
❷❡s❦é ✈②s♦❦é ✉↔❡♥í t❡❝❤♥✐❝❦é ✈ Pr❛③❡

❋❛❦✉❧t❛ ❡❧❡❦tr♦t❡❝❤♥✐❝❦á

❑❛t❡❞r❛ ➦í❞✐❝í t❡❝❤♥✐❦②

❇❆❑❆▲➪➄❙❑➪ P❘➪❈❊

◆á✈r❤ ❛ ➦í③❡♥í str♦❥❡ ♥❛ ❜❛❞♠✐♥t♦♥

❉❡s✐❣♥ ❛♥❞ ❝♦♥tr♦❧ ♦❢ ❛ ❜❛❞♠✐♥t♦♥ ❧❛✉♥❝❤❡r

❆✉t♦r ✿ ❖♥❞➦❡❥ ▼❛s❧✐❦✐❡✇✐❝③

❱❡❞♦✉❝í ♣rá❝❡ ✿ ■♥❣✳ P❛✈❡❧ ❇✉r❣❡t✱ P❤✳❉✳

✷✵✶✹







P♦❞➙❦♦✈á♥í

❩❞❡ ❜②❝❤ rá❞ ♣♦❞➙❦♦✈❛❧ ✈❡❞♦✉❝í♠✉ s✈é ♣rá❝❡ ■♥❣✳ P❛✈❧✉ ❇✉r❣❡t♦✈✐✱ P❤✳❉✳ ③❛ ❝❡♥♥é

r❛❞②✱ ✈❡❞❡♥í ❛ ♣♦♠♦❝ ♣➦✐ r❡❛❧✐③❛❝✐ ❜❛❞♠✐♥t♦♥♦✈é❤♦ str♦❥❡✳ ❉á❧❡ ❜②❝❤ rá❞ ♣♦❞➙❦♦✈❛❧

■♥❣✳ ▼✐❧❛♥♦✈✐ ❇❛rt♦➨♦✈✐✱ ❈❙❝✳ ③❛ ❦♦♥③✉❧t❛❝❡ ❦ ♠❡❝❤❛♥✐❝❡ str♦❥❡✱ ③❛ ❥❡❤♦ ❦♦♥str✉❦❝✐

❛ ✈ýr♦❜✉ ❥❡❞♥♦t❧✐✈ý❝❤ ❞í❧➲ ♣r♦t♦t②♣✉ str♦❥❡ s ♣♦❞❛✈❛↔❡♠ ♠í↔❦➲✳ P♦❞➙❦♦✈á♥í t❛❦é

♣❛t➦í ■♥❣✳ ❏♦s❡❢✉ ❑✉❧t♦✈✐ ③❛ ✈ý❦r❡s② ❦♦t♦✉↔➲ ❛ ✈ý♣♦↔❡t ♠♦♠❡♥t✉ s❡tr✈❛↔♥♦st✐✳ ❱

♥❡♣♦s❧❡❞♥í ➦❛❞➙ ❜②❝❤ rá❞ ♣♦❞➙❦♦✈❛❧ ■♥❣✳ ❏✐➦í♠✉ ▼❛s❧✐❦✐❡✇✐❝③♦✈✐ ③❛ ♣♦♠♦❝ s ♣r♦❞✉❦t②

❇✫❘ ❛ t❛❦é ③❛ ③❛♣➲❥↔❡♥í ♣♦✇❡r❧✐♥❦♦✈é ❦❛rt② ❱✶ ❛ P▲❈ PP✻✺✳

✐✐✐



❆♥♦t❛❝❡
❚❛t♦ ❜❛❦❛❧á➦s❦á ♣rá❝❡ s❡ ③❛❜ý✈á ♥á✈r❤❡♠ str♦❥❡ ♣r♦ ♦❞♣❛❧♦✈á♥í ❜❛❞♠✐♥t♦♥♦✈ý❝❤

♠í↔❦➲✳ ➄❡➨❡♥í s❡stá✈á ③ ♥á✈r❤✉ ♠❡❝❤❛♥✐❦② str♦❥❡✱ ♣♦❤♦♥➲ ❛ ➦í❞✐❝í❤♦ s②sté♠✉✳ ▼❡❝❤❛✲

♥✐❦❛ s❡ s❦❧á❞á ③ ♦❞♣❛❧♦✈❛❝í❝❤ ❦♦t♦✉↔➲ ❛ ♣♦❞á✈❛❝í❤♦ ♠❡❝❤❛♥✐s♠✉ ♠í↔❦➲✳ Pr♦ ➦❡➨❡♥í

♣♦❤♦♥✉ ❥s♦✉ ♣♦✉➸✐t② s❡r✈♦♠➙♥✐↔❡ ❆❈❖P❖❙ ❛ ♠♦t♦r② ✜r♠② ❇✫❘✱ ♣r♦ ➦í③❡♥í str♦❥❡ ❥❡

♣♦✉➸✐t♦ P▲❈ té➸❡ ✜r♠②✳ ❑ ♣r♦❣r❛♠♦✈á♥í s❡r✈♦♠➙♥✐↔➲ ❛ P▲❈ ❥❡ ✈②✉➸✐t♦ ❆✉t♦♠❛t✐♦♥

❙t✉❞✐♦✳

❑❧í↔♦✈á s❧♦✈❛
❇❛❞♠✐♥t♦♥❀ ♦❞♣❛❧♦✈á♥í❀ ♠❡❝❤❛♥✐❦❛❀ ♣♦❤♦♥❀ ➦í❞✐❝í s②sté♠❀ s❡r✈♦③❡s✐❧♦✈❛↔❀ P▲❈

❆❜str❛❝t
❚❤✐s t❤❡s✐s ❞❡❛❧s ✇✐t❤ t❤❡ ❞❡s✐❣♥ ♦❢ ❛ ♠❛❝❤✐♥❡ ❢♦r str✐❦✐♥❣ ❜❛❞♠✐♥t♦♥ s❤✉tt❧❡✲

❝♦❝❦s✳ ❚❤❡ s♦❧✉t✐♦♥ ✐♥✈♦❧✈❡s ❛ ❞❡s✐❣♥ ♦❢ t❤❡ ♠❛❝❤✐♥❡r② ♠❡❝❤❛♥✐❝s✱ t❤❡ ❞r✐✈❡s ❛♥❞

t❤❡ ❝♦♥tr♦❧ s②st❡♠✳ ❚❤❡ ❞r✐✈❡ ❝♦♥s✐sts ♦❢ ❧❛✉♥❝❤ ❞✐s❝s ❛♥❞ ❛ s❤✉tt❧❡❝♦❝❦ ❢❡❡❞ ♠❡❝❤✲

❛♥✐s♠✳ ❆s ❛ s♦❧✉t✐♦♥ ❢♦r t❤❡ ❞r✐✈❡✱ ❆❈❖P❖❙ s❡r✈♦ ❞r✐✈❡s ❛♥❞ t❤❡ ♠♦t♦rs ♦❢ t❤❡

❇✫❘ ❝♦♠♣❛♥② ❛r❡ ✉s❡❞✳ ❆ P▲❈ ♦❢ t❤❡ s❛♠❡ ❝♦♠♣❛♥② ✐s ✉s❡❞ ❢♦r ♠❛❝❤✐♥❡ ❝♦♥tr♦❧✳

❆✉t♦♠❛t✐♦♥ ❙t✉❞✐♦ ✐s ✉s❡❞ ❢♦r ♣r♦❣r❛♠♠✐♥❣ s❡r✈♦ ❞r✐✈❡s ❛♥❞ t❤❡ P▲❈✳

❑❡② ✇♦r❞s
❇❛❞♠✐♥t♦♥❀ ❜❛❞♠✐♥t♦♥ ❧❛✉♥❝❤❀ ♠❡❝❤❛♥✐s♠❀ ❞r✐✈❡❀ ❝♦♥tr♦❧ s②st❡♠❀ s❡r✈♦ ❞r✐✈❡❀

P▲❈

✐✈



❖❜s❛❤

✶ Ú✈♦❞ ✶

✷ ❇❛❞♠✐♥t♦♥♦✈ý str♦❥ ✷

✷✳✶ P♦➸❛❞❛✈❦② tr❡♥ér❛ ♥❛ str♦❥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷

✷✳✶✳✶ ❍r❛ ❞♦ ❦✉rt✉ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷

✷✳✶✳✷ ❍r❛ ♥❛ sít✐ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

✷✳✶✳✸ ◆❛❤❛③♦✈á♥í ♥❛ r❛❦❡t✉ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

✷✳✷ ❩á❦❧❛❞♥í ♣r✐♥❝✐♣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹

✸ ▲❛❜♦r❛t♦r♥í str♦❥ ✺

✸✳✶ P♦❞❛✈❛↔ ♠í↔❦➲ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻

✸✳✷ ❊❧❡❦tr♦✐♥st❛❧❛❝❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼

✹ Pr✈♥í ♣r♦t♦t②♣ ✼

✹✳✶ ❍❛r❞✇❛r❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾

✹✳✶✳✶ ➄í❞✐❝í ❥❡❞♥♦t❦❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾

✹✳✶✳✷ ➄í③❡♥í ♠♦t♦r➲ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵
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✹✳✷ ❑♦t♦✉↔❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷

✹✳✷✳✶ ❖❞❧❡❤↔❡♥í ❦♦t♦✉↔❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷

✹✳✷✳✷ P♦❣✉♠♦✈á♥í ❦♦t♦✉↔➲ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸

✹✳✸ ◆á✈r❤ ♣❛r❛♠❡tr➲ ♠♦t♦r➲ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✺
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✹✳✹✳✸ ❱✐③✉❛❧✐③❛❝❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽
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✹✳✺✳✶ ❱✐rt✉á❧♥í ♣➦❡✈♦❞♦✈❦❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾

✹✳✻ P♦✇❡r❧✐♥❦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✾
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✻ ▼➙➦❡♥í ❞♦st➦❡❧✉ ❜❛❞♠✐♥t♦♥♦✈é❤♦ str♦❥❡ ✷✾
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✻✳✷ P♦st✉♣ ♠➙➦❡♥í ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶

✻✳✸ ▼➙➦❡♥í ❜❡③ ♣♦❣✉♠♦✈❛♥ý❝❤ ❦♦t♦✉↔➲ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✶

✻✳✹ ❩á✈➙r ♠➙➦❡♥í ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✷

✼ Pr♦❜❧é♠② ♣➦✐ r❡❛❧✐③❛❝✐ ✸✸

✼✳✶ ❆❈❖P❖❙ ❛ P❖❲❊❘▲■◆❑ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✸

✼✳✷ Pr✈♥í t❡st♦✈á♥í ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✸

✼✳✸ ◆❡❞♦st❛t❡❦ ♣❛♠➙t✐ P▲❈ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✹

✽ ❩á✈➙r ✸✺

✾ ▲✐t❡r❛t✉r❛ ✸✼

❆ ❚❛❜✉❧❦② ✸✽

❇ ❖❜s❛❤ ♣➦✐❧♦➸❡♥é❤♦ ❈❉ ✸✾

❈ ❩❞r♦❥♦✈é ❦ó❞② ✸✾

✈✐



❙❡③♥❛♠ ♦❜rá③❦➲

✶ ❇❛❞♠✐♥t♦♥♦✈ý str♦❥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶

✷ ❇❛❞♠✐♥t♦♥♦✈ý ❦✉rt ✭✈ý➨❦❛ sít➙ ✶✱✺✺♠✮ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷

✸ ❇❛❞♠✐♥t♦♥♦✈ý str♦❥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹

✹ P♦❞❛✈❛↔ ♠í↔❦✉ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✼

✺ ❇❛❞♠✐♥t♦♥♦✈ý str♦❥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽

✻ ✸❉ ♠♦❞❡❧ ♣r♦t♦t②♣✉ ❜❛❞♠✐♥t♦♥♦✈é❤♦ str♦❥❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾

✼ Pr✈♥í ♣r♦t♦t②♣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵

✽ ❳✷✵ ❈P✶✹✽✺ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✶

✾ ▼♦t♦r② ➦❛❞② ✽▼❙ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✷

✶✵ ❱ý❦r❡s ♣➲✈♦❞♥í❤♦ ❦♦t♦✉↔❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✸

✶✶ ❱ý❦r❡s ✉♣r❛✈❡♥é❤♦ ❦♦t♦✉↔❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✹

✶✷ ❆✉t♦♠❛t✐♦♥ st✉❞✐♦ ✸✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✽

✶✸ ▲♦❣♦ ❊P❙● ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✵

✶✹ ❑♦♠✉♥✐❦❛❝❡ ♣♦ P❖❲❊❘▲■◆❑✉ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✶

✶✺ ❱✐③✉❛❧✐③❛❝❡ ✿ ❤❧❛✈♥í ♦❜r❛③♦✈❦❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺

✶✻ ❱✐③✉❛❧✐③❛❝❡ ✿ ❆✉t♦♠❛t✐❝❦é r❡➸✐♠② ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✺

✶✼ ❱✐③✉❛❧✐③❛❝❡ ✿ Pr♦❣r❛♠ ♦❞♣❛❧♦✈á♥í ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✻

✶✽ ❙❡r✈✐s♥í ✈✐③✉❛❧✐③❛❝❡ ✿ ❍❧❛✈♥í ♦❜r❛③♦✈❦❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✼

✶✾ ❙❡r✈✐s♥í ✈✐③✉❛❧✐③❛❝❡ ✿ ❖✈❧á❞á♥í ♠♦t♦r✉ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✽

✷✵ ❱✐③✉❛❧✐③❛❝❡ ✿ ◆❛st❛✈❡♥í ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷✾

✷✶ ●r❛❢ ♠➙➦❡♥í ❞♦❧❡t✉ ❜❡③ ♣♦❣✉♠♦✈❛♥ý❝❤ ❦♦t♦✉↔➲ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✷

❙❡③♥❛♠ t❛❜✉❧❡❦

✶ ▼➙➦❡♥í ❞♦❧❡t✉ ♠í↔❦✉ ❜❡③ ♣♦❣✉♠♦✈❛♥ý❝❤ ❦♦t♦✉↔➲ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

✈✐✐



❙❡③♥❛♠ ③❦r❛t❡❦

• P▲❈ ✲ Pr♦❣r❛♠♠❛❜❧❡ ▲♦❣✐❝ ❈♦♥tr♦❧❧❡r ✭Pr♦❣r❛♠♦✈❛t❡❧♥ý ❧♦❣✐❝❦ý ❛✉t♦♠❛t✮

• ❇✫❘ ✲ ❇❡r♥❡❝❦❡r ✰ ❘❛✐♥❡r ■♥❞✉str✐❡ ❊❧❡❦tr♦♥✐❦ ●♠❜❍

• ❍▼■ ✲ ❍✉♠❛♥✲♠❛❝❤✐♥❡ ✐♥t❡r❢❛❝❡

• ❘❆▼ ✲ r❛♥❞♦♠✲❛❝❝❡ss ♠❡♠♦r②

• ❊P❙● ✲ ❊t❤❡r♥❡t P❖❲❊❘▲■◆❑ ❙t❛♥❞❛r❞✐③❛t✐♦♥ ●r♦✉♣

• ❈✐❆ ✲ ❈❆◆ ✐♥ ❆✉t♦♠❛t✐♦♥

• ▼◆ ✲ ▼❛♥❛❣✐♥❣ ◆♦❞❡

• ❙♦❈ ✲ ❙t❛rt ♦❢ ❈②❝❧❡

✈✐✐✐



✶ Ú✈♦❞

❇❛❞♠✐♥t♦♥ ❥❡ ✈ ❞♥❡➨♥í ❞♦❜➙ ✈❡❧✐❝❡ ♣♦♣✉❧ár♥í s♣♦rt✳ P➦✐❜ý✈á ❥❛❦ ❛♠❛térs❦ý❝❤

❤rá↔➲✱ t❛❦ ♣r♦❢❡s✐♦♥á❧➲ ♥❡❥✈②➨➨í s✈➙t♦✈é t➦í❞②✳ Pr♦ ús♣➙❝❤② ✈ ❥❛❦é♠❦♦❧✐✈ s♣♦rt✉ ❥❡

③❛♣♦t➦❡❜í tré♥✐♥❦✉✳ ❚❛❦♦✈ý tré♥✐♥❦ ♥❡♥í ♥ár♦↔♥ý ♣♦✉③❡ ♣r♦ s❛♠♦t♥é❤♦ ❤rá↔❡✱ ❛❧❡

✐ ♣r♦ tr❡♥ér❛✳ ❚❡♥ ♠✉sí ♥❡✉stá❧❡ ❞♦❦♦❧❛ ♦♣❛❦♦✈❛t ❥❡❞♥✉ ❛ t✉ s❛♠♦✉ ↔✐♥♥♦st ♥❛♣➦✳

♥❛❤❛③♦✈á♥í ♠í↔➲ ♥❛ ③á❦❧❛❞♥í ↔ár✉✳ ❯s♥❛❞♥➙♥í ❛ ③♣➦❡s♥➙♥í t❛❦♦✈é❤♦ tré♥✐♥❦✉ ♠á

③❛ ❝í❧ ❜❛❞♠✐♥t♦♥♦✈ý str♦❥✳ ❚❡♥ ❥❡ ✉r↔❡♥ ❦ ♥❛❤❛③♦✈á♥í ❜❛❞♠✐♥t♦♥♦✈ý❝❤ ♠í↔➲✱ ❛ tí♠

✉♠♦➸♥í s♣♦rt♦✈❝✐ ❤rát ✭tré♥♦✈❛t✮✱ ❛♥✐➸ ❜② ♠➙❧ r❡á❧♥é❤♦ s♦✉♣❡➦❡ ✭tr❡♥ér❛✮✳

❖❜rá③❡❦ ✶✿ ❇❛❞♠✐♥t♦♥♦✈ý str♦❥

◆❛ t❛❦♦✈ýt♦ str♦❥ ❥s♦✉ ♣❛❦ ❦❧❛❞❡♥② ♣♦➸❛❞❛✈❦② ♣➦❡❞❡✈➨í♠ ♥❛ ♣➦❡s♥♦st✱ r②❝❤❧♦st ❛

r♦③♠❛♥✐t♦st ♥❛❞❤♦③➲✳ ❙tr♦❥ ♠✉sí ❜ýt ❞♦st❛t❡↔♥➙ r②❝❤❧ý✳ ❘②❝❤❧♦st ③á✈✐sí ♥❛ t♦♠✱ ♣r♦

❦♦❤♦ s❡ ♥❛❞❤❛③✉❥❡ ✭♣r♦ ❞➙t✐✱ ❞♦s♣➙❧é✱ r❡♣r❡③❡♥t❛♥t②✮✳ P➦❡s♥♦st ❥❡ ❞➲❧❡➸✐tá ♦❜③✈❧á➨t➙

♣➦✐ ♣♦❦r♦↔✐❧❡❥➨í❝❤ ♣r♦❣r❛♠❡❝❤✳ ❙❛♠♦③➦❡❥♠➙ ✐ ♣➦✐ ♣♦✉❤é♠ ♥❛❞❤❛③♦✈á♥í ❥❡ t➦❡❜❛ ❞♦❝í❧✐t

t♦❤♦✱ ❛❜② ♠í↔❡❦ ❞♦♣❛❞❛❧ ♥❛ st❡❥♥é ♠íst♦✳ ❚♦ s ♦❤❧❡❞❡♠ ♥❛ ♥❡♣r❛✈✐❞❡❧♥♦st ♠í↔❦➲ ✭❞✈❛

♣➦❡s♥➙ ✐❞❡♥t✐❝❦é ♥❡♥❛❥❞❡♠❡✮ ♥❡❜✉❞❡ ✈➸❞② st❡❥♥é✳ ❘♦③♠❛♥✐t♦st ♥❛❞❤♦③➲ ❥❡ ❞➲❧❡➸✐tá

♣r♦ ♣r❛❦t✐❝❦é ✈②✉➸✐tí ❜❛❞♠✐♥t♦♥♦✈é❤♦ str♦❥❡✳ ❍á③❡t ♠í↔❡❦ ♥❛ ❥❡❞♥♦ ♠íst♦ s ❞❛♥♦✉

❢r❡❦✈❡♥❝í ❥❡ ✈❝❡❧❦✉ ♥❡③❛❥í♠❛✈é ❛ ♥❡♣♦✉➸✐t❡❧♥é✳

✶



✷ ❇❛❞♠✐♥t♦♥♦✈ý str♦❥

✷✳✶ P♦➸❛❞❛✈❦② tr❡♥ér❛ ♥❛ str♦❥

❱ ✐❞❡á❧♥í♠ ♣➦í♣❛❞➙ ❜② ✈ýs❧❡❞♥ý str♦❥ ♠➙❧ s♣❧➡♦✈❛t ♣♦➸❛❞❛✈❦②✱ ❦t❡ré ♣♦❝❤á③❡❥í

♦❞ ❜❛❞♠✐♥t♦♥♦✈é❤♦ tr❡♥ér❛✳ ❙ ▼❣r✳ ▼✐❝❤❛❧❡♠ ❚✉r♦➡❡♠ ❥s❡♠ ❦♦♥③✉❧t♦✈❛❧✱ ❥❛❦é ❥s♦✉

tré♥✐♥❦♦✈é ♠❡t♦❞② ♣r♦ tré♥✐♥❦ ♥❛ ♥❡❥✈②➨➨í úr♦✈♥✐✳ ❩ tét♦ ❦♦♥③✉❧t❛❝❡ ✈③❡➨❧② ♣♦➸❛✲

❞❛✈❦② ♥❛ str♦❥✳

✷✳✶✳✶ ❍r❛ ❞♦ ❦✉rt✉

Pr♦ ❜❛❞♠✐♥t♦♥♦✈ý tré♥✐♥❦ ❥s♦✉✱ ♣➦✐ ❤➦❡ ❞♦ ❦✉rt✉✱ ♠♦➸♥é t②t♦ s✐t✉❛❝❡✱ ❦t❡ré ❜②

❜②❧♦ ❞♦❜ré str♦❥❡♠ ♣♦❦rýt✳

❖❜rá③❡❦ ✷✿ ❇❛❞♠✐♥t♦♥♦✈ý ❦✉rt ✭✈ý➨❦❛ sít➙ ✶✱✺✺♠✮

✷



❩❛❞♥í ↔ást

❙tr♦❥ ✈ t♦♠t♦ ♠ó❞✉ st➦í❧í ♠í↔❡ ❞♦ ③❛❞♥í ↔ást✐ ❦✉rt✉✳ ▼í↔❡ ❜② ♠➙❧② ❧ét❛t s ♣❡r✐♦❞♦✉

✶✱✺ ✲ ✷ s ❛ ❦ t♦♠✉ st➦í❞❛t str❛♥② ❦✉rt✉✳ ▼➙➦❡♥í ♣❡r✐♦❞② ❜②❧♦ ♣r♦✈❡❞❡♥♦ ♣➦✐ ❦♦♥③✉❧t❛❝✐

♣r♦❣r❛♠➲ s tr❡♥ér❡♠✳ Pr♦ ❧❡♣➨í ♣➦❡❞st❛✈✉ s✐t✉❛❝❡ tré♥✐♥❦✉ ❜②❧② ♣➦❡❞st❛✈❡♥② ❛ ♣➦✐

té ♣➦í❧❡➸✐t♦st✐ ③♠➙➦❡♥② ♥➙❦t❡ré ♣❛r❛♠❡tr②✳

❙t➦❡❞♥í ↔ást

❉♦ st➦❡❞♥í ↔ást✐ ❦✉rt✉ ❜② ❜②❧♦ ❞♦❜ré ♠í↔❡ ♣á❧✐t ❥❛❦ ♥❛ st➦í❞❛↔❦✉✱ ❝♦ s❡ tý↔❡

str❛♥✱ t❛❦ t❛❦é ③♣➲s♦❜✉ ❞♦♣❛❞✉✳ ❇✉↕ ♠í↔ ♥❛ ♠íst♦ ❞♦♣❛❞✉ ❧❡tí ♣➦í♠♦✱ ♥❡❜♦ ✈❡❧❦ý♠

♦❜❧♦✉❦❡♠ ❛ ♥❛ ♠íst♦ ✉r↔❡♥í ♣❛❞á✳ P❡r✐♦❞❛ ♠í↔➲ ❥❡ ✈ t♦♠t♦ ♣➦í♣❛❞➙ ✶ ✲ ✶✱✺ s

❙t➦❡❞♥í ↔ást ✷

❉r✉❤á ♠♦➸♥♦st✱ ❥❛❦ st➦í❧❡t ❞♦ st➦❡❞♥í ↔ást✐ ❦✉rt✉✱ ❥❡ ♥❛st➦❡❧♦✈á♥í ③ ✈➙t➨í ✈ý➨❦② ❛

③á♣♦r♥♦✉ ❡❧❡✈❛❝í str♦❥❡✳ ❚í♠t♦ s❡ ❞á s✐♠✉❧♦✈❛t s♠❡↔ ❛ tí♠ ✐ tré♥♦✈❛t ❥❡❥í ✈②❜rá♥í✳

✷✳✶✳✷ ❍r❛ ♥❛ sít✐

❱ t♦♠t♦ ♣➦í♣❛❞➙ s❡ ♠í↔❡ st➦í❧í t➙s♥➙ ♥❛❞ sí➫✱ ❛ t♦ ♣♦ ❝❡❧é ❞é❧❝❡ sít➙✳ P❡r✐♦❞❛

t❛❦♦✈é❤♦ ♥❛❤❛③♦✈á♥í ❥❡ ③❤r✉❜❛ ✵✱✷✺ ✲ ✵✱✺ s✳ ❚❛❦♦✈át♦ r②❝❤❧♦st ❥❡✱ ✈③❤❧❡❞❡♠ ❦ ♣♦➸❛✲

❞❛✈❦➲ ③♠➙♥② s♠➙r✉ ❧❡t✉✱ t❛❦➦❦❛ ♥❡❞♦s❛➸✐t❡❧♥á✳ ◆❡❥❡♥ ➸❡ s❡ ♠✉sí ♣♦❦rýt ❝❡❧ý ❡❢❡❦✲

t✐✈♥í ♣r♦st♦r ♥❛❞ sítí t③♥✳ ③❤r✉❜❛ ✺♠✱ ❛❧❡ s♦✉↔❛s♥ý ③♣➲s♦❜ ♣♦❞á✈á♥í ♠í↔❡ ♥❡❥s♣í➨❡

♥❡✉♠♦➸♥í t❛❦♦✈♦✉t♦ ❢r❡❦✈❡♥❝✐✳

✷✳✶✳✸ ◆❛❤❛③♦✈á♥í ♥❛ r❛❦❡t✉

❙tr♦❥ ♥❡♣á❧í ♠í↔❡ ♥✐❦❛♠ ❞❛❧❡❦♦✱ ❛❧❡ t➙s♥➙ ♣➦❡❞ s❡❜❡✳ ❍rá↔ ♦❞❡❤rá✈á ♠í↔❡✱ ❦t❡ré

③❡ str♦❥❡ ✈②♣❛❞á✈❛❥í s ✈❡❧❦♦✉ ❢r❡❦✈❡♥❝í✱ ③❤r✉❜❛ ✶ ♠í↔ ③❛ ✵✱✷ ✲ ✵✱✸ s✳ ❚❡♥t♦ ♠ó❞ ♥❡♥í

✸



♥ár♦↔♥ý ♥❛ s❛♠♦t♥ý ♠❡❝❤❛♥✐③♠✉s ♦❞♣❛❧♦✈á♥í✱ ❛❧❡ ♥❛ ♣♦❞á✈á♥í ♠í↔➲✳ ❚❛❦♦✈ét♦

❢r❡❦✈❡♥❝❡ ♥❡♥í ✈ s♦✉↔❛s♥é ❞♦❜➙ ♣♦❞❛✈❛↔ s❝❤♦♣❡♥ ♣♦s❦②t♥♦✉t✳

✷✳✷ ❩á❦❧❛❞♥í ♣r✐♥❝✐♣

❙tr♦❥ ♣r❛❝✉❥❡ ♥❛ ✈❝❡❧❦✉ ❥❡❞♥♦❞✉❝❤é♠ ♣r✐♥❝✐♣✉✳ ❇❛❞♠✐♥t♦♥♦✈é♠✉ ♠í↔❦✉ ❥❡ ✉❞➙❧❡♥❛

r②❝❤❧♦st ③❛ ♣♦♠♦❝í ♣r♦t✐ s♦❜➙ s❡ t♦↔í❝í❝❤ ❦♦t♦✉↔➲✳ ❩á❦❧❛❞❡♠ str♦❥❡ ❥s♦✉ t❡❞② ❞✈❛

❦♦t♦✉↔❡✱ ❦t❡ré r♦t✉❥í ♣r♦t✐ s♦❜➙✳ ▼❡③✐ ❦♦t♦✉↔✐ ❥❡ ♠❡③❡r❛ ♦ ❝❝❛ ✷ ✲ ✹♠♠ ♠❡♥➨í ♥❡➸

❥❡ ♣r➲♠➙r ♦❞♣❛❧♦✈❛❝í ↔ást✐ ♠í↔❦✉ ✭❤❧❛✈✐↔❦❛✮✳ ▼❡③❡r❛ ♠❡③✐ ❦♦t♦✉↔✐ ♠✉sí ❜ýt ♠❡♥➨í ③

❖❜rá③❡❦ ✸✿ ❇❛❞♠✐♥t♦♥♦✈ý str♦❥

❞➲✈♦❞✉ ❞♦❜ré❤♦ ♣➦❡♥♦s✉ ❡♥❡r❣✐❡ ③ ❦♦t♦✉↔➲ ♥❛ ♠í↔❡❦✳ ❱ ♣➦í♣❛❞➙ st❡❥♥➙ ✈❡❧❦é ♠❡③❡r②

❥❛❦♦ ❥❡ ♣r➲♠➙r ❤❧❛✈✐↔❦② ♠í↔❦✉✱ s❡ ❥❡❞♥á ♦ ❜♦❞♦✈ý st②❦✳ ❱ t♦♠t♦ ♣➦í♣❛❞➙ ♥❡♥í ♠í↔❦✉

✉❞➙❧❡♥❛ té♠➙➦ ➸á❞♥á ❡♥❡r❣✐❡ ❛ tí♠ ♣á❞❡♠ ♠í↔❡❦ ♥✐❦❛♠ ♥❡❞♦❧❡tí✳ P➦✐ ③♠❡♥➨❡♥í ♠❡✲

✹



③❡r② s❡ ♠í↔❡❦ ③♠á↔❦♥❡ ❛ ús❡❦✱ ♣♦ ❦t❡ré♠ s❡ ♠í↔❦✉ ♣➦❡❞á✈á ❡♥❡r❣✐❡✱ s❡ ♣r♦❞❧♦✉➸í✳

■❞❡á❧♥➙ ♠í↔❡❦ ❞♦sá❤♥❡ st❡❥♥é r②❝❤❧♦st✐ ❥❛❦♦ ❥❡ ♦❜✈♦❞♦✈á r②❝❤❧♦st ❦♦t♦✉↔➲✳ P♦❞❧❡

❦♦❡✜❝✐❡♥t✉ t➦❡♥í ♠❡③✐ ❦♦t♦✉↔✐ ❛ ❤❧❛✈✐↔❦♦✉ ♠í↔❡ ❥❡ ❥❡❤♦ r②❝❤❧♦st ✈➸❞② ♠❡♥➨í ♥❡➸ ♦❜✲

✈♦❞♦✈á r②❝❤❧♦st ❦♦t♦✉↔➲✳ ❉♦❝❤á③í ❦ ♣r♦❦❧✉③✉ ♠❡③✐ ❦♦t♦✉↔❡♠ ❛ ♣♦✈r❝❤❡♠ ❤❧❛✈✐↔❦②

♠í↔❡✳

✸ ▲❛❜♦r❛t♦r♥í str♦❥

Pr✈♥í ✈❡r③❡ str♦❥❡ ❜②❧❛ s❡st❛✈❡♥❛ ③❡ st♦❧❦✉ s ❞➦❡✈➙♥♦✉ ❞❡s❦♦✉ ❛ ③ ♠♦t♦r➲ ♣➦✐♣❡✈✲

♥➙♥ý❝❤ ✈❡ ✈②❢ré③♦✈❛♥ý❝❤ ❞rá➸❦á❝❤ ✭♦❜rá③❡❦ ✶✴str❛♥❛ ✶✮✳

◆❛ t♦♠t♦ str♦❥✐ ❜②❧♦ ♠♦➸♥é ♦❞③❦♦✉➨❡t ♣r✐♥❝✐♣ ✈ýst➦❡❧✉✳ ❚❡♥t♦ ❥❡❞♥♦❞✉❝❤ý str♦❥

♦✈➙➦✐❧ t❡♦r❡t✐❝❦é ♣➦❡❞♣♦❦❧❛❞②✱ ❛ t♦ ♣➦❡❞❡✈➨í♠✱ ➸❡ ❞✈❛ ❦♦t♦✉↔❡ r♦t✉❥í❝í ♣r♦t✐ s♦❜➙ ✈②✲

st➦❡❧í ♠í↔❡❦✳ ❩ár♦✈❡➡ s❡ ♥❛ t♦♠t♦ str♦❥✐ ❞❛❧❛ ✈②③❦♦✉➨❡t ✈❡❧✐❦♦st ♠❡③❡r② ♠❡③✐ ❦♦t♦✉↔✐

❛ ♥ás❧❡❞♥é ❝❤♦✈á♥í ♠í↔❦✉ ♣➦✐ ♦❞♣❛❧✉✳ ❏❡❞♥❛ ③ ♥❡❥❞➲❧❡➸✐t➙❥➨í❝❤ ✈➙❝í✱ ❦t❡rá ❜②❧❛ ♥❛

t♦♠t♦ str♦❥✐ ♦❞③❦♦✉➨❡♥❛✱ ❜②❧❛ ♠♦➸♥♦st ③♠➙♥② s♠➙r✉ ❧❡t✉ ♠í↔❦✉✳ ❚❡♦r❡t✐❝❦ý ♣➦❡❞✲

♣♦❦❧❛❞✱ ➸❡ ♣➦✐ ③♠➙♥➙ r②❝❤❧♦st✐ ♣♦✉③❡ ❥❡❞♥♦❤♦ ❦♦t♦✉↔❡✱ ③♠➙♥➙ ♣➦❡✈♦❞♦✈é❤♦ st✉♣♥➙

✈❡ ✈✐rt✉á❧♥í ♣➦❡✈♦❞♦✈❝❡✱ ❞♦❥❞❡ ❦❡ ③♠➙♥➙ s♠➙r✉ ❧❡t✉✱ s❡ ✉❦á③❛❧ ♠②❧♥ý✳ P♦ ➦❛❞➙ ❡①✲

♣❡r✐♠❡♥t➲ s❡ ♠✐ ♥❡♣♦❞❛➦✐❧♦ tí♠t♦ ③♣➲s♦❜❡♠ ♠í↔❡❦ ❞♦♥✉t✐t ❧❡t➙t ❥✐♥ý♠ s♠➙r❡♠ ♥❡➸

r♦✈♥➙✳ ❑ ♠❛①✐♠á❧♥í ③♠➙♥➙ s♠➙r✉ ❞♦➨❧♦ ✈ ♣➦í♣❛❞➙ ú♣❧♥é❤♦ ③❛st❛✈❡♥í ❥❡❞♥♦❤♦ ③ ❦♦✲

t♦✉↔➲✳ ▼í↔❡❦ ♣❛❦ s✐❝❡ ③❛tá↔í✱ ❛❧❡ ❞♦❧❡tí ♠❡tr ♣➦❡❞ str♦❥ ❛ ♠❡tr ❞♦ str❛♥②✳ ❚♦t♦ ❥❡

③❝❡❧❛ ♥❡✈②❤♦✈✉❥í❝í ❛ t❡♥t♦ s②sté♠❡ ➦í③❡♥í s♠➙r✉ ❧❡t✉ ♠í↔❦✉✱ ❥s❡♠ t❡❞② ♦♣✉st✐❧✳

❉❛❧➨í ♠♦➸♥♦stí✱ ❥❛❦ ③♠➙♥✐t s♠➙r ✈ýst➦❡❧✉✱ ❥❡ ♣♦s✉♥ ❦♦t♦✉↔➲ ✈ ♦s❡ ♦❞♣❛❧✉ ❞♦♣➦❡❞✉

❛ ❞♦③❛❞✉✳ P➦✐ ♣♦s✉♥✉tí ❥❡♥ ❥❡❞♥♦❤♦ ③ ❦♦t♦✉↔➲ ❛ ③❛❝❤♦✈á♥í ♠❡③❡r② ♠❡③✐ ♥✐♠✐ s❡ s♠➙r

♦❞♣❛❧✉ ③♠➙♥í✳ ▼í↔❦② ❥s♦✉ ♦❞♣❛❧♦✈á♥② ♥❛ str❛♥✉✱ ♥❛ ❦t❡ré ❥❡ ❦♦t♦✉↔ ♣♦s✉♥✉t ✈í❝

❞♦③❛❞✉✳ ❚♦t♦ ❥❡ ✈ ♣♦❞st❛t➙ ✈❡❧♠✐ ❥❡❞♥♦❞✉❝❤é✱ ♣r♦t♦➸❡ ❦♦t♦✉↔❡ stá❧❡ ♣á❧í ♠í↔❦② ♣➦í♠♦

♣➦❡❞ s❡❜❡✱ ❛❧❡ r♦✈♥♦❜➙➸♥é t❡↔♥②✱ ❦t❡ré t❡♥t♦ s♠➙r ✉r↔✉❥í✱ s❡ ✈③á❥❡♠♥ý♠ ♣♦s✉♥✉tí♠

♥❛t♦↔í✳ ❙t❡❥♥é❤♦ ❡❢❡❦t✉ ❧③❡ ❞♦sá❤♥♦✉t ✐ ♣➦✐ ♠ír♥é♠ ♥❛t♦↔❡♥í ❞❡s❦② s ♠♦t♦r②✳ ❱ t♦♠t♦

✺



♣➦í♣❛❞➙ s❡ ♥❛t♦↔í ♣♦✉③❡ ♠♦t♦r② ❛ ❝❡❧ý str♦❥ ③➲st❛♥❡ ♥❛ ♠íst➙✳ ◆❡♥í ③❛♣♦t➦❡❜í t❛❦

✈❡❧❦é❤♦ ❛ s✐❧♥é❤♦ ♠♦t♦r✉ ❦❡ ③♠➙♥➙ s♠➙r✉ ❧❡t✉ ♠í↔❦✉✳ ❱ý❤♦❞♦✉ ♦♣r♦t✐ ♣♦s♦✉✈á♥í

❦♦t♦✉↔➲ ♣r♦t✐ s♦❜➙ ❥❡ ❥❡❞♥♦❞✉➨➨í ❦♦♥str✉❦❝❡ ♠❡❝❤❛♥✐③♠✉ ♥❛tá↔❡♥í✳ P➦✐ ♣♦s✉♥✉ ❦♦✲

t♦✉↔➲ ❥❡ ③❛♣♦t➦❡❜í ❞♦sá❤♥♦✉t ✈❡❧❦é ♣➦❡s♥♦st✐ ❛ ③ár♦✈❡➡ s ♣♦s✉♥❡♠ ❞♦♣➦❡❞✉ ❛ ❞♦③❛❞✉

s❡ ♠✉sí ❦♦t♦✉↔❡ ♣♦❤②❜♦✈❛t ❦ s♦❜➙✳ P➦✐ ♣♦✉❤é♠ ♣♦s✉♥✉tí ❞♦♣➦❡❞✉✱ ❞♦③❛❞✉ ❞♦❥❞❡ ❦❡

③♠➙♥➙ ✈❡❧✐❦♦st✐ ♠❡③❡r②✱ ❛ tí♠ ✐ ú↔✐♥♥♦st✐ str♦❥❡✳ Pr♦ ③♠➙♥✉ ú❤❧✉ ♦❞♣❛❧✉ ♠í↔❡ ❥❡ ✈

♣r✈♥í♠ ♣r♦t♦t②♣✉ ♣♦✉➸✐t♦ r✉↔♥í ♥❛tá↔❡♥í str♦❥❡✳ Pr✈♥í ♣r♦t♦t②♣ ♠á ③❛ ú❦♦❧ ♦❞③❦♦✉✲

➨❡t ❤❧❛✈♥➙ ③á❦❧❛❞♥í ♣r✐♥❝✐♣② ♣♦❞á✈á♥í ♠í↔❦➲ ❛ ❞②♥❛♠✐❦② ✈ýst➦❡❧✉✱ t❡❞② ✉ ♥➙❥ ♥❡♥í

♥✉t♥é s♠➙r ♠➙♥✐t ❛✉t♦♠❛t✐❝❦②✳

✸✳✶ P♦❞❛✈❛↔ ♠í↔❦➲

❑ ♣♦❞á✈á♥í ♠í↔❦✉ ❜②❧♦ ③❛♣♦t➦❡❜í ✈②♠②s❧❡t ♣♦❞❛✈❛↔✳ ❚❡♥ ❥❡ s❡st❛✈❡♥ ③ ♥➙❦♦❧✐❦❛

↔ástí✳ ▼í↔❦② ❥s♦✉ ✉♠íst➙♥② ✈ t✉❜✉s✉ ♣♦❞♦❜♥➙✱ ❥❛❦♦ ❥❡ t♦♠✉ ✈ ♣r♦❞❡❥♥í❝❤ t✉❜✉s❡❝❤✳

❏❡❞✐♥ý♠ r♦③❞í❧❡♠ ❥❡✱ ➸❡ t✉❜✉s❡♠ ✈ ♣♦❞❛✈❛↔✐ ♠í↔❦② ✈♦❧♥➙ ♣r♦♣❛❞❛❥í✳ ❩❛st❛✈í s❡ ❛➸

♥❛ ❦♦♥❝✐✱ ❦❞❡ ❥❡ ③ú➸❡♥í ❞♦st❛t❡↔♥➙ ✈❡❧❦é ♥❛ ③❛❞r➸❡♥í s❧♦✉♣❝❡ ♠í↔❦➲ ♥❛❞ ♥í♠✳ ❩ tét♦

↔ást✐ s❡ ♠í↔❡❦✱ ♣♦♠♦❝í ❞✈♦✉ ❡①❝❡♥tr✐❝❦ý❝❤ ♣♦❞❛✈❛↔➲ ✉♠íst➙♥ý❝❤ ♣r♦t✐ s♦❜➙✱ ✈②tr❤♥❡

❛ ♣➦❡♠ístí ❞♦ ♥✐➸➨í❤♦ ♣❛tr❛✳ ❚❛♠ ❥❡ ③❛❝❤②❝❡♥ ❞r✉❤ý♠ ③ú➸❡♥í♠✳ ❊①❝❡♥tr✐❝❦é ♣♦❞❛✈❛↔❡

✉❝❤♦♣í ③❛ ❤❧❛✈✐↔❦✉ ✈➸❞② ❥❡♥ ❥❡❞❡♥ ♠í↔❡❦✳ ❩❡ s♣♦❞♥í❤♦ ♣❛tr❛ ❥❡ ♠í↔❡❦ ♠❡③✐ ❦♦t♦✉↔❡

❞♦♣r❛✈❡♥ r❛♠❡♥❡♠✱ ❦t❡ré ♠í↔❡❦ ♥❛❜❡r❡ ❛ ♣♦ ❦r✉❤♦✈é ❞rá③❡ ❤♦ ❞♦♣r❛✈í ♠❡③✐ ❦♦t♦✉↔❡✳

❚í♠ ❥❡ ♠í↔❦✉ ✉❞➙❧❡♥❛ ③á❦❧❛❞♥í r②❝❤❧♦st ❛ ❦♦t♦✉↔❡ ♠í↔❡❦ ♥❡✉✈á❞í ✈ ♣♦❤②❜ ③ ❦❧✐❞✉✳

❘❛♠❡♥♦ ❛ ❡①❝❡♥tr✐❝❦é ♣♦❞❛✈❛↔❡ ❥s♦✉ ♣♦❤á♥➙♥② ❥❡❞♥í♠ ♣♦❤♦♥❡♠✳

▲❛❜♦r❛t♦r♥í ♠♦❞❡❧ ♣♦❞❛✈❛↔❡ ❜②❧ s❡st❛✈❡♥ ③ ♠❛t❡r✐á❧➲ ❞♦st✉♣♥ý❝❤ ❞♦♠❛✳ Pr♦

❦♦♥str✉❦❝✐ ❜②❧② ♣♦✉➸✐t② ③á✈✐t♦✈é t②↔❡✱ ♣➦❡❦❧✐➸❦♦✈á ♠❡③✐❦r✉➸í ❛ ❞í❧② ▼❡r❦✉r✉ ✭♦❜rá③❡❦

✹✴str❛♥❛ ✼✮✳

✻



❖❜rá③❡❦ ✹✿ P♦❞❛✈❛↔ ♠í↔❦✉

✸✳✷ ❊❧❡❦tr♦✐♥st❛❧❛❝❡

P♦ ❡❧❡❦tr✐❝❦é strá♥❝❡ ❥❡ str♦❥ ♣♦st❛✈❡♥ ♥❛ ♣r♦❞✉❦t❡❝❤ ✜r♠② ❇✫❘✳ ❏❡❞♥á s❡ ♦

➦í❞✐❝í ♣r✈❡❦ P▲❈ ❳✷✵ ❈P✶✹✽✺ ❛ s❡r✈♦ ③❡s✐❧♦✈❛↔❡ ❆❈❖P❖❙ ✽❱✶✵✶✵✳ ❯ ♣r✈♥í❤♦

str♦❥❡ ❜❡③ ♣♦❞❛✈❛↔❡ ♠í↔❦➲ ❜②❧❛ ❡❧❡❦tr♦✐♥st❛❧❛❝❡ ♣r♦✈❡❞❡♥❛ ♥❛ ♠♦♥tá➸♥í ♠❛tr❛❝✐✳

✭♦❜rá③❡❦ ✺✴str❛♥❛ ✽✮

✹ Pr✈♥í ♣r♦t♦t②♣

P♦ ❦♦♥③✉❧t❛❝í❝❤ s ■♥❣✳ ▼✐❧❛♥❡♠ ❇❛rt♦➨❡♠✱ ❈❙❝✳ ❛ ♣♦ ♦✈➙➦❡♥í ❢✉♥❦↔♥♦st✐ ♥➙❦✲

t❡rý❝❤ ♣➦❡❞♣♦❦❧❛❞➲ ❜②❧ ♥❛✈r❤♥✉t ✭♦❜rá③❡❦ ✻✴str❛♥❛ ✾✮ ❛ ♣♦st❛✈❡♥ ♣r✈♥í ♣r♦t♦t②♣

❜❛❞♠✐♥t♦♥♦✈é❤♦ str♦❥❡✳ ❚❡♥t♦ str♦❥ ❥❡ ③❤♦t♦✈❡♥ ③ ♣r♦✜❧➲ ✐t❡♠ ❛ ❦♦♠♣♦♥❡♥t ♣➦í♠♦

✈②r♦❜❡♥ý❝❤ ♣r♦ str♦❥✳ ❙tr♦❥ ✈ ❧❛❜♦r❛t♦r♥í ✈❡r③✐ ❜②❧ ♣♦✉③❡ st♦❧❡❦ ♥❛ ❦♦❧❡↔❦á❝❤✳

✼



❖❜rá③❡❦ ✺✿ ❇❛❞♠✐♥t♦♥♦✈ý str♦❥

❑ ♣r✈♥í♠✉ ♣r♦t♦t②♣✉ s❡ ✈②r♦❜✐❧ ✐ s❦✉t❡↔♥ý ♣♦❞❛✈❛↔ ♠í↔❦➲✳ ▼♦❞❡❧ ③ ▼❡r❦✉r✉✱ ✐ ❦❞②➸

✈ ➸✐✈♦t♥í ✈❡❧✐❦♦st✐✱ s❡ ❤♦❞✐❧ ♣♦✉③❡ ❦ ♦✈➙➦❡♥í ♠②➨❧❡♥❦② ♣♦❞á✈á♥í ♠í↔❦➲✳

❏❛❦ ❥❡ ✈✐❞➙t ♥❛ ♦❜rá③❦✉ ✼✴str❛♥❛ ✶✵✱ ♣r♦t♦t②♣ ❛ ❥❡❤♦ ♣♦❞❛✈❛↔ ❦♦♣ír✉❥❡ ♥á✈r❤

③ ▼❡r❦✉r✉✳ ▼♦t♦r s ♠❡❝❤❛♥✐③♠❡♠ ♣♦❞á✈á♥í ♠í↔❦➲ ❥❡ s♣♦❥❡♥ ♦③✉❜❡♥ý♠✐ ❦♦❧② ✈

♣♦♠➙r✉ ✶✿✹✳ P♦❞❛✈❛↔❡ ✭❡①❝❡♥tr✐❝❦á ❦♦❧❛✮ ♣r♦ ♣➦✐♣r❛✈❡♥í ❥❡❞♥♦❤♦ ♠í↔❡ ❥s♦✉ s ❦♦t✈♦✉

♣r♦ ♣♦❞á♥í ♠í↔➲ ❞♦ ❦♦t♦✉↔➲ ♣r♦♣♦❥❡♥❛ ③✉❜❛tý♠ ➦❡♠❡♥❡♠ s ♣♦♠➙r❡♠ ✶✿✶✳

Pr✈♥í ♣r♦t♦t②♣ s❡ ♣♦❞❛➦✐❧♦ s❡st❛✈✐t ❛ ♦➸✐✈✐t✳ ❑ ✈➙t➨í♠✉ t❡st♦✈á♥í ♥❡❞♦➨❧♦✱ ♣♦✉③❡

s❡ ♦✈➙➦✐❧❛ ③á❦❧❛❞♥í ❢✉♥❦↔♥♦st ❛ ❥❡ t➦❡❜❛ ♥❛❞á❧❡ t❡st♦✈❛t ❛ ✈②✈í❥❡t✳ ❑ ú↔❡❧➲♠ ❞❛❧➨í❤♦

✈ý✈♦❥❡ ❥❡ ♣r♦t♦t②♣ s❡st❛✈❡♥ t❛❦✱ ➸❡ ❥❡ ✈❡❧♠✐ ❥❡❞♥♦❞✉❝❤é ③♠➙♥✐t ♥➙❦t❡ré ♣r♦♣♦r↔♥í

✈③❞á❧❡♥♦st✐ str♦❥❡✳ ◆❛♣➦í❦❧❛❞ s❡ ❞á ③♠➙♥✐t ✈③❞á❧❡♥♦st ❦♦t♦✉↔➲✱ ✈ý➨❦❛ ❦♦t♦✉↔➲ ✈③❤❧❡✲

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

➦❛❞➙ t♦ ❥❡ ✈❡❧✐❦♦st ③á❞r➸♥ý❝❤ ♠❡③✐❦r✉➸í✳

✽



❖❜rá③❡❦ ✻✿ ✸❉ ♠♦❞❡❧ ♣r♦t♦t②♣✉ ❜❛❞♠✐♥t♦♥♦✈é❤♦ str♦❥❡

✹✳✶ ❍❛r❞✇❛r❡

✹✳✶✳✶ ➄í❞✐❝í ❥❡❞♥♦t❦❛

❍❧❛✈♥í♠ ↔❧❡♥❡♠ ♣♦✉➸✐tý♠ ❦ ➦í③❡♥í str♦❥❡ ❥❡ P▲❈✳ ❏❡❞♥á s❡ ♦ st❛r➨í t②♣ ❳✷✵

❈P✶✹✽✺ ✭♦❜rá③❡❦ ✽✴str❛♥❛ ✶✶✮✳ ❱③❤❧❡❞❡♠ ❦ ♥❡♥ár♦↔♥♦st✐ ♥❛ ✈ý♣♦↔❡t♥í ✈ý❦♦♥ ❥❡✱ ❝♦

s❡ tý↔❡ ♣r♦❝❡s♦r♦✈é strá♥❦②✱ P▲❈ ③❛tí♠ ❞♦st❛↔✉❥í❝í✳ Pr♦ ❧❡♣➨í ♠♦➸♥♦st✐ ✈✐③✉❛❧✐③❛❝❡

❥❡ ♦✈➨❡♠ t❡♥t♦ ♠♦❞❡❧ ♥❡✈②❤♦✈✉❥í❝í✳ ❱❡❧✐❦♦st ♣❛♠➙t✐ ❘❆▼ ③♥❛↔♥➙ ♦♠❡③✉❥❡ ♠♦➸♥♦st✐

✈✐③✉❛❧✐③❛❝❡✳ ❑ ✈✐③✉❛❧✐③❛❝✐ ❛ tí♠ ✐ ♦✈❧á❞á♥í ❝❡❧é❤♦ str♦❥❡ ❥❡ ♣♦✉➸✐t❛ ✈✐③✉❛❧✐③❛❝❡ ♣➦❡s

❱◆❈ s❡r✈❡r✱ ❦t❡rý ❜➙➸í ♣➦í♠♦ ♥❛ P▲❈✳ P➦✐ ♣❛♠➙t✐ ✻✹▼❇ ❥s❡♠ ❜②❧ ♥✉❝❡♥ ♣♦✉➸ít

♦❜r❛③♦✈❦✉ s r♦③❧✐➨❡♥í♠ 320 × 240 ✱ ❝♦➸ ✈ ❞♥❡➨♥í ❞♦❜➙ ❥❡ ❞á✈♥♦ ♣➦❡❦♦♥❛♥é ❛ ❜②❧♦ ❜②

✈❤♦❞♥é ✉➸✐✈❛t❡❧s❦é ♣r♦st➦❡❞í ✈②❧❡♣➨✐t ♣♦✉➸✐tí♠ ❥✐♥é❤♦ P▲❈ s ✈➙t➨í ♣❛♠➙tí✳ ❚í♠ ❜②

♥❛st❛❧❛ ♠♦➸♥♦st ③✈ý➨✐t r♦③❧✐➨❡♥í✳ ❯ ♥♦✈➙❥➨í❝❤ P▲❈ ♦❞ ✜r♠② ❇✫❘ s ✈➙t➨í ♣❛♠➙tí ❧③❡

♣♦✉➸ít ✈✐③✉❛❧✐③❛❝✐ ❛➸ ❞♦ ❋✉❧❧❍❉ r♦③❧✐➨❡♥í✳ ❚♦ ❥❡ s✐❝❡ ♣r♦ ♣r✈♥í ♣r♦t♦t②♣② ♥❡♣♦t➦❡❜♥é✱

❛❧❡ ✈❡ ✜♥á❧♥í ✈❡r③✐ ♣r♦ ♣➦í♣❛❞♥é❤♦ ✉➸✐✈❛t❡❧❡ ✈❤♦❞♥é✳ ❉á❧❡ ♣➦✐ ♥❛❤r❛③♦✈á♥í P▲❈

❥❡ ✈❤♦❞♥é ♣♦✉➸ít t❛❦♦✈é✱ ❦t❡ré ✉♠♦➸➡✉❥❡ ♣♦✉➸ít ♦♣❡♥❙❆❋❊❚❨✳ ❚♦ ✉♠♦➸♥í ✈➙t➨í

✾



❖❜rá③❡❦ ✼✿ Pr✈♥í ♣r♦t♦t②♣

❜❡③♣❡↔♥♦st✱ t❛ ❥❡ ✈③❤❧❡❞❡♠ ❦ ✈❡❧❦ý♠ r②❝❤❧♦st❡♠ r♦t✉❥í❝í❝❤ ❦♦t♦✉↔➲ ❞➲❧❡➸✐tá✳

P➦✐ r❡❛❧✐③❛❝✐ ♣r✈♥í❤♦ ♣r♦t♦t②♣✉ s ♣♦❞❛✈❛↔❡♠ ♠í↔❦➲ ❥s❡♠ ♥❛r❛③✐❧ ♥❛ ♣r♦❜❧é♠

♥❡❞♦st❛t❦✉ ❘❆▼ ♣❛♠➙t✐✳ ❆ t♦ ♥❡❥❡♥ ♣r♦ ✈➙t➨í ✈✐③✉❛❧✐③❛❝✐✱ ❛❧❡ ♣♦ ♣➦✐❞á♥í t➦❡tí ♦s②

✭♠♦t♦r✉✮ ♥❡♥í ✈ P▲❈ ❞♦st❛t❡❦ ♠íst❛ ♥❛ ❥❛❦♦✉❦♦❧✐✈ ✈✐③✉❛❧✐③❛❝✐✳ ❚❡♥t♦ ♣r♦❜❧é♠ ❥s❡♠

❞♦↔❛s♥➙ ✈②➦❡➨✐❧ ♣r♦✈♦③♦✈á♥í♠ str♦❥❡ ♥❛ P♦✇❡r P❛♥❡❧✉ PP✻✺ ✭P▲❈ s♣♦❧✉ s ❍▼■✮✳

❏❡❞♥á s❡ ♦ P▲❈ s ✈❧❛st♥í♠ ❞✐s♣❧❡❥❡♠ ❛ ✈✐③✉❛❧✐③❛❝❡ tí♠ ♣á❞❡♠ ♥❡♥í ♣♦✉③❡ ❥❛❦♦ ❱◆❈

s❡r✈❡r✱ ❛❧❡ ✐ ♥❛ ❞♦t②❦♦✈é ♦❜r❛③♦✈❝❡ ♣❛♥❡❧✉ PP✻✺✳

✹✳✶✳✷ ➄í③❡♥í ♠♦t♦r➲

◆❛ ♣r✈♥í♠ ♣r♦t♦t②♣✉ ❥s♦✉ ♣♦✉➸✐t② s❡r✈♦③❡s✐❧♦✈❛↔❡ ❆❈❖P❖❙ ✽❱✶✵✶✵ ✳ ❙♣♦❧❡↔♥➙

s P▲❈ s❡ ❥❡❞♥á ♦ ➦í❞✐❝í s②sté♠✱ ❦t❡rý ❜②❧ ♥❛ ❢❛❦✉❧t➙ ♥❡✈②✉➸✐t ❛ ❞❛❧ s❡ t❡❞② ♣♦✉➸ít

♥❛ t♦t♦ ③❛➦í③❡♥í✳ ❆❈❖P❖❙② ♠❛❥í ✈❡ s✈ý❝❤ s❧♦t❡❝❤ ③❛s✉♥✉t② ❞✈➙ ❦❛rt②✳ ❏❡❞♥❛ ❥❡

✶✵



❖❜rá③❡❦ ✽✿ ❳✷✵ ❈P✶✹✽✺

❆❈✶✷✷ ❦ tét♦ ❦❛rt➙ ❥❡ ♣➦✐♣♦❥❡♥ r❡③♦❧✈ér ✈ ♠♦t♦r✉ ❛ s❧♦✉➸í ♣r♦ ③♣➙t♥♦✉ ✈❛③❜✉ ♣♦❧♦❤②

❛ r②❝❤❧♦st✐ ♠♦t♦r✉✳ ❉r✉❤á ❦❛t❛ ❆❈✶✶✹ ❥❡ ♣♦✇❡r❧✐♥❦♦✈á ❦❛rt❛ ♣r♦ ❦♦♠✉♥✐❦❛❝✐ s ♦st❛t✲

♥í♠✐ ↔ást♠✐ ➦í❞✐❝í❤♦ s②sté♠✉✳ ❑♦♠✉♥✐❦❛❝❡ ♣♦ ♣♦✇❡r❧✐♥❦✉ ❥❡ ♣♦♣sá♥❛ ✈ s❛♠♦st❛t♥é

❦❛♣✐t♦❧❡ ✹✳✻ ♥❛ str❛♥➙ ✶✾✳

❘♦③♠➙r② ❆❈❖P❖❙✉ ❥s♦✉ ✈ ♣♦r♦✈♥á♥í s r♦③♠➙r② ❛ ✈ý❦♦♥② ♣♦➸❛❞♦✈❛♥ý♠✐ ♥❛

str♦❥ ♥❛❞❞✐♠❡♥③♦✈❛♥é ❛ s❡r✈♦③❡s✐❧♦✈❛↔❡ ❥✐➸ ✈ ♣r✈♥í♠ str♦❥✐ ③❛❜ír❛❧② ♣♦♠➙r♥➙ ❤♦❞♥➙

♠íst❛✳ ◆❛ ♦❜rá③❦✉ ✺✴str❛♥❛ ✽ ❥❡ ♣r✈♥í ❡❧❡❦tr✐❝❦é ③❛♣♦❥❡♥í ♣♦✉③❡ ♣r♦ ❞✈➙ ♦s②✱ t③♥✳

♦✈❧á❞á♥í ❦♦t♦✉↔➲ ❜❡③ ♣♦❞❛✈❛↔❡✳

■ t❛❦ ❥❡ ❝❡❧á ❦♦♥str✉❦❝❡ ♣♦♠➙r♥➙ t➙➸❦á✳ ➄❡➨❡♥í♠ ❥❡ ♥❛♣➦í❦❧❛❞ ♣♦✉➸✐tí s②sté♠✉

❆❈❖P❖❙♠✉❧t✐✳ ❚❡♥ ③ ❥❡❞♥♦❤♦ ③❛➦í③❡♥í ♠➲➸❡ ♦✈❧á❞❛t ✈í❝❡ ♦s✱ ♥❡❜♦ ❆❈❖P❖❙♠✐❦r♦✱

t♦ ❥❡ ♥❛✈í❝ ❥❡➨t➙ ✈❡❧✐❦♦st♥➙ ❛ ✈ý❦♦♥♦✈➙ ♣➦✐❥❛t❡❧♥➙❥➨í✳ P➦✐ ♣♦✉➸✐tí ❥❛❦é❤♦❦♦❧✐✈ ❥✐♥é❤♦

➦❡➨❡♥í ♥❛ ❜á③✐ ❆❈❖P❖❙ ❥❡ ✈❡❧❦♦✉ ✈ý❤♦❞♦✉ ③❛❝❤♦✈á♥í ❝❡❧é❤♦ ➦í❞✐❝í❤♦ ♣r♦❣r❛♠✉✳

❩♠➙♥í s❡ ♣♦✉③❡ ❢②③✐❝❦á ❦♦♥✜❣✉r❛❝❡ ♣♦❤♦♥➲✳

✹✳✶✳✸ ▼♦t♦r②

❑ ♣♦❤á♥➙♥í ❝❡❧é❤♦ str♦❥❡ ❥s♦✉ ♣♦✉➸✐t② ♠♦t♦r② ✜r♠② ❇✫❘✳ ❏❡❞♥á s❡ ♦ ♥❡❥♠❡♥➨í

t➦í❢á③♦✈é s②♥❝❤r♦♥♥í ♠♦t♦r② ③ ➦❛❞② ✽▼❙✳ P➦❡s♥➙❥✐ ♠♦t♦r② s ♦③♥❛↔❡♥í♠ ✽▼❙❆✷❙✳❘✵✲

✹✷ ❘❡✈✳ ❉✵ ✳ ❚②t♦ ♠♦t♦r② ❥s♦✉ s✐❝❡ r♦③♠➙r♦✈➙ ♣➦✐❥❛t❡❧♥é✱ ❛❧❡ ❥❡❥✐❝❤ ✈ý❦♦♥ ♥❡♥í ♣➦í❧✐➨

✈②s♦❦ý✳ ❑r♦✉tí❝í ♠♦♠❡♥t t➙❝❤t♦ ♠❛❧ý❝❤ ♠♦t♦r➲ ❥❡ ✵✱✷◆♠✳ ❚í♠t♦ ♣❛r❛♠❡tr❡♠ ❥❡

❧✐♠✐t♦✈á♥♦ ♠❛①✐♠á❧♥í ③r②❝❤❧❡♥í✱ ❦t❡rý♠ s❡ ❞❛❥í ❦♦t♦✉↔❡ r♦③tá↔❡t✱ ♣♦♣➦í♣❛❞➙ ❜r③❞✐t✳

✶✶



❖❜rá③❡❦ ✾✿ ▼♦t♦r② ➦❛❞② ✽▼❙

❱ý♣♦↔❡t tý❦❛❥í❝í s❡ t♦❤♦✱ ❥❛❦ý ♠♦t♦r ❥❡ ✈❤♦❞♥ý✱ ♣♦♣➦í♣❛❞➙ ❝♦ s ❞❛♥ý♠✐ ♠♦t♦r②

❥s♠❡ s❝❤♦♣♥✐ ❞♦❦á③❛t✱ ❥❡ ✈ ❦❛♣✐t♦❧❡ ✹✳✸ ♥❛ str❛♥➙ ✶✺ ✳

✹✳✷ ❑♦t♦✉↔❡

❑ ♦❞♣❛❧♦✈á♥í✱ ❥❛❦ ✉➸ ❥❡ ♣♦♣sá♥♦ ✈ý➨❡✱ ❥s♦✉ ♣♦✉➸✐t② ❞✈❛ ❦♦t♦✉↔❡✱ ❦t❡ré s❡ t♦↔í

♣r♦t✐ s♦❜➙✳ ❚②t♦ ❦♦t♦✉↔❡ ❥s♦✉ ✈②r♦❜❡♥② ③❡ s✐❧♦♥✉✳ ◆❛ ♦❜rá③❦✉ ✶✵✴str❛♥❛ ✶✸ ❥❡ ♥á↔rt❡❦

♣➲✈♦❞♥í❝❤ ❦♦t♦✉↔➲✳ ❱ý❦r❡s ❦♦t♦✉↔➲ ❜②❧ ♣r♦✈❡❞❡♥ ✈ ♣r♦❣r❛♠✉ ❆✉t♦❞❡s❦ ■♥✈❡rt♦r✱ ③❛

❝♦➸ ❞➙❦✉❥✐ ■♥❣✳ ❏♦s❡❢✉ ❑✉❧t♦✈✐✳ ❚❡♥t♦ ❦♦t♦✉↔ ♠➙❧ ♥➙❦♦❧✐❦ ♥❡❞♦st❛t❦➲✳ Pr♦ ♣♦✉➸✐tý t②♣

♠♦t♦r✉ ❥❡ ♠♦❝ t➙➸❦ý ❛ ♠á ✈❡❧❦ý ♠♦♠❡♥t s❡tr✈❛↔♥♦st✐✱ ❛ ♣r♦t♦ ♠➙❧ ❝❡❧ý str♦❥ ➨♣❛t♥♦✉

❞②♥❛♠✐❦✉✳ ❱ý♣♦↔❡t ❥❡ ✉✈❡❞❡♥ ✈ ❦❛♣✐t♦❧❡ ✹✳✸ ♥❛ str❛♥➙ ✶✺✳ ❉á❧❡ ♣❛❦ ♣➦✐ ♦❞♣❛❧♦✈á♥í

❞♦❝❤á③í ❦ ✈❡❧❦é♠✉ ♣r♦❦❧✉③✉ ♠❡③✐ ♣♦✈r❝❤❡♠ ❦♦❧❛ ❛ ❤❧❛✈✐↔❦♦✉ ❜❛❞♠✐♥t♦♥♦✈é❤♦ ♠í↔❦✉✱

tí♠ ❥❡ ♣➦❡❞á✈á♥í ❡♥❡r❣✐❡ ③♥❛↔♥➙ ♥❡❡❢❡❦t✐✈♥í ❛ ❞♦❧❡t ❥❡ ♣♦té ❧✐♠✐t♦✈á♥ ♥❛ ♥✐➸➨í ❤♦❞♥♦t②✱

♥❡➸ ❜② ❜②❧♦ t❡♦r❡t✐❝❦② ♠♦➸♥é ❞♦sá❤♥♦✉t✳ ❑♦t♦✉↔❡ ❥✐➸ ♣➦✐ ♣♦❧♦✈✐↔♥í r②❝❤❧♦st✐✱ ♥❡➸ ❦t❡ré

❥s♦✉ ♠❛①✐♠á❧♥➙ s❝❤♦♣♥② ❞♦sá❤♥♦✉t✱ st➦í❧❡❥í ♠í↔❦② ♥❛ ♠❛①✐♠á❧♥í ✈③❞á❧❡♥♦st✳ ▼➙➦❡♥í

❥❡ ❞♦❦✉♠❡♥t♦✈á♥♦ ✈ ❦❛♣✐t♦❧❡ ✻ ♥❛ str❛♥➙ ✷✾✳

✹✳✷✳✶ ❖❞❧❡❤↔❡♥í ❦♦t♦✉↔❡

Pr♦ ❞②♥❛♠✐❦✉ r♦③t♦↔❡♥í ❦♦t♦✉↔➲ ♥❡♥í ❞➲❧❡➸✐tá ❥❡❥✐❝❤ ❤♠♦t♥♦st✱ ❛❧❡ ♠♦♠❡♥t s❡tr✲

✈❛↔♥♦st✐ ✭❦❛♣✐t♦❧❛ ✹✳✸✴str❛♥❛ ✶✺✮✳ Pr♦t♦ ❜②❧♦ ♥✉t♥é ✉❞➙❧❛t ♦❞❧❡❤↔❡♥í ♥❡ ③❛ ú↔❡❧❡♠

✶✷



❖❜rá③❡❦ ✶✵✿ ❱ý❦r❡s ♣➲✈♦❞♥í❤♦ ❦♦t♦✉↔❡

s♥í➸❡♥í ✈á❤②✱ ❛❧❡ ♠✐♥✐♠❛❧✐③❛❝❡ ♠♦♠❡♥t✉ s❡tr✈❛↔♥♦st✐✳ Pr✈♥í♠ ♥á✈r❤❡♠ ❜②❧♦ ♦❞✈rtá♥í

♠❛t❡r✐á❧✉✳ ❚❛t♦ ♠♦➸♥♦st s❡ ♥❛ ✈ýs❧❡❞♥é♠ ♠♦♠❡♥t✉ ♥❡♣r♦❥❡✈í t♦❧✐❦✱ ❦♦❧✐❦ ❜②❧ ♣➦❡❞✲

♣♦❦❧❛❞✱ ❛ ♣r♦t♦ ❥s❡♠ ♦❞ ♥í ♦❞st♦✉♣✐❧✳ ❉❛❧➨í ♠♦➸♥♦stí ❜②❧♦ ③♠❡♥➨❡♥í r♦③♠➙r➲ ❦♦✲

t♦✉↔➲ ♦❞s♦✉str✉➸❡♥í♠ ♣➦❡❜②t❡↔♥é❤♦ ♠❛t❡r✐á❧✉✳ ❱③❤❧❡❞❡♠ ❦ t♦♠✉✱ ➸❡ ❦♦t♦✉↔❡ ❥s♦✉

✈②r♦❜❡♥② ③ ✈❝❡❧❦✉ ♣❡✈♥é❤♦ ♠❛t❡r✐á❧✉ ✭s✐❧♦♥✉✮ ❛ ♥❛♠á❤á♥í ♥❡♥í ♠♦❝ ✈❡❧❦é✱ ❞♦❝❤á③í

♣♦✉③❡ ❦❡ ③♠á↔❦♥✉tí ♠í↔❦✉✳ ❑♦t♦✉↔❡ ❥❡ t❡❞② ❥❡ ♠♦➸♥é ③♠❡♥➨✐t✱ ❛ t♦ ♥❛ r♦③♠➙r② ♥❛

♦❜rá③❦✉ ✶✶✴str❛♥❛ ✶✹✳ P♦❞❧❡ t♦❤♦t♦ ♥á↔rt✉ ❜②❧ s❦✉t❡↔♥➙ ❦♦t♦✉↔ ✉♣r❛✈❡♥ ❛ ✈ ♣➦í❧♦③❡

❥❡ ✈ýs❧❡❞♥ý ✈ý❦r❡s✳

✹✳✷✳✷ P♦❣✉♠♦✈á♥í ❦♦t♦✉↔➲

Pr♦ ③❧❡♣➨❡♥í ♣➦❡♥♦s✉ ❡♥❡r❣✐❡ ♠❡③✐ ❦♦t♦✉↔❡♠ ❛ ♠í↔❦❡♠ ❜② ❜②❧♦ ❞♦❜ré ♣♦✈r❝❤ ❦♦✲

t♦✉↔➲ ♣♦ ♦❜✈♦❞✉ ♣♦❣✉♠♦✈❛t✳ ❚❡♦r❡t✐❝❦② s❡ tí♠ ③✈ý➨í ♣➦✐❧♥❛✈♦st ❛ ♠í↔❡❦ ♥❡❜✉❞❡ t♦❧✐❦

♣r♦❦❧✉③♦✈❛t✳ ◆❛st❛❧ ♦✈➨❡♠ ♣r♦❜❧é♠ s tí♠✱ ❥❛❦ ❣✉♠✉ ♥❛ ❦♦t♦✉↔✐ ✉❞r➸❡t✳ ❱③❤❧❡❞❡♠ ❦

t♦♠✉✱ ➸❡ ❦♦t♦✉↔❡ ❥s♦✉ ✈②r♦❜❡♥② ③❡ s✐❧♦♥✉✱ ♥❡❞r➸í ♥❛ ♥➙♠ té♠➙➦ ➸á❞♥é ❧❡♣✐❞❧♦✳ ❙✐❧♦♥ ❥❡

✈❡❧♠✐ ♠❛st♥ý ♠❛t❡r✐á❧✱ ♥❡❤❧❡❞➙ ♥❛ t♦✱ ➸❡ ♥❛ ❣✉♠➙ t❛❦é ♥❡ ❦❛➸❞é ❧❡♣✐❞❧♦ ❞r➸í✳ ❉❛❧➨í♠

✶✸



❖❜rá③❡❦ ✶✶✿ ❱ý❦r❡s ✉♣r❛✈❡♥é❤♦ ❦♦t♦✉↔❡

❢❛❦t♦r❡♠ ❥❡✱ ➸❡ ♣➦✐ ♥❛❜rá♥í ❛ ③♠á↔❦♥✉tí ♠í↔❦✉ s❡ ❣✉♠❛ ♥❛ ❦♦t♦✉↔✐ ③❛↔♥❡ ❤r♥♦✉t✳

❱②t✈♦➦í s❡ ❥❛❦ás✐ ✈❧♥❛ ❛ t❛ ③❛♣➦í↔✐♥í ✈➙t➨í ③át➙➸ ❧❡♣❡♥é❤♦ s♣♦❥❡✱ ❛➸ ❞♦ ♦❦❛♠➸✐❦✉✱ ❦❞②

❧❡♣✐❞❧♦ ♣♦✈♦❧í✳ ❚❡♥t♦ ❢❛❦t ❧③❡ ♣♦③♦r♦✈❛t ✐ ♥❛ ♠♥♦❤❡♠ ♣❡✈♥➙❥➨í❝❤ ♠❛t❡r✐á❧❡❝❤✱ ❥❛❦♦

❥❡ ♥❛♣➦í❦❧❛❞ ❦♦✈✳

Pr✈♥í ✈❛r✐❛♥t❛✱ ❦t❡r♦✉ ❥s❡♠ ♦❞③❦♦✉➨❡❧✱ ❜②❧♦ ✈②➦í③♥✉tí ♣r✉❤✉ ❣✉♠② ③ ❞✉➨❡ ♥❛ ❥í③❞♥í

❦♦❧♦✳ ❚❡♥t♦ ♣r♦✉➸❡❦ ❜②❧ s❦♦r♦ st❡❥♥➙ ❞❧♦✉❤ý ❥❛❦♦ ♦❜✈♦❞ ❦♦t♦✉↔❡ ❛ ❦♦♥❝❡ ❦ s♦❜➙ ❜②❧②

♣➦✐❧❡♣❡♥②✳ ❍r❛♥❛ ➦❡③✉ ❜②❧❛ ♣r♦ ❧❡♣➨í s♣♦❥❡♥í ➨✐❦♠á ❛ s♣♦❥ ❜②❧ ♣r♦✈❡❞❡♥ ♣♦❞❧❡♣❡♥í♠

♣❡✈♥♦✉ ♠♦❞❡❧á➦s❦♦✉ ♣ás❦♦✉ s❡ s❦❡❧♥ý♠✐ ✈❧á❦♥②✳ ❚❛❦t♦ ③❤♦t♦✈❡♥é ♣ás❦② ❥s❡♠ ♥❛tá❤❧

♥❛ ❦♦t♦✉↔❡ ❛ ♣♦ r♦③t♦↔❡♥í s❡ ♦❜❥❡✈✐❧ ♥♦✈ý ♣r♦❜❧é♠✱ ❛ t♦ ✈❡❧❦á ♦❞st➦❡❞✐✈á sí❧❛✳ ◆❛

❣✉♠✉ ❥✐➸ ♣➦✐ ③❤r✉❜❛ ✷✵✵ ♦t s−1 ♣➲s♦❜í ✈❡❧❦á ♦❞st➦❡❞✐✈á sí❧❛✱ ❞♦❝❤á③í ❦ ♦❞❞á❧❡♥í ❣✉♠②

♦❞ ❦♦t♦✉↔❡✳ ●✉♠❛ s❡ ♣♦st✉♣♥➙ t❛❦ ♥❛tá❤♥❡✱ ❛➸ ③ ❦♦t♦✉↔❡ ♦❞♣❛❞♥❡ ❛ ♦❞st➦❡❧í ❞♦

♣r♦st♦r✉✳

❉r✉❤ý ③♣➲s♦❜ ❜②❧ ♣♦❦✉s s ♣♦❞❧❡♣❡♥í♠ ♣ás❦✉ ③ ♣➦❡❞❡➨❧é❤♦ ♣♦❦✉s✉✳ Pás❦② ❥s❡♠

❦❡ ❦♦t♦✉↔✐ ③❦✉s✐❧ ♣➦✐❧❡♣✐t ❝❤❡♠♦♣ré♥❡♠✳ ◆❛ ♥➙❦t❡rý❝❤ ♠íst❡❝❤ ❧❡♣✐❞❧♦ ❞r➸❡❧♦✱ ❛❧❡

✶✹



♥❡❝❤②t❧♦ s❡ ✈➨✉❞❡ ❛ ♥❛✈í❝ ❞♦➨❧♦ ❦ ❡❢❡❦t✉ s ✈❧♥♦✉ ❛ ❣✉♠❛ s❡ ♦❞❧❡♣♦✈❛❧❛ ❛ ♣♦ ♥➙❥❛❦é

❞♦❜➙ ❜② ❞♦➨❧♦ ❦ ♦❞❧❡♣❡♥í ❛ ♦❞❧❡t✉ ❣✉♠②✳

❚➦❡tí ♠♦➸♥♦stí ❜②❧♦ ♣r♦✉➸❡❦ ❣✉♠② ✈②st➦✐❤♥♦✉t ③ ❞✉➨❡ ❦ ❛✉t♦♠♦❜✐❧✉✳ ❚❛❦t♦ ✈②✲

st➦✐➸❡♥ý ♣ás❡❦ ❥❡ ❝❡❧✐st✈ý ❛ ♦❞♣❛❞á t❡❞② ♣r♦❜❧é♠ s ❧❡♣❡♥í♠ ❛t❞✳ ❉❛❧➨í ✈ý❤♦❞♦✉ ❥❡✱

➸❡ ♣ás❡❦ s❡ ♥❛ ❣✉♠✉ ♠✉sí ♦♣r❛✈❞✉ ♥❛tá❤♥♦✉t✳ Pr➲♠➙r ❞✉➨❡ ❥❡ ♠❡♥➨í ♥❡➸ ♣r➲♠➙r

❦♦t♦✉↔❡✳ ■ ♣➦❡s ❢❛❦t✱ ➸❡ ♥❛ ❦♦t♦✉↔✐ ❜②❧❛ ❣✉♠❛ ❥✐➸ ❞♦st ♥❛t❛➸❡♥á✱ ♣➦✐ r♦③t♦↔❡♥í s❡

♥❛tá❤❧❛ ❥❡➨t➙ ✈í❝❡ ❛ ③ ❦♦t♦✉↔❡✱ st❡❥♥➙ ❥❛❦♦ ✈ ♣r✈♥í♠ ♣➦í♣❛❞➙✱ ♦❞❧❡t➙❧❛✳

P♦s❧❡❞♥í ✈②③❦♦✉➨❡♥♦✉ ♠♦➸♥♦stí ❥❡ ♣➦✐➨r♦✉❜♦✈á♥í ❣✉♠② ♠❡③✐❦r✉➸í♠✳ P❛♥ ❇❛r✲

t♦➨ ♥❛✈r❤❧ ❛ ③❤♦t♦✈✐❧ ♠❡③✐❦r✉➸í✱ ❦t❡ré ③❛♣❛❞á ③❛ ✈②s♦✉str✉➸❡♥♦✉ ↔ást ♥❛ ❦♦t♦✉↔í❝❤

✭♦❜rá③❡❦ ✶✶✴str❛♥❛ ✶✹✮✳ ●✉♠❛ ♥❛ ❦♦t♦✉↔í❝❤ ❥❡ ♣❛❦ ✉st➦✐➸❡♥❛ t❛❦✱ ❛❜② s❡ ❦♦♥❝❡ ❞❛❧②

♣➦❡tá❤♥♦✉t ❛➸ ③❛ ✈②s♦✉str✉➸❡♥ý ♦❦r❛❥ ❛ ♣➦✐➨r♦✉❜♦✈❛t ♠❡③✐❦r✉➸í♠✳ ❚í♠t♦ ③♣➲s♦❜❡♠

s✐❝❡ ✈③r♦st❡ ♠♦♠❡♥t s❡tr✈❛↔♥♦st✐✱ ❛❧❡ ❣✉♠❛ ♣❛❦ ♥❛ ❦♦t♦✉↔í❝❤ ❞r➸í ❛ t♦ ✐ ♣➦✐ r♦③t♦↔❡♥í

♥❛ ♠❛①✐♠á❧♥í ♦tá↔❦②✳ ❚♦t♦ ➦❡➨❡♥í s✐❝❡ ♥❡♥í ✐❞❡á❧♥í✱ ❛❧❡ ♣r♦ ♣r♦t♦t②♣ ❛ ♦t❡st♦✈á♥í

✈❧❛st♥♦stí ♦❞♣❛❧✉ s ♣♦❣✉♠♦✈á♥í♠ ♣♦st❛↔✉❥í❝í✳ ❉♦ ❜✉❞♦✉❝♥❛ ❜② ❜②❧♦ ✈❤♦❞♥é ❦♦t♦✉↔❡

✈②r♦❜✐t ③ ❥✐♥é❤♦ ♠❛t❡r✐á❧✉ ♥❛♣➦✳ ❝❡❧♦❣✉♠♦✈é s ➸❡❧❡③♥ý♠ st➦❡❞❡♠✱ ♥❡❜♦ ❥❡ ♣♦ ♦❜✈♦❞➙

♥❡❝❤❛t ♣♦❣✉♠♦✈❛t✳ ●✉♠❛ ❜② s❡ ♥❛ ♦❜✈♦❞ ♥❛♥❡s❧❛ ♥➙❥❛❦ý♠ ❧❡♣➨í♠ ③♣➲s♦❜❡♠✱ ♥❡➸ ❥❡

❧❡♣❡♥í ❝❤❡♠♦♣ré♥❡♠ ❛ ♣➦✐➨r♦✉❜♦✈á♥í ♠❡③✐❦r✉➸í♠✳

✹✳✸ ◆á✈r❤ ♣❛r❛♠❡tr➲ ♠♦t♦r➲

P➦✐ ✈ý❜➙r✉ ♠♦t♦r➲ ❥❡ t➦❡❜❛ ✈②❜r❛t t❛❦♦✈ý✱ ❦t❡rý ♦❞♣♦✈í❞á ♣♦➸❛❞❛✈❦➲♠ ♥❛ ❞②♥❛♠✐❦✉

str♦❥❡✳ ❱ ♣➦í♣❛❞➙ ❜❛❞♠✐♥t♦♥♦✈é❤♦ str♦❥❡ ❥❡ s✐t✉❛❝❡ ♦t♦↔❡♥á ❛ t♦ t❛❦✱ ➸❡ ❦ ♠♦t♦r➲♠✱

❦t❡ré ♠á♠ ❦ ❞✐s♣♦③✐❝✐✱ ❥❡ t➦❡❜❛ ③❥✐st✐t✱ ❥❛❦ý♠ ♠❛①✐♠á❧♥í♠ ③r②❝❤❧❡♥í♠ ❧③❡ r♦③tá↔❡t

❦♦t♦✉↔❡✳ ❱ ♦❜♦✉ ♣➦í♣❛❞❡❝❤ s❡ ✈②❝❤á③í ③❡ st❡❥♥é❤♦ ✈③t❛❤✉ ✶ ♣r♦ ✈ý♣♦↔❡t ♠♦♠❡♥t✉

sí❧②✳
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M = Jα ✭✶✮

❑❞❡ M ❥❡ ♠♦♠❡♥t sí❧②✱ J ❥❡ ♠♦♠❡♥t s❡tr✈❛↔♥♦st✐ ❛ α ❥❡ ú❤❧♦✈é ③r②❝❤❧❡♥í✳ Pr♦ ♥❛➨❡

♣♦t➦❡❜② s❡ ✈③t❛❤ ✉♣r❛✈í ♥❛ ✷

α =
M

J
✭✷✮

▼♦♠❡♥t sí❧② ❥❡ ❞á♥ ♣♦✉➸✐tý♠ t②♣❡♠ ♠♦t♦r✉ ❛ ❥❡ ✵✱✷◆♠✳ ▼♦♠❡♥t s❡tr✈❛↔♥♦st✐ ❥❡ ❞á♥

s❛♠♦t♥ý♠ ❦♦t♦✉↔❡♠ J1✱ ❦♦✈♦✈ý♠ st➦❡❞❡♠ J2 ❛ ♠♦♠❡♥t❡♠ s❡tr✈❛↔♥♦st✐ s❛♠♦t♥é❤♦

♠♦t♦r✉ J3✳

Jc = J1 + J2 + J3 ✭✸✮

Pr♦❣r❛♠ ■♥✈❡rt♦r ♥❡❜②❧ ♣♦✉➸✐t ♣♦✉③❡ ❦ ✈ý❦r❡s➲♠ ❦♦t♦✉↔➲✱ ❛❧❡ ♣➦❡❞❡✈➨í♠ ❦ ✈ý♣♦↔t✉

♠♦♠❡♥t➲ s❡tr✈❛↔♥♦stí ❛ t♦ ❥❛❦ ❦♦t♦✉↔➲✱ t❛❦ ❦♦✈♦✈é❤♦ st➦❡❞✉✳ ❱ ♣♦❞❦❛♣✐t♦❧❡ ✹✳✷✳✶ ♥❛

str❛♥➙ ✶✷ ❥❡ ❦♦t♦✉↔ s ❥❡❤♦ ♣❛r❛♠❡tr② ♣♦♣sá♥ ❧é♣❡✳ Pr♦ ✈ý♣♦↔❡t ♠❛①✐♠á❧♥í❤♦ ③r②❝❤✲

❧❡♥í ❥❡ ❞➲❧❡➸✐tý ♣♦✉③❡ ♠♦♠❡♥t s❡tr✈❛↔♥♦st✐✳ ▼♦♠❡♥t s❡tr✈❛↔♥♦st✐ ❦♦✈♦✈é ♥❡♠➙♥♥é

↔ást✐ ❥❡ ❞❧❡ ✈ý❦r❡s✉ J2 = 13, 7 ❦❣♠♠2✳ ❩ ♠❛♥✉á❧✉ ❦ ♠♦t♦r✉ ♥❡❜♦ ③ ❍❡❧♣✉ ✈ ❆✉t♦♠❛✲

t✐♦♥ ❙t✉❞✐✉ ❧③❡ ③❥✐st✐t✱ ➸❡ ♠♦♠❡♥t s❡tr✈❛↔♥♦st✐ ♠♦t♦r✉ ✽▼❙❆✷❙ ❥❡ J3 = 60 ❦❣♠♠2✳

❩ ✈ý❦r❡s➲ ❦❡ ❦♦t♦✉↔➲♠ ✈ ♣➦í❧♦③❡ ❥❡ ✈✐❞➙t✱ ➸❡ ♣➲✈♦❞♥í ❦♦t♦✉↔ ♠➙❧ ♠♦♠❡♥t s❡tr✲

✈❛↔♥♦st✐ J11 = 5460 ❦❣♠♠2 ❛ ♣♦ ♦s♦✉str✉➸❡♥í ✭③♠❡♥➨❡♥í r♦③♠➙r✉✮ ❥❡ ❥❡❤♦ ♠♦♠❡♥t

s❡tr✈❛↔♥♦st✐ J12 = 1916 ❦❣♠♠2✳

P➲✈♦❞♥í ♠♦♠❡♥t s❡tr✈❛↔♥♦st✐ s♦✉st❛✈②✱ ❦♦t♦✉↔ ❛ ♠♦t♦r✱ ❥❡ ♣♦ ❞♦s❛③❡♥í ❞♦ ✈③t❛❤✉

✸ t❡❞② Jc1 = 5533, 7 ❦❣♠♠2✱ s♦✉st❛✈❛ s ♦❞❧❡❤↔❡♥ý♠ ❦♦t♦✉↔❡♠ ♠á ♠♦♠❡♥t s❡tr✲

✈❛↔♥♦st✐ Jc2 = 1989, 7 ❦❣♠♠2✳

Pr♦ ✈ý♣♦↔❡t ♠❛①✐♠á❧♥í❤♦ ③r②❝❤❧❡♥í ❛ tí♠ ✐ ✉r↔❡♥í s❛♠♦t♥é ❞②♥❛♠✐❦② r♦③t♦↔❡♥í

❦♦t♦✉↔➲ ♣♦✉➸✐❥❡♠❡ ✈③t❛❤ ✷✳ P♦ ❞♦s❛③❡♥í ❞♦stá✈á♠❡ ❞✈➙ ❤♦❞♥♦t② ♣r♦ ♠❛①✐♠á❧♥í

③r②❝❤❧❡♥í ❛ t♦ ♣r♦ ♣➲✈♦❞♥í ❦♦t♦✉↔ α1 = 36, 14 r❛❞ s−2 ❛ ♣r♦ ♦❞❧❡❤↔❡♥ý ❦♦t♦✉↔ α2 =

100, 51 r❛❞ s−2 ✱ ♥❡❜♦❧✐ α1 = 5, 75 ♦t s−2 ❛ α2 = 16, 00 ♦t s−2✳

✶✻



Pr♦ ❧❡♣➨✐ ♣➦❡❞st❛✈✉ ♦ ❞②♥❛♠✐❝❡ ❥❡ ✈❤♦❞♥é ③♥át ↔❛s✱ ③❛ ❦t❡rý s❡ ❦♦t♦✉↔❡ r♦③t♦↔í✳

tmin =
ωmax

αmax

✭✹✮

❑❞❡ tmin ❥❡ ♠✐♥✐♠á❧♥í ↔❛s✱ ③❛ ❦t❡rý s❡ ❦♦t♦✉↔❡ r♦③t♦↔í ♥❛ ♠❛①✐♠á❧♥í ú❤❧♦✈♦✉ r②❝❤❧♦st

ωmax✱ ♣➦✐ ♠❛①✐♠á❧♥í♠ ♠♦➸♥é♠ ③r②❝❤❧❡♥í αmax✳ ▼❛①✐♠á❧♥í ♦tá↔❦② ♠♦t♦r✉ ❥s♦✉ ωmax =

100 ♦t s1 ♣➦✐ ❞❛♥ý❝❤ ③r②❝❤❧❡♥í❝❤ ❧③❡ t➙❝❤t♦ ♦tá↔❡❦ ❞♦sá❤♥♦✉t ③❛ t1❂✶✼✱✸✾ s r❡s♣❡❦✲

t✐✈❡ t2❂✻✱✷✺ s✳ ❩ t➙❝❤t♦ ú❞❛❥➲ ❥❡ ✈✐❞➙t✱ ➸❡ ♦❞❧❡❤↔❡♥í ❦♦t♦✉↔➲ ❜②❧♦ ♥❡③❜②t♥é ♣r♦ ❧❡♣➨í

❞②♥❛♠✐❦✉✱ ❦t❡rá s❡ tí♠ té♠➙➦ ③tr♦❥♥ás♦❜✐❧❛✳

✹✳✹ ❙♦❢t✇❛r❡

✹✳✹✳✶ ❆✉t♦♠❛t✐♦♥ ❙t✉❞✐♦

❋✐r♠❛ ❇✫❘ ✈②✈í❥í ✈❧❛st♥í ✈ý✈♦❥♦✈é st✉❞✐♦✳ ❙♦✉↔❛s♥á ✈❡r③❡ ♠á ↔ís❧♦ ✹✳ ❏á ❥s♠❡

♦✈➨❡♠ ♣♦✉➸í✈❛❧ st✉❞✐♦ ✈❡ ✈❡r③✐ ✸✳ ▲✐❝❡♥❝✐ ❦ t♦♠✉t♦ st✉❞✐✉ ♠á ➨❦♦❧❛ ❦ ❞✐s♣♦③✐❝✐✳ ❈❡❧é

st✉❞✐♦ ❥❡ ✈❡❧♠✐ ❦✈❛❧✐t♥➙ ③♣r❛❝♦✈á♥♦ ❛ ❥❡ ❞♦st ♣➦❡❤❧❡❞♥é ❥✐➸ ♣➦✐ ③á❦❧❛❞♥í♠ ♥❛st❛✈❡♥í

✭♦❜rá③❡❦ ✶✷✴str❛♥❛ ✶✽✮✳ ◆❛ r♦③❞í❧ ♦❞ ✈➙t➨✐♥② ❥✐♥ý❝❤ ♣r♦❣r❛♠♦✈❛❝í❝❤ ♥ástr♦❥➲ ❥❡ ✈❡

st✉❞✐✉ ❦✈❛❧✐t♥➙ ③♣r❛❝♦✈á♥❛ ♥á♣♦✈➙❞❛ ✭❍❡❧♣✮✳ ❚❛ s❡ ♦♣r❛✈❞✉ ❞á ♣♦✉➸ít✱ ❛ t♦ ♥❡❥❡♥ ❦

➦❡➨❡♥í ♣r♦❜❧é♠➲✱ ❛❧❡ ✐ ❥❛❦♦ st✉❞✐❥♥í ♠❛t❡r✐á❧✳ ❱ ♥á♣♦✈➙❞➙ ❥s♦✉ ♥❡❥❡♥ ú❞❛❥❡ s♣♦❥❡♥é

s❡ s❛♠♦t♥ý♠ P▲❈ ❛ ❥❡❤♦ ♣r♦❣r❛♠♦✈á♥í♠✱ ❛❧❡ ❞❛❥í s❡ ③❞❡ ♥❛❥ít ✐ ú❞❛❥❡ ❦ ❆❈❖P❖❙✉

❛t❞✳ ❏s♦✉ ③❞❡ ✐ ♠❛♥✉á❧② ❦ ♦st❛t♥í♠✉ ❤❛r❞✇❛r✉✱ ❛ t♦ ♥❛♣➦í❦❧❛❞ ❦ ♠♦t♦r➲♠✳

✹✳✹✳✷ Pr♦❣r❛♠♦✈á♥í P▲❈

P▲❈ ♦❞ ✜r♠② ❇✫❘ s❡ ❞á ♣r♦❣r❛♠♦✈❛t ✈❡ ✈➨❡❝❤ ❥❛③②❝í❝❤ ❞❧❡ ♥♦r♠② ■❊❈ ❊◆

✻✶✶✸✶✲✸ ❛ ✈ ❇✫❘ ❆✉t♦♠❛t✐♦♥ ❇❛s✐❝✱ ❝♦➸ ❥❡ ✈❡❧❦♦✉ ✈ý❤♦❞♦✉✳ ❏á ❥s❡♠ s✐ ③✈♦❧✐❧

♣r♦❣r❛♠♦✈á♥í ✈❡ str✉❦t✉r♦✈❛♥é♠ t❡①t✉ ❛ ❇✫❘ ❇❛s✐❝✉✳ ❑❡ ✈➨❡♠ ③♣➲s♦❜➲♠ ♣r♦✲

❣r❛♠♦✈á♥í s❡ ❞❛❥í ❞♦❤❧❡❞❛t ♣♦t➦❡❜♥é ✐♥❢♦r♠❛❝❡ ✈ ❍❡❧♣✉✳ ❑❡ ❦❛➸❞é♠✉ ❥❛③②❦✉ ❥❡

✉✈❡❞❡♥❛ s②♥t❛①❡ s ♣➦í❦❧❛❞❡♠ ♣♦✉➸✐tí ❛ ♥❡♥í t❡❞② t➦❡❜❛ ✈②❤❧❡❞á✈❛t ♣♦❞♣♦r✉ ③ ❡①✲

t❡r♥í❝❤ ③❞r♦❥➲✳ P➦✐ ♣r♦❣r❛♠♦✈á♥í ❧③❡ ✈②✉➸ít s♣♦✉st② ♣➦í❦❧❛❞➲✱ ❦t❡ré ♥❛♣♦♠á❤❛❥í ❦

✶✼



❖❜rá③❡❦ ✶✷✿ ❆✉t♦♠❛t✐♦♥ st✉❞✐♦ ✸✳

r②❝❤❧é♠✉ ❛ ❡❢❡❦t✐✈♥í♠✉ ➦❡➨❡♥í ❞❛♥é❤♦ ♣r♦❜❧é♠✉✳ P➦✐ ♣r♦❣r❛♠♦✈❛♥í ❜❛❞♠✐♥t♦♥♦✈é❤♦

str♦❥❡ ❜②❧② ♣♦✉➸✐t② ♣➦í❦❧❛❞② ♣r♦ ♦✈❧á❞á♥í s❡r✈♦♣♦❤♦♥➲ ❛ ❥❡❥✐❝❤ s②♥❝❤r♦♥✐③❛❝❡ ✭✈✐r✲

t✉á❧♥í ♣➦❡✈♦❞♦✈❦❛✮✳

✹✳✹✳✸ ❱✐③✉❛❧✐③❛❝❡

Pr♦ ♦✈❧á❞❛♥í ♠➲➸♦✉ ❜ýt ♣♦✉➸✐t❛ ❤❛r❞✇❛r♦✈á t❧❛↔ít❦❛ ♥❡❜♦ ✈✐③✉❛❧✐③❛❝❡ s ✈✐rt✉á❧✲

♥í♠✐ t❧❛↔ít❦②✳ ◆❛ ♥➙❦t❡rý❝❤ P▲❈ ❛✉t♦♠❛t❡❝❤ ❥❡ ❦ ❞✐s♣♦③✐❝✐ ▲❈❉ ♣❛♥❡❧ s ❞♦t②❦♦✈ý♠✐

t❧❛↔ít❦② ♥❡❜♦ s ❝❡❧♦✉ ❞♦t②❦♦✈♦✉ ♣❧♦❝❤♦✉✳ ▼❡③✐ ❞❛❧➨í ♠♦➸♥♦st✐ ♣❛t➦í ✈③❞á❧❡♥á ✈✐③✉❛❧✐✲

③❛❝❡ ♣➦❡s ❱◆❈ s❡r✈❡r✳ ❱③❤❧❡❞❡♠ ❦ ♣♦✉➸✐té♠✉ ❍❲ ❛ ♣♦➸❛❞❛✈❦➲♠ ♥❛ ♦✈❧á❞á♥í ❥s❡♠

s✐ ✈②❜r❛❧ ✈③❞á❧❡♥♦✉ ✈✐③✉❛❧✐③❛❝✐ ♣♦♠♦❝í ❱◆❈ s❡r✈❡r✉✳

Pr♦ t✈♦r❜✉ ✈✐③✉❛❧✐③❛❝❡ ♥❛ ♣❛♥❡❧✉ ✐ ♣r♦ ❱◆❈ ❥❡ ♣➦í♠♦ ✈❡ st✉❞✐✉ ✐♠♣❧❡♠❡♥✲

t♦✈á♥ ❣r❛✜❝❦ý ❡❞✐t♦r✳ ❚❡♥t♦ ❡❞✐t♦r ❢✉♥❣✉❥❡ ♥❛ ❥❡❞♥♦❞✉❝❤é♠ ♣r✐♥❝✐♣✉ r♦③♠íst➙♥í

♣♦➸❛❞♦✈❛♥ý❝❤ ♣r✈❦➲ ❛ ♥❛st❛✈❡♥í ❥❡❥✐❝❤ ✈❧❛st♥♦stí✳ Pr♦ ♣♦t➦❡❜② ✈✐③✉❛❧✐③❛❝❡ ♠➲➸❡♠❡

♣♦✉➸ít ♥❛♣➦í❦❧❛❞ ✿ t❧❛↔ít❦❛✱ ♣♦♣✐s❦②✱ ✈st✉♣♥í ♣♦❧❡ ❛t❞✳ ❯ t➙❝❤t♦ ♣r✈❦➲ ❥❡ ♠♦➸♥é ♥❛✲

✶✽



st❛✈✐t ❥❡❥✐❝❤ ✐♥✐❝✐❛❧✐③❛↔♥í ❤♦❞♥♦t②✱ ❢✉♥❦❝❡ ♣♦ ❦❧✐❦♥✉tí✱ ♠♦➸♥♦st✐ ✈❦❧á❞á♥í ❞❛t ❛t❞✳

✹✳✺ ❖✈❧á❞á♥í ♠♦t♦r➲

◆❛ ❜❛❞♠✐♥t♦♥♦✈é♠ str♦❥✐ ❥s♦✉ ✈ s♦✉↔❛s♥♦st✐ t➦✐ ♠♦t♦r②✱ ❦t❡ré ❥❡ t➦❡❜❛ ➦í❞✐t✳

❱ý❤♦❞♦✉ ♣♦✉➸✐tí ❆❈❖P❖❙✉ s ❦♥✐❤♦✈♥♦✉ P▲❈♦♣❡♥ ▼♦t✐♦♥ ❈♦♥tr♦❧ ❥❡ s♥❛❞♥é ♦✈❧á❞á♥í✳

◆❡♠✉sí♠❡ s❡ st❛r❛t ♦ ♣r♦❣r❛♠♦✈á♥í s❛♠♦t♥é❤♦ ♦✈❧á❞á♥í ❥❛❦♦ ❥❡ r♦③❜➙❤✱ ③❛st❛✈❡♥í

♣♦ r❛♠♣á❝❤✱ P■❉ r❡❣✉❧át♦r ♣r♦✉❞✱ ♦tá↔❡❦✱ ♣♦❧♦❤②✳ ❷ást ♣r♦❣r❛♠✉✱ ❦t❡rá s❡ ♦ t♦t♦

st❛rá✱ ❧③❡ ♥❛❧é③t ✈ ❍❡❧♣✉ ❦❡ st✉❞✐✉✳

▼♦t♦r②✱ ❦t❡ré ♥❛ str♦❥✐ ❥s♦✉✱ ❥❡ ♠♦➸♥é r♦③❞➙❧✐t ♥❛ ❞✈➙ s❦✉♣✐♥②✳ ❉✈❛ s❡ st❛r❛❥í ♦

✈②❤❛③♦✈á♥í ♠í↔❦➲✳ ❚②t♦ ♠♦t♦r② ♣♦❤á♥➙❥í ❦♦t♦✉↔❡ ❛ ❥s♦✉ ♥❛✈③á❥❡♠ s②♥❝❤r♦♥✐③♦✈❛♥é

✈✐rt✉á❧♥í ♣➦❡✈♦❞♦✈❦♦✉✳ ❚➦❡tí ♠♦t♦r s❡ st❛rá ♦ ♣♦❞á✈á♥í ♠í↔❦➲✳ ❑♦♥str✉❦❝❡ t❛❦✱ ❥❛❦

❜②❧❛ ♥❛✈r➸❡♥❛ ❛ ✈②r♦❜❡♥❛✱ ✉♠♦➸➡✉❥❡ ♥❛ ♣♦❞á✈á♥í ♠í↔❦✉ ♣♦✉➸ít ♣♦✉③❡ ❥❡❞❡♥ ♠♦t♦r✳

✹✳✺✳✶ ❱✐rt✉á❧♥í ♣➦❡✈♦❞♦✈❦❛

❏❛❦ ✉➸ ❥❡ ♥❛♣sá♥♦ ✈ý➨❡✱ ❦♦t♦✉↔❡ ❥s♦✉ ♣♦❤á♥➙♥② ❞✈➙♠❛ ♠♦t♦r②✱ ❦t❡ré ❥s♦✉ ♠❡③✐

s❡❜♦✉ s♣♦❥❡♥② ✈✐rt✉á❧♥í ♣➦❡✈♦❞♦✈❦♦✉✳ ❏❡❞❡♥ ③ ♠♦t♦r➲ ❥❡ ♦③♥❛↔❡♥ ❥❛❦♦ ▼❆❙❚❊❘✱ ❛

t❡♥t♦ ♠♦t♦r ♣➦í♠♦ ➦í❞í♠❡✳ ❉r✉❤ý ♠♦t♦r ✲ ❙▲❆❱❊✱ ♣♦✉③❡ ❦♦♣ír✉❥❡ ♠❛str❛ ✈ ❞❛♥é♠

♣➦❡✈♦❞✉✳ ❱ ♣➦í♣❛❞➙ ❜❛❞♠✐♥t♦♥♦✈é❤♦ str♦❥❡ ❥❡ ♣➦❡✈♦❞ ✈✐rt✉á❧♥í ♣➦❡✈♦❞♦✈❦② ✲✶✱ ❛

t♦ ③ t♦❤♦ ❞➲✈♦❞✉✱ ➸❡ ♣♦t➦❡❜✉❥❡♠❡✱ ❛❜② s❡ ❦♦t♦✉↔❡ t♦↔✐❧② ♣r♦t✐ s♦❜➙✳ ❩❞r♦❥♦✈ý ❦ó❞

♣r♦❣r❛♠➲ ❥❡ ✉✈❡❞❡♥ ✈ ♣➦í❧♦③❡ ❛ s♣♦❧❡↔♥➙ s ❝❡❧ý♠ ♣r♦❥❡❦t❡♠ ♥❛ ❈❉✳

✹✳✻ P♦✇❡r❧✐♥❦

❱ tét♦ ♣♦❞❦❛♣✐t♦❧❡ ❥❡ str✉↔♥ý ♣♦♣✐s P❖❲❊❘▲■◆❑❯✳ P➦✐ t♦♠t♦ ♣♦♣✐s✉ ❥s❡♠

↔❡r♣❛❧ ③ ❬✹❪✳

❏❡❞♥❛ ③ ♠♦➸♥♦stí✱ ❥❛❦ ♠❡③✐ s❡❜♦✉ ♠➲➸❡ ❦♦♠✉♥✐❦♦✈❛t P▲❈ ❛ s❡r✈♦③❡s✐❧♦✈❛↔ ✭❆❈❖✲

P❖❙✮✱ ❥❡ ♣♦✉➸✐tí t❡❝❤♥♦❧♦❣✐❡ P❖❲❊❘▲■◆❑✳ ❚❛t♦ ❦♦♠✉♥✐❦❛❝❡ ♥❡s❧♦✉➸í ♣♦✉③❡ ❦❡

✶✾



❦♦♠✉♥✐❦❛❝✐ ♠❡③✐ P▲❈ ❛ ❆❈❖P❖❙❡♠✱ ❛❧❡ ❞á s❡ ♣♦✉➸ít ✐ ❦❡ ❦♦♠✉♥✐❦❛❝✐ ♠❡③✐ ✈í❝❡

P▲❈✱ ✈✐③✉❛❧✐③❛↔♥í♠ ♣❛♥❡❧❡♠✱ s❡♥③♦r② ❛t❞✳ P❖❲❊❘▲■◆❑ ❥❡ ❦♦♠✉♥✐❦❛❝❡ ✈ r❡á❧♥é♠

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

t❛↔♦✈ý❝❤ sítí✱ ❥❡ ♥❡❞❡t❡r♠✐♥✐st✐❝❦ý✳ P➦✐ ♣➦❡♥á➨❡♥í ✈❡❧❦é❤♦ ♠♥♦➸st✈í ❞❛t ✈ ♣♦↔ít❛↔♦✈é

sít✐ ♥á♠ ♥❡✈❛❞í s❦✉t❡↔♥♦st✱ ➸❡ ♥❡✈í♠❡✱ ❦❞② ♣➦❡s♥➙ ❞❛♥ý ♣❛❦❡t ❞♦❥❞❡✱ ♥❡❜♦ ♣♦❦✉❞

s❡ ❥❡❞❡♥ ③tr❛tí✳ ❱ ♣➦í♣❛❞➙ ♣r➲♠②s❧♦✈ý❝❤ sítí ❜② t❛❦♦✈ýt♦ ✈ý♣❛❞❡❦ ♠♦❤❧ ♠ít ✈á➸♥é

♥ás❧❡❞❦②✱ ♦❜③✈❧á➨➫ ❥❡❞♥❛❧♦✲❧✐ ❜② s❡ ♦ ♣➦í❦❛③② ♠♦t♦r➲♠✳ ◆❛ ❞r✉❤♦✉ str❛♥✉ ♣♦✉➸✐tí

❊t❤❡r♥❡t✉ ✈ ♣r➲♠②s❧♦✈ý❝❤ sítí❝❤ ❥❡ ✈③❤❧❡❞❡♠ ❦ ❥❡❞♥♦❞✉❝❤♦st✐ ♣r♦♣♦❥❡♥í ✈❡❧♠✐ ➸á✲

❞❛♥é✳ ◆❛✈í❝ s❡ ❞♦ t❛❦♦✈é sít➙ ❞❛❥í ♣♦✉➸ít ❜➙➸♥é ♣r✈❦② ③ P❈ sít➙✱ ❥❛❦♦ ❥❡ ♥❛♣➦í❦❧❛❞

❍❯❇✳ Pr♦t♦ ✜r♠❛ ❇✫❘ ✈ r♦❝❡ ✷✵✵✶ ♣➦❡❞st❛✈✐❧❛ ♣r♦t♦❦♦❧ P❖❲❊❘▲■◆❑ ③❛❥✐➨➫✉❥í❝í

❞❡t❡r♠✐♥✐st✐❝❦♦✉ r❡❛❧✲t✐♠❡ ❦♦♠✉♥✐❦❛❝✐ ♥❛ ❜á③✐ ❊t❤❡r♥❡t✉✳

❖❜rá③❡❦ ✶✸✿ ▲♦❣♦ ❊P❙●

❊t❤❡r♥❡t P❖❲❊❘▲■◆❑ ❥❡ ♦t❡✈➦❡♥ý ♣r♦t♦❦♦❧ ✈②✈í❥❡♥ ❊P❙● ✭❊t❤❡r♥❡t P❖❲❊❘✲

▲■◆❑ ❙t❛♥❞❛r❞✐③❛t✐♦♥ ●r♦✉♣✮✳

❚❡❝❤♥♦❧♦❣✐❡ ♥❡♠á ♥✐❝ s♣♦❧❡↔♥é❤♦ s ♥❛♣á❥❡♥í♠ ♣➦❡s ❡t❤❡r♥❡t P♦❊ ✭P♦✇❡r ♦✈❡r

❊t❤❡r♥❡t✮✳ ❱ý✈♦❥ ♣r♦t♦❦♦❧✉ ♣r♦❜í❤á ✈❡ s♣♦❧✉♣rá❝✐ s ❈✐❆ ✭❈❆◆ ✐♥ ❆✉t♦♠❛t✐♦♥✮ ❛

❞í❦② t♦♠✉ ❥❡ P❖❲❊❘▲■❑ ❦♦♠♣❛t✐❜✐❧♥í s ♣r♦✜❧❡♠ ❈❆◆♦♣❡♥✳

P♦ ♥❛st❛rt♦✈á♥í s②sté♠✉ ❦♦♠✉♥✐❦❛❝✐ ♥❛ sít✐ ➦í❞í ❤❧❛✈♥í ✉③❡❧ ▼◆ ✭▼❛♥❛❣✐♥❣

◆♦❞❡✮✳ ◆❛ sít✐ ❥❡ ✈②t✈♦➦❡♥❛ ❦♦♠✉♥✐❦❛❝❡ ✈ ③á❦❧❛❞♥í♠ ❝②❦❧✉✱ ❦t❡rý ③❛❥✐➨➫✉❥❡ ❞❡t❡r✲

♠✐♥✐st✐↔♥♦st ❦♦♠✉♥✐❦❛❝❡ ❛ ③ár♦✈❡➡ ♠♦➸♥♦st ❦♦♠✉♥✐❦❛❝❡ ✈ r❡á❧♥é♠ ↔❛s❡ ✭♦❜rá③❡❦

✶✹✴str❛♥❛ ✷✶✮✳ ◆❛ ③❛↔át❦✉ ❦❛➸❞é❤♦ ❝②❦❧✉ ❥❡ ✈②s❧á♥ ♦❞ ▼◆ st❛rt♦✈❛❝í rá♠❡❝ ❞❛t ❙♦❈

✭❙t❛rt ♦❢ ❈②❝❧❡✮✳ ❚❡♥t♦ rá♠❡❝ ♣➦✐❥í♠❛❥í ✈➨✐❝❤♥✐ ❛ s❧♦✉➸í ❦ s②♥❝❤r♦♥✐③❛❝✐✳

P♦té ♥ás❧❡❞✉❥❡ ✐③♦❝❤r♦♥♥í ↔ást ❦♦♠✉♥✐❦❛❝❡✳ ❚❛ ❥❡ ✉r↔❡♥❛ ❦ ♣➦❡♥♦s✉ ✈➨❡❝❤ ↔❛s♦✈➙

❦r✐t✐❝❦ý❝❤ ❞❛t✳ ❏❛❦♦ ❥s♦✉ ♥❛♣➦í❦❧❛❞ ♣➦í❦❛③② ❦ ➦í③❡♥í ❛ ú❞❛❥❡ ♦❞ s❡♥③♦r➲✳ ❍❧❛✈♥í ✉③❡❧
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❖❜rá③❡❦ ✶✹✿ ❑♦♠✉♥✐❦❛❝❡ ♣♦ P❖❲❊❘▲■◆❑✉

▼◆ ✭♦❜✈②❦❧❡ P▲❈✮ ✈②sí❧á t③✈✳ Pr❡q ✲ P♦❧❧ ❘❡q✉❡st rá♠❝❡✱ tí♠ ♦❞❡➨❧❛ ❞❛t❛ ✉r↔❡♥á

❦❛➸❞é♠✉ ✉③❧✉✳ ❉❛♥ý ✉③❡❧ ♦❞♣♦✈í❞á t③✈✳ Pr❡s ✲ P♦❧❧ ❘❡s♣♦♥s❡ rá♠❝❡♠ ❛ tí♠ ♥❛♦♣❛❦

✉③❡❧ ♣♦➨❧❡ ↔❛s♦✈➙ ❦r✐t✐❝❦é ú❞❛❥❡ ❞♦ ▼◆✳ ❚í♠t♦ ③♣➲s♦❜❡♠ s❡ ♦❜s❧♦✉➸í ✈➨❡❝❤♥② ✉③❧②

♥❛ sít✐✳ ❑♦♠✉♥✐❦❛❝✐ ♥❛ sít✐ ♣♦ ❝❡❧♦✉ ❞♦❜✉ ♣♦s❧♦✉❝❤❛❥í ✈➨❡❝❤♥② ❜♦❞②✱ ❥❡❞♥á s❡ t❡❞②

♦ ♠♦❞❡❧ Pr♦❞✉❝❡♥t ❑♦♥③✉♠❡♥t✳ ❷❛s♦✈ý ús❡❦ ♣r♦ Pr❡s ❛ Pr❡q ✲❘♦❧❧ ❘❡q✉❡st rá♠❡❝

♣r♦ ❥❡❞❡♥ ✉③❡❧ s❡ ♥❛③ý✈á ✧↔❛s♦✈ý ús❡❦ ♣r♦ ❛❞r❡s♦✈❛♥ý ✉③❡❧ ✭❜♦❞✮✧✳

P♦ ✉❦♦♥↔❡♥í ✐③♦❝❤r♦♥♥í ↔ást✐ ❦♦♠✉♥✐❦❛❝❡ ♥ás❧❡❞✉❥❡ ❛s②♥❝❤r♦♥♥í ↔ást✳ ❚❡♥t♦ ús❡❦

❥❡ ✉r↔❡♥ ❦ ♦❞❡s❧á♥í ✈➨❡❝❤ ♦st❛t♥í❝❤ ❞❛t✱ ❦t❡rá ❝❤❝❡♠❡ ♣➦❡♥ést ♣♦ sít✐✳ ❍❧❛✈♥í ✉③❡❧

▼◆ ✈②➨❧❡ ♣rá✈♦ ♥❛ ❥❡❞❡♥ ❦♦♥❦rét♥í ❜♦❞ ✈②sí❧❛t ❆❞✲❤♦❝ ❛ t♦ ③❛s❧á♥í♠ rá♠❝❡ ❙♦❆

✭❙t❛rt ♦❢ ❆s②♥❝❤r♦♥♦✉s✮✳ P➦✐ tét♦ ❦♦♠✉♥✐❦❛❝✐ ❢✉♥❣✉❥❡ st❛♥❞❛r❞♥í ■P ♣r♦t♦❦♦❧✳ ❚❡♥t♦

st❛✈ ♣➦❡tr✈á✈á ❛➸ ❞♦ ✈②s❧á♥í ❞❛❧➨í❤♦ st❛rt♦✈❛❝í❤♦ rá♠❝❡ ❙♦❈✳

❱ ♣➦í♣❛❞➙ ✈❡❧❦é❤♦ ♠♥♦➸st✈í ✉③❧➲ ❛ ♣r♦ ③❦rá❝❡♥í ❞♦❜② ♥✉t♥é ❦ ♦❜s❧♦✉➸❡♥í ✈➨❡❝❤

❥❡ ♠♦➸♥é ♣♦✉➸ít ♠✉❧t✐♣❧❡①♦✈á♥í✳ ❚♦ ③♥❛♠❡♥á✱ ➸❡ ♥❡ ❦❛➸❞ý ✉③❡❧ ♠✉sí ❜ýt ♦❜s❧♦✉➸❡♥ ✈

❞❛♥é♠ ❝②❦❧✉✳ ◆❛♣➦í❦❧❛❞ ✉③❧② ✶ ✲ ✸ ❥❡ ♥✉t♥é ♦❜s❧✉❤♦✈❛t ✈ ❦❛➸❞é♠ ❝②❦❧✉✱ ❛❧❡ ✉③❧② ✹ ✲ ✶✶

❥❡ ♠♦➸♥é ♦❜s❧♦✉➸✐t ❥❡❞♥♦✉ ③❛ ✸ ❝②❦❧② ✭♦❜rá③❡❦ ✶✹✴str❛♥❛ ✷✶✮✳ ❚í♠ s❡ ③♠❡♥➨í ❞é❧❦❛

✐③♦❝❤r♦♥♥í ↔ást✐ ❛ ❞♦❥❞❡ ❦❡ ③❧❡♣➨❡♥í r❡❛❧✲t✐♠❡ ❦♦♠✉♥✐❦❛❝❡✳ P➦✐ ✈➙t➨í ❞é❧❝❡ tr✈á♥í s❡

✷✶



s②♥❝❤r♦♥✐③❛❝❡ r♦③❝❤á③í✳

✹✳✼ Pr♦❣r❛♠② ♣r♦ ♦❞♣❛❧ ♠í↔❡

❱ý➨❡ ♣♦♣s❛♥é ♣r✐♥❝✐♣② ➦í③❡♥í ♠♦t♦r➲ ❥s♦✉ ♣♦✉➸✐t② ❦ r❡❛❧✐③❛❝✐ ♣r♦❣r❛♠➲ ♣r♦

♦❞♣❛❧♦✈á♥í ❜❛❞♠✐♥t♦♥♦✈ý❝❤ ♠í↔➲✳

❱ s♦✉↔❛s♥é ❞♦❜➙ s❡ ♥❛ ♣r♦t♦t②♣✉ ♥❡❞❛❥í r❡❛❧✐③♦✈❛t ♣♦➸❛❞❛✈❦② ♣♦❝❤á③❡❥í❝í ③ ♠❡t♦❞

tré♥✐♥❦✉✳ ❙tr♦❥ ❥❡ ♥❛ ③❛↔át❦✉ ✈ý✈♦❥❡ ❛ ③❛tí♠ ❥❡ ✈❡➨❦❡rá ♣rá❝❡ s♦✉st➦❡❞➙♥❛ ♥❛ ♥á✈r❤

❛ r❡❛❧✐③❛❝✐ ♣r✐♥❝✐♣✉ ✈ýst➦❡❧✉ ❛ ♣♦❞á✈á♥í ♠í↔❡✳ ❉❛❧➨í♠✐ ❦r♦❦② ♣❛❦ ❜✉❞❡ ❛✉t♦♠❛t✐❝❦á

③♠➙♥❛ ❡❧❡✈❛❝❡ ❛ ú❤❧✉ ✈ýst➦❡❧✉ ♠í↔❡✳

❱ s♦✉↔❛s♥é ♣♦❞♦❜➙ str♦❥❡ s❡ ❞❛❥í ♠➙♥✐t ♣♦✉③❡ ❞✈❛ ♣❛r❛♠❡tr②✱ ❦t❡ré ♦✈❧✐✈➡✉❥í

❝❤♦✈á♥í✳ ❏❡❞♥í♠ ③ ♣❛r❛♠❡tr➲ ❥❡ r②❝❤❧♦st ❦♦t♦✉↔➲✳ ◆❛ tét♦ r②❝❤❧♦st✐ ③á✈✐sí ❞♦st➦❡❧

str♦❥❡ ❛ t❡♥ s❡ ♣♦❤②❜✉❥❡ ♦❞ ♥✉❧② ❛➸ ❞♦ ❝❝❛ ♦s♠✐ ♠❡tr➲ ✭❦❛♣✐t♦❧❛ ✻ str❛♥❛ ✷✾✮✳

❉♦st➦❡❧ ❥❡ ♠♦➸♥é ♦✈❧✐✈♥✐t ❡❧❡✈❛❝í ✈ýst➦❡❧✉ ❛ ✈ý➨❦♦✉✱ ③ ❦t❡ré s❡ st➦í❧í✳

❉r✉❤ý ♣❛r❛♠❡tr✱ ❦t❡rý s❡ ✈ s♦✉↔❛s♥é ❞♦❜➙ ❞á ♠➙♥✐t✱ ❥❡ ✐♥t❡r✈❛❧ ✈ýst➦❡❧✉✳ ❚❡♥t♦

♣❛r❛♠❡tr ❞♦ str♦❥❡ ③❛♥á➨í ③♠➙♥✉ ❞②♥❛♠✐❦② ❤r②✳ ■ ✈ tét♦ ③á❦❧❛❞♥í ✈❡r③✐ ❥❡ ❞♦❜ré

♠ít ♠♦➸♥♦st str♦❥❡ ③❦♦✉➨❡t ❛ ♦✈➙➦♦✈❛t ✈ r❡á❧♥é♠ ♣r♦st➦❡❞í✳ Pr♦t♦ ❥❡ ❞➲❧❡➸✐té ♠➙♥✐t

t❡♠♣♦ ✈ýst➦❡❧✉ ♣r♦ ③♣❡st➦❡♥í ❛ ③❛❥í♠❛✈♦st tré♥✐♥❦✉✳

✹✳✼✳✶ ❆✉t♦♠❛t✐❝❦é ♣r♦❣r❛♠②

◆❛ ③á❦❧❛❞➙ ♠♦➸♥♦stí✱ ❦t❡ré ♥❛ s♦✉↔❛s♥é♠ str♦❥✐ ♠á♠✱ ❥s❡♠ ♣➦✐♣r❛✈✐❧ t➦✐ ❛✉t♦✲

♠❛t✐❝❦é ♣r♦❣r❛♠② ♦❞♣❛❧♦✈á♥í ♠í↔❦➲✳

Pr♦❣r❛♠②

◆á❤♦❞❛ ✭Pr♦❣r❛♠ ✶✮ ❱ t♦♠t♦ ♣r♦❣r❛♠✉ ❥❡ ❥❛❦ r②❝❤❧♦st ❦♦t♦✉↔➲✱ t❛❦ ✐♥t❡r✈❛❧

♦❞♣❛❧✉ ♠í↔❡ ✉r↔❡♥ ♣s❡✉❞♦♥á❤♦❞♥ý♠ ↔ís❧❡♠✳

✷✷



❑♦t♦✉↔❡ ❥s♦✉ r♦③tá↔❡♥② ❛ ❜r③❞➙♥② ♣♦ ♥á❤♦❞♥➙ ❣❡♥❡r♦✈❛♥é r❛♠♣➙✳ ❘❛♠♣❛ ❥❡

❣❡♥❡r♦✈á♥❛ ❥❛❦♦ ♠✐♥✐♠á❧♥í r②❝❤❧♦st ❦♦t♦✉↔➲ ✭ωmin✮✱ ♣❧✉s ❣❡♥❡r♦✈❛♥á ❤♦❞♥♦t❛ ✭∆ω✮✳

●❡♥❡r♦✈❛♥á ❤♦❞♥♦t❛ ❥❡ ✈ r♦③s❛❤✉ 0 . . . (ωmax−ωmin)✱ ❦❞❡ ωmax ❥❡ ♠❛①✐♠á❧♥í ú❤❧♦✈á

r②❝❤❧♦st✳

ω = ωmin +∆ω ✭✺✮

❏❛❦♦ ❣❡♥❡rát♦r ♥á❤♦❞♥ý❝❤ ↔ís❡❧ ❜②❧ ♣♦✉➸✐t ▲✐♥❡ár♥í ❦♦♥❣r✉❡♥t♥í ❣❡♥❡rát♦r ✭✈③t❛❤

✻✮✳ ❚❡♥ ♣s❡✉❞♦♥á❤♦❞♥➙ ❣❡♥❡r✉❥❡ ↔ís❧❛ ♦❞ ♥✉❧② ❛➸ ♣♦ ♠❛①✐♠á❧♥í ③❛❞❛♥♦✉ ❤♦❞♥♦t✉

✭m✮✳

xi+1 = (axi + c) mod m ✭✻✮

xi+1 ❥❡ ♥ás❧❡❞✉❥í❝í ❤♦❞♥♦t❛✱ xi ❥❡ s♦✉↔❛s♥á ❤♦❞♥♦t❛✳

c ❛ m ❥s♦✉ ♥❡s♦✉❞➙❧♥á ↔ís❧❛

Pr♦ a ♣❧❛tí ✿ a−1 ❥❡ ❞➙❧✐t❡❧♥é ✈➨❡♠✐ ♣r♦✈♦↔ís❡❧♥ý♠✐ ❢❛❦t♦r② m ❛ ❥❡ ♥ás♦❜❡❦ ✹✱ ❥❡st❧✐➸❡

m ❥❡ ♥ás♦❜❡❦ ✹✳

❱ ♣r♦❣r❛♠✉ ♣❛❦ ❧③❡ ♥❛st❛✈✐t ♠✐♥✐♠á❧♥í ♦tá↔❦② ωmin✱ ♠❛①✐♠á❧♥í ♦tá↔❦② ωmax ❛

♣❡r✐♦❞✉✱ s❡ ❦t❡r♦✉ s❡ ♠➙♥í ❤♦❞♥♦t❛ ❣❡♥❡rát♦r✉✳

❙t❡❥♥ý♠ ③♣➲s♦❜❡♠ ❥❡ ❣❡♥❡r♦✈❛♥ý ✐♥t❡r✈❛❧ ♦❞♣❛❧♦✈á♥í ♠í↔❦➲✳ ❯ ♥➙❥ s❡ ❞á ♥❛st❛✈✐t

♠✐♥✐♠á❧♥í ↔❛s♦✈ý ✐♥t❡r✈❛❧✱ ♠❛①✐♠á❧♥í ✐♥t❡r✈❛❧ ❛ ♣❡r✐♦❞❛ ❣❡♥❡rát♦r✉✳ ❖❜❛ ❣❡♥❡rát♦r②

❥s♦✉ ♥❛ s♦❜➙ ♥❡③á✈✐s❧é✱ ❛ tí♠ ✐ ♣❡r✐♦❞❛ ♣➦❡♣♦↔ítá♥í ♥♦✈é ❤♦❞♥♦t②✳

❩❛✈❡❞❡♥í♠ ❞✈♦✉ ♥á❤♦❞♥ý❝❤ ❣❡♥❡rát♦r➲ ❥❡ t❡♥t♦ ♣r♦❣r❛♠ ♦♣r❛✈❞✉ ♥á❤♦❞♥ý ❛ t♦

✈ ♦❜♦✉ ♣❛r❛♠❡tr❡❝❤✱ ❦t❡ré s❡ ✉ ♣r♦t♦t②♣✉ ❞❛❥í ♠➙♥✐t✳

◆á❤♦❞♥á r②❝❤❧♦st ✭Pr♦❣r❛♠ ✷✮ ❚❡♥t♦ ♣r♦❣r❛♠ ♠á ♥á❤♦❞♥➙ ❣❡♥❡r♦✈❛♥é

r❛♠♣② ♥❛ ♠♦t♦r❡❝❤ s ❦♦t♦✉↔✐ st❡❥♥➙ ❥❛❦♦ ✈ Pr♦❣r❛♠✉ ✶✱ t③♥✳ ♣s❡✉❞♦♥á❤♦❞♥➙ ✈②❣❡♥✲

❡r♦✈❛♥á ❤♦❞♥♦t❛✱ ❦t❡rá s❡ ♣➦✐↔t❡ ❦ ♠✐♥✐♠á❧♥í ❤♦❞♥♦t➙✳ ■♥t❡r✈❛❧ ♦❞♣❛❧✉ ❥❡ ✈ t♦♠t♦

♣r♦❣r❛♠✉ ♣❡✈♥➙ ♥❛st❛✈❡♥ý✳ ❉á s❡ ③♠➙♥✐t ✈ ♥❛st❛✈❡♥í ❦ ♣r♦❣r❛♠✉✳
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❑♦♥st❛♥t♥í ✭Pr♦❣r❛♠ ✸✮ ❱ t♦♠t♦ ♣r♦❣r❛♠✉ ❥❡ ③❛tí♠ ❥❛❦ r②❝❤❧♦st ❦♦t♦✉↔➲✱

t❛❦ ✐♥t❡r✈❛❧ ♦❞♣❛❧✉ ❦♦♥st❛♥t♥í ❛ ♥❛st❛✈✐t❡❧♥ý ✈ ♥❛st❛✈❡♥í ❦ ♣r♦❣r❛♠✉✳

❚❛❦♦✈ýt♦ ♣r♦❣r❛♠ ❥❡ ✈❤♦❞♥ý ♥❛♣➦í❦❧❛❞ ♣r♦ ♠➙➦❡♥í ❞♦❧❡t✉ ♠í↔➲ ♥❡❜♦ t❡st♦✈á♥í

❝❤♦✈á♥í r➲③♥ý❝❤ ♠í↔➲ ❛t❞✳

❱➨❡❝❤♥② ♣r♦❣r❛♠② ❜② ❜②❧♦ ✈❤♦❞♥é ✈ ❜✉❞♦✉❝♥✉ ❞♦♣❧♥✐t ♦ ❞❡✜♥✐❝✐ ♣♦↔t✉ ♠í↔➲✱

❦t❡ré s❡ ♠❛❥í ♦❞♣á❧✐t✳ Pr♦③❛tí♠ ✈➨❡❝❤♥② ♣r♦❣r❛♠② ❜➙➸í✱ ❞♦❦✉❞ ♥❡❥s♦✉ ✈②♣♥✉t②✱ ❛ t♦

❜❡③ ♦❤❧❡❞✉ ♥❛ t♦✱ ③❞❛ ❥s♦✉ ✈❡ str♦❥✐ ♠í↔❡✳ ❙ tí♠t♦ s♦✉✈✐sí ✐ ♠♦➸♥♦st ❞♦♣❧♥✐t str♦❥ ♦

s❡♥③♦r ♥❛ ❞❡t❡❦❝✐ ♣➦ít♦♠♥♦st✐ ♠í↔➲✳

✺ ❱✐③✉❛❧✐③❛❝❡ ❜❛❞♠✐♥t♦♥♦✈é❤♦ str♦❥❡

Pr♦ ✈✐③✉❛❧✐③❛❝✐ ❜❛❞♠✐♥t♦♥♦✈é❤♦ str♦❥❡ ❛ tí♠ ✐ ❥❡❤♦ ♦✈❧á❞á♥í✱ ❥s❡♠ ③✈♦❧✐❧ ♠♦➸♥♦st

✈✐③✉❛❧✐③❛❝❡ ♣♦♠♦❝í ✈③❞á❧❡♥é❤♦ ♣➦íst✉♣✉ ③♣r♦st➦❡❞❦♦✈á✈❛♥é❤♦ ❱◆❈ s❡r✈❡r ✐♠♣❧❡♠❡♥✲

t♦✈❛♥ý♠ ♣➦í♠♦ ✈ P▲❈✳ P♦❞♦❜❛ ✈✐③✉❛❧✐③❛❝❡ ❜②❧❛ ♥❛✈r➸❡♥❛ ❛ ✈②t✈♦➦❡♥❛ ✈ ♣r♦st➦❡❞í

❆✉t♦♠❛t✐♦♥ st✉❞✐❛ ✸✳

❙❛♠♦t♥á ✈✐③✉❛❧✐③❛❝❡ s❡ ❞á r♦③❞➙❧✐t ❞♦ ❞✈♦✉ ↔ástí✱ ❛ t♦ ♣r♦ ❜➙➸♥é ♣♦✉➸✐tí ❛ ♣♦té

♣r♦ s❡r✈✐s♥í ♦❜s❧✉❤✉✳ ❖❜➙ ↔ást✐ ❥s♦✉ s♦✉↔ástí ❥❡❞♥é ✈✐③✉❛❧✐③❛❝❡ ✈ r♦③❧✐➨❡♥í 320 ×240 ✳

❚♦t♦ r♦③❧✐➨❡♥í ❧✐♠✐t✉❥❡ ♣♦↔❡t ❦♦♠♣♦♥❡♥t✱ ❦t❡ré s❡ ✈❡❥❞♦✉ ♥❛ ❥❡❞♥✉ strá♥❦✉✳ ❈❡❧á

✈✐③✉❛❧✐③❛❝❡ ❥❡ ❞✈♦❥❥❛③②↔♥á ❛ t♦ ✈ ❛♥❣❧✐❝❦é ❛ ↔❡s❦é ❥❛③②❦♦✈é ♠✉t❛❝✐✳ ❏❛❦♦ ♥❛t✐✈♥í

❥❛③②❦ ❥❡ ③✈♦❧❡♥❛ ❛♥❣❧✐↔t✐♥❛✳ ❏❛③②❦ s❡ ♦✈➨❡♠ ❞á ✈❡ ✈✐③✉❛❧✐③❛❝✐ ♣➦❡♣♥♦✉t✳

P➦✐ st❛rt✉ P▲❈ ❛ tí♠ ✐ ❱◆❈ s❡r✈❡r✉ s❡ ③♦❜r❛③í ú✈♦❞♥í ♦❜r❛③♦✈❦❛

✭♦❜rá③❡❦ ✶✺✴str❛♥❛ ✷✺✮✱ ♥❛ ❦t❡ré ❥❡ r♦③✈➙t✈❡♥í ♥❛ ❛✉t♦♠❛t✐❝❦ý ❛ ♠❛♥✉á❧♥í r❡➸✐♠

♦❞♣❛❧♦✈á♥í ♠í↔❦➲✳ ❉á❧❡ ❥❡ ③❞❡ ♥á♣♦✈➙❞❛✱ ❦t❡rá ❥❡ ♥❛✈r➸❡♥❛ ❥❛❦♦ ✈rst✈❛✱ ♥✐❦♦❧✐✈

❥❛❦♦ s❛♠♦st❛t♥á strá♥❦❛✳ P♦s❧❡❞♥í ❞➲❧❡➸✐tá ✈➙❝ ❥❡ ♠♦➸♥♦st ♣➦❡♣♥✉tí ♥❛ strá♥❦✉ s

♥❛st❛✈❡♥í♠✳
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❖❜rá③❡❦ ✶✺✿ ❱✐③✉❛❧✐③❛❝❡ ✿ ❤❧❛✈♥í ♦❜r❛③♦✈❦❛

✺✳✶ ❆✉t♦♠❛t✐❝❦ý r❡➸✐♠

P➦✐ ✈♦❧❜➙ ❛✉t♦♠❛t✐❝❦é❤♦ r❡➸✐♠✉ s❡ ✈✐③✉❛❧✐③❛❝❡ ♣➦❡♣♥❡ ♥❛ ♦❜r❛③♦✈❦✉

❖❜rá③❡❦ ✶✻✿ ❱✐③✉❛❧✐③❛❝❡ ✿ ❆✉t♦♠❛t✐❝❦é r❡➸✐♠②

✭♦❜rá③❡❦ ✶✻✴str❛♥❛ ✷✺✮✱ ♥❛ ❦t❡ré ❥❡ ♠♦➸♥♦st ✈♦❧❜② r➲③♥ý❝❤ ❛✉t♦♠❛t✐❝❦ý❝❤ ♣r♦❣r❛♠➲✳

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

str♦❥❡✱ ❥❡ ❛✉t♦♠❛t✐❝❦ý❝❤ r❡➸✐♠➲ ♣♦✉③❡ ♣ár✱ ❛ ❥s♦✉ ♣♦✉③❡ ♣r♦ ✉❦á③❦✉ ❛ t❡st♦✈á♥í

str♦❥❡✳ ❱❡ ✜♥á❧♥í ✈❡r③✐ str♦❥❡ ③❞❡ ❜✉❞❡ ✈♦❧❜❛ r❡➸✐♠➲✱ ❦t❡ré ♣r♦ ❜❛❞♠✐♥t♦♥♦✈ý tré♥✐♥❦

❜✉❞♦✉ ✉➸✐t❡↔♥é✳

✷✺



❱❡ s♣♦❞♥í ↔ást✐ ♦❜r❛③♦✈❦② ❥s♦✉ ➨✐♣❦② ♣r♦ ❧✐st♦✈á♥í ♠❡③✐ ✈♦❧❜♦✉ ♣r♦❣r❛♠➲

❛ t❧❛↔ít❦♦ ❉♦♠➲ ✭❍♦♠❡✮✳ ❚í♠t♦ t❧❛↔ít❦❡♠ s❡ ❞♦st❛♥❡♠❡ ♥❛ ú✈♦❞♥í strá♥❦✉✳

❖❜rá③❡❦ ✶✼✿ ❱✐③✉❛❧✐③❛❝❡ ✿ Pr♦❣r❛♠ ♦❞♣❛❧♦✈á♥í

❑❛➸❞ý ③ ❛✉t♦♠❛t✐❝❦ý❝❤ ♣r♦❣r❛♠➲ ♠á ♣r♦ ✈✐③✉❛❧✐③❛❝✐ ✈❧❛st♥í strá♥❦✉ ✭♦❜rá③❡❦

✶✼✴str❛♥❛ ✷✻✮✱ ♥❛ ❦t❡ré ❥❡ ❦rát❦ý ♣♦♣✐s t♦❤♦✱ ❝♦ ♠á str♦❥ ❞➙❧❛t✳ ❯♠♦➸➡✉❥❡✲❧✐ ♣r♦❣r❛♠

♥➙❥❛❦é ♥❛st❛✈❡♥í✱ ❥❡ t♦t♦ ♥❛st❛✈❡♥í ♥❛ tét♦ strá♥❝❡✳ ◆❛♣➦í❦❧❛❞ ♥❛st❛✈❡♥í ✐♥t❡r✈❛❧➲

✈ý❤♦③✉ ♠í↔❡✱ ♠❛①✐♠á❧♥í r②❝❤❧♦st✐ ❛t❞✳ ❩ tét♦ ♦❜r❛③♦✈❦② ❥❡ ♠♦➸♥♦st s❡ ✈rát✐t ❜✉↕

♥❛ strá♥❦✉ s ✈♦❧❜♦✉ ♣r♦❣r❛♠➲✱ ♥❡❜♦ ♥❛ ú✈♦❞♥í str❛♥✉✳

✺✳✷ ▼❛♥✉á❧♥í r❡➸✐♠

P♦❞ t❧❛↔ít❦❡♠ ♠❛♥✉á❧♥í❤♦ r❡➸✐♠✉ ♥❛ ❤❧❛✈♥í ♦❜r❛③♦✈❝❡ s❡ s❦rý✈á ♦❜r❛③♦✈❦❛

s♠♦➸♥♦stí ❦♦♠♣❧❡t♥í❤♦ r✉↔♥í❤♦ ♥❛st❛✈❡♥í str♦❥❡✳ ❱❡➨❦❡ré ♣❛r❛♠❡tr② ♣r♦ ♦❞♣á❧❡♥í

♠í↔❡ s❡ ③❞❡ ❞❛❥í ♥❛st❛✈✐t ❛ tí♠ s✐ ✈②t✈♦➦✐t ✈❧❛st♥í té♠➙➦ ♣♦❧♦❛✉t♦♠❛t✐❝❦ý r❡➸✐♠✳

❩ t➙❝❤t♦ ❞➲✈♦❞➲ ❥❡ ♠♦➸♥♦st ♥❛st❛✈❡♥í ♣♦↔t✉ ♠í↔➲✱ ❦t❡ré s❡ ♠❛❥í ♦❞♣á❧✐t✳ ❙♣rá✈♥ý♠

♥❛st❛✈❡♥í♠ str♦❥❡ ❧③❡ ❞♦st➦❡❧✐t ❦❛♠❦♦❧✐✈ ✈ ❧✐♠✐t❡❝❤ s❛♠♦t♥é❤♦ str♦❥❡✳

❩ tét♦ strá♥❦② s❡ ♣➦❡s t❧❛↔ít❦♦ ❍♦♠❡ ❞♦st❛♥❡♠❡ ♥❛ ❤❧❛✈♥í ♦❜r❛③♦✈❦✉✳

✷✻



✺✳✸ ❙❡r✈✐s♥í ✈✐③✉❛❧✐③❛❝❡

❱✐③✉❛❧✐③❛❝❡ ❥❡ ❦r♦♠➙ ✉➸✐✈❛t❡❧s❦é❤♦ ♠ó❞✉ ♣r♦ ❜➙➸♥é ♣♦✉➸✐tí ✈②❜❛✈❡♥❛ ✐ s❡r✈✐s♥í

❖❜rá③❡❦ ✶✽✿ ❙❡r✈✐s♥í ✈✐③✉❛❧✐③❛❝❡ ✿ ❍❧❛✈♥í ♦❜r❛③♦✈❦❛

↔ástí✳ ❚❛t♦ ↔ást ❥❡ ✉r↔❡♥❛ ❦ t❡st♦✈á♥í s❛♠♦t♥é❤♦ str♦❥❡ ❛ ♠♦t♦r➲ ❥❛❦♦ t❛❦♦✈ý❝❤✱

♥✐❦♦❧✐✈ ❦ ❜➙➸♥é♠✉ ♣♦✉➸✐tí ♣r♦ ❤r✉✳

◆❛ ♣r✈♥í ♦❜r❛③♦✈❝❡ ♣♦ ♣➦❡♣♥✉tí ❞♦ s❡r✈✐s♥í❤♦ ♠♦❞✉ ❥❡ ♠♦➸♥♦st ♦✈❧á❞á♥í ✈➨❡❝❤ t➦í

♠♦t♦r➲ ♥❛❥❡❞♥♦✉✳ P♦ ③❛♣♥✉tí t❧❛↔ít❦❛ P♦✇❡r s❡ ③❛♣♥♦✉ ✈➨❡❝❤♥② ♠♦t♦r②✱ ♣r♦❜➙❤♥❡

♠❡t♦❞❛ ❤♦♠❡ ♥❛ ✈➨❡❝❤ ♦sá❝❤ ❛ ♠♦t♦r② ♣r♦ ✈ýst➦❡❧ ♠í↔❦✉ s❡ s♣♦❥í ♣➦❡✈♦❞♦✈❦♦✉✳ ❚❡♥t♦

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

③♥á③♦r♥➙♥í ❦♦t♦✉↔➲✳ ❚② ❥s♦✉ ✈❡ ✈②♣♥✉té♠ st❛✈✉ ➨❡❞é✱ ♣➦✐ ♣♦❤♦t♦✈♦st♥í♠ r❡➸✐♠✉

s❡ ③❜❛r✈í ❞♦ ➸❧✉t❛✱ ❛ ✈❡ st❛✈✉ r❡❛❞② ❥s♦✉ ③❡❧❡♥é s❡ ➨✐♣❦♦✉ ♦③♥❛↔✉❥í❝í ♥❛t♦↔❡♥í ✭♣♦

③❛♣♥✉tí ♥❛❤♦r✉✮✳

◆❛ strá♥❝❡ s❡ ❞á ♥❛st❛✈✐t r②❝❤❧♦st✱ ❦t❡r♦✉ s❡ ♠❛❥í ❦♦t♦✉↔❡ r♦③t♦↔✐t✱ ❛ t❧❛↔ít❦❡♠

❙t❛rt s❡ r♦③t♦↔í s❡ ③r②❝❤❧❡♥í♠✱ ❦t❡ré s❡ ❞á ③♠➙♥✐t ✈ ♥❛st❛✈❡♥í ♣r♦ ▼❛st❡r ♠♦t♦r✳ ❚♦✱

➸❡ s❡ ♠♦t♦r② t♦↔í✱ ❥❡ ✈❡ ✈✐③✉❛❧✐③❛❝✐ ③♥á③♦r♥➙♥♦ ♦tá↔❡♥í♠ ❣r❛✜❝❦ý❝❤ ❦♦❧❡↔❡❦ ❛ ♣♦❞

♥✐♠✐ ❥❡ ❤♦❞♥♦t❛ ❛❦t✉á❧♥í r②❝❤❧♦st✐ ❛ ♣♦③✐❝❡✳ ▼♦t♦r② s❡ ③❛st❛✈í ✈②♠á↔❦♥✉tí♠ t❧❛↔ít❦❛

❙t♦♣✳

❯ t➦❡tí❤♦ ♠♦t♦r✉ s❡ ♥❛st❛✈✉❥❡ ♥❡❥❡♥ r②❝❤❧♦st✱ ❛❧❡ ✐ ✈③❞á❧❡♥♦st✱ ❦t❡r♦✉ ♠á ♠♦t♦r

✷✼



✉r❛③✐t✳ Pr♦ ♦❞♣á❧❡♥í ♠í↔❡ ❥❡ ♣♦t➦❡❜❛ ♠❡❝❤❛♥✐③♠❡♠ ✉❞➙❧❛t ❝❡❧ý ❦r✉❤✳ P➦✐ ③♠á↔❦♥✉tí

❞r✉❤é❤♦ t❧❛↔ít❦❛ ❙t❛rt s❡ ♠♦t♦r r♦③t♦↔í ❞❛♥♦✉ r②❝❤❧♦stí s ❞❛♥ý♠ ③r②❝❤❧❡♥í♠ ❛ ✉r❛③í

③❛❞❛♥♦✉ ✈③❞á❧❡♥♦st✳

❖❜rá③❡❦ ✶✾✿ ❙❡r✈✐s♥í ✈✐③✉❛❧✐③❛❝❡ ✿ ❖✈❧á❞á♥í ♠♦t♦r✉

P➦✐ ❦❧✐❦♥✉tí ♥❛ ♦❜rá③❡❦ ③♥á③♦r➡✉❥í❝í ❦♦t♦✉↔❡ s❡ ♦❜r❛③♦✈❦❛ ♣➦❡♣♥❡ ♥❛ ♣➦ís❧✉➨♥♦✉

str❛♥✉ ✈✐③✉❛❧✐③❛❝❡ s ♦✈❧á❞á♥í♠ ❞❛♥é❤♦ ♠♦t♦r✉✳ ❱❡ s♣♦❞♥í ↔ást✐ ❥❡ ✈❧❡✈♦ t❧❛↔ít❦♦ ♣r♦

♥á✈r❛t ♥❛ ❤❧❛✈♥í ♦❜r❛③♦✈❦✉ ✉➸✐✈❛t❡❧s❦é ✈✐③✉❛❧✐③❛❝❡✳ ❆ ✈♣r❛✈♦ ❞♦❧❡ ❥❡ t❧❛↔ít❦♦ ♣r♦

♣➦❡♣♥✉tí strá♥❦②✳

◆❛ ❞❛❧➨í str❛♥➙ ❥❡ ✈✐③✉❛❧✐③❛❝❡ ♦❜s❧✉❤② ♠♦t♦r✉▼❛st❡r ✳ ◆❛ tét♦ strá♥❝❡ ❥❡ ♠♦➸♥♦st

❦♦♠♣❧❡t♥í❤♦ ♦✈❧á❞á♥í ♠♦t♦r✉✳ ❏❡ ③❞❡ ♠♦➸♥♦st ✈②③❦♦✉➨❡t ✈➨❡❝❤♥② ú❦♦♥②✱ ❦t❡ré s❡ s

♠♦t♦r❡♠ ❞❛❥í ❞➙❧❛t✳ ❉á❧❡ ❥❡ ③❞❡ ③❛♣í♥á♥í ❛ ✈②♣í♥á♥í ✈✐rt✉á❧♥í ♣➦❡✈♦❞♦✈❦② ❛ ③♦❜r❛③❡♥í

❛❦t✉á❧♥í❤♦ st❛✈✉✱ ❛ t♦ r②❝❤❧♦st✱ ♣♦❧♦❤❛ ❛ ❡rr♦r ■❉✳ ❱❡ s♣♦❞♥í ↔ást✐ ❥❡ ♣➦❡♣í♥á♥í

♦❜r❛③♦✈❦②✳

❉❛❧➨í str❛♥❛ ❥❡ ♥❛st❛✈❡♥í ♣❛r❛♠❡tr➲ ♠♦t♦r✉ ▼❛st❡r ✳ ❏❡ ✉♠♦➸♥➙♥♦ ♥❛st❛✈✐t ✈❡➨✲

❦❡ré ♣❛r❛♠❡tr②✱ ❦t❡ré ❥s♦✉ ③♣➦íst✉♣♥➙♥② ♣r♦ ♦✈❧á❞á♥í ♠♦t♦r✉✳

❉❛❧➨í str❛♥② ❥s♦✉ ♦✈❧á❞á♥í ❛ ♥❛st❛✈❡♥í ③❜ý✈❛❥í❝í❝❤ ❞✈♦✉ ♠♦t♦r➲ ❛ ❥❡❥✐❝❤ ♣❛r❛♠❡tr➲✳

❏❡❞♥á s❡ ♦ ♠♦t♦r② ❙❧❛✈❡ ❛ ❙❤✉t ✳

✷✽



✺✳✹ ◆❛st❛✈❡♥í

P♦s❧❡❞♥í ✈♦❧❜♦✉ ♥❛ ❤❧❛✈♥í ♦❜r❛③♦✈❝❡ ❥❡ ♠♦➸♥♦st ♣➦❡♣♥✉tí ♥❛ ♥❛st❛✈❡♥í str♦❥❡✳ ◆❛

tét♦ ♦❜r❛③♦✈❝❡ ✭♦❜rá③❡❦ ✷✵✴str❛♥❛ ✷✾ ✮ ❧③❡ ♥❛st❛✈✐t ↔❛s ❛ sí➫♦✈é ♣❛r❛♠❡tr② str♦❥❡✳

P▲❈ ❥❡ t♦t✐➸ ♣r♦ ❦♦♠✉♥✐❦❛❝✐ s ✈♥➙❥➨í♠ s✈➙t❡♠ ✈②❜❛✈❡♥♦ ❡t❤❡r♥❡t♦✈ý♠ ♣♦rt❡♠✳ ❑♦✲

❖❜rá③❡❦ ✷✵✿ ❱✐③✉❛❧✐③❛❝❡ ✿ ◆❛st❛✈❡♥í

♠✉♥✐❦❛❝✐ ♣♦ sít✐ ❥❡ t❡❞② ♥✉t♥♦ ♥➙❦❞❡ ♥❛st❛✈✐t✳ ❙t❛♥❞❛r❞♥➙ s❡ t♦t♦ ❞á ♥❛st❛✈✐t ♣➦✐

♣r♦❣r❛♠♦✈á♥í ✈❡ st✉❞✐✉✱ ❛❧❡ ♣r♦ r❡á❧♥é ♣♦✉➸í✈❛♥í str♦❥❡ ❥❡ ❞♦❜ré ♠ít ♠♦➸♥♦st t♦t♦

♥❛st❛✈❡♥í ♣➦í♠♦ ♥❛ str♦❥✐ ③♠➙♥✐t✳

❉❛❧➨í ❞➲❧❡➸✐t♦✉ ✈➙❝í ♥❛ tét♦ strá♥❝❡ ❥❡ ♣➦❡♣í♥á♥í ❥❛③②❦➲✳ ❏❛❦ ❥✐➸ ❜②❧♦ ♣♦♣sá♥♦

✈ý➨❡✱ ❝❡❧á ✈✐③✉❛❧✐③❛❝❡ ❥❡ ♣r♦✈❡❞❡♥❛ ✈❡ ❞✈♦✉ ❥❛③②❦♦✈ý❝❤ ♠✉t❛❝í❝❤✳ ❱ ♣➦í♣❛❞➙ ♥✉t♥♦st✐

♥❡♥í ♣r♦❜❧é♠ ❞♦ ♣r♦❣r❛♠✉ ③❛✈ést ❞❛❧➨í ❥❛③②❦②✳

❙❛♠♦③➦❡❥♠➙ ✐ ♥❛ tét♦ strá♥❝❡ ❥❡ ♠♦➸♥♦st ♥á✈r❛t✉ ♥❛ ❤❧❛✈♥í ♦❜r❛③♦✈❦✉✳ ❑r♦♠➙

tét♦ ✈♦❧❜② ❥❡ ③❞❡ ♣➦❡♣♥✉tí ✐ ♥❛ s❡r✈✐s♥í ↔ást ✈✐③✉❛❧✐③❛❝❡✳

✻ ▼➙➦❡♥í ❞♦st➦❡❧✉ ❜❛❞♠✐♥t♦♥♦✈é❤♦ str♦❥❡

Ú❦♦❧❡♠ ♠➙➦❡♥í ❥❡ ③❥✐st✐t ③á✈✐s❧♦st ♠❡③✐ ♦tá↔❦❛♠✐ ❦♦t♦✉↔➲ ❛ ✈③❞á❧❡♥♦stí✱ ❞♦ ❦t❡ré

❞♦❧❡tí ✈②st➦❡❧❡♥ý ♠í↔❡❦✳ ❩á✈✐s❧♦st ❥❡ ♥✉t♥♦ ③♥át ♣r♦ ♠♦➸♥♦st ♣➦❡s♥é❤♦ st➦í❧❡♥í ♠í↔❦✉

✷✾



♣♦ ❦✉rt✉✳ ▲❡t ♠í↔❦✉ ❥❡ ✈ ♣♦❞st❛t➙ ❜❛❧✐st✐❝❦á ❦➦✐✈❦❛✱ ✈③❤❧❡❞❡♠ ❦ ♥❡③♥á♠ý♠ ♣❛r❛♠❡tr➲♠

♣♦♣✐s✉❥í❝í❝❤ ❝❤♦✈á♥í ♠í↔❦✉ ✈❡ ✈③❞✉❝❤✉ ♥❡❧③❡ ✈③❞á❧❡♥♦st ❞♦st➦❡❧✉ s♣♦↔ít❛t ♣➦❡s♥➙✳

▼➲➸❡♠❡ ❥✐ ✉r↔✐t ♣♦✉③❡ ♣➦✐❜❧✐➸♥➙✳

Pr♦ ✈ý♣♦↔❡t ❥❡ t❛❦é ♥✉t♥é ③♥át s❦✉t❡↔♥♦✉ r②❝❤❧♦st ♠í↔❦✉ ♣➦✐ ♦♣✉➨t➙♥í str♦❥❡✳

❚❛ ❥❡ t❡♦r❡t✐❝❦② st❡❥♥á ❥❛❦♦ ❥❡ ♦❜✈♦❞♦✈á r②❝❤❧♦st ❦♦t♦✉↔➲✱ ❛❧❡ ♣r❛❦t✐❝❦② ❜✉❞❡ ✈➸❞②

♠❡♥➨í✳ ❇➙❤❡♠ ❦rát❦é ❞♦❜② st②❦✉ ❦♦t♦✉↔➲ s ♠í↔❡♠ s❡ ♥❡♣➦❡♥❡s❡ ❞♦st❛t❡↔♥é ♠♥♦➸st✈í

❡♥❡r❣✐❡ ♥❛ ♠í↔❡❦✱ ❛ t❡♥ tí♠ ♥❡♠á st❡❥♥♦✉ r②❝❤❧♦st ❥❛❦♦ ❥❡ r②❝❤❧♦st ❦♦t♦✉↔➲✳ ❉á❧❡

❞♦❝❤á③í ❦ ♣r♦❦❧✉③✉ ♠í↔❦✉ ♠❡③✐ ❦♦t♦✉↔✐ ❛ ③ár♦✈❡➡ r②❝❤❧♦st ♠í↔❦✉ ♠➲➸❡ ❜ýt ♦✈❧✐✈♥➙♥❛

t➦❡♥í♠ ❦♦➨í❦✉ ✭❜r❦✮ ♦ ❦♦t♦✉↔❡ ❛ ❞❡s❦✉✳

✻✳✶ ❩❛❞á♥í

❩❛ st❡❥♥ý❝❤ ✈ý❝❤♦③í❝❤ ♣♦❞♠í♥❡❦ ✭♣♦③✐❝❡ str♦❥❡✱ ❡❧❡✈❛❝❡✱ r②❝❤❧♦st ❦♦t♦✉↔➲ ✳✳✳ ✮

❜✉❞❡ ♣♦st✉♣♥➙ ✈②♣á❧❡♥♦ ♥➙❦♦❧✐❦ ✭✷✵✮ ♠í↔❦➲✳ ❱③❞á❧❡♥♦st ♠➙➦❡♥á ♦❞ str♦❥❡ ✭↔ár②

♦❞♣❛❧✉✮ ❦ ♠íst✉ ❞♦♣❛❞✉ ♠í↔❦✉ ❜✉❞❡ ♠➙➦❡♥❛ ❛ ③❛③♥❛♠❡♥á♥❛ ❞♦ t❛❜✉❧❦②✳ ❖♣❛❦♦✈á♥í

♠➙➦❡♥í ♠á ③❛ ú↔❡❧ ③♠❡♥➨✐t ❛➸ ♦❞str❛♥✐t ❝❤②❜② ♣➦✐ ♦❞♣❛❧✉✳ P➦✐ ♣♦❞á✈á♥í ♠í↔❦✉ ❞♦

str♦❥❡ ❜❡③ ♣♦❞❛✈❛↔❡✱ t③♥✳ r✉❦♦✉ ♥❡❥❞❡ ③❛❥✐st✐t ♥❛♣r♦st♦ ♣➦❡s♥➙ s❤♦❞♥é ♣♦❞á♥í✳ ❱❧✐✈ ♥❛

♦❞♣❛❧ ♠➲➸❡ ♠ít ú❤❡❧ ♥❛❦❧♦♥➙♥í ✐ ♥❛t♦↔❡♥í ♠í↔❦✉✱ ❤❧♦✉❜❦❛ ♣♦❞á♥í ♠í↔❦✉ ✭✈③❞á❧❡♥♦st

♠❡③✐ st➦❡❞❡♠ ❤❧❛✈② ♠í↔❦✉ ❛ ❤♦r♥í♠ ♦❦r❛❥❡♠ ❦♦t♦✉↔❡✮ ❛t❞✳

P♦ ③♠➙♥➙ r②❝❤❧♦st✐ ♦tá↔❡♥í s❡ ♣♦st✉♣ ♠➙➦❡♥í ③♦♣❛❦✉❥❡ ♣r♦ ❞❛♥♦✉ r②❝❤❧♦st✳ ▼➙➦❡♥í

s❡ ♠✉sí ♣r♦✈ést ♥❛ ❞♦st❛t❡↔♥é♠ ♣♦↔t✉ r②❝❤❧♦stí ✈ r♦③s❛❤✉ ♠✐♥✐♠✉♠ ❛➸ ♠❛①✐♠✉♠

♦tá↔❡❦✳ ▼❛①✐♠á❧♥í ♦tá↔❦② ❥s♦✉ ❞á♥② ♣❛r❛♠❡tr② ♠♦t♦r✉ ✶✵✵ ♦t✴s ✭✻✵✵✵ ♦t✴♠✐♥✮✱ ✈

s♦✉↔❛s♥é♠ ♣r♦❣r❛♠✉ ✶✵✵✵✵✵ ✉♥✐t✴s✳ ▼✐♥✐♠✉♠ ♦tá↔❡❦ ❥❡ ③❛♣♦t➦❡❜í ✉r↔✐t✱ ❛ t♦ ♣♦s✲

t✉♣♥ý♠ ③✈②➨♦✈á♥í ♦tá↔❡❦ ③ ♥✉❧② ♥❛ ♥❡❥♥✐➸➨í ❤♦❞♥♦t✉✱ ♣➦✐ ❦t❡ré ♠á s♠②s❧ ♠➙➦✐t✳

▼í↔❡❦ ♠✉sí ❞♦❧❡t➙t ③❛ ❤r❛♥✉ str♦❥❡ ✭st♦❧❡↔❦✉✮✱ ♣➦✐ ♥✐➸➨í❝❤ r②❝❤❧♦st❡❝❤ s❡ ♣♦✉③❡ ♣♦

st♦❧❦✉ ♣♦s✉♥❡ ♥❡❜♦ ③ ♥➙❥ s♣❛❞♥❡✳

◆❛ ✈③❞á❧❡♥♦st ❞♦❧❡t✉ ♠í↔❦✉ ❜✉❞❡ ♠ít ✈❧✐✈ ❦r♦♠➙ r②❝❤❧♦st✐ ❦♦t♦✉↔➲ ✐ ❡❧❡✈❛❝❡

str♦❥❡✳ ❚❛ ♣➦✐ ❥❡❞♥♦♠ ♠➙➦❡♥í ③➲stá✈á st❡❥♥á✳ ❙t❡❥♥➙ t❛❦ ✐ ♣♦③✐❝❡ str♦❥❡ s❡ ♥❡♠➙♥í✱

✸✵



❛❜② ❜②❧♦ ♠♦➸♥♦ ♠➙➦✐t ✈③❞á❧❡♥♦st ❞♦♣❛❞✉✳ ❑r♦♠➙ t➙❝❤t♦ ❢❛❦t♦r➲ ♠á ✈❧✐✈ ✐ ✈ý➨❦❛

str♦❥❡✱ t❛ ❥❡ ♠♦♠❡♥tá❧♥➙ ♥❡♠➙♥♥á✱ ❛❧❡ ❥❡ ♥✉t♥♦ ❥✐ ③❛③♥❛♠❡♥❛t ✭③♠➙➦✐t✮✳

✻✳✷ P♦st✉♣ ♠➙➦❡♥í

✶✳ ❯♠íst✐t str♦❥ ♥❛ ❜❡③♣❡↔♥é ❛ ❞♦st❛t❡↔♥➙ ✈❡❧❦é ✭❞❧♦✉❤é✮ ♠íst♦✳

✷✳ ❖③♥❛↔✐t ↔ár✉ ♦❞♣❛❧✉✱ ❤r❛♥✐❝❡ str♦❥❡✳

✸✳ P➦✐♣r❛✈✐t str♦❥ ♥❛ ♠➙➦❡♥í t③♥✳ ✈➨❡ ♥❛st❛✈✐t ❛ ♣♦❦✉❞ ♠♦➸♥♦ s❡ str♦❥❡♠ ✉➸ ♥❡✲

❤ý❜❛t✳ ❩♠➙➦✐t ✈ý➨❦✉ str♦❥❡✳

✹✳ P♦st✉♣♥ý♠ ③✈②➨♦✈á♥í♠ r②❝❤❧♦st✐ ♦tá↔❡❦✱ ♣♦ ♠❛❧ý❝❤ ❦r♦❝í❝❤✱ ③❥✐st✐t ♠✐♥✐♠á❧♥í

♦tá↔❦② ♣r♦ s❛♠♦t♥é ♠➙➦❡♥í✳

✺✳ ❩ r♦③s❛❤✉ ♦tá↔❡❦ ♠✐♥✴♠❛① ✉r↔✐t ❦r♦❦ ♠➙➦❡♥í✳

✻✳ P➦✐ ❥❡❞♥é r②❝❤❧♦st✐ ♣r♦✈ést ❛ ③❛③♥❛♠❡♥❛t ♥➙❦♦❧✐❦ ♠➙➦❡♥í ✈③❞á❧❡♥♦st✐ ❞♦♣❛❞✉

♠í↔❦✉✳

✼✳ ❩✈ý➨✐t ♦tá↔❦② ♦ ♣➦❡❞❡♠ ✉r↔❡♥ý ❦r♦❦ ❛ ♦♣❛❦♦✈❛t ❜♦❞ ✻✳

✽✳ ❱②♥ést ③á✈✐s❧♦st ❞♦♣❛❞✉ ♠í↔❦✉ ♥❛ ♦tá↔❦á❝❤ ❞♦ t❛❜✉❧❦② ❛ ❣r❛❢✉✳

✻✳✸ ▼➙➦❡♥í ❜❡③ ♣♦❣✉♠♦✈❛♥ý❝❤ ❦♦t♦✉↔➲

❏❛❦♦ ♣r✈♥í ❥s❡♠ ③♠➙➦✐❧ ③á✈✐s❧♦st ❞♦❧❡t✉ ♠í↔❦➲ ♥❛ r②❝❤❧♦st✐ ♦tá↔❡♥í ❦♦t♦✉↔➲ ❜❡③

♣♦❣✉♠♦✈❛♥ý❝❤ ❦♦t♦✉↔➲✳ ▼➙➦❡♥í ❥s❡♠ ♣r♦✈❡❞❧ ♣♦❞❧❡ ♣♦st✉♣✉✱ ❦t❡rý ❥s❡♠ ✈②t✈♦➦✐❧ ❛

♣♦♣s❛❧ ✈ý➨❡✳ ◆❛♠➙➦❡♥á ❞❛t❛ ❥s♦✉ ③❛③♥❛♠❡♥á♥❛ ✈ t❛❜✉❧❝❡ ✶ ♥❛ str❛♥➙ ✸✽✳ ❯ ♠➙➦❡♥í

❥s❡♠ ♥❡♠➙❧ ♣❡✈♥ý ❦r♦❦ ③✈②➨♦✈á♥í r②❝❤❧♦st✐ ❦♦t♦✉↔➲✱ ♣r♦t♦➸❡ ③á✈✐s❧♦st ♥❡♥í ❧✐♥❡ár♥í

❛ ♠➙➦✐t ♣♦ ♠❛❧é♠ ❦r♦❦✉ ♠❡③✐ ✸✵✵✵ ✲✻✵✵✵ ♦t✴♠✐♥ ❜② ♥❡♠➙❧♦ s♠②s❧✳

✸✶



▼➙➦❡♥í ❥s♠❡ ♣r♦✈❡❞❧ s ❞✈❛❝❡t✐ ♠í↔❦②✱ ③ t♦❤♦ ✽ ❜②❧♦ ♣❧❛st♦✈ý❝❤ ❛ ③❜②❧é ❜②❧②

♣é➦♦✈é✳ ❑♦t♦✉↔❡ ❜②❧② ✈❡ ✈ý➨❝❡ ✵✱✾✺♠ ❛ ❥❡❥✐❝❤ ✈③❞á❧❡♥♦st ❜②❧❛ ✷✸♠♠✳ Ú❤❡❧ ♦❞♣❛❧✉

❜②❧ ❝❝❛ ✵✱✵✷ r❛❞✳

✻✳✹ ❩á✈➙r ♠➙➦❡♥í

❩ ♥❛♠➙➦❡♥ý❝❤ ❞❛t✱ ✈②♥❡s❡♥ý❝❤ ❞♦ ❣r❛❢✉ ✭♦❜rá③❡❦ ✷✶✴str❛♥❛ ✸✷✮✱ ❧③❡ ✈✐❞➙t✱ ➸❡

❖❜rá③❡❦ ✷✶✿ ●r❛❢ ♠➙➦❡♥í ❞♦❧❡t✉ ❜❡③ ♣♦❣✉♠♦✈❛♥ý❝❤ ❦♦t♦✉↔➲

③á✈✐s❧♦st ❞♦❧❡t✉ ♠í↔❦➲ ♥❛ r②❝❤❧♦st✐ ♦tá↔❡♥í ❦♦t♦✉↔➲ ❥❡ ♥❡❧✐♥❡ár♥í✳ ▼❛①✐♠á❧♥í ✈③❞á❧❡♥♦st

♣➦✐ tét♦ ❦♦♥✜❣✉r❛❝✐ str♦❥❡ ❥❡ ③❤r✉❜❛ ✽♠✳ ◆❡❧✐♥❡❛r✐t❛ ❥❡ ③❛♣➦í↔✐♥➙♥❛ ♣➦❡❞❡✈➨í♠ ❢❛❦✲

t❡♠✱ ➸❡ ♣➦✐ ♦tá↔❦á❝❤ ♥❛❞ ✸✵✵✵ ♦t✴♠✐♥ ♥❡♥í ♠♦➸♥é ♠í↔❦✉ ❦✈➲❧✐ ♣r♦❦❧✉③✉ ♣➦❡❞❛t

❞♦st❛t❡↔♥é ♠♥♦➸st✈í ❡♥❡r❣✐❡ ❛ tí♠ r②❝❤❧♦st✱ ❦t❡r♦✉ ♠í↔❡❦ ♦♣✉stí str♦❥✱ ❥❡ té♠➙➦

st❡❥♥á ❥❛❦♦ ♣➦✐ ✸✵✵✵ ♦t✴♠✐♥✳

✸✷



✼ Pr♦❜❧é♠② ♣➦✐ r❡❛❧✐③❛❝✐

P➦✐ st❛✈❜➙ ❜❛❞♠✐♥t♦♥♦✈é❤♦ str♦❥❡✱ r❡s♣❡❦t✐✈❡ ❥❡❤♦ ♣r♦t♦t②♣✉✱ ❥s❡♠ ♥❛r❛③✐❧ ❤♥❡❞

♥❛ ♥➙❦♦❧✐❦ ♣r♦❜❧é♠➲✱ ❦t❡ré ❜②❧♦ ♥✉t♥é ✈②➦❡➨✐t✳ ■ ♣➦❡s ❢❛❦t✱ ➸❡ ➦❡➨❡♥í t➙❝❤t♦ ♣r♦❜❧é♠➲

❜②❧♦ ✈❡❧✐❝❡ ↔❛s♦✈➙ ♥ár♦↔♥é✱ ❥s♦✉ ♣r♦ ♠➙ ❝❡♥♥ý♠ ♣♦③♥❛t❦❡♠✳ ❏❡❥✐❝❤ ➦❡➨❡♥í ❥❡ ❞♦❜r♦✉

③❦✉➨❡♥♦stí ♣r♦ ♣➦í♣❛❞♥é ③❛♠➙st♥á♥í ✈ ♦❜♦r✉ ➦í③❡♥í ❛ ❛✉t♦♠❛t✐③❛❝❡✳

✼✳✶ ❆❈❖P❖❙ ❛ P❖❲❊❘▲■◆❑

❏❡❞❡♥ ③ ♣r✈♥í❝❤ ♣r♦❜❧é♠➲♠✱ ❦t❡rý s❡ ✈②s❦②t❧ ❤♥❡❞ ♥❛ ③❛↔át❦✉ ♣rá❝❡✱ ♣➦✐ ♣♦❦✉s✉

♠♦t♦r② ❥❡♥♦♠ r♦③t♦↔✐t✱ ❜②❧❛ ➨♣❛t♥á ❦♦♠✉♥✐❦❛❝❡ s❡r✈♦③❡s✐❧♦✈❛↔❡ ♣♦ P❖❲❊❘▲■◆❑✉✳

❚❡♥t♦ ♣r♦❜❧é♠ ♥❛st❛❧ ♣♦✉③❡ ✉ ❥❡❞♥♦❤♦ ③❡ ❞✈♦✉ ♠♦t♦r➲✱ ❝♦➸ ③tí➸✐❧♦ ❥❡❤♦ ➦❡➨❡♥í✱ ✈③❤❧❡✲

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

Pr♦❜❧é♠ s❡ ♣r♦❥❡✈♦✈❛❧✱ tí♠ ➸❡ s❡r✈♦③❡s✐❧♦✈❛↔ ✈➲❜❡❝ ♥❡❦♦♠✉♥✐❦♦✈❛❧ s P▲❈✳ ❙✐✲

❣♥❛❧✐③❛❝❡ ❞✐♦❞❛♠✐ ♥❛ ♣➦❡❞♥í str❛♥➙ ❆❈❖P❖❙✉ ♥❛③♥❛↔♦✈❛❧❛ ❝❤②❜② ❦♦♠✉♥✐❦❛❝❡ ♣♦

P❖❲❊❘▲■◆❑✉✳ ❚❛t♦ ❝❤②❜❛ ♣➦❡tr✈á✈❛❧❛ ✐ ♣♦ ✈ý♠➙♥➙ ✒❝❤②❜♥é❤♦✏ s❡r✈♦③❡s✐❧♦✈❛↔❡

③❛ ♥♦✈ý✳ P♦ ♣➦❡tr✈á✈á♥í ♣r♦❜❧é♠✉ ❥s♠❡ ♣➦✐➨❡❧ ♥❛ t♦✱ ➸❡ ✈ ❥❡❞♥♦♠ ❆❈❖P❖❙❯ ❥❡ ❥✐➸

❛❦t✉❛❧✐③♦✈❛♥ý ❋✐r♠✇❛r❡✳ P♦❞❧❡ ❍❡❧♣✉ ❛ ✈➨❡❝❤ ❞♦st✉♣♥ý❝❤ ✐♥❢♦r♠❛❝í ❬✸❪ t♦t✐➸ ❞❛♥á

r❡✈✐③❡ s❡r✈♦③❡s✐❧♦✈↔❡ ♥❡♣♦❞♣♦r✉❥❡ P❖❲❊❘▲■❑♦✈♦✉ ❦❛rt✉ ✈❡r③❡ ✷ ✭❆❈✶✹✹✮✳

P➦❡❤rá♥í ❋✐r♠✇❛r✉ ✉ ♦st❛t♥í s❡r✈♦③❡❧✐✈♦✈❛↔➲ ♥❡♥í ♥✐❝ s❧♦➸✐té❤♦✱ ♣♦ ③❛♣➲❥↔❡♥í

P❖❲❊❘▲■◆❑❖❱é ❦❛rt② ❱✶✱ ❦t❡rá ❥❡ ♥❡③❜②t♥á✱ s❡ ♣♦✉③❡ ❞♦ ♣r♦❣r❛♠✉ ♣➦✐❞á ❦♥✐✲

❤♦✈♥❛✱ ❦t❡rá ❋❲ ✈ ❆❈❖P❖❙✉ ❛❦t✉❛❧✐③✉❥❡ ❛ ♣♦té s❡ ❞á ❦❡ ❦♦♠✉♥✐❦❛❝✐ ♣♦✉➸ít ❦❛rt❛

❆❈✶✹✹✳

✼✳✷ Pr✈♥í t❡st♦✈á♥í

P➦✐ ♣♦❦✉s✉ ♦ ♣r✈♥í t❡st♦✈á♥í✱ ❥❡➨t➙ s ♣r✈♥í♠ str♦❥❡♠ ③❤♦t♦✈❡♥ý♠ ♥❛ st♦❧❡ ❥s❡♠

♥❛r❛③✐❧ ♥❛ ♣r♦❜❧é♠ s ♥❛♣á❥❡♥í♠ str♦❥❡✳ ◆❛ ❦✉rt❡❝❤ ✈ t➙❧♦❝✈✐↔♥➙ str♦❥ ✈②❤❛③♦✈❛❧ ❥✐st✐↔❡

r❡s♣❡❦t✐✈❡ ♣r♦✉❞♦✈ý ❝❤rá♥✐↔ ✈ ♥➙♠ ✐♥t❡❣r♦✈❛♥ý✳ P♦ ♥➙❦♦❧✐❦❛ t❡st❡❝❤ ❥s❡♠ ♣➦✐➨❡❧ ♥❛

✸✸



t♦✱ ➸❡ t❡♥t♦ ❥❡✈ ❥❡ ③♣➲s♦❜❡♥ ♣➦✐♣♦❥❡♥í♠ ♦❜♦✉ s❡r✈♦③❡s✐❧♦✈❛↔➲✳ ❱③❤❧❡❞❡♠ ❦ ❥❡❥✐❝❤

❥♠❡♥♦✈✐té♠✉ ♦❞❜➙r✉ t♦ ♥❡♠♦❤❧♦ ❜ýt ③♣➲s♦❜❡♥♦ ♥❛❞♣r♦✉❞❡♠✳ ❱ ③❛♣♦❥❡♥í ♥❡❜②❧ ❛♥✐

➸á❞♥ý ③❦r❛t✱ t♦ ❜② str♦❥ ♥❡❢✉♥❣♦✈❛❧ ❛♥✐ ✈❡ ➨❦♦❧❡ ✈❡ str♦❥♦✈♥➙✳

P♦ ♥❛st✉❞♦✈á♥í ✐♥❢♦r♠❛❝í ♦ ✈♥✐t➦♥í♠ ❡❧❡❦tr✐❝❦é♠ ③❛♣♦❥❡♥í ❆❈❖P❖❙✉ ❬✸❪ ❥s❡♠

♣➦✐➨❡❧ ♥❛ t♦✱ ➸❡ ♥❛ ✈st✉♣✉ ♥❛♣á❥❡♥í ❥❡ ✜❧tr ③❛♣♦❥❡♥ý ♣r♦t✐ ③❡♠✐✳ ❙✈♦❞ t♦❤♦t♦ ✜❧tr✉

r❡s♣❡❦t✐✈❡ ❞✈♦✉✱ ❥❡ ❞♦st❛t❡↔♥➙ ✈❡❧❦ý ♥❛ t♦✱ ❛❜② ♣r♦✉❞♦✈ý ❝❤rá♥✐↔ ♦❜✈♦❞ r♦③♣♦❥✐❧✳

❙ ♣♦❞❛✈❛↔❡♠ ♠í↔❦➲ ❥s♦✉ ❝❡❧❦♦✈➙ ♣♦✉➸✐t② t➦✐ ❆❈❖P❖❙② ❛ ❜②❧♦ t❡❞② ♥✉t♥é ♣➦✐✲

st♦✉♣✐t ❦❡ ❣❛❧✈❛♥✐❝❦é♠✉ ♦❞❞➙❧❡♥í str♦❥❡ ♦❞ ❡❧❡❦tr✐❝❦é sít➙✳ ❑ ♦❞❞➙❧❡♥í ❥s❡♠ ♣♦✉➸✐❧

♦❞❞➙❧♦✈❛❝í tr❛♥s❢♦r♠át♦r✱ ❞♦st❛t❡↔♥➙ ❞✐♠❡♥③♦✈❛♥ý ♣r♦ t➦✐ ♣♦❤♦♥②✳ Pr♦ ❧❡♣➨í s♣í♥❛♥í

❛ ♦❝❤r❛♥✉ ✈ rá♠❝✐ str♦❥❡ ❜②❧ ❦❛➸❞ý s❡r✈♦③❡s✐❧♦✈❛↔ ✈②❜❛✈❡♥ ✈❧❛st♥í♠ ❥✐st✐↔❡♠✳

✼✳✸ ◆❡❞♦st❛t❡❦ ♣❛♠➙t✐ P▲❈

❚❡♥t♦ ♣r♦❜❧é♠ ❥❡ ❥✐➸ ✈ý➨❡ ③♠í♥➙♥✱ ❥❡❞♥á s❡ ♦ t♦✱ ➸❡ ♣➲✈♦❞♥í P▲❈ ❳✷✵❈P✶✹✽✺

♥❡♠á ❞♦st❛t❡↔♥➙ ✈❡❧❦♦✉ ♣❛♠➙➫ ♣r♦ ♣r♦✈♦③♦✈á♥í ✈➙t➨í ✈✐③✉❛❧✐③❛❝❡ ♥❡➸ ✈ r♦③❧✐➨❡♥í

320 × 240 ❜♦❞➲✳ ❚♦t♦ ❜② ✈❡ ✈ýs❧❡❞❦✉ ❛♥✐ ♠♦❝ ♥❡✈❛❞✐❧♦✱ ❛❧❡ ♣♦ ♣➦✐❞á♥í t➦❡tí ♦s②

✭t➦❡tí ♣♦❤♦♥♥é ❥❡❞♥♦t❦②✮ ❜②❧❛ ♣❛♠➙➫ ✈ P▲❈ ♥❡❞♦st❛t❡↔♥á ♣r♦ ❥❛❦♦✉❦♦❧✐✈ ✈✐③✉❛❧✐③❛❝✐✳

Pr♦ ❞♦st❛✈➙♥í ❛ t❡st♦✈á♥í ♣r♦t♦t②♣✉ ♠✐ ❜②❧♦ ③❛♣➲❥↔❡♥♦✱ ■♥❣✳ ❏✐➦í♠▼❛s❧✐❦✐❡✇✐❝③❡♠

③ ✜r♠② ❋❛r♠❡t ❛✳ s✳✱ P▲❈ PP✻✺✱ ❦t❡ré ♠á ❞♦st❛t❡↔♥➙ ✈❡❧❦♦✉ ♣❛♠➙➫ ❘❆▼✳ ❏❡❞♥á s❡

♦ ♣❛♥❡❧ s ❞✐s♣❧❡❥❡♠ ✈✐③✉❛❧✐③❛❝❡✱ tí♠ ♣á❞❡♠ ♥❡❜②❧❛ ♣♦✉③❡ ♥❛ ❱◆❈ s❡r✈❡r✉✳ ❚í♠ s❡

❝❡❧é t❡st♦✈á♥í ❞♦st ③❥❡❞♥♦❞✉➨✐❧♦✱ str♦❥ s❡ ❞á ♦✈❧á❞❛t ♣➦í♠♦ ♥❛ ❞✐s♣❧❡❥✐ P▲❈✳

❉♦ ❜✉❞♦✉❝♥❛ ❥❡ ♣♦t➦❡❜❛ ♣♦➦í❞✐t P▲❈✱ ❦t❡ré ♣❛♠➙➫♦✈é ♥ár♦❦② ♥❛ t➦✐ ♦s② ♣♦❤♦♥➲

❛ ❱◆❈ s❡r✈❡r s ✈✐③✉❛❧✐③❛❝í ❜✉❞❡ s❝❤♦♣♥é s♣❧➡♦✈❛t✳

✸✹



✽ ❩á✈➙r

❈í❧❡♠ tét♦ ♣rá❝❡ ❜②❧♦ ♣r✐♠ár♥➙ ♣♦st❛✈✐t str♦❥ ♥❛ ✈②st➦❡❧♦✈á♥í ❜❛❞♠✐♥t♦♥♦✈ý❝❤

♠í↔➲✳ ❱ rá♠❝✐ ♣rá❝❡✱ ❦t❡r♦✉ ❥s❡♠ ♥❛ str♦❥✐ ❞➙❧❛❧✱ ❥s❡♠ ♥❛✈r❤❧ ❛ ③♣r♦✈♦③♥✐❧ ♣r✈♥í

♦♣r❛✈❞♦✈ý ♣r♦t♦t②♣✱ ❦t❡rý ❥❡ ❞♦♣❧♥➙♥ ♦ ♣♦❞á✈á♥í ♠í↔❦➲✳ ❑ ➦í③❡♥í ❛ ♣♦❤♦♥✉ ❥s❡♠

♣♦✉➸✐❧ ♣r♦❞✉❦t② ✜r♠② ❇✫❘✳ ❙❡③♥á♠✐❧ ❥s❡♠ s❡ s❡ s❡r✈♦③❡s✐❧♦✈❛↔✐ ❆❈❖P❖❙ ❛ ③❛❥✐st✐❧

s②♥❝❤r♦♥✐③❛❝✐ ❦♦t♦✉↔➲ ♣r♦ ♦❞♣❛❧♦✈á♥í ♠í↔➲✳

❱ rá♠❝✐ t❡st♦✈á♥í ♥❛ str♦❥✐✱ ❛ t♦ ❥✐➸ ✈ ♣➲✈♦❞♥í ♣♦❞♦❜➙ ✭❜❡③ ♣♦❞❛✈❛↔❡ ♠í↔➲✮✱ ❥s❡♠

♦✈➙➦✐❧ ♥➙❦t❡ré t❡♦r❡t✐❝❦é ♠♦➸♥♦st✐ ③♠➙♥② s♠➙r✉ ❧❡t✉ ♠í↔➲✳ ❱③❤❧❡❞❡♠ ❦ ♥❡♣♦t✈r③❡♥í

t❡♦r❡t✐❝❦ý❝❤ ♣➦❡❞♣♦❦❧❛❞➲ ❥❡ s♦✉↔❛s♥á ✈❡r③❡ str♦❥❡ ❜❡③ ♠♦➸♥♦st✐ ③♠➙♥② s♠➙r✉✱ ❛❧❡ ✈

♣rá❝✐ ❥❡ ✉✈❡❞❡♥ ♥á✈r❤✱ ❥❛❦ str♦❥ ♠♦❞✐✜❦♦✈❛t✳

❱③❤❧❡❞❡♠ ❦ t♦♠✉✱ ➸❡ ✈ý✈♦❥ ♣♦❞❛✈❛↔❡ ❛ t❡st♦✈á♥í ♥❛ ♣➲✈♦❞♥í♠ str♦❥✐ ✭♠♦t♦r②

♥❛ ❞❡s❝❡✮✱ ♥❡❜②❧♦ tr✐✈✐á❧♥í ❛ ✈❡ s❦✉t❡↔♥♦st✐ ❜②❧♦ ↔❛s♦✈➙ ✈❡❧♠✐ ♥ár♦↔♥é ❛ ✈ýr♦❜❛

♣r♦t♦t②♣✉ s❡ ✐ ♣➦❡s s♥❛❤✉ ✉❞➙❧❛t ✈➨❡ ♥❡❥❥❡❞♥♦❞✉➨❡❥✐ ③♣♦③❞✐❧❛✱ ♥❡③❜②❧♦ ♠♥♦❤♦ ↔❛s✉

♣r♦ t❡st♦✈á♥í ♣r♦t♦t②♣✉✳

Pr♦✈❡❞❧ ❥s❡♠ ♠➙➦❡♥í ③á✈✐s❧♦st✐ ❞♦❧❡t✉ ♠í↔❡ ♥❛ r②❝❤❧♦st✐ ♦tá↔❡♥í ❦♦t♦✉↔➲✱ ❜♦✲

❤✉➸❡❧ ③ ↔❛s♦✈ý❝❤ ❞➲✈♦❞➲ ❛ s❧♦➸✐t♦st✐ ú♣r❛✈ ♥❛ ❦♦t♦✉↔í❝❤ ♥❡❜②❧♦ ♠♦➸♥é ✈ ↔❛s ♣r♦✈ést

♣♦r♦✈♥á♥í ♠❡③✐ ♣♦❣✉♠♦✈❛♥ý♠✐ ❛ ♥❡♣♦❣✉♠♦✈❛♥ý♠✐ ❦♦t♦✉↔✐✳ ❚♦t♦ ♠➙➦❡♥í ❞♦♣❧♥í♠ ❛

❜✉❞✉ ♣♦❦r❛↔♦✈❛t ✈ ú♣r❛✈➙ ❦♦t♦✉↔➲ t❛❦✱ ❛❜② ✈ ❞♦❜➙ ♦❜❤❛❥♦❜② ❜②❧❛ ❦ ❞✐s♣♦③✐❝✐ ❞❛❧➨í

♠➙➦❡♥í✳

Pr♦ ❧❡♣➨í ♦✈❧á❞á♥í str♦❥❡ ❥s❡♠ ✈②t✈♦➦✐❧ ✈✐③✉❛❧✐③❛❝✐✱ ❦t❡rá ❜➙➸í ♥❛ ❱◆❈ s❡r✈❡r✉✳

❚í♠t♦ ③♣➲s♦❜❡♠ ❥❡ ③❛❥✐➨t➙♥❛ ♠♦➸♥♦st str♦❥ ♦✈❧á❞❛t ③ ♠♦❜✐❧♥í❝❤ ③❛➦í③❡♥í ♥❛♣➦✳ ③

❝❤②tré❤♦ t❡❧❡❢♦♥✉✳ ❑ t✈♦r❜➙ ✈✐③✉❛❧✐③❛❝❡ ❥s❡♠ ♣♦✉➸✐❧ ♠♦➸♥♦st✐ ❆✉t♦♠❛t✐♦♥ st✉❞✐❛ ♦❞

✜r♠② ❇✫❘✳ ❱ rá♠❝✐ ✈✐③✉❛❧✐③❛❝❡ ❜②❧♦ ♥❛✈r➸❡♥♦ ✐ ♥➙❦♦❧✐❦ ❛✉t♦♠❛t✐❝❦ý❝❤ ♣r♦❣r❛♠➲

♣r♦ ♦✈❧á❞á♥í str♦❥❡✳ ❆ t♦ ❥❛❦ t❡♦r❡t✐❝❦é✱ ❦t❡ré ✈②❝❤á③❡❥í ③ ♣♦➸❛❞❛✈❦➲ tr❡♥ér❛✱ t❛❦ ✈

s♦✉↔❛s♥é ♣♦❞♦❜➙ str♦❥❡ r❡❛❧✐③♦✈❛t❡❧♥é✳

❙tr♦❥ ♥❛ ✈②st➦❡❧♦✈á♥í ❜❛❞♠✐♥t♦♥♦✈ý❝❤ ♠í↔❦➲ ❥❡ ③❛tí♠ ♣♦✉③❡ ✈❡ ❢á③✐ ✈ý✈♦❥❡✱ ↔❡♠✉➸

♦❞♣♦✈í❞❛❥í ✐ ❥❡❤♦ s♦✉↔❛s♥é s❝❤♦♣♥♦st✐✳ Pr♦ r❡á❧♥é ♣♦✉➸✐tí ❥❡ ③❛♣♦t➦❡❜í ♥❛ str♦❥✐ ❞á❧❡
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♣r❛❝♦✈❛t✳ ◆❛♣➦í❦❧❛❞ ♥❛❤r❛❞✐t stá✈❛❥í❝í ♣r♦❣r❛♠② ♣r♦ ♦✈❧á❞á♥í ♠♦t♦r➲ ✭♥❡ ✈➨❡❝❤♥②

❢✉♥❦❝❡ ❥s♦✉ ③❛♣♦t➦❡❜í✮✱ ♥❡❜♦ ➦á❞♥➙ ♦t❡st♦✈❛t ♣r♦t♦t②♣ ❛ ♦❞❧❛❞✐t ❥❡❤♦ ❝❤②❜②✳ ❱ ♣➦í✲

♣❛❞➙ s✈é❤♦ ❜✉❞♦✉❝í❤♦ st✉❞✐❛ ❜②❝❤ s❡ rá❞ ♥❛❞á❧❡ ✈➙♥♦✈❛❧ tét♦ ♣r♦❜❧❡♠❛t✐❝❡ ❛ str♦❥

③❞♦❦♦♥❛❧✐❧ ❛ ♣➦✐❜❧í➸✐❧ ✜♥á❧♥í ♣♦❞♦❜➙✳
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❬✷❪ ❑♦❤♦✉t✱ ❚✳ ✳✿ ▼♦❞❡❧ ➸♦♥❣❧ér ♣r♦ ✈③❞á❧❡♥♦✉ ✈ý✉❦✉ ❛ ➦í③❡♥í ❈◆❈ str♦❥❡✳

❉✐♣❧♦♠♦✈á ♣rá❝❡✱ ❑✶✸✶✸✺ ❷❱❯❚ ✈ Pr❛③❡ ❋❊▲✱ ✷✵✶✶

❬✸❪ ❋✐r❡♠♥í ❧✐t❡r❛t✉r❛ s♣♦❧❡↔♥♦st✐ ❇✫❘ ❆✉t♦♠❛t✐♦♥✳

❬✹❪ ❊t❤❡r♥❡t P❖❲❊❘▲■◆❑ ❙t❛♥❞❛r❞✐③❛t✐♦♥ ●r♦✉♣ ❬♦♥❧✐♥❡❪ ❬❝✐t✳ ✶✼✲✺✲✷✵✶✹❪

❤tt♣✿✴✴✇✇✇✳❡t❤❡r♥❡t✲♣♦✇❡r❧✐♥❦✳♦r❣✴

❬✺❪ ▼❛s❧✐❦✐❡✇✐❝③✱ ❖✳✿ ❇❛❞♠✐♥t♦♥♦✈ý str♦❥

■♥❞✐✈✐❞✉á❧♥í ♣r♦❥❡❦t✱ ❑✶✸✶✸✺ ❷❱❯❚ ✈ Pr❛③❡ ❋❊▲✱ ✷✵✶✹

❬✻❪ ❑✐rs❝❤✱ P✳✿ ■♥❞✐✈✐❞✉á❧♥í ♣r♦❥❡❦t

❑✶✸✶✸✺ ❷❱❯❚ ✈ Pr❛③❡ ❋❊▲✱ ✷✵✶✸
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❇ ❖❜s❛❤ ♣➦✐❧♦➸❡♥é❤♦ ❈❉

• ❚❡①t ♣á❝❡ ✈ P❉❋

• ❈❡❧ý ♣r♦❥❡❦t ✈❡ ✈ý✈♦❥♦✈é♠ ♣r♦st➦❡❞í ❆✉t♦♠❛t✐♦♥❙t✉❞✐♦

✕ ❩❞r♦❥♦✈é ❦ó❞②

✕ ❱✐③✉❛❧✐③❛❝❡
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Program : Basic Ovládání hlavního motoru

(******************************************************************** 
 * COPYRIGHT -- Bernecker + Rainer 
 ******************************************************************** 
 * PROGRAM: Basic 
 * File: basicCyclic.st 
 * Author: Bernecker + Rainer and OM 
 * Created: December 01, 2009; 11.11.2013 
 ******************************************************************** 
 * Implementation of Program Basic 
 ********************************************************************) 
PROGRAM _CYCLIC 

(*************************************************************** 
        Control Sequence 
***************************************************************) 
(* status information is read before the step sequencer to attain a shorter reaction time *) 
(************************ MC_READSTATUS *************************) 
MC_ReadStatus_0.Enable := NOT(MC_ReadStatus_0.Error); 
MC_ReadStatus_0.Axis := Axis1Obj; 
MC_ReadStatus_0(); 
BasicControl.AxisState.Disabled             := MC_ReadStatus_0.Disabled; 
BasicControl.AxisState.StandStill           := MC_ReadStatus_0.StandStill; 
BasicControl.AxisState.Stopping             := MC_ReadStatus_0.Stopping; 
BasicControl.AxisState.Homing               := MC_ReadStatus_0.Homing; 
BasicControl.AxisState.DiscreteMotion       := MC_ReadStatus_0.DiscreteMotion; 
BasicControl.AxisState.ContinuousMotion     := MC_ReadStatus_0.ContinuousMotion; 
BasicControl.AxisState.SynchronizedMotion   := MC_ReadStatus_0.SynchronizedMotion; 
BasicControl.AxisState.ErrorStop            := MC_ReadStatus_0.Errorstop; 

(********************MC_BR_READDRIVESTATUS***********************) 
MC_BR_ReadDriveStatus_0.Enable := NOT(MC_BR_ReadDriveStatus_0.Error); 
MC_BR_ReadDriveStatus_0.Axis := Axis1Obj; 
MC_BR_ReadDriveStatus_0.AdrDriveStatus := ADR(BasicControl.Status.DriveStatus); 
MC_BR_ReadDriveStatus_0(); 

(******************** MC_READACTUALPOSITION *********************) 
MC_ReadActualPosition_0.Enable := (NOT(MC_ReadActualPosition_0.Error)); 
MC_ReadActualPosition_0.Axis := Axis1Obj; 
MC_ReadActualPosition_0(); 
IF(MC_ReadActualPosition_0.Valid = TRUE)THEN 
    BasicControl.Status.ActPosition := MC_ReadActualPosition_0.Position; 
END_IF 

(******************** MC_READACTUALVELOCITY *********************) 
MC_ReadActualVelocity_0.Enable := (NOT(MC_ReadActualVelocity_0.Error)); 
MC_ReadActualVelocity_0.Axis := Axis1Obj; 
MC_ReadActualVelocity_0(); 
IF(MC_ReadActualVelocity_0.Valid = TRUE)THEN 
    BasicControl.Status.ActVelocity := MC_ReadActualVelocity_0.Velocity; 
END_IF 

(************************ MC_READAXISERROR **********************) 
MC_ReadAxisError_0.Enable := NOT(MC_ReadAxisError_0.Error); 
MC_ReadAxisError_0.Axis := Axis1Obj; 
MC_ReadAxisError_0.DataAddress := ADR(BasicControl.Status.ErrorText); 
MC_ReadAxisError_0.DataLength := SIZEOF(BasicControl.Status.ErrorText); 
MC_ReadAxisError_0.DataObjectName := 'acp10etxen'; 
MC_ReadAxisError_0(); 
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(* central monitoring OF stop command attains a shorter reaction TIME in CASE OF emergency 
stop *) 
(******************CHECK FOR STOP COMMAND************************) 
    IF (BasicControl.Command.Stop = TRUE) THEN 
        IF ((AxisStep >= STATE_READY) AND (AxisStep < STATE_ERROR)) THEN 
            (* reset all FB execute inputs we use *) 
            MC_Home_0.Execute := 0; 
            MC_Stop_0.Execute := 0; 
            MC_MoveAbsolute_0.Execute := 0; 
            MC_MoveAdditive_0.Execute := 0; 
            MC_MoveVelocity_0.Execute := 0; 
            MC_ReadAxisError_0.Acknowledge := 0; 
            MC_Reset_0.Execute := 0; 

            (* reset user commands *) 
            BasicControl.Command.Stop := 0; 
            BasicControl.Command.Home := 0; 
            BasicControl.Command.MoveJogPos := 0; 
            BasicControl.Command.MoveJogNeg := 0; 
            BasicControl.Command.MoveVelocity := 0; 
            BasicControl.Command.MoveAbsolute := 0; 
            BasicControl.Command.MoveAdditive := 0; 
            AxisStep := STATE_STOP; 
        END_IF        
    END_IF    

(**************** CHECK FOR GENERAL AXIS ERROR ******************) 
IF ((MC_ReadAxisError_0.AxisErrorID <> 0) AND (MC_ReadAxisError_0.Valid = 

TRUE)) THEN 
Mas_err := TRUE; 

        AxisStep := STATE_ERROR_AXIS; 
(***************** CHECK IF POWER SHOULD BE OFF *******************) 
    ELSIF ((BasicControl.Command.Power = FALSE) AND (MC_ReadAxisError_0.Valid = 
TRUE)) THEN 
        IF ((MC_ReadStatus_0.Errorstop = TRUE) AND (MC_ReadStatus_0.Valid = TRUE)) THEN 
            AxisStep := STATE_ERROR_RESET; 
        ELSE 
            AxisStep := STATE_WAIT; 
        END_IF 
    END_IF 

CASE AxisStep OF 

(******************** WAIT *************************) 
    STATE_WAIT:  (* STATE: Wait *) 

(* BasicControl.Command.Power := Power; *) 
        IF (BasicControl.Command.Power = TRUE) THEN 
            AxisStep := STATE_POWER_ON; 
        ELSE 
            MC_Power_0.Enable := FALSE; 
        END_IF 

        (* reset all FB execute inputs we use *) 
        MC_Home_0.Execute := FALSE; 
        MC_Stop_0.Execute := FALSE; 
        MC_MoveAbsolute_0.Execute := FALSE; 
        MC_MoveAdditive_0.Execute := FALSE; 
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        MC_MoveVelocity_0.Execute := FALSE; 
        MC_ReadAxisError_0.Acknowledge := FALSE; 
        MC_Reset_0.Execute := FALSE; 

        (* reset user commands *) 
        BasicControl.Command.Stop := FALSE; 
        BasicControl.Command.Home := FALSE; 
        BasicControl.Command.MoveJogPos := FALSE; 
        BasicControl.Command.MoveJogNeg := FALSE; 
        BasicControl.Command.MoveVelocity := FALSE; 
        BasicControl.Command.MoveAbsolute := FALSE; 
        BasicControl.Command.MoveAdditive := FALSE; 

        BasicControl.Status.ErrorID := 0; 

(******************** POWER ON **********************) 
    STATE_POWER_ON:  (* STATE: Power on *) 
        MC_Power_0.Enable := TRUE; 
        IF (MC_Power_0.Status = TRUE) THEN 

AxisStep := STATE_READY; 
 

        END_IF 
        (* if a power error occured go to error state *) 
        IF (MC_Power_0.Error = TRUE) THEN 
            BasicControl.Status.ErrorID := MC_Power_0.ErrorID; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** READY **********************) 
    STATE_READY:  (* STATE: Waiting for commands *) 
        Mas_ON := TRUE;

//vizualizace motor je redy 
IF (BasicControl.Command.Home = TRUE)THEN 

            BasicControl.Command.Home := FALSE; 
            AxisStep := STATE_HOME; 

        ELSIF (BasicControl.Command.Stop = TRUE) THEN 
            AxisStep := STATE_STOP; 

        ELSIF (BasicControl.Command.MoveJogPos = TRUE) THEN 
            AxisStep := STATE_JOG_POSITIVE; 

        ELSIF (BasicControl.Command.MoveJogNeg = TRUE) THEN 
            AxisStep := STATE_JOG_NEGATIVE; 

        ELSIF (BasicControl.Command.MoveAbsolute = TRUE) THEN 
            BasicControl.Command.MoveAbsolute := FALSE; 
            AxisStep := STATE_MOVE_ABSOLUTE; 

        ELSIF (BasicControl.Command.MoveAdditive = TRUE) THEN 
            BasicControl.Command.MoveAdditive := FALSE; 
            AxisStep := STATE_MOVE_ADDITIVE; 

        ELSIF (BasicControl.Command.MoveVelocity = TRUE) THEN 
            BasicControl.Command.MoveVelocity := FALSE; 
            AxisStep := STATE_MOVE_VELOCITY; 
            
        ELSIF (BasicControl.Command.Halt = TRUE) THEN 
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            BasicControl.Command.Halt := FALSE; 
            AxisStep := STATE_HALT;                                    
        END_IF 

(******************** HOME **********************) 
    STATE_HOME:  (* STATE: start homing process *) 
        MC_Home_0.Position := BasicControl.Parameter.HomePosition; 
        MC_Home_0.HomingMode := BasicControl.Parameter.HomeMode; 
        MC_Home_0.Execute := TRUE; 
        IF (MC_Home_0.Done = TRUE) THEN 
            MC_Home_0.Execute := FALSE; 
            AxisStep := STATE_READY; 
        END_IF 
        (* if a homing error occured go to error state *) 
        IF (MC_Home_0.Error = TRUE) THEN 
            MC_Home_0.Execute := FALSE; 
            BasicControl.Status.ErrorID := MC_Home_0.ErrorID; 
            AxisStep := STATE_ERROR; 
        END_IF 
        
(***********************HALT_MOVEMENT***************************) 
    STATE_HALT:   (* STATE: Halt movement *) 
        MC_Halt_0.Deceleration := BasicControl.Parameter.Deceleration; 
        MC_Halt_0.Execute := TRUE; 
        IF (MC_Halt_0.Done = TRUE) THEN 
            MC_Halt_0.Execute := FALSE; 
            AxisStep := STATE_READY;        
        END_IF 
        (* check if error occured *) 
        IF (MC_Halt_0.Error = TRUE) THEN 
            BasicControl.Status.ErrorID := MC_Halt_0.ErrorID; 
            MC_Halt_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF                                         

(*********************** STOP MOVEMENT *************************) 
    STATE_STOP:  (* STATE: Stop movement *) 
        MC_Stop_0.Deceleration := BasicControl.Parameter.Deceleration; 
        MC_Stop_0.Execute := TRUE; 
        (* if axis is stopped go to ready state *) 
        IF ((MC_Stop_0.Done = TRUE) AND (BasicControl.Command.Stop = FALSE)) THEN 
            MC_Stop_0.Execute := FALSE; 

AxisStep := STATE_READY; 
        END_IF 
        (* check if error occured *) 
        IF (MC_Stop_0.Error = TRUE) THEN 
            BasicControl.Status.ErrorID := MC_Stop_0.ErrorID; 
            MC_Stop_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START JOG MOVEMENT POSITVE **********************) 
     STATE_JOG_POSITIVE:  (* STATE: Start jog movement in positive direction *) 
        MC_MoveVelocity_0.Velocity      := BasicControl.Parameter.JogVelocity; 
        MC_MoveVelocity_0.Acceleration  := BasicControl.Parameter.Acceleration; 
        MC_MoveVelocity_0.Deceleration  := BasicControl.Parameter.Deceleration; 
        MC_MoveVelocity_0.Direction     := mcPOSITIVE_DIR; 
        MC_MoveVelocity_0.Execute := TRUE; 
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        IF (BasicControl.Command.MoveJogPos = FALSE) THEN 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveVelocity_0.Error = TRUE) THEN 
            BasicControl.Status.ErrorID := MC_MoveVelocity_0.ErrorID; 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START JOG MOVEMENT NEGATIVE **********************) 
    STATE_JOG_NEGATIVE:  (* STATE: Start jog movement in negative direction *) 
        MC_MoveVelocity_0.Velocity      := BasicControl.Parameter.JogVelocity; 
        MC_MoveVelocity_0.Acceleration  := BasicControl.Parameter.Acceleration; 
        MC_MoveVelocity_0.Deceleration  := BasicControl.Parameter.Deceleration; 
        MC_MoveVelocity_0.Direction     := mcNEGATIVE_DIR; 
        MC_MoveVelocity_0.Execute := TRUE; 
        IF (BasicControl.Command.MoveJogNeg = FALSE) THEN 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveVelocity_0.Error = TRUE) THEN 
            BasicControl.Status.ErrorID := MC_MoveVelocity_0.ErrorID; 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START ABSOLUTE MOVEMENT **********************) 
     STATE_MOVE_ABSOLUTE:  (* STATE: Start absolute movement *) 
        MC_MoveAbsolute_0.Position      := BasicControl.Parameter.Position; 
        MC_MoveAbsolute_0.Velocity      := BasicControl.Parameter.Velocity; 
        MC_MoveAbsolute_0.Acceleration  := BasicControl.Parameter.Acceleration; 
        MC_MoveAbsolute_0.Deceleration  := BasicControl.Parameter.Deceleration; 
        MC_MoveAbsolute_0.Direction     := BasicControl.Parameter.Direction; 
        MC_MoveAbsolute_0.Execute := TRUE; 
        (* check if commanded position is reached *) 
        IF (BasicControl.Command.Halt) THEN 
            BasicControl.Command.Halt := FALSE; 
            MC_MoveAbsolute_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        ELSIF (MC_MoveAbsolute_0.Done = TRUE) THEN 
            MC_MoveAbsolute_0.Execute := FALSE; 
            AxisStep := STATE_READY; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveAbsolute_0.Error = TRUE) THEN 
            BasicControl.Status.ErrorID := MC_MoveAbsolute_0.ErrorID; 
            MC_MoveAbsolute_0.Execute := TRUE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START ADDITIVE MOVEMENT **********************) 
    STATE_MOVE_ADDITIVE:  (* STATE: Start additive movement *) 
        MC_MoveAdditive_0.Distance      := BasicControl.Parameter.Distance; 
        MC_MoveAdditive_0.Velocity      := BasicControl.Parameter.Velocity; 
        MC_MoveAdditive_0.Acceleration  := BasicControl.Parameter.Acceleration; 
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        MC_MoveAdditive_0.Deceleration  := BasicControl.Parameter.Deceleration; 
        MC_MoveAdditive_0.Execute := TRUE; 
        (* check if commanded distance is reached *) 
        IF (BasicControl.Command.Halt) THEN 
            BasicControl.Command.Halt := FALSE; 
            MC_MoveAdditive_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        ELSIF (MC_MoveAdditive_0.Done = TRUE) THEN 
            MC_MoveAdditive_0.Execute := FALSE; 
            AxisStep := STATE_READY; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveAdditive_0.Error = TRUE) THEN 
            BasicControl.Status.ErrorID := MC_MoveAdditive_0.ErrorID; 
            MC_MoveAdditive_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START VELOCITY MOVEMENT **********************) 
    STATE_MOVE_VELOCITY:  (* STATE: Start velocity movement *) 
        MC_MoveVelocity_0.Velocity      := BasicControl.Parameter.Velocity; 
        MC_MoveVelocity_0.Acceleration  := BasicControl.Parameter.Acceleration; 
        MC_MoveVelocity_0.Deceleration  := BasicControl.Parameter.Deceleration; 
        MC_MoveVelocity_0.Direction     := BasicControl.Parameter.Direction; 
        MC_MoveVelocity_0.Execute := TRUE; 
        (* check if commanded velocity is reached *) 
        IF (BasicControl.Command.Halt) THEN 
            BasicControl.Command.Halt := FALSE; 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        ELSIF (MC_MoveVelocity_0.InVelocity = TRUE) THEN 

MC_MoveVelocity_0.Execute := FALSE; 
Mas_run := TRUE;

//zapnuti vizualizace 
            AxisStep := STATE_READY; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveVelocity_0.Error = TRUE) THEN 
            BasicControl.Status.ErrorID := MC_MoveVelocity_0.ErrorID; 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 
 
(******************** FB-ERROR OCCURED *************************) 
    STATE_ERROR:  (* STATE: Error *) 
        (* check if FB indicates an axis error *) 

IF (MC_ReadAxisError_0.AxisErrorCount<>0) THEN 
Mas_err := TRUE;  

            AxisStep := STATE_ERROR_AXIS; 
        ELSE 
            IF (BasicControl.Command.ErrorAcknowledge = TRUE) THEN 
                BasicControl.Command.ErrorAcknowledge := FALSE; 
                BasicControl.Status.ErrorID := 0; 
                (* reset axis if it is in axis state ErrorStop *) 
                IF ((MC_ReadStatus_0.Errorstop = TRUE) AND (MC_ReadStatus_0.Valid = TRUE)) 
THEN 
                    AxisStep := STATE_ERROR_RESET; 
                ELSE 
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                    AxisStep := STATE_WAIT; 
                END_IF 
            END_IF 
        END_IF 

(******************** AXIS-ERROR OCCURED *************************) 
    STATE_ERROR_AXIS:  (* STATE: Axis Error *) 
        IF (MC_ReadAxisError_0.Valid = TRUE) THEN 

IF (MC_ReadAxisError_0.AxisErrorID <> 0) THEN 
Mas_err := TRUE;  

                BasicControl.Status.ErrorID := MC_ReadAxisError_0.AxisErrorID; 
            END_IF 
            MC_ReadAxisError_0.Acknowledge := FALSE; 
            IF (BasicControl.Command.ErrorAcknowledge = TRUE) THEN 
                BasicControl.Command.ErrorAcknowledge := FALSE; 
                (* acknowledge axis error *) 
                IF (MC_ReadAxisError_0.AxisErrorID <> 0) THEN 
                    MC_ReadAxisError_0.Acknowledge := TRUE; 
                END_IF 
            END_IF 
            IF (MC_ReadAxisError_0.AxisErrorCount = 0) THEN 
                (* reset axis if it is in axis state ErrorStop *) 
                BasicControl.Status.ErrorID := 0; 
                IF ((MC_ReadStatus_0.Errorstop = TRUE) AND (MC_ReadStatus_0.Valid = TRUE)) 
THEN 
                    AxisStep := STATE_ERROR_RESET; 
                ELSE 
                    AxisStep := STATE_WAIT; 
                END_IF 
            END_IF 
        END_IF 

(******************** RESET DONE *************************) 
    STATE_ERROR_RESET:  (* STATE: Wait for reset done *) 
        MC_Reset_0.Execute := TRUE; 
        (* reset MC_Power.Enable if this FB is in Error*) 
        IF (MC_Power_0.Error = TRUE) THEN 
            MC_Power_0.Enable := FALSE; 
        END_IF 
        IF(MC_Reset_0.Done = TRUE)THEN 
            MC_Reset_0.Execute := FALSE; 
            AxisStep := STATE_WAIT; 
        ELSIF(MC_Reset_0.Error = TRUE) THEN 
            MC_Reset_0.Execute := FALSE; 
            AxisStep := STATE_ERROR;                    
        END_IF 
(******************** SEQUENCE END *************************) 
END_CASE 

(*************************************************************** 
        Function Block Calls 
***************************************************************) 

(************************** MC_POWER ****************************) 
MC_Power_0.Axis := Axis1Obj;  (* pointer to axis *) 
MC_Power_0(); 

(************************** MC_HOME *****************************) 
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MC_Home_0.Axis := Axis1Obj; 
MC_Home_0(); 

(********************** MC_MOVEABSOLUTE *************************) 
MC_MoveAbsolute_0.Axis := Axis1Obj; 
MC_MoveAbsolute_0(); 

(********************** MC_MOVEADDITIVE *************************) 
MC_MoveAdditive_0.Axis := Axis1Obj; 
MC_MoveAdditive_0(); 

(********************** MC_MOVEVELOCITY *************************) 
MC_MoveVelocity_0.Axis := Axis1Obj; 
MC_MoveVelocity_0(); 

(************************** MC_STOP *****************************) 
MC_Stop_0.Axis := Axis1Obj; 
MC_Stop_0(); 

(***************************MC_HALT******************************) 
MC_Halt_0.Axis := Axis1Obj; 
MC_Halt_0(); 

(************************** MC_RESET ****************************) 
MC_Reset_0.Axis := Axis1Obj; 
MC_Reset_0(); 
 

END_PROGRAM 
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(******************************************************************** 
 * COPYRIGHT -- Bernecker + Rainer 
 ******************************************************************** 
 * PROGRAM: Gear 
 * File: gearCyclic.st 
 * Author: Bernecker + Rainer and OM 
 * Created: December 01, 2009; 10.12.2013 
 ******************************************************************** 
 * Implementation of Program Gear 
 ********************************************************************) 
PROGRAM _CYCLIC 

(*************************************************************** 
        Control Sequence 
***************************************************************) 

(* status information is read before the step sequencer to attain a shorter reaction time *) 
(************************ MC_READSTATUS *************************) 
MC_ReadStatus_0.Enable := NOT(MC_ReadStatus_0.Error); 
MC_ReadStatus_0.Axis := Axis2Obj; 
MC_ReadStatus_0(); 
GearControl.AxisState.Disabled             := MC_ReadStatus_0.Disabled; 
GearControl.AxisState.StandStill           := MC_ReadStatus_0.StandStill; 
GearControl.AxisState.Stopping             := MC_ReadStatus_0.Stopping; 
GearControl.AxisState.Homing               := MC_ReadStatus_0.Homing; 
GearControl.AxisState.DiscreteMotion       := MC_ReadStatus_0.DiscreteMotion; 
GearControl.AxisState.ContinuousMotion     := MC_ReadStatus_0.ContinuousMotion; 
GearControl.AxisState.SynchronizedMotion   := MC_ReadStatus_0.SynchronizedMotion; 
GearControl.AxisState.ErrorStop            := MC_ReadStatus_0.Errorstop; 

(********************MC_BR_READDRIVESTATUS***********************) 
MC_BR_ReadDriveStatus_0.Enable := NOT(MC_BR_ReadDriveStatus_0.Error); 
MC_BR_ReadDriveStatus_0.Axis := Axis2Obj; 
MC_BR_ReadDriveStatus_0.AdrDriveStatus := ADR(GearControl.Status.DriveStatus); 
MC_BR_ReadDriveStatus_0(); 

(******************** MC_READACTUALPOSITION *********************) 
MC_ReadActualPosition_0.Enable := (NOT(MC_ReadActualPosition_0.Error)); 
MC_ReadActualPosition_0.Axis := Axis2Obj; 
MC_ReadActualPosition_0(); 
IF(MC_ReadActualPosition_0.Valid = TRUE)THEN 
    GearControl.Status.ActPosition := MC_ReadActualPosition_0.Position; 
END_IF 

(******************** MC_READACTUALVELOCITY *********************) 
MC_ReadActualVelocity_0.Enable := (NOT(MC_ReadActualVelocity_0.Error)); 
MC_ReadActualVelocity_0.Axis := Axis2Obj; 
MC_ReadActualVelocity_0(); 
IF(MC_ReadActualVelocity_0.Valid = TRUE)THEN 
    GearControl.Status.ActVelocity := MC_ReadActualVelocity_0.Velocity; 
END_IF 

(************************ MC_READAXISERROR **********************) 
MC_ReadAxisError_0.Enable := NOT(MC_ReadAxisError_0.Error); 
MC_ReadAxisError_0.Axis := Axis2Obj; 
MC_ReadAxisError_0.DataAddress := ADR(GearControl.Status.ErrorText); 
MC_ReadAxisError_0.DataLength := SIZEOF(GearControl.Status.ErrorText); 
MC_ReadAxisError_0.DataObjectName := 'acp10etxen'; 
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MC_ReadAxisError_0(); 

(* central monitoring OF stop command attains a shorter reaction TIME in CASE OF emergency 
stop *) 
(******************CHECK FOR STOP COMMAND************************) 
    IF (GearControl.Command.Stop = TRUE) THEN 
        IF ((AxisStep >= STATE_READY) AND (AxisStep < STATE_ERROR)) THEN 
            (* reset all fb execute inputs we use *) 
            MC_Home_0.Execute := FALSE; 
            MC_Stop_0.Execute := FALSE; 
            MC_MoveAbsolute_0.Execute := FALSE; 
            MC_MoveAdditive_0.Execute := FALSE; 
            MC_MoveVelocity_0.Execute := FALSE; 
            MC_GearIn_0.Execute := FALSE; 
            MC_GearOut_0.Execute := FALSE; 
            MC_ReadAxisError_0.Acknowledge := FALSE; 
            MC_Reset_0.Execute := FALSE; 

            (* reset user commands *) 
            GearControl.Command.Stop := FALSE; 
            GearControl.Command.Home := FALSE; 
            GearControl.Command.MoveJogPos := FALSE; 
            GearControl.Command.MoveJogNeg := FALSE; 
            GearControl.Command.MoveVelocity := FALSE; 
            GearControl.Command.MoveAbsolute := FALSE; 
            GearControl.Command.MoveAdditive := FALSE; 
            GearControl.Command.DisengageSlave := FALSE; 
            GearControl.Command.StartSlave := FALSE; 
        
            AxisStep := STATE_STOP; 
        END_IF          
    END_IF    

(**************** CHECK FOR GENERAL AXIS ERROR ******************) 
    IF ((MC_ReadAxisError_0.AxisErrorID <> 0) AND (MC_ReadAxisError_0.Valid = TRUE)) 
THEN 
        AxisStep := STATE_ERROR_AXIS; 
(***************** CHECK IF POWER SHOULD BE OFF *******************) 
    ELSIF ((GearControl.Command.Power = FALSE) AND (MC_ReadAxisError_0.Valid = TRUE)) 
THEN 
        IF ((MC_ReadStatus_0.Errorstop = TRUE) AND (MC_ReadStatus_0.Valid = TRUE)) THEN 
            AxisStep := STATE_ERROR_RESET; 
        ELSE 
            AxisStep := STATE_WAIT; 
        END_IF 
    END_IF 

CASE AxisStep OF 

(******************** WAIT *************************) 
STATE_WAIT:  (* STATE: Wait *) 
(* GearControl.Command.Power := Power; *) 

       IF (GearControl.Command.Power = TRUE) THEN 
            AxisStep := STATE_POWER_ON; 
        ELSE 
            MC_Power_0.Enable := FALSE; 
        END_IF 
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        (* reset all fb execute inputs we use *) 
        MC_Home_0.Execute := FALSE; 
        MC_Stop_0.Execute := FALSE; 
        MC_MoveAbsolute_0.Execute := FALSE; 
        MC_MoveAdditive_0.Execute := FALSE; 
        MC_MoveVelocity_0.Execute := FALSE; 
        MC_GearIn_0.Execute := FALSE; 
        MC_GearOut_0.Execute := FALSE; 
        MC_ReadAxisError_0.Acknowledge := FALSE; 
        MC_Reset_0.Execute := FALSE; 

        (* reset user commands *) 
        GearControl.Command.Stop := FALSE; 
        GearControl.Command.Home := FALSE; 
        GearControl.Command.MoveJogPos := FALSE; 
        GearControl.Command.MoveJogNeg := FALSE; 
        GearControl.Command.MoveVelocity := FALSE; 
        GearControl.Command.MoveAbsolute := FALSE; 
        GearControl.Command.MoveAdditive := FALSE; 
        GearControl.Command.DisengageSlave := FALSE; 
        GearControl.Command.StartSlave := FALSE; 

        GearControl.Status.ErrorID := 0; 

(******************** POWER ON **********************) 
    STATE_POWER_ON:  (* STATE: Power on *) 
        MC_Power_0.Enable := TRUE; 
        IF (MC_Power_0.Status = TRUE) THEN 
            AxisStep := STATE_READY; 
        END_IF 
        (* if a power error occured go to error state *) 
        IF (MC_Power_0.Error = TRUE) THEN 
            GearControl.Status.ErrorID := MC_Power_0.ErrorID; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** READY **********************) 
    STATE_READY:  (* STATE: Waiting for commands *) 
        IF (GearControl.Command.Home = TRUE)THEN 
            GearControl.Command.Home := FALSE; 
            AxisStep := STATE_HOME; 

        ELSIF (GearControl.Command.Stop = TRUE) THEN 
            AxisStep := STATE_STOP; 

        ELSIF (GearControl.Command.MoveJogPos = TRUE) THEN 
            AxisStep := STATE_JOG_POSITIVE; 

        ELSIF (GearControl.Command.MoveJogNeg = TRUE) THEN 
            AxisStep := STATE_JOG_NEGATIVE; 

        ELSIF (GearControl.Command.MoveAbsolute = TRUE) THEN 
            GearControl.Command.MoveAbsolute := FALSE; 
            AxisStep := STATE_MOVE_ABSOLUTE; 

        ELSIF (GearControl.Command.MoveAdditive = TRUE) THEN 
            GearControl.Command.MoveAdditive := FALSE; 
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            AxisStep := STATE_MOVE_ADDITIVE; 

        ELSIF (GearControl.Command.MoveVelocity = TRUE) THEN 
            GearControl.Command.MoveVelocity := FALSE; 
            AxisStep := STATE_MOVE_VELOCITY; 

        ELSIF (GearControl.Command.StartSlave = TRUE) THEN 
            GearControl.Command.StartSlave := FALSE; 
            AxisStep := STATE_GEAR_START; 
            
        ELSIF (GearControl.Command.Halt = TRUE) THEN 
            GearControl.Command.Halt := FALSE; 
            AxisStep := STATE_HALT;                        
        END_IF 

(******************** HOME **********************) 
    STATE_HOME: (* STATE: start homing process *) 
        MC_Home_0.Position := GearControl.Parameter.HomePosition; 
        MC_Home_0.HomingMode := GearControl.Parameter.HomeMode; 
        MC_Home_0.Execute := TRUE; 
        IF (MC_Home_0.Done = TRUE) THEN 
            MC_Home_0.Execute := FALSE; 
            AxisStep := STATE_READY; 
        END_IF 
        (* if a homing error occured go to error state *) 
        IF (MC_Home_0.Error = TRUE) THEN 
            MC_Home_0.Execute := FALSE; 
            GearControl.Status.ErrorID := MC_Home_0.ErrorID; 
            AxisStep := STATE_ERROR; 
        END_IF 
        
(***********************HALT_MOVEMENT***************************) 
    STATE_HALT:   (* STATE: Halt movement *) 
        MC_Halt_0.Deceleration := GearControl.Parameter.Deceleration; 
        MC_Halt_0.Execute := TRUE; 
        IF (MC_Halt_0.Done = TRUE) THEN 
            MC_Halt_0.Execute := FALSE; 
            AxisStep := STATE_READY;        
        END_IF 
        (* check if error occured *) 
        IF (MC_Halt_0.Error = TRUE) THEN 
            GearControl.Status.ErrorID := MC_Halt_0.ErrorID; 
            MC_Halt_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF                    

(*********************** STOP MOVEMENT *************************) 
    STATE_STOP: (* STATE: Stop movement *) 
        MC_Stop_0.Deceleration := GearControl.Parameter.Deceleration; 
        MC_Stop_0.Execute := TRUE; 
        (* if axis is stopped go to ready state *) 
        IF ((MC_Stop_0.Done = TRUE) AND (GearControl.Command.Stop = FALSE)) THEN        
             MC_Stop_0.Execute := FALSE; 
             AxisStep := STATE_READY; 
        END_IF 
        (* check if error occured *) 
        IF (MC_Stop_0.Error = TRUE) THEN 
            GearControl.Status.ErrorID := MC_Stop_0.ErrorID; 
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            MC_Stop_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START JOG MOVEMENT POSITVE **********************) 
    STATE_JOG_POSITIVE: (* STATE: Start jog movement in positive direction *) 
        MC_MoveVelocity_0.Velocity      := GearControl.Parameter.JogVelocity; 
        MC_MoveVelocity_0.Acceleration  := GearControl.Parameter.Acceleration; 
        MC_MoveVelocity_0.Deceleration  := GearControl.Parameter.Deceleration; 
        MC_MoveVelocity_0.Direction     := mcPOSITIVE_DIR; 
        MC_MoveVelocity_0.Execute := TRUE; 
        IF (GearControl.Command.MoveJogPos = FALSE) THEN 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveVelocity_0.Error = TRUE) THEN 
            GearControl.Status.ErrorID := MC_MoveVelocity_0.ErrorID; 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START JOG MOVEMENT NEGATIVE **********************) 
    STATE_JOG_NEGATIVE: (* STATE: Start jog movement in negative direction *) 
        MC_MoveVelocity_0.Velocity      := GearControl.Parameter.JogVelocity; 
        MC_MoveVelocity_0.Acceleration  := GearControl.Parameter.Acceleration; 
        MC_MoveVelocity_0.Deceleration  := GearControl.Parameter.Deceleration; 
        MC_MoveVelocity_0.Direction     := mcNEGATIVE_DIR; 
        MC_MoveVelocity_0.Execute := TRUE; 
        IF (GearControl.Command.MoveJogNeg = FALSE) THEN 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveVelocity_0.Error = TRUE) THEN 
            GearControl.Status.ErrorID := MC_MoveVelocity_0.ErrorID; 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START ABSOLUTE MOVEMENT **********************) 
    STATE_MOVE_ABSOLUTE: (* STATE: Start absolute movement *) 
        MC_MoveAbsolute_0.Position      := GearControl.Parameter.Position; 
        MC_MoveAbsolute_0.Velocity      := GearControl.Parameter.Velocity; 
        MC_MoveAbsolute_0.Acceleration  := GearControl.Parameter.Acceleration; 
        MC_MoveAbsolute_0.Deceleration  := GearControl.Parameter.Deceleration; 
        MC_MoveAbsolute_0.Direction     := GearControl.Parameter.Direction; 
        MC_MoveAbsolute_0.Execute := TRUE; 
        (* check if commanded position is reached *) 
        IF (GearControl.Command.Halt) THEN 
            GearControl.Command.Halt := FALSE; 
            MC_MoveAbsolute_0.Execute := FALSE; 
            AxisStep := STATE_HALT;          
        ELSIF (MC_MoveAbsolute_0.Done = TRUE) THEN 
            MC_MoveAbsolute_0.Execute := FALSE; 
            AxisStep := STATE_READY; 
        END_IF 
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        (* check if error occured *) 
        IF (MC_MoveAbsolute_0.Error = TRUE) THEN 
            GearControl.Status.ErrorID := MC_MoveAbsolute_0.ErrorID; 
            MC_MoveAbsolute_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START ADDITIVE MOVEMENT **********************) 
    STATE_MOVE_ADDITIVE: (* STATE: Start additive movement *) 
        MC_MoveAdditive_0.Distance      := GearControl.Parameter.Distance; 
        MC_MoveAdditive_0.Velocity      := GearControl.Parameter.Velocity; 
        MC_MoveAdditive_0.Acceleration  := GearControl.Parameter.Acceleration; 
        MC_MoveAdditive_0.Deceleration  := GearControl.Parameter.Deceleration; 
        MC_MoveAdditive_0.Execute := TRUE; 
        (* check if commanded distance is reached *) 
        IF (GearControl.Command.Halt) THEN 
            GearControl.Command.Halt := FALSE; 
            MC_MoveAdditive_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        ELSIF (MC_MoveAdditive_0.Done = TRUE) THEN 
            MC_MoveAdditive_0.Execute := FALSE; 
            AxisStep := STATE_READY; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveAdditive_0.Error = TRUE) THEN 
            GearControl.Status.ErrorID := MC_MoveAdditive_0.ErrorID; 
            MC_MoveAdditive_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START VELOCITY MOVEMENT **********************) 
    STATE_MOVE_VELOCITY: (* STATE: Start velocity movement *) 
        MC_MoveVelocity_0.Velocity      := GearControl.Parameter.Velocity; 
        MC_MoveVelocity_0.Acceleration  := GearControl.Parameter.Acceleration; 
        MC_MoveVelocity_0.Deceleration  := GearControl.Parameter.Deceleration; 
        MC_MoveVelocity_0.Direction     := GearControl.Parameter.Direction; 
        MC_MoveVelocity_0.Execute := TRUE; 
        (* check if commanded velocity is reached *) 
        IF (GearControl.Command.Halt) THEN 
            GearControl.Command.Halt := FALSE; 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        ELSIF (MC_MoveVelocity_0.InVelocity = TRUE) THEN 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_READY; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveVelocity_0.Error = TRUE) THEN 
            GearControl.Status.ErrorID := MC_MoveVelocity_0.ErrorID; 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START GEAR MOVEMENT **********************) 
    STATE_GEAR_START: (* STATE: Start electronic gear coupling *) 
        MC_GearIn_0.RatioNumerator  := GearControl.Parameter.RatioNumerator; 
        MC_GearIn_0.RatioDenominator:= GearControl.Parameter.RatioDenominator; 
        MC_GearIn_0.Acceleration    := GearControl.Parameter.Acceleration; 

6



Program : Gear Ovládání převodovky a druhého motoru

        MC_GearIn_0.Deceleration    := GearControl.Parameter.Deceleration; 
        MC_GearIn_0.Execute := TRUE; 
        (* wait for gear stop *) 
        IF (GearControl.Command.Halt) THEN 
            GearControl.Command.Halt := FALSE; 
            MC_GearIn_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        ELSIF (GearControl.Command.DisengageSlave = TRUE) THEN 
            GearControl.Command.DisengageSlave := FALSE; 
            MC_GearIn_0.Execute := FALSE; 
            AxisStep := STATE_GEAR_STOP; 
        END_IF 
        (* check if error occured *) 
        IF (MC_GearIn_0.Error = TRUE) THEN 
            GearControl.Status.ErrorID := MC_GearIn_0.ErrorID; 
            MC_GearIn_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** STOP GEAR MOVEMENT **********************) 
    STATE_GEAR_STOP: (* STATE: Stop electronic gear coupling *) 
        MC_GearOut_0.Execute := TRUE; 
        (* check if coupling is stopped *) 
        IF (MC_GearOut_0.Done = TRUE) THEN 
            MC_GearOut_0.Execute := FALSE; 
            AxisStep := STATE_READY; 
        END_IF 
        (* check if error occured *) 
        IF (MC_GearOut_0.Error = TRUE) THEN 
            GearControl.Status.ErrorID := MC_GearOut_0.ErrorID; 
            MC_GearOut_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** FB-ERROR OCCURED *************************) 
    STATE_ERROR: (* STATE: Error *) 
        (* check if FB indicates an axis error *) 
        IF (MC_ReadAxisError_0.AxisErrorCount<>0) THEN 
            AxisStep := STATE_ERROR_AXIS; 
        ELSE 
            IF (GearControl.Command.ErrorAcknowledge = TRUE) THEN 
                GearControl.Command.ErrorAcknowledge := FALSE; 
                GearControl.Status.ErrorID := 0; 
                (* reset axis if it is in axis state ErrorStop *) 
                IF ((MC_ReadStatus_0.Errorstop = TRUE) AND (MC_ReadStatus_0.Valid = TRUE)) 
THEN 
                    AxisStep := STATE_ERROR_RESET; 
                ELSE 
                    AxisStep := STATE_WAIT; 
                END_IF 
            END_IF 
        END_IF 

(******************** AXIS-ERROR OCCURED *************************) 
    STATE_ERROR_AXIS: (* STATE: Axis Error *) 
        IF (MC_ReadAxisError_0.Valid = TRUE) THEN 
            IF (MC_ReadAxisError_0.AxisErrorID <> 0) THEN 
                GearControl.Status.ErrorID := MC_ReadAxisError_0.AxisErrorID; 
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            END_IF 
            MC_ReadAxisError_0.Acknowledge := FALSE; 
            IF (GearControl.Command.ErrorAcknowledge = TRUE) THEN 
                GearControl.Command.ErrorAcknowledge := FALSE; 
                (* acknowledge axis error *) 
                IF (MC_ReadAxisError_0.AxisErrorID <> 0) THEN 
                    MC_ReadAxisError_0.Acknowledge := TRUE; 
                END_IF 
            END_IF 
            IF (MC_ReadAxisError_0.AxisErrorCount = 0) THEN 
                (* reset axis if it is in axis state ErrorStop *) 
                GearControl.Status.ErrorID := 0; 
                IF ((MC_ReadStatus_0.Errorstop = TRUE) AND (MC_ReadStatus_0.Valid = TRUE)) 
THEN 
                    AxisStep := STATE_ERROR_RESET; 
                ELSE 
                    AxisStep := STATE_WAIT; 
                END_IF 
            END_IF 
        END_IF 

(******************** RESET DONE *************************) 
    STATE_ERROR_RESET: (* STATE: Wait for reset done *) 
        MC_Reset_0.Execute := TRUE; 
        (* reset MC_Power.Enable if this FB is in Error*) 
        IF (MC_Power_0.Error = TRUE) THEN 
            MC_Power_0.Enable := FALSE; 
        END_IF 
        IF(MC_Reset_0.Done = TRUE)THEN 
            MC_Reset_0.Execute := FALSE; 
            AxisStep := STATE_WAIT; 
        ELSIF(MC_Reset_0.Error = TRUE) THEN 
            MC_Reset_0.Execute := FALSE; 
            AxisStep := STATE_ERROR;                    
        END_IF 
(******************** SEQUENCE END *************************) 
END_CASE 

(*************************************************************** 
        Function Block Calls 
***************************************************************) 

(************************** MC_POWER ****************************) 
MC_Power_0.Axis := Axis2Obj; (* pointer to axis *) 
MC_Power_0(); 

(************************** MC_HOME *****************************) 
MC_Home_0.Axis := Axis2Obj; 
MC_Home_0(); 

(********************** MC_MOVEABSOLUTE *************************) 
MC_MoveAbsolute_0.Axis := Axis2Obj; 
MC_MoveAbsolute_0(); 

(********************** MC_MOVEADDITIVE *************************) 
MC_MoveAdditive_0.Axis := Axis2Obj; 
MC_MoveAdditive_0(); 
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(********************** MC_MOVEVELOCITY *************************) 
MC_MoveVelocity_0.Axis := Axis2Obj; 
MC_MoveVelocity_0(); 

(********************** MC_GEARIN *************************) 
MC_GearIn_0.Master := Axis1Obj; 
MC_GearIn_0.Slave := Axis2Obj; 
MC_GearIn_0(); 

(********************** MC_GEAROUT *************************) 
MC_GearOut_0.Slave := Axis2Obj; 
MC_GearOut_0(); 

(************************** MC_STOP *****************************) 
MC_Stop_0.Axis := Axis2Obj; 
MC_Stop_0(); 

(**************************MC_HALT*******************************) 
MC_Halt_0.Axis := Axis2Obj; 
MC_Halt_0(); 

(************************** MC_RESET ****************************) 
MC_Reset_0.Axis := Axis2Obj; 
MC_Reset_0(); 

END_PROGRAM 
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(******************************************************************** 
 * COPYRIGHT -- Bernecker + Rainer 
 ******************************************************************** 
 * PROGRAM: Cam 
 * File: camCyclic.st 
 * Author: Bernecker + Rainer and OM 
 * Created: December 01, 2009; 28.3.2014 
 ******************************************************************** 
 * Implementation of Program Cam 
 ********************************************************************) 
PROGRAM _CYCLIC 

(*************************************************************** 
        Control Sequence 
***************************************************************) 

(* status information is read before the step sequencer to attain a shorter reaction time *) 
(************************ MC_READSTATUS *************************) 
MC_ReadStatus_0.Enable := NOT(MC_ReadStatus_0.Error); 
MC_ReadStatus_0.Axis := Axis2Obj; 
MC_ReadStatus_0(); 
CamControl.AxisState.Disabled             := MC_ReadStatus_0.Disabled; 
CamControl.AxisState.StandStill           := MC_ReadStatus_0.StandStill; 
CamControl.AxisState.Stopping             := MC_ReadStatus_0.Stopping; 
CamControl.AxisState.Homing               := MC_ReadStatus_0.Homing; 
CamControl.AxisState.DiscreteMotion       := MC_ReadStatus_0.DiscreteMotion; 
CamControl.AxisState.ContinuousMotion     := MC_ReadStatus_0.ContinuousMotion; 
CamControl.AxisState.SynchronizedMotion   := MC_ReadStatus_0.SynchronizedMotion; 
CamControl.AxisState.ErrorStop            := MC_ReadStatus_0.Errorstop; 

(********************MC_BR_READDRIVESTATUS***********************) 
MC_BR_ReadDriveStatus_0.Enable := NOT(MC_BR_ReadDriveStatus_0.Error); 
MC_BR_ReadDriveStatus_0.Axis := Axis2Obj; 
MC_BR_ReadDriveStatus_0.AdrDriveStatus := ADR(CamControl.Status.DriveStatus); 
MC_BR_ReadDriveStatus_0(); 

(******************** MC_READACTUALPOSITION *********************) 
MC_ReadActualPosition_0.Enable := (NOT(MC_ReadActualPosition_0.Error)); 
MC_ReadActualPosition_0.Axis := Axis2Obj; 
MC_ReadActualPosition_0(); 
IF(MC_ReadActualPosition_0.Valid = TRUE)THEN 
    CamControl.Status.ActPosition := MC_ReadActualPosition_0.Position; 
END_IF 

(******************** MC_READACTUALVELOCITY *********************) 
MC_ReadActualVelocity_0.Enable := (NOT(MC_ReadActualVelocity_0.Error)); 
MC_ReadActualVelocity_0.Axis := Axis2Obj; 
MC_ReadActualVelocity_0(); 
IF(MC_ReadActualVelocity_0.Valid = TRUE)THEN 
    CamControl.Status.ActVelocity := MC_ReadActualVelocity_0.Velocity; 
END_IF 

(************************ MC_READAXISERROR **********************) 
MC_ReadAxisError_0.Enable := NOT(MC_ReadAxisError_0.Error); 
MC_ReadAxisError_0.Axis := Axis2Obj; 
MC_ReadAxisError_0.DataAddress := ADR(CamControl.Status.ErrorText); 
MC_ReadAxisError_0.DataLength := SIZEOF(CamControl.Status.ErrorText); 
MC_ReadAxisError_0.DataObjectName := 'acp10etxen'; 
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MC_ReadAxisError_0(); 

(* central monitoring OF stop command attains a shorter reaction TIME in CASE OF emergency 
stop *) 
(******************CHECK FOR STOP COMMAND************************) 
    IF (CamControl.Command.Stop = TRUE) THEN 
        IF ((AxisStep >= STATE_READY) AND (AxisStep < STATE_ERROR)) THEN         
            (* reset all fb execute inputs we use *) 
            MC_Home_0.Execute := FALSE; 
            MC_Stop_0.Execute := FALSE; 
            MC_MoveAbsolute_0.Execute := FALSE; 
            MC_MoveAdditive_0.Execute := FALSE; 
            MC_MoveVelocity_0.Execute := FALSE; 
            MC_CamTableSelect_0.Execute := FALSE; 
            MC_CamIn_0.Execute := FALSE; 
            MC_CamOut_0.Execute := FALSE; 
            MC_ReadAxisError_0.Acknowledge := FALSE; 
            MC_Reset_0.Execute := FALSE; 

            (* reset user commands *) 
            CamControl.Command.Stop := FALSE; 
            CamControl.Command.Home := FALSE; 
            CamControl.Command.MoveJogPos := FALSE; 
            CamControl.Command.MoveJogNeg := FALSE; 
            CamControl.Command.MoveVelocity := FALSE; 
            CamControl.Command.MoveAbsolute := FALSE; 
            CamControl.Command.MoveAdditive := FALSE; 
            CamControl.Command.DisengageSlave := FALSE; 
            CamControl.Command.StartSlave := FALSE; 
            
            AxisStep := STATE_STOP; 
        END_IF        
    END_IF     

(**************** CHECK FOR GENERAL AXIS ERROR ******************) 
    IF ((MC_ReadAxisError_0.AxisErrorID <> 0) AND (MC_ReadAxisError_0.Valid = TRUE)) 
THEN 
        AxisStep := STATE_ERROR_AXIS; 
(***************** CHECK IF POWER SHOULD BE OFF *******************) 
    ELSIF ((CamControl.Command.Power = FALSE) AND (MC_ReadAxisError_0.Valid = TRUE)) 
THEN 
        IF ((MC_ReadStatus_0.Errorstop = TRUE) AND (MC_ReadStatus_0.Valid = TRUE)) THEN 
            AxisStep := STATE_ERROR_RESET; 
        ELSE 
            AxisStep := STATE_WAIT; 
        END_IF 
    END_IF 

CASE AxisStep OF 

(******************** WAIT *************************) 
    STATE_WAIT: (* STATE: Wait *) 
        IF (CamControl.Command.Power = TRUE) THEN 
            AxisStep := STATE_POWER_ON; 
        ELSE 
            MC_Power_0.Enable := FALSE; 
        END_IF 
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        (* reset all fb execute inputs we use *) 
        MC_Home_0.Execute := FALSE; 
        MC_Stop_0.Execute := FALSE; 
        MC_MoveAbsolute_0.Execute := FALSE; 
        MC_MoveAdditive_0.Execute := FALSE; 
        MC_MoveVelocity_0.Execute := FALSE; 
        MC_CamTableSelect_0.Execute := FALSE; 
        MC_CamIn_0.Execute := FALSE; 
        MC_CamOut_0.Execute := FALSE; 
        MC_ReadAxisError_0.Acknowledge := FALSE; 
        MC_Reset_0.Execute := FALSE; 

        (* reset user commands *) 
        CamControl.Command.Stop := FALSE; 
        CamControl.Command.Home := FALSE; 
        CamControl.Command.MoveJogPos := FALSE; 
        CamControl.Command.MoveJogNeg := FALSE; 
        CamControl.Command.MoveVelocity := FALSE; 
        CamControl.Command.MoveAbsolute := FALSE; 
        CamControl.Command.MoveAdditive := FALSE; 
        CamControl.Command.DisengageSlave := FALSE; 
        CamControl.Command.StartSlave := FALSE; 

        CamControl.Status.ErrorID := 0; 

(******************** POWER ON **********************) 
    STATE_POWER_ON: (* STATE: Power on *) 
        MC_Power_0.Enable := TRUE; 
        IF (MC_Power_0.Status = TRUE) THEN 
            AxisStep := STATE_READY; 
        END_IF 
        (* if a power error occured go to error state *) 
        IF (MC_Power_0.Error = TRUE) THEN 
            CamControl.Status.ErrorID := MC_Power_0.ErrorID; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** READY **********************) 
    STATE_READY: (* STATE: Waiting for commands *) 
        IF (CamControl.Command.Home = TRUE)THEN 
            CamControl.Command.Home := FALSE; 
            AxisStep := STATE_HOME; 

        ELSIF (CamControl.Command.Stop = TRUE) THEN 
            AxisStep := STATE_STOP; 

        ELSIF (CamControl.Command.MoveJogPos = TRUE) THEN 
            AxisStep := STATE_JOG_POSITIVE; 

        ELSIF (CamControl.Command.MoveJogNeg = TRUE) THEN 
            AxisStep := STATE_JOG_NEGATIVE; 

        ELSIF (CamControl.Command.MoveAbsolute = TRUE) THEN 
            CamControl.Command.MoveAbsolute := FALSE; 
            AxisStep := STATE_MOVE_ABSOLUTE; 

        ELSIF (CamControl.Command.MoveAdditive = TRUE) THEN 
            CamControl.Command.MoveAdditive := FALSE; 
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            AxisStep := STATE_MOVE_ADDITIVE; 

        ELSIF (CamControl.Command.MoveVelocity = TRUE) THEN 
            CamControl.Command.MoveVelocity := FALSE; 
            AxisStep := STATE_MOVE_VELOCITY; 

        ELSIF (CamControl.Command.StartSlave = TRUE) THEN 
            CamControl.Command.StartSlave := FALSE; 
            AxisStep := STATE_CAM_SELECT; 
        
        ELSIF (CamControl.Command.Halt = TRUE) THEN 
            CamControl.Command.Halt := FALSE; 
            AxisStep := STATE_HALT; 

        END_IF 

(******************** HOME **********************) 
    STATE_HOME: (* STATE: start homing process *) 
        MC_Home_0.Position := CamControl.Parameter.HomePosition; 
        MC_Home_0.HomingMode := CamControl.Parameter.HomeMode; 
        MC_Home_0.Execute := TRUE; 
        IF (CamControl.Command.Stop = TRUE) THEN 
            MC_Home_0.Execute := FALSE; 
            AxisStep := STATE_STOP; 
        ELSIF (MC_Home_0.Done = TRUE) THEN 
            MC_Home_0.Execute := FALSE; 
            AxisStep := STATE_READY; 
        END_IF 
        (* if a homing error occured go to error state *) 
        IF (MC_Home_0.Error = TRUE) THEN 
            MC_Home_0.Execute := FALSE; 
            CamControl.Status.ErrorID := MC_Home_0.ErrorID; 
            AxisStep := STATE_ERROR; 
        END_IF 
        
(***********************HALT_MOVEMENT***************************) 
    STATE_HALT:   (* STATE: Halt movement *) 
        MC_Halt_0.Deceleration := CamControl.Parameter.Deceleration; 
        MC_Halt_0.Execute := TRUE; 
        IF (MC_Halt_0.Done = TRUE) THEN 
            MC_Halt_0.Execute := FALSE; 
            AxisStep := STATE_READY;        
        END_IF 
        (* check if error occured *) 
        IF (MC_Halt_0.Error = TRUE) THEN 
            CamControl.Status.ErrorID := MC_Halt_0.ErrorID; 
            MC_Halt_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF                    

(*********************** STOP MOVEMENT *************************) 
    STATE_STOP: (* STATE: Stop movement *) 
        MC_Stop_0.Deceleration := CamControl.Parameter.Deceleration; 
        MC_Stop_0.Execute := TRUE; 
        (* if axis is stopped go to ready state *) 
        IF ((MC_Stop_0.Done = TRUE) AND (CamControl.Command.Stop = FALSE)) THEN 
            MC_Stop_0.Execute := FALSE; 
            AxisStep := STATE_READY; 
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        END_IF 
        (* check if error occured *) 
         IF (MC_Stop_0.Error = TRUE) THEN 
            CamControl.Status.ErrorID := MC_Stop_0.ErrorID; 
            MC_Stop_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START JOG MOVEMENT POSITVE **********************) 
    STATE_JOG_POSITIVE: (* STATE: Start jog movement in positive direction *) 
        MC_MoveVelocity_0.Velocity      := CamControl.Parameter.JogVelocity; 
        MC_MoveVelocity_0.Acceleration  := CamControl.Parameter.Acceleration; 
        MC_MoveVelocity_0.Deceleration  := CamControl.Parameter.Deceleration; 
        MC_MoveVelocity_0.Direction     := mcPOSITIVE_DIR; 
        MC_MoveVelocity_0.Execute := TRUE; 
        IF (CamControl.Command.Stop) THEN 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_STOP;           
        (* check if jog movement should be stopped *) 
        ELSIF (CamControl.Command.MoveJogPos = FALSE) THEN 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveVelocity_0.Error = TRUE) THEN 
            CamControl.Status.ErrorID := MC_MoveVelocity_0.ErrorID; 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START JOG MOVEMENT NEGATIVE **********************) 
    STATE_JOG_NEGATIVE: (* STATE: Start jog movement in negative direction *) 
        MC_MoveVelocity_0.Velocity      := CamControl.Parameter.JogVelocity; 
        MC_MoveVelocity_0.Acceleration  := CamControl.Parameter.Acceleration; 
        MC_MoveVelocity_0.Deceleration  := CamControl.Parameter.Deceleration; 
        MC_MoveVelocity_0.Direction     := mcNEGATIVE_DIR; 
        MC_MoveVelocity_0.Execute := TRUE; 
        IF (CamControl.Command.Stop) THEN 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_STOP; 
        (* check if jog movement should be stopped *) 
        ELSIF (CamControl.Command.MoveJogNeg = FALSE) THEN 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveVelocity_0.Error = TRUE) THEN 
            CamControl.Status.ErrorID := MC_MoveVelocity_0.ErrorID; 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START ABSOLUTE MOVEMENT **********************) 
    STATE_MOVE_ABSOLUTE: (* STATE: Start absolute movement *) 
        MC_MoveAbsolute_0.Position      := CamControl.Parameter.Position; 
        MC_MoveAbsolute_0.Velocity      := CamControl.Parameter.Velocity; 
        MC_MoveAbsolute_0.Acceleration  := CamControl.Parameter.Acceleration; 
        MC_MoveAbsolute_0.Deceleration  := CamControl.Parameter.Deceleration; 
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        MC_MoveAbsolute_0.Direction     := CamControl.Parameter.Direction; 
        MC_MoveAbsolute_0.Execute := TRUE; 
        (* check if commanded position is reached *) 
        IF (CamControl.Command.Stop = TRUE) THEN 
            MC_MoveAbsolute_0.Execute := FALSE; 
            AxisStep := STATE_STOP; 
        ELSIF (CamControl.Command.Halt) THEN 
            CamControl.Command.Halt := FALSE; 
            MC_MoveAbsolute_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        ELSIF (MC_MoveAbsolute_0.Done = TRUE) THEN 
             MC_MoveAbsolute_0.Execute := FALSE; 
             AxisStep := STATE_READY; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveAbsolute_0.Error = TRUE) THEN 
            CamControl.Status.ErrorID := MC_MoveAbsolute_0.ErrorID; 
            MC_MoveAbsolute_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START ADDITIVE MOVEMENT **********************) 
    STATE_MOVE_ADDITIVE: (* STATE: Start additive movement *) 
        MC_MoveAdditive_0.Distance      := CamControl.Parameter.Distance; 
        MC_MoveAdditive_0.Velocity      := CamControl.Parameter.Velocity; 
        MC_MoveAdditive_0.Acceleration  := CamControl.Parameter.Acceleration; 
        MC_MoveAdditive_0.Deceleration  := CamControl.Parameter.Deceleration; 
        MC_MoveAdditive_0.Execute := TRUE; 
        (* check if commanded distance is reached *) 
        IF (CamControl.Command.Stop = TRUE) THEN 
            MC_MoveAdditive_0.Execute := FALSE; 
            AxisStep := STATE_STOP; 
        ELSIF (CamControl.Command.Halt) THEN 
            CamControl.Command.Halt := FALSE; 
            MC_MoveAdditive_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        ELSIF (MC_MoveAdditive_0.Done = TRUE) THEN 
            MC_MoveAdditive_0.Execute := FALSE; 
            AxisStep := STATE_READY; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveAdditive_0.Error = TRUE) THEN 
            CamControl.Status.ErrorID := MC_MoveAdditive_0.ErrorID; 
            MC_MoveAdditive_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START VELOCITY MOVEMENT **********************) 
    STATE_MOVE_VELOCITY: (* STATE: Start velocity movement *) 
        MC_MoveVelocity_0.Velocity      := CamControl.Parameter.Velocity; 
        MC_MoveVelocity_0.Acceleration  := CamControl.Parameter.Acceleration; 
        MC_MoveVelocity_0.Deceleration  := CamControl.Parameter.Deceleration; 
        MC_MoveVelocity_0.Direction     := CamControl.Parameter.Direction; 
        MC_MoveVelocity_0.Execute := TRUE; 
        (* check if commanded velocity is reached *) 
        IF (CamControl.Command.Stop = TRUE) THEN 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_STOP; 
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        ELSIF (CamControl.Command.Halt) THEN 
            CamControl.Command.Halt := FALSE; 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        ELSIF (MC_MoveVelocity_0.InVelocity = TRUE) THEN 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_READY; 
        END_IF 
        (* check if error occured *) 
        IF (MC_MoveVelocity_0.Error = TRUE) THEN 
            CamControl.Status.ErrorID := MC_MoveVelocity_0.ErrorID; 
            MC_MoveVelocity_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** SELECT CAM TABLE **********************) 
    STATE_CAM_SELECT: (* STATE: Select the CAM *) 
        MC_CamTableSelect_0.CamTable := 'profile'; 
        MC_CamTableSelect_0.Periodic := mcPERIODIC; 
        MC_CamTableSelect_0.Execute := TRUE; 
        (* wait for select done *) 
        IF (MC_CamTableSelect_0.Done = TRUE) THEN 
            CamTableID := MC_CamTableSelect_0.CamTableID; 
            MC_CamTableSelect_0.Execute := FALSE; 
            AxisStep := STATE_CAM_START; 
        END_IF 
        (* check if error occured *) 
        IF (MC_CamTableSelect_0.Error = TRUE) THEN 
            CamControl.Status.ErrorID := MC_CamTableSelect_0.ErrorID; 
            MC_CamTableSelect_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** START CAM MOVEMENT **********************) 
    STATE_CAM_START: (* STATE: Start electronic gear coupling *) 
        MC_CamIn_0.MasterOffset := CamControl.Parameter.MasterOffset; 
        MC_CamIn_0.SlaveOffset := CamControl.Parameter.SlaveOffset; 
        MC_CamIn_0.MasterScaling := CamControl.Parameter.MasterScaling; 
        MC_CamIn_0.SlaveScaling := CamControl.Parameter.SlaveScaling; 
        MC_CamIn_0.StartMode := CamControl.Parameter.StartMode; 
        MC_CamIn_0.CamTableID := CamTableID; 
        MC_CamIn_0.Execute := TRUE; 
        (* wait for CAM stop *) 
        IF (CamControl.Command.Stop = TRUE) THEN 
            MC_CamIn_0.Execute := FALSE; 
            AxisStep := STATE_STOP; 
        ELSIF (CamControl.Command.Halt) THEN 
            CamControl.Command.Halt := FALSE; 
            MC_CamIn_0.Execute := FALSE; 
            AxisStep := STATE_HALT; 
        ELSIF (CamControl.Command.DisengageSlave = TRUE) THEN 
            CamControl.Command.DisengageSlave := FALSE; 
            MC_CamIn_0.Execute := FALSE; 
            AxisStep := STATE_CAM_STOP; 
        END_IF 
        (* check if error occured *) 
        IF (MC_CamIn_0.Error = TRUE) THEN 
            CamControl.Status.ErrorID := MC_CamIn_0.ErrorID; 
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            MC_CamIn_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** STOP CAM MOVEMENT **********************) 
    STATE_CAM_STOP: (* STATE: Stop electronic gear coupling *) 
        MC_CamOut_0.Execute := TRUE; 
        (* check if coupling is stopped *) 
        IF (MC_CamOut_0.Done = TRUE) THEN 
             MC_CamOut_0.Execute := FALSE; 
             AxisStep := STATE_READY; 
        END_IF 
        (* check if error occured *) 
        IF (MC_CamOut_0.Error = TRUE) THEN 
            CamControl.Status.ErrorID := MC_CamOut_0.ErrorID; 
            MC_CamOut_0.Execute := FALSE; 
            AxisStep := STATE_ERROR; 
        END_IF 

(******************** FB-ERROR OCCURED *************************) 
    STATE_ERROR: (* STATE: Error *) 
        (* check if FB indicates an axis error *) 
        IF (MC_ReadAxisError_0.AxisErrorCount<>0) THEN 
            AxisStep := STATE_ERROR_AXIS; 
        ELSE 
            IF (CamControl.Command.ErrorAcknowledge = TRUE) THEN 
                CamControl.Command.ErrorAcknowledge := FALSE; 
                CamControl.Status.ErrorID := FALSE; 
                (* reset axis if it is in axis state ErrorStop *) 
                IF ((MC_ReadStatus_0.Errorstop = TRUE) AND (MC_ReadStatus_0.Valid = TRUE)) 
THEN 
                    AxisStep := STATE_ERROR_RESET; 
                ELSE 
                    AxisStep := STATE_WAIT; 
                END_IF 
            END_IF 
       END_IF 

(******************** AXIS-ERROR OCCURED *************************) 
    STATE_ERROR_AXIS: (* STATE: Axis Error *) 
        IF (MC_ReadAxisError_0.Valid = TRUE) THEN 
            IF (MC_ReadAxisError_0.AxisErrorID <> 0) THEN 
                CamControl.Status.ErrorID := MC_ReadAxisError_0.AxisErrorID; 
            END_IF 
            MC_ReadAxisError_0.Acknowledge := FALSE; 
            IF (CamControl.Command.ErrorAcknowledge = TRUE) THEN 
                CamControl.Command.ErrorAcknowledge := FALSE; 
                (* acknowledge axis error *) 
                IF (MC_ReadAxisError_0.AxisErrorID <> 0) THEN 
                    MC_ReadAxisError_0.Acknowledge := TRUE; 
                END_IF 
            END_IF 
            IF (MC_ReadAxisError_0.AxisErrorCount = 0) THEN 
                (* reset axis if it is in axis state ErrorStop *) 
                CamControl.Status.ErrorID := 0; 
                IF ((MC_ReadStatus_0.Errorstop = TRUE) AND (MC_ReadStatus_0.Valid = TRUE)) 
THEN 
                    AxisStep := STATE_ERROR_RESET; 
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                ELSE 
                    AxisStep := STATE_WAIT; 
                END_IF 
            END_IF 
        END_IF 

(******************** RESET DONE *************************) 
    STATE_ERROR_RESET: (* STATE: Wait for reset done *) 
        MC_Reset_0.Execute := TRUE; 
        (* reset MC_Power.Enable if this FB is in Error*) 
        IF (MC_Power_0.Error = TRUE) THEN 
            MC_Power_0.Enable := FALSE; 
        END_IF 
        IF(MC_Reset_0.Done = TRUE)THEN 
            MC_Reset_0.Execute := FALSE; 
            AxisStep := STATE_WAIT; 
        ELSIF(MC_Reset_0.Error = TRUE) THEN 
            MC_Reset_0.Execute := FALSE; 
            AxisStep := STATE_ERROR;                    
        END_IF 
(******************** SEQUENCE END *************************) 
END_CASE 

(*************************************************************** 
        Function Block Calls 
***************************************************************) 

(************************** MC_POWER ****************************) 
MC_Power_0.Axis := Axis2Obj; (* pointer to axis *) 
MC_Power_0(); 

(************************** MC_HOME *****************************) 
MC_Home_0.Axis := Axis2Obj; 
MC_Home_0(); 

(********************** MC_MOVEABSOLUTE *************************) 
MC_MoveAbsolute_0.Axis := Axis2Obj; 
MC_MoveAbsolute_0(); 

(********************** MC_MOVEADDITIVE *************************) 
MC_MoveAdditive_0.Axis := Axis2Obj; 
MC_MoveAdditive_0(); 

(********************** MC_MOVEVELOCITY *************************) 
MC_MoveVelocity_0.Axis := Axis2Obj; 
MC_MoveVelocity_0(); 

(********************** MC_CAMTABLESELECT *************************) 
MC_CamTableSelect_0.Master:= Axis1Obj; 
MC_CamTableSelect_0.Slave:= Axis2Obj; 
MC_CamTableSelect_0(); 

(********************** MC_CAMIN *************************) 
MC_CamIn_0.Master := Axis1Obj; 
MC_CamIn_0.Slave := Axis2Obj; 
MC_CamIn_0(); 

(********************** MC_CAMOUT *************************) 
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MC_CamOut_0.Slave := Axis2Obj; 
MC_CamOut_0(); 

(************************** MC_STOP *****************************) 
MC_Stop_0.Axis := Axis2Obj; 
MC_Stop_0(); 

(***************************MC_HALT******************************) 
MC_Halt_0.Axis := Axis2Obj; 
MC_Halt_0(); 

(************************** MC_RESET ****************************) 
MC_Reset_0.Axis := Axis2Obj; 
MC_Reset_0(); 

END_PROGRAM 
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(******************************************************************** 
 * COPYRIGHT --  
 ******************************************************************** 
 * Program: KontrolAut 
 * File: KontrolAut.ab 
 * Author: OM 
 * Created: May 11, 2014 
 ******************************************************************** 
 * Implementation of program KontrolAut 
 ********************************************************************) 

PROGRAM _INIT 

IF NkPoc = 0 THEN 
NkPoc = 240 ;pocatecni otacky kotouèe 1/min 

ENDIF 
IF NkDeltaMax = 0 THEN 

NkDeltaMax = 2760 ;max zmena otaèek 1/min 
ENDIF 
 
Ak = 138 ;konstanata generátoru otacek 
Ck = 73 ;konstanata generátoru otacek 
Tk = 6 ;perioda generatoru otacek 
NkDeltaOld = NkPoc ; 
 
No = 240 ;otacky odpalu 1/min 
DistanceO = 1000 ;draha jednoho odpalu - jedna otacka 
IF ToMin = 0 THEN 

ToMin = 2 ;minimalni perida odpalu 
ENDIF 
IF ToDeltaMax = 0 THEN 

ToDeltaMax = 10 ;max zmena periody odpalu 
ENDIF 
 
Ao = 13 ;konstanata generátoru periody 
Co = 7 ;konstanata generátoru periody 
Too = 2 ;perioda generatoru periody 
ToDeltaOld = ToMin 
 

END_PROGRAM 

PROGRAM _CYCLIC 
ErrorPoh = BOOL(BasicControl.Status.ErrorID <> 0) OR BOOL(GearControl.Status.ErrorID 

<> 0) OR BOOL(CamControl.Status.ErrorID <> 0) 

SELECT StavAut 
STATE PORUCHA ;0 

StartP1 = 0 
WHEN NOT(ErrorPoh) 

NEXT VYPNUTO 
 

STATE VYPNUTO ;1 
 
WHEN StartP1 OR StartP2 OR StartP3 

NEXT PRIPRAVA 
WHEN ErrorPoh 

NEXT PORUCHA 
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STATE PRIPRAVA ;2 

BasicControl.Command.Power = 1 
GearControl.Command.Power = 1  
CamControl.Command.Power = 1 
BasicControl.Command.Home = 1 
GearControl.Command.Home = 1 
CamControl.Command.Home = 1 
WHEN BasicControl.Status.DriveStatus.ControllerStatus AND 

GearControl.Status.DriveStatus.ControllerStatus AND 
CamControl.Status.DriveStatus.ControllerStatus AND 
BasicControl.Status.DriveStatus.HomingOk AND GearControl.Status.DriveStatus.HomingOk 
AND CamControl.Status.DriveStatus.HomingOk 

NEXT PRIPRAVAOK 
WHEN NOT(StartP1) AND NOT(StartP2) AND NOT(StartP3) 

BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT VYPNUTO 

WHEN ErrorPoh 
BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT PORUCHA 
 

STATE PRIPRAVAOK ;3 
GearControl.Command.StartSlave = 1 
WHEN StartP1 

NEXT PARAMETRY1 
WHEN StartP2 

NEXT PARAMETRY2 
WHEN StartP3 

NEXT PARAMETRY3 
WHEN NOT(StartP1) AND NOT(StartP2) AND NOT(StartP3) 

BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT VYPNUTO 

WHEN ErrorPoh 
BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT PORUCHA 
 

STATE PARAMETRY1 ;4 
BasicControl.Parameter.Velocity = (NkPoc + NkDelta)*1000/60

;prevod ot/min na unit/s 
BasicControl.Command.MoveVelocity = 1 
CamControl.Parameter.Velocity = No*1000/60 
CamControl.Parameter.Distance = DistanceO 
WHEN StartP1 

BasicControl.Command.MoveVelocity = 1 
NEXT CHODP1 

WHEN NOT(StartP1) 
BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT VYPNUTO 
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WHEN ErrorPoh 
BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT PORUCHA 

STATE CHODP1 ;5 
BasicControl.Parameter.Velocity = (NkPoc + NkDelta)*1000/60 
BasicControl.Command.MoveVelocity = 1 
IF EDGEPOS(TikSek) THEN 

Perioda = Perioda + 1 
IF Perioda >= (ToMin + ToDelta) THEN 

CamControl.Command.MoveAdditive = 1 
Perioda = 0 

ENDIF 
ENDIF 
 
WHEN NOT(StartP1) AND NOT(CamControl.AxisState.DiscreteMotion) 

BasicControl.Command.Stop = 1 
NEXT VYPINANI 

WHEN ErrorPoh 
BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT PORUCHA 
 

STATE PARAMETRY2 ;6 
BasicControl.Parameter.Velocity = (NkPoc + NkDelta)*1000/60

;prevod ot/min na unit/s 
CamControl.Parameter.Velocity = No*1000/60 
CamControl.Parameter.Distance = DistanceO 
WHEN StartP2 

BasicControl.Command.MoveVelocity = 1 
NEXT CHODP2 

WHEN NOT(StartP2) 
BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT VYPNUTO 

WHEN ErrorPoh 
BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT PORUCHA 

STATE CHODP2 ;7 
BasicControl.Parameter.Velocity = (NkPoc + NkDelta)*1000/60 
IF EDGEPOS(TikSek) THEN 

Perioda = Perioda + 1 
IF Perioda >= ToMin THEN 

CamControl.Command.MoveAdditive = 1 
Perioda = 0 

ENDIF 
ENDIF 
 
WHEN NOT(StartP2) AND NOT(CamControl.AxisState.DiscreteMotion) 

BasicControl.Command.Stop = 1 
NEXT VYPINANI 
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WHEN ErrorPoh 
BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT PORUCHA 
 

STATE PARAMETRY3 ;8 
BasicControl.Parameter.Velocity = (NkPoc + NkDelta)*1000/60

;prevod ot/min na unit/s 
CamControl.Parameter.Velocity = No*1000/60 
CamControl.Parameter.Distance = DistanceO 
WHEN StartP3 

BasicControl.Command.MoveVelocity = 1 
NEXT CHODP3 

WHEN NOT(StartP3) 
BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT VYPNUTO 

WHEN ErrorPoh 
BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT PORUCHA 

STATE CHODP3 ;9 
BasicControl.Parameter.Velocity = NkPoc*1000/60 
IF EDGEPOS(TikSek) THEN 

Perioda = Perioda + 1 
IF Perioda >= ToMin THEN 

CamControl.Command.MoveAdditive = 1 
Perioda = 0 

ENDIF 
ENDIF 
 
WHEN NOT(StartP3) AND NOT(CamControl.AxisState.DiscreteMotion) 

BasicControl.Command.Stop = 1 
NEXT VYPINANI 

WHEN ErrorPoh 
BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT PORUCHA 
 

STATE VYPINANI ;10 
WHEN BasicControl.Status.ActVelocity < 10 

BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0  
NEXT VYPNUTO 

WHEN ErrorPoh 
BasicControl.Command.Power = 0 
GearControl.Command.Power = 0  
CamControl.Command.Power = 0 
NEXT PORUCHA 
 

ENDSELECT 
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LCCounter_0 FUB LCCounter() 
Tikk = ((LCCounter_0.ms100cnt MOD (Tk*10)) < (Tk*5)) 
 
IF EDGEPOS(Tikk) THEN ;generuje nahodné cislo v rozsahu 0 az NkDeltaMax s 

periodou Tk  

NkDelta = (Ak*NkDeltaOld +Ck) MOD NkDeltaMax 
NkDeltaOld = NkDelta 

ENDIF 
 
Tiko = ((LCCounter_0.ms100cnt MOD (Too*10)) < (Too*5)) 
 
IF EDGEPOS(Tiko) THEN ;generuje nahodné cislo v rozsahu 0 az NkDeltaMax s 

periodou Tk 

ToDelta = (Ao*ToDeltaOld +Co) MOD ToDeltaMax 
ToDeltaOld = ToDelta 

ENDIF 
 

END_PROGRAM
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(******************************************************************** 
 * COPYRIGHT -- OM 
 ******************************************************************** 
 * Program: Kontrol 
 * File: Kontrol.st 
 * Author: OM 
 * Created: March 23, 2014 
 ******************************************************************** 
 * Implementation of program Kontrol 
 ********************************************************************) 

PROGRAM _INIT 

(* TODO : Add your code here *) 

END_PROGRAM 

PROGRAM _CYCLIC 
LCCounter_0(); 
TikSek := ((LCCounter_0.ms100cnt MOD 10) < 4); 
 
IF EDGEPOS(StartM) THEN 

BasicControl.Command.MoveVelocity := 1; 
END_IF; 
IF EDGENEG(StartM) THEN 

BasicControl.Command.Stop := 1; 
END_IF; 

CASE Stav OF 
0: 

ColorMaster := 0; 
ColorSlave := 0; 
ColorShut := 0; 
IF Power THEN 

Stav := 1; 
END_IF;  

1: 
BasicControl.Command.Power := 1; 
GearControl.Command.Power := 1;  
CamControl.Command.Power := 1; 
ColorMaster := 2; 
ColorSlave := 2; 
ColorShut := 2; 
IF NOT(Power) THEN 

Stav := 0; 
BasicControl.Command.Power := 0; 
GearControl.Command.Power := 0; 
CamControl.Command.Power := 0; 

ELSE 
Stav := 2; 

END_IF; 
 

2: 
BasicControl.Command.Home := 1; 
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GearControl.Command.Home := 1; 
CamControl.Command.Home := 1; 
ColorMaster := 2; 
ColorSlave := 2; 
ColorShut := 2; 
IF NOT(Power) THEN 

Stav := 0; 
BasicControl.Command.Power := 0; 
GearControl.Command.Power := 0; 
CamControl.Command.Power := 0; 

ELSE 
Stav := 3; 
ColorMaster := 3; 
ColorSlave := 3; 
ColorShut := 3; 

END_IF; 
 

3: 
GearControl.Command.StartSlave := 1; 
 
IF NOT(Power) THEN 

GearControl.Command.StartSlave := 0; 
GearControl.Command.DisengageSlave := 1; 
Stav := 0; 
BasicControl.Command.Power := 0; 
GearControl.Command.Power := 0; 
CamControl.Command.Power := 0; 

END_IF; 
 
IF (EDGEPOS(TikSek) AND (BasicControl.Status.ActVelocity > 0)) THEN 

IF ColorMaster = 10 THEN 
ColorMaster := 3; 

ELSE 
ColorMaster := ColorMaster + 1; 

END_IF 
END_IF; 
 
IF (EDGEPOS(TikSek) AND (GearControl.Status.ActVelocity < 0)) THEN 

IF ColorSlave = 3 THEN 
ColorSlave:= 10; 

ELSE 
ColorSlave := ColorSlave - 1; 

END_IF 
END_IF; 
 

(* IF (EDGEPOS(TikSek) AND (CamControl.Status.ActVelocity > 0)) THEN 
IF ColorShut = 10 THEN 

ColorShut := 3; 
ELSE 

ColorShut := ColorShut + 1; 
END_IF 

END_IF; 
*) 

CamMod := REAL_TO_UDINT(CamControl.Status.ActPosition) MOD 1000; 
IF CamMod > 875 THEN 

ColorShut := 10; 
ELSE 

IF  CamMod > 750 THEN 
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ColorShut := 9; 
ELSE 

IF  CamMod > 625 THEN 
ColorShut := 8; 

ELSE 
IF  CamMod > 500 THEN 

ColorShut := 7; 
ELSE 

IF  CamMod > 375 THEN 
ColorShut := 6; 

ELSE 
IF  CamMod > 250 THEN 

ColorShut := 5; 
ELSE 

IF  CamMod > 125 THEN 
ColorShut := 4; 

ELSE 
IF  CamMod >= 0 THEN 

ColorShut := 3; 
END_IF 

END_IF 
END_IF 

END_IF 
END_IF 

END_IF 
END_IF 

END_IF 
 

END_CASE; 

a := b MOD c; 
 

END_PROGRAM
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