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✹✳✷ ❚❡♠♣✐ ❚❛①✐ ■♥❣❤✐❧❡3❡++❛✲❖❧❛♥❞❛✲■+❧❛♥❞❛✲❉❛♥✐♠❛+❝❛ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

✹✳✸ ❚❡♠♣✐ ❚❛①✐ ❙♣❛❣♥❛✲❋+❛♥❝✐❛✲■3❛❧✐❛ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✾

✹✳✹ ❚❡♠♣✐ ❚❛①✐ ❙✈✐③③❡+❛✲❱❛+✐ ❊&3 ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✵

✹✳✺ ❈♦♥&✉♠✐ ♠❡❞✐ ■❆❚❆ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✵

✹✳✻ ❈♦♥❞✐③✐♦♥✐ &3❛♥❞❛+❞✿ &❡❧❢ ♠❛♥❡✉✈❡+✐♥❣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✹✳✼ ❈♦♥❞✐③✐♦♥✐ &3❛♥❞❛+❞✿ ♣✉&❤✲❜❛❝❦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✹✳✽ ❈♦♥❞✐③✐♦♥✐ &3❛♥❞❛+❞✿ ❇+✐3✐&❤ ❆✐+✇❛②& ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻

✹✳✾ ❈♦♥❞✐③✐♦♥✐ ❞❡✲✐❝✐♥❣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽

✹✳✶✵ ❈♦♥❞✐③✐♦♥✐ ▲❱.✿ &❡❧❢ ♠❛♥❡✉✈❡+✐♥❣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✸

✹✳✶✶ ❈♦♥❞✐③✐♦♥✐ ▲❱.✿ ♣✉&❤✲❜❛❝❦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✸

✹✳✶✷ ❈♦♥❞✐③✐♦♥✐ ❞✐ ♥❡✈❡ &✉❧ ❝❛♠♣♦✿ 3❡♠♣✐ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✹✳✶✸ ❈♦♥❞✐③✐♦♥✐ ❞✐ ♥❡✈❡ &✉❧ ❝❛♠♣♦✿ &❡❧❢ ♠❛♥❡✉✈❡+✐♥❣ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✹✳✶✹ ❈♦♥❞✐③✐♦♥✐ ❞✐ ♥❡✈❡ &✉❧ ❝❛♠♣♦✿ ♣✉&❤✲❜❛❝❦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✹✳✶✺ ❚❡♠♣✐ ♠❡❞✐ ♣❡+ 3✐♣♦ ❞✐ ❛❡+♦♠♦❜✐❧❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺

✹✳✶✻ ▼■❚✿ ♣+✐♠♦ ❛♣♣+♦❝❝✐♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✼

✹✳✶✼ ▼■❚✿ &❡❝♦♥❞♦ ❛♣♣+♦❝❝✐♦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✹✳✶✽ ❋❡+♠❛3❡ ❡❞ ❛❝❝❡❧❡+❛③✐♦♥✐ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✹✳✶✾ ❋❡+♠❛3❡ ❡❞ ❛❝❝❡❧❡+❛③✐♦♥✐ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✽

✹✳✷✵ ❈♦♥&✉♠✐ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✾

✹✳✷✶ ❈♦♥&✉♠✐ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✾

✹✳✷✷ ❘✐&♣❛+♠✐♦ 3❡♠♣✐ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✻✹

✻✳✶ ❚❡♠♣✐ ♠❡❞✐ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✸
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■❧ "❡$"♦ ❛♥❛❧✐③③❛ ❧✬✐♠♣❛""♦ ♦♣❡-❛"✐✈♦ ❝❤❡✱ ✉♥ $✐$"❡♠❛ ❞✐ -✉❧❧❛❣❣✐♦ ❡❧❡""-✐❝♦✱

♣✉5 ❛✈❡-❡ $✉ ✉♥ ✈❡❧✐✈♦❧♦ ❞✐ ❧✐♥❡❛✳ ❙✐ $♦♥♦ ❛♥❛❧✐③③❛"❡ ❧❡ ❛""✉❛❧✐ ♣-♦❝❡❞✉-❡✱

✈❛❧✉"❛"✐ ✐ "❡♠♣✐ ❞✐ -✉❧❧❛❣❣✐♦ ❞❡✐ ♠❛❣❣✐♦-✐ ❛❡-♦♣♦-"✐ ❡✉-♦♣❡✐ ❡ ❧❡ ❝❛"❡❣♦-✐❡ ❞✐

✈❡❧✐✈♦❧✐ ❛✐ 8✉❛❧✐ 8✉❡$"✐ $✐$"❡♠✐ ♣♦$$♦♥♦ ❡$$❡-❡ ✐♥❞✐-✐③③❛"✐✳ ➱ $"❛"❛ ❝♦♥❞♦""❛

✉♥❛ -❛❝❝♦❧"❛ ❞❛"✐ $✉❧ ❝❛♠♣♦✱ ✈❛❧✉"❛♥❞♦ ❧❡ "❡♠♣✐$"✐❝❤❡ ❞❡❧ -✉❧❧❛❣❣✐♦ ♥❡✐ ✈❛-✐

$❝❡♥❛-✐ ❡ 8✉❛♥"✐✜❝❛♥❞♦ ✐❧ ♣♦$$✐❜✐❧❡ -✐$♣❛-♠✐♦✳ ❙♦♥♦ $"❛"❡ ❝♦♥❞♦""❡ ✐♥"❡-✈✐$"❡

❛ ♣✐❧♦"✐ ❡ ♣❡-$♦♥❛❧❡ ❞✐ -❛♠♣❛ ♣❡- ♣♦"❡- ✈❛❧✉"❛-❡ ❡ ❝♦♠♣-❡♥❞❡-❡ ❧❡ ✈❛-✐❛❜✐❧✐ ✐♥

❣✐♦❝♦✳ ❙♦♥♦ $"❛"❡ ❝❛❧❝♦❧❛"❡ ❧❡ ❡♠✐$$✐♦♥✐ ❣❛$$♦$❡ ♥❡❧❧❡ ✈❛-✐❡ ❝♦♥✜❣✉-❛③✐♦♥✐✱ ♣❡-

♣♦"❡- ❛♥❛❧✐③③❛-❡ ❧✬✐♠♣❛""♦ ❛♠❜✐❡♥"❛❧❡ ❝❤❡ ❧❡ $♦❧✉③✐♦♥✐ ❞✐ -✉❧❧❛❣❣✐♦ ❡❧❡""-✐❝♦

♣♦$$♦♥♦ ❛✈❡-❡✳ ■♥✜♥❡ < $"❛"♦ ❛♥❛❧✐③③❛"♦ ❛ 8✉❛❧✐ $✈✐❧✉♣♣✐ "❛❧❡ "❡❝♥♦❧♦❣✐❛ ♣✉5

♣♦-"❛-❡✳

✻



 !❡♠❡$$❛

❘✐"♣❛%♠✐❛%❡ ( ❧❛ ❝❤✐❛✈❡ ❞❡❧ "✉❝❝❡""♦✱ ♦❣❣✐ ❝♦♠❡ ♥♦♥ ♠❛✐✳ ❙❡ ❛❧ %✐"♣❛%♠✐♦

( ❛""♦❝✐❛5♦ ❛♥❝❤❡ ✐❧ %✐"♣❡55♦ ❞❡❧❧❡ "5%✐♥❣❡♥5✐ ♥♦%♠❛5✐✈❡ "✉❧❧❡ ❡♠✐""✐♦♥✐✱ ❛❧❧♦%❛✱

♣♦5%❡❜❜❡ ❡""❡%❡ ✉♥❛ ❜✉♦♥❛ "♦❧✉③✐♦♥❡✳

▲♦ "❝♦♣♦ ❞❡❧❧♦ "❝%✐55♦ ( 9✉❡❧❧♦ ❞✐ ✈❛❧✉5❛%❡ "✉❧ ❝❛♠♣♦ "❡ ✐ "✐"5❡♠✐✱ ❝❤❡ "✐ "5❛♥✲

♥♦ "✈✐❧✉♣♣❛♥❞♦ ♥❡❧ ♠♦♥❞♦ ❛❡%♦♥❛✉5✐❝♦ ♣❡% ✉♥ %✉❧❧❛❣❣✐♦ ♣✐; ♣❛%"✐♠♦♥✐♦"♦✱

"♦♥♦ %❡❛❧♠❡♥5❡ ❝♦♥✈❡♥✐❡♥5✐✳ ❙✐ ( ✈♦❧✉5♦ ❞❛%❡ ❛❧❧♦ "❝%✐55♦ ✉♥ 5❛❣❧✐♦ ♣✐; ❝%✐5✐❝♦✱

"❢%✉55❛♥❞♦ ✐♥ ♣❛%5❡✱ ❧❡ ❝♦♥♦"❝❡♥③❡ ❞❡❧❧✬❛✉5♦%❡ "✉❧ ♠♦♥❞♦ ❛❡%♦♥❛✉5✐❝♦ %❡❧❛5✐✈❡

❛❧ "✉♦ ✐♠♣✐❡❣♦✳ ❈♦♥5%♦❧❧♦%❡ ❞❡❧ 5%❛✣❝♦ ❛❡%❡♦ ❞❛❧ ✷✵✶✵✱ ❤❛ ❧❛✈♦%❛5♦ ✜♥♦ ❛❧❧❛

✜♥❡ ❞❡❧ ✷✵✶✸ ♣%❡""♦ ❧❛ 5♦%%❡ ❞✐ ❝♦♥5%♦❧❧♦ ❞✐ ◆❛♣♦❧✐ ❶❈❛♣♦❞✐❝❤✐♥♦ ❷❡❞ ♦❣❣✐

( ✐♠♣✐❡❣❛5♦ ❛ ▼✐❧❛♥♦ ❶▲✐♥❛5❡ ❷✳ ❙❢%✉55❛♥❞♦ ✐ ❝♦♥5❛55✐ ❛❧❧✬✐♥5❡%♥♦ ❞❡❧❧✬❛❡%♦✲

♣♦%5♦ ❤❛ ❝♦♥❞♦55♦ ✐♥5❡%✈✐"5❡✱ %❛❝❝♦❧5♦ ❞❛5✐ ❡ "❡♠♣❧✐❝✐ ♦""❡%✈❛③✐♦♥✐ ❞✐ 5✉55♦

9✉❡❧❧♦ ❝❤❡ ♣✉G ❝♦♥❞✐③✐♦♥❛%❡ ❧❛ ✈✐5❛ ♦♣❡%❛5✐✈❛ ❞✐ ✉♥ ✈❡❧✐✈♦❧♦ ❞♦5❛5♦ ❞✐ ✉♥ "✐✲

"5❡♠❛ ❡❧❡55%✐❝♦ ❞✐ %✉❧❧❛❣❣✐♦✳ ❈♦♥"✐❞❡%❛♥❞♦ ✉♥ ❛❡%♦♣♦%5♦ 5✐♣♦✱ ❝♦♠❡ 9✉❡❧❧♦

❞✐ ▲✐♥❛5❡✱ "✐ "♦♥♦ ✈❛❧✉5❛5❡ ❧❡ ❝%✐5✐❝✐5H✱ ❧❡ ♣%♦❝❡❞✉%❡ ❛❡%♦♣♦%5✉❛❧✐ ❡ ♣♦""✐❜✐❧✐

✐♥❝♦♥✈❡♥✐❡♥5✐ ❛ ❝✉✐ ♣✉G ❛♥❞❛%❡ ✐♥❝♦♥5%♦ ✉♥ "✐"5❡♠❛ ❡❧❡55%✐❝♦✳ ❆♥❝❤❡ ✐♥ %❡✲

❧❛③✐♦♥❡ ❛❧❧❛ ❶❢❛♠✐❣❧✐❛ 5✐♣♦ ❷✭❆✸✷✵✮ ❛❧❧❛ 9✉❛❧❡ 9✉❡"5✐ "✐"5❡♠✐ ♣♦""♦♥♦ ❡""❡%❡

❞❡"5✐♥❛5✐✱ "✐ "♦♥♦ ❛♥❛❧✐③③❛5✐ ✐ ♣♦""✐❜✐❧✐ ♠✐❣❧✐♦%❛♠❡♥5✐ ❝❤❡ 5❛❧✐ "♦❧✉③✐♦♥✐ ♣♦""♦♥♦

✐♥5%♦❞✉%%❡✳

✼
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❈❛♣✐$♦❧♦ ✶

❉❡*❝,✐③✐♦♥❡ ❞❡❧ ♣,♦❜❧❡♠❛

 ❛♥♦$❛♠✐❝❛ (✉ *✉❛♥+♦ ✐❧ ❝♦(+♦ ❞❡❧ ❝❛$❜✉$❛♥+❡ (+✐❛ ❞✐✈❡♥+❛♥❞♦ ✉♥❛ ✈♦❝❡

(❡♠♣$❡ ♣✐2 ❞❡+❡$♠✐♥❛♥+❡ ♥❡❧ ❜✐❧❛♥❝✐♦ ❞✐ ✉♥❛ ❝♦♠♣❛❣♥✐❛ ❛❡$❡❛ ❡ ✐♠♣❛++♦ ❞❡❧

+$❛(♣♦$+♦ ❛❡$❡♦ (✉❧❧❡ ❡♠✐((✐♦♥✐ ❣❧♦❜❛❧✐✳

✶✳✶ ■♥$%♦❞✉③✐♦♥❡

◆❡❧ ✷✵✵✽✱ ✐❧ ❝❛$❜✉$❛♥+❡ : (+❛+❛ ❧❛ ✈♦❝❡ ♣✐2 ❝♦(+♦(❛ ♣❡$ ✐❧ (❡++♦$❡ ❣❧♦❜❛❧❡

❞❡❧ +$❛(♣♦$+♦ ❛❡$❡♦✳ ❙✉❧❧❛ ❜❛(❡ ❞✐ ✉♥ ❝❛♠♣✐♦♥❡ ❞✐ ✹✺ ✐♠♣♦$+❛♥+✐ ❝♦♠♣❛❣♥✐❡

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

32, 3% ❞❡✐ ❝♦(+✐ ♦♣❡$❛+✐✈✐ +♦+❛❧✐✱ $✐(♣❡++♦ ❛❧ 27, 4% ❞❡❧ ✷✵✵✼✳ ▲❛ *✉♦+❛ ❞❡❧

❝♦(+♦ ❞❡❧ ❧❛✈♦$♦ ✭❝♦♠♣$❡(❡ ❧❡ ♣❡♥(✐♦♥✐✮ : (❝❡(❛ ❞❛❧ 22, 8% ❞❡❧ ✷✵✵✼ ❛❧ 20, 1%
♥❡❧ ✷✵✵✽✳ ▲❛ *✉♦+❛ ❞❡❧ ❝♦(+♦ ❞❡❧ ❝❛$❜✉$❛♥+❡ ❡$❛ ❞❡❧ 12− 13% +$❛ ✐❧ ✷✵✵✶ ❡ ✐❧

✷✵✵✸✱ ♠❛ ✐❧ ♣$❡③③♦ ♠❡❞✐♦ ❞❡❧ ❥❡+ ❢✉❡❧ ❛❧ ❜❛$✐❧❡ ♣❛((H ❞❛✐ ✸✹✱✼ ✩ ♥❡❧ ✷✵✵✸ ❛ ✶✷✻✱✼

✩ ♥❡❧ ✷✵✵✽✳ ❆ ♣❛$+✐$❡ ❞❛❧ ✷✵✵✶ ❧❡ ❝♦♠♣❛❣♥✐❡ ❛❡$❡❡ $✐(♣♦(❡$♦ ❛✐ ❝♦(+✐ (❡♠♣$❡

♣✐2 ❡❧❡✈❛+✐ ❞❡❧ ❝❛$❜✉$❛♥+❡ ❡ ❛❧❧❡ ❢♦$+✐ ♣$❡((✐♦♥✐ ✜♥❛♥③✐❛$✐❡ ♦♣❡$❛♥❞♦ ❝♦♥ ❛❡$❡✐

❝❤❡ ❝♦♥(✉♠❛((❡$♦ (❡♠♣$❡ ♠❡♥♦ ❝❛$❜✉$❛♥+❡ ❡ ♣♦$+❛♥❞♦ ❛ +❡$♠✐♥❡ ❣✉❛❞❛❣♥✐

✐♥ ♣$♦❞✉++✐✈✐+M ❡❞ ❡✣❝✐❡♥③❛ ✐♥ +✉++❡ *✉❡❧❧❡ ✈♦❝✐ ❡(+$❛♥❡❡ ❛❧ ❝♦♠❜✉(+✐❜✐❧❡✳ ■♥

♣❛$+✐❝♦❧❛$❡✱ ❧❛ ♣$♦❞✉++✐✈✐+M ❞❡❧ ❧❛✈♦$♦ ✭✐♥ +❡$♠✐♥✐ ❞✐ ❛❞❞❡++✐ ♣❡$ +♦♥♥❡❧❧❛+❛

❛❧ ❝❤✐❧♦♠❡+$♦✮ ♠✐❣❧✐♦$H ❞❡❧ 42% ♥❡❧ ♣❡$✐♦❞♦✱ ❞✐ ❝♦♥(❡❣✉❡♥③❛✱ ❧❛ *✉♦+❛ ❞✐

❧❛✈♦$♦ ♥❡✐ ❝♦(+✐ ♦♣❡$❛+✐✈✐ +♦+❛❧✐ (❝❡(❡ ❞❛❧ 28, 3% ❞❡❧ ✷✵✵✶ ❛❧ 20, 1% ♥❡❧ ✷✵✵✽✳

▲❡ ❝♦♠♣❛❣♥✐❡ ❛❡$❡❡ ♦++❡♥♥❡$♦✱ ✐♥♦❧+$❡✱ ♥♦+❡✈♦❧✐ ♠✐❣❧✐♦$❛♠❡♥+✐ ♥❡✐ ❝♦(+✐ ✐♥

❛❧+$✐ (❡++♦$✐✱ ❝♦♠❡ ♥❡❧❧❛ ❞✐(+$✐❜✉③✐♦♥❡ ❡ ♥❡❧❧❛ (❡♠♣❧✐✜❝❛③✐♦♥❡ ❞❡❧ ♣$♦❣❡++♦

✐♠♣$❡♥❞✐+♦$✐❛❧❡ ❬✺❪✳

✾
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❉✐✛❡$❡♥③❡ $❡❣✐♦♥❛❧✐ ❞❡❧ ❝♦-.♦ ❞❡❧ ❝❛$❜✉$❛♥.❡ ❡ ❞❡❧ ❧❛✈♦$♦

❙♦♥♦ %✐❣♥✐✜❝❛+✐✈❡ ❧❡ ❞✐✛❡1❡♥③❡ ❣❡♦❣1❛✜❝❤❡ +1❛ ❧❡ 4✉♦+❡ ❞❡✐ ❝♦%+✐ ❞❡❧ ❝❛1✲

❜✉1❛♥+❡ ❡ ❞❡❧ ❧❛✈♦1♦ ❛❧❧✬✐♥+❡1♥♦ ❞❡✐ ❝♦%+✐ ♦♣❡1❛+✐✈✐ +♦+❛❧✐✿ ♥❡❧ ✷✵✵✽✱ ❧❛ ✈♦❝❡

❝♦%+♦ ❞❡❧ ❧❛✈♦1♦ ♥❡❧❧❛ ❣❡%+✐♦♥❡ ❞❡❧❧❡ ❝♦♠♣❛❣♥✐❡ ❛❡1❡❡ ❢✉ ❞❡❧ 22− 25% ✐♥ ◆♦1❞

❆♠❡1✐❝❛ ❡ ✐♥ ❊✉1♦♣❛✱ ♠❛ %♦❧♦ ❞❡❧ 14, 7% ✐♥ ❆%✐❛✲C❛❝✐✜❝♦✱ ❝✐D 1✐✢❡++❡ ✐❧ ❜❛%✲

%♦ ❝♦%+♦ ❞❡✐ %❛❧❛1✐ ❞❡❧ ❝♦♥+✐♥❡♥+❡ ❛%✐❛+✐❝♦✳ ❚✉++❛✈✐❛✱ ♥♦♥♦%+❛♥+❡ ✐❧ ❝♦%+♦ ❞❡❧

❧❛✈♦1♦ ♣✐H ❜❛%%♦✱ ❧❛ ♣❡1❝❡♥+✉❛❧❡ ❞❡❧ ❝♦%+♦ ❞❡❧ ❝❛1❜✉1❛♥+❡ ❡1❛ ❞❡❧ 36, 7% ✐♥

❆%✐❛✲C❛❝✐✜❝♦✱ ✐♥ ♣1♦♣♦1③✐♦♥❡ ♣✐H ❡❧❡✈❛+❛ ❝❤❡ ❛❧+1♦✈❡ ❬✺❪✳

❋✐❣✉1❛ ✶✳✶✿ C❡1❝❡♥+✉❛❧✐ ❞❡✐ ❝♦%+✐ ♣❡1 ❛1❡❛ ❣❡♦❣1❛✜❝❛

▲❛ ❣1❛♥❞❡ ♦♣❡1❛ ❞✐ 1✐%+1✉++✉1❛③✐♦♥❡ ❞❡❧❧❡ ❝♦♠♣❛❣♥✐❡ ❛❡1❡❡ ❞❡❧ ◆♦1❞ ❆♠❡✲

1✐❝❛ ❛ ♣❛1+✐1❡ ❞❛❧ ✷✵✵✶✱ ❤❛ ❝♦♥%❡♥+✐+♦ ❞✐ 1❛❣❣✐✉♥❣❡1❡ ♠✐❣❧✐♦1❛♠❡♥+✐ %✐❣♥✐✜✲

❝❛+✐✈✐ ♥❡❧❧❛ ♣1♦❞✉++✐✈✐+N ❡ 1✐❞✉③✐♦♥✐ ❞❡❧ ❝♦%+♦ +♦+❛❧❡ ❞❡❧ ❧❛✈♦1♦✳ ■❧ ❝♦%+♦ ❞❡❧

❧❛✈♦1♦✱ %✉❧ +♦+❛❧❡ ❞❡✐ ❝♦%+✐ ♦♣❡1❛+✐✈✐ ♣❡1 ❧❡ ❝♦♠♣❛❣♥✐❡ ❛❡1❡❡ ❞❡❧ ◆♦1❞ ❆♠❡✲

1✐❝❛✱ %❝❡%❡ ❜1✉%❝❛♠❡♥+❡ ❞❛❧ 36, 2% ❞❡❧ ✷✵✵✶ ❛❧ 21, 5% ♥❡❧ ✷✵✵✽✱ ❝✐D 1✐✢❡++❡

✉♥ ❢♦1+❡ ❛✉♠❡♥+♦ ❞❡❧❧✬✐♥❞✐❝❡ ❞✐ ❝♦%+♦ ❞❡❧ ❝❛1❜✉1❛♥+❡ 1✐%♣❡++♦ ❛❧❧♦ %+❡%%♦ ♣❡✲

1✐♦❞♦✱ ♠❛ ❛♥❝❤❡ ❝❤❡ ✐❧ ❝♦%+♦ ❞❡❧ ❧❛✈♦1♦ ❞✐♠✐♥✉P ♠♦❧+♦

✶

✳ ◆❡❧ ✷✵✵✽✱ ❧❛ ♣1✐♠❛

✈♦❧+❛ ❞❛❧ ✷✵✵✶✱ ✐❧ ❝♦%+♦ ❞❡❧ ❝❛1❜✉1❛♥+❡ 1❛♣♣1❡%❡♥+D✱ ♣❡1 ❧❡ ❝♦♠♣❛❣♥✐❡ ❛❡1❡❡

❡✉1♦♣❡❡✱ ✉♥❛ ♣❡1❝❡♥+✉❛❧❡ ♣✐H ❛❧+❛ ❞❡✐ ❝♦%+✐ ♦♣❡1❛+✐✈✐ 1✐%♣❡++♦ ❛ 4✉❡❧❧♦ ❞❡❧

❧❛✈♦1♦✳ ■❧ ❧❛✈♦1♦ ✐♥❝✐❞❡ ♣❡1 ✐❧ 24, 8% ❞❡✐ ❝♦%+✐ ♦♣❡1❛+✐✈✐✱ ♠❡♥+1❡ ✐❧ ❝❛1❜✉1❛♥+❡

❝✐1❝❛ 25, 3%✱ ✐❧ ❞✐✈❛1✐♦ +1❛ ✐❧ ❝❛1❜✉1❛♥+❡ ❡ ✐❧ ❝♦%+♦ ❞❡❧ ❧❛✈♦1♦ ✐♥✐③✐D ❛ 1✐❞✉1%✐

✐♥ ♠♦❞♦ %✐❣♥✐✜❝❛+✐✈♦ ❛ ♣❛1+✐1❡ ❞❛❧ ✷✵✵✶✳ ❈✐D 1✐✢❡++❡ ✐♥ ♣❛1+❡ ❧❛ ♠❛❣❣✐♦1❡

✢❡%%✐❜✐❧✐+N ❝♦♠♠❡1❝✐❛❧❡ ♣❡1 ❧❡ ❝♦♠♣❛❣♥✐❡ ❛❡1❡❡ ❡✉1♦♣❡❡ ❞✐ 1❡❛❧✐③③❛1❡ ✉♥❛ ❝♦✲

♣❡1+✉1❛ ✜♥❛♥③✐❛1✐❛ ❞❡✐ ❝♦%+✐ ❞❡❧ ❝❛1❜✉1❛♥+❡✱ ❝❤❡ ❤❛ ❢♦1♥✐+♦ ✉♥❛ ♣1♦+❡③✐♦♥❡ ❞❛❧

❢♦1+❡ ❛✉♠❡♥+♦ ❞❡✐ ❝♦%+✐ ❞❡❧ ❝❛1❜✉1❛♥+❡✳ ❙✉❝❝❡%%✐✈❛♠❡♥+❡ ❧❛ ❝1✐%✐ ✜♥❛♥③✐❛1✐❛

❞❡❧ ✷✵✵✽✴✷✵✵✾ ❝♦❧♣P ❛♥❝❤❡ ✐❧ ♠❡1❝❛+♦ ♣❡+1♦❧✐❢❡1♦ ❢❛❝❡♥❞♦ ❝1♦❧❧❛1❡ ✐ ❝♦♥%✉♠✐ ❡

✐❧ ♣1❡③③♦ ❞❡❧ ❣1❡❣❣✐♦ ✭✜❣✉1❛ ✶✳✸✮✳ ❉❛❧ ✷✵✵✹✱ ❝♦♥ ✐❧ ❝♦%+♦ ❞❡❧ ❧❛✈♦1♦ ❜❛%%♦✱ ✐❧

❝❛1❜✉1❛♥+❡ 1❛♣♣1❡%❡♥+❛ ✐❧ ♠❛❣❣✐♦1 ✐♥❞✐❝❡ ♥❡❧ ❜✐❧❛♥❝✐♦ ♣❡1 ❧❡ ❝♦♠♣❛❣♥✐❡ ❛❡1❡❡

❞❡❧❧✬❛1❡❛ ❆%✐❛✲C❛❝✐✜❝♦ ✭4✉❛++1♦ ❛♥♥✐ ♣1✐♠❛ ❝❤❡ ♥❡❧ 1❡%+♦ ❞❡❧ ♠♦♥❞♦✮❀ ❧❡ ❝♦♠✲

♣❛❣♥✐❡ ❛❡1❡❡ ❞✐ 4✉❡%+✬❛1❡❛ %♦♥♦ %+❛+❡ ❧❡ ♣✐H ❡%♣♦%+❡ ❛❧❧✬✐♥❝1❡♠❡♥+♦ ❞❡❧ ❝♦%+✐

❞❡❧ ❣1❡❣❣✐♦✳ ◆❡❧ ✷✵✵✽✱ ❧❡ %♣❡%❡ ❞❡❧ ❝❛1❜✉1❛♥+❡ ❤❛♥♥♦ 1❛♣♣1❡%❡♥+❛+♦ ✐♥ ♠❡❞✐❛

✶

❈♦♠♣❧✐❝✐ ❛♥❝❤❡ ❧❡ ♠❛♥♦✈,❡✱ ❛ ❧✐✈❡❧❧♦ ♣❡♥.✐♦♥✐./✐❝♦✱ ✐♥/,❛♣,❡.❡ ❞❛❧❧♦ ❙/❛/♦✳
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✐❧ 36, 7% ❞❡✐ ❝♦'(✐ ♦♣❡*❛(✐✈✐ ♣❡* ❧❡ ❝♦♠♣❛❣♥✐❡ ❛❡*❡❡ ❆'✐❛✲2❛❝✐✜❝♦ ❝♦♥ ♣✉♥(❡

'✉♣❡*✐♦*✐ ❛❧ 50% ❬✺❪✳

❋✐❣✉*❛ ✶✳✷✿ ❈♦'(♦ ❞❡❧ ❧❛✈♦*♦ ❡ ❞❡❧ ❝♦♠❜✉'(✐❜✐❧❡

◆❡❧❧❛ ✜❣✉*❛ ✶✳✸ @ *✐♣♦*(❛(♦ ❧✬❛♥❞❛♠❡♥(♦ ❞❡❧ ❝♦'(♦ ♠❡❞✐♦ ❞❡❧ ❣*❡❣❣✐♦ ❡ ❞❡❧

❝♦♠❜✉'(✐❜✐❧❡ ♣❡* ❥❡( ✭

$
barile

✮

✶

✱ '✐ ♥♦(❛ ❧✬❛✉♠❡♥(♦ ❝♦♥(✐♥✉♦ ❞❡❧ ♣*❡③③♦ ✜♥♦ ❛❧

✷✵✶✶ ♣❡* ♣♦✐ '(❛❜✐❧✐③③❛*'✐

✷

✳ ■♥ ✜❣✉*❛ ✶✳✹ @ *✐♣♦*(❛(♦ ❧✬❛♥❞❛♠❡♥(♦ ❞❡✐ ❝♦'(✐ ❡

❞❡✐ ❝♦♥'✉♠✐ ❞✐ ❝❛*❜✉*❛♥(❡ ✜♥♦ ❛ '❡((❡♠❜*❡ ✷✵✶✹✳ ❙❡❝♦♥❞♦ ✐❧ ❇❚❙ ✭❇✉*❡❛✉

♦❢ ❚*❛♥'♣♦*(❛(✐♦♥ ❙(❛(✐'(✐❝'✮✱ ♥❡✐ ♣*✐♠✐ ♥♦✈❡ ♠❡'✐ ❞❡❧ ✷✵✶✹✱ ✐❧ ❝♦♥'✉♠♦ ❞✐

❝❛*❜✉*❛♥(❡ ♥❡❧ '❡((♦*❡ ❞❡❧ (*❛'♣♦*(♦ ❛❡*❡♦ '(❛(✉♥✐(❡♥'❡ @ ❛✉♠❡♥(❛(♦ ❞❡❧ 2%✳

■❧ ❝♦'(♦ ♣❡* ❣❛❧❧♦♥❡

✸

@ '❝❡'♦✱ ♥❡❧ ♠❡'❡ ❞✐ '❡((❡♠❜*❡ ❞❡❧ ✷✵✶✹✱ ❛ 2, 86$✱ ❝♦♥ ✉♥

❞❡❝*❡♠❡♥(♦ '✉ ❜❛'❡ ❛♥♥✉❛ ❞✐ ❝✐*❝❛ 6, 2% ❡ ✐ ❞✐♣❡♥❞❡♥(✐ ✭❛ (❡♠♣♦ ♣✐❡♥♦✮ '♦♥♦

❛✉♠❡♥(❛(✐ ❞❡❧ 1, 1% ❬✷✻❪✳

✶✳✷ ❊♠✐&&✐♦♥✐ ❣❛&&♦&❡

■❧ (*❛'♣♦*(♦ ❛❡*❡♦ ✐♥❝✐❞❡ '♦❧♦ ♣❡* ✐❧ 5% '✉❧ ❝♦♥'✉♠♦ (♦(❛❧❡ ❞❡❧❧❡ *✐'♦*'❡ ♣❡✲

(*♦❧✐❢❡*❡ ♠♦♥❞✐❛❧✐✳ ❖❣♥✐ ❛♥♥♦ ✈✐ @ ✉♥ ♠✐❣❧✐♦*❛♠❡♥(♦ ❞❡❧❧✬❡✣❝✐❡♥③❛ ❡♥❡*❣❡(✐❝❛

❞❡❧ 3−4%✳ 2❡* ❢❛*❡ ✉♥ ❡'❡♠♣✐♦ ✐ ♠♦(♦*✐ (✉*❜♦❥❡( ♣*♦❞♦((✐ ♥❡❧ ✶✾✽✷ ♣*♦❞✉❝♦♥♦

✶

✶ ❜❛#✐❧❡❂✶✸✺ ❑❣✳

✷

■❧ ❇#❡♥0 1 ✐❧ ❣#❡❣❣✐♦ ❞✐ #✐❢❡#✐♠❡♥0♦ ♣❡# ✐❧ ♠❡#❝❛0♦ ❊✉#♦♣❡♦ ♠❡♥0#❡ ✐❧ ❲❚■ ✭❲❡=0

❚❡①❛= ■♥0❡#♠❡❞✐❛0❡✮ ♣❡# @✉❡❧❧♦ ❛♠❡#✐❝❛♥♦✱ ♦✈✈✐❛♠❡♥0❡ ❧❡ ❞✐✛❡#❡♥③❡ ♥♦♥ =✐ ❧✐♠✐0❛♥♦ =♦❧♦

❛❧ ♠❡#❝❛0♦ =✉❧ @✉❛❧❡ ✈❡♥❣♦♥♦ =❝❛♠❜✐❛0✐ ♠❛ ❛♥❝❤❡ ❛❞ ❛❧0#✐ ❢❛00♦#✐✱ ❛❞ ❡=❡♠♣✐♦ ✐❧ ♠❡③③♦ ❞✐

0#❛=♣♦#0♦ ✭❡=✳ ♦❧❡♦❞♦00✐✭❲■❚✮✮✳

✸U.S.gal. = 3, 79 ❧✐0#✐
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❝✐$❝❛ ✽✺✪ ❞✐ ❣❛+ ✐♥❝♦♠❜✉+1✐ ✐♥ ♠❡♥♦ $✐+♣❡11♦ ❛ 4✉❡❧❧✐ ♣$♦❞♦11✐ ♥❡❣❧✐ ❛♥♥✐ ✬✼✵

❡ ✐❧ ♠♦♥♦++✐❞♦ ❞✐ ❝❛$❜♦♥✐♦ ✭CO✮ ; ❞✐♠✐♥✉✐1♦ ❞❡❧ 70% ♥❡❧❧♦ +1❡++♦ ♣❡$✐♦❞♦✳

●❧✐ ❛❡$♦♠♦❜✐❧✐ ❛ ❣❡11♦ ❝♦♥1$✐❜✉✐+❝♦♥♦ ♣❡$ ❝✐$❝❛ ✐❧ 2 − 3% ❞❡❧❧❛ ♣$♦❞✉③✐♦♥❡

♠♦♥❞✐❛❧❡ ❞✐ ❜✐♦++✐❞♦ ❞✐ ❛③♦1♦ NO2 ❡ ❞✐ CO2 ❬✷✼❪✳ ■ +✐+1❡♠✐ ❞✐ 1$❛+♣♦$1♦ ❞✐

+✉♣❡$✜❝✐❡✱ ✐♥✈❡❝❡✱ ♣$♦❞✉❝♦♥♦ ❝✐$❝❛ ✐❧ 22% ❞❡❧❧❡ ❡♠✐++✐♦♥✐ ❞✐ ❝❛$❜♦♥✐♦ ❡ ✐❧ 1$❛✲

+♣♦$1♦ ♠❛$✐11✐♠♦ ❡✉$♦♣❡♦ ❝✐$❝❛ 1$❡ ✈♦❧1❡ 4✉❡❧❧♦ ❞❡❣❧✐ ❛❡$♦♠♦❜✐❧✐✳ ■❧ 1$❛+♣♦$1♦

❛❡$❡♦ ✐♥❝✐❞❡ ❝✐$❝❛ ❞❡❧ 3− 5% +✉❧❧✬✐♠♣❛11♦ ❣❧♦❜❛❧❡ ❝❧✐♠❛ ❞❡❧ ♣✐❛♥❡1❛ ❬✷✾❪✳ ▲❛

♣$♦❝❡❞✉$❛ ♣❡$ ❧❛ ❝❡$1✐✜❝❛③✐♦♥❡ ❞❡❧❧❡ ❡♠✐++✐♦♥✐ ❞❡✐ ♠♦1♦$✐ ❡ ✐ ❧✐♠✐1✐ ❞❡❧❧❡ ❡♠✐+✲

+✐♦♥✐ ❞❡❧❧❡ +♦+1❛♥③❡ ♥♦❝✐✈❡ ❡ ✐ ♠❡1♦❞✐ ❞✐ ♠✐+✉$❛ +♦♥♦ $✐♣♦$1❛1❡ ♥❡❧❧✬❆♥♥❡++♦

✶✻ ♣❛$1❡ ■■✳ ●❧✐ ❛❡$♦♠♦❜✐❧✐ +♦♥♦ ❝❡$1✐✜❝❛1✐ ♣❡$ ❧❡ ❡♠✐++✐♦♥✐ ❞❡✐ ♠♦1♦$✐ ❝♦♠❡

+♣❡❝✐✜❝❛1♦ ❞❛❧❧✬■❈❆❖ ▲❚❖ ✭❚❛❦❡ ♦✛ ❛♥❞ ▲❛♥❞✐♥❣ ❈②❝❧❡✮✳ ◗✉❡+1❡ ♣$♦❝❡❞✉$❡

♣❡$ ❧❛ ❝❡$1✐✜❝❛③✐♦♥❡✱ ❧✬❛✈✈✐❝✐♥❛♠❡♥1♦ ❞❛ 1500 ❢1✱ 1❛①✐ ✐♥ ❛$$✐✈♦✱ $✉❧❧❛❣❣✐♦ ✐♥

✉+❝✐1❛ ❡ ❞❡❝♦❧❧♦ ✜♥♦ ❛ 1500 ❢1✱ ♥♦♥ ; ❞❡11♦ ❝❤❡ +✐❛♥♦ ✐❧ ♠♦❞♦ ♠✐❣❧✐♦$❡ ♣❡$

✈❛❧✉1❛$❡ ❧❡ ❡♠✐++✐♦♥✐ ❛❧ ❣✐♦$♥♦ ❞✬♦❣❣✐✳ ❙✐ +♦♥♦ ❝♦♠✉♥4✉❡ ✐♠♣❧❡♠❡♥1❛1❡ ❞❡❧❧❡

♠❡1♦❞♦❧♦❣✐❡✱ ❛ ❧✐✈❡❧❧♦ ❛❡$♦♣♦$1✉❛❧❡✱ ♣❡$ ❧❛ $✐❞✉③✐♦♥❡ ❞❡❧❧❡ ❡♠✐++✐♦♥✐✱ ❝♦♠❡ ❧❛

❣❡+1✐♦♥❡ ❞❡✐ ♠♦✈✐♠❡♥1✐ +✉❧❧✬❛♣$♦♥✱ ❧❡ ♦♣❡$❛③✐♦♥✐ ❞✐ ♣✉+❤✲❜❛❝❦ ❡ ❧❡ ♣$♦❝❡❞✉$❡

❞✐ ❝♦♠♣❛❣♥✐❛ ♣❡$ $✐❞✉$$❡ ✐ ❝♦♥+✉♠✐ ❝♦♠❡ 4✉❡❧❧❡ ❞✐ $✉❧❧❛$❡ ❝♦♥ ✉♥ +♦❧♦ ♠♦✲

1♦$❡✳ ▲❛ $✐❞✉③✐♦♥❡ ❞❡❧❧❡ ❡♠✐++✐♦♥✐ ♥❡❧❧❡ ♦♣❡$❛③✐♦♥✐ ❞✐ ❛❡$♦♣♦$1♦✱ ♣✉V ❡++❡$❡

❛++✐♠✐❧❛1❛ ❛❧❧❡ ♣$♦❝❡❞✉$❡ ♣❡$ ❧❛ $✐❞✉③✐♦♥❡ ❞❡❧ $✉♠♦$❡ ❡ ♣❡$ 4✉❡❧❧❡ ❝♦♥+✉♠♦

❞✐ ❝❛$❜✉$❛♥1❡✳ ❉✉$❛♥1❡ ✐❧ ❞❡❝♦❧❧♦ ; ♣♦++✐❜✐❧❡ ✉♥❛ $✐❞✉③✐♦♥❡ ❞❡❧❧❡ ❡♠✐++✐♦♥✐✱

+❝❡❣❧✐❡♥❞♦ ❧❛ ♠✐❣❧✐♦$ ❝♦♥✜❣✉$❛③✐♦♥❡ ❡ $❡❣♦❧❛♥❞♦ ❛❞❡❣✉❛1❛♠❡♥1❡ ✐ ♠♦1♦$✐✳ ▲❡

1$❛✐❡11♦$✐❡ ❞✐ ✈♦❧♦ ♣♦++♦♥♦ ❡++❡$❡ ❞❡❜✐1❛♠❡♥1❡ ❛❝❝♦$❝✐❛1❡✱ ❧❡ ❞✐+❝❡+❡ ♦11✐♠✐③③❛✲

1❡ ❝♦♥ ❛❧1❡ ✈❡❧♦❝✐1X ❡ ❝♦♥ ✐❧ ♠✐♥✐♠♦ ✉+♦ ❞❡✐ ❞✐$✉11♦$✐ ❡ ❞❡✐ ✢❛♣ ♣❡$ ♠✐❣❧✐♦$❛$❡

❧✬❡✣❝✐❡♥③❛ ❛❡$♦❞✐♥❛♠✐❝❛ ❡ ❧✐♠✐1❛$❡ ❧✬✉+♦ ❞❡✐ ♠♦1♦$✐✳

■♥ ❣❡♥❡$❛❧❡✱ ❝♦♠✉♥4✉❡✱ ✐ ✈❡❧✐✈♦❧✐ ❝♦♥1$✐❜✉✐+❝♦♥♦ ❛❧❧✬✐♥4✉✐♥❛♠❡♥1♦ ❞❡❧❧✬❛$✐❛

♥❡❧❧❡ ✈✐❝✐♥❛♥③❡ ❞❡❧❧✬❛❡$♦♣♦$1♦ ♠❡♥♦ ❞✐ 4✉❛♥1♦ ❢❛❝❝✐❛♥♦ ✐ ✈❡✐❝♦❧✐ +✉❧❧✬❛♣$♦♥ ❡ ❧❛

❣❡♥❡$❛③✐♦♥❡ ❞✐ ❡♥❡$❣✐❛ ♣❡$ ❧✬❛❡$♦♣♦$1♦ +1❡++♦✳ [✉V ❡++❡$❡ ❛++✉♥1♦ ❝❤❡ ❧✬❛♣✐❝❡

❞❡❧❧❛ ❝♦♥1❛♠✐♥❛③✐♦♥❡ ❞❡❧❧✬❛$✐❛✱ ❣❡♥❡$❛❧♠❡♥1❡✱ +✐ ❤❛ ❞✉$❛♥1❡ ✐❧ ♣✐❝❝♦ ❞✐ 1$❛✣❝♦

❡+1✐✈♦✳ ◆❡❧ ♣$♦++✐♠♦ ❢✉1✉$♦ +❛$X ♥❡❝❡++❛$✐♦ ✐♥1$♦❞✉$$❡ ✉♥ ♠❛❣❣✐♦$ ♥✉♠❡$♦ ❞✐

✈❡✐❝♦❧✐ ❞✐ $❛♠♣❛ ❡❧❡11$✐❝✐ ❡ ♥❡❧❧♦ +1❡++♦ 1❡♠♣♦ $✐❞✉$$❡ ❧✬✉+♦ ❞❡❧❧✬❆[❯ ❛ ❢❛✈♦$❡

❞✐ ❛❧1$✐ +✐+1❡♠✐ ❛❡$♦♣♦$1✉❛❧✐✳

■♥ ♠♦❧1✐ ♣❛❡+✐ +✈✐❧✉♣♣❛1✐ ; ❞♦❝✉♠❡♥1❛1♦ ❝❤❡ ❧❛ 4✉❛❧✐1X ❞❡❧❧✬❛$✐❛ ; ♠✐❣❧✐♦$❡

✐♥ ❝✐11X $✐+♣❡11♦ ❛❧❧❛ ③♦♥❛ ❛❡$♦♣♦$1✉❛❧❡✳ ▲♦ +✈✐❧✉♣♣♦ ❞❡❧ +❡11♦$❡ ❛❡$♦♥❛✉1✐❝♦✱

♥❡❣❧✐ ✉❧1✐♠✐ ❞❡❝❡♥♥✐✱ ; +1❛1♦ ♠♦❧1♦ $❛♣✐❞♦ ❡ ❧❛ ♥❡❝❡++✐1X ❞✐ ❡♥❡$❣✐❛ ; ❛✉♠❡♥1❛1❛

♥♦1❡✈♦❧♠❡♥1❡ 1❛♥1♦ ❞❛ ♣♦1❡$ ♣$❡✈❡❞❡$❡ ❝❤❡ ♥❡❧ ❝♦♥1❡+1♦ ♠♦♥❞✐❛❧❡ ❧✬✐♥❞✉+1$✐❛

❛❡$♦♥❛✉1✐❝❛ ♥♦♥ ✐♥❝✐❞❡$X ♣✐^ +♦❧♦ ♠❛$❣✐♥❛❧♠❡♥1❡ ♥❡❧❧❡ ❡♠✐++✐♦♥✐ ♠♦♥❞✐❛❧✐✳



❈❆"■❚❖▲❖ ✶✳ ❉❊❙❈❘■❩■❖◆❊ ❉❊▲ "❘❖❇▲❊▼❆ ✶✹

❏❡"✲❆✶✿ ■♥❢♦+♠❛③✐♦♥✐ 0✉❧❧❡ ♣+♦♣+✐❡"4 ✜0✐❝❤❡ ❡ ❝❤✐✲

♠✐❝❤❡ ❢♦♥❞❛♠❡♥"❛❧✐

❙✐ $✐♣♦$'❛ ❞✐ *❡❣✉✐'♦ ✉♥ *✐♥'❡'✐❝♦ ❡❧❡♥❝♦ ❞❡❧❧❡ ♣$♦♣$✐❡'1 ✜*✐❝❤❡ ❞❡❧ ❝♦♠❜✉✲

*'✐❜✐❧❡ ❏❡'✲❆✶ ✉'✐❧✐③③❛'♦ ✐♥ ❛✈✐❛③✐♦♥❡❬✶✹❪✳

❼ ❆*♣❡''♦✿ ❧✐?✉✐❞♦ ❧✐♠♣✐❞♦

❼ ❖❞♦$❡✿ ❞✐ ♣❡'$♦❧✐♦

❼ A✉♥'♦ ❞✐ ❢✉*✐♦♥❡✴♣✉♥'♦ ❞✐ ❝♦♥❣❡❧❛♠❡♥'♦✿ <✲✹✼ ❽

❼ A✉♥'♦ ❞✐ ❡❜♦❧❧✐③✐♦♥❡ ✐♥✐③✐❛❧❡ ❡ ✐♥'❡$✈❛❧❧♦ ❞✐ ❡❜♦❧❧✐③✐♦♥❡✿ 155− 300 ❽

❼ A✉♥'♦ ❞✐ ✐♥✜❛♠♠❛❜✐❧✐'1✿ >✸✽❽

❼ ❉❡♥*✐'1 $❡❧❛'✐✈❛✿ 0, 775˘0, 840kg/dm3
❛ 15❽

❼ ❚❡♠♣❡$❛'✉$❛ ❞✐ ❛✉'♦❛❝❝❡♥*✐♦♥❡✿ >✷✷✵ ❽

❼ ❱✐*❝♦*✐'1✿ ♠❛① ✽

mm2

s
❛ −20 ❽

❼ A$♦♣$✐❡'1 ❡*♣❧♦*✐✈❡✿ ♥❡**✉♥ ❣$✉♣♣♦ ❝❤✐♠✐❝♦ ❛**♦❝✐❛❜✐❧❡ ❛❧❧❛ ♠♦❧❡❝♦❧❛

❝♦♥ ♣$♦♣$✐❡'1 ❡*♣❧♦*✐✈❡

❼ A$♦♣$✐❡'1 ♦**✐❞❛♥'✐✿ ❧❛ *♦*'❛♥③❛ ♥♦♥ $❡❛❣✐*❝❡ ❡*♦'❡$♠✐❝❛♠❡♥'❡ ✭'$❛*❢❡✲

$✐♠❡♥'♦ ❞✐ ❝❛❧♦$❡ ❞❛❧ *✐*'❡♠❛ ❛❧❧✬❡*'❡$♥♦✮ ❝♦♥ ♠❛'❡$✐❛❧✐ ❝♦♠❜✉*'✐❜✐❧✐



❈❛♣✐$♦❧♦ ✷

()♦❝❡❞✉)❡ ❡ .✐.$❡♠✐ ❛$$✉❛❧✐ ♣❡) ✐❧

)✉❧❧❛❣❣✐♦

❇!❡✈❡ ✐♥&!♦❞✉③✐♦♥❡ +✉❧❧❡ ♣!♦❝❡❞✉!❡ ♦♣❡!❛&✐✈❡ ❛&&✉❛❧♠❡♥&❡ ✐♥ ✉+♦ ❡ +✉✐

+✐+&❡♠✐ ❝❤❡ ♠❛❣❣✐♦!♠❡♥&❡ ♣♦++♦♥♦ ❡++❡!❡ ✐♥✢✉❡♥③❛&✐ ❞❛ ✉♥ ♣♦++✐❜✐❧❡ ✉&✐❧✐③③♦

❞✐ ✉♥ +✐+&❡♠❛ ❞✐ !✉❧❧❛❣❣✐♦ ❡❧❡&&!✐❝♦ ✭❡❚❛①✐✮✳

✷✳✶ ❆❝❝❡♥'✐♦♥❡ ♠♦+♦,✐

▲❛ ♣!♦❝❡❞✉!❛ ❞✐ ♠❡++❛ ✐♥ ♠♦&♦ ;✱ ✐♥ ♠♦❧&❡ ❝✐!❝♦+&❛♥③❡✱ ❛✉&♦♠❛&✐❝❛✳ ❈♦✲

♠✉♥?✉❡✱ +❡ ❧❛ ♣!♦❝❡❞✉!❛ ❛✉&♦♠❛&✐❝❛ ❞♦✈❡++❡ ❢❛❧❧✐!❡ ♣❡! ✉♥✬✐♥+✉✣❝✐❡♥③❛ ❞✐

♣!❡++✐♦♥❡ ❞❡❧❧✬❛!✐❛ ✐♥ ✐♥❣!❡++♦✱ ❝♦♠❡ ❛❞ ❡+❡♠♣✐♦ ✐♥ ❝❛+♦ ❞✐ ❛❡!♦♣♦!&✐ ♣♦+&✐

❛❞ ❡❧❡✈❛&❡ ❛❧&✐&✉❞✐♥✐ ♦ ❞✐ ❜❛++❛ ♣!❡++✐♦♥❡ ❞❡❧ ❣!✉♣♣♦ ❡+&❡!♥♦✱ ; ❝♦♥+✐❣❧✐❛&❛ ❧❛

♣!♦❝❡❞✉!❛ ♠❛♥✉❛❧❡✳ ❉✉!❛♥&❡ ❧✬❛❝❝❡♥+✐♦♥❡ ♣✉D ✈❡!✐✜❝❛!+✐ ✐❧ !✐♣♦!&♦✱ ❞❛ ♣❛!&❡

❞❡❧ ♣❡!+♦♥❛❧❡ ❞✐ &❡!!❛✱ ❞✐ ✉♥❛ ♣❡!❞✐&❛ ❞✐ ❝❛!❜✉!❛♥&❡ ❞❛❧❧✬❡♥❣✐♥❡ ❞!❛✐♥ ♠❛+&✱

✐♥ ?✉❡+&♦ ❝❛+♦ +✐ ❞♦✈!❡❜❜❡ ♠❛♥&❡♥❡!❡ ✐❧ ♠♦&♦!❡ ✐♥ ✐❞❧❡

✶

♣❡! ✺ ♠✐♥✳✱ ♥❡❧ ❝❛+♦

❝♦♥&✐♥✉❛++❡ ; ♥❡❝❡++❛!✐❛ ✉♥✬✐+♣❡③✐♦♥❡ ♠❛♥✉&❡♥&✐✈❛ ♣!✐♠❛ ❞❡❧❧✬✐♥✈♦❧♦ ❬✷✹❪✳

K✉D ❛❝❝❛❞❡!❡ ❝❤❡ ❧✬❛❧✐♠❡♥&❛③✐♦♥❡ ❡❧❡&&!✐❝❛ ✈❡♥❣❛ ❛ ♠❛♥❝❛!❡ ❞✉!❛♥&❡ ❧❛

♣!♦❝❡❞✉!❛ ❞✐ ♠❡++❛ ✐♥ ♠♦&♦✱ ✐♥❞✐❝❛&❛ ❞❛ ✉♥❛ ♣❡!❞✐&❛ ❞❡❧ ❞✐+♣❧❛② ❞❡❧❧✬❊❈❆▼

✷

✱

✐♥ ?✉❡+&♦ ❝❛+♦ ; ♥❡❝❡++❛!✐♦ +♣❡❣♥❡!❡ ✐❧ ♠❛+&❡! ❞❡❧❧✬❊◆● ✶✳ K!✐♠❛ ❞✐ !✐♣❡&❡!❡

❧✬♦♣❡!❛③✐♦♥❡ ; ♥❡❝❡++❛!✐♦ ❡✛❡&&✉❛!❡ ✸✵+ ❞✐ ❞!② ❝!❛♥❦

✸

✳

■ ♣❛!❛♠❡&!✐ +&❛♥❞❛!❞ ❞❡❧ ♠♦&♦!❡ ✐♥ ✐❞❧❡ ❛❧ ❧✐✈❡❧❧♦ ❞❡❧ ♠❛!❡ ❬✷✹❪✿

✶

 ♦"❡♥③❛ ♠♦"♦(❡ ❛❧ ♠✐♥✐♠♦✱ 7%
✷

❊❧❡❝"(♦♥✐❝ ❈❡♥"(❛❧✐③❡❞ ❆✐(❝(❛❢" ▼♦♥✐"♦( ✭❊❈❆▼✮ 5 ✉♥ 7✐7"❡♠❛✱ 7✈✐❧✉♣♣❛"♦ ❞❛ ❆✐(❜✉7✱

❝❤❡ ♠♦♥✐"♦(❛ ❧❡ ❢✉♥③✐♦♥✐ ❞❡❧❧✬❛❡(♦♠♦❜✐❧❡ ❝♦♠✉♥✐❝❛♥❞♦❧❡ ❛ 7❡❝♦♥❞❛ ❞❡❧❧❛ (✐❧❡✈❛♥③❛ ❛✐ ♣✐❧♦"✐✳

✸

❊✬ ❧❛ ✈❡♥"✐❧❛③✐♦♥❡ ❢♦(③❛"❛ ❞❡✐ ♠♦"♦(✐ ♣❡( ❡❧✐♠✐♥❛(❡ ✐ ✈❛♣♦(✐ ❞❡❧ ❝♦♠❜✉7"✐❜✐❧❡ ❞♦♣♦

✉♥✬❛❝❝❡♥7✐♦♥❡ ❢❛❧❧✐"❛✳ ▲✬❡?✉✐♣❛❣❣✐♦ ♣✉A ❡✛❡""✉❛(❡ ?✉❡7"❛ ♠❛♥♦✈(❛ ♠❛♥✉❛❧❡♠❡♥"❡✳

✶✺
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❋✐❣✉&❛ ✷✳✶✿ ❊♥❣✐♥❡ ❞&❛✐♥ ♠❛01

❼ ◆✶

✹

❝✐&❝❛ 19.5%

❼ ◆✷

✺

❝✐&❝❛ 58.5%

❼ ❊●❚

✻

❝✐&❝❛ ✸✾✵❽

❼ ❋❋ ❝✐&❝❛ ✷✼✺ ❑❣✴❤

❆❧ 1❡&♠✐♥❡ ❞❡❧❧✬❛❝❝❡♥0✐♦♥❡ ❞❡❧ ♣&✐♠♦ ♠♦1♦&❡ 0✐ ♣&❡❝❡❞❡ ❝♦♥ ✐❧ 0❡❝♦♥❞♦✱

1&❛♥♥❡ ♥❡❧ ❝❛0♦ ❞✐ &✉❧❧❛❣❣✐♦ 0✐♥❣❧❡ ❡♥❣✐♥❡✳

✷✳✷ ❘✉❧❧❛❣❣✐♦

❯♥❛ ❜✉♦♥❛ 01✐♠❛ ❞❡✐ 1❡♠♣✐ ❞✐ &✉❧❧❛❣❣✐♦ F ❢♦♥❞❛♠❡♥1❛❧❡✳ ■ ♠♦1♦&✐ ❛ &❡❛✲

③✐♦♥❡ 0♦♥♦ ♦11✐♠✐③③❛1✐ ♣❡& ❧❡ ❝♦♥❞✐③✐♦♥✐ ❞✐ ✈♦❧♦✱ ♠❛ ♦♣❡&❛♥♦ ♣❡& ✉♥ 1❡♠♣♦

❝♦♥0✐❞❡&❡✈♦❧❡ ❛❧ 0✉♦❧♦ ♣❡& &❛❣❣✐✉♥❣❡&❡ ❧❛ ♣✐01❛ ♦ ✐❧ 1❡&♠✐♥❛❧✳ ◗✉❡01♦ 1❡♠♣♦

01❛ ❛✉♠❡♥1❛♥❞♦ 0✐❛ ♣❡& ✈✐❛ ❞❡❧❧✬❛✛♦❧❧❛♠❡♥1♦ ❞❡❣❧✐ ❛❡&♦♣♦&1✐ 0✐❛ ♣❡& ❧✬❛✉♠❡♥✲

1♦ ❞❡❧❧❡ ❧♦&♦ ❞✐♠❡♥0✐♦♥✐✱ ✐♠♣❧✐❝❛♥❞♦ ✉♥❛ ♣❡&❞✐1❛ ❞✐ 1❡♠♣♦ ❡ ❧✬❛✉♠❡♥1♦ ❞❡❧

❝♦♥0✉♠♦ ❞✐ ❝♦♠❜✉01✐❜✐❧❡✳ ❙♦❧♦ ❧✬✉0♦ ❞✐ ✉♥♦ ❞❡✐ ❞✉❡ ♠♦1♦&✐ ♣❡& ✐❧ 1❛①✐ ✭♦ ❞✉❡

✹

◆✶ " ✐❧ ❝♦♠♣)❡++♦)❡ ❞✐ ❜❛++❛ ♣)❡++✐♦♥❡✴✈❡❧♦❝✐23 ❞✐ )♦2❛③✐♦♥❡ ❞❡❧ ❢❛♥ ❡+♣)❡++❛ ✐♥

♣❡)❝❡♥2✉❛❧❡✳

✺

◆✷ " ✐❧ ❝♦♠♣)❡++♦)❡ ❞✬❛❧2❛ ♣)❡++✐♦♥❡✴✈❡❧♦❝✐23 ❞✐ )♦2❛③✐♦♥❡ ❞❡❧❧❛ 2✉)❜✐♥❛ ❡+♣)❡++❛ ✐♥

♣❡)❝❡♥2✉❛❧❡✳

✻

❊①❤❛✉+2 ●❛+ ❚❡♠♣❡)❛2✉)❡
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♣❡$ ❣❧✐ ❛❡$♦♠♦❜✐❧✐ ,✉❛❞$✐♠♦/♦$✐✮ ♣✉1 ♣♦$/❛$❡ ❛ ❞❡✐ ❜❡♥❡✜❝✐✳

❆✐$❜✉7 ❢♦$♥✐7❝❡ ❞❡❧❧❡ ✐♥❞✐❝❛③✐♦♥✐ 7✉❧❧❡ ♣$♦❝❡❞✉$❡ 7/❛♥❞❛$❞ ❞❛ ❛❞♦//❛$❡ ♥❡❧

❋❧✐❣❤/ ❈$❡✇ ❖♣❡$❛/✐♥❣ ▼❛♥✉❛❧ ♣❡$ ❛❧❝✉♥❡ ♦♣❡$❛③✐♦♥✐✳ ■ ✈❡//♦$✐ ❞❡✈♦♥♦ ❝♦♥✲

7✐❞❡$❛$❡ ❞✐✈❡$7✐ ❢❛//♦$✐ ♣$✐♠❛ ❞✐ ✐♥❝♦$♣♦$❛$❡ /❛❧❡ ♣$♦❝❡❞✉$❛ ♥❡✐ ❧♦$♦ 7/❛♥❞❛$❞

♦♣❡$❛/✐✈✐✿

❼ ♥♦♥ D ❛❞❛//❛ ♣❡$ ❡❧❡✈❛/✐ ♣❡7✐❀

❼ D 7❝♦♥7✐❣❧✐❛/❛ ❧❛❞❞♦✈❡ 7✐❛♥♦ ♣$❡✈✐7/✐ ❞✐7❧✐✈❡❧❧✐ ♦ ♥❡❧ ❝❛7♦ ❞✐ 7✉♣❡$✜❝✐

❜❛❣♥❛/❡❀

❼ ♥♦♥ F ❣❛$❛♥/✐/❛ ❧❛ ♣$♦/❡③✐♦♥❡ ❞❛ ✐♥❝❡♥❞✐ ,✉❛♥❞♦ ✐❧ ♠♦/♦$❡ ✈✐❡♥❡ ♠❡77♦

✐♥ ♠♦/♦ ❧♦♥/❛♥♦ ❞❛❧❧❛ $❛♠♣❛❀

❼ ❧❛ $✐❞♦//❛ $✐❞♦♥❞❛♥③❛ ♣✉1 ❝♦♠♣♦$/❛$❡ ✉♥❛ $✐❞✉③✐♦♥❡ ❞❡❧❧❛ ❝❛♣❛❝✐/G ❞✐

❢$❡♥❛/❛ ❡✴♦ ❞✐ 7/❡$③♦❀

❼ F ♥❡❝❡77❛$✐♦ ❛③✐♦♥❛$❡ ✐❧ ♠♦/♦$❡ ❞❛✐ ❞✉❡ ❛✐ ❝✐♥,✉❡ ♠✐♥✉/✐ ✭❛ 7❡❝♦♥❞❛

❞❡❧❧❛ ♠♦/♦$✐③③❛③✐♦♥❡✮ ♣$✐♠❛ ❞❡❧ ❞❡❝♦❧❧♦❀ ✐❧ /❡♠♣♦ ❞✐ $✐7❝❛❧❞❛♠❡♥/♦ ♥❡✐

♠♦/♦$✐ ❛❞ ❛❧/♦ $❛♣♣♦$/♦ ❞✐ ❜②♣❛77✱ ❤❛ ✉♥ 7✐❣♥✐✜❝❛/✐✈♦ $✐7❝♦♥/$♦ 7✉❧❧❛

✈✐/❛ ❞❡❧ ♠♦/♦$❡ 7/❡77♦❀

❼ ♣♦/$❡❜❜❡$♦ ✈❡$✐✜❝❛$7✐ ♣$♦❜❧❡♠✐ /❡❝♥✐❝✐ ❞✉$❛♥/❡ ❧✬❛❝❝❡♥7✐♦♥❡ ❞❡❧ ♠♦/♦$❡

❝♦♥ ❝♦♥7❡❣✉❡♥/❡ ♣❡$❞✐/❛ ❞✐ /❡♠♣♦ ♣❡$ ❛❝❝❡$/❛♠❡♥/✐❀

❼ ❋❈❖▼ ✭❋❧✐❣❤/ ❈$❡✇ ❖♣❡$❛/✐♥❣ ▼❛♥✉❛❧✮ ♣$❡✈❡❞❡ ❧✬❛③✐♦♥❛♠❡♥/♦ ❞❡❧❧✬❆✲

M❯ ♣$✐♠❛ ❞❡❧❧♦ 7♣❡❣♥✐♠❡♥/♦ ❞❡❧ ♠♦/♦$❡ ❞♦♣♦ ❧✬❛//❡$$❛❣❣✐♦ ♣❡$ ❡✈✐/❛$❡

✉♥❛ ❝❛❞✉/❛ ❞✐ /❡♥7✐♦♥❡❀

❼ D ♥❡❝❡77❛$✐♦ ✉♥ ❞❡✜♥✐/♦ ✐♥/❡$✈❛❧❧♦ ❞✐ /❡♠♣♦ ♣$✐♠❛ ❞❡❧❧♦ 7♣❡❣♥✐♠❡♥/♦

❞❡❧ ♠♦/♦$❡ ❞♦♣♦ ❧✬❛//❡$$❛❣❣✐♦ ✐♥ ,✉❛♥/♦✱ ✉♥ ♣$❡♠❛/✉$♦ 7♣❡❣♥✐♠❡♥/♦✱

♣♦/$❡❜❜❡ ✐♥✜❝✐❛$❡ ❧❛ ✈✐/❛ ❞❡❧ ♠♦/♦$❡ 7/❡77♦❀

❼ ❧❛ 7❝❡❧/❛ ❞❡❧ ♠♦/♦$❡ ❞❛ ✉7❛$❡ ♣❡$ ✐❧ $✉❧❧❛❣❣✐♦ ❞❡✈❡ /❡♥❡$❡ ❝♦♥/♦ ❞✐ ,✉❛♥/♦

$✐♣♦$/❛/♦ ♥❡❧ ❋❈❖▼✳

■❧ $✉❧❧❛❣❣✐♦ ❝♦♥ ✉♥ 7♦❧♦ ♠♦/♦$❡ $✐❝❤✐❡❞❡ ✉♥❛ ♠❛❣❣✐♦$❡ 7♣✐♥/❛ ♣❡$ ✐❧ /❛①✐

❡ ❧❡ ♠❛♥♦✈$❡✱ ❜✐7♦❣♥❛ ✐♥ ♦❣♥✐ ❝❛7♦ ❡7❡$❝✐/❛$❡ ✉♥❛ ❝❡$/❛ ❛//❡♥③✐♦♥❡ ♣❡$ ❡✈✐✲

/❛$❡ ❡❝❝❡77✐✈✐ ❥❡/ ❜❧❛7/ ❡ ❧❛ ♠♦✈✐♠❡♥/❛③✐♦♥❡ ❞✐ ❋❖❉✳ ➱ ❞❛ 7♦//♦❧✐♥❡❛$❡ ❝❤❡

$♦/❛③✐♦♥✐ 7/$❡//❡ ❡✴♦ ✈❡❧♦❝✐ ♥❡❧ 7❡♥7♦ ❞❡❧ ♠♦/♦$❡ ♦♣❡$❛/✐✈♦ ♥♦♥ 7♦♥♦ ♣♦77✐❜✐❧✐

❝♦♥ ✉♥ ❛❡$♦♠♦❜✐❧❡ ❞✐ ♣❡7♦ ❝♦♥7✐7/❡♥/❡✳ ■❧ 7✐♥❣❧❡ ❡♥❣✐♥❡ /❛①✐ ♣✉S ❛♥❝❤❡ ❡7✲

7❡$❡ ✉/✐❧❡ ♣❡$ ❧❛ 7❛❧✈❛❣✉❛$❞✐❛ ❞❡✐ ❢$❡♥✐✱ ✐♥ ,✉❛♥/♦ ♥♦♥ ✈❡♥❣♦♥♦ ✉/✐❧✐③③❛/✐ ♣❡$

❝♦$$❡❣❣❡$❡ ❧❛ ✈❡❧♦❝✐/G ❞❛/❛ ❞❛❧❧✬❡❝❝❡77✐✈❛ ♣♦/❡♥③❛ ❞❡✐ ❞✉❡ ♠♦/♦$✐❀ ❝♦♥ ,✉❡7/❛
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♣#♦❝❡❞✉#❛ ❧❛ ✈✐-❛ ❞❡✐ ❞✐.❝❤✐ ❛❧ ❝❛#❜♦♥✐♦ ♣♦-#❡❜❜❡ ♣#♦❧✉♥❣❛#.✐ ♥♦-❡✈♦❧♠❡♥-❡✳

❉✐ .❡❣✉✐-♦ 6 #✐♣♦#-❛-❛ ✉♥❛ -❛❜❡❧❧❛ ❝❤❡ #✐❛..✉♠❡ ✐❧ #✐.♣❛#♠✐♦ ♠❡❞✐♦ ❞✐

❝❛#❜✉#❛♥-❡ ♣❡# ✉♥ #✉❧❧❛❣❣✐♦ ❞✐ ✶✷ ♠✐♥✉-✐ ❝♦♥ ❧✬✉.♦ ❞✐ ❡♥-#❛♠❜✐ ✐ ♠♦-♦#✐❀ ❞✐

✉♥ ♠♦-♦#❡ ❝♦♥.✐❞❡#❛♥❞♦ ✐ ✹ ♠✐♥✉-✐ ❝✐#❝❛ ♥❡❝❡..❛#✐ ♣❡# ♣♦#-❛#❡ ✐♥ -❡♠♣❡#❛✲

-✉#❛ ✐❧ .❡❝♦♥❞♦ ♣#♦♣✉❧.♦#❡✳ ❉❛-✐ ❢♦#♥✐-✐ ❞❛ ❆✐#❜✉. ♣❡# ✐ ✈❡❧✐✈♦❧✐ ♣✐> ❞✐✛✉.✐✳

❚✐♣♦ ✶✷ ♠✐♥ -❛①✐ ✶✷ ♠✐♥ -❛①✐ ❈❛#❜✉#❛♥-❡

❛❡#♦♠♦❜✐❧❡ ✷ ♠♦-♦#✐ ✭✽ ♠✐♥ ❝♦♥ ✶ ♠♦-♦#❡✮ #✐.♣❛#♠✐❛-♦

❬❑❣❪ ❬❑❣❪ ❬❑❣❪

❆✸✶✽ ✶✷✵ ✽✵ ✹✵

❆✸✶✾ ✶✷✵ ✽✵ ✹✵

❆✸✷✵ ✶✸✽ ✾✷ ✹✻

❆✸✷✶ ✶✻✷ ✶✵✽ ✺✹

❚❛❜❡❧❧❛ ✷✳✶✿ ❈♦♥.✉♠✐ ❆✐#❜✉.
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✷✳✸ ❆$❯

▲✬❆%❯

✶

✭❆✉①✐❧✐❛-② %♦✇❡- ❯♥✐3✮ 5 ✉♥✬✉♥✐36 ❝❤❡ ❣❛-❛♥3✐:❝❡ ❛❧ ✈❡❧✐✈♦❧♦ ❞✐

❡::❡-❡ ✐♥❞✐♣❡♥❞❡♥3❡✱ ❞❛❧ ♣✉♥3♦ ❞✐ ✈✐:3❛ ♣♥❡✉♠❛3✐❝♦✱ ❡❧❡33-✐❝♦ ❡ ❞✐ @✉❡❧❧♦ ❞❡❧

❝♦♥❞✐③✐♦♥❛♠❡♥3♦✱ ❞❛✐ :✐:3❡♠✐ ❞✐ 3❡--❛✳ ■❧ ❝♦♥:✉♠♦ ❞✐ ❝❛-❜✉-❛♥3❡ ❞❡❧❧✬❆%❯

5 ♦✈✈✐❛♠❡♥3❡ ♠♦❞❡:3♦✱ -✐:♣❡33♦ ❛ @✉❡❧❧♦ ♥❡❝❡::❛-✐♦ ❛❧ ✈♦❧♦ ❞✐ ✉♥ ❛❡-♦♣❧❛♥♦✳

▲❡ ❝♦♠♣❛❣♥✐❡ ❝❡-❝❛♥♦ :❡♠♣-❡ ❞✐ ❛❞♦33❛-❡ ❞❡❧❧❡ ♣♦❧✐3✐❝❤❡ ❞✐ ✉3✐❧✐③③♦ ♣-❡❝✐:❡ ❡

♠✐-❛3❡✱ ❝♦♥:❛♣❡✈♦❧✐ ❞❡❧ -✐:♣❛-♠✐♦ ❝❤❡ ♣♦::♦♥♦ ♦33❡♥❡-❡ ❞❛ ✉♥ ❡✣❝✐❡♥3❡ ✉:♦

✐♥ -❛♠♣❛✳ ■❧ ❝♦♥:✉♠♦ ❞❡❧❧✬❆%❯ ✈❛-✐❛ ❞❛✐ ❝❛-✐❝❤✐ ❛ ❝✉✐ ❞❡✈❡ ❢❛- ❢-♦♥3❡ ❡ ❞❛❧❧❡

❝♦♥❞✐③✐♦♥✐ ❛♠❜✐❡♥3❛❧✐✳ ▲❛ ❝♦♥❞✐③✐♦♥❡ ❞✐ ❝♦♥:✉♠♦ ♠✐♥✐♠♦ 5 @✉❡❧❧♦ ❞✐ -❡❛❞②

3♦ ❧♦❛❞ ❘❚▲✱ ❝❛-✐❝❤✐ ❛❞❞✐③✐♦♥❛❧✐ ♥❡ ❛✉♠❡♥3❛♥♦ ✐❧ ❝♦♥:✉♠♦

✷

✳

❚✐♣♦ ▼♦❞❡❧❧♦ ❘❚▲ ❘❚▲ ▼✐♥ ❊❈❙ ▼❛① ❊❈❙

❛❡-♦♠♦❜✐❧❡ ❆%❯ ▼❛① ❊▲ ▼❛① ❊▲ ▼❛① ❊▲

❬❑❣✴❤-❪ ❬❑❣✴❤-❪ ❬❑❣✴❤-❪ ❬❑❣✴❤-❪

❆✸✷✵ ✸✻✲✸✵✵ ✼✵ ✽✺ ✶✵✺ ✶✷✺

❆✸✷✵ ✶✸✶✲✾❆ ✼✺ ✾✺ ✶✶✺ ✶✷✺

❆✸✸✵ ❆✸✹✵ ✸✸✶✲✸✺✵ ✶✷✵ ✶✹✵ ✶✼✺ ✷✶✵

❚❛❜❡❧❧❛ ✷✳✷✿ ❈♦♥:✉♠✐ ❆%❯

▲❡ ♣-♦❝❡❞✉-❡ :♣❡❝✐✜❝❤❡ ❞❡❧❧✬✉:♦ ❞❡❧❧✬❆%❯ ♣❡- ✐❧ -✐:♣❛-♠✐♦ ❞✐ ❝♦♠❜✉:3✐❜✐❧❡

:♦♥♦ ❞❡❝✐:❡ ❞❛❧❧❡ ❝♦♠♣❛❣♥✐❡✳ %❡- ❢❛-❡ ✉♥ ❡:❡♠♣✐♦✱ ❧✬✉:♦ ❞✐ @✉❡:3♦ :✐:3❡♠❛

❛♥❝❤❡ :♦❧♦ ♣❡- ✉♥ ♠✐♥✉3♦ ✐♥ ♣✐\ ❞❡❧ ❞♦✈✉3♦ ✭❛ ✶✽✵ ❑❣✴❤-✮ ✐♠♣❧✐❝❛ ✉♥ ❝♦♥:✉♠♦

❞✐ ✸✵✵✵ ❦❣ ✐♥ ♣✐\ ✐♥ ✉♥ ❛♥♥♦ ❡ ❧✬❛✉♠❡♥3♦ ❞❡✐ ❝♦:3✐ ❞✐ ♠❛♥✉3❡♥③✐♦♥❡ ❬✸❪✳ ■

✈❡33♦-✐ ❞❡✈♦♥♦ ❞❡❝✐❞❡-❡ :❡ ✉3✐❧✐③③❛-❡ ❣❧✐ ❛♣♣❛-❛3✐ ❞✐ 3❡--❛ ✭●-♦✉♥❞ %♦✇❡- ❯♥✐3✱

●-♦✉♥❞ ❈❧✐♠❛3✐:❛3✐♦♥ ❯♥✐3✱ ❆✐- ❙3❛-3 ❯♥✐3✮ ♦ ❧✬❆%❯❀ ❞✐♣❡♥❞❡ ❞❛ ♥✉♠❡-♦:✐

❢❛33♦-✐ ❡ ♣❛-❛♠❡3-✐ -❡❧❛3✐✈✐ ❛❞ ♦❣♥✐ 3✉-♥❛-♦✉♥❞

✸

❡ ❞❛❧❧✬❛❡-♦♣♦-3♦✳ ❆❧❝✉♥✐

♣❛-❛♠❡3-✐ ♣♦::♦♥♦ ❡::❡-❡✿

❼ ❞✉-❛3❛ ❞❡❧ 3✉-♥✲❛-♦✉♥❞

❼ ❝♦♥❞✐③✐♦♥✐ ❛♠❜✐❡♥3❛❧✐

❼ ❝♦:3♦ ❞❡❧❧❛ ❝♦♥♥❡::✐♦♥❡ ❞❡❣❧✐ ❛♣♣❛-❛3✐

❼ @✉❛❧✐36 ❞❡❣❧✐ ❛♣♣❛-❛3✐

✶

❬✸❪

✷

❘❚▲✿❘❡❛❞② +♦ ▲♦❛❞✱ ❊▲✿ ❊❧❡❝+1✐❝ ▲♦❛❞✱ ❊❈❙✿ ❊♥✈✐1♦♠❡♥+❛❧ ❈♦♥❞✐+✐♦♥✐♥❣ ❙②9+❡♠

✸

:1♦❝❡❞✉1❛ ❞✐ 1✐<✉❛❧✐✜❝❛③✐♦♥❡ ❞❡❧ ✈❡❧✐✈♦❧♦ ♣1✐♠❛ ❞✐ ✉♥❛ 1✐♣❛1+❡♥③❛
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❼ ❝❛$✐❝♦ ❞✐ ♣❛))❡❣❣❡$✐

❼ ,❡♠♣♦ ♥❡❝❡))❛$✐♦ ❛❧❧❛ ❝♦♥♥❡))✐♦♥❡

❼ ♣$♦❝❡❞✉$❡ ❛♥,✐$✉♠♦$❡

1❡$ ❧✉♥❣❤✐ ,✉$♥❛$♦✉♥❞ ♦ ❧✉♥❣❤❡ )♦),❡ ✭❝♦♠❡ 4✉❡❧❧❡ ♥♦,,✉$♥❡✮ ❧✬✉)♦ ❞❡❧❧✬❆✲

1❯ ♥♦♥ : ❧❛ )❝❡❧,❛ ♠✐❣❧✐♦$❡ ✐♥ 4✉❛♥,♦ ✐❧ ❢❛,,♦$❡ ,❡♠♣♦ : ❧✐♠✐,❛,♦✱ $✐)♣❛$♠✐❛♥❞♦

❝❛$❜✉$❛♥,❡ ❡ ♣$❡)❡$✈❛♥❞♦ ❧✬❛♣♣❛$❛,♦ ),❡))♦✳ ■♥ ❛❧,$✐ ❝❛)✐✱ ,✉$♥✲❛$♦✉♥❞ ✐♥❢❡✲

$✐♦$❡ ❛ ✹✺ ♠✐♥✉,✐✱ : ♣$❡❢❡$✐❜✐❧❡ ❧✐♠✐,❛$❡ ❧❡ ❛❝❝❡♥)✐♦♥✐ ❞❡❧❧✬❆1❯ ❡ ✉,✐❧✐③③❛$❧♦

✐♥ ♠♦❞❛❧✐,D ❘❚▲ ♣✐✉,,♦),♦ ❝❤❡ )♣❡❣♥❡$❧♦ ❡ $✐❛❝❝❡♥❞❡$❧♦ ♣❡$ ❧✐♠✐,❛$❡ ✐ ❝✐❝❧✐ ❞✐

❛❝❝❡♥)✐♦♥❡✳ ❆❧❝✉♥✐ ❛❡$♦♣♦$,✐ ❧✐♠✐,❛♥♦ ❧✬✉)♦ ❞✐ 4✉❡),♦ ❛♣♣❛$❛,♦ ❛❞ ✉♥ ❞❡✜✲

♥✐,♦ ✐♥,❡$✈❛❧❧♦ ❞✐ ,❡♠♣♦ ♣$✐♠❛ ❞❡❧ ❞❡❝♦❧❧♦ ❡ ❞♦♣♦ ❧✬❛$$✐✈♦✱ ✐♥ ❛❧❝✉♥✐ ❝❛)✐ ❞✐

,✉$♥✲❛$♦✉♥❞ ♣❛$,✐❝♦❧❛$♠❡♥,❡ ✈❡❧♦❝✐ : )❝♦♥)✐❣❧✐❛❜✐❧❡ ❧♦ )♣❡❣♥✐♠❡♥,♦ ❝♦♠♣❧❡,♦

❞❡✐ ♠♦,♦$✐ ❝♦)I✱ ❛♥❝❤❡ )❡ ❧❛ ❞♦♠❛♥❞❛ ❞✐ ❊❈❙ : ❞✐✣❝✐❧❡ ❞❛ )♦❞❞✐)❢❛$❡ )♣❡❝✐❛❧✲

♠❡♥,❡ ✐♥ ♣❛$,✐❝♦❧❛$✐ ❝♦♥❞✐③✐♦♥✐ ❝❧✐♠❛,✐❝❤❡ ✭❝❛❧❞♦ ❡❝❝❡))✐✈♦✮ ❧✬❆1❯ ♥♦♥ ✈✐❡♥❡

❛③✐♦♥❛,♦✳ ▲✬❛❝❝❡♥)✐♦♥❡ ❞❡✐ ♠♦,♦$✐ ❞❡✈❡ ❡))❡$❡ ❡✛❡,,✉❛,❛ ✐♥ ❝♦♦$❞✐♥❛♠❡♥,♦

❝♦♥ ❧✬❆❚❈ ❛♥❝❤❡ ✐♥ $❡❧❛③✐♦♥❡ ❞✐ ✉♥ ♣♦))✐❜✐❧❡ )❧♦, ♦ ❞✐ ✉♥ ❡✈❡♥,✉❛❧❡ ♣✉)❤✲

❜❛❝❦✳ ❙❡ ❧❛ )♣✐♥,❛ ❞♦✈❡))❡ ❡))❡$❡ $✐,❛$❞❛,❛ : ♣$❡❢❡$✐❜✐❧❡ ❧✬✉)♦ ❞❡❧❧✬❆1❯ ♣❡$

✐❧ ❝♦♥❞✐③✐♦♥❛♠❡♥,♦ ❡ ❧❛ ❢♦$♥✐,✉$❛ ❡❧❡,,$✐❝❛❀ ❧✬❛❝❝❡♥)✐♦♥❡ ❞❡✐ ♠♦,♦$✐ ❞♦✈$❡❜❜❡

❡))❡$❡ $✐,❛$❞❛,♦ ✜♥♦ ❛ 4✉❛♥❞♦ ♥♦♥ )✐ : ♣$♦♥,✐✳

❚✐♣♦ ▼♦❞❡❧❧♦ ❊♥❣✐♥❡ ❋❋ ❆1❯ ❋❋ ❊①,$❛ ❢✉❡❧

❛❡$♦♠♦❜✐❧❡ ❆1❯ ✶ ♠✐♥✉,❡

❬❑❣✴❤$❪ ❬❑❣✴❤$❪ ❬❑❣❪

❆✸✷✵ ❈❋▼ ✸✻✲✸✵✵ ✸✵✵ ✶✵✺ ✸

❆✸✸✵ ❘❘ ✸✸✶✲✸✺✵ ✼✷✵ ✶✼✺ ✾

❆✸✹✵ ❈❋▼ ✸✸✶✲✸✺✵ ✸✵✵ ✶✼✺ ✷

❚❛❜❡❧❧❛ ✷✳✸✿ ❈♦♥❢$♦♥,♦ ❝♦♥)✉♠✐

■❧ ✈❛♥,❛❣❣✐♦ ❞❡❧❧✬❆1❯ ♥♦♥ : )♦❧♦ ♥❡❧ $✐)♣❛$♠✐♦ ❞✐ ❝♦♠❜✉),✐❜✐❧❡✱ ✐♥❢❛,,✐ ✐❧

❝♦),♦ ♦$❛$✐♦ ❞✐ ♠❛♥✉,❡♥③✐♦♥❡ : ♥❡,,❛♠❡♥,❡ ✐♥❢❡$✐♦$❡ ❛ 4✉❡❧❧♦ ❞❡✐ ♠♦,♦$✐✱ ❝♦)I

$✐❞✉❝❡♥❞♦ ❧✬✉)♦ ❞❡✐ ♠♦,♦$✐ ❛ ,❡$$❛ )✐ $✐❞✉❝♦♥♦ ❛♥❝❤❡ ✐ ❝♦),✐ ♦♣❡$❛,✐✈✐✳
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✷✳✹ #♥❡✉♠❛)✐❝✐

●❧✐ ♣♥❡✉♠❛+✐❝✐ ❞✐ ✉♥ ❛❡.♦♠♦❜✐❧❡ 1♦♥♦ ❝♦1+.✉✐+✐✱ ❝♦♠❡ ♣.✐♥❝✐♣✐♦✱ ♥❡❧❧♦ 1+❡1✲

1♦ ♠♦❞♦ ❞✐ 4✉❡❧❧✐ ❝❤❡ ❡4✉✐♣❛❣❣✐❛♥♦ ❧❡ ❛✉+♦♠♦❜✐❧✐✱ ♠❛ ❝♦♥ ❝❛.❛++❡.✐1+✐❝❤❡ ❝❤❡

♥❡ ❞❡✜♥✐1❝♦♥♦ ❧❡ ❢✉♥③✐♦♥✐✱ ❝❤❡ 1♦♥♦ ❝♦♠♣❧❡+❛♠❡♥+❡ ❞✐✈❡.1❡✳ <❡. ❣❧✐ ❛❡.❡✐ ❝♦♠✲

♠❡.❝✐❛❧✐ ❡ 4✉❡❧❧✐ ♠✐❧✐+❛.✐✱ ✐ ♣.♦❞✉++♦.✐ 1♦♥♦ ♦.♠❛✐ ♦.✐❡♥+❛+✐ ❛❞ ✉1❛.❡ ♣♥❡✉♠❛✲

+✐❝✐ ❞✐ +✐♣♦ .❛❞✐❛❧❡ ❡ +✉❜❡❧❡11✱ ♠❡♥+.❡ ♣❡. ❧✬❛✈✐❛③✐♦♥❡ ❣❡♥❡.❛❧❡ 1♦♥♦ ❛♥❝♦.❛

♠♦❧+♦ ❞✐✛✉1✐ ✐ ❝✐♥+✉.❛+✐✳ ◗✉❡1+❛ 1♦❧✉③✐♦♥❡ ❤❛ ❝♦♠❡ ❝❛.❛++❡.✐1+✐❝❛ ♣.✐♠❛.✐❛

❧❛ ❞✐1♣♦1✐③✐♦♥❡ ❞❡❧❧✬❛.♠❛+✉.❛ ✐♥ 1❡♥1♦ +.❛1✈❡.1❛❧❡ .✐1♣❡++♦ ❛❧ 1❡♥1♦ ❞✐ ♠❛.✲

❝✐❛❀ ✐ ✈❛♥+❛❣❣✐ 1♦♥♦ ✉♥ ❝♦♥+❛++♦ ❞❡❧ ❜❛++✐1+.❛❞❛ ❝♦♥ ✐❧ +❡..❡♥♦ ❞❡❝✐1❛♠❡♥+❡

1✉♣❡.✐♦.❡ ❛ 4✉❡❧❧♦ ❞✐ ✉♥ ♣♥❡✉♠❛+✐❝♦ ❝♦♥✈❡♥③✐♦♥❛❧❡ ❝❤✐❛♠❛+♦ ❛♥❝❤❡ ❛ ❶+❡❧❡

✐♥❝.♦❝✐❛+❡

✶

❷✳

■❧ ❜❛++✐1+.❛❞❛ B ❧✐1❝✐♦✱ ❝♦♠♣❛✐❛♥♦ 1♦❧♦ 1❝❛♥❛❧❛+✉.❡ ❞✐1♣♦1+❡ ♥❡❧ 1❡♥1♦ ❞✐

♠❛.❝✐❛ 1✉❧❧❛ ❝✐.❝♦♥❢❡.❡♥③❛✱ ♣❡.❝❤C ✉♥ ❛❡.♦♠♦❜✐❧❡ ♥♦♥ ❞❡✈❡ ❢❛.❡ ❝✉.✈❡ ✭❞✐❢✲

❢❡.❡♥+❡♠❡♥+❡ ❞❛ ✉♥✬❛✉+♦♠♦❜✐❧❡✮✱ 1❡ ♥♦♥ ✐♥ ❢❛1❡ ❞✐ .✉❧❧❛❣❣✐♦ ❡ ❞✐ ♣.❡✲❞❡❝♦❧❧♦

❡ ♣♦1+✲❛++❡..❛❣❣✐♦ ❡❞ ❛ ✈❡❧♦❝✐+F .✐❞♦++❡✳ ◗✉❡1+✐ ♣♥❡✉♠❛+✐❝✐✱ ❝♦♥ ❞✐♠❡♥1✐♦♥✐

❝❤❡ ♣♦11♦♥♦ .❛❣❣✐✉♥❣❡.❡ ✐ ❞✉❡ ♠❡+.✐ ❞✐ ❞✐❛♠❡+.♦✱ ❞❡✈♦♥♦ ❡11❡.❡ ✐❧ ♣✐G ❧❡❣✲

❣❡.✐ ♣♦11✐❜✐❧❡✱ ♣❡. .✐❞✉..❡ ✐❧ ♣❡1♦ +♦+❛❧❡ ❞❡❧ ✈❡❧✐✈♦❧♦✳ ▲❡ 1❝❛♥❛❧❛+✉.❡ 1❡.✈♦♥♦

❛ 1❝❛.✐❝❛.❡ ❧✬❛❝4✉❛✱ ✐♥ ❝❛1♦ ❞✐ ♣✐1+❛ ❜❛❣♥❛+❛✱ ✐❧ ♣✐G ♣♦11✐❜✐❧❡ ✈❡.1♦ ♣♦♣♣❛ ❡

♠❡♥♦ ❛✐ ❧❛+✐✱ ♣❡. ♥♦♥ ❢❛. ❝♦♥✢✉✐.❡ ❧✬❛❝4✉❛ ✐♥ ❞✐.❡③✐♦♥❡ ❞❡✐ ♠♦+♦.✐✱ ❝❤❡ 1♦♥♦

❝♦♠✉♥4✉❡ ❝♦❧❧❛✉❞❛+✐ ♣❡. ✐♥❣❡1+✐♦♥✐ ✐❞.✐❝❤❡ ❞✐✣❝✐❧♠❡♥+❡ .✐1❝♦♥+.❛❜✐❧✐✳ ◗✉❡1+✐

♣♥❡✉♠❛+✐❝✐ ❞❡✈♦♥♦ 1♦♣♣♦.+❛.❡✱ ❞❛ ❢❡.♠✐✱ ✐❧ ♣❡1♦ ❞❡❧❧✬❛❡.❡♦✱ ❞❡❧ ❝❛.❜✉.❛♥+❡✱

❞❡✐ ♣❛11❡❣❣❡.✐ ❡ ❞❡✐ ❧♦.♦ ❜❛❣❛❣❧✐ ❡✱ 1✉❝❝❡11✐✈❛♠❡♥+❡✱ ❞❡✈♦♥♦ ♣❡.❝♦..❡.❡ ❧❛

+❛①✐✇❛② ✜♥♦ ❛❧ ❞❡❝♦❧❧♦✳ ■❧ .✉❧❧❛❣❣✐♦ ❛✈✈✐❡♥❡ ♥♦.♠❛❧♠❡♥+❡ ❛ ❝✐.❝❛ ✺✵ ❦♠✴❤

♣❡. ✉♥ ♣❛✐♦ ❞✐ ❝❤✐❧♦♠❡+.✐✱ ♠❛ 1♦♥♦ +❡1+❛+✐ ♣❡. ♣❡.❝♦..❡.❡ ❝✐.❝❛ ✶✷ ❦♠ ❛❞

✽✵ ❦♠✴❤✳ ❉✉.❛♥+❡ ❧❛ ❝♦.1❛ ❞✐ ❞❡❝♦❧❧♦ 1✉❜✐1❝♦♥♦ ❧❛ 1❡❝♦♥❞❛ ♠❛❣❣✐♦.❡ 1♦❧❧❡✲

❝✐+❛③✐♦♥❡ ❞❡❧ ❧♦.♦ ❧❛✈♦.♦✱ ♣❡.❝❤C ❧✬❛❡.❡♦ B ❛ ♣✐❡♥♦ ❝❛.✐❝♦✳ ▲❛ 1♦❧❧❡❝✐+❛③✐♦♥❡

♠❛❣❣✐♦.❡ ❞❡❧ ♣♥❡✉♠❛+✐❝♦ 1✐ ❤❛ ❞✉.❛♥+❡ ❧✬❛++❡..❛❣❣✐♦✱ ✐❧ 4✉❛❧❡ ❞❡✈❡ 1♦1+❡♥❡.❡

✐❧ ♣❡1♦ ❞❡❧ ✈❡❧✐✈♦❧♦ ✭♠❡❞✐❛♠❡♥+❡ ✉♥ ✈❡❧✐✈♦❧♦ ❞❡❧❧✬❛✈✐❛③✐♦♥❡ ❝♦♠♠❡.❝✐❛❧❡ ♣❡✲

1❛ ✐♥+♦.♥♦ ❛❧❧❡ ✺✵✳✵✵✵ ❑❣✮ ❝♦♥ ✈❡❧♦❝✐+F ✈❡.+✐❝❛❧✐ ❡ ❧♦♥❣✐+✉❞✐♥❛❧✐ ✭✐♥+♦.♥♦ ❛✐

✷✵✵ ❦♠✴❤✮ ❞✐11✐♣❛♥❞♦ ❧✬❡♥❡.❣✐❛ ❝♦♥ ✐❧ +❡..❡♥♦ ❡ .❛❣❣✐✉♥❣❡♥❞♦ +❡♠♣❡.❛+✉.❡

❡❧❡✈❛+❡✳ ❯♥ ♣♥❡✉♠❛+✐❝♦ ♣❡. ❧✬❛✈✐❛③✐♦♥❡ ❞❡✈❡ ♣♦+❡. ♣❛11❛.❡ ✐♥ ♣♦❝♦ +❡♠♣♦

❞❛✐ ♣♦11✐❜✐❧✐ ✺✵ ❣.❛❞✐ ❞❡❧❧✬❛1❢❛❧+♦ ❞✐ ✉♥❛ ♣✐1+❛ ❛❧ 1♦❧❡ ❡1+✐✈♦ ❛✐ ✲✻✵ ❣.❛❞✐ ❞❡❧

✈♦❧♦ ✐♥ ❝.♦❝✐❡.❛ ✐♥ 4✉♦+❛✳ ❆ ❝❛✉1❛ ❞❡❧ ❝❛❧♦.❡ ❝❤❡ ❞❡✈♦♥♦ 1♦♣♣♦.+❛.❡ ❡ ❞❡❧❧❛

✈✐♦❧❡♥③❛ ❞❡❧❧✬✐♠♣❛++♦✱ ❧❡ ❣♦♠♠❡ ❞✐ ✉♥ ✈❡❧✐✈♦❧♦ ❝♦♠♠❡.❝✐❛❧❡ .❡1✐1+♦♥♦ +.❛ ✐

✷✵✵ ❡ ✐ ✾✵✵ ❛++❡..❛❣❣✐✱ ♠❡♥+.❡ 4✉❡❧❧✐ ♠✐❧✐+❛.✐ +.❛ ✐ ✺✵ ❡ ✐ ✻✵✳ ▲❡ ♣.❡11✐♦♥✐ ❞✐

1❡.✈✐③✐♦✱ ♣❡. ❣❧✐ ❛❡.❡✐ ❝♦♠♠❡.❝✐❛❧✐✱ 1✐ ❛++❡1+❛♥♦ ❛++♦.♥♦ ❛✐ ✶✽✵ ♣1✐ ❡❞ ✐❧ +❛❧❧♦♥❡

❞❡❧ ♣♥❡✉♠❛+✐❝♦ ❝♦♥+✐❡♥❡ ✉♥❛ +.❡❝❝✐❛ ❞✬❛❝❝✐❛✐♦ ❝❤❡ ❞❡✈❡ ❣❛.❛♥+✐.❡ ♥♦♥ 1♦❧♦ ❧❛

✶
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✐♥ ♠♦❞♦ ❞❛ ❢♦#♠❛#❡ ✉♥❛ ❶%❡❧❛❷✳
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❡ ❊●❚❙✱ ✉♥❛ ❥♦✐♥" ✈❡♥"✉#❡ "#❛ ❙❛❢#❛♥ ❡ ❍♦♥❡②✇❡❧❧✱ ♣#♦♣♦♥❣♦♥♦ +♦❧✉③✐♦♥✐ ❛

❜♦#❞♦ ♦ ❡+"❡#♥❡ ❝♦♥ ❧✬♦❜✐❡""✐✈♦ ❞✐ #❡♥❞❡#❡ ✐❧ ✈❡❧✐✈♦❧♦ ❛✉"♦♥♦♠♦ ❛ "❡##❛✱ +❡♥③❛

❞♦✈❡# ✉"✐❧✐③③❛#❡ ✐ +✉♦✐ ♣#♦♣✉❧+♦#✐✳ ▲❡ "#❡ ❛③✐❡♥❞❡ ❤❛♥♥♦ +❝❡❧"♦ ❞✐✈❡#+❡ +♦❧✉✲

③✐♦♥✐✿ ❲❤❡❡❧❚✉❣✱ ❝♦♥ +❡❞❡ ❛ ●✐❜✐❧"❡##❛✱ ❤❛ ✐❞❡❛"♦ ✉♥ +✐+"❡♠❛ ❝❤❡ ❝♦♥+✐+"❡ ✐♥

✉♥ ♠♦"♦#❡ ❡❧❡""#✐❝♦ ✐♥+"❛❧❧❛"♦ +✉❧❧❛ #✉♦"❛ ❛♥"❡#✐♦#❡❀ ♠❡♥"#❡ ❊●❚❙ ❤❛ ✐❞❡❛"♦

✐❧ +✉♦ +✐+"❡♠❛ ❡❧❡""#✐❝♦ ❞✐ #✉❧❧❛❣❣✐♦ ✈❡#❞❡ +✉❧ ❝❛##❡❧❧♦ ♣#✐♥❝✐♣❛❧❡❀ ■❆■ ✭■+#❛❡❧

❆❡#♦+♣❛❛❝❡ ■♥❞✉+"#✐❡+✮✱ ❤❛ +❝❡❧"♦ ❝♦♠❡ +♦❧✉③✐♦♥❡ ✉♥ ✈❡✐❝♦❧♦ ❛✉"♦♥♦♠♦✱ ❚❛✲

①✐❜♦"✱ ✐♥ ❣#❛❞♦ ❞✐ "#❛✐♥❛#❡ ❧✬❛❡#❡♦ ❞❛❧❧♦ +"❛♥❞ ❛❧❧❛ +♦❣❧✐❛ ♣✐+"❛ ❡ #✐"♦#♥♦✳ ■❧

✈❛♥"❛❣❣✐♦ ❞❡❧❧❡ +♦❧✉③✐♦♥✐ ❞✐ ❊●❚❙ ❡ ❞✐ ❲❤❡❡❧❚✉❣ K ❝❤❡ +♦♥♦ ♣❡#♠❛♥❡♥"✐ ♣❡#

❧✬♦♣❡#❛"♦#❡✱ ✐♥ L✉❛♥"♦ +✐ "#❛""❛ ❞✐ +✐+"❡♠✐ ❛ ❜♦#❞♦✳ ■♥♦❧"#❡✱ ❧❛ +❝❡❧"❛ ❝♦+"#✉"✲

"✐✈❛ +✉❧ ❝❛##❡❧❧♦ ♣#✐♥❝✐♣❛❧❡ ❢♦#♥✐+❝❡ ✉♥❛ "#❛③✐♦♥❡ ♦""✐♠❛❧❡✱ ♥♦♥ ❝♦♠♣♦#"❛♥❞♦

❛❧❝✉♥❛ ♠♦❞✐✜❝❛ ❛❧ ❝❛##❡❧❧♦ +"❡++♦ ❝♦♠❡✱ ❞❡❧ #❡+"♦ ❛♥❝❤❡ ❧❛ +♦❧✉③✐♦♥❡ ❞❡❧❧❛

❲❤❡❡❧❚✉❣✳ ➮ ❝♦♠✉♥L✉❡ ❞❛ +♦""♦❧✐♥❡❛#❡ ❝❤❡ L✉❡+"❛ "❡❝♥♦❧♦❣✐❛ ♥♦♥ K #✐✈♦❧"❛
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✷✸



❈❆"■❚❖▲❖ ✸✳ ❉❊❙❈❘■❩■❖◆❊ ❈❖❙❚❘❯❚❚■❱❆ ✷✹

❤❛ ✐❧ ❝❡♥)*♦ ❞✐ ❣*❛✈✐)/ 0♣♦0)❛)♦ ✈❡*0♦ ♣♦♣♣❛✱ ♣♦)*❡❜❜❡ ❡00❡*❡ ♣♦❝♦ ❡✣❝❛❝❡

♣❡* ✈✐❛ ❞❡❧ ♣♦❝♦ ❛))*✐)♦✳

■❧ ❚❛①✐❜♦) ❡ ✐❧ 0✐0)❡♠❛ ❞✐ ❊●❚❙ *✐❡0❝♦♥♦ ❛ *❛❣❣✐✉♥❣❡*❡ ✈❡❧♦❝✐)/ ♠❛00✐♠❡

❞❡❧❧✬♦*❞✐♥❡ ❞✐ ✷✵ ♥♦❞✐✱ ♥❡))❛♠❡♥)❡ 0✉♣❡*✐♦*✐ ❛❧❧❛ 0♦❧✉③✐♦♥❡ ❝♦❧❧♦❝❛)❛ 0✉❧ ❝❛*✲

*❡❧❧♦ ❛♥)❡*✐♦*❡✱ ♠❛ ♣❡* B✉❛♥)♦ *✐❣✉❛*❞❛ ✐❧ ❚❛①✐❜♦) C 0❡♠♣*❡ ✉♥❛ 0♦❧✉③✐♦♥❡

❡0)❡*♥❛ ❡ B✉✐♥❞✐ *❡♥❞❡ ❝♦♠✉♥B✉❡ ✐❧ ✈❡❧✐✈♦❧♦ ❞✐♣❡♥❞❡♥)❡ ❞❛ ❛❧)*✐ ❢❛))♦*✐ ❝❤❡ ❧♦

❝♦♥❞✐③✐♦♥❛♥♦✳ ❲❤❡❡❧❚✉❣ ❡❞ ❊●❚❙ ♣♦00♦♥♦ *✐❞✉**❡ ✐♥ ♠♦❞♦ 0✐❣♥✐✜❝❛)✐✈♦ ❧✬❛)✲

)❡0❛ ❞❡❧ ✈❡❧✐✈♦❧♦ ❛❧ 0✉♦❧♦ ❡❧✐♠✐♥❛♥❞♦ ✐ )❡♠♣✐ ❞✐ ❝♦❧❧❡❣❛♠❡♥)♦ ❡ 0❝♦❧❧❡❣❛♠❡♥)♦

❞❡❧ *✐♠♦*❝❤✐❛)♦*❡✱ ✐♥)*♦❞✉❝❡♥❞♦✱ ✐♥♦❧)*❡✱ ✉♥❛ ❝❡*)❛ ❧✐❜❡*)/ ❞✐ ♠♦✈✐♠❡♥)♦ ✭❛✉✲

)♦♥♦♠♦✮ ❛❧❧✬❛❡*♦♠♦❜✐❧❡✳ ◗✉❡0)❛ ❧✐❜❡*)/ ❞✐ ♠❛♥♦✈*❛ ♣♦)*❡❜❜❡ ❛♥❝❤❡ ♣♦*)❛*❡

❛ ♥✉♦✈❡ ♣*♦❝❡❞✉*❡ ❛❡*♦♣♦*)✉❛❧✐ ♣❡* ✈❡❧♦❝✐③③❛*❡ ✐❧ )✉*♥✲*♦✉♥❞ ❞❡❣❧✐ ❛❡*♦♠♦✲

❜✐❧✐✱ ♣*♦♣♦♥❡♥❞♦ ✉♥❛ ❞✐✈❡*0❛ ❣❡0)✐♦♥❡✴❞✐0❧♦❝❛③✐♦♥❡ ❞❡✐ ♣❛*❝❤❡❣❣✐✳ ▲❡ ♥✉♦✈❡

♠❛♥♦✈*❡ 0♦♥♦ B✉✐♥❞✐ ♣❡*♠❡00❡ ❣*❛③✐❡ ❛❧❧❛ ❞✐0♣♦0✐③✐♦♥❡ ❞❡❧ ♠♦)♦*❡ ❡❧❡))*✐❝♦

❞✐*❡))❛♠❡♥)❡ 0✉❧ ♠♦③③♦ ❞❡❧ *✉♦)✐♥♦ ❛♥)❡*✐♦*❡✳ ■❧ *✐0♣❛*♠✐♦ ♥❡❧ )❡♠♣♦ ❞✐ )✉*♥✲

❛*♦✉♥❞ ✈❛❧❡ ✷✵ ✈♦❧)❡ ✐❧ ✈❛❧♦*❡ ❞❡❧ ❝❛*❜✉*❛♥)❡ *✐0♣❛*♠✐❛)♦✳ ❘✐0♣❛*♠✐❛*❡ B✉✐♥❞✐

✶✺ ♠✐♥✉)✐ ❛ 150$/minuto✱ ✐♠♣❧✐❝❛ ✉♥ *✐0♣❛*♠✐♦ ♥❡❧ )✉*♥✲❛*♦✉♥❞ ❝❤❡ ♣✉O ❡0✲

0❡*❡ B✉❛♥)✐✜❝❛)♦ ✐♥ ✷✳✷✺✵ ❞♦❧❧❛*✐✱ ❝♦♥ ✉♥ *✐0♣❛*♠✐♦ ♠❡❞✐♦ ❞✐ ❝❛*❜✉*❛♥)❡ ❝❤❡

♣✉O ✈❛*✐❛*❡ ❞❛✐ 100 ❛ 150$ ❬✷❪✳

■❧ ❚❛①✐❜♦) ✐♥✈❡❝❡ ♥♦♥ ♥❡❝❡00✐)❛ ❞✐ ♠♦❞✐✜❝❤❡ ♦ ❛❞❛))❛♠❡♥)✐ ❛❧❧✬❛❡*♦♠♦❜✐❧❡✱

C ♥❡❝❡00❛*✐♦ 0♦❧♦ ✉♥ ❝❛✈♦ ❝❤❡ ❝♦❧❧❡❣❤✐ ❧✬❛❡*♦♠♦❜✐❧❡ ❛❧ ♠❡③③♦✱ ♣❡* ♣♦)❡* ❡00❡*❡

❝♦♠❛♥❞❛)♦ ❞❛❧❧✬❡B✉✐♣❛❣❣✐♦❀ ✐❧ ♠❡③③♦ C ❛✉)♦✲❛❧✐♠❡♥)❛)♦ ❡ ♥♦♥ ❛❣❣✐✉♥❣❡ ♣❡0♦✳

❊●❚❙ ❡ ❲❤❡❡❧❚✉❣ ♣*♦♣♦♥❣♦♥♦ ✉♥ 0✐0)❡♠❛ ❝❤❡ ❤❛ ❝♦♠❡ )❛*❣❡) ❛❡*♦♠♦❜✐❧✐

❛ ❜*❡✈❡✲♠❡❞✐♦ *❛❣❣✐♦✱ ♣❡* ✐ B✉❛❧✐ ✐❧ )❡♠♣♦ )*❛0❝♦*0♦ ❛ )❡**❛ *❛♣♣*❡0❡♥)❛ ✉♥❛

♣❛*)❡ ♥♦♥ )*❛0❝✉*❛❜✐❧❡ ❞❡❧ ❝✐❝❧♦ ❞✐ ✈♦❧♦✳ S❡*)❛♥)♦✱ ❧✬❛❣❣✐✉♥)❛ ❞✐ ✉♥ 0✐0)❡♠❛

♣❡* ♠✐❣❧✐♦*❛*❡ ❧✬❡✣❝✐❡♥③❛ ❞✐ *✉❧❧❛❣❣✐♦ ♣✉O ✈❛❧❡*❡ ✐❧ ♣❡0♦ ✐♥ ♣✐T ❝❤❡ ❧✬❛❡*♦✲

♠♦❜✐❧❡ ❞❡✈❡ ♣♦*)❛*❡ ✐♥ ✈♦❧♦✳ ❆❧ ❝♦♥)*❛*✐♦✱ ✐❧ ❚❛①✐❜♦)✱ ❡00❡♥❞♦ ✉♥ 0✐0)❡♠❛ ❞✐

)❡**❛ ❡0)❡*♥♦ ❛❧ ✈❡❧✐✈♦❧♦✱ ♣✉O ❡00❡*❡ ✈✐0)♦ ❝♦♠❡ ❛❞❛))♦ ♣❡* )✉))❡ ❧❡ )✐♣♦❧♦❣✐❡

❞✐ )*❛))❛✳ ❚✉))❛✈✐❛✱ ♥♦♥ C ❛✉)♦♥♦♠♦ ❝♦♠❡ 0✐ ♣♦)*❡❜❜❡ ♣❡♥0❛*❡✱ ✐♥❢❛))✐✱ ✉♥

❛✉)✐0)❛ ❞✐ 0✐❝✉*❡③③❛ ❞❡✈❡ 0❡♠♣*❡ *✐♠❛♥❡*❡ ❛❧❧✬✐♥)❡*♥♦✱ ✐♥ ♣*✐♠♦ ❧✉♦❣♦✱ ♣❡*

❛✈❡*❡ ❧❛ ✈✐0✐♦♥❡ ♣♦0)❡*✐♦*❡ ❞✉*❛♥)❡ ✐❧ ♣✉0❤✲❜❛❝❦ ❡✱ ✐♥ 0❡❝♦♥❞♦ ❧✉♦❣♦✱ ♣❡*❝❤W

❧❡ ❛✉)♦*✐)/ 0♦♥♦ ❛♥❝♦*❛ ❝♦♥0❡*✈❛)*✐❝✐ ❡ ♥♦♥ ❝♦♥0❡♥)♦♥♦ ❛❞ ✉♥ ✈❡✐❝♦❧♦ ❞✐ ♠✉♦✲

✈❡*0✐ ✐♥ ❛✉)♦♥♦♠✐❛ 0✉ ✉♥ ♣✐❛③③❛❧❡✳ ❆❧ )❡*♠✐♥❡ ❞❡❧ ♣✉0❤✲❜❛❝❦✱ ✐❧ ❝♦♥❞✉❝❡♥)❡

❞❡❧ ♠❡③③♦ ❝❡❞❡ ✐❧ ❝♦♥)*♦❧❧♦ ❛❧ ♣✐❧♦)❛ ❛❧❧✬✐♥)❡*♥♦ ❞❡❧❧✬❛❜✐)❛❝♦❧♦ ✭✐❧ ❚❛①✐❜♦) ♣✉O

❡00❡*❡ ❝♦♥)*♦❧❧❛)♦ ❛ ❞✐0)❛♥③❛ ❞❛❧ ❝♦❝❦♣✐)✮✳ ■♥♦❧)*❡ ✉♥❛ ❢*❡♥❛)❛ ❞❡❧ *✐♠♦*❝❤✐❛✲

)♦*❡ ❝❛✉0❡*❡❜❜❡ )*♦♣♣♦ 0❢♦*③♦ 0✉❧❧❛ *✉♦)❛ ❛♥)❡*✐♦*❡✱ ✐♥ B✉❡0)♦ ♠♦❞♦ ✐❧ ♣✐❧♦)❛

✉)✐❧✐③③❛ ✐❧ 0✐0)❡♠❛ ❢*❡♥❛♥)❡ ❞❡❧ ❝❛**❡❧❧♦ ♣*✐♥❝✐♣❛❧❡✳ ■❆■ 0)❛ ♣✐❛♥✐✜❝❛♥❞♦ ❞✐

❢❛* ❡♥)*❛*❡ ✐♥ 0❡*✈✐③✐♦ ✐❧ ❚❛①✐❜♦) ♥❡❧ ✷✵✶✺✳ S❡* ✐❧ ♠♦♠❡♥)♦ ❧❛ ❢❛0❡ ❞❡✐ )❡0)

❞✐ ❝❡*)✐✜❝❛③✐♦♥❡ ❤❛ ♣♦*)❛)♦ ❛❧ *❛❣❣✐✉♥❣✐♠❡♥)♦ ❞✐ ✉♥❛ ✈❡❧♦❝✐)/ ❞✐ ✷✸ ♥♦❞✐✱ ❡❞

C 0)❛)♦ *❛❣❣✐✉♥)♦ 0✐❛ ❝♦♥ ❆✐*❜✉0 ❆✸✷✵ ❝❤❡ ❝♦♥ ❇♦❡✐♥❣ ✼✸✼ ❝♦♠♣❧❡)❛♠❡♥)❡

❝❛*✐❝❤✐✳ ▲✉❢)❤❛♥0❛✱ ✐♥♦❧)*❡✱ ❤❛ ✐♥ ♣*♦❣*❛♠♠❛ ❞✐ ❡0❡❣✉✐*❡ ❞❡✐ )❡0) ❝♦♥ ✐❧ ❚❛✲

①✐❜♦) ❛❧❧✬❛❡*♦♣♦*)♦ ❞✐ ❋*❛♥❝♦❢♦*)❡✳ ■❧ 0❡❝♦♥❞♦ 0✐0)❡♠❛ ❛❞ ❡♥)*❛*❡ ✐♥ 0❡*✈✐③✐♦



❈❆"■❚❖▲❖ ✸✳ ❉❊❙❈❘■❩■❖◆❊ ❈❖❙❚❘❯❚❚■❱❆ ✷✺

♣♦$%❡❜❜❡ ❡((❡%❡ )✉❡❧❧♦ ❞✐ ❲❤❡❡❧❚✉❣✱ ❞♦✈❡ ♣%❡✈❡❞♦♥♦ ❞✐ ❡((❡%❡ ♣%♦♥$✐ ♥❡❧❧❛

♣%✐♠❛ ♠❡$7 ❞❡❧ ✷✵✶✺✳ ▲❛ ✈❡%(✐♦♥❡ ❝❤❡ ($❛ ♣❡% ❡((❡%❡ ❝❡%$✐✜❝❛$❛ > ❧❛ (❡❝♦♥❞❛✱

)✉❡❧❧❛ ♣✐? ❧❡❣❣❡%❛ ✭150kg ❝✐%❝❛ ♣❡% ❧✬✐♥$❡%♦ (✐($❡♠❛ ✐♥($❛❧❧❛$♦✮✳ ◆D ❆✐%❜✉(

♥D ❇♦❡✐♥❣ (♦($❡♥❣♦♥♦ ✐❧ ♣%♦❣❡$$♦✱ ♠❛ ❲❤❡❡❧❚✉❣ ♣✉G ✈❛♥$❛%❡ ❧❛ ✜%♠❛ ❞✐ ✉♥

❛❝❝♦%❞♦ ❝♦♥ $%❡❞✐❝✐ ❝♦♠♣❛❣♥✐❡ ❛❡%❡❡✱ $%❛ ❝✉✐ ■❝❡❧❛♥❞❛✐% ❡ ❑▲▼✳ ■❧ (✐($❡♠❛

(❛%7 ✐♥($❛❧❧❛$♦ ✐♥ ♣♦($ ♣%♦❞✉③✐♦♥❡ ❝♦♥ ❝♦♥$%❛$$✐ ❞✐ ♠❛♥✉$❡♥③✐♦♥❡✳

❊●❚❙ > ♣%♦❣%❛♠♠❛$♦ ♣❡% ❡((❡%❡ ❞✐(♣♦♥✐❜✐❧❡ ♥❡❧ ✷✵✶✻ ✭❧❛ (♦❝✐❡$7 ♥♦♥ ❤❛

❝❤✐❛%✐$♦ (❡ )✉❡($❛ > ($❛$❛ ✉♥❛ ❞❛$❛ ♦❜✐❡$$✐✈♦ ♣❡% ❧❛ ❝❡%$✐✜❝❛③✐♦♥❡ ♦ ♣❡% ❧❛

❝♦♥(❡❣♥❛✮❀ > ❛♥❝♦%❛ ✐♥ ❢❛(❡ ❞✐ ♦$$✐♠✐③③❛③✐♦♥❡✳

R❡% $✉$$✐ ❡ $%❡ ✐ (✐($❡♠✐✱ ✐ ❜❡♥❡✜❝✐ (❡❝♦♥❞❛%✐ ❛❜❜♦♥❞❛♥♦✳ ❆❞ ❡(❡♠♣✐♦✱ ❧✬✉(✉%❛

❞❡❧ ♠♦$♦%❡ > %✐❞♦$$❛✱ ✐❧ ♣❡%✐❝♦❧♦ ❞✐ ❞❛♥♥✐ ❞❛ ❝♦%♣✐ ❡($%❛♥❡✐ ❞✉%❛♥$❡ ✐❧ %✉❧❧❛❣❣✐♦

)✉❛(✐ ❡❧✐♠✐♥❛$❛✱ ❝♦(S ❝♦♠❡ ❡✈❡♥$✉❛❧✐ ❥❡$✲❜❧❛($ ❞❡❧ ♠♦$♦%❡ ❞✉%❛♥$❡ ❧❡ ♠❛♥♦✈%❡✳

❚✉$$❛✈✐❛✱ ❧❡ (✜❞❡ (♦♥♦ ♥✉♠❡%♦(❡✿ ✐❧ ♣❡(♦ ❡①$%❛ (✉❧ ❝❛%%❡❧❧♦ ❛♥$❡%✐♦%❡ ♣✉G

❝%❡❛%❡ ❞✐✣❝♦❧$7 ❞✉%❛♥$❡ ❧❛ %❡$%♦❛③✐♦♥❡✱ ✐ ♠♦$♦%✐ ❡❧❡$$%✐❝✐ (✉❧ ❝❛%%❡❧❧♦ ♣%✐♥❝✐♣❛❧❡

♣♦((♦♥♦ ♣♦%$❛%❡ ❛❧ (✉%%✐(❝❛❧❞❛♠❡♥$♦ ❞❡✐ ❢%❡♥✐✳ ■♥ ♣✐?✱ ✐ ❝♦♥$%♦❧❧♦%✐ ❞❡❧ $%❛✣❝♦

❛❡%❡♦✱ (✐ $%♦✈❡%❡❜❜❡%♦ ❛ ❣❡($✐%❡ $%❛✣❝✐ ❞✐(♦♠♦❣❡♥❡✐ ♥❡❧❧❛ ♠♦✈✐♠❡♥$❛③✐♦♥❡ ❛❧

(✉♦❧♦✱ (♣❡((♦ ❝♦♥ %❛❧❧❡♥$❛♠❡♥$✐ ❞✉%❛♥$❡ ❣❧✐ ❛$$%❛✈❡%(❛♠❡♥$✐ ❞✐ ♣✐($❛✳

✸✳✷ #$♦❜❧❡♠❛+✐❝❤❡

❈❛❧♦$❡ ➱ ♥♦$♦ ❝❤❡ ❧✬✐♠♣✐❛♥$♦ ❢%❡♥❛♥$❡ ♣%♦❞✉❝❛ ✉♥❛ ❝❡%$❛ )✉❛♥$✐$7 ❞✐ ❝❛❧♦%❡✳

▲❛ $❡♠♣❡%❛$✉%❛ ❞❡✐ ❢%❡♥✐ ❞❡✈❡ ❡((❡%❡ ❛❧ ❞✐ (♦$$♦ ❞✐ ✉♥ ❞❡$❡%♠✐♥❛$♦ ✈❛❧♦%❡

♣%✐♠❛ ❝❤❡ ❧✬❛❡%♦♠♦❜✐❧❡ ♣♦((❛ ✐♥✐③✐❛%❡ ❧❛ ❝♦%(❛ ❞✐ ❞❡❝♦❧❧♦✱ ✐♥ )✉❛♥$♦ ♣♦$%❡❜❜❡

♥♦♥ ❡((❡%❡ ❛❜✐❧❡ ❛ ❢%❡♥❛%❡ ♥❡❧ ❝❛(♦ ✐♥ ❝✉✐ ❞❡❜❜❛ ❛❜♦%$✐%❡ ✐❧ ❞❡❝♦❧❧♦✳

❆❧ ❣✐♦%♥♦ ❞✬♦❣❣✐ ✐ ❞✐(❝❤✐ ✐♥ ❝❛%❜♦♥✐♦ ♣%♦❞✉❝♦♥♦ ✉♥❛ ❣%❛♥❞❡ )✉❛♥$✐$7 ❞✐

❝❛❧♦%❡ ❡ ✐♥ ❝❛(♦ ❞✐ ❘❚❖ ✭❘❡❥❡❝$❡❞ ❚❛❦❡♦✛✮ ♣❡%♠❡$$♦♥♦ ❞✐ (❝♦♥❣✐✉%❛%❡ ✐❧

%✐(❝❤✐♦ ❞✐ ✐♥❝❡♥❞✐♦ ❞❡❧ ✢✉✐❞♦ ❞❡❧❧✬✐♠♣✐❛♥$♦ ✐❞%❛✉❧✐❝♦✳

❆✐%❜✉( ❢♦%♥✐(❝❡ ✉♥ ♣❛❝❝❤❡$$♦ ($❛♥❞❛%❞ ♠♦♥$❛$♦ (✉❧ ♠♦③③♦ ❞❡❧❧❡ %✉♦$❡ ♣❡%

%❛✛%❡❞❞❛%❡ ✐ ❞✐(❝❤✐❀ (❡♥③❛ ❧❡ ✈❡♥$♦❧❡ ❧✬❛❡%♦♠♦❜✐❧❡ ♣♦$%❡❜❜❡ %✐$❛%❞❛%❡ ✐❧ ❞❡❝♦❧❧♦

✜♥♦ ❛❧ ♠♦♠❡♥$♦ ✐♥ ❝✉✐ ❧❛ $❡♠♣❡%❛$✉%❛ ❞❡✐ ❢%❡♥✐ ♥♦♥ (✐❛ ❛❧❧✬✐♥$❡%♥♦ ❞❡✐ ❧✐♠✐$✐

❝♦♥(❡♥$✐$✐✳ ▲✬❛%✐❛ ✈✐❡♥❡ ♣♦♠♣❛$❛ $%❛ ✐ ❞✐(❝❤✐ ❡ ✢✉✐(❝❡ ❛❧ ❞✐ ❢✉♦%✐ ❞❡❧❧❡ ♣❛%❛$✐❡

❞✐ ♣%♦$❡③✐♦♥❡ ❞❡❧ ♠♦③③♦ ❛$$%❛✈❡%(♦ ✐ ❜✉❝❤✐ ❞✐ ✈❡♥$✐❧❛③✐♦♥❡✳

◗✉✐♥❞✐ ✉♥♦ ❞❡✐ ♣♦((✐❜✐❧✐ ♣%♦❜❧❡♠✐ D ✐❧ %❛✛%❡❞❞❛♠❡♥$♦ ❞❡✐ ❞✐(❝❤✐✱ ✐❧ (✐($❡♠❛

✐♥❢❛$$✐✱ ♣♦$%❡❜❜❡ ✐♠♣❡❞✐%❡ ✉❧$❡%✐♦%♠❡♥$❡ ✐❧ ❞❡✢✉((♦ ❞❡❧❧✬❛%✐❛ ❡((❡♥❞♦ ♠♦♥$❛$♦

$%❛ ✐ ❞✐(❝❤✐ ❡ ❧❡ %✉♦$❡✳

■❧ (✐($❡♠❛ ❊●❚❙ D ❞✐ ♣❡% (D ✉♥ (✐($❡♠❛ ❝❤❡✱ ❞❛$✐ ✐ ❞✉❡ ♠♦$♦%✐ ❞❛ ✺✵❦✇✱

♣%♦❞✉❝❡ ❝❛❧♦%❡ ❞✉%❛♥$❡ ✐❧ $❛①✐✳ ❚✉$$♦ ✐❧ ❝❛❧♦%❡ D )✉✐♥❞✐ ❧♦❝❛❧✐③③❛$♦ ❛❧❧✬✐♥$❡%♥♦

❞❡❧❧❛ %✉♦$❛✳ ■❧ ❧✐)✉✐❞♦ ❞❡❧❧✬✐♠♣✐❛♥$♦ ✐❞%❛✉❧✐❝♦ ❞❡✈❡ ❧❛✈♦%❛%❡ ❛❧ ❞✐ (♦$$♦ ❞❡❧

♣✉♥$♦ ❞✬✐❣♥✐③✐♦♥❡ ♣❡% ❡✈✐$❛%❡ %✐(❝❤✐ ❞✐ ✐♥❝❡♥❞✐♦✳ ❈♦♥(❝✐ ❞✐ )✉❡($♦ ♣%♦❜❧❡♠❛✱

❆✐%❜✉( ❡ ✐ (✉♦✐ ♣❛%$♥❡% ❤❛♥♥♦ (✈✐❧✉♣♣❛$♦ ✉♥ ♣%♦$♦$✐♣♦ ❝♦♥ ✐ ❝♦♥❞♦$$✐ ✐❞%❛✉❧✐❝✐
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❡#$❡%♥✐ ❛❧ ❝❛%%❡❧❧♦✱ ♠❛ #❛%❛♥♥♦ ❛❞❡❣✉❛$❛♠❡♥$❡ %❛✛%❡❞❞❛$✐ ✐ ❢%❡♥✐✱ $❡♥❡♥❞♦

❝♦♥$♦ ❝❤❡ #♣❡##♦ ♥♦♥ #✐ %✐❡#❝♦♥♦ ❛ %❛✛%❡❞❞❛%❡ ♣❡% $✉$$❛ ❧❛ ❞✉%❛$❛ ❞❡❧ ✈♦❧♦ ❡

❛❣❣✐✉♥❣❡♥❞♦ ✉❧$❡%✐♦%✐ ❡❧❡♠❡♥$✐ ❝❤❡ ✐♥♥❛❧③❛♥♦ ❧❛ $❡♠♣❡%❛$✉%❛❄

❚❡♠♣♦ ▲❡ ❝♦♠♣❛❣♥✐❡ ❛❡%❡❡ ✈♦❣❧✐♦♥♦ ❡##❡%❡ ❧✐❜❡%❡ ❞❛ :✉❛❧#✐❛#✐ ✈✐♥❝♦❧♦ ❡

:✉✐♥❞✐ ❛♥❝❤❡ ❞❛❧ $❡♠♣♦ ❞✐ ❛$$❡#❛ ♣❡% %❛✛%❡❞❞❛%❡ ✐ ❢%❡♥✐✱ $❡♠♣♦ ❝❤❡ ♣✉; ❡##❡%❡

❝♦♠✉♥:✉❡ ✐♠♣♦%$❛♥$❡✳ ■❧ #✐#$❡♠❛ ❊●❚❙ ❤❛ ❧❛ ❝♦♥$%♦✐♥❞✐❝❛③✐♦♥❡ ❝❤❡ ♥♦♥ ♣✉;

♣❡%♠❡$$❡%#✐ ❞✐ ❛❣❣✐✉♥❣❡%❡ ❝❛❧♦%❡ ❛❧ #✐#$❡♠❛ ♠♦③③♦ %✉♦$❛ #❡♥③❛ ♣%♦✈✈❡❞❡%❡ ❛❞

✉♥ ❛❞❡❣✉❛$♦ #✐#$❡♠❛ ❞✐ %❛✛%❡❞❞❛♠❡♥$♦✳ ❉✐ %❡❣♦❧❛ ✐❧ ❝♦#$♦ ❞✐ ❝♦♠♣❛❣♥✐❛ C

❞✐ ❝✐%❝❛ ✽✵✲✶✷✵ ❡✉%♦ ❛❧ ♠✐♥✉$♦✱ :✉✐♥❞✐ H ❝❤✐❛%♦ ❝❤❡ ♦❣♥✐ ♠✐♥✉$♦ ❣✉❛❞❛❣♥❛$♦

#♦♥♦ #♦❧❞✐ %✐#♣❛%♠✐❛$✐✱ ✐♥ :✉❡#$♦✱ ❊●❚❙✱ ❛❣❣✐✉♥❣❡ ❛❧ ✈❛♥$❛❣❣✐♦ ❞✐ %✐❞✉%%❡ ❧❛

:✉❛♥$✐$I ❞✐ ❝♦♠❜✉#$✐❜✐❧❡ ❝♦♥#✉♠❛$♦✱ ❧♦ #✈❛♥$❛❣❣✐♦ ❝❤❡ ♣♦$%❡❜❜❡ ❛✉♠❡♥$❛%❡ ✐❧

$❡♠♣♦ ❞✐ $✉%♥✲❛%♦✉♥❞✳ J♦$%❡❜❜❡ :✉✐♥❞✐ ❛❝❝❛❞❡%❡ ❝❤❡ ✐❧ $❡♠♣♦ ❞✐ $✉%♥✲❛%♦✉♥❞

❞✐ ✉♥ ✈❡❧✐✈♦❧♦ ♥♦♥ ❡:✉✐♣❛❣❣✐❛$♦ ❝♦♥ ❊●❚❙ ♣♦##❛ ❡##❡%❡ ❛❞❞✐%✐$$✉%❛ ✐♥❢❡%✐♦%❡

❞✐ ✉♥♦ ❝❤❡ ❧♦ ♠♦♥$❛ ❬✸✵❪✳

✸✳✸ ❙#❡%③♦

■❧ ❝❛%%❡❧❧♦ ❞✐ ❛$$❡%%❛❣❣✐♦ ✭❛♥$❡%✐♦%❡ ❡ ♣♦#$❡%✐♦%❡✮ H ❛③✐♦♥❛$♦ ✐❞%❛✉❧✐❝❛♠❡♥$❡✱

❧❛ #✉❛ ❡#$%❛③✐♦♥❡ ♦ %❡$%❛③✐♦♥❡ H ❝♦♠❛♥❞❛$❛ ❞❛❧ #✐#$❡♠❛ ✐❞%❛✉❧✐❝♦ ❞❡❧❧❛ ❧✐♥❡❛

●%❡❡♥✳ ❯♥ ❝✐❧✐♥❞%♦ ✐❞%❛✉❧✐❝♦✱ #❡%✈✐$♦ ❞❛❧❧❛ ❧✐♥❡❛ ❨❡❧❧♦✇✱ ❢♦%♥✐#❝❡ ❧❛ ♣%❡##✐♦♥❡

♥❡❝❡##❛%✐❛ ❛❧ ♣✐#$♦♥❡ ❝❤❡ ❛③✐♦♥❛ ❧♦ #$❡%③♦ ❡ ✐❧ ❇❙❈❯

✶

❣%❛③✐❡ ❛ #❡❣♥❛❧✐ ❡❧❡$$%✐❝✐

♥❡ ❝♦♥$%♦❧❧❛ ✐❧ ♠♦✈✐♠❡♥$♦✳ ■❧ ❇❙❈❯ %✐❝❡✈❡ ♦%❞✐♥✐✿

❼ ❞❛❧ ✈♦❧❛♥$✐♥♦ ❞✐ #$❡%③♦ ✭❤❛♥❞ ✇❤❡❡❧✮ ❞❡❧ ❝♦♠❛♥❞❛♥$❡ ❡ ❞❡❧ ♣%✐♠♦ ✉✣✲

❝✐❛❧❡

❼ ❞❛❧❧❡ ♣❡❞❛❧✐❡%❡

❼ ❞❛❧❧✬❛✉$♦♣✐❧♦$❛

■❧ ❇❙❈❯ $%❛#❢♦%♠❛ :✉❡#$❡ ✐♥❢♦%♠❛③✐♦♥✐ ✐♥ ❛♥❣♦❧✐ ❞✐ #$❡%③♦✱ ❧❛ %♦$❛③✐♦♥❡

❤❛ ❞❡✐ ❧✐♠✐$✐ ❝❤❡ ❞✐♣❡♥❞♦♥♦ ❞❛❧❧❛ ✈❡❧♦❝✐$I ❛❧ #✉♦❧♦ ❡ ❞❛❧❧✬♦%✐❣✐♥❡ ❞❡❣❧✐ ♦%❞✐♥✐✳

■❧ #✐#$❡♠❛ ❞✐ #$❡%③♦ %✐❝❡✈❡ ♣%❡##✐♦♥❡ :✉❛♥❞♦ ❧✬❛♥$✐✲#❦✐❞ ❡ ❧✬✐♥$❡%%✉$$♦%❡

❞❡❧❧♦ #$❡%③♦ #♦♥♦ #✉ ❖◆✱ ❧❛ ❧❡✈❛ ❞❡❧ $%❛✐♥♦ H ♥❡❧❧❛ ❝♦%%❡$$❛ ♣♦#✐③✐♦♥❡ ♣❡% ✐❧

$❛①✐ ✭◆❖❘▼❆▲✮✱ ❛❧♠❡♥♦ ✉♥ ♠♦$♦%❡ H ✐♥ ❢✉♥③✐♦♥❡ ❡ ♦✈✈✐❛♠❡♥$❡ ✐❧ #❡♥#♦%❡

♣❡%❝❡♣✐#❝❡ ❝❤❡ ❧✬❛❡%♦♠♦❜✐❧❡ H ❛❧ #✉♦❧♦✳

■❧ ✈♦❧❛♥$✐♥♦ ❞❡❧❧♦ #$❡%③♦✱ ♣♦#$♦ ❛❧ ❧❛$♦ #✐♥✐#$%♦ ❞❡❧ ❝♦♠❛♥❞❛♥$❡ ✭✜❣✳ ✸✳✷✮

❡ ❛ :✉❡❧❧♦ ❞❡#$%♦ ❞❡❧ ♣%✐♠♦ ✉✣❝✐❛❧❡✱ ♣❡%♠❡$$❡ %♦$❛③✐♦♥✐ ❞❡❧ %✉♦$✐♥♦ ❛♥$❡%✐♦%❡

✜♥♦ ❛ ✼✺ ❣%❛❞✐ ✐♥ $✉$$❡ ❧❡ ❞✐%❡③✐♦♥✐✳ ❯♥❛ ♠❛♥❡$$❛ ♣♦#$❛ ♥❡❧ $✉♥♥❡❧ ❝❡♥$%❛❧❡

♣❡%♠❡$$❡ ❞✐ %❡❣♦❧❛%❡ ❧❛ ♣♦$❡♥③❛ ❞❡❧ ♠♦$♦%❡ ❡❧❡$$%✐❝♦ ❞❡❧ ❝❛%%❡❧❧♦ ✭✜❣✳ ✸✳✹✮✳
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❋✐❣✉&❛ ✸✳✶✿ ▲✐♠✐.❛③✐♦♥✐ ♥❡❧❧✬✉5♦ ❞❡❧❧♦ 5.❡&③♦

❋✐❣✉&❛ ✸✳✷✿ 7♦5✐③✐♦♥❡ ✈♦❧❛♥.✐♥♦ ❞❡❧❧♦ 5.❡&③♦

❯♥❛ ❧❡✈❛ 5✉❧ ❝❛&&❡❧❧♦ ❛♥.❡&✐♦&❡ ♣❡&♠❡..❡ ❞✐ ❞✐5✐♥5❡&✐&❡ ✐❧ ❝✐&❝✉✐.♦ ✐❞&❛✉❧✐❝♦

♣❡& ♣❡&♠❡..❡&❡ ❧❡ ♦♣❡&❛③✐♦♥✐ ❞✐ .❡&&❛✱ ❝♦♠❡ ❛❞ ❡5❡♠♣✐♦ ✐❧ ♣✉5❤✲❜❛❝❦✱ ❡ ✐♥

A✉❡5.♦ ❝❛5♦ B ❝♦♥5❡♥.✐.❛ ✉♥❛ &♦.❛③✐♦♥❡ ✜♥♦ ❛ ✾✺ ❣&❛❞✐✳ 7❡& ♣&❡✈❡♥✐&❡ ❧❛

5♦✈&❛♣♣♦5✐③✐♦♥❡ ❞✐ ♦&❞✐♥✐ ♦ ✐♥.❡&❢❡&❡♥③❡ ❞✐ ❝♦♠❛♥❞♦ ❞❛❧ ❇❙❈❯✱ ✐❧ ♣✐❧♦.❛ ♣❡&

♠❛♥♦✈&❛&❡ ❝♦♥ ❤❛♥❞✲✇❤❡❡❧ ❞❡✈❡ ♣&❡♠❡&❡ ✉♥ ♣✉❧5❛♥.❡ 5✉❧ ✈♦❧❛♥.✐♥♦ 5.❡55♦✳

7&✐♠❛ ❞❡❧❧❛ &❡.&❛③✐♦♥❡✱ ❞♦♣♦ ✐❧ ❞❡❝♦❧❧♦✱ ✉♥ ❝✐♥❡♠❛.✐5♠♦ ❛✉.♦♠❛.✐❝♦ ✐♥.❡&♥♦

&✐♠❡..❡ ✐♥ ❛55❡ ❧❛ &✉♦.❛ ❞✉&❛♥.❡ ✐❧ ♣✐❡❣❛♠❡♥.♦✳

7❡& ❧✬✉.✐❧✐③③♦ ❞✐ ✉♥ 5✐5.❡♠❛ ❞✐ .❛①✐ ❡❧❡..&✐❝♦ ❛❧❝✉♥❡ ♠♦❞✐✜❝❤❡ 5♦♥♦ ♥❡❝❡5✲

5❛&✐❡ ❛ ❧✐✈❡❧❧♦ ❧♦❣✐❝♦ ❞✐ 5✐5.❡♠❛ ✭❧❛ ♣&❡55✐♦♥❡ ✐❞&❛✉❧✐❝❛ ❞❡❧❧♦ 5.❡&③♦ B ♥❡❝❡55❛&✐❛

❛♥❝❤❡ 5❡♥③❛ ♠♦.♦&✐ ✐♥ ❢✉♥③✐♦♥❡✮ ❡ ❞✐ ♣&♦❝❡❞✉&❡ ♦♣❡&❛.✐✈❡✳

✶

❇!❛❦❡ ❛♥❞ ❈♦♥)!♦❧ ❙②-)❡♠ ❯♥✐)



❈❆"■❚❖▲❖ ✸✳ ❉❊❙❈❘■❩■❖◆❊ ❈❖❙❚❘❯❚❚■❱❆ ✷✽

❋✐❣✉&❛ ✸✳✸✿ ❱♦❧❛♥/✐♥♦ ❞❡❧❧♦ 2/❡&③♦

❈✐"❝✉✐%✐ ✐❞"❛✉❧✐❝✐

✶✳ ❙✐$%❡♠✐ ❝♦❧❧❡❣❛%✐ ❛❧ ❝✐-❝✉✐%♦ ✐❞-❛✉❧✐❝♦ ●-❡❡♥✿

❼ ▲❛♥❞✐♥❣ ●❡❛-

❼ ❙❧❛%$✴❋❧❛♣$

❼ ◆♦-♠❛❧ ❇-❛❦❡$

❼ ❘❡✈ ❊♥❣ ✶

❼ ❨❛✇ ❉❛♠♣❡- ✶

❼ ❙%❛❜✐❧✐③❡-

❼ ❙♦♠❡ ❋❧%✳ ❈♦♥%-♦❧ $✉-❢❛❝❡$

✷✳ ❙✐$%❡♠✐ ❝♦❧❧❡❣❛%✐ ❛❧ ❝✐-❝✉✐%♦ ✐❞-❛✉❧✐❝♦ ❇❧✉❡✿

❼ ❊♠❡-❣✳ ●❡♥✳

❼ ❙❧❛%$

❼ ❘✉❞❞❡-

❼ ❙♦♠❡ ❋❧%✳ ❝♦♥%-♦❧ $✉-❢❛❝❡$

✸✳ ❙✐$%❡♠✐ ❝♦❧❧❡❣❛%✐ ❛❧ ❝✐-❝✉✐%♦ ✐❞-❛✉❧✐❝♦ ❨❡❧❧♦✇✿
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❋✐❣✉&❛ ✸✳✹✿ ,♦.✐③✐♦♥❡ ♠❛♥❡33❛ ❡❚❛①✐

❼ ❋❧❛♣$

❼ ❆❧&✳✴)❛*❦✐♥❣ ❜*❛❦❡

❼ ❘❡✈ ❊♥❣ ✷

❼ ❨❛✇ ❉❛♠♣❡* ✷

❼ ❘✉❞❞❡*

❼ ❙&❛❜✐❧✐③❡*

❼ ◆♦$❡ ❲❤❡❡❧ ❙&❡❡*✐♥❣

✸✳✹ ❙❛❧✈❛❣✉❛)❞✐❛ ❞❡✐ -♥❡✉♠❛0✐❝✐

❲❤❡❡❧❚✉❣

❼ ■❧ ❝♦♥.✉♠♦ ❞❡✐ ♣♥❡✉♠❛3✐❝✐ ❛♥3❡&✐♦&✐✱ .✐ .✉♣♣♦♥❡ ❡..❡&❡ ♠❛❣❣✐♦&❡✱ ❞❛3❛ ❧❛

♠❛❣❣✐♦&❡ ✐♥❡&③✐❛ ❞✉&❛♥3❡ ❧✬❛33❡&&❛❣❣✐♦

✶

✱ ✐♥♦❧3&❡ .✐ ♣&❡✈❡❞❡ ✉♥❛ ♥♦&♠❛❧❡

❛❞❡&❡♥③❛ ❞❡❧ &✉♦3✐♥♦ ❞✉&❛♥3❡ ✐❧ 3❛①✐✳

❼ ▲♦ .❧✐33❛♠❡♥3♦ ❞❡❣❧✐ ♣♥❡✉♠❛3✐❝✐ ♣♦.3❡&✐♦&✐ ❞✉&❛♥3❡ ❧❡ ❝✉&✈❡ &✐.✉❧3❛ ❡.✲

.❡&❡ ♠✐♥♦&❡✱ ✐♥ @✉❛♥3♦ ❧❛ 3&❛③✐♦♥❡ A ✐♥ ❧✐♥❡❛ ❝♦♥ ✐❧ ❝❛&&❡❧❧♦ ❛♥3❡&✐♦&❡ ❡

♥♦♥ .♦♥♦ .♦❧❧❡❝✐3❛3❡ ❛♥❝❤❡ 3&❛.✈❡&.❛❧♠❡♥3❡ ❞❛❧❧❛ 3&❛③✐♦♥❡ ❛.✐♠♠❡3&✐❝❛

❞♦✈✉3❛ ❛❧ &✉❧❧❛❣❣✐♦ ❝♦♥ ✉♥ .♦❧♦ ♠♦3♦&❡✳ ■♥♦❧3&❡ A ❛♥❝❤❡ ✐♥❢❡&✐♦&❡ ❧♦

.3&❡.. .✉❧❧❛ .♣❛❧❧❛ ❞❡❧ ♣♥❡✉♠❛3✐❝♦✳

✶

➱ ❞❛ ❡✈✐❞❡♥③✐❛*❡ ❝❤❡ ✐❧ ♣❡$♦ ❛❣❣✐✉♥&♦ ❝♦♥ ✐❧ $✐$&❡♠❛ C ❝♦♠✉♥D✉❡ ♠♦❞❡$&♦✱ ❝✐*❝❛ 150Kg
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❋✐❣✉$❛ ✸✳✺✿ ❙❝❤❡♠❛ ❝❛$$❡❧❧♦ ❛11❡$$❛❣❣✐♦
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❊●❚❙

❼ ◗✉❡%&♦ &✐♣♦ ❞✐ %✐%&❡♠❛ ❞✐ &-❛③✐♦♥❡✱ ❝♦♥ ✈❡❧♦❝✐&4 ❛♥❣♦❧❛-❡ ❞❡❧❧❡ -✉♦&❡

❞✐✛❡-❡♥③✐❛&♦ ♣-♦♣♦-③✐♦♥❛❧♠❡♥&❡ &-❛ -✉♦&❛ ✐♥&❡-♥❛ ❛❧❧❛ ❝✉-✈❛ ❡❞ ❡%&❡-♥❛✱

♥♦♥ ❛❣❣✐✉♥❣❡ %&-❡%% ❛✐ ♣♥❡✉♠❛&✐❝✐✳

❼ ➮ ✉♥ %✐%&❡♠❛ %✐❝✉-❛♠❡♥&❡ ♣✐9 ♣❡%❛♥&❡ ❞✐ :✉❡❧❧♦ ♣-♦♣♦%&♦ ❞❛ ❲❤❡❡❧❚✉❣✱

♥❡❝❡%%✐&❛ ❞✐ ✉♥ ♦❝✉❧❛&♦ ❜✐❧❛♥❝✐❛♠❡♥&♦ ♠❛ ❛❧ ♠♦♠❡♥&♦ ♥♦♥ %❡♠❜-❛ ❛✈❡-❡

❝♦♥&-♦✐♥❞✐❝❛③✐♦♥✐ %✉❧ ❝♦♥%✉♠♦ ❞❡✐ ♣♥❡✉♠❛&✐❝✐✳

■♥ &✉&&❡ ❧❡ ❝♦♥%✐❞❡-❛③✐♦♥✐ ❜✐%♦❣♥❛ %❡♠♣-❡ &❡♥❡- ♣-❡%❡♥&❡ ❝❤❡ %❡ ❣❧✐ ♣♥❡✉✲

♠❛&✐❝✐ ❞❡❣❧✐ ❛❡-♦♠♦❜✐❧✐ %♦♥♦ ♣-♦❣❡&&❛&✐ ♣❡- %♦❧❧❡❝✐&❛③✐♦♥✐ ❧♦♥❣✐&✉❞✐♥❛❧✐ ✭♥♦♥

❞❡✈♦♥♦ %♦%&❡♥❡-❡ ❧✬❛❡-♦♠♦❜✐❧❡ ✐♥ ❝✉-✈❛✮✱ &✉&&❡ ❣❧✐ ❛❧&-✐ %♦♥♦ %&-❡%% ❞✐ ♣❡- %D

❞❛ ❡✈✐&❛-❡✳

✸✳✺ #●❙❆

❲❤❡❡❧❚✉❣✱ ✐♥ ❝♦❧❧❛❜♦-❛③✐♦♥❡ ❝♦♥ ❆✐-❇❡-❧✐♥ ❡ ❋❚■ ◆❡&✇♦-❦ ❊♥❣✐♥❡❡-✐♥❣

●♠❜❍✱ %&❛ %✈✐❧✉♣♣❛♥❞♦ ✉♥❛ &❡❝♥♦❧♦❣✐❛ ❞✐ ♠♦♥✐&♦-❛❣❣✐♦ ❞❡❧❧❡ ♠❛♥♦✈-❡ ❞❡❣❧✐

❛❡-♦♠♦❜✐❧✐ ❛❧ %✉♦❧♦ ♣❡- ♣-❡✈❡♥✐-❡ ❧❡ ❝♦❧❧✐%✐♦♥✐✳

■♥ ❢✉&✉-♦✱ ✐❧ ❝♦%✐❞❞❡&&♦ O●❙❆ O✐❧♦& ●-♦✉♥❞ ❙✐&✉❛&✐♦♥ ❆✇❛-❡♥❡%% ❙②%&❡♠

❞♦✈-❡❜❜❡ ❝♦♥%❡♥&✐-❡ ❛✐ ♣✐❧♦&✐ ❞✐ ♠❛♥♦✈-❛-❡ %❡♥③❛ ❛✐✉&✐ ❛ &❡--❛✱ &-❛♠✐&❡✿

❼ &❡❧❡❝❛♠❡-❡ ❛❧❛-✐ ❡ ❞✐ ❝♦❞❛✱ ♣❡- ✉♥❛ ✈✐%✉❛❧❡ ❝♦♠♣❧❡&❛ ✐♥&♦-♥♦ ❛❧❧✬❛❡-♦✲

♠♦❜✐❧❡

❼ %✐%&❡♠✐ ♣❡- ❧❛ ♠♦✈✐♠❡♥&❛③✐♦♥❡ ✐♥ ❜❛%%❛ ✈✐%✐❜✐❧✐&4 ❡ ❞✐ ♥♦&&❡

❼ ❢❡❡❞❜❛❝❦ ✈✐%✐✈♦ ✐♥ ❝❛❜✐♥❛ ❛✐ ♣✐❧♦&✐ &-❛♠✐&❡ &❛❜❧❡&✴❊❋❇

✶

✴O❋❉

❼ ❞❛&❛ -❡❝♦-❞❡- ♣❡- ♠❡♠♦-✐③③❛-❡ ✐ ❞❛&✐ ❞❡❧❧❛ %✐&✉❛③✐♦♥❡ ✐♥ ❝♦-%♦

❋✐♥♦ ❛❞ ♦-❛✱ ✐ ♣✐❧♦&✐ ❤❛♥♥♦ ❢❛&&♦ ❛✣❞❛♠❡♥&♦ %✉✐ %❡❣♥❛❧✐ ✈✐%✐✈✐ ❞❡❧ ♣❡-%♦♥❛❧❡

❞✐ &❡--❛ ♦ ❞❡✐ ✈❡✐❝♦❧✐ ♣❡- ♣✉%❤✲❜❛❝❦ ❞❛ ❡ ♣❡- ❣❧✐ %&❛♥❞✳ ■❧ O●❙❆ D %&❛&♦

%✈✐❧✉♣♣❛&♦ ❝♦♠❡ -❡&-♦✜& ❡ ❞♦✈-❡❜❜❡ ❛✉♠❡♥&❛-❡✱ ✐♥ ♣-✐♠♦ ❧✉♦❣♦✱ ❧✬❡✣❝✐❡♥③❛

❞❡❧❧❡ ♦♣❡-❛③✐♦♥✐ ❞✐ &❡--❛✳

▲♦ %✈✐❧✉♣♣♦✱ ❧❛ ♣-♦❣❡&&❛③✐♦♥❡ ❡ ❧❛ ❝❡-&✐✜❝❛③✐♦♥❡ ❞❡❧ O●❙❆ %❛-4 ❡✛❡&&✉❛&❛

❞❛ ❆✐-❜❡-❧✐♥ ❚❡❝❤♥✐❦ ❡ ❋❚■✱ %♣❡❝✐❛❧✐%&❛ ✐♥ %✐%&❡♠✐ ❞✐ &❡❧❡❝❛♠❡-❡✱ ❲❤❡❡❧❚✉❣

❢♦-♥✐-4 ✐❧ %✉♦ ♥✉♦✈♦ %✐%&❡♠❛ ❞✐ -✉❧❧❛❣❣✐♦ ❡❧❡&&-✐❝♦ ❛✐ ♣-♦♣-✐ ❝❧✐❡♥&✐✱ ❝❤❡ D ❛♥❝❤❡

✐♥ ❝♦-%♦ ❞✐ ♣-♦❞✉③✐♦♥❡✳

■❧ ♥✉♦✈♦ %✐%&❡♠❛ O●❙❆ ✐♥❞✐❝❛ ❧❛ %&-❛❞❛ ✈❡-%♦ ✉♥ ❢✉&✉-♦ ❡❝♦♥♦♠✐❝♦ ❡❞

❡❝♦❧♦❣✐❝♦ ♠✐❣❧✐♦-❡ ♣❡- ❧❡ ♦♣❡-❛③✐♦♥✐ ❞✐ &❡--❛ ❞❡❣❧✐ ❛❡-♦♠♦❜✐❧✐✳ ❆♥❝♦-❛ ♣✐9

✶

❊❧❡❝$%♦♥✐❝ ❋❧✐❣❤$ ❇❛❣
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✐♠♣♦&'❛♥'❡ +❛&, ✐❧ &✐+♣❛&♠✐♦ ❞✐ '❡♠♣♦ ❝❤❡ ♠✐❣❧✐♦&❡&, ✉❧'❡&✐♦&♠❡♥'❡ ❧✬❡✣❝✐❡♥③❛

❞❡❧❧❡ ♦♣❡&❛③✐♦♥✐ ❞✐ '❡&&❛✳

■❧ +✐+'❡♠❛ ❞✐ ❙✐'✉❛'✐♦♥❛❧ ❆✇❛&❡♥❡++ ❞❛&, ✉♥ +♦+'❛♥③✐❛❧❡ ❛✐✉'♦ ❛❧❧❡ ♦♣❡&❛✲

③✐♦♥✐ ❡ +❛&, +✐❝✉&❛♠❡♥'❡ ✉♥ ✈❛❧♦&❡ ❛❣❣✐✉♥'♦ ❛❧ +✐+'❡♠❛ ❞✐ &✉❧❧❛❣❣✐♦✱ &✐❞✉❝❡♥❞♦

❧❛ ♥❡❝❡++✐', ❞✐ ♣❡&+♦♥❛❧❡ ❞✐ '❡&&❛ ❞✉&❛♥'❡ ❧❡ ♦♣❡&❛③✐♦♥✐ ❛❣❧✐ +'❛♥❞✱ ✐♥❝&❡✲

♠❡♥'❛♥❞♦ ❧✬✐♥❞✐♣❡♥❞❡♥③❛ ❞❡❧ ✈❡❧✐✈♦❧♦ ❞❛✐ +✉♣♣♦&'✐ ❞✐ '❡&&❛ ♠❛♥'❡♥❡♥❞♦ ✉♥

❡❧❡✈❛'♦ ❧✐✈❡❧❧♦ ❞✐ +✐❝✉&❡③③❛ ❡ ✉♥❛ ❝♦♥+❛♣❡✈♦❧❡③③❛ +✐'✉❛③✐♦♥❛❧❡ ❞✐ '✉''❛ ❧✬❛&❡❛

❝✐&❝♦+'❛♥'❡ ❡ ❞❡❧❧❡ ♦♣❡&❛③✐♦♥✐ +'❡++❡✳



 ❛"#❡ ■■
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❈❛♣✐$♦❧♦ ✹

❆♥❛❧✐*✐ ❞❡❧ -✐*♣❛-♠✐♦

❆♥❛❧✐%✐ ❞❡✐ ❝♦♥%✉♠✐ ❞✐ ✉♥ ✈❡❧✐✈♦❧♦ ❞✉-❛♥.❡ ✐❧ -✉❧❧❛❣❣✐♦ ✐♥ ❞✐✈❡-%✐ %❝❡♥❛✲

-✐ ♦♣❡-❛.✐✈✐ ❡ ❝♦♥❢-♦♥.♦ ❞❡✐ ♣♦%%✐❜✐❧✐ ✈❛♥.❛❣❣✐✴-✐%♣❛-♠✐ ♥❡❧❧✬✉.✐❧✐③③♦ ❞✐ ✉♥

%✐%.❡♠❛ ❞✐ -✉❧❧❛❣❣✐♦ ❡❧❡..-✐❝♦ ✭❡❚❛①✐✮✳

✹✳✶ ❙$%❛$❡❣✐❡ ❞✐ ❛♣♣%♦✈✈✐❣✐♦♥❛♠❡♥$♦

❋✐♥♦ ❛ ❝❤❡ ♥♦♥ ❡♠❡-❣❡-❛♥♥♦ ♥✉♦✈❡ .❡❝♥♦❧♦❣✐❡ ♥❡❧ ❝❛♠♣♦ ❞❡❧❧✬❡♥❡-❣✐❛ ❡ ❞❡✐

.-❛%♣♦-.✐✱ ❛❧❝✉♥❡ ❛-❡❡ ❞✐ ❜✉%✐♥❡%% %♦♥♦ ❞❡%.✐♥❛.❡ ❛ ❞✐♣❡♥❞❡-❡ ❣✐♦-♥♦ ♣❡- ❣✐♦-♥♦

❞❛❧❧✬❛♥❞❛♠❡♥.♦ ❞❡✐ ♣-❡③③✐ ❞❡❧ ♣❡.-♦❧✐♦ ✭✶✳✶✮✱ ❡ @✉✐♥❞✐ ❛ %✉❜✐-❡ ❧❛ ✈♦❧❛.✐❧✐.A ❞❡✐

♠❡-❝❛.✐ ♦❣♥✐ @✉❛❧ ✈♦❧.❛ %✐ ♣-♦%♣❡..✐ ✉♥❛ ❝-✐%✐ ♣♦❧✐.✐❝❛ ♦ ♠✐❧✐.❛-❡ ✐♥ ✉♥ ♣❛❡%❡

♣-♦❞✉..♦-❡✳ ❊❞ ✐♥❢❛..✐✱ %❡❝♦♥❞♦ ❞❛.✐ -✐♣♦-.❛.✐ ❞❛❧ ❋✐♥❛♥❝✐❛❧ ❚✐♠❡%✱ ✐❧ ❝♦%.♦

❞❡❧ ❝❛-❜✉-❛♥.❡ -❛♣♣-❡%❡♥.❛ ❜❡♥ ✐❧ 46% ❞❡✐ ❝♦%.✐ ♦♣❡-❛.✐✈✐ .♦.❛❧✐ ♣❡- ❘②❛♥❛✐-

❡ ✐❧ 31% ♣❡- ❊❛%②❥❡.✱ ❝♦♥.-♦ ✐❧ 23% ❞✐ ▲✉❢.❤❛♥%❛ ❡ ✐❧ 27% ❞✐ ❆✐- ❋-❛♥❝❡✲❑▲▼

❬✹❪✳ ❚✉.❡❧❛-%✐ ❞❛❧ -✐%❝❤✐♦ ❞✐ ✈❛-✐❛❜✐❧✐.A ❞❡❧ ♣-❡③③♦ ❞❡❧ ❝♦♠❜✉%.✐❜✐❧❡✱ ❛..-❛✈❡-✲

%♦ ❝♦♥.-❛..✐ ❞✐ ❞❡-✐✈❛.✐ ❛ .❡-♠✐♥❡✱ L @✉✐♥❞✐ ✉♥❛ %❝❡❧.❛ %.-❛.❡❣✐❝❛ ✐♥ @✉❡%.♦

❝♦♠♣❛-.♦✱ ♥❡❝❡%%❛-✐❛ ♣❡- ❡✈✐.❛-❡ ✐♠♣❛..✐ ❞❡✈❛%.❛♥.✐ %✉✐ ♣-♦✜..✐ ✭❤❡❞❣✐♥❣✮✳

▲❛ ❝♦♣❡-.✉-❛ ❞❛❧ -✐%❝❤✐♦ ♣✉N ❡%%❡-❡ ❡✛❡..✉❛.❛ ♦ ❛..-❛✈❡-%♦ ❝♦♥.-❛..✐ ❢♦-✇❛-❞

❶♦✈❡-✲.❤❡✲❝♦✉♥.❡-❷%✉❧ ❝❛-❜✉-❛♥.❡✱ ♠❡❞✐❛♥.❡ ❜-♦❦❡- %♣❡❝✐❛❧✐③③❛.✐✱ ♦♣♣✉-❡ ❛.✲

.-❛✈❡-%♦ ❝♦♥.-❛..✐ ❢✉.✉-❡

✶

%✉❧ ♣❡.-♦❧✐♦✱ ✐❧ ❝✉✐ ♣-❡③③♦ L ♦✈✈✐❛♠❡♥.❡ ❝♦--❡❧❛.♦

❝♦♥ ✐❧ ❝♦%.♦ ❞❡❧ ❝❛-❜✉-❛♥.❡✱ ❡ ❝❤❡ @✉✐♥❞✐ ❣❡♥❡-❛♥♦ ❣❧✐ %.❡%%✐ ❡✛❡..✐ ✜♥❛♥③✐❛-✐✳

❆❞❞✐-✐..✉-❛ ✐♥ ❛❧❝✉♥✐ ❝❛%✐ @✉❛♥❞♦ ✐❧ ♣-❡③③♦ ❞❡❧ ❝❛-❜✉-❛♥.❡ ❛✉♠❡♥.❛ %❡♥%✐❜✐❧✲

♠❡♥.❡ ❧❡ ✐♠♣-❡%❡ ♣-❡❢❡-✐%❝♦♥♦ ❧❛%❝✐❛-❡ ❛ .❡--❛ ✐ ♣-♦♣-✐ ✈❡❧✐✈♦❧✐ ❞✐♠✐♥✉❡♥❞♦ ✐❧

✶

❈♦♥#$❛##♦ ♠❡❞✐❛♥#❡ ✐❧ +✉❛❧❡ -✐ ❛❝+✉✐-#❛♥♦ ❞❡#❡$♠✐♥❛#✐ #✐#♦❧✐ ♦ ♠❡$❝✐ ❛❞ ✉♥ ♣$❡③③♦ ❝❤❡

✈✐❡♥❡ ✜--❛#♦ ✐♠♠❡❞✐❛#❛♠❡♥#❡✱ ♠❡♥#$❡ ❝♦♥-❡❣♥❛ ❡ ♣❛❣❛♠❡♥#♦ ❛✈$❛♥♥♦ ❧✉♦❣♦ ❛❞ ✉♥❛ ❝❡$#❛

-❝❛❞❡♥③❛ ❢✉#✉$❛✳ ▲❛ ❞✐✛❡$❡♥③❛ ❢♦♥❞❛♠❡♥#❛❧❡ : ❝❤❡ ✐❧ ❢♦$✇❛$❞✱ ❛❧ ❝♦♥#$❛$✐♦ ❞❡❧ ❢✉#✉$❡✱ :

-❝❛♠❜✐❛#♦ -✉ ♠❡$❝❛#✐ ♥♦♥ $❡❣♦❧❛♠❡♥#❛#✐ ✭❖❚❈✮✳ A❡$❝✐B ♥♦♥ : -#❛♥❞❛$❞✐③③❛#♦ ❡ ♣$❡-❡♥#❛ ✐❧

$✐-❝❤✐♦ ♥♦♥ ✐♥❞✐✛❡$❡♥#❡ ❝❤❡ ✉♥❛ ❞❡❧❧❡ ❞✉❡ ❝♦♥#$♦♣❛$#✐ ♥♦♥ ♦♥♦$✐ ✐ ♣$♦♣$✐ ✐♠♣❡❣♥✐ ❬✷✺❪✳

✸✹
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♥✉♠❡&♦ ❞✐ ✈♦❧✐✳ ◆❡❧ ✷✵✶✹ ❘②❛♥❛✐& ❤❛ ❶❝♦♣❡&8♦❷❛88&❛✈❡&9♦ ❝♦♥8&❛88✐ ❞❡&✐✈❛8✐

✐❧ 90% ❞❡✐ ♣&♦♣&✐ ❝♦98✐ ✭✜99❛♥❞♦ ✐❧ ❝♦98♦ ✐♠♣❧✐❝✐8♦ ❞❡❧ ❝❛&❜✉&❛♥8❡ ❛❝=✉✐98❛8♦

❛ ✾✻ ❞♦❧❧❛&✐ ❛❧ ❜❛&✐❧❡✮✱ ❝♦♥8&♦ ✐❧ 79% ❞✐ ❊❛9②❥❡8❀ ✐❧ 8❡&③♦ ♦♣❡&❛8♦&❡ ❶❧♦✇✲❝♦98

❷❡✉&♦♣❡♦✱ ◆♦&✇❡❣✐❛♥ ❆✐& ❙❤✉88❧❡✱ ❤❛ 9❝❡❧8♦ ✐♥✈❡❝❡ ❞✐ ♥♦♥ 98✐♣✉❧❛&❡ ❛❧❝✉♥ ❝♦♥✲

8&❛88♦ ❛ 8❡&♠✐♥❡✳ ▲❛ 9❝❡❧8❛ ❞✐ ❘②❛♥❛✐& L 9❡♠❜&❛8❛ ✈✐♥❝❡♥8❡✱ ❞♦♣♦ ✉♥❛ 9❡&✐❡

❞✐ ❶9❝♦♠♠❡99❡❷9❢♦&8✉♥❛8❡ ❢❛88❡ ♥❡❣❧✐ ✉❧8✐♠✐ ❛♥♥✐✳

❉❛8♦ ❝❤❡ ✐❧ ❝❛&❜✉&❛♥8❡ &❛♣♣&❡9❡♥8❛ ❝✐&❝❛

1
3
❞❡✐ ❝♦98✐ ❞✐ ✉♥❛ ❝♦♠♣❛❣♥✐❛ ❛❡&❡❛✱

♦❧8&❡ ❝❤❡ ✐♠♣❧❡♠❡♥8❛&❡ ✉♥❛ ✈❛❧✐❞❛ ♣♦❧✐8✐❝❛ ❞✐ ❤❡❞❣✐♥❣

✷

✱ 9❡♠❜&❛ ♥❡❝❡99❛&✐♦

❛♣♣❧✐❝❛&❡ ♦♣♣♦&8✉♥❡ ♣♦❧✐8✐❝❤❡ ❞✐ 9✈✐❧✉♣♣♦✱ 9✐❛ 8❡❝♥✐❝❤❡ ❝❤❡ ♣&♦❝❡❞✉&❛❧✐✱ ♣❡&

&✐❞✉&&❡ ✐❧ ❝♦♥9✉♠♦ ❞✐ ❝♦♠❜✉98✐❜✐❧❡✳

✹✳✷ ❆♥❛❧✐(✐

✹✳✷✳✶ ❚❛①✐✲❖✉+

■ ✈♦❧✐ ❛❝❝✉♠✉❧❛♥♦ ✉♥❛ ❣&❛♥ ♣❛&8❡ ❞❡❧ ❧♦&♦ &✐8❛&❞♦ ❛❧ 9✉♦❧♦✳ ◗✉❡98♦ &✐8❛&❞♦ L

9♣❡99♦ 9✐♥♦♥✐♠♦ ❞✐ ❝♦98✐ ❛❣❣✐✉♥8✐✈✐ 9♣❡❝✐❛❧♠❡♥8❡ ♣❡& =✉❡❧ ❝❤❡ &✐❣✉❛&❞❛ ❧❛ ✈♦❝❡

❝♦♠❜✉98✐❜✐❧❡✳ Q&❡❞✐&❡ ✐ 8❡♠♣✐ ❞✐ &✉❧❧❛❣❣✐♦ ♣❡&♠❡88❡ ❞✐ ❝❛♣✐&❡ ✐❧ &✐9♣❛&♠✐♦ ❝❤❡

9✐ ❛✈&❡❜❜❡ ♠✐❣❧✐♦&❛♥❞♦ ❛❧❝✉♥❡ ♣&♦❝❡❞✉&❡ ❡ ❞✐ ✈❛❧✉8❛&❡ 9❡&✐❛♠❡♥8❡ ❧✬✉8✐❧✐③③♦ ❞✐

9✐98❡♠✐ ❞✐ ♠♦✈✐♠❡♥8❛③✐♦♥❡ ❛❧8❡&♥❛8✐✈✐✳ ▲♦ 9❝♦♣♦ L =✉❡❧❧♦ ❞✐ ❢♦&♥✐&❡ ✉♥✬❛♥❛❧✐9✐

❞❡✐ 8❡♠♣✐ ❞✐ 8❛①✐✲♦✉8 =✉✐♥❞✐ ❞❛❧ ♠♦♠❡♥8♦ ❞❡❧ ♣✉9❤✲❜❛❝❦ ❛ =✉❡❧❧♦ ❞❡❧ ❞❡❝♦❧❧♦✳

➱ =✉✐♥❞✐ ♥❡❝❡99❛&✐♦ ❡❞ ✐♠♣♦&8❛♥8❡ ✐♥❞✐✈✐❞✉❛&❡ ❡ ❝❛♣✐&❡ ✐ ❢❛88♦&✐ ❝❤❡ ✐♥✢✉✐9❝♦♥♦

❡ ❞❡8❡&♠✐♥❛♥♦ ✐ 8❡♠♣✐ ❞✐ &✉❧❧❛❣❣✐♦✱ ❛♥❝❤❡ 9❡ ♠♦❧8✐ ❞✐ ❡99✐ 9♦♥♦ ❞✐✣❝✐❧✐ ❞❛

❞❡✜♥✐&❡ ❡ 98✐♠❛&❡✳ ❋♦♥❞❛♠❡♥8❛❧✐ &✐9✉❧8❛♥♦ ❧❛ ❝♦♥✜❣✉&❛③✐♦♥❡ ❞❡❧❧❡ ♣✐98❡✱ ❧❡

♣&♦❝❡❞✉&❡ ❞❡❧❧❡ ❝♦♠♣❛❣♥✐❡ ❛❡&❡❡ ❡ ✐ &❡❧❛8✐✈✐ 8❡&♠✐♥❛❧✱ ❧❡ ♣♦99✐❜✐❧✐ &❡98&✐③✐♦♥✐

❡ ✐ ❢❛88♦&✐ ❝❤❡ ✐♥✢✉✐9❝♦♥♦ 9✉❧❧❛ 9❡=✉❡♥③❛ ❞✐ ♣❛&8❡♥③❛✳

▲❛ ❞✉&❛8❛ ❞❡❧ 8❛①✐ L ❝❛❧❝♦❧❛8❛ ❛ ♣❛&8✐&❡ ❞❛ =✉❛♥❞♦ ✐❧ ✈❡❧✐✈♦❧♦ L ♣&♦♥8♦ ❝♦♥

❧❡ ♣♦&8❡ ❝❤✐✉9❡ ❡ ❢&❡♥✐ &✐❧❛9❝✐❛8✐ ✜♥♦ ❛❧ ♠♦♠❡♥8♦ ❞❡❧ ❞❡❝♦❧❧♦✳ ■❧ &✐8❛&❞♦ ❞❡❧

♣✉9❤✲❜❛❝❦ L ✐♥✈❡❝❡ ❧✬✐♥8❡&✈❛❧❧♦ ❞✐ 8❡♠♣♦ 8&❛ ❧♦ 9❝❤❡❞✉❧❛8♦ ❞✐ 9❜❧♦❝❝♦ ✭❊❖❇❚✮

❡ ❧✬♦&❛&✐♦ ❡✛❡88✐✈♦ ❞✐ ♣✉9❤✲❜❛❝❦✳ ❈♦♥9✐❞❡&❛♥❞♦ ❧❛ ✈❛❧✉8❛③✐♦♥❡ ❞✐ ✉♥ ♣♦99✐❜✐❧❡

✐♠♣✐❡❣♦ ❞✐ ❡❚❛①✐✱ =✉❡❧❧♦ ❝❤❡ ✐♥8❡&❡99❛ L =✉❛♥❞♦ ❧✬❛❡&♦♠♦❜✐❧❡ &✐❝❡✈❡ ❧✬❛✉8♦&✐③✲

③❛③✐♦♥❡ ❞✐ ♠❡99❛ ✐♥ ♠♦8♦ ❞❛ ♣❛&8❡ ❞❡❧❧✬❆❚❈ ✐♥ =✉❛♥8♦ ✐♥✐③✐❛ ❛ ❝♦♥9✉♠❛&❡

❝❛&❜✉&❛♥8❡✳ ❯♥ ❛❧8&♦ ❢❛88♦&❡ ✐♠♣♦&8❛♥8❡ L ❧❛ ❝♦♥✜❣✉&❛③✐♦♥❡ ❛❡&♦♣♦&8✉❛❧❡ ❡

❧❛ ♣✐98❛ ✐♥ ✉9♦✳ ❆ 9❡❝♦♥❞❛ ❞❡❧❧❛ ♣✐98❛✱ ✐♥ ❢✉♥③✐♦♥❡ ❞❡❧ ❧❛②♦✉8✱ ❞❡❧ ♥✉♠❡&♦ ❞✐

✐♥8❡&❛❣❡♥③❡ ❡ ❞✐ ♣♦99✐❜✐❧✐ ❛88&❛✈❡&9❛♠❡♥8✐ ❞✐ ♣✐98❛ ✐❧ 8❡♠♣♦ ❞✐ &✉❧❧❛❣❣✐♦ ✈❛&✐❛✳

❈♦♥9✐❞❡&❛♥❞♦ ❣❧✐ ❛❡&♦♣♦&8✐ ❡✉&♦♣❡✐ ❝♦♥ ♠❛❣❣✐♦& 8&❛✣❝♦✱ ❝✐ 9✐ &❡♥❞❡ ❝♦♥8♦ ❝❤❡

❧❡ ❡98❡♥9✐♦♥✐ ♥♦♥ 9♦♥♦ ❞❛ 9♦88♦✈❛❧✉8❛&❡ =✉✐♥❞✐ ❧❛ ♣♦9✐③✐♦♥❡ ❞✐ ♣❛&8❡♥③❛ ❞✐ ✉♥

✈❡❧✐✈♦❧♦ ♣✉_ ✐♥❝✐❞❡&❡ ♥♦8❡✈♦❧♠❡♥8❡ 9✉❧ &✐9♣❛&♠✐♦ ❞✐ ❝♦♠❜✉98✐❜✐❧❡✳ ◆❡❧ ❝❛9♦ ✐♥

✷

❙!"❛!❡❣✐❛ ❞✬✐♥✈❡+!✐♠❡♥!♦ ❞✐+❡❣♥❛!❛ ♣❡" "✐❞✉""❡ ✐❧ ♣"♦✜❧♦ ❞✐ "✐+❝❤✐♦ ❞✐ ✉♥ ✐♥✈❡+!✐♠❡♥!♦

♠❡❞✐❛♥!❡ ❧✬✉!✐❧✐③③♦ ❞✐ +!"✉♠❡♥!✐ ❞❡"✐✈❛!✐ ❝♦♠❡ ❝♦♥!"❛!!✐ ❢✉!✉"❡ ❡ ❢♦"✇❛"❞✳
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❡#❛♠❡✱ ▲✐♥❛*❡✱ ❧✬❡#*❡♥#✐♦♥❡ ♥♦♥ . ♣❛0*✐❝♦❧❛0♠❡♥*❡ 0✐❧❡✈❛♥*❡ ✐♥ 3✉❛♥*♦ . ♣0❡✲

#❡♥*❡ ✉♥❛ #♦❧❛ ✈✐❛ ❞✐ 0✉❧❧❛❣❣✐♦ ♣❡0 ❧✬❛✈✐❛③✐♦♥❡ ❝♦♠♠❡0❝✐❛❧❡ ❝❤❡ #❡0✈❡ ✉♥❛ #♦❧❛

♣✐#*❛✳ ;✐< 0✐❧❡✈❛♥*❡ . ❧♦ #*❛♥❞ ❞✐ ♣❛0*❡♥③❛✱ #❡ ♥❡❝❡##✐*❛ ♦ ♠❡♥♦ ❞❡❧ ♣✉#❤✲❜❛❝❦

❡ ❞❡❧❧❛ ♣♦##✐❜✐❧❡ #❡3✉❡♥③❛ ♣❡0 ❧❛ #♣✐♥*❛✳ ❆ ▲✐♥❛*❡ #♦♥♦ ♣0❡#❡♥*✐ #♦❧♦ *0❡ ♣✉♥*✐

❞✐ 0✐❧❛#❝✐♦ ❞✐ ❝✉✐ ✉♥♦ ♣♦❝♦ #❢0✉**❛*♦ ✐♥ 3✉❛♥*♦ ♠♦❧*♦ ♣❡♥❛❧✐③③❛♥*❡✳ ■ ♣✉♥*✐ ❞✐

0✐❧❛#❝✐♦ #♦♥♦ ♣♦#✐③✐♦♥✐ ❝♦❧❧♦❝❛*❡ #✉❧❧❡ *❛①✐✇❛② ✐♥ ♣0♦##✐♠✐*E ❞❡❧❧❡ ♣✐❛③③♦❧❡ ❝❤❡

♥❡❝❡##✐*❛♥♦ ♣✉#❤✲❜❛❝❦✱ #*✉❞✐❛*❡ ❡ ❛♣♣0♦✈❛*❡ ❞❛ ❊◆❆❈✱ ❛❧❧❡ 3✉❛❧✐ ✐ *0❛**❛0✐

0✐❧❛#❝✐❛♥♦ ✐❧ ✈❡❧✐✈♦❧♦ ❞♦♣♦ ❧❛ #♣✐♥*❛✳ ;❡0 ❧✬❛✈✐❛③✐♦♥❡ ❣❡♥❡0❛❧❡✱ ✐♥✈❡❝❡✱ ❧♦ #❝❡♥❛✲

0✐♦ . ❞✐✈❡0#♦✱ ✐♥ 3✉❛♥*♦ ✐❧ ❧♦0♦ ♣❡0❝♦0#♦ ♣✉I ❞✉0❛0❡ ❛♥❝❤❡ ❞✐ ✶✺✴✶✽ ♠✐♥✳ ❞❛❧

♣✐❛③③♦❧❡ ❖✈❡#* ✜♥♦ ❛❧ ♣✉♥*♦ ❛**❡#❛ ❞❡❧❧❛ ♣✐#*❛ ✸✻✳ ▲❡ ❝♦♥❞✐③✐♦♥✐ ♠❡*❡♦ #♦♥♦

✉♥ ❛❧*0♦ ❢❛**♦0❡ ❞❛ ❞♦✈❡0 ❝♦♥#✐❞❡0❛0❡❀ ❛❞ ❡#❡♠♣✐♦ ✉♥❛ ♥❡✈✐❝❛*❛✱ ✉♥ *❡♠♣♦0❛❧❡

♦ ❝♦♠❡ ♣✐< #♣❡##♦ #✉❝❝❡❞❡ ❛ ▼✐❧❛♥♦✱ ❧❛ ♣0❡#❡♥③❛ ❞❡❧❧❛ ♥❡❜❜✐❛ ✐♥✢✉✐#❝♦♥♦ #✉✐

*❡♠♣✐ ❞✐ 0✉❧❧❛❣❣✐♦ ♣❡0 ✈✐❛ ❞❡❧❧❡ ♣0♦❝❡❞✉0❡ ✐♥ ❛**♦ ♦❧*0❡ ❝❤❡ #✉❧❧♦ #*✐♠❛*♦ ❞❡❧❧❛

♠❡##❛ ✐♥ ♠♦*♦✳

✹✳✷✳✷ #$✐♠❛ ❛♥❛❧✐*✐

❈♦♠❡ ♣0✐♠❛ ❝♦#❛ #✐ ✈♦❣❧✐♦♥♦ ❛♥❛❧✐③③❛0❡ ✐ *❡♠♣✐ ❞✐ 0✉❧❧❛❣❣✐♦ ❞❡✐ ♠❛❣❣✐♦0✐

❛❡0♦♣♦0*✐ ❡✉0♦♣❡✐ ♣❡0 ❝❛♣✐0❡ 3✉❛❧✐ ♣♦##✐❜✐❧✐ ♠❛0❣✐♥✐ ❞✐ 0✐#♣❛0♠✐♦ ❝✐ #✐❛♥♦ ❝♦♥

✉♥ #✐#*❡♠❛ ❛❧*❡0♥❛*✐✈♦ ♣❡0 ✐❧ *❛①✐✳ ❯#✐❛♠♦ ❝♦♠❡ 0✐❢❡0✐♠❡♥*♦ ✐ ❞❛*✐ ✉✣❝✐❛❧✐

❞✐#*0✐❜✉✐*✐ ❞❛❧❧❛ ■❆❚❆ ❞❡✐ *❡♠♣✐ ❞✐ 0✉❧❧❛❣❣✐♦ ✐♥ ✉#❝✐*❛❀ ✐ ❞❛*✐ #♦♥♦ 0✐❢❡0✐*✐

❛❧❧✬❛♥♥♦ ✷✵✶✸✴✷✵✶✹ ❡ ✐ ✈❛❧♦0✐ ♣0❡#❡♥*❛*✐ #♦♥♦ ❞✐✈✐#✐ ♣❡0 ❝❛*❡❣♦0✐❛

✸

✭#♦❧♦ #❡

✐❧ *0❛✣❝♦ . 0✐❧❡✈❛♥*❡✮ ❡ ✈❡♥❣♦♥♦ ❢♦0♥✐*✐ ✐ ✈❛❧♦0✐ ♠❡❞✐ ❞❡❧ *❛①✐ ✐♥ ❢✉♥③✐♦♥❡ ❞❡❧

♣❡#♦✱ ❧❛ ❞❡✈✐❛③✐♦♥❡ #*❛♥❞❛0❞ ❡ ❧❛ ♠❡❞✐❛♥❛✳

✸

▲ ❧✐❣❤$✿ ▼❚❖❲ < 7000❑❣

▼ ▼❡❞✐✉♠✿ ▼❚❖❲ < 136000❑❣

❍ ❍❡❛✈②✿ ▼❚❖❲ > 136000❑❣

❏ ❏✉♠❜♦✿ ❆✐7❜✉8 ❆✸✽✵✲✽✵✵
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❆❡$♦♣♦$'♦ ❈❛'❡❣♦$✐❛ ▼❡❞✐❛ ❚❛①✐ ❉❡✈✐❛③✐♦♥❡ ▼❡❞✐❛♥❛

✭■❈❆❖✮ ❙'❛♥❞❛$❞

❊❉❉❋ ❏ ✷✶ ✺ ✷✵

❍ ✶✽ ✻ ✶✽

▼ ✶✸ ✺ ✶✷

❊❉❉❍ ❍ ✶✷ ✸ ✶✶

▼ ✾ ✸ ✽

❊❉❉❑ ▼ ✾ ✸ ✽

❊❉❉▲ ❍ ✶✺ ✹ ✶✹

▼ ✶✷ ✹ ✶✶

❊❉❉▼ ❍ ✶✼ ✻ ✶✻

▼ ✶✸ ✺ ✶✷

❊❉❉❙ ▼ ✶✵ ✹ ✾

❊❉❉❚ ❍ ✶✹ ✹ ✶✸

▼ ✶✶ ✹ ✶✵

❊❋❍❑ ❍ ✶✸ ✹ ✶✷

▼ ✶✶ ✺ ✾

❚❛❜❡❧❧❛ ✹✳✶✿ ❚❡♠♣✐ ❚❛①✐ ●❡$♠❛♥✐❛✲❋✐♥❛❧♥❞✐❛

❆♥❛❧✐③③❛♥❞♦ ✐ ✈❛❧♦$✐ ❢♦$♥✐'✐ ❞❡✐ 50 ❛❡$♦♣♦$'✐ $✐♣♦$'❛'✐ ❝✐ P✐ $❡♥❞❡ ❝♦♥'♦

❝❤❡ ♣❡$ ✐❧ 67% ❞❡✐ ❝❛P✐✱ ✐❧ '❡♠♣♦ ❞❡❧ '❛①✐ ♣❡$ ♣✐S ❞❡❧❧❛ ♠❡'T ❞❡❣❧✐ ❛❡$♦♠♦❜✐❧✐

❝♦♥P✐❞❡$❛'✐✱ U ❝♦♠♣$❡P♦ '$❛ ✐ ✶✵ ❡ ✷✵ ♠✐♥✉'✐✳ W❡$ ✐❧ 28% ❞❡✐ ❝❛P✐ ✐❧ '❛①✐ U

✐♥❢❡$✐♦$❡ ❛✐ ✶✵ ♠✐♥✉'✐ ❡ P♦❧♦ ♣❡$ ✐❧ 5% P✉♣❡$✐♦$❡ ❛✐ ✷✵ ♠✐♥✉'✐✳ ❙✐ ♥♦'❛ ❝❤❡ ✐❧

'❡♠♣♦ ♠❡❞✐♦ ❞❡❧ '❛①✐ ♣❡$ ✉♥ ✈❡❧✐✈♦❧♦ ❞✐ ♠❡❞✐❛ ❝❛'❡❣♦$✐❛ U ❞✐ ✶✷ ♠✐♥ X✉✐♥❞✐✱

♣❡$ ❧♦ P'✉❞✐♦ ✐♥ ❡P❛♠❡✱ P✉PP✐P'❡ ✉♥ ♠❛$❣✐♥❡ ❞✐ $✐P♣❛$♠✐♦✳ ◆❡❧❧❛ '❛❜❡❧❧❛ U ✹✳✺

$✐♣♦$'❛'♦ ✐❧ ❝♦♥P✉♠♦ ❞✐ ❝❛$❜✉$❛♥'❡ ✐♥ ❑❣ ❞✐ ✉♥ ✈❡❧✐✈♦❧♦ ❞✐ ♠❡❞✐❛ ❝❛'❡❣♦$✐❛✳

●❧✐ ❛❡$♦♣♦$'✐ ❝♦♥P✐❞❡$❛'✐ P♦♥♦ X✉❡❧❧✐ ♣✐S ❝♦♠✉♥❡♠❡♥'❡ ✉'✐❧✐③③❛'✐ ❞❛✐ ✈❡''♦✲
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❣❡ ♣❡$ ❧✬✐♠❜❛$❝♦ ❡ ❧♦ /❜❛$❝♦ ❞❡✐ ♣❛//❡❣❣❡$✐ ❡ ❞❛❧ /✐/)❡♠❛ ❛✉)♦♠❛)✐③③❛)♦ ❞✐

♣$♦❣$❡//✐♦♥❡✱ ❧❛ /❡❝♦♥❞❛ ♥♦✳ ■♥♦❧)$❡ ❧❡ ❞✉❡ ③♦♥❡ ❤❛♥♥♦ ❞❡❧❧❡ ♣$♦❝❡❞✉$❡ ❞✐

♣✉/❤✲❜❛❝❦ ❞✐✛❡$❡♥)✐✱ ❧❛ ♣$✐♠❛ ❤❛ ❝♦♠❡ ♣✉♥)✐ ❞✐ $✐❧❛/❝✐♦ ✐❧ ◗❆ ❡ ✐❧ ◗❈✱ ❧❛

/❡❝♦♥❞❛ ✐❧ ❉✷

✶

✳

➱ ❝❤✐❛$♦ ❝❤❡ ❧❡ ❞✐/)❛♥③❡ ♥♦♥ /♦♥♦ ❞✐✈❡$/❡ ❡ ❝❤❡ N✉✐♥❞✐✱ ♥♦♥ /♦♥♦ ❞✐ ♣❡$

/3 ❞❡)❡$♠✐♥❛♥)✐ )$❛ ❧♦$♦✱ ♠❛ ❞❛❧ ♣✉♥)♦ ❞✐ ✈✐/)❛ ❞❡❧ ❝♦♥)$♦❧❧♦ ❞❡❧ )$❛✣❝♦

❧❛ ♣♦/✐③✐♦♥❡ 3 ♠♦❧)♦ ❞✐✛❡$❡♥)❡✳ ■♥❢❛))✐ ❧❛ ❧✐♥❡❛ ❈ 3 ♠♦❧)♦ ✉)✐❧✐③③❛)❛ ♣❡$ ✐❧

♠♦✈✐♠❡♥)♦ ❞❡❣❧✐ ❛❡$♦♠♦❜✐❧✐ ❛ )❡$$❛ /✐❛ ❞❛✴♣❡$ ❣❧✐ /)❛♥❞ ❝♦♥ ✐ ✜♥❣❡$ /✐❛ ♣❡$ ✐❧

♣❛//❛❣❣✐♦ ❞❡❣❧✐ ❛❡$♦♠♦❜✐❧✐ ✐♥ ♣❛$)❡♥③❛ ❞❛❧ ♣✐❛③③❛❧❡ ❆❚❆ ✭♣✐❛③③❛❧❡ ❲❡/)✮ ❝❤❡

❞❡✈♦♥♦ ♦❜❜❧✐❣❛)♦$✐❛♠❡♥)❡ ♦❝❝✉♣❛$❡ ❧❡ )❛①✐✇❛②/ ◆ ❡ ❈✳

◆❡❧❧✬✐♠♠❛❣✐♥❡ ✹✳✸ /♦♥♦ ❡✈✐❞❡♥③✐❛)✐ ✐♥ $♦//♦ ✐ ♣❡$❝♦$/✐ ❞❡❣❧✐ ❛❡$♦♠♦❜✐❧✐ ✐♥

$✉❧❧❛❣❣✐♦ ♣❡$ ❧❛ ♣✐/)❛ ✸✻✱ ♠❡♥)$❡ ✐♥ ✈❡$❞❡ N✉❡❧❧✐ ❝❤❡ ❧✐❜❡$❛♥♦ ❧❛ ♣✐/)❛ ♣❡$

♣♦$)❛$/✐ ❛❧❧❛ ♣✐❛③③♦❧❛ ❞❡/✐❣♥❛)❛✳ ◗✉❡/)♦ ✐♠♣❧✐❝❛ ❝❤❡✱ ❡//❡♥❞♦ ❧❛ ♣♦/✐③✐♦♥❡

❞❡❣❧✐ /)❛♥❞ 1−5 ♠♦❧)♦ ❝$✐)✐❝❛✱ ♣✉] ❝❛♣✐)❛$❡ ❝❤❡ ❧✬❛✉)♦$✐③③❛③✐♦♥❡ ❛❧ ♣✉/❤✲❜❛❝❦

♣♦//❛ ❡//❡$❡ $✐)❛$❞❛)❛ ❛♥❝❤❡ ❞✐ ♠♦❧)♦ ❡ ♥❡❧ ❝♦♥)❡♠♣♦ ❧✬❛))❡/❛ ♣❡$ ✐♠♣❡❣♥❛$❡

✶

■ ♣✉♥$✐ ❞✐ '✐❧❛*❝✐♦ *♦♥♦ ♣✉♥$✐ ❞❡✜♥✐$✐ *✉❧ ♣✐❛③③❛❧❡ ❞♦✈❡ ✐❧ $'❛$$♦'❡ *❣❛♥❝❡'2 ❧✬❛❡'♦♠♦❜✐❧❡

❞♦♣♦ ❛✈❡' $❡'♠✐♥❛$♦ ❧❛ ♣'♦❝❡❞✉'❛ ❞✐ ♣✉*❤✲❜❛❝❦
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❋✐❣✉&❛ ✹✳✶✿ +✐❛③③❛❧❡ ◆♦&❞
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❋✐❣✉%❛ ✹✳✸✿ ❋❧✉++♦ ❞✐ .%❛✣❝♦ ♣❡% ❧❛ ❧✐♥❡❛ ❈

❧♦ +.❛♥❞✱ ❞❡❣❧✐ ❛❡%♦♠♦❜✐❧✐ ❝❤❡ ❧✐❜❡%❛♥♦ ❧❛ ♣✐+.❛✱ +✐❛ ❝♦♥+✐❞❡%❡✈♦❧❡✳ ◗✉❡+.♦✱

✐♥ ❝♦♥❞✐③✐♦♥✐ ♦♣❡%❛.✐✈❡ +.❛♥❞❛%❞✱ ♥♦♥ ❝❛♣✐.❛ ♣❡% ❣❧✐ +.❛♥❞ ♥❡✐ ♣%❡++✐ ❞❡❧❧❛

.♦%%❡ ❞✐ ❝♦♥.%♦❧❧♦ ✐♥ <✉❛♥.♦ <✉❡❧❧❛ ♣♦%③✐♦♥❡ ❞✐ .❛①✐✇❛② ♣✉@ ❡++❡%❡ ❡✈✐.❛.❛

❛❣❡✈♦❧♠❡♥.❡ ❞❛✐ .%❛✣❝✐✳

 !✐♠♦ !✐❧✐❡✈♦ ✲ ❝♦♥❞✐③✐♦♥✐ -.❛♥❞❛!❞

▲❛ ♣%✐♠❛ %❛❝❝♦❧.❛ ❞❛.✐ B +.❛.❛ ❡✛❡..✉❛.❛ ✐♥ ❝♦♥❞✐③✐♦♥✐ +.❛♥❞❛%❞✱ <✉✐♥❞✐

✐♥ ✉♥❛ +✐.✉❛③✐♦♥❡ ❞✐ ❧❛✈♦%♦ ✐❞❡❛❧❡ ♣❡% ✐ ♣✐❧♦.✐✱ ♣❡% ✐❧ ♣❡%+♦♥❛❧❡ ❞✐ %❛♠♣❛ ❡ ♣❡%

✐❧ +❡%✈✐③✐♦ ❞✐ ❝♦♥.%♦❧❧♦ ❞❡❧ .%❛✣❝♦ ❛❡%❡♦❀ <✉❡+.♦ ✐♠♣❧✐❝❛✿

❼ ❛++❡♥③❛ ❞✐ +✐.✉❛③✐♦♥✐ ❝❤❡ %✐❝❤✐❡❞❛♥♦ ✉♥ .%❛..❛♠❡♥.♦ ❶♣❛%.✐❝♦❧❛%❡❷✭❛❞

❡+❡♠♣✐♦ ❛❡%♦♠♦❜✐❧✐ ❝♦♥ ♣%✐♦%✐.F✮

❼ ❛++❡♥③❛ ❞✐ ❡✈❡♥.✐ ❛♣♣❡♥❛ ❝♦♥❝❧✉+✐ ❝❤❡ ♣♦++❛♥♦ ❛✈❡% ❧✐♠✐.❛.♦ ❧❛ ❝❛♣❛❝✐.F

❛❡%♦♣♦%.✉❛❧❡ ❡ <✉✐♥❞✐ +✉❝❝❡++✐✈❛ ❝♦♥❣❡+.✐♦♥❡

❼ ❝♦♥❞✐③✐♦♥✐ ❛♠❜✐❡♥.❛❧✐ ❞✐+❝%❡.❡✱ ❛++❡♥③❛ ❞✐ ❢❡♥♦♠❡♥✐ ♠❡.❡♦%♦❧♦❣✐❝✐ %✐❧❡✲

✈❛♥.✐ ❝♦♠❡ ❛❞ ❡+❡♠♣✐♦ .❡♠♣♦%❛❧✐ +✉❧ ❝❛♠♣♦

❼ ❝♦♥❞✐③✐♦♥✐ ❞✐ ✈✐+✐❜✐❧✐.F ✶✱ <✉✐♥❞✐ .♦.❛❧❡ ❝♦♥.%♦❧❧♦ ✈✐+✐✈♦ ❞❡❧❧✬❛%❡❛ ❞✐

♠♦✈✐♠❡♥.♦ ❡ ♣%♦❝❡❞✉%❡ ▲❱M ✭▲♦✇ ❱✐+✐❜✐❧✐.② M%♦❝❡❞✉%❡+✮ ♥♦♥ ❛..✐✈❛.❡

❼ ❝♦♥❞✐③✐♦♥✐ ❞❡❧❧❡ ✐♥❢%❛+.%✉..✉%❡ ❛❡%♦♣♦%.✉❛❧✐ ♦..✐♠❛❧✐ ✭♣✐+.❛ ❛+❝✐✉..❛✱ ♥❡+✲

+✉♥❛ ❛✈❛%✐❛ ❛❣❧✐ ❛♣♣❛%❛.✐ ❞✐ %❛❞✐♦♥❛✈✐❣❛③✐♦♥❡✱ ❡❝❝✮

■♥♦❧.%❡ ❣❧✐ ❛❡%♦♠♦❜✐❧✐ ❝♦♥+✐❞❡%❛.✐ +♦♥♦ ❡+❡♥.✐ ❞❛ %❡+.%✐③✐♦♥✐ ❞✐ ✢✉++♦✱ <✉✐♥❞✐

♣%✐✈✐ ❞✐ ❈❚❖❚ ✭❈❛❧❝✉❧❛.❡❞ ❚❛❦❡ ❖✛ ❚✐♠❡✮✳ ■ ❞❛.✐ %❛❝❝♦❧.✐ +♦♥♦ +.❛.✐ ❞✐✈✐+✐
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♣❡$ %&❛♥❞ %❡❧❢ ♠❛♥❡✉✈❡$✐♥❣ ❡ %&❛♥❞ ❝♦♥ ♣✉%❤✲❜❛❝❦✱ %♦♥♦ %&❛&✐ ❝❛&❛❧♦❣❛&✐ ✐ ❞❛&✐

$❡❧❛&✐✈✐ ❛❧❧❛ $✐❝❤✐❡%&❛ ❞✐ ♠❡%%❛ ✐♥ ♠♦&♦✱ ❛❧❧❛ $✐❝❤✐❡%&❛ ❞✐ ♣✉%❤✲❜❛❝❦ ❡ ✐ &❡♠♣✐

❞✐ $✉❧❧❛❣❣✐♦ ❡ ♦ ❛&&❡%❛ ❛❧ ❍9 ✭❍♦❧❞✐♥❣ 9♦✐♥&✮ ❞❡❧❧❛ ♣✐%&❛ ✐♥ ✉%♦✳ ❉❛ >✉❛♥&♦

$❛❝❝♦❧&♦✱ %✐ ❡✈✐♥❝❡ ❝❤❡ ♦✈✈✐❛♠❡♥&❡ ❣❧✐ ❛❡$♦♠♦❜✐❧✐ ❝♦♥ ♣✉%❤✲❜❛❝❦ ✐♠♣✐❡❣❛♥♦

♠❡❞✐❛♠❡♥&❡ ✉♥ ♣❛✐♦ ❞✐ ♠✐♥✉&✐ ✐♥ ♣✐? ✭13.6 ♠✐♥✮ ♣$✐♠❛ ❞✐ ♣♦&❡$ ❞❡❝♦❧❧❛$❡

$✐%♣❡&&♦ ❛❣❧✐ ❛❧&$✐ &$❛✣❝✐ ✭11.8 ♠✐♥✮✳ ❆♥❛❧✐③③❛♥❞♦ ❛&&❡♥&❛♠❡♥&❡ ✐ ❞❛&✐ $❛❝❝♦❧&✐

%✐ C ♥♦&❛&♦ ❝❤❡ ❛❧❝✉♥✐ ✈❛❧♦$✐ ❡$❛♥♦ ❶❞✐%&❛♥&✐❷✭✐♥ ❡❝❝❡%%♦✮ ❞❛❧ ✈❛❧♦$❡ ♠❡❞✐♦ ❡

❞❛❧❧❛ $❡❧❛&✐✈❛ ❞❡✈✐❛③✐♦♥❡ %&❛♥❞❛$❞✳ ◗✉❡%&✐ ✈❛❧♦$✐✱ ❞❛&♦ ❝❤❡ ❛ ♠♦♥&❡ %♦♥♦ %&❛&✐

✜❧&$❛&✐ ❞❛ ❡✈❡♥&✐ ❡%&❡$♥✐✱ %✐ %♦♥♦ $✐✈❡❧❛&✐ %♣❡❝✐✜❝✐ ❞✐ ✉♥❛ ❝♦♠♣❛❣♥✐❛✱ ❧❛ ❇$✐&✐%❤

❆✐$✇❛②%✳ ■ %✉♦✐ &❡♠♣✐ ❞✐ $✉❧❧❛❣❣✐♦ %♦♥♦ ❞✐%&❛♥&✐ ♠❡❞✐❛♠❡♥&❡ 5 ♠✐♥ ❞❛❧ ✈❛❧♦$❡

❛&&❡%♦✳ ❊✛❡&&✉❛♥❞♦ ❞❡❣❧✐ ❛❝❝❡$&❛♠❡♥&✐ ❛ $✐❣✉❛$❞♦ %✐ C %❝♦♣❡$&♦ ❝❤❡ ♣❡$ ❞❡❧❧❡

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

✷

✈✐❡♥❡ ✐♥✈✐❛&♦ ❛❧❧✬❡>✉✐♣❛❣❣✐♦ %♦❧♦

❛❧❧✬✉❧&✐♠♦ ♠♦♠❡♥&♦ ♣$✐♠❛ ❞❡❧ ❞❡❝♦❧❧♦✱ ✐♥❝$❡♠❡♥&❛♥❞♦ ✐ &❡♠♣✐ ❞✐ ❛&&❡%❛ ❛❧ ❍9

♦ ♥❡❧❧❛ ❍♦❧❞✐♥❣ ❇❛②✳

❙❡❧❢ ▼❛♥❡✉✈❡$✐♥❣ ❉❛&✐ ❆✐$❜✉% ❉❛&✐ ■❈❆❖

❑❣ ❑❣

✷♠♦&♦$✐ ✶✹✶✱✽✻ ✶✹✼✱✺✸

✶♠♦&♦$❡ ✰ ✇❛$♠ ✉♣ ✾✹✱✾✸ ✾✽✱✼✸

❡&❛①✐ ✰ ✇❛$♠ ✉♣ ✹✽✱✵✵ ✹✾✱✾✷

❘✐%♣❛$♠✐♦ ♣❡$ ♦❣♥✐ ❞❡❝♦❧❧♦ ✹✻✱✾✸ ✹✽✱✽✶

❚❛❜❡❧❧❛ ✹✳✻✿ ❈♦♥❞✐③✐♦♥✐ %&❛♥❞❛$❞✿ %❡❧❢ ♠❛♥❡✉✈❡$✐♥❣

9✉%❤✲❇❛❝❦ ❉❛&✐ ❆✐$❜✉% ❉❛&✐ ■❈❆❖

❑❣ ❑❣

✷♠♦&♦$✐ ✶✻✸✱✶✶ ✶✻✾✱✻✹

✶♠♦&♦$❡ ✰ ✇❛$♠ ✉♣ ✶✵✺✱✺✻ ✶✵✾✱✼✽

❡&❛①✐ ✰ ✇❛$♠ ✉♣ ✹✽✱✵✵ ✹✾✱✾✷

❘✐%♣❛$♠✐♦ ♣❡$ ♦❣♥✐ ❞❡❝♦❧❧♦ ✺✼✱✺✻ ✺✾✱✽✻

❚❛❜❡❧❧❛ ✹✳✼✿ ❈♦♥❞✐③✐♦♥✐ %&❛♥❞❛$❞✿ ♣✉%❤✲❜❛❝❦

✷

❉♦❝✉♠❡♥'♦ ✉✣❝✐❛❧❡ ❝❤❡ ❝❡-'✐✜❝❛ ❧❛ -✐/♣♦♥❞❡♥③❛ ❞❡❧ ❝❛-✐❝♦ ❞❡❧❧✬❛❡-❡♦ ❛✐ ❧✐♠✐'✐ ❡ ❛❧❧❡

-❡❣♦❧❡ ✐♠♣♦/'✐✳ ❈♦/7 ❝♦♠❡ ✉♥ ❛❡-❡♦ '-♦♣♣♦ ♣❡/❛♥'❡ -✐/❝❤✐❡-❡❜❜❡ ❞✐ ♥♦♥ ❢❛-❝❡❧❛ ❛ ❧❡✈❛-/✐ ✐♥

✈♦❧♦✱ ❧✬❡--❛'❛ ❞✐/'-✐❜✉③✐♦♥❡ ❞❡❧ ❝❛-✐❝♦ ♣♦'-❡❜❜❡ ❝❛✉/❛-❡ /<✉✐❧✐❜-✐ '❛❧✐ ❞❛ ❝♦♠♣-♦♠❡''❡-❡ ❧❡

❝❛♣❛❝✐'= ❞✐ ♠❛♥♦✈-❛✳
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◆❡❧❧❛ &❛❜❡❧❧❛ ( )✐♣♦)&❛&♦ ✐❧ ❝♦♥/✉♠♦ ♣❡) ✐❧ )✉❧❧❛❣❣✐♦✱ ✐♥ ♣❛)&❡♥③❛ ❞❛❧❧❛

♣✐❛③③♦❧❛ ✜♥♦ ❛❧ ♠♦♠❡♥&♦ ❞❡❧ ❞❡❝♦❧❧♦✳ ■ ✈❛❧♦)✐ )✐♣♦)&❛&✐ /♦♥♦ /✉❞❞✐✈✐/✐ ♣❡) ✐❧

&✐♣♦ ❞✐ ♣✐❛③③♦❧❛ ✐♥ ❝✉✐ /♦/&❛♥♦ ✭/❡❧❢ ♠❛♥❡✉✈❡)✐♥❣ ❡ ♣✉/❤ ❜❛❝❦✮ ❡ ❝♦♥/✐❞❡)❛♥❞♦

✐ ❝❛/✐ ❞✐ &❛①✐ ❝♦♥ ❡♥&)❛♠❜✐ ✐ ♠♦&♦)✐ ✐♥ ❢✉♥③✐♦♥❡✱ ❝♦♥ ✐❧ &❛①✐ ❡/❡❣✉✐&♦ ❝♦♥ ✉♥

♠♦&♦)❡ /♦❧♦ ♣✐@ ✐❧ &❡♠♣♦ ♥❡❝❡//❛)✐♦ ♣❡) ✐❧ ✇❛)♠✲✉♣ ❞❡❧ /❡❝♦♥❞♦ ♠♦&♦)❡ ❡

♥❡❧ ❝❛/♦ ❞✐ ✉/♦ ❞✐ ❡❚❛①✐ /♦♠♠❛♥❞♦ /❡♠♣)❡ ✐❧ &❡♠♣♦ ❞✐ ✇❛)♠✲✉♣ ❝♦/D ❝♦♠❡

)✐♣♦)&❛&♦ ♥❡✐ ♠❛♥✉❛❧✐ ♦♣❡)❛&✐✈✐ ❆✐)❜✉/✳ ❙✐ /♦♥♦ ♠❡//✐ ❛ ❝♦♥❢)♦♥&♦ ✐ ✈❛❧♦)✐ ❞✐

❝♦♥/✉♠♦ ❢♦)♥✐&✐ ❞❛ ❆✐)❜✉/ ❡ G✉❡❧❧✐ ❢♦)♥✐&✐ ❞❛ ■❈❆❖✳ ❚✉&&✐ ✐ ✈❛❧♦)✐ /♦♥♦ ♣)✐✈✐

❞❡❧ ❝❛)✐❝♦ ❛❧ G✉❛❧❡ ( /♦&&♦♣♦/&♦ ❧✬❆K❯✳ ❙✐ ❞❡❞✉❝❡ ❢❛❝✐❧♠❡♥&❡ ❝❤❡ ✐❧ )✉❧❧❛❣❣✐♦

❝♦♥ ✐ ❞✉❡ ♠♦&♦)✐ ( ❞❡❝✐/❛♠❡♥&❡ ♦♥❡)♦/♦✱ ✐❧ )✐/♣❛)♠✐♦ ♥❡&&♦ ♣❡) ♦❣♥✐ ❞❡❝♦❧❧♦✱

✉&✐❧✐③③❛♥❞♦ ✉♥ /✐/&❡♠❛ ❛❧&❡)♥❛&✐✈♦ ❡❚❛①✐✱ ✈❛)✐❛ ❞❛✐ 46, 93 ❛✐ 57, 56 ❑❣ ✭❝♦♥✲

/✉♠✐ ❞✐ ❆✐)❜✉/✮✳

K❡) ❡✛❡&&✉❛)❡ ✉♥ ♣❛)❛❣♦♥❡ /✉ G✉❛♥&♦ ♣♦//❛♥♦ ✐♥❝)❡♠❡♥&❛)❡ ✐ ❝♦/&✐ ♣❡) ♣♦❝❤✐

♠✐♥✉&✐ ❞✐ ❛&&❡/❛✱ /✐ )✐♣♦)&❛ ✐❧ ❝♦/&♦ /♦/&❡♥✉&♦ ❞❛❧❧❛ ❇)✐&✐/❤ ❆✐)✇❛②/✱ ❝♦/D ❝♦✲

♠❡ )✐❧❡✈❛&♦ /✉❧❧✬❛❡)♦♣♦)&♦ ❞✐ ▲✐♥❛&❡✱ ♣❡) G✉❡✐ ✺ ♠✐♥✉&✐ ✐♥ ♣✐@ ❞✐ ❛&&❡/❛ ♣❡) ✐❧

❝♦♥&)♦❧❧♦ ❞❡❧ ♣✐❛♥♦ ❞✐ ❝❛)✐❝♦

✸

✳

❇)✐&✐/❤ ❆✐)✇❛②/ ❉❛&✐ ❆✐)❜✉/ ❉❛&✐ ■❈❆❖

❑❣ ❑❣

✷♠♦&♦)✐ ✷✵✹✱✵✵ ✷✶✷✱✶✻

✶♠♦&♦)❡ ✰ ✇❛)♠ ✉♣ ✶✷✻✱✵✵ ✶✸✶✱✵✹

❡&❛①✐ ✰ ✇❛)♠ ✉♣ ✹✽✱✵✵ ✹✾✱✾✷

❘✐/♣❛)♠✐♦ ♣❡) ♦❣♥✐ ❞❡❝♦❧❧♦ ✼✽✱✵✵ ✽✶✱✶✷

❚❛❜❡❧❧❛ ✹✳✽✿ ❈♦♥❞✐③✐♦♥✐ /&❛♥❞❛)❞✿ ❇)✐&✐/❤ ❆✐)✇❛②/

❙✐ ♥♦&❛ ❝❤❡ ✐❧ ❶♣!❡③③♦ ❞❡❧ !✐(❛!❞♦❷* ❡❧❡✈❛(♦✱ ❝♦♥ ✉♥ 0✐0(❡♠❛ ❛❧(❡!♥❛(✐✈♦

0✐ ♣♦(!❡❜❜❡!♦ !✐0♣❛!♠✐❛!❡ ❝✐!❝❛ ✼✽ ❑❣ ❛ ❞❡❝♦❧❧♦ ✭!✐0♣❡((♦ ❛❧❧✬✉0♦ ❞✐ ✉♥ 0♦❧♦

♠♦(♦!❡✮ ❡ ♠♦❞✐✜❝❛♥❞♦ ❧❡ ♣!♦❝❡❞✉!❡ ❞✐ ❝♦♠♣❛❣♥✐❛✱ ✐♥✈❡❝❡✱ !✐❞✉!!❡❜❜❡ ❞❡❧

30% ✐ 0✉♦✐ ❝♦♥0✉♠✐✱ !✉❧❧❛♥❞♦ ❝♦♥ ❞✉❡ ♠♦(♦!✐ ❡ ❞❡❧ 26% ❝♦♥ ✉♥ ♠♦(♦!❡✳ ❙✐

✈❡❞❡ ❝❤❡ ♥❡❧ ❝❛0♦ ❞✐ ✉(✐❧✐③③♦ ❞✐ ✉♥ 0✐(❡♠❛ ❞✐ ❡❚❛①✐ ✉♥ @✉❛❧0✐❛0✐ !✐(❛!❞♦ ♥♦♥

✐♥(!♦❞✉!!❡❜❜❡ ✉♥ 0✐❣♥✐✜❝❛(✐✈♦ ❛✉♠❡♥(♦ ❞❡❧ ❝♦♥0✉♠♦ ❞✐ ❝❛!❜✉!❛♥(❡✳

✸

❇!✐#✐$❤ ❆✐!✇❛②$✱ ♣❡! $❝❡❧#❡ ❞✐ ❝♦♠♣❛❣♥✐❛✱ ♥♦♥ ✉#✐❧✐③③❛ $#❛♥❞ ❝❤❡ ♥❡❝❡$$✐#✐♥♦ ❞❡❧❧✬✉$♦

❞❡❧ ♣✉$❤✲❜❛❝❦
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❙❡❝♦♥❞♦ &✐❧✐❡✈♦ ✲ ❉❡✲✐❝✐♥❣

 !♦❝❡❞✉!❛ ♦♣❡!❛)✐✈❛

▲❛ ♣%♦❝❡❞✉%❛ ❞✐ ❉❡✲✐❝✐♥❣ ❝♦♥0✐01❡ ♥❡❧ %✐♠✉♦✈❡%❡ ✐❧ ❣❤✐❛❝❝✐♦ ❡ ♣%❡✈❡♥✐%♥❡ ❧❛

❢♦%♠❛③✐♦♥❡ 0✉❣❧✐ ❛❡%♦♠♦❜✐❧✐ ✭✐❧ ❉❡✲0♥♦✇✐♥❣ ❝♦♥0✐01❡ ♥❡❧ %✐♠✉♦✈❡%❡ ❧✬❛❝❝✉♠✉❧♦

❞✐ ♥❡✈❡ ❞❛❧ ✈❡❧✐✈♦❧♦✮✱ 1❛❧❡ ♣%♦❝❡❞✉%❛ > 0✈♦❧1❛ ❞❛❧ ♣❡%0♦♥❛❧❡ ❙❊❆ ✐♥ ❛♣♣♦0✐1❡

♣✐❛③③♦❧❡ ❞❡❞✐❝❛1❡ ♣♦01❡ ❛❧ ❧✐♠✐1❡ ❞❡❧❧✬❆♣%♦♥ ◆♦%❞ ✐♥ ♣%♦00✐♠✐1C ❞❡❧❧❛ 1♦%%❡

❞✐ ❝♦♥1%♦❧❧♦✳ ❆ 0❡❝♦♥❞❛ ❞❡❧❧❡ ❡0✐❣❡♥③❡ ♣♦00♦♥♦ ❡00❡%❡ ❛11✐✈❡ ❞✉❡ ♦ 0♦❧♦ ✉♥❛

♣✐❛③③♦❧❛✱ ❛ 0❡❝♦♥❞❛ ❞❡❧ 1✐♣♦ ❞✐ ✐♥1❡%✈❡♥1♦ %✐❝❤✐❡01♦ ✭❝♦♥ 1❡♠♣❡%❛1✉%❡ ♠♦❧1♦

%✐❣✐❞❡ ✐❧ 1❡♠♣♦ ✐♠♣✐❡❣❛1♦ 0✐ ❛❧❧✉♥❣❛✮ ❡ ❞❡❧ ♥✉♠❡%♦ ❞✐ ✈❡❧✐✈♦❧✐ ❝❤❡ ♥❡ ❢❛♥♥♦

%✐❝❤✐❡01❛✳ ➱ ♣❛❧❡0❡ ❝❤❡ ✐ 1❡♠♣✐ ♣♦00♦♥♦ ✈❛%✐❛%❡ ❛♥❝❤❡ ♥♦1❡✈♦❧♠❡♥1❡✳

▲❛ 0❡F✉❡♥③❛ ❞❡❧❧❡ ♦♣❡%❛③✐♦♥✐ ❞❡✈❡ ❡00❡%❡ 01❛❜✐❧✐1❛ 1❡♥❡♥❞♦ ✐♥ ❝♦♥0✐❞❡%❛③✐♦♥❡

✐ 0❡❣✉❡♥1✐ ❡❧❡♠❡♥1✐✿ ❊❖❇❚

✶

❡❞ ❡✈❡♥1✉❛❧❡ ❈❚❖❚

✷

✳ ▲✬❡✛❡11✐✈♦ ♥✉♠❡%♦ ✐♥ 0❡✲

F✉❡♥③❛ ❡ ❧♦ 01✐♠❛1♦ ❞✐ ♠❡00❛ ✐♥ ♠♦1♦ ✭✐♥ ❢❛0❡ 1❛11✐❝❛✮ ♣♦1%❛♥♥♦ ❡00❡%❡ ❢♦%♥✐1✐

❛❣❧✐ ❛❡%♦♠♦❜✐❧✐ ❞❛❧❧❛ ❉❡❧✐✈❡%②

✸

F✉❛♥❞♦ 0❛%❛♥♥♦ ❞✐❝❤✐❛%❛1✐ %✐❧❛0❝✐❛1✐ ❞❛❧❧✬❆▼❙

✭❆♣%♦♥ ▼❛♥❛❣❡♠❡♥1 ❙❡%✈✐❝❡✮✳ ■❧ ♥✉♠❡%♦ ❞✐ ❛❡%♦♠♦❜✐❧✐ ❝❤❡ ♣♦00♦♥♦ ❡00❡%❡

❛11✐✈✐ ❞✉%❛♥1❡ ❧❡ ♦♣❡%❛③✐♦♥✐ ❞✐ ❉❡✲✐❝✐♥❣✱ ❝♦♥ ❞✉❡ ♣✐❛③③♦❧❡ ✐♥ ✉0♦✱ 0♦♥♦ ❝♦0P

0✉❞❞✐✈✐0✐✿

❼ 2 ❛❛✴♠♠ 0♦11♦ 1%❛11❛♠❡♥1♦

❼ 2 ❛❛✴♠♠ ✐♥ ❛11❡0❛ ♣❡% ❧✬✐♥❣%❡00♦ 0✉❧❧❛ ❧✐♥❡❛ ❉

❼ 2 ❛❛✴♠♠ ♣%♦♥1✐ ❛ ♠❡11❡%❡ ✐♥ ♠♦1♦

◗✉❡01❛ ♣%♦❝❡❞✉%❛ 0❡%✈❡ ♣❡% ❝♦♥1❡♥❡%❡ ✐ ❝♦♥0✉♠✐ ❡ ❞❡✜♥✐%❡✴❝♦♠✉♥✐❝❛%❡ ✐

%✐1❛%❞✐ ❛❧❧✬❛❝❝❡♥0✐♦♥❡ ♥❡❧ ♠✐❣❧✐♦% ♠♦❞♦ ♣♦00✐❜✐❧❡✳

❉❛)✐

▲❛ 0✐1✉❛③✐♦♥❡ ❝♦♥0✐❞❡%❛1❛ ✐♥ F✉❡01♦ ❝❛0♦ > F✉❡❧❧❛ ❞❡❧ ❉❡✲✐❝✐♥❣ 0❡♥③❛ ✐♠✲

♣❧✐❝❛③✐♦♥✐ ❞✐ ❣❤✐❛❝❝✐♦ 0✉❧❧❛ ✈✐❛❜✐❧✐1C ❛❡%♦♣♦%1✉❛❧❡ ❡ 0❡♥③❛ ♠❛♥1♦ ♥❡✈♦0♦❀ ❧❛

1❡♠♣❡%❛1✉%❛ %✐❧❡✈❛1❛ ❞✉%❛♥1❡ ❧❛ ❝❛♠♣❛❣♥❛ ❞✐ %❛❝❝♦❧1❛ ❞❛1✐✱ ♦0❝✐❧❧❛✈❛ 1%❛ ❣❧✐

0− 2❽✳

✶

❊!"✐♠❛"❡❞ ❖✛ ❇❧♦❝❦ ❚✐♠❡

✷

❈❛❧❝✉❧❛"❡❞ ❚❛❦❡ ❖✛ ❚✐♠❡

✸

2♦!"❛③✐♦♥❡ 5❛❞✐♦ ❝❤❡ ❢♦5♥✐!❝❡ ❧❡ ❛✉"♦5✐③③❛③✐♦♥✐ ❞✐ 5♦""❛✱ ✐ 5❡✲5♦✉"✐♥❣✱ ❧❡ ❛✉"♦5✐③③❛③✐♦♥✐

❞✐ ♠❡!!❛ ✐♥ ♠♦"♦ ❡ ❢♦5♥✐!❝❡ ✐♥❢♦5♠❛③✐♦♥✐ ❞✐ ❡✈❡♥"✉❛❧✐ 5✐"❛5❞✐



❈❆"■❚❖▲❖ ✹✳ ❆◆❆▲■❙■ ❉❊▲ ❘■❙"❆❘▼■❖ ✹✽

❉❡✲■❝✐♥❣ ❉❛+✐ ❆✐-❜✉0 ❉❛+✐ ■❈❆❖

❑❣ ❑❣

✷ ♠♦+♦-✐ ✷✼✽✱✹✵ ✷✽✾✱✺✹

✶ ♠♦+♦-❡ ✰ ✇❛-♠ ✉♣ ✶✻✸✱✷✵ ✶✻✾✱✼✸

❡❚❛①✐ ✰ ✇❛-♠ ✉♣ ✹✽✱✵✵ ✹✾✱✾✷

❘✐0♣❛-♠✐♦ ♣❡- ♦❣♥✐ ❞❡❝♦❧❧♦ ✶✶✺✱✷✵ ✶✶✾✱✽✶

❚❛❜❡❧❧❛ ✹✳✾✿ ❈♦♥❞✐③✐♦♥✐ ❞❡✲✐❝✐♥❣

❚❡"③♦ "✐❧✐❡✈♦ ✲ ❈♦♥❞✐③✐♦♥✐ ❞✐ ✈✐,✐❜✐❧✐./ "✐❞♦..❛

▲❡ ❝♦♥❞✐③✐♦♥✐ ❞✐ ✈✐0✐❜✐❧✐+L -✐❞♦++❛✱ 0♦♥♦ 0✐+✉❛③✐♦♥✐ ❛❜❜❛0+❛♥③❛ ❝♦♠✉♥✐ ❡

✉0✉❛❧✐ ❛ ▼✐❧❛♥♦ ▲✐♥❛+❡

✶

✳ ◗✉❡0+❡ 0✐+✉❛③✐♦♥✐ 0✐ ♣-❡0❡♥+❛♥♦✱ 0♣❡00♦ ✐♥ ❛✉+✉♥♥♦

❡ ✐♥✈❡-♥♦ ❞✐ ♠❛++✐♥❛ ❡ ❞✐ 0❡-❛✱ ✐♥ ❝♦♥❝♦♠✐+❛♥③❛ ❝♦♥ ✐❧ ♣✐❝❝♦ ❞✐ +-❛✣❝♦✳ ❙✐

✈✉♦❧❡ ❞❛-❡ ❧✬✐❞❡❛ ❞✐ ❝♦♠❡ ❧❡ ♦♣❡-❛③✐♦♥✐ ✐♥ R✉❡0+❡ ❝✐-❝♦0+❛♥③❡ ✐♥✢✉❡♥③✐♥♦ ✐

+❡♠♣✐ ❞✐ ♠♦✈✐♠❡♥+❛③✐♦♥❡ ❞❡❣❧✐ ❛❡-♦♠♦❜✐❧✐✳

▲❡ ♦♣❡-❛③✐♦♥✐ ❞❡❧ ❝♦♥+-♦❧❧♦ ❞❡❧ +-❛✣❝♦ ❛❡-❡♦ 0♦♥♦ ✐♥✢✉❡♥③❛+❡ ❞❛❧❧❡ ❝♦♥❞✐③✐♦♥✐

❞✐ ✈✐0✐❜✐❧✐+L✱ ❝♦0T ❝♦♠❡ -✐♣♦-+❛+♦ ❞❛❧ ❝♦♥+-♦❧❧♦-❡✱ ♦✈✈❡-♦ ✐♥ ♦-❞✐♥❡ ♣❡❣❣✐♦-❛+✐✈♦✿

❝♦♥❞✐③✐♦♥❡ ✶ ✈✐0✐❜✐❧✐+L 0✉✣❝✐❡♥+❡ ❛❧ ♣✐❧♦+❛ ♣❡- -✉❧❧❛-❡ ❛ ✈✐0+❛ ❡✈✐+❛♥❞♦ ❝♦❧✲

❧✐0✐♦♥✐ ❝♦♥ ❛❧+-♦ +-❛✣❝♦ 0✉❧❧❡ +❛①✐✇❛② ❡ ❛❧ ♣❡-0♦♥❛❧❡ ❆❚❈ ♣❡- ❡0❡-❝✐+❛-❡

❛ ✈✐0+❛ ✐❧ ❝♦♥+-♦❧❧♦ 0✉ +✉++♦ ✐❧ +-❛✣❝♦✳

❝♦♥❞✐③✐♦♥❡ ✷ ✈✐0✐❜✐❧✐+L 0✉✣❝✐❡♥+❡ ❛❧ ♣✐❧♦+❛ ♣❡- -✉❧❧❛-❡ ❛ ✈✐0+❛ ❡✈✐+❛♥❞♦ ❝♦❧✲

❧✐0✐♦♥✐ ❝♦♥ ❛❧+-♦ +-❛✣❝♦ 0✉❧❧❡ +❛①✐✇❛② ♠❛ ♥♦♥ 0✉✣❝✐❡♥+❡ ❛❧ ♣❡-0♦♥❛❧❡

❆❚❈ ♣❡- ❡0❡-❝✐+❛-❡ ❛ ✈✐0+❛ ✐❧ ❝♦♥+-♦❧❧♦✳

❝♦♥❞✐③✐♦♥❡ ✸ ✈✐0✐❜✐❧✐+L ✐♥❢❡-✐♦-❡ ❛❞ ✉♥❛ ❘❱❘ ❞✐ 400 ♠✳

❆❞ ♦❣♥✐ ❝♦♥❞✐③✐♦♥❡ 0♦♥♦ ❛++-✐❜✉✐+✐ ❞❡+❡-♠✐♥❛+✐ ❛❝❝♦-❣✐♠❡♥+✐ ♣❡- 0❛❧✈❛✲

❣✉❛-❞❛-❡ ❧❛ 0✐❝✉-❡③③❛✱ ✐ R✉❛❧✐ ❤❛♥♥♦ ❞❡❣❧✐ ❡✛❡++✐ ♥❡❣❛+✐✈✐ 0✉❧❧❛ 0❝♦--❡✈♦❧❡③③❛

❞❡❧ +-❛✣❝♦✳ ■♥ ♥♦-♠❛❧✐ ❝♦♥❞✐③✐♦♥✐ ❞✐ ❧❛✈♦-♦✱ R✉✐♥❞✐ ❝♦♥❞✐③✐♦♥❡ ✶✱ ✐❧ +-❛✣❝♦

❝❤❡ ♣✉Z ❡00❡-❡ ❣❡0+✐+♦ ❛ ▲✐♥❛+❡ [ ❞✐ ✸✹ ♠♦✈✐♠❡♥+✐✴❤ ♦ ✷✵ ❛--✐✈✐✴❤ ❝♦♥ ✉♥♦

0♣❛③✐❛♠❡♥+♦ +-❛ 0✉❝❝❡00✐✈✐ ❛--✐✈✐ ❝❤❡ ♣✉Z -❛❣❣✐✉♥❣❡-❡ ❧❡ ✸ ◆▼❀ ✐♥ ❝♦♥❞✐③✐♦♥✐

✷✱ ❧❛ ❝❛♣❛❝✐+L ❛❡-♦♣♦-+✉❛❧❡ 0✐ -✐❞✉❝❡ ❛ ✶✻ ❛--✐✈✐✴❤ ❝♦♥ 0♣❛③✐❛♠❡♥+✐ ❞✐ ❛❧♠❡♥♦

✽ ◆▼✱ ✐❧ ❝❤❡ ❢❛ 0✉♣♣♦--❡ ❝❤❡ ✉♥ ❛❡-♦♠♦❜✐❧❡✱ ✐♥ ❣❡♥❡-❛❧❡ ♥❡❝❡00✐+✐ ❞✐ ♣✐_ +❡♠♣♦

♣❡- ❡00❡-❡ ♣-♦♥+♦ ❛❧ ❞❡❝♦❧❧♦✳ ■♥❢❛++✐ ❞❛ -✐❧✐❡✈✐ 0✉❧ ❝❛♠♣♦ ✉♥ ✈❡❧✐✈♦❧♦ ♣-✐♠❛ ❞❡❧

❞❡❝♦❧❧♦ +❡♥❞❡ ❛❞ ❡✛❡++✉❛-❡ ✐❧ -✉♥✲✉♣

✷

✱ ♦♣❡-❛③✐♦♥❡ ❝❤❡ ❞✉-❛ ❞❛✐ ✸✵ ❛✐ ✻✵0✱ ✐♥♦❧✲

✶

◗✉❡#$✬❛♥♥♦✱ #$*❛♥❛♠❡♥$❡✱ #♦♥♦ #$❛$❡ #♦❧♦ ♣♦❝❤❡ ❧❡ ♦*❡ ❞✐ ❧❛✈♦*♦ ✐♥ ❝♦♥❞✐③✐♦♥✐ ❝♦♥

✈✐#✐❜✐❧✐$5 *✐❞♦$$❛✳

✷

▲✬❛❡*❡♦ 8 ✐♥ ✉♥❛ ♣♦#✐③✐♦♥❡ #$❛③✐♦♥❛*✐❛ ❛❧ #✉♦❧♦✱ ❝♦♥ ❧❛ #♣✐♥$❛ ❞❡✐ ♠♦$♦*✐ ♠❛♥$❡♥✉$❛

❝♦#$❛♥$❡ ♣❡* ✉♥ ❝❡*$♦ ♣❡*✐♦❞♦ ❞✐ $❡♠♣♦✳
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"#❡ ❧❛ '"♦♣✲❜❛# ❚✶

✸

'❛#. ❛""✐✈❛"❛ ❡ ✐❧ #❛❝❝♦#❞♦ ❏ ♥♦♥ '❛#. ✉"✐❧✐③③❛❜✐❧❡ ✭❧✐♠✐"❛

✐♥ ❝❛'♦ ❞✐ ❛✈❛#✐❡✱ ❧✬✉'❝✐"❛ ❞❛❧❧❛ ♣✐'"❛ ❞❛ ♣❛#"❡ ❞❡❧ ✈❡❧✐✈♦❧♦ ❝❤❡ ❤❛ ✐♥"❡##♦""♦ ✐❧

❞❡❝♦❧❧♦✮✳ ➱ ❡✈✐❞❡♥"❡ ❝❤❡ ❞✐ ❝♦♥'❡❣✉❡♥③❛ "✉""❛ ❧❛ '❡@✉❡♥③❛ ❞✐ ♣❛#"❡♥③❛ ♥❡ A

✐♥✢✉❡♥③❛"❛✳

■♥ ❝♦♥❞✐③✐♦♥✐ ❞✐ ▲❱F ✭✹✳✷✳✹✮ ❣❧✐ ❛❡#♦♠♦❜✐❧✐ ✐♥ #✉❧❧❛❣❣✐♦ ♣❡# ✐❧ ❞❡❝♦❧❧♦ '❛#❛♥♥♦

❛✉"♦#✐③③❛"✐ ❛❧ ❛❧ ❚✷ ✭'"♦♣✲❜❛# ❛❝❝❡'❛✮ ❡ '♦❧♦ ✐♥ ❛''❡♥③❛ ❞✐ ❛##✐✈✐ ❛❧ ❚✶ ✭'❡♠♣#❡

❝♦♥ '"♦♣✲❜❛# ❛❝❝❡'❛✮✳ ▲❛ ❝♦♥❞✐③✐♦♥❡ ❞✐ ✈✐'✐❜✐❧✐". ♣✐H ❧✐♠✐"❛♥"❡ A ❧❛ ✸✳ ■♥ @✉❡✲

'"❡ ❝♦♥❞✐③✐♦♥✐ ❣❧✐ ❛❡#♦♠♦❜✐❧✐ ✐♥ #✉❧❧❛❣❣✐♦ ❞♦✈#❛♥♥♦ ♠✉♦✈❡#'✐ ♣❡# ♣✉♥"✐ ✭✉♥♦

❡ ✉♥♦ '♦❧♦ ♣❡# ♣✉♥"♦ ✐♥"❡#♠❡❞✐♦✮ ✜♥♦ ❛❧ ❚✷✱ ❧❛ ❞✉#❛"❛ ❞❡❧ #✉❧❧❛❣❣✐♦ ❝♦'K '✐

❛❧❧✉♥❣❛ ♥♦"❡✈♦❧♠❡♥"❡ ❡ ❛♥❝❤❡ ✐❧ ❝♦♥'✉♠♦ ❞✐ ❝❛#❜✉#❛♥"❡ ✐♥ @✉❛♥"♦ '♦♥♦ ✉♥❛

'❡#✐❡ ❞✐ ❛❝❝❡❧❡#❛③✐♦♥✐ ♣❡# #✐♣❛#"✐#❡ ❞❛ ♦❣♥✐ ♣✉♥"♦ ✭✐❧ #✉❧❧❛❣❣✐♦ ❡❧❡""#✐❝♦ ♣♦"#❡❜✲

❜❡ ❡''❡#❡ ❞✐ ♥♦"❡✈♦❧❡ ✉"✐❧✐".✮✳ ▲❛ ❝❛♣❛❝✐". ❛❡#♦♣♦#"✉❛❧❡ '❝❡♥❞❡ ❛ ✶✵ ❛##✐✈✐✴❤

❝♦♥ '♣❛③✐❛♠❡♥"✐ ❞✐ ✶✻ ◆▼✳ ❚❡♥❡♥❞♦ ❝♦♥"♦ ❝❤❡✱ ✐ ✈❡❧✐✈♦❧✐ ✐♥ ❛##✐✈♦ ✐♥ @✉❡'"❡

❝♦♥❞✐③✐♦♥✐ ❞✐ ✈✐'✐❜✐❧✐".✱ ♠❛♥"❡♥❣♦♥♦ ❞❡❧❧❡ ✈❡❧♦❝✐". ♣❛#"✐❝♦❧❛#♠❡♥"❡ ❜❛''❡✱ ✐❧

♠❛♥❝❛"♦ ❞❡❝♦❧❧♦ ♣#✐♠❛ ❞❡❧❧✬❛##✐✈♦ '✐ #✐♣❡#❝✉♦"❡ '✉ "✉""❛ ❧❛ '❡@✉❡♥③❛ ❞✐ ❞❡✲

❝♦❧❧♦✱ ❛✉♠❡♥"❛♥❞♦ ❧✬❛""❡'❛ ❡ ✐❧ ❝♦♥'✉♠♦ ❞✐ ❝❛#❜✉#❛♥"❡✳ ❇✐'♦❣♥❛ '♦""♦❧✐♥❡❛#❡

❝❤❡ ✐❧ ❝♦♥"#♦❧❧♦#❡ ❞❡❧ "#❛✣❝♦ ❛❡#❡♦ ♣✉S ❛✉"♦#✐③③❛#❡ ✉♥ ❞❡❝♦❧❧♦✱ ❝♦♥ ❧❛ #❛❣✐♦✲

♥❡✈♦❧❡ ❝❡#"❡③③❛ ❝❤❡ ❧✬❛❡#♦♠♦❜✐❧❡ ❞❡❝♦❧❧❛"♦ ♥♦♥ ✐♥✢✉✐'❝❛ ❝♦♥ ✐❧ '❡❣♥❛❧❡ ■▲❙ ❞✐

♣#❡❝✐'✐♦♥❡ ❞❡❧ ✈❡❧✐✈♦❧♦ ✐♥ ❛##✐✈♦✱ @✉✐♥❞✐ ✐❧ ✈❡❧✐✈♦❧♦ ✐♥ ❞❡❝♦❧❧♦ ❞❡✈❡ ❣✐. ❛✈❡#

'✉♣❡#❛"♦ ❧❡ ❛♥"❡♥♥❡ ❞❡❧ '✐'"❡♠❛ ❞✐ ❛✈✈✐❝✐♥❛♠❡♥"♦ ✭▲▲❩✮ ♣#✐♠❛ ❝❤❡ ❧✬❛❡#❡♦ ✐♥

❛##✐✈♦ ❛❜❜✐❛ ♦❧"#❡♣❛''❛"♦ ❧❡ ✷ ◆▼ ❞❛❧❧❛ ♣✐'"❛✳

✹✳✷✳✹ ▲❱% ✲ ▲♦✇ ❱✐*✐❜✐❧✐-② %/♦❝❡❞✉/❡*

●❡♥❡#❛❧✐'(

▲✬❡✛❡""✉❛③✐♦♥❡ ❞✐ ♦♣❡#❛③✐♦♥✐ ✐♥ ❜❛''❛ ✈✐'✐❜✐❧✐". ✭▲❱❖✮ A '✉❜♦#❞✐♥❛"❛ ❞❛❧❧❛

♣#❡❞✐'♣♦'✐③✐♦♥❡ ❡❞ ❛❧❧✬❛""✐✈❛③✐♦♥❡ ❞✐ ✉♥❛ '❡#✐❡ ❞✐ ♠✐'✉#❡ ❛""❡ ❛ ❣❛#❛♥"✐#♥❡ ❧❛

'✐❝✉#❡③③❛✳ ❚❛❧✐ ♠✐'✉#❡ ❡❞ ❛③✐♦♥✐ ❝♦'"✐"✉✐'❝♦♥♦ ❧❡ ♣#♦❝❡❞✉#❡ ❆❚❙ ✭❙❡#✈✐③✐♦ ❞❡❧

❚#❛✣❝♦ ❆❡#❡♦✮ ❛❡#♦♣♦#"✉❛❧✐ ✐♥ ❜❛''❛ ✈✐'✐❜✐❧✐". ✭▲❱F✮✳ ▲❡ ▲❱F '♦♥♦ ✐♥'❡#✐"❡ ✐♥

✉♥ F✐❛♥♦ ▲♦❝❛❧❡✱ ♣#♦♠✉❧❣❛"♦ ❝♦♥ ❖#❞✐♥❛♥③❛ ❞❡❧ ❉✐#❡""♦#❡ ❆❡#♦♣♦#"✉❛❧❡✳ ❚❛❧✐

♦#❞✐♥❛♥③❡✱ ❛❧❧❛ ❧✉❝❡ ❞❡❧❧❡ ♣#❡✈✐'✐♦♥✐ ❞❡❧❧❛ ❈✐#❝♦❧❛#❡ ❊◆❆❈ ❆F❚✲✶✾✱ ❞❡✈♦♥♦

❡''❡#❡ #✐♣♦#"❛"❡ ♦ #✐❝❤✐❛♠❛"❡ ♥❡❧ ❘❡❣♦❧❛♠❡♥"♦ ❞✐ ❙❝❛❧♦ ❞✐ ♦❣♥✐ ❛❡#♦♣♦#"♦✱

❧✬❛❞♦③✐♦♥❡ ❞❡❧ @✉❛❧❡ A '♦❣❣❡""❛ ❛❧❧✬❛✉"♦#✐". ❞❡❧❧❛ ❉✐#❡③✐♦♥❡ ❆❡#♦♣♦#"✉❛❧❡ ❬✽❪✳

■❧ F✐❛♥♦ ❞❡✈❡✱ "#❛ ❧✬❛❧"#♦✱ '♣❡❝✐✜❝❛#❡✿

❼ ❧❡ ❝♦♠♣♦♥❡♥"✐ ❞❡❧ '✐'"❡♠❛ ❛❡#♦♣♦#"✉❛❧❡ ❝❤❡ ♣❛#"❡❝✐♣❛♥♦ ❛❧❧❛ ♣#❡❞✐'♣♦✲

'✐③✐♦♥❡ ❡❞ ✐❧ ❧✐✈❡❧❧♦ ❞✐ ❡✣❝✐❡♥③❛ ❝❤❡ ❞❡✈❡ ❡''❡#❡ ❣❛#❛♥"✐"♦ ✭●❡'"♦#❡ ❆❡✲

✸

❇❛""❛ ❧✉♠✐♥♦)❛ ❞✐ ❝♦❧♦"❡ "♦))❛ ✭❛❝❝❡)❛✮ ❛③✐♦♥❛0❛ ❞❛❧ ❝♦♥0"♦❧❧♦"❡ ❝❤❡ ❧✐♠✐0❛ ✐❧ ♣✉♥0♦

❛00❡)❛ ❞❡❧❧❛ ♣✐)0❛✳



❈❆"■❚❖▲❖ ✹✳ ❆◆❆▲■❙■ ❉❊▲ ❘■❙"❆❘▼■❖ ✺✵

"♦♣♦"%✉❛❧❡✱ "❡+♣♦♥+❛❜✐❧✐ ❞❡❣❧✐ ❛✐✉%✐ "❛❞✐♦❡❧❡%%"✐❝✐✱ ✈✐+✐✈✐ ❡ ♠❡%❡♦✱ ❱✐❣✐❧✐

❞❡❧ ❋✉♦❝♦✱ ❋♦"③❡ ❞✐ 7✉❜❜❧✐❝❛ ❙✐❝✉"❡③③❛✱ ❙❛♥✐%9 ❛❡"♦♣♦"%✉❛❧❡✱ ❡❝❝✳✮❀

❼ ❧❡ ♣"♦❝❡❞✉"❡ ❝♦♥ ❧❡ =✉❛❧✐ ❧❡ +✐♥❣♦❧❡ ❝♦♠♣♦♥❡♥%✐ ❛❡"♦♣♦"%✉❛❧✐ ♥♦%✐✜❝❤❡✲

"❛♥♥♦ ❛❧❧✬❡♥%❡ ❆❚❈ ❞✐ ❡++❡"❡ ♣"♦♥%❡ ♣❡" ❧✬❛%%✐✈❛③✐♦♥❡ ❞❡❧❧❡ ♦♣❡"❛③✐♦♥✐

♥❡❧❧❛ ❝❛%❡❣♦"✐❛ "✐❝❤✐❡+%❛ ♦ ♥❡❝❡++❛"✐❛✱ ♦♣♣✉"❡ ♥♦%✐✜❝❤❡"❛♥♥♦ ❡✈❡♥%✉❛❧✐

✐♥❡✣❝✐❡♥③❡ ❝❤❡ ❞❡%❡"♠✐♥✐♥♦ ✐♠♣❡❞✐♠❡♥%✐ ❛❞ ❡✛❡%%✉❛"❡ ♦♣❡"❛③✐♦♥✐ ♥❡❧❧❛

+♣❡❝✐✜❝❛ ❝❛%❡❣♦"✐❛✳

●❧✐ ❡♥%✐ ❆❚❙ +✈✐❧✉♣♣❛♥♦ ❧❛ ♣❛"%❡ ❞✐ ♣"♦♣"✐❛ ❝♦♠♣❡%❡♥③❛ ❞❡❧ 7✐❛♥♦ ▲♦❝❛❧❡

♣❡" ♦❣♥✐ ❛❡"♦♣♦"%♦✱ ❡❧❛❜♦"❛♥❞♦ ❧❡ ▲❱7✳

❊◆❆❈ ❞❡%❡"♠✐♥❛ ❧❡ ♠✐♥✐♠❡ ♦♣❡"❛%✐✈❡ ❛❡"♦♣♦"%✉❛❧✐✱ %❡♥❡♥❞♦ ✐♥ ❝♦♥+✐❞❡✲

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

❼ ❝❛"❛%%❡"✐+%✐❝❤❡✱ ♦♣❡"❛%✐✈✐%9 ❡❞ ❛✣❞❛❜✐❧✐%9 ❞❡❣❧✐ ❛♣♣❛"❛%✐ ❞✐ %❡""❛❀

❼ ❝❛"❛%%❡"✐+%✐❝❤❡ ❡❞ ❡=✉✐♣❛❣❣✐❛♠❡♥%♦ ❞❡❧❧✬❛❡"♦♠♦❜✐❧❡❀

❼ ♣"♦❝❡❞✉"❡ +%❛❜✐❧✐%❡ ❞❛❧❧❡ ❝♦♠♣❛❣♥✐❡ ❡ ❧✐✈❡❧❧♦ ❞✐ ❡+♣❡"✐❡♥③❛ ❡❞ ❛❞❞❡+%"❛✲

♠❡♥%♦ ❞❡❣❧✐ ❡=✉✐♣❛❣❣✐ ❞✐ ❝♦♥❞♦%%❛✳

❆❧ ✜♥❡ ❞✐ ❝♦♥+❡♥%✐"❡ ❧❡ ♦♣❡"❛③✐♦♥✐ ❞✐ ❛✈✈✐❝✐♥❛♠❡♥%♦ ❡✴♦ ❞❡❝♦❧❧♦ ❛❞ ✉♥

❧✐✈❡❧❧♦ ❞✐ +✐❝✉"❡③③❛ "✐❝❤✐❡+%♦✱ ❣❧✐ ♦♣❡"❛%♦"✐ ❞❡✈♦♥♦ ✐♥♦❧%"❡ +%❛❜✐❧✐"❡✱ ♣❡" ♦❣♥✐

❛❡"♦♣♦"%♦ ♣✐❛♥✐✜❝❛%♦ ♣❡" ❧✬✐♠♣✐❡❣♦✱ ♠✐♥✐♠❡ ♦♣❡"❛%✐✈❡ ♥♦♥ ✐♥❢❡"✐♦"✐ ❛✐ ✈❛❧♦"✐

♠✐♥✐♠✐ ❜❛+❡ +%❛❜✐❧✐%✐ ❞❛❧❧✬❊◆❆❈✳ ❚❛❧✐ ♠✐♥✐♠❡ ✭❧❛ ❝✉✐ ❛♣♣❧✐❝❛③✐♦♥❡ O ❞✐ ❝♦♠✲

♣❡%❡♥③❛ ❞❡❧❧✬❡=✉✐♣❛❣❣✐♦ ❞✐ ❝♦♥❞♦%%❛✮✱ ❡+♣"❡++❡ ✐♥ %❡"♠✐♥✐ ❞✐ ✈✐+✐❜✐❧✐%9 ❛❧ +✉♦❧♦✱

✈✐+✐❜✐❧✐%9 ❞✐ ♣✐+%❛ ✭❘❱❘

✶

✮✱ ❜❛+❡ ❞❡❧❧❡ ♥✉❜✐ ♦ ❝❡✐❧✐♥❣

✷

❡ ❛❧%✐%✉❞✐♥❡✴❛❧%❡③③❛ ❞✐

❞❡❝✐+✐♦♥❡✱ +✐ ❞✐✛❡"❡♥③✐❛♥♦ ✐♥ "❡❧❛③✐♦♥❡ ❛❧❧❛ %✐♣♦❧♦❣✐❛ ❞✐ ♦♣❡"❛③✐♦♥❡✳

▲❡ ♦♣❡"❛③✐♦♥✐ ❞❡❣❧✐ ❛❡"♦♠♦❜✐❧✐ ❝♦♥ "✐❢❡"✐♠❡♥%♦ ✈✐+✐✈♦ ❧✐♠✐%❛%♦ ♥❡❝❡++✐%❛♥♦

❞✐ ✐♥+%❛❧❧❛③✐♦♥✐✱ +❡"✈✐③✐✱ ♣"♦❝❡❞✉"❡ +✉❣❧✐ ❛❡"♦♣♦"%✐ ❡ ♣"♦❝❡❞✉"❡ +♣❡❝✐❛❧✐ ♣❡" ❧❛

❝♦♥❞♦%%❛ ❞❡❧❧✬❛❡"♦♠♦❜✐❧❡✳ ❚❛❧❡ +✐+%❡♠❛ O ❝❛"❛%%❡"✐③③❛%♦ ❞❛ ✉♥❛ "✐❞♦♥❞❛♥③❛

❞❡❣❧✐ ❛♣♣❛"❛%✐ ❡ ❞❛ ✉♥ ♠♦♥✐%♦"❛❣❣✐♦ ❝♦♥%✐♥✉♦ ❞❡❧❧❛ ❧♦"♦ ❡✣❝✐❡♥③❛ ❡❞ O ❝❛♣❛❝❡

❞✐ ❣✉✐❞❛"❡ ❧✬❛❡"♦♣❧❛♥♦ ✜♥♦ ❛❧❧✬❛❧%❡③③❛ ❞✐ ❞❡❝✐+✐♦♥❡ ❡✱ =✉❛♥❞♦ ♣♦++✐❜✐❧❡✱ ❛♥❝❤❡

❞✉"❛♥%❡ ❧❛ ❢❛+❡ ❞✐ ❛%%❡""❛❣❣✐♦ ❡ +✉❝❝❡++✐✈❛ ❝♦"+❛ ❞✐ ❞❡❝❡❧❡"❛③✐♦♥❡ ✭"♦❧❧✲♦✉%✮✳

▲❡ ♣"♦❝❡❞✉"❡ ✐♥ ❜❛++❛ ✈✐+✐❜✐❧✐%9 ❞✐ ❝♦♠♣❡%❡♥③❛ ❞❡❣❧✐ ❡♥%✐ ❆❚❙ ♣♦++♦♥♦ ❡++❡"❡

❛++✐❝✉"❛%❡ ❡+❝❧✉+✐✈❛♠❡♥%❡ ❞❛ ✉♥❛ %♦""❡ ❞✐ ❝♦♥%"♦❧❧♦ ❞✐ ❛❡"♦♣♦"%♦✳ ◆♦♥ ❛✈❡♥❞♦

❧✬❆❚❈ ❞❛%✐ ❝❡"%✐✱ ❛❞ ❡+❝❧✉+✐♦♥❡ ❞❡❧❧❡ ♠✐♥✐♠❡ ♦♣❡"❛%✐✈❡ ❞✐ ❛❡"♦♣♦"%♦ ♣✉❜❜❧✐❝❛%❡

❡ ❞❡✐ ✈❛❧♦"✐ ❞❛ "✐♣♦"%♦ ♠❡%❡♦"♦❧♦❣✐❝♦ ❧♦❝❛❧❡✱ ✐❧ ❝♦♥%"♦❧❧♦"❡ ❞❡✈❡✿

✶

❘✉♥✇❛② ❱✐(✉❛❧ ❘❛♥❣❡✱ -♦/0❛0❛ ❱✐(✉❛❧❡ ❞✐ -✐(0❛✳

✷

❆❧0❡③③❛✱ ❛❧ ❞✐ (♦♣/❛ ❞❡❧ (✉♦❧♦ ♦ ❞❡❧❧✬❛❝8✉❛✱ ❞❡❧❧❛ ❜❛(❡ ❞❡❧ ♣✐: ❜❛((♦ (0/❛0♦ ❞✐ ♥✉❜✐ ❛❧ ❞✐

(♦00♦ ❞✐ 20000ft ❝❤❡ ❝♦♣/❡ ♣✐: ❞❡❧❧❛ ♠❡0= ❞❡❧ ❝✐❡❧♦✳
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❼ "❡ ❧❡ ❛❧&'❡ ❝♦♥❞✐③✐♦♥✐ ✭❡"✳ "✐&✉❛③✐♦♥❡ ❞✐ &'❛✣❝♦✱ ❢✉♥③✐♦♥❛♠❡♥&♦ ❞❡✲

❣❧✐ ❛♣♣❛'❛&✐✮ ❧♦ ❝♦♥"❡♥&♦♥♦✱ ❛✉&♦'✐③③❛'❡ ❝♦♠✉♥9✉❡ ❧✬❛❡'♦♠♦❜✐❧❡ ❛❧❧✬❛✈✲

✈✐❝✐♥❛♠❡♥&♦✱ ❝❤✐❡❞❡♥❞♦ ❞✐ '✐♣♦'&❛'❡ ❧✬♦✉&❡' ♠❛'❦❡'

✸

✱ ♦ ❧❛ ♣♦"✐③✐♦♥❡

❡9✉✐✈❛❧❡♥&❡ ✐♥ ❛❝❝♦'❞♦ ❛❧❧❛ ♣'♦❝❡❞✉'❛ ♣✉❜❜❧✐❝❛&❛❀

❼ ❞❛ 9✉❡"&♦ ♣✉♥&♦✿

✶✳ "❡ ✐❧ ✈❛❧♦'❡ ❞❛ '✐♣♦'&♦ ♠❡&❡♦'♦❧♦❣✐❝♦ ❧♦❝❛❧❡ A ♣❛'✐ ♦ "✉♣❡'✐♦'❡ ❛❧❧❛

♠✐♥✐♠❛ ♦♣❡'❛&✐✈❛ ❞✐ ❛❡'♦♣♦'&♦✱ ❢♦'♥✐'❡ ❧❡ ♥♦'♠❛❧✐ ❛✉&♦'✐③③❛③✐♦♥✐

❡❞ ✐♥❢♦'♠❛③✐♦♥✐❀

✷✳ "❡ ✐❧ ✈❛❧♦'❡ ❞❛ '✐♣♦'&♦ ♠❡&❡♦'♦❧♦❣✐❝♦ ❧♦❝❛❧❡ A✱ ♦ "❝❡♥❞❡✱ ❛❧ ❞✐"♦&✲

&♦ ❞❡❧❧❛ ♠✐♥✐♠❛ ♦♣❡'❛&✐✈❛ ❞✐ ❛❡'♦♣♦'&♦✱ ✐♥❢♦'♠❛'❡ ✐❧ ♣✐❧♦&❛✳ ❙❡

9✉❡"&✬✉❧&✐♠♦ ❞❡❝✐❞❡ ❞✐ ❝♦♥&✐♥✉❛'❡ ❧✬❛✈✈✐❝✐♥❛♠❡♥&♦✱ ❡❞ ❡✈❡♥&✉❛❧✲

♠❡♥&❡ ❞✐ ❛&&❡''❛'❡✱ ♥♦♥ ❡♠❡&&❡'❡ ❛✉&♦'✐③③❛③✐♦♥✐✱ ♠❛ ❢♦'♥✐'❡ ♦❣♥✐

✐♥❢♦'♠❛③✐♦♥❡ ♣❡'&✐♥❡♥&❡ ✭❡"✳ "✐&✉❛③✐♦♥❡ ❞✐ &'❛✣❝♦✱ ♣✐"&❛ ❧✐❜❡'❛✮✳

 !❡❞✐%♣♦%✐③✐♦♥❡ ▲❱ ▲❛ ♣'❡❞✐"♣♦"✐③✐♦♥❡ ❞❡❧❧❡ ♣'♦❝❡❞✉'❡ ✐♥ ❜❛""❛ ✈✐"✐✲

❜✐❧✐&E✱ "✐❛ ♣❡' ❣❧✐ ❛✈✈✐❝✐♥❛♠❡♥&✐ ❡❞ ❛&&❡''❛❣❣✐ "✐❛ ♣❡' ✐ ❞❡❝♦❧❧✐✱ ❞❡✈❡ ❡""❡'❡

❡✛❡&&✉❛&❛✱ ✐♥ ♣'❡"❡♥③❛ ❞✐ ❝♦♥❞✐③✐♦♥✐ ♠❡&❡♦'♦❧♦❣✐❝❤❡ ✐♥ ✈✐❛ ❞✐ ♣❡❣❣✐♦'❛♠❡♥&♦✱

❝♦♥✿

❼ ❘❱❘ ❛❧❧❛ ❚❉❩

✹ ≤ 800m❀ ♦

❼ ❜❛"❡ ❞❡❧❧❡ ♥✉❜✐ ♥❡❧ "❡&&♦'❡ ❞✐ ❛✈✈✐❝✐♥❛♠❡♥&♦ = 200ft ✭✐♥ ♠❛♥❝❛♥③❛ ❞✐

&❛❧❡ ♠✐"✉'❛③✐♦♥❡ "✐ ❢❛'E '✐❢❡'✐♠❡♥&♦ ❛❧ ❝❡✐❧✐♥❣ = 200ft✮✳

❆--✐✈❛③✐♦♥❡ ▲❱ ▲✬❛&&✐✈❛③✐♦♥❡ ❞❡❧❧❡ ▲❱L✱ "✐❛ ♣❡' ❣❧✐ ❛✈✈✐❝✐♥❛♠❡♥&✐ ❡❞

❛&&❡''❛❣❣✐ "✐❛ ♣❡' ✐ ❞❡❝♦❧❧✐✱ ❞❡✈❡ ❡""❡'❡ ❡✛❡&&✉❛&❛ ❛❧ ✈❡'✐✜❝❛'"✐ ❞❡❧❧❡ "❡❣✉❡♥&✐

❝♦♥❞✐③✐♦♥✐✿

❼ ❘❱❘ ❛❧❧❛ ❚❉❩ ≤ 550m❀ ♦♣♣✉'❡

❼ ❜❛"❡ ❞❡❧❧❡ ♥✉❜✐ ♥❡❧ "❡&&♦'❡ ❞✐ ❛✈✈✐❝✐♥❛♠❡♥&♦ < 200ft ✭✐♥ ♠❛♥❝❛♥③❛ ❞✐

&❛❧❡ ♠✐"✉'❛③✐♦♥❡ "✐ ❢❛'E '✐❢❡'✐♠❡♥&♦ ❛❧ ❝❡✐❧✐♥❣ < 200ft✮✳

✸

❘❛❞✐♦❢❛&♦ ✭♣✐) ❧♦♥,❛♥♦✮ ♣♦.,♦ ❛❞ ✉♥ ❞❡,❡&♠✐♥❛,❛ ❞✐.,❛♥③❛ ❞❛❧❧❛ ♣✐.,❛ ✭❞❛ ✸✱✾ ◆▼ ❛ ✻

◆▼✮✳

✹

❚♦✉❝❤❞♦✇♥ ③♦♥❡✱ ❩♦♥❛ ❞✐ ❝♦♥,❛,,♦ ❞❡❧❧✬❛✴♠ .✉❧❧❛ ♣✐.,❛
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❉✐"❛$$✐✈❛③✐♦♥❡✴❈❛♥❝❡❧❧❛③✐♦♥❡ ▲❱0 ◗✉❛♥❞♦ ❧❡ ❝♦♥❞✐③✐♦♥✐ ♠❡.❡♦ /✉♣❡✲

2❛♥♦ ✐ ✈❛❧♦2✐ ♣2❡✈✐/.✐ ♣❡2 ❧✬❛..✐✈❛③✐♦♥❡ ❞❡❧❧❡ ▲❱7 /✐ ♣2♦❝❡❞❡ ❛❧❧❛ ❞✐/❛..✐✈❛③✐♦♥❡✳

◗✉❛♥❞♦ ❧❡ ❝♦♥❞✐③✐♦♥✐ ♠❡.❡♦ /✉♣❡2❛♥♦ ✐ ✈❛❧♦2✐ ♣2❡✈✐/.✐ ♣❡2 ❧❛ ♣2❡❞✐/♣♦/✐③✐♦♥❡

❞❡❧❧❡ ▲❱7 ♣❡2 ✉♥ ♣❡2✐♦❞♦ ❞✐ ❛❧♠❡♥♦ 20min✱ ❛♥❝❤❡ ❧❛ ♣2❡❞✐/♣♦/✐③✐♦♥❡ ❞❡✈❡

❡//❡2❡ ❝❛♥❝❡❧❧❛.❛✳ ❙❡ ❧❡ ❝♦♥❞✐③✐♦♥✐ ♠❡.❡♦ ✈❛♥♥♦ 2❛♣✐❞❛♠❡♥.❡ ♠✐❣❧✐♦2❛♥❞♦ ❧❡

♣2♦❝❡❞✉2❡ ♣♦//♦♥♦ ❡//❡2❡ ❝❛♥❝❡❧❧❛.❡ /❡♥③❛ ❛..❡♥❞❡2❡ ✐❧ .2❛/❝♦22❡2❡ ❞❡✐ 20min✱
❜❛/❛♥❞♦/✐ /✉❧❧✬❡/♣❡2✐❡♥③❛ ❞❡❧❧✬❛❡2♦♣♦2.♦ ❡✴♦ /✉❧ ❚❆❋

✹

✳

▲♦ /❝❤❡♠❛ ❞✐ ❋✐❣✉2❛ ✹✳✹ 2❛♣♣2❡/❡♥.❛ ❧❛ ❝♦22✐/♣♦♥❞❡♥③❛ .2❛ ❧❡ ❢❛/✐ ▲❱7

✭♣2❡❞✐/♣♦/✐③✐♦♥❡✱ ❛..✐✈❛③✐♦♥❡✱ ❞✐/❛..✐✈❛③✐♦♥❡✱ ❝❛♥❝❡❧❧❛③✐♦♥❡✮✱ ❞✐ ❝♦♠♣❡.❡♥③❛

❆❚❙✱ ❡ ❧❡ ❞✐✈❡2/❡ ♦♣❡2❛③✐♦♥✐ ❝❤❡ ❣❧✐ ❛❡2♦♠♦❜✐❧✐ ♣♦//♦♥♦ ❝♦♥❞✉22❡✳

❋✐❣✉2❛ ✹✳✹✿ ❙❝❤❡♠❛ 2✐❛//✉♥.✐✈♦

❉❛"✐

■ ❞❛.✐ 2❛❝❝♦❧.✐ /✐ 2✐❢❡2✐/❝♦♥♦ ❛ ❝♦♥❞✐③✐♦♥✐ ❞✐ ✈✐/✐❜✐❧✐.H ✷ ❝♦♥ ▲❱7 ❛..✐✈❡✱

I✉✐♥❞✐ ❣❧✐ ❛❡2♦♠♦❜✐❧✐ ✐♥ ❞❡❝♦❧❧♦ /✐ ❛❧❧✐♥❡❛✈❛♥♦ ❞❛❧ ♣✉♥.♦ ❛..❡/❛ ❚✷ /❡♥③❛

❧✐♠✐.❛③✐♦♥✐ ♣2♦❝❡❞✉2❛❧✐ ❞✉2❛♥.❡ ✐❧ 2✉❧❧❛❣❣✐♦✳

✹

❆❡"♦❞"♦♠❡ ❢♦"❡❝❛)*✱ ,"❡✈✐)✐♦♥❡ ❞✐ ❛❡"♦♣♦"*♦
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❙❡❧❢ ▼❛♥❡✉✈❡+✐♥❣ ❉❛/✐ ❆✐+❜✉2 ❉❛/✐ ■❈❆❖

❑❣ ❑❣

✷♠♦/♦+✐ ✷✵✶✱✸✸ ✷✵✾✱✸✾

✶♠♦/♦+❡ ✰ ✇❛+♠ ✉♣ ✶✷✹✱✻✼ ✶✷✾✱✻✺

❘✐2♣❛+♠✐♦ ♣❡+ ♦❣♥✐ ❞❡❝♦❧❧♦ ✼✻✱✻✼ ✼✾✱✼✸

❚❛❜❡❧❧❛ ✹✳✶✵✿ ❈♦♥❞✐③✐♦♥✐ ▲❱M✿ 2❡❧❢ ♠❛♥❡✉✈❡+✐♥❣

M✉2❤✲❇❛❝❦ ❉❛/✐ ❆✐+❜✉2 ❉❛/✐ ■❈❆❖

❑❣ ❑❣

✷♠♦/♦+✐ ✷✷✸✱✸✽ ✷✸✷✱✸✷

✶♠♦/♦+❡ ✰ ✇❛+♠ ✉♣ ✶✸✺✱✻✾ ✶✹✶✱✶✷

❘✐2♣❛+♠✐♦ ♣❡+ ♦❣♥✐ ❞❡❝♦❧❧♦ ✽✼✱✻✾ ✾✶✱✷✵

❚❛❜❡❧❧❛ ✹✳✶✶✿ ❈♦♥❞✐③✐♦♥✐ ▲❱M✿ ♣✉2❤✲❜❛❝❦

◗✉❛#$♦ #✐❧✐❡✈♦ ✲ ◆❡✈❡ ,✉❧ ❝❛♠♣♦

▲❛ +❛❝❝♦❧/❛ ❞❛/✐ ♥♦♥ S 2/❛/❛ 2♦❞❞✐2❢❛❝❡♥/❡✳ ▲❡ ✉♥✐❝❤❡ ♥❡✈✐❝❛/❡ ❞❡❧❧❛ 2/❛✲

❣✐♦♥❡ ✐♥✈❡+♥❛❧❡ ✭✷✮

✶

2♦♥♦ ❛✈✈❡♥✉/❡ ♦ ✐♥ ♦+❡ ❝❤❡ 2/♦+✐❝❛♠❡♥/❡ ♥♦♥ 2♦♥♦ ♠❛✐

/+❛✣❝❛/❡ ♦♣♣✉+❡ ♥♦♥ /❛❧✐ ❞❛ ❝+❡❛+❡ ✉♥ ❝♦♥2✐2/❡♥/❡ ❛❝❝✉♠✉❧♦✳ ❙✐ ✈♦❣❧✐♦♥♦ ❝♦✲

♠✉♥W✉❡ +✐♣♦+/❛+❡ ✐ ❞❛/✐ ♦//❡♥✉/✐ ♣❡+ ❞❛+❡ ✉♥❛ 2/✐♠❛ ❞❡✐ /❡♠♣✐ ❡ ❞❡✐ ♣♦22✐❜✐❧✐

❞✐2❛❣✐ ❝❤❡ ✉♥❛ 2✐/✉❛③✐♦♥❡ ❞❡❧ ❣❡♥❡+❡ ♣✉X ❝❛✉2❛+❡✳ ▲✬❛♣♣+♦❝❝✐♦ ♦♣❡+❛/✐✈♦ S ❧♦

2/❡22♦ ❞❡❧ ❞❡✲✐❝✐♥❣✱ ♦✈✈✐❛♠❡♥/❡✱ ✈❛+✐❛♥♦ ✐ /❡♠♣✐ ❞❡❧ /+❛//❛♠❡♥/♦ ❞✐ +✐♠♦③✐♦♥❡

❞❡❧❧❛ ♥❡✈❡ 2✉❧❧❡ 2✉♣❡+✜❝✐ ❞❡❧❧✬❛❡+♦♠♦❜✐❧❡ ❡ ❧❛ ❞✉+❛/❛ ❞✐♣❡♥❞❡ ❛♥❝❤❡ ❞❛ W✉❛♥/♦

❧✬❛❡+♦♠♦❜✐❧❡ S ❛❧ 2✉♦❧♦ ❡ W✉✐♥❞✐ ❞❛❧ /✐♣♦ ❞✐ ❛❝❝✉♠✉❧♦ ❛ ❝✉✐ S 2♦❣❣❡//♦✳ ❱❡❧✐✈♦❧✐

2♦❣❣❡//✐ 2♦❧♦ ❛❧ /✉+♥✲❛+♦✉♥❞✱ ✐♥ W✉❛♥/♦ ❛♣♣❡♥❛ ❛++✐✈❛/✐✱ ❛✈+❛♥♥♦ ❞❡✐ /❡♠♣✐

✐♥❢❡+✐♦+✐ +✐2♣❡//♦ ❛ W✉❡❧❧✐ ✐♥ 2♦2/❛ ♥♦//✉+♥❛✳ ■♥ W✉❡2/♦ ❝❛2♦ ✉♥ 2✐2/❡♠❛ ❞✐

+✉❧❧❛❣❣✐♦ ❛❧/❡+♥❛/✐✈♦ ✭2✉❧ ❝❛++❡❧❧♦✮✱ ♣❡+ ✈✐❛ ❞❡❧❧❡ ❝♦♥❞✐③✐♦♥✐ ❞✐ 2❧✐//❛♠❡♥/♦ ❛❧

2✉♦❧♦✱ ♣♦/+❡❜❜❡ ❡22❡+❡ ✉/✐❧✐③③❛/♦ ✐♥ ♠♦❞♦ ❝♦♠♣❧❡♠❡♥/❛+❡ ❝♦♥ ✉♥ ♠♦/♦+❡ ✐♥

❢✉♥③✐♦♥❡ ✐♥ ♠♦❞♦ /❛❧❡ ❞❛ ❝♦♥/❡♥❡+❡ ✐ ❝♦2/✐ ♠❛ ❛❧❧♦ 2/❡22♦ /❡♠♣♦ ♥♦♥ ♣❡+❞❡+❡

/+❛③✐♦♥❡✳

❙✐ ♥♦/❛ 2✉❜✐/♦ ❝❤❡✱ 2/+❛♥❛♠❡♥/❡ ❛ W✉❛♥/♦ ❞♦✈+❡❜❜❡ ❡22❡+❡✱ ✐ /❡♠♣✐ ♥❡✲

❝❡22❛+✐ ♣❡+ ✐❧ +✉❧❧❛❣❣✐♦✱ ❧♦ 2❣❤✐❛❝❝✐❛♠❡♥/♦ ❡ ❧❛ +✐♠♦③✐♦♥❡ ♥❡✈❡ 2♦♥♦ 2/❛/✐ ♣✐[

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

W✉❡2/❛ ❛♥♦♠❛❧✐❛ S ❞♦✈✉/♦ ❛❧ ❢❛//♦ ❝❤❡ ❛❧❝✉♥✐ ❛❡+♦♠♦❜✐❧✐✱ ❝❤❡ 2/❛③✐♦♥❛✈❛♥♦ ❛✐

✶

❣✐♦#♥♦ 27/12/2014 ❞❛❧❧❡ ♦#❡ ✵✾✿✵✵ ❧♦❝❛❧✐ ❛❧❧❡ ♦#❡ ✶✻✿✵✵ ❡ ❣✐♦#♥♦ 05/02/15 ❞❛❧❧❡ ♦#❡

✶✺✿✵✵ ❛❧❧❡ ♦#❡ ✷✸✿✵✵
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▼❡❞✐❛

❚❛①✐ ◆♦ +✉-❤ ❬♠✐♥❪ ❚❛①✐ +✉-❤ ❬♠✐♥❪

✸✼✱✷ ✸✵✱✻

▼❡❞✐❛♥❛

❚❛①✐ ◆♦ +✉-❤ ❬♠✐♥❪ ❚❛①✐ +✉-❤ ❬♠✐♥❪

✹✸ ✸✶

❚❛❜❡❧❧❛ ✹✳✶✷✿ ❈♦♥❞✐③✐♦♥✐ ❞✐ ♥❡✈❡ -✉❧ ❝❛♠♣♦✿ C❡♠♣✐

✜♥❣❡F✱ ❡F❛♥♦ ❞❛ ♣♦❝♦ ❛FF✐✈❛C✐ ❡ ❛❧CF✐ ✐♥✈❡❝❡ ❤❛♥♥♦ ✐♥✐③✐❛C♦ ❧❡ ♣F♦❝❡❞✉F❡ ❞✐

♠❡--❛ ✐♥ ♠♦C♦ G✉❛♥❞♦ ❛❧❝✉♥❡ ♦♣❡F❛③✐♦♥✐ ❞✐ ❜❛-❡ ❡F❛♥♦ ❣✐H ❛ F❡❣✐♠❡ ✭✐♥♦❧CF❡

✐ ❞❛C✐ ❛ ❞✐-♣♦-✐③✐♦♥❡ ❞✐ G✉❡-C✐ ✈❡❧✐✈♦❧✐ -♦♥♦ ♥♦C❡✈♦❧♠❡♥C❡ ✐♥❢❡F✐♦F✐✮✳

❙❡❧❢ ▼❛♥❡✉✈❡F✐♥❣ ❉❛C✐ ❆✐F❜✉- ❉❛C✐ ■❈❆❖

❑❣ ❑❣

✷♠♦C♦F✐ ✹✹✻✱✶✽ ✹✻✹✱✵✸

✶♠♦C♦F❡✰❡❚❛①✐✰✇❛F♠ ✉♣ ✷✹✼✱✵✾ ✷✺✻✱✾✼

❘✐-♣❛F♠✐♦ ♣❡F ♦❣♥✐ ❞❡❝♦❧❧♦ ✶✾✾✱✵✾ ✷✵✼✱✵✺

❚❛❜❡❧❧❛ ✹✳✶✸✿ ❈♦♥❞✐③✐♦♥✐ ❞✐ ♥❡✈❡ -✉❧ ❝❛♠♣♦✿ -❡❧❢ ♠❛♥❡✉✈❡F✐♥❣

+✉-❤✲❇❛❝❦ ❉❛C✐ ❆✐F❜✉- ❉❛C✐ ■❈❆❖

❑❣ ❑❣

✷♠♦C♦F✐ ✸✻✻✱✽✻ ✸✽✶✱✺✸

✶♠♦C♦F❡✰❡❚❛①✐✰✇❛F♠ ✉♣ ✷✵✼✱✹✸ ✷✶✺✱✼✸

❘✐-♣❛F♠✐♦ ♣❡F ♦❣♥✐ ❞❡❝♦❧❧♦ ✶✺✾✱✹✸ ✶✻✺✱✽✶

❚❛❜❡❧❧❛ ✹✳✶✹✿ ❈♦♥❞✐③✐♦♥✐ ❞✐ ♥❡✈❡ -✉❧ ❝❛♠♣♦✿ ♣✉-❤✲❜❛❝❦

◆❡❧❧❛ C❛❜❡❧❧❛ -♦♥♦ F✐♣♦FC❛C✐ ✐ ✈❛❧♦F✐ ❞✐ ❝♦♥-✉♠♦ -C✐♠❛C✐✱ -✐❛ ❝♦♥ ✐ ✈❛❧♦F✐

❢♦F♥✐C✐ ❞❛ ❆✐F❜✉- -✐❛ ❝♦♥ G✉❡❧❧✐ ❢♦F♥✐C✐ ❞❛❧❧✬■❈❆❖✳ ■♥ G✉❡-C♦ ❝❛-♦ -✐ [ ✐♣♦C✐③③❛C❛

✉♥❛ ♣F♦❝❡❞✉F❛ ✐❜F✐❞❛ ❞✐ F✉❧❧❛❣❣✐♦ ❝♦♥ ❡❚❛①✐ ❡ ❝♦♥ ✶ ♠♦C♦F❡ ✐♥ ❢✉♥③✐♦♥❡ ✭-✐

❝♦♥-✐❞❡F❛♥♦ -❡♠♣F❡ ✐ ✹ ♠✐♥✉C✐ ❞✐ ✇❛F♠✲✉♣✮✳

■❧ ♣F♦❜❧❡♠❛ ❞❡❧❧❛ ♥❡✈❡ ✐♥CF♦❞✉❝❡ ❞❡❧❧❡ ♣F♦❝❡❞✉F❡ ❝♦♠♣❧❡--❡ CF❛ ❝✉✐ ❧❛

F✐♠♦③✐♦♥❡ ❞❡❧❧❛ ♥❡✈❡ ❞❛❧❧❛ ♣✐-C❛ ❡ ❞❛✐ ♣✐❛③③❛❧✐ ❡ ❧♦ -❢F✉CC❛F❡ ❛♣♣✐❡♥♦ ❞❡❧❧❡

♣✐❛③③♦❧❡ ❞✐ ❞❡✲✐❝✐♥❣✳ ■♥♦❧CF❡ ✐❧ ❞❡❝♦❧❧♦ ❞❡✈❡ ❛✈✈❡♥✐F❡ ❡♥CF♦ ✉♥ C❡♠♣♦ ♠❛--✐♠♦
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❞❛❧❧♦ %❣❤✐❛❝❝✐❛♠❡♥-♦ ❛❧-.✐♠❡♥-✐ ❧✬❛✴♠ 1 ♦❜❜❧✐❣❛-♦ ❛ .✐♣❡-❡.❡ ❧✬♦♣❡.❛③✐♦♥❡✱

❛❣❣✐✉♥❣❡♥❞♦ .✐-❛.❞✐ ❡ ♣.♦❜❧❡♠✐ ❞✐ %❡7✉❡♥③❛ ❡ ❞✐ ♦.❣❛♥✐③③❛③✐♦♥❡ ❞❡❧ ♣✐❛③③❛❧❡✳

❙✐-✉❛③✐♦♥✐ %✐♠✐❧✐ %✐ ✈❡.✐✜❝❛♥♦ ❛❧❧✬✐♥❣.❡%%♦ ❞❡✐ ♠❡③③✐ %♣❛③③❛♥❡✈❡ ❡ ❞❡✐ %♣❛.❣✐-♦.✐

❞✐ ❧✐7✉✐❞♦ .✐-❛.❞❛♥-❡ ✐♥ ♣✐%-❛✱ ♦♣❡.❛③✐♦♥❡ ❧✉♥❣❛ ❛♥❝❤❡ %❡ ♣✐❛♥✐✜❝❛-❛ ❡ ❣❡%-✐-❛

❝♦♦.❞✐♥❛♥❞♦ ❝♦♥ ✐ ❞✐✈❡.%✐ ❡♥-✐ ❛❡.♦♣♦.-✉❛❧✐✱ %✐-✉❛③✐♦♥❡ ❝♦♠✉♥7✉❡ ♠❛✐ ♣.✐✈❛

❞✐ ❞✐%❛❣✐✳ ■ -❡♠♣✐ ❞✐ .✉❧❧❛❣❣✐♦ ❝♦♥%✐❞❡.❛-✐ %♦♥♦ ❝♦♠♣.❡♥%✐✈✐ ❞❡❧❧❛ ♣❡.♠❛♥❡♥③❛

♥❡❧❧❛ ♣✐❛③③♦❧❛ ❞✐ ❞❡✲✐❝✐♥❣ ❡ %♦♥♦ .✐♣♦.-❛-✐ %❡♥③❛ ❝♦♥%✐❞❡.❛.❡ ✐❧ .✐-❛.❞♦ ❛❧❧❛

♠❡%%❛ ✐♥ ♠♦-♦✱ ❝♦♠✉♥✐❝❛-♦ ❞❛❧❧❛ ♣♦%✐③✐♦♥❡ ❞❡❧✐✈❡.②✱ ❛❧ ♣.✐♠♦ ❝♦♥-❛--♦ .❛❞✐♦✳

❬♠✐♥❪

❚✳ ♠❡❞✐♦ ❞❡✲✐❝✐♥❣ ✶✸✱✽

❚✳ ♠❡❞✐♦ ❆✸✶✽ ✼

❚✳ ♠❡❞✐♦ ❆✸✶✾ ✶✺

❚✳ ♠❡❞✐♦ ❆✸✷✵ ✶✹✱✸

❚✳ ♠❡❞✐♦ ❆✸✷✶ ✶✺✱✺

❚❛❜❡❧❧❛ ✹✳✶✺✿ ❚❡♠♣✐ ♠❡❞✐ ♣❡. -✐♣♦ ❞✐ ❛❡.♦♠♦❜✐❧❡

◆❡❧❧❛ -❛❜❡❧❧❛ %✐ %♦♥♦ .✐♣♦.-❛-✐ ✐ ✈❛❧♦.✐ ♠❡❞✐ ❞✐ ❞❡✲✐❝✐♥❣✱ %✉❞❞✐✈✐%✐ ♣❡. ✐❧ -✐♣♦

❞✐ ❛❡.♦♠♦❜✐❧❡✳ ■❧ -❡♠♣♦ ♠❡❞✐♦ ❞✐ ♣❡.♠❛♥❡♥③❛ 1 ❞✐ 13, 8♠✐♥ ❡ ✉♥ ❆✸✷✵ ♦ ❆✸✶✾✱

❝❤❡ ❤❛♥♥♦ ♣.❡%%♦❝❤M ❧❡ %-❡%%❡ ❞✐♠❡♥%✐♦♥✐✱ ❤❛♥♥♦ ✉♥ -❡♠♣♦ ❞✐ ♣❡.♠❛♥❡♥③❛

%✐♠✐❧❡✳ ▲❛ ♣❡.♠❛♥❡♥③❛ %❡♥%✐❜✐❧♠❡♥-❡ ✐♥❢❡.✐♦.❡ ❞❡❧ ❆✸✶✽✱ %♦❧♦ ❆✐. ❋.❛♥❝❡

✉-✐❧✐③③❛ 7✉❡%-♦ ✈❡❧✐✈♦❧♦ ❛ ▲✐♥❛-❡✱ 1 %♦❧♦ ✉♥❛ ❝♦✐♥❝✐❞❡♥③❛ ♣❡. ✈✐❛ ❞❡❧ ♥✉♠❡.♦

❡%✐❣✉♦ ❞✐ ✈❛❧♦.✐ ❛ ❞✐%♣♦%✐③✐♦♥❡ ✭%-❛-✐%-✐❝❛♠❡♥-❡ ✐♥%✐❣♥✐✜❝❛♥-❡✮✳ ■❧ ❆✸✷✶✱ ♣✉.

❛✈❡♥❞♦ ❧❛ %-❡%%❛ %✉♣❡.✜❝✐❡ ❛❧❛.❡ ❞❡✐ ♣.❡❝❡❞❡♥-✐✱ 1 ♣✐S ❧✉♥❣♦ ❞✐ ❝✐.❝❛ 7 ♠❡-.✐

❡ %✐ %✉♣♣♦♥❡ ❝❤❡ %✐❛ 7✉❡%-♦ ✐❧ ♠♦-✐✈♦ ❞✐ ✉♥ ❞❡✲✐❝✐♥❣ ♠❡❞✐❛♠❡♥-❡ ♣✐S ❧✉♥❣♦✳

✹✳✷✳✺ ❆♥❛❧✐)✐ ♣✐+ ❛♣♣,♦❢♦♥❞✐0❛

▲❛ %-✐♠❛ ❞❡❧ ❝♦♥%✉♠♦ ❞✐ ❝❛.❜✉.❛♥-❡ ❞✐ ✉♥ ❛❡.♦♠♦❜✐❧❡ ❣✐♦❝❛ ✉♥ .✉♦❧♦

❞✐ .✐❧✐❡✈♦ ♥❡❧ ❞❡-❡.♠✐♥❛.❡ ❧✬✐♠♣❛--♦ ❞❡❧❧❡ ♦♣❡.❛③✐♦♥✐ ❝♦%T ❝♦♠❡ ❧❛ %-✐♠❛ ❞❡✐

❜❡♥❡✜❝✐ ❞❡❧❧❡ ✈❛.✐❡ ♣.♦❝❡❞✉.❡✳ ■ ✈❛❧♦.✐ ❞❡❧ ❝♦♥%✉♠♦ ❞✐ ❝❛.❜✉.❛♥-❡ ♣♦%%♦✲

♥♦ ❡%%❡.❡ ❞❡❞♦--✐ ❞❛✐ ✈❛❧♦.✐ ❞✐ ❝♦♥%✉♠♦ .✐♣♦.-❛-✐ ♥❡❧ ❞❛-❛%❤❡❡- ❞❡❧❧✬■❈❆❖

♣❡.✐♦❞✐❝❛♠❡♥-❡ ❛❣❣✐♦.♥❛-♦✳ ■ ✈❛❧♦.✐ ❢♦.♥✐-✐ ❞❛❧❧✬■♥-❡.♥❛-✐♦♥❛❧ ❈✐✈✐❧ ❆✈✐❛-✐♦♥

❖.❣❛♥✐③❛-✐♦♥ .✐♣♦.-❛♥♦ %♦❧♦ ✐ ❝♦♥%✉♠✐ ❛ 7✉❛--.♦ ❞✐✈❡.%✐ ✐♥❞✐❝✐ ❞✐ ♣♦-❡♥③❛✿

✶✳ ❛❧ ✼✪ ❞❡❧❧❛ ♠❛♥❡--❛✱ ❝♦♥❞✐③✐♦♥❡ ❞✐ ■❞❧❡

✷✳ ❛❧ ✸✵✪✱ ❝♦♥✜❣✉.❛③✐♦♥❡ ❞✐ ❛✈✈✐❝✐♥❛♠❡♥-♦ ✜♥❛❧❡
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✸✳ ❛❧ ✽✺✪✱ ❝♦♥❞✐③✐♦♥❡ ❞✐ 0❛❧✐1❛ ✐♥✐③✐❛❧❡

✹✳ ❛❧ ✶✵✵✪ ❝♦♥❞✐③✐♦♥❡ ❞✐ ♠❛00✐♠❛ ♣♦1❡♥③❛ ❛❧ ❞❡❝♦❧❧♦✳

■ ❞❛1✐ 0♦♥♦ 01✐♠❡ ❢♦9♥✐1❡ ❞❛✐ ♣9♦❞✉11♦9✐ ❞❡✐ ♣9♦♣✉❧0♦9✐ ❡ 0♣❡00♦ ❞✐✛❡9✐0❝♦♥♦ ❞❛✐

❞❛1✐ 9✐❧❡✈❛1✐ 0✉❧ ❝❛♠♣♦✳ =❡9 ♣♦1❡9 01✐♠❛9❡ ✐❧ ❝♦♥0✉♠♦ ❞✐ ❝❛9❜✉9❛♥1❡ ♥♦♥ ❜❛01❛

❝♦♥0✐❞❡9❛9❡ ✐ ✈❛❧♦9✐ ❢♦9♥✐1✐ ❞❛❧❧❡ ❛③✐❡♥❞❡ ✐♥ ?✉❛♥1♦ ✐ ✈❛❧♦9✐ ♥♦♥ 9✐0♣❡❝❝❤✐❛♥♦

?✉❡❧❧✐ ❞❡✐ ♠♦1♦9✐ 9❡❛❧♠❡♥1❡ ✉1✐❧✐③③❛1✐ ❞❛❧❧❡ ❝♦♠♣❛❣♥✐❡✱ ✐ ?✉❛❧✐ 0♦♥♦ 0♦❣❣❡11✐

❛❞ ✉♥ ✉0♦ ❢9❡?✉❡♥1❡✳ ❈♦♠❡ ❣✐C ❞❡11♦✱ ✐ ♠♦1♦9✐ 0♦♥♦ 1❡01❛1✐ 0♦❧♦ ❛❞ ❛❧❝✉♥❡

♣♦1❡♥③❡ ❡ ✐❧ ✈❛❧♦9❡ ❛❧ ✼✪ E ?✉❡❧❧♦ ❝❤❡ ❝♦♠✉♥❡♠❡♥1❡ ✈✐❡♥❡ ✉1✐❧✐③③❛1♦ ♣❡9 ✐❧ ❝❛❧✲

❝♦❧♦ ❞❡❧ ❝♦♥0✉♠♦ ✐♥ 9✉❧❧❛❣❣✐♦✳ ■♥♦❧19❡ E ❡✈✐❞❡♥1❡ ❝❤❡ ✐❧ ❝♦♥19✐❜✉1♦ ❞❡❧ ♣✐❧♦1❛✱

❧❡ 0✉❡ ❝❛9❛11❡9✐01✐❝❤❡ ❞✐ ♣✐❧♦1❛❣❣✐♦ ❡ ❧❡ ❝♦♥❞✐③✐♦♥✐ ❞✐ ✉1✐❧✐③③♦ 0♦♥♦ ❝9✉❝✐❛❧✐ ♣❡9

❧❛ ❝♦99❡11❛ ❞❡1❡9♠✐♥❛③✐♦♥❡ ❞❡✐ ❝♦♥0✉♠✐✳ =❡9 ❡0❡♠♣✐♦✱ ❝✐ 0✐ E 9❡0✐ ❝♦♥1♦✱ ❛❧

1❡9♠✐♥❡ ❞✐ ♥✉♠❡9♦0❡ ✐♥1❡9✈✐01❡✱ ❝❤❡ ❛❧❝✉♥✐ ♣✐❧♦1✐✱ ♣❡9 ❞❛9❡ ♣9❡❝❡❞❡♥③❛ ❛❞ ❛❧19♦

19❛✣❝♦✱ ♣9❡❢❡9✐0❝♦♥♦ ✉1✐❧✐③③❛9❡ ✐ ❢9❡♥✐ 0❡♥③❛ ❛❣✐9❡ 0✉❧❧❛ ♠❛♥❡11❛✱ ❛❧19✐ ♣9❡❢❡✲

9✐0❝♦♥♦ 9✐❞✉99❡ ❧❛ ♣♦1❡♥③❛ 9❛❧❧❡♥1❛♥❞♦ 0♦❧❛♠❡♥1❡ ✐❧ ♥❡❝❡00❛9✐♦ ♣❡9 ❛00♦❧✈❡9❡

❧✬✐019✉③✐♦♥❡ 9✐❝❡✈✉1❛✳ ❖✈✈✐❛♠❡♥1❡ ♥❡00✉♥ ♣♦00✐❜✐❧❡ ♠♦❞❡❧❧♦ ♣✉J ❝♦♥0✐❞❡9❛9❡

?✉❡01♦ 1✐♣♦ ❞✐ ❞✐♥❛♠✐❝❤❡ ❡ ✐♥♦❧19❡ 0♣❡00♦ ✐❧ 9❛♣♣♦91♦ 19❛ ❧❛ ♣♦1❡♥③❛ ❡ ✐❧ ✢✉00♦

❞✐ ❝❛9❜✉9❛♥1❡ ♥♦♥ E ❧✐♥❡❛9❡✳

■♥ ❞❡✜♥✐1✐✈❛ ❧✬❛♣♣9♦❝❝✐♦ ♠✐❣❧✐♦9❡ E ❧✬❛♥❛❧✐0✐ ❞❡✐ ❞❛1✐ ♦11❡♥✉1✐ ❞❛❧ ❋❉❘

✶

✳ =❡9

♣9♦❜❧❡♠✐ ❞✐ 0✐❝✉9❡③③❛ ✭❛ ❞❡11❛ ❞❡❧❧❡ ❝♦♠♣❛❣♥✐❡✮✱ ♥♦♥ ❛❜❜✐❛♠♦ ❛ ❞✐0♣♦0✐③✐♦♥❡

?✉❡01✐ 1✐♣✐ ❞✐ ❞❛1✐✳ ▲✬❛♥❛❧✐0✐ ♣9♦❝❡❞❡9C ❝♦♥0✐❞❡9❛♥❞♦ ✉♥♦ 01✉❞✐♦ ❡✛❡11✉❛1♦

❞❛❧ ▼■❚

✷

✐♥ ❝✉✐ ❤❛♥♥♦ ❛♥❛❧✐③③❛1♦ ✐ ❞❛1✐ 9❡❣✐019❛1✐ ♥❡❧ ❋❉❘ ❞✐ ✉♥ ❝♦♥0✐01❡♥1❡

♥✉♠❡9♦ ❞✐ ✈♦❧✐✱ ❝✐9❝❛ 552 19❛11❡ 19❛ ❆✸✶✾✱ ❆✸✷✵ ❡ ❆✸✷✶ ❬✶✸❪✳

■❧ ❝♦♠❜✉01✐❜✐❧❡ 1♦1❛❧❡ ❝♦♥0✉♠❛1♦ E ✐♥ ❢✉♥③✐♦♥❡ ❞❡❧ ♥✉♠❡9♦ ❞✐ ✈♦❧1❡ ❝❤❡

✐❧ ✈❡❧✐✈♦❧♦ ❞❡✈❡ ❢❡9♠❛90✐ ❡ ?✉✐♥❞✐ 9✐❞❛9❡ ♣♦1❡♥③❛ ✭❜9❡❛❦ ❛✇❛② ♣♦✇❡9✮✱ ❞❡❧

♥✉♠❡9♦ ❞✐ ❝✉9✈❡ ❝❤❡ ❞❡✈❡ ❡✛❡11✉❛9❡ ♦❧19❡ ❛❧❧❛ ❞✉9❛1❛ ❞❡❧ 1❛①✐✳ ▲❡ ✐♥1❡99✉③✐♦♥✐

❞❡❧ 9✉❧❧❛❣❣✐♦✱ 0✐♠✐❧✐ 19❛ ❧♦9♦ ❝♦♠❡ ❡✛❡11✐✱ 0♦♥♦ ❝♦♠❡ ❛❣❣✐✉♥❣❡9❡ ✉♥ ❞❡✜♥✐1♦

✈❛❧♦9❡ ❞✐ ♣❡♥❛❧✐③③❛③✐♦♥❡ ❞✐ ❝♦♠❜✉01✐❜✐❧❡ 9✐0✉❧1❛♥❞♦ ✐♥ ✉♥ ❡✛❡11♦ ❧✐♥❡❛9❡ ❛❧

♥✉♠❡9♦ ❞✐ ❢❡9♠❛1❡✱ ❝♦0^ ❝♦♠❡ ❣❧✐ ❛❣❣✐✉01❛♠❡♥1✐ ❞✐ ♠❛♥❡11❛ ♣❡9 ❧❡ ❝✉9✈❡✳ ■❧

✈❛❧♦9❡ ❞❡❧ ❝♦♥0✉♠♦ 1♦1❛❧❡ ❞✐ ❝❛9❜✉9❛♥1❡ ♣✉J ❡00❡9❡ ❝♦0^ ❡0♣9❡00♦✿

f
√
Tamb

= a1 + b1t+ c1nstop + d1nturn

❝♦♥0✐❞❡9❛♥❞♦ Tamb ❧❛ 1❡♠♣❡9❛1✉9❛ ❛♠❜✐❡♥1❡ ❛❧❧❛ ?✉❛❧❡ 0✐ E ♥♦9♠❛❧✐③③❛1♦✱ nstop

♥✉♠❡9♦ ❞✐ ❢❡9♠❛1❡ ❡ nturn ♥✉♠❡9♦ ❞✐ ❝✉9✈❡✳ ■ ✈❛❧♦9✐ a1✱ c1 ❡ d1 ❞❡✈♦♥♦ ❡00❡9❡

✶

❋❧✐❣❤% ❉❛%❛ ❘❡❝♦,❞❡,

✷

▼❛//❛❝❤✉/❡%%/ ■/%✐%✉%❡ ♦❢ ❚❡❝❤♥♦❧♦❣②
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"✐❝❛✈❛'✐✱ b1 ) ✐❧ ❝♦❡✣❝✐❡♥'❡ ❜❛0❡ ❞✐ ❝♦♥0✉♠♦ ❡ ✐♥❢❛''✐ ) ❞✐"❡''❛♠❡♥'❡ ✐♥ "❡❧❛✲

③✐♦♥❡ ❝♦♥ t✱ ✐❧ '❡♠♣♦ '♦'❛❧❡ ❞✐ "✉❧❧❛❣❣✐♦✳

❛✴♠ a1 b1 c1 d1
[ Kg
√

K
] [ Kg

s
√

K
] [ Kg

√

K
] [ Kg

√

K
]

❆✸✶✾ ✲✵✱✵✶ ✵✱✵✶✷✹ ✲✵✱✵✶ ✲✵✱✵✷

❆✸✷✵ ✲✵✱✷✻ ✵✱✵✶✷✺ ✵✱✶ ✲✵✱✵✷

❆✸✷✶ ✲✵✱✶✾ ✵✱✵✶✸✸ ✵✱✶✺ ✲✵✱✵✺

❚❛❜❡❧❧❛ ✹✳✶✻✿ ▼■❚✿ ♣"✐♠♦ ❛♣♣"♦❝❝✐♦

❙✐ 0♦''♦❧✐♥❡❛ ❝❤❡✱ ♣❡" ♦❣♥✐ ✈❛❧♦"❡ ❝❛❧❝♦❧❛'♦✱ ) 0'❛'♦ ✈❛❧✉'❛'♦ ✐❧ p− value ♣❡"

❢♦"♥✐"❡ ✉♥ ✈❛❧♦"❡ 0✐❣♥✐✜❝❛'✐✈♦ ❛❧❧♦ 0'✉❞✐♦✳ ■ ✈❛❧♦"✐ ❞✐ d1 ❤❛♥♥♦ p− value ❢✉♦"✐

❞❛❧ ✈❛❧♦"❡ 0'❛'✐0'✐❝❛♠❡♥'❡ 0✐❣♥✐✜❝❛'✐✈♦✳

❯♥ ❛❧'"♦ ❛♣♣"♦❝❝✐♦ ❝♦♥0✐❞❡"❛'♦ ) K✉❡❧❧♦ ❞✐ ❡0♣"✐♠❡"❡ ✐❧ ♠♦❞❡❧❧♦ ✐♥ ❢✉♥③✐♦✲

♥❡ ❞❡❧ ♥✉♠❡"♦ ❞✐ ❛❝❝❡❧❡"❛③✐♦♥✐ ❛ ❝✉✐ ) 0♦❣❣❡''♦ ✐❧ ✈❡❧✐✈♦❧♦✳ ◗✉❡0'♦ ❛0♣❡''♦

❝❛"❛''❡"✐③③❛ ❞✐ ♣✐M ✐❧ ✈❡"♦ ❝♦♠♣♦"'❛♠❡♥'♦ ❞❡❧ ✈❡❧✐✈♦❧♦ ✐♥ "✉❧❧❛❣❣✐♦✳ ▲❛ ♥❡❝❡0✲

0✐'O ❞✐ K✉❡0'♦ ♠♦❞❡❧❧♦ ❞❡"✐✈❛ ❞❛❧❧✬❛♥❛❧✐0✐ ❞❡✐ ✈❛❧♦"✐ ♦''❡♥✉'✐ ♣"❡❝❡❞❡♥'❡♠❡♥'❡✱

✐♥ K✉❛♥'♦ ❝✐ 0✐ ) "❡0✐ ❝♦♥'♦ ❝❤❡ ❧❡ ❣"❛♥❞❡③③❡ 0'❛'✐0'✐❝❤❡ p− value "✐❢❡"✐'❡ ❛❧❧❡

❢❡"♠❛'❡ ❡ ❛❧❧❡ ❝✉"✈❡ ❞✐✛❡"✐✈❛♥♦ '"♦♣♣♦ '"❛ ✐ ✈❛"✐ ❛❛✴♠♠ ❡ K✉✐♥❞✐ ❛❧'"✐ ❡❧❡✲

♠❡♥'✐ ❡♥'"❛✈❛♥♦ ✐♥ ❣✐♦❝♦ ❝♦♠❡ ❛❞ ❡0❡♠♣✐♦ ✐❧ ❝♦♠♣♦"'❛♠❡♥'♦ ❞❡❧ ♣✐❧♦'❛✳ ❙✐ )

K✉✐♥❞✐ ❡✛❡''✉❛'❛ ✉♥✬❛❧'"❛ ❢♦"♠✉❧❛③✐♦♥❡✿

f
√
Tamb

= a2 + b2t+ c2naccelerazioni

❝♦♥ a2 ❡ c2 ❞❛ ❞❡'❡"♠✐♥❛"❡ ❡ b1 ) ✐❧ ❝♦❡✣❝✐❡♥'❡ ❜❛0❡ ❞✐ ❝♦♥0✉♠♦ ❡0❛''❛♠❡♥'❡

❝♦♠❡ ♣"✐♠❛✳

❙✐ "✐♣♦"'❛♥♦ ✐ ✈❛❧♦"✐ ❞❡✐ ❝♦❡✣❝✐❡♥'✐✿

❙✐ ♥♦'❛ 0✉❜✐'♦ ❝❤❡ ✐ ✈❛❧♦"✐ ❞❡✐ ❝♦❡✣❝✐❡♥'✐ b✱ ♥♦♥ ❞✐✛❡"✐0❝♦♥♦ ❞✐ ♠♦❧'♦

✭❝♦♠❡ ❝✐ 0✐ ❛0♣❡''❛✈❛ ✈✐0'♦ ❝❤❡ ❝♦""✐0♣♦♥❞♦♥♦ ❛❧ ❝♦♥0✉♠♦ ❜❛0❡ ❞✉"❛♥'❡ ✐❧

'❛①✐✮ ♠❡♥'"❡ ❧✬❡❧❡♠❡♥'♦ ❞✐ "✐❧✐❡✈♦ ) ✐❧ ❝♦❡✣❝✐❡♥'❡ c2 "❡❧❛'✐✈♦ ❛❧ ♥✉♠❡"♦ ❞✐

❛❝❝❡❧❡"❛③✐♦♥✐✳

❙✐ "✐♣♦"'❛♥♦ ✐♥ '❛❜❡❧❧❛ ❧❡ ♦00❡"✈❛③✐♦♥✐ ❢❛''❡ ❞✉"❛♥'❡ ✐❧ "✉❧❧❛❣❣✐♦ ❞❡❣❧✐ ❛❡✲

"♦♠♦❜✐❧✐ ✐♥ ❢✉♥③✐♦♥❡ ❞❡❧ ❧♦"♦ 0'❛♥❞ ❞✐ ♣❛"'❡♥③❛✳ ❙✐ ♥♦'❛ ❝❤❡ ❧❛ ❞✐✛❡"❡♥③❛ ❞❡❧

♥✉♠❡"♦ ❞✐ 0'♦♣ ❡ ❞✐ ❛❝❝❡❧❡"❛③✐♦♥✐ ♥♦♥ ) ♠❛"❝❛'❛✳
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❛✴♠ a2 b2 c2
[ Kg
√

K
] [ Kg

s
√

K
] [ Kg

√

K
]

❆✸✶✾ ✵✱✵✽✶✶ ✵✱✵✶✷✷ ✵✱✵✾✻✺

❆✸✷✵ ✲✵✱✵✽✾✻ ✵✱✵✶✷✹ ✵✱✶✶✼✹

❆✸✷✶ ✵✱✵✾✹✷ ✵✱✵✶✷✾ ✵✱✵✽✸✷

❚❛❜❡❧❧❛ ✹✳✶✼✿ ▼■❚✿ 8❡❝♦♥❞♦ ❛♣♣>♦❝❝✐♦

@♦8✐③✐♦♥❡ ♥✳ 8B♦♣ ♥✳ ❝✉>✈❡ ♥✳ ❛❝❝❡❧❡>❛③✐♦♥✐

♣❛>❝❤❡❣❣✐

▲✐♥❡❛ ✶✲✺ ✶ ✷ ✷

▲✐♥❡❛ ✻✲✶✷ ❡ ✻✶✲✻✾ ✷ ✸ ✸

▲✐♥❡❛ ✶✹✲✷✷ ✶ ✶ ✷

▲✐♥❡❛ ✻✷✲✼✷ ✷ ✸ ✸

❚❛❜❡❧❧❛ ✹✳✶✽✿ ❋❡>♠❛B❡ ❡❞ ❛❝❝❡❧❡>❛③✐♦♥✐

◆❡❧❧❛ B❛❜❡❧❧❛ 8♦♥♦ >✐♣♦>B❛B✐ ✐ ✈❛❧♦>✐✱ ❝♦♥8✐❞❡>❛♥❞♦ ❧❛ ♥❡❝❡88✐BJ ❞✐ ❞♦✈❡>

❡✛❡BB✉❛>❡ ✐❧ ❞❡✲✐❝✐♥❣✳ ▲❛ >✐❧❡✈❛③✐♦♥❡ L 8B❛B❛ ❡✛❡BB✉❛B❛ ❝♦♥8✐❞❡>❛♥❞♦ ✉♥ 8♦❧♦

❛❡>♦♠♦❜✐❧❡✱ ♥❡❧ ❝❛8♦ ✐♥ ❝✉✐ ✐ ♠♦✈✐♠❡♥B✐ 8✐❛♥♦ ♣✐M ❞✐ ✉♥♦✱ ❡ N✉✐♥❞✐ ✈❡♥❣❛

✐♠♣♦8B❛B❛ ✉♥❛ 8❡N✉❡♥③❛✱ ✐❧ ♥✉♠❡>♦ ❞✐ ❢❡>♠❛B❡ ❡ ❞✐ ❛❝❝❡❧❡>❛③✐♦♥✐ ❛✉♠❡♥B❛ ❞❡❧

♥✉♠❡>♦ ✐♥ 8❡N✉❡♥③❛ ✐♥ ❝✉✐ ✐❧ ✈❡❧✐✈♦❧♦ 8✐ B>♦✈❛✳

@♦8✐③✐♦♥❡ ♥✳ 8B♦♣ ♥✳ ❝✉>✈❡ ♥✳ ❛❝❝❡❧❡>❛③✐♦♥✐

♣❛>❝❤❡❣❣✐

▲✐♥❡❛ ✶✲✺ ✸ ✸ ✹

▲✐♥❡❛ ✻✲✶✷ ✸ ✸ ✹

▲✐♥❡❛ ✶✹✲✷✷ ✸ ✹ ✹

▲✐♥❡❛ ✻✷✲✼✷ ✷ ✷ ✸

❚❛❜❡❧❧❛ ✹✳✶✾✿ ❋❡>♠❛B❡ ❡❞ ❛❝❝❡❧❡>❛③✐♦♥✐

◆❡❧ ❝❛8♦ ❞✐ ▲❱@ ❡ ❞✐ ♠♦✈✐♠❡♥B✐ ♥♦♥ ❝♦♥B✐❣✉✐✱ ✐❧ ♥✉♠❡>♦ ❞✐ ❢❡>♠❛B❡ L ✐♥

>❡❧❛③✐♦♥❡ ❛❧❧❛ ♣♦8✐③✐♦♥❡ ❞❡❧ 8✉♦ ♣❛>❝❤❡❣❣✐♦✳ ❆❞ ❡8❡♠♣✐♦ 8❡ ✉♥ ❛❡>♦♠♦❜✐❧❡ L

♣❛>❝❤❡❣❣✐❛B♦ ❛❧❧♦ 8B❛♥❞ ✻ ✐❧ ♥✉♠❡>♦ ❞✐ ❢❡>♠❛B❡ L ❞✐ ✻ ✭8♦♥♦ ✐♥❢❛BB✐ ✻ ✐ ♣✉♥B✐

✐♥B❡>♠❡❞✐ ❝❤❡ 8❡♣❛>❛♥♦ ❧♦ 8B❛♥❞ ❞❛❧ ♣✉♥B♦ ❛BB❡8❛ ❞❡❧❧❛ ♣✐8B❛ ❍@ ❚✷✿ D1✱ D2✱

T5✱ T4✱ T3 ❡ T2✮ ♥❡❧ ❝❛'♦ ✐♥ ❝✉✐ ❢♦''❡ ❛❧ 16 '❛,❡❜❜❡,♦ 5✳
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◆❡❧❧❡ %❛❜❡❧❧❡ (❡❣✉❡♥%✐ (♦♥♦ .✐♣♦.%❛%✐ ✐ ✈❛❧♦.✐ ♦%%❡♥✉%✐ ❝♦♥ ❧❡ ❞✉❡ ❢♦.♠✉❧❛✲

③✐♦♥✐✱ ❝♦♥(✐❞❡.❛♥❞♦ ❝♦♠❡ %❡♠♣❡.❛%✉.❛ ❛♠❜✐❡♥%❡ 8✉❡❧❧❛ ❛❧❧❛ 8✉❛❧❡ (♦♥♦ (%❛%❡

❡✛❡%%✉❛%✐ ✐ %❡(% ❞❡✐ ♠♦%♦.✐❀ ✐ ✈❛❧♦.✐ ❞❡✐ %❡♠♣✐ ❞✐ %❛①✐ (♦♥♦ 8✉❡❧❧✐ ❝❛❧❝♦❧❛%✐

■ ❢♦.♠✉❧❛③✐♦♥❡ ❝♦♥❞✳ (%❞✳ ❉❡✲■❝✐♥❣

?♦(✐③✐♦♥❡ ❈♦♥(✉♠♦ ❈♦♥(✉♠♦

♣❛.❝❤❡❣❣✐ ❬❑❣❪ ❬❑❣❪

▲✐♥❡❛ ✶✲✺ ✶✻✷ ✸✼✻

▲✐♥❡❛ ✻✲✶✷ ✶✸✽ ✹✺✾

▲✐♥❡❛ ✶✹✲✷✷ ❡ ✻✶✲✻✾ ✶✹✸ ✹✺✻

▲✐♥❡❛ ✻✷✲✼✷ ✶✻✵ ✸✼✼

❚❛❜❡❧❧❛ ✹✳✷✵✿ ❈♦♥(✉♠✐

■■ ❢♦.♠✉❧❛③✐♦♥❡ ❝♦♥❞✳ (%❞✳ ❉❡✲■❝✐♥❣

?♦(✐③✐♦♥❡ ❈♦♥(✉♠♦ ❈♦♥(✉♠♦

♣❛.❝❤❡❣❣✐ ❬❑❣❪ ❬❑❣❪

▲✐♥❡❛ ✶✲✺ ✶✼✷ ✸✽✽

▲✐♥❡❛ ✻✲✶✷ ✶✺✷ ✹✼✶

▲✐♥❡❛ ✶✹✲✷✷ ❡ ✻✶✲✻✾ ✶✺✵ ✹✼✶

▲✐♥❡❛ ✻✷✲✼✷ ✶✼✹ ✸✽✻

❚❛❜❡❧❧❛ ✹✳✷✶✿ ❈♦♥(✉♠✐

❈♦♥❢.♦♥%❛♥❞♦ ❧❡ ❞✉❡ ❢♦.♠✉❧❛③✐♦♥✐✱ ✐❧ ❝♦♥(✉♠♦✱ ❝♦♥ ✐❧ (❡❝♦♥❞♦ ♠♦❞❡❧❧♦✱ P

♠❛❣❣✐♦.❡ ♠❡❞✐❛♠❡♥%❡ ❞❡❧ 7% ✐♥ ❝♦♥❞✐③✐♦♥✐ ♦♣❡.❛%✐✈❡ (%❛♥❞❛.❞ ❡ ❞❡❧ 3% ✐♥

❝❛(♦ ❞✐ ❞❡✲✐❝✐♥❣✳ ❆♥❛❧✐③③❛♥❞♦ ✐❧ ♣.✐♠♦ ♠♦❞❡❧❧♦ (✐ ❝♦♥(%❛%❛ ❝❤❡✱ ♥❡❧ ❝❛(♦ ❞❡❧❧❡

❧✐♥❡❡ ✶✹✲✷✷ ❡ ✻✶✲✻✾✱ ✐❧ ❝♦♥(✉♠♦ ❞♦✈.❡❜❜❡ ❛✉♠❡♥%❛.❡ ❡ ♥♦♥ ❞✐♠✐♥✉✐.❡ ✐♥ ❝❛(♦ ❞✐

❞❡✲✐❝✐♥❣❀ 8✉❡(%♦ (✐ ❤❛ ❛ ❝❛✉(❛ ❞✐ 8✉❛♥%♦ ❞❡%%♦ ♣.❡❝❡❞❡♥%❡♠❡♥%❡ ❞❡❧ p− value
❝❤❡ ❤❛ ♣♦.%❛%♦ ✉♥ ❡..♦.❡ ♥❡❧ ❝❛❧❝♦❧♦ ❞❡✐ ❝♦❡✣❝✐❡♥%✐✳ ◆❡❣❧✐ ❛❧%.✐ ❝❛(✐ 8✉❡(%♦

❡..♦.❡ (✐ ♥♦%❛ ♠❡♥♦ ✐♥ 8✉❛♥%♦ ✐❧ ♥✉♠❡.♦ ❞✐ ❝✉.✈❡ P ✐♥❢❡.✐♦.❡ ❡ ❧❛ ❞✉.❛%❛ ❞❡❧

%❛①✐ ✐♥❝✐❞❡ ❞✐ ♣✐S✳ ◆❡❧ (❡❝♦♥❞♦ ♠♦❞❡❧❧♦ (✐ ♥♦%❛ ❝❤❡ ❧❛ ❧✐♥❡❛ ❞✐ ♣❛.❝❤❡❣❣✐ ♣✐S

❛❣❡✈♦❧❛%❛ ✐♥ ❝♦♥❞✐③✐♦♥✐ (%❛♥❞❛.❞ ❞✐✈✐❡♥❡ ❧❛ ♣✐S ♣❡♥❛❧✐③③❛%❛ ✐♥ ❝❛(♦ ❞✐ ❞❡✲✐❝✐♥❣

✭❛ ♣❛.✐%U ❞✐ %❛①✐ %✐♠❡✮✳ ◗✉❡(%♦ ♣❡.❝❤X ✐ ✈❡❧✐✈♦❧✐ (♦♥♦ ❝♦(%.❡%%✐ ❛ ♠❛♥♦✈.❛.❡

❞✐ ♣✐S ❡ ❛❞ ❛❝❝❡❧❡.❛.❡ ✐❧ ❞♦♣♣✐♦ ❞❡❧❧❡ ✈♦❧%❡ ❝♦♠❡ (✐ ♣✉Y ❞❡❞✉..❡ ❞❛❧❧❛ ✜❣✉.❛

✹✳✶✳ ●❧✐ ❛❡.♦♠♦❜✐❧✐ (✐%✉❛%✐ ♥❡❣❧✐ (%❛♥❞ ❞❛❧ ✻✷ ❛❧ ✼✷ (♦♥♦ 8✉❡❧❧✐ ❝❤❡ ❛✈.❛♥♥♦ ✐❧

♠✐♥♦. ✐♠♣❛%%♦ ✐♥ 8✉❛♥%♦ ❡✛❡%%✉❛♥♦ ✐❧ ♣✉(❤✲❜❛❝❦ ✐♥ ♣.♦((✐♠✐%U ❞❡❧❧❡ ♣✐❛③③♦❧❡

❞✐ (❣❤✐❛❝❝✐❛♠❡♥%♦✳
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✹✳✸ ▼❛♥✉'❡♥③✐♦♥❡

▲❛ ❝♦&&❡((❛ ♠❛♥✉(❡♥③✐♦♥❡ ❞✐ ✉♥ ❛❡&♦♠♦❜✐❧❡✱ ✉(✐❧✐③③❛(♦ ♣❡& ✐❧ 3❡&✈✐③✐♦ ❝♦♠✲

♠❡&❝✐❛❧❡ ✈✐❡♥❡ ❡✛❡((✉❛(❛ 3❡❣✉❡♥❞♦✱ ✐♥ ♠❛♥✐❡&❛ &✐❣✐❞❛✱ ✐❧ ▼❛✐♥(❡♥❛♥❝❡ 9❧❛♥✲

♥✐♥❣ ❉♦❝✉♠❡♥( ✭▼9❉✮ ❢♦&♥✐(♦ ❞❛❧ ❝♦3(&✉((♦&❡ ❞❡❧ ✈❡❧✐✈♦❧♦✳ ▲✬▼9❉ @ ✉♥

♠❛♥✉❛❧❡ ✐♥ ❝✉✐ @ &✐♣♦&(❛(♦ ✐❧ ♣&♦❣&❛♠♠❛ ❞✐ ♠❛♥✉(❡♥③✐♦♥❡ 3❡❝♦♥❞♦ ✐ ❝&✐(❡✲

&✐ ✜33❛(✐ ❞❛❧ ❝♦3(&✉((♦&❡ ❡ &✐✈✐3(✐ ♣❡&✐♦❞✐❝❛♠❡♥(❡ ✐♥ ❜❛3❡ ❛❧❧✬❡3♣❡&✐❡♥③❛ ❝❤❡

❧❡ ❝♦♠♣❛❣♥✐❡ ❛❡&❡❡ &✐♣♦&(❛♥♦ 3✉ C✉❡❧ (✐♣♦ ❞✐ ✈❡❧✐✈♦❧♦❀ ❧✬▼9❉ @ ❝❡&(✐✜❝❛(♦

❡❞ ❛♣♣&♦✈❛(♦ ❞❛❧❧❡ ❛✉(♦&✐(E ❝♦♠♣❡(❡♥(✐ ✐♥ ♠❛(❡&✐❛✳ ▲❛ ♠❛♥✉(❡♥③✐♦♥❡ ❝❤❡

3✐ ❡✛❡((✉❛ ♣&✐♥❝✐♣❛❧♠❡♥(❡ 3✉✐ ✈❡❧✐✈♦❧✐ @ ❞✐ (✐♣♦ ♣&❡✈❡♥(✐✈♦✱ ♦✈✈❡&♦ ❧❡❣❛(❛ ❛❧

♥✉♠❡&♦ ❞✐ ♦&❡ ❞✐ ❢✉♥③✐♦♥❛♠❡♥(♦ ❞❡❧❧✬❛❡&♦♠♦❜✐❧❡ ❡ ✈✐❡♥❡ ❡✛❡((✉❛(❛ ✐♥❞✐♣❡♥✲

❞❡♥(❡♠❡♥(❡ ❞❛❧❧❡ ❝♦♥❞✐③✐♦♥✐ ❞✬✉3♦ ❞❡❧❧❛ ♠❛❝❝❤✐♥❛✳ ▲❛ ♠❛♥✉(❡♥③✐♦♥❡ ❛ (❡♠♣♦

✈✐❡♥❡ ❝♦♠✉♥❡♠❡♥(❡ ✐♥❞✐❝❛(❛ ❝♦♥ ❧❛ 3✐❣❧❛ ❚❇❖ ✭❚✐♠❡ ❇❡(✇❡❡♥ ❖✈❡&❤❛✉❧3✱

❚❡♠♣♦ (&❛ ❞✉❡ &❡✈✐3✐♦♥✐✮ ❡ ✈✐❡♥❡ ❡✛❡((✉❛(❛ 3❡❝♦♥❞♦ ✐♥(❡&✈❛❧❧✐ ❞✐ (❡♠♣♦ ✐♥✲

❞✐❝❛(✐ 3✉❧❧✬▼9❉✳ 9❡& ❧❡ ♣❛&(✐✱ ❧❛ ❝✉✐ ❞✉&❛(❛ @ ❧❡❣❛(❛ 3♦♣&❛((✉((♦ ❛✐ ❝✐❝❧✐ ❞✐

❢✉♥③✐♦♥❛♠❡♥(♦✱ ✈✐❡♥❡ ❡✛❡((✉❛(❛ ❧❛ ❝♦3✐❞❞❡((❛ ♠❛♥✉(❡♥③✐♦♥❡ ❝✐❝❧✐❝❛✳ ❙✉ ❛❧❝✉✲

♥✐ ❛♣♣❛&❛(✐✱ ❝❤❡ ♥♦♥ &✐3✉❧(❛♥♦ ❡33❡&❡ ❝&✐(✐❝✐ ♣❡& ❧❛ 3✐❝✉&❡③③❛ ❞❡❧ ✈♦❧♦✱ ❞✉&❛♥(❡

❧❛ ❧♦&♦ ✈✐(❛ ♦♣❡&❛(✐✈❛ ✈❡♥❣♦♥♦ ❡✛❡((✉❛(✐ ❞❡✐ ❝♦♥(&♦❧❧✐ ❶♦♥ ❝♦♥❞✐(✐♦♥ ❷✱ ❝✐♦@

❧✬❛♣♣❛&❛(♦ ♥♦♥ ✈✐❡♥❡ 3♠♦♥(❛(♦✱ ♠❛ ♥❡ ✈✐❡♥❡ 3❡♠♣❧✐❝❡♠❡♥(❡ (❡3(❛(❛ ❧❛ ❢✉♥③✐♦✲

♥❛❧✐(E✳ ◆❡❧ ❝❛3♦ ✐♥ ❝✉✐ ♣❛&(✐ ❞❡❧❧✬❛❡&❡♦ ❛❜❜✐❛♥♦ ✉♥ ❢✉♥③✐♦♥❛♠❡♥(♦ ✐♥❢❡&✐♦&❡

❛❣❧✐ 3(❛♥❞❛&❞✱ ✈✐❡♥❡ ❡✛❡((✉❛(❛ ❧❛ 3♦3(✐(✉③✐♦♥❡ ♦ ❧❛ &✐♣❛&❛③✐♦♥❡✳ ■♥ C✉❡3(♦ ❝❛3♦

3✐ ♣❛&❧❛ ❞✐ ♠❛♥✉(❡♥③✐♦♥❡ ❝♦&&❡((✐✈❛✱ ❞✐ 3♦❧✐(♦ ✈✐❡♥❡ ❡✛❡((✉❛(❛ ♣❡& ❧❡ ♣❛&(✐ ❝❤❡

♥♦♥ ❝♦♠♣&♦♠❡((♦♥♦ ✐♥ ♠❛♥✐❡&❛ ❣&❛✈❡ ❧❛ 3✐❝✉&❡③③❛ ❞❡❧ ✈♦❧♦✳ 9❡& ♠❛♥(❡♥❡&❡

❡❧❡✈❛(♦ ✐❧ ♠❛&❣✐♥❡ ❞✐ 3✐❝✉&❡③③❛ 3✉❧❧❛ 3(&✉((✉&❛ ❞❡❧ ✈❡❧✐✈♦❧♦ ❛ (❡&&❛ ❡❞ ✐♥ ✈♦❧♦ 3✐

3(❛❜✐❧✐3❝♦♥♦ ❧❡ 3♦❣❧✐❡ ♣❡& ❧❛ ♣&✐♠❛ ✐3♣❡③✐♦♥❡ ❡ ♣❡& ❧❡ ✐3♣❡③✐♦♥✐ 3✉❝❝❡33✐✈❡ 3(✉✲

❞✐❛♥❞♦ ✐❧ ♣&♦❜❧❡♠❛ ❞❡❧❧❡ 3♦❧❧❡❝✐(❛③✐♦♥✐ ❞✐ ❢❛(✐❝❛✳ ❉❡(❡&♠✐♥❛♥(❡ @ ❧❛ 3❝❡❧(❛ ❞❡❧

(✐♣♦ ❞✐ ❝♦♥(&♦❧❧♦ ♥♦♥ ❞✐3(&✉((✐✈♦ ❛❞♦((❛(♦ ♣❡& ❧❛ &✐❧❡✈❛③✐♦♥❡ ❡ ❧❛ ♠✐3✉&❛ ❞❡❧✲

❧❛ ❞✐♠❡♥3✐♦♥❡ ❞❡❧❧❡ ❝&✐❝❝❤❡ ❡ ❞❡✐ ❞❛♥♥❡❣❣✐❛♠❡♥(✐ ✐♥ ❜❛3❡ ❛❧❧❛ C✉❛❧❡ ✈❡♥❣♦♥♦

3(❛❜✐❧✐(✐ ❣❧✐ ✐♥(❡&✈❛❧❧✐ ❞✐ ✐3♣❡③✐♦♥❡✳ ▲✬✐♥(❡❣&✐(E 3(&✉((✉&❛❧❡ @ &✐❞♦((❛ ✉❧(❡&✐♦&✲

♠❡♥(❡ 3❡ ❛❧❧❡ 3♦❧❧❡❝✐(❛③✐♦♥✐ ❞✐ ❢❛(✐❝❛ 3✐ ❛❣❣✐✉♥❣❡ ❧✬❛③✐♦♥❡ ❝♦♥❝♦♠✐(❛♥(❡ ❞❡❧❧❛

❝♦&&♦3✐♦♥❡ ❝❤❡ ❛❝❝❡❧❡&❛ ✐❧ ♣&♦❝❡33♦ ❞✐ ❞❡❣&❛❞♦ ❞❡❧❧❛ 3(&✉((✉&❛✳ ❆ (❛❧❡ 3❝♦♣♦

3♦♥♦ 3(❛❜✐❧✐(✐ ❞❡✐ ♣&♦❣&❛♠♠✐ ❞✐ ♠❛♥✉(❡♥③✐♦♥❡ ❝❤❡ ♣❡&♠❡((♦♥♦ ❞✐ ❝♦♥(&♦❧❧❛&❡

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

(❡♠♣❡3(✐✈❛♠❡♥(❡ ♣&✐♠❛ ❝❤❡ 3♦♣&❛❣❣✐✉♥❣❛ ✐❧ ❝♦❧❧❛33♦ 3(&✉((✉&❛❧❡✳

✹✳✸✳✶ $%♦❣%❛♠♠✐ ❞✐ ♠❛♥✉.❡♥③✐♦♥❡

■❧ ♣&♦❣&❛♠♠❛ ❞✐ ♠❛♥✉(❡♥③✐♦♥❡ ♥❛3❝❡ ❞❛❧❧✬❛♥❛❧✐3✐ ❞❡❣❧✐ ✐♥(❡&✈❡♥(✐ ♥❡❝❡33❛&✐

❞❛ ❡✛❡((✉❛&❡ 3✉❣❧✐ ❛❡&♦♠♦❜✐❧✐✳ ❙✐ ❞✐3(✐♥❣✉♦♥♦ (&❡ (✐♣✐ ❞✐ ✐♥(❡&✈❡♥(✐ ❞✐ ♠❛♥✉✲

(❡♥③✐♦♥❡ ✐♥ ❢✉♥③✐♦♥❡ ❞❡❧❧❡ ❛((✐✈✐(E 3✈♦❧(❡ ❝✉✐ ❝♦&&✐3♣♦♥❞♦♥♦ ❢&❡C✉❡♥③❡✱ ❝♦3(✐ ❡

❞✉&❛(❡ ❞✐✛❡&❡♥(✐✿
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❼ ▲✐♥❡ ▼❛✐♥(❡♥❛♥❝❡❀

❼ ▲✐❣❤( ▼❛✐♥(❡♥❛♥❝❡❀

❼ ❍❡❛✈② ▼❛✐♥(❡♥❛♥❝❡✳

▲❛ ▲✐♥❡ ▼❛✐♥(❡♥❛♥❝❡ 1✐ ❞✐✈✐❞❡ ✐♥✿

✶✳ 45❡✲✢✐❣❤( ✐♥1♣❡❝(✐♦♥1✿ ✐1♣❡③✐♦♥❡ ❡1❡❣✉✐(❛ ♣5✐♠❛ ❞✐ ♦❣♥✐ ✈♦❧♦ ❡ ♣5❡✈❡✲

❞❡ ✉♥❛ 1❡5✐❡ ❞✐ ❝♦♥(5♦❧❧✐ >✉❛❧✐ ❧❛ ✈❡5✐✜❝❛ ❞✐ ❡✈❡♥(✉❛❧✐ ❛✈❛5✐❡ 1❡❣♥❛❧❛(❡

❞✉5❛♥(❡ ✐ ✈♦❧✐ ♣5❡❝❡❞❡♥(✐✱ ✈❡5✐✜❝❛ ❞❡❧❧❡ ❝♦♥❞✐③✐♦♥✐ ❣❡♥❡5❛❧✐ ❞❡❧ 5✐✈❡1(✐✲

♠❡♥(♦ ❞✐ ❢✉1♦❧✐❡5❛✱ ✈❡5✐✜❝❛ ❞❡✐ ❝❛55❡❧❧✐ ❡ ❞❡✐ ❢5❡♥✐✱ ✈❡5✐✜❝❛ ❞❡❧❧❡ 1❡♠✐✲❛❧✐✱

✈❡5✐✜❝❛ ❞❡❣❧✐ ✐♠♣❡♥♥❛❣❣✐✱ ✈❡5✐✜❝❛ ❞❡✐ ♠♦(♦5✐✳

✷✳ 4♦1(✲✢✐❣❤( ✐♥1♣❡❝(✐♦♥1✿ ✐1♣❡③✐♦♥❡ ❡1❡❣✉✐(❛ ❞♦♣♦ ♦❣♥✐ ✈♦❧♦✱ ❞✐ >✉❛❧1✐❛1✐

❞✉5❛(❛ ❡11♦ 1✐❛✱ ❝♦♥1✐1(❡ ♥❡❧❧❡ 1(❡11❡ ✈❡5✐✜❝❤❡ ❡✛❡((✉❛(❡ ❞✉5❛♥(❡ ❧❛ ❢❛1❡

❞✐ ♣5❡✲✈♦❧♦✱ ❝♦♥ ❧✬❛❣❣✐✉♥(❛ ❞✐ ♣❛5(✐❝♦❧❛5✐ ✐1♣❡③✐♦♥✐ ♥❡❧❧❛ ❝❛❜✐♥❛ ♣✐❧♦(✐✳

✸✳ ❚5❛♥1✐( ❝❤❡❝❦1✿ ✉(✐❧✐③③❛(❛ ❛❧ ♣♦1(♦ ❞❡❧❧✬✐1♣❡③✐♦♥❡ ♣♦1(✲✈♦❧♦ ♣❡5 ❣❧✐ ❛❡✲

5♦♠♦❜✐❧✐ ❛ ❧✉♥❣♦ 5❛❣❣✐♦✱ I ❝♦♠♣♦1(❛ ❡11❡♥③✐❛❧♠❡♥(❡ ❞❛ ❝♦♥(5♦❧❧✐ ❞✐ ✜❧✲

(5✐ ❡ ❧✐✈❡❧❧✐ ♦❧✐♦✱ ❛♥(❡♥♥❡✱ ✜❧(5✐ ✐❞5❛✉❧✐❝✐✱ ❝❛55❡❧❧✐ ❡❞ ❡>✉✐♣❛❣❣✐❛♠❡♥(✐ ❞✐

❡♠❡5❣❡♥③❛✳

✹✳ ❉❛✐❧② ❝❤❡❝❦1✿ ✐1♣❡③✐♦♥❡ ❡✛❡((✉❛(❛ >✉❛♥❞♦ ❧❛ 1♦1(❛ ❞❡❧❧✬❛❡5♦♠♦❜✐❧❡ I

1✉♣❡5✐♦5❡ ❛❧❧❡ (5❡ ♦5❡✱ ❞❡✈❡ ❡11❡5❡ ❝♦♠✉♥>✉❡ ❡1❡❣✉✐(❛ ❡♥(5♦ ❧❡ ✷✹✲✸✻ ♦5❡

❞❛❧❧✬✉❧(✐♠❛ ✐1♣❡③✐♦♥❡ ❣✐♦5♥❛❧✐❡5❛✳ ❱❡♥❣♦♥♦ ✐1♣❡③✐♦♥❛(✐ ❧❛ ❝❛❜✐♥❛ ♣✐❧♦(✐ ❡

❧❛ ❝❛❜✐♥❛ ♣❛11❡❣❣❡5✐✱ ✐ ❞✐1♣♦1✐(✐✈✐ ❞✐ ❡♠❡5❣❡♥③❛✱ ✐ 1✐1(❡♠✐ ❞✐ ✈❡♥(✐❧❛③✐♦♥❡✱

✐ 1✐1(❡♠✐ ✐❞5❛✉❧✐❝✐✱ ❝❛55❡❧❧✐✱ ❝♦♠♣❛5(✐♠❡♥(✐ ❡❧❡((5✐❝✐ ❡❞ ❡❧❡((5♦♥✐❝✐✳

✺✳ ❲❡❡❦❧② ❝❤❡❝❦1✿ ✐1♣❡③✐♦♥✐ ❡✛❡((✉❛(❡ ♦❣♥✐ 1❡((❡ ❣✐♦5♥✐ ❡ ❝♦♠✉♥>✉❡ ♥♦♥

♦❧(5❡ ❧❡ ✶✾✷ ♦5❡✱ ✈❡♥❣♦♥♦ ❝♦♥(5♦❧❧❛(✐ ❜❛❣❛❣❧✐❛✐ ❛♥(❡5✐♦5❡✱ ❝❡♥(5❛❧❡ ❡ ♣♦✲

1(❡5✐♦5❡✱ ✈❛♥♦ ❝❛55❡❧❧✐✱ ❝❛❜✐♥❡ ♣✐❧♦(✐ ❡ ♣❛11❡❣❣❡5✐✱ 1❡5❜❛(♦✐ ❝❛5❜✉5❛♥(❡✱

❢✉1♦❧✐❡5❛ ❡ ✐♠♣❡♥♥❛❣❣✐✳

▲❛ ▲✐❣❤( ▼❛✐♥(❡♥❛♥❝❡ 1✐ ❞✐✈✐❞❡ ✐♥✿

✶✳ ❈❤❡❝❦ ❆✿ ❝♦♥(5♦❧❧♦ ♣5❡✈❡♥(✐✈♦ ❝❤❡ 1✐ ❡✛❡((✉❛ ❝♦♥ ♣✐R ❢5❡>✉❡♥③❛✱ ❧✬✐♥✲

(❡5✈❛❧❧♦ ❞✐ (❡♠♣♦ ❝❤❡ (5❛1❝♦55❡ (5❛ ✉♥ ❝❤❡❝❦ ❡❞ ✐❧ 1✉❝❝❡11✐✈♦ ❞✐♣❡♥❞❡

❞❛❧ ♠♦❞❡❧❧♦ ❞✐ ❛❡5❡♦✳ ■❧ ✈❡❧✐✈♦❧♦ ✈✐❡♥❡ ♣♦5(❛(♦ ✐♥ ✉♥ ❤❛♥❣❛5 ♦♣♣♦5(✉✲

♥❛♠❡♥(❡ ❛((5❡③③❛(♦ ❡✱ ✐♥ ✷✹ ♦5❡✱ ✈✐❡♥❡ 1♦((♦♣♦1(♦ ❛❞ ♦❧(5❡ ✹✵✵ ❝♦♥(5♦❧❧✐

❞❛ ♣❛5(❡ ❞❡✐ ❞✐✈❡51✐ ♦♣❡5❛(♦5✐ 1♣❡❝✐❛❧✐③③❛(✐✳ ■ ❝♦♥(5♦❧❧✐ 5✐❣✉❛5❞❛♥♦ ❧❛

❝❛❜✐♥❛ ♣❛11❡❣❣❡5✐✱ ❧❛ 1(5✉((✉5❛ ❡1(❡5♥❛ ❡❞ ✐♥(❡5♥❛✱ ✐ ♣✐❧♦♥✐ ❞❡✐ ♠♦(♦5✐✱

❧❡ ❛❧✐ ❡ ❧❡ 1✉♣❡5✜❝✐ ♠♦❜✐❧✐✳ ❱❡♥❣♦♥♦ ❛♥❝❤❡ ❝♦♥(5♦❧❧❛(✐ ✐ ♠♦(♦5✐ ✐♥ (✉((❡

❧❡ ❝♦♥❞✐③✐♦♥✐ ❞✐ ❢✉♥③✐♦♥❛♠❡♥(♦✳
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✷✳ ❈❤❡❝❦ ❇✿ ❝♦♥,-♦❧❧♦ ❡✛❡,,✉❛,♦ ♦❣♥✐ ✷✵✵✵ ♦-❡ ❞✐ ✈♦❧♦✱ -✐8✉❧,❛ ❡88❡-❡ ✐❧

❝♦♥,-♦❧❧♦ ♣✐: ❛♣♣-♦❢♦♥❞✐,♦✱ ❞✉-❛ ❝✐-❝❛ ✹ ❣✐♦-♥✐✳ ❘✐8♣❡,,♦ ❛❧❧✬✐8♣❡③✐♦♥❡

❆ ✐ ❝♦♥,-♦❧❧✐ 8♦♥♦ ♣✐: ❛❝❝✉-❛,✐ 8♦♣-❛,,✉,,♦ 8✉✐ ♠♦,♦-✐ ❡ 8✉❧❧❛ 8,-✉,,✉-❛✱

❝♦8B ❝♦♠❡ 8✉❣❧✐ ✐♠♣❡♥♥❛❣❣✐ ❡ 8✉❧❧❡ ❛❧✐✱ ✐♥ ♣❛-,✐❝♦❧❛-❡ ❧❡ ♣❛-,✐ ❝♦8,✐,✉✐,❡

❞❛ ♠❛,❡-✐❛❧✐ ❝♦♠♣♦8✐,✐✳

▲❛ ❍❡❛✈② ▼❛✐♥,❡♥❛♥❝❡ 8✐ ❞✐✈✐❞❡ ✐♥✿

✶✳ ❈❤❡❝❦ ❈✿ ✐♥,❡-✈❡♥,♦ ❞✐ ♠❛♥✉,❡♥③✐♦♥❡ ♣-❡✈✐8,♦ ❛❞ ✐♥,❡-✈❛❧❧✐ ❝❤❡ ✈❛♥♥♦

❞❛❧❧❡ ✸✺✵✵ ❛❧❧❡ ✺✹✵✵ ♦-❡ ❞✐ ✈♦❧♦ ♦♣♣✉-❡ ,-❛ ✶✺ ❡ ✶✽ ♠❡8✐✱ 8✐ ,-❛,,❛ ❞✐ ✉♥

❝♦♥,-♦❧❧♦ ♠♦❧,♦ ✐♠♣♦-,❛♥,❡ ♥❡❧❧❛ ✈✐,❛ ❞✐ ✉♥ ❛❡-❡♦ ❛ ♣✉K ❞✉-❛-❡ ❞❛ ✽ ❛ ✶✺

❣✐♦-♥✐ ❛ 8❡❝♦♥❞❛ ❞❡❧ ✈❡❧✐✈♦❧♦✳ ●❧✐ ✐♥,❡-✈❡♥,✐ ❝♦♠♣-❡♥❞♦♥♦ ,✉,,✐ M✉❡❧❧✐

♣-❡✈✐8,✐ ❞❛❧❧✬✐8♣❡③✐♦♥❡ ❆ ❡ ❇✱ ♣✐: ✉♥❛ 8❡-✐❡ ❞✐ ✐♥,❡-✈❡♥,✐ ♣❛-,✐❝♦❧❛-✐✳

❱❡♥❣♦♥♦ ❡✛❡,,✉❛,✐ ❝♦♥,-♦❧❧✐ ♥♦♥ ❞✐8,-✉,,✐✈✐ 8✉✐ ♣✐❧♦♥✐ ❝❤❡ 8♦8,❡♥❣♦♥♦ ✐

♠♦,♦-✐✳

✷✳ ❈❤❡❝❦ ❉ ✭♦ ❘❡✈✐8✐♦♥❡✮✿ ✐❧ ♣✐: ❝♦♠♣❧❡88♦ ❡❞ ✐♠♣❡❣♥❛,✐✈♦ ❞❡❣❧✐ ✐♥,❡-✈❡♥,✐

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

❞❛❧❧❡ ✶✽✵✵✵ ❛❧❧❡ ✷✻✵✵✵ ♦-❡ ❞✐ ✈♦❧♦✱ ♦♣♣✉-❡ ❞✐ ✻✻ ❛✐ ✶✵✽ ♠❡8✐ ❞✐ ❢✉♥③✐♦✲

♥❛♠❡♥,♦✳ ▲✬❛❡-♦♠♦❜✐❧❡ ✈✐❡♥❡ -❡✈✐8✐♦♥❛,♦ ✐♥ ♦❣♥✐ 8✉❛ ♣❛-,❡ ❡❞ ✐❧ ❧❛✈♦-♦

♣✉K ❞✉-❛-❡ ❞❛✐ ✸✺ ❛✐ ✻✵ ❣✐♦-♥✐✳ ▲✬❛❡-❡♦ ✈✐❡♥❡ 8✈❡-♥✐❝✐❛,♦ ✐♥ ♠♦❞♦ ❞❛

♠❡,,❡-❡ ❛ ♥✉❞♦ ❧❡ ❧❛♠✐❡-❡ ♣❡- ✈❡-✐✜❝❛-♥❡ ❧✬✐♥,❡❣-✐,U✱ ✈❡♥❣♦♥♦ -❡✈✐8✐♦✲

♥❛,✐ ❡❞ ❡✈❡♥,✉❛❧♠❡♥,❡ 8♦8,✐,✉✐,✐ ✐ ♣-♦♣✉❧8♦-✐✱ ✐ 8❡-❜❛,♦✐ ✈❡♥❣♦♥♦ ❛♣❡-,✐✱

✈❡♥,✐❧❛,✐ ❡❞ ✐8♣❡③✐♦♥❛,✐ ❛❝❝✉-❛,❛♠❡♥,❡✳ ❉♦♣♦ ,❛❧❡ ,✐♣♦ ❞✐ ♠❛♥✉,❡♥③✐♦♥❡

✈✐❡♥❡ ❢❛,,♦ ✉♥ ,❡8, ❞✐ ✈♦❧♦ ❞❡❧❧❛ ❞✉-❛,❛ ❞✐ ♦❧,-❡ ✸ ♦-❡ ❛❧ ,❡-♠✐♥❡ ❞❡❧❧❡

M✉❛❧✐ ❧✬❛❡-♦♠♦❜✐❧❡ ✈✐❡♥❡ -✐♠❡88♦ ✐♥ ❧✐♥❡❛ ❞✐ ✈♦❧♦ ♣-♦♥,♦ ♣❡- -✐♣-❡♥❞❡-❡

✐❧ 8❡-✈✐③✐♦ ❝♦♠♠❡-❝✐❛❧❡✳

❚✉,,❡ ❧❡ ♦♣❡-❛③✐♦♥✐ ❡8❡❣✉✐,❡ ❞❛❧ ♣❡-8♦♥❛❧❡ 8♦♥♦ 8❡♠♣-❡ -❡❣✐8,-❛,❡ ❝♦♥ ✜-♠❛

❡✱ ♣❡- ❛❧❝✉♥❡ ❞✐ ❡88❡✱ ❝♦♥ ✉♥ ♥✉♠❡-♦ ❝❤❡ ✐❞❡♥,✐✜❝❛ ✐❧ ❝♦❞✐❝❡ ❞✐ ❝❡-,✐✜❝❛③✐♦♥❡

❞❛ ♣❛-,❡ ❞❡❧❧✬❊◆❆❈✳

❆✸✷✵

Y❡- ❞❛-❡ ✉♥✬✐❞❡❛ ❞❡❧❧✬✐♥❝✐❞❡♥③❛ ❞❡❧❧❡ ♠❛♥✉,❡♥③✐♦♥✐ 8✉❧❧❛ ✈✐,❛ ♦♣❡-❛,✐✈❛ ❞✐

✉♥ ✈❡❧✐✈♦❧♦✱ 8✐ Z ❝♦♥8✐❞❡-❛,♦✱ ❝♦♠❡ 8♣❡88♦ ✐♥ M✉❡8,♦ ,❡8,♦✱ ❧✬❆✸✷✵ ♠♦,♦-✐③③❛,♦

❈❋▼ ❝♦♠❡ -✐❢❡-✐♠❡♥,♦✳ ❙✐ Z ❛♥❛❧✐③③❛,♦✱ ♣❡- ❧❡ ♣❛-,✐ ❝♦♥8✐❞❡-❛,❡ ✐♠♣♦-,❛♥,✐

-❡❧❛,✐✈❡ ❛❧❧✬❡❚❛①✐✱ ✐❧ ▼❛✐♥,❡♥❛♥❝❡ Y❧❛♥♥✐♥❣ ❉♦❝✉♠❡♥, ❢♦-♥✐,♦ ❞❛ ❆✐-❜✉8 ❬✷✷❪

♣❡- ✐ ✈❡❧✐✈♦❧✐ ❆✸✶✽✱ ✸✶✾✱ ✸✷✵✱ ✸✷✶✳ Y❡- ♣-✐♠❛ ❝♦8❛✱ ❧✬✉,✐❧✐③③♦ ❞✐ ✉♥ 8✐8,❡♠❛ ❛❧✲

,❡-♥❛,✐✈♦ ♣♦,-❡❜❜❡ ❛❧❧✉♥❣❛-❡ ✐ ,❡♠♣✐ ,-❛ ❧❡ ♠❛♥✉,❡♥③✐♦♥✐ ❞❡✐ ♠♦,♦-✐✳ ■❧ ▼Y❉

8✉❞❞✐✈✐❞❡ ❧❛ ♠❛♥✉,❡♥③✐♦♥❡ ❞❡❧ ♠♦,♦-❡ ❛ 8❡❝♦♥❞❛ ❞❡❧❧❡ ♣❛-,✐ ✐♥,❡-❡88❛,❡ ❛❞

❡8❡♠♣✐♦ ✉♥❛ 8♣❡❝✐✜❝❛ ❞❡❧ ♠♦,♦-❡✱ ✉♥❛ -✐❣✉❛-❞❛♥,❡ ✐ 8✐8,❡♠✐ ❞✐ ❛❧✐♠❡♥,❛③✐♦♥❡
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❞❡❧ ♠♦'♦(❡✱ *✐*'❡♠❛ ❞✐ ❛✈✈✐♦✱ *✐*'❡♠❛ ❞✐ ❧✉❜(✐✜❝❛③✐♦♥❡ ❡❝❝✳ 5❡( 6✉❛♥'♦ (✐❣✉❛(✲

❞❛ ✐❧ ♣(♦♣✉❧*♦(❡✱ ✐❧ ▼5❉✱ *✐ (✐❢❡(✐*❝❡ ❣❡♥❡(❛❧♠❡♥'❡ ❛ ❝✐❝❧✐ ❞✐ ❢✉♥③✐♦♥❛♠❡♥'♦

❡ ♥♦♥ ❛❞ ♦(❡ ❞✐ ❢✉♥③✐♦♥❛♠❡♥'♦✱ 6✉❡*'♦ 6✉✐♥❞✐ = ✉♥♦ *'❡♣ ♦❜❜❧✐❣❛'♦ ❝❤❡ ♥♦♥

♣✉? ❡**❡(❡ ♣♦*'✐❝✐♣❛'♦ ❞❛ ✉♥ *✐*'❡♠❛ ❞✐ (✉❧❧❛❣❣✐♦ ❡❧❡''(✐❝♦✳ ❆❞ ❡*❡♠♣✐♦ ❬✷✷❪✿

❼ ✐*♣❡③✐♦♥❡ ❞❡''❛❣❧✐❛'❛ ❞❡❧ ❢❛♥✿ ❡♥❣✐♥❡ ✐♥❧❡'✱ ♣❛❧❡ ❞❡❧ ❢❛♥✱ ❢❛♥ ♦✉'❧❡' ❬♦❣♥✐

✶✺✵✵ ❝✐❝❧✐ ♦ ✷✹ ♠❡*✐❪

❼ ✐*♣❡③✐♦♥❡ ❞❡''❛❣❧✐❛'❛ *♣❡❝✐❛❧❡ ❞❡❧ ❝♦♠♣(❡**♦(❡ ❞✐ ❛❧'❛ ♣(❡**✐♦♥❡ ❬♦❣♥✐

✶✵✵✵✵ ❝✐❝❧✐❪

❼ ✐*♣❡③✐♦♥❡ ❞❡''❛❣❧✐❛'❛ ❞❡❧❧❛ ③♦♥❛ ❞✐ ❝♦♠❜✉*'✐♦♥❡ ❬♦❣♥✐ ✶✻✵✵ ❝✐❝❧✐❪

5✐I *❡♥*✐❜✐❧✐ ♣♦'(❡❜❜❡(♦ ❡**❡(❡ '✉''❡ 6✉❡❧❧❡ ♠❛♥✉'❡♥③✐♦♥✐ ❜❛*❛'❡ *✉❧❧❡ ♦(❡

✈♦❧❛'❡✳ 5❡( 6✉❛♥'♦ (✐❣✉❛(❞❛ ❛❞ ❡*❡♠♣✐♦ ❡♥❣✐♥❡ ❢✉❡❧ ❛♥❞ ❝♦♥'(♦❧✿

❼ ✐♥ ❣❡♥❡(❛❧❡ ❬♦❣♥✐ ✶✷✵✵ ♦(❡ ❞✐ ✈♦❧♦❪

❼ ❝❤❡❝❦ ❡ ✐*♣❡③✐♦♥❡ ❞❡''❛❣❧✐❛'❛ ❬♦❣♥✐ ✹✵✵✵ ♦(❡ ❞✐ ✈♦❧♦❪✱ *♦*'✐'✉③✐♦♥❡ ✜❧'(✐

❞♦♣♦ ❧❛ ❝♦♥*❡❣♥❛ ❞❡❧ ✈❡❧✐✈♦❧♦ ❬♦❣♥✐ ✶✺✵✱ ✼✺✵✱ ✶✺✵✵ ♦(❡ ❞✐ ✈♦❧♦❪

❼ ✐♥'❡(❢❛❝❝❡ ❢✉♥③✐♦♥❛❧✐ ❬♦❣♥✐ ✸✵✵✵✵ ♦(❡❪

■❧ *✐*'❡♠❛ ❞✐ (❛✛(❡❞❞❛♠❡♥'♦ ✈✐❡♥❡ ❛♥❛❧✐③③❛'♦ ♦❣♥✐ ✼✺✵✵ ♦(❡✱ ✐❧ *✐*'❡♠❛ ❞✐ ❛❝✲

❝❡♥*✐♦♥❡ ✈✐❡♥❡ ✐*♣❡③✐♦♥❛'♦ ♥❡❧ ❞❡''❛❣❧✐♦ ✭❝❤✐♣✮ ♦❣♥✐ ✻✵✵ ♦(❡✱ ✈✐❡♥❡ (❛❜❜♦❝❝❛'♦

❞✬♦❧✐♦ ♦❣♥✐ ✻✵✵ ❡ ✐❧ ❝❛♠❜✐♦ ❞✬♦❧✐♦ ❛✈✈✐❡♥❡ ♦❣♥✐ ✶✷✵✵ ♦(❡ ❞✐ ✈♦❧♦✳

❆❧'(♦ ❛♣♣❛(❛'♦ ♠♦❧'♦ ✉'✐❧✐③③❛'♦✱ *♦♣(❛''✉''♦ ♥❡❧ ❝❛*♦ ❞✐ ❡❚❛①✐✱ = ❧✬❆5❯✳

❆✐(❜✉* ♣❡( 6✉❛♥'♦ (✐❣✉❛(❞❛ ✐❧ ♠♦❞❡❧❧♦ ●❚❈5 ✸✻✲✸✵✵ ❝♦♠✉♥❡♠❡♥'❡ ♠♦♥'❛'♦

*✉❣❧✐ ❆✸✷✵ ♦❞✐❡(♥✐✱ ❤❛ ✉♥ ✐♥'❡(✈❛❧❧♦ ❞✐ ♠❛♥✉'❡♥③✐♦♥❡ ❞❡''❛❣❧✐❛'❛ ❞✐ ✽✵ ♠❡*✐

✭(✐✈❡*'✐♠❡♥'♦ '❡(♠✐❝♦✱ ✈✐❜(❛③✐♦♥✐✱ *♦*♣❡♥*✐♦♥✐ ❡ ❝♦❧❧❡❣❛♠❡♥'✐✮ ❡ ❞❡✐ ❝♦❧❧❡❣❛✲

♠❡♥'✐ ❛❧❧❛ *'(✉''✉(❛ ✭'✐❡✲(♦❞ ❢♦(❦✮ ♦❣♥✐ ✻✵✵ ♦(❡✳ ■♥♦❧'(❡✱ ❛❧'(✐ ❝♦♠♣♦♥❡♥'✐✱

❝♦♠❡ ❧❛ ♣❛(❛'✐❛ ❛♥'✐✜❛♠♠❛ ✭❡❝❝✮✱ ✈❡♥❣♦♥♦ ✐*♣❡③✐♦♥❛'✐ ♦❣♥✐ ✷✵ ♠❡*✐ ❡ ❧❡ ♣(❡*❡

❞✬❛(✐❛ ♦❣♥✐ ✹✵✳ ❙✐ ❡✈✐♥❝❡ ❝❤❡ ❧❛ ♠❛♥✉'❡♥③✐♦♥❡ ❞❡❧❧✬❆5❯ = ♠❡♥♦ ✐♥✈❛*✐✈❛ ♥❡❧❧❛

✈✐'❛ ♦♣❡(❛'✐✈❛ ❞❡❧ ✈❡❧✐✈♦❧♦ ❡❞ ❛♥❝❤❡ ♠❡♥♦ ❝♦*'♦*❛✳

5(♦✈✐❛♠♦ ♦(❛ ❛ ✈❛❧✉'❛(❡ 6✉❛♥'♦ '❡♠♣♦ ✈✐❡♥❡ (✐*♣❛(♠✐❛'♦ ♥❡❧❧✬✉*♦ ❞✐ ✉♥

*✐*'❡♠❛ ❡❧❡''(✐❝♦ ❞✐ '❛①✐ ❡ 6✉✐♥❞✐ ❛ *'✐♠❛(❡ ❞✐ 6✉❛♥'♦ ♣✉? *❧✐''❛(❡ ❧❛ ♠❛♥✉✲

'❡♥③✐♦♥❡ ♣(♦❣(❛♠♠❛'❛✳

■ ✈❛❧♦(✐ *♦♣(❛ (✐♣♦('❛'✐ *♦♥♦ ❜❛*❛'✐ *✉✐ '❡♠♣✐ ❞✐ (✉❧❧❛❣❣✐♦ ❞✐ ✉♥ ✈❡❧✐✈♦❧♦ ♠❡❞✐♦✱

❝♦*X ❝♦♠❡ (✐♣♦('❛'♦ ❞❛❧❧❛ ■❆❚❆✱ ♣❡( ✉♥ ✉*♦ ❣✐♦(♥❛❧✐❡(♦ ❞✐ *❡✐ '(❛''❡✳ ➮ ❡✈✐✲

❞❡♥'❡ ❝❤❡ ✐❧ (✐*♣❛(♠✐♦ ♦''❡♥✉'♦ ♠♦❧'✐♣❧✐❝❛'♦ ♣❡( ✉♥ ❛♥♥♦ ❞✐ ❛''✐✈✐'Z ✭❝✐(❝❛ ✸✵✵

❣✐♦(♥✐ ❝♦♥ 6✉❡*'❛ ❢(❡6✉❡♥③❛ ❣✐♦(♥❛❧✐❡(❛✮ ♣♦'(❡❜❜❡ '♦(♥❛(❡ ✉'✐❧❡ ♣❡( ❧✬✐♠♣✐❡❣♦



❈❆"■❚❖▲❖ ✹✳ ❆◆❆▲■❙■ ❉❊▲ ❘■❙"❆❘▼■❖ ✻✹

❆❡$♦♣♦$'♦ ■❈❆❖ ♠❡❞✐❛ '❡♠♣♦ $✐/♣✳

❆♠❜✉$❣♦ ❊❉❉❍ ✾ ✸✵

❈♦❧♦♥✐❛ ❊❉❉❑ ✾ ✸✵

❉✉//❡❧❞♦$❢ ❊❉❉▲ ✶✷ ✹✽

▼♦♥❛❝♦ ❊❉❉▼ ✶✸ ✺✹

❙'♦❝❝❛$❞❛ ❊❉❉❙ ✶✵ ✸✻

▼❛♥❝❤❡/'❡$ ❊●❈❈ ✶✹ ✻✵

▲✳ ▲✉'♦♥ ❊●●❲ ✶✸ ✺✹

▲✳ ●❛'✇✐❝❦ ❊●❑❑ ✶✺ ✻✻

▲✳ ❍❡❛'❤$♦✇ ❊●▲▲ ✶✾ ✾✵

▲✳ ❙'❛♥/'❡❞ ❊●❙❙ ✶✸ ✺✹

❚♦❧♦/❛ ▲❋❇❖ ✾ ✸✵

▲✐♦♥❡ ▲❋▲▲ ✶✵ ✸✻

▼❛$/✐❣❧✐❛ ▲❋▼▲ ✶✵ ✸✻

◆✐③③❛ ▲❋▼◆ ✶✵ ✸✻

P❛$✐❣✐ ❞❡ ●✳ ▲❋P● ✶✹ ✻✵

P❛$✐❣♦ ❖$❧② ▲❋P❖ ✶✶ ✹✷

❇❛$❝❡❧❧♦♥❛ ▲❊❇▲ ✶✹ ✻✵

▼❛❞$✐❞ ▲❊▼❉ ✶✻ ✼✷

P✳ ▼❛✐♦$❝❛ ▲❊P❆ ✶✶ ✹✷

❚❛❜❡❧❧❛ ✹✳✷✷✿ ❘✐/♣❛$♠✐♦ '❡♠♣✐



❈❆"■❚❖▲❖ ✹✳ ❆◆❆▲■❙■ ❉❊▲ ❘■❙"❆❘▼■❖ ✻✺

❞❡❧ ✈❡❧✐✈♦❧♦ (✐)♣❛(♠✐❛♥❞♦ ♦ ❝♦♠✉♥0✉❡ ♣♦)1✐❝✐♣❛♥❞♦ ❧❡ ♦(❡ ❞✐ ❢❡(♠♦ ♠❛❝❝❤✐✲

♥❛✳ ❯♥ ✈❡❧✐✈♦❧♦ ❆✸✷✵✱ ❞✐ ❜❛)❡ ❛ ▲✐♥❛1❡✱ ❝❤❡ ❡✛❡11✉❛ ✸ 1(❛11❡ ✭0✉✐♥❞✐ )❡✐ ✈♦❧✐✮

✈❡()♦ ❝❛♣✐1❛❧✐ ❡✉(♦♣❡❡ ❛❞ ❡)❡♠♣✐♦✿ ▲♦♥❞(❛✱ ▼❛❞(✐❞ ❡ C❛(✐❣✐✱ (✐)♣❛(♠✐❡(❡❜❜❡

46 ♠✐♥✉1✐ ❞✐ ✉)♦ ❞❡✐ ♠♦1♦(✐✱ 552 ❑❣ ❞✐ ❝♦♠❜✉)1✐❜✐❧❡ ♦ ♥❡❧ ❝❛)♦ ❞✐ 1❛①✐ ❝♦♥

✉♥ )♦❧♦ ♠♦1♦(❡✱ 276 ❦❣ )❡♠♣(❡ ❝♦♥)✐❞❡(❛♥❞♦ ✐ ❞❛1✐ ■❆❚❆✱ ❝❤❡ ❝♦♠❡ )✐ J ♣♦✲

1✉1♦ (✐)❝♦♥1(❛(❡ )✉❧ ❝❛♠♣♦✱ ❞✐✛❡(✐)❝♦♥♦ ♣❡( ❞✐❢❡11♦ ✭❛❧♠❡♥♦ ♣❡( ▲✐♥❛1❡✮ ❞❛❧❧❛

(❡❛❧1K✳ ❙✐ ✈✉♦❧❡ )♦11♦❧✐♥❡❛(❡✱ ✐♥♦❧1(❡✱ ❝❤❡ ✉♥❛ ♣♦))✐❜✐❧❡ ❛✈❛(✐❛ ❞❡❧ )✐)1❡♠❛ ❞✐

1❛①✐ ❡❧❡11(✐❝♦✱ J ❝♦♠✉♥0✉❡ ♣♦❝♦ ✐♥✈❛)✐✈❛ ❛✐ ✜♥❡ ♦♣❡(❛1✐✈✐ ✐♥ 0✉❛♥1♦ ❧✬❛❡(♦♠♦✲

❜✐❧❡ ♣♦1(❡❜❜❡ ♣(♦❝❡❞❡(❡ ❝♦♥ ❧❛ ❝❧❛))✐❝❛ ♣(♦❝❡❞✉(❛ ❞✐ (✉❧❧❛❣❣✐♦❀ )✐ ✐♠♠❛❣✐♥❛

0✉✐♥❞✐ ❝❤❡✱ ❛♥❝❤❡ ❧❛ ♠❛♥✉1❡♥③✐♦♥❡✱ ♥♦♥ )✐❛ ❶✐♥✈❛)✐✈❛❷❝♦♠❡ ♣❡( ❛❧1(✐ )✐)1❡♠✐ ❡

❝♦❧❧♦❝❛1❛ ❛❧❧✬✐♥1❡(♥♦ ❞✐ ✉♥❛ ♠❛♥✉1❡♥③✐♦♥❡ )❝❤❡❞✉❧❛1❛ ❞✐ ♠❛❣❣✐♦( (✐❧✐❡✈♦✳ ❉❛

❞❛1✐ ❢♦(♥✐1✐ ❞❛ ❲❤❡❡❧❚✉❣✱ ✐❧ ❝♦)1♦ ♦(❛(✐♦ ❞✐ ♠❛♥✉1❡♥③✐♦♥❡ ❞✐ ✉♥ ♠♦1♦(❡ J ❞✐

175$ ♦ 2.90 $
min

✹✳✹ ❊♠✐%%✐♦♥✐

■❧ C(♦1♦❝♦❧❧♦ ❞✐ ❑②♦1♦✱ ❛❞♦11❛1♦ ♥❡❧ ✶✾✾✼ ♥❡❧❧✬❛♠❜✐1♦ ❞❡❧❧✬❯♥✐1❡❞ ◆❛1✐♦♥)

❋(❛♠❡✇♦(❦ ❈♦♥✈❡♥1✐♦♥ ♦♥ ❈❧✐♠❛1❡ ❈❤❛♥❣❡ ✭❯◆❋❈❈❈✮✱ ❤❛ ✐♠♣❡❣♥❛1♦ ❧❡ ♥❛✲

③✐♦♥✐ ✐♥❞✉)1(✐❛❧✐③③❛1❡ ❛ (✐❞✉((❡✱ ♥❡❧ ♣❡(✐♦❞♦ ✷✵✵✽✲✷✵✶✷✱ ❧❛ ♣(♦❞✉③✐♦♥❡ ❞✐ ❡♠✐)✲

)✐♦♥✐ ❣❛))♦)❡ ❞❡❧ 5%✱ (✐)♣❡11♦ ❛✐ ✈❛❧♦(✐ ❞❡❧ ✶✾✾✵❀ ❧✬❛✈✐❛③✐♦♥❡ ♥♦♥ ❢✉ ✐♥❝❧✉)❛

1(❛ ✐ )❡11♦(✐ ❝♦♥)✐❞❡(❛1✐✳ ■ ♣❛❡)✐ ✐♥❞✉)1(✐❛❧✐③③❛1✐✱ ❝♦♠✉♥0✉❡✱ )✐ )♦♥♦ ✐♠♣❡✲

❣♥❛1✐ ❛ ♣❡()❡❣✉✐(❡ ❣❧✐ ♦❜✐❡11✐✈✐ ❞✐ ❧✐♠✐1❛(❡ ♦ (✐❞✉((❡ ❧❡ ❡♠✐))✐♦♥✐ ❛ ❣❛) )❡((❛

✭CO2✮ ♣❡( ✐❧ 1(❛)♣♦(1♦ ❛❡(❡♦ ❛11(❛✈❡()♦ ❧✬■❈❆❖✳ ◆❡❧ ❢❡❜❜(❛✐♦ ✷✵✵✹✱ ❧✬■❈❆❖ ❤❛

♣✉❜❜❧✐❝❛1♦ ❧❛ ❝✐(❝♦❧❛(❡ ✸✵✸ ❆◆✴✶✼✻ ❞✐(❡11❛ ❛❣❧✐ ❙1❛1✐ ❡❞ ❛❣❧✐ ♦♣❡(❛1♦(✐ ✐♥1❡✲

(❡))❛1✐✱ ❝♦♥ ❧✬♦❜✐❡11✐✈♦ ❞✐ (❛❝❝♦♠❛♥❞❛(❡ ❧❡ ✈❛(✐❡ )❝❡❧1❡ ♦♣❡(❛1✐✈❡ ❡ ❧❡ ❡)✐)1❡♥1✐

1❡❝♥✐❝❤❡ ❞✐)♣♦♥✐❜✐❧✐ ♣❡( ♠✐♥✐♠✐③③❛(❡ ✐❧ ❝♦♥)✉♠♦ ❞✐ ❝♦♠❜✉)1✐❜✐❧❡✱ ❡ 0✉✐♥❞✐ ❧❡

❡♠✐))✐♦♥✐✱ ♥❡❧❧❡ ♦♣❡(❛③✐♦♥✐ ❞❡❧❧✬❛✈✐❛③✐♦♥❡ ❝✐✈✐❧❡✳ ❚✉11❛✈✐❛✱ ♥❡))✉♥ ❛❝❝♦(❞♦ J

)1❛1♦ (❛❣❣✐✉♥1♦✳ ◆❡❧ ✷✵✶✵ ✉♥❛ (✐)♦❧✉③✐♦♥❡ ❞❡❧❧✬■❈❆❖ ❤❛ )1❛❜✐❧✐1♦ ✉♥ ♦❜✐❡11✐✈♦

❢❛❝♦❧1❛1✐✈♦ (❡❧❛1✐✈♦ ❛❧❧✬❡✣❝✐❡♥③❛ ♥❡✐ ❝♦♥)✉♠✐ ❞✐ ❝❛(❜✉(❛♥1❡✱ ❞❛ (❛❣❣✐✉♥❣❡()✐

❡♥1(♦ ✐❧ ✷✵✺✵ ❬✶✼❪✳ ■ ❧✐♠✐1❛1✐ ♣(♦❣(❡))✐ ❝♦♥)❡❣✉✐1✐ ❞❛❧❧✬■❈❆❖ ❤❛ )♣✐♥1♦ ❧✬❯♥✐♦✲

♥❡ ❊✉(♦♣❡❛ ❛❞ ❛❣✐(❡ ✉♥✐❧❛1❡(❛❧♠❡♥1❡✱ ✐♥❝❧✉❞❡♥❞♦ ❧❡ ❡♠✐))✐♦♥✐ ❞❡❧❧✬❛✈✐❛③✐♦♥❡

♥❡❧ )✐)1❡♠❛ ❝♦♠✉♥✐1❛(✐♦ ❞✐ )❝❛♠❜✐♦ ❞❡❧❧❡ 0✉♦1❡ ❞✐ ❡♠✐))✐♦♥✐ ❞❡✐ ❣❛) ❛❞ ❡✛❡11♦

)❡((❛ ✭❝♦)✐❞❞❡11♦ ❊❯ ❊❚❙

✶

✮✳

■❧ )✐)1❡♠❛ ❛✈✐❛③✐♦♥❡ ❛ ❧✐✈❡❧❧♦ ❛❡(♦♣♦(1✉❛❧❡✱ ♣✉c ✐♥✢✉❡♥③❛(❡ ❧✬❛♠❜✐❡♥1❡ ❛♥✲

❝❤❡ ❝♦♥ ✐❧ ❝♦♥1(✐❜✉1♦ ❞❡❧❧✬♦))✐❞♦ ❞✐ ❛③♦1♦ ✭NOx✮✱ ❞❡❧ HC ❡ ❞❡❧❧❡ ♣♦❧✈❡(✐ )♦11✐❧✐

✭C▼✶✵ ❡ C▼ ✷✳✺✮❀ ✈❛♥♥♦ ❝♦♥)✐❞❡(❛1✐✱ ✐♥♦❧1(❡✱ ❛♥❝❤❡ ✐ ❝♦♥1(✐❜✉1✐ ❞♦✈✉1✐ ❛❧ 1(❛❢✲

✜❝♦ ✈❡✐❝♦❧❛(❡ ❡ ❛❞ ❛❧1(❡ )♦(❣❡♥1✐ ♣(❡)❡♥1✐ ✐♥ ❛❡(♦♣♦(1♦✳ ❚❡♥✉1♦ ❝♦♥1♦ ❝❤❡ ✉♥❛

1♦♥♥❡❧❧❛1❛ ❞✐ ❝♦♠❜✉)1✐❜✐❧❡ ❝♦♥)✉♠❛1♦ ❡0✉✐✈❛❧❡ ❛ ✸✱✶✻ 1♦♥♥❡❧❧❛1❡ ❞✐ CO2✱ ❧✬❛1✲

1❡♥③✐♦♥❡ ❞❡❧ ❈❆❊C ✭❈♦♠♠✐11❡❡ ♦♥ ❆✈✐❛1✐♦♥ ❊♥✈✐(♦♥♠❡♥1❛❧ C(♦1❡❝1✐♦♥✮ )✐ J

✶

❊✉"♦♣❡ ❊♠✐((✐♦♥( ❚"❛❞✐♥❣ ❙②(0❡♠
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!✐✈♦❧&❛ ✐♥ ♣!✐♠❛ ❜❛&&✉&❛ ❛ !✐❞✉!!❡ ❧❛ ♣!♦❞✉③✐♦♥❡ ❞✐ ❛♥✐❞!✐❞❡ ❝❛!❜♦♥✐❝❛ ✐♥❞✐✲

✈✐❞✉❛♥❞♦ ❧❡ ♠✐2✉!❡ ❝❤❡ ❝♦♠♣♦!&❛♥♦ ❧❛ !✐❞✉③✐♦♥❡ ❞❡❧ ❝♦♠❜✉2&✐❜✐❧❡ ❜!✉❝✐❛&♦✳

❈♦♥ ❧❛ ❝✐!❝♦❧❛!❡ ✸✵✸ ❧✬■❈❆❖ ❤❛ ✐♥❞✐✈✐❞✉❛&♦ ✉♥ ♣❛❝❝❤❡&&♦ ❞✐ ♣♦22✐❜✐❧✐ ♠✐2✉!❡

♦♣❡!❛&✐✈❡ ♠✐!❛&❡ ❛❧❧❡ ♦♣❡!❛③✐♦♥✐ ❞✐ ✈♦❧♦ ❡ ❞✐ &❡!!❛ ❝❤❡ ♣♦&!❡❜❜❡ ❣❧♦❜❛❧♠❡♥&❡

!✐❞✉!!❡ ✐❧ ❝♦♥2✉♠♦ ❞✐ ❝♦♠❜✉2&✐❜✐❧❡ ❬✶✻❪✳

✹✳✹✳✶ ❱❛❧✉'❛③✐♦♥❡ ❞❡❧❧❡ ❡♠✐//✐♦♥✐

▲❛ ✈❛❧✉&❛③✐♦♥❡ ❞❡❧❧❡ ❡♠✐22✐♦♥✐ ❡ ❞❡❧❧✬✐♥A✉✐♥❛♠❡♥&♦✱ ♣!♦❞♦&&♦ ❞❛ ✉♥ ❛❡!♦✲

♠♦❜✐❧❡ ❛❧ 2✉♦❧♦✱ ♥♦♥ C 2❡♠♣❧✐❝❡✳ ■❧ 2✉♦ ✐♠♣❛&&♦ ❝♦♥ ❧✬❛♠❜✐❡♥&❡ ❝✐!❝♦2&❛♥&❡

♥♦♥ C ✐2♦❧❛&♦ ❛ 2❡ 2&❡22♦✱ 2✐ ❞♦✈!❡❜❜❡!♦ ❝♦♥2✐❞❡!❛!❡ ♠♦❧&❡♣❧✐❝✐ ❢❛&&♦!✐ ❝♦♠❡

❧✬❡♥❡!❣✐❛ ♥❡❝❡22❛!✐❛ ❛❧ 2✉♦❧♦ A✉❛♥❞♦ ❤❛ ✐ 2✉♦✐ ❣❡♥❡!❛&♦!✐ ❡✴♦ ♠♦&♦!✐ 2♣❡♥&✐ ❡

✐❧ &!❛✣❝♦ ❞❡✐ ♠❡③③✐ ❝❤❡ ❧♦ 2❡!✈♦♥♦ ❞✉!❛♥&❡ ✐❧ &✉!♥✲❛!♦✉♥❞✳ ▲❡ ❡♠✐22✐♦♥✐ ❞✐

❣❛2 ❞✐ ✉♥ ✈❡❧✐✈♦❧♦ ❞✐♣❡♥❞♦♥♦ ❞✐!❡&&❛♠❡♥&❡ ❞❛❧❧❛ ❝♦♠❜✉2&✐♦♥❡ ❛❧❧✬✐♥&❡!♥♦ ❞❡✐

2✉♦✐ ♣!♦♣✉❧2♦!✐ ❡ ❞❡❧❧✬❆G❯✳

■ &❡2& ♣❡! ❧❛ ❝❡!&✐✜❝❛③✐♦♥❡ ❞❡❧❧❡ ❡♠✐22✐♦♥✐ ❛✈✈❡♥❣♦♥♦ ✉&✐❧✐③③❛♥❞♦ ✉♥ ♠♦&♦!❡ 2✉

❜❛♥❝♦ ❞✐ ♣!♦✈❛✳ ▲❛ ♠✐2✉!❛③✐♦♥❡ ❞❡❧❧❡ ♣❡!❢♦!♠❛♥❝❡ ❡ ❞❡❧❧❡ ❡♠✐22✐♦♥✐ ❞❡❧ ♠♦&♦✲

!❡ ❛✈✈✐❡♥❡ ❡✛❡&&✉❛♥❞♦ ✉♥ ❣!❛♥ ♥✉♠❡!♦ ❞✐ &❡2& ❛ ❞✐✛❡!❡♥&✐ ♣♦&❡♥③❡✱ ❝♦♣!❡♥❞♦

&✉&&♦ ✐❧ !❛♥❣❡ ❞✐ ❢✉♥③✐♦♥❛♠❡♥&♦✱ ❞❛❧❧✬✐❞❧❡ ✜♥♦ ❛❧ 100%✱ ✐ ✈❛❧♦!✐ ♦&&❡♥✉&✐ ✈❡♥❣♦✲

♥♦ !✐♣♦!&❛&✐ ❛❧❧❡ ❝♦♥❞✐③✐♦♥✐ 2&❛♥❞❛!❞ ■❙❆ ❛ ❧✐✈❡❧❧♦ ❞❡❧ ♠❛!❡✳ ▲❛ ❝❡!&✐✜❝❛③✐♦♥❡

■❈❆❖ ❞❡❧❧❡ ❡♠✐22✐♦♥✐ CO✱ HC ❡ NOx ❛22♦❝✐❛&❡ ❝♦♥ ✐❧ ✢✉22♦ ❞✐ ❝❛!❜✉!❛♥&❡

2♦♥♦ !✐❢❡!✐&❡ ❛ ♣♦&❡♥③❡ ♣!❡✜22❛&❡ ✭✼✪✱ ✸✵✪✱ ✽✺✪✱ ✶✵✵✪✮❬✷✵❪✱ ✐♥ ❣❡♥❡!❛❧❡ ❝❛❧✲

❝♦❧❛&❡ ✐♥ ❢✉♥③✐♦♥❡ ❞❡❧ &❡♠♣♦✱ ❝♦♥2✐❞❡!❛♥❞♦ ❧❛ A✉❛♥&✐&T ❞✐ ❡♠✐22✐♦♥✐ ♣❡! ❑❣

❞✐ ❝♦♠❜✉2&✐❜✐❧❡ ❜!✉❝✐❛&♦✳

CO ■❧ ❝❛!❜♦♥✐♦ C ✉♥♦ ❞❡❣❧✐ ❡❧❡♠❡♥&✐ ❝❤❡ 2✐ ❝♦♠❜✐♥❛ ❝♦♥ ❧✬♦22✐❣❡♥♦ ❞✉!❛♥✲

&❡ ❧❛ ❝♦♠❜✉2&✐♦♥❡❀ 2❡ ✐❧ ❝❛!❜♦♥✐♦ 2✐ ❝♦♠❜✐♥❛ ❝♦♥ 2✉✣❝✐❡♥&❡ ♦22✐❣❡♥♦

2✐ &!❛2❢♦!♠❛ ✐♥ ❛♥✐❞!✐❞❡ ❝❛!❜♦♥✐❝❛ ✭CO2✮✳ ▲✬❛♥✐❞!✐❞❡ ❝❛!❜♦♥✐❝❛ ♥♦♥

C ❝♦♥2✐❞❡!❛&❛ ✉♥ ✐♥A✉✐♥❛♥&❡ ♠❛ C ❛♥❝❤❡ ✐❧ ♠❛❣❣✐♦! !❡2♣♦♥2❛❜✐❧❡ ❞❡❧✲

❧✬❛✉♠❡♥&♦ ❞❡❧❧✬❡✛❡&&♦ 2❡!!❛✱ 2❡ ❧✬♦22✐❣❡♥♦ ❢♦22❡ ✐♥2✉✣❝✐❡♥&❡✱ ❧❛ !❡❛③✐♦♥❡

♣!♦❞✉!!❡❜❜❡ ♠♦♥♦22✐❞♦ ❞✐ ❝❛!❜♦♥✐♦ ✭❈❖✮ ♣❡!✐❝♦❧♦2♦ ♣❡! ❧✬❛♠❜✐❡♥&❡ ❡

❧❡&❛❧❡ ♣❡! ❧✬✉♦♠♦✳

HC ■❧ ❝♦♠❜✉2&✐❜✐❧❡ C ❝♦♠♣♦2&♦ ❞❛ ✐❞!♦❝❛!❜✉!✐✱ ✐ ❞✉❡ ❡❧❡♠❡♥&✐ ✐❞!♦❣❡♥♦ ❡

❝❛!❜♦♥✐♦ 2♦♥♦ ❜!✉❝✐❛&✐ ❞✉!❛♥&❡ ❧❛ ❝♦♠❜✉2&✐♦♥❡ ✐♥ ❝♦♠❜✐♥❛③✐♦♥❡ ❝♦♥

❧✬♦22✐❣❡♥♦✱ ♠❛ ♣✉!&!♦♣♣♦✱ ♥♦♥ ✈❡♥❣♦♥♦ &♦&❛❧♠❡♥&❡ ❝♦♥2✉♠❛&✐ ❡❞ ❡2❝♦♥♦

❞❛❧❧❛ ❝❛♠❡!❛ ❞✐ ❝♦♠❜✉2&✐♦♥❡ 2♦&&♦ ❢♦!♠❛ ❞✐ ❣❛2 ✭HC✮✳

NOx ●❧✐ ♦22✐❞✐ ❞✐ ❛③♦&♦ 2♦♥♦ ✉♥ ♣!♦❞♦&&♦ ❧❡❣❣❡!♠❡♥&❡ ❞✐✛❡!❡♥&❡ ❞❡❧❧❛ ❝♦♠✲

❜✉2&✐♦♥❡✳ ▲❛ A✉❛♥&✐&T ❡ ❧❛ A✉❛❧✐&T ❞❡❧❧❛ ♠✐2❝❡❧❛ ❞✐ NOx ❞✐♣❡♥❞❡ ❞❛❧❧❛

2♦2&❛♥③❛ ❝♦♠❜✉2&❛ ❡ ❞❛❧❧❡ ❝♦♥❞✐③✐♦♥✐ ✐♥ ❝✉✐ ❧❛ ❝♦♠❜✉2&✐♦♥❡ ❛✈✈✐❡♥❡✳

G❡! ❧✐♠✐&❛!❡ ❧❡ ❡♠✐22✐♦♥✐ ❞✐ NOx C ❢♦♥❞❛♠❡♥&❛❧❡ ❝❤❡ ❧❛ ❝♦♠❜✉2&✐♦♥❡
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❛✈✈❡♥❣❛ ♥❡❧ ♠♦❞♦ ♣✐- ✉♥✐❢♦0♠❡ ♣♦11✐❜✐❧❡✱ ❡✈✐4❛♥❞♦ ♣✐❝❝❤✐ ❞✐ 4❡♠♣❡0❛✲

4✉0❛✳ ◆❡❧ ❝❛1♦ ❞❡✐ ♠♦4♦0✐ ❛❡0♦♥❛✉4✐❝✐✱ 1✐ ❢♦0♠❛ ✐❧ ❶❚❤❡0♠❛❧ NOx ❷✱

♣♦✐❝❤; 1✐ < ✐♥ ♣0❡1❡♥③❛ ❞✐ ❡❧❡✈❛4❡ 4❡♠♣❡0❛4✉0❡ ❡ ❞✐ ✉♥❛ ❣0♦11❛ >✉❛♥✲

4✐4? ❞✐ ♦11✐❣❡♥♦✳ ❆❧❝✉♥✐ ♦11✐❞✐ ❞✐ ❛③♦4♦ ♣♦11♦♥♦ 0❡❛❣✐0❡ ❝♦♥ ❧✬♦11✐❣❡♥♦

❝♦♥✈❡04❡♥❞♦❧♦ ✐♥ ♦③♦♥♦✳ ❊11✐ >✉✐♥❞✐ ✐♥✢✉✐1❝♦♥♦ 1✉❧ 0✐1❝❛❧❞❛♠❡♥4♦ 4❡0✲

0❡140❡✳ ■❧ 40✐♦11✐❞♦ ❡❞ ✐❧ ♣❡♥4♦11✐❞♦ ❞✐ ❛③♦4♦✱ ✐♥✈❡❝❡✱ ♣♦11♦♥♦ 0❡❛❣✐0❡ ❝♦♥

❧✬✉♠✐❞✐4? ❛4♠♦1❢❡0✐❝❛ ❡ ♣0♦❞✉00❡ ❛❝✐❞♦ ♥✐40✐❝♦✱ ♣0❡1❡♥4❡ ♥❡❧❧❡ ❝♦1✐❞❞❡44❡

♣✐♦❣❣❡ ❛❝✐❞❡ ❝❤❡ ❝❛❞♦♥♦ 1✉❧❧❛ 1✉♣❡0✜❝✐❡ 4❡00❡140❡ ❬✶✾❪✳

❉✉0❛♥4❡ ❧❛ 1❡>✉❡♥③❛ ❞✐ ♣❛04❡♥③❛✱ ❧❡ ❡♠✐11✐♦♥✐ ❞✐ NOx ♣0♦❞♦44❡✱ 1♦♥♦

♠♦❧4♦ ❜❛11❡✱ 0✐1♣❡44♦ ❛❧ ❝✐❝❧♦ ▲❚❖✱ ❛ ❝❛✉1❛ ❞❡❧❧❡ 4❡♠♣❡0❛4✉0❡ ❡ ♣0❡11✐♦♥✐

❞❡❧ ♠♦4♦0❡ ❜❛11❡❀ ❧❡ ✉♥✐❝❤❡ ❡♠✐11✐♦♥✐ ❝❤❡ ♥❡❝❡11✐4❛♥♦ ❞✐ ❡11❡0❡ ❝♦♥1✐❞❡0❛4❡

❞✉0❛♥4❡ ❧❛ 1❡>✉❡♥③❛ ❞✐ ❛✈✈✐❛♠❡♥4♦ 1♦♥♦ >✉❡❧❧❡ ❞✐ HC✳ ▲✬❛✈✈✐❛♠❡♥4♦ ❞❡❧

♠♦4♦0❡ ♣0✐♥❝✐♣❛❧❡ ♣✉N ❡11❡0❡ ❣❡♥❡0❛❧♠❡♥4❡ 1✉❞❞✐✈✐1♦ ✐♥ ❞✉❡ ❢❛1✐✿ ♣0❡✲✐❣♥✐4✐♦♥

❡ ♣♦14✲✐❣♥✐4✐♦♥✳

▲❛ ❢❛1❡ ❞✐ ♣0❡✲✐❣♥✐4✐♦♥ 0❛♣♣0❡1❡♥4❛ ✐❧ ♠♦♠❡♥4♦ ✐♥ ❝✉✐ ✐❧ ♠♦4♦0❡ ✈✐❡♥❡ ♠❡11♦

✐♥ 0♦4❛③✐♦♥❡✱ ❧❡ ❡♠✐11✐♦♥✐ ✐♥ >✉❡14❛ ❢❛1❡ 1♦♥♦ 1♦❧♦ ✐❞0♦❝❛0❜✉0✐✳

❆ >✉❡14♦ ♣✉♥4♦✱ ✐♥ ♣♦14✲✐❣♥✐4✐♦♥✱ ✐❧ ♣0♦❝❡11♦ ❞✐ ❛✈✈✐❛♠❡♥4♦ ❛✈✈✐❡♥❡ ✐♥

❝♦♥❞✐③✐♦♥✐ ❞✐ ❜❛11♦ ❝❛0✐❝♦ ❞❡❧ ♠♦4♦0❡✳ ▲❡ ❡♠✐11✐♦♥✐ ❞❡✐ ♠♦4♦0✐✱ 1❛0❛♥♥♦ ♣0✐♥✲

❝✐♣❛❧♠❡♥4❡ ❞✐ 4✐♣♦ HC ❡ CO ✳ ❉♦♣♦ ❧✬❛❝❝❡♥1✐♦♥❡✱ ❝♦♥ ✐❧ ❢✉♥③✐♦♥❛♠❡♥4♦ ❛

❜❛11♦ ❝❛0✐❝♦ ❞❡❧ ♠♦4♦0❡✱ ❞♦♠✐♥❛♥♦ ❧❡ ❡♠✐11✐♦♥✐ ❞✐ HC❀ ♣❡0 >✉❡14♦ ♠♦4✐✈♦ ♥♦♥

< ✐00❛❣✐♦♥❡✈♦❧❡ ❛440✐❜✉✐0❡ ❧❡ ❡♠✐11✐♦♥✐ ❛❧ 1♦❧♦ HC✳ ❇✐1♦❣♥❛ ♣❡0N 1♣❡❝✐✜❝❛0❡

❝❤❡✱ ✐♥ ❛❧❝✉♥✐ ❝❛1✐ ❡ ♣❡0 ❛❧❝✉♥✐ ♠♦4♦0✐✱ ❧❡ ❡♠✐11✐♦♥✐ ❞✐ CO ♣♦40❡❜❜❡0♦ ❛♥❝❤❡

❡11❡0❡ 1✉♣❡0✐♦0✐ ❞✐ >✉❡❧❧❡ HC 14✐♠❛4❡✳

■❧ ❝♦♠❜✉14♦0❡ 14❛ ♦0❛ ❜0✉❝✐❛♥❞♦ ❝♦♠❜✉14✐❜✐❧❡✱ >✉✐♥❞✐ ✐❧ ✢✉11♦ ❞✐ ❝♦♠❜✉14✐❜✐❧❡✱

❞❛ ♦0❛✱ ❞❡✈❡ ❡11❡0❡ ❝♦♥1✐❞❡0❛4♦ ♣❡0 ❞❡4❡0♠✐♥❛0❡ ❝♦♥ ♣0❡❝✐1✐♦♥❡ ❧❡ ❡♠✐11✐♦♥✐✳

■❈❈❆■❆

✶

❤❛ 1✈✐❧✉♣♣❛4♦✱ 1✉❧❧❛ ❜❛1❡ ❞❡✐ ❞❛4✐ ❞❡❧❧❡ ♠❛❣❣✐♦0✐ ❝❛1❡ ♣0♦❞✉440✐❝✐

❞✐ ♠♦4♦0✐ ❛❡0♦♥❛✉4✐❝✐✱ ✉♥ ♠❡4♦❞♦ ♣❡0 14✐♠❛0❡ ❧❡ ❡♠✐11✐♦♥✐ ❞✐ 14❛04✲✉♣✱ ❝❤❡ 1✐

❜❛1❛ 1✉❧❧❛ ♣♦4❡♥③❛ ❛❧ ❞❡❝♦❧❧♦ ❞❡❧ ♠♦4♦0❡ ✐♥ >✉❡14✐♦♥❡✳ ▲✬❡>✉❛③✐♦♥❡ ❧✐♥❡❛0❡ <✿

StartingEmissionsHC(g) = TakeoffThrust(KN)/2 + 80

❈♦♥1✐❞❡0❛♥❞♦ ✉♥ ❝❛1♦ ❣❡♥❡0❛❧❡✱ ❆✸✷✵ ❝♦♥ ♠♦4♦0✐ ❈❋▼✺✻✲✺❇✹✴Z✱ ❧❡ ❡♠✐11✐♦♥✐

❞✐ HC✱ ❛❧❧❛ ♠❡11❛ ✐♥ ♠♦4♦ ❞✐ ✉♥ ♠♦4♦0❡ ❝♦♥ ✐ ❞❛4✐ ❢♦0♥✐4✐ ❞❛ ■❈❆❖✱ 1♦♥♦ ❞✐✿

140.6g

❆ >✉❡14♦ ♣✉♥4♦ < ♥❡❝❡11❛0✐♦ ✈❛❧✉4❛0❡ ❧❡ ❡♠✐11✐♦♥✐ 4♦4❛❧✐ ♣❡0 ✐❧ 0✉❧❧❛❣✲

❣✐♦✳ Z❡0 ❢❛0❡ ❝✐N 1✐ < 1❢0✉44❛4♦ ✐❧ ♠❡4♦❞♦ ✉4✐❧✐③③❛4♦ ♥❡❧ ♣0♦❣❡44♦ ❆▲❆◗❙

✶

■♥"❡$♥❛"✐♦♥❛❧ ❈♦♦$❞✐♥❛"✐♥❣ ❈♦✉♥❝✐❧ ♦❢ ❆❡$♦0♣❛❝❡ ■♥❞✉0"$✐❡0 ❆00♦❝✐❛"✐♦♥0✿ ♦$❣❛♥✐③③❛✲

③✐♦♥❡ ✐♥"❡$♥❛③✐♦♥❛❧❡ ❞❡❧❧❡ ❛00♦❝✐❛③✐♦♥✐ ❞❡❧❧❡ ✐♥❞✉0"$✐❡ ❛❡$♦0♣❛③✐❛❧✐
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✭❆✐%♣♦%( ▲♦❝❛❧ ❆✐% ◗✉❛❧✐(② ❙(✉❞✐❡3✮ 3✈✐❧✉♣♣❛(♦ ❞❛❧ ❊①♣❡%✐♠❡♥(❛❧ ❈❡♥(%❡ ❞✐

❊✉%♦❝♦♥(%♦❧✿

ACe = FFmode ∗ EFmode ∗ T ∗N

❝♦♥

ACe ❊♠✐33✐♦♥✐ (♦(❛❧✐ ❞❡❧❧✬❛✴♠ ♣❡% ❝✐❝❧♦ ▲❚❖

✷

FFmode ❋❧✉33♦ ❞✐ ❝♦♠❜✉3(✐❜✐❧❡ ♣❡% ♠♦(♦%❡ [Kg

s
]

EFmode ❋❛((♦%❡ ❞✐ ❡♠✐33✐♦♥❡ ♣❡% ♠♦(♦%❡ [ g

Kg
]

T ❚❡♠♣♦ [s]

N ◆✉♠❡%♦ ❞✐ ♠♦(♦%✐

❆ ❞✐✛❡%❡♥③❛ ❞✐ E✉❛♥(♦ %✐♣♦%(❛(♦ ✐❧ ♥♦3(%♦ ❝❛❧❝♦❧♦ ♥♦♥ F 3(❛(♦ ❡✛❡((✉❛(♦

♣❡% (✉((♦ ✐❧ ❝✐❝❧♦ ▲❚❖ ✭✹✳✹✳✷✮ ♠❛ 3♦❧♦ ♣❡% ❧❛ ❢❛3❡ ❞✐ ♠♦✈✐♠❡♥(❛③✐♦♥❡ ❛❧ 3✉♦❧♦✳

❙✐ 3♦♥♦ ❝❛❧❝♦❧❛(✐ ✐ ❝♦♥3✉♠✐ ♣❡% (✉((❡ ❧❡ ❢❛3✐✱ ❛ ♣❛%(✐%❡ ❞❛✐ ✶✺ ♠✐♥✉(✐ ♣%✐♠❛

❞❡❧❧❛ ♠❡33❛ ✐♥ ♠♦(♦ ✜♥♦ ❛❧ ❞❡❝♦❧❧♦✳ ◆❡❧ ❝❛❧❝♦❧♦ 3✐ F ❝♦♥3✐❞❡%❛(♦ ✉♥ (❡♠✲

♣♦ ❞✐ ✶✵ ♠✐♥ ❝♦♥ ❧✬❆Q❯ ✐♥ ❢✉♥③✐♦♥❡✱ ♥❡❧❧❛ ❝♦♥❞✐③✐♦♥❡ ❞✐ ❘❡❛❞② (♦ ▲♦❛❞ ❡

♥❡❧❧❛ ❝♦♥❞✐③✐♦♥❡ ❞✐ ♠❛33✐♠♦ ❝♦♥3✉♠♦ ❡❧❡((%✐❝♦ ❬✸❪✱ ✐♣♦(✐③③❛(♦ ❞❛❧ ❢❛((♦ ❝❤❡

❧✬❡E✉✐♣❛❣❣✐♦ F ❛ ❜♦%❞♦ ❡ 3(❛ ❡✛❡((✉❛♥❞♦ ✐ ❝♦♥(%♦❧❧✐ ✭♣%♦❣%❛♠♠❛♥❞♦ ❧❛ %♦((❛✱

❛♥❛❧✐③③❛♥❞♦ ✐❧ ♣✐❛♥♦ ❞✐ ✈♦❧♦✱ ❡❝❝✮✳ ■ ✺ ♠✐♥✉(✐ ♣%❡❝❡❞❡♥(✐ ❧❛ ♠❡33❛ ✐♥ ♠♦(♦

3♦♥♦ E✉❡❧❧✐ ✐♥ ❝✉✐ ✐ ♣❛33❡❣❣❡%✐ 3♦♥♦ ❛ ❜♦%❞♦ ❡ ✐❧ ❝♦♥❞✐③✐♦♥❛♠❡♥(♦ ❞❡❧❧✬❛%✐❛ F ✐♥

❢✉♥③✐♦♥❡✱ ❡ E✉✐♥❞✐ 3✐ F ❝♦♥3✐❞❡%❛(♦ ✐❧ ♠❛33✐♠♦ ❝❛%✐❝♦ ❞❡❧❧✬❆Q❯ ❬✷✾❪✳ ▲❛ ❞✉%❛(❛

❞❡❧ ♣✉3❤✲❜❛❝❦ %✐♣♦%(❛(♦ ❡ ✉(✐❧✐③③❛(♦ F E✉❡❧❧♦ ♠❡❞✐♦ ♦((❡♥✉(♦ ❞❛ ♦33❡%✈❛③✐♦♥✐ ❛

▲✐♥❛(❡ ✭F ✉♥ ✈❛❧♦%❡ ♠❡❞✐♦ ❡ ♥♦♥ 3✐ 3♦♥♦ ❢❛((❡ ♥F ❞✐3(✐♥③✐♦♥✐ ❞✐ ❝♦♠♣❛❣♥✐❡ ♥F

❞✐ ✈❡❧✐✈♦❧✐✮✳ ❙♦♥♦ 3(❛(❡ ❝❛❧❝♦❧❛(❡ ✐♥♦❧(%❡✱ ❧❡ ❡♠✐33✐♦♥✐ ✐♥ ❣%❛♠♠✐ ♣❡% ♦❣♥✐ ❢❛3❡

❡ ♠❡33♦ ✐♥ %❡❧❛③✐♦♥❡ ❧❡ ✈❛%✐❡ ♣%♦❝❡❞✉%❡ ❞✐ (❛①✐✳ ■ ✈❛❧♦%✐ ♦((❡♥✉(✐ ♣❡% ❡❚❛①✐✱

✐♥✜♥❡✱ 3♦♥♦ 3(❛(✐ ❝❛❧❝♦❧❛(✐ ❝♦♥3✐❞❡%❛♥❞♦ ✐❧ ♠❛33✐♠♦ ❝♦♥3✉♠♦ ❞❡❧❧✬❆Q❯ ❝♦♠❡

❧♦❣✐❝♦ ❛3♣❡((❛%3✐✳

➱ 3(❛(♦ ❛❣❣✐✉♥(♦ ❛♥❝❤❡ ✐❧ ♣♦33✐❜✐❧❡ ✉(✐❧✐③③♦ ❞❡❧❧✬❡❚❛①✐ ❛❜❜✐♥❛(♦ ❛❧❧✬✉3♦ ❞✐

✉♥ ♠♦(♦%❡✳ Q❡% ❧❡ 3✐(✉❛③✐♦♥✐ ❛ ❜❛33❛ ❛❞❡%❡♥③❛✱ 3✐ F ✐♣♦(✐③③❛(♦ ❝❤❡ ♣❡% ❧❛ ❢♦%(❡

%✐❝❤✐❡3(❛ ❞✐ ♣♦(❡♥③❛ ❡❧❡((%✐❝❛ ✐❧ ❢✉♥③✐♦♥❛♠❡♥(♦ ❞❡❧❧✬❆Q❯ ❞✉%✐✱ ❛ ♠❛33✐♠❛

♣♦(❡♥③❛✱ ♣❡% (✉((♦ ✐❧ %✉❧❧❛❣❣✐♦✳ ❆❧❧❡ ❡♠✐33✐♦♥✐ (♦(❛❧✐ ❞✐ ❍❈ ❞❡✈♦♥♦ ❡33❡%❡

3♦♠♠❛(❡ E✉❡❧❧❡ ❞❡❧❧❛ ❢❛3❡ ❞✐ ♠❡33❛ ✐♥ ♠♦(♦✳

❙✐ ❡✈✐♥❝❡✱ ❞❛❧❧❛ (❛❜❡❧❧❛✱ ❝❤❡ ✐❧ %✐3♣❛%♠✐♦ ❝♦♥ ♣%♦❝❡❞✉%❡ ❞✐✈❡%3❡ ♣♦(%❡❜❜❡

♣♦%(❛%❡ ❛❞ ✉♥ 3♦3(❛♥③✐❛❧❡ %✐3♣❛%♠✐♦✳ ■ ✈❛❧♦%✐ ❞✐ ❡♠✐33✐♦♥✐ ❞✐ NOx ♠❛❣❣✐♦%✐✱

3♦♥♦ ❞♦✈✉(✐ ❛❧ ❢❛((♦ ❝❤❡ ❧✬❆Q❯ F ✐♥ ❢✉♥③✐♦♥❡ ❛ ♣✐❡♥♦ %❡❣✐♠❡✳

■❧ ❝❛❧❝♦❧♦ F 3(❛(♦ ❡✛❡((✉❛(♦ ❝♦♥3✐❞❡%❛♥❞♦ ✐ ✈❛❧♦%✐ ❞❡❧❧❡ ❡♠✐33✐♦♥✐ ❞✐❝❤✐❛%❛(✐

❞❛❧❧❡ ❝❛3❡ ♣%♦❞✉((%✐❝✐ ❞❡✐ ♣%♦♣✉❧3♦%✐✱ ❞✐✈✉❧❣❛(❡ ❞❛ ■❈❆❖ ❬✷✶❪✳ ❙✐ %✐♣♦%(❛✱

✐♥♦❧(%❡✱ ❧✬❛♥❞❛♠❡♥(♦ ❞❡❧❧❡ 3(❡33❡ ✐♥ ❢✉♥③✐♦♥❡ ❞❡❧❧❛ ♣♦(❡♥③❛ ❡%♦❣❛(❛✳

✷

▲❛♥❞✐♥❣✲❚❛❦❡ ♦✛



❈❆"■❚❖▲❖ ✹✳ ❆◆❆▲■❙■ ❉❊▲ ❘■❙"❆❘▼■❖ ✻✾

❋✐❣✉&❛ ✹✳✺✿ ❈♦♥/✉♠✐✲❊♠✐//✐♦♥✐

❋✐❣✉&❛ ✹✳✻✿ ❘✐/♣❛&♠✐♦

✹✳✹✳✷ ▲❚❖

❙✐ &✐♣♦&6❛✱ ❛ 6✐6♦❧♦ ❞✐ ❝♦♥❢&♦♥6♦ ❞❡✐ &✐/✉❧6❛6✐ ♦66❡♥✉6✐✱ ✐❧ ❝✐❝❧♦ ▲❚❖ /❡❝♦♥❞♦

❧❡ ♠♦❞❛❧✐6@ ♣✉❜❜❧✐❝❛6❡✳

■❧ ❝✐❝❧♦ ▲❚❖ C ❝♦/✐ ❝♦♠♣♦/6♦✿

❉❡❝♦❧❧♦ ❞✉&❛6❛✿ ✹✷ /✳

❙❛❧✐(❛ ❞✉&❛6❛✿ ✷✱✷ ♠✐♥ ✜♥♦ ❛❧❧❛ F✉♦6❛ ❞✐ ✸✵✵✵ ❢6✳

❆✈✈✐❝✐♥❛♠❡♥(♦✴❆((❡..❛❣❣✐♦ ❞✉&❛6❛✿ ✹ ♠✐♥

❘✉❧❧❛❣❣✐♦ ❞✉&❛6❛✿ ✷✻ ♠✐♥

◆❡❧❧❛ 6❛❜❡❧❧❛ ✹✳✾ /♦♥♦ &✐♣♦&6❛6✐ ✐ ✈❛❧♦&✐ ♦66❡♥✉6✐ ❝♦♥ ✐❧ ❞❛6❛/❤❡❡6 ❞❡❧ ♠♦6♦&❡

❝♦♥/✐❞❡&❛6♦✳



❈❆"■❚❖▲❖ ✹✳ ❆◆❆▲■❙■ ❉❊▲ ❘■❙"❆❘▼■❖ ✼✵

❋✐❣✉&❛ ✹✳✼✿ ❆♥❞❛♠❡♥0♦ ❡♠✐22✐♦♥✐

❋✐❣✉&❛ ✹✳✽✿ ❈✐❝❧♦ ▲❚❖

❋✐❣✉&❛ ✹✳✾✿ ❈✐❝❧♦ ▲❚❖



 ❛"#❡ ■■■

✼✶



❈❛♣✐$♦❧♦ ✺

❱❛❧✉$❛③✐♦♥❡ ❞❡❧ .✐.$❡♠❛

■♠♣❛$$♦ ♦♣❡'❛$✐✈♦ ❞❡✐ +✐+$❡♠✐ ❡❚❛①✐ ❡ ♣♦++✐❜✐❧✐ +✈✐❧✉♣♣✐ ♣'♦❝❡❞✉'❛❧✐ ❡

+$'✉$$✉'❛❧✐✳

✺✳✶ ■♠♣❛''♦ ♦♣❡*❛'✐✈♦

❙✐ 4 ❝❡'❝❛$♦✱ ♣❡' ♣'✐♠❛ ❝♦+❛✱ ❞✐ ❞❛'❡ ✉♥❛ ♣❛♥♦'❛♠✐❝❛ ❞❡❧ ♣'♦❜❧❡♠❛ ❣❧♦✲

❜❛❧❡ ❡ ♣♦✐ +✐ 4 ✐♥❞❛❣❛$♦ +✉❧❧❡ '❡❛❧✐ ♣♦$❡♥③✐❛❧✐$: ❞❡✐ ♥✉♦✈✐ +✐+$❡♠✐ ❞✐ '✉❧❧❛❣❣✐♦✳

❆$$✉❛❧♠❡♥$❡ +♦♥♦ ♣♦❝❤❡ ❧❡ ♣'♦♣♦+$❡ +✉❧ ♠❡'❝❛$♦✱ $✉$$❡ ❝♦♥ ❞❡✐ ♣'♦ ❡ ❞❡✐ ❝♦♥✲

$'♦ ❝❤❡ +♣❡++♦ ♥♦♥ +♦♥♦ ✐♥❞✐✛❡'❡♥$✐ ♥❡❧❧❛ +❝❡❧$❛✳ ➱ ❢❛❝✐❧❡ ✐♠♠❛❣✐♥❛'❡ ❝❤❡ ♥❡❧

♣'♦++✐♠♦ ❢✉$✉'♦ $✉$$❡ ❧❡ ❝♦♠♣❛❣♥✐❡ +✐ ❞♦$❡'❛♥♥♦ ❞✐ ✉♥❛ ❞✐ @✉❡+$❡ +♦❧✉③✐♦♥✐✱

♠❛❣❛'✐ ❛♥❝❤❡ ❞✐ +✐+$❡♠✐ ❞✐✈❡'+✐✱ $✉$$♦ ♣❡' ❝❡'❝❛'❡ ✉♥ '✐+♣❛'♠✐♦ ❞✐ ❝♦♠❜✉+$✐✲

❜✐❧❡ ♦'♠❛✐ +❡♠♣'❡ ♣✐A ♥❡❝❡++❛'✐♦ ♣❡' ❝♦♥$❡♥❡'❡ ✐ ❝♦+$✐✳ ❚✉$$✐ @✉❡+$✐ +✐+$❡♠✐

❝♦♠❡ +✐ 4 ✈✐+$♦ ❤❛♥♥♦ ❞❡✐ $❡♠♣✐✱ ✈❡❧♦❝✐$: ❞✐ ♠♦✈✐♠❡♥$♦ ❡ ❞✬✐♠♣✐❡❣♦ ❞✐✛❡'❡♥$✐✳

❙✐ 4 +❡♠♣'❡ ♣♦+$♦ ✐❧ ♣'♦❜❧❡♠❛ ❞❛❧ ♣✉♥$♦ ❞✐ ✈✐+$❛ ❞❡❧❧❛ ❝♦♠♣❛❣♥✐❛ ❛❡'❡❛✱

❝♦♠❡ 4 ❣✐✉+$♦ ❝❤❡ +✐❛✱ ❞❛$♦ ❝❤❡ ✐ +✐+$❡♠✐ +♦♥♦ '✐✈♦❧$✐ ❛❧ ❧♦'♦ '✐+♣❛'♠✐♦✱ ♠❛

@✉❡+$✐ +✐+$❡♠✐ ❜❛+$❛♥♦ ❛❞ ❛++✐❝✉'❛'❡ ✉♥ '✐+♣❛'♠✐♦ '❡❛❧❡❄ ❙❡ ❧❡ ♠❡++❡ ✐♥ ♠♦$♦

❢♦++❡'♦ ❛❞❡❣✉❛$❛♠❡♥$❡ +❡♣❛'❛$❡✱ +✐❝✉'❛♠❡♥$❡ +✐ ♠❛ ✐❧ ♣'♦❜❧❡♠❛ ♥❛+❝❡ @✉❛♥❞♦

❝✬4 ✉♥❛ +❡@✉❡♥③❛ ❞✐ ❞❡❝♦❧❧✐ ✐♥ ❛$$♦ ♦ ❛$$❡+❡ ♣❡' ❡♥$'❛'❡ ❛❧❧♦ +$❛♥❞✳ ■♣♦$✐③③❛♥❞♦

@✉✐♥❞✐ ✉♥ '✐+♣❛'♠✐♦ ❞✐ ❝♦♠❜✉+$✐❜✐❧❡ ❞❛ ✉♥ ❧❛$♦✱ ❞❛❧❧✬❛❧$'♦ ❜✐+♦❣♥❛ ❢❛' ❢'♦♥$❡

❛ '✐$❛'❞✐ $❡♠♣♦'❛❧✐ ❞♦✈✉$✐ ❛ ✉♥❛ ❧✉♥❣❛ +❡@✉❡♥③❛✱ ❛ +❡♣❛'❛③✐♦♥✐ ♥❡❝❡++❛'✐❡ ❛

+❡❝♦♥❞❛ ❞❡❧❧❡ ❙■❉

✶

✱ ❛ +❡♣❛'❛③✐♦♥✐ ♣❡' $✉'❜♦❧❡♥③❛ ❞✐ +❝✐❛ ❡ ♠❛❣❛'✐ ❛ ❈❚❖❚✳

❆ $✉$$♦ @✉❡+$♦ ❜✐+♦❣♥❛ ❛❣❣✐✉♥❣❡'❡ ❝❤❡ ❛❧❝✉♥✐ ❛❡'♦♠♦❜✐❧✐ ♣♦$'❡❜❜❡'♦ ❡++❡'❡

❞♦$❛$✐ ❞✐ +✐+$❡♠✐ ❡❚❛①✐ ❡ ❛❧$'✐ ♥♦✳ ➱ ❡✈✐❞❡♥$❡ ❝❤❡ ❧❡ ✈❡❧♦❝✐$: ❞✐ '✉❧❧❛❣❣✐♦ +❛✲

'❛♥♥♦ ♥♦$❡✈♦❧♠❡♥$❡ ❞✐✛❡'❡♥$✐ ❡ ❝❤❡ ❛♥❝❤❡ ✐ $❡♠♣✐ ❞❡❧ $❛①✐ ♣♦$'❡❜❜❡'♦ ❡++❡'❡

♥♦$❡✈♦❧♠❡♥$❡ ✈❛'✐❛❜✐❧✐✱ ❛❞ ❡+❡♠♣✐♦ ✉♥ ❛✴♠ $'❛❞✐③✐♦♥❛❧❡ ♣♦$'❡❜❜❡ $'♦✈❛'+✐ ❛

✶

❙!❛♥❞❛%❞ ■♥'!%✉♠❡♥! ❉❡♣❛%!✉%❡'

✼✷



❈❆"■❚❖▲❖ ✺✳ ❱❆▲❯❚❆❩■❖◆❊ ❉❊▲ ❙■❙❚❊▼❆ ✼✸

"❡❣✉✐'♥❡ ✉♥♦ ❝♦♥ ✉♥ "✐"+❡♠❛ ❡❧❡++'✐❝♦ "✉❧❧❛ ✈✐❛ ❞✐ '✉❧❧❛❣❣✐♦ ✐♠♣✐❡❣❛♥❞♦ ✉♥

+❡♠♣♦ ❞✐✛❡'❡♥+❡ ❞❛❧❧♦ "+❛♥❞❛'❞✳

■❧ ♣'♦❜❧❡♠❛ ❞❡❧ ❝♦♥"✉♠♦ ❞✐ ❝❛'❜✉'❛♥+❡ ✈✐❡♥❡ ❝♦"6 '✐❝♦♥❞♦++♦ ❛❞ ✉♥ ♣'♦❜❧❡✲

♠❛ ❣❡♥❡'❛❧❡ ❞❡❧ "✐"+❡♠❛ +'❛"♣♦'+♦ ❛❡'❡♦ ♦❧+'❡ ❝❤❡ ❞✐ ✐♥♥♦✈❛③✐♦♥❡ +❡❝♥♦❧♦❣✐❝❛✳

▲✬❛♥❛❧✐"✐ ❞❡✐ ♥✉♦✈✐ "✐"+❡♠✐ ❞✐ '✉❧❧❛❣❣✐♦✱ "❡ ♣✉' ❝♦♠✉♥=✉❡ ❞✐ '✐"♣❛'♠✐♦ ♣❡' ❧❡

❝♦♠♣❛❣♥✐❡ ❛❡'❡❡✱ ❞❡✈❡ ❡""❡'❡ ❡✛❡++✉❛+♦ "✉ ♣✐> ❧❛'❣❛ "❝❛❧❛ ❝♦♥"✐❞❡'❛♥❞♦ ❛♥❝❤❡

✉♥ ❢✉+✉'♦ "✈✐❧✉♣♣♦ ❞❡❧ "✐"+❡♠❛ ❞✐ ❝♦♥+'♦❧❧♦ ❞❡❧ +'❛✣❝♦ ❛❡'❡♦ ❡ ❞❡❧ "❡'✈✐③✐♦

❆▼❙

✷

✳

■♥♦❧+'❡✱ ❧✬✐♥+'♦❞✉③✐♦♥❡ ❞✐ ✉♥✬✉❧+❡'✐♦'❡ "✐"+❡♠❛ ❝♦♠❡ ✐❧ D●❙❆✱ ♥❛+✉'❛❧❡

❡✈♦❧✉③✐♦♥❡ ❞❡❧❧✬❡❚❛①✐ ♣❡' ❧✬✐♥❞✐♣❡♥❞❡♥③❛ ❛❧ "✉♦❧♦ ❞❡❧❧✬❛❡'♦♠♦❜✐❧❡✱ +❛'❣❡+ ❞✐

+✉++❡ ❧❡ ❝♦♠♣❛❣♥✐❡✱ ♥❡❝❡""✐+❡'❡❜❜❡ ❞✐ ✉♥ ♥✉♦✈♦ +✐♣♦ ❞✐ ❣❡"+✐♦♥❡ ❞❡❧❧✬❆♣'♦♥ ❞❛

♣❛'+❡ ❞❡❧❧✬❆❚❈✳ ■♥❢❛++✐ ✐❧ "❡'✈✐③✐♦ ✐♠♣❧✐❝❤❡'❡❜❜❡ ✉♥ ♠❛❣❣✐♦' ❝♦♥+'♦❧❧♦ ❞❛ ♣❛'+❡

❞❡❧❧❛ ❚❲❘ ✐♥ =✉❛♥+♦ ❧❛ ✈✐"✉❛❧❡ ❞❡❧ ♣✐❧♦+❛ K '✐❞♦++❛ ❡ ❧❡ ❛✉+♦'✐③③❛③✐♦♥✐ ❝❤❡

✐♠♣❧✐❝❛♥♦ ♣'❡❝❡❞❡♥③❡ ❛♥❞'❡❜❜❡'♦ ❡✈✐+❛+❡✱ ✐❧ +❡♠♣♦ ❞❡✐ ♣✉"❤✱ ✐♥❡✈✐+❛❜✐❧♠❡♥+❡✱

"✐ ❛❧❧✉♥❣❤❡'❡❜❜❡ ❡ =✉✐♥❞✐ ✉♥❛ ❞✐✈❡'"❛ ❣❡"+✐♦♥❡ ❛♥❞'❡❜❜❡ ❝♦♥"✐❞❡'❛+❛✳ ❯♥❛

✈❛❧✐❞❛ ❛❧+❡'♥❛+✐✈❛ ♣♦+'❡❜❜❡ ❡""❡'❡ ✉♥❛ ♣'♦❝❡❞✉'❛ ❶✐❜'✐❞❛❷❝✐♦K ✉♥ ♣✉"❤✲❜❛❝❦

❛✉+♦♥♦♠♦ ♠❛ ❝♦♥ ✐❧ "♦❧✐+♦ ❛✉"✐❧✐♦ ❞❡❧❧✬❛❣❡♥+❡ ❞✐ '❛♠♣❛✳

✺✳✷ #♦%%✐❜✐❧✐ %✈✐❧✉♣♣✐

✺✳✷✳✶ ❈❡❧❧❡ ❛ ❝♦♠❜✉-.✐❜✐❧❡

D♦""✐❜✐❧❡ ♣'♦❣'❡""♦ ❢✉+✉'♦✱ ♣❡' '✐❞✉''❡ ❞'❛"+✐❝❛♠❡♥+❡ ❧❡ ❡♠✐""✐♦♥✐ ❞✐ CO2✱

♣✉N ❡""❡'❡ ❧✬✉+✐❧✐③③♦ ❞❡❧❧❡ ❝❡❧❧❡ ❛ ❝♦♠❜✉"+✐❜✐❧❡ ✐♥ "♦"+✐+✉③✐♦♥❡ ❞❡❧❧✬❆D❯ ✭❋❈✲

❆D❯✿ ❋✉❡❧ ❈❡❧❧ ❆✉①✐❧✐❛'② D♦✇❡' ❯♥✐+✮✱ +❡❝♥♦❧♦❣✐❛ ❛♥❝♦'❛ ✐♥ ❢❛"❡ ❞✐ "✈✐❧✉♣♣♦✳

◗✉❛♥❞♦ "✐ ❣❡♥❡'❛ ❡❧❡++'✐❝✐+V ❛ ♣❛'+✐'❡ ❞❛✐ ❝♦♠❜✉"+✐❜✐❧✐ ❢♦""✐❧✐✱ "✐ "❢'✉++❛ ❧✬❡✲

♥❡'❣✐❛ +❡'♠✐❝❛✱ ♥❡❧ ♣'♦❝❡""♦ ❞✐ ❝♦♠❜✉"+✐♦♥❡✱ ♥♦♥ +✉++❛ ❧✬❡♥❡'❣✐❛ ♣'♦❞♦++❛ K

❝♦♥✈❡'+✐+❛ ✐♥ ❧❛✈♦'♦ ✉+✐❧❡✱ ♣❛'+❡ ❞✐ ❡""❛ K "♣'❡❝❛+❛ ❞✐""✐♣❛♥❞♦"✐ ♥❡❧❧✬❛♠❜✐❡♥+❡

"♦++♦ ❢♦'♠❛ ❞✐ ❝❛❧♦'❡✳ ❯♥ ♠♦❞♦ ♠♦❧+♦ ♣✐> ❡✣❝✐❡♥+❡ ♣❡' ♣'♦❞✉''❡ ❡♥❡'❣✐❛

❡❧❡++'✐❝❛ ❧♦ "✐ ❛✈'❡❜❜❡ "❡ "✐ "❢'✉++❛""❡'♦ ❣❧✐ ❡❧❡++'♦♥✐ ❞✐ ❧❡❣❛♠❡ ♣❡' ♣'♦❞✉'✲

'❡ ❞✐'❡++❛♠❡♥+❡ ❡❧❡++'✐❝✐+V✱ ❡❞ K ✐❧ ♣'✐♥❝✐♣✐♦ "✉❧ =✉❛❧❡ "✐ ❜❛"❛♥♦ ❧❡ ❝❡❧❧❡ ❛

❝♦♠❜✉"+✐❜✐❧❡✳ ▲❛ ❝❡❧❧❛ ❛ ❝♦♠❜✉"+✐❜✐❧❡ ❛❞ ✐❞'♦❣❡♥♦ K ✉♥ ❣❡♥❡'❛+♦'❡ ❡❧❡++'♦❝❤✐✲

♠✐❝♦ ✐♥ ❝✉✐ ❧✬❡♥❡'❣✐❛ ❡❧❡++'✐❝❛ K ♣'♦❞♦++❛ ❞❛❧❧❛ '❡❛③✐♦♥❡ +'❛ ✉♥ ❝♦♠❜✉"+✐❜✐❧❡

✭❧✬✐❞'♦❣❡♥♦✮ ❡ ✉♥ ❝♦♠♣♦"+♦ ❣❛""♦"♦ ♦""✐❞❛♥+❡ ✭❧✬♦""✐❣❡♥♦ ♦ ❧✬❛'✐❛✮✳ ■♥"✐❡♠❡

❛❧❧✬❡❧❡++'✐❝✐+V✱ ✈❡♥❣♦♥♦ ♣'♦❞♦++✐ ❛♥❝❤❡ ❝❛❧♦'❡ ❡ ❛❝=✉❛✳ ▲❛ ❞✐✛❡'❡♥③❛ ❢♦♥❞❛✲

♠❡♥+❛❧❡ ❞❛ ✉♥❛ +'❛❞✐③✐♦♥❛❧❡ ❜❛++❡'✐❛ "+❛ ♥❡❧ ❢❛++♦ ❝❤❡ ✉♥❛ ❝❡❧❧❛ ❛ ❝♦♠❜✉"+✐❜✐❧❡

K ♣'❛+✐❝❛♠❡♥+❡ ✐♥✜♥✐+❛ ♣✉N =✉✐♥❞✐ ❡""❡'❡ ❛❧✐♠❡♥+❛+❛ ✭'✐❢♦'♥✐+❛✮ ❞❛❧❧✬❡"+❡'♥♦✳

✷

❆♣"♦♥ ▼❛♥❛❣❡♠❡♥* ❙❡"✈✐❝❡



❈❆"■❚❖▲❖ ✺✳ ❱❆▲❯❚❆❩■❖◆❊ ❉❊▲ ❙■❙❚❊▼❆ ✼✹

❯♥❛ ❝❡❧❧❛ ❛ ❝♦♠❜✉,-✐❜✐❧❡ / ❝♦,-✐-✉✐-❛ ❞❛ ❞✉❡ ❡❧❡--1♦❞✐ ✐♥ ♠❛-❡1✐❛❧❡ ♣♦1♦,♦✱ ✐❧

❝❛-♦❞♦ ✭♣♦❧♦ ♥❡❣❛-✐✈♦✮ ❡ ❧✬❛♥♦❞♦ ✭♣♦❧♦ ♣♦,✐-✐✈♦✮✳ ●❧✐ ❡❧❡--1♦❞✐ ❢✉♥❣♦♥♦ ❞❛

,✐-✐ ❝❛-❛❧✐-✐❝✐ ♣❡1 ❧❡ 1❡❛③✐♦♥✐ ❞✐ ❝❡❧❧❛ ❝❤❡ ❝♦♥,✉♠❛♥♦ ❢♦♥❞❛♠❡♥-❛❧♠❡♥-❡ ✐❞1♦✲

❣❡♥♦ ❡❞ ♦,,✐❣❡♥♦✱ ❝♦♥ ♣1♦❞✉③✐♦♥❡ ❞✐ ❛❝?✉❛ ❡ ♣❛,,❛❣❣✐♦ ❞✐ ❝♦11❡♥-❡ ❡❧❡--1✐❝❛

♥❡❧ ❝✐1❝✉✐-♦ ❡,-❡1♥♦✳ ❚1❛ ✐ ❞✉❡ ♣♦❧✐ / ♣♦,-♦ ❧✬❡❧❡--1♦❧✐-❛✱ ❝❤❡ ❤❛ ❧❛ ❢✉♥③✐♦♥❡ ❞✐

❝♦♥❞✉11❡ ❣❧✐ ✐♦♥✐ ♣1♦❞♦--✐ ❞❛ ✉♥❛ 1❡❛③✐♦♥❡ ✭?✉❡❧❧❛ ❝❤❡ ❛✈✈✐❡♥❡ ❛❧❧✬❛♥♦❞♦✭✰✮✮

❡ ❝♦♥,✉♠❛-✐ ❞❛❧❧✬❛❧-1❛ ✭?✉❡❧❧❛ ❝❤❡ ❛✈✈✐❡♥❡ ❛❧ ❝❛-♦❞♦ ✭✲✮✮✱ ❝❤✐✉❞❡♥❞♦ ✐❧ ❝✐1❝✉✐-♦

❡❧❡--1✐❝♦ ❛❧❧✬✐♥-❡1♥♦ ❞❡❧❧❛ ❝❡❧❧❛ ❬✸✶❪✳ ❊,✐,-♦♥♦ ❞✐✈❡1,✐ -✐♣✐ ❞✐ ❝❡❧❧❡ ❛ ❝♦♠❜✉,-✐✲

❜✐❧❡✱ ❝❤❡ ❞✐✛❡1✐,❝♦♥♦ ♣1✐♥❝✐♣❛❧♠❡♥-❡ ♣❡1 ✐❧ -✐♣♦ ❞✐ ❝❛-❛❧✐③③❛-♦1❡✱ ♣❡1 ✐❧ -✐♣♦

❡❧❡--1♦❧✐-✐ ❡ ✐♥ ❢✉♥③✐♦♥❡ ❞❡❧❧❡ -❡♠♣❡1❛-✉1❡ ❞✐ ❢✉♥③✐♦♥❛♠❡♥-♦✳ ❆--✉❛❧♠❡♥-❡

❣❧✐ ,-✉❞✐ ♣✐I ❞✐✛✉,✐ ✐♥ ❝❛♠♣♦ ❛❡1♦♥❛✉-✐❝♦ ,♦♥♦ 1❡❧❛-✐✈✐ ❛ ❝❡❧❧❡ ❞✐ -✐♣♦ J❊▼

✭J1♦-♦♥ ❊①❝❤❛♥❣❡ ▼❡♠❜1❛♥❡✮ ♥♦-❡ ❛♥❝❤❡ ❝♦♠❡ J❊▼❋❈ ✭J1♦-♦♥ ❊①❝❤❛♥❣❡

▼❡♠❜1❛♥❡ ❋✉❡❧ ❈❡❧❧✮ ♦ ❙❖❋❈ ✭❙♦❧✐❞ ❖①✐❞ ❋✉❡❧ ❈❡❧❧✮✳

❊♠✐##✐♦♥✐ ▲❡ ❡♠✐,,✐♦♥✐ ❞❡❧❧❡ ❝❡❧❧❡ ❛ ❝♦♠❜✉,-✐❜✐❧❡ ❞✐♣❡♥❞♦♥♦ ❞❛❧ -✐♣♦ ❞✐ ❝♦♠✲

❜✉,-✐❜✐❧❡ ✉-✐❧✐③③❛-♦✱ ,❡ ,✐ ✉,❛ ♠❡-❛♥♦ ♦ ♠❡-❛♥♦❧♦ ❛❞ ❡,❡♠♣✐♦ ❧❡ ❡♠✐,,✐♦♥✐

,♦♥♦ ❜❛,,❡ ♠❛ ✉♥❛ ♣✐❝❝♦❧❛ ♣❡1❝❡♥-✉❛❧❡ ❞✐ CO2 ❡ ❞✐ HC ✈✐❡♥❡ ❝♦♠✉♥?✉❡

❡♠❡,,❛✱ ❛❧ ❝♦♥-1❛1✐♦✱ ❝♦♥ ❧✬✐❞1♦❣❡♥♦✱ ,♦♥♦ ♣1❛-✐❝❛♠❡♥-❡ ③❡1♦✳ ❙✐ ♣❡1❝❡♣✐✲

,❝❡ ❝❤❡ ✐❧ ✈❛♥-❛❣❣✐♦ ❞✐ ✉-✐❧✐③③❛1❡ ✉♥ ,✐,-❡♠❛ ❞✐ ?✉❡,-♦ -✐♣♦✱ ❝♦♥,✐❞❡1❛♥❞♦

✐ -❡♠♣✐ ❞✐ ❛❝❝❡♥,✐♦♥❡ ❞❡❧❧✬❆J❯✱ 1✐❞✉❝❡ ❞1❛,-✐❝❛♠❡♥-❡ ❧✬✐♥?✉✐♥❛♠❡♥-♦✳

❊✣❝✐❡♥③❛ ❱❛❧♦1✐ -✐♣✐❝✐ ❞✐ 1❡♥❞✐♠❡♥-♦ ❞✐ ✉♥❛ ♣✐❧❛ ❛❞ ✐❞1♦❣❡♥♦ ,♦♥♦ -1❛ ✐❧ ✹✵

❡ ✐❧ 60%✱ ❛ ,❡❝♦♥❞❛ ❞❡❧ -✐♣♦ ❞✐ ❝❡❧❧❛ ❬✸✸❪✳

❘✉♠♦-♦#✐./ ▲❛ 1✉♠♦1♦,✐-T ❞✐ ✉♥❛ ❝❡❧❧❛ ❛ ❝♦♠❜✉,-✐❜✐❧❡ / ?✉❛,✐ ♥✉❧❧❛✱ ❞✐♣❡♥✲

❞❡ ,♦❧❛♠❡♥-❡ ❞❛❧❧❡ ♣❛1-✐ ♠❡❝❝❛♥✐❝❤❡ ✐♥ ♠♦✈✐♠❡♥-♦ ❬✸✸❪✳

❙✐❝✉-❡③③❛ ▲✬✐❞1♦❣❡♥♦✱ ❛❧ ❝♦♥-1❛1✐♦ ❞❡✐ ❝♦♠❜✉,-✐❜✐❧✐ ❢♦,,✐❧✐✱ ♥♦♥ / -♦,,✐❝♦✱ ♥U

❝♦11♦,✐✈♦ ❡❞ ❡✈❡♥-✉❛❧✐ ♣❡1❞✐-❡ ❞❛✐ ,❡1❜❛-♦✐ ♥♦♥ ❝❛✉,❛♥♦ ♣1♦❜❧❡♠✐ ❞✐ ✐♥✲

?✉✐♥❛♠❡♥-♦ ❞❡❧ -❡11❡♥♦✳ ◗✉❡,-♦ ❣❛, / ♠❡♥♦ ✐♥✜❛♠♠❛❜✐❧❡ ❞❡❧❧❛ ❜❡♥③✐♥❛

✭❤❛ ✉♥❛ -❡♠♣❡1❛-✉1❛ ❞✐ ❛✉-♦❛❝❝❡♥,✐♦♥❡ ♠❛❣❣✐♦1❡✮✳ ▲✬✐❞1♦❣❡♥♦ / ✐❧ ♣✐I

❧❡❣❣❡1♦ ❞❡❣❧✐ ❡❧❡♠❡♥-✐ ❡ ♣❡1❝✐X ,✐ ❞✐❧✉✐,❝❡ ❡ ,✐ ❞✐,♣❡1❞❡ ♠♦❧-♦ 1❛♣✐❞❛♠❡♥✲

-❡ ✐♥ ,♣❛③✐ ❛♣❡1-✐✳ ➱ ♣1❛-✐❝❛♠❡♥-❡ ✐♠♣♦,,✐❜✐❧❡ ❢❛1❧♦ ❞❡-♦♥❛1❡✳ ■♥♦❧-1❡✱

?✉❛♥❞♦ ❜1✉❝✐❛✱ ❧✬✐❞1♦❣❡♥♦ ,✐ ❝♦♥,✉♠❛ ♠♦❧-♦ 1❛♣✐❞❛♠❡♥-❡✱ ,❡♠♣1❡ ❝♦♥

✜❛♠♠❡ ❞✐1❡--❡ ✈❡1,♦ ❧✬❛❧-♦✱ ✐♥♦❧-1❡✱ ✈✐ ,♦♥♦ ♣♦❝❤❡ ♣♦,,✐❜✐❧✐-T ❝❤❡ ♠❛-❡✲

1✐❛❧✐ ✈✐❝✐♥✐ ♣♦,,❛♥♦ ❡,,❡1❡ ❛ ❧♦1♦ ✈♦❧-❛ ✐♥❝❡♥❞✐❛-✐✱ 1✐❞✉❝❡♥❞♦ ❝♦,[✱ ♦❧-1❡

❛❧❧❛ ❞✉1❛-❛ ❞❡❧❧✬✐♥❝❡♥❞✐♦✱ ❛♥❝❤❡ ✐❧ ♣❡1✐❝♦❧♦ ❞✐ ❡♠✐,,✐♦♥✐ -♦,,✐❝❤❡ ❬✸✶❪✳

✺✳✷✳✷ ❆✲❈❉▼

▲✬❆✐1♣♦1- ❈♦❧❧❛❜♦1❛-✐✈❡ ❉❡❝✐,✐♦♥ ▼❛❦✐♥❣ / ✉♥ ,✐,-❡♠❛ ❞✐ ❝♦♥❞✐✈✐,✐♦♥❡ ❞❛✲

-✐ ❝❤❡ ♣❡1♠❡--❡ ❛ -✉--❡ ❧❡ ✜❣✉1❡ ❞❡❧ ♣1♦❝❡,,♦ ✭♦♣❡1❛-♦1✐ ❛❡1♦♣♦1-✉❛❧✐✱ ❣1♦✉♥❞



❈❆"■❚❖▲❖ ✺✳ ❱❆▲❯❚❆❩■❖◆❊ ❉❊▲ ❙■❙❚❊▼❆ ✼✺

❤❛♥❞❧❡(✱ ❆❚❈ ❡❝❝✮ ❞✐ ❧❛✈♦(❛(❡ ✐♥2✐❡♠❡ ✐♥ ♠❛♥✐❡(❛ ❡✣❝✐❡♥5❡ ❡ 5(❛2♣❛(❡♥5❡

❝♦♥❞✐✈✐❞❡♥❞♦♥❡ ❧❡ ✐♥❢♦(♠❛③✐♦♥✐✳ ■❧ ♣(♦❣❡55♦ ❈❉▼ ♣✉♥5❛ ❛ ✐♥❝(❡♠❡♥5❛(❡ ❧✬❡❢✲

✜❝✐❡♥③❛ ❣❡♥❡(❛❧❡ ❞❡❧❧❡ ♦♣❡(❛③✐♦♥✐ ❞✐ ❛❡(♦♣♦(5♦✱ ✐♥ ♠♦❞♦ ♣❛(5✐❝♦❧❛(❡ ❞❡❧❧❡ ♦♣❡✲

(❛③✐♦♥✐ ❞✐ 5✉(♥✲❛(♦✉♥❞ ❡ ❞❡❧ ♣(♦❝❡22♦ ❞✐ ♣(❡✴2❡C✉❡♥③❛ ❞✐ ♣❛(5❡♥③❛✳ ■❧ 5❛(❣❡5

❢♦♥❞❛♠❡♥5❛❧❡ ❞❡❧ ❈❉▼ D ✐❧ ❚❚❖❚

✶

❝❤❡ ♣✉F ❡22❡(❡ ✉2❛5♦ ♣❡( ♠✐❣❧✐♦(❛(❡ ❧❡
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❼ ❊,/✐♠❛/❡❞ ■♥✲❇❧♦❝❦ ❚✐♠❡ ✭❊■❇❚✮

❼ ❊,/✐♠❛/❡❞ ❚❛%❣❡/ ❚❛❦❡ ❖✛ ❚✐♠❡ ✭❊❚❖❚ ❡ ❚❚❖❚✮

❼ ❈❛❧❝✉❧❛/❡❞ ❚❛❦❡ ❖✛ ❚✐♠❡ ✭❈❚❖❚✮✳

●❧✐ ❛❡%♦♣♦%/✐ ❝♦♥ ✉♥ ❧❛②♦✉/ ❝♦♠♣❧❡,,♦ ♣♦,,♦♥♦ ♣%♦✈♦❝❛%❡ ✉♥❛ ❣%❛♥❞❡ ❞✐❢✲

❢❡%❡♥③❛ ♥❡✐ /❡♠♣✐ ❞❡❧ /❛①✐✳ ■♥✈❡❝❡ ❞✐ ✉/✐❧✐③③❛%❡ ✉♥ ✈❛❧♦%❡ ,/❛♥❞❛%❞ ♣%❡❞❡✜♥✐/♦✱

✉♥ ❝❛❧❝♦❧♦ ❞❡❧❧❡ ✈❛%✐❡ ♣❡%♠✉/❛③✐♦♥✐ ,✉❧❧❛ ❜❛,❡ ❞✐ ✉♥♦ ,/♦%✐❝♦ ❞❡✐ ❞❛/✐✱ ❡,♣❡%✐❡♥✲

③❛ ♦♣❡%❛/✐✈❛ ❡✴♦ ✉♥ ❞✐ ,✐,/❡♠❛ ✐♥/❡❣%❛/♦ ❢♦%♥✐%❛♥♥♦ ✉♥ ✐♥,✐❡♠❡ ♣✐U %❡❛❧✐,/✐❝♦

❞❡✐ ✈❛❧♦%✐ ❞✐ /❛①✐ ✐♥❞✐✈✐❞✉❛❧❡✳

M❡% ❣❧✐ ❛%%✐✈✐ ✉♥ ❊,/✐♠❛/❡❞ ❚❛①✐✲■♥ ❚✐♠❡ ✭❊❳■❚✮✱ ❛❣❣✐✉♥/♦ ❛❧ ❊,/✐♠❛/❡❞

▲❛♥❞✐♥❣ ❚✐♠❡ ✭❊▲❉❚✮✱ ❢♦%♥✐%W ✉♥ ❊■❇❚ ❛❝❝✉%❛/♦ ❝❤❡ ,❛%W ✉/✐❧❡ ♣❡% ✉♥❛
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♣#❡❝✐'❛ ♣✐❛♥✐✜❝❛③✐♦♥❡ ❞❡❧❧♦ '/❛♥❞ ❡ ❞❡❧ ❣❛/❡✱ ♣❡# ❧❛ '❡2✉❡♥③❛ ❞✐ ♣#❡✲♣❛#/❡♥③❛

❡ ♣❡# ❧❡ #✐'♦#'❡ ❞❡❧❧❡ ♦♣❡#❛③✐♦♥✐ ❞✐ ❤❛♥❞❧✐♥❣✳

7❡# ❧❡ ♣❛#/❡♥③❡✱ ✉♥ ❊'/✐♠❛/❡❞ ❚❛①✐✲❖✉/ ❚❡♠♣♦ ✭❊❳❖❚✮✱ ❛❣❣✐✉♥/♦ ❛❧❧❛

❊'/✐♠❛/❡❞ ❖✛✲❇❧♦❝❦' ❚✐♠❡ ✭❊❖❇❚✮ ♦ ❛❧ ❚❛#❣❡/ ❙/❛#/ ✉♣ ❆♣♣#♦✈❛❧ ❚✐♠❡

✭❚❙❆❚✮ ❢♦#♥✐#G ✉♥ ❊❚❖❚ ♦ ❚❚❖❚ ❝❤❡ ♣✉H ❡''❡#❡ ✉'❛/♦ ❞❛❧ ❈❋▼❯ ♣❡# ❢♦#✲

♥✐#❡ ✉♥ #❡❛❧✐'/✐❝♦ ❈❚❖❚✱ ♣❡# ❛❣❣✐♦#♥❛#❡ ✐❧ ♣#♦✜❧♦ ❞✐ ✈♦❧♦ ❛❧❧✬✐♥/❡#♥♦ ❊❚❋▼❙

❡ 2✉✐♥❞✐ ♦//✐♠✐③③❛#❡ ✐❧ ✢✉''♦ ❡ ❧❛ ❣❡'/✐♦♥❡ ❞❡❧❧❛ ❝❛♣❛❝✐/G ❞❡❧ /#❛✣❝♦ ❛❡#❡♦

❡✉#♦♣❡♦✳

▲❛ ❝♦♥♦'❝❡♥③❛ ❞❡✐ /❡♠♣✐ ❞✐ /❛①✐ #❡❛❧✐'/✐❝✐ ✐♥ ❝♦♥❞✐③✐♦♥✐ ♠✉/❡✈♦❧✐✿

❼ ❝♦♥'❡♥/❡ ❛❧❧✬❆❚❈ ❞✐ ♦//✐♠✐③③❛#❡ ✐ ♣✉'❤✲❜❛❝❦✱ ✐ #✉❧❧❛❣❣✐ ❡ ❧❛ '❡2✉❡♥③❛ ❞✐

❞❡❝♦❧❧♦✱ #✐❞✉❝❡♥❞♦ ✐ #✐/❛#❞✐ ❡ ❧❛ ❝♦♥❣❡'/✐♦♥❡ ❞❡❧❧❡ ✈✐❡ ❞✐ #✉❧❧❛❣❣✐♦

❼ ♠✐❣❧✐♦#❛ ✐❧ ❈❚❖❚✳

■ ♣❛#❛♠❡/#✐ ❝❤❡ ♠❛❣❣✐♦#♠❡♥/❡ ✐♥✢✉❡♥③❛♥♦ ✐❧ ❚❛①✐ ❚✐♠❡ '♦♥♦✿

❼ ❧❛②♦✉/ ❛❡#♦♣♦#/✉❛❧❡ ❡ ✐♥❢#❛'/#✉//✉#❡

❼ ♣✐'/❛ ✐♥ ✉'♦ ❡ #❡❧❛/✐✈❛ ❞✐'/❛♥③❛ ❞❡✐ ♣✉♥/✐ ❛//❡'❛

❼ ♥✉♠❡#♦ ❞✐ ❛//#❛✈❡#'❛♠❡♥/✐ ❞✐ ♣✐'/❛ #✐❝❤✐❡'/✐

❼ ♣♦'✐③✐♦♥❡ ❞❡❣❧✐ '/❛♥❞

❼ ❝♦♥❞✐③✐♦♥✐ ♠❡/❡♦#♦❧♦❣✐❝❤❡

❼ ♣❡'♦ ❞❡❧❧✬❛❡#♦♠♦❜✐❧❡

❼ ❞❡✲✐❝✐♥❣

❼ ❞❡♥'✐/G ❞✐ /#❛✣❝♦

❼ ♣#♦❝❡❞✉#❡ ❧♦❝❛❧✐

◆❡❧❧❛ ♠❛❣❣✐♦# ♣❛#/❡ ❞❡❣❧✐ ❛❡#♦♣♦#/✐ ❞✐ ♣✐❝❝♦❧❡ ❞✐♠❡♥'✐♦♥✐ ♥♦♥ ❝✬V ❧❛ ♥❡❝❡'✲

'✐/G ❞✐ ❛✈❡#❡ ✉♥ ✈❛❧♦#❡ ❞❡❧ /❡♠♣♦ ❞✐ #✉❧❧❛❣❣✐♦ ✈❛#✐❛❜✐❧❡✱ ✐♥ 2✉❛♥/♦ ✐❧ ❧❛②♦✉/ ❞❡✐

/❡#♠✐♥❛❧ ❡ ❞❡❧❧❡ ♣✐'/❡ V ❛❞❡❣✉❛/❛♠❡♥/❡ #❛♣♣#❡'❡♥/❛/♦ ❞❛❧ ✈❛❧♦#❡ ❞✐ ❞❡❢❛✉❧/✳

◆❡❣❧✐ ❛❡#♦♣♦#/✐ ♠❡❞✐♦ ❣#❛♥❞✐✱ ♣❡# ✈✐❛ ❞❡❧❧❛ ❧♦#♦ ❝♦♠♣❧❡''✐/G 2✉❡'/♦ ♥♦♥ V ♣✐W

✈❡#♦✳ ■❧ ✈❛❧♦#❡ ❞✐ ❞❡❢❛✉❧/ V ✉♥ ✈❛❧♦#❡ ❝❤❡ ❞✐♣❡♥❞❡ '♦❧♦ ❞❛❧❧❛ ♣✐'/❛ ✐♥ ✉'♦ ✐♥

2✉❡❧ ♠♦♠❡♥/♦ ✭❛ ▲✐♥❛/❡ ✈❛#✐❛ ❞✉#❛♥/❡ ❧❛ ❣✐♦#♥❛/❛ ✐♥ ❜❛'❡ ❛❧ ♣❡#✐♦❞♦✱ ❡'/✐✈♦ ♦

✐♥✈❡#♥❛❧❡✮✱ 2✉❡'/♦ ✈❛❧♦#❡ ✈✐❡♥❡ ♣♦✐ ❛♣♣❧✐❝❛/♦ ❛ /✉//✐ ❣❧✐ ❛❡#♦♠♦❜✐❧✐ ✐♥ ♠❛♥✐❡#❛

✐♥❞✐✛❡#❡♥③✐❛/❛✱ ✐♥ 2✉❛❧'✐❛'✐ ❝♦♥❞✐③✐♦♥❡ ♠❡/❡♦ ❡ ♣❡# ♦❣♥✐ '/❛♥❞✳ ■♥ ♦❣♥✐ ❝❛✲

'♦✱ ❛ '❡❝♦♥❞❛ ❞❡❧❧❡ ❝♦♥❞✐③✐♦♥✐ ♦♣❡#❛/✐✈❡✱ ✐❧ ✈❛❧♦#❡ ❞❡❧ /❡♠♣♦ ❞✐ #✉❧❧❛❣❣✐♦ ♣✉H

❡''❡#❡ ❛✉♠❡♥/❛/♦ ♠❛ #✐♠❛♥❡ ❧♦ '/❡''♦ ♣❡# /✉//✐ ❣❧✐ ❛❡#♦♠♦❜✐❧✐✳ ❖✈✈✐❛♠❡♥/❡
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✐♥$%♦❞✉❝❡ ❞❡❧❧❡ ✐♥❡,❛$$❡③③❡ ♥❡❧ ❈❚❖❚ ❡✴♦ ❞✐✣❝♦❧$4 ♥❡❧ %✐,♣❡$$❛%❧♦✳ ■❧ ♠❡$♦❞♦

♣✐9 ❝♦♥,♦♥♦ ,❛%❡❜❜❡ ;✉❡❧❧♦ ❞✐ ❜❛,❛%,✐ ,✉❧❧❛ ,$✐♠❛ ❞✐ ♦♣❡%❛$♦%✐ ✐♥$❡%♥✐ ❛❧ ❝✐❝❧♦

❞❡❧❧✬❛❡%♦♠♦❜✐❧❡ ❡ ,♦♣%❛$$✉$$♦ ❛❞ ✉♥✬❛♥❛❧✐,✐ ,$❛$✐,$✐❝❛ ,✉❧❧♦ ,$♦%✐❝♦ ❞❡✐ ❞❛$✐✱ ✐♥

♠♦❞♦ $❛❧❡ ❞❛ ♣♦$❡%❡ ❛❞❛$$❛%❡ $❛❧❡ ✈❛❧♦%❡ ❛❧❧❡ $❡♠♣✐,$✐❝❤❡ ❞✐ ;✉❡❧ ♣❛%$✐❝♦❧❛%❡

❛❡%♦♠♦❜✐❧❡ ❞✐ ✉♥❛ ❞❡$❡%♠✐♥❛$❛ ❝♦♠♣❛❣♥✐❛ ✭❝❤❡ ❤❛ ❞❡❧❧❡ ,✉❡ $❡♠♣✐,$✐❝❤❡ ❡

♣%♦❝❡❞✉%❡✮ ♣❛%❝❤❡❣❣✐❛$♦ ✐♥ ✉♥ ❞❡$❡%♠✐♥❛$♦ ,$❛♥❞ ❝♦♥ ,♣❡❝✐✜❝❤❡ ❝♦♥❞✐③✐♦♥✐

♠❡$❡♦ ❡ ❞✐ $%❛✣❝♦✳

■♥ ✉♥ ❝♦♥$❡,$♦ ❝♦,D ❛❧$❛♠❡♥$❡ ,♦✜,$✐❝❛$♦✱ ❧✬✉,♦ ❞✐ ✉♥ ,✐,$❡♠❛ ♣❛%$✐❝♦❧❛%❡ ❞✐

%✉❧❧❛❣❣✐♦✱ ❞✐✈❡%,♦ ❞❛ ❝♦♠♣❛❣♥✐❛ ❛ ❝♦♠♣❛❣♥✐❛✱ ♣♦$%❡❜❜❡ ❡,,❡%❡ ❛❞❡❣✉❛$❛♠❡♥$❡

✐♥$%♦❞♦$$♦ ❡ ♣♦$%❡❜❜❡ ❡,,❡%❡ ❢❛$$♦ ❝♦♥✈✐✈❡%❡ ❝♦♥ $✉$$❡ ❧❡ $✐♣♦❧♦❣✐❡ ❞✐ ❛❡%♦♠♦✲

❜✐❧❡✱ ❧✐♠✐$❛♥❞♦ ❧✬✐♠♣❛$$♦ ♦♣❡%❛$✐✈♦ ❡ ♠✐♥✐♠✐③③❛♥❞♦ ♦❣♥✐ ❛❧$%♦ ✐♥✉$✐❧❡ ❝♦♥,✉♠♦

❞✐ ❝♦♠❜✉,$✐❜✐❧❡✳

✺✳✷✳✹ ❆❡&♦♣♦&)♦

❆$$✉❛❧♠❡♥$❡ ,❡♥③❛ ,✐,$❡♠✐ ❞✐ ❡❚❛①✐ ✉♥ ❛❡%♦♠♦❜✐❧❡ ✐♥ ❛%%✐✈♦ ,✐ ♣♦,✐③✐♦♥❛

♥♦,❡✲✐♥ ❛✉$♦♥♦♠❛♠❡♥$❡ ❛❧ ,✉♦ ,$❛♥❞✳ ■ ♣❛,,❡❣❣❡%✐ ✉$✐❧✐③③❛♥♦ ❧❡ ❞✉❡ ♣♦%$❡

✭❛♥$❡%✐♦%❡ ❡ ♣♦,$❡%✐♦%❡✮ ♣❡% ❡✈❛❝✉❛%❡ ✐❧ ✈❡❧✐✈♦❧♦✱ ;✉❛♥❞♦ I ♣♦,✐③✐♦♥❛$♦ ✐♥ ✉♥♦

,$❛♥❞ ♣%✐✈♦ ❞✐ ✜♥❣❡% ❡ ,✐ ❞✐%✐❣♦♥♦ ❞✐%❡$$❛♠❡♥$❡ ❛✐ ♣✉❧❧♠❛♥✳ ◆❡❧ ❝❛,♦ ❞✐ ,$❛♥❞

❝♦♥ ❜%✐❞❣❡✱ ✐ ♣❛,,❡❣❣❡%✐ ,❜❛%❝❛♥♦ ,♦❧♦ ❞❛❧❧❛ ♣♦%$❛ ❛♥$❡%✐♦%❡ ❛✉♠❡♥$❛♥❞♦ ✐

$❡♠♣✐✳ ■♥ ♣❛%$❡♥③❛ ✐ ♣✐❧♦$✐ ❞❡✈♦♥♦ ❛,♣❡$$❛%❡ ❝❤❡ ✐❧ $%❛$$♦%❡ ✈❡♥❣❛ ❝♦❧❧❡❣❛$♦ ❡

,❝♦❧❧❡❣❛$♦ ❞❛❧ ✈❡❧✐✈♦❧♦✳ ■♥♦❧$%❡ ❞❛$❛ ❧✬❛❧$❛ ❝♦♥❝❡♥$%❛③✐♦♥❡ ❞✐ ✉♦♠✐♥✐ ❡ ♠❡③③✐

✐♥ %❛♠♣❛ ✐❧ ❥❡$ ❜❧❛,$ ❞✉%❛♥$❡ ❧✬❛❝❝❡♥,✐♦♥❡ ❡ ♥❡❧ %✉❧❧❛❣❣✐♦ ♣✉L ❝♦♠♣♦%$❛%❡

❞❡✐ ♣%♦❜❧❡♠✐ ❞✐ ,❛❢❡$②✳ ▲❛ ❧✉♥❣❛ ❞✉%❛$❛ ❞❡❧ $❛①✐ ♣✉L ♣♦%$❛%❡ ❛❧❧✬✐♥❣❡,$✐♦♥❡ ❞✐

❞❡$%✐$✐ ❞❛ ♣❛%$❡ ❞❡✐ ♠♦$♦%✐ ❝❤❡ ❝♦♠♣%♦♠❡$$❡%❡❜❜❡ ✐❧ ✈♦❧♦ ❡ ❧✬❛✉♠❡♥$♦ ❞❡✐ ❝♦,$✐

♣❡% ❧❡ ❝♦♠♣❛❣♥✐❡✳ ❈♦♥ ,✐,$❡♠✐ ❞✐ ❡❚❛①✐ ♠♦❧$❡ ♣%♦❝❡❞✉%❡✱ ❝♦♠❡ ,✐ I ✈✐,$♦ ❡ ,✐

♣✉L ✐♠♠❛❣✐♥❛%❡✱ ♣♦$%❡❜❜❡%♦ ❝❛♠❜✐❛%❡✳ ❆❧❝✉♥❡ ,❝❡❧$❡ ,$%✉$$✉%❛❧✐ ♣♦$%❡❜❜❡%♦

♠♦❞✐✜❝❛%❡ ❛♥❝❤❡ ❧❛ ❣❡,$✐♦♥❡ ❞❡❣❧✐ ,♣❛③✐ ,✉✐ ♣✐❛③③❛❧✐ ❝♦♥ ❧✬✐♥$%♦❞✉③✐♦♥❡ ❞✐

♣✉,❤✲❜❛❝❦ ✐♥ ❛✉$♦♥♦♠✐❛ ❡ ❞✐ ♣%♦❝❡❞✉%❡ ❝♦♠❡ ✐❧ ❚✇✐,$✭✺✳✷✮ ♦ ✐❧ ❚✇✐%❧ ✭✺✳✸✮

❬✷✸❪✳

❋✐❣✉%❛ ✺✳✷✿ ❚✇✐,$
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■❧ ❚✇✐'( ♥♦♥ + ❛❧(-♦ ❝❤❡ ❧✬✐♥❣-❡''♦ ♥❡❧❧♦ '(❛♥❞ ❝♦♥ ✐❧ ✈❡❧✐✈♦❧♦ ❜❧♦❝❝❛(♦✱ ♥♦♥

♣✐8 ❝♦♥ ❧❛ ♣-✉❛ ✈❡-'♦ ✐❧ (❡-♠✐♥❛❧✱ ♠❛ ♣♦-❣❡♥❞♦ ✐❧ ❧❛(♦✱ ❡'❛((❛♠❡♥(❡ ❝♦♥ ❢❛-❡❜✲

❜❡ ✉♥✬❛✉(♦♠♦❜✐❧❡ ♣❡- ❛❝❝♦'(❛-❡ ❛ ❧❛(♦ ❞❡❧❧❛ '(-❛❞❛✳ ◗✉❡'(❛ ♠❛♥♦✈-❛ ❞✐ ♣❡- '?

❜❛♥❛❧❡✱ ♥♦♥ + ♣❡-♠❡''❛ ❛❧ ♠♦♠❡♥(♦ ❛❣❧✐ ❛❡-♦♠♦❜✐❧✐ ❝♦♥ -✉❧❧❛❣❣✐♦ ❝♦♥✈❡♥③✐♦✲

♥❛❧❡✱ ✐♥ A✉❛♥(♦ ✐❧ ✢✉''♦ ❞❡✐ ♠♦(♦-✐ ♣♦(-❡❜❜❡ ❝-❡❛-❡ ❞❛♥♥✐ ❛❧❧❡ ✐♥❢-❛'(-✉((✉-❡

❡ ❛❣❧✐ ❛❞❞❡((✐ ❝❤❡ ❧❛✈♦-❛♥♦ ✐♥ -❛♠♣❛✳ ◗✉❡'(♦ ♥✉♦✈♦ ❛♣♣-♦❝❝✐♦ ❛❧ ♣❛-❝❤❡❣❣✐♦

❝♦♥'❡♥(✐-❡❜❜❡ ✐♥♦❧(-❡ ❞✐ ♣♦(❡- '❢-✉((❛-❡ ❡♥(-❛♠❜❡ ❧❡ ✈✐❡ ❞✐ ✉'❝✐(❛ ✭♦ ❞✐ ❝❛-✐❝♦✮

♣♦'(❡ '✉❧ ❧❛(♦ '✐♥✐'(-♦ ❞❡❧ ✈❡❧✐✈♦❧♦ ❝♦♥ ✐ ✜♥❣❡- ❛❡-♦♣♦-(✉❛❧✐ ❛❝❝❡❧❡-❛♥❞♦ ❧❡

♦♣❡-❛③✐♦♥✐ ❡ ✐❧ ❝♦♠❢♦-( ❞❡✐ ♣❛''❡❣❣❡-✐✳

❋✐❣✉-❛ ✺✳✸✿ ❚✇✐-❧

■❧ ❚✇✐-❧ ✐♥✈❡❝❡ ♥♦♥ + ❛❧(-♦ ❝❤❡ ✉♥ ♣✉'❤✲❜❛❝❦ ❶❝♦-(♦❷❡✛❡((✉❛(♦ ✐♥ ❛✉(♦✲

♥♦♠✐❛✳ ▲❛ ♠❛♥♦✈-❛ ❞✐ '♣✐♥(❛ ❞❡❧ ✈❡❧✐✈♦❧♦ ❛❧ ♠♦♠❡♥(♦ ✈✐❡♥❡ ❡✛❡((✉❛(❛ ❞❛

✉♥ (-❛((♦-❡ ❝❤❡ '♣✐♥❣❡ ✐❧ ✈❡❧✐✈♦❧♦ ✐♥ ✉♥ ❞❡(❡-♠✐♥❛(♦ ♣✉♥(♦ ✭♣✉♥(♦ ❞✐ -✐❧❛✲

'❝✐♦✮ '✐(✉❛(♦ '✉❧❧❛ (❛①✐✇❛② ❛❞✐❛❝❡♥(❡✳ ❚❛❧❡ ♣✉♥(♦ + '(✉❞✐❛(♦ ❡❞ ❛♣♣-♦✈❛(♦ ❞❛

❊◆❆❈ ✐♥ ♠♦❞♦ (❛❧❡ ❝❤❡ ♥♦♥ ❝✐ '✐❛♥♦ ✐♥(❡-❢❡-❡♥③❡ ❝♦♥ ✐ ♠❡③③✐ ❡ ✐♥❢-❛'(-✉((✉-❡

❛❡-♦♣♦-(✉❛❧✐ ❞✉-❛♥(❡ ❧✬❛❝❝❡♥'✐♦♥❡ ❞❡✐ ♠♦(♦-✐✳ ❯♥❛ ♠❛♥♦✈-❛ ❝♦♠❡ ✐❧ ❚✇✐-❧

♣♦-(❡-❡❜❜❡ ❧✬❛✴♠✱ ✐♥ ❛✉(♦♥♦♠✐❛✱ ✐♥❞✐❡(-♦ A✉❡❧ (❛♥(♦ ❝❤❡ ❜❛'(❛ ♣❡- ♣♦(❡- -✐✲

♣❛-(✐-❡ ✐♥ ❛✈❛♥(✐✱ '❡♥③❛ ❞♦✈❡- '♣❡''♦ ♣❡-❝♦--❡-❡ ❞✐✈❡-'❡ ❝❡♥(✐♥❛✐❛ ❞✐ ♠❡(-✐ ♣❡-

-❛❣❣✐✉♥❣❡-❡ ✐❧ ♣✉♥(♦ ❞✐ -✐❧❛'❝✐♦✳

❖❣❣✐❣✐♦-♥♦ ❚✇✐#$ ❚✇✐%❧

❘✉♠♦%❡ ♠♦$♦%❡ ❆❧$♦ ❆-❯ ❆-❯

■♥❣❡#$✐♦♥❡ ♠♦$♦%❡ ❆❧$♦ ◆♦ ◆♦

❏❡$ ❇❧❛#$ ❆❧$♦ ◆♦ ◆♦

❚%❛$$♦%❡ ♣✉#❤✲❜❛❝❦ ❘✐❝❤✐❡#$♦ ◆♦ ◆♦

❘✐$❛%❞♦ ♣❡% #$❛✛ ❱❛%✐ ◆♦ ▼✐♥✐♠♦

▼❡③③✐ %❛♠♣❛ ❚❛♥$✐ ▼✐♥✐♠♦ ■♥❢❡%✐♦%❡

❆♥❣♦❧♦ ❞✐ ♣❛%❝❤❡❣❣✐♦ ◆♦#❡✲✐♥ -❛%❛❧❧❡❧♦ ◆♦#❡✲✐♥

❋✐♥❣❡% ✶ ✷ ✶

▼♦✈✳ ✷ ♣♦%$❡ ◆♦ ❋✐♥❣❡% ◆♦

❚❡♠♣♦ %✐#♣✳ ◆♦ ✶✺✲✷✵ ♠✐♥

✶

✸✲✺ ♠✐♥

❘✐#♣❛%♠✐♦ ◆♦ 1000− 1300$ 200− 300$
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◗✉❡%&✐ %✐%&❡♠✐ ✐♥♦❧&,❡ ❣❛,❛♥&✐%❝♦♥♦ ✉♥ ❛♠❜✐❡♥&❡ ❞✐ ❧❛✈♦,♦ ♣✐4 %❛♥♦ ♣❡, ✐❧

♣❡,%♦♥❛❧❡ ❞✐ ,❛♠♣❛ ❡ ❝♦♥ ♠❡♥♦ ,✐%❝❤✐ %✉❧ ♣✐❛③③❛❧❡✳ ■❧ ,✉♠♦,❡ %✉❧ ♣✐❛③③❛❧❡ 9

%✐❝✉,❛♠❡♥&❡ ♠✐♥♦,❡ ♠❛ :✉❡❧❧♦ ❝❤❡ ✐♥❝✐❞❡ ♠❛❣❣✐♦,♠❡♥&❡ ❝♦♠❡ ✐♥:✉✐♥❛♠❡♥&♦

%♦♥♦,♦ ❝♦♠♣❧❡%%✐✈♦ 9 ❧❛ ,✉♠♦,♦%✐&; ❛❧ ❞❡❝♦❧❧♦ ❞❡✐ ✈❡❧✐✈♦❧✐✱ ❢❛&&♦,❡ ❞✐✣❝✐❧♠❡♥&❡

,✐❞✐♠❡♥%✐♦♥❛❜✐❧❡ ❝♦♥ ✉♥ %✐%&❡♠❛ ❡❚❛①✐ ❬✸✹❪✳



❈❛♣✐$♦❧♦ ✻

❈♦♥❝❧✉+✐♦♥✐

❚✉""✐ ✐ $✐$"❡♠✐ ❞✐ (✉❧❧❛❣❣✐♦ ❡❧❡""(✐❝♦✱ ❝❤❡ $❡♠❜(❛♥♦ ♣♦$$❛♥♦ ❡$$❡(❡ ♣(♦♥"✐

♥❡❧ ♣(♦$$✐♠♦ ❢✉"✉(♦✱ ❤❛♥♥♦ ✐♥❞✉❜❜✐❛♠❡♥"❡ ❞❡✐ ✈❛♥"❛❣❣✐ ❡ ❞❡❣❧✐ $✈❛♥"❛❣❣✐✳ ▲❡

❛③✐❡♥❞❡ ❛$$✐❝✉(❛♥♦ ❞❡✐ ♥♦"❡✈♦❧✐ (✐$♣❛(♠✐ $♦""♦ ♦❣♥✐ ♣✉♥"♦ ❞✐ ✈✐$"❛✱ ♠♦$"(❛♥❞♦

❝✐❢(❡ ❡ ♣❡(❝❡♥"✉❛❧✐ ♥♦♥ ✐♥❞✐✛❡(❡♥"✐❀ ♠❛ $❛(❛♥♥♦ ❞❛"✐ ❡✛❡""✐✈✐✱ ❝❛❧❝♦❧❛"✐ ❡ ✈❛✲

❧✉"❛"✐ $✉❧ ❝❛♠♣♦❄ ◗✉❛♥"♦ ✐♥✢✉✐$❝♦♥♦ $✉❧❧❛ ✈✐"❛ ♦♣❡(❛"✐✈❛ ❞❡✐ ✈❡❧✐✈♦❧✐ ❛""✉❛❧✐

❡ ❝❤❡ ❝♦♠♣(♦♠❡$$✐ ❞❡✈♦♥♦ ❡$$❡(❡ ❢❛""✐ ♣❡( ❝✉✐ >✉❡$"✐ $✐$"❡♠✐ $✐❛♥♦ ♣(♦✜❝✉✐❄

❆ >✉❛♥"♦ ❛♠♠♦♥"❛ ✐❧ (✐$♣❛(♠✐♦❄

❙✐ ✈✉♦❧❡ (✐❛$$✉♠❡(❡ ✐❧ ❧❛✈♦(♦ $✈♦❧"♦✱ ✈❛❧✉"❛♥❞♦ ✐❧ $✐$"❡♠✐ ❞✐ ❡❚❛①✐ ❡ ❧❡ $♦❧✉③✐♦♥✐

♣(♦♣♦$"❡ ❞❛❧ ♠❡(❝❛"♦✳

✻✳✶ ❱❛❧✉'❛(❡ ✐ ❝♦♥.✉♠✐

C❡( ♣♦"❡( ❛♥❛❧✐③③❛(❡ ✉♥ ♣♦$$✐❜✐❧❡ ✐♠♣✐❡❣♦ ❞✐ >✉❡$"✐ $✐$"❡♠✐ ❞✐ ❡❚❛①✐✱ ✐❧

♣(✐♠♦ ♣❛$$♦ ❢❛""♦ D $"❛"♦ >✉❡❧❧♦ ❞✐ ✈❛❧✉"❛(❡ ✐❧ "❛①✐ "✐♠❡ ❞❡✐ ✈❡❧✐✈♦❧✐✱ ❡ ❝♦♠❡

❣✐E $♣✐❡❣❛"♦✱ ❧♦ $✐ D ❢❛""♦ $✉ ✉♥ ❛❡(♦♣♦("♦ ❶"✐♣♦❷✳ ■♥❢❛""✐ "✉""✐ ✐ $✐$"❡♠✐ $♦♥♦

$"✉❞✐❛"✐ $♦♣(❛""✉""♦ ♣❡( "(❛""❡ ❛ ♠❡❞✐♦✴❝♦("♦ (❛❣❣✐♦ ❡ ♣❡( ✈❡❧✐✈♦❧✐ ❶♥❛((♦✇

✶

❷❝❧✐❡♥"❡❧❛ "✐♣✐❝❛ ❞✐ ▲✐♥❛"❡ ✭▲■▼▲✮✳ ➮ ❢❛❝✐❧❡ ✐♠♠❛❣✐♥❛(❡✱ ✐♥ ❣❡♥❡(❛❧❡✱ ❝❤❡ >✉❡✲

$"♦ "✐♣♦ ❞✐ $✐$"❡♠❛ $❛(E ✈❛❧✐❞♦ "❛♥"♦ ♣✐M D ❧✉♥❣♦ ✐❧ "❡♠♣♦ ❞✐ (✉❧❧❛❣❣✐♦ ❡

>✉✐♥❞✐ ▲✐♥❛"❡✱ ♥♦♥ ❡$$❡♥❞♦ ♠♦❧"♦ ❡$"❡$♦✱ ♣♦"(❡❜❜❡ ♥♦♥ ❡$$❡(❡ ✐❧ ❝❛♠♣♦ ❣✐✉✲

$"♦ $✉❧ >✉❛❧❡ ✈❛❧✉"❛(❧♦✱ ♠❛ $✐❝✉(❛♠❡♥"❡ ♣♦"(❡❜❜❡ ❞❛(❡ ❞❡❧❧❡ ✉"✐❧✐ ✐♥❞✐❝❛③✐♦♥✐

$✉ >✉❛♥"♦ ♣♦"(❡❜❜❡ ❡$$❡(❡ (✐$♣❛(♠✐❛"♦ $✉ ❛❡(♦♣♦("✐ ❞✐ ♣✐M ❣(❛♥❞❡ ❡$"❡♥$✐♦✲

♥❡✳ C❡( ♣(✐♠❛ ❝♦$❛ $♦♥♦ $"❛"✐ ♦$$❡(✈❛"✐ ✐ ❞❛"✐ ✉✣❝✐❛❧✐ ❞✐ "❛①✐✲♦✉" ❞❡❧❧✬✐♥✈❡(♥♦

✷✵✶✸✴✷✵✶✹ ❢♦(♥✐"✐ ❞❡❧❧❛ ■❆❚❆✱ ❞❛"✐ ✐♥ ❝✉✐ ♥♦♥ D $♣❡❝✐✜❝❛"♦ ✐❧ ♠❡"♦❞♦ ❞✐ (❛❝✲

✶

❱❡❧✐✈♦❧✐ ❛ '✐♥❣♦❧♦ ❝♦++✐❞♦✐♦✱ ❢✉'♦❧✐❡+❛ ❝♦♥ ❞✐❛♠❡1+♦ ❞❛ ✸ ❛ ✹ ♠ ❝✐+❝❛ ❡ ❝♦♥ ✻ ♣♦'1✐ ♣❡+

✜❧❛

✽✷
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❝♦❧%❛ ✭(✐ * +✉✐♥❞✐ ❝♦♥(✐❞❡0❛%❛ ❧❡ ❞❡✜♥✐③✐♦♥❡ ❞✐ %❛①✐ %✐♠❡

✷

✮✱ ❡ ❝✐ (✐ * 0❡(✐ ❝♦♥%♦

❝❤❡ ✐ ✈❛❧♦0✐ (❡♠❜0❛♥♦ ♣❛0%✐❝♦❧❛0♠❡♥%❡ ❜❛((✐✳ ❙✐ ♥♦%❛ ❝❤❡ ❛ ▲✐♥❛%❡ ✐❧ 50% ❞❡✐

✈❡❧✐✈♦❧✐ 0✉❧❧❛✈❛ ✐♥ ✺ ♠✐♥✳ ❆ +✉❡(%♦ ♣✉♥%♦ ♣❡0 ✈❛❧✉%❛0❡ ❧❛ ❜♦♥%@ ❞❡✐ ✈❛❧♦0✐ (✐ *

❡✛❡%%✉❛%❛ ✉♥❛ ❝❛♠♣❛❣♥❛ ❞✐ 0❛❝❝♦❧%❛ ❞❛%✐✱ ✉%✐❧✐③③❛♥❞♦ +✉❡❧❧✐ ❢♦0♥✐%✐ ❞❛❧❧❛ %♦00❡

❞✐ ❝♦♥%0♦❧❧♦✳ ■♥ ❝♦♥❞✐③✐♦♥✐ (%❛♥❞❛0❞✱ +✉✐♥❞✐ ♥❡❧❧❛ ❢❛(❡ ❞✐ %0❛✣❝♦ ♣✐F ✢✉✐❞❛✱

✐❧ ❝♦♥❢0♦♥%♦ ❞❡✐ ✈❛❧♦0✐ ♠❡❞✐ (♦%%♦❧✐♥❡❛ ❧❛ (♦%%♦(%✐♠❛ ❞❡✐ %❡♠♣✐ ❞❛ ♣❛0%❡ ❞❡❧❧❛

■❆❚❆✳

■❆❚❆ ▲■▼▲ (❡❧❢✲♠❛♥❡✉✈❡0✐♥❣ ▲■▼▲ ♣✉(❤✲❜❛❝❦

❚❛①✐ %✐♠❡ ❬♠✐♥❪ ✼ ✶✶✳✽ ✶✸✳✻

❚❛❜❡❧❧❛ ✻✳✶✿ ❚❡♠♣✐ ♠❡❞✐

▲✬❡❚❛①✐ ❢❛ 0✐(♣❛0♠✐❛0❡ ❝❛0❜✉0❛♥%❡✦ ❈♦♥(✐❞❡0❛♥❞♦ ❧❡ ♣0♦❝❡❞✉0❡ ❢♦0♥✐%❡

❞❛ ❆✐0❜✉( ✭✹ ♠✐♥ ❞✐ ✇❛0♠✲✉♣ ❞✐ ❡♥%0❛♠❜✐ ✐ ♠♦%♦0✐✮ ✐❧ 0✐(♣❛0♠✐♦ ✐♥ 0✉❧❧❛❣✐♦

❛ ▲✐♥❛%❡✱ * ♥♦%❡✈♦❧❡ ❡ (✐ ❛❣❣✐0❛ ♠❡❞✐❛♠❡♥%❡ ✐♥%♦0♥♦ ❛❧ 46.3% 0✐(♣❡%%♦ ❛❧

0✉❧❧❛❣❣✐♦ ❝♦♥ ✷ ♠♦%♦0✐ ❡ ❛❧ 27.8% 0✐(♣❡%%♦ ❛❧ %❛①✐ ❝♦♥ ✉♥ ♠♦%♦0❡ (♦❧♦✳ ■ ✈❛❧♦0✐

♦%%❡♥✉%✐ ✭✜❣✳ ✹✳✼✮ (♦♥♦ ❝♦♠♣0❡♥(✐✈✐ ❛♥❝❤❡ ❞❡❧ ❝♦♥(✉♠♦ ❞❡❧❧✬❆X❯✱ ❝❤❡ ❝♦♠❡ (✐

♣✉Z ❡✈✐♥❝❡0❡ ❞❛❧❧❛ ❞❡(❝0✐③✐♦♥❡ ❞❡❧ (✐(%❡♠❛ (%❡((♦✱ * ♣❡0♠❛♥❡♥%❡♠❡♥%❡ ❛❝❝❡(♦

❞✉0❛♥%❡ ✐❧ 0✉❧❧❛❣❣✐♦✳ ❈♦♠❡ (✐ ♣✉Z ✈❛❧✉%❛0❡ ❞❛❧ ❝❛♣✐%♦❧♦ ✹✳✷✳✸✱ ✐❧ 0✐(♣❛0♠✐♦

❛✉♠❡♥%❛ ♠❛♥ ♠❛♥♦ ❝❤❡ ✐❧ %❡♠♣♦ ❞✐ 0✉❧❧❛❣❣✐♦ ❛✉♠❡♥%❛ ♦ ❝❤❡✱ ♣❡0 ❡✈❡♥%✐ ✈❛0✐✱

❧✬❛❡0♦♠♦❜✐❧❡ ❞❡❜❜❛ ❛%%❡♥❞❡0❡ ♣0✐♠❛ ❞❡❧ ❞❡❝♦❧❧♦✳ ■♥ ❛❡0♦♣♦0%✐ ♣✐F ❡(%❡(✐✱ ✐❧

✈❛❧♦0❡ ✈❛0✐❛❜✐❧❡ ❞❡❧ ❝♦♥(✉♠♦ ❝♦♥ ❡❚❛①✐✱ * +✉❡❧❧♦ ❛((♦❝✐❛%♦ ❛❧ ❝♦♥(✉♠♦ ❞✐

❝❛0❜✉0❛♥%❡ ❞❡❧❧✬❆X❯ ❞✉0❛♥%❡ ✐❧ %❛①✐✱ +✉✐♥❞✐ (✐ ♣♦%0❡❜❜❡ 0✐❛((✉♠❡0❡ ✐❧ %✉%%♦

✐♥✿

Consumo = pre−push(∼ 15min)+push−back+ taxi(APU) +warm−up

❝♦♥✿

♣!❡✲♣✉%❤ (✐ ✐♥%❡♥❞❡ ✐❧ ❝♦♥(✉♠♦ ♣0❡❝❡❞❡♥%❡ ❛❧ ♣✉(❤✲❜❛❝❦✱ ♦✈✈❡0♦ ✐❧ ❝♦♥(✉♠♦

❞❡❧ ✈❡❧✐✈♦❧♦✱ ❝❤❡ * ❛♥❝♦0❛ ❛❧❧♦ (%❛♥❞✱ ♠❛ ❤❛ ❧✬❆X❯ ✐♥ ❢✉♥③✐♦♥❡ ♣❡0

❛❧✐♠❡♥%❛0❡ ❧❡ ❛♣♣❛0❡❝❝❤✐❛%✉0❡ ❡✴♦ ❝♦♥❞✐③✐♦♥❛0❡✳ ◗✉❡(%♦ ✐♥%❡0✈❛❧❧♦ ❞✐

%❡♠♣♦✱ ❞✐ (♦❧✐%♦✱ ♥♦♥ * ♠❛✐ (✉♣❡0✐♦0❡ ❛✐ ✶✺ ♠✐♥✱ ❧✐♠✐%❛③✐♦♥❡ ✐♠♣♦(%❛ ❛

❧✐✈❡❧❧♦ ❛❡0♦♣♦0%✉❛❧❡ ♣❡0 ❝♦♥%❡♥❡0❡ ❧✬❡♠✐((✐♦♥❡ ❞✐ ✐♥+✉✐♥❛♥%✐✳

✷

❚❡♠♣♦ ✐♠♣✐❡❣❛(♦ ♣❡) ✐❧ ()❛♥,✐(♦ ❞❛❧❧❛ ♣✐❛③③♦❧❛ ❞✐ ,♦,(❛ ✜♥♦ ❛❧ ♠♦♠❡♥(♦ ✐♥ ❝✉✐ ✈✐❡♥❡

❛✉(♦)✐③③❛(♦ ❛❧ ❞❡❝♦❧❧♦
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♣✉"❤✲❜❛❝❦ "✐ ✐♥%❡♥❞❡ ✐❧ ❝♦♥"✉♠♦ ❞✐ ❝❛.❜✉.❛♥%❡ ❞✉.❛♥%❡ ✐❧ ♣✉"❤✲❜❛❝❦✱ ❝♦♠❡

✈✐"%♦ ❡ ❝❛❧❝♦❧❛%♦ ♣❡. ▲✐♥❛%❡ ✐♥ ✜❣✳ ✹✳✼

)❛①✐ ✭❆.❯✮ ; ❧❛ ♣❛.%❡ ✈❛.✐❛❜✐❧❡ ❞❡❧ ❝♦♥"✉♠♦ %♦%❛❧❡ ✉%✐❧✐③③❛♥❞♦ ✉♥ "✐"%❡♠❛

❡❧❡%%.✐❝♦ ❞✐ .✉❧❧❛❣❣✐♦✳ =✐> ; ❶❧✉♥❣♦❷✐❧ %❛①✐ ♣✐> @✉❡"%♦ ✈❛❧♦.❡ ; ❝♦♥"✐"%❡♥%❡

❡ ❛❧❧♦ "%❡""♦ %❡♠♣♦ ♣✐> ; ❝♦♥✈❡♥✐❡♥%❡ ✉%✐❧✐③③❛.❡ ✉♥ "✐"%❡♠❛ ❡❚❛①✐✳

✇❛2♠✲✉♣ ; ✉♥❛ ♣❛.%❡ ✜""❛ ❞❡❧ ❝♦♥"✉♠♦✱ ♦✈✈❡.♦ %✉%%✐ ❣❧✐ ❛❡.♦♠♦❜✐❧✐ ❆✐.❜✉"

❬✷✹❪✱ ❞❡✈♦♥♦ ❛③✐♦♥❛.❡ ✹ ♠✐♥ ♣.✐♠❛ ❞❡❧ ❞❡❝♦❧❧♦ ✐ ♠♦%♦.✐ ♣❡. ✉♥ ❝♦..❡%%♦

.✐"❝❛❧❞❛♠❡♥%♦ ✭✜❣✳ ✹✳✼✮✳

❆♥❛❧✐③③❛♥❞♦ ♥❡❧ ❞❡%%❛❣❧✐♦ ❧❛ ✜❣✳ ✹✳✼ ✭♦ ❧❛ ❢♦.♠✉❧❛ ♣.❡❝❡❞❡♥%❡✮ ❝✐ "✐ .❡♥❞❡

❝♦♥%♦ ❝❤❡ ❛❧ ❞✐♠✐♥✉✐.❡ ❞❡❧❧❛ ❞✉.❛%❛ ❞❡❧❧❛ ✈♦❝❡ %❛①✐✱ ✐❧ ✈❛♥%❛❣❣✐♦ ❞✐ ✉%✐❧✐③③❛.❡

✉♥ "✐"%❡♠❛ ❡❚❛①✐ ✈✐❡♥❡ ❛ "❝❡♠❛.❡✳ ▲❛ ❞✉.❛%❛ ♣❡. ❧❛ @✉❛❧❡ %❛❧❡ "✐"%❡♠❛ ♥♦♥ ;

♣✐> ✈❛♥%❛❣❣✐♦"♦ ;✿

❚❡♠♣♦ ❬♠✐♥❪ ❚❡♠♣♦ ❚♦%❛❧❡ ❚❛①✐ ❬♠✐♥❪

✶ ♠♦%♦.❡ ✷✱✻✶ ✻✱✻✶

✷ ♠♦%♦.✐ ✷✱✾✺ ✻✱✾✺

❚❛❜❡❧❧❛ ✻✳✷✿ ❚❡♠♣✐ ♠✐♥✐♠✐ ✉%✐❧✐%N ❡❚❛①✐

■❧ %❡♠♣♦ %♦%❛❧❡ %❛①✐ ; ❝❛❧❝♦❧❛%♦ ❞❛❧ ♠♦♠❡♥%♦ ❞❡❧ .✐❧❛"❝✐♦ ❞❡❧ %.❛%%♦.❡ ❞♦✲

♣♦ ✐❧ ♣✉"❤✲❜❛❝❦ ✜♥♦ ❛❧ ♠♦♠❡♥%♦ ❞❡❧ ❞❡❝♦❧❧♦ @✉✐♥❞✐ ❝♦♥"✐❞❡.❛♥❞♦ ✐ ✹ ♠✐♥ ❞✐

✇❛.♠✲✉♣✳

■❧ ❝❛❧❝♦❧♦ ♣.❡❝✐"♦ ❞❡❧ ❝♦♥"✉♠♦ ❞✉.❛♥%❡ ✐❧ %❛①✐✱ ❝♦"Q ❝♦♠❡ "✐ ; ❝❛❧❝♦❧❛%♦ ♥❡❧

♣❛.❛❣.❛❢♦ ✹✳✷✳✺ ✉%✐❧✐③③❛♥❞♦ ✉♥♦ "%✉❞✐♦ ❞❡❧ ▼■❚✱ ❤❛ ❡✈✐❞❡♥③✐❛%♦ ❝❤❡ ❧❛ "♦❧❛

.❛❝❝♦❧%❛ ❞❡✐ ✈❛❧♦.✐ ♠❡❞✐ ❞✐ %❛①✐ ♥♦♥ ; "✉✣❝✐❡♥%❡ ♣❡. ✉♥❛ ❝♦..❡%%❛ "%✐♠❛ ❞❡✐

❝♦♥"✉♠✐✳ ■♥ .❡❛❧%N ✐❧ ❝♦♥"✉♠♦ ; ♠❛❣❣✐♦.❡ ♣❡. "✈❛.✐❛%✐ ♠♦%✐✈✐ ♠❛ "♦♣.❛%%✉%%♦

♣❡. ❧♦ "%✐❧❡ ❞✐ ❣✉✐❞❛ ❞❡✐ ♣✐❧♦%✐ ❡ ♣❡. ✐❧ ♥✉♠❡.♦ ❞✐ ❛❝❝❡❧❡.❛③✐♦♥✐ ❛ ❝✉✐ ; "♦❣❣❡%%♦

✐❧ ✈❡❧✐✈♦❧♦✳

▲❛ ❞✐✛❡.❡♥③❛ %.❛ ✐ ❞✉❡ ♠❡%♦❞✐ ♥♦♥ ; ❝♦"Q "♦"%❛♥③✐❛❧❡ ❡ @✉✐♥❞✐ ✉♥❛ ❜✉♦♥❛ "%✐♠❛

❞❡❧ .✐"♣❛.♠✐♦ ; ❞❡❞✉❝✐❜✐❧❡ ❛♥❝❤❡ "♦❧♦ ❞❛ ✉♥❛ ❝♦..❡%%❛ ✈❛❧✉%❛③✐♦♥❡ ❞❡✐ %❡♠♣✐

♠❡❞✐✳ ▲❛ ✈❛❧✉%❛③✐♦♥❡ ❞❡❧❧✬❡✣❝❛❝✐❛ ❞❡❧ "✐"%❡♠❛ ❞✐ ❡❚❛①✐ ♣✉V ❡""❡.❡ ❜❛"❛%❛

"✉✐ %❡♠♣✐ ♠❡❞✐✳ ➮ ❝❤✐❛.♦ ❝❤❡ ✉♥❛ ♣✐> ❛%%❡♥%❛ ❛♥❛❧✐"✐ ♣♦.%✐ ❛❧❧❛ ❧✉❝❡ ✉❧%❡.✐♦.✐

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

❝♦♠♣❛❣♥✐❛✳
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✻✳✷ ❱❛❧✉'❛(❡ ❧❡ ❡♠✐,,✐♦♥✐

❆❧$%♦ ♣✉♥$♦ ❢♦%$❡ ❞❡❧ -✐-$❡♠❛ 1 ❧❛ %✐❞✉③✐♦♥❡ ❞❡❧❧❡ ❡♠✐--✐♦♥✐ ♥♦❝✐✈❡✳ ❉❛$♦

❝❤❡✱ ❧❡ ❡♠✐--✐♦♥✐ -♦♥♦ ❞✐%❡$$❛♠❡♥$❡ ❝♦%%❡❧❛$❡ ❛❧ $❡♠♣♦ $♦$❛❧❡ ✐♥ ❝✉✐ ✐ ♠♦$♦%✐

❜%✉❝✐❛♥♦ ❝❛%❜✉%❛♥$❡✱ 1 ✐♥$✉✐❜✐❧❡ ❝❤❡ ✐❧ -✐-$❡♠❛ ♣✉: -♦❧♦ ❡♠❡$$❡%❡ ✉♥ ;✉❛♥$✐✲

$❛$✐✈♦ ✐♥❢❡%✐♦%❡ ❞✐ -♦-$❛♥③❡ ♥♦❝✐✈❡✳ ❈♦♠❡ ❛♥❛❧✐③③❛$♦ ✐❧ %✐-♣❛%♠✐♦ ✐♥ ❡♠✐--✐♦♥✐

1 ♥♦$❡✈♦❧❡✳ ■ ✈❛❧♦%✐ ❞✐ HC ❡ CO -♦♥♦ %✐-♣❡$$✐✈❛♠❡♥$❡ ❞❡❧ 65% ❡ ❞❡❧ 48%
✐♥❢❡%✐♦%✐ ❛❧❧❡ ♥♦%♠❛❧✐ ♣%♦❝❡❞✉%❡✱ ♠❡♥$%❡ ❞❛$♦ ❧✬✉-♦ ❝♦♥-✐-$❡♥$❡ ❞❡❧❧✬❆@❯ ✐

✈❛❧♦%✐ ❞✐ NOx -♦♥♦ ❧❡❣❣❡%♠❡♥$❡ -✉♣❡%✐♦%✐✿ 2.6%✳ ❊♠✐--✐♦♥✐ ❝❤❡ ♣♦$%❡❜❜❡✲

%♦ ❡--❡%❡ ;✉❛-✐ ❞❡❧ $✉$$♦ ❛❜❜❛$$✉$❡ ❝♦♥ ❧✬✐♥$%♦❞✉③✐♦♥❡ ❞✐ -✐-$❡♠✐ ✐♥♥♦✈❛$✐✈✐

❝♦♠❡ ❧❡ ❜❛$$❡%✐❡ ❛ ❝❡❧❧❡ ❞✐ ❝♦♠❜✉-$✐❜✐❧❡ ✐♥ -♦-$✐$✉③✐♦♥❡ ❞❡❧❧✬❆@❯ ❝♦♠❡ ✈✐-$♦

♣%❡❝❡❞❡♥$❡♠❡♥$❡✳

✻✳✸ ❱❛❧✉'❛(❡ ✐ ,✐,'❡♠✐

❙✐ %✐❛--✉♠♦♥♦ ❧❡ ❝❛%❛$$❡%✐-$✐❝❤❡ ♣❡❝✉❧✐❛%✐ ❞❡✐ -✐-$❡♠✐✿

❚❛①✐❇♦& ❶❚%❛$$♦%❡ ❷

❼ ◆❡--✉♥❛ ❛❣❣✐✉♥$❛ ❞✐ ♣❡-♦

❼ ◆❡--✉♥❛ ♠♦❞✐✜❝❛ -♦-$❛♥③✐❛❧❡ ❛❧ ✈❡❧✐✈♦❧♦

❼ @✉: ❡--❡%❡ ✉-❛$♦ ♣❡% ✐❧ ♣✉-❤✲❜❛❝❦ ❡ ♣❡% ✐❧ $❛①✐

❼ ◆♦♥ ♥❡❝❡--✐$K ❞✐ ❡;✉✐♣❛❣❣✐❛♠❡♥$♦ ♣❡% ❧❛ ❝♦♥♥❡--✐♦♥❡ ❡ ❧❛ ❞✐-❝♦♥✲

♥❡--✐♦♥❡

❼ ❉✉❡ ✈❡%-✐♦♥✐ ❞✐-♣♦♥✐❜✐❧✐✿ ♣❡% ✐ ✈❡❧✐✈♦❧✐ ♥❛%%♦✇ ✭❆✸✷✵✱ ❇✼✸✼✮ ❡ ✇✐❞❡

❜♦❞② ✭✜♥♦ ❛❧ ❆✸✽✵✮

❼ ❙✐-$❡♠❛ ❛✉$♦♥♦♠♦ ♠❛ %✐❝❤✐❡❞❡ ✉♥❛ ❝❡%$✐✜❝❛③✐♦♥❡ ♣❡% ✐❧ ❣✉✐❞❛$♦%❡

❝❤❡ -✉♣❡%✈✐-✐♦♥❛ ❞❛❧ ♠❡③③♦

❼ ❱❡❧♦❝✐$K ❞✐ ✷✸ ❑$-✱ -✐♠✐❧❡ ❛ ;✉❡❧❧❛ ❛$$✉❛❧❡

❲❤❡❡❧❚✉❣ ❈❛%%❡❧❧♦ ❛♥$❡%✐♦%❡

❼ ▼♦$♦%❡ ❡❧❡$$%✐❝♦ ❛❧✐♠❡♥$❛$♦ ❞❛❧❧✬❆@❯

❼ ◆❡--✉♥❛ ♠♦❞✐✜❝❛ ♥❡❝❡--❛%✐❛ ❛❧❧✬❆@❯

❼ ❇❛--❡ ✈❡❧♦❝✐$K ❞✐ %✉❧❧❛❣❣✐♦

❼ @✉: ❡--❡%❡ ✉-❛$♦ ♣❡% ✐❧ ♣✉-❤✲❜❛❝❦ ❡ ♣❡% ✐❧ %✉❧❧❛❣❣✐♦

❼ @❡%♠❛♥❡♥$❡♠❡♥$❡ ✜--❛$♦✱ ❛❣❣✐✉♥$❛ ❞✐ ♣❡-♦ ❞✐ ❝✐%❝❛ ✶✺✵ ❦❣

❼ ❚♦$❛❧❡ ❝♦♥$%♦❧❧♦ ❞❡❧ ♣✐❧♦$❛
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❼ ❙♦❧♦ ♣❡' ✐ ✈❡❧✐✈♦❧✐ ♥❛''♦✇

❊●❚❙ ❈❛''❡❧❧♦ ♣'✐♥❝✐♣❛❧❡

❼ ▼♦0♦'✐ ❡❧❡00'✐❝✐ ❛❧✐♠❡♥0❛0✐ ❞❛❧❧✬❆5❯

❼ ◆❡❝❡88❛'✐❛ ❧❛ ♠♦❞✐✜❝❛ ❞❡❧❧✬❆5❯

❼ 5✉; ❡88❡'❡ ✉8❛0♦ ♣❡' ✐❧ ♣✉8❤✲❜❛❝❦ ❡ ♣❡' ✐❧ 0❛①✐

❼ 5❡'♠❛♥❡♥0❡♠❡♥0❡ ✜88❛0♦ 8✉❧ ❝❛''❡❧❧♦ ♣'✐♥❝✐♣❛❧❡✱ ♣❡8♦ ♠❛❣❣✐♦'❡ ❞❡❧

8✐80❡♠❛ ❞✐ ❲❤❡❡❧❚✉❣

❼ ❙♦❧♦ ♣❡' ✐ ✈❡❧✐✈♦❧✐ ♥❛''♦✇

❼ ❱❡❧♦❝✐0F ❞✐ '✉❧❧❛❣❣✐♦ ❞✐ ❝✐'❝❛ ✷✵ ❦08

❼ ❚♦0❛❧❡ ❝♦♥0'♦❧❧♦ ❞❡❧ ♣✐❧♦0

5'♦✈❛♥❞♦ ❛ ✈❛❧✉0❛'❡ ❧✬✐♥✈❛8✐✈✐0F ❞❡✐ 8✐80❡♠✐ ❝✐ 8✐ '❡♥❞❡ ❝♦♥0♦ ❝❤❡ ✐❧ 8✐80❡✲

♠❛ ❊●❚❙ '✐❝❤✐❡❞❡ ❧❛ ♠♦❞✐✜❝❛ ❞❡❧❧✬❆5❯✳ ■❧ 8✐80❡♠❛ ❊●❚❙✱ ❝♦8M ❝♦♠❡ N 80❛0♦

♣'♦♣♦80♦ ❡ ♣'❡8❡♥0❛0♦✱ 8❡♠❜'❛ ❡88❡'❡ ✉♥ 8✐80❡♠❛ ✐❞❡❛0♦ ♣❡' ❡88❡'❡ ♠♦♥0❛0♦

❞✉'❛♥0❡ ❧❛ ❝♦80'✉③✐♦♥❡ ❡ ❝❤❡ ✐ ✈❡❧✐✈♦❧✐ ❞✐ ♥✉♦✈❛ ❝♦80'✉③✐♦♥❡ ♥❡ 8❛'❛♥♥♦ ❞♦0❛0✐

❣✐F ❞❛❧❧✬✐♥✐③✐♦✳ ➮ ✉♥❛ 8♦❧✉③✐♦♥❡ ♣✐Q ❝♦80♦8❛ ❞❡❧ ❝♦♥❝♦''❡♥0❡✱ 8✐❝✉'❛♠❡♥0❡ ♣✐Q

❢✉♥③✐♦♥❛❧❡ ❡ ❝♦♠♣❧❡0❛✱ ❝❤❡ ♣♦'0❛✱ ✐♥ '✉❧❧❛❣❣✐♦✱ ❛❞ ❛✈❡'❡ ♣'❡80❛③✐♦♥✐ ❝♦♠♣❛'❛✲

❜✐❧✐ ❛ S✉❡❧❧❡ ❞❡✐ ✈❡❧✐✈♦❧✐ ❛00✉❛❧✐✳ ■❧ ♣❡8♦ ❞✐ 0✉00♦ ✐❧ 8✐80❡♠❛ N ♥♦0❡✈♦❧❡ ♠❡♥0'❡

❧❛ 8♦❧✉③✐♦♥❡ 8✉❧ 8♦❧♦ ❝❛''❡❧❧♦ ❛♥0❡'✐♦'❡✱ ♣❡8❛ ♣♦❝♦ ♠❡♥♦ ❞✐ ✶✺✵ ❦❣✳ ■♥ S✉❡80✬✉❧✲

0✐♠♦ ❝❛8♦ ✉♥✬❛00❡♥0❛ ✈❛❧✉0❛③✐♦♥❡ ❞❡❧ ❜✐❧❛♥❝✐❛♠❡♥0♦ ❞❡❧ ✈❡❧✐✈♦❧♦ N ♥❡❝❡88❛'✐❛✱

♠❛ 8❡♠❜'❛ ❝♦♠✉♥S✉❡ ❧❛ 8♦❧✉③✐♦♥❡ ♣✐Q '❛♣✐❞❛ ❡ ✈❡'8❛0✐❧❡✳ ■ 0❡♠♣✐ ❞✐ '✉❧❧❛❣❣✐♦✱

♦✈✈✐❛♠❡♥0❡✱ ❞❛0❡ ❧❡ ❜❛88❡ ✈❡❧♦❝✐0F✱ 8❛'❛♥♥♦ ♠❛❣❣✐♦'✐ ♠❛ ♥♦♥ 8❡♠❜'❛ ❝❤❡ ♥❡✲

❝❡88✐0✐ ❞✐ ❧✉♥❣❤✐ 0❡♠♣✐ ❞✐ ♠♦♥0❛❣❣✐♦ ❡ ❞✐ ♠♦❞✐✜❝❤❡ ❛❧❧❛ 80'✉00✉'❛ ❡8✐80❡♥0❡✳ ■❧

❚❛①✐❇♦0 8❡♠❜'❛ ❡88❡'❡ ✉♥❛ ✈✐❛ ❞✐ ♠❡③③♦✱ ✉♥ 8✐80❡♠❛ ❝❤❡ ♣♦0'❡❜❜❡ 8✉❜❡♥0'❛'❡

❛✐ ♣✉8❤✲❜❛❝❦ ❛00✉❛❧✐ ❡ ♠❛❣❛'✐ ❡88❡'❡ ❡80❡8♦ ❛❧ 0❛①✐ ✭♠❛ ♥♦♥ 8❡♠❜'❛ ❡88❡'❡

❢❛❝✐❧♠❡♥0❡ ❣❡80✐❜✐❧❡✮✳ ■❞❡❛0♦ ♣❡' ❧♦ ♣✐Q ♣❡' ✐ ✇✐❞❡✲❜♦❞② ❡ ♣♦0❡' '✐8♣❛'♠✐❛'❡

❞❡❧ ❝❛'❜✉'❛♥0❡ ❞✉'❛♥0❡ ✐❧ '✉❧❧❛❣❣✐♦✱ ✐♥ ❛❡'♦♣♦'0✐ ❞✐ ❡80❡8❡ ❞✐♠❡♥8✐♦♥✐✱ ❛♥❝❤❡

8❡ ♣❡' ✉♥ ✈❡❧✐✈♦❧♦ ❛ ❧✉♥❣❛ 0'❛00❛✱ ✐❧ '✐8♣❛'♠✐♦ ❞✐ ❝♦♠❜✉80✐❜✐❧❡ ❛❧ 8✉♦❧♦ ♥♦♥

8❡♠❜'❡'❡❜❜❡ ✐♥❝✐❞❡'❡ ♠♦❧0♦✳
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❆❝"♦♥✐♠✐

❆❚❈ ❈♦♥&'♦❧❧♦ ❞❡❧ ❚'❛✣❝♦ ❆❡'❡♦

❆✴▼ ❆❡'♦♠♦❜✐❧❡

❆▲❆◗❙ ❆✐'♣♦'& ▲♦❝❛❧ ❆✐' ◗✉♦❧✐&② ❙&✉❞✐❡9

❆▼❙ ❆♣'♦♥ ▼❛♥❛❣❡♠❡♥& ❙❡'✈✐❝❡

❆<❯ ❆✉①✐❧✐❛'② <♦✇❡' ❯♥✐&

❆❚❙ ❙❡'✈✐③✐♦ ❞❡❧ ❚'❛✣❝♦ ❆❡'❡♦

❇❈❙❯ ❇'❛❦❡ ❛♥❞ ❈♦♥&'♦❧ ❙②9&❡♠ ❯♥✐&

❈❆❊< ❈♦♠♠✐&&❡❡ ♦♥ ❆✈✐❛&✐♦♥ ❊♥✈✐'♦♥♠❡♥&❛❧ <'♦&❡❝&✐♦♥

❈❚❖❚ ❈❛❧❝✉❧❛&❡❞ ❚❛❦❡ ❖✛ ❚✐♠❡

❊❈❆▼ ❊❧❡❝&'♦♥✐❝ ❈❡♥&'❛❧✐③❡❞ ❆✐'❝'❛❢& ▼♦♥✐&♦'

❊❈❙ ❊♥✈✐'♦♠❡♥&❛❧ ❈♦♥❞✐&✐♦♥✐♥❣ ❙②9&❡♠

❊●❚ ❊①❤❛✉9& ●❛9 ❚❡♠♣❡'❛&✉'❡

❊●❚❙ ❊❧❡❝&'✐❝ ●'❡❡♥ ❚❛①✐ ❙②9&❡♠

❊▲ ❊❧❡❝&'✐❝ ▲♦❛❞
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