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❱❡❞ú❝✐ ③á✈❡r❡↔♥❡❥ ♣rá❝❡✿ ❘◆❉r✳ ❋r❛♥t✐➨❡❦ ●❛❧↔í❦✱ P❤❉✳
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P♦↕❛❦♦✈❛♥✐❡

▼♦❥❡ ♣♦↕❛❦♦✈❛♥✐❡ ♣❛trí ♣r❡❞♦✈➨❡t❦ý♠ ✈❡❞ú❝❡♠✉ t❡❥t♦ ❞✐♣❧♦♠♦✈❡❥

♣rá❝❡✱ ❦t♦rý♠ ❜♦❧ ❘◆❉r✳ ❋r❛♥t✐➨❡❦ ●❛❧↔í❦✱ P❤❉✳ ❸❛❦✉❥❡♠ ♠✉ ③❛

❥❡❤♦ ♦❝❤♦t✉ ❛ ↔❛s✱ ❝❡♥♥é r❛❞② ❛ ♥á♣❛❞②✳





❆❜str❛❦t

❯r↔❡♥✐❡ ❛❦t✉á❧♥❡❥ ♣♦③í❝✐❡ ♣♦✉➸í✈❛t❡➞❛ ❥❡ ❦➞ú↔♦✈♦✉ ♦tá③❦♦✉✱ ❦t♦✲

rú ♠✉sí r✐❡➨✐➫ ❛❦á❦♦➞✈❡❦ ♥❛✈✐❣❛↔♥á ❛♣❧✐❦á❝✐❛✳ ❑ý♠ ✈ t②♣✐❝❦ý❝❤ ♥❛✲

✈✐❣❛↔♥ý❝❤ r✐❡➨❡♥✐❛❝❤ s❛ ✈②✉➸í✈❛ ●P❙✱ ✈ ❜✉❞♦✈á❝❤ ♥✐❡ ❥❡ ♠♦➸♥é ♣r❛✲

❝♦✈❛➫ s tý♠t♦ s❛t❡❧✐t♥ý♠ s✐❣♥á❧♦♠✳ ❘ô③♥❡ ♣ríst✉♣② ❦ ✐♥❞♦♦r ❧♦❦❛✲

❧✐③á❝✐✐ sú ❦❛➸❞♦r♦↔♥❡ ♣r❡③❡♥t♦✈❛♥é ♥❛ ❦♦♥❢❡r❡♥❝✐✐ ■P■◆ ❬✶❪✳ ❱ ♥❛➨❡❥

♣rá❝✐ ✈②✉➸í✈❛♠❡ ♥❛ ✉r↔❡♥✐❡ ❛❦t✉á❧♥❡❥ ♣♦❧♦❤② ♣♦✉➸í✈❛t❡➞❛ s❡♥③♦r②✱

❦t♦ré sú ♣rít♦♠♥é ✈ ❜❡➸♥♦♠ s♠❛rt❢ó♥❡ ✕ ❛❦❝❡❧❡r♦♠❡t❡r ❛ ❦♦♠♣❛s✳

P♦③♦r♦✈❛♥í♠ ③♠✐❡♥ ❤♦❞♥ôt ❛❦❝❡❧❡r♦♠❡tr❛ s❛ ❞❡t❡❦✉❥❡ ✈②❦♦♥❛♥ý

❦r♦❦✳ ❑♦♠♣❛s s❧ú➸✐ ♥❛ ✉r↔❡♥✐❡ s♠❡r✉ ❝❤ô❞③❡✳ ❙♣♦❧♦↔♥❡ ♣♦s❦②t✉❥ú

♠♦➸♥♦s➫ ✉r↔❡♥✐❛ r❡❧❛tí✈♥❡❥ ♣♦③í❝✐❡ ✈③❤➞❛❞♦♠ ♥❛ ❞❛♥ú ♥❛✈✐❣❛↔♥ú

tr❛s✉ ❬✷❪✳ ❱ t❡❥t♦ ♣rá❝✐ ♣r❡③❡♥t✉❥❡♠❡ ✈❧❛st♥ý ❛❧❣♦r✐t♠✉s✱ ❦t♦rý ❥❡

s❝❤♦♣♥ý ❧♦❦❛❧✐③♦✈❛➫ ♣♦✉➸í✈❛t❡➞❛ ❛❥ ❜❡③ ③♥á♠❡❥ ♥❛✈✐❣❛↔♥❡❥ tr❛s②✳

❚❡♥t♦ ♣ríst✉♣ s❛ ✈②✉➸í✈❛ ✈ ♦❜❧❛st✐ r♦❜♦t✐❦② ❬✸❪✳ ▼❛♣✉ ❜✉❞♦✈② r❡✲

♣r❡③❡♥t✉❥❡♠❡ ♣♦♠♦❝♦✉ ♠r✐❡➸❦② s ❞♦st❛t♦↔♥❡ ♠❛❧ý♠ r♦③♠❡r♦♠ ❥❡❞✲

♥é❤♦ ♣♦❧í↔❦❛✳ Pr❡ ❦❛➸❞é t❛❦ét♦ ♠✐❡st♦ ✈ ❜✉❞♦✈❡ ♣♦↔ít❛♠❡ ♣r❛✈❞❡✲

♣♦❞♦❜♥♦s➫✱ s ❛❦♦✉ s❛ t❛♠ ♣♦✉➸í✈❛t❡➞ ♥❛❝❤á❞③❛✳ ❱ ♣rá❝✐ ♦♣✐s✉❥❡♠❡

❛❥ ❡❢❡❦tí✈♥✉ ✐♠♣❧❡♠❡♥tá❝✐✉ ♥á➨❤♦ ❛❧❣♦r✐t♠✉✳ ❚❡♥t♦ ♣ríst✉♣ ♣♦s❦②✲

t✉❥❡ ♣♦t❡♥❝✐á❧ ♣r❡ ❦♦♠❜✐♥á❝✐✉ s ✐♥ý♠✐ ✈st✉♣♥ý♠✐ ✐♥❢♦r♠á❝✐❛♠✐

♦ ❛❦t✉á❧♥❡❥ ♣♦❧♦❤❡✱ ❛❦♦ ❥❡ ❲✐❋✐ ✜♥❣❡r♣r✐♥t✐♥❣ ❛❧❡❜♦ ◗❘ ❦ó❞②✳

❚❛❦t♦ ♥❛✈r❤♥✉tý ❛❧❣♦r✐t♠✉s ❥❡ s❝❤♦♣♥ý ✈②s♣♦r✐❛❞❛➫ s❛ s rô③♥♦✉

❞➝➸❦♦✉ ❦r♦❦✉✱ ♥❡♣r❡s♥♦s➫❛♠✐ ❤♦❞♥ôt ③ ❦♦♠♣❛s✉ ❛❧❡❜♦ ♥❡s♣rá✈♥❡

❞❡t❡❦♦✈❛♥ý♠✐ ❦r♦❦♠✐✳ ❩ár♦✈❡➡ ❛❧❣♦r✐t♠✉s ✈②✉➸í✈❛ ➨tr✉❦túr✉ ❜✉✲

❞♦✈② s♦ s✈♦❥í♠✐ ❝❤♦❞❜❛♠✐ ❛ ✐❝❤ ❦r✐➸♦✈❛t❦❛♠✐ ❦ ③❧❡♣➨❡♥✐✉ ♣r❡s♥♦st✐

❧♦❦❛❧✐③á❝✐❡✳ ❱②t✈♦r❡♥ý ♣r♦t♦t②♣ ✉❦❛③✉❥❡✱ ➸❡ ❛❧❣♦r✐t♠✉s ❥❡ ❢✉♥❦↔♥ý

❛ ♣♦✉➸✐t❡➞♥ý ✈ ❛♣❧✐❦á❝✐✐ ✐♥❞♦♦r ♥❛✈✐❣á❝✐❡✳



❆❜str❛❝t

▲♦❝❛❧✐③❛t✐♦♥ ♦❢ ❛ ✉s❡r ✐s t❤❡ ❦❡② ❡❧❡♠❡♥t ✐♥ ❡✈❡r② ❛♣♣❧✐❝❛t✐♦♥ ♦❢

♥❛✈✐❣❛t✐♦♥✳ ●P❙ ✐s ✉s❡❞ ✐♥ t②♣✐❝❛❧ ♦✉t❞♦♦r ♥❛✈✐❣❛t✐♦♥❛❧ s♦❧✉t✐♦♥s✱

❜✉t s❛t❡❧✐t❡ s✐❣♥❛❧ ✐s ♥♦t ❛✈❛✐❧❛❜❧❡ ✐♥ ❜✉✐❧❞✐♥❣s✳ ❚❤❡r❡ ❛r❡ ✈❛r✐✲

♦✉s ❛♣♣r♦❛❝❤❡s ♣r❡s❡♥t❡❞ ♦♥ ■P■◆ ❝♦♥❢❡r❡♥❝❡ ❬✶❪✳ ■♥ ♦✉r s♦❧✉t✐♦♥✱

✇❡ ✉s❡ s❡♥s♦rs ✲ ❛❝❝❡❧❡r♦♠❡t❡r ❛♥❞ ❝♦♠♣❛ss✱ ❛✈❛✐❧❛❜❧❡ ✐♥ ❝♦♠♠♦♥

s♠❛rt♣❤♦♥❡s t♦ ❞❡t❡❝t t❤❡ ❝✉rr❡♥t ♣♦s✐t✐♦♥ ♦❢ ❛ ✉s❡r✳ ❆ st❡♣ ✐s ❞❡✲

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

✐s ✉s❡❞ t♦ ❞❡t❡r♠✐♥❡ ❛ ✇❛❧❦✐♥❣ ❞✐r❡❝t✐♦♥✳ ■♥❞❡❡❞✱ ✐t ✐s ♣♦ss✐❜❧❡ t♦

❞❡t❡r♠✐♥❡ ❛ r❡❧❛t✐✈❡ ♣♦s✐t✐♦♥ ❛❧♦♥❣ t❤❡ ❡①✐st✐♥❣ ♥❛✈✐❣❛t✐♦♥ ♣❛t❤

❬✷❪✳ ■♥ t❤❡ t❤❡s✐s✱ ✇❡ ❞❡s❝r✐❜❡ ♦✉r ♦✇♥ ❛❧❣♦r✐t❤♠✱ ✇❤✐❝❤ ✐s ❛❜❧❡ t♦

❧♦❝❛❧✐③❡ ❛ ✉s❡r ✇✐t❤♦✉t ❛♥② ❡①✐st✐♥❣ ♥❛✈✐❣❛t✐♦♥ ♣❛t❤✳ ❚❤✐s ❛♣♣r♦✲

❛❝❤ ✐s ✉s❡❞ ✐♥ r♦❜♦t✐❝s ❬✸❪✳ ❆ ♠❛♣ ✐s r❡♣r❡③❡♥t❡❞ ❜② ❛ ❣r✐❞ ✇✐t❤

s♠❛❧❧ ❡♥♦✉❣❤ s✐③❡ ♦❢ ❡❛❝❤ ✜❡❧❞✳ ❚❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ✉s❡r ♣♦s✐t✐♦♥

✐s ❝♦♠♣✉t❡❞ ❢♦r ❛❧❧ ✜❡❧❞s ✐♥ t❤❡ ❣r✐❞✳ ❚❤❡ t❤❡s✐s ❞❡s❝✐❜❡s t❤❡ ❡✣✲

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

❞✐♥❣ ♠♦r❡ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ❝✉rr❡♥t ♣♦s✐t✐♦♥ ❢r♦♠ ◗❘ ❝♦❞❡s

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

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

❚❤❡ ❛❧❣♦r✐t❤♠ ✉s❡s t❤❡ ❜✉✐❧❞✐♥❣ str✉❝t✉r❡ ✇✐t❤ ❝♦rr✐❞♦rs ❛♥❞ t❤❡✐r

✐♥t❡rs❡❝t✐♦♥s t♦ ✐♠♣r♦✈❡ t❤❡ ❛❝❝✉r❛❝② ♦❢ ❡st✐♠❛t✐♦♥ ♦❢ ✉s❡r ♣♦s✐✲

t✐♦♥✳ ❈r❡❛t❡❞ ♣r♦t♦t②♣❡ s❤♦✇s t❤❛t t❤❡ ❛❧❣♦r✐t❤♠ ✐s ❝♦rr❡❝t ❛♥❞

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



❖❜s❛❤

Ú✈♦❞ ✼

✶ ■♥❞♦♦r ♥❛✈✐❣á❝✐❛ ✾

✶✳✶ P♦➸✐❛❞❛✈❦② ♥❛ ♥❛✈✐❣❛↔♥ý s②sté♠ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾

✶✳✷ ➆♣❡❝✐✜❦á ✐♥❞♦♦r ♥❛✈✐❣á❝✐❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶

✶✳✸ ❊①✐st✉❥ú❝❡ ♥❛✈✐❣❛↔♥é ❛♣❧✐❦á❝✐❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶

✷ ■♥❞♦♦r ❧♦❦❛❧✐③á❝✐❛ ✶✸

✷✳✶ Pr❡❤➞❛❞ ❡①✐st✉❥ú❝✐❝❤ ♣ríst✉♣♦✈ ❦ ✐♥❞♦♦r ❧♦❦❛❧✐③á❝✐✐ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸

✷✳✷ ❙♠❛rt❢ó♥② ❛ ✐❝❤ s❡♥③♦r② ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺

✷✳✸ ▼❡tó❞② ✉r↔❡♥✐❛ ❛❜s♦❧út♥❡❥ ♣♦③í❝✐❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✻

✸ ▲♦❦❛❧✐③á❝✐❛ s ✈②✉➸✐tí♠ ❛❦❝❡❧❡r♦♠❡tr❛ ❛ ❦♦♠♣❛s✉ ✶✽

✸✳✶ ▲♦❦❛❧✐③á❝✐❛ s ❡①♣❧✐❝✐t♥❡ ❞❛♥♦✉ ♥❛✈✐❣❛↔♥♦✉ ❝❡st♦✉ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽

✸✳✷ ❉❡t❡❦❝✐❛ ❦r♦❦♦✈ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾

✸✳✸ ◆❛t♦↔❡♥✐❡ ③❛r✐❛❞❡♥✐❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✷

✹ ▲♦❦❛❧✐③á❝✐❛ s ✈②✉➸✐tí♠ ❛❦❝❡❧❡r♦♠❡tr❛ ❛ ❦♦♠♣❛s✉ ❜❡③ ❡①♣❧✐❝✐t♥❡

❞❛♥❡❥ ♥❛✈✐❣❛↔♥❡❥ ❝❡st② ✷✹

✹✳✶ ❇❛②❡s♦✈s❦é ✜❧tr❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✹

✹✳✷ ▲♦❦❛❧✐③❛↔♥ý ♣r❛✈❞❡♣♦❞♦❜♥♦st♥ý ♠♦❞❡❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻

✺ ❊❢❡❦tí✈♥❛ ✐♠♣❧❡♠❡♥tá❝✐❛ ✸✹

✺✳✶ ■♠♣❧❡♠❡♥t❛↔♥é ❞❡t❛✐❧② ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹

✺✳✷ ▲♦❦❛❧✐③❛↔♥ý ♣r❛✈❞❡♣♦❞♦❜♥♦st♥ý ♠♦❞❡❧ ③ ♣♦❤➞❛❞✉ ✐♠♣❧❡♠❡♥tá❝✐❡ ✳ ✳ ✳ ✳ ✸✺

✺✳✸ ●❡♥❡r♦✈❛♥✐❡ ❛ ✉❝❤♦✈á✈❛♥✐❡ ♠á♣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

✺✳✹ ❷❛s♦✈á ❛ ♣❛♠ä➫♦✈á ③❧♦➸✐t♦s➫ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✷

✺



✻ ❊✈❛❧✉á❝✐❛ r✐❡➨❡♥✐❛ ✹✺

✻✳✶ P♦♠♦❝♥é ♥ástr♦❥❡ ♥❛ t❡st♦✈❛♥✐❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✻✳✷ P♦③♦r♦✈❛♥✐❛ ❛ ♣r❡s♥♦s➫ ❧♦❦❛❧✐③á❝✐❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽

❩á✈❡r ✺✵

Prí❧♦❤② ✺✹

✻



Ú✈♦❞

◆❛✈✐❣❛↔♥é ❛♣❧✐❦á❝✐❡ sú ✈ ❞♥❡➨♥❡❥ ❞♦❜❡ ❜❡➸♥❡ ❞♦st✉♣♥é✱ ♣♦✉➸í✈❛♥é ❛ sú ❞♦st❛t♦↔♥❡

♣r❡s♥é✳ ❑➞ú↔♦✈♦✉ ♦tá③❦♦✉ ❦❛➸❞❡❥ t❛❦❡❥t♦ ❛♣❧✐❦á❝✐❡ ❥❡ ❧♦❦❛❧✐③á❝✐❛ ♣♦✉➸í✈❛t❡➞❛✳ Pr✐ ❜❡➸♥❡

♣♦✉➸í✈❛♥ý❝❤ ♥❛✈✐❣❛↔♥ý❝❤ s②sté♠♦❝❤ ❤♦✈♦rí♠❡ ♦ ●P❙ ❛ s❛t❡❧✐t♥♦♠ s✐❣♥á❧✐✳ ■♥❞♦♦r

♣r♦str❡❞✐❡ ♠á s✈♦❥❡ ➨♣❡❝✐✜❦á✳ ❱ ♣r✈♦♠ r❛❞❡ ✐❞❡ ♦ ♥❡♣rít♦♠♥♦s➫ s❛t❡❧✐t♥é❤♦ s✐❣♥á❧✉✳

❚❡♥ ♥✐❡ ❥❡ ❞♦st❛t♦↔♥❡ s✐❧♥ý✱ ❛❜② ♣r❡♥✐❦♦❧ st❡♥❛♠✐ ❜✉❞♦✈✳ ❑ý♠ s❛♠♦t♥é ♥❛✈✐❣♦✈❛♥✐❡

❛ ♣♦s❦②t♥✉t✐❡ ✐♥❢♦r♠á❝✐✐ ♦ ♥❛✈✐❣❛↔♥❡❥ tr❛s❡ s❛ ♥❡♠✉sí ❧í➨✐➫ ♦❞ ♦✉t❞♦♦r ♥❛✈✐❣á❝✐❡✱ t❛❦

✉r↔♦✈❛♥✐❡ ♣♦❧♦❤② s✐ ✈②➸❛❞✉❥❡ ✐♥é ♣ríst✉♣②✳ ▲♦❦❛❧✐③á❝✐❛ ✈ ✐♥❞♦♦r ♣r♦str❡❞í ❥❡ t✐❡➸ ✈✐❛❝

❝✐t❧✐✈á ♥❛ ♣r❡s♥♦s➫✳ ❑ý♠ ❝❤②❜♥é ✉r↔❡♥✐❡ ♣♦③í❝✐❡ ♦ ✶✵ ♠❡tr♦✈ ♣r✐ ❝❡st♦✈❛♥í ❛✉t♦♠ s✐

♣♦✉➸í✈❛t❡➞ ♥❡♠✉sí ❛♥✐ ✈➨✐♠♥ú➫✱ ♣r✐ ✐♥❞♦♦r ❧♦❦❛❧✐③á❝✐✐ ✐❞❡ ♦ ✈ýr❛③♥ý ♣r♦❜❧é♠✳

❱ ♥❛➨❡❥ ♣rá❝✐ ✐❞❡♥t✐✜❦✉❥❡♠❡ ➨♣❡❝✐✜❦á ✐♥❞♦♦r ♣r♦str❡❞✐❛ ❛ ♣r✐♥á➨❛♠❡ ♣r❡❤➞❛❞ rô③✲

♥②❝❤ ♣ríst✉♣♦✈ ♥❛❥♠ä ❦ ♦tá③❦❡ ❧♦❦❛❧✐③á❝✐❡ ✈ ✐♥❞♦♦r ♣r♦str❡❞í✳ ❚✐❡t♦ ♣ríst✉♣② ❛ ✈ýs❧❡❞❦②

sú ♣r❡③❡♥t♦✈❛♥é ♥❛ ❦♦♥❢❡r❡♥❝✐✐ ■P■◆ ✭■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣

❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥✮ ❬✶❪✱ ❦t♦rá s❛ ❦♦♥á ♣r❛✈✐❞❡❧♥❡ ♦❞ r♦❦✉ ✷✵✶✵✳ ❱②♠❡♥✉✈á✈❛♠❡

♥✐❡❦♦➞❦♦ r✐❡➨❡♥í ③ rô③♥②❝❤ ♦❜❧❛stí ♣ríst✉♣✉ ❦ t♦♠✉t♦ ♣r♦❜❧é♠✉✳ ◆✐❡❦t♦ré s✉ ③❛❧♦➸❡♥é ♥❛

s✐♠✉❧♦✈❛♥í s❛t❡❧✐t♥é❤♦ s✐❣♥á❧✉✱ ✐♥é ♥❛♣rí❦❧❛❞ ♥❛ ♣♦③♦r♦✈❛♥í ♦❦♦❧✐❛ ♣♦♠♦❝♦✉ ❦❛♠❡r②

❛❧❡❜♦ ✐♥ý❝❤ s❡♥③♦r♦✈✳ Prá❝❛ s❛ ③❛♠❡r✐❛✈❛ ♥❛ ✈②✉➸✐t✐❡ s♠❛rt❢ó♥♦✈ ♣r✐ ✉r↔❡♥í ♣♦③í✲

❝✐❡ ♣♦✉➸í✈❛t❡➞❛✱ ❦♦♥❦rét♥❡ ♥❛ ❞❡t❡❦❝✐✉ ❦r♦❦♦✈ ♣♦♠♦❝♦✉ s❡♥③♦r♦✈✱ ❦t♦ré sú ♣rít♦♠♥é

✈ ❜❡➸♥♦♠ s♠❛rt❢ó♥❡ ✲ ❛❦❝❡❧❡r♦♠❡t❡r ❛ ❦♦♠♣❛s✳

❍❧❛✈♥♦✉ ↔❛s➫♦✉ t❡❥t♦ ♣rá❝❡ ❥❡ ♣r❡❞st❛✈❡♥✐❡ ✈❧❛st♥é❤♦ ❛❧❣♦r✐t♠✉ ❧♦❦❛❧✐③á❝✐❡✱ ❦t♦rý

❥❡ ♦❞♣♦✈❡↕♦✉ ♥❛ ✈ý③✈✉ ✉r↔❡♥✐❛ ♣♦③í❝✐❡ ♣♦✉➸í✈❛t❡➞❛ ❜❡③ ❡①♣❧✐❝✐t♥❡ ❞❛♥❡❥ ♥❛✈✐❣❛↔♥❡❥

❝❡st②✳ ▼❛♣❛ ❜✉❞♦✈② ❥❡ r❡♣r❡③❡♥t♦✈❛♥á ♣♦♠♦❝♦✉ ♠r✐❡➸❦② s ❞♦st❛t♦↔♥❡ ♠❛❧ý♠ r♦③♠❡✲

r♦♠ ❥❡❞♥é❤♦ ♣♦❧í↔❦❛✳ Pr❡ ❦❛➸❞é ♣♦❧í↔❦♦ s❛ ♣♦↔ít❛ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫✱ ➸❡ s❛ t❛♠ ♥❛❝❤á✲

❞③❛ ♣♦✉➸í✈❛t❡➞✳ ❖♣✐s✉❥❡♠❡ ❛❥ ❡❢❡❦tí✈♥✉ ✐♠♣❧❡♠❡♥tá❝✐✉ t♦❤t♦ ❛❧❣♦r✐t♠✉✱ ❦❡❞➸❡ ♣♦tr❡✲

❜✉❥❡♠❡ ♠❛➫ ♥❛ ③r❡t❡❧✐ ♦❜♠❡❞③❡♥ý ✈ý♣♦↔t♦✈ý ✈ý❦♦♥ ❜❡➸♥é❤♦ s♠❛rt❢ó♥✉✳ Pr✐♥á➨❛♠❡

♣♦r♦✈♥❛♥✐❡ ♣ô✈♦❞♥é❤♦ ♥á✈r❤✉ ❛❧❣♦r✐t♠✉ ❛ ❥❡❤♦ ❡❢❡❦tí✈♥❡❥➨❡❥ ✐♠♣❧❡♠❡♥tá❝✐❡ ③ ♣♦❤➞❛❞✉

↔❛s✉ ✈ý♣♦↔t✉ ❛❥ ♣❛♠ä➫♦✈ý❝❤ ♥ár♦❦♦✈✳ ❖♣✐s✉❥❡♠❡ ❛❥ s♣ôs♦❜ ✈②t✈ár❛♥✐❛ ❛ ✉❝❤♦✈á✈❛♥✐❛

✐♥❢♦r♠á❝✐✐✱ ❦t♦ré ♣♦♣✐s✉❥ú ♠❛♣✉ ❜✉❞♦✈②✳

✼



❆❧❣♦r✐t♠② sú ✈ ♣rá❝✐ ♣♦❞r♦❜❡♥é ❡✈❛❧✉á❝✐✐ ❛ sú ✐❞❡♥t✐✜❦♦✈❛♥é s✐❧♥é strá♥❦② ❛❥ s❧❛✲

❜✐♥② ❧♦❦❛❧✐③❛↔♥é❤♦ ❛❧❣♦r✐t♠✉✳ P♦↔❛s ♣rá❝❡ ❜♦❧♦ ✈②t✈♦r❡♥ý❝❤ ♥✐❡❦♦➞❦♦ ♣♦♠♦❝♥ý❝❤ ❛♣✲

❧✐❦á❝✐✐ ❛ t✐❡➸ ✜♥á❧♥② ♣r♦t♦t②♣ ✐♥❞♦♦r ❧♦❦❛❧✐③á❝✐❡✳

❈✐❡❧❡ ♣rá❝❡ ✈✐❡♠❡ ③❤r♥ú➫ ❞♦ tý❝❤t♦ ❜♦❞♦✈✿

✶✳ Pr❡s❦ú♠❛➫ ❛ ❛♥❛❧②③♦✈❛➫ ❡①✐st✉❥ú❝❡ ♣ríst✉♣② ❦ ✐♥❞♦♦r ♥❛✈✐❣á❝✐✐ ❛ ❧♦❦❛❧✐③á❝✐✐ s ✈②✲

✉➸✐tí♠ s♠❛rt❢ó♥♦✈✳

✷✳ Pr❡s❦ú♠❛➫ ❛ ♣r❛❦t✐❝❦② ♦✈❡r✐➫ ♠♦➸♥♦st✐ ✐♥❞♦♦r ❧♦❦❛❧✐③á❝✐❡ s ✈②✉➸✐tí♠ ❛❦❝❡❧❡r♦✲

♠❡tr❛ ❛ ❦♦♠♣❛s✉ ❜❡③ ❡①♣❧✐❝✐t♥❡ ❞❛♥❡❥ ♥❛✈✐❣❛↔♥❡❥ ❝❡st②✳

✸✳ ◆❛✈r❤♥✉té ❛❧❣♦r✐t♠② ✐♠♣❧❡♠❡♥t♦✈❛➫ ✈♦ ❢♦r♠❡ ❢✉♥❦↔♥é❤♦ ♣r♦t♦t②♣✉ ♣r❡ ♣❧❛t✲

❢♦r♠✉ ❆♥❞r♦✐❞ ❛ ❛♥❛❧②③♦✈❛➫ ✐❝❤ ♣r❛❦t✐❝❦ú ♣♦✉➸✐t❡➞♥♦s➫ ✭♣❛♠ä➫♦✈é ♥ár♦❦②✱ r❡❛❧✐✲

③♦✈❛t❡➞♥♦s➫ ✈ý♣♦↔t♦✈ ✈ r❡á❧♥♦♠ ↔❛s❡ ♥❛ ③❛r✐❛❞❡♥✐❛❝❤ s ♦❜♠❡❞③❡♥ý♠✐ ✈ý♣♦↔t♦✲

✈ý♠✐ ♠♦➸♥♦s➫❛♠✐✮✳

✽



❑❛♣✐t♦❧❛ ✶

■♥❞♦♦r ♥❛✈✐❣á❝✐❛

✶✳✶ P♦➸✐❛❞❛✈❦② ♥❛ ♥❛✈✐❣❛↔♥ý s②sté♠

❑❛➸❞ý ♥❛✈✐❣❛↔♥ý s②sté♠✱ ❛ t❡❞❛ ❛❥ ♥❛✈✐❣❛↔♥ý s②sté♠ ✈ ✐♥❞♦♦r ♣r♦str❡❞í✱ ♠✉sí s♣➝➡❛➫

♥❛s❧❡❞♦✈♥é ♣♦➸✐❛❞❛✈❦②✿

▲♦❦❛❧✐③á❝✐❛ ♣♦✉➸í✈❛t❡➞❛

❙♣rá✈♥❡ ✉r↔❡♥✐❡ ❛❦t✉á❧♥❡❥ ♣♦③í❝✐❡ ♣♦✉➸í✈❛t❡➞❛ ❥❡ ❦➞ú↔♦✈♦✉ ♦tá③❦♦✉ ❦❛➸❞❡❥ ♥❛✈✐✲

❣á❝✐❡✳ ❑ý♠ ✈ ♦✉t❞♦♦r ♣r♦str❡❞í s❛ ✈②✉➸í✈❛ s❛t❡❧✐t♥ý s✐❣♥á❧✱ ✐♥❞♦♦r ♥❛✈✐❣á❝✐❡ ♣r✐

❧♦❦❛❧✐③á❝✐✐ ♣♦✉➸í✈❛t❡➞❛ sú ♥út❡♥é ♣♦✉➸✐➫ ✐♥é r✐❡➨❡♥✐❡✳ ❉ô✈♦❞♦♠ ❥❡✱ ➸❡ t❡♥t♦ s✐❣♥á❧

♥✐❡ ❥❡ s❝❤♦♣♥ý ♣r❡❥s➫ ❝❡③ st❡♥② ❜✉❞♦✈✳ ❉ô❧❡➸ítý♠ ❛s♣❡❦t♦♠ ❥❡ ♣r❡s♥♦s➫ ❧♦❦❛❧✐③á✲

❝✐❡✳ Pr✐ ❝❡st❡ ❛✉t♦♠ ♠ô➸❡ ❜②➫ t♦❧❡r♦✈❛♥á ❝❤②❜♥á ❞❡t❡❦❝✐❛ ♣♦③í❝✐❡ ❛❥ ♦ ♥✐❡❦♦➞❦♦

❞❡s✐❛t♦❦ ♠❡tr♦✈✳ Pr✐ ✐♥❞♦♦r ❧♦❦❛❧✐③á❝✐✐ ❥❡ ✈②➸❛❞♦✈❛♥á ♦✈❡➞❛ ✈ä↔➨✐❛ ♣r❡s♥♦s➫✱ ♥✐❡✲

❦❡❞② ✈②❥❛❞r❡♥á ❛➸ ✈ ❝❡♥t✐♠❡tr♦❝❤✳

❩✈♦❧❡♥✐❡ ❝✐❡➞❛

◆❛✈✐❣á❝✐❛ ♠✉sí ♣♦s❦②t♥ú➫ ♠♦➸♥♦s➫ ③✈♦❧✐➫ s✐ ❝✐❡➞ ❝❡st②✳ ❆❦t✉á❧♥✉ ♣♦③í❝✐✉ ♠ô➸❡♠❡

♣♦✈❛➸♦✈❛➫ ③❛ ③❛↔✐❛t♦❦ ❝❡st②✳ Pr✐ ✐♥❞♦♦r ♥❛✈✐❣á❝✐✐ ❥❡ ♣♦tr❡❜♥é ♠②s❧✐❡➫ ♥❛ ❢❛❦t✱

➸❡ ❞❛♥á ❜✉❞♦✈❛ ♥❡♠✉sí ♠❛➫ ✐❜❛ ❥❡❞♥♦ ♣♦s❝❤♦❞✐❡✳ ❚♦♠✉ tr❡❜❛ ♣r✐s♣ôs♦❜✐➫ ❛❥

✈ýs❧❡❞♥ú ♥❛✈✐❣❛↔♥ú ❛♣❧✐❦á❝✐✉✳

◆á❥❞❡♥✐❡ tr❛s②

◆✐❡ ✈➸❞② ♠✉sí ís➫ ♦ ♥❛❥❦r❛t➨✐✉ ❝❡st✉✳ ❱ ✐♥❞♦♦r ♣r♦str❡❞í s❛ ♠ô➸❡♠❡ str❡t♥ú➫

♥❛♣rí❦❧❛❞ s♦ s✐t✉á❝✐♦✉✱ ➸❡ s❝❤♦❞✐s❦♦ ❥❡ ❜❧✐➸➨✐❡ ❦ ❛❦t✉á❧♥❡❥ ♣♦③í❝✐✐ ❛❦♦ ✈ý➫❛❤②✳

❱ t❛❦♦♠ ♣rí♣❛❞❡ ♠ô➸❡ ❜②➫ ♣r❡ ♣♦✉➸í✈❛t❡➞❛ ❧❡♣➨♦✉ ❝❡st♦✉ tá ❞❧❤➨✐❛✳

✾



❱ý♣♦↔t② ✈ r❡á❧♥♦♠ ↔❛s❡

◆❛✈✐❣❛↔♥ý s②sté♠ ♠✉sí ❜②➫ s❝❤♦♣♥ý r❡❛❣♦✈❛➫ ♥❛ ❛❦t✉á❧♥② ♣♦❤②❜ ♣♦✉➸í✈❛t❡➞❛✳

❱ t❡❥t♦ ♣rá❝✐ s❛ ③❛♠❡r✐❛✈❛♠❡ ♥❛ ❧♦❦❛❧✐③á❝✐✉ ♣♦✉➸í✈❛t❡➞❛✳ ❱➨❡t❦② ❛❧❣♦r✐t♠②✱ ♣♦✲

♠♦❝♥é ♥ástr♦❥❡ ❛❥ ♣r♦t♦t②♣ sú ♥❛✈r❤♥✉té t❛❦✱ ❛❜② ❜♦❧♦ ♠♦➸♥é ❞♦♣❧♥✐➫ ↕❛❧➨✐❡ ♣r✈❦②

✐♥❞♦♦r ♥❛✈✐❣á❝✐❡✳ ❱ ♥❛➨♦♠ ♣ríst✉♣❡ ❥❡ ❝✐❡➞♦♠ ♣♦♥ú❦♥✉➫ ✈➨❡♦❜❡❝♥é r✐❡➨❡♥✐❡✱ ❦t♦ré ♥❡✲

❜✉❞❡ ❢✉♥❣♦✈❛➫ ✐❜❛ ♣r❡ ❥❡❞♥✉ ❦♦♥❦rét♥✉ ❜✉❞♦✈✉✱ ❛❧❡ ♣♦s❦②t♥❡ ❛❧❣♦r✐t♠② ♣♦✉➸✐t❡➞♥é

✈ ✉♥✐✈❡r③á❧♥❡❥ ❛♣❧✐❦á❝✐✐ ✐♥❞♦♦r ♥❛✈✐❣á❝✐❡ ♣ríst✉♣♥❡❥ ❜❡➸♥ý♠ ♣♦✉➸í✈❛t❡➞♦♠✳ ❉❡✜♥♦✈❛❧✐

s♠❡ ♣r❡t♦ ♥ás❧❡❞♥é ❞♦♣❧➡✉❥ú❝❡ ♣♦➸✐❛❞❛✈❦② ♥❛ ♥❛✈✐❣❛↔♥ý s②sté♠✿

❆❜s❡♥❝✐❛ ♣rí❞❛✈♥ý❝❤ ③❛r✐❛❞❡♥í ✈ ❜✉❞♦✈❡

❊①✐st✉❥ú rô③♥❡ ③❛r✐❛❞❡♥✐❛✱ ♥❛♣r✳ ♣s❡✉❞♦❧✐t② ❬✹❪✱ ❦t♦ré s✐♠✉❧✉❥ú s❛t❡❧✐t♥ý s✐❣♥á❧✳

■♥➨t❛❧á❝✐❛ tý❝❤t♦ ③❛r✐❛❞❡♥í ✈ ❜✉❞♦✈❡ ♣r❡❞st❛✈✉❥❡ ✜♥❛♥↔♥ú ③á➫❛➸✱ ❛❧❡ ❤❧❛✈♥❡ ♠ô➸❡

❜②➫ ♥❡✈❤♦❞♥é ✉♠✐❡st➡♦✈❛➫ t❛❦é❤♦ ③❛r✐❛❞❡♥✐❛ ✈ ♥✐❡❦t♦rý❝❤ t②♣♦❝❤ ❜✉❞♦✈✱ ♥❛♣r✳ ✈

♥❡♠♦❝♥✐❝✐❛❝❤ ❛❧❡❜♦ ❤✐st♦r✐❝❦ý❝❤ ❜✉❞♦✈á❝❤✳ Pr✐ ❛❜s❡♥❝✐✐ ❛❦ý❝❤❦♦➞✈❡❦ ♣rí❞❛✈♥ý❝❤

③❛r✐❛❞❡♥í ♣♦s❦②t♥❡♠❡ s♣rá✈❝♦✈✐ ❜✉❞♦✈② ➞❛❤❦ú ♥❛s❛❞✐t❡➞♥♦s➫ ♥❛✈✐❣á❝✐❡ ♣r❡ ❥❡❤♦

❜✉❞♦✈✉✳ P♦tr❡❜♥é ❜✉❞❡ ✐❜❛ ✈②t✈♦r✐➫ ♠❛♣✉ s♦ ✈➨❡t❦ý♠✐ ♥❡✈②❤♥✉t♥ý♠✐ ✐♥❢♦r♠á✲

❝✐❛♠✐✳ ❱ ♣rá❝✐ s♣♦♠í♥❛♠❡ ◗❘ ❦ó❞②✱ ❦t♦ré ✈②➸❛❞✉❥ú ✐❝❤ ✉♠✐❡st♥❡♥✐❡ ✈ ❜✉❞♦✈❡✳

◆❡✐❞❡ ✈➨❛❦ ♦ ✜♥❛♥↔♥❡ ♥ár♦↔♥ú ✈❡❝ ❛ t✐❡t♦ ❦ó❞② ❜② ♥❡♠❛❧✐ ♣r❡❦á➸❛➫ ✈ ➸✐❛❞♥♦♠

t②♣❡ ❜✉❞♦✈②✳ ❆❦ ❜② ❜♦❧♦ ♣♦tr❡❜♥é✱ t❛❦ ❥❡ ♠♦➸♥é ✐❝❤ ♥❛❤r❛❞✐➫ ✐♥♦✉ ♠❡tó❞♦✉

❧♦❦❛❧✐③á❝✐❡✳

❆❜s❡♥❝✐❛ ♣rí❞❛✈♥ý❝❤ ③❛r✐❛❞❡♥í ♣♦✉➸í✈❛t❡➞❛

❈❤❝❡♠❡ ✈②✉➸✐➫ t♦✱ ➸❡ ♣♦✉➸í✈❛t❡➞ ❜✉❞❡ ♠❛➫ ❛♣❧✐❦á❝✐✉ ♥❛✈✐❣á❝✐❡ ♥❛ s✈♦❥♦♠ s♠❛rt✲

❢ó♥❡✳ ❱ ❞♥❡➨♥❡❥ ❞♦❜❡ sú t❛❦ét♦ ♠♦❜✐❧♥é ③❛r✐❛❞❡♥✐❛ ✈❡➞♠✐ r♦③➨ír❡♥é✱ ♣r❡t♦ ❜❡③

❛❦ý❝❤❦♦➞✈❡❦ ✐♥ý❝❤ ③❛r✐❛❞❡♥í ❜✉❞❡ ♥❛✈✐❣❛↔♥ý s②sté♠ ♣ríst✉♣♥ý ✈❡➞❦é♠✉ ♣♦↔t✉

♣♦✉➸í✈❛t❡➞♦✈✳ P♦tr❡❜✉❥❡♠❡ ✈②✉➸✐➫ ✐❜❛ t♦✱ ↔♦ ❜❡➸♥❡ ❞♦st✉♣♥ý s♠❛rt❢ó♥ ♣♦♥ú❦❛✳

❱ ♥❛➨♦♠ ♣rí♣❛❞❡ t♦ ③♥❛♠❡♥á ✈②✉➸✐t✐❡ s❡♥③♦r♦✈✳

❯♥✐✈❡r③á❧♥♦s➫ ❛ ❥❡❞♥♦❞✉❝❤é ✈②t✈ár❛♥✐❡ ♠á♣

◆❛✈✐❣❛↔♥ý s②sté♠ ❜② ♠❛❧ ❜②➫ ❢✉♥❦↔♥ý ♣r❡ ❛❦ú❦♦➞✈❡❦ ❜✉❞♦✈✉✱ ♥✐❡ ❧❡♥ ♣r❡ ❥❡❞♥✉

❦♦♥❦rét♥✉✳ ❙ tý♠ ❥❡ s♣♦❥❡♥á ❛❥ ♣♦➸✐❛❞❛✈❦❛ ❥❡❞♥♦❞✉❝❤é❤♦ ✈②t✈ár❛♥✐❛ ♠á♣✳ ❏❡

♣♦tr❡❜♥é s✐ ✉✈❡❞♦♠✐➫ r♦③❞✐❡❧② ♠❡❞③✐ ❜✉❞♦✈❛♠✐✳ ❘♦③❞✐❡❧② ♠❡❞③✐ ♥á❦✉♣♥ý♠ ❝❡♥✲

tr♦♠✱ ❧❡t✐s❦♦✈♦✉ ❤❛❧♦✉✱ ➨❦♦❧♦✉ ❛ ❛❞♠✐♥✐str❛tí✈♥♦✉ ❜✉❞♦✈♦✉ ♠ô➸✉ ❜②➫ ✈ ♣♦↔t❡

♣♦s❝❤♦❞í ✭r❡s♣✳ ↔✐ ✐❞❡ ♦ ❥❡❞♥♦♣♦s❝❤♦❞♦✈ú ❜✉❞♦✈✉✮✱ ✈ ➨tr✉❦túr❡ ✭❥❡❞♥❛ ❝❤♦❞❜❛

❛ ♣♦ str❛♥á❝❤ ♠✐❡st♥♦st✐ ✲ ❦❛♥❝❡❧ár✐❡✱ ✉↔❡❜♥❡ ❛❧❡❜♦ ✈ä↔➨í ♦t✈♦r❡♥ý ♣r✐❡st♦r ✲

♥❛♣rí❦❧❛❞ ❧❡t✐s❦♦✈á ❤❛❧❛✮ ❛ ✈ ↕❛❧➨í❝❤ ❛s♣❡❦t♦❝❤✳

✶✵



✶✳✷ ➆♣❡❝✐✜❦á ✐♥❞♦♦r ♥❛✈✐❣á❝✐❡

❱♦ ✈➨❡♦❜❡❝♥♦st✐ ❥❡ ♥❛❥✈ä↔➨í r♦③❞✐❡❧ ♠❡❞③✐ ♦✉t❞♦♦r ❛ ✐♥❞♦♦r ♥❛✈✐❣á❝✐♦✉ ✈ ❧♦❦❛❧✐③á❝✐✐

♣♦✉➸í✈❛t❡➞❛✳ ❱ ♦✉t❞♦♦r ♣r♦str❡❞í ❥❡ ③✐s➫♦✈❛♥á ♣♦❧♦❤❛ ③❛r✐❛❞❡♥✐❛ ♣♦♠♦❝♦✉ ●P❙ ❛ s❛✲

t❡❧✐t♥é❤♦ s✐❣♥á❧✉✳ ❚❡♥t♦ s♣ôs♦❜ ❥❡ r♦③➨ír❡♥ý✱ ❞♦st✉♣♥ý ❛ ❞♦st❛t♦↔♥❡ ♣r❡s♥ý✳ ❙❛t❡❧✐t♥ý

s✐❣♥á❧ ✈➨❛❦ ♥✐❡ ❥❡ ♠♦➸♥é ③❛❝❤②t✐➫ ✈ ❜✉❞♦✈á❝❤ t❛❦✱ ❛❜② s❛ ♠♦❤❧❛ ✈②✉➸✐➫ ❧♦❦❛❧✐③á❝✐❛

♣♦♠♦❝♦✉ ●P❙✳ ❚át♦ s❦✉t♦↔♥♦s➫ ♣♦♥ú❦❛ ♠♦➸♥♦s➫ ✈②✉➸✐t✐❛ rô③♥②❝❤ ♣ríst✉♣♦✈ ❦ ✐♥❞♦♦r

♥❛✈✐❣á❝✐✐✳ ◆❛❥♥♦✈➨✐❡ ♠❡tó❞② ❛ ✈ýs❧❡❞❦② sú ♣r❡③❡♥t♦✈❛♥é ♥❛ ❦♦♥❢❡r❡♥❝✐✐ ■P■◆ ✭■♥t❡r✲

♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥✮ ❬✶❪✱ ❦t♦rá s❛ ❦♦♥á

❦❛➸❞♦r♦↔♥❡ ♦❞ r♦❦✉ ✷✵✶✵✳

❩❛✉❥í♠❛✈♦✉ ✈ý③✈♦✉✱ ❦t♦rú ♣r✐ ♦✉t❞♦♦r ♥❛✈✐❣á❝✐✐ ♥✐❡ ❥❡ ♣♦tr❡❜♥é ❜r❛➫ ❞♦ ú✈❛❤②✱ sú

✈✐❛❝♣♦s❝❤♦❞♦✈é ❜✉❞♦✈②✳ P♦③í❝✐❛ ♣♦✉➸í✈❛t❡➞❛✱ r❡s♣✳ ③❛r✐❛❞❡♥✐❛ ♥❡♠✉sí ❜②➫ ❥❡❞♥♦③♥❛↔♥❡

✉r↔❡♥á ❧❡♥ súr❛❞♥✐❝❛♠✐ ③❡♠❡♣✐s♥❡❥ ➨ír❦② ❛ ❞➝➸❦②✱ ❛❧❡ ❛❥ ú❞❛❥♦♠ ♦ ♣♦s❝❤♦❞í✱ ♥❛ ❦t♦r♦♠

s❛ ♥❛❝❤á❞③❛✳ ❙ tý♠ ❥❡ s♣♦❥❡♥ý ❛❥ ♣r❡❝❤♦❞ ♠❡❞③✐ ♣♦s❝❤♦❞✐❛♠✐ ♣♦♠♦❝♦✉ ✈ý➫❛❤✉ ❛❧❡❜♦

s❝❤♦❞✐s❦❛✳ ❚❡♥t♦ ❛s♣❡❦t ♠á ❞♦♣❛❞ ♥❛ ✈②t✈ár❛♥✐❡ ♠á♣ ❛ ③♦❜r❛③❡♥✐❡ ♣♦✉➸í✈❛t❡➞♦✈✐✳

❸❛❧➨♦✉ s❦✉t♦↔♥♦s➫♦✉✱ ❦t♦rá ♠ô➸❡ ♠❛➫ ✈♣❧②✈ ♥❛ ❛♣❧✐❦á❝✐✉ ♥❛✈✐❣á❝✐❡ ✈ ❜✉❞♦✈á❝❤ ❥❡

✐❝❤ rô③♥❛ ➨tr✉❦túr❛✳ P♦✉➸í✈❛t❡➞ ♠ô➸❡ ♠❛➫ rô③♥❡ ♣♦➸✐❛❞❛✈❦② ❛ ♣r✐♦r✐t② ✈ ❜✉❞♦✈á❝❤ s

♦t✈♦r❡♥ý♠ ♣r✐❡str❛♥st✈♦♠ ❛❦♦ sú ❧❡t✐s❦♦✈é ❤❛❧② ❛❧❡❜♦ ✈❡➞tr❤② ❛ ✈ ❜✉❞♦✈á❝❤ s ♠♥♦❤ý♠✐

❝❤♦❞❜❛♠✐ ❛ ♠✐❡st♥♦s➫❛♠✐ ❛❦♦ sú ♥❡♠♦❝♥✐❝❡ ❛❧❡❜♦ úr❛❞♥é ❜✉❞♦✈②✳

✶✳✸ ❊①✐st✉❥ú❝❡ ♥❛✈✐❣❛↔♥é ❛♣❧✐❦á❝✐❡

❊①✐st✉❥❡ ♥✐❡❦♦➞❦♦ ❦♦♠❡r↔♥ý❝❤ ❛♣❧✐❦á❝✐✐✱ ❦t♦ré ♣♦s❦②t✉❥ú ♥❛✈✐❣á❝✐✉ ✈ ✐♥❞♦♦r ♣r♦str❡❞í✳

❱ä↔➨✐♥❛ tý❝❤t♦ ❛♣❧✐❦á❝✐✐ ✈②✉➸í✈❛ ♥❛ ❧♦❦❛❧✐③á❝✐✉ ♣rí❞❛✈♥é ③❛r✐❛❞❡♥✐❛ ✈ ❜✉❞♦✈❡ ❛❧❡❜♦

❦♦♠❜✐♥á❝✐✉ ✈✐❛❝❡rý❝❤ ♣ríst✉♣♦✈✳ ❑❡❞➸❡ ♥❛➨❛ ♣rá❝❛ ♠á ③❛ ❝✐❡➞ ③❛♠❡r❛➫ s❛ ♣rá✈❡ ♥❛

✉r↔❡♥✐❡ ❛❦t✉á❧♥❡❥ ♣♦③í❝✐❡ ♣♦✉➸í✈❛t❡➞❛✱ t✐❡t♦ ♠❡tó❞② sú ❜❧✐➸➨✐❡ ♦♣ís❛♥é ✈ ↕❛❧➨í❝❤ ❦❛♣✐✲

t♦❧á❝❤✳

Ús♣❡➨♥á ✐♥❞♦♦r ♥❛✈✐❣❛↔♥á ❛♣❧✐❦á❝✐❛ ❥❡ ❛♣❧✐❦á❝✐♦✉ ♥❛ s♠❛rt❢ó♥ ❛❧❡❜♦ t❛❜❧❡t✳ ◆❛ r♦③✲

❞✐❡❧ ♦❞ ♦✉t❞♦♦r ♣r♦str❡❞✐❛✱ ❦❞❡ ❥❡ ❜❡➸♥é ♠❛➫ ➨♣❡❝✐á❧♥❡ ③❛r✐❛❞❡♥✐❡ ♥❛ ♥❛✈✐❣á❝✐✉✳ ❙♣ôs♦❜

③♦❜r❛③❡♥✐❛ ♥❛✈✐❛↔♥❡❥ ❝❡st② s❛ ♥❡❧í➨✐ ♦❞ ♦✉t❞♦♦r ♥❛✈✐❣á❝✐❡✳ ❚át♦ ❝❡st❛ ❥❡ ✈ä↔➨✐♥♦✉ ③♦✲

❜r❛③❡♥á ❣r❛✜❝❦②✳ ◆✐❡❦t♦ré ❛♣❧✐❦á❝✐❡ ❬✺❪ ♣♦♥ú❦❛❥ú ❛❥ ♠♦➸♥♦s➫ r♦③➨ír❡♥❡❥ r❡❛❧✐t②✱ ❦❞❡

♦❜r❛③ ③ ❦❛♠❡r② ❥❡ ♣r❡❦r②tý ❞♦♣❧➡✉❥ú❝♦✉ ✈rst✈♦✉ s ♥❛✈✐❣❛↔♥♦✉ tr❛s♦✉ ❛ ✐♥❢♦r♠á❝✐❛♠✐

♦ ✈③❞✐❛❧❡♥♦st✐❛❝❤ ❛❦♦ t♦ ✈✐❞✐❡➫ ♥❛ ♦❜rá③❦✉ ✶✳✶✳

✶✶



❖❜r✳ ✶✳✶✿ ❘♦③➨ír❡♥á r❡❛❧✐t❛ ✲ ♦❜r❛③ ③ ❦❛♠❡r② ❞♦♣❧♥❡♥ý ♦ ♥❛✈✐❣❛↔♥ú tr❛s✉

❛ ✐♥❢♦r♠á❝✐❡ ♦ ✈③❞✐❛❧❡♥♦st✐❛❝❤✳ ❯❦á➸❦❛ ③ ❛♣❧✐❦á❝✐❡ ■♥❢s♦❢t ❬✺❪✳

❚✐❡t♦ ❦♦♠❡r↔♥é r✐❡➨❡♥✐❛ sú ✈②✉➸í✈❛♥é ♥❛♣rí❦❧❛❞ ✈ ❧❡t✐s❦♦✈ý❝❤ ❜✉❞♦✈á❝❤ ❛❧❡❜♦ ♥á✲

❦✉♣♥ý❝❤ ❝❡♥trá❝❤✳ ◆❛ ♠❛♣❡ sú ♣r✐❛♠♦ ③♦❜r❛③❡♥é ❛❥ ♦❜❝❤♦❞② ❛❧❡❜♦ ✐♥é ♠✐❡st❛ ③á✉❥♠✉✱

↔♦ ♣♦s❦②t✉❥❡ ♣♦✉➸í✈❛t❡➞♦✈✐ ♣r❡❤➞❛❞ ♦ s✈♦❥♦♠ ♦❦♦❧í✳ ❊①✐st✉❥ú t✐❡➸ ♥ástr♦❥❡ ♥❛ ✈②t✈♦✲

r❡♥✐❡ ✈❧❛st♥❡❥ ❛♣❧✐❦á❝✐❡ ✐♥❞♦♦r ♥❛✈✐❣á❝✐❡ ♣r❡ s✈♦❥✉ ❦♦♥❦rét♥✉ ❜✉❞♦✈✉ ❬✻❪✳

✶✷



❑❛♣✐t♦❧❛ ✷

■♥❞♦♦r ❧♦❦❛❧✐③á❝✐❛

✷✳✶ Pr❡❤➞❛❞ ❡①✐st✉❥ú❝✐❝❤ ♣ríst✉♣♦✈ ❦ ✐♥❞♦♦r ❧♦❦❛❧✐✲

③á❝✐✐

Pr❡③❡♥t♦✈❛♥ý❝❤ ❜♦❧♦ ♠♥♦❤♦ ♣ríst✉♣♦✈ ❦ ❧♦❦❛❧✐③á❝✐✐ ✈ ✐♥❞♦♦r ♣r♦str❡❞í s rô③♥②♠ ♣♦✲

t❡♥❝✐á❧♦♠ ♣r❡ ♣r❛❦t✐❝❦é ♣♦✉➸✐t✐❡✳ P♦♥ú❦❛♠❡ ♣r❡❤➞❛❞ ❛ ❦❛t❡❣♦r✐③á❝✐✉ tý❝❤t♦ r✐❡➨❡♥í ❜❡③

♦❤➞❛❞✉ ♥❛ ③❛r✐❛❞❡♥✐❡✱ ❦t♦ré ❥❡ ❧♦❦❛❧✐③♦✈❛♥é✳ ◆✐❡❦t♦ré ♣ríst✉♣② s❛ s♥❛➸✐❛ ✈②✉➸✐➫ ♣r✐♥❝í♣

❜❡➸♥❡❥ ♦✉t❞♦♦r ♥❛✈✐❣á❝✐❡ s ✈②✉➸✐tí♠ ●P❙✳ ❊①✐st✉❥ú ✈➨❛❦ ❛❥ ✈ýs❦✉♠②✱ ❦t♦ré ♣♦✉➸í✈❛❥ú

♥♦✈é ♠❡tó❞② ✈ t❡❥t♦ ♣r♦❜❧❡♠❛t✐❦❡✱ ♥❛♣r✳ ♦❜❧❛s➫ ♣♦↔ít❛↔♦✈é❤♦ ✈✐❞❡♥✐❛✳ ❸❛❧➨í♠ r♦③❞✐❡✲

❧♦♠ ❥❡ ♣r❡❞♠❡t s❦ú♠❛♥✐❛✳ ❑ý♠ ✈✐❛❝❡ré ♣ríst✉♣② s❦ú♠❛❥ú ✐❜❛ ③á❦❧❛❞♥ú ❧♦❦❛❧✐③á❝✐✉✱

✐♥é s❛ ③❛♠❡r✐❛✈❛❥ú ❛❥ ♥❛ ♥✐❡❦t♦ré ➨♣❡❝✐á❧♥❡ ♣rí♣❛❞②✱ ♥❛♣rí❦❧❛❞ s♠❛rt❢ó♥ ✉♠✐❡st♥❡♥ý

✈♦ ✈r❡❝❦✉ ♥♦❤❛✈í❝ ❬✼❪✱ ❝❤ô❞③✉ ♣♦ s❤♦❞♦❝❤ ❬✽❪ ❛❧❡❜♦ ♥❛✈✐❣á❝✐✉ ♣r❡ ♣♦✉➸í✈❛t❡➞♦✈ ♥❛

✐♥✈❛❧✐❞♥♦♠ ✈♦③í❦✉ ❬✾❪✳

❱②s✐❡❧❛♥✐❡ ❛ s♣r❛❝♦✈❛♥✐❡ s✐❣♥á❧✉

❏❡ ♥✐❡❦♦➞❦♦ r✐❡➨❡♥í ❬✹✱ ✶✵✱ ✶✶❪✱ ❦t♦ré ✈②✉➸í✈❛❥ú ③❛r✐❛❞❡♥✐❛ ♥❛③ý✈❛❥ú❝❡ s❛ ♣s❡✉❞♦❧✐t②

✭♣s❡✉❞♦✲s❛t❡❧✐t②✮✳ ❚✐❡t♦ ③❛r✐❛❞❡♥✐❛ s✐♠✉❧✉❥ú s❛t❡❧✐t♥ý s✐❣♥á❧ ❛ ♠✉s✐❛ ❜②➫ str❛t❡❣✐❝❦②

r♦③♠✐❡st♥❡♥é ✈ ❜✉❞♦✈❡ ✭♣r❡✈❛➸♥❡ ♥❛ ❦♦♥❝✐ ❝❤♦❞✐❡❜✮✳ ❚❡♥t♦ ♣ríst✉♣ ❦ ✐♥❞♦♦r ♥❛✈✐❣á❝✐✐ ❥❡

✈❡➞♠✐ ♣♦❞♦❜♥ý ❜❡➸♥❡❥ ♦✉t♦♦r ♥❛✈✐❣á❝✐✐✳ ❙✐❣♥á❧ ❥❡ ❞♦❦♦♥❝❛ ♠♦➸♥é ③❛❝❤②t✐➫ r♦✈♥❛❦ý♠✐

③❛r✐❛❞❡♥✐❛♠✐✳ ❚❛❦ét♦ r✐❡➨❡♥✐❛ ♥❡♠✉s✐❛ ❜②➫ s♠❡r♦✈❛♥é ❧❡♥ ♥❛ ♣♦✉➸í✈❛♥✐❡ s♠❛rt❢ó♥♦✈✱

❛❧❡ ♠ô➸✉ ✈②➸❛❞♦✈❛➫ ➨♣❡❝✐á❧♥❡ ③❛r✐❛❞❡♥✐❛ ❛❥ ♥❛ str❛♥❡ ♣♦✉➸í✈❛t❡➞❛✳

❖❦r❡♠ ♣s❡✉❞♦❧✐t♦✈ ❡①✐st✉❥ú ❛❥ ✐♥é ③❛r✐❛❞❡♥✐❛✱ ❦t♦ré ♠✉s✐❛ ❜②➫ r♦③♠✐❡st♥❡♥é ✈ ❜✉✲

❞♦✈❡ ❛ ♣♦s❦②t✉❥ú ♠♦➸♥♦s➫ ♥❛ ♣♦❞♦❜♥ý ♣ríst✉♣✳ ❑♦♠❡r↔♥é r✐❡➨❡♥✐❡ ▲❛❜❲❡r❦ ❬✶✷❪ ✈②✲

✉➸í✈❛ ✐❇❡❛❝♦♥ ③❛r✐❛❞❡♥✐❛ ③❛❧♦➸❡♥é ♥❛ t❡❝❤♥♦❧ó❣✐✐ ❜❧✉❡t♦♦t❤✳ ❚❡♥t♦ ♣ríst✉♣ ♠á ✈ý❤♦❞✉

✶✸



✈ t♦♠✱ ➸❡ ❜❧✉❡t♦♦t❤ ③❛➫❛➸✉❥❡ ❜❛tér✐✉ s♠❛rt❢ó♥✉ ♠❡♥❡❥ ❛❦♦ ●P❙✳

❸❛❧➨í ③ ♣ríst✉♣♦✈ ❥❡ ③❛❧♦➸❡♥ý ♥❛ ❲✐❋✐ t❡❝❤♥♦❧ó❣✐✐✳ ❱ý❤♦❞♦✉ ❥❡✱ ➸❡ ♥✐❡ ❥❡ ♣♦tr❡❜♥é

❜✉❞♦✈❛➫ ➸✐❛❞♥✉ ✐♥❢r❛➨tr✉❦túr✉ ✈ ❜✉❞♦✈❡ ✐❜❛ ❦✈ô❧✐ ❧♦❦❛❧✐③❛↔♥é♠✉ s②sté♠✉✳ ◆❛ ❧♦❦❛❧✐✲

③á❝✐✉ s❛ ✈②✉➸í✈❛ ✜♥❣❡r♣r✐♥t✐♥❣ ♠❡tó❞❛ ③❛❧♦➸❡♥á ♥❛ s✐❧❡ ❲✐❋✐ s✐❣♥á❧✉ ❛ ♣♦r♦✈♥á✈❛♥í♠

s ❞❛t❛❜á③♦✉ ♠❡r❛♥í ❬✶✸✱ ✶✹❪✳

❙❧❡❞♦✈❛♥✐❡ ♦❦♦❧✐❛

❱ t♦♠t♦ ♣ríst✉♣❡ s❛ ♦↔❛❦á✈❛ ♣rít♦♠♥♦s➫ ♠♦❜✐❧♥é❤♦ ③❛r✐❛❞❡♥✐❛ s♦ s✈♦❥✐♠✐ s❡♥③♦r♠✐✱

❦❛♠❡r♦✉ ❛❧❡❜♦ ❢♦t♦❛♣❛rát♦♠✳ ■❞❡ ♣r❡❞♦✈➨❡t❦ý♠ ♦ ♦❜❧❛s➫ ♣♦↔ít❛↔♦✈é❤♦ ✈✐❞❡♥✐❛✳ ❙♣♦✲

❧♦↔♥♦✉ ❝❤❛r❛❦t❡r✐st✐❦♦✉ ✈➨❡t❦ý❝❤ r✐❡➨❡♥í ✈②✉➸í✈❛❥ú❝✐❝❤ t❡♥t♦ ♣r✐♥❝í♣ ❥❡ ❤➞❛❞❛♥✐❡ ③❤♦❞②

♠❡❞③✐ s♥í♠❛♥ý♠ ♦❦♦❧í♠ ❛ ③á③♥❛♠♦♠ ♦ ❜✉❞♦✈❡✳ ❊①✐st✉❥❡ ✈✐❛❝❡r♦ r✐❡➨❡♥í✱ ❦t♦ré ♠❛❥ú

rô③♥② ♣r❡❞♠❡t s♥í♠❛♥✐❛✳

▼ô➸✉ ♥í♠ ❜②➫ ➨♣❡❝✐á❧♥❡ ③♥❛↔❦② ✉♠✐❡st♥❡♥é ✈ ❜✉❞♦✈❡ ❬✶✺❪✱ ❦t♦ré ♣r✐♣♦♠í♥❛❥ú

◗❘ ❦ó❞②✳ ▼♦❜✐❧♥é ③❛r✐❛❞❡♥✐❡ ♥❡✉stá❧❡ s♥í♠❛ ♦❦♦❧✐❡ ❛ ❤➞❛❞á ❞❛♥é ③♥❛↔❦②✱ ♣♦♠♦❝♦✉

❦t♦rý❝❤ ✉r↔✉❥❡ ❛❦t✉á❧♥✉ ♣♦③í❝✐✉ ✈ ❜✉❞♦✈❡✳

❩❛✉❥í♠❛✈ý♠ ♣ríst✉♣♦♠ ❥❡ ❛❥ ❧♦❦❛❧✐③á❝✐❛✱ ❦t♦rá ✈②✉➸í✈❛ s✈❡t❡❧♥ý s❡♥③♦r ③❛r✐❛❞❡♥✐❛

❬✶✻❪✳ ❏❡❥ ③á❦❧❛❞♦♠ sú s✈❡t❧á ✉♠✐❡st♥❡♥é ✈ ❜✉❞♦✈❡ ❛ ③♥❛❧♦s➫ ✐❝❤ ♣♦③í❝✐❡✳ ❷í♠ ✈✐❛❝ s✈❡t✐❡❧

✈ ❜✉❞♦✈❡ ❥❡ ✈②♣♥✉tý❝❤✱ tý♠ ✈ä↔➨✐❛ ❥❡ ♥❡♣r❡s♥♦s➫ ❧♦❦❛❧✐③á❝✐❡✳

◆✐❡❦t♦ré r✐❡➨❡♥✐❛ ✈②✉➸í✈❛❥ú ❦♦♠❜✐♥á❝✐✉ ✈✐❛❝❡rý❝❤ ♣ríst✉♣♦✈✳ ❆❧❣♦r✐t♠② ♣♦↔ít❛↔♦✲

✈é❤♦ ✈✐❞❡♥✐❛ s♥í♠❛❥ú ♥♦❤② ♣♦✉➸í✈❛t❡➞❛ ❛ ❞❡t❡❦✉❥ú ✉r♦❜❡♥é ❦r♦❦② ❬✶✼❪ ❛❧❡❜♦ s♥í♠❛❥ú

♦❦♦❧✐❡ ❛ ❤➞❛❞❛❥ú ③❤♦❞✉ ♠❡❞③✐ ♦❜rá③❦❛♠✐ ❜✉❞♦✈② ③ ❞❛t❛❜á③② ❛ ♦❜r❛③♦♠ s♥í♠❛♥ý♠

❦❛♠❡r♦✉ ❬✶✽❪✳

❆♥❛❧ý③❛ ❝❤ô❞③❡

❊①✐st✉❥❡ ✈❡➞❦é ♠♥♦➸st✈♦ r✐❡➨❡♥í s tý♠t♦ ♣ríst✉♣♦♠✳ ❈❤ô❞③❛ ❥❡ ❛♥❛❧②③♦✈❛♥á ♣♦♠♦✲

❝♦✉ s❡♥③♦r♦✈✳ ❏❡❞♥ý♠ ③ ♣♦✉➸✐t❡➞♥ý❝❤ ③❛r✐❛❞❡♥í ❥❡ ■▼❯ ✭■♥t❡rt✐❛❧ ▼❡❛s✉r❡♠❡♥t ❯♥✐t✮✱

❦t♦ré s❛ ✈②✉➸í✈❛ ❛❥ ✈ ❧❡t❡❝t✈❡ ❛❧❡❜♦ ♥á♠♦r♥í❝t✈❡✳ ❚♦t♦ ③❛r✐❛❞❡♥✐❡ ♦❜s❛❤✉❥❡ ❛❦❝❡❧❡✲

r♦♠❡t❡r ❛ ❣②r♦s❦♦♣ ❛❧❡❜♦ ✈ ♥✐❡❦t♦rý❝❤ ♣rí♣❛❞♦❝❤ ♠❛❣♥❡t♦♠❡t❡r✳ P♦♠♦❝♦✉ ■▼❯ ❥❡

♠♦➸♥é ❞❡t❡❦♦✈❛➫ ❦r♦❦② ❛ ♣♦✉➸✐tí♠ ↕❛❧➨í❝❤ ❛❧❣♦r✐t♠♦✈ ❧♦❦❛❧✐③♦✈❛➫ ♣♦✉➸í✈❛t❡➞❛ ✈ ✐♥❞♦♦r

♣r♦str❡❞í ❬✶✾❪✳

▼♥♦❤♦ r✐❡➨❡♥í ♣♦✉➸í✈❛ ♥❛ ❞❡t❡❦❝✐✉ ❦r♦❦♦✈ s♠❛rt❢ó♥②✱ ❦t♦ré t✐❡➸ ♦❜s❛❤✉❥ú s❡♥③♦r②

❛❦♦ sú ❛❦❝❡❧❡r♦♠❡t❡r✱ ❦♦♠♣❛s ❛❧❡❜♦ ❣②r♦s❦♦♣✳ ❑➞ú↔♦✈é ú❧♦❤② ♣r✐ t♦♠t♦ ♣ríst✉♣❡ sú

❞❡t❡❦❝✐❡ ❦r♦❦♦✈✱ ✉r↔❡♥✐❡ ♥❛t♦↔❡♥✐❛ ♣♦✉➸í✈❛t❡➞❛ ✭s♠❡r ❥❡❤♦ ❝❤ô❞③❡✮✱ ♦❞❤❛❞ ❞➝➸❦② ❦r♦❦✉

❛ s❛♠♦t♥é ✉r↔❡♥✐❡ ♣♦③í❝✐❡✳ ❚②♣✐❝❦ý♠ ♣r♦❜❧é♠♦♠ ❥❡ ♥❡♣r❡s♥♦s➫ s❛♠♦t♥ý❝❤ ❞át ③♦

✶✹



s❡♥③♦r♦✈✱ ❛❧❡ ❛❥ ♦❞❤❛❞♦✈ ❞➝➸❦② ❦r♦❦✉✳ ❈❤②❜❛ s❛ ♠ô➸❡ ❦✉♠✉❧♦✈❛➫ ❛ ús♣❡❝❤ ❝❡❧é❤♦

r✐❡➨❡♥✐❛ ③á✈✐sí ♦❞ s❝❤♦♣♥♦st✐ ✈②s♣♦r✐❛❞❛➫ s❛ s tý♠✐t♦ ♥❡♣r❡s♥♦s➫❛♠✐✳

✷✳✷ ❙♠❛rt❢ó♥② ❛ ✐❝❤ s❡♥③♦r②

❇❡➸♥❡ ❞♦st✉♣♥é s♠❛rt❢ó♥② ♦❜s❛❤✉❥ú ♥✐❡❦♦➞❦♦ s❡♥③♦r♦✈✳ P❧❛t❢♦r♠❛ ❆♥❞r♦✐❞ ♣♦s❦②t✉❥❡

❥❡❞♥♦❞✉❝❤ý ♣ríst✉♣ ❦ ❞át❛♠ ③ tý❝❤t♦ s❡♥③♦r♦✈ ❬✷✵❪✳ ❘♦③❞❡➞✉❥❡ s❡♥③♦r② ♥❛ ❤❛r❞✈é✲

r♦✈é ❛ s♦❢t✈ér♦✈é✳ ❍❛r❞✈ér♦✈é s❡♥③♦r② sú ❢②③✐❝❦② ♣rít♦♠♥é ♥❛ ③❛r✐❛❞❡♥í✳ ❙♦❢t✈ér♦✈é

s❡♥③♦r② ✭♥❛③ý✈❛♥é t✐❡➸ ✈✐rt✉á❧♥❡✮ ♦❞✈á❞③❛❥ú s✈♦❥❡ ❤♦❞♥♦t② ③ ❥❡❞♥é❤♦ ❛❧❡❜♦ ✈✐❛❝❡rý❝❤

❤❛r❞✈ér♦✈ý❝❤ s❡♥③♦r♦✈✳ ❱➨❡t❦② t❛❦ét♦ s❡♥③♦r② ♠ô➸❡♠❡ r♦③❞❡❧✐➫ ♥❛ tr✐ ❦❛t❡❣ór✐❡✿

• P♦❤②❜♦✈é s❡♥③♦r② s♥í♠❛❥ú ♣♦❤②❜ ③❛r✐❛❞❡♥✐❛✳ ❑♦♥❦rét♥❡ ♣♦❤②❜♦✈é s❡♥③♦r② sú

❛❦❝❡❧❡r♦♠❡t❡r✱ ❣r❛✈✐t❛↔♥ý s❡♥③♦r✱ ❣②r♦s❦♦♣✱ ❧✐♥❡ár♥② ❛❦❝❡❧❡r♦♠❡t❡r ❛ r♦t❛↔♥ý

✈❡❦t♦r♦✈ý s❡♥③♦r✳

• P♦❧♦❤♦✈é s❡♥③♦r② ♣♦s❦②t✉❥ú ✐♥❢♦r♠á❝✐✉ ♦ ♣♦❧♦❤❡ ③❛r✐❛❞❡♥✐❛✳ ■❞❡ ♦ s❡♥③♦r ♠❛❣✲

♥❡t✐❝❦é❤♦ ♣♦➞❛ ✭♠❛❣♥❡t♦♠❡t❡r✮✱ s❡♥③♦r ♦t♦↔❡♥✐❛ ✭❦♦♠♣❛s✮ ❛ s❡♥③♦r ♠❡r❛❥ú❝✐

✈③❞✐❛❧❡♥♦s➫ ♦❞ ✐♥é❤♦ ♦❜❥❡❦t✉✳

• ❙❡♥③♦r② ♣r♦str❡❞✐❛ ♣♦s❦②t✉❥ú ú❞❛❥❡ ♦ rô③♥②❝❤ ❝❤❛r❛❦t❡r✐st✐❦á❝❤ ♣r♦str❡❞✐❛✳ P❛trí

t✉ s❡♥③♦r ✈♦♥❦❛❥➨❡❥ t❡♣❧♦t②✱ ♦s✈❡t❧❡♥♦st✐✱ ✈♦♥❦❛❥➨✐❡❤♦ t❧❛❦✉ ✈③❞✉❝❤✉✱ ✈♦♥❦❛❥➨❡❥

r❡❧❛tí✈♥❡❥ ✈❧❤❦♦st✐ ❛❥ t❡♣❧♦t② ③❛r✐❛❞❡♥✐❛✳

▼♥♦❤é ③ tý❝❤t♦ s❡♥③♦r♦✈ ♠❛❥ú ♥✉❧♦✈ý ❛❧❡❜♦ ❧❡♥ ✈❡➞♠✐ ♠❛❧ý ♣♦t❡♥❝✐á❧ ✈②✉➸✐t✐❛

♣r❡ ❧♦❦❛❧✐③á❝✐✉ ③❛r✐❛❞❡♥✐❛✳ ◆✐❡❦t♦ré s❡♥③♦r② sú sí❝❡ ♣♦✉➸✐t❡➞♥é ♣r✐ ✐♥❞♦♦r ❧♦❦❛❧✐③á❝✐✐✱

❛❧❡ ♥❡✈②s❦②t✉❥ú s❛ ✈ ❦❛➸❞♦♠ ③❛r✐❛❞❡♥í ❛❧❡❜♦ s❛ ✐❝❤ ✐♠♣❧❡♠❡♥tá❝✐❛ ❧í➨✐✳ ❚♦ ♥❛♣rí❦❧❛❞

③♥❛♠❡♥á✱ ➸❡ ❧✐♥❡ár♥② ❛❦❝❡❧❡r♦♠❡t❡r ♠ô➸❡ ❜②➫ ✈ ❥❡❞♥♦♠ ③❛r✐❛❞❡♥í ❤❛r❞✈ér♦✈ý s❡♥③♦r

❛ ✈ ✐♥♦♠ s♦❢t✈ér♦✈ý✳ Pr❡ ♥❛➨✉ ♣rá❝✉ sú ♥❛❥❞ô❧❡➸✐t❡❥➨✐❡ t✐❡t♦ ❞✈❛ s❡♥③♦r②✱ ❦t♦ré sú

❤❛r❞✈❡r♦✈é ❛ sú ♣rít♦♠♥é ✈♦ ✈ä↔➨✐♥❡ ③❛r✐❛❞❡♥í✿

• ❆❦❝❡❧❡r♦♠❡t❡r ❥❡ ♣♦❤②❜♦✈ý s❡♥③♦r✱ ❦t♦rý s♥í♠❛ ③rý❝❤❧❡♥✐❡ ③❛r✐❛❞❡♥✐❛ ✈ tr♦❝❤

③❧♦➸❦á❝❤ ✭♦❜rá③♦❦ ✷✳✷✮✳ ❍♦❞♥♦t② ③ ❛❦❝❡❧❡r♦♠❡tr❛ s❛ ♣♦✉➸✐❥ú ♣r✐ ❛❧❣♦r✐t♠♦❝❤ ♥❛

❞❡t❡❦❝✐✉ ❦r♦❦♦✈✳ Pr✐ t②♣✐❝❦♦♠ ❞r➸❛♥í ③❛r✐❛❞❡♥✐❛ ❥❡ r❡❧❡✈❛♥t♥á ✈❡rt✐❦á❧♥❛ ③❧♦➸❦❛ z✳

• ❑♦♠♣❛s ❥❡ ♣♦❧♦❤♦✈ý s❡♥③♦r✱ ❦t♦rý s❛ ✈ ❦♦♥t❡①t❡ ✐♥❞♦♦r ♥❛✈✐❣á❝✐❡ ✈②✉➸í✈❛ ♥❛

✉r↔❡♥✐❡ s♠❡r✉ ❝❤ô❞③❡✳ Pr✐ ❧♦❦❛❧✐③á❝✐✐ s ✈②✉➸✐tí♠ ❞❡t❡❦❝✐❡ ❦r♦❦♦✈ s❛ ❦✉♠✉❧✉❥❡

❝❤②❜❛✱ s ❦t♦r♦✉ ❥❡ ♣♦tr❡❜♥é s❛ ✈②s♣♦r✐❛❞❛➫✳ Pr✐ ❞❡t❡❦❝✐✐ ❥❡❞♥é❤♦ ❦r♦❦✉ ♠ô➸❡

❜②➫ ❛➸ ➨t②r✐❞s❛➫st✉♣➡♦✈ý r♦③❞✐❡❧ ♠❡❞③✐ ♥❛♠❡r❛♥ý♠ ❛ r❡á❧♥②♠ ♥❛t♦↔❡♥í♠ ❬✷✶❪✳

✶✺



P♦❞➞❛ ✈ýs❦✉♠✉ ③ ♣r♦❥❡❦t✉ ❍✐▼▲♦❝ ❬✽❪ ♠ô➸❡ ❜②➫ tát♦ ❝❤②❜❛ ❛➸ ✶✵✵ st✉♣➡♦✈✱

❛✈➨❛❦ ♣r✐ ♥♦r♠á❧♥②❝❤ ♣♦❞♠✐❡♥❦❛❝❤ ✭❝❤ô❞③❛ ♥✐❡ t❡s♥❡ ♣♦③❞➝➸ st✐❡♥ ❛❧❡❜♦ ♣♦♣r✐

❦♦✈♦✈ý❝❤ ➨tr✉❦túr❛❝❤✮ ❥❡ ❝❤②❜❛ t♦❧❡r♦✈❛t❡➞♥á✳

❖❜r✳ ✷✳✷✿ ❚r✐ ③❧♦➸❦② ❛❦❝❡❧❡r♦♠❡tr❛✳

❱②✉➸✐t✐❡ s♠❛rt❢ó♥♦✈ ❥❡ ♥❡✈②❤♥✉t♥é ♣r❡ ✈②t✈♦r❡♥✐❡ ús♣❡➨♥❡❥ ❛♣❧✐❦á❝✐❡ ✐♥❞♦♦r ♥❛✈✐✲

❣á❝✐❡ ❛❞r❡s♦✈❛♥❡❥ ➨✐r♦❦é♠✉ ♦❦r✉❤✉ ♣♦✉➸í✈❛t❡➞♦✈✳ ❖❞ ❛❧❣♦r✐t♠✉ ✐♥❞♦♦r ❧♦❦❛❧✐③á❝✐❡ s❛

✈②➸❛❞✉❥❡✱ ❛❜② ❜♦❧ s❝❤♦♣♥ý ✈②s♣♦r✐❛❞❛➫ s❛ s ♥❡♣r❡s♥♦s➫❛♠✐ ③♦ s❡♥③♦r♦✈✳ ❏❡ ♣♦tr❡❜♥é

♠②s❧✐❡➫ ❛❥ ♥❛ ♦❜♠❡❞③❡♥ý ✈ý♣♦↔t♦✈ý ✈ý❦♦♥ ❜❡➸♥é❤♦ s♠❛rt❢ó♥✉✳

✷✳✸ ▼❡tó❞② ✉r↔❡♥✐❛ ❛❜s♦❧út♥❡❥ ♣♦③í❝✐❡

❙❛♠♦t♥ý ❛❦❝❡❧❡r♦♠❡t❡r ❛ ❦♦♠♣❛s ♥✐❡ sú s❝❤♦♣♥é ✉r↔✐➫ ❛❜s♦❧út♥✉ ♣♦③í❝✐✉ ✈ ❜✉❞♦✈❡✳

P♦♠♦❝♦✉ tý❝❤t♦ s❡♥③♦r♦✈ ❥❡ ♠♦➸♥é ❞❡t❡❦♦✈❛➫ ❦r♦❦② ❛ t❡❞❛ ✉r↔✐➫ ③♠❡♥✉ ♣♦③í❝✐❡ ✈③❤➞❛✲

❞♦♠ ❦ ♥❡❥❛❦❡❥ ♣♦↔✐❛t♦↔♥❡❥ ♣♦③í❝✐✐✳ Pr❡ ✉r↔❡♥✐❡ ❛❜s♦❧út♥❡❥ ♣♦③í❝✐❡ ❥❡ ♣♦tr❡❜♥é ♣♦✉➸✐➫

✐♥ú ♠❡tó❞✉✳ ❆❧❣♦r✐t♠✉s ♣♦✉➸✐tý ♥❛ ❧♦❦❛❧✐③♦✈❛♥✐❡ ♣♦✉➸í✈❛t❡➞❛✱ ↔✐➸❡ ✉r↔❡♥✐❡ ♣♦↔✐❛t♦↔✲

♥é❤♦ ♠✐❡st❛ ❥❡ s❛♠♦st❛♥ý♠ ❛❧❣♦r✐t♠♦♠ ❛ ❥❡ ♠♦➸♥é ❤♦ ③❛♠❡♥✐➫ ③❛ ✐♥ý✳ Pr✐ ❞❡♠♦♥➨trá❝✐✐

♥❛➨✐❝❤ ❛❧❣♦r✐t♠♦✈ ✈ ♥❛➨♦♠ ♣r♦t♦t②♣❡ ♣♦✉➸í✈❛♠❡ ◗❘ ❦ó❞②✳

◗❘ ❦ó❞②

◗❘ ❦ó❞② sú ❜❡➸♥é♠✉ ♣♦✉➸í✈❛t❡➞♦✈✐ s♠❛rt❢ó♥♦✈ ③♥á♠❡✳ ❱✐❡♠❡ ✐❝❤ ♣r❡t♦ ♣♦✉➸✐➫ ♥❛ ❧♦✲

❦❛❧✐③á❝✐✉✳ ❚át♦ ♠❡tó❞❛ ❥❡ ❛❧t❡r♥❛tí✈♦✉ ❦ ❥❡❞♥♦❞✉❝❤é♠✉ ♠❛♥✉á❧♥❡♠✉ ✈ý❜❡r✉ ♣♦③í❝✐❡✳

Pr❡ ♣♦✉➸í✈❛t❡➞❛ ❥❡ rý❝❤❧❡❥➨✐❡ ❛ ♣♦❤♦❞❧♥❡❥➨✐❡ ♥❛s❦❡♥♦✈❛➫ ❦ó❞ ❛❦♦ ❤➞❛❞❛➫ ✈ ♥❡❥❛❦♦♠

③♦③♥❛♠❡ ❛❧❡❜♦ ♥✐❡↔♦ ♣ís❛➫✳ ❚át♦ ♠❡tó❞❛ ❥❡ st♦♣❡r❝❡♥t♥❡ ♣r❡s♥á✱ ❦❡❞➸❡ ❦❛➸❞ý ◗❘ ❦ó❞

✉♠✐❡st♥❡♥ý ✈ ❜✉❞♦✈❡ ❥❡ ❥❡♥♦③♥❛↔♥ý✳ ❏❡ ♥❛ ♣♦s❦②t♦✈❛t❡➞♦✈✐ ❛♣❧✐❦á❝✐❡ ✈ ❞❛♥❡❥ ❜✉❞♦✈❡✱

❛❜② ③✈á➸✐❧ r♦③♠✐❡st❡♥❡♥✐❡ tý❝❤t♦ ❦ó❞♦✈ ✈ ❜✉❞♦✈❡✳ ❑ó❞② ❜② ♠❛❧✐ ❜②➫ ♣r✐ ✈➨❡t❦ý❝❤

✶✻



✈st✉♣♦❝❤ ❞♦ ❜✉❞♦✈② ❛ ♥❛ ♥✐❡❦t♦rý❝❤ str❛t❡❣✐❝❦ý❝❤ ♠✐❡st❛❝❤✱ ❦❞❡ ❥❡ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫✱

➸❡ ♣♦✉➸í✈❛t❡➞ ③❛♣♥❡ ❛♣❧✐❦á❝✐✉ ♥❛✈✐❣á❝✐❡✳ ■❞❡ ♥❛♣rí❦❧❛❞ ♦ ✈ý❝❤♦❞② ③ ♦❜❝❤♦❞♦✈ ✈ ♥á✲

❦✉♣♥♦♠ ❝❡♥tr❡ ❛❧❡❜♦ ❞✈❡r❡ ♦r❞✐♥á❝✐❡ ❧❡❦ár❛ ✈ ♥❡♠♦❝♥✐❝✐✳ ◆❡✈ý❤♦❞♦✉ tý❝❤t♦ ❦ó❞♦✈

♠ô➸❡ ❜②➫ ♣♦tr❡❜❛ s❦❡♥♦✈❛♥✐❛ ♣♦✉➸í✈❛t❡➞♦♠✳ ❘♦✈♥❛❦♦ ❥❡ ♣♦tr❡❜♥é ♣r❡ ♣♦s❦②t♦✈❛t❡➞❛

❛♣❧✐❦á❝✐❡ ✈ ❜✉❞♦✈❡ ✈②r♦❜✐➫ ◗❘ ❦ó❞② ❛ r♦③♠✐❡st♥✐➫ ✐❝❤ ✈ ❜✉❞♦✈❡✳

❖❜r✳ ✷✳✸✿ ❯❦á➸❦❛ ◗❘ ❦ó❞✉✱ ❦t♦rý ♠á ✐♥❢♦r♠á❝✐✉ ♦ ♥á③✈❡ ❛❦t✉á❧♥❡❥ ♠❛♣②

❛ ♣♦③í❝✐✉ ♣♦✉➸í✈❛t❡➞❛ ✈ ❝❡♥t✐♠❡tr♦❝❤ ✈③❤➞❛❞♦♠ ❦ t❡❥t♦ ♠❛♣❡✳

❲✐❋✐ ✜♥❣❡r♣r✐♥t✐♥❣

Príst✉♣ ✉r↔✉❥ú❝✐ ♣♦③í❝✐✉ ♥❛ ③á❦❧❛❞❡ s✐❧② s✐❣♥á❧✉ ❲✐❋✐ s✐❡t❡ ❥❡ ♣r❡③❡♥t♦✈❛♥ý ✈ ❜❛❦❛❧ár✲

s❦❡❥ ♣rá❝✐ ❬✶✸❪ ✐♥➨♣✐r♦✈❛♥❡❥ ♣♦❞♦❜♥ý♠ ✈ýs❦✉♠♦♠ ❬✶✹❪✳

❊①✐st✉❥❡ ✈✐❛❝❡r♦ s♣ôs♦❜♦✈ ❛❦♦ ✉r↔✐➫ ♣♦③í❝✐✉ ♣♦♠♦❝♦✉ s✐❧② s✐❣♥á❧✉✳ ▼ô➸❡ ís➫ ♦ ❣❡♦✲

♠❡tr✐❝❦é ♠❡tó❞② ❛❦♦ sú tr✐❧❛t❡rá❝✐❛ ❛❧❡❜♦ tr✐❛♥❣✉❧á❝✐❛✳ ❱ tý❝❤t♦ ♣r♦❥❡❦t♦❝❤ s❛ ✈②✲

✉➸í✈❛ ✜♥❣❡r♣r✐♥t✐♥❣✳ ❚át♦ ♠❡tó❞❛ s❛ s♥❛➸í ✈②t✈♦r✐➫ ✉r↔✐tú ❝❤❛r❛❦t❡r✐st✐❦✉ ❦♦♥❦rét♥❡❤♦

♠✐❡st❛ ✈③❤➞❛❞♦♠ ♥❛ s✐❧✉ s✐❣♥á❧✉ ♣r✐❥í♠❛♥ú ③ rô③♥②❝❤ ❲✐❋✐ ✈②s✐❡❧❛↔♦✈✳ ❱ ✐❞❡á❧♥♦♠ ♣rí✲

♣❛❞❡ sú t✐❡t♦ ❝❤❛r❛❦t❡r✐st✐❦② ❥❡❞✐♥❡↔♥é ♣r❡ ❦❛➸❞ú ♣♦③í❝✐✉✳ ❱ ♣r✈♦♠ r❛❞❡ ❥❡ ♣♦tr❡❜♥é

✈②t✈♦r✐➫ ❝❤❛r❛❦t❡r✐st✐❦② ♣r❡ rô③♥❡ ♠✐❡st❛ ✈ ❜✉❞♦✈❡ ❛ ✉❧♦➸✐➫ ✐❝❤ ❞♦ ❞❛t❛❜á③②✳ ◆ás❧❡❞♥❡

s❛ ♣r✐ ❧♦❦❛❧✐③á❝✐✐ ✈②❦♦♥á ♠❡r❛♥✐❡ ❛ ✉r↔í s❛ ❞❛♥á ♣♦③í❝✐❛✳

❚❡♥t♦ ♣ríst✉♣ s❛ ✉❦á③❛❧ ❛❦♦ ❞♦st❛t♦↔♥❡ s♣♦➞❛❤❧✐✈ý ❛❦♦ ♦♣✐s✉❥ú ❡①♣❡r✐♠❡♥t② ✈ s♣♦✲

♠í♥❛♥ý❝❤ ✈ýs❦✉♠♦❝❤✳ ❊①♣❡r✐♠❡♥t② ❜♦❧✐ r♦❜❡♥é ✈ ❜✉❞♦✈á❝❤ s ♠♥♦❤ý♠✐ ♠✐❡st♥♦s➫❛♠✐✱

♥✐❡ ✈ ♦t✈♦r❡♥♦♠ ♣r✐❡st♦r❡ ❛❦♦ ❥❡ ❧❡t✐s❦♦✈á ❤❛❧❛✳ ❱ ❜✉❞♦✈❡ s ♠✐❡st♥♦s➫❛♠✐ s✈♦❥✉ ú❧♦❤✉

③♦❤rá✈❛❥ú st❡♥②✱ ❦t♦ré t❧♠✐❛ ❲✐❋✐ s✐❣♥á❧ ❛ tý♠ ③❧❡♣➨✉❥ú ♣r❡s♥♦s➫ ✉r↔❡♥✐❛ ③❤♦❞② ✜♥✲

❣❡r♣r✐♥t♦✈✳ ❚❡st♦✈❛♥í♠ s❛ ✉❦á③❛❧♦✱ ➸❡ ❥❡ ♥❛❥❧❡♣➨✐❡ ✉r♦❜✐➫ ➨t②r✐ ♠❡r❛♥✐❛✳ P♦❝❤♦♣✐t❡➞♥❡

s ❦❛➸❞ý♠ ↕❛❧➨í♠ ♠❡r❛♥í♠ s❛ ③✈ä↔➨✉❥❡ ♣r❡s♥♦s➫✱ ❛❧❡ ♣♦ ➨t②r♦❝❤ ♠❡r❛♥✐❛❝❤ s❛ tát♦

♣r❡s♥♦s➫ ✉➸ ♥❡③✈②➨✉❥❡ t❛❦ ✈ýr❛③♥❡✳ ◆❛ ♠❡r❛♥✐❛ ❥❡ ♣♦tr❡❜♥ý ✐stý ↔❛s✳ ❆❥ ❦❡↕ ✐❞❡ ❧❡♥

♦ ③♦♣ár s❡❦ú♥❞✱ t♦t♦ r✐❡➨❡♥✐❡ ❥❡ ✈❤♦❞♥é s❦ôr ♥❛ ♦❜↔❛s♥é ✉r↔❡♥✐❡ ❛❦t✉á❧♥❡❥ ❛❜s♦❧út♥❡❥

♣♦③í❝✐❡✳ ❚át♦ ♠❡tó❞❛ ♠ô➸❡ ❢✉♥❣♦✈❛➫ ❛❥ ❛✉t♦♠❛t✐❝❦② ❜❡③ ♥✉t♥♦st✐ ❞♦❞❛t♦↔♥é❤♦ ✈st✉♣✉

♦❞ ♣♦✉➸í✈❛t❡➞❛✳

✶✼



❑❛♣✐t♦❧❛ ✸

▲♦❦❛❧✐③á❝✐❛ s ✈②✉➸✐tí♠ ❛❦❝❡❧❡r♦♠❡tr❛

❛ ❦♦♠♣❛s✉

❑➞ú↔♦✈ý♠ ♣r✈❦♦♠ r✐❡➨❡♥í ✈②✉➸í✈❛❥ú❝✐❝❤ ❛❦❝❡❧❡r♦♠❡t❡r ❛ ❦♦♠♣❛s ❥❡ ❞❡t❡❦❝✐❛ ❦r♦❦♦✈✳

❯r↔❡♥✐❡ ♣♦③í❝✐❡ ♣♦✉➸í✈❛t❡➞❛ s❛ ♣♦↔ít❛ ✈③❤➞❛❞♦♠ ❦ ③❛❞❛♥❡❥ ♥❛✈✐❣❛↔♥❡❥ ❝❡st❡ ❬✷✱ ✷✷❪✳

❚❡♥t♦ ♣ríst✉♣ ♣r❡❞♣♦❦❧❛❞á✱ ➸❡ ♣♦✉➸í✈❛t❡➞ ♥❛♦③❛❥ ❦rá↔❛ ♣♦ ❞❛♥❡❥ tr❛s❡✳

✸✳✶ ▲♦❦❛❧✐③á❝✐❛ s ❡①♣❧✐❝✐t♥❡ ❞❛♥♦✉ ♥❛✈✐❣❛↔♥♦✉ ❝❡st♦✉

Pr♦❥❡❦t ❋♦♦tP❛t❤ ❬✷❪ ♣r✐♥á➨❛ r✐❡➨❡♥✐❡ s ✈②✉➸✐tí♠ s❡♥③♦r♦✈ ❞♦st✉♣♥ý❝❤ ✈ ❜❡➸♥♦♠ s♠❛rt✲

❢ó♥❡✳ Pr❛❝✉❥❡ s❛ s ❤♦❞♥♦t❛♠✐ ③ ❛❦❝❡❧❡r♦♠❡tr❛✱ ❦t♦ré ♣♦s❦②t✉❥ú ✈st✉♣ ♣r❡ ❛❧❣♦r✐t♠✉s

❞❡t❡❦❝✐❡ ❦r♦❦♦✈✳ P♦♠♦❝♦✉ ❦♦♠♣❛s✉ s❛ ✉r↔✉❥❡ ❛❦t✉á❧♥❡ ♥❛t♦↔❡♥✐❡ ③❛r✐❛❞❡♥✐❛✳ ❱ t♦♠t♦

♣ríst✉♣❡ s❛ ✉r↔✉❥❡ r❡❧❛tí✈♥❛ ♣♦③í❝✐❛ ✈③❤➞❛❞♦♠ ♥❛ ③❛❞❛♥ú tr❛s✉✳ P♦♣✐s r✐❡➨❡♥✐❛ ✈ ♥✐❡✲

❦♦➞❦ý❝❤ ❦r♦❦♦❝❤ ✐❧✉str✉❥❡ ♥❛s❧❡❞♦✈♥ý ♦❜rá③♦❦ ✸✳✹✳

❖❜r✳ ✸✳✹✿ ❙❝❤é♠❛ ❢✉♥❣♦✈❛♥✐❛ ❛♣❧✐❦á❝✐❡ ♥❛✈✐❣á❝✐❡ ♣r♦❥❡❦t✉ ❋♦♦tP❛t❤

✶✽



❚❡♥t♦ ♣ríst✉♣ r✐❡➨✐ ♥❛s❧❡❞♦✈♥é ✉❞❛❧♦st✐✿

✶✳ ❋♦♦tP❛t❤ ❛♣❧✐❦á❝✐❛ ③ís❦❛ ♠❛♣✉ ❜✉❞♦✈② ✈②✉➸✐tí♠ ❖♣❡♥❙tr❡❡t▼❛♣ ❬✷✸❪✳

✷✳ P♦✉➸í✈❛t❡➞ ③❛❞á ❛❦t✉á❧♥✉ ❛ ❝✐❡➞♦✈ú ♣♦③í❝✐✉✱ ↔♦ ✈ ❦♦♥❦rét♥❡❥ ❛♣❧✐❦á❝✐✐ ③♥❛♠❡♥á

↔ís❧❛ ❞✈❡rí✱ ♣r✐ ❦t♦rý❝❤ s❛ ♥❛❝❤á❞③❛ ❛ ❦t♦ré sú ❥❡❤♦ ❝✐❡➞♦✈♦✉ ♣♦③í❝✐♦✉✳ ❆♣❧✐❦á❝✐❛

✈②rát❛ ❝❡st✉ ③ ♣♦↔✐❛t♦↔♥❡❥ ❛❦t✉á❧♥❡❥ ♣♦③í❝✐❡ ❦ ❝✐❡➞✉✳

✸✳ ❆♣❧✐❦á❝✐❛ ❜❡r✐❡ ❤♦❞♥♦t② ③ ❛❦❝❡❧❡r♦♠❡tr❛ ❛ ❦♦♠♣❛s✉ ❛ ❞❡t❡❦✉❥❡ ❦r♦❦②✳

✹✳ ❱②♣♦↔ít❛♥á ❝❡st❛ ❥❡ r❡♣r❡③❡♥t♦✈❛♥á s❡❦✈❡♥❝✐♦✉ ♦❞❤❛❞♦✈❛♥ý❝❤ ❦r♦❦♦✈✳ ❑❛➸❞ý

❦r♦❦ ❥❡ ✉r↔❡♥ý s✈♦❥í♠ ♥❛t♦↔❡♥í♠✳

✺✳ ❉❡t❡❦♦✈❛♥é ❦r♦❦② sú tr❛s❢♦r♠♦✈❛♥é ♥❛ ♣♦❞♦❜♥ú s❡❦✈❡♥❝✐✉ ❛❦♦ ♣r✐ ③❛❞❛♥❡❥ tr❛s❡✳

◆❛ ✉r↔❡♥✐❡ ♥❛t♦↔❡♥✐❛ s❛ ✈②✉➸✐❥ú ❤♦❞♥♦t② ③ ❦♦♠♣❛s✉✳

✻✳ P♦✉➸✐❥❡ s❛ ❛❧❣♦r✐t♠✉s ♥❛ ③✐st❡♥✐❡ ❛❦t✉á❧♥❡❥ ♣♦③í❝✐❡ ✈③❤➞❛❞♦♠ ♥❛ ③❛❞❛♥ú tr❛s✉✳

❆♣❧✐❦á❝✐❛ ♣♦s❦②t♥❡ ♣♦✉➸í✈❛t❡➞♦✈✐ ✐♥❢♦r♠á❝✐✉ ♦ ❛❦t✉á❧♥❡❥ ♣♦❧♦❤❡✳

❉➝➸❦❛ ❦r♦❦✉ ❜♦❧❛ ✈ t♦♠t♦ ♣r♦❥❡❦t❡ ✈②♣♦↔ít❛♥á ♥❛ ③á❦❧❛❞❡ ③❛❞❛♥❡❥ ✈ý➨❦② ♣♦✉➸í✈❛t❡➞❛✳

❆❥ ❦❡↕ s❛ ✉❦á③❛❧❛ tát♦ ♠❡tó❞❛ ❛❦♦ ♥❡♣r❡s♥á✱ ❛❧❣♦r✐t♠✉s ♥❛ ✉r↔❡♥✐❡ ♣♦③í❝✐❡ s❛ ✈❡❞❡❧

✈②s♣♦r✐❛❞❛➫ s t♦✉t♦ ♥❡♣r❡s♥♦s➫♦✉✳ ◆❛ s❛♠♦t♥é ✉r↔❡♥✐❡ ♣♦③í❝✐❡✱ ↔✐➸❡ ♥❛ ❤➞❛❞❛♥✐❡ ③❤♦❞②

♠❡❞③✐ s❡❦✈❡♥❝✐❛♠✐ ❦r♦❦♦✈ ❡①tr❛❤♦✈❛♥ý❝❤ ③♦ ③❛❞❛♥❡❥ tr❛s② ❛ ❞❡t❡❦♦✈❛♥ý♠✐ ❦r♦❦♠✐✱

❜♦❧✐ ♣♦✉➸✐té ❞✈❛ ♣ríst✉♣②✳ ❆❧❣♦r✐t♠✉s✱ ❦t♦rý ❞♦s❛❤♦✈❛❧ ❧❡♣➨✐❡ ✈ýs❧❡❞❦②✱ ✈②✉➸í✈❛ ♣r✐♥❝í♣

❞②♥❛♠✐❝❦é❤♦ ♣r♦❣r❛♠♦✈❛♥✐❛✳

❱ ❜❛❦❛❧árs❦❡❥ ♣rá❝✐ ❬✷✷❪ ❜♦❧✐ t❡st♦✈❛♥é t✐❡t♦ ❛❧❣♦r✐t♠② ❛ ♣r✐❞❛♥é ✈❧❛st♥é ✈②❧❡♣➨❡♥✐❛✳

Pr✐ t❡st♦❝❤ s❛♠♦t♥❡❥ ❧♦❦❛❧✐③á❝✐❡ ♣♦✉➸í✈❛t❡➞❛ s❛ ✉❦á③❛❧♦✱ ➸❡ ✈ýs❧❡❞♦❦ ❜♦❧ ③á✈✐s❧ý ♦❞

❞➝➸❦② ❦r♦❦✉✳ ❯♣r❛✈✐❧ s❛ ♣r❡t♦ ❛❧❣♦r✐t♠✉s t❛❦✱ ❛❜② s✐ s tý♠t♦ ❛s♣❡❦t♦♠ ♣♦r❛❞✐❧✳

✸✳✷ ❉❡t❡❦❝✐❛ ❦r♦❦♦✈

◆❛ ❞❡t❡❦❝✐✉ ❦r♦❦♦✈ s❛ ✈②✉➸í✈❛❥ú ❤♦❞♥♦t② ③ ❛❦❝❡❧❡r♦♠❡tr❛✳ ❆❥ ✈ ❛❧❣♦r✐t♠❡ ③ ♣r♦❥❡❦t✉

❋♦♦tP❛t❤✱ ❛❥ ✈ s♣♦♠í♥❛♥❡❥ ❜❛❦❛❧árs❦❡❥ ♣rá❝❡ s❛ s❧❡❞✉❥ú ❤♦❞♥♦t② ✐❜❛ ③ ❥❡❞♥❡❥ ③❧♦➸❦②

❛❦❝❡❧❡r♦♠❡tr❛✱ ❦♦♥❦rét♥❡ ③❧♦➸❦② z✱ ❦t♦rá ❥❡ ❦♦❧♠á ♥❛ ❞✐s♣❧❡❥ ③❛r✐❛❞❡♥✐❛✳ ❑❡❞➸❡ ❤♦❞✲

♥♦t② ③ís❦❛♥é ③ ❛❦❝❡❧❡r♦♠❡tr❛ ♦❜s❛❤✉❥ú ➨✉♠✱ ♣r✐ ♦❜♦❝❤ ♣ríst✉♣♦❝❤ s❛ ❛♣❧✐❦✉❥❡ ❧♦✇ ♣❛ss

✜❧t❡r ✭♦❜rá③♦❦ ↔✳ ✸✳✺✮✳ ❚❡♥t♦ ✜❧t❡r ✈②❤❧❛❞í ③ís❦❛♥é ❞át❛✳ ❙trá❝❛ s❛ ✈➨❛❦ ú❞❛❥ ♦ ❦♦♥❦rét✲

♥❡❥ ❤♦❞♥♦t❡✱ ↔♦ ③♥❡♠♦➸➡✉❥❡ ♠❛t❡♠❛t✐❝❦é ✈ý♣♦↔t② ❞➝➸❦② ❦r♦❦✉ ❛❧❡❜♦ rý❝❤❧♦st✐ ❝❤ô❞③❡✳

❩♥❛♠❡♥á t♦✱ ➸❡ ú❧♦❤♦✉ tý❝❤t♦ ❛❧❣♦r✐t♠♦✈ ❥❡ ✐❜❛ r♦③❤♦❞♥ú➫✱ ↔✐ ❜♦❧ ✉r♦❜❡♥ý ❦r♦❦✳

✶✾



❖❜r✳ ✸✳✺✿ ❍♦❞♥♦t② ③ ❛❦❝❡❧❡r♦♠❡tr❛ ✈②③♥❛↔❡♥é ↔✐❡r♥♦✉ ❢❛r❜♦✉✳ ❍♦❞♥♦t②

♣♦ ❛♣❧✐❦♦✈❛♥í ❧♦✇ ♣❛ss ✜❧tr❛ sú ✈②③♥❛↔❡♥é ↔❡r✈❡♥♦✉ ❢❛r❜♦✉✳

❋♦♦tP❛t❤ ❛❧❣♦r✐t♠✉s

❆❧❣♦r✐t♠✉s ♥❛ ❞❡t❡❦❝✐✉ ❦r♦❦♦✈ ✈ t♦♠t♦ ♣r♦❥❡❦t❡ ✈②✉➸í✈❛ s♥í♠❛♥✐❡ ③♠✐❡♥ ❤♦❞♥ôt ❛❦✲

❝❡❧❡r♦♠❡tr❛✳ ❆❦♦ ✈✐❞í♠❡ ♥❛ ♦❜rá③❦✉ ↔✳ ✸✳✻✱ ❦r♦❦ ❥❡ ❞❡t❡❦♦✈❛♥ý✱ ❦❡↕ s❛ ❤♦❞♥♦t❛ ❛❦❝❡❧❡✲

r♦♠❡tr❛ ③♠❡♥í ♦ ✈✐❛❝ ❛❦♦ ❤♦❞♥♦t❛ p✱ ♣r✐↔♦♠ ❡♠♣✐r✐❝❦② ❜♦❧❛ ③✈♦❧❡♥á ❤♦❞♥♦t❛ 2m/s−2✳

❚át♦ ③♠❡♥❛ s❛ s♥í♠❛ ✈ ♣♦❧✐ ✇✐♥❞♦✇✳ ❉ô❧❡➸✐t♦✉ sú↔❛s➫♦✉ ❥❡ ❛❥ t✐♠❡♦✉t✳ ❱ rá♠❝✐ t♦❤t♦

ús❡❦✉ ♥❡♠ô➸✉ ❜②➫ ❞❡t❡❦♦✈❛♥é ❞✈❛ ❦r♦❦②✳ ■❞❡ ♦ r❡❧❡✈❛♥t♥ú ♣♦❞♠✐❡♥❦✉✱ ❧❡❜♦ ↔❧♦✈❡❦

♥❡✈✐❡ ✉r♦❜✐➫ ❞✈❛ ❦r♦❦② ✈ r♦③♠❡❞③í 333ms✱ ↔♦ ❥❡ ♥✐♠✐ ❞❡✜♥♦✈❛♥á ❤♦❞♥♦t❛ t✐♠❡♦✉t✳

❖❜r✳ ✸✳✻✿ ❉❡t❡❦❝✐❛ ❦r♦❦♦✈ ❛❧❣♦r✐t♠♦♠ ♣♦♣ís❛♥ý♠ ✈ ♣r♦❥❡❦t❡ ❋♦♦tP❛t❤

❚❡♥t♦ ❛❧❣♦r✐t♠✉s ✉❦á③❛❧ ❞♦❜rú s❝❤♦♣♥♦s➫ ✈②s♣♦r✐❛❞❛➫ s❛ s rô③♥♦✉ rý❝❤❧♦s➫♦✉ ♣♦✲

❤②❜✉✱ rô③♥♦✉ ❞➝➸❦♦✉ ❦r♦❦✉✱ rô③♥♦✉ tr❛❥❡❦tór✐♦✉ ❛ ♣♦❤②❜♦♠ ♣♦ s❝❤♦❞♦❝❤✳ ❩❧❡ ❞❡t❡❦♦✲

✈❛♥é ❦r♦❦② ❜♦❧✐ ♣r❡✈❛➸♥❡ ♥❛ ③❛↔✐❛t❦✉ ❛ ♥❛ ❦♦♥❝✐ ❝❤ô❞③❡ ❛ t✐❡➸ ♣r✐ ✈❡➞♠✐ ✈ýr❛③♥ý❝❤

③♠❡♥á❝❤ ❤♦❞♥ôt ❛❦❝❡❧❡r♦♠❡tr❛✳

✷✵



➆t✈♦r❢á③♦✈ý ❛❧❣♦r✐t♠✉s

❆❧❣♦r✐t♠✉s ✈②❝❤á❞③❛ ③ ♣♦③♦r♦✈❛♥✐❛✱ ➸❡ ❤♦❞♥♦t② ❛❦❝❡❧❡r♦♠❡tr❛ s❛ ♣r✐ ❦❛➸❞♦♠ ❦r♦❦✉

s♣rá✈❛❥ú ♣♦❞♦❜♥❡ ❛❥ ♥❛♣r✐❡❦ ♥❡♣r❡s♥♦st✐❛♠ s❡♥③♦r❛✳ ❱✐❡♠❡ ✈ tý❝❤t♦ ❞át❛❝❤ ✐❞❡♥t✐✜✲

❦♦✈❛➫ ➨t②r✐ ❢á③②✱ ❦t♦ré sú ♣rít♦♠♥é✱ ❦❡↕ ❥❡ ✈②❦♦♥❛♥ý ❦r♦❦✳ ❑ý♠ ❥❡ ③❛r✐❛❞❡♥✐❡ ✈ ♣♦❦♦❥✐✱

❛❦❝❡❧❡r♦♠❡t❡r ✉✈á❞③❛ ✉r↔✐tú ♣♦❦♦❥♦✈ú ❤♦❞♥♦t✉✳ ◆ás❧❡❞♥❡ ♣r✐ ✈②❦♦♥❛♥í ❦r♦❦✉ s❛ tát♦

❤♦❞♥♦t❛ ③✈②➨✉❥❡✱ ❛➸ ❦ý♠ ❞♦s✐❛❤♥❡ ❧♦❦á❧♥❡ ♠❛①✐♠✉♠✳ P♦t♦♠ ❦❧❡sá ♥❛s♣ä➫ ♥❛ ♣♦❦♦❥♦✈ú

❤♦❞♥♦t✉ ❛ ♣♦❦r❛↔✉❥❡ ↕❛❧❡❥ ♥❛ ❧♦❦á❧♥❡ ♠✐♥✐♠✉♠✳ ❱ ♣♦s❧❡❞♥❡❥ ❢á③❡ ❦r♦❦✉ s❛ ❤♦❞♥♦t❛

✈rát✐ ♥❛ ♣ô✈♦❞♥ú ❤♦❞♥♦t✉✳ ❑❡↕➸❡ ❞át❛ ③ ❛❦❝❡❧❡r♦♠❡tr❛ ❛❥ ♣♦ ❛♣❧✐❦♦✈❛♥í ❧♦✇ ♣❛ss ✜❧tr❛

♥✐❡ sú ✐❞❡á❧♥❡✱ ♣♦❦♦❥♦✈ú ❤♦❞♥♦t✉ s♠❡ ♥❛❤r❛❞✐❧✐ ✐♥t❡r✈❛❧♦♠✱ ↔♦ ✈✐❞✐❡➫ ❛❥ ♥❛ ♦❜rá③❦✉

↔✳ ✸✳✼✳

❖❜r✳ ✸✳✼✿ ❉❡t❡❦❝✐❛ ❦r♦❦♦✈ s ✈②✉➸✐tí♠ ➨t②r♦❝❤ ❢á③ ♣r✐ ❦❛➸❞♦♠ ❦r♦❦✉✳

❚❡♥t♦ ❛❧❣♦r✐t♠✉s r♦❜✐❧ tý♠ ♠❡♥❡❥ ❝❤②❜♥ý❝❤ ❞❡t❡❦❝✐í✱ ↔í♠ ✈ä↔➨✐❡ ❜♦❧✐ ❦r♦❦② ❛❧❡❜♦

↔í♠ rý❝❤❧❡❥➨✐❡ ❜♦❧✐ ❦r♦❦② r♦❜❡♥é✳ ❱ýr❛③♥❡ ❧❡♣➨✐❡ ❜♦❧✐ ✈ýs❧❡❞❦② ♣r✐ ↔❛st❡❥➨í❝❤ ③♠❡♥á❝❤

③♦ stát✐❛ ♥❛ ❝❤ô❞③✉ ❛ ♥❛♦♣❛❦✳ ❍♦r➨✐❡ ✈ýs❧❡❞❦② ❞♦s✐❛❤♦❧ ✈ s✐t✉á❝✐❛❝❤✱ ❦❡↕ ♣♦✉➸í✈❛t❡➞

♠❡♥✐❧ ♥❛❦❧♦♥❡♥✐❡ ③❛r✐❛❞❡♥✐❛✱ ❛❧❡❜♦ r♦❜✐❧ ♣♦♠❛❧é ❦r♦❦②✳

P♦r♦✈♥❛♥✐❡ ❛❧❣♦r✐t♠♦✈

❖❜❛ ❛❧❣♦r✐t♠② ❞♦s✐❛❤❧✐ ✈②s♦❦ú s♣♦➞❛❤❧✐✈♦s➫ ♣r✐ ❜❡➸♥❡❥ ❝❤ô❞③✐✳ ❘♦③❞✐❡❧ ❥❡ ❛❧❡ ✈ ❞r✉❤✉

❝❤ý❜✱ ❦t♦ré s❛ ✈②s❦②t♦✈❛❧✐✳ ❆❧❣♦r✐t♠✉s ③ ♣r♦❥❡❦t✉ ❋♦♦tP❛t❤ ❥❡ ❧✐❜❡rá❧♥②✱ ❞❡t❡❦♦✈❛❧ ♦❦✲

r❡♠ ✈②❦♦♥❛♥ý❝❤ ❦r♦❦♦✈ ❛❥ ❢❛❧♦➨♥é ❦r♦❦②✱ ❦t♦ré ♥❡❜♦❧✐ ✈②❦♦♥❛♥é✳ ❉♦❦á③❛❧ ✈➨❛❦ s♣rá✈♥❡

✐❞❡♥t✐✜❦♦✈❛➫ ✈➨❡t❦② ♥❛♦③❛❥ ✉r♦❜❡♥é ❦r♦❦②✳ Pr✐❡♠❡r♥❡ ❞❡t❡❦♦✈❛❧ ➨t②r✐ ❢❛❧♦➨♥é ❦r♦❦② ♥❛

st♦ ❞♦❜rý❝❤✳ ◆á➨ ❛❧❣♦r✐t♠✉s ❥❡ ❦♦♥③❡r✈❛tí✈♥②✳ ◆❡❞❡t❡❦♦✈❛❧ ➸✐❛❞❡♥ ❢❛❧♦➨♥ý ❦r♦❦✱ ❛❧❡
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♦❜↔❛s ♥✐❡❦t♦rý ✈②❦♦♥❛♥ý ❦r♦❦ ♥❡③❛③♥❛♠❡♥❛❧✳ Pr✐ ❜❡➸♥❡❥ ❝❤ô❞③✐ ✐➨❧♦ ♣r✐❜❧✐➸♥❡ ♦ ❥❡❞❡♥

♥❡❞❡t❡❦♦✈❛♥ý ❦r♦❦ ♥❛ st♦ s♣rá✈②❝❤ ❦r♦❦♦✈✳

❚✐❡t♦ ❞✈❛ ♣ríst✉♣♦♠ rô③♥❡✱ ❛❧❡ s♣♦➞❛❤❧✐✈♦s➫♦✉ ♣♦❞♦❜♥é ❛❧❣♦r✐t♠② sú ❞♦❜rý♠ ♣♦✲

t❡♥❝✐á❧♦♠ ♣r❡ ↕❛❧➨✐❡ ❧♦❦❛❧✐③❛↔♥é ❛❧❣♦r✐t♠②✳ ❱✐❡♠❡ s✐ ♣♦❞➞❛ ♣♦tr❡❜② ③✈♦❧✐➫ ♣ríst✉♣✱

s ❦t♦rý♠ ❜✉❞❡ ❛❧❣♦r✐t♠✉s ❧♦❦❛❧✐③á❝✐❡ ❞♦s❛❤♦✈❛➫ ❧❡♣➨✐❡ ✈ýs❧❡❞❦②✳ ❈✐❡➞♦♠ ↕❛❧➨í❝❤ ❧♦❦❛✲

❧✐③❛↔♥ý❝❤ ❛❧❣♦r✐t♠♦✈ ❜✉❞❡ ♦❦r❡♠ ✐♥é❤♦ ❛❥ ✈②s♣♦r✐❛❞❛♥✐❡ s❛ s ❝❤②❜❛♠✐ s♣ôs♦❜❡♥ý♠✐

♥❡♣r❡s♥ý♠✐ ♠❡r❛♥✐❛♠✐ s❡♥③♦r♦✈ ❛ ❦✉♠✉❧♦✈❛♥ý♠✐ ❝❤②❜❛♠✐ ③ ❛❧❣♦r✐t♠✉ ❞❡t❡❦❝✐❡ ❦r♦✲

❦♦✈✳

✸✳✸ ◆❛t♦↔❡♥✐❡ ③❛r✐❛❞❡♥✐❛

❘ô③♥❡ ♥❛t♦↔❡♥✐❡ ③❛r✐❛❞❡♥✐❛ s♣ôs♦❜♦✈❛❧♦ ♣r♦❜❧é♠② ♣r✐ ♦❜♦❝❤ ❛❧❣♦r✐t♠♦❝❤ ♥❛ ❞❡t❡❦♦✲

✈❛♥✐❡ ❦r♦❦♦✈✳ Pr❡❞♣♦❦❧❛❞❛❧♦ s❛ ✈♦❞♦r♦✈♥é ❞r➸❛♥✐❡ ③❛r✐❛❞❡♥✐❛ ✭♦❜rá③♦❦ ↔✳ ✸✳✽ ✲ s✐t✉✲

á❝✐❛ A✮✳ Pr✐ ❦rá↔❛♥í s❛ ③❛r✐❛❞❡♥✐❡ ♣♦❤②❜♦✈❛❧♦ ♥❛❤♦r ❛ ♥❛❞♦❧✱ ❛❧❣♦r✐t♠✉s ♥❛ ❞❡t❡❦❝✐✉

❦r♦❦♦✈ ❜r❛❧ ❞♦ ú✈❛❤② ❧❡♥ ❥❡❞♥✉ ③❧♦➸❦✉ ❛❦❝❡❧❡r♦♠❡tr❛ ✭③❧♦➸❦❛ z ✲ ♥❛ ♦❜rá③❦✉ ✈②③♥❛↔❡♥á

↔❡r✈❡♥♦✉ ❢❛r❜♦✉✮✳ Pr✐ ♥❛➨♦♠ t❡st♦✈❛♥í ♣♦✉➸✐t❡➞♥♦st✐ ❛❧❣♦r✐t♠♦✈ ♣♦✉➸í✈❛t❡❧✐❛ ♥❡❞♦st❛❧✐

✐♥➨tr✉❦❝✐❡ ❛❦♦ ❞r➸❛➫ ③❛r✐❛❞❡♥✐❡✳ ❯❦á③❛❧♦ s❛✱ ➸❡ ❛❥ ❦❡↕ ✈ä↔➨✐♥❛ ❞r➸❛❧❛ s♠❛rt❢ó♥ ✈♦❞♦✲

❞♦✈♥❡✱ t❛❦ s❛ ♥❛➨❧✐ ♣♦✉➸í✈❛t❡❧✐❛✱ ❦t♦rí ❞r➸❛❧✐ ③❛r✐❛❞❡♥✐❡ ③✈✐s❧♦ ✭✉❤♦❧✱ ❦t♦rý ③✈✐❡r❛❧

s♠❛rt❢ó♥ s ♣♦❞❧❛❤♦✉ s❛ ❜❧í➸✐❧ 90◦✮ ❛❧❡❜♦ ➨✐❦♠♦ ✭✉❤♦❧ ❜♦❧ ♥✐❡❦❞❡ ✈ ✐♥t❡r✈❛❧❡ ♦❞ 30◦ ❞♦

45◦✮✳ Pr✐ ♥❛❦❧♦♥❡♥✐❛❝❤ B ❛ C ➨t✈♦r❢á③♦✈ý ❛❧❣♦r✐t♠✉s✱ ❦t♦rý ✈♦ ✈➨❡♦❜❡❝♥♦st✐ ❞♦s❛❤♦✈❛❧

tr♦❝❤✉ ❧❡♣➨✐❡ ✈ýs❧❡❞❦②✱ ♥❡❜♦❧ ✈ô❜❡❝ s❝❤♦♣♥ý ❞❡t❡❦♦✈❛➫ ❦r♦❦②✳ ❆❧❣♦r✐t♠✉s ③ ♣r♦❥❡❦t✉

❋♦♦tP❛t❤ s❛ ❛❦♦ t❛❦ ✈❡❞❡❧ ✈②s♣♦r✐❛❞❛➫ s♦ s✐t✉á❝✐♦✉ B✱ ③❛ ♣r❡❞♣♦❦❧❛❞✉✱ ➸❡ ♠❡r❛♥é ❤♦❞✲

♥♦t② ③ ❛❦❝❡❧❡r♦♠❡tr❛ ❜♦❧✐ ❞♦st❛t♦↔♥❡ ✈ýr❛③♥é✱ ↔♦ ❜♦❧♦ ♣r✐ ♠❡♥➨í❝❤ ✉❤❧♦❝❤✳ ❙✐t✉á❝✐❛ C

❜♦❧❛ ♥❡♣r✐❥❛t❡➞♥á✱ ❦❡❞➸❡ ♣r✐ ♣♦❤②❜❡ ③❛r✐❛❞❡♥✐❛ ♥❛❤♦r ❛ ♥❛❞♦❧✱ ❛❦❝❡❧❡r♦♠❡t❡r ✈ ③❧♦➸❦❡

z ♥❡③❛③♥❛♠❡♥á✈❛❧ ❞♦st❛t♦↔♥❡ ✈ýr❛③♥é ❤♦❞♥♦t②✳

❖❜r✳ ✸✳✽✿ ❘ô③♥❡ t②♣✐❝❦é ♥❛❦❧♦♥❡♥✐❛ ③❛r✐❛❞❡♥✐❛✳

✷✷



❱ t❡❥t♦ ♣rá❝✐ ♣♦♥ú❦❛♠❡ r✐❡➨❡♥✐❡ t❛❦❡❥t♦ s✐t✉á❝✐❡✱ ❦t♦ré ❥❡ ③❛❧♦➸❡♥é ♥❛ s♣r❛❝♦✈á✲

✈❛♥í ú❞❛❥♦✈ ③♦ ✈➨❡t❦ý❝❤ tr♦❝❤ ③❧♦➸✐❡❦ ❛❦❝❡❧❡r♦♠❡tr❛✳ ❆❦ ❜✉❞❡♠❡ ♠❡r❛♥é ❞át❛ ③ ❛❦✲

❝❡❧❡r♦♠❡tr❛ r❡♣r❡③❡♥t♦✈❛➫ ❛❦♦ ✈❡❦t♦r② ✭✈✐❞✐❡➫ ♥❛ ♣r❡❞♦➨❧ý❝❤ ♦❜rá③❦♦❝❤✮✱ ♠ô➸❡♠❡ s✐

❞❡✜♥♦✈❛➫ ✈❡❦t♦r✱ ❦t♦rý ❜✉❞❡ sú↔t♦♠ ✈❡❦t♦r♦✈ ✈➨❡t❦ý❝❤ tr♦❝❤ ③❧♦➸✐❡❦ ✭♦❜rá③♦❦ ↔✳ ✸✳✾

✲ ③❧♦➸❦②✱ ❦t♦rý❝❤ ❤♦❞♥♦t② sú ❜❧í③❦❡ ♥✉❧❡✱ ♥✐❡ sú ③♦❜r❛③❡♥é✮✳ ❱❡❦t♦r sú↔t✉ ✭♦③♥❛↔❡♥ý

S✮ ♠á s♠❡r ✈➸❞② ♦❞ ③❛r✐❛❞❡♥✐❛ s♠❡r♦♠ ♥❛❤♦r✳ Pr❡ ❛❧❣♦r✐t♠✉s ❞❡t❡❦❝✐❡ ❦r♦❦♦✈ ❜✉❞❡

t❡❞❛ ❤♦❞♥♦t♦✉ ③ ❛❦❝❡❧❡r♦♠❡tr❛ ♣rá✈❡ ✈❡➞❦♦s➫ t♦❤t♦ ✈❡❦t♦r❛✳

❖❜r✳ ✸✳✾✿ ❱❡❦t♦r✱ ❦t♦rý ❥❡ sú↔t♦♠ ✈❡❦t♦r♦✈ ♦st❛t♥ý❝❤ ③❧♦➸✐❡❦✳ ❚❡♥t♦ ✈❡❦✲

t♦r s♠❡r✉❥❡ ✈➸❞② ♥❛❤♦r ❛ ❥❡ ♣r❡t♦ ♥❡③á✈✐s❧ý ♦❞ ♥❛❦❧♦♥❡♥✐❛ ③❛r✐❛❞❡♥✐❛✳

❆❦ ❥❡ ③❛r✐❛❞❡♥✐❡ ✈♦ ✈♦❞♦r♦✈♥❡❥ ♣♦❧♦❤❡ A✱ t❛❦ t❡♥t♦ ✈❡❦t♦r ❥❡ t❛❦♠❡r ③❤♦❞♥ý s ✈❡❦✲

t♦r♦♠ ③❧♦➸❦② z✳ ❆❥ ❦❡↕ ❜② t❡♦r❡t✐❝❦② ♠❛❧✐ ❜②➫ t✐❡t♦ ❞✈❛ ✈❡❦t♦r② t♦t♦➸♥é✱ ✈ s❦✉t♦↔♥♦st✐

❛❦❝❡❧❡r♦♠❡t❡r ♥✐❡ ❥❡ ú♣❧♥❡ ♣r❡s♥ý ❛ ♣r♦❞✉❦✉❥❡ ❛❥ ➨✉♠✳ ❚❡❞❛ ♣r✐ ♣♦❤②❜❡ ♥❛❤♦r s❛ ♠❡✲

♥✐❛ ❤♦❞♥♦t② ✈➨❡t❦ý❝❤ tr♦❝❤ ③❧♦➸✐❡❦ ❛❥ ❦❡↕ ♥✐❡❦t♦ré ♠✐♥✐♠á❧♥❡✳ ❩ ♣♦❤➞❛❞✉ ❛❧❣♦r✐t♠♦✈

♥❛ ❞❡t❡❦❝✐✉ ❦r♦❦♦✈ ♥❡❥❞❡ ♦ ✈ý③♥❛♠♥ý r♦③❞✐❡❧✳

P♦ ✐♠♣❧❡♠❡♥tá❝✐✐ ❛ ♦t❡st♦✈❛♥í s❛ ✉❦á③❛❧ t❡♥t♦ ♣ríst✉♣ ❢✉♥❦↔♥ý✳ Pr✐ ✈♦❞♦r♦✈♥♦♠

❞r➸❛♥í ③❛r✐❛❞❡♥✐❛ ✭s✐t✉á❝✐❛ A✮ ♦❜❛ ❛❧❣♦r✐t♠② ❞❡t❡❦♦✈❛❧✐ r♦✈♥❛❦é ❦r♦❦② ❛❦♦ ✈ ♣rí♣❛❞❡✱

❦❡↕ ❜r❛❧✐ ❞♦ ú✈❛❤② ❧❡♥ ❥❡❞♥✉ ③❧♦➸❦✉ ❛❦❝❡❧❡r♦♠❡tr❛✳ ❘♦✈♥❛❦♦ t♦ ❜♦❧♦ ❛❥ ♣r✐ ♥❛t♦↔❡♥✐❛❝❤

B ❛ C✳

❍♦❞♥♦t② ③ ❦♦♠♣❛s✉ s❛ tr♦❝❤✉ ❧í➨✐❛ ♣r✐ rô③♥♦♠ ♥❛❦❧♦♥❡♥í ③❛r✐❛❞❡♥✐❛✳ ❘♦③❞✐❡❧ ♠❡❞③✐

✉❤❧♦♠ ✈ s✐t✉á❝✐✐ A ❛ s✐t✉á❝✐✐ C ♣r✐ r♦✈♥❛❦♦♠ s♠❡r❡ ❝❤ô❞③❡ ❜♦❧ ✈ r♦③♠❡❞③í 15◦ ❛➸ 30◦✳

❱ ♣♦r♦✈♥❛♥í s♦ s❛♠♦t♥ý♠✐ ♥❡♣r❡s♥♦s➫❛♠✐ ❞át ③ ❦♦♠♣❛s✉ sú t✐❡t♦ ♦❞❝❤ý❧❦② ❛❦❝❡♣t♦✲

✈❛t❡➞♥é✳ ❍♦❞♥♦t② ③♦ s❡♥③♦r❛ sú ♣♦↔ít❛♥é ♣r❡ s✐t✉á❝✐✉ A✳ Pr❡ ✈ä↔➨✐♥✉ ♣♦✉➸í✈❛t❡➞♦✈ ❥❡

♥❛❥t②♣✐❝❦❡❥➨✐❛ ♣♦③í❝✐❛ B✱ ❦❞❡ ❥❡ ❝❤②❜❛ ✈ st✉♣➡♦❝❤ ③❛♥❡❞❜❛t❡➞♥á✳

✷✸



❑❛♣✐t♦❧❛ ✹

▲♦❦❛❧✐③á❝✐❛ s ✈②✉➸✐tí♠ ❛❦❝❡❧❡r♦♠❡tr❛

❛ ❦♦♠♣❛s✉ ❜❡③ ❡①♣❧✐❝✐t♥❡ ❞❛♥❡❥

♥❛✈✐❣❛↔♥❡❥ ❝❡st②

P♦❞♠✐❡♥❦❛ ♣♦③♥❛➫ ♥❛✈✐❣❛↔♥ú ❝❡st✉ ❥❡ ♦❜♠❡❞③✉❥ú❝❛✳ ❆❦ s❛ ♣♦✉➸í✈❛t❡➞ r♦③❤♦❞♥❡ ③♠❡♥✐➫

s♠❡r tr❛s② ③ ❛❦é❤♦❦♦➞✈❡❦ ❞ô✈♦❞✉✱ ♠✉sí ❜②➫ ③♥♦✈✉ ✈②♣♦↔ít❛♥á ❛❜s♦❧út♥❛ ♣♦③í❝✐❛ ✐♥♦✉

♠❡tó❞♦✉✳ ❱ t❡❥t♦ ♣rá❝✐ s✐ ❦❧❛❞✐❡♠❡ ♦tá③❦✉✱ ↔✐ ❥❡ ♠♦➸♥é ❧♦❦❛❧✐③♦✈❛➫ ♣♦✉➸í✈❛t❡➞❛ ❛❥

❜❡③ ❡①♣❧✐❝✐t♥❡ ❞❛♥❡❥ ♥❛✈✐❣❛↔♥❡❥ tr❛s②✳ ❩♥❛♠❡♥❛❧♦ ❜② t♦ ♦s❛♠♦st❛t♥❡♥✐❡ ❛❧❣♦r✐t♠✉

❧♦❦❛❧✐③á❝✐❡ ♦❞ ♥❛✈✐❣á❝✐❡✳ ❍❧❛✈♥♦✉ ♠②➨❧✐❡♥❦♦✉ r✐❡➨❡♥✐❛ ❥❡ ✉r↔♦✈❛♥✐❡ ♣r❛✈❞❡♣♦❞♦❜♥♦st✐✱

➸❡ s❛ ♣♦✉➸í✈❛t❡➞ ♥❛❝❤á❞③❛ ♥❛ ♥❡❥❛❦❡❥ ♣♦③í❝✐✐ ✈ ❜✉❞♦✈❡✳

✹✳✶ ❇❛②❡s♦✈s❦é ✜❧tr❡

■♥❞♦♦r ❧♦❦❛❧✐③á❝✐❛ ✈②✉➸í✈❛❥ú❝❛ ❞❡t❡❦❝✐✉ ❦r♦❦♦✈ ♣♦♥ú❦❛ ❛❥ ✐♥é ♠❡tó❞② ❛❦♦ ❥❡ ✉r↔♦✈❛✲

♥✐❡ ♣♦③í❝✐❡ ✈③❤➞❛❞♦♠ ❦ ❞❛♥❡❥ ❝❡st❡✳ ◆❛ ❧♦❦❛❧✐③á❝✐✉ s❛ ↔❛st♦ ✈②✉➸í✈❛❥ú ❜❛②❡s♦✈❦é ✜❧✲

tr❡ ❬✷✹❪✱ ❦t♦ré ♣r❡❞♣♦❦❧❛❞❛❥ú ▼❛r❦♦✈♦✈ ♠♦❞❡❧✳ ❱ tý❝❤t♦ r✐❡➨❡♥✐❛❝❤ s❛ ✈②✉➸í✈❛ ♣r❛✈❞❡✲

♣♦❞♦❜♥♦s➫ ♥❛ ♦❞❤❛❞ st❛✈✉ ♥❡❥❛❦é❤♦ ❞②♥❛♠✐❝❦é❤♦ s②sté♠✉✳ ❊①✐st✉❥❡ ✈✐❛❝❡r♦ ✐♠♣❧❡✲

♠❡♥tá❝✐✐ ❜❛②❡s♦✈s❦ý❝❤ ✜❧tr♦✈✳ ❉❡❧✐❛ s❛ ♥❛ s♣♦❥✐té ❛ ❞✐s❦rét♥❡ ♣♦❞➞❛ t♦❤♦ ❛❦♦ r❡♣r❡③❡♥✲

t✉❥ú s②sté♠✳ ◆❛❥↔❛st❡❥➨✐❡ ♣♦✉➸í✈❛♥é sú ♥❛s❧❡❞♦✈♥é tr✐ ❦♦♥❦rét♥❡ ✐♠♣❧❡♠❡♥tá❝✐❡✱ ❦t♦ré

❜♦❧✐ ♣♦✉➸✐té ❛ ♣♦r♦✈♥❛♥é ❛❥ ✈♦ ✈ýs❦✉♠❡ ♣r❡③❡♥t♦✈❛♥♦♠ ♥❛ ❦♦♥❢❡r❡♥❝✐✐ ■P■◆ ❬✷✺❪✳

• ❑❛❧♠❛♥♦✈ ✜❧t❡r ❥❡ ♥❛❥♣♦✉➸í✈❛♥❡❥➨í ③ tý❝❤t♦ ✜❧tr♦✈ ✭♥❛♣r✳ ❬✷✻❪✮✳ ❚❡♥t♦ s♣♦❥✐tý

✜❧t❡r ✉r↔✉❥❡ ♣♦③í❝✐✉ ♣♦✉➸✐tí♠ ♥♦r♠á❧♥❡❤♦ r♦③❞❡❧❡♥✐❛✳ ❙tr❡❞♥á ❤♦❞♥♦t❛ ✉r↔✉❥❡

❛❦t✉á❧♥✉ ♣♦③í❝✐✉ ❛ r♦③♣t②❧ ❤♦✈♦rí ♦ ♣r❡s♥♦st✐ ♦❞❤❛❞✉✳ ❏❡❤♦ ❤❧❛✈♥♦✉ ✈ý❤♦❞♦✉ ❥❡

✷✹



✈ý♣♦↔t♦✈á ❡❢❡❦t✐✈✐t❛✳ ◆❛❥❧❡♣➨✐❡ ✈ýs❧❡❞❦② ❞♦s❛❤✉❥❡✱ ❛❦ ✐❞❡ ♦ ❧✐♥❡ár♥② s②sté♠ ❛

❛❦ ♥❡✉r↔✐t♦s➫ ♣♦③í❝✐❡ ♥✐❡ ❥❡ ✈❡➞♠✐ ✈②s♦❦á✳

• ▼r✐❡➸❦♦✈ý ♣ríst✉♣ ❥❡ ❞✐s❦rét♥② ✜❧t❡r✱ ❦t♦rý s❛ ③❛❦❧❛❞á ♥❛ r♦✈♥♦♠❡r♥♦♠ r♦③✲

❞❡❧❡♥í ♣r♦str❡❞✐❛ ♥❛ ♠r✐❡➸❦✉ s ♠❛❧ý♠✐ ♣♦❧í↔❦❛♠✐ ✭t②♣✐❝❦② ♠❡❞③✐ ✶✵❝♠ ❛ ✶♠✮✱

❦t♦ré ✉❝❤♦✈á✈❛❥ú ♣r❛✈❞❡♣♦❞♦❜♥♦s➫✱ ➸❡ s❛ ♣♦✉➸í✈❛t❡➞ ♥❛❝❤á❞③❛ ♥❛ ❞❛♥❡❥ ♣♦③í❝✐✐✳

❍❧❛✈♥♦✉ ✈ý❤♦❞♦✉ ❥❡ s❝❤♦♣♥♦s➫ r❡♣r❡③❡♥tá❝✐❡ ❛❦❡❥❦♦➞✈❡❦ ❛❥ ♥❡❧✐♥❡ár♥❡❥ ❞✐str✐✲

❜ú❝✐❡ ♣r❛✈❞❡♣♦❞♦❜♥♦st✐✳ ◆❛❥✈ä↔➨♦✉ ♥❡✈ý❤♦❞♦✉ ❥❡ ✈ý♣♦↔t♦✈á ③❧♦➸✐t♦s➫✳ ❊①✐st✉❥ú

♣ríst✉♣②✱ ❦t♦ré r❡♣r❡③❡♥t✉❥ú ♣r♦str❡❞✐❡ ❜✉❞♦✈② ♣♦♠♦❝♦✉ ❣r❛❢♦✈ ❬✷✼❪✳ ❱ t❛❦♦♠

♣rí♣❛❞❡ s❛ ③✈②➨✉❥❡ ❡❢❡❦t✐✈✐t❛ ✈ý♣♦↔t✉✱ ❛❧❡ ✈ýs❧❡❞♦❦ ♥❡♠✉sí ❜②➫ ú♣❧♥❡ ♣r❡s♥ý✳

• ❷❛st✐❝♦✈ý ✜❧t❡r ❥❡ ❞✐s❦rét♥❛ ✐♠♣❧❡♠❡♥tá❝✐❛ s ✈②✉➸✐tí♠ s❡❦✈❡♥↔♥❡❥ ▼♦♥t❡ ❈❛r❧♦

♠❡tó❞② ✭♣♦✉➸✐tý ♥❛♣r✳ ✈ t♦♠t♦ ♣ríst✉♣❡ ❬✽❪✮✳ ❘❡♣r❡③❡♥t✉❥❡ ♣♦③í❝✐❡ ♣♦✉➸✐tí♠

♠♥♦➸✐♥② ♦❤♦❞♥♦t❡♥ý❝❤ ✈③♦r✐❡❦ ✭↔❛stí❝✮✳ ❚✐❡t♦ ↔❛st✐❝❡ ♥❛s❧❡❞✉❥ú ♣r❛✈✐❞❧á ♣♦❤②✲

❜♦✈é❤♦ ♠♦❞❡❧✉✳ ❚♦ ③♥❛♠❡♥á✱ ➸❡ ♥❛♣rí❦❧❛❞ ♥❡♠ô➸✉ ♣r❡❝❤á❞③❛➫ ❝❡③ st❡♥② ❜✉❞♦✈②

✈ ❞❛♥♦♠ ♠♦❞❡❧✐✳ ◆❛❥✈ä↔➨♦✉ ✈ý❤♦❞♦✉ ❥❡ s❝❤♦♣♥♦s➫ r❡♣r❡③❡♥t♦✈❛➫ ➞✉❜♦✈♦➞♥ú ❤✉s✲

t♦t✉ r♦③❞❡❧❡♥✐❛ ❛ ❥❡ t❡❞❛ ❛♣❧✐❦♦✈❛t❡➞♥á ❛❥ ♥❛ ♥❡❧✐♥❡ár♥❡ s②sté♠②✳ ❱ ♣♦r♦✈♥❛♥í

s ♠r✐❡➸❦♦✈ý♠ ♣ríst✉♣♦♠ ❥❡ ❡❢❡❦tí✈♥② ✈ t♦♠✱ ➸❡ s❛ ↔❛st✐❝❡ ③❛♠❡r✐❛✈❛❥ú ♥❛ ♦❜❧❛s➫

s ♥❛❥✈ä↔➨♦✉ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫♦✉✳ Pr♦❜❧é♠♦♠ ♠ô➸❡ ❜②➫ ♣♦✉➸✐t✐❡ ✈♦ ✈✐❛❝r♦③♠❡r✲

♥♦♠ ♣r✐❡st♦r❡✱ ❦❡❞➸❡ ③❧♦➸✐t♦s➫ r❛st✐❡ ❡①♣♦♥❡♥❝✐á❧♥❡ s ♣♦↔t♦♠ ❞✐♠❡♥③✐í✳

❯r↔❡♥✐❡ s❛♠♦t♥❡❥ ♣♦③í❝✐❡ ♣r✐ ♣♦✉➸✐tí ❦❛❧♠❛♥♦✈❤♦ ❛❧❡❜♦ ↔❛st✐❝♦✈é❤♦ ✜❧tr❛ ♣♦③♦stá✈❛

③ ❞✈♦❝❤ ❢á③✳ Pr✈♦✉ ❢á③♦✉ ❥❡ ♣r❡❞✐❦❝✐❛ ♣♦③í❝✐❡ ♥❛ ③á❦❧❛❞❡ ❞♦st✉♣♥ý❝❤ ✐♥❢♦r♠á❝✐✐ ♦ ❞➝➸❦❡

❦r♦❦✉ ❛ ♥❛t♦↔❡♥í ❛ ❞r✉❤♦✉ ❥❡❥ ❦♦r❡❦❝✐❛✳ ▼r✐❡➸❦♦✈ý ♣ríst✉♣ ♣r❛❝✉❥❡ ♥❛♦♣❛❦✳ ◆❛❥♣r✈

✈②♣♦↔ít❛ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫ ♣r❡ ✈➨❡t❦② ♠✐❡st❛ ✈ ❜✉❞♦✈❡ ❛ ❛➸ ♣♦t♦♠ s❛ ✉r↔í ❛❦t✉á❧♥❛

♣♦③í❝✐❛✳ ❚ý♠ ❧❡♣➨✐❡ ♣♦♣✐s✉❥❡ s✐t✉á❝✐✉ ✈ ❜✉❞♦✈❡✱ ❦❡❞➸❡ s✐ ✉❝❤♦✈á✈❛ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫

♣r❡ ✈➨❡t❦② ♠✐❡st❛✳ ❱ ♣♦r♦✈♥❛♥í s ♣r❡❞♦➨❧ý♠✐ ✜❧tr❛♠✐ s❛ t❡♦r❡t✐❝❦② ③❞á ❜②➫ ♦❞♦❧♥❡❥➨✐

✈♦↔✐ ♥❡♣r❡s♥♦st✐❛♠ ③ ❦♦♠♣❛s✉✳ ◆❛♣rí❦❧❛❞✱ ❦❡↕ s❛ ♦❜❥❛✈í ❥❡❞♥❛ ❛❧❡❜♦ ✈✐❛❝❡r♦ ❤♦❞♥ôt

♥❛t♦↔❡♥✐❛ ✈❡➞♠✐ r♦③❞✐❡❧♥②❝❤ ♦♣r♦t✐ s❦✉t♦↔♥é♠✉ ♥❛t♦↔❡♥✐✉✳ ❚át♦ s✐t✉á❝✐❛ ♠ô➸❡ ❜②➫

s♣ôs♦❜❡♥á ♣rít♦♠♥♦s➫♦✉ ♥✐❡↔♦❤♦ ❦♦✈♦✈é❤♦✳ ❖❜②↔❛❥♥á ♣r❛❝❦❛ ♦♣❛s❦✉ ✈ ❦♦♥t❛❦t❡ s♦

s♠❛rt❢ó♥♦♠ ♠ô➸❡ s♣ôs♦❜✐➫ ♦❞❝❤ý❧❦✉ ♣r✐❜❧✐➸♥❡ 50◦✳ ❚ý♠✱ ➸❡ ♠r✐❡➸❦♦✈ý ✜❧t❡r ♥✐❡ ❥❡

✉♣r✐❛♠❡♥ý s✈♦❥♦✉ ♣r❡❞✐❦❝✐♦✉ ✐❜❛ ♥❛ t❡♥t♦ ❦♦♥❦rét♥② s♠❡r✱ t❛❦ ❜② s♣rá✈♥✉ ✐♥❢♦r♠á❝✐✉

♦ ❛❦t✉á❧♥❡❥ ♣♦③í❝✐✐ ♣♦✉➸í✈❛t❡➞❛ ♥❡♠❛❧ str❛t✐➫✳ ❱ ❦♦♥❦rét♥②❝❤ r✐❡➨❡♥✐❛❝❤ s❛ r♦❜í ♣r✐❡♠❡r

③ ♣♦s❧❡❞♥ý❝❤ ♥✐❡❦♦➞❦ý❝❤ ❤♦❞♥ôt ③ ❦♦♠♣❛s✉✱ ↔♦ ③❛♠❡❞③í t♦♠✉✱ ❛❜② ♥✐❡❦♦➞❦♦ ♠á❧♦

♥❡♣r❡s♥ý❝❤ ❤♦❞♥ôt ③ ❦♦♠♣❛s✉ ♠❛❧♦ ✈♣❧②✈ ♥❛ ♣r❡s♥♦s➫ ❧♦❦❛❧✐③á❝✐❡✳

✷✺



▼r✐❡➸❦♦✈ý ♣ríst✉♣ ❥❡ ♣♦✉➸í✈❛♥ý ❛❥ ✈ ♦❜❧❛st✐ r♦❜♦t✐❦② ❬✸❪✳ ❚✐❡➸ ✐❞❡ ♦ ❧♦❦❛❧✐③á❝✐✉✱ ❛❧❡

s ♥✐❡❦♦➞❦ý♠✐ r♦③❞✐❡❧♠✐ ✈ ♣♦r♦✈♥❛♥í s ✐♥❞♦♦r ❧♦❦❛❧✐③á❝✐♦✉ ♣♦✉➸í✈❛t❡➞❛✳ ◆❛❥♣♦❞st❛t♥❡❥➨í

r♦③❞✐❡❧ ❥❡ ✈ t♦♠✱ ➸❡ ♣r✐ ✐♥❞♦♦r ❧♦❦❛❧✐③á❝✐✐ ♠✉sí♠❡ ♣♦↔ít❛➫ s rô③♥②♠✐ ♣♦✉➸í✈❛t❡➞♠✐✱ ❦t♦rí

♠❛❥ú rô③♥✉ ❞➝➸❦✉ ❦r♦❦✉✳ ❘♦❜♦t ♠❛ ✐♥é s❡♥③♦r② ❛❦♦ s♠❛rt❢ó♥✳ ❯❦á③❛❧♦ s❛ ✈➨❛❦✱ ➸❡

t❡♥t♦ ♣ríst✉♣ ❜♦❧ s❝❤♦♣♥ý s❛ ✈②s♣♦r✐❛❞❛➫ s ♥❡♣r❡s♥♦s➫❛♠✐ ③♦ tý❝❤t♦ s❡♥③♦r♦✈✳ ❱❡➞❦♦✉

✈ý❤♦❞♦✉ ❥❡ ❛❥ s❝❤♦♣♥♦s➫ s♣r❛❝♦✈❛➫ ✈st✉♣② ③ ✈✐❛❝❡rý❝❤ s❡♥③♦r♦✈✳

❱ý③✈♦✉ ♦stá✈❛ ❛♣❧✐❦♦✈❛➫ ♠r✐❡➸❦♦✈ý ♣ríst✉♣ ♥❛ ✐♥❞♦♦r ❧♦❦❛❧✐③á❝✐✉✳ Pr✐ t♦♠ ❥❡ ♣♦✲

tr❡❜♥é ♠②s❧✐❡➫ ♥❛ ❢❛❦t✱ ➸❡ ✐❞❡ ♦ ✈ý♣♦↔t♦✈♦ ♥ár♦↔♥ú ♠❡tó❞✉✳ ❈✐❡➞♦♠ ❥❡ ✈②t✈♦r✐➫ ❛❧✲

❣♦r✐t♠✉s ❧♦❦❛❧✐③á❝✐❡ ❛ ❥❡❤♦ ✐♠♣❧❡♠❡♥tá❝✐✉ t❛❦✱ ❛❜② ❜♦❧ s❝❤♦♣♥ý ✈②♣♦↔ít❛➫ ❛❦t✉á❧♥✉

♣♦③í❝✐✉ ✈ r❡á❧♥♦♠ ↔❛s❡✳ ❱ ♣r❛①✐ t♦ ③♥❛♠❡♥á ✈②♣♦↔ít❛➫ ♣♦③í❝✐✉ ♣♦✉➸í✈❛t❡➞❛ s❦ôr ❛❦♦

✈②❦♦♥á ↕❛❧➨í ❦r♦❦✱ ↔♦ ♠ô➸❡ ❜②➫ ♠❡♥❡❥ ❛❦♦ s❡❦✉♥❞❛✳

✹✳✷ ▲♦❦❛❧✐③❛↔♥ý ♣r❛✈❞❡♣♦❞♦❜♥♦st♥ý ♠♦❞❡❧

❱ t♦♠t♦ ♠♦❞❡❧✐ r❡♣r❡③❡♥t✉❥❡♠❡ ♠❛♣✉ ❜✉❞♦✈② ♣♦♠♦❝♦✉ ♠r✐❡➸❦② ✭♦❜rá③♦❦ ✹✳✶✵✮✳

❖❜r✳ ✹✳✶✵✿ ❘❡♣r❡③❡♥tá❝✐❛ ♠❛♣② ❜✉❞♦✈② ♣♦♠♦❝♦✉ ♠r✐❡➸❦②✳ ▼♦❞r♦✉ ❢❛r❜♦✉

sú ✈②③♥❛↔❡♥é ♥❡❞♦st✉♣♥é ♣♦❧í↔❦❛ ✲ st❡♥② ❛ ✈♣r❛✈♦ ❞♦❧❡ ❛❥ ♠✐❡st❛ ♠✐♠♦

❜✉❞♦✈②✳

▼r✐❡➸❦❛ ❥❡ ❞✈♦❥r♦③♠❡r♥é ♣♦❧❡✱ ❦t♦ré ✉❝❤♦✈á✈❛ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫✱ ➸❡ s❛ ♣♦✉➸í✈❛t❡➞ ♥❛✲

❝❤á❞③❛ ♥❛ ♣rís❧✉➨♥♦♠ ♠✐❡st❡✳ ❆❦ ✐❞❡ ♦ ✈✐❛❝♣♦s❝❤♦❞♦✈ú ❜✉❞♦✈✉✱ t❛❦ ♣r❡ ❦❛➸❞é ♣♦✲

s❝❤♦❞✐❡ ✈②t✈♦rí♠❡ s❛♠♦st❛t♥ú ♠r✐❡➸❦✉✳ Pr❡❞♣♦❦❧❛❞á♠❡✱ ➸❡ ✈✐❡♠❡ ❥❡❞♥♦③♥❛↔♥❡ ✉r↔✐➫

♣♦s❝❤♦❞✐❡✱ ♥❛ ❦t♦r♦♠ s❛ ♣♦✉➸í✈❛t❡➞ ♥❛❝❤á❞③❛✳ ❱ t❡❥t♦ ♠r✐❡➸❦❡ ❡①✐st✉❥ú ❞✈❛ t②♣② ♣♦❧í✲

↔♦❦ ✲ ❞♦st✉♣♥é ❛ ♥❡❞♦st✉♣♥é✳ ❉♦st✉♣♥ý♠ ♣♦❧í↔❦♦♠ ♥❛③ý✈❛♠❡ ❦❛➸❞é t❛❦é ♣♦❧í↔❦♦✱ ❦❞❡

s❛ ♣♦✉➸í✈❛t❡➞ ♠ô➸❡ ♥❛❝❤á❞③❛➫ ♥❛ ♣rís❧✉➨♥♦♠ ♠✐❡st❡ ✈ ❜✉❞♦✈❡✳ ◆❡❞♦st✉♣♥ý♠ ♣♦❧í↔❦♦♠

♥❛③ý✈❛♠❡ ❦❛➸❞é t❛❦é ♣♦❧í↔❦♦✱ ❦❞❡ s❛ ♣♦✉➸í✈❛t❡➞ ♥❡♠ô➸❡ ♥❛❝❤á❞③❛➫✳ ■❞❡ ♦ st❡♥② ❜✉❞♦✈②

❛❧❡❜♦ ♥❡❥❛❦é ♣r❡❦á➸❦② ✈ ❜✉❞♦✈❡ ❛ ♠✐❡st❛ ♠✐♠♦ ❜✉❞♦✈②✳ ❚❛❦át♦ ❞❡✜♥í❝✐❛ ❥❡ ✈❤♦❞♥á
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❤❧❛✈♥❡ ♣r✐ ❜✉❞♦✈á❝❤✱ ❦t♦ré ♥❡♠❛❥ú ➨t✈♦r❝♦✈ý ❛❧❡❜♦ ♦❜❞❧➸♥í❦♦✈ý ♣ô❞♦r②s✳ ❏❡❞♥♦ ♣♦✲

s❝❤♦❞✐❡ ✈✐❡♠❡ r❡♣r❡③❡♥t♦✈❛➫ ➨t✈♦r❝♦✈♦✉ ❛❧❡❜♦ ♦❜❞❧➸♥í❦♦✈♦✉ ♠❛t✐❝♦✉✱ ❦❞❡ ♠✐❡st❛ ♠✐♠♦

❜✉❞♦✈② ♦③♥❛↔í♠❡ ❛❦♦ ♥❡❞♦st✉♣♥é✳

❉ô❧❡➸✐t♦✉ ♦tá③❦♦✉ ♠ô➸❡ ❜②➫ s♣rá✈♥❛ ✈♦➞❜❛ ✈❡➞❦♦st✐ ❥❡❞♥é❤♦ ♣♦❧í↔❦❛ ✈ ♠r✐❡➸❦❡✳

❯r↔❡♥✐❡ t❡❥t♦ ❤♦❞♥♦t② ♠ô➸❡ ❜②➫ ♣r❡❞♠❡t♦♠ t❡st♦✈❛♥✐❛✳

Pr❡ ❦❛➸❞é ♣♦❧í↔❦♦ ♠r✐❡➸❦② s❛ ✉❝❤♦✈á✈❛ ❤♦❞♥♦t❛ ♣r❛✈❞❡♣♦❞♦❜♥♦st✐✳ P [x][y] ✉r↔✉❥❡

♣r❛✈❞❡♣♦❞♦❜♥♦s➫✱ ➸❡ s❛ ♣♦✉➸í✈❛t❡➞ ♥❛❝❤á❞③❛ ♥❛ ♣rís❧✉➨♥❡❥ ♣♦③í❝✐✐ [x, y] ✈ ❜✉❞♦✈❡ ♥❛

❦♦♥❦rét♥♦♠ ♣♦s❝❤♦❞í✳ P [x][y] = 0 ③♥❛♠❡♥á ♥✉❧♦✈ú ♣r❛✈❞❡♣♦❞♦❜♥♦s➫✱ ➸❡ s❛ ♣♦✉➸í✈❛✲

t❡➞ ♥❛❝❤á❞③❛ ♥❛ ♣rís❧✉➨♥❡❥ ♣♦③í❝✐✐✳ ❚❛❦út♦ ❤♦❞♥♦t✉ ♥❛❞♦❜ú❞❛❥ú ♥❡❞♦st✉♣♥é ♣♦❧í↔❦❛✳

◆✉❧♦✈ú ♣r❛✈❞❡♣♦❞♦❜♥♦s➫ ♠ô➸✉ ♥❛❞♦❜ú❞❛➫ ❛❥ ❞♦st✉♣♥é ♣♦❧í↔❦❛✱ ❛❦ ✈✐❡♠❡ s ✉r↔✐t♦s➫♦✉

♣♦✈❡❞❛➫✱ ➸❡ s❛ t❛♠ ♣♦✉➸í✈❛t❡➞ ♥❡♥❛❝❤á❞③❛✳

❱ý♣♦↔❡t

Pr❡❞ s♣✉st❡♥í♠ ✈ý♣♦↔t✉ ❛ ❞❡t❡❦♦✈❛♥í♠ ❦r♦❦♦✈ ♣r❡❞♣♦❦❧❛❞á♠❡ ♠❛♣✉ ❜✉❞♦✈② r❡♣r❡✲

③❡♥t♦✈❛♥ú ❞✈♦❥r♦③♠❡r♥ý♠ ♣♦➞♦♠✳ ❚át♦ ♠r✐❡➸❦❛ ♠á ❞❡✜♥♦✈❛♥é ♥❡❞♦st✉♣♥é ♣♦❧í↔❦❛✳

P♦↔✐❛t❦♦♠ ✈ý♣♦↔t✉ ♠ô➸❡♠❡ ♥❛③✈❛➫ s✐t✉á❝✐✉✱ ❦❡↕ ✉r↔í♠❡ ❛❜s♦❧út♥✉ ♣♦③í❝✐✉ ✈ ❜✉❞♦✈❡

♥✐❡❦t♦r♦✉ ♠❡tó❞♦✉✳ Prís❧✉➨♥á ❤♦❞♥♦t❛ ✈ ♣♦❧✐ P ❥❡ ♥❛st❛✈❡♥á ♥❛ 1✳ ❷í♠ ❜✉❞❡ ✈❡➞❦♦s➫

♣♦❧í↔❦❛ ♠❡♥➨✐❛✱ tý♠ ❥❡ ✈ä↔➨✐❛ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫✱ ➸❡ ♥❡❜✉❞❡♠❡ ✈❡❞✐❡➫ st♦♣❡r❝❡♥t♥❡ ✉r↔✐➫

❛❦t✉á❧♥✉ ♣♦③í❝✐✉✳ ❱ t❛❦♦♠ ♣rí♣❛❞❡ ♠ô➸❡♠❡ ✈✐❛❝❡rý♠ s✉s❡❞♥ý♠ ♣♦❧í↔❦❛♠ ♥❛ ❞❛♥♦♠

♠✐❡st❡ ♣r✐r❛❞✐➫ ♥❡♥✉❧♦✈ú ♣r❛✈❞❡♣♦❞♦❜♥♦s➫✳

❙❛♠♦t♥ý ✈ý♣♦↔❡t ♣r❡❜✐❡❤❛ ✈ ✐t❡rá❝✐❛❝❤✳ ❏❡❞♥❛ ✐t❡rá❝✐❛ ♥❛st❛♥❡✱ ❦❡↕ ❛❧❣♦r✐t♠✉s

♥❛ ❞❡t❡❦❝✐✉ ❦r♦❦♦✈ ③❛③♥❛♠❡♥á ❦r♦❦✳ ❘♦✈♥❛❦♦ ✈ t♦♠ ♠♦♠❡♥t❡ ♣♦s❦②t♥❡ ✐♥❢♦r♠á❝✐✉

③ ❦♦♠♣❛s✉ ♦ ❛❦t✉á❧♥♦♠ ♥❛t♦↔❡♥í✳ ❆❧❣♦r✐t♠✉s ✈ý♣♦↔t✉ ❞♦st❛♥❡ ✈ ❦❛➸❞❡❥ ✐t❡rá❝✐✐ ❤♦❞✲

♥♦t✉ ♥❛t♦↔❡♥✐❛ ❛❦♦ ✈st✉♣♥ý ♣❛r❛♠❡t❡r✳ P♦ ❦❛➸❞❡❥ ✐t❡rá❝✐✐ ♠✉sí ♣❧❛t✐➫✱ ➸❡ sú↔❡t ✈➨❡t✲

❦ý❝❤ ❤♦❞♥ôt ♣r❛✈❞❡♣♦❞♦❜♥♦st✐ ✈ ♠r✐❡➸❦❡ ❥❡ r♦✈♥ý 1✳ P♦③í❝✐❛✱ ❦t♦rá ♣r✐s❧ú❝❤❛ ♣♦❧í↔❦✉

s ♥❛❥✈②➨➨♦✉ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫♦✉ ❜✉❞❡ ♣r❡❤❧ás❡♥á ③❛ ❛❦t✉á❧♥✉ ♣♦③í❝✐✉ ♣♦✉➸í✈❛t❡➞❛✳

▼❛s❦❛

▼❛s❦❛ ❥❡ ❞✈♦❥r♦③♠❡r♥á ➨t✈♦r❝♦✈á ♠❛t✐❝❛ ♥❡♣ár♥❡❥ ❞➝➸❦②✳ ❑❡↕ ❛♣❧✐❦✉❥❡♠❡ ♠❛s❦✉ ❞➝➸❦②

2r+1 ♥❛ ♣♦❧í↔❦♦ P [x][y]✱ ③♥❛♠❡♥á t♦✱ ➸❡ maska[r+1][r+1] ✭str❡❞♦✈é ♣♦❧í↔❦♦ ♠❛s❦②✮

❤♦✈♦rí ❛❦á ❥❡ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫ t♦❤♦✱ ➸❡ ❛❦ ❜♦❧ ♣♦✉➸í✈❛t❡➞ ♥❛ ♣♦③í❝✐✐ [x, y]✱ t❛❦ ♣♦ ❞❡t❡✲

❦♦✈❛♥í ❦r♦❦✉ ❥❡ stá❧❡ ♥❛ ♣♦③í❝✐✐ [x, y] ❛ t❡❞❛ ✈ s❦✉t♦↔♥♦st✐ ♥❡✉r♦❜✐❧ ❦r♦❦✳ Pr❡ ♥✐❡❦t♦ré

✐♥é ♣♦❧í↔❦♦ ♠❛s❦②✱ ♥❛♣r✳ maska[r + 1 + i][r + 1 + j] ❤♦✈♦rí ❛❦á ❥❡ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫✱

➸❡ ❛❦ ❜♦❧ ♣♦✉➸í✈❛t❡➞ ♥❛ ❛❦t✉á❧♥♦♠ ♣♦❧í↔❦✉ [x, y]✱ t❛❦ ♣♦ ❞❡t❡❦♦✈❛♥í ❦r♦❦✉ s❛ ❞♦st❛❧
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♥❛ ♣♦③í❝✐✉ [x+ i, y + j]✳ ❍♦✈♦rí♠❡✱ ➸❡ ✐❞❡ ♦ r♦③❞á✈❛❥ú❝✉ ♠❛s❦✉✱ ♣r❡t♦➸❡ ♠❛s❦❛ ♣♦♣✐✲

s✉❥❡ s♣ôs♦❜✱ ❛❦ý♠ r♦③❞❡➞✉❥❡♠❡ ❤♦❞♥♦t② ♣r❛✈❞❡♣♦❞♦❜♥♦st✐ ♠❡❞③✐ ♣♦❧í↔❦❛ ✈ ❜❧í③❦♦st✐

❛❦t✉á❧♥❡❥ ♣♦❧♦❤②✳ ❙❛♠♦t♥á ♠❛s❦❛ ♥❡③á✈✐sí ♦❞ ♣♦❧í↔❦❛✱ ♥❛ ❦t♦ré ❥✉ ❛♣❧✐❦✉❥❡♠❡✱ ❛❧❡ ♦❞

♥❛t♦↔❡♥✐❛ ❦r♦❦✉ ❛ ✈❡➞❦♦st✐ ❥❡❞♥é❤♦ ♣♦❧í↔❦❛ ♠r✐❡➸❦②✳ ❩♥❛♠❡♥á t♦✱ ➸❡ r♦✈♥❛❦ú ♠❛s❦✉

♠ô➸❡♠❡ ❛♣❧✐❦♦✈❛➫ ♥❛ ❦❛➸❞é ♣♦❧í↔❦♦ ♠r✐❡➸❦②✳

❖❜r✳ ✹✳✶✶✿ ❯❦á➸❦❛ ♠❛s❦② ♣r❡ ✉❤♦❧ 0◦✳ ❖r❛♥➸♦✈♦✉ ❢❛r❜♦✉ ❥❡ ③♦❜r❛③❡♥é

str❡❞♦✈é ♣♦❧í↔❦♦✳ ▼♦❞r♦✉ ❢❛r❜♦✉ ❥❡ ③♦❜r❛③❡♥é ♣♦❧í↔❦♦ s ♥❛❥✈ä↔➨♦✉ ♣r❛✈✲

❞❡♣♦❞♦❜♥♦s➫♦✉✳ Prá③❞♥❡ ♣♦❧í↔❦❛ ♠❛❥ú ♥✉❧♦✈ú ♣r❛✈❞❡♣♦❞♦❜♥♦s➫✳

Pr❡ ✈ý♣♦↔❡t ❤♦❞♥♦t② ❥❡❞♥é❤♦ ♣♦❧í↔❦❛ ♠❛s❦② ♣♦tr❡❜✉❥❡♠❡ ✉r↔✐➫ ✈③❞✐❛❧❡♥♦s➫ ♦❞

str❡❞♦✈é❤♦ ♣♦❧í↔❦❛✱ ↔✐➸❡ t♦❤♦ ♣♦❧í↔❦❛✱ ❦t♦ré ❜✉❞❡ ♣r✐ s❛♠♦t♥♦♠ ✈ý♣♦↔t❡ r❡♣r❡③❡♥t♦✈❛➫

❛❦t✉á❧♥✉ ♣♦③í❝✐✉ ❛ ✉❤♦❧✱ t❡❞❛ s♠❡r ♥❛t♦↔❡♥✐❛✱ ✈ ❦t♦r♦♠ s❛ ❞❛♥é ♣♦❧í↔❦♦ ♥❛❝❤á❞③❛

✈③❤➞❛❞♦♠ ♥❛ ❛❦t✉á❧♥✉ ♣♦③í❝✐✉✳ ❚✐❡t♦ ❤♦❞♥♦t② sú ♥❡✈②❤♥✉t♥é ♣r❡ ✈ý♣♦↔❡t ♠❛s❦②✳ ❇✉✲

❞❡♠❡ ♣r❡❞♣♦❦❧❛❞❛➫✱ ➸❡ ❞➝➸❦❛ ❦r♦❦✉ ♠á ♥♦r♠á❧♥❡ r♦③❞❡❧❡♥✐❡✳ ❩ ❞✐str✐❜✉↔♥❡❥ ❢✉♥❦❝✐❡

r♦③❞❡❧❡♥✐❛ ✈✐❡♠❡ ✉r↔✐➫ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫✱ ➸❡ ❞➝➸❦❛ ❦r♦❦✉ ❜✉❞❡ ③ ♥❡❥❛❦é❤♦ ③❛❞❛♥é❤♦

✐♥t❡r✈❛❧✉✳ ❙tr❡❞♥á ❤♦❞♥♦t❛ ❞➝➸❦② ❦r♦❦✉ ❜✉❞❡ ♥❡♠❡♥♥á✳ ❘♦✈♥❛❦♦ ❜✉❞❡♠❡ ♣r❡❞♣♦❦❧❛✲

❞❛➫✱ ➸❡ ✉❤♦❧ ♥❛t♦↔❡♥✐❛ ♠á ♥♦r♠á❧♥❡ r♦③❞❡❧❡♥✐❡✳ ❙tr❡❞♥♦✉ ❤♦❞♥♦t♦✉ ❜✉❞❡ ✈ ❞❛♥♦♠

♣rí♣❛❞❡ ❛❦t✉á❧♥❡ ♥❛♠❡r❛♥á ❤♦❞♥♦t❛ ③ ❦♦♠♣❛s✉✳

Pr❡ ❥❡❞♥♦t❧✐✈é ♣♦❧í↔❦❛ ♠❛s❦② ♣♦↔ít❛♠❡ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫✱ ➸❡ s❛ ❛❦ ❜♦❧ ♣♦✉➸í✈❛t❡➞

♥❛ str❡❞♦✈♦♠ ♣♦❧í↔❦✉✱ t❛❦ ♣♦ ❞❡t❡❦♦✈❛♥í ❦r♦❦✉ s❛ ❞♦st❛❧ ♥❛ ❞❛♥é ♣♦❧í↔❦♦✳ Pr✐ t♦♠

✈②✉➸✐❥❡♠❡ ❤♦❞♥♦t② ③ ❞✐str✐❜✉↔♥ý❝❤ ❢✉♥❦❝✐í ❛ t♦ t❛❦✱ ➸❡ ❜✉❞❡♠❡ ③✐s➫♦✈❛➫ ♣r❛✈❞❡♣♦✲

❞♦❜♥♦s➫✱ ➸❡ ❞➝➸❦❛ ❦r♦❦✉ ❥❡ ③ ✐♥t❡r✈❛❧✉✱ ❦t♦rý ③♦❞♣♦✈❡❞á ♠✐♥✐♠á❧♥❡❥ ❛ ♠❛①✐♠á❧♥❡❥

✈③❞✐❛❧❡♥♦st✐ ♠❡❞③✐ ❞❛♥ý♠✐ ❞✈♦♠❛ ♣♦❧í↔❦❛♠✐ ✭♦❜rá③♦❦ ↔✳ ✹✳✶✷✮✳ ❉♦❧♥á ❤r❛♥✐❝❛ ✐♥t❡r✲

✈❛❧✉ ❜✉❞❡ ✈③❞✐❛❧❡♥♦s➫ ♦❞ str❡❞✉ ❛❦t✉á❧♥❡❤♦ str❡❞♦✈é❤♦ ♣♦❧í↔❦❛ ❦ ♥❛❥❜❧✐➸➨✐❡♠✉ ❜♦❞✉

③ ♣♦↔ít❛♥é❤♦ ♣♦❧í↔❦❛✳ ❍♦r♥á ❤r❛♥✐❝❛ ❜✉❞❡ ✈③❞✐❛❧❡♥♦s➫ ♦❞ str❡❞✉ ♣♦❧í↔❦❛ ❦ ♥❛❥✈③❞✐❛❧❡✲

♥❡❥➨✐❡♠✉ ❜♦❞✉ ✈ ♣♦↔ít❛♥♦♠ ♣♦❧í↔❦✉✳ ❘♦✈♥❛❦♦ t♦ ♣❧❛tí ♣r❡ ♥❛t♦↔❡♥✐❡✱ ❦❞❡ s❛ ❜❡r✐❡ ❞♦
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ú✈❛❤② ♥❛❥♠❡♥➨í ❛ ♥❛❥✈ä↔➨í ✉❤♦❧✱ ❦t♦rý s♠❡r✉❥❡ ③♦ str❡❞✉ ❛❦t✉á❧♥❡❤♦ str❡❞♦✈é❤♦ ♣♦✲

❧í↔❦❛ ❛ ♣r❡❝❤á❞③❛ ❛❥ ❛❦t✉á❧♥②♠ ♣♦↔ít❛♥ý♠ ♣♦❧í↔❦♦♠✳ ❱❡➞❦♦s➫ ♠❛s❦② ③á✈✐sí ♦❞ ✈❡➞❦♦st✐

♣♦❧í↔❦❛ ♠r✐❡➸❦② ❛ ♠❛①✐♠á❧♥❡❤♦ ♠♦➸♥é❤♦ ❦r♦❦✉✳

❖❜r✳ ✹✳✶✷✿ ❱ý♣♦↔❡t ♣r❛✈❞❡♣♦❞♦❜♥♦st✐ ♣r❡ ➸❧té ♣♦❧í↔❦♦ ♠❛s❦② ✈③❤➞❛❞♦♠

♥❛ ③❡❧❡♥é ♣♦❧í↔❦♦✳ ◆❛ ♣r✈♦♠ ♦❜rá③❦✉ ❥❡ ③♥á③♦r♥❡♥ý ✐♥t❡r✈❛❧ ❞➝➸❦② ❦r♦❦✉

❛ ♥❛ ❞r✉❤♦♠ ✐♥t❡r✈❛❧ ♥❛t♦↔❡♥✐❛✱ t❡❞❛ ✉❤❧❛ ③ís❦❛♥é❤♦ ③ ❦♦♠♣❛s✉✱ ❦t♦rý

③♥❛♠❡♥á✱ ➸❡ s❛ ♣♦✉➸í✈❛t❡➞ ❞♦st❛♥❡ ③♦ ③❡❧❡♥é❤♦ ♣♦❧í↔❦❛ ♥❛ ➸❧té✳

P♦✈r❝❤♦✈á ♠❛s❦❛

◆❛♠✐ ❞❡✜♥♦✈❛♥á ✉♥✐✈❡r③á❧♥❛ ♠❛s❦❛ ✭♥❡③á✈✐s❧á ♦❞ ♠r✐❡➸❦②✮ ♠ô➸❡ ❜②➫ ❛♣❧✐❦♦✈❛♥á ♥❛

❛❦é❦♦➞✈❡❦ ♣♦❧í↔❦♦ ♠r✐❡➸❦② ③❛ ♣r❡❞♣♦❦❧❛❞✉✱ ➸❡ ❥❡ ♠♦➸♥é ❞♦st❛➫ s❛ ③♦ str❡❞♦✈é❤♦ ♣♦✲

❧í↔❦❛ ♥❛ ❦t♦ré❦♦➞✈❡❦ ✐♥é ♣♦❧í↔❦♦ ♣❛tr✐❛❝❡ ♠❛s❦❡✳ Pr♦❜❧é♠ ♥❛stá✈❛ ♣r✐ ♣rít♦♠♥♦st✐

♥❡❞♦st✉♣♥ý❝❤ ♣♦❧í↔♦❦✱ ↔✐➸❡ ♥❛♣rí❦❧❛❞ ✈ ❜❧í③❦♦st✐ st✐❡♥✳ ❙❛♠♦t♥é ♥❡❞♦st✉♣♥é ♣♦❧í↔❦❛

♥✐❡ sú ♣r♦❜❧é♠♦♠ ❛ ❞á s❛ t♦ ✈②r✐❡➨✐➫ ❥❡❞♥♦❞✉❝❤♦✉ ♣♦❞♠✐❡♥❦♦✉✳ ❩❛✉❥í♠❛✈❛ s✐t✉á❝✐❛ ♥❛✲

stá✈❛✱ ❛❦ ❥❡ ♥❡❥❛❦é ♣♦❧í↔❦♦ ❞♦st✉♣♥é✱ ❛❧❡ ♠❡❞③✐ ♥í♠ ❛ str❡❞♦✈ý♠ ♣♦❧í↔❦♦♠ s❛ ♥❛❝❤á❞③❛

♥❡❞♦st✉♣♥é ♠✐❡st♦✳ ❯♥✐✈❡r③á❧♥❛ ♥❡✉♣r❛✈❡♥á ♠❛s❦❛ ❜② ♣r✐r❛❞✐❧❛ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫ ❛❥

t♦♠✉t♦ ♣♦❧í↔❦✉✱ ↔♦ ❜② ③♥❛♠❡♥❛❧♦✱ ➸❡ ♣♦✉➸í✈❛t❡➞ ♠ô➸❡ ♣r❡❝❤á❞③❛➫ ❝❡③ st❡♥②✳ ❙✐t✉á❝✐✉

✈✐❞í♠❡ ♥❛ ♦❜rá③❦✉ ✹✳✶✸✳

❱ ✉r↔✐tý❝❤ ♣rí♣❛❞♦❝❤ ❥❡ ♣♦tr❡❜♥é ♠❛s❦✉ ✉♣r❛✈✐➫ ♣♦❞➞❛ ❦♦♥❦rét♥❡❤♦ ♠✐❡st❛✱ ❦❞❡

s❛ ❛♣❧✐❦✉❥❡✳ Pr❡ ♣♦tr❡❜② ♥á➨❤♦ ❛❧❣♦r✐t♠✉ s♠❡ s✐ t❛❦út♦ ✉♣r❛✈❡♥ú ♠❛s❦✉ ♥❛③✈❛❧✐ ♣♦✈r✲

❝❤♦✈á ♠❛s❦❛✳ ■❞❡ t❡❞❛ ♦ ♠❛s❦✉ r♦✈♥❛❦ý❝❤ r♦③♠❡r♦✈✱ ❦t♦rá ♠á ♦♣r♦t✐ ♣ô✈♦❞♥❡❥ ♠❛s❦❡

♥✐❡❦t♦ré ❤♦❞♥♦t② r♦✈♥é ♥✉❧❡✳ P♦✈r❝❤♦♠ ♥❛③✈❡♠❡ ❞✈♦❥r♦③♠❡r♥é ♣♦❧❡ t❛❦❡❥ ✐st❡❥ ✈❡➞✲

❦♦st✐✱ ❦t♦ré ♣r❡ ❦❛➸❞é ♣♦❧í↔❦♦ ✉r↔✉❥❡✱ ↔✐ ❥❡ ❞♦st✉♣♥é ❛❧❡❜♦ ♥❡❞♦st✉♣♥é ✈③❤➞❛❞♦♠ ♥❛

♠r✐❡➸❦✉ ❛❥ ♥❛ str❡❞♦✈é ♣♦❧í↔❦♦✳ ❚✐❡t♦ tr✐ ♣♦❧✐❛ sú ③♦❜r❛③❡♥é ♥❛ ♦❜rá③❦✉ ✹✳✶✹✳

✷✾



❖❜r✳ ✹✳✶✸✿ ❷❛s➫ ♠❛s❦② s ♣r♦❜❧é♠♦♠ ♣r❡❝❤á❞③❛♥✐❛ ❝❡③ st❡♥②✳ ▼♦❞r♦✉ ❢❛r✲

❜♦✉ ❥❡ ③♥á③♦r♥❡♥á st❡♥❛✱ ↔✐➸❡ ♥❡❞♦st✉♣♥é ♣♦❧í↔❦❛✳ ➎❧tá ❢❛r❜❛ r❡♣r❡③❡♥t✉❥❡

str❡❞♦✈é ♣♦❧í↔❦♦✳ ❷❡r✈❡♥♦✉ ❢❛r❜♦✉ ❥❡ ③♥á③♦r♥❡♥é ❥❡❞♥♦ ③ ♣♦❧í↔♦❦✱ ❦t♦ré

❜② ✈ ❞❛♥❡❥ s✐t✉á❝✐✐ ♠❛❧♦ ♠❛➫ ♥✉❧♦✈ú ♣r❛✈❞❡♣♦❞♦❜♥♦s➫ ❛❥ ♥❛♣r✐❡❦ t♦♠✉✱

➸❡ ❥❡ ❞♦st✉♣♥é✳

❖❜r✳ ✹✳✶✹✿ ❱➞❛✈♦ ❤♦r❡ ❥❡ ♠❛s❦❛✳ ❱♣r❛✈♦ ❥❡ ♣♦✈r❝❤✳ ❱➞❛✈♦ ❞♦❧❡ ❥❡ ♣♦✈r✲

❝❤♦✈á ♠❛s❦❛✳

✸✵



❖❜r✳ ✹✳✶✺✿ ❯❦á➸❦❛ ♣♦✈r❝❤✉✳ ❚♠❛✈♦✉ ❢❛r❜♦✉ sú ③♦❜r❛③❡♥é ♥❡❞♦st✉♣♥é

♣♦❧í↔❦❛✳ ➎❧tá ❢❛r❜❛ r❡♣r❡③❡♥t✉❥❡ str❡❞♦✈é ♣♦❧í↔❦♦✳ ❷❡r✈❡♥♦✉ ❢❛r❜♦✉ sú

③♥á③♦r♥❡♥é ♣♦❧í↔❦❛✱ ❦t♦ré ♦③♥❛↔í♠❡ ❛❦♦ ♥❡❞st✉♣♥é ✈③❤➞❛❞♦♠ ♥❛ ❛❦t✉á❧♥❡

str❡❞♦✈é ♣♦❧í↔❦♦✳

◆❛ ♦❜rá③❦✉ ✹✳✶✺ ✈✐❞í♠❡ ♣rí❦❧❛❞ ♣♦✈r❝❤✉✳ Pr❡ ❦❛➸❞é ♣♦❧í↔❦♦ s❛ ✉r↔í✱ ↔✐ ❥❡ ❞♦st✉♣♥é

✈③❤➞❛❞♦♠ ♥❛ str❡❞♦✈é ♣♦❧í↔❦♦ ❉✹✳ Pr❡ ♥✐❡❦t♦ré t②♣✐❝❦é s✐t✉á❝✐❡✱ ♣♦♣í➨❡♠❡ ❛❦♦ s❛

✉r↔✉❥❡✱ ↔✐ ❥❡ ❞❛♥é ♣♦❧í↔❦♦ ❞♦st✉♣♥é✳

• ❉✷ ✲ ❥❡ ❞♦st✉♣♥é✱ ❧❡❜♦ ♠❡❞③✐ str❡❞♦✈ý♠ ❛ tý♠t♦ ♣♦❧í↔❦♦♠ ♥✐❡ ❥❡ ➸✐❛❞♥❛ ♣r❡❦á➸❦❛✳

• ❇✹ ✲ ❥❡ ♥❡❞♦st✉♣♥é✳ ❱②♣❧ý✈❛ t♦ ③♦ s❛♠♦t♥❡❥ ♠r✐❡➸❦②✱ ❦t♦rá ❥❡ r❡♣r❡③❡♥tá❝✐♦✉

❜✉❞♦✈②✳ ◆❛ t♦♠t♦ ♠✐❡st❡ ♠ô➸❡ ❜②➫ ♥❛♣rí❦❧❛❞ st❡♥❛✳

• ❆✹ ✲ ❥❡ ♥❡❞♦st✉♣♥é✳ ❆❦ s❧❡❞✉❥❡♠❡ st➝♣❡❝ ↔ís❧♦ ✹✱ t❛❦ ✈✐❞í♠❡✱ ➸❡ ❆✹ ❥❡ ♥❡❞♦st✉♣♥é

③ ♣♦❧í↔❦❛ ❉✹ ♣rá✈❡ ❦✈ô❧✐ ✐♥é♠✉ ♥❡❞♦st✉♣♥é♠✉ ♣♦❧í↔❦✉ ❇✹✳

• ●✶ ✲ ❥❡ ♥❡❞♦st✉♣♥é✱ ♣r❡t♦➸❡ ❛❦ s❧❡❞✉❥❡♠❡ ❞✐❛❣♦♥á❧✉✱ t❛❦ ♠❡❞③✐ ●✶ ❛ ❉✹ s❛

♥❛❝❤á❞③❛ ♣♦❧í↔❦♦ ❋✷✱ ❦t♦ré ❥❡ ♥❡❞♦st✉♣♥é✳

• ❆✸ ✲ ❥❡ ♥❡❞♦st✉♣♥é✳ ◆❡✈✐❡♠❡ s❧❡❞♦✈❛➫ ♣r❡s♥❡ ♥❡❥❛❦ý st➝♣❡❝✱ r✐❛❞♦❦ ❛❧❡❜♦ ❞✐❛✲

❣♦♥á❧✉✳ Pr❡t♦ ❜❡r✐❡♠❡ ❞♦ ú✈❛❤② ❞✈❡ ♣♦❧í↔❦❛ ❇✸ ❛ ❇✹✳ ❖❜✐❞✈❡ t✐❡t♦ ♠✐❡st❛ sú

♥❡❞♦st✉♣♥é✱ t❛❦ ❛❥ ♣♦❧í↔❦♦ ❆✸ ♦③♥❛↔í♠❡ ③❛ ♥❡❞♦st✉♣♥é✳ ❘♦✈♥❛❦♦ t♦ ❥❡ ❛❥ ♥❛♣r✳

s ♣♦❧í↔❦♦♠ ●✷✳ ❱ t♦♠t♦ ♣rí♣❛❞❡ ♣♦s✉❞③✉❥❡♠❡ ❋✷ ❛ ❋✸✳

✸✶



• ●✻ ✲ ❥❡ ❞♦st✉♣♥é✳ ❘♦✈♥❛❦ý♠ s♣ôs♦❜♦♠ ❛❦♦ ♣r❡ ♣r❡❞♦➨❧é ♣rí♣❛❞② s❛ ♣♦③r✐❡♠❡ ♥❛

❞✈❡ s✉s❡❞♥é ♣♦❧í↔❦❛ s♠❡r♦♠ ❦ str❡❞✉✳ ❑♦♥❦rét♥❡ ❋✺ ❛ ❋✻✳ ❏❡ ♣♦st❛↔✉❥ú❝❡ ❛❦ ❥❡

❥❡❞♥♦ ③ tý❝❤t♦ ♣♦❧í↔♦❦ ❞♦st✉♣♥é✳ ❱ ♥❛➨♦♠ ♣rí♣❛❞❡ ✐❞❡ ♦ ❋✺ ❛ t❡❞❛ ●✻ ♦③♥❛↔í♠❡

❛❦♦ ❞♦st✉♣♥é✳ ❘♦✈♥❛❦♦ ❥❡ t♦ s ♣♦❧í↔❦♦♠ ❆✻ ✭♣♦③❡rá♠❡ s❛ ♥❛ ❇✺ ❛ ❇✻✮ ❛❧❡❜♦ ●✸

✭❋✸✱ ❋✹✮✳ ❆❦ sú ♦❜✐❞✈❡ ♣♦s✉❞③♦✈❛♥é ♣♦❧í↔❦❛ ❞♦st✉♣♥é✱ t❛❦ ❛❥ ❛❦t✉á❧♥❡ ♣♦❧í↔❦♦

♣r❡❤❧ás✐♠❡ ③❛ ❞♦st✉♣♥é ❛❦♦ ✈ ♣rí♣❛❞❡ ❇✼ ✭♣♦s✉❞③♦✈❛♥é ♣♦❧í↔❦❛ ❇✻ ❛ ❈✻✮✳

P♦③♥❛♠❡♥❛❥♠❡✱ ➸❡ ♣r✐ ♣♦s✉❞③♦✈❛♥í ❞♦st✉♣♥♦st✐ s❛ ❜❡rú ❞♦ ú✈❛❤② ♥❡❞♦st✉♣♥é ♣♦❧í↔❦❛✱

❦t♦ré sú t❛❦ý♠✐ ③ ❝❤❛r❛❦t❡r✐st✐❦② ❜✉❞♦✈②✱ ❛❧❡ ❛❥ t✐❡ ♥❡❞♦st✉♣♥é ♣♦❧í↔❦❛✱ ❦t♦ré ❜♦❧✐

✉r↔❡♥é ✈ t♦♠t♦ ♣r♦❝❡s❡ ✈②t✈ár❛♥✐❛ ♣♦✈r❝❤✉ ✈③❤➞❛❞♦♠ ♥❛ str❡❞♦✈é ♣♦❧í↔❦♦✳ ❏❡ ❞ô❧❡➸✐té

r♦③❤♦❞♦✈❛➫ ♦ ❞♦st✉♣♥♦st✐ ♣♦❧í↔❦❛ ♥❛❥♣r✈ ♣r❡ ♠✐❡st❛ ❜❧✐➸➨✐❡ ❦ str❡❞✉✱ ↔✐➸❡ ❥❡❤♦ s✉s❡❞♥é

♣♦❧í↔❦❛✳ P♦t♦♠ ✐❝❤ s✉s❡❞♥é ♣♦❧í↔❦❛ ❛ ♥❛❦♦♥✐❡❝ ❛❥ t✐❡ ✈ ↕❛❧➨í❝❤ úr♦✈♥✐❛❝❤✳

❆❧❣♦r✐t♠✉s ✈ý♣♦↔t✉

P♦↔❛s ❥❡❞♥❡❥ ✐t❡rá❝✐❡ ❥❡ ♣♦tr❡❜♥é ❛❦t✉❛❧✐③♦✈❛➫ ♣♦❧❡ ✉❝❤♦✈á✈❛❥ú❝❡ ❤♦❞♥♦t② ♣r❛✈❞❡✲

♣♦❞♦❜♥♦stí✳ ❆❧❣♦r✐t♠✉s ♣r❛❝✉❥❡ s ❞✈♦♠❛ st❛✈♠✐ ♣♦➞❛ ♣r❛✈❞❡♣♦❞♦❜♥♦stí✳ Pr✐ ❦❛➸❞❡❥

✐t❡rá❝✐✐ ♠á♠❡ ❦ ❞✐s♣♦③í❝✐✐ ♣♦❧❡ P ✱ ❦t♦ré ❥❡ ♥❡♠❡♥♥é✳ ❱➨❡t❦② ✈ý♣♦↔t② ♣♦✉➸í✈❛❥✉ t♦t♦

♣♦❧❡✱ ❛❧❡ ✈ýs❧❡❞❦② ③❛♣✐s✉❥ú ❞♦ ♣♦➞❛ P ′✳ P♦❧❡ P ′ s❛ ♣r✐ ↕❛❧➨❡❥ ✐t❡rá❝✐✐ stá✈❛ ♥❡♠❡♥♥ý♠

♣♦➞♦♠ P ✳ ❱✐❞✐❡➫ t♦ ✈ ♥❛s❧❡❞♦✈♥♦♠ ❛❧❣♦r✐t♠❡ ✶✳

◆❛ ③❛↔✐❛t❦✉ ♣♦ ❞❡t❡❦♦✈❛♥í ❦r♦❦✉ ❜② s❛ ♠❛❧❛ ✈②♣♦↔ít❛➫ ♠❛s❦❛✱ ✈ s❦✉t♦↔♥♦st✐ s❛

✈➨❛❦ ✐❜❛ ♥❛↔ít❛ ✈♦♣r❡❞ ✈②t✈♦r❡♥á ♠❛s❦❛ ♣r❡ ❞❛♥ý ✉❤♦❧✳ ❑❡❞➸❡ ❤♦❞♥♦t② ③ ❦♦♠♣❛s✉

♥✐❡ sú ú♣❧♥❡ ♣r❡s♥é✱ t❛❦ s✐ ♠ô➸❡♠❡ ✉❝❤♦✈á✈❛➫ ❦♦♥❡↔♥ý ♣♦↔❡t ♠❛s✐❡❦ ❛ ③ís❦❛♥ý ✉❤♦❧

③❛♦❦rú❤❧✐♠❡ ❦ ❞❛♥❡❥ ❤♦❞♥♦t❡✳ ▼❛s❦✉ ❛♣❧✐❦✉❥❡♠❡ ♥❛ ♥❡❥❛❦❡ ♣♦❧í↔❦♦ ✐❜❛ ✈ ♣rí♣❛❞❡✱ ➸❡ ❥❡

❞♦st✉♣♥é ❛ ❤♦❞♥♦t❛ ♣r❛✈❞❡♣♦❞♦❜♥♦st✐ ❥❡ ♥❡♥✉❧♦✈á✳ ❑❡❞➸❡ ✐❞❡ ♦ r♦③❞á✈❛❥ú❝✉ ♠❛s❦✉✱

♥✉❧♦✈á ♣r❛✈❞❡♣♦❞♦❜♥♦s➫ ❜② ③♥❛♠❡♥❛❧❛✱ ➸❡ s❛ ❤♦❞♥♦t② s✉s❡❞♥ý❝❤ ♣♦❧í↔♦❦ ♥❡❜✉❞ú ♠❡✲

♥✐➫✳ ◆ás❧❡❞♥❡ s❛ ✈②t✈ár❛ ♣♦✈r❝❤♦✈á ♠❛s❦❛ ♥❛ ③á❦❧❛❞❡ ♣♦✈r❝❤✉ ♣r❡ ❞❛♥é ♣♦❧í↔❦♦✱ ↔♦

❥❡ t✐❡➸ ✈②♣♦↔ít❛♥é ♥❛ ③❛↔✐❛t❦✉ ❛ ♣r✐ ❦❛➸❞❡❥ ✐t❡rá❝✐✐ s❛ t♦t♦ ♣♦❧❡ ✐❜❛ ♥❛↔ít❛✳ ◆❛ ❦♦♥❝✐

❝❡❧é❤♦ ❛❧❣♦r✐t♠✉ ❥❡ ♣♦tr❡❜♥é ♥♦r♠❛❧✐③♦✈❛➫ ❝❡❧ú ♠r✐❡➸❦✉✱ ❛❜② sú↔❡t ♣r❛✈❞❡♣♦❞♦❜♥♦stí

❜♦❧ r♦✈♥ý 1✳ ❙❛♠♦t♥ú ♠❛s❦✉ ♥❡♥♦r♠❛❧✐③✉❥❡♠❡✳ P♦❧í↔❦♦ s ♥❛❥✈ä↔➨♦✉ ❤♦❞♥♦t♦✉ ♣r❛✈✲

❞❡♣♦❞♦❜♥♦st✐ ♣r✐s❧ú❝❤❛ ❛❦t✉á❧♥❡❥ ♣♦③í❝✐✐ ♣♦✉➸í✈❛t❡➞❛✳

✸✷



✶ ■♥♣✉t✿ P ✲ ♣♦❧❡ ♣r❛✈❞❡♣♦❞♦❜♥♦stí ✈❡➞❦♦st✐ X × Y

✷ s ✲ ✉❤♦❧ ♥❛t♦↔❡♥✐❛ ③ís❦❛♥ý ③ ❦♦♠♣❛s✉

✸ ❖✉t♣✉t✿ P ′ ✲ ♣♦❧❡ ♣r❛✈❞❡♣♦❞♦❜♥♦stí ✈❡➞❦♦st✐ X × Y

✹ maska← ✈②♣♦↔ít❛❥▼❛s❦✉✭s✮❀

✺ r ← |maska|/2❀

✻ ✐♥✐❝✐❛❧✐③✉❥ P ′[X][Y ]❀

✼ ❢♦r x← 0 t♦ X ❞♦

✽ ❢♦r y ← 0 t♦ Y ❞♦

✾ ✐❢ P [x][y] ❥❡ ❞♦st✉♣♥é ❛♥❞ P [x][y] > 0 t❤❡♥

✶✵ povrch← ③ís❦❛❥P♦✈r❝❤✭x, y✮❀

✶✶ povrchovaMaska← ✉♣r❛✈P♦❞➞❛P♦✈r❝❤✉✭povrch✱ maska✮❀

✶✷ ❢♦r i← (x− r) t♦ (x+ r) ❞♦

✶✸ ❢♦r j ← (y − r) t♦ (y + r) ❞♦

✶✹ P ′[i][j]← P ′[i][j]+P [x][y]·povrchovaMaska[i−x+r][j−y+r]

✶✺ ❡♥❞

✶✻ ❡♥❞

✶✼ ❡❧s❡

✶✽ P ′[x][y]← 0❀

✶✾ ❡♥❞

✷✵ ❡♥❞

✷✶ ❡♥❞

✷✷ P ′ ← normalizuj(P ′)❀

✷✸ r❡t✉r♥ P ′

❆❧❣♦r✐t♠✉s ✶✿ ❆♣❧✐❦♦✈❛♥✐❡ ♠❛s❦②✳ ❱ý♣♦↔❡t ♣r✐s❧ú❝❤❛❥ú❝✐ ❥❡❞♥❡❥ ✐t❡rá❝✐✐✱ t❡❞❛

❥❡❞♥é♠✉ ❞❡t❡❦♦✈❛♥é♠✉ ❦r♦❦✉✳

✸✸



❑❛♣✐t♦❧❛ ✺

❊❢❡❦tí✈♥❛ ✐♠♣❧❡♠❡♥tá❝✐❛

Pr✐ ✐♠♣❧❡♠❡♥t♦✈❛♥í ❛❧❣♦r✐t♠♦✈ ♥❛ s♠❛rt❢ó♥♦❝❤ tr❡❜❛ ♠❛➫ ♥❛ ③r❡t❡❧✐ ✐❝❤ ♦❜♠❡❞③❡♥ý

✈ý♣♦↔t♦✈ý ✈ý❦♦♥✳ P♦❞st❛t♥é ❥❡✱ ❛❜② ✈ý♣♦↔❡t ❛❦t✉á❧♥❡❥ ♣♦③í❝✐❡ ♣r❡❜✐❡❤❛❧ ✈ r❡á❧♥♦♠

↔❛s❡✳ ◆❛✈r❤♥✉tý ❧♦❦❛❧✐③❛↔♥ý ♠♦❞❡❧ ♠ô➸❡♠❡ ③❡❢❡❦tí✈♥✐➫ ❛ ③❧❡♣➨✐➫ ❥❡❤♦ ↔❛s♦✈é ❛❥ ♣❛♠ä✲

➫♦✈é ♥ár♦❦②✳

✺✳✶ ■♠♣❧❡♠❡♥t❛↔♥é ❞❡t❛✐❧②

❱ ❧♦❦❛❧✐③❛↔♥♦♠ ♣r❛✈❞❡♣♦❞♦❜♥♦st♥♦♠ ♠♦❞❡❧✐ ❜♦❧❛ ♣♦③í❝✐❛ ❞❡✜♥♦✈❛♥á ❞✈♦♠❛ súr❛❞✲

♥✐❝❛♠✐ ✈ ♠r✐❡➸❦❡✱ ❦t♦rá r❡♣r❡③❡♥t✉❥❡ ♠❛♣✉ ❜✉❞♦✈②✳ ❏❡ ♣♦tr❡❜♥é s♣♦♠❡♥ú➫ ✈✐❛❝♣♦s✲

❝❤♦❞♦✈é ❜✉❞♦✈②✳ ▼❛♣♦✉ ✈ ♥❛➨♦♠ ♠♦❞❡❧✐ ❜✉❞❡♠❡ r♦③✉♠✐❡➫ ♠❛♣✉ ❥❡❞♥é❤♦ ♣♦s❝❤♦❞✐❛

❜✉❞♦✈②✳ ◆✐❡ ❥❡ ♣♦tr❡❜♥é ③✈ä↔➨♦✈❛➫ ♣♦❧❡ ♣r❛✈❞❡♣♦❞♦❜♥♦stí ♦ ↕❛❧➨í r♦③♠❡r✳ Pr❡❝❤♦❞

♠❡❞③✐ ♣♦s❝❤♦❞✐❛♠✐ ❥❡ ♠♦➸♥ý ❧❡♥ ♥❛ ♥✐❡❦t♦rý❝❤ ➨♣❡❝✐á❧♥②❝❤ ♠✐❡st❛❝❤ ✈ ❜✉❞♦✈❡✱ ❦♦♥✲

❦rét♥❡ ♥❛ s❝❤♦❞♦❝❤ ❛❧❡❜♦ ✈ý➫❛❤♦❝❤✳ Pr✐ ③♠❡♥❡ ♣♦s❝❤♦❞✐❛ ♠ô➸❡♠❡ ❛♣❧✐❦♦✈❛➫ ❛❧❣♦r✐t♠✉s

✉r↔❡♥✐❛ ❛❜s♦❧út♥❡❥ ♣♦③í❝✐❡ ✈ ❜✉❞♦✈❡✳

❩❛✉❥í♠❛✈♦✉ ♦tá③❦♦✉ ❥❡ ✉r↔❡♥✐❡ ✈❡➞❦♦st✐ ❥❡❞♥é❤♦ ♣♦❧í↔❦❛ ♠r✐❡➸❦②✳ ❷í♠ ❥❡ ♣♦❧í↔❦♦

♠❡♥➨✐❡✱ tý♠ ❥❡ ❧♦❦❛❧✐③á❝✐❛ ♣r❡s♥❡❥➨✐❛✳ ❙♣♦❧✉ s ♣r❡s♥♦s➫♦✉ r❛st✐❡ ❛❥ ♥ár♦↔♥♦s➫ ✈ý♣♦↔t✉✱

❦❡❞➸❡ ♠r✐❡➸❦❛ ♦❜s❛❤✉❥❡ ✈✐❛❝ ♣♦❧í↔♦❦✳ ❆❦ ❥❡ ♣♦❧í↔❦♦ ♣rí❧✐➨ ✈❡➞❦é✱ ♠ô➸❡ ❞ô❥s➫ ❦ ✈ýr❛③✲

♥é♠✉ ♣♦❦❧❡s✉ ❦✈❛❧✐t② ❧♦❦❛❧✐③á❝✐❡✳ ◆❛♣rí❦❧❛❞✱ ❛❦ ♠á♠❡ ♣♦❧í↔❦♦ ❞➝➸❦② ❥❡❞❡♥ ♠❡t❡r✱ t❛❦

♣r✐ ❞❡t❡❦♦✈❛♥í ❦r♦❦✉ ♠ô➸✉ ❜②➫ ❦r♦❦② ❞➝➸❦② ❛➸ ❞♦ 70 ❝❡♥t✐♠❡tr♦✈ ✐♥t❡r♣r❡t♦✈❛♥é✱ ❛❦♦❜②

♣♦✉➸í✈❛t❡➞ ♦st❛❧ ♥❛ ❞❛♥♦♠ ♠✐❡st❡ ✭❞➝➸❦❛ ♦❞ str❡❞✉ ♣♦❧í↔❦❛ ❦ ♥❛❥✈③❞✐❛❧❡♥❡❥➨✐❡♠✉ ❜♦❞✉

♣♦❧í↔❦❛ ❥❡ ♣r✐❜❧✐➸♥❡ 70 ❝❡♥t✐♠❡tr♦✈✮✳ ❱ s♣♦♠í♥❛♥❡❥ ♣rá❝✐ ③ ♦❜❧❛st✐ r♦❜♦t✐❦② ❜♦❧♦ ③✈♦✲

❧❡♥é ➨t✈♦r❝♦✈é ♣♦❧í↔❦♦ s♦ str❛♥♦✉ ❞❧❤♦✉ 15 ❝❡♥t✐♠❡tr♦✈✳ ❱ ♥❛➨♦♠ ♣rí♣❛❞❡ s♠❡ ③✈♦❧✐❧✐

✈❡➞❦♦s➫ 30 ❝❡♥t✐♠❡tr♦✈✳ Pr✐ t❡❥t♦ ❤♦❞♥♦t❡ ❦rát❦❡ ❦r♦❦② ♥❡❜✉❞ú ✐❣♥♦r♦✈❛♥é✳ ❈❤❛r❛❦t❡✲

r✐③♦✈❛♥✐❡ ♣♦③í❝✐❡ ♣♦✉➸í✈❛t❡➞❛ ♣♦♠♦❝♦✉ t❛❦t♦ ✈❡➞❦é❤♦ ♣♦❧í↔❦❛ ✈②③❡rá ❜②➫ ♣r✐r♦❞③❡♥é✱

✸✹



❦❡❞➸❡ ✈❡➞❦♦s➫ ❝❤♦❞✐❞❧❛ ♣r✐❡♠❡r♥é❤♦ ↔❧♦✈❡❦❛ ❥❡ ❧❡♥ ♦ ♣ár ❝❡♥t✐♠❡tr♦✈ ♠❡♥➨✐❛✳

Pr✐ ✈ý♣♦↔t❡ ♠❛s❦② ❥❡ ♣♦tr❡❜♥é ✉r↔✐➫ str❡❞♥ú ❤♦❞♥♦t✉ ❛ r♦③♣t②❧ ♣r❡ ♥♦r♠á❧♥❡ r♦③✲

❞❡❧❡♥✐❡ ❞➝➸❦② ❦r♦❦✉ ❛ ✉❤❧❛ ♥❛t♦↔❡♥✐❛✳ ❚✐❡t♦ ❤♦❞♥♦t② ♥❡♠✉s✐❛ ❜②➫ ✉r↔❡♥é ú♣❧♥❡ ♣r❡s♥❡✳

❆❧❣♦r✐t♠✉s ❜② ♠❛❧ ❜②➫ s❝❤♦♣♥ý s❛ ✈②s♣♦r✐❛❞❛➫ s rô③♥♦✉ ❞➝➸❦♦✉ ❦r♦❦✉✳ ❙tr❡❞♥ú ❤♦❞✲

♥♦t✉ ❞➝➸❦② ❦r♦❦✉ s♠❡ ③✈♦❧✐❧✐ 70cm✳ ❘♦③♣t②❧ ❜♦❧ ③✈♦❧❡♥ý t❛❦✱ ❛❜② ❜♦❧❛ 99, 7% ♣r❛✈❞❡✲

♣♦❞♦❜♥♦s➫✱ ➸❡ ❞➝➸❦❛ ❦r♦❦✉ ❥❡ ③ ✐♥t❡r✈❛❧✉ ♠❡❞③✐ 45 ❛ 115 ❝❡♥t✐♠❡tr♦✈✳ Pr✐ ♥♦r♠á❧♥♦♠

r♦③❞❡❧❡♥í✱ ❦t♦ré ③♦❞♣♦✈❡❞á ✉❤❧✉ ♥❛t♦↔❡♥✐❛✱ ❥❡ str❡❞♥♦✉ ❤♦❞♥♦t♦✉ tá ❤♦❞♥♦t❛✱ ❦t♦rá

❥❡ ③ís❦❛♥á ③ ❦♦♠♣❛s✉ ♣r✐ ❞❡t❡❦♦✈❛♥í ❦r♦❦✉✳ ❘♦③♣t②❧ ❥❡ ③✈♦❧❡♥ý t❛❦✱ ❛❜② ❜♦❧❛ 99.7%

♣r❛✈❞❡♣♦❞♦❜♥♦s➫✱ ➸❡ ✉❤♦❧ s❛ ❧í➨✐ ♦ ♠❡♥❡❥ ❛❦♦ 45◦ ✈ ♦❜♦❝❤ s♠❡r♦❝❤✳ ❚♦ ❜② ♠❛❧♦ ③❛r✉↔✐➫

s♣rá✈♥❡ ❢✉♥❣♦✈❛♥✐❡ ❛❧❣♦r✐t♠✉ ♣r✐ ♣r✐❛♠♦↔✐❛r❡❥ ❝❤ô❞③✐ ❜❡③ ③♠❡♥② s♠❡r✉ ❛❧❡❜♦ ♣r✐ ❦♦♥✲

➨t❛♥t♥❡ ♥❡♣r❡s♥ý❝❤ ❤♦❞♥♦tá❝❤ s♣ôs♦❜❡♥ý❝❤ ♥❛♣rí❦❧❛❞ ✐♥ý♠ ♥❛❦❧♦♥❡♥í♠ ③❛r✐❛❞❡♥✐❛✳

▼❛s❦❛ s❛ ♥❡❣❡♥❡r✉❥❡ ♣r✐ ❞❡t❡❦♦✈❛♥í ❦r♦❦✉✳ ❑❡❞➸❡ ♠❛s❦❛ ❥❡ ♥❡③á✈✐s❧á ♦❞ ♣♦❧í↔❦❛✱

♥❛ ❦t♦ré ❜✉❞❡ ❛♣❧✐❦♦✈❛♥á✱ t❛❦ ♠❛s❦② ❜✉❞ú ♣r❡ ✈➨❡t❦② ✉❤❧② ✈②❣❡♥❡r♦✈❛♥é ✈♦♣r❡❞✳

❯❝❤♦✈á✈❛ s❛ ♠❛s❦❛ ♣r❡ ❦❛➸❞ý ✉❤♦❧ s ♣r❡s♥♦s➫♦✉ ♥❛ ❥❡❞❡♥ st✉♣❡➡✱ ↔✐➸❡ ❝❡❧❦♦✈♦ 360

♠❛s✐❡❦✳ ❚át♦ ❤♦❞♥♦t❛ ❜② ♠♦❤❧❛ ❜②➫ ❛❥ ♠❡♥➨✐❛✳ Pr✐ tý❝❤t♦ ❤♦❞♥♦tá❝❤ ❥❡ ♣♦st❛↔✉❥ú❝❡

♠❛➫ ➨t✈♦r❝♦✈ú ♠❛s❦✉ s ❞➝➸❦♦✉ 11 ♣♦❧í↔♦❦✳ ❚❡❞❛ ✈ ❥❡❞♥❡❥ ♠❛s❦❡ ❥❡ 121 ♣♦❧í↔♦❦✳

✺✳✷ ▲♦❦❛❧✐③❛↔♥ý ♣r❛✈❞❡♣♦❞♦❜♥♦st♥ý ♠♦❞❡❧ ③ ♣♦❤➞❛❞✉

✐♠♣❧❡♠❡♥tá❝✐❡

❆❦t✉á❧♥❡ ♥❛✈r❤♥✉tý ♠♦❞❡❧ ♣r❡❞♣♦❦❧❛❞á ❞✈♦❥r♦③♠❡r♥é ♣♦❧❡ s ❤♦❞♥♦t❛♠✐ ♣r❛✈❞❡♣♦✲

❞♦❜♥♦stí ③♦❞♣♦✈❡❞❛❥ú❝❡ ✈❡➞❦♦st✐ ♠❛♣②✳ P♦tr❡❜✉❥❡♠❡ ✉✈❛➸♦✈❛➫ ❛❥ ❞r✉❤é r♦✈♥❛❦♦ ✈❡➞❦é

♣♦❧❡✱ ❦t♦ré ❥❡ ♣♦tr❡❜♥é ♣r✐ ✈ý♣♦↔t❡✳ ❙❛♠♦t♥ý ✈ý♣♦↔❡t ♣r❡❜✐❡❤❛ ✈ ✐t❡rá❝✐❛❝❤✱ ❦❞❡ s❛

③ ❥❡❞♥é❤♦ ♣♦➞❛ ❤♦❞♥♦t② ↔ít❛❥ú ❛ ❞♦ ❞r✉❤é❤♦ ③❛♣✐s✉❥ú ✭♣♦❧✐❛ P ❛ P ′✮✳ ❱❡➞❦♦s➫ tý❝❤t♦

♣♦❧í ③á✈✐sí ♦❞ ✈❡➞❦♦st✐ ♣♦❧í↔❦❛ ♠r✐❡➸❦②✳ ◆❛♣rí❦❧❛❞✱ ❛❦ ♠á♠❡ ③✈♦❧❡♥ú ✈❡➞❦♦s➫ ♣♦❧í↔❦❛ 30

❝❡♥t✐♠❡tr♦✈ ❛ ♠á♠❡ ❜✉❞♦✈✉ s♦ ➨t✈♦r❝♦✈ý♠ ♣ô❞♦r②s♦♠✱ ❦❞❡ ❞➝➸❦❛ ❥❡❞♥é❤♦ r♦③♠❡r✉

❥❡ 30 ♠❡tr♦✈ ✭900m2✮✱ t❛❦ ❥❡❞♥♦ ♣♦❧❡ s ❤♦❞♥♦t❛♠✐ ♣r❛✈❞❡♣♦❞♦❜♥♦st✐ ♦❜s❛❤✉❥❡ 10000

♣♦❧í↔♦❦✳ Pr❡ ❦❛➸❞é ♣♦❧í↔❦♦ ♣r✐s❧ú❝❤❛❥ú❝❡ ♣♦③í❝✐✐ ♥❛ ♠❛♣❡ ❥❡ ♣♦tr❡❜♥é s✐ ♣❛♠ät❛➫ t✐❡t♦

tr✐ ❤♦❞♥♦t②✿

✶✳ ❞♦st✉♣♥♦s➫ ♣♦❧í↔❦❛ ✭❤♦❞♥♦t❛ tr✉❡ ❛❧❡❜♦ ❢❛❧s❡✮

✷✳ ❤♦❞♥♦t✉ ♣r❛✈❞❡♣♦❞♦❜♥♦st✐

✸✳ ♣♦✈r❝❤ ✭❞✈♦❥r♦③♠❡r♥é ♣♦❧❡ r♦✈♥❛❦❡❥ ✈❡➞❦♦st✐ ❛❦♦ ♠❛s❦❛✮ ✲ tút♦ ✐♥❢♦r♠á❝✐✉ ♥❡✲

♠✉sí♠❡ ♠❛➫ ✉❧♦➸❡♥ú✱ ❛✈➨❛❦ ♣♦✈r❝❤ s❛ ♣♦↔❛s ❜❡❤✉ ✈ý♣♦↔t✉ ♥❡♠❡♥í✳

✸✺



Pr✈é ❞✈❡ ✐♥❢♦r♠á❝✐❡ ✈✐❡♠❡ ③❧ú↔✐➫ ❞♦ ❥❡❞♥❡❥✳ ❍♦❞♥♦t❛ ♣r❛✈❞❡♣♦❞♦❜♥♦st✐ ❥❡ ③ ✐♥t❡r✲

✈❛❧✉ ❁0, 1❃✳ ◆❡❞♦st✉♣♥é ♣♦❧í↔❦❛ ♠ô➸❡♠❡ ♦❞❧í➨✐➫ ♦❞ ❞♦st✉♣♥ý❝❤ t❛❦✱ ➸❡ ✐♠ ♣r✐r❛❞í♠❡

③á♣♦r♥ú ❤♦❞♥♦t✉ ♣r❛✈❞❡♣♦❞♦❜♥♦st✐✱ ♥❛♣rí❦❧❛❞ −1✳

▼❛♣✉ ♥❡❜✉❞❡♠❡ r❡♣r❡③❡♥t♦✈❛➫ ♣♦♠♦❝♦✉ ❞✈♦❥r♦③♠❡r♥é❤♦ ♣♦➞❛✱ ❛❧❡ ❛❦♦ ❥❡❞♥♦r♦③✲

♠❡r♥ý ③♦③♥❛♠ ♣♦❧í↔♦❦✳ ❆❦ ♠á♠❡ ♠r✐❡➸❦✉ r♦③♠❡r♦✈ W ❛ H✱ t❛❦ ❜✉❞❡♠❡ ♠❛➫ ❥❡❞✲

♥♦r♦③♠❡r♥é ♣♦❧❡ ❞➝➸❦② W ×H✳ P♦③í❝✐❛ [i, j] ✈ ❞✈♦❥r♦③♠❡r♥❡❥ r❡♣r❡③❡♥tá❝✐✐ ♣r✐s❧ú❝❤❛

✐♥❞❡①✉ [i ·W + j] ✈ ❥❡❞♥♦r♦③♠❡r♥♦♠ ♣♦❧✐✳

▼❛s❦❛

❍♦❞♥♦t② ✈ ♠❛s❦❡ ✭♥❛ r♦③❞✐❡❧ ♦❞ ♣♦✈r❝❤♦✈❡❥ ♠❛s❦②✮ ♥❡③á✈✐s✐❛ ♦❞ ♠✐❡st❛✱ ❦❞❡ ❥✉ ❛♣❧✐❦✉✲

❥❡♠❡✳ ❏❡❞✐♥á ♣r❡♠❡♥♥á✱ ❦t♦rá ♦✈♣❧②✈➡✉❥❡ ❤♦❞♥♦t② ✈ ♠❛s❦❡✱ ❥❡ ✈❡➞❦♦s➫ ✉❤❧❛ ♥❛t♦↔❡♥✐❛

③ís❦❛♥é❤♦ ③ ❦♦♠♣❛s✉✳ ◆✐❡ ❥❡ ♣♦tr❡❜♥é ♣♦↔ít❛➫ ✈➨❡t❦ý❝❤ 360 ♠❛s✐❡❦✳ P♦st❛↔í ➨t✈rt✐♥❛

❛ ♣r❡ ↕❛❧➨✐❡ ✉❤❧② ✐❜❛ ♦t♦↔í♠❡ ♣r✐s❧ú❝❤❛❥ú❝✉ ♠❛s❦✉✳

Pr✐ r♦③♠❡r❡ ♠❛s❦② 11 ♣♦❧í↔♦❦ ❥❡ s♣♦❧✉ ✈ ♠❛s❦❡ 121 ❤♦❞♥ôt✳ P♦ ✈ý♣♦↔t❡ ♠❛s✐❡❦ ♣r❡

✈➨❡t❦② ❞❡✜♥♦✈❛♥é ✉❤❧② s✐ ♠ô➸❡♠❡ ✈➨✐♠♥ú➫✱ ➸❡ ♣r✐❜❧✐➸♥❡ ♣♦❧♦✈✐❝❛ ❤♦❞♥ôt ✈ ♠❛s❦❡ ❥❡

♥✉❧♦✈á ✭53 ❛➸ 59 ❤♦❞♥ôt✮✳ ❩♦ ③✈②➨♥ý❝❤ ❤♦❞♥ôt ❥❡ ✐❜❛ 14 ❛➸ 17 ❤♦❞♥ôt ✈ä↔➨í❝❤ ❛❦♦ 0.001✳

❩✈②➨♥ý❝❤ 46 ❛➸ 54 ❤♦❞♥ôt ❥❡ t❡❞❛ ♥❡♥✉❧♦✈ý❝❤✱ ❛❧❡ ✈❡➞♠✐ ♠❛❧ý❝❤✳ ❩❡❢❡❦tí✈♥❡♥✐❡ ♠❛s❦②

♠ô➸❡ ③♥❛♠❡♥❛➫✱ ➸❡ ♠❛s❦✉ ♥❡❜✉❞❡♠❡ r❡♣r❡③❡♥t♦✈❛➫ ❛❦♦ ❞✈♦❥r♦③♠❡r♥é ♣♦❧❡ s ♣♦❧♦✈✐❝♦✉

♥✉❧♦✈ý❝❤ ❤♦❞♥ôt✱ ❛❧❡ ❛❦♦ ❥❡❞♥♦r♦③♠❡r♥ý ③♦③♥❛♠ ♥❡♥✉❧♦✈ý❝❤ ❤♦❞♥ôt✳ ❚❡st♦✈❛♥í♠ s❛

✉❦á③❛❧♦✱ ➸❡ ♥✐❡ ❥❡ ♠♦➸♥é ✈②♥❡❝❤❛➫ ♠❛❧é ❤♦❞♥♦t②✱ ❦t♦ré ③❞❛♥❧✐✈♦ ♥❡♠❛❥ú ✈♣❧②✈ ♥❛

❝❡❧❦♦✈ú ❞✐str✐❜ú❝✐✉ ♣r❛✈❞❡♣♦❞♦❜♥♦st✐✳ Pr♦❜❧é♠ s❛ ✉❦á③❛❧ ✈ ❜❧í③❦♦st✐ st✐❡♥✱ ❦❞❡ s❛

③❛ ✉r↔✐tý❝❤ ♦❦♦❧♥♦stí ♦❜❥❛✈✐❧✐ ✈ ♠r✐❡➸❦❡ ✐❜❛ ♥✉❧♦✈é ❤♦❞♥♦t② ❛ str❛t✐❧❛ s❛ ✐♥❢♦r♠á❝✐❛

♦ ❛❦t✉á❧♥❡❥ ♣♦③í❝✐✐✱ ↔♦ ❜♦❧♦ s♣ôs♦❜❡♥é ♣rá✈❡ tý♠✱ ➸❡ ♠❛❧é ❤♦❞♥♦t② ③ ♠❛s❦② ❜♦❧✐

③❛♠❡♥❡♥é ③❛ ♥✉❧♦✈é ❤♦❞♥♦t②✳

Pr✐ t❡❥t♦ ♠♦➸♥♦st✐ s❛ ♥❡❜✉❞❡ ♣♦↔ít❛➫ ♣♦✈r❝❤ ❛ ♣♦✈r❝❤♦✈á ♠❛s❦❛✱ ❛❧❡ ♣r❡ ❦❛➸❞é

♣♦❧í↔❦♦ ♠❛s❦② s❛ ✉❧♦➸í ③♦③♥❛♠ ✐♥❞❡①♦✈✱ ♥❛ ❦t♦ré s❛ tr❡❜❛ ♣♦③r✐❡➫ ♣r✐ ♦✈❡r♦✈❛♥í ❞♦✲

st✉♣♥♦st✐ ♣♦❧í↔❦❛✳

▼❛s❦❛ ❜✉❞❡ t❡❞❛ r❡♣r❡③❡♥t♦✈❛♥á ③♦③♥❛♠♦♠ ♣♦❧í↔♦❦✱ ❦❞❡ ♣r❡ ❦❛➸❞é ♣♦❧í↔❦♦ ❥❡ ♣♦✲

tr❡❜♥é ♣❛♠ät❛➫ s✐ t✐❡t♦ tr✐ ✈❡❝✐✿

✶✳ ■♥❞❡① t♦❤t♦ ♣♦❧í↔❦❛ ✲ t✉ ♥❡✐❞❡ ♦ ✐♥❞❡① ✈ rá♠❝✐ ♠❛s❦②✳ ❚át♦ ❤♦❞♥♦t❛ ❥❡ s❦ôr

✐♥❞❡①♦♠ ♣♦s✉♥✉ ♦♣r♦t✐ str❡❞♦✈é♠✉ ♣♦❧í↔❦✉ ✈③❤➞❛❞♦♠ ♥❛ ♠❛♣✉✳

✷✳ ❍♦❞♥♦t✉ ♣r❛✈❞❡♣♦❞♦❜♥♦st✐ ✲ ✈✐❡♠❡ ♦ ♥❡❥ ♣♦✈❡❞❛➫✱ ➸❡ ❥❡ ♥❡♥✉❧♦✈á✳

✸✻



✸✳ ❩♦③♥❛♠ ✐♥❞❡①♦✈ ♣♦❧í↔♦❦✱ ♥❛ ❦t♦ré s❛ ♣r✐ ✈ý♣♦↔t❡ ❞♦st✉♣♥♦st✐ tr❡❜❛ ♣♦③r✐❡➫ ✲ t✐❡➸

✐❞❡ ♦ ♣♦s✉♥ ♦♣r♦t✐ str❡❞♦✈é♠✉ ♣♦❧í↔❦✉ ✈③❤➞❛❞♦♠ ♥❛ ♠❛♣✉✳

❱ t♦♠t♦ ❜♦❞❡ ✉➸ ♠❛s❦❛ ♣r❡stá✈❛ ❜②➫ ú♣❧♥❡ ♥❡③á✈✐s❧á ♦❞ ♠❛♣②✱ ♥❛ ❦t♦rú ❥✉ ❛♣❧✐❦✉✲

❥❡♠❡✳ Pr✐ ✈ý♣♦↔t❡ ♠❛s❦② ❥❡ ♣♦tr❡❜♥é ♣♦③♥❛➫ r♦③♠❡r ♠r✐❡➸❦♦✈❡❥ r❡♣r❡③❡♥tá❝✐❡ ♠❛♣②✱

❛❜② s♠❡ ✈❡❞❡❧✐ ✈②♣♦↔ít❛➫ ✐♥❞❡①② ✈ ♠❛s❦❡✳ ▼❛s❦❛ ❥❡ ♥❛↕❛❧❡❥ ♥❡③á✈✐s❧á ♦❞ ❦♦♥❦rét✲

♥❡❤♦ ♣♦❧í↔❦❛ ♠❛♣②✱ ♥❛ ❦t♦ré ❥❡ ❛♣❧✐❦♦✈❛♥á✳ Pr✐ ❦❛➸❞♦♠ ♥❛↔ít❛♥í ♠❛♣② ❥❡ t❡❞❛ ♠♦➸♥é

✈②♣♦↔ít❛➫ ❛ ✉❧♦➸✐➫ s✐ ♠❛s❦② ♣r❡ ✈➨❡t❦② ✉❤❧②✱ ❦t♦ré ✉✈❛➸✉❥❡♠❡✳

❱ý♣♦↔❡t

Pr✐ ❛♣❧✐❦♦✈❛♥í ♠❛s❦② ♥❛ ❞❛♥é ♣♦❧í↔❦♦ ♠r✐❡➸❦② ❥❡ ♣♦tr❡❜♥é ♦✈❡r✐➫✱ ↔✐ ❥❡ ❞❛♥é ♣♦❧í↔❦♦

❞♦st✉♣♥é✳ Pr❡ ③❥❡❞♥♦❞✉➨❡♥✐❡ t♦❤t♦ ✈ý♣♦↔t✉ s♠❡ ✉♣r❛✈✐❧✐ ❛❧❣♦r✐t♠✉s ♦✈❡r❡♥✐❛ ❞♦st✉♣✲

♥♦st✐ ♣♦❧í↔❦❛✳ ▼❛❥♠❡ ♠❛s❦✉ s♦ str❡❞♦✈ý♠ ♣♦❧í↔❦♦♠ ♥❛ súr❛❞♥✐❝✐❛❝❤ [xs, ys] ❛ ♣♦❧í↔❦♦✱

♣r❡ ❦t♦ré ♦✈❡r✉❥❡♠❡ ❞♦st✉♣♥♦s➫ ♥❛ ♣♦③í❝✐✐ [xp, yp]✳ ◆❡❝❤ ♣❧❛tí✱ ➸❡ xs ≤ xp ❛ ys ≤ yp✳

P♦t♦♠ ❛❧❣♦rt✐♠✉s ❜✉❞❡ ❤➞❛❞❛➫ ♣♦❧í↔❦❛✱ ❦t♦ré sú ♥❛ ❝❡st❡ ♠❡❞③✐ str❡❞♦✈ý♠ ❛ ❝✐❡➞♦✈ý♠

♣♦❧í↔❦♦♠✳ Pr✐ ❞✈♦❥r♦③♠❡r♥❡❥ ♠❛s❦❡ ❜② ❛❧❣♦r✐t♠✉s ✈②③❡r❛❧ ♥❛s❧❡❞♦✈♥❡ ✷✳

✶ ■♥♣✉t✿ M ✲ ♠❛s❦❛ r♦③♠❡r♦✈ l × l

✷ xp, yp ✲ súr❛❞♥✐❝❡ ❤➞❛❞❛♥é❤♦ ♣♦❧í↔❦❛

✸ ❖✉t♣✉t✿ C ✲ ♠♥♦➸✐♥❛ ♣♦❧í↔♦❦ ♥❛ ❝❡st❡ ♠❡❞③✐ str❡❞♦✈ý♠ ❛ ❝✐❡➞♦✈ý♠ ♣♦❧í↔❦♦♠

✹ ✐♥✐❝✐❛❧✐③✉❥ C❀

✺ x← l/2❀

✻ y ← l/2❀

✼ ✇❤✐❧❡ x < xp ❛♥❞ y < yp ❞♦

✽ ✐❢ x < xp t❤❡♥

✾ x++❀

✶✵ ❡♥❞

✶✶ ✐❢ y < yp t❤❡♥

✶✷ y ++❀

✶✸ ❡♥❞

✶✹ C ← C ∪ {[x, y]}

✶✺ ❡♥❞

✶✻ r❡t✉r♥ C

❆❧❣♦r✐t♠✉s ✷✿ ❍➞❛❞❛♥✐❡ ♣♦❧í↔♦❦✱ ❦t♦ré ♣♦❞♠✐❡➡✉❥ú ❞♦st✉♣♥♦s➫ ❝✐❡➞♦✈é❤♦ ♣♦✲

❧í↔❦❛✳

✸✼



❆❦ ✐❞❡ ♦ ♣♦❧í↔❦♦✱ ❦t♦ré ♠á ❥❡❞♥✉ ❛❧❡❜♦ ♦❜✐❞✈❡ súr❛❞♥✐❝❡ ♠❡♥➨✐❡ ❛❦♦ str❡❞♦✈é

♣♦❧í↔❦♦✱ t❛❦ s❛ ❜✉❞❡ ❤♦❞♥♦t❛ x ❛❧❡❜♦ y ♦❞♣♦↔ít❛✈❛➫✳ ❚❡♥t♦ ❛❧❣♦r✐t♠✉s ✐♠♣❧❡♠❡♥t✉❥❡♠❡

s ❥❡❞♥♦r♦③♠❡r♥♦✉ ú♣❧♥♦✉ ♠❛s❦♦✉✱ ↔✐➸❡ ❡➨t❡ ♣r❡❞ ♦❞strá♥❡♥í♠ ♥✉❧♦✈ý❝❤ ❤♦❞♥ôt✳ Pr✐

s❛♠♦t♥♦♠ ✈ý♣♦↔t❡ ❥❡ ♣♦t♦♠ ♣♦tr❡❜♥é ♦✈❡r✐➫✱ ↔✐ ❥❡ ♣♦❧í↔❦♦ ❞♦st✉♣♥é ❛ ✈ t♦♠ ♣rí♣❛❞❡

♠✉ ♣r✐❞❡❧✐➫ ♣rís❧✉➨♥ú ♣r❛✈❞❡♣♦❞♦❜♥♦s➫✳ ❚❡♥t♦ ❛❧❣♦r✐t♠✉s ♠ô➸❡ ✐♥❛❦ ✉r↔✐➫ ❞♦st✉♣♥é

♣♦❧í↔❦❛ ❛❦♦ ♣r❡❞♦➨❧ý ❛❧❣♦r✐t♠✉s✳ ❆✈➨❛❦ ✐❞❡ ✐❜❛ ♦ ❛❦és✐ ♦❦r❛❥♦✈é ♣♦❧í↔❦❛ ③✈ä↔➨❛ ♣r✐

r♦❤♦❝❤ st✐❡♥✳ ❆❦ ❥❡ ♣♦❧í↔❦♦ ③❛ st❡♥♦✉✱ t❛❦ ♦❜❛ ❛❧❣♦r✐t♠② ❤♦ s♣rá✈♥❡ ♦③♥❛↔✐❛ ❛❦♦

♥❡❞♦st✉♣♥é✳

P♦ ♦❜✈♦❞❡ ♠r✐❡➸❦② ♣r✐❞á♠❡ ♥✐❡❦♦➞❦♦ ♥❡❞♦st✉♣♥ý❝❤ ♣♦❧í↔♦❦✱ ❛❜② ♥❡❜♦❧♦ ♥✉t♥é

♣♦↔❛s ❛♣❧✐❦♦✈❛♥✐❛ ♠❛s❦② stá❧❡ ♦✈❡r♦✈❛➫✱ ↔✐ ❞❛♥é ♣♦❧í↔❦♦ ✈ô❜❡❝ ❡①✐st✉❥❡✳

❸❛❧➨♦✉ ③♠❡♥♦✉✱ ❦t♦rá ♠ô➸❡ ♣r✐♥✐❡s➫ ③❡❢❡❦tí✈♥❡♥✐❡✱ ❥❡ ♣❛♠ät❛♥✐❡ s✐ ✐♥❞❡①♦✈ ♣♦❧í↔♦❦

✈ ♠r✐❡➸❦❡ s ♥❡♥✉❧♦✈♦✉ ❤♦❞♥♦t♦✉ ♣r❛✈❞❡♣♦❞♦❜♥♦st✐✳ ◆✐❡ ❥❡ t❡❞❛ ♣♦tr❡❜♥é ♣r❡❝❤á❞③❛➫

✈➨❡t❦ý♠✐ ♣♦❧í↔❦❛♠✐ ♠r✐❡➸❦② ❛ ❛♣❧✐❦♦✈❛➫ ♥❛ ♥❡ ♠❛s❦✉✳ ❉♦ ú✈❛❤② s❛ ③♦❜❡r✐❡ ✐❜❛ ③♦③♥❛♠

♥❡♥✉❧♦✈ý❝❤ ♣♦❧í↔♦❦✳ ❖❦r❡♠ s❛♠♦t♥é❤♦ ✈ý♣♦↔t✉ ♣r❛✈❞❡♣♦❞♦❜♥♦stí s❛ ③rý❝❤❧✐❛ ❛❥ ♦s✲

t❛t♥é ♣♦♠♦❝♥é ✈ý♣♦↔t②✱ ❛❦♦ ❥❡ ♥♦r♠❛❧✐③á❝✐❛ ♠r✐❡➸❦② ❛❧❡❜♦ ✉r↔❡♥✐❡ ❛❦t✉á❧♥❡❥ ♣♦③í❝✐❡✱

↔✐➸❡ ♣♦❧í↔❦❛ s ♥❛❥✈ä↔➨♦✉ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫♦✉✳ ❚❡♥t♦ ♣ríst✉♣ ♣♦s❦②t✉❥❡ ♠♦➸♥♦s➫ ✐❣♥♦✲

r♦✈❛➫ ♣♦❧í↔❦❛ s ♠❛❧ý♠✐ ❤♦❞♥♦t❛♠✐ ❛❧❡❜♦ ✈②❜r❛➫ ✐❜❛ ✉r↔✐tý ♣♦↔❡t ♣♦❧í↔♦❦ s ♥❛❥✈ä↔➨♦✉

♣r❛✈❞❡♣♦❞♦❜♥♦s➫♦✉✳

✺✳✸ ●❡♥❡r♦✈❛♥✐❡ ❛ ✉❝❤♦✈á✈❛♥✐❡ ♠á♣

Pr✐ ♥á✈r❤✉ r✐❡➨❡♥✐❛ ♣r❡ ✐♥❞♦♦r ❧♦❦❛❧✐③á❝✐✉ s♠❡ ❦❧á❞❧✐ ❞ôr❛③ ❛❥ ♥❛ t♦✱ ❛❜② ❜♦❧♦ ♠♦➸♥é

❞♦♣❧♥✐➫ ↕❛❧➨✐❡ ♣r✈❦② ✐♥❞♦♦r ♥❛✈✐❣❛↔♥❡❥ ❛♣❧✐❦á❝✐❡✳ ❑➞ú↔♦✈♦✉ ♦tá③❦♦✉ ♣r✐ ✐♠♣❧❡♠❡♥tá❝✐✐

❥❡ s♣ôs♦❜ ✈②t✈ár❛♥✐❛ ❛ ✉❝❤♦✈á✈❛♥✐❛ ♠á♣✳ ▼❛♣✉ ♣♦✉➸í✈❛t❡➞♦✈✐ ❜✉❞❡♠❡ ③♦❜r❛③♦✈❛➫ ✈♦

❢♦r♠át❡ ❙❱●✱ ❦t♦rý ♠á s✈♦❥❡ ✈ý❤♦❞② ❤❧❛✈♥❡ ③ ♣♦❤➞❛❞✉ ♣❛♠ät❡✳ ❆❦t✉á❧♥❛ ♣♦③í❝✐❛

❜✉❞❡ ✈②❦r❡s❧❡♥á ✈ t♦♠t♦ ③♦❜r❛③❡♥í ♠❛♣②✳ ❏❡ t✉ ♣r✐❡st♦r ♣r❡ ③♦❜r❛③❡♥✐❡ ↕❛❧➨❡❥ ✈rst✈②

✐♥❢♦r♠á❝✐✐ ♥❛ tút♦ ♠❛♣✉✱ ♥❛♣rí❦❧❛❞ ③♦❜r❛③❡♥✐❡ ♥❛✈✐❣❛↔♥❡❥ ❝❡st②✳ Pr❡ ❧♦❦❛❧✐③❛↔♥ý ♣r❛✈✲

❞❡♣♦❞♦❜♥♦st♥ý ♠♦❞❡❧ ❥❡ ♥✉t♥é ✈②t✈♦r✐➫ ♠r✐❡➸❦✉✱ ❦t♦rá ③♦❞♣♦✈❡❞á ♠❛♣❡ ❜✉❞♦✈②✳ ❚át♦

♠r✐❡➸❦❛ ❜② ♠❛❧❛ ❜②➫ ❣❡♥❡r♦✈❛♥á ❛✉t♦♠❛t✐❝❦② ③ ♣♦♣✐s✉ ♠❛♣②✳

▼❛♣❛ ❜✉❞❡ ❞❡✜♥♦✈❛♥á ③ó♥❛♠✐✱ ↔♦ sú ✈ ♣♦❞st❛t❡ ❜♦❞② ❛ s♣♦❥♥✐❝❡ ♠❡❞③✐ ♥✐♠✐ ✭♦❜✲

rá③♦❦ ✺✳✶✻✮✳ ❱ t♦♠t♦ ♣ríst✉♣❡ ✈②st✉♣✉❥❡ ♥✐❡❦♦➞❦♦ ♣r✈❦♦✈✿

• ❇♦❞② sú ③á❦❧❛❞♥♦✉ ❥❡❞♥♦t❦♦✉ ♠❛♣②✳ ◆❡sú ✐♥❢♦r♠á❝✐✉ ♦ ♣♦③í❝✐✐ ✈ ❜✉❞♦✈❡✱ ↔✐➸❡

sú ❞❡✜♥♦✈❛♥é súr❛❞♥✐❝❛♠✐ ✈ ♠❡tr♦❝❤ ❛❧❡❜♦ ❝❡♥t✐♠❡tr♦❝❤✳ ❯❝❤♦✈á✈❛❥ú s❛ ✐❜❛

✈ý③♥❛↔♥é ❜♦❞② ✈ ❜✉❞♦✈❡✳ ■❝❤ ♣♦↔❡t ③á✈✐sí ♦❞ ➨tr✉❦túr② ❜✉❞♦✈②✳

✸✽



❖❜r✳ ✺✳✶✻✿ ❯❦á➸❦❛ ❞✈♦❝❤ rô③♥②❝❤ r❡♣r❡③❡♥tá❝✐✐ r♦✈♥❛❦❡❥ ♠❛♣② ♣♦♠♦❝♦✉

③ó♥✳

• ❙♣♦❥♥✐❝❡ s♣á❥❛❥ú ❜♦❞②✳ ❱ä↔➨✐♥♦✉ ✐❞❡ ♦ st❡♥②✳ ▼ô➸✉ ✈➨❛❦ ❡①✐st♦✈❛➫ ❛❥ ♣r✐❡❝❤♦❞♥é

s♣♦❥♥✐❝❡✱ ♥❛♣rí❦❧❛❞ ❞✈❡r❡ ❞♦ ♠✐❡st♥♦st✐ ❛❧❡❜♦ ♣r✐❡❤➞❛❞♥é s♣♦❥♥✐❝❡ ♣r❡ ♣♦tr❡❜②

✉③❛✈r❡t✐❛ ③ó♥②✱ ❛❦♦ ✈✐❞✐❡➫ ♥❛ ♦❜rá③❦✉✱ ❦❞❡ sú ③♦❜r❛③❡♥é ♦r❛♥➸♦✈♦✉ ❢❛r❜♦✉✳ ❙♣♦❥✲

♥✐❝❛ ❥❡ ❞❡✜♥♦✈❛♥á ❞✈♦❥✐❝♦✉ ❜♦❞♦✈✱ ❦t♦ré s♣á❥❛✳ ❑♦♥❦rét♥❡ ♠ô➸❡ ís➫ ♦ ❞✈❛ ✐♥❞❡①②

✈ ③♦③♥❛♠❡ ❜♦❞♦✈✳ ❸❛❧➨♦✉ ✐♥❢♦r♠á❝✐♦✉ ❥❡ t②♣ s♣♦❥♥✐❝❡✳

• ❩ó♥② sú ♣♦❞st❛t♥♦✉ sú↔❛s➫♦✉ ♠❛♣②✳ ❩ó♥❛ ✈③♥✐❦♥❡ s♣♦❥❡♥í♠ ✈✐❛❝❡rý❝❤ s♣♦❥♥í❝✳

▼ô➸❡ ❜②➫ ❞❡✜♥♦✈❛♥á ❛❦♦ ③♦③♥❛♠ ❜♦❞♦✈ ❛❧❡❜♦ ③♦③♥❛♠ s♣♦❥♥í❝✳ Pr❡ ♣♦tr❡❜② ♥❛✲

✈✐❣á❝✐❡ ♣r❡❞♣♦❦❧❛❞á♠❡✱ ➸❡ ③ó♥② sú ❦♦♥✈❡①♥é ♠♥♦❤♦✉❤♦❧♥í❦②✳ ❆❦ ♥❡❥❛❦á ③ó♥❛

♥✐❡ ❥❡ ❦♦♥✈❡①♥á✱ t❛❦ ❥✉ ✈✐❡♠❡ r♦③❞❡❧✐➫ ♥❛ ❞✈❡ ❛❧❡❜♦ ✈✐❛❝❡r♦ ❦♦♥✈❡①♥ý❝❤ ③ó♥✳

◆❛ ♦❜rá③❦✉ ✈✐❞í♠❡ ♥❡❦♦♥✈❡①♥ú ③ó♥✉ ❞❡✜♥♦✈❛♥ú ↔✐❡r♥②♠✐ s♣♦❥♥✐❝❛♠✐✳ ❱✐❡♠❡ ❥✉

r♦③❞❡❧✐➫ ♥❛ ❞✈❡ ❦♦♥✈❡①♥é ③ó♥② ♣r✐❞❛♥í♠ ♣r✐❡❤➞❛❞♥❡❥ s♣♦❥♥✐❝❡ ③♦❜r❛③❡♥❡❥ ♦r❛♥✲

➸♦✈♦✉ ❢❛r❜♦✉✳ ❊①✐st✉❥❡ ✈✐❛❝❡r♦ s♣rá✈♥②❝❤ s♣ôs♦❜♦✈✳ ❏❡❞❡♥ ③ ♥✐❝❤ s✐ ✈②➸❛❞♦✈❛❧

♣r✐❞❛♥✐❡ ❞♦❞❛t♦↔♥é❤♦ ❜♦❞✉ ✭❜♦❞ ● ♥❛ ♦❜rá③❦✉ ✈➞❛✈♦✮✳ ❩ó♥❛ ♠ô➸❡ t✐❡➸ ♦❜s❛❤♦✲

✈❛➫ ✐♥❢♦r♠á❝✐✉ ♦ s✈♦❥♦♠ t②♣❡✳ ◆✐❡❦t♦ré ③ó♥② sú ➨♣❡❝✐✜❝❦é✱ ♥❛♣rí❦❧❛❞ ❛❦ ✐❞❡ ♦

s❝❤♦❞✐s❦♦✳

• ▼✐❡st♥♦st✐ sú ❛❦ý♠✐s✐ ❧♦❣✐❝❦ý♠✐ ❥❡❞♥♦t❦❛♠✐ ♥❛ ♠❛♣❡ ❜✉❞♦✈②✳ ■❞❡ ♦ ③❧ú↔❡♥✐❡

✈✐❛❝❡rý❝❤ ③ó♥✳ ▼✐❡st♥♦s➫ ♠ô➸❡ ♥❛♣rí❦❧❛❞ ✈③♥✐❦♥ú➫ s♣♦❥❡♥í♠ ③ó♥✱ ❦t♦ré t✈♦r✐❛

♥❡❥❛❦ú ❝❤♦❞❜✉✳ ▼✐❡st♥♦st✐ ♠ô➸✉ ✉❝❤♦✈á✈❛➫ ③ó♥②✱ ❦t♦ré ✐❝❤ t✈♦r✐❛ ❛❧❡❜♦ ❦❛➸❞❡❥

③ó♥❡ ♣r✐❞á♠❡ ✐♥❢♦r♠á❝✐✉✱ ❞♦ ❦t♦r❡❥ ♠✐❡st♥♦st✐ ♣❛trí✳ ❱ ♣rí♣❛❞❡ ♥❛➨❡❥ ✐♥❞♦♦r

❧♦❦❛❧✐③á❝✐❡ t✐❡t♦ ♠✐❡st♥♦st✐ ♥❡✈②✉➸í✈❛♠❡✳ ▼ô➸❡ t♦ ❜②➫ ❛❧❡ ③❛✉❥í♠❛✈á ✐♥❢♦r♠á❝✐❛

♣r❡ ♣♦tr❡❜② ③♦❜r❛③♦✈❛♥✐❛ ❛❧❡❜♦ s❛♠♦t♥❡❥ ♥❛✈✐❣á❝✐❡✳

✸✾



❑❛➸❞á ♠❛♣❛ ♠ô➸❡ ❜②➫ ✉❝❤♦✈❛♥á ✈ tý❝❤t♦ tr♦❝❤ sú❜♦r♦❝❤✿

• ❩á❦❧❛❞♥ý ♣♦♣✐s♥ý sú❜♦r ♠ô➸❡ ❜②➫ ✈ t❡①t♦✈♦♠ ❛❧❡❜♦ ①♠❧ ❢♦r♠át❡✳ ❯❝❤♦✈á✈❛ ❝❡❧✲

❦♦✈é r♦③♠❡r② ♠❛♣② ✈ ♠❡tr♦❝❤ ❛❧❡❜♦ ❝❡♥t✐♠❡tr♦❝❤✳ ❆❦ ❥❡ ♣♦tr❡❜♥é✱ t❛❦ ♠ô➸❡♠❡

♣r✐❞❛➫ ❛❥ ✉❤♦❧ ♦t♦↔❡♥✐❛ ❝❡❧❡❥ ♠❛♣②✱ ❛❦ tá ❥❡ ♥❛t♦↔❡♥á ✐♥❛❦ ❛❦♦ ✈ s❦✉t♦↔♥♦st✐✳ ❚✉

♠ô➸✉ ❜②➫ ✈❧♦➸❡♥é ❛❥ ↕❛❧➨✐❡ ✐♥❢♦r♠á❝✐❡ ♦ ♠❛♣❡✳

• ❙❱● sú❜♦r ❥❡ ✉r↔❡♥ý ♥❛ ③♦❜r❛③❡♥✐❡ ♣♦✉➸í✈❛t❡➞♦✈✐✳ ❚❡♥t♦ sú❜♦r ❜② ♠❛❧ ❜②➫ ♣r❡

♣♦✉➸í✈❛t❡➞❛ ❡st❡t✐❝❦② ♣rí❥❡♠♥ý ❛ ↔✐t❛t❡➞♥ý✳ ▼ô➸✉ ❜②➫ ♣♦✉➸✐té rô③♥❡ ❢❛r❜②✱ ③♥❛↔❦②

❛❧❡❜♦ ♣✐❦t♦❣r❛♠② ♥❛ ✐❞❡♥t✐✜❦á❝✐✉ ♥❡❥❛❦ý❝❤ ③❛✉❥í♠❛✈ý❝❤ ♠✐❡st ✈ ❜✉❞♦✈❡✳

• ❇✐♥ár♥② sú❜♦r ✉❝❤♦✈á✈❛ ✐♥❢♦r♠á❝✐❡ ♦ ♠❛♣❡✱ ❦t♦ré sú ♣♦tr❡❜♥é ♣r❡ ❣❡♥❡r♦✈❛♥✐❡

♠r✐❡➸❦②✳ ❇✐♥ár♥② ❢♦r♠át ❜♦❧ ③✈♦❧❡♥ý ♣r❡ rý❝❤❧♦s➫ ♥❛↔ít❛♥✐❛ ✈➨❡t❦ý❝❤ ♣♦tr❡❜♥ý❝❤

✐♥❢♦r♠á❝✐✐ ❛ ❛❜② t❡♥t♦ sú❜♦r ♠❛❧ ↔♦ ♥❛❥♠❡♥➨✐✉ ✈❡➞❦♦s➫✳ ❚✐❡t♦ ✐♥❢♦r♠á❝✐❡ ♥❡♠✉s✐❛

❜②➫ ↔✐t❛t❡➞♥é ♣r❡ ♣♦✉➸í✈❛t❡➞❛✳ ❱ t♦♠t♦ sú❜♦r❡ ✉❝❤♦✈á✈❛♠❡ ✐❜❛ ③♦③♥❛♠ ❜♦❞♦✈

s ✐❝❤ súr❛❞♥✐❝❛♠✐✱ ③♦③♥❛♠ ③ó♥✱ ❦t♦ré ♦❜s❛❤✉❥ú ✐♥❞❡①② ♣rís❧✉➨♥ý❝❤ ❜♦❞♦✈ ❛ ↕❛❧➨✐❡

✐♥❢♦r♠á❝✐❡ ♦ t②♣❡ ③ó♥② ❛ t②♣♦❝❤ ❥❡❞♥♦t❧✐✈ý❝❤ s♣♦❥♥í❝✳

❱②t✈ár❛♥✐❡ ♠á♣

❱②t✈♦r✐❧✐ s♠❡ ❡❞✐t♦r ♠á♣✱ ❦t♦rý ♣♦s❦②t✉❥❡ ♠♦➸♥♦s➫ ✈②t✈♦r❡♥✐❛ ✐♥❢♦r♠á❝✐✐ ♦ ♠❛♣❡✳

❇♦❞②✱ s♣♦❥♥✐❝❡ ❛♥✐ ③ó♥② ♥✐❡ sú ❞❡t❡❦♦✈❛♥é ❛✉t♦♠❛t✐❝❦②✳ P♦✉➸í✈❛t❡➞ s✐ ♠ô➸❡ ♥❛↔ít❛➫

❖❜r✳ ✺✳✶✼✿ ❊❞✐t♦r ♠á♣✱ ❦t♦rý ♣♦s❦②t✉❥❡ ♠♦➸♥♦s➫ ✈②t✈♦r❡♥✐❛ ✐♥❢♦r♠á❝✐✐

♦ ♠❛♣❡ ♥❛ ③á❦❧❛❞❡ ♣♦❞❦❧❛❞✉✳

✹✵



♣♦❞❦❧❛❞♦✈ý ❙❱● sú❜♦r ❛ ❥❡❞♥♦❞✉❝❤♦ ③❛❞❛➫ ❜♦❞② ❛ s♣♦❥♥✐❝❡ ♠❡❞③✐ ♥✐♠✐ s ✐♥❢♦r♠á✲

❝✐♦✉ ♦ ✐❝❤ t②♣❡✳ ❘♦✈♥❛❦♦ ❛❥ ③ó♥② ❛ ✈➨❡t❦② ❞♦❞❛t♦↔♥é ❝❤❛r❛❦t❡r✐st✐❦②✳ P♦③í❝✐❛ ❜♦❞♦✈

❥❡ ♣♦↔ít❛♥á ❛✉t♦♠❛t✐❝❦②✳ ❊❞✐t♦r ♠á♣ ♣♦s❦②t✉❥❡ ♠♦➸♥♦s➫ ❛✉t♦♠❛t✐❝❦é❤♦ ♦✈❡r❡♥✐❛ ❦♦♥✲

✈❡①♥♦st✐ ③ó♥✳ Pr✐ t♦♠t♦ ♦✈❡r♦✈❛♥í ❜♦❧ ♣♦✉➸✐tý ❢❛❦t✱ ➸❡ ❦♦♥✈❡①♥ý ♠♥♦❤♦✉❤♦❧♥í❦ ♠á

✈➨❡t❦② ✉❤❧② ♠❡♥➨✐❡ ❛❦♦ 180◦✳ ❚❡♥t♦ ❡❞✐t♦r r♦❜í ❛❥ ❡①♣♦rt ③❛❞❛♥ý❝❤ ✐♥❢♦r♠á❝✐✐ ❞♦

❜✐♥ár♥❡❤♦ sú❜♦r✉✳

❖❜r✳ ✺✳✶✽✿ ❩♦❜r❛③❡♥✐❡ ✐♥❢♦r♠á❝✐✐ ♦ ♠❛♣❡ ❜❡③ ♣♦❞❦❧❛❞♦✈é❤♦ sú❜♦r✉✳ ❩❡✲

❧❡♥♦✉ sú ③♦❜r❛③❡♥é ❜♦❞②✱ ❦t♦ré ✉❝❤♦✈á✈❛❥ú ✐♥❢♦r♠á❝✐✉ ♦ ③ó♥❡✱ ❞♦ ❦t♦r❡❥

♣❛tr✐❛✳

●❡♥❡r♦✈❛♥✐❡ ♠r✐❡➸❦②

Pr✐ ❣❡♥❡r♦✈❛♥í ♠r✐❡➸❦② ❥❡ ♣♦tr❡❜♥é ♣♦③♥❛➫ r♦③♠❡r② ❝❡❧❡❥ ♠❛♣②✱ ❦t♦ré s❛ ③ís❦❛❥ú

③♦ ③á❦❧❛❞♥é❤♦ ♣♦♣✐s♥é❤♦ sú❜♦r✉✳ ▼r✐❡➸❦❛ ❥❡ ♣♦t♦♠ ❣❡♥❡r♦✈❛♥á ♥❛ ③á❦❧❛❞❡ ✐♥❢♦r♠á❝✐✐

③ ❜✐♥ár♥❡❤♦ sú❜♦r✉✳ ❉♦ ♠r✐❡➸❦② s❛ ♣♦st✉♣♥❡ ③❛③♥❛♠❡♥á✈❛❥ú ③ó♥②✳ ❈✐❡➞♦♠ ❥❡ ③ís❦❛➫

♣♦❧❡ ♣r❛✈❞❡♣♦❞♦❜♥♦stí✱ ❦❞❡ ❜✉❞ú ♦③♥❛↔❡♥é ❞♦st✉♣♥é ♣♦❧í↔❦❛ ❤♦❞♥♦t♦✉ 0✱ ↔✐➸❡ ♣♦❧í↔❦❛

✈♦ ✈♥útr✐ ③ó♥✳ ❩✈②➨♥é ♣♦❧í↔❦❛ ❜✉❞ú ♦③♥❛↔❡♥é ❛❦♦ ♥❡❞♦st✉♣♥é✱ ↔♦ ③♥❛♠❡♥á✱ ➸❡ ✐♠ ❜✉❞❡

♣r✐r❛❞❡♥á ③á♣♦r♥á ❤♦❞♥♦t❛ −1✳ ◆❛ ③❛↔✐❛t❦✉ ♦❜s❛❤✉❥❡ ♠r✐❡➸❦❛ ♣♦❧í↔❦❛ s ❤♦❞♥♦t♦✉ −2✱

♦❦r❡♠ ♣♦❧í↔♦❦ ♣♦ ♦❜✈♦❞❡✱ ❦t♦ré ❜♦❧✐ ♣r✐❞❛♥é ✈ rá♠❝✐ ❡❢❡❦tí✈♥❡❥ ✐♠♣❧❡♠❡♥tá❝✐❡✳ ❚✐❡

♠❛❥ú ❤♦❞♥♦t✉ −1✳ Pr❡ ❦❛➸❞ú ③ó♥✉ s❛ ✈②♣♦↔ít❛ ✐♥❞❡① ❦❛➸❞é❤♦ ❜♦❞✉✱ ❦t♦rý ❞❡✜♥✉❥❡

❞❛♥ú ③ó♥✉✳ P♦✉➸✐tí♠ ❥❡❞♥♦❞✉❝❤é❤♦ ③♥á♠❡❤♦ ❛❧❣♦r✐t♠✉ ♥❛ ❦r❡s❧❡♥✐❡ ↔✐❛r s❛ ✈②♣❧♥✐❛

✹✶



♥❡❞♦st✉♣♥é ♣♦❧í↔❦❛ ♣r✐s❧ú❝❤❛❥ú❝❡ ♥❡♣r✐❡❝❤♦❞♥❡❥ s♣♦❥♥✐❝✐✳ P♦ ✈②❦r❡s❧❡♥í ✈➨❡t❦ý❝❤ st✐❡♥

s❛ ❞❡t❡❦✉❥❡ ❜♦❞ ✈♦ ✈♥útr✐ ❦❛➸❞❡❥ ③ó♥②✳ ❚❡♥ s❛ ✈②♣♦↔ít❛ ❛❦♦ ♣r✐❡♠❡r ♣r✈é❤♦ ❛ tr❡✲

t✐❡❤♦ ❜♦❞✉ ✈ ③ó♥❡✳ P♦❞♠✐❡♥❦❛ ❦♦♥✈❡①♥♦st✐ ③ó♥② ③❛r✉↔✉❥❡✱ ➸❡ t❛❦t♦ ✈②♣♦↔ít❛♥ý ❜♦❞

❜✉❞❡ ✈♦ ✈♥útr✐ ③ó♥②✳ P♦✉➸✐tí♠ ❛❧❣♦r✐t♠✉ s❡♠✐❡♥❦♦✈é❤♦ ✈②♣➝➡❛♥✐❛ s❛ ♥❛st❛✈✐❛ ❤♦❞✲

♥♦t② ♣r❛✈❞❡♣♦❞♦❜♥♦stí ✈♦ ✈♥útr✐ ③ó♥② ♥❛ ❤♦❞♥♦t✉ 0✳ ❆❦ ③ó♥❛ ♦❜s❛❤✉❥❡ ♣r✐❡❝❤♦❞♥ú

st❡♥✉✱ t❛❦ s❛ ③❛♣❧♥í ❛❥ s✉s❡❞♥á ③ó♥❛✳ ◆❛ ❦♦♥❝✐ s❛ ✈➨❡t❦② ♥❡♥✉❧♦✈é ♣♦❧í↔❦❛ ♣r❡❤❧ás✐❛ ③❛

♥❡❞♦st✉♣♥é✳

❖❜r✳ ✺✳✶✾✿ ❷❛s➫ ♠❛♣② r❡♣r❡③❡♥t♦✈❛♥á ♠r✐❡➸❦♦✉✳

✺✳✹ ❷❛s♦✈á ❛ ♣❛♠ä➫♦✈á ③❧♦➸✐t♦s➫

Pr❡ ♣r✈♦t♥é ♦✈❡r❡♥✐❡ ❛❧❣♦r✐t♠✉ s♠❡ ✐♠♣❧❡♠❡♥t♦✈❛❧✐ ❧♦❦❛❧✐③❛↔♥ý ♣r❛✈❞❡♣♦❞♦❜♥♦st♥ý

♠♦❞❡❧ t❛❦✱ ❛❦♦ ❜♦❧ ❞❡✜♥♦✈❛♥ý✳ ❱ýs❧❡❞❦♦♠ ♥❡❜♦❧ ♣r♦t♦t②♣ ♣r❡ s♠❛rt❢ó♥✱ ❛❧❡ ❛♣❧✐❦á❝✐❛

✉r↔❡♥á ♣r❡ ♣♦↔ít❛↔✳ ◆❛ ♥❡❥ s♠❡ ♣♦♠♦❝♦✉ s✐♠✉❧♦✈❛♥ý❝❤ ❞át ③♦ s❡♥③♦r♦✈ s❧❡❞♦✈❛❧✐ s♣rá✲

✈❛♥✐❡ ❝❡❧é❤♦ ♠♦❞❡❧✉✳ ◆ás❧❡❞♥❡ ❜♦❧❛ ✐♣❧❡♠❡♥t♦✈❛♥á ❡❢❡❦tí✈♥❡❥➨✐❛ ✈❡r③✐❛ ♦♣ís❛♥á ✈ t❡❥t♦

❦❛♣✐t♦❧❡✳ ❚✐❡t♦ ❛❧❣♦r✐t♠② s♠❡ ✐♠♣❧❡♠❡♥t♦✈❛❧✐ ❛❥ ✈♦ ❢♦r♠❡ ♣r♦t♦t②♣✉ ♥❛ ♣❧❛t❢♦r♠✉

❆♥❞r♦✐❞✳

❷❛s ✈ý♣♦↔t✉

❷❛s♦✈á ③❧♦➸✐t♦s➫ ❛❧❣♦r✐t♠✉ ✈ý♣♦↔t✉ ♣r❛✈❞❡♣♦❞♦❜♥♦stí ♣♦ ❞❡t❡❦♦✈❛♥í ❦r♦❦✉ ❥❡ ❧✐♥❡ár♥❛

✈③❤➞❛❞♦♠ ♥❛ ♣♦↔❡t ♣♦❧í↔♦❦ ✈ ♠r✐❡➸❦❡✳ ❱❡➞❦♦s➫ ♠❛s❦② ❥❡ ③❛♥❡❞❜❛t❡➞♥á ✈ ♣♦r♦✈♥❛♥í

s ✈❡➞❦♦s➫♦✉ ♠r✐❡➸❦②✳ ❘ý❝❤❧♦s➫ ✈ý♣♦↔t✉ s♠❡ ♦✈❡r✐❧✐ ❛❥ ♣r❡ ❦♦♥❦rét♥✉ ♠❛♣✉ ❜✉❞♦✈②✳ ◆❛

t❡st♦✈❛♥✐❡ ❜♦❧ ♣♦✉➸✐tý ♥♦t❡❜♦♦❦ ❆s✉s ❯▲ ✸✵ ❏❚ ✭■♥t❡❧✭❘✮ ❈♦r❡✭❚▼✮ ✐✸✲✷✸✶✵▼ ❈P❯

❅ ✷✳✶✵●❍③✱ ❉❉❘✸ ✶✸✸✸ ▼❍③ ❙❉❘❆▼✱ ▲✐♥✉① ▼✐♥t ✶✻✮✳ ◆❛♠✐ ♥❛✈r❤♥✉tú ❡❢❡❦tí✈♥✉

✹✷



✐♠♣❧❡♠❡♥tá❝✐✉ s♠❡ t❡st♦✈❛❧✐ ♥❛ s♠❛rt❢ó♥❡ ❍❚❈ ❲✐❧❞✜r❡ ❙ ✭✻✵✵ ▼❍③ ❆❘▼ ✶✶✱ ✺✶✷

▼❇ ❘❆▼✱ ❆♥❞r♦✐❞ ❖❙ ✈✷✳✸✮✳

❱ý♣♦↔❡t ♣♦➞❛ ♣r❛✈❞❡♣♦❞♦❜♥♦stí ♣♦ ❞❡t❡❦♦✈❛♥í ❦r♦❦✉ ♣♦③♦stá✈❛ ③ ❞✈♦❝❤ ❦r♦❦♦✈✳

Pr✈ý♠ ❥❡ ❛♣❧✐❦♦✈❛♥✐❡ ♠❛s❦② ♥❛ ♣♦❧í↔❦❛ s ♥❡♥✉❧♦✈♦✉ ❤♦❞♥♦t♦✉✳ ❉r✉❤ý♠ ❦r♦❦♦♠ ❥❡

♥♦r♠❛❧✐③á❝✐❛ ♠r✐❡➸❦②✳ Pr✈ý ❦r♦❦ ③á✈✐sí ♦❞ ♣♦↔t✉ ♥❡♥✉❧♦✈ý❝❤ ♣♦❧í↔♦❦✱ ↔♦ ❥❡ ♦✈♣❧②✈✲

♥❡♥é ➨tr✉❦túr♦✉ ❜✉❞♦✈②✳ Pr✐ ♥♦r♠❛❧✐③♦✈❛♥í ♠r✐❡➸❦② ✈ ♣r✈❡❥ ✐♠♣❧❡♠❡♥tá❝✐✐ ❥❡ ♣♦tr❡❜♥é

♣r❡❥s➫ ✈➨❡t❦② ♣♦❧í↔❦❛ ✈ ♠r✐❡➸❦❡✳ ❱ ❞r✉❤❡❥ ✐♠♣❧❡♠❡♥tá❝✐✐ s✐ ✉❝❤♦✈á✈❛♠❡ ③♦③♥❛♠ ✐♥❞❡①♦✈

s ♥❡♥✉❧♦✈♦✉ ❤♦❞♥♦t♦✉✳ Pr✐ ♣♦↔t❡ ♣♦❧í↔♦❦ 20000✱ ❦t♦ré ♠❛❥ú ♥❡♥✉❧♦✈ú ❤♦❞♥♦t✉✱ ♣r✈ý

❛❧❣♦r✐t♠✉s ❞♦❦á③❛❧ ✈②❦♦♥❛➫ ✈ý♣♦↔❡t ✈ ↔❛s❡ ♣r✐❜❧✐➸♥❡ 50ms ❛ ❞r✉❤ý ✈ ↔❛s❡ ♣r✐❜❧✐➸♥❡

40♠s✳ ❉r✉❤á ✐♠♣❧❡♠❡♥tá❝✐❛ ♣r✐♥✐❡s❧❛ ❧❡♥ ♠✐♥✐♠á❧♥❡ ③❧❡♣➨❡♥✐❡✳ ▼❛♣❛ ♠❛❧❛ r♦③♠❡r②

♣r✐❜❧✐➸♥❡ 50 ❛ 40 ♠❡tr♦✈✳ Pr✐ ✈ä↔➨❡❥ ♠❛♣❡ ❜② t✐❡t♦ r♦③❞✐❡❧② ♠♦❤❧✐ ❜②➫ ✈ýr❛③♥❡❥➨✐❡✳ ❯❦á✲

③❛❧♦ s❛ ✈➨❛❦✱ ➸❡ ✈ý♣♦↔❡t ❥❡ ♠♦➸♥é r♦❜✐➫ ✈ r❡á❧♥♦♠ ↔❛s❡✳ P♦❞♦❜♥é ✈ýs❧❡❞❦② ❞♦s❛❤♦✈❛❧

❛❥ ♣r♦t♦t②♣ ♥❛ s♠❛rt❢ó♥❡✳

❸❛❧➨♦✉ ✈ý③♥❛♠♥♦✉ ♦♣❡rá❝✐♦✉ ❥❡ ✈ý♣♦↔❡t ♠❛s✐❡❦ ❤♥❡↕ ♣♦ ♥❛↔ít❛♥í ♠❛♣②✳ ◆❛ ♥♦✲

t❡❜♦♦❦✉ ❣❡♥❡r♦✈❛♥✐❡ ♠❛s✐❡❦ ♣r❡ 360 ✉❤❧♦✈ tr✈❛❧♦ ♣r✐❜❧✐➸♥❡ 300ms✳ ◆❛ s♠❛rt❢ó♥❡ t♦

tr✈❛❧♦ ✈✐❛❝ ❛❦♦ 25 s❡❦ú♥❞✳ P♦ r❡❞✉❦❝✐✐ ✈ý♣♦↔t✉ ♥❛ ➨t✈rt✐♥✉ ❜♦❧ ↔❛s ✈ý♣♦↔t✉ ♣r✐❜❧✐➸♥❡

6800ms✳ ❩✈②➨♥é ♠❛s❦② ❜♦❧✐ ✈②rát❛♥é ③ ♣r❡❞♦➨❧ý❝❤ ♠❛s✐❡❦ ✐❝❤ ♦t♦↔❡♥í♠✳ ◆❛ ✈ý❦♦♥✲

♥❡❥➨í❝❤ s♠❛rt❢ó♥♦❝❤ ❛❧❡❜♦ t❛❜❧❡t♦❝❤ ♥❡✐❞❡ ♦ t❛❦ ✈ýr❛③♥ý ↔❛s✳ ❚❡♥t♦ ✈ý♣♦↔❡t ✈✐❡♠❡

♦❞strá♥✐➫✱ ❦❡❞➸❡ ♠❛s❦② ♥✐❡ sú ③á✈✐s❧é ♦❞ ♠❛♣②✳ ❇♦❧♦ ❜② ♣♦tr❡❜♥é ✉❧♦➸✐➫ s✐ t✐❡t♦ ♠❛s❦②

❛ ♣♦ ✈②❣❡♥❡r♦✈❛♥í ♠r✐❡➸❦② ✐❝❤ ❛❥ ♥❛↔ít❛➫✳

P❛♠ä➫♦✈é ♥ár♦❦②

❘♦③❞✐❡❧ ♠❡❞③✐ ♣r✈♦✉ ❛ ❞r✉❤♦✉ ✐♠♣❧❡♠❡♥tá❝✐♦✉ ❥❡ ✈ýr❛③♥❡❥➨í ③ ♣♦❤➞❛❞✉ ♣❛♠ä➫♦✈ý❝❤

♥ár♦❦♦✈ ❛❦♦ ③ ♣♦❤➞❛❞✉ ↔❛s✉ ✈ý♣♦↔t✉✳ ❇✉❞❡♠❡ ❛♥❛❧②③♦✈❛➫ ✐❜❛ ♦❜❥❡❦t②✱ ❦t♦ré ❥❡ ♣♦✲

tr❡❜♥é s✐ ✉❝❤♦✈á✈❛➫ ♣♦ ❝❡❧ú ❞♦❜✉ ✈ý♣♦↔t✉✳ ◆❛ ✉❧♦➸❡♥✐❡ ❤♦❞♥ôt ♣r❛✈❞❡♣♦❞♦❜♥♦stí s♠❡

♣♦✉➸✐❧✐ ✹ ❜✐t② ✭✢♦❛t✮✱ ♥✐❡ ✽ ❜✐t♦✈ ✭❞♦✉❜❧❡✮✳

▼r✐❡➸❦❛ r❡♣r❡③❡♥t✉❥❡ ♠❛♣✉ ❜✉❞♦✈②✳ ◆❡❝❤ n ❥❡ ♣♦↔❡t ♣♦❧í↔♦❦ ✈ ♠r✐❡➸❦❡✳ ❱ ♣r✈❡❥

✐♠♣❧❡♠❡♥tá❝✐✐ s✐ ✉❝❤♦✈á✈❛ ❞✈❡ ❞✈♦❥r♦③♠❡r♥é ♣♦❧✐❛ s♦ sú↔t♦♠ ♣♦❧í↔♦❦ n✱ ❦❞❡ s❛ ♥❛❝❤á✲

❞③❛❥ú ❛❦t✉á❧♥❡✱ r❡s♣✳ ♣♦↔ít❛♥é ❤♦❞♥♦t② ♣r❛✈❞❡♣♦❞♦❜♥♦stí✳ ❸❛❧➨✐❡ ❞✈♦❥r♦③♠❡r♥é ♣♦❧❡

s ♣♦↔t♦♠ ♣♦❧í↔♦❦ n ✉❝❤♦✈á✈❛ ✐♥❢♦r♠á❝✐✉ ♦ ❞♦st✉♣♥♦st✐✳ Pr❡ ❦❛➸❞é ♣♦❧í↔❦♦ ❥❡ t✐❡➸ ♣♦✲

tr❡❜♥é s✐ ♣❛♠ät❛➫ ♣♦✈r❝❤✱ ↔♦ ❥❡ s♣♦❧✉ m×n ❤♦❞♥ôt✱ ❦❞❡ m ❥❡ ♣♦↔❡t ♣♦❧í↔♦❦ ✈ ♠❛s❦❡✳

❱ ♥❛➨♦♠ ♣rí♣❛❞❡ ❥❡ m = 121✳ ▼r✐❡➸❦❛ s✐ s♣♦❧✉ ✉❝❤♦✈á✈❛ 2 · 4n+2n+121 · 2n = 252n

❜✐t♦✈✳ ■♥❢♦r♠á❝✐❡ ♦ ✈❡➞❦♦st✐ ♠r✐❡➸❦② ❛❧❡❜♦ ♠❛s❦② ♥❡✉✈❛➸✉❥❡♠❡✳ ❆❦ ♠á♠❡ ♠❛♣✉ r♦③✲

♠❡r♦✈ 45 × 30 ♠❡tr♦✈✱ t❛❦ ♣♦↔❡t ♣♦❧í↔♦❦ ✈ ♠r✐❡➸❦❡ ❥❡ 15000✳ ▼r✐❡➸❦❛ t❡❞❛ ✉❝❤♦✈á✈❛
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♣r✐❜❧✐➸♥❡ 470kB✳

❱ ❞r✉❤❡❥ ✐♠♣❧❡♠❡♥tá❝✐✐ ❥❡ t✐❡➸ ♣♦tr❡❜♥é ♠❛➫ ❞✈❡ ♣♦❧✐❛ s ❤♦❞♥♦t❛♠✐ ♣r❛✈❞❡♣♦❞♦❜✲

♥♦stí✳ ❚✐❡ sú ✈➨❛❦ ❥❡❞♥♦r♦③♠❡r♥é✳ ❯❝❤♦✈á✈❛ s❛ ❛❥ ③♦③♥❛♠ ♥❡♥✉❧♦✈ý❝❤ ♣♦❧í↔♦❦✱ ❦t♦rý

③á✈✐sí ♦❞ ➨tr✉❦túr② ❜✉❞♦✈②✳ ❚✐❡t♦ ③♦③♥❛♠② sú ❞✈❛✱ ❥❡❞❡♥ ❤♦✈♦rí ♦ ❛❦t✉á❧♥♦♠ st❛✈❡

❛ ❞♦ ❞r✉❤é❤♦ s❛ ③❛♣✐s✉❥ú ✐♥❞❡①② ♣♦↔❛s ✈ý♣♦↔t✉✳ ❏❡ ♣♦tr❡❜♥é ♣♦③♥❛♠❡♥❛➫✱ ➸❡ ♣♦↔❡t

♣♦❧í↔♦❦ ♠r✐❡➸❦② ❥❡ ✈ t❡❥t♦ ✐♠♣❧❡♠❡♥tá❝✐✐ ✈ä↔➨í ❦✈ô❧✐ ♣r✐❞❛♥✐✉ ♥❡❞♦st✉♣♥ý❝❤ ♣♦❧í↔♦❦

♣♦ ♦❜✈♦❞❡ ♠❛♣②✳ ❑♦♥❦rét♥❡ ✐❞❡ ♦ 2b(2b+ x+ y) ♣♦❧í↔♦❦✱ ❦❞❡ b ♠✉sí ❜②➫ ✈✐❛❝ ❛❦♦ ♣♦✲

❧♦✈✐❝❛ r♦③♠❡r✉ ♠❛s❦② ✭✈ ♥❛➨♦♠ ♣rí♣❛❞❡ 6✮✱ x ❛ y ❤♦✈♦r✐❛ ♦ r♦③♠❡r❡ ♠❛♣②✳ ❖③♥❛↔♠❡

t❡♥t♦ ♣♦↔❡t n′✳ ▼r✐❡➸❦❛ ✈ t❡❥t♦ ✐♠♣❧❡♠❡♥tá❝✐✐ s✐ ✉❝❤♦✈á✈❛ 2 · 4n′ + 4p ❜✐t♦✈✱ ❦❞❡ p

❥❡ ♠❛①✐♠á❧♥② ♣♦↔❡t ❞♦st✉♣♥ý❝❤ ♣♦❧í↔♦❦✳ ❚át♦ ❤♦❞♥♦t❛ ❥❡ ✈②♣♦↔ít❛♥á ♣r✐ ❣❡♥❡r♦✈❛♥í

♠r✐❡➸❦②✳ ❱ ♥❛❥❤♦r➨♦♠ ♣rí♣❛❞❡ ❥❡ p = n✳ ▼r✐❡➸❦❛ s✐ t❡❞❛ ✉❝❤♦✈á✈❛ 8n′ + 4n ❜✐t♦✈✳ Pr❡

♠❛♣✉ r♦③♠❡r♦✈ 45× 30 ♠❡tr♦✈ ✐❞❡ ♦ ♣r✐❜❧✐➸♥❡ 25kB✳

❉r✉❤♦✉ ♣♦❞st❛t♥♦✉ ↔❛s➫♦✉ ❥❡ ✉❝❤♦✈á✈❛♥✐❡ ♠❛s✐❡❦ ♣r❡ ♣♦tr❡❜② ✈ý♣♦↔t✉✳ ❱ ♣r✈❡❥

✐♠♣❧❡♠❡♥tá❝✐✐ ❥❡ ❥❡❞♥❛ ♠❛s❦❛ ❞❡✜♥♦✈❛♥á ❞✈♦❥r♦③♠❡r♥ý♠ ♣♦➞♦♠ s ♣♦↔t♦♠ ♣♦❧í↔♦❦

121 ♣r❡ ✈❡➞❦♦s➫ ♣♦❧í↔❦❛ ♠r✐❡➸❦② 30cm✳ ❙♣♦❧✉ ❥❡ ♣♦tr❡❜♥é s✐ ✉❝❤♦✈á✈❛➫ 360 · 121 · 4

❜✐t♦✈✱ t❡❞❛ t❛❦♠❡r 22kB✳ Pr✐ ❞r✉❤❡❥ ✐♠♣❧❡♠❡♥tá❝✐✐ ❥❡ ♠❛s❦❛ ❞❡✜♥♦✈❛♥á ❤♦❞♥♦t♦✉ ✐♥✲

❞❡①✉ ♣♦s✉♥✉t✐❛ ♦♣r♦t✐ str❡❞♦✈é♠✉ ♣♦❧í↔❦✉✱ ❤♦❞♥♦t♦✉ ♣r❛✈❞❡♣♦❞♦❜♥♦stí ❛ ③♦③♥❛♠♦♠

♣♦❧í↔♦❦✱ ♣r❡ ❦t♦ré ♣♦tr❡❜✉❥❡ ♦✈❡r✐➫ ❞♦st✉♣♥♦s➫✳ ❚ý❝❤t♦ ♣♦❧í↔♦❦ ❥❡ ♥❛❥✈✐❛❝ 6 ✈rát❛♥❡ ❛❦✲

t✉á❧♥❡❤♦ ♣♦❧í↔❦❛✳ P♦↔❡t ♥❡♥✉❧♦✈ý❝❤ ♣♦❧í↔♦❦ ♠❛s❦② ❥❡ ✈ ♣r✐❡♠❡r❡ 50✳ ❙♣♦❧✉ ❥❡ ♣♦tr❡❜♥é

✉❝❤♦✈á✈❛➫ 360 · 50 · (4 + 4 + 6 ∗ 4) ❜✐t♦✈✱ t❡❞❛ ♥✐❡ ✈✐❛❝ ❛❦♦ 72kB✳

45× 30 ♠❡tr♦✈ Pr✈á ✐♠♣❧❡♠❡♥tá❝✐❛ ❉r✉❤á ✐♠♣❧❡♠❡♥tá❝✐❛

▼r✐❡➸❦❛ 470kB 25kB

▼❛s❦② 22kB 72kB

❙♣♦❧✉ 492kB 97kB

❱❡➞❦♦s➫ ♣❛♠ät❡ ♣♦tr❡❜♥á ♣r❡ ♠❛s❦② ❥❡ ♥❡③á✈✐s❧á ♦❞ ✈❡➞❦♦st✐ ♠❛♣②✳ ▼❛❥♠❡ t❡r❛③

♠❛♣✉ r♦③♠❡r♦✈ 90× 60 ♠❡tr♦✈✱ t❡❞❛ ➨t✈♦r♥ás♦❜♥❡ ✈✐❛❝ ♣♦❧í↔♦❦✳

90× 60 ♠❡tr♦✈ Pr✈á ✐♠♣❧❡♠❡♥tá❝✐❛ ❉r✉❤á ✐♠♣❧❡♠❡♥tá❝✐❛

▼r✐❡➸❦❛ 1890kB 96kB

▼❛s❦② 22kB 72kB

❙♣♦❧✉ 1, 9MB 168kB

❱✐❞í♠❡✱ ➸❡ s❛ ♥á♠ ♣♦❞❛r✐❧♦ ❡❢❡❦tí✈♥♦✉ ✐♠♣❧❡♠❡♥tá❝✐♦✉ ✈ýr❛③♥❡ ③♠❡♥➨✐➫ ✈❡➞❦♦s➫

♣♦tr❡❜♥❡❥ ♣❛♠ät❡✳

✹✹



❑❛♣✐t♦❧❛ ✻

❊✈❛❧✉á❝✐❛ r✐❡➨❡♥✐❛

✻✳✶ P♦♠♦❝♥é ♥ástr♦❥❡ ♥❛ t❡st♦✈❛♥✐❡

❱②t✈♦r✐❧✐ s♠❡ ♥✐❡❦♦➞❦♦ ♣♦♠♦❝♥ý❝❤ ❛♣❧✐❦á❝✐✐✱ ❦t♦ré ♥á♠ ♣♦♠♦❤❧✐ ♦❞❤❛❧✐➫ s✐❧♥é strá♥❦②✱

❛❧❡ ❛❥ s❧❛❜✐♥② ♥á➨❤♦ ♣ríst✉♣✉✳ ◆❛❥♣r✈ ❜♦❧❛ ✈②t✈♦r❡♥á ❛♣❧✐❦á❝✐❛ ✭♥❛ ♣♦↔ít❛↔✱ ♥✐❡ s♠❛rt✲

❢ó♥✮✱ ❦t♦rá ♥á♠ ✉❦á③❛❧❛ s♣rá✈❛♥✐❡ ❛❧❣♦r✐t♠♦✈✳ ▼❛♣❛ ❜♦❧❛ ♠❛♥✉á❧♥❡ ✈②t✈♦r❡♥á ❛❦♦

♦❦r✉❤ ❝❤♦❞✐❡❜ ✭♦❜rá③♦❦ ✻✳✷✵✮✳

❖❜r✳ ✻✳✷✵✿ ❯❦á➸❦❛ t❡st♦✈❛❝❡❥ ❛♣❧✐❦á❝✐❡✳

❚át♦ ❛♣❧✐❦á❝✐❛ ♣♦♥ú❦❛❧❛ ♠♦➸♥♦s➫ ③♦❜r❛③❡♥✐❛ ❤♦❞♥ôt ♣r❛✈❞❡♣♦❞♦❜♥♦stí✳ ❖✈❧á❞❛❧❛

s❛ ❦❧á✈❡s♥✐❝♦✉✱ ❦❞❡ ❜♦❧♦ ♠♦➸♥é s✐♠✉❧♦✈❛➫ ♣♦❤②❜ ✈ ôs♠②❝❤ s♠❡r♦❝❤✳ ❙t❧❛↔❡♥✐❡ ❦❧á✈❡s②

③♥❛♠❡♥❛❧♦ ❞❡t❡❦♦✈❛♥✐❡ ❦r♦❦✉ ❛ ♣r✐❥❛t✐❡ ✐♥❢♦r♠á❝✐❡ ♦ ✉❤❧❡ ♥❛t♦↔❡♥✐❛✳ ❚át♦ ❛♣❧✐❦á❝✐❛

♥❡❜♦❧❛ ③❛♠❡r❛♥á ♥❛ ♦✈❡r❡♥✐❡ ↔❛s♦✈ý❝❤ ❛❧❡❜♦ ♣❛♠ä➫♦✈ý❝❤ ♥ár♦❦♦✈✱ ❛❧❡ ♥❛ ✐❞❡♥t✐✜❦á❝✐✉

✹✺



③❛✉❥í♠❛✈ý❝❤ ✈❧❛st♥♦stí ❛❧❣♦r✐t♠✉✳

❚át♦ ❛♣❧✐❦á❝✐❛ ❜♦❧❛ ♣♦t♦♠ ♠♦❞✐✜❦♦✈❛♥á✱ ❛❜② ♣r✐❥í♠❛❧❛ ✈st✉♣ ♥✐❡ ❧❡♥ ③ ❦❧á✈❡s♥✐❝❡✱

❛❧❡ ❛❥ ③♦ s♠❛rt❢ó♥✉✳ ❱②t✈♦r✐❧✐ s♠❡ ♣r❡t♦ ❛♣❧✐❦á❝✐✉ ♣r❡ s♠❛rt❢ó♥✱ ❦t♦rá ❜♦❧❛ s❝❤♦♣♥á

✈②t✈♦r✐➫ s♣♦❥❡♥✐❡ s t❡st♦✈❛❝♦✉ ❛♣❧✐❦á❝✐♦✉ ❝❡③ ❚❈P✳ ❆♣❧✐❦á❝✐❛ ♥❛ s♠❛rt❢ó♥❡ s❧❡❞♦✈❛❧❛

❤♦❞♥♦t② ③♦ s❡♥③♦r♦✈✱ ❞❡t❡❦♦✈❛❧❛ ❦r♦❦② ❛ ♣♦ ❦❛➸❞♦♠ ③✐st❡♥♦♠ ❦r♦❦✉ ♣♦s✐❡❧❛❧❛ ú❞❛❥

♦ ✉❤❧❡ ♥❛t♦↔❡♥✐❛✳ ❚❡st♦✈❛❝✐❛ ❛♣❧✐❦á❝✐❛✱ ❦t♦rá ❜♦❧❛ ✈↕❛❦❛ ❲✐❋✐ s✐❡t✐ s♣♦❥❡♥á s♦ s♠❛rt✲

❢ó♥♦♠✱ ③♦❜r❛③♦✈❛❧❛ ❛❦t✉á❧♥✉ ♣♦③í❝✐✉ ♥❛ ♠❛♣❡✳ ❚ý♠t♦ s♠❡ ♦✈❡r♦✈❛❧✐ s♣rá✈❛♥✐❡ s❛ ❛❧✲

❣♦r✐t♠✉ ❛❥ ♣r✐ ♥❡♣r❡s♥ý❝❤ ❞át❛❝❤ ③♦ s❡♥③♦r♦✈✳ ❱②t✈♦r✐❧✐ s♠❡ ♠❛♣✉ ♣r✈é❤♦ ♣♦s❝❤♦❞✐❛

❜✉❞♦✈② P❋ ❯P❏➆✱ P❛r❦ ❆♥❣❡❧✐♥✉♠ ✾✱ ❦❞❡ ❜♦❧✐ r❡❛❧✐③♦✈❛♥é t❡st②✳

❖❜r✳ ✻✳✷✶✿ ❯❦á➸❦❛ t❡st♦✈❛❝❡❥ ❛♣❧✐❦á❝✐❡✳ ❩❡❧❡♥♦✉ ❜♦❞❦♦✉ ❥❡ ♦③♥❛↔❡♥á ❛❦✲

t✉á❧♥❛ ♣♦③í❝✐❛✳

◆ás❧❡❞♥❡ ❜♦❧ ✐♠♣❧❡♠❡♥t♦✈❛♥ý ❡❢❡❦tí✈♥❡❥➨í ❧♦❦❛❧✐③❛↔♥ý ♣r❛✈❞❡♣♦❞♦❜♥♦st♥ý ❛❧❣♦r✐t✲

♠✉s✳ ❚át♦ ✐♠♣❧❡♠❡♥tá❝✐❛ ❜♦❧❛ ③á❦❧❛❞♦♠ ♣r❡ ♣r♦t♦t②♣ ❧♦❦❛❧✐③❛↔♥❡❥ ❛♣❧✐❦á❝✐❡ ✭♦❜rá✲

③♦❦ ✻✳✷✷✮✳

❱ t♦♠t♦ ♣r♦t♦t②♣❡ sú ❥❡❞♥♦t❧✐✈é sú❜♦r② ♣r❡ ♠❛♣✉ ✉❧♦➸❡♥é ✈ ♣r✐❡↔✐♥❦♦❝❤✳ P♦✉➸í✈❛✲

t❡➞♦✈✐ s❛ ③♦❜r❛③í ③♦③♥❛♠ ❞♦st✉♣♥ý❝❤ ♠á♣✱ ③ ❦t♦rý❝❤ s✐ ♠ô➸❡ ✈②❜r❛➫ ❛❦t✉á❧♥✉ ♠❛♣✉✳

Pr✐❞❛❧✐ s♠❡ ❛❥ ♠♦➸♥♦s➫ ♥❛↔ít❛♥✐❛ ❛❦t✉á❧♥❡❥ ♣♦③í❝✐❡ ♣♦♠♦❝♦✉ ◗❘ ❦ó❞✉✳ ❱ ◗❘ ❦ó❞❡

❥❡ ✐♥❢♦r♠á❝✐❛ ♦ ♣r✐❡↔✐♥❦✉✱ ❦❞❡ s❛ ♥❛❝❤á❞③❛❥ú sú❜♦r② ♣♦♣✐s✉❥ú❝❡ ♠❛♣✉✳ ❩ t♦❤t♦ ❦ó❞✉

s❛ t✐❡➸ ✉r↔í ❛❦t✉á❧♥❛ ♣♦③í❝✐❛ ❛ ③♠❡♥í s❛ ♣rís❧✉➨♥á ❤♦❞♥♦t❛ ✈ ♣♦❧✐ ♣r❛✈❞❡♣♦❞♦❜♥♦stí✳

P♦✉➸í✈❛t❡➞♦✈✐ s❛ ♣♦t♦♠ ③♦❜r❛③í ♠❛♣❛ ✈♦ ❢♦r♠át❡ ❙❱● ❛ ❥❡❤♦ ❛❦t✉á❧♥❛ ♣♦③í❝✐❛✳ Pr❡

♣♦tr❡❜② t❡st♦✈❛♥✐❛ s♠❡ ♣r✐❞❛❧✐ s❧❡❞♦✈❛♥✐❡ ♣♦❤②❜✉ ♣♦✉➸í✈❛t❡➞❛✳ ❉♦ sú❜♦r✉ ✈♦ ❢♦r♠át❡
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❖❜r✳ ✻✳✷✷✿ ❯❦á➸❦❛ ♣r♦t♦t②♣✉ ❧♦❦❛❧✐③❛↔♥❡❥ ❛♣❧✐❦á❝✐❡✳

❈❙❱ s❛ ③❛③♥❛♠❡♥á✈❛ ♣r❡ ❦❛➸❞ý ❞❡t❡❦♦✈❛♥ý ❦r♦❦ ↔❛s ♦❞ ③❛↔✐❛t❦✉ ♠❡r❛♥✐❛✱ súr❛❞♥✐❝❡

❛❦t✉á❧♥❡❥ ♣♦③í❝✐❡ ✈ ❝❡♥t✐♠❡tr♦❝❤ ❛ ✉❤♦❧ ♥❛t♦↔❡♥✐❛ ③ís❦❛♥ý ③ ❦♦♠♣❛s✉✳ ▼❛♣❛ ❥❡ ③♦❜r❛✲

③❡♥á t❛❦✱ ❛❜② ♣♦✉➸í✈❛t❡➞ ✈✐❞❡❧ s✈♦❥✉ ♣♦③í❝✐✉ ✈➸❞② ✉♣r♦str❡❞ ❞✐s♣❧❡❥❛ ❛ ❛❜② ③♦❜r❛③❡♥✐❡

♠❛♣② ③♦❞♣♦✈❡❞❛❧♦ s♠❡r✉ ❝❤ô❞③❡ ✭♦❜rá③♦❦ ✻✳✷✸✮✳

❖❜r✳ ✻✳✷✸✿ ◆❛t♦↔❡♥✐❡ ♠❛♣② ✈ s♠❡r❡ ❝❤ô❞③❡ ❛ ❛❦t✉á❧♥❛ ♣♦③í❝✐❛ ③❛r♦✈♥❛♥á

♥❛ str❡❞ ❞✐s♣❧❡❥❛✳
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✻✳✷ P♦③♦r♦✈❛♥✐❛ ❛ ♣r❡s♥♦s➫ ❧♦❦❛❧✐③á❝✐❡

Pr✈é s❧❡❞♦✈❛♥✐❛ ✉❦á③❛❧✐✱ ➸❡ ❧♦❦❛❧✐③❛↔♥ý ♣r❛✈❞❡♣♦❞♦❜♥♦st♥ý ♠♦❞❡❧ ❥❡ ❢✉♥❦↔♥ý✳ ❱❡❞❡❧

s♣rá✈♥❡ ✉r↔✐➫ ❛❦t✉á❧♥✉ ♣♦③í❝✐✉ ③♦ s✉❜❥❡❦tí✈♥❡❤♦ ♣♦❤➞❛❞✉ ♣♦✉➸í✈❛t❡➞❛✳ ❯❦á③❛❧♦ s❛✱ ➸❡

♣♦✉➸✐tá ♠❛♣❛ ♥❡③♦❞♣♦✈❡❞á r❡á❧♥②♠ r♦③♠❡r♦♠✳ ▼❛♣❛ ♠❛❧❛ r♦③♠❡r② 46 ❛ 38 ♠❡tr♦✈✳

❙❦✉t♦↔♥é r♦③♠❡r② sú ♣r✐❜❧✐➸♥❡ ♦ 12✱ r❡s♣✳ 8 ♠❡tr♦✈ ❞❧❤➨✐❡✳ Pr✐ s♣rá✈♥②❝❤ r♦③♠❡r♦❝❤

❜♦❧❛ ❛❦t✉á❧♥❛ ♣♦③í❝✐❛ t✐❡➸ s✉❜❥❡❦tí✈♥❡ ✉r↔❡♥á s♣rá✈♥❡✳

◆❛❥❞ô❧❡➸✐t❡❥➨í♠ ♣♦③♦r♦✈❛♥í♠ ❜♦❧♦✱ ➸❡ ♣r❡s♥♦s➫ ❧♦❦❛❧✐③á❝✐❡ ③á✈✐sí ♦❞ ➨tr✉❦túr② ❜✉✲

❞♦✈②✳ Pr❡s♥♦st✐ ♥❛♣♦♠á❤❛ ❦❛➸❞é ♠✐❡st♦✱ ❦❞❡ ❥❡ ♣♦✉➸í✈❛t❡➞ ♥út❡♥ý ③♠❡♥✐➫ s♠❡r ❝❤ô❞③❡✳

Pr✐ ♣r✐❛♠♦↔✐❛r❡❥ ❝❤ô❞③✐ ❜❡③ ③♠❡♥② s♠❡r✉ s❛ ❦✉♠✉❧✉❥❡ ❝❤②❜❛ s♣ôs♦❜❡♥á ♥❡♣r❡s♥ý♠

✉r↔❡♥í♠ ❞➝➸❦② ❦r♦❦✉ ❛❧❡❜♦ ♥❡♣r❡s♥♦s➫❛♠✐ ③♦ s❡♥③♦r♦✈ ❛ ❛❧❣♦r✐t♠✉ ♥❛ ❞❡t❡❦❝✐✉ ❦r♦❦♦✈✳

❏❡ t♦ s♣ôs♦❜❡♥é tý♠✱ ➸❡ ❛❧❣♦r✐t♠✉s ♥❡♠á ♣r❡s♥ú ✐♥❢♦r♠á❝✐✉ ♦ ❞➝➸❦❡ ❦r♦❦✉✳ ❩ ♥♦r♠á❧✲

♥❡❤♦ r♦③❞❡❧❡♥✐❛ s❛ ③ís❦❛✈❛ ✐❜❛ ♣r❛✈❞❡♣♦❞♦❜♥♦s➫✱ ➸❡ ❞➝➸❦❛ ❦r♦❦✉ ❥❡ ③ ♥❡❥❛❦é❤♦ ✐♥t❡r✈❛❧✉✳

❑r✐➸♦✈❛t❦② ❝❤♦❞✐❡❜ ❛❧❡❜♦ ❛❦é❦♦➞✈❡❦ ♠✐❡st♦✱ ❦❞❡ ♣♦✉➸í✈❛t❡➞ ③♠❡♥í s♠❡r ❝❤ô❞③❡✱ ♣ôs♦✲

❜✐❛ ❛❦♦ s②♥❝❤r♦♥✐③❛↔♥é ❜♦❞②✳ ❆❧❣♦r✐t♠✉s ❥❡ s❝❤♦♣♥ý t❛❦♠❡r ♦❦❛♠➸✐t❡ ♦♣r❛✈✐➫ ♦❞❤❛❞

❛❦t✉á❧♥❡❥ ♣♦③í❝✐❡✳

❙❧❡❞♦✈❛❧✐ s♠❡ s✐t✉á❝✐✉ ♥❛ ♦❜rá③❦✉ ✻✳✷✹✳

❖❜r✳ ✻✳✷✹✿ ◆❛t♦↔❡♥✐❡ ♠❛♣② ✈ s♠❡r❡ ❝❤ô❞③❡ ❛ ❛❦t✉á❧♥❛ ♣♦③í❝✐❛ ③❛r♦✈♥❛♥á

♥❛ str❡❞ ❞✐s♣❧❡❥❛✳

P♦✉➸í✈❛t❡➞ ❦rá↔❛❧ ❝❤♦❞❜♦✉ ❞❧❤♦✉ 30 ♠❡tr♦✈ ❛ ♣♦t♦♠ ♦❞❜♦↔✐❧ ✈➞❛✈♦✳ ❈❤②❜❛ s❛

❦✉♠✉❧♦✈❛❧❛ ❛ ♥❛ ❦♦♥❝✐ tr✐❞s❛➫♠❡tr♦✈❡❥ ❝❤♦❞❜② ❜♦❧ r♦③❞✐❡❧ ♠❡❞③✐ ❞❡t❡❦♦✈❛♥♦✉ ❛ r❡á❧♥♦✉

♣♦③í❝✐♦✉ ❛➸ 4 ♠❡tr❡✳ ❩ ♣♦❤➞❛❞✉ ♣♦✉➸í✈❛t❡➞❛ t♦ ♥✐❡ ❥❡ ❛➸ t❛❦ý ♣r♦❜❧é♠✱ ♣r❡t♦➸❡ ❜♦❧

s❝❤♦♣♥ý s❛ ③♦r✐❡♥t♦✈❛➫ ✈ ❞❛♥❡❥ s✐t✉á❝✐✐✱ ❦❡↕➸❡ ❦rá↔❛❧ r♦✈♥♦✉ ❝❤♦❞❜♦✉✳ P♦ ③♠❡♥❡ s♠❡r✉

s❛ ♣♦③í❝✐❛ ✉♣r❛✈✐❧❛ ✉➸ ♣♦↔❛s ♣r✈ý❝❤ ❞✈♦❝❤ ❦r♦❦♦✈✳ ❚út♦ tr❛s✉ s♠❡ ❛❜s♦❧✈♦✈❛❧✐ ✈✐❛❝❦rát✳

❑♦♥❦rét♥❡ ❤♦❞♥♦t② ③ ❥❡❞♥é❤♦ ♠❡r❛♥✐❛ ✈✐❞í♠❡ ♥❛ ♦❜rá③❦✉ ✻✳✷✺✳

❱♦ ✈➨❡♦❜❡❝♥♦st✐ s❛ ✉❦❛③✉❥❡✱ ➸❡ t❡♥t♦ ♣ríst✉♣ s❛ ✈✐❡ ✈②s♣♦r✐❛❞❛➫ s rô③♥♦✉ ❞➝➸❦♦✉

❦r♦❦✉✳ ❸❛❧➨♦✉ ♠♦➸♥♦s➫♦✉ ♣r❡ ③❧❡♣➨❡♥✐❡ ♣r❡s♥♦st✐ ❧♦❦❛❧✐③á❝✐❡ ❜② ♠♦❤❧❛ ❜②➫ ❦❛❧✐❜rá✲

❝✐❛ ❞➝➸❦② ❦r♦❦✉✳ ◆❛ ③á❦❧❛❞❡ ③✐st❡♥ý❝❤ ú❞❛❥♦✈ ❛ ♣r❡❥❞❡♥❡❥ ✈③❞✐❛❧❡♥♦st✐ ❜② s❛ ✈②♣♦↔í✲

t❛❧❛ ♣r✐❡♠❡r♥á ❞➝➸❦❛ ❦r♦❦✉ ♣r❡ ❦♦♥❦rét♥❡❤♦ ♣♦✉➸í✈❛t❡➞❛✳ ❚❡♥t♦ ♣ríst✉♣ ❜② ✈②➸❛❞♦✈❛❧

✹✽



❖❜r✳ ✻✳✷✺✿ Pr❡s♥♦s➫ ❧♦❦❛❧✐③á❝✐❡✳ ◆❛ ✈♦❞♦r♦✈♥❡❥ ♦s✐ ❥❡ ③♦❜r❛③❡♥ý ♣♦↔❡t

❦r♦❦♦✈✳ ◆❛ ③✈✐s❧❡❥ ♦s✐ ❥❡ r♦③❞✐❡❧ ♠❡❞③✐ ❞❡t❡❦♦✈❛♥♦✉ ♣♦③í❝✐♦✉ ❛ r❡á❧♥♦✉

♣♦③í❝✐♦✉ ✈ ❝❡♥t✐♠❡tr♦❝❤ ♣♦ ❞❛♥♦♠ ♣♦↔t❡ ❦r♦❦♦✈✳

③♠❡♥② ✈ ✐♠♣❧❡♠❡♥tá❝✐✐✱ ❦❡❞➸❡ ♠❛s❦② ❜② ♥❡❜♦❧✐ ❝❡❧ý ↔❛s r♦✈♥❛❦é✳

❙tá❧❡ ♦stá✈❛❥ú ♦t✈♦r❡♥é ♥❛s❧❡❞♦✈♥é ♦tá③❦②✿

• ❆❦♦ ✈♣❧ý✈❛ ✈ý❜❡r ❛❧❣♦r✐t♠✉ ♥❛ ❞❡t❡❦❝✐✉ ❦r♦❦♦✈ ♥❛ ♣r❡s♥♦s➫ ❧♦❦❛❧✐③á❝✐❡❄ ❩♠❡♥✐❛

s❛ ♥❡❥❛❦♦ s❧❛❜✐♥② ❧♦❦❛❧✐③❛↔♥é❤♦ ❛❧❣♦r✐t♠✉ s ♣♦✉➸✐tí♠ ✐♥é❤♦ ❛❧❣♦r✐t♠✉ ❞❡t❡❦❝✐❡

❦r♦❦♦✈❄ P♦❞➞❛ ❛❦t✉á❧♥②❝❤ ♣♦③♦r♦✈❛♥í ❛ ♣♦r♦✈♥❛♥í ✈ýs❧❡❞❦♦✈ ❞✈♦❝❤ ❛❧❣♦r✐t♠♦✈

♥❛ ❞❡t❡❦❝✐✉ ❦r♦❦♦✈ ❜② ✈ý❜❡r ❛❧❣♦r✐t♠✉ ♥❡♠❛❧ ♠❛➫ ③♥❛↔♥ý ✈♣❧②✈ ♥❛ ♣r❡s♥♦s➫

❧♦❦❛❧✐③á❝✐❡✳

• ❆❦♦ s❛ ❛❧❣♦r✐t♠✉s ❞♦❦á➸❡ ✈②s♣♦r✐❛❞❛➫ s rô③♥♦✉ ❞➝➸❦♦✉ ❦r♦❦✉❄ ❚✉ s❛ ♣r❡❞♣♦❦❧❛❞á

♦t❡st♦✈❛♥✐❡ ❛♣❧✐❦á❝✐❡ ✈✐❛❝❡rý♠✐ ♦s♦❜❛♠✐✳ ❩♦ s✉❜❥❡❦tí✈♥❡❤♦ ♣♦❤➞❛❞✉ s❛ ③❞á✱ ➸❡

❛❧❣♦r✐t♠✉s ❥❡ s❝❤♦♣♥ý ✈②s♣♦r✐❛❞❛➫ s❛ s rô③♥♦✉ ❞➝➸❦♦✉ ❦r♦❦✉✳ Pr✐ ♠❡r❛♥✐❛❝❤ s♠❡

♠❡♥✐❧✐ rý❝❤❧♦s➫ ❝❤ô❞③❡ ❛ tý♠ ❛❥ ✈❡➞❦♦s➫ ✈②❦♦♥❛♥é❤♦ ❦r♦❦✉✳ ◆❡❜♦❧♦ ✈✐❞✐❡➫ ➸✐❛❞❡♥

✈❡➞❦ý ✈♣❧②✈ ♥❛ ♣r❡s♥♦s➫ ❧♦❦❛❧✐③á❝✐❡✳

• ❙♣ôs♦❜í ③♠❡♥❛ ③❛r✐❛❞❡♥✐❛✱ ♥❛ ❦t♦r♦♠ ❥❡ s♣✉st❡♥á ❧♦❦❛❧✐③❛↔♥á ❛♣❧✐❦á❝✐❛✱ ♥❡❥❛❦é

③♠❡♥② ✈ ♣r❡s♥♦st✐❄ ▼á ③♠❡♥❛ ❞r➸❛♥✐❛ s♠❛rt❢ó♥✉ ③ás❛❞♥ý ✈♣❧②✈ ♥❛ ❧♦❦❛❧✐③á❝✐✉❄

❯❦á③❛❧♦ s❛✱ ➸❡ r♦③❞✐❡❧② ♠❡❞③✐ ❤♦❞♥♦t❛♠✐ ③ ❦♦♠♣❛s✉ ③ ❞✈♦❝❤ rô③♥②❝❤ ③❛r✐❛❞❡♥í

♠ô➸✉ ❜②➫ rô③♥❡✳

✹✾



❩á✈❡r

Prá❝❛ s❛ ✈❡♥✉❥❡ ♦❜❧❛st✐ ✐♥❞♦♦r ♥❛✈✐❣á❝✐❡✱ ❦t♦rá s❛ ♦❞❧✐➨✉❥❡ ♦❞ ❜❡➸♥❡❥ ♦✉t❞♦♦r ♥❛✈✐❣á❝✐❡

tý♠✱ ➸❡ ♥❡✈✐❡ ✈②✉➸✐➫ ●P❙ ❛ s❛t❡❧✐t♥ý s✐❣♥á❧✳ ❑♦♥❦rét♥❡ s❛ ③❛♠❡r✐❛✈❛ ♥❛ ♦tá③❦✉ ❧♦❦❛✲

❧✐③á❝✐❡ ♣♦✉➸í✈❛t❡➞❛✳ P♦s❦②t✉❥❡♠❡ r♦③➨ír❡♥ý ♣r❡❤➞❛❞ ❡①✐st✉❥ú❝✐❝❤ r✐❡➨❡♥í s rô③♥②♠ ♣rí✲

st✉♣♦♠ ❦ t♦♠✉t♦ ♣r♦❜❧é♠✉✳ ❉❡t❛✐❧♥❡❥➨✐❡ ❥❡ ♦♣ís❛♥ý ♣ríst✉♣ s ✈②✉➸✐tí♠ ❛❦❝❡❧❡r♦♠❡tr❛

❛ ❦♦♠♣❛s✉✱ ❦t♦rý ✉r↔✉❥❡ r❡❧❛tí✈♥✉ ♣♦③í❝✐✉ ✈③❤➞❛❞♦♠ ♥❛ ③❛❞❛♥ú ♥❛✈✐❣❛↔♥ú tr❛s✉✳

❍❧❛✈♥ý♠ ♣rí♥♦s♦♠ ♣rá❝❡ ❥❡ ✈❧❛st♥ý ❛❧❣♦r✐t♠✉s ❧♦❦❛❧✐③á❝✐❡ ❜❡③ ❡①♣❧✐❝✐t♥❡ ❞❛♥❡❥ ♥❛✲

✈✐❣❛↔♥❡❥ ❝❡st②✱ ❦t♦rý ❥❡ ③❛❧♦➸❡♥ý ♥❛ ✈ý♣♦↔t❡ ♣r❛✈❞❡♣♦❞♦❜♥♦stí✳ ❆❧❣♦r✐t♠✉s ♣r✐❥í♠❛

♥❛ ✈st✉♣❡ ❞❡t❡❦♦✈❛♥é ❦r♦❦② s ❤♦❞♥♦t♦✉ ♥❛t♦↔❡♥✐❛✳ ❚❡♥t♦ ♣ríst✉♣ ♣♦♥ú❦❛ ❛❥ ♠♦➸♥♦s➫

♣r✐❞❛♥✐❛ ↕❛❧➨í❝❤ ✈st✉♣♥ý❝❤ ✐♥❢♦r♠á❝✐✐✱ ♥❛♣rí❦❧❛❞ ③ ◗❘ ❦ó❞♦✈✳ ▲♦❦❛❧✐③❛↔♥ý ❛❧❣♦r✐t♠✉s

❜♦❧ ♥❛✈r❤♥✉tý t❛❦✱ ❛❜② ♠♦❤♦❧ ❜②➫ ♣r✐❛♠♦✉ sú↔❛s➫♦✉ ❛♣❧✐❦á❝✐❡ ♥❛✈✐❣á❝✐❡✳ ◆❛ tút♦ s❦✉✲

t♦↔♥♦s➫ s❛ ♠②s❧❡❧♦ ❛❥ ♣r✐ s♣ôs♦❜❡ ✉❝❤♦✈á✈❛♥✐❛ ✐♥❢♦r♠á❝✐✐ ♦ ♠❛♣❡✳ Pr✐ ♥á✈r❤✉ ❛❧❣♦r✐t♠✉

❜♦❧✐ ③♦❤➞❛❞♥❡♥é ❛❥ ♦❜♠❡❞③❡♥é ✈ý♣♦↔t♦✈é ♠♦➸♥♦st✐ ❜❡➸♥é❤♦ s♠❛rt❢ó♥✉✳ P♦❞st❛t♥é ❥❡✱

❛❜② s❛ ✈ý♣♦↔❡t ♣♦ ❦❛➸❞♦♠ ❞❡t❡❦♦✈❛♥♦♠ ❦r♦❦✉ ✈②❦♦♥❛❧ ✈ r❡á❧♥♦♠ ↔❛s❡✳ P♦♥ú❦❧✐ s♠❡

♥á✈r❤ ❡❢❡❦tí✈♥❡❥ ✐♠♣❧❡♠❡♥tá❝✐❡ ♥á➨❤♦ ❛❧❣♦r✐t♠✉✳ ❯❦á③❛❧♦ s❛✱ ➸❡ ↔❛s ✈ý♣♦↔t✉ ✈✐❡♠❡

③❧❡♣➨✐➫ ❧❡♥ ♠✐♥✐♠á❧♥❡✱ ❛❧❡ ❞♦❦á➸❡♠❡ ♦❜♠❡❞③✐➫ ✈❡➞❦♦s➫ ♣♦tr❡❜♥❡❥ ♣❛♠ät❡ ❞♦s➫ ✈ýr❛③♥❡✳

❚✐❡t♦ ❤♦❞♥♦t② ③á✈✐s✐❛ ♦❞ ✈❡➞❦♦st✐ ♠❛♣②✳

▲♦❦❛❧✐③❛↔♥ý ❛❧❣♦r✐t♠✉s ❜♦❧ ✐♠♣❧❡♠❡♥t♦✈❛♥ý ✈♦ ❢♦r♠❡ ♣r♦t♦t②♣✉ ♥❛ ♣❧❛t❢♦r♠✉ ❆♥✲

❞r♦✐❞✳ ❱②t✈♦r✐❧✐ s♠❡ t✐❡➸ ♥✐❡❦♦➞❦♦ ♣♦❞♣♦r♥ý❝❤ t❡st♦✈❛❝í❝❤ ❛♣❧✐❦á❝✐✐✱ ❦t♦ré ♣♦♠♦❤❧✐

♦❞❤❛❧✐➫ s✐❧♥é strá♥❦② ❛❥ s❧❛❜✐♥② ❛❧❣♦r✐t♠✉✳ ❊✈❛❧✉á❝✐❛ ❧♦❦❛❧✐③❛↔♥é❤♦ ❛❧❣♦r✐t♠✉ ✉❦á③❛❧❛✱

➸❡ ♣r❡s♥♦s➫ ✉r↔❡♥✐❛ ♣♦③í❝✐❡ ♣♦✉➸í✈❛t❡➞❛ ③á✈✐sí ♦❞ ➨tr✉❦túr② ❜✉❞♦✈②✳ ❑❛➸❞é ♠✐❡st♦✱ ❦❞❡

❥❡ ♣♦✉➸í✈❛t❡➞ ♥út❡♥ý ③♠❡♥✐➫ s♠❡r ❝❤ô❞③❡✱ ♣ôs♦❜í ❛❦♦ s②♥❝❤r♦♥✐③❛↔♥ý ❜♦❞✳

◆á➨ ❛❧❣♦r✐t♠✉s s❛ ✉❦á③❛❧ ❛❦♦ ❢✉♥❦↔♥ý ❛ ♣♦✉➸✐t❡➞♥ý ✈ r❡á❧♥❡❥ ❛♣❧✐❦á❝✐✐ ✐♥❞♦♦r ♥❛✲

✈✐❣á❝✐❡✳

✺✵



❩♦③♥❛♠ ♣♦✉➸✐t❡❥ ❧✐t❡r❛túr②

❬✶❪ ❘■❩❖❙✱ ❈❍✳✱ ❉❊▼P❙❚❊❘✱ ❆✳●✳✱ ▲✐✱ ❇✳✱ ●❆▲▲❆●❍❊❘✱ ❚✳ Pr♦❝❡❡❞✐♥❣s ♦❢ ■♥t❡r✲

♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮ ✷✵✶✷✱

■❙❇◆✿ ✾✼✽✲✶✲✹✻✼✸✲✶✾✺✹✲✻

❬✷❪ ▲■◆❑✱ ❏✳❆✳❇✳✱ ❙▼■❚❍✱ P✳✱ ❱■❖▲✱ ◆✳✱ ❲❊❍❘▲❊✱ ❑✳ ❋♦♦tP❛t❤✿ ❆❝❝✉r❛t❡ ▼❛♣✲

❜❛s❡❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ❯s✐♥❣ ❙♠❛rt♣❤♦♥❡s✳ ■♥ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ✷✵✶✶ ■♥t❡r✲

♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮✱ ✷✵✶✶✱

♣✳ ✶✲✽✳

❬✸❪ ❇❯❘●❆❘❉✱ ❲✳✱ ❋❖❳✱ ❉✳✱ ❍❊◆◆■●✱ ❉✳✱ ❙❈❍▼■❉❚✱ ❚✳ P♦s✐t✐♦♥ tr❛❝❦✐♥❣ ✇✐t❤

♣♦s✐t✐♦♥ ♣r♦❜❛❜✐❧✐t② ❣r✐❞s✳ ■♥ ❆❞✈❛♥❝❡❞ ▼♦❜✐❧❡ ❘♦❜♦t✱ ✶✾✾✻✳✱ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡

❋✐rst ❊✉r♦♠✐❝r♦ ❲♦r❦s❤♦♣ ♦♥✱ ✶✾✾✻✱ ♣✳ ✷✲✾✳

❬✹❪ ❑❯❯❙◆■❊▼■✱ ❍✳✱ ❇❍❯■❨❆◆✱ ▼✳❩✳❍✳ ❡t ❛❧✳ ❯t✐❧✐③✐♥❣ ♣✉❧s❡❞ ♣s❡✉❞♦❧✐t❡s ❛♥❞ ❤✐❣❤✲

s❡♥s✐t✐✈✐t② ●◆❙❙ ❢♦r ✉❜✐q✉✐t♦✉s ♦✉t❞♦♦r✴✐♥❞♦♦r s❛t❡❧❧✐t❡ ♥❛✈✐❣❛t✐♦♥✳ ■♥ ■♥❞♦♦r

P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮✱ ✷✵✶✷ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥✱

✷✵✶✷✱ ♣✳ ✶✲✼✳

❬✺❪ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ⑤ ❙♦❧✉t✐♦♥s ♣♦✇❡r❡❞ ❜② ✐♥❢s♦❢t ❬♦♥❧✐♥❡❪✳ ❬❝✐t✳ ✷✵✶✺✲

✵✹✲✷✹❪✳ ❉♦st✉♣♥é ♥❛ ✐♥t❡r♥❡t❡✿ ❁❤tt♣✿✴✴✇✇✇✳✐♥❢s♦❢t✳❝♦♠✴Pr♦❞✉❝ts✴

■♥❞♦♦r✲◆❛✈✐❣❛t✐♦♥❃

❬✻❪ ▼❡r✐❞✐❛♥ ⑤ ■♥❞♦♦r ●P❙✱ ✐❇❡❛❝♦♥ ❬♦♥❧✐♥❡❪✳ ❬❝✐t✳ ✷✵✶✺✲✵✹✲✷✹❪✳ ❉♦st✉♣♥é ♥❛ ✐♥t❡r♥❡t❡✿

❁❤tt♣✿✴✴♠❡r✐❞✐❛♥❛♣♣s✳❝♦♠✴❃

❬✼❪ ■❲❆❙❊✱ ❚✳✱ ❙❍■❇❆❙❆❑■✱ ❘✳ ■♥❢r❛✲❢r❡❡ ✐♥❞♦♦r ♣♦s✐t✐♦♥✐♥❣ ✉s✐♥❣ ♦♥❧② s♠❛rt♣❤♦♥❡

s❡♥s♦rs✳ ■♥ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮✱ ✷✵✶✸ ■♥t❡r♥❛t✐♦♥❛❧

❈♦♥❢❡r❡♥❝❡ ♦♥✱ ✷✵✶✸✱ ♣✳ ✶✲✽✳

❬✽❪ ❘❆❉❯✱ ❱✳✱ ▼❆❘■◆❆✱ ▼✳❑✳ ❍✐▼▲♦❝✿ ■♥❞♦♦r s♠❛rt♣❤♦♥❡ ❧♦❝❛❧✐③❛t✐♦♥ ✈✐❛ ❛❝t✐✈✐t②

❛✇❛r❡ P❡❞❡str✐❛♥ ❉❡❛❞ ❘❡❝❦♦♥✐♥❣ ✇✐t❤ s❡❧❡❝t✐✈❡ ❝r♦✇❞s♦✉r❝❡❞ ❲✐❋✐ ✜♥❣❡r♣r✐♥✲

✺✶

http://www.infsoft.com/Products/Indoor-Navigation
http://www.infsoft.com/Products/Indoor-Navigation
http://meridianapps.com/


t✐♥❣✳ ■♥ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮✱ ✷✵✶✸ ■♥t❡r♥❛t✐♦♥❛❧

❈♦♥❢❡r❡♥❝❡ ♦♥✱ ✷✵✶✸✱ ♣✳ ✶✲✶✵✳

❬✾❪ ▲■◆❑✱ ❏✳❆✳❇✳✱ ●❊❘❉❙▼❊■❊❘✱ ❋✳✱ ❙▼■❚❍✱ P✳✱ ❲❊❍❘▲❊✱ ❑✳ ■♥❞♦♦r ♥❛✈✐❣❛t✐♦♥

♦♥ ✇❤❡❡❧s ✭❛♥❞ ♦♥ ❢♦♦t✮ ✉s✐♥❣ s♠❛rt♣❤♦♥❡s✳ ■♥ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r

◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮✱ ✷✵✶✷ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥✱ ✷✵✶✷✱ ♣✳ ✶✲✶✵✳

❬✶✵❪ ▲■✱ ❚✳✱ ❲❆◆●✱ ❏✳✱ ❍❯❆◆● ❏✳ ❆♥❛❧②s✐s ♦❢ ❛♠❜✐❣✉✐t② r❡s♦❧✉t✐♦♥ ✐♥ ♣r❡❝✐s❡ ♣s❡✲

✉❞♦❧✐t❡ ♣♦s✐t✐♦♥✐♥❣✳ ■♥ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮✱ ✷✵✶✷

■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥✱ ✷✵✶✷✱ ♣✳ ✶✲✼✳

❬✶✶❪ ❘■❩❖❙✱ ❈✳✱ ❇❆❘◆❊❙✱ ❏✳ ❡t ❛❧✳ ❆ ♥❡✇ ♣s❡✉❞♦❧✐t❡✲❜❛s❡❞ ♣♦s✐t✐♦♥✐♥❣ t❡❝❤♥♦❧♦❣②

❢♦r ❤✐❣❤ ♣r❡❝✐s✐♦♥ ✐♥❞♦♦r ❛♥❞ ♦✉t❞♦♦r ♣♦s✐t✐♦♥✐♥❣✳ ■♥ ■♥t✳ ❙②♠♣✳ ✫ ❊①❤✐❜✐t✐♦♥ ♦♥

●❡♦✐♥❢♦r♠❛t✐♦♥✱ ❙❤❛❤ ❆❧❛♠✱ ▼❛❧❛②s✐❛✱ ✷✵✵✸✱ ♣✳ ✶✶✺✲✶✷✾✳

❬✶✷❪ ▲❛❜❲❡r❦✳ ❬♦♥❧✐♥❡❪✳ ❬❝✐t✳ ✷✵✶✺✲✵✶✲✷✾❪✳ ❉♦st✉♣♥é ♥❛ ✐♥t❡r♥❡t❡✿ ❁❤tt♣✿✴✴❧❛❜✇❡r❦✳

❝♦♠❃✳

❬✶✸❪ ❚❘❯❙❆✱ ❋✳ ❘❙❙ ❧♦❦❛❧✐③á❝✐❛ ✈ ❜✉❞♦✈á❝❤ s ✈②✉➸✐tí♠ ❲✐❋✐ s✐❣♥á❧✉ ✿ ❜❛❦❛❧árs❦❛

♣rá❝❛✳ ❑♦➨✐❝❡✿ ❯♥✐✈❡r③✐t❛ P❛✈❧❛ ❏♦③❡❢❛ ➆❛❢ár✐❦❛✱ ✷✵✶✸✳ ✸✹ s✳

❬✶✹❪ ▲❊❉▲■❊✱ ❏✳✱ P❆❘❑✱ ❏✳✱ ❈❯❘❚■❙✱ ❉✳ ❡t ❛❧✳▼♦❧é✿ ❛ ❙❝❛❧❛❜❧❡✱ ❯s❡r✲●❡♥❡r❛t❡❞ ❲✐❋✐

P♦s✐t✐♦♥✐♥❣ ❊♥❣✐♥❡✳ ■♥ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ■♥❞♦♦r

P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮✱ ✷✵✶✶✱ ♣✳ ✶✲✶✵✳

❬✶✺❪ ▼❯▲▲❖◆■✱ ❆✳✱ ❲❆●◆❊❘✱ ❉✳ ❡t ❛❧✳ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ◆❛✈✐❣❛t✐♦♥ ✇✐t❤

❈❛♠❡r❛ P❤♦♥❡s✳ ■♥ P❡r✈❛s✐✈❡ ❈♦♠♣✉t✐♥❣✱ ■❊❊❊✱ ✷✵✵✾✱ ✈♦❧✳ ✽✱ ♥♦✳ ✷✱ ♣✳ ✷✷✲✸✶✳

❬✶✻❪ ❏■▼❊◆❊❩✱ ❆✳❘✳✱ ❩❆▼P❊▲▲❆✱ ❋✳✱ ❙❊❈❖✱ ❋✳ ▲✐❣❤t✲♠❛t❝❤✐♥❣✿ ❆ ♥❡✇ s✐❣♥❛❧ ♦❢

♦♣♣♦rt✉♥✐t② ❢♦r ♣❡❞❡str✐❛♥ ✐♥❞♦♦r ♥❛✈✐❣❛t✐♦♥✳ ■♥ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r

◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮✱ ✷✵✶✸ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥✱ ✷✵✶✸✱ ♣✳ ✶✲✶✵✳

❬✶✼❪ ❆❯❇❊❈❑✱ ❋✳✱ ■❙❊❘❚✱ ❈✳✱ ●❯❙❊◆❇❆❯❊❘✱ ❉✳ ❈❛♠❡r❛ ❜❛s❡❞ st❡♣ ❞❡t❡❝t✐♦♥ ♦♥

♠♦❜✐❧❡ ♣❤♦♥❡s✱ ■♥ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ■♥❞♦♦r P♦s✐t✐✲

♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮✱ ✷✵✶✶✱ ♣✳ ✶✲✼✳

❬✶✽❪ ❇❊❘◆❖❯▲▲■✱ ❚✳✱ ❉❊❘❙❈❍✱ ❯✳✱ ❑❘❆▼▼❊❘✱ ▼✳ ❡t ❛❧✳ ■♠♣r♦✈❡♠❡♥t ♦❢ ■♥❡rt✐❛❧

❙❡♥s♦r ❇❛s❡❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ❜② ❱✐❞❡♦ ❈♦♥t❡♥t ❆♥❛❧②s✐s✳ ■♥ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡

■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮✱

✷✵✶✶✱ ♣✳ ✶✲✾✳

✺✷

http://labwerk.com
http://labwerk.com


❬✶✾❪ ❨❆◆ ▲■✱ ❲❆◆●✱ ❏✳❏✳ ❆ r♦❜✉st ♣❡❞❡str✐❛♥ ♥❛✈✐❣❛t✐♦♥ ❛❧❣♦r✐t❤♠ ✇✐t❤ ❧♦✇ ❝♦st

■▼❯✱ ■♥ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮✱

✷✵✶✷✱ ♣✳ ✶✲✾✳

❬✷✵❪ ❙❡♥s♦rs ♦✈❡r✈✐❡✇✳ ❬♦♥❧✐♥❡❪✳ ❬❝✐t✳ ✷✵✶✺✲✵✶✲✷✾❪✳ ❉♦st✉♣♥é ♥❛ ✐♥t❡r♥❡t❡✿ ❁❤tt♣✿✴✴

❞❡✈❡❧♦♣❡r✳❛♥❞r♦✐❞✳❝♦♠✴❣✉✐❞❡✴t♦♣✐❝s✴s❡♥s♦rs✴s❡♥s♦rs❴♦✈❡r✈✐❡✇✳❤t♠❧❃✳

❬✷✶❪ ◗■❆◆✱ ❏✳✱ ▼❆✱ ❏✳ ❡t ❛❧✳ ❆♥ ✐♠♣r♦✈❡❞ ✐♥❞♦♦r ❧♦❝❛❧✐③❛t✐♦♥ ♠❡t❤♦❞ ✉s✐♥❣ s♠❛rt♣✲

❤♦♥❡ ✐♥❡rt✐❛❧ s❡♥s♦rs✳ ■♥ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮✱ ✷✵✶✸

■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥✱ ✷✵✶✸✱ ♣✳ ✶✲✼✳

❬✷✷❪ ❖P■❊▲❆✱ ▼✳✿ ▲♦❦❛❧✐③á❝✐❛ s ✈②✉➸✐tí♠ ❛❦❝❡❧❡r♦♠❡tr❛ ❛ ❦♦♠♣❛s✉ ✿ ❜❛❦❛❧árs❦❛ ♣rá❝❛✳

❑♦➨✐❝❡✿ ❯♥✐✈❡r③✐t❛ P❛✈❧❛ ❏♦③❡❢❛ ➆❛❢ár✐❦❛✱ ✷✵✶✸✳ ✸✺ s✳

❬✷✸❪ ❖♣❡♥❙tr❡❡t▼❛♣ ❝♦♠♠✉♥✐t②✿ ❖♣❡♥❙tr❡❡t▼❛♣✱ ❚❤❡ ❋r❡❡ ❲✐❦✐ ❲♦r❧❞ ▼❛♣ ❬♦♥❧✐♥❡❪✳

❬❝✐t ✷✵✶✺✲✵✶✲✷✾❪✳ ❉♦st✉♣♥é ♥❛ ✐♥t❡r♥❡t❡✿ ❁❤tt♣✿✴✴✇✇✇✳♦♣❡♥str❡❡t♠❛♣✳♦r❣❃✳

❬✷✹❪ ❋❖❳✱ ❉✳✱ ❍■●❍❚❖❲❊❘✱ ❏✳✱ ▲■❆❖✱ ▲✳ ❡t ❛❧✳ ❇❛②❡s✐❛♥ ✜❧t❡r✐♥❣ ❢♦r ❧♦❝❛t✐♦♥ ❡st✐✲

♠❛t✐♦♥✳ ■♥ P❡r✈❛s✐✈❡ ❈♦♠♣✉t✐♥❣✱ ■❊❊❊✱ ✷✵✵✸✱ ✈♦❧✳ ✷✱ ♥♦✳ ✸✱ ♣ ✷✹✲✸✸✳

❬✷✺❪ ●❆▲❖❱✱ ❆✳✱ ▼❖❙❈❍❊❱■❑■◆✱ ❆✳ ❇❛②❡s✐❛♥ ✜❧t❡rs ❢♦r ❚♦❋ ❛♥❞ ❘❙❙ ♠❡❛s✉r❡✲

♠❡♥ts ❢♦r ✐♥❞♦♦r ♣♦s✐t✐♦♥✐♥❣ ♦❢ ❛ ♠♦❜✐❧❡ ♦❜❥❡❝t✳ ■♥ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r

◆❛✈✐❣❛t✐♦♥ ✭■P■◆✮✱ ✷✵✶✸ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥✱ ✷✵✶✸✱ ♣✳ ✶✲✽✳

❬✷✻❪ ●❯❙❊◆❇❆❯❊❘✱ ❉✳✱ ■❙❊❘❚✱ ❈✳✱ ❑❘Ö❙❈❍❊✱ ❏✳ ❙❡❧❢✲❝♦♥t❛✐♥❡❞ ✐♥❞♦♦r ♣♦s✐t✐♦♥✐♥❣

♦♥ ♦✛✲t❤❡✲s❤❡❧❢ ♠♦❜✐❧❡ ❞❡✈✐❝❡s✳ ■♥ ■♥❞♦♦r P♦s✐t✐♦♥✐♥❣ ❛♥❞ ■♥❞♦♦r ◆❛✈✐❣❛t✐♦♥

✭■P■◆✮✱ ✷✵✶✵ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡ ♦♥✱ ✷✵✶✵✱ ♣✳ ✶✲✾✳

❬✷✼❪ ❏✳ ❑❘❯▼▼✱ ▲✳ ❲■▲▲■❆▼❙✱ ❛♥❞ ●✳ ❙▼■❚❍✳ ❙♠❛rt▼♦✈❡❳ ♦♥ ❛ ❣r❛♣❤ ✕ ❛♥

✐♥❡①♣❡♥s✐✈❡ ❛❝t✐✈❡ ❜❛❞❣❡ tr❛❝❦❡r✳ ■♥ ❯❜✐❈♦♠♣ ✬✵✷ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ✹t❤ ✐♥t❡r✲

♥❛t✐♦♥❛❧ ❝♦♥❢❡r❡♥❝❡ ♦♥ ❯❜✐q✉✐t♦✉s ❈♦♠♣✉t✐♥❣✱ ✷✵✵✷✱ ♣✳ ✷✾✾✲✸✵✼✳

✺✸

http://developer.android.com/guide/topics/sensors/sensors_overview.html
http://developer.android.com/guide/topics/sensors/sensors_overview.html
http://www.openstreetmap.org

	Úvod
	Indoor navigácia
	Požiadavky na navigacný systém
	Špecifiká indoor navigácie
	Existujúce navigacné aplikácie

	Indoor lokalizácia
	Prehlad existujúcich prístupov k indoor lokalizácii
	Smartfóny a ich senzory
	Metódy urcenia absolútnej pozície

	Lokalizácia s využitím akcelerometra a kompasu
	Lokalizácia s explicitne danou navigacnou cestou
	Detekcia krokov
	Natocenie zariadenia

	Lokalizácia s využitím akcelerometra a kompasu bez explicitne danej navigacnej cesty
	Bayesovské filtre
	Lokalizacný pravdepodobnostný model

	Efektívna implementácia
	Implementacné detaily
	Lokalizacný pravdepodobnostný model z pohladu implementácie
	Generovanie a uchovávanie máp
	Casová a pamätová zložitost

	Evaluácia riešenia
	Pomocné nástroje na testovanie
	Pozorovania a presnost lokalizácie

	Záver

