝✐ó♥ ❞❡

t❡❧❡s❝♦♣✐♦s✱ ❥✉♥t♦ ❝♦♥ ❡❧ ❡st✉❞✐♦ ② ❛♥á❧✐s✐s ❞❡ s✐st❡♠❛s ❞❡ ♣r♦❞✉❝❝✐ó♥ ② ❛❝✉♠✉❧❛❝✐ó♥

❞❡ ❡♥❡r❣í❛✳

■■■✳❜✳✸✳ ❍♦②

❨✱ ♣❛r❛ ✜♥❛❧✐③❛r✱ ❛ ♠♦❞♦ ❞❡ r❡s✉♠❡♥✿

✖➽P♦r q✉é t❛♥t♦ t✐❡♠♣♦ ❞❡s❞❡ ❡❧ ❞✐s❡ñ♦✱ ✐♥❝❧✉s♦ ❛❞❛♣t❛❝✐ó♥ ❞❡ ❋❈ ❛ ❧♦s t❡❧❡s❝♦✲

♣✐♦s ② ❧❛ ♣r❡s❡♥t❛❝✐ó♥ ❞❡❧ tr❛❜❛❥♦❄

✖❇✉❡♥♦✱ ♣r✐♠❡r♦ ♣♦rq✉❡ ❡❧ ♣❧❛♥t❡❛r ❤❛❝❡r ❧❛ t❡s✐s ♥♦ s✉r❣✐ó ❤❛st❛ ✷✵✶✵✳ ❨✱ ❞❡s♣✉és✱

q✉❡✱ ❡♥ ❡❧ t✐❡♠♣♦ ❞❡s❞❡ q✉❡ s❡ ❞✐s❡ñó ② ❛❞❛♣tó ❋❛st❈❛♠ ❤❡ ♣❛rt✐❝✐♣❛❞♦ ❡♥ ❡❧ ❆■❱

② ♣✉❡st❛ ❡♥ ♠❛r❝❤❛ ❞❡ ❖❙■❘■❙✱ ●❘■❙ ② ❊▼■❘✱ ❆♠é♥ ❞❡❧ ❞✐s❡ñ♦ ② ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥

t❡❧❡s❝♦♣✐♦ ❝♦♥ ✉♥ ❞♦❜❧❡ ❡s♣❡❝tró❣r❛❢♦ ❱■❙✰■❘ ♣❛r❛ ❧❛ ♦❜s❡r✈❛❝✐ó♥ ❞❡❧ tr❛♥s✐t♦ ❞❡ ❱❡✲

♥✉s ❡❧ ✻ ❞❡ ❏✉♥✐♦ ❞❡ ✷✵✶✷✳ ❚♦❞♦ ❡❧❧♦ ❛❞❡♠ás ❞❡ ♦tr♦s tr❛❜❛❥♦s ② ♣r♦②❡❝t♦s ❝♦❧❛t❡r❛❧❡s

❝♦♠♦ ❧❛ s✉♣❡r✈✐s✐ó♥ ❡ ✐♠♣❧✐❝❛❝✐ó♥ ❡♥ ❡❧ ❞✐s❡ñ♦ ❞❡❧ t❡❧❡s❝♦♣✐♦ ② ❡❧ ❡s♣❡❝tró❣r❛❢♦ ❝♦♥

■❋❯ ▼✉❧t✐✲r❡♥❞✐❥❛ ② ▼✉❧t✐✲❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ♣❛r❛ ❊❙❚ ✭❢♦r♠❛ ❞❡❧ t❡❧❡s❝♦♣✐♦✱ s✐st❡♠❛

❞❡ ❞❡rr♦t❛❝✐ó♥✱ ❝♦♠♣❡♥s❛❝✐ó♥ ♣♦❧❛r✐♠étr✐❝❛✱ s✐st❡♠❛ ❞❡ ❜❛rr✐❞♦✱ ❞✐s❡ñ♦ ❞❡ ✉♥ ♥✉❡✲

✈♦ ❢♦r♠❛t♦ ❞❡ s❧✐❝❡r ❞❡ ♣❧❛♥♦ ❢♦❝❛❧✱ r❡❞✐s❡ñ♦✱ ❛❞❛♣t❛❝✐ó♥ ② ♠♦♥t❛❥❡ ❞❡❧ ♠♦♥✐t♦r ❞❡

s❡❡✐♥❣ ❙❍❆❇❆❘✮✳ ❆❞✐❝✐♦♥❛❧♠❡♥t❡ ✉♥ s✐st❡♠❛ ❞❡ ❛♥á❧✐s✐s ❝♦♥ ❝á♠❛r❛ ♣❧❡♥ó♣t✐❝❛ ♣❛r❛

❝❛r❛❝t❡r✐③❛❝✐ó♥ ❞❡ ❧❛ ❛t♠ós❢❡r❛✱ ❝♦♥ ✉♥ ❞❡s❛rr♦❧❧♦ ❞❡r✐✈❛❞♦ ② ❛ ♥✐✈❡❧ ❞❡ ❝♦❧❛❜♦r❛❝✐ó♥✱

♣❛r❛ ✉♥ s✐st❡♠❛ ❞❡ ❢♦t♦❣r❛❢í❛ ② ✈í❞❡♦ ✸❉ ② ✓❛❧❧ ✐♥ ❢♦❝✉s✔ ②✱ ♣♦r s✉♣✉❡st♦✱ ❧♦s ②❛

♠❡♥❝✐♦♥❛❞♦s ❛♥❡①♦s ❛ ❋❈✿ ❲■❉❊✲❋❈✱ ❆❖▲■✱ ❋❈❅◆❆❖▼■✱ ❋❈❅❖❙■❘■❙✱✳✳✳ ❆❤✱ ②

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



✷✻✵ ❆♣é♥❞✐❝❡ ❈✳ ❈✉rr✐❝✉❧✉♠ ■♥str✉♠❡♥t❛❧



❆♣é♥❞✐❝❡ ❉

P✉❜❧✐❝❛❝✐♦♥❡s

▲✐♠✐t❛r ♥✉❡str❛ ❛t❡♥❝✐ó♥ ❛ ❝✉❡st✐♦♥❡s t❡rr❡str❡s

s❡rí❛ ❧✐♠✐t❛r ❡❧ ❡s♣ír✐t✉ ❤✉♠❛♥♦✳

❙t❡♣❤❡♥ ❲✐❧❧✐❛♠ ❍❛✇❦✐♥❣

✷✻✶





✷✻✸

❆
❧❣✉♥♦s ❞❡ ❧♦s ♣r✐♠❡r♦s r❡s✉❧t❛❞♦s ② é①✐t♦s ❞❡ ❋❛st❈❛♠ ❧♦s ❧❧❡✈❛♠♦s ❛ ❧♦s ❝♦♥✲

❣r❡s♦s ♠ás ✐♠♣♦rt❛♥t❡s ❞❡ ❆str♦♥♦♠í❛ ② ❆str♦❢ís✐❝❛ ■♥str✉♠❡♥t❛❧ q✉❡ ❤❛② ❡♥

❡❧ ♠✉♥❞♦✳ ❊♥ ✷✵✵✽✱ ❡♥ ❡❧ ❙P■❊ ❞❡ ▼❛rs❡❧❧❛ ♣r❡s❡♥t❛♠♦s ❡❧ ✐♥str✉♠❡♥t♦ ❝♦♥ s✉s ♣r✐✲

♠❡r♦s ❧♦❣r♦s ❝♦♠♦ s✐st❡♠❛ ♣r♦t♦t✐♣♦ ❡ ✐t✐♥❡r❛♥t❡ ✭✈❡r ■❱✳❛ ✭❖❘▲
+✵✽✮✱ ■❱✳❜ ✭▲❈✵✽✮✮ ②

❡♥ ❡❧ ❙P■❊ ❞❡ ❙❛♥ ❉✐❡❣♦ ❞❡ ✷✵✶✵ ❢✉❡r♦♥ ❧❛ ❢❛❜r✐❝❛❝✐ó♥ ❞❡❧ ✐♥str✉♠❡♥t♦ ❞❡ ✉s♦ ❝♦✲

♠ú♥ ❡♥ ❚❈❙ ② ❧♦s ♣r✐♠❡r♦s r❡s✉❧t❛❞♦s ❞❡ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧❛ té❝♥✐❝❛ ✭✈❡r ■❱✳❝ ✭▼❙❈+✶✵✮✱

■❱✳❞ ✭▲❘❋
+✶✵✮✮✳

❙♦♥ ✈❛r✐❛s ❧❛s ❝♦♠✉♥✐❝❛❝✐♦♥❡s ② ❧♦s ❛rtí❝✉❧♦s ♣✉❜❧✐❝❛❞♦s s♦❜r❡ ❡❧ t❡♠❛ ❡♥ ❧♦s q✉❡

✜❣✉r♦ ❝♦♠♦ ♣❛rt✐❝✐♣❛♥t❡✳
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■❱✳❛✳ ❋❛st❈❛♠✿ ❯♥ ♥✉❡✈♦ ✐♥str✉♠❡♥t♦ ❞❡ ✐♠❛❣❡♥
❛❢♦rt✉♥❛❞❛ ♣❛r❛ t❡❧❡s❝♦♣✐♦s ❞❡ t❛♠❛ñ♦ ♠❡❞✐♦✳ ✷✻✺

■❱✳❛✳ ❋❛st❈❛♠✿ ❯♥ ♥✉❡✈♦ ✐♥str✉♠❡♥t♦ ❞❡ ✐♠❛❣❡♥

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

❊❧ ♣r✐♠❡r♦ ❢✉❡ ✉♥ ♣óst❡r ♣❛r❛ ♣r❡s❡♥t❛r ❡❧ ♣r♦②❡❝t♦ ❡♥ ❡❧ ❝♦♥❣r❡s♦ ❞❡ ❙P■❊ ✭❋♦r✲

♠❛❧♠❡♥t❡✿ t❤❡ ❙♦❝✐❡t② ♦❢ P❤♦t♦❣r❛♣❤✐❝ ■♥str✉♠❡♥t❛t✐♦♥ ❊♥❣✐♥❡❡rs✱ ② ❡♥ ❧❛ ❛❝t✉❛❧✐❞❛❞

t❤❡ ❙♦❝✐❡t② ♦❢ P❤♦t♦✲❖♣t✐❝❛❧ ■♥str✉♠❡♥t❛t✐♦♥ ❊♥❣✐♥❡❡rs✮ s♦❜r❡ ✐♥str✉♠❡♥t❛❝✐ó♥ ❛s✲

tr♦♥ó♠✐❝❛ ❞❡s❞❡ t✐❡rr❛ ② ❞❡s❞❡ ❡❧ ❡s♣❛❝✐♦ ✭❙P■❊ ❆str♦♥♦♠✐❝❛❧ ❚❡❧❡s❝♦♣❡s ❛♥❞ ■♥str✉✲

♠❡♥t❛t✐♦♥✱ ✷✸ ✲ ✷✽ ❏✉♥❡ ✷✵✵✽✱ P❛❧❛✐s ❞❡s ❈♦♥❣rès P❛r❝ ❈❤❛♥♦t✱ ▼❛rs❡✐❧❧❡✱ ❋r❛♥❝❡✮✳ ❊♥

❡s❡ ♠♦♠❡♥t♦ ②❛ s❡ ❤❛❜í❛♥ ♦❜t❡♥✐❞♦ ♣❛rt❡ ❞❡ ❧♦s ♠ás ✐♠♣♦rt❛♥t❡s ❧♦❣r♦s ❞❡❧ s✐st❡♠❛✳

❘❡s✉♠❡♥✿

❋❛st❈❛♠ ❡s ✉♥ ✐♥str✉♠❡♥t♦ ❞❡s❛rr♦❧❧❛❞♦ ❝♦♥❥✉♥t❛♠❡♥t❡ ♣♦r ❡❧ ■♥st✐t✉t♦ ❞❡ ❆s✲

tr♦❢ís✐❝❛ ❞❡ ❈❛♥❛r✐❛s ② ❧❛ ❯♥✐✈❡rs✐❞❛❞ P♦❧✐té❝♥✐❝❛ ❞❡ ❈❛rt❛❣❡♥❛ ❡♥ ❊s♣❛ñ❛✳ ❍❛ s✐❞♦

❞✐s❡ñ❛❞♦ ♣❛r❛ ♦❜t❡♥❡r ✐♠á❣❡♥❡s ❞❡ ❛❧t❛ r❡s♦❧✉❝✐ó♥ ❡s♣❛❝✐❛❧ ❡♥ ❡❧ r❛♥❣♦ ❞❡ ❧♦♥❣✐t✉❞❡s

❞❡ ♦♥❞❛ ✈✐s✐❜❧❡s ❞❡ t❡❧❡s❝♦♣✐♦s ✐♥st❛❧❛❞♦s ❡♥ t✐❡rr❛✳

❊❧ ✐♥str✉♠❡♥t♦ s❡ ❜❛s❛ ❡♥ ✉♥ ❞❡t❡❝t♦r ❊▼❈❈❉ ❝♦♥ ✉♥ r✉✐❞♦ ♠✉② ❜❛❥♦ ② ♠✉②

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

❞❡ t❛♠❛ñ♦ ♠❡❞✐❛♥♦ ❡♥ ❡❧ r❛♥❣♦ ❞❡ 500 ❛ 850 ♥♠✳ ❋❛st❈❛♠ ✐♥❝♦r♣♦r❛ ✉♥ ❞✐s♣♦s✐t✐✈♦

❜❛s❛❞♦ ❡♥ ❋P●❆s ♣❛r❛ ❣✉❛r❞❛r ② ❡✈❛❧✉❛r✱ ❡♥ t✐❡♠♣♦ r❡❛❧✱ ❛q✉❡❧❧❛s ✐♠á❣❡♥❡s ♠í♥✐✲

♠❛♠❡♥t❡ ✐♥❛❧t❡r❛❞❛s ♣♦r ❧❛ t✉r❜✉❧❡♥❝✐❛ ❛t♠♦s❢ér✐❝❛✳ ▲❛s ✐♠á❣❡♥❡s ♥♦ ♣❡rt✉r❜❛❞❛s

r❡♣r❡s❡♥t❛♥ ✉♥❛ ♣❡q✉❡ñ❛ ❢r❛❝❝✐ó♥ ❞❡ ❧❛s ♦❜s❡r✈❛❝✐♦♥❡s✳ P♦r t❛♥t♦✱ s❡ ❤❛ ❞❡s❛rr♦❧❧❛❞♦

✉♥ ♣❛q✉❡t❡ ❞❡ s♦❢t✇❛r❡ ❡s♣❡❝✐❛❧ ♣❛r❛ ❡①tr❛❡r✱ ❛ ♣❛rt✐r ❞❡ ❝✉❜♦s ❞❡ ❞❡❝❡♥❛s ❞❡ ♠✐❧❡s

❞❡ ✐♠á❣❡♥❡s✱ ❛q✉❡❧❧❛s ❝♦♥ ♠❡❥♦r ❝❛❧✐❞❛❞ q✉❡ ✉♥ ❞❡t❡r♠✐♥❛❞♦ ♥✐✈❡❧✳ ❊st♦ s❡ ❤❛❝❡ ❡♥

♣❛r❛❧❡❧♦ ❝♦♥ ❧❛ ❛❞q✉✐s✐❝✐ó♥ ❞❡ ❞❛t♦s ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦✳

❉❡s♣✉és ❞❡ ❧❛s ♣r✐♠❡r❛s ♣r✉❡❜❛s ❡♥ ❡❧ ❧❛❜♦r❛t♦r✐♦✱ ❋❛st❈❛♠ ❤❛ s✐❞♦ ♣r♦❜❛❞♦

❝♦♥ é①✐t♦ ❡♥ tr❡s t❡❧❡s❝♦♣✐♦s✿ ❚❈❙ ❞❡ 1′52 ♠❡tr♦s ✭❖❜s❡r✈❛t♦r✐♦ ❞❡❧ ❚❡✐❞❡✮✱ ◆❖❚ ❞❡

2′5 ♠❡tr♦s✱ ② ❲❍❚ ❞❡ 4′2 ♠❡tr♦s ✭❘♦q✉❡ ❞❡ ❧♦s ▼✉❝❤❛❝❤♦s✮✳ ❙❡ ❤❛ ❛❧❝❛♥③❛❞♦ ❡❧

❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ t❡ór✐❝♦ ❞❡ ❝❛❞❛ t❡❧❡s❝♦♣✐♦ ❡♥ ❧❛ ❜❛♥❞❛ I ✭850 ♥♠✮ ✖0′15✱ 0′08 ②

0′05 s❡❣✉♥❞♦s ❞❡ ❛r❝♦✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✖✱ ② s❡ ❤❛♥ ♦❜t❡♥✐❞♦ r❡s♦❧✉❝✐♦♥❡s s✐♠✐❧❛r❡s

t❛♠❜✐é♥ ❡♥ ❧❛s ❜❛♥❞❛s V ② R✳ ❊❧ tr❛❜❛❥♦ ❢✉t✉r♦ ✐♥❝❧✉✐rá ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥ ♥✉❡✈♦

✐♥str✉♠❡♥t♦ ♣❛r❛ ❡❧ t❡❧❡s❝♦♣✐♦ ●❚❈✱ ❞❡ 10′4 ♠❡tr♦s✱ ❡♥ ▲❛ P❛❧♠❛✳
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"
"

"
"

HcuvEco<"c"pgy"nwem{"kocikpi"kpuvtwogpv"hqt"ogfkwo/uk¦gf"vgngueqrgu"
"
Cnglcpftq"Queq¦∗c."Tchcgn"Tgdqnqc."Tqdgtvq"N„rg¦c."Cpvqpkq"Rfitg¦/Icttkfqd."Lqtig"Cpftfiu"Rfitg¦c."

Ugtik"Jknfgdtcpfvc."Nwku"Hgtpcpfq"Tqft‡iwg¦c."Lwcp"Lqufi"Rkswgtcuc."Kukftq"Xknn„e."Lqufi"Okiwgn"
Iqp¦ƒng¦f."Tchcgn"Dcttgpcc."Icdtkgn"I„og¦f."Cp‡dcn"Icte‡cc."Rknct"Oqpvc‚fiuc."Cnhtgf"Tqugpdgtic."
Goknkq"Ecfcxkfc."Ctkcfpc"Ecnekpguc."Cpcuvcukq"F‡c¦/Uƒpejg¦d."Tcnh"Mqjng{f."[qncpfc"Octv‡pc."Lqufi"

Rg‚cvgc."Xkegpvg"Uƒpejg¦c"
"

cKpuvkvwvq"fg"Cuvtqh‡ukec"fg"Ecpctkcu."X‡c"Nƒevgc"u1p."G/5:422."Nc"Nciwpc."Vgpgtkhg."Urckp"
"dFrvq0"H‡ukec"Crnkecfc."Wpkx0"Rqnkvfiepkec"fg"Ectvcigpc."Owtcnnc"fgn"Oct."G/52424."Ectvcigpc."

Owtekc."Urckp"
eFrvq0"Gngevt„pkec."Wpkx0"Rqnkvfiepkec"fg"Ectvcigpc."Owtcnnc"fgn"Oct."G/52424."Ectvcigpc."Owtekc."

Urckp"
fITCPVGECP."Ewguvc"fg"Ucp"Lqufi"u1p."G/5:934."Dtg‚c"Dclc."Nc"Rcnoc."Urckp"

gGUCE."G/4:8;3."Xknncpwgxc"fg"nc"Ec‚cfc."Ocftkf."Urckp"

CDUVTCEV"

HcuvEco" ku" cp" kpuvtwogpv" lqkpvn{" fgxgnqrgf" d{" vjg" Urcpkuj" Kpuvkvwvq" fg" Cuvtqh‡ukec" fg" Ecpctkcu" cpf" vjg"Wpkxgtukfcf"
Rqnkvfiepkec"fg"Ectvcigpc"fgukipgf"vq"qdvckp"jkij"urcvkcn"tguqnwvkqp"kocigu"kp"vjg"qrvkecn"ycxgngpivj"tcpig"htqo"itqwpf/
dcugf"vgngueqrgu0""

Vjg" kpuvtwogpv" eqpukuvu" qh" c" xgt{" nqy" pqkug" cpf" xgt{" hcuv" tgcfqwv" urggf" GOEEF" ecogtc" ecrcdng" qh" tgcejkpi" vjg"
fkhhtcevkqp"nkokv"qh"ogfkwo/uk¦gf"vgngueqrgu"htqo"722"vq":72"po0"HcuvEco"kpeqtrqtcvgu"c"HRICu/dcugf"fgxkeg"vq"ucxg"
cpf"gxcnwcvg"vjqug"kocigu"okpkocnn{"fkuvwtdgf"d{"cvoqurjgtke"vwtdwngpeg"kp"tgcn"vkog0"Vjg"wpfkuvwtdgf"kocigu"tgrtgugpv"
c"uocnn"htcevkqp"qh"vjg"qdugtxcvkqpu0"Vjgtghqtg."c"urgekcn"uqhvyctg"rcemcig"jcu"dggp"fgxgnqrgf"vq"gzvtcev."htqo"ewdgu"qh"
vgpu"qh"vjqwucpfu"qh"kocigu."vjqug"ykvj"dgvvgt"swcnkv{"vjcp"c"ikxgp"ngxgn0"Vjku"ku"fqpg"kp"rctcnngn"ykvj"vjg"fcvc"ceswkukvkqp"
cv"vjg"vgngueqrg0"

Chvgt" vjg" hktuv" vguvu" kp" vjg" ncdqtcvqt{." HcuvEco" jcu" dggp" uweeguuhwnn{" vguvgf" kp" vjtgg" vgngueqrgu<" vjg" 3074/ogvgt" VEU"
*Vgkfg" Qdugtxcvqt{+." vjg" 407/ogvgt" PQV." cpf" vjg" 604/ogvgt" YJV" *Tqswg" fg" nqu" Owejcejqu" Qdugtxcvqt{+0" Vjg"
vjgqtgvkecn" fkhhtcevkqp" nkokv" qh" gcej" vgngueqrg" jcu" dggp" tgcejgf" kp" vjg" K" dcpf" *:72" po+" /2037." 202:" cpf" 2027" cteuge."
tgurgevkxgn{/."cpf"ukoknct"tguqnwvkqpu"jcxg"dggp"cnuq"qdvckpgf"kp"vjg"X"cpf"T"dcpfu0""
Hwvwtg"yqtm"yknn"kpenwfg"vjg"fgxgnqrogpv"qh"c"pgy"kpuvtwogpv"hqt"vjg"3206/ogvgt"IVE"vgngueqrg"qp"Nc"Rcnoc0"""

Mg{yqtfu<"Nwem{"Kocikpi."pgy"kpuvtwogpvu."tgcn/vkog"rtqeguukpi."jkij"tguqnwvkqp"kocikpi0"
"

30 KPVTQFWEVKQP"
Vyq"qh"vjg"ockp"iqcnu"qh"oqfgtp"cuvtqpqo{"ctg"vjg"qdugtxcvkqp"qh"hckpvgt"qdlgevu"cpf"kortqxkpi"vjg"urcvkcn"tguqnwvkqp0"
Vjg"hqtogt"jcu"dggp"uqnxgf"kp"vjg"ncuv"42"{gctu"ykvj"c"igpgtcvkqp"qh"pgy"ikcpv"vgngueqrgu"*:"vq"32"ogvgtu+"yjkej"ikxgu"
ceeguu" vq"oqtg" tgoqvg" vctigvu0"Jqygxgt." vjgkt" tguqnwvkqp" ku" uvknn" nkokvgf" d{" vjg" cvoqurjgtke" swcnkv{0"Vjg" cvoqurjgtke"
vwtdwngpeg"jcu"cnyc{u"dggp"c"ugxgtg"rtqdngo"yjkej"nkokvu"vjg"urcvkcn"tguqnwvkqp"qh"itqwpf/dcugf"vgngueqrgu0"

Vjg"ewttgpv"ghhqtvu"vq"eqorgpucvg"hqt"vwtdwngpeg"ctg"oquvn{"tguvtkevgf"vq"vjg"pgct"kphtctgf0"Vq"uqnxg"vjg"rtqdngo."cevkxg"
cpf" cfcrvkxg"qrvkeu" u{uvgou" ctg" kpvgpukxgn{"dgkpi"fgxgnqrgf." dwv" vjg"ockp"ftcydcem"qp" vjgug" vgejpkswgu" ku" vjcv" vjgkt"
korngogpvcvkqp" cv" vgngueqrgu" ku" tcvjgt" gzrgpukxg0" Qvjgt" jkij/tguqnwvkqp" u{uvgou" nkmg" vjqug" dcugf" qp" Urgemng"
kpvgthgtqogvt{"jcxg"vjgkt"qyp"nkokvcvkqpu0""

"""""""""""""""""""""""""""""""""""""""""""""""""
∗"cqueq¦Bkce0gu"

Ground-based and Airborne Instrumentation for Astronomy II, edited by Ian S. McLean, Mark M. Casali,
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"

Vjg"pggf"vq"qdvckp"qrvkecn"jkij/tguqnwvkqp"*∼203"cteuge"qt"dgvvgt+"kocikpi."cpf"vjg"uweeguu"qh"nwem{/kocikpi"u{uvgou"kp"
okf/uk¦g"vgngueqrgu"*Ncy"gv"cn0"4228."4229+"ngf"wu"vq"fgxgnqr"HcuvEco."c"pgy"kpuvtwogpv"vq"gzrnqkv"vjg"rqvgpvkcn"qh"vjku"
vgejpkswg" qp" vjg" vgngueqrgu" cv" vjg" Vgkfg" cpf" Tqswg" fg" nqu" Owejcejqu" Qdugtxcvqtkgu." ykfgn{" tgeqipk¦gf" hqt" vjgkt"
gzegnngpv"uggkpi"eqpfkvkqpu0"HcuvEco"ku"c"jkij"urcvkcn"tguqnwvkqp"ecogtc"hqt"vjg"qrvkecn"tcpig"vjcv"ocmgu"wug"qh"vjg"nwem{"
kocikpi" vgejpkswg0" Kp" vjku" rcrgt." yg" tgrqtv" qp" vjg" fgxgnqrogpv" cpf" hktuv" tguwnvu" qdvckpgf" ykvj" vjku" kpuvtwogpv0" Vjg"
rtqdngo" qh" cvoqurjgtke" vwtdwngpeg" cpf" vjg" nwem{" kocikpi" vgejpkswg" ctg" fguetkdgf" kp" Ugevkqp" 40" Vjg" kpuvtwogpvÓu"
vgejpkecn"fgvcknu"crrgct"kp"Ugevkqp"50"Ugevkqp"6"uwooctk¦gu"vjg"ockp"uekgpvkhke"tguwnvu0"Hkpcnn{."vjg"eqpenwukqpu"cpf"hwvwtg"
rtqlgevu"crrgct"kp"Ugevkqp"80"

"

40 NWEM["KOCIKPI"
Vjg"tcpfqo"oqvkqp"qh"vjg"cvoqurjgtke"nc{gtu"igpgtcvgu"eqpvkpwqwu"fghqtocvkqpu"qh"vjg"fkhhtcevkqp"rcvvgtp"qh"vjg"uvctu"*qt"
RUH."Rqkpv"Urtgcf"Hwpevkqp+."yjkej"xct{"dqvj"kp"ujcrg"cpf"rqukvkqp"kp"gzvtgogn{"ujqtv" vkog"kpvgtxcnu0"Vjku"ocmgu"vjg"
vjgqtgvkecn"fkhhtcevkqp"nkokv"qh"c"vgngueqrg"hqt"c"ikxgp"ycxgngpivj"λ""*t"?"3044"λ1F."ykvj"F"vjg"vgngueqrgÓu"fkcogvgt."ugg"
g0i0"Dqtp"("Yqnh"3;;9+"pqv"tgcejcdng"gzegrv"hqt"uocnn"vgngueqrgu0""

"
Hki0"30"Ugtkgu"qh"52"ou"kocigu"qh"vjg"uvct"IL"658"vcmgp"ykvj"vjg"Ectnqu"Ucpejg¦"Vgngueqrg"*VEU."Vgkfg"Qdugtxcvqt{."Ecpct{"

Kuncpfu+0"Vjg"RUH"fkuvqtvkqp"fwg"vq"vjg"cvoqurjgtg"ecp"dg"uggp"ykvj"xgt{"ujqtv"gzrquwtgu."igpgtcvkpi"Urgemng"rcvvgtpu."
k0g0."ugvu"qh"uocnn"urqvu."gcej"qh"vjgo"ykvj"vjg"uk¦g"qh"vjg"vgngueqrgÓu"tguqnwvkqp"nkokv0"Vjg"hkgnf"qh"xkgy"ku"qh"8Ñ"ykvj"c"
404Ñ"uggkpi"cpf"c"rkzgn"uk¦g"qh"98ocu1rz0"

Vjg" kocig" ugngevkqp" vgejpkswg" mpqyp" cu" nwem{" kocikpi" ku" dcugf" qp" vjg" kfgc" qh" tgikuvgtkpi" vjg" kpuvcpvu" qh"
cvoqurjgtke"uvcdknkv{."v{rkecnn{"ncuvkpi"lwuv"uqog"oknnkugeqpfu."wukpi"xgt{"ujqtv"gzrquwtgu0"Vjg"ugngevkqp"qh"qpn{"vjg"
dguv" kocigu." vjcv" ku." vjqug" okpkocnn{" chhgevgf" d{" vwtdwngpeg." cnnqyu" vjg" u{uvgo" vq" tgcej" kp" ugxgtcn" ecugu" vjg"
tguqnwvkqp" nkokv" kp" vjg"qrvkecn" tcpig." k0g0"qhhgtu" vq" itqwpf/dcugf" vgngueqrgu" vjg"rquukdknkv{"qh"qdvckpkpi" tguqnwvkqpu"
ukoknct" vq" vjqug" qh" urceg" vgngueqrgu0"Vjku" kfgc"ycu" qtkikpcnn{" rtgugpvgf" d{"F0"N0" Htkgf" *3;9:+."yjq" ecnngf" nwem{"
kocigu"vjqug"gzrquwtgu"vcmgp"wpfgt"okpkowo"vwtdwngpeg"eqpfkvkqpu0""

Vjku"vgejpkswg"ku"dgkpi"uweeguuhwnn{"gornq{gf"ukpeg"vjg"3;;2u"wukpi"xkfgq/ecogtcu"*Fcpvqykv¦"3;;:+"cpf"gxgp"d{"
cocvgwt" cuvtqpqogtu"ykvj" uocnn"ygdecou0"Jqygxgt." vjg" tgegpv" fgxgnqrogpv" qh" jkij" ugpukvkxkv{" cpf" nqy" tgcfqwv"
pqkug"fgvgevqtu"ngf"vq"vjg"crrgctcpeg"qh"uqog"kpuvtwogpvu"vjcv"ctg"cdng"vq"tgcej"gzvtgogn{"iqqf"tguqnwvkqpu0"Pqvkeg"
vjcv."coqpi"qvjgt"cfxcpvcigu." nwem{" kocikpi" ku"ejgcrgt" vjcp"cfcrvkxg"qrvkeu"cpf"ykvj"c" nqygt"fgrgpfgpeg"qp" vjg"
rtgugpeg"qh"tghgtgpeg"uvctu"dwv."qp"vjg"qvjgt"jcpf."kv"ku"oqtg"vkog"eqpuwokpi0"
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50 HCUVECO<"VGEJPKECN"FGVCKNU"
HcuvEco" ku" cp" kpuvtwogpv" fgxgnqrgf" d{" vjg" Urcpkuj" Kpuvkvwvq" fg" Cuvtqh‡ukec" fg" Ecpctkcu" *KCE+" cpf" vjg" Wpkxgtukfcf"
Rqnkvfiepkec"fg"Ectvcigpc" *WREV+" vq"ceswktg"gzvtgogn{"jkij"urcvkcn" tguqnwvkqp" kocigu" kp" vjg"qrvkecn"ycxgngpivj" tcpig"
htqo"itqwpf/dcugf"vgngueqrgu0""

HcuvEco" tqwijn{" eqpukuvu" qh" c" eqoogtekcn"GOEEF"fgvgevqt." Gngevtqp"Ownvkrn{kpi"Ejctig"Eqwrngf"Fgxkeg." vqigvjgt"
ykvj" cp" qrvkecn" u{uvgo." uqog"Hkgnf" Rtqitcoocdng"Icvg"Cttc{u" *HRIC+" cpf" vjg" ceswkukvkqp." ugngevkqp" cpf" rtqeguukpi"
uqhvyctg"rcemcigu."gxgt{vjkpi"hwnn{"fgxgnqrgf"d{"vjg"HcuvEco"vgco0""

"
Hki0"40"HcuvEco"cv"vjg"Ecuugitckp"hqewu"qh"vjg"VEU."Crtkn"42290"

503 Vjg"GOEEF"

Vjg"HcuvEcoÓu"fgvgevqt"ku"c"hcuv"tgcfqwv"ecogtc"dcugf"qp"GOEEF"vgejpqnqi{0"Vjg"u{uvgo"ocmgu"wug"qh"vjg"Cpfqt"kZqp"
FW/:;9"dcem/knnwokpcvgf"u{uvgo"eqpvckpkpi"c"734z734"rkzgn"htcog"vtcpuhgt"EEF"ugpuqt"htqo"G4X"Vgejpqnqikgu0"Vjg"
rkzgn"uk¦g"ku"38"oketqp"cpf"vjg"FW/:;9"ecogtc"cnnqyu"wr"vq"5607"gzrquwtgu"rgt"ugeqpf"vjcpmu"vq"kvu"gngevtqp"ownvkrn{kpi"
fgxkeg"*GO+0""

GOEEF"fgvgevqtu"jcxg"cp" korqtvcpv"cffkvkqpcn"pqkug"uqwteg"rtqfwegf"d{" vjg"queknncvqt."cpf"mpqyp"cu"Enqem"Kpfwegf"
Ejctig"*EKE+0"Vjku"uqwteg"ku"tgcnn{"korqtvcpv."cu"vjg"tgcfqwv"enqem"yqtmu"ykvj"OJ¦"htgswgpekgu."yjkng"kp"pqtocn"EEFu"
vjku"htgswgpe{"ku"qh"mJ¦0"Vq"eqpvtqn"kv."c"uwkvcdng"tgcfqwv"urggf"owuv"dg"wugf0"Hqt"gzcorng."hqt"gzrquwtg"vkogu"dgvyggp"
32"cpf"82"ou."vjg"tgcfqwv"enqem"ku"ugv"vq"32"OJ¦0"Jkijgt"xcnwgu"igpgtcvg"wppgeguuct{"pqkug."tkukpi"gzrqpgpvkcnn{"ykvj"
vjg"enqem"htgswgpe{."yjknuv"nqygt"xcnwgu"nkokv"vjg"ecogtc"tgcfqwv0""

Dgukfgu"qh"vjg"GO."vjku"ecogtc"cnuq"jcu"c"rtg/cornkhkgt"yjkej"ownvkrnkgu"vjg"ukipcn0"Jqygxgt."cnvjqwij"kv"fqgu"pqv"qhhgt"
c"jkij"cornkhkecvkqp."kv"eqpvtkdwvgu"ykvj"cp"korqtvcpv"coqwpv"qh"pqkug"*ownvkrnkecvkqp"pqkug+0""

504 Vjg"qrvkecn"u{uvgo"

Vjg"qrvkeu"qh"vjg"kpuvtwogpv"ku"fgukipgf"vq"gcukn{"hkv"kp"fkhhgtgpv"vgngueqrgu."cu"HcuvEco"ycu"vjqwijv"cu"c"ownvk/vgngueqrg"
fgxkeg0"Kv"ku"dcukecnn{"eqorqugf"qh"vyq"eqnnkocvqtu"cpf"ecogtc"ngpugu0"Vjgug"eqorqpgpvu"ecp"dg"tgrncegf"cpf"cflwuvgf"
fgrgpfkpi"qp"vgngueqrg0"Kv"cnuq"jcu"c"oqxkpi"okttqt"cpf"cp"ceswkukvkqp"ecogtc"vq"dgvvgt" kfgpvkh{"vjg"vctigv0"Vjg"ngpugu"
ecp"dg"oqxgf"wpvkn"vjg"eqttgev"uecng"ku"tgcejgf0"Cu"vjg"ockp"qdlgevkxg"ku"vq"igv"fkhhtcevkqp"nkokvgf"kocigu."vjg"RUH"owuv"
dg"cfgswcvgn{"ucorngf0"Vjku"u{uvgo"cnnqyu"HcuvEco"vq"dg"kpuvcnngf"cv"hqwt"vgngueqrgu<"VEU"cv"Vgkfg"Qdugtxcvqt{."cpf"
PQV."YJV"cpf"IVE"cv"Tqswg"fg"nqu"Owejcejqu"Qdugtxcvqt{"*QTO."Ecpct{"Kuncpfu."Urckp+0"

Cpqvjgt"korqtvcpv"eqorqpgpv"ku" vjg"Cvoqurjgtke"Fkurgtukqp"Eqttgevqt"*CFE+0"Vjg"cvoqurjgtg."crctv"htqo"rtqfwekpi"
ejcpigu"kp"vjg"kpvgpukv{"fwg"vq"gzvkpevkqp"cpf"uekpvknncvkqp."cnuq"rtqfwegu"ejcpigu"kp"vjg"fktgevkqp<"uggkpi"cpf"tghtcevkqp0"
C"uvctÓu"hncv"ycxghtqpv"ku"rgtvwtdgf"d{"cvoqurjgtke"vwtdwngpeg0"Chvgt"etquukpi"vjg"fkhhgtgpv"nc{gtu."nkijv"ku"tghtcevgf"cpf"
gcej"ycxgngpivj"yknn"jcxg"c"fkhhgtgpv"gzkv"cping0"Vjg"hkpcn"kocig."hqtogf"qp"vjg"fgvgevqt."yknn"dg"fkuvqtvgf."urgekcnn{"cv"
nqy"gngxcvkqpu."wpnguu"cp"CFE"ku"rncegf0"HcuvEcoÓu"CFE"ku"c"u{uvgo"ykvj"vyq"47³"rtkuou"vwtpgf"3907³"kp"c"rtg/hqewu"
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eqphkiwtcvkqp0"Vjgug"rtkuou" ctg" kpvgitcvgf"qp" c" tqvcvqt" vq" eqorgpucvg" hqt" vjg"qdlgevÓu" qtkgpvcvkqp0"Vjku"CFE" ku" swkvg"
ukorng."dqvj"qrvkecnn{"cpf"ogejcpkecnn{"*ugg"vjg"eqpvtkdwvkqp"d{"T0"N„rg¦"gv"cn0"hqt"oqtg"kphqtocvkqp0+0"

505 Ceswkukvkqp"cpf"eqpvtqn"uqhvyctg"

Vjg"ewttgpv"HcuvEco"ku"hwnn{"eqpvtqnngf"d{"vjtgg"eqorwvgtu<"c"RE"ykvj"Ykpfqyu"QU"cpf"vjg"Cpfqt"uqhvyctg"vq"eqpvtqn"
cpf"oqfkh{"vjg"fkhhgtgpv"ecogtc"rctcogvgtu."c"RE"ykvj"IPW1Nkpwz"QU"vq"twp"uqhvyctg"urgekhkecnn{"fgukipgf"vq"ceswktg"
cpf" rtqeguu" vjg" kocigu" rquv/HRIC" cpf." hkpcnn{." c" RE"ykvj"Ykpfqyu"QU" twppkpi"UekNcd" vq"rtqitco" cpf" eqpvtqn" vjg"
HRIC0"C"pgzv"xgtukqp"qh"HcuvEco."gzrgevgf"hqt"422;."yknn"jcxg"qpn{"qpg"eqorwvgt"eqpvtqnnkpi"cnn"vjgug"curgevu0"
"

"
Hki0"50"Upcrujqvu"qh"vjg"wugtÓu"kpvgthceg0"Nghv<"ceswkukvkqp"oqfg0"Tkijv<"rtqeguukpi"oqfg0"

Vjg"qrgtcvkqp"qh" vjg" kpuvtwogpv" ku" gcu{<" kv" eqpvkpwqwun{" ceswktgu" kocigu" *ceswkukvkqp"oqfg+" vjcv" ctg." qp/nkpg"qt" ncvgt."
rtqeguugf"*rtqeguukpi"oqfg+0"Kp"vjg"ceswkukvkqp"oqfg."vjg"kpvgthceg"ku"fgukipgf"vq"cnnqy"vjg"wugt"vq"ugngev"vjg"pwodgt"qh"
ewdgu"qh"kocigu"cpf"vjg"coqwpv"qh"kocigu"vjcv"gcej"qh"vjgo"yknn"eqpvckp."cpf"vq"cwvqocvkecnn{"ucxg"vjgo"ykvj"c"ikxgp"
pcog0"Vjku"oqfg"ku"cdng"vq"ceswktg"dqvj"vjg"tcy"kocigu"ikxgp"d{"vjg"ecogtc"cpf"vjqug"rtqeguugf"d{"vjg"HRIC."vjgtghqtg"
qhhgtkpi"hwnn"eqpvtqn"qp"vjg"ucxgf"fcvc0"

Vjg" rtqeguu" oqfg" ku" wugf" vq" rtqeguu" vjg" ewdgu" qh" kocigu" qpeg" ucxgf0" Ugxgtcn" vjqwucpfu" qh" kocigu" ecp" dg" nqcfgf."
gxcnwcvkpi"vjgo"ykvj"vjg"dtkijvguv"rkzgn"etkvgtkc0"Vjgtg"ctg"vjtgg"rtqeguukpi"qrvkqpu<"c+"vjg"Cff"Oqfg."vjcv"cxgtcigu"vjg"
nqcfgf"kocigu"dwv"fqgu"pqv"gxcnwcvg"qt"cnkip"vjgo."ku"igpgtcnn{"wugf"vq"etgcvg"hncv/hkgnf."dkcu"cpf"um{"kocigu="d+"vjg"Ujkhv"
("Cff"Oqfg"pqv"qpn{"cxgtcigu"vjg"nqcfgf"kocigu."dwv"cnuq"tg/egpvtgu"cnn"qh"vjgo"wukpi"vjg"dtkijvguv"rkzgn"oqfg="kp"vjku"
oqfg"pqpg"qh"vjg"kocigu"ku"fkuectfgf="e+"vjg"Nwem{"Kocigu"Oqfg."vjg"oquv"wugf"qpg."kp"yjkej"vjg"rtqitco"gxcnwcvgu"
cpf"cnkipu"cnn"vjg"nqcfgf"kocigu."cxgtcikpi"vjgp"c"rgtegpvcig"qh"vjg"dguv"kocigu"cu"rtgxkqwun{"fghkpgf"d{"vjg"qdugtxgt0"""

506 Tgcn"vkog"cpcn{uku"ykvj"HRIC"

Qpg" qh" vjg" jctfguv" vgejpkecn" ejcnngpigu" qh" vjg" nwem{" kocikpi" vgejpkswg" ku" kvu" fgocpf" hqt" c" jwig" coqwpv" qh" kocigu0"
Cnvjqwij" c" uwdugswgpv" vtgcvogpv" qh" vjg"fcvc" qhhgtu" c" egtvckp" hngzkdknkv{" cpf" c"oqtg" ceewtcvg" tgfwevkqp." vjg" coqwpv" qh"
kocigu"Îcdqwv"722"Id"rgt"pkijv/"ocmgu"vjku"uvtcvgi{"eqornkecvgf0"

Qpg"qh"vjg"ockp"kppqxcvkqpu"qh"HcuvEco"ku"vjg"tgcn/vkog"gxcnwcvkqp"cpf"ceswkukvkqp"qh"kocigu"wukpi"cp"HRIC0"Cp"HRIC"
ku" cp" kpvgitcvgf" ektewkv" jcxkpi" ugxgtcn" dnqemu" qt" nqike" eqorqpgpvu." gcej" qh" vjgo" ykvj" vjgkt" qyp" ogoqt{." vjcv" ctg"
kpvgteqppgevgf"cpf"rtqitcoocdng."ikxkpi"c"jkij" hngzkdknkv{"qh"wug0"Vjg"yjqng"crrnkecvkqp" ku" korngogpvgf" kp"c"wpkswg"
ejkr"ykvjqwv"rj{ukecn"rtqeguugu0"Vjg"HRIC"ectf" ku"rtqitcoogf"ykvj"cp"cniqtkvjo" vjcv" tgegkxgu" vjg" kocigu" htqo" vjg"
ecogtc"cpf"gxcnwcvgu."cnkipu"cpf"eq/cffu"vjgo"qp/nkpg0"Vjku"cnnqyu"vjg"qdugtxgt"vq"ycvej"cpf"ucxg"vjg"rtqeguugf"kocigu"
qp/nkpg"ykvjqwv"jcxkpi"vq"ucxg"vjg"tcy"kocigu0"Vjg"wug"qh"cp"HRIC"tgfwegu"vjg"rtqeguukpi"vkog"cpf"ngcxgu"oqtg"vkog"
hqt"hwtvjgt"qdugtxcvkqpu"*ugg"vjg"eqpvtkdwvkqp"d{"Tqft‡iwg¦"Tcoqu"gv"cn0"hqt"oqtg"kphqtocvkqp+0"

Vjg"ghhkekgpe{"qh"vjg"u{uvgo"ku"xgt{"iqqf0"Kp"vjg"pgzv"hkiwtg."vjg"rtqhkngu"qh"Tgiwnwu"cpf"vjg"dkpct{"uvct"CFU":66;"*205;"
cteuge"ugrctcvkqp"dgvyggp"dqvj"eqorqpgpvu+"ctg"ujqyp."dqvj"qdugtxgf"ykvj"vjg"VEU"qp"Oc{"42290"Vjg"wrrgt"nghv"kocig"
ku"vjg"rtqhkng"kp"K"dcpf"qh"Tgiwnwu"ykvj"c"pcvwtcn"uggkpi"qh"40:"cteuge0"Chvgt"cnkipogpv."cpf"cxgtcikpi"qh"vjg"dguv"42'"
kocigu"qh"c"32.222"ugtkgu"ykvj"vjg"HRIC."c"HYJO"qh"204"cteuge"ku"qdvckpgf"*wrrgt"tkijv"kocig+0"Kp"vjg"ucog"yc{."vjg"
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406"cteuge"pcvwtcn"uggkpi"ocmgu"kv"korquukdng"vq"tguqnxg"vjg"dkpct{"u{uvgo"CFU":66;"kp"T"dcpf"*nqygt/nghv"rcpgn+."dwv"kv"
ku"cduqnwvgn{"crrctgpv"chvgt"cxgtcikpi"vjg"dguv"4'"qh"vjg"kocigu"*nqygt/tkijv"rcpgn+0""

"
Hki0"60"Wrrgt"rctv<"K/dcpf"rkevwtgu"qh"Tgiwnwu"ykvj"pcvwtcn"uggkpi"*40:"cteuge."nghv+."cpf"ykvj"qpn{"vjg"dguv"42'"qh"vjg"kocigu"

*204"cteuge."tkijv+0"Nqygt"rctv<"vjg"dkpct{"u{uvgo"CFU":66;"kp"T"dcpf"ykvj"pcvwtcn"uggkpi"*nghv+"cpf"ykvj"vjg"dguv"4'"qh"
vjg"kocigu"*tkijv+0"

" " "
Hki0"70"Nghv<"c"52ou"gzrquwtg0"Egpvtg<"pcvwtcn"uggkpi0"Nghv<"3'"qh"6.222"cnkipgf"cpf"cxgtcigf"kocigu0"

507 Ugngevkqp"etkvgtkc"

Vjg"gxcnwcvkqp"qh"vjg"kocig"swcnkv{"cu"hct"cu"c"jkij"tguqnwvkqp"vgejpkswg"ku"eqpegtpgf"tgswktgu"uqog"urgekhke"etkvgtkc0"Vjg"
oquv" wugf" etkvgtkc" ku" vjg" Uvtgjn" tcvkq." fghkpgf" cu" vjg" tcvkq" dgvyggp" vjg" kpvgpukv{" qh" c" rqkpv/nkmg" kocig" tgegkxgf" cv" vjg"
vgngueqrg"cpf"vjg"kpvgpukv{"kv"jcu"htgg"qh"cdgttcvkqpu0"Vjg"kocigu"ykvj"vjg"jkijguv"Uvtgjn"tcvkq"wuwcnn{"ujqy"vjg"dtkijvguv"
rkzgnu."uq"vjg{"ctg"rgthgev"hqt"vjg"cnkipogpv"qh"vjg"kocigu0"Ejtkuvqw"*3;;3+"fgoqpuvtcvgu"vjcv"vjku"vgejpkswg"qhhgtu"dgvvgt"
tguwnvu."ockpn{"ykvj"dcf"uggkpi0"
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"
Hki0"80"Fkhhgtgpegu"dgvyggp"vjg"rqukvkqp"qh"vjg"dtkijvguv"rkzgn"*{gnnqy"urqv+"cpf"vjg"egpvtqkf"*tgf"urqv+"hqt"ukz"ujqtv"7"ou"

gzrquwtgu0""

508 HcuvEco""dgjcxkqwt"

Vjg"vkoguecng"qh"vjg"cvoqurjgtke"xctkcvkqpu"kp"vjg"qrvkecn"tcpig"ngcfu"vq"vjg"wug"qh"htgswgpekgu"kp"vjg"kpvgtxcn"42/72"J¦"vq"
ucorng"vjg"cvoqurjgtke"vwtdwngpeg"*Vwddu"4225+."cnvjqwij"vjg"gzrquwtg"vkog"fgrgpfu"qp"vjg"vgngueqrg"uk¦g."vjg"uggkpi"
eqpfkvkqpu"cpf"vjg"vctigv"dtkijvpguu0"Vjg"vguvu"ocfg"ykvj"HcuvEco"qhhgt"vjg"dguv"tguwnvu"wukpi"ugtkgu"qh"32.222/42.222"
kocigu" cpf" ugngevkpi" vjg"dguv" 32'/3'0"Cnvjqwij" pcttqygt"RUHu" ctg"qdvckpgf" nkokvkpi" vjg" ugngevkqp" vq" vjg"3'"qh" vjg"
kocigu."vjku"jcu"vq"dg"dcncpegf"cickpuv"vjg"kpvgpukv{"qh"vjg"fgvgevgf"uqwtegu0""

" "

"
Hki0"90"Vjg"wrrgt"rcpgnu"ujqy"uqog"rtqhkngu"qh"vjg"ockp"eqorqpgpv"qh"IL":78"qdvckpgf"qp"Qevqdgt"4228"cv"vjg"VEU"ykvj"

fkhhgtgpv"rgtegpvcig"qh"eq/cffgf" kocigu." hqt"gzrquwtgu" vkogu"qh" 72"ou" *nghv+" cpf"32"ou" *tkijv+0"Vjg" kortqxgogpv" ku"
gxkfgpv"kp"dqvj"ecugu."gxgp"tgcejkpi"cp"HYJO"qh"205"cteuge"ykvj"3'"qh"vjg"kocigu"wpfgt"pcvwtcn"uggkpi"eqpfkvkqpu"qh"
4"cteuge0""Vjg"nqygt"rcpgnu"rtgugpv"c"ugtkgu"qh"kocigu"qh"vjg"dkpct{"u{uvgo"ykvj"fkhhgtgpv"rgtegpvcig"qh"ugngevgf"kocigu0""
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60 QDUGTXCVKQPU"CPF"UEKGPVKHKE"TGUWNVU"
Vjg"kpuvtwogpv"jcu"dggp"uweeguuhwnn{"vguvgf"cv"vjtgg"vgngueqrgu<"vjg"307o"VEU"*oqtg"vjcp"vjktv{"pkijvu+."vjg"407o"PQV"*c"
hqwt/pkijv" twp+" cpf" vjg" 604o"YJV" *vyq" pkijvu+0" Kp" vjg" vjtgg" ecugu." yqtmkpi" kp" K" dcpf" *:72" po+." vjg" dguv" tguqnwvkqp"
cvvckpgf" hqt" gcej" hceknkv{" ku" enqug" vq" vjg"fkhhtcevkqp" nkokv<" 2037." 202;" cpf"2029" cteuge." tgurgevkxgn{0"Vjku" tgrtgugpvu" vjg"
vjgqtgvkecn" nkokv"qh"gcej" vgngueqrg0"Hqt"gzcorng."cv" vjg"VEU."wukpi"c"rkzgn"uecng"qh"53"ocu1rkzgn." vjg"hktuv"Ckt{"tkpi" kp"
dtkijv"uvctu"ku"tqwvkpgn{"fgvgevgf0"Ukoknct"tguqnwvkqpu"kp"vjg"X"cpf"T"dcpfu"jcxg"dggp"qdvckpgf0"
"

"
Hki0":0"Hqwt"K/dcpf"kocigu"qh"uvctu"vcmgp"ykvj"vjg"VEU"kp"Qevqdgt"4229"ujqykpi"vjg"hktuv"Ckt{"fkue0"

"
Vjg"ockp"qpiqkpi"tgugctej"rtqitcoogu"ctg<"*k+"f{pcokecn"uvwfkgu"qh"uvctu"kp"vjg"pwengk"qh"fkhhgtgpv"inqdwnct"enwuvgtu"vq"
fgvgtokpg"vjg"gzkuvgpeg"qh"dncem"jqngu"ykvj"ocuugu"coqpi"322"cpf"3222"uqnct"ocuugu="*kk+"f{pcokecn"cpcn{uku"qh"dkpct{"
u{uvgou"kp"vjg"pgkijdqtjqqf"qh"vjg"Uwp"*f>42"re+"vq"qdvckp"vjg"qtdkvcn"rctcogvgtu"cpf"ocuugu"qh"gcej"ogodgt="cpf"*kkk+"
uvwfkgu"qh"vjg"ownvkrnkekv{"qh"uvctu"kp"enwuvgtu"cpf"vjg"ocuu/nwokpqukv{"tcvkq"hqt"fkhhgtgpv"cigu0"Vjg"kpuvtwogpv"ecp"cnuq"
rtqxkfg"eqorgvkvkxg"qdugtxcvkqpu"kp"qvjgt"ugxgtcn"hkgnfu"qh"Cuvtqpqo{<"cuvgtqkfu"cpf"eqogvu"kp"vjg"Uqnct"U{uvgo."uvgnnct"
hqtocvkqp"cpf"f{pcokeu."lgvu"kp"V"Vcwtk"uvctu."{qwpi"dtqyp"fycthu."ownvkrnkekv{"qh"uvctu"kp"c"ykfg"tcpig"qh"ocuugu"cpf"
gxqnxgf"uvcigu."cpf"gxgp"gzvtcicncevke"uvwfkgu"qh"jkij"tguqnwvkqp."uwej"wu"swcuctu."CIPu."gve0"

603 Vjg"307o"vgngueqrg"*VEU+"

Vjg" hktuv" vguvu" ykvj" c" rtqvqv{rg" qh" HcuvEco"ygtg" ecttkgf" qwv" kp"Oc{" 4228" cv" vjg" VEU." qpn{" c" hgy"oqpvju" chvgt" vjg"
dgikppkpi"qh" vjg"rtqlgev0"Ukpeg" vjgp." ugxgtcn" ecorckipu"jcxg" vcmgp"rnceg"cv" vjku" vgngueqrg" kp"4228."4229"cpf"422:" vq"
ejgem"vjg"uvcdknkv{"cpf"dgjcxkqwt"qh"vjg"ecogtc."vjg"qrvkeu"/rtqxkfkpi"fkhhgtgpv"urcvkcn"uecngu/."vjg"kortqxgogpvu"ocfg"cv"
vjg" HRICu" cpf" vjg" pgy" xgtukqpu" qh" vjg" uqhvyctg" rcemcig" vq" rtqeguu" kocigu0" Kp" cnn" vjgug" ecorckipu" vjg" vguvu" ygtg"
eqorngogpvgf"ykvj"uekgpvkhke"qdugtxcvkqpu0"Oqtg"vjcp"42"oknnkqp"kocigu"jcxg"cntgcf{"dggp"vcmgp"wukpi"vjg"u{uvgo0"

Qpg"qh" vjg" vguvu"rgthqtogf"ycu" vq"guvkocvg" vjg"ocipkvwfgu"cpf"fkuvcpegu"cv"yjkej"enqug"eqorcpkqpu" vq"c"ikxgp" vctigv"
eqwnf"dg"fgvgevgf0"Vjg"tguwnvu"hqt"vjg"VEU."wpfgt"ogfkwo"uggkpi"eqpfkvkqpu."304"cteuge."ujqy"vjcv"tghgtgpeg"uvctu"ykvj"K"
≤"34"ecp"dg"wugf."cnvjqwij"uvctu"fqyp"vq"K"\"37/38"ocipkvwfg"ecp"dg"fgvgevgf"ykvj"vqvcn"kpvgitcvkqp"vkogu"qh"vjg"qtfgt"qt"
32"okpwvgu0"Oqtgqxgt."vjg"kpuvtwogpv"ecp"yqtm"cv"vjg"VEU"ykvj"vjtgg"fkhhgtgpv"uecngu<"52."72"cpf"92"ocu1rkzgn0"
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"
Hki0" ;0" HcuvEcoÓu" hktuv" nkijv" kp"Oc{" 42280" Vjg" kocig" ujqyu" vjg" pwengwu" qh" vjg" inqdwnct" enwuvgt"O5" kp" vjg" K" dcpf" cu" c"

ugngevkqp"qh"vjg"32'"qh"c"ugtkgu"qh":.222"kocigu"qh"32"ou"gcej0"Vjku"kocig"ku"eqorctgf"ykvj"vjg"ucog"hkgnf"qdugtxgf"
d{"vjg"507o"Y{kp"vgngueqrgu"cpf"vjg"407o"JUV0"

Vjg"qdugtxcvkqpu"qh"qdlgevu"ykvj"ocipkvwfgu"tcpikpi"htqo"7"vq"34"ygtg"igpgtcnn{"ocfg"wukpi"vjg"Lqjpuqp/Dguugnn"K"dcpf"
*egpvtgf"cv":72"po+0""Vjg"wuwcn"rtqegfwtg"ycu"vq"vcmg"cv"ngcuv"5"qt"6"ewdgu"qh"7.222"kocigu"gcej"hqt"vctigv0"Vjg"gzrquwtg"
vkogu" ygtg" qh" 32/42" ou" hqt" dtkijv" uvctu" *K∼7+" vq" 72" ou" hqt" K∼38" qdlgevu." xct{kpi" vjg" gngevtqp" ownvkrn{kpi" hcevqt"
fgrgpfkpi"qp"ocipkvwfg0"Vjg"cxgtcig"pcvwtcn"uggkpi"ycu"qh"307"cteuge."yjkej"cnnqygf"vq"tg/egpvtg"uvctu"qh"K?34/350"Vjku"
nkokv"fgetgcugu"vq"K?32/33"hqt"c"uggkpi"qh"∼407"cteuge0"Vjg"kpuvtwogpv"engctn{"ugrctcvgu"dkpct{"uvctu"ykvj"c"fkhhgtgpeg"qh"6"
ocipkvwfgu"cpf"c"ugrctcvkqp"qh"204"205"cteuge"dgvyggp"eqorqpgpvu0"

Gxgt{"qdugtxkpi"pkijv"vjg"uecng."kvu"uvcdknkv{"cpf"vjg"qtkgpvcvkqp"qh"HcuvEco"ygtg"fgvgtokpgf"wukpi"dkpct{"u{uvgou"ykvj"
tgegpv"ogcuwtgu"qh"vjgkt"ugrctcvkqp"cpf"rqukvkqp"cping"*Uectfkc"gv"cn0"4228."4229+."cpf1qt"ygnn/mpqyp"inqdwnct"enwuvgtu0""""

Cnvjqwij"tgugctej"hkgnfu"dgpghkvkpi"htqo"vjg"wug"qh"HcuvEco"cv"vjg"VEU"ctg"pwogtqwu."c"iqqf"gzcorng"ecp"dg"j"Qtkqpku"
CD." qpg" qh" vjg"oquv" kpvgtguvkpi" qdlgevu" qdugtxgf"ykvj" HcuvEco0" Vjku" qdlgev" ku" vjg" egpvtcn" uvct" qh" vjg" qrgp" enwuvgt" j"
Qtkqpku." yjkej" nkgu" kpukfg" cp" kpvgpug" uvgnnct" cpf" uwd/uvgnnct" hqtokpi" tgikqp0" Vjg" rckt" CD" ku" eqorqugf" qh" vyq" xgt{"
ocuukxg"uvctu"ugrctcvgf"d{"qpn{"2045"cteuge."cnvjqwij"vjg"u{uvgo"jquvu"qvjgt"vjtgg"eqorqpgpvu0"Vjku"u{uvgo"pqv"qpn{"ecp"
dg"ugrctcvgf"d{"HcuvEco."ykvj"c"rqukvkqp"qh"2046ł2023"cteuge."dwv"cnuq"c"vjktf"uqwteg."KTU3."ycu"fgvgevgf0"KTU3" ku"cp"
qdlgev"fgvgevgf"d{"xcp"Nqqp"cpf"Qnkxgktc"*4225+"kp"ogfkwo"kphtctgf"cpf"kfgpvkhkgf"cu"c"enqwf"qh"fwuv"cv"c"fkuvcpeg"qh"
3.422"WC"htqo"CD0"Kv"ku"dgnkgxgf"vjcv"vjg"kphtctgf"uqwteg"eqwnf"dg"c"rtqvq/rncpgvct{"fkue0"

"
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Hki0"320"C"rkevwtg"qh"j"Qtkqpku"CD"uwrgtkorqugf"qp"c"rkevwtg"qh"vjg"uqwteg"KTU3."dqvj"qdugtxgf"ykvj"HcuvEco0"
Vjg"hkgnf"qh"xkgy"ku";Ñ0"

604 Vjg"407o"vgngueqrg"*PQV+"

HcuvEco"ycu"uweeguuhwnn{"vguvgf"cv"vjg"PQV"kp"Qevqdgt"42290"Vyq"fkhhgtgpv"qrvkecn"ugvwru."{kgnfkpi"72"cpf"52"ocu1rkzgn"
ygtg" wugf0" Vjg" qdugtxkpi" vgejpkswg" yqtmgf" ygnn" kh" c" uvct" dtkijvgt" vjcp" K\37" ycu" rncegf" ykvjkp" vjg" hkgnf" qh" xkgy0"
Fkhhtcevkqp/nkokvgf."K/dcpf"kocigu."ykvj"c"HYJO"qh"202:"cteuge"ygtg"qdvckpgf0"Vjku"urcvkcn"tguqnwvkqp"ku"ukoknct"vq"vjcv"
qh"vjg"JUV"cv"vjg"ucog"ycxgngpivj."cpf"rtqxkfgf"uqog"qh"vjg"ujctrguv"kocigu"gxgt"qdvckpgf"cv"vjg"QTO0"Vjku"ku"cnoquv"
vgp"vkogu"dgvvgt"vjcp"vjg"wuwcn"tguqnwvkqp"qh"cp{"vgngueqrg"rncegf"cv"c"iqqf"qdugtxcvqt{0"Vjgtghqtg."HcuvEco"eqpvtkdwvgu"
vq"fgxgnqr"c"pgy"hkgnf"hqt"itqwpf/dcugf"cuvtqpqo{"tgugctej."yjkej"ecp"rtqxkfg"kortguukxg"tguwnvu"kp"vjg"ujqtv"vgto0"Vjg"
kpuvtwogpv"yknn"dg"kpuvcnngf"cickp"cv"PQV"kp"Oc{"cpf"Lwn{"422:0"

Uqog"qh"vjg"kocigu"qdvckpgf"ctg<"

"
Hki0"330"Kocig"qh"vjg"pwengwu"qh"vjg"O37"inqdwnct"enwuvgt"vcmgp"ykvj"HcuvEco"kp"vjg"K"dcpf"*:72"po+"eqorctgf"ykvj"JUV"

kocigu"qdvckpgf"ykvj"vjg"CEU"ecogtc"*657"po+0"Vjg"HcuvEco"kocig"ku"vjg"eqodkpcvkqp"qh"vjg"dguv"3'"qh"c"ugtkgu"qh"
37.222" kocigu" vcmgp" ykvj" 52" ou" gzrquwtg" vkog0" Kv" ku" fkhhtcevkqp" nkokvgf." jcxkpi" c" 202:" cteuge" HYJO" kp" vjg" dguv"
tgikqpu0" Vjg" JUV" kocig" ycu" qdvckpgf" ykvj" c" ukoknct" kpvgitcvkqp" vkog" wukpi" c" dnwgt" hknvgt" vjcv" ikxgu" c" 2027" cteuge"
tguqnwvkqp0"
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"
Hki0"340"T/dcpf"kocig"qh"vjg"dkpct{"u{uvgo"EQW"9;"qdugtxgf"cv"vjg"PQV0"Kvu"eqorqpgpvu"ctg"engctn{"tguqnxgf"

cnvjqwij"vjg{"ctg"ugrctcvgf"d{"qpn{"2035"cteuge0"

""

"
Hki0"350"NR"637/32:."cv"vjg"J{cfgu."qdugtxgf"ykvj"vjg"JUV"cpf"YHRE4"*egpvtgf"qp"vjg"RE+"kp"3;;8"ykvj"c"68"ocu1rkzgn"

uecng"*nghv+"cpf"qdugtxgf"ykvj"vjg"PQV"kp"4229"ykvj"c"52"ocu1rkzgn"uecng"*tkijv+0""

605 Vjg"604o"vgngueqrg"*YJV+"

Vjg"HcuvEco"vgco"qdugtxgf"cv"vjg"YJV"vgngueqrg"kp"Pqxgodgt"4229"cpf"Oc{"422:0"Vjg"ugvwr"ngf"vq"c"uecng"qh"2023;"
cteuge1rkzgn."cpf"kp"urkvg"qh"vjg"dcf"pcvwtcn"uggkpi."vjg"dkpct{"u{uvgo"EQW"4;4"*ykvj"c"ugrctcvkqp"qh"qpn{"20289"cteuge+"
eqwnf"dg"ugrctcvgf"kp"vjg"K"cpf"T"dcpfu0"Vjku"ku"c"tguqnwvkqp."vq"vjg"dguv"qh"qwt"mpqyngfig."pqv"rtgxkqwun{"tgcejgf"d{"vjku"
vgngueqrg0"""
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"
Hki0"360"HcuvEco"cv"vjg"YJV."vjg"dguv"tguqnwvkqp"qdvckpgf"d{"vjg"kpuvtwogpv"ycu"ykvj"EQW"4;4."c"dkpct{"u{uvgo"ugrctcvgf"

d{"qpn{"20289"cteuge0""

HcuvEco"yknn"dg"kpuvcnngf"cickp"cv"vjg"YJV"kp"Oc{"cpf"Lwn{"422:0"

70 EQPENWUKQPU"CPF"HWVWTG"YQTM"
HcuvEco"ku"c"jkij"urcvkcn"tguqnwvkqp"kpuvtwogpv" vjcv"ocmgu"wug"qh"vjg"nwem{"kocikpi"vgejpkswg"vq"cejkgxg"c"tguqnwvkqp"
eqorctcdng"vq"vjg"Jwddng"Urceg"Vgngueqrg0""

C" v{rkecn"qdugtxkpi" twp"ykvj"HcuvEco"igpgtcvgu" ugtkgu"qh" vgpu"qh" vjqwucpfu"qh" kocigu"ykvj"xgt{" ujqtv" gzrquwtg" vkog"
*oknnkugeqpfu+0"Uqog"qh"vjgug"kocigu"ctg"pqv"ukipkhkecpvn{"chhgevgf"d{"cvoqurjgtke"vwtdwngpeg"cpf"ctg"qpn{"fkhhtcevkqp"
nkokvgf0"C"pgy"uqhvyctg"rcemcig"vjcv"cpcn{ugu"vjgug"ugtkgu"qh"kocigu"kp"rctcnngn"ykvj"fcvc"ceswkukvkqp"cv"vjg"vgngueqrg"jcu"
dggp"fgxgnqrgf0"Vjg"uocnn"rgtegpvcig"qh"fkhhtcevkqp/nkokvgf"kocigu"ku"ugngevgf"cpf"eqodkpgf0"HcuvEco"ku"cdng"vq"rtqeguu"
wr"vq"qpg"oknnkqp"kocigu"rgt"qdugtxkpi"pkijv"qp/nkpg0"Vjg"tgcn/vkog"fkurnc{"qh"vjg"rtqeguugf"kocigu"ku"gzvtgogn{"wughwn"
vq"koogfkcvgn{"kfgpvkh{"ownvkrng"qdlgev"uqwtegu"jkffgp"d{"vjg"cvoqurjgtkecnn{"cdgttcvgf"kocig0""

Vjg" tguwnvu" qdvckpgf" ykvj" HcuvEco" Îvjg" fkhhtcevkqp" nkokv" kp" cnn" vjg" vgngueqrgu" kp" yjkej" kv" jcu" dggp" kpuvcnngf/" jcu"
wpfqwdvgfn{"qhhgtgf"qpg"qh"vjg"dguv"vgngueqrg"rgthqtocpegu"gxgt"qdvckpgf"cv"vjg"Ecpct{"Kuncpfu"Qdugtxcvqtkgu0""

Kp"vjg"pgct"hwvwtg"yg"yknn"oqwpv"HcuvEco"cv"vjg"Itcp"Vgngueqrkq"Ecpctkcu"*IVE+"cu"c"xkukvqt"kpuvtwogpv0"HcuvEco"eqwnf"
rtqxkfg"cv"ngcuv"vjg"ucog"tguqnwvkqp"qdvckpgf"cv"vjg"PQV"dwv"32"vkogu"fggrgt"ugpukvkxkv{0"Vjg"cfxcpvcigu"qh"HcuvEco"ctg"
swkvg" gxkfgpv0" Vjg" nwem{" kocikpi" vgejpkswg" qrgpu" vjg" rquukdknkv{" qh" dwknfkpi" c" tgcnn{" ejgcr" kpuvtwogpv" ikxkpi" urcvkcn"
tguqnwvkqpu"eqorctcdng"cu"vjqug"qdvckpgf"d{"urceg"vgngueqrgu0""

HcuvEco/IVE"yknn"dg"fgukipgf"vq"ecrvwtg"nkijv"htqo"cv" ngcuv"8"fkhhgtgpv"rctvu"qh"vjg"rtkoct{"okttqt0"Ceeqtfkpi"vq"vjg"
ewttgpv"rtgnkokpct{"eqpegrv."vjg"nkijv"eqokpi"htqo"vjg"58"ugiogpvu"yknn"cttkxg"vq"c"8/ukfgf"r{tcokf"kp"yjkej"kv"yknn"dg"
fkxkfgf"kpvq"8"dgcou."cpf"gcej"qh"vjgo"yknn"gpf"cv"c"HcuvEco"*ugg"Hki0"37+0"Ykvj"vjku."gcej"HcuvEco"yknn"dg"cuuqekcvgf"
vq"vjg"gswkxcngpv"qh"c"6o"vgngueqrg."cpf"vjg"hkpcn"rtqeguugf"kocig"yknn"dg"vjg"eqodkpcvkqp"qh"8"qh"vjku"6o"vgngueqrgu0"
Vjku"yknn"kpxqnxg"korqtvcpv"fgxgnqrogpvu"kp"vjg"HRICu."vjg"uqhvyctg"vq"vtgcv"oknnkqpu"qh"kocigu"rgt"pkijv"cpf"vjg"qrvkeu"
cuuqekcvgf"vq"vjg"rtqlgev0"
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"
Hki0"370"Rtgnkokpct{"fgukip"qh"vjg"r{tcokf"vq"fkxkfg"vjg"58"ugiogpvu"kpvq"vjg"gswkxcngpv"qh"8"6o"vgngueqrgu0"

TGHGTGPEGU"

]3_ Dqtp."O0"cpf"Yqnh."G0."]Rtkpekrngu"qh"Qrvkeu<"Gngevtqocipgvke"Vjgqt{"qh"Rtqrcicvkqp."Kpvgthgtgpeg"cpf"Fkhhtcevkqp"
qh"Nkijv_."Ecodtkfig"Wpkxgtukv{"Rtguu."8vj"gf0"*3;;9+0"

]4_ Ejtkuvqw."L0"E0."ÐKocig"swcnkv{."vkr/vknv"eqttgevkqp."cpf"ujkhv/cpf/cff"kphtctgf"kocikpiÑ."RCUR."325."3262"*3;;3+0"
]5_ Fcpvqykv¦."F0."ÐUjcrgt"Kocigu"Vjtqwij"XkfgqÑ."Um{"("Vgngueqrg."Cwiwuv"3;;:0"
]6_ Htkgf."F0"N0."ÐRtqdcdknkv{"qh"igvvkpi"c"nwem{"ujqtv/gzrquwtg"kocig"vjtqwij"vwtdwngpegÑ."Qrvkecn"Uqekgv{"qh"Cogtkec"
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FastCam has been developed by the Instituto de Astrofísica de Canarias and the Universidad Politécnica de Cartagena to obtain high spatial resolution images in the optical wavelength range. The instrument 

consists of an EMCCD camera and a FPGA-based device to save and evaluate images minimally disturbed by atmospheric turbulence in real time. A software package has been developed to extract those images 

with better quality than a given level. FastCam has reached the theoretical diffraction limit of three telescopes: 0.15, 0.08 and 0.05 arcsec. Future work will include the development of a new instrument for GTC. 

FastCam
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1. THE INSTRUMENT

FastCam is a new instrument that makes use of the lucky 

imaging technique, allowing to ground-based telescopes to 

reach the resolution limit, with results similar to  space 

telescopes. 

Left: a 30ms exposure. Centre: natural seeing. Left: 1% of 4,000 

aligned and averaged images. 

2.3 Acquisition and control software

   The images are loaded and evaluated, brightest pixel criteria, 

with three options: a) the Add Mode averages them; b) the 

Shift & Add Mode averages and re-centres the images; c) the 

Lucky Images Mode evaluates and aligns the images, 

averaging then a percentage of the best images. 

     2.1 The EMCCD

   An Andor DU-897 system with a 512x512 pixel (16µ/px) frame  

E2V CCD sensor. The camera allows up to 34.5 fps. 

2.4 Real time analysis with FPGA

   The FPGA receives the images (500 Gb per night) and 

evaluates, aligns and co-adds them on-line, allowing to save 

just the processed images (poster by Rodríguez Ramos et al.).

Upper part: I band pictures of Regulus with natural seeing (2.8”, left) and 

the best 20% of the images (0.2”, right). Lower part: the binary ADS 8449 

in R band with natural seeing (left) and the best 2% of the images (right). 

3. OBSERVATIONS AND SCIENTIFIC RESULTS

   FastCam has been tested -50 nights- at four telescopes: 1.5m 

TCS, 2.5m NOT, 4.2m WHT and 10.4m GTC. The best resolution 

attained for TCS, NOT and WHT is close to the diffraction limit in I 

band: 0.15, 0.09 and 0.07 arcsec, respectively. 

I-band images  taken 

at the TCS showing 

the first Airy disc. 

This is routinely 

detected at this 

telescope.

3.1 The 1.5m TCS

   More than 20 million images have been taken since the first tests 

in 2006. Reference stars with I≤12 can be used, and stars down 

to I~15-16 can be detected. FastCam clearly separates binary 

stars with a difference of 4 mags. and a separation of 0.2-0.3 

arcsec between components.

The nucleus of M3 in the I band (10% of a series of 8,000 images of 10 ms 

each) as compared with the data by the 3.5m Wyin and the 2.5m HST. 

σ Orionis AB, a pair 

separated by  0.23 

arcsec. A third 

source is detected, 

IRS1, a cloud of 

dust at a distance of 

1,200 UA from AB. 

It could be a proto-

planetary disc.

A new lucky imaging instrument for medium-sized telescopes

3.2 The 2.5m NOT

   FastCam works well if a star brighter than I~15 is placed within 

the FOV. Diffraction-limited, I-band images, with a FWHM of 0.08 

arcsec were obtained, a resolution  similar to that of the HST at 

the same wavelength. 

The nucleus of M15  in 

I band (850 nm) 

compared with HST-

ACS camera images  

(435 nm). The NOT 

image, the best 1% of 

15,000 images, 30 ms 

each, it is diffraction 

limited, having a 0.08 

arcsec FWHM in the 

best regions. The HST 

image was obtained 

with a similar 

integration time and a 

bluer filter, giving a 

0.05 arcsec resolution.

http://www.iac.es/proyecto/fastcam/

LP 415-108 

observed with the 

HST-WFPC2 in 

1996 (left) and with 

the NOT in 2007 

(right). 

3.3 The 4.2m WHT

   The setup led to a scale of 0.019 arcsec/pixel, and the binary 

system COU 292 (with a separation of only 0.067 arcsec) 

could be separated in the I and R bands. This is the best 

resolution obtained by FastCam. 

2.2 Optical system

   Is composed of two collimators and camera lenses, a mirror, an 

acquisition camera and the Atmospheric Dispersion Corrector 

(see poster by R. López et al.).

4. FUTURE WORK

   In the near future an instrument for GTC will be designed. The 

light coming from the 36 segments will arrive to a 6-sided 

pyramid in which it will be divided into 6 beams. Each 

FastCam will be associated to the equivalent of a 4m 

telescope, and the final processed image will be the 

combination of 6 of this 4m telescopes. 

2. TECHNICAL DETAILS

TCS GTCWHT NOT

R-band image of the binary 

system COU 79. 
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ABSTRACT 

 
In this contribution an Atmospheric Dispersion Corrector (ADC) developed for the FastCam project is presented. 

FastCam is a system based on ‘lucky imaging’ techniques for high spatial resolution, developed at the Instituto de 

Astrofisica de Canarias (IAC). The use of a system to correct the atmosphere’s effects is necessary to obtain a good 

optics quality in order to satisfy science requirements. 

 

Two alternatives for an atmospheric dispersion corrector for the instrument FastCam have been studied. One ADC has 

been designed to be implemented and intended to correct that atmospherical effect at the 4.2m William Herschel 

Telescope (Roque de los Muchachos Observatory, La Palma) for zenithal distances larger than 15 degrees, mainly in I 

band. The excellent resolution reached with FastCam makes this effect to distort the images. This work presents the 

design of an ADC as a pre-focus system of two prisms with variable separation in order to compensate the dispersion 

until zenithal distances of 50º. Both are placed in a rotator to align the orientation of zenithal distorsion. The results for 

this ADC has been tested in lab, and in May 2008, at the WHT; our next step will be to use it at the 10.4m Gran 

Telescopio Canarias (GTC). Although the system is still under the final stages of its development, we want to implement 

it to the new instruments for high spatial resolution. 

 

The layout, optical design studies, final correctors and results are described in this manuscript. 

 
Keywords: High Resolution, ADC, Lucky imaging 

 

 
1. INTRODUCTION 

 

The need of an ADC for FastCam 

 

Fastcam1 is an ambicious instrument designed and developed by the Instituto de Astrofísica de Canarias and the 

Universidad Politécnica de Cartagena. The principal investigator is the Doctor Rafael Rebolo and the project manager is 

Alejandro Oscoz. The optical system is very simple. Two pairs of lenses as collimator and camera doublets form the 

reimagine system, amplifying the scale in focal plane with a different value for each telescope. After the collimator, a 

filter wheel is placed there to get a uniform illumination in the telecentric system. Between the two doublets a flat mirror 

sends the rays to a detector acting as a field identifier or let the light continue straight to an ANDOR camera system as 

‘fast detector’ what capture hundreds of images  per second.  The implementation of  FPGA’s for the electronics in order 

to see the preprocessed image in real time, lets Fastcam be a new generation instrument which has reached the diffraction 

limit in I Band for telescopes of 1.5 meters, Carlos Sánchez Telescope (Izaña, Tenerife), 2.5 meters, Nordic Optical 

Telescope and 4.2 meters, William Herschel Telescope (both from the Roque de Los Muchachos Observatory, La 

Palma).  

 

Fastcam is based on ‘lucky imaging’ techniques which allows the observation of the atmosphere in moments of stability 

while avoiding the effects of turbulence. Anyhow the chromatic effects act deteriorating the optical quality of scientific 

results. So that an atmospheric dispersion corrector is needed.  

 
Dispersion is an atmospheric second order effect considered like the variation in refraction as a function of wavelength2. 

It depends on different parameters: wavelength, zenital distance, coordinates, temperature, pressure and time. 

Ground-based and Airborne Instrumentation for Astronomy II, edited by Ian S. McLean, Mark M. Casali,
Proc. of SPIE Vol. 7014, 701452, (2008) · 0277-786X/08/$18 · doi: 10.1117/12.789302
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Taking in account all this variables, the dispersion, in arcseconds, for two wavelengths is given by: 
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Finally, the atmospheric dispersion can be calculated using the following equation: 
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Fig. 1. Atmospheric dispersion for some wavelengths in several telescopes with 200nm wide bands. 

Lines with dots indicate resolution limit for each wavelength in each telescope. 
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In the following we explain the work realized to implement an ADC3,4 in the system of FastCam to can work in a wide 

range of sky at the 4.2m William Herschel Telescope. Also we outline the considerations done about a simple ADC in 

collimated beam what, at the moment, was not integrated yet. 

 

 

2. ADC 

 
Pre-focus configuration 
 
The first of the presented designs is an ADC in pre-focus configuration. It is a linear ADC with two BK7 prisms of 25º 

tilted 17.5º. One of them can move in one direction in order to change the distance between them. Both are placed in a 

rotator to compensate the orientation of the observed object during the night. This configuration is optimal for telescopes 

with a lab in Nasmyth focus. This is the case of FastCam in the table of GHRIL(Ground High Resolution Image 

Laboratory) lab in WHT. The distance between the incoming beam of the telescope and the focal plane lets the easy 

implementation of the ADC in different positions, always before the focus. This also allows stability which is important 

for the image in the focal plane. In our configuration the variable separation between the prisms allows to correct  

zenithal distances until 45º in I band and 34 degrees in V band.  

 

For small telescopes around one meter primary mirror the dispersion for these air masses is not so significant but it 

becomes more important for larger telescopes. Anyway the resulting PSF is a composition of all the discs for every 

wavelength. As short wavelengths present higher dispersions, the effect is an oval instead a circle that optically seems to 

have dispersions in opposite senses with a bigger contribution for blue wavelengths. 

 

Taking advantage of the atmosphere behaves like a prism, prisms are used in order to correct this effect. The set of two 

leads the beam that has been dispersed. When both are in contact any correction is produced. With increasing separation 

between them higher zenithal distances can be corrected. The highest angle is conditioned by the length of the 

mechanical support of the mobile prism, which determines the work range.  

 

The conditions to design was the availability of two prism from another project used to correct the separation between 

two beams in a polarimeter and, the proximity of  the date of observations at telescope. 

The active supports and control units for rotation and displacement was selected from the material of IAC optical lab. 

Rotator is an OWIS model, while translator is a motor mike encoder from ORIEL. Both systems has been controlled via 

RS232 in serial ports through MATLAB which permits access to serial from calculating of parameters for each star. 

 
 

Z V R I 

0 0 0 0 

5 -0.0838 -0.0281 -0.0153 

10 -0.1688 -0.0566 -0.0308 

15 -0.2565 -0.0860 -0.0468 

20 -0.3484 -0.1168 -0.0635 

25 -0.4464 -0.1496 -0.0814 

30 -0.5527 -0.1852 -0.1008 

35 -0.6703 -0.2247 -0.1222 

40 -0.8033 -0.2692 -0.1465 

45 -0.9573 -0.3208 -0.1745 

50 -1.1409 -0.3824 -0.2080 

55 -1.3672 -0.4582 -0.2493 

60 -1.6581 -0.5557 -0.3023 

 

Table 1. The atmospheric dispersion (arcsec) at 5ºC and 770mb(578torr) in V, R and I bands for several zenithal 

distances (degrees) 
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The corrector is placed before the focal plane as can be seen in the image (Fig.2.). 

 

 

In figure 2 the optical layout with ZEMAX. When the prisms are in contact any correction is produced. With different 

separations (2.b) higher dispersions can be solved, as can be seen in this figure all the wavelengths focus in the focal 

plane.  

 
These spot diagrams have been done with ZEMAX and they are a test to verify the optical quality of the system with 

optical design. 

 

In base a ZEMAX data and introducing a predispersion (δ) similar to the atmosphere in each band, a table for each one 

with necessary separation between prisms to correct it is obtained. On the other hand a table with the atmospheric 

dispersion versus zenithal distance gives the relationship between them as can be seen in the next table. 

  
(a)                                                                                             (b) 

 
Fig. 3. The (3.a) spot diagram shows the dispersion effect for three wavelengths in I band. Attending to the figure, blue 

and red wavelengths do not come in the Airy disc with a separation between them. The (3.b) spot diagram presents the 

incident rays of the system in the focal plane once they have been corrected. The atmospheric corrector dispersion 

solves the problem by moving the prisms and rotating them. The result is a good optics quality with aberrations under 

the diffraction circle so that they do not affect.  

      
(a)                (b) 

 

Fig. 2. ADC in prefocus configuration. Prisms are placed in a convergent beam. 

Proc. of SPIE Vol. 7014  701452-4



 

 

 

 

 

. 

 

One of inconvenience of this system is that moving one prism the position of the centroid in the focal plane also changes.  

 

The reference, where the centroid is coincident with the center of the image, corresponds to an object in the zenith. It is 

important to know the deviation respect the reference for objects with different zenithal distances. This shift in small 

telescopes for zenithal distances less than or equal to 50º is not significant, but it is a critical factor in higher telescopes 

such as NOT, WHT or, GTC where the detector would be divided in 6x6 box of  2.1 arcseconds arrays with a pointer of 

1.7 arcseconds. Due to the proximity of these values the accuracy is very important in focusing.  

 

This shift has been verified in laboratory before implementing the ADC in telescope. The results of the calibration are 

the following. 

 

The equation of transmission for a prism is: 

 

ϕαϕατ 22

2 sinsinsinsinsin −+−= n   (4) 

 

Where α is the angle of prism, ϕ  is incidence or inclination and τ2 the exit angle (second refraction’s angle).  If θ is the 

difference between incidence and exit angle, then: 

 

2ταϕϑ +−=   (5) 

 

V  R  I 

Z S  Z S  Z S 

6.80 2.00  7.75 1.50  13.20 5.00 

13.07 4.00  11.30 3.76  17.40 7.00 

13.65 7.00  15.00 6.60  22.30 9.00 

16.95 9.00  18.50 8.70  24.80 11.00 

20.10 11.50  21.90 11.50  29.50 14.00 

22.95 14.00  25.05 14.00  32.20 17.00 

25.30 15.00  28.35 16.50  36.10 19.00 

28.93 19.00  31.30 19.40  38.70 21.00 

31.25 21.00  33.90 21.50  41.00 24.00 

 

Table 2. Values for zenithal distances and separation between prisms necessary to correct the atmospheric dispersion 

for WHT in V, R and I filters. 

   
 

Fig 4. Lab images. Dispersion simulated with a prism and obtained correction increasing distance between prisms of the 

ADC 
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If  τ1 is first refraction’s angle, 
n

ϕτ sin
sin 1 = . Then the deviation of beam (h0) produced by introduction of two prisms 

will be: ( )
2

1
0

cos

sin

τ
τϕ −⋅= xh    (6) 

 

x being  the total thickness of glass. The value of deviation of beam (h) produced between prisms by its separation (s)                            

comes given by: 

2cos

)cos(sin

τ
ϕαϑ −⋅= sh   (7) 

 

With a large detector we reproduce in the optical lab a f/11 imaging system where we introduce the double prism arrange 

and develop the measurement of  image displacement by one millimeter steps for a total separation between prisms of 24 

millimeters 
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Fig. 5. Image motion due to separation between prisms. Circles are experimental positions over a detector for 

incremental values of separation between prisms. Line is the theoretical value for these separations. But it was needed to 

reduce slightly the angle of each prism in order to adjust to experimental data, verifying a 24.6º angle.   
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S(mm) D(mm) A(´´) S(mm) D(mm) A(´´) 

0 0 0    

1 0.219759 0.9811 13 2.99436 13.3500 

2 0.449539 2.0070 14 3.22329 14.3675 

3 0.681339 3.0417 15 3.45402 15.3922 

4 0.913646 4.0785 16 3.68494 16.4171 

5 1.14309 5.1024 17 3.91546 17.4393 

6 1.37473 6.1358 18 4.14507 18.4567 

7 1.60534 7.1643 19 4.37654 19.4814 

8 1.83806 8.2019 20 4.60542 20.4937 

9 2.07067 9.2386 21 4.83532 21.5095 

10 2.30177 10.2680 22 5.06753 22.5345 

11 2.53135 11.2902 23 5.29677 23.5452 

12 2.76407 12.3258 24 5.5285 24.5657 

 

Tab. 3. Values of separation between prisms, experimental displacement of centroid of image in mm at focal plane and 

their equivalences in arc-seconds for WHT. 

 

Fig. 6. FastCam at GHRIL Nasmyth focus in WHT with ADC prefocus mounting, behind Optical Derotator. 
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 At WHT the movement of the image due to the separation between prisms results next to 5 arc-seconds for 5mm 

in advance. The implementation of the optical derotator in GHRIL from WHT result very confortable using the ADC 

because the orientation of correction’s plane is the same what the optical derotator used to maintain the horizontal 

  
(a)                                                                         (b) 

  
(c)                                                                             (d) 

Fig 7. Sequencial images, V-band, for a HR7557 star (α-AQL) to 30 degrees from zenith. (a) Original image, elongation 

is in zenithal orientation. Separation between prisms is zero and angle is in nominal horizontal position. (b) Rotating 

prisms the elongation rotates. (c) Increasing separation between prisms the elongation decreases. (d) At appropiate 

separation of prisms in the mounting the elongation practically disappears. These are pre-processed images so that the 

seeing does a halo rounding the star. Total field in each image is less than 10 arcsec. (May 23,2008). 
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position of FastCam in the lab table. For example, we obtained in V band the best results for a zenithal distance 

Z=30degrees, with 20 mm of separation, while the elongation of the image increases newly if the separation grows.  

On the one hand this design presents some advantages but, on the other hand it is not a system too easy to be 

implemented for smaller telescopes that can not bear much weight off-axis. Also, a pre-focus configuration limits the use 

in an A&G box because the space disposable in these telescopes is less than the required space. Is for that what we start 

the study of an ADC in collimated beam. 

 

 
 

A configuration for collimated beam 

 

 An atmospheric dispersion corrector placed in a collimated beam offers advantages respect to the pre-focus 

configuration. The most significant advantage is the generality of this system to be implemented in other instruments or 

with another configuration. This second design, thought for FastCam is really a general atmospheric dispersion corrector. 

The main problem for its design is, how to correct many collimated beams every one with a different angle, this is, a 

dispersed beam after a collimator lens. Some ideas have been tested in order to find the best and easiest way to 

implement an useful system. A first attempt using the same prisms is presented now. In the knowledge of  that is not the 

better solution nor the most compact, as we thought when we start with it. 

 

The idea of an ADC in collimated beam comes from the necessity to compact the final instrument designed for common 

use in TCS 1.5m telescope at Teide Observatory. A prefocus ADC enlarge the system and the space available does not 

permit that. Also the mounting in A&G box limits its implementation. The positioning between camera and detector 

(behind the camera of reimaging system) is also not possible because the focal length is too short. The first requirement 

was compactness and second one, simplicity. In literature we can obtain several good  systems5 but they are thought for 

adaptive optics systems in new big instruments and telescopes. Some design for work with optical fibers could be 

adapted but we thought that the easiest would be a similar mounting as pre-focus but tilting one of them instead of 

displace it. The supports and active rotators would be out of optical path and only the separation between  prisms use 

optical space. 

 
 

Fig 8. Optical layout of tilting prisms in collimated beam. 
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The study of a tilting system for the WHT which has a small field results more o less appropriate but it shows lacks for 

greater fields.  

 

 

 

The system with tilting prism is more aberrating than prefocus system. This is not a system diffraction limited. We do 

not constrain the aberrations into the Airy disk in all field, and loose the optical quality required. Although it is possible 

to improve slightly the quality tilting the second prism and changing the value of tilt for this first prism, the combination 

is not equivalent to another dispersion. All of that does the system too complex to implement but we have reached the 

objective of a simple ADC in collimated beam. 

 

We have decided what the final instrument for 1,5m TCS telescope will carry a double cemented biprism counter-

rotating in collimated beam. This system has the advantage than it  has not deflection nor displacement of beam when 

biprisms rotate. Furthermore as the field of the system is physically small, the size of this solution is appropriate to the 

requirements of the instrument. 

 

 

3. NEXT STEPS AND CONCLUSIONS 

 

The fiture of FastCam is foreseen to go to 10m GTC working as a single instrument using individual images from each 

1.8m segment and adding all images after to increase the deep in magnitude. Also is considered a multi-instrument 

dividing the pupil in 6 sectors, each one going to a individual FastCam system reaching more than 6 times the deep 

obtained in WHT. All of these configurations will have an ADC. In each case we are going to study the more appropriate 

configuration of ADC, pre-focus or collimated beam. Prefocus seems more appropriate in FastCam-6 but no for 

FastCam-Seg.  

 

 
 

Fig. 9. Correction of atmospheric dispersion equivalent to 45 degrees of zenithal distance tilting only one prism. It is 

possible to optimize the aberration tilting the second one prism, but the relatives movements are complicated for use 

with several values of Z. 
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FastCam is going to be integrated as common use instrument in 1.5m TCS in Teide Observatory. Given the space 

disposable, a classical double bi-prism will be implemented. We will develop the best combination of materials to reach 

the diffraction limit as normal use to V band.  Also, we are working in the extension to infrared J, H and K bands. The 

detector(noise and detectivity) is at moment most important constrain in this line, but we are going to try a system in next 

months. Any ADC will be necessary in this case, because IR bands do not show atmospheric dispersion at this telescope. 

 

ADCs development are coming more and more important due to the increasing of the resolution required by new 

instruments what are in designing for the new generation of large telescopes. The knowledge and understanding of all 

type of correctors will be a necessary task in order to can obtain the best system for every instrument. 
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(1) Original image, elongation is in zenithal orientation. Separation between prisms is zero and angle is in nominal horizontal position. (2) Rotating 
prisms the elongation rotates.(3) Increasing separation between prisms the elongation decreases. (4) At appropiate separation of prisms in the 
mounting the elongation practically disappears. These are pre-processed images so that the seeing does a  
halo rounding the star. Total field in each image is less than 10 arcsec. (May 23,2008).
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Sequencial images, V-band, for a HR7557 star (a-AQL) to 30 degrees from zenith.

5

6

7 8

9

10

11
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FORS focal reducers at the ESO VLT. Avila, G.,  Manescau, A., Pascini, L. ESPRESSO Concept Study Telescope Interfaces, Doc. Nr.: VLT-TRE-ESO-13520-4241 Issue: 0.3, 31-05-2007.

In this poster an Atmospheric Dispersion Corrector (ADC) developed for the FastCam project is presented. FastCam is a system based on ‘lucky imaging’ techniques for high spatial resolution, developed at 
the Instituto de Astrofisica de Canarias (IAC). The use of a system to correct the atmosphere’s effects is necessary to obtain a good optics quality in order to satisfy science requirements.

One ADC has been designed to be implemented and intended to correct that atmospherical effect at the 4.2m William Herchel Telescope (Roque de los Muchachos Observatory, La 
Palma) for zenithal distances larger than 15 degrees, mainly in I band. Two alternatives are shown, one of them in prefocus configuration and another in collimated beam.

Fastcam is an ambicious instrument designed and developed by the Instituto de Astrofísica de Canarias and the 

Universidad Politécnica de Cartagena that has reached the diffraction limit in the telescopes: TCS, NOT, WHT. The 
principal investigator is the Doctor Rafael Rebolo. For WHT (4.5m) and atmospheric corrector is needed. The ADC 

has been designed for WHT though it can be implemented in other telescopes.

(1.5 m)

(2.5 m)

TCS (Fig. 9) Carlos Sánchez 
Telescope (Izaña, Tenerife). 

The next tests of the ADC will
take place in this telescope in 

September 2008

NOT (Fig. 10) Nordic Optical
Telescope (Roque de los 
Muchachos, La Palma). The

ADC has been tested in May 
2008 (as can be seen in the

picture), in order to test the pre-focus design.

ADC (fig.11) The atmospherical dispersion corrector is a linear 

ADC with two BK7 prisms of 25º tilted 15º each one. The
separation between prisms is variable and both are implemented

in a rotator to compensate the orientation of the object during the night.

WHT (Figs.5,6,7,8) William Herschel Telescope (Roque de los Muchachos, La Palma) The ADC was
implemented in May 2008 and the results are shown in figs.1,2,3,4.

(4.2 m)

14

13 15

16

This configuration is optimal for telescopes with a lab in 

Nasmyth focus. This is the case of  WHT. �����������������
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����
����
��� ������������
This also allows stability which is important for the image in the focal plane. In our configuration 
the variable separation between the prisms allows to correct  zenithal distances until 45º in          

I band and 34 degrees in V band. 

When the prisms are in contact 

(Fig.13) any correction is produced. 
With different separa-tions (Fig.14) 

higher dispersions can be solved, as 
can be seen in this figure all the 

wavelengths focus in the focal plane. 

The (Fig. 15) spot diagram shows 
the dispersion effect for three wave-

lengths in I band. Attending to the 
figure, blue and red wavelengths do 

not come in the Airy disc.The
(Fig.16) spot diagram presents the 

incident rays of the system in the 
focal plane once they have been 

corrected. The ADC

rotating them. The result is a good optics quality with aberrations under the diffraction circle so 
that they do not affect.

solves the problem by moving the prisms and

An atmospheric dispersion corrector placed in a collimated 

beam offers advantages respect to the pre-focus configuration. 
The most significant is the generality of this system to be 
implemented in other instruments. The main problem is how

to correct many collimated 
beams every one with a 

different angle.
The study of a tilting 

system for the WHT which 
has a small field results

17

18Fig.17 Optical layout of tilting prisms in collimated beam.

Fig.18 Correction of atmospheric dispersion equivalent to 45 

degrees of zenithal distance tilting only one prism. 
It is possible to optimize the aberration tilting the second one

more o less appropriate but it shows lacks for greater fields.

prism, but the relatives movements are complicated for use with several values of Z.
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The future of FastCam is foreseen to go to 10m GTC 

(Fig.19)working as a single instrument using individual 
images from each 1.8m segment and adding all images 

after to increase the deep in magnitude. Also it is consi-

19 20

21

22

dered a multi-instrument dividing the pupil in 6 sectors, 

each one going to a individual FastCam system 
(FASTCAM6, Fig.20) reaching more than 6 times the 

deep obtained in WHT. All of these configurations will 
have an ADC. Prefocus seems more appropiate in

FastCam-6 but no for FastCam-Seg. 

FastCam is going to be integrated as common use instrument in 1.5m TCS in Teide Observatory. Given the space disposable, a classical double bi-prism will be implemented. We will develop the best combination of materials     

to reach the diffraction limit as normal use to V band.The designs have used available material from IAC lab, so that was a restriction. Also, we are working in the extension to infrared J, H and K bands. The detector(noise and 
detectivity) is at moment most important constrain in this line, but we are going to try a system in next months. Any ADC will be necessary in this case, because IR bands do not show atmospheric dispersion at this 
telescope.ADCs develop-ment are coming more and more important due to the increasing of the resolution required by new instruments what are in designing for the new generation of large telescopes. The knowledge and 

understanding of all type of correctors will be a necessary task in order to can obtain the best system for every instrument.
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23
One inconvenience of this system is that moving 
one prism the position of the centroid in the focal 

plane also changes.This deviation has been mea-
sured in lab.A f/11 imaging system is reproduced 

(Fig.23) in order to get the measurement of  image 
displacement by one millimeter steps for a total 
separation between prisms of 24 millimeters.The

same has been done for ADC in collimated beam 
(Fig.26).

Fig.24 Representation of displacement of image centroid against separation between 

prisms, both in µm.Circles are experimental positions over a detector for incremental 
values of separation between prisms. Line is the theoretical value for these separations. 

But it was needed to reduce slightly the angle of each prism in order to adjust to expe-
rimental data, verifying a 24.6º angle. 
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Fig.25 Lab images. Dispersion simulated with a 
prism and obtained correction increasing distance 

between prisms of the ADC

For the design in 

collimated beam
the prisms are 

over 360º rotators
(Fig.27) and

displacement is
due to the angle.
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ABSTRACT   

FastCam is an instrument jointly developed by the Instituto de Astrofísica de Canarias (IAC) and the Universidad 

Politécnica de Cartagena (UPCT), designed to obtain high spatial resolution images in the optical wavelength range from 

ground-based telescopes (http://www.iac.es/proyecto/fastcam and 

http://www.iac.es/telescopes/Manuales/manualfastcam.pdf). The instrument is equipped with a very low noise and very 

fast readout speed EMCCD camera which provides short exposure images to an FPGA-based processor which performs 

the selection, recenterg and combination of images in real-time (applying Lucky Imaging techniques) to provide 

diffraction limited resolution images in 1-4 m class telescopes from 500 to 1100 nm. 

IDOM has contributed to this new state-of-the-art instrument with the design of an optomechanical system conceived to 

maximize the image scale stability of the system for astrometry. The combination of aluminum plates, carbon fiber 

(CFRP) rods and stainless steel mounts in the optical bench defines an athermalized and stiff design to meet the 

requirements of thermal and mechanical stability. 

This work has been done with the support of the Aerospace Subprogramme of the Spanish Centre for the Development 

of Industrial Technology (CDTI) and the INTEK programme of the Basque Development Agency (SPRI). 

Keywords: FASTCAM, lucky imaging, stability, athermal, optical bench, 

 

1. INTRODUCTION  

FASTCAM has been conceived as a high spatial resolution imaging camera for high accuracy astrometry in 1-4 m class 

telescopes. High resolution –diffraction limited images- is achieved by means of Lucky Imaging techniques [1] while the 

image scale stability is obtained by means of a mechanically stiff and athermalized optical bench. 

A FASTCAM prototype [2] has been successfully tested on the sky during tens of nights on several telescopes at the 

Canary Islands Observatories: 1.52m Telescopio Carlos Sánchez (TCS), 2.5m Nordic Optical Telescope (NOT), 4.2m 

William Herschel Telescope (WHT) and even the 10.4m Gran Telescopio de Canarias (GTC). The implementation 

described in the present paper is planned to be installed as a common user instrument in the Cassegrain focus of 1.52m 

Telescopio Carlos Sánchez (TCS) at the Observatorio del Teide (Canary Islands). 

These observations have confirmed the incredibly potential of the instrument which allows obtaining, regardless of the 

seeing conditions and without needing adaptive optics, extremely high resolution images. This prototype, although not 

finished yet, has already leaded to the first scientific results in different fields, such as brown dwarfs, exoplanets or black 

holes. 

2. OPTICAL BENCH REQUIREMENTS 

FASTCAM main optical system is composed by a collimator lens, a camera lens and an ultrasensitive low light EMCCD 

detector. Additionally, two filter wheels and a wide field camera feed by a folding mirror and the provision of an 

atmospheric dispersion corrector (ADC) are considered to complete the system.  



 

The main function of FastCam Optical Bench is to stiffly support all the aforementioned optical components enhancing 

the image scale stability during the observation. This stability requirement is formulated as less than 10μas distortion for 

a 5arcsec distance over a field of view of 10arcsec. 

Additionally the Optical Bench shall be compact, easy to maintain and shall provide features for the optical system 

alignment. 

 

Figure 1 FastCam instrument 3D view. 

3. TOLERANCE ANALYSIS 

The first step of the design process was to perform a tolerance analysis to determine the impact of the different sources 

of optical components displacement for the selection of the most suitable structural system. The effect of lens decenter, 

defocus and tilt on the image stability has been studied and the corresponding sensitivity determined by means of 

simulations with the software ZEMAX SE.  

 

 

Figure 2 Analysis of the impact of CCD detector defocus in image scale stability (part of the tolerance analysis) 

The effect of lens/detector defocus is highly mitigated by the telecentric design of the optical system. This way a 

displacement of 10microns in the detector is required to reach the defined stability limit. 

The effect of lens decenter causes a higher impact on the system stability (only 5micron displacement is required to 

reach the stability limit), while the system not highly affected by lens tilt. 

DET defocus (μm) Image motion Image size Scale change Field increase

144.818143 0 0.00000 4.15897

144.820143 2 0.00000 4.15897 1.000000382 0.001911532 mas

144.828143 10 0.00000 4.15897 1.000001912 0.009557662 mas

144.918143 100 0.00000 4.15905 1.000019123 0.095612691 mas

145.818143 1000 0.00000 4.15976 1.000191218 0.956090839 mas

allow. displ. 10.00 0.01 mas

DET defocus



 

Considering this sensitivities the optical bench shall by stiff enough to minimize decenter caused by the structural flexion 

(when telescope points to zenith), but also thermally stable and stiff to minimize defocus caused by thermal expansion 

and axial loads (when telescope points to low elevation). 

 

Figure 3 Instrument orientation at different telescope declinations/hour angles.  

 

4. OPTICAL BENCH PROPOSED DESIGN 

In order to increase thermal stability without adding a complex thermal control system an athermalized design composed 

by aluminum plates joined by means of adhesive-bonded carbon fiber reinforced plastic (CFRP) rods and stainless steel 

lens supports was designed.  

The combination of materials with different coefficient of thermal expansion and the appropriate selection of angles 

ensure that the relative positions of both lenses and the detector is constant no matter the temperature changes, while the 

stiffness provided by the CFRP rods limits lens decenter and defocus caused by mechanical deflections. 

 

Figure 4 Athermalized configuration between camera lens and detector. 

The aluminum plates are conceived to be manufactured in lathe and mill, the CFRP rods are commercially available 

pultruded rods and the stainless steel spiders for lens support are easily manufactured on lathe and electrical discharge 

cutting.  
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The lens mounts were designed to be simple and compact, allowing a focusing range of 5mm with a pitch of 0.5mm in a 

backlash free arrangement locked by means of a screw with PTFE head. The lenses are fixed to the cell with a RTV 

sealing compound capable of compensating the difference between aluminum and glass coefficient of thermal expansion 

(CTE) difference. 

 

Figure 5 Proposed design for the lens mount 

Additional supports have been defined for the support of EMCCD camera, wide field camera, folding mirror and filter 

wheels. 

Regarding the control system, a hardware architecture compatible with the image acquisition system was proposed for 

the control of the different components: filter wheels, folding mirror, EMCCD and wide field cameras. The power supply 

system and the cable harness for power and control were also defined. 

 

Figure 6 Power and control cable harness 
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5. DESIGN VERIFICATION 

So as to verify the optical bench stability performances a finite element model of the optical bench was created and the 

effect of mechanical and thermal loads analyzed.  

Differential deflections caused by gravity at different telescope orientations and residual thermal expansions were 

quantified for the worst case scenario during an observation. The effects of these deflections on scale stability was 

determined in ZEMAX, image scale stability was kept in all cases below 8μas complying with the image scale stability 

requirement (10 μas). 

Apart from the main performance verifications, a modal analysis -to determine the system first eigenvalues and 

eigenmodes- and a survival analysis considering transport and accidental conditions were performed. 

 

Figure 7 Mechanical and thermal stability analysis. Optical bench first eigenfrequencies/modes 

  

6. OPTICAL BENCH MANUFACTURE 

The optical bench components, optical elements supports and specific tooling for the assembly were manufactured in a 

precision machining workshop in the Bilbao area. The assembly and adhesive bonding process was performed at IDOM 

laboratory. 

After the assembly, the optical bench was sent to the IAC for the integration of the optical components, the control 

system, power supply and cable harness and its commissioning in the telescope. 
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Figure 8 FASTCAM@TCS Optical Bench, after the integration of optical components. 

 

7. CONCLUSIONS 

A thermally and mechanically stable optical bench, compliant with the scientific requirements, has been designed for the 

FastCam implementation at the 1.52m Telescopio Carlos Sánchez (TCS).  

Thermal stability is enhanced by the athermalized design with the appropriate combination of geometry and materials 

(aluminum, CFRP and stainless steel) and mechanical stability is achieved by a stiff design. Finite element analysis and 

optical tolerance analysis has been used to verify the system performances. 
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a Instituto de Astrofisica de Canarias, C/ Via Lactea s/n, La Laguna, Tenerife E-38200, Spain
b Departamento de Astrofisica, Universidad de La Laguna, 38205 La Laguna, Tenerife, Islas

Canarias, Spain
c Universidad Politecnica de Cartagena, Campus Muralla del Mar, Cartagena, Murcia

E-30202, Spain
d Laboratoire de Physique Subatomique et de Cosmologie, 53 Avenue des Martyrs, 38026

Grenoble, France
e Max-Planck-Institut für Sonnensystemforschung, Max-Planck-Str. 2, 37191

Katlenburg-Lindau, Germany
f Consejo Superior de Investigaciones Cientificas, Spain

ABSTRACT

In this paper, we present an original observational approach, which combines, for the first time, traditional
speckle imaging with image post-processing to obtain in the optical domain diffraction-limited images with high
contrast (10−5) within 0.5 to 2 arcseconds around a bright star. The post-processing step is based on wavelet
filtering an has analogy with edge enhancement and high-pass filtering. Our I-band on-sky results with the
2.5-m Nordic Telescope (NOT) and the lucky imaging instrument FASTCAM show that we are able to detect
L-type brown dwarf companions around a solar-type star with a contrast ∆I∼12 at 2′′ and with no use of any
coronographic capability, which greatly simplifies the instrumental and hardware approach. This object has
been detected from the ground in J and H bands so far only with AO-assisted 8-10 m class telescopes (Gemini,
Keck), although more recently detected with small-class telescopes in the K band. Discussing the advantage and
disadvantage of the optical regime for the detection of faint intrinsic fluxes close to bright stars, we develop some
perspectives for other fields, including the study of dense cores in globular clusters. To the best of our knowledge
this is the first time that high contrast considerations are included in optical speckle imaging approach.

Keywords: Speckle imaging, frames selection, new instruments, high resolution imaging, optical wavelengths

1. INTRODUCTION

To date, a high number of ambitious scientific cases of modern galactic and extragalactic astronomy rely on the
need of very deep and sharp images able to unveil faint details. Such goals stress the importance of observations
with high sensitivity, high dynamic range and high spatial resolution. In the last ten to twenty years, these
requirements have been fulfilled with the development of a new class of large 8-10m telescopes equipped with
adaptive-optics systems to compensate for the atmospheric turbulence that strongly degrades the observational
needs mentioned above. Space-based observatories such as the 2.5-m HST – or the future JWST – have been so
far the only alternative to AO-based instruments to obtain highly detailed images.
In the field of low-mass stars, brown dwarfs and exoplanets, the potential of this approach is well recognized and
extremely vast: direct imaging at high spatial resolution and high contrast permits to reveal multiple systems
and planet candidates with longer periods (∼0.1′′) than what typically probed with radial velocities, to char-
acterize the circumstellar environments of young forming planetary systems,1 or to determine unambiguously
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dynamical masses by following over few years the orbit of close brown dwarfs binaries in order to calibrate the
mass-luminosity relationship for substellar objects.2, 3 In other words, the determination of masses of very
low-mass and planetary mass objects, as well as the establishment of multiplicity statistics and orbital properties
are among the most fundamental parameters that can be measured experimentally using the “direct imaging”
approach, which in return will help us to constrain star and planet formation theories.
From the ground, high angular resolution (HAR) observations rely on adaptive-optics systems, which are pri-
marily designed to operate in the near-infrared regime (J, H, K bands). In the optical regime (λ<1µm), com-
plementary data to the infrared ones are necessary for a full characterization of the spectral energy distribution,
key to the determination of effective temperatures and bolometric luminosities. However, one is generally limited
at these wavelengths by the poor correction of conventional near-IR optimized AO systems, unable to deliver
diffraction limited resolution over significant (>5′′) field of view.
Optical speckle imaging techniques4, 5 share similar goals with near-IR AO-based instruments. The strong advent
of fast readout and low readout-noise CCD has favoured the development of “Lucky Imaging” instruments able
to deliver optical diffraction-limited images in which faint companions and close binaries can be detected at vis-
ible wavelengths, offering complementary scientific outcomes to near-IR observations. In this paper, we present
new results obtained with the FASTCAM instrument6 developed at the Instituto de Astrofisica de Canarias
which address both high angular resolution and high dynamic range issues. After a short presentation of the
instrument, we give an overview of its scientific capabilities, stressing on the potential for high dynamic range
imaging in association with image post-processing.

2. INSTRUMENT DESCRIPTION

2.1. Exploiting diffraction-limited speckles

As soon as the size of the telescope overcomes the Fried parameter r0 that describes the atmospheric turbulence
at a given wavelength, a point-like source image will appear as a rapidly spatially and temporally varying speckle
pattern within the characteristic timescale of the turbulence. In long-exposure images, this effect will smear
out the diffraction-limited point spread function (PSF), leading to seeing-limited images for which the spatial
resolution becomes independent of the size of the telescope (see Fig. 1).

Speckle imaging has been one of the pioneering high resolution imaging technique able to take advantage from

Figure 1. Left: short-exposure image of the binary star GN Tau. The pattern is composed of different speckles with
different brightness. Center: The seeing limited image of the source after a long exposure. The various speckles add
randomly, resulting in an diameter independent FWHM of the PSF. Right: The shift-and-add plus frame selection image.



the high spatial resolution information contained in speckles, each of them representing an image of the source
at the diffraction limit of the telescope. Speckle imaging is not a new technique: it has been implemented since
the seventies by different groups,7, 8 but it is only in the last years that optical speckle imaging made real
advance in astronomy (see McCay et al., these proceedings) essentially thanks to the very strong improvement
of optical CCD detectors. Indeed, because this technique relies on the acquisition of short-exposure images,
the readout-noise of the detector becomes the dominant noise source limitation. Going towards fainter sources
requires to decrease as much as possible the readout noise, which becomes now possible with the new generation
of fast readout CCD detectors.
In brief, speckle imaging stores separated short-exposure images lasting few tens to few hundred of milliseconds,
each of them presenting a random realization of the atmospheric turbulence. The next step is to recenter all
the images of the dataset along the brightest speckle – determined by some metrics, e.g. the brightest pixel in
a given region – using a shift-and-add technique to collapse the image cubes. The final PSF is composed of a
diffraction-limited core resulting from the co-addition of the brightest speckles in each frame, surrounded by a
halo – the “seeing disk” – caused by the superposition of the other speckles in the image, and similarly present
in classical AO images due to imperfect correction of the turbulent wavefronts (see Fig. 1).
By applying a selection of a given percent of best frames in the sequence, it is possible to improve at the same
time the spatial resolution (decreasing the FWHM of the PSF) and reduce the relative contribution of the halo.
This is because the best frames in the sequence corresponds to the lowest turbulence effect of the atmosphere
(i.e. larger r0). This is illustrated in the right side of Fig. 1. “Best frames” is intended here as those frames
where most of the intensity in the image is concentrated in one given speckle.

2.2. The optical speckle camera FASTCAM

FASTCAM is a collaborative project developed by different teams at the Instituto de Astrofisica de Canarias,
Canary Islands and at the Universidad Politecnica de Cartagena, in Spain. The current view of the instrument
after the opto-mechanical design phase is shown in Fig. 3. The FASTCAM instrument has a great versatility and
can equip different telescopes of the ORM observatory ∗ such as the 2.5-m Nordic Telescope (NOT) † or the 4.2-m
William Herschel Telescope (WHT) ‡. Most of the time, FASTCAM is installed as a common-user instrument at
the 1.5-m Carlos Sanchez telescope (TCS).

∗ORM: Observatory of Roque de los Muchachos
†www.not.iac.es
‡www.ing.iac.es

Figure 2. View of the FASTCAM camera on its mechanical support in the standard common-user instrument con-
figuration. The speckle camera is seen on the right part of the image. The mechanical support holds also two filter
wheels.



Our speckle camera is based on a commercial fast readout (EM)CCD detector developed by Andor Technol-
ogy. Basically, this new generation of optical detectors present the strong advantage of performing the “Electron
multiplication” (EM) of the signal before the readout of the detector, which means that, proportionally, the
readout noise can be significantly reduced in each pixel compared to useful signal, down to ∼1 e- rms. The cur-
rent detector is 512×512 pixels, with possibility of windowing the array to speed up the readout. The individual
integration time can be effectively set down to 30ms. The quantum efficiency is quite high, peaking at 95% at
0.55µm.

The optical system of FASTCAM is based on relatively simple doublet lenses that permit to deliver various
pixel scales, namely 70 to 50mas/pix at the TCS, 30mas/pix at the NOT and 13.5mas/pix at the WHT. Cur-
rently, no atmospheric dispersion compensator (ADC) is used with FASTCAM, although a dedicated ADC is
being designed. However, this issue is not very constraining as long as we observe as low airmasses or in narrow
band filters. A motorized filter wheel permits to install the majority of the wide band and narrow band optical
filters typically used for imaging at visible wavelengths.

Figure 3. Screen shot of the computer interface controlling Fastcam (left) and the data reduction software (right)
developed by the University of Cartagena, Spain.

FASTCAM benefits from its own software interface to control the instrument at the telescope, as well as from
a dedicated data reduction software used for both an accurate data reduction of the speckle images and for a
quick view of the data at the telescope. The control software and data reduction pipeline were developed at the
University of Cartagena.

3. SCIENCE WITH FASTCAM

3.1. Multiple systems at high angular resolution

Speckle imaging has been primarily used for imaging close sub-arcsecond multiple systems from the ground in the
optical, while they were generally accessible only using AO systems in the near-infrared. Monitoring of binary
stars is one of the main objective of FASTCAM, in particular those with small angular separation and relatively
close in order to determine in a reasonable time scale the orbital parameters of the binary, which ultimately
provide dynamical masses of the system.
Different observing campaigns have been conducted at the three different telescopes, reaching close to diffraction-
limited images in each occasion. Fig. 4 illustrates some of the results obtained with FASTCAM in R and I bands
at the 4.2-m WHT. For instance, the binary system CHR 36 with a separation of 0.063′′ was resolved in the I-band
filter centered at 790nm using integration times of the order of 50ms.

Speckle imaging is not only limited to a small field-of-view in which to observe binaries. High resolution imaging
can be performed on a larger field-of-view, which can be illustrated with the notion of isoplanatic angle. The
frame selection process keeps those “best” frames corresponding to the lowest atmospheric turbulence (i.e. larger
r0) for which the isoplanatic angle is larger than the average one obtained when 100% of the frames are main-
tained. Hence, the finest frame selection can guarantee isoplanatic angles of 30′′ or larger, significantly larger



Figure 4. Screen shot of the computer interface controlling Fastcam (left) and the data reduction software (right)
developed by the University of Cartagena, Spain.

than the average isoplanatic angle of ∼3 ′′ in normal seeing conditions. This can be successfully exploited for
imaging crowded fields in dense cores.

Fig. 5 compares two images of the triple system UZ Tau with comparable resolution. In the center part, UZ
Tau is imaged at 2.16µm with the AO-equipped NACO instrument at the VLT.9 On the right is shown the
optical image counterpart obtained at 0.8µm with FASTCAM at the 2.5-m NOT. The relative brightness of
each component at 0.8µm is similar to the infrared case, which provides indications on the spectral type of the
system components. The AB separation is ∼3.5′′ while the BC separation is ∼0.36′′.

Figure 5. –

3.2. The question of high dynamic range at short angular separations

On the right side of Fig. 5 is shown a close view of the resolved system UZ Tau BC, which at the same time
highlights a critical issue of lucky imaging: around each of the two components the seeing halo is likely masking
any faint structure or companion that may lie at short angular separations. For classical high contrast long-
exposure imaging, this question is traditionally solved with the use of a coronograph placed in the intermediate
image plane that strongly reduces the flux contribution of the star on-axis and consequently of the halo residual
left by the AO. In absence of any coronograph, a possible approach with speckle imaging is to reach as much
as possible the true diffraction-limited case that corresponds to the highest Strehl ratios. This can be done
with speckle image reconstruction for which several methods have been developed in the past, such as bi-speckle
interferometry, speckle holography, blind deconvolution etc...
A second approach, that we decided to adopt in this study, is based on numerical post-processing of the lucky
image in order to filter out low spatial frequencies and enhance other ones, in particular those related to faint
nearby companions. This approach is based on the wavelet decomposition of the image – a standard and
routinely used image processing technique in computer sciences – that permits to identify the best trade-off



between the optimal spatial frequency at which the companion is revealed and the accessible signal-to-noise.
Here, we implemented an iterative wavelet filtering described by the relationship I=I-I∗k, where k is the size
variable wavelet kernel. The wavelet filtering process is illustrated in the sequence of Fig. 6. The first image shows
the FASTCAM/NOT image at 0.8µm of the triple system Haro 6-37. The A component is actually a double
system with a fainter companion Ab at 0.36′′ from Aa. In the direct lucky image, this companion can be hardly
detected in the PSF halo surrounding Aa. The four successive images show the multi-resolution decomposition
of the first image, with the kernel size changing by a factor 2 from the second to the fifth image. By comparing
the spatial scale at which Ab is detected and the visual SNR of the detection, it appears that the second image
of the sequence is the optimal trade-off between those two factors, while in the two last cases we can see that
the spatial scale at which the image is filtered results in the partial or complete removal of the companion. The
rebound dark zone surrounding the various components is an intrinsic feature of the filtering process.

Figure 6. Wavelet decomposition of the lucky image of the system Haro 6-37 observed with the NOT. See text for details.

In practice, the wavelet decomposition is substituted with wavelet filtering in which only the optimal component
of the decomposition is maintained as the final post-processed image. In such a way, we benefit from a relatively
simple filtering algorithm to enhance the detection of faint and nearby point-like sources. The effect of the wavelet
post-processing on faint extended source is not treated here, although it certainly present a strong interest.

3.3. The case of HD130948 system

In order to evaluate the potential of this approach, we applied the method presented above to the case of
HD130948 in order to obtain a high contrast image of the system. HD130948 is a main sequence G star at ∼20 pc
hosting a brown dwarf binary at a separation of ∼2.5′′ from the primary. HD130948BC is a benchmark for the
independent determination of dynamical masses of sub-stellar objects, which is a key step for the calibration of
the corresponding mass-luminosity relationship. The binary was initially discovered by Potter et al. (2002)10 in
the near-infrared using the 8-m GEMINI telescope coupled to adaptive optics, and consequently reported as a
pair of L2±2 sub-stellar objects.

Figure 7. Left: Original detection with the 8-m GEMINI telescope; Center: Direct lucky image with the 2.5-m NOT;
Right: HD130948 system after wavelet image post-processing. In all the images, North is up and East is left. – Adapted
from Labadie et al. (2010)11 .



HD130948 was observed with FASTCAM on the 2.5-m Nordic Telescope at two different epochs, in May 2008
and July 2008. We acquired a total number of, respectively, 5×104 and 105 images in the I filter. The night
conditions were good and excellent for the May and July runs. Fig. 7 shows respectively the original detection,
the direct lucky image and the result after post-processing for the July run. In the last image, we clearly
detect a point-like source east from the primary with SNR∼10, which position is consistent with that none for
HD130948BC. In the NOT image, HD 130948BC is not detected as a binary, but as a point source. From a
posterior detailed study of the brown dwarf binary orbit12 , the binary separation at the time of observation was
∼35mas, beyond the actual diffraction limit of the telescope necessary to resolve the pair.
Different tests have been conducted in order to confirm the detection and avoid a false-detection of a speckle.
A first test has consisted in splitting the July data in three different time series in order to check if the brown
dwarf pair remains detectable at the same location, oppositely to time varying speckle. This is illustrated in the
sequence of Fig. 8, which presents observations at three different moments in an annulus of appropriate size. At
the position of the white arrow is shown the location of HD 130948BC, which is detected in all the three time
series, while other bright features are not present in all the three sequences. This confirms that the detected
point-source is real. In the last image, the detection of HD130948BC has less signal-to-noise than in the other
two cases: this is because the frames selection for the last time serie resulted in a poorer Strehl ratio – probably
because of degrading weather conditions – which has spread out the flux of the brown dwarf.

Figure 8. Three different time series of the HD130948 BC observations from July 2008, limited to a 2.5′′ annulus. The
white arrow indicate the location of the brown dwarf in the image.

The ultimate test for the detection of the companion consists in the second epoch observation of May 2008 taken
with FASTCAM. The same data reduction procedure is adopted. Despite the lower number of available frames,
the detection of HD130948BC is also confirmed in the May dataset, although the PSF is slightly more spread
out than in the July data (cf. Fig. 9). The two images have been normalized to the peak intensity and can be
directly compared.

In order to evaluate the impact of the wavelet filtering on the photometry and astrometry of the object, we have
simulated several companions at a known distance from the primary and with a known magnitude difference
(e.g. Fig. 10). After having convolved this model with the direct lucky image and applied the filtering process,
we measure the position of the photocenter and the peak intensity of the component with respect to the input
model. We could verify that the astrometric position was not altered by more than ∼0.2 pixels by the filtering
process, and that the photometric variation is negligible down to contrasts of ∼10−5. This result was expected
theoretically since the wavelet filtering process is a linear one, which normally keeps the contrast value in the
different regions of the image.

This work on HD 130948BC has permitted us to derive the first measurement of the combined photometry in
the I-band and examine the astrometric parameters that reveal orbital motion.11 These results suggest that
optical speckle imaging has sufficient potential for high dynamic range imaging, even with a 2.5-m telescope, to
study faint and close sub-stellar companions in a wavelength regime not efficiently accessible with the current
AO systems.



Figure 9. Second epoch observation of HD130948 BC

Figure 10. Astrometric and photometric check of the effect of the wavelet filtering process

3.4. Exploring dense cores in globular clusters

Another strong application of speckle imaging coupled to image post-processing is high resolution and high
contrast imaging in dense cores of globular clusters. These regions are composed of compact groups of thousands
of stars in a wide range of magnitudes. The deepest and sharpest observations of these objects are achieved with
space-based observatories like HST able to couple high sensitivity and high spatial resolution in the optical.

In Fig. 11, we show two HST optical images of the M 15 globular cluster. The image on the left side is a wide
field-of-view image of the cluster taken in the I band (100mas pixel scale) where the dense core is identified in a
15′′×15′′ region. The image on the right is a zoom on this region taken at shorter wavelength and 50mas/pix with
HST/STIS. In the center of such a region, the aggregation of an elevate number of stars results in a diffuse halo
of light able to mask the fainter stars, especially in the red part of the optical spectrum. Although FASTCAM
is not comparable to HST in terms of sensitivity, the high spatial resolution and high contrast capabilities of
out instrument help us to detect from the ground a very large fraction of objects in the I band that have optical
counterparts detected in B and V bands with HST13 .

In Fig. 12 are shown two FASTCAM views of the M15 core, with the same field-of-view as in the right image in
Fig. 11. The left view shows the direct lucky image with 7 % frame selection (for an effective integration time of
∼7 s; 0.03′′/pixel) taken with the 2.5-m Nordic Telescope. A coarse and direct comparison with the HST image
shows the sharpness of the FASTCAM point-spread function, which permits to detect relatively close and faint
stars. In the right view of Fig. 12, the strong halo-suppression effect of the wavelet filtering applied to the M15
image reveals a high number of faint point sources with contrasts down to ∼5×10−4 – 10−3 compared to the
brightest stars in the field. The completeness magnitude in the I-band is ∼19. The number of sources detected
at 3-σ with FASTCAM is above 1000 in a radius of 8′′ from the centre of M15. These source were previously



known from HST images at shorter wavelengths.

4. CONCLUSIONS AND IMMEDIATE PERSPECTIVES

We have presented in this paper first observational results with the speckle imager FASTCAM in the context of
high angular resolution and high dynamic range imaging with the speckle imaging technique from the ground, in
a spectral domain where classic AO is not efficient. We are able to routinely obtain close to diffraction-limited
optical images (I band) both with the 2.5-m Nordic Telescope and the 4.2-m William Herschel Telescope on the
Observatory of Roque de los Muchachos, in the Canary Islands.
Our results demonstrate high sensitivity in crowded fields (I∼19), while high contrast of ∼12 mag is obtained
in the vicinity (∼1–2′′) of bright sources, with a ∼2–3 mag gain due to post-processing wavelet filtering of the
images. This permitted to detect, without resolving so far, the brown dwarf binary HD 130948BC considered as
a benchmark for the independent determination of dynamical masses. The property of unsaturated PSF in the
FASTCAM images permits us, as opposed to classical long-exposure imaging, to carry high accuracy astrometric
measurement of brown dwarf binaries and high accuracy relative photometry (see Femenia et al., SPIE Adaptive
Optics Systems II (Conference 7736) proceedings).

As the wavelet post-processing filtering can presumably affect the detection of extended sources, we plan in
a near future to explore the option of more classical image reconstruction with speckle imaging, based on speckle
holography or phase diversity techniques, in order to improve the dynamic range in the image without filtering
out precious spatial frequencies. Ideally, these techniques could be applied to the case of imaging of edge-on
protoplanetary disks in scattered light at optical wavelenghts, for which nearby (∼5′′) stars could be used as
guide stars during the observations and PSF references for image reconstruction purposes.
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ABSTRACT
The potential of combining Adaptive Optics (AO) and Lucky Imaging (LI) to achieve high
precision astrometry and differential photometry in the optical is investigated by conducting
observations of the close 0.′′1 brown dwarf binary GJ569Bab. We took 50000I -band images
with our LI instrument FastCam attached to NAOMI, the 4.2-m William Herschel Telescope
(WHT) AO facility. In order to extract the most of the astrometry and photometry of the
GJ569Bab system we have resorted to a PSF fitting technique using the primary star GJ569A
as a suitable PSF reference which exhibits anI -band magnitude of 7.78±0.03. The AO+LI
observations at WHT were able to resolve the binary system GJ569Bab located at 4.′′92±
0.′′05 from GJ569A. We measure a separation of 98.4± 1.1 mas andI -band magnitudes of
13.86± 0.03 and 14.48± 0.03 andI − J colors of 2.72±0.08 and 2.83±0.08 for the Ba and
Bb components, respectively. Our study rules out the presence of any other companion to
GJ569A down to magnitude I∼ 17 at distances larger than 1′′. The I − J colors measured
are consistent with M8.5-M9 spectral types for the Ba and Bb components. The available
dynamical, photometric and spectroscopic data are consistent with a binary system with Ba
being slightly (10-20%) more massive than Bb. We obtain new orbital parameters which are
in good agreement with those in the literature.

Key words: Instrumentation: high angular resolution - Instrumentation: adaptive optics -
Stars: low-mass, brown dwarfs - Binaries: close - Stars:individual: GJ569

1 INTRODUCTION

The lucky imaging (LI) technique proposed by Fried (1978) at-
tracted the attention by professional astronomers once lowread-out
noise detectors became available (e.g. Baldwin et al. 2001;Tubbs
et al. 2002; Law et al. 2006). Recently it has been realized that the
combination of LI and Adaptive Optics (AO) can benefit mutually
and provide high-resolution imaging close to the diffraction limit

⋆ Based on service observations made with the WHT telescope operated
on the island of La Palma by the Isaac Newton Group and on observations
made with the Nordic Optical Telescope, operated on the island of La Palma
jointly by Denmark, Finland, Iceland, Norway, and Sweden, in the Spanish
Observatorio del Roque de los Muchachos of the Instituto de Astrofísica de
Canarias.
† E-mail:bfemenia@iac.es

at optical and near-infrared (NIR) wavelengths (e.g. see Gladysz
et al. 2008; Law et al. 2009; Kervella et al. 2009). This can beob-
tained by using a larger fraction of data in the LI selection and/or
keeping images with a better Strehl ratio than in conventional LI
observations.

In this paper we present the results of combining the LI
and AO techniques to produce high-angular resolution and high-
contrast imaging in the optical of the multiple system GJ569Bab
which is a benchmark in the study and characterization of brown
dwarfs (BDs). GJ569A is an M2.5V cromospherically active star
lying at a distance of 9.6-9.8 pc (Perryman et al. 1997; van Leeuwen
2007). Forrest et al. (1988) identified a faint companion to GJ569
and argued the potential brown dwarf nature of such companion.
Using Keck AO observations Martín et al. (2000) resolved GJ569B
as a binary brown dwarf system with a separation of∼ 0.′′1, a to-
tal mass of the system in the range 0.09-0.15 M⊙ , an age in the
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range 0.12-1.0 Gyr and an orbital period∼ 3 yr. Further AO-based
observations with the Keck telescope (e.g. Lane et al. 2001;Za-
patero Osorio et al. 2004; Simon et al. 2006; Konopacky et al.
2010) and the Subaru and HST telescopes (Zapatero Osorio et al.
2005; Martín et al. 2006) have allowed precise determination of
the dynamical masses and orbital parameters of the binary system
GJ569Bab (see Table 7 in this paper) as well as a precise determi-
nation of the spectral types of the GJ569B components: M8.5-9V
and M9V for the Ba and Bb components, respectively (Lane et al.
2001; Martín et al. 2006).

For BDs an estimate of the mass is essential to determine their
properties and evolution. A way to achieve a direct measurement
of masses is to observe close binary systems where the short or-
bital period allows for a complete sampling of the orbit and from
here a precise determination of the dynamical masses of the pair.
Up to now a complete characterization of the orbital motion has
been achieved for a few BD binaries (e.g. see Dupuy et al. 2009;
Konopacky et al. 2010). In this context GJ569Bab constitutes a
unique laboratory where to test the stellar evolutionary models as
it is among the shortest known period BD binary system. This has
allowed to determine the orbit of the system over several periods
and from here a precise determination of its dynamical mass.

The high angular resolution requested to spatially resolvefaint
systems like GJ569B into its components has been so far achieved
with 10-m class telescopes and AO in the NIR or with the HST..
Our motivation to perform observations of GJ569 with LI+AO on
a 4-m class telescope was twofold. First, to test the potential of this
technique for high-angular resolution and high-contrast imaging in
the optical regime. Second, to shed light on whether GJ569B is
actually a triple system as suggested in some works in the literature
(Martín et al. 2000; Kenworthy et al. 2001; Simon et al. 2006).

In Section 2 we briefly describe the instrumental set-up. Sec-
tion 3 describes the observations. Section 4 reports the data calibra-
tion, reduction and analysis. Section 5 focuses on the photometry
and astrometry of the GJ569 system components and discussion of
the results. We provide our conclusions in Sect. 6.

2 INSTRUMENTAL SETUP.

FastCam is a LI-based instrument developed jointly by the Insti-
tuto de Astrofísica de Canarias (IAC) and Universidad Politécnica
de Cartagena (UPCT). In brief, FastCam consists of a commer-
cial Electro Multiplying Charge Coupled Device (EMCCD), a very
simple versatile optics setup offering different plate scales to be ac-
commodated at different telescopes configurations and an FPGA-
based1 on-line processing and acquisition hardware. Its high de-
gree of versatility has allowed us to collect images on a widerange
of telescopes with diameters from 1.5 to 4.2 m. Further details of
the FastCam instrument and results achieved so far at different tele-
scopes are presented in Oscoz et al. (2008); Labadie et al. (2010).

The observations reported in this paper were acquired at the
4.2 meter William Herschel Telescope (WHT) at Observatoriodel
Roque de Los Muchachos (ORM, La Palma). FastCam was in-
stalled at NAOMI, the AO facility at WHT. It suffices here to say it
is an AO system based on a 8×8 subaperture Shack-Hartmann sen-
sor and the most prominent feature of the system is the use of afully
segmented deformable mirror. Details for NAOMI can be foundin
Myers et al. (2003); Benn (2006). We also resorted to non-AO LI

1 FPGA, Field Programmable Gate Arrays

observations with FastCam at the Cassegrain focus of the Nordic
Optical Telescope (NOT) at the ORM mainly for plate scale and
orientation calibration.

The standard data acquisition of FastCam is that raw data are
composed of cubes of 1000 images each. The full detector of Fast-
Cam is an E2V EMCCD with 512×512 pixels (commercial camera
model Andor iXon DU-987) exhibits a maximum frame rate of 35
Hz, although the exposure time for each individual frame canbe set
at values shorter than 1/35 seconds but at the cost of incurring on
overheads.

3 OBSERVATIONS.

3.1 AO+LI observations with the WHT telescope.

On the 4th of June 2009 FastCam was configured for an individual
frame exposure time of 30 msec and with optics providing a field
of view for FastCam of 7×7 arcsec2 (see Section 4.1.3). The pri-
mary star GJ569A was used as the guide star for both the NAOMI
and the FastCam real-time selection algorithm. Such real-time se-
lection is performed by the FPGA-based acquisition system and it
is mostly used to detect any anomalies or malfunctioning of the
system by displaying the best 10% frames based on the brightest
pixel selection although the entire frame set is kept for off-line pro-
cessing. With this FastCam configuration, we collected 50 cubes
which amount to a total exposure time of 1500 seconds in the stan-
dard I Johnson-Bessell band (872.2 nm central wavelength, 298 nm
FWHM) and 824 nm central wavelength, 175 nm FWHM when the
EMCCD QE curve is considered. Taking into account overheads,
the total time spent on GJ569 was 2340 seconds. During most of
the observation time on GJ569 we had access to the RoboDIMM2

seeing monitor which reported an average seeing in the visible of
0.′′49±0.′′08 (minimum seeing 0.′′38, maximum seeing 0.′′77) dur-
ing the observation of GJ569. We also observed astrometric bina-
ries for plate scale and orientation calibration (see Section 4.1.2).

3.2 LI observations with the NOT telescope.

On the 24th July 2008 FastCam was configured for an individ-
ual frame exposure time of 20 msec and with optics providing a
field of view for FastCam of 16×16 arcsec2 (see Section 4.1.1).
In the I Johnson-Bessell band (same filter as with the WHT, see
Section 3.1) we collected 10 cubes which correspond to a total ex-
posure time of 200 seconds. No independent measurements forthe
seeing conditions were available at the time although the combined
image of all 10000 individual frames yields an estimate for the see-
ing of ∼ 0.′′5 at the detector plane. The primary star GJ569A was
used as the guide star for the FastCam real-time selection algo-
rithm. We also observed the M15 globular cluster for plate scale
and orientation calibration (see Section 4.1.1).

3.3 Observations with the IAC80 telescope.

For photometric calibration purposes we obtainedI -band images of
GJ569 on April 6 2010 using the CAMELOT instrument mounted
on the IAC80 telescope with an identical filter to the ones used
in Sections 3.1 and 3.2. CAMELOT consists of a 2K×2K CCD
detector with a 0.304"/pix plate scale providing a field of view of

2 http://www.ing.iac.es/Astronomy/development/seeing/

Correl_DIMM.html
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Figure 1. Left: I-band image of GJ569 observed on the 4th of June 2009 with FastCam at the science focus of the WHT telescope AO system. Right: GJ569 in
the I-band observed on the 24th of July 2008 with the NOT telescope. The image at the WHT is clearly resolved into the GJ569Ba and GJ569Bb components,
while the NOT image acquired nearly 1 year before suggests a binary system because of the elongation of GJ569B. Both images have been rotated by their
respective Position Angle Offsets (see Section 4.1 to have the North and East axis pointingupwards and to the left, respectively).

10.4×10.4 arcmin2. We observed a series of 10 images with indi-
vidual exposure time of 5s. Raw data were reduced using routines
within the IRAF environment3. Images bias was subtracted us-
ing the overscan region and zero exposure time images. The flat
field correction made use of dome flats. Aperture photometry was
performed using routines within the DAOPHOT package. Weather
conditions during our observations were photometric and average
seeing ranged from 1.3 to 2". Instrumental magnitudes were trans-
formed into apparent magnitudes in the Johnson-Bessel system us-
ing photometric standard stars from Landolt (1992) obtained at dif-
ferent airmasses before and after our science target. Sinceimages
of GJ569 were defocused to avoid saturation, aperture correction
was applied to the photometry of the standards to match the larger
aperture used for our object. From these data, we have measured
that theI -band magnitude of GJ569A is 7.78±0.03.

4 DATA REDUCTION AND ANALYSIS

The image selection employed is the same as with non-AO obser-
vations (Oscoz et al. 2008; Labadie et al. 2010) which selects the
best images as those exhibiting the largest ratio between the bright-
est pixel in the image and the rms of the overall image. The images
are sorted out from best to worst image according to the bright-
est pixel criterion with a very small fraction of individualframes
exhibiting saturated pixels (due either to cosmic rays or spurious

3 IRAF is distributed by National Optical Astronomy Observatories, which
is operated by the Association of Universities for Researchin Astronomy,
Inc., under contract to the National Science Foundation.

electronic events) removed. Then the user defines the percentage of
best images to be kept on which a shift-and-add algorithm is ap-
plied. Standard image reduction considered only bias subtraction
as experience with the FastCam EMCCD has revealed its excellent
cosmetic and no need for flat fielding. Bias subs-traction, image se-
lection and shift-and-add algorithm are performed using our own
software.

4.1 Plate Scale and Orientation Calibration

4.1.1 NOT calibration with M15

As part of the observation program with the NOT telescope on the
night of 24th July 2008, we also conducted observations of the M15
globular cluster which, besides its specific science case, constitutes
a very precise astrometric calibrator yielding a plate scale accu-
racy of a few tens of microarcseconds and plate orientation below
0.◦1 when the FastCam image of the M15 core is compared against
HST WFPC2 images of M15 (van der Marel et al. 2002). For the
instrumental setup on the 24th of July 2008 we measured a plate
scale of 31.176± 0.030 mas and a Position Angle (P.A.) offset of
−89.84◦ ± 0.05◦ (i.e. North axis is at 89.84◦clockwise from CCD
y-axis).

4.1.2 WHT calibration with WDS binaries.

Observations of the M15 globular cluster were not possible on June
2009 as none of the cluster stars is bright enough for efficiently
locking the NAOMI loop. Because of this we observed four as-
trometric binaries (HD98231, HD105824, HD186858, HD197913)
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selected from the Washington Double Star (WDS) Catalog (Wycoff
et al. 2006) with an adequate component separation and bright-
ness to act as astrometric calibrators. The calibration achieved from
the WDS binaries (HD98231, HD105824, HD186858, HD197913)
yields a plate scale of 13.63±0.23 mas and a Position Angle Offset
of 91.3◦ ±0.9◦. The uncertainties assigned from the WDS astrom-
etry corresponds to the dispersion of the values from each ofthe
WDS binaries.

4.1.3 WHT calibration with GJ569.

We are able to compute the GJ569B photocentre position with re-
spect to GJ569A with high accuracy at the NOT image on July 24th
2008 (see Table 5). The orbital period of GJ569B around GJ569A is
known a priori to be very long. With the information in Table 5we
predict the coordinates of GJ569B with respect to GJ569A on June
4th 2009 (WHT observation) implicitly dismissing GJ569A-Bor-
bital displacements between the images at the NOT and at the WHT
nearly one year later. From here a plate scale of 13.40± 0.14 mas
and a Position Angle Offset of 91.8◦ ±0.6◦ is derived. A weighted
average of these values with those obtained in Section 4.1.2yields
the calibration assumed in this work for the WHT data: 13.46±0.12
mas and 91.6◦±0.5◦ for the plate scale and Position Angle, respec-
tively.

4.2 PSF of the observations.

The NAOMI system is optimized to deliver well corrected wave-
fronts above 1.0 µm, while in the optical the aim is not to deliver
well corrected images (i.e. with a significant Strehl ratio)but sim-
ply to achieve a reduction by a factor 2 of the FHWM with respect
to the seeing-limited images. The combination of AO+LI allows to
achieve FHWM reductions by at least a factor 5 with respect tothe
seeing-limited images as shown in Fig. 2 and Fig. 3 where we show
the evolution of the FWHM and different cuts of the PSF versus the
LI % selection, respectively. The PSF cuts shown in Fig. 3 corre-
spond to the PSF as measured on GJ569A for both the NOT and
the WHT images.

The FWHM evolution depicted in Fig. 2 shows the usual low
sensitivity of the FWHM upon LI %, a trend already pointed outin
previous works (e.g. see Law et al. 2009). To understand thistrend
one must take into account that most of the turbulence is concen-
trated in the tip-tilt modes which are removed in the LI scheme,
while higher-order turbulent modes tend to distort the PSF but
without enlarging it significantly. The effect of these higher-order
modes in the PSF can be understood as a leak of power towards
outside the PSF core, giving rise to the familiar LI PSFs consist-
ing on a very well defined narrow core on top of a much wider and
swallower halo. Qualitatively one can think that the betterthe AO
correction or the most stringent the LI frame selection are,the more
prominent the core over the halo becomes. This is in fact whatwe
observe in the PSF cuts in Fig. 3, where the PSFs have been nor-
malized to have unit volume. In this way we notice that when we
restrict ourselves to very low LI % selection the PSF peaks much
higher with respect to the halo that when using a larger LI % se-
lection. This leads directly to a trade-off when having to decide
the frame % to keep when one also considers the desirable SNR to
achieve.

Figure 2. Evolution of the PSF FWHM at NOT (red) and WHT(black) as
a function of the percentage of images kept in the selection procedure. The
PSF is directly the image of GJ569A. In this plot the x-axis corresponds to
the direction at which the PSF is widest and the y-axis is perpendicular to
the x-axis. Notice these x and y axes do not necessarily correspond to the
CCD x and y axes. The asymmetry of the PSF for the WHT observations is
believed to be caused by the absence of an atmospheric dispersion corrector.

4.3 The PSF fitting technique

In order to perform an estimate of the relative photometry and as-
trometry between the primary component and each of the resolved
components of GJ569B we have resorted to a Levenberg-Marquadt
(LM) non-linear least-squares (Bevington 1992) PSF fittingalgo-
rithm4. We assume the PSF measured at the GJ569A location and
the PSF at GJ569B position do not differ significantly. This is jus-
tified by the excellent seeing conditions experienced during the ob-
servations and the fact that the isoplanatic angle at the ORMat
820 nm is frequently larger than the 5 arcsec separation between
GJ569A and B (see e.g. Fuensalida et al. 2004; Law et al. 2006).
It has also been pointed out by Law et al. (2006) that as the LI
technique selects the best fraction of frames where the turbulence
is smallest, it is expected that those frames also exhibit larger iso-
planatic angles than would be observed in traditional long expo-
sure imaging. Therefore, for a separation of about 5′′we should be
within the isoplanatic angle at∼ 820 nm and the assumption of
uniformity of the PSF at the GJ569A and GJ569B locations is well
justified.

Our fitting model is applied to a relatively small box with only
GJ569B and assumes the signal on each pixel in the box,f (x,y), is
due to two components GJ569Ba and G569Bb located at positions
(xa,ya) and (xb,yb), respectively, and with fluxesa andb relative to
the flux of GJ569A, plus a possible offset (OFF) associated either
to sky background or a bias offset in the final image:

f (x,y) = a·PS F(x− xa,y−ya)+b·PS F(x− xb,y−yb)+OFF (1)

Note that in our LM PSF fitting scheme we do not fit an an-
alytical PSF function nor attempt first a fit to the PSF measured
at GJ569A. Instead we use directly the measured GJ569A PSF in
the WHT image which is moved across a 100× 100 pixel box by
performing FFT-based shifts. In this way, the PSF fitting technique
also provides us with a measurement of the distance between each

4 Using the MPFIT toolset by C. Markwardt available athttp://cow.
physics.wisc.edu/~craigm/idl/idl.html
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Figure 3. Cuts of the PSFs at the NOT and WHT as a function of the percentage of images kept in the selection procedure. The PSF is directly the image
of GJ569A. The PSFs have been normalized so that the highest PSF exhibits peak unity and all of them have the same volume under the PSF.The gain in
resolution from the WHT with respect to the NOT is due both to the increasing WHT diameter plus the use of the NAOMI system.Notice the blue line in
the NOT plot represents the seeing-limited PSF while in the case of the the blue PSF in the WHT diagram corresponds to a partially tip-tilt removed by the
NAOMI system.

of the GJ569B components with respect to each other and with re-
spect to GJ569A.

The results of the LM PSF fitting technique on the image com-
posed by the best 16% of the frames from the WHT observation are
summarized in Table 1 for different values of the threshold back-
ground parameter (η). This parameter determines the number of
pixels within the 100×100-pixel box which are finally considered
in the fitting process: only those pixels exceeding the background
level by a factorη the rms background. Pixels below such thresh-
old are shown in black in Fig. 4. As it can be seen in Table 1, when
applied to the WHT image the technique is rather insensitiveto the
choice of pixels in the fitting (i.e. little sensitivity to the η parame-
ter) and provides the relative photometry with excellent accuracy.

For the PSF fitting model to work properly and provide with
meaningful error bars, the pixels in the image have to be assigned
realistic error bars. During the analysis of the data the simple choice
whether a given pixel was background limited or source limited was
not good enough. At this point it revealed particularly useful the
fact that the LI scheme allows for a precise distribution of values of
the signal for each pixel in the final image since we have access to
all the individual frames. For the final WHT image made of the best
16% individual frames, the value assigned to each pixel is the mean
of a distribution sampled with 8000 values and we also generated
an error map computed as the error of the mean.

The LM PSF fitting technique was also robust versus the LI se-
lection fraction, exhibiting little dispersion on the derived param-
eters as it is shown in Table 2 for the choiceη = 3.0. The choice
of the 16% fraction to generate the final LI image for the WHT
data was based entirely on the value of the reducedχ2 achieved

in this series of fits: the WHT image generated with a 16% of the
best images exhibitsχ2/ν = 1.04 (ν being the number of degrees of
freedom).

The case for the NOT image is less favourable. When applied
to the NOT image the LM PSF fitting was not that robust and we
believe this is due both to the lower number of images under consid-
eration but mainly to the fact the blending of both sources hampers
a good fit.

4.4 Detectability curves.

A key point to characterize the combination of AO-assisted LI sys-
tems for the detection of low-mass companions is the study ofthe
detectability curves as a function of the distance to the star. This
has been done in Fig. 5 where on the left panel we show the 3σ

detectability curves for a variety of percentages of the images kept
to generate the final images. On the right panel we have plotted the
detectability curves on the same images upon filtering them with
a wavelet transform algorithm. The details of this wavelet-based
post-processing algorithm are described in Labadie et al. (2010)
and the general purpose of such filtering technique is the increase in
the contrast ratio achievable by suppressing the low-frequency halo
of the primary star which hides the presence of much fainter com-
panions (Masciadri & Raga 2004). Both sets of detectabilitycurves
were obtained as follows: at a given distanceρ from the primary
star we identify all possible sets of small boxes of size the FWHM
of the PSF (i.e. 7×7 pixel boxes). Only regions of the image show-
ing structures easily recognizable as spikes due to diffraction of the
telescope spider and/or artifacts on the read-out of the detector are
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Table 1.LM PSF fitting results on the WHT image from best 16% of frames.

η a×103 b×103 b/a ρ(mas) P.A. (◦) χ2/ν

2.0 3.743±0.023 2.126±0.022 0.568±0.009 98.6±1.1 78.0±0.7 0.92
2.5 3.733±0.024 2.113±0.023 0.566±0.009 98.6±1.1 78.0±0.7 0.95
3.0 3.715±0.024 2.096±0.023 0.564±0.009 98.4±1.1 78.0±0.7 1.04
3.5 3.689±0.024 2.076±0.023 0.563±0.009 98.2±1.1 78.0±0.7 1.10
4.0 3.666±0.025 2.054±0.024 0.560±0.009 97.8±1.1 78.1±0.7 1.16
5.0 3.626±0.026 1.994±0.025 0.550±0.009 97.5±1.1 78.2±0.7 1.27
6.0 3.561±0.028 1.920±0.026 0.539±0.010 96.8±1.1 78.1±0.7 1.33
7.0 3.490±0.029 1.821±0.028 0.522±0.010 95.8±1.2 78.1±0.7 1.25

Table 2.LM PSF fitting results as a function of the percentage of frames kept to generate the WHT image.

LI % a×103 b×103 b/a ρ(mas) P.A. (◦) χ2/ν

1 3.35±0.06 1.77±0.05 0.528±0.021 96.5±1.8 77.8±1.1 0.880
5 3.59±0.05 2.07±0.04 0.576±0.018 98.1±1.5 78.2±0.9 0.360
10 3.688±0.029 2.082±0.026 0.565±0.010 98.5±1.2 78.2±0.7 0.722
16 3.715±0.024 2.096±0.023 0.564±0.009 98.4±1.1 78.2±0.6 1.04
20 3.710±0.022 2.125±0.021 0.573±0.008 98.3±1.1 78.0±0.6 1.27
40 3.745±0.017 2.148±0.016 0.574±0.006 98.3±1.0 78.3±0.6 2.11
60 3.765±0.015 2.140±0.014 0.569±0.005 98.9±1.0 78.2±0.6 2.77
80 3.755±0.014 2.132±0.013 0.568±0.005 98.6±1.0 78.1±0.5 3.24

not considered. For each of the valid boxes on the arc at distanceρ
the standard deviation of the image pixels within the 7-pixel boxes
is computed. The value assigned to the 3σ detectability curve at dis-
tanceρ is 3 times the mean value from the standard deviations of
all the eligible boxes at distanceρ from GJ569A. From the curves
in both panels in Fig. 5 we notice the following behaviours:

(i) On the non-wavelet filtered image, at short distances (< 1.′′5)
from the primary star, the lower the fraction of data used thehigher
the detectability gain is with a maximum gain of around∼ 0.9
magnitudes between the 80% and 1% frame selection. This im-
provement in contrast is due a slightly better angular resolution
with a very restrictive frame selection. As we move away fromthe
primary star, the detectability curves approach to each other until
eventually the situation is reversed. At large distances the image
is dominated by background/detector noise so that the higher the
percentage of frames used to generate the image, the deeper the
detectability curve gets.

(ii) On the wavelet-processed image there is no transition be-
tween the inner region (i.e separation from primary below 1.′′5)
and the outer region. The detectability at the inner regionsis always
improved with respect to the non-processed image and, in addition,
the higher the percentage of data kept for the image, the deeper
the detectability gain. Above 1.′′5 separation from the primary star,
there is no real difference between the detectability achieved on the
original and the wavelet-processed image, as it is expectedat those
regions of the image which are dominated by background/detector
noise which can not be removed by the wavelet post-processing
technique.

5 RESULTS.

5.1 Photometry of the GJ569 system.

The finalI -band differential magnitudes (∆mAB=mB−mA) derived
by the LM PSF fitting technique described in Section 4.3 are sum-

Table 3.Differential magnitudes in I band with FastCam at WHT

∆mAB 5.590±0.004
∆mABa 6.075±0.007
∆mABb 6.697±0.012
∆mBaBb 0.622±0.017

marized in Table 3. The magnitude difference between GJ569Ba
and GJ569Bb we find is very similar to the 0.7 mag found by Martín
et al. (2006) using the F814W filter in the HST which resembles
the I -band. These values are slightly larger than the 0.5 magni-
tude difference measured in theJ,H and K-band by Martín et al.
(2000). All these data are consistent with the spectral determination
of M8.5-M9 for the brown dwarf binary derived in the near-infrared
by Lane et al. (2001). However, given the uncertainties, we can not
discard that both components have a similar spectral type ofM9, as
obtained by Martín et al. (2006) using optical spectra.

Using the I -band photometry obtained in the IAC80 for
GJ569A (see Section 3.3), and the differential magnitude between
the primary and the brown dwarf binary found with FastCam (see
Table 3), we derived an integrated photometry ofI=13.37±0.03 for
GJ569B with the WHT image andI=13.41±0.03 with the NOT im-
age. As remarked previously, the lack of enough spatial resolution
on the NOT image does not allow to resolve the GJ569B binary
system, but aperture photometry of the whole GJ569B system is
compatible with what we derive from the LM PSF fitting of the
WHT image. This value is not in good agreement with the previous
result by Forrest et al. (1988) (I=13.88±0.2), probably affected by
the contamination of the primary. To check a possible variability
of GJ569A , we have compared the apparent magnitude of this ob-
ject and the G1V star HD130948, which was observed during the
same nights in the IAC80 and the NOT. We have found no relative
difference in theirI -band magnitude at the level of a few tens of
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DATA FIT

GJ569Bab with WHT on 04/06/2009

Figure 4. Comparison of actual images to best fit models and respectivecuts along lines joining GJ569Ba to GJ569Bb for data acquired with the WHT on
4/6/2009. The oversampling of the WHT data and a better PSF due to the use of the AO facility at the WHT allows to resolve the binary nature of GJ569B
allowing the LM PSF fitting technique to achieve a good fit to the data. On both images dark areas indicate regions whose pixels are not sufficiently above the
background threshold to be taken into consideration in the PSF fitting (e.g.η parameter in Tables 1 and 2). No rotation to align the North and East axis with
the usual y and negative axes has been applied to the image.

Figure 5. Evolution of the 3σ detectability versus the percentage of images kept to generate the LI image. The left panel shows the 3σ detectability curves
obtained directly from the image. Right panel shows the 3-σ detectability curve upon filtering with wavelets (see main text). The green thick solid lines in
both plots correspond to a selection of the best 16 % frames without wavelet filtering and is displayed in the right panel for comparison purposes. Notice the
big improvement by the wavelet filtering at angular distances below 1.′′5, a slight gain at angular distances in the range [1.′′5, 2′′] and no net gain beyond 2′′.
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Figure 6. I − J,spectral type diagram of GJ569Ba and GJ569b (solid red
circles) in comparison with M (M5 to M9 correspond to x-axis values 5
to 9) and L field dwarfs (L0 to L8 correspond to x-axis values 10to 18)
from Liebert & Gizis (2006) (open circles). The average color of these field
dwarfs with the same spectral type are indicated by the solidline. TheJ-
ban photometry obtained from Lane et al. (2001) in the CIT system has
been transformed into the 2MASS system using the relations in Carpenter
(2001).

millimagnitudes. The absolute photometry of both components of
the brown dwarf binary was conducted in a similar way and a sum-
mary with the apparent magnitudes as derived from this work and
in the literature is given in Table 4.

With theJ-band photometry in Lane et al. (2001) we derived a
I − J color of 2.72±0.08 and 2.83±0.08 for GJ569Ba and GJ569Bb,
respectively. In Fig. 6 we show theI − J color of both components
in comparison with M and L field dwarfs of the same spectral type
from Liebert & Gizis (2006). We have adopted the spectral deter-
mination of M8.5-M9 for the brown dwarf binary derived in the
near-infrared by Lane et al. (2001). From this figure we can see
that our estimatedI − J colors are in good agreement with these
spectral types.

According to the absolute magnitudes and colors of field
dwarfs (Kirkpatrick & McCarthy 1994; Liebert & Gizis 2006),we
expect a relative magnitude difference of∼ 0.4 mag in theI -band,
and aI − J color difference of 0.27±0.22 for a M8.5/M9. All these
data are also consistent with previous determinations of spectral
types, in particular for those deriving a slightly earlier spectral type
for GJ569Ba than for the Bb component.

5.2 Astrometry of GJ569A-GJ569B.

The compilation of all astrometric data on the GJ569B orbit around
GJ569A, including our new measurement from the NOT observa-
tion, is provided in Table 5 and shown in Fig. 7 with the value ob-
tained in this work in red. The higher accuracy of our measurement
is immediately noticeable and it is due to the very precise image
statistics combined with the high angular resolution PSFs provided
by the LI technique and a very accurate NOT plate calibration, as
discussed in Section 4.1.

Table 5.Astrometry of the binary system GJ569A-GJ569B.

Separation PA
Date Ref. (arcsec) (◦)

1985 Jul 28 (a) 5.07±0.15 17.4±1.7
1987 Sep 18 (a) 5.01±0.15 17.3±1.7
1999 Aug 29 (b) 5.00±0.05 25.0±0.9
2001 Feb 8 (c) 4.89±0.04 30±3
2005 Feb 25 (d) 4.99±0.19 33.1±1.9
2008 Jul 24 (e) 4.94±0.04 34.90±0.05

References:(a)Forrest et al. (1988);(b)Martín et al. (2000);(c)Lane et al.
(2001);(d)Simon et al. (2006);(e)This work

Figure 7. Compilation of positions of GJ569B on its long-period orbit
around GJ569A using measurements in Table 5 and our point in red.
GJ569A would be located at coordinates (0,0), which falls onpurpose out-
side of the plot in order to make visible all points with theirrespective un-
certainties.

Only the photocentre positions in Forrest et al. (1988) and in
this work correspond to observations in the I band, while therest of
the observations have been conducted in the NIR. Since the flux ra-
tios between the GJ569B components differ slightly from the NIR
to the I-band measurement, we realize there might be a slightbias
in the photocentre determination. In principle such a bias could be
avoided by a proper weighting with the individual masses of the
GJ569B pair, but due to the uncertainties in the individual GJ569Ba
and GJ569Bb masses, the estimate of the barycenter remains essen-
tially the same as the computation of the photocentre. The limited
coverage of the GJ569B orbit around GJ569A (see Fig. 7) does not
allow for a reliable orbit computation but still we estimatea low
eccentricity long-period orbit of∼400 years with a semi-major axis
of 4.′′3.

5.3 Orbital analysis of the GJ569B system.

As discussed in Section 4.3, the LM PSF fitting procedure applied
to the WHT images allows us to obtain with high precision the rel-
ative position of Bb with respect to Ba (see Table 6). The samePSF
fitting approach applied to the unresolved GJ569B NOT image de-
livers a relative astrometry for these two components with higher
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Table 4.Updated compilation of GJ569 photometry.

Spec. Type V magnitude I magnitude J magnitude H magnitude K magnitude

GJ569A M2.5V(d) 10.11†(b) 7.78±0.03(j) 6.633±0.023(e) 5.990±0.021(e) 5.770±0.018(e)

GJ569B 13.88±0.2(a) 10.61±0.05(d) 10.16±0.10(a) 9.56±0.10(a)

13.37±0.03∗ (j) 10.75±0.06(i) 10.15±0.04(i) 9.45±0.05(d)

13.41±0.03∗∗ (j) 9.62±0.03(i)

GJ569Ba M8.5-9V(d,f) 13.86±0.03(j) 11.14±0.07(d) 10.43±0.04(g) 10.02±0.08(d)

11.18±0.08(f) 9.86±0.10(g)

GJ569Bb M9V(d,f) 14.48±0.03(j) 11.65±0.07(d) 11.04±0.05(g) 10.43±0.08(d)

11.69±0.08(f) 10.39±0.06(g)

Bb/Ba 0.70±0.23‡(f) 0.5±0.2(c) 0.5±0.1(c) 0.5±0.1(c)

0.622±0.017(j) 0.51±0.02(d) 0.61±0.03(g) 0.41±0.03(d)

0.57±0.04(g) 0.41±0.13(f)

0.61±0.03(g)

0.500±0.008(h)

References:(a)Forrest et al. (1988);(b)Perryman et al. (1997);(c)Martín et al. (2000);(d)Lane et al. (2001);(e)Cutri et al. (2003);(f) Martín et al. (2006);(g)Simon
et al. (2006);(h)Konopacky et al. (2010);(i)Dupuy et al. (2010);(j)This work.

Notes: (†)10.11 V Johnson magnitude converted from Hipparcos photometric systemHp = 10.201±0.004; (∗)Unresolved GJ569BI-band magnitude in June
2009 at WHT;(∗∗)Unresolved GJ569BI-band magnitude in July 2008 at NOT; (‡)Differential magnitude using the F814W filter in the HST which resembles
the I-band.

error bars. Fig. 8 summarizes all the observations in the literature
with our measurements in red. Our WHT astrometric value on June
2009 is nearly over imposed on the Keck AO-based observations
by Dupuy et al. (2010) and Konopacky et al. (2010), the latterob-
servved GJ569B within seven days after our observation. Overplot-
ted we show the different orbits found in the literature together with
our best Keplerian orbit to the same data plus our two new points.
The orbital parameters of all these orbits are provided in Table 7 to-
gether with the total mass of the GJ569B system obtained by direct
application of Kepler’s third law. A very good agreement is found
for the orbital parameters as well as for the estimated totalmass of
the system except from the value derived by Dupuy et al. (2010)
(see discussion later in this section.)

In Table 7, in addition to the orbital parameters of the brown
dwarf system, we also list the total mass estimates found in the lit-
erature together with our estimation which is consistent but slightly
lower than previous results.

During the referee process of this work Dupuy et al. (2010)
published a new set of values for the GJ569B system astrometry.
As the authors remark, there has been a recent revision by van
Leeuwen (2007) of the GJ569 Hipparcos parallax yielding a re-
vised distance of 9.65± 0.16 pc instead of previous estimates of
9.81±0.16 pc (Perryman et al. 1997); the impact of this new esti-
mate of the GJ569 system distance is shown as an additional entry
in Table 7. Dupuy et al. (2010) claim previous astrometric values
obtained with the Keck AO facility in Lane et al. (2001); Zapa-
tero Osorio et al. (2004); Simon et al. (2006) assumed a wrong
plate scale. The same situation happens for the HST value on 2002
June 26th (which is also considered in Zapatero Osorio et al.2005).
Dupuy et al. (2010) reanalyze both the astrometric data in Simon
et al. (2006) and the HST value on 2002 June 26th, and together
with new 5 data points from January 2008 until May 2010 a new
orbit is computed providing a mass estimate for the GJ569B sys-
tem of 0.140+0.009

−0.008 M⊙ . The comparison of the new orbit by Dupuy
et al. (2010) against previous orbits in the literature is shown in a
fraction of the orbit spanning the period April-June 2009 inFig. 9.

Table 6.Astrometry of the binary system GJ569Ba-Bb.

Teles- Separation PA
Date Ref. cope In fit (arcsec) (◦)

1999 Aug 29 (a) Keck Yes 0.101±0.001 46.8±3
2000 Feb 18 (b) Keck Yes 0.092±0.001 98.2±3
2000 Feb 25 (b) Keck Yes 0.090±0.001 100.4±2
2000 Jun 20 (b) Keck Yes 0.076±0.003 138.6±2
2000 Jul 4 (c) MMT No 0.078±0.003 148±3
2001 Mar 9 (c) SAO No 0.0896±0.0010 321±1
2001 Mar 10 (c) SAO No 0.0899±0.0010 320±1
2000 Aug 24 (b) Keck Yes 0.059±0.001 178.4±2
2001 Jan 9 (b) Keck Yes 0.073±0.002 291.4±2

2001 May 10 (b) Keck Yes 0.097±0.001 341.1±3
2001 Jun 28 (d) Keck Yes 0.1024±0.0012 352.6±2
2001 Sep 1 (d) Keck Yes 0.1033±0.0010 9.7±2
2002 Jun 26 (e) HST No 0.090±0.003 94.4±1.2
2003 Jul 11 (e) Subaru No 0.085±0.007 319.8±4.4
2004 Dec 24 (f) Keck Yes 0.0885±0.0048 111.3±1.2
2005 Feb 25 (f) Keck Yes 0.0798±0.0029 133.7±0.7
2008 Jan 16 (g) Keck No 0.0618±0.0007 272.5±1.4
2008 Jul 24 (h) NOT Yes 0.0981±0.0022 351.8±1.4
2009 Apr 29 (g) Keck No 0.1002±0.0006 66.5±0.6
2008 May 29 (g) Keck No 0.1005±0.0018 75.0±1.7
2009 Jun 4 (h) WHT Yes 0.0984±0.0011 78.2±0.6
2009 Jun 11 (i) Keck Yes 0.099±0.002 79.4±0.2
2010 Mar 22 (g) Keck No 0.0558±0.0003 206.5±1.1
2010 May 23 (g) Keck No 0.0599±0.0004 268.1±0.4

References:(a)Martín et al. (2000);(b)Lane et al. (2001);(c)Kenworthy et al.
(2001);(d)Zapatero Osorio et al. (2004);(e)Zapatero Osorio et al. (2005);
(f)Simon et al. (2006);(g)Dupuy et al. (2010);(h)This work; (i)Konopacky
et al. (2010)

Column “In Fit” flags the data points used in our orbital solution. Data
points flagged with NO correspond to new additions appeared during the
referee stage.

c© 2010 RAS, MNRAS000, 1–13



10 B. Femenía et al.

Table 7.Orbital Parameters of GJ569Bab.

Parameter Zapatero04(1) Simon06(2) Konopacky10(3) Dupuy10(4) This Paper

Semimajor axis, a (mas) 92±2(a) 90.4±0.7 90.8±0.8 95.6+1.1
−1.0 90.1±0.7

Eccentricity, e 0.32±0.01 0.312±0.007 0.310±0.006 0.316±0.005 0.317±0.010
Inclination, i (◦) 34±2 32.4±1.3 33.6±1.3 35.0±1.1 30.0±1.6
Periapsis argument,ω (◦) 257±2 256.7±1.7 77.4±1.7(b) 257.9±2.0 262.5±2.2
Ascending Node Longitude,Ω (◦) 321.5±2.0 321.3±2.2 144.8±1.9(b) 324.8±2.0 313±4
Period, P(days) 876±9 863.7±4.2 865.1±0.7 864.0±1.1 870±9
Total Mass, M(M⊙ )(c) 0.125±0.005 0.125±0.007 0.126±0.007 0.122±0.007
Total Mass, M(M⊙ )(d) 0.119±0.005 0.119±0.007 0.120±0.007 0.140+0.009

−0.008 0.116±0.007
Epoch, T(yrs)(e) 2000.758±0.008 2000.754±0.007 2003.150±0.005 2010.255±0.004
Epoch, T(yrs)(f) 2010.36±0.10 2010.22±0.05 2010.260±0.008 2010.255±0.004 2010.263±0.012

References:(1)Zapatero Osorio et al. (2004),(2)Simon et al. (2006),(3)Konopacky et al. (2010),(4)Dupuy et al. (2010)

Notes:
(a) In original paper quoted in AU. Converted to angular distance assuming GJ569 Hipparcos parallaxπ = 0.10191±0.00167 mas (Perryman et al. 1997).
(b) ω andΩ derived solely from astrometry results exhibit a 180◦degeneracy which is broken when using spectroscopic data (e.g. radial velocities) such as
in Zapatero Osorio et al. (2004), Simon et al. (2006) and Konopacky et al. (2010). However in the latter work there seems toappear again the degeneracy
which was broken in Zapatero Osorio et al. (2004). The reasonwhy such a degeneracy remains in Konopacky et al. (2010) is unknown to us.
(c) Total Mass derived using the GJ569A Hipparcos parallaxπ = 0.10191±0.00167 mas (Perryman et al. 1997) in original works by Zapatero Osorio et al.
(2004), Simon et al. (2006) and Konopacky et al. (2010).
(d) Total Mass computed with the revised Hipparcos parallaxπ = 0.10359±0.00172 mas (van Leeuwen 2007) as pointed out in Dupuy et al. (2010). The
total mass estimates in Zapatero Osorio et al. (2004), Simonet al. (2006) and Konopacky et al. (2010) scaled to the new parallax value.
(e) Epoch of periapsis appearing in original works.
(f) Epoch of periapsis propagated to fall within 2010 for the ease of comparison.

From theoretical models Dupuy et al. (2010) estimate the mass
fraction parameter to beq ≃ 0.87± 0.02, which agree very well
with observational results in Zapatero Osorio et al. (2004)and
(Konopacky et al. 2010). The new astrometric values in Dupuy
et al. (2010) have not been considered in our orbital solution.

5.4 Constraining the binary nature of GJ569Ba.

From radial velocities Zapatero Osorio et al. (2004) assignindi-
vidual masses of 0.071±0.011 M⊙ and 0.054±0.011 M⊙ for the
GJ569Ba and GJ569Bb components, respectively. This is consis-
tent with 0.073±0.008 M⊙ and 0.053±0.006 M⊙ by Konopacky
et al. (2010) from radial velocity measurements. However, upon the
discovery of the multiple nature of GJ569B by Martín et al. (2000),
the possibility of GJ569Ba binarity was discussed. The reason ar-
gued in Martín et al. (2000) was the failure of theoretical models
to fit the observational data with a single isochrone. The binary na-
ture of GJ569Ba was again suggested in Kenworthy et al. (2001) on
the basis of Bb being about half as bright as Ba while the GJ569B
spectrum was fitted by a single M8.5 component and without ev-
idence of reddening. Simon et al. (2006) gives further support to
the Ba binarity when accounting from their estimated mass ratio
q =MBb /MBa =0.19±0.13 as derived from their radial velocities.
Simon et al. (2006) suggest GJ569B is actually a triple system with
Baa, Bab (i.e. the two suggested components of Ba) and Bb with
nearly the same masses of around 0.04-0.05 M⊙ . How does such
a possibility fit into the larger collection of data since Simon et al.
(2006)?

(i) The flux ratio evolution with wavelength is not consistent
with a system of nearly three-equal mass objects. In such a case
the flux ratio should remain constant while its evolution from I-
band to L-band is clearly decreasing: 0.622± 0.017, 0.51± 0.02,
0.590± 0.023, 0.504± 0.015 and 0.49± 0.03 in I, J, H, K and L′

bands (the L′ measurement in Dupuy et al. 2010). This flux evo-
lution is, however, consistent with Ba and Bb exhibiting slightly

different radii (Ba larger than Bb) as suggested from theoretical
models of BDs for the assumed masses of Ba and Bb and a slightly
change in the effective temperature (Ba slightly hotter than Bb)
consistent with the assigned spectral types to Ba and Bb in Lane
et al. (2001). Notice also that the absence of a Li feature in the com-
bined spectrum of GJ569B in (Zapatero Osorio et al. 2005) plays
against the three-equal mass objects hypothesis: assumingthe high-
est mass estimate for the GJ569B system of 0.140+0.009

−0.008M⊙ (Dupuy
et al. 2010) would inevitably ensure the presence of Li features as
all objects would be below the 0.060 M⊙ threshold (Chabrier et al.
2000) but not such a feature was detected in Zapatero Osorio et al.
(2005).

(ii) The age of the GJ569B is still an open issue with Simon
et al. (2006) assigning a similar age to the Pleiades (∼ 120 Myr)
and the rest of estimates in the literature proposing ages inthe range
200-800 Myr. The (I-J) colors of 2.72±0.08 and 2.83±0.08 for the
Ba and Bb components, respectively, do not match with what is
expected from Pleiades objects with masses∼ 0.04−0.05 M⊙ in the
J vs. (I-J) Pleiades color-magnitude diagram in Bihain et al. (2006).
Note that the older the system the more inconsistent the measured
(I-J) colors of Ba and Bb with respect to masses as low as 0.04-
0.05 M⊙ . Note also that according to the the Lyon (Chabrier et al.
2000) and Tucson (Burrows et al. 1997) evolutionary models and
for ages older than 250 Myr, objects with masses in the range 0.04-
0.05 M⊙ should exhibit spectral types in the L and T domain which
is in contradiction with the M8.5-9.0 spectral types assigned to the
unresolved GJ569B and resolved Ba and Bb components.

However, there is still the possibility that Ba is composed
of two components, namely Baa and Bab, of different masses.
For the purpose of the following discussion on the restrictions
on the GJ569Ba binarity we assume the total mass estimate of
MTot = 0.140+0.009

−0.008 M⊙ in Dupuy et al. (2010) and a mass ra-
tio q = 0.80± 0.15 which lies midway and consistently between
the observedq values in in Zapatero Osorio et al. (2004) and
Konopacky et al. (2010), and the estimates by Dupuy et al. (2010)
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Figure 8. Compilation of astrometric data on the GJ569Bab pair with our points in red (see Table 6). Overplotted there are the different best-fit Keplerian
orbits for the GJ569 multiple system found in the literatureand derived in this work and whose orbital parameters are summarized in Table 7.

of 0.866+0.019
−0.014 and 0.886+0.021

−0.017 using the Lyon and Tucson evo-
lutinary models. With these MTot and q values we have MBa =

0.078±0.008 M⊙ and and MBb = 0.062±0.008 M⊙ . A close look
at the astrometric values reported in April-May 2009 by Dupuy
et al. (2010), by June 2009 in Konopacky et al. (2010) and in
this work are shown in Fig. 9, allowing us to place a constrainto
the combination of mass and orbit semi-axis of a possible compo-
nent Bab. From the above discussion we may safely assume thatif
GJ569Ba is binary then its most massive component must satisfy
0.060<MBaa /M⊙ < 0.086 and 06MBab /M⊙ < 0.018. Also, if Bab
exists it should be either very faint and orbit around Baa with a

semi-axis smaller than 0.5 AU (i.e. midpoint between Ba and Bb)
and, using MBa = 0.078±0.008 M⊙ , a possible orbital period T<
1.3 yr. The presence of Bab would induce a motion in the position
of GJ569Baa which would reflect itself as a wobble of the orbitof
GJ569Bb around the computed Keplerian orbits and with an ampli-
tudeα given by (e.g. Perryman 2000):

α =
MP

M⋆

a
d

(2)

where MP and M⋆ are the masses of GJ569Bab and GJ569Baa,
respectively, a is the Baa-Bab orbit semi-axis and d the distance
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Figure 9. Zoomed part of orbit showing orbit in period April-June 2009
together with orbits in the literature and predicted positions in orbit model
by Dupuy et al. (2010).

to GJ569 (i.e.d ∼ 10 pc). Examining in detail the deviation of ob-
served positions with respect to the Dupuy et al. (2010) orbit in the
two month period depicted in Fig. 9 we place an upper limitα <
2.2 mas with 1σ confidence level. Using MBaa< 0.086 M⊙ we ob-
tain the constrain a·MBab<1.93, with MBab in units of MJ (Jupiter
mass) and a in AU. On the other hand we have placed an upper
limit T< 1.3 yr on the period of Bab around of Baa. The resid-
ual rms of the observed positions on the period April 2009–May
2010 with respect the predicted positions allows to place anupper
limit α < 1.9 mas with 1σ confidence level and from here the con-
strain a·MBab <1.68. Adopting the former and more conservative
constrain and since the minimum separation between GJ569Baand
GJ569Bb is∼ 0.5 AU, the widest possible orbit of Bab around Baa
would be< 0.25 AU and we would have MBab . 8 MJ and the
closer Bab to Baa the higher the feasible value for MBab . Given
the range of masses under consideration and the distances between
Baa and Bab, radial velocities studies of GJ569Ba should be able
to shed further light into the existence of the Bab component.

6 CONCLUSIONS.

We have presented results showing the potential for high precision
astrometry, differential photometry and high contrast imaging us-
ing a Lucky Imaging instrument coupled to an adaptive-optics sys-
tem. Our results indicate that with 4-m class telescopes equipped
with a moderately low order adaptive optics system it is possible to
achieve angular resolutions better than 0.′′1 in the I-band. This is
comparable to what is achieved in the Ks band with the use of AO-
systems at 8-10 m class telescopes. This work is part of an effort

to determine the feasibility of a Lucky Imaging instrument to be
coupled on the future AO system at the GTC telescope (GTCAO)
and what the expectations in terms of high contrast imaging and
angular resolution should be expected from such a combination.

Our work has focused on the observation of the GJ569 system
which contains a benchmark brown dwarf binary. The application
of our LM PSF fitting technique to the GJ569 image obtained with
the WHT, where the GJ569B components are resolved, allows to
achieve high precision relative photometry (to a few millimagni-
tudes) and astrometry (to a few mas) thanks to the availability of
meaningful error bars associated to each pixel in the fitted image.

The potential for detection of faint companions has been ad-
dressed by looking at the 3σ detectability curves in Fig. 5. On the
images directly from the frame selection procedure, we distinguish
two regions in which the detectability behaves differently versus
increasing the percentage of images being employed. In regions
where the image is dominated by the wide swallow halo of the
primary PSF, the detectability is improved by restricting the per-
centage of images being employed since in that way there is more
energy in the core and less in the halo. At large distances from
the primary, the image is dominated by background/detector noise
and the detectability is improved by simply adding as many im-
ages as possible. On the wavelet-processed images, both in the in-
ner and outer regions, we only see a benefit on the increase of the
percentage of images used in the frame selection. With the wavelet-
processed images we observe a magnitude gain in the inner region
(1.7 magnitudes at 1′′with respect to the non-processed image) but
far away from the primary no net gain as those parts of the image
are dominated by background/detector noise.

We have measured a differential magnitude at I band between
GJ569Ba and GJ569Bb∆mBaBb= 0.622± 0.017. When used in
conjunction of∆mBaBb in the J, H and K bands by previous works,
fits well with the spectral determination of M8.5-M9 for the brown
dwarf binary derived in the near-infrared by Lane et al. (2001). Our
results inI -band and those inJ, H andK-bands in Lane et al. (2001)
clearly indicate that Ba is brighter than Bb. This together with the
I − J color favors a half subspectral class earlier for Ba than forBb
(see Fig. 6).

The astrometric quality achieved with FastCam allows to lo-
cate two new points on the GJ569Bb orbit around GJ569Ba. The
orbits in the literature and the one derived including our points do
not differ significantly and therefore the orbital parameters are in
perfect agreement with those previously published, although our
mass estimate of 0.116±0.007 M⊙ using the updated Hipparcos
parallax distance of 9.65±0.16 pc in van Leeuwen (2007). Our
mass estimate of the multiple GJ569B system is somewhat smaller,
but within error bars of previously published values exceptfor the
newly derived mass of 0.140+0.009

−0.008 M⊙ in Dupuy et al. (2010). Our
WHT data point on June 2009 falls within 1 sigma from the Dupuy
et al. (2010) orbital solutions and our own orbital solutionalthough
our NOT data point on July 2008 is more consistent with previ-
ous orbital solutions in Zapatero Osorio et al. (2004); Simon et al.
(2006); Konopacky et al. (2010). For a substantial refinement of the
orbital parameters it would be necessary to sample the wholeorbit
with similar uncertainties as those derived from our observation at
the WHT on June 2009.

The data available on the GJ569B system is consistent with a
primary of 0.081±0.010 M⊙ and a secondary of 0.059±0.007 M⊙ .
If Ba were a binary system then the Bab component would have a
mass< 0.018 M⊙ . A simple qualitative analysis on the deviations
from a Keplerian orbit allows to place an upper limit to the product
of mass and orbit semi-axis of this object.
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❛ ♣❡q✉❡ñ❛s s❡♣❛r❛❝✐♦♥❡s ❛♥❣✉❧❛r❡s✳

◆♦s ❤❡♠♦s ❝❡♥tr❛❞♦ ❡♥ ❧❛ t♦♠❛ ❞✐r❡❝t❛ ❞❡ ✐♠á❣❡♥❡s ❡♥ ❜❛♥❞❛ I ❞❡❧ s✐st❡♠❛✱

♣r❡✈✐❛♠❡♥t❡ ❞❡t❡❝t❛❞♦✱ ❞❡ ❡♥❛♥❛s ♠❛rr♦♥❡s ❍❉✶✸✵✾✹✽❇❈✱ ✐♥t❡♥t❛♥❞♦ r❡s♦❧✈❡r ❡s✲

♣❛❝✐❛❧♠❡♥t❡ ❡❧ s✐st❡♠❛ ▲✷✰▲✷✱ ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ ✉♥ ❜❛♥❝♦ ❞❡ ♣r✉❡❜❛s ♣❛r❛ ❧❛ ❞❡t❡r✲

♠✐♥❛❝✐ó♥ ❞❡ ♠❛s❛s ❞✐♥á♠✐❝❛s ❞❡ ♦❜❥❡t♦s s✉❜❡st❡❧❛r❡s✳

❯s❛♠♦s ❡❧ ✐♥str✉♠❡♥t♦ ❞❡ ✐♠❛❣❡♥ ❛❢♦rt✉♥❛❞❛ ❋❛st❈❛♠ ❡♥ ❡❧ t❡❧❡s❝♦♣✐♦ ◆ór❞✐✲

❝♦ ❞❡ 2′5♠ ♣❛r❛ ♦❜t❡♥❡r ✐♠á❣❡♥❡s ❝✉❛s✐ ❧✐♠✐t❛❞❛s ♣♦r ❞✐❢r❛❝❝✐ó♥ ❞❡ ❍❉✶✸✵✾✹✽ ❝♦♥

r❡s♦❧✉❝✐ó♥ ∼ 0′1
′′✳ ❈♦♥ ❡❧ ✜♥ ❞❡ ♠❡❥♦r❛r ❧❛ ❞❡t❡❝t❛❜✐❧✐❞❛❞ ❞❡ ❧❛ ❜✐♥❛r✐❛ ❞é❜✐❧ ❡♥ ❧❛s

♣r♦①✐♠✐❞❛❞❡s ❞❡ ✉♥❛ ❡str❡❧❧❛ ❜r✐❧❧❛♥t❡ ❞❡ t✐♣♦ s♦❧❛r ✭I = 5′19 ± 0′03✮✱ ❤❡♠♦s ✐♠♣❧❡✲

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

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

♣✉♥t✉❛❧❡s ❡♥ ❧❛s r❡❣✐♦♥❡s ❞♦♥❞❡ ❡❧ ❤❛❧♦ ♣r✐♠❛r✐♦ ❣❡♥❡r❛❧♠❡♥t❡ ❞♦♠✐♥❛✳

❍❡♠♦s ❞❡t❡❝t❛❞♦ ♣♦r ♣r✐♠❡r❛ ✈❡③ ❧❛ ❡♥❛♥❛ ♠❛rró♥ ❜✐♥❛r✐❛ ❍❉✶✸✵✾✹✽❇❈ ❡♥ ❧❛

❜❛♥❞❛ ✈✐s✐❜❧❡ I ❝♦♥ ✉♥❛ ❙◆❘∼ 9 ❛ 2′561
′′±0′007

′′ ✭46′5❯❆✮ ❞❡ ❍❉✶✸✵✾✹✽❆ ② ❝♦♥✲

✜r♠❛❞♦ ❡♥ ❞♦s ❜❛s❡s ❞❡ ❞❛t♦s ✐♥❞❡♣❡♥❞✐❡♥t❡s ✭✷✾ ❞❡ ♠❛②♦ ② ✷✺ ❞❡ ❥✉❧✐♦ ❞❡ ✷✵✵✽✮

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

◆♦ r❡s♦❧✈❡♠♦s ❧❛ ❜✐♥❛r✐❛✱ ❧♦ q✉❡ s❡ ♣✉❡❞❡ ❡①♣❧✐❝❛r ♠❡❞✐❛♥t❡ r❡s✉❧t❛❞♦s ❛str♦♠étr✐❝♦s

♣♦st❡r✐♦r❡s ❛ ♥✉❡str❛s ♦❜s❡r✈❛❝✐♦♥❡s✱ q✉❡ ♣r❡❞✐❝❡♥ ✉♥❛ s❡♣❛r❛❝✐ó♥ ♣♦r ❞❡❜❛❥♦ ❞❡ ❧❛

r❡s♦❧✉❝✐ó♥ ❞❡❧ t❡❧❡s❝♦♣✐♦✳ ❆❧❝❛♥③❛♠♦s ✉♥ ❝♦♥tr❛st❡ ❞❡ ∆I = 11′30±0′11 ❛ ❡st❛ ❞✐s✲

t❛♥❝✐❛✱ ② ❡st✐♠❛♠♦s ✉♥❛ ♠❛❣♥✐t✉❞ ❝♦♠❜✐♥❛❞❛ ♣❛r❛ ❡st❛ ❜✐♥❛r✐❛ ❞❡ I = 16′49± 0′11

② ✉♥ ❝♦❧♦r I − J ❞❡ 3′29 ± 0′13✳ ❆ 1′′✱ ❛❧❝❛♥③❛♠♦s ✉♥❛ ❞❡t❡❝t❛❜✐❧✐❞❛❞ 10′5♠❛❣ ♠ás
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❞é❜✐❧ q✉❡ ❧❛ ♣r✐♠❛r✐❛ ❞❡s♣✉és ❞❡❧ ♣♦st✲♣r♦❝❡s❛❞♦ ❞❡ ❧❛ ✐♠❛❣❡♥✳

❍❡♠♦s ♦❜t❡♥✐❞♦ ❧❛ ✈❛❧✐❞❛❝✐ó♥ ❡♥ ❡❧ ❝✐❡❧♦ ❞❡ ✉♥❛ té❝♥✐❝❛ ❜❛s❛❞❛ ❡♥ ✐♠á❣❡♥❡s s♣❡❝❦❧❡

② ♣♦st✲♣r♦❝❡s❛❞♦ ♠❡❞✐❛♥t❡ tr❛♥s❢♦r♠❛❞❛s ✇❛✈❡❧❡t q✉❡ ♠❡❥♦r❛ ❧❛s ❝❛♣❛❝✐❞❛❞❡s ❞❡ ❛❧t♦

❝♦♥tr❛st❡ ❞❡ ❧❛s ✐♠á❣❡♥❡s s♣❡❝❦❧❡✳ ❊❧ ❝♦❧♦r I − J ♠❡❞✐❞♦ ♣❛r❛ ❧❛ ❝♦♠♣❛ñ❡r❛ ❇❉ ❡s

❧✐❣ér❛♠❡♥t❡ ♠ás ❛③✉❧✱ ♣❡r♦ s✐❣✉❡ s✐❡♥❞♦ ❝♦❤❡r❡♥t❡ ❝♦♥ ❧♦ q✉❡ s❡ ❡♥❝✉❡♥tr❛ tí♣✐❝❛♠❡♥t❡

♣❛r❛ ❡♥❛♥❛s ▲✷ ✭∼3′4− 3′6✮✳
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ABSTRACT

Context. High-contrast imaging at optical wavelengths is limited by the modest correction of conventional near-IR optimized AO sys-
tems. We take advantage of new fast and low-readout-noise detectors to explore the potential of fast imaging coupled to post-
processing techniques to detect faint companions of stars at small angular separations.
Aims. We have focused on I-band direct imaging of the previously detected brown dwarf binary HD130948 BC, attempting to spa-
tially resolve the L2+L2 system considered as a benchmark for the determination of substellar objects dynamical masses.
Methods.We used the lucky-imaging instrument FastCam at the 2.5-m Nordic Telescope to obtain quasi diffraction-limited images of
HD130948 with ∼0.1�� resolution. In order to improve the detectability of the faint binary in the vicinity of a bright (I = 5.19 ± 0.03)
solar-type star, we implemented a post-processing technique based on wavelet transform filtering of the image, which allows us to
strongly enhance the presence of point-like sources in regions where the primary halo generally dominates.
Results.We detect for the first time the binary brown dwarf HD130948 BC in the optical band I with a SNR ∼ 9 at 2.561�� ± 0.007��

(46.5AU) from HD130948 A and confirm in two independent datasets (2008 May 29 and July 25) that the object is real, as opposed
to time-varying residual speckles. We do not resolve the binary, which can be explained by astrometric results posterior to our ob-
servations, which predict a separation below the telescope resolution. We reach a contrast of ΔI = 11.30 ± 0.11 at this distance, and
estimate a combined magnitude for this binary I = 16.49 ± 0.11 and a I − J color of 3.29 ± 0.13. At 1��, we reach a detectability
10.5 mag fainter than the primary after image post-processing.
Conclusions. We obtain on-sky validation of a technique based on speckle imaging and wavelet-transform post-processing, which
improves the high-contrast capabilities of speckle imaging. The I − J color measured for the BD companion is slightly bluer, but still
consistent with what is typically found for L2 dwarfs (∼3.4–3.6).

Key words. instrumentation: high angular resolution – methods: observational – techniques: image processing – binaries: close –
brown dwarfs – circumstellar matter

1. Introduction

A direct determination of dynamical masses of very low-mass
(VLM) objects is essential to calibrate the mass-luminosity re-
lationship. This is particularly relevant for understanding the
brown dwarfs (BDs) evolution. Dynamical masses can be deter-
mined by observing close multiple BD systems (Zapatero Osorio
et al. 2004; Bouy et al. 2004; Stassun et al. 2006; Dupuy et al.
2009). Brown dwarfs close binaries with orbital periods <∼10 yr
represent a valuable sample for a model-independentmass deter-
mination within a realistic time baseline. Observationally, this
requires to spatially resolve the binary, which also permits us
to obtain a direct measurement of the flux of each component.
Because BD systems are also detected as close companions
to bright main-sequence stars, another difficulty resides in the
strong contrast needed to detect them (cf. the case HR7672B
in Liu et al. 2002), on top of the detectability issue because
of their intrinsic low luminosity. So far, the sample of such

companion BD binaries is limited to a few (Burgasser et al.
2005), mostly characterized in the near-IR with the help of 8–
10 m class telescopes.

Optical data are necessary for a full characterization of the
spectral energy distribution, which is key to the determination
of effective temperatures and bolometric luminosity. In the visi-
ble domain, close binaries can be spatially resolved with speckle
imaging (Law et al. 2006a), a technique that delivers diffraction-
limited optical counterpart to AO-assisted infrared images. The
question of high contrast in speckle imaging has been inves-
tigated in the past by Boccaletti et al. (2001) using the “dark
speckles” method as an additional stage of cleaning to improve
the detectability of faint companions. Coupled to the adaptive
optics system ADONIS and a Lyot stellar coronograph, these au-
thors obtained K-band contrasts of 1.5−4.5× 10−3 (ΔmK ∼ 6−7)
at 0.5–0.9��.

In this paper, we have focused on the brown dwarf binary
HD130948BC, originally reported by Potter et al. (2002). As
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part of a restricted sample of BD binaries companion to a solar-
type star, HD 130948BC is a unique benchmark for the study of
the mass, luminosity, and age of L-type substellar objects. Lying
at ∼45 AU from HD130948A, the determination of the close
BD binary orbit based on infrared AO images permitted Dupuy
et al. (2009) to derive a total mass estimated as 0.109±0.03M�.
We intent to use speckle imaging techniques to conduct a first
optical ground-basedhigh-resolution study of this object in order
to extend its physical characterization to shorter wavelengths,
and at the same time using it as an observational testbench for
diffraction-limited imaging from the ground at visible wave-
lengths. Here, we report first I-band high-contrast speckle imag-
ing of the HD130948 system. The detection of the BD compan-
ion is improved through image post-processing. This emphasizes
how small to medium size telescopes can still be exploited for
high-angular and high-contrast imaging. In Sect. 2 we present
our observations and the data reduction procedure. In Sect. 3
we present our imaging, astrometric, and photometric results for
HD130948BC, briefly discussing our derived I − J color.

2. Observations and data reduction

2.1. Imaging

HD130948 was observed on the nights of 2008 May 29 and
July 25 with the FastCam instrument (Oscoz et al. 2008) in-
stalled at the 2.5-m Nordic Telescope (NOT) at the Roque de
los Muchachos Observatory, Spain. Observing conditions dur-
ing these nights were good with an average seeing of 0.5�� in the
I-band and clear weather. In brief, FastCam is an optical imager
based on a conventional low-noise CCD camera from Andor
Technology, which allows us to record speckle-featuring unsatu-
rated images at a rate of several tens of frames per second. Each
frame captures a different pattern introduced by the atmospheric
turbulence, where each speckle represents a diffraction-limited
image of the source of interest.

FastCam was installed on the Cassegrain focus of the NOT.
The pixel scale, determined from astrometric measurements in
the M 15 globular cluster, is estimated at 31.17±0.03mas/pixel.
The field-of-view accessible with the 512 × 512 CCD array is
16�� × 16��. The raw data acquired by FastCam are composed
of cubes of 1000 images each, with an individual integration
time of 10–50ms. A total of 100 cubes (i.e. 105 frames) and
50 cubes was acquired for HD130948 in the nights of July 25
and May 29, respectively, as well as flat and dark images for
standard image correction. After finding the brightest speckle in
each image of the cube, we can select an arbitrary percent of
images based on the brightest speckles sorted within the serie.
Hence, those frames with the highest concentration of energy in
a given speckle are selected. A subsequent shift-and-add process
of the previously selected frames produces an image where the
bright diffraction-limited core is surrounded by a fainter seeing
halo. This technique is also referred to as lucky imaging (Law
et al. 2006b). The resulting angular resolution then depends on
the percentage of selected frames and, among others, on the nat-
ural seeing during the night and the integration time for each
individual frame. The percent of selected frames results from
a trade-off between a sufficiently high integration time and a
good angular resolution. In our case, the individual integration
time and the percent of selected frames were fixed to 30ms and
30% respectively, leading to an effective total integration time of
900 s. Thus, FastCam delivered ∼0.1�� resolution images, close
to the diffraction-limit 1.22λ/D of 84 mas of the NOT at 0.8 µm.

As in any imaging system aiming at compensating the ef-
fect of the atmospheric turbulence, the presence of the seeing
halo in the images is a strong limitation to high-contrast capa-
bilities. Since we are unable with the current observational tech-
nique to artificially reduce the starlight contribution in a way
this can be done with a coronagraph, the flux contrast at a given
distance from the star is improved by applying an additional
post-processing stage to the image, which helps to suppress
most of the seeing halo, unveiling fainter sources in the imme-
diate vicinity of the star. We initially tried the classical solution
of PSF-reference subtraction. But the strong time-variability of
lucky-imaging PSF profiles at optical wavelengths prevents us
from applying an efficient subtraction that would improve the
detectability. Thus, we implemented a different approach based
on the post-processing of the shift-and-add images in order to
enhance particular spatial frequencies in the image. For this pur-
pose, we have tested different image filtering algorithms, which
are:
� the subtraction of a median box filtering.
� the implementation of a standard unsharp mask (i.e. I =
I − I ∗ g, where I is the input image, “∗” denotes convolution
and g is a Gaussian kernel.
� the implementation of the wavelet transform of the shift-and-
add image. All these algorithms, which are comparable to edge
enhancement techniques, allow us to suppress a continuous off-
set (e.g. sky background, detector bias...) or an extended and
diffused structure (e.g. a PSF halo) at a different spatial scale
than the object of interest, hence favoring the detection of fainter
point-like sources at higher spatial frequencies.
The best results were obtained with the unsharp mask filtering
and the wavelet decomposition. In their numerical implementa-
tion, those two algorithms are very similar, but the wavelet algo-
rithm gives the advantage of a multi-resolution approach. This
last solution was finally selected and applied to our two differ-
ent datasets of HD130948, and is described in more detail in
Appendix A.

2.2. Photometry

We used an absolute measurement of the HD130948A photom-
etry to derive the I magnitude of the companion from our im-
ages (see Sect. 3.4). In order to determine the I magnitude of
HD130948A, we carried out a dedicated photometric measure-
ment, obtaining I-band images of HD130948 on 2010 April 6
using the CAMELOT instrument mounted on the IAC80 tele-
scope. This optical camera consists of a 2k × 2k CCD detector
with a 0.304��/pix plate scale, providing a field of view of 10.4×
10.4 arcmin. The same I filter can be physically interchanged in
FastCam and CAMELOT and match the Johnson-Cousins sys-
tem. The spectral responses of each of the two detectors were ob-
tained from available technical data, and the differential effect on
a solar-type star spectrum was estimated to a residual magnitude
of 2.9 milli-magnitude.We observed a serie of 10 images with an
individual exposure time of 5 s. Raw data were reduced by rou-
tines within the IRAF environment. Bias-images were subtracted
using the overscan region and zero exposure time images, and
flat-field correction was applied with dome flats. We performed
aperture photometrywith routines from the DAOPHOT package.
We adopted an aperture of 5 FWHM (depending on the seeing
conditions, this number varies between 6.4�� to 8.7��) for our pho-
tometric standard stars from Landolt (1992). This is a standard
aperture recommended by several photometric manuals to avoid
contamination. Because the HD130948 images were defocused
to avoid saturation, we adopted a larger aperture (10 FWHM)
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Fig. 1. Upper-left: original H-band detection of HD 130948 BC in Potter et al. (2002). Upper-right: direct lucky-imaging image resulting from the
best 30% frames over a 105 serie. The white arrow indicates the anticipated position of the companion. The inset shows the core of the PSF on the
full intensity scale. Bottom-left: post-processed image from July 2008 revealing the BD binary companion, unresolved with the NOT at 0.8 µm.
Bottom-right: post-processed image from May 2008 obtained with 5 × 104 frames. All four images have the same size. North is up, East is left.
The effective total integration time to obtain the July image is 900 s.

and therefore, in order to correct for the difference, we estimated
the aperture correction from 5 to 10 FWHM with bright and
isolated Landolt standard stars. We obtained an aperture correc-
tion of 0.033 ± 0.005 mag, which was included in the photom-
etry of our target. Weather conditions during our observations
were photometric as assessed by observing photometric standard
through the whole night, while the average seeing ranged from
1.3 to 2��. In order to transform our instrumental magnitudes
into apparent magnitudes, we observed four different Landolt
standard star fields (each of them containing 3–6 standard stars)
and repeated them during the night. We obtained 14 different
images at 7 different pointings covering a range of airmasses
from 1.1 to 2.1. We perform a linear fit to our data to obtain the
zero points and the extinction coefficient, following the equation
i − I = a0 + k × airmass, where i and I are, respectively, the in-
strumental magnitude and the apparent magnitude of the Landolt
stars, a0 is the zero point, k is the extinction coefficient. We ob-
tained a0 = 2.68± 0.019 (zmag = 25) and k = 0.17± 0.013. The
error bars in the calibration were obtained from the estimated
errors of the coefficients in the linear fit. Eventually, our correc-
tion from instrumental to apparent magnitudes for HD130948
was finally i − I = 2.860 ± 0.032 (−0.033 ± 0.005 aperture cor-
rection ) = 2.827 ± 0.032. The final error bar includes both the
error in the calibration and in the instrumental magnitude.

3. Results

3.1. Detection of the BD companion

The panels of Fig. 1 show the imaging results from our obser-
vations. In the upper-left corner we display the original detec-
tion by Potter et al. (2002), in which the brown dwarf binary is
resolved in the H-band with the 8-m Gemini-North telescope.
The upper-right corner shows the direct shift-and-add image of
HD130948 obtained with the data of July 25. In all the images,
North is up, East is left. The FastCam images have been rotated
by 90◦ with respect to the original position of the detector on sky.
The average full-width-at-half-maximum (FWHM) is 131 mas,
with a slight elongation toward the east (148 mas) against the
north (114 mas). We attribute this effect to atmospheric disper-
sion because no ADC (atmospheric dispersion compensator) is
available in the current FastCam+NOT configuration. The white
arrow indicates the expected position of the BD companion with
respect to HD130948A, while the inset shows the core of the
PSF on a different intensity scale.

The bottom part of Fig. 1 shows the HD130948 system ob-
served in July (left) and May 2008 (right) after the image fil-
tering step. The brown dwarf is detected with a signal-to-noise
ratio (SNR) ∼ 9 and an average FWHM ∼ 110 mas, at a posi-
tion very consistent with earlier image (see next section). The
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BD binary HD130948B – HD130948C is unresolved in our
image. According to the orbital solution derived by Dupuy et al.
(2009), the BD separation at epoch 2008.56 is estimated to be
30mas, which is below the theoretical diffraction-limit resolu-
tion of the NOT. The physical separation at the same epoch
is 0.63AU assuming d = 18.17 pc given by the same au-
thors. Because the filtering process leaves speckles in the image
that may mimic the presence of a companion, the detection is
doubled-checked with a procedure that splits the 100 cubes of
the July dataset into three separate datasets, which undergo the
same post-processing step. In this way, speckle features simply
resulting from the image processing are unlike to be repeated
in the different sub-images, while a real companion remains de-
tectable, although with a lower SNR. In our particular case, we
also benefit from the additional dataset of May 29 (50 cubes),
in which HD130948BC is searched for. In both cases, the BD
companion binary is detected at the same location with respect
to the G2V star. In the following part of this paper, the shift-and-
add image of the best 30% selected frames and the filtered image
will be referred as Image 1 and Image 2 respectively.

3.2. Detectability and contrast curve

In Fig. 2 we present the the 3-σ detectability curve as a func-
tion of the distance to the central star for Image1 and Image2.
These curves were obtained by estimating in the corresponding
images the radial standard deviation profile in a 9×9 pixels slip-
ping box averaged in azimuth over 22 angular positions in clean
areas of the image (i.e. not affected by the vertical and horizon-
tal spikes visible in Fig. 1) and separated by 5◦. The gain is
on the order of 2 mag when implementing the post-processing
step. This result, interpreted in the perspective of the images of
Fig. 1, suggests that the presence of the bright PSF halo in the
direct image significantly contributes to the background noise
at various spatial frequencies, degrading the detectability of a
faint companion. On the contrary, in the filtered image the back-
ground noise associated to the bright halo is mostly filtered out
around the spatial frequency constrained by the wavelet kernel.
In other words, the wavelet filtering step strongly improves the
signal-to-noise ratio of the object detection in absence of any
external hardware system aiming at reducing the PSF halo (e.g.
with a coronograph). In Fig. 2 we added a point showing the
detection of HD130948BC (see next section for contrast esti-
mation), which helps to better perceive the gain set by the post-
processing step.

3.3. Astrometry

To determine the separation between the primary and the BD bi-
nary, we first used the photo-center of Image 1 (or barycenter
in a 15 × 15 pixels aperture centered on the primary) as the
astrometric reference because we benefitted from an excellent
signal-to-noise in the unsaturated image of the primary. The
position of the photo-center coincides with the brightest pixel
within 0.09 pixels. The same result was obtained using a two-
dimensional Gaussian fit of the primary PSF, which is explained
by the high SNR obtained on this bright object. On the con-
trary, we only implemented the Gaussian fit technique to de-
termine the position of the faint companion in the filtered im-
age, which proved to be more accurate than the photo-center
technique for lower SNR. We first checked by simulating sev-
eral artificial companions at similar distance and with compa-
rable brightness to HD130948BC that the presence of such a
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Fig. 2. 3-σ detectability curve estimated in the two cases of Image 1
(dashed line) and Image 2 (continuous line). These data were obtained
with 100 cubes and a 30% best-frames selection per cube. The filled
triangle shows the position of HD130948 C (see text for details).

faint companion has negligible impact on the position of the
primary photo-center. We also verified that the position of the
faint companion in the filtered image (Image 2) is possibly al-
tered by the process of spatial filtering by less than 0.2 pixels
(or 0.007��) in average. The advantage of measuring the BD po-
sition in the filtered image is to benefit from an enhanced de-
tection, removing the limitation of a poor signal-to-noise ratio.
The two-dimensional Gaussian fit provided an estimate of the
relative positions of the two components of 2.561�� ± 0.007�� at
epoch 2008.56 (46.5AU at 18.17 pc), slightly closer compared
to the separation of 2.64�� ± 0.01�� at epoch 2001.15 found by
Potter et al. (2002). The relative orientation of HD130948BC
with respect to the primary is PA = 102.7◦ ± 0.15◦, to be
compared with PA = 104.5◦ ± 0.5◦ found by the previous au-
thors. Assuming the distance revised by Dupuy et al. (2009) to
d = 18.17 ± 0.11 pc, these measurements may indicate an or-
bital motion around the primary, with a projected physical sepa-
ration decreased by 1.43±0.22AU in 7.4 yr and a PA change by
1.8◦±0.55◦ in the same period. These values are also agree with
the astrometric data provided by Geißler et al. (2008) in their
mid-infrared observation of the HD130948 system at epoch
2006.51. This change corresponds to an approximate orbital ve-
locity projected onto the sky of ∼1 km s−1, to be compared with
an unprojected orbital velocity of ∼4.6 km s−1 assuming a cir-
cular orbit of radius 46.5 AU and a stellar mass of 1.11 M� for
HD130948A. The position of the object has been also measured
in the image from the May observations. Although the estimate
is less precise (±0.015�� and±0.3◦), we find consistent values be-
tween the two epochs with 2.56�� and 102.5◦ at epoch 2008.41.

3.4. Photometry of HD 130948 BC

The photometry of the BD companion is extrapolated as
a relative measurement to the primary, which is described
in Sect. 2.2. From the data obtained with the CAMELOT
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Fig. 3. Evaluation of the impact of the image post-processing on the
peak value of a nearby companion. The solid curve with error bars
shows, in the y-axis, the experimental mean and rms values of the mea-
sured peak contrast after image post-processed for various simulated
companions contrast at a distance comparable to HD130948 BC as an
input. The x-axis shows the input pre-determined model contrast. The
dash line is the y = x curve and represents for comparison the contrast
values ideally unaffected by the post-processing stage.

instrument, we measured the I-band magnitude of HD130948A
to be 5.19 ± 0.03.

The estimate of the contrast between HD130948 and the
BD companionwas obtained by relative comparisonwith a set of
25 fake companions simulated with comparable separation and
brightness in an image model. We compared the peak values of
the companions and the fluxes summed in a small aperture of
3-pixels in radius.

In order to evaluate the effect of the image post-processing
on the BD peak value, the contrast of the fake companions in the
image model is spanned over 50 values ranging from 5× 10−4 to
10−5. Each of these 50 models is convolved with our observed
PSF of HD130948 (Image1) and then filtered, which permits
us to directly compare the peak values between the synthesized
companion and the original detection in the processed image.
The significance of this approach is justified by the small width
of the field-of-view (±3��), which is within the typical isopla-
natic patch. As a consequence, the speckle pattern in the raw
short-exposure is not expected to show significant spatial vari-
ations within ±3��, with comparable implications on the PSF of
Image1. Hence, for each contrast value in the image model, we
benefit from 25 independent experimental contrasts, from which
mean and rms values are extracted. The statistical dispersion ex-
press possible PSF distortion effects in the field-of-view affect-
ing the peak value of the companions (see Fig. 3). From this em-
pirical relationship, the contrast of HD130948BC is estimated
by interpolation to the measured peak value. As a second ap-
proach we also applied the reverse reasoning, which consists
in tuning the fake companion contrasts to an arbitrary preci-
sion in the image model to match the experimental peak value
of HD13948BC in the post-processed image. We then derived a
new estimate of the mean contrast and corresponding dispersion.
Eventually, we applied the same procedures using as input mea-
surements the fluxes summed in the aperture described above.

We are provided in the end with four different estimates of
HD130948BC contrast with a conservative value of 3.0 ± 0.3 ×
10−5 (ΔI = 11.30 ± 0.11) with respect to the I = 5.19 pri-
mary. Note that the peak value method provides a better accuracy
(±0.21 × 10−5) than the aperture photometry (±0.32 × 10−5), in
part because in the last case we do not weigh the contribution of
each aperture pixel in the way this can be done with optimal ex-
traction techniques. The conversion into magnitudes results into
an unresolved BD magnitude I = 16.49± 0.11 (or I = 17.24 per
component assuming equal brightness for the two components).
The combined MKO photometry of the BD from Dupuy et al.
(2009) results in the J = 13.2 ± 0.08 magnitude, leading to a
color index I − J = 3.29 ± 0.13 for the unresolved binary. We
also verified that the possible elongation by ∼30 mas of the unre-
solved binary has a negligible effect (�5 milli-mag) on the mea-
sured photometry.

4. Discussion

4.1. Prospects for the technique

We applied the wavelet-filtering step to images that do not bene-
fit from AO-assisted or coronographic techniques. We anticipate
that the assistance of at least a moderate AO correction able to
reduce the halo contribution would improve the achievable con-
trast at shorter radii in comparison to what we have obtained
so far. Hence, we plan to further explore the potential of our
approach with observations using the 4.2-m WHT and its AO-
system NAOMI. A fundamental aspect we investigated here to
illustrate the potential of the technique is the expected sensitivity
limit as a function of the distance to the central star. We selected
reasonably clean regions (i.e. unaffected by optical artefacts) of
20 × 20 pixels distributed over more than 10 azimuthal posi-
tions, centered at 3��, 2��, 1��, respectively, from the center of
Image 2. We then estimated an average of the spatial standard
deviation as a function of the number of co-added cubes. The
result is illustrated in Fig. 4 with the evolution of normalized
SNR as a function of the number of co-added cubes. The bottom
plot shows a regular increase of the normalized SNR following
a N−0.4 power law, where N is the number of co-added cubes.
Closer to the star, the plots at 2�� and 1�� obtained with the cur-
rent data indicate that a relatively high SNR is quickly obtained
already after ∼10 cubes, while only slowly increasing afterwards
compared to the 3��. Although it is difficult to derive a clear and
decisive trend with the current data alone, these plots together
with the filtered images presented in this work suggest that as
close as 1��–2�� the sensitivity is limited by residual speckles,
which dominate the image as for traditional AO. Hence, increas-
ing the number of cubes under this regime does not provide a
significant gain. This effect should become limited to smaller
separation with telescopes larger than the 2.5-m NOT. The small
drop in the top plot of Fig. 4 around N = 35 is possibly caused
by an unexpected increase of the speckle noise contribution in
the corresponding images. Because it is increasingly dominated
by speckle noise at short distance from the star, a further study
of the speckle pattern statistics would be required, which is not
an objective of the current paper though.

4.2. Color

We placed our color measurement in the context of L-type brown
dwarfs available photometry (Liebert &Gizis 2006). In Fig. 5 we
reproduce a plot fromLiebert &Gizis (2006) giving the Ic−JMKO
color versus spectral type for a sample of late M and L dwarfs,
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Fig. 4. Normalized SNR as a function of the number of co-added cubes
used for the final post-processed image. The curves were obtained by
computing the spatial rms in a 20× 20 pixels box at 3�� , 2�� and 1�� from
the primary. Recall that in the present data one cube is composed of
1000 images with 30ms exposure from which the 30% “best” (bright-
est speckle) images are selected. We overplotted the power-law that best
reproduce the experimental data for 3�� separation, namely a N−0.4 law
(dotted line). The x-axis starts at value 0, and each sub-interval repre-
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Fig. 5. Ic − JMKO color versus spectral type reproduced from Liebert
& Gizis (2006) for late M and L dwarfs. Spectral types 5 to 15 corre-
sponds toM5 to L5. Error bars in the photometry represent the measure-
ment dispersion (rms). Our measurement at the 1-σ confidence level of
HD130948 BC color is shown as open circle.

after conversion from the 2MASS to the MKO photometric sys-
tem. Our first measurement of the integrated Ic magnitude of the
HD130948 BD companion allows us to compare it with existing
data. We assume for HD130948BC a spectral type L2 ± 2 in-
ferred by near-infrared spectroscopy by Potter et al. (2002). The

I− J color mean and dispersion in the estimated spectral type in-
terval for the Liebert & Gizis (2006) sample equal 3.58 ± 0.17.
Within the ±2 sub-class uncertainty, the given sample shows
only one L dwarfs over 21 objects with bluer color (I− J = 3.19)
than HD130948BC, and classified L0. Hence, this suggests that
our object clearly lies in the blue region of the color distribu-
tion for this spectral range. This trend becomes even stronger if
we place our measurement in the context of the work by Goto
et al. (2002), who classified HD130948BC as L4 ± 1. A simi-
lar behavior is also found when placing our color measurement
in the I − J versus spectral type plots in Dahn et al. (2002) and
Bihain et al. (2010), where typical colors ∼3.4–3.6 are found for
L2 dwarfs. The field dwarf 2MASSWJ1841086+311727 (L4-
type, Ic − J ≈ 3.2, not plotted in Fig. 5) is another known case
of spectroscopically reported as an L4 dwarf, although it appears
too blue even for an early L (Kirkpatrick et al. 2000). Eventually,
our BD object was placed in the J − K versus I − J plot of
Liebert & Gizis (2006) using J − K ∼ 1.6 measured by Dupuy
et al. (2009). In this plot, HD 130948BC appears consistent with
an L2 spectral type, although it lies slightly off the bulk of the
L2 BD distribution, suggesting that the object may be peculiar
in that diagram as well. Considering this trend, we intend to pro-
vide some qualitative explanations to the relative blue color of
our object, keeping in mind that further observations would cer-
tainly help investigating them.

As suggested by Marley et al. (2002), a possible reason is
that for late L dwarfs, the shorter wavelength bands are in-
fluenced more by the wings of potassium and other alkali gas
opacities.

Also, the metallicity of HD130948 was measured by Valenti
& Fischer (2005) to Fe/H = 0.050 ± 0.030, i.e. solar metallicity,
thus presumably the same value can apply to the BD companion.
L-type objects in the Pleiades, with metallicity comparable to the
Sun, do not present any remarkable bluer I − J colors (Bihain
et al. 2010), hence metallicity can probably be ruled out as a
cause of the observed effect.

Low surface gravity could also result in a bluer I − J color
owing to a weaker potassium line (Kirkpatrick et al. 2008).
Because our measured I − J color for HD130948 is slightly
smaller than the average I−J color in the ∼120Myr Pleiades (cf.
Fig. 5 in Bihain et al. 2010), we may have an indication for an
even younger age of HD130948 in comparison to the 0.1–1 Gyr
range of age proposed by Dupuy et al. (2009). Also, weather-
like phenomena in the BD atmosphere (Bailer-Jones & Mundt
1999; Goldman et al. 2008) could cause flux time-variability re-
sulting in a higher dispersion of the I − J color. This case may
be explored with repeated monitoring observations of the ob-
ject, which could be possibly conducted using the observational
technique investigated here. Alternatively, stable differences in
the surface cloud coverage or in the atmosphere dust properties
could alter the measured I − J index.

An additional hypothesis, related to dust in the neighborhood
of HD130948BC system, could be formulated as the effect of
stellar radiation scattered by a residual of dusty disk around the
BD companion, with an increased efficiency of the phenomenon
toward optical wavelengths (Kalas et al. 2007). Using model-
ing tools such as the debris disk radiative transfer simulator1

(DDS, Wolf & Hillenbrand 2005), we were able to assess that a
small-size “circum-brown dwarf” disk, with a ∼10−7 M⊕ mass
and composed of small (∼0.2 µm) grains confined in an ∼2 AU
region in radius around the BC companion, would produce a
I − J variation of ∼0.2 mag towards bluer colors. However, the

1 www1.astrophysik.uni-kiel.de/dds/
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effective extent and geometry of such a disk can clearly not be
constrained with these current data. More analytical and obser-
vational tests (e.g. focusing on searches for small mid-IR ex-
cess for this object) should indicate if such a compact dusty
disk would survive in a relatively old multiple system, and how
the binary nature of HD130948BC, with a ∼2.2AU semi-major
axis (Dupuy et al. 2009), or even the interaction with the pri-
mary would dynamical sculpt the dust distribution into a circum-
(substellar)binary (Artymowicz & Lubow 1994) and/or circum-
(sub)stellar (Mathieu 2007) component. Note that whether this
hypothesis is plausible or not the presence of a disk would not
be uncommon in substellar objects (Zapatero Osorio et al. 2007;
Luhman et al. 2009).

5. Conclusions

This work addresses the question of high contrast in optical
speckle imaging in the context of substellar objects, in a spec-
tral domain where conventional AO systems present modest per-
formances for long-exposure imaging. We show that the lucky-
imaging approach has a significant potential to detect faint and
close companions to bright stars, which can be improved with an
additional stage of post-processing based on the image wavelet
transform. We successfully applied this approach for the first
time to the system HD130948 with a clear detection in the Ic
filter of the BD binary companion HD130948BC at ∼2.5�� us-
ing the 2.5-m NOT telescope, and without any coronographic
system. The BD companion is spatially unresolved because of a
too small physical separation (30mas) at the time of our obser-
vations, which is below the telescope resolution at this wave-
length. The relative contrast at this distance is estimated to
ΔI = 11.30 (∼3.0 × 10−5). At 1��, the point-source detectability
is estimated at ΔI ∼ 10 in the neighborhood of a bright star like
HD130948A, making the proposed approach a powerful tech-
nique to obtain high-resolution and high-contrast photometry
even with small class telescopes. Considering these results, we
hopefully plan a positive extension of this approach to larger and
AO-assisted medium class telescopes (Law et al. 2009) or even-
tually to coronographic imaging system. Alternatives to substel-
lar programs could also be considered for science cases where
optical imaging is an asset, as for instance for the search for
white dwarf companions to bright stars.
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Appendix A: Comparison and details of different

image processing algorithms

We employed three different algorithms to enhance the detection
of HD130948BC. For all three options, the filters are applied
recursively in order to improve the companion detection (∼3 it-
erations, see below). These algorithms are:

� a median box filter, I = I-median(I, N), where N is the
size of the median box filter, followed by a convolution with
Gaussian kernel to filter out pixel noise;

� an unsharp mask filter, I = I − I ∗ g, where g is a Gaussian
kernel, followed by pixel noise filtering;

Fig. A.1. Effect of the recursivity in the image filtering process. This
series shows our resulting filtered image of the HD 130948 system after
one (left), two (center) and three (right) iterations of the wavelet algo-
rithm used in this case.

� a wavelet mask filter resulting from the wavelet transform
of the image. As a multi-resolution decomposition of the
original image, this transform provides a set of filtered im-
ages from which can be selected the best trade-off be-
tween the spatial resolution and the SNR. The basic al-
gorithm used in this work is largely inspired from the
wavelet “à trous” procedure written in C/Yorick language and
part of the Yeti package (see www-obs.univ-lyon1.fr/
labo/perso/eric.thiebaut/yeti.html). We apply to
the dataset a the function WT(a, ORDER), where WT is the
wavelet transform described hereafter in the one-dimensional
case and extendable to the two-dimensional images for our
work. The parameter ORDER gives the maximum degree of
decomposition in the multi-resolution analysis. Below, i is
the intermediate decomposition degree (also called order) and
1 � i � ORDER+1. By applying the operation b = WT(a,
ORDER), b becomes a cube of images of the same size as a
and with its third dimension equal to ORDER+1, as explained
hereafter. The image bi of intermediate order i is given by

a1 = a (A.1)

bi = ai − ai+1 (A.2)

ai+1 = T (ai, SCALE = 2
i−1). (A.3)

T is a convolution operation by

ai+1(p) =
�

−W� j�W

k( j +W + 1) × ai(p + j × SCALE), (A.4)

where SCALE = 2i−1. Integer p is the pixel number in the
image, “SCALE” and W are the scaling factor and the half-
size of the wavelet kernel k respectively (i.e. k has a length
of 2 ×W + 1 pixels in the one-dimensional case). From cube
b we selected one filtered image at the optimal order, which
represents the best trade-off between the necessary spatial res-
olution to detect the companion and a good SNR. If required,
the selected filtered image becomes the input image a and the
filtering process is run recursively, keeping the same value of
the ORDER parameter and eventually selecting the same op-
timal intermediate order. The reason why this process is run
recursively – or iteratively – is to achieve a higher level of
suppression of remaining “low spatial frequency structures”
in the image, as illustrated in the sequence of Fig. A.1. We
verified empirically that there is generally no significant gain
after a maximum of three iterations.

The wavelet kernel is support-limited and was empirically opti-
mized for this work to a 5 × 5 pixels square (i.e. W = 2) with
a two-dimensional distribution given by [[1, 1, 1, 1, 1], [1, 3, 3,
3, 1], [1, 3, 8, 3, 1], [1, 3, 3, 3, 1], [1, 1, 1, 1, 1]].

In order to evaluate the effects of each algorithm, we created
10 fake companions with similar properties to HD130948BC
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Fig. A.2. Comparison of the different algorithms used here. The in-
tensity scale was optimized to detect the fake companions. Ten indi-
vidual companions have been simulated for the tests. Only five are
displayed here. All presented images have undergone three iterations
of the tested filtering algorithms. Left: wavelet algorithm used in this
work. Upper-middle: 20 × 20 pixels Gaussian kernel filtering followed
by 3 × 3 Gaussian smoothing to remove pixel noise. Lower-middle:
5 × 5 pixels Gaussian kernel filtering followed by 3 × 3 Gaussian
smoothing to remove pixel noise. Upper-right: 20 × 20 pixels median
filtering followed by 3 × 3 Gaussian smoothing to remove pixel noise.
Lower-right: 5 × 5 pixels median filtering followed by 3 × 3 Gaussian
smoothing to remove pixel noise.

and radially distributed around HD130948A. As an additional
test, this permitted us to discard possible algorithm artefacts that
would have led to a false detection of HD130948BC.

The imaging results are shown in Fig. A.2. We initially
implemented the two first algorithms using a kernel with a
FWHM of 4–5 times the original PSF FWHM. In both cases this
led to an excessive smoothing of the image preventing us from
detecting all of the companions and in particular HD 130948BC
(see Fig. A.2, upper-middle and upper-right panel). Reducing
the convolution kernel to a size comparable with the PSF FWHM

significantly improved the result, although the median box filter
does not reach a satisfactory level. On the contrary, the iterative
unsharp mask filtering using a smaller kernel permits us to de-
tect all companions, included HD130948BC. This suggests that
apart from the multi-resolution decomposition – which is useful
to identify a close-to optimal kernel size – unsharp mask filter-
ing is almost identical in terms of point-like source detectability
to the wavelet filtering algorithm described above.
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ABSTRACT
We present high-resolution I-band imaging of the core of the globular cluster M15
obtained at the 2.5 m Nordic Optical Telescope with FastCam, a low readout noise
L3CCD based instrument. Short exposure times (30 ms) were used to record 200000
images (512 x 512 pixels each) over a period of 2 hours 43 min. The lucky imag-
ing technique was then applied to generate a final image of the cluster centre with
FWHM∼ 0′′.1 and 13′′ × 13′′ FoV. We obtained a catalogue of objects in this re-
gion with a limiting magnitude of I = 19.5. I-band photometry and astrometry are
reported for 1181 stars. This is the deepest I-band observation of the M15 core at
this spatial resolution. Simulations show that crowding is limiting the completeness of
the catalogue. At shorter wavelengths, a similar number of objects has been reported
using HST/WFPC observations of the same field. The cross-match with the available
HST catalogues allowed us to produce colour-magnitude diagrams where we identify
new Blue Straggler star candidates and previously known stars of this class.

Key words: globular cluster: individual (M15) – instrumentation: high angular res-
olution – techniques: photometry – stars: blue stragglers – stars: variables: RR Lyrae
– stars: variables: Cepheids – stars: binaries: close

1 INTRODUCTION

The cores of globular clusters contain a very dense stellar
population reaching up to 106 stars pc−3. They are test
laboratories for studying the dynamics in dense environ-
ments and provide crucial information on the evolution of
the cluster. Encounters and direct collisions between core
cluster stars are highly probable leading to a variety of ex-
otic species of stellar objects such as close interacting bina-
ries, pulsars, x-ray sources and Blue Stragglers (BS). The
globular cluster cores are also potential hosts of intermedi-
ate mass black holes (McNamara et al. (2003)), which may
be revealed by the dynamics of the stars in their very inner
regions. Resolving the core stellar population is required to
establish the existence and determine the mass of any cen-
tral compact object. Studies of the stellar populations in
the globular cluster most inner regions have been conducted

⋆ E-mail: andiaz@upct.es

in the optical using the Hubble Space Telescope (see e.g.
Yanny et al. (1994), Guhathakurta et al. (1996)) and in the
near infrared using Adaptive Optics systems in ground based
telescopes (see e.g. Davidge & Courteau (1999)).

M15 is one of the oldest and most massive globular clus-
ters with an unusually compact core and a high central ve-
locity dispersion (McNamara et al. (2003)). This cluster is
particularly suitable to investigate the presence of a massive
central compact object. High-resolution observations of the
M15 core have already been obtained by Yanny et al. (1994)
with the HST/PC camera with the filters F336W, F555W
and F785LP (UV I bands) and by Ferraro & Paresce (1993)
using F140W, F220W and F342W filters and the HST/FOC
camera. These early data were taken with aberrated optics
and it was difficult to perform accurate photometry of the
core stars. After post-repair HST took images of the core
with the HST/WFPC2 with the filters F336W, F439W and
F555W (UBV bands) (Guhathakurta et al. (1996)), and
more data in the V band were reported by McNamara et al.
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(2003). High resolution optical images using adaptive optics
in the Canada-France-Hawaii Telescope have been reported
by Gebhardt et al. (2000). Piotto et al. (2002) and van der
Marel et al. (2002) also performed independent photometry
of the data taken by Guhathakurta et al. (1996) and in par-
ticular, the catalogue by Piotto et al. (2002) has been used
to study Blue Straggler stars by Moretti et al. (2008). The
inner region of M15 has been studied more recently using
deep FUV F140LP and NUV F220W images obtained with
the HST/ACS camera (Dieball et al. (2007)) which show
the presence of horizontal branch stars, blue stragglers and
white dwarfs.

The development of fast readout very low noise L3CCD
detectors has opened the possibility of obtaining high-
resolution images of the cores of globular clusters using
ground based telescopes and the lucky imaging technique
(Law et al. (2006)). Here we present lucky imaging observa-
tions in the I-band of the core of the globular cluster M15
obtained with FastCam (Oscoz et al. (2008)) at the 2.5m
Nordic Optical Telescope. We report I-band photometry for
1181 sources in a radius of ∼ 6.5 arcsec from the centre
of M15 and compare with available stellar catalogues from
HST. We find that the lucky imaging technique provides re-
liable photometric measurements for stars in crowded fields.
We take advantage of this technique to study known variable
stars and to search for new objects in the core. The same
instrument was used recently to obtain high contrast opti-
cal imaging of substellar companions (Labadie et al. (2011))
and combined with adaptive optics to produce high precision
astrometry of a brown dwarf binary (Femeńıa et al. (2011)).

2 OBSERVATIONS AND DATA REDUCTION

Observations were obtained on the night of 2008 July 25
with the FastCam instrument on the 2.5-m Nordic Optical
Telescope using the I-band filter (820 nm) which matches
the Johnson-Bessell system. FastCam was equipped with a
512 x 512 pixels L3CCD from Andor Technology. The optics
was designed to provide a spatial scale of about 30 mas/pixel
which was later determined accurately via comparison with
available HST astrometry for M15 stars and using visual bi-
naries from the Washington double star catalogue (Mason
et al. (2001)). We pointed the telescope to the centre of M15
(R.A.= 21h29m58s.3 and Dec= 12◦10′1′′) and collected 200
series (“cubes”) of 1000 images each with individual expo-
sures of 30 ms. These 200000 images were obtained during 2
hours 43 min of real observing time. The average seeing dur-
ing this observing period was ∼ 0.65 arcsec as measured in
the final I-band image (combining all of the I-band images
without applying the shift-and-add algorithm).

We made the raw data reduction in two steps. First, we
selected the best 70 images of each cube (7% of the total) as
follows. We defined a circular region on the first image of a
cube with a 45 pixels diameter ( 1”.3), centred in the bright-
est star (ID 6290 in reference van der Marel et al. (2002),
it is marked with a yellow circle on the left panel of fig-
ure 1) near the centre of the field. This star was always the
brightest available within this circular region. We checked
that in all the images the reference star was present within
this region. Then we identified the brightest pixel within this
region for each image. We selected the 70 images with the

highest values of the brightest pixel (i.e. 7 % of the total).
We determined the position of the brightest pixels and ap-
plied a shift-and-add algorithm to these selected images and
generated one final image per cube. Our shift-and-add algo-
rithm employs integral pixel shifts (sub-pixel shifts provide
a slight improvement of order 5 % of the FWHM of the final
image with respect the case of integer shifts). In this way,
we obtained 200 images with an effective integration time of
2.1 s each. This procedure was carried out for different per-
cent criteria and found that the best compromise between
sensitivity and spatial resolution was achieved by selecting a
fraction of images in the range 5-10%, therefore we adopted
the 7% criterion.

As a second step we took a reference image from these
200 images and defined a new circular region of 45 pixels of
diameter centred in the previous bright star. Those images
where the selected bright star was out of this region were
ruled out in order to avoid too large shifts for the final com-
bined image. Only two images were ruled out of 200. Then
we applied the shift-and-add algorithm again and obtained a
final image of 512×512 pixels. Only in the central 422×422
pixels there is an effective integration time of 415.8 s, due
to the maximum shift applied to the images (512 − 2 × 45
pixels). This central field is shown on the left panel of figure
1 and we will focus on this region to carry out the photomet-
ric work. On the right panel we display observations of the
same field with HST/WFPC2 (central chip) in the F555W
(V) filter (Guhathakurta et al. (1996)).

3 ANALYSIS

In Fig. 2, we show the profile of 14 relatively isolated stars
in our image. Each stellar profile is normalised and a PSF
template is built with a shift-and-add algorithm at sub-pixel
scales, each pixel of the PSF template is shown with a point
in the figure. We note the presence of a remarkable narrow
core and an extended halo. This is the characteristic profile
of stars in images obtained using the lucky imaging tech-
nique as described in previous work (Baldwin et al. (2008)).
The FWHM of the average normalised PSF in our final im-
age is 0′′.1 very close to the diffraction limit of 0′′.084 of the
telescope at the wavelength of the observations. The nor-
malised light profiles for two stars are shown in figure 3, the
profile marked with red circles belongs to a star at a distance
of 2′′.2 from the the star that was used for image alignment
and the profiles marked with crosses (×) belongs to a star at
a distance of 5′′.1. There are slight differences between the
two which may indicate a modest amount of anisoplanicity
and that the dominant turbulent layer at the time of the
observations was probably at very low altitude. It should
be pointed out that the stars are not perfectly round. We
do not have an obvious explanation for this, in particular it
could be related to guiding issues which may be at play.

3.1 Detection of stars

In order to carry out the detection of objects in our final
image we applied a derivative filter to the whole image, we
used the Laplacian of Gaussian filter, often called “mexican
hat”, which works efficiently in dense stellar fields (Debray
et al. (1994)),
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Figure 1. FastCam image of the central region of M15 (left panel) obtained using the lucky imaging technique, the yellow circle shows
the location of the star that was used for image alignment. The scale plate is 0′′.031 pixel−1, and the field of view is 13′′.16×13′′.16. The

same image after convolution with a “mexican hat” kernel to improve the detectability of point sources (central panel). HST/WFPC2
(central chip, from Guhathakurta et al. (1996)) in the F555W filter (right panel). North is up and east to the left for all the images.
They are displayed using a square-root stretch.
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Figure 2. The average of the light profile of the 14 relatively

isolated stars in our image. Here the light profile of each star is
normalised and a PSF template is formed with a shift-and-add
algorithm at sub-pixel scales, each pixel of the PSF template is
shown with a point in the figure.
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where σm controls the width of the Gaussian and x, y de-
termine the coordinates of the pixel. In the image convolved
with the “mexican hat” (with σm = 1 pixel), the peaks are
enhanced and the saddle points approach the background,
so the detectability of the sources is definitely improved.

The local maxima are detected on the convolved im-
age using a threshold, set at 3 times the standard deviation
of the background determined in the less crowded part of
the image. In order to measure this background we divided
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Figure 3. The normalised light profiles for two stars: the profile

marked with red circles belongs to a star at a distance of 2′′.2
from the star that was used for image alignment and the profiles
marked with crosses (×) belongs to a star at a distance of 5′′.1.
Each point in the figures represents a pixel.

the image into squares of 24 × 24 pixels and measured the
standard deviation for each. The lowest of these values was
adopted as the standard deviation (σ) of the less crowded
part of the image. We note that no region was completely
free of sources. We determined the local maxima by com-
parison of each pixel with its 8 neighbours. In this way we
generated a list of potential objects with their positions de-
termined as the centroid of a box of 3 × 3 pixels centred
around each maximum. On the central panel of figure 1 we
can see the resulting convolved image. 1682 objects were
detected in this image of 422 × 422 pixels (13.16 × 13.16
arcsec2). Only a very small fraction are false detections.
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3.2 Cross-match with HST/WFPC2 data

The spatial scale of the image was obtained from a cross-
match with the available HST/WFPC2 catalogue by van
der Marel et al. (2002) as described below. We first made
a linear transformation of the catalogue into our list and
identified 762 common pairs with V < 19 within a tolerance
of 2 pixels of FastCam. We improved the number of matches
among the two datasets using a second order transformation
from the x-y plane in our image to the ∆R.A.-∆Dec. plane
of the catalogue. The transformation equations modelled a
zero point difference, a scale change, a rotation, a tilt, and
second order distortion corrections. These transformations
include 12 unknown coefficients that are solved using a least
squares method

∆R.A. = a+ b∆x+ c∆y + d(∆x)2 + e∆x∆y + f(∆y)2, (2)

∆decl. = a
′+b

′∆x+c
′∆y+d

′(∆x)2+e
′∆x∆y+f

′(∆y)2,(3)

with ∆R.A. = R.A. - R.A.cent, ∆decl. = decl. - decl.cent, ∆x
= x - xcent and ∆y = y - ycent, where R.A.cent, decl.cent, xcent

and ycent are taken from the object nearest to the centre in
our image.

Using the initial list of 762 matched objects with V < 19
we found the transformation coefficients using least squares.
These coefficients were used to compute the positions of our
objects in the ∆R.A.-∆Dec. plane. For each object in our
list, we determined distances to the objects in the HST cat-
alogue, the minimum of these distances determines the cor-
relation length for the object. We assume that a FastCam
object can be matched with an HST object when the cor-
relation length is smaller than 0.046 arcsec (1.5 pixels). We
removed from the original list used for the transformation
objects with correlation length larger than 0.046 arcsec and
V < 19 and performed an iterative process until we obtained
a collection of FastCam objects which all have a correlation
length smaller than such value. The final list of objects used
to calculate the coefficients of the transformations have 770
objects with V < 19 distributed uniformly over the whole
image. Then we used these transformations to cross-match
the 1682 objects found by FastCam with objects in the cat-
alogue of reference van der Marel et al. (2002) and finally
selected those with a correlation length smaller than 0.046
arcsec, which corresponds to 1 pixel in the central chip of
HST/WFPC2 van der Marel et al. (2002). We obtained 1481
matched stars and 201 unmatched, we note that these un-
matched stars include some potential false detections in the
FastCam image.

In the catalogue given by van der Marel et al. (2002)
and obtained from the images presented in Guhathakurta
et al. (1996), there are 3015 objects in the field observed by
FastCam. These authors used a combined F336W, F439W
and F555W image (UBV bands) to detect stars and added
manually faint stars with peak brightness below the detec-
tion threshold of the DAOPHOT/FIND routine. From the
same set of observations but using only the B and V im-
ages Piotto et al. (2002) detected 2221 objects in this field.
We can increase the number of detections in our image by
decreasing the threshold used in subsection 3.1 to detect
local maxima. For a 2σ threshold we obtain 1911 objects
matched with the catalogue by van der Marel et al. (2002)
and 384 unmatched; and at 1σ, we obtain 2275 matched
and 1452 unmatched objects. In this work we restrict the

study to the 1682 objects detected at 3σ level. We removed
the false detections among the 201 unmatched objects by
visual inspection and concluded that 46 out of these 201
were true stars, which included both new stars non reported
by van der Marel et al. (2002) and stars with too large un-
certainty in the measured positions to perform a reliable
correlation. For 41 of these stars the difference between the
centroid position and the location of the maximum signal in
the convolved image was more than 1 pixel. This difference
is mainly caused by the presence of a brighter contaminating
star in the vicinity. There are 5 unmatched stars. Finally, we
verified that the transformation coefficients associated with
tilt and second order distortion corrections were negligible,
and therefore using a linear transformation was sufficient to
determine a plate scale of 31.18 ± 0.03 mas/pixel for the
FastCam image.

3.3 Photometry

In order to perform photometry we use the technique
adopted by Guhathakurta et al. (1996) which incorporates
a set of standard DAOPHOT routines. Firstly we construct
an empirical PSF by iteration. In each iterative step we
construct a PSF template of radius 22 pixels by averaging
14 bright and relatively isolated stars. Then we remove the
neighbours of these stars using the PSF template from the
previous iteration and calculate again the PSF template of
these stars. In each iteration the quality of the PSF is im-
proved because the neighbours are removed with increasing
precision, convergence is reached after five iterations. From
all the template functions tested the penny2 function which
vary linearly with the image position provides the best ap-
proximation to the actual PSF. The penny2 function is a
Gaussian core with a Lorentzian profile, in which both com-
ponents can be tilted. Then the final PSF template is fitted
to all stars detected on the FastCam image with the ALL-
STAR routine in DAOPHOT. Due to the difficulty to find
relatively isolated stars on the image, the PSF subtraction
does not work perfectly and the stars are not subtracted
completely. This is because the PSF used for subtraction of
the flux of neighbour stars is determined locally using the
brightest, nearest stars, but sometimes there are no bright
stars which can help to define the local PSF with very good
S/N and therefore the correction may not be perfect. This
prevents to carry out direct PSF photometry in our image.
Therefore, in order to obtain accurate photometry we fol-
lowed the hybrid method described by Guhathakurta et al.
(1996) which combines direct aperture photometry and PSF
fitting. This method works as follows: we take a star from
our list of objects and subtract the PSF to each neighbour-
ing star within a 44 pixel radius (two times the radius of
the region used to calculate the PSF). Then aperture pho-
tometry is obtained for the star using a circular aperture of
radius 2.5 pixels (0,078 arcsec) with a local sky background
measured in a surrounding annulus. This procedure was re-
peated for each detected target and obtained instrumental
magnitudes, Ifc.

3.4 Photometric calibration

The instrumental Ifc magnitudes were converted to the
Johnson I standard system using stars in the catalogue
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Figure 4. Calibrated FastCam magnitude (IFC) vs. Yanny et
al.(1994) magnitude (IY ) for the 269 stars in common. Dashed
lines are the ±2σ dispersion, stars within the region defined by

dashed lines are chosen for the zeropint calibration.

by Yanny et al. (1994). These authors had transformed
their F785LP instrumental magnitudes to Johnson I sys-
tem (Johnson (1966)) and we directly adopted their I mag-
nitudes. We correlated with this catalogue using the algo-
rithm described in subsection 3.2 and obtained 269 stars in
common. The zeropoint of the calibration was obtained via
an iterative process using only 219 stars in the magnitude
range 12-18. The transformation was found to be linear and
no colour term was found to be significant (figure 4).

The number of FastCam detected stars in 0.25 mag bins
as a function of I magnitude is represented in figure 5. We
can see that this number increases until the 19-19.25 mag
bin, and reach stars as faint as I ≈ 21.5. We removed 82 stars
from our catalogue which had false photometry due to their
proximity to much brighter stars. Our catalogue provides
I-band photometry of 1181 stars with I > 19.5, they are
ordered from low to high I magnitude and it is presented in
its entirety in the electronic edition of MNRAS. For reference
the first 10 entries are listed in table 1. Col. (1) is the ID
number of the star. Cols. (2) and (3) give positions (R.A.,
Dec.) of each star, measured in arcseconds with respect to
star AC211 with coordinates given by Kulkarni et al. (1990).
Col. (4) gives the I magnitude obtained with FastCam and
cols. (5) and (6) the V magnitude and the corresponding ID
from the van der Marel et al. 2002 catalogue.

3.5 Photometric accuracy

In order to investigate the statistical errors of the photome-
try in the final FastCam image, we bin the series of 200 im-
ages into combinations of 40 images each and perform the
same photometric analysis described above. We therefore
obtain the photometry for each star in our catalogue which
is bright enough to be detected in each of the 5 images. Fig-
ure 6 shows the standard deviation of the 5 measurements as
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Figure 5. Number of stars found with FastCam in 0.25 mag bins
as a function of the I magnitude.

Table 1. FastCam I-band catalogue of the M15 core

ID ∆R.A. ∆dec. I V IDVM

(1) (2) (3) (4) (5) (6)

1 4.387 -0.053 12.03 13.369 4113

2 2.101 -2.216 12.13 13.696 5469
3 7.188 -6.430 12.17 13.605 5166
4 -4.717 2.919 12.21 13.352 6041

5 -0.110 -2.527 12.27 13.743 6290
6 -2.850 -1.718 12.69 13.977 6947
7 -5.211 -4.359 12.72 13.900 8408
8 5.711 -0.607 12.74 14.072 3891

9 -4.681 -6.160 12.77 13.870 8777
10 4.732 -6.416 12.85 13.952 5956

Notes.– Table 1 is presented in its entirety in the electronic edition
of MNRAS. The first 10 entries of the I-band FastCam photomet-

ric catalogue described in the text are shown here for guidance
regarding its form and content. The full catalogue contains 1181
stars. Col. (1) is the ID number of the star. Cols. (2) and (3)
give coordinates (R.A., Dec.) for each star, measured in arcsec-

onds with respect to the M15 cluster star AC 211 (which ac-
cording to Kulkarni et al. (1990) has R.A.=21h29m58s.310 and
Dec= 12◦10′02′′.85)). Col. (4) gives the I magnitude obtained

with FastCam and cols. (5) and (6) the V magnitude and the
corresponding ID from the van der Marel et al. (2002) catalogue.

a function of stellar magnitude. In the magnitude range 12-
15 the statistical errors are below 0.05 mag. In the plot we
mark stars that are known to be variable (see section 4). In
the final combined image we expect these statistical errors
to decrease significantly and the final error to be dominated
by the systematic effects resulting from the variation of the
PSF with position in the image and the residual contamina-
tion of poorly subtracted neighbouring stars.

In order to study the impact of systematic errors we
simulate stars using the previous PSF template obtained
with the penny2 function which vary linearly with the posi-
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Figure 6. Dispersion of the individual photometry of each star
versus mean I magnitude, for the 5 photometric measurements of
combinations of 40 images as explained in the text. Variable stars

from reference Dieball et al. (2007) are denoted by green circles.
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Figure 7. Photometric errors vs. I magnitude as inferred from
simulations. The top panel displays the difference between the

input simulated magnitude and the output measured magnitude
for each star as a function of magnitude. On the bottom panel
the mean value and the dispersion for each 0.5 mag bin (each
simulated image) are shown.

tion in the image. The stars are simulated in different posi-
tions on a 422×422 pixels image with initial zero background
using standard DAOPHOT routines. We perform aperture
photometry using a circular aperture of radius 2.5 pixels and
find that the average difference between the measured and
simulated magnitudes is less than 0.015 mag independent
of the simulated stars. Such differences are smaller than the
statistical error and could be caused by a non-perfect ade-
quacy of the PSF template due to spatial variability.

Errors associated to crowding were investigated simu-
lating stars of a given magnitude with a spatially constant
PSF template. We explored the magnitude range I=12 to 20
mag simulating 100 stars for each step of 0.05 mag. In total,
16 images were generated each containing simulated stars of
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Figure 8. Detectability of stars in our final image vs I magnitude
as inferred from the simulations. 100 stars were simulated at each
0.5 mag bin. The dashed line is the 100 % detectability curve.

a given magnitude distributed uniformly on the final Fast-
Cam image with a minimum imposed separation of 4 pixels
from any two stars (85% of the stars detected by FastCam
have their nearest neighbours beyond 4 pixels and our de-
tection algorithm only consider stars with separation larger
than 3 pixels). Stellar magnitudes were then measured in
theses images using the hybrid method described above. In
the top panel of figure 7 we see the difference between the in-
put and the output measured magnitudes for the simulated
stars as a function of input magnitude. At the bottom panel
of this figure we show the mean value and the dispersion for
each magnitude bin. We conclude that there is no obvious
bias in our photometric measurements associated to crowd-
ing. For the brightest objects the contribution of crowding
to the photometric error appears to be less than 0.04 mag
while for objects of magnitude I = 18 is of order 0.2 mag.
Therefore, in our final image errors associated to crowding
are similar to the statistical errors for I . 18.

We also give in figure 8 the number of stars detected in
the simulated images for each magnitude bin. For instance,
in the 18.5-19 mag bin more than the 80% of the objects
originally included in the simulation were detected by the
algorithm described in subsection 3.1, and for the 19-19.5
mag bin more than 50% were still detected. To our knowl-
edge this is the deepest and more complete high spatial res-
olution I-band observation of the M15 core reported so far.

We also used the previous set of simulations to inves-
tigate any possible bias in our astrometry measurements.
The difference between the input and recovered position for
each artificial star in the simulated images is plotted at the
top panel of figure 9 in milliarcseconds. The positions are
measured by the method described in subsection 3.1. The
mean value and the dispersion for each bin are shown at the
bottom panel of figure 9.

4 STELLAR POPULATIONS IN THE CORE
OF M15

Figure 10 displays the colour-magnitude diagram (CMD) I

vs. U−V for the 1312 stars cross-matched with the catalogue
of van der Marel et al. (2002) and with I < 20. We note
the main-sequence turnoff at I ≈ 19. The CMD V vs. U −

I shown in figure 11 offers the advantage of a long colour
baseline resulting in a more clear separation of the various
types of stars. These are denoted in the figure with different
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Figure 9. Position errors (in milliarcseconds) versus I magnitude
of stars as recovered from the simulations. The top panel displays

the difference in position between the input and the recovered
value from the simulated images. In the bottom panel we show
mean values and dispersions for stars in each 0.5 mag bin.
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Figure 10. Colour-magnitude diagram I vs. U − V . The I-band
magnitude is from FastCam, U and V magnitudes are from van

der Marel et al 2002. There are 1312 objects correlated between
both catalogues with I < 20.

symbols: blue stragglers (⊓⊔, BS), bright red giant branch
(∇, Bright RGB), (red) horizontal branch (×, HB) and blue
horizontal branch (+, BHB). The colour criteria used to
assign the various stellar types have been adopted according
to Yanny et al. (1994) and are not strict. Number counts for
the various types of stars found in the FastCam final full
image are given in column 2 of table 2. For comparison with
Yanny et al. (1994) we also list in columns 3 and 4 the
number counts for r < 5.6 arcsec obtained in this work and
by these authors. We find no significant differences between
the two. The CMD I vs. V − I is also shown in figure 12.
Among the various types of stars that populate the core of
M15 we have identified:
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Figure 11. Colour-magnitude diagram V vs. U − I for the M15
core stars. I-band magnitudes are from FastCam (this work), U
and V magnitudes are from HST (van der Marel et al. (2002)).

Blue stragglers (BS), bright red giant branch (RGB), (red) hor-
izontal branch (HB) and blue horizontal branch (BHB). Blue
straggler stars given in previous references are marked with filled
diamonds. Variable stars are taken from Dieball et al. (2007). AC

211 is the variable star in the BHB zone.

Table 2. Counts of various stellar types.

Stellar type Counts Counts Counts
(r < 5′′.6) (r < 5′′.6)

(Yanny et al. (1994))

Bright RGB 40 26 25

HB 29 22 18
BS 10 7 7
BHB 20 12 12

4.1 Blue straggler stars

Blue straggler (BS) stars have bluer colours and are brighter
than main sequence turnoff stars in globular clusters. The
BS stars are frequently located in the densest regions of
globular clusters where crowding makes difficult their iden-
tification. Previous work on M15 core stars has produced
BS candidates selected on the basis of CMDs in the the far-
ultraviolet Ferraro & Paresce (1993), I vs. U − V Yanny et
al. (1994) or V vs. B − V (Moretti et al. (2008) using the
data in Piotto et al. (2002)). Previously known blue strag-
glers are marked in figure 11 with filled diamonds.

In table 3 we list the BS stars found in the present work
and in Yanny et al. (1994); Moretti et al. (2008). Column
one gives the ID number in our catalogue, the following three
columns list the BS status according to each reference, and
the last column gives some comments. The horizontal lines
separate the previously known BS stars (upper part), new
BS stars identified in this work (middle) and BS star can-
didates in previous works which are not confirmed as such
here (bottom section).

c© 2010 RAS, MNRAS 000, 000–000
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Figure 12. Colour-magnitude diagram I vs. V − I for the M15
core stars. I-band magnitudes are from FastCam (this work), V
magnitudes are from HST (van der Marel et al. (2002)). Blue

stragglers (BS), bright red giant branch (RGB), (red) horizontal
branch (HB) and blue horizontal branch (BHB). Blue straggler
stars given in previous references are marked with filled diamonds.
Variable stars are taken from Dieball et al. (2007).

We find 10 BS candidate stars (location plotted in Fig-
ure 13), 7 were previously known and 3 are new candidates.
One of the three new BS candidates is located at less than
1 arcsec (r < 1′′) from the cluster centre. Three out of the
seven previously known BS stars also have a distance from
the cluster centre of less than 1.1 arcsec (r < 1′′.1).

We find in previous works 10 BS candidates which are
not confirmed as such here. Only one of these 10 stars is
listed in more than one reference (ID 145). For this object,
we find a −1.41 mag difference between the U magnitude
by Yanny et al. (1994) and the one by van der Marel et
al. (2002). In the V -band the difference is −0.8 mag and
comparing the I-band in Yanny et al. (1994) with ours the
difference is 0.41 mag. This may suggest variability, but the
star is not listed as variable in Dieball et al. (2007).

The other not confirmed BS stars are listed as candi-
dates in only one previous work, the three found by Yanny
et al. (1994) are at less than 1 arcsec (r < 1′′) from the
cluster centre where accurate photometry is more difficult
to perform due to crowding. The BS star candidate ID 369
is a variable star (ID V41 in Dieball et al. (2007)), classified
as CV, it is likely a SX Phoenicis (SXPHE) star. This object
is not listed in the catalogue of Yanny et al. (1994) possibly
because of its variability.

4.2 LMXBs

Located in the inner region of M15 the V∼ 15 star AC 211
is optically one of the brightest known low mas X-ray binary
(LMXB) systems. It was identified by Auriere et al. (1984)
as the possible optical counterpart of the X-ray source 4U
2127+119 and Charles et al. (1986) provided spectroscopic

-6 -4 -2 0 2 4
∆ R.A. (arsec)

-8

-6

-4

-2

0

2

4

∆ 
de

c 
(a

rs
ec

)

BS
SXPHE
AC211
Centre

Figure 13. Location of blue straggler stars (BS) in the core of
M15. The area showed is the field observed by FastCam. The co-

ordinates (R.A., Dec.) for each star are measured in arcseconds
with respect to star AC 211, marked with the + symbol in the fig-
ure. The centre of the cluster given in van der Marel et al. (2002)
is marked with a red cross. The SXPHE candidate is marked with

a green circle.

evidence for the classification as LMXB. The high optical to
X-ray luminosity ratio suggests that a very luminous central
X-ray source is hidden behind the accretion disk. A detailed
analysis by Ilovaisky et al. (1993) revealed an orbital pe-
riod of 17.1 hr. This object is clearly identified in our Fast-
Cam images (see the left panel of figure 14) as a source of
I = 16 (ID 102). We have searched for photometric variabil-
ity grouping our series of data into 20 consecutive cubes (see
the subsection on variability below). For each cube one final
image was produced and photometry performed. The stan-
dard deviation of the series of 20 photometric measurements
is σ=0.05 mag, consistent with the statistical error.

A second luminous LMXB in the core of M15 was dis-
covered by White & Angelini (2001) using the Chandra X-
Ray Observatory. The Chandra observations resolved 4U
2127+119 into two X-ray sources, the previously known
AC 211 and a second source named as M15 X-2 (CXO
J212958.1+121002). This new X-ray source is 2.5 times
brighter than AC 211 according to the Chandra counts rate
and was associated with a U = 18.6 mag star in the data
from Guhathakurta et al. (1996) (star 590 in de Marchi &
Paresce (1994)) located at 3′′.3 from the M15 centre. Dieball
et al. (2005) report time-resolved FUV photometry for the
optical counterpart and argue that the FUV emission is
dominated by an irradiated accretion disk around the neu-
tron star primary. These authors concluded that M15 X-2
can be classified as an ultracompact X-ray binary. On the
right panel of figure 14 we show the location of the X-ray
source in our final FastCam image and indicate the posi-
tion of the FUV star. We set a 3σ upper limit to the I-band
magnitude of this FUV source of I = 20.5.

c© 2010 RAS, MNRAS 000, 000–000
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Figure 14. FastCam I-band convolved images. Left panel:
AC211 (M15 X-1), the yellow circle has a diameter of 0.5 arcsec
and is centred in the AC211. Right panel: M15 X-2. The yellow

circle is centred in the Chandra location of the X-ray detection
and its diameter indicate the Chandra 0.5 arcsec error. The small
white circle of diameter 0.14 arcsec marks the position of the FUV
star associated to M15 X-2.

Table 3. Blue straggler candidates.

ID This work Yanny et al. Moretti et al. Comments

263 Yes Yes Yes
276 Yes Yes Yes

285 Yes Yes Yes
320 Yes Yes Yes
239 Yes Yes No r < 1′′

128 Yes No Yes r < 1′′

369 Yes No Yes r < 1′′.1

402 Yes No No r < 1′′

156 Yes No No
337 Yes No No

145 No Yes Yes
103 No Yes No r < 1′′

180 No Yes No r < 1′′

220 No Yes No r < 1′′

406 No No Yes
300 No No Yes

552 No No Yes
452 No No Yes
615 No No Yes
683 No No Yes

4.3 RR Lyrae, Cepheids and cataclysmic variable
stars

RR Lyrae stars (IDs 43, 48, 57, 68, and 75, in our catalogue)
and Cepheid stars (IDs 27, 44 and 46) previously reported by
Dieball et al. (2007) are marked with green circles in figure
11. We also detect the cataclysmic variable star (ID 369)
which has colours suggestive of a SX Phoenicis (SXPHE)
star and note that the other known cataclysmic variable star
(V39, Dieball et al. (2007)) with a magnitude of I ∼ 21 is
very marginally detected (2σ level) in our image. This object
seems to have a rather blue colour when compared with
previous observations at shorter wavelengths (V = 18.65
and U = 19.08).

4.4 Variability: light curves of selected stars

We have used our series of images to study the short
timescale variability of stars of the previous types with I

magnitude in the range 14.5-16 mag. For each set of 1000
images (each obtained over a period of 30 s real time) we
generated a lucky image. 200 such images were produced,
each 10 consecutive images were then averaged in order to
increase S/N and perform photometry on the stars of in-
terest. The total time span for the resulting series of 20
images is of 2 hours 43 min, each image corresponding to a
time interval of 8.1 min. The series of photometric measure-
ments obtained for a selection of the RR Lyrae, Cepheid,
and LMXB stars in our image are shown in figure 15. The
majority of these stars show very little variability in the I-
band. We note smooth trends in several of them (ID 43, 44,
46) which are consistent with the known periods of variabil-
ity. In some cases, we also detect changes among consecutive
8.1 min images which are clearly beyond the measurement
errors and may be indicative of intrinsic short time variabil-
ity, for instance due to pulses. Remarkably, the LMXB star
AC 211 did not show evidence for any significant variability
on these time scales.

5 CONCLUSIONS

Observations of the M15 core with the 2.5-m Nordic Opti-
cal Telescope using FastCam and the lucky imaging tech-
nique provided I-band images with spatial resolution and
sensitivity close to those obtained by HST in this region.
We cross-match with the published HST/WFPC star cat-
alogues and calibrate photometrically and astrometrically
our image. The number of objects recovered in our final
13′′ × 13′′ FastCam image is comparable to that reported
for the HST images. A catalogue of 1181 stars is presented
in this paper. Based on number counts the limiting mag-
nitude of the catalogue is I ≈ 19.5. Errors in magnitudes
and positions are estimated from simulations. These simu-
lations also indicate that crowding and spatial resolution,
more than sensitivity, limit the completeness of the cata-
logue to about one magnitude brighter. Using a CMD V

vs. U − I we discuss the various stellar populations present
in the M15 core. In particular, we identify a few new Blue
Straggle star candidates and several new core stars which
were not previously reported. We show that this imaging
technique is particularly useful to investigate stellar popu-
lations in the core of globular clusters where the presence
of bright stars may limit the use of more conventional tech-
niques. Lucky imaging observations of the core of M15 and
other globular clusters undertaken with a baseline of several
years may provide proper motions of stars in the very inner
region of the clusters (r < 1′′) with the precision required to
constrain the properties of intermediate-mass black holes.
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Table 4. Only in the electronic version: I-band magnitude cata-

logue for the stars found in the M15 core with FastCam.

ID ∆R.A. ∆dec. I V IDVDM

1 -4.387 -0.053 12.03 13.369 4113
2 -2.101 -2.216 12.13 13.696 5469

3 -7.188 -6.430 12.17 13.605 5166
4 4.717 2.919 12.21 13.352 6041
5 0.110 -2.527 12.27 13.743 6290
6 2.850 -1.718 12.69 13.977 6947

7 5.211 -4.359 12.72 13.900 8408
8 -5.711 -0.607 12.74 14.072 3891
9 4.681 -6.160 12.77 13.870 8777

10 -4.732 -6.416 12.85 13.952 5956

11 -5.836 -5.822 12.98 14.000 5407
12 3.224 -5.440 12.98 14.111 8151
13 3.223 -1.280 13.07 14.214 6928

14 2.024 -5.094 13.12 14.262 7718
15 4.458 -4.909 13.13 14.140 8355
16 0.138 -1.372 13.53 14.580 5933
17 -4.032 -6.036 13.88 14.833 6058

18 -7.385 0.931 13.94 14.799 2989
19 -5.102 -5.733 13.98 14.909 5608
20 -0.735 -1.974 14.00 15.131 5831
21 0.863 -3.211 14.00 14.894 6772

22 -1.555 -0.118 14.08 15.058 5002
23 -6.510 -8.465 14.08 14.745 6023
24 3.246 -4.162 14.12 15.104 7783
25 -0.734 -1.773 14.30 15.252 5768

26 -3.223 -1.611 14.41 15.263 4951
27 -3.945 -2.081 14.44 15.437 4862
28 -2.677 2.407 14.47 15.354 3911
29 1.657 -4.148 14.49 15.433 7313

30 -5.661 -5.999 14.56 15.272 5518
31 -5.942 2.855 14.62 15.412 2883
32 -2.968 -2.866 14.66 15.618 5389

33 4.567 2.523 14.70 15.570 6121
34 2.722 -6.088 14.74 15.643 8194
35 -3.623 -3.978 14.84 15.729 5529
36 -0.865 -6.177 14.86 15.747 7165

37 -1.898 0.128 14.88 15.120 4827
38 -5.777 -1.883 14.90 15.733 4226
39 3.165 -3.912 14.92 15.875 7711
40 4.844 -5.840 14.95 15.611 8728

41 0.818 -3.408 15.00 15.876 6833
42 1.985 -2.561 15.13 15.810 6937
43 3.587 -6.468 15.33 15.708 8544
44 -3.174 -4.415 15.34 16.046 5819

45 -6.701 -2.602 15.34 15.788 4166
46 -1.089 -0.843 15.34 15.909 5364
47 -5.726 -6.353 15.36 16.056 5601
48 -4.216 -0.367 15.37 15.623 4256

49 -2.448 -3.074 15.40 16.310 5619
50 -1.118 -3.612 15.43 16.386 6234
51 -6.180 -4.662 15.48 16.228 4965

52 -4.194 -3.392 15.50 16.348 5173
53 -6.667 0.677 15.52 15.582 3237
54 2.111 -0.135 15.52 16.417 6183
55 2.470 1.622 15.53 16.350 5719

56 -6.014 1.519 15.54 16.242 3200
57 4.415 -3.818 15.56 16.064 8040
58 1.072 -2.086 15.56 16.463 6475
59 5.502 -1.170 15.57 16.347 7595

60 -2.884 -1.928 15.58 16.419 5132

ID ∆R.A. ∆dec. I V IDVDM

61 -2.839 -0.235 15.58 16.444 4641
62 -0.240 -5.021 15.59 16.518 7003

63 0.995 1.377 15.59 15.864 5323
64 -1.972 -2.550 15.61 16.403 5610
65 1.379 -4.719 15.61 16.439 7404

66 -5.685 4.046 15.61 16.293 2670
67 -2.105 -0.994 15.63 16.435 5090
68 0.697 2.533 15.63 15.526 4897
69 -0.743 -5.707 15.63 15.804 7059

70 -2.509 3.630 15.64 16.542 3593
71 -1.338 -8.984 15.67 16.328 7823
72 2.493 -7.403 15.69 16.494 8496
73 5.275 -6.498 15.69 15.799 8997

74 -3.191 3.698 15.74 15.899 3393
75 -1.848 -0.430 15.75 16.635 5003
76 2.857 -3.319 15.77 15.947 7438
77 3.918 -0.638 15.80 15.915 6954

78 -1.253 -0.838 15.82 16.631 5301
79 -1.085 1.342 15.82 15.920 4711
80 3.059 0.706 15.84 16.714 6226
81 3.737 -0.907 15.85 16.617 6982

82 -1.081 -3.372 15.85 16.010 6174
83 -3.127 -3.047 15.85 16.610 5395
84 2.046 -2.283 15.86 16.045 6871

85 -1.925 2.666 15.87 15.912 4050
86 -4.277 -3.267 15.89 15.943 5112
87 -4.494 -3.292 15.90 16.696 5050
88 -6.417 -0.142 15.90 16.546 3527

89 -2.895 1.348 15.91 15.970 4144
90 -1.418 -1.213 15.91 15.978 5371
91 -0.947 -1.366 15.92 16.011 5568
92 0.410 2.652 15.93 15.913 4775

93 -1.455 3.350 15.95 15.954 4003
94 -5.522 -4.035 15.95 16.707 4975
95 3.432 0.680 15.95 16.743 6358
96 -0.389 -4.678 15.97 16.846 6841

97 4.364 -5.938 15.99 15.868 8601
98 -4.693 -4.285 16.00 15.985 5277
99 -3.028 -0.361 16.01 16.818 4626

100 -6.218 2.710 16.01 16.645 2843
101 -3.078 1.600 16.03 16.794 4027
102 0.000 0.000 16.04 16.079 5435
103 0.018 -1.742 16.06 16.928 6005

104 4.113 -6.316 16.07 17.040 8639
105 -3.588 -2.023 16.08 16.906 4968
106 1.205 -1.411 16.10 16.961 6292
107 -3.722 -1.450 16.11 16.960 4734

108 5.358 0.802 16.11 16.748 6962
109 -7.425 -3.505 16.12 16.787 4215
110 -2.102 3.634 16.13 16.798 3708
111 1.925 -0.190 16.13 16.953 6127

112 -6.591 -3.881 16.15 16.791 4593
113 -0.080 -1.869 16.19 16.914 6012
114 -5.406 -6.752 16.19 16.850 5835
115 -6.060 -6.038 16.20 16.756 5394

116 -1.104 -0.591 16.20 17.067 5263
117 -1.900 -8.360 16.20 16.853 7488
118 0.036 -7.304 16.21 16.909 7758

119 -0.164 0.874 16.21 17.123 5127
120 4.168 -0.783 16.21 16.944 7078
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ID ∆R.A. ∆dec. I V IDVDM

121 -0.548 -6.890 16.21 16.906 7466
122 -0.444 -1.499 16.22 17.059 5785

123 2.778 -8.645 16.22 16.873 8917
124 4.164 -2.881 16.24 16.982 7706
125 1.634 -3.592 16.24 17.088 7148

126 -0.123 3.535 16.26 16.983 4328
127 3.837 -4.620 16.26 16.844 8090
128 -0.258 -1.772 16.36 16.642 5926
129 1.246 -8.486 16.40 16.995 8429

130 0.340 -7.046 16.40 17.172 7764
131 -1.037 -2.710 16.40 17.131 5965
132 3.602 -3.005 16.41 17.177 7563
133 -2.081 -5.146 16.42 17.131 6424

134 -0.591 -4.930 16.43 17.239 6859
135 3.535 1.898 16.44 17.153 5981
136 0.929 -2.116 16.45 17.227 6433
137 -6.501 2.771 16.45 17.080 2770

138 -6.529 2.983 16.45 17.170 2712
139 -7.273 2.984 16.49 17.022 2555
140 -7.185 2.900 16.51 17.062 2576
141 -0.458 1.661 16.51 17.214 4804

142 -2.811 -1.177 16.51 16.518 4947
143 1.173 -2.225 16.52 17.266 6553
144 -4.936 -5.389 16.53 17.089 5560

145 1.531 -7.180 16.54 17.726 8161
146 -5.435 -4.574 16.55 17.176 5146
147 -0.161 -0.371 16.55 17.274 5515
148 2.851 -2.850 16.55 17.297 7292

149 2.659 -2.159 16.56 17.340 7028
150 5.392 -7.970 16.56 17.145 9387
151 -7.114 -1.127 16.56 17.192 3617
152 0.891 -2.686 16.57 17.368 6617

153 3.962 -5.412 16.57 17.281 8356
154 -0.300 2.191 16.58 17.281 4690
155 -3.213 1.760 16.58 17.169 3938
156 1.379 -5.527 16.58 16.697 7639

157 -2.429 -5.455 16.58 17.280 6411
158 1.906 1.776 16.58 17.336 5500
159 4.555 -5.411 16.59 17.526 8524

160 -0.686 -7.045 16.61 17.325 7465
161 -0.545 3.158 16.63 17.304 4319
162 -7.472 -0.566 16.65 17.335 3356
163 -2.729 -5.947 16.66 17.381 6472

164 0.292 2.281 16.66 17.355 4853
165 2.724 -6.371 16.66 17.362 8260
166 2.774 -6.781 16.67 17.310 8396
167 -0.180 -4.246 16.67 17.520 6765

168 -1.630 0.261 16.68 17.451 4870
169 2.626 -5.401 16.70 17.675 7964
170 5.152 -3.218 16.70 17.416 8075
171 0.457 -0.183 16.70 17.480 5642

172 2.970 1.992 16.71 17.510 5773
173 -4.198 1.325 16.72 17.337 3765
174 -4.068 -6.320 16.73 17.499 6140
175 -3.967 -4.387 16.73 17.578 5551

176 -1.873 0.540 16.73 17.585 4705
177 1.594 0.908 16.73 17.551 5666
178 4.616 0.111 16.73 17.727 6944

179 3.336 -1.603 16.73 17.448 7075
180 0.184 -1.994 16.75 17.804 6143

ID ∆R.A. ∆dec. I V IDVDM

181 -0.639 -2.069 16.76 16.262 5872
182 -1.130 0.694 16.77 17.540 4891

183 -6.648 -5.869 16.77 17.740 5160
184 1.145 -2.711 16.77 17.601 6711
185 -0.191 -1.182 16.77 17.517 5755

186 1.205 -2.033 16.78 17.677 6498
187 -1.980 -2.964 16.78 17.757 5742
188 0.998 -5.958 16.79 17.418 7656
189 3.047 -5.219 16.80 17.653 8047

190 -5.205 -2.382 16.81 17.489 4563
191 -3.388 -3.761 16.81 17.422 5535
192 -0.652 -5.142 16.82 17.545 6904
193 0.356 -3.872 16.83 17.674 6828

194 4.331 1.233 16.84 17.471 6480
195 3.280 3.461 16.85 17.547 5404
196 0.130 -3.247 16.86 17.350 6541
197 3.522 2.303 16.88 17.506 5844

198 -5.140 0.395 16.88 17.467 3758
199 4.127 -2.469 16.89 17.689 7562
200 -6.310 2.392 16.89 17.483 2905
201 0.439 3.337 16.89 17.515 4577

202 -3.613 -1.561 16.89 17.474 4811
203 1.075 -0.220 16.90 17.651 5863
204 0.611 -1.443 16.90 17.802 6098

205 -3.111 -6.173 16.90 17.564 6417
206 -0.249 1.029 16.90 17.794 5053
207 -0.827 -0.403 16.91 17.562 5304
208 -2.689 -3.178 16.91 17.638 5579

209 -0.280 0.815 16.92 17.582 5104
210 3.383 -3.095 16.92 17.606 7523
211 2.678 -6.526 16.93 17.604 8292
212 -0.466 -0.248 16.94 17.514 5380

213 3.549 -8.240 16.94 17.502 8989
214 -6.154 -3.950 16.95 17.576 4746
215 -0.664 0.011 16.96 17.807 5222
216 0.478 -2.995 16.96 17.360 6575

217 2.020 -8.675 16.97 17.486 8715
218 0.491 0.158 16.97 17.812 5548
219 -5.514 -8.534 16.98 17.430 6392

220 0.260 -1.644 16.98 17.693 6044
221 1.185 1.160 16.99 17.741 5456
222 1.683 -5.711 16.99 17.685 7775
223 -1.307 0.904 16.99 17.661 4768

224 -4.590 -0.822 17.00 17.853 4280
225 -1.282 0.061 17.01 17.870 5031
226 -1.179 -7.142 17.01 17.627 7334
227 -3.413 -1.360 17.01 17.765 4809

228 -1.875 -1.860 17.01 17.596 5422
229 -3.985 -7.908 17.03 17.589 6696
230 -5.429 -3.043 17.04 17.790 4701
231 -0.244 -5.893 17.05 17.749 7255

232 -0.383 0.659 17.05 17.811 5122
233 -2.476 -0.549 17.07 17.813 4856
234 -1.228 -2.954 17.07 17.810 5976
235 -1.863 -6.578 17.08 17.891 6974

236 0.390 -4.306 17.08 16.910 6977
237 -1.608 4.001 17.10 17.719 3755
238 -5.405 -5.002 17.10 17.476 5275

239 -0.416 -2.718 17.11 17.350 6194
240 -3.730 -2.985 17.12 17.816 5194
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ID ∆R.A. ∆dec. I V IDVDM

241 3.805 -4.246 17.12 17.749 7974
242 4.083 -7.276 17.13 17.702 8905

243 0.434 -0.309 17.14 17.634 5676
244 -5.750 -8.783 17.16 17.518 6396
245 5.115 -8.251 17.18 17.666 9386

246 -1.100 -1.586 17.18 17.810 5592
247 0.415 -7.671 17.18 17.831 7971
248 -1.590 -8.168 17.19 18.109 7535
249 -0.121 2.338 17.20 17.864 4709

250 -0.334 -4.083 17.21 17.860 6654
251 -1.510 -3.620 17.22 16.990 6105
252 -7.401 -7.272 17.22 18.065 5350
253 -2.892 2.534 17.22 17.660 3798

254 4.838 2.269 17.23 17.910 6305
255 4.673 -7.027 17.23 17.665 8975
256 0.702 -1.245 17.24 18.009 6073
257 -1.544 -1.641 17.24 17.807 5454

258 -0.586 -5.364 17.25 17.846 6999
259 3.204 1.339 17.25 17.871 6057
260 -1.742 1.258 17.25 17.935 4525
261 2.493 -8.333 17.27 17.755 8760

262 -1.082 -3.210 17.27 17.768 6115
263 -3.376 -0.420 17.28 17.434 4524
264 -5.182 -6.573 17.29 17.836 5853

265 -3.947 -8.976 17.30 17.751 7071
266 1.708 -2.225 17.31 18.036 6739
267 -3.078 -0.239 17.32 18.069 4573
268 0.439 -3.957 17.32 17.922 6873

269 -0.219 -1.466 17.33 17.968 5833
270 -0.331 -2.685 17.33 18.242 6198
271 -5.141 -8.565 17.33 17.814 6532
272 -1.603 -2.803 17.34 18.260 5815

273 -2.292 -3.150 17.34 18.334 5702
274 -6.526 -7.723 17.35 18.121 5787
275 -0.328 -0.995 17.37 18.063 5648
276 -7.042 -1.282 17.37 17.558 3676

277 0.013 3.348 17.39 17.916 4442
278 -0.242 -3.393 17.39 18.364 6471
279 -3.110 -3.178 17.39 17.563 5434

280 0.542 -3.332 17.41 17.986 6719
281 1.518 -8.834 17.41 17.957 8602
282 -2.061 -0.087 17.41 18.320 4839
283 -3.722 -3.389 17.41 18.071 5307

284 0.917 -1.598 17.42 18.184 6251
285 0.771 -0.587 17.43 17.364 5877
286 4.166 -1.719 17.43 18.215 7350
287 0.690 -4.368 17.43 18.119 7089

288 0.955 -2.901 17.44 18.013 6703
289 -4.732 -8.095 17.46 17.948 6510
290 -2.615 -5.728 17.46 18.227 6430
291 5.393 -1.441 17.48 18.129 7647

292 0.675 -2.412 17.48 17.929 6452
293 1.694 3.279 17.50 18.106 4985
294 -2.320 -1.301 17.50 18.291 5116
295 -4.368 -1.298 17.50 18.140 4490

296 4.644 -5.186 17.51 18.205 8478
297 1.763 -2.056 17.51 18.146 6695
298 -3.983 2.508 17.51 18.036 3478

299 2.793 0.653 17.51 18.419 6149
300 -0.686 -0.937 17.52 18.781 5519

ID ∆R.A. ∆dec. I V IDVDM

301 -0.483 -1.154 17.52 18.358 5649
302 -2.602 -2.808 17.52 18.498 5493

303 -2.083 -6.951 17.54 18.095 7020
304 -0.837 -6.396 17.54 18.454 7231
305 5.557 0.895 17.55 18.080 6997

306 3.823 -1.880 17.56 18.238 7296
307 5.157 -3.375 17.57 17.726 8118
308 -0.181 -0.255 17.57 18.271 5463
309 -4.628 -7.010 17.57 17.013 6192

310 4.356 -3.159 17.57 18.155 7817
311 -5.061 -2.042 17.58 18.067 4501
312 -4.906 -4.077 17.58 18.190 5162
313 0.320 -2.783 17.58 16.935 6450

314 -3.799 -6.329 17.59 18.069 6236
315 -0.315 -9.014 17.59 18.115 8143
316 4.777 -2.534 17.59 18.236 7771
317 -0.263 -0.653 17.60 18.299 5559

318 -4.549 2.568 17.60 18.136 3313
319 -3.265 -3.416 17.60 18.177 5467
320 -6.245 -2.417 17.61 17.484 4248
321 3.900 -4.353 17.62 18.218 8042

322 -1.692 -3.116 17.62 18.460 5884
323 0.670 -1.845 17.62 18.458 6248
324 -2.742 2.950 17.64 18.070 3726

325 -2.886 2.225 17.64 18.176 3898
326 -2.300 -6.580 17.64 18.130 6826
327 0.558 -2.030 17.65 17.482 6274
328 -2.851 -3.951 17.65 18.225 5777

329 -5.569 0.990 17.66 18.273 3449
330 -1.456 -5.767 17.66 18.196 6840
331 -0.510 -2.273 17.67 18.379 5999
332 -0.179 3.683 17.68 18.224 4277

333 0.868 0.838 17.68 18.583 5444
334 1.927 -1.628 17.69 18.212 6621
335 -1.025 -4.861 17.69 18.261 6685
336 -1.616 -4.394 17.70 18.656 6329

337 -6.353 -6.660 17.70 17.617 5508
338 5.176 -5.544 17.70 18.962 8755
339 -2.527 0.322 17.70 18.590 4572

340 4.709 -3.783 17.70 18.354 8109
341 -2.587 -3.214 17.71 18.030 5622
342 1.670 -3.809 17.71 18.411 7227
343 -1.667 -1.691 17.71 18.419 5431

344 -1.600 -1.402 17.72 18.122 5370
345 -6.779 -4.631 17.72 18.182 4758
346 -0.211 4.056 17.73 18.395 4153
347 -1.866 -3.891 17.73 18.363 6075

348 1.352 -3.381 17.73 18.292 7000
349 1.363 -0.906 17.73 18.309 6180
350 1.353 -1.192 17.74 18.407 6267
351 -0.630 0.194 17.74 18.671 5190

352 1.107 -1.184 17.75 18.322 6189
353 -1.681 0.371 17.76 18.388 4820
354 2.904 -4.254 17.77 18.265 7729
355 -0.215 1.530 17.77 18.352 4916

356 -3.305 1.010 17.77 18.365 4118
357 1.491 -1.375 17.77 18.435 6383
358 5.065 -2.665 17.78 18.391 7889

359 -5.415 0.512 17.79 18.047 3649
360 -0.772 1.441 17.79 18.270 4778
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ID ∆R.A. ∆dec. I V IDVDM

361 -1.104 -2.583 17.79 18.392 5913
362 -3.259 3.980 17.79 17.992 3290

363 1.353 -1.568 17.80 18.412 6402
364 -1.586 -6.361 17.80 18.619 6987
365 -2.631 -3.340 17.81 18.506 5652

366 3.672 -0.415 17.81 18.615 6806
367 -1.649 1.040 17.83 18.497 4628
368 -1.229 -1.124 17.83 18.696 5397
369 0.733 -2.044 17.83 17.827 6350

370 1.105 -4.187 17.83 18.511 7175
371 -3.013 -7.888 17.84 18.488 7014
372 -0.700 -0.090 17.84 18.553 5243
373 -0.874 -8.168 17.85 17.588 7738

374 -5.152 -3.292 17.85 18.316 4861
375 1.039 -1.593 17.85 18.182 6288
376 2.535 -6.897 17.85 18.259 8362
377 -3.313 -4.145 17.86 18.487 5684

378 -5.108 -4.941 17.86 18.829 5361
379 -0.556 3.787 17.87 17.304 4124
380 1.006 -4.267 17.87 18.498 7160
381 4.995 -6.994 17.87 18.496 9053

382 -0.185 1.281 17.87 18.543 4999
383 -7.133 -1.535 17.88 18.394 3731
384 1.496 -1.724 17.89 18.448 6502

385 -6.031 -2.597 17.90 18.486 4378
386 0.348 -5.024 17.90 18.419 7185
387 3.684 1.364 17.90 18.264 6214
388 -1.364 -0.883 17.91 18.699 5257

389 2.313 -2.940 17.92 18.529 7161
390 5.352 -1.599 17.92 18.507 7674
391 1.229 -3.522 17.92 18.364 6993
392 -3.918 -5.098 17.92 18.316 5789

393 0.252 -3.518 17.93 18.657 6672
394 -2.309 0.794 17.93 18.720 4491
395 0.237 -0.503 17.94 18.567 5675
396 -4.939 -8.097 17.96 18.298 6434

397 -1.836 2.288 17.97 18.447 4185
398 -4.818 2.924 17.97 18.534 3143
399 0.903 -8.955 17.97 18.518 8479

400 -3.499 -1.051 17.97 18.363 4684
401 -3.474 -2.734 17.97 18.509 5197
402 -0.205 -2.301 17.98 17.529 6111
403 2.960 2.141 17.98 18.466 5717

404 4.643 -7.341 17.98 18.467 9044
405 0.580 -4.362 17.98 18.974 7061
406 1.440 0.786 17.99 18.078 5657
407 2.681 0.026 17.99 18.576 6326

408 1.669 -0.537 18.00 18.886 6158
409 -5.461 -4.258 18.00 18.665 5045
410 0.973 -5.118 18.00 18.407 7399
411 4.295 -0.922 18.01 18.053 7156

412 -5.194 -7.252 18.01 18.156 6065
413 0.960 -6.212 18.02 18.425 7725
414 -2.518 2.638 18.04 18.365 3892
415 -6.993 3.797 18.04 18.280 2441

416 -0.777 -0.907 18.04 18.936 5484
417 0.796 -2.874 18.05 18.049 6639
418 2.911 -3.059 18.05 18.605 7359

419 -3.051 3.125 18.05 18.581 3570
420 -6.964 -3.282 18.05 18.473 4299

ID ∆R.A. ∆dec. I V IDVDM

421 -1.676 -5.864 18.06 18.734 6808
422 -5.485 -5.356 18.06 18.704 5375

423 -2.913 -2.450 18.06 18.441 5270
424 -7.001 -8.276 18.06 18.563 5810
425 0.532 -6.185 18.06 18.760 7572

426 1.813 2.809 18.06 17.655 5149
427 3.680 -6.873 18.06 18.177 8675
428 -4.002 -1.611 18.07 18.405 4699
429 -1.500 1.944 18.07 18.519 4399

430 4.395 -8.095 18.07 18.421 9172
431 1.899 -1.878 18.07 18.466 6690
432 -2.896 -5.508 18.08 18.568 6260
433 -5.803 -3.007 18.08 18.479 4565

434 -3.667 -4.599 18.08 18.693 5711
435 -4.039 -4.692 18.08 18.847 5631
436 1.088 -0.385 18.08 18.984 5922
437 3.821 -2.884 18.08 18.344 7590

438 1.059 2.844 18.08 18.534 4910
439 0.820 1.380 18.09 18.592 5259
440 -0.400 3.051 18.09 18.550 4402
441 -0.304 3.028 18.09 18.452 4440

442 -2.437 -1.235 18.09 19.078 5066
443 3.838 0.423 18.09 17.664 6586
444 -0.980 -1.203 18.09 18.889 5517

445 3.197 -4.433 18.09 18.783 7842
446 2.696 -0.692 18.10 18.859 6561
447 -3.573 -3.368 18.10 18.798 5363
448 3.122 -1.960 18.10 18.627 7098

449 -4.399 -6.765 18.10 18.417 6175
450 -0.813 -0.780 18.11 18.548 5424
451 0.947 -5.181 18.11 19.071 7409
452 2.166 3.120 18.11 18.180 5158

453 -2.586 -1.594 18.12 19.030 5130
454 -0.054 3.806 18.12 18.636 4279
455 3.076 -8.931 18.13 18.758 9049
456 2.010 -1.252 18.13 18.575 6523

457 0.248 -4.333 18.13 18.794 6939
458 -3.857 -3.067 18.14 18.731 5175
459 -2.518 1.912 18.14 18.625 4093

460 0.525 0.713 18.14 18.474 5388
461 2.276 0.558 18.14 18.037 6002
462 -1.811 -3.115 18.15 18.563 5843
463 2.957 1.058 18.16 18.880 6070

464 -4.707 -0.801 18.16 19.100 4230
465 -5.792 3.108 18.16 18.958 2863
466 -2.222 0.692 18.16 18.644 4553
467 -6.292 -0.475 18.16 18.552 3673

468 2.719 -5.693 18.16 18.510 8082
469 -1.318 0.441 18.17 18.540 4908
470 -2.270 -7.204 18.17 19.116 7051
471 3.438 2.713 18.18 18.417 5692

472 0.248 0.258 18.18 18.567 5433
473 -3.716 -1.269 18.18 20.043 4688
474 -5.760 0.544 18.18 18.693 3522
475 -3.232 -0.295 18.19 18.575 4538

476 -2.707 -7.076 18.19 18.615 6862
477 5.273 -6.287 18.19 18.544 8947
478 2.993 -3.362 18.19 18.644 7479

479 0.567 -6.392 18.19 18.554 7653
480 5.484 -8.752 18.19 18.951 9608
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ID ∆R.A. ∆dec. I V IDVDM

481 4.730 -7.711 18.20 18.808 9165
482 2.960 -6.930 18.20 17.638 8492

483 -6.750 3.201 18.20 17.622 2605
484 4.688 -3.099 18.20 18.632 7904
485 -0.005 -2.905 18.21 18.725 6377

486 -2.792 -3.644 18.21 18.692 5696
487 3.642 -5.097 18.21 18.943 8172
488 1.127 -7.957 18.21 18.520 8252
489 -6.317 1.803 18.22 18.515 3048

490 -6.388 -5.285 18.22 19.157 5060
491 1.387 3.342 18.23 18.760 4865
492 -1.065 -6.670 18.23 18.716 7236
493 -5.991 -2.440 18.23 18.527 4324

494 -7.133 -2.196 18.25 18.946 3933
495 -1.844 0.697 18.25 19.036 4671
496 5.124 -5.476 18.25 19.675 8690
497 -3.748 -5.863 18.25 18.640 6095

498 0.010 -3.526 18.26 18.509 6588
499 -2.177 -7.358 18.26 18.750 7116
500 -6.312 -4.601 18.26 19.143 4903
501 0.738 -3.694 18.26 18.966 6890

502 -0.037 1.245 18.27 18.783 5048
503 -0.295 -3.802 18.27 18.979 6593
504 -0.860 -4.549 18.27 18.784 6634

505 -2.670 3.285 18.27 18.536 3660
506 0.279 -9.017 18.27 18.573 8313
507 -7.121 1.907 18.28 18.789 2821
508 -3.647 0.195 18.28 18.979 4269

509 -4.571 2.355 18.28 18.727 3367
510 -3.993 -1.298 18.29 18.796 4613
511 -4.100 -5.598 18.29 19.237 5896
512 4.501 -3.259 18.29 18.732 7896

513 -3.093 1.748 18.29 18.519 3976
514 -4.085 -1.730 18.29 19.027 4710
515 2.856 0.880 18.29 19.055 6094
516 -3.260 -1.232 18.29 19.685 4822

517 -4.835 -0.897 18.30 18.592 4224
518 1.947 2.865 18.30 18.805 5174
519 -2.585 -5.259 18.30 18.773 6286

520 -1.103 -1.968 18.30 18.517 5704
521 4.355 -7.992 18.31 18.621 9136
522 -1.737 -4.889 18.31 18.716 6453
523 -5.928 -1.196 18.31 18.170 3994

524 -0.557 -3.781 18.31 18.486 6488
525 4.999 -2.875 18.32 18.682 7934
526 2.573 3.561 18.32 18.534 5153
527 -4.406 -1.827 18.32 18.652 4645

528 -4.955 2.506 18.32 18.612 3214
529 -2.052 1.440 18.33 18.803 4383
530 -1.727 -1.371 18.33 18.175 5314
531 0.577 -3.029 18.33 —— —

532 1.350 -2.675 18.33 18.627 6757
533 -3.265 -1.118 18.34 18.997 4772
534 3.327 0.282 18.34 18.700 6447
535 -6.191 -7.090 18.34 18.554 5689

536 3.190 -6.780 18.34 18.778 8514
537 -4.618 1.019 18.34 19.114 3737
538 -1.553 1.434 18.36 18.584 4534

539 0.637 -1.713 18.36 18.287 6202
540 2.431 0.841 18.36 18.942 5963

ID ∆R.A. ∆dec. I V IDVDM

541 3.052 -0.033 18.36 18.727 6469
542 -3.584 0.725 18.36 18.980 4122

543 -1.889 3.447 18.37 18.595 3831
544 -0.309 -6.023 18.37 18.774 7281
545 -5.068 -0.601 18.37 19.098 4073

546 4.106 -3.223 18.37 18.537 7774
547 4.202 0.988 18.37 18.920 6520
548 5.217 1.330 18.38 18.569 6748
549 -1.007 1.117 18.38 18.716 4803

550 2.227 -4.207 18.38 18.960 7495
551 4.278 -4.068 18.38 18.561 8068
552 4.232 -0.224 18.39 18.304 6920
553 -3.534 3.159 18.39 18.608 3429

554 1.845 -3.052 18.39 18.622 7040
555 2.968 -3.026 18.39 18.715 7373
556 -5.728 2.106 18.40 18.849 3115
557 -7.264 -0.536 18.40 18.720 3412

558 -3.784 -1.704 18.41 18.894 4793
559 1.446 -8.421 18.41 18.688 8482
560 0.702 3.836 18.41 17.994 4505
561 -1.272 2.065 18.41 18.874 4435

562 0.951 -0.415 18.41 18.698 5885
563 5.252 -1.087 18.41 18.584 7494
564 -0.731 -5.875 18.41 18.825 7097

565 -6.472 -0.350 18.41 18.681 3573
566 -5.619 3.674 18.41 18.453 2772
567 -5.785 -3.760 18.42 18.739 4800
568 1.202 -3.994 18.42 19.084 7133

569 0.438 0.905 18.42 19.019 5297
570 2.786 -5.141 18.42 18.861 7936
571 4.593 1.830 18.43 18.679 6369
572 -0.058 1.192 18.43 19.188 5076

573 1.826 -2.911 18.43 18.838 6988
574 -1.016 -2.871 18.43 18.626 6022
575 -4.067 -3.242 18.44 18.563 5163
576 -2.902 -0.933 18.44 18.961 4840

577 -0.747 -4.915 18.44 19.080 6804
578 2.634 -2.964 18.44 18.759 7260
579 1.155 0.155 18.45 18.912 5765

580 -1.181 -7.831 18.45 18.742 7551
581 4.890 -1.636 18.45 18.746 7552
582 -4.679 -5.062 18.45 19.311 5540
583 2.907 -2.635 18.45 19.086 7250

584 2.741 2.050 18.46 18.663 5672
585 -2.434 2.005 18.46 18.640 4086
586 4.277 -8.119 18.46 18.819 9153
587 4.386 -6.913 18.46 19.693 8890

588 -2.871 -0.677 18.46 18.733 4770
589 1.561 2.775 18.46 18.712 5080
590 -1.340 1.787 18.46 18.930 4486
591 -1.481 -4.833 18.47 18.602 6530

592 -3.780 -4.611 18.47 18.904 5678
593 0.831 -1.222 18.47 19.029 6100
594 -4.424 1.855 18.47 18.874 3538
595 2.973 2.521 18.47 18.812 5600

596 -0.930 0.879 18.47 18.601 4896
597 -1.221 2.197 18.47 19.062 4414
598 -4.059 -2.774 18.47 18.904 5034

599 -3.403 0.387 18.47 18.968 4278
600 0.269 -2.161 18.48 18.285 6221
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ID ∆R.A. ∆dec. I V IDVDM

601 -0.062 1.849 18.48 18.685 4876
602 -0.226 -4.543 18.48 18.812 6851

603 0.980 1.594 18.48 19.374 5246
604 -5.585 -4.370 18.48 18.970 5046
605 2.135 -4.430 18.48 19.223 7537

606 0.289 3.874 18.48 18.736 4362
607 1.796 -0.656 18.48 18.913 6240
608 -1.550 -2.713 18.48 18.479 5807
609 -4.735 -1.830 18.48 19.204 4537

610 -4.354 3.416 18.49 18.672 3140
611 1.128 -3.358 18.49 18.641 6900
612 -5.669 2.388 18.50 18.969 3060
613 4.984 0.265 18.50 18.558 7015

614 4.118 1.016 18.50 19.446 6473
615 -6.529 2.587 18.51 18.618 2806
616 -0.809 3.006 18.51 18.777 4291
617 -2.429 2.567 18.51 18.720 3943

618 3.524 -7.774 18.51 18.939 8893
619 -0.274 -4.851 18.51 19.420 6932
620 0.843 -6.213 18.51 18.924 7689
621 3.606 -3.566 18.52 18.990 7731

622 0.885 3.935 18.52 19.029 4530
623 -7.232 -3.224 18.52 18.731 4195
624 1.528 -0.223 18.52 19.171 6016

625 5.139 -6.258 18.53 18.834 8921
626 4.287 -0.539 18.53 18.768 7045
627 4.445 -2.747 18.53 18.715 7742
628 0.365 0.621 18.53 19.099 5369

629 0.541 -5.522 18.53 18.816 7388
630 -1.460 -1.456 18.53 18.596 5426
631 -1.396 0.727 18.53 18.915 4801
632 4.677 -7.438 18.54 18.753 9086

633 -4.347 1.132 18.54 19.312 3779
634 -0.175 -2.765 18.54 18.909 6296
635 -1.290 -0.323 18.54 18.661 5131
636 3.889 -3.529 18.54 19.009 7794

637 -0.156 -6.296 18.55 18.584 7402
638 -3.305 -1.782 18.55 18.572 4980
639 2.907 -8.213 18.55 18.677 8844

640 0.073 1.665 18.55 18.833 4974
641 -2.923 -5.647 18.55 18.952 6307
642 -1.460 -4.584 18.55 19.220 6466
643 -3.905 -4.118 18.55 19.088 5491

644 -2.368 3.345 18.56 18.598 3723
645 3.263 -6.271 18.56 18.628 8393
646 0.934 -8.387 18.56 19.193 8317
647 1.932 -6.371 18.56 19.140 8050

648 3.252 -4.516 18.56 19.155 7877
649 3.353 -3.728 18.56 18.504 7714
650 1.673 -1.134 18.57 18.748 6367
651 2.550 1.158 18.57 19.245 5902

652 -0.529 1.822 18.57 19.357 4722
653 1.132 3.713 18.57 18.806 4672
654 -6.583 -3.137 18.57 19.275 4376
655 -1.614 -6.079 18.57 18.643 6891

656 2.776 1.399 18.57 19.542 5904
657 -0.836 -6.002 18.57 18.764 7128
658 -0.740 -1.409 18.58 19.225 5644

659 -1.161 3.351 18.58 18.998 4080
660 3.468 -2.538 18.58 18.873 7390

ID ∆R.A. ∆dec. I V IDVDM

661 -4.255 -4.875 18.58 18.838 5609
662 2.383 2.392 18.58 18.728 5451

663 0.738 -0.909 18.58 18.829 5968
664 0.864 2.252 18.58 18.775 5027
665 4.062 3.955 18.59 18.793 5504

666 1.585 -7.022 18.59 19.481 8126
667 -4.510 3.138 18.60 18.907 3176
668 -4.100 3.011 18.60 18.818 3318
669 3.920 -1.723 18.60 19.032 7275

670 1.284 -6.027 18.61 19.012 7751
671 0.849 -6.896 18.61 19.402 7869
672 -2.038 1.286 18.61 18.799 4434
673 0.022 -3.743 18.61 19.168 6668

674 -0.613 -3.176 18.61 19.413 6256
675 0.296 3.751 18.61 19.163 4409
676 -2.709 -5.156 18.62 19.002 6218
677 0.160 -4.930 18.62 19.100 7093

678 -1.493 -6.478 18.63 19.285 7049
679 -2.046 2.460 18.63 19.373 4079
680 2.180 -1.372 18.63 19.087 6608
681 -3.066 -4.744 18.63 18.972 5961

682 4.015 -1.600 18.63 18.659 7271
683 -2.080 -7.726 18.64 18.520 7242
684 0.768 -1.606 18.64 19.243 6223

685 1.771 1.027 18.64 19.065 5691
686 -5.223 1.366 18.64 18.027 3444
687 2.996 0.371 18.64 18.861 6310
688 -0.925 -3.719 18.64 18.730 6354

689 -3.249 1.162 18.65 18.954 4100
690 5.505 -0.729 18.65 19.329 7462
691 1.345 -0.748 18.65 19.263 6120
692 -0.823 -2.414 18.65 18.749 5948

693 -6.912 1.769 18.65 18.809 2904
694 3.910 -2.968 18.65 19.272 7664
695 -1.466 -2.466 18.66 19.100 5743
696 2.690 0.802 18.66 19.453 6063

697 3.625 2.841 18.66 18.807 5709
698 -0.214 1.787 18.66 18.818 4841
699 -2.773 -0.920 18.66 19.365 4877

700 2.680 -4.497 18.67 18.663 7730
701 -5.184 -0.855 18.68 18.993 4107
702 5.184 1.150 18.68 18.961 6790
703 2.126 -3.093 18.68 19.009 7146

704 -6.543 -7.119 18.68 19.207 5584
705 1.788 -7.991 18.68 19.262 8453
706 0.101 -5.547 18.68 18.783 7257
707 -5.380 -0.165 18.69 19.381 3857

708 1.612 -0.996 18.69 18.968 6289
709 -4.732 1.423 18.69 18.937 3572
710 -0.466 -0.555 18.69 19.005 5475
711 -6.528 -3.510 18.69 18.852 4495

712 -2.823 -7.448 18.69 18.937 6936
713 0.825 2.892 18.69 19.093 4830
714 -1.830 -3.360 18.69 18.929 5925
715 2.745 1.556 18.69 19.066 5826

716 -6.730 -1.289 18.69 18.893 3774
717 -2.025 2.188 18.70 18.869 4163
718 -2.112 -6.486 18.70 18.989 6865

719 -4.845 -4.667 18.70 18.906 5360
720 1.659 -7.347 18.70 18.958 8234
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ID ∆R.A. ∆dec. I V IDVDM

721 -2.456 -4.668 18.70 18.993 6129
722 -3.375 2.544 18.70 19.344 3671

723 -2.052 -8.106 18.70 18.794 7361
724 -1.668 2.218 18.70 18.817 4268
725 -2.522 -6.145 18.70 19.235 6606

726 -0.884 0.745 18.71 18.855 4961
727 1.442 3.189 18.71 19.150 4927
728 -2.072 1.947 18.71 19.427 4217
729 -6.918 1.428 18.72 19.468 2983

730 -6.454 -1.408 18.72 18.866 3896
731 2.241 -2.603 18.72 19.187 7052
732 0.351 -4.744 18.72 18.904 7095
733 2.812 3.748 18.73 19.610 5185

734 5.132 -0.852 18.73 18.982 7389
735 -3.012 -1.090 18.73 19.096 4850
736 3.886 3.336 18.73 19.403 5635
737 -5.718 -3.985 18.73 18.856 4898

738 -4.980 -4.606 18.73 18.889 5290
739 -1.489 -4.301 18.73 19.257 6341
740 -4.420 -8.188 18.73 19.236 6641
741 2.219 -2.852 18.74 18.783 7103

742 0.731 -6.141 18.74 19.034 7630
743 -0.772 0.597 18.74 18.816 5024
744 -6.273 -3.505 18.74 19.108 4568

745 -0.873 0.187 18.74 18.592 5111
746 -5.103 0.791 18.74 18.967 3664
747 -0.440 -4.240 18.74 19.530 6657
748 2.957 -8.057 18.74 18.865 8809

749 1.981 -0.947 18.75 18.978 6413
750 1.168 -1.258 18.75 18.875 6230
751 -1.393 -3.728 18.75 19.153 6188
752 3.690 -2.472 18.75 18.947 7431

753 1.235 0.532 18.75 19.269 5665
754 5.378 1.640 18.75 19.502 6699
755 4.649 1.512 18.76 19.200 6495
756 -1.169 -6.124 18.76 19.285 7053

757 -4.168 -4.042 18.76 19.255 5377
758 2.112 -3.810 18.76 19.077 7352
759 2.788 -7.392 18.76 19.053 8572

760 1.923 -1.440 18.76 18.835 6546
761 -4.554 -4.437 18.76 19.189 5362
762 -1.720 0.887 18.76 19.323 4651
763 -2.017 -0.743 18.77 18.892 5039

764 1.446 -6.086 18.77 19.194 7807
765 -4.021 -2.667 18.77 19.506 5019
766 -4.101 -8.377 18.78 19.556 6830
767 -6.379 -7.354 18.78 18.628 5710

768 1.292 -3.802 18.78 19.001 7102
769 5.164 -2.003 18.78 18.936 7735
770 1.750 1.365 18.78 18.922 5575
771 -6.066 -6.560 18.79 18.473 5553

772 0.441 -5.836 18.79 19.383 7443
773 -1.092 -8.602 18.79 18.751 7789
774 -2.377 2.182 18.79 19.039 4067
775 2.971 -7.676 18.79 18.926 8703

776 -0.456 -0.974 18.80 19.125 5596
777 -1.577 0.802 18.80 19.489 4724
778 0.879 -1.356 18.80 18.964 6160

779 -4.652 -3.187 18.80 19.069 4987
780 0.337 -7.827 18.80 19.707 7990

ID ∆R.A. ∆dec. I V IDVDM

781 -3.326 -2.665 18.80 18.997 5211
782 0.754 -5.678 18.81 19.141 7492

783 3.143 -6.180 18.81 18.806 8331
784 0.113 0.480 18.81 19.150 5316
785 -3.665 3.289 18.81 18.941 3362

786 0.967 -5.430 18.81 19.301 7484
787 -0.077 1.690 18.81 19.255 4913
788 -4.044 -4.236 18.82 19.331 5480
789 -2.625 0.507 18.82 18.859 4478

790 1.308 -5.379 18.82 19.315 7576
791 -3.359 -5.541 18.82 19.169 6119
792 5.263 -0.129 18.82 19.669 7205
793 0.561 -5.247 18.82 18.985 7309

794 -4.862 -1.454 18.82 19.013 4389
795 2.609 1.858 18.82 19.518 5700
796 -1.318 -2.654 18.83 18.441 5861
797 3.135 0.499 18.83 18.728 6309

798 -0.271 -7.959 18.83 19.072 7847
799 2.833 -0.374 18.83 19.399 6509
800 -1.739 -7.212 18.83 19.338 7211
801 -3.817 2.449 18.83 19.021 3545

802 -1.657 -3.989 18.83 19.171 6190
803 -5.741 -4.149 18.83 19.019 4945
804 1.388 3.677 18.84 18.867 4764

805 2.808 -7.554 18.84 18.809 8612
806 1.431 -6.465 18.84 18.572 7914
807 2.347 1.858 18.85 19.492 5612
808 -4.743 -3.207 18.85 18.990 4964

809 2.622 -4.123 18.85 19.742 7599
810 2.228 2.871 18.85 18.978 5245
811 3.142 -0.289 18.85 19.442 6576
812 0.489 1.278 18.86 19.258 5207

813 -1.482 -8.866 18.86 18.763 7756
814 5.457 -1.585 18.86 18.852 7709
815 2.397 -8.243 18.86 19.216 8707
816 -1.895 0.374 18.86 19.213 4744

817 -3.574 -8.009 18.87 19.670 6874
818 -5.554 -1.504 18.87 18.854 4193
819 -0.333 1.235 18.87 19.589 4976

820 5.075 -6.463 18.87 19.324 8949
821 -0.676 -3.928 18.88 19.414 6493
822 1.408 -1.003 18.88 19.324 6231
823 2.723 2.368 18.88 18.884 5569

824 -0.170 -4.065 18.88 19.338 6710
825 -0.811 -3.484 18.88 19.605 6297
826 -2.834 3.531 18.89 19.064 3514
827 -0.296 -3.650 18.89 19.102 6535

828 2.955 -8.375 18.89 19.028 8895
829 1.446 -2.851 18.89 19.183 6852
830 0.380 -3.406 18.89 18.931 6676
831 1.914 -7.255 18.89 19.311 8273

832 -3.742 -6.888 18.89 19.160 6428
833 5.135 -1.540 18.89 18.945 7586
834 1.718 1.838 18.89 19.217 5411
835 1.190 3.528 18.90 19.089 4747

836 -0.294 -6.363 18.90 19.378 7380
837 1.435 0.118 18.90 18.996 5873
838 -1.284 1.725 18.90 19.479 4536

839 -1.437 -8.574 18.90 19.282 7699
840 2.166 -6.807 18.90 19.331 8228
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ID ∆R.A. ∆dec. I V IDVDM

841 0.824 2.157 18.90 19.710 5041
842 0.067 -5.112 18.90 19.155 7126

843 -2.731 4.109 18.90 18.968 3408
844 3.118 4.008 18.90 19.376 5186
845 -5.703 2.241 18.91 19.704 3086

846 -6.387 4.074 18.91 19.309 2512
847 -2.263 -5.509 18.91 19.116 6485
848 -2.178 -5.954 18.91 19.126 6655
849 0.342 -7.949 18.91 19.664 8035

850 0.443 1.661 18.91 19.638 5091
851 2.016 -3.676 18.91 18.940 7278
852 1.398 2.217 18.91 19.299 5201
853 3.226 -2.313 18.91 19.782 7240

854 -1.951 -4.270 18.91 19.152 6179
855 -4.284 1.400 18.91 19.458 3722
856 0.869 -6.003 18.92 19.075 7633
857 -2.921 3.947 18.92 19.199 3395

858 4.182 -6.806 18.92 19.016 8806
859 3.449 1.731 18.92 19.798 6001
860 -0.558 -3.612 18.92 19.032 6427
861 -1.457 -7.510 18.92 19.132 7360

862 -1.820 -0.959 18.92 18.664 5167
863 3.189 2.837 18.93 19.541 5576
864 -3.142 -2.095 18.93 19.452 5105

865 -3.668 1.978 18.93 19.703 3736
866 -3.814 -2.852 18.93 19.404 5137
867 -2.099 -8.967 18.94 19.429 7602
868 0.786 -4.800 18.95 19.091 7248

869 -6.742 0.418 18.95 19.411 3287
870 1.523 -7.413 18.95 19.619 8223
871 0.641 -4.177 18.95 19.530 7018
872 -1.707 -0.869 18.95 18.975 5180

873 -4.239 -8.351 18.95 18.840 6761
874 -0.358 -0.090 18.95 19.021 5345
875 -1.162 1.974 18.95 19.165 4492
876 -1.327 -4.179 18.96 19.205 6365

877 -3.387 1.444 18.96 19.272 3981
878 -6.365 -2.191 18.96 19.415 4145
879 5.237 0.426 18.96 19.422 7048

880 0.239 -0.780 18.97 18.634 5763
881 -0.343 -0.446 18.97 18.774 5473
882 4.002 -1.069 18.97 19.943 7115
883 1.968 -0.688 18.97 19.235 6317

884 -0.016 -6.262 18.97 19.068 7437
885 -5.087 -2.905 18.97 19.129 4749
886 -4.900 -4.768 18.98 19.917 5367
887 -4.653 -1.482 18.98 18.960 4462

888 -0.026 -3.829 18.98 19.522 6675
889 -4.429 2.173 18.98 18.954 3440
890 -5.181 -1.027 18.98 18.887 4162
891 -4.355 4.006 18.98 19.154 2995

892 -4.723 -7.696 18.98 19.472 6384
893 0.402 -8.142 18.99 19.210 8105
894 1.562 -0.074 18.99 19.892 5973
895 -2.804 -4.116 19.00 19.107 5839

896 5.192 -1.535 19.00 18.900 7607
897 1.573 2.660 19.00 19.120 5117
898 -0.357 -5.819 19.00 19.881 7202

899 -0.608 -7.363 19.00 19.444 7584
900 1.939 1.500 19.00 19.577 5595

ID ∆R.A. ∆dec. I V IDVDM

901 -5.813 -7.811 19.00 19.550 6036
902 5.222 -1.735 19.01 19.100 7681

903 -5.151 -5.058 19.01 19.162 5382
904 -0.537 -7.947 19.01 19.191 7765
905 -3.114 -7.807 19.01 19.227 6951

906 -5.454 -2.891 19.01 19.922 4634
907 -2.650 0.734 19.01 19.408 4412
908 -4.256 3.235 19.01 18.765 3209
909 -3.391 -2.368 19.01 19.399 5106

910 1.557 -8.435 19.01 19.237 8511
911 -2.037 -8.624 19.01 19.059 7518
912 -0.951 -2.991 19.02 18.881 6088
913 -1.175 3.565 19.02 19.315 4020

914 3.069 3.088 19.02 19.271 5452
915 3.746 -6.024 19.02 18.880 8457
916 2.456 -8.653 19.02 18.905 8838
917 -5.267 -2.670 19.03 19.096 4632

918 1.284 1.783 19.03 19.413 5286
919 -7.021 3.954 19.03 19.865 2388
920 0.520 -6.585 19.03 19.386 7698
921 -3.490 0.671 19.04 19.106 4167

922 -3.971 -5.527 19.04 19.765 5927
923 4.360 0.976 19.04 19.638 6567
924 1.452 -1.248 19.05 19.569 6316

925 -1.734 4.086 19.05 19.938 3701
926 -4.601 2.087 19.05 19.099 3421
927 -4.298 -8.499 19.05 19.791 6782
928 1.654 -2.971 19.05 19.225 6965

929 -1.695 -5.545 19.05 19.141 6681
930 -0.464 0.356 19.05 19.023 5191
931 1.917 -2.806 19.06 19.301 6998
932 -5.207 0.002 19.06 19.427 3861

933 4.471 -8.583 19.06 18.979 9305
934 -4.947 -4.450 19.06 19.277 5247
935 3.023 -2.890 19.06 19.464 7351
936 -6.972 -4.874 19.06 19.096 4767

937 -1.687 -8.019 19.06 19.435 7441
938 1.774 -1.453 19.06 19.969 6506
939 -3.799 -7.296 19.06 19.301 6555

940 1.271 -4.384 19.07 19.571 7276
941 -7.548 -4.756 19.07 19.314 4566
942 -4.498 -2.114 19.07 19.144 4700
943 1.369 -7.303 19.07 19.254 8131

944 4.411 -1.319 19.07 18.962 7312
945 0.043 -4.377 19.07 19.771 6894
946 4.024 -3.066 19.07 19.266 7715
947 0.932 -7.049 19.07 19.323 7938

948 -2.900 -3.645 19.08 —— —
949 4.735 0.340 19.08 19.375 6909
950 -0.148 -1.668 19.08 18.444 5920
951 -0.788 -3.984 19.08 19.432 6477

952 4.576 -0.633 19.08 19.865 7169
953 -4.209 -1.395 19.08 19.397 4569
954 5.565 0.494 19.08 19.731 7122
955 -2.639 -4.179 19.09 19.083 5923

956 -3.456 -5.356 19.09 19.883 6026
957 1.028 -2.337 19.09 18.513 6539
958 2.357 3.365 19.09 19.109 5145

959 1.872 0.868 19.09 19.498 5766
960 -6.326 0.615 19.10 19.241 3357
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ID ∆R.A. ∆dec. I V IDVDM

961 -1.618 2.604 19.10 19.985 4161
962 -1.153 2.472 19.10 19.544 4333

963 2.645 -0.161 19.10 19.393 6370
964 4.769 -1.783 19.10 19.232 7557
965 -3.485 0.328 19.11 19.420 4284

966 -5.167 -2.667 19.11 19.523 4657
967 1.650 0.404 19.11 19.735 5852
968 -7.053 -2.275 19.11 19.229 3974
969 1.187 -5.770 19.11 19.538 7658

970 -4.256 -2.510 19.11 19.531 4893
971 -2.900 -1.769 19.12 20.053 5068
972 2.996 -7.495 19.12 19.259 8653
973 3.835 -3.376 19.12 19.035 7748

974 -3.848 3.346 19.12 19.347 3296
975 0.750 0.647 19.12 19.730 5482
976 3.356 3.264 19.13 19.424 5487
977 -4.021 -5.137 19.13 19.647 5764

978 2.373 -2.669 19.13 19.433 7090
979 1.201 1.347 19.13 19.130 5403
980 -6.096 -4.350 19.13 19.469 4886
981 4.753 -7.221 19.13 18.762 9050

982 -2.399 -0.335 19.13 19.664 4812
983 -4.745 -4.717 19.13 19.291 5400
984 2.015 0.344 19.14 19.655 5977

985 3.088 -6.623 19.14 19.772 8437
986 -1.972 -7.542 19.14 19.071 7223
987 -1.548 3.477 19.14 19.648 3930
988 0.635 -6.966 19.14 19.382 7824

989 -3.018 -6.942 19.14 19.694 6706
990 2.364 -5.867 19.14 19.084 8029
991 -2.650 1.665 19.15 19.125 4120
992 2.247 2.807 19.15 19.038 5279

993 2.297 -0.811 19.15 19.597 6478
994 -1.001 3.882 19.15 19.628 3975
995 -1.810 1.947 19.15 19.093 4303
996 -6.243 -3.829 19.15 19.754 4681

997 -0.440 3.477 19.16 19.023 4257
998 -2.462 1.449 19.16 19.153 4240
999 -3.575 1.836 19.16 19.394 3791

1000 1.916 -4.600 19.16 19.094 7521
1001 0.484 -0.458 19.16 18.687 5741
1002 -7.117 -3.656 19.16 19.210 4361
1003 1.339 -2.383 19.17 19.176 6665

1004 4.806 -0.010 19.17 19.843 7050
1005 -3.889 -3.446 19.17 19.514 5252
1006 0.622 1.758 19.17 19.407 5100
1007 -2.290 -4.299 19.17 19.453 6069

1008 2.598 3.110 19.17 19.519 5295
1009 -1.902 1.698 19.17 19.216 4339
1010 -2.949 2.698 19.18 19.887 3734
1011 0.685 -7.397 19.18 19.304 7960

1012 2.231 -0.784 19.19 19.798 6422
1013 1.811 1.901 19.19 18.972 5416
1014 2.161 -7.875 19.19 19.284 8533
1015 -3.072 1.137 19.19 19.206 4151

1016 -2.820 1.180 19.19 19.441 4219
1017 2.814 3.236 19.19 19.670 5328
1018 -2.667 -1.492 19.19 19.564 5070

1019 4.250 3.992 19.19 19.665 5550
1020 -6.303 -3.325 19.19 19.287 4504

ID ∆R.A. ∆dec. I V IDVDM

1021 -5.616 3.356 19.19 19.231 2839
1022 -4.373 -4.346 19.19 19.586 5405

1023 -1.213 -6.416 19.20 19.492 7124
1024 -2.369 -6.287 19.20 19.526 6714
1025 -0.971 -4.098 19.20 19.633 6459

1026 -6.745 3.455 19.20 19.739 2562
1027 -1.804 -7.024 19.20 19.173 7130
1028 -4.676 3.195 19.20 19.274 3109
1029 -1.957 -5.583 19.21 19.176 6618

1030 -0.566 -2.944 19.21 18.953 6206
1031 0.509 -5.366 19.21 20.022 7332
1032 -2.174 3.454 19.21 19.230 3743
1033 -1.699 1.430 19.21 19.572 4483

1034 0.234 -0.864 19.21 18.716 5797
1035 0.939 -4.418 19.21 19.955 7181
1036 0.814 -6.610 19.21 19.788 7780
1037 2.439 -8.555 19.22 19.542 8803

1038 -3.407 -6.032 19.22 20.134 6264
1039 -2.311 1.159 19.22 19.487 4385
1040 4.133 -8.493 19.22 19.078 9202
1041 -4.382 -4.986 19.22 19.343 5602

1042 -5.498 -2.048 19.22 19.346 4375
1043 4.770 -1.266 19.23 19.417 7401
1044 0.265 -0.067 19.23 19.136 5545

1045 -4.529 -3.528 19.23 19.294 5107
1046 -2.432 -3.407 19.23 19.434 5727
1047 -0.432 -0.795 19.23 19.117 5547
1048 1.532 2.278 19.23 19.421 5215

1049 4.329 -1.890 19.23 19.261 7450
1050 1.728 2.745 19.24 —— —
1051 -2.555 2.034 19.24 18.812 4052
1052 3.366 -2.851 19.24 19.248 7445

1053 -0.941 -7.887 19.24 19.277 7637
1054 -5.365 -3.476 19.24 20.029 4846
1055 -2.314 -0.015 19.24 19.477 4742
1056 -5.595 -7.198 19.24 19.018 5929

1057 -1.761 -3.749 19.24 19.582 6072
1058 -7.353 -8.520 19.25 19.256 5759
1059 -1.537 -3.058 19.25 19.152 5910

1060 0.804 -7.681 19.25 19.519 8086
1061 -6.432 2.286 19.25 19.770 2895
1062 2.818 -3.524 19.25 19.367 7486
1063 -1.589 3.653 19.26 19.255 3870

1064 -5.897 -4.581 19.26 19.128 5008
1065 2.506 3.064 19.26 19.270 5266
1066 1.165 -5.888 19.26 19.424 7684
1067 -6.488 3.837 19.26 18.995 2545

1068 -4.728 2.639 19.26 19.285 3243
1069 -3.663 -0.600 19.26 19.705 4500
1070 -1.026 -2.478 19.27 19.388 5900
1071 2.003 -7.441 19.27 19.312 8367

1072 -5.892 1.219 19.27 19.479 3309
1073 4.635 -1.699 19.27 19.386 7487
1074 -5.988 -7.406 19.27 19.063 5851
1075 0.014 -5.805 19.28 19.853 7316

1076 -4.046 3.542 19.28 19.220 3189
1077 -2.788 -4.415 19.28 19.654 5955
1078 -3.203 -8.317 19.28 19.431 7085

1079 4.463 -0.601 19.28 19.980 7123
1080 -0.152 3.904 19.28 19.940 4209
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High-resolution optical imaging of the core of the globular cluster M15 with FastCam 21

ID ∆R.A. ∆dec. I V IDVDM

1081 -6.955 -1.081 19.28 19.346 3643
1082 -3.507 -4.306 19.29 19.345 5668

1083 -4.790 -8.842 19.29 19.463 6741
1084 -0.195 2.912 19.29 19.716 4503
1085 4.439 1.520 19.29 19.402 6418

1086 -6.636 0.205 19.29 19.317 3376
1087 -1.379 -5.645 19.29 19.827 6834
1088 3.404 -7.533 19.29 18.991 8800
1089 4.854 -1.485 19.29 19.462 7501

1090 -3.411 -1.128 19.30 19.063 4741
1091 2.224 -7.115 19.30 19.464 8330
1092 -1.340 -8.765 19.30 19.918 7773
1093 1.367 -0.150 19.30 19.722 5934

1094 1.134 1.636 19.30 19.678 5282
1095 -4.679 -2.595 19.31 19.470 4784
1096 -1.985 3.887 19.31 19.215 3684
1097 -3.196 0.545 19.32 19.096 4304

1098 -6.964 3.959 19.32 19.393 2414
1099 4.855 -2.248 19.32 19.617 7727
1100 4.278 -2.784 19.32 19.434 7712
1101 -1.247 3.425 19.32 19.124 4040

1102 1.037 -5.391 19.33 19.400 7493
1103 -2.493 -8.635 19.33 19.257 7396
1104 3.254 -2.822 19.33 19.338 7414

1105 -3.825 2.920 19.33 19.463 3415
1106 -3.666 -6.042 19.33 19.818 6182
1107 -5.749 1.419 19.33 19.755 3292
1108 -5.730 0.728 19.33 19.743 3481

1109 -4.657 -4.826 19.34 19.248 5471
1110 2.587 -2.813 19.34 19.462 7212
1111 -0.657 2.318 19.34 20.001 4550
1112 3.788 -5.175 19.34 19.232 8241

1113 2.257 -0.623 19.34 19.765 6391
1114 -4.504 -2.581 19.34 20.109 4837
1115 -2.147 -7.912 19.34 20.253 7280
1116 0.160 -4.644 19.34 19.751 6995

1117 -3.778 -1.079 19.35 19.360 4610
1118 1.278 2.272 19.35 19.912 5148
1119 3.580 1.452 19.35 19.636 6148

1120 2.131 -6.033 19.35 19.632 8010
1121 4.758 -7.162 19.36 19.172 9025
1122 3.764 -2.781 19.36 20.119 7543
1123 -0.324 0.347 19.36 19.246 5225

1124 -2.172 1.630 19.36 19.656 4306
1125 1.010 -4.951 19.36 19.265 7347
1126 -4.925 1.130 19.36 19.832 3612
1127 4.518 0.580 19.37 19.527 6753

1128 1.526 -2.100 19.37 19.312 6628
1129 -2.111 -2.898 19.37 18.763 5677
1130 -4.070 -1.512 19.37 19.405 4649
1131 -6.478 -1.686 19.37 20.021 3967

1132 -4.935 -1.544 19.37 19.766 4391
1133 3.192 -4.794 19.37 19.926 7958
1134 2.817 0.372 19.38 19.465 6245
1135 -1.225 -5.265 19.38 19.191 6751

1136 -2.823 -8.549 19.38 19.241 7269
1137 -6.942 -8.405 19.39 18.830 5883
1138 0.587 -5.050 19.39 19.743 7262

1139 -1.568 -6.669 19.39 19.513 7092
1140 1.618 -6.173 19.40 20.095 7893

ID ∆R.A. ∆dec. I V IDVDM

1141 1.524 -0.993 19.40 19.424 6257
1142 1.193 0.376 19.40 20.181 5699

1143 -1.379 -7.478 19.41 —— —
1144 -2.676 0.876 19.41 20.000 4356
1145 2.317 -6.743 19.41 19.452 8249

1146 3.752 -6.317 19.41 18.753 8545
1147 -2.449 -3.854 19.41 19.641 5871
1148 -3.132 0.380 19.41 19.732 4369
1149 -5.529 -7.370 19.41 19.361 5992

1150 5.327 0.271 19.42 19.574 7120
1151 -0.605 3.566 19.42 19.105 4175
1152 3.577 0.547 19.42 19.478 6448
1153 3.247 -2.148 19.42 19.949 7222

1154 -0.211 -6.493 19.42 19.461 7444
1155 2.096 -6.169 19.43 20.006 8038
1156 -4.785 3.131 19.43 19.604 3097
1157 -3.978 -1.098 19.43 19.522 4556

1158 -4.341 -1.675 19.43 19.685 4619
1159 -4.235 2.329 19.44 19.401 3459
1160 4.612 -2.966 19.44 19.859 7831
1161 1.249 -6.652 19.45 19.587 7915

1162 -4.104 -2.395 19.45 19.370 4909
1163 -2.068 -6.693 19.45 19.490 6922
1164 0.768 -0.810 19.45 19.196 5962

1165 5.225 -7.132 19.46 19.400 9147
1166 1.363 0.097 19.47 19.310 5840
1167 -3.860 1.070 19.47 19.448 3952
1168 -0.587 -7.513 19.47 19.882 7642

1169 3.630 -0.498 19.48 18.742 6819
1170 1.501 0.435 19.48 19.577 5792
1171 4.081 0.805 19.49 19.751 6538
1172 -3.759 -8.376 19.49 19.546 6923

1173 -4.604 2.266 19.49 19.182 3377
1174 2.699 0.403 19.49 19.483 6207
1175 1.198 -7.525 19.50 19.469 8163
1176 -2.905 -8.410 19.50 19.738 7214

1177 4.821 -1.939 19.50 19.690 7617
1178 -0.489 -6.620 19.50 19.106 7405
1179 -3.052 -2.360 19.50 19.399 5213

1180 1.458 -8.297 19.50 19.349 8440
1181 -3.799 3.080 19.50 19.359 3382
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❡s♣❡❝tró❣r❛❢♦ ② ❙❍❆❇❆❘✮ ✭✷✵✵✽✲✷✵✶✶✮✳

❊❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ s♦❢t✇❛r❡ ❞❡ r❡❞✉❝❝✐ó♥ ♥♦ ❤❛ s✐❞♦ ✉♥❛ t❛r❡❛ t❛♥ ❡s♣❡❝í✜❝❛ ❝♦♠♦

♣✉❡❞❡ ♣❛r❡❝❡r✳ ❍❛ s✉❢r✐❞♦ ♠ás q✉❡ ♥❛❞❛ ❞❡ ❧❛s ♥❡❝❡s✐❞❛❞❡s ❝r❡❛❞❛s ♣❛r❛ ♦♣t✐♠✐③❛r

t❛r❡❛s q✉❡ ❛ ♣❛rt✐r ❞❡ ❧❛s ✵✸✿✵✵ ❞❡ ❧❛ ♠❛ñ❛♥❛ s❡ ❤❛❝❡♥ ♠✉② ❝✉❡st❛ ❛rr✐❜❛ ② ❣❡♥❡✲

r❛♥ ♠✉❝❤♦s ❡rr♦r❡s✱ ❛❞❡♠ás ❞❡ ❧♦s ♣r♦❜❧❡♠❛s ♣r♦♣✐♦s ❞❡❧ ❛❧❣♦r✐t♠♦ ❝♦♥ ❧♦s ❧✐♠✐t❡s

❞❡ ❞❡t❡❝❝✐ó♥ ② ❧❛ ♣r♦♣✐❛ ❡✈♦❧✉❝✐ó♥ té❝♥✐❝❛ ❞❡❧ ♣r♦②❡❝t♦ s✉st✐t✉②❡♥❞♦ ❧❛s t❛r❡❛s ❞❡



✸✼✷ ◆♦t❛s ✜♥❛❧❡s

✈✐s✉❛❧✐③❛❝✐ó♥ ❡♥ t✐❡♠♣♦ r❡❛❧✳

▲❛ ❡❧❡❝tró♥✐❝❛ ♥♦ ❤❛ s✐❞♦ ♠❡♥♦s✳ ❉❡s❞❡ ✉♥❛ ❡♥tr❛❞❛ ✉r❣❡♥t❡ ② ❝❛s✐ ✐♠♣r♦✈✐s❛❞❛ ❞❡❧

s✐st❡♠❛ ❞❡ ❋P●❆s ❤❛st❛ ❧♦s ♣r♦❜❧❡♠❛s ❞❡ ❝♦♠✉♥✐❝❛❝✐♦♥❡s ❡♥ ❧♦s ❞✐st✐♥t♦s t❡❧❡s❝♦♣✐♦s✳

❊❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❧♦s ♣r♦❣r❛♠❛s ② s✐st❡♠❛s ♣❛r❛ ♣♦❞❡r ❝♦♥tr♦❧❛r ❡❧ ✐♥str✉♠❡♥t♦ ❞❡s❞❡

❧❛ s❛❧❛ ❞❡ ✉s✉❛r✐♦s ❡♥ ❧♦s ❞✐st✐♥t♦s t❡❧❡s❝♦♣✐♦s ②✱ ♣♦r s✉♣✉❡st♦✱ ❡❧ ♣r♦❣r❛♠❛ ❞❡ ❋P●❆s

② ❡❧ s❡❣✉✐♠✐❡♥t♦ ❡♥ t✐❡♠♣♦ r❡❛❧✱ q✉❡ ♥♦s ❞✐♦ ✉♥❛ ❣r❛♥ ✈❡♥t❛❥❛ ❢r❡♥t❡ ❛ ❧♦s ♦tr♦s q✉❡

❡st❛❜❛♥ ❢✉♥❝✐♦♥❛♥❞♦ ❛❧ ♠✐s♠♦ t✐❡♠♣♦✳

▲❛s ❞❡✜♥✐❝✐♦♥❡s ❞❡❧ ❣❧♦s❛r✐♦ ❡♥ s✉ ♠❛②♦rí❛ ❤❛♥ ✐❞♦ s✉r❣✐❡♥❞♦ ❝✉❛♥❞♦ ♠❡ ❞❛❜❛

❝✉❡♥t❛ ❞❡ q✉❡ ✐♥tr♦❞✉❝í❛ ✉♥ tér♠✐♥♦ ♥♦ ❞❡s❝r✐t♦ ♣r❡✈✐❛♠❡♥t❡ ♦ q✉❡ ♥♦ r❡q✉✐❡r❡ ✉♥❛

❞✐sq✉✐s✐❝✐ó♥ ❡❧❛❜♦r❛❞❛ ♣❛r❛ ❡st❡ tr❛❜❛❥♦✳ ❊♥ ❣❡♥❡r❛❧✱ ❡stá♥ ❡s❝r✐t❛s t❛❧ ② ❝♦♠♦ ❧❛s

❡♥t✐❡♥❞♦ ② s✐♥ ❛♣♦②♦ ♦ ✈❡r✐✜❝❛❝✐ó♥ ♠ás ❡①❤❛✉st✐✈❛✳ ❊st❛ ❝♦❧❡❝❝✐ó♥ ❞❡ ❞❡✜♥✐❝✐♦♥❡s

✐rá ❝r❡❝✐❡♥❞♦ ② s❡❣✉r❛♠❡♥t❡ ✐ré ❛ñ❛❞✐é♥❞♦❧❡ ❝✐t❛s ♦ r❡❢❡r❡♥❝✐❛s ❛ ❛rtí❝✉❧♦s ❞♦♥❞❡ s❡

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

s✉r❣❡♥ ❛q✉í ♥♦ ♥❡❝❡s✐t❛♥ ♠ás ❛❝❧❛r❛❝✐ó♥✳ ❊st❡ ❣❧♦s❛r✐♦ ❡s s✐♠♣❧❡♠❡♥t❡ ✉♥ ❛❧♠❛❝é♥ ❞❡

❞❡✜♥✐❝✐♦♥❡s q✉❡ ♠❛♥❡❥♦ ② q✉❡✱ ❛✉♥q✉❡ ♣❛r❛ ♠í s♦♥ ♦❜✈✐❛s ♦ ❤❛❜✐t✉❛❧❡s✱ s♦♥ r❡❢❡r❡♥❝✐❛s

♦❜❧✐❣❛❞❛s ♣❛r❛ ♥♦ ❞❡❥❛r ❝♦❥❛s ❛❧❣✉♥❛s ♦tr❛s ❡①♣❧✐❝❛❝✐♦♥❡s✳

▲❛ ❜✐❜❧✐♦❣r❛❢í❛ ❧❛ ❞✐✈✐❞♦ ❡♥ ❞♦s ❣r✉♣♦s✱ ❧❛s r❡❢❡r❡♥❝✐❛s q✉❡ ❡stá♥ ❡①♣❧í❝✐t❛♠❡♥t❡

❝✐t❛❞❛s ❛ ❧♦ ❧❛r❣♦ ❞❡❧ t❡①t♦ ② ❧❛ ❜✐❜❧✐♦❣r❛❢í❛ ♣r♦♣✐❛♠❡♥t❡ ❞✐❝❤❛ ❞♦♥❞❡ s❡ ❝♦♠♣❡♥❞✐❛♥

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

♣❡r♦ q✉❡ s♦♥ ♣❛rt❡ ❞❡ ♠✐ ❢♦r♠❛❝✐ó♥ ② q✉❡ ♠❡ ❤❛♥ ♣❡r♠✐t✐❞♦ ❛❜❛r❝❛r ❡st❡ tr❛❜❛❥♦✳

P♦s✐❜❧❡♠❡♥t❡ ♣♦❞rí❛ ❡♥❝♦♥tr❛r r❡❢❡r❡♥❝✐❛s ❛ t♦❞❛s ❡❧❧❛s ❡♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡❧ tr❛❜❛❥♦✱

♣❡r♦ t❛♠❜✐é♥ ❡s s❡❣✉r♦ q✉❡ ❡❧ t❡①t♦ s❡ ❤❛rí❛ ✐❧❡❣✐❜❧❡✳ ❙✐r✈❛♥ ❛ q✉✐❡♥ q✉✐❡r❛ ♣r♦❢✉♥❞✐③❛r

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

❋✐♥❛❧♠❡♥t❡✱ ❤❡ ❞❡ r❡❝♦♥♦❝❡r q✉❡ ❡st❡ tr❛❜❛❥♦ ❡s ✉♥ ❝♦♠♣❡♥❞✐♦ ❞❡ ❡rr♦r❡s✳ ❉❡s✲

♣✉és ❞❡ ♠✉❝❤♦s ❛ñ♦s ❝♦♥str✉②❡♥❞♦ ✐♥str✉♠❡♥t❛❝✐ó♥✱ ❡st❡ ♣r♦②❡❝t♦ ❤❛ ❝♦♥s❡❣✉✐❞♦

q✉❡ ♠✐ ❛♣r❡♥❞✐③❛❥❡ ❤❛②❛ ✈✉❡❧t♦ ❛ ✉♥♦ ❞❡ s✉s ♠♦♠❡♥t♦s ♠ás á❧❣✐❞♦s✳ ❍❛ ❝♦♥s❡❣✉✐❞♦

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

❛♣r❡♥❞✐é♥❞♦❧❛s ❞❡ ♥✉❡✈♦ ② ❞❡ ♥✉❡✈❛s ❢♦r♠❛s✳ ❨ ❝♦♠♦ s♦② ❞❡ ❧❛ ✜❧♦s♦❢í❛ ❞❡ q✉❡ só❧♦

❛♣r❡♥❞❡♠♦s ❝✉❛♥❞♦ ♥♦s ❡q✉✐✈♦❝❛♠♦s✱ ♣♦r ❡s♦ ❝r❡♦ q✉❡ t♦❞♦ ❡st❡ tr❛❜❛❥♦ t✐❡♥❡ q✉❡

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

❆❣r❛❞❡❝✐♠✐❡♥t♦s

❊♥ ♠✐ ❝❛♠✐♥♦ ♠❡ ❤❡ ❡♥❢r❡♥t❛❞♦ ❛ ♠✉❝❤❛s ❞✐✜❝✉❧t❛❞❡s q✉❡ ♥♦ s❡ ♣✉❞✐❡r♦♥ ❤❛✲

❜❡r r❡s✉❡❧t♦ ❝♦♥ s♦❧♦ ♠✐ ♥❡❝❡❞❛❞✳ ❘❡❝♦♥♦③❝♦ q✉❡ ❞❡❜♦ ✉♥ ❡s♣❡❝✐❛❧ ❛❣r❛❞❡❝✐♠✐❡♥t♦

❛ q✉✐❡♥❡s ♠❡ ❤❛♥ ❜r✐♥❞❛❞♦ ✉♥ ♠✉♥❞♦ ❞❡ ❛②✉❞❛ ②✱ ❞❡ ✈❡③ ❡♥ ❝✉❛♥❞♦✱ ✉♥ ♠✉♥❞♦ ❞❡



❆❣r❛❞❡❝✐♠✐❡♥t♦s ✸✼✸

✐♥s♣✐r❛❝✐ó♥✳

❙♦♥ ♠✉❝❤❛s ❧❛s ♣❡rs♦♥❛s q✉❡ ❤❛♥ ❡st❛❞♦ ❛❤í ❛ ❧♦ ❧❛r❣♦ ❞❡ ♠✐ ✈✐❞❛✳ ❨✱ ❡♥ ✉♥ tr❛❜❛❥♦

❝♦♠♦ ❡st❡✱ ❧♦s ❝♦♥♦❝✐♠✐❡♥t♦s ② ❧❛ ❡①♣❡r✐❡♥❝✐❛ s♦♥ ❧❛ s✉♠❛ ❞❡ ♠✉❝❤❛s ❤♦r❛s✱ tr❛❜❛❥♦s✱

❢r✉str❛❝✐♦♥❡s✱ ❞✐s❝✉s✐♦♥❡s✱ ❡rr♦r❡s ②✱ s♦❜r❡ t♦❞♦✱ ❡♥s❡ñ❛♥③❛s✳ ❯♥❛ t❡s✐s ❞♦❝t♦r❛❧ ♥♦

❞❡❜❡rí❛ s❡r só❧♦ ✉♥ ♥✐✈❡❧ ❛❝❛❞é♠✐❝♦ ♠ás✱ ❡s ❧❛ ❡s♣❡❝✐❛❧✐③❛❝✐ó♥ ② ❡❧ ❞♦♠✐♥✐♦ ❞❡ ✉♥❛

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

❝❛♠♣♦ ❞❛❞♦✳ ◆♦s ❛❜r❡ ❧❛ ♣✉❡rt❛ ❛ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥ ② ❞❡s❛rr♦❧❧♦✱ ❛ ❧❛ ❝✐❡♥❝✐❛ ❛♣❧✐❝❛❞❛✱

❛❧ ❝♦♥♦❝✐♠✐❡♥t♦ ② ❛ ❧❛ ✈❛❧♦r❛❝✐ó♥ ❞❡ ❧♦ ❣r❛♥❞❡ q✉❡ ❡s ❛♣r❡♥❞❡r✱ ✐♥❝❧✉s♦ ❛♣r❡♥❞❡r ❛

❡q✉✐✈♦❝❛rs❡✱ ♣♦rq✉❡ só❧♦ ❛♣r❡♥❞❡♠♦s ❞❡ ❧♦s ❡rr♦r❡s✳ ▲♦s ❛❝✐❡rt♦s ♥♦ ❛♣♦rt❛♥ ♥❛❞❛

♠ás q✉❡ ♦r❣✉❧❧♦ ② ✈❛❧♦r❛❝✐ó♥ ♦ ❛❞✉❧❛❝✐ó♥ ❞❡ ♦tr♦s ♣❡r♦✱ ❡♥ ♠✐ ❡①♣❡r✐❡♥❝✐❛✱ ❛♣♦rt❛♥

♣♦❝♦ ❡♥ ❧♦ ♣❡rs♦♥❛❧✳ P♦r ❡s♦ s♦♥ ✐♠♣♦rt❛♥t❡s ❧❛s ♣❡rs♦♥❛s q✉❡ t❡ ❛②✉❞❛♥ ❛ ❝r❡❝❡r✱ ❛

❧❡✈❛♥t❛rt❡ ❝✉❛♥❞♦ t✐❡♥❡s ♣r♦❜❧❡♠❛s✱ ❛ ❛♥✐♠❛rt❡ ❝♦♥ s✉ ❛♣♦②♦✱ s✉ ❝❛r✐ñ♦✱ s✉ ❛♠✐st❛❞ ②

❛❣✉❛♥t❛r t✉s ♠❛❧♦s r❛t♦s✱ ♠❛❧♦s ♠♦❞♦s✱ t✉s ♣❡❝✉❧✐❛r✐❞❛❞❡s ②✱ ❡♥ ❞❡✜♥✐t✐✈❛✱ t✉ ❢♦r♠❛

❞❡ s❡r✳

◗✉✐❡r♦ ❛❣r❛❞❡❝❡r✳ ✳ ✳

❆ ♠✐s ♣❛❞r❡s✱ ♣♦r t♦❞♦s s✉s s❛❝r✐✜❝✐♦s ♣❡rs♦♥❛❧❡s ② ♣♦r s❡❣✉✐r ❝r❡②❡♥❞♦ ❝✐❡❣❛♠❡♥✲

t❡ ❡♥ ♠í✳ P♦r ❞❡❥❛r♠❡ ❡①♣❡r✐♠❡♥t❛r ② r♦♠♣❡r ❞❡ t♦❞♦✱ ②♦ ✐♥❝❧✉✐❞♦✳ P♦r ❧❛ ♣❛❝✐❡♥❝✐❛✱

② ❡①✐❣❡♥❝✐❛✱ q✉❡ t✉✈✐❡r♦♥ ❝♦♥♠✐❣♦ ❡♥s❡ñá♥❞♦♠❡ ❛ ❝r❡❡r ❡♥ ♠í ② ❛ ✈❛❧♦r❛r ❞❡ ❧♦ q✉❡

❡r❛ ❝❛♣❛③✳ P♦r ❞❡❥❛r♠❡ ✈♦❧❛r ❡♥ ✐♠❛❣✐♥❛❝✐ó♥ ② r❡❛❧✐❞❛❞✳

❆ ♠✐ ❤❡r♠❛♥♦✱ ♣♦r ❝♦♠♣❛rt✐r ❧♦s ♠❡❥♦r❡s ② ❧♦s ♣❡♦r❡s ❞❡ ❧♦s t✐❡♠♣♦s ② ♣♦r ❛②✉❞❛r♠❡

❛ ❧❡✈❛♥t❛r♠❡ ❝✉❛♥❞♦ ♥♦ q✉❡rí❛ ② ♥♦ ❝r❡í❛ q✉❡ ♣✉❞✐❡r❛✳ ❊st❛❜❛ ❛❧❧í ② ❡♠♣✉❥❛❜❛ ❝♦♥

✉♥❛ s♦♥r✐s❛ ♦ ✉♥ ➼♠❛❧♦ s❡rá✦ ❯♥✿ ➼◆♦ t❡ q✉❡❥❡s✱ q✉❡ ❧♦s ❤❛② ♣❡♦r❡s✦

❆ ♠✐s ❛❜✉❡❧♦s✱ ❙❛♥t♦s❞ ② ❇❛❧❜✐♥❛❞ ✕ ♣♦r ♣r❡s❡♥t❛r♠❡ ② ❞❡❥❛r♠❡ ❤✉r❣❛r ❡♥ ✉♥ ✉♥✐✲

✈❡rs♦ ❞❡ ❝✉r✐♦s✐❞❛❞❡s ② ❞❡❧❡✐t❡s q✉❡ ♥♦ t✐❡♥❡ ✜♥✳ ❆q✉❡❧❧❛s ✜♥❝❛✱ ❤✉❡rt❛✱ ❣❛❧❧✐♥❡r♦✱

♣♦❝✐❧❣❛ ②✱ ➼❛q✉❡❧❧❛ ❜♦❞❡❣❛✦ ❆q✉❡❧❧❛s ❛♥t✐❣ü❡❞❛❞❡s✱ ❝❛❝❤✐✈❛❝❤❡s✱ ❤❡rr❛♠✐❡♥t❛s✳ ❆q✉❡✲

❧❧❛s ❛✈❡♥t✉r❛s ♣❡r❞✐❞♦ ❡♥ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥ ② ❧❛ ❡①♣❧♦r❛❝✐ó♥✳

❆ ♠✐s ❛❜✉❡❧♦s✱ ▼❛♥♦❧♦❞ ② ▼❛r✉①❛❞ ✕ ♣♦r ♠♦str❛r♠❡ ❧♦ ♣r❡❝✐♦s♦ q✉❡ ❡s ✈✐✈✐r ② s❡♥t✐r✱

❡♥s❡ñ❛r♠❡ ❛ ✈❛❧♦r❛r ❧♦ ♣❡rs♦♥❛❧✿ ❡❧ tr❛❜❛❥♦ ② ❧❛s r❡❧❛❝✐♦♥❡s✳ ▲❛ ❢✉❡r③❛ ❡ ✐♠♣♦rt❛♥❝✐❛

❞❡❧ ❝❛r✐ñ♦ ② ❧❛ ❢❛♠✐❧✐❛✳

❆ ♠✐s tí♦s✱ tí❛s✱ ♣r✐♠❛s ② ♣r✐♠♦s ✲ ♣♦r ❤❛❜❡r♠❡ ❛②✉❞❛❞♦ ❛ ❞❡s❝✉❜r✐r q✉✐é♥ s♦② ♦

❞ó♥❞❡ ❡st♦②✳ ❆ ❞ó♥❞❡ ✈♦② ②✱ ❞❡ ❞ó♥❞❡ ✈❡♥❣♦✳

❆ ♠✐s ❛♠✐❣♦s ❞❡❧ ❜❛rr✐♦ ❈és❛r✱ ❇❡♥✐✱ ❏♦s❡✱ ② ❞❡❧ ❝♦❧❡✴✐♥st✐ ❙❡r❣✐♦✱ ▼❛♥♦❧♦✱✳✳✳ ✕ ♣♦r

❜r✐♥❞❛r♠❡ ✉♥❛ s❡❣✉♥❞❛ ♦♣♦rt✉♥✐❞❛❞ ❡♥ ♠✐ ✈✐❞❛ ❥♦✈❡♥ ② ❝♦♥✈❡rt✐rs❡ ❡♥ ❛❧❣♦ ✐♥♦❧✈✐❞❛✲

❜❧❡ q✉❡ ❤❛♥ ♠❛r❝❛❞♦ q✉✐❡♥ s♦②✳

❆ ❧♦s ❝♦❧❡❣❛s ❞❡ ❛✈❡♥t✉r❛s ♣♦r ♠♦♥t❡s ② ♣❧❛②❛s ❇❡♥✐✱ ❋r❛♥ ② ❘✐❝❤✐✱ ❝♦♥ q✉✐❡♥❡s s✐❡♠✲



✸✼✹ ◆♦t❛s ✜♥❛❧❡s

♣r❡ ❡r❛ ❞✐✈❡rt✐❞♦ ♣❡r❞❡rs❡✱ ❡ ✐♥❝❧✉s♦✱ ❛❧ ♣❛s❛r❧♦ ♠❛❧✱ s❛❜❡r t♦♠árs❡❧♦ ❝♦♥ t♦❞♦ ❡❧

♦♣t✐♠✐s♠♦ ② ❜✉❡♥ ❤✉♠♦r q✉❡ ❧❛s s✐t✉❛❝✐♦♥❡s ♣❡❞í❛♥✳

❆ ♠✐s ❡♥tr❡♥❛❞♦r❡s ② ❝♦♠♣❛ñ❡r♦s ❞❡ ❛t❧❡t✐s♠♦ ❏❛✈✐✱ ▲✉✐s✱✳✳✳ ❡♥ ❡❧ ❈❡❧t❛ ② ❜❛❧♦♥❝❡st♦

❱✐t♦r✐♦✱ ❚❛♥t❡✱ ❉❛♥✐✱ ❘♦✉❝♦ ② ❞❡♠ás ❡♥ ❡❧ ❇♦s❝♦✳ ✕ ♣♦r ❡♥s❡ñ❛r♠❡ ❛✉t♦✲❝♦♥tr♦❧ ②

s✉♣❡r❛❝✐ó♥✳ P♦r ♣♦♥ér♠❡❧♦ ❞✐❢í❝✐❧ ② ♣♦r ❡♥s❡ñ❛r♠❡ q✉❡ s✐❡♠♣r❡ ♣✉❡❞♦ ❤❛❝❡r ♠✉❝❤♦

♠ás✳ ❨✱ s♦❜r❡t♦❞♦✱ ❛ ❞✐s❢r✉t❛r ❞❡❧ ❡s❢✉❡r③♦ ❡♥ ❧❛ ✈✐❝t♦r✐❛ ② ❧❛ ❝❛♠❛r❛❞❡rí❛ ❡♥ ❧❛ ❞❡✲

rr♦t❛✳

❆ t♦❞♦s ♠✐s ❛♠✐❣♦s q✉❡r✐❞♦s ❞❡❧ ♣✐s♦ ② ❧❛ ❢❛❝✉❧t❛❞ ❡♥ ❙❛♥t✐❛❣♦ ✭▲✉✐s ❏✉❧✐♦✱ ▼❛♥♦❧♦✱

❘❛♠✐r♦✱ ❈❤✉❜❛✱ ❚♦ñ♦✱ ❙❛❧✈❛✱ ❙✉s♦✱✳✳✳✮ ✕ ♣♦r ❤❛❝❡r ❞❡ ♠✐s ❛ñ♦s ❞❡ ❧❛ ❝❛rr❡r❛ ❛❧❧í ❧♦s

❛ñ♦s ♠ás ✐♥♦❧✈✐❞❛❜❧❡s ❞❡ ♠✐ ❥✉✈❡♥t✉❞✳

❆ ❏♦sé ❆❧❜❡rt♦ ② ❛ ▼❛r❝♦s✱ ❏♦sé ❈❛r❧♦s✱ ❊♥r✐q✉❡✱ P❡♣❡✱✳✳✳ ♣♦r ❤❛❜❡r♠❡ ❛❣✉❛♥t❛❞♦

t♦❞❛s ♠✐s ❧♦❝✉r❛s ② ❡①❝❡♥tr✐❝✐❞❛❞❡s ② ♣♦r t♦❞♦ ❡❧ ♠✉♥❞♦ ❞❡ ❞✐st✐♥t❛s ❛♣♦rt❛❝✐♦♥❡s

❞❡ ♣❡rs♦♥❛❧✐❞❛❞❡s✱ ét✐❝❛✱ ❞❡s❝✉❜r✐♠✐❡♥t♦ ❞❡ ♣❡rt❡♥❡❝❡r ❛ ✉♥❛ ❝❧❛s❡ ♣r✐✈✐❧❡❣✐❛❞❛✱ ❡t❝✳

q✉❡ ♠❡ ❜r✐♥❞❛r♦♥ ❡♥ ❧♦s ❛ñ♦s ❞❡❧ ✜♥❛❧ ❞❡ ❝❛rr❡r❛ ❡♥ ▲❛ ▲❛❣✉♥❛✳

❆ ▼❛♥♦❧♦✱ ❏♦sé ❈❛r❧♦s✱ ❆rt❡♠✐♦✱ q✉✐❡♥❡s s❡ ❝♦♥✈✐rt✐❡r♦♥ ❡♥ ❛♠✐❣♦s ♠ás ❛❧❧á ❞❡❧ tr❛✲

❜❛❥♦ ② ♠❡ ♣❡r♠✐t✐❡r♦♥ ❝r❡❝❡r ❝♦♠♦ ♣❡rs♦♥❛✳

❆ ❈❛r❧♦s ❙á♥❝❤❡③ ▼❛❣r♦❞✱ q✉✐❡♥ ❝r❡í❛ ❡♥ ♠í✱ ② ♠❡ ❛♥✐♠ó ❝✉❛♥❞♦ t♦❞♦ s❡ ❤❛❝í❛

✐♠♣♦s✐❜❧❡✳ ▼❡ ❡♥s❡ñó ❛ ✈❡r ❛❧❣♦ ♠ás q✉❡ ❧❛s ❡str❡❧❧❛s ❡♥ ❡❧ ❝✐❡❧♦ ② ❧❛ ✐♠♣♦rt❛♥❝✐❛

❞❡ ❧♦ q✉❡ ♥♦ s❡ ✈❡✳ ▲❛ ✐♠♣♦rt❛♥❝✐❛ ❞❡ ❡st❛r ❛❤í ② ❤❛❝❡r ❧♦ q✉❡ s❡ ❞❡❜❡✱ ❛✉♥q✉❡ ♥♦

❜r✐❧❧❡✳ ❙❛❜❡r ✈❛❧♦r❛r ❡❧ tr❛❜❛❥♦ r❡❛❧✐③❛❞♦ ② s❡♥t✐rs❡ ♦r❣✉❧❧♦s♦ ❞❡ ❡❧❧♦✱ ♣♦rq✉❡ t♦❞♦s

❝r❡❝❡♠♦s ❥✉♥t♦s✳ P♦rq✉❡ ❧❛ ❆str♦❢ís✐❝❛ ❡s ❡①♣❡r✐♠❡♥t❛❧ ② t❡ór✐❝❛✱ ♣❡r♦ s❡ ♥❡❝❡s✐t❛♥

✐♥str✉♠❡♥t♦s ② ❧♦s ✐♥tr✉♠❡♥t❛❧✐st❛s s♦♥ ✉♥ r❡❝✉rs♦ ❡s❝❛s♦ ❡ ✐♥❡st✐♠❛❜❧❡✱ ② é❧ q✉❡rí❛

q✉❡ ♠❡ ❧♦ ❝r❡②❡r❛✳

❆ ❈❤✐q✉✐ ●❛❧á♥ ◆úñ❡③❞✱ q✉✐❡♥ ♠❡ ❡♠❜❛✉❝ó ② ♠❡ ♠❡t✐ó ❡♥ ❡❧ ♠✉♥❞♦ ❞❡ ❧❛ ó♣t✐❝❛

❞❡❥❛♥❞♦ ♠✉❝❤♦s ❞❡ ♠✐s s✉❡ñ♦s ❞❡ ❧❛❞♦ ♣❛r❛ ♣♦❞❡r ❛♣♦②❛r ② ❛②✉❞❛r ❛ ❛✉♣❛r ❛ ✉♥

♣❡q✉❡ñ♦ ✐♥st✐t✉t♦ ❞❡s❞❡ ❧♦s ❜❛rr❛❝♦♥❡s ❤❛st❛ ❧❛ ✈❛♥❣✉❛r❞✐❛ ♠✉♥❞✐❛❧ ❡♥ ✐♥str✉♠❡♥✲

t❛❝✐ó♥ ❛str♦❢ís✐❝❛✳

❆ P❛❝♦ ❈♦❜♦s ❉✉❡ñ❛s❞✱ q✉✐❡♥ ❝♦♥ s✉ ❡st✐❧♦ ♠❡①✐❝❛♥♦✱ s✉ ❝❛❧♠❛ ② ♣❛❝✐❡♥❝✐❛✱ ♠❡

❡♥s❡ñó ❛ ❡♥t❡♥❞❡r q✉❡ ❧♦s ❡❧❡♠❡♥t♦s ó♣t✐❝♦s ❢✉♥❝✐♦♥❛♥ ❝♦♠♦ ❢✉♥❝✐♦♥❛♥ ② ♥♦ s❡ ❧❡s

♣✉❡❞❡ ♣❡❞✐r ♠ás✳ ◗✉❡ ❡❧ tr❛❜❛❥♦ q✉❡ r❡❛❧✐③❛s ❛ q✉✐❡♥ ♣r✐♠❡r♦ ❞❡❜❡ s❛t✐s❢❛❝❡r ❡s ❛

✉♥♦ ♠✐s♠♦✱ ② ❧♦s ❞❡♠ás✱ ➼❨❛ q✉❡ s❡ ❝❤✐♥❣✉❡♥✦

❆ ▼❛♥✉❡❧ ❆♥t♦♥✐♦✱ q✉❡ ❤❛ s✐❞♦ ♠❛❡str♦ ❡ ✐♥❝❡♥t✐✈❛❞♦r ❞❡ ❧❛s ❛♣❧✐❝❛❝✐♦♥❡s✱ ❢♦r③á♥✲

❞♦♠❡ ❛ ✓✈❡r ❛❧❣♦ ♠ás✔ q✉❡ ❧❛ ❆str♦❢ís✐❝❛ ❡♥ ❧❛ ✐♥str✉♠❡♥t❛❝✐ó♥✳ ◗✉❡ ♠❡ ❤❛ tr❛t❛❞♦

❝♦♠♦ ❛ ✉♥ ❛♠✐❣♦ ② ♠❡ ❤❛ ♦❢r❡❝✐❞♦ ❧❛ ❝♦♠♣r❡♥s✐ó♥ q✉❡ ♥♦ ❡♥❝♦♥tré ❡♥ ♦tr♦s✳

❆ ❏✉❛♥ ❈❛r❧♦s ■❣❧❡s✐❛s ●r♦t❤ ② ▼❛rt❛ ●✐♠❡♥♦✱ q✉✐❡♥❡s t✉✈✐❡r♦♥ ♣❛❝✐❡♥❝✐❛ ♣❛r❛

❡①♣❧✐❝❛r♠❡ ❡ ✐♥❞✐❝❛r♠❡ ❝ó♠♦ s❡ ❤❛♥ ❞❡ ❡♥❝❛❥❛r ❧❛s ✐❞❡❛s ② ❧❛s ❡str✉❝t✉r❛s ♣❛r❛ q✉❡



❆❣r❛❞❡❝✐♠✐❡♥t♦s ✸✼✺

s❡❛♥ ♣♦s✐❜❧❡s ❞❡ ❝♦♥str✉✐r✳

❆ ❆❜❡❧❛r❞♦ ❉í❛③ ❚♦rr❡s✱ ♣♦r s✉ ❡①♣❡r✐❡♥❝✐❛ ② s✉ ♠❡♥t❡ ❡♥❝✐❝❧♦♣é❞✐❝❛ ❝♦♥ ✉♥ ❡❥❡♠♣❧♦

♣❛r❛ ❝✉❛❧q✉✐❡r ✐❞❡❛✳

❆ ❧♦s ♣✐t✉❢♦s✱ ✧▲♦s ❝❤✐❝♦s ❞❡ ❚❛❧❧❡r✧✱ ❍✐❣✐♥✐♦✱ ❊st❡❜❛♥✱ ❋❡❧✐♣❡✱ ❈r✐stó❜❛❧ ② ❏✉❛♥ ❏♦sé

✓❉✐♦♥✐s✔ q✉❡ ♠❡ ❞❡❥❛r♦♥ s❡r ✉♥♦ ♠ás✳ ❨ t❛♠❜✐é♥ ❧♦s ♥✉❡✈♦s ❘✐❝❛r❞♦✱ ❈❛r❧♦s ② P❛❜❧♦

q✉✐❡♥❡s ❞❡ ✈❡③ ❡♥ ❝✉❛♥❞♦ ♠❡ ❤❛❝❡♥ ❛❧❣ú♥ ❢❛✈♦r✳

❆ ♠✐ ❢❛♠✐❧✐❛ ❞❡❧ ❉❡♣❛rt❛♠❡♥t♦ ✕ ♣♦r ❞❡❥❛r♠❡ ♣❡r❞❡r ❡♥tr❡ ♠✐s s✉❡ñ♦s ② ❞❡❥❛r♠❡

❜r✐❧❧❛r✳

❆ ♠✐ ❢❛♠✐❧✐❛ ❞❡❧ ❈❈ ✲ ♣♦r ❡❞✉❝❛r♠❡ ❡♥ ❡❧ ❛rt❡ ❞❡ ❧❛ ❝♦♠♣✉t❛❝✐ó♥ ② ❧❛ ❛♠✐st❛❞✳

❆ ♠✐ ❝♦♠♣❛ñ❡r♦✱ t♦rt✉r❛❞♦✱ ❞❡ ❞❡s♣❛❝❤♦✱ ❏♦sé ▲✉✐s ✕ ♣♦r ❝r❡❡r ❡♥ ♠í✱ ❤❛❜❡r♠❡

❛❣✉❛♥t❛❞♦ ② ❤❛❜❡r ❝♦♠♣❛rt✐❞♦ ❧❛ ❛✈❡♥t✉r❛ ♠ás ❣r❛♥❞❡ ❞❡ ♠✐ ♠❛❞✉r❡③✳

❆ ♠✐ ❢❛♠✐❧✐❛ ♣♦❧ít✐❝❛ ♣♦r ❤❛❜❡r♠❡ ❛❞♦♣t❛❞♦ ② ❛❝♦♠♣❛ñ❛❞♦ ❡♥ ❧♦s r❛t♦s ❡♥ q✉❡

♥❡❝❡s✐t❛❜❛ ❞❡s❝♦♥❡❝t❛r ② ✈♦❧✈❡r ❛ s❡♥t✐r ♠✐ t✐❡rr❛ ② ♠✐ ❢❛♠✐❧✐❛✳

❆ t♦❞♦s ❧♦s q✉❡ ♠❡ ❢❛❧t❛ ❛ú♥ ♣♦r ♠❡♥❝✐♦♥❛r✳✳✳ ✕ ❧❡s ❛❣r❛❞❡③❝♦ ❞❡s❞❡ ❡❧ ❢♦♥❞♦ ❞❡ ♠✐

❝♦r❛③ó♥✳



✸✼✻ ◆♦t❛s ✜♥❛❧❡s

❆❣r❛❞❡❝✐♠✐❡♥t♦s ❛❞✐❝✐♦♥❛❧❡s ② ❡s♣❡❝✐❛❧❡s

❆ ❆♥❛✱ ♣♦r s✉♣✉❡st♦✱ ♣♦r ❝r❡❡r q✉❡ ❞❡s♣✉és ❞❡ t❛♥t♦s tr❛❜❛❥♦s ❛ ❧♦ ❧❛r❣♦ ❞❡ ❧♦s

❛ñ♦s ♠❡r❡❝í❛ ❝♦♥✜r♠❛r❧♦s ❝♦♥ ✉♥ tít✉❧♦✳ P♦r s❡r ♠✐ ❛♠✐❣❛ ② ♣♦r s❡r t❛♥ ❝❛❜❡③♦t❛ ②

❞✐s♣✉❡st❛✳ ✓❊s❝r✐❜❡ ❡ ❞❡✐①❛t❡ ❞❡ ❢r♦r✐t✉r❛s✳ Pr❛ ♦ ♦✉tr♦ ①❛ ❡st❛♠♦s ♥ós✔✳

❆❧ ❣r✉♣♦ ❞❡ tr❛❜❛❥♦ ❞❡❧ Pr♦②❡❝t♦✱ ➪❧❡① ♣♦r ❤❛❜❡r♠❡ ❡♠♣✉❥❛❞♦ ② ❞❛❞♦ ❧❛ ♦♣♦rt✉♥✐❞❛❞

❞❡ r❡❛❧✐③❛r ❡st❡ tr❛❜❛❥♦✱ ❝♦♠♦ ✐♥str✉♠❡♥t♦✱ ② ❞❡ t❡s✐s✳ P♦r ❤❛❝❡r♠❡ ✈❡r q✉❡ ❧♦ q✉❡

❤❛❣♦ s✐r✈❡ ♣❛r❛ ❛❧❣♦ ♠ás q✉❡ ♠✐ ❞✐✈❡rs✐ó♥ ② q✉❡ ♣♦❞í❛ ❞❡♠♦str❛r❧♦✱ ❣r❛❝✐❛s✳

❆ ❘❛❢❛ ❘❡❜♦❧♦ ♣♦r ❡♠♣❡ñ❛rs❡ ❡♥ r❡❛❧✐③❛r ❧♦ q✉❡ s❡ ✐♠❛❣✐♥❛ ② q✉❡ ❛ ❧♦s ♠♦rt❛❧❡s ♥♦s

♣❛r❡❝❡ ✐♥❛❜♦r❞❛❜❧❡

❆ ❙❡r❣✐ ♣♦r s✉ ✈❛❧✐♦s❛ ❝♦❧❛❜♦r❛❝✐ó♥ ❡♥ ❧❛ ♣❛rt❡ ♠♦t✐✈❛❞♦r❛ ❞❡ ❧❛ ✐❞❡❛ ❞❡❧ ✐♥str✉♠❡♥t♦

② ❧❛s ❞✐s❝✉s✐♦♥❡s ❞❡ ❝♦s♠♦❧♦❣í❛ ② ✉♥✐✜❝❛❝✐ó♥✳ ❚❛♠❜✐é♥ ♣♦r s✉ ♣❛❝✐❡♥❝✐❛ ❡①♣❧✐❝á♥❞♦♠❡

❛❧❣✉♥❛s ✐❞❡❛s ❞❡ ❛❣✉❥❡r♦s ♥❡❣r♦s ❝❛r❣❛❞♦s ② ❡♥ r♦t❛❝✐ó♥✳ ❨ ♣♦r ❤❛❜❡rs❡ ❝♦♥✈❡rt✐❞♦

❡♥ ✉♥ ❛♠✐❣♦ ♠✉② q✉❡r✐❞♦✳

❆ ❆r✐❛❞♥❛✱ q✉❡ ❝♦♥ s✉ ✐❧✉s✐ó♥ ② ❞❡❞✐❝❛❝✐ó♥ ❞❡s✐♥t❡r❡s❛❞❛ ✭❜✉❡♥♦✱ ② s✉s ✐♥♠❡♥s❛s

❣❛♥❛s ❞❡ ❛♣r❡♥❞❡r✮ ♠❡ ❡♠♣✉❥ó ❛ t❡r♠✐♥❛r t♦❞❛s ❧❛s ♣❡q✉❡ñ❛s t❛r❡❛s q✉❡ ♣❡r♠✐t✐❡r♦♥

❝♦♥str✉✐r ❡❧ ♣r♦②❡❝t♦✳ ❨ q✉❡ ❝♦♥ s✉ tr❛❜❛❥♦ ✈♦❧✉♥t❛r✐♦ ❝✉❜r✐ó ❡❧ t✐❡♠♣♦ ❞❡ ♦tr♦s ♣r♦✲

②❡❝t♦s ♣❛r❛ ♣♦❞❡r ❞❡❞✐❝❛r♠❡ ②♦ ❛ ést❡✱ ② ♣♦r t♦❞♦ ❧♦ q✉❡ ❛♣r❡♥❞✐ó ❝❛❧✐❜r❛♥❞♦ ❡❧ ❆❉❈

② ❞✐s❡ñ❛♥❞♦ ❡❧ ❡s♣❡❝tró❣r❛❢♦ ❡ ■❋❯ ♣❛r❛ ❡❧ ✓♠❛②♦r✔ t❡❧❡s❝♦♣✐♦ s♦❧❛r ❞❡❧ ♠✉♥❞♦✳ ❨✱

❝ó♠♦ ♥♦✱ t❛♠❜✐é♥ ♣♦r ♣❡r♠✐t✐r♠❡ s❡r s✉ ❛♠✐❣♦ ② ❤❛❜❡r ❛❣✉❛♥t❛❞♦ ❛❤í ❝✉❛♥❞♦ ♠ás

t❡ ♥❡❝❡s✐t❛❜❛✳

❆ ❏♦r❣❡ ♣♦r ❧❛ ❧❛❜♦r ❞❡ ♦❜s❡r✈❛❝✐ó♥ ② r❡❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s✱ ♣♦r s✉ ❝✉r✐♦s✐❞❛❞ ② s✉s

♣r❡❣✉♥t❛s ② ♠ás ♣r❡❣✉♥t❛s✳ ❆❞❡♠ás✱ ❤❛ s✐❞♦ ❢✉❡♥t❡ ❞❡ ♠✉❝❤♦s ❞❛t♦s ② ♠✉❝❤❛s ❞❡

❧❛s ✐♠á❣❡♥❡s ② ✜❣✉r❛s ❞❡ ❡st❡ tr❛❜❛❥♦✳

❆ ▲✉❝❛s✱ q✉❡ ❤❛ s❛❜✐❞♦ ❡①♣r✐♠✐r ❡❧ ✐♥str✉♠❡♥t♦ ② ❞❛r♠❡ ❧❛ ❝♦♥✜❛♥③❛ ♥❡❝❡s❛r✐❛ ♣❛r❛

s❡❣✉✐r ❞❡s❡❛♥❞♦ ❝♦♥s❡❣✉✐r ❡s❡ ♣✉♥t✐t♦ ♠ás✳

❆ ▲✉✐s ❋❡r♥❛♥❞♦ ♣♦r ❞❡❥❛r♠❡ ❝♦❧❛r❧❡ tr❛❜❛❥♦ ❛ñ❛❞✐❞♦ ✭➼② ✈❛r✐❛s ✈❡❝❡s✦✮ ♣❛r❛ ❢❛❝✐❧✐t❛r

❡❧ ✉s♦ ❞❡❧ ✐♥str✉♠❡♥t♦ ② s✉ ♠❡❥♦r❛ ❝♦♠♦ ✉♥ ✐♥str✉♠❡♥t♦ ✓♠❛r❝❛ ❞❡ ❧❛ ❝❛s❛✔✳

❆ ❏✉❛♥❥♦ q✉❡ ♠❡ ❤❛ ❛❣✉♥t❛❞♦ r♦❧❧♦s ② ❝♦♥s❡❥♦s✱ ② ✧♠❡ ❤❛ ❤❡❝❤♦ ❝❛s♦✧✳ P❡r♦✱ ❢✉♥❞❛✲

♠❡♥t❛❧♠❡♥t❡✱ ♣♦rq✉❡ ❝♦♥ s✉ ✐♠♣❧✐❝❛❝✐ó♥ ♠❡ ❤❛ ❛②✉❞❛❞♦ ❛ ✐r ❛✜♥❛♥❞♦ ❡❧ ✐♥str✉♠❡♥t♦

q✉❡ ②♦ ✐♠❛❣✐♥❛❜❛✳

❆ ❆♥t♦♥✐♦ Pér❡③ ♣♦r s✉ ♣❛❝✐❡♥❝✐❛ ② r❡♣♦s❛❞❛ ♣♦st✉r❛ ❛♥t❡ ❧♦s ♣r♦❜❧❡♠❛s✱ q✉❡ ❛②✉❞❛



❆❣r❛❞❡❝✐♠✐❡♥t♦s ✸✼✼

❛ ❝❡♥tr❛rs❡ ② ❛ ❛❢r♦♥t❛r ❧❛s t❛r❡❛s ❝♦♥ ❧❛ ♠❡♥t❡ ❝❧❛r❛✳ ❨✱ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡✱ ♣♦r ❡❧

♠❛r❛✈✐❧❧♦s♦ ♣r♦❣r❛♠❛ ❞❡ ♣r♦❝❡s❛❞♦ ② ❝♦♥tr♦❧ s✐♥ ❡❧ ❝✉❛❧ ❡❧ ✐♥str✉♠❡♥t♦ ♥♦ s❡rí❛ ❧♦

q✉❡ ❡s✳

❆ ❧♦s ❝❤✐❝♦s ❞❡ ■❉❖▼ ✭●❛✐③❦❛ ✫ ❈♦✳✮ ♣♦r ❡❧ ♠♦❞❡❧❛❞♦ ❞❡ ❧❛ ♠❛q✉❡t❛ ② ❞✐s❡ñ♦ ❞❡❧

♠♦♥t❛❥❡ ✜♥❛❧✳ ❆❞❡♠ás ❞❡ ❧❛ r❡❧❛❝✐ó♥ ♣❡rs♦♥❛❧ q✉❡ ❤❛ s✉r❣✐❞♦✳

❆ ❆❧❡①✱ ❞❡ ♥✉❡✈♦✱ ♣♦r ❡❧ tr❛❜❛❥♦ ❡❞✐t♦r✐❛❧ q✉❡ ❛♣♦rtó ♣❛r❛ ❡st❡ tr❛❜❛❥♦ ❡s❝r✐t♦ ②

♣♦r ❤❛❜❡r s✉❢r✐❞♦ t❛♥t♦s ❤♦rr♦r❡s ❞❡ ❡❞✐❝✐ó♥ ② t♦❞❛✈í❛ ♣♦❞❡r s❛❧✐r ❛❞❡❧❛♥t❡ ❝♦♥ ✉♥❛

s♦♥r✐s❛✳

P♦r s✉♣✉❡st♦✱ ❛ ❆❧❜❛✱ q✉❡ ❤❛ ❤❡❝❤♦ ❢✉♥❝✐♦♥❡s ♣r❡s❡♥❝✐❛❧❡s ♣❛r❛ ♣❡r♠✐t✐r♠❡ ❣♦③❛r ❞❡

❧❛ ✉❜✐❝✉✐❞❛❞✳

❆ ▼❛rí❛ ✲ ♣♦r s❡r tú✳

❆ ■❛❣♦ ② ❆❧❡ ✲ ♣♦r s❡r ✉♥ ♠♦t♦r✱ ❧❛ r❛③ó♥ ② ❧❛ ✈✐s✐ó♥ ❞❡❧ ✈❡r❞❛❞❡r♦ ❢✉t✉r♦✳

❆ t♦❞♦s✱ ❧♦s q✉❡ ❡stá♥ ② ❧♦s q✉❡ ♥♦✳ P♦rq✉❡ t♦❞♦s ❤❛♥

s✐❞♦ ❧♦s q✉❡ ♠❡ ❤❛♥ tr❛í❞♦ ❤❛st❛ ❛q✉í ② s❡❣✉✐rá♥ ❧❧❡✲

✈á♥❞♦♠❡ ❛ ❞ó♥❞❡ q✉✐❡r❛ q✉❡ ♣✉❡❞❛ ❧❧❡❣❛r✳ P♦rq✉❡ ♠✐

tr❛s❝❡♥❞❡♥❝✐❛ ❡st❛rá ❡♥ ❧❛ ♠❛r❝❛ q✉❡ ❤❛②❛ s✐❞♦ ❝❛♣❛③ ❞❡
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❧❧❡r✳ ❇r✐❣❤t P♦✐♥ts ✐♥ t❤❡ ■♥t❡r♥❡t✇♦r❦ ◗✉✐❡t ❙✉♥✳ ❆♣❏✱ ✻✵✾✿▲✾✶✕▲✾✹✱ ✷✵✵✹✳

❬❚e05] ◆❖❚ ❚❡❛♠✳ ▲✉❝❦②❝❛♠✱ ✷✵✵✺✳ ▲✉❝❦②❈❛♠✳

❬❚e07] P❛❧♦♠❛r ❖❜s❡r✈❡rs ❚❡❛♠✳ ▲❆P▼✿ ▲✉❝❦②❈❛♠ ✰ ❆❖ ❛t P❛❧♦♠❛r✱ ✷✵✵✼✳ ▲✉❝❦②✲
❈❛♠✳



✸✽✷ ❘❡❢❡r❡♥❝✐❛s

❬❚e08] ❯s❡rs✬ ❑♥♦✇❧❡❞❣❡ ❇❛s❡ ❩❊▼❆❳✳ ❍♦✇ ❩❊▼❆❳ ❈❛❧❝✉❧❛t❡s ❘❡❢r❛❝t✐✈❡ ■♥❞❡①
❆t ❆r❜✐tr❛r② ❚❡♠♣❡r❛t✉r❡s ❛♥❞ Pr❡ss✉r❡s✱ ✷✵✵✽✳ ❋♦r♠✉❧❛s ❢♦r ❝❛❧❝✉❧❛t✐♥❣ t❤❡
r❡❢r❛❝t✐✈❡ ✐♥❞❡①✳

❬❚e09] ❍✐♣♣❧❡r ❡t ❛❧✳ ❚❤❡ ❆str❛▲✉① ❙✉r ▲✉❝❦② ■♠❛❣✐♥❣ ■♥str✉♠❡♥t ❛t t❤❡ ◆❚❚✳ ❚❤❡
❊❙❖ ▼❡ss❡♥❣❡r✱ ✶✸✼✱ ✷✵✵✾✳

❬✈❘▲✵✺❪ ▼✳ ✈❛♥ ◆♦♦rt✱ ▲✳ ❘♦✉♣♣❡ ✈❛♥ ❞❡r ❱♦♦rt✱ ❛♥❞ ▼✳ ●✳ ▲ö❢❞❛❤❧✳ ❙♦❧❛r ■♠❛❣❡
❘❡st♦r❛t✐♦♥ ❇② ❯s❡ ❖❢ ▼✉❧t✐✲❢r❛♠❡ ❇❧✐♥❞ ❉❡✲❝♦♥✈♦❧✉t✐♦♥ ❲✐t❤ ▼✉❧t✐♣❧❡ ❖❜❥❡❝ts
❆♥❞ P❤❛s❡ ❉✐✈❡rs✐t②✳ ❙♦❧✳ P❤②s✳✱ ✷✷✽✿✶✾✶✕✷✶✺✱ ✷✵✵✺✳

❬✇✐❦✶✶❪ ✇✐❦✐♣❡❞✐❛✳ ❲✐❧❧❡❜r♦r❞ ❙♥❡❧ ✈❛♥ ❘♦②❡♥✱ ✷✵✶✶✳



❇✐❜❧✐♦❣r❛❢í❛

❬✶❪ ◆❡✇t♦♥✱ ❙✐r ■s❛❛❝✳✱ ❖♣t✐❝❦s✿ ♦r✱ ❆ tr❡❛t✐s❡ ♦❢ t❤❡ r❡✢❡❝t✐♦♥s✱ r❡❢r❛❝t✐♦♥s✱ ✐♥✢❡❝t✐♦♥s ❛♥❞
❝♦❧♦✉rs ♦❢ ❧✐❣❤t✱ Pr✐♥t❡❞ ❢♦r ❲✳ ❛♥❞ ❏✳ ■♥♥②s✱ ♣r✐♥t❡rs t♦ t❤❡ ❘♦②❛❧ ❙♦❝✐❡t②✱ ❛t t❤❡
Pr✐♥❝❡✬s✲❆r♠s ✐♥ ❙t✳ P❛✉❧✬s ❈❤✉r❝❤✲❨❛r❞✳✱ ✶✼✶✽✱ ✸✽✷ ♣❣s✳

❬✷❪ ◆❡✇t♦♥✱ ■s❛❛❝✳✱ P❤✐❧♦s♦♣❤✐❛❡ ◆❛t✉r❛❧✐s Pr✐♥❝✐♣✐❛ ▼❛t❤❡♠❛t✐❝❛ ✭✏▼❛t❤❡♠❛t✐❝❛❧ Pr✐♥❝✐✲
♣❧❡s ♦❢ ◆❛t✉r❛❧ P❤✐❧♦s♦♣❤②✑✮✱ ▲♦♥❞♦♥✱ ✶✻✽✼❀ ❈❛♠❜r✐❞❣❡✱ ✶✼✶✸❀ ▲♦♥❞♦♥✱ ✶✼✷✻✳ ✭P✐r❛t❡❞
✈❡rs✐♦♥s ♦❢ t❤❡ ✶✼✶✸ ❡❞✐t✐♦♥ ✇❡r❡ ❛❧s♦ ♣✉❜❧✐s❤❡❞ ✐♥ ❆♠st❡r❞❛♠ ✐♥ ✶✼✶✹ ❛♥❞ ✶✼✷✸✮✳

❬✸❪ ◆❡✇t♦♥✱ ■✳✱ Pr✐♥❝✐♣✐♦s ▼❛t❡♠át✐❝♦s ❞❡ ❧❛ ❋✐❧♦s♦❢í❛ ◆❛t✉r❛❧✱ ❆❧✐❛♥③❛ ❊❞✐t♦r✐❛❧ ✭▲✐❜r♦
❯♥✐✈❡rs✐t❛r✐♦✮✱ ▲✐❜r♦ ■ ✭❡♥✲✵✺✽✮ ■❙❇◆ ✽✹✲✷✵✻✲✷✾✶✽✲✾ ② ▲✐❜r♦s ■■ ② ■■■ ✭❡♥✲✵✺✾✮ ■❙❇◆
✽✹✲✷✵✻✲✷✾✹✻✲✹✱ ✷✵✵✷✳

❬✹❪ ●❛✉ss✱ ❏♦❤❛♥♥ ❑❛r❧ ❋r✐❡❞r✐❝❤✳✱ ❉✐♦♣tr✐s❝❤❡ ❯♥t❡rs✉❝❤✉♥❣❡♥ ✭■♥✈❡st✐❣❛❝✐♦♥❡s ❉✐ó♣tr✐✲
❝❛s✮✱ ●ött✐♥❣❡♥✱ ✶✽✹✶✳

❬✺❪ ✈♦♥ ❙❡✐❞❡❧✱ P❤✐❧✐♣♣ ▲✉❞✇✐❣✳✱ ❯❡❜❡r ❞✐❡ ❚❤❡♦r✐❡ ❞❡r ❋❡❤❧❡r✱ ♠✐t ✇❡❧❝❤❡♥ ❞✐❡ ❞✉r❝❤ ♦♣t✐s✲
❝❤❡ ■♥str✉♠❡♥t❡ ❣❡s❡❤❡♥❡♥ ❇✐❧❞❡r✱ ❜❡❤❛❢t❡t s✐♥❞✱ ✉♥❞ ü❜❡r ❞✐❡ ♠❛t❤❡♠❛t✐s❝❤❡♥ ❇❡❞✐♥✲
❣✉♥❣❡♥ ✐❤r❡r ❆✉❢❤❡❜✉♥❣✳✱ ❆❜❤❛♥❞❧✉♥❣❡♥ ❞❡r ♥❛t✉r✇✐ss❡♥s❝❤❛❢t❧✐❝❤✲t❡❝❤♥✐s❝❤❡♥ ❈♦♠✲
♠✐ss✐♦♥ ❜❡✐ ❞❡r ❑ö♥✐❣❧✳ ❇❛②❡r✐s❝❤❡♥ ❆❦❛❞❡♠✐❡ ❞❡r ❲✐ss❡♥s❝❤❛❢t❡♥ ✐♥ ▼ü♥❝❤❡♥✱ ◆r✳ ✶✳
✭✶✽✺✼✮ ✷✷✼✲✷✻✼ ❬❙♦❜r❡ ❧❛ t❡♦rí❛ ❞❡❧ ❡rr♦r ❝♦♥ ❡❧ q✉❡ ❧❛s ✐♠á❣❡♥❡s s❡ ✈❡♥ ❛ tr❛✈és ❞❡
❧♦s ✐♥str✉♠❡♥t♦s ó♣t✐❝♦s✱ ❡❧ ❛s✉♥t♦ ② ❧❛s ❝♦♥❞✐❝✐♦♥❡s ♠❛t❡♠át✐❝❛s ♣❛r❛ s✉ ❡❧✐♠✐♥❛❝✐ó♥✧✳
❉♦❝✉♠❡♥t♦s ❞❡ ❧❛ ❝♦♠✐s✐ó♥ ❝✐❡♥tí✜❝❛ ② té❝♥✐❝❛ ❡♥ ❧❛ ❘❡❛❧ ❆❝❛❞❡♠✐❛ ❞❡ ❈✐❡♥❝✐❛s ❞❡
❇❛✈✐❡r❛ ❡♥ ▼✉♥✐❝❤✱ ◆♦✳ ✶✱ ✭✶✽✺✼✮ ✷✷✼✲✷✻✼❪✳

❬✻❪ ❇♦r♥✱ ▼✳ ❛♥❞ ❲♦❧❢✱ ❊✳ Pr✐♥❝✐♣❧❡s ♦❢ ❖♣t✐❝s✿ ❊❧❡❝tr♦♠❛❣♥❡t✐❝ ❚❤❡♦r② ♦❢ Pr♦♣❛❣❛t✐♦♥✱
■♥t❡r❢❡r❡♥❝❡ ❛♥❞ ❉✐✛r❛❝t✐♦♥ ♦❢ ▲✐❣❤t✳ ❈❯P✱ ✻t❤ ❡❞✳ ✶✾✾✼✳

❬✼❪ ❍❡❝❤t✱ ❊✉❣❡♥❡✱ Ó♣t✐❝❛✱ P❡❛rs♦♥ ✲ ❆❞❞✐s♦♥ ❲❡s❧❡② ■❜❡r♦❛♠❡r✐❝❛♥❛✱ ✸r❛✳ ❡❞✳✱ ■❙❇◆ ✶✸✿
✾✼✽✲✽✹✲✼✽✷✾✲✵✷✺✲✸✱ ❆❞❡❧♣❤✐ ❯♥✐✈❡rs✐t②✱ ✷✵✵✵✲✷✵✵✻✳

❬✽❪ ❍❡❝❤t✱ ❊✉❣❡♥❡✳ ❛♥❞ ❩❛❥❛❝✱ ❆❧❢r❡❞✳✱ Ó♣t✐❝❛✱ ❋♦♥❞♦ ❊❞✉❝❛t✐✈♦ ■♥t❡r❛♠❡r✐❝❛♥♦✱ ✶r❛✳ ❡❞✳✱
■❙❇◆ ✶✸✿ ✾✼✽✲✽✹✲✼✽✷✾✲✵✷✺✲✸✱ ❆❞❡❧♣❤✐ ❯♥✐✈❡rs✐t②✱ ✶✾✼✹✲✶✾✼✼✳

❬✾❪ ❍❡❝❤t✱ ❊✉❣❡♥❡✳ ❛♥❞ ❩❛❥❛❝✱ ❆❧❢r❡❞✳✱ ❖♣t✐❝s✱ ❆❞❞✐s♦♥ ❲❡s❧❡②✱ ✹❛✳ ❡❞✳✱ ■❙❇◆ ✵✲✸✷✶✲✶✽✽✼✽✲✵✱
❆❞❡❧♣❤✐ ❯♥✐✈❡rs✐t②✱ ✷✵✵✷✳

❬✶✵❪ ●✳ ●✳ ❇❡♥♥❡tt✱ ❚❤❡ ❈❛❧❝✉❧❛t✐♦♥ ♦❢ ❆str♦♥♦♠✐❝❛❧ ❘❡❢r❛❝t✐♦♥ ✐♥ ▼❛r✐♥❡ ◆❛✈✐❣❛t✐♦♥✳ ❏♦✉r✲
♥❛❧ ♦❢ ◆❛✈✐❣❛t✐♦♥✱ ✸✺ ✱ ♣♣ ✷✺✺✲✷✺✾ ❞♦✐✿✶✵✳✶✵✶✼✴❙✵✸✼✸✹✻✸✸✵✵✵✷✷✵✸✼✱ ✭✶✾✽✷✮✳

❬✶✶❪ ❙æ♠✉♥❞ss♦♥✱ ❆str♦♥♦♠✐❝❛❧ ❘❡❢r❛❝t✐♦♥✱ ❙❦② ❛♥❞ ❚❡❧❡s❝♦♣❡ ✼✷✱ ✭❏✉❧②✮✼✵✱ Þ♦rst❡✐♥♥✱ ✶✾✽✻✳

✸✽✸



✸✽✹ ❇✐❜❧✐♦❣r❛❢í❛

❬✶✷❪ ❑♦❧♠♦❣♦r♦✈✱ ❆✳ ◆✳✱ ❉✐ss✐♣❛t✐♦♥ ♦❢ ❡♥❡r❣② ✐♥ t❤❡ ❧♦❝❛❧❧② ✐s♦tr♦♣✐❝ t✉r❜✉❧❡♥❝❡✳ ❈♦♠♣t❡s
r❡♥❞✉s ✭❉♦❦❧❛❞②✮ ❞❡ ❧✬❆❝❛❞é♠✐❡ ❞❡s ❙❝✐❡♥❝❡s ❞❡ ❧✬❯✳❘✳❙✳❙✳✱ ✸✷✱ ✶✻✕✶✽✱ ✶✾✹✶❛✳

❬✶✸❪ ❑♦❧♠♦❣♦r♦✈✱ ❆✳ ◆✳✱ ❚❤❡ ❧♦❝❛❧ str✉❝t✉r❡ ♦❢ t✉r❜✉❧❡♥❝❡ ✐♥ ✐♥❝♦♠♣r❡ss✐❜❧❡ ✈✐s❝♦✉s ✢✉✐❞ ❢♦r
✈❡r② ❧❛r❣❡ ❘❡②♥♦❧❞✬s ♥✉♠❜❡rs✳ ❈♦♠♣t❡s r❡♥❞✉s ✭❉♦❦❧❛❞②✮ ❞❡ ❧✬❆❝❛❞é♠✐❡ ❞❡s ❙❝✐❡♥❝❡s
❞❡ ❧✬❯✳❘✳❙✳❙✳✱ ✸✵✱ ✸✵✶✕✸✵✺✱ ✶✾✹✶❜✳

❬✶✹❪ ❚❛t❛rs❦✐✱ ❱✳ ■✳✱ ❲❛✈❡ Pr♦♣❛❣❛t✐♦♥ ✐♥ ❛ ❚✉r❜✉❧❡♥t ▼❡❞✐✉♠✳ ▼❝●r❛✇✲❍✐❧❧✱ ✶✾✻✶✳

❬✶✺❪ ◆♦❧❧✱ ❘✳ ❏✳✱ ❩❡r♥✐❦❡ ♣♦❧②♥♦♠✐❛❧s ❛♥❞ ❛t♠♦s♣❤❡r✐❝ t✉r❜✉❧❡♥❝❡✳ ❖♣t✐❝❛❧ ❙♦❝✐❡t② ♦❢ ❆♠❡r✐❝❛
❏♦✉r♥❛❧✱ ✻✻✭▼❛r✳✮✱ ✷✵✼✕✷✶✶✱ ✶✾✼✻✳

❬✶✻❪ ❋r✐❡❞✱ ❉✳ ▲✳✱ ❙t❛t✐st✐❝s ♦❢ ❛ ●❡♦♠❡tr✐❝ ❘❡♣r❡s❡♥t❛t✐♦♥ ♦❢ ❲❛✈❡❢r♦♥t ❉✐st♦rt✐♦♥✳ ❖♣t✐❝❛❧
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❊❧ ❣❧♦s❛r✐♦ ❡s ✉♥❛ s❡r✐❡ ❞❡ ❞❡✜♥✐❝✐♦♥❡s ② ❛❝❧❛r❛❝✐♦♥❡s q✉❡ ♠❡ ❤❡ ✐❞♦ ❝♦♥str✉✲

②❡♥❞♦ ❛ ❧♦ ❧❛r❣♦ ❞❡❧ t✐❡♠♣♦✳ ❊♥ ♠✉❝❤♦s ❝❛s♦s s♦♥ r❡❢❡r❡♥❝✐❛s rá♣✐❞❛s q✉❡ ❡stá♥

t♦♠❛❞❛s ❞❡ ❛❧❣ú♥ ❧✐❜r♦ ♦ ✐♥❝❧✉s♦ ❞❡ ❧❛ ❲✐❦✐♣❡❞✐❛✳ ◆♦ t♦❞❛s t✐❡♥❡♥ ❡❧ ♠✐s♠♦

r✐❣♦r ② ❛❧❣✉♥❛s ♥♦ s♦♥ ♠ás q✉❡ ✉♥❛ ❞❡✜♥✐❝✐ó♥✳ ❊♥t✐é♥❞❛♥s❡ ❝♦♠♦ r❡❢❡r❡♥❝✐❛s

♣❛r❛ ❛❝❧❛r❛r❛r ❛❧❣ú♥ ❝♦♥❝❡♣t♦ ♦ ❞❡✜♥✐❝✐ó♥✳

❆
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❤❛❜❧❛♠♦s ❞❡ ❈r♦♠át✐❝❛ ❧❛t❡r❛❧✱ q✉❡ ♥♦s ❞✐❝❡ q✉❡ ❧♦s ♣✉♥t♦s ❞❡❧ ❝❛♠♣♦ t✐❡♥❡♥

❞✐st✐♥t♦ ❛✉♠❡♥t♦ s❡❣ú♥ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✱ ② ❛sí ✉♥ ♠✐s♠♦ ♣✉♥t♦ ❛♣❛r❡❝❡rá ❛

❞✐st✐♥t❛s ❞✐st❛♥❝✐❛s ❞❡❧ ❡❥❡ s❡❣ú♥ ❡❧ ❝♦❧♦r✳ ❚❛♠❜✐é♥ ❡①✐st❡ ❧❛ ❈r♦♠át✐❝❛ ❛①✐❛❧ ♦

❧♦♥❣✐t✉❞✐♥❛❧✱ q✉❡ ❞❡♣❡♥❞❡ ❞❡ ❧❛ ❛❜❡rt✉r❛✱ ② ♥♦s ❞✐❝❡ q✉❡ ❝❛❞❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛

❡♥❢♦❝❛ ❡♥ ❞✐st✐♥t♦ ♣❧❛♥♦✱ ❝♦♥ ❧♦ q✉❡ ❧❛ ✐♠❛❣❡♥ ❞❡ ✉♥ ♣✉♥t♦ ❡♥ ❝❛❞❛ ❧♦♥❣✐t✉❞

❞❡ ♦♥❞❛ t❡♥❞rá ❞✐st✐♥t❛ r❡❧❛❝✐ó♥ ❞❡ ❛✉♠❡♥t♦✳ ▲❛ ❡s❢ér✐❝❛ ❡s ❧❛ ❛❜❡rr❛❝✐ó♥ ❞❡

❛❜❡rt✉r❛ ♣♦r ❛♥t♦♥♦♠❛s✐❛✳ ❆❢❡❝t❛ ❛ t♦❞♦s ❧♦s ♣✉♥t♦s ❞❡❧ ❝❛♠♣♦ ♣♦r ✐❣✉❛❧✱ ②❛

q✉❡ só❧♦ ❞❡♣❡♥❞❡ ❞❡❧ r❛❞✐♦ ❞❡ ❧❛ ♣✉♣✐❧❛ ② ❡s ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡❧ ♣✉♥t♦ ❞❡ ❡♥❢♦q✉❡

❡♥ ❢✉♥❝✐ó♥ ❞❡ ❧❛ ❞✐st❛♥❝✐❛ ❛❧ ❡❥❡ ó♣t✐❝♦✳ ❊❧ ❝♦♠❛ ❡s ✉♥❛ ♠❡③❝❧❛ ❡♥tr❡ ❝❛♠♣♦ ②

♣✉♣✐❧❛✱ ②❛ q✉❡ ❛✉♠❡♥t❛ ❝♦♥ ❡❧ ❝❛♠♣♦✱ ♣❡r♦ ♣❛r❛ ✉♥ ♣✉♥t♦ ❞❛❞♦ ❛✉♠❡♥t❛ ❝♦♥

❧❛ ❛❜❡rt✉r❛✳ ❙❡ ❞❡❜❡ ❛ ❧♦s ❞✐st✐♥t♦s ❝❛♠✐♥♦s ó♣t✐❝♦s q✉❡ r❡❝♦rr❡♥ ❧♦s r❛②♦s ❡♥

❡❧ s✐st❡♠❛ ó♣t✐❝♦ ♣♦r ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ á♥❣✉❧♦ ❞❡ ✐♥❝✐❞❡♥❝✐❛ ❞❡ ✉♥ r❛②♦ r❡s♣❡❝✲

t♦ ❛❧ ❡❥❡✳ ❊❧ ❛st✐❣♠❛t✐s♠♦ s✉r❣❡ ❞❡ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ s✐♠❡trí❛ ❞❡ ❧♦s r❛②♦s ❡♥

✸✽✼



✸✽✽ ●❧♦s❛r✐♦

❡❧ ♣❧❛♥♦ t❛♥❣❡♥❝✐❛❧ ✭❝♦♥t✐❡♥❡ ❛❧ ♣✉♥t♦ ② ❛❧ ❡❥❡✮ ② ❧♦s r❛②♦s ❡♥ ❡❧ ♣❧❛♥♦ s❛❣✐t❛❧

✭♣❡r♣❡♥❞✐❝✉❧❛r ❛❧ ❛♥t❡r✐♦r✱ ♣❡r♦ ❝♦rt❛♥❞♦ ❛❧ ❡❥❡ ❡♥ ❧❛ ♣✉♣✐❧❛✮✳ ▲❛ ❞✐st♦rs✐ó♥ ❡s

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

▲❛ ❝✉r✈❛t✉r❛ ❞❡ ❝❛♠♣♦ ♥♦ ❡s ❡①❛❝t❛♠❡♥t❡ ✉♥❛ ❛❜❡rr❛❝✐ó♥ ❞❡ t❡r❝❡r ♦r❞❡♥ s✐♥♦

❧♦s r❡st♦s ❞❡ ♣r✐♠❡r ② s❡❣✉♥❞♦ ♦r❞❡♥ ♠❡③❝❧❛❞♦s q✉❡ ❤❛❝❡♥ q✉❡ ❡❧ ♣❧❛♥♦ ❢♦❝❛❧

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

s❡ ♣✉❡❞❡ ❞❡s❝♦♠♣♦♥❡r ❡♥ ✈❛r✐♦s tér♠✐♥♦s ❞❡❧ q✉❡ ❡❧ ♠ás ❝❛r❛❝t❡ríst✐❝♦ ❡s ❧❛

❝✉r✈❛t✉r❛ ❞❡ P❡t③✈❛❧✱ q✉❡ ❡s ❧❛ ❝♦♠♣♦♥❡♥t❡ ❡s❢ér✐❝❛ ❞❡ ❧❛ ❝✉r✈❛t✉r❛ ❞❡ ❝❛♠♣♦✳

❊st♦ s✉r❣❡ ❞❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❧♦s r❛②♦s ❞❡ ❝❛♠♣♦ q✉❡ ❛tr❛✈✐❡s❛♥ ✉♥ s✐st❡♠❛ ó♣✲

t✐❝♦ ❞❡✜♥❡♥ ✉♥ ❡❥❡ ♣r♦♣✐♦ ❛ tr❛✈és ❞❡ ❧❛ ♣✉♣✐❧❛ q✉❡ ❤❛❝❡ q✉❡ ❧❛ ❞✐st❛♥❝✐❛ ❞❡

❡♥❢♦q✉❡ s❡ ♠❛♥t❡♥❣❛ ✐❣✉❛❧ q✉❡ ❡♥ ❡❧ ❡❥❡ ②✱ ♣♦r t❛♥t♦✱ t✐❡♥❞❡♥ ❛ ❞❡s❝r✐❜✐r ✉♥❛

❡s❢❡r❛ ❝❡♥tr❛❞❛ ❡♥ ❧❛ ♣✉♣✐❧❛ ❞❡ s❛❧✐❞❛✳ ❉❡ ❛❤í q✉❡ ✐♥t❡r❡s❡♥ ♣✉♣✐❧❛s ❞❡ s❛❧✐❞❛

❧❡❥❛♥❛s ❞❡ ❧❛ s✉♣❡r✜❝✐❡ ✐♠❛❣❡♥✳

❆❉❯ ✭❆❉❯✮ ❈✉❡♥t❛s ♦ ❆❉❯ ✭❆♥❛❧♦❣ t♦ ❉✐❣✐t❛❧ ❯♥✐t✮ ❡s ❧❛ ❢♦r♠❛ ❞❡ ♠❡❞✐r ❧❛ ❞❡♥✲

s✐❞❛❞ ❞❡ ❝♦rr✐❡♥t❡ q✉❡ ❣❡♥❡r❛ ✉♥ ❞❡t❡❝t♦r ❛❧ ♠❛♥t❡♥❡r❧♦ ❛❝t✐✈♦✳ ❊s ✉♥ ❢❛❝t♦r ❞❡

❝♦♥t❡♦ ♦ ♠❡❞✐❞❛ ❞❡ ❧❛ ❝♦♥✈❡rs✐ó♥ ❡♥ ❝♦rr✐❡♥t❡ ❝♦♠♦ ❢✉♥❝✐ó♥ ❞❡ ❧♦s ❡❧❡❝tr♦♥❡s ♦

❤✉❡❝♦s q✉❡ s❡ ♠✉❡✈❡♥ ❡♥ ❡❧ s❡♥s♦r s❡❣ú♥ ❧♦s ♣❛q✉❡t❡s ❞❡ ❡♥❡r❣í❛ ❞❡ ❧♦s ❢♦t♦♥❡s

q✉❡ ✐♥❝✐❞❡♥ ♦✱ ❡♥ s✉ ❝❛s♦✱ ❞❡❧ ❡q✉✐✈❛❧❡♥t❡ ❛ ❡st♦s✳

▲❛ ❝♦rr✐❡♥t❡ ❣❡♥❡r❛❞❛✱ ② ♣♦r t❛♥t♦ ❡❧ ♥ú♠❡r♦ ❞❡ ❡❧❡❝tr♦♥❡s ❝✐r❝✉❧❛♥t❡s✱ ❡s ♣r♦✲

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

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

❞❡t❡r♠✐♥❛❞❛ ❝❛r❣❛ ❞❡ ❡❧❡❝tr♦♥❡s✳

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

❣✐str❛r ✭12bit ∼ 4096 ♥✐✈❡❧❡s ❞❡ ✵ ❛ 4095❆❉❯✮✳ ▲❛ ❣❛♥❛♥❝✐❛ ❡s ❡❧ ❢❛❝t♦r ❞❡

❝♦♥✈❡rs✐ó♥ ❡♥tr❡ ❝✉❡♥t❛s ② ❡❧❡❝tr♦♥❡s q✉❡ ❝♦♥st✐t✉②❡♥ ❧❛ ❝♦rr✐❡♥t❡ ♣r♦❞✉❝✐❞❛✳

❆✐r② ❊❧ ❞✐s❝♦ ❞❡ ❆✐r② ❡s ❡❧ ♣❛tró♥ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡ ❋r❛✉♥❤♦❢❡r ✭❞✐❢r❛❝❝✐ó♥ ❛❧ ✐♥✜♥✐t♦✮

❞❡ ✉♥❛ ❛❜❡rt✉r❛ ❝✐r❝✉❧❛r✳ ❊st❡ ❞✐s❝♦ s❡ ❝♦♠♣♦♥❡ ❞❡ ✉♥❛ s❡r✐❡ ❞❡ ❛♥✐❧❧♦s ❝❧❛r♦s ②

♦s❝✉r♦s q✉❡ r❡s♣♦♥❞❡♥ ❛ ✉♥❛ ✓❞✐str✐❜✉❝✐ó♥✔ ❞❡ ❡♥❡r❣í❛✱ q✉❡ ❝♦♥❝❡♥tr❛ ❛❧r❡❞❡❞♦r

❞❡❧ 84% ❞❡ ❧❛ ❡♥❡r❣í❛ ❡♥ ❡❧ ♥ó❞✉❧♦ ❝❡♥tr❛❧ ✭sin θ = 1′22λ/D✱ θ á♥❣✉❧♦ ❞❡s❞❡ ❡❧

❝❡♥tr♦ ❞❡ ❧❛ ❛❜❡rt✉r❛✱ λ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ❞❡ ❧❛ ❧✉③ ❞✐❢r❛❝t❛❞❛✱ D ❞✐á♠❡tr♦ ❞❡

❧❛ ❛❜❡rt✉r❛✮ ② ❝❛❞❛ ❛♥✐❧❧♦ ❜r✐❧❧❛♥t❡ ❝♦♥❝é♥tr✐❝♦ ❛❝❛rr❡❛ s✉❝❡s✐✈❛s ② ❞❡❝r❡❝✐❡♥t❡s

❝❛♥t✐❞❛❞❡s ❞❡ ❡♥❡r❣í❛✳ ▲❛ ❢ór♠✉❧❛ q✉❡ ❞❡t❡r♠✐♥❛ ❡s❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❡♥❡r❣í❛

s❡ ♦❜t✐❡♥❡ ❝♦♠♦ ❧❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞❡ ❧❛ ❢✉♥❝✐ó♥ ❛❜❡rt✉r❛ ✭✶ ❞❡♥tr♦

❞❡ ❧❛ ❛❜❡rt✉r❛✱ ✵ ❢✉❡r❛✮ ♣❛r❛ ✉♥ ♣❧❛♥♦ ❝♦♥❥✉❣❛❞♦✳ ❊♥ ✉♥ t❡❧❡s❝♦♣✐♦ ❧❛ ❢✉♥❝✐ó♥

❛❜❡rt✉r❛ ❡s ❧❛ ♣✉♣✐❧❛ ② ❡❧ ♣❧❛♥♦ ❝♦♥❥✉❣❛❞♦ ❡s ❡❧ ♣❧❛♥♦ ❢♦❝❛❧✱ ② ❡q✉✐✈❛❧❡ ❛ ✉♥
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❢r❡♥t❡ ❞❡ ♦♥❞❛ ♣❧❛♥♦ ✐♥❝✐❞❡♥t❡ q✉❡ s❡ ❢♦❝❛❧✐③❛✳ ▲❛ ❢✉♥❝✐ó♥ ❞❡ ❆✐r② r❡s✉❧t❛ s❡r

✉♥❛ ❢✉♥❝✐ó♥ ❞❡ ❇❡ss❡❧ ❞❡ ♣r✐♠❡r❛ ❡s♣❡❝✐❡✳ ❊s s♦❧✉❝✐ó♥ ❛ ❧❛ ❡❝✉❛❝✐ó♥ ❞✐❢❡r❡♥❝✐❛❧

❞❡ ❆✐r②✴❙t♦❦❡s y′′ − xy = 0 ❡♥ ❡❧ ♣❧❛♥♦✳

▼ás ❝♦rr❡❝t❛♠❡♥t❡✱ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❆✐r② ❡s ❡❧ ❝♦rt❡ ❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ❆✐r②✱ ❧❛

❝✉❛❧ sí r❡s♣♦♥❞❡ ❛ ✉♥❛ ❢✉♥❝✐ó♥ ❞❡ ❇❡ss❡❧ q✉❡ ♠♦❞✉❧❛ ❧❛ ✐♥t❡♥s✐❞❛❞ ✐♥❝✐❞❡♥t❡ I0✿

I = I0

(
2J1(u)

u

)2

,

s✐❡♥❞♦ u = k · a · r/d ✱ k = 2π/λ ❡❧ ♥ú♠❡r♦ ❞❡ ♦♥❞❛✱ a = D/2 ❡❧ r❛❞✐♦ ❞❡

❧❛ ❛❜❡rt✉r❛ ❝✐r❝✉❧❛r✱ d = fe ❧❛ ❢♦❝❛❧ ② r =
√
x2 + y2 ❧❛ ✈❛r✐❛❜❧❡ ❞❡♥tr♦ ❞❡ ❧❛

❛❜❡rt✉r❛✳ ▲♦s ♣✉♥t♦s ❞♦♥❞❡ s❡ ❛♥✉❧❛ J1(u)✱ ② ♣♦r t❛♥t♦ ❧❛ ✐♥t❡♥s✐❞❛❞✱ ✈❡r✐✜❝❛♥

q✉❡ u = [3′832, 7′016, 10′173, 13′324, . . .]✳

P❛r❛ ✉♥❛ ❛❜❡rt✉r❛ ♦ ♣✉♣✐❧❛ ❝♦♥ ♦s❝✉r❡❝✐♠✐❡♥t♦ ❝❡♥tr❛❧ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ✐♥t❡♥✲

s✐❞❛❞ ❡s ❧✐❣❡r❛♠❡♥t❡ ❞✐❢❡r❡♥t❡✿

I(θ) =
I0

(1− e2)2

(
2J1(u)

u
− 2eJ1(eu)

u

)2

,

❞♦♥❞❡ e = Do/D ❡s ❡❧ ❢❛❝t♦r ❞❡ ♦s❝✉r❡❝✐♠✐❡♥t♦✱ ② θ ❡❧ á♥❣✉❧♦ ❞❡ ♣♦s✐❝✐ó♥ ❞❡s❞❡

❧❛ ♣✉♣✐❧❛✳ u = ka sin(θ) = πρ/λ/fno ✳

❆■❱ ✭❆■❱✮ ❆ss❡♠❜❧②✱ ■♥t❡❣r❛t✐♦♥ ❛♥❞ ❱❡r✐✜❝❛t✐♦♥✳ ❊♥ ó♣t✐❝❛ ② ❡♥ ❡s♣❛ñ♦❧ ❞❡❝✐♠♦s

❆❧✐♥❡❛❞♦✱ ■♥t❡❣r❛❝✐ó♥ ② ❱❡r✐✜❝❛❝✐ó♥✳ ❙✐ s❡ r❡✜❡r❡ ❛ s✐st❡♠❛s ♥♦ ó♣t✐❝♦s s❡ ✉s❛

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

▼♦♥t❛❥❡✱ ❈❛❧✐❜r❛❝✐ó♥ ② Pr✉❡❜❛s ❞❡ ✉♥ ✐♥str✉♠❡♥t♦ ❤❛st❛ q✉❡ s❡ ❡♥tr❡❣❛ ♣❛r❛

s✉ ✉s♦ ❞❡✜♥✐t✐✈♦✳

❆❖ ❆❞❛♣t✐✈❡ ❖♣t✐❝s✳ Ó♣t✐❝❛ ❆❞❛♣t✐✈❛ ♦ ❆❞❛♣t❛t✐✈❛✱ ❡s ❡❧ ❝♦♥❥✉♥t♦ ❞❡ té❝♥✐❝❛s ó♣✲

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

❡♥ ❢✉♥❝✐ó♥ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ q✉❡ s❡ ❝♦❧❡❝t❛✳ ❙❡ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❧❛ Ó♣t✐❝❛ ❆❝t✐✈❛

✭❆❝t❖✮ ❡♥ q✉❡ ❡st❛ ú❧t✐♠❛ ❛❝tú❛ ❞❡ ♠♦❞♦ s✐st❡♠át✐❝♦ s♦❜r❡ ❝✐❡rt❛s ♣❛rt❡s ❞❡❧

s✐st❡♠❛ ó♣t✐❝♦ ♣❛r❛ ❝♦rr❡❣✐r ❡❢❡❝t♦s r❡♣❡t✐t✐✈♦s ② ❝❛❧✐❜r❛❜❧❡s✳

▲❛ Ó♣t✐❝❛ ❆❝t✐✈❛ ❝♦rr✐❣❡ ❞❡❢♦r♠❛❝✐♦♥❡s ❧❡♥t❛s ✭✢❡①✐♦♥❡s ❞❡ ❧♦s ❡s♣❡❥♦s ♣♦r

❣r❛❞✐❡♥t❡s ❞❡ t❡♠♣❡r❛t✉r❛ ② ♣♦r ❣r❛✈❡❞❛❞✮✳ ❙❡ ❝♦♥tr❛rr❡st❛ ❝♦♥ ❛❝t✉❛❞♦r❡s q✉❡

❡❥❡r❝❡♥ ❢✉❡r③❛ s♦❜r❡ ❡❧ ❡s♣❡❥♦ ♣r✐♠❛r✐♦ ♦ ♠♦❞✐✜❝❛♥ ❧❛ ♣♦s✐❝✐ó♥ ✉ ♦r✐❡♥t❛❝✐ó♥ ❞❡❧

s❡❝✉♥❞❛r✐♦✳ ❙✉ ♣❡r✐♦❞♦ ❡s ❞❡ ❝✐❝❧♦s ❞❡❧ ♦r❞❡♥ ❞❡ 10 s ♦ ♠ás✳

▲❛ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ❝♦rr✐❣❡ ❞❡❢♦r♠❛❝✐♦♥❡s rá♣✐❞❛s ✭t✉r❜✉❧❡♥❝✐❛ ❛t♠♦s❢ér✐❝❛✮✳



✸✾✵ ●❧♦s❛r✐♦

▲♦s ❛❝t✉❛❞♦r❡s ❛❞❛♣t❛♥ ❧❛ ❢♦r♠❛ ❞❡ ✉♥ ♣❡q✉❡ñ♦ ❡s♣❡❥♦ t❡r❝✐❛r✐♦ ❡♥ ❝✐❝❧♦s ❞❡❧

♦r❞❡♥ ❞❡ 10♠s✳

❆♣♦❞✐③❛❞♦ ✭❛♣♦❞✐③❛❞❛s✮ ❉❡❝✐♠♦s q✉❡ ✉♥ s✐st❡♠❛ ❡st❛ ❛♣♦❞✐③❛❞♦ ❝✉❛♥❞♦ t✐❡♥❡ s✉

③♦♥❛ ♣❛r❛①✐❛❧ ♦❜t✉r❛❞❛✳ ❊❧ ❛♣♦❞✐③❛❞♦ s❡ ✉s❛ ♣❛r❛ ❛✉♠❡♥t❛r ❧❛ r❡s♦❧✉❝✐ó♥ ② ♣❛r❛

r❡❞✉❝✐r ❧❛s ❛❜❡rr❛❝✐♦♥❡s ❡s❢ér✐❝❛s✳

❇

❇❛♥❞❛s ✭❜❛♥❞❛✮ ▲❛s ❜❛♥❞❛s ❢♦t♦♠étr✐❝❛s s♦♥ ✉♥❛ s❡r✐❡ ❞❡ ③♦♥❛s ❞❡❧ ❡s♣❡❝tr♦ ❡❧❡❝✲

tr♦♠❛❣♥ét✐❝♦ ❡♥ ❧❛s q✉❡ ❡s ❛♣r♦♣✐❛❞♦ ❤❛❝❡r ♠❡❞✐❞❛s ❞❡ ❝❛rá❝t❡r ❢♦t♦♠étr✐❝♦

♦ r❛❞✐♦♠étr✐❝♦✳ ❱❡r ❢♦t♦♠❡trí❛ ② r❛❞✐♦♠❡trí❛✳ ❈❛❞❛ té❝♥✐❝❛ ✉s❛ s✉s ♣r♦♣✐❛s

❜❛♥❞❛s ❞❡ ♠❡❞✐❞❛✳ ❊♥ ❆str♦♥♦♠í❛ ❧❛s ❜❛♥❞❛s ❝❧ás✐❝❛s ♠ás ✐♠♣♦rt❛♥t❡s s♦♥

❯✭350 ♥♠✮✱ ❇✭440 ♥♠✮✱ ❱✭550 ♥♠✮✱ ❘✭680 ♥♠✮ ❡♥ ❱■❙✱ ■✭850 ♥♠✮✱ ❩✭950 ♥♠✮

❡♥ ◆■❘✱ ❏✭1, 25µ♠✮✱ ❍✭1, 6µ♠✮✱ ❑✭2, 2µ♠✮ ❡♥ ❙❲■❘✱ ▲✭3, 4µ♠✮✱ ▼✭5, 0µ♠✮

❡♥ ▼❲■❘ ② ◆✭10, 2µ♠✮ ❡♥ ▲❲■❘✳ ▲❛s ❜❛♥❞❛s ✐♥❢r❛rr♦❥❛s ❝♦✐♥❝✐❞❡♥ ❝♦♥ ❧❛s

✈❡♥t❛♥❛s ❛t♠♦s❢ér✐❝❛s ❡♥ ❧❛s q✉❡ ❧❛ ❛t♠ós❢❡r❛ ❞❡❥❛ ♣❛s❛r ❡s❛s ❧♦♥❣✐t✉❞❡s ❞❡

♦♥❞❛✳ ❊♥ ✈✐s✐❜❧❡ ❤❛❜❧❛♠♦s ❞❡ ❜❛♥❞❛s ❞❡ ❏♦❤♥s♦♥✲❇❡ss❡❧ ♦ ❧❛s ♥✉❡✈❛s ✭✉✬✱ ❣✬✱

r✬✱ ✐✬✱ ③✬✮ ❞✐s❡ñ❛❞❛s ❡s♣❡❝✐✜❝❛♠❡♥t❡ ♣❛r❛ ❧❛ ❝á♠❛r❛ ❙❉❙❙ ❬❚❤❡ ❙❧♦❛♥ ❉✐❣✐t❛❧

❙❦② ❙✉r✈❡②✿ ❤tt♣✿✴✴✇✇✇✳❛str♦✳♣r✐♥❝❡t♦♥✳❡❞✉✴P❇❖❖❑✴❝❛♠❡r❛✴❝❛♠❡r❛✳❤t♠❪

❛❥✉st❛♥❞♦ ❧❛ ❝✉r✈❛ ❞❡ r❡s♣✉❡st❛ ❞❡❧ ❈❈❉✳

❊♥ ❢♦t♦♠❡trí❛ ✈✐s✐❜❧❡ ♣❛r❛ ❚❱ ② ❢♦t♦❣r❛❢í❛ s♦♥ ❝♦♥♦❝✐❞❛s ❧❛s ❜❛♥❞❛s

❘✭673′2 ♥♠✮✱ ●✭550 ♥♠✮ ✱❇✭436′8 ♥♠✮ q✉❡ ❡♥ r❡❛❧✐❞❛❞ s❡ ❞❡✜♥❡♥ ❝♦♠♦ ❡s♣❛❝✐♦s



●❧♦s❛r✐♦ ✸✾✶

❞❡ ❝♦❧♦r s♦❜r❡ ❧❛ s✉♣❡r✜❝✐❡ ❝r♦♠át✐❝❛ ❞❡ ❧❛ ❈■❊ ✭❈♦♠♠✐ss✐♦♥ ■♥t❡r♥❛t✐♦♥❛❧❡

❞❡ ❧✬➮❝❧❛✐r❛❣❡✮ ② ❧♦s ♣❛tr♦♥❡s ❝r♦♠át✐❝♦s ✈✐s✉❛❧❡s ❞❡✜♥❡♥ ✉✭✹✷✵✮ ❛s♦❝✐❛❞❛ ❛ ❧❛

s❡♥s✐❜✐❧✐❞❛❞ ❞❡ ❧♦s ❝♦♥♦s ❙ ② ✈✭✺✺✵✮ q✉❡ r❡♣r❡s❡♥t❛ ❧❛ r❡s♣✉❡st❛ ❢♦tó♣✐❝❛ ✭❝♦♥♦s

▲✭534 ♥♠✮ ② ▼✭564 ♥♠✮✮✳

P✐❝t✉r❡s ❢r♦♠ ❆s❛❤✐ ❈♦✳ ❣r❛♣❤✐❝❛❧ ❞❛t❛✳

❈

❈❛♠♣♦ ❊♥ ❆str♦♥♦♠í❛✱ ❡♥ ó♣t✐❝❛✱ ♠ás ❡♥ ❣❡♥❡r❛❧✱ ❡st❛♠♦s ♠✉② ❛❝♦st✉♠❜r❛❞♦s ❛

❤❛❜❧❛r ❞❡ ❝❛♠♣♦ ② ❡s ✉♥ ❝♦♥❝❡♣t♦ q✉❡ ♠❛♥❡❥❛♠♦s ❝♦♠♦ ♣❛rt❡ ❞❡ ✉♥ ✈♦❝❛❜✉❧❛r✐♦

❝♦♠ú♥✳ ◆♦ ♦❜st❛♥t❡✱ ❡s ✐♠♣♦rt❛♥t❡ ❤❛❝❡r ♥♦t❛r q✉❡ ❡❧ ❝❛♠♣♦ ❡s ✉♥ ❝♦♥❝❡♣t♦

q✉❡✱ ❛✉♥q✉❡ s❡ r❡✜❡r❡ ❛❧ ♦❜❥❡t♦✱ ❤❛❝❡ r❡❢❡r❡♥❝✐❛ ❛ ❧❛ ✐♠❛❣❡♥✳ ❊❢❡❝t✐✈❛♠❡♥t❡✱

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

❞❡ ❝❛♠♣♦✔✳ ❙✐ ♣❡♥s❛♠♦s ❡♥ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ♦ ✉♥❛ ❧❡♥t❡ s✐♠♣❧❡♠❡♥t❡✱ ❧♦

q✉❡ s❡ ♣✉❡❞❡ ✈❡r ❡s q✉❡ ❡❧ ❝❛♠♣♦ ❞❡ ✈✐s✐ó♥ ❞❡ ❧❛ ❧❡♥t❡ ♥♦ t✐❡♥❡ ♣♦rq✉é ❡st❛r

❧✐♠✐t❛❞♦ ② ❡♥ ♣r✐♥❝✐♣✐♦ ♣♦❞rí❛ s❡r ❞❡ 2π sr✱ ❧♦ ❝✉❛❧✱ ❞❡s❞❡ ✉♥ ♣✉♥t♦ ❞❡ ✈✐st❛

♣rá❝t✐❝♦✱ s❛❧✈♦ ❡♥ ✉♥❛ ❤❛❜✐t❛❝✐ó♥ q✉❡ ❛❝tú❡ ❝á♠❛r❛ ♦s❝✉r❛✱ ♦❜✈✐❛♠❡♥t❡ ♥♦ t✐❡♥❡

❞❡♠❛s✐❛❞♦ s❡♥t✐❞♦✳ ❊❧ ❤❡❝❤♦ ❡s q✉❡ ❞❡ ✉♥ ♠♦❞♦ ✉ ♦tr♦ ❧✐♠✐t❛♠♦s ❡❧ ❝❛♠♣♦ ❞❡

✈✐s✐ó♥ q✉❡ ❞❡s❡❛♠♦s ✈❡r✱ ②❛ s❡❛ ❝♦♥ ♦tr❛ ❧❡♥t❡✱ ❝♦♥ ✉♥ t✉❜♦ ♦✱ s✐ ❡st❛♠♦s ❡♥
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❡❧ ♣❧❛♥♦ ✐♠❛❣❡♥✱ ❝♦♥ ✉♥❛ ♣❡❧í❝✉❧❛ ♦ ❞❡t❡❝t♦r ❞❡ t❛♠❛ñ♦ ✜♥✐t♦✳ ❊s❡ ❧í♠✐t❡ ❡s ❡❧

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

s❡ ✈❛ ❛ tr❛❜❛❥❛r✳ ❊s❡ ❝❛♠♣♦ ❞❡ ✈✐s✐ó♥✱ ♣r♦②❡❝t❛❞♦ ♣♦r ❡❧ s✐st❡♠❛ ó♣t✐❝♦ s♦❜r❡

♥✉❡str♦ ❧✐♠✐t❛❞♦r✱ ❡s ❧♦ q✉❡ ❤❛❜✐t✉❛❧♠❡♥t❡ ❧❧❛♠❛♠♦s ❝❛♠♣♦ ② ❛❧ q✉❡✱ ❛❤♦r❛ sí

❡♥ ❆str♦♥♦♠í❛✱ ♠❡❞✐♠♦s ❡♥ ✉♥✐❞❛❞❡s ❛♥❣✉❧❛r❡s r❡❢❡r✐❞❛s ❛❧ ♦❜❥❡t♦ ♦ ❝❛♠♣♦ ❞❡

✈✐s✐ó♥ ♣r♦②❡❝t❛❞♦ ❡♥ ❡❧ ❝✐❡❧♦✳

❈❛ss❡❣r❛✐♥ ▲❛s ♠♦♥t✉r❛s t✐♣♦ ❈❛ss❡❣r❛✐♥ s❡ ❝❛r❛❝t❡r✐③❛♥ ♣♦r ❡st❛r ❝♦♠♣✉❡st❛s ❛❧

♠❡♥♦s ♣♦r ❞♦s ❡s♣❡❥♦s ❝♦✲❝❡♥tr❛❞♦s ❞❡ ❢♦r♠❛ q✉❡✱ ✉♥ ❡s♣❡❥♦ ♣r✐♠❛r✐♦ q✉❡ ❛❝tú❛

❝♦♠♦ ❝♦❧❡❝t♦r ❡s ❡❧ ❝♦♠♣♦♥❡♥t❡ ♣♦s✐t✐✈♦ ② ✉♥ ❡s♣❡❥♦ s❡❝✉♥❞❛r✐♦ q✉❡ ❛❝tú❛ ❝♦♠♦

❝♦rr❡❝t♦r ❡s ❡❧ ❝♦♠♣♦♥❡♥t❡ ♥❡❣❛t✐✈♦✳ ❊st♦s ❡s♣❡❥♦s s♦♥ ❣❡♥❡r❛❧♠❡♥t❡ ❝ó♥✐❝❛s

q✉❡ ❛❝tú❛♥ ❝♦♥❥✉❣❛❞❛s ❝♦♥ r❡s♣❡❝t♦ ❛ s✉s ❢♦❝♦s✳ ▲❛ ❞❡✜♥✐❝✐ó♥ ❣❡♦♠étr✐❝❛

❞❡ ❧❛s ❝ó♥✐❝❛s ♥♦s ❞✐❝❡ q✉❡✱ ♣♦r ❝♦♥str✉❝❝✐ó♥✱ ❧❛s ❧í♥❡❛s q✉❡ ♣❛s❛♥ ♣♦r ✉♥

❢♦❝♦ ❞❡✜♥❡♥ ✉♥❛ ❝✉r✈❛ ❝♦♥❥✉❣❛❞❛ ❝♦♥ ❡❧ ♦tr♦ ❢♦❝♦✳ ❊s ❞❡❝✐r✱ ✉♥❛ ❝ó♥✐❝❛ ❡s ❡❧

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

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

② ❧❛ ❞✐❢❡r❡♥❝✐❛ ❡s ❝❡r♦✱ t❡♥❡♠♦s ✉♥❛ ♣❛rá❜♦❧❛✳ ❙✐ ❧❛s s✉♠❛s s♦♥ s✐❡♠♣r❡ ✐❣✉❛❧❡s

✉♥❛ ❡❧✐♣s❡✱ s✐ s♦♥ ✐❣✉❛❧❡s ❧❛s ❞✐❢❡r❡♥❝✐❛s ❛ s✉s ❢♦❝♦s t❡♥❞r❡♠♦s ✉♥❛ ❤✐♣ér❜♦❧❛ ②

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

❆sí✱ ✉♥ t❡❧❡s❝♦♣✐♦ ❈❛ss❡❣r❛✐♥ ❝♦♥ ❞✐str✐❜✉❝✐ó♥ tí♣✐❝❛ ✭❈❚✮ ❡stá ❢♦r♠❛❞♦ ♣♦r

✉♥❛ ♣❛rá❜♦❧❛ ❝♦♠♦ ❡s♣❡❥♦ ♣r✐♠❛r✐♦ ② ✉♥❛ ❤✐♣❡r❜♦❧❛ ❝♦♠♦ ❡s♣❡❥♦ s❡❝✉♥❞❛r✐♦✳ ▲❛

❝♦♥❥✉❣❛❝✐ó♥ ❝ó♥✐❝❛ ❡♥ ❡st❡ ❝❛s♦ s❡ ❜❛s❛ ❡♥ q✉❡ ❧❛ ♣❛rá❜♦❧❛ t✐❡♥❡ ✉♥ ú♥✐❝♦ ❢♦❝♦

❡♥ ❡❧ q✉❡ ❝♦♥✈❡r❣❡♥ ❧♦s r❛②♦s q✉❡ ✐♥❝✐❞❡♥ ♣❛r❛❧❡❧♦s ❛ s✉ ❡❥❡✳ ❈♦✐♥❝✐❞❡♥t❡ ❝♦♥

❡s❡ ❢♦❝♦ s❡ s✐tú❛ ❡❧ ❢♦❝♦ ❞❡ ✉♥❛ ❤✐♣ér❜♦❧❛ q✉❡ r❡✢❡❥❛rá ❧♦s r❛②♦s ❡♥✈✐á♥❞♦❧♦s ❛❧

s✉ ♦tr♦ ❢♦❝♦✱ q✉❡ ❝♦✐♥❝✐❞✐rá ❝♦♥ ❡❧ ❢♦❝♦ ❞❡❧ t❡❧❡s❝♦♣✐♦✳ ❙❡ ❜❛s❛ ❡♥ ❧❛ ❢✉♥❝✐ó♥ ❞❡❧

❢♦❝♦ ② ❧❛ ❞✐r❡❝tr✐③ q✉❡ ❞❡✜♥❡♥ ❧❛ ♣❛rá❜♦❧❛ ❣❡♦♠étr✐❝❛♠❡♥t❡✳ ❊st❛ ❝♦♥✜❣✉r❛❝✐ó♥

❢✉❡ ❧❛ ♣r✐♠❡r❛ ♠♦♥t❛❞❛ ♣♦r ▲❛✉r❡♥t ❈❛ss❡❣r❛✐♥ ❡♥ ✶✻✼✷✳ ❆❞♦❧❡❝❡ ❞❡ ❝♦♠❛

♣❛r❛ ❧♦s ♣✉♥t♦s ❢✉❡r❛ ❞❡ ❡❥❡✳



●❧♦s❛r✐♦ ✸✾✸

❊❧ ❞✐s❡ñ♦ ❞❡ ❘✐t❝❤❡②✲❈❤rét✐❡♥ ✭❘❈✮ ❡stá ❧✐❜r❡ ❞❡ ❝♦♠❛ ❞❡ t❡r❝❡r ♦r❞❡♥ ② ❞❡ ❛❜❡✲

rr❛❝✐ó♥ ❡s❢ér✐❝❛✱ ❛ ♣❡s❛r ❞❡ q✉❡ s✉❢r❡ ❞❡ ❝♦♠❛ ❞❡ q✉✐♥t♦ ♦r❞❡♥✱ ❛st✐❣♠❛t✐s♠♦

s❡✈❡r♦ ❡♥ ❣r❛♥ á♥❣✉❧♦ ② r❡❧❛t✐✈❛♠❡♥t❡ s❡✈❡r❛ ❝✉r✈❛t✉r❛ ❞❡ ❝❛♠♣♦✳ ❆❧ ❞✐s❡ñ❛rs❡

❝♦♠♣❡♥s❛♥❞♦ ❧❛s ❡s❢ér✐❝❛s ❞❡ ❛♠❜♦s ❡s♣❡❥♦s s❡ ♣✐❡r❞❡ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡❧ ✉s♦

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

❢♦❝❛❧❡s s❛❣✐t❛❧ ② t❛♥❣❡♥❝✐❛❧ ❧❛s ❡str❡❧❧❛s s♦♥ r❡✢❡❥❛❞❛s ❝♦♠♦ ❝ír❝✉❧♦s✱ ♣♦r ❧♦ q✉❡

❧❛ ❝♦♥✜❣✉r❛❝✐ó♥ ❘❈ ❡st❛ ❜✐❡♥ ❛❞❛♣t❛❞❛ ♣❛r❛ ❡❧ ❝❛♠♣♦ ❛♠♣❧✐♦ ② ♦❜s❡r✈❛❝✐♦♥❡s

❢♦t♦❣rá✜❝❛s✳ ❋✉❡ ✐♥✈❡♥t❛❞♦ ❛❧ ♣r✐♥❝✐♣✐♦ ❞❡ ❧❛ ❞é❝❛❞❛ ❞❡ ✶✾✶✵ ♣♦r ❡❧ ❛stró♥♦♠♦

❢r❛♥❝és ❍❡♥r✐ ❈❤rét✐❡♥ ✭✶✽✼✾✲✶✾✺✻✮ ② ❢❛❜r✐❝❛❞♦ ♣♦r ❡❧ ❛stró♥♦♠♦ ❡st❛❞♦✉♥✐❞❡♥✲



✸✾✹ ●❧♦s❛r✐♦

s❡ ●❡♦r❣❡ ❲✐❧❧✐s ❘✐t❝❤❡② ✭✶✽✻✹✲✶✾✹✺✮✳

❯♥❛ ❝♦♥✜❣✉r❛❝✐ó♥ t❛♠❜✐é♥ ✉t✐❧✐③❛❞❛ ❡s ❡❧ t❡❧❡s❝♦♣✐♦ ❞❡ ❉❛❧❧✲❑✐r❦❤❛♠ ✭❉❑✮✱

❞♦♥❞❡ s❡ ❤❛♥ ♠♦❞✐✜❝❛❞♦ t❛♠❜✐é♥ ❧❛s ❝♦♥st❛♥t❡s ❞❡ ❝♦♥✐❝✐❞❛❞ ❞❡ ❧♦s ❡s♣❡❥♦s✳ ❊s✲

t❡ t❡❧❡s❝♦♣✐♦ t✐❡♥❡ ✉♥ ❡s♣❡❥♦ s❡❝✉♥❞❛r✐♦ ❡s❢ér✐❝♦ ② ✉♥ ❡s♣❡❥♦ ♣r✐♠❛r✐♦ ❡❧✐♣s♦✐❞❛❧✱

❝♦♥ ✉♥❛ ❛❜❡rr❛❝✐ó♥ ❞❡ ❡s❢❡r✐❝✐❞❛❞ ♦♣✉❡st❛ ❛ ❧❛ ❞❡❧ s❡❝✉♥❞❛r✐♦✳ ▲❛ ♠♦t✐✈❛❝✐ó♥

❞❡ s✉ ❞✐s❡ñ♦ ❢✉❡ ❢❛❝✐❧✐t❛r ❧❛ ❝♦♥str✉❝❝✐ó♥ ❞❡❧ ❡s♣❡❥♦ s❡❝✉♥❞❛r✐♦✱ s❛❝r✐✜❝❛♥❞♦ ❧❛

❝❛❧✐❞❛❞ ❞❡ ❧❛ ✐♠❛❣❡♥✱ ♣✉❡s ❛✉♥q✉❡ ❧❛ ❛❜❡rr❛❝✐ó♥ ❞❡ ❡s❢❡r✐❝✐❞❛❞ ❡stá ❝♦rr❡❣✐❞❛✱

❧❛ ❝♦♠❛ ❛✉♠❡♥t❛ ♥♦t❛❜❧❡♠❡♥t❡ ② ♣♦r ❡❧❧♦ só❧♦ s❡ ✉t✐❧✐③❛ ♣❛r❛ t❡❧❡s❝♦♣✐♦s ❝♦♥

✉♥ ♣❡q✉❡ñ♦ ❝❛♠♣♦ ② ❛♣❡rt✉r❛s ♠✉② ❛❧t❛s✳

▲❛ ❝♦♥✜❣✉r❛❝✐ó♥ Pr❡ss♠❛♥✲❈❛♠✐❝❤❡❧ ✭P❈✮ t❛♠❜✐é♥ ❡s ❛tr❛❝t✐✈❛ ♣♦r ❡❧ ♣r✐♠❛r✐♦

❡s❢ér✐❝♦ ② s❡❝✉♥❞❛r✐♦ ❡❧í♣t✐❝♦ ♦❜❧❛t♦✱ ♣❡r♦ ❝♦♥ ést❡ s❡ t✐❡♥❡♥ ✈❡r❞❛❞❡r❛s ❞✐✜❝✉❧✲

t❛❞❡s ❞❡ ❝♦♥tr♦❧✱ ♣♦rq✉❡ ❡❧ ❢✉❡rt❡ ❝♦♠❛ s❡ ♠✉❧t✐♣❧✐❝❛ ❝♦♥ ❡❧ ♠ás ✐♥s✐❣♥✐✜❝❛♥t❡

❞❡s❛❧✐♥❡❛❞♦✳

❊sq✉❡♠❛s t♦♠❛❞♦s ❞❡❧ ❧✐❜r♦ ❚❡❧❡s❝♦♣✐♦s ② ❡str❡❧❧❛s✱ ❉❛♥✐❡❧ ▼❛❧❛❝❛r❛ ❍✳

✴ ❏✉❛♥ ▼❛♥✉❡❧ ▼❛❧❛❝❛r❛ ❬❤tt♣✿✴✴❜✐❜❧✐♦t❡❝❛❞✐❣✐t❛❧✳✐❧❝❡✳❡❞✉✳♠①✴s✐t❡s✴

❝✐❡♥❝✐❛✴✈♦❧✉♠❡♥✷✴❝✐❡♥❝✐❛✸✴✵✺✼✴❤t♠✴s❡❝❴✼✳❤t♠❪✳

❈❈❉ ❈❤❛r❣❡ ❈♦✉♣❧❡❞ ❉❡✈✐❝❡ ❬❉✐s♣♦s✐t✐✈♦ ❞❡ ❚r❛♥s❢❡r❡♥❝✐❛ ❞❡ ❈❛r❣❛❪ ♦ ❞✐s♣♦s✐✲

t✐✈♦ ❞❡ ❝❛r❣❛ ❛❝♦♣❧❛❞❛✳ ❊♥ ✉♥ ❞❡t❡❝t♦r ❈❈❉ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ✭❝❛r❣❛s✮ ❛❧♠❛❝❡✲

♥❛❞❛s ❡♥ ❝❛❞❛ ♣í①❡❧ ✭❝♦♥❞❡♥s❛❞♦r✮ ❞❡❜✐❞♦ ❛ ❧❛ ❡st✐♠✉❧❛❝✐ó♥ ❧✉♠✐♥♦s❛ ✕❢♦t♦♥❡s

❝♦❧❡❝t❛❞♦s✕ s❡ ❧❡❡ ❛ tr❛✈és ❞❡ ✉♥❛ s❛❧✐❞❛ t♦♠❛❞❛ ❡♥ ❧♦s ❡①tr❡♠♦s ❞❡ ✉♥❛ ❧í✲

♥❡❛ ♦ ❝♦❧✉♠♥❛ ❞❡ ♣í①❡❧❡s✱ s✐♥❝r♦♥✐③❛❞♦s ♣♦r ✉♥ r❡❧♦❥ ✭s❡ñ❛❧ ❞❡ ✶✴✵ ❞❡ ♣❡r✐♦❞♦

❞❡t❡r♠✐♥❛❞♦✮ ❞❡ ♠♦❞♦ q✉❡✱ ❡♥ ❝✉❛♥t♦ s❡ ✈❛❝í❛ ❡❧ ♣í①❡❧ ❡①tr❡♠♦✱ s❡ ♣r♦❞✉❝❡

✉♥ ✈♦❧❝❛❞♦ ❞❡ ❧❛s ❝❛r❣❛s ❞❡❧ ♣í①❡❧ ❛❞②❛❝❡♥t❡✱ ❧♦ ❝✉❛❧ ♣r♦✈♦❝❛ ❧❛ tr❛♥s❢❡r❡♥❝✐❛

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

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

❍♦② ❧♦s s❡♥s♦r❡s ② ❞❡t❡❝t♦r❡s ❡stá♥ ❡✈♦❧✉❝✐♦♥❛♥❞♦✱ ✐❣✉❛❧ q✉❡ ❡❧ r❡st♦ ❞❡ ❝♦♠✲

♣♦♥❡♥t❡s ❞❡ ♠✐❝r♦❡❧❡❝tró♥✐❝❛✱ ❛ ✉♥❛ ❝♦♥str✉❝❝✐ó♥ ❜❛s❛❞❛ ❡♥ t❡❝♥♦❧♦❣í❛ ❈▼❖❙

❬❈♦♠♣❧❡♠❡♥t❛r② ▼❡t❛❧✲❖①✐❞❡✲❙❡♠✐❝♦♥❞✉❝t♦r❪ q✉❡✱ ❝♦♥ ♠✉❝❤♦ ♠❡♥♦r ❝♦♥s✉♠♦

② ❝❛❧❡♥t❛♠✐❡♥t♦✱ ❛♣♦rt❛♥ r❡❞✉❝❝✐ó♥ ❞❡ t❛♠❛ñ♦✱ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❡❝t✉r❛✱ r❡❞✉❝❝✐ó♥

❞❡ r✉✐❞♦ ② ❛♠♣❧í❛♥ ❡❧ ♣♦③♦ ❞❡ ♣♦t❡♥❝✐❛❧ ♦ r❛♥❣♦ ❞✐♥á♠✐❝♦✳ ▲♦s ❞❡t❡❝t♦r❡s ❞❡ ❡st❡

t✐♣♦ q✉❡ r❡❛❧♠❡♥t❡ ❝♦♠♣✐t❡♥ ❝♦♥ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❧♦s ❈❈❉ s❡ ❧❡s ❞❡♥♦♠✐♥❛

s❈▼❖❙✱ ❝♦♥ ❧❛ ✓s✔ ❞❡ ❙❝✐❡♥t✐✜❝✳

❈✐r❝✉✐t♦ ■♥t❡❣r❛❞♦ ♣❛r❛ ❆♣❧✐❝❛❝✐♦♥❡s ❊s♣❡❝í✜❝❛s ✭❆❙■❈✮ ❯♥ ❈✐r❝✉✐t♦ ■♥t❡❣r❛❞♦

♣❛r❛ ❆♣❧✐❝❛❝✐♦♥❡s ❊s♣❡❝í✜❝❛s ✭♦ ❆❙■❈✱ ❆♣♣❧✐❝❛t✐♦♥✲❙♣❡❝✐✜❝ ■♥t❡❣r❛t❡❞ ❈✐r❝✉✐t✱

♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮ ❡s ✉♥ ❝✐r❝✉✐t♦ ✐♥t❡❣r❛❞♦ ❤❡❝❤♦ ❛ ❧❛ ♠❡❞✐❞❛ ♣❛r❛ ✉♥ ✉s♦

http://bibliotecadigital.ilce.edu.mx/sites/ciencia/volumen2/ciencia3/057/htm/sec_7.htm
http://bibliotecadigital.ilce.edu.mx/sites/ciencia/volumen2/ciencia3/057/htm/sec_7.htm


●❧♦s❛r✐♦ ✸✾✺

❡♥ ♣❛rt✐❝✉❧❛r✱ ❡♥ ✈❡③ ❞❡ s❡r ❝♦♥❝❡❜✐❞♦ ♣❛r❛ ♣r♦♣ós✐t♦s ❞❡ ✉s♦ ❣❡♥❡r❛❧✳ ❙❡ ✉s❛♥

♣❛r❛ ✉♥❛ ❢✉♥❝✐ó♥ ❡s♣❡❝✐✜❝❛✳ P♦r ❡❥❡♠♣❧♦✱ ✉♥ ❝❤✐♣ ❞✐s❡ñ❛❞♦ ú♥✐❝❛♠❡♥t❡ ♣❛r❛ s❡r

✉s❛❞♦ ❡♥ ✉♥ t❡❧é❢♦♥♦ ♠ó✈✐❧ ❡s ✉♥ ❆❙■❈✳ P♦r ♦tr♦ ❧❛❞♦✱ ❧♦s ❝✐r❝✉✐t♦s ✐♥t❡❣r❛❞♦s

❞❡ ❧❛ s❡r✐❡ ✼✹✵✵ s♦♥ ❝✐r❝✉✐t♦s ❧ó❣✐❝♦s ✭❝♦♠❜✐♥❛❝✐♦♥❛❧❡s ♦ s❡❝✉❡♥❝✐❛❧❡s✮ q✉❡ s❡

♣✉❡❞❡♥ ✉t✐❧✐③❛r ♣❛r❛ ✉♥❛ ♠✉❧t✐♣❧✐❝✐❞❛❞ ❞❡ ❛♣❧✐❝❛❝✐♦♥❡s✳ ❊♥ ✉♥ ❧✉❣❛r ✐♥t❡r♠❡✲

❞✐♦ ❡♥tr❡ ❧♦s ❆❙■❈ ② ❧♦s ♣r♦❞✉❝t♦s ❞❡ ♣r♦♣ós✐t♦ ❣❡♥❡r❛❧ ❡stá♥ ❧♦s Pr♦❞✉❝t♦s

❊stá♥❞❛r ♣❛r❛ ❆♣❧✐❝❛❝✐♦♥❡s ❊s♣❡❝í✜❝❛s✱ ♦ ❆❙❙P ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✳ ❈♦♥

❧♦s ❛✈❛♥❝❡s ❡♥ ❧❛ ♠✐♥✐❛t✉r✐③❛❝✐ó♥ ② ❡♥ ❧❛s ❤❡rr❛♠✐❡♥t❛s ❞❡ ❞✐s❡ñ♦✱ ❧❛ ❝♦♠♣❧❡❥✐✲

❞❛❞ ♠á①✐♠❛ ②✱ ♣♦r ❡♥❞❡✱ ❧❛ ❢✉♥❝✐♦♥❛❧✐❞❛❞✱ ❡♥ ✉♥ ❆❙■❈ ❤❛ ❝r❡❝✐❞♦ ❞❡s❞❡ ✺✳✵✵✵

♣✉❡rt❛s ❧ó❣✐❝❛s ❛ ♠ás ❞❡ ✶✵✵ ♠✐❧❧♦♥❡s✳ ▲♦s ❆❙■❈ ♠♦❞❡r♥♦s ❛ ♠❡♥✉❞♦ ✐♥❝❧✉②❡♥

♣r♦❝❡s❛❞♦r❡s ❞❡ ✸✷✲❜✐t✱ ❜❧♦q✉❡s ❞❡ ♠❡♠♦r✐❛ ❘❆▼✱ ❘❖▼✱ ❊❊P❘❖▼ ② ❋❧❛s❤✱

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

❙✐st❡♠❛ ❡♥ ✉♥ ❈❤✐♣✱ ♦ ❙♦❈✱ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✳ ▲♦s ❞✐s❡ñ❛❞♦r❡s ❞❡ ❆❙■❈

❞✐❣✐t❛❧❡s ✉s❛♥ ❧❡♥❣✉❛❥❡s ❞❡s❝r✐♣t♦r❡s ❞❡ ❤❛r❞✇❛r❡ ✭❍❉▲✮✱ t❛❧❡s ❝♦♠♦ ❱❡r✐❧♦❣ ♦

❱❍❉▲✱ ♣❛r❛ ❞❡s❝r✐❜✐r ❧❛ ❢✉♥❝✐♦♥❛❧✐❞❛❞ ❞❡ ❡st♦s ❞✐s♣♦s✐t✐✈♦s✳ ▲❛s ❋P●❆ ✭❋✐❡❧❞

Pr♦❣r❛♠♠❛❜❧❡ ●❛t❡ ❆rr❛②s✱ ♠❛tr✐③ ❞❡ ♣✉❡rt❛s ♣r♦❣r❛♠❛❜❧❡s✮ s♦♥ ❧❛ ✈❡rs✐ó♥

♠♦❞❡r♥❛ ❞❡ ❧♦s ♣r♦t♦t✐♣♦s ❝♦♥ ♣✉❡rt❛s ❧ó❣✐❝❛s ❞❡ ❧❛ s❡r✐❡ ✼✹✵✵✳ ❈♦♥t✐❡♥❡♥ ❜❧♦✲

q✉❡s ❞❡ ❧ó❣✐❝❛ ♣r♦❣r❛♠❛❜❧❡ ❡ ✐♥t❡r❝♦♥❡①✐♦♥❡s ♣r♦❣r❛♠❛❜❧❡s q✉❡ ♣❡r♠✐t❡♥ ❛ ✉♥

♠♦❞❡❧♦ ❞❡ ❋P●❆ s❡r ✉s❛❞❛ ❡♥ ♠✉❝❤❛s ❛♣❧✐❝❛❝✐♦♥❡s ❞✐st✐♥t❛s✳ P❛r❛ ❧♦s ❞✐s❡ñ♦s

♠ás ♣❡q✉❡ñ♦s ♦ ❝♦♥ ✈♦❧ú♠❡♥❡s ❞❡ ♣r♦❞✉❝❝✐ó♥ ♠ás ❜❛❥♦s✱ ❧❛s ❋P●❆s ♣✉❡❞❡♥

t❡♥❡r ✉♥ ❝♦st♦ ♠❡♥♦r q✉❡ ✉♥ ❞✐s❡ñ♦ ❡q✉✐✈❛❧❡♥t❡ ❜❛s❛❞♦ ❡♥ ❆❙■❈✱ ❞❡❜✐❞♦ ❛ q✉❡

❡❧ ❝♦st♦ ✜❥♦ ✭❡❧ ❝♦st♦ ♣❛r❛ ♣r❡♣❛r❛r ✉♥❛ ❧í♥❡❛ ❞❡ ♣r♦❞✉❝❝✐ó♥ ♣❛r❛ q✉❡ ❢❛❜r✐✲

q✉❡ ✉♥ ❆❙■❈ ❡♥ ♣❛rt✐❝✉❧❛r✮ ❡s ♠✉② ❛❧t♦✱ ❡s♣❡❝✐❛❧♠❡♥t❡ ❡♥ ❧❛s t❡❝♥♦❧♦❣í❛s ♠ás

❞❡♥s❛s✱ ♠ás ❞❡ ✉♥ ♠✐❧❧ó♥ ❞❡ ❞ó❧❛r❡s ♣❛r❛ ✉♥❛ t❡❝♥♦❧♦❣í❛ ❞❡ ✾✵♥♠ ♦ ♠❡♥♦r✳

❈♦rr❡❧❛❞♦r ❙✐st❡♠❛ ❞❡ ❡st❛❜✐❧✐③❛❝✐ó♥ ② ♠❡❥♦r❛ ❞❡ ✐♠❛❣❡♥ ♣♦r ♠❡❞✐♦ ❞❡ ✉♥ ❡s♣❡❥♦ ♦

❧á♠✐♥❛ r❡❢r❛❝t♦r❛ t✐♣✲t✐❧t q✉❡ ❡st❛❜✐❧✐③❛✱ ❣r❛❝✐❛s ❛ ✉♥ ♣r♦❝❡s♦ ❞❡ ❝♦rr❡❧❛❝✐ó♥ ❞❡

✐♠á❣❡♥❡s✱ ❧❛s ❢r❡❝✉❡♥❝✐❛s ❞❡ ♦s❝✐❧❛❝✐ó♥ ❞❡❧ ❝❡♥tr♦✐❞❡ ❞❡ ❧❛ ✐♠❛❣❡♥✳ ▲❛ ❡q✉✐✈❛✲

❧❡♥❝✐❛ ❛ ✉♥ ❙❋❖ ♣❡r♦ q✉❡ ❛♥❛❧✐③❛ ❛ ❛❧t❛s ❢r❡❝✉❡♥❝✐❛s ✉♥❛ ♣❡q✉❡ñ❛ ✐♠❛❣❡♥ ❡♥

✉♥ ❞❡t❡❝t♦r rá♣✐❞♦ ❜✉s❝❛♥❞♦ ❧❛ ❝♦rr❡❧❛❝✐ó♥ ❞❡ ♣✉♥t♦s ② ❡♥✈✐❛♥❞♦ ❧❛ ✐♥❢♦r♠❛✲

❝✐ó♥ ❞❡ r❡❝❡♥tr❛❞♦ ❛ ✉♥ ❡s♣❡❥♦ ♦ ❧á♠✐♥❛ ❚✐♣✲❚✐❧t q✉❡ ❝♦rr✐❣❡ ❧❛s ✢✉❝t✉❛❝✐♦♥❡s✳

❊st❛ té❝♥✐❝❛ s❡ ✉s❛ ❡♥ ❆str♦♥♦♠í❛ ❙♦❧❛r ② ❞❡ ♦❜❥❡t♦s ❡①t❡♥s♦s✱ ❖❢t❛❧♠♦❧♦❣í❛

② ❉❡❢❡♥s❛✱ ❞♦♥❞❡ s❡ ❤❛❝❡ ❛♥á❧✐s✐s ❞❡ ✐♠❛❣❡♥ ❡①t❡♥s❛ q✉❡ s✉❢r❡ ❛❧❣ú♥ t✐♣♦ ❞❡

♠♦✈✐♠✐❡♥t♦✱ ②❛ s❡❛ ♣♦r ❛t♠ós❢❡r❛✱ ♦s❝✐❧❛❝✐♦♥❡s ♦❝✉❧❛r❡s ♦ ✈✐❜r❛❝✐♦♥❡s ❞❡ ❧♦s

❡q✉✐♣♦s ❞❡ ✈✐s✐ó♥✳

❈♦rr✐❡♥t❡ ❞❡ ♦s❝✉r✐❞❛❞ ✭❞❛r❝❦ ❝✉rr❡♥t✮ ❙❡ñ❛❧ ❣❡♥❡r❛❞❛ ♣♦r ✉♥ ❞❡t❡❝t♦r ❝✉❛♥❞♦ ❡s



✸✾✻ ●❧♦s❛r✐♦

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

❈✉r✈❛s ❞❡ ❛❜❡rr❛❝✐♦♥❡s ▲❛s ❝✉r✈❛s ❞❡ ❛❜❡rr❛❝✐ó♥ ❡stá♥❞❛r q✉❡ s❡ ✉t✐❧✐③❛♥ ♣❛r❛ ♣r❡✲

s❡♥t❛r ② ✈❛❧♦r❛r ✉♥ s✐st❡♠❛ ó♣t✐❝♦ s♦♥✿

❆❜❡rr❛❝✐ó♥ ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ✭❖P❉ ❖♣t✐❝❛❧ P❛t❤ ❉✐✛❡r❡♥❝❡✮✱ s♦♥ ❝✉r✈❛s

q✉❡ s❡ tr❛③❛♥ ♣❛r❛ ❝❛❞❛ ♣✉♥t♦ ❞❡❧ ❝❛♠♣♦ ❡♥ ❧♦s ♣❧❛♥♦s t❛♥❣❡♥❝✐❛❧ ② s❛❣✐t❛❧

② ✈❛❧♦r❛♥✱ ♠✐❞❡♥✱ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❧♦♥❣✐t✉❞ ❞❡ ❝❛❞❛ r❛②♦✱ ❡♥ s✉ ♣♦s✐❝✐ó♥

r❡❧❛t✐✈❛ ❞❡ ❧❛ ♣✉♣✐❧❛✱ r❡s♣❡❝t♦ ❛❧ r❛②♦ ♣r✐♥❝✐♣❛❧ ♥♦r♠❛❧♠❡♥t❡ ❡♥ ❡❧ ♣❧❛♥♦ ❞❡

❧❛ ♣✉♣✐❧❛ ❞❡ s❛❧✐❞❛✳ ▲♦s ❡❥❡s ♠✉❡str❛♥ ❡♥ ❳ ❧❛ ♣♦s✐❝✐ó♥ r❡❧❛t✐✈❛ ❞❡ ✐♥❝✐❞❡♥❝✐❛

❡♥ ❧❛ ♣✉♣✐❧❛ ② ❡♥ ❨ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❡♥ ❧❛ ♣✉♣✐❧❛ ❞❡ s❛❧✐❞❛ ♣❛r❛①✐❛❧ ❝♦♥ r❡s♣❡❝t♦

❛ ❧❛ ❡s❢❡r❛ ❞❡ r❡❢❡r❡♥❝✐❛ ❞❡❧ r❛②♦ ♣r✐♥❝✐♣❛❧❀ ♥♦r♠❛❧♠❡♥t❡ ♠❡❞✐❞♦ ❡♥ ♦♥❞❛s

✭❢r❛❝❝✐ó♥ ❞❡ ✉♥✐❞❛❞❡s ❞❡ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✮✳

❆❜❡rr❛❝✐♦♥❡s tr❛♥s✈❡rs❛❧❡s ✭♠❡r✐❞✐♦♥❛❧ ② s❛❣✐t❛❧✮ ♠✐❞❡♥ ❧❛ ✐♥❝❧✐♥❛❝✐ó♥ ❞❡

✐♥❝✐❞❡♥❝✐❛ ✭tan(u)✮ ❢r❡♥t❡ ❛ ❧❛ ❛❧t✉r❛ r❡❧❛t✐✈❛ ❡♥ ❧❛ ♣✉♣✐❧❛✳ ❚❛♠❜✐é♥ s❡

❧❧❛♠❛ ❣rá✜❝♦ ❞❡ ✐♥t❡r❝❡♣❝✐ó♥ ♦ ❞✐❛❣r❛♠❛ ❍✲t❛♥❯✳ ❊♥ ❨ s❡ r❡♣r❡s❡♥t❛ ❧❛

❛❧t✉r❛ ✭t❛♥❣❡♥❝✐❛❧✮ ♦ ❛♥❝❤✉r❛ ✭s❛❣✐t❛❧✮ r❡❧❛t✐✈❛ ❞❡ ❧❛ ♣✉♣✐❧❛✱ ❧❛ ❡s❝❛❧❛ ❤♦✲

r✐③♦♥t❛❧ ❡s ♣r♦♣♦r❝✐♦♥❛❧ ❛ ❧❛ ♣❡♥❞✐❡♥t❡ ❞❡❧ r❛②♦ ✐♥❝✐❞✐❡♥❞♦ ❡♥ ❡❧ ♣❧❛♥♦

✐♠❛❣❡♥✳

❆❜❡rr❛❝✐♦♥❡s ❧♦♥❣✐t✉❞✐♥❛❧❡s ✭❡s❢ér✐❝❛✱ ❝✉r✈❛t✉r❛ ❞❡ ❝❛♠♣♦✱ ❞✐st♦rs✐ó♥✮ ♠✐✲

❞❡♥ ❧❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❡❧ ♣❧❛♥♦ ✐♠❛❣❡♥ ② ❡❧ ♣❧❛♥♦ ♣❛r❛①✐❛❧ ♣❛r❛ ❝❛❞❛ ❝❛♠♣♦✳

▲❛ ❝✉r✈❛ ❞❡ ❛❜❡rr❛❝✐ó♥ ❧♦♥❣✐t✉❞✐♥❛❧ ❡s ✉♥❛ r❡♣r❡s❡♥t❛❝✐ó♥ ❞❡ ❧❛ ❛❜❡rr❛❝✐ó♥

❡s❢ér✐❝❛✳

▲❛ ❝✉r✈❛t✉r❛ ❞❡ ❝❛♠♣♦✱ ❝✉❛♥❞♦ s❡ ❛❝♦♠♣❛ñ❛ ❞❡ ❧❛ ❣rá✜❝❛ ❞❡ ❧❛ ❝✉r✈❛t✉r❛

❞❡ P❡t③✈❛❧✱ ♣❡r♠✐t❡ ❝♦♠♣❛r❛r ❧❛ ❞❡s✈✐❛❝✐ó♥ ❞❡ ❧❛ ❝✉r✈❛t✉r❛ ❞❡ ❝❛♠♣♦ ❝♦♥

r❡s♣❡❝t♦ ❛ ❧❛ ❝✉r✈❛t✉r❛ ❞❡ P❡t③✈❛❧✳ ❙✐ ♥♦✱ ❡s ✉♥ ✐♥❞✐❝❛❞♦r ♣♦❝♦ ♣rá❝t✐❝♦✱

♣✉❡s ♥♦ t❡♥❡♠♦s r❡❢❡r❡♥❝✐❛✳

▲❛ ❣rá✜❝❛ ❞❡ ❞✐st♦rs✐ó♥✱ ♥♦r♠❛❧♠❡♥t❡ ❡♥ ♣♦r❝❡♥t❛❥❡s ❞❛ ✉♥❛ ✐❞❡❛ ❞❡ ❧❛

❞❡❢♦r♠❛❝✐ó♥ ❞❡❧ ❝❛♠♣♦✳

▼❡♥❝✐♦♥❛r ú♥✐❝❛♠❡♥t❡ q✉❡ ❧❛ ❝✉r✈❛t✉r❛ ❞❡ P❡t③✈❛❧ ❡s ❧❛ ❝✉r✈❛t✉r❛ ♥❛t✉r❛❧ q✉❡

t✐❡♥❡ ✉♥ ♣❧❛♥♦ ❢♦❝❛❧ ♣❛r❛ ❧♦s ♣✉♥t♦s ❞❡ ❝❛♠♣♦✳ ▲❛ ❝✉r✈❛t✉r❛ ❞❡ P❡t③✈❛❧ q✉❡

❣❡♥❡r❛ ✉♥❛ s✉♣❡r✜❝✐❡ ó♣t✐❝❛ ❡s✿

1

Rp
=

n− n′

nR
,

s✐❡♥❞♦ R ❡❧ r❛❞✐♦ ❞❡ ❝✉r✈❛t✉r❛ ❞❡ ❧❛ s✉♣❡r✜❝✐❡ ② Rp ❧❛ ❝♦♥tr✐❜✉❝✐ó♥ ❛❧ r❛❞✐♦ ❞❡



●❧♦s❛r✐♦ ✸✾✼

P❡t③✈❛❧✳ ❆sí✱ ♣❛r❛ ✉♥ s✐st❡♠❛ ❞❡ s✉♣❡r✜❝✐❡s ó♣t✐❝❛s✿

1

Rp
= −n′

i

∑ ni − n′
i

nin′
iRp

,

ni ② n′i s♦♥ ❧♦s ✐♥❞✐❝❡s ❞❡ r❡❢r❛❝❝✐ó♥ ❛♥t❡r✐♦r ② ♣♦st❡r✐♦r ❛ ❝❛❞❛ s✉♣❡r✜❝✐❡✳ P❛r❛

✉♥❛ ❧❡♥t❡ s✐♠♣❧❡ s❡ ✈❡r✐✜❝❛rá q✉❡ Rp = −nf ♣❛r❛ ✉♥ ❢♦❝♦ ❛❧ ✐♥✜♥✐t♦✱ ♣❛r❛

♦❜❥❡t♦s ♣ró①✐♠♦s f s❡ s✉st✐t✉②❡ ♣♦r ❧❛ ❞✐st❛♥❝✐❛ ✐♠❛❣❡♥✳

❊

❊▼■❘ ❈á♠❛r❛ ■♥❢r❛rr♦❥❛ ❝♦♥ ❡s♣❡❝tr♦s❝♦♣í❛ ❞❡ r❡s♦❧✉❝✐ó♥ ✐♥t❡r♠❡❞✐❛ ♣♦r ❣r✐s♠❛s ②

❡t❛❧♦♥❡s s✐♥t♦♥✐③❛❜❧❡s✳ ❊s ✉♥ ✐♥str✉♠❡♥t♦ ❞❡ s❡❣✉♥❞❛ ❣❡♥❡r❛❝✐ó♥ ♣❛r❛ ●❚❈✳

❋

❢ ✲♥♦ ◆ú♠❡r♦ ❢✱ ♥ú♠❡r♦ ❞❡ ❛♣❡rt✉r❛✱ ❛❜❡rt✉r❛ r❡❧❛t✐✈❛✱ ❝♦❝✐❡♥t❡ ❢♦❝❛❧✱ f/#✱ ❢ ✲

♥ú♠❡r♦✳ ❙♦♥ ♥♦♠❜r❡s ❞❛❞♦s ❛ ❧❛ r❡❧❛❝✐ó♥ q✉❡ ❞❡♥♦t❛ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ❝♦♥✲

❝❡♥tr❛❝✐ó♥ ♦ ❝♦❧❡❝❝✐ó♥ ❞❡ ❧✉③ ❞❡ ✉♥ s✐st❡♠❛ ó♣t✐❝♦✳ ▼✐❞❡♥✱ ♦ ❞❛♥ ✉♥❛ ✐❞❡❛✱ ❞❡

❧❛ ✓❧✉♠✐♥♦s✐❞❛❞✔ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦✳ ❙❡ ♦❜t✐❡♥❡ ❝♦♠♦ ❡❧ ❝♦❝✐❡♥t❡ ❡♥tr❡ ❧❛ ❢♦❝❛❧

❡❢❡❝t✐✈❛ ② ❡❧ ❞✐á♠❡tr♦ ❞❡ ❧❛ ♣✉♣✐❧❛ r❡❛❧ ♦ ❛❜❡rt✉r❛ ❞❡❧ s✐st❡♠❛✿ f/# = f/D✳

❊st❡ ✈❛❧♦r ❞❡✜♥❡ t❛♠❜✐é♥ ❧❛ r❡❧❛❝✐ó♥ ❞❡ ❝❛♣t❛❝✐ó♥ ② ❡♥❢♦q✉❡ ❞❡ ❧❛ ❧✉③✱ ②❛ q✉❡ ❡s

✉♥ ✈❛❧♦r ❝♦♥s❡r✈❛t✐✈♦✱ ❡s ❞❡❝✐r✱ ❡s ❡❧ ♠✐s♠♦ ✈❛❧♦r q✉❡ s❡ ♦❜t✐❡♥❡ ❝♦♠♦ r❡❧❛❝✐ó♥

❞❡ ❧❛ ❢♦❝❛❧ ❛♥t❡r✐♦r ② ❡❧ ❞✐á♠❡tr♦ ❞❡ ❧❛ ♣✉♣✐❧❛ ❞❡ ❡♥tr❛❞❛ ♦ ❧❛ ❢♦❝❛❧ ♣♦st❡r✐♦r ②

❡❧ ❞✐á♠❡tr♦ ❞❡ ❧❛ ♣✉♣✐❧❛ ❞❡ s❛❧✐❞❛✳ ❙✐r✈❡ ❛ s✉ ✈❡③ ❝♦♠♦ ♣❛rá♠❡tr♦ ❞❡ ❡♥❣❛♥❝❤❡

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

♥♦ s❡❛ ❧✐♠✐t❛♥t❡✳ ❊st❛ ♣r♦♣✐❡❞❛❞ ♣❡r♠✐t❡ ❧✐❣❛r❧♦ ❝♦♥✱ ② ❛ ✈❡❝❡s ❞❡♥♦♠✐♥❛r❧♦✱ ❧❛

❛❜❡rt✉r❛ ♥✉♠ér✐❝❛ ❞❡ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ♦ ♠❡❞✐♦✳ ▲❛ ❛❜❡rt✉r❛ ♥✉♠ér✐❝❛✱ NA✱

s❡ ❞❡✜♥❡ ❝♦♠♦ NA = n sin θ✱ s✐❡♥❞♦ n ❡❧ í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥ ❞❡❧ ♠❡❞✐♦ ❞❡ ✐♥❝✐✲

❞❡♥❝✐❛ ② θ ❡❧ s❡♠✐á♥❣✉❧♦ ❞❡❧ ❝♦♥♦ ♠á①✐♠♦ ❞❡ ❛❝❡♣t❛❝✐ó♥ ❞❡ ❧✉③ ♣♦r ❡❧ s✐st❡♠❛

ó♣t✐❝♦ ✭❧❛ ❧✉③ ❢✉❡r❛ ❞❡ ❡s❡ ❝♦♥♦ ♥♦ s❡ tr❛♥s♠✐t❡✱ ♣♦r r❡✢❡①✐ó♥ ✉ ♦❜str✉❝❝✐ó♥✮✳

▲❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❛♠❜❛s s✉r❣❡ ♣✉❡s ❞❡❧ ❛❝♦♣❧❛♠✐❡♥t♦ ❡♥tr❡ ❧♦s ❞♦s s✐st❡♠❛s✱

✈❛❧♦r❛♥❞♦ ❧❛ ❛♣r♦①✐♠❛❝✐ó♥ ♣❛r❛①✐❛❧ ❞♦♥❞❡ sin θ = θ = tan θ ② ❡❧ ♠❡❞✐♦ ❛✐r❡ ❝♦♥

n ≈ 1✳ ❆sí✿

f ✲♥♦ =
f

D
=

1

2 tan θ
=

1

2NA
.

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

❛❧ ✐♥✜♥✐t♦ ② ✉♥❛ ❢♦❝❛❧ r❡❧❛t✐✈❛♠❡♥t❡ ❧❛r❣❛✱ ❝♦♠♦ ❡s ❡❧ ❝❛s♦ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦✳



✸✾✽ ●❧♦s❛r✐♦

❈♦♠♦ ♥♦t❛ ❛❝❝❡s♦r✐❛ ✐♥❞✐❝❛r q✉❡ s❡ s✉❡❧❡ ✉t✐❧✐③❛r ❡❧ ♥♦♠❜r❡ ❛♣❡rt✉r❛ ♣❛r❛ r❡❢❡✲

r✐rs❡ ❛❧ ❢✲♥♦ ② ❛❜❡rt✉r❛ ♣❛r❛ r❡❢❡r✐rs❡ ❛❧ t❛♠❛ñ♦ ♦ ❞✐á♠❡tr♦ ❞❡ ✉♥❛ ♣✉♣✐❧❛✱ ♦ ❡♥

❣❡♥❡r❛❧ ♣✉♣✐❧❛ ❞❡ ❡♥tr❛❞❛✳ ❊♥ ❝❛st❡❧❧❛♥♦ ✉♥❛ ❛❜❡rt✉r❛ ❡s ✉♥ ❛❣✉❥❡r♦✱ ♠✐❡♥tr❛s

q✉❡ ❛♣❡rt✉r❛ ❡s ❧❛ ❛❝❝✐ó♥ ❞❡ ❛❜r✐r ❛❧❣♦✳

❋♦t♦♠❡trí❛ ▲❛ ❋♦t♦♠❡trí❛ ❡s ❡❧ ❡st✉❞✐♦ ❞❡ ❧❛ r❛❞✐❛❝✐ó♥ ✈✐s✐❜❧❡✳ ■♥✐❝✐❛❧♠❡♥t❡ s❡ ❞❡✲

✜♥✐ó ♣❛r❛ ❡❧ r❛♥❣♦ ✈✐s✐❜❧❡ ❝♦♠♦ t❛❧✱ ❡s ❞❡❝✐r✱ ❞♦♥❞❡ ❡r❛ s❡♥s✐❜❧❡ ❡❧ ♦❥♦ ♣❛tró♥

∼ 380− 760 ♥♠✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❝♦♥ ❧❛ ❧❧❡❣❛❞❛ ❞❡ ❧♦s ❞❡t❡❝t♦r❡s s❡♠✐❝♦♥❞✉❝t♦r❡s

s❡ ❤❛ ❡①t❡♥❞✐❞♦ ❡❧ r❛♥❣♦ ❛❧ ❡s♣❡❝tr♦ s❡♥s✐❜❧❡ ❞❡ ❡st♦s ∼ 280− 1100 ♥♠✱ s✐ ❜✐❡♥

só❧♦ ❡❧ r❛♥❣♦ ♦❝✉❧❛r ❡s ❡❧ q✉❡ ❞❡✜♥❡ ♣❛r❛ ❧❛ ❝✉r✈❛ ❢♦tó♣✐❝❛ ✭❝✉r✈❛ ❞❡ s❡♥s✐❜✐✲

❧✐❞❛❞ ❞❡❧ ♦❥♦ ❡stá♥❞❛r ❛ ✐❧✉♠✐♥❛❝✐ó♥ ❛♠❜✐❡♥t❡ ❝♦♥ ✓❧✉③ ❞❡ ❞í❛✔✮ ✉♥❛ s❡r✐❡ ❞❡

✉♥✐❞❛❞❡s ❢♦t♦♠étr✐❝❛s ♣❛rt✐❝✉❧❛r❡s ❡s♣❡❝✐❛❧❡s✿ ▲✉♠❡♥✭❧♠✮ ♣❛r❛ ♣♦t❡♥❝✐❛ ♦ ✢✉❥♦

❧✉♠✐♥♦s♦✱ ❈❛♥❞❡❧❛✭❝❞✮ ♣❛r❛ ✐♥t❡♥s✐❞❛❞✱ ▲✉①✭❧✉①✮ ♣❛r❛ ✐rr❛❞✐❛♥❝✐❛ ✭✐❧✉♠✐♥❛♥✲

❝✐❛✮ ② ❡♠✐t❛♥❝✐❛ ② ◆✐t✭❝❞✴♠2✮ ♣❛r❛ ❧✉♠✐♥❛♥❝✐❛✱ ❜r✐❧❧♦ ♦ r❛❞✐❛♥❝✐❛ ❧✉♠✐♥♦s❛✳ ▲❛

❡q✉✐✈❛❧❡♥❝✐❛ ❝♦♥ ❡❧ s✐st❡♠❛ r❛❞✐♦♠étr✐❝♦ ♦ ❢♦t♦♠étr✐❝♦ ❡①t❡♥❞✐❞♦ s❡ ❤❛❝❡ s♦❜r❡

❧❛ ❜❛s❡ ❞❡ ❧❛ ❝✉r✈❛ ❢♦tó♣✐❝❛ ✭❡✜❝❛❝✐❛ ❧✉♠✐♥♦s❛✿ K = ΦV /Φ✮ ❛ 555 ♥♠✱ q✉❡ t♦♠❛

✉♥ ✈❛❧♦r ♠á①✐♠♦ Km = 683′002 ❧♠✴❲✳ ❊♥ ❢✉♥❝✐ó♥ ❞❡ ❡❧❧♦ s❡ ❞❡✜♥❡ ❧❛ ❝✉r✈❛ ❞❡

❡✜❝✐❡♥❝✐❛ ❧✉♠✐♥♦s❛ ❢♦tó♣✐❝❛ ❝♦♠♦ V (λ) = K(λ)/Km✳

❋❖❱ ❋✐❡❧❞ ♦❢ ✈✐❡✇ ❬❈❛♠♣♦ ❞❡ ✈✐s✐ó♥❪ ❡s ❡❧ á♥❣✉❧♦ ❝♦♠♣❧❡t♦ q✉❡ ✈❡ ✉♥ s✐st❡♠❛ ó♣t✐❝♦

♠❡❞✐❞♦ ❡♥ ❡❧ ❞✐❛❢r❛❣♠❛ ❞❡ ❡♥tr❛❞❛ ② q✉❡ ♣❛s❛ ❛ tr❛✈és ❞❡❧ ❞✐❛❢r❛❣♠❛ ❞❡ ❝❛♠♣♦✳

◆♦r♠❛❧♠❡♥t❡ ❡♥ ♥✉❡str♦ ❝❛♠♣♦ ❡❧ ❞✐❛❢r❛❣♠❛ ❞❡ ❝❛♠♣♦ ❧♦ ❝♦♥st✐t✉②❡ ❡❧ ❞❡t❡❝t♦r✱

❛✉♥q✉❡ ❛ ✈❡❝❡s ❡stá ❧✐♠✐t❛❞♦ ♣♦r ✉♥❛ ❛❜❡rt✉r❛ ♦ ✉♥ ✈✐ñ❡t❡♦✳ ❯♥ ❡❥❡♠♣❧♦ ❞❡ ❡st♦

❡s ✉♥ s✐st❡♠❛ r❡❞✉❝t♦r ❡♥ ❡❧ q✉❡ ❧❛ ❧❡♥t❡ ❞❡ ❝á♠❛r❛ r❡❞✉❝❡ ❧❛ ♣r♦②❡❝❝✐ó♥ ❞❡ ❧❛

♣✉♣✐❧❛ s♦❜r❡ ❡❧ ❞❡t❡❝t♦r✳ ❚í♣✐❝♦ ❡❢❡❝t♦ ❞❡ ✈✐s✉❛❧✐③❛❝✐ó♥ ❞❡ ✉♥ ❝❛♠♣♦ ❝✐r❝✉❧❛r

❞❡ ✉♥ ♠✐❝r♦s❝♦♣✐♦ ❡♥ ✉♥ ❞❡t❡❝t♦r r❡❝t❛♥❣✉❧❛r ✭❙❡ ♣r♦❞✉❝❡ ❝✉❛♥❞♦ ❡♥❢♦❝❛♠♦s

❡❧ ♦❜❥❡t✐✈♦ ❞❡ ✉♥❛ ❝á♠❛r❛ ❢♦t♦❣rá✜❝❛ ❡♥ ❡❧ ♦❝✉❧❛r ❞❡❧ ♠✐❝r♦s❝♦♣✐♦✮✳

❊❧ ❋❖❱ ❛♣❛r❡❝❡ t❛♠❜✐é♥ ❝✉❛♥❞♦ ❝♦♥s✐❞❡r❛♠♦s ✉♥ s✐st❡♠❛ ❡♠✐s♦r ❛ tr❛✈❡s ❞❡

✉♥❛ ❛❜❡rt✉r❛ ♠✉② ♣❡q✉❡ñ❛✳ ▲❛ ③♦♥❛ ❞❡❧ ❡♠✐s♦r q✉❡ ✈❡ ❧❛ ❛❜❡rt✉r❛ ❞❡ ♥✉❡str♦

s✐st❡♠❛ ❞❡♣❡♥❞❡ ❞❡ ❧❛ ❞✐st❛♥❝✐❛ ❛ ❧❛ ❛❜❡rt✉r❛ ②✱ ♣♦r t❛♥t♦✱ ❛✉♥q✉❡ ❡❧ s✐st❡♠❛ ❞❡

♦❜s❡r✈❛❝✐ó♥ s❡❛ ❡❧ ♠✐s♠♦ ❡❧ ❝❛♠♣♦ ❞❡ ✈✐s✐ó♥ ❞❡❧ ❡♠✐s♦r q✉❡ ✈❡ ♥✉❡str♦ s✐st❡♠❛

❡s ❞✐st✐♥t♦✳ ❖tr❛ ❢♦r♠❛ ❞❡ ❞❡❝✐r❧♦ ❡s q✉❡ ❡❧ ❋❖❱ ❝♦♥ q✉❡ ❡❧ ❡♠✐s♦r ✈❡ ♥✉❡str♦

s✐st❡♠❛ ✈❛rí❛✳

❋P●❆ ❯♥❛ ❋P●❆ ✭❞❡❧ ✐♥❣❧és ❋✐❡❧❞ Pr♦❣r❛♠♠❛❜❧❡ ●❛t❡ ❆rr❛②✮ ❡s ✉♥ ❞✐s♣♦s✐t✐✈♦ s❡✲

♠✐❝♦♥❞✉❝t♦r q✉❡ ❝♦♥t✐❡♥❡ ❜❧♦q✉❡s ❞❡ ❧ó❣✐❝❛ ❝✉②❛ ✐♥t❡r❝♦♥❡①✐ó♥ ② ❢✉♥❝✐♦♥❛❧✐❞❛❞

♣✉❡❞❡ s❡r ❝♦♥✜❣✉r❛❞❛ ✬✐♥ s✐t✉✬ ♠❡❞✐❛♥t❡ ✉♥ ❧❡♥❣✉❛❥❡ ❞❡ ❞❡s❝r✐♣❝✐ó♥ ❡s♣❡❝✐❛❧✐③❛✲

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



●❧♦s❛r✐♦ ✸✾✾

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

❝♦♠♣❧❡❥♦s s✐st❡♠❛s ❡♥ ✉♥ ❝❤✐♣✳

▲❛s ❋P●❆ ♣❡r♠✐t❡♥ ❝r❡❛r ❝✐r❝✉✐t♦s ♠❡❞✐❛♥t❡ ❧❛ ♣r♦❣r❛♠❛❝✐ó♥ ❞❡ ♣✉❡rt❛s ❧ó✲

❣✐❝❛s✳ ❊st♦ ❞❛ ✉♥❛ ♣♦t❡♥❝✐❛❧✐❞❛❞ ② ✢❡①✐❜✐❧✐❞❛❞ ♠✉② ❣r❛♥❞❡ ❛ ❡st♦s ❝✐r❝✉✐t♦s

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

❢✉♥❝✐♦♥❡s ♦ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s✳

❚♦❞♦ ❡st♦ ✐♥t❡❣r❛❞♦ ❡♥ ✉♥ ú♥✐❝♦ ❝✐r❝✉✐t♦ s❡♠✐❝♦♥❞✉❝t♦r q✉❡ ❝♦♥ ✉♥❛ ❝✐❡rt❛ ❝❛♥✲

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

❧❛ r❡❝♦♥✜❣✉r❛❝❝✐ó♥ ❞❡ s✉s ♣✉❡rt❛s ♣♦r ♣r♦❣r❛♠❛❝✐ó♥✳ ❆❧ s❡r ✉♥ ❝✐r❝✉✐t♦ ❡❧❡❝tró✲

♥✐❝♦ ♣❡r♠✐t❡ ❞✐s❡ñ❛r ✉♥ ♣r❡♣r♦❝❡s❛❞♦ s♦✜st✐❝❛❞♦ ❞❡ s❡ñ❛❧❡s ❞✐r❡❝t❛♠❡♥t❡ ♣♦r

❧❛ ❡❧❡❝tró♥✐❝❛✱ s✐♥ ❝❛r❣❛r ✉♥ ♣r♦❝❡s❛❞♦r ② ❧♦s r❡❝✉rs♦s ♥❛❝❡s❛r✐♦s✳ ▲❛s ❋P●❆s

s❡ ✉t✐❧✐③❛♥ ❡♥ ❛♣❧✐❝❛❝✐♦♥❡s s✐♠✐❧❛r❡s ❛ ❧♦s ❆❙■❈s✱ ❛✉♥q✉❡ s✐♥ ❡♠❜❛r❣♦ s♦♥ ♠ás

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

❝♦♠♣❧❡❥♦s ❝♦♠♦ ❡❧❧♦s✳ ❆ ♣❡s❛r ❞❡ ❡st♦✱ ❧❛s ❋P●❆s t✐❡♥❡♥ ❧❛s ✈❡♥t❛❥❛s ❞❡ s❡r

r❡♣r♦❣r❛♠❛❜❧❡s ✭❧♦ q✉❡ ❛ñ❛❞❡ ✉♥❛ ❡♥♦r♠❡ ✢❡①✐❜✐❧✐❞❛❞ ❛❧ ✢✉❥♦ ❞❡ ❞✐s❡ñ♦✮✱ s✉s

❝♦st❡s ❞❡ ❞❡s❛rr♦❧❧♦ ② ❛❞q✉✐s✐❝✐ó♥ s♦♥ ♠✉❝❤♦ ♠❡♥♦r❡s ♣❛r❛ ♣❡q✉❡ñ❛s ❝❛♥t✐❞❛❞❡s

❞❡ ❞✐s♣♦s✐t✐✈♦s ② ❡❧ t✐❡♠♣♦ ❞❡ ❞❡s❛rr♦❧❧♦ ❡s t❛♠❜✐é♥ ♠❡♥♦r✳

❋✉♥❝✐ó♥ ❞❡ ♠ér✐t♦ ▲❛ ❋✉♥❝✐ó♥ ❞❡ ▼ér✐t♦ ❡s ✉♥❛ ❢✉♥❝✐ó♥ ❝♦♥ t♦❞♦s ❧♦s ♣❛rá♠❡tr♦s

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

❋❲❍▼ ❋✉❧❧ ❲✐❞t❤ ❛t ❍❛❧❢ ▼❛①✐♠✉♥ ❡s ❡❧ ❞✐á♠❡tr♦ ❡♥ ✉♥❛ ❞✐r❡❝❝✐ó♥ ❞❛❞❛ ❞❡ ✉♥❛

❢✉♥❝✐ó♥ ❣❛✉ss✐❛♥❛ ❛❧ 50% ❞❡ s✉ ❛❧t✉r❛✳

■

í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥ ❊❧ í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥ ❞❡ ✉♥ ♠❛t❡r✐❛❧✱ ❝♦♠♦ t❛❧✱ ♥♦ ❡s ♠ás q✉❡

❧❛ r❡❧❛❝✐ó♥ ❞❡ ❧❛ ✈❡❧♦❝✐❞❛❞ ❞❡ ❧❛ ❧✉③ ❡♥ ❡❧ ✈❛❝í♦ ❢r❡♥t❡ ❛ ❧❛ ✈❡❧♦❝✐❞❛❞ ❡♥ ❡s❡ ♠❡❞✐♦✱

♦❜✈✐❛♠❡♥t❡ s✐ ❧❛ ❧✉③ s❡ ♣r♦♣❛❣❛ ❡♥ é❧✳ ❊s❡ í♥❞✐❝❡ ❡s✱ ♣♦r t❛♥t♦✱ s✐❡♠♣r❡ ♠❛②♦r

q✉❡ ✉♥♦✱ ❞❛❞♦ q✉❡ ❧❛ ❧✉③ ❡♥ ❡❧ ✈❛❝í♦ t✐❡♥❡ s✉ ♠á①✐♠❛ ✈❡❧♦❝✐❞❛❞✳ ❊❧ í♥❞✐❝❡ ❞❡

r❡❢r❛❝❝✐ó♥ ❤❛❝❡ r❡❢❡r❡♥❝✐❛ ❛ ❧❛ ❞❡♥s✐❞❛❞✱ ❝♦♠♣♦s✐❝✐ó♥ ② ❡str✉❝t✉r❛ ♠♦❧❡❝✉❧❛r ♦

❝r✐st❛❧✐♥❛ ❞❡❧ ♠❡❞✐♦ ❡♥ ❝✉❡st✐ó♥✳ ▲❛ ❧❡② ❞❡ ❙♥❡❧❧ r❡❧❛❝✐♦♥❛ ❡❧ ❝❛♠❜✐♦ ❞❡ ❞✐r❡❝❝✐ó♥

❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❝✉❛♥❞♦ ❡①✐st❡ ✉♥ ❝❛♠❜✐♦ ❞❡ ♠❡❞✐♦ ♦✱ ♠❡❥♦r ❞✐rí❛♠♦s✱ ✉♥

❝❛♠❜✐♦ ❞❡ í♥❞✐❝❡ ❞❡ r❡❢r❛❝❝✐ó♥✿ ni sin(αi) = no sin(αo)✳

❨❛ s❡❛ ♣♦r ❝❛♠❜✐♦ ❞❡ ❞❡♥s✐❞❛❞✱ ❝♦♠♣♦s✐❝✐ó♥ ♦ ❡str✉❝t✉r❛✱ ❡s ❞❡❝✐r✱ ♣r❡✲

s✐ó♥✴t❡♠♣❡r❛t✉r❛✱ ❝♦♥❝❡♥tr❛❝✐ó♥ ❞❡ ❣❛s❡s✴✈❛♣♦r❡s✴❛❡r♦s♦❧❡s✱ ♠❛t❡r✐❛❧❡s ✭❛✐r❡✱



✹✵✵ ●❧♦s❛r✐♦

❛❣✉❛✱ ✈✐❞r✐♦s✮ ❡❧ ❛✐r❡ ❝❛♠❜✐❛ ❝♦♥t✐♥✉❛♠❡♥t❡ ② ❡♥ ❝❛❞❛ ♣✉♥t♦ ❧❛ ❞✐r❡❝❝✐ó♥ ❞❡ ✉♥

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

▲

▲♦♥❣✐t✉❞ ❞❡ ❝♦❤❡r❡♥❝✐❛ ▲❛ ❧♦♥❣✐t✉❞ ❞❡ ❝♦❤❡r❡♥❝✐❛ ♦ ♣❛rá♠❡tr♦ ❞❡ ❋r✐❡❞ ❡s ❡❧ t❛✲

♠❛ñ♦ r0 r❡❧❛t✐✈♦ ❛ ❧❛ t✉r❜✉❧❡♥❝✐❛ ♣❛r❛ ❡❧ ❝✉❛❧ ❧❛ r❡s♦❧✉❝✐ó♥ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡

❞✐á♠❡tr♦ ✐♥✜♥✐t♦ s❡rí❛ ✐❣✉❛❧ ❛ ❧❛ ❞❡ ✉♥ t❡❧❡s❝♦♣✐♦ ❞❡ ❞✐á♠❡tr♦ r0✳

▲í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ▲❧❛♠❛♠♦s ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❛ ❧❛ tr❛♥s❢♦r♠❛❞❛ ❞❡ ❋♦✉r✐❡r ❞❡

✉♥❛ ❛❜❡rt✉r❛✳ ❊♥ ❡❧ ❝❛s♦ ❞❡ ✉♥❛ ♣✉♣✐❧❛ ❝✐r❝✉❧❛r ❡s ❡❧ ❛♥❝❤♦ ❞❡❧ ❞✐s❝♦ ❝❡♥tr❛❧ ❞❡

✉♥❛ ❢✉♥❝✐ó♥ ❞❡ ❆✐r②✳ ❙❡ ♦❜t✐❡♥❡ ❛ ♣❛rt✐r ❞❡ ❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❆✐r②

q✉❡ ❡s ✉♥❛ ❢✉♥❝✐ó♥ ❞❡ ❇❡ss❡❧ ❞❡ ♣r✐♠❡r❛ ❡s♣❡❝✐❡✳ ❊❧ ❛♥❝❤♦ s❡ ♠✐❞❡ ❛♥❣✉❧❛r♠❡♥t❡

❞❡s❞❡ ❧❛ ♣✉♣✐❧❛ ❞❡ s❛❧✐❞❛ ② ✈✐❡♥❡ ❞❛❞♦ ♣♦r✿ θ = 2′44λ/D❀ s✐❡♥❞♦ ❉ ❡❧ ❞✐á♠❡tr♦

❞❡ ❧❛ ♣✉♣✐❧❛ ② λ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ❝♦♥s✐❞❡r❛❞❛✳

❊❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ✐♥❞✐❝❛ ❧❛ ♠á①✐♠❛ ❝❛❧✐❞❛❞ ♣♦s✐❜❧❡ ❞❡ ✉♥ s✐st❡♠❛ ó♣t✐❝♦✳

▲í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ▲❛ r❡s♦❧✉❝✐ó♥ ❡s ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ❞❡ s❡♣❛r❛r

❞♦s ♣✉♥t♦s ❞❡ ✐❣✉❛❧ ❜r✐❧❧♦✳ ▲❧❛♠❛♠♦s ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ❛❧ ❛♥❝❤♦ ❛ ♠❡❞✐❛

❛❧t✉r❛ ❞❡❧ ❞✐s❝♦ ❝❡♥tr❛❧ ❞❡ ✉♥❛ P❙❋✳ ❙❡ ♠✐❞❡ ❝♦♥s✐❞❡r❛♥❞♦ ❧❛ ✐♠❛❣❡♥ ❞❡ ❞♦s

♣✉♥t♦s s✉✜❝✐❡♥t❡♠❡♥t❡ ♣ró①✐♠♦s ❝♦♠♦ ♣❛r❛ q✉❡ ❧❛s ✐♠á❣❡♥❡s s❡ s✉♣❡r♣♦♥❣❛♥

❧♦ ❥✉st♦ ♣❛r❛ q✉❡ ❡❧ ❝❡♥tr♦ ❞❡❧ ♠á①✐♠♦ ❝❡♥tr❛❧ ❞❡ ✉♥❛ ❝♦✐♥❝✐❞❛ ❝♦♥ ❡❧ ♣r✐♠❡r

♠í♥✐♠♦ ❞❡ ❧❛ ♦tr❛✳ ❊s❛ ❞✐st❛♥❝✐❛ s❡ ♠✐❞❡ ❛♥❣✉❧❛r♠❡♥t❡ ❞❡s❞❡ ❧❛ ♣✉♣✐❧❛ ❞❡

s❛❧✐❞❛ ② ✈✐❡♥❡ ❞❛❞❛ ✭♣❛r❛ ✉♥ s✐st❡♠❛ ♥♦ ❛❜❡rr❛♥t❡✮ ♣♦r✿ θ = 1′22λ/D❀ s✐❡♥❞♦ ❉

❡❧ ❞✐á♠❡tr♦ ❞❡ ❧❛ ♣✉♣✐❧❛ ② λ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛ ❝♦♥s✐❞❡r❛❞❛✳ ❊stá ❜❛s❛❞♦ ❡♥

❧❛ ❞❡✜♥✐❝✐ó♥ ❞❡ r❡s♦❧✉❝✐ó♥ s❡❣ú♥ ❡❧ ❝r✐t❡r✐♦ ❞❡ ❘❛②❧❡✐❣❤✳ ❊❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥

❝♦✐♥❝✐❞❡ ❝♦♥ ❡❧ ❧í♠✐t❡ ❞❡ ❞✐❢r❛❝❝✐ó♥ ♣❛r❛ ✉♥ s✐st❡♠❛ ♣❡r❢❡❝t♦ ♥♦ ❛❜❡rr❛♥t❡✳

❍❛❝❡r ♥♦t❛r ❛❞❡♠ás q✉❡ ❡①✐st❡♥ ♦tr♦s ❝r✐t❡r✐♦s ❞❡ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥✱ ❡♥tr❡ ❧♦s

q✉❡ s♦❜r❡s❛❧❡♥ ❡❧ ❝r✐t❡r✐♦ ❞❡ ❙♣❛rr♦✇ q✉❡ ❝♦♥s✐❞❡r❛ ❡❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ♣❛r❛

❞♦s ❡str❡❧❧❛s ❞❡ ✐❣✉❛❧ ❜r✐❧❧♦✱ ❡♥ ❧❛s q✉❡ ❡❧ ♠á①✐♠♦ ❝♦♠ú♥ ❡s ❝♦♥st❛♥t❡✱ ❝♦♠♦ θ =

1′05λ/D ② ❡❧ ❡♠♣ír✐❝♦ ❞❡ ❉❛✇❡s✱ ♠✉② s✐♠✐❧❛r✱ ♣❡r♦ q✉❡ ✈❛❧♦r❛ ❧❛ ❞❡❢♦r♠❛❝✐ó♥

❞❡ ❧❛ ♠❛♥❝❤❛✱ q✉❡ t♦♠❛ θ = 0′95λ/D✳ ❆ ♠❡♥✉❞♦✱ s✐ ❝♦♥s✐❞❡r❛♠♦s ❢✉❡♥t❡s ❞❡

✐❣✉❛❧ ❜r✐❧❧♦✱ s❡ ❤❛❜❧❛ ❞❡❧ ❧í♠✐t❡ ❞❡ r❡s♦❧✉❝✐ó♥ ♣rá❝t✐❝♦ ❞❡ ❙♣❛rr♦✇✴❉❛✇❡s ❝♦♠♦

θ = λ/D✳

▼

▼❛❣♥✐t✉❞ ▲❛ ♠❛❣♥✐t✉❞ ❞❡ ✉♥ ♦❜❥❡t♦ ❛str♦♥ó♠✐❝♦ ❞❡s❝r✐❜❡ ❡❧ ❜r✐❧❧♦ q✉❡ ❝❛r❛❝t❡r✐③❛
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❛❧ ❛str♦✳ ▲❛ ♠❛❣♥✐t✉❞ s❡ ❞❡✜♥❡ ❝♦♠♦✿

m = 2′5 log10
L∗

L0
′,

❞♦♥❞❡ ▲ ❡s ❧❛ r❛❞✐❛♥❝✐❛ ♦ ❜r✐❧❧♦ ❞❡ ✉♥ ♦❜❥❡t♦✿

L =
dφ

dωdA
,

φ ❡s ❡❧ ✢✉❥♦ ♦ ♣♦t❡♥❝✐❛ r❛❞✐❛♥t❡ ❞❡❧ ♦❜❥❡t♦ ✭❡♥❡r❣í❛ ♣♦r ✉♥✐❞❛❞ ❞❡ t✐❡♠♣♦✮✱ dω

❡❧ á♥❣✉❧♦ só❧✐❞♦ s✉❜t❡♥❞✐❞♦ ② dA ❡❧ ár❡❛ ❝♦❧❡❝t♦r❛✳

▲❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❧❛s ❞✐st✐♥t❛s ♠❛❣♥✐t✉❞❡s ❢♦t♦♠étr✐❝❛s ♣❡r♠✐t❡✱ ❡♥ ❢✉♥❝✐ó♥

❞❡ ❝❛❞❛ ❝❛s♦✱ ✉t✐❧✐③❛r ✉♥♦ ✉ ♦tr♦ ❝♦♥❝❡♣t♦✳ ❆❞❡♠ás✱ ❤❛② q✉❡ ✈❛❧♦r❛r q✉❡ ❧❛

r❛❞✐❛♥❝✐❛ ♦ ❜r✐❧❧♦ ❡s ✉♥❛ ♠❛❣♥✐t✉❞ ❝♦♥s❡r✈❛t✐✈❛✱ ②❛ q✉❡ s❡ ❞❡✜♥❡ ❡♥ ❢✉♥❝✐ó♥

❛ ❧❛ ❝♦♥st❛♥❝✐❛ ❞❡ ❧❛ ❡①t❡♥s✐ó♥ ❣❡ó♠❡tr✐❝❛ ♦ ❚❤r♦✉❣❤♣✉t✳ ➱st❛ s❡ r❡✜❡r❡ ❛ ❧❛

❡q✉✐✈❛❧❡♥❝✐❛ ❞❡ ❧♦s s✐st❡♠❛s ❞❡ ♦❜s❡r✈❛❝✐ó♥ ♦ ❛ ❧❛ ✐♥✈❛r✐❛❜✐❧✐❞❛❞ ❞❡ ❧❛ ❡①t❡♥s✐ó♥

❣❡ó♠❡tr✐❝❛✱ q✉❡ s❡ ❞❡✜♥❡ ❝♦♠♦✿

dG = dωr · dAr = dωe · dAe .

❊s ❞❡❝✐r✱ ❡❧ ♣r♦❞✉❝t♦ ❞❡ ✉♥ ár❡❛ dAr ♣♦r ❡❧ á♥❣✉❧♦ só❧✐❞♦ dωr ❝♦♥ q✉❡ ✈❡ ❛ ✉♥

ár❡❛ dAe ❡s ✐❣✉❛❧ ❛❧ ♣r♦❞✉❝t♦ r❡❝í♣r♦❝♦ ❞❡ ❡st❡ ár❡❛ ♣♦r ❡❧ á♥❣✉❧♦ só❧✐❞♦ dωe

❝♦♥ q✉❡ ✈❡ ❛ ❧❛ ♣r✐♠❡r❛ ár❡❛✳

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

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

t❛♠❛ñ♦ ♦ tr❛♥s♠✐s✐ó♥✱ s✐❡♠♣r❡ q✉❡ s❡ r❡❝✉rr❛ ❛ ❧❛ ♠✐s♠❛ r❡❢❡r❡♥❝✐❛✳

▲❛ ❞❡✜♥✐❝✐ó♥ ❢♦t♦♠étr✐❝❛ ❞❡ ♠❛❣♥✐t✉❞ ♣❡r♠✐t❡ r❡❢❡r✐r❧❛ ❛ ♦tr❛s ♠❛❣♥✐t✉❞❡s ❢♦✲

t♦♠étr✐❝❛s ❞✐❢❡❢r❡♥t❡s ❞❡❧ ❜r✐❧❧♦ ②❛ q✉❡✱ s✐ ❝♦♥s✐❞❡r❛♠♦s ❧❛ r❡❧❛t✐✈✐❞❛❞ ❞❡ ❧❛

❞❡✜♥✐❝✐ó♥✱ ♣♦❞❡♠♦s ❤❛❜❧❛r t❛♠❜✐é♥ ❞❡ r❡❧❛❝✐♦♥ ❞❡ ✢✉❥♦s✱ ❡♠✐t❛♥❝✐❛s✱ ✐rr❛❞✐❛♥✲

❝✐❛s ♦ ✐♥t❡♥s✐❞❛❞❡s✳

❆ ❧❛ ♠❛❣♥✐t✉❞ ♦❜s❡r✈❛❞❛ s❡ ❧❡ ❧❧❛♠❛ s✐♠♣❧❡♠❡♥t❡ ♠❛❣♥✐t✉❞✱ ② ❛ ❧❛ ♠❛❣♥✐t✉❞

✐♥trí♥s❡❝❛ ❞❡❧ ♦❜❥❡t♦ s❡ ❧❡ ❧❧❛♠❛ ♠❛❣♥✐t✉❞ ❛❜s♦❧✉t❛ ② s❡ ♣✉❡❞❡ ❝❛❧❝✉❧❛r ❝✉❛♥❞♦

s❡ ❝♦♥♦❝❡♥ ♦tr♦s ♣❛rá♠❡tr♦s ❞❡❧ ♦❜❥❡t♦ ✭❞✐st❛♥❝✐❛✱ ♠❛s❛✱ ❡t❝✳✮✳

▼❈❆❖ ▼✉❧t✐❝♦♥❥✉❣❛t❡ ❆❞❛♣t✐✈❡ ❖♣t✐❝s✳ Ó♣t✐❝❛ ❆❞❛♣t❛t✐✈❛ ▼✉❧t✐❝♦♥❥✉❣❛❞❛✱ ❡s ✉♥❛

té❝♥✐❝❛ ❞❡ ó♣t✐❝❛ ❛❞❛♣t❛t✐✈❛ ❡♥ ❧❛ q✉❡ s❡ ❝♦♥❥✉❣❛♥ ❧❛s ✐♠á❣❡♥❡s ❞❡ ✉♥❛ ♦ ✈❛r✐❛s

♣r♦②❡❝❝✐♦♥❡s ❞❡ ❧❛ ♣✉♣✐❧❛ ❛ ❞✐st✐♥t❛s ❛❧t✉r❛s ❡♥ ❧❛ ❛t♠ó❢❡r❛ s♦❜r❡ ✉♥♦ ♦ ✈❛r✐♦s

❡s♣❡❥♦s ❞❡❢♦r♠❛❜❧❡s ❛ ✜♥ ❞❡ ❝♦rr❡❣✐r ❧❛s ♣❡rt✉r❜❛❝✐♦♥❡s q✉❡ ❡s❛ ③♦♥❛ ♦ ❝❛♣❛
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❛t♠♦s❢ér✐❝❛ ♣r♦❞✉❝❡ s♦❜r❡ ❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛✳ ▲❛s ❛❧t✉r❛s ❞❡ ❝♦rr❡❝❝✐ó♥ ❞❡♣❡♥❞❡♥

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

❖

❖P❉ ❖♣t✐❝❛❧ P❛t❤ ❉✐❢❡r❡♥❝❡ ❬❉✐❢❡r❡♥❝✐❛ ❞❡ ❈❛♠✐♥♦ Ó♣t✐❝♦❪ ❡s ❡❧ ❞❡s❢❛s❡ ❡♥ ❡❧ ❢r❡♥t❡

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

✉♥❛ ❡s❢❡r❛ ♣❛r❛ ✉♥ ❢r❡♥t❡ ❝♦♥✈❡r❣❡♥t❡ ♦ ❞✐✈❡r❣❡♥t❡✳ ▲❛ ♠❡❞✐❞❛ ❞❡ ❖P❉ ❡s ✉♥❛

♠❡❞✐❞❛ ❞❡ ❛❜❡rr❛❝✐ó♥ ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ② ♣❛r❛ ❧❛ ❞❡t❡r♠✐♥❛❝✐ó♥ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ❞❡

✉♥ s✐st❡♠❛ ó♣t✐❝♦ ❧❛ ♠❡❞✐❞❛ ❞❡❧ ❡rr♦r ❘▼❙ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❡♥ ✉♥❛ ♣♦s✐❝✐ó♥

❞❛❞❛ ❡s ✉♥❛ ♠❡❞✐❞❛ ❞❡❧ ❖P❉✳

❖❙■❘■❙ ❈á♠❛r❛ ❱✐s✐❜❧❡ ❝♦♥ ❡s♣❡❝tr♦s❝♦♣í❛ ❞❡ ❜❛❥❛ r❡s♦❧✉❝✐♦♥ ❞❡ r❡♥❞✐❥❛ ❧❛r❣❛ ②

♠✉❧t✐♦❜❥❡t♦ ♣♦r ●r✐s♠❛s ② r❡s♦❧✉❝✐ó♥ ✐♥t❡r♠❡❞✐❛ ❡♥ ♠♦❞♦ ✐♠❛❣❡♥ ♣♦r ✜❧tr♦s ❞❡

❡t❛❧ó♥ s✐♥t♦♥✐③❛❜❧❡s✳ ❊s ✉♥ ✐♥str✉♠❡♥t♦ ❞❡ ✓♣r✐♠❡r❛ ❧✉③✔ ❞❡ ●❚❈✳

P

P▼❚ ❯♥ P❤♦t♦▼✉❧t✐♣❧❛②❡r ❚✉❜❡ ✭❚✉❜♦ ❋♦t♦♠✉❧t✐♣❧✐❝❛❞♦r✮ ❡s ✉♥ ❞✐s♣♦s✐t✐✈♦ ❢♦tó♥✐✲

❝♦ ❡♥ ✈❛❝í♦ q✉❡✱ ❛ ♣❛rt✐r ❞❡ ❧❛ ✐♥❝✐❞❡♥❝✐❛ ❞❡ ❧✉③ ❡♥ ✉♥ ❢♦t♦❝át♦❞♦ ✭❣❡♥❡r❛❧♠❡♥t❡

❞❡ ✉♥ ♠❡t❛❧ ❛❧❝❛❧✐♥♦✮✱ ❣❡♥❡r❛ ✉♥❛ ❡♠✐s✐ó♥ ❞❡ ❡❧❡❝tr♦♥❡s q✉❡ s♦♥ r❡❞✐r✐❣✐❞♦s

❤❛❝✐❛ ✉♥ á♥♦❞♦✱ q✉❡ ❡♥ ❡st❡ ❝❛s♦ s❡ ❧❧❛♠❛ ❞✐♥♦❞♦✱ q✉❡✱ ❛❧ ❡st❛r s♦♠❡t✐❞♦ ❛

✉♥❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ♣♦t❡♥❝✐❛❧ ❛❧t❛✱ r❡❡♠✐t❡ ♠ás ❡❧❡❝tr♦♥❡s r❡❞✐r✐❣✐❞♦s s✉❝❡s✐✲

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

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

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

❋♦✉r✐❡r ❞❡ ❧❛ ♣✉♣✐❧❛ ❞❡ s❛❧✐❞❛ ❞❡ ✉♥ s✐st❡♠❛ ó♣t✐❝♦✳ ❊s ❧♦ ♠✐s♠♦ q✉❡ ❧❛ tr❛♥s❢♦r✲

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

ó♣t✐❝♦✳ ❉❡✜♥❡ ❧❛ ✜❣✉r❛ ❞❡ ❞✐❢r❛❝❝✐ó♥ ❞❡❧ s✐st❡♠❛ ♣❛r❛ ✉♥ ♣✉♥t♦ ❡♥ ❡❧ ♣❧❛♥♦

❢♦❝❛❧✳ ❙✐ ❡❧ s✐st❡♠❛ ó♣t✐❝♦ ❡s ✐❞❡❛❧ ② ❧❛ ♣✉♣✐❧❛ ❡s ❝✐r❝✉❧❛r ❧❛ ❢✉♥❝✐ó♥ q✉❡ ❞❡s❝r✐❜❡

❧❛ P❙❋✱ ❡♥ ❡❥❡✱ ❡s ❧❛ ❢✉♥❝✐♦♥ ❞❡ ❆✐r②✿

I(θ) = I0

(
2J1(ka sin θ)

ka sin θ

)2

= I0

(
2J1(x)

x

)2

;

I = I0

(
J1(α)

α

)2

;α = k · a · sin(θ) = 2π

λ
a
q

R
,

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

❞❡s❞❡ ❡❧ ❝❡♥tr♦ ❞❡ ❧❛ ♣✉♣✐❧❛ ② q ❞❡s❞❡ ❡❧ ❝❡♥tr♦ ❞❡❧ ♣❧❛♥♦ ✐♠❛❣❡♥✳

❉❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ó♣t✐❝♦✱ ❞❡❝✐♠♦s q✉❡ ❧❛ P❙❋ ❡s ❡❧ ♠ó❞✉❧♦ ❞❡ ❧❛ ❢✉♥❝✐ó♥

❞❡ tr❛♥s❢❡r❡♥❝✐❛ ó♣t✐❝❛ ✭❖❚❋✮ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦ ♣❛r❛ ✉♥ ♣✉♥t♦ ✐❞❡❛❧✳ ❆ ❧❛ ❢❛s❡

❞❡ ❧❛ ❖❚❋ ❧❡ ❧❧❛♠❛♠♦s ▼❚❋ ♦ ❢✉♥❝✐ó♥ ❞❡ tr❛♥s❢❡r❡♥❝✐❛ ❞❡ ♠♦❞✉❧❛❝✐ó♥✱ ② ♥♦s

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

❧♦ q✉❡ ❡s ❧♦ ♠✐s♠♦✱ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ r❡s♦❧✉❝✐ó♥ ❞❡❧ s✐st❡♠❛✳

❊♥ ❡❧ ❝❛s♦ ❞❡ t❡❧❡s❝♦♣✐♦s ❡s ✉♥❛ ❢✉♥❝✐ó♥ ♦ ❝♦♠❜✐♥❛❝✐ó♥ ❞❡ ❢✉♥❝✐♦♥❡s ❞❡ ❇❡ss❡❧

❞❡ ✓♣r✐♠❡r❛ ❡s♣❡❝✐❡✔✳

❘

❘❛❞✐♦♠❡trí❛ ▲❛ ❘❛❞✐♦♠❡trí❛ ❡s ✉♥❛ té❝♥✐❝❛ ❞❡ ♠❡❞✐❝✐ó♥ ❞❡ ❧✉③ ❡♥ ❧❛ q✉❡ ❧❛s ✉♥✐✲

❞❛❞❡s ❞❡ tr❛❜❛❥♦ ❛t✐❡♥❞❡♥ ❛ ♠❡❞✐❞❛s ❡♥❡r❣ét✐❝❛s ❡stá♥❞❛r ❞❡ ❝♦♠♣❛r❛❝✐ó♥ ❝♦♥

❝✉❛❧q✉✐❡r ♦tr❛ ♠❡❞✐❞❛✳ ❆sí✱ s❡ ❤❛❜❧❛rá ❞❡ ✢✉❥♦ ♦ ♣♦t❡♥❝✐❛ ❡♥ ✇❛t✐♦s✱ ✐♥t❡♥s✐❞❛❞

❡♥ ✇❛t✐♦s ♣♦r st❡r♦✲r❛❞✐á♥ ♦ ✐rr❛❞✐❛♥❝✐❛ ❡♥ ✇❛t✐♦s ♣♦r ♠❡tr♦ ❝✉❛❞r❛❞♦✳

❊s ❡❧ ❡st✉❞✐♦ ❞❡ ❧❛ ❢♦r♠❛ ❞❡ ❧❛ r❛❞✐❛❝✐ó♥✱ ❡♥ s✉ ❡♠✐s✐ó♥✱ tr❛♥s♣♦rt❡ ② ❞❡t❡❝❝✐ó♥✳

❱❡r ❢♦t♦♠❡trí❛✳

❘❛②♦s ▲♦s r❛②♦s q✉❡ s❡ tr❛③❛♥ ❛ tr❛✈és ❞❡ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ s❡ ❞❡✜♥❡♥ s❡❣ú♥ s✉

♦r✐❣❡♥ ② ♣r♦♣❛❣❛❝✐ó♥ ❛ tr❛✈és ❞❡❧ s✐st❡♠❛ ② ❧❛ ♣✉♣✐❧❛✿

❯♥ r❛②♦ ♠❡r✐❞✐♦♥❛❧ ❡s ✉♥ r❛②♦ q✉❡ s❡ ❝♦♥✜♥❛ ❛❧ ♣❧❛♥♦ ❨❩✱ ❞♦♥❞❡ ❩ ❡s ❡❧

❡❥❡ ó♣t✐❝♦ ❞❡❧ s✐st❡♠❛ ❡ ❨ ❡s ♣❡r♣❡♥❞✐❝✉❧❛r ❛ ❡st❡ ❡❥❡✳



✹✵✹ ●❧♦s❛r✐♦

❯♥ r❛②♦ ♠❛r❣✐♥❛❧ ❡♥ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ❡s ❡❧ r❛②♦ ♠❡r✐❞✐♦♥❛❧ q✉❡ ❡♠♣✐❡③❛

❡♥ ❡❧ ♣✉♥t♦ ❞♦♥❞❡ ❡❧ ♦❜❥❡t♦ ❝r✉③❛ ❡❧ ❡❥❡ ó♣t✐❝♦ ② t♦❝❛ ❡❧ ❜♦r❞❡ ❞❡ ❧❛

❛❜❡rt✉r❛ ❞❡❧ s✐st❡♠❛✳ ❊st❡ r❛②♦ ❡s út✐❧ ♣♦rq✉❡ ❝r✉③❛ ❡❧ ❡❥❡ ó♣t✐❝♦ ❝❛❞❛ ✈❡③

❡♥ ❧❛s ❧♦❝❛❧✐③❛❝✐♦♥❡s ❡♥ ❞♦♥❞❡ s❡ ❢♦r♠❛ ✉♥❛ ✐♠❛❣❡♥✳ ▲❛ ❞✐st❛♥❝✐❛ ❞❡❧ r❛②♦

♠❛r❣✐♥❛❧ ❞❡❧ ❡❥❡ ó♣t✐❝♦ ❡♥ ❧❛s ❧♦❝❛❧✐③❛❝✐♦♥❡s ❞❡ ❧❛ ♣✉♣✐❧❛ ❞❡ ❡♥tr❛❞❛ ② ❞❡

❧❛ ♣✉♣✐❧❛ ❞❡ s❛❧✐❞❛ ❞❡✜♥❡ ❧♦s t❛♠❛ñ♦s ❞❡ ❝❛❞❛ ♣✉♣✐❧❛ ✭♣✉❡st♦ q✉❡ s♦♥ ❧❛s

♣✉♣✐❧❛s ✐♠á❣❡♥❡s ❞❡ ❧❛ ❛❜❡rt✉r❛ ❞❡❧ s✐st❡♠❛✮✳

❊❧ r❛②♦ ♣r✐♥❝✐♣❛❧ ❡♥ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ ❡s ❡❧ r❛②♦ ♠❡r✐❞✐♦♥❛❧ q✉❡ ❡♠♣✐❡③❛

❡♥ ❡❧ ❜♦r❞❡ ❞❡❧ ♦❜❥❡t♦ ② ♣❛s❛ ❛ tr❛✈és ❞❡❧ ❝❡♥tr♦ ❞❡ ❧❛ ❛❜❡rt✉r❛✳ ❊st❡ r❛②♦

❝r✉③❛ ❡❧ ❡❥❡ ó♣t✐❝♦ ❡♥ ❧❛s ❧♦❝❛❧✐③❛❝✐♦♥❡s ❞❡ ❧❛s ♣✉♣✐❧❛s✳ ▲♦s r❛②♦s ♣r✐♥❝✐♣❛❧❡s

s♦♥ ❡q✉✐✈❛❧❡♥t❡s ❛ ❧♦s r❛②♦s ❡♥ ✉♥❛ ❝á♠❛r❛ ❢♦t♦❣rá✜❝❛ ❡st❡♥♦♣❡✐❝❛ ♦ ❞❡

❛❣✉❥❡r♦ ❞❡ ❛❧✜❧❡r ✭❝á♠❛r❛ ♦s❝✉r❛ ♣✉r❛✱ s✐♥ ❧❡♥t❡✮✳ ▲❛ ❞✐st❛♥❝✐❛ ❡♥tr❡ ❡❧

r❛②♦ ♣r✐♥❝✐♣❛❧ ② ❡❧ ❡❥❡ ó♣t✐❝♦ ❡♥ ✉♥❛ ❧♦❝❛❧✐③❛❝✐ó♥ ❞❡ ❧❛ ✐♠❛❣❡♥ ❞❡✜♥❡ ❡❧

t❛♠❛ñ♦ ❞❡ ❧❛ ✐♠❛❣❡♥✳ ▲♦s r❛②♦s ♠❛r❣✐♥❛❧❡s ② ♣r✐♥❝✐♣❛❧❡s ❥✉♥t♦s ❞❡✜♥❡♥ ❡❧

✐♥✈❛r✐❛♥t❡ ❞❡ ▲❛❣r❛♥❣❡✱ q✉❡ ❝❛r❛❝t❡r✐③❛ ❡❧ r❡♥❞✐♠✐❡♥t♦ ❞❡ ♣r♦❝❡s❛♠✐❡♥t♦

♦ ❡t❡♥❞✉❡ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦✳

❯♥ r❛②♦ ♦❜❧✐❝✉♦ ❡s ✉♥ r❛②♦ q✉❡ s❡ ♦r✐❣✐♥❛ ❡♥ ✉♥ ♣✉♥t♦ ❞❡❧ ♦❜❥❡t♦ ❡♥ ❡❧

♣❧❛♥♦ ❨❩ ♣❡r♦ ♥♦ s❡ ♣r♦♣❛❣❛ ❡♥ ❡st❡ ♣❧❛♥♦✳ ❚❛❧ r❛②♦ ✐♥t❡rs❡❝t❛rá ❛ ❧❛

♣✉♣✐❧❛ ❞❡ ❡♥tr❛❞❛ ❡♥ ❛❧❣✉♥❛ ❝♦♦r❞❡♥❛❞❛ ❛r❜✐tr❛r✐❛ ✭①♣✱②♣✮✳

❯♥ r❛②♦ t❛♥❣❡♥❝✐❛❧ ❡s ✉♥ r❛②♦ ♦❜❧✐❝✉♦ q✉❡ ✐♥t❡rs❡❝t❛ ❧❛ ♣✉♣✐❧❛ ❞❡ ❡♥tr❛✲

❞❛✱ ♣❛r❛ ✉♥ ♦❜❥❡t♦ ❡♥ ❨✱ ❡♥ ①♣❂✵✳ ❊s ❥✉st♦ ♦tr♦ ♥♦♠❜r❡ ♣❛r❛ ✉♥ r❛②♦

♠❡r✐❞✐♦♥❛❧✳

❯♥ r❛②♦ s❛❣✐t❛❧ ♦ r❛②♦ tr❛♥s✈❡rs❛❧ ❡s ✉♥ r❛②♦ ♦❜❧✐❝✉♦ q✉❡ ✐♥t❡rs❡❝t❛ ❛ ❧❛

♣✉♣✐❧❛ ❡♥ ②♣❂✵✳

✳

❘❡❧❛❝✐ó♥ ❞❡ ❙tr❡❤❧ ❊❧ ❈♦❝✐❡♥t❡ ❞❡ ❙tr❡❤❧ ♦ ❘❡❧❛❝✐ó♥ ❙tr❡❤❧✱ ❧❧❛♠❛❞♦ ❛sí ♣♦r ❡❧ ❢ís✐❝♦ ②

♠❛t❡♠át✐❝♦ ❛❧❡♠á♥ ❑❛r❧ ❙tr❡❤❧ ✭✶✽✻✹✲✶✾✹✵✮✱ ❡s ✉♥❛ ♠❡❞✐❞❛ ❞❡ ❧❛ ❝❛❧✐❞❛❞ ó♣t✐❝❛

❞❡ ❧♦s t❡❧❡s❝♦♣✐♦s ② ♦tr♦s ✐♥str✉♠❡♥t♦s ❞❡ ♣r♦②❡❝❝✐ó♥ ❞❡ ✐♠❛❣❡♥✳ ❙❡ ❞❡✜♥❡✱ ❞❡

✉♥ ♠♦❞♦ ✐♥♠❡❞✐❛t♦✱ ❝♦♠♦ ❧❛ r❛③ó♥ ❞❡❧ ♠á①✐♠♦ ❞❡ ❧❛ P❙❋ r❡❛❧ ❛ ❧❛ P❙❋ ✐❞❡❛❧ ❞❡❧

❞✐s❝♦ ❞❡ ❆✐r② ♣r♦♣✐♦ ❞❡❧ s✐st❡♠❛ ó♣t✐❝♦✳ ❊s ❞❡❝✐r✱ ❡❧ ❝♦❝✐❡♥t❡ ❡♥tr❡ ❧❛ ✐♥t❡♥s✐❞❛❞

♠á①✐♠❛ ♦❜s❡r✈❛❞❛ ❡♥ ❡❧ ♣❧❛♥♦ ❞❡ ❞❡t❡❝❝✐ó♥✱ ♣❛r❛ ✉♥ ♣✉♥t♦ ❢✉❡♥t❡✱ ❝♦♠♣❛r❛❞♦

❝♦♥ ❧❛ ✐♥t❡♥s✐❞❛❞ t❡ór✐❝❛ ♣✐❝♦ ♠á①✐♠❛ ❞❡ ✉♥ s✐st❡♠❛ ❞❡ ✐♠á❣❡♥❡s ♣❡r❢❡❝t❛s ❧✐❜r❡

❞❡ ❛❜❡rr❛❝✐♦♥❡s ② ❢✉♥❝✐♦♥❛♥❞♦ ❛❧ ❧í♠✐t❡ ❞❡ ❧❛ ❞✐❢r❛❝❝✐ó♥✳

❙✐ ❜✐❡♥ ❡❧ ❝á❧❝✉❧♦ ❞❡❧ ❙tr❡❤❧ r❡❛❧ r❡q✉✐❡r❡ ♦♣❡r❛❝✐♦♥❡s ♠❛t❡♠át✐❝❛s ❝♦♠♣❧❡❥❛s



●❧♦s❛r✐♦ ✹✵✺

✭❈❤❡♥❣ ✭❈❤❡✵✾✮ ✷✵✵✾✮✿

S =
1

π2

∣∣∣∣
∫ 2π

0

∫ 1

0
exp (2πi∆W (ρ, θ)) ρdρdθ

∣∣∣∣
2

,

❞♦♥❞❡ W ❡s ❧❛ ❢❛s❡ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❡♥ ❧❛ ❛❜❡rt✉r❛ ② ∆W ❧❛ ❛❜❡rr❛❝✐ó♥ ❞❡❧

❢r❡♥t❡ ❞❡ ♦♥❞❛ r❡s♣❡❝t♦ ❛ ❧❛ r❡❢❡r❡♥❝✐❛✳ ❙✐ ❧❛s ❛❜❡rr❛❝✐♦♥❡s s♦♥ ♣❡q✉❡ñ❛s s❡

♣✉❡❞❡ ❛♣r♦①✐♠❛r ❛✿

S = exp

[
−
(
2π

λ
σ

)2
]
,

❞♦♥❞❡ σ ❡s ❧❛ ❞❡s✈✐❛❝✐ó♥ ❝✉❛❞rát✐❝❛ ♠❡❞✐❛✱ ♦ ❡rr♦r r♠s ❞❡ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❝❛♠✐♥♦

ó♣t✐❝♦✱ ② ❡s ✉♥❛ ❜✉❡♥❛ ❛♣r♦①✐♠❛❝✐ó♥ ♣❛r❛ S > 0′1 ✭❇♦r♥✫❲♦❧❢ ✭✻✮ ✶✾✾✼✮✳

❯♥❛ s✐♠♣❧❡ ❡①♣r❡s✐ó♥ ❡♠♣ír✐❝❛ ❞❛❞❛ ♣♦r ▼❛❤❛❥❛♥ ❞❛ ✉♥❛ ❛♣r♦①✐♠❛❝✐ó♥ ♠✉②

❝❡r❝❛♥❛ ❞❡ ❧❛ r❡❧❛❝✐ó♥ ❞❡ ❙tr❡❤❧ ❡♥ tér♠✐♥♦s ❞❡❧ ❡rr♦r ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❘▼❙✿

S ∼ e−(2πω)2 ≈ 1− (2πω)2 ,

❝♦♥ ω ❝♦♠♦ ❡❧ ❡rr♦r ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❘▼❙ ❡♥ ✉♥✐❞❛❞❡s ❞❡ ❧❛ ❧♦♥❣✐t✉❞ ❞❡ ♦♥❞❛✳

◆ót❡s❡ q✉❡ ❡❧ ✉s♦ ❞❡❧ ❡rr♦r ❘▼❙ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ♣✉❡❞❡ ❞❛r ✉♥ r❡s✉❧t❛❞♦

✐♥❛❞❡❝✉❛❞♦❀ ❡❧ ✈❛❧♦r r❡❛❧ ❞❡❧ ❙tr❡❤❧ ✕② ❧❛ ❢♦r♠❛ ♦r✐❣✐♥❛❧ ❞❡ ❛♣r♦①✐♠❛❝✐ó♥✕ ❞❡✲

♣❡♥❞❡♥ ❞❡ ❧❛ ❢❛s❡✱ ♣♦r t❛♥t♦ ❞❡t❡r♠✐♥❛❞❛ ♣♦r ❧❛ ✈❛r✐❛♥③❛ ❞❡ ❢❛s❡ ϕ2 ②✱ ♠ás

❞✐r❡❝t❛♠❡♥t❡✱ ♣♦r ❧❛ ❢❛s❡ ❛♥❛❧ó❣✐❝❛ ♣❛r❛ ❡❧ ❡rr♦r ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❘▼❙ ❜❛s❛❞♦

❡♥ ❖P❉✱ φ✱ ❝♦♥ ϕ2 = (2πφ)2✳

▲❛ ❛♣r♦①✐♠❛❝✐ó♥ ❡s ❡①❛❝t❛ ❛ ✉♥ ✷ ♣♦r ❝✐❡♥t♦ ♣❛r❛ ❡rr♦r❡s ❞❡ ❘▼❙ ❞❡ ∼ λ/10✱

❞✐s♠✐♥✉②❡♥❞♦ ❧❛ ❞✐❢❡r❡♥❝✐❛ ♣❛r❛ ❡rr♦r❡s ♠❡♥♦r❡s✳ ▲❛ ❞✐❢❡r❡♥❝✐❛ ❝♦♥ ✉♥ ✈❛❧♦r

❡①❛❝t♦ ❞❡ ❙tr❡❤❧ ❛✉♠❡♥t❛ ❣r❛❞✉❛❧♠❡♥t❡ ❝♦♥ ❡❧ ❡rr♦r ❘▼❙✱ ♣❡r♦ ✐♥❝❧✉s♦ ♣❛r❛

S ≈ 0′3 t♦❞❛✈í❛ ♥♦ s✉♣❡r❛ ❡❧ 10%✳ ❙❡ s♦❜r❡st✐♠❛ ❙tr❡❤❧ r❡❛❧ ♣❛r❛ ❛❜❡rr❛❝✐♦♥❡s

♣r✐♠❛r✐❛s ❜✐❡♥ ❡q✉✐❧✐❜r❛❞❛s✱ ② ❧♦ s✉❜❡st✐♠❛ ♣❛r❛ ❧❛s ❛❜❡rr❛❝✐♦♥❡s ❝❧ás✐❝❛s✳

❊st❛ ❛♣r♦①✐♠❛❝✐ó♥ s❡ ❝♦♥♦❝❡ t❛♠❜✐é♥ ❝♦♠♦ ✓❛♣r♦①✐♠❛❝✐ó♥ ❡①t❡♥❞✐❞❛ ❞❡ ▼❛ré✲

❝❤❛❧✔ ✭❡♥ ♦♣♦s✐❝✐ó♥ ❛ ❧❛ ❛♣r♦①✐♠❛❝✐ó♥ ♦r✐❣✐♥❛❧ ❞❡ ▼❛ré❝❤❛❧✮✿ S ≈ (1 − 1
ϕ2 )

2 ≈
(1− (2πφ)2/2])2 q✉❡✱ ♣❛r❛ φ ≃ ω✱ s❡ ♣✉❡❞❡ ❡s❝r✐❜✐r ❡♥ tér♠✐♥♦s ❞❡❧ ❡rr♦r ❘▼❙

❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❝♦♠♦

S ∼ (1− 2(πω)2)2 .

❙❡ ♣✉❡❞❡♥ ✈❡r ❧❛s ❣rá✜❝❛s ♣❛r❛ ❧❛s ❞✐st✐♥t❛s ❛♣r♦①✐♠❛❝✐♦♥❡s ❡♥ ❤tt♣✿✴✴✇✇✇✳

t❡❧❡s❝♦♣❡✲♦♣t✐❝s✳♥❡t✴❙tr❡❤❧✳❤t♠✳

❘✉✐❞♦ ❘✉✐❞♦ ❡s t♦❞❛ ❝♦♠♣♦♥❡♥t❡ ❞❡ ✉♥❛ s❡ñ❛❧ ❡♠✐t✐❞❛ ♦ ❧❡í❞❛ ♣♦r ❛❧❣ú♥ ❞✐s♣♦s✐t✐✈♦

http://www.telescope-optics.net/Strehl.htm
http://www.telescope-optics.net/Strehl.htm


✹✵✻ ●❧♦s❛r✐♦

q✉❡ ♥♦ ♣r♦♣♦r❝✐♦♥❛ ✐♥❢♦r♠❛❝✐ó♥ s♦❜r❡ ❧❛ ♠❡❞✐❞❛ r❡❛❧✐③❛❞❛ ② q✉❡ ❧❛ ❛♣❛♥t❛❧❧❛✱

❡♥s✉❝✐❛ ♦ ❞❡t❡r✐♦r❛✳

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

❞❡ tr❛♥s❢❡r❡♥❝✐❛ ♣❡r♦ só❧♦ ❝♦♥tr✐❜✉②❡ ❛ ❞❡❣r❛❞❛r ❧❛ s❡ñ❛❧ ✐♥trí♥s❡❝❛ q✉❡ s❡ ❜✉s❝❛✳

❍❛② ❞✐st✐♥t♦s t✐♣♦s ❞❡ r✉✐❞♦ ❛s♦❝✐❛❞♦s ❛ ❧♦s ❞✐❢❡r❡♥t❡s ❞✐s♣♦s✐t✐✈♦s ♦ ♠❡❞✐♦s q✉❡

✐♥t❡r✈✐❡♥❡♥ ❡♥ ✉♥ s✐st❡♠❛ ❞❡ ✐♥❢♦r♠❛❝✐ó♥✿

▲❡❝t✉r❛ ❂ ❙❡ñ❛❧ ✯ ❉❡t❡❝t♦r ✯ ▲❡❝t♦r ✯ ❆♠♣❧✐✜❝❛❞♦r ✯ ❉✐❣✐t❛❧✐③❛❞♦r ✯ ❚r❛♥s♠✐s♦r

✯ ❱✐s✉❛❧✐③❛❞♦r

❍❛② r✉✐❞♦s ❝❛❧✐❜r❛❜❧❡s ② r✉✐❞♦s ❞❡ ❧❛ s❡ñ❛❧✳

❊❧ ❞❡t❡❝t♦r ♦ s❡♥s♦r t✐❡♥❡ ✉♥❛ ❝✐❡rt❛ s❡♥s✐❜✐❧✐❞❛❞ ❞❡♣❡♥❞✐❡♥t❡ ❞❡ s✉ ❡✜❝✐❡♥❝✐❛

✭❝✉á♥t✐❝❛ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❢♦t♦♥❡s✮ ② ✉♥ ❝✐❡rt♦ r✉✐❞♦ ❜ás✐❝♦ ❞❡❜✐❞♦ ❛ s✉ t❡♠♣❡r❛t✉r❛

② ❛❧✐♠❡♥t❛❝✐ó♥✱ ◆❊P✱ ② ❧♦ ♠❡❞✐♠♦s ❥✉♥t♦ ❝♦♥ ❡❧ ❇✐❛s✱ ❡s ❞❡❝✐r✱ ❧❛ s❡ñ❛❧ q✉❡ ❞❛

❡❧ s✐st❡♠❛ ❝✉❛♥❞♦ ♥♦ ❡s ❡st✐♠✉❧❛❞♦✳ ▲❛ ❈♦rr✐❡♥t❡ ❞❡ ♦s❝✉r✐❞❛❞ ✭❉❛r❦✮ ❡s ❧❛

s❡ñ❛❧ q✉❡ ♣r♦❞✉❝❡ ❡❧ s✐st❡♠❛ ❝✉❛♥❞♦ ❡stá ❛❜✐❡rt♦ ② r❡❝✐❜✐❡♥❞♦ ❡①❝❡♣t♦ ❧❛ ♣r♦♣✐❛

❡♥tr❛❞❛ ❞❡ ❧❛ s❡ñ❛❧✳ ❊❧ r✉✐❞♦ ❝✉❛♥❞♦ ❡❧ s✐st❡♠❛ ❡stá ♠✐❞✐❡♥❞♦ ♣❡r♦ ♥♦ ❡①✐st❡

s❡ñ❛❧ ❡s ❡❧ ❋♦♥❞♦✳ ❊♥ ❡❧ ❝❛s♦ ❞❡ ❞❡t❡❝t♦r❡s ❡①t❡♥s♦s ❜✐❞✐♠❡♥s✐♦♥❛❧❡s ❡①✐st❡ ✉♥❛

s❡♥s✐❜✐❧✐❞❛❞ ❞✐❢❡r❡♥❝✐❛❧ ❡♥tr❡ ❝❛❞❛ ❡❧❡♠❡♥t♦ r❡s♦❧✉t✐✈♦ ✭❤❛❜✐t✉❛❧♠❡♥t❡ ♣í①❡❧❡s✮✳

❊❧ ❝❛❧✐❜r❛❞♦ ❞❡ ❡s❡ ❞✐❢❡r❡♥❝✐❛❧ s❡ ❤❛❝❡ ❝♦♥ ✉♥❛ s❡ñ❛❧ ✉♥✐❢♦r♠❡ ❞❡♥tr♦ ❞❡❧ r❛♥❣♦

❧✐♥❡❛❧ ❞❡ ❞❡t❡❝t✐✈✐❞❛❞✳ ❊st❛ ♠❡❞✐❞❛ s❡ ❧❧❛♠❛ ❋❧❛t✜❡❧❞✳ ❊♥ t♦❞❛s ❡st❛s ❧❡❝t✉r❛s

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

❛ ❢r❡❝✉❡♥❝✐❛s✮✳

▲♦s r✉✐❞♦s q✉❡ ❛♣❛r❡❝❡♥ ❞❡♣❡♥❞✐❡♥❞♦ ❞❡ ❧❛ s❡ñ❛❧ ② q✉❡ ❝♦♥tr✐❜✉②❡♥ ❛ s✉ ❞❡t❡✲

r✐♦r♦ s♦♥✿

❘✉✐❞♦ ❝✉á♥t✐❝♦✿ ▲❛ ♥❛t✉r❛❧❡③❛ ❝✉á♥t✐❝❛ ❞❡ ❧❛ r❛❞✐❛❝✐ó♥ ♠✉❡str❛ ❡❧ ♣r♦❜❧❡♠❛

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

❛♥❛❧ó❣✐❝❛✱ ②❛ q✉❡ ❧♦s ♣♦rt❛❞♦r❡s ❞❡ ❝❛r❣❛ ❡stá♥ ❝✉❛♥t✐✜❝❛❞♦s✳

▲❛ ❡st❛❞íst✐❝❛ ❞❡ ❧❧❡❣❛❞❛ ❞❡ ❢♦t♦♥❡s s✐❣✉❡ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ P♦✐ss♦♥✳

❈✉❛♥❞♦ s❡ ❡s♣❡r❛♥ ◆❂❊✴❤♥ ❢♦t♦♥❡s✱ ❡❧ ✈❛❧♦r ♣r♦♠❡❞✐♦ ♦❜s❡r✈❛❞♦ ❡s ◆ ②

❧❛ ✢✉❝t✉❛❝✐ó♥ ❡s ❱ ◆ ❛❧r❡❞❡❞♦r ❞❡ ❡st❡ ♣r♦♠❡❞✐♦✳ ❊♥t♦♥❝❡s✱ ❧❛ r❛③ó♥ s❡ñ❛❧

r✉✐❞♦ ❡stá ❞❡t❡r♠✐♥❛❞❛ ♣♦r ✉♥ ✢✉❥♦ ❞❡ ❢♦t♦♥❡s ✐❣✉❛❧ ❛✿ rsb = N/sqrt(N) =

sqrt(N)✳

❊♥ ó♣t✐❝❛✱ s❡ ❤❛❜❧❛ ❞❡ r✉✐❞♦ ❞❡ ❢♦t♦♥❡s✳

❘✉✐❞♦ ❞❡ ❞✐s♣❛r♦ ❊❧ r✉✐❞♦ ❞❡ ❞✐s♣❛r♦ ❡s ✉♥ r✉✐❞♦ ❡❧❡❝tr♦♠❛❣♥ét✐❝♦ ♥♦ ❝♦rr❡✲

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

❛❧❡❛t♦r✐❛ ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣♦rt❛❞♦r❡s ✭❡❧❡❝tr♦♥❡s ② ❤✉❡❝♦s✮ ❡♥ ❡❧ ❡❧❡♠❡♥t♦



●❧♦s❛r✐♦ ✹✵✼

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

❡❢❡❝t♦ ❞❡ ❝❛♠♣♦ ♦ ❜✐♣♦❧❛r✮ ♦ ✉♥ t✉❜♦ ❞❡ ✈❛❝í♦✳ ❊❧ r✉✐❞♦ ❞❡ ❞✐s♣❛r♦ ❡s✲

tá ②✉①t❛♣✉❡st♦ ❛ ❝✉❛❧q✉✐❡r r✉✐❞♦ ♣r❡s❡♥t❡✱ ② s❡ ♣✉❡❞❡ ❞❡♠♦str❛r q✉❡ ❡s

❛❞✐t✐✈♦ ❝♦♥ r❡s♣❡❝t♦ ❛❧ r✉✐❞♦ tér♠✐❝♦ ② ❛ é❧ ♠✐s♠♦✳

❘✉✐❞♦ ❞❡ ❢♦♥❞♦ ❊❧ r✉✐❞♦ ❞❡ ❢♦♥❞♦ r❡♣r❡s❡♥t❛ ❡❧ r✉✐❞♦ ❞❡ ❢♦t♦♥❡s ❞❡ ❧❛ ❧✉③

♣❛rás✐t❛ s✉♣❡r♣✉❡st❛ ❛ ❧❛ s❡ñ❛❧ ❝✐❡♥tí✜❝❛✳ ❈♦♠♦ ❡❧ r✉✐❞♦ ❝✉á♥t✐❝♦✱ ❡stá

❧✐❣❛❞♦ ❛ ❧❛s ❢✉❡♥t❡s ✭❛q✉í ♣❛rás✐t❛s✮ ② ♥♦ ❛❧ ❞❡t❡❝t♦r✳ ❊♥ ❡❧ ✐♥❢r❛rr♦❥♦ ❡stá

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

❘✉✐❞♦ tér♠✐❝♦ ❊❧ r✉✐❞♦ tér♠✐❝♦ ♣r♦✈✐❡♥❡ ❞❡ ❧❛ ❛❣✐t❛❝✐ó♥ tér♠✐❝❛ ❞❡ ❧♦s ♣♦r✲

t❛❞♦r❡s ❞❡ ❝❛r❣❛ ❞❡❧ ❞❡t❡❝t♦r✳ ❊s ❞❡❜✐❞♦ ❛❧ ❡❢❡❝t♦ ❏♦✉❧❡ ② ❡s ♥✉❧♦ ❡♥ ♣r♦♠❡✲

❞✐♦✱ ♣❡r♦ s✉ ❞❡s✈✐❛❝✐ó♥ ❡stá♥❞❛r ❛✉♠❡♥t❛ ❝♦♥ ❧❛ t❡♠♣❡r❛t✉r❛✳ ❊st❡ r✉✐❞♦✱

❝♦♠♦ ❧♦s s✐❣✉✐❡♥t❡s✱ ❞❡♣❡♥❞❡ ❞❡❧ ❞❡t❡❝t♦r ② ❞❡ ❧❛ ❝❛❞❡♥❛ ❞❡ ❞❡t❡❝❝✐ó♥✳

❘✉✐❞♦ ❞❡ ❏♦❤♥s♦♥✲◆②q✉✐st ❚❛♠❜✐é♥ ❝♦♥♦❝✐❞♦ ❝♦♠♦ r✉✐❞♦ t❡r♠❛❧ ❡s ❡❧ r✉✐✲

❞♦ ❣❡♥❡r❛❞♦ ♣♦r ❡❧ ❡q✉✐❧✐❜r✐♦ ❞❡ ❧❛s ✢✉❝t✉❛❝✐♦♥❡s ❞❡ ❧❛ ❝♦rr✐❡♥t❡ ❡❧é❝tr✐❝❛

❞❡♥tr♦ ❞❡ ✉♥ ❝♦♥❞✉❝t♦r ❡❧é❝tr✐❝♦✱ ❡❧ ❝✉❛❧ t✐❡♥❡ ❧✉❣❛r ❜❛❥♦ ❝✉❛❧q✉✐❡r ✈♦❧t❛❥❡✱

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

❘✉✐❞♦ ❞❡ ♣❛r♣❛❞❡♦ ❊s ✉♥❛ s❡ñ❛❧ ♦ ♣r♦❝❡s♦ ❝♦♥ ✉♥❛ ❢r❡❝✉❡♥❝✐❛ ❞❡ ❡s♣❡❝tr♦

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

r✉✐❞♦ ♣r♦♣♦r❝✐♦♥❛❧ ❛ 1/f ✭r✉✐❞♦ r♦s❛✮✳

❘✉✐❞♦ ❛ rá❢❛❣❛s ❊st❡ r✉✐❞♦ ❝♦♥s✐st❡ ❡♥ ✉♥❛ s✉❝❡s✐ó♥ ❞❡ ❡s❝❛❧♦♥❡s ❡♥ tr❛♥✲

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

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

❘✉✐❞♦ ❞❡ trá♥s✐t♦ ❊stá ♣r♦❞✉❝✐❞♦ ♣♦r ❧❛ ❛❣✐t❛❝✐ó♥ ❛ ❧❛ q✉❡ s❡ ❡♥❝✉❡♥tr❛

s♦♠❡t✐❞❛ ❧❛ ❝♦rr✐❡♥t❡ ❞❡ ❡❧❡❝tr♦♥❡s ❞❡s❞❡ q✉❡ ❡♥tr❛ ❤❛st❛ q✉❡ s❛❧❡ ❞❡❧

❞✐s♣♦s✐t✐✈♦✱ ❧♦ q✉❡ ♣r♦❞✉❝❡ ✉♥❛ ✈❛r✐❛❝✐ó♥ ❛❧❡❛t♦r✐❛ ✐rr❡❣✉❧❛r ❞❡ ❧❛ ❡♥❡r❣í❛

❝♦♥ r❡s♣✉❡st❛ ♣❧❛♥❛✳

❘✉✐❞♦ ❞❡ ❧❡❝t✉r❛ ❊❧ ♣r♦❝❡s♦ ❞❡ ❧❡❝t✉r❛ ❝♦♥tr✐❜✉②❡ ❛❧ r✉✐❞♦✱ ♣♦r ❡❥❡♠♣❧♦✱

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

✉♥ r❡❣✐str♦ ❞❡ ❧❡❝t✉r❛ ❡♥ ✉♥❛ ❝á♠❛r❛ ❈❈❉✳ ❙❡ ❝✉❛♥t✐✜❝❛ ❡❧ r✉✐❞♦ ❞❡ ❧❡❝✲

t✉r❛ ♣♦r s✉ ❞❡s✈✐❛❝✐ó♥ ❡stá♥❞❛r ❡♥ ❝❛♥t✐❞❛❞ ❞❡ ❢♦t♦❡❧❡❝tr♦♥❡s ♣♦r ♣í①❡❧✳

❯♥ ✈❛❧♦r tí♣✐❝♦ ❞❡ σlec ❡s ❞❡ ❛❧❣✉♥♦s ❢♦t♦❡❧❡❝tr♦♥❡s ♣♦r ♣í①❡❧✳

❘✉✐❞♦ ❞❡ ❛♠♣❧✐✜❝❛❝✐ó♥ ▲❛ ❡❧❡❝tró♥✐❝❛ ❞❡ ❛♠♣❧✐✜❝❛❝✐ó♥ ✐♥tr♦❞✉❝❡ ✉♥❛ ❣❛✲

♥❛♥❝✐❛ ● ❝✉②♦ ✈❛❧♦r ♥♦ ❡s ✜❥♦ s✐♥♦ q✉❡ ❞❡♣❡♥❞❡ ❞❡ ✈❛r✐♦s r✉✐❞♦s✳

❘✉✐❞♦ ❞❡ ❝✉❛♥t✐✜❝❛❝✐ó♥ ▲❛ s❡ñ❛❧ ❛♥❛❧ó❣✐❝❛ ❡s ❝♦♥✈❡rt✐❞❛ ✜♥❛❧♠❡♥t❡ ❡♥ ✉♥❛

s❡ñ❛❧ ♥✉♠ér✐❝❛✱ ❝♦❞✐✜❝❛❞❛ s♦❜r❡ ♥ ❡❧❡♠❡♥t♦s ❞❡ ✐♥❢♦r♠❛❝✐ó♥ ✭♣❡r♠✐t✐❡♥✲



✹✵✽ ●❧♦s❛r✐♦

❞♦ s♦❧❛♠❡♥t❡ ✷♥ ✈❛❧♦r❡s ❞❡ ❝♦❞✐✜❝❛❝✐ó♥✮✳ ❯♥❛ s❡ñ❛❧ ❝♦♥t❡♥✐❞❛ ❡♥tr❡ ✵ ❡

Imáx ♣r❡s❡♥t❛rá ✉♥❛ r❡s♦❧✉❝✐ó♥ ♠á①✐♠❛ ❞❡ Imáx/2n − 1 ✭♣♦r ❝✉❧♣❛ ❞❡ ❧❛

❝♦❞✐✜❝❛❝✐ó♥ ② ♣❛r❛ r❡s♣❡t❛r ❡❧ ❝r✐t❡r✐♦ ❞❡ ❙❤❛♥♥♦♥✮✳

❘✉✐❞♦ ❞❡ ✐♥t❡r♠♦❞✉❧❛❝✐ó♥ ❊s ❧❛ ❡♥❡r❣í❛ ❣❡♥❡r❛❞❛ ♣♦r ❧❛s s✉♠❛s ② ❧❛s ❞✐❢❡✲

r❡♥❝✐❛s ❝r❡❛❞❛s ♣♦r ❧❛ ❛♠♣❧✐✜❝❛❝✐ó♥ ❞❡ ❞♦s ♦ ♠ás ❢r❡❝✉❡♥❝✐❛s ❡♥ ✉♥ ❛♠✲

♣❧✐✜❝❛❞♦r ♥♦ ❧✐♥❡❛❧✳

❈♦♥ ❡❧ ❛❞✈❡♥✐♠✐❡♥t♦ ❞❡ ❧♦s s✐st❡♠❛s ❞❡ ♠❡❞✐❞❛ ❞✐❣✐t❛❧❡s ❧❛ ♠❡❞✐❞❛ ❞❡❧ r✉✐❞♦

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

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

r✉✐❞♦ ◆②q✉✐st✳ ❈♦♠♦ ❡s ❞❡❜✐❞♦ ❛❧ ♠♦✈✐♠✐❡♥t♦ ❞❡ ❝❛r❣❛s✱ q✉❡ ❡♥ ✉♥❛ s❡ñ❛❧ s❡

❛s♦❝✐❛ ❛ ✉♥❛ ❉❈ ♦ ❢r❡❝✉❡♥❝✐❛ ✜❥❛ ❧♦ q✉❡ ✐♠♣❧✐❝❛ ✉♥❛ ✐♠♣❡❞❛♥❝✐❛ ♦ r❡s✐st❡♥❝✐❛✱

s❡ ✐❞❡♥t✐✜❝❛ ❝♦♥ ✉♥ r✉✐❞♦ ❜❧❛♥❝♦✳

❙

❙❈■❉❆❘ ❙❈■♥t✐❧❧❛t✐♦♥ ❉❡t❡❝t✐♦♥ ❛♥❞ ❘❛♥❣✐♥❣ ✭❈❡♥t❡❧❧❡♦ ❉❡t❡❝❝✐ó♥ ② ❋❧✉❝t✉❛❝✐ó♥✮✳

■♥str✉♠❡♥t♦ ❞❡ ✈❡r✐✜❝❛❝✐ó♥ ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛✳ ❊st❡ ✐♥str✉♠❡♥t♦ ♣r♦♣♦r❝✐♦♥❛

♣❡r✜❧❡s ✈❡rt✐❝❛❧❡s ❞❡ ❧❛ t✉r❜✉❧❡♥❝✐❛ ❡♥ t✐❡♠♣♦ r❡❛❧ ❝♦♥ ♦ s✐♥ ❧❛ ❝♦♥tr✐❜✉❝✐ó♥ ❞❡ ❧❛

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

♣❛r❛ ❡❧ ❞✐s❡ñ♦ ó♣t✐♠♦ ② ❧❛ ♦♣❡r❛❝✐ó♥ ❡✜❝✐❡♥t❡ ❞❡ ❧♦s s✐st❡♠❛s ❞❡ ❆❖✴▼❈❆❖✳

❊❧ ✐♥str✉♠❡♥t♦ ❤❛ s✐❞♦ ❞✐s❡ñ❛❞♦✱ ❞❡s❛rr♦❧❧❛❞♦ ② ♣r♦❜❛❞♦ ♣♦r ❡❧ ■❆❈ ❡♥ ❚❈❙✱ ②

❝♦♠✐s✐♦♥❛❞♦ ♣❛r❛ ❡❧ t❡❧❡s❝♦♣✐♦ ❛✉①✐❧✐❛r ❞❡ 1′8♠ ❞❡ ❱▲❚ ❡♥ P❛r❛♥❛❧✳

❙❡❡✐♥❣ ❉♦❜❧❡③✴P❛♥❞❡♦ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ♣♦r ❧❛s ❝❛♣❛s ❛t♠♦s❢ér✐❝❛s ❛tr❛✈❡s❛❞❛s

❞❡❜✐❞♦ ❛ t❡♠♣❡r❛t✉r❛s✱ ♣r❡s✐ó♥✱ ❝♦♠♣♦s✐❝✐ó♥✱ ❞❡s❧✐③❛♠✐❡♥t♦ ❡str❛t✐✜❝❛❞♦✱ ❜✉r✲

❜✉❥❛s ❝♦♥✈❡❝t✐✈❛s✱ ❜✉r❜✉❥❛s ♦ ❝❛♣❛s ♠ás✴♠❡♥♦s ❞❡♥s❛s ♦ ❝♦♥ ♠ás✴♠❡♥♦s ❛❣✉❛✱

❈❖✷✱ ❖❍✱✳✳✳

❙❡♥s♦r ❞❡ ❝✉r✈❛t✉r❛ ❊❧ s❡♥s♦r ❞❡ ❧❛ ❝✉r✈❛t✉r❛✱ ❝♦♠♦ ❧♦ ❞❡s❝r✐❜✐ó ❘♦❞❞✐❡r ✭✶✾✽✽✮✱

❡stá ❜❛s❛❞♦ ❡♥ ❧❛ ♠❡❞✐❝✐ó♥ ❞✐r❡❝t❛ ❞❡ ❧❛ ❝✉r✈❛t✉r❛ ❡s❢ér✐❝❛ ❛ ♣❛rt✐r ❞❡ ✐♠á❣❡♥❡s

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

❧❛❞♦s ❞❡❧ ♣❧❛♥♦ ❢♦❝❛❧ ❞❡❧ s❡♥s♦r ✭♦ ✉♥ s♦❧♦ ❞❡t❡❝t♦r q✉❡ s❡ ❞❡s♣❧❛③❛ ❛❧t❡r♥❛t✐✈❛✲

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

❧❛ ✐♥t❡♥s✐❞❛❞ ❡♥ ❧❛s ♣♦s✐❝✐♦♥❡s ❝♦rr❡s♣♦♥❞✐❡♥t❡s ❞❡❧ ❞❡t❡❝t♦r ❣❡♥❡r❛♥❞♦ s❡ñ❛❧❡s

♣r♦♣♦r❝✐♦♥❛❧❡s ❛ ést❛✳ ❊♥ ❧♦s ❜♦r❞❡s ❞❡ ❧❛ ❛❜❡rt✉r❛✱ ❧❛s ❞✐❢❡r❡♥❝✐❛s ❞❡ ✐♥t❡♥s✐✲

❞❛❞ s❡ ❝♦rr❡s♣♦♥❞❡♥ ❝♦♥ ❧♦s ❣r❛❞✐❡♥t❡s r❛❞✐❛❧❡s✱ ❝✉②♦ ❝♦♥♦❝✐♠✐❡♥t♦ ❡s ♥❡❝❡s❛r✐♦

♣❛r❛ ❧❛ ❞❡t❡❝❝✐ó♥ ❞❡ ❛❜❡rr❛❝✐♦♥❡s ♥♦ ❡s❢ér✐❝❛s✳



●❧♦s❛r✐♦ ✹✵✾

❙❋❖ ✭❙❋❖✮ ❙❡♥s♦r ❞❡ ❢r❡♥t❡ ❞❡ ♦♥❞❛✱ ❡s ✉♥ s✐st❡♠❛ ❞❡ ❛♥á❧✐s✐s ❞❡ ❧❛ s✉♣❡r✜❝✐❡ ❡♥

❢❛s❡ ❞❡ ✉♥ ❢r❡♥t❡ ❞❡ ♦♥❞❛s✳ ❊st♦ s❡ ❤❛❝❡ ❛♥❛❧✐③❛♥❞♦ ❧❛ ❢♦r♠❛ q✉❡ t✐❡♥❡ ❡❧ ❢r❡♥t❡

❞❡ ♦♥❞❛ ❡♥ ✉♥❛ ♣✉♣✐❧❛ q✉❡ s❡ r❡✐♠❛❣✐♥❛ ❡♥ ❛❧❣ú♥ s✐st❡♠❛ ❞❡ ♠♦❞♦ q✉❡✱ ♦ ❜✐❡♥

♣♦r ✉♥ ♠✉❡str❡♦ ❞❡ ❡s❛ ♣✉♣✐❧❛ ❝♦♥ ✉♥ s✐st❡♠❛ t✐♣♦ ✓❙❤❛❝❦✲❍❛rt♠❛♥♥✔ ♦ ♣♦r

♠❡❞✐❞❛s ❞❡ ❧❛ ❢♦r♠❛ ❞❡s❡♥❢♦❝❛❞❛ ❡♥ ❞✐st❛♥❝✐❛s ❝♦♥♦❝✐❞❛s ❝♦♥ ✉♥ ✓s❡♥s♦r ❞❡

❝✉r✈❛t✉r❛✔✱ s❡ ♣✉❡❞❡ ♦❜t❡♥❡r ❞❡ ♥✉❡✈♦ ❧❛ ❢❛s❡ ❞❡❧ ❢r❡♥t❡ ❞❡ ♦♥❞❛ ❡♥ ❝❛❞❛ ♣✉♥t♦

❞❡ ❧❛ ♣✉♣✐❧❛ ❝♦♥s✐❞❡r❛❞❛✳

❙♥❡❧❧ ▲❛ ❧❡② ❞❡ ❙♥❡❧❧ ❡s ✉♥❛ ❢ór♠✉❧❛ s✐♠♣❧❡ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❝❛❧❝✉❧❛r ❡❧ á♥❣✉❧♦ ❞❡ r❡✲

❢r❛❝❝✐ó♥ ❞❡ ❧❛ ❧✉③ ❛❧ ❛tr❛✈❡s❛r ❧❛ s✉♣❡r✜❝✐❡ ❞❡ s❡♣❛r❛❝✐ó♥ ❡♥tr❡ ❞♦s ♠❡❞✐♦s ❞❡

♣r♦♣❛❣❛❝✐ó♥ ❞❡ ❧❛ ❧✉③ ✭♦ ❝✉❛❧q✉✐❡r ♦♥❞❛ ❡❧❡❝tr♦♠❛❣♥ét✐❝❛✮ ❝♦♥ í♥❞✐❝❡ ❞❡ r❡❢r❛❝✲

❝✐ó♥ ❞✐st✐♥t♦✳ ❊❧ ♥♦♠❜r❡ ♣r♦✈✐❡♥❡ ❞❡ s✉ ❞❡s❝✉❜r✐❞♦r✱ ❡❧ ♠❛t❡♠át✐❝♦ ❤♦❧❛♥❞és

❲✐❧❧❡❜r♦r❞ ❙♥❡❧ ✈❛♥ ❘♦②❡♥ ✭✶✺✽✵✲✶✻✷✻✮✳ ▲❛ ❞❡♥♦♠✐♥❛r♦♥ ✏❙♥❡❧❧✑ ❞❡❜✐❞♦ ❛ s✉

❛♣❡❧❧✐❞♦✱ ♣❡r♦ ❧❡ ♣✉s✐❡r♦♥ ❞♦s ✏❧✑ ♣♦r s✉ ♥♦♠❜r❡ ❲✐❧❧❡❜r♦r❞ ❡❧ ❝✉❛❧ ❧❧❡✈❛ ❞♦s ✏❧✑✳

❚

❚❡❧❡❝é♥tr✐❝♦ ❊♥ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ t❡❧❡❝é♥tr✐❝♦ ❡❧ ❡❥❡ ❝❡♥tr❛❧ ❞❡❧ ❤❛③ ❧✉♠✐♥♦s♦ ✭r❛②♦

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

q✉❡ ❧❛ ✐♠❛❣❡♥ ♥♦ ❝❛♠❜✐❡ ❞❡ t❛♠❛ñ♦ ❞❡♣❡♥❞✐❡♥❞♦ ❞❡ ❧❛ ♣♦s✐❝✐ó♥ ❞❡❧ ❡❥❡ ❩✳ ❊st❡

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

❛✉♥ s✐ ❡❧ ♦❜❥❡t♦ ❜❛❥♦ ♦❜s❡r✈❛❝✐ó♥ ❡stá ❢✉❡r❛ ❞❡ ❢♦❝♦✳ ❊st❛ ❝❛r❛❝t❡ríst✐❝❛ ❡s ❧❛ q✉❡

♣❡r♠✐t❡ q✉❡ ❧❛ ♦♣❡r❛❝✐ó♥ ❞❡ ❡♥❢♦q✉❡ ♥♦ s❡❛ t❛♥ ❝rít✐❝❛ ❝♦♠♦ ❡♥ ♦tr♦s s✐st❡♠❛s

ó♣t✐❝♦s✱ ♣♦r ❡❥❡♠♣❧♦ ♠✐❝r♦s❝♦♣✐♦s ♦ ❝♦♠♣❛r❛❞♦r❡s ó♣t✐❝♦s✳

❊♥ ✉♥ s✐st❡♠❛ ó♣t✐❝♦ t❡❧❡❝é♥tr✐❝♦ ❧❛ ♣✉♣✐❧❛ ❞❡ s❛❧✐❞❛ s❡ s✐tú❛ ❡♥ ❡❧ ✐♥✜♥✐t♦ ② ❡❧

á♥❣✉❧♦ só❧✐❞♦ ♦ ❝♦♥♦ ❞❡ ❧✉③ q✉❡ ✐❧✉♠✐♥❛ ❝❛❞❛ ♣✉♥t♦ ❡s ✐❞é♥t✐❝♦✳

❱

❱✐ñ❡t❡♦ ❊❧ ✈✐ñ❡t❡♦ ❡s ❡❧ ♦s❝✉r❡❝✐♠✐❡♥t♦ q✉❡ ❛♣❛r❡❝❡ ❡♥ ✉♥ ❤❛③ ó♣t✐❝♦ r❡❝♦rt❛♥❞♦ ❧❛

✐♥t❡♥s✐❞❛❞ ❞❡ ❧✉③ q✉❡ ❧❧❡❣❛ ❞❡ ✉♥❛ ❞❡t❡r♠✐♥❛❞❛ ❞✐r❡❝❝✐ó♥ ❛❧ ♣❧❛♥♦ ❢♦❝❛❧✳

❩

❩❡♥✐t ❊♥ ❆str♦♥♦♠í❛ ❛❝♦st✉♠❜r❛♠♦s ❛ ❡s❝r✐❜✐r ❝é♥✐t ❝♦♥ ③❡t❛✱ ✉♥ t❛♥t♦ ♣♦r ❞❡❢♦r✲

♠❛❝✐ó♥ ❞❡❧ ✐♥❣❧és ③❡♥✐t❤ ② ♦tr♦ ♣♦r ❧❛ ♥♦♠❡♥❝❧❛t✉r❛ q✉❡ ✉s❛♠♦s ♣❛r❛ r❡❢❡r✐r♥♦s



✹✶✵ ●❧♦s❛r✐♦

❛❧ ♣✉♥t♦ ❞❡❧ ❝✐❡❧♦ s♦❜r❡ ♥✉❡str❛ ✈❡rt✐❝❛❧ ❡♥ ❝❛❞❛ ✐♥st❛♥t❡ ❩✳ ❚❛♠❜✐é♥ ❧❛ ❞✐s✲

t❛♥❝✐❛ ❝❡♥✐t❛❧ ✉t✐❧✐③❛ ❧❛ ♥♦♠❡♥❝❧❛t✉r❛ ❵③✬ ♣❛r❛ ❞❡✜♥✐r ❡❧ ✈❛❧♦r ❞❡❧ á♥❣✉❧♦ q✉❡

✉♥❛ ❧í♥❡❛ ❞❡ ✈✐s✐ó♥ ❢♦r♠❛ ❝♦♥ ❡❧ ③❡♥✐t✳ ▲❛ ❞✐st❛♥❝✐❛ ❝❡♥✐t❛❧ ✈✐❡♥❡ ❞❛❞❛ ♣♦r ❧❛

❞✐❢❡r❡♥❝✐❛ ❛❧ á♥❣✉❧♦ r❡❝t♦ ❞❡ ❧❛ ❡❧❡✈❛❝✐ó♥ ♦ ❛❧t✉r❛ ❞❡ ✉♥ ❛str♦✿ z = 90◦ − h✳

❉❘❆❊✿ ❝❡♥✐t ♦ ❝é♥✐t✳ ✭❉❡❧ ♠✳ ♦r✳ ✭♠✐s♠♦ ♦r✐❣❡♥✮ q✉❡ ❛❝✐♠✉t✱ ♣♦r ❡rr♦r ❞❡

tr❛♥s❝r✐♣❝✐ó♥ ❞❡ ❧♦s ❝♦♣✐st❛s✮✳ ✶✳ ♠✳ ❆str✳ ■♥t❡rs❡❝❝✐ó♥ ❞❡ ❧❛ ✈❡rt✐❝❛❧ ❞❡ ✉♥ ❧✉❣❛r

❝♦♥ ❧❛ ❡s❢❡r❛ ❝❡❧❡st❡✱ ♣♦r ❡♥❝✐♠❛ ❞❡ ❧❛ ❝❛❜❡③❛ ❞❡❧ ♦❜s❡r✈❛❞♦r✳

❩❡r♥✐❦❡ ▲♦s ♣♦❧✐♥♦♠✐♦s ❞❡ ❩❡r♥✐❦❡ ❝♦♥st✐t✉②❡♥ ✉♥❛ ❜❛s❡ ✐♥✜♥✐t❛ ❞❡ ♣♦❧✐♥♦♠✐♦s

♦rt♦❣♦♥❛❧❡s ❡♥ ✉♥ ❝ír❝✉❧♦ ❞❡ r❛❞✐♦ ✉♥✐❞❛❞✳ P❡r♠✐t❡♥ ❞❡s❝♦♠♣♦♥❡r ✉♥❛ s✉♣❡r✲

✜❝✐❡ ❝♦♠♣❧❡❥❛ ❝♦♠♦ ✉♥❛ ❝♦♠❜✐♥❛❝✐ó♥ ❧✐♥❡❛❧ ❞❡ ❧♦s tér♠✐♥♦s ❞❡ ❧❛ ❜❛s❡✳ ▲♦s

♣♦❧✐♥♦♠✐♦s ❞❡ ❩❡r♥✐❦❡ s❡ ❡♥✉♠❡r❛♥ ❝♦♠♦ ♣♦t❡♥❝✐❛s ❞❡ ♦r❞❡♥ ❝r❡❝✐❡♥t❡ ❞❡ ❧❛s

❝♦♦r❞❡♥❛❞❛s ❞❡ ❧♦s ♣✉♥t♦s ❞❡❧ ❝ír❝✉❧♦ ❞❡ ❞❡✜♥✐❝✐ó♥✳

▲♦s ♣♦❧✐♥♦♠✐♦s ❞❡ ❩❡r♥✐❦❡✱ ❞❡✜♥✐❞♦s ❡♥ ❢♦r♠❛ ♣♦❧❛r✱ s❡ ♣✉❡❞❡♥ ❞❡s❝♦♠♣♦♥❡r

❡♥ ❢✉♥❝✐♦♥❡s ♣❛r❡s ❡ ✐♠♣❛r❡s ❝♦♥ ❧❛s ❢♦r♠❛s✿

Zm
n (ρ, ϕ) = Rm

n (ρ) cos(mϕ),

♣❛r❛ ❧❛s ♣❛r❡s ②✿

Z−m
n (ρ, ϕ) = Rm

n (ρ) sin(mϕ),

♣❛r❛ ❧❛s ✐♠♣❛r❡s✱ ❞♦♥❞❡ m ② n s♦♥ ♥ú♠❡r♦s ❡♥t❡r♦s ♥❛t✉r❛❧❡s ② n ≥ m✱ ϕ ❡s ❡❧

❛❝✐♠✉t ② ρ ❧❛ ❞✐st❛♥❝✐❛ r❛❞✐❛❧ ♥♦r♠❛❧✐③❛❞❛✳

▲♦s ♣♦❧✐♥♦♠✐♦s r❛❞✐❛❧❡s Rm
n s❡ ❞❡✜♥❡♥✿

Rm
n (ρ) =

(n−m)/2∑

k=0

(−1)k (n− k)!

k! ((n+m)/2− k)! ((n−m)/2− k)!
ρn−2 k,

❝✉❛♥❞♦ n−m ❡s ♣❛r✱ ② s♦♥ ♥✉❧♦s ♣❛r❛ n−m ✐♠♣❛r✳ P❛r❛ m = 0✱ ❡❧ ♣♦❧✐♥♦♠✐♦

s❡ r❡❞✉❝❡ ❛ ✉♥❛ ❢♦r♠❛ ❞❡♣❡♥❞✐❡♥t❡ só❧♦ ❞❡❧ r❛❞✐♦✿ R0
n(ρ)✳

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

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

♣❛r❛ ✉♥❛ ♠ás❝❛r❛ ❛♥✉❧❛r✳ ❊♥ ♦❝❛s✐♦♥❡s✱ ❧♦s ♣r✐♠❡r♦s tér♠✐♥♦s s❡ tr❛t❛♥ ❞❡

✐❞❡♥t✐✜❝❛r ❝♦♥ ❧❛s ❛❜❡rr❛❝✐♦♥❡s ❞❡ ❙❡✐❞❡❧✳

❉❡✜♥✐❡♥❞♦ x = r cosϕ ② y = r sinϕ t❡♥❡♠♦s ❧❛ ❢♦r♠✉❧❛❝✐ó♥ ❝❛rt❡s✐❛♥❛ ❳❨ ② ❛sí✿



●❧♦s❛r✐♦ ✹✶✶

❮♥❞✐❝❡ ●r❛❞♦✭♥✮ ●r❛❞♦✭♠✮ Zj(Polar) Zj(XY ) ◆♦♠❜r❡ ❝❧ás✐❝♦

◆♦❧❧✭❥✮ ❘❛❞✐❛❧ ❆③✐♠✉t❤❛❧

✶ ✵ ✵ 1 1 P✐stó♥

✷ ✶ ✶ 2r cosϕ x ■♥❝❧✐♥❛❝✐♦♥ ❳✲❚✐♣ ✭♣♦s✐❝✐ó♥ ❧❛t❡r❛❧✮

✸ ✶ ✲✶ 2r sinϕ y ■♥❝❧✐♥❛❝✐ó♥ ❨✲❚✐❧t ✭♣♦s✐❝✐ó♥ ❧❛t❡r❛❧✮

✹ ✷ ✵
√

3(2r2 − 1) 2r2 − 1 ❉❡s❡♥❢♦q✉❡ ✭♣♦s✐❝✐ó♥ ❧♦♥❣✐t✉❞✐♥❛❧✮

✺ ✷ ✲✷
√
6r2 sin 2ϕ x2 − y2 ❆st✐❣♠❛t✐s♠ 0◦

✻ ✷ ✷
√
6r2 cos 2ϕ 2xy ❆st✐❣♠❛t✐s♠ 45◦

✼ ✸ ✲✶
√

8(3r3 − 2r) sinϕ (3r2 − 2)x ❈♦♠❛ ❳

✽ ✸ ✶
√
8(3r3 − 2r) cosϕ (3r2 − 2)y ❈♦♠❛ ❨

✾ ✸ ✲✸
√

8r3 sin 3ϕ (x2 − 3y2)x ❚r✐❢♦✐❧ ❳

✶✵ ✸ ✸
√

8r3 cos 3ϕ (3x2 − y2)y ❚r✐❢♦✐❧ ❨

✶✶ ✹ ✵
√

5(6r4 − 6r2 + 1) 6r4 − 6r2 + 1 ❊s❢ér✐❝❛ ❞❡ 3❡r✠ ♦r❞❡♥

✶✷ ✹ ✷
√
10(4r4 − 3r2) cos 2ϕ 4(x4 − y4) − 3(x2 − y2) ❆st✐❣♠❛t✐s♠♦ s❡❝✉♥❞❛r✐♦ ✹✺

✶✸ ✹ ✲✷
√
10(4r4 − 3r2) sin 2ϕ (8r2 − 6)xy ❆st✐❣♠❛t✐s♠♦ s❡❝✉♥❞❛r✐♦ ✵

✶✹ ✹ ✹
√

10r4 cos 4ϕ x4 + y4 − 6x2y2 ❚❡tr❛❢♦✐❧ 0◦

✶✺ ✹ ✲✹
√
10r4 sin 4ϕ 4(x2 − y2)xy ❚❡tr❛❢♦✐❧ 45◦

✳
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❮♥❞✐❝❡ ❛❧❢❛❜ét✐❝♦

❆

❛❜❡rr❛❝✐♦♥❡s✱ ✷✸✱ ✷✽

❙❡✐❞❡❧✱ ✻✶

❆✐r②

❞✐s❝♦✱ ✼✱ ✶✷✵

❞✐str✐❜✉❝✐ó♥✱ ✽

❢✉♥❝✐ó♥✱ ✼

❆✐r②✱ ❞✐s❝♦ ❞❡✱ ✽✵

❛♣❡rt✉r❛✱ ✶✶✾

❛✉t♦❣✉✐❛❞♦✱ ✾✸

❇

❜❛✤❡✱ ✶✾✺

❜❛♥❞❛s✱ ✽✵

❜✐❛s✱ ✶✺✷

♣♦❧❛r✐③❛❝✐ó♥✱ ✶✺✽

❜✐♥♥✐♥❣✱ ✶✸✺

❜❧✉rr✐♥❣✱ ✼

❈

❝á♠❛r❛✱ ✼✾

❝❛♠♣♦✱ ✻✵✱ ✽✻

❈❛ss❡❣r❛✐♥✱ ✶✶✽

❝♦❧✐♠❛❞♦r✱ ✼✾

❝♦❧✐♠❛r✱ ✽✾

❝♦r♦♥♦❣r❛❢í❛✱ ✷✵✺

❝♦rr✐❡♥t❡ ❞❡ ♦s❝✉r✐❞❛❞✱ ✶✺✸

❝r♦♠át✐❝❛ ❧❛t❡r❛❧✱ ✽✸

❝r♦♠❛t✐s♠♦✱ ✽✵

❝✉❜♦ ❞❡ ✐♠á❣❡♥❡s✱ ✶✵✾

❉

❉✐❛❣r❛♠❛ ❞❡ ♠❛♥❝❤❛s✱

✈❡ás❡ t❛♠❜✐é♥ s♣♦ts✱ ✻✷

❞✐❝r♦✐❝♦✱ ✾✸

❞✐❢r❛❝❝✐ó♥✱ ✼

✜❣✉r❛ ❞❡✱ ✶✷✷

❞✐s♣❡rs✐ó♥
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