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✐ ♦ ♥ ❜✐ ❛ ✱ ❧✐ ❡ ❛ ✉ ❡ ❛ ♥ ❞ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ❡ ♦ ♥ ❤ ❡ ❧✐ ♥ ❦ ❜ ❡ ✇ ❡ ❡ ♥ ❡❢ ♦ ♠ ❛ ♥ ❞ ❣ ♦ ✇ ❤✳

✷✳ ❙ ✉ ❞✐ ❡ ♦ ♥ ❡❢ ♦ ♠ ❛ ♥ ❞ ❣ ♦ ✇ ❤✿ ■ ✇✐❧❧ ❡ ① ♣❧ ❛✐ ♥ ❤ ❡ ♠ ♦ ❝ ♦ ♠ ♠ ♦ ♥ ❛ ♣ ♣ ♦ ❛ ❝ ❤ ❡

❤ ♦ ✇ ❡ ❡ ❛ ❝ ❤ ❡ ♠ ❡ ❛ ✉ ❡ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✳

✸✳ ❉ ❛ ❛ ❡ ✿ ■ ✇✐❧❧ ❞ ❡ ❝ ✐ ❜ ❡ ❤ ❡ ❞ ❛ ❛ ❝ ♦❧❧ ❡ ❝ ✐ ♦ ♥ ♣ ♦ ❝ ❡ ✳

✹✳ ❊ ♠ ♣✐ ✐ ❝ ❛❧ ♣ ❛ ✿ ■ ✇✐❧❧ ❡ ① ♣❧ ❛✐ ♥ ♠ ♦ ❞ ❡ ♥ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ♠ ❡ ❤ ♦ ❞ ✱ ❡ ❤ ❡ ♣ ❡ ❡ ♥ ❝ ❡

♦❢ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ❢ ♦ ♠ ❛❧❧ ② ❛ ♥ ❞ ❣ ❛ ♣ ❤✐ ❝ ❛❧❧ ②✱ ❝ ♦ ❡ ❝ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ✱ ❛ ♥ ❞ ❜ ✉✐❧ ❞

❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥ ♠ ♦ ❞ ❡❧✳

✺✳ ❉✐ ❝ ✉ ✐ ♦ ♥✿ ■ ✇✐❧❧ ❞✐ ❝ ✉ ♠ ② ❡ ❣ ❡ ✐ ♦ ♥ ❡ ✉❧ ✱ ♦ ✉ ❝ ❡ ♦❢ ✈ ❛ ✐ ❛ ✐ ♦ ♥✱ ❤ ❡ ♠ ❛ ❣✲

♥✐ ✉ ❞ ❡ ♦❢ ❛ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✱ ❛ ♥ ❞ ❞✐ ✛ ❡ ❡ ♥ ❝ ❡ ❛ ♠ ♦ ♥ ❣ ❤ ❡ ✈ ❛ ✐ ♦ ✉ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ✳

✻✳ ❈ ♦ ♥ ❝❧ ✉ ✐ ♦ ♥✿ ■ ✇✐❧❧ ✉ ♠ ♠ ❛ ✐ ③ ❡ ♠ ② ✜ ♥ ❞✐ ♥ ❣ ❛ ♥ ❞ ❤ ❡✐ ♣ ♦❧✐ ❝ ② ✐ ♠ ♣❧✐ ❝ ❛ ✐ ♦ ♥ ✳

❈ ♦ ❡ ❜✐ ❜❧✐ ♦ ❣ ❛ ♣ ❤ ②

❇ ❛ ❜ ❡ ❝ ❦ ②✱ ❏✳✱ ❈ ❛ ♠ ♣ ♦ ✱ ◆✳ ❋✳✱ ✷ ✵ ✶ ✶✳ ❉ ♦ ❡ ❡❢ ♦ ♠ ✇ ♦ ❦ ❄ ❆ ♥ ❡ ❝ ♦ ♥ ♦ ♠ ❡ ✐ ❝ ✉ ✈ ❡ ②

♦❢ ❤ ❡ ❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤ ♣ ✉ ③ ③❧ ❡✳ ❏ ♦ ✉ ♥ ❛❧ ♦❢ ❈ ♦ ♠ ♣ ❛ ❛ ✐ ✈ ❡ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ✳ ✸ ✾✭ ✷✮✱ ✶ ✹ ✵✲

✶ ✺ ✽✳

❇ ❛ ❜ ❡ ❝ ❦ ②✱ ❏✳✱ ❍ ❛ ✈ ❛ ♥ ❡ ❦✱ ❚✳✱ ✷ ✵ ✶ ✸✳ ❙ ✉ ❝ ✉ ❛❧ ❘ ❡❢ ♦ ♠ ❛ ♥ ❞ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ● ♦ ✇ ❤✿

❆ ▼ ❡ ❛✲ ❆ ♥ ❛❧ ② ✐ ✳ ❈ ③ ❡ ❝ ❤ ◆ ❛ ✐ ♦ ♥ ❛❧ ❇ ❛ ♥ ❦✳

❇ ♦ ✉✐ ✱ ❘✳✱ ❉ ✉ ✈ ❛❧✱ ❘✳✱ ✷ ✵ ✶ ✶✳ ❘ ❛✐ ✐ ♥ ❣ ♣ ♦ ❡ ♥ ✐ ❛❧ ❣ ♦ ✇ ❤ ❛❢ ❡ ❤ ❡ ❝ ✐ ✐ ✿ ❛ ✉ ❛ ♥ ✐✲

❛ ✐ ✈ ❡ ❛ ❡ ♠ ❡ ♥ ♦❢ ❤ ❡ ♣ ♦ ❡ ♥ ✐ ❛❧ ❣ ❛✐ ♥ ❢ ♦ ♠ ✈ ❛ ✐ ♦ ✉ ✉ ❝ ✉ ❛❧ ❡❢ ♦ ♠ ✐ ♥ ❤ ❡

❖ ❊ ❈ ❉ ❛ ❡ ❛ ❛ ♥ ❞ ❜ ❡ ② ♦ ♥ ❞ ✭ ◆ ♦✳ ✽ ✸ ✺✮✳ ❖ ❊ ❈ ❉ ✉ ❜❧✐ ❤✐ ♥ ❣✳

❈ ❛ ❞✱ ❉✳✱ ❑❧ ✉ ✈ ❡✱ ❏✳✱ ❲❡ ❜ ❡ ✱ ❆✳✱ ✷ ✵ ✶ ✵✳ ❆ ❝ ✐ ✈ ❡ ❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ♣ ♦❧✐ ❝ ② ❡ ✈ ❛❧ ✉ ❛ ✐ ♦ ♥ ✿

❆ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ✳ ❚ ❤ ❡ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❥ ♦ ✉ ♥ ❛❧✳ ✶ ✷ ✵✭ ✺ ✹ ✽✮✳

❉ ♦ ✉ ❝ ♦ ✉❧✐ ❛ ❣ ♦ ✱ ❍✳✱ ❯❧ ✉ ❜ ❛ ♦ ❣❧ ✉✱ ▼✳ ❆✳✱ ✷ ✵ ✵ ✽✳ ❉ ❡ ♠ ♦ ❝ ❛ ❝ ② ❛ ♥ ❞ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❣ ♦ ✇ ❤✿

❛ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ✳ ❆ ♠ ❡ ✐ ❝ ❛ ♥ ❏ ♦ ✉ ♥ ❛❧ ♦❢ ♦❧✐ ✐ ❝ ❛❧ ❙ ❝✐ ❡ ♥ ❝ ❡✱ ✺ ✷✭ ✶✮✱ ✻ ✶✲ ✽ ✸✳



▼ ❛ ❡ ✬ ❚ ❤ ❡ ✐ ♦ ♣ ♦ ❛❧ ①✐ ✈

❍ ❛ ✈ ❛ ♥ ❡ ❦✱ ❚✳✱ ■ ♦ ✈ ❛✱ ❩✳✱ ❏ ❛ ♥ ❞ ❛✱ ❑✳✱ ✷ ✵ ✶ ✷✳ ❉ ❡ ♠ ❛ ♥ ❞ ❢ ♦ ❣ ❛ ♦❧✐ ♥ ❡ ✐ ♠ ♦ ❡ ♣ ✐ ❝ ❡✲

✐ ♥ ❡❧ ❛ ✐ ❝ ❤ ❛ ♥ ❝ ♦ ♠ ♠ ♦ ♥❧ ② ❤ ♦ ✉ ❣ ❤ ✳ ❊ ♥ ❡ ❣ ② ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ✳ ✸ ✹✭ ✶✮✱ ✷ ✵ ✶✲ ✷ ✵ ✼✳

▼ ❝ ◗ ✉✐ ♥ ♥✱ ❑✳✱ ❲ ❤ ❡❧ ❛ ♥✱ ❑✳✱ ✷ ✵ ✶ ✺✳ ❊ ✉ ♦ ♣ ❡✬ ❧ ♦ ♥ ❣✲ ❡ ♠ ❣ ♦ ✇ ❤ ♣ ♦ ♣ ❡ ❝ ✿ ❲✐ ❤

❛ ♥ ❞ ✇✐ ❤ ♦ ✉ ✉ ❝ ✉ ❛❧ ❡❢ ♦ ♠ ✳

❙ ❡ ❜ ✐✱ ▼✳✱ ✷ ✵ ✶ ✹✳ ❆ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ♦❢ ❡ ✐ ❞ ❡ ♥ ✐ ❛❧ ✇ ❛ ❡ ❞ ❡ ♠ ❛ ♥ ❞ ✉ ❞✐ ❡ ✳ ❊ ♥ ✈✐✲

♦ ♥ ♠ ❡ ♥ ✱ ❞ ❡ ✈ ❡❧ ♦ ♣ ♠ ❡ ♥ ❛ ♥ ❞ ✉ ❛✐ ♥ ❛ ❜✐❧✐ ②✳ ✶ ✻✭ ✸✮✱ ✹ ✾ ✾✲ ✺ ✷ ✵✳

❙ ❛ ♥❧ ❡ ②✱ ❚✳ ❉✳✱ ✷ ✵ ✵ ✶✳ ❲ ❤ ❡ ❛ ❢ ♦ ♠ ❈ ❤ ❛ ✛✿ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ❛ ✉ ❛ ♥ ✐ ❛ ✐ ✈ ❡ ❧✐ ❡ ❛✲

✉ ❡ ❡ ✈✐ ❡ ✇✳ ❏✳ ❊ ❝ ♦ ♥✳ ❡ ♣ ❡ ❝ ✳ ✶ ✺ ✭ ✸✮✱ ✶ ✸ ✶✲ ✶ ✺ ✵✳

❙ ❛ ♥❧ ❡ ②✱ ❚✳ ❉✳✱ ✷ ✵ ✵ ✺✳ ❇ ❡ ② ♦ ♥ ❞ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✳ ❏✳ ❊ ❝ ♦ ♥✳ ❙ ✉ ✈✳ ✶ ✾ ✭ ✸✮✱ ✸ ✵ ✾✲ ✸ ✹ ✺✳

❆ ✉ ❤ ♦ ❙ ✉ ♣ ❡ ✈✐ ♦



❈ ❤ ❛ ♣ ❡ ✶

■ ♥ ♦ ❞ ✉ ❝ ✐ ♦ ♥

■ ♥ ✷ ✵ ✶ ✼✱ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✇ ❡ ❡ ✜ ♥ ❛❧❧ ② ❣ ♦ ✇✐ ♥ ❣ ♦ ❜ ✉ ❧ ② ❛ ❛ ❛ ❡ ♦❢ ✷✳ ✹ ✪ ♣ ❡

② ❡ ❛ ✳ ❚ ❤✐ ❝ ❛ ♠ ❡ ❛❢ ❡ ❛ ❞✐ ❛ ♣ ♣ ♦✐ ♥ ✐ ♥ ❣ ♣ ❡ ✐ ♦ ❞ ❜ ❡ ✇ ❡ ❡ ♥ ✷ ✵ ✶ ✶ ❛ ♥ ❞ ✷ ✵ ✶ ✻ ✇ ❤ ❡ ♥ ❤ ❡

❛ ✈ ❡ ❛ ❣ ❡ ❡ ❛❧ ❣ ♦ ✇ ❤ ❛ ❡ ❡ ❛ ❝ ❤ ❡ ❞ ♦ ♥❧ ② ✶✳ ✺ ✪ ❛ ♥ ❞ ❤ ❡ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✇ ❡ ❡ ✐ ♥ ❞✐ ❡ ♥ ❡ ❡ ❞

❢ ♦ ❡❢ ♦ ♠ ❤ ❛ ✇ ♦ ✉❧ ❞ ✐ ♠ ✉❧ ❛ ❡ ❤ ❡ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❛ ❝ ✐ ✈✐ ②✳ ▼ ❛ ♥ ② ❣ ♦ ✈ ❡ ♥ ♠ ❡ ♥ ❛

❤ ❛ ✐ ♠ ❡ ♣ ♦ ♣ ♦ ❡ ❞ ❛ ♥ ❞ ✐ ♠ ♣❧ ❡ ♠ ❡ ♥ ❡ ❞ ✜ ❝ ❛❧ ♣ ♦❧✐ ❝✐ ❡ ✱ ❛ ♥ ❞ ♥ ♦ ✇ ✐ ❡ ❡ ♠ ❤ ❛

❤ ❡✐ ❡ ✛ ♦ ❤ ❛ ❜ ❡ ❡ ♥ ❢ ✉✐ ❢ ✉❧✳ ❲❡ ❡ ❡ ❤ ❛ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ✐ ♠ ♣ ♦ ✈ ❡ ❞✱ ② ❡

❝ ♦ ✉ ♥ ✐ ❡ ✐❧❧ ❢ ❛ ❝ ❡ ✐ ♠ ♣ ♦ ❛ ♥ ❝ ❤ ❛❧❧ ❡ ♥ ❣ ❡ ♦❢ ❤ ♦ ✇ ♦ ✐ ♠ ♣ ♦ ✈ ❡ ❧ ♦ ♥ ❣✲ ❡ ♠ ❣ ♦ ✇ ❤

❛ ♥ ❞ ❤ ♦ ✇ ♦ ♠ ❛ ❦ ❡ ✐ ♠ ♦ ❡ ✐ ♥ ❝❧ ✉ ✐ ✈ ❡✳ ✭ ❖ ❊ ❈ ❉ ✷ ✵ ✶ ✽✮ ● ♦ ✈ ❡ ♥ ♠ ❡ ♥ ❝ ❛ ♥ ❢ ♦ ❝ ✉ ♦ ♥

❤✐ ❣ ♦ ❛❧ ❛ ♥ ❞ ❛ ❣ ❡ ✈ ❛ ✐ ♦ ✉ ❡ ❝ ♦ ♦❢ ❤ ❡ ❡ ❝ ♦ ♥ ♦ ♠ ② ✇✐ ❤ ✉ ❝ ✉ ❛❧ ❡❢ ♦ ♠ ✱

❤ ♦ ✇ ❡ ✈ ❡ ✱ ❤ ❡ ❡ ♠ ✉ ❜ ❡ ❞ ❡ ✐ ❣ ♥ ❡ ❞ ❝ ❛ ❡❢ ✉❧❧ ② ❛ ♥ ❞ ② ❡ ♠ ❛ ✐ ❝ ❛❧❧ ②✳ ❈ ♦ ♦ ❞✐ ♥ ❛ ✐ ♦ ♥

♦❢ ❡❢ ♦ ♠ ✱ ❡ ♠ ♣ ❤ ❛ ✐ ♦ ♥ ❤ ❡✐ ♣ ♦ ♣ ❡ ✐ ♠ ♣❧ ❡ ♠ ❡ ♥ ❛ ✐ ♦ ♥✱ ❛ ♥ ❞ ❤ ❡ ♠ ♦ ✉✐ ❛ ❜❧ ❡

❛ ❣ ❡ ✐ ♥ ❣ ❝ ❛ ♥ ♠ ❛ ①✐ ♠✐ ③ ❡ ❤ ❡ ♣ ❡ ❢ ♦ ♠ ❛ ♥ ❝ ❡ ✐ ♠ ♣ ❛ ❝ ♦❢ ✉ ❝ ✉ ❛❧ ❡❢ ♦ ♠ ✳ ❚ ❤ ❡

♣ ✉ ③ ③❧ ❡ ❡ ❝ ♦ ♥ ♦ ♠✐ ❛ ♥ ❞ ❣ ♦ ✈ ❡ ♥ ♠ ❡ ♥ ❛ ❡ ②✐ ♥ ❣ ♦ ♦❧ ✈ ❡ ✐ ✇ ❤✐ ❝ ❤ ❛ ❡ ❛ ♦❢ ❤ ❡

❡ ❝ ♦ ♥ ♦ ♠ ② ♦ ❛ ❣ ❡ ♦ ❤ ❛ ❤ ❡ ② ❛ ❝ ❤✐ ❡ ✈ ❡ ❤ ❡ ❞ ❡ ✐ ❡ ❞ ❡ ✛ ❡ ❝ ♠ ♦ ❡ ✛ ❡ ❝ ✐ ✈ ❡❧ ② ❛ ♥ ❞

❛ ❤ ❡ ❧ ♦ ✇ ❡ ❝ ♦ ✳

❊ ✈ ❡ ♥ ❤ ♦ ✉ ❣ ❤ ❤ ❡ ✐ ♥ ❞✐ ♣ ✉ ❛ ❜❧ ❡ ♣ ♦ ♣ ✉❧ ❛ ✐ ② ♦❢ ❤ ❡ ♦ ♣✐ ❝ ♠ ❛ ② ✐ ♥ ❞✐ ❝ ❛ ❡ ❞✐ ✛ ❡ ✲

❡ ♥ ❧ ②✱ ❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ✉ ❝ ✉ ❛❧ ❡❢ ♦ ♠ ❛ ❡ ✉ ♣ ✐ ✐ ♥ ❣❧ ② ❞✐ ✣ ❝ ✉❧ ♦ ❡ ① ❛ ❝ ❛ ♥ ❞

❤ ❡ ❧✐ ❡ ❛ ✉ ❡ ♦❢ ❡ ♥ ❞ ❡❧✐ ✈ ❡ ❡ ✉❧ ❝ ♦ ♥ ❛ ❞✐ ❝ ♦ ② ✐ ♥ ♠ ✉❧ ✐ ♣❧ ❡ ✇ ❛ ② ✳ ❉ ❡ ♣✐ ❡ ❤ ❡

❢ ❛ ❝ ❤ ❛ ❤ ❡ ✉ ❞✐ ❡ ❡ ❡ ♠ ♦ ❡ ✐ ♠ ❛ ❡ ❤ ❡ ❛ ♠ ❡ ❡ ✛ ❡ ❝ ✱ ♦ ♠ ❡ ❤ ♦ ✇ ❤ ❛ ❡❢ ♦ ♠

❜ ✐ ♥ ❣ ❣ ❛✐ ♥ ❡ ✈ ❡ ♥ ✐ ♥ ❤ ❡ ❤ ♦ ✉ ♥✱ ✇ ❤✐❧ ❡ ♦ ❤ ❡ ❝ ♦ ♥ ❝❧ ✉ ❞ ❡ ❤ ❛ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ❝ ❛ ♥

✉ ✛ ❡ ❤ ♦ ✲ ✉ ♥ ❧ ♦ ❡ ✳ ❚ ❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ❞✐ ✛ ❡ ❡ ♥ ❡❢ ♦ ♠ ❛ ❡ ❛ ♥ ♦ ❤ ❡ ♦ ✉ ❝ ❡ ♦❢

❞✐ ♣ ✉ ❡✳ ■ ♥ ❤ ❡ ❡ ❝ ❛ ❡ ✱ ♠ ♦ ❞ ❡ ♥ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ❝ ❛❧ ♠ ❡ ❤ ♦ ❞ ❤ ❛ ✈ ❡ ♣ ♦ ✈ ❡ ♥ ✉ ❡❢ ✉❧✳

❆ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ✱ ✜ ❞ ❡ ✜ ♥ ❡ ❞ ❜ ② ●❧ ❛ ✭ ✶ ✾ ✼ ✻✮✱ ✐ ❛ ❢ ♦ ♠ ❛❧ ✉ ❛ ♥ ✐ ❛ ✐ ✈ ❡ ✉ ❞ ②

❞ ❡ ✐ ❣ ♥ ❡ ❞ ♦ ❛ ❡ ♣ ❡ ✈✐ ♦ ✉ ❡ ❡ ❛ ❝ ❤ ♦❢ ❤ ❡ ♣ ❛ ✐ ❝ ✉❧ ❛ ♦ ♣✐ ❝✳ ❚ ❤ ❡ ❧✐ ❡ ❛ ✉ ❡

♦ ♥ ❤ ❡ ♦ ♣✐ ❝ ♠ ❛ ② ❜ ❡ ❡ ① ❡ ♥ ✐ ✈ ❡✱ ❝ ♦ ♠ ♣❧ ❡ ①✱ ❛ ♥ ❞ ♦❢ ❡ ♥ ❝ ♦ ♥ ✢✐ ❝ ✐ ♥ ❣✱ ♥ ❡ ✈ ❡ ❤ ❡❧ ❡ ✱



✶✳ ■ ♥ ♦ ❞ ✉ ❝ ✐ ♦ ♥ ✷

♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ♣ ♦ ✈✐ ❞ ❡ ❛ ❝ ♦ ❤ ❡ ❡ ♥ ❛ ♥ ❞ ❝ ♦ ♥ ♦❧✐ ❞ ❛ ❡ ❞ ❡ ✈✐ ❡ ✇✱ ❜ ❡ ❝ ❛ ✉ ❡ ✐ ✉ ❞✐ ❡

❡ ♠ ♣✐ ✐ ❝ ❛❧ ❡ ✉❧ ❛ ❤ ♦ ✉ ❣ ❤ ❤ ❡ ② ✇ ❡ ❡ ❛ ♥ ② ♦ ❤ ❡ ❝✐ ❡ ♥ ✐ ✜ ❝ ♣ ❤ ❡ ♥ ♦ ♠ ❡ ♥ ♦ ♥✳ ✭ ❙ ❛ ♥✲

❧ ❡ ② ✷ ✵ ✵ ✶✮✳

❚ ❤ ❡ ♦ ❜❥ ❡ ❝ ✐ ✈ ❡ ♦❢ ❤✐ ❤ ❡ ✐ ✐ ♦ ❣✐ ✈ ❡ ❛ ♥ ❛ ❝ ❝ ✉ ❛ ❡ ✈✐ ❡ ✇ ♦ ♥ ❤ ❡ ❡ ✛ ❡ ❝ ❞✐ ✛ ❡ ❡ ♥
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❝ ❛ ♥ ❜ ❡✱ ❤ ♦ ✇ ❡ ✈ ❡ ✱ ❞ ♦ ✇ ♥ ❣ ❛ ❞ ❡ ❞✱ ❥ ✉ ❛ ✐ ♥ ✷ ✵ ✶ ✵ ✇ ❤ ❡ ♥ ❤ ❡ ❙❧ ♦ ✈ ❛ ❦ ❘ ❡ ♣ ✉ ❜❧✐ ❝ ♠ ❛ ❞ ❡

❝ ❤ ❛ ♥ ❣ ❡ ♦ ❤ ❡ ♣ ❡ ♥ ✐ ♦ ♥ ② ❡ ♠ ❤ ❛ ❤ ❛ ✈ ❡ ♠ ❛ ❞ ❡ ❤ ❡ ♦ ♣ ❡ ❛ ✐ ♥ ❣ ❡ ♥ ✈✐ ♦ ♥ ♠ ❡ ♥ ❢ ♦

♣ ❡ ♥ ✐ ♦ ♥ ♠ ♦ ❡ ✉ ♥ ❝ ❡ ❛✐ ♥✳ ✭ ❊ ❇ ❘ ❉ ✷ ✵ ✶ ✵✮

✷✳ ✷ ❆ ♣ ♣ ♦ ❛ ❝ ❤ ❡ ♦ ▼ ❡ ❛ ✉ ✐ ♥ ❣ ❤ ❡ ■ ♠ ♣ ❛ ❝ ♦❢

❘ ❡❢ ♦ ♠

❚ ❤ ❡ ✉ ❡ ✐ ♦ ♥ ✇ ❤ ❡ ❤ ❡ ✉ ❝ ✉ ❛❧ ❡❢ ♦ ♠ ❡ ❛❧❧ ② ✉ ❝ ❝ ❡ ❡ ❞ ✐ ♥ ✐ ♠ ✉❧ ❛ ✐ ♥ ❣ ❣ ♦ ✇ ❤

✐ ✉ ❜❥ ❡ ❝ ♦ ❤ ❡ ❛ ♥ ❛❧ ② ❡ ♦❢ ♣❧ ❡ ❤ ♦ ❛ ♦❢ ❛ ✉ ❤ ♦ ✳ ■ ♥ ❣ ❡ ♥ ❡ ❛❧✱ ❤ ❡ ❡ ❛ ❡ ❤ ❡ ❡

② ♣ ❡ ♦❢ ✉ ❞✐ ❡ ❤ ❛ ❢ ♦ ❝ ✉ ♦ ♥ ✉ ❝ ✉ ❛❧ ❡❢ ♦ ♠ ❛ ♥ ❞ ❤ ❡✐ ❡ ✛ ❡ ❝ ✿ ✭✐✮ ❤ ❡ ♦ ❡ ✐ ❝ ❛❧

✉ ❞✐ ❡ ✱ ✭✐✐✮ ✐ ♠ ✉❧ ❛ ✐ ♦ ♥ ✱ ❛ ♥ ❞ ✭✐✐✐✮ ❡ ♠ ♣✐ ✐ ❝ ❛❧ ✉ ❞✐ ❡ ✳

❯ ✉ ❛❧❧ ②✱ ✐ ✐ ❤ ❡ ✐ ♥ ❡ ♥ ❛ ✐ ♦ ♥ ❛❧ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ✱ ❜ ♦ ❤ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❛ ♥ ❞ ✇ ♦ ❧ ❞ ✇✐ ❞ ❡✱

❤ ❛ ✐ ✉ ❡ ❡ ♣ ♦ ❛ ♥ ❞ ❛ ❡ ♠ ❡ ♥ ♦❢ ❤ ❡ ❡❢ ♦ ♠✐ ♥ ❣ ❡ ✛ ♦ ♦❢ ✐ ♥ ❞✐ ✈✐ ❞ ✉ ❛❧ ❝ ♦ ✉ ♥ ✐ ❡

✭ ❡ ❡ ❢ ♦ ❡ ① ❛ ♠ ♣❧ ❡✱ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❈ ♦ ♠ ♠✐ ✐ ♦ ♥ ✷ ✵ ✶ ✽ ❛❀ ❍ ❡✐ ♣ ❡ ③ ✫ ❲ ❛ ❞✲ ❲ ❛ ♠ ❡ ❞✐ ♥ ❣ ❡

✷ ✵ ✵ ✽✮✳ ❚ ❤ ❡ ❡ ❡ ♣ ♦ ❝ ♦ ♠ ♠ ❡ ♥ ♦ ♥ ❤ ❡ ❣ ❡ ♥ ❡ ❛❧ ♣ ♦ ❣ ❡ ♦❢ ❡❢ ♦ ♠ ❛ ♥ ❞ ✉ ❡

❡ ① ♣ ❡ ❦ ♥ ♦ ✇❧ ❡ ❞ ❣ ❡ ♦ ✐ ♥ ❡ ♣ ❡ ❤ ❡ ❞ ❡ ✈ ❡❧ ♦ ♣ ♠ ❡ ♥ ♦❢ ♠ ❛ ❝ ♦ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ✐ ♥ ❞✐ ❝ ❛ ♦ ✳

❆ ❝ ♦ ♠ ♠ ♦ ♥ ❢ ❛ ❝ ♦ ❛ ♦ ❝✐ ❛ ❡ ❞ ✇✐ ❤ ❤ ❡ ❡ ❡ ♣ ♦ ❛ ♥ ❞ ♣ ❛ ♣ ❡ ✐ ❤ ❛ ❤ ❡ ② ❞ ♦ ♥ ♦

✉ ❛ ♥ ✐❢ ② ❤ ❡ ❡ ✛ ❡ ❝ ♣ ♦❧✐ ❝ ② ❤ ❛ ❤ ❛ ❞ ❛ ♥ ❞ ♦ ♥❧ ② ♦ ❜ ❡ ✈ ❡ ❝ ❤ ❛ ♥ ❣ ❡ ✐ ♥ ♠ ❛ ❝ ♦ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝

✐ ♥ ❞✐ ❝ ❛ ♦ ✇✐ ❤ ♦ ✉ ❛ ❦✐ ♥ ❣ ✐ ♥ ♦ ❛ ❝ ❝ ♦ ✉ ♥ ♦ ❤ ❡ ✐ ♥ ✢ ✉ ❡ ♥ ❝ ❡ ❤ ❛ ♠✐ ❣ ❤ ❤ ❛ ✈ ❡ ❛ ✛ ❡ ❝ ❡ ❞

❤ ❡ ♠✳ ❊ ✈ ❡ ♥ ❤ ♦ ✉ ❣ ❤ ❤✐ ❛ ♣ ♣ ♦ ❛ ❝ ❤ ✐ ✐ ♥ ❞ ❡ ❡ ❞ ✈ ❡ ② ✐ ♥ ✉ ❝ ✐ ✈ ❡✱ ✐ ♠✐ ❣ ❤ ♥ ♦ ❜ ❡

♣ ❡ ❝✐ ✜ ❝ ❡ ♥ ♦ ✉ ❣ ❤ ❢ ♦ ❢ ✉ ✉ ❡ ♣ ♦❧✐ ❝ ② ❞ ❡ ✐ ❣ ♥ ❛ ♥ ❞ ♠✐ ❣ ❤ ❜ ❡ ♦ ♦ ♠ ❡ ❡ ① ❡ ♥ ✉ ❜❥ ❡ ❝ ✐ ✈ ❡✳

■ ♥ ❝ ♦ ♥ ❛ ♦ ❤ ❡ ♦ ❡ ✐ ❝ ❛❧ ❛ ❡ ♠ ❡ ♥ ✱ ✐ ♠ ✉❧ ❛ ✐ ♦ ♥ ❜ ✉✐❧ ❞ ❛ ❢ ♦ ✇ ❛ ❞✲❧ ♦ ♦ ❦✐ ♥ ❣

♠ ♦ ❞ ❡❧ ❜ ❛ ❡ ❞ ♦ ♥ ❤ ❡ ♠ ❛ ❝ ♦ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❤ ❡ ♦ ② ✐ ♥ ♦ ❞ ❡ ♦ ❡ ✈ ❛❧ ✉ ❛ ❡ ❤ ❡ ❡❢ ♦ ♠

❡ ✛ ❡ ❝ ✳ ❚ ❤ ❡ ❡ ✉ ❞✐ ❡ ❢ ♦ ❝ ✉ ❡ ♣ ❡ ❝✐ ❛❧❧ ② ♦ ♥ ❛ ① ❡ ❛ ♥ ❞ ❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ❛ ♥ ❞

✉ ❡ ❡✐ ❤ ❡ ❛ ♠✐ ❝ ♦✲ ✐ ♠ ✉❧ ❛ ✐ ♦ ♥ ♦ ❛ ❣ ❡ ♥ ❡ ❛❧ ❡ ✉✐❧✐ ❜ ✐ ✉ ♠ ❛ ♥ ❛❧ ② ✐ ♦ ✐ ♠ ✉❧ ❛ ❡ ❤ ❡

❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ♦ ♥ ♠ ❛ ❝ ♦ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ✈ ❛ ✐ ❛ ❜❧ ❡ ✱ ♦❢ ❡ ♥ ✉ ♥ ❡ ♠ ♣❧ ♦ ② ♠ ❡ ♥ ❛ ♥ ❞ ❣ ♦ ✇ ❤ ✭ ❡ ❡

❢ ♦ ✐ ♥ ❛ ♥ ❝ ❡✱ ❇ ♦ ✉✐ ✫ ❉ ✉ ✈ ❛❧ ✷ ✵ ✶ ✶❀ ❊ ❣ ❣ ❡ ♦ ♥ ❡ ❛❧✳ ✷ ✵ ✶ ✹❀ ● ♦ ♠ ❡ ❡ ❛❧✳ ✷ ✵ ✶ ✸✮✳

❚ ❤ ❡ ♠ ♦ ❞ ❡❧✲ ❜ ❛ ❡ ❞ ❧✐ ❡ ❛ ✉ ❡ ❛ ❣ ❡ ❡ ♦ ♥ ❤ ❡ ♣ ♦ ✐ ✐ ✈ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✛ ❡ ❝ ♦❢ ✉ ❝ ✉ ❛❧

✶ ▼ ❡ ❤ ♦ ❞ ♦❧ ♦ ❣ ② ❜ ❡ ❤✐ ♥ ❞ ❤ ❡ ❊ ❇ ❘ ❉ ❛ ♥ ✐ ✐ ♦ ♥ ✐ ♥ ❞✐ ❝ ❛ ♦ ❝ ❤ ❛ ♥ ❣ ❡ ❞ ✐ ♥ ✷ ✵ ✶ ✼ ❛ ♥ ❞ ❤ ❡ ❦ ❡ ② ✉ ❛❧✲
✐ ✐ ❡ ❝ ♦ ♥ ✐ ❞ ❡ ❡ ❞ ✐ ♥ ❝❧ ✉ ❞ ❡ ✇ ❤ ❡ ❤ ❡ ❤ ❡ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ❛ ❡ ✇ ❡❧❧✲ ❣ ♦ ✈ ❡ ♥ ❡ ❞✱ ❣ ❡ ❡ ♥✱ ✐ ♥ ❝❧ ✉ ✐ ✈ ❡✱ ❡ ✐❧✐ ❡ ♥
❛ ♥ ❞ ✐ ♥ ❡ ❣ ❛ ❡ ❞✳



✷✳ ❙ ✉ ❞✐ ❡ ♦ ♥ ❙ ✉ ❝ ✉ ❛❧ ❘ ❡❢ ♦ ♠ ✺

❡❢ ♦ ♠ ✱ ❜ ✉ ❤ ❡ ❝ ♦ ♥ ❝❧ ✉ ✐ ♦ ♥ ❢ ♦ ❤ ❡ ❤ ♦ ✉ ♥ ❞✐ ✛ ❡ ✳ ❆ ❝ ❝ ♦ ❞✐ ♥ ❣ ♦ ♦ ♠ ❡ ✭ ● ♦ ♠ ❡

❡ ❛❧✳ ✷ ✵ ✶ ✸❀ ❍ ♦ ❜ ③ ❛ ❡ ❛❧✳ ✷ ✵ ✶ ✵✮ ✐ ❡ ❡ ♠ ❤ ❛ ❤ ❡ ❜ ❡ ♥ ❡ ✜ ❛ ❦ ❡ ❡ ✈ ❡ ❛❧ ② ❡ ❛ ♦

♠ ❛ ❡ ✐ ❛❧✐ ❡✱ ✇ ❤✐❧ ❡ ❈ ❛ ❝ ❝✐ ❛ ♦ ❡ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✷✮ ❤ ♦ ✇ ❤ ❛ ❜ ♦ ❤ ♣ ♦ ❞ ✉ ❝ ❛ ♥ ❞ ❧ ❛ ❜ ♦ ✉

♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ✐ ♠ ✉❧ ❛ ❡ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❣ ♦ ✇ ❤ ❛❧ ❡ ❛ ❞ ② ✐ ♥ ❤ ❡ ❤ ♦ ✉ ♥ ✭ ❛❧ ❤ ♦ ✉ ❣ ❤

❥ ♦ ❜ ♣ ♦ ❡ ❝ ✐ ♦ ♥ ❡❢ ♦ ♠ ❡ ♠ ♣ ♦ ❛ ✐❧ ② ✐ ♥ ❝ ❡ ❛ ❡ ✉ ♥ ❡ ♠ ♣❧ ♦ ② ♠ ❡ ♥ ✮✳ ❚ ❤ ❡ ❡ ✉❧ ✐ ♥

❤✐ ❡ ❝ ✐ ♦ ♥ ♦❢ ❤ ❡ ❧✐ ❡ ❛ ✉ ❡ ♦ ♥ ❣❧ ② ❞ ❡ ♣ ❡ ♥ ❞ ♦ ♥ ❤ ❡ ♠ ♦ ❞ ❡❧ ❡ ✐ ♥ ❣ ❛ ♥ ❞ ✐

❝ ❛❧✐ ❜ ❛ ✐ ♦ ♥✱ ✐ ♠✐❧ ❛ ❧ ② ❛ ❡ ♠ ♣✐ ✐ ❝ ❛❧ ✉ ❞✐ ❡ ❞ ❡ ♣ ❡ ♥ ❞ ♦ ♥ ♠ ♦ ❞ ❡❧ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ❛ ♥ ❞

❞ ❛ ❛ ❡ ✳ ❆ ❜ ♦ ✈ ❡ ❤ ❛ ✱ ♠ ♦ ❞ ❡❧✲ ❜ ❛ ❡ ❞ ✉ ❞✐ ❡ ♠✐ ❣ ❤ ❧ ❛ ❝ ❦ ✈ ❛❧✐ ❞✐ ② ❜ ❡ ❝ ❛ ✉ ❡ ❤ ❡ ② ♠ ❛ ②

♥ ♦ ❡ ✢ ❡ ❝ ❤ ❡ ❡ ❛❧✐ ② ♣ ♦ ♣ ❡ ❧ ②✳ ✭ ❈ ❤ ❛ ♦ ❡✲ ❇ ♦ ✇ ♥ ✶ ✾ ✾ ✽✮

❲❡ ❛ ❡ ✐ ♥ ❡ ❡ ❡ ❞ ❤ ❡ ♠ ♦ ✐ ♥ ❡ ♠ ♣✐ ✐ ❝ ❛❧ ✉ ❞✐ ❡ ❤ ❛ ❞ ❡ ✐ ✈ ❡ ❦ ♥ ♦ ✇❧ ❡ ❞ ❣ ❡ ❢ ♦ ♠

❛ ❝ ✉ ❛❧ ❡ ① ♣ ❡ ✐ ❡ ♥ ❝ ❡ ❛ ❤ ❡ ❤ ❛ ♥ ♣ ✉ ❡❧ ② ❢ ♦ ♠ ❤ ❡ ♦ ② ❛ ♥ ❞ ❛ ❡ ❡ ✐ ♠ ❛ ❡ ❞ ♦ ♥ ❞✐ ❡ ❝ ❧ ②

♦ ❜ ❡ ✈ ❡ ❞ ❛ ♥ ❞ ♠ ❡ ❛ ✉ ❡ ❞ ♣ ❤ ❡ ♥ ♦ ♠ ❡ ♥ ❛✳ ❘ ❡ ✉❧ ✐ ♥ ✉ ❞✐ ❡ ❤ ❛ ✇ ❡ ❡ ✈✐ ❡ ✇ ❡ ❞ ✈ ❛ ②

❣ ❡ ❛ ❧ ② ❜ ❡ ❝ ❛ ✉ ❡ ❤ ❡ ② ❛ ❡ ❛ ✛ ❡ ❝ ❡ ❞ ❜ ② ❤ ❡ ❝ ❤ ♦✐ ❝ ❡ ♦❢ ❞ ❛ ❛✱ ♠ ❡ ❤ ♦ ❞ ♦❧ ♦ ❣ ② ♦ ♠ ♦ ❞ ❡❧

♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥✱ ❤ ♦ ✇ ❡ ✈ ❡ ✱ ❤ ❡ ② ❤ ♦ ✉❧ ❞ ✐❧❧ ❡ ✢ ❡ ❝ ❤ ❡ ✉ ❡ ❡ ♣ ♦ ♥ ❡ ♦❢ ❤ ❡ ❡ ❝ ♦ ♥ ♦ ♠ ②✳

✷✳ ✸ ❖ ✈ ❡ ✈✐ ❡ ✇ ♦❢ ❘ ❡ ✉❧ ❢ ♦ ♠ ❊ ♠ ♣✐ ✐ ❝ ❛❧ ❙ ✉ ❞✐ ❡

❚ ❤ ❡ ❡ ✈✐ ❡ ✇ ❡ ❞ ❡ ♠ ♣✐ ✐ ❝ ❛❧ ❧✐ ❡ ❛ ✉ ❡ ✐ ❞✐ ✈ ❡ ❡ ✲ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✐ ♠ ❛ ❡ ❞✐ ✛ ❡ ❡ ♥ ❡✲

❣ ❡ ✐ ♦ ♥ ❡ ✉ ❛ ✐ ♦ ♥ ♦ ♥ ❞✐ ✛ ❡ ❡ ♥ ② ♣ ❡ ♦❢ ❞ ❛ ❛ ✭ ❝ ♦ ✲ ❡ ❝ ✐ ♦ ♥ ❛❧ ♦ ♣ ❛ ♥ ❡❧✮ ❛ ♥ ❞ ❡ ❛

♣ ♦ ❡ ♥ ✐ ❛❧ ❡ ♥ ❞ ♦ ❣ ❡ ♥ ❡✐ ② ❞✐ ✛ ❡ ❡ ♥ ❧ ②✳ ❲ ❤ ❡ ♥ ✇ ❡ ❧ ♦ ♦ ❦ ❛ ❤ ❡ ❞ ❛ ❛ ❡ ❛ ♥ ❞ ❤ ❡ ❝ ♦ ✲

❡ ♣ ♦ ♥ ❞✐ ♥ ❣ ♠ ♦ ❞ ❡❧ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ✉ ❡ ❞✱ ❡ ✈ ❡ ❛❧ ❡ ✈✐ ❡ ✇ ❡ ❞ ✉ ❞✐ ❡ ❛ ✈ ❡ ❛ ❣ ❡ ❛ ♥ ♥ ✉ ❛❧

❞ ❛ ❛ ♦ ✈ ❡ ❛ ❢ ❡ ✇ ② ❡ ❛ ✭❢ ♦ ✐ ♥ ❛ ♥ ❝ ❡✱ ❏ ❛✐ ♠ ♦ ✈✐ ❝ ❤ ✫ ❘ ❡ ❜ ❡❧ ♦ ✷ ✵ ✶ ✼❀ ❍ ❡ ② ❜ ❡ ② ✫ ▼ ✉ ✲

❡❧❧ ✶ ✾ ✾ ✾✮✱ ♦ ❛ ♦ ❤ ❛ ✈ ❡ ❝ ♦ ✲ ❡ ❝ ✐ ♦ ♥ ❛❧ ❞ ❛ ❛✳ ❚ ❤✐ ❛❧❧ ♦ ✇ ❤ ❡ ♠ ♦ ✐ ♥ ✈ ❡ ✐ ❣ ❛ ❡

❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ✉ ❝ ✉ ❛❧ ❡❢ ♦ ♠ ❜ ② ❡ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❢ ♦❧❧ ♦ ✇✐ ♥ ❣ ❡ ❣ ❡ ✐ ♦ ♥ ♠ ♦ ❞ ❡❧✿

g i ✏ α β R i

➳

j

γ j X j i i, ✭ ✷✳ ✶✮

✇ ❤ ❡ ❡ g i ✐ ❛ ♠ ❡ ❛ ✉ ❡ ♦❢ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ♣ ❡ ❢ ♦ ♠ ❛ ♥ ❝ ❡ ❢ ♦ ❝ ♦ ✉ ♥ ② i✱ ✉ ✉ ❛❧❧ ② ❛ ♥ ♥ ✉ ❛❧

❡ ❛❧ ● ❉ ❣ ♦ ✇ ❤ ♦ ♣ ♦ ❞ ✉ ❝ ✐ ✈✐ ② ❣ ♦ ✇ ❤✱ R i ✐ ❛ ♠ ❡ ❛ ✉ ❡ ♦❢ ❛ ♣ ❛ ✐ ❝ ✉❧ ❛ ❡✲

❢ ♦ ♠ ❛ ♥ ❛❧ ② ③ ❡ ❞ ✐ ♥ ❤ ❡ ♣ ❛ ♣ ❡ ✱ X j i ❛ ❡ ❡ ① ♣❧ ❛ ♥ ❛ ♦ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❤ ❛ ✐ ♥ ❝❧ ✉ ❞ ❡ ✐ ♥✐ ✐ ❛❧

❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ❛ ♥ ❞ ♦ ❤ ❡ ❝ ♦ ♥ ♦❧ ✱ ❛ ♥ ❞ i ❡ ♣ ❡ ❡ ♥ ❤ ❡ ❡ ♦ ❡ ♠✳ ❘ ❡ ❣ ❡ ✐ ♦ ♥ ❝ ♦✲

❡ ✣ ❝✐ ❡ ♥ β ❞ ❡ ♥ ♦ ❡ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥✱ ✐✳ ❡✳ ❝ ✉ ♠ ✉❧ ❛ ✐ ✈ ❡✱ ❡ ✛ ❡ ❝ ♦❢ ❤ ❡ ❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡

♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ♣ ❡ ❢ ♦ ♠ ❛ ♥ ❝ ❡ ❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ❛❧ ♦ ♥ ❝ ♦ ♥ ♦❧ X j ✱ ❜ ❡ ❝ ❛ ✉ ❡ ♦❢ ❤ ❡ ❛ ✈ ❡ ❛ ❣ ❡ ❞

❞ ❛ ❛✳ ❨❡ ✱ ✐❢ ❤ ❡ ✉ ❞✐ ❡ ❡ ✐ ♠ ❛ ❡ ❤ ❡ ❡ ✉ ❛ ✐ ♦ ♥ ❢ ♦ ❛ ♣ ❡ ❝✐ ✜ ❝ ② ❡ ❛ ✱ β ❞ ❡ ❝ ✐ ❜ ❡ ❛

❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ✳ ❯❧ ✐ ♠ ❛ ❡❧ ② ✐ ♥ ❡ ✈ ❡ ② ❡ ❣ ❡ ✐ ♦ ♥✱ β ❝ ❛ ♣ ✉ ❡ ❤ ❡ ❡ ❡ ✛ ❡ ❝ ✲ ✭✐✮ ❛

❞✐ ❡ ❝ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❤ ♦ ✉ ❣ ❤ ✐ ♠ ♣ ♦ ✈ ❡ ❞ ❛❧❧ ♦ ❝ ❛ ✐ ♦ ♥ ♦❢ ♣ ♦ ❞ ✉ ❝ ✐ ♦ ♥ ❢ ❛ ❝ ♦ ✱ ✭✐✐✮ ❛ ♥



✷✳ ❙ ✉ ❞✐ ❡ ♦ ♥ ❙ ✉ ❝ ✉ ❛❧ ❘ ❡❢ ♦ ♠ ✻

✐ ♥ ❞✐ ❡ ❝ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✱ ❡✳ ❣✳ ❤ ♦ ✉ ❣ ❤ ❛ ♣ ♦ ✐ ✐ ✈ ❡ ❡ ✛ ❡ ❝ ♦ ♥ ❡ ① ♣ ♦ ❣ ♦ ✇ ❤✱ ❛ ♥ ❞ ✭✐✐✐✮

❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ♦ ❤ ❡ ❡ ① ❝❧ ✉ ❞ ❡ ❞ ❣ ♦ ✇ ❤ ❞ ❡ ❡ ♠✐ ♥ ❛ ♥ ♦ ❤ ❡ ❡ ① ❡ ♥ ✐ ♥ ✇ ❤✐ ❝ ❤ ❤ ❡ ②

❛ ❡ ❝ ♦ ❡❧ ❛ ❡ ❞ ✇✐ ❤ ❤ ❡ ❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡✳

❆❧ ❡ ♥ ❛ ✐ ✈ ❡❧ ②✱ ♠ ❛ ♥ ② ✉ ❞✐ ❡ ✭ ❛ ♠ ♦ ♥ ❣ ♦ ❤ ❡ ❇ ♦ ✉✐ ❡ ❛❧✳ ✷ ✵ ✶ ✷❀ ❆ ♣ ♦❧ ❡ ✷ ✵ ✶ ✶✮

✉ ❡ ♣ ❛ ♥ ❡❧ ❞ ❛ ❛ ♦ ❡ ✐ ♠ ❛ ❡ ❣ ♦ ✇ ❤ ❡ ❣ ❡ ✐ ♦ ♥ ♦❢ ❤ ❡ ❢ ♦❧❧ ♦ ✇✐ ♥ ❣ ❢ ♦ ♠✿

g it ✏ α β R it

➳

j

γ j X j it it, ✭ ✷✳ ✷✮

✇ ❤ ❡ ❡ g it ✐ ❛ ♠ ❡ ❛ ✉ ❡ ♦❢ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ♣ ❡ ❢ ♦ ♠ ❛ ♥ ❝ ❡ ♦❢ ❝ ♦ ✉ ♥ ② i ✐ ♥ ② ❡ ❛ t✱ R it ✐ ❛

❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡ ❢ ♦ ❝ ♦ ✉ ♥ ② i ✐ ♥ ② ❡ ❛ t✳ X j it ❛ ❡ ❡ ① ♣❧ ❛ ♥ ❛ ♦ ② ✭ ❝ ♦ ♥ ♦❧✮ ✈ ❛ ✐ ❛ ❜❧ ❡

❤ ❛ ✐ ♥ ❝❧ ✉ ❞ ❡ ✐ ♥✐ ✐ ❛❧ ❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ❛ ♥ ❞ ✉ ❝ ✉ ❛❧ ❢ ❡ ❛ ✉ ❡ ❢ ♦ ❝ ♦ ✉ ♥ ② i ✐ ♥ ② ❡ ❛ t✱

❛ ♥ ❞ it ❞ ❡ ♥ ♦ ❡ ❤ ❡ ❡ ♦ ❡ ♠✳ ❱ ❛ ✐ ❛ ❜❧ ❡ α, β ❛ ♥ ❞ γ j ❞ ❡ ♥ ♦ ❡ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥

❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✳

■ ♥ ♣ ❛ ♥ ❡❧ ❞ ❛ ❛ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ✭ ✷✳ ✷✮✱ β ♠ ❡ ❛ ✉ ❡ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✛ ❡ ❝ ✳ ❙ ♦ ♠ ❡

❡ ❡ ❛ ❝ ❤ ❡ ✭ ❛ ♠ ♦ ♥ ❣ ♦ ❤ ❡ ❆ ❜ ❡ ❞ ✫ ❉ ❛ ✈ ♦ ♦ ❞✐ ✷ ✵ ✵ ✷❀ ❍ ❛ ✈ ②❧ ② ❤ ② ♥ ✫ ❱ ❛ ♥ ❘ ♦ ♦ ❞ ❡ ♥

✷ ✵ ✵ ✸✮✱ ❤ ♦ ✇ ❡ ✈ ❡ ✱ ✇ ❛ ♥ ♦ ❞✐ ✛ ❡ ❡ ♥ ✐ ❛ ❡ ❜ ❡ ✇ ❡ ❡ ♥ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❛ ♥ ❞ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝

❛ ♥ ❞ ❡ ✐ ♠ ❛ ❡ ♦ ♥ ❡ ♦❢ ❤ ❡ ✉ ♣ ❣ ❛ ❞ ❡ ❞ ✈ ❡ ✐ ♦ ♥ ♦❢ ✭ ✷✳ ✷✮✿

g it ✏ α β R it δ R it✁ 1

➳

j

γ j X j it it, ✭ ✷✳ ✸✮

g it ✏ α β ♣R it ✁ R it✁ 1 δ R it✁ 1

➳

j

γ j X j it it, ✭ ✷✳ ✹✮

✇ ❤ ❡ ❡ R it✁ 1 ❞ ❡ ♥ ♦ ❡ ❤ ❡ ❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡ ❢ ♦ ❝ ♦ ✉ ♥ ② i ✐ ♥ ❤ ❡ ♣ ❡ ✈✐ ♦ ✉ ② ❡ ❛ ✳ ■ ♥

♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ✭ ✷✳ ✸✮✱ ❤ ❡ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ✐ ♠ ❡ ❛ ✉ ❡ ❞ ❜ ② ❤ ❡ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ δ ✱ ✇ ❤✐❧ ❡

❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✛ ❡ ❝ ✐ ❤ ❡ ✉ ♠ ♦❢ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ β ❛ ♥ ❞ δ ✳ ■ ♥ ❝ ♦ ♥ ❛ ✱ β ❝ ❛ ♣ ✉ ❡

❤ ❡ ❤ ♦ ✲ ✉ ♥ ❛ ♥ ❞ δ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✛ ❡ ❝ ✐ ♥ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ✭ ✷✳ ✹✮✳

❚ ❤ ❡ ❡ ❛ ❡ ✇ ♦ ♠ ❛❥ ♦ ♠ ❡ ❤ ♦ ❞ ♦❧ ♦ ❣✐ ❝ ❛❧ ✐ ✉ ❡ ❤ ❡ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ♦ ♥ ✐ ❞ ❡ ✲ ✉ ♥✲

♦ ❜ ❡ ✈ ❛ ❜❧ ❡ ❝ ♦ ✉ ♥ ② ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ② ❛ ♥ ❞ ❡ ♥ ❞ ♦ ❣ ❡ ♥ ❡✐ ② ♦❢ ❤ ❡ ❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡✳ ❚ ❤ ❡

❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ② ✐ ✉ ✉ ❛❧❧ ② ♦ ✈ ❡ ❝ ♦ ♠ ❡ ❜ ② ❡ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤ ❡ ❣ ❡ ✐ ♦ ♥

✇✐ ❤ ❝ ♦ ✉ ♥ ② ❞ ✉ ♠ ♠✐ ❡ ♦ ✉ ✐ ♥ ❣ ♣ ❛ ♥ ❡❧ ❞ ❛ ❛ ♠ ❡ ❤ ♦ ❞ ✱ ❡✳ ❣✳ ✜ ① ❡ ❞ ❡ ✛ ❡ ❝ ✳ ❙✐ ♠✲

✐❧ ❛ ❧ ②✱ ♠ ❛ ♥ ② ✉ ❞✐ ❡ ❝ ♦ ♥ ♦❧ ❢ ♦ ✐ ♠ ❡ ❞ ② ♥ ❛ ♠✐ ❝ ❛ ✇ ❡❧❧ ❛ ♥ ❞ ✐ ♥ ❝❧ ✉ ❞ ❡ ❤ ❡ ✐ ♠ ❡

✜ ① ❡ ❞ ❡ ✛ ❡ ❝ ✐ ♥ ❤ ❡✐ ♠ ♦ ❞ ❡❧✳ ❆ ❡ ✐ ♦ ✉ ♣ ♦ ❜❧ ❡ ♠ ❛ ✐ ❡ ✐❢ ❤ ❡ ❡❢ ♦ ♠ ✈ ❛ ✐ ❛ ❜❧ ❡ ✐

❡ ♥ ❞ ♦ ❣ ❡ ♥ ♦ ✉ ✇ ❤✐ ❝ ❤ ✐ ❧✐ ❦ ❡❧ ② ✐ ❜ ❡ ❝ ❛ ✉ ❡ ❛ ❘ ♦ ❞ ✐ ❦ ✭ ✷ ✵ ✵ ✺✮ ♣ ♦✐ ♥ ♦ ✉ ✱ ❤ ❡ ♣ ♦❧✐ ❝✐ ❡

❛ ❡ ♥ ♦ ❛ ♥ ❞ ♦ ♠ ❜ ✉ ✉ ❡ ❞ ② ❡ ♠ ❛ ✐ ❝ ❛❧❧ ② ♦ ❛ ❝ ❤✐ ❡ ✈ ❡ ❝ ❡ ❛✐ ♥ ❣ ♦ ❛❧ ✳ ■❢ ❤ ❡ ♠ ♦ ❞ ❡❧

✐ ❡ ✐ ♠ ❛ ❡ ❞ ✇✐ ❤ ❖ ❞✐ ♥ ❛ ② ▲ ❡ ❛ ❙ ✉ ❛ ❡ ✭ ❖ ▲ ❙ ✮✱ ✐ ♠✐ ❣ ❤ ❧ ❡ ❛ ❞ ♦ ❜✐ ❛ ❡ ❞ ❡❢ ♦ ♠

❡ ✛ ❡ ❝ ❤ ♦ ✉ ❣ ❤ ❡ ✈ ❡ ❡ ❝ ❛ ✉ ❛❧✐ ②✳ ❘ ❡ ❡ ❛ ❝ ❤ ❡ ♦❢ ❡ ♥ ❛ ❞ ❞ ❡ ❤✐ ♣ ♦ ❜❧ ❡ ♠ ❛ ♥ ❞



✷✳ ❙ ✉ ❞✐ ❡ ♦ ♥ ❙ ✉ ❝ ✉ ❛❧ ❘ ❡❢ ♦ ♠ ✼

✉ ❡ ❚ ✇ ♦✲ ❙ ❛ ❣ ❡ ▲ ❡ ❛ ❙ ✉ ❛ ❡ ✭ ✷ ❙ ▲ ❙ ✮ ♦ ● ❡ ♥ ❡ ❛❧✐ ③ ❡ ❞ ▼ ❡ ❤ ♦ ❞ ♦❢ ▼ ♦ ♠ ❡ ♥ ✭ ● ▼ ▼ ✮

✭ ❡ ❡ ❡ ① ❛ ♠ ♣❧ ❡ ✐ ♥ ❇ ❡ ❝ ❦ ✫ ▲ ❛ ❡ ✈ ❡ ♥ ✷ ✵ ✵ ✻❀ ✐ ❝ ✉❧ ❡ ❝ ✉ ✷ ✵ ✵ ✸✮✳

❚ ❤ ❡ ✜ ♥ ❞✐ ♥ ❣ ✐ ♥ ❤ ❡ ❡ ✈✐ ❡ ✇ ❡ ❞ ❧✐ ❡ ❛ ✉ ❡ ♦ ♥ ❤✐ ♦ ♣✐ ❝ ❛ ❡ ❛ ❤ ❡ ♠✐ ① ❡ ❞✳ ■ ♥

❣ ❡ ♥ ❡ ❛❧✱ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ♦ ♥ ✜ ♠ ❤ ❛ ❡❢ ♦ ♠ ❛ ❡ ❜ ❡ ♥ ❡ ✜ ❝✐ ❛❧ ✐ ♥ ❤ ❡ ❧ ♦ ♥ ❣ ✉ ♥✱ ❤ ♦ ✇✲

❡ ✈ ❡ ✱ ❤ ❡ ✐ ③ ❡ ♦❢ ❤ ❡✐ ✐ ♠ ♣ ❛ ❝ ✐ ❞✐ ♣ ✉ ❛ ❜❧ ❡ ❥ ✉ ❛ ✐ ❤ ❡✐ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ✳ ❙ ♦ ♠ ❡

✭ ❈ ❤ ✐ ♦ ✛ ❡ ❡ ♥ ✫ ❉ ♦ ②❧ ❡ ✷ ✵ ✵ ✵❀ ❲ ♦❧❢ ❡ ❛❧✳ ✶ ✾ ✾ ✾❀ ❙ ❛ ❡ ❤ ✷ ✵ ✵ ✺✮ ❤ ♦ ✇ ❤ ❛ ❡❢ ♦ ♠

❛ ❡ ❛ ♦ ❝✐ ❛ ❡ ❞ ✇✐ ❤ ✇ ❡ ❛ ❦ ❡ ♦ ✉ ♣ ✉ ✐ ♥✐ ✐ ❛❧❧ ②✱ ❜ ✉ ✐ ♠ ✉❧ ❛ ❡ ❤✐ ❣ ❤ ❡ ❣ ♦ ✇ ❤ ✇✐ ❤

♦ ♥ ❡✲ ♦ ✇ ♦✲ ② ❡ ❛ ❧ ❛ ❣✱ ♠ ♦ ❡ ♦ ✈ ❡ ✱ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❣ ❛✐ ♥ ❡ ❡ ♠ ♦ ❞ ♦ ♠✐ ♥ ❛ ❡ ❤ ❡ ✐ ♠✲

♠ ❡ ❞✐ ❛ ❡ ❧ ♦ ❡ ✳ ❆ ♦ ♣ ♣ ♦ ❡ ❞ ♦ ❤ ❡ ❡ ✉ ❞✐ ❡ ✱ ♦ ❤ ❡ ✭ ❇ ♦ ✉✐ ✫ ❉ ✉ ✈ ❛❧ ✷ ✵ ✶ ✶✮ ❞ ♦

♥ ♦ ✜ ♥ ❞ ❛ ♥ ② ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❛ ❣ ❣ ❡ ❣ ❛ ❡ ❧ ♦ ❡ ✐ ♥ ❤ ❡ ❤ ♦ ✉ ♥✱ ❛ ♥ ❞ ❡ ✈ ❡ ♥ ❛ ❣ ✉ ❡ ❤ ❛

❡❢ ♦ ♠ ♠ ❛ ② ❞ ❡❧✐ ✈ ❡ ♦ ♠ ❡ ❜ ❡ ♥ ❡ ✜ ✱ ❡ ♣ ❡ ❝✐ ❛❧❧ ② ✐ ♥ ❣ ♦ ♦ ❞ ✐ ♠ ❡ ✳

❚ ❤ ❡ ❡ ✉❧ ❞✐ ✛ ❡ ❛❧ ♦ ✇✐ ❤ ❡ ♣ ❡ ❝ ♦ ❤ ❡ ❛ ❣ ❡ ❡ ❝ ♦ ♦❢ ❤ ❡ ❡❢ ♦ ♠✳ ❆ ❢ ❡ ✇

✉ ❞✐ ❡ ❝ ♦ ♠ ♣ ❛ ❡ ♠ ✉❧ ✐ ♣❧ ❡ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ✱ ❛ ♥ ❞ ❤ ♦ ❡ ✭ ❛ ♠ ♦ ♥ ❣ ♦ ❤ ❡ ❉ ❡ ▼ ❡❧ ♦

❡ ❛❧✳ ✶ ✾ ✾ ✼❀ ❋✐ ❞ ♠ ✉ ❝ ✷ ✵ ✵ ✸❀ ❋ ❛❧ ❝ ❡ ✐ ❡ ❛❧✳ ✷ ✵ ✵ ✷✮ ✐ ♥ ♣ ❛ ✐ ❝ ✉❧ ❛ ❢ ♦ ❝ ✉ ♦ ♥ ❛ ♥ ✐ ✐ ♦ ♥

❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✇ ❤✐ ❝ ❤ ✇ ❡ ♥ ❤ ♦ ✉ ❣ ❤ ❧✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥✱ ♣ ✐ ✈ ❛ ✐ ③ ❛ ✐ ♦ ♥✱ ❛ ♥ ❞ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❛❧

❡❢ ♦ ♠ ❞ ✉ ✐ ♥ ❣ ❤ ❡ ❧ ❛ ❤ ❡ ❡ ❞ ❡ ❝ ❛ ❞ ❡ ✳ ❚ ♦ ✐❧❧ ✉ ❛ ❡ ❤ ❡ ❞✐ ❛ ❣ ❡ ❡ ♠ ❡ ♥ ❜ ❡ ✇ ❡ ❡ ♥

✉ ❞✐ ❡ ✱ ❢ ♦ ✐ ♥ ❛ ♥ ❝ ❡✱ ▲ ❛ ✇ ♦ ♥ ✫ ❲ ❛ ♥ ❣ ✭ ✷ ✵ ✵ ✺✮ ✜ ♥ ❞ ❤ ❛ ♣ ✐ ❝ ❡ ❧✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥✱

❡ ♥ ❡ ♣ ✐ ❡ ❡❢ ♦ ♠✱ ❝ ♦ ♠ ♣ ❡ ✐ ✐ ♦ ♥ ♣ ♦❧✐ ❝ ② ❛ ❡ ♥ ❡ ❣ ❛ ✐ ✈ ❡❧ ② ❛ ♦ ❝✐ ❛ ❡ ❞ ✇✐ ❤ ❣ ♦ ✇ ❤ ❛ ♥ ❞

♦ ♥❧ ② ❛ ❞ ❡ ❧✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥ ✐ ♣ ♦ ✐ ✐ ✈ ❡✱ ✇ ❤✐❧ ❡ ❙ ❛ ❡ ❤ ✭ ✷ ✵ ✵ ✺✮ ❤ ♦ ✇ ❤ ❛ ❜ ♦ ❛ ❞✲ ❜ ❛ ❡ ❞

❡❢ ♦ ♠ ❛ ♥ ❞ ❧✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥ ❜ ✐ ♥ ❣ ❣ ❛✐ ♥ ✱ ❛ ♥ ❞ ♦ ♥❧ ② ♠ ❛ ❦ ❡ ♦ ♣ ❡ ♥✐ ♥ ❣ ❛ ♥ ❞ ✜ ♥ ❛ ♥ ❝✐ ❛❧

❧✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥ ✇✐ ❤ ♦ ✉ ❛ ❝ ❝ ♦ ♠ ♣ ❛ ♥ ②✐ ♥ ❣ ❡❢ ♦ ♠ ❜ ✐ ♥ ❣ ❧ ♦ ❡ ✳ ❖ ❤ ❡ ♣ ❛ ♣ ❡ ❢ ♦ ❝ ✉

♦ ♥ ♦ ♥ ❡ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ♦ ♥❧ ② ✲ ♣ ❛ ✐ ❝ ✉❧ ❛ ❧ ② ♣ ♦ ♣ ✉❧ ❛ ❛ ❡ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ❛ ♥ ❞ ✜ ❝ ❛❧ ❡❢ ♦ ♠ ✱

❤ ❡ ♥ ❛❧ ♦ ❡❢ ♦ ♠ ♦❢ ❡ ✈✐ ❝ ❡ ✱ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ✱ ❛ ♥ ❞ ❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ✳

✷✳ ✹ ▼ ❡ ❛✲ ❆ ♥ ❛❧ ② ❡ ♦ ♥ ❘ ❡❢ ♦ ♠✲ ● ♦ ✇ ❤ ❊ ✛ ❡ ❝

❚ ♦ ♦ ✉ ❦ ♥ ♦ ✇❧ ❡ ❞ ❣ ❡✱ ❤ ❡ ❡ ❡ ①✐ ✇ ♦ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ❡ ✐ ♥ ✈ ❡ ✐ ❣ ❛ ✐ ♥ ❣ ❤ ❡ ❡ ✛ ❡ ❝ ♦❢

✉ ❝ ✉ ❛❧ ❡❢ ♦ ♠ ✳ ❚ ❤ ❡ ✜ ♦ ♥ ❡ ✇ ❛ ❝ ♦ ♥ ❞ ✉ ❝ ❡ ❞ ❜ ② ❇ ❛ ❜ ❡ ❝ ❦ ② ✫ ❈ ❛ ♠ ♣ ♦ ✭ ✷ ✵ ✶ ✶✮✳

❚ ❤ ❡ ❛ ✉ ❤ ♦ ❣ ❛ ❤ ❡ ✹ ✸ ❡ ❝ ♦ ♥ ♦ ♠ ❡ ✐ ❝ ✉ ❞✐ ❡ ✱ ❣ ❡ ♥ ❡ ❛ ✐ ♥ ❣ ✸ ✷ ✶ ❡ ✐ ♠ ❛ ❡ ♦❢ ❤ ❡

❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❣ ♦ ✇ ❤✱ ❛ ♥ ❞ ❝❧ ♦ ❡❧ ② ❡ ① ❛ ♠✐ ♥ ❡ ❤ ❡ ✐ ❣ ♥ ❛ ♥ ❞ ♠ ❛ ❣ ♥✐ ✉ ❞ ❡
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② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ✇✐ ❤ ❧ ♦ ✇ ❡ ❝ ♦ ✐ ♥ ❤ ❡ ❤ ♦ ✲ ❡ ♠ ❛ ♥ ❞ ❣ ❡ ❛ ❡ ❜ ❡ ♥ ❡ ✜ ✐ ♥ ❤ ❡

❧ ♦ ♥ ❣✲ ❡ ♠✳



❈ ❤ ❛ ♣ ❡ ✸

❚ ❤ ❡ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❉ ❛ ❛ ❡

✸✳ ✶ ❉ ❛ ❛ ❈ ♦❧❧ ❡ ❝ ✐ ♦ ♥

❊ ✈ ❡ ② ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ❜ ❡ ❣✐ ♥ ✇✐ ❤ ❛ ❝ ♦ ♥ ✉ ❝ ✐ ♦ ♥ ♦❢ ❞ ❛ ❛ ❡ ❤ ❛ ❝ ♦ ♥ ✐ ♦❢ ❛❧❧

❛ ✈ ❛✐❧ ❛ ❜❧ ❡ ✉ ❞✐ ❡ ❢ ♦ ❝ ✉ ❡ ❞ ♦ ♥ ❤ ❡ ♣ ❤ ❡ ♥ ♦ ♠ ❡ ♥ ♦ ♥ ♦❢ ✐ ♥ ❡ ❡ ✳ ❚ ❤ ❡ ❡ ✉ ❞✐ ❡ ❛ ❡

❡❢ ❡ ❡ ❞ ♦ ❛ ♣ ✐ ♠ ❛ ② ❡ ❝ ♦ ♥ ♦ ♠ ❡ ✐ ❝ ✉ ❞✐ ❡ ✳ ❆ ❤✐ ♣ ♦✐ ♥ ✱ ✇ ❡ ❤ ❛ ✈ ❡ ♦ ❞ ❡ ✜ ♥ ❡

❝❧ ❡ ❛ ✐ ♥ ❝❧ ✉ ✐ ♦ ♥ ❝ ✐ ❡ ✐ ❛ ❤ ❛ ❤ ❡ ♣ ✐ ♠ ❛ ② ✉ ❞ ② ❤ ❛ ♦ ❛ ✐ ❢ ② ♦ ❜ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ❞

✐ ♥ ❤ ❡ ❞ ❛ ❛ ❡ ✳ ■ ✐ ❝ ✉ ❝✐ ❛❧ ♦ ❜ ❛❧ ❛ ♥ ❝ ❡ ❤ ❡ ✐ ♥ ❝❧ ✉ ✐ ♦ ♥ ❝ ✐ ❡ ✐ ❛ ✲ ✐❢ ❤ ❡ ② ❛ ❡ ❡

♦ ♦ ❜ ♦ ❛ ❞❧ ②✱ ❤ ❡ ✉ ❞✐ ❡ ❛ ✐ ❢ ②✐ ♥ ❣ ❤ ❡ ♠ ♠✐ ❣ ❤ ❜ ❡ ♦ ♦ ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡ ♦ ✉ ❛ ♥ ❞ ❤ ❡

♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ❡ ✉❧ ♠✐ ❣ ❤ ❜ ❡ ❞✐ ✣ ❝ ✉❧ ♦ ❛ ♣ ♣❧ ② ♦ ♣ ❡ ❝✐ ✜ ❝ ❝ ❛ ❡ ✳ ❖ ♥ ❤ ❡ ♦ ❤ ❡

❤ ❛ ♥ ❞✱ ✐❢ ❤ ❡ ✐ ♥ ❝❧ ✉ ✐ ♦ ♥ ❝ ✐ ❡ ✐ ❛ ❛ ❡ ♦ ♦ ♥ ❛ ♦ ✇✱ ✐ ♠✐ ❣ ❤ ❜ ❡ ❝ ♦ ♠ ❡ ❤ ❛ ❞ ♦ ✜ ♥ ❞

✉✐ ❛ ❜❧ ❡ ✉ ❞✐ ❡ ❛ ♥ ❞ ♦ ❣ ❡ ♥ ❡ ❛❧✐ ③ ❡ ❤ ❡ ❡ ✉❧ ✳

❲❡ ❞ ❡ ✜ ♥ ❡ ❤ ❡ ❡ ✐ ♥ ❝❧ ✉ ✐ ♦ ♥ ❝ ✐ ❡ ✐ ❛ ❤ ❛ ❤ ❡ ✉ ❞✐ ❡ ♠ ✉ ❛ ✐ ❢ ② ♦ ❜ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ❞

✐ ♥ ♦ ✉ ❞ ❛ ❛ ❡ ✳ ❋✐ ✱ ❤ ❡ ✉ ❞ ② ♠ ✉ ✐ ♥ ✈ ❡ ✐ ❣ ❛ ❡ ❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ❛ ❡❢ ♦ ♠ ♦ ♥ ❛

❦ ❡ ② ♠ ❛ ❝ ♦ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ♣ ❡ ❢ ♦ ♠ ❛ ♥ ❝ ❡ ✈ ❛ ✐ ❛ ❜❧ ❡ ✉ ❝ ❤ ❛ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❣ ♦ ✇ ❤ ❛ ♥ ❞ ❡ ♣ ♦

❡ ❝ ♦ ♥ ♦ ♠ ❡ ✐ ❝ ❛ ♥ ❛❧ ② ✐ ✳ ❲❡ ❞ ♦ ♥ ♦ ❝ ♦ ♥ ❛✐ ♥ ♦ ✉ ❡❧ ✈ ❡ ♦ ♥ ❛ ♥ ② ♣ ❛ ✐ ❝ ✉❧ ❛ ② ♣ ❡ ♦❢

❡❢ ♦ ♠✱ ❛ ✇ ❡ ♣ ❡ ❝✐ ✜ ❝ ❛❧❧ ② ✇✐ ❤ ♦ ❡ ① ♣❧ ♦ ❡ ❤ ❡ ❞✐ ✛ ❡ ❡ ♥ ❝ ❡ ❜ ❡ ✇ ❡ ❡ ♥ ❤ ❡ ♠✳ ❙ ❡ ❝ ♦ ♥ ❞✱

❤ ❡ ✉ ❞ ② ♠ ✉ ❝ ♦ ♥ ✐ ❞ ❡ ❡❢ ♦ ♠ ✐ ♥ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❝ ♦ ✉ ♥ ✐ ❡ ✱ ❜ ❡ ❝ ❛ ✉ ❡ ✇ ❡ ✇ ❛ ♥ ♦

❡ ♥ ✉ ❡ ❤ ❡ ❣ ❡ ❛ ❡ ♣ ♦ ✐ ❜❧ ❡ ❡❧ ❡ ✈ ❛ ♥ ❝ ❡ ♦❢ ❤ ❡ ❡ ✉❧ ✐ ♥ ❣ ❡ ❝ ♦ ♠ ♠ ❡ ♥ ❞ ❛ ✐ ♦ ♥ ❢ ♦

❤ ❡ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ♠ ❛ ❝ ♦ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❡ ♥ ✈✐ ♦ ♥ ♠ ❡ ♥ ✳ ❚ ❤✐ ❞✱ ❤ ❡ ✉ ❞ ② ♠ ✉ ✐ ♥ ❝❧ ✉ ❞ ❡ ❛

❞ ❡ ❝ ✐ ♣ ✐ ♦ ♥ ♦❢ ❤ ❡ ♠ ❡ ❤ ♦ ❞ ♦❧ ♦ ❣ ② ✉ ❡ ❞ ❛ ♥ ❞ ❤ ❡ ❡ ✉❧ ♦❢ ❛ ♥ ❡ ❝ ♦ ♥ ♦ ♠ ❡ ✐ ❝ ❛ ♥ ❛❧ ② ✐

✇✐ ❤ ❛ ♠ ❡ ❛ ✉ ❡ ♦❢ ❛ ✐ ✐ ❝ ❛❧ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❝ ❡ ✉ ❝ ❤ ❛ ✲ ❛ ✐ ✐ ❝ ✱ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ♦

♣✲ ✈ ❛❧ ✉ ❡ ✳

■ ♥ ♦ ❞ ❡ ♦ ✜ ♥ ❞ ✉✐ ❛ ❜❧ ❡ ✉ ❞✐ ❡ ✱ ✇ ❡ ✉ ♥ ♦ ✉ ❛ ❡ ♥ ✐ ♦ ♥ ♦ ❡ ❡ ❛ ❝ ❤ ❞ ❛ ❛ ❜ ❛ ❡ ✱

♥ ❛ ♠ ❡❧ ② ❙ ❙ ❘ ◆✱ ❘ ❡ ❊ ❝✱ ● ♦ ♦ ❣❧ ❡ ❙ ❝ ❤ ♦❧ ❛ ✱ ❛ ♥ ❞ ❊ ❝ ♦ ♥ ▲✐ ✳ ❆ ❛ ❡ ❛ ❝ ❤✐ ♥ ❣ ✉ ❡ ② ✇ ❡

✉ ❡ ❦ ❡ ② ✇ ♦ ❞ ✿



✸✳ ❚ ❤ ❡ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❉ ❛ ❛ ❡ ✶ ✶

❡ ❢ ♦ ♠ ✱ ❣ ♦ ✇ ❤ ✱ ❊ ✉ ♦ ♣ ❡ ✳

❋ ♦ ❤ ❡ ❡ ✉ ♥ ❡ ❞ ❡ ❛ ❝ ❤✐ ♥ ❣ ❡ ✉❧ ✇ ❡ ❣ ♦ ❤ ♦ ✉ ❣ ❤ ❤ ❡✐ ❛ ❜ ❛ ❝ ♦ ❞ ❡ ❡ ♠✐ ♥ ❡

❤ ❡ ✐ ♥✐ ✐ ❛❧ ✉ ❞✐ ❡ ✬ ❡❧ ❡ ✈ ❛ ♥ ❝ ❡✳ ▼ ❛ ♥ ② ✉ ❞✐ ❡ ❛ ❡ ♣ ✉ ❡❧ ② ❤ ❡ ♦ ❡ ✐ ❝ ❛❧ ♦ ♦ ❤ ❡ ✇✐ ❡

✉ ♥ ✉✐ ❛ ❜❧ ❡✱ ❤ ❡ ❡❢ ♦ ❡ ❞ ♦ ♣ ♣ ❡ ❞ ❢ ♦ ♠ ♦ ✉ ❛ ♥ ❛❧ ② ✐ ✳ ❙ ✉ ❜ ❡ ✉ ❡ ♥ ❧ ②✱ ✇ ❡ ❣ ♦ ❤ ♦ ✉ ❣ ❤

❤ ❡ ❡ ① ✐ ❡❧❢ ♦ ✐ ❞ ❡ ♥ ✐❢ ② ❛ ❞✐ ✐ ♦ ♥ ❛❧ ❡ ♠ ♣✐ ✐ ❝ ❛❧ ✉ ❞✐ ❡ ❤ ❛ ❡ ✐ ♠ ❛ ❡ ❤ ❡ ❡ ✛ ❡ ❝ ♦❢

❡❢ ♦ ♠ ♦ ♥ ❛ ♣ ❡ ❢ ♦ ♠ ❛ ♥ ❝ ❡ ♠ ❡ ❛ ✉ ❡✳ ❆ ❧ ❛ ❣ ❡ ♣ ❛ ♦❢ ❤ ❡ ❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤ ❡ ❡ ❛ ❝ ❤

❢ ♦ ❝ ✉ ❡ ♦ ♥ ❛ ✐ ♠ ✉❧ ❛ ✐ ♦ ♥✲ ❜ ❛ ❡ ❞ ❛ ♥ ❛❧ ② ✐ ✉ ✐ ♥ ❣ ❡ ♥ ❞ ♦ ❣ ❡ ♥ ♦ ✉ ❣ ♦ ✇ ❤ ♠ ♦ ❞ ❡❧ ✉ ❝ ❤

❛ ❉ ❙ ● ❊✳ ❚ ❤ ❡ ❡ ✉ ❞✐ ❡ ❤ ❛ ✈ ❡ ♦ ❜ ❡ ❡ ① ❝❧ ✉ ❞ ❡ ❞ ❜ ❡ ❝ ❛ ✉ ❡ ❤ ❡ ② ❛ ♥ ❛❧ ② ③ ❡ ❛ ❤ ❡ ♦ ❡ ✐ ❝ ❛❧

✐ ♠ ♣ ❛ ❝ ♦❢ ❛ ❤ ♦ ❝ ❦ ♦ ♥ ❤ ❡ ❡ ❝ ♦ ♥ ♦ ♠ ②✱ ♥ ♦ ❛ ♥ ❡ ①✲ ♣ ♦ ♠ ❛ ❡ ✐ ❛❧ ♦ ♥ ❡✳ ❚ ❤ ❡ ✉ ❞✐ ❡

❡ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ❤ ❡ ❡❢ ♦ ♠ ♦ ♥ ✉ ♥ ❡ ♠ ♣❧ ♦ ② ♠ ❡ ♥ ❛ ❡ ❛ ♥ ♦ ❤ ❡ ❧ ❛ ❣ ❡ ❝ ❛ ❡ ❣ ♦ ②

♦❢ ✉ ❞✐ ❡ ❤ ❛ ❤ ❛ ✈ ❡ ♦ ❜ ❡ ❡ ① ❝❧ ✉ ❞ ❡ ❞✳ ✶ ❊ ✈ ❡ ♥ ❤ ♦ ✉ ❣ ❤ ✇ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ✉ ❞✐ ❡ ❡ ✐ ♠ ❛ ✲

✐ ♥ ❣ ❤ ❡ ❡ ✛ ❡ ❝ ♦ ♥ ♣ ♦ ❞ ✉ ❝ ✐ ✈✐ ② ❣ ♦ ✇ ❤✱ ✉ ♥ ❡ ♠ ♣❧ ♦ ② ♠ ❡ ♥ ✐ ♥ ♦ ❞✐ ❡ ❝ ❧ ② ❛ ♥ ❧ ❛ ❡ ❞

♦ ♦ ✉ ♣ ✉ ❣ ♦ ✇ ❤✳

❆ ❞ ❞✐ ✐ ♦ ♥ ❛❧❧ ②✱ ✇ ❡ ❣ ♦ ❤ ♦ ✉ ❣ ❤ ❤ ❡ ❡❢ ❡ ❡ ♥ ❝ ❡ ♦❢ ❤ ❡ ❡❧ ❡ ✈ ❛ ♥ ✉ ❞✐ ❡ ❛ ♥ ❞ ✐ ♥✲

❝❧ ✉ ❞ ❡ ❤ ♦ ❡ ❛ ✐ ❢ ②✐ ♥ ❣ ♦ ✉ ❝ ✐ ❡ ✐ ❛ ♦ ❤ ❡ ❞ ❛ ❛ ❡ ❛ ✇ ❡❧❧✳ ❋✐ ♥ ❛❧❧ ②✱ ✇ ❡ ❛ ❞ ❞ ♣ ✐ ♠ ❛ ②

✉ ❞✐ ❡ ❢ ♦ ♠ ❇ ❛ ❜ ❡ ❝ ❦ ② ✫ ❍ ❛ ✈ ❛ ♥ ❡ ❦ ✭ ✷ ✵ ✶ ✹✮ ❤ ❛ ❡ ✐ ♠ ❛ ❡ ❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ✉ ❝ ✉ ❛❧

❡❢ ♦ ♠ ✐ ♥ ❛ ♥ ✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✳ ❚ ❤ ❡ ❡ ❤ ❛ ✈ ❡ ❜ ❡ ❡ ♥ ❛ ❢ ❡ ✇ ❝ ❛ ❡ ✐ ♥ ✇ ❤✐ ❝ ❤ ❤ ❡ ❛ ♠ ❡

❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤ ❡ ✐ ♠ ❛ ❡ ✇ ❡ ❡ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✐ ♥ ♠ ✉❧ ✐ ♣❧ ❡ ✉ ❞✐ ❡ ✉ ♥ ❞ ❡ ❛ ❞✐ ✛ ❡ ❡ ♥

✐ ❧ ❡ ♦ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ② ❡ ❛ ✳ ❲❡ ♣ ❛ ② ❝❧ ♦ ❡ ❛ ❡ ♥ ✐ ♦ ♥ ♦ ♥ ♦ ❤ ❛ ✈✐ ♥ ❣ ❛ ♥ ② ✉ ❞ ② ❡ ✐✲

♠ ❛ ❡ ❞ ✉ ♣❧✐ ❝ ❛ ❡ ❞ ❛ ✇ ❡ ✇ ♦ ✉❧ ❞ ✉ ♥✐ ♥ ❡ ♥ ✐ ♦ ♥ ❛❧❧ ② ❛ ✐ ❣ ♥ ❛ ❣ ❡ ❛ ❡ ✇ ❡✐ ❣ ❤ ♦ ❤ ❡ ♠

❛ ♥ ❞ ❝ ♦ ♥ ❡ ✉ ❡ ♥ ❧ ② ❜✐ ❛ ♦ ✉ ❛ ♥ ❛❧ ② ✐ ✳

■ ♥ ❛❧ ♠ ♦ ❛❧❧ ♣ ✐ ♠ ❛ ② ✉ ❞✐ ❡ ❤ ❡✐ ❛ ✉ ❤ ♦ ❡ ✐ ♠ ❛ ❡ ♠ ♦ ❡ ❤ ❛ ♥ ♦ ♥ ❡ ♠ ♦ ❞ ❡❧

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

♦ ✉ ❞ ②✳ ❙✐ ♥ ❝ ❡ ❤ ❡ ❛ ✉ ❤ ♦ ❛ ❡❧ ② ❝❧ ❡ ❛ ❧ ② ♣ ❡ ❝✐❢ ② ✇ ❤✐ ❝ ❤ ♠ ♦ ❞ ❡❧ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ✐

♣ ❡❢ ❡ ❡ ❞ ❜ ② ❤ ❡ ♠✱ ✇ ❡ ❤ ❛ ✈ ❡ ❞ ❡ ❝✐ ❞ ❡ ❞ ♦ ✉ ❡ ❛❧❧ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❡ ✐ ♠ ❛ ❡ ❢ ♦ ♠ ❡ ❛ ❝ ❤

✉ ❞ ②✳ ❚ ❤✐ ❛ ♣ ♣ ♦ ❛ ❝ ❤ ②✐ ❡❧ ❞ ❛ ♥ ✉ ♥ ❜ ❛❧ ❛ ♥ ❝ ❡ ❞ ❞ ❛ ❛ ❡ ✱ ❤ ❡ ❡❢ ♦ ❡ ✐ ♥ ❤ ❡ ❢ ✉ ❤ ❡

❛ ♥ ❛❧ ② ✐ ✱ ✇ ❡ ❛ ✐ ❣ ♥ ✇ ❡✐ ❣ ❤ ♦ ❛❧❧ ❡ ✐ ♠ ❛ ❡ ♦ ❤ ❛ ❡ ❛ ❝ ❤ ✉ ❞ ② ❤ ❛ ❤ ❡ ❛ ♠ ❡ ✐ ♠✲

♣ ♦ ❛ ♥ ❝ ❡✳ ❚ ❤ ❡ ❡ ❛ ❡ ❤ ❡ ❡ ❛ ❞ ✈ ❛ ♥ ❛ ❣ ❡ ♦ ❤✐ ❛ ♣ ♣ ♦ ❛ ❝ ❤✳ ❋✐ ✱ ✇ ❡ ❛ ✈ ♦✐ ❞ ❜✐ ❛ ✐ ♥ ❣

❤ ❡ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ❜ ② ✉ ❜❥ ❡ ❝ ✐ ✈ ❡ ❡❧ ❡ ❝ ✐ ♦ ♥ ♦❢ ❤ ❡ ❛ ✉ ❤ ♦ ✬ ♣ ❡❢ ❡ ❡ ❞ ❡ ✐ ♠ ❛ ❡ ✳

❙ ❡ ❝ ♦ ♥ ❞✱ ✇ ❡ ✐ ♥ ❝ ❡ ❛ ❡ ❤ ❡ ✈ ❛ ✐ ❛ ✐ ♦ ♥ ✐ ♥ ♦ ✉ ❞ ❛ ❛ ❡ ✱ ❜ ❡ ❝ ❛ ✉ ❡ ♠ ❛ ♥ ② ✉ ❞✐ ❡ ❡ ✐✲

♠ ❛ ❡ ❛❧ ❡ ♥ ❛ ✐ ✈ ❡ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ♦ ❜ ✉ ♥ ❡ ❝ ❤ ❡ ❝ ❦ ✳ ❚ ❤✐ ❞✱ ✉ ✐ ♥ ❣ ♠ ✉❧ ✐ ♣❧ ❡

❡ ✐ ♠ ❛ ❡ ♣ ❡ ✉ ❞ ②✱ ✇ ❡ ❝ ❛ ♥ ❡ ♠ ♦ ✈ ❡ ❤ ❡ ✉ ♥ ♦ ❜ ❡ ✈ ❡ ❞ ✐ ♥ ❞✐ ✈✐ ❞ ✉ ❛❧ ✉ ❞ ② ❝ ❤ ❛ ❛ ❝ ❡ ✲

✐ ✐ ❝ ❜ ② ❡ ♠ ♣❧ ♦ ②✐ ♥ ❣ ✉ ❞ ②✲❧ ❡ ✈ ❡❧ ✜ ① ❡ ❞ ❡ ✛ ❡ ❝ ♠ ♦ ❞ ❡❧ ✭ ❍ ❛ ✈ ❛ ♥ ❡ ❦ ✫ ■ ♦ ✈ ❛ ✷ ✵ ✶ ✼✮✳

❚ ❤ ❡ ✜ ♥ ❛❧ ❞ ❛ ❛ ❡ ❝ ♦ ♥ ✐ ♦❢ ✾ ✵ ✉ ❞✐ ❡ ❛ ✐ ❢ ②✐ ♥ ❣ ❤ ❡ ✐ ♥ ❝❧ ✉ ✐ ♦ ♥ ❝ ✐ ❡ ✐ ❛✳ ❲❡

✜ ♥✐ ❤ ❡ ❞ ♦ ✉ ❡ ❛ ❝ ❤ ✐ ♥ ❏ ✉ ♥ ❡ ✷ ✵ ✶ ✽✳ ❚ ❤ ❡ ❝ ♦ ♠ ♣❧ ❡ ❡ ❧✐ ♦❢ ✉ ❞✐ ❡ ✐ ✐ ♥ ❝❧ ✉ ❞ ❡ ❞ ✐ ♥

✶ ❚ ❤ ❡ ♠ ❛❥ ♦ ✐ ② ♦❢ ✉ ❞✐ ❡ ❤ ❛ ❡ ✐ ♠ ❛ ❡ ❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ❡❢ ♦ ♠ ♦ ♥ ✉ ♥ ❡ ♠ ♣❧ ♦ ② ♠ ❡ ♥ ❢ ♦ ❝ ✉ ♦ ♥
❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ✳



✸✳ ❚ ❤ ❡ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❉ ❛ ❛ ❡ ✶ ✷

❆ ♣ ♣ ❡ ♥ ❞✐ ① ❆✳ ❚ ❤ ❡ ❞ ❛ ❛ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ❜ ♦ ❤ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ❛ ♥ ❞ ✉ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✉ ❞✐ ❡

❤ ❛ ❝ ♦ ♥ ❛✐ ♥ ♦ ❣ ❡ ❤ ❡ ✽ ✽ ✾ ❡ ♠ ♣✐ ✐ ❝ ❛❧ ❡ ✐ ♠ ❛ ❡ ♦❢ ❤ ❡ ❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤ ❡ ✛ ❡ ❝ ✐ ♥

❊ ✉ ♦ ♣ ❡ ❛ ♥ ❝ ♦ ✉ ♥ ✐ ❡ ✳

❆❧❧ ✉ ❞✐ ❡ ✐ ♥ ♦ ✉ ❞ ❛ ❛ ❡ ✇ ❡ ❡ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✐ ♥ ❤ ❡ ❊ ♥ ❣❧✐ ❤ ❧ ❛ ♥ ❣ ✉ ❛ ❣ ❡✳ ❚ ❤ ❡ ✜ ✈ ❡

♦❧ ❞ ❡ ✉ ❞✐ ❡ ✇ ❡ ❢ ♦ ✉ ♥ ❞ ❞ ❛ ❡ ❞ ❜ ❛ ❝ ❦ ♦ ✶ ✾ ✾ ✻❀ ❤ ❡ ♥ ❡ ✇ ❡ ✉ ❞ ② ✇ ❛ ♣ ✉ ❜❧✐ ❤ ❡ ❞

✐ ♥ ❤ ❡ ✜ ❤ ❛❧❢ ♦❢ ✷ ✵ ✶ ✽✳ ■ ♥ ❝ ♦ ♠ ♣ ❛ ✐ ♦ ♥ ✇✐ ❤ ❤ ❡ ✇ ♦ ♣ ❡ ✈✐ ♦ ✉ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ❡

✭ ❇ ❛ ❜ ❡ ❝ ❦ ② ✫ ❈ ❛ ♠ ♣ ♦ ✭ ✷ ✵ ✶ ✶✮❀ ❇ ❛ ❜ ❡ ❝ ❦ ② ✫ ❍ ❛ ✈ ❛ ♥ ❡ ❦ ✭ ✷ ✵ ✶ ✹✮✮✱ ❤ ❡ ✉ ❞✐ ❡ ✐ ♥ ♦ ✉

❞ ❛ ❛ ❡ ❝ ♦ ✈ ❡ ❧ ♦ ♥ ❣ ❡ ♣ ❡ ✐ ♦ ❞✱ ❜ ♦ ❛ ❞ ❡ ❣ ❡ ♦ ❣ ❛ ♣ ❤✐ ❝ ❛❧ ❛ ❡ ❛ ❛ ♥ ❞ ✈ ❛ ✐ ❡ ② ♦❢ ❡❢ ♦ ♠ ✳

❚ ❤ ❡ ❡❧ ❡ ❝ ❡ ❞ ♣ ✐ ♠ ❛ ② ✉ ❞✐ ❡ ❢ ♦ ❝ ✉ ♦ ♥ ❛ ✇✐ ❞ ❡ ❛ ♥ ❣ ❡ ♦❢ ❡❢ ♦ ♠ ✱ ♥ ❡ ✈ ❡ ❤ ❡❧ ❡ ✱

❝ ❛ ♥ ❜ ❡ ❝ ❛ ❡ ❣ ♦ ✐ ③ ❡ ❞ ✐ ♥ ♦ ❝❧ ✉ ❡ ❜ ❛ ❡ ❞ ♦ ♥ ❤ ❡ ❛ ❣ ❡ ❡ ❝ ♦ ♦❢ ✉ ❝ ✉ ❛❧ ❡❢ ♦ ♠ ✿

▲ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❚ ❤✐ ❝❧ ✉ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ❡❢ ♦ ♠ ❛✐ ♠ ❡ ❞ ❛ ✐ ♥ ❝ ❡ ❛ ✐ ♥ ❣ ❧ ❛ ❜ ♦ ✉ ✉ ✐✲

❧✐ ③ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ♠ ❛ ❦ ❡ ❛ ❞ ❛ ♣ ❛ ❜✐❧✐ ② ✉ ❝ ❤ ❛ ❤ ❡ ✐ ♥ ♦ ❞ ✉ ❝ ✐ ♦ ♥ ♦❢ ♦ ♥ ❣ ❡ ♠ ♣❧ ♦ ② ♠ ❡ ♥

♣ ♦ ❡ ❝ ✐ ♦ ♥ ❧ ❡ ❣✐ ❧ ❛ ✐ ♦ ♥ ♦ ❡❢ ♦ ♠ ♦❢ ❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❀ ❛❧ ♦ ✐ ♥ ❝❧ ✉ ❞ ❡ ✉ ✲

✐ ♥ ❣ ♦ ❤ ❡ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ✐ ♥ ❝ ❡ ♥ ✐ ✈ ❡ ♦ ✇ ♦ ❦ ✭❢✳ ❡✳ ❝ ❤ ❛ ♥ ❣ ❡ ✐ ♥ ♣ ✉ ❜❧✐ ❝ ✇ ❛ ❣ ❡ ❜✐❧❧ ♣ ❡ ♥ ❞✐ ♥ ❣

❞ ✉ ✐ ♥ ❣ ❤ ❡ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ❝ ✐ ✐ ✮✳

✉ ❜❧✐ ❝ ✜ ♥ ❛ ♥ ❝ ❡ ❛ ♥ ❞ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❇ ♦ ❛ ❞ ❝ ❛ ❡ ❣ ♦ ② ♦❢ ❡❢ ♦ ♠ ❤ ❛ ❢ ♦ ❝ ✉ ♦ ♥

❛ ① ❛ ✐ ♦ ♥✱ ✉ ❛❧✐ ② ♦❢ ♣ ✉ ❜❧✐ ❝ ✜ ♥ ❛ ♥ ❝ ❡ ✱ ❛ ♥ ❞ ❝ ❛ ♣✐ ❛❧ ❡ ❣ ✉❧ ❛ ✐ ♦ ♥✳ ❊ ① ❛ ♠ ♣❧ ❡ ♦❢ ✉ ❝ ❤

❡❢ ♦ ♠ ✐ ♥ ❝❧ ✉ ❞ ❡ ❛ ❡ ❞ ✉ ❝ ✐ ♦ ♥ ♦❢ ❤ ❡ ❛ ① ❜ ✉ ❞ ❡ ♥✱ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❛❧ ❤ ❛ ♠ ♦ ♥✐ ③ ❛ ✐ ♦ ♥✱ ❛ ♥ ❞

✜ ❝ ❛❧ ❝ ♦ ♥ ♦❧✐ ❞ ❛ ✐ ♦ ♥✳

■ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ♠ ❛ ❦ ❡ ❈❧ ✉ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ❡❢ ♦ ♠ ✐ ♠ ✉❧ ❛ ✐ ♥ ❣ ♣ ♦✲

❞ ✉ ❝ ✐ ✈✐ ② ❣ ♦ ✇ ❤ ✲ ♣ ♦ ♠ ♦ ✐ ♦ ♥ ♦❢ ❋ ❉■✱ ❡ ✣ ❝✐ ❡ ♥ ❝ ② ✐ ♠ ♣ ♦ ✈ ❡ ♠ ❡ ♥ ♦ ✇ ❛ ❞ ✜ ♥ ❛ ♥ ❝✐ ❛❧

❡ ✈✐ ❝ ❡ ✱ ❡ ♥ ❣ ❤ ❡ ♥ ❡ ❞ ♣ ♦ ♣ ❡ ② ✐ ❣ ❤ ✱ ❝ ♦ ♠ ♠ ❡ ❝✐ ❛❧ ✐ ♥ ❡ ❣ ❛ ✐ ♦ ♥ ✇✐ ❤ ❤ ❡ ❊ ❯✱

❣❧ ♦ ❜ ❛❧✐ ③ ❛ ✐ ♦ ♥✱ ❛ ♥ ❞ ❞ ❡ ✈ ❡❧ ♦ ♣ ♠ ❡ ♥ ♦❢ ❡ ✈✐ ❝ ❡✲ ❡ ① ♣ ♦ ✐ ♥ ❣ ❡ ❝ ♦ ✳

❲ ❡❧❢ ❛ ❡ ❛ ❡ ❲❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠ ❛ ❞ ❞ ❡ ♠ ♦ ❧ ② ❞ ❡ ♠ ♦ ❣ ❛ ♣ ❤✐ ❝ ✐ ✉ ❡ ✉ ❝ ❤

❛ ❛ ❣ ❡✐ ♥ ❣✱ ❤ ❡ ❛❧ ❤ ❝ ❛ ❡✱ ❛ ♥ ❞ ❡ ❞ ✉ ❝ ❛ ✐ ♦ ♥✳ ■ ♥ ♣ ❛ ✐ ❝ ✉❧ ❛ ✱ ❤ ❡ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ♣ ❡ ♥ ✐ ♦ ♥

❡❢ ♦ ♠ ♦❢ ❤ ❡ ✷ ♥ ❞ ♣✐❧❧ ❛ ✱ ❝ ❤ ❛ ♥ ❣ ❡ ✐ ♥ ❤ ❡ ❛❧ ❤ ❝ ❛ ❡ ❡ ① ♣ ❡ ♥ ❞✐ ✉ ❡✱ ✇ ❡❧❢ ❛ ❡ ♣ ❡ ♥ ❞✐ ♥ ❣

❛ ♥ ❞ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ✇ ❡❧❢ ❛ ❡ ♠ ♦ ❞ ❡❧ ✳

✸✳ ✷ ❈ ♦❧❧ ❡ ❝ ❡ ❞ ❉ ❛ ❛ ❈ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝

❋ ♦ ♠ ❡ ❛ ❝ ❤ ✉ ❞ ②✱ ✇ ❡ ❡ ① ❛ ❝ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ♦ ♥ ❤ ❡ ❡❢ ♦ ♠ ✈ ❛ ✐ ❛ ❜❧ ❡ ✱ ✐ ✲ ❛ ✐ ✐ ❝ ✱

❛ ♥ ❞ ❛ ❞ ❞✐ ✐ ♦ ♥ ❛❧ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ❤ ❛ ❤ ♦ ✉❧ ❞ ❤ ❡❧ ♣ ✉ ❡ ① ♣❧ ❛✐ ♥ ❤ ❡ ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ②



✸✳ ❚ ❤ ❡ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❉ ❛ ❛ ❡ ✶ ✸

❛ ♠ ♦ ♥ ❣ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ✳✷ ❈ ♦ ♠ ♣ ❛ ❡ ❞ ♦ ❤ ❡ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ❜ ② ❇ ❛ ❜ ❡ ❝ ❦ ② ✫ ❍ ❛ ✈ ❛ ♥ ❡ ❦

✭ ✷ ✵ ✶ ✹✮ ✇ ❡ ❤ ❛ ✈ ❡ ❞ ❡ ❝✐ ❞ ❡ ❞ ♦ ❣ ❛ ❤ ❡ ❛ ❞ ❞✐ ✐ ♦ ♥ ❛❧ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ❡ ✢ ❡ ❝ ✐ ♥ ❣ ❤ ❡ ♠ ♦ ❞ ❡❧

♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ♦❢ ♦ ✉ ❜ ♦ ❛ ❞ ❡ ❞ ❛ ❛ ❡ ✳ ❚ ❤ ❡ ❣ ❛ ❤ ❡ ❡ ❞ ✈ ❛ ✐ ❛ ❜❧ ❡ ❝ ❛ ♣ ✉ ❡ ❤ ❡ ❞ ❛ ❛

❛ ♥ ❞ ❤ ❡ ♠ ❡ ❤ ♦ ❞ ✉ ❡ ❞✱ ❤ ❡ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ❛ ♥ ❞ ❤ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥

❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ✳ ❇ ❡ ✐ ❞ ❡ ❤ ❡ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ❛ ♥ ❞ ✲ ❛ ✐ ✐ ❝ ✇ ❡ ❡ ① ❛ ❝ ❤ ❡ ❢ ♦❧❧ ♦ ✇✐ ♥ ❣

✐ ♥❢ ♦ ♠ ❛ ✐ ♦ ♥✿

② ❡ ❛ ✿ ❤ ❡ ② ❡ ❛ ✇ ❤ ❡ ♥ ❤ ❡ ✉ ❞ ② ✇ ❛ ♣ ✉ ❜❧✐ ❤ ❡ ❞✳ ■ ♥ ❝ ❛ ❡ ♦❢ ✉ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✉ ❞✐ ❡ ✱

❤ ❡ ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ♣ ❡ ❡ ♥ ❤ ❡ ② ❡ ❛ ✇ ❤ ❡ ♥ ❤ ❡ ✉ ❞ ② ✜ ❛ ♣ ♣ ❡ ❛ ❡ ❞ ✐ ♥ ❤ ❡

❞ ❛ ❛ ❜ ❛ ❡ ✱ ❢ ♦ ❡ ① ❛ ♠ ♣❧ ❡ ❛ ❛ ✇ ♦ ❦✐ ♥ ❣ ♣ ❛ ♣ ❡ ✳

❡❢ ❴ ② ♣ ❡✿ ❤ ❡ ❡❢ ♦ ♠ ② ♣ ❡ ♦❢ ❤ ❡ ✉ ❞ ②✳ ❋ ♦ ✉ ❡❢ ♦ ♠ ② ♣ ❡ ❛ ❡ ❝ ♦ ❞ ❡ ❞✿ ✭ ✶✮ ❧ ❛ ❜ ♦ ✉

♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ✱ ✭ ✷✮ ♣ ✉ ❜❧✐ ❝ ✜ ♥ ❛ ♥ ❝ ❡ ❛ ♥ ❞ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❡❢ ♦ ♠ ✱ ✭ ✸✮ ✐ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥

❡ ♥ ❤ ❛ ♥ ❝✐ ♥ ❣ ❛ ♥ ❞ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ✱ ✭ ✹✮ ✇ ❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠ ✳

♣ ❛ ♥ ❡❧✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❤ ❡ ✉ ❞ ② ✉ ❡ ♣ ❛ ♥ ❡❧ ❞ ❛ ❛✳ ❆ ♥ ❛❧ ❡ ♥ ❛ ✐ ✈ ❡

♦ ✉ ✐ ♥ ❣ ♣ ❛ ♥ ❡❧ ❞ ❛ ❛ ❛ ❡ ❝ ♦ ✲ ❡ ❝ ✐ ♦ ♥ ❛❧ ❛ ♥ ❛❧ ② ❡ ❤ ❛ ❛ ❡ ❣ ❡ ♥ ❡ ❛❧❧ ② ✉ ❡ ❞ ♦

❡ ✐ ♠ ❛ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✳ ❛ ♥ ❡❧ ❞ ❛ ❛ ❝ ❛ ♥ ❜ ❡ ✉ ❡ ❞ ♦ ❡ ✐ ♠ ❛ ❡ ❜ ♦ ❤

❤ ♦ ❛ ♥ ❞ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✛ ❡ ❝ ✱ ❞ ❡ ♣ ❡ ♥ ❞✐ ♥ ❣ ♦ ♥ ✇ ❤ ❡ ❤ ❡ ❤ ❡ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ✐ ♥ ❝❧ ✉ ❞ ❡

♦ ♥❧ ② ❝ ♦ ♥ ❡ ♠ ♣ ♦ ❛ ♥ ❡ ♦ ✉ ♦ ❛❧ ♦ ❧ ❛ ❣ ❣ ❡ ❞ ♠ ❡ ❛ ✉ ❡ ♦❢ ❡❢ ♦ ♠✳

❡ ♥ ❞ ♦✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡ ❡ ♥ ❞ ♦ ❣ ❡ ♥ ❡✐ ② ✐ ❡ ❛ ❡ ❞

✐ ♥ ❤ ❡ ❡ ✐ ♠ ❛ ✐ ♦ ♥✳ ❉ ✉ ♠ ♠ ② ❤ ❡ ♥ ❝ ❡ ❝ ♦ ❡ ♣ ♦ ♥ ❞ ♦ ✉ ✐ ♥ ❣ ♦ ♥ ❡ ♦❢ ❤ ❡ ❢ ♦❧❧ ♦ ✇✲

✐ ♥ ❣ ❛ ✐ ✐ ❝ ❛❧ ❡ ❝ ❤ ♥✐ ✉ ❡ ✿ ✐ ♥ ✉ ♠ ❡ ♥ ❛❧ ✈ ❛ ✐ ❛ ❜❧ ❡ ✱ ✷ ❙ ▲ ❙✱ ✸ ❙ ▲ ❙✱ ● ▼ ▼ ♦

❝ ♦✐ ♥ ❡ ❣ ❛ ✐ ♦ ♥✳

✜ ① ❡ ❞✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❤ ❡ ❝ ♦ ✉ ♥ ②✲ ♣ ❡ ❝✐ ✜ ❝ ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ② ✐ ♥ ❤ ❡

♠ ♦ ❞ ❡❧ ✐ ❡ ❛ ❡ ❞ ✉ ✐ ♥ ❣ ❡✐ ❤ ❡ ✜ ① ❡ ❞ ❡ ✛ ❡ ❝ ♠ ♦ ❞ ❡❧ ♦ ❝ ♦ ✉ ♥ ② ❞ ✉ ♠ ♠✐ ❡ ✳

♥✿ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ✉ ❡ ❞ ❢ ♦ ❤ ❡ ♠ ♦ ❞ ❡❧ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ✐ ♥ ❤ ❡ ♣ ✐ ♠ ❛ ②

✉ ❞ ②✳

❦✿ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ✐ ♥ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡ ✉ ❡ ❞ ✐ ♥ ❤ ❡ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ♦❢ ❤ ❡ ❡❢ ♦ ♠✲

❣ ♦ ✇ ❤ ❡ ✛ ❡ ❝ ❀ ✐ ♥ ❝❧ ✉ ❞✐ ♥ ❣ ❤ ❡ ❝ ♦ ♥ ❛ ♥ ✱ ✐ ♠ ❡ ♦ ❝ ♦ ✉ ♥ ② ❞ ✉ ♠ ♠✐ ❡ ✳

❛ ✿ ❤ ❡ ✜ ② ❡ ❛ ♦❢ ❤ ❡ ❞ ❛ ❛ ❛ ♠ ♣❧ ❡ ✇ ❤✐ ❝ ❤ ✇ ❛ ✉ ❡ ❞ ❢ ♦ ❤ ❡ ❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤

❡ ✐ ♠ ❛ ✐ ♦ ♥ ✐ ♥ ❤ ❡ ♣ ✐ ♠ ❛ ② ✉ ❞✐ ❡ ✳

♣ ❛ ♥✿ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ② ❡ ❛ ✐ ♥ ❤ ❡ ❞ ❛ ❛ ❛ ♠ ♣❧ ❡ ✇ ❤✐ ❝ ❤ ✇ ❛ ✉ ❡ ❞ ❢ ♦ ❤ ❡ ❡❢ ♦ ♠✲

❣ ♦ ✇ ❤ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ✐ ♥ ❤ ❡ ♣ ✐ ♠ ❛ ② ✉ ❞✐ ❡ ✳

✷ ■ ♥ ❝ ❛ ❡ ♦ ♥❧ ② ❤ ❡ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ♦ ♣✲ ✈ ❛❧ ✉ ❡ ✐ ❛ ❡ ❞✱ ❤ ❡ ❝ ♦ ❡ ♣ ♦ ♥ ❞✐ ♥ ❣ ✲ ❛ ✐ ✐ ❝ ✐
❝ ❛❧ ❝ ✉❧ ❛ ❡ ❞ ❜ ❛ ❡ ❞ ♦ ♥ ❤✐ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❝ ❡ ♠ ❡ ❛ ✉ ❡✳



✸✳ ❚ ❤ ❡ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❉ ❛ ❛ ❡ ✶ ✹

❝ ♦ ✉ ♥ ✐ ❡ ✿ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ❝ ♦ ✉ ♥ ✐ ❡ ✐ ♥ ❤ ❡ ❛ ♠ ♣❧ ❡ ✉ ❡ ❞ ❢ ♦ ❤ ❡ ❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤

❡ ✐ ♠ ❛ ✐ ♦ ♥✳

❣ ❞ ♣ ♣ ❝✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❤ ❡ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡ ✐ ● ❉ ♣ ❡

❝ ❛ ♣✐ ❛ ❣ ♦ ✇ ❤✳ ❖ ❤ ❡ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ♣ ❡ ❢ ♦ ♠ ❛ ♥ ❝ ❡ ♠ ❡ ❛ ✉ ❡ ✉ ❡ ❞ ❛ ❛ ❞ ❡ ♣ ❡ ♥✲

❞ ❡ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ● ❉ ❧ ❡ ✈ ❡❧ ❛ ♥ ❞ ❚ ♦ ❛❧ ❋ ❛ ❝ ♦ ♦ ❞ ✉ ❝ ✐ ✈✐ ② ✭ ❚ ❋ ✮

❣ ♦ ✇ ❤✱ ❤ ❛ ✐ ❞✐ ❡ ❝ ❧ ② ❛ ♥ ❧ ❛ ❡ ❞ ✐ ♥ ♦ ❤ ❡ ♦ ✉ ♣ ✉ ❣ ♦ ✇ ❤✳

❡ ❜ ❞✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❤ ❡ ❊ ❇ ❘ ❉ ❚ ❛ ♥ ✐ ✐ ♦ ♥ ✐ ♥ ❞✐ ❝ ❛ ♦ ❛ ❡ ✉ ❡ ❞

❛ ❛ ♠ ❡ ❛ ✉ ❡ ♦❢ ❡❢ ♦ ♠✳ ❊ ❇ ❘ ❉ ❚ ❛ ♥ ✐ ✐ ♦ ♥ ✐ ♥ ❞✐ ❝ ❛ ♦ ✐ ♥ ❝❧ ✉ ❞ ❡ ❤ ❡ ❡ ❡❢ ♦ ♠

❝ ♦ ♠ ♣ ♦ ♥ ❡ ♥ ✲ ✐ ♥ ❡ ♥ ❛❧ ❛ ♥ ❞ ♣ ✐ ❝ ❡ ❧✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥ ✭lii✮✱ ❡ ① ❡ ♥ ❛❧ ❧✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥

✭li e✮✱ ❛ ♥ ❞ ♣ ✐ ✈ ❛ ❡ ❡ ❝ ♦ ❡ ♥ ② ✭ li p✮✳ ✭ ❊ ❇ ❘ ❉ ✷ ✵ ✶ ✽ ❛✮

❝❧✐✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❤ ❡ ❈ ✉ ♠ ✉❧ ❛ ✐ ✈ ❡ ▲✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥ ■ ♥ ❞ ❡ ① ✭❈ ▲■ ✮

✐ ✉ ❡ ❞ ❛ ❛ ♠ ❡ ❛ ✉ ❡ ♦❢ ❡❢ ♦ ♠✳ ❈ ▲■ ❜ ② ❤ ❡ ❲ ♦ ❧ ❞ ❇ ❛ ♥ ❦ ❛❧ ♦ ✐ ♥ ❝❧ ✉ ❞ ❡ ❤ ❡ ❡

❡❢ ♦ ♠ ❝ ♦ ♠ ♣ ♦ ♥ ❡ ♥ ✲ lii✱ li e✱ ❛ ♥ ❞ li p✳ ✭ ❉ ❡ ▼ ❡❧ ♦ ❡ ❛❧✳ ✶ ✾ ✾ ✻✮

❝ ♦ ♠ ❜✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❛ ❝ ♦ ♠ ❜✐ ♥ ❛ ✐ ♦ ♥ ♦❢ ❈ ▲■ ❛ ♥ ❞ ❊ ❇ ❘ ❉ ✐ ♥ ❞✐ ❝ ❡

✐ ✉ ❡ ❞ ❛ ❛ ♠ ❡ ❛ ✉ ❡ ♦❢ ❡❢ ♦ ♠✳

♦ ❤ ❡ ✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ♦ ❤ ❡ ♠ ❡ ❛ ✉ ❡ ♦❢ ❡❢ ♦ ♠ ❤ ❛ ♥ ❈ ▲■ ♦

❊ ❇ ❘ ❉ ✐ ♥ ❞ ❡ ① ✐ ✉ ❡ ❞✳ ❊ ① ❛ ♠ ♣❧ ❡ ♦❢ ✉ ❝ ❤ ♠ ❡ ❛ ✉ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ❛ ♥ ✐ ♥ ❝ ❡ ❛ ❡ ✐ ♥

♠✐ ♥✐ ♠ ✉ ♠ ❡ ✐ ❡ ♠ ❡ ♥ ❛ ❣ ❡✱ ❛ ❞ ❡ ❝❧✐ ♥ ❡ ✐ ♥ ♣ ♦ ❞ ✉ ❝ ♠ ❛ ❦ ❡ ❡ ❣ ✉❧ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ❛

❞ ❡ ❝❧✐ ♥ ❡ ✐ ♥ ❧ ❛ ❜ ♦ ✉ ❛ ① ✇ ❡ ❞ ❣ ❡✳

❧✐✐✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ✐ ♥ ❡ ♥ ❛❧ ♠ ❛ ❦ ❡ ❧✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥ ❝ ♦ ♠ ♣ ♦ ♥ ❡ ♥

❛ ❡ ✉ ❡ ❞ ❛ ❛ ❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡✳ ❚ ❤ ❡ ❡ ❝ ♦ ♠ ♣ ♦ ♥ ❡ ♥ ✐ ♥ ❝❧ ✉ ❞ ❡ ♣ ✐ ❝ ❡ ❧✐ ❜ ❡ ❛❧✲

✐ ③ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ❤ ❡ ❛ ❜ ♦❧✐ ✐ ♦ ♥ ♦❢ ❛ ❡ ♠ ♦ ♥ ♦ ♣ ♦❧✐ ❡ ✳

❧✐ ❡✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❛ ❞ ❡ ❛ ♥ ❞ ❢ ♦ ❡✐ ❣ ♥ ❡ ① ❝ ❤ ❛ ♥ ❣ ❡ ❝ ♦ ♠ ♣ ♦ ♥ ❡ ♥ ❛ ❡

✉ ❡ ❞ ❛ ❛ ❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡✳ ❚ ❤ ❡ ❡ ❝ ♦ ♠ ♣ ♦ ♥ ❡ ♥ ✐ ♥ ❝❧ ✉ ❞ ❡ ❧✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥ ♦❢

❢ ♦ ❡✐ ❣ ♥ ❛ ❞ ❡ ❛ ♥ ❞ ❝ ✉ ❡ ♥ ❝ ② ❝ ♦ ♥ ✈ ❡ ✐ ❜✐❧✐ ②✳

❧✐ ♣✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❜ ❛ ♥ ❦✐ ♥ ❣ ❡❢ ♦ ♠✱ ♣ ✐ ✈ ❛ ✐ ③ ❛ ✐ ♦ ♥ ♦ ♣ ✐ ✈ ❛ ❡

❡ ❝ ♦ ❡ ♥ ② ❝ ♦ ♠ ♣ ♦ ♥ ❡ ♥ ❛ ❡ ✉ ❡ ❞ ❛ ❛ ❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡✳ ❚ ❤ ❡ ❡ ❝ ♦ ♠ ♣ ♦ ♥ ❡ ♥

✐ ♥ ❝❧ ✉ ❞ ❡ ♠ ❛❧❧✲ ❝ ❛❧ ❡ ♣ ✐ ✈ ❛ ✐ ③ ❛ ✐ ♦ ♥✱ ❧ ❛ ❣ ❡✲ ❝ ❛❧ ❡ ♣ ✐ ✈ ❛ ✐ ③ ❛ ✐ ♦ ♥✱ ❛ ♥ ❞ ✐ ♥ ❡ ❡

❛ ❡ ❧✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥✳

❛ ✈✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❛ ♥ ❛ ✈ ❡ ❛ ❣ ❡ ✭ ✇ ❡✐ ❣ ❤ ❡ ❞ ♦ ✐ ♠ ♣❧ ❡✮ ♦ ❛ ✉ ♠

♦❢ ❡❢ ♦ ♠ ✐ ♥ ❞ ❡ ① ❝ ♦ ♠ ♣ ♦ ♥ ❡ ♥ ✐ ✉ ❡ ❞ ❛ ❛ ♠ ❡ ❛ ✉ ❡ ♦❢ ❡❢ ♦ ♠✳



✸✳ ❚ ❤ ❡ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❉ ❛ ❛ ❡ ✶ ✺

♠ ❛ ❣ ❡ ✛✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❢ ♦ ❤ ❡ ♠ ❛ ❣✐ ♥ ❛❧ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❀ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ lii✱ li e✱

❛ ♥ ❞ li p ❛ ❡ ✉ ❡ ❞ ✐ ♥ ❤ ❡ ❛ ♠ ❡ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥✳

❧ ❛ ❣ ❞ ♣✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❤ ❡ ❧ ❛ ❣ ❣ ❡ ❞ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ❞ ✈ ❛ ✐ ❛ ❜❧ ❡ ✐ ✐ ♥ ❝❧ ✉ ❞ ❡ ❞

✐ ♥ ❤ ❡ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥✳

♣ ❡ ❡ ❞✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❤ ❡ ♣ ❡ ❡ ❞ ♦❢ ❡❢ ♦ ♠ ✐ ✉ ❡ ❞ ❛ ❛ ♠ ❡ ❛ ✉ ❡

♦❢ ❡❢ ♦ ♠✳

❧ ❛ ❣ ✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❜ ♦ ❤ ❝ ♦ ♥ ❡ ♠ ♣ ♦ ❛ ♥ ❡ ♦ ✉ ❛ ♥ ❞ ❧ ❛ ❣ ❣ ❡ ❞ ❡❢ ♦ ♠

♠ ❡ ❛ ✉ ❡ ❛ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ❞ ✐ ♥ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥✳

✐ ♠ ❡✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❤ ❡ ✐ ♠ ❡ ❞ ② ♥ ❛ ♠✐ ❝ ✐ ❝ ♦ ♥ ♦❧❧ ❡ ❞ ❢ ♦ ✐ ♥ ❤ ❡

♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥✳

✐ ❝✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ❝ ♦ ♥ ♦❧ ❢ ♦ ✐ ♥✐ ✐ ❛❧

❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ✳ ❚ ❤ ❡ ❡ ❝ ♦ ♥ ♦❧ ♠✐ ❣ ❤ ✐ ♥ ❝❧ ✉ ❞ ❡ ✐ ♥✐ ✐ ❛❧ ● ❉ ♣ ❡ ❝ ❛ ♣✐ ❛✱ ♥ ❛ ✉✲

❛❧ ❡ ♦ ✉ ❝ ❡ ✱ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❞✐ ♦ ✐ ♦ ♥ ✐ ♥ ❤ ❡ ✐ ❡ ❞ ❢ ♦ ♠ ❤ ❡ ♣ ❛ ✱ ❣ ❡ ♦ ❣ ❛ ♣ ❤✐ ❝

❝✐ ❝ ✉ ♠ ❛ ♥ ❝ ❡ ♦ ✐ ♥✐ ✐ ❛❧ ❧✐❢ ❡ ❡ ① ♣ ❡ ❝ ❛ ♥ ❝ ②✳

✐ ❝ ✶ ✷✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ✐ ♥ ❝❧ ✉ ❞ ❡ ✐ ♥✐✲

✐ ❛❧ ❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ♠ ❡ ❛ ✉ ❡ ✐ ♥ ❢ ♦ ♠ ♦❢ ♣ ✐ ♥ ❝✐ ♣ ❛❧ ❝ ♦ ♠ ♣ ♦ ♥ ❡ ♥ ❡ ✐ ♠ ❛ ❡ ❞ ❛ ✐ ♥

❉ ❡ ▼ ❡❧ ♦ ❡ ❛❧✳ ✭ ✶ ✾ ✾ ✻✮✳ ❚ ❤ ❡ ✈ ❛ ✐ ❛ ❜❧ ❡ ✐ ❡❧ ❡ ✈ ❛ ♥ ❢ ♦ ❤ ❡ ✉ ❞✐ ❡ ❡ ✐ ♠ ❛ ✐ ♥ ❣

❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ✉ ❝ ✉ ❛❧ ❡❢ ♦ ♠ ✐ ♥ ❛ ♥ ✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✳

♥✐ ❝✿ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ② ♣ ❡ ♦❢ ❝ ♦ ♥ ♦❧ ❢ ♦ ✐ ♥✐ ✐ ❛❧ ❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ✳

❛ ❜✐❧✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ❝ ♦ ♥ ♦❧ ❢ ♦

❛ ❜✐❧✐ ③ ❛ ✐ ♦ ♥✳ ❚ ❤ ❡ ❡ ❝ ♦ ♥ ♦❧ ♠✐ ❣ ❤ ✐ ♥ ❝❧ ✉ ❞ ❡ ✐ ♥ ✢ ❛ ✐ ♦ ♥✱ ✜ ❝ ❛❧ ❜ ❛❧ ❛ ♥ ❝ ❡✲ ♦✲

● ❉ ❛ ✐ ♦ ♦ ❜ ✉ ❞ ❣ ❡ ❞ ❡ ✜ ❝✐ ✳

♥ ❛ ❜✐❧✿ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ❝ ♦ ♥ ♦❧ ❢ ♦ ❛ ❜✐❧✐ ③ ❛ ✐ ♦ ♥ ✭✐ ♥ ❝❧ ✉ ❞✐ ♥ ❣ ❤ ❡ ✐ ♥ ✢ ❛ ✐ ♦ ♥ ✐❢ ❝ ♦ ♥✲

♦❧❧ ❡ ❞ ❢ ♦ ✮✳

✐ ♥ ✢✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ✐ ♥ ✢ ❛ ✐ ♦ ♥ ✐ ❝ ♦ ♥ ♦❧❧ ❡ ❞ ❢ ♦ ✐ ♥ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥

♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥✳

✐ ♥ ✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❛❧ ❞ ❡ ✈ ❡❧ ♦ ♣ ♠ ❡ ♥ ✐ ❝ ♦ ♥ ♦❧❧ ❡ ❞ ❢ ♦

✐ ♥ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥✳ ❚ ❤ ❡ ❝ ♦ ♥ ♦❧ ♠✐ ❣ ❤ ✐ ♥ ❝❧ ✉ ❞ ❡ ❧ ❡ ❣ ❛❧ ❛ ♥ ❞ ♣ ♦✲

❧✐ ✐ ❝ ❛❧ ✐ ♥ ❞✐ ❝ ❛ ♦ ✱ ❞ ❡ ♠ ♦ ❝ ❛ ❝ ② ♠ ❡ ❛ ✉ ❡ ✱ ♣ ♦❧✐ ✐ ❝ ❛❧ ✐ ♥ ❛ ❜✐❧✐ ② ❛ ♥ ❞ ✈✐ ♦❧ ❡ ♥ ❝ ❡✱

✉❧ ❡ ♦❢ ❧ ❛ ✇ ♦ ❣ ♦ ✈ ❡ ♥ ♠ ❡ ♥ ❡ ✛ ❡ ❝ ✐ ✈ ❡ ♥ ❡ ♠ ❡ ❛ ✉ ❡ ✳
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♥✐ ♥ ✿ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ② ♣ ❡ ♦❢ ❝ ♦ ♥ ♦❧ ❢ ♦ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❛❧ ❞ ❡ ✈ ❡❧ ♦ ♣ ♠ ❡ ♥ ✳

❢ ❛ ❝ ✿ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✉ ❛❧ ♦ ♦ ♥ ❡ ✐❢ ❢ ❛ ❝ ♦ ♦❢ ♣ ♦ ❞ ✉ ❝ ✐ ♦ ♥ ❛ ❡ ❝ ♦ ♥ ♦❧❧ ❡ ❞ ❢ ♦ ✐ ♥

❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥✳ ❚ ❤ ❡ ❡ ❝ ♦ ♥ ♦❧ ♠✐ ❣ ❤ ✐ ♥ ❝❧ ✉ ❞ ❡ ✐ ♥ ✈ ❡ ♠ ❡ ♥ ♣ ❡

❝ ❛ ♣✐ ❛✱ ❤ ✉ ♠ ❛ ♥ ❝ ❛ ♣✐ ❛❧ ❡ ♥ ❞ ♦ ✇ ♠ ❡ ♥ ✱ ✐ ♥ ✈ ❡ ♠ ❡ ♥ ✲ ♦✲ ● ❉ ❛ ✐ ♦ ♦ ♣ ♦ ♣ ✉❧ ❛✲

✐ ♦ ♥ ❣ ♦ ✇ ❤✳
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❛ ❝ ❝ ♦ ✉ ♥ ❢ ♦ ✐ ♠ ❡ ❞ ② ♥ ❛ ♠✐ ❝ ✉ ✐ ♥ ❣ ✐ ♠ ❡ ❞ ✉ ♠ ♠✐ ❡ ♦ ✐ ♠ ❡ ❡ ♥ ❞ ✇ ❤✐ ❝ ❤ ❡❧✐ ♠✐ ♥ ❛ ❡

❡ ❛ ♦ ♥ ❛❧ ❝ ♦ ♠ ♣ ♦ ♥ ❡ ♥ ❢ ♦ ♠ ❤ ❡ ✐ ♠ ❡ ❡ ✐ ❡ ❛ ♥ ❞ ❡ ♥ ❛ ❜❧ ❡ ❜ ❡ ❡ ♠ ❛ ♥✐❢ ❡ ❛ ✐ ♦ ♥ ♦❢

❤ ❡ ✐ ♠ ♣ ♦ ❛ ♥ ♣ ❛ ❡ ♥ ✳ ❆ ♣ ♣ ♦ ①✐ ♠ ❛ ❡❧ ② ✷ ✵ ✪ ♦❢ ❤ ♦ ✉ ♥ ❛ ♥ ❞ ✶ ✷ ✪ ♦❢ ❧ ♦ ♥ ❣✲ ✉ ♥

✉ ❞✐ ❡ ✉ ❡ ❤ ❡ ♣ ❡ ❡ ❞ ❛ ✇ ❤✐ ❝ ❤ ❤ ❡ ❡❢ ♦ ♠ ✇ ❡ ❡ ✐ ♥ ♦ ❞ ✉ ❝ ❡ ❞ ❛ ♥ ❞ ✐ ♠ ♣❧ ❡ ♠ ❡ ♥ ❡ ❞

❛ ❛ ♠ ❡ ❛ ✉ ❡ ♦❢ ❡❢ ♦ ♠✳ ❚ ❤✐ ✐ ② ♣✐ ❝ ❛❧ ❢ ♦ ✉ ❞✐ ❡ ♦ ♥ ❛ ♥ ✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✐ ♥

♣ ❛ ✐ ❝ ✉❧ ❛ ✱ ❜ ❡ ❝ ❛ ✉ ❡ ❤ ❡ ❛ ✉ ❤ ♦ ♦❢ ❡ ♥ ❞ ❡ ✐ ✈ ❡ ❤ ❡ ♠ ❡ ❛ ✉ ❡ ❢ ♦ ♠ ❊ ❇ ❘ ❉ ❛ ♥ ✐ ✐ ♦ ♥

❝ ♦ ❡ ✱ ❢ ♦ ✐ ♥ ❛ ♥ ❝ ❡ ✉ ✐ ♥ ❣ ❝ ❤ ❛ ♥ ❣ ❡ ✐ ♥ ❡❢ ♦ ♠ ✭ ❍ ❡ ② ❜ ❡ ② ✫ ▼ ✉ ❡❧❧ ✶ ✾ ✾ ✾✮ ♦ ❞✐ ✈✐ ❞✐ ♥ ❣

❤ ❡ ❝ ♦ ✉ ♥ ✐ ❡ ✐ ♥ ♦ ❛ ❞✐ ❝ ❛❧✱ ❣ ❛ ❞ ✉ ❛❧ ❛ ♥ ❞ ❧ ❛ ❣ ❣✐ ♥ ❣ ❡❢ ♦ ♠ ❡ ✭ ❲ ♦❧❢ ❡ ❛❧✳ ✶ ✾ ✾ ✾✮✳

■ ♥ ❛ ❞ ❞✐ ✐ ♦ ♥✱ ❧✐ ❣ ❤ ❧ ② ❧ ❡ ❤ ❛ ♥ ✷ ✹ ✪ ♦❢ ❤ ♦ ✉ ♥ ❛ ♥ ❞ ✶ ✹ ✪ ♦❢ ❧ ♦ ♥ ❣✲ ✉ ♥ ✉ ❞✐ ❡

✐ ♥ ❝❧ ✉ ❞ ❡ ❞ ✐ ♥ ❤ ❡✐ ♠ ♦ ❞ ❡❧ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ❛❧ ♦ ❤ ❡ ❧ ❛ ❣ ❣ ❡ ❞ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡✱ ✇ ❤✐ ❝ ❤

✐ ♥ ♦ ❤ ❡ ✇ ♦ ❞ ♠ ❡ ❛ ♥ ❤ ❛ ❤ ❡✐ ❛ ✉ ❤ ♦ ❡ ① ♣ ❡ ❝ ❡ ❞ ❤ ❛ ❤ ❡ ❝ ✉ ❡ ♥ ❧ ❡ ✈ ❡❧ ♦❢

❣ ♦ ✇ ❤ ♠ ❡ ❛ ✉ ❡ ✐ ❞ ❡ ❡ ♠✐ ♥ ❡ ❞ ❜ ② ✐ ♣ ❛ ❧ ❡ ✈ ❡❧✳

❙ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ❆ ✈ ❛ ♠ ❛❥ ♦ ✐ ② ♦❢ ❛❧❧ ✉ ❞✐ ❡ ♠ ❡ ❛ ✉ ❡ ❤ ❡

❡ ✛ ❡ ❝ ♦❢ ❡❢ ♦ ♠ ♦ ♥ ❤ ❡ ● ❉ ♣ ❡ ❝ ❛ ♣✐ ❛ ❣ ♦ ✇ ❤❀ ♦ ❤ ❡ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡ ♦ ❝✲

❝ ✉ ✐ ♥ ❣ ✐ ♥ ♦ ✉ ❞ ❛ ❛ ❡ ❛ ❡ ❚ ❋ ❣ ♦ ✇ ❤ ✭ ◆✐ ❝ ♦❧ ❡ ✐ ✫ ❙ ❝ ❛ ♣ ❡ ❛ ✷ ✵ ✵ ✸❀ ● ✐ ✣ ❤

❡ ❛❧✳ ✷ ✵ ✶ ✵✮✱ ❚ ❋ ✭ ❇ ❛ ♦ ♥ ❡ ✫ ❈✐ ♥ ❣ ❛ ♥ ♦ ✷ ✵ ✶ ✶❀ ❍ ❛ ✐ ♦ ♥ ✷ ✵ ✶ ✶✮✱ ❛ ♥ ❞ ● ❉ ❧ ❡ ✈✲

❡❧ ✭ ❋❡ ❛ ❤✐✲ ❱❡ ❤ ❛ ♣✐ ❡ ❛❧✳ ✷ ✵ ✶ ✺❀ ❑ ❛ ♥ ❣ ❡ ❛❧✳ ✷ ✵ ✶ ✹✮✳ ❘ ❡ ❣ ❛ ❞✐ ♥ ❣ ❤ ❡ ❡ ① ♣❧ ❛ ♥ ❛ ♦ ②

✈ ❛ ✐ ❛ ❜❧ ❡ ✱ ✉ ❞✐ ❡ ❡ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ② ♣✐ ❝ ❛❧❧ ② ✐ ♥ ❝❧ ✉ ❞ ❡ ❢ ♦ ✉ ② ♣ ❡ ♦❢

❝ ♦ ♥ ♦❧ ✿ ✐ ♥✐ ✐ ❛❧ ❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ✱ ❛ ❜✐❧✐ ③ ❛ ✐ ♦ ♥✱ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❛❧ ❞ ❡ ✈ ❡❧ ♦ ♣ ♠ ❡ ♥ ✱ ❛ ♥ ❞ ❢ ❛ ❝✲

♦ ♦❢ ♣ ♦ ❞ ✉ ❝ ✐ ♦ ♥✳ ❋ ❡ ✉ ❡ ♥ ❝ ♦ ♥ ♦❧ ✈ ❛ ✐ ❛ ❜❧ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ✐ ♥ ❝ ❛ ❡ ♦❢ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥

❡ ✛ ❡ ❝ ✐ ♥✐ ✐ ❛❧ ❧ ❡ ✈ ❡❧ ♦❢ ● ❉ ✱ ❢ ♦ ❡✐ ❣ ♥ ❞✐ ❡ ❝ ✐ ♥ ✈ ❡ ♠ ❡ ♥ ❛ ♥ ❞ ❣ ♦ ✈ ❡ ♥ ♠ ❡ ♥ ❡ ① ♣ ❡ ♥ ❞✐✲

✉ ❡✳ ❚ ❤ ❡ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ❡ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ♦❢ ❡ ♥ ✐ ♥ ❝❧ ✉ ❞ ❡ ♦ ♣ ❡ ♥ ♥ ❡

❛ ♥ ❞ ❞✐ ✛ ❡ ❡ ♥ ✐ ❛ ❡ ❜ ❡ ✇ ❡ ❡ ♥ ❤ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ♥ ❞ ♣ ✐ ✈ ❛ ❡ ❡ ❝ ♦ ✳

✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ❆❧ ♠ ♦ ❤ ❛❧❢ ♦❢ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ❝ ♦ ♠ ❡ ❢ ♦ ♠ ✉ ❞✐ ❡

♣ ✉ ❜❧✐ ❤ ❡ ❞ ✐ ♥ ❡❢ ❡ ❡ ❡ ❞ ❥ ♦ ✉ ♥ ❛❧ ❛ ♥ ❞ ❛ ❡ ❝ ♦ ♥ ❞ ✉ ❝ ❡ ❞ ❜ ② ❛ ✉ ❤ ♦ ❢ ♦ ♠ ❛ ❝ ❛ ❞ ❡ ♠✐ ❛

♦ ♥❧ ②✳ ❋ ✉ ❤ ❡ ♠ ♦ ❡✱ ❤ ❡ ♠ ❡ ❛ ♥ ♥ ✉ ♠ ❜ ❡ ♦❢ ● ♦ ♦ ❣❧ ❡ ❙ ❝ ❤ ♦❧ ❛ ❝✐ ❛ ✐ ♦ ♥ ✉ ❣ ❣ ❡ ❤ ❛



✸✳ ❚ ❤ ❡ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❉ ❛ ❛ ❡ ✶ ✾

✉ ❞✐ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ❞ ❛ ❡ ❤✐ ❣ ❤❧ ②✲ ❝✐ ❡ ❞ ✇ ❤✐ ❝ ❤ ❢ ✉ ❤ ❡ ❡ ❡ ❤ ❡ ✐ ♠ ♣ ♦ ❛ ♥ ❝ ❡ ❛ ♥ ❞

❡❧ ❡ ✈ ❛ ♥ ❝ ❡ ♦❢ ❤ ❡ ♦ ♣✐ ❝✳

❲❡ ❝ ♦❧❧ ❡ ❝ ✽ ✽ ✾ ❡ ✐ ♠ ❛ ❡ ❢ ♦ ♠ ✾ ✵ ✉ ❞✐ ❡ ✱ ❤ ❡ ❡❢ ♦ ❡✱ ✇ ❡ ❝ ❛ ♥ ✐ ♠ ♠ ❡ ❞✐ ❛ ❡❧ ②

❡ ❡ ❤ ❛ ♦ ♠ ❡ ✉ ❞✐ ❡ ✇ ❡ ❡ ♠ ♦ ❡ ❣ ❡ ♥ ❡ ♦ ✉ ✇✐ ❤ ❤ ❡✐ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ❤ ❛ ♥ ♦ ❤ ❡ ✳

❚ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ❡ ✐ ♠ ❛ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ❞ ✐ ♥ ❡ ❛ ❝ ❤ ✉ ❞ ② ✈ ❛ ✐ ❡ ❣ ❡ ❛ ❧ ② ✲ ❢ ♦ ♠ ✾ ✉ ❞✐ ❡

✇ ❡ ❛ ❦ ❡ ❥ ✉ ♦ ♥ ❡ ❡ ✐ ♠ ❛ ❡✱ ✇ ❤✐❧ ❡ ❢ ♦ ♠ ❍ ❛ ✈ ②❧ ② ❤ ② ♥ ✫ ❱ ❛ ♥ ❘ ♦ ♦ ❞ ❡ ♥ ✭ ✶ ✾ ✾ ✽✮ ♦ ♥❧ ②

✇ ❡ ❛ ❦ ❡ ✺ ✼ ❡ ✐ ♠ ❛ ❡ ✳ ■❢ ✇ ❡ ❞ ♦ ♥ ♦ ❛ ❝ ❝ ♦ ✉ ♥ ❢ ♦ ❤✐ ❢ ❛ ❝ ✱ ✉ ❞✐ ❡ ✇✐ ❤ ❣ ❡ ❛ ❡

❡ ♣ ❡ ❡ ♥ ❛ ✐ ♦ ♥ ✐ ♥ ♦ ✉ ❛ ♠ ♣❧ ❡ ✇ ♦ ✉❧ ❞ ❤ ❛ ✈ ❡ ❣ ❡ ❛ ❡ ✇ ❡✐ ❣ ❤ ❝ ♦ ♠ ♣ ❛ ❡ ❞ ♦ ❤ ❡ ✉ ❞✐ ❡

✇✐ ❤ ❛ ❢ ❡ ✇ ❡ ✐ ♠ ❛ ❡ ✳ ❙ ✉ ❝ ❤ ❛ ✐ ✉ ❛ ✐ ♦ ♥ ♠✐ ❣ ❤ ❜✐ ❛ ❡ ♣ ❡ ❝✐ ❛❧❧ ② ♦ ✉ ❛ ♥ ❛❧ ② ✐ ♦❢ ❤ ❡

✉ ❞ ② ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ②✳ ■ ♥ ♦ ❞ ❡ ♦ ❣✐ ✈ ❡ ❛❧❧ ✉ ❞✐ ❡ ❤ ❡ ❛ ♠ ❡ ✇ ❡✐ ❣ ❤ ❡ ❣ ❛ ❞❧ ❡ ♦❢

❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ❡ ✐ ♠ ❛ ❡ ❤ ❡ ② ♣ ♦ ✈✐ ❞ ❡✱ ✇ ❡ ✇ ❡✐ ❣ ❤ ❛❧❧ ❤ ❡ ❝ ♦❧❧ ❡ ❝ ❡ ❞ ❡ ✐ ♠ ❛ ❡ ✳

❊ ❛ ❝ ❤ ❡ ✐ ♠ ❛ ❡ ✐ ✇ ❡✐ ❣ ❤ ❡ ❞ ❜ ② ❤ ❡ ✐ ♥ ✈ ❡ ❡ ♦❢ ❤ ❡ ♦ ❛❧ ♥ ✉ ♠ ❜ ❡ ♦❢ ❡ ✐ ♠ ❛ ❡ ❢ ♦ ♠

❤ ❡ ✉ ❞ ②✳ ❚ ❤ ❡ ✇ ❡✐ ❣ ❤ ❛ ✐ ❣ ♥ ❡ ❞ ♦ ❡ ❛ ❝ ❤ ❡ ✐ ♠ ❛ ❡ ✐ ❤ ❡ ♥

w i j ✏
1

n i

,

✇ ❤ ❡ ❡ w i j ✐ ❤ ❡ ✇ ❡✐ ❣ ❤ ❢ ♦ ❡ ✐ ♠ ❛ ❡ j ❢ ♦ ♠ ✉ ❞ ② i✱ ❛ ♥ ❞ n i ✐ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢

❡ ✐ ♠ ❛ ❡ ❢ ♦ ♠ ✉ ❞ ② i✳



✸✳ ❚ ❤ ❡ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❉ ❛ ❛ ❡ ✷ ✵

❚❛ ❜❧ ❡ ✸✳ ✶✿ ❉ ❡ ❝ ✐ ♣ ✐ ♦ ♥ ❛ ♥ ❞ ❙ ✉ ♠ ♠ ❛ ② ❙ ❛ ✐ ✐ ❝ ♦❢ ❘ ❡ ❣ ❡ ✐ ♦ ♥ ❱ ❛ ✐✲
❛ ❜❧ ❡

❙ ❤ ♦ ✉ ♥ ▲ ♦ ♥ ❣ ✉ ♥

❱ ❛ ✐ ❛ ❜❧ ❡  ▼ ❡ ❛ ♥ ❙ ❞✳ ❞ ❡ ✈✳  ▼ ❡ ❛ ♥ ❙ ❞✳ ❞ ❡ ✈✳

❉ ❛ ❛ ❛ ♥ ❞ ♠ ❡ ❤ ♦ ❞
❡❢ ❴ ② ♣ ❡ ✷✳ ✷ ✻ ✸ ✵✳ ✻ ✷ ✾ ✷✳ ✸ ✵ ✺ ✵✳ ✻ ✷ ✺

♥ ✻ ✷ ✸✳ ✷ ✺ ✹ ✹ ✶ ✼ ✶✳ ✺ ✷ ✺ ✹ ✷ ✸✳ ✹ ✻ ✷ ✸ ✶ ✼ ✻✳ ✵ ✹ ✺
❦ ✶ ✻✳ ✸ ✽ ✻ ✶ ✷✳ ✺ ✵ ✵ ✶ ✷✳ ✷ ✻ ✽ ✶ ✶✳ ✶ ✻ ✵
♣ ❛ ♥ ❡❧ ✵✳ ✾ ✽ ✽ ✵✳ ✶ ✵ ✽ ✵✳ ✽ ✶ ✺ ✵✳ ✸ ✽ ✾
❡ ♥ ❞ ♦ ✵✳ ✸ ✾ ✺ ✵✳ ✹ ✾ ✵ ✵✳ ✸ ✽ ✼ ✵✳ ✹ ✽ ✽
✜ ① ❡ ❞ ✵✳ ✸ ✼ ✺ ✵✳ ✹ ✽ ✺ ✵✳ ✸ ✸ ✸ ✵✳ ✹ ✼ ✷

❛ ✶ ✾ ✽ ✽✳ ✾ ✼ ✾ ✶ ✵✳ ✵ ✷ ✷ ✶ ✾ ✽ ✾✳ ✺ ✸ ✻ ✽✳ ✼ ✸ ✵
♣ ❛ ♥ ✶ ✷✳ ✺ ✾ ✵ ✾✳ ✻ ✽ ✾ ✶ ✷✳ ✾ ✷ ✾ ✽✳ ✾ ✼ ✼

❝ ♦ ✉ ♥ ✐ ❡ ✷ ✶✳ ✾ ✷ ✻ ✻✳ ✹ ✻ ✽ ✷ ✷✳ ✼ ✻ ✺ ✽✳ ✶ ✵ ✸
❣ ❞ ♣ ♣ ❝ ✵✳ ✾ ✷ ✸ ✵✳ ✷ ✻ ✼ ✵✳ ✽ ✷ ✵ ✵✳ ✸ ✽ ✺

❚ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡
❡ ❜ ❞ ✵✳ ✸ ✸ ✾ ✵✳ ✹ ✼ ✹ ✵✳ ✸ ✽ ✹ ✵✳ ✹ ✽ ✼
❝ ♦ ♠ ❜ ✵✳ ✶ ✸ ✾ ✵✳ ✸ ✹ ✻ ✵✳ ✵ ✽ ✾ ✵✳ ✷ ✽ ✺
♦ ❤ ❡ ✵✳ ✸ ✶ ✸ ✵✳ ✹ ✻ ✹ ✵✳ ✸ ✽ ✼ ✵✳ ✹ ✽ ✽
❧✐✐ ✵✳ ✵ ✼ ✶ ✵✳ ✷ ✺ ✼ ✵✳ ✵ ✹ ✷ ✵✳ ✷ ✵ ✵
❧✐ ❡ ✵✳ ✵ ✹ ✼ ✵✳ ✷ ✶ ✷ ✵✳ ✵ ✸ ✽ ✵✳ ✶ ✾ ✷
❧✐ ♣ ✵✳ ✶ ✶ ✷ ✵✳ ✸ ✶ ✻ ✵✳ ✵ ✾ ✸ ✵✳ ✷ ✾ ✵
❛ ✈ ✵✳ ✹ ✻ ✵ ✵✳ ✹ ✾ ✾ ✵✳ ✹ ✹ ✵ ✵✳ ✹ ✾ ✼
❝❧✐ ✵✳ ✶ ✾ ✷ ✵✳ ✸ ✾ ✹ ✵✳ ✶ ✸ ✽ ✵✳ ✸ ✹ ✺
♠ ❛ ❣ ❡ ✛ ✵✳ ✶ ✺ ✸ ✵✳ ✸ ✻ ✶ ✵✳ ✵ ✽ ✻ ✵✳ ✷ ✽ ✵

▼ ❡ ❛ ✉ ❡ ♦❢ ❞ ② ♥ ❛ ♠✐ ❝
❧ ❛ ❣ ❞ ❡ ♣ ✵✳ ✷ ✸ ✻ ✵✳ ✹ ✷ ✺ ✵✳ ✶ ✸ ✺ ✵✳ ✸ ✹ ✷
♣ ❡ ❡ ❞ ✵✳ ✷ ✵ ✹ ✵✳ ✹ ✵ ✸ ✵✳ ✶ ✷ ✷ ✵✳ ✸ ✷ ✼

❧ ❛ ❣ ✵✳ ✺ ✺ ✷ ✵✳ ✹ ✾ ✽ ✵✳ ✸ ✼ ✶ ✵✳ ✹ ✽ ✸
✐ ♠ ❡ ✵✳ ✷ ✺ ✶ ✵✳ ✹ ✸ ✹ ✵✳ ✶ ✽ ✵ ✵✳ ✸ ✽ ✺

❙ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝
✐ ❝ ✵✳ ✻ ✷ ✺ ✵✳ ✹ ✽ ✺ ✵✳ ✹ ✺ ✶ ✵✳ ✹ ✾ ✽
✐ ❝ ✶ ✷ ✵✳ ✷ ✵ ✾ ✵✳ ✹ ✵ ✽ ✵✳ ✶ ✹ ✷ ✵✳ ✸ ✹ ✾
♥✐ ❝ ✶✳ ✹ ✸ ✼ ✷✳ ✵ ✾ ✺ ✵✳ ✼ ✼ ✽ ✶✳ ✶ ✾ ✹

❛ ❜✐❧ ✵✳ ✼ ✺ ✽ ✵✳ ✹ ✷ ✾ ✵✳ ✻ ✸ ✶ ✵✳ ✹ ✽ ✸
♥ ❛ ❜✐❧ ✶✳ ✷ ✼ ✶ ✶✳ ✵ ✻ ✺ ✵✳ ✾ ✵ ✾ ✵✳ ✾ ✵ ✺
✐ ♥ ✢ ✵✳ ✼ ✸ ✷ ✵✳ ✺ ✶ ✽ ✵✳ ✺ ✹ ✺ ✵✳ ✹ ✾ ✽
✐ ♥ ✵✳ ✸ ✷ ✼ ✵✳ ✹ ✼ ✵ ✵✳ ✹ ✷ ✺ ✵✳ ✹ ✾ ✺
♥✐ ♥ ✵✳ ✹ ✺ ✹ ✵✳ ✼ ✹ ✻ ✵✳ ✼ ✺ ✶ ✶✳ ✵ ✾ ✹
❢ ❛ ❝ ✵✳ ✸ ✸ ✵ ✵✳ ✹ ✼ ✶ ✵✳ ✹ ✺ ✻ ✵✳ ✹ ✾ ✾
♥❢ ❛ ❝ ✵✳ ✹ ✻ ✸ ✵✳ ✼ ✽ ✾ ✵✳ ✽ ✻ ✹ ✶✳ ✶ ✸ ✻
♣ ✉ ❜ ♣ ✵✳ ✶ ✶ ✽ ✵✳ ✸ ✷ ✸ ✵✳ ✵ ✹ ✹ ✵✳ ✷ ✵ ✹
✐ ♥✐ ❴ ● ❉ ✵✳ ✵ ✺ ✸ ✵✳ ✷ ✷ ✺ ✵✳ ✶ ✵ ✹ ✵✳ ✸ ✵ ✻

❈ ♦ ♥ ✐ ♥ ✉ ❡ ❞ ♦ ♥ ❤ ❡ ♥ ❡ ① ♣ ❛ ❣ ❡



✸✳ ❚ ❤ ❡ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❉ ❛ ❛ ❡ ✷ ✶

❈ ♦ ♥ ✐ ♥ ✉ ❡ ❞✿ ❉ ❡ ❝ ✐ ♣ ✐ ♦ ♥ ❛ ♥ ❞ ❙ ✉ ♠ ♠ ❛ ② ❙ ❛ ✐ ✐ ❝ ♦❢ ❘ ❡ ❣ ❡ ✐ ♦ ♥ ❱ ❛ ✐✲
❛ ❜❧ ❡

❙ ❤ ♦ ✉ ♥ ▲ ♦ ♥ ❣ ✉ ♥

❱ ❛ ✐ ❛ ❜❧ ❡ ▼ ❡ ❛ ♥ ❙ ❞✳ ❞ ❡ ✈✳  ▼ ❡ ❛ ♥ ❙ ❞✳ ❞ ❡ ✈✳

❈ ♦ ♥ ✐ ♥ ✉ ❡ ❞ ❢ ♦ ♠ ♣ ❡ ✈✐ ♦ ✉ ♣ ❛ ❣ ❡
❢ ❞✐ ✵✳ ✵ ✹ ✶ ✵✳ ✶ ✾ ✾ ✵✳ ✶ ✶ ✹ ✵✳ ✸ ✹ ✵
❣ ♦ ✈ ❴ ❡ ① ♣ ✵✳ ✶ ✶ ✷ ✵✳ ✸ ✶ ✻ ✵✳ ✶ ✽ ✼ ✵✳ ✸ ✾ ✵
♦ ♣ ❡ ♥ ✵✳ ✶ ✸ ✵ ✵✳ ✸ ✸ ✼ ✵✳ ✶ ✹ ✼ ✵✳ ✸ ✺ ✶
❝ ❤ ♦ ♦❧ ✵✳ ✵ ✾ ✹ ✵✳ ✷ ✾ ✸ ✵✳ ✶ ✹ ✹ ✵✳ ✸ ✼ ✻

❡ ♠ ♣❧ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✶ ✸ ✵✳ ✶ ✶ ✸
❡ ✈✐ ❝ ❡ ✵✳ ✵ ✷ ✶ ✵✳ ✶ ✹ ✷ ✵✳ ✵ ✷ ✷ ✵✳ ✶ ✹ ✼

✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝
❥ ♦ ✉ ♥ ❛❧ ✵✳ ✸ ✽ ✾ ✵✳ ✹ ✽ ✽ ✵✳ ✹ ✸ ✻ ✵✳ ✹ ✾ ✻
❧ ❣ ♦ ♦ ❣ ❴ ♣ ❛ ✶✳ ✻ ✼ ✵ ✶✳ ✼ ✹ ✶ ✶✳ ✽ ✶ ✾ ✶✳ ✺ ✻ ✶
❧ ❣ ♦ ♦ ❣ ❴ ♦ ❛❧ ✸✳ ✾ ✻ ✸ ✷✳ ✷ ✺ ✼ ✸✳ ✾ ✽ ✶ ✷✳ ✷ ✵ ✸
❛ ✉ ❤ ❛ ✛ ✵✳ ✹ ✹ ✺ ✵✳ ✹ ✾ ✽ ✵✳ ✹ ✹ ✵ ✵✳ ✹ ✾ ✼

◆ ♦ ❡ ✿ ❙ ❛ ✐ ✐ ❝ ✐ ♥ ❤ ❡ ❛ ❜❧ ❡ ❡ ♣ ❡ ❡ ♥ ♥ ♦ ♥✲ ✇ ❡✐ ❣ ❤ ❡ ❞ ♠ ❡ ❛ ♥ ✳ ❆❧❧ ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ① ❝ ❡ ♣
❢ ♦ ● ♦ ♦ ❣❧ ❡ ❙ ❝ ❤ ♦❧ ❛ ❝✐ ❛ ✐ ♦ ♥ ❛ ❡ ❝ ♦❧❧ ❡ ❝ ❡ ❞ ❢ ♦ ♠ ❤ ❡ ✉ ❞✐ ❡ ❡ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❡ ✛ ❡ ❝ ♦❢

✉ ❝ ✉ ❛❧ ❡❢ ♦ ♠ ✳ ❚ ❤ ❡ ❧✐ ♦❢ ♣ ✐ ♠ ❛ ② ✉ ❞✐ ❡ ✐ ❛ ✈ ❛✐❧ ❛ ❜❧ ❡ ✐ ♥ ❆ ♣ ♣ ❡ ♥ ❞✐ ① ❆✳



❈ ❤ ❛ ♣ ❡ ✹

❊ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❆ ✈ ❡ ❛ ❣ ❡ ❘ ❡❢ ♦ ♠

❊ ✛ ❡ ❝

✹✳ ✶ ▼ ❡ ❛ ✉ ✐ ♥ ❣ ❤ ❡ ❊ ✛ ❡ ❝ ❙✐ ③ ❡

❲ ❤ ❛ ♠ ❛ ❦ ❡ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ❤ ❡ ❤✐ ❣ ❤ ❡ ❧ ❡ ✈ ❡❧ ♦❢ ❡ ✈✐ ❞ ❡ ♥ ❝ ❡ ❛ ♥ ❞ ❞✐ ✛ ❡ ❡ ♥ ✐ ❛ ❡ ✐

❢ ♦ ♠ ❛ ♥ ❛ ❛ ✐ ✈ ❡ ❡ ✈✐ ❡ ✇✱ ✈ ♦ ❡ ❝ ♦ ✉ ♥ ✐ ♥ ❣✱ ❛ ♥ ❞ ♦ ❤ ❡ ❡ ❡ ❛ ❝ ❤ ❡ ✈✐ ❡ ✇ ♠ ❡ ❤ ♦ ❞ ✐

✐ ❛ ❜✐❧✐ ② ♦ ♣ ♦ ✈✐ ❞ ❡ ❝ ♦ ♥ ❝✐ ❡ ✐ ♥❢ ♦ ♠ ❛ ✐ ♦ ♥ ♦ ♥ ❜ ♦ ❤ ❤ ❡ ❞✐ ❡ ❝ ✐ ♦ ♥ ❛ ♥ ❞ ♠ ❛ ❣ ♥✐ ✉ ❞ ❡

♦❢ ❡ ❡ ❛ ❝ ❤ ✜ ♥ ❞✐ ♥ ❣ ✳ ✭ ❇ ✉ ♥ ❡ ❛❧✳ ✷ ✵ ✶ ✶✮ ❆ ❙ ❤✐ ♥ ✭ ✷ ✵ ✶ ✼✮ ❡ ① ♣❧ ❛✐ ♥ ✱ ❡ ✛ ❡ ❝ ✐ ③ ❡

✐ ❤ ❡ ❦ ❡ ② ❝ ♦ ♥ ❝ ❡ ♣ ✐ ♥ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ❛ ♥ ❞ ❛ ♥ ❡ ❡ ♥ ✐ ❛❧ ♣ ❛ ♦❢ ❤ ❡ ✉ ❛ ♥ ✐ ❛ ✐ ✈ ❡

❡ ❡ ❛ ❝ ❤ ❡ ♣ ♦ ✐ ♥ ❣ ❛ ♥ ❞ ❤ ② ♣ ♦ ❤ ❡ ✐ ❡ ✐ ♥ ❣✳ ■ ❡ ♣ ❡ ❡ ♥ ❛ ✉ ❛ ♥ ✐ ❛ ✐ ✈ ❡ ✐ ♥ ❞ ❡ ①

♦❢ ❡ ❡ ❛ ❝ ❤ ✜ ♥ ❞✐ ♥ ❣ ❛ ♥ ❞ ✐ ❢ ✉ ❤ ❡ ✉ ❡ ❞ ❛ ❛ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡ ✐ ♥ ❤ ❡ ♠ ❡ ❛✲

❛ ♥ ❛❧ ② ✐ ❝ ❛❧ ♣ ♦ ❝ ❡ ✱ ✐ ♥ ❝ ♦ ♥ ❛ ♦ ❤ ❡ ✉ ❞ ② ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ❤ ❛ ❛ ❡ ✉ ❡ ❞ ❛

✐ ♥ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡ ✳

● ❡ ♥ ❡ ❛❧❧ ② ♣ ❡ ❛ ❦✐ ♥ ❣✱ ❤ ❡ ❡ ✛ ❡ ❝ ✐ ③ ❡ ♠ ❡ ❛ ✉ ❡ ❝ ❛ ♥ ❜ ❡ ❝ ❛ ❡ ❣ ♦ ✐ ③ ❡ ❞ ✐ ♥ ♦ ✉ ♥ ❛ ♥✲

❞ ❛ ❞✐ ③ ❡ ❞ ✭ ❡✳ ❣✳ ❡ ❣ ❡ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✮ ❛ ♥ ❞ ❛ ♥ ❞ ❛ ❞✐ ③ ❡ ❞✱ ❤ ❛ ✐ ♥ ❝❧ ✉ ❞ ❡ ❤ ❡ ❡ ❧ ❛ ❣ ❡

❢ ❛ ♠✐❧✐ ❡ ♦❢ ❤ ❡ ❛ ♥ ❞ ❛ ❞✐ ③ ❡ ❞ ❡ ✛ ❡ ❝ ✐ ③ ❡ ✲ d ✱ r ✱ ❛ ♥ ❞ ♦ ❞ ❞ ❛ ✐ ♦✳ d ✲❢ ❛ ♠✐❧ ② ❝ ❛ ♥ ❜ ❡

✉ ❡ ❞ ✇ ❤ ❡ ♥ ❝ ♦ ♠ ♣ ❛ ✐ ♥ ❣ ✇ ♦ ♠ ❡ ❛ ♥ ✭ ❡✳ ❣✳ ♣ ❡✲ ❛ ♥ ❞ ♣ ♦ ✲ ❡ ❛ ♠ ❡ ♥ ❝ ♦ ♠ ♣ ❛ ✐ ♦ ♥✮✱

✇ ❤✐❧ ❡ ♦ ❞ ❞ ❛ ✐ ♦ ♠ ❡ ❛ ✉ ❡ ❛ ♦ ❝✐ ❛ ✐ ♦ ♥ ❛ ♠ ♦ ♥ ❣ ❝ ❛ ❡ ❣ ♦ ✐ ❝ ❛❧ ✈ ❛ ✐ ❛ ❜❧ ❡ ✭ ❡✳ ❣✳ ❝ ♦ ❤ ♦

✉ ❞✐ ❡ ✐ ♥ ♠ ❡ ❞✐ ❝ ❛❧ ❡ ❡ ❛ ❝ ❤✮✳ ❚ ❤ ❡ ♠ ♦ ❝ ♦ ♠ ♠ ♦ ♥ ❡ ✛ ❡ ❝ ✐ ③ ❡ ♠ ❡ ❛ ✉ ❡ ❛ ❡ ❢ ♦ ♠

r ✲❢ ❛ ♠✐❧ ②✱ ✐✳ ❡✳ ❤ ❡ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❢ ❛ ♠✐❧ ②✳ ❚ ❤ ♦ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ✈ ❛ ✐ ♦ ✉ ❡ ❛ ✐ ✐ ❝ ✱ ✉ ❝ ❤

❛ ❤ ❡ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ❛ ♥ ❞ ❤ ❡ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ♦❢ ❞ ❡ ❡ ♠✐ ♥ ❛ ✐ ♦ ♥ R 2 ✳ ✭ ❙ ❤✐ ♥

✷ ✵ ✶ ✼✮

❚ ❤ ❡ ❝ ❤ ♦✐ ❝ ❡ ♦❢ ❤ ❡ ♣ ♦ ♣ ❡ ❡ ✛ ❡ ❝ ✐ ③ ❡ ✐ ❡❧ ❛ ❡ ❞ ♦ ❤ ❡ ❡ ❡ ❛ ❝ ❤ ❞ ❡ ✐ ❣ ♥ ✐ ♥ ❤ ❡

♣ ✐ ♠ ❛ ② ✉ ❞✐ ❡ ✳ ■ ♥ ♦ ♠ ❡ ❝ ❛ ❡ ✱ ❤ ❡ ❝ ❤ ♦✐ ❝ ❡ ♦❢ ❡ ✛ ❡ ❝ ✐ ③ ❡ ♠ ❡ ❛ ✉ ❡ ✐ ❛✐ ❣ ❤ ✲

❢ ♦ ✇ ❛ ❞ ✲ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✱ ❜ ❡ ❝ ❛ ✉ ❡ ♦ ♠ ❡ ♣ ❤ ❡ ♥ ♦ ♠ ❡ ♥ ❛ ❛ ❡ ❝ ♦ ♠ ♠ ♦ ♥❧ ②



✹✳ ❊ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❆ ✈ ❡ ❛ ❣ ❡ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ✷ ✸

❡ ① ❛ ♠✐ ♥ ❡ ❞ ✐ ♥ ❛ ♣ ❛ ✐ ❝ ✉❧ ❛ ✇ ❛ ② ❜ ❛ ❡ ❞ ♦ ♥ ❤ ❡✐ ♦ ❜ ❡ ✈ ❡ ❞ ❜ ❡ ❤ ❛ ✈✐ ♦ ✉ ✇ ❤✐ ❝ ❤ ♠ ❛ ❦ ❡

❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ❡ ❛ ✐❧ ② ❝ ♦ ♠ ♣ ❛ ❛ ❜❧ ❡ ❛ ❝ ♦ ❤ ❡ ✉ ❞✐ ❡ ✳ ❋ ♦ ❡ ① ❛ ♠ ♣❧ ❡✱ ✐ ♥ ❝ ❛ ❡ ♦❢ ❤ ❡

❡❧ ❛ ✐ ♦ ♥ ❤✐ ♣ ❜ ❡ ✇ ❡ ❡ ♥ ❝ ♦ ♠ ♠ ♦ ❞✐ ② ❞ ❡ ♠ ❛ ♥ ❞ ❛ ♥ ❞ ♣ ✐ ❝ ❡ ♠ ❛ ♥ ② ❛ ❡ ✐ ♥ ❡ ❡ ❡ ❞ ✐ ♥ ✪

❝ ❤ ❛ ♥ ❣ ❡ ✱ ✇ ❤✐ ❝ ❤ ✐ ❡ ✢ ❡ ❝ ❡ ❞ ✐ ♥ ❤ ❡ ♣ ♦ ♣ ✉❧ ❛ ✐ ② ♦❢ ❤ ❡ ❧ ♦ ❣✲❧ ♦ ❣ ❡ ❣ ❡ ✐ ♦ ♥ ♠ ♦ ❞ ❡❧✳

❚ ❤✐ ♠ ❛ ❦ ❡ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ♦❢ ❞✐ ✛ ❡ ❡ ♥ ✉ ❞✐ ❡ ❞✐ ❡ ❝ ❧ ② ❝ ♦ ♠ ♣ ❛ ❛ ❜❧ ❡ ❜ ❡ ❝ ❛ ✉ ❡ ❛❧❧

♦❢ ❤ ❡ ♠ ❤ ❡ ♥ ♠ ❡ ❛ ✉ ❡ ❤ ❡ ❡❧ ❛ ✐ ❝✐ ② ♦❢ ❞ ❡ ♠ ❛ ♥ ❞✳ ❨❡ ❤✐ ✐ ♥ ♦ ❛ ♣ ♣❧✐ ❝ ❛ ❜❧ ❡ ✐ ♥

❝ ❛ ❡ ♦❢ ❛ ❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤ ❡❧ ❛ ✐ ♦ ♥ ❤✐ ♣✱ ❛ ♥ ❞ ❤ ❡ ❡ ✐ ♥ ♦ ✐ ♥ ❣❧ ❡ ✉ ♥✐❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡ ♦❢

❤ ❡ ❡ ✛ ❡ ❝ ✳ ❚ ❤ ❡ ❡❢ ♦ ❡✱ ✐ ♥ ♦ ❞ ❡ ♦ ② ♥ ❤ ❡ ✐ ③ ❡ ❞✐ ✛ ❡ ❡ ♥ ❡ ❣ ❡ ✐ ♦ ♥ ♠ ♦ ❞ ❡❧ ✉ ❡ ❞ ♦

❡ ✐ ♠ ❛ ❡ ❤ ❡ ❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤ ❡❧ ❛ ✐ ♦ ♥ ❤✐ ♣✱ ✇ ❡ ❛ ❡ ❡ ✉✐ ❡ ❞ ♦ ❛ ♥ ❢ ♦ ♠ ❝ ♦❧❧ ❡ ❝ ❡ ❞

❡ ✐ ♠ ❛ ❡ ❢ ♦ ♠ ♣ ✐ ♠ ❛ ② ✉ ❞✐ ❡ ♦ ❛ ❝ ♦ ♠ ♠ ♦ ♥ ♠ ❡ ✐ ❝ ❤ ❛ ❡ ♣ ❡ ❡ ♥ ❤ ❡ ❡ ✛ ❡ ❝

✐ ③ ❡ ✭ ❆❧ ♦ ❡ ✫ ❚ ❤ ♦ ♠ ♣ ♦ ♥ ✷ ✵ ✶ ✸✮✳

▲ ♦ ♦ ❦✐ ♥ ❣ ❛ ♦ ❤ ❡ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ❡ ✱ ❇ ❛ ❜ ❡ ❝ ❦ ② ✫ ❈ ❛ ♠ ♣ ♦ ✭ ✷ ✵ ✶ ✶✮ ✉ ❡ ✲ ❛ ✐ ✐ ❝ ✱

❜ ❡ ❝ ❛ ✉ ❡ ❤ ❡ ❡ ❝ ♦ ♥ ✈ ❡ ② ❤ ❡ ♠ ❛ ❣ ♥✐ ✉ ❞ ❡ ♦❢ ❤ ❡ ❛ ✐ ✐ ❝ ❛❧ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❝ ❡✳ ❚ ❤ ❡ ♣ ♦ ❜❧ ❡ ♠

✇✐ ❤ ❤ ❡✐ ❛ ♣ ♣ ♦ ❛ ❝ ❤ ✐ ❤ ❛ ❤ ❡ ✲ ❛ ✐ ✐ ❝ ❞ ❡ ♣ ❡ ♥ ❞ ♦ ♥ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ❞ ❡ ❣ ❡ ❡ ♦❢

❢ ❡ ❡ ❞ ♦ ♠✱ ❤ ❡ ♥ ❝ ❡ ❛ ❡ ♥ ♦ ❞✐ ❡ ❝ ❧ ② ❝ ♦ ♠ ♣ ❛ ❛ ❜❧ ❡✳ ❋ ♦❧❧ ♦ ✇✐ ♥ ❣ ❛ ♥ ♦ ❤ ❡ ♦ ♣ ✐ ♦ ♥ ❡ ♠ ♣❧ ♦ ② ❡ ❞

✐ ♥ ❇ ❛ ❜ ❡ ❝ ❦ ② ✫ ❍ ❛ ✈ ❛ ♥ ❡ ❦ ✭ ✷ ✵ ✶ ✹✮✱ ✇ ❡ ❝ ♦ ♥ ✉ ❝ ❛ ❛ ♥ ❞ ❛ ❞✐ ③ ❡ ❞ ♠ ❡ ❛ ✉ ❡✱ ❤ ❛

✐ ❛ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✱ ❛ ❝ ❝ ♦ ✉ ♥ ✐ ♥ ❣ ❢ ♦ ❤ ❡ ❞✐ ✛ ❡ ❡ ♥ ❝ ❡ ✐ ♥ ✉ ♥✐ ❛ ♥ ❞

✈ ❛ ✐ ❛ ❜❧ ❡ ❛ ♥ ❢ ♦ ♠ ❛ ✐ ♦ ♥ ✳ ❚ ❤ ❡ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ r ❝ ♦ ❡ ♣ ♦ ♥ ❞✐ ♥ ❣ ♦

❤ ❡ ❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤ ❡ ✛ ❡ ❝ ✐ ❝ ♦ ♠ ♣ ✉ ❡ ❞ ✐ ♥ ❤ ❡ ❢ ♦❧❧ ♦ ✇✐ ♥ ❣ ✇ ❛ ②✿

r ✏
t

❛
t2 df

, ✭ ✹✳ ✶✮

✇ ❤ ❡ ❡ t ❞ ❡ ♥ ♦ ❡ ❤ ❡ ✲ ❛ ✐ ✐ ❝ ❝ ♦ ❡ ♣ ♦ ♥ ❞✐ ♥ ❣ ♦ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥ ❡ ✐ ♠ ❛ ❡ ❢ ♦ ✉ ♥ ❞

✐ ♥ ❤ ❡ ♣ ✐ ♠ ❛ ② ✉ ❞✐ ❡ ✱ ❛ ♥ ❞ df ❞ ❡ ♥ ♦ ❡ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ❞ ❡ ❣ ❡ ❡ ♦❢ ❢ ❡ ❡ ❞ ♦ ♠ ❢ ♦ ♠

❤ ❡ ♣ ❛ ✐ ❝ ✉❧ ❛ ❡ ✐ ♠ ❛ ✐ ♦ ♥✳ ❚ ❤ ❡ ❛ ♥ ❣ ❡ ♦❢ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✈ ❛❧ ✉ ❡

✐ ❬✲ ✶❀ ✶❪✳ ❚ ❤ ❡ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ❛ ♦ ❝✐ ❛ ❡ ❞ ✇✐ ❤ r ✐ ❝ ❛❧ ❝ ✉❧ ❛ ❡ ❞ ❛ ❝ ❝ ♦ ❞✐ ♥ ❣ ♦ ❤ ❡

❢ ♦ ♠ ✉❧ ❛ S E ♣r ✏ r ④ t ❜ ❡ ❝ ❛ ✉ ❡ ❤ ❡ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❝ ❡ ♦❢ ❤ ❡ ❝ ♦❧❧ ❡ ❝ ❡ ❞ ❡ ✐ ♠ ❛ ❡ ♠ ✉

❛ ② ❤ ❡ ❛ ♠ ❡ ❡ ✈ ❡ ♥ ❛❢ ❡ ❤ ❡ ❛ ♥ ❢ ♦ ♠ ❛ ✐ ♦ ♥✳ ❚ ❤ ❡ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ r ✐ ❡❧❢ ❛❧❧ ♦ ✇ ✉ ♦

❛ ❡ ❤ ❡ ❛ ✈ ❡ ❛ ❣ ❡ ❡ ✛ ❡ ❝ ♦❢ ❤ ❡ ❡❢ ♦ ♠ ❢ ✉ ❤ ❡ ✐ ♥ ❤ ❡ ❛ ♥ ❛❧ ② ✐ ✱ ❛ ♥ ❞ ❛ ❞ ❞✐ ✐ ♦ ♥ ❛❧❧ ②✱

♣ ♦ ❡ ❛ ❛ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡ ✐ ♥ ♦ ✉ ♠ ❡ ❛✲ ❡ ❣ ❡ ✐ ♦ ♥ ❡ ✐ ♥ ❣✳

✹✳ ✷ ❚ ❤ ❡ ❙ ❤ ♦ ❘ ✉ ♥ ❛ ♥ ❞ ▲ ♦ ♥ ❣ ❘ ✉ ♥ ❘ ❡❢ ♦ ♠ ❊❢✲

❢ ❡ ❝

❆❧❧ ❝ ♦❧❧ ❡ ❝ ❡ ❞ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✱ ✐✳ ❡✳ ❤ ❡ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✱ ❛ ❡ ✐❧❧ ✉ ✲

❛ ❡ ❞ ✐ ♥ ❋✐ ❣ ✉ ❡ ✹✳ ✶✳ ❚ ❤ ❡ ✜ ❣ ✉ ❡ ❞ ❡ ♣✐ ❝ ❛ ❤✐ ♦ ❣ ❛ ♠ ♦❢ ✽ ✽ ✾ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ♥ ♦ ✲



✹✳ ❊ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❆ ✈ ❡ ❛ ❣ ❡ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ✷ ✹

❋✐ ❣ ✉ ❡ ✹✳ ✶✿ ▼ ❡ ❛ ♥ ♦❢ ❤ ❡ ❈ ♦❧❧ ❡ ❝ ❡ ❞ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❉✐ ✛ ❡ ✐ ♥ ❤ ❡ ❙ ❤ ♦
❘ ✉ ♥ ❛ ♥ ❞ ▲ ♦ ♥ ❣ ❘ ✉ ♥

◆ ♦ ❡ ✿ ❚ ❤ ❡ ✈ ❡ ✐ ❝ ❛❧ ❛ ①✐ ❤ ♦ ✇ ❤ ❡ ♣ ♦ ♣ ♦ ✐ ♦ ♥ ♦❢ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❤ ❛ ❢ ❛❧❧ ✐ ♥ ♦ ❡ ❛ ❝ ❤
✐ ③ ❡ ❝ ❛ ❡ ❣ ♦ ②❀ ❤ ❡ ❤ ♦ ✐ ③ ♦ ♥ ❛❧ ❛ ①✐ ❤ ♦ ✇ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❡ ♣ ❡ ❡ ♥ ❡ ❞ ❜ ② ❤ ❡ ♣ ❛ ✐ ❛❧

❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✳ ❚ ❤ ❡ ♦❧✐ ❞ ❧✐ ♥ ❡ ❞ ❡ ♥ ♦ ❡ ❤ ❡ ❛ ✐ ❤ ♠ ❡ ✐ ❝ ♠ ❡ ❛ ♥ ♦❢ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ✐ ♥
❤ ❡ ❧ ♦ ♥ ❣ ✉ ♥ ❛ ♥ ❞ ❤ ❡ ❞ ❛ ❤ ❡ ❞ ❧✐ ♥ ❡ ❞ ❡ ♥ ♦ ❡ ❤ ❡ ♠ ❡ ❛ ♥ ♦❢ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ✐ ♥ ❤ ❡ ❤ ♦ ✉ ♥✳

♠ ❛❧✐ ③ ❡ ❞ ♦ ❞✐ ♣❧ ❛ ② ❡❧ ❛ ✐ ✈ ❡ ❢ ❡ ✉ ❡ ♥ ❝✐ ❡ ♦❢ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❡ ✐ ♠ ❛ ❡ ✳ ■ ❤ ♦ ✇ ❤ ❡

♣ ♦ ♣ ♦ ✐ ♦ ♥ ♦❢ ❡ ✐ ♠ ❛ ❡ ❤ ❛ ❢ ❛❧❧ ✐ ♥ ♦ ❡ ❛ ❝ ❤ ❜✐ ♥✱ ✇✐ ❤ ❤ ❡ ✉ ♠ ♦❢ ❤ ❡ ❜ ❛ ❤ ❡✐ ❣ ❤

❡ ✉ ❛❧ ♦ ✶✳ ❖ ✈ ❡ ❛❧❧✱ ❤ ❡ ♠ ❛❥ ♦ ✐ ② ♦❢ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ✐ ❝ ♦ ♥ ❝ ❡ ♥ ❛ ❡ ❞ ❛ ♦ ✉ ♥ ❞ ③ ❡ ♦

❛ ♥ ❞ ❤ ❡ ❤✐ ♦ ❣ ❛ ♠ ❛ ♣ ♣ ❡ ❛ ♦ ❜ ❡ ❜✐ ♠ ♦ ❞ ❛❧ ✭ ♦ ❡ ✈ ❡ ♥ ♠ ✉❧ ✐ ♠ ♦ ❞ ❛❧✮✳ ❚ ❤ ❡ ♠ ❡ ❛ ♥

♦❢ ❤ ❡ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ✭ ❞ ❛ ❤ ❡ ❞ ❧✐ ♥ ❡✮ ✐ ♥ ❡ ❣ ❛ ✐ ✈ ❡ ✐ ♥ ❝ ♦ ♥ ❛ ♦ ❤ ❡ ♠ ❡ ❛ ♥ ♦❢

❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✛ ❡ ❝ ✭ ♦❧✐ ❞ ❧✐ ♥ ❡✮ ❤ ❛ ✐ ♣ ♦ ✐ ✐ ✈ ❡✳ ❚ ❤✐ ✉ ❣ ❣ ❡ ❤ ❛ ❤ ❡ ❡ ✛ ❡ ❝

❝ ♦ ❡ ♣ ♦ ♥ ❞✐ ♥ ❣ ♦ ❤ ❡ ❧ ♦ ♥ ❣ ✉ ♥ ❛ ♥ ❞ ❤ ♦ ✉ ♥ ♠ ❛ ② ✐ ♥ ❢ ❛ ❝ ❞✐ ✛ ❡ ❛ ♥ ❞ ❤ ❡ ❡❢ ♦ ❡✱

✇ ❡ ✜ ❧ ♦ ♦ ❦ ❛ ❤ ❡ ❤ ♦ ✲ ✉ ♥ ❛ ♥ ❞ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✛ ❡ ❝ ❡ ♣ ❛ ❛ ❡❧ ②✱ ❛ ♥ ❞ ❤ ❡ ♥ ❢ ✉ ❤ ❡

❞✐ ✛ ❡ ❡ ♥ ✐ ❛ ❡ ❜ ② ❤ ❡ ❡❢ ♦ ♠ ② ♣ ❡ ✳

■ ♥ ✉✐ ✐ ✈ ❡❧ ②✱ ♥ ❡ ❣ ❛ ✐ ✈ ❡ ♠ ❡ ❛ ♥ ❢ ♦ ❤ ❡ ❤ ♦ ✉ ♥ ❛ ♥ ❞ ♣ ♦ ✐ ✐ ✈ ❡ ❢ ♦ ❤ ❡ ❧ ♦ ♥ ❣ ✉ ♥

✉ ❣ ❣ ❡ ❤ ❛ ❡ ✈ ❡ ♥ ❤ ♦ ✉ ❣ ❤ ❤ ❡ ❡❢ ♦ ♠ ♠✐ ❣ ❤ ❤ ❛ ✈ ❡ ❤ ♦ ✲ ✉ ♥ ❝ ♦ ✱ ✐ ♥ ❤ ❡ ❧ ♦ ♥ ❣

✉ ♥✱ ❤ ❡ ② ❜ ✐ ♥ ❣ ❜ ❡ ♥ ❡ ✜ ✳ ❍ ♦ ✇ ❡ ✈ ❡ ✱ ♥ ♦ ❛❧❧ ❤ ❡ ❡❢ ♦ ♠ ❛ ❡ ❝ ❡ ❛ ❡ ❞ ❡ ✉ ❛❧✳ ■ ♥

❄ ❄ ✇ ❡ ❤ ♦ ✇ ❤ ❡ ❝ ❛ ❡ ♣❧ ♦ ♦❢ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❜ ② ❤ ❡ ❡❢ ♦ ♠ ② ♣ ❡✳ ❋ ♦ ❤ ❡

❤ ♦ ✉ ♥✱ ❤ ❡ ♠ ❡ ❛ ♥ ♦❢ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❡ ✐ ♠ ❛ ❡ ❛ ❡ ♥ ❡ ❣ ❛ ✐ ✈ ❡ ✐ ♥ ❝ ❛ ❡ ♦❢ ❧ ❛ ❜ ♦ ✉

♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ✱ ✜ ❝ ❛❧ ❛ ♥ ❞ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❛❧ ❡❢ ♦ ♠ ✱ ❛ ♥ ❞ ✇ ❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠ ✳ ❖ ♥

❤ ❡ ♦ ❤ ❡ ❤ ❛ ♥ ❞✱ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ❛ ♥ ❞ ✐ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ♣ ✉ ✐ ♥ ❣ ❡❢ ♦ ♠ ❡ ❡ ♠ ♦ ❜ ✐ ♥ ❣ ❜ ❡ ♥ ❡ ✜



✹✳ ❊ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❆ ✈ ❡ ❛ ❣ ❡ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ✷ ✺

❡ ✈ ❡ ♥ ✐ ♥ ❤ ❡ ❤ ♦ ✉ ♥✳ ❋ ♦ ❤ ❡ ❧ ♦ ♥ ❣ ✉ ♥✱ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ♠ ❡ ❛ ♥ ❛ ❡ ♣ ♦ ✐ ✐ ✈ ❡ ❢ ♦

✜ ❝ ❛❧ ❛ ♥ ❞ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❛❧ ❡❢ ♦ ♠ ✱ ✜ ♥ ❛ ♥ ❝✐ ❛❧✱ ❛ ♥ ❞ ✇ ❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠ ✳ ❖ ♥❧ ② ❤ ❡

❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ❡ ✐ ♠ ❛ ❡ ❤ ❛ ✈ ❡ ❛ ♥ ❡ ❣ ❛ ✐ ✈ ❡ ♠ ❡ ❛ ♥✱ ❤ ✉ ❛ ❡ ❝ ♦ ❧ ② ❡ ✈ ❡ ♥ ✐ ♥

❤ ❡ ❧ ♦ ♥ ❣ ✉ ♥✳ ❲❡ ❢ ✉ ❤ ❡ ❡ ❤✐ ❤ ❡ ♦ ② ❢ ♦ ♠ ❛❧❧ ② ❡ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❛ ✈ ❡ ❛ ❣ ❡ ❡ ✛ ❡ ❝

❜ ② ♠ ♦ ❡ ♣ ❡ ❝✐ ❛❧✐ ③ ❡ ❞ ♠ ❡ ❤ ♦ ❞ ✳

❚ ❤ ❡ ❡ ❞✐ ✛ ❡ ❡ ♥ ♠ ❡ ❛ ✉ ❡ ♦❢ ❛ ♥ ❛ ✈ ❡ ❛ ❣ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❛ ❡ ❡ ♣ ♦ ❡ ❞ ✐ ♥ ❚ ❛ ❜❧ ❡

✹✳ ✶✿ ✐ ♠ ♣❧ ❡ ❛ ✐ ❤ ♠ ❡ ✐ ❝ ❛ ✈ ❡ ❛ ❣ ❡✱ ✜ ① ❡ ❞ ❡ ✛ ❡ ❝ ❡ ✐ ♠ ❛ ♦ ✱ ❛ ♥ ❞ ❛ ♥ ❞ ♦ ♠ ❡ ✛ ❡ ❝ ❡ ✲

✐ ♠ ❛ ♦ ✳ ❆❧❧ ❤ ❡ ❡ ❡ ✐ ♠ ❛ ❡ ❛ ❡ ✜ ❡ ♣ ♦ ❡ ❞ ❢ ♦ ❛❧❧ ❝ ♦❧❧ ❡ ❝ ❡ ❞ ❡ ✐ ♠ ❛ ❡ ❛ ♥ ❞

❤ ❡ ♥ ❢ ♦ ❞✐ ✛ ❡ ❡ ♥ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ✳ ❲ ❤ ❛ ✐ ❤ ❡ ❞✐ ✛ ❡ ❡ ♥ ❝ ❡ ❜ ❡ ✇ ❡ ❡ ♥ ❤ ❡ ❤ ❡ ❡

❛ ✈ ❡ ❛ ❣ ❡ ❡ ✛ ❡ ❝ ❡ ✐ ♠ ❛ ♦ ❄

■❢ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❡ ✐ ♠ ❛ ❡ ❛ ♥ ❞ ❤ ❡✐ ❝ ♦ ❡ ♣ ♦ ♥ ❞✐ ♥ ❣ ✉ ❞✐ ❡ ✇ ❡ ❡ ❛❧❧ ❡ ✉ ❛❧❧ ②

♣ ❡ ❝✐ ❡✱ ❤ ❡ ❛ ✐ ❤ ♠ ❡ ✐ ❝ ❛ ✈ ❡ ❛ ❣ ❡ ✐ ❡ ♥ ✐ ❡❧ ② ❝ ♦ ❡ ❝ ❛ ♥ ❞ ✐ ❛ ✐ ♠ ♣❧ ❡ ❡ ✐ ♠ ❛ ❡ ♦❢

❤ ❡ ♦ ✈ ❡ ❛❧❧ ❡ ✛ ❡ ❝ ✳ ❨❡ ✐ ♥ ❞✐ ✈✐ ❞ ✉ ❛❧ ✉ ❞✐ ❡ ✉ ❡ ❞✐ ✛ ❡ ❡ ♥ ❞ ❛ ❛ ❡ ✱ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ❡ ❝ ❤✲

♥✐ ✉ ❡ ✱ ❡ ❝✳❀ ❛❧❧ ♦❢ ❤ ❛ ✐ ♥ ✢ ✉ ❡ ♥ ❝✐ ♥ ❣ ❤ ❡✐ ♣ ❡ ❝✐ ✐ ♦ ♥✳ ❲❡ ✇ ❛ ♥ ♦ ❛ ✐ ❣ ♥ ♠ ♦ ❡

✇ ❡✐ ❣ ❤ ♦ ❤ ❡ ♠ ♦ ❡ ♣ ❡ ❝✐ ❡ ✉ ❞✐ ❡ ✱ ❛ ♥ ❞ ❤ ❡ ❡❢ ♦ ❡ ✇ ❡ ❛ ♣ ♣❧ ② ✜ ① ❡ ❞ ❡ ✛ ❡ ❝ ♦ ❛ ♥✲

❞ ♦ ♠ ❡ ✛ ❡ ❝ ❡ ✐ ♠ ❛ ♦ ✳ ■ ♥ ❤ ❡ ✜ ① ❡ ❞✲ ❡ ✛ ❡ ❝ ❛ ♥ ❛❧ ② ✐ ✱ ❤ ❡ ❝ ♦❧❧ ❡ ❝ ❡ ❞ ❡ ✛ ❡ ❝ ✐ ③ ❡

❛ ❡ ❛❧❧ ❛ ✉ ♠ ❡ ❞ ♦ ❜ ❡ ❡ ✐ ♠ ❛ ❡ ♦❢ ♦ ♥ ❡ ✉ ❡ ❡ ✛ ❡ ❝ ✐ ③ ❡✳ ❚ ❤✐ ♠ ❡ ❛ ♥ ❤ ❛ ✐❢

✇ ❡ ❝ ♦ ✉❧ ❞ ❝ ♦❧❧ ❡ ❝ ❛ ♥ ✐ ♥ ✜ ♥✐ ❡ ❛ ♠ ♣❧ ❡ ✐ ③ ❡ ❢ ♦ ❡ ❛ ❝ ❤ ✉ ❞ ②✱ ❤ ❡ ❡ ✉❧ ✇ ♦ ✉❧ ❞ ❜ ❡

✐ ❞ ❡ ♥ ✐ ❝ ❛❧ ❛ ❝ ♦ ✉ ❞✐ ❡ ✳ ❚ ❤ ❡ ✜ ① ❡ ❞ ❡ ✛ ❡ ❝ ❡ ✐ ♠ ❛ ♦ ❤ ❡ ♥ ✇ ❡✐ ❣ ❤ ❤ ❡ ♣ ❛ ✐ ❛❧

❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✉ ✐ ♥ ❣ ❤ ❡ ✐ ♥ ✈ ❡ ❡ ♦❢ ❤ ❡✐ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ✳ ❖ ♥ ❤ ❡ ♦ ❤ ❡

❤ ❛ ♥ ❞✱ ✐ ♥ ❛ ❛ ♥ ❞ ♦ ♠✲ ❡ ✛ ❡ ❝ ❛ ♥ ❛❧ ② ✐ ✱ ❤ ❡ ✉ ❡ ❡ ✛ ❡ ❝ ✐ ❛ ✉ ♠ ❡ ❞ ♦ ❢ ♦❧❧ ♦ ✇ ❛ ♣ ❛ ✲

✐ ❝ ✉❧ ❛ ❞✐ ✐ ❜ ✉ ✐ ♦ ♥ ❛ ♥ ❞ ✇ ❡ ❡ ✐ ♠ ❛ ❡ ❤ ❡ ♠ ❡ ❛ ♥ ❡ ✛ ❡ ❝ ✐ ♥ ❤✐ ❞✐ ✐ ❜ ✉ ✐ ♦ ♥✳ ■❢ ✇ ❡

❝ ♦ ✉❧ ❞ ❛ ❣ ❛✐ ♥ ❝ ♦❧❧ ❡ ❝ ✐ ♥ ✜ ♥✐ ❡ ❛ ♠ ♣❧ ❡ ❢ ♦ ❡ ❛ ❝ ❤ ✉ ❞ ②✱ ❤ ❡ ✉ ❞✐ ❡ ✇ ♦ ✉❧ ❞ ❡ ✉❧ ✐ ♥

❞✐ ✛ ❡ ❡ ♥ ❡ ✐ ♠ ❛ ❡ ✳ ❚ ❤ ❡ ❛ ♥ ❞ ♦ ♠ ❡ ✛ ❡ ❝ ❡ ✐ ♠ ❛ ♦ ✇ ❡✐ ❣ ❤ ❤ ❡ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛✲

✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ❜ ② ❤ ❡ ✐ ♥ ✈ ❡ ❡ ♦❢ ❤ ❡✐ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ❛ ♥ ❞ ❛ ❞ ❞✐ ✐ ♦ ♥ ❛❧❧ ② ❛ ❦ ❡

✐ ♥ ♦ ❛ ❝ ❝ ♦ ✉ ♥ ❤ ❡ ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ② ❛ ♠ ♦ ♥ ❣ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ✳ ❇ ❡ ❝ ❛ ✉ ❡ ♦❢ ❤ ❡ ❞✐ ✛ ❡ ❡ ♥ ❝ ❡
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■ ♥ ❤ ❡ ♣ ❡ ✈✐ ♦ ✉ ❝ ❤ ❛ ♣ ❡ ✱ ✇ ❡ ❞ ❡ ❝ ✐ ❜ ❡ ❞ ❤ ❡ ❡ ✈✐ ❞ ❡ ♥ ❝ ❡ ✇ ❡ ❝ ♦❧❧ ❡ ❝ ❡ ❞ ❢ ♦ ♠ ✾ ✵ ✉ ❞✲

✐ ❡ ❤ ❛ ❛ ♥ ❛❧ ② ③ ❡ ❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ❡❢ ♦ ♠ ♦ ♥ ❣ ♦ ✇ ❤✳ ❚ ❤ ❡ ♦ ♣✐ ❝ ♦❢ ❤ ♦ ✇ ❤ ❡ ❡❢ ♦ ♠

❛ ✛ ❡ ❝ ♠ ❛ ❝ ♦ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ♦ ✉ ❝ ♦ ♠ ❡ ✐ ✐ ♥ ❞ ❡ ❡ ❞ ✈ ❡ ② ♣ ♦ ♣ ✉❧ ❛ ✱ ❛ ♥ ❞ ♥ ♦ ♦ ♥❧ ② ❛ ♠ ♦ ♥ ❣

❡ ❡ ❛ ❝ ❤ ❡ ❜ ✉ ❛❧ ♦ ❛ ♠ ♦ ♥ ❣ ♣ ♦❧✐ ✐ ❝✐ ❛ ♥ ✳ ■ ✐ ❤ ❡ ❧ ❛ ❡ ♦ ♥ ❡ ✇ ❤ ♦ ♠ ❛ ② ❡ ❡ ❦ ✧ ❤ ❡

✐ ❣ ❤ ✧ ❡ ✈✐ ❞ ❡ ♥ ❝ ❡ ✐ ♥ ✉ ♣ ♣ ♦ ♦❢ ❤ ❡✐ ❡❢ ♦ ♠ ♣ ♦ ♣ ♦ ❛❧ ❛ ♥ ❞ ♠ ❛ ② ❧ ❡ ❛ ❞ ❡ ❡ ❛ ❝ ❤ ❡ ♦

♣ ❡❢ ❡ ❡ ♣ ♦ ✐ ♥ ❣ ❤ ♦ ❡ ❡ ✉❧ ❤ ❛ ❛ ❡ ✐ ♥ ❧✐ ♥ ❡ ✇✐ ❤ ❤ ❡ ✐ ❞ ❡ ♦❧ ♦ ❣✐ ❝ ❛❧ ✈✐ ❡ ✇✳ ❈ ♦ ♥✲

❡ ✉ ❡ ♥ ❧ ②✱ ♥ ❡ ❣ ❛ ✐ ✈ ❡✱ ♥ ♦ ♥✲ ❝ ♦ ♥ ✜ ♠ ❛ ♦ ② ❡ ✉❧ ❛ ♥ ❞ ❤ ♦ ❡ ❤ ❛ ✇ ♦ ✉❧ ❞ ❝ ♦ ♥ ❛ ✈ ❡ ♥ ❡

❤ ❡ ♣ ♦❧✐ ✐ ❝ ♠ ❛ ② ❜ ❡ ② ❡ ♠ ❛ ✐ ❝ ❛❧❧ ② ✉ ♥ ❞ ❡ ❡ ♣ ❡ ❡ ♥ ❡ ❞ ✐ ♥ ❤ ❡ ❧✐ ❡ ❛ ✉ ❡ ❛ ♥ ❞ ♠ ❛ ②

❝ ❛ ✉ ❡ ❞✐ ♦ ✐ ♦ ♥ ✐ ♥ ❤ ❡ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ✳ ❙ ❛ ✐ ✐ ❝ ❛❧❧ ② ♣ ❡ ❛ ❦✐ ♥ ❣✱ ♠ ❛ ♥ ② ♣ ✉ ❜❧✐ ❤ ❡ ❞

❝✐ ❡ ♥ ✐ ✜ ❝ ✉ ❞✐ ❡ ♠ ❛ ② ❤ ❡ ♥ ❜ ❡ ❛ ❡ ✉❧ ♦❢ ❚ ② ♣ ❡ ■ ❡ ♦ ✭❢ ❛❧ ❡ ♣ ♦ ✐ ✐ ✈ ❡ ✮ ✭ ❇ ❛ ❞❧ ❡ ②

✫ ● ✉ ♣ ❛ ✶ ✾ ✾ ✼✮ ❛ ♥ ❞ ♠ ❛ ♥ ② ♦ ❤ ❡ ✉ ❞✐ ❡ ♠ ❛ ② ❜ ❡ ❧ ❡❢ ✉ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✐ ♥ ❤ ❡ ❛ ✉ ❤ ♦ ✬

❞ ❛ ✇ ❡ ✳ ❚ ❤✐ ♣ ♦ ❜❧ ❡ ♠✱ ❦ ♥ ♦ ✇ ♥ ❛ ❤ ❡ ✧ ✜❧ ❡ ❞ ❛ ✇ ❡ ♣ ♦ ❜❧ ❡ ♠ ✧✱ ✇ ❛ ♣ ♦✐ ♥ ❡ ❞ ♦ ✉ ❜ ②

❘ ♦ ❡ ♥ ❤ ❛❧ ✭ ✶ ✾ ✼ ✾✮ ❛ ♥ ❞ ❤ ❛ ❜ ❡ ❡ ♥ ❛ ❝ ❦ ♥ ♦ ✇❧ ❡ ❞ ❣ ❡ ❞ ❜ ② ♠ ❛ ♥ ② ❛ ✉ ❤ ♦ ✐ ♥ ❛ ✈ ❛ ✐ ❡ ② ♦❢

✜ ❡❧ ❞ ✭ ❡✳ ❣✳ ✐ ♥ ♠ ❡ ❞✐ ❝ ❛❧ ❝❧✐ ♥✐ ❝ ❛❧ ❡ ❡ ❛ ❝ ❤ ❍ ♦ ♣ ❡ ✇ ❡❧❧ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✾✮❀ ✐ ♥ ♦ ❝✐ ❛❧ ❝✐ ❡ ♥ ❝ ❡

❆ ❤ ❡ ♥❢ ❡❧ ❡ ❡ ❛❧✳ ✭ ✶ ✾ ✾ ✾✮❀ ❈ ❛ ❞ ✫ ❑ ✉ ❡ ❣ ❡ ✭ ✶ ✾ ✾ ✺✮✮✳

❲❡ ❤ ❛ ✈ ❡ ❛❧ ❡ ❛ ❞ ② ♠ ❡ ♥ ✐ ♦ ♥ ❡ ❞ ❤ ❛ ♣ ♦❧✐ ✐ ❝ ❛❧ ✐ ♥ ✢ ✉ ❡ ♥ ❝ ❡ ♦ ♣ ♦ ♥ ♦ ❤✐ ♣ ❝ ❛ ♥ ❝ ❛ ✉ ❡

♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✱ ❤ ♦ ✇ ❡ ✈ ❡ ✱ ✇ ❤ ❛ ❛ ❡ ❤ ❡ ♦ ❤ ❡ ♣ ♦ ✐ ❜❧ ❡ ❝ ❛ ✉ ❡ ❄ ❚ ❤ ❡ ❥ ♦ ✉ ♥ ❛❧ ❡ ❞✐✲

♦ ✱ ❛ ✉ ❤ ♦ ❤ ❡ ♠ ❡❧ ✈ ❡ ❛ ♥ ❞ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ❝ ❛ ♥ ❛❧❧ ❝ ♦ ♥ ✐ ❜ ✉ ❡ ♦ ❤ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥

❡❧ ❡ ❝ ✐ ♦ ♥ ♠ ♦ ❡ ♦ ❧ ❡ ❝ ♦ ♥ ❝✐ ♦ ✉ ❧ ②✳ ❇ ❡ ❣✐ ♥ ♥✐ ♥ ❣ ♦ ♥ ❤ ❡ ✐ ❞ ❡ ♦❢ ❤ ❡ ❥ ♦ ✉ ♥ ❛❧ ❡ ❞✐ ♦ ✱

❤ ❡ ✜ ❝ ❛ ✉ ❡ ✐ ❡❧ ❛ ❡ ❞ ♦ ❤ ❡✐ ♣ ♦ ❡ ♥ ✐ ❛❧ ❡ ♥ ❞ ❡ ♥ ❝ ② ♦ ❡❧ ❡ ❝ ♠ ♦ ❡ ❝ ♦ ♥ ✈ ❡ ♥✐ ❡ ♥

❡ ✉❧ ✇✐ ❤ ❡ ♣ ❡ ❝ ♦ ❤ ❡ ❤ ❡ ♦ ②✱ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❝ ❡ ♦ ❡ ① ♣ ❡ ❝ ❛ ✐ ♦ ♥✳ ❋ ♦ ✐ ♥ ❛ ♥ ❝ ❡✱

❤ ❡ ❡ ❞✐ ♦ ♠ ❛ ② ❜ ❡❧✐ ❡ ✈ ❡ ❤ ❛ ❤ ❡ ✉ ❞✐ ❡ ✇✐ ❤ ❛ ✐ ✐ ❝ ❛❧❧ ② ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❡ ✉❧ ❛ ❡

♠ ♦ ❡ ✐ ♥❢ ♦ ♠ ❛ ✐ ✈ ❡ ❛ ♥ ❞ ❤ ❡ ❡❢ ♦ ❡✱ ❤ ❡ ② ♠ ❛ ② ♣ ❡❢ ❡ ♣ ✉ ❜❧✐ ❤✐ ♥ ❣ ❤ ❡ ♠ ✐ ♥ ❡ ❛ ❞ ♦❢ ❤ ❡



✺✳ ❚❡ ✐ ♥ ❣ ❢ ♦ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❇✐ ❛ ✷ ✾

✐ ♥ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❛❧ ❤ ♦ ✉ ❣ ❤ ❧✐ ❦ ❡❧ ② ✐❧❧ ✐ ♥❢ ♦ ♠ ❛ ✐ ✈ ❡ ❡ ✉❧ ✳ ❚ ❤ ❡ ❛ ♠ ❡ ❛ ♣ ♣ ❡ ❛ ♦ ❤ ♦❧ ❞

❛❧ ♦ ❢ ♦ ✉ ❞✐ ❡ ❝ ♦ ♥ ✐ ❡ ♥ ✇✐ ❤ ❤ ❡ ❝ ♦ ♥ ✈ ❡ ♥ ✐ ♦ ♥ ❛❧ ✈✐ ❡ ✇ ♦ ❤ ❡ ♦ ❡ ✐ ❝ ❛❧ ❦ ♥ ♦ ✇❧ ❡ ❞ ❣ ❡

✲ ❈ ❛ ❞ ✫ ❑ ✉ ❡ ❣ ❡ ✭ ✶ ✾ ✾ ✺✮ ♣ ♦✐ ♥ ♦ ✉ ❤ ❛ ❤ ❡ ❡ ♠✐ ❣ ❤ ❜ ❡ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ♠ ♦ ❡ ❧✐ ❦ ❡❧ ②

❤ ❛ ♥ ❞✐ ❛ ❣ ❡ ❡✐ ♥ ❣ ✉ ❞✐ ❡ ✳

■ ♥ ❝ ❛ ❡ ♦❢ ♦ ♠ ❡ ♦❢ ❤ ❡ ♣ ❤ ❡ ♥ ♦ ♠ ❡ ♥ ❛ ✐ ♥ ✈ ❡ ✐ ❣ ❛ ❡ ❞✱ ❤ ❡ ❡ ✛ ❡ ❝ ♠ ❛ ② ❜ ❡ ♥ ❛ ✉✲

❛❧❧ ② ❝ ♦ ♥ ❛✐ ♥ ❡ ❞✱ ❡✳ ❣✳ ❤ ❡ ❡❧ ❛ ✐ ❝✐ ② ♦❢ ❛ ❞ ❡ ♠ ❛ ♥ ❞ ❢ ♦ ♦ ♠ ❡ ❝ ♦ ♠ ♠ ♦ ❞✐ ②✳ ❚ ❤ ❡

❡❧ ❛ ✐ ❝✐ ✐ ❡ ❛ ❡ ❡ ① ♣ ❡ ❝ ❡ ❞ ♦ ❜ ❡ ♣ ♦ ✐ ✐ ✈ ❡ ❜ ❛ ❡ ❞ ♦ ♥ ❤ ❡✐ ❞ ❡ ✜ ♥✐ ✐ ♦ ♥✱ ❛ ♥ ❞ ❤ ✉ ❤ ❡

♥ ❡ ❣ ❛ ✐ ✈ ❡ ❡ ✐ ♠ ❛ ❡ ♠ ❛ ② ❤ ❛ ✈ ❡ ❛ ❧ ♦ ✇ ❡ ♣ ♦ ❜ ❛ ❜✐❧✐ ② ♦❢ ❣ ❡ ✐ ♥ ❣ ♣ ✉ ❜❧✐ ❤ ❡ ❞✳ ❖ ✉

❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤ ❡ ✛ ❡ ❝ ❞ ♦ ❡ ♥ ♦ ❤ ❛ ✈ ❡ ✉ ❝ ❤ ❛ ❝ ♦ ♥ ❛✐ ♥ ❛ ♥ ❞ ♠ ❛ ② ❛ ❦ ❡ ♦ ♥ ❛ ♥ ②

✈ ❛❧ ✉ ❡✳ ◆ ❡ ✈ ❡ ❤ ❡❧ ❡ ✱ ❤ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✐ ♥ ❞ ✉ ❝ ❡ ❞ ❜ ② ❥ ♦ ✉ ♥ ❛❧ ❡ ❞✐ ♦ ✐❧❧ ♠✐ ❣ ❤

❜ ❡ ♣ ❡ ❡ ♥ ✐ ♥ ♦ ✉ ❛ ♠ ♣❧ ❡✱ ❜ ❡ ❝ ❛ ✉ ❡ ✐ ✐ ❧✐ ❦ ❡❧ ② ❤ ❛ ♠ ♦ ❧ ② ❤ ❡ ❡ ✉❧ ❝ ♦ ♥ ✐ ❡ ♥

✇✐ ❤ ❤ ❡ ♠ ❛❥ ♦ ❤ ❡ ♦ ② ❣ ❡ ♣ ✉ ❜❧✐ ❤ ❡ ❞✳

❚ ❤ ❡ ❛ ✉ ❤ ♦ ❤ ❡ ♠ ❡❧ ✈ ❡ ❛ ❡ ❛ ♥ ♦ ❤ ❡ ♣ ♦ ❡ ♥ ✐ ❛❧ ♦ ✉ ❝ ❡ ♦❢ ❜✐ ❛ ✳ ❚ ❤ ❡ ② ♠ ❛ ②

❝ ❤ ♦ ♦ ❡ ♥ ♦ ♦ ✉ ❜ ♠✐ ❤ ❡✐ ✇ ♦ ❦ ❜ ❡ ❝ ❛ ✉ ❡ ❤ ❡ ② ♠✐ ❣ ❤ ♥ ♦ ❝ ♦ ♥ ✐ ❞ ❡ ✐ ❡✐ ❤ ❡

✐ ♠ ♣ ♦ ❛ ♥ ♦ ✐ ♥ ❡ ❡ ✐ ♥ ❣ ❡ ♥ ♦ ✉ ❣ ❤✳ ❆ ❝ ❝ ♦ ❞✐ ♥ ❣ ♦ ❚ ❤ ♦ ♥ ♦ ♥ ✫ ▲ ❡ ❡ ✭ ✷ ✵ ✵ ✵✮✱ ❤ ❡ ❡

❛ ♥ ❞ ❞✐ ❡ ❛ ✐ ♦ ♥ ✐ ♥ ♣ ② ❝ ❤ ♦❧ ♦ ❣✐ ❝ ❛❧ ❡ ❡ ❛ ❝ ❤ ❛ ❡ ❤ ❡ ❡ ✐ ♠ ❡ ♠ ♦ ❡ ❧✐ ❦ ❡❧ ② ♦ ❜ ❡

♣ ✉ ❜❧✐ ❤ ❡ ❞ ✐❢ ❤ ❡ ② ❛ ❡ ♣ ♦ ✐ ✐ ✈ ❡ ❛ ♥ ❞ ✇✐ ❤ ❛ ✐ ✐ ❝ ❛❧ ✉ ♣ ♣ ♦ ❢ ♦ ❤ ❡✐ ❤ ② ♣ ♦ ❤ ❡ ❡

❤ ❛ ♥ ✐❢ ❤ ❡ ② ❛ ❡ ♥ ❡ ❣ ❛ ✐ ✈ ❡✳ ❚ ❤ ♦ ♥ ♦ ♥ ✫ ▲ ❡ ❡ ✭ ✷ ✵ ✵ ✵✮ ❜ ❡❧✐ ❡ ✈ ❡ ❤ ❛ ❤ ❡ ♠ ❛✐ ♥ ❡ ❛ ♦ ♥

❢ ♦ ❤✐ ✐ ❤ ❡ ❡ ❡ ❛ ❝ ❤ ❡ ✬ ❛ ✉ ♠ ♣ ✐ ♦ ♥ ❤ ❛ ❤ ❡ ② ✇✐❧❧ ❤ ❛ ✈ ❡ ❛ ❧ ♦ ✇ ❡ ♣ ♦ ❜ ❛ ❜✐❧✐ ② ♦❢

❜ ❡✐ ♥ ❣ ♣ ✉ ❜❧✐ ❤ ❡ ❞✱ ♦ ❤ ❡ ② ❞ ♦ ♥ ♦ ❡ ✈ ❡ ♥ ② ✐ ✳ ❆ ♥ ♦ ❤ ❡ ❝ ❛ ✉ ❡ ♦❢ ❜✐ ❛ ♦ ♥ ❤ ❡ ✐ ❞ ❡ ♦❢

❤ ❡ ❡ ❡ ❛ ❝ ❤ ❡ ✐ ❧✐ ♥ ❦ ❡ ❞ ♦ ❤ ❡ ❞ ❡ ✐ ❣ ♥ ♦❢ ❤ ❡ ✉ ❞ ② ❛ ♥ ❞ ✐ ♠ ❡ ❤ ♦ ❞ ♦❧ ♦ ❣ ②✳ ❙ ✉ ❞✐ ❡

✉ ✐ ♥ ❣ ♠ ❛❧❧ ❛ ♠ ♣❧ ❡ ✉ ✉ ❛❧❧ ② ❤ ❛ ✈ ❡ ❧ ❛ ❣ ❡ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ✱ ❤ ❡ ❡❢ ♦ ❡ ❤ ❡✐ ❡ ✉❧

♠ ❛ ② ❧ ❛ ❝ ❦ ❛ ✐ ✐ ❝ ❛❧ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❝ ❡ ❛ ♥ ❞ ❜ ❡ ✐ ♥ ✉ ♥ ❧ ❡ ❧✐ ❦ ❡❧ ② ♦ ❜ ❡ ♣ ✉ ❜❧✐ ❤ ❡ ❞✳ ❙ ♦ ♠ ❡

❛ ✉ ❤ ♦ ♠ ❛ ② ❤ ❡ ♥ ❛ ♣ ♣❧ ② ♠ ✉❧ ✐ ♣❧ ❡ ♠ ♦ ❞ ❡❧ ♦ ❤ ❡✐ ❞ ❛ ❛ ❛ ♥ ❞ ❝ ❤ ♦ ♦ ❡ ♦ ❡ ♣ ♦ ♦ ♥❧ ②

❤ ❡ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ♦ ♦ ❤ ❡ ✇✐ ❡ ✐ ♠ ♣ ♦ ❛ ♥ ❡ ✉❧ ✱ ❡ ✛ ❡ ❝ ✐ ✈ ❡❧ ② ❦ ❡ ✇✐ ♥ ❣ ❤ ❡ ❡ ✈✐ ❞ ❡ ♥ ❝ ❡

✐ ♥ ❤ ❡ ❧✐ ❡ ❛ ✉ ❡✳

■ ♥ ❛ ❞ ❞✐ ✐ ♦ ♥✱ ❤ ❡ ❡ ❛ ❡ ✇ ♦ ♦ ❝ ❝ ❛ ✐ ♦ ♥ ✇ ❤ ❡ ♥ ❤ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ❝ ❛ ♥ ❛ ✐ ❡

❞ ✉ ✐ ♥ ❣ ❤ ❡ ❡ ① ❡ ❝ ✉ ✐ ♦ ♥ ♦❢ ❤ ❡ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ❛ ✇ ❡❧❧✳ ❆ ❝ ✉✐ ✐ ♥ ❣ ✉ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✉ ❞✲

✐ ❡ ❡ ✉✐ ❡ ❛ ❧ ♦ ♦❢ ❡ ✛ ♦ ❛ ❤ ❡ ② ❛ ❡ ✉ ✉ ❛❧❧ ② ♥ ♦ ❛ ❝ ❝ ❡ ✐ ❜❧ ❡✱ ❛ ♥ ❞ ❤ ❡ ❡❢ ♦ ❡ ❤ ❡ ❡

✉ ❡❧ ② ❡ ①✐ ✉ ❞✐ ❡ ❤ ❛ ❛ ❡ ♥ ♦ ✐ ♥ ❝❧ ✉ ❞ ❡ ❞ ✐ ♥ ❤ ❡ ❧✐ ❡ ❛ ✉ ❡ ❡ ✈✐ ❡ ✇✳ ❋ ✉ ❤ ❡ ♠ ♦ ❡✱

✉ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✉ ❞✐ ❡ ❛ ❡ ♥ ♦ ♣ ❡ ❡ ✲ ❡ ✈✐ ❡ ✇ ❡ ❞✱ ❤ ✉ ❝ ♦ ✉❧ ❞ ❜ ❡ ❝ ♦ ♥ ✐ ❞ ❡ ❡ ❞ ❧ ❡ ❡❧✐✲

❛ ❜❧ ❡ ❤ ❛ ♥ ❤ ❡ ✉ ❞✐ ❡ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✐ ♥ ❥ ♦ ✉ ♥ ❛❧ ✳ ❆ ♥ ② ✢ ❛ ✇ ✐ ♥ ✉ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✉ ❞✐ ❡

✐ ♥ ❝❧ ✉ ❞ ❡ ❞ ✐ ♥ ❤ ❡ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ❝ ❛ ♥ ❝ ♦ ♥ ❡ ✉ ❡ ♥ ❧ ② ❛ ✛ ❡ ❝ ✐ ❡ ✉❧ ❛ ♥ ❞ ❜ ✐ ♥ ❣ ✐ ♥

❜✐ ❛ ✳ ▲ ❛ ❧ ②✱ ♦ ♠ ❡ ✉ ❞✐ ❡ ❡❧ ❡ ✈ ❛ ♥ ♦ ❤ ❡ ♦ ♣✐ ❝ ❛ ❡ ♥ ♦ ✐ ♥ ❝❧ ✉ ❞ ❡ ❞ ✐ ♥ ❤ ❡ ❡ ✈✐ ❡ ✇

❜ ❡ ❝ ❛ ✉ ❡ ♦❢ ❛ ❧ ❛ ♥ ❣ ✉ ❛ ❣ ❡ ❡ ✐ ❝ ✐ ♦ ♥✳ ▼ ❛ ♥ ② ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ❡ ✱ ❤✐ ♦ ♥ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ❞✱ ❝ ♦❧✲

❧ ❡ ❝ ♣ ❛ ♣ ❡ ✐ ♥ ❊ ♥ ❣❧✐ ❤ ♦ ♥❧ ②✱ ❤ ♦ ✇ ❡ ✈ ❡ ✱ ❤ ❡ ❡ ❛ ❡ ♣ ♦ ✐ ❜❧ ② ❡❧ ❡ ✈ ❛ ♥ ♣ ❛ ♣ ❡ ❛❧ ♦ ✐ ♥

♦ ❤ ❡ ❧ ❛ ♥ ❣ ✉ ❛ ❣ ❡ ✱ ✇ ❤✐ ❝ ❤ ♦ ♠✐ ✐ ♦ ♥ ♠✐ ❣ ❤ ❤ ❛ ✈ ❡ ❛ ♥ ❡ ✛ ❡ ❝ ♦ ♥ ♦ ✉ ✜ ♥ ❛❧ ♦ ✉ ❝ ♦ ♠ ❡ ✳
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❆❧❧ ❤ ❡ ❛ ❜ ♦ ✈ ❡✲ ♠ ❡ ♥ ✐ ♦ ♥ ❡ ❞ ❝ ❛ ✉ ❡ ❛ ✛ ❡ ❝ ❤ ❡ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ❧✐ ❡ ❛ ✉ ❡ ❛ ♥ ❞ ♠✐ ❣ ❤

♠ ❛ ❦ ❡ ❤ ❡ ♦ ❜ ❡ ✈ ❡ ❞ ❡ ✛ ❡ ❝ ❧ ♦ ♦ ❦ ♠ ♦ ❡ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ♦ ✐ ❝ ❧ ② ♦❢ ❛ ♣ ❛ ✐ ❝ ✉❧ ❛ ❞✐ ❡ ❝✲

✐ ♦ ♥✳ ❇ ❛ ❡ ❞ ♦ ♥ ❤✐ ❛❢ ❡ ❡ ✛ ❡ ❝ ✱ ✇ ❡ ❝ ❛ ♥ ❞✐ ✐ ♥ ❣ ✉✐ ❤ ✇ ♦ ② ♣ ❡ ♦❢ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛

✲ ❞✐ ❡ ❝ ✐ ♦ ♥ ❛❧ ❡❧ ❡ ❝ ✐ ♦ ♥ ❛ ♥ ❞ ② ♣ ❡ ■■ ❡❧ ❡ ❝ ✐ ♦ ♥✳ ❉✐ ❡ ❝ ✐ ♦ ♥ ❛❧ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❡❧ ❡ ❝ ✐ ♦ ♥

❢ ❛ ✈ ♦ ✉ ❛ ♣ ❛ ✐ ❝ ✉❧ ❛ ❞✐ ❡ ❝ ✐ ♦ ♥ ♦❢ ❤ ❡ ♦ ❜ ❡ ✈ ❡ ❞ ❡ ✛ ❡ ❝ ✇ ❤✐ ❝ ❤ ♠ ❛ ❦ ❡ ❝ ♦ ♥ ✜ ♠ ❛ ♦ ②

❡ ✉❧ ♠ ♦ ❡ ❧✐ ❦ ❡❧ ② ♦ ❜ ❡ ♣ ✉ ❜❧✐ ❤ ❡ ❞✱ ❛ ♥ ❞ ❤ ✉ ✐ ♥ ❝ ❡ ❛ ❡ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ✉ ❞✐ ❡

✇✐ ❤ ❚ ② ♣ ❡ ■ ❡ ♦ ✳ ❲✐ ❤ ❤ ❡ ❡ ❝ ♦ ♥ ❞ ② ♣ ❡✱ ② ♣ ❡ ■■ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❡❧ ❡ ❝ ✐ ♦ ♥✱ ❛ ✐ ✲

✐ ❝ ❛❧❧ ② ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❡ ✉❧ ✇✐ ❤ ❧ ❛ ❣ ❡ ✲ ✈ ❛❧ ✉ ❡ ✭✐ ♥ ❛ ❜ ♦❧ ✉ ❡ ✈ ❛❧ ✉ ❡✮ ❛ ❡ ♣ ❡❢ ❡ ❡ ❞

❡ ❣ ❛ ❞❧ ❡ ♦❢ ❤ ❡ ❞✐ ❡ ❝ ✐ ♦ ♥ ♦❢ ❤ ❡ ❡ ✛ ❡ ❝ ✳ ❚ ❤✐ ♣ ♦ ❜❧ ❡ ♠ ❛❧ ♦ ♥ ❣ ✇✐ ❤ ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ②

♦❢ ✉ ❡ ❡ ✛ ❡ ❝ ❛ ♥ ❞ ♠✐ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ❡ ❡ ✉❧ ✐ ♥ ❡ ① ❝ ❡ ✈ ❛ ✐ ❛ ✐ ♦ ♥ ❛ ♠ ♦ ♥ ❣ ❡✲

♣ ♦ ❡ ❞ ❡ ✛ ❡ ❝ ✳ ✭ ❙ ❛ ♥❧ ❡ ② ✷ ✵ ✵ ✺✮ ❲ ❤✐❧ ❡ ② ♣ ❡ ■■ ❡❧ ❡ ❝ ✐ ♦ ♥ ✐ ❡❧❢ ✐ ❡❧ ❛ ✐ ✈ ❡❧ ② ❜ ❡ ♥✐ ❣ ♥

❛ ♥ ❞ ✐ ✉ ♥❧✐ ❦ ❡❧ ② ♦ ❛ ✛ ❡ ❝ ❤ ❡ ❝ ♦ ♥ ❝❧ ✉ ✐ ♦ ♥ ♦❢ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ❡ ✱ ❞✐ ❡ ❝ ✐ ♦ ♥ ❛❧ ❡❧ ❡ ❝ ✐ ♦ ♥

❜ ✐ ♥ ❣ ❡ ✐ ♦ ✉ ❞✐ ♦ ✐ ♦ ♥ ♦ ❤ ❡ ❛ ❡ ♠ ❡ ♥ ♦❢ ❤ ❡ ✉ ❡ ❡ ✛ ❡ ❝ ✳ ❚ ❤ ❡ ♣ ✉ ❜❧✐ ❤ ❡ ❞

❡ ✈✐ ❞ ❡ ♥ ❝ ❡ ✐ ❦ ❡ ✇ ❡ ❞ ✐ ♥ ❤ ❡ ♣ ❛ ✐ ❝ ✉❧ ❛ ❞✐ ❡ ❝ ✐ ♦ ♥✱ ❤✐❢ ✐ ♥ ❣ ❤ ❡ ♠ ❡ ❛ ♥ ❡ ✛ ❡ ❝ ❡ ✈ ❡ ♥

♠ ♦ ❡ ✐ ♥ ♦ ❤✐ ❞✐ ❡ ❝ ✐ ♦ ♥ ❛ ♥ ❞ ❜✐ ❛ ✐ ♥ ❣ ❤ ❡ ❝ ♦ ♥ ❝❧ ✉ ✐ ♦ ♥ ♦❢ ❤ ❡ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ✳ ✭ ❙ ❛ ♥✲

❧ ❡ ② ✷ ✵ ✵ ✺✮ ❚ ♦ ❛ ✈ ♦✐ ❞ ❤✐ ❝ ❡ ♥ ❛ ✐ ♦ ❛ ♥ ❞ ♦ ❞ ❡ ❡ ❝ ❤ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✱ ✇ ❡ ❛ ♣ ♣❧ ②

✇ ♦ ❦✐ ♥ ❞ ♦❢ ♠ ❡ ❤ ♦ ❞ ✐ ♥ ❤ ❡ ❢ ♦❧❧ ♦ ✇✐ ♥ ❣ ❡ ❝ ✐ ♦ ♥ ✲ ❣ ❛ ♣ ❤✐ ❝ ❛❧ ♠ ❡ ❤ ♦ ❞ ✭ ❋ ✉ ♥ ♥ ❡❧

● ❛ ♣ ❤ ✮ ❛ ♥ ❞ ❛ ✐ ✐ ❝ ❛❧ ❡ ❣ ❡ ✐ ♦ ♥ ♠ ❡ ❤ ♦ ❞ ✳

✺✳ ✷ ❉ ❡ ❡ ❝ ✐ ♥ ❣ ❛ ♥ ❞ ◗ ✉ ❛ ♥ ✐❢ ②✐ ♥ ❣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❇✐ ❛

✺✳ ✷✳ ✶ ❋ ✉ ♥ ♥ ❡❧ ❧ ♦

❆ ❢ ✉ ♥ ♥ ❡❧ ❣ ❛ ♣ ❤ ♣ ❡ ❡ ♥ ❛ ✐ ♠ ♣❧ ❡ ✈✐ ✉ ❛❧ ❡ ♣ ❡ ❡ ♥ ❛ ✐ ♦ ♥ ♦❢ ❡ ❡ ❛ ❝ ❤ ❧✐ ❡ ❛ ✉ ❡

❛ ♥ ❞ ✐ ❤ ❡ ♠ ♦ ❝ ♦ ♠ ♠ ♦ ♥❧ ② ✉ ❡ ❞ ♠ ❡ ❤ ♦ ❞ ♦ ❡ ❢ ♦ ❤ ❡ ♣ ❡ ❡ ♥ ❝ ❡ ♦❢ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥

❜✐ ❛ ✭ ❙ ✉ ♦ ♥ ❡ ❛❧✳ ✷ ✵ ✵ ✵✮✳ ❚ ❤ ❡ ❢ ✉ ♥ ♥ ❡❧ ❣ ❛ ♣ ❤ ✐ ❛ ❝ ❛ ❡ ♣❧ ♦ ♦❢ ❛ ♠ ❡ ❛ ✉ ❡ ♦❢

♣ ❡ ❝✐ ✐ ♦ ♥ ♦ ♥ ❤ ❡ ✈ ❡ ✐ ❝ ❛❧ ❛ ①✐ ❛ ❣ ❛✐ ♥ ❤ ❡ ❡ ✛ ❡ ❝ ✐ ③ ❡ ✭ ❡✳ ❣✳ ❡❧ ❛ ✐ ❝✐ ②✱ ❡ ❣ ❡ ✐ ♦ ♥

❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✱ ♦ ✐ ♥ ♦ ✉ ❝ ❛ ❡✱ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✮ ♦ ♥ ❤ ❡ ❤ ♦ ✐ ③ ♦ ♥ ❛❧ ❛ ①✐ ✳

❡ ❝✐ ✐ ♦ ♥ ❝ ❛ ♥ ❜ ❡ ♠ ❡ ❛ ✉ ❡ ❞ ❛ ❤ ❡ ✐ ♥ ✈ ❡ ❡ ♦❢ ❤ ❡ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ✱ ♦ ❛❧ ❡ ♥ ❛ ✐ ✈ ❡❧ ②

❛ ❤ ❡ ❛ ♠ ♣❧ ❡ ✐ ③ ❡✱ ✐ ✉ ❛ ❡ ♦ ♦ ♦ ❤ ❡ ❞ ❡ ❣ ❡ ❡ ♦❢ ❢ ❡ ❡ ❞ ♦ ♠ ❡ ♠ ♣❧ ♦ ② ❡ ❞ ✐ ♥ ♦ ✉

❛ ♥ ❛❧ ② ✐ ✭ ❙ ❛ ♥❧ ❡ ② ✷ ✵ ✵ ✺✮✳ ■ ♥ ❞✐ ✈✐ ❞ ✉ ❛❧ ❡ ✐ ♠ ❛ ❡ ❤ ♦ ✉❧ ❞ ❛ ♥ ❞ ♦ ♠❧ ② ✈ ❛ ② ❛ ♦ ✉ ♥ ❞ ❤ ❡

✉ ❡ ❡ ✛ ❡ ❝ ❛ ♥ ❞ ❞ ✉ ❡ ♦ ❤ ❡ ❡ ♦ ❦ ❡ ❞ ❛ ✐ ❝✐ ② ❢ ♦ ♠ ❤ ❡ ✐ ♥ ✈ ❡ ❡ ❞ ❢ ✉ ♥ ♥ ❡❧ ❤ ❛ ♣ ❡ ❢ ♦ ♠

✇ ❤✐ ❝ ❤ ❤ ❡ ♥ ❛ ♠ ❡ ✐ ❞ ❡ ✐ ✈ ❡ ❞✳ ❚ ② ♣✐ ❝ ❛❧❧ ②✱ ♠ ❛❧❧ ❛ ♠ ♣❧ ❡ ✉ ❞✐ ❡ ❤ ❛ ✈ ❡ ❛❧ ♦ ❧ ❛ ❣ ❡

❛ ♥ ❞ ❛ ❞ ❡ ♦ ✭ ❤ ✉ ❧ ♦ ✇ ♣ ❡ ❝✐ ✐ ♦ ♥ ♠ ❡ ❛ ✉ ❡✮ ❛ ♥ ❞ ❢ ♦ ♠ ❤ ❡ ❜ ♦ ❛ ❞ ♣ ❛ ♦❢ ❤ ❡

❢ ✉ ♥ ♥ ❡❧✱ ✇ ❤✐❧ ❡ ✇✐ ❤ ✐ ♥ ❝ ❡ ❛ ❡ ✐ ♥ ❛ ♠ ♣❧ ❡ ✐ ③ ❡ ❤ ❡ ♣ ❡ ❝✐ ✐ ♦ ♥ ❤ ♦ ✉❧ ❞ ✐ ♥ ❝ ❡ ❛ ❡ ❛ ✇ ❡❧❧✳

◆ ♦ ♥ ❡ ❤ ❡❧ ❡ ✱ ✐ ♥ ❤ ❡ ♣ ❡ ❡ ♥ ❝ ❡ ♦❢ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✱ ❤ ❡ ❛ ♥ ❞ ♦ ♠ ♥ ❡ ❛ ♥ ❞ ② ♠ ♠ ❡ ②

❛ ❡ ❞✐ ♦ ❡ ❞✳ ■❢ ♦ ♥ ❡ ✐ ❞ ❡ ♦❢ ❤ ❡ ❣ ❛ ♣ ❤ ✐ ❞ ❡ ♥ ❡ ✱ ❤ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✐ ❧✐ ❦ ❡❧ ②



✺✳ ❚❡ ✐ ♥ ❣ ❢ ♦ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❇✐ ❛ ✸ ✶

❋✐ ❣ ✉ ❡ ✺✳ ✶✿ ❈ ♦❧❧ ❡ ❝ ❡ ❞ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❢ ♦ ❤ ❡ ▲ ♦ ♥ ❣ ❘ ✉ ♥ ❛ ♥ ❞ ❙ ❤ ♦ ❘ ✉ ♥

◆ ♦ ❡ ✿ ❚ ❤ ❡ ✈ ❡ ✐ ❝ ❛❧ ❛ ①✐ ❤ ♦ ✇ ❤ ❡ ❞ ❡ ❣ ❡ ❡ ♦❢ ❢ ❡ ❡ ❞ ♦ ♠ ✉ ❡ ❞ ❢ ♦ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ♦❢ ❤ ❡ ❡❢ ♦ ♠
❡ ✛ ❡ ❝ ✐ ♥ ❤ ❡ ♣ ✐ ♠ ❛ ② ✉ ❞ ②❀ ❤ ❡ ❤ ♦ ✐ ③ ♦ ♥ ❛❧ ❛ ①✐ ❤ ♦ ✇ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❡ ♣ ❡ ❡ ♥ ❡ ❞ ❜ ②
❤ ❡ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✳ ❚ ❤ ❡ ♦❧✐ ❞ ❧✐ ♥ ❡ ❞ ❡ ♥ ♦ ❡ ③ ❡ ♦❀ ❤ ❡ ❞ ❛ ❤ ❡ ❞ ❧✐ ♥ ❡ ❞ ❡ ♥ ♦ ❡
❤ ❡ ❛ ✐ ❤ ♠ ❡ ✐ ❝ ♠ ❡ ❛ ♥ ♦❢ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ✐ ♥ ❤ ❡ ❤ ♦ ✉ ♥ ✭ ❣ ❛ ② ❝ ♦❧ ♦ ✉ ✮ ❛ ♥ ❞ ✐ ♥ ❤ ❡ ❧ ♦ ♥ ❣
✉ ♥ ✭ ❜❧ ✉ ❡ ❝ ♦❧ ♦ ✉ ✮✳

♣ ❡ ❡ ♥ ✐ ♥ ❤ ❛ ♣ ❛ ✐ ❝ ✉❧ ❛ ❞✐ ❡ ❝ ✐ ♦ ♥✳ ■❢ ✇ ❡ ✉ ♣ ❡ ❝ ❜✐ ❛ ✐ ♥ ❢ ❛ ✈ ♦ ✉ ♦❢ ❛ ✐ ✐ ❝ ❛❧

✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❝ ❡✱ ✐ ✐ ♠ ♦ ❡ ❞✐ ✣ ❝ ✉❧ ♦ ✐ ♥❢ ❡ ❢ ♦ ♠ ❤ ❡ ❣ ❛ ♣ ❤✳ ■ ♥ ❤ ❛ ❝ ❛ ❡ ❤ ❡ ♣❧ ♦

✐ ✇✐ ❞ ❡ ❛ ♥ ❞ ❤ ♦❧❧ ♦ ✇✱ ✐✳ ❡✳ ✇✐ ❤ ❣ ❡ ❛ ❡ ✈ ❛ ✐ ❛ ✐ ♦ ♥✱ ✇ ❤✐ ❝ ❤ ❞ ♦ ❡ ♥ ♦ ❛ ✉ ♦ ♠ ❛ ✐ ❝ ❛❧❧ ②

✐ ♠ ♣❧ ② ❤ ❡ ♣ ❡ ❡ ♥ ❝ ❡ ♦❢ ❜✐ ❛ ✱ ❜ ✉ ♠ ❛ ② ❜ ❡ ❝ ❛ ✉ ❡ ❞ ❜ ② ♦ ❤ ❡ ❡ ❛ ♦ ♥ ✳ ❚ ❤ ❡ ♠ ♦

❝ ♦ ♠ ♠ ♦ ♥ ❛ ❡ ♠ ♦ ❞ ❡❧❧✐ ♥ ❣ ♠✐ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ❡ ♠ ♣ ♦ ❛❧ ♦ ♣ ❛ ✐ ❛❧ ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ②

♦❢ ✉ ❡ ❡ ✛ ❡ ❝ ✳

❆❧❧ ✽ ✽ ✾ ♦❢ ♦ ✉ ❝ ♦❧❧ ❡ ❝ ❡ ❞ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❛ ❡ ✐❧❧ ✉ ❛ ❡ ❞ ✐ ♥ ❋✐ ❣ ✉ ❡ ✺✳ ✶✱ ✇ ❤✐ ❝ ❤

❡ ♣ ❛ ❛ ❡ ❤ ❡ ❤ ♦ ✲ ✉ ♥ ❛ ♥ ❞ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✐ ♠ ❛ ❡ ✳ ❚ ❤ ❡ ❤ ♦ ✲ ✉ ♥ ❡ ✐ ♠ ❛ ❡

❛ ❡ ♠ ♦ ❧ ② ❝ ❛ ❡ ❡ ❞ ♦ ❤ ❡ ❧ ❡❢ ❢ ♦ ♠ ③ ❡ ♦✱ ✇ ❤✐❧ ❡ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✐ ♠ ❛ ❡ ♦

❤ ❡ ✐ ❣ ❤ ✱ ❜ ✉ ❤ ❡ ❢ ✉ ♥ ♥ ❡❧ ❡ ❡ ♠ ❡❧ ❛ ✐ ✈ ❡❧ ② ② ♠ ♠ ❡ ✐ ❝ ❛❧✳✶ ■ ♥ ❝ ❛ ❡ ♦❢ ❤ ❡ ❤ ♦

✉ ♥✱ ❤ ❡ ❢ ✉ ♥ ♥ ❡❧ ❤ ❛ ♦ ♥ ❡ ♣ ❡ ❛ ❦ ❛ ♦ ✉ ♥ ❞ ③ ❡ ♦✳ ❆ ❛ ❝❧ ♦ ❡ ✐ ♥ ♣ ❡ ❝ ✐ ♦ ♥✱ ♦ ♠ ❡ ❤✐ ♥ ♦❢

♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ❛ ♣ ♣ ❡ ❛ ✱ ❛ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ❛ ❡ ♠ ♦ ❡ ❝ ♦ ♥ ❝ ❡ ♥ ❛ ❡ ❞ ♦ ♥ ❤ ❡ ❧ ❡❢ ✳ ❖ ♥

❤ ❡ ♦ ❤ ❡ ❤ ❛ ♥ ❞✱ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❢ ✉ ♥ ♥ ❡❧ ♣ ❡ ❛ ❞ ✇✐ ❞ ❡❧ ② ❛ ❝ ♦ ❤ ❡ ①✲ ❛ ①✐ ✐ ♥ ❞✐ ❝ ❛ ✐ ♥ ❣

♣ ♦ ❡ ♥ ✐ ❛❧ ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ② ♦❢ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✳ ❚ ❤ ❡ ❢ ✉ ♥ ♥ ❡❧ ✐ ❦ ❡ ✇ ❡ ❞ ♦ ❤ ❡ ❧ ❡❢

✶ ❆ ❞✐ ✛ ❡ ❡ ♥ ✈✐ ❡ ✇ ✇✐ ❤ ❡ ♣ ❛ ❛ ❡ ❢ ✉ ♥ ♥ ❡❧ ❢ ♦ ❤ ❡ ❤ ♦ ✉ ♥ ❛ ♥ ❞ ❧ ♦ ♥ ❣ ✉ ♥ ❡ ✛ ❡ ❝ ❞✐ ✐ ♥ ❣ ✉✐ ❤✐ ♥ ❣
❤ ❡ ❡❢ ♦ ♠ ② ♣ ❡ ❝ ❛ ♥ ❜ ❡ ❢ ♦ ✉ ♥ ❞ ✐ ♥ ❆ ♣ ♣ ❡ ♥ ❞✐ ① ❇✳



✺✳ ❚❡ ✐ ♥ ❣ ❢ ♦ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❇✐ ❛ ✸ ✷

✇ ❤✐ ❝ ❤ ❛ ❣ ❛✐ ♥ ♣ ♦✐ ♥ ♦ ❛ ❧✐ ❣ ❤ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❡❧ ❡ ❝ ✐ ♦ ♥✳

❋✐ ❣ ✉ ❡ ✺✳ ✷ ♣ ❡ ❡ ♥ ❢ ♦ ✉ ❢ ✉ ♥ ♥ ❡❧ ♣❧ ♦ ✇ ❤ ❡ ❡ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❡ ✐ ♠ ❛ ❡ ❛ ❡

❡ ♣ ❛ ❛ ❡ ❞ ❛ ❝ ❝ ♦ ❞✐ ♥ ❣ ♦ ❤ ❡ ❡❢ ♦ ♠ ② ♣ ❡✳ ❖ ♥ ♦ ♣ ♦❢ ❤ ❛ ✱ ✇ ❡ ❡ ♣ ❛ ❛ ❡ ❤ ❡ ❤ ♦

✉ ♥ ❛ ♥ ❞ ❧ ♦ ♥ ❣ ✉ ♥ ❡ ✛ ❡ ❝ ❞ ✉ ❡ ♦ ❤ ❡ ♣ ♦ ❡ ♥ ✐ ❛❧ ❞✐ ✛ ❡ ❡ ♥ ❝ ❡ ❜ ❡ ✇ ❡ ❡ ♥ ❤ ❡ ❡ ✇ ♦ ❛

✐ ♥ ❞✐ ❝ ❛ ❡ ❞ ❜ ❡❢ ♦ ❡✳ ▼ ♦ ♦❢ ❤ ❡ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ❜ ❡❧ ♦ ♥ ❣ ♦ ❤ ❡ ✜ ❝ ❛❧ ❛ ♥ ❞ ✜ ♥ ❛ ♥ ❝✐ ❛❧

♠ ❛ ❦ ❡ ❛ ♥ ❞ ✐ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ❡❢ ♦ ♠ ✱ ✇ ❤✐ ❝ ❤ ❛❧❧ ♦ ✇ ✉ ♦ ❡ ❡ ❤ ❡ ❢ ✉ ♥ ♥ ❡❧ ❤ ❛ ♣ ❡ ♠ ♦ ❡

❝❧ ❡ ❛ ❧ ② ✐ ♥ ❣ ❛ ♣ ❤ ✭ ❜✮ ❛ ♥ ❞ ✭ ❝✮✱ ❝ ♦ ♠ ♣ ❛ ❡ ❞ ♦ ❤ ❡ ♠ ❛❧❧ ♥ ✉ ♠ ❜ ❡ ♦❢ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ❢ ♦

❤ ❡ ❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❛ ♥ ❞ ✇ ❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠ ✐ ♥ ❣ ❛ ♣ ❤ ✭ ❛✮ ❛ ♥ ❞ ✭ ❞✮✳ ■ ♥ ♦ ❞ ❡ ♦

❡ ❤ ❡ ❞✐ ✛ ❡ ❡ ♥ ❝ ❡ ❜ ❡ ✇ ❡ ❡ ♥ ❤ ❡ ❤ ♦ ✲ ✉ ♥ ❛ ♥ ❞ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✛ ❡ ❝ ✱ ✇ ❡ ❛ ❞ ❞ ❛ ❧✐ ♥ ❡

✐ ❣ ♥✐❢ ②✐ ♥ ❣ ❤ ❡ ❛ ✐ ❤ ♠ ❡ ✐ ❝ ♠ ❡ ❛ ♥ ♦❢ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ✐ ♥ ❡ ♣ ❡ ❝ ✐ ✈ ❡ ❝ ❛ ❡ ❣ ♦ ✐ ❡ ✳

❋✐ ✱ ✇ ❡ ❢ ♦ ❝ ✉ ♦ ♥ ❤ ❡ ❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ✐ ♥ ❤ ❡ ❤ ♦ ✉ ♥✳ ❋✐ ❣ ✉ ❡ ✺✳ ✷✭ ❛✮

❤ ♦ ✇ ✐ ❣ ♥ ♦❢ ❛ ❢ ✉ ♥ ♥ ❡❧ ❢ ♦ ♠✐ ♥ ❣ ✇✐ ❤ ❤ ❡ ♠ ♦ ♣ ❡ ❝✐ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❞✐ ✐ ❜ ✉ ❡ ❞

❛ ♦ ✉ ♥ ❞ ③ ❡ ♦✳ ❚ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✛ ❡ ❝ ✈ ❛ ② ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❧ ② ❛ ♥ ❞ ❛ ❡ ❝ ❛ ❡ ❡ ❞ ♦ ✈ ❡ ❤ ❡

❝ ❤ ❛ ✳ ❇ ❡ ❝ ❛ ✉ ❡ ♦❢ ❤ ❡ ❧ ♦ ✇ ♥ ✉ ♠ ❜ ❡ ♦❢ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ✱ ✐ ✐ ✐ ♠ ♣ ♦ ✐ ❜❧ ❡ ♦ ✐ ♥❢ ❡ ❢ ♦ ♠

❤ ❡ ❣ ❛ ♣ ❤ ✇ ❤ ❡ ❤ ❡ ❤ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❡❧ ❡ ❝ ✐ ♦ ♥ ✐ ♣ ❡ ❡ ♥ ♦ ♥ ♦ ✳ ■ ♥ ❝ ❛ ❡ ♦❢ ✇ ❡❧❢ ❛ ❡

❛ ❡ ❡❢ ♦ ♠ ✱ ✇ ❡ ❛ ❣ ❛✐ ♥ ❡ ❡ ❤ ❛ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ❛ ❡ ♣ ❡ ❛ ❞ ❛❧ ♦ ♥ ❣ ❤ ❡ ①✲ ❛ ①✐ ❛ ♥ ❞

❞✐ ✛ ❡ ✇✐ ❞ ❡❧ ②✱ ✇ ❤✐ ❝ ❤ ✉ ❣ ❣ ❡ ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ② ✇✐ ❤✐ ♥ ❤ ❡ ❡ ① ❛ ♠✐ ♥ ❡ ❞ ❡ ✛ ❡ ❝ ✳

❋✐ ❣ ✉ ❡ ✺✳ ✷✭ ❜✮ ❛ ♥ ❞ ✭ ❞✮ ❡❧❧ ❛ ❞✐ ✛ ❡ ❡ ♥ ♦ ② ❛ ♥ ❞ ❤ ♦ ✇ ❛ ❝❧ ❡ ❛ ❢ ✉ ♥ ♥ ❡❧✳ ■ ♥

❝ ❛ ❡ ♦❢ ✜ ❝ ❛❧ ❡❢ ♦ ♠ ✱ ❤ ❡ ❢ ✉ ♥ ♥ ❡❧ ❢ ♦ ❜ ♦ ❤ ❤ ❡ ❤ ♦ ✉ ♥ ❛ ♥ ❞ ❧ ♦ ♥ ❣ ✉ ♥ ❡ ✛ ❡ ❝

❞ ♦ ♥ ♦ ❛ ♣ ♣ ❡ ❛ ❤ ♦❧❧ ♦ ✇✱ ✇ ❤✐ ❝ ❤ ✐ ♥ ❞✐ ❝ ❛ ❡ ❤ ❛ ❤ ❡ ② ♣ ❡ ■■ ❡❧ ❡ ❝ ✐ ♦ ♥ ♠✐ ❣ ❤ ♥ ♦

❜ ❡ ♣ ❡ ❡ ♥ ✳ ❍ ♦ ✇ ❡ ✈ ❡ ✱ ❤ ❡ ❤ ♦ ✉ ♥ ❢ ✉ ♥ ♥ ❡❧ ❡ ❡ ♠ ♦ ❜ ❡ ❧✐ ❣ ❤ ❧ ② ❦ ❡ ✇ ❡ ❞ ✐ ❣ ❤

❛ ♥ ❞ ❤ ❡ ❧ ♦ ♥ ❣ ✉ ♥ ❢ ✉ ♥ ♥ ❡❧ ❧ ❡❢ ✱ ✇ ❤✐ ❝ ❤ ✉ ❣ ❣ ❡ ❤ ❛ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ♠✐ ❣ ❤ ❜ ❡

♣ ❡ ❡ ♥ ✳ ❚ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ♦❢ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ♠ ❛ ❦ ❡ ❛ ♥ ❞ ✐ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✈ ❛ ②

❣ ❡ ❛ ❧ ②✱ ❛ ❞ ♦ ❝ ✉ ♠ ❡ ♥ ❡ ❞ ❜ ② ❤ ❡ ✇✐ ❞ ❡ ❧ ♦ ✇ ❡ ♣ ❛ ♦❢ ❤ ❡ ❢ ✉ ♥ ♥ ❡❧✱ ❜ ✉ ❡ ❡ ♠ ♦ ❤ ❡ ✇✐ ❡

② ♠ ♠ ❡ ✐ ❝✳

❲❡ ✜ ♥ ❞ ❡ ✈✐ ❞ ❡ ♥ ❝ ❡ ♦❢ ♠ ❛❧❧ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✱ ❢ ♦ ✜ ❝ ❛❧ ❡❢ ♦ ♠ ✐ ♥ ♣ ❛ ✐ ❝ ✉❧ ❛ ✱

♥ ❡ ✈ ❡ ❤ ❡❧ ❡ ✱ ❤✐ ♠ ❡ ❤ ♦ ❞ ♦❢ ❢ ✉ ♥ ♥ ❡❧ ♣❧ ♦ ❛ ♥ ❛❧ ② ✐ ✐ ✈ ❡ ② ✉ ❜❥ ❡ ❝ ✐ ✈ ❡ ❛ ♥ ❞ ♦ ✉

❝ ♦ ♥❥ ❡ ❝ ✉ ❡ ♥ ❡ ❡ ❞ ♦ ❜ ❡ ❡ ① ❛ ♠✐ ♥ ❡ ❞ ♠ ♦ ❡ ♣ ❡ ❝✐ ❡❧ ② ✇✐ ❤ ❡ ❣ ❡ ✐ ♦ ♥ ❡ ✐ ♥ ♦ ❞ ❡

♦ ❞ ❛ ✇ ❛ ♥ ♦ ❜❥ ❡ ❝ ✐ ✈ ❡ ❝ ♦ ♥ ❝❧ ✉ ✐ ♦ ♥✳ ❆ ♥ ♦ ❤ ❡ ❧✐ ♠✐ ❛ ✐ ♦ ♥ ♦❢ ❤ ❡ ❢ ✉ ♥ ♥ ❡❧ ❣ ❛ ♣ ❤ ✐

✐ ✐ ♠ ♣❧✐ ❝✐ ❛ ✉ ♠ ♣ ✐ ♦ ♥ ❤ ❛ ❤ ❡ ❡ ❡ ①✐ ❛ ✐ ♥ ❣❧ ❡ ✧ ✉ ❡ ✧ ❡ ✛ ❡ ❝ ❝ ♦ ♠ ♠ ♦ ♥ ♦ ❛❧❧

✉ ❞✐ ❡ ✳ ❍ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ② ♦❢ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❞ ✉ ❡ ♦ ❤ ❡ ✉ ❡ ♦❢ ❞✐ ✛ ❡ ❡ ♥ ❞ ❛ ❛ ❡

♦ ❞✐ ✛ ❡ ❡ ♥ ❝ ♦ ✉ ♥ ✐ ❡ ❤ ❡ ♥ ♠✐ ❣ ❤ ❜ ❡ ❛ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ♦ ✉ ❝ ❡ ♦❢ ❢ ✉ ♥ ♥ ❡❧ ❛ ② ♠ ♠ ❡ ②✳

❖ ♥ ♦ ♣ ♦❢ ❤ ❛ ✱ ❛ ♥ ② ♠✐ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ✐ ♥ ♣ ✐ ♠ ❛ ② ✉ ❞✐ ❡ ✲ ♦ ♠✐ ❡ ❞ ✈ ❛ ✐ ❛ ❜❧ ❡ ✱

✐ ♥ ❛ ♣ ♣ ♦ ♣ ✐ ❛ ❡ ❢ ✉ ♥ ❝ ✐ ♦ ♥ ❢ ♦ ♠ ♦ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ❡ ❝ ❤ ♥✐ ✉ ❡ ✲ ♠ ❛ ② ❛❧ ♦ ✐ ♥ ❞ ✉ ❝ ❡ ❢ ✉ ♥ ♥ ❡❧✬

❦ ❡ ✇ ♥ ❡ ✱ ❤ ✉ ✇ ❡ ♣ ♦ ❝ ❡ ❡ ❞ ✇✐ ❤ ♠ ♦ ❡ ❛ ❞ ✈ ❛ ♥ ❝ ❡ ❞ ❡ ✳



✺✳ ❚❡ ✐ ♥ ❣ ❢ ♦ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❇✐ ❛ ✸ ✸

❋✐ ❣ ✉ ❡ ✺✳ ✷✿ ❋ ✉ ♥ ♥ ❡❧ ❧ ♦ ♦❢ ❉✐ ✛ ❡ ❡ ♥ ❚ ② ♣ ❡ ♦❢ ❘ ❡❢ ♦ ♠

✭ ❛✮ ▲ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ✭ ❜✮ ❋✐ ❝ ❛❧ ❛ ♥ ❞ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❛❧ ❡❢ ♦ ♠

✭ ❝✮ ■ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ✭ ❞✮ ❲❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠

◆ ♦ ❡ ✿ ❚ ❤ ❡ ✈ ❡ ✐ ❝ ❛❧ ❛ ①✐ ❤ ♦ ✇ ❤ ❡ ❞ ❡ ❣ ❡ ❡ ♦❢ ❢ ❡ ❡ ❞ ♦ ♠ ✉ ❡ ❞ ❢ ♦ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ♦❢ ❤ ❡
❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❀ ❤ ❡ ❤ ♦ ✐ ③ ♦ ♥ ❛❧ ❛ ①✐ ❤ ♦ ✇ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❡ ♣ ❡ ❡ ♥ ❡ ❞ ❜ ② ❤ ❡ ♣ ❛ ✐ ❛❧

❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✳ ■ ♥ ❛❧❧ ✜ ❣ ✉ ❡ ✱ ❤ ❡ ❧✐ ❣ ❤ ❡ ❤ ❛ ❞ ❡ ❞ ❡ ♥ ♦ ❡ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ✱
✇ ❤✐❧ ❡ ❤ ❡ ❞ ❛ ❦ ❡ ❤ ❛ ❞ ❡ ❞ ❡ ♥ ♦ ❡ ❤ ❡ ❧ ♦ ♥ ❣ ✉ ♥ ❡ ✛ ❡ ❝ ✳ ❚ ❤ ❡ ♦❧✐ ❞ ❧✐ ♥ ❡ ❞ ❡ ♥ ♦ ❡ ③ ❡ ♦❀ ❤ ❡
❞ ❛ ❤ ❡ ❞ ❧✐ ♥ ❡ ❞ ❡ ♥ ♦ ❡ ❤ ❡ ✐ ♠ ♣❧ ❡ ♠ ❡ ❛ ♥ ♦❢ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ✐ ♥ ❤ ❡ ❤ ♦ ✉ ♥ ❛ ♥ ❞ ✐ ♥ ❤ ❡
❧ ♦ ♥ ❣ ✉ ♥✳



✺✳ ❚❡ ✐ ♥ ❣ ❢ ♦ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❇✐ ❛ ✸ ✹

✺✳ ✷✳ ✷ ▼ ❡ ❛✲ ❘ ❡ ❣ ❡ ✐ ♦ ♥ ❚ ❡ ♦❢ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❙ ❡❧ ❡ ❝ ✐ ♦ ♥

❲❡ ✐❧❧ ✉ ❛ ❡ ❞ ❜ ❡❢ ♦ ❡ ❤ ❛ ❣ ❛ ♣ ❤ ❛ ❡ ✈ ❡ ② ✐ ♥ ✉✐ ✐ ✈ ❡ ❛ ♥ ❞ ✐❧❧ ✉ ❛ ✐ ✈ ❡✱ ② ❡ ❤ ❡ ②

❛ ❡ ❛❧ ♦ ♣ ♦ ♥ ❡ ♦ ❤ ❡ ✉ ❜❥ ❡ ❝ ✐ ✈✐ ② ♦❢ ✐ ♥ ❡ ♣ ❡ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ❛ ❢ ♦ ♠ ❛❧ ♦ ❜❥ ❡ ❝ ✐ ✈ ❡ ❡

♦❢ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✐ ❡ ✉✐ ❡ ❞✳ ❚ ❤ ❡ ♦❧ ✉ ✐ ♦ ♥ ♦ ❤✐ ♣ ♦ ❜❧ ❡ ♠ ✜ ♣ ♦ ♣ ♦ ❡ ❞ ❈ ❛ ❞

✫ ❑ ✉ ❡ ❣ ❡ ✭ ✶ ✾ ✾ ✺✮ ✐ ♥ ❤ ❡ ❢ ♦ ♠ ♦❢ ▼ ❡ ❛✲ ❘ ❡ ❣ ❡ ✐ ♦ ♥ ❆ ♥ ❛❧ ② ✐ ✭ ▼ ❘ ❆ ✮✳ ❖❢ ❝ ♦ ✉ ❡✱

✇ ❤ ❡ ♥ ♦ ♥ ❡ ❤✐ ♥ ❦ ♦❢ ▼ ❘ ❆ ✱ ❤ ❡ ✜ ❤ ♦ ✉ ❣ ❤ ♠✐ ❣ ❤ ❜ ❡ ❤ ❛ ✐ ✐ ✉ ❡ ❞ ♦ ✉ ❞ ② ❤ ❡

✈ ❛ ✐ ❛ ✐ ♦ ♥ ❛ ♠ ♦ ♥ ❣ ❡ ♣ ♦ ❡ ❞ ❡ ❝ ♦ ♥ ♦ ♠ ❡ ✐ ❝ ❡ ✉❧ ✳ ❲ ❤✐❧ ❡ ❤✐ ✐ ❤ ❡ ♠ ❛✐ ♥ ♣ ✉ ♣ ♦ ❡✱

✐ ✐❧❧ ❛❧❧ ♦ ✇ ❢ ♦ ♠ ♦ ❡✳ ▼ ❘ ❆ ❝ ❛ ♥ ❜ ❡ ✉ ❡ ❞ ♦ ♠ ♦ ❞ ❡❧ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❡❧ ❡ ❝ ✐ ♦ ♥ ❛ ♥ ❞

❛ ✐ ✐ ❝ ❛❧ ♣ ♦ ✇ ❡ ✱ ❛ ♥ ❞ ♦ ❝✐ ❝ ✉ ♠ ✈ ❡ ♥ ✐ ❡ ✛ ❡ ❝ ✭ ❙ ❛ ♥❧ ❡ ② ✷ ✵ ✵ ✺✮✳

❋ ♦ ♠ ♦ ❞ ❡❧❧✐ ♥ ❣ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✱ ✇ ❡ ✉ ❡ ❛ ✐ ♠ ♣❧ ❡ ▼ ❘ ❆ ♠ ♦ ❞ ❡❧ ❤ ❛ ❝ ❛ ♣ ✉ ❡

❤ ❡ ❡❧ ❛ ✐ ♦ ♥ ❤✐ ♣ ❜ ❡ ✇ ❡ ❡ ♥ ❤ ❡ ❡ ✛ ❡ ❝ ❢ ♦ ♠ ♣ ✐ ♠ ❛ ② ✉ ❞✐ ❡ ❛ ♥ ❞ ❤ ❡✐ ❛ ♥ ❞ ❛ ❞

❡ ♦ ❛ ✉ ❣ ❣ ❡ ❡ ❞ ❜ ② ❙ ❛ ♥❧ ❡ ② ✭ ✷ ✵ ✵ ✺✮✳ ❚ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥ ❡ ✉ ❛ ✐ ♦ ♥ ❤ ❛ ❤ ❡ ❢ ♦❧❧ ♦ ✇✐ ♥ ❣

❢ ♦ ♠✿

r i ✏ r 0 β 0 ✂ S E i u i, ✭ ✺✳ ✶✮

✇ ❤ ❡ ❡ r i ❞ ❡ ♥ ♦ ❡ ❤ ❡ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ❢ ♦ ♠ ❤ ❡ i✲ ❤ ❡ ✐ ♠ ❛ ✐ ♦ ♥✱ r 0

✐ ❤ ❡ ✉ ❡ ✈ ❛❧ ✉ ❡✱ ✐✳ ❡✳ ❤ ❡ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ❝ ♦ ❡ ❝ ❡ ❞ ❢ ♦ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥

❜✐ ❛ ✳ S E i ✐ ❤ ❡ ❝ ♦ ❡ ♣ ♦ ♥ ❞✐ ♥ ❣ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ❢ ♦ r i✱ β 0 ✐ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ♠ ❡ ❛ ✉ ✲

✐ ♥ ❣ ❤ ❡ ♠ ❛ ❣ ♥✐ ✉ ❞ ❡ ❛ ♥ ❞ ❞✐ ❡ ❝ ✐ ♦ ♥ ♦❢ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✱ ❛ ♥ ❞ u i ✐ ❤ ❡ ❡ ♦ ❡ ♠✳

■ ♥ ❛ ♥ ✐ ❞ ❡ ❛❧ ❝ ❛ ❡✱ ♦ ❜ ❡ ✈ ❡ ❞ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✭ ❡ ✛ ❡ ❝ ❢ ♦ ♠ ♣ ✐ ♠ ❛ ②

✉ ❞✐ ❡ ✮ ❤ ♦ ✉❧ ❞ ✈ ❛ ② ❛ ♥ ❞ ♦ ♠❧ ② ❛ ♦ ✉ ♥ ❞ ❤ ❡ ✉ ❡ ✈ ❛❧ ✉ ❡ r 0 ❛ ♥ ❞ ❜ ❡ ✐ ♥ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥

♦❢ ❤ ❡✐ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ✭ ❙ ❛ ♥❧ ❡ ② ✷ ✵ ✵ ✺✮✳ ■ ♥ ♦ ❤ ❡ ✇ ♦ ❞ ✱ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ β ❤ ♦ ✉❧ ❞ ❜ ❡

❛ ✐ ✐ ❝ ❛❧❧ ② ♥ ♦ ❞✐ ✛ ❡ ❡ ♥ ❢ ♦ ♠ ③ ❡ ♦✳ ❋ ♦ ♠ ❤ ❡ ❡ ✉ ❛ ✐ ♦ ♥ ❢ ♦❧❧ ♦ ✇ ❤ ❛ ✐❢ ❤ ❡ ♣ ✉ ❜✲

❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✐ ♣ ❡ ❡ ♥ ❛ ♥ ❞ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ✱ ✐ ✇✐❧❧ ❜ ❡ ♣ ♦ ♣ ♦ ✐ ♦ ♥ ❛❧ ♦ ❤ ❡ ❛ ♥ ❞ ❛ ❞

❡ ♦ S E i✳

❚ ❤ ❡ ♣ ♦ ❜❧ ❡ ♠ ✇✐ ❤ ❤✐ ▼ ❘ ❆ ♠ ♦ ❞ ❡❧ ✐ ❤ ❛ ❤ ❡ ❡ ♦ ❡ ♠ u i ❛ ❡ ❧✐ ❦ ❡❧ ② ♦

❜ ❡ ❤ ❡ ❡ ♦ ❦ ❡ ❞ ❛ ✐ ❝ ✇ ❤ ❡ ♥ ✉ ✐ ♥ ❣ ❤ ❡ ❖ ▲ ❙ ❡ ✐ ♠ ❛ ✐ ♦ ♥✳ ❊ ❛ ❝ ❤ ♣ ✐ ♠ ❛ ② ✉ ❞ ② ✉ ❡

❞✐ ✛ ❡ ❡ ♥ ❛ ♠ ♣❧ ❡ ✐ ③ ❡ ❛ ♥ ❞ ♠ ♦ ❞ ❡❧❧✐ ♥ ❣ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ✇ ❤✐ ❝ ❤ ♠ ❛ ❦ ❡ ❤ ❡ ✐ ③ ❡ ♦❢ ❡ ❛ ❝ ❤

❡ ♦ u i ❧✐ ❦ ❡❧ ② ♦ ✈ ❛ ② ✇✐ ❤ ✉ ❞✐ ❡ ✱ ❛ ♥ ❞ ❛ ❛ ❡ ✉❧ ✱ ❤ ❡ ✈ ❛ ✐ ❛ ♥ ❝ ❡ ♦❢ ❛❧❧ u i ✐ ♥ ♦

❝ ♦ ♥ ❛ ♥ ✭V a r u i⑤S E i ✏ σ 2
i ✮✳ ❚ ❤✐ ✈✐ ♦❧ ❛ ❡ ❤ ❡ ❖ ▲ ❙ ❛ ✉ ♠ ♣ ✐ ♦ ♥ ♦❢ ✐ ♥ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥

❛ ♥ ❞ ✐ ❞ ❡ ♥ ✐ ❝ ❛❧❧ ② ❞✐ ✐ ❜ ✉ ❡ ❞ ❡ ♦ u i ❛ ♥ ❞ ❝ ❛ ♥ ❧ ❡ ❛ ❞ ♦ ♠✐ ❧ ❡ ❛ ❞✐ ♥ ❣ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ✱

❛ ♥ ❞ ❝ ♦ ♥ ❡ ✉ ❡ ♥ ❧ ② ♥ ❛ ♦ ✇ ❝ ♦ ♥ ✜ ❞ ❡ ♥ ❝ ❡ ✐ ♥ ❡ ✈ ❛❧ ✱ ✲ ❛ ✐ ✐ ❝ ✱ ❛ ♥ ❞ ♣✲ ✈ ❛❧ ✉ ❡ ✳ ❍ ❡ ♥ ❝ ❡✱

✇ ❡ ❛ ♣ ♣❧ ② ❢ ♦ ✉ ❡ ❝ ♦ ♥ ♦ ♠ ❡ ✐ ❝ ♠ ❡ ❤ ♦ ❞ ❤ ❛ ♠✐ ✐ ❣ ❛ ❡ ❤ ❡ ❤ ❡ ❡ ♦ ❦ ❡ ❞ ❛ ✐ ❝✐ ② ❛ ♥ ❞ ✐ ♥

✉ ♥ ❤ ❡ ✐ ♥ ❡ ✣ ❝✐ ❡ ♥ ❝ ② ✇ ❤ ❡ ♥ ❡ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❡ ✉ ❛ ✐ ♦ ♥ ✭ ✺✳ ✶✮✳

❲✐ ❤✐ ♥ ❤ ❡ ✜ ♠ ❡ ❤ ♦ ❞✱ ✇ ❡ ❝ ♦ ❡ ❝ ❤ ❡ ❤ ❡ ❡ ♦ ❦ ❡ ❞ ❛ ✐ ❝✐ ② ✉ ✐ ♥ ❣ ❛ ♥ ❞ ❛ ❞

❡ ♦ ❝❧ ✉ ❡ ❡ ❞ ❛ ❤ ❡ ✉ ❞ ② ❧ ❡ ✈ ❡❧✳ ❖ ✉ ❦ ❡ ② ❛ ✉ ♠ ♣ ✐ ♦ ♥ ❤ ❡ ❡ ✐ ❤ ❛ ❤ ❡ ❡ ♦

❡ ♠ u i ❛ ❡ ✉ ♥ ❝ ♦ ❡❧ ❛ ❡ ❞ ❛ ❝ ♦ ✉ ❞✐ ❡ ✇ ❤✐❧ ❡ ❡ ♦ ❢ ♦ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❜ ❡❧ ♦ ♥ ❣✲



✺✳ ❚❡ ✐ ♥ ❣ ❢ ♦ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❇✐ ❛ ✸ ✺

✐ ♥ ❣ ♦ ❤ ❡ ❛ ♠ ❡ ✉ ❞ ② ✭✐✳ ❡✳ ❝❧ ✉ ❡ ✮ ♠ ❛ ② ❜ ❡ ❝ ♦ ❡❧ ❛ ❡ ❞✳ ❲ ✐ ❡ ♥ ✐ ♥ ❤ ❡ ❧ ❛ ♥✲

❣ ✉ ❛ ❣ ❡ ♦❢ ❛ ✐ ✐ ❝ ✱ ✇ ❡ ✐❧❧ ❛ ✉ ♠ ❡ ③ ❡ ♦ ❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ❛❧ ♠ ❡ ❛ ♥ ♦❢ ♦ ✉ ❡ ♦ ❡ ♠

u i j ❝ ♦ ❡ ♣ ♦ ♥ ❞✐ ♥ ❣ ♦ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ i ❢ ♦ ♠ ✉ ❞ ② j ✱ E u i j ⑤x i j ✏ 0 ✱ ❜ ✉ ✇ ❡

❛❧❧ ♦ ✇ ♠ ♦ ❡ ✢ ❡ ①✐ ❜✐❧✐ ② ✐ ♥ ✈ ❛ ✐ ❛ ♥ ❝ ❡✲ ❝ ♦ ✈ ❛ ✐ ❛ ♥ ❝ ❡ ♠ ❛ ✐ ①✳ ❚ ❤ ❡ ❡❢ ♦ ❡ ✇✐ ❤ ❝❧ ✉ ❡ ✲

✐ ♥ ❣✱ E u h j u i j ✶ ⑤x h j , xi j ✶ ✏ 0 ✱ ✉ ♥❧ ❡ j ✏ j ✶✱ ✇ ❤ ❡ ❡ x i j ✐ ❛ ✈ ❡ ❝ ♦ ♦❢ ✐ ♥ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥

✈ ❛ ✐ ❛ ❜❧ ❡ ✱ ✐ ♥ ♦ ✉ ❝ ❛ ❡ ❥ ✉ S E i j ✳ ❈❧ ✉ ❡ ✐ ♥ ❣ ❛ ❤ ❡ ✉ ❞ ② ❧ ❡ ✈ ❡❧ ❧ ❡ ❛ ❞ ♦ ♠ ♦ ❡ ❝ ♦ ♥✲

❡ ✈ ❛ ✐ ✈ ❡ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ✭ ❡ ❞ ✉ ❝ ❡ ❤ ❡ ♣ ❡ ❝✐ ✐ ♦ ♥ ♦❢ β̂ ✮✱ ❛ ♥ ❞ ❤ ✉ ✇ ❡ ❛❧ ♦ ❡ ♠ ♣❧ ♦ ②

❛ ♠ ♦ ❡ ❧✐ ❜ ❡ ❛❧ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❝ ❡ ❧ ❡ ✈ ❡❧ ✭α ✏ 0 .1 ✮✳

❙ ❡ ❝ ♦ ♥ ❞✱ ✇ ❡ ❡ ♠ ♣❧ ♦ ② ❡ ✐ ♠ ❛ ✐ ♦ ♥ ❜ ② ❲❡✐ ❣ ❤ ❡ ❞ ▲ ❡ ❛ ❙ ✉ ❛ ❡ ✭ ❲ ▲ ❙ ✮ ❛ ❛ ✉✐ ✲

❛ ❜❧ ❡ ♠ ❡ ❤ ♦ ❞ ❢ ♦ ♦ ❜ ❛✐ ♥✐ ♥ ❣ ❡ ✣ ❝✐ ❡ ♥ ❡ ✐ ♠ ❛ ❡ ✇✐ ❤ ❝ ♦ ❡ ❝ ❡ ❞ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ✳

❲✐ ❤ ❲ ▲ ❙ ✱ ✇ ❡ ✜ ❤ ❛ ✈ ❡ ♦ ♣ ❡ ❝✐❢ ② ❛ ♠ ♦ ❞ ❡❧ ❢ ♦ V a r ♣r ⑤S E ✱ ❡ ✐ ♠ ❛ ❡ ✐ ✱ ❛ ♥ ❞

❛ ♣ ♣❧ ② ❖ ▲ ❙ ♦ ❤ ❡ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ✇ ❡✐ ❣ ❤ ❡ ❞ ❜ ② ❛ ♥ ❡ ✐ ♠ ❛ ❡ ♦❢ ❤ ❡ ❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ❛❧

❛ ♥ ❞ ❛ ❞ ❞ ❡ ✈✐ ❛ ✐ ♦ ♥ V a r ♣r i⑤S E i
1 ④ 2 ✳ ❚ ❤ ❡ ✇ ❡✐ ❣ ❤ ❛ ❡ ❛ ✐ ❣ ♥ ❡ ❞ ♦ ✐ ♥ ❞✐ ✈✐ ❞ ✉ ❛❧

♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ✐ ♥ ✉ ❝ ❤ ❛ ✇ ❛ ② ❤ ❛ ❤ ❡ ② ❛ ❡ ♠ ❛❧❧ ❡ ✇ ❤ ❡ ❡ ❤ ❡ ❡ ♦ ❡ ♠ ✈ ❛ ✐ ❛ ♥ ❝ ❡

✐ ❧ ❛ ❣ ❡ ❜ ❡ ❝ ❛ ✉ ❡ ❤ ❡ ❞ ❛ ❛ ✐ ❢ ❛ ❤ ❡ ❢ ♦ ♠ ❤ ❡ ✉ ❡ ❡ ❣ ❡ ✐ ♦ ♥✳ ❖ ♥ ❤ ❡ ❝ ♦ ♥ ❛ ②✱

❤ ❡ ✇ ❡✐ ❣ ❤ ❛ ❡ ❧ ❛ ❣ ❡ ✇ ❤ ❡ ❡ ❡ ♦ ❡ ♠ ✈ ❛ ✐ ❛ ♥ ❝ ❡ ✐ ♠ ❛❧❧ ❜ ❡ ❝ ❛ ✉ ❡ ✐ ❝ ♦ ♥ ❛✐ ♥

❡❧ ❛ ✐ ✈ ❡❧ ② ♠ ♦ ❡ ✐ ♥❢ ♦ ♠ ❛ ✐ ♦ ♥✳ ❆ ♥ ❛ ♣ ♣ ♦ ♣ ✐ ❛ ❡ ❝ ❤ ♦✐ ❝ ❡ ♦❢ ✇ ❡✐ ❣ ❤ ❤ ❛ ❡ ✢ ❡ ❝ ❤ ❡

❤ ❡ ❡ ♦ ❦ ❡ ❞ ❛ ✐ ❝✐ ② ❤ ❡ ♥ ❧ ❡ ❛ ❞ ♦ ❛ ♥ ❡ ✣ ❝✐ ❡ ♥ ❡ ✐ ♠ ❛ ♦ ✱ ❤ ♦ ✇ ❡ ✈ ❡ ✱ ✇ ❤ ❛ ✇ ❡✐ ❣ ❤

❤ ♦ ✉❧ ❞ ✇ ❡ ❝ ❤ ♦ ♦ ❡ ❄ ❇ ② ❛ ♥ ✐ ♥ ❡ ❡ ✐ ♥ ❣ ✇✐ ✱ ❛ ❛ ♠ ♣❧ ❡ ❡ ✐ ♠ ❛ ❡ ♦❢ ❤ ❡ ❛ ♥ ❞ ❛ ❞

❞ ❡ ✈✐ ❛ ✐ ♦ ♥ ♦❢ ❤ ❡ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡ ✐ ♦ ✉ ✐ ♥ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡✱ ❤ ❡ ❡❢ ♦ ❡ ✇ ❡

❝ ❛ ♥ ✉ ❡ ❤ ❡ ✐ ♥ ✈ ❡ ❡ ♦❢ S E i ❛ ✇ ❡✐ ❣ ❤ ✳ ❚ ❤ ❡ ▼ ❘ ❆ ❡ ✉ ❛ ✐ ♦ ♥ ✺✳ ✶ ❤ ❡ ♥ ❤ ❛ ❤ ❡

❢ ♦❧❧ ♦ ✇✐ ♥ ❣ ❢ ♦ ♠✿
r i

S E i

✏ r 0 ✂
1

S E i

β 0 i, ✭ ✺✳ ✷✮

✇ ❤ ❡ ❡ i ✏ u i
1

S E i
✒ N ♣0 , σ2 ✳ ❈ ♦ ♠ ♣ ❛ ❡ ❞ ♦ ❤ ❡ ✐ ♥✐ ✐ ❛❧ ❡ ✉ ❛ ✐ ♦ ♥ ✭ ✺✳ ✶✮✱ ❤ ❡

❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ❛ ❡ ❡ ✈ ❡ ❡ ❞✱ ❜ ✉ ❤ ❡ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ β 0 ✐❧❧ ❞ ❡ ♥ ♦ ❡ ❤ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥

❜✐ ❛ ✱ ✇ ❤✐❧ ❡ r 0 ♣ ♦ ✈✐ ❞ ❡ ❛ ♥ ❡ ✐ ♠ ❛ ❡ ♦❢ ❤ ❡ ✉ ❡ ❡ ✛ ❡ ❝ ✐ ③ ❡✳ ❚ ♦ ❝ ♦ ❡ ❝ ❛ ♥ ②

❡ ♠ ❛✐ ♥✐ ♥ ❣ ❤ ❡ ❡ ♦ ❦ ❡ ❞ ❛ ✐ ❝✐ ② ❤ ❛ ❤ ❡ ✇ ❡✐ ❣ ❤ ✐ ♥ ❣ ❤ ❛ ♥ ♦ ❡❧✐ ♠✐ ♥ ❛ ❡ ❞✱ ✇ ❡ ❡ ✐ ♠ ❛ ❡

❤ ❡ ❡ ✉ ❛ ✐ ♦ ♥ ✭ ✺✳ ✷✮ ✇✐ ❤ ❝❧ ✉ ❡ ❡ ❞ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ✳

❆ ♥ ♦ ❤ ❡ ♠ ❡ ❤ ♦ ❞ ❤ ❛ ❝ ♦ ❡ ❝ ❢ ♦ ❡ ♦ ✲✐ ♥✲ ✈ ❛ ✐ ❛ ❜❧ ❡ ❜✐ ❛ ✐ ✐ ♥ ✉ ♠ ❡ ♥ ❛❧ ✈ ❛ ✐✲

❛ ❜❧ ❡ ❡ ✐ ♠ ❛ ✐ ♦ ♥✳ ■ ❛❧❧ ♦ ✇ ✉ ♦ ❛ ✈ ♦✐ ❞ ❜✐ ❛ ❡ ❞ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ❝ ❛ ✉ ❡ ❞ ❜ ② ❤ ❡ ❢ ❛ ❝ ❤ ❛

❛ ♥ ❞ ❛ ❞ ❡ ♦ S E i ❛ ❡ ❡ ✐ ♠ ❛ ❡ ❤ ❡ ♠ ❡❧ ✈ ❡ ❛ ♥ ❞ ❛ ❡ ❝ ♦ ❡❧ ❛ ❡ ❞ ✇✐ ❤ ❡ ♦

❡ ♠ u i✳ ❆ ♥ ❛ ♣ ♣ ♦ ♣ ✐ ❛ ❡ ✐ ♥ ✉ ♠ ❡ ♥ ✐ ❤ ❡ ❛ ♠ ♣❧ ❡ ✐ ③ ❡ n i ✉ ❡ ❞ ❢ ♦ ❡ ✐ ♠ ❛ ✐ ♦ ♥

♦❢ ❡ ❛ ❝ ❤ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ r i ❜ ❡ ❝ ❛ ✉ ❡ ✐ ❤ ♦ ✉❧ ❞ ❜ ❡ ❤✐ ❣ ❤❧ ② ❝ ♦ ❡❧ ❛ ❡ ❞ ✇✐ ❤ S E i ② ❡

✉ ♥ ❝ ♦ ❡❧ ❛ ❡ ❞ ✇✐ ❤ S E i✬ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ❡ ♦ ❛ ♥ ❞ ❤ ✉ ❡ ① ♦ ❣ ❡ ♥ ♦ ✉ ♦ ❤ ❡ ❡ ♦ u i



✺✳ ❚❡ ✐ ♥ ❣ ❢ ♦ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❇✐ ❛ ✸ ✻

✭ ❙ ❛ ♥❧ ❡ ② ✷ ✵ ✵ ✺✮✳ ❲❡ ❡ ✐ ♠ ❛ ❡ ❤ ❡ ❡ ✉ ❛ ✐ ♦ ♥✿

r i ✏ r 0 β 0 ✂
❄

n i u i, ✭ ✺✳ ✸✮

✇ ❤ ❡ ❡ n ✐ ❤ ❡ ❛ ♠ ♣❧ ❡ ✐ ③ ❡ ✐ ♥ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ♦❢ r i✳ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ r 0 ✐❧❧ ❛ ♥ ❞ ❢ ♦

❤ ❡ ✉ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❛ ♥ ❞ β 0 ✉ ❛ ♥ ✐ ✜ ❡ ❤ ❡ ❡❧ ❡ ❝ ✐ ♦ ♥ ❜✐ ❛ ✳ ❖ ♥ ♦ ♣ ♦❢ ✉ ✐ ♥ ❣ ❛ ♥

✐ ♥ ✉ ♠ ❡ ♥ ✱ ✇ ❡ ❛ ❣ ❛✐ ♥ ❝ ♦ ♥ ♦❧ ❢ ♦ ❤ ❡ ❤ ❡ ❡ ♦ ❦ ❡ ❞ ❛ ✐ ❝✐ ② ✇✐ ❤ ❝❧ ✉ ❡ ❡ ❞ ❛ ♥ ❞ ❛ ❞

❡ ♦ ✇ ❤ ❡ ♥ ❡ ✐ ♠ ❛ ✐ ♥ ❣ ✭ ✺✳ ✸✮✳

❖ ✉ ❢ ♦ ✉ ❤ ✇ ❛ ② ♦❢ ❞ ❡ ❛❧✐ ♥ ❣ ✇✐ ❤ ❤ ❡ ❡ ♦ ❦ ❡ ❞ ❛ ✐ ❝✐ ② ✐ ♥ ✈ ♦❧ ✈ ❡ ✉ ✐ ♥ ❣ ❤ ❡ ✜ ① ❡ ❞

❡ ✛ ❡ ❝ ✱ ❤ ❡ ❡❢ ♦ ❡ ✇ ❡ ❛ ❞ ❞ ❛ ❡ ❝ ♦ ♥ ❞ ❛ ♥ ❞ ♦ ♠ ❡ ♠ ♦ ♦ ✉ ▼ ❘ ❆ ♠ ♦ ❞ ❡❧✳ ■ ❝ ❛ ♣ ✉ ❡

❤ ❡ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ❤ ❛ ❛ ❡ ❝ ♦ ♥ ❛ ♥ ✇✐ ❤✐ ♥ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ❢ ♦ ♠ ❤ ❡ ❛ ♠ ❡ ✉ ❞ ②

② ❡ ❛ ❡ ❛❧❧ ♦ ✇ ❡ ❞ ♦ ✈ ❛ ② ❛ ❝ ♦ ✉ ❞✐ ❡ ✳ ❖ ✉ ♠ ♦ ❞ ❡❧ ❤ ❡ ♥ ❛ ❦ ❡ ❤ ❡ ❢ ♦❧❧ ♦ ✇✐ ♥ ❣

❢ ♦ ♠✿

r i j ✏ r 0 β 0 ✂ S E i j ν j u i j , ✭ ✺✳ ✹✮

✇ ❤ ❡ ❡ ν j ✐ ❛ ✈ ❡ ❝ ♦ ♦❢ ✉ ❞ ②✲ ♣ ❡ ❝✐ ✜ ❝ ❡ ✛ ❡ ❝ ✱ ❛ ✉ ♠ ❡ ❞ ♦ ❜ ❡ ✐ ♥ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ❧ ②

❞✐ ✐ ❜ ✉ ❡ ❞ ❛ N ♣0 , τ 2 ❛ ♥ ❞ ✐ ♥ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ♦❢ ❜ ♦ ❤ S E i j ❛ ♥ ❞ u i j ✳ ■ ♥ ❤ ❡ ❡ ♥ ❧ ②✱ ❤ ❡

✜ ① ❡ ❞ ❡ ✛ ❡ ❝ ♠ ♦ ❞ ❡❧ ❛ ✉ ♠ ❡ ❤ ❡ ❡ ①✐ ❡ ♥ ❝ ❡ ♦❢ ♦ ♥ ❡ ✉ ❡ ❡ ✛ ❡ ❝ ✐ ③ ❡ ❛ ♥ ❞ ❤ ❛ ❛❧❧ ❤ ❡

✉ ❞✐ ❡ ❡ ✐ ♠ ❛ ❡ ❤✐ ❡ ✛ ❡ ❝ ♦ ♥ ❤ ❡ ❛ ♠ ❡ ♣ ♦ ♣ ✉❧ ❛ ✐ ♦ ♥ ✉ ✐ ♥ ❣ ❤ ❡ ❛ ♠ ❡ ✈ ❛ ✐ ❛ ❜❧ ❡ ✱

❡ ❝✳ ❆ ❛ ❡ ✉❧ ✱ ❤ ❡ ✉ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✐ ❛ ✇ ❡✐ ❣ ❤ ❡ ❞ ❛ ✈ ❡ ❛ ❣ ❡ ♦❢ ✉ ❞ ②✲ ♣ ❡ ❝✐ ✜ ❝

❡ ✛ ❡ ❝ ✐ ③ ❡ ✇✐ ❤ ♠ ♦ ❡ ♣ ❡ ❝✐ ❡ ❡ ✐ ♠ ❛ ❡ ❝ ♦ ♥ ✐ ❜ ✉ ✐ ♥ ❣ ♠ ♦ ❡ ♦ ❤ ❡ ✉ ♠ ♠ ❛ ② ❡ ✛ ❡ ❝

❤ ❛ ♥ ❤ ❡ ✐ ♠ ♣ ❡ ❝✐ ❡ ♦ ♥ ❡ ✭ ❇ ♦ ❡ ♥ ❡✐ ♥ ❡ ❛❧✳ ✷ ✵ ✶ ✵✮✳

■ ♥ ❛ ❞ ❞✐ ✐ ♦ ♥ ♦ ❤ ❡ ❡ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ♣ ♦ ❝ ❡ ❞ ✉ ❡ ✱ ✇ ❡ ✇ ❡✐ ❣ ❤ ♦ ✉ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ❜ ②

❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ❡ ✐ ♠ ❛ ❡ ❢ ♦ ♠ ❡ ❛ ❝ ❤ ✉ ❞ ② ❛ ❞ ❡ ❝ ✐ ❜ ❡ ❞ ✐ ♥ ❈ ❤ ❛ ♣ ❡ ✸ ♦ ❝ ♦ ♥ ♦❧

❢ ♦ ❤ ❡ ❢ ❛ ❝ ✇ ❡ ✇ ♦ ❦ ✇✐ ❤ ❛ ♥ ✉ ♥ ❜ ❛❧ ❛ ♥ ❝ ❡ ❞ ❞ ❛ ❛ ❡ ✳ ❚ ❤✐ ❛ ♣ ♣ ♦ ❛ ❝ ❤ ✐ ❛ ♣ ♣❧✐ ❡ ❞ ♦

❛❧❧ ❡ ✐ ♠ ❛ ❡ ❞ ♠ ♦ ❞ ❡❧ ❡ ① ❝ ❡ ♣ ❢ ♦ ❲ ▲ ❙✱ ✇ ❤ ❡ ❡ ✇ ❡ ✇ ❡✐ ❣ ❤ ❜ ② ♣ ❡ ❝✐ ✐ ♦ ♥ ♦ ♥❧ ②✳

❚ ❛ ❜❧ ❡ ✺✳ ✶ ❛ ♥ ❞ ✺✳ ✷ ♣ ❡ ❡ ♥ ❤ ❡ ❡ ✉❧ ♦❢ ❡ ❛ ❝ ❤ ❡ ✱ ❡ ♣ ❛ ❛ ❡❧ ② ❢ ♦ ❤ ❡ ❤ ♦ ✉ ♥

❛ ♥ ❞ ❧ ♦ ♥ ❣ ✉ ♥✱ ❛ ♥ ❞ ❡ ❛ ❝ ❤ ❡❢ ♦ ♠ ② ♣ ❡✳ ❋ ♦ ❡ ❛ ❝ ❤ ❡ ♦❢ ❡ ✉❧ ✱ ✇ ❡ ❝ ❛ ♥ ❝ ♦ ♠ ♠ ❡ ♥

♦ ♥ ✇ ♦ ❛ ♣ ❡ ❝ ♦❢ ✐ ♥ ❡ ❡ ✲ ❤ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ❛ ♥ ❞ ❤ ❡ ❡ ✛ ❡ ❝ ❝ ♦ ❡ ❝ ❡ ❞ ❢ ♦ ✐ ✲

❜ ❛ ✐ ❝ ❛❧❧ ② ❡ ✐ ♥ ❣ ✇ ♦ ♣ ❛✐ ♦❢ ❤ ② ♣ ♦ ❤ ❡ ❡ ✳ ❚ ❤ ❡ ✜ ♦ ♥ ❡✱ ❢ ♦ ♠ ❛❧❧ ② ❝ ❛❧❧ ❡ ❞ ❋ ✉ ♥ ♥ ❡❧

❆ ② ♠ ♠ ❡ ② ❚❡ ✭ ❋ ❆ ❚ ✮✱ ❡ ❤ ❡ ♥ ✉❧❧ ❤ ② ♣ ♦ ❤ ❡ ✐ H 0 : β 0 ✏ 0 ✱ ❤ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥

❜✐ ❛ ✐ ♥ ♦ ♣ ❡ ❡ ♥ ✱ ❛ ❣ ❛✐ ♥ ✐ ❛❧ ❡ ♥ ❛ ✐ ✈ ❡ H 1 : β 0 ✘ 0 ✳ ❚ ❤ ❡ ❡ ❝ ♦ ♥ ❞ ♦ ♥ ❡✱

❡ ❝✐ ✐ ♦ ♥ ❊ ✛ ❡ ❝ ❚❡ ✭ ❊ ❚ ✮✱ ❤ ❡ ♥ ❡ H 2 : r 0 ✏ 0 ❛ ❣ ❛✐ ♥ H 3 : r 0 ✘ 0 ✱ ✐✳ ❡✳

✐ ♥ ✈ ❡ ✐ ❣ ❛ ❡ ❤ ❡ ♠ ❡ ❛ ♥ ✈ ❛❧ ✉ ❡ ♦❢ ❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤ ❡ ✐ ♠ ❛ ❡ ❛❢ ❡ ❝ ♦ ❡ ❝ ✐ ♦ ♥ ❢ ♦

♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✳

❆ ❝ ❝ ♦ ❞✐ ♥ ❣ ♦ ❤ ❡ ❡ ♦ ✉ ♦❢ ❢ ♦ ✉ ❡ ✱ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✐ ♥ ♦ ❛ ✐ ✐ ❝ ❛❧❧ ②

✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❢ ♦ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ♦❢ ❤ ❡ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ❀ ♦ ♥❧ ② ❖ ▲ ❙ ✐ ♥ ❞✐ ❝ ❛ ❡ ❤ ❡

♣ ❡ ❡ ♥ ❝ ❡ ♦❢ ♥ ❡ ❣ ❛ ✐ ✈ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✳ ❊ ❚ ❞ ♦ ❡ ♥ ♦ ✜ ♥ ❞ ✉ ❜ ❛ ♥ ✐ ❛❧ ❡ ✈✐ ❞ ❡ ♥ ❝ ❡



✺✳ ❚❡ ✐ ♥ ❣ ❢ ♦ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❇✐ ❛ ✸ ✼

♦❢ ❛ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ❛ ❤ ❡ ❝ ♦ ❡ ❝ ❡ ❞ ❡ ✐ ♠ ❛ ❡ ❤ ❛ ✈ ❡ ✈ ❡ ② ❧ ♦ ✇ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❝ ❡ ❛ ♥ ❞

❞✐ ✛ ❡ ✐ ♥ ❣ ❞✐ ❡ ❝ ✐ ♦ ♥ ✳ ■ ♥ ❝ ♦ ♥ ❛ ✱ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✛ ❡ ❝ ✐ ♣ ♦ ✐ ✐ ✈ ❡ ❛ ♥ ❞ ✈ ❡ ② ✐ ❣ ♥✐❢✲

✐ ❝ ❛ ♥ ✲ ❡ ❛ ❝ ❤ ❡ ✵✳ ✶ ✺✱ ✇ ❤✐ ❝ ❤ ✐ ❧ ❛ ❣ ❡ ❤ ❛ ♥ ❤ ❡ ❛ ✈ ❡ ❛ ❣ ❡ ❡ ✐ ♠ ❛ ❡ ❞ ✐ ♥ ❈ ❤ ❛ ♣ ❡ ✹

❛ ♥ ❞ ✐ ❝ ♦ ✉❧ ❞ ❜ ❡ ❝❧ ❛ ✐ ✜ ❡ ❞ ❛ ❛ ♠ ❛❧❧ ♦ ♠ ❡ ❞✐ ✉ ♠ ❡ ✛ ❡ ❝ ❛ ❝ ❝ ♦ ❞✐ ♥ ❣ ♦ ❣ ✉✐ ❞ ❡❧✐ ♥ ❡

❜ ② ❉ ♦ ✉ ❝ ♦ ✉❧✐ ❛ ❣ ♦ ✭ ✷ ✵ ✶ ✶✮✳ ❆ ❡ ❣ ❛ ❞ ❤ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✱ ❋ ❆ ❚ ❤ ♦ ✇ ❤ ❛ ❤ ❡

❝ ♦ ❡ ✣ ❝✐ ❡ ♥ β 0 ✐ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ✐ ♥ ❲ ▲ ❙ ❛ ♥ ❞ ■ ❱ ♠ ♦ ❞ ❡❧ ✱ ❤ ♦ ✇ ❡ ✈ ❡ ✱ ❤ ❡✐ ❡ ✉❧ ❛ ❡

❝ ♦ ♥ ❛ ❞✐ ❝ ♦ ② ✐ ♥ ✐ ❞✐ ❡ ❝ ✐ ♦ ♥✳

❲ ❤ ❡ ♥ ❧ ♦ ♦ ❦✐ ♥ ❣ ❛ ❤ ❡ ✐ ♥ ❞✐ ✈✐ ❞ ✉ ❛❧ ❡❢ ♦ ♠ ② ♣ ❡ ✱ ❤ ❡ ❡ ❡ ✉❧ ✈ ❛ ② ✇✐ ❞ ❡❧ ②✳

❘ ❡ ❣ ❛ ❞✐ ♥ ❣ ❤ ❡ ❤ ♦ ✲ ✉ ♥ ❡ ✐ ♠ ❛ ❡ ♦❢ ❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❡ ✛ ❡ ❝ ✱ ✇ ♦ ♦❢ ❤ ❡ ❡

❝ ♦ ♥ ✜ ♠ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ♥ ❡ ❣ ❛ ✐ ✈ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✱ ❤ ♦ ✇ ❡ ✈ ❡ ✱ ❤ ❡ ❝ ♦ ❡ ❝ ❡ ❞ ❡❢ ♦ ♠

❡ ✛ ❡ ❝ ❞✐ ✛ ❡ ❣ ❡ ❛ ❧ ② ✐ ♥ ❤ ❡✐ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❝ ❡ ❛ ♥ ❞ ❞✐ ❡ ❝ ✐ ♦ ♥✱ ❤ ❡ ❡❢ ♦ ❡ ✇ ❡ ❝ ♦ ♥ ❝❧ ✉ ❞ ❡

❤ ❛ ❤ ❡ ❡ ✐ ♥ ♦ ✉ ❜ ❛ ♥ ✐ ❛❧ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ✳ ❋ ♦ ❤ ❡ ❧ ♦ ♥ ❣ ✉ ♥ ❡ ✐ ♠ ❛ ❡ ✱ ❤ ❡

♦ ② ✐ ✈ ❡ ② ✐ ♠✐❧ ❛ ✲ ✇ ❡ ✜ ♥ ❞ ♦ ♠ ❡ ❤✐ ♥ ♦❢ ♣ ♦ ✐ ✐ ✈ ❡ ❡❧ ❡ ❝ ✐ ♦ ♥ ❜✐ ❛ ❛ ♥ ❞ ♠ ❛❧❧

♥ ❡ ❣ ❛ ✐ ✈ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✱ ❜ ✉ ♦ ♥❧ ② ✇✐ ❤ ✜ ① ❡ ❞ ❡ ✛ ❡ ❝ ♠ ♦ ❞ ❡❧✳

■ ♥ ❝ ❛ ❡ ♦❢ ✜ ❝ ❛❧ ❛ ♥ ❞ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❛❧ ❡❢ ♦ ♠ ✱ ✇ ❡ ❞ ♦ ♥ ♦ ✜ ♥ ❞ ❛ ♥ ② ❡ ✈✐ ❞ ❡ ♥ ❝ ❡ ❤ ❛

❤ ❡ ❧✐ ❡ ❛ ✉ ❡ ✇ ♦ ✉❧ ❞ ❜ ❡ ♣❧ ❛ ❣ ✉ ❡ ❞ ❜ ② ❤ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❡❧ ❡ ❝ ✐ ♦ ♥✳ ❲ ❤✐❧ ❡ ❤ ❡ ❡ ❡ ❡ ♠

♦ ❜ ❡ ♥ ♦ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ♦❢ ❤✐ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❣ ♦ ✇ ❤✱ ✐ ♥ ❤ ❡ ❧ ♦ ♥ ❣

✉ ♥✱ ❤ ❡ ② ❤ ❛ ✈ ❡ ❛ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ♣ ♦ ✐ ✐ ✈ ❡ ✐ ♠ ♣ ❛ ❝ ❡ ❛ ❝ ❤✐ ♥ ❣ ✵✳ ✷ ✷✳ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✐

♥ ❡✐ ❤ ❡ ❝ ♦ ♥ ✜ ♠ ❡ ❞ ❢ ♦ ✐ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ❡❢ ♦ ♠ ❤ ❛ ✐ ♥ ❜ ♦ ❤ ❤ ♦ ❛ ♥ ❞ ❧ ♦ ♥ ❣ ✉ ♥ ❤ ♦ ✇

♠ ❛❧❧ ♣ ♦ ✐ ✐ ✈ ❡ ❡ ✛ ❡ ❝ ❤ ❛ ✐ ♠ ♦ ❧ ② ✐ ♥ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ✳ ❲❡ ❝ ❛ ♥ ♥ ♦ ❛ ❡ ❤ ❡ ❤ ♦

✉ ♥ ❡ ✐ ♠ ❛ ❡ ♦❢ ✇ ❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠ ❞ ✉ ❡ ♦ ❧ ❛ ❝ ❦ ♦❢ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ✱ ② ❡ ❢ ♦ ❤ ❡

❧ ♦ ♥ ❣ ✉ ♥✱ ✇ ❡ ✜ ♥ ❞ ♦ ♠ ❡ ♣ ♦ ✐ ✐ ✈ ❡ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ❛ ♥ ❞ ❛ ♣ ♦ ✐ ✐ ✈ ❡ ❝ ♦ ❡ ❝ ❡ ❞ ❡❢ ♦ ♠

❡ ✛ ❡ ❝ ✱ ❛❧ ❤ ♦ ✉ ❣ ❤ ❜ ♦ ❤ ❛ ❡ ❛❧ ♠ ♦ ✐ ♥ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ✳

❖ ✈ ❡ ❛❧❧✱ ❛❢ ❡ ❝ ♦ ❡ ❝ ✐ ♦ ♥ ❢ ♦ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✱ ✇ ❡ ✜ ♥ ❞ ❤ ❛ ❤ ❡ ❡❢ ♦ ♠ ✱ ❡ ✲

♣ ❡ ❝✐ ❛❧❧ ② ❤ ❡ ✜ ❝ ❛❧ ❛ ♥ ❞ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❛❧ ♦ ♥ ❡ ✱ ❜ ✐ ♥ ❣ ✉ ❜ ❛ ♥ ✐ ❛❧ ❧ ♦ ♥ ❣✲ ✉ ♥ ❜ ❡ ♥ ❡ ✜ ✳ ❆

❢ ♦ ❤ ❡ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ✱ ✇ ❡ ❞ ♦ ♥ ♦ ✜ ♥ ❞ ❡ ♥ ♦ ✉ ❣ ❤ ❡ ✈✐ ❞ ❡ ♥ ❝ ❡ ❢ ♦ ♦ ✉ ❤ ② ♣ ♦ ❤ ❡ ✐

❤ ❛ ❡❢ ♦ ♠ ❜ ✐ ♥ ❣ ❝ ♦ ✐ ♥ ❤ ❡ ❤ ♦ ✉ ♥✳



✺✳ ❚❡ ✐ ♥ ❣ ❢ ♦ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❇✐ ❛ ✸ ✽

❚❛ ❜❧ ❡ ✺✳ ✶✿ ❚❡ ♦❢ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❇✐ ❛ ✲ ❙ ❤ ♦ ❘ ✉ ♥ ❊ ✛ ❡ ❝

❙ ❤ ♦ ✉ ♥

❖ ▲ ❙  ❲ ▲ ❙ ■ ❱  ❋ ❊

❆❧❧ ❡❢ ♦ ♠ ② ♣ ❡
✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✭ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ β 0 ✮ ✲ ✶✳ ✵ ✸ ✼ ✯ ✯ ✲ ✵✳ ✺ ✾ ✺ ✵✳ ✵ ✵ ✶ ✶✳ ✺ ✸ ✶

✭ ✵✳ ✹ ✷ ✾✮ ✭ ✵✳ ✹ ✾ ✵✮ ✭ ✵✳ ✵ ✵ ✶✮ ✭ ✸✳ ✶ ✻ ✸✮
❊ ✛ ❡ ❝ ❜ ❡ ② ♦ ♥ ❞ ❜✐ ❛ ✭r 0 ✮ ✵✳ ✵ ✻ ✻ ✯ ✵✳ ✵ ✵ ✼ ✲ ✵✳ ✵ ✶ ✽ ✲ ✵✳ ✶ ✷ ✷

✭ ✵✳ ✵ ✹ ✵✮ ✭ ✵✳ ✵ ✶ ✵✮ ✭ ✵✳ ✵ ✹ ✸✮ ✭ ✵✳ ✷ ✸ ✷✮

▲ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠
✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✭ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ β 0 ✮ ✲ ✵✳ ✼ ✾ ✼ ✯ ✯ ✯ ✲ ✵✳ ✷ ✹ ✵✳ ✵ ✵ ✵ ✲ ✶✳ ✵ ✸ ✷ ✯ ✯ ✯

✭✲ ✵✳ ✵ ✽ ✹✮ ✭ ✵✳ ✺ ✵ ✺✮ ✭ ✵✳ ✵ ✵ ✵✮ ✭ ✵✳ ✵ ✷ ✸✮
❊ ✛ ❡ ❝ ❜ ❡ ② ♦ ♥ ❞ ❜✐ ❛ ✭r 0 ✮ ✵✳ ✵ ✶ ✼ ✵✳ ✵ ✵ ✵ ✲ ✵✳ ✵ ✺ ✹ ✵✳ ✵ ✸ ✶ ✯ ✯ ✯

✭ ✵✳ ✵ ✷ ✵✮ ✭ ✵✳ ✵ ✵ ✹✮ ✭ ✵✳ ✵ ✺ ✺✮ ✭ ✵✳ ✵ ✵ ✶✮

❋✐ ❝ ❛❧ ❡❢ ♦ ♠ ❛ ♥ ❞ ✐ ♥ ✐ ✉ ✐ ♦ ♥
✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✭ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ β 0 ✮ ✲ ✶✳ ✻ ✶ ✵ ✲ ✶✳ ✽ ✸ ✹ ✵✳ ✵ ✷ ✸ ✺✳ ✸ ✺ ✹

✭ ✷✳ ✵ ✹ ✵✮ ✭ ✶✳ ✼ ✼ ✼✮ ✭ ✵✳ ✵ ✶ ✻✮ ✭ ✺✳ ✽ ✵ ✾✮
❊ ✛ ❡ ❝ ❜ ❡ ② ♦ ♥ ❞ ❜✐ ❛ ✭r 0 ✮ ✵✳ ✵ ✻ ✷ ✵✳ ✵ ✹ ✵ ✲ ✵✳ ✸ ✽ ✾ ✲ ✵✳ ✹ ✺ ✹

✭ ✵✳ ✶ ✷ ✾✮ ✭ ✵✳ ✶ ✶ ✾✮ ✭ ✵✳ ✷ ✼ ✶✮ ✭ ✵✳ ✹ ✸ ✵✮

■ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ♠ ❛ ❦ ❡
✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✭ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ β 0 ✮ ✲ ✵✳ ✾ ✸ ✻ ✲ ✵✳ ✺ ✶ ✸ ✵✳ ✵ ✵ ✵ ✲ ✶✳ ✹ ✽ ✺

✭ ✶✳ ✷ ✺ ✹✮ ✭ ✵✳ ✺ ✶ ✵✮ ✭ ✵✳ ✵ ✵ ✶✮ ✭ ✶ ✶✳ ✶ ✶ ✵✮
❊ ✛ ❡ ❝ ❜ ❡ ② ♦ ♥ ❞ ❜✐ ❛ ✭r 0 ✮ ✵✳ ✶ ✸ ✸ ✵✳ ✵ ✽ ✻ ✯ ✵✳ ✵ ✺ ✼ ✵✳ ✶ ✼ ✸

✭ ✵✳ ✶ ✶ ✸✮ ✭ ✵✳ ✵ ✹ ✶✮ ✭ ✵✳ ✵ ✺ ✽✮ ✭ ✵✳ ✽ ✶ ✵✮

❲❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠
✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✭ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ β 0 ✮ ✲ ✲ ✲ ✲

✲ ✲ ✲ ✲
❊ ✛ ❡ ❝ ❜ ❡ ② ♦ ♥ ❞ ❜✐ ❛ ✭r 0 ✮ ✲ ✲ ✲ ✲

✲ ✲ ✲ ✲

◆ ♦ ❡ ✿ ❖ ▲ ❙ ✲ ✇ ❡✐ ❣ ❤ ❡ ❞ ❜ ② ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ❢ ♦ ❡ ❛ ❝ ❤ ✉ ❞ ②❀ ❲ ▲ ❙ ✲ ✇ ❡✐ ❣ ❤ ❡ ❞
❜ ② ♣ ❡ ❝✐ ✐ ♦ ♥❀ ■ ❱ ✲ ❛ ♠ ♣❧ ❡ ✐ ③ ❡ ✉ ❡ ❞ ❛ ❛ ♥ ✐ ♥ ✉ ♠ ❡ ♥ ❢ ♦ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ❛ ♥ ❞ ✇ ❡✐ ❣ ❤ ❡ ❞
❜ ② ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ❢ ♦ ❡ ❛ ❝ ❤ ✉ ❞ ②❀ ❋ ❊ ✲ ✇✐ ❤ ✉ ❞ ② ✜ ① ❡ ❞ ❡ ✛ ❡ ❝ ❛ ♥ ❞ ✇ ❡✐ ❣ ❤ ❡ ❞
❜ ② ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ❢ ♦ ❡ ❛ ❝ ❤ ✉ ❞ ②✳ ❆❧❧ ❡ ❣ ❡ ✐ ♦ ♥ ❛ ❡ ❡ ✐ ♠ ❛ ❡ ❞ ✇✐ ❤
❝❧ ✉ ❡ ❡ ❞ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ✳



✺✳ ❚❡ ✐ ♥ ❣ ❢ ♦ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❇✐ ❛ ✸ ✾

❚❛ ❜❧ ❡ ✺✳ ✷✿ ❚❡ ♦❢ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❇✐ ❛ ✲ ▲ ♦ ♥ ❣ ❘ ✉ ♥ ❊ ✛ ❡ ❝

▲ ♦ ♥ ❣ ✉ ♥

❖ ▲ ❙  ❲ ▲ ❙ ■ ❱  ❋ ❊

❆❧❧ ❡❢ ♦ ♠ ② ♣ ❡
✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✭ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ β 0 ✮ ✲ ✵✳ ✵ ✽ ✵ ✶✳ ✸ ✺ ✵ ✯ ✯ ✯ ✲ ✵✳ ✵ ✵ ✷ ✯ ✲ ✵✳ ✽ ✼ ✽

✭ ✵✳ ✸ ✵ ✺✮ ✭ ✵✳ ✷ ✻ ✻✮ ✭ ✵✳ ✵ ✵ ✶✮ ✭ ✵✳ ✽ ✵ ✷✮
❊ ✛ ❡ ❝ ❜ ❡ ② ♦ ♥ ❞ ❜✐ ❛ ✭r 0 ✮ ✵✳ ✶ ✺ ✷ ✯ ✯ ✯ ✲ ✵✳ ✵ ✵ ✽ ✵✳ ✶ ✽ ✶ ✯ ✯ ✯ ✵✳ ✷ ✻ ✻ ✯ ✯ ✯

✭ ✵✳ ✵ ✸ ✹✮ ✭ ✵✳ ✵ ✶ ✵✮ ✭ ✵✳ ✵ ✸ ✷✮ ✭ ✵✳ ✵ ✾ ✻✮

▲ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠
✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✭ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ β 0 ✮ ✵✳ ✹ ✷ ✵ ✲ ✶✳ ✻ ✼ ✶ ✵✳ ✵ ✵ ✵ ✶✳ ✼ ✷ ✷ ✯ ✯ ✯

✭ ✵✳ ✷ ✵ ✽✮ ✭ ✷✳ ✵ ✶ ✶✮ ✭ ✵✳ ✵ ✵ ✵✮ ✭ ✵✳ ✵ ✶ ✵✮
❊ ✛ ❡ ❝ ❜ ❡ ② ♦ ♥ ❞ ❜✐ ❛ ✭r 0 ✮ ✲ ✵✳ ✵ ✷ ✻ ✵✳ ✵ ✵ ✸ ✵✳ ✵ ✷ ✸ ✲ ✵✳ ✶ ✹ ✺ ✯ ✯ ✯

✭ ✵✳ ✵ ✽ ✶✮ ✭ ✵✳ ✵ ✵ ✽✮ ✭ ✵✳ ✵ ✾ ✹✮ ✭ ✵✳ ✵ ✵ ✶✮

❋✐ ❝ ❛❧ ❡❢ ♦ ♠ ❛ ♥ ❞ ✐ ♥ ✐ ✉ ✐ ♦ ♥
✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✭ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ β 0 ✮ ✲ ✵✳ ✶ ✽ ✼ ✵✳ ✹ ✼ ✽ ✲ ✵✳ ✵ ✵ ✼ ✲ ✶✳ ✶ ✾ ✾

✭ ✵✳ ✷ ✾ ✹✮ ✭ ✵✳ ✽ ✽ ✷✮ ✭ ✵✳ ✵ ✵ ✻✮ ✭ ✵✳ ✾ ✸ ✹✮
❊ ✛ ❡ ❝ ❜ ❡ ② ♦ ♥ ❞ ❜✐ ❛ ✭r 0 ✮ ✵✳ ✷ ✷ ✶ ✯ ✯ ✯ ✵✳ ✵ ✾ ✻ ✵✳ ✷ ✼ ✷ ✯ ✯ ✯ ✵✳ ✸ ✺ ✹ ✯ ✯ ✯

✭ ✵✳ ✵ ✸ ✼✮ ✭ ✵✳ ✵ ✽ ✽✮ ✭ ✵✳ ✵ ✽ ✽✮ ✭ ✵✳ ✶ ✷ ✸✮

■ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ♠ ❛ ❦ ❡
✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✭ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ β 0 ✮ ✵✳ ✷ ✺ ✵ ✶✳ ✶ ✹ ✼ ✲ ✵✳ ✵ ✵ ✸ ✶✳ ✾ ✷ ✷

✭ ✵✳ ✽ ✹ ✷✮ ✭ ✵✳ ✻ ✾ ✻✮ ✭ ✵✳ ✵ ✵ ✷✮ ✭ ✶✳ ✻ ✻ ✾✮
❊ ✛ ❡ ❝ ❜ ❡ ② ♦ ♥ ❞ ❜✐ ❛ ✭r 0 ✮ ✵✳ ✵ ✻ ✷ ✲ ✵✳ ✵ ✷ ✹ ✵✳ ✶ ✷ ✻ ✯ ✲ ✵✳ ✵ ✾ ✾

✭ ✵✳ ✵ ✼ ✸✮ ✭ ✵✳ ✵ ✷ ✷✮ ✭ ✵✳ ✵ ✻ ✸✮ ✭ ✵✳ ✶ ✻ ✵✮

❲❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠
✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✭ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ β 0 ✮ ✸✳ ✻ ✺ ✷ ✯ ✷✳ ✽ ✶ ✷ ✲ ✵✳ ✵ ✷ ✸ ✲ ✶✳ ✵ ✹ ✶

✭ ✵✳ ✾ ✾ ✻✮ ✭ ✶✳ ✽ ✻ ✻✮ ✭ ✵✳ ✵ ✵ ✽✮ ✭ ✵✳ ✾ ✵ ✵✮
❊ ✛ ❡ ❝ ❜ ❡ ② ♦ ♥ ❞ ❜✐ ❛ ✭r 0 ✮ ✲ ✵✳ ✶ ✵ ✸ ✲ ✵✳ ✶ ✻ ✺ ✵✳ ✶ ✻ ✺ ✵✳ ✷ ✹ ✻ ✯

✭ ✵✳ ✶ ✻ ✷✮ ✭ ✵✳ ✵ ✽ ✺✮ ✭ ✵✳ ✹ ✶ ✼✮ ✭ ✵✳ ✵ ✻ ✼✮

◆ ♦ ❡ ✿ ❖ ▲ ❙ ✲ ✇ ❡✐ ❣ ❤ ❡ ❞ ❜ ② ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ❢ ♦ ❡ ❛ ❝ ❤ ✉ ❞ ②❀ ❲ ▲ ❙ ✲ ✇ ❡✐ ❣ ❤ ❡ ❞
❜ ② ♣ ❡ ❝✐ ✐ ♦ ♥❀ ■ ❱ ✲ ❛ ♠ ♣❧ ❡ ✐ ③ ❡ ✉ ❡ ❞ ❛ ❛ ♥ ✐ ♥ ✉ ♠ ❡ ♥ ❢ ♦ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ❛ ♥ ❞ ✇ ❡✐ ❣ ❤ ❡ ❞
❜ ② ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ❢ ♦ ❡ ❛ ❝ ❤ ✉ ❞ ②❀ ❋ ❊ ✲ ✇✐ ❤ ✉ ❞ ② ✜ ① ❡ ❞ ❡ ✛ ❡ ❝ ❛ ♥ ❞ ✇ ❡✐ ❣ ❤ ❡ ❞
❜ ② ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ❢ ♦ ❡ ❛ ❝ ❤ ✉ ❞ ②✳ ❆❧❧ ❡ ❣ ❡ ✐ ♦ ♥ ❛ ❡ ❡ ✐ ♠ ❛ ❡ ❞ ✇✐ ❤
❝❧ ✉ ❡ ❡ ❞ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ✳



❈ ❤ ❛ ♣ ❡ ✻

❲ ❤ ② ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❱ ❛ ②

✻✳ ✶ ▼ ❡ ❤ ♦ ❞ ♦❧ ♦ ❣ ②

■ ♥ ❤ ❡ ♣ ❡ ✈✐ ♦ ✉ ❝ ❤ ❛ ♣ ❡ ✱ ✇ ❡ ❤ ❛ ✈ ❡ ❡ ❡ ♥ ❤ ❛ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❡ ✐ ♠ ❛ ❡ ✈ ❛ ②

✇✐ ❞ ❡❧ ② ❛ ❝ ♦ ✉ ❞✐ ❡ ✳ ◆ ♦ ✇✱ ✇ ❡ ✇✐ ❤ ♦ ❡ ① ♣❧ ❛✐ ♥ ❤ ❡ ❡ ❞✐ ✛ ❡ ❡ ♥ ❝ ❡ ❛ ♥ ❞ ❛ ✐ ❜ ✉ ❡

❤ ❡ ♠ ♦ ✐ ♥ ❞✐ ✈✐ ❞ ✉ ❛❧ ✉ ❞ ② ❞ ❡ ✐ ❣ ♥ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ✳ ■ ♥ ♦ ❞ ❡ ♦ ❞ ♦ ♦✱ ✇ ♦ ❝ ♦ ♠✲

♠ ♦ ♥❧ ② ✉ ❡ ❞ ❛ ♣ ♣ ♦ ❛ ❝ ❤ ❡ ❛ ❡ ❛ ✈ ❛✐❧ ❛ ❜❧ ❡✿ ❇ ❛ ② ❡ ✐ ❛ ♥ ♠ ♦ ❞ ❡❧ ❛ ✈ ❡ ❛ ❣✐ ♥ ❣ ❛ ♥ ❞ ❢ ❡ ✉ ❡ ♥ ✐

♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ❝ ❛❧ ♠ ❡ ❤ ♦ ❞✳ ❲❡ ❛ ♣ ♣❧ ② ❇ ❛ ② ❡ ✐ ❛ ♥ ♠ ♦ ❞ ❡❧ ❛ ✈ ❡ ❛ ❣✐ ♥ ❣ ❛ ❛ ♣ ❡❢ ❡ ❡ ❞ ❛ ♣✲

♣ ♦ ❛ ❝ ❤ ❢ ♦ ❡ ✈ ❡ ❛❧ ❡ ❛ ♦ ♥ ✳

❚ ♦ ❛ ❞ ❞ ❡ ❤ ❡ ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ② ♦❢ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✱ ✇ ❡ ✇✐ ❤ ♦ ❜ ✉✐❧ ❞ ❛ ♥ ❡ ①✲

♣ ❛ ♥ ❞ ❡ ❞ ❡ ❣ ❡ ✐ ♦ ♥ ♠ ♦ ❞ ❡❧ ❢ ♦ ♠ ❈ ❤ ❛ ♣ ❡ ✺✿

r i ✏ r 0

➳

j

β j X j i u i, ✭ ✻✳ ✶✮

✇ ❤ ❡ ❡ r ✐ ❛ ♦ ✉ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✱ r 0 ✐ ❛ ❝ ♦ ♥ ❛ ♥ ✱ β ✐ ❛ ✈ ❡ ❝ ♦ ♦❢ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✱

X j ❛ ❡ ✈ ❛ ✐ ❛ ❜❧ ❡ ❝ ❛ ♣ ✉ ✐ ♥ ❣ ✉ ❞ ② ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ✭✐ ♥ ❝❧ ✉ ❞✐ ♥ ❣ ❤ ❡ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ✮

❛ ♥ ❞ u i ✐ ❛ ♥ ♦ ♠ ❛❧ ■■ ❉ ❡ ♦ ❡ ♠✳ ❚ ❤ ❡ ♣ ♦ ❜❧ ❡ ♠ ✐ ❤ ❛ ♦ ✉ ♠ ❛ ✐ ① ♦❢ ❡ ❣ ❡ ✲

♦ X ✐ ♥ ❝❧ ✉ ❞ ❡ ❛ ❡❧ ❛ ✐ ✈ ❡❧ ② ❤✐ ❣ ❤ ♥ ✉ ♠ ❜ ❡ ♦❢ ❝ ♦❧❧ ❡ ❝ ❡ ❞ ✐ ♥ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡ X j ✱

❛ ♥ ❞ ✇ ❡ ❛ ❡ ✉ ♥ ❝ ❡ ❛✐ ♥ ❛ ❜ ♦ ✉ ✇ ❤✐ ❝ ❤ ✉ ❜ ❡ ♦ ✉ ❡✳ ❋ ♦ ♦ ✉ ❞ ❛ ❛ ❡ ✱ ✇ ❡ ❝ ♦❧❧ ❡ ❝ ❡ ❞

✹ ✺ ❞✐ ✛ ❡ ❡ ♥ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ♦❢ ❤ ❡ ♣ ✐ ♠ ❛ ② ✉ ❞✐ ❡ ❛ ♥ ❞ ❤ ❡✐ ❡ ♣ ❡ ❝ ✐ ✈ ❡ ♠ ♦ ❞ ❡❧ ✳

❯ ✐ ♥ ❣ ❛❧❧ ♦❢ ❤ ❡ ♠ ✇ ♦ ✉❧ ❞ ❜ ❡ ✐ ♥ ❡ ✣ ❝✐ ❡ ♥ ✱ ❤ ❡ ♥ ❝ ❡✱ ✇ ❡ ❢ ❛ ❝ ❡ ❤ ❡ ♣ ♦ ❜❧ ❡ ♠ ♦❢ ✐ ❞ ❡ ♥ ✐✲

❢ ②✐ ♥ ❣ ❡ ♠ ♣✐ ✐ ❝ ❛❧❧ ② ❡❧ ❡ ✈ ❛ ♥ ✐ ♥ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡ ✳ ❲✐ ❤ ✹ ✺ ✈ ❛ ✐ ❛ ❜❧ ❡ ✱ ✇ ❡ ❝ ♦ ✉❧ ❞

❡ ✐ ♠ ❛ ❡ 2 4 5 ✈ ❛ ✐ ❛ ❜❧ ❡ ❝ ♦ ♠ ❜✐ ♥ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ❜ ✉✐❧ ❞ 2 4 5 ❞✐ ✛ ❡ ❡ ♥ ♠ ♦ ❞ ❡❧ ✱ ❤ ❡ ❡❢ ♦ ❡✱

✇ ❡ ✇✐ ❤ ♦ ❛ ♣ ♣❧ ② ❤ ❡ ♠ ♦ ❡ ✣ ❝✐ ❡ ♥ ✇ ❛ ② ♦ ❞ ❡ ❡ ♠✐ ♥ ❡ ❤ ❡ ♠ ♦ ❡❧ ❡ ✈ ❛ ♥ ❡ ♦❢

✈ ❛ ✐ ❛ ❜❧ ❡ ✳ ❙ ❤ ♦ ✉❧ ❞ ✇ ❡ ❛ ♣ ♣❧ ② ❤ ❡ ❢ ❡ ✉ ❡ ♥ ✐ ♠ ❡ ❛✲ ❡ ❣ ❡ ✐ ♦ ♥✱ ✇ ❡ ✇ ♦ ✉❧ ❞ ♥ ❡ ❡ ❞ ♦

✐ ❞ ❡ ♥ ✐❢ ② ❛ ❡ ♦❢ ❦ ❡ ② ❡ ① ♣❧ ❛ ♥ ❛ ♦ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❛ ♥ ❞ ❛ ❡ ♦❢ ♦ ❤ ❡ ❝ ♦ ♥ ♦❧ ❛ ❜ ♦ ✉



✻✳ ❲ ❤ ② ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❱ ❛ ② ✹ ✶

✇ ❤✐ ❝ ❤ ✇ ❡ ❤ ❛ ✈ ❡ ✇ ❡ ❛ ❦ ❡ ❜ ❡❧✐ ❡❢✳ ❆❢ ❡ ✇ ❛ ❞ ✇ ❡ ✇ ♦ ✉❧ ❞ ❤ ❛ ✈ ❡ ♦ ❡ ✉ ❡ ♥ ✐ ❛❧❧ ② ❡ ♠ ♦ ✈ ❡

✐ ♥ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡ ♦ ♥ ❡ ❜ ② ♦ ♥ ❡ ✉ ✐ ♥ ❣ ✲ ❡ ✳ ❙ ✉ ❝ ❤ ❛ ♥ ❛ ♣ ♣ ♦ ❛ ❝ ❤ ✇ ♦ ✉❧ ❞ ❜ ❡ ✇✐ ❤

♦ ✉ ♥ ✉ ♠ ❜ ❡ ♦❢ ✈ ❛ ✐ ❛ ❜❧ ❡ ♥ ♦ ♦ ♥❧ ② ❝ ✉ ♠ ❜ ❡ ♦ ♠ ❡ ❜ ✉ ♠ ♦ ✐ ♠ ♣ ♦ ❛ ♥ ❧ ② ❛ ✐ ✐✲

❝ ❛❧❧ ② ✐ ♥ ✈ ❛❧✐ ❞✳ ■ ❣ ♥ ♦ ✐ ♥ ❣ ❤ ❡ ♠ ♦ ❞ ❡❧ ✉ ♥ ❝ ❡ ❛✐ ♥ ② ❝ ♦ ✉❧ ❞ ❧ ❡ ❛ ❞ ♦ ❜✐ ❛ ❡ ❞ ❡ ✐ ♠ ❛ ✐ ♦ ♥✱

♠✐ ❧ ❡ ❛ ❞✐ ♥ ❣ ✐ ♥❢ ❡ ❡ ♥ ❝ ❡ ❛ ♥ ❞ ♣ ❡ ❞✐ ❝ ✐ ♦ ♥✳ ❇ ▼ ❆ ♣ ♦ ✈✐ ❞ ❡ ❛ ✇ ❛ ② ❛ ♦ ✉ ♥ ❞ ❤ ❡ ♠ ♦ ❞ ❡❧

✉ ♥ ❝ ❡ ❛✐ ♥ ② ✲ ❛ ♠ ❡ ❝ ❤ ❛ ♥✐ ♠ ❤ ❛ ❡ ✐ ♠ ❛ ❡ ♠ ♦ ❞ ❡❧ ❢ ♦ ❛❧❧ ♣ ♦ ✐ ❜❧ ❡ ❝ ♦ ♠ ❜✐ ♥ ❛ ✐ ♦ ♥

♦❢ X j ❛ ♥ ❞ ❝ ❛❧ ❝ ✉❧ ❛ ❡ ❛ ✇ ❡✐ ❣ ❤ ❡ ❞ ❛ ✈ ❡ ❛ ❣ ❡ ♦ ✈ ❡ ❛❧❧ ♦❢ ❤ ❡ ♠✳

❆ ♥ ♦ ❤ ❡ ❡ ❛ ♦ ♥ ✇ ❤ ② ❇ ❛ ② ❡ ✐ ❛ ♥ ❛ ♣ ♣ ♦ ❛ ❝ ❤ ✐ ♠ ♦ ❡ ❛ ♣ ♣ ❡ ❛❧✐ ♥ ❣ ✐ ❤ ❡ ♠ ♦ ❞ ❡❧ ✐ ♥✲

❡ ♣ ❡ ❛ ✐ ♦ ♥✳ ❆ ❛ ♥ ❞ ❛ ❞ ❢ ❡ ✉ ❡ ♥ ✐ ♣ ♦ ❝ ❡ ❞ ✉ ❡ ❡ ✉ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ❛ ♥ ❞ ❤ ❡✐

♣✲ ✈ ❛❧ ✉ ❡ ❤ ❛ ✐ ♥ ❞✐ ❝ ❛ ❡ ❤ ❡ ❡ ♥ ❣ ❤ ♦❢ ❤ ❡ ❡ ✈✐ ❞ ❡ ♥ ❝ ❡ ❛ ❣ ❛✐ ♥ ❤ ❡ ♥ ✉❧❧ ❤ ② ♣ ♦ ❤ ❡✲

✐ ✭ ❤ ❛ ♣ ❛ ✐ ❝ ✉❧ ❛ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✐ ③ ❡ ♦✮✳ ❊ ✈✐ ❞ ❡ ♥ ❝ ❡ ✉ ❣ ❣ ❡ ✭ ❘ ❛❢ ❡ ② ✶ ✾ ✾ ✺✮ ❤ ❛

♣✲ ✈ ❛❧ ✉ ❡ ♣ ♦ ✈✐ ❞ ❡ ♠✐ ❧ ❡ ❛ ❞✐ ♥ ❣ ❡ ✉❧ ❡ ♣ ❡ ❝✐ ❛❧❧ ② ✐ ♥ ❧ ❛ ❣ ❡ ❛ ♠ ♣❧ ❡ ✱ ❛ ♥ ❞ ❝ ❛ ♥ ❧ ❡ ❛ ❞

♦ ✐ ♥ ❝ ♦ ♥ ✐ ❡ ♥ ❝ ♦ ♥ ❝❧ ✉ ✐ ♦ ♥ ❛ ❤ ❡ ② ❞ ♦ ♥ ♦ ❛ ❦ ❡ ♠ ♦ ❞ ❡❧ ✉ ♥ ❝ ❡ ❛✐ ♥ ② ✐ ♥ ♦ ❡ ✛ ❡ ❝ ✳

❖ ♥ ❤ ❡ ♦ ❤ ❡ ❤ ❛ ♥ ❞✱ ❇ ▼ ❆ ❡ ✉ ♥ ♣ ♦ ❡ ✐ ♦ ❡ ✛ ❡ ❝ ♣ ♦ ❜ ❛ ❜✐❧✐ ✐ ❡ ❤ ❛ ✐✮ ❛ ❦ ❡ ✉ ♥✲

❝ ❡ ❛✐ ♥ ② ✐ ♥ ♦ ❛ ❝ ❝ ♦ ✉ ♥ ✱ ❛ ♥ ❞ ✐✐✮ ❡ ♥ ❛ ❜❧ ❡ ♦ ❞✐ ✐ ♥ ❣ ✉✐ ❤ ❜ ❡ ✇ ❡ ❡ ♥ ❡❥ ❡ ❝ ✐ ♥ ❣ ❤ ❡ ♥ ✉❧❧

❤ ② ♣ ♦ ❤ ❡ ✐ ❞ ✉ ❡ ♦ ✐ ♥ ✉ ✣ ❝✐ ❡ ♥ ❞ ❛ ❛ ❛ ♥ ❞ ❞ ✉ ❡ ♦ ❡ ✈✐ ❞ ❡ ♥ ❝ ❡ ❢ ♦ ❤ ❡ ♥ ✉❧❧ ✭ ❍ ♦ ❡ ✐ ♥ ❣

❡ ❛❧✳ ✶ ✾ ✾ ✾✮✳

❍ ♦ ✇ ❞ ♦ ❡ ❤ ❡ ❇ ❛ ② ❡ ✐ ❛ ♥ ♠ ♦ ❞ ❡❧ ❛ ✈ ❡ ❛ ❣✐ ♥ ❣ ✇ ♦ ❦ ❤ ❡ ♥ ❄ ❖ ✉ ❣ ♦ ❛❧ ✐ ♦ ❛ ❡

❤ ❡ ✐ ③ ❡ ♦❢ ❡ ❛ ❝ ❤ ✈ ❛ ✐ ❛ ❜❧ ❡✬ ❡ ✛ ❡ ❝ ♦ ♥ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✇✐ ❤ ❛ ✈✐ ❡ ✇ ♦ ❞ ❡ ✐ ❣ ♥✐ ♥ ❣ ❢ ✉ ✉ ❡

✉ ❞✐ ❡ ✱ ❛ ♥ ❞ ♦ ❜ ❡ ❛ ❜❧ ❡ ♦ ❝ ♦ ❡ ❝ ❧ ② ♣ ❡ ❞✐ ❝ ❤ ❡ ✐ ♠ ♣ ❛ ❝ ♦❢ ❛ ♣ ❛ ✐ ❝ ✉❧ ❛ ❡❢ ♦ ♠✳

❇ ❛ ② ❡ ✐ ❛ ♥ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ✈✐ ❡ ✇ ✉ ♥ ❦ ♥ ♦ ✇ ♥ ♣ ❛ ❛ ♠ ❡ ❡ ♦❢ ❤ ❡ ♠ ♦ ❞ ❡❧ ❛ ❛ ♥ ❞ ♦ ♠ ✈ ❛ ✐✲

❛ ❜❧ ❡ ❛ ♥ ❞ ✉ ❡ ❇ ❛ ② ❡ ✬ ❤ ❡ ♦ ❡ ♠ ❛ ♥ ❞ ❤ ❡ ❧ ❛ ✇ ♦❢ ♦ ❛❧ ♣ ♦ ❜ ❛ ❜✐❧✐ ② ♦ ❞ ❡ ✐ ✈ ❡ ❛❧❧ ❤ ❡

❡ ✉❧ ✳

❲❡ ❛ ✇✐ ❤ ❞ ❛ ❛ D ✱ N ❡ ① ♣❧ ❛ ♥ ❛ ♦ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❛ ♥ ❞ K ♠ ♦ ❞ ❡❧ ✱ ✇ ❤ ❡ ❡ K ✏

2 N ✱ ❜ ❡ ❝ ❛ ✉ ❡ ❡ ❛ ❝ ❤ ✈ ❛ ✐ ❛ ❜❧ ❡ ✐ ❡✐ ❤ ❡ ✐ ♥ ♦ ♦ ✉ ♦❢ ❤ ❡ ♠ ♦ ❞ ❡❧✳ ❇ ❡❢ ♦ ❡ ❛ ♥ ② ❞ ❛ ❛

❛ ❡ ♦ ❜ ❡ ✈ ❡ ❞✱ ♦ ✉ ❜ ❡❧✐ ❡❢ ❛ ♥ ❞ ✉ ♥ ❝ ❡ ❛✐ ♥ ② ❛ ❜ ♦ ✉ ❤ ❡ ♠ ♦ ❞ ❡❧ M k ❛ ❡ ❡ ♣ ❡ ❡ ♥ ❡ ❞

❜ ② ❛ ♠ ❛ ❣✐ ♥ ❛❧ ♣ ♦ ❜ ❛ ❜✐❧✐ ② P r ♣M k ✱ ✐✳ ❡✳ ❤ ❡ ♣ ✐ ♦ ♣ ♦ ❜ ❛ ❜✐❧✐ ② ❤ ❛ M k ✐ ❤ ❡

✉ ❡ ♠ ♦ ❞ ❡❧✳ ❍ ❛ ✈✐ ♥ ❣ ♦ ❜ ❡ ✈ ❡ ❞ ❤ ❡ ❞ ❛ ❛✱ ❤ ❡ ♣ ♦ ❡ ✐ ♦ ♣ ♦ ❜ ❛ ❜✐❧✐ ② ❢ ♦ ♠ ♦ ❞ ❡❧ M k

❡ ♠ ❢ ♦ ♠ ❛ ♥ ❡ ① ❡ ♥ ❞ ❡ ❞ ❢ ♦ ♠ ♦❢ ❇ ❛ ② ❡ ✬ ❤ ❡ ♦ ❡ ♠✱ ❛ ♥ ❞ ✐ ❣✐ ✈ ❡ ♥ ❜ ②

P r ♣M k ⑤D ✏
P r ♣D ⑤M k P r ♣M k

P r ♣D
✏

P r ♣D ⑤M k P r ♣M k
➦ K

l✏ 1 P r ♣D ⑤M l P r ♣M l

, ✭ ✻✳ ✷✮

✇ ❤ ❡ ❡

P r ♣D ⑤M k ✏

➺

P r ♣D ⑤β k , Mk P r ♣β k ⑤M k d β k ✭ ✻✳ ✸✮

✐ ❤ ❡ ✐ ♥ ❡ ❣ ❛ ❡ ❞ ❧✐ ❦ ❡❧✐ ❤ ♦ ♦ ❞ ♦❢ ♠ ♦ ❞ ❡❧ M k ✱ β k ✐ ❤ ❡ ✈ ❡ ❝ ♦ ♦❢ ♣ ❛ ❛ ♠ ❡ ❡ ♦❢ ♠ ♦ ❞ ❡❧

M k ✱ P r ♣β k ⑤M k ✐ ❤ ❡ ♣ ✐ ♦ ❞ ❡ ♥ ✐ ② ♦❢ β k ✉ ♥ ❞ ❡ ♠ ♦ ❞ ❡❧ M k ✱ ❛ ♥ ❞ P r ♣D ⑤β k , Mk ✐



✻✳ ❲ ❤ ② ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❱ ❛ ② ✹ ✷

❤ ❡ ❧✐ ❦ ❡❧✐ ❤ ♦ ♦ ❞ ✐ ♥ ❝ ♦ ♥ ✈ ❡ ♥ ✐ ♦ ♥ ❛❧ ❢ ♦ ♠✳ ❈ ♦ ♥ ❞✐ ✐ ♦ ♥ ❛❧ ♣ ♦ ❜ ❛ ❜✐❧✐ ② P r ♣M k ⑤D ✐ ♥ ✭ ✻✳ ✷✮

✐ ❤ ❡ ❧✐ ❦ ❡❧✐ ❤ ♦ ♦ ❞ ♦❢ ♠ ♦ ❞ ❡❧ M k ♦ ❝ ❝ ✉ ✐ ♥ ❣ ❣✐ ✈ ❡ ♥ ❞ ❛ ❛ D ✱ ❛ ♥ ❞ ✐ ❛❧ ♦ ❝ ❛❧❧ ❡ ❞ ❤ ❡

♦ ❡ ✐ ♦ ▼ ♦ ❞ ❡❧ ♦ ❜ ❛ ❜✐❧✐ ② ✭ ▼ ✮ ❛ ✐ ❡ ♣ ❡ ❡ ♥ ❤ ❡ ❞ ❡ ❣ ❡ ❡ ♦❢ ❜ ❡❧✐ ❡❢ ✐ ♥ M k

❤ ❛ ✈✐ ♥ ❣ ❛ ❝ ❝ ♦ ✉ ♥ ❡ ❞ ❢ ♦ D ✳ ✭ ❍ ♦ ❡ ✐ ♥ ❣ ❡ ❛❧✳ ✶ ✾ ✾ ✾✮ ❚ ❛ ❦✐ ♥ ❣ ✐ ♥ ♦ ❛ ❝ ❝ ♦ ✉ ♥ ❛❧❧ ♣ ♦ ✐ ❜❧ ❡

♠ ♦ ❞ ❡❧ M k ✱ ❤ ❡ ♣ ♦ ❡ ✐ ♦ ❞✐ ✐ ❜ ✉ ✐ ♦ ♥ ♦❢ ♦ ✉ ❡ ✛ ❡ ❝ ✐ ③ ❡ r ❣✐ ✈ ❡ ♥ ❞ ❛ ❛ D ✐

P r ♣r ⑤D ✏
K➳

k ✏ 1

P r ♣r ⑤M k , D P r ♣M k ⑤D , ✭ ✻✳ ✹✮

✇ ❤ ❡ ❡ M 1 , ..., MK ❛ ❡ ❤ ❡ ♠ ♦ ❞ ❡❧ ❝ ♦ ♥ ✐ ❞ ❡ ❡ ❞✳ ❚ ❤ ❡ ♦ ✈ ❡ ❛❧❧ ♣ ♦ ❡ ✐ ♦ ❞✐ ✐ ❜ ✉ ✐ ♦ ♥

❡ ✉ ❛ ✐ ♦ ♥ ✭ ✻✳ ✹✮ ❤ ♦ ✇ ❛ ♥ ❛ ✈ ❡ ❛ ❣ ❡ ♦❢ ❤ ❡ ♣ ♦ ❡ ✐ ♦ ❞✐ ✐ ❜ ✉ ✐ ♦ ♥ ✉ ♥ ❞ ❡ ❡ ❛ ❝ ❤ ♦❢ ❤ ❡

♠ ♦ ❞ ❡❧ ❝ ♦ ♥ ✐ ❞ ❡ ❡ ❞✱ ✇ ❡✐ ❣ ❤ ❡ ❞ ❜ ② ❤ ❡✐ ♣ ♦ ❡ ✐ ♦ ♠ ♦ ❞ ❡❧ ♣ ♦ ❜ ❛ ❜✐❧✐ ②✳

❆ ✈ ❡ ❛ ❣✐ ♥ ❣ ❛ ❝ ♦ ❤ ❡ ♠ ♦ ❞ ❡❧ ♣ ❛ ❝ ❡ ♣ ♦ ✈✐ ❞ ❡ ❜ ❡ ❡ ❛ ✈ ❡ ❛ ❣ ❡ ♣ ❡ ❞✐ ❝ ✐ ✈ ❡ ❛ ❜✐❧✐ ②

❤ ❛ ♥ ❛ ♥ ② ♦ ❤ ❡ ✐ ♥ ❣❧ ❡ ♠ ♦ ❞ ❡❧ M j ❛ ♥ ❞ ❤ ✉ ✇ ❡ ❝ ❛ ♥ ❞ ❡ ✐ ✈ ❡ ❤ ❡ ✇ ❡✐ ❣ ❤ ❡ ❞ ❡ ① ♣ ❡ ❝ ❡ ❞

✈ ❛❧ ✉ ❡ ♦❢ r ✱ ✐✳ ❡✳ ❤ ❡ ♣ ♦ ❡ ✐ ♦ ♠ ❡ ❛ ♥✱ ❛

E r ⑤D ✏
K➳

k ✏ 0

r̂ k P r ♣M k ⑤D , ✭ ✻✳ ✺✮

✇ ❤ ❡ ❡ r̂ k ✏ E r ⑤D, M k ✱ ✐✳ ❡✳ ❤ ❡ ❡ ① ♣ ❡ ❝ ❡ ❞ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❣✐ ✈ ❡ ♥ ❞ ❛ ❛ D ❛ ♥ ❞ ♠ ♦ ❞ ❡❧

M k ✳ ❚ ❤ ❡ ❝ ♦ ❡ ♣ ♦ ♥ ❞✐ ♥ ❣ ♣ ♦ ❡ ✐ ♦ ✈ ❛ ✐ ❛ ♥ ❝ ❡ ♦❢ ❤ ❡ ❡ ✛ ❡ ❝ ✐ ③ ❡ r ✐ ❤ ❡ ♥✿

V a r r ⑤D ✏
K➳

k ✏ 0

♣V a r r ⑤D, M k r̂ 2
k P r ♣M k ⑤D ✁ E r ⑤D 2 . ✭ ✻✳ ✻✮

❚ ♦ ❝ ♦ ♠ ♣❧ ❡ ❡ ❤ ❡ ❇ ▼ ❆ ♠ ♦ ❞ ❡❧✱ ✇ ❡ ♥ ❡ ❡ ❞ ♦ ❞ ❡ ✜ ♥ ❡ ♣ ✐ ♦ ♦ ♥ ❤ ❡ ♠ ♦ ❞ ❡❧ ♣ ❛ ❝ ❡

❛ ♥ ❞ ♦ ♥ ❤ ❡ ❞✐ ✐ ❜ ✉ ✐ ♦ ♥ ♦❢ ❤ ❡ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ β ❛ ✇ ❡❧❧ ❛ ✇ ❡ ♥ ❡ ❡ ❞ ❤ ❡ ❛ ❜✐❧✐ ②

♦ ❝ ❛❧ ❝ ✉❧ ❛ ❡ ✭ ♦ ❛ ♣ ♣ ♦ ①✐ ♠ ❛ ❡✮ ❛❧❧ ❤ ❡ ✐ ♥ ❡ ❣ ❛❧ ❛ ♥ ❞ ❡ ① ♣❧ ♦ ❡ ❤ ❡ ♠ ♦ ❞ ❡❧ ♣ ❛ ❝ ❡✱

❤ ❡ ❡❢ ♦ ❡ ✇ ❡ ❛ ❞ ❞ ❡ ❤ ❡ ❡ ✐ ✉ ❡ ✐ ♥ ❤ ❡ ❢ ♦❧❧ ♦ ✇✐ ♥ ❣ ❡ ❝ ✐ ♦ ♥✳

✻✳ ✷ ■ ♠ ♣❧ ❡ ♠ ❡ ♥ ✐ ♥ ❣ ❇ ❛ ② ❡ ✐ ❛ ♥ ▼ ♦ ❞ ❡❧ ❆ ✈ ❡ ❛ ❣✐ ♥ ❣

■ ♥ ♦ ✉ ❝ ❛ ❡✱ ❇ ❛ ② ❡ ✐ ❛ ♥ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ✐ ✈ ❡ ② ❛ ❛ ❝ ✐ ✈ ❡ ❛ ♥ ❞ ❜ ✐ ♥ ❣ ✉ ❛ ♥ ✉ ♠ ❜ ❡

♦❢ ❛ ❞ ✈ ❛ ♥ ❛ ❣ ❡ ❝ ♦ ♥ ❝ ❡ ♥✐ ♥ ❣ ❤ ❡ ♠ ♦ ❞ ❡❧ ✉ ♥ ❝ ❡ ❛✐ ♥ ②✱ ② ❡ ✇ ❡ ❤ ❛ ✈ ❡ ♦ ❛ ❝ ❦❧ ❡ ❡ ✈ ❡ ❛❧

❞✐ ✣ ❝ ✉❧ ✐ ❡ ❞ ✉ ✐ ♥ ❣ ✐ ✐ ♠ ♣❧ ❡ ♠ ❡ ♥ ❛ ✐ ♦ ♥✳

❋✐ ✱ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ♠ ♦ ❞ ❡❧ ♦ ❜ ❡ ✇ ❡✐ ❣ ❤ ❡ ❞ ♠✐ ❣ ❤ ❜ ❡ ✈ ❡ ② ❤✐ ❣ ❤ ♠ ❛ ❦✐ ♥ ❣

❤ ❡ ✉ ♠ ♠ ❛ ✐ ♦ ♥ ✐ ♥ ✭ ✻✳ ✹✮ ✐ ♥❢ ❡ ❛ ✐ ❜❧ ❡✳ ❖ ♥ ❡ ✇ ❛ ② ♦❢ ❞ ❡ ❛❧✐ ♥ ❣ ✇✐ ❤ ❤✐ ♣ ♦ ❜❧ ❡ ♠ ✐ ♦

❛ ✈ ❡ ❛ ❣ ❡ ♦ ✈ ❡ ❛ ✉ ❜ ❡ ♦❢ ♠ ♦ ❞ ❡❧ ❤ ❛ ❡ ❝ ❡✐ ✈ ❡ ♠ ♦ ❡ ✉ ♣ ♣ ♦ ❢ ♦ ♠ ❤ ❡ ❞ ❛ ❛ ❤ ❛ ♥



✻✳ ❲ ❤ ② ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❱ ❛ ② ✹ ✸

❤ ❡ ❡ ✳✶ ❆ ♥ ♦ ❤ ❡ ✇ ❛ ② ✉ ❡ ❛ ▼ ❛ ❦ ♦ ✈ ❈ ❤ ❛✐ ♥ ▼ ♦ ♥ ❡ ❈ ❛ ❧ ♦ ✭▼ ❈ ▼ ❈ ✮ ♠ ❡ ❤ ♦ ❞

♦ ❞✐ ❡ ❝ ❧ ② ❛ ♣ ♣ ♦ ①✐ ♠ ❛ ❡ ✭ ✻✳ ✹✮✳ ▼ ♦ ❡ ♣ ❡ ❝✐ ❡❧ ②✱ ▼ ❡ ♦ ♣ ♦❧✐ ✲ ❍ ❛ ✐ ♥ ❣ ❛❧ ❣ ♦ ✐ ❤ ♠

✐ ♠ ✉❧ ❛ ❡ ❛ ▼ ❛ ❦ ♦ ✈ ❝ ❤ ❛✐ ♥ ✇ ❤ ♦ ❡ ❡ ✉✐❧✐ ❜ ✐ ✉ ♠ ❞✐ ✐ ❜ ✉ ✐ ♦ ♥ ✐ ❤ ❡ ❞ ❡ ✐ ❡ ❞ ♣ ♦ ❡ ✐ ♦

❞✐ ✐ ❜ ✉ ✐ ♦ ♥✳ ❋ ♦ ❛ ❞ ❡ ❛✐❧ ❡ ❞ ❞ ❡ ❝ ✐ ♣ ✐ ♦ ♥ ♦❢ ❤ ❡ ▼ ❈ ▼ ❈ ♠ ❡ ❤ ♦ ❞ ❡ ❡ ❍ ♦ ❡ ✐ ♥ ❣ ❡ ❛❧✳

✭ ✶ ✾ ✾ ✾✮ ❛ ♥ ❞ ❛ ♠ ❛ ♥ ✉ ❛❧ ❜ ② ❙ ❛ ❛ ❈ ♦ ♣ ✭ ✷ ✵ ✶ ✼✮✳

❙ ❡ ❝ ♦ ♥ ❞✱ ❤ ❡ ✐ ♥ ❡ ❣ ❛❧ ✐ ♥ ✭ ✻✳ ✷✮ ❝ ❛ ♥ ❜ ❡ ❤ ❛ ❞ ♦ ❝ ♦ ♠ ♣ ✉ ❡ ❛ ♥ ❞ ❡ ✉✐ ❡ ✈ ❛ ✐ ♦ ✉

❛ ♣ ♣ ♦ ①✐ ♠ ❛ ✐ ♦ ♥ ✳ ❋ ♦ ✉ ♥ ❛ ❡❧ ②✱ ❢ ♦ ❧✐ ♥ ❡ ❛ ❡ ❣ ❡ ✐ ♦ ♥ ♠ ♦ ❞ ❡❧ ✱ ❤ ❛ ✇ ❡ ✉ ❡ ✐ ♥ ♦ ✉

❛ ♥ ❛❧ ② ✐ ✱ ❝❧ ♦ ❡ ❞ ❢ ♦ ♠ ✐ ♥ ❡ ❣ ❛❧ ♦❢ ♠ ❛ ❣✐ ♥ ❛❧ ❧✐ ❦ ❡❧✐ ❤ ♦ ♦ ❞ P r ♣D ⑤M k ❛ ❡ ❛ ✈ ❛✐❧ ❛ ❜❧ ❡✳

❚ ❤✐ ❞✱ ✇ ❡ ♥ ❡ ❡ ❞ ♦ ♣ ❡ ❝✐❢ ② ❜ ♦ ❤ ♣ ❛ ♦❢ ❤ ❡ ♣ ✐ ♦ ✲ ♣ ✐ ♦ ❞✐ ✐ ❜ ✉ ✐ ♦ ♥ ♦ ✈ ❡

❛❧❧ ♣ ❛ ❛ ♠ ❡ ❡ ✐ ♥ ❛❧❧ ❝ ♦ ♠ ♣ ❡ ✐ ♥ ❣ ♠ ♦ ❞ ❡❧ ❛ ♥ ❞ ♣ ✐ ♦ ♣ ♦ ❜ ❛ ❜✐❧✐ ② ♦❢ ❡ ❛ ❝ ❤ ♠ ♦ ❞ ❡❧ ✲

✇ ❤✐ ❝ ❤ ♠✐ ❣ ❤ ❜ ❡ ❝ ♦ ♠ ❡ ❝ ❤ ❛❧❧ ❡ ♥ ❣✐ ♥ ❣✳ ❇ ❡❢ ♦ ❡ ✇ ❡ ❧ ♦ ♦ ❦ ✐ ♥ ♦ ❤ ❡ ❞ ❛ ❛✱ ✇ ❡ ❢ ♦ ♠ ✉❧ ❛ ❡ ♦ ✉

♣ ✐ ♦ ❜ ❡❧✐ ❡❢ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✐ ♥ ♦ ❛ ♥ ♦ ♠ ❛❧ ❞✐ ✐ ❜ ✉ ✐ ♦ ♥ ✇✐ ❤ ❛ ♣ ❡ ❝✐ ✜ ❡ ❞ ♠ ❡ ❛ ♥ ❛ ♥ ❞

✈ ❛ ✐ ❛ ♥ ❝ ❡ ✭ ❩ ❡ ✉ ❣ ♥ ❡ ❡ ❛❧✳ ✷ ✵ ✶ ✺✮✳ ■❢ ✇ ❡ ❞ ♦ ♥ ♦ ❤ ❛ ✈ ❡ ♠ ✉ ❝ ❤ ✐ ♥❢ ♦ ♠ ❛ ✐ ♦ ♥ ❛ ❜ ♦ ✉ ❤ ❡ ♠✱

❛ ♣ ✐ ♦ ♠ ❡ ❛ ♥ ♦❢ ③ ❡ ♦ ✐ ❛ ❝ ♦ ♥ ❡ ✈ ❛ ✐ ✈ ❡ ❝ ❤ ♦✐ ❝ ❡✳ ❚ ❤ ❡✐ ✈ ❛ ✐ ❛ ♥ ❝ ❡ ✐ ❤ ❡ ♥ ❞ ❡ ✜ ♥ ❡ ❞

❛ ❝ ❝ ♦ ❞✐ ♥ ❣ ♦ ❩ ❡❧❧ ♥ ❡ ✬ g ✭β ⑤g ♣0 , σ2 ♣ 1
g
X ✶X ✁ 1 ✮✱ ✇ ❤✐ ❝ ❤ ❡ ♠ ❜ ♦ ❞✐ ❡ ❤ ♦ ✇ ✉ ❡ ✇ ❡ ❛ ❡

❤ ❛ ❤ ❡ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ❛ ❡ ③ ❡ ♦✳ ■ ♥ ♦ ✉ ❜ ❛ ❡❧✐ ♥ ❡ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥✱ ✇ ❡ ❛ ♣ ♣❧ ② ❛ ♣ ♦ ♣ ✉❧ ❛

♦ ♣ ✐ ♦ ♥ ❢ ♦ g ✲ ♣ ✐ ♦ ✲ ✉ ♥✐ ✐ ♥❢ ♦ ♠ ❛ ✐ ♦ ♥ ♣ ✐ ♦ ✭ ❯■ ✮✱ ✇ ❤✐ ❝ ❤ ❡ g ✏ N ❢ ♦ ❛❧❧

♠ ♦ ❞ ❡❧ ✳ ❚ ❤✐ ♠ ❡ ❛ ♥ ❤ ❛ ❤ ❡ ♣ ✐ ♦ ❤ ❛ ❛ ♣ ♣ ♦ ①✐ ♠ ❛ ❡❧ ② ❤ ❡ ❛ ♠ ❡ ✐ ♥❢ ♦ ♠ ❛ ✐ ♦ ♥ ❛

❤ ❛ ♦ ♥ ❡ ♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥✳ ❆ ❛ ♦ ❜ ✉ ♥ ❡ ❝ ❤ ❡ ❝ ❦✱ ✇ ❡ ❡ ♠ ♣❧ ♦ ② ❛ ✧ ❇ ❘■ ❈ ✧ ♣ ✐ ♦ ✱ ✇ ❤✐ ❝ ❤

❡ g ✏ m a x ♣N, K 2 ✱ ✇ ❤✐ ❝ ❤ ♠ ❛ ❦ ❡ ▼ ❜ ❡ ❤ ❛ ✈ ❡ ❧✐ ❦ ❡ ❤ ❡ ❇ ❛ ② ❡ ✐ ❛ ♥ ✐ ♥❢ ♦ ♠ ❛ ✐ ♦ ♥

❝ ✐ ❡ ✐ ❛ ♦ ❤ ❡ ✐ ❦ ✐ ♥ ✢ ❛ ✐ ♦ ♥ ❝ ✐ ❡ ✐ ❛ ✭ ❩ ❡ ✉ ❣ ♥ ❡ ❡ ❛❧✳ ✷ ✵ ✶ ✺✮✳

❲ ❤ ❡ ♥ ✇ ❡ ❤ ❛ ✈ ❡ ❜ ❡❧✐ ❡❢ ❛ ❜ ♦ ✉ ❤ ❡ ✐ ♠ ♣ ♦ ❛ ♥ ❝ ❡ ♦❢ ❛ ♣ ❛ ✐ ❝ ✉❧ ❛ ♠ ♦ ❞ ❡❧ ❢ ♦ ❛

♠ ♦ ❞ ❡❧ ✉ ❝ ✉ ❡✱ ♣ ✐ ♦ ♣ ♦ ❜ ❛ ❜✐❧✐ ② ♦ ♥ ♠ ♦ ❞ ❡❧ M k ❝ ❛ ♥ ❜ ❡ ✇ ✐ ❡ ♥ ❛ ✿

P r ♣M k ✏
p➵

j ✏ 1

π
δ k j

j ♣1 ✁ π j
1 ✁ δ k j , ✭ ✻✳ ✼✮

✇ ❤ ❡ ❡ π j 0 , 1 ✐ ❤ ❡ ♣ ✐ ♦ ♣ ♦ ❜ ❛ ❜✐❧✐ ② ❤ ❛ β j ✘ 0 ✐ ♥ ❛ ❡ ❣ ❡ ✐ ♦ ♥ ♠ ♦ ❞ ❡❧✱

❛ ♥ ❞ δ i j ✐ ❛ ♥ ✐ ♥ ❞✐ ❝ ❛ ♦ ♦❢ ✇ ❤ ❡ ❤ ❡ ♦ ♥ ♦ ✈ ❛ ✐ ❛ ❜❧ ❡ j ✐ ✐ ♥ ❝❧ ✉ ❞ ❡ ❞ ✐ ♥ ❤ ❡ ♠ ♦ ❞ ❡❧

M k ✳ ✭ ❍ ♦ ❡ ✐ ♥ ❣ ❡ ❛❧✳ ✶ ✾ ✾ ✾✮ ❲ ❤ ❡ ♥ ❤ ❡ ❡ ✐ ❧✐ ❧ ❡ ❦ ♥ ♦ ✇❧ ❡ ❞ ❣ ❡ ❛ ❜ ♦ ✉ ❤ ❡ ✐ ♠ ♣ ♦ ❛ ♥ ❝ ❡

♦❢ ✈ ❛ ✐ ❛ ❜❧ ❡ ❛ ♥ ❞ ♠ ♦ ❞ ❡❧ ✱ ❤ ❡ ❛ ✉ ♠ ♣ ✐ ♦ ♥ ❤ ❛ ❛❧❧ ♠ ♦ ❞ ❡❧ ❛ ❡ ❡ ✉ ❛❧❧ ② ❧✐ ❦ ❡❧ ② ✐

❛ ✧ ♥ ❡ ✉ ❛❧ ✧ ❝ ❤ ♦✐ ❝ ❡✳ ■ ♥ ✉ ❝ ❤ ❝ ❛ ❡✱ ❤ ❡ ♣ ✐ ♦ ♠ ♦ ❞ ❡❧ ♣ ♦ ❜ ❛ ❜✐❧✐ ② ✇ ♦ ✉❧ ❞ ❜ ❡ ❡ ❛

✉ ♥✐❢ ♦ ♠✱ ✐✳ ❡✳ ❛❧❧ ❛ ❡ ❡ ✉ ❛❧❧ ② ❧✐ ❦ ❡❧ ② ♦ ❜ ❡ ❝ ♦ ❡ ❝ ✳ ❊✐ ❝ ❤ ❡ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✶✮ ■ ♥ ❝ ♦ ♣ ♦✲

❛ ✐ ♥ ❣ ✐ ♥❢ ♦ ♠ ❛ ✐ ✈ ❡ ♣ ✐ ♦ ❞✐ ✐ ❜ ✉ ✐ ♦ ♥ ✱ ❤ ♦ ✇ ❡ ✈ ❡ ✱ ♣ ♦ ✈✐ ❞ ❡ ✐ ♠ ♣ ♦ ✈ ❡ ❞ ♣ ❡ ❞✐ ❝ ✐ ✈ ❡

♣ ❡ ❢ ♦ ♠ ❛ ♥ ❝ ❡✳

✶ ❚ ❤✐ ❛ ♣ ♣ ♦ ❛ ❝ ❤ ✐ ❝ ❛❧❧ ❡ ❞ ❤ ❡ ❖ ❝ ❝ ❛ ♠✬ ✇✐ ♥ ❞ ♦ ✇ ♠ ❡ ❤ ♦ ❞❀ ❢ ♦ ❞ ❡ ❛✐❧ ❡ ❡ ▼ ❛ ❞✐ ❣ ❛ ♥ ✫ ❘ ❛❢ ❡ ②
✭ ✶ ✾ ✾ ✹✮✳



✻✳ ❲ ❤ ② ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❱ ❛ ② ✹ ✹

❆❧❧ ♣ ♦ ❡ ♥ ✐ ❛❧ ❡ ① ♣❧ ❛ ♥ ❛ ♦ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❢ ♦ ♦ ✉ ❡ ❣ ❡ ✐ ♦ ♥ ❛ ❡ ❧✐ ❡ ❞ ✐ ♥ ❈ ❤ ❛ ♣ ❡ ✸✳

❱ ❛ ✐ ❛ ❜❧ ❡ ❡❢ ❴ ② ♣ ❡ ✐ ❝ ❛ ❡ ❣ ♦ ✐ ❝ ❛❧✱ ❤ ❡ ❡❢ ♦ ❡ ✐ ✐ ❛ ♥ ❢ ♦ ♠ ❡ ❞ ✐ ♥ ♦ ❢ ♦ ✉ ❞ ✉ ♠ ♠ ②

✈ ❛ ✐ ❛ ❜❧ ❡ ✲ ❡❢ ❴ ② ♣ ❡ ✶ ❢ ♦ ❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ✱ ❡❢ ❴ ② ♣ ❡ ✷ ❢ ♦ ✜ ❝ ❛❧ ❛ ♥ ❞ ✐ ♥ ✐✲

✉ ✐ ♦ ♥ ❛❧ ❡❢ ♦ ♠ ✱ ❡❢ ❴ ② ♣ ❡ ✸ ❢ ♦ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ♠ ❛ ❦ ❡ ❛ ♥ ❞ ✐ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ❡❢ ♦ ♠ ✱ ❛ ♥ ❞

❡❢ ❴ ② ♣ ❡ ✹ ❢ ♦ ✇ ❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠ ✳ ■ ♥ ♦ ❞ ❡ ♦ ❛ ✈ ♦✐ ❞ ❤ ❡ ❞ ✉ ♠ ♠ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❛ ♣✱

✇ ❡ ♦ ♠✐ ❡❢ ❴ ② ♣ ❡ ✷ ✇ ❤✐ ❝ ❤ ❤ ❡ ♥ ♣ ♦ ❡ ❛ ❛ ❡❢ ❡ ❡ ♥ ❝ ❡ ✈ ❛❧ ✉ ❡✳ ❚ ❤ ❡ ❛ ♠ ❡ ❛ ♣ ♣❧✐ ❡ ♦

✈ ❛ ✐ ❛ ❜❧ ❡ ❞ ❡ ❝ ✐ ❜✐ ♥ ❣ ❤ ❡ ② ♣ ❡ ♦❢ ❤ ❡ ❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡✱ ✇ ❤ ❡ ❡ ✇ ❡ ♦ ♠✐ e b r d ✳ ■ ♥

❛ ❞ ❞✐ ✐ ♦ ♥✱ ✇ ❡ ❡ ① ❝❧ ✉ ❞ ❡ ❞ ✉ ♠ ♠✐ ❡ ❢ ♦ ♣ ❡ ❝✐ ✜ ❝ ♣ ❛ ♦❢ ❛ ❡❢ ♦ ♠ ✐ ♥ ❞ ❡ ① ✭ li e✱ lii✱ li p✮✱

❜ ❡ ❝ ❛ ✉ ❡ ❤ ❡ ❡ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ❛ ❡ ❝ ❛ ♣ ✉ ❡ ❞ ❜ ② ❤ ❡ ❡❢ ♦ ♠ ② ♣ ❡ ✈ ❛ ✐ ❛ ❜❧ ❡ ✳ ❙ ♦ ♠ ❡

♦❢ ❤ ❡ ✈ ❛ ✐ ❛ ❜❧ ❡ ❤ ❛ ✈ ❡ ♦ ♦ ❧✐ ❧ ❡ ✈ ❛ ✐ ❛ ♥ ❝ ❡ ❛ ♥ ❞ ❤ ❡ ② ✇ ♦ ✉❧ ❞ ❜ ❡ ❛ ✉ ♦ ♠ ❛ ✐ ❝ ❛❧❧ ② ♦ ♠✐ ✲

❡ ❞✱ ❤ ❡ ❡❢ ♦ ❡ ❤ ❡ ② ❛ ❡ ♥ ♦ ✐ ♥ ❝❧ ✉ ❞ ❡ ❞ ✐ ♥ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥✳ ❚ ❤ ❡ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ❞ ✉ ♠ ♠✐ ❡

e m pl ✱ s e r vi c e ✱ ❢ ♦ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✐ ♠ ❛ ❡ f di ❛ ♥ ❞ c o m b ✳

■ ♥ ♦ ❞ ❡ ♦ ❛ ✈ ♦✐ ❞ ♠ ✉❧ ✐ ❝ ♦❧❧✐ ♥ ❡ ❛ ✐ ②✱ ✇ ❡ ❝ ♦ ♠ ♣ ✉ ❡ ❛ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ♠ ❛ ✐ ① ✭ ❡✲

♣ ♦ ❡ ❞ ❣ ❛ ♣ ❤✐ ❝ ❛❧❧ ② ✐ ♥ ❆ ♣ ♣ ❡ ♥ ❞✐ ① ❈✮ ❢ ♦ ❛❧❧ ✉ ❞ ② ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ✇ ❡ ✐ ♥ ❡ ♥ ❞ ♦

✉ ❡✳ ❋✐ ❣ ✉ ❡ ❉✳ ✷ ❞ ❡ ♣✐ ❝ ❤ ❡ ❡ ❛ ♦ ♥ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ♦ ♥ ❛ ❝ ♦❧ ♦ ✉ ❝ ❛❧ ❡ ✇ ❤ ❡ ❡ ② ❡❧✲

❧ ♦ ✇ ❞ ❡ ♥ ♦ ❡ ❛ ♦ ❛❧ ♣ ♦ ✐ ✐ ✈ ❡ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ♣ ✉ ♣❧ ❡ ❛ ♦ ❛❧ ♥ ❡ ❣ ❛ ✐ ✈ ❡ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥✳

❚ ❤ ❡ ❤✐ ❣ ❤ ❡ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ✐ ❜ ❡ ✇ ❡ ❡ ♥ ❤ ❡ ♦ ❛❧ ❝✐ ❛ ✐ ♦ ♥ ❢ ♦ ♠ ● ♦ ♦ ❣❧ ❡ ❙ ❝ ❤ ♦❧ ❛ ❛ ♥ ❞

❝✐ ❛ ✐ ♦ ♥ ♣ ❡ ② ❡ ❛ ✱ ❤ ✉ ✇ ❡ ❦ ❡ ❡ ♣ ✐ ♥ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥ ♦ ♥❧ ② ❤ ❡ ❧ ❛ ❡ ✳ ❚ ❤ ❡ ❡ ♣ ❛✐

✲ st a bil ✁ n st a bil ✱ i n st ✁ ni n st ✱ f a ct ✁ n f a ct ✲ ❛ ❡ ♦ ♥ ❣❧ ② ❝ ♦ ❡❧ ❛ ❡ ❞ ❛ ✇ ❡❧❧✱

❤ ❡ ♥ ❝ ❡✱ ✐ ♥ ❡ ❛ ❝ ❤ ❝ ❛ ❡ ✇ ❡ ✐ ♥ ❝❧ ✉ ❞ ❡ ♦ ♥❧ ② ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ❝ ♦ ♥ ♦❧ ✳ ❆ ♦ ♥ ❣ ♥ ❡ ❣ ❛ ✐ ✈ ❡

❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ✐ ❛❧ ♦ ❜ ❡ ✇ ❡ ❡ ♥ ✈ ❛ ✐ ❛ ❜❧ ❡ st a rt ❛ ♥ ❞ t s p a n✱ ❤ ♦ ✇ ❡ ✈ ❡ ✱ ❜ ♦ ❤ ♦❢ ❤ ❡ ♠

❡ ♠ ❛✐ ♥ ✐ ♥ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥ ♠ ♦ ❞ ❡❧✳

❚ ❤ ❡ ✜ ♥ ❛❧ ✈ ❡ ✐ ♦ ♥ ♦❢ ♦ ✉ ❡ ❣ ❡ ✐ ♦ ♥ ♠ ♦ ❞ ❡❧ ✻✳ ✶ ✐ ♥ ❝❧ ✉ ❞ ❡ ✸ ✺ ❡ ① ♣❧ ❛ ♥ ❛ ♦ ② ✈ ❛ ✐✲

❛ ❜❧ ❡ ❤ ❛ ❝ ❛ ♣ ✉ ❡ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ♦❢ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ✐ ❡❧❢ ❛ ♥ ❞ ❤ ❡ ✉ ❞ ② ❤ ❛

❡ ♣ ♦ ❡ ❞ ✐ ✳ ❇ ❡❢ ♦ ❡ ✇ ❡ ✉ ♥ ❤ ❡ ❇ ▼ ❆ ♣ ♦ ❝ ❡ ❞ ✉ ❡✱ ✇ ❡ ♠ ❛ ♥ ✉ ❛❧❧ ② ✇ ❡✐ ❣ ❤ ❤ ❡ ♦ ❜✲

❡ ✈ ❛ ✐ ♦ ♥ ❜ ② ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ❡ ✐ ♠ ❛ ❡ ❢ ♦ ♠ ❤ ❡ ❛ ♠ ❡ ✉ ❞ ② ♦ ❛ ♦ ❤ ❛ ✈ ❡ ❛

❝ ♦ ♠ ♣ ❛ ❛ ❜❧ ❡ ❡ ✉❧ ♦ ❤ ❡ ❖ ▲ ❙ ❡ ❣ ❡ ✐ ♦ ♥ ❢ ♦ ♠ ❈ ❤ ❛ ♣ ❡ ✺✳ ❋ ♦ ❤ ❡ ❇ ▼ ❆ ♣ ♦ ❝ ❡✲

❞ ✉ ❡✱ ✇ ❡ ❝ ❤ ♦ ♦ ❡ U I P ❛ ♥ ❞ u ni f o r m ♣ ✐ ♦ ❛ ♥ ❞ ✉ ♥ ❤ ❡ ♠ ♦ ❞ ❡❧ ✉ ✐ ♥ ❣ ❤ ❡ ❇ ▼ ❙
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✵✳ ✶ ✶ ♠ ❛❧❧ ❡ ✇ ❤ ❡ ♥ ❡ ✐ ♠ ❛ ❡ ❞ ❜ ② ❤ ❡ ❛ ✉ ❤ ♦ ❡ ♥ ✐ ❡❧ ② ❢ ♦ ♠ ❛ ❝ ❛ ❞ ❡ ♠✐ ❛✳

❚ ❤ ❡ ❝ ❤ ♦✐ ❝ ❡ ♦❢ ♣ ✐ ♦ ✉ ❜ ❛ ♥ ✐ ❛❧❧ ② ❛ ✛ ❡ ❝ ❤ ❡ ❡ ✉❧ ♦❢ ❇ ▼ ❆✱ ❤ ❡ ❡❢ ♦ ❡ ✇ ❡

❡ ♣ ♦ ❛ ♥ ❛ ❞ ❞✐ ✐ ♦ ♥ ❛❧ ❡ ♦❢ ❡ ✉❧ ✐ ♥ ❆ ♣ ♣ ❡ ♥ ❞✐ ① ❊✱ ✐ ♥ ✇ ❤✐ ❝ ❤ ✇ ❡ ✉ ❡ ❛❧ ❡ ♥ ❛ ✐ ✈ ❡

♣ ✐ ♦ ✲ ✧ ❛ ♥ ❞ ♦ ♠ ✧ ♠ ♦ ❞ ❡❧ ♣ ✐ ♦ ❛ ♥ ❞ ✧ ❇ ❘■ ❈ ✧ ❩ ❡❧❧ ♥ ❡ ✬ g ✳ ❚ ❤ ❡ ❡ ✉❧ ♦ ❜ ❛✐ ♥ ❡ ❞

❛ ❡ ♦ ✉ ❣ ❤❧ ② ✐ ♠✐❧ ❛ ♦ ❤ ❡ ♦ ♥ ❡ ❢ ♦ ♠ ♦ ✉ ❜ ❛ ❡❧✐ ♥ ❡ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ✐ ♥ ❡ ♠ ♦❢ ❜ ♦ ❤

❤ ❡ ✐ ♠ ♣ ♦ ❛ ♥ ❝ ❡ ♦❢ ❤ ❡ ✉ ❞ ② ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝ ❛ ♥ ❞ ❤ ❡ ❞✐ ❡ ❝ ✐ ♦ ♥ ♦❢ ❤ ❡✐ ❡ ✛ ❡ ❝ ✱

✇✐ ❤ ♦ ♥❧ ② ♠ ❛❧❧ ❞✐ ✛ ❡ ❡ ♥ ❝ ❡ ✐ ♥ ❤ ❡ ♣ ♦ ❡ ✐ ♦ ✐ ♥ ❝❧ ✉ ✐ ♦ ♥ ♣ ♦ ❜ ❛ ❜✐❧✐ ✐ ❡ ❛ ♥ ❞ ❡ ✛ ❡ ❝

♠ ❛ ❣ ♥✐ ✉ ❞ ❡ ✳ ❲❡ ❝ ❛ ♥ ❤ ❡ ❡❢ ♦ ❡ ❝ ♦ ♥ ❝❧ ✉ ❞ ❡ ❤ ❛ ♦ ✉ ❡ ✉❧ ❛ ❡ ♦ ❜ ✉ ♦ ❝ ❤ ❛ ♥ ❣ ❡

✐ ♥ ♣ ✐ ♦ ✳



✻✳ ❲ ❤ ② ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❱ ❛ ② ✺ ✵

✻✳ ✹ ❇ ❡ ✲ ❛ ❝ ✐ ❝ ❡ ❊ ✐ ♠ ❛ ❡

◆ ♦ ✇ ✇ ❡ ❦ ♥ ♦ ✇ ❤ ❛ ❤ ❡ ♠ ♦ ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ② ✐ ❝ ❛ ✉ ❡ ❞ ❜ ② ❤ ❡ ❝ ❤ ♦✐ ❝ ❡ ♦❢ ❞ ❛ ❛ ❛ ♥ ❞

❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡✱ ❜ ✉ ✇ ❡ ✇ ♦ ✉❧ ❞ ❛❧ ♦ ❧✐ ❦ ❡ ♦ ❞ ❡ ❡ ♠✐ ♥ ❡ ❤ ❡ ✐ ③ ❡ ♦❢ ❤ ❡ ❡ ✛ ❡ ❝ ❝ ♦ ✲

❡ ❝ ❡ ❞ ❢ ♦ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ❛ ♥ ❞ ✉ ❞ ② ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ②✳ ❲❡ ❝ ♦ ♠ ♣ ✉ ❡ ❛ ② ♥ ❤ ❡ ✐ ❝

♠ ❡ ❛ ♥ ❡ ✐ ♠ ❛ ❡ ♦❢ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❢ ♦ ♠ ❛ ❤ ② ♣ ♦ ❤ ❡ ✐ ❝ ❛❧ ✉ ❞ ② ❤ ❛ ✉ ❡ ❛ ♣ ♣ ♦✲

♣ ✐ ❛ ❡ ♠ ❡ ❤ ♦ ❞ ♦❧ ♦ ❣ ② ❛ ♥ ❞ ❞ ❛ ❛✳ ❍ ❡ ♥ ❝ ❡✱ ✐ ✐ ♥ ✈ ♦❧ ✈ ❡ ❞ ❡ ✜ ♥✐ ♥ ❣ ❜ ❡ ♣ ❛ ❝ ✐ ❝ ❡ ✐ ♥ ❤ ❡

❡ ✐ ♠ ❛ ✐ ♦ ♥ ♦❢ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✱ ✇ ❤✐ ❝ ❤ ✐ ❤ ❡ ♠ ♦ ✉ ❜❥ ❡ ❝ ✐ ✈ ❡ ♣ ❛ ♦❢ ❤ ❡ ❛ ♥ ❛❧ ② ✐ ✱

❜ ❡ ❝ ❛ ✉ ❡ ❞✐ ✛ ❡ ❡ ♥ ❡ ❡ ❛ ❝ ❤ ❡ ♠ ❛ ② ❤ ❛ ✈ ❡ ❞✐ ✛ ❡ ❡ ♥ ♦ ♣✐ ♥✐ ♦ ♥ ♦❢ ✇ ❤ ❛ ❤ ❡ ❜ ❡ ♣ ❛ ❝✲

✐ ❝ ❡ ✐ ✳ ◆ ❡ ✈ ❡ ❤ ❡❧ ❡ ✱ ❢ ♦ ❡ ❛ ❝ ❤ ❡ ① ♣❧ ❛ ♥ ❛ ♦ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ✇ ❡ ❡❧ ❡ ❝ ❛ ♣ ❡❢ ❡ ❡ ❞ ✈ ❛❧ ✉ ❡

♦ ❛ ❛ ♠ ♣❧ ❡ ♠ ❡ ❛ ♥ ✐❢ ✇ ❡ ❤ ❛ ✈ ❡ ♥ ♦ ♣ ❡❢ ❡ ❡ ♥ ❝ ❡ ❛ ♥ ❞ ❝ ♦ ♠ ♣ ✉ ❡ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❛ ❛

❧✐ ♥ ❡ ❛ ❝ ♦ ♠ ❜✐ ♥ ❛ ✐ ♦ ♥ ♦❢ ❛❧❧ ❤ ❡ ❡ ❣ ❡ ✐ ♦ ♥ ♣ ❛ ❛ ♠ ❡ ❡ ✳

■ ♥ ♦ ✉ ❜ ❡ ♣ ❛ ❝ ✐ ❝ ❡ ✉ ❞ ②✱ ✇ ❡ ♣ ❡❢ ❡ ♦ ✉ ❡ ♣ ❛ ♥ ❡❧ ❞ ❛ ❛✱ ❜ ❡ ❝ ❛ ✉ ❡ ❤ ❡ ② ❛❧❧ ♦ ✇

♦ ❛ ❞ ❞ ❡ ♣ ♦ ❡ ♥ ✐ ❛❧ ❡ ♥ ❞ ♦ ❣ ❡ ♥ ❡✐ ② ❛ ♥ ❞ ✐ ♠ ❡ ❞ ② ♥ ❛ ♠✐ ❝ ✳ ❇ ♦ ❤ ♦❢ ❤ ❡ ❡ ❛ ✐ ✐ ❝ ❛❧

✐ ✉ ❡ ❤ ♦ ✉❧ ❞ ❜ ❡ ❝ ♦ ♥ ♦❧❧ ❡ ❞ ❢ ♦ ✐ ♥ ♦ ✉ ② ♥ ❤ ❡ ✐ ❝ ✉ ❞ ②✱ ❛❧ ♦ ♥ ❣ ✇✐ ❤ ❤ ❡ ❝ ♦ ✉ ♥ ②

❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ② ✭ ✈ ❛❧ ✉ ❡ ♦❢ ❤ ❡ ✜ ① ❡ ❞ ❡ ✛ ❡ ❝ ❞ ✉ ♠ ♠ ② ✐ ❡ ♦ ♦ ♥ ❡✮✳ ❆ ❢ ♦ ❤ ❡ ❡❢ ♦ ♠

♠ ❡ ❛ ✉ ❡✱ ✇ ❡ ♣ ❡❢ ❡ ✉ ✐ ♥ ❣ ♦ ❤ ❡ ♠ ❡ ❛ ✉ ❡ ♦❢ ❤ ❡ ❡❢ ♦ ♠ ❤ ❛ ♥ ❊ ❇ ❘ ❉ ❛ ♥ ❞ ❈ ▲■✱

❜ ❡ ❝ ❛ ✉ ❡ ❤ ❡ ❡ ❛ ❡ ❡ ♣ ♦ ❡ ❞ ❢ ♦ ❛ ♥ ✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ♦ ♥❧ ②✳ ❲❡ ✇ ♦ ✉❧ ❞ ❡ ❝ ♦ ♠ ♠ ❡ ♥ ❞

❝ ♦ ♥ ♦❧❧✐ ♥ ❣ ❢ ♦ ❤ ❡ ✐ ♥✐ ✐ ❛❧ ❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ✱ ❛ ❜✐❧✐ ③ ❛ ✐ ♦ ♥✱ ✐ ♥ ✢ ❛ ✐ ♦ ♥✱ ❢ ❛ ❝ ♦ ♦❢ ♣ ♦ ❞ ✉ ❝✲

✐ ♦ ♥ ❛ ♥ ❞ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ❛❧ ❞ ❡ ✈ ❡❧ ♦ ♣ ♠ ❡ ♥ ✱ ❤ ❡ ❡❢ ♦ ❡ ✇ ❡ ♣❧ ✉ ❣ ❤ ❡ ❛ ♠ ♣❧ ❡ ♠ ❛ ①✐ ♠ ❛ ❢ ♦

❛❧❧ ✈ ❛ ✐ ❛ ❜❧ ❡ ❤ ❛ ❝ ♦ ❡ ♣ ♦ ♥ ❞ ♦ ❤ ❡✐ ♥ ✉ ♠ ❜ ❡ ♦❢ ② ♣ ❡ ♦❢ ❝ ♦ ♥ ♦❧ ✳ ❋✐ ♥ ❛❧❧ ②✱ ✇ ❡

♣❧ ✉ ❣ ✐ ♥ ❛ ♠ ♣❧ ❡ ♠ ❛ ①✐ ♠ ✉ ♠ ❢ ♦ ❤ ❡ ♥ ✉ ♠ ❜ ❡ ♦❢ ❝✐ ❛ ✐ ♦ ♥ ♣ ❡ ② ❡ ❛ ❛ ♥ ❞ ❛ ✇ ❡ ♣ ❡✲

❢ ❡ ✉ ❞✐ ❡ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✐ ♥ ❛ ❝ ❛ ❞ ❡ ♠✐ ❝ ❥ ♦ ✉ ♥ ❛❧ ✱ ✇ ❡ ♣❧ ✉ ❣ ✐ ♥ ✶ ❢ ♦ ❤ ❡ ❝ ♦ ❡ ♣ ♦ ♥ ❞✐ ♥ ❣

❞ ✉ ♠ ♠ ②✳ ❆❧❧ ♦ ❤ ❡ ✈ ❛ ✐ ❛ ❜❧ ❡ ❛ ❡ ❡ ♦ ❤ ❡✐ ❛ ♠ ♣❧ ❡ ♠ ❡ ❛ ♥ ✳

■ ♥ ❧✐ ♥ ❡ ✇✐ ❤ ❤ ❡ ❞ ❡ ✜ ♥ ❡ ❞ ❜ ❡ ♣ ❛ ❝ ✐ ❝ ❡✱ ✇ ❡ ❝ ❛❧ ❝ ✉❧ ❛ ❡ ② ♥ ❤ ❡ ✐ ❝ ❡ ✐ ♠ ❛ ❡ ❞✐❢✲

❢ ❡ ❡ ♥ ✐ ❛ ✐ ♥ ❣ ❤ ❡ ❤ ♦ ✉ ♥ ❛ ♥ ❞ ❤ ❡ ❧ ♦ ♥ ❣ ✉ ♥ ❛ ✇ ❡❧❧ ❛ ❞✐ ✛ ❡ ❡ ♥ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ✳

❘ ❡ ✉❧ ✇✐ ❤ ❤ ❡ ✐ ♠ ♣ ♦ ✈ ❡ ❞ ❡ ✐ ♠ ❛ ❡ ♦❢ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❛ ❡ ❡ ♣ ♦ ❡ ❞ ✐ ♥ ❚ ❛ ❜❧ ❡

✻✳ ✶✳ ❈ ♦ ❡ ♣ ♦ ♥ ❞✐ ♥ ❣ ✾ ✺ ✪ ❝ ♦ ♥ ✜ ❞ ❡ ♥ ❝ ❡ ✐ ♥ ❡ ✈ ❛❧ ❛ ❡ ❝ ♦ ♥ ✉ ❝ ❡ ❞ ✉ ✐ ♥ ❣ ✉ ❞ ②✲❧ ❡ ✈ ❡❧

❝❧ ✉ ❡ ❡ ❞ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ❡ ✐ ♠ ❛ ❡ ❞ ❜ ② ❖ ▲ ❙✳ ■ ♥ ❣ ❡ ♥ ❡ ❛❧✱ ❛❧❧ ♦❢ ❤ ❡ ❜ ❡ ✲ ♣ ❛ ❝ ✐ ❝ ❡

❡ ✐ ♠ ❛ ❡ ❛ ❡ ♥ ❡ ❣ ❛ ✐ ✈ ❡ ② ❡ ✐ ♥ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ✱ ❡ ① ❝ ❡ ♣ ❢ ♦ ❤ ❡ ✇ ❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠ ❡❢✲

❢ ❡ ❝ ❤ ❛ ✐ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❛ ♥ ❞ ♥ ❡ ❣ ❛ ✐ ✈ ❡ ✭✲ ✵✳ ✸ ✾✮✳ ♦ ❜❧ ❡ ♠ ✐ ♥ ❤✐ ❝ ❛ ❡ ✐ ❤ ❡ ❧ ❛ ❝ ❦ ♦❢

♦ ❜ ❡ ✈ ❛ ✐ ♦ ♥ ♦ ♥ ❤ ❡ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ♦❢ ✇ ❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠ ✱ ❤ ✉ ✇ ❡ ♥ ❡ ❡ ❞ ♦

❡ ❛ ❤✐ ❡ ✉❧ ✇✐ ❤ ❝ ❛ ✉ ✐ ♦ ♥✳ ❈ ♦ ♠ ♣ ❛ ❡ ❞ ✇✐ ❤ ❤ ❡ ✐ ♠ ♣❧ ❡ ♠ ❡ ❛ ♥ ❡ ♣ ♦ ❡ ❞ ✐ ♥

❚ ❛ ❜❧ ❡ ✹✳ ✶✱ ❛❧❧ ♦❢ ❤ ❡ ❜ ❡ ✲ ♣ ❛ ❝ ✐ ❝ ❡ ❡ ✐ ♠ ❛ ❡ ❛ ❡ ♠ ❛❧❧ ❡ ✱ ✇ ❤✐ ❝ ❤ ❝ ❛ ♣ ✉ ❡ ❜ ♦ ❤

♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ❛ ♥ ❞ ✉ ❞ ② ❤ ❡ ❡ ♦ ❣ ❡ ♥✐ ②✳ ❆ ❢ ♦ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✱

❛❧❧ ❡ ✐ ♠ ❛ ❡ ❞ ❡ ✛ ❡ ❝ ❛ ❡ ♣ ♦ ✐ ✐ ✈ ❡✱ ❤ ♦ ✇ ❡ ✈ ❡ ✱ ♦ ♥❧ ② ❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ✜ ❝ ❛❧ ❛ ♥ ❞ ✐ ♥ ✐ ✉✲

✐ ♦ ♥ ❛❧✱ ❛ ♥ ❞ ✐ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ❛ ❡ ❛ ✐ ✐ ❝ ❛❧❧ ② ✐ ❣ ♥✐ ✜ ❝ ❛ ♥



✻✳ ❲ ❤ ② ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❱ ❛ ② ✺ ✶

❛ ✺ ✪ ❧ ❡ ✈ ❡❧✳ ❚ ❤ ❡ ♠ ❛ ❣ ♥✐ ✉ ❞ ❡ ♦❢ ❤ ❡ ❜ ❡ ✲ ♣ ❛ ❝ ✐ ❝ ❡ ❡ ✛ ❡ ❝ ✐ ❧✐ ❣ ❤ ❧ ② ❧ ❛ ❣ ❡ ❤ ❛ ♥

❤ ❡ ♦ ♥ ❡ ♦❢ ❤ ❡ ✐ ♠ ♣❧ ❡ ♠ ❡ ❛ ♥ ✳ ❋✐ ♥ ❛❧❧ ②✱ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✛ ❡ ❝ ♦❢ ❡❢ ♦ ♠ ❡ ❣ ❛ ❞❧ ❡

♦❢ ❤ ❡✐ ❝ ♦ ♣ ❡ ✐ ♣ ♦ ✐ ✐ ✈ ❡ ❛ ♥ ❞ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❛ ✇ ❡❧❧✳

■ ♥ ♦ ❞ ❡ ♦ ❛ ❡ ❤ ❡ ♠ ❛ ❣ ♥✐ ✉ ❞ ❡ ♦❢ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✱ ✇ ❡ ❢ ♦❧❧ ♦ ✇ ❣ ✉✐ ❞ ❡❧✐ ♥ ❡

❜ ② ❉ ♦ ✉ ❝ ♦ ✉❧✐ ❛ ❣ ♦ ✭ ✷ ✵ ✶ ✶✮ ❞ ❡ ❝ ✐ ❜ ❡ ❞ ✐ ♥ ❈ ❤ ❛ ♣ ❡ ✹✳ ❆❧❧ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✐ ♠ ❛ ❡ ❢ ❛❧❧

✐ ♥ ♦ ❤ ❡ ❝ ❛ ❡ ❣ ♦ ② ♦❢ ♠ ❛❧❧ ❡ ✛ ❡ ❝ ✱ ♦ ♥❧ ② ❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ✜ ❝ ❛❧ ❡❢ ♦ ♠ ✐ ♠ ❛ ❣✐ ♥ ❛❧❧ ②

❛ ❜ ♦ ✈ ❡ ❤ ❡ ❤ ❡ ❤ ♦❧ ❞ ❡ ❢ ♦ ♠ ❡ ❞✐ ✉ ♠ ❡ ✛ ❡ ❝ ✳ ❈ ♦ ♥ ❝ ❡ ♥✐ ♥ ❣ ❤ ❡ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ✱ ❤ ❡

♦ ✈ ❡ ❛❧❧ ❡ ✛ ❡ ❝ ❛❧ ♦ ♥ ❣ ✇✐ ❤ ❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ✐ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠

✐ ♠ ❛❧❧✱ ❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❛ ♥ ❞ ✜ ❝ ❛❧ ❡❢ ♦ ♠ ✐ ♦❢ ♠ ❡ ❞✐ ✉ ♠ ✐ ③ ❡✱ ❛ ♥ ❞

❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ✇ ❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠ ✐ ♦ ♥ ❣✳

❖ ✉ ❜ ❡ ✲ ♣ ❛ ❝ ✐ ❝ ❡ ❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤ ❡ ✛ ❡ ❝ ❛ ❡ ♠ ❡ ❛ ✉ ❡ ❞ ✐ ♥ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥

❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✱ ❜ ❡ ❝ ❛ ✉ ❡ ♦ ❤ ❡ ♠ ❡ ❛ ✉ ❡ ✱ ✉ ❝ ❤ ❛ ❡❧ ❛ ✐ ❝✐ ✐ ❡ ✱ ❛ ❡ ♥ ♦ ❛ ✈ ❛✐❧ ❛ ❜❧ ❡✳ ❚ ❤ ❡

♣ ♦ ❜❧ ❡ ♠ ✐ ❤ ❛ ✐ ✐ ❞✐ ✣ ❝ ✉❧ ♦ ✐ ♠ ❛ ❣✐ ♥ ❡ ❛ ♥ ❞ ✐ ♥ ❡ ♣ ❡ ✱ ✇ ❤ ❛ ❤ ❡ ✈ ❛❧ ✉ ❡ ♦❢ ❤ ❡

♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ♠ ❡ ❛ ♥ ❢ ♦ ❤ ❡ ❣ ♦ ✇ ❤✳ ❲✐ ❤ ❤✐ ♣ ✉ ♣ ♦ ❡✱ ✇ ❡ ❝ ❛❧ ❝ ✉❧ ❛ ❡ ❤ ❡

❤ ♦ ✲ ❛ ♥ ❞ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡❧ ❛ ✐ ❝✐ ✐ ❡ ♦❢ ❣ ♦ ✇ ❤ ❢ ♦ ❡ ❛ ❝ ❤ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ❡ ♣ ♦ ❡ ❞ ✐ ♥

❚ ❛ ❜❧ ❡ ✻✳ ✷✳ ❋ ♦ ❤✐ ❝ ❛❧ ❝ ✉❧ ❛ ✐ ♦ ♥✱ ✇ ❡ ❢ ♦❧❧ ♦ ✇ ❤ ❡ ❛ ♠ ❡ ♣ ♦ ❝ ❡ ❞ ✉ ❡ ❛ ❞ ❡ ❝ ✐ ❜ ❡ ❞ ✐ ♥

❇ ❛ ❜ ❡ ❝ ❦ ② ✫ ❍ ❛ ✈ ❛ ♥ ❡ ❦ ✭ ✷ ✵ ✶ ✹✮ ✲ ✇ ❡ ✉ ❡ ❞ ❛ ❛ ❡ ❢ ♦ ♠ ❍ ❛ ✈ ❛ ♥ ❡ ❦ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✺✮ ❛ ♥ ❞

❡ ❣ ❡ ❤ ❡ ❡❧ ❛ ✐ ❝✐ ✐ ❡ ❡ ♣ ♦ ❡ ❞ ❤ ❡ ❡ ♦ ♥ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✳ ❚ ❤✐

❡❧❧ ✉ ♠ ♦ ❡ ❛ ❜ ♦ ✉ ❤ ❡ ❡❧ ❛ ✐ ♦ ♥ ❤✐ ♣ ❜ ❡ ✇ ❡ ❡ ♥ ❤ ❡ ✇ ♦ ✈ ❛ ✐ ❛ ❜❧ ❡ ✳ ❚ ❤ ❡ ♥ ✇ ❡ ✉ ❡

❤ ❡ ❡ ✐ ♠ ❛ ❡ ❞ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ❛ ♥ ❞ ✉ ✐ ♥ ❣ ♦ ✉ ❜ ❡ ✲ ♣ ❛ ❝ ✐ ❝ ❡ ❡ ✐ ♠ ❛ ❡ ✱ ✇ ❡ ❝ ❛❧ ❝ ✉❧ ❛ ❡

❤ ❡ ❡❧ ❛ ✐ ❝✐ ✐ ❡ ♦❢ ❣ ♦ ✇ ❤ ✇✐ ❤ ❡ ♣ ❡ ❝ ♦ ❡❢ ♦ ♠ ✳ ❖ ✉ ❡ ✉❧ ❤ ♦ ✇ ❤ ❛ ❤ ❡

❤ ♦ ✲ ✉ ♥ ❡❧ ❛ ✐ ❝✐ ② ♦❢ ❣ ♦ ✇ ❤ ✐ ✲ ✵✳ ✺ ✶ ❛ ♥ ❞ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡❧ ❛ ✐ ❝✐ ② ✵✳ ✹ ✾✳



✻✳ ❲ ❤ ② ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❱ ❛ ② ✺ ✷

❚❛ ❜❧ ❡ ✻✳ ✶✿ ❊ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❆ ✈ ❡ ❛ ❣ ❡ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝

❙ ❤ ♦ ✉ ♥ ▲ ♦ ♥ ❣ ✉ ♥

❘ ❡❢ ♦ ♠ ② ♣ ❡  ❊ ✳ ❡ ✛ ❡ ❝ ✾ ✺ ✪ ❈■  ❊ ✳ ❡ ✛ ❡ ❝ ✾ ✺ ✪ ❈■

❆❧❧ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠
✲ ✵✳ ✶ ✻ ✼ ✲ ✵✳ ✹ ✸ ✸ ✵✳ ✵ ✾ ✾ ✵✳ ✶ ✺ ✹ ✵✳ ✵ ✻ ✾ ✵✳ ✷ ✹ ✵

▲ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠
✲ ✵✳ ✷ ✼ ✹ ✲ ✵✳ ✺ ✽ ✾ ✵✳ ✵ ✹ ✶ ✵✳ ✵ ✾ ✵ ✲ ✵✳ ✵ ✻ ✸ ✵✳ ✷ ✹ ✹

❋✐ ❝ ❛❧ ❡❢ ♦ ♠ ❛ ♥ ❞ ✐ ♥ ✐ ✉ ✐ ♦ ♥
✲ ✵✳ ✶ ✽ ✺ ✲ ✵✳ ✹ ✺ ✶ ✵✳ ✵ ✽ ✶ ✵✳ ✶ ✼ ✸ ✵✳ ✵ ✽ ✶ ✵✳ ✷ ✻ ✺

■ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ♠ ❛ ❦ ❡
✲ ✵✳ ✶ ✵ ✹ ✲ ✵✳ ✸ ✼ ✸ ✵✳ ✶ ✻ ✹ ✵✳ ✶ ✷ ✷ ✵✳ ✵ ✵ ✸ ✵✳ ✷ ✹ ✶

❲❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠
✲ ✵✳ ✸ ✽ ✾ ✲ ✵✳ ✼ ✶ ✹ ✲ ✵✳ ✵ ✻ ✺ ✵✳ ✶ ✷ ✶ ✲ ✵✳ ✵ ✻ ✺ ✵✳ ✸ ✵ ✻

◆ ♦ ❡ ✿ ❊ ✳ ❡ ✛ ❡ ❝ ❂ ❡ ✐ ♠ ❛ ❡ ❞ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❡ ♣ ❡ ❡ ♥ ❡ ❞ ❜ ② ❤ ❡ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥
❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ❀ ❈■ ❂ ❝ ♦ ♥ ✜ ❞ ❡ ♥ ❝ ❡ ✐ ♥ ❡ ✈ ❛❧✳

❚❛ ❜❧ ❡ ✻✳ ✷✿ ❊ ✐ ♠ ❛ ✐ ♥ ❣ ❤ ❡ ❊❧ ❛ ✐ ❝✐ ② ♦❢ ● ♦ ✇ ❤

❘ ❡❢ ♦ ♠ ② ♣ ❡ ❙ ❤ ♦ ✉ ♥ ▲ ♦ ♥ ❣ ✉ ♥

❆❧❧ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ✲ ✵✳ ✺ ✵ ✼ ✵✳ ✹ ✾ ✹
▲ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ✲ ✵✳ ✻ ✶ ✹ ✵✳ ✹ ✸ ✵
❋✐ ❝ ❛❧ ❡❢ ♦ ♠ ❛ ♥ ❞ ✐ ♥ ✐ ✉ ✐ ♦ ♥ ✲ ✵✳ ✺ ✷ ✺ ✵✳ ✺ ✶ ✸
■ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ✜ ♥ ❛ ♥ ❝✐ ❛❧ ♠ ❛ ❦ ❡ ✲ ✵✳ ✹ ✹ ✹ ✵✳ ✹ ✻ ✷
❲❡❧❢ ❛ ❡ ❛ ❡ ❡❢ ♦ ♠ ✲ ✵✳ ✼ ✷ ✾ ✵✳ ✹ ✻ ✶



❈ ❤ ❛ ♣ ❡ ✼

❈ ♦ ♥ ❝❧ ✉ ✐ ♦ ♥

■ ♥ ❤✐ ❤ ❡ ✐ ✱ ✇ ❡ ❝ ♦ ♥ ❞ ✉ ❝ ❛ ② ❡ ♠ ❛ ✐ ❝ ❡ ✈✐ ❡ ✇ ♦❢ ❤ ❡ ❧✐ ❡ ❛ ✉ ❡ ❤ ❛ ❡ ✐ ♠ ❛ ❡

❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ✉ ❝ ✉ ❛❧ ❡❢ ♦ ♠ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ♣ ❡ ❢ ♦ ♠ ❛ ♥ ❝ ❡ ✐ ♥ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❝ ♦ ✉ ♥✲

✐ ❡ ✳ ❲❡ ❛ ♣ ♣❧ ② ♠ ♦ ❞ ❡ ♥ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ❝ ❛❧ ♠ ❡ ❤ ♦ ❞ ♦ ✭✐✮ ❡ ✐ ♠ ❛ ❡ ❤ ❡ ♠ ♦

♣ ❡ ❝✐ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✱ ✭✐✐✮ ❡ ① ♣❧ ❛✐ ♥ ✇ ❤ ② ❤ ❡ ❡ ✛ ❡ ❝ ✈ ❛ ② ❛ ♥ ❞ ✭✐✐✐✮ ❡ ① ❛ ♠✐ ♥ ❡ ❤ ❡

❞✐ ✛ ❡ ❡ ♥ ❝ ❡ ✐ ♥ ❡ ❛ ❝ ✐ ♦ ♥ ♦❢ ❤ ❡ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❣ ♦ ✇ ❤ ♦ ❞✐ ✛ ❡ ❡ ♥ ❡❢ ♦ ♠ ✳ ❲❡ ❝ ♦❧❧ ❡ ❝

✽ ✽ ✾ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❢ ♦ ♠ ✾ ✵ ✉ ❞✐ ❡ ❛ ♥ ❞ ❡ ♠ ♣❧ ♦ ② ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✐ ♥

♦ ❞ ❡ ♦ ❛ ♥ ❞ ❛ ❞✐ ③ ❡ ❤ ❡ ♠✳ ❈ ♦ ♥ ♦❧❧✐ ♥ ❣ ❢ ♦ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ❛ ♥ ❞ ❞✐ ✛ ❡ ❡ ♥ ❝ ❡ ✐ ♥

✉ ❞ ② ✉ ❛❧✐ ②✱ ✇ ❡ ❝ ♦ ♥ ✜ ♠ ❤ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ♣ ♦ ✐ ✐ ✈ ❡ ❡ ✛ ❡ ❝ ♦❢ ❡❢ ♦ ♠ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝

♣ ❡ ❢ ♦ ♠ ❛ ♥ ❝ ❡✱ ② ❡ ✇ ❡ ❞ ♦ ♥ ♦ ✜ ♥ ❞ ❡ ♥ ♦ ✉ ❣ ❤ ❡ ✈✐ ❞ ❡ ♥ ❝ ❡ ❢ ♦ ❤ ❡ ❤ ② ♣ ♦ ❤ ❡ ✐ ❤ ❛ ❡✲

❢ ♦ ♠ ❜ ✐ ♥ ❣ ❝ ♦ ✐ ♥ ❤ ❡ ❤ ♦ ✉ ♥✳ ❖ ✉ ❡ ✉❧ ❢ ✉ ❤ ❡ ✐ ♥ ❞✐ ❝ ❛ ❡ ❤ ❛ ✜ ❝ ❛❧ ❛ ♥ ❞

✐ ♥ ✐ ✉ ✐ ♦ ♥ ❛❧ ❡❢ ♦ ♠ ❛ ❡ ♠ ♦ ❡ ❜ ❡ ♥ ❡ ✜ ❝✐ ❛❧ ❤ ❛ ♥ ♦ ❤ ❡ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ❛ ♦ ♣ ♣ ♦ ❡ ❞

♦ ❤ ❡ ❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ❤ ❛ ❛ ♣ ♣ ❡ ❛ ❤ ❡ ♠ ♦ ❝ ♦ ❧ ②✳

❲❡ ❡ ❤ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❢ ♦ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❡❧ ❡ ❝ ✐ ♦ ♥ ✐ ♥ ♦ ❞ ❡ ♦ ❛ ✈ ♦✐ ❞ ❞ ❛ ✇✐ ♥ ❣

❢ ❛❧ ❡ ❝ ♦ ♥ ❝❧ ✉ ✐ ♦ ♥ ❢ ♦ ♠ ♣ ♦ ❡ ♥ ✐ ❛❧❧ ② ❜✐ ❛ ❡ ❞ ❧✐ ❡ ❛ ✉ ❡✳ ❋ ♦ ❤✐ ♣ ✉ ♣ ♦ ❡✱ ✇ ❡ ✉ ❡

✐ ♥❢ ♦ ♠ ❛❧ ② ❡ ✐ ♥ ✉ ❝ ✐ ✈ ❡ ❢ ✉ ♥ ♥ ❡❧ ♣❧ ♦ ❛ ♥ ❞ ❢ ♦ ♠ ❛❧ ❡ ❣ ❡ ✐ ♦ ♥✲ ❜ ❛ ❡ ❞ ❡ ✱ ✇ ❤✐ ❝ ❤

✇ ❡ ❡ ✐ ♠ ❛ ❡ ✉ ✐ ♥ ❣ ❢ ♦ ✉ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ❡ ❝ ❤ ♥✐ ✉ ❡ ✭ ♥ ❛ ♠ ❡❧ ②✱ ❖ ▲ ❙✱ ❲ ▲ ❙✱ ✜ ① ❡ ❞ ❡❢✲

❢ ❡ ❝ ✱ ❛ ♥ ❞ ✐ ♥ ✉ ♠ ❡ ♥ ❛❧ ✈ ❛ ✐ ❛ ❜❧ ❡ ❡ ✐ ♠ ❛ ✐ ♦ ♥✮✳ ❆❧❧ ❡ ❣ ❡ ✐ ♦ ♥ ❛ ❡ ❝ ♦ ❡ ❝ ❡ ❞ ❢ ♦

❤ ❡ ❡ ♦ ❞ ❦ ❡ ❞ ❛ ✐ ❝✐ ② ✉ ✐ ♥ ❣ ✉ ❞ ②✲❧ ❡ ✈ ❡❧ ❝❧ ✉ ❡ ❡ ❞ ❛ ♥ ❞ ❛ ❞ ❡ ♦ ✳ ❲❡ ✜ ♥ ❞ ❧✐ ❧ ❡

❡ ✈✐ ❞ ❡ ♥ ❝ ❡ ❢ ♦ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❡❧ ❡ ❝ ✐ ♦ ♥ ✲ ♣ ♦ ✐ ✐ ✈ ❡ ❢ ♦ ❤ ❡ ♦ ✈ ❡ ❛❧❧ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✛ ❡ ❝ ❛ ♥ ❞

♥ ❡ ❣ ❛ ✐ ✈ ❡ ❢ ♦ ❤ ❡ ❤ ♦ ✲ ✉ ♥ ❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✱ ✇ ❤✐ ❝ ❤ ♠ ❡ ❛ ♥ ❤ ❛ ♥ ❡ ❣✲

❛ ✐ ✈ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ❛ ♥ ❞ ♣ ♦ ✐ ✐ ✈ ❡ ❤ ♦ ✲ ✉ ♥ ❡ ✛ ❡ ❝ ♦❢ ❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡

❡❢ ♦ ♠ ❛ ❡ ② ❡ ♠ ❛ ✐ ❝ ❛❧❧ ② ✉ ♥ ❞ ❡ ❡ ♣ ♦ ❡ ❞✳

❚ ♦ ✉ ♥ ❝ ♦ ✈ ❡ ❤ ❡ ❧✐ ♥ ❦ ❜ ❡ ✇ ❡ ❡ ♥ ❤ ❡ ✉ ❞ ② ❞ ❡ ✐ ❣ ♥ ❛ ♥ ❞ ❤ ❡ ❡ ♣ ♦ ❡ ❞ ❡ ✐ ♠ ❛ ❡ ✱

✇ ❡ ✉ ❡ ❇ ❛ ② ❡ ✐ ❛ ♥ ♠ ♦ ❞ ❡❧ ❛ ✈ ❡ ❛ ❣✐ ♥ ❣✱ ✇ ❤✐ ❝ ❤ ♣ ♦ ✈✐ ❞ ❡ ❛ ♦❧ ✉ ✐ ♦ ♥ ♦ ✉ ♥ ❝ ❡ ❛✐ ♥ ② ✐ ♥

♠ ♦ ❞ ❡❧ ❡❧ ❡ ❝ ✐ ♦ ♥✳ ❖ ✉ ❡ ✉❧ ❤ ♦ ✇ ❤ ❛ ❞ ❛ ❛ ❝ ❤ ♦✐ ❝ ❡ ❛ ♥ ❞ ♠ ❡ ❤ ♦ ❞ ♦❧ ♦ ❣ ② ♠ ❛ ❡



✼✳ ❈ ♦ ♥ ❝❧ ✉ ✐ ♦ ♥ ✺ ✹

❢ ♦ ❤ ❡ ❡ ♣ ♦ ❡ ❞ ❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤ ❡ ✛ ❡ ❝ ✳ ❘ ❡ ❡ ❛ ❝ ❤ ❡ ❤ ❛ ❝ ❤ ♦ ♦ ❡ ♣ ❛ ♥ ❡❧ ❞ ❛ ❛ ♦ ✈ ❡

❝ ♦ ✲ ❡ ❝ ✐ ♦ ♥ ❡ ♥ ❞ ♦ ♦ ❜ ❛✐ ♥ ♠ ❛❧❧ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡ ✐ ♠ ❛ ❡ ✳ ◆ ❡ ① ✱ ❛ ❝ ❝ ♦ ✉ ♥ ✐ ♥ ❣ ❢ ♦

❤ ❡ ❝ ♦ ✉ ♥ ②✲ ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ② ✐ ♥ ❤ ❡ ❡❢ ♦ ♠✲ ❣ ♦ ✇ ❤ ❡ ❣ ❡ ✐ ♦ ♥ ✐ ✐ ♠ ♣ ♦ ❛ ♥ ❛ ♥ ❞

②✐ ❡❧ ❞ ❧ ❛ ❣ ❡ ❡❢ ♦ ♠ ❡ ✐ ♠ ❛ ❡ ✳ ❚ ❤ ❡ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡ ✐ ❛❧ ♦ ❛ ❡❧ ❡ ✈ ❛ ♥

❢ ❛ ❝ ♦ ❤ ❛ ❞ ❡ ❡ ♠✐ ♥ ❡ ❤ ♦ ✇ ♦ ♥ ❣ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ❞ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✐ ✳ ■❢ ❡ ❡ ❛ ❝ ❤ ❡

✉ ❡ ♦ ❤ ❡ ♠ ❡ ❛ ✉ ❡ ♦❢ ❡❢ ♦ ♠ ❤ ❛ ♥ ❊ ❇ ❘ ❉ ✐ ♥ ❞ ❡ ① ♦ ❝ ✉ ♠ ✉❧ ❛ ✐ ✈ ❡ ❧✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥ ✐ ♥✲

❞ ❡ ①✱ ❤ ❛ ❛ ❡ ❛ ♥ ❞ ❛ ❞ ❢ ♦ ❛ ❡ ✐ ♥ ❣ ❤ ❡ ❡❢ ♦ ♠✐ ♥ ❣ ❡ ✛ ♦ ✐ ♥ ❛ ♥ ✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✱

❤ ❡✐ ❡ ✐ ♠ ❛ ❡ ❞ ✐ ♠ ♣ ❛ ❝ ♦❢ ❤ ❡ ❡❢ ♦ ♠ ✐ ♠ ❛❧❧ ❡ ✳ ❲❡ ❝ ❤ ❡ ❝ ❦ ❢ ♦ ❤ ❡ ♦ ❜ ✉ ♥ ❡

♦❢ ♦ ✉ ❡ ✉❧ ❜ ② ❝ ❤ ❛ ♥ ❣✐ ♥ ❣ ♣ ✐ ♦ ✐ ♥ ❤ ❡ ❇ ▼ ❆ ♣ ♦ ❝ ❡ ❞ ✉ ❡ ❛ ♥ ❞ ✇ ❡ ✜ ♥ ❞ ❤ ❛ ❤ ❡

❡ ✉❧ ♦❢ ❤✐ ♦ ❜ ✉ ♥ ❡ ❝ ❤ ❡ ❝ ❦ ❛ ❡ ✐ ♥ ❧✐ ♥ ❡ ✇✐ ❤ ♦ ✉ ❜ ❛ ❡❧✐ ♥ ❡ ♠ ♦ ❞ ❡❧✳

❯ ✐ ♥ ❣ ❤ ❡ ❡ ✐ ♠ ❛ ❡ ❞ ❡ ❣ ❡ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ❢ ♦ ♠ ❇ ▼ ❆✱ ✇ ❡ ❝ ♦ ♥ ✉ ❝ ② ♥✲
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❋✐ ❝ ❤ ❡ ✱ ❙✳✱ ❘✳ ❙ ❛ ❤ ❛ ② ✱ ✫ ❈✳ ❆✳ ❱ ❣ ❤ ✭ ✶ ✾ ✾ ✻ ❛✮✿ ✏ ❊ ❝ ♦ ♥ ♦ ♠✐ ❡ ✐ ♥ ❛ ♥ ✐ ✐ ♦ ♥✿ ❚ ❤ ❡

❜ ❡ ❣✐ ♥ ♥✐ ♥ ❣ ♦❢ ❣ ♦ ✇ ❤✳✑ ❚ ❤ ❡ ❆ ♠ ❡ ✐ ❝ ❛ ♥ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❘ ❡ ✈✐ ❡ ✇ ✽ ✻ ✭ ✷ ✮ ✿ ♣ ♣✳ ✷ ✷ ✾ ✕ ✷ ✸ ✸✳

❋✐ ❝ ❤ ❡ ✱ ❙✳✱ ❘✳ ❙ ❛ ❤ ❛ ② ✱ ✫ ❈✳ ❆✳ ❱ ❡ ❣ ❤ ✭ ✶ ✾ ✾ ✻ ❜✮✿ ✏ ❙ ❛ ❜✐❧✐ ③ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ❣ ♦ ✇ ❤ ✐ ♥

❛ ♥ ✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✿ ❤ ❡ ❡ ❛ ❧ ② ❡ ① ♣ ❡ ✐ ❡ ♥ ❝ ❡✳✑ ❏ ♦ ✉ ♥ ❛❧ ♦❢ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ♣ ❡ ♣ ❡ ❝ ✐ ✈ ❡

✶ ✵ ✭ ✷ ✮ ✿ ♣ ♣✳ ✹ ✺ ✕ ✻ ✻✳



❇✐ ❜❧✐ ♦ ❣ ❛ ♣ ❤ ② ✻ ✶

❋✐ ❝ ❤ ❡ ✱ ❙✳✱ ❘✳ ❙ ❛ ❤ ❛ ② ✱ ✫ ❈✳ ❆✳ ❱ ❡ ❣ ❤ ✭ ✶ ✾ ✾ ✼✮✿ ✏ ❋ ♦ ♠ ❛ ♥ ✐ ✐ ♦ ♥ ♦ ♠ ❛ ❦ ❡ ✿

❡ ✈✐ ❞ ❡ ♥ ❝ ❡ ❛ ♥ ❞ ❣ ♦ ✇ ❤ ♣ ♦ ♣ ❡ ❝ ✳✑ ■ ♥ ✏ ▲ ❡ ♦ ♥ ❢ ♦ ♠ ❤ ❡ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❚ ❛ ♥ ✐ ✐ ♦ ♥✱✑

♣ ♣✳ ✼ ✾ ✕ ✶ ✵ ✶✳ ❙ ♣ ✐ ♥ ❣ ❡ ✳

● ❛ ✈ ✐ ❧ ✉ ➭ ➔✱ ❆✳ ❋✳✱ ❋✳ ❖ ♣ ❡ ❛ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✼✮✿ ✏ ❋✐ ❝ ❛❧ ❉ ❡ ❝ ❡ ♥ ❛❧✐ ③ ❛ ✐ ♦ ♥ ❉ ❡ ❡ ♠✐✲

♥ ❛ ♥ ❆ ♥ ❞ ▲ ♦ ❝ ❛❧ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❉ ❡ ✈ ❡❧ ♦ ♣ ♠ ❡ ♥ ■ ♥ ❊ ❯ ❈ ♦ ✉ ♥ ✐ ❡ ✳✑ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❯ ♥✐ ♦ ♥

❛ ❝ ♦ ♦ ❛ ❞ ❜ ✉✐❧ ❞✐ ♥ ❣ ❡ ✐❧✐ ❡ ♥ ❝ ❡ ✐ ♥ ✐ ♠ ❡ ♦❢ ❝ ❤ ❛ ♥ ❣ ❡ ♣✳ ✶ ✽ ✵✳

● ❡ ❧ ❜ ✱ ❆✳✱ ▼✳ ▼ ❡ ❧ ♦ ✱ ❈✳ ❉ ❡ ♥✐ ③ ❡ ✱ ✫ ❙✳ ❚ ❡ ♥ ❡ ✈ ✭ ✶ ✾ ✾ ✾✮✿ ❈✐ ❝ ✉ ♠ ❛ ♥ ❝ ❡ ❛ ♥ ❞

❝ ❤ ♦✐ ❝ ❡✿ ❚ ❤ ❡ ♦❧ ❡ ♦❢ ✐ ♥✐ ✐ ❛❧ ❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ❛ ♥ ❞ ♣ ♦❧✐ ❝✐ ❡ ✐ ♥ ❛ ♥ ✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✳

❚ ❤ ❡ ❲ ♦ ❧ ❞ ❇ ❛ ♥ ❦✳

●✐ ❧ ❧ ♠ ❛ ♥ ✱ ▼✳ ✫ ▼✳ ❑ ❡ ❥ ❛ ❦ ✭ ✷ ✵ ✵ ✺✮✿ ✏ ❈ ♦ ♥ ❛ ✐ ♥ ❣ ♠ ♦ ❞ ❡❧ ♦❢ ❤ ❡ ❡ ✛ ❡ ❝ ♦❢ ✐ ♥ ✢ ❛✲

✐ ♦ ♥ ♦ ♥ ❣ ♦ ✇ ❤✳✑ ❏ ♦ ✉ ♥ ❛❧ ♦❢ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❙ ✉ ✈ ❡ ② ✶ ✾ ✭ ✶ ✮ ✿ ♣ ♣✳ ✶ ✶ ✸ ✕ ✶ ✸ ✻✳

● ❧ ❛ ✱ ●✳ ❱✳ ✭ ✶ ✾ ✼ ✻✮✿ ✏ ✐ ♠ ❛ ②✱ ❡ ❝ ♦ ♥ ❞ ❛ ②✱ ❛ ♥ ❞ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ♦❢ ❡ ❡ ❛ ❝ ❤✳✑

❊ ❞ ✉ ❝ ❛ ✐ ♦ ♥ ❛❧ ❡ ❡ ❛ ❝ ❤ ❡ ✺ ✭ ✶ ✵ ✮ ✿ ♣ ♣✳ ✸ ✕ ✽✳

● ♦ ❞ ♦ ② ✱ ❙✳ ✫ ❏✳ ❊✳ ❙ ✐ ❣ ❧✐ ③ ✭ ✷ ✵ ✵ ✼✮✿ ✏ ● ♦ ✇ ❤✱ ✐ ♥✐ ✐ ❛❧ ❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ✱ ❧ ❛ ✇ ❛ ♥ ❞ ♣ ❡ ❡ ❞

♦❢ ♣ ✐ ✈ ❛ ✐ ③ ❛ ✐ ♦ ♥ ✐ ♥ ❛ ♥ ✐ ✐ ♦ ♥ ❝ ♦ ✉ ♥ ✐ ❡ ✿ ✶ ✶ ② ❡ ❛ ❧ ❛ ❡ ✳✑ ■ ♥ ✏ ❚ ❛ ♥ ✐ ✐ ♦ ♥ ❛ ♥ ❞

❜ ❡ ② ♦ ♥ ❞✱✑ ♣ ♣✳ ✽ ✾ ✕ ✶ ✶ ✼✳ ❙ ♣ ✐ ♥ ❣ ❡ ✳

● ♦ ♠ ❡ ✱ ❙✳✱ ✳ ❏ ❛ ❝ ✉✐ ♥ ♦ ✱ ▼✳ ▼ ♦ ❤ ✱ ✫ ▼✳ ✐ ❛ ♥✐ ✭ ✷ ✵ ✶ ✸✮✿ ✏ ❙ ✉ ❝ ✉ ❛❧ ❡✲

❢ ♦ ♠ ❛ ♥ ❞ ♠ ❛ ❝ ♦ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ♣ ❡ ❢ ♦ ♠ ❛ ♥ ❝ ❡ ✐ ♥ ❤ ❡ ❡ ✉ ♦ ❛ ❡ ❛ ❝ ♦ ✉ ♥ ✐ ❡ ✿ ❆ ♠ ♦ ❞ ❡❧✲

❜ ❛ ❡ ❞ ❛ ❡ ♠ ❡ ♥ ✳✑ ■ ♥ ❡ ♥ ❛ ✐ ♦ ♥ ❛❧ ❋✐ ♥ ❛ ♥ ❝ ❡ ✶ ✻ ✭ ✶ ✮ ✿ ♣ ♣✳ ✷ ✸ ✕ ✹ ✹✳

● ✐ ❢ ❢✐ ❤ ✱ ❘✳✱ ❘✳ ❍ ❛ ✐ ♦ ♥ ✱ ✫ ❍✳ ❙✐ ♠ ♣ ♦ ♥ ✭ ✷ ✵ ✶ ✵✮✿ ✏ ♦ ❞ ✉ ❝ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠

❛ ♥ ❞ ✐ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ✐ ♥ ❤ ❡ ❊ ❯✳✑ ❙ ❝ ❛ ♥ ❞✐ ♥ ❛ ✈✐ ❛ ♥ ❏ ♦ ✉ ♥ ❛❧ ♦❢ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ✶ ✶ ✷ ✭ ✷ ✮ ✿ ♣ ♣✳

✸ ✽ ✾ ✕ ✹ ✶ ✺✳

● ✐ ❢ ❢✐ ❤ ✱ ❘✳✱ ❘✳ ❍ ❛ ✐ ♦ ♥ ✱ ❍✳ ❙✐ ♠ ♣ ♦ ♥ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✻✮✿ ✏ ❚ ❤ ❡ ❧✐ ♥ ❦ ❜ ❡ ✇ ❡ ❡ ♥

♣ ♦ ❞ ✉ ❝ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠✱ ✐ ♥ ♥ ♦ ✈ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ❊ ❯ ♠ ❛ ❝ ♦ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ♣ ❡ ❢ ♦ ♠ ❛ ♥ ❝ ❡✳✑

❚❡ ❝ ❤ ♥✐ ❝ ❛❧ ❡ ♣ ♦ ✱ ❉✐ ❡ ❝ ♦ ❛ ❡ ● ❡ ♥ ❡ ❛❧ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❛ ♥ ❞ ❋✐ ♥ ❛ ♥ ❝✐ ❛❧ ❆ ✛ ❛✐ ✭ ❉ ●

❊ ❈ ❋■ ◆✮✱ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❈ ♦ ♠ ♠✐ ✐ ♦ ♥✳

❍ ❛ ✐ ♦ ♥ ✱ ❋✳ ✭ ✷ ✵ ✶ ✶✮✿ ✏ ● ❡ ✐ ♥ ❣ ❛ ❡ ❞ ✇✐ ❤ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ✳✑ ▼ ❡ ❤ ♦ ❞ ✐ ♥ ❊ ❝ ♦❧✲

♦ ❣ ② ❛ ♥ ❞ ❊ ✈ ♦❧ ✉ ✐ ♦ ♥ ✷ ✭ ✶ ✮ ✳

❍ ❛ ✈ ❛ ♥ ❡ ❦ ✱ ❚✳✱ ❘✳ ❍ ♦ ✈ ❛ ❤ ✱ ❩✳ ■ ♦ ✈ ❛ ✱ ✫ ▼✳ ❘ ✉ ♥ ❛ ❦ ✭ ✷ ✵ ✶ ✺✮✿ ✏ ❈ ♦ ✲

❝ ♦ ✉ ♥ ② ❤ ❡ ❡ ♦ ❣ ❡ ♥ ❡✐ ② ✐ ♥ ✐ ♥ ❡ ❡ ♠ ♣ ♦ ❛❧ ✉ ❜ ✐ ✉ ✐ ♦ ♥✳✑ ❏ ♦ ✉ ♥ ❛❧ ♦❢ ■ ♥ ❡ ♥ ❛✲

✐ ♦ ♥ ❛❧ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ✾ ✻ ✭ ✶ ✮ ✿ ♣ ♣✳ ✶ ✵ ✵ ✕ ✶ ✶ ✽✳



❇✐ ❜❧✐ ♦ ❣ ❛ ♣ ❤ ② ✻ ✷

❍ ❛ ✈ ❛ ♥ ❡ ❦ ✱ ❚✳ ✫ ❩✳ ■ ♦ ✈ ❛ ✭ ✷ ✵ ✶ ✼✮✿ ✏ ❉ ♦ ❜ ♦ ❞ ❡ ❡ ❛❧❧ ② ❧ ❛ ❤ ❛ ❞ ❡ ❄ ❆ ♠ ❡ ❛✲

❛ ♥ ❛❧ ② ✐ ✳✑ ■ ▼ ❋ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❘ ❡ ✈✐ ❡ ✇ ✻ ✺ ✭ ✷ ✮ ✿ ♣ ♣✳ ✸ ✻ ✺ ✕ ✸ ✾ ✻✳

❍ ❛ ✈ ② ❧ ② ❤ ② ♥ ✱ ❖✳ ✫ ❘✳ ❱ ❛ ♥ ❘ ♦ ♦ ❞ ❡ ♥ ✭ ✶ ✾ ✾ ✽✮✿ ✏ ❘ ❡ ❝ ♦ ✈ ❡ ② ❛ ♥ ❞ ❣ ♦ ✇ ❤ ✐ ♥ ❛ ♥✲

✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✶ ✾ ✾ ✵✲ ✾ ✼✿ ❆ ②❧✐ ③ ❡ ❞ ❡ ❣ ❡ ✐ ♦ ♥ ❛ ♥ ❛❧ ② ✐ ✳✑ ❯ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✳

❍ ❛ ✈ ② ❧ ② ❤ ② ♥ ✱ ❖✳ ✫ ❘✳ ❱ ❛ ♥ ❘ ♦ ♦ ❞ ❡ ♥ ✭ ✷ ✵ ✵ ✸✮✿ ✏■ ♥ ✐ ✉ ✐ ♦ ♥ ♠ ❛ ❡ ✐ ♥ ❛ ♥ ✐✲

✐ ♦ ♥✱ ❜ ✉ ♦ ❞ ♦ ♣ ♦❧✐ ❝✐ ❡ ✳✑ ❈ ♦ ♠ ♣ ❛ ❛ ✐ ✈ ❡ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❙ ✉ ❞✐ ❡ ✹ ✺ ✭ ✶ ✮ ✿ ♣ ♣✳ ✷ ✕ ✷ ✹✳

❍ ❡✐ ♣ ❡ ③ ✱ ▼✳ ✫ ▼✳ ❲ ❛ ❞✲ ❲ ❛ ♠ ❡ ❞✐ ♥ ❣ ❡ ✭ ✷ ✵ ✵ ✽✮✿ ✏ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❛ ♥ ❞ ♦ ❝✐ ❛❧

♠ ♦ ❞ ❡❧ ✐ ♥ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❞ ❤ ❡ ✐ ♠ ♣ ♦ ❛ ♥ ❝ ❡ ♦❢ ❡❢ ♦ ♠✳✑ ❋✐ ♥ ❛ ♥ ❝✐ ❛❧ ❚ ❤ ❡ ♦ ② ❛ ♥ ❞

❛ ❝ ✐ ❝ ❡ ✸ ✷ ✭ ✸ ✮ ✿ ♣ ♣✳ ✷ ✺ ✺ ✕ ✷ ✽ ✼✳

❍ ❡ ♥ ♥ ❞ ❡ ③✲ ❈ ❛ ✱ ❊✳ ✭ ✶ ✾ ✾ ✼✮✿ ✏ ▲✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ❤ ❡ ❜ ❡ ❤ ❛ ✈✐ ♦ ♦❢ ♦ ✉ ♣ ✉ ❞ ✉ ✲

✐ ♥ ❣ ❤ ❡ ❛ ♥ ✐ ✐ ♦ ♥ ❢ ♦ ♠ ♣❧ ❛ ♥ ♦ ♠ ❛ ❦ ❡ ✳✑ ❙ ❛ ✛ ❛ ♣ ❡ ✹ ✹ ✭ ✹ ✮ ✿ ♣ ♣✳ ✹ ✵ ✺ ✕ ✹ ✷ ✾✳

❍ ❡ ② ❜ ❡ ② ✱ ❇✳ ✫ ✳ ▼ ✉ ❡ ❧ ❧ ✭ ✶ ✾ ✾ ✾✮✿ ✏ ❚ ❤ ❡ ❡❧ ❛ ✐ ♦ ♥ ❤✐ ♣ ❜ ❡ ✇ ❡ ❡ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝

❣ ♦ ✇ ❤ ❛ ♥ ❞ ❤ ❡ ♣ ❡ ❡ ❞ ♦❢ ❧✐ ❜ ❡ ❛❧✐ ③ ❛ ✐ ♦ ♥ ❞ ✉ ✐ ♥ ❣ ❛ ♥ ✐ ✐ ♦ ♥✳✑ ❚ ❤ ❡ ❏ ♦ ✉ ♥ ❛❧ ♦❢

♦❧✐ ❝ ② ❘ ❡❢ ♦ ♠ ✸ ✭ ✷ ✮ ✿ ♣ ♣✳ ✶ ✷ ✶ ✕ ✶ ✸ ✼✳

❍ ♦ ❜ ③ ❛ ✱ ❆✳✱ ●✳ ▼ ♦ ✉ ❡ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✵✮✿ ✏ ◗ ✉ ❛ ♥ ✐❢ ②✐ ♥ ❣ ❤ ❡ ♣ ♦ ❡ ♥ ✐ ❛❧ ♠ ❛ ❝ ♦ ❡ ❝ ♦✲

♥ ♦ ♠✐ ❝ ❡ ✛ ❡ ❝ ♦❢ ❤ ❡ ❊ ✉ ♦ ♣ ❡ ✷ ✵ ✷ ✵ ❛ ❡ ❣ ②✿ ②❧✐ ❡ ❞ ❝ ❡ ♥ ❛ ✐ ♦ ✳✑ ❚❡ ❝ ❤ ♥✐ ❝ ❛❧

❡ ♣ ♦ ✱ ❉✐ ❡ ❝ ♦ ❛ ❡ ● ❡ ♥ ❡ ❛❧ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❛ ♥ ❞ ❋✐ ♥ ❛ ♥ ❝✐ ❛❧ ❆ ✛ ❛✐ ✭ ❉ ● ❊ ❈ ❋■ ◆✮✳

❍ ♦ ❡ ✐ ♥ ❣✱ ❏✳ ❆✳✱ ❉✳ ▼ ❛ ❞✐ ❣ ❛ ♥ ✱ ❆✳ ❊✳ ❘ ❛ ❢ ❡ ② ✱ ✫ ❈✳ ❚✳ ❱ ♦ ❧✐ ♥ ❦ ② ✭ ✶ ✾ ✾ ✾✮✿

✏ ❇ ❛ ② ❡ ✐ ❛ ♥ ♠ ♦ ❞ ❡❧ ❛ ✈ ❡ ❛ ❣✐ ♥ ❣✿ ❛ ✉ ♦ ✐ ❛❧✳✑ ❙ ❛ ✐ ✐ ❝ ❛❧ ❝✐ ❡ ♥ ❝ ❡ ♣ ♣✳ ✸ ✽ ✷ ✕ ✹ ✵ ✶✳

❍ ♦ ♣ ❡ ✇ ❡ ❧ ❧ ✱ ❙✳✱ ❑✳ ▲ ♦ ✉ ❞ ♦ ♥ ✱ ▼✳ ❏✳ ❈ ❧ ❛ ❦ ❡ ✱ ❆✳ ❉✳ ❖ ① ♠ ❛ ♥ ✱ ✫ ❑✳ ❉✐ ❝ ❦ ❡ ✐ ♥

✭ ✷ ✵ ✵ ✾✮✿ ✏ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✐ ♥ ❝❧✐ ♥✐ ❝ ❛❧ ✐ ❛❧ ❞ ✉ ❡ ♦ ❛ ✐ ✐ ❝ ❛❧ ✐ ❣ ♥✐ ✜ ❝ ❛ ♥ ❝ ❡ ♦

❞✐ ❡ ❝ ✐ ♦ ♥ ♦❢ ✐ ❛❧ ❡ ✉❧ ✳✑ ❚ ❤ ❡ ❈ ♦ ❝ ❤ ❛ ♥ ❡ ▲✐ ❜ ❛ ② ✳

■ ❛ ❞✐ ❛ ♥ ✱ ●✳ ✭ ✷ ✵ ✵ ✾✮✿ ✏ ❲ ❤ ❛ ❡ ① ♣❧ ❛✐ ♥ ❤ ❡ ❛ ♣✐ ❞ ❣ ♦ ✇ ❤ ✐ ♥ ❛ ♥ ✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ❄✑

■ ▼ ❋ ❙ ❛ ✛ ❛ ♣ ❡ ✺ ✻ ✭ ✹ ✮ ✿ ♣ ♣✳ ✽ ✶ ✶ ✕ ✽ ✺ ✶✳

❏ ❛✐ ♠ ♦ ✈✐ ❝ ❤ ✱ ◆✳ ✫ ❙✳ ❘ ❡ ❜ ❡ ❧ ♦ ✭ ✷ ✵ ✶ ✼✮✿ ✏ ◆ ♦ ♥❧✐ ♥ ❡ ❛ ❡ ✛ ❡ ❝ ♦❢ ❛ ① ❛ ✐ ♦ ♥ ♦ ♥ ❣ ♦ ✇ ❤✳✑

❏ ♦ ✉ ♥ ❛❧ ♦❢ ♦❧✐ ✐ ❝ ❛❧ ❊ ❝ ♦ ♥ ♦ ♠ ② ✶ ✷ ✺ ✭ ✶ ✮ ✿ ♣ ♣✳ ✷ ✻ ✺ ✕ ✷ ✾ ✶✳

❏ ♦ ♥ ❛✲ ▲ ❛ ✐ ♥✐ ♦✱ ❈✳ ✫ ●✳ ❱ ❛ ❧ ❧ ❛ ♥ ✐ ✭ ✷ ✵ ✶ ✸✮✿ ✏ ❘ ❡❢ ♦ ♠ ✱ ❧ ❛ ❜ ♦ ✉ ♠ ❛ ❦ ❡ ❢ ✉ ♥ ❝ ✐ ♦ ♥✲

✐ ♥ ❣ ❛ ♥ ❞ ♣ ♦ ❞ ✉ ❝ ✐ ✈✐ ② ❞ ② ♥ ❛ ♠✐ ❝ ✿ ❛ ❡ ❝ ♦ ❛❧ ❛ ♥ ❛❧ ② ✐ ❢ ♦ ■ ❛❧ ②✳✑ ❯ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞

✳
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❏ ♦ ✐ ❢✐ ❞✐ ✱ ❑✳✱ ❘✳ ❉ ❛ ❣ ✉ ✐ ♥ ♦ ✈✐ ➣✲ ▼✐ ♦ ✈✐ ➣ ✱ ✫ ❖✳ ■ ✈ ❛ ♥ ↔ ❡ ✈ ✭ ✷ ✵ ✶ ✷✮✿ ✏ ❍ ❡ ✲

❡ ♦ ❣ ❡ ♥ ❡✐ ② ♦❢ ❣ ♦ ✇ ❤ ✐ ♥ ❤ ❡ ❲ ❡ ❇ ❛❧ ❦ ❛ ♥ ❛ ♥ ❞ ❊ ♠ ❡ ❣✐ ♥ ❣ ❊ ✉ ♦ ♣ ❡✿ ❛ ❞ ② ♥ ❛ ♠✐ ❝

♣ ❛ ♥ ❡❧ ❞ ❛ ❛ ♠ ♦ ❞ ❡❧ ❛ ♣ ♣ ♦ ❛ ❝ ❤✳✑ ❛ ♥ ♦ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ✉ ✺ ✾ ✭ ✷ ✮ ✿ ♣ ♣✳ ✶ ✺ ✼ ✕ ✶ ✽ ✸✳

❑ ❛ ♥ ❣ ✱ ❨✳✲ ❉✳✱ ❈✳✲ ❲✳ ▲ ❡ ❡ ✱ ❚✳ ❍✳ ❖ ❤ ✱ ❍✳ ❏✳ ▲ ❡ ❡ ✱ ✫ ❏✳ ❑✐ ♠ ✭ ✷ ✵ ✶ ✹✮✿ ✏ ❍ ❛ ♠ ♦ ♥✐ ③✐ ♥ ❣

❙ ♦ ❝✐ ❛❧ ❲ ❡❧❢ ❛ ❡ ❛ ♥ ❞ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ● ♦ ✇ ❤✿ ❈ ❛ ❡ ❙ ✉ ❞✐ ❡ ♦❢ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❈ ♦ ✉ ♥ ✐ ❡

❛ ♥ ❞ ■ ♠ ♣❧✐ ❝ ❛ ✐ ♦ ♥ ❢ ♦ ❑ ♦ ❡ ❛✳✑ ❯ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✳

❑ ❛ ✱ ❘✳ ❊✳ ✫ ❆✳ ❊✳ ❘ ❛ ❢ ❡ ② ✭ ✶ ✾ ✾ ✺✮✿ ✏ ❇ ❛ ② ❡ ❢ ❛ ❝ ♦ ✳✑ ❏ ♦ ✉ ♥ ❛❧ ♦❢ ❤ ❡ ❆ ♠ ❡ ✲

✐ ❝ ❛ ♥ ❙ ❛ ✐ ✐ ❝ ❛❧ ❆ ♦ ❝✐ ❛ ✐ ♦ ♥ ✾ ✵ ✭ ✹ ✸ ✵ ✮ ✿ ♣ ♣✳ ✼ ✼ ✸ ✕ ✼ ✾ ✺✳

❑✐ ♠ ✱ ❇✳✲ ❨✳ ✫ ❏✳ ✐ ✐ ❧ ❛ ✭ ✷ ✵ ✵ ✸✮✿ ✏ ❚ ❤ ❡ ♣ ♦❧✐ ✐ ❝ ❛❧ ❡ ❝ ♦ ♥ ♦ ♠ ② ♦❢ ❡❢ ♦ ♠ ✿ ❊ ♠ ♣✐ ✲

✐ ❝ ❛❧ ❡ ✈✐ ❞ ❡ ♥ ❝ ❡ ❢ ♦ ♠ ♣ ♦ ✲ ❝ ♦ ♠ ♠ ✉ ♥✐ ❛ ♥ ✐ ✐ ♦ ♥ ✐ ♥ ❤ ❡ ✶ ✾ ✾ ✵ ✳✑ ❇ ❖ ❋■ ❚ ❉✐ ❝ ✉ ✲

✐ ♦ ♥ ❛ ♣ ❡ ✹ ✴ ✷ ✵ ✵ ✸✱ ❇ ❛ ♥ ❦ ♦❢ ❋✐ ♥❧ ❛ ♥ ❞✱ ■ ♥ ✐ ✉ ❡ ❢ ♦ ❊ ❝ ♦ ♥ ♦ ♠✐ ❡ ✐ ♥ ❚ ❛ ♥ ✐ ✐ ♦ ♥

✳

❑ ✉ ❡ ❣ ❡ ✱ ●✳ ✫ ▼✳ ❈✐ ♦ ❧ ❦ ♦ ✭ ✶ ✾ ✾ ✽✮✿ ✏ ❆ ♥ ♦ ❡ ♦ ♥ ✐ ♥✐ ✐ ❛❧ ❝ ♦ ♥ ❞✐ ✐ ♦ ♥ ❛ ♥ ❞ ❧✐ ❜ ❡ ✲

❛❧✐ ③ ❛ ✐ ♦ ♥ ❞ ✉ ✐ ♥ ❣ ❛ ♥ ✐ ✐ ♦ ♥✳✑ ❏ ♦ ✉ ♥ ❛❧ ♦❢ ❈ ♦ ♠ ♣ ❛ ❛ ✐ ✈ ❡ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ✷ ✻ ✭ ✹ ✮ ✿ ♣ ♣✳

✼ ✶ ✽ ✕ ✼ ✸ ✹✳

▲ ❛ ✇ ♦ ♥ ✱ ❈✳ ✫ ❍✳ ❲ ❛ ♥ ❣ ✭ ✷ ✵ ✵ ✺✮✿ ✏ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❛ ♥ ✐ ✐ ♦ ♥ ✐ ♥ ❝ ❡ ♥ ❛❧ ❛ ♥ ❞ ❊ ❛ ❡ ♥

❊ ✉ ♦ ♣ ❡ ❛ ♥ ❞ ❤ ❡ ❋ ♦ ♠ ❡ ❙ ♦ ✈✐ ❡ ❯ ♥✐ ♦ ♥✿ ✇ ❤✐ ❝ ❤ ♣ ♦❧✐ ❝✐ ❡ ✇ ♦ ❦ ❡ ❞ ❄✑ ❚❡ ❝ ❤ ♥✐ ❝ ❛❧

❡ ♣ ♦ ✱ ❯ ♥✐ ✈ ❡ ✐ ② ♦❢ ❇ ❛ ❤✱ ❉ ❡ ♣ ❛ ♠ ❡ ♥ ♦❢ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❛ ♥ ❞ ■ ♥ ❡ ♥ ❛ ✐ ♦ ♥ ❛❧ ❉ ❡✲

✈ ❡❧ ♦ ♣ ♠ ❡ ♥ ✳

▲ ♦ ✉ ♥ ❣ ❛ ♥✐ ✱ ✳ ✫ ◆✳ ❙ ❤ ❡ ❡ ✭ ✶ ✾ ✾ ✼✮✿ ✏ ❈ ❡ ♥ ❛❧ ❜ ❛ ♥ ❦ ✐ ♥ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥ ❝ ❡✱ ✐ ♥ ✢ ❛ ✐ ♦ ♥✱ ❛ ♥ ❞

❣ ♦ ✇ ❤ ✐ ♥ ❛ ♥ ✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✳✑ ❏ ♦ ✉ ♥ ❛❧ ♦❢ ▼ ♦ ♥ ❡ ②✱ ❈ ❡ ❞✐ ✱ ❛ ♥ ❞ ❇ ❛ ♥ ❦✐ ♥ ❣ ♣ ♣✳

✸ ✽ ✶ ✕ ✸ ✾ ✾✳

▼ ❛ ❞✐ ❣ ❛ ♥ ✱ ❉✳ ✫ ❆✳ ❊✳ ❘ ❛ ❢ ❡ ② ✭ ✶ ✾ ✾ ✹✮✿ ✏ ▼ ♦ ❞ ❡❧ ❡❧ ❡ ❝ ✐ ♦ ♥ ❛ ♥ ❞ ❛ ❝ ❝ ♦ ✉ ♥ ✐ ♥ ❣ ❢ ♦

♠ ♦ ❞ ❡❧ ✉ ♥ ❝ ❡ ❛✐ ♥ ② ✐ ♥ ❣ ❛ ♣ ❤✐ ❝ ❛❧ ♠ ♦ ❞ ❡❧ ✉ ✐ ♥ ❣ ❖ ❝ ❝ ❛ ♠✬ ✇✐ ♥ ❞ ♦ ✇✳✑ ❏ ♦ ✉ ♥ ❛❧ ♦❢

❤ ❡ ❆ ♠ ❡ ✐ ❝ ❛ ♥ ❙ ❛ ✐ ✐ ❝ ❛❧ ❆ ♦ ❝✐ ❛ ✐ ♦ ♥ ✽ ✾ ✭ ✹ ✷ ✽ ✮ ✿ ♣ ♣✳ ✶ ✺ ✸ ✺ ✕ ✶ ✺ ✹ ✻✳

▼ ❛ ❣ ❛ ③ ③✐ ♥ ♦ ✱ ❈✳ ✭ ✷ ✵ ✶ ✹✮✿ ✏ ● ♦ ✈ ❡ ♥ ♠ ❡ ♥ ✐ ③ ❡ ❛ ♥ ❞ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❣ ♦ ✇ ❤ ✐ ♥ ■ ❛❧ ②✿ ❛ ♥

❡ ♠ ♣✐ ✐ ❝ ❛❧ ❛ ♥ ❛❧ ② ❡ ❜ ❛ ❡ ❞ ♦ ♥ ♥ ❡ ✇ ❞ ❛ ❛ ✭ ✶ ✽ ✻ ✶✲ ✷ ✵ ✵ ✽✮✳✑ ❯ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✳

▼ ❛ ✉ ❝ ❤ ✱ ❑✳✱ ❊✳ ▼ ♦ ❤ ❛ ♠ ♠ ❡ ✱ ✫ ❇✳ ✐ ❡ ❧ ✉✐ ❣✐ ✭ ✷ ✵ ✶ ✻✮✿ ✏■ ♥ ✐ ✉ ✐ ♦ ♥ ❛ ♥ ❞

❣ ♦ ✇ ❤ ✐ ♥ ❊ ✉ ♦ ♣ ❡✳✑ ❯ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✳

▼ ❡ ❧ ❡ ✈ ❡ ❞ ❡ ✱ ❇✳ ✭ ✷ ✵ ✵ ✸✮✿ ✏ ❘ ❡❢ ♦ ♠ ❡ ✈ ❡ ❛❧ ❛ ♥ ❞ ♦ ✉ ♣ ✉ ❣ ♦ ✇ ❤ ✐ ♥ ❛ ♥ ✐ ✐ ♦ ♥

❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✳✑ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ♦❢ ❚ ❛ ♥ ✐ ✐ ♦ ♥ ✶ ✶ ✭ ✹ ✮ ✿ ♣ ♣✳ ✻ ✹ ✾ ✕ ✻ ✻ ✾✳
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▼✐ ❝ ❦✐ ❡ ✇✐ ❝ ③ ✱ ❚✳ ✭ ✷ ✵ ✵ ✺ ❛✮✿ ✏■ ❤ ❡ ❧✐ ♥ ❦ ❜ ❡ ✇ ❡ ❡ ♥ ❡❢ ♦ ♠ ❛ ♥ ❞ ❣ ♦ ✇ ❤ ♣ ✉ ✐ ♦ ✉ ❄

❆ ❝ ♦ ♠ ♠ ❡ ♥ ✳✑ ❯ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✳

▼✐ ❝ ❦✐ ❡ ✇✐ ❝ ③ ✱ ❚✳ ✭ ✷ ✵ ✵ ✺ ❜✮✿ ✏ ♦ ✲ ❝ ♦ ♠ ♠ ✉ ♥✐ ❡ ❝ ❡ ✐ ♦ ♥ ❡✲ ❡ ① ❛ ♠✐ ♥ ❡ ❞✳✑ ■ ♥ ✏ ❊ ❝ ♦✲

♥ ♦ ♠✐ ❝ ❚ ❛ ♥ ✐ ✐ ♦ ♥ ✐ ♥ ❈ ❡ ♥ ❛❧ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❞ ❤ ❡ ❈ ♦ ♠ ♠ ♦ ♥ ✇ ❡ ❛❧ ❤ ♦❢ ■ ♥ ❞ ❡ ♣ ❡ ♥ ❞ ❡ ♥

❙ ❛ ❡ ✱✑ ♣ ♣✳ ✾ ✾ ✕ ✶ ✶ ✽✳ ❙ ♣ ✐ ♥ ❣ ❡ ✳

◆ ❛ ❤ ✱ ❍✳ ❑✳ ✭ ✷ ✵ ✵ ✾✮✿ ✏ ❚ ❛ ❞ ❡✱ ❢ ♦ ❡✐ ❣ ♥ ❞✐ ❡ ❝ ✐ ♥ ✈ ❡ ♠ ❡ ♥ ✱ ❛ ♥ ❞ ❣ ♦ ✇ ❤✿ ❊ ✈✐ ❞ ❡ ♥ ❝ ❡

❢ ♦ ♠ ❛ ♥ ✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✳✑ ❈ ♦ ♠ ♣ ❛ ❛ ✐ ✈ ❡ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❙ ✉ ❞✐ ❡ ✺ ✶ ✭ ✶ ✮ ✿ ♣ ♣✳ ✷ ✵ ✕

✺ ✵✳

◆ ❡ ② ❛ ♣ ✐✱ ❇✳ ✫ ◆✳ ❉✐ ♥ ❝ ❡ ✭ ✷ ✵ ✵ ✺✮✿ ✏ ▼ ❡ ❛ ✉ ✐ ♥ ❣ ❤ ❡ ✉ ❛❧✐ ② ♦❢ ❜ ❛ ♥ ❦ ❡ ❣ ✉❧ ❛ ✐ ♦ ♥

❛ ♥ ❞ ✉ ♣ ❡ ✈✐ ✐ ♦ ♥ ✇✐ ❤ ❛ ♥ ❛ ♣ ♣❧✐ ❝ ❛ ✐ ♦ ♥ ♦ ❛ ♥ ✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✳✑ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝

■ ♥ ✉✐ ② ✹ ✸ ✭ ✶ ✮ ✿ ♣ ♣✳ ✼ ✾ ✕ ✾ ✾✳

◆✐ ❝ ♦ ❧ ❡ ✐✱ ●✳ ✫ ❙✳ ❙ ❝ ❛ ♣ ❡ ❛ ✭ ✷ ✵ ✵ ✸✮✿ ✏ ❘ ❡ ❣ ✉❧ ❛ ✐ ♦ ♥✱ ♣ ♦ ❞ ✉ ❝ ✐ ✈✐ ② ❛ ♥ ❞

❣ ♦ ✇ ❤✿ ❖ ❡ ❝ ❞ ❡ ✈✐ ❞ ❡ ♥ ❝ ❡✳✑ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ♣ ♦❧✐ ❝ ② ✶ ✽ ✭ ✸ ✻ ✮ ✿ ♣ ♣✳ ✾ ✕ ✼ ✷✳

❖ ❊ ❈ ❉ ✭ ✷ ✵ ✶ ✽✮✿ ✏ ❖ ❊ ❈ ❉ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❙ ✉ ✈ ❡ ② ✿ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❯ ♥✐ ♦ ♥✳✑ ✷ ✵ ✶ ✽ ✳

❦ ❦ ♥ ❡ ♥ ✱ ❏✳ ✭ ✷ ✵ ✶ ✵✮✿ ✏ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❢ ❡ ❡ ❞ ♦ ♠ ❛ ❞ ✐ ✈ ❡ ♦❢ ❣ ♦ ✇ ❤ ✐ ♥ ❛ ♥ ✐ ✐ ♦ ♥✳✑

❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❙ ② ❡ ♠ ✸ ✹ ✭ ✹ ✮ ✿ ♣ ♣✳ ✹ ✻ ✾ ✕ ✹ ✼ ✾✳

❡ ❧✐ ♣ ❛ ✱ ■✳ ✫ ❆✳ ❈ ❤ ✉ ❜ ✐ ❦ ✭ ✷ ✵ ✵ ✽✮✿ ✏ ▼ ❛ ❦ ❡ ❡❢ ♦ ♠ ❛ ♥ ❞ ❣ ♦ ✇ ❤ ✐ ♥ ♣ ♦ ✲

♦ ❝✐ ❛❧✐ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✿ ❊ ✈✐ ❞ ❡ ♥ ❝ ❡ ❢ ♦ ♠ ♣ ❛ ♥ ❡❧ ❝ ♦✐ ♥ ❡ ❣ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ❡ ✉✐❧✐ ❜ ✐ ✉ ♠ ❝ ♦ ✲

❡ ❝ ✐ ♦ ♥ ♠ ♦ ❞ ❡❧✳✑ ❯ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✳

✐ ❝ ✉ ❧ ❡ ❝ ✉ ✱ ❱✳ ✭ ✷ ✵ ✵ ✸✮✿ ✏ ❉✐ ❡ ❝ ❛ ♥ ❞ ❢ ❡ ❡ ❞ ❜ ❛ ❝ ❦ ❡ ✛ ❡ ❝ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❛ ♥ ❞ ✐ ♥ ✐✲

✉ ✐ ♦ ♥ ❛❧ ❞ ❡ ✈ ❡❧ ♦ ♣ ♠ ❡ ♥ ✐ ♥ ❛ ♥ ✐ ✐ ♦ ♥✿ ❛ ♣ ❛ ❤ ❛ ♥ ❛❧ ② ✐ ❛ ♣ ♣ ♦ ❛ ❝ ❤✳✑ ❚❡ ❝ ❤ ♥✐ ❝ ❛❧

❡ ♣ ♦ ✱ ● ♦ ❡ ❜ ♦ ❣ ❯ ♥✐ ✈ ❡ ✐ ②✱ ▼✐ ♠ ❡ ♦✳

♦ ❧ ❛ ♥ ❡ ❝ ✱ ❙✳ ✭ ✷ ✵ ✵ ✹✮✿ ✏ ❈ ♦ ♥ ✈ ❡ ❣ ❡ ♥ ❝ ❡ ❛ ▲ ❛ ❄✿ ❊ ✈✐ ❞ ❡ ♥ ❝ ❡ ❢ ♦ ♠ ❚ ❛ ♥ ✐ ✐ ♦ ♥ ❈ ♦ ✉ ♥✲

✐ ❡ ✳✑ ❊ ❛ ❡ ♥ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ✹ ✷ ✭ ✹ ✮ ✿ ♣ ♣✳ ✺ ✺ ✕ ✽ ✵✳

❘ ❛ ❞ ✉ ❧ ❡ ❝ ✉ ✱ ❘✳ ✫ ❉✳ ❇ ❛ ❧ ♦ ✇ ✭ ✷ ✵ ✵ ✷✮✿ ✏ ❚ ❤ ❡ ❡❧ ❛ ✐ ♦ ♥ ❤✐ ♣ ❜ ❡ ✇ ❡ ❡ ♥ ♣ ♦❧✐ ❝✐ ❡

❛ ♥ ❞ ❣ ♦ ✇ ❤ ✐ ♥ ❛ ♥ ✐ ✐ ♦ ♥ ❝ ♦ ✉ ♥ ✐ ❡ ✳✑ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ♦❢ ❚ ❛ ♥ ✐ ✐ ♦ ♥ ✶ ✵ ✭ ✸ ✮ ✿ ♣ ♣✳

✼ ✶ ✾ ✕ ✼ ✹ ✺✳

❘ ❛ ❞ ③✐ ✇✐ ❧ ❧ ✱ ❆✳ ✫ ✳ ❙ ♠✐ ❡ ❛ ♥ ❦ ❛ ✭ ✷ ✵ ✵ ✾✮✿ ✏ ❊ ✉✬ ❡ ❛ ❡ ♥ ♥ ❡✐ ❣ ❤ ❜ ♦ ✉ ✿ ■ ♥ ✐ ✉✲

✐ ♦ ♥ ❛❧ ❤ ❛ ♠ ♦ ♥✐ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ♣ ♦ ❡ ♥ ✐ ❛❧ ❣ ♦ ✇ ❤ ❜ ♦ ♥ ✉ ✳✑ ❯ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞ ✳

❘ ❛ ❢ ❡ ② ✱ ❆✳ ❊✳ ✭ ✶ ✾ ✾ ✺✮✿ ✏ ❇ ❛ ② ❡ ✐ ❛ ♥ ▼ ♦ ❞ ❡❧ ❙ ❡❧ ❡ ❝ ✐ ♦ ♥ ✐ ♥ ❙ ♦ ❝✐ ❛❧ ❘ ❡ ❡ ❛ ❝ ❤✳✑ ❙ ♦ ❝✐✲

♦❧ ♦ ❣✐ ❝ ❛❧ ▼ ❡ ❤ ♦ ❞ ♦❧ ♦ ❣ ② ✷ ✺ ✿ ♣ ♣✳ ✶ ✶ ✶ ✕ ✶ ✻ ✸✳
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❘ ❛✐ ♠ ❜ ❛ ❡ ✈ ✱ ❆✳ ✭ ✷ ✵ ✶ ✶✮✿ ✏ ❚ ❤ ❡ ❝ ❛ ❡ ♦❢ ❛ ♥ ✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✿ ✇ ❤ ❛ ✐ ♥ ✐ ✉ ✐ ♦ ♥

♠ ❛ ❡ ❢ ♦ ❣ ♦ ✇ ❤ ❄✑ ❚❡ ❝ ❤ ♥✐ ❝ ❛❧ ❡ ♣ ♦ ✱ ❊ ❊ ❘■ ❘ ❡ ❡ ❛ ❝ ❤ ❛ ♣ ❡ ❙ ❡ ✐ ❡ ✳

❘ ❛ ♣ ❛ ❝ ❦✐ ✱ ❘✳✱ ▼✳ ❝ ❤ ♥✐ ❛ ❦ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✾✮✿ ✏ ❚ ❤ ❡ ❊ ❯ ❡ ♥❧ ❛ ❣ ❡ ♠ ❡ ♥ ❛ ♥ ❞ ❡ ❝ ♦✲

♥ ♦ ♠✐ ❝ ❣ ♦ ✇ ❤ ✐ ♥ ❤ ❡ ❈ ❊ ❊ ♥ ❡ ✇ ♠ ❡ ♠ ❜ ❡ ❝ ♦ ✉ ♥ ✐ ❡ ✳✑ ❚❡ ❝ ❤ ♥✐ ❝ ❛❧ ❡ ♣ ♦ ✱ ❉✐✲

❡ ❝ ♦ ❛ ❡ ● ❡ ♥ ❡ ❛❧ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❛ ♥ ❞ ❋✐ ♥ ❛ ♥ ❝✐ ❛❧ ❆ ✛ ❛✐ ✭ ❉ ● ❊ ❈ ❋■ ◆✮✱ ❊ ✉ ♦ ♣ ❡ ❛ ♥

❈ ♦ ♠ ♠✐ ✐ ♦ ♥✳

❘ ♦ ❞ ✐ ❦✱ ❉✳ ✭ ✷ ✵ ✵ ✺✮✿ ✏ ❲ ❤ ② ✇ ❡ ❧ ❡ ❛ ♥ ♥ ♦ ❤✐ ♥ ❣ ❢ ♦ ♠ ❡ ❣ ❡ ✐ ♥ ❣ ❡ ❝ ♦ ♥ ♦ ♠✐ ❝ ❣ ♦ ✇ ❤

♦ ♥ ♣ ♦❧✐ ❝✐ ❡ ✳✑ ❍ ❛ ✈ ❛ ❞ ❯ ♥✐ ✈ ❡ ✐ ② ✳

❘ ♦ ♠ ❡ ♦✲ ❆ ✈✐ ❧ ❛ ✱ ❉✳ ✫ ❘✳ ❙ ❛ ✉ ❝ ❤ ✭ ✷ ✵ ✵ ✽✮✿ ✏ ✉ ❜❧✐ ❝ ✜ ♥ ❛ ♥ ❝ ❡ ❛ ♥ ❞ ❧ ♦ ♥ ❣✲ ❡ ♠

❣ ♦ ✇ ❤ ✐ ♥ ❊ ✉ ♦ ♣ ❡✿ ❊ ✈✐ ❞ ❡ ♥ ❝ ❡ ❢ ♦ ♠ ❛ ♣ ❛ ♥ ❡❧ ❞ ❛ ❛ ❛ ♥ ❛❧ ② ✐ ✳✑ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❏ ♦ ✉ ♥ ❛❧

♦❢ ♦❧✐ ✐ ❝ ❛❧ ❊ ❝ ♦ ♥ ♦ ♠ ② ✷ ✹ ✭ ✶ ✮ ✿ ♣ ♣✳ ✶ ✼ ✷ ✕ ✶ ✾ ✶✳

❘ ♦ ❡ ♥ ❤ ❛ ❧ ✱ ❘✳ ✭ ✶ ✾ ✼ ✾✮✿ ✏ ❚ ❤ ❡ ✜❧ ❡ ❞ ❛ ✇ ❡ ♣ ♦ ❜❧ ❡ ♠ ❛ ♥ ❞ ♦❧ ❡ ❛ ♥ ❝ ❡ ❢ ♦ ♥ ✉❧❧ ❡✲

✉❧ ✳✑ ② ❝ ❤ ♦❧ ♦ ❣✐ ❝ ❛❧ ❜ ✉❧❧ ❡ ✐ ♥ ✽ ✻ ✭ ✸ ✮ ✿ ♣✳ ✻ ✸ ✽✳

❙ ❛ ❝ ❤ ✱ ❏✳ ❉✳ ✭ ✶ ✾ ✾ ✻✮✿ ✏ ❚ ❤ ❡ ❛ ♥ ✐ ✐ ♦ ♥ ❛ ♠✐ ❞ ❞ ❡ ❝ ❛ ❞ ❡✳✑ ❚ ❤ ❡ ❆ ♠ ❡ ✐ ❝ ❛ ♥ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝

❘ ❡ ✈✐ ❡ ✇ ✽ ✻ ✭ ✷ ✮ ✿ ♣ ♣✳ ✶ ✷ ✽ ✕ ✶ ✸ ✸✳

❙ ❡ ❧ ♦ ✇ ❦ ② ✱ ▼✳ ✫ ❘✳ ▼ ❛ ✐ ♥ ✭ ✶ ✾ ✾ ✼✮✿ ✏ ♦❧✐ ❝ ② ♣ ❡ ❢ ♦ ♠ ❛ ♥ ❝ ❡ ❛ ♥ ❞ ♦ ✉ ♣ ✉ ❣ ♦ ✇ ❤

✐ ♥ ❤ ❡ ❛ ♥ ✐ ✐ ♦ ♥ ❡ ❝ ♦ ♥ ♦ ♠✐ ❡ ✳✑ ❚ ❤ ❡ ❆ ♠ ❡ ✐ ❝ ❛ ♥ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❘ ❡ ✈✐ ❡ ✇ ✽ ✼ ✭ ✷ ✮ ✿ ♣ ♣✳

✸ ✹ ✾ ✕ ✸ ✺ ✸✳

❙ ❤✐ ♥ ✱ ■✳✲ ❙✳ ✭ ✷ ✵ ✶ ✼✮✿ ✏ ❘ ❡ ❝ ❡ ♥ ❘ ❡ ❡ ❛ ❝ ❤ ❚ ❡ ♥ ❞ ✐ ♥ ▼ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ✳✑ ❆ ✐ ❛ ♥ ◆ ✉ ✐ ♥ ❣

❘ ❡ ❡ ❛ ❝ ❤ ✶ ✶ ✭ ✷ ✮ ✿ ♣ ♣✳ ✼ ✾ ✕ ✽ ✸✳

❙ ❛ ❡ ❤ ✱ ❑✳ ✭ ✷ ✵ ✵ ✺✮✿ ✏ ❘ ❡❢ ♦ ♠ ❛ ♥ ❞ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ● ♦ ✇ ❤ ✐ ♥ ❚ ❛ ♥ ✐ ✐ ♦ ♥ ❊ ❝ ♦ ♥ ♦ ♠✐ ❡ ✿

❈ ♦ ♠ ♣❧ ❡ ♠ ❡ ♥ ❛ ✐ ②✱ ❙ ❡ ✉ ❡ ♥ ❝✐ ♥ ❣ ❛ ♥ ❞ ❙ ♣ ❡ ❡ ❞✳✑ ❚ ❤ ❡ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❏ ♦ ✉ ♥ ❛❧ ♦❢ ❈ ♦ ♠✲

♣ ❛ ❛ ✐ ✈ ❡ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ✷ ✭ ✷ ✮ ✿ ♣ ♣✳ ✶ ✼ ✼ ✕ ✷ ✵ ✷✳

❙ ❛ ♥ ❧ ❡ ② ✱ ❚✳ ❉✳ ✭ ✷ ✵ ✵ ✶✮✿ ✏ ❲ ❤ ❡ ❛ ❢ ♦ ♠ ❈ ❤ ❛ ✛✿ ▼ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ❛ ◗ ✉ ❛ ♥ ✐ ❛ ✐ ✈ ❡

▲✐ ❡ ❛ ✉ ❡ ❘ ❡ ✈✐ ❡ ✇✳✑ ❏ ♦ ✉ ♥ ❛❧ ♦❢ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❡ ♣ ❡ ❝ ✐ ✈ ❡ ✶ ✺ ✭ ✸ ✮ ✿ ♣ ♣✳ ✶ ✸ ✶ ✕ ✶ ✺ ✵✳

❙ ❛ ♥ ❧ ❡ ② ✱ ❚✳ ❉✳ ✭ ✷ ✵ ✵ ✺✮✿ ✏ ❇ ❡ ② ♦ ♥ ❞ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✳✑ ❏ ♦ ✉ ♥ ❛❧ ♦❢ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ❙ ✉ ✲

✈ ❡ ② ✶ ✾ ✭ ✸ ✮ ✿ ♣ ♣✳ ✸ ✵ ✾ ✕ ✸ ✹ ✺✳

❙ ❛ ❛ ❈ ♦ ♣ ✭ ✷ ✵ ✶ ✼✮✿ ❙ ❛ ❛ ❇ ❛ ② ❡ ✐ ❛ ♥ ❆ ♥ ❛❧ ② ✐ ❘ ❡❢ ❡ ❡ ♥ ❝ ❡ ▼ ❛ ♥ ✉ ❛❧✿ ❘ ❡❧ ❡ ❛ ❡ ✶ ✺ ✳

❙ ❛ ❛ ❡ ✳

❙ ✉ ❝ ❦ ❧ ❡ ✱ ❉✳✱ ▲✳ ❑✐ ♥ ❣ ✱ ✫ ●✳ ❛ ♦ ♥ ✭ ✷ ✵ ✵ ✾✮✿ ✏ ❚ ❤ ❡ ♦ ❝✐ ❛❧ ❝ ♦ ♥ ✉ ❝ ✐ ♦ ♥ ♦❢

✉ ❝ ❝ ❡ ❢ ✉❧ ♠ ❛ ❦ ❡ ❡❢ ♦ ♠ ✳✑ ✳



❇✐ ❜❧✐ ♦ ❣ ❛ ♣ ❤ ② ✻ ✻

❙ ✉ ♦ ♥ ✱ ❆✳ ❏✳✱ ❙✳ ❉ ✉ ✈ ❛ ❧ ✱ ❘✳ ❚ ✇ ❡ ❡ ❞✐ ❡ ✱ ❑✳ ❘✳ ❆ ❜ ❛ ♠ ✱ ✫ ❉✳ ❘✳ ❏ ♦ ♥ ❡

✭ ✷ ✵ ✵ ✵✮✿ ✏ ❊ ♠ ♣✐ ✐ ❝ ❛❧ ❛ ❡ ♠ ❡ ♥ ♦❢ ❡ ✛ ❡ ❝ ♦❢ ♣ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ♦ ♥ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ❡ ✳✑

❇ ♠❥ ✸ ✷ ✵ ✭ ✼ ✷ ✹ ✾ ✮ ✿ ♣ ♣✳ ✶ ✺ ✼ ✹ ✕ ✶ ✺ ✼ ✼✳

❚ ❛ ✉ ❝ ❤ ✱ ❆✳ ✭ ✷ ✵ ✵ ✺✮✿ ✏ ❲ ♦ ❧ ❞ ❇ ❛ ♥ ❦ ❡ ♥ ✐ ♦ ♥ ❘ ❡❢ ♦ ♠ ❛ ♥ ❞ ❉ ❡ ✈ ❡❧ ♦ ♣ ♠ ❡ ♥ ❛ ❡ ♥

✐ ♥ ❤ ❡ ❲ ♦ ❧ ❞ ❙ ② ❡ ♠ ❛ ♥ ❞ ✐ ♥ ❤ ❡ ❲✐ ❞ ❡ ❊ ✉ ♦ ♣ ❡✿ ❆ ✶ ✵ ✾ ❈ ♦ ✉ ♥ ② ■ ♥ ✈ ❡ ✐ ❣ ❛✲

✐ ♦ ♥ ❇ ❛ ❡ ❞ ♦ ♥ ✸ ✸ ■ ♥ ❞✐ ❝ ❛ ♦ ♦❢ ❊ ❝ ♦ ♥ ♦ ♠✐ ❝ ● ♦ ✇ ❤✱ ❛ ♥ ❞ ❍ ✉ ♠ ❛ ♥✱ ❙ ♦ ❝✐ ❛❧ ❛ ♥ ❞

❊ ❝ ♦❧ ♦ ❣✐ ❝ ❛❧ ❲❡❧❧✲ ❇ ❡✐ ♥ ❣✱ ❛ ♥ ❞ ❛ ❊ ✉ ♦ ♣ ❡ ❛ ♥ ❘ ❡ ❣✐ ♦ ♥ ❛❧ ❈ ❛ ❡ ❙ ✉ ❞ ②✳✑ ❯ ♥ ♣ ✉ ❜❧✐ ❤ ❡ ❞

✳

❚ ❤ ♦ ♥ ♦ ♥ ✱ ❆✳ ✫ ✳ ▲ ❡ ❡ ✭ ✷ ✵ ✵ ✵✮✿ ✏ ✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❜✐ ❛ ✐ ♥ ♠ ❡ ❛✲ ❛ ♥ ❛❧ ② ✐ ✿ ✐ ❝ ❛ ✉ ❡

❛ ♥ ❞ ❝ ♦ ♥ ❡ ✉ ❡ ♥ ❝ ❡ ✳✑ ❏ ♦ ✉ ♥ ❛❧ ♦❢ ❝❧✐ ♥✐ ❝ ❛❧ ❡ ♣✐ ❞ ❡ ♠✐ ♦❧ ♦ ❣ ② ✺ ✸ ✭ ✷ ✮ ✿ ♣ ♣✳ ✷ ✵ ✼ ✕ ✷ ✶ ✻✳

❲ ♦ ❧ ❢ ✱ ❍✳ ❈✳ ❡ ❛❧✳ ✭ ✶ ✾ ✾ ✾✮✿ ❚ ❛ ♥ ✐ ✐ ♦ ♥ ❛ ❡ ❣✐ ❡ ✿ ❝ ❤ ♦✐ ❝ ❡ ❛ ♥ ❞ ♦ ✉ ❝ ♦ ♠ ❡ ✳ ■ ♥ ❡ ✲

♥ ❛ ✐ ♦ ♥ ❛❧ ❋✐ ♥ ❛ ♥ ❝ ❡ ❙ ❡ ❝ ✐ ♦ ♥✳

❩ ❡ ✉ ❣ ♥ ❡ ✱ ❙✳✱ ▼✳ ❋ ❡ ❧ ❞ ❦✐ ❝ ❤ ❡ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✺✮✿ ✏ ❇ ❛ ② ❡ ✐ ❛ ♥ ♠ ♦ ❞ ❡❧ ❛ ✈ ❡ ❛ ❣✐ ♥ ❣

❡ ♠ ♣❧ ♦ ②✐ ♥ ❣ ✜ ① ❡ ❞ ❛ ♥ ❞ ✢ ❡ ①✐ ❜❧ ❡ ♣ ✐ ♦ ✿ ❚ ❤ ❡ ❇ ▼ ❙ ♣ ❛ ❝ ❦ ❛ ❣ ❡ ❢ ♦ ❘✳✑ ❏ ♦ ✉ ♥ ❛❧ ♦❢

❙ ❛ ✐ ✐ ❝ ❛❧ ❙ ♦❢ ✇ ❛ ❡ ✻ ✽ ✭ ✹ ✮ ✿ ♣ ♣✳ ✶ ✕ ✸ ✼✳



❆ ♣ ♣ ❡ ♥ ❞✐ ① ❆

▲✐ ♦❢ ✐ ♠ ❛ ② ❙ ✉ ❞✐ ❡

❚❛ ❜❧ ❡ ❆✳ ✶✿ ▲✐ ♦❢ ✐ ♠ ❛ ② ❙ ✉ ❞✐ ❡

➴ ❧ ✉ ♥ ❞ ❡ ❛❧✳ ✭ ✶ ✾ ✾ ✻✮ ❋✐ ❝ ❤ ❡ ✫ ❙ ❛ ❤ ❛ ② ✭ ✷ ✵ ✵ ✵✮
❆ ❜ ❡ ❞ ✫ ❉ ❛ ✈ ♦ ♦ ❞✐ ✭ ✷ ✵ ✵ ✷✮ ❋✐ ❝ ❤ ❡ ✫ ❙ ❛ ❤ ❛ ② ✭ ✷ ✵ ✵ ✹✮
❆ ❤ ❡ ♥ ✫ ▼ ❡ ✉ ❡ ✭ ✷ ✵ ✵ ✷✮ ● ❛ ✈ ✐❧ ✉➭ ➔ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✼✮
❆ ♣ ♦❧ ❡ ✭ ✷ ✵ ✶ ✶✮ ● ❡❧ ❜ ❡ ❛❧✳ ✭ ✶ ✾ ✾ ✾✮
❆ ♥ ♦❧ ❞ ✭ ✷ ✵ ✵ ✽✮ ●✐❧❧ ♠ ❛ ♥ ✫ ❑ ❡❥ ❛ ❦ ✭ ✷ ✵ ✵ ✺✮
❆ ③✐ ③ ✫ ❲❡ ❝ ♦ ✭ ✶ ✾ ✾ ✼✮ ● ♦ ❞ ♦ ② ✫ ❙ ✐ ❣❧✐ ③ ✭ ✷ ✵ ✵ ✼✮
❇ ❛ ❞✐ ♥ ❣ ❡ ✭ ✷ ✵ ✵ ✺✮ ● ✐ ✣ ❤ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✻✮
❇ ❛ ♦ ♥ ❡ ✫ ❈✐ ♥ ❣ ❛ ♥ ♦ ✭ ✷ ✵ ✶ ✶✮ ● ✐ ✣ ❤ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✵✮
❇ ❛ ❛ ♥✐ ♥✐ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✶✮ ❍ ❛ ✈ ②❧ ② ❤ ② ♥ ✫ ❱ ❛ ♥ ❘ ♦ ♦ ❞ ❡ ♥ ✭ ✶ ✾ ✾ ✽✮
❇ ❡ ❝ ❦ ✫ ▲ ❛ ❡ ✈ ❡ ♥ ✭ ✷ ✵ ✵ ✻✮ ❍ ❛ ✈ ②❧ ② ❤ ② ♥ ✫ ❱ ❛ ♥ ❘ ♦ ♦ ❞ ❡ ♥ ✭ ✷ ✵ ✵ ✸✮
❇ ❡ ❣ ❡ ❛❧✳ ✭ ✶ ✾ ✾ ✾✮ ❍ ❡ ♥ ♥ ❞ ❡ ③✲ ❈ ❛ ✭ ✶ ✾ ✾ ✼✮
❇ ❡ ✐ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✼✮ ❍ ❡ ② ❜ ❡ ② ✫ ▼ ✉ ❡❧❧ ✭ ✶ ✾ ✾ ✾✮
❇ ✐ ✐ ♠✐ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✽✮ ❈ ❤ ✐ ♦ ✛ ❡ ❡ ♥ ✫ ❉ ♦ ②❧ ❡ ✭ ✷ ✵ ✵ ✵✮
❇ ♦❥ ♥ ❡ ❝ ✫ ▲ ❡❥ ❦ ♦ ✭ ✷ ✵ ✶ ✷✮ ■ ❛ ❞✐ ❛ ♥ ✭ ✷ ✵ ✵ ✾✮
❇ ♦ ♠ ❛ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✼✮ ❏ ❛✐ ♠ ♦ ✈✐ ❝ ❤ ✫ ❘ ❡ ❜ ❡❧ ♦ ✭ ✷ ✵ ✶ ✼✮
❇ ♦ ✉✐ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✷✮ ❏ ♦ ♥ ❛✲ ▲ ❛ ✐ ♥✐ ♦ ✫ ❱ ❛❧❧ ❛ ♥ ✐ ✭ ✷ ✵ ✶ ✸✮
❇ ✇ ❡ ✫ ❚ ✉ ✐ ♥✐ ✭ ✷ ✵ ✶ ✵✮ ❏ ♦ ✐ ✜ ❞✐ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✷✮
❈ ❛ ♣ ♦ ❛❧ ❡ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✺✮ ❑ ❛ ♥ ❣ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✹✮
❈ ❛ ♣ ♣ ❡❧ ❡ ♥ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✸✮ ❑✐ ♠ ✫ ✐ ✐❧ ❛ ✭ ✷ ✵ ✵ ✸✮
❈ ❛ ♣ ♣ ❡❧❧ ❛ ✐ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✷✮ ❑ ✉ ❡ ❣ ❡ ✫ ❈✐ ♦❧ ❦ ♦ ✭ ✶ ✾ ✾ ✽✮
❈ ❡ ♦ ✈✐ ➣ ✫ ◆ ♦❥ ❦ ♦ ✈✐ ➣ ✭ ✷ ✵ ✵ ✾✮ ▲ ❛ ✇ ♦ ♥ ✫ ❲ ❛ ♥ ❣ ✭ ✷ ✵ ✵ ✺✮
❈✐ ❡ ➧❧✐ ❦ ✫ ❚ ❛ ❛❧ ❡ ✇ ❦ ❛ ✭ ✷ ✵ ✶ ✸✮ ▲ ♦ ✉ ♥ ❣ ❛ ♥✐ ✫ ❙ ❤ ❡ ❡ ✭ ✶ ✾ ✾ ✼✮
❈✐ ♥ ❣ ❛ ♥ ♦ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✻✮ ▼ ❛ ❣ ❛ ③ ③✐ ♥ ♦ ✭ ✷ ✵ ✶ ✹✮
❈ ♦ ♠ ✉ ♥ ❛❧ ❡ ✫ ▼ ♦ ♥ ❣ ❡❧❧✐ ✭ ✷ ✵ ✶ ✽✮ ▼ ❛ ✉ ❝ ❤ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✻✮
❈ ✉ ❛ ❞ ❛ ❞ ♦✲ ❇ ❛❧❧ ❡ ❡ ♦ ✫ ❡ ❛✲ ▼✐ ❣ ✉ ❡❧ ✭ ✷ ✵ ✶ ✼✮ ▼ ❡ ❧ ❡ ✈ ❡ ❞ ❡ ✭ ✷ ✵ ✵ ✸✮
❈ ✉ ♥ ❣ ✉ ✫ ❙ ✇✐ ♥ ♥ ❡ ♥ ✭ ✷ ✵ ✵ ✸✮ ▼✐ ❝ ❦✐ ❡ ✇✐ ❝ ③ ✭ ✷ ✵ ✵ ✺ ❜✮
❉ ❡ ▼ ❛ ❝ ❡ ❞ ♦ ✫ ▼ ❛ ✐ ♥ ✭ ✷ ✵ ✵ ✽✮ ▼✐ ❝ ❦✐ ❡ ✇✐ ❝ ③ ✭ ✷ ✵ ✵ ✺ ❛✮

❈ ♦ ♥ ✐ ♥ ✉ ❡ ❞ ♦ ♥ ❤ ❡ ♥ ❡ ① ♣ ❛ ❣ ❡



❆✳ ▲✐ ♦❢ ✐ ♠ ❛ ② ❙ ✉ ❞✐ ❡ ■■

❈ ♦ ♥ ✐ ♥ ✉ ❡ ❞✿ ▲✐ ♦❢ ✐ ♠ ❛ ② ❙ ✉ ❞✐ ❡

❈ ♦ ♥ ✐ ♥ ✉ ❡ ❞ ❢ ♦ ♠ ♣ ❡ ✈✐ ♦ ✉ ♣ ❛ ❣ ❡
❉ ❡ ▼ ❡❧ ♦ ❡ ❛❧✳ ✭ ✶ ✾ ✾ ✻✮ ◆ ❛ ❤ ✭ ✷ ✵ ✵ ✾✮
❉ ❡ ▼ ❡❧ ♦ ❡ ❛❧✳ ✭ ✶ ✾ ✾ ✼✮ ◆ ❡ ② ❛ ♣ ✐ ✫ ❉✐ ♥ ❝ ❡ ✭ ✷ ✵ ✵ ✺✮
❉ ❡ ▼ ❡❧ ♦ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✶✮ ◆✐ ❝ ♦❧ ❡ ✐ ✫ ❙ ❝ ❛ ♣ ❡ ❛ ✭ ✷ ✵ ✵ ✸✮
❉ ❡ ♥✐ ③ ❡ ✭ ✶ ✾ ✾ ✾✮ ❦ ❦ ♥ ❡ ♥ ✭ ✷ ✵ ✶ ✵✮
❉ ♦ ♠ ❛ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✶✮ ❡❧✐ ♣ ❛ ✫ ❈ ❤ ✉ ❜ ✐ ❦ ✭ ✷ ✵ ✵ ✽✮
❊✐ ❝ ❤ ❡ ✫ ❙ ❝ ❤ ❡✐ ❜ ❡ ✭ ✷ ✵ ✶ ✵✮ ✐ ❝ ✉❧ ❡ ❝ ✉ ✭ ✷ ✵ ✵ ✸✮
❊ ❝ ❤ ❡ ♥ ❜ ❛ ❝ ❤ ✫ ❍ ♦ ❡ ❦ ♠ ❛ ♥ ✭ ✷ ✵ ✵ ✺✮ ♦❧ ❛ ♥ ❡ ❝ ✭ ✷ ✵ ✵ ✹✮
❋ ❛✐ ♥✐ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✹✮ ❘ ❛ ❞ ✉❧ ❡ ❝ ✉ ✫ ❇ ❛ ❧ ♦ ✇ ✭ ✷ ✵ ✵ ✷✮
❋ ❛❧ ❝ ❡ ✐ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✷✮ ❘ ❛ ❞ ③✐ ✇✐❧❧ ✫ ❙ ♠✐ ❡ ❛ ♥ ❦ ❛ ✭ ✷ ✵ ✵ ✾✮
❋ ❛❧ ❝ ❡ ✐ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✻✮ ❘ ❛✐ ♠ ❜ ❛ ❡ ✈ ✭ ✷ ✵ ✶ ✶✮
❋ ❛ ❛ ✭ ✷ ✵ ✶ ✻✮ ❘ ❛ ♣ ❛ ❝ ❦✐ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✾✮
❋❡ ❛ ❤✐✲ ❱❡ ❤ ❛ ♣✐ ❡ ❛❧✳ ✭ ✷ ✵ ✶ ✺✮ ❘ ♦ ♠ ❡ ♦✲ ❆ ✈✐❧ ❛ ✫ ❙ ❛ ✉ ❝ ❤ ✭ ✷ ✵ ✵ ✽✮
❋✐ ❞ ♠ ✉ ❝ ✭ ✷ ✵ ✵ ✸✮ ❙ ❛ ❝ ❤ ✭ ✶ ✾ ✾ ✻✮
❋✐ ❞ ♠ ✉ ❝ ✫ ❚✐ ❝ ❤✐ ✭ ✷ ✵ ✵ ✹✮ ❙ ❡❧ ♦ ✇ ❦ ② ✫ ▼ ❛ ✐ ♥ ✭ ✶ ✾ ✾ ✼✮
❋✐ ❞ ♠ ✉ ❝ ✫ ❚✐ ❝ ❤✐ ✭ ✷ ✵ ✵ ✾✮ ❙ ❛ ❡ ❤ ✭ ✷ ✵ ✵ ✺✮
❋✐ ❝ ❤ ❡ ❡ ❛❧✳ ✭ ✶ ✾ ✾ ✻ ❛✮ ❙ ✉ ❝ ❦❧ ❡ ❡ ❛❧✳ ✭ ✷ ✵ ✵ ✾✮
❋✐ ❝ ❤ ❡ ❡ ❛❧✳ ✭ ✶ ✾ ✾ ✻ ❜✮ ❚ ❛ ✉ ❝ ❤ ✭ ✷ ✵ ✵ ✺✮
❋✐ ❝ ❤ ❡ ❡ ❛❧✳ ✭ ✶ ✾ ✾ ✼✮ ❲ ♦❧❢ ❡ ❛❧✳ ✭ ✶ ✾ ✾ ✾✮

◆ ♦ ❡ ✿ ❚ ❤ ❡ ❡ ❛ ❝ ❤ ❢ ♦ ♣ ✐ ♠ ❛ ② ✉ ❞✐ ❡ ✇ ❛ ❡ ♠✐ ♥ ❛ ❡ ❞ ✐ ♥ ❏ ✉ ♥ ❡ ✷ ✵ ✶ ✽✳



❆ ♣ ♣ ❡ ♥ ❞✐ ① ❇

❈ ♦❧❧ ❡ ❝ ❡ ❞ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❜ ② ❤ ❡

❘ ❡❢ ♦ ♠ ❚ ② ♣ ❡

❋✐ ❣ ✉ ❡ ❇✳ ✶✿ ❈ ♦❧❧ ❡ ❝ ❡ ❞ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❢ ♦ ❤ ❡ ❙ ❤ ♦ ❘ ✉ ♥ ❜ ② ❤ ❡ ❘ ❡❢ ♦ ♠
❚ ② ♣ ❡

◆ ♦ ❡ ✿ ❚ ❤ ❡ ✈ ❡ ✐ ❝ ❛❧ ❛ ①✐ ❤ ♦ ✇ ❤ ❡ ❞ ❡ ❣ ❡ ❡ ♦❢ ❢ ❡ ❡ ❞ ♦ ♠ ✉ ❡ ❞ ❢ ♦ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ♦❢ ❤ ❡
❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✐ ♥ ❤ ❡ ♣ ✐ ♠ ❛ ② ✉ ❞ ②❀ ❤ ❡ ❤ ♦ ✐ ③ ♦ ♥ ❛❧ ❛ ①✐ ❤ ♦ ✇ ❤ ❡ ❤ ♦ ✉ ♥ ❡❢ ♦ ♠

❡ ✛ ❡ ❝ ❡ ♣ ❡ ❡ ♥ ❡ ❞ ❜ ② ❤ ❡ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✳ ❚ ❤ ❡ ♦❧✐ ❞ ❧✐ ♥ ❡ ❞ ❡ ♥ ♦ ❡ ③ ❡ ♦❀
❤ ❡ ❞ ❛ ❤ ❡ ❞ ❧✐ ♥ ❡ ❞ ❡ ♥ ♦ ❡ ❤ ❡ ❛ ✐ ❤ ♠ ❡ ✐ ❝ ♠ ❡ ❛ ♥ ♦❢ ❤ ❡ ❤ ♦ ✉ ♥ ❡ ✐ ♠ ❛ ❡ ❜ ② ❤ ❡ ❡❢ ♦ ♠
② ♣ ❡✳ ❚ ❤ ❡ ♣❧ ♦ ❤ ♦ ✇ ❤ ❛ ❤ ❡ ♠ ❛❥ ♦ ✐ ② ♦❢ ❡ ✐ ♠ ❛ ❡ ♣ ❡ ❞✐ ❝ ❛ ♥ ❡ ❣ ❛ ✐ ✈ ❡ ❤ ♦ ✲ ✉ ♥

✐ ♠ ♣ ❛ ❝ ♦❢ ❤ ❡ ❡❢ ♦ ♠ ✳



❇✳ ❈ ♦❧❧ ❡ ❝ ❡ ❞ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❜ ② ❤ ❡ ❘ ❡❢ ♦ ♠ ❚② ♣ ❡ ■ ❱

❋✐ ❣ ✉ ❡ ❇✳ ✷✿ ❈ ♦❧❧ ❡ ❝ ❡ ❞ ❘ ❡❢ ♦ ♠ ❊ ✛ ❡ ❝ ❢ ♦ ❤ ❡ ▲ ♦ ♥ ❣ ❘ ✉ ♥ ❜ ② ❤ ❡ ❘ ❡❢ ♦ ♠
❚ ② ♣ ❡

◆ ♦ ❡ ✿ ❚ ❤ ❡ ✈ ❡ ✐ ❝ ❛❧ ❛ ①✐ ❤ ♦ ✇ ❤ ❡ ❞ ❡ ❣ ❡ ❡ ♦❢ ❢ ❡ ❡ ❞ ♦ ♠ ✉ ❡ ❞ ❢ ♦ ❡ ✐ ♠ ❛ ✐ ♦ ♥ ♦❢ ❤ ❡
❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✐ ♥ ❤ ❡ ♣ ✐ ♠ ❛ ② ✉ ❞ ②❀ ❤ ❡ ❤ ♦ ✐ ③ ♦ ♥ ❛❧ ❛ ①✐ ❤ ♦ ✇ ❤ ❡ ❧ ♦ ♥ ❣ ✉ ♥ ❡❢ ♦ ♠

❡ ✛ ❡ ❝ ❡ ♣ ❡ ❡ ♥ ❡ ❞ ❜ ② ❤ ❡ ♣ ❛ ✐ ❛❧ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✳ ❚ ❤ ❡ ♦❧✐ ❞ ❧✐ ♥ ❡ ❞ ❡ ♥ ♦ ❡ ③ ❡ ♦❀
❤ ❡ ❞ ❛ ❤ ❡ ❞ ❧✐ ♥ ❡ ❞ ❡ ♥ ♦ ❡ ❤ ❡ ❛ ✐ ❤ ♠ ❡ ✐ ❝ ♠ ❡ ❛ ♥ ♦❢ ❤ ❡ ❧ ♦ ♥ ❣ ✉ ♥ ❡ ✐ ♠ ❛ ❡ ❜ ② ❤ ❡ ❡❢ ♦ ♠
② ♣ ❡✳ ❚ ❤ ❡ ♣❧ ♦ ❤ ♦ ✇ ❤ ❛ ❤ ❡ ♠ ❛❥ ♦ ✐ ② ♦❢ ❡ ✐ ♠ ❛ ❡ ♣ ❡ ❞✐ ❝ ❛ ♣ ♦ ✐ ✐ ✈ ❡ ❧ ♦ ♥ ❣✲ ✉ ♥ ✐ ♠ ♣ ❛ ❝

♦❢ ❤ ❡ ❡❢ ♦ ♠ ✳



❆ ♣ ♣ ❡ ♥ ❞✐ ① ❈

❘ ❡ ✉❧ ♦❢ ❇ ▼ ❆

❋✐ ❣ ✉ ❡ ❈✳ ✶✿ ❈ ♦ ❡❧ ❛ ✐ ♦ ♥ ▼ ❛ ✐ ① ♦❢ ❙ ❡❧ ❡ ❝ ❡ ❞ ❙ ✉ ❞ ② ❈ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝

◆ ♦ ❡ ✿ ❚ ❤ ❡ ✜ ❣ ✉ ❡ ❤ ♦ ✇ ❡ ❛ ♦ ♥ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❜ ❡ ✇ ❡ ❡ ♥ ❡❧ ❡ ❝ ❡ ❞ ✉ ❞ ② ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝
♦ ♥ ❛ ❝ ♦❧ ♦ ✉ ❝ ❛❧ ❡ ✇ ❤ ❡ ❡ ② ❡❧❧ ♦ ✇ ✐ ♥ ❞✐ ❝ ❛ ❡ ♣ ♦ ✐ ✐ ✈ ❡ ❝ ♦ ❡❧ ❛ ✐ ♦ ♥ ❛ ♥ ❞ ♣ ✉ ♣❧ ❡ ♥ ❡ ❣ ❛ ✐ ✈ ❡ ♦ ♥ ❡✳
❉ ❡ ♥ ❞ ♦ ❣ ❛ ♠ ♦ ♥ ✐ ❞ ❡ ❞✐ ♣❧ ❛ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❝❧ ✉ ❡ ✇✐ ❤ ❤ ❡ ❤ ♦ ✐ ③ ♦ ♥ ❛❧ ❛ ①✐ ✭ ❤ ❡✐ ❣ ❤ ✮ ❡ ♣ ❡✲
❡ ♥ ✐ ♥ ❣ ❤ ❡ ❞✐ ✐ ♠✐❧ ❛ ✐ ② ❜ ❡ ✇ ❡ ❡ ♥ ❝❧ ✉ ❡ ✳



❈✳ ❘ ❡ ✉❧ ♦❢ ❇ ▼ ❆ ❱■

❚❛ ❜❧ ❡ ❈✳ ✶✿ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ ❊ ✐ ♠ ❛ ❡ ✭ ❙ ❤ ♦ ❘ ✉ ♥✮

❱ ❛ ✐ ❛ ❜❧ ❡  ■ ♦ ✳ ♠ ❡ ❛ ♥  ♦ ✳ ❞✳ ❞ ❡ ✈✳  ❈ ♦ ♥ ❞✳ ♣ ♦ ✳ ✐ ❣ ♥

❡ ✵✳ ✵ ✽ ✵ ✲ ✵✳ ✵ ✸ ✻ ✵✳ ✶ ✼ ✼ ✵✳ ✵ ✾ ✷

❉ ❛ ❛ ❛ ♥ ❞ ♠ ❡ ❤ ♦ ❞
❦ ✵✳ ✵ ✾ ✶ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✵ ✵✳ ✷ ✵ ✶
❡ ♥ ❞ ♦ ✵✳ ✵ ✻ ✽ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✽ ✵✳ ✻ ✶ ✽
✜ ① ❡ ❞ ✵✳ ✾ ✺ ✺ ✵✳ ✶ ✶ ✺ ✵✳ ✵ ✹ ✷ ✶✳ ✵ ✵ ✵

❛ ✵✳ ✹ ✷ ✺ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✵ ✶✳ ✵ ✵ ✵
♣ ❛ ♥ ✶✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✻ ✵✳ ✵ ✵ ✶ ✶✳ ✵ ✵ ✵

❣ ❞ ♣ ♣ ❝ ✵✳ ✵ ✺ ✶ ✲ ✵✳ ✵ ✵ ✶ ✵✳ ✵ ✶ ✺ ✵✳ ✹ ✷ ✽

❚ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡
❝ ♦ ♠ ❜ ✶✳ ✵ ✵ ✵ ✲ ✵✳ ✷ ✶ ✻ ✵✳ ✵ ✹ ✺ ✵✳ ✵ ✵ ✵
♦ ❤ ❡ ✶✳ ✵ ✵ ✵ ✲ ✵✳ ✷ ✽ ✶ ✵✳ ✵ ✹ ✺ ✵✳ ✵ ✵ ✵
❛ ✈ ✵✳ ✷ ✺ ✻ ✵✳ ✵ ✶ ✾ ✵✳ ✵ ✸ ✾ ✵✳ ✾ ✻ ✵
❝❧✐ ✵✳ ✵ ✽ ✶ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✶ ✹ ✵✳ ✻ ✸ ✶
♠ ❛ ❣ ❡ ✛ ✵✳ ✹ ✹ ✾ ✲ ✵✳ ✵ ✹ ✾ ✵✳ ✵ ✻ ✹ ✵✳ ✵ ✵ ✵
❡❢ ❴ ② ♣ ❡ ✶ ✵✳ ✷ ✽ ✸ ✲ ✵✳ ✵ ✷ ✹ ✵✳ ✵ ✹ ✽ ✵✳ ✵ ✵ ✺
❡❢ ❴ ② ♣ ❡ ✸ ✵✳ ✾ ✻ ✸ ✵✳ ✶ ✵ ✺ ✵✳ ✵ ✸ ✾ ✶✳ ✵ ✵ ✵
❡❢ ❴ ② ♣ ❡ ✹ ✵✳ ✷ ✽ ✺ ✲ ✵✳ ✵ ✹ ✾ ✵✳ ✵ ✾ ✸ ✵✳ ✵ ✵ ✵

▼ ❡ ❛ ✉ ❡ ♦❢ ❞ ② ♥ ❛ ♠✐ ❝
❧ ❛ ❣ ❞ ❡ ♣ ✵✳ ✵ ✽ ✶ ✵✳ ✵ ✵ ✸ ✵✳ ✵ ✶ ✹ ✵✳ ✾ ✺ ✶
♣ ❡ ❡ ❞ ✵✳ ✽ ✾ ✻ ✲ ✵✳ ✶ ✷ ✼ ✵✳ ✵ ✺ ✽ ✵✳ ✵ ✵ ✵

❧ ❛ ❣ ✶✳ ✵ ✵ ✵ ✲ ✵✳ ✶ ✻ ✹ ✵✳ ✵ ✸ ✻ ✵✳ ✵ ✵ ✵
✐ ♠ ❡ ✵✳ ✵ ✸ ✼ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✼ ✵✳ ✹ ✸ ✽

❙ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝
✐ ❝ ✵✳ ✹ ✷ ✻ ✲ ✵✳ ✵ ✸ ✼ ✵✳ ✵ ✺ ✵ ✵✳ ✵ ✵ ✵
✐ ❝ ✶ ✷ ✵✳ ✵ ✷ ✶ ✲ ✵✳ ✵ ✵ ✶ ✵✳ ✵ ✵ ✾ ✵✳ ✸ ✼ ✶
♥✐ ❝ ✵✳ ✽ ✶ ✵ ✲ ✵✳ ✵ ✷ ✷ ✵✳ ✵ ✶ ✹ ✵✳ ✵ ✵ ✵
♥ ❛ ❜✐❧ ✵✳ ✵ ✾ ✹ ✲ ✵✳ ✵ ✵ ✷ ✵✳ ✵ ✵ ✾ ✵✳ ✵ ✵ ✵
✐ ♥ ✢ ✵✳ ✹ ✷ ✾ ✲ ✵✳ ✵ ✷ ✽ ✵✳ ✵ ✸ ✾ ✵✳ ✵ ✵ ✵
♥✐ ♥ ✵✳ ✸ ✺ ✺ ✲ ✵✳ ✵ ✶ ✹ ✵✳ ✵ ✷ ✶ ✵✳ ✵ ✵ ✵
❝ ❤ ♦ ♦❧ ✵✳ ✾ ✾ ✸ ✲ ✵✳ ✷ ✵ ✻ ✵✳ ✵ ✺ ✾ ✵✳ ✵ ✵ ✵

♥❢ ❛ ❝ ✶✳ ✵ ✵ ✵ ✵✳ ✶ ✵ ✶ ✵✳ ✵ ✶ ✼ ✶✳ ✵ ✵ ✵
♣ ✉ ❜ ♣ ✵✳ ✷ ✵ ✵ ✲ ✵✳ ✵ ✶ ✽ ✵✳ ✵ ✹ ✺ ✵✳ ✵ ✵ ✷
✐ ♥✐ ❴ ● ❉ ✵✳ ✵ ✽ ✵ ✵✳ ✵ ✵ ✺ ✵✳ ✵ ✷ ✻ ✶✳ ✵ ✵ ✵
❢ ❞✐ ✵✳ ✶ ✽ ✾ ✵✳ ✵ ✶ ✽ ✵✳ ✵ ✹ ✽ ✵✳ ✾ ✸ ✽
❣ ♦ ✈ ❴ ❡ ① ♣ ✶✳ ✵ ✵ ✵ ✲ ✵✳ ✷ ✶ ✸ ✵✳ ✵ ✹ ✼ ✵✳ ✵ ✵ ✵
♦ ♣ ❡ ♥ ✵✳ ✻ ✽ ✽ ✵✳ ✵ ✽ ✾ ✵✳ ✵ ✼ ✺ ✶✳ ✵ ✵ ✵

✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝
❥ ♦ ✉ ♥ ❛❧ ✵✳ ✶ ✹ ✵ ✲ ✵✳ ✵ ✵ ✼ ✵✳ ✵ ✷ ✶ ✵✳ ✵ ✵ ✵
❛ ✉ ❤ ❛ ✛ ✵✳ ✾ ✻ ✾ ✲ ✵✳ ✶ ✶ ✸ ✵✳ ✵ ✸ ✾ ✵✳ ✵ ✵ ✵
❧ ❣ ♦ ♦ ❣ ❴ ♣ ❛ ✵✳ ✵ ✶ ✸ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✶ ✵✳ ✸ ✷ ✺

◆ ♦ ❡ ✿ ■ ✲ ♦ ❡ ✐ ♦ ✐ ♥ ❝❧ ✉ ✐ ♦ ♥ ♣ ♦ ❜ ❛ ❜✐❧✐ ②❀ ♦ ✳ ♠ ❡ ❛ ♥ ✲ ❲❡✐ ❣ ❤ ❡ ❞ ♣ ♦ ❡ ✐ ♦ ♠ ❡ ❛ ♥❀ ♦ ✳
❞✳ ❞ ❡ ✈✳ ✲ ❲❡✐ ❣ ❤ ❡ ❞ ♣ ♦ ❡ ✐ ♦ ❛ ♥ ❞ ❛ ❞ ❞ ❡ ✈✐ ❛ ✐ ♦ ♥❀ ❈ ♦ ♥ ❞✳ ♣ ♦ ✳ ✐ ❣ ♥ ✲ ❈ ♦ ♥ ❞✐ ✐ ♦ ♥ ❛❧ ♣ ♦ ❡ ✐ ♦

✐ ❣ ♥✳



❈✳ ❘ ❡ ✉❧ ♦❢ ❇ ▼ ❆ ❱■■

❚❛ ❜❧ ❡ ❈✳ ✷✿ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ ❊ ✐ ♠ ❛ ❡ ✭ ▲ ♦ ♥ ❣ ❘ ✉ ♥✮

❱ ❛ ✐ ❛ ❜❧ ❡  ■ ♦ ✳ ♠ ❡ ❛ ♥  ♦ ✳ ❞✳ ❞ ❡ ✈✳  ❈ ♦ ♥ ❞✳ ♣ ♦ ✳ ✐ ❣ ♥

❡ ✵✳ ✼ ✷ ✸ ✲ ✵✳ ✸ ✻ ✻ ✵✳ ✷ ✼ ✸ ✵✳ ✵ ✵ ✵

❉ ❛ ❛ ❛ ♥ ❞ ♠ ❡ ❤ ♦ ❞
❦ ✵✳ ✾ ✽ ✽ ✲ ✵✳ ✵ ✵ ✺ ✵✳ ✵ ✵ ✶ ✵✳ ✵ ✵ ✵
♣ ❛ ♥ ❡❧ ✵✳ ✽ ✼ ✼ ✲ ✵✳ ✵ ✾ ✵ ✵✳ ✵ ✹ ✼ ✵✳ ✵ ✵ ✵
❡ ♥ ❞ ♦ ✵✳ ✶ ✹ ✵ ✲ ✵✳ ✵ ✵ ✹ ✵✳ ✵ ✶ ✷ ✵✳ ✵ ✵ ✵
✜ ① ❡ ❞ ✵✳ ✼ ✺ ✹ ✵✳ ✵ ✻ ✻ ✵✳ ✵ ✹ ✺ ✶✳ ✵ ✵ ✵

❛ ✵✳ ✾ ✽ ✵ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✵ ✶✳ ✵ ✵ ✵
♣ ❛ ♥ ✵✳ ✵ ✷ ✼ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✵ ✵✳ ✶ ✼ ✶

❚ ② ♣ ❡ ♦❢ ❡❢ ♦ ♠ ♠ ❡ ❛ ✉ ❡
♦ ❤ ❡ ✵✳ ✶ ✵ ✾ ✲ ✵✳ ✵ ✵ ✼ ✵✳ ✵ ✷ ✼ ✵✳ ✵ ✹ ✾
❛ ✈ ✶✳ ✵ ✵ ✵ ✵✳ ✶ ✾ ✹ ✵✳ ✵ ✷ ✽ ✶✳ ✵ ✵ ✵
❝❧✐ ✵✳ ✾ ✽ ✻ ✵✳ ✶ ✶ ✸ ✵✳ ✵ ✷ ✾ ✶✳ ✵ ✵ ✵
♠ ❛ ❣ ❡ ✛ ✵✳ ✶ ✹ ✽ ✵✳ ✵ ✶ ✾ ✵✳ ✵ ✺ ✸ ✶✳ ✵ ✵ ✵
❡❢ ❴ ② ♣ ❡ ✶ ✵✳ ✵ ✽ ✺ ✲ ✵✳ ✵ ✵ ✽ ✵✳ ✵ ✸ ✵ ✵✳ ✵ ✵ ✵
❡❢ ❴ ② ♣ ❡ ✸ ✵✳ ✵ ✽ ✾ ✲ ✵✳ ✵ ✵ ✷ ✵✳ ✵ ✶ ✷ ✵✳ ✶ ✹ ✷
❡❢ ❴ ② ♣ ❡ ✹ ✵✳ ✵ ✻ ✸ ✵✳ ✵ ✵ ✸ ✵✳ ✵ ✶ ✼ ✶✳ ✵ ✵ ✵

▼ ❡ ❛ ✉ ❡ ♦❢ ❞ ② ♥ ❛ ♠✐ ❝
❧ ❛ ❣ ❞ ❡ ♣ ✵✳ ✵ ✾ ✻ ✲ ✵✳ ✵ ✵ ✷ ✵✳ ✵ ✶ ✸ ✵✳ ✶ ✶ ✽
♣ ❡ ❡ ❞ ✶✳ ✵ ✵ ✵ ✲ ✵✳ ✷ ✼ ✾ ✵✳ ✵ ✸ ✺ ✵✳ ✵ ✵ ✵

❧ ❛ ❣ ✵✳ ✷ ✷ ✹ ✲ ✵✳ ✵ ✶ ✸ ✵✳ ✵ ✷ ✾ ✵✳ ✵ ✵ ✵
✐ ♠ ❡ ✵✳ ✵ ✷ ✺ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✺ ✵✳ ✾ ✻ ✵

❙ ♣ ❡ ❝✐ ✜ ❝ ❛ ✐ ♦ ♥ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝
✐ ❝ ✵✳ ✶ ✽ ✾ ✲ ✵✳ ✵ ✵ ✼ ✵✳ ✵ ✷ ✸ ✵✳ ✶ ✸ ✻
✐ ❝ ✶ ✷ ✵✳ ✻ ✻ ✽ ✲ ✵✳ ✵ ✼ ✻ ✵✳ ✵ ✻ ✷ ✵✳ ✵ ✵ ✵
♥✐ ❝ ✵✳ ✸ ✼ ✹ ✲ ✵✳ ✵ ✶ ✷ ✵✳ ✵ ✶ ✽ ✵✳ ✵ ✵ ✵
♥ ❛ ❜✐❧ ✵✳ ✵ ✻ ✺ ✲ ✵✳ ✵ ✵ ✶ ✵✳ ✵ ✵ ✻ ✵✳ ✵ ✾ ✽
✐ ♥ ✢ ✵✳ ✼ ✶ ✹ ✵✳ ✵ ✹ ✽ ✵✳ ✵ ✸ ✼ ✶✳ ✵ ✵ ✵
♥✐ ♥ ✵✳ ✵ ✻ ✷ ✲ ✵✳ ✵ ✵ ✶ ✵✳ ✵ ✵ ✺ ✵✳ ✵ ✵ ✵
❝ ❤ ♦ ♦❧ ✵✳ ✵ ✶ ✺ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✹ ✶✳ ✵ ✵ ✵

♥❢ ❛ ❝ ✵✳ ✵ ✶ ✶ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✶ ✵✳ ✺ ✸ ✶
♣ ✉ ❜ ♣ ✵✳ ✵ ✺ ✺ ✲ ✵✳ ✵ ✵ ✸ ✵✳ ✵ ✸ ✻ ✵✳ ✹ ✶ ✺
✐ ♥✐ ❴ ● ❉ ✵✳ ✷ ✺ ✹ ✵✳ ✵ ✶ ✽ ✵✳ ✵ ✸ ✺ ✶✳ ✵ ✵ ✵
❣ ♦ ✈ ❴ ❡ ① ♣ ✵✳ ✵ ✹ ✶ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✻ ✵✳ ✻ ✾ ✶
♦ ♣ ❡ ♥ ✵✳ ✸ ✸ ✽ ✲ ✵✳ ✵ ✷ ✼ ✵✳ ✵ ✹ ✹ ✵✳ ✵ ✵ ✵

✉ ❜❧✐ ❝ ❛ ✐ ♦ ♥ ❝ ❤ ❛ ❛ ❝ ❡ ✐ ✐ ❝
❥ ♦ ✉ ♥ ❛❧ ✵✳ ✵ ✺ ✽ ✵✳ ✵ ✵ ✶ ✵✳ ✵ ✵ ✼ ✵✳ ✾ ✼ ✼
❛ ✉ ❤ ❛ ✛ ✵✳ ✵ ✺ ✷ ✲ ✵✳ ✵ ✵ ✶ ✵✳ ✵ ✵ ✼ ✵✳ ✵ ✵ ✵
❧ ❣ ♦ ♦ ❣ ❴ ♣ ❛ ✵✳ ✶ ✻ ✷ ✵✳ ✵ ✵ ✷ ✵✳ ✵ ✵ ✺ ✶✳ ✵ ✵ ✵

◆ ♦ ❡ ✿ ■ ✲ ♦ ❡ ✐ ♦ ✐ ♥ ❝❧ ✉ ✐ ♦ ♥ ♣ ♦ ❜ ❛ ❜✐❧✐ ②❀ ♦ ✳ ♠ ❡ ❛ ♥ ✲ ❲❡✐ ❣ ❤ ❡ ❞ ♣ ♦ ❡ ✐ ♦ ♠ ❡ ❛ ♥❀ ♦ ✳
❞✳ ❞ ❡ ✈✳ ✲ ❲❡✐ ❣ ❤ ❡ ❞ ♣ ♦ ❡ ✐ ♦ ❛ ♥ ❞ ❛ ❞ ❞ ❡ ✈✐ ❛ ✐ ♦ ♥❀ ❈ ♦ ♥ ❞✳ ♣ ♦ ✳ ✐ ❣ ♥ ✲ ❈ ♦ ♥ ❞✐ ✐ ♦ ♥ ❛❧ ♣ ♦ ❡ ✐ ♦

✐ ❣ ♥✳



❆ ♣ ♣ ❡ ♥ ❞✐ ① ❉

❉✐ ❛ ❣ ♥ ♦ ✐ ❝ ♦❢ ❇ ▼ ❆

❚❛ ❜❧ ❡ ❉✳ ✶✿ ❙ ✉ ♠ ♠ ❛ ② ♦❢ ❇ ▼ ❆ ❊ ✐ ♠ ❛ ✐ ♦ ♥ ✭ ❙ ❤ ♦ ❘ ✉ ♥✮

▼ ❡ ❛ ♥ ♥ ♦✳ ❡ ❣ ❡ ♦ ❉ ❛ ✇ ❇ ✉ ♥✲✐ ♥ ❚✐ ♠ ❡
✶ ✻✳ ✹ ✵ ✼ ✼ ✸ ✵ ✵ ✵ ✶ ✵ ✵ ✵ ✶✳ ✻ ✸ ✻ ✶ ❡ ❝

◆ ♦✳ ♠ ♦ ❞ ❡❧ ✈✐ ✐ ❡ ❞  ▼ ♦ ❞ ❡❧ ♣ ❛ ❝ ❡  ✪ ❱✐ ✐ ❡ ❞  ✪ ❚ ♦ ♣ ♠ ♦ ❞ ❡❧
✽ ✷ ✶ 3 .4 ✂ 1 0 1 0 2 .4 ✂ 1 0 ✁ 6 ✶ ✵ ✵

❈ ♦ ▼ ◆ ♦✳ ❖ ❜ ✳  ▼ ♦ ❞ ❡❧ ✐ ♦ ❣✲ ✐ ♦
✵✳ ✹ ✼ ✶ ✽ ✸ ✸ ✽ ✉ ♥✐❢ ♦ ♠ ❯■

❙ ❤ ✐ ♥ ❦ ❛ ❣ ❡✲ ❙ ❛
❆ ✈ ❂ ✵✳ ✾ ✾ ✼ ✶

❚❛ ❜❧ ❡ ❉✳ ✷✿ ❙ ✉ ♠ ♠ ❛ ② ♦❢ ❇ ▼ ❆ ❊ ✐ ♠ ❛ ✐ ♦ ♥ ✭ ▲ ♦ ♥ ❣ ❘ ✉ ♥✮

▼ ❡ ❛ ♥ ♥ ♦✳ ❡ ❣ ❡ ♦ ❉ ❛ ✇ ❇ ✉ ♥✲✐ ♥ ❚✐ ♠ ❡
✶ ✶✳ ✸ ✼ ✸ ✼ ✸ ✵ ✵ ✵ ✶ ✵ ✵ ✵ ✶✳ ✸ ✵ ✻ ✸ ❡ ❝

◆ ♦✳ ♠ ♦ ❞ ❡❧ ✈✐ ✐ ❡ ❞  ▼ ♦ ❞ ❡❧ ♣ ❛ ❝ ❡  ✪ ❱✐ ✐ ❡ ❞  ✪ ❚ ♦ ♣ ♠ ♦ ❞ ❡❧
✽ ✷ ✷ 8 .6 ✂ 1 0 9 9 .6 ✂ 1 0 ✁ 6 ✶ ✵ ✵

❈ ♦ ▼ ◆ ♦✳ ❖ ❜ ✳  ▼ ♦ ❞ ❡❧ ✐ ♦ ❣✲ ✐ ♦
✵✳ ✺ ✹ ✽ ✷ ✺ ✹ ✼ ✉ ♥✐❢ ♦ ♠ ❯■

❙ ❤ ✐ ♥ ❦ ❛ ❣ ❡✲ ❙ ❛
❆ ✈ ❂ ✵✳ ✾ ✾ ✽ ✷



❉✳ ❉✐ ❛ ❣ ♥ ♦ ✐ ❝ ♦❢ ❇ ▼ ❆ ■ ❳

❋✐ ❣ ✉ ❡ ❉✳ ✶✿ ❇ ▼ ❆ ❉✐ ❛ ❣ ♥ ♦ ✐ ❝ ❧ ♦ ✭ ❙ ❤ ♦ ❘ ✉ ♥✮

✭ ❛✮ ❇ ▼ ❆ ▼ ♦ ❞ ❡❧ ❙✐ ③ ❡

✭ ❜✮ ❈ ♦ ♥ ✈ ❡ ❣ ❡ ♥ ❝ ❡ ❧ ♦

◆ ♦ ❡ ✿ ♦ ❡ ✐ ♦ ♠ ♦ ❞ ❡❧ ✐ ③ ❡ ❞✐ ✐ ❜ ✉ ✐ ♦ ♥ ❛ ♥ ❞ ♠ ♦ ❞ ❡❧ ♣ ♦ ❜ ❛ ❜✐❧✐ ✐ ❡ ♣ ♦ ❞ ✉ ❝ ❡ ❞ ❜ ② ❤ ❡ ❇ ▼ ❙
♣ ❛ ❝ ❦ ❛ ❣ ❡ ✇✐ ❤ ✉ ♥✐❢ ♦ ♠ ♠ ♦ ❞ ❡❧ ♣ ✐ ♦ ♦ ♥ ❤ ♦ ✲ ✉ ♥ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✳



❉✳ ❉✐ ❛ ❣ ♥ ♦ ✐ ❝ ♦❢ ❇ ▼ ❆ ❳

❋✐ ❣ ✉ ❡ ❉✳ ✷✿ ❇ ▼ ❆ ❉✐ ❛ ❣ ♥ ♦ ✐ ❝ ❧ ♦ ✭ ▲ ♦ ♥ ❣ ❘ ✉ ♥✮

✭ ❛✮ ❇ ▼ ❆ ▼ ♦ ❞ ❡❧ ❙✐ ③ ❡

✭ ❜✮ ❈ ♦ ♥ ✈ ❡ ❣ ❡ ♥ ❝ ❡ ❧ ♦

◆ ♦ ❡ ✿ ♦ ❡ ✐ ♦ ♠ ♦ ❞ ❡❧ ✐ ③ ❡ ❞✐ ✐ ❜ ✉ ✐ ♦ ♥ ❛ ♥ ❞ ♠ ♦ ❞ ❡❧ ♣ ♦ ❜ ❛ ❜✐❧✐ ✐ ❡ ♣ ♦ ❞ ✉ ❝ ❡ ❞ ❜ ② ❤ ❡ ❇ ▼ ❙
♣ ❛ ❝ ❦ ❛ ❣ ❡ ✇✐ ❤ ✉ ♥✐❢ ♦ ♠ ♠ ♦ ❞ ❡❧ ♣ ✐ ♦ ♦ ♥ ❧ ♦ ♥ ❣✲ ✉ ♥ ❡❢ ♦ ♠ ❡ ✛ ❡ ❝ ✳



❆ ♣ ♣ ❡ ♥ ❞✐ ① ❊

❘ ♦ ❜ ✉ ♥ ❡ ❈ ❤ ❡ ❝ ❦

❋✐ ❣ ✉ ❡ ❊✳ ✶✿ ❇ ❛ ② ❡ ✐ ❛ ♥ ▼ ♦ ❞ ❡❧ ❆ ✈ ❡ ❛ ❣✐ ♥ ❣✱ ▼ ♦ ❞ ❡❧ ■ ♥ ❝❧ ✉ ✐ ♦ ♥ ✭ ❙ ❤ ♦ ❘ ✉ ♥✮

◆ ♦ ❡ ✿ ❖ ♥ ❤ ❡ ❤ ♦ ✐ ③ ♦ ♥ ❛❧ ❛ ①✐ ✱ ❤ ❡ ✜ ❣ ✉ ❡ ❤ ♦ ✇ ❤ ❡ ❜ ❡ ♠ ♦ ❞ ❡❧ ✱ ❝ ❛❧ ❡ ❞ ❜ ② ❤ ❡✐ ▼ ✳
❚ ❤ ❡ ❡ ① ♣❧ ❛ ♥ ❛ ♦ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❛ ❡ ♣❧ ♦ ❡ ❞ ♦ ♥ ❤ ❡ ✈ ❡ ✐ ❝ ❛❧ ❛ ①✐ ✳ ❇❧ ✉ ❡ ❝ ♦❧ ♦ ✉ ❝ ♦ ❡ ♣ ♦ ♥ ❞ ♦
❛ ♣ ♦ ✐ ✐ ✈ ❡ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✱ ❡ ❞ ♦ ❛ ♥ ❡ ❣ ❛ ✐ ✈ ❡ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✱ ❛ ♥ ❞ ✇ ❤✐ ❡ ♦ ♥ ♦ ♥✲✐ ♥ ❝❧ ✉ ✐ ♦ ♥ ♦❢ ❤ ❡
♣ ❛ ✐ ❝ ✉❧ ❛ ✈ ❛ ✐ ❛ ❜❧ ❡✳ ❆❧ ❡ ♥ ❛ ✐ ✈ ❡ ♣ ✐ ♦ ❛ ❡ ❡ ♦ ✧ ❛ ♥ ❞ ♦ ♠ ✧ ❛ ♥ ❞ ✧ ❇ ❘■ ❈ ✧✳



❊✳ ❘ ♦ ❜ ✉ ♥ ❡ ❈ ❤ ❡ ❝ ❦ ❳■■

❋✐ ❣ ✉ ❡ ❊✳ ✷✿ ❇ ❛ ② ❡ ✐ ❛ ♥ ▼ ♦ ❞ ❡❧ ❆ ✈ ❡ ❛ ❣✐ ♥ ❣✱ ▼ ♦ ❞ ❡❧ ■ ♥ ❝❧ ✉ ✐ ♦ ♥ ✭ ▲ ♦ ♥ ❣ ❘ ✉ ♥✮

◆ ♦ ❡ ✿ ❖ ♥ ❤ ❡ ❤ ♦ ✐ ③ ♦ ♥ ❛❧ ❛ ①✐ ✱ ❤ ❡ ✜ ❣ ✉ ❡ ❤ ♦ ✇ ❤ ❡ ❜ ❡ ♠ ♦ ❞ ❡❧ ✱ ❝ ❛❧ ❡ ❞ ❜ ② ❤ ❡✐ ▼ ✳
❚ ❤ ❡ ❡ ① ♣❧ ❛ ♥ ❛ ♦ ② ✈ ❛ ✐ ❛ ❜❧ ❡ ❛ ❡ ♣❧ ♦ ❡ ❞ ♦ ♥ ❤ ❡ ✈ ❡ ✐ ❝ ❛❧ ❛ ①✐ ✳ ❇❧ ✉ ❡ ❝ ♦❧ ♦ ✉ ❝ ♦ ❡ ♣ ♦ ♥ ❞ ♦
❛ ♣ ♦ ✐ ✐ ✈ ❡ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✱ ❡ ❞ ♦ ❛ ♥ ❡ ❣ ❛ ✐ ✈ ❡ ❝ ♦ ❡ ✣ ❝✐ ❡ ♥ ✱ ❛ ♥ ❞ ✇ ❤✐ ❡ ♦ ♥ ♦ ♥✲✐ ♥ ❝❧ ✉ ✐ ♦ ♥ ♦❢ ❤ ❡
♣ ❛ ✐ ❝ ✉❧ ❛ ✈ ❛ ✐ ❛ ❜❧ ❡✳ ❆❧ ❡ ♥ ❛ ✐ ✈ ❡ ♣ ✐ ♦ ❛ ❡ ❡ ♦ ✧ ❛ ♥ ❞ ♦ ♠ ✧ ❛ ♥ ❞ ✧ ❇ ❘■ ❈ ✧✳



❊✳ ❘ ♦ ❜ ✉ ♥ ❡ ❈ ❤ ❡ ❝ ❦ ❳■■■

❚❛ ❜❧ ❡ ❊✳ ✶✿ ❈ ♦ ❡ ✣ ❝✐ ❡ ♥ ❊ ✐ ♠ ❛ ❡ ✭ ❙ ❤ ♦ ❘ ✉ ♥✮

❱ ❛ ✐ ❛ ❜❧ ❡  ■ ♦ ✳ ♠ ❡ ❛ ♥  ♦ ✳ ❞✳ ❞ ❡ ✈✳  ❈ ♦ ♥ ❞✳ ♣ ♦ ✳ ✐ ❣ ♥

❡ ✵✳ ✵ ✸ ✶ ✲ ✵✳ ✵ ✷ ✵ ✵✳ ✶ ✸ ✹ ✵✳ ✵ ✻ ✺

❉ ❛ ❛ ❛ ♥ ❞ ♠ ❡ ❤ ♦ ❞
❦ ✵✳ ✵ ✶ ✺ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✵ ✵✳ ✺ ✹ ✸
❡ ♥ ❞ ♦ ✵✳ ✵ ✷ ✷ ✵✳ ✵ ✵ ✵ ✵✳ ✵ ✵ ✹ ✵✳ ✼ ✽ ✽
✜ ① ❡ ❞ ✶✳ ✵ ✵ ✵ ✵✳ ✶ ✺ ✼ ✵✳ ✵ ✸ ✼ ✶✳ ✵ ✵ ✵
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