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❚❡❝❤♥✐q✉❡s ❞✬❊①tr❛❝t✐♦♥ ❞❡ ❈♦♥♥❛✐ss❛♥❝❡s ❡♥ ❇✐♦❞✐✈❡rs✐té

❘és✉♠é ✿ ▲❡s ❞♦♥♥é❡s s✉r ❧❛ ❜✐♦❞✐✈❡rs✐té s♦♥t ❣é♥ér❛❧❡♠❡♥t r❡♣rés❡♥té❡s ❡t
st♦❝❦é❡s ❞❛♥s ❞✐✛ér❡♥ts ❢♦r♠❛ts✳ ❈❡❧❛ r❡♥❞ ❞✐✣❝✐❧❡ ♣♦✉r ❧❡s ❜✐♦❧♦❣✐st❡s ❧❡✉r ❛❣ré❣❛✲
t✐♦♥ ❡t ❧❡✉r ✐♥té❣r❛t✐♦♥ ❛✜♥ ❞✬✐❞❡♥t✐✜❡r ❡t ❞é❝♦✉✈r✐r ❞❡s ❝♦♥♥❛✐ss❛♥❝❡s ♣❡rt✐♥❡♥t❡s
❞❛♥s ❧❡ ❜✉t✱ ♣❛r ❡①❡♠♣❧❡✱ ❞❡ ❝❧❛ss❡r ❡✣❝❛❝❡♠❡♥t ❞❡s s♣é❝✐♠❡♥s✳ ◆♦✉s ♣rés❡♥t♦♥s
✐❝✐ ❧✬❡♥tr❡♣ôt ❞❡ ❞♦♥♥é❡s ❇✐♦❑❊❚ ✐ss✉ ❞❡ ❧❛ ❝♦♥s♦❧✐❞❛t✐♦♥ ❞❡ ❞♦♥♥é❡s ❤étér♦❣è♥❡s
❞❡ ❞✐✛ér❡♥t❡s s♦✉r❝❡s✳ ❆❝t✉❡❧❧❡♠❡♥t✱ ❧❡ ❝❤❛♠♣ ❞✬❛♣♣❧✐❝❛t✐♦♥ ❞❡ ❇✐♦❑❊❚ ❝♦♥❝❡r♥❡
❧❛ ❜♦t❛♥✐q✉❡✳ ❙❛ ❝♦♥str✉❝t✐♦♥ ❛ ♥é❝❡ss✐té✱ ♥♦t❛♠♠❡♥t✱ ❞✬✐❞❡♥t✐✜❡r ❡t ❛♥❛❧②s❡r ❧❡s
♦♥t♦❧♦❣✐❡s ❡t ❜❛s❡s ❜♦t❛♥✐q✉❡s ❡①✐st❛♥t❡s ❛✜♥ ❞❡ st❛♥❞❛r❞✐s❡r ❡t ❧✐❡r ❧❡s ❞❡s❝r✐♣t❡✉rs
✉t✐❧✐sés ❞❛♥s ❇✐♦❑❊❚✳ ◆♦✉s ❛✈♦♥s é❣❛❧❡♠❡♥t ❞é✈❡❧♦♣♣é ✉♥❡ ♠ét❤♦❞♦❧♦❣✐❡ ♣♦✉r ❧❛
❝♦♥str✉❝t✐♦♥ ❞❡ t❡r♠✐♥♦❧♦❣✐❡s t❛①♦♥♦♠✐q✉❡s✱ ♦✉ t❤és❛✉r✉s✱ à ♣❛rt✐r ❞✬♦♥t♦❧♦❣✐❡s ❞❡
♣❧❛♥t❡s ❡t ❞✬✐♥❢♦r♠❛t✐♦♥s ❣é♦✲s♣❛t✐❛❧❡s ❢❛✐s❛♥t ❛✉t♦r✐té✳ ▲❡s ❞♦♥♥é❡s ❞❡ ❜✐♦❞✐✈❡rs✐té
❡t ❜♦t❛♥✐q✉❡ ❞❡ q✉❛tr❡ ❢♦✉r♥✐ss❡✉rs ♠❛❥❡✉rs ❡t ❞❡ ❞❡✉① s②stè♠❡s ❞✬✐♥❢♦r♠❛t✐♦♥s
❣é♦✲s♣❛t✐❛❧❡s ♦♥t été ✐♥té❣ré❡s ❞❛♥s ❇✐♦❑❊❚✳ ▲✬✉t✐❧✐té ❞✬✉♥ t❡❧ ❡♥tr❡♣ôt ❞❡ ❞♦♥♥é❡s
❛ été ❞é♠♦♥tré❡ ♣❛r ❧✬❛♣♣❧✐❝❛t✐♦♥ ❞❡ ♠ét❤♦❞❡s ❞✬❡①tr❛❝t✐♦♥ ❞❡ ♠♦❞è❧❡s ❞❡ ❝♦♥♥❛✐s✲
s❛♥❝❡s✱ ❜❛sé❡s s✉r ❧❡s ❛♣♣r♦❝❤❡s ❝❧❛ss✐q✉❡s ❆♣r✐♦r✐ ❡t ❞❡ ❧❛ ❢❡r♠❡t✉r❡ ❞❡ ●❛❧♦✐s✱ à
❞❡s ❡♥s❡♠❜❧❡s ❞❡ ❞♦♥♥é❡s ❣é♥éré❡s à ♣❛rt✐r ❞❡ ❇✐♦❑❊❚✳ ❊♥ ✉t✐❧✐s❛♥t ❝❡s ♠ét❤♦❞❡s✱
❞❡s rè❣❧❡s ❞✬❛ss♦❝✐❛t✐♦♥ ❡t ❞❡s ❝❧✉st❡rs ❝♦♥❝❡♣t✉❡❧s ♦♥t été ❡①tr❛✐ts ♣♦✉r ❧✬❛♥❛❧②s❡
❞❡s st❛t✉ts ❞❡ r✐sq✉❡ ❞❡ ♣❧❛♥t❡s ❡♥❞é♠✐q✉❡s ❛✉ ▲❛♦s ❡t ❡♥ ❆s✐❡ ❞✉ ❙✉❞✲❊st✳ ❊♥
♦✉tr❡✱ ❇✐♦❑❊❚ ❡st ✐♥t❡r❢❛❝é ❛✈❡❝ ❞✬❛✉tr❡s ❛♣♣❧✐❝❛t✐♦♥s ❡t r❡ss♦✉r❝❡s✱ t❡❧ q✉❡ ❧✬♦✉t✐❧
●❡♦❈❆❚ ♣♦✉r ❧✬é✈❛❧✉❛t✐♦♥ ❣é♦✲s♣❛t✐❛❧❡ ❞❡s ❢❛❝t❡✉rs ❞❡ r✐sq✉❡s✱ ❛✜♥ ❞❡ ❢♦✉r♥✐r ✉♥
♦✉t✐❧ ❞✬❛♥❛❧②s❡ ♣❡r❢♦r♠❛♥t ♣♦✉r ❧❡s ❞♦♥♥é❡s ❞❡ ❜✐♦❞✐✈❡rs✐té✳

▼♦ts ❝❧és ✿ ❇✐♦❞✐✈❡rs✐t②✱ ❉❛t❛ ▼✐♥✐♥❣✱ ❑♥♦✇❧❡❞❣❡ ■♥t❡❣r❛t✐♦♥✱ ❉❛t❛ ❲❛r❡❤♦✉s❡✱
■♥❢♦r♠❛t✐♦♥ ❚❡❝❤♥♦❧♦❣②✱ ❖♥t♦❧♦❣✐❡s✳





❇✐♦❞✐✈❡rs✐t② ❑♥♦✇❧❡❞❣❡ ❊①tr❛❝t✐♦♥ ❚❡❝❤♥✐q✉❡s ✭❇✐♦❑❊❚✮

❆❜str❛❝t✿ ❇✐♦❞✐✈❡rs✐t② ❞❛t❛ ❛r❡ ❣❡♥❡r❛❧❧② st♦r❡❞ ✐♥ ❞✐✛❡r❡♥t ❢♦r♠❛ts✳ ❚❤✐s
♠❛❦❡s ✐t ❞✐✣❝✉❧t ❢♦r ❜✐♦❧♦❣✐sts t♦ ❝♦♠❜✐♥❡ ❛♥❞ ✐♥t❡❣r❛t❡ t❤❡♠ ✐♥ ♦r❞❡r t♦ r❡tr✐❡✈❡
✉s❡❢✉❧ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ❞✐s❝♦✈❡r ♥♦✈❡❧ ❦♥♦✇❧❡❞❣❡ ❢♦r t❤❡ ♣✉r♣♦s❡ ♦❢✱ ❢♦r ❡①❛♠♣❧❡✱
❡✣❝✐❡♥t❧② ❝❧❛ss✐❢②✐♥❣ s♣❡❝✐♠❡♥s✳ ■♥ t❤✐s ✇♦r❦✱ ✇❡ ♣r❡s❡♥t t❤❡ ❇✐♦❑❊❚ ❞❛t❛
✇❛r❡❤♦✉s❡ ✇❤✐❝❤ ✐s ❛ ❝♦♥s♦❧✐❞❛t✐♦♥ ♦❢ ❤❡t❡r♦❣❡♥❡♦✉s ❞❛t❛ st♦r❡❞ ✐♥ ❞✐✛❡r❡♥t ❢♦r♠❛ts
❛♥❞ ♦r✐❣✐♥❛t✐♥❣ ❢r♦♠ ❞✐✛❡r❡♥t s♦✉r❝❡s✳ ❋♦r t❤❡ t✐♠❡ ❜❡✐♥❣✱ t❤❡ s❝♦♣❡ ♦❢ ❇✐♦❑❊❚ ✐s
❜♦t❛♥✐❝❛❧✳ ■ts ❝♦♥str✉❝t✐♦♥ r❡q✉✐r❡❞✱ ❛♠♦♥❣ ♦t❤❡rs t❤✐♥❣s✱ t♦ ✐❞❡♥t✐❢② ❛♥❞ ❛♥❛❧②③❡
❡①✐st✐♥❣ ❜♦t❛♥✐❝❛❧ ♦♥t♦❧♦❣✐❡s✱ t♦ st❛♥❞❛r❞✐③❡ ❛♥❞ r❡❧❛t❡ t❡r♠s ✐♥ ❇✐♦❑❊❚✳ ❲❡
❛❧s♦ ❞❡✈❡❧♦♣❡❞ ❛ ♠❡t❤♦❞♦❧♦❣② ❢♦r ♠❛♣♣✐♥❣ ❛♥❞ ❞❡✜♥✐♥❣ t❛①♦♥♦♠✐❝ t❡r♠✐♥♦❧♦❣✐❡s✱
t❤❛t ❛r❡ ❝♦♥tr♦❧❧❡❞ ✈♦❝❛❜✉❧❛r✐❡s ✇✐t❤ ❤✐❡r❛r❝❤✐❝❛❧ str✉❝t✉r❡s ❢r♦♠ ❛✉t❤♦r✐t❛t✐✈❡
♣❧❛♥t ♦♥t♦❧♦❣✐❡s✱ ●♦♦❣❧❡ ▼❛♣s✱ ❛♥❞ ❖♣❡♥❙tr❡❡t▼❛♣ ❣❡♦s♣❛t✐❛❧ ✐♥❢♦r♠❛t✐♦♥ s②st❡♠✳
❉❛t❛ ❢r♦♠ ❢♦✉r ♠❛❥♦r ❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❜♦t❛♥✐❝❛❧ ❞❛t❛ ♣r♦✈✐❞❡rs ❛♥❞ ❢r♦♠ t❤❡
t✇♦ ♣r❡✈✐♦✉s❧② ♠❡♥t✐♦♥❡❞ ❣❡♦s♣❛t✐❛❧ ✐♥❢♦r♠❛t✐♦♥ s②st❡♠s ✇❡r❡ t❤❡♥ ✐♥t❡❣r❛t❡❞ ✐♥
❇✐♦❑❊❚✳ ❚❤❡ ✉s❡❢✉❧♥❡ss ♦❢ s✉❝❤ ❛ ❞❛t❛ ✇❛r❡❤♦✉s❡ ✇❛s ❞❡♠♦♥str❛t❡❞ ❜② ❛♣♣❧②✐♥❣
❝❧❛ss✐❝❛❧ ❦♥♦✇❧❡❞❣❡ ♣❛tt❡r♥ ❡①tr❛❝t✐♦♥ ♠❡t❤♦❞s✱ ❜❛s❡❞ ♦♥ t❤❡ ❝❧❛ss✐❝❛❧ ❆♣r✐♦r✐
❛♥❞ ●❛❧♦✐s ❝❧♦s✉r❡ ❜❛s❡❞ ❛♣♣r♦❛❝❤❡s✱ t♦ s❡✈❡r❛❧ ❞❛t❛s❡ts ❣❡♥❡r❛t❡❞ ❢r♦♠ ❇✐♦❑❊❚
❡①tr❛❝ts✳ ❯s✐♥❣ t❤❡s❡ ♠❡t❤♦❞s✱ ❛ss♦❝✐❛t✐♦♥ r✉❧❡s ❛♥❞ ❝♦♥❝❡♣t✉❛❧ ❜✐✲❝❧✉st❡rs ✇❡r❡
❡①tr❛❝t❡❞ t♦ ❛♥❛❧②③❡ t❤❡ r✐s❦ st❛t✉s ♦❢ ♣❧❛♥ts ❡♥❞❡♠✐❝ t♦ ▲❛♦s ❛♥❞ ❙♦✉t❤❡❛st
❆s✐❛✳ ❇❡s✐❞❡s✱ ❇✐♦❑❊❚ ✐s ✐♥t❡r❢❛❝❡❞ ✇✐t❤ ♦t❤❡r ❛♣♣❧✐❝❛t✐♦♥s ❛♥❞ r❡s♦✉r❝❡s✱ ❧✐❦❡ t❤❡
●❡♦❈❆❚ ●❡♦s♣❛t✐❛❧ ❈♦♥s❡r✈❛t✐♦♥ ❆ss❡ss♠❡♥t ❚♦♦❧✱ t♦ ♣r♦✈✐❞❡ ❛ ♣♦✇❡r❢✉❧ ❛♥❛❧②s✐s
t♦♦❧ ❢♦r ❜✐♦❞✐✈❡rs✐t② ❞❛t❛✳

❑❡②✇♦r❞s✿ ❇✐♦❞✐✈❡rs✐t②✱ ❉❛t❛ ▼✐♥✐♥❣✱ ❑♥♦✇❧❡❞❣❡ ■♥t❡❣r❛t✐♦♥✱ ❉❛t❛ ❲❛r❡✲
❤♦✉s❡✱ ■♥❢♦r♠❛t✐♦♥ ❚❡❝❤♥♦❧♦❣②✱ ❖♥t♦❧♦❣✐❡s✳





❈❤❛♣t❡r ✶

■♥tr♦❞✉❝t✐♦♥

❚❤✐s ❝❤❛♣t❡r ❛❞❞r❡ss❡s ♣r♦❜❧❡♠s st❛t❡♠❡♥t✱ ♦❜❥❡❝t✐✈❡s✱ ❝♦♥tr✐❜✉t✐♦♥s ❛♥❞ ♦✉t❧✐♥❡s
♦❢ ❡♥t✐r❡ r❡s❡❛r❝❤ ✇♦r❦✳

❈♦♥t❡♥ts
✶✳✶ Pr♦❜❧❡♠ ❛♥❞ ▼♦t✐✈❛t✐♦♥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶

✶✳✷ ❖❜❥❡❝t✐✈❡ ❛♥❞ ❙❝♦♣❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✷

✶✳✸ ❈♦♥tr✐❜✉t✐♦♥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸

✶✳✹ ❙tr✉❝t✉r❡ ♦❢ t❤❡s✐s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹

✶✳✶ Pr♦❜❧❡♠ ❛♥❞ ▼♦t✐✈❛t✐♦♥

❇✐♦❧♦❣✐❝❛❧ ❞✐✈❡rs✐t②✱ ♦r ❜✐♦❞✐✈❡rs✐t②✱ r❡❢❡rs t♦ t❤❡ ♥❛t✉r❛❧ ✈❛r✐❡t② ❛♥❞ ❞✐✈❡rs✐t② ♦❢
❧✐✈✐♥❣ ♦r❣❛♥✐s♠s ❬✷✵✶✸q❪✳ ❇✐♦❞✐✈❡rs✐t② ✐s ❛ss❡ss❡❞ ❜② ❝♦♥s✐❞❡r✐♥❣ t❤❡ ❞✐✈❡rs✐t② ♦❢
❡❝♦s②st❡♠s✱ s♣❡❝✐❡s✱ ♣♦♣✉❧❛t✐♦♥s ❛♥❞ ❣❡♥❡s ✐♥ t❤❡✐r ❣❡♦❣r❛♣❤✐❝❛❧ ❧♦❝❛t✐♦♥s ❛♥❞ t❤❡✐r
❡✈♦❧✉t✐♦♥ ♦✈❡r t✐♠❡✳ ❇✐♦❞✐✈❡rs✐t② ✐s ♦❢ ♣❛r❛♠♦✉♥t ✐♠♣♦rt❛♥❝❡ ❢♦r ❛ ❤❡❛❧t❤② ❡♥✲
✈✐r♦♥♠❡♥t ❛♥❞ s♦❝✐❡t②✱ ❛s ✐t ❡♥s✉r❡s t❤❡ ❛✈❛✐❧❛❜✐❧✐t② ♦❢ ♥❛t✉r❛❧ r❡s♦✉r❝❡s ❛♥❞ t❤❡
s✉st❛✐♥❛❜✐❧✐t② ♦❢ ❡❝♦s②st❡♠s ❬❊❧❞r❡❞❣❡ ✷✵✵✷✱ ●r✐❧❧♦ ✷✵✶✶✱ ▼❆ ✷✵✵✺✱ ▼✐❞❣❧❡② ✷✵✶✷✱
❙❤❛❤ ✷✵✶✶✱ ❚❛❧❡♥t ✷✵✶✷❪✳ ❚❤❡ ❡✛❡❝ts ♦❢ ❜✐♦❞✐✈❡rs✐t② ❧♦ss ♦♥ t❤❡ ❡♥✈✐r♦♥♠❡♥t✱ ❝❛✉s❡❞
❜② ❤❛❜✐t❛t ❧♦ss ❛♥❞ ❢r❛❣♠❡♥t❛t✐♦♥✱ ♣♦❧❧✉t✐♦♥✱ ❝❧✐♠❛t❡ ❝❤❛♥❣❡✱ ✐♥✈❛s✐✈❡ ❛❧✐❡♥ s♣❡❝✐❡s✱
❤✉♠❛♥ ♣♦♣✉❧❛t✐♦♥✱ ❛♥❞ ♦✈❡r✲❡①♣❧♦✐t❛t✐♦♥ ❝❛♥ ❛✛❡❝t ❛❧❧ ❧✐❢❡ ❢♦r♠s ❛♥❞ ❧❡❛❞ t♦ s❡r✐♦✉s
❝♦♥s❡q✉❡♥❝❡s ❬✷✵✶✸❦❪✳ ❯♥❞❡rst❛♥❞✐♥❣ ❜✐♦❞✐✈❡rs✐t② ✐s ❛♥ ❡ss❡♥t✐❛❧ ♣r❡r❡q✉✐s✐t❡ ❢♦r
s✉st❛✐♥❛❜❧❡ ❞❡✈❡❧♦♣♠❡♥t✳

❚❤❡ ✐ss✉❡s ♦♥ ❆❙❊❆◆ ■♠♣♦rt❛♥t P❧❛♥t ❆r❡❛ ✭■P❆✮ ▼❡❡t✐♥❣ ✐♥ ❍❛♥♦✐✱
❱✐❡t♥❛♠✿ ❍♦✇ t♦ ❞✐str✐❜✉t❡ ✐♥❢♦r♠❛t✐♦♥ ♦❢ t❤r❡❛t❡♥❡❞ ♣❧❛♥t t♦ ❝♦♠♠✉✲
♥✐t② ❛♥❞ ❤♦✇ t♦ ❡♥❝♦✉r❛❣❡ ❧♦❝❛❧ ♣❡♦♣❧❡ t♦ ❥♦✐♥ ♣❧❛♥t ♣r♦t❡❝t✐♦♥✳

❼ ❚♦ ❧✐st ✐♠♣♦rt❛♥t ♣❧❛♥t ♣r♦t❡❝t✐♦♥ ❛r❡❛s ✐♥ ❡❛❝❤ ❝♦✉♥tr②✳

❼ ❚♦ ❧✐st ✇❤✐❝❤ s♣❡❝✐❡s ❛r❡ t❤r❡❛t❡♥❡❞✱ r❛r❡ ❛♥❞ ❡t❝ ❜② ■❯❈◆ ❝❛t❡❣♦r②
♣❧❛♥t s♣❡❝✐❡s ✐♥ ❡❛❝❤ ■P❆✳

❼ ❚♦ ✜♥❞ t❤❡ ♠♦st ❛♣♣r♦♣r✐❛t❡ ❛♣♣r♦❛❝❤ t♦ ♣r♦t❡❝t ♣❧❛♥t s♣❡❝✐❡s✳

❋♦r ♠❛♥② ②❡❛rs✱ ❜✐♦❞✐✈❡rs✐t② ❞❛t❛s❡ts ❤❛✈❡ ❜❡❡♥ st♦r❡❞ ✐♥ ❞✐✛❡r❡♥t ❢♦r♠❛ts✱ r❛♥❣✐♥❣
❢r♦♠ ❤✐❣❤❧② str✉❝t✉r❡❞ ✭❞❛t❛❜❛s❡s✮ t♦ ♣❧❛✐♥ t❡①t ✜❧❡s✱ ❝♦♥t❛✐♥✐♥❣ ♣❧❛♥t ❞❡s❝r✐♣t✐♦♥s
✭✈♦❝❛❜✉❧❛r✐❡s ❛♥❞ t❡r♠s✮✳ ◆✉♠❡r♦✉s ❞❛t❛ ❛♥❞ ❦♥♦✇❧❡❞❣❡ r❡♣♦s✐t♦r✐❡s ❝♦♥t❛✐♥✐♥❣



✷ ❈❤❛♣t❡r ✶✳ ■♥tr♦❞✉❝t✐♦♥

❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❡♥✈✐r♦♥♠❡♥t❛❧ ✐♥❢♦r♠❛t✐♦♥ ❛r❡ ❛✈❛✐❧❛❜❧❡ ♦♥ t❤❡ ■♥t❡r♥❡t ❛s ♦♥✲❧✐♥❡
❛♥❞ ♦✛✲❧✐♥❡ r❡s♦✉r❝❡s ♥♦✇❛❞❛②s✳ ❉❛t❛ r❡♣♦s✐t♦r✐❡s st♦r❡ ❧❛r❣❡ ❛♠♦✉♥ts ♦❢ ✐♥❢♦r♠❛✲
t✐♦♥ ❞❡♣✐❝t✐♥❣ ❢❛❝ts ♦♥ ❝♦♥❝r❡t❡ ♦❜❥❡❝ts r❡❧❛t❡❞ t♦ ❛ s♣❡❝✐✜❝ ❞♦♠❛✐♥ ♦❢ ❛♣♣❧✐❝❛t✐♦♥✱
❡✳❣✳✱ r❡s✉❧ts ♦❢ ❡♥✈✐r♦♥♠❡♥t❛❧ st✉❞✐❡s ♦r ✐♥✈❡♥t♦r✐❡s ♦❢ s♣❡❝✐❡s ✐♥ ❛ ❣❡♦❣r❛♣❤✐❝ ❧♦❝❛✲
t✐♦♥✳ ❚❤✐s ♠❛❦❡s ✐t ❞✐✣❝✉❧t ❢♦r ❜♦t❛♥✐sts ♦r ③♦♦❧♦❣✐sts t♦ ❝♦♠❜✐♥❡ ❛♥❞ ✐♥t❡❣r❛t❡
t❤❡♠ t♦ r❡tr✐❡✈❡ ✉s❡❢✉❧ ✐♥❢♦r♠❛t✐♦♥ ❢♦r t❤❡ ♣✉r♣♦s❡ ♦❢ ✐❞❡♥t✐❢②✐♥❣ ❛♥❞ ❞❡s❝r✐❜✐♥❣
♥❡✇ s♣❡❝✐❡s✳

❚❤❡ ❡✈❡r ✐♥❝r❡❛s✐♥❣ ❛✈❛✐❧❛❜✐❧✐t② ♦❢ ❞❛t❛ r❡❧❡✈❛♥t t♦ ❜✐♦❞✐✈❡rs✐t② ♠❛❦❡s t❤❡
✐❞❡❛ ♦❢ ❛♣♣❧②✐♥❣ ❞❛t❛ ♠✐♥✐♥❣ t❡❝❤♥✐q✉❡s t♦ t❤❡ st✉❞② ♦❢ ❜✐♦❞✐✈❡rs✐t② t❡♠♣t✲
✐♥❣ ❬❍♦❝❤❛❝❤❦❛ ✷✵✵✼❪✳

❉❛t❛ ♠✐♥✐♥❣✱ ❛❧s♦ ❦♥♦✇♥ ❛s ❦♥♦✇❧❡❞❣❡ ❞✐s❝♦✈❡r② ❢r♦♠ ❞❛t❛ ✭❑❉❉✮✱ ✐s ❛ s❡t
♦❢ ❝♦♥❝❡♣ts✱ ♠❡t❤♦❞s ❛♥❞ t♦♦❧s ❢♦r t❤❡ r❛♣✐❞ ❛♥❞ ❡✣❝✐❡♥t ❞✐s❝♦✈❡r② ♦❢ ♣r❡✈✐♦✉s❧②
✉♥❦♥♦✇♥ ✐♥❢♦r♠❛t✐♦♥✱ r❡♣r❡s❡♥t❡❞ ❛s ❦♥♦✇❧❡❞❣❡ ♣❛tt❡r♥s ❛♥❞ ♠♦❞❡❧s✱ ❤✐❞❞❡♥ ✐♥s✐❞❡
♠❛ss✐✈❡ ✐♥❢♦r♠❛t✐♦♥ r❡♣♦s✐t♦r✐❡s ❬❍❛♥ ✷✵✶✶❪✳

❖♥❡ ✐♠♣♦rt❛♥t ♦❜st❛❝❧❡ t♦ t❤❡ ❛♣♣❧✐❝❛t✐♦♥ ♦❢ ❞❛t❛ ♠✐♥✐♥❣ t❡❝❤♥✐q✉❡s t♦ t❤❡
st✉❞② ♦❢ ❜✐♦❞✐✈❡rs✐t② ✐s t❤❛t t❤❡ ❞❛t❛ t❤❛t ♠✐❣❤t ❜❡ ✉s❡❞ t♦ t❤✐s ❛✐♠ ❛r❡ s♦♠❡✇❤❛t
s❝❛tt❡r❡❞ ❛♥❞ ❤❡t❡r♦❣❡♥❡♦✉s ❬❙♣❡❤♥ ✷✵✵✾❪✳ ❉✐✛❡r❡♥t ❞❛t❛s❡ts ❝♦✈❡r ❞✐✛❡r❡♥t ❛s♣❡❝ts
♦❢ t❤❡ ♣r♦❜❧❡♠ ♦r ❢♦❝✉s ♦♥ s♦♠❡ ❣❡♦❣r❛♣❤✐❝❛❧ ❛r❡❛s ♦♥❧②✳ ◆♦♥❡ ♦❢ t❤❡♠ ✐s ❝♦♠♣❧❡t❡
❛♥❞ t❤❡r❡ ✐s ♥♦ st❛♥❞❛r❞ ❢♦r♠❛t✳

❚♦ ♦✈❡r❝♦♠❡ t❤❡s❡ ❧✐♠✐t❛t✐♦♥s✱ ✇❡ ❤❛✈❡ ❞❡s✐❣♥❡❞ ❛♥❞ ✐♠♣❧❡♠❡♥t❡❞ ❇✐♦❑❊❚✱
❛ ❞❛t❛ ✇❛r❡❤♦✉s❡ ✇❤♦s❡ ♣✉r♣♦s❡ ✐s t♦ ❝♦♥s♦❧✐❞❛t❡ ❤❡t❡r♦❣❡♥❡♦✉s ❞❛t❛ s♦✉r❝❡s ♦♥
❜✐♦❞✐✈❡rs✐t② ✐♥ ❛ ❧♦❣✐❝❛❧❧② ♦r❣❛♥✐③❡❞✱ ❝♦❤❡r❡♥t✱ ❛♥❞ ❝♦♠♣r❡❤❡♥s✐✈❡ r❡s♦✉r❝❡ t❤❛t ❝❛♥
❜❡ ✉s❡❞ ❜② t❤❡ s❝✐❡♥t✐✜❝ ❝♦♠♠✉♥✐t② ❛s ❛ ❜❛s✐s ❢♦r ❞❛t❛✲✐♥t❡♥s✐✈❡ st✉❞✐❡s✳

✶✳✷ ❖❜❥❡❝t✐✈❡ ❛♥❞ ❙❝♦♣❡

❚❤❡ ♠❛✐♥ ❛✐♠ ♦❢ t❤✐s r❡s❡❛r❝❤ ✐s t♦ ❤❡❧♣ ❜♦t❛♥✐sts ✐♥ t❤❡✐r st✉❞✐❡s ♦♥ ♣❧❛♥ts ❛♥❞
t❤❡✐r ✇♦r❦s ♦♥ ♣❧❛♥t ♣r♦t❡❝t✐♦♥ ❛♥❞ ❝♦♥s❡r✈❛t✐♦♥✳ ❚❤❡s❡ t❛s❦s ✐♥✈♦❧✈❡ t❤❡ st✉❞②
♦❢ ♣❧❛♥t str✉❝t✉r❡✱ ❣r♦✇t❤✱ ❞❡✈❡❧♦♣❡♠❡♥t✱ ❜✐♦❝❤❡♠✐str②✱ ❞✐s❡❛s❡s✱ ❡✈♦❧✉t✐♦♥❛r② r❡❧❛✲
t✐♦♥s❤✐♣s✱ ❞✐✛❡r❡♥❝✐❛t✐♦♥ ❛♥❞ t❛①♦♥♦♠② ✭❇✐♦❧♦❣✐❝❛❧ ❝❧❛ss✐✜❝❛t✐♦♥✮✳ ❖♥❡ ✐♠♣♦rt❛♥t
st❡♣ r❡❣❛r❞✐♥❣ t❤❡s❡ ♦❜❥❡❝t✐✈❡s ✐s t❤❡ ❛♥❛❧②s✐s ♦❢ ♠♦r♣❤♦❧♦❣✐❝❛❧ ❛♥❞ ❡♥✈✐r♦♥♠❡♥t❛❧
♣r♦♣❡rt✐❡s ♦❢ ♣❧❛♥ts✳ ❋♦r t❤✐s✱ t❤❡ ♣r❡s❡♥t ✇♦r❦ ✇❛s ❞✐✈✐❞❡❞ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ♠❛✐♥
st❡♣s✳

❼ ❉❡✜♥❡ ❛♥ ♦♥t♦❧♦❣② ♠❛♣♣✐♥❣ ✐♥❝❧✉❞✐♥❣ ♠❡t❤♦❞♦❧♦❣② ❛♥❞ ♣r♦❝❡ss ❢♦r t❤❡ ✐♥t❡✲
❣r❛t✐♦♥ ❛♥❞ ♥♦r♠❛❧✐③❛t✐♦♥ ♦❢ ♣❧❛♥t ❞❛t❛✳

❼ ❈♦♥str✉❝t ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡ ✐♥t❡❣r❛t✐♥❣ ✭❞❛t❛ ❛♥❞ ❦♥♦✇❧❡❞❣❡✮ ❢r♦♠
t❤❡ ❞✐✛❡r❡♥t r❡s♦✉r❝❡ r❡♣♦s✐t♦r✐❡s ♦♥ ♣❧❛♥ts ❛♥❞ t❤❡✐r ❝♦♥s❡r✈❛t✐♦♥ st❛t✉s✳ ❚❤❡
❢♦✉r ❢♦❧❧♦✇✐♥❣ ❞❛t❛ r❡♣♦s✐t♦r✐❡s ✇❡r❡ ✐♥t❡❣r❛t❡❞ ✐♥ ❇✐♦❑❊❚✿ ❇■❖❚■❑ ❬✷✵✶✶❜❪
✭❲❡st❡r♥ ●❤❛ts ♦❢ ■♥❞✐❛ ❛♥❞ ◆❛t✐♦♥❛❧ ❯♥✐✈❡rs✐t② ♦❢ ▲❛♦s✮✱ ❇❘❆❍▼❙ r❡♣♦s✐✲
t♦r② ❬✷✵✶✸❡❪ ✭◆❛t✐♦♥❛❧ ❯♥✐✈❡rs✐t② ♦❢ ▲❛♦s✱ ❋❛❝✉❧t② ♦❢ ❋♦r❡str②✮✱ ◆❆P■❙ r❡♣♦s✐✲
t♦r② ❬✷✵✶✸♥❪ ✭▲❛♦ ▼✐♥✐str② ♦❢ P✉❜❧✐❝ ❍❡❛❧t❤✱ ■♥st✐t✉t❡ ♦❢ ❚r❛❞✐t✐♦♥❛❧ ▼❡❞✐❝✐♥❡✮
❛♥❞ t❤❡ ■❯❈◆ ❘❡❞ ▲✐st ❉❛t❛ ❬✷✵✶✹s❪✳ ❆❧❧ s♦✉r❝❡s ❛r❡ ❧✐♥❦❡❞ t♦ ❛♥ ✐♥st✐t✉t✐♦♥✱
❡①❝❡♣t ❢♦r t❤❡ ❧❛st ♦♥❡✳



✶✳✸✳ ❈♦♥tr✐❜✉t✐♦♥ ✸

❼ ■♥t❡r❢❛❝❡ ❇✐♦❑❊❚ ❣❡♦❧♦❝❛t✐♦♥ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ♣❧❛♥t s♣❡❝✐♠❡♥s ✇✐t❤ st❛♥❞❛r❞
❣❡♦s♣❛t✐❛❧ ✐♥❢♦r♠❛t✐♦♥ s②st❡♠s✳ ❋♦r t❤✐s st❡♣✱ ●♦♦❣❧❡ ❣❡♦s♣❛t✐❛❧ ❞❛t❛ ✭●♦♦❣❧❡
▼❛♣s ●❡♦❝♦❞✐♥❣ ❙❡r✈✐❝❡✮ ✇❡r❡ ✐♥t❡❣r❛t❡❞ ✐♥ ❇✐♦❑❊❚ ❛♥❞ ❛♥ ✐♥t❡r❢❛❝❡ ✇✐t❤
t❤❡ ●❡♦❈❆❚ ✈✐s✉❛❧✐③❛t✐♦♥ ♣❧❛t❢♦r♠ ✇❛s ❞❡✈❡❧♦♣❡❞✳

❼ ●❡♥❡r❛t❡ ❛ ❇✐♦❑❊❚ ❞❛t❛s❡t ❢r♦♠ t❤❡ ❇✐♦❑❊❚ ❞❛t❛ ✇❛r❡❤♦✉s❡ ❛♥❞ ♣❡r❢♦r♠ ❛♥
❛♥❛❧②s✐s ✈❛❧✐❞❛t✐♦♥ ✇✐t❤ ❝❧❛ss✐❝❛❧ ❦♥♦✇❧❡❞❣❡ ♣❛tt❡r♥ ❡①tr❛❝t✐♦♥ ♠❡t❤♦❞s ❜❛s❡❞
♦♥ t❤❡ ❆♣r✐♦r✐ ❛♥❞ ●❛❧♦✐s ❝❧♦s✉r❡ ❛♣♣r♦❛❝❤❡s ❢♦r ❛ss♦❝✐❛t✐♦♥ r✉❧❡ ❡①tr❛❝t✐♦♥
❛♥❞ ❜✐❝❧✉st❡r✐♥❣✳

✶✳✸ ❈♦♥tr✐❜✉t✐♦♥

❚❤❡ ♠❛✐♥ ❝♦♥tr✐❜✉t✐♦♥ ✐s t♦ ♣r♦✈✐❞❡ ❞❡t❛✐❧s ♦❢ ❤♦✇ t❤❡ ❇✐♦❑❊❚ ❞❛t❛ ✇❛r❡❤♦✉s❡ ❤❛s
❜❡❡♥ ❞❡s✐❣♥❡❞ ❛♥❞ ♣♦♣✉❧❛t❡❞✱ ❜② ❝♦♥s♦❧✐❞❛t✐♥❣ ❛♥❞ ✐♥t❡❣r❛t✐♥❣ ♠✉❧t✐♣❧❡ ❛♥❞ ❤❡t❡r♦✲
❣❡♥❡♦✉s s♦✉r❝❡s ♦❢ ❞❛t❛✳ ❚❤❡ r❡❛❞❡r s❤♦✉❧❞ ♥♦t ✉♥❞❡r❡st✐♠❛t❡ t❤❡ ♠❡t❤♦❞♦❧♦❣✐❝❛❧
❝❤❛❧❧❡♥❣❡s ❛♥❞ t❤❡ ♣r❛❝t✐❝❛❧ ♣r♦❜❧❡♠s t❤❛t ❤❛❞ t♦ ❜❡ ♦✈❡r❝♦♠❡ ✐♥ ♦r❞❡r t♦ ❛❝❤✐❡✈❡
t❤❛t r❡s✉❧t✳ ❆s ❛❧❧ ❞❛t❛ ♠✐♥✐♥❣ ♣r❛❝t✐t✐♦♥❡rs ❛❣r❡❡✱ ♣r❡✲♣r♦❝❡ss✐♥❣✱ ✇❤✐❝❤ ✐♥❝❧✉❞❡s
❞❛t❛ ❝❧❡❛♥✐♥❣✱ ✐♥t❡❣r❛t✐♦♥✱ ❛♥❞ tr❛♥s❢♦r♠❛t✐♦♥ ✐s t❤❡ ♠♦st t✐♠❡✲❝♦♥s✉♠✐♥❣ ❛♥❞ ❝r✐t✲
✐❝❛❧ ♣❤❛s❡ ♦❢ t❤❡ ❞❛t❛ ♠✐♥✐♥❣ ♣r♦❝❡ss ❬▼❛r❜á♥ ✷✵✵✾✱ ▼❛r✐s❝❛❧ ✷✵✶✵❪ ✐❧❧✉str❛t❡❞ ✐♥
❋✐❣✉r❡ ✶✳✶✳

❋✐❣✉r❡ ✶✳✶✿ ▼❛✐♥ ♣❤❛s❡s ♦❢ ❛ ❞❛t❛ ♠✐♥✐♥❣ ♣r♦❝❡ss

❲❡ ❞❡♠♦♥str❛t❡ t❤❡ ✉s❡ ♦❢ s✉❝❤ r❡s♦✉r❝❡ ❜② ❛♣♣❧②✐♥❣ ❚❋■❙❚ ❛♥❞ ❲❡❦❛✱ ❛ ❝♦♠✲
❜✐♥❡❞ ❜✐❝❧✉st❡r✐♥❣ ❛♥❞ ❝♦♥❝❡♣t✉❛❧ ❛ss♦❝✐❛t✐♦♥ r✉❧❡ ❡①tr❛❝t✐♦♥ ♠❡t❤♦❞ ❛❧r❡❛❞② ❞❡✲
s❝r✐❜❡❞ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ❬▼♦♥❞❛❧ ✷✵✶✷❪✱ ♦♥ ❛ ❞❛t❛s❡t ❡①tr❛❝t❡❞ ❢r♦♠ t❤❡ ❇✐♦❑❊❚
❞❛t❛ ✇❛r❡❤♦✉s❡ ✐♥ ♦r❞❡r t♦ ❛♥❛❧②③❡ t❤❡ r✐s❦ st❛t✉s ♦❢ ♣❧❛♥ts ❡♥❞❡♠✐❝ t♦ ▲❛♦s✳

❚❤❡ ♦✉t❝♦♠❡s ♦❢ t❤✐s r❡s❡❛r❝❤ ✇✐❧❧ ❜❡ ❛ ❣✉✐❞❡❧✐♥❡ ❢♦r ▲❛♦ ❜✐♦❧♦❣✐sts✴❜♦t❛♥✐sts
❛♥❞ ❛ ❦♥♦✇❧❡❞❣❡ ❜❛s❡ ❢♦r ▲❛♦ ❣♦✈❡r♥♠❡♥t✬s ❝♦✉♥tr② ❞❡✈❡❧♦♣♠❡♥t ♣❧❛♥s ❛s ✇❡❧❧ ❛s
▲❛♦ P❉❘ ❛♥❞ ❝♦✉♥tr✐❡s ✐♥ ❙♦✉t❤❡❛st ❆s✐❛✳



✹ ❈❤❛♣t❡r ✶✳ ■♥tr♦❞✉❝t✐♦♥

✶✳✹ ❙tr✉❝t✉r❡ ♦❢ t❤❡s✐s

❚❤❡ t❤❡s✐s ❝♦♥s✐sts ♦❢ ✜✈❡ ❝❤❛♣t❡rs✳ ❈❤❛♣t❡r ✶✿ ■♥tr♦❞✉❝t✐♦♥ ♣r❡s❡♥ts ❢r♦♠ t❤❡
♣♦✐♥ts ♦❢ ♣r♦❜❧❡♠ ❛♥❞ ♠♦t✐✈❛t✐♦♥✱ ♦❜❥❡❝t✐✈❡ ❛♥❞ s❝♦♣❡✱ ❝♦♥tr✐❜✉t✐♦♥✱ ❛♥❞ str✉❝t✉r❡
♦❢ t❤❡s✐s✳ ❈❤❛♣t❡r ✷✿ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦ ♣r❡s❡♥ts ❞❡✜♥✐t✐♦♥s✱ ✐ss✉❡s✱
❝❤❛❧❧❡♥❣❡s✱ r❡s♦✉r❝❡s ✐♥ ❜✐♦❞✐✈❡rs✐t② ✜❡❧❞✇♦r❦✱ ❧✐t❡r❛t✉r❡ ♦♥ st❛t❡✲♦❢✲t❤❡ ❛rt t❡❝❤✲
♥♦❧♦❣✐❡s ❛♥❞ ❛♣♣❧✐❝❛t✐♦♥s✳ ❈❤❛♣t❡r ✸✿ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡ st❛t❡s ✐♥ ❞❡♣t❤
❤♦✇ t♦ ❜✉✐❧❞✱ ❞❡s✐❣♥✱ ❛♥❞ ✐♠♣❧❡♠❡♥t t❤❡ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡✱ ❛♥❞ ❤♦✇ t♦
✐♥t❡❣r❛t❡ ❛♥❞ ✈✐s✉❛❧✐③❡ t❤❡ ❇✐♦❑❊❚ ❞❛t❛ ✇✐t❤ ❣❡♦❧♦❝❛t✐♦♥ ❞❛t❛ ✭❣❡♦s♣❛t✐❛❧ ❞❛t❛✮✱
❛♥❞ ❤♦✇ t♦ ♣r❡♣❛r❡ ♣❛tt❡r♥s ❢♦r ❣❡♥❡r❛t✐♥❣ t❤❡ ❇✐♦❑❊❚ ❞❛t❛s❡t ❛♥❞ ♣r❡s❡♥t✐♥❣ t❤❡
❇✐♦❑❊❚ ♣❧❛♥t ♦♥t♦❧♦❣② ♠❛♣♣✐♥❣ ❝♦♥❝❡♣t✳ ❈❤❛♣t❡r ✹✿ ❊①♣❡r✐♠❡♥ts ❛♥❞ ❘❡s✉❧ts
♣r❡s❡♥ts t❤❡ ❇✐♦❑❊❚ ❞❛t❛s❡t s❝❤❡♠❛✱ ♣❛tt❡r♥s ❡①tr❛❝t✐♦♥✱ ♣❛tt❡r♥s ❡✈❛❧✉❛t✐♦♥✱ ❛♥❞
❡①♣❡r✐♠❡♥t❛❧ r❡s✉❧ts✳ ❈❤❛♣t❡r ✺✿ ❈♦♥❝❧✉s✐♦♥s ❛♥❞ ❋✉rt❤❡r ❲♦r❦ s✉♠♠❛r✐③❡s ✇❤❛t
❤❛s ❜❡❡♥ ❞♦♥❡ ❞✉r✐♥❣ t❤✐s r❡s❡❛r❝❤ ✇♦r❦ ❛♥❞ ♣r❡s❡♥ts ♣❡rs♣❡❝t✐✈❡s ❢r♦♠ t❤❡ ✈✐❡✇✲
♣♦✐♥t ♦❢ t❤❡ ❡①t❡♥s✐♦♥ ♦❢ t❤✐s ✇♦r❦ ❛♥❞ r❡❧❛t❡❞ ❛♣♣❧✐❝❛t✐♦♥s✳





❈❤❛♣t❡r ✷

❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

❚❤✐s ❝❤❛♣t❡r ✐s st❛t❡❞ ❛s ❢♦❧❧♦✇s✳ ●❡tt✐♥❣ st❛rt❡❞ ❢r♦♠ ❜✐♦❞✐✈❡rs✐t② ❞❡✜♥✐t✐♦♥s✱
✐ss✉❡s✱ ❝❤❛❧❧❡♥❣❡s✱ r❡s♦✉r❝❡s✱ ❛♥❞ ❧✐t❡r❛t✉r❡ ♦♥ st❛t❡✲♦❢✲t❤❡ ❛rt t❡❝❤♥♦❧♦❣✐❡s ❛♥❞
❛♣♣❧✐❝❛t✐♦♥s✳

❈♦♥t❡♥ts
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✷✳✶ ❇✐♦❞✐✈❡rs✐t②

❚❤❡r❡ ✐s ❛ ❣❡♥❡r❛❧ ❛❣r❡❡♠❡♥t t❤❛t ❜✐♦❞✐✈❡rs✐t② ❝♦♥s✐sts ♦❢ t❤r❡❡ ♠❛✐♥ t②♣❡s✱ ♦r ❧❡✈❡❧s✱
♦❢ ❞✐✈❡rs✐t② ❛s ❞❡♣✐❝t❡❞ ✐♥ ❋✐❣✉r❡ ✷✳✶✳ ❚❤❡ ✜rst t②♣❡ ✐s ●❡♥❡t✐❝ ❞✐✈❡rs✐t②✱ t❤❡ s❡❝♦♥❞
♦♥❡ ✐s ❙♣❡❝✐❡s ❞✐✈❡rs✐t②✱ ❛♥❞ t❤❡ ❧❛st ♦♥❡ ✐s ❊❝♦s②st❡♠ ❞✐✈❡rs✐t②✱ ♦r ❊❝♦❧♦❣✐❝❛❧ ❞✐✈❡r✲
s✐t② ❬✷✵✶✸✉✱ ●r♦♦♠❜r✐❞❣❡ ✷✵✵✷✱ P♦♣② ✷✵✵✾✱ ❙❛❧❛ ✷✵✵✸✱ ❙✇✐♥❣❧❛♥❞ ✷✵✵✶✱ ❚❛❧❡♥t ✷✵✶✷✱
✷✵✶✸✈❪✳ ❚❤❡s❡ ❛r❡ t❤❡ t❤r❡❡ ❧❡✈❡❧s ❛t ✇❤✐❝❤ ❜✐♦❧♦❣✐❝❛❧ ✈❛r✐❡t② ❤❛s ❜❡❡♥ ✐❞❡♥t✐✜❡❞✳

●❡♥❡t✐❝ ❞✐✈❡rs✐t② r❡❢❡rs t♦ t❤❡ ❣❡♥❡t✐❝ ✈❛r✐❛t✐♦♥ ❛♥❞ ❤❡r✐t❛❜❧❡ tr❛✐ts ✇✐t❤✐♥ ♦r✲
❣❛♥✐s♠s✳ ❆❧❧ s♣❡❝✐❡s ❛r❡ r❡❧❛t❡❞ ✇✐t❤ ♦t❤❡r s♣❡❝✐❡s t❤r♦✉❣❤ ❛ ❣❡♥❡t✐❝ ♥❡t✇♦r❦✱ ❜✉t
t❤❡ ✈❛r✐❡t② ♦❢ ❣❡♥❡t✐❝ ♣r♦♣❡rt✐❡s ❛♥❞ ❢❡❛t✉r❡s ♠❛❦❡s ❝r❡❛t✉r❡s ❞✐✛❡r❡♥t ✐♥ t❤❡✐r ♠♦r✲
♣❤♦❧♦❣✐❝ ❝❤❛r❛❝t❡r✐st✐❝s✳ ●❡♥❡t✐❝ ❞✐✈❡rs✐t② ❛♣♣❧✐❡s t♦ ❛❧❧ ❧✐✈✐♥❣ ♦r❣❛♥✐s♠s ❤❛✈✐♥❣
✐♥❤❡r✐t❛♥❝❡ ♦❢ ❣❡♥❡s✱ ✐♥❝❧✉❞✐♥❣ t❤❡ ❛♠♦✉♥t ♦❢ ❉◆❆ ♣❡r ❝❡❧❧ ❛♥❞ ❝❤r♦♠♦s♦♠❡ str✉❝✲
t✉r❡s✳ ●❡♥❡t✐❝ ❞✐✈❡rs✐t② ✐s ❛♥ ✐♠♣♦rt❛♥t ❢❛❝t♦r ❢♦r t❤❡ ❛❞❛♣t❛t✐♦♥ ♦❢ ♣♦♣✉❧❛t✐♦♥s t♦
❝❤❛♥❣✐♥❣ ❡♥✈✐r♦♥♠❡♥ts ❛♥❞ t❤❡ r❡s✐st❛♥❝❡ t♦ ❝❡rt❛✐♥ t②♣❡s ♦❢ ❞✐s❡❛s❡s✳ ❋♦r s♣❡❝✐❡s✱
❛ ❤✐❣❤❡r ❣❡♥❡t✐❝ ✈❛r✐❛t✐♦♥ ✐♠♣❧✐❡s ❧❡ss r✐s❦✳ ■t ✐s ❛❧s♦ ❡ss❡♥t✐❛❧ ❢♦r s♣❡❝✐❡s ❡✈♦❧✉t✐♦♥✳



✻ ❈❤❛♣t❡r ✷✳ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

❋✐❣✉r❡ ✷✳✶✿ ❚②♣❡s ♦❢ ❞✐✈❡rs✐t②✿ ●❡♥❡t✐❝ ✭✐♥♥❡r✮✱ ❙♣❡❝✐❡s ✭♠✐❞❞❧❡✮✱ ❛♥❞ ❊❝♦s②st❡♠ ✭♦✉t❡r✮

❙♣❡❝✐❡s ❞✐✈❡rs✐t② r❡❢❡rs t♦ t❤❡ ✈❛r✐❡t② ♦❢ ❧✐✈✐♥❣ ♦r❣❛♥✐s♠s ✇✐t❤✐♥ ❛♥ ❡❝♦s②st❡♠✱ ❛♥
❤❛❜✐t❛t ♦r ❛ r❡❣✐♦♥✳ ■t ✐s ❡✈❛❧✉❛t❡❞ ❜② ❝♦♥s✐❞❡r✐♥❣ t✇♦ ❢❛❝t♦rs✿ s♣❡❝✐❡s r✐❝❤♥❡ss ❛♥❞
s♣❡❝✐❡s ❡✈❡♥♥❡ss✳ ❚❤❡ ✜rst ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ♥✉♠❜❡r ♦❢ ❞✐✛❡r❡♥t s♣❡❝✐❡s ♣r❡s❡♥t
✐♥ ❛ ❝♦♠♠✉♥✐t② ♣❡r ✉♥✐t ❛r❡❛✱ ❛♥❞ t❤❡ s❡❝♦♥❞ t♦ t❤❡ r❡❧❛t✐✈❡ ❛❜✉♥❞❛♥❝❡ ♦❢ ❡❛❝❤
s♣❡❝✐❡s ✐♥ t❤❡ ❣❡♦❣r❛♣❤✐❝❛❧ ❛r❡❛✳ ❇♦t❤ ❢❛❝t♦rs ❛r❡ ❡✈❛❧✉❛t❡❞ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ s✐③❡
♦❢ ♣♦♣✉❧❛t✐♦♥s ♦r ❜✐♦♠❛ss ♦❢ ❡❛❝❤ s♣❡❝✐❡s ✐♥ t❤❡ ❛r❡❛✳ ❘❡❝❡♥t st✉❞✐❡s ❤❛✈❡ s❤♦✇♥
r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ ❞✐✈❡rs✐t② ✇✐t❤✐♥ s♣❡❝✐❡s ❛♥❞ ❞✐✈❡rs✐t② ❛♠♦♥❣ s♣❡❝✐❡s✳ ❙♣❡❝✐❡s
❞✐✈❡rs✐t② ✐s t❤❡ ♠♦st ✈✐s✐❜❧❡ ♣❛rt ♦❢ ❜✐♦❞✐✈❡rs✐t②✳

❊❝♦s②st❡♠ ❞✐✈❡rs✐t② r❡❢❡rs t♦ t❤❡ ✈❛r✐❡t② ♦❢ ❧❛♥❞s❝❛♣❡ ♦❢ ❡❝♦s②st❡♠s ✐♥ ❡❛❝❤
r❡❣✐♦♥ ♦❢ t❤❡ ✇♦r❧❞✳ ❆♥ ❡❝♦s②st❡♠ ✐s ❛ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❝♦♠♠✉♥✐t✐❡s ✕ ❛ss♦❝✐❛t✐♦♥s
♦❢ s♣❡❝✐❡s ✕ ♦❢ ❧✐✈✐♥❣ ♦r❣❛♥✐s♠s ✇✐t❤ t❤❡ ♣❤②s✐❝❛❧ ❡♥✈✐r♦♥♠❡♥t ✐♥ ✇❤✐❝❤ t❤❡② ❧✐✈❡
✭❡✳❣✳✱ ❛✐r✱ ✇❛t❡r✱ ♠✐♥❡r❛❧ s♦✐❧✱ t♦♣♦❣r❛♣❤②✱ ❝❧✐♠❛t❡✮✳ ❊❝♦s②st❡♠s ✈❛r② ✐♥ s✐③❡ ❛♥❞
✐♥ ❡✈❡r② ❣❡♦❣r❛♣❤✐❝ r❡❣✐♦♥ t❤❡r❡ ✐s ❛ ❝♦♠♣❧❡① ♠♦s❛✐❝ ♦❢ ✐♥t❡r❝♦♥♥❡❝t❡❞ ❡❝♦s②st❡♠s✳
❊❝♦s②st❡♠s ❛r❡ ❡♥✈✐r♦♥♠❡♥ts ✇✐t❤ ❛ ❜❛❧❛♥❝❡❞ st❛t❡ ♦❢ ♥❛t✉r❛❧ ❡❧❡♠❡♥ts ✭✇❛t❡r✱
♣❧❛♥ts✱ ❛♥✐♠❛❧s✱ ❢✉♥❣✐✱ ♠✐❝r♦❜❡s✱ ♠♦❧❡❝✉❧❡s✱ ❝❧✐♠❛t❡✱ ❡t❝✳✮✳ ❊❝♦s②st❡♠ ❞✐✈❡rs✐t②
❡♠❜r❛❝❡s t❤❡ ✈❛r✐❡t② ♦❢ ❤❛❜✐t❛ts ❛♥❞ ❡♥✈✐r♦♥♠❡♥t❛❧ ♣❛r❛♠❡t❡rs t❤❛t ♦❝❝✉r ✇✐t❤✐♥ ❛
r❡❣✐♦♥✳ ❚♦ ♣r❡s❡r✈❡ ❜✐♦❞✐✈❡rs✐t②✱ t❤❡ ❝♦♥s❡r✈❛t✐♦♥ ❛♥❞ ♣r♦t❡❝t✐♦♥ ♦❢ ❛ r❡♣r❡s❡♥t❛t✐✈❡
❛rr❛② ♦❢ ✐♥t❡r❛❝t✐♥❣ ❡❝♦s②st❡♠s✱ ❛♥❞ t❤❡✐r ❛ss♦❝✐❛t❡❞ ❣❡♥❡t✐❝ ❛♥❞ s♣❡❝✐❡s ❞✐✈❡rs✐t✐❡s✱
✐s ❞❡❝✐s✐✈❡✳

❇✐♦❞✐✈❡rs✐t② ❛♣♣❧✐❡s ✇❤❡r❡✈❡r t❤❡r❡ ✐s ❧✐❢❡✱ t❤❛t ✐s ❛❧❧ ❛r♦✉♥❞ t❤❡ ✇♦r❧❞✱ ❢r♦♠
t❤❡ ❡❛rt❤✬s s✉r❢❛❝❡ t♦ ♠❛r✐♥❡ ❡❝♦s②st❡♠s✳ ❇✐♦❧♦❣✐sts ♠♦st ♦❢t❡♥ ❞❡✜♥❡ ❜✐♦❞✐✈❡rs✐t②
❛s t❤❡ ✏t♦t❛❧✐t② ♦❢ ❣❡♥❡s✱ s♣❡❝✐❡s✱ ❛♥❞ ❡❝♦s②st❡♠s ♦❢ ❛ r❡❣✐♦♥✑✳ ❊❝♦❧♦❣✐sts ❝♦♥s✐❞❡r
❜✐♦❞✐✈❡rs✐t② ❛❝❝♦r❞✐♥❣ t♦ t❤❡ t❤r❡❡ ❢♦❧❧♦✇✐♥❣ ✐♥t❡r❞❡♣❡♥❞❡♥t ♣r✐♠❛r② ❝❤❛r❛❝t❡r✐s✲
t✐❝s✿ ❊❝♦s②st❡♠s ❝♦♠♣♦s✐t✐♦♥✱ ✐✳❡✳✱ t❤❡ ✈❛r✐❡t② ❛♥❞ r✐❝❤♥❡ss ♦❢ ✐♥❤❛❜✐t✐♥❣ s♣❡❝✐❡s✱
❡❝♦s②st❡♠s str✉❝t✉r❡✱ ✐✳❡✳✱ t❤❡ ♣❤②s✐❝❛❧ ❛♥❞ t❤r❡❡ ❞✐♠❡♥s✐♦♥❛❧ ♣❛tt❡r♥s ♦❢ ❧✐❢❡ ❢♦r♠s✱



✷✳✶✳ ❇✐♦❞✐✈❡rs✐t② ✼

❛♥❞ ❡❝♦s②st❡♠s ❢✉♥❝t✐♦♥✱ ✐✳❡✳✱ ❜✐♦❣❡♦❝❤❡♠✐❝❛❧ ❝②❝❧❡s ❛♥❞ ❡✈♦❧✈✐♥❣ ❡♥✈✐r♦♥♠❡♥t❛❧
❝♦♥❞✐t✐♦♥s✳ ❊✈❡♥ t❤♦✉❣❤ ♠❛♥② ❛♣♣❧✐❝❛t✐♦♥ t♦♦❧s ❤❛✈❡ ❜❡❡♥ ❞❡✈❡❧♦♣❡❞✱ ❡✈❛❧✉❛t✐♥❣
❜✐♦❞✐✈❡rs✐t② st✐❧❧ ❢❛❝❡s ❞✐✣❝✉❧t✐❡s ❞✉❡ t♦ t❤❡ ❝♦♠♣❧❡①✐t② ♦❢ ♣r❡❝✐s❡ ❡✈❛❧✉❛t✐♦♥s ♦❢
t❤❡s❡ ♣❛r❛♠❡t❡rs✳ ❍❡♥❝❡✱ t❤❡ ♦✈❡r❛❧❧ ♥✉♠❜❡r ♦❢ s♣❡❝✐❡s t❤❛t ❝❛♥ ❜❡ ♠❡❛s✉r❡❞ ❛♥❞
♦✣❝✐❛❧❧② ✐❞❡♥t✐✜❡❞ ❛❧❧ ❛r♦✉♥❞ t❤❡ ✇♦r❧❞ ✐s ♦♥❧② ✶✳✼ t♦ ✷ ♠✐❧❧✐♦♥s ❛♥❞ ✺ t♦ ✸✵ ♠✐❧❧✐♦♥s
r❡s♣❡❝t✐✈❡❧② ❬✷✵✶✸✇✱ ▼❛❣✉rr❛♥ ✷✵✶✸✱ ▼❛❣✉rr❛♥ ✷✵✶✶❪✳

✷✳✶✳✶ ❊♥✈✐r♦♥♠❡♥t❛❧ ■ss✉❡s

■♥ ♥❛t✉r❡✱ ❜✐♦❞✐✈❡rs✐t② ✐s t❤❡ ❦❡② t♦ ❦❡❡♣ ♥❛t✉r❛❧ ❜❛❧❛♥❝❡ ✐♥ ❝❤❛♥❣✐♥❣ ❡♥✈✐r♦♥♠❡♥t❛❧
❝♦♥❞✐t✐♦♥s✳ ■t ❢✉♥❝t✐♦♥s ❛s s❡r✈✐❝❡s✱ s✉❝❤ ❛s ❝♦♥s✉♠♣t✐♦♥ s❡r✈✐❝❡✱ t❤❛t ✐s t♦ s❡r✈❡
t❤❡ ♥❛t✉r❛❧ r❡s♦✉r❝❡s t♦ ❤✉♠❛♥ ✭❡✳❣✳✱ ❢♦♦❞✱ ❝❧♦t❤✐♥❣✱ ❤♦✉s✐♥❣✱ ♠❡❞✐❝✐♥❡s✮✱ ✐♥❞✉str✐❛❧
♣r♦❞✉❝t✐♦♥ s❡r✈✐❝❡✱ t❤❛t ✐s t♦ s❡r✈❡ ♣r♦❞✉❝t✐✈✐t② ♦❢ ❢♦r❡st t♦ ❜❡ ✉s❡❞ ❡✐t❤❡r ❞✐r❡❝t❧②
♦r ✐♥❞✐r❡❝t❧② ✭❡✳❣✳✱ ❡①tr❛❝t✐♥❣ ❝❤❡♠✐❝❛❧s ❢r♦♠ ♣❧❛♥ts ✐♥ t❤❡ ❢♦r❡st✮✱ ❛♥❞ ♦t❤❡rs ✭♥♦♥✲
❝♦♥s✉♠♣t✐✈❡ ✉s❡s✮ ✐♥❝❧✉❞✐♥❣ ✈❛❧✉❡s ♦❢ ♠❛✐♥t❡♥❛♥❝❡ ♦❢ ❡❝♦s②st❡♠s t♦ ❜❡ s✉st❛✐♥❛❜❧❡
✭❡✳❣✳✱ s♦✐❧ ♠❛✐♥t❡♥❛♥❝❡✱ ♥✐tr♦❣❡♥ t♦ t❤❡ s♦✐❧✱ s②♥t❤❡s✐s ♦❢ ♣❧❛♥t ♣♦✇❡r✱ ❤✉♠✐❞✐t②
❝♦♥tr♦❧✮ ❬❊❧❞r❡❞❣❡ ✷✵✵✷✱ ●r✐❧❧♦ ✷✵✶✶✱ ❙❤❛❤ ✷✵✶✶✱ ❚❛❧❡♥t ✷✵✶✷❪✳

❆❧❧ ❧✐❢❡ ♦♥ t❤❡ ♣❧❛♥❡t ♥❡❡❞s ♥✉tr✐❡♥ts ❛♥❞ ♦①②❣❡♥✱ ✇❤✐❝❤ ❛r❡ t❤❡ ♠❛✐♥ ❢❛❝t♦rs ❢♦r
s✉r✈✐✈❛❧✳ ❊s♣❡❝✐❛❧❧②✱ s♣❡❝✐❡s ❞❡♣❡♥❞ ♦♥ ❜✐♦❞✐✈❡rs✐t② r❡s♦✉r❝❡s ♣r♦❞✉❝❡❞ ❜② ❡❝♦s②st❡♠
s❡r✈✐❝❡s✳ ❚❤❡ ❡❝♦s②st❡♠ s❡r✈✐❝❡s ✭❋✐❣✉r❡ ✷✳✷✮ ❝❛♥ r❡❣✉❧❛t❡ ❝❧✐♠❛t❡ ❝❤❛♥❣❡s✱ ❞✐s♣♦s❡
♦❢ ✇❛st❡s✱ r❡❝②❝❧❡ ♥✉tr✐❡♥ts✱ ✜❧t❡r ❛♥❞ ♣✉r✐❢② ✇❛t❡r✱ ♣✉r✐❢② ❛✐r✱ ❜✉✛❡r ❛❣❛✐♥st ✢♦♦❞✐♥❣✱
❛♥❞ ♠❛✐♥t❛✐♥ s♦✐❧ ❢❡rt✐❧✐t② ❬❊❧❞r❡❞❣❡ ✷✵✵✷✱ ▼❆ ✷✵✵✺✱ ▼✐❞❣❧❡② ✷✵✶✷✱ ❚❛❧❡♥t ✷✵✶✷❪✳
❈❤❛♥❣❡s ✐♥ ❡♥✈✐r♦♥♠❡♥t❛❧ ❢❛❝t♦rs ❛♥❞ ❡❝♦s②st❡♠s ❝❛♥ t❤✉s ❡♥❞❛♥❣❡r ❧✐❢❡ ❢♦r♠s ❛s
r❡♣♦rt❡❞ ✐♥ s❡✈❡r❛❧ s❝✐❡♥t✐✜❝ st✉❞✐❡s ✭❋✐❣✉r❡ ✷✳✸✮✳

❚❤❡ r❡♣♦rt ♦❢ ●❧♦❜❛❧ ❇✐♦❞✐✈❡rs✐t② ❖✉t❧♦♦❦ ✸ ❬✷✵✶✸❦❪ ♦❢ t❤❡ ❈♦♥✈❡♥t✐♦♥ ♦♥ ❇✐♦✲
❧♦❣✐❝❛❧ ❉✐✈❡rs✐t② ✭❈❇❉✮ ❤✐❣❤❧✐❣❤ts ❇❛♥ ❑✐✲♠♦♦♥✬s s♣❡❡❝❤✱ ❯♥✐t❡❞ ◆❛t✐♦♥s ●❡♥❡r❛❧
❙❡❝r❡t❛r②✱ ♦♥ t❤❡ ❢❛❝t t❤❛t ✏t❤❡ ❝♦♥s❡q✉❡♥❝❡s ♦❢ t❤✐s ❝♦❧❧❡❝t✐✈❡ ❢❛✐❧✉r❡✱ ✐❢ ✐t ✐s ♥♦t
q✉✐❝❦❧② ❝♦rr❡❝t❡❞✱ ✇✐❧❧ ❜❡ s❡✈❡r❡ ❢♦r ✉s✳ ❇✐♦❞✐✈❡rs✐t② ✉♥❞❡r♣✐♥s t❤❡ ❢✉♥❝t✐♦♥✐♥❣ ♦❢ t❤❡
❡❝♦s②st❡♠s ♦♥ ✇❤✐❝❤ ✇❡ ❞❡♣❡♥❞ ❢♦r ❢♦♦❞ ❛♥❞ ❢r❡s❤ ✇❛t❡r✱ ❤❡❛❧t❤ ❛♥❞ r❡❝r❡❛t✐♦♥✱ ❛♥❞
♣r♦t❡❝t✐♦♥ ❢r♦♠ ♥❛t✉r❛❧ ❞✐s❛st❡rs✳ ■ts ❧♦ss ❛❧s♦ ❛✛❡❝ts ✉s ❝✉❧t✉r❛❧❧② ❛♥❞ s♣✐r✐t✉❛❧❧②✳
❚❤✐s ♠❛② ❜❡ ♠♦r❡ ❞✐✣❝✉❧t t♦ q✉❛♥t✐❢②✱ ❜✉t ✐s ♥♦♥❡t❤❡❧❡ss ✐♥t❡❣r❛❧ t♦ ♦✉r ✇❡❧❧✲❜❡✐♥❣✑✳
❚❤❡ ❧♦ss ♦❢ ❜✐♦❞✐✈❡rs✐t② ❜❡❝♦♠❡s ❛ s❡r✐♦✉s ✐ss✉❡ ❢♦r t❤❡ t✇❡♥t②✲✜rst ❝❡♥t✉r②✳ ■ts ❧♦ss
❤❛s ❞✐r❡❝t ❛♥❞ ✐♥❞✐r❡❝t ♥❡❣❛t✐✈❡ ❡✛❡❝ts ♦♥ ♠❛♥② ❢❛❝t♦rs ✭❋✐❣✉r❡ ✷✳✹✮ ❝♦♥♥❡❝t✐♥❣ t❤❡
❡❧❡♠❡♥ts ♦❢ ❜✐♦❞✐✈❡rs✐t② ❛s ✇❡❧❧ ❛s ❡❝♦s②st❡♠s ❬❈❛r❞✐♥❛❧❡ ✷✵✶✷✱ ▼✐❞❣❧❡② ✷✵✶✷❪✳

■♥ ❊♥✈✐r♦♥♠❡♥t❛❧ ❢❛❝t♦rs✱ t❤❡ ❧♦ss ♦❢ ❜✐♦❞✐✈❡rs✐t② ♠❡❛♥s t❤❛t t❤❡ ♥❛t✉r❛❧ ❜❛❧❛♥❝❡
❜❡t✇❡❡♥ ❡♥✈✐r♦♥♠❡♥t❛❧ ❝♦♥❞✐t✐♦♥s ❛♥❞ t❤❡ ❞✐✛❡r❡♥t t②♣❡s ♦❢ ❞✐✈❡rs✐t✐❡s ❝❛♥♥♦t ❜❡
❝♦♥s❡r✈❡❞✱ ✇❤✐❝❤ ✇✐❧❧ ❛✛❡❝t st❛❜✐❧✐t② ♦❢ ❡❝♦s②st❡♠s✳ ❚❤✐s ❝❛♥ ❧❡❛❞ t♦ ❝❧✐♠❛t❡ ❝❤❛♥❣❡s✱
s✉❝❤ ❛s t❤❡ ❣❧♦❜❛❧ ✇❛r♠✐♥❣ r❡♣♦rt❡❞ ✐♥ s❡✈❡r❛❧ s❝✐❡♥t✐✜❝ st✉❞✐❡s✱ ❛♥❞ ❝♦♥s❡q✉❡♥t❧②
t♦ ♥❛t✉r❛❧ ❞✐s❛st❡rs ✭❧❛♥❞s❧✐❞❡s✱ ✢♦♦❞s✱ t②♣❤♦♦♥s✱ ❝②❝❧♦♥❡s✱ ❤✉rr✐❝❛♥❡s✱ ts✉♥❛♠✐s✱
❡t❝✳✮ ❬❈❛r❞✐♥❛❧❡ ✷✵✶✷✱ ❊❇■ ✷✵✶✸✱ ❑❤❛❧❧❛❢ ✷✵✶✶✱ ▼✐❞❣❧❡② ✷✵✶✷✱ ✷✵✶✸❣❪✳

❚♦✉r✐s♠ ❢❛❝t♦rs ❛r❡ ✐♠♣❛❝t❡❞ ❜② ❡♥✈✐r♦♥♠❡♥t ❢❛❝t♦rs✿ ■❢ t❤❡② ❛r❡ ❛✛❡❝t❡❞✱
❜② ♥❛t✉r❛❧ ❞✐s❛st❡rs ♦r ♣♦❧❧✉t✐♦♥ ❢♦r ✐♥st❛♥❝❡✱ t♦✉r✐s♠ str✉❝t✉r❡ s②st❡♠s✱ s✉❝❤ ❛s
❛❡st❤❡t✐❝ ♥❛t✉r❛❧ ❧❛♥❞s❝❛♣❡s ❛♥❞ ❤✐st♦r✐❝❛❧ ♣❧❛❝❡s✱ ❝❛♥ ❜❡ ❛✛❡❝t❡❞✱ ❛♥❞ ❡✈❡♥ ❞❡✲
str♦②❡❞✳ ❋♦r ❡①❛♠♣❧❡✱ t❤❡ ❡✛❡❝t ♦❢ ♣♦❧❧✉t✐♦♥ ♦♥ t❤❡ str✉❝t✉r❡ ❛♥❞ ❡♥✈✐r♦♥♠❡♥t ♦❢



✽ ❈❤❛♣t❡r ✷✳ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

Pr♦✈✐s✐♦♥✐♥❣ s❡r✈✐❝❡s✱ ♦r t❤❡ s✉♣♣❧②

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

♦❢t❡♥ ✇✐t❤ ❛ ❝❧❡❛r ♠♦♥❡t❛r② ✈❛❧✉❡✱ s✉❝❤ ❛s

t✐♠❜❡r ❢r♦♠ ❢♦r❡sts✱ ♠❡❞✐❝✐♥❛❧ ♣❧❛♥ts✱ ❛♥❞

✜s❤ ❢r♦♠ t❤❡ ♦❝❡❛♥s✱ r✐✈❡rs ❛♥❞ ❧❛❦❡s✳

❘❡❣✉❧❛t✐♥❣ s❡r✈✐❝❡s✱ t❤❡ r❛♥❣❡ ♦❢ ✈✐t❛❧

❢✉♥❝t✐♦♥s ❝❛rr✐❡❞ ♦✉t ❜② ❡❝♦s②st❡♠s

✇❤✐❝❤ ❛r❡ r❛r❡❧② ❣✐✈❡♥ ❛ ♠♦♥❡t❛r② ✈❛❧✉❡

✐♥ ❝♦♥✈❡♥t✐♦♥❛❧ ♠❛r❦❡ts✳ ❚❤❡② ✐♥❝❧✉❞❡

r❡❣✉❧❛t✐♦♥ ♦❢ ❝❧✐♠❛t❡ t❤r♦✉❣❤ t❤❡ st♦r✐♥❣

♦❢ ❝❛r❜♦♥ ❛♥❞ ❝♦♥tr♦❧ ♦❢ ❧♦❝❛❧ r❛✐♥❢❛❧❧✱ t❤❡

r❡♠♦✈❛❧ ♦❢ ♣♦❧❧✉t❛♥ts ❜② ✜❧t❡r✐♥❣ t❤❡ ❛✐r

❛♥❞ ✇❛t❡r✱ ❛♥❞ ♣r♦t❡❝t✐♦♥ ❢r♦♠ ❞✐s❛st❡rs

s✉❝❤ ❛s ❧❛♥❞s❧✐❞❡s ❛♥❞ ❝♦❛st❛❧ st♦r♠s✳

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

♠❛t❡r✐❛❧ ❜❡♥❡✜ts✱ ❜✉t ❝♦♥tr✐❜✉t✐♥❣ t♦

✇✐❞❡r ♥❡❡❞s ❛♥❞ ❞❡s✐r❡s ♦❢ s♦❝✐❡t②✱ ❛♥❞

t❤❡r❡❢♦r❡ t♦ ♣❡♦♣❧❡✬s ✇✐❧❧✐♥❣♥❡ss t♦ ♣❛② ❢♦r

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

✈❛❧✉❡ ❛tt❛❝❤❡❞ t♦ ♣❛rt✐❝✉❧❛r ❡❝♦s②st❡♠s

s✉❝❤ ❛s s❛❝r❡❞ ❣r♦✈❡s✱ ❛♥❞ t❤❡ ❛❡st❤❡t✐❝

❜❡❛✉t② ♦❢ ❧❛♥❞s❝❛♣❡s ♦r ❝♦❛st❛❧ ❢♦r♠❛t✐♦♥s

t❤❛t ❛ttr❛❝t t♦✉r✐sts✳

❙✉♣♣♦rt✐♥❣ s❡r✈✐❝❡s✱ ♥♦t ♦❢ ❞✐r❡❝t ❜❡♥✲

❡✜t t♦ ♣❡♦♣❧❡ ❜✉t ❡ss❡♥t✐❛❧ t♦ t❤❡

❢✉♥❝t✐♦♥✐♥❣ ♦❢ ❡❝♦s②st❡♠s ❛♥❞ t❤❡r❡❢♦r❡

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

❊①❛♠♣❧❡s ❛r❡ t❤❡ ❢♦r♠❛t✐♦♥ ♦❢ s♦✐❧s ❛♥❞

t❤❡ ♣r♦❝❡ss❡s ♦❢ ♣❧❛♥t ❣r♦✇t❤✳

❋✐❣✉r❡ ✷✳✷✿ ❆ ❜r✐❡❢ ❞❡s❝r✐♣t✐♦♥ ♦❢ ❡❝♦s②st❡♠ s❡r✈✐❝❡s ❬✷✵✶✸❦❪

t❤❡ ❱❡♥✐❝❡ ❝✐t②✱ ✐♥ ■t❛❧②✱ ✐s ❦♥♦✇♥ t♦ ❡♥❞❛♥❣❡r ❜✉✐❧❞✐♥❣s ❬❞❡❧ ▼♦♥t❡ ✶✾✽✺✱ P✐♣❡ ✶✾✾✺✱
❩❛♥♥❡tt✐ ✶✾✼✼❪✳ ❚❤✐s ❝❛♥ ✐♠♣❛❝t t♦✉r✐s♠ ❛s ♥❛t✉r❛❧ ❧❛♥❞s❝❛♣❡s ❛♥❞ ❤✐st♦r✐❝❛❧ ♣❧❛❝❡s
❛r❡ ❛ttr❛❝t✐♦♥ s✐t❡s ❢♦r t♦✉r✐sts✱ ✇❤✐❝❤ ❝♦♥s❡q✉❡♥t❧② ❝♦♥tr✐❜✉t❡ t♦ ❞❡✈❡❧♦♣ ❡❝♦♥♦♠✐❝❛❧
❛♥❞ s♦❝✐❛❧ ❛❝t✐✈✐t✐❡s ❬❈❛r❞✐♥❛❧❡ ✷✵✶✷✱ ❑❤❛❧❧❛❢ ✷✵✶✶❪✳

❍✉♠❛♥ ❢❛❝t♦rs ❛r❡ ❧✐♥❦❡❞ t♦ ♥✉tr✐❡♥ts✱ ♦①②❣❡♥✱ ❛♥❞ ♦t❤❡r ❡ss❡♥t✐❛❧ ♥❡❡❞s ✇❤✐❝❤



✷✳✶✳ ❇✐♦❞✐✈❡rs✐t② ✾

❋✐❣✉r❡ ✷✳✸✿ ❚❤❡ r✐s❦ st❛t✉s ♦❢ s♣❡❝✐❡s ✐♥ ❡❛❝❤ t❛①♦♥♦♠✐❝ ❣r♦✉♣ ❬✷✵✶✸❦❪

❋✐❣✉r❡ ✷✳✹✿ ❘❡❧❛t✐♦♥s❤✐♣s ❛♠♦♥❣ ❜✐♦❞✐✈❡rs✐t②✱ ❤✉♠❛♥✱ s♦❝✐❡t②✱ ❡♥✈✐r♦♥♠❡♥t✱ ❡❝♦♥♦♠✐❝s

❛♥❞ t♦✉r✐s♠

❛r❡ ♣r♦❞✉❝❡❞ ❢r♦♠ ❜✐♦❞✐✈❡rs✐t② r❡s♦✉r❝❡s✳ ■❢ t❤❡ ♥✉♠❜❡r ♦❢ ❜✐♦❞✐✈❡rs✐t② r❡s♦✉r❝❡s
✐s ❞❡❝r❡❛s❡❞✱ t❤❡ ✈♦❧✉♠❡ ♦❢ ✈✐t❛❧ ♣r♦❞✉❝ts✱ s✉❝❤ ❛s ❢♦♦❞✱ ✇❛t❡r✱ ♣❧❛♥ts ❛♥❞ ❛♥✐✲



✶✵ ❈❤❛♣t❡r ✷✳ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

♠❛❧s✱ ✇✐❧❧ ❛❧s♦ ❞❡❝r❡❛s❡✳ ❚❤✐s ❝❛♥ ❧❡❛❞ t♦ ❤✉♠❛♥✬s ❝♦♥s✉♠♣t✐♦♥ ❛♥❞ s✉r✈✐✈❛❜✐❧✐t②
❝♦♥❝❡r♥s✳ ❋♦r ❡①❛♠♣❧❡✱ t❤❡ ❛✉❣♠❡♥t❛t✐♦♥ ♦❢ t❤❡ ♣r♦❞✉❝t✐♦♥ ❝♦sts ❝❛♥ ❧❡❛❞ t♦ ❞✐❢✲
✜❝✉❧t✐❡s ❢♦r ❤✉♠❛♥ ♣♦♣✉❧❛t✐♦♥s t♦ ❤❛✈❡ ❛❝❝❡ss t♦ ✈✐t❛❧ r❡s♦✉r❝❡s✱ s✉❝❤ ❛s ♠❡❞✐❝✐♥❡✱
❢♦♦❞✱ ❡t❝✳ ❬❇❧❛♥❝♦ ✷✵✶✶✱ ❈❛r❞✐♥❛❧❡ ✷✵✶✷✱ ❈❛s❛❧❡❣♥♦ ✷✵✶✶✱ ▼❆ ✷✵✵✺✱ ❑❤❛❧❧❛❢ ✷✵✶✶✱
❈❖❍❆❇ ✷✵✶✵✱ ✷✵✶✸❣❪✳

❙♦❝✐❡t② ❢❛❝t♦rs ❛r❡ ❛✛❡❝t❡❞ ❜② ❜✐♦❞✐✈❡rs✐t② ❧♦ss ❛s ♠♦st ♣❛rts ♦❢ s♦❝✐❡t② ✐♥✲
❢r❛str✉❝t✉r❡s ❛♥❞ ❧✐✈❡❧✐❤♦♦❞ ❞❡♣❡♥❞ ♦♥ t❤❡ ❜❛s✐❝ s②st❡♠ ❛♥❞ str✉❝t✉r❡ ♦❢ ♥❛t✉r❡✳
❖♥❡ ❢❛❝t♦r ✐s ♥❛t✉r❡ ♣r♦❞✉❝t✐✈✐t②✱ t❤❛t ❞❡♣❡♥❞s ♦♥ ❧❛♥❞ str✉❝t✉r❡s ❢♦r ❛❣r✐❝✉❧t✉r❡
❛♥❞ ✐rr✐❣❛t✐♦♥✱ ✇♦♦❞ ♠❛t❡r✐❛❧s ❢♦r ❜✉✐❧❞✐♥❣ ❤❛❜✐t❛ts✱ ❛♥❞ ♥❛t✉r❛❧ ❛♥❞ ❡♥❡r❣② ♠❛✲
t❡r✐❛❧s ❢♦r ♦t❤❡r ❢♦r♠s ♦❢ ❝♦♥s✉♠♣t✐♦♥✳ ❋♦r ❡①❛♠♣❧❡✱ ❛♥ ✐♠♣♦rt❛♥t ♣❛rt ♦❢ ♣❡♦✲
♣❧❡ ❧✐✈✐♥❣ ✐♥ r✉r❛❧ s♦❝✐❡t✐❡s ❞❡♣❡♥❞ ♠❛✐♥❧② ♦♥ ♣r♦❞✉❝t✐✈✐t② ♦❢ ❛❣r✐❝✉❧t✉r❡ ❛♥❞ ❧✐✈❡✲
st♦❝❦ ❢♦r t❤❡✐r ❧✐✈❡❧✐❤♦♦❞✱ ✇❤✐❧❡ ♣❡♦♣❧❡ ❧✐✈✐♥❣ ✐♥ ♠❡tr♦♣♦❧✐t❛♥ ❛r❡❛s ♥❡❡❞ ♠♦r❡ ❜✐♦✲
❞✐✈❡rs✐t② ♣r♦❞✉❝t✐✈✐t② ❛s t❤❡ ❞❡♠❛♥❞s ❢♦r ❢♦♦❞✱ ❡♥❡r❣②✱ ♠❛t❡r✐❛❧s ❛♥❞ ♦t❤❡r r❡✲
s♦✉r❝❡s ❛r❡ ✐♥❝r❡❛s❡❞ ✭tr❛♥s♣♦rt❛t✐♦♥✱ ❝♦♥str✉❝t✐♦♥✱ ❝♦♥s✉♠♣t✐♦♥ ♣r♦❞✉❝ts✱ ❡t❝✳✮✳
❙❝❛r❝❡♥❡ss ♦❢ r❡s♦✉r❝❡s ❝❛♥ t❤✉s ❝❛✉s❡ ❛♥ ❛✉❣♠❡♥t❛t✐♦♥ ✐♥ ♣r♦❞✉❝t✐♦♥ ❝♦sts ❧❡❛❞✲
✐♥❣ t♦ ❛ r❡❞✉❝t✐♦♥ ♦❢ t❤❡ ♣❛rt ♦❢ t❤❡ ♣♦♣✉❧❛t✐♦♥ t❤❛t ❤❛s ❛❝❝❡ss t♦ t❤❡s❡ r❡s♦✉r❝❡s
❬❇❧❛♥❝♦ ✷✵✶✶✱ ❈❛r❞✐♥❛❧❡ ✷✵✶✷✱ ❊❇■ ✷✵✶✸✱ ✷✵✶✸♣✱ ❑❤❛❧❧❛❢ ✷✵✶✶❪✳

❊❝♦♥♦♠✐❝s ❢❛❝t♦rs ❛r❡ ✐♠♣❛❝t❡❞ ❜② ❞✐r❡❝t ❜❡♥❡✜ts ❛♥❞ ❛❞❞❡❞✲✈❛❧✉❡s ♦❢ ♥❛t✉r❛❧
r❡s♦✉r❝❡s ✭❡✳❣✳✱ ❢♦♦❞✱ ❜✐♦✲❢✉❡❧s ❛♥❞ r❡♥❡✇❛❜❧❡ ❡♥❡r❣✐❡s✱ ❛♥✐♠❛❧s ❛♥❞ ✜❜❡rs✱ ✇♦♦❞
♠❛t❡r✐❛❧s✱ ❜✐♦✲♠❡❞✐❝❛❧ tr❡❛t♠❡♥ts✮✳ ❚❤❡s❡ r❡s♦✉r❝❡s ❝♦♥tr✐❜✉t❡ t♦ t❤❡ ❡❝♦♥♦♠✐❝
❡①❝❤❛♥❣❡s ❜❡t✇❡❡♥ ❝♦✉♥tr✐❡s ❛r♦✉♥❞ t❤❡ ✇♦r❧❞ t❤r♦✉❣❤ ✐♥t❡r♥❛❧ ❛♥❞ ❡①t❡r♥❛❧ ❝♦♠✲
♠❡r❝❡s✳ ❇✐♦❞✐✈❡rs✐t② ❧♦ss✱ ❛♥❞ s❝❛r❝❡♥❡ss ♦❢ r❡s♦✉r❝❡s✱ ❝❛♥ ❛✛❡❝t ♣♦♣✉❧❛t✐♦♥s ❢r♦♠
❛♥ ❡❝♦♥♦♠✐❝❛❧ ✈✐❡✇♣♦✐♥t✳ ❋♦r ✐♥st❛♥❝❡✱ t❤❡ ✐♠♣♦rt❛♥t ❤✉♠❛♥ ♣♦♣✉❧❛t✐♦♥ ✭♠♦r❡ t❤❛♥
✻✵ ♣❡r❝❡♥t✮ t❤❛t ✉s❡ ❜✐♦✲♠❡❞✐❝❛t✐♦♥ ❢♦r ♠❛✐♥ ❤❡❛❧t❤ ❝❛r❡s ❬●❛st♦♥ ✷✵✵✹❪✳ ■t ❝❛♥ ❛❧s♦
❧❡❛❞ t♦ ❤✐❣❤❡r ♣r♦❞✉❝t✐♦♥ ❝♦sts✱ ✐♠♣❧②✐♥❣ ♠♦r❡ ❝♦♠♣❡t✐t✐♦♥✱ ✜♥❛♥❝✐❛❧ ❝r✐s✐s✱ ❛♥❞ ♦t❤✲
❡rs ❡❝♦♥♦♠✐❝ r❡❧❛t❡❞ ✐ss✉❡s ❬❈❛r❞✐♥❛❧❡ ✷✵✶✷✱ ❈❛s❛❧❡❣♥♦ ✷✵✶✶✱ ✷✵✶✸r✱ ❑❛r❛❤❛❧✐❧ ✷✵✵✺✱
◆✐❥❦❛♠♣ ✷✵✵✽✱ P❡rr✐♥❣s ✷✵✶✵❪✳

✷✳✶✳✷ ❚♦♣✐❝s ❛♥❞ ❈❤❛❧❧❡♥❣❡s

❇✐♦❞✐✈❡rs✐t② ❧♦ss ✐s ❛ ♠❛❥♦r ♣r♦❜❧❡♠ t❤❛t ❜✐♦s❝✐❡♥t✐sts ♠✉st t❛❦❡ ✐♥t♦ ❛❝❝♦✉♥t✱ ❝♦♥✲
s✐❞❡r✐♥❣ ❛♥❞ ❛♥❛❧②③✐♥❣ ❡❛❝❤ ♣❛r❛♠❡t❡r ♦❢ ❧♦ss✳ ❲❡ ❞❡s❝r✐❜❡ ❜❡❧♦✇ s✐① ♠❛✐♥ ❝❛t❡❣♦r✐❡s
♦❢ ❝❛✉s❡s ❛♥❞ ❡✛❡❝ts ♦♥ ❜✐♦❞✐✈❡rs✐t② ❧♦ss✱ ❛s ✇❡❧❧ ❛s t❤❡✐r ✐♠♣❛❝t ♦♥ ❡❝♦s②st❡♠s ❛♥❞
❡❝♦s②st❡♠ s❡r✈✐❝❡s✳

❍❛❜✐t❛t ▲♦ss ❛♥❞ ❋r❛❣♠❡♥t❛t✐♦♥ ❍❛❜✐t❛t ▲♦ss ❛r❡ ❛✛❡❝t❡❞ ❜② ♠❛♥② ❢❛❝✲
t♦rs✱ ❢♦r ❡①❛♠♣❧❡✱ ❞❡❢♦r❡st❛t✐♦♥ ❢♦r ❛❣r✐❝✉❧t✉r❡✱ s❛✇❡❞ t✐♠❜❡r✱ ❢❛❝t♦r✐❡s✱ ❡t❝✳
❬❑❛r❛❤❛❧✐❧ ✷✵✵✺❪✳ ❆❝❝♦r❞✐♥❣ t♦ t❤❡ ●❧♦❜❛❧ ❢♦r❡st ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡ ✶✾✾✵✲✷✵✵✺ r❡♣♦rt
❜② ❋♦♦❞ ❛♥❞ ❆❣r✐❝✉❧t✉r❡ ❖r❣❛♥✐③❛t✐♦♥ ✭❋❆❖✮ ❬▲✐♥❞q✉✐st ✷✵✶✷❪✱ t❤❡ ♣❡r❝❡♥t❛❣❡ ♦❢
❞❡❝r❡❛s❡ ✐♥ ❣❧♦❜❛❧ ❢♦r❡st ❛r❡❛s ✐s ✶✳✼ ♣❡r❝❡♥t ✐♥ ✸✵ ♣❡r❝❡♥t ✭✸✳✽ ❜✐❧❧✐♦♥ ❤❡❝t❛r❡s✮ ♦❢
♦✈❡r❛❧❧ ❢♦r❡st ❛r❡❛s ❛r♦✉♥❞ t❤❡ ✇♦r❧❞ ❜❡t✇❡❡♥ ②❡❛r ✶✾✾✵ ❛♥❞ ✷✵✵✺✳ ❚❤✐s ❞❡❝r❡❛s❡
✐s ❞✉❡ t♦ ❞❡❢♦r❡st❛t✐♦♥ ❢♦r ❛❣r✐❝✉❧t✉r❡✱ ❧❛♥❞ ✉s❡s✱ ❛♥❞ ♦t❤❡r ♣✉r♣♦s❡s✳ ■♥ ❬✷✵✶✸❦❪✱
t❤❡ ❛✉t❤♦rs ✉s❡❞ ❞❛t❛ ❛♥❞ ❦♥♦✇❧❡❞❣❡ ♦♥ ♣❡r❝❡♥t ♦❢ ❞❡❢♦r❡st❛t✐♦♥ t♦ ❛❞❞r❡ss ❛♥❞
✇❛r♥ ❛❜♦✉t t❤❡ ♣r♦❜❧❡♠ ♦❢ ❤❛❜✐t❛t ❧♦ss✳ ■♥ ❛❞❞✐t✐♦♥✱ ❍❛❜✐t❛t ❧♦ss ❝❛♥ ❜❡ ❝❛✉s❡❞



✷✳✶✳ ❇✐♦❞✐✈❡rs✐t② ✶✶

❜② ♥❛t✉r❛❧ ❞✐s❛st❡rs s✉❝❤ ❛s ✢♦♦❞✐♥❣✱ ❡❛rt❤q✉❛❦❡✱ ❧❛♥❞s❧✐❞❡✱ ❛♥❞ s♦ ♦♥✳ ❍♦✇❡✈❡r✱
❤❛❜✐t❛ts r❡♠❛✐♥✐♥❣ ❢r♦♠ ❞❡str✉❝t✐♦♥ ❛r❡ ❢r❛❣♠❡♥t❡❞ t♦ s♠❛❧❧ ♣❛rts ❛♥❞ r❡s✉❧t✐♥❣
❢r❛❣♠❡♥ts ❛r❡ ♥♦t ❡♥♦✉❣❤ ✇✐❞❡ ❢♦r ❧♦❝❛❧ ♦r❣❛♥✐s♠s t♦ ❧✐✈❡ ❛♥❞ ♠✐❣r❛t❡ ✇✐t❤✐♥✱ ❛♥❞
❛♠♦♥❣✱ ♦t❤❡r ♦r❣❛♥✐s♠s ❬▲❛♠❡❡❞ ✷✵✶✷✱ ✷✵✶✸❦✱ ❚❤♦r♥t♦♥ ✷✵✶✶❪✳

P♦❧❧✉t✐♦♥ P♦❧❧✉t✐♦♥ ♦❢ t❤❡ ❛✐r✱ ❧❛♥❞ ❛♥❞ ✇❛t❡r ✐s ❝❛✉s❡❞ ♠❛✐♥❧② ❜② ❤✉♠❛♥ ❛♥❞ ♥❛t✲
✉r❛❧ ❢❛❝t♦rs✱ s✉❝❤ ❛s ♠❛♥✉❢❛❝t✉r❡✱ tr❛♥s♣♦rt❛t✐♦♥✱ ❝♦♥str✉❝t✐♦♥✱ ❜✉r♥❡❞ ❢♦r❡st✱ ❡❧❡❝✲
tr✐❝ ♣♦✇❡r ❣❡♥❡r❛t✐♦♥✱ ❛♥❞ ♥✉❝❧❡❛r ♣♦✇❡r ❣❡♥❡r❛t✐♦♥ ❬❑❤❛❧❧❛❢ ✷✵✶✶✱ ✷✵✶✸①✱ ✷✵✶✸❦❪✳
❚❤✐s ❝❛✉s❡ ❛ r✐s❦ ♦❢ ♣♦✐s♦♥✐♥❣ ❢♦r ❛❧❧ ❧✐✈✐♥❣ ♦r❣❛♥✐s♠s ❜♦t❤ ♦♥ ❧❛♥❞ ❛♥❞ ✐♥ t❤❡
✇❛t❡r ♦♥ t❤❡ ♣❧❛♥❡t✳ ■♥ ❛❞❞✐t✐♦♥✱ ✈❡❤✐❝❧❡ ❡♠✐ss✐♦♥s✱ ✐♥❞✉str✐❛❧ ❡♠✐ss✐♦♥s✱ ❛♥❞
❞r❛✐♥❛❣❡ ♦❢ ✇❛st❡ ❛r❡ ❢❛❝t♦rs t❤❛t ❝❛♥ ✐♥❝r❡❛s❡ ❝❛r❜♦♥ ❞✐♦①✐❞❡ ✐♥ t❤❡ ❛t♠♦s♣❤❡r❡
✭❋✐❣✉r❡ ✷✳✺✮ ❛♥❞ ❞✐r❡❝t❧② ❛✛❡❝t ❡❝♦s②st❡♠s✳ ❚❤✐s ❝❛♥ ❧❡❛❞ t♦ ❝❧✐♠❛t❡ ❝❤❛♥❣❡s✱ ❛s
✇❡❧❧ ❛s ❣❧♦❜❛❧ ✇❛r♠✐♥❣✳ ❆❝❝♦r❞✐♥❣ t♦ ●❧♦❜❛❧ ❍❡❛❧t❤ ❖❜s❡r✈❛t♦r② r❡♣♦rt ❜② t❤❡
❲♦r❧❞ ❍❡❛❧t❤ ❖r❣❛♥✐③❛t✐♦♥ ✭❲❍❖✮✱ t❤❡ ♥✉♠❜❡r ♦❢ ❞❡❛t❤s ❜② ❛✐r ♣♦❧❧✉t✐♦♥ ✐s ❛❜♦✉t
✹✳✻ ♠✐❧❧✐♦♥ ♣❡♦♣❧❡ ✐♥ ❡❛❝❤ ②❡❛r ❬✷✵✶✸❛❪✱ ❛♥❞ t❤❡ ✇♦r❧❞✇✐❞❡ ♣❡r❝❡♥t ♦❢ ❞❡❛t❤s ❜②
❧✉♥❣ ❝❛♥❝❡r ❛❜♦✉t ✾✪✱ ✺✪ ♦❢ ❝❛r❞✐♦♣✉❧♠♦♥❛r②✱ ❛♥❞ ✶✪ ♦❢ r❡s♣✐r❛t♦r② ✐♥❢❡❝t✐♦♥
❬❈❛s❛❧❡❣♥♦ ✷✵✶✶✱ ❙✐❧✈❛ ✷✵✶✸✱ ✷✵✶✸❧❪✳

❋✐❣✉r❡ ✷✳✺✿ ❆t♠♦s♣❤❡r✐❝ CO2 ❝♦♥❝❡♥tr❛t✐♦♥ ❢r♦♠ ▼❛r❝❤ ✶✾✺✽ t♦ ❙❡♣t❡♠❜❡r ✷✵✶✸ ❬✷✵✶✸❤❪

❈❧✐♠❛t❡ ❈❤❛♥❣❡ ❚❤❡ CO2◆♦✇ ❖r❣❛♥✐③❛t✐♦♥ ♣r♦✈✐❞❡s ❛ ❝♦❧❧❡❝t✐♦♥ ♦❢ ❣❧♦❜❛❧ ❝❧✐✲
♠❛t❡ ❞❛t❛ ❢r♦♠ s❝✐❡♥t✐sts ❛r♦✉♥❞ t❤❡ ✇♦r❧❞✱ s❤♦✇✐♥❣ t❤❡ st❛t✉s ♦❢ t❤❡ ❣❧♦❜❛❧ ❝❤❛♥❣❡
❬✷✵✶✸❤❪✳ ❚❤❡s❡ ❞❛t❛ s❤♦✇ t❤❛t t❤❡ ❝❧✐♠❛t❡ ❝❤❛♥❣❡s ❢r❡q✉❡♥t❧② ♦❝❝✉r ❛♥❞ ❤❛✈❡ ❞✐✛❡r✲
❡♥t ✐♠♣❛❝ts ♦♥ ♠❛♥② ❛s♣❡❝ts✱ ❡s♣❡❝✐❛❧❧② r❡❣❛r❞✐♥❣ ❜✐♦❞✐✈❡rs✐t②✱ ✐♥ ❡❛❝❤ ❞✐✛❡r❡♥t ③♦♥❡
♦❢ t❤❡ ✇♦r❧❞✳ ❋♦r ❡①❛♠♣❧❡✱ ✐♥ t❤❡ ❝♦♥t❡①t ♦❢ ❜✐♦❞✐✈❡rs✐t② ✐♥ t❤❡ ❆r❝t✐❝ ③♦♥❡ t❤❡ ♣♦❧❛r
❜❡❛rs ❧✐✈❡ ♦♥ s❡❛ ✐❝❡ ❛♥❞ ♦t❤❡r s♣❡❝✐❡s ❧✐✈✐♥❣ ✉♥❞❡r s❡❛ ✐❝❡ ❛r❡ ❛✛❡❝t❡❞ ❞✉❡ t♦ t❤❡
❡❧❡✈❛t✐♦♥ ♦❢ t❡♠♣❡r❛t✉r❡s ✐♥ ❤✐❣❤ ❧❛t✐t✉❞❡s ❬✷✵✶✸❦✱ ❙t❛✉❞✐♥❣❡r ✷✵✶✷❪✳ ❖♥ t❤❡ ♦t❤❡r
❤❛♥❞✱ t❤❡ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ✐s ✐♠♣❛❝t✐♥❣ ❧✐❢❡ ❝②❝❧❡s ♦❢ ❤✉♠❛♥s ❛♥❞ ♦t❤❡r s♣❡❝✐❡s ♦♥ t❤❡
❡❛rt❤✱ ❜❡❝❛✉s❡ ♦❢ t❤❡ ♠♦r❡ ✉♥❝♦♠❢♦rt❛❜❧❡ ❛♥❞ ✉♥st❛❜❧❡ ❡♥✈✐r♦♥♠❡♥t ❬❙✐❧✈❛ ✷✵✶✸❪✳
❋♦r ❡①❛♠♣❧❡✱ t❤❡ ♠✐❣r❛t✐♦♥ ❛♥❞ ❛❞❛♣t✐♦♥ ♦❢ ❤✉♠❛♥ ❛♥❞ ♦t❤❡r s♣❡❝✐❡s t♦ ♥❡✇ ❧♦❝❛✲
t✐♦♥s ❞✉❡ t♦ ❢r❡q✉❡♥t ❝❤❛♥❣❡s ✐♥ ❡♥✈✐r♦♥♠❡♥t❛❧ ❝♦♥❞✐t✐♦♥s ❬❙t❛✉❞✐♥❣❡r ✷✵✶✷❪✳ ❍♦✇✲
❡✈❡r✱ t❤❡ ❡✛❡❝t ♦❢ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ♠✐❣❤t ❣✐✈❡ r✐s❡ t♦ ❛❜✉♥❞❛♥❝❡ ❛♥❞ ❞✐str✐❜✉t✐♦♥ ♦❢



✶✷ ❈❤❛♣t❡r ✷✳ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

✐♥❞✐✈✐❞✉❛❧ s♣❡❝✐❡s ❛r♦✉♥❞ ❡❝♦s②st❡♠s s✉❝❤ ❛s ❝r♦♣s ❣r♦✇✱ ❜r❡❡❞✐♥❣ st♦❝❦✱ t❤❡ t✐❞❡s
♦❢ t❤❡ s❡❛✱ ❡t❝✳ ❬❇❧❛♥❝♦ ✷✵✶✶✱ ✷✵✶✸❦✱ P❡rr✐♥❣s ✷✵✶✵✱ ✷✵✶✸❣❪✳

■♥✈❛s✐✈❡ ❆❧✐❡♥ ❙♣❡❝✐❡s ❚❤✐s ✐s t❤❡ ❛❝t✉❛❧ ♠♦st ✐♠♣♦rt❛♥t r✐s❦ ❢♦r ❜✐♦❞✐✈❡rs✐t②
❧♦ss ❣❧♦❜❛❧❧②✳ ■♥✈❛s✐✈❡ ❆❧✐❡♥ ❙♣❡❝✐❡s✱ ✇❤❡t❤❡r ♣r❡s❡♥t ❞❡❧✐❜❡r❛t❡❧② ♦r ❝♦✐♥❝✐❞❡♥t❛❧❧②✱
❝❛♥ ❝r❡❛t❡ ✐♥t❡♥s❡ ✐ss✉❡s ✐♥ t❤❡ ❜✐♦❧♦❣✐❝❛❧ ❡❝♦s②st❡♠ t❤❛t ❝❛♥ ❧❡❛❞ t♦ t❤❡ ❞✐s❛♣✲
♣❡❛r❛♥❝❡ ♦❢ ♥✉♠❡r♦✉s s♣❡❝✐❡s ❛♥❞ t♦ ❞✐✣❝✉❧t✐❡s t♦ s✉r✈✐✈❡ ❢♦r ♦t❤❡r ❧♦❝❛❧ s♣❡❝✐❡s✳
❚❤❡ r❡♣♦rt ♦❢ ●❧♦❜❛❧ ❇✐♦❞✐✈❡rs✐t② ❖✉t❧♦♦❦ ✸ r❡♣♦rt ♦❢ t❤❡ ❈♦♥✈❡♥t✐♦♥ ♦♥ ❇✐♦❧♦❣✐❝❛❧

❉✐✈❡rs✐t② ✭❈❇❉✮ ❬✷✵✶✸q✱ ✷✵✶✸❦❪ ❞❡♣✐❝ts ❢♦r ❡❛❝❤ ❞✐✛❡r❡♥t ❝❛t❡❣♦r② ♦❢ s♣❡❝✐❡s t❤❡
❞✐✛❡r❡♥t ♣♦rt✐♦♥s t❤❛t ❛r❡ ❛t ❞✐st✐♥❝t ❡①t✐♥❝t✐♦♥ r✐s❦ ❧❡✈❡❧s ✭❋✐❣✉r❡ ✷✳✸✮✳ ■t ✐s s❤♦✇♥
t❤❛t t❤❡ ❛♠♦♥❣ t❤❡ ✶✵✱✵✵✵ s♣❡❝✐❡s ❧✐st❡❞✱ ✷✱✵✵✵ s♣❡❝✐❡s ❛r❡ ✐♥ t❤❡ r✐s❦ ♦r ❡①t✐♥❝t✐♦♥
③♦♥❡s✳ ■♥ ❬✷✵✶✸❦❪✱ ✐s ❛❧s♦ r❡♣♦rt❡❞ t❤❡ s❛♠♣❧❡ ❞❛t❛ ♦❢ ❛❧✐❡♥ s♣❡❝✐❡s ♦❢ ✺✼ ❝♦✉♥tr✐❡s✱
✇❤❡r❡ ❤❛✈❡ ❜❡❡♥ ❢♦✉♥❞ ♠♦r❡ t❤❛♥ ✺✹✷ ❛❧✐❡♥ s♣❡❝✐❡s✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤✐s ✐ss✉❡ ✇✐❧❧
❝❛✉s❡ ❡♥♦r♠♦✉s ✐♥✈❡st♠❡♥t ❡①♣❡♥s❡s ❢♦r ❢❛r♠✐♥❣✱ r❛♥❣❡r s❡r✈✐❝❡s✱ ✜s❤❡r② ❛♥❞ ♦t❤❡r
r❡❧❛t❡❞ ❤✉♠❛♥ ❛❝t✐✈✐t✐❡s ❬✷✵✶✸❦✱ ✷✵✶✸♠❪✳

❍✉♠❛♥ P♦♣✉❧❛t✐♦♥s ❚❤❡ ❤✉♠❛♥ ♣♦♣✉❧❛t✐♦♥ ❤❛s ❛ ❣r♦✇✐♥❣ ❢❛❝t♦r ❛t ❛♥ ❡①♣♦✲
♥❡♥t✐❛❧ r❛t❡ ❛♥❞✱ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❯♥✐t❡❞ ◆❛t✐♦♥ r❡♣♦rt ♦♥ ❲♦r❧❞ P♦♣✉❧❛t✐♦♥ t♦

✷✸✵✵ ❬✷✵✵✹②❪✱ t❤❡ s✐③❡ ♦❢ t❤❡ ❤✉♠❛♥ ♣♦♣✉❧❛t✐♦♥ ✇✐❧❧ ✐♥❝r❡❛s❡ ❢r♦♠ ❛ ❣r♦✇t❤ r❛t❡ ♦❢
✷✳✸ t♦ ❛ ❣r♦✇t❤ r❛t❡ ♦❢ ✸✻✳✹ ❜✐❧❧✐♦♥ ❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✷✳✻✳ ❚❤✐s ✇✐❧❧ ✐♥❝r❡❛s❡ t❤❡
❝♦♥s✉♠♣t✐♦♥ ❛♥❞ ♠❛② t❤✉s ❝❛✉s❡ ♥❛t✉r❛❧ r❡s♦✉r❝❡s✱ ❛s ✇❡❧❧ ❛s ❡❝♦s②st❡♠ s❡r✈✐❝❡s✱ t♦
❜❡ ✐♥s✉✣❝✐❡♥t✳ ■♥ ♦r❞❡r t♦ ♣r❡s❡r✈❡ ❤✉♠❛♥ ❧✐❢❡ ♦♥ t❤❡ ♣❧❛♥❡t✱ t❤❡ ❋♦♦❞ ❛♥❞ ❆❣r✐❝✉❧✲

t✉r❡ ❖r❣❛♥✐③❛t✐♦♥ ✭❋❆❖✮ ❡st✐♠❛t❡s ❛♥❞ ♣r❡❞✐❝ts ❞❛t❛ ♦♥ t❤❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ ❤✉♠❛♥
♣♦♣✉❧❛t✐♦♥✱ ❛♥❞ ♣r♦♠♦t❡s t❤❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ ❡❞✐❜❧❡ ✐♥s❡❝ts ❬❱❛♥ ❍✉✐s ✷✵✶✸❪✳

❋✐❣✉r❡ ✷✳✻✿ ❲♦r❧❞ ❤✉♠❛♥ ♣♦♣✉❧❛t✐♦♥ ♣r♦❥❡❝t✐♦♥s ❛❝❝♦r❞✐♥❣ t♦ t❤r❡❡ s❝❡♥❛r✐♦s ✭❧♦✇❡r✱

♠❡❞✐✉♠ ❛♥❞ ❤✐❣❤❡r ❣r♦✇t❤ r❛t❡s✮ ❢♦r ♣❡r✐♦❞ ✶✾✺✵✲✷✸✵✵ ❬✷✵✵✹②❪

❖✈❡r❡①♣❧♦✐t❛t✐♦♥ ❖✈❡r❡①♣❧♦✐t❛t✐♦♥✱ ✐♥ t❡r♠ ♦❢ ❤✉♠❛♥s ✉s❡ ♦❢ ♥❛t✉r❛❧ r❡s♦✉r❝❡s✱
♠❡❛♥s ❛♥ ♦✈❡r✲❝♦♥s✉♠♣t✐♦♥ ♦❢ ❡❝♦s②st❡♠ s❡r✈✐❝❡s ❜② ❤✉♠❛♥s ✭❡✳❣✳✱ ✐♥ ✜s❤❡r✐❡s✱ ❤✉♥t✲



✷✳✷✳ ❘❡s♦✉r❝❡s ❛♥❞ ❚❡❝❤♥♦❧♦❣✐❡s ❢♦r ❇✐♦❞✐✈❡rs✐t② ✶✸

✐♥❣✱ ❛♥❞ ✐♥❞✉str✐❡s✮✳ ❚❤✐s ❝❛♥ ❧❡❛❞ t♦ t❤❡ ❞❡str✉❝t✐♦♥ ♦❢ t❤❡ ✈♦❧✉♠❡ ♦❢ ♥❛t✉r❛❧ r❡✲
s♦✉r❝❡s✱ ❢♦r ❡①❛♠♣❧❡✱ t❤❡ ✈♦❧✉♠❡ ♦❢ ✜s❤ st♦❝❦ ❞❡❝r❡❛s❡❞ ❜② ✜s❤❡r②✬s ♦✈❡r❡①♣❧♦✐t❛t✐♦♥✳
❆❝❝♦r❞✐♥❣ t♦ t❤❡ ❋♦♦❞ ❛♥❞ ❆❣r✐❝✉❧t✉r❡ ❖r❣❛♥✐③❛t✐♦♥ ✭❋❆❖✮ r❡♣♦rt✱ ❛♠♦♥❣ t❤❡ ♦✈❡r✲
❛❧❧ ✻✵✵ ♠❛r✐♥❡ ✜s❤ st♦❝❦s ✇♦r❧❞✇✐❞❡✱ ✶✼ ♣❡r❝❡♥t ❛r❡ ♦✈❡r❡①♣❧♦✐t❡❞✱ ✺✷ ♣❡r❝❡♥t ❛r❡
❢✉❧❧② ❡①♣❧♦✐t❡❞✱ ✷✵ ♣❡r❝❡♥t ❛r❡ ♠♦❞❡r❛t❡❧② ❡①♣❧♦✐t❡❞✱ ✸ ♣❡r❝❡♥t ❛r❡ ✉♥❞❡r❡①♣❧♦✐t❡❞✱
✼ ♣❡r❝❡♥t ❛r❡ ❞❡♣❧❡t❡❞✱ ❛♥❞ ✶ ♣❡r❝❡♥t ❛r❡ r❡❝♦✈❡r✐♥❣ ❢r♦♠ ❞❡♣❧❡t✐♦♥ ❬✷✵✶✸✐❪✳ ❉❡s♣✐t❡
t❤✐s s♠❛❧❧ ♦✈❡r❡①♣❧♦✐t❛t✐♦♥ ♣❡r❝❡♥t ✭✶✼✪✮✱ t❤✐s ✐s ❛♥ ✐ss✉❡ ❛s ♥❛t✉r❛❧ r❡s♦✉r❝❡s ❛♥❞
❡❝♦s②st❡♠ s❡r✈✐❝❡s ❤❛✈❡ ❧✐♠✐ts t♦ s❡r✈❡ ❤✉♠❛♥s❀ t❤❡ ❛❝t✉❛❧ r❛t❡ ♦❢ r❡s♦✉r❝❡s ❝♦♥✲
s✉♠♣t✐♦♥ ❛♥❞ t❤❡ ❛❜s❡♥❝❡ ♦❢ ♥❛t✉r❛❧ r❡s♦✉r❝❡ ♣r♦t❡❝t✐♦♥ ❝❛✉s❡s r✐s❦s ❢♦r ❞✐✛❡r❡♥t
s♣❡❝✐❡s ❬●r✐❧❧♦ ✷✵✶✶✱ ❱❛♥ ❍✉✐s ✷✵✶✸❪✳

✷✳✷ ❘❡s♦✉r❝❡s ❛♥❞ ❚❡❝❤♥♦❧♦❣✐❡s ❢♦r ❇✐♦❞✐✈❡rs✐t②

❚❤✐s s❡❝t✐♦♥ ✐s ❞❡✈♦t❡❞ t♦ t❤❡ ♣r❡s❡♥t❛t✐♦♥ ♦❢ t❤❡ ♠❛❥♦r ✐♥❢♦r♠❛t✐♦♥ ♣r♦✈✐❞❡rs ❛♥❞
❞✐✛❡r❡♥t r❡s♦✉r❝❡s ❛✈❛✐❧❛❜❧❡✱ ❛♥❞ t❤❡ t❡❝❤♥♦❧♦❣✐❡s ✉s❡❞ t♦ r❡♣r❡s❡♥t ❞❛t❛ ❛♥❞ ❦♥♦✇❧✲
❡❞❣❡ r❡❧❛t❡❞ t♦ ❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❡♥✈✐r♦♥♠❡♥t✳

✷✳✷✳✶ ❘❡s♦✉r❝❡s

❚❤❡ ♠♦st ♣r♦♠✐♥❡♥t ✐♥❢♦r♠❛t✐♦♥ ♣r♦✈✐❞❡rs t❤❛t ♣r♦♣♦s❡ ❞❛t❛ ❛♥❞ ❦♥♦✇❧❡❞❣❡ r❡♣♦s✐✲
t♦r✐❡s ✉s❡❞ ❢♦r ❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❡♥✈✐r♦♥♠❡♥t❛❧ st✉❞✐❡s ❛r❡ s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✷✳✼✳ ❊❛❝❤
♦♥❡ ♣r♦✈✐❞❡s ❝♦♥t❡♥ts r❡❧❛t❡❞ t♦ ❞✐✛❡r❡♥t ❞♦♠❛✐♥s ❛♥❞ ❝❛t❡❣♦r✐❡s ❞❡♣✐❝t❡❞ ❜② t❤❡
❡❞❣❡s ✐♥ t❤❡ s❝❤❡♠❛✳ ❙❡❡ ❆♣♣❡♥❞✐① ❆✳✶ ❢♦r ❛ ❞❡s❝r✐♣t✐♦♥ ♦❢ ❡❛❝❤ ♦❢ t❤❡s❡ s❡✈❡♥t❡❡♥
✐♥❢♦r♠❛t✐♦♥ ♣r♦✈✐❞❡rs✳ ❚❤❡s❡ ♣r♦✈✐❞❡rs ♣r♦♣♦s❡ ❝♦♥t❡♥ts ♦❢ ❞✐✛❡r❡♥t t②♣❡s ✭❞♦❝✉✲
♠❡♥ts✱ ❞❛t❛❜❛s❡s✱ ♠❡t❛✲❞❛t❛✱ s♣❛t✐♦✲t❡♠♣♦r❛❧✱ ❡t❝✳✮✱ ✐♥ ❞✐✛❡r❡♥t ❝❛t❡❣♦r✐❡s ✭❞❛t❛✱
❦♥♦✇❧❡❞❣❡ ❛♥❞ ❞♦❝✉♠❡♥t❛t✐♦♥s✮ ❛♥❞ ❢♦r ❞✐✛❡r❡♥t ❞♦♠❛✐♥s ♦❢ ❛♣♣❧✐❝❛t✐♦♥✳ ❚✇♦ ♠❛✐♥
❝❛t❡❣♦r✐❡s ♦❢ r❡s♦✉r❝❡s ❛r❡ ❝♦♥s✐❞❡r❡❞ ✐♥ t❤✐s ❝❧❛ss✐✜❝❛t✐♦♥ ❞✐❛❣r❛♠✳ ❚❤❡ ❉❛t❛ ❝❛t❡✲
❣♦r② ❝♦rr❡s♣♦♥❞s t♦ r❡s♦✉r❝❡s ❞❡♣✐❝t✐♥❣ ❢❛❝ts ❛❜♦✉t s♣❡❝✐❡s ✭❛♥✐♠❛❧ ❛♥❞ ♣❧❛♥ts✮ ❛♥❞
❡♥✈✐r♦♥♠❡♥t❛❧ ❝♦♥❞✐t✐♦♥s ✐♥ s♣❡❝✐✜❝ ❛r❡❛s✳ ❚❤❡ ❋r❛♠❡✇♦r❦s ❝❛t❡❣♦r② ❝♦rr❡s♣♦♥❞s t♦
r❡s♦✉r❝❡s ❞❡♣✐❝t✐♥❣ ❜♦t❤ t❛❝✐t ❛♥❞ ❢♦r♠❛❧ ❦♥♦✇❧❡❞❣❡ r❡❧❛t❡❞ t♦ ❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❡♥✲
✈✐r♦♥♠❡♥t ❛♥❛❧②t✐❝❛❧ ❛♣♣❧✐❝❛t✐♦♥ ❞♦♠❛✐♥s✳ ❙❡✈❡r❛❧ ♣r♦✈✐❞❡rs✱ s✉❝❤ ❛s ❊❙❆❇■■ ✭❊❛st
❛♥❞ ❙♦✉t❤❡❛st ❆s✐❛ ❇✐♦❞✐✈❡rs✐t② ■♥❢♦r♠❛t✐♦♥ ■♥✐t✐❛t✐✈❡✮✱ ■❯❈◆ ✭■♥t❡r♥❛t✐♦♥❛❧ ❯♥✐♦♥
❢♦r ❈♦♥s❡r✈❛t✐♦♥ ♦❢ ◆❛t✉r❡✮✱ ❛♥❞ ❖❊❈❉ ✭❖r❣❛♥✐s❛t✐♦♥ ❢♦r ❊❝♦♥♦♠✐❝ ❈♦✲♦♣❡r❛t✐♦♥
❛♥❞ ❉❡✈❡❧♦♣♠❡♥t✮✱ ❣✐✈❡ ❛❝❝❡ss t♦ ❜♦t❤ ❞❛t❛ ❛♥❞ ❢r❛♠❡✇♦r❦s r❡s♦✉r❝❡s✳

■♥ t❤❡ ❇✐♦❞✐✈❡rs✐t② P♦❧✐❝② ❦♥♦✇❧❡❞❣❡ ❞♦♠❛✐♥✱ ✐♥❢♦r♠❛t✐♦♥ ❝♦♥❝❡r♥ ✐ss✉❡s ♦❢ ♣r✐♥✲
❝✐♣❧❡s✱ r❡❣✉❧❛t✐♦♥s ❛♥❞ ❛❣r❡❡♠❡♥ts ♦♥ ❜✐♦❞✐✈❡rs✐t②✳ ❆♠✐❞ t❤❡s❡ r❡s♦✉r❝❡s✱ ✇❡ ❝❛♥ ❝✐t❡
❇✐♦◆❊❚✱ ❈❇❉✱ ❊❙❆❇■■✱ ■❯❈◆ ❛♥❞ ❯◆❊P t❤❛t ♣r♦✈✐❞❡ ✐♥❢♦r♠❛t✐♦♥ t♦ s❡r✈❡ ❛♥❞
❢♦❧❧♦✇ ✉♣ ❛♠♦♥❣ ❜♦t❛♥✐sts✱ ❜✐♦❧♦❣✐sts ❛♥❞ r❡s❡❛r❝❤❡rs ✐♥ ✏❣❧♦❜❛❧✐③❛t✐♦♥✑✳ ❋♦r ❡①❛♠✲
♣❧❡✱ t❤❡ ❆❣r❡❡♠❡♥t ♦❢ t❤❡ ❯♥✐t❡❞ ◆❛t✐♦♥s ❉❡❝❛❞❡ ♦♥ ❇✐♦❞✐✈❡rs✐t② ✷✵✶✶✲✷✵✷✵ ❛✐♠s t♦
s✉♣♣♦rt ❛♥❞ ✐♠♣❧❡♠❡♥t t❤❡ ❙tr❛t❡❣✐❝ P❧❛♥ ❢♦r ❇✐♦❞✐✈❡rs✐t②✶✳

❚❤❡ ❊♥✈✐r♦♥♠❡♥t ❞♦♠❛✐♥ r❡❢❡rs t♦ r❡s✉❧ts ♦❢ r❡s❡❛r❝❤❡s ❛♥❞ r❡♣♦s✐t♦r✐❡s ♦♥ t❤✐s
❛r❡❛ t♦ s❝✐❡♥t✐sts ♦r ♣❡♦♣❧❡ ✇❤♦ ✇❛♥t t♦ ❦♥♦✇ st❛t✉s ♦❢ ❡♥✈✐r♦♥♠❡♥t ♦♥ t❤❡ ❡❛rt❤✱

✶❤tt♣✿✴✴✇✇✇✳❝❜❞✳✐♥t✴✷✵✶✶✲✷✵✷✵



✶✹ ❈❤❛♣t❡r ✷✳ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

❋✐❣✉r❡ ✷✳✼✿ ❆ ❝❧❛ss✐✜❝❛t✐♦♥ ❞✐❛❣r❛♠ ♦❢ ❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❡♥✈✐r♦♥♠❡♥t❛❧ ✐♥❢♦r♠❛t✐♦♥

❡s♣❡❝✐❛❧❧② t❤❡ ❜✐♦❧♦❣✐st ✇❤♦ ✇♦r❦s ♦♥ t❤✐s ✐ss✉❡✳ ❚❤❡ ♠❛❥♦r ❛❝t♦rs ✐♥ t❤✐s ❝❛t❡❣♦r② ❛r❡
❇❍▲✱ ❇✐♦◆❊❚✱ ❈❇❉✱ ❊❈◆❈✱ ■❯❈◆✱ ❑◆❊❯ ❛♥❞ ❯◆❊P t❤❛t ❛r❡ ♦r❣❛♥✐③❛t✐♦♥s ✇❤✐❝❤
r❡❣✉❧❛r❧② ♣✉❜❧✐s❤ r❡♣♦rts ❛♥❞ r❡s✉❧ts ♦❢ st✉❞✐❡s ♦♥ ❞♦♠❛✐♥s r❡❧❛t❡❞ t♦ ❜✐♦❞✐✈❡rs✐t②
❛♥❞ ❡♥✈✐r♦♥♠❡♥t✱ s✉❝❤ ❛s t❤❡ Pr♦t❡❝t❡❞ ❆r❡❛s Pr❡s❡♥t❡❞ ❛s ◆❛t✉r❛❧ ❙♦❧✉t✐♦♥s t♦

●❧♦❜❛❧ ❊♥✈✐r♦♥♠❡♥t❛❧ ❈❤❛❧❧❡♥❣❡s ❛t ❘■❖ ✰✷✵ ♣✉❜❧✐s❤❡❞ ❜② t❤❡ ■❯❈◆ ♦r t❤❡ ●❧♦❜❛❧
❊♥✈✐r♦♥♠❡♥t ❋❛❝✐❧✐t② ✭●❊❋✮ ♣✉❜❧✐s❤❡❞ ❜② t❤❡ ❈❉❇ ♦r❣❛♥✐③❛t✐♦♥✳

❚❤❡ ❊❝♦♥♦♠✐❝s ❞♦♠❛✐♥ ❝♦rr❡s♣♦♥❞s t♦ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ s❝✐❡♥t✐sts ❛❜♦✉t t❤❡
st❛t✉s ♦❢ ❡❝♦♥♦♠✐❝s ❞❡✈❡❧♦♣♠❡♥t✱ ❜❛s❡❞ ♦♥ ❡✛❡❝ts ❛♥❞ ✈❛❧✉❡s ♦❢ ❡❝♦s②st❡♠ s❡r✈✐❝❡s✳
❚❤❡ ❢♦r❡♠♦st ✐♥❢♦r♠❛t✐♦♥ ♣r♦✈✐❞❡rs ✐♥ t❤✐s ❝❛t❡❣♦r② ❛r❡ ❈❇❉✱ ■❯❈◆✱ ❖❊❈❉ ❛♥❞
❚❊❊❇✳ ❆♠♦♥❣ r❡♣♦rts ❛♥❞ st✉❞✐❡s ♣✉❜❧✐s❤❡❞ ❜② t❤❡s❡ ♦r❣❛♥✐③❛t✐♦♥s✱ ✇❡ ❝❛♥ ❝✐t❡
❘❡st♦r✐♥❣ ❲♦r❧❞✬s ❋♦r❡sts Pr♦✈❡♥ t♦ ❇♦♦st ▲♦❝❛❧ ❊❝♦♥♦♠✐❡s ❛♥❞ ❘❡❞✉❝❡ P♦✈❡rt② ❜②
■❯❈◆ ❛♥❞ ●r❡❡♥ ●r♦✇t❤ ❛♥❞ ❙✉st❛✐♥❛❜❧❡ ❉❡✈❡❧♦♣♠❡♥t ❜② ❖❊❈❉ ❢♦r ❡①❛♠♣❧❡✳

■♥ t❤❡ ❍❡❛❧t❤✴❙♦❝✐❡t② ❞♦♠❛✐♥✱ r❡♣♦s✐t♦r✐❡s s✉♣♣❧② ❦♥♦✇❧❡❞❣❡ ✐♥❢♦r♠❛t✐♦♥ r❡❢❡r✲



✷✳✷✳ ❘❡s♦✉r❝❡s ❛♥❞ ❚❡❝❤♥♦❧♦❣✐❡s ❢♦r ❇✐♦❞✐✈❡rs✐t② ✶✺

r✐♥❣ t♦ ♥❛t✉r❛❧ r❡s♦✉r❝❡s ♦❢ ❡❝♦s②st❡♠ s❡r✈✐❝❡s ❛♥❞ ❡✛❡❝ts✳ ❚❤❡s❡ ✐♥❢♦r♠❛t✐♦♥ ❤❛✈❡
❜❡❡♥ ♣r♦❞✉❝❡❞✱ ❛♥❞ t❤❡✐r ✈❛❧✐❞✐t② ✇❛s ❞❡♠♦♥str❛t❡❞✱ ❜② r❡s❡❛r❝❤❡rs ❢r♦♠ ✇♦r❧❞✲✇✐❞❡
♦r❣❛♥✐③❛t✐♦♥s s✉❝❤ ❛s ❇❍▲✱ ❈❇❉✱ ■❯❈◆✱ ❑◆❊❯ ❛♥❞ ❯◆❊P✳ ❚❤❡s❡ ♦r❣❛♥✐③❛t✐♦♥s
♣r♦✈✐❞❡ s✉♠♠❛r✐❡s ❛♥❞ ♣r♦♣♦s❛❧s s✉❝❤ ❛s ❢♦r ❡①❛♠♣❧❡✱ ❍✉♠❛♥ ❍❡❛❧t❤ ❛♥❞ ❇✐♦❞✐✲

✈❡rs✐t② ✐s ♣r♦❥❡❝t❡❞ ❜② ❈❇❉✷✱ ❚♦✇❛r❞s t❤❡ ❇❧✉❡ ❙♦❝✐❡t② ✐s ♣r♦❥❡❝t❡❞ ❜② ■❯❈◆ ❛♥❞
❆❝t✐♦♥ ❢♦r ❇✐♦❞✐✈❡rs✐t②✿ ❚♦✇❛r❞s ❛ ❙♦❝✐❡t② ✐♥ ❍❛r♠♦♥② ✇✐t❤ ◆❛t✉r❡ ✐s ♣✉❜❧✐s❤❡❞ ❜②
❈❇❉✳

■♥❢♦r♠❛t✐♦♥ ♣r♦✈✐❞❡rs ♦❢ ❞❛t❛ r❡♣♦s✐t♦r✐❡s ❛♥❞ r❡s♦✉r❝❡s ❛r❡ ❝❛t❡❣♦r✐③❡❞ ❛♠♦♥❣
t❤❡ ❆♥✐♠❛❧s✱ ❊♥✈✐r♦♥♠❡♥t ❛♥❞ P❧❛♥ts ❝❛t❡❣♦r✐❡s ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ r❡s❡❛r❝❤ t♦♣✲
✐❝s ❛♥❞ ❞♦♠❛✐♥s ♦❢ ❞❛t❛ t❤❡② ♣r♦✈✐❞❡✳ ❚❤❡s❡ ♦r❣❛♥✐③❛t✐♦♥s ❛r❡✿ ❋❆❖❞❛t❛ ✇❤✐❝❤
✇❡❜✲❜❛s❡❞ ♣♦rt❛❧ ♣r♦✈✐❞❡s ❣❧♦❜❛❧ ❞❛t❛ ♦♥ ❜✐♦❞✐✈❡rs✐t② ✭✐✳❡✳✱ ❉❛t❛ ♦♥ P❧❛♥ts ❛♥❞ ❊♥✲
✈✐r♦♥♠❡♥t r❡♣r❡s❡♥t❡❞ ❛s ❞❛t❛s❡ts✱ st❛t✐st✐❝s✱ s♣❛t✐❛❧ ❞❛t❛✱ ❞♦❝✉♠❡♥ts✱ ✐♠❛❣❡s✱ ❡t❝✳✮✱
❇■❖❚■❑ t❤❛t ✐s ❛ ❞❛t❛ r❡♣♦s✐t♦r② ♦♥ ♣❧❛♥ts ♦♥❧② ✐♥ ❙♦✉t❤❡❛st ❆s✐❛ ❛♥❞ s♦♠❡ ♦t❤❡r
❆s✐❛♥ ❝♦✉♥tr✐❡s✱ ❇■❙❊ t❤❛t ✐s ❛ ♣♦rt❛❧ t♦ s❡r✈❡ ❞❛t❛ ❛♥❞ ❞❛t❛s❡ts ♦♥ ❜✐♦❞✐✈❡rs✐t②
✭P❧❛♥ts✱ ❆♥✐♠❛❧s✱ ❛♥❞ ❊♥✈✐r♦♥♠❡♥t✮ ✐♥ ❊✉r♦♣❡❛♥ ❝♦✉♥tr✐❡s✱ ●❇■❋ t❤❛t ✐s ❛ ❣❧♦❜❛❧
❞❛t❛ ❝❡♥t❡r ✭❉❛t❛ ❛♥❞ ❉❛t❛s❡ts✮ ❢✉♥❝t✐♦♥✐♥❣ ❛s ❛ ❤✉❜ ♦❢ ❞❛t❛ ❝♦❧❧❡❝t✐♦♥s ✭P❧❛♥ts✱
❆♥✐♠❛❧s✱ ❛♥❞ ❊♥✈✐r♦♥♠❡♥t✮ ❢r♦♠ r❡s❡❛r❝❤❡rs ❛r♦✉♥❞ t❤❡ ✇♦r❧❞✱ ◆❇◆ t❤❛t ✐s ❛ ♣♦rt❛❧
t♦ s❤❛r❡ ❜✐♦❞✐✈❡rs✐t② ✭P❧❛♥ts ❛♥❞ ❆♥✐♠❛❧s✮ ❞❛t❛ ❛♥❞ ❞❛t❛s❡ts ✐♥ ❯♥✐t❡❞ ❑✐♥❣❞♦♠✱
❱✐❇❘❆◆❚ t❤❛t ✐s ❛ ✇❡❜✲❜❛s❡❞ ♣♦rt❛❧ t❤❛t ❛✐♠s t♦ ❢❛❝✐❧✐t❛t❡ ❢♦r r❡s❡❛r❝❤ ❝♦♠♠✉✲
♥✐t✐❡s t♦ ♠❡r❣❡ ❛♥❞ s❤❛r❡ ❜✐♦❞✐✈❡rs✐t② ✭P❧❛♥ts ❛♥❞ ❊♥✈✐r♦♥♠❡♥t✮ ❞❛t❛ ❛♥❞ ❞❛t❛s❡ts
❛❝r♦ss ❊✉r♦♣❡❛♥ ❝♦✉♥tr✐❡s ❛♥❞ s♦♠❡ ♦t❤❡rs✱ ❖❇■❙ t❤❛t ✐s ❛ ✇❡❜✲❜❛s❡❞ ♣♦rt❛❧ ♣r♦✈✐❞✲
✐♥❣ ❞❛t❛ ♦♥ ❣❧♦❜❛❧ ♠❛r✐♥❡ s♣❡❝✐❡s ❛♥❞ ✈✐s✉❛❧ s♣❛t✐❛❧ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ♠❛r✐♥❡ s♣❡❝✐❡s
❢r♦♠ ❛❧❧ t❤❡ ✇♦r❧❞✬s ♦❝❡❛♥s ✭❜✐♦✲❣❡♦❣r❛♣❤②✮✳

✷✳✷✳✷ ❚❡❝❤♥♦❧♦❣✐❡s

❆ ✈❡r② ✐♥t❡r❡st✐♥❣ t❡❝❤♥♦❧♦❣② t❤❛t ❤❛s ❜❡❡♥ ❞❡✈❡❧♦♣❡❞ ✇✐t❤✐♥ t❤❡ ✜❡❧❞ ♦❢ ❛rt✐✜❝✐❛❧
✐♥t❡❧❧✐❣❡♥❝❡ ❛s ❛♥ ♦✉t❣r♦✇t❤ ♦❢ ❡❛r❧② ❡✛♦rts ❛✐♠❡❞ ❛t r❡♣r❡s❡♥t✐♥❣ ❦♥♦✇❧❡❞❣❡ ❝♦♥s✐sts
♦❢ ❢♦r♠❛❧ ♦♥t♦❧♦❣✐❡s✱ ✇❤✐❝❤ ❛r❡ ❛ ❦❡② ❢♦r t❤❡ s❡♠❛♥t✐❝ ✐♥t❡r♦♣❡r❛❜✐❧✐t② ❛♥❞ ✐♥t❡❣r❛t✐♦♥
♦❢ ❞❛t❛ ❛♥❞ ❦♥♦✇❧❡❞❣❡ ❢r♦♠ ❞✐✛❡r❡♥t s♦✉r❝❡s✳

❆ ❞❡✜♥✐t✐♦♥ ♦❢ ❛♥ ♦♥t♦❧♦❣② ✇❤✐❝❤ ♠❛❦❡s ❥✉st✐❝❡ ♦❢ ✐ts ❝♦♠♣❧❡①✐t② ✐s t❤❡ ❢♦❧❧♦✇✐♥❣✱
♣r♦♣♦s❡❞ ✐♥ ❬●✉❛r✐♥♦ ✶✾✾✽❪✿

❆♥ ♦♥t♦❧♦❣② ✐s ❛ ❧♦❣✐❝❛❧ t❤❡♦r② ❛❝❝♦✉♥t✐♥❣ ❢♦r t❤❡ ✐♥t❡♥❞❡❞ ♠❡❛♥✐♥❣ ♦❢ ❛
❢♦r♠❛❧ ✈♦❝❛❜✉❧❛r②✱ ✐✳❡✳✱ ✐ts ♦♥t♦❧♦❣✐❝❛❧ ❝♦♠♠✐t♠❡♥t t♦ ❛ ♣❛rt✐❝✉❧❛r ❝♦♥✲
❝❡♣t✉❛❧✐③❛t✐♦♥ ♦❢ t❤❡ ✇♦r❧❞✳ ❚❤❡ ✐♥t❡♥❞❡❞ ♠♦❞❡❧s ♦❢ ❛ ❧♦❣✐❝❛❧ ❧❛♥❣✉❛❣❡
✉s✐♥❣ s✉❝❤ ❛ ✈♦❝❛❜✉❧❛r② ❛r❡ ❝♦♥str❛✐♥❡❞ ❜② ✐ts ♦♥t♦❧♦❣✐❝❛❧ ❝♦♠♠✐t♠❡♥t✳
❆♥ ♦♥t♦❧♦❣② ✐♥❞✐r❡❝t❧② r❡✢❡❝ts t❤✐s ❝♦♠♠✐t♠❡♥t ✭❛♥❞ t❤❡ ✉♥❞❡r❧②✐♥❣
❝♦♥❝❡♣t✉❛❧✐③❛t✐♦♥✮ ❜② ❛♣♣r♦①✐♠❛t✐♥❣ t❤❡s❡ ✐♥t❡♥❞❡❞ ♠♦❞❡❧s✳

■♥ ♦t❤❡r ✇♦r❞s✱ ❛♥ ♦♥t♦❧♦❣② ♠❛② ❜❡ r❡❣❛r❞❡❞ ❛s ✏❛ ❦✐♥❞ ♦❢ ❝♦♥tr♦❧❧❡❞ ✈♦❝❛❜✉❧❛r②
♦❢ ✇❡❧❧✲❞❡✜♥❡❞ t❡r♠s ✇✐t❤ s♣❡❝✐✜❡❞ r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ t❤♦s❡ t❡r♠s✱ ❝❛♣❛❜❧❡ ♦❢
✐♥t❡r♣r❡t❛t✐♦♥ ❜② ❜♦t❤ ❤✉♠❛♥s ❛♥❞ ❝♦♠♣✉t❡rs✑ ❬❲❤❡t③❡❧ ✷✵✶✸❪✳ ❋r♦♠ ❛ ♣r❛❝t✐❝❛❧
♣♦✐♥t ♦❢ ✈✐❡✇✱ ❛♥ ♦♥t♦❧♦❣② ❞❡✜♥❡s ❛ s❡t ♦❢ ❝♦♥❝❡♣ts ❛♥❞ r❡❧❛t✐♦♥s r❡❧❡✈❛♥t t♦ ❛ ❞♦♠❛✐♥

✷❤tt♣✿✴✴✇✇✇✳❝❜❞✳✐♥t✴❡♥✴❤❡❛❧t❤



✶✻ ❈❤❛♣t❡r ✷✳ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

♦❢ ✐♥t❡r❡st✱ ❛❧♦♥❣ ✇✐t❤ ❛①✐♦♠s st❛t✐♥❣ t❤❡✐r ♣r♦♣❡rt✐❡s✳ ❆♥ ♦♥t♦❧♦❣② t❤✉s ✐♥❝❧✉❞❡s
❛ t❛①♦♥♦♠② ♦❢ ❝♦♥❝❡♣ts✱ ❛ ❢♦r♠❛❧❧② ❞❡✜♥❡❞ ✈♦❝❛❜✉❧❛r② ✭❝❛❧❧❡❞ ❛ t❡r♠✐♥♦❧♦❣②✮✱ ❛♥❞
♦t❤❡r ❛rt✐❢❛❝ts t❤❛t ❤❡❧♣ str✉❝t✉r❡ ❛ ❦♥♦✇❧❡❞❣❡ ❜❛s❡✳ ■♥ ❛ s❡♥s❡✱ s✉❝❤ ❛rt✐❢❛❝ts ♠❛②
❜❡ ❝♦♥s✐❞❡r❡❞ ❛s ❛ ❣❡♥❡r❛❧✐③❛t✐♦♥ ♦❢ t❤❡ ❝♦♥❝❡♣t ♦❢ ♠❡t❛❞❛t❛ ✐♥ ❞❛t❛❜❛s❡ t❡❝❤♥♦❧♦❣②
❬P❧❛♥t ✷✵✶✵❪✳ ❆ ❦♥♦✇❧❡❞❣❡ ❜❛s❡ t❤❛t ✉s❡s t❤❡ t❡r♠s ❞❡✜♥❡❞ ✐♥ ❛♥ ♦♥t♦❧♦❣② ❜❡❝♦♠❡s
✉s❛❜❧❡ ❜② ❛♥❞ ✐♥t❡r♦♣❡r❛❜❧❡ ✇✐t❤ ❛♥② ♦t❤❡r s②st❡♠ t❤❛t ❤❛s ❛❝❝❡ss t♦ t❤❛t ♦♥t♦❧♦❣②
❛♥❞ ✐s ❡q✉✐♣♣❡❞ ❜② ❛ ❧♦❣✐❝ r❡❛s♦♥❡r ❢♦r ✐t ❬❖❜rst ✷✵✵✸❪✳

❘❡❝❡♥t❧②✱ ❛♥ ❡①t❡♥s✐✈❡ st❛♥❞❛r❞✐③❛t✐♦♥ ❡✛♦rt ❤❛s ❜❡❡♥ ❝❛rr✐❡❞ ♦✉t ❜② t❤❡ ❲♦r❧❞✲
❲✐❞❡ ❲❡❜ ❈♦♥s♦rt✐✉♠ ✭❲✸❈✮ ✐♥ t❤❡ ❢r❛♠❡✇♦r❦ ♦❢ t❤❡ ❙❡♠❛♥t✐❝ ❲❡❜ ♠♦✈❡♠❡♥t✳
❚❤❡ ❙❡♠❛♥t✐❝ ❲❡❜ ✐s ❛♥ ❡①t❡♥s✐♦♥ ♦❢ t❤❡ ❲♦r❧❞✲❲✐❞❡ ❲❡❜ t❤❛t ❡♥❛❜❧❡s ♣❡♦♣❧❡ t♦
s❤❛r❡ ❝♦♥t❡♥t ❜❡②♦♥❞ t❤❡ ❜♦✉♥❞❛r✐❡s ♦❢ ❛♣♣❧✐❝❛t✐♦♥s ❛♥❞ ✇❡❜s✐t❡s ❬❉❛❝♦♥t❛ ✷✵✵✸❪✳
❚❤❡ ❲✸❈ ❤❛s ❞❡✜♥❡❞ ✇✐❞❡❧②✲❛❝❝❡♣t❡❞ st❛♥❞❛r❞s t❤❛t ♠❛❦❡ s✉❝❤ ❛♥ ✐♥t❡r♦♣❡r❛❜✐❧✲
✐t② ♣♦ss✐❜❧❡✿ t❤❡ ❖❲▲ ✷ ❲❡❜ ❖♥t♦❧♦❣② ❧❛♥❣✉❛❣❡ ❞❡✜♥❡s t❤❡ s②♥t❛① t❤❛t ❝❛♥ ❜❡
✉s❡❞ t♦ ✇r✐t❡ ♦♥t♦❧♦❣✐❡s❀ ♠❛♥② r❡❛s♦♥❡rs ❛r❡ ❛✈❛✐❧❛❜❧❡ t♦❞❛② t❤❛t ❛r❡ ❝❛♣❛❜❧❡ ♦❢
✉s✐♥❣ ♦♥t♦❧♦❣✐❡s ✇r✐tt❡♥ ✐♥ ❖❲▲ ✷ t♦ ♠❛❦❡ ✐♥❢❡r❡♥❝❡s ♦♥ ❢❛❝ts st♦r❡❞ ❛s ❘❉❋
❣r❛♣❤s ❬❍✐t③❧❡r ✷✵✵✾❪✳ ❆ q✉❡r② ❧❛♥❣✉❛❣❡✱ ❙P❆❘◗▲✱ ✐s ❛✈❛✐❧❛❜❧❡ ❢♦r r❡tr✐❡✈✐♥❣ ❢❛❝ts
❢r♦♠ ❘❉❋ ❣r❛♣❤s ✐♥ ♠✉❝❤ t❤❡ s❛♠❡ ✇❛② ❛s ❞❛t❛ ✐s r❡tr✐❡✈❡❞ ❢r♦♠ ❛ ❞❛t❛❜❛s❡
❬❙❡❛❜♦r♥❡ ✷✵✵✽❪✳ ❉❛t❛ ❢♦r♠❛tt❡❞ ✉s✐♥❣ t❤❡ ❘❉❋ ❧❛♥❣✉❛❣❡ ❛♥❞ ❧✐♥❦❡❞ t♦ ♦♥t♦❧♦✲
❣✐❡s ❛r❡ ❝❛❧❧❡❞ ❧✐♥❦❡❞ ♦♣❡♥ ❞❛t❛✱ ❜❡❝❛✉s❡ t❤❡✐r ❛❞♦♣t✐♦♥ ♦❢ ❛ st❛♥❞❛r❞ ❢♦r♠❛t ♠❛❦❡s
t❤❡♠ ✉s❛❜❧❡ t♦ ❡✈❡r②❜♦❞② ❛♥❞ ❝♦♥♥❡❝t❡❞ t♦ ❛❧❧ ♦t❤❡r ❞❛t❛ ✇❤✐❝❤ r❡❢❡r t♦ t❤❡ s❛♠❡
s❤❛r❡❞ ♦♥t♦❧♦❣✐❡s✳ ▲✐♥❦❡❞ ♦♣❡♥ ❞❛t❛ ✐s t❤❡ ❞❛t❛ ❧❛②❡r ♦❢ t❤❡ ❙❡♠❛♥t✐❝ ❲❡❜✳

❖♥t♦❧♦❣✐❡s ✈❛r② ✇✐❞❡❧② ✐♥ s❝♦♣❡ ❛♥❞ ❣r❛♥✉❧❛r✐t②✳ ■t ✐s ✉s❡❢✉❧ t♦ ❞✐st✐♥❣✉✐s❤ ❢♦✉r
❦✐♥❞s ♦❢ ♦♥t♦❧♦❣✐❡s ❛❝❝♦r❞✐♥❣ t♦ t❤❡✐r ❧❡✈❡❧ ♦❢ ❣❡♥❡r❛❧✐t② ❬●✉❛r✐♥♦ ✶✾✾✼❪✿

❼ ❚♦♣✲❧❡✈❡❧ ♦r ✉♣♣❡r ♦♥t♦❧♦❣✐❡s ❞❡s❝r✐❜❡ ✈❡r② ❣❡♥❡r❛❧ ❛♥❞ ❢✉♥❞❛♠❡♥t❛❧ ❝♦♥❝❡♣ts
❧✐❦❡ s♣❛❝❡✱ t✐♠❡✱ ♠❛tt❡r✱ ❡✈❡♥t✱ ❛❝t✐♦♥✱ q✉❛❧✐t②✱ ❡t❝✳✱ ✇❤✐❝❤ ❛r❡ ✐♥❞❡♣❡♥❞❡♥t ♦❢
❛ ♣❛rt✐❝✉❧❛r ♣r♦❜❧❡♠ ♦r ❞♦♠❛✐♥✳

❼ ❉♦♠❛✐♥ ❛♥❞ t❛s❦ ♦♥t♦❧♦❣✐❡s ❞❡s❝r✐❜❡✱ r❡s♣❡❝t✐✈❡❧②✱ t❤❡ ✈♦❝❛❜✉❧❛r② r❡❧❛t❡❞ t♦
❛ ❣❡♥❡r✐❝ ❞♦♠❛✐♥ ✭❧✐❦❡ ❜✐♦❧♦❣②✮ ♦r ❛ ❣❡♥❡r✐❝ t❛s❦ ♦r ❛❝t✐✈✐t② ✭❧✐❦❡ ❝❧❛ss✐❢②✐♥❣ ♦r
♠❛♣♣✐♥❣✮✱ ❜② s♣❡❝✐❛❧✐③✐♥❣ t❤❡ t❡r♠s ✐♥tr♦❞✉❝❡❞ ✐♥ t❤❡ t♦♣✲❧❡✈❡❧ ♦♥t♦❧♦❣②✳

❼ ❆♣♣❧✐❝❛t✐♦♥ ♦♥t♦❧♦❣✐❡s ❞❡s❝r✐❜❡ ❝♦♥❝❡♣ts ❞❡♣❡♥❞✐♥❣ ❜♦t❤ ♦♥ ❛ ♣❛rt✐❝✉❧❛r ❞♦✲
♠❛✐♥ ❛♥❞ t❛s❦✱ ✇❤✐❝❤ ❛r❡ ♦❢t❡♥ s♣❡❝✐❛❧✐③❛t✐♦♥s ♦❢ ❜♦t❤ t❤❡ r❡❧❛t❡❞ ♦♥t♦❧♦❣✐❡s✳

❋♦r ❡①❛♠♣❧❡✱ ❛ P❧❛♥t ❖♥t♦❧♦❣② ✭P❖✮ ❬✷✵✶✸t❪✱ ❝♦♥t❛✐♥✐♥❣ ❛ ❝♦♥❝❡♣t✉❛❧✐③❛t✐♦♥ ♦❢ ♣❧❛♥t
str✉❝t✉r❡s ✭✐♥❝❧✉❞✐♥❣ ♣❧❛♥t ❝❡❧❧✱ ♣❧❛♥t t✐ss✉❡✱ ❛♥❞ s♣♦r♦♣❤②t❡✮ ❛♥❞ ❛ ❝♦♥tr♦❧❧❡❞ ✈♦✲
❝❛❜✉❧❛r② ❢♦r ❞❡s❝r✐❜✐♥❣ t❤✐♥❣s ❧✐❦❡ ♣❧❛♥t ❛♥❛t♦♠②✱ ♣❧❛♥t ♠♦r♣❤♦❧♦❣② ❛♥❞ ♣❧❛♥t ❞❡✲
✈❡❧♦♣♠❡♥t st❛❣❡✱ ♠❛② ❜❡ ❞❡s❝r✐❜❡❞ ❛s ❛ ❞♦♠❛✐♥ ♦♥t♦❧♦❣②✳

■♥ ❣❡♥❡r❛❧✱ ♦♥t♦❧♦❣✐❡s ❞♦ ♥♦t ❝♦♥t❛✐♥ ❢❛❝ts✱ ✐✳❡✳✱ ❞❛t❛ ❛❜♦✉t t❤❡ ✐♥st❛♥❝❡s ♦❢
t❤❡ ❝♦♥❝❡♣ts t❤❡② ❞❡✜♥❡ ❛♥❞ ❛❜♦✉t t❤❡✐r r❡❧❛t✐♦♥s❤✐♣s ♦r✱ ✇❤❡♥ t❤❡② ❞♦✱ t❤❡s❡ ❛r❡
❧✐♠✐t❡❞ t♦ ❛ ❢❡✇ ✐♠♣♦rt❛♥t ❢❛❝ts t❤❛t ❛r❡ ✉s❡❢✉❧ t♦ s✐t✉❛t❡ ♦r ♦r❣❛♥✐③❡ t❤❡ r❡st ♦❢ t❤❡
❦♥♦✇❧❡❞❣❡✳ ❋❛❝ts ❛r❡ ✉s✉❛❧❧② st♦r❡❞ ✐♥ ✇❤❛t ✇❡ ✇✐❧❧ ❝❛❧❧ ❢❛❝t r❡♣♦s✐t♦r✐❡s ✇❤✐❝❤✱ ✐♥
s♦♠❡ ❝❛s❡s✱ ❛r❡ ✐♠♣❧❡♠❡♥t❡❞ ❛s ♦r ❜❛❝❦❡❞ ❜② ❛ tr❛❞✐t✐♦♥❛❧ ❘❉❇▼❙ ❛♥❞ ♠❛② ❝♦♥t❛✐♥
✈❡r② ❧❛r❣❡ ♦r ❤✉❣❡ ❛♠♦✉♥ts ♦❢ ❞❛t❛✳



✷✳✷✳ ❘❡s♦✉r❝❡s ❛♥❞ ❚❡❝❤♥♦❧♦❣✐❡s ❢♦r ❇✐♦❞✐✈❡rs✐t② ✶✼

■t ✐s ✐♠♣♦rt❛♥t t♦ ❝❧❛r✐❢② t❤❛t ✇❤❛t ♠❛② ❜❡ ❝♦♥s✐❞❡r❡❞ ❛♥ ✐♥st❛♥❝❡ ✈❛r✐❡s ❞❡♣❡♥❞✲
✐♥❣ ♦♥ t❤❡ ❞♦♠❛✐♥ ♦r t❛s❦✳ ❲❤❡♥ ✐t ❝♦♠❡s t♦ ❜✐♦❞✐✈❡rs✐t②✱ ❛ ♣❧❛♥t s♣❡❝✐❡s ✐s ❣❡♥❡r❛❧❧②
tr❡❛t❡❞ ❛s ❛♥ ✐♥st❛♥❝❡✱ ❡✈❡♥ t❤♦✉❣❤✱ str✐❝t❧② s♣❡❛❦✐♥❣✱ ✐t s❤♦✉❧❞ ❜❡ r❡❣❛r❞❡❞ ❛s ❛
❝♦♥❝❡♣t ✇❤✐❝❤ ❣r♦✉♣s t♦❣❡t❤❡r ❛❧❧ s♣❡❝✐♠❡♥s t❤❛t s❤❛r❡ ❛ s❡t ♦❢ ♣❤❡♥♦t②♣✐❝ ❛♥❞
❣❡♥♦t②♣✐❝ ❝❤❛r❛❝t❡rs✳ ■t ✐s t❤❡ s♣❡❝✐✜❝ ❛♣♣❧✐❝❛t✐♦♥ t❤❛t ❞✐❝t❛t❡s ✇❤❛t s❤♦✉❧❞ ❜❡
tr❡❛t❡❞ ❛s ❛♥ ✐♥st❛♥❝❡ ♦r ❛ ❝♦♥❝❡♣t✳

■♥ ❛❞❞✐t✐♦♥✱ ♦♥t♦❧♦❣✐❡s ❤❛✈❡ ❜❡❡♥ ❡①t❡♥s✐✈❡❧② ✉s❡❞ ✐♥ ❞❛t❛ ✐♥t❡❣r❛t✐♦♥ ❛♣♣r♦❛❝❤❡s
❛s t❤❡② ♣r♦✈✐❞❡ ❛♥ ❡①♣❧✐❝✐t ❛♥❞ ❝♦♠♣✉t❡r✲✉♥❞❡rst❛♥❞❛❜❧❡ ❝♦♥❝❡♣t✉❛❧✐③❛t✐♦♥ ♦❢ ❛ ❞♦✲
♠❛✐♥ ❬❈r✉③ ✷✵✵✺❪✳ ❖♥❡ ♦❢ t❤❡✐r ♠❛❥♦r ❝♦♥tr✐❜✉t✐♦♥s t♦ ❞❛t❛ ✐♥t❡❣r❛t✐♦♥ ❛♥❞ ❛♥❛❧②s✐s
✐s ♠❛♣♣✐♥❣ s✉♣♣♦rt✱ t❤❛t ✐s t❤❡ ✉s❡ ♦❢ ❛♥ ♦♥t♦❧♦❣② ♦❢ t❡r♠s✱ ❢♦r♠❛❧✐③✐♥❣ ❛ t❤❡s❛✉r✉s✱
❢♦r t❤❡ ♠❛♣♣✐♥❣ ♣r♦❝❡ss t♦ ❢❛❝✐❧✐t❛t❡ ✐ts ❛✉t♦♠❛t✐♦♥✳ ❚❤❡ t❡r♠ ♠❛♣♣✐♥❣ r❡❢❡rs ❤❡r❡
t♦ t❤❡ s❡♠❛♥t✐❝❛❧ ❧✐♥❦✐♥❣ ♦❢ ❞❛t❛ t❤r♦✉❣❤ t❤❡ ❝♦♥❝❡♣ts r❡♣r❡s❡♥t❡❞ ✐♥ t❤❡ ♦♥t♦❧♦❣②✳
❖♥t♦❧♦❣✐❡s ❛❧s♦ ♣r♦✈✐❞❡ ❝❛♣❛❜✐❧✐t✐❡s ♦❢ ❣❡♥❡r❛❧✐③❛t✐♦♥ ❛♥❞ s♣❡❝✐❛❧✐③❛t✐♦♥ ♦❢ ❞❛t❛ ❛❝✲
❝♦r❞✐♥❣ t♦ t❤❡ ♦♥t♦❧♦❣② ❝♦♥❝❡♣ts ❛♥❞ t❤❡✐r r❡❧❛t✐♦♥s❤✐♣s✳ ❊❛❝❤ ❞❛t❛ ❝❛♥ t❤❡♥ ❜❡
❝♦♥s✐❞❡r❡❞ ❛t t❤❡ ♠♦st ❛♣♣r♦♣r✐❛t❡ ❧❡✈❡❧ ♦❢ ❛❜str❛❝t✐♦♥✱ ♦r ❛❣❣r❡❣❛t✐♦♥✱ r❡❣❛r❞✐♥❣
t❤❡ ❛♣♣❧✐❝❛t✐♦♥ ♦❜❥❡❝t✐✈❡s ❬❑✇✉✐❞❛ ✷✵✶✹❪✳

❆♥ ✐❧❧✉str❛t✐♦♥ ♦❢ r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ ♦❜❥❡❝ts ♦❢ ♣❧❛♥t str✉❝t✉r❡ ✐s ❣✐✈❡♥ ✐♥
❋✐❣✉r❡ ✷✳✽ ❬❏❛✐s✇❛❧ ✷✵✵✺❪✳ ■♥ t❤✐s ♦r✐❡♥t❡❞ ❣r❛♣❤✱ ❡❛❝❤ ♥♦❞❡ r❡♣r❡s❡♥ts ❛ t❡r♠ ❞❡✜♥✲

❋✐❣✉r❡ ✷✳✽✿ ❖♥t♦❧♦❣✐❝❛❧ r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ ♦❜❥❡❝ts ♦❢ ♣❧❛♥t str✉❝t✉r❡



✶✽ ❈❤❛♣t❡r ✷✳ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

✐♥❣ ❛♥ ♦❜❥❡❝t ✐♥ ♣❧❛♥t str✉❝t✉r❡ ❛♥❞ ❡❛❝❤ ❛rr♦✇ r❡♣r❡s❡♥ts ❛♥ ♦r✐❡♥t❡❞ r❡❧❛t✐♦♥s❤✐♣s
❜❡t✇❡❡♥ t✇♦ ♦❢ t❤❡s❡ ♦❜❥❡❝ts✳ ❚❤❡ ❞✐✛❡r❡♥t ❝♦❧♦rs ♦❢ ❛rr♦✇s ❝♦rr❡s♣♦♥❞ t♦ ❞✐❢✲
❢❡r❡♥t t②♣❡s ♦❢ ♦r✐❡♥t❡❞ r❡❧❛t✐♦♥s❤✐♣s ✭❞✐r❡❝t✐♦♥❛❧ ♣❛t❤s✮✳ ❇❧✉❡ ❡❞❣❡s r❡♣r❡s❡♥t ✏✐s
❛✑ r❡❧❛t✐♦♥s❤✐♣s✱ ❣r❡❡♥ ❡❞❣❡s r❡♣r❡s❡♥t ✏♣❛rt ♦❢✑ r❡❧❛t✐♦♥s❤✐♣s ❛♥❞ r❡❞ ❡❞❣❡s r❡♣r❡✲
s❡♥t ✏❞❡✈❡❧♦♣s ❢r♦♠✑ r❡❧❛t✐♦♥s❤✐♣s✳ ❉♦t ❛rr♦✇s s❤♦✇ ♣❛r❡♥t ❛♥❞ ❝❤✐❧❞ ✐♥❤❡r✐t❛♥❝❡
r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ t❤❡ t✇♦ r❡❧❛t❡❞ ♥♦❞❡s✳ ❚❤❡ ❞✐❛♠♦♥❞ ❛♥❞ ♣❡♥t❛❣♦♥✲s❤❛♣❡❞
s②♠❜♦❧s s❤♦✇ ❛ s♣❡❝✐✜❝ ❡①♣r❡ss✐♦♥ ♦❢ ❝❡❧❧ t②♣❡ ❜❛s❡❞ ♦♥ t❤❡ ❛ss♦❝✐❛t✐♦♥ ♦❢ ❵❈❖❲✶✬
❛♥❞ ❵❆❉▲✶❈✬✳ ❲❡ ❝❛♥ s❡❡ ✐♥ ❋✐❣✉r❡ ✷✳✽ t❤❛t t❤❡ ❛ss♦❝✐❛t✐♦♥ ♦❢ ❵❈❖❲✶✬ ❛♥❞ ❵❆❉▲✶❈✬
✐s ♥♦t ✐♥❤❡r✐t❡❞ ❜② ❝❤✐❧❞r❡♥ ♥♦❞❡s ❢♦r t❤❡ ✏❞❡✈❡❧♦♣s ❢r♦♠✑ r❡❧❛t✐♦♥s❤✐♣ ❢♦r ✐♥st❛♥❝❡✳
❍❡♥❝❡✱ t❤❡ ❵❈❖❲✶✬ ❛♥♥♦t❛t✐♦♥ ❞♦❡s ♥♦t ❝♦♠❡ ❛❧♦♥❣ ✇✐t❤ t❤❡ ❵❚r✐❝❤♦❜❧❛st✬ ♥♦❞❡✳ ■♥
t❤✐s ✜❣✉r❡✱ t❤❡ ❵❈❡❧❧✬✱ ❵❙♣♦r♦♣❤②t❡✬ ❛♥❞ ❵❚✐ss✉❡✬ ❛r❡ ♥♦❞❡s r❡♣r❡s❡♥t✐♥❣ ♦❜❥❡❝ts ❛t
t❤❡ ✜rst ❧❡✈❡❧ ♦❢ ♣❧❛♥t str✉❝t✉r❡✳ ❚❤❡ r❡❧❛t✐♦♥s❤✐♣s s❤♦✇ t❤❛t t❤❡ ❵❘♦♦t ❤❛✐r✬ ❛♥❞
❵❚r✐❝❤♦❜❧❛st✬ ❛r❡ t✇♦ ❞✐✛❡r❡♥t t②♣❡s ♦❢ ❵❝❡❧❧✬ ❛♥❞ ❛r❡ ❛❧s♦ ♣❛rt ♦❢ ❵r♦♦t ❡♣✐❞❡r♠✐s✬✳
❚❤❡② ❛❧s♦ s❤♦✇ t❤❛t t❤❡ ❵r♦♦t ❤❛✐r✬ ❞❡✈❡❧♦♣s ❢r♦♠ ❵❚r✐❝❤♦❜❧❛st✬✳

❚❤❡ ❖♣❡♥ ❇✐♦❧♦❣✐❝❛❧ ❛♥❞ ❇✐♦♠❡❞✐❝❛❧ ❖♥t♦❧♦❣✐❡s ✭❖❇❖ ❋♦✉♥❞r②✮ ❬❙♠✐t❤ ✷✵✵✼❪
✐s t❤❡ ♣♦rt❛❧ ♦❢ ❛♥ ♦♥t♦❧♦❣② ❝♦♥s♦rt✐✉♠ t❤❛t ♣r♦✈✐❞❡s ❛♣♣r♦❛❝❤❡s ❛♥❞ t♦♦❧s t♦ ❤❡❧♣
♦♥t♦❧♦❣② ❞❡✈❡❧♦♣♠❡♥t ✐♥ ❞✐✛❡r❡♥t s❝✐❡♥t✐✜❝ ❞♦♠❛✐♥s ♦❢ ✐♥t❡r❡st✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡
❖❇❖ ❋♦✉♥❞r② ✐s ❛ ❧❛r❣❡ r❡♣♦s✐t♦r② ♦❢ ❝❛♥❞✐❞❛t❡ ❛♥❞ ✈❛❧✐❞❛t❡❞ ♦♥t♦❧♦❣✐❡s ✐♥ ❛ ♥✉♠❜❡r
♦❢ s❝✐❡♥t✐✜❝ ❞♦♠❛✐♥s✳ ❈✉rr❡♥t❧②✱ ✐t ❝♦♥t❛✐♥s ♠♦r❡ t❤❛♥ ✶✵✵ ♦♥t♦❧♦❣✐❡s t❤❛t ✇❡r❡
❞❡❝❧❛r❡❞ ✐♥ ❞✐✛❡r❡♥t ❞♦♠❛✐♥s✸ ❛♥❞ ❞✐✛❡r❡♥t ♦♥t♦❧♦❣② ❧❡✈❡❧s ✹✳

❇✐♦P♦rt❛❧ ❬❲❤❡t③❡❧ ✷✵✶✶❪ ✐s ❛ ❲❡❜ ♣♦rt❛❧ r❡♣♦s✐t♦r② ♦❢ ♦♣❡♥ ♦♥t♦❧♦❣② r❡s♦✉r❝❡s
t❤❛t ❛❧❧♦✇s t♦ s❡❛r❝❤ ❛♥❞ ❡①♣❧♦r❡ ♦♥t♦❧♦❣② t❡r♠s t❤r♦✉❣❤ ❛♥ ✐♥t❡r❛❝t✐✈❡ ✈✐s✉❛❧✐③❛✲
t✐♦♥ ❣r❛♣❤✐❝❛❧ ✉s❡r ✐♥t❡r❢❛❝❡ ✭❋✐❣✉r❡ ✷✳✾✮✳ ❖♥t♦❜❡❡ ❬✷✵✶✸♦✱ ❳✐❛♥❣ ✷✵✶✶❪ ✐s ❛ ✇❡❜
t♦♦❧ t♦ ❡①♣❧♦r❡ ❛♥❞ ❜r♦✇s❡ ♦♥t♦❧♦❣✐❝❛❧ t❡r♠s ❛♥♥♦t❛t✐♥❣ ❧✐♥❦❡❞ ❞❛t❛ ❢r♦♠ ❞✐✛❡r❡♥t
♦♥t♦❧♦❣② r❡♣♦s✐t♦r✐❡s ✭❋✐❣✉r❡ ✷✳✶✵✮✳ ▼♦r❡♦✈❡r✱ ✐t s✉♣♣❧✐❡s ✈✐s✉❛❧✐③❛t✐♦♥ ❛♥❞ s✉♣✲
♣♦rts t❤❡ ❙P❆❘◗▲ q✉❡r②✐♥❣ ❧❛♥❣✉❛❣❡✱ ❛s ✇❡❧❧ ❛s ♠❛♥❛❣❡♠❡♥t ♦❢ ❞❛t❛ r❡♣♦s✐t♦r✐❡s
♦❢ ♦♥t♦❧♦❣✐❝❛❧ t❡r♠s✱ ❤✐❡r❛r❝❤✐❡s ❛♥❞ ❘❉❋ ❢♦r♠❛t✳

✷✳✸ ❉❛t❛ ▼✐♥✐♥❣ ❢♦r ❇✐♦❞✐✈❡rs✐t②

✷✳✸✳✶ ❉❛t❛ ▼✐♥✐♥❣ ❈♦♥❝❡♣t

❉❛t❛ ♠✐♥✐♥❣✱ ❛❧s♦ ❦♥♦✇♥ ❛s ❦♥♦✇❧❡❞❣❡ ❞✐s❝♦✈❡r② ❢r♦♠ ❞❛t❛ ✭❑❉❉✮✱ ✐s ❛ s❡t ♦❢
❝♦♥❝❡♣ts✱ ♠❡t❤♦❞s ❛♥❞ t♦♦❧s ❢♦r t❤❡ r❛♣✐❞ ❛♥❞ ❡✣❝✐❡♥t ❞✐s❝♦✈❡r② ♦❢ ♣r❡✈✐♦✉s❧② ✉♥✲
❦♥♦✇♥ ✐♥❢♦r♠❛t✐♦♥✱ r❡♣r❡s❡♥t❡❞ ❛s ❦♥♦✇❧❡❞❣❡ ♣❛tt❡r♥s ❛♥❞ ♠♦❞❡❧s✱ ❤✐❞❞❡♥ ✐♥s✐❞❡
♠❛ss✐✈❡ ✐♥❢♦r♠❛t✐♦♥ r❡♣♦s✐t♦r✐❡s ❬❍❛♥ ✷✵✶✶❪✳ ❚❤❡ ♠♦st ♣r♦♠✐♥❡♥t ❞❛t❛ ♠✐♥✐♥❣ ❛♣✲
♣r♦❛❝❤❡s✱ ❣❛✐♥✐♥❣ ❛❝t✉❛❧❧② ♠✉❝❤ ✐♠♣♦rt❛♥❝❡ ✐♥ ♠❛♥② ❛♣♣❧✐❝❛t✐♦♥ ❞♦♠❛✐♥s t♦ s✉♣♣♦rt
❞❡❝✐s✐♦♥✲♠❛❦✐♥❣✱ ❛r❡ ❛ss♦❝✐❛t✐♦♥ r✉❧❡ ❛♥❞ ♣❛tt❡r♥ ♠✐♥✐♥❣✱ ❝❧❛ss✐✜❝❛t✐♦♥✱ ❝❧✉st❡r✐♥❣
❛♥❞ r❡❣r❡ss✐♦♥✳ ❙✐♥❝❡ ✐ts ❡♠❡r❣❡♥❝❡ ✐♥ t❤❡ ❡❛r❧② ✶✾✾✵s✱ ❞❛t❛ ♠✐♥✐♥❣ ♠❛❞❡ ❣r❡❛t
str✐❞❡s ❛♥❞ ❝♦♥t✐♥✉❡s t♦ ✢♦✉r✐s❤ ♥♦✇❛❞❛②s ✇✐t❤ t❤❡ r❛♣✐❞ ❡✈♦❧✉t✐♦♥ ♦❢ ❛✉t♦♠❛t✐❝
❞❛t❛ ❛❝q✉✐s✐t✐♦♥ s②st❡♠s✱ s✉❝❤ ❛s ❞✐❣✐t❛❧ ❝❛♠❡r❛s✱ s❛t❡❧❧✐t❡ r❡♠♦t❡ s❡♥s✐♥❣ s②st❡♠s✱
❜❛r ❝♦❞❡ ✉s❛❣❡ ✐♥ r❡t❛✐❧✱ ❞❛t❛ str❡❛♠s ✐♥ ♥❡t✇♦r❦s✱ t❡①t ❛♥❞ ✐♠❛❣❡ ❣❛t❤❡r✐♥❣ t♦♦❧s✱

✸❙❡❡ ❛♣♣❡♥❞✐① ❆✳✷ ❢♦r ❛ ❞❡s❝r✐♣t✐♦♥ ♦❢ ❞♦♠❛✐♥s✳
✹❊❛❝❤ t❛❜❧❡ ✐♥ ❆♣♣❡♥❞✐① ❇ s❤♦✇♥ ❛♥ ♦♥t♦❧♦❣② ❧❡✈❡❧✳



✷✳✸✳ ❉❛t❛ ▼✐♥✐♥❣ ❢♦r ❇✐♦❞✐✈❡rs✐t② ✶✾

❋✐❣✉r❡ ✷✳✾✿ ❱✐s✉❛❧✐③❛t✐♦♥ t❤r♦✉❣❤ t❤❡ ❇✐♦P♦rt❛❧✿ r❡s✉❧ts ❢♦r t❤❡ s❡❛r❝❤ t❡r♠ ❵♦❜❧♦♥❣✬

♦r ▼❛ss✐✈❡❧② P❛r❛❧❧❡❧ ❙✐❣♥❛t✉r❡ ❙❡q✉❡♥❝✐♥❣ ✭▼P❙❙✮ ♦❢ ❣❡♥❡s ❢♦r ✐♥st❛♥❝❡✱ ❛♥❞ ♦❢
st♦r❛❣❡ s②st❡♠s✱ s✉❝❤ ❛s ❦♥♦✇❧❡❞❣❡ ❛♥❞ ❞❛t❛ ❜❛s❡s ❛✈❛✐❧❛❜❧❡ ♦♥ t❤❡ ❲♦r❧❞ ❲✐❞❡
❲❡❜✱ ❞❛t❛ ✇❛r❡❤♦✉s❡s ❛♥❞ ❞❛t❛ ♠❛rts✱ ♦r ♣✉❜❧✐❝❛t✐♦♥ r❡♣♦s✐t♦r✐❡s ❢♦r ✐♥st❛♥❝❡✳ ■t
✐s ❛ ♠✉❧t✐✲❞✐s❝✐♣❧✐♥❛r② ✜❡❧❞ ✐♥❝❧✉❞✐♥❣ s♦❧✉t✐♦♥s ❢r♦♠ ❞❛t❛❜❛s❡ s②st❡♠s✱ st❛t✐st✐❝s✱
❦♥♦✇❧❡❞❣❡✲❜❛s❡❞ s②st❡♠s✱ ❛rt✐✜❝✐❛❧ ✐♥t❡❧❧✐❣❡♥❝❡✱ ❤✐❣❤✲♣❡r❢♦r♠❛♥❝❡ ❝♦♠♣✉t✐♥❣ ❛♥❞
❞❛t❛ ✈✐s✉❛❧✐③❛t✐♦♥✳

❆ ❞❛t❛ ♠✐♥✐♥❣ ♣r♦❝❡ss ❬▼❛r❜á♥ ✷✵✵✾✱ ▼❛r✐s❝❛❧ ✷✵✶✵❪ ✐s ❛♥ ✐t❡r❛t✐✈❡ ❛♥❞ ✐♥t❡r❛❝✲
t✐✈❡ ♣r♦❝❡ss t❤❛t t②♣✐❝❛❧❧② ✐♥✈♦❧✈❡s t❤❡ t❤r❡❡ ❢♦❧❧♦✇✐♥❣ ❣❡♥❡r❛❧ ♣❤❛s❡s ✭❋✐❣✉r❡ ✷✳✶✶✮✳
❉✉r✐♥❣ t❤❡ ♣r❡✲♣r♦❝❡ss✐♥❣ ♣❤❛s❡✱ ❞❛t❛ ♣r❡♣❛r❛t✐♦♥ t❡❝❤♥✐q✉❡s✱ ✐✳❡✳✱ ❞❛t❛ ❝❧❡❛♥✐♥❣✱
✐♥t❡❣r❛t✐♦♥✱ tr❛♥s❢♦r♠❛t✐♦♥ ❛♥❞ r❡❞✉❝t✐♦♥ ♠❡t❤♦❞s✱ ❛r❡ ❛♣♣❧✐❡❞ t♦ ❣❡♥❡r❛t❡ ❞❛t❛s❡ts
❝♦♥t❛✐♥✐♥❣ r❡❧❡✈❛♥t✱ ❝♦♥s✐st❡♥t ❛♥❞ r❡❧✐❛❜❧❡ ❞❛t❛✱ ❢r♦♠ t❤❡ ✈✐❡✇♣♦✐♥t ♦❢ t❤❡ ❛♣♣❧✐❝❛✲
t✐♦♥ ♦❜❥❡❝t✐✈❡s✱ ❢r♦♠ ❤❡t❡r♦❣❡♥❡♦✉s ❞❛t❛ s♦✉r❝❡s✳ ❚❤❡ ♠♦❞❡❧✐♥❣ ♣❤❛s❡ ❝♦♥s✐sts ✐♥
❛♣♣❧②✐♥❣ ❛❧❣♦r✐t❤♠✐❝ ♠❡t❤♦❞s ❢♦r ❡①tr❛❝t✐♥❣ ❦♥♦✇❧❡❞❣❡ ♣❛tt❡r♥s ❛♥❞ ♠♦❞❡❧s ❢r♦♠
t❤❡ ♣r❡♣❛r❡❞ ❞❛t❛s❡ts✳ ❉✉r✐♥❣ t❤❡ ♣♦st✲♣r♦❝❡ss✐♥❣ ♣❤❛s❡✱ ❡①tr❛❝t❡❞ ❦♥♦✇❧❡❞❣❡ ♣❛t✲
t❡r♥s ❛♥❞ ♠♦❞❡❧s ❛r❡ ♣r❡s❡♥t❡❞ t♦ t❤❡ ❡♥❞✲✉s❡r ❢♦r ✐♥t❡r♣r❡t❛t✐♦♥ ❛♥❞ ❡✈❛❧✉❛t✐♦♥ ✐♥
♦r❞❡r t♦ ❞✐s❝♦✈❡r ♥♦✈❡❧ ✐♥❢♦r♠❛t✐♦♥✳ ❚❤❡ ✐♥t❡r❛❝t✐✈❡ ❛♥❞ ✐t❡r❛t✐✈❡ ♥❛t✉r❡ ♦❢ t❤❡ ♣r♦✲
❝❡ss r❡❧✐❡s ♦♥ t❤❡ ❢❛❝t t❤❛t ❝❤❛♥❣❡s ❛♥❞ ❞❡❝✐s✐♦♥s ♠❛❞❡ ✐♥ t❤❡ ❞✐✛❡r❡♥t st❡♣s ♦❢ t❤❡
t❤r❡❡ ♣❤❛s❡s ❝❛♥ r❡s✉❧t ✐♥ ❝❤❛♥❣❡s ✐♥ ❧❛t❡r st❡♣s ❛♥❞ ✐♥ t❤❡ ❡①tr❛❝t❡❞ ♣❛tt❡r♥s ❛♥❞
♠♦❞❡❧s✳ ❋❡❡❞❜❛❝❦ ❧♦♦♣s ❜❡t✇❡❡♥ t❤❡ ♣❤❛s❡s ❛r❡ t❤✉s ♥❡❝❡ss❛r② t♦ ❝♦♥✈❡r❣❡ t♦✇❛r❞
❛ s❛t✐s❢❛❝t♦r② s♦❧✉t✐♦♥✳

❊✈❡♥ ✐❢ ❝♦♥s✐❞❡r❛❜❧❡ ♣r♦❣r❡ss ❤❛s ❜❡❡♥ ♠❛❞❡ ✐♥ ❞❛t❛ ♠✐♥✐♥❣ s✐♥❝❡ ✐ts ❡❛r❧② ❜❡✲



✷✵ ❈❤❛♣t❡r ✷✳ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

❋✐❣✉r❡ ✷✳✶✵✿ ❇r♦✇s❡ t❤❡ t❡r♠ ❵♦❜❧♦♥❣✬ ❜② t❡r♠ ■❉ ❵P❆❚❖❴✵✵✵✾✹✻✬ ✐♥ ❖♥t♦❜❡❡

❣✐♥♥✐♥❣✱ ♠❛♥② ❝❤❛❧❧❡♥❣❡s st✐❧❧ r❡♠❛✐♥✳ ❍❡♥❝❡✱ ❣❡♥❡r✐❝ ❞❛t❛ ♠✐♥✐♥❣ s②st❡♠s ❝❛♥
❤❛✈❡ ❧✐♠✐t❛t✐♦♥s r❡❣❛r❞✐♥❣ ❛♣♣❧✐❝❛t✐♦♥ s♣❡❝✐✜❝ ♣r♦❜❧❡♠s ❛♥❞ ❛ tr❡♥❞ t♦✇❛r❞ ❛♣♣❧✐✲
❝❛t✐♦♥ ❞❡❞✐❝❛t❡❞ s②st❡♠s ❝❛♥ ❜❡ ♦❜s❡r✈❡❞ ♥♦✇❛❞❛②s ❬❍❛♥ ✷✵✶✶❪✳ ❚❤❡s❡ s②st❡♠s ❛✐♠
t♦ ❤❛♥❞❧❡ ❝♦♠♣❧❡① ❤❡t❡r♦❣❡♥❡♦✉s ❞❛t❛ t②♣❡s✱ ✐♥❝❧✉❞✐♥❣ ♠✉❧t✐♠❡❞✐❛✱ s✉❝❤ ❛s ✐♠✲
❛❣❡s✱ s♣❛t✐❛❧ ❛♥❞ t❡①t ❞❛t❛ ❢♦r ✐♥st❛♥❝❡✱ t♦ ❣❡♥❡r❛t❡ ❝♦♠♣❧❡① ❦♥♦✇❧❡❞❣❡ ♣❛tt❡r♥s✱
t♦ ✐♥t❡❣r❛t❡ ❞♦♠❛✐♥ s♣❡❝✐✜❝ ❦♥♦✇❧❡❞❣❡ r❡♣r❡s❡♥t❡❞ ❜♦t❤ ✐♥ ❦♥♦✇❧❡❞❣❡ ❜❛s❡s ❛♥❞
❛s ✉s❡rs✬ ♠❡t❤♦❞♦❧♦❣✐❡s ❛♥❞ ♣r♦❝❡ss❡s✱ t♦ ❞❡✈❡❧♦♣ ❛ ✉♥✐✜❡❞ t❤❡♦r② ♦❢ ❞❛t❛ ♠✐♥✐♥❣
✇♦✉❧❞ ❛❞❞r❡ss ♣r♦❜❧❡♠s ✐♥ ♠❛♥② ✜❡❧❞s✱ ♥♦t ♦♥❧② t❤❡ ❜✐♦❧♦❣✐❝❛❧ ❛♥❞ ❡♥✈✐r♦♥♠❡♥t❛❧
♦♥❡ ❬❍❛♥ ✷✵✶✶✱ ❨❛♥❣ ✷✵✵✻❪✳

✷✳✸✳✷ ❚❡❝❤♥✐q✉❡s ❛♥❞ ❆♣♣❧✐❝❛t✐♦♥s

◆♦✇❛❞❛②s✱ ♠❛♥② r❡s❡❛r❝❤❡rs ❛♥❞ s❝✐❡♥t✐sts ❛tt❡♠♣t t♦ s♦❧✈❡ ❜✐♦❞✐✈❡rs✐t② ♣r♦❜❧❡♠s
❜② ✉s✐♥❣ ♠♦❞❡r♥ t❡❝❤♥♦❧♦❣✐❡s✱ ✐♥✈❡♥t✐♥❣ ❛♣♣r♦❛❝❤❡s ❛♥❞ t❡❝❤♥✐q✉❡s t♦ ♠❡❛s✉r❡ ❛♥❞



✷✳✸✳ ❉❛t❛ ▼✐♥✐♥❣ ❢♦r ❇✐♦❞✐✈❡rs✐t② ✷✶

❋✐❣✉r❡ ✷✳✶✶✿ ❆♥ ✐❧❧✉str❛t✐♦♥ ♦❢ t❤❡ t❤r❡❡ ♠❛✐♥ ♣❤❛s❡s ♦❢ ❛ ❞❛t❛ ♠✐♥✐♥❣ ♣r♦❝❡ss

s♦❧✈❡ ♦❝❝✉rr❡♥❝❡ ❜✐♦❞✐✈❡rs✐t② ✐ss✉❡s✳ ❇❡❝❛✉s❡ ♦❢ t❤❡ ❞❡❧✉❣❡ ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❢♦✉♥❞ ✐♥
❞❛t❛ r❡♣♦s✐t♦r✐❡s ♦❢ ❡♥✈✐r♦♥♠❡♥t❛❧ s❝✐❡♥❝❡s✱ ❝♦♠✐♥❣ ❢r♦♠ ❜♦t❤ ✐♥st✐t✉t✐♦♥s ❛♥❞ ❛♠❛✲
t❡✉rs✱ t❤❡ ✉s❡ ♦❢ ❞❛t❛ ♠✐♥✐♥❣ t❡❝❤♥✐q✉❡s ❢♦r ❞✐s❝♦✈❡r✐♥❣ ♥❡✇ ❦♥♦✇❧❡❞❣❡ ✐s s♣r❡❛❞✐♥❣
r❛♣✐❞❧②✳ ❚❤❡r❡ ✐s ❛ ✈❛st ❧✐t❡r❛t✉r❡ ♦♥ ❞❛t❛ ♠✐♥✐♥❣ ❛♣♣❧✐❝❛t✐♦♥s ❢♦r ❜✐♦❞✐✈❡rs✐t② ❛♥❞
❡♥✈✐r♦♥♠❡♥t❛❧ st✉❞✐❡s ❛s ❢♦❧❧♦✇s✳

■♥ ❬❈♦♥r✉②t ✷✵✶✷❪✱ t❤❡ ❛✉t❤♦rs ❛❞❞r❡ss t❤❡ ♣r♦❜❧❡♠ ♦❢ t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ❛♥❞
❝❧❛ss✐✜❝❛t✐♦♥ ♦❢ s♣❡❝✐♠❡♥s t❤r♦✉❣❤ ❛ ❦♥♦✇❧❡❞❣❡✲❜❛s❡❞ ❞✐s❝♦✈❡r② s②st❡♠✳ ❚❤❡② ❡①✲
t❡♥❞ t❤❡ ✏❝❧❛ss✐❝❛❧✑ ❛♣♣r♦❛❝❤ t❤❛t ❝♦♥s✐sts ♦❢ t❤❡ t❤r❡❡ ❢♦❧❧♦✇✐♥❣ ♣❤❛s❡s✿ ●r♦✉♣✐♥❣
❡①✐st✐♥❣ ❞❡s❝r✐♣t✐♦♥s ❜❛s❡❞ ♦♥ s✐♠✐❧❛r✐t② ♠❡❛s✉r❡s ❜② ❝❧✉st❡r✐♥❣✱ ❜✉✐❧❞✐♥❣ ❛♥❞ ♥❛♠✲
✐♥❣ t❤❡ ❝❧❛ss❡s ✐❞❡♥t✐✜❡❞ ❜② ❝❧❛ss✐✜❝❛t✐♦♥ ♦❢ ❣r♦✉♣s✱ ❛♥❞ r❡✉s✐♥❣ t❤❡ ❢♦r♠❡❞ ❝♦♥❝❡♣ts
t♦ ✐❞❡♥t✐❢② t❤❡ ❝❧❛ss ♦❢ ♥❡✇ ♦❜s❡r✈❛t✐♦♥s✳ ❚❤❡② ❝♦♠❜✐♥❡ ✐♥❞✉❝t✐✈❡ t❡❝❤♥✐q✉❡s ❛♥❞
✐t❡r❛t✐✈❡ ♥❡✐❣❤❜♦r s❡❛r❝❤ t♦ t❛❦❡ ✐♥t♦ ❛❝❝♦✉♥t t❤❡ str✉❝t✉r❡ ✭r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥
✈❛r✐❛❜❧❡s✮ ❛♥❞ t❤❡ ❝♦♥t❡♥t ✭♠✐ss✐♥❣✱ ❞❡✈✐❛♥t ❛♥❞ ✉♥❦♥♦✇♥ ✈❛❧✉❡s✮ ♦❢ ❞❡s❝r✐♣t✐♦♥s t♦
✐♠♣r♦✈❡ t❤❡ r♦❜✉st♥❡ss ♦❢ t❤❡ ❝❧❛ss✐✜❝❛t✐♦♥✳ ❚❤❡ r❡s✉❧t✐♥❣ ❛♣♣r♦❛❝❤ ❛✐♠s t♦ ❤❡❧♣
❜♦t❛♥✐sts ❛♥❞ ❜✐♦❧♦❣✐sts t♦ ❜r✐♥❣ ❜❡tt❡r ❡✈✐❞❡♥❝❡s ❢r♦♠ ❦♥♦✇❧❡❞❣❡ ❜❛s❡❞ s②st❡♠s
❢♦r t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ ♥❡✇ s♣❡❝✐♠❡♥s t❤r♦✉❣❤ t❤❡✐r ♦❜s❡r✈❛t✐♦♥s✳ ❚❤❡ ♣r♦♣♦s❡❞
❛♣♣r♦❛❝❤ ✇❛s ✈❛❧✐❞❛t❡❞ ✇✐t❤ t✇♦ ❦♥♦✇❧❡❞❣❡ ❜❛s❡s ❜✉✐❧t ❢♦r ❝♦r❛❧ ❝❧❛ss✐✜❝❛t✐♦♥ ❛♥❞
♣❧❛♥ts ✐❞❡♥t✐✜❝❛t✐♦♥✳



✷✷ ❈❤❛♣t❡r ✷✳ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

❚❤❡ ♣r♦❜❧❡♠ ♦❢ ♠♦✉♥t❛✐♥ ❜✐♦❞✐✈❡rs✐t② st✉❞✐❡s ✉s✐♥❣ ❞❛t❛ ♠✐♥✐♥❣ t❡❝❤♥✐q✉❡s ✐s
✐♥✈❡st✐❣❛t❡❞ ✐♥ ❞❡t❛✐❧ ✐♥ ❬❙♣❡❤♥ ✷✵✵✾❪✳ ■t s❤♦✇s t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ❣❡♦♣❤②s✐❝❛❧ ✐♥❢♦r✲
♠❛t✐♦♥ s②st❡♠s ❢♦r ❡①♣❧♦r✐♥❣ ❛♥❞ ❛♥❛❧②③✐♥❣ ♠♦✉♥t❛✐♥ ❜✐♦❞✐✈❡rs✐t②✳ ❚❤❡ ♣r♦❜❧❡♠s ♦❢
t❤❡ ❛✈❛✐❧❛❜✐❧✐t②✱ q✉❛❧✐t② ❛♥❞ ❝♦♠♣❧❡t❡♥❡ss ♦❢ ❜✐♦❞✐✈❡rs✐t② ❞❛t❛✱ t❤❛t r❡q✉✐r❡ ❝♦♥s♦❧✐✲
❞❛t✐♦♥ ❜❡❢♦r❡ t❤❡✐r ✉s❡ ✐♥ ❛♥❛❧②s❡s✱ ❛r❡ ❛❞❞r❡ss❡❞ t❤♦r♦✉❣❤❧②✱ ❞❡♠♦♥str❛t✐♥❣ t❤❡ ✐♠✲
♣♦rt❛♥❝❡ ♦❢ ❤✐❣❤✲q✉❛❧✐t② ♠❡t❛❞❛t❛✱ s✉❝❤ ❛s r❡♣r❡s❡♥t❡❞ ✐♥ ♦♥t♦❧♦❣✐❡s ❛♥❞ ❦♥♦✇❧❡❞❣❡
❜❛s❡s✱ ❢♦r t❤✐s ❝♦♠♣❧❡① t❛s❦✳ ❙❡✈❡r❛❧ ❝❛s❡ st✉❞✐❡s✱ ❝♦✈❡r✐♥❣ ❛❧❧ ❜✐♦❞✐✈❡rs✐t② ❧❡✈❡❧s✱
❢r♦♠ ❣❡♥❡s t♦ s♣❡❝✐❡s ❛♥❞ ❡❝♦s②st❡♠s✱ ✉s✐♥❣ ❞❛t❛ ♠✐♥✐♥❣ t❡❝❤♥✐q✉❡s t♦ ❛♥❛❧②③❡ ❜✐♦✲
❞✐✈❡rs✐t② ♣❛tt❡r♥s ❛♥❞ ♣r♦❝❡ss❡s ❛❧♦♥❣ ❡❧❡✈❛t✐♦♥ ❣r❛❞✐❡♥ts ❛r❡ r❡♣♦rt❡❞✳ ❚❤❡s❡ s❤♦✇
t❤❡ r❡❧❡✈❛♥❝❡ ♦❢ ❞❛t❛ ♠✐♥✐♥❣ ❛♣♣r♦❛❝❤❡s ❢♦r ❜✐♦❞✐✈❡rs✐t② ❝♦♥s❡r✈❛t✐♦♥ ❛♥❞ ♣r♦t❡❝t❡❞
❛r❡❛ ♠❛♥❛❣❡♠❡♥t✱ ❛♥❞ t❤❡ st✉❞② ♦❢ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ❡✛❡❝ts ♦♥ ♠♦✉♥t❛✐♥ ❜✐♦❞✐✈❡rs✐t②✳

❇✐♦❞✐✈❡rs✐t② ✐♥ ❢♦r❡st ❡❝♦s②st❡♠s ✐s t❤❡ s✉❜❥❡❝t ♦❢ t❤❡ st✉❞② ✐♥ ❬❖✬❙✉❧❧✐✈❛♥ ✷✵✶✵❪✳
❆ ❞❛t❛ ♠✐♥✐♥❣ ❜❛s❡❞ ❛♣♣r♦❛❝❤ ✐s ❞❡✈❡❧♦♣❡❞ t♦ ♣r❡❞✐❝t ❜✐♦❞✐✈❡rs✐t② ✐♥ ❢♦r❡sts ❜② r❡❛✲
s♦♥✐♥❣ ❛❜♦✉t t❤❡✐r ♣❤②s✐❝❛❧ str✉❝t✉r❡✳ ❚❤❡ ❛✉t❤♦rs ✉t✐❧✐③❡ ❛♥ ❤✐❣❤✲r❡s♦❧✉t✐♦♥ s❝❛♥✲
♥✐♥❣ t❡❝❤♥♦❧♦❣② t♦ ❝❛♣t✉r❡ ❞✐✛❡r❡♥t ❛s♣❡❝ts ♦❢ ❢♦r❡sts ✐♥ t❤r❡❡ ❞✐♠❡♥s✐♦♥❛❧ str✉❝t✉r❡✳
❚❤❡s❡ ❞❛t❛ ❛r❡ t❤❡♥ r❡❧❛t❡❞ t♦ t❤❡ ❞✐✈❡rs✐t② ♦❢ ♣❧❛♥ts✱ ✐♥✈❡rt❡❜r❛t❡s ❛♥❞ ❜✐r❞s ✐♥ ❛
r❛♥❣❡ ♦❢ ❢♦r❡st t②♣❡s✱ t♦ ❣❡♥❡r❛t❡ r✐❝❤ ♣❤②s✐❝❛❧ ❞❡s❝r✐♣t✐♦♥ ❞❛t❛s❡ts✳ ❚❤❡s❡ ❞❛t❛s❡ts
❛r❡ ❛♥❛❧②③❡❞ ❛❢t❡r✇❛r❞s ✉s✐♥❣ ✜✈❡ r❡❣r❡ss✐♦♥ t❡❝❤♥✐q✉❡s ❢r♦♠ t❤❡ ♣♦♣✉❧❛r ❲❡❦❛
❬❍❛❧❧ ✷✵✵✾❪ ❞❛t❛ ♠✐♥✐♥❣ ❛♣♣❧✐❝❛t✐♦♥✳ ❘❡s✉❧ts s❤♦✇ t❤❛t t❤✐s ❛♣♣r♦❛❝❤ ❝❛♥ ❛❝❝✉✲
r❛t❡❧② ♣r❡❞✐❝t s✐① ❜✐♦❞✐✈❡rs✐t② ♠❡❛s✉r❡s ♦❢ t❤❡ s♣❡❝✐❡s r✐❝❤♥❡ss ❛♥❞ t❤❡ ❛❜✉♥❞❛♥❝❡
♦❢ ❜❡❡t❧❡s✱ ❜✐r❞s ❛♥❞ s♣✐❞❡rs✳ ❚❤✐s ✐s ❛ st❡♣ t♦✇❛r❞ t❤❡ ❛✉t♦♠❛t✐♦♥ ♦❢ t❤❡ ❝r❡❛t✐♦♥
♦❢ ❛ ✇♦r❧❞ ❢♦r❡st ✐♥✈❡♥t♦r② r✐❝❤ ✇✐t❤ ❡♥✈✐r♦♥♠❡♥t❛❧ ❝♦♥❝❡r♥s✳

■♥ ❬❍♦❝❤❛❝❤❦❛ ✷✵✵✼❪✱ t❤❡ ❛✉t❤♦rs ❝♦♠♣❛r❡ st❛t✐st✐❝❛❧ ❛♥❞ ❞❛t❛ ♠✐♥✐♥❣ ♠❡t❤♦❞s
❢♦r ✐❞❡♥t✐❢②✐♥❣ r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ ❛ r❡s♣♦♥s❡ ❛♥❞ ❛ s❡t ♦❢ ♣r❡❞✐❝t♦rs✳ ❚❤❡② s❤♦✇
t❤❛t ✇❤❡♥ ❧✐tt❧❡ ♦r ♥♦ ♣r✐♦r ❦♥♦✇❧❡❞❣❡ ❛❜♦✉t t❤❡ st✉❞✐❡❞ s②st❡♠ ✐s ❛✈❛✐❧❛❜❧❡✱ st❛✲
t✐st✐❝❛❧ ♠♦❞❡❧s ❝❛♥♥♦t ❛❝❝✉r❛t❡❧② ❞❡s❝r✐❜❡ r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ ✈❛r✐❛t✐♦♥s ♦❢ t❤❡
♣r❡❞✐❝t♦rs ❛♥❞ t❤❡ r❡s♣♦♥s❡ ✈❛r✐❛❜❧❡✳ ❊①♣❡r✐♠❡♥ts ✇❡r❡ ❝♦♥❞✉❝t❡❞ ✉s✐♥❣ ❞✐✛❡r❡♥t
❞❛t❛s❡ts✱ ✐♥❝❧✉❞✐♥❣ ❣❡♦❣r❛♣❤✐❝❛❧✱ t❡♠♣♦r❛❧✱ ❝❧✐♠❛t❡ ❛♥❞ s♣❡❝✐❡s ❞❛t❛✱ t♦ ❝♦♠♣❛r❡
r❡s✉❧ts ♦❢ s✐① ♣♦♣✉❧❛r ❞❛t❛ ♠✐♥✐♥❣ t♦♦❧s ✇✐t❤ r❡s✉❧ts ♦❢ st❛t✐st✐❝❛❧ t❡❝❤♥✐q✉❡s✳ ❚❤❡
❛✉t❤♦rs ❝♦♥❝❧✉❞❡ t❤❛t ♠♦r❡ ✉s❡ ♦❢ ❞❛t❛ ♠✐♥✐♥❣ t❡❝❤♥✐q✉❡s s❤♦✉❧❞ ❜❡ ♠❛❞❡ ✐♥ ❡♥✲
✈✐r♦♥♠❡♥t❛❧ st✉❞✐❡s✱ ✇❤❛t❡✈❡r t❤❡ ❞❡❣r❡❡ ♦❢ ♣r✐♦r ❦♥♦✇❧❡❞❣❡✱ ❛♥❞ ♣r♦♣♦s❡ ❡✛❡❝t✐✈❡
s♦❧✉t✐♦♥s t♦ ✐♥t❡❣r❛t❡ ❞❛t❛ ♠✐♥✐♥❣ ❛♥❞ st❛t✐st✐❝❛❧ ❛♥❛❧②s❡s ✐♥t♦ ❛ t❤♦r♦✉❣❤ ❛♥❛❧②s✐s✳

❚❤❡ ✐♥t❡❣r❛t✐♦♥ ♦❢ ❣❡♦❣r❛♣❤✐❝❛❧ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ ●❡♦❣r❛♣❤✐❝❛❧ ■♥❢♦r♠❛t✐♦♥ ❙②s✲
t❡♠s ✭●■❙✮ ✇✐t❤ s♣❡❝✐❡s ❞❛t❛✱ ❛♥❞ ✐ts ✉s❡ ✐♥ ❞❛t❛ ♠✐♥✐♥❣ st✉❞✐❡s ✐s t❤❡ ♦❜❥❡❝t
♦❢ t❤❡ ❜✐♦❞✐✈❡rs✐t② ✐♥❢♦r♠❛t✐❝s ♣r♦❥❡❝t ♦❢ t❤❡ ❲✳ P✳ ❋r❛s❡r ❍❡r❜❛r✐✉♠ ✭❙❆❙❑✮
❬P❡t❡rs ✷✵✵✾❪✳ ❚❤❡ ♣❛rt✐❝✐♣❛♥ts t♦ t❤✐s ♣r♦❥❡❝t ❞❡✈❡❧♦♣ ❛♥ ✐♥t❡❣r❛t❡❞ ❜✐♦✲❣❡♦❣r❛♣❤②
●■❙ ♠♦❞❡❧✱ ✉s✐♥❣ ●♦♦❣❧❡ ▼❛♣s ❆P■✱ ❜❛s❡❞ ♦♥ ❞❛t❛ ♠✐♥✐♥❣ ❝♦♥❝❡♣ts t♦ ♠❛♣ ❛♥❞
❡①♣❧♦r❡ ✢♦r❛ ❞❛t❛✳ ❚❤✐s r❡s❡❛r❝❤ ♣r♦❥❡❝t s❤♦✇s t❤❛t t❤❡s❡ ❞❛t❛ ❝❛♥ ❜❡ ❡①♣❧♦r❡❞ ♦♥
❛ ♠❛♣ ❛♥❞ ❛♥❛❧②③❡❞ ✐♥ s❡✈❡r❛❧ ✇❛②s t♦ r❡✈❡❛❧ ♣❛tt❡r♥s s❤♦✇✐♥❣ r❡❧❛t✐♦♥s❤✐♣s ❛♥❞
tr❡♥❞s t❤❛t ❛r❡ ♥♦t ❞✐s❝❡r♥✐❜❧❡ ✐♥ ♦t❤❡r r❡♣r❡s❡♥t❛t✐♦♥s ♦❢ ✐♥❢♦r♠❛t✐♦♥✳

❚❤❡ ❣❡♥❡r❛❧ ♣r♦❜❧❡♠s ♦❢ ✐♥❢♦r♠❛t✐♦♥ ✐♥t❡❣r❛t✐♦♥ ❛♥❞ ❞❡s❝r✐♣t✐✈❡ ❞❛t❛ q✉❛❧✐t②
❛r❡ ❛❞❞r❡ss❡❞ ✐♥ ❬P❛t❡rs♦♥ ✷✵✵✹❪✳ ❚❤❡s❡ ♣r♦❜❧❡♠s ❛r❡ ❝♦♥s✐❞❡r❡❞ ✐♥ t❤❡ ❝♦♥t❡①t ♦❢
t❛①♦♥♦♠✐❝ ❝❧❛ss✐✜❝❛t✐♦♥ ♦❢ ♣❧❛♥t s♣❡❝✐♠❡♥s ✐♥t♦ t❛①❛✱ ✐✳❡✳✱ ❣r♦✉♣s✱ ❛❝❝♦r❞✐♥❣ t♦ t❤❡
s✐♠✐❧❛r✐t✐❡s ❜❡t✇❡❡♥ t❤❡✐r ♦❜s❡r✈❡❞ ❢❡❛t✉r❡s✱ ♦r ❝❤❛r❛❝t❡rs✳ ❚❤✐s ❝❧❛ss✐✜❝❛t✐♦♥ ♣r♦❝❡ss



✷✳✸✳ ❉❛t❛ ▼✐♥✐♥❣ ❢♦r ❇✐♦❞✐✈❡rs✐t② ✷✸

r❡❧✐❡s ♠❛✐♥❧② ♦♥ t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ❛♥❞ ❞❡s❝r✐♣t✐♦♥ ♦❢ ✈❛r✐❛t✐♦♥s ❜❡t✇❡❡♥ ❝♦♠♣❛r❛❜❧❡
str✉❝t✉r❡s ♦❢ t❤❡ ❞✐✛❡r❡♥t s♣❡❝✐❡s✳ ❙✐♥❝❡ s❡✈❡r❛❧ t❡r♠✐♥♦❧♦❣✐❡s ❛♥❞ ♠❡t❤♦❞♦❧♦❣✐❡s ❛r❡
✐♥ ✉s❡ ❢♦r ❝♦♠♣♦s✐♥❣ ❝❤❛r❛❝t❡r ❞❡s❝r✐♣t✐♦♥s✱ ♠♦st ♦❢t❡♥ t❤❡s❡ ❞❡s❝r✐♣t✐♦♥s ❛r❡ ✐♥❝♦♥✲
s✐st❡♥t❧② ❝♦♠♣♦s❡❞✱ ❞✐✣❝✉❧t t♦ ✐♥t❡r♣r❡t ❛♥❞ r❡✲✉s❡✱ ❛♥❞ ❞❛t❛ ❢r♦♠ ❞✐✈❡rs❡ s♦✉r❝❡s
❛r❡ ♥♦t ❝♦♠♣❛r❛❜❧❡✳ ❚❤❡ ❛✉t❤♦rs ♣r♦♣♦s❡ ❛ ♥❡✇ ❝♦♥❝❡♣t✉❛❧ ♠♦❞❡❧ ❢♦r ✉♥❛♠❜✐❣✉✲
♦✉s❧② r❡♣r❡s❡♥t✐♥❣ q✉❛♥t✐t❛t✐✈❡ ❛♥❞ q✉❛❧✐t❛t✐✈❡ ❞❡s❝r✐♣t✐♦♥ ❡❧❡♠❡♥ts✳ ■t ♠❛❦❡s ✉s❡
♦❢ ♦♥t♦❧♦❣② t❡❝❤♥♦❧♦❣② t♦ r❡♣r❡s❡♥t ❝♦♥❝❡♣ts ❛♥❞ r❡❧❛t✐♦♥s❤✐♣s ✐♥ t❤❡ ❞❡s❝r✐♣t✐✈❡
t❡r♠s✳ ❚❤✐s ♠♦❞❡❧ ✇❛s ✐♠♣❧❡♠❡♥t❡❞ ✐♥ ❛ ❏❛✈❛ t♦♦❧ t♦ ❤❡❧♣ t❛①♦♥♦♠✐sts t♦ ❝❧❛ss✐❢②
s♣❡❝✐♠❡♥s ❛♥❞ ❞❡s❝r✐❜❡ ❝❤❛r❛❝t❡rs ♦❢ ♥❡✇ s♣❡❝✐♠❡♥s t❤r♦✉❣❤ ❞❡✜♥❡❞ ❛♥❞ ❝♦♥tr♦❧❧❡❞
✈♦❝❛❜✉❧❛r✐❡s✳

■♥ ❬❘❛❣✉❡♥❛✉❞ ✷✵✵✶❪✱ t❤❡ ❛✉t❤♦rs ♣r♦♣♦s❡ t✇♦ ❛♣♣r♦❛❝❤❡s ❢♦r r❡♣r❡s❡♥t✐♥❣ ♣❧❛♥t
❝❧❛ss✐✜❝❛t✐♦♥s t❤❛t ❛r❡ ♠✉❧t✐♣❧❡ ❛♥❞ ♦✈❡r❧❛♣♣✐♥❣ s✐♥❝❡ ✐♥ t❛①♦♥♦♠✐❝ ❝❧❛ss✐✜❝❛t✐♦♥ ♦❢
♣❧❛♥ts✱ s♦♠❡ ❣r♦✉♣s ♦❢ s♣❡❝✐♠❡♥s ❛r❡ r❡❢❡rr❡❞ t♦ ❜② ❛ ♥❛♠❡ ✉s❡❞ ✐♥ ❞✐✛❡r❡♥t ❝♦♥t❡①ts
♦✈❡r t✐♠❡✳ ■♥ ❜♦t❤ ❛♣♣r♦❛❝❤❡s✱ ❣r❛♣❤ str✉❝t✉r❡s ❛r❡ ✉s❡❞ t♦ r❡♣r❡s❡♥t ❝❧❛ss✐✜❝❛t✐♦♥s
❛♥❞ r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ t❤❡♠✱ ❜✉t t❤❡ t✇♦ ❝♦rr❡s♣♦♥❞✐♥❣ ❞❛t❛ ♠♦❞❡❧s ❛r❡ ❞✐✛❡r❡♥t
❞✉❡ t♦ t❤❡✐r ❝♦♥str❛✐♥ts ❛♥❞ ❛✐♠s r❡❣❛r❞✐♥❣ t❤❡✐r ❝❛♣❛❜✐❧✐t✐❡s t♦ ♣❡r❢♦r♠ ✉s❡rs✬ t❛s❦s✳
■♥ t❤❡ ✜rst ❛♣♣r♦❛❝❤✱ ♥❛♠❡❞ ❉❛t❛❜❛s❡ ❆♣♣r♦❛❝❤✱ t❤❡ ❞❛t❛ ♠♦❞❡❧ ✐s ❞❡❞✐❝❛t❡❞ t♦
t❤❡ st♦r❛❣❡ ♦❢ ♣❧❛♥t ✐♥❢♦r♠❛t✐♦♥✳ ■♥ t❤❡ s❡❝♦♥❞ ❛♣♣r♦❛❝❤✱ ♥❛♠❡❞ ❱✐s✉❛❧✐③❛t✐♦♥
❆♣♣r♦❛❝❤✱ t❤❡ ❞❛t❛ ♠♦❞❡❧ ❛✐♠s ❛t t❤❡ ❡✣❝✐❡♥t r❡tr✐❡✈❛❧ ❛♥❞ ❣r❛♣❤✐❝❛❧ ❡①♣❧♦r❛t✐♦♥
♦❢ ♣❧❛♥t ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ t❤❡✐r r❡❧❛t✐♦♥s❤✐♣s✳ ❚❤❡ r❡s✉❧ts s❤♦✇ t❤❛t t❤❡ t✇♦ ❞❛t❛
♠♦❞❡❧s s❤♦✉❧❞ ❝♦❡①✐st ✐♥ ❛ ✉♥✐q✉❡ s②st❡♠ ❢♦r t❤❡ ❛✉t♦♠❛t✐❝ ♣r♦❝❡ss✐♥❣ ❝❛♣❛❜✐❧✐t✐❡s
♦❢ t❤❡ ✜rst ♦♥❡ ❛♥❞ t❤❡ ❡✣❝✐❡♥t ❡①♣❧♦r❛t✐♦♥ ❛♥❞ ❝♦♠♣❛r✐s♦♥ ♦❢ ❝❧❛ss✐✜❝❛t✐♦♥s ❛❧❧♦✇❡❞
❜② t❤❡ s❡❝♦♥❞ ♦♥❡✳

❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ❋✐❣✉r❡ ✷✳✶✷ s❤♦✇s ❛ ❤✐❡r❛r❝❤✐❝❛❧ str✉❝t✉r❡ ♦❢ r❡❧❛t✐♦♥s❤✐♣s
❜❡t✇❡❡♥ ❞❛t❛ ♠✐♥✐♥❣ ❛♥❞ ❜✐♦❞✐✈❡rs✐t② t❛s❦s✳ ❋r♦♠ t♦♣ t♦ ❞♦✇♥✱ ❞❛t❛ ♠✐♥✐♥❣ ❛♣✲
♣r♦❛❝❤❡s ❛♥❞ ♠♦❞❡❧s ❝❛♥ ❛♣♣❧② t♦ s♦❧✈❡ t❤❡ ♣r♦❜❧❡♠s ♦♥ ❜✐♦❞✐✈❡rs✐t② ❞♦♠❛✐♥ s✉❝❤ ❛s
❬P❡t❡rs ✷✵✵✾❪ ❛♥❞ ❬❙♣❡❤♥ ✷✵✵✾❪ t❤❛t ✉s❡❞ ❜♦t❤ ♣❛tt❡r♥s ❛♥❞ r❡❣r❡ss✐♦♥ ❢♦r ❛♥❛❧②③✐♥❣
❛♥❞ ❡①♣❧♦r✐♥❣✴✈✐s✉❛❧✐③✐♥❣ ❜✐♦❞✐✈❡rs✐t② ❞❛t❛✳

❼ ❚❤❡ ▲✐♥❦ ❆♥❛❧②s✐s ❝❛t❡❣♦r② ✐s ❛ ❝♦❧❧❡❝t✐♦♥ ❝♦♥t❛✐♥✐♥❣ ❛ ✈❛r✐❡t② ♦❢ t❡❝❤♥✐q✉❡s
t♦ ♣❡r❢♦r♠ ❡✈❛❧✉❛t✐♦♥ ❛♥❞ ✈❛❧✐❞❛t✐♦♥ ♦♥ ❞❛t❛ ❬❉♦♥♦❤♦ ✷✵✶✵❪✳

❼ ❚❤❡ ❙✐♠✐❧❛r✐t② ❆♥❛❧②s✐s ❝❛t❡❣♦r② ✐s ❛ ❝♦❧❧❡❝t✐♦♥ ♦❢ st❛t✐st✐❝❛❧ ❛♣♣r♦❛❝❤❡s t♦
❡①❛♠✐♥❡ st❛t✐st✐❝❛❧❧② ❛ s❡t ♦❢ t✇♦ s✐♠✐❧❛r t❤✐♥❣s ♦r ♠♦r❡ ♣❛✐rs ♦❢ s❛♠♣❧✐♥❣s✳

❼ ■♥ t❤❡ Pr❡❞✐❝t✐♦♥ ❝❛t❡❣♦r②✱ ❧❡❛r♥✐♥❣ ♠❡t❤♦❞s ❛r❡ ❛♣♣❧✐❡❞ t♦ ❛ s❡t ♦❢ ✐♥st❛♥❝❡s
❢♦r ✇❤✐❝❤ t❤❡ ✈❛❧✉❡ ♦❢ t❤❡ ♦❜❥❡❝t✐✈❡ ✈❛r✐❛❜❧❡ ✐s ❦♥♦✇♥ ✐♥ ♦r❞❡r t♦ ❣❡♥❡r❛t❡ ❛
♣r❡❞✐❝t✐✈❡ ♠♦❞❡❧ t❤❛t ✇✐❧❧ ❜❡ ❛♣♣❧✐❡❞ t♦ ♥❡✇ ✐♥st❛♥❝❡s ❢♦r ♣r❡❞✐❝t✐♥❣ t❤❡ ✈❛❧✉❡
♦❢ t❤✐s ✈❛r✐❛❜❧❡✳

❼ ●❡♥♦♠✐❝s ❉♦♠❛✐♥ ✐s ❛ ♣❛rt ♦❢ ❣❡♥❡t✐❝s✱ ✇❤✐❝❤ st✉❞✐❡s ❛❧❧ ❣❡♠♦♠❡s ♦❢ ❧✐✈✐♥❣
♦r❣❛♥✐s♠s✳ ■♥ ❜✐♦❧♦❣②✴❜✐♦❞✐✈❡rs✐t②✱ t❤❡ ❣❡♥♦♠❡ r❡❢❡rs t♦ ❛❧❧ ❣❡♥❡t✐❝ ✐♥❢♦r♠❛✲
t✐♦♥ ✐♥ t❤❡ ❉◆❆✱ ✇❤✐❝❤ ✐s ✈✐t❛❧ t♦ ❝r❡❛t❡ ❛♥❞ ♠❛✐♥t❛✐♥ ❢♦r t❤❡ s✉r✈✐✈❛❧ ♦❢ ❧✐✈✐♥❣
s♣❡❝✐❡s ❬❑♥❛♣♣ ✷✵✵✹❪✳



✷✹ ❈❤❛♣t❡r ✷✳ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

❋✐❣✉r❡ ✷✳✶✷✿ ❉❛t❛ ♠✐♥✐♥❣ t❡❝❤♥✐q✉❡s ❛♥❞ ❜✐♦❞✐✈❡rs✐t② ❛♣♣❧✐❝❛t✐♦♥s

❼ Pr♦t❡♦♠✐❝s ❉♦♠❛✐♥ st✉❞✐❡s ♣r♦t❡✐♥s ♦❢ ❛❧❧ ❧✐✈✐♥❣ ♦r❣❛♥✐s♠s✱ ✐♥❝❧✉❞✐♥❣ str✉❝✲
t✉r❡s ❛♥❞ ❢✉♥❝t✐♦♥s✳ Pr♦t❡✐♥ ✐s ❞❡r✐✈❡❞ ❢r♦♠ ❛ ●r❡❡❦ ✇♦r❞ ✇❤✐❝❤ ♠❡❛♥s ✏♣r✐✲
♠❛r②✑✳ ❚❤❡ ♣r♦t❡✐♥ ✐s ❛ ❜✐♦❝❤❡♠✐❝❛❧ ❝♦♠♣♦✉♥❞ ✇❤✐❝❤ ✐s ✈✐t❛❧ ❢♦r ❧✐✈✐♥❣ s♣❡❝✐❡s✳
■t ❤❛s ❛ ❝♦♠♣❧❡① str✉❝t✉r❡ ❛♥❞ ♠♦❧❡❝✉❧❛r ♠❛ss ❬●♦t❡❧❧✐ ✷✵✶✷❪✳

❼ P❤②❧♦❣❡♥❡t✐❝ ❉✐✈❡rs✐t② ❉♦♠❛✐♥ ✐s ❛ ♠❡❛s✉r❡ ♦❢ ❜✐♦❞✐✈❡rs✐t② ❢r♦♠ t❤❡ ✈✐❡✇♣♦✐♥t
♦❢ ♣❤②❧♦❣❡♥❡t✐❝ ✭❡✈♦❧✉t✐♦♥❛r② ❤✐st♦r✐❡s ❛♥❞ r❡❧❛t✐♦♥s❤✐♣s✮ ❞✐✛❡r❡♥❝❡s ❛♠♦♥❣
s♣❡❝✐❡s ❛♥❞ ♣♦♣✉❧❛t✐♦♥s ❬❋❛✐t❤ ✷✵✶✹❪✳

❼ ❙②st❡♠❛t✐❝s ❉♦♠❛✐♥ ✭✐♥ ❜✐♦❧♦❣②✴❜✐♦❞✐✈❡rs✐t②✮ r❡❢❡rs t♦ t❤❡ ♣❤②❧♦❣❡♥❡t✐❝ ❝❧❛ss✐✲
✜❝❛t✐♦♥ ♦❢ ❧✐✈✐♥❣ s♣❡❝✐❡s ✭❡✈♦❧✉t✐♦♥❛r② ❤✐st♦r✐❡s ❛♥❞ r❡❧❛t✐♦♥s❤✐♣s✮✳ ❙②st❡♠❛t✐❝s
✐s ❛s ✏t❤❡ ❢❛❝t✲✜♥❞✐♥❣ ✜❡❧❞✑ ♦❢ t❛①♦♥♦♠② ❬P♦rt❡r ✷✵✵✽❪✳

❼ ❚❛①♦♥♦♠② ❉♦♠❛✐♥ ✐♥✈♦❧✈❡s t♦ ❜r✐♥❣ t❤❡ ❢❛❝ts t♦ t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥✱ ❞❡s❝r✐♣t✐♦♥✱
♥♦♠❡♥❝❧❛t✉r❡ ♦❢ s♣❡❝✐❡s✱ ❛♥❞ ❝❧❛ss✐✜❝❛t✐♦♥ ♦❢ s♣❡❝✐❡s ✐♥t♦ ❛ s②st❡♠ ❜❛s❡❞ ♦♥
t❤❡✐r s❤❛r❡❞ ❝❤❛r❛❝t❡r✐st✐❝s ❬▼❛s♦♥ ✶✾✺✵❪✳ ❚❤✐s ❞♦♠❛✐♥ ✐s ❡ss❡♥t✐❛❧ t♦ t❤❡ st✉❞②
♦❢ ❜✐♦❞✐✈❡rs✐t② ❬●❛st♦♥ ✶✾✾✷✱ P❡♥♥✐s✐ ✷✵✵✵✱ ❙❈❇❉ ✶✾✾✷❪✳

❼ ❇✐♦❣❡♦❣r❛♣❤② ❉♦♠❛✐♥ ✐s t❤❡ st✉❞② ♦❢ s♣❛t✐❛❧ ❛♥❞ t❡♠♣♦r❛❧ ❞✐str✐❜✉t✐♦♥s ♦❢
s♣❡❝✐❡s✱ ❤❛❜✐t❛t✐♦♥ ♣❛tt❡r♥s✱ ♣♦♣✉❧❛t✐♦♥s✱ ❛♥❞ ❡❝♦s②st❡♠s✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡
❝❧✐♠❛t❡ ❛♥❞ t❡rr❛✐♥ ❛r❡ ✈❛r✐❛♥ts t♦ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ s♣❡❝✐❡s✱ ❞❡♣❡♥❞✐♥❣ ♦♥
t❤❡ s✉✐t❛❜✐❧✐t② ♦❢ s✉❝❤ ❡♥✈✐r♦♥♠❡♥t ❛♥❞ ♦❜st❛❝❧❡s s✉❝❤ ❛s ♠♦✉♥t❛✐♥✱ ❞❡s❡rt✱
❛♥❞ ♦❝❡❛♥ ❬❈♦① ✷✵✶✵✱ ❉❛♥s❡r❡❛✉ ✶✾✺✼❪✳

❇✐♦❞✐✈❡rs✐t② ❛♣♣❧✐❝❛t✐♦♥s s❤♦✇❡❞ t❤❛t ❞❛t❛ ♠✐♥✐♥❣ ❝❛♥ s✉❝❝❡ss❢✉❧❧② ❞✐s❝♦✈❡r ♥❡✇
r❡s✉❧ts ❛♥❞ ✐♥❢♦r♠❛t✐♦♥ t♦ ❤❡❧♣ ❡♥✈✐r♦♥♠❡♥t❛❧ s❝✐❡♥t✐sts t♦ ❡①♣❧❛✐♥ ♣❤❡♥♦♠❡♥❛ ❛♥❞
❣❡t ♥❡✇ ✐♥s✐❣❤ts ✐♥ ♣❛rt✐❝✉❧❛r✳ ❍♦✇❡✈❡r✱ t❤❡s❡ r❡s✉❧ts ❝❛♥ ❜❡ ✐♠♣r♦✈❡❞ ❜② ✐♥t❡❣r❛t✐♥❣



✷✳✸✳ ❉❛t❛ ▼✐♥✐♥❣ ❢♦r ❇✐♦❞✐✈❡rs✐t② ✷✺

❞❛t❛ ❛♥❞ ❦♥♦✇❧❡❞❣❡ ❢r♦♠ ❞✐✛❡r❡♥t r❡❧❛t❡❞ ❛♣♣❧✐❝❛t✐♦♥ ❞♦♠❛✐♥s ✐♥t♦ t❤❡ ❜✐♦❞✐✈❡rs✐t②
❞❛t❛ ♠✐♥✐♥❣ ♣r♦❝❡ss✳ ❋♦r t❤✐s ✐♥t❡❣r❛t✐♦♥✱ ❞❛t❛✱ s✉❝❤ ❛s st♦r❡❞ ✐♥ ❛♣♣❧✐❝❛t✐♦♥✲❧❡✈❡❧
♦♥t♦❧♦❣✐❡s ❛♥❞ ❞❛t❛❜❛s❡s✱ ❝❛♥ ❜❡ ♣r❡✲♣r♦❝❡ss❡❞ ✉s✐♥❣ t❤❡ str✉❝t✉r❡❞ r❡♣r❡s❡♥t❛t✐♦♥s
♦❢ t❤❡ ❞♦♠❛✐♥ ❦♥♦✇❧❡❞❣❡ st♦r❡❞ ✐♥ ✉♣♣❡r✲❧❡✈❡❧ ❛♥❞ ❞♦♠❛✐♥✲❧❡✈❡❧ ♦♥t♦❧♦❣✐❡s✳ ❚❤✐s
❛♣♣r♦❛❝❤ ❝❛♥ ❝♦♥s♦❧✐❞❛t❡ ❡①tr❛❝t❡❞ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ❤❡❧♣ t♦ s♦❧✈❡ ❝♦♠♣❧❡① ♣r♦❜❧❡♠s
♦❢ ❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❡♥✈✐r♦♥♠❡♥t❛❧ st✉❞✐❡s t❤❛t r❡q✉✐r❡ t♦ ❛♥❛❧②③❡ ❞❛t❛ ❛♥❞ ❦♥♦✇❧❡❞❣❡
❢r♦♠ ❞✐✛❡r❡♥t ❞♦♠❛✐♥s t♦❣❡t❤❡r ✭❡✳❣✳✱ ❡♥✈✐r♦♥♠❡♥t✱ ❜✐♦❧♦❣②✱ ❣❡♦s♣❛t✐❛❧ t♦♣♦❧♦❣②✮✳

❘❡❝❡♥t❧②✱ ♠❛♥② ❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❡♥✈✐r♦♥♠❡♥t ❦♥♦✇❧❡❞❣❡ ❜❛s❡s ❤❛✈❡ ❜❡❡♥ ♣✉❜✲
❧✐s❤❡❞ ❛s ♦✛✲❧✐♥❡ ❛♥❞ ♦♥✲❧✐♥❡ r❡s♦✉r❝❡s✱ ❛s ✇❡❧❧ ❛s s♦♠❡ ✉♣♣❡r✲❧❡✈❡❧ ♦♥t♦❧♦❣✐❡s✳ ❆t
t❤✐s ♣♦✐♥t✱ t❤❡ ♠❛✐♥ ❝❤❛❧❧❡♥❣❡ ✐s t♦ st♦r❡ ❛♥❞ ✐♥t❡❣r❛t❡ t❤❡ ♠♦st r❡❧❡✈❛♥t ✐♥❢♦r♠❛✲
t✐♦♥ ❢r♦♠ t❤❡ ❞✐✛❡r❡♥t ❦♥♦✇❧❡❞❣❡ ❛♥❞ ❞❛t❛ ❜❛s❡s ✐♥t♦ ❛ ✉♥✐✜❡❞ ✐♥❢♦r♠❛t✐♦♥ s②st❡♠✳
❚❤✐s ✐♥❢♦r♠❛t✐♦♥ s②st❡♠ ❛✐♠s t♦ ♣r♦✈✐❞❡ ❜✐♦❞✐✈❡rs✐t② ❜❛❝❦❣r♦✉♥❞ ❦♥♦✇❧❡❞❣❡ ✭❇❇❑✮
❢♦r ❣❡♥❡r❛t✐♥❣ ❞✐✛❡r❡♥t ❞❛t❛s❡ts ❢♦r ❜✐♦❞✐✈❡rs✐t② st✉❞✐❡s✳ ❋♦r ❡✣❝✐❡♥t ❛✉t♦♠❛t✐❝
♣r♦❝❡ss✐♥❣✱ ❛ ❞❛t❛❜❛s❡ ❝❛♥ ❜❡ ✉s❡❞ t♦ st♦r❡ ❛♣♣❧✐❝❛t✐♦♥ ❧❡✈❡❧ ❞❛t❛✱ ❛♥❞ ❞♦♠❛✐♥
❦♥♦✇❧❡❞❣❡ ❝❛♥ ❜❡ r❡♣r❡s❡♥t❡❞ ✐♥ ❛ ❝♦♥❝❡♣t✉❛❧ ❜❛s❡ ❛s ❞❡♣✐❝t❡❞ ✐♥ ❋✐❣✉r❡ ✷✳✶✸✳

❉❛t❛ ❝❛♥ t❤❡♥ ❜❡ ♣r♦❝❡ss❡❞ ❛❝❝♦r❞✐♥❣ t♦ ❞♦♠❛✐♥ ❦♥♦✇❧❡❞❣❡✱ ✐♥t❡❣r❛t❡❞ ❛♥❞
❝♦♥s♦❧✐❞❛t❡❞ ✉s✐♥❣ ✉♣♣❡r✲❧❡✈❡❧ ♦♥t♦❧♦❣✐❡s✱ ❛♥❞ ✉s❡rs✬ r❡q✉✐r❡♠❡♥ts✳ ❋♦r ❡①❛♠♣❧❡✱
❤✐❡r❛r❝❤✐❝❛❧ ❞✐s❝r❡t✐③❛t✐♦♥ ♦❢ ♥✉♠❡r✐❝❛❧ ❞❛t❛ ❛♥❞ ❤✐❡r❛r❝❤✐❝❛❧ ❝❛t❡❣♦r✐③❛t✐♦♥s ♦❢ ❞✐s✲
❝r❡t❡ ❞❛t❛ st♦r❡❞ ✐♥ t❤❡ ❝♦♥❝❡♣t✉❛❧ ❜❛s❡ ❝❛♥ ❜❡ ✉s❡❞ t♦ ❣❡♥❡r❛t❡ ❞❛t❛s❡ts ❝♦♥t❛✐♥✐♥❣
❞❛t❛ ❛t ❞✐✛❡r❡♥t ❧❡✈❡❧s ♦❢ ❛❜str❛❝t✐♦♥✳ ❯s✐♥❣ ❞♦♠❛✐♥✲❧❡✈❡❧ ❦♥♦✇❧❡❞❣❡ ✐♥ t❤❡ ❝♦♥✲
❝❡♣t✉❛❧ ❜❛s❡✱ ❞❛t❛ ❝❛♥ ❛❧s♦ ❜❡ s❡❧❡❝t❡❞ ❛❝❝♦r❞✐♥❣ t♦ ❝♦♥❝❡♣ts ❛t ❞✐✛❡r❡♥t ❧❡✈❡❧s ♦❢
❛❜str❛❝t✐♦♥✳

❚❤✐s ❜❛❝❦❣r♦✉♥❞ ❦♥♦✇❧❡❞❣❡ ✐♥t❡❣r❛t✐♦♥ ❛♣♣r♦❛❝❤ ✇❛s ❛♣♣❧✐❡❞ t♦ ❝r❡❛t❡ ❛ ♣❧❛♥t
❦♥♦✇❧❡❞❣❡ ❜❛s❡ ❢r♦♠ t❤❡ ❇■❖❚■❑ ♣❧❛♥t ❲❡❜ ♣♦rt❛❧✱ t❤❡ ❇❘❆❍▼❙ r❡♣♦s✐t♦r②✱ t❤❡
◆❆P■❙ r❡♣♦s✐t♦r② ❛♥❞ t❤❡ ■❯❈◆ ❘❡❞ ▲✐st ❉❛t❛ ❲❡❜ ♣♦rt❛❧✳ ❈♦♥❝❡♣t✉❛❧ ❜✐✲❝❧✉st❡rs
❛♥❞ ❝♦♥❝❡♣t✉❛❧ ❛ss♦❝✐❛t✐♦♥ r✉❧❡s✱ ❜❛s❡❞ ♦♥ t❤❡ ●❛❧♦✐s ❝❧♦s✉r❡ t❤❡♦r❡t✐❝❛❧ ❢r❛♠❡✇♦r❦
❬❊✈❡r❡tt ✶✾✹✹✱ ●❛♥t❡r ✶✾✾✾❪✱ ✇❡r❡ ❡①tr❛❝t❡❞✳ ■♥ s✉❝❤ ❝♦♥❝❡♣t✉❛❧ ❦♥♦✇❧❡❞❣❡ ♣❛t✲
t❡r♥s✱ ❡❛❝❤ ♣r♦♣❡rt② ❡①tr❛❝t❡❞ ❢r♦♠ t❤❡ ❞❛t❛✱ ❡✳❣✳✱ ❛ r✉❧❡ ♦r ❛ ❝❧✉st❡r✱ ✐s ❛ss♦❝✐❛t❡❞
t♦ t❤❡ ✐♥st❛♥❝❡s t❤❛t s✉♣♣♦rt t❤✐s ♣r♦♣❡rt②✳ ❚❤✐s ❢❡❛t✉r❡ ❝❛♥ ✐♠♣r♦✈❡ t❤❡ ❛♥❛❧②s✐s
♣r♦❝❡ss ❛♥❞ ❤❡❧♣ t❤❡ ❛♥❛❧②sts t♦ ✉♥❞❡rst❛♥❞ t❤❡ ✉♥❞❡r❧②✐♥❣ ♣❤❡♥♦♠❡♥❛ ❛s ❡①tr❛❝t❡❞
♣❛tt❡r♥s ✇❤✐❝❤ ❛r❡ r❡❧❛t❡❞ t♦ ❜♦t❤ ❛♣♣❧✐❝❛t✐♦♥✲❧❡✈❡❧ ❞❛t❛ ❛♥❞ ❞♦♠❛✐♥✲❧❡✈❡❧ ❦♥♦✇❧✲
❡❞❣❡✳ Pr❡❧✐♠✐♥❛r② r❡s✉❧ts s❤♦✇ t❤❛t ❡①tr❛❝t❡❞ ♣❛tt❡r♥s ❛♥❞ ♠♦❞❡❧s ❝❛♥ s✉❝❝❡ss❢✉❧❧②
❧✐♥❦ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ ❞✐✛❡r❡♥t ❞♦♠❛✐♥s ❛♥❞ ❢r♦♠ ❞✐✛❡r❡♥t t②♣❡s ❬■♥t❤❛s♦♥❡ ✷✵✶✹❪✳

❇❛❝❦❣r♦✉♥❞ ❦♥♦✇❧❡❞❣❡ ✐♥t❡❣r❛t✐♦♥ ❛✐♠s ❛t ❝♦♥s♦❧✐❞❛t✐♥❣ r❡❧❡✈❛♥t ✐♥❢♦r♠❛t✐♦♥
❛✈❛✐❧❛❜❧❡ ✐♥ ❞✐✛❡r❡♥t s♦✉r❝❡s ♦❢ ❦♥♦✇❧❡❞❣❡✳ ❚❤❡ r❡s✉❧t✐♥❣ ❦♥♦✇❧❡❞❣❡ ❝❛♥ ❜❡ st♦r❡❞
✐♥t♦ ❞❛t❛❜❛s❡s ❛♥❞ ❝♦♥❝❡♣t✉❛❧ s②st❡♠s t♦ ❜✉✐❧❞ ❝❡♥tr❛❧ s❡r✈✐❝❡s ♦❢ ❛ ❜✐♦❞✐✈❡rs✐t② ✐♥✲
❢♦r♠❛t✐♦♥ s②st❡♠✳ ❆♣♣❧✐❝❛t✐♦♥ ❞❛t❛ ❝❛♥ t❤❡♥ ❜❡ ✐♥t❡❣r❛t❡❞ ❛♥❞ ♣r♦❝❡ss❡❞ ❛❝❝♦r❞✐♥❣
t♦ t❤✐s ❦♥♦✇❧❡❞❣❡✱ t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t t❤❡ s♣❡❝✐✜❝✐t✐❡s ♦❢ t❤❡ ❛♥❛❧②s✐s ❝♦♥t❡①t ❛♥❞
❛♣♣❧✐❝❛t✐♦♥✱ t♦ ❣❡♥❡r❛t❡ ❞✐✈❡rs❡ ❞❛t❛s❡ts✳ ❋♦r ❡①❛♠♣❧❡✱ ❛ ❜❛❝❦❣r♦✉♥❞ ❦♥♦✇❧❡❞❣❡
❜❛s❡ ❝❛♥ ❜❡ ✉s❡❞ ❢♦r t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ ♥❡✇ s♣❡❝✐♠❡♥s ✐♥ ❜♦t❛♥✐❝❛❧ r❡s❡❛r❝❤❡s✱
t❤❡ st✉❞② ♦❢ t❤❡ ❡✛❡❝ts ♦❢ ❣❧♦❜❛❧ ✇❛r♠✐♥❣ ♦♥ ❜✐♦❞✐✈❡rs✐t② ❧♦ss ❛♥❞ t❤❡ ♣r❡❞✐❝t✐♦♥ ♦❢
❡❝♦♥♦♠✐❝ tr❡♥❞s ♦♥ ❢♦♦❞ ♣r♦❞✉❝t✐♦♥ ❛♥❞ ❝♦♥s✉♠♣t✐♦♥✳



✷✻ ❈❤❛♣t❡r ✷✳ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

❋✐❣✉r❡ ✷✳✶✸✿ ❆ ❞❛t❛ ♠✐♥✐♥❣ ❛♣♣r♦❛❝❤ ❢♦r ✐♥t❡❣r❛t✐♥❣ ❦♥♦✇❧❡❞❣❡ ❜❛s❡s

✷✳✹ ❉❛t❛ ■♥t❡❣r❛t✐♦♥ ❛♥❞ ❉❛t❛ ❲❛r❡❤♦✉s❡

✷✳✹✳✶ ❉❛t❛ ■♥t❡❣r❛t✐♦♥

❉❛t❛ ■♥t❡❣r❛t✐♦♥ r❡❢❡rs t♦ ❛ ❝♦♥s♦❧✐❞❛t✐♦♥ ♦❢ ❞✐✛❡r❡♥t ❞❛t❛ ❢r♦♠ ❤❡t❡r♦❣❡♥❡♦✉s
s♦✉r❝❡s ❛❝r♦ss t❤❡ ❡♥t✐r❡ ♣✉❜❧✐❝ ❛♥❞ ❡♥t❡r♣r✐s❡✳ ■♥ ❣❡♥❡r❛❧ t❤❡ ❞❛t❛ ✐♥t❡❣r❛t✐♦♥
❛r❝❤✐t❡❝t✉r❡ s②st❡♠ ❝♦♥s✐sts ♦❢ t❤r❡❡ ♣❛rts✱ ❞❛t❛ s♦✉r❝❡s ✇❤✐❝❤ ❛r❡ st♦r❡❞ ✐♥ ♣❧❛✐♥
t❡①t ♦r r❡❧❛t✐♦♥❛❧ ❞❛t❛❜❛s❡ s②st❡♠s✱ t❤❡ ❡①tr❛❝t♦r ♦r ❧♦❛❞❡r ✇❤✐❝❤ ❢❡t❝❤❡s ❞❛t❛ ❢r♦♠
t❤❡ ❞❛t❛ s♦✉r❝❡✱ ❛♥❞ ❞❛t❛ ✇❛r❡❤♦✉s❡ ✇❤✐❝❤ ❦❡❡♣s ❛❧❧ ❞❛t❛ tr❛❝❦s ❬❉♦❛♥ ✷✵✶✷❪✳ ❋✐❣✉r❡
✷✳✶✹ s❤♦✇s ❛ ❝❧❛ss✐❝❛❧ ❛r❝❤✐t❡❝t✉r❡ ♦❢ ❞❛t❛ ✐♥t❡❣r❛t✐♦♥ ♣r♦❝❡ss✳

❚❤❡r❡ ✐s ❛ ✈❛st ❧✐t❡r❛t✉r❡ ♦♥ t❤❡ ✐♥t❡❣r❛t✐♦♥ ♦❢ ❤❡t❡r♦❣❡♥❡♦✉s ✐♥❢♦r♠❛t✐♦♥ s♦✉r❝❡s
❛♥❞ ❞❛t❛ ✈✐s✉❛❧✐③❛t✐♦♥✳ ■♥ ❬❑✉❡♥♥❡ ✷✵✵✼❪✱ t❤❡ ♠❛✐♥ ❝♦♥❝❡♣t ❢♦❝✉s❡s ♦♥ t✇♦ ❛s♣❡❝ts✳
❚❤❡ ✜rst ♦♥❡ ✐s t♦ ✐♥t❡❣r❛t❡ ❈r♦♣ ♣❧❛♥t ❞❛t❛ ❢r♦♠ s♣❡❝✐♠❡♥s ♦❢ ✸✵✵ r②❡❣r❛ss ❛♥❞



✷✳✹✳ ❉❛t❛ ■♥t❡❣r❛t✐♦♥ ❛♥❞ ❉❛t❛ ❲❛r❡❤♦✉s❡ ✷✼

❋✐❣✉r❡ ✷✳✶✹✿ ❆ ❝❧❛ss✐❝❛❧ ❞❛t❛ ✐♥t❡❣r❛t✐♦♥ ♣r♦❝❡ss

✷✺✵ ❜❛r❧❡②✳ ❚❤❡ s❡❝♦♥❞ ♦♥❡ ✐s t♦ ❞❡s✐❣♥ ❛♥❞ ✐♠♣❧❡♠❡♥t ❈r♦♣ ♣❧❛♥t ❞❛t❛ ✇❛r❡❤♦✉s❡
❢♦r s✉♣♣♦rt✐♥❣ ♣❧❛♥t ❜✐♦❧♦❣✐❝❛❧ ❞❛t❛ ❛♥❛❧②s❡s✳ ❆ ❑❡✇ ♣r♦❥❡❝t ❛t ❘♦②❛❧ ❇♦t❛♥✐❝
●❛r❞❡♥s ✐♥ ❯❑ ❬❇❛❝❤♠❛♥ ✷✵✶✶❪ s✉♣♣❧✐❡s ❛ ✉t✐❧✐t② t♦♦❧ ♦♥ t❤❡ ●❡♦❈❆❚ ♦♣❡♥ s♦✉r❝❡
♣❧❛t❢♦r♠ ✇❤✐❝❤ ❡♥❛❜❧❡s ✉s❡rs t♦ ✈✐s✉❛❧✐③❡ ❜✐♦❞✐✈❡rs✐t② ❞❛t❛ ❜② ✉s✐♥❣ t❤❡ ❡①t❡♥t ♦❢
♦❝❝✉rr❡♥❝❡ ✭❊❖❖✮ ❛♥❞ t❤❡ ❛r❡❛ ♦❢ ♦❝❝✉♣❛♥❝② ✭❆❖❖✮ ❢✉♥❝t✐♦♥s ❛♥❞ ❛♥❛❧②s❡ t❤❡
r✐s❦ st❛t✉s ♦❢ ❜✐♦❞✐✈❡rs✐t② ❞❛t❛✳ ▼♦❞❡❧ ❛♥❞ t♦♦❧ ❞❡✈❡❧♦♣♠❡♥t ❢♦r t❤❡ ✐♥t❡❣r❛t✐♦♥ ♦❢
✐♥❢♦r♠❛t✐♦♥ t❤❡ ❚❙■▼▼■❙ Pr♦❥❡❝t ❬❈❤❛✇❛t❤❡ ✶✾✾✹❪ ♣r♦♣♦s❡❞ ❛ ❝♦♥❝❡♣t✉❛❧ ♠♦❞❡❧
❝❛❧❧❡❞ ✏❖❜❥❡❝t ❊①❝❤❛♥❣❡ ▼♦❞❡❧ ✭❖❊▼✮✑ ❛♥❞ t♦♦❧s ❢♦r ❝♦♠❜✐♥✐♥❣ ❞❛t❛ ❢r♦♠ ♠✉❧t✐♣❧❡
✐♥❢♦r♠❛t✐♦♥ s♦✉r❝❡s✳ ❚❤❡ ❛✉t❤♦rs ❬❲❛❝❤❡ ✷✵✵✶❪ ♣r❡s❡♥t ❤♦✇ t♦ ✉s❡ ♦♥t♦❧♦❣✐❡s ✐♥
✷✺ ❡①t✐st✐♥❣ ❛♣♣r♦❛❝❤❡s ✐♥❝❧✉❞✐♥❣ ❙■▼❙✱ ❚❙■▼▼■❙✱ ❖❇❙❊❘❱❊❘✱ ❈❆❘◆❖❚✱ ■♥❢♦s✲
❧❡✉t❤✱ ❑❘❆❋❚✱ P■❈❙❊▲✱ ❉❲◗✱ ❖♥t♦❜r♦❦❡r✱ ❙❍❖❊ ❛♥❞ ♦t❤❡rs ❢♦r t❤❡ ✐♥t❡❣r❛t✐♦♥
♦❢ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ ❤❡t❡r♦❣❡♥❡♦✉s ✐♥❢♦r♠❛t✐♦♥ s♦✉r❝❡s✳ ❚❤❡s❡ ❛♣♣r♦❛❝❤❡s ✇❡r❡
❛♥❛❧②s❡❞ ✇✐t❤ t❤❡ r♦❧❡ ♦❢ ♦♥t♦❧♦❣✐❡s✱ ❖♥t♦❧♦❣② ❘❡♣r❡s❡♥t❛t✐♦♥✱ ❯s❡ ♦❢ ▼❛♣♣✐♥❣s✱
❛♥❞ ❖♥t♦❧♦❣② ❊♥❣✐♥❡❡r✐♥❣✳ ❚❤❡ ♥❡✇ ❛♣♣r♦❛❝❤ ❢♦r t❤❡ ✐♥t❡❣r❛t✐♦♥ ♦❢ ✐♥❢♦r♠❛t✐♦♥
t❤❡ ❛✉t❤♦rs ❬❉♦♠❡♥✐❣ ✷✵✵✵❪ ♣r❡s❡♥t ❛ q✉❡r② ❧❛♥❣✉❛❣❡ ❡①t❡♥s✐♦♥ ❛♣♣r♦❛❝❤ t♦ ❢❡t❝❤
❤❡t❡r♦❣❡♥❡♦✉s ✐♥❢♦r♠❛t✐♦♥ s♦✉r❝❡s ❢r♦♠ ❞✐✛❡r❡♥t r❡❧❛t✐♦♥❛❧ ❞❛t❛❜❛s❡ s②st❡♠s✳ ■♥
❬❈r✉③ ✷✵✵✺❪✱ t❤❡ ❛✉t❤♦rs ♣r❡s❡♥t t❤❡ r♦❧❡ ♦❢ ♦♥t♦❧♦❣✐❡s ✇❤✐❝❤ ❢♦❝✉s❡s ♦♥ ✜✈❡ ❝❛s❡
st✉❞✐❡s t♦ ❛♣♣❧② ❢♦r ❞❛t❛ ✐♥t❡❣r❛t✐♦♥ t❛s❦✳ ❈❛s❡ st✉❞② ✶✿ ▼❡t❛❞❛t❛ ❘❡♣r❡s❡♥t❛t✐♦♥✱
✐s t♦ ♣r❡♣❛r❡ ❣❡♥❡r❛t✐♥❣ t❤❡ ❳▼▲ s♦✉r❝❡ s❝❤❡♠❛s t♦ t❤❡ ❧♦❝❛❧ ♦♥t♦❧♦❣✐❡s✳ ❈❛s❡ st✉❞②
✷✿ ●❧♦❜❛❧ ❈♦♥❝❡♣t✉❛❧✐③❛t✐♦♥✱ ✐s t♦ ♠❛♣ ❜❡t✇❡❡♥ t❤❡ ❧♦❝❛❧ ♦♥t♦❧♦❣✐❡s ❛♥❞ ❣❧♦❜❛❧ ♦♥✲
t♦❧♦❣②✳ ❈❛s❡ st✉❞② ✸✿ ❙✉♣♣♦rt ❢♦r ❍✐❣❤✲❧❡✈❡❧ ◗✉❡r✐❡s✱ ♣r♦✈✐❞❡s ❛ ❝♦♥❝❡♣t✉❛❧ ✈✐❡✇
♦♥ ❧♦❝❛❧ s♦✉r❝❡s ❛♥❞ ❛♥ ✐♥❢❡r❡♥❝❡ ♠❡❝❤❛♥✐s♠✳ ❈❛s❡ st✉❞② ✹✿ ❉❡❝❧❛r❛t✐✈❡ ▼❡❞✐❛t✐♦♥✱



✷✽ ❈❤❛♣t❡r ✷✳ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

✐s t♦ ❞❡❝❧❛r❡ ❛ ♠❡❞✐❛t✐♦♥ ❢♦r ♣❡❡r✲t♦✲♣❡❡r q✉❡r② r❡✇r✐t✐♥❣✳ ❈❛s❡ st✉❞② ✺✿ ▼❛♣♣✐♥❣
❙✉♣♣♦rt✱ ♣r♦✈✐❞❡s st❡♣s ✏P❛t❤ ❊①♣❧♦r❛t✐♦♥✑✱ ✏P❛t❤ ❙❡❧❡❝t✐♦♥✑✱ ✏❙❡♠❛♥t✐❝ ❉❡r✐✈❛t✐♦♥✑
❢♦r t❤❡ ♠❛♣♣✐♥❣ ♣r♦❝❡ss✳

✷✳✹✳✷ ❉❛t❛ ❲❛r❡❤♦✉s❡

❉❛t❛ ✇❛r❡❤♦✉s❡ ✭♦r ❉❲ ❢♦r s❤♦rt✮ ❣❡♥❡r❛❧❧② ❞❡♥♦t❡s✱ ❛ ❤✉❣❡ st♦r❛❣❡ ♦❢ ❞❛t❛ ❛♥❞
❦♥♦✇❧❡❞❣❡ ❢r♦♠ ❤❡t❡r♦❣❡♥❡♦✉s s♦✉r❝❡s✱ r❡❢❡rr✐♥❣ t♦ ❛ ❞❛t❛ ✈❛✉❧t ✇❤✐❝❤ ❣❛t❤❡rs ❛
✈❛r✐❡t② ♦❢ ❞✐✛❡r❡♥t ❞❛t❛❜❛s❡s ❛♥❞ tr❛♥s❛❝t✐♦♥ r❡♣♦s✐t♦r✐❡s ✐♥ t❤❡ ✇❤♦❧❡ ❡♥t❡r♣r✐s❡ t♦
s✉♣♣♦rt s❝✐❡♥t✐sts ❛♥❞ ❜✉s✐♥❡ss ❞❡❝✐s✐♦♥ ♠❛❦❡rs ✭❙❡❡ ❋✐❣✉r❡ ✷✳✶✺✮✳

❚❤❡r❡ ❛r❡ ♦t❤❡r ❞❡✜♥✐t✐♦♥s ❛♥❞ ✈✐❡✇♣♦✐♥ts ❛❜♦✉t ❉❲✿
✏❆ ❞❛t❛ ✇❛r❡❤♦✉s❡ ✐s ♠❛❞❡ ✉♣ ♦❢ ❛❧❧ t❤❡ ❞❛t❛ ♠❛rts ✐♥ ❛♥ ❡♥t❡r♣r✐s❡✳✑

✲ ❘❛❧♣❤ ❑✐♠❜❛❧❧

✏❆ ❞❛t❛ ✇❛r❡❤♦✉s❡ ✐s s✐♠♣❧② ❛ s✐♥❣❧❡✱ ❝♦♠♣❧❡t❡✱ ❛♥❞ ❝♦♥s✐st❡♥t st♦r❡
♦❢ ❞❛t❛ ♦❜t❛✐♥❡❞ ❢r♦♠ ❛ ✈❛r✐❡t② ♦❢ s♦✉r❝❡s ❛♥❞ ♠❛❞❡ ❛✈❛✐❧❛❜❧❡ t♦ ❡♥❞
✉s❡rs ✐♥ ❛ ✇❛② t❤❡② ❝❛♥ ✉♥❞❡rst❛♥❞ ❛♥❞ ✉s❡ ✐t ✐♥ ❛ ❜✉s✐♥❡ss ❝♦♥t❡①t✳✑ ✲
❇❛rr② ❉❡✈❧✐♥ ❛♥❞ ■❇▼ ❈♦♥s✉❧t❛♥t

✏❆ ❞❛t❛ ✇❛r❡❤♦✉s❡ ✐s ❛ s✉❜❥❡❝t ♦r✐❡♥t❡❞✱ ✐♥t❡❣r❛t❡❞✱ ♥♦♥ ✈♦❧❛t✐❧❡✱
t✐♠❡ ✈❛r✐❛♥t ❝♦❧❧❡❝t✐♦♥ ♦❢ ❞❛t❛ ✐♥ s✉♣♣♦rt ♦❢ ♠❛♥❛❣❡♠❡♥t✬s ❞❡❝✐s✐♦♥s✳✑ ✲
❲✐❧❧✐❛♠ ❍✳ ■♥♠♦♥

❋✐❣✉r❡ ✷✳✶✺✿ ❆♥ ♦✈❡r✈✐❡✇ ❛♥❞ ♣❡rs♣❡❝t✐✈❡ ♦❢ ❞❛t❛ ✇❛r❡❤♦✉s❡

❚❤❡ ❉❲ ❞✐s❝✉ss✐♦♥ ✐s ❞✐✈✐❞❡❞ ✐♥t♦ t✇♦ s✉❜s❡❝t✐♦♥s ✇❤✐❝❤ ❢♦❝✉s ♦♥ ❉❲ ❆r❝❤✐t❡❝t✉r❡
❛♥❞ ❉❲ ❉❡s✐❣♥ ❛s ❢♦❧❧♦✇s✳



✷✳✹✳ ❉❛t❛ ■♥t❡❣r❛t✐♦♥ ❛♥❞ ❉❛t❛ ❲❛r❡❤♦✉s❡ ✷✾

✭❛✮ ❉❲ ❆r❝❤✐t❡❝t✉r❡✿ ❋✐❣✉r❡ ✷✳✶✻ s❤♦✇s ❛ t②♣✐❝❛❧ ❉❲ ❛r❝❤✐t❡❝t✉r❡ ✇❤✐❝❤
❝♦♥s✐sts ♦❢ t✇♦ ♠❛✐♥ ♣❛rts✳ ❚❤❡ ✜rst ♦♥❡ ✐s ❢♦r♠❡❞ ❜② ❤❡t❡r♦❣❡♥❡♦✉s ❞❛t❛ s♦✉r❝❡s
❛r❡ st♦r❡❞ ✐♥ ♦♣❡r❛t✐♦♥❛❧ s②st❡♠s ✭❉❇▼❙✱ ◆♦♥✲r❡❧❛t✐♦♥❛❧ ❉❇▼❙✮ s✉❝❤ ❛s ❆♠❛③♦♥
❖♥❧✐♥❡ ❙❤♦♣♣✐♥❣ ❛♥❞ ❲❛❧✲▼❛rt ❙t♦r❡s ♦r st♦r❡❞ ✐♥ ✢❛t ✜❧❡s✴♣❧❛✐♥ t❡①t ✜❧❡s ✭t❡①t✱
❈❙❱✱ ❙♣r❡❛❞s❤❡❡t✱ ❡t❝✮✳ ❚❤❡ s❡❝♦♥❞ ♦♥❡ ✐s ❛ s❡t ♦❢ ❉❲ ❧❛②❡rs ✭t✐❡rs✮ ✐♥❝❧✉❞✐♥❣ ❇❛❝❦✲
❊♥❞ t✐❡r✱ ❉❲ t✐❡r✱ ❖▲❆P t✐❡r ❛♥❞ ❋r♦♥t✲❊♥❞ t✐❡r✳ ❉✉r✐♥❣ t❤❡ ❊❚▲ ♣r♦❝❡ss✱ t❤❡
❇❛❝❦✲❊♥❞ t✐❡r ❡①tr❛❝ts ❞❛t❛ ❛♥❞ ❧♦❛❞s ❛❧❧ tr❛♥s❛❝t✐♦♥s ✐♥t♦ t❤❡ ❉❲ t✐❡r✳ ❉❲ t✐❡r
✐s ❛ ❞❛t❛ ♣♦♦❧ t♦ ❦❡❡♣ ❛❧❧ tr❛❝❦s ♦❢ ✈❛❧✐❞ ❞❛t❛ ❛♥❞ tr❛♥s❛❝t✐♦♥s ✐♥❝❧✉❞✐♥❣ ❉❛t❛ ▼❛rt
❛♥❞ ▼❛t❛❞❛t❛✳ ❖▲❆P t✐❡r ❛❝ts ❛s ❛♥ ♦♥❧✐♥❡ ♣r♦❝❡ss✐♥❣ s❡r✈❡r t♦ tr❡❛t ❡♥❞✲✉s❡r✬s
r❡q✉❡sts t❤r♦✉❣❤ ❋r♦♥t✲❊♥❞ t✐❡r✳ ❆♥❞ t❤❡ ❋r♦♥t✲❊♥❞ t✐❡r s✉♣♣♦rts ✉t✐❧✐t② t♦♦❧s
✐♥❝❧✉❞✐♥❣ ❖▲❆P t♦♦❧s✱ ❘❡♣♦rt✐♥❣ t♦♦❧s✱ ❙t❛t✐st✐❝❛❧ t♦♦❧s✱ ❉❛t❛ ▼✐♥✐♥❣ t♦♦❧s✱ ❛♥❞
❉❛t❛ ✈✐s✉❛❧✐③❛t✐♦♥ t♦♦❧s✳ ❚❤❡s❡ t♦♦❧s ❡♥❛❜❧❡ ❡♥❞✲✉s❡rs t♦ ♣❡r❢♦r♠ ❛♥❛❧②s❡s ❢♦r t❤❡✐r
♣✉r♣♦s❡s✱ s✉❝❤ ❛s ♦♥❧✐♥❡ ❜❛♥❦✐♥❣✱ ❞❛✐❧② st♦❝❦ ❡①❝❤❛♥❣❡ r❡♣♦rts✱ ✇❡❛t❤❡r ❢♦r❡❝❛st✐♥❣✱
❝❧❛ss✐✜❝❛t✐♦♥ ❛♥❞ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ s♣❡❝✐❡s ❢♦r ❝♦♥s❡r✈❛t✐♦♥✱ ❣❡♦s♣❛t✐❛❧ ✈✐s✉❛❧✐③❛t✐♦♥
❧✐❦❡ ●♦♦❣❧❡ ▼❛♣s ❬■♥♠♦♥ ✷✵✵✺✱ ❑✐♠❜❛❧❧ ✷✵✵✷❪✳

❋✐❣✉r❡ ✷✳✶✻✿ ❆ t②♣✐❝❛❧ ♣❡rs♣❡❝t✐✈❡ ♦❢ ❞❛t❛ ✇❛r❡❤♦✉s❡ ❛r❝❤✐t❡❝t✉r❡ ❬▼❛❧✐♥♦✇s❦✐ ✷✵✵✾❪

✭❜✮ ❉❲ ❉❡s✐❣♥✿ ❉❛t❛ ❲❛r❡❤♦✉s❡ ❞❡s✐❣♥ ✐s ❛ ♣r♦❝❡ss✱ ❛♥ ✐♠♣♦rt❛♥t ♣❛rt ♦❢
❜✉✐❧❞✐♥❣ ❛ ❉❛t❛ ❲❛r❡❤♦✉s❡✱ t♦ ♣❧❛♥ ❉❲ ❞❛t❛ ♠♦❞❡❧❧✐♥❣✳ ❚❤❡r❡ ❛r❡ t✇♦ t②♣✐❝❛❧
♠♦❞❡❧ ❛♣♣r♦❛❝❤❡s ✇❤✐❝❤ ❛r❡ ♠♦st ❝♦♠♠♦♥❧② ✉s❡❞ t♦ ❞❡s✐❣♥ ❢♦r ❛ ❞❛t❛❜❛s❡ ❛♥❞
❉❲✳ ❚❤❡ ❘❡❧❛t✐♦♥❛❧ ▼♦❞❡❧ ❬❲✐❧❧✐❛♠ ❍✳ ■♥♠♦♥❪ ❛♥❞ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ▼♦❞❡❧ ❢♦r
❑✐♠❜❛❧❧✳ ■♥♠♦♥✬s ❛♣♣r♦❛❝❤ ♦♥ t❤❡ ❘❡❧❛t✐♦♥❛❧ ▼♦❞❡❧ ❝♦♥s✐sts ✐♥ ❛rr❛♥❣✐♥❣ ❞❛t❛ ✐♥t♦
t❛❜❧❡s ✇✐t❤ r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ r♦✇s ♦❢ ❞❛t❛ ❜② ♣r✐♠❛r② ❦❡②s ❛♥❞ ❢♦r❡✐❣♥ ❦❡②s✳
❋✐❣✉r❡ ✷✳✶✼ s❤♦✇s r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ t❛❜❧❡s ✭❡♥t✐t✐❡s✮ t❤r♦✉❣❤ t❤❡✐r ♣r✐♠❛r② ❛♥❞
❢♦r❡✐❣♥ ❦❡②s✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ❑✐♠❜❛❧❧✬s ❛♣♣r♦❛❝❤ ♦♥ t❤❡ ▼✉❧t✐❞✐♠❡♥s✐♦♥❛❧ ▼♦❞❡❧
✐s ♣r❡s❡♥t❡❞ ❢♦r ❞❡s✐❣♥✐♥❣ ❛♥❞ ❜✉✐❧❞✐♥❣ ❉❲ ❛s ❢♦❧❧♦✇s✿



✸✵ ❈❤❛♣t❡r ✷✳ ❇❛❝❦❣r♦✉♥❞ ❛♥❞ ❘❡❧❛t❡❞ ❲♦r❦

❋✐❣✉r❡ ✷✳✶✼✿ ❆♥ ♦✈❡r✈✐❡✇ ♦❢ t②♣✐❝❛❧ r❡❧❛t✐♦♥❛❧ ❞❛t❛❜❛s❡ ❞❡s✐❣♥

❼ ❙t❛r ❏♦✐♥ ❆♣♣r♦❛❝❤✿ ❚❤❡ ❙t❛r ❏♦✐♥ str✉❝t✉r❡ ✭❋✐❣✉r❡ ✷✳✶✽ ✭▲❡❢t✮✮ ❝♦♥s✐sts ♦❢
❛ ❢❛❝t t❛❜❧❡ ❛♥❞ ❞✐♠❡♥s✐♦♥ t❛❜❧❡s✳ ❚❤❡ ❢❛❝t t❛❜❧❡ ✐s ❝❡♥tr❛❧✱ ✇❤✐❝❤ ❝♦♥t❛✐♥s
❞❛t❛ ❛♥❞ ❦❡②s ❢r♦♠ ❞✐♠❡♥s✐♦♥ t❛❜❧❡s✳ ❚❤❡ ❞✐♠❡♥s✐♦♥ t❛❜❧❡s ❛r❡ ❞❡♥♦r♠❛❧✐③❡❞
✇❤✐❧❡ t❤❡ ❢❛❝t t❛❜❧❡ ✐s ♥♦r♠❛❧✐③❡❞✳ ▼❛♥② ❛❞✈❛♥t❛❣❡s ♦❢ ❙t❛r ❏♦✐♥ ❛♣♣r♦❛❝❤
❛r❡ t♦ ❞❡s✐❣♥ ❉❲ s❝❤❡♠❛s q✉✐❝❦❧②✱ ♣❡r❢♦r♠ ♦❢t❡♥ ✉s❡❞ ❞❛t❛ q✉❡r✐❡s ❢❛st❡r
❛❝r♦ss ❡♥t✐r❡ t❛❜❧❡s ✐♥❝❧✉❞✐♥❣ t❤❡ ❢❛❝t t❛❜❧❡ ❛♥❞ ❞✐♠❡♥s✐♦♥ t❛❜❧❡s✱ ❜✉t ❞❛t❛
r❡❞✉♥❞❛♥❝② ♠❛② ♦❝❝✉r ✐♥ s♦♠❡ ♦r ❡✈❡♥ ❛❧❧ t❛❜❧❡s✳

❼ ❙♥♦✇✢❛❦❡ ❆♣♣r♦❛❝❤✿ ❚❤❡ ❙♥♦✇✢❛❦❡ str✉❝t✉r❡ ✭❋✐❣✉r❡ ✷✳✶✽ ✭❘✐❣❤t✮✮ ❝♦♥s✐sts
♦❢ ❢❛❝t t❛❜❧❡s ❛♥❞ ❞✐♠❡♥s✐♦♥ t❛❜❧❡s✱ ✇❤✐❝❤ ❡①t❡♥❞ ❢r♦♠ t❤❡ ❙t❛r ❏♦✐♥ str✉❝t✉r❡✳
❆❧❧ ❢❛❝t t❛❜❧❡s ❛♥❞ ❞✐♠❡♥s✐♦♥ t❛❜❧❡s ❛r❡ ♥♦r♠❛❧✐③❡❞✳ ❆♥❞ ♦♥❡ ♦❢ t❤❡ ❛❞✈❛♥t❛❣❡s
✐s t♦ ✐♠♣r♦✈❡ t❤❡ ❙t❛r ❏♦✐♥ ❆♣♣r♦❛❝❤ ♦♥ ❞❛t❛ r❡❞✉♥❞❛♥❝②✱ ❜✉t ❞❛t❛ q✉❡r②
s②♥t❛① ✐s ♠♦r❡ ❝♦♠♣❧❡①✳

❋✐❣✉r❡ ✷✳✶✽✿ ❆♥ ♦✈❡r✈✐❡✇ ♦❢ ❙t❛r ❏♦✐♥ ✭❧❡❢t✮ ❛♥❞ ❙♥♦✇✢❛❦❡ ✭r✐❣❤t✮ s❝❤❡♠❛s



✷✳✹✳ ❉❛t❛ ■♥t❡❣r❛t✐♦♥ ❛♥❞ ❉❛t❛ ❲❛r❡❤♦✉s❡ ✸✶

❚❤❡ ❉❲ ❞❡s✐❣♥ ❛♣♣r♦❛❝❤ ✐s ❛♣♣❧✐❡❞ ✇✐❞❡❧② t♦ ❜✉✐❧❞ ❉❲ s②st❡♠s ❢♦r s❝✐❡♥t✐✜❝
❛♥❛❧②s✐s ♣✉r♣♦s❡s✱ ❡❞✉❝❛t✐♦♥✱ ❛♥❞ ❡♥t❡r♣r✐s❡s✳ ❬❇❛ss✐❧ ✷✵✶✷❪ ♣r❡s❡♥ts t❤❡ ✉s❛❣❡ ♦❢
t❤❡ ❉❲ ❞❡s✐❣♥ ❛♣♣r♦❛❝❤ t♦ ❞❡s✐❣♥ ❛♥❞ ❜✉✐❧❞ ❛ ❯♥✐✈❡rs✐t② ■♥❢♦r♠❛t✐♦♥ ❙②st❡♠
✉♥❞❡r ▼❙ ❆❝❝❡ss ✷✵✶✵✱ ✉s❡❞ ✐♥ ♦r❞❡r t♦ ❣❡♥❡r❛t❡ ❞❛t❛s❡ts ❢♦r ❞❛t❛ ♠✐♥✐♥❣ ❛♥❛❧②s✐s
♣✉r♣♦s❡s✳ ❋✐♥❛❧❧②✱ ❬❑✉❡♥♥❡ ✷✵✵✼❪ ♣r❡s❡♥ts ❛♥ ❛♥❛❧②s✐s ✐♥❝❧✉❞✐♥❣ ❉❛t❛ ■♥t❡❣r❛t✐♦♥
❛♥❞ ❉❛t❛ ❲❛r❡❤♦✉s❡ ❉❡s✐❣♥ ❢♦r ❜✉✐❧❞✐♥❣ ❛ ❈r♦♣ P❧❛♥t ❇✐♦✐♥❢♦r♠❛t✐❝s ❉❛t❛
❲❛r❡❤♦✉s❡ ❙②st❡♠✳

■♥ t❤✐s ❝❤❛♣t❡r✱ ✜♥❛❧❧② t❤❡ ❇✐♦❑❊❚ ❜❛❝❦❣r♦✉♥❞ ❛♥❞ r❡❧❛t❡❞ ✇♦r❦ ✇❡r❡ ❛❞❞r❡ss❡❞
✐♥❝❧✉❞✐♥❣ ❜✐♦❞✐✈❡rs✐t② s❡❝t✐♦♥✱ ❘❡s♦✉r❝❡s ❛♥❞ ❚❡❝❤♥♦❧♦❣✐❡s ❢♦r ❇✐♦❞✐✈❡rs✐t②✱ ❉❛t❛
▼✐♥✐♥❣ ❢♦r ❇✐♦❞✐✈❡rs✐t②✱ ❛♥❞ ❉❛t❛ ■♥t❡❣r❛t✐♦♥ ❛♥❞ ❉❛t❛ ❲❛r❡❤♦✉s❡✳ ❚❤❡ ♥❡①t ❝❤❛♣✲
t❡r ✐s ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡✳





❈❤❛♣t❡r ✸

❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡

❚❤✐s ❝❤❛♣t❡r ❢♦❝✉s❡s ♦♥ ✜✈❡ t❡❝❤♥✐❝❛❧ ✐ss✉❡s✳ ❚❤✐s ✇✐❧❧ ♣r❡s❡♥t ♦♥ ❤♦✇ t♦ ❜✉✐❧❞✱
❞❡s✐❣♥✱ ❛♥❞ ✐♠♣❧❡♠❡♥t t❤❡ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡✱ ♦♥ ❤♦✇ t♦ ✐♥t❡❣r❛t❡ ❛♥❞
✈✐s✉❛❧✐③❡ t❤❡ ❇✐♦❑❊❚ ❞❛t❛ ✇✐t❤ ❣❡♦❧♦❝❛t✐♦♥ ❞❛t❛ ✭❣❡♦s♣❛t✐❛❧ ❞❛t❛✮✱ ❛♥❞ ❤♦✇ t♦
♣r❡♣❛r❡ ♣❛tt❡r♥s ❢♦r ❣❡♥❡r❛t✐♥❣ t❤❡ ❇✐♦❑❊❚ ❞❛t❛s❡t ❛♥❞ ♣r❡s❡♥t✐♥❣ t❤❡ ❇✐♦❑❊❚
♣❧❛♥t ♦♥t♦❧♦❣② ♠❛♣♣✐♥❣ ❝♦♥❝❡♣t✳

❈♦♥t❡♥ts
✸✳✶ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡ ▼♦❞❡❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✷

✸✳✷ ❇✐♦❑❊❚ P❧❛♥t ❉❛t❛ ■♥t❡❣r❛t✐♦♥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✷

✸✳✸ ❇✐♦❑❊❚ ●❡♦s♣❛t✐❛❧ ❉❛t❛ ■♥t❡❣r❛t✐♦♥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✸✽

✸✳✹ ❇✐♦❑❊❚ ❉❛t❛ ❱✐s✉❛❧✐③❛t✐♦♥ ♦♥ ●❡♦❈❆❚ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✵

✸✳✺ ❇✐♦❑❊❚ P❧❛♥t ❖♥t♦❧♦❣② ▼❛♣♣✐♥❣ ❈♦♥❝❡♣t ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✵

✸✳✶ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡ ▼♦❞❡❧

❆❝❝♦r❞✐♥❣ t♦ ❜♦t❛♥✐❝❛❧ ❞❡s❝r✐♣t✐♦♥✱ ❛ s♣❡❝✐❡s ❤❛s ❞✐st✐♥❝t ❢❡❛t✉r❡s ❛♥❞ ♣r♦♣❡rt✐❡s✳
❚❤❡r❡❢♦r❡✱ t❤❡ s♣❡❝✐❡s ❞❛t❛ ❝♦♥t❛✐♥s ✐ts ✈❛r✐❡t② ♦❢ ✐♥❢♦r♠❛t✐♦♥ ✐♥❝❧✉❞✐♥❣ ♣❧❛♥t str✉❝✲
t✉r❡✱ ♠❡❞✐❝❛❧ ✐♥❢♦r♠❛t✐♦♥✱ ❜✐❜❧✐♦❣r❛♣❤✐❝ ✐♥❢♦r♠❛t✐♦♥✱ ❛♥❞ ❣❡♦❧♦❝❛t✐♦♥ ✐♥❢♦r♠❛t✐♦♥
✭❋✐❣✉r❡ ✸✳✶✮✳ ❲✐t❤ t❤❡s❡ ✐♥❢♦r♠❛t✐♦♥✱ ✜rst❧②✱ ✇❡ ♣❡r❢♦r♠❡❞ ❛ ❞❛t❛ ❛♥❛❧②s✐s ♦❢ ✶✼ ❝❛t✲
❡❣♦r✐❡s ♦❢ ✐♥❢♦r♠❛t✐♦♥ ♦❢ ❇■❖❚■❑ ❬✷✵✶✶❜❪ ❞❛t❛ s♦✉r❝❡✱ ✷✵ ❝❛t❡❣♦r✐❡s ♦❢ ✐♥❢♦r♠❛t✐♦♥
♦❢ ❇❘❆❍▼❙ ❬✷✵✶✸❡❪ ❞❛t❛ s♦✉r❝❡✱ ❛♥❞ ✷✶ ❝❛t❡❣♦r✐❡s ♦❢ ✐♥❢♦r♠❛t✐♦♥ ♦❢ ◆❆P■❙ ❞❛t❛
s♦✉r❝❡ ❬✷✵✶✸♥❪ ❛s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✸✳✶✱ ✸✳✷✱ ❛♥❞ ✸✳✸ r❡s♣❡❝t✐✈❡❧②✳ ❙❡❝♦♥❞❧②✱ ✇❡ ❞❡s✐❣♥❡❞
t❤❡ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡ ♠♦❞❡❧ ✭❋✐❣✉r❡ ✸✳✷✮ ✉s✐♥❣ t❤❡ ❙♥♦✇✢❛❦❡ ♠❡t❤♦❞✱ ✕ ✻✶
❡♥t✐t✐❡s ✇✐t❤ r❡❧❛t✐♦♥s❤✐♣s ❛♥❞ ❛ ❞❛t❛ ❞✐❝t✐♦♥❛r② ❞❡t❛✐❧❡❞ ✐♥ ❆♣♣❡♥❞✐① ❉✳ ❋✐❣✉r❡
✸✳✷ s❤♦✇s t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡ ❊❘ s❝❤❡♠❛ ✇❤✐❝❤ ❝♦♥s✐sts
♦❢ ✸✺ ❢❛❝t t❛❜❧❡s ❛♥❞ ✷✻ ❞✐♠❡♥s✐♦♥ t❛❜❧❡s✳ ❋✐♥❛❧❧②✱ ✇❡ tr❛♥s❧❛t❡❞ t❤❡ ❇✐♦❑❊❚ ❉❛t❛
❲❛r❡❤♦✉s❡ ❊❘ s❝❤❡♠❛ ✭▲✐st✐♥❣ ❊✳✶ ✐♥ ❆♣♣❡♥❞✐① ❊✮ t♦ ❛ r❡❧❛t✐♦♥❛❧ s❝❤❡♠❛ t♦ ❜❡
✉s❡❞ ✇✐t❤ ❛ ▼②❙◗▲ ❞❛t❛❜❛s❡ ♠❛♥❛❣❡♠❡♥t s②st❡♠ ♣❧❛t❢♦r♠✳

✸✳✷ ❇✐♦❑❊❚ P❧❛♥t ❉❛t❛ ■♥t❡❣r❛t✐♦♥

❚❤❡ ❇✐♦❑❊❚ ❞❛t❛ ✇❛r❡❤♦✉s❡ ✐s t❤❡ ❝♦♥s♦❧✐❞❛t✐♦♥ ♦❢ ❢♦✉r ♠❛✐♥ ❞❛t❛ s♦✉r❝❡s✿

❼ ❇■❖❚■❑ ❬✷✵✶✶❜❪ ✭❲❡st❡r♥ ●❤❛ts ♦❢ ■♥❞✐❛ ❛♥❞ ◆❛t✐♦♥❛❧ ❯♥✐✈❡rs✐t② ♦❢ ▲❛♦s✮✱
✇❤✐❝❤ ❝♦♥t❛✐♥s ✻✺✷ s♣❡❝✐❡s r❡❝♦r❞s❀



✸✳✷✳ ❇✐♦❑❊❚ P❧❛♥t ❉❛t❛ ■♥t❡❣r❛t✐♦♥ ✸✸

❋✐❣✉r❡ ✸✳✶✿ ❆ s♣❡❝✐❡s ❞❡s❝r✐♣t✐♦♥ ❝♦♥t❛✐♥s ❛ ✈❛r✐❡t② ♦❢ ✐♥❢♦r♠❛t✐♦♥

❼ t❤❡ ❤❡r❜❛r✐✉♠ ❢r♦♠ t❤❡ ❇❘❆❍▼❙ r❡♣♦s✐t♦r② ❬✷✵✶✸❡❪ ✭◆❛t✐♦♥❛❧ ❯♥✐✈❡rs✐t② ♦❢
▲❛♦s✱ ❋❛❝✉❧t② ♦❢ ❋♦r❡str②✮✱ ✇✐t❤ ✼✺✹✽ s♣❡❝✐❡s r❡❝♦r❞s❀

❼ t❤❡ ❤❡r❜❛r✐✉♠ ❢r♦♠ t❤❡ ◆❆P■❙ r❡♣♦s✐t♦r② ❬✷✵✶✸♥❪ ✭▲❛♦ ▼✐♥✐str② ♦❢ P✉❜❧✐❝
❍❡❛❧t❤✱ ■♥st✐t✉t❡ ♦❢ ❚r❛❞✐t✐♦♥❛❧ ▼❡❞✐❝✐♥❡✮✱ ✇✐t❤ ✼✹✼ s♣❡❝✐❡s r❡❝♦r❞s❀

❼ t❤❡ ■❯❈◆ ❘❡❞ ▲✐st ❉❛t❛ ❬✷✵✶✹s❪✱ ✇✐t❤ ✼✶✺✼✵ s♣❡❝✐❡s r❡❝♦r❞s✳

❚❤❡s❡ ❞❛t❛ s♦✉r❝❡s ❛r❡ st♦r❡❞ ✐♥ ❞✐✛❡r❡♥t ❢♦r♠❛ts✿ ❇■❖❚■❑ ❛♥❞ ■❯❈◆ ❘❡❞ ▲✐st
❛r❡ ✐♥ ❍❚▼▲✱ ✇❤✐❧❡ t❤❡ t✇♦ ♦t❤❡rs ✉s❡✱ r❡s♣❡❝t✐✈❡❧②✱ t❤❡ ❞❇❛s❡ ❛♥❞ P❛r❛❞♦① ✜❧❡
❢♦r♠❛ts✳ ■♥t❡❣r❛t✐♥❣ s✉❝❤ ❞✐✈❡rs❡ ❞❛t❛ s♦✉r❝❡s ✭❋✐❣✉r❡ ✸✳✸✮ r❡q✉✐r❡❞ ♣❡r❢♦r♠✐♥❣ t❤❡
❢♦❧❧♦✇✐♥❣ t❛s❦s✳

❼ ❚❤❡ ✜rst st❡♣ ✇❛s t♦ ❡①tr❛❝t ❞❛t❛ ❢r♦♠ t❤❡ ❇■❖❚■❑ ❛♥❞ ■❯❈◆ ❘❡❞ ▲✐st r❡♣♦s✲
✐t♦r✐❡s ❛♥❞ ✉s❡ ❱❇❆ ❙❝r✐♣ts ✭❙❡❡ ▲✐st✐♥❣ ❈✳✷ ❛♥❞ ▲✐st✐♥❣ ❈✳✸ ✐♥ ❆♣♣❡♥❞✐① ❈✮
t♦ ♣r❡♣r♦❝❡ss ❛♥❞ st♦r❡ t❤❡♠ ✐♥ ❛ t❛❜✉❧❛r ✜❧❡ ❢♦r♠❛t ✭❊①❝❡❧ s♣r❡❛❞s❤❡❡t✮✳ ❉❛t❛
❢r♦♠ t❤❡ ❇❘❆❍▼❙ ❛♥❞ ◆❆P■❙ r❡♣♦s✐t♦r✐❡s ✇❡r❡ ❛❧s♦ ❡①♣♦rt❡❞ t♦ ❛ t❛❜✉❧❛r
✜❧❡ ❢♦r♠❛t ✭❊①❝❡❧ s♣r❡❛❞s❤❡❡t✮ ✉s✐♥❣ t❤❡ ▼✐❝r♦s♦❢t ▼❛♥❛❣❡♠❡♥t ❛♥❞ ◆❛✈✐❝❛t
Pr❡♠✐✉♠ ❞❛t❛❜❛s❡ ♠❛♥❛❣❡♠❡♥t t♦♦❧s✳

❼ ❚❤❡ s❡❝♦♥❞ st❡♣✱ ❞❛t❛ ❝❧❡❛♥✐♥❣✱ ✇❛s ♣❡r❢♦r♠❡❞ ❜② ✉s✐♥❣ ❛❞✈❛♥❝❡❞ ❊①❝❡❧ ❢✉♥❝✲
t✐♦♥s ✭■◆❉❊❳✱ ❚❘■▼✱ ❈❖◆❈❆❚❊◆❆❚❊✱ ▼❆❚❈❍✱ ■❋✱ ❘❡♠♦✈❡ ❉✉♣❧✐❝❛t❡s✱
❚❡①t t♦ ❈♦❧✉♠♥s✱ ❡t❝✳✮✳

❼ ❚❤❡ ❧❛st st❡♣ ✇❛s t♦ ✉s❡ ❛♥ ❛❞♠✐♥✐str❛t✐♦♥ t♦♦❧ ✭▼②❙◗▲ ❲♦r❦❜❡♥❝❤✴◆✐✈❛t❝❛t
Pr❡♠✐✉♠✮ ✐♠♣♦rt✐♥❣ t❤❡ ❞❛t❛ t❤✉s ♦❜t❛✐♥❡❞ ✐♥t♦ t❤❡ ❇✐♦❑❊❚ ❞❛t❛❜❛s❡✱ ✉♥❞❡r
▼②❙◗▲✳

❆ ❦❡② ❢❛❝t♦r ❢♦r t❤❡ ✐♥t❡❣r❛t✐♦♥ ❛♥❞ t❤❡ ❡♥r✐❝❤♠❡♥t ♦❢ t❤❡ ❞❛t❛ ✇❛s t❤❡ ✉s❡ ♦❢
♦♥t♦❧♦❣✐❡s✳ ❋♦r♠❛❧ ♦♥t♦❧♦❣✐❡s ❛r❡ ❛ ❦❡② ❢♦r t❤❡ s❡♠❛♥t✐❝ ✐♥t❡r♦♣❡r❛❜✐❧✐t② ❛♥❞ ✐♥t❡✲
❣r❛t✐♦♥ ♦❢ ❞❛t❛ ❛♥❞ ❦♥♦✇❧❡❞❣❡ ❢r♦♠ ❞✐✛❡r❡♥t s♦✉r❝❡s✳ ❖♥t♦❧♦❣✐❡s ❞❡✜♥❡ ❝♦♥tr♦❧❧❡❞



✸✹ ❈❤❛♣t❡r ✸✳ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡

❋✐❣✉r❡ ✸✳✷✿ ❚❤❡ ❇✐♦❑❊❚ ❞❛t❛ ✇❛r❡❤♦✉s❡ ❊❘ s❝❤❡♠❛ ✭✻✶ ❡♥t✐t✐❡s✮



✸✳✷✳ ❇✐♦❑❊❚ P❧❛♥t ❉❛t❛ ■♥t❡❣r❛t✐♦♥ ✸✺

❚❛❜❧❡ ✸✳✶✿ ❇■❖❚■❑ ✜❡❧❞ ❡❧❡♠❡♥ts

■♥❞❡① ❈❛t❡❣♦r② ♦❢ ✐♥❢♦r♠❛t✐♦♥ ■♥st❛♥❝❡

✶ ❙♣❡❝✐❡s ♥❛♠❡ ❆❝❡r ❧❛✉r✐♥✉♠ ❍❛ss❦✳ ✲ ❆❈❊❘❆❈❊❆❊

✷ ❙②♥♦♥②♠ ❆❝❡r ❞❡❝❛♥❞r✉♠ ▼❡rr✳✱ ❆❝❡r ❣❛r❡tt✐✐

❈r❛✐❜✱ ❆❝❡r ♥✐✈❡✉♠ ❇❧✉♠❡✱ ❆❝❡r ♣❤✐❧✐♣✲

♣✐♥✉♠ ▼❡rr✳

✸ ❉✐❛❣♥♦st✐❝ ❝❤❛r❛❝t❡rs ❊✈❡r❣r❡❡♥ tr❡❡s ❜❛r❦ s❝❛❧②✳ ▲❡❛✈❡s s✐♠♣❧❡✱

♦♣♣♦s✐t❡✱ ❣❧❛❜r♦✉s✱ ❜❡❧♦✇ ❣❧❛✉❝♦✉s✳ ❙t✐♣✲

✉❧❡s ❛❜s❡♥t✳ ❋❧♦✇❡rs ✇❤✐t❡✳ ❋r✉✐t ❛ ✇✐♥❣❡❞

s❛♠❛r❛

✹ ❍❛❜✐t ❊✈❡r❣r❡❡♥ tr❡❡ ✉♣ t♦ ✹✵ ♠ t❛❧❧

✺ ❚r✉♥❦ ❛♥❞ ❜❛r❦ ❇♦❧❡ str❛✐❣❤t✱ ❜❛r❦ s❝❛❧②✱ r❡❞✲❜r♦✇♥

✻ ❇r❛♥❝❤❡s ❛♥❞ ❜r❛♥❝❤❧❡ts ♦r t✇✐❣s ❚✇✐❣s t❡r❡t❡✱ ❣❧❛❜r♦✉s

✼ ❊①✉❞❛t❡s ❊①✉❞❛t❡ ❛❜s❡♥t

✽ ▲❡❛✈❡s ▲❡❛✈❡s s✐♠♣❧❡✱ ♦♣♣♦s✐t❡✱ ♦✈❛t❡ ♦r ❡❧❧✐♣t✐❝✱

❣❧❛✉❝♦✉s ❜❡❧♦✇✱ ❣❧❛❜r♦✉s✱ ❛♣❡① ❛❝✉♠✐♥❛t❡✱

❜❛s❡ r♦✉♥❞❡❞✳ ▼✐❞r✐❜ ✢❛t ❛❜♦✈❡✱ ✸✲✺ ❜❛s❛❧

s❡❝♦♥❞❛r② ✈❡✐♥s✱ s❡❝♦♥❞❛r② ✈❡✐♥s ♦❜❧✐q✉❡✱

t❡rt✐❛r② ✈❡✐♥s r❡t✐❝✉❧❛t❡✱ ❙t✐♣✉❧❡s ❛❜s❡♥t

✾ ■♥✢♦r❡s❝❡♥❝❡s ♦r ✢♦✇❡rs ❋❧♦✇❡rs ✇❤✐t❡✱ ❧❛r❣❡✱ ❛rr❛♥❣❡❞ ✐♥ ❛♥ ✐♥✢♦✲

r❡s❝❡♥❝❡✱ ❛①✐❧❧❛r②✱ ❜✐s❡①✉❛❧✱ ♣❡❞✐❝❡❧ ❧♦♥❣❡r

t❤❛♥ ✵✳✺ ❝♠ ❧♦♥❣

✶✵ ❋r✉✐ts ❋r✉✐t ✸✳✺ ✲ ✼✳✺ ❝♠✱ ❛ ❞♦✉❜❧❡ s❛♠❛r❛✱ ❧♦❝✉❧❡s

s♠♦♦t❤ ✐♥s✐❞❡✱ ♥♦t s♣❧✐tt✐♥❣ ♦♣❡♥

✶✶ ❙❡❡❞s ✷ ❙❡❡❞s

✶✷ ❍❛❜✐t❛t ❛♥❞ ❡❝♦❧♦❣② ❯s✉❛❧❧② ✉♥❞✐st✉r❜❡❞ ❡✈❡r❣r❡❡♥ ❢♦r❡st✱ ❝♦♠✲

♠♦♥ ♦r s❝❛tt❡r❡❞

✶✸ ❉✐str✐❜✉t✐♦♥ ❇✉r♠❛ ✭▼②❛♥♠❛r✮✱ ❈❛♠❜♦❞✐❛✱ ■♥❞✐❛ ✭❆s✲

s❛♠✮✱ ■♥❞♦♥❡s✐❛✱ ▲❛♦s ✭❑❤❛♠♠♦✉❛♥✮✱

▼❛❧❛②s✐❛✱ ◆❡♣❛❧✱ P❤✐❧✐♣♣✐♥❡s✱ ❚❤❛✐❧❛♥❞

✶✹ ❘❡♠❛r❦✴◆♦t❡s✴❯s❡s ◆♦ ✉s❡s ❦♥♦✇♥✱ r❡❧❛t✐✈❡❧② r❛r❡

✶✺ ❙♣❡❝✐♠❡♥s st✉❞✐❡❞ ❇❚ ✺✺ ✭❍❡r❜❛r✐✉♠ ♦❢ ❋❛❝✉❧t② ♦❢

❙❝✐❡♥❝❡s✲◆❯♦▲✱ ◆❍◆✲▲❡✐❞❡♥ ❛♥❞ ❈■❘❆❉✲

▼♦♥t♣❡❧❧✐❡r✮

✶✻ ▲✐t❡r❛t✉r❡ ●❛r❞♥❡r ❙✳✱ ❙✐❞✐s✉♥t❤♦r♥ P✳ ✫ ❆♥✉s❛r♥✲

s✉♥t❤♦r♥ ❱✳ ✷✵✵✵✳ ❆ ✜❡❧❞ ❣✉✐❞❡ t♦ ❋♦r❡st

❚r❡❡s ♦❢ ◆♦rt❤❡r♥ ❚❤❛✐❧❛♥❞✳ ❑♦❜❢❛✐ P✉❜✲

❧✐s❤✐♥❣ Pr♦❥❡❝t✳ ❇❛♥❣❦♦❦✳ ❚❤❛✐❧❛♥❞

✶✼ ■♠❛❣❡s ✷ ✜❧❡s

✈♦❝❛❜✉❧❛r✐❡s✱ ❝♦♥s✐st✐♥❣ ♦❢ ❝♦♥s❡♥s✉❛❧ t❡r♠s ❛♥❞ r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ t❤❡s❡ t❡r♠s✱
t❤❛t ❝❛♥ ❜❡ ♣r♦❝❡ss❡❞ ❜♦t❤ ❜② ❤✉♠❛♥s ❛♥❞ ❜② ❛✉t♦♠❛t✐③❡❞ ♣r♦❝❡ss✳ ❋r♦♠ ❛ ♣r❛❝✲
t✐❝❛❧ ♣♦✐♥t ♦❢ ✈✐❡✇✱ ❛♥ ♦♥t♦❧♦❣② ❞❡✜♥❡s ❛ s❡t ♦❢ ❝♦♥❝❡♣ts ❛♥❞ r❡❧❛t✐♦♥s r❡❧❡✈❛♥t t♦
❛ ❞♦♠❛✐♥ ♦❢ ✐♥t❡r❡st✱ ❛❧♦♥❣ ✇✐t❤ ❛①✐♦♠s st❛t✐♥❣ t❤❡✐r ♣r♦♣❡rt✐❡s✳ ❆♥ ♦♥t♦❧♦❣② t❤✉s
✐♥❝❧✉❞❡s ❛ t❛①♦♥♦♠② ♦❢ ❝♦♥❝❡♣ts✱ ❛ ❢♦r♠❛❧❧② ❞❡✜♥❡❞ ✈♦❝❛❜✉❧❛r② ✭❝❛❧❧❡❞ ❛ t❡r♠✐♥♦❧✲
♦❣②✮✱ ❛♥❞ ♦t❤❡r ❛rt✐❢❛❝ts t❤❛t ❤❡❧♣ str✉❝t✉r❡ ❛ ❦♥♦✇❧❡❞❣❡ ❜❛s❡✳ ❆ ❦♥♦✇❧❡❞❣❡ ❜❛s❡



✸✻ ❈❤❛♣t❡r ✸✳ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡

❚❛❜❧❡ ✸✳✷✿ ❇❘❆❍▼❙ ✜❡❧❞ ❡❧❡♠❡♥ts

■♥❞❡① ❈❛t❡❣♦r② ♦❢ ✐♥❢♦r♠❛t✐♦♥ ■♥st❛♥❝❡

✶ ❈♦❧❧❡❝t♦r ▲❛♠①❛② ❱✳

✷ ❆❞❞❝♦❧❧ P❤❡♥❣✱ ❙♦♠❝❤❛♥❤

✸ ❙♣❡❝✐♠❡♥ ✷✷✾✱✶✽✾✸

✹ ❈♦❧❧❡❝t✐♦♥ ❉❛t❡ ✶✴✶✵✴✶✾✾✽

✺ ❇❛r❝♦❞❡ ❋❖❋✵✵✵✶✽✾✸

✻ ❋❛♠✐❧② ❖r❝❤✐❞❛❝❡❛❡

✼ ●❡♥✉s ❍❛❜❡♥❛r✐❛✴P❡❝t❡✐❧✐s
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✶✵ ❉❡t❡r♠✐♥❛t✐♦♥ ◆✴❆

✶✶ ❈♦✉♥tr② ▲❛♦s

✶✷ ▼❛❥♦r❛r❡❛ ❱✐❡♥t✐❛♥❡ ❈❛♣✐t❛❧

✶✸ ▼✐♥♦r❛r❡❛ ❳❛②t❤❛♥② ❉✐str✐❝t

✶✹ ▲♦❝❛❧✐t② ♥❛♠❡ ◆❛♥❣ ❖✉❛

✶✺ ▲♦❝❛❧✐t② ♥♦t❡s ❍♦✉❛② ◆❣❛♥❣ ◆❇❈❆

✶✻ ❈♦❧❧❡❝t✐♦♥

♠❛♣✭▲❛t✱◆❙✱▲♦♥❣✱❊❲✮

▲❛t❂✶✽✳✶✶✵✺✹✶✵✱ ▲♦♥❣❂✶✵✷✳✺✷✾✽✵✷✽

✶✼ ❆❧t✐t✉t❡✭♠✱❛t❧✱♠❛①❛t❧✮ ◆✴❆

✶✽ P❧❛♥t ❞❡s❝r✐♣t✐♦♥ ❍❡r❜✱ ♣❛❧❡ ❣r❡❡♥ st❡♠✱ ♣❛❧❡ ❣r❡❡♥ ❛❞❛①✲

✐❛❧✱ ❣r❡❡♥❣r❡② ❛❜❛①✐❛❧✱ ✐♥✢♦r❡s❝❡♥❝❡s ♦♥ t♦♣

✇❤✐t❡ ✢♦✇❡rs

✶✾ ❍❛❜✐t❛t✴❙✐t❡ ❞❡s❝r✐♣t✐♦♥ ❉r② ❞✐♣t❡r♦❝❛r♣ ❢♦r❡st

✷✵ ❈✉❧t♥♦t❡s ◆✴❆

✷✶ ■♠❛❣❡s ✸ ✜❧❡s

t❤❛t ✉s❡s t❤❡ t❡r♠s ❞❡✜♥❡❞ ✐♥ ❛♥ ♦♥t♦❧♦❣② ❜❡❝♦♠❡s ✉s❛❜❧❡ ❜② ❛♥❞ ✐♥t❡r♦♣❡r❛❜❧❡
✇✐t❤ ❛♥② ♦t❤❡r s②st❡♠ t❤❛t ❤❛s ❛❝❝❡ss t♦ t❤❛t ♦♥t♦❧♦❣② ❛♥❞ ✐s ❡q✉✐♣♣❡❞ ❜② ❛ ❧♦❣✐❝
r❡❛s♦♥❡r ❢♦r ✐t ❬❖❜rst ✷✵✵✸❪✳

■t ✇❛s t❤✉s ✐♠♣♦rt❛♥t t♦ ❝♦♥str✉❝t ❛ ♠❛♣ ❛♠♦♥❣ ❛❧❧ t❤❡ ❝♦♥❝❡♣ts ✐♥ ❛❧❧ t❤❡ ❞❛t❛
s♦✉r❝❡s ❛♥❞ ❛❧❧ t❤❡ ❝♦♥s✐❞❡r❡❞ ♦♥t♦❧♦❣✐❡s✳ ■t ✐s ✇♦rt❤ ♥♦t✐♥❣ t❤❛t ✭✐✮ s♦♠❡ ❝♦♥❝❡♣ts
❛r❡ ♥♦t ❡q✉❛❧❧② r❡♣r❡s❡♥t❡❞ ✐♥ ❛❧❧ t❤❡ s♦✉r❝❡s✱ ✭✐✐✮ s♦♠❡ ❛r❡ r❡♣r❡s❡♥t❡❞ ✐♥ s♦♠❡
s♦✉r❝❡s ❛♥❞ ♥♦t ✐♥ ♦t❤❡rs ❛♥❞ ✭✐✐✐✮ ♦t❤❡r ❝♦♥❝❡♣ts ❛r❡ ♥♦t r❡♣r❡s❡♥t❡❞ ❛t ❛❧❧✳ ❚❤❡
♠❛♣♣✐♥❣ ♣r♦❝❡ss ✇♦r❦s ✭❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✸✳✽✮ ❛s ❢♦❧❧♦✇s✿ t❤❡ t❡①t✉❛❧ ❞❡s❝r✐♣t♦rs
♦❢ ♣❧❛♥ts ❛r❡ s❡❣♠❡♥t❡❞ ✐♥t♦ s♠❛❧❧ ❝❤✉♥❦s✱ ✇❤✐❝❤ ❛r❡ t❤❡♥ ♠❛t❝❤❡❞ ✇✐t❤ t❤❡ ❧❛❜❡❧s
♦❢ ❝♦♥❝❡♣ts ✐♥ t❤❡ t❛r❣❡t ♦♥t♦❧♦❣②✳ ❋♦r ✐♥st❛♥❝❡✱ ❢r♦♠ t❤❡ ❞❡s❝r✐♣t♦r ✏❡✈❡r❣r❡❡♥ tr❡❡
✉♣ t♦ ✽ ♠✑✱ ✇❡ ❝❛♥ ✐♥❢❡r t❤❛t ✏❡✈❡r❣r❡❡♥✑ ✐s r❡❧❛t❡❞ t♦ ✏s❤❡❞❛❜✐❧✐t②✑✱ ✏✉♣ t♦ ✽♠✑
✐s r❡❧❛t❡❞ t♦ ✏❤❡✐❣❤t✑ ❛♥❞ ✏tr❡❡✑ ✐s r❡❧❛t❡❞ t♦ ✏♣❧❛♥t t②♣❡ ✑✳ ■♥ t❤❡ ♣r♦❝❡ss✱ ♥❡✇
❝♦♥❝❡♣ts ♠❛② ❜❡ ❣❡♥❡r❛t❡❞ ✭❡✳❣✳✱ ❢r♦♠ t❤❡ t❡①t✉❛❧ ❞❡s❝r✐♣t♦r ✏❜r❛♥❝❤❡s ❛s❝❡♥❞✐♥❣
♦r ❤♦r✐③♦♥t❛❧✑✱ ✇❤❡r❡ ✏❜r❛♥❝❤✑✱ ✏❜r❛♥❝❤ ❛s❝❡♥❞✐♥❣✑✱ ❛♥❞ ✏❜r❛♥❝❤ ❤♦r✐③♦♥t❛❧✑ ♠❛t❝❤
❝♦♥❝❡♣ts ✐♥ t❤❡ ♦♥t♦❧♦❣②✱ ❛ ♥❡✇ ❝♦♥❝❡♣t ✏❜r❛♥❝❤ ❛s❝❡♥❞✐♥❣ ♦r ❤♦r✐③♦♥t❛❧✑✱ s✉❜s✉♠❡❞
❜② ✏❜r❛♥❝❤✑ ❛♥❞ s✉❜s✉♠✐♥❣ t❤❡ ❧❛tt❡r t✇♦ ✐s ❣❡♥❡r❛t❡❞✮✳ ❚❤❡ ♣❧❛♥t r❡❝♦r❞ ❝❛♥ t❤✉s
❜❡ ❛✉t♦♠❛t✐❝❛❧❧② ❡♥r✐❝❤❡❞ ✇✐t❤ ❛ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ ✏✐♠♣❧✐❝✐t✑ ✜❡❧❞s✱ ✐♥❢❡rr❡❞ ❢r♦♠ t❤❡
♦♥t♦❧♦❣②✳ ❲❡ ❞❡s✐❣♥❡❞ ❛ r❡❧❛t✐♦♥❛❧ ❞❛t❛ ❜❛s❡ ♦❢ ❝♦♥❝❡♣ts t❤❛t ♠❛❦❡ ✐t ♣♦ss✐❜❧❡ t♦
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✶✸ ❙❛♠♣❧❡ P❛rt ❉❡s❝r✐♣t✐♦♥ ❙❇

✶✹ ▼❯❯ ❞✐s❡❛s❡ st❛t❡ ♦r s②st❡♠ P❆■◆

✶✺ ▲◆ s②♠♣t♦♠ ❍❊❆❉❆❈❍❊

✶✻ ▼❡❞✐❝❛❧ ❯s❡ P❛rt ❙❇

✶✼ ▼❯P❘ ♠❡❞✲✉s❡ ♣r❡♣❛r❛t✐♦♥ ❈✉t ✐♥t♦ s♠❛❧❧ ♣✐❡❝❡s ❛♥❞ ❞r②✳ ❈r✉s❤✱ ✇r❛♣

✉♣ ✇✐t❤ ✐♥❞✐❣♦ ❝❧♦t❤✱ st❡❛♠ ❢♦r ✷✵ ♠✐♥✉t❡s✱

st❛♥❞ t♦ ✇❛r♠✳

✶✽ ■♥❢♦r♠❛♥t ▼❯■◆ ✐♥❢♦r♠❛♥t✱◆♦t❡ ✷ ❤❡❛❧❡rs

✶✾ ❆❣❡ ❝❛t❡❣♦r② ❃ ✻✺ ②rs

✷✵ ▼❯❈ ♦r✐❣✐♥❛❧ ❞❛t❛✱ ♥♦t❡s P✉t ♦♥ t❤❡ ❤❡❛❞ ✸ t✐♠❡s ❛ ❞❛②✳

❋✐❣✉r❡ ✸✳✸✿ ❆♥ ♦✈❡r✈✐❡✇ ♦❢ t❤❡ ❇✐♦❑❊❚ ❤❡t❡r♦❣❡♥❡♦✉s ❞❛t❛ ✐♥t❡❣r❛t✐♦♥ ♣r♦❝❡ss

r❡❧❛t❡ ❝♦♥❝❡♣ts r❡♣r❡s❡♥t❡❞ ✐♥ ❞✐✛❡r❡♥t ✇❛②s ✐♥ ❙❡❝t✐♦♥ ✸✳✶✳ ❈✉rr❡♥t❧② t❤❡ ❇✐♦❑❊❚



✸✽ ❈❤❛♣t❡r ✸✳ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡

❞❛t❛❜❛s❡ ❝♦♥t❛✐♥s ✻✶ r❡❧❛t✐♦♥s❤✐♣ ❡♥t✐t✐❡s ❛♥❞ ❛ t♦t❛❧ ♦❢ ✽✵✱✺✶✼ r❡❝♦r❞s✳

✸✳✸ ❇✐♦❑❊❚ ●❡♦s♣❛t✐❛❧ ❉❛t❛ ■♥t❡❣r❛t✐♦♥

❆s ♣♦✐♥t❡❞ ♦✉t ❜② ♠❛♥② r❡s❡❛r❝❤❡rs ✭s❡❡✱ ❡✳❣✳✱ ❬❇❡♥♥✐❛♠✐♥ ✷✵✵✽❪✮✱ t♦ ❝♦♥s❡r✈❡ ♦r❣❛♥✲
✐s♠s ✇❤❡t❤❡r ❛❜♦✉t ♣❧❛♥ts ♦r ❛♥✐♠❛❧s✱ ♦♥❡ ✐♠♣♦rt❛♥t st❡♣ t♦ t❛❦❡ ✐s t♦ ✐❞❡♥t✐❢② r❛r❡
❛♥❞ ❡♥❞❛♥❣❡r❡❞ ♦r❣❛♥✐s♠s ✐♥ ❛ ❣✐✈❡♥ ❣❡♦❣r❛♣❤✐❝❛❧ ❛r❡❛ ♦r ❝♦✉♥tr②✳ ❚❤❡ ●■❙ t❡❝❤♥♦❧✲
♦❣② ✐s s✉✣❝✐❡♥t❧② ♠❛t✉r❡✳ ■♥❞❡❡❞✱ s❡✈❡r❛❧ ❤❛✈❡ ❜❡❡♥ ✐♥✈❡♥t❡❞ s✉❝❤ ❛s ●♦♦❣❧❡ ▼❛♣s✱
❖♣❡♥❙tr❡❡t▼❛♣✱ ❉❇♣❡❞✐❛✱ ▼✐❝r♦s♦❢t ❇✐♥❣ ▼❛♣s✱ ◆❆❙❆ ❲♦r❧❞❱✐❡✇ ❛♥❞ ♦t❤❡rs✳
❋♦❧❧♦✇✐♥❣ ❬P❡t❡rs ✷✵✵✾❪ ✇❡ ❢♦❝✉s❡❞ t♦ ✐♥t❡❣r❛t❡ ●♦♦❣❧❡ ▼❛♣s ✇✐t❤ ❇✐♦❑❊❚ ❞❛t❛✳
❇② ✉s✐♥❣ ❛ ❱❇❆ s❝r✐♣t ✭●♦♦❣❧❡●❡♦▲♦❝❛t✐♦♥ ❋✉♥❝t✐♦♥ ✶✮ ✇✐t❤ ✐♥♣✉t ♦❢ r❡❛❧✲✇♦r❧❞
❧♦❝❛t✐♦♥ ❞❛t❛ ✭✐✳❡✳✱ ❝♦♥t✐♥❡♥t✱ r❡❣✐♦♥✱ ❝♦✉♥tr②✱ ❡t❝✳✮ ✇❡ ❡①tr❛❝t❡❞ ❝♦♦r❞✐♥❛t❡s ✭❧❛t✲
✐t✉❞❡ ❛♥❞ ❧♦♥❣✐t✉❞❡✮ ❢r♦♠ ●♦♦❣❧❡ ▼❛♣s ●❡♦❝♦❞✐♥❣ ❙❡r✈✐❝❡✱ ❛♥❞ st♦r❡❞ t❤❡♠ ✐♥ ❛
●❡♦❙♣❛t✐❛❧ t❛❜❧❡✳

❆♥ ✐♥t❡❣r❛t✐♦♥ ♣r♦❝❡ss ♦❢ ●♦♦❣❧❡ ▼❛♣s ●❡♦❝♦❞✐♥❣ ❙❡r✈✐❝❡ ✇✐t❤ t❡r♠s ♦❢ ❣❡♦✲
❣r❛♣❤✐❝❛❧ ✐♥❢♦r♠❛t✐♦♥ ♦❢ ❡❛❝❤ s♦✉r❝❡ ✭❇■❖❚■❑✱ ❇❘❆❍▼❙✱ ❛♥❞ ◆❆P■❙✮ ✐s t♦ ♠❛t❝❤
❝♦♦r❞✐♥❛t❡s ♦❢ ❧♦❝❛t✐♦♥s ♦♥ t❤❡ ❡❛rt❤ ✇✐t❤ t❤❡ t❡r♠s ✐♥ t❤❡ ❇✐♦❑❊❚ ❞❛t❛❜❛s❡
s②st❡♠ ✭❙♣❡❝✐❡s ❛♥❞ ❉✐str✐❜✉t✐♦♥ t❛❜❧❡✮✳ ❋♦r ❡①❛♠♣❧❡✱ ❆ s♣❡❝✐❡s ♥❛♠❡ ✧❆❣❧❛✐❛
❡❧❧✐♣t✐❝❛✧ ✭✐♥ ❙♣❡❝✐❡s t❛❜❧❡✮ ✇❛s ❢♦✉♥❞ ✐♥ ❈❤✐♥❛✱ ▲❛♦s✱ ▼❛❧❛②s✐❛✱ ❱✐❡t♥❛♠ ✭✐♥
❉✐str✐❜✉t✐♦♥ t❛❜❧❡✮ ❛♥❞ t❤❡s❡ ❝♦✉♥tr✐❡s✬ ❝♦♦r❞✐♥❛t❡s ✇❡r❡ ❡①tr❛❝t❡❞ ❛♥❞ st♦r❡❞
✐♥ ●❡♦❙♣❛t✐❛❧ t❛❜❧❡✿ ❝♦♦r❞✐♥❛t❡s ✭✸✺✳✽✻✶✻✻✵✵✱✶✵✹✳✶✾✺✸✾✼✵✮ ♦❢ ❈❤✐♥❛✱ ❝♦♦r❞✐♥❛t❡s
✭✶✾✳✽✺✻✷✼✵✵✱✶✵✷✳✹✾✺✹✾✻✵✮ ♦❢ ▲❛♦s✱ ❝♦♦r❞✐♥❛t❡s ✭✹✳✷✶✵✹✽✹✵✱✶✵✶✳✾✼✺✼✻✻✵✮ ♦❢ ▼❛❧❛②s✐❛✱
❝♦♦r❞✐♥❛t❡s ✭✶✹✳✵✺✽✸✷✹✵✱✶✵✽✳✷✼✼✶✾✾✵✮ ♦❢ ❱✐❡t♥❛♠✳

❚❤❡ ❇✐♦❑❊❚ ❞❛t❛ ✇❛r❡❤♦✉s❡ ✐♥t❡❣r❛t❡❞ ❣❡♦❣r❛♣❤✐❝❛❧ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ✽✱✾✹✼
s♣❡❝✐❡s ♦❢ t❤❡ ✽✵✱✺✶✼ t♦t❛❧ s♣❡❝✐❡s ❤❛✈❡ ❞❡s❝r✐♣t✐♦♥s ♦❢ s♣❡❝✐♠❡♥ ❧♦❝❛t✐♦♥ ❛♥❞ r✐s❦
st❛t✉s t❤❛t ♠❛② ❞✐✛❡r ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ❛r❡❛ ❝♦♥s✐❞❡r❡❞✳ ❚❤✐s ✐♥❢♦r♠❛t✐♦♥ ✐s ❞❡✲
s❝r✐❜❡❞ ❛t ❞✐✛❡r❡♥t ❧❡✈❡❧s ♦❢ ♣r❡❝✐s✐♦♥✱ ❢r♦♠ ❝♦♥t✐♥❡♥t t♦ s♣❡❝✐✜❝ ♣❧❛❝❡s s✉❝❤ ❛s ❝✐t✐❡s
♦r ✈✐❧❧❛❣❡s✳ ❋♦r ❡①❛♠♣❧❡✱ ❈r❛t♦①②❧✉♠ ❢♦r♠♦s✉♠ ❣r♦✇s ✉♣ ✐♥ ▼②❛♥♠❛r✱ ❙♦✉t❤❡r♥
❈❤✐♥❛✱ ❚❤❛✐❧❛♥❞✱ ■♥❞♦❝❤✐♥❛✱ ❛♥❞ ▲❛♦s ✭❑❤❛♠♠♦✉❛♥✮ ❬✷✵✶✶❜❪✳ ❚❤✐s s♣❡❝✐❡s ✐s ❛❧s♦
r❡♣♦rt❡❞ ✐♥ t❤❡ ▲♦✇❡r ❘✐s❦✴▲❡❛st ❈♦♥❝❡r♥ ❝❛t❡❣♦r② ❜② ■❯❈◆ ❘❡❞ ▲✐st ❞❛t❛ ❬✷✵✶✹s❪✳
❚❤❡ ✐♥t❡❣r❛t✐♦♥ ♦❢ ❣❡♦❧♦❝❛t✐♦♥ ✐♥❢♦r♠❛t✐♦♥ ❛❧❧♦✇s t♦ ❡①♣❧♦r❡ s♣❡❝✐❡s ♣r♦♣❡rt✐❡s ✐♥
❞✐✛❡r❡♥t ❛r❡❛s ✉s✐♥❣ t❤❡ ●❡♦❈❆❚ ✭●❡♦s♣❛t✐❛❧ ❈♦♥s❡r✈❛t✐♦♥ ❆ss❡ss♠❡♥t ❚♦♦❧✮ ♣❧❛t✲
❢♦r♠ ❬✷✵✶✹❥❪✳ ●❡♦❈❆❚ ✐s ❜❛s❡❞ ♦♥ ●♦♦❣❧❡ ▼❛♣s t♦ ❡①♣❧♦r❡ ❣❡♦❣r❛♣❤✐❝❛❧ ✐♥❢♦r♠❛t✐♦♥
✐❢ ❝♦♦r❞✐♥❛t❡s✱ ✐✳❡✳✱ ❧❛t✐t✉❞❡s ❛♥❞ ❧♦♥❣✐t✉❞❡s✱ ❛r❡ ♣r♦✈✐❞❡❞✳

❚❤❡ ●♦♦❣❧❡ ▼❛♣s ❞♦❡s ♥♦t s✉♣♣♦rt ❝♦♦r❞✐♥❛t❡s ♦❢ ❞✐r❡❝t✐♦♥s ✭❙♦✉t❤✱ ◆♦rt❤✱ ❊❛st✱
❲❡st✱ ❡t❝✳✮ ❧✐❦❡ ✏❙♦✉t❤❡r♥ ❈❤✐♥❛✑✱ ❜✉t ●♦♦❣❧❡ ❇♦✉♥❞✐♥❣ ❇♦① ✭❇❇♦①✮ ❝♦♦r❞✐♥❛t❡s
❛r❡ ♣r♦✈✐❞❡❞✳ ❲❡ ♣r♦♣♦s❡ t♦ ✐♠♣r♦✈❡ t❤✐s ✐ss✉❡ ❜② ❝❛❧❝✉❧❛t✐♥❣ t❤❡ ❝♦♦r❞✐♥❛t❡s ❢♦r
❡❛❝❤ ❞✐r❡❝t✐♦♥ ✭❋✐❣✉r❡ ✸✳✹✮ ❢r♦♠ ●♦♦❣❧❡ ❇❇♦① ❝♦♦r❞✐♥❛t❡s✳

■♥ t❤❡ ❣❡♦❧♦❝❛t✐♦♥ ❞♦♠❛✐♥✱ t❤❡ ❇❇♦① ♦❢ ❛♥ ❛r❡❛ ♦♥ ❊❛rt❤ ✐s ❞❡✜♥❡❞ ❜② t✇♦
♣♦✐♥ts ❝♦rr❡s♣♦♥❞✐♥❣ t♦ t❤❡ ♠✐♥✐♠❛❧ ❛♥❞ ♠❛①✐♠❛❧ ❧♦♥❣✐t✉❞❡s ❛♥❞ ❧❛t✐t✉❞❡s ♦❢ t❤❡
❛r❡❛ ❬✷✵✶✹❢❪✳ ❋✐❣✉r❡ ✸✳✹ s❤♦✇s t❤❡ ✶✸ ♣❛rt✐t✐♦♥s ♦❢ ❛♥ ❛r❡❛✿ t❤❡ ✾ ❡❧❡♠❡♥t❛r② ♣❛rt✐✲
t✐♦♥s ❛♥❞ t❤❡ ◆♦rt❤✱ ❙♦✉t❤✱ ❊❛st ❛♥❞ ❲❡st ♣❛rt✐t✐♦♥s t❤❛t r❡s✉❧t ♦❢ ♠❡r❣✐♥❣ t❤❡ ✸

✶❙❡❡ ❝♦❞✐♥❣ ✐♥ ▲✐st✐♥❣ ❈✳✹✱ ❆♣♣❡♥❞✐① ❈



✸✳✸✳ ❇✐♦❑❊❚ ●❡♦s♣❛t✐❛❧ ❉❛t❛ ■♥t❡❣r❛t✐♦♥ ✸✾

❝♦rr❡s♣♦♥❞✐♥❣ ❡❧❡♠❡♥t❛r② ♣❛rt✐t✐♦♥s✱ ❡✳❣✳✱ ◆❲✱ ◆❈ ❛♥❞ ◆❊ ❢♦r ◆♦rt❤✳ ❚❤✐s ♠✉❧t✐✲
❧❡✈❡❧ ♣❛rt✐t✐♦♥✐♥❣ ❛❧❧♦✇s t♦ r❡♣r❡s❡♥t ❧♦❝❛t✐♦♥ r❡❧❛t❡❞ ♣r♦♣❡rt✐❡s ♦❢ s♣❡❝✐❡s✱ s✉❝❤ ❛s
r✐s❦ st❛t✉s ♦r ❛❜✉♥❞❛♥❝❡ ❢♦r ✐♥st❛♥❝❡✱ ❛t ❞✐✛❡r❡♥t ❛r❡❛ ❝♦✈❡r✐♥❣ ❧❡✈❡❧s✳

❋✐❣✉r❡ ✸✳✹✿ ❚❤✐rt❡❡♥ ♣❛rt✐t✐♦♥s ♦❢ ❛ r❡❣✐♦♥✴❛r❡❛ ♦♥ t❤❡ ❡❛rt❤

❋♦r♠✉❧❛s t♦ ❝❛❧❝✉❧❛t❡ t❤❡ ❇❇♦① ♦❢ ❡❛❝❤ ♣❛rt✐t✐♦♥ ❛r❡ ❣✐✈❡♥ ✐♥ ❚❛❜❧❡ ✸✳✹✳ ❚❤❡s❡
❝♦♠♣✉t❛t✐♦♥s ✉s❡ t❤❡ L ❛♥❞ H ✈❛❧✉❡s ❝♦♠♣✉t❡❞ ❢r♦♠ t❤❡ ♠✐♥✐♠❛❧ ✭Min(X)✱
Min(Y )✮ ❛♥❞ ♠❛①✐♠❛❧ ✭Max(X)✱ Max(Y )✮ ❧♦♥❣✐t✉❞❡ ❛♥❞ ❧❛t✐t✉❞❡ ❝♦♦r❞✐♥❛t❡s ♦❢
t❤❡ ❇❇♦① ♦❢ t❤❡ ♣❛rt✐t✐♦♥❡❞ r❡❣✐♦♥✴❛r❡❛ ❛s ❢♦❧❧♦✇s✿

L =
(Max(X)−Min(X))

3
, H =

(Max(Y )−Min(Y ))

3
.

❚❛❜❧❡ ✸✳✹✿ ❇♦✉♥❞✐♥❣ ❇♦① ❝♦♠♣✉t❛t✐♦♥s ❢♦r ❡❛❝❤ ♣❛rt✐t✐♦♥

❆r❡❛ ▼✐♥ ▲♦♥❣ ▼✐♥ ▲❛t ▼❛① ▲♦♥❣ ▼❛① ▲❛t

❙♦✉t❤ Min(Y ) Min(X) Min(Y ) +H Max(X)

◆♦rt❤ Min(Y ) + 2H Min(X) Max(Y ) Max(X)

❲❡st Min(Y ) Min(X) Max(Y ) Max(X) + L

❊❛st Min(Y ) Min(X) + 2L Max(Y ) Max(X)

❙❲ Min(Y ) Min(X) Min(Y ) +H Min(X) + L

❙❈ Min(Y ) Min(X) + L Min(Y ) +H Min(X) + 2L

❙❊ Min(Y ) Min(X) + 2L Min(Y ) +H Max(X)

❈❲ Min(Y ) +H Min(X) Min(Y ) + 2H Min(X) + L

❈❡♥t❡r Min(Y ) +H Min(X) + L Min(Y ) + 2H Min(X) + 2L

❈❊ Min(Y ) +H Min(X) + 2L Min(Y ) + 2H Max(X)

◆❲ Min(Y ) + 2H Min(X) Max(Y ) Min(X) + L

◆❈ Min(Y ) + 2H Min(X) + L Max(Y ) Min(X) + 2L

◆❈ Min(Y ) + 2H Min(X) + 2L Max(Y ) Max(X)

❚❤✐s ❝♦♠♣✉t❛t✐♦♥ ♦❢ ♣❛rt✐t✐♦♥s ❝❛♥ ❜❡ ❛♣♣❧✐❡❞ t♦ ❛❧❧ ♦❜❥❡❝ts ❞❡✜♥❡❞ ❜② ❛ ❣❡♦❧♦✲
❝❛t✐♦♥ ❜♦✉♥❞✐♥❣ ❜♦①✱ ❢r♦♠ ❝♦♥t✐♥❡♥t ❧❡✈❡❧ t♦ ♣❧❛❝❡ ❧❡✈❡❧ ❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✸✳✺✳ ❋♦r



✹✵ ❈❤❛♣t❡r ✸✳ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡

❡①❛♠♣❧❡✱ ✉s✐♥❣ t❤❡ ❇❇♦① ♦❢ ❈❤✐♥❛ ✭❈♦✉♥tr② ▲❡✈❡❧✮✱ t❤❛t ✐s ④✼✸✳✹✾✾✹✶✸✼✱ ✶✽✳✶✺✸✺✷✶✻✱
✶✸✹✳✼✼✷✽✶✵✵✱ ✺✸✳✺✻✵✾✼✹✵⑥✱ t❤❡ ❇❇♦① ♦❢ ❙♦✉t❤❡r♥ ❈❤✐♥❛ ✭P❛rt ♦❢ ❈♦✉♥tr② ▲❡✈❡❧✮ ✇✐❧❧
❜❡ ❝♦♠♣✉t❡❞ ❛s ④✼✸✳✹✾✾✹✶✸✼✱ ✶✽✳✶✺✸✺✷✶✻✱ ✾✸✳✾✷✸✽✼✾✶✱ ✺✸✳✺✻✵✾✼✹✵⑥✳

❋✐❣✉r❡ ✸✳✺✿ ❚❤❡ ✇♦r❧❞ r❡❣✐♦♥❛❧ ❤✐❡r❛r❝❤②

✸✳✹ ❇✐♦❑❊❚ ❉❛t❛ ❱✐s✉❛❧✐③❛t✐♦♥ ♦♥ ●❡♦❈❆❚

●❡♦❈❆❚ ✭●❡♦s♣❛t✐❛❧ ❈♦♥s❡r✈❛t✐♦♥ ❆ss❡ss♠❡♥t ❚♦♦❧✮✷ ✐s ❛♥ ✐♥t❡r❛❝t✐✈❡ t♦♦❧ t♦ ♣❧♦t
❞❛t❛ ✐♥ ❜✐♦❞✐✈❡rs✐t② ❛♥❞ s✐♠♣❧② ✉s❡ ❢♦r ❛♥❛❧②③✐♥❣ s♣❡❝✐❡s s♣❡❝✐♠❡♥s ❜❛s❡❞ ♦♥ ✏❚❤❡
❡①t❡♥t ♦❢ ♦❝❝✉rr❡♥❝❡ ✭❊❖❖✮ ❛♥❞ t❤❡ ❛r❡❛ ♦❢ ♦❝❝✉♣❛♥❝② ✭❆❖❖✮✑ ❬❇❛❝❤♠❛♥ ✷✵✶✶❪ ✐♥
♣❛rt✐❝✉❧❛r ❣❡♦❧♦❝❛t✐♦♥ ♦♥ t❤❡ ❡❛rt❤✳ ❈✉rr❡♥t❧② t❤❡ ●❡♦❈❆❚ s✉♣♣♦rts t❤❡ s②♥❝❤r♦✲
♥✐③❛t✐♦♥ ❛♥❞ ✈✐s✉❛❧✐③❛t✐♦♥ s♣❡❝✐❡s ❞❛t❛ ❢r♦♠ ●❇■❋✱ ❋❧✐❝❦r✱ ✐◆❛t✉r❛❧✐st ❛♥❞ P✐❝❛s❛✳
❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ✐t ❛❧❧♦✇s t♦ ✐♠♣♦rt ❛❧s♦ ❢r♦♠ ❞❛t❛s❡ts ✇✐t❤ st❛♥❞❛r❞ ❢♦r♠❛ts
s✉❝❤ ❈❙❱✱ ●❡♦❈❆❚ ❛♥❞ ❉❲❈✳ ❋♦❧❧♦✇✐♥❣ t❤❡ ●❡♦❈❆❚ ❞♦❝✉♠❡♥ts ❛♥❞ t❤❡ ✉s❡r
❣✉✐❞❡❧✐♥❡✱ ✇❡ ❣❡♥❡r❛t❡❞ ❛ ❞❛t❛s❡t t❤❛t ❝♦♥t❛✐♥❡❞ ♠❛♥❞❛t♦r② ❞❛t❛ ❜❛s❡❞ ♦♥ t❤❡ ●❡♦✲
❈❆❚ t❡♠♣❧❛t❡ ✭❚❛❜❧❡ ✸✳✺✮ ❢♦r ❈❙❱ ✐♠♣♦rt✱ ❛♥❞ ✇❡ ✈✐s✉❛❧✐③❡❞ t❤❡ ❇✐♦❑❊❚ ❞❛t❛
s✐♠♣❧② ❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✸✳✻✳

✸✳✺ ❇✐♦❑❊❚ P❧❛♥t ❖♥t♦❧♦❣② ▼❛♣♣✐♥❣ ❈♦♥❝❡♣t

❚❤❡ ❇✐♦❑❊❚ ❞❛t❛ ✇❛r❡❤♦✉s❡ ❝♦♥t❛✐♥s ❛ ✈❛r✐❡t② ♦❢ ♣❧❛♥t ❞❡s❝r✐♣t✐♦♥s✳ ❙♦♠❡ ❞❡✲
s❝r✐♣t✐♦♥s ✉s❡❞ t❛①♦♥♦♠✐❝ t❡r♠s ❛♥❞ s♦♠❡ ✉s❡❞ ✐♠♣r♦♣❡r t❡r♠s ✭❣❡♥❡r❛❧ t❡r♠s✮ t♦
❞❡s❝r✐❜❡ ❛ ♣❧❛♥t str✉❝t✉r❡✱ ✐✳❡✳ ❞✐✛❡r❡♥t ♣❧❛♥t ❞❡s❝r✐♣t✐♦♥s ❜✉t t❤❡ s❛♠❡ ♠❡❛♥✐♥❣✳ ❚♦
r❡❞✉❝❡ t❤❡ ♥✉♠❜❡r ♦❢ ❞✉♣❧✐❝❛t❡❞ ❞❡s❝r✐♣t✐♦♥s✱ ✇❡ ♣r♦♣♦s❡❞ t♦ ♣❡r❢♦r♠ ♠❛♣♣✐♥❣ t❤❡

✷●❡♦❈❆❚ P❧❛t❢♦r♠ ❛t ❤tt♣✿✴✴❣❡♦❝❛t✳❦❡✇✳♦r❣



✸✳✺✳ ❇✐♦❑❊❚ P❧❛♥t ❖♥t♦❧♦❣② ▼❛♣♣✐♥❣ ❈♦♥❝❡♣t ✹✶

❚❛❜❧❡ ✸✳✺✿ ●❡♦❈❆❚ ❞❛t❛ t❡♠♣❧❛t❡

■♥❞❡① ❈♦❧✉♠♥ ◆❛♠❡ ■♥st❛♥❝❡

✶ ❜❛s✐s❖❢❘❡❝♦r❞ ❖❜s❡r✈❛t✐♦♥

✷ ❝❛t❛❧♦❣◆✉♠❜❡r ❇✐♦❑❊❚✵✵✵✵✵✶

✸ ❝❛t❛❧♦❣✉❡❴✐❞ ✶

✹ ❝❤❛♥❣❡❞ ❚r✉❡

✺ ❝♦❧❧❡❝t✐♦♥❈♦❞❡ ✶

✻ ❝♦❧❧❡❝t♦r ❇✐♦❑❊❚✳▼✐♥❉

✼ ❝♦♦r❞✐♥❛t❡❯♥❝❡rt❛✐♥t②❚❡①t ✶✵✵

✽ ❝♦♦r❞✐♥❛t❡✉♥❝❡rt❛✐♥t②✐♥♠❡t❡rs ✶✵✵✵

✾ ❝♦✉♥tr② ▲❛♦s

✶✵ ❝♦✉♥t② ▲❆

✶✶ ❡✈❡♥t❉❛t❡ ✵✸✴✵✸✴✷✵✶✹

✶✷ ✐❞❡♥t✐✜❡❞❇② ■❉✶

✶✸ ✐♥st✐t✉t✐♦♥❈♦❞❡ ◆❯❖▲✲■✸❙

✶✹ ❧❛t✐t✉❞❡ ✶✼✳✻✸✽✹✵✻✻

✶✺ ❧♦❝❛❧✐t② ◆✴❆

✶✻ ❧♦♥❣✐t✉❞❡ ✶✵✺✳✷✶✾✹✽✵✽

✶✼ ♦❝❝✉rr❡♥❝❡❉❡t❛✐❧s ✐✸s✳✉♥✐❝❡✳❢r✴⑦♣❛sq✉✐❡r✴❇✐♦❑❊❚✴❙♣❡❝✐❡s✴✶

✶✽ ♦❝❝✉rr❡♥❝❡❘❡♠❛r❦s ■♥ ❑❤❛♠♠♦✉♥❡ ♣r♦✈✐♥❝❡✱ ▲❛♦s

✶✾ r❡❝♦r❞❙♦✉r❝❡ ❇❚ ✺✺ ✭❜✐♦t✐❦✳♦r❣✮

✷✵ s❝✐❡♥t✐✜❝♥❛♠❡ ❆❝❡r ❧❛✉r✐♥✉♠

✷✶ st❛t❡Pr♦✈✐♥❝❡ ❑❤❛♠♠♦✉♥❡ ♣r♦✈✐♥❝❡

✷✷ ✈❡r❜❛t✐♠❊❧❡✈❛t✐♦♥ ✶✵✵

t❡r♠s ✇✐t❤ t❡r♠s ♦❢ P❧❛♥t ❖♥t♦❧♦❣② ✭P❖✮✱ P❤❡♥♦t②♣✐❝ ◗✉❛❧✐t② ❖♥t♦❧♦❣② ✭P❆❚❖✮✱
❛♥❞ P❧❛♥t ❚r❛✐t ❖♥t♦❧♦❣② ✭❚❖✮ ❜② ❢♦❧❧♦✇✐♥❣ st❡♣s ❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✸✳✼✳

❋✐rst✱ ❣❡t st❛rt❡❞ t♦ ❝❤❡❝❦ ❛ t❡r♠ ✐♥ ✜❧❡s ✭P❖✱P❆❚❖✱❚❖✮ ❜② ✉s✐♥❣ s❝r✐♣t ❧❛♥✲
❣✉❛❣❡s ♦r ♠❛♥✉❛❧ t❡❝❤♥✐q✉❡s✳ ■❢ t❤❡ t❡r♠ ❝❛♥ ❜❡ ❢♦✉♥❞✱ t❤❡♥ ♠❛♣ ✐t ✇✐t❤ ❛♥ ♦♥t♦❧♦❣②
t❡r♠ ✐♥❝❧✉❞✐♥❣ t❡r♠ ■❘■ ✭■♥t❡r♥❛t✐♦♥❛❧✐③❡❞ ❘❡s♦✉r❝❡ ■❞❡♥t✐✜❡r✮ ❛♥❞ ♣❛r❡♥t t❡r♠ ■❘■✳
■❢ t❤❡ t❡r♠ ❝❛♥♥♦t ❜❡ ❢♦✉♥❞✱ t❤❡♥ ❝❤❡❝❦ ✐t ✇✐t❤ ❇✐♦P♦rt❛❧ ✐❢ ✐t ✐s ❢♦✉♥❞ t❤❡♥ ♠❛♣
t❤❡ t❡r♠✱ ✐❢ ✐t ✐s ♥♦t ❢♦✉♥❞ t❤❡♥ s❡t ❛ ✉♥❞❡✜♥❡❞ t❡r♠✳

❋♦r ❡①❛♠♣❧❡✱ ❛ ♣❧❛♥t ❞❡s❝r✐♣t✐♦♥ ✏❊✈❡r❣r❡❡♥ tr❡❡ ✉♣ t♦ ✶✷ ♠ t❛❧❧✑ ❝♦♥✲
t❛✐♥s t✇♦ t❡r♠s ✏❊✈❡r❣r❡❡♥ tr❡❡✑ ❛♥❞ ✏✉♣ t♦ ✶✷ ♠ t❛❧❧✑✳ ❚❤❡ t❡r♠s ✏❊✈✲
❡r❣r❡❡♥ tr❡❡✑ ❛♥❞ ✏✉♣ t♦ ✶✷ ♠ t❛❧❧✑ ❛r❡ ❜♦t❤ ❢♦✉♥❞ ✐♥ t❤❡ P❆❚❖ ✜❧❡ ❛♥❞
t❤❡♥ ♠❛♣ ❜♦t❤ t❡r♠s ✇✐t❤ t❤❡✐r ■❘■ ❛♥❞ ♣❛r❡♥t ■❘■ ✇❤✐❝❤ ■❘■ ❛♥❞ ♣❛r✲
❡♥t ■❘■ ♦❢ ✏❊✈❡r❣r❡❡♥ tr❡❡✑ ❛r❡ ✏❤tt♣✿✴✴♣✉r❧✳♦❜♦❧✐❜r❛r②✳♦r❣✴♦❜♦✴P❆❚❖❴✵✵✵✶✼✸✸✑
❛♥❞ ✏❤tt♣✿✴✴♣✉r❧✳♦❜♦❧✐❜r❛r②✳♦r❣✴♦❜♦✴P❆❚❖❴✵✵✵✶✼✷✾✑✱ ❛♥❞ ■❘■ ❛♥❞ ♣❛r❡♥t ■❘■
♦❢ ✏✉♣ t♦ ✶✷ ♠ t❛❧❧✑ ❛r❡ ✏❤tt♣✿✴✴♣✉r❧✳♦❜♦❧✐❜r❛r②✳♦r❣✴♦❜♦✴P❆❚❖❴✵✵✵✶✼✸✸✑ ❛♥❞
✏❤tt♣✿✴✴♣✉r❧✳♦❜♦❧✐❜r❛r②✳♦r❣✴♦❜♦✴P❆❚❖❴✵✵✵✵✶✶✾✑ r❡s♣❡❝t✐✈❡❧②✳ ■♥ ❝❛s❡ t❤❡② ❛r❡
❜♦t❤ ♥♦t ❢♦✉♥❞ ❛t ❛❧❧ ✐♥ P❆❚❖✱ P❖✱ ❚❖✱ ❛♥❞ ❇✐♦P♦rt❛❧ t❤❡♥ s❡t ❜♦t❤ t❡r♠s t♦
✉♥❞❡✜♥❡❞ t❡r♠ ✇✐t❤ ♥♦♥❡ ■❘■ ❛♥❞ ♣❛r❡♥t t❡r♠ ■❘■✳

❋♦r ❡❛❝❤ ❝♦♠♣❧❡t❡❞ ♣r♦❝❡ss✱ t❤❡ t❡r♠ ❛♥❞ ❛ ✈❛❧✉❡ ♣❛✐r ♦❢ t❡r♠ ■❘■ ❛♥❞ ♣❛r❡♥t
t❡r♠ ■❘■ ✇✐❧❧ ❜❡ tr❛♥s❢❡rr❡❞ ❛♥❞ st♦r❡❞ s❡q✉❡♥t✐❛❧❧② ✐♥t♦ ❱❛❧✉❡ ❈♦♥❝❡♣t ❛♥❞ ❆❜str❛❝t
❈♦♥❝❡♣t✳ ❚❤❡ ❇✐♦❑❊❚ ♣❧❛♥t ♦♥t♦❧♦❣② ♠❛♣♣✐♥❣ ❝♦♥❝❡♣t ❛♥❞ ♣r♦❝❡ss❡s ✇❡r❡ ❞❡♣✐❝t❡❞



✹✷ ❈❤❛♣t❡r ✸✳ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡

❋✐❣✉r❡ ✸✳✻✿ ❚❤❡ ❇✐♦❑❊❚ ❞❛t❛ ✈✐s✉❛❧✐③❛t✐♦♥ ♦♥ t❤❡ ●❡♦❈❆❚ ♣❧❛t❢♦r♠

✐♥ ❋✐❣✉r❡ ✸✳✽✳

❋✐❣✉r❡ ✸✳✼✿ ❚❤❡ ❇✐♦❑❊❚ ♣❧❛♥t ♦♥t♦❧♦❣② ♠❛♣♣✐♥❣ ♣r♦❝❡ss
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✹✹ ❈❤❛♣t❡r ✸✳ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡

❋✐♥❛❧❧② t❤❡ ❇✐♦❑❊❚ ❞❛t❛ ✇❛r❡❤♦✉s❡ ✇❛s ❞❡s✐❣♥❡❞ ❛♥❞ ❜✉✐❧t ✇✐t❤ ✸✺ ❢❛❝t t❛❜❧❡s
❛♥❞ ✷✻ ❞✐♠❡♥s✐♦♥ t❛❜❧❡s✳ ❚❤❡ ❞❛t❛ ✐♥t❡❣r❛t✐♦♥ t❛s❦ ✇❛s ✐♥t❡❣r❛t❡❞ t❤❡ ❢♦✉r s♦✉r❝❡s
✭❇■❖❚■❑✱ ❇❘❆❍▼❙✱ ◆❆P■❙✱ ■❯❈◆ ❘❡❞ ▲✐st✮ ❛♥❞ ●♦♦❣❧❡ ▼❛♣s✳ ❚❤❡ ❇✐♦❑❊❚ ❞❛t❛
✇❛s ✈✐s✉❛❧✐③❡❞ ♦♥ ●❡♦❈❆❚✱ ❛♥❞ ♣❧❛♥t ♦♥t♦❧♦❣② ♠❛♣♣✐♥❣ ❝♦♥❝❡♣t ✇❛s ❞❡♠♦♥str❛t❡❞✳
❚❤❡ ❇✐♦❑❊❚ ❞❛t❛s❡t ❛♥❞ ❡①♣❡r✐♠❡♥t❛❧ r❡s✉❧ts ✇✐❧❧ ❜❡ ♣r❡s❡♥t❡❞ ✐♥ t❤❡ ♥❡①t ❝❤❛♣t❡r✳





❈❤❛♣t❡r ✹

❊①♣❡r✐♠❡♥ts ❛♥❞ ❘❡s✉❧ts

❚❤✐s ❝❤❛♣t❡r ❢♦❝✉s❡s ♦♥ ❡①♣❡r✐♠❡♥t❛❧ ❛♥❛❧②s❡s ♦❢ ❛ ❞❛t❛s❡t ❝♦♥str✉❝t❡❞ ❢r♦♠ t❤❡
❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡✳ ❚❤❡s❡ ❡①♣❡r✐♠❡♥ts ✇❡r❡ ❝♦♥❞✉❝t❡❞ ✉s✐♥❣ ❜✐❝❧✉st❡r✐♥❣
❛♥❞ ❛ss♦❝✐❛t✐♦♥ r✉❧❡ ❡①tr❛❝t✐♦♥ ♠❡t❤♦❞s t❤❛t ❛r❡ ❝❧❛ss✐❝❛❧ ❞❡s❝r✐♣t✐✈❡ ❞❛t❛ ♠✐♥✐♥❣
❛♣♣r♦❛❝❤❡s✳ ❲❡ ♣r❡s❡♥t ❡①♣❡r✐♠❡♥t❛t✐♦♥ ❞❡s✐❣♥✱ ❡✈❛❧✉❛t✐♦♥ ♦❢ ♣❡r❢♦r♠❛♥❝❡s ♦❢ t❤❡
❛♣♣❧✐❝❛t✐♦♥ ♦❢ ❲❡❦❛ ❝❧❛ss✐❝❛❧ ❞❛t❛ ♠✐♥✐♥❣ t♦♦❧s ❛♥❞ ♦❢ t❤❡ ●❛❧♦✐s ❝❧♦s✉r❡ ❜❛s❡❞
❚❋■❙❚ ❛♣♣r♦❛❝❤ ✐♥ t❡r♠s ♦❢ ❡①❡❝✉t✐♦♥ t✐♠❡s ❛♥❞ ♠❡♠♦r② ✉s❛❣❡✱ ❛♥❞ t❤❡ ❡✈❛❧✉❛t✐♦♥
♦❢ ❡①tr❛❝t❡❞ ♣❛tt❡r♥s ✇✐t❤ r❡❣❛r❞s t♦ t❤❡ ❧✐t❡r❛t✉r❡ ♦❢ t❤❡ ❛♣♣❧✐❝❛t✐♦♥ ❞♦♠❛✐♥✳

❈♦♥t❡♥ts
✹✳✶ ❊①♣❡r✐♠❡♥t❛t✐♦♥ ❉❡s✐❣♥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✺

✹✳✷ ❋r❡q✉❡♥t P❛tt❡r♥s ❊①tr❛❝t✐♦♥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✻

✹✳✸ ❊①♣❡r✐♠❡♥t❛❧ ❘❡s✉❧ts ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✽

✹✳✹ ❊①tr❛❝t❡❞ P❛tt❡r♥s ❊✈❛❧✉❛t✐♦♥ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✹✾

✹✳✶ ❊①♣❡r✐♠❡♥t❛t✐♦♥ ❉❡s✐❣♥

❋♦r t❤❡s❡ ❡①♣❡r✐♠❡♥ts✱ ❛ ❞❛t❛s❡t ❝♦♥t❛✐♥✐♥❣ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ✻✺✷ s♣❡❝✐❡s ✇❛s ❝♦♥✲
str✉❝t❡❞ ❢r♦♠ t❤❡ ❇✐♦❑❊❚ ❉❛t❛ ❲❛r❡❤♦✉s❡ ✉s✐♥❣ ❇✐♦❑❊❚ ◗✉❡r② ❙❝r✐♣ts ✭s❡❡ ❆♣✲
♣❡♥❞✐① ❈✱ ❧✐st✐♥❣ ❈✳✶✮✳ ❚❤✐s ❞❛t❛s❡t✱ ❝♦♥t❛✐♥✐♥❣ ✻✺✷ r♦✇s ❛♥❞ ✶✾✽✽ ❛ttr✐❜✉t❡s✱
✐♥❝❧✉❞❡s t❤r❡❡ ❝❛t❡❣♦r✐❡s ♦❢ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ♣❧❛♥ts ❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✹✳✶✳

❚❤❡ ✜rst ❝❛t❡❣♦r② ❝♦rr❡s♣♦♥❞s t♦ ✶✽✷✻ ❜✐♥❛r② ❛ttr✐❜✉t❡s ❞❡s❝r✐❜✐♥❣ ♠♦r♣❤♦❧♦❣✲
✐❝❛❧ ❛♥❞ ❡♥✈✐r♦♥♠❡♥t❛❧ ♣r♦♣❡rt✐❡s✳ ❚❤❡ s❡❝♦♥❞ ❝❛t❡❣♦r② ❝♦rr❡s♣♦♥❞s t♦ ✾ ❜✐♥❛r②
❛ttr✐❜✉t❡s ❞❡s❝r✐❜✐♥❣ r✐s❦ st❛t✉s ♦❢ s♣❡❝✐❡s✿ ▲♦✇❡r r✐s❦✱ ❊♥❞❛♥❣❡r❡❞✱ ▲❡❛st ❝♦♥✲
❝❡r♥✱ ❱✉❧♥❡r❛❜❧❡✱ ❈r✐t✐❝❛❧❧② ❊♥❞❛♥❣❡r❡❞✱ ❘❛r❡✱ ❉❛t❛ ❞❡✜❝✐❡♥t✱ ❘❛r❡ ✫ ❚❤r❡❛t❡♥❡❞✱
P♦ss✐❜❧② ❡①t✐♥❝t✳ ❚❤❡ ❧❛st ❝❛t❡❣♦r② ❝♦rr❡s♣♦♥❞s t♦ ✶✺✸ ❜✐♥❛r② ❛ttr✐❜✉t❡s ❞❡s❝r✐❜✲
✐♥❣ ❣❡♦❧♦❝❛t✐♦♥ ♦❢ s♣❡❝✐❡s ❛t ❞✐✛❡r❡♥t ❧❡✈❡❧s✿ ❈♦♥t✐♥❡♥t✱ ❘❡❣✐♦♥✱ ❈♦✉♥tr②✱ P❛rt ♦❢✱
Pr♦✈✐♥❝❡✱ ❈✐t② ❛♥❞ P❧❛❝❡✳

❚❤❡ ❡①♣❡r✐♠❡♥ts ✇❡r❡ ❝♦♥❞✉❝t❡❞ ♦♥ ❛ ❉❡❧❧ P♦✇❡r❊❞❣❡ ❘✼✶✵ s❡r✈❡r ✇✐t❤ ✷ ■♥t❡❧
❳❡♦♥ ❳✺✻✼✺ ♣r♦❝❡ss♦rs ❛t ✸✳✵✻ ●❍③✱ ❡❛❝❤ ♣♦ss❡ss✐♥❣ ✻ ❝♦r❡s✱ ✶✷ ▼❇ ❝❛❝❤❡ ♠❡♠♦r②✱
✷✹ ●❇ ♦❢ ❉❉❘✸ ❘❆▼ ❛t ✶✸✸✸ ▼❍③ ❛♥❞ ✷ ❍♦t P❧✉❣ ❙❆❙ ❤❛r❞ ❞✐s❦s ♦❢ ✻✵✵ ●❇ ❛t
✶✺✵✵✵ r♦✉♥❞s✴♠✐♥ ✇✐t❤ ❘❆■❉ ✵ r✉♥♥✐♥❣ ✉♥❞❡r t❤❡ ✻✹ ❜✐ts ❈❡♥t❖❙ ▲✐♥✉① ♦♣❡r❛t✐♥❣
s②st❡♠✳



✹✻ ❈❤❛♣t❡r ✹✳ ❊①♣❡r✐♠❡♥ts ❛♥❞ ❘❡s✉❧ts

❋✐❣✉r❡ ✹✳✶✿ ❚❤❡ ❇✐♦❑❊❚ ❞❛t❛s❡t s❝❤❡♠❛

✹✳✷ ❋r❡q✉❡♥t P❛tt❡r♥s ❊①tr❛❝t✐♦♥

❚❤❡ ❞❛t❛s❡t ✇❛s ❛♥❛❧②③❡❞ ✉s✐♥❣ t❤❡ ❲❡❦❛ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ❆♣r✐♦r✐ ❛♥❞ t❤❡
❚❋■❙❚ ❛♣♣r♦❛❝❤ ❜♦t❤ ✇r✐tt❡♥ ✐♥ ❏❛✈❛ ❧❛♥❣✉❛❣❡✳ ❚❤❡ ❆♣r✐♦r✐ ❛❧❣♦r✐t❤♠ ❣❡♥❡r✲
❛t❡s ❛ss♦❝✐❛t✐♦♥ r✉❧❡s ❢♦r ✉s❡r✲❞❡✜♥❡❞ ♠✐♥✐♠✉♠ s✉♣♣♦rt ❛♥❞ ❝♦♥✜❞❡♥❝❡ t❤r❡s❤♦❧❞s
❬❆❣r❛✇❛❧ ✶✾✾✹❪✳ ❚❤❡ ❚❋■❙❚ ❛♣♣r♦❛❝❤✱ t❤❛t ✐s ❜❛s❡❞ ♦♥ t❤❡ ❢r❡q✉❡♥t ❝❧♦s❡❞ ✐t❡♠s❡ts
❢r❛♠❡✇♦r❦ ❬▼♦♥❞❛❧ ✷✵✶✷❪✱ ❡①tr❛❝ts ♠✐♥✐♠❛❧ ❝♦✈❡rs ♦❢ ❝♦♥❝❡♣t✉❛❧ ❛ss♦❝✐❛t✐♦♥ r✉❧❡s✱
✭✐✳❡✳ ❝♦♥❞❡♥s❡❞ r❡♣r❡s❡♥t❛t✐♦♥s ♦❢ ❛ss♦❝✐❛t✐♦♥ r✉❧❡s✮ ❛♥❞ ❜✐❝❧✉st❡rs ❥♦✐♥t❧②✳

❆♣r✐♦r✐ ✐s ❜❛s❡❞ ♦♥ t❤❡ s✉❜s❡t ❧❛tt✐❝❡ ❢r❛♠❡✇♦r❦✳ ■♥ t❤❡ s✉❜s❡t ❧❛tt✐❝❡✱ ♥♦❞❡s
r❡♣r❡s❡♥t ❛❧❧ ♣♦ss✐❜❧❡ ❝♦♠❜✐♥❛t✐♦♥s ♦❢ ✈❛r✐❛❜❧❡ ✈❛❧✉❡s ✐♥ t❤❡ ❞❛t❛s❡t ❛♥❞ ❡❞❣❡s ❛r❡
✐♥❝❧✉s✐♦♥ r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ t❤❡s❡ ♥♦❞❡s✱ ✐✳❡✳✱ ❞❡♣✐❝t✐♥❣ ✐♥❝❧✉s✐♦♥ r❡❧❛t✐♦♥s❤✐♣s
❜❡t✇❡❡♥ t✇♦ s❡ts ♦❢ ✈❛r✐❛❜❧❡ ✈❛❧✉❡s✳ ❆ss♦❝✐❛t✐♦♥ r✉❧❡s ❣❡♥❡r❛t❡❞ ❜② ❆♣r✐♦r✐ ❛r❡
❝♦♥❞✐t✐♦♥❛❧ r✉❧❡s ✇✐t❤ t❤❡ ❢♦r♠ ④V1 −→ V2✱ s✉♣♣♦rt✱ ❝♦♥✜❞❡♥❝❡✱ ❧✐❢t⑥ ✇❤❡r❡ V1 ❛♥❞
V2 ❛r❡ s❡ts ♦❢ ✈❛r✐❛❜❧❡ ✈❛❧✉❡s ✭❝❤❛r❛❝t❡r✐st✐❝s✮✱ ✇✐t❤ V1 ∩ V2 ❂ ∅✳ ❙t❛t✐st✐❝❛❧ ♠❡❛s✉r❡s
❝♦♠♣✉t❡❞ ❢♦r ❡❛❝❤ r✉❧❡ ❛r❡✿

❼ s✉♣♣♦rt ❂ P (V1∪V2) ✭♦r ❝♦✉♥t(V1∪V2) ❂ |I1| ✐❢ ❣✐✈❡♥ ❛s ❛♥ ❛❜s♦❧✉t❡ ♥✉♠❜❡r✮
❡✈❛❧✉❛t❡s t❤❡ s❝♦♣❡✱ ♦r ✇❡✐❣❤t✱ ♦❢ t❤❡ r✉❧❡ ✐♥ t❤❡ ❞❛t❛s❡t✳ ■t ❝♦rr❡s♣♦♥❞s t♦
t❤❡ ♣r♦♣♦rt✐♦♥ ♦❢ ✐♥st❛♥❝❡s ❝♦♥t❛✐♥✐♥❣ V1 ❛♥❞ V2 ❛♠♦♥❣ ❛❧❧ ✐♥st❛♥❝❡s✳

❼ ❝♦♥✜❞❡♥❝❡ ❂ P (V1∪V2)
P (V1)

❡✈❛❧✉❛t❡s t❤❡ ♣r❡❝✐s✐♦♥ ♦❢ t❤❡ r✉❧❡✳ ■t ❝♦rr❡s♣♦♥❞s t♦
t❤❡ ♣r♦♣♦rt✐♦♥ ♦❢ ✐♥st❛♥❝❡s ❝♦♥t❛✐♥✐♥❣ V2 ❛♠♦♥❣ t❤♦s❡ ❝♦♥t❛✐♥✐♥❣ V1✳ ❘✉❧❡s
✇✐t❤ ❝♦♥✜❞❡♥❝❡ ❂ ✶✱ t❤❛t ❤❛✈❡ ♥♦ ❝♦✉♥t❡r✲❡①❛♠♣❧❡ ✐♥ t❤❡ ❞❛t❛s❡t✱ ❛r❡ ❝❛❧❧❡❞
❡①❛❝t r✉❧❡s✳ ❘✉❧❡s ✇✐t❤ ❝♦♥✜❞❡♥❝❡ < ✶ ❛r❡ ❝❛❧❧❡❞ ❛♣♣r♦①✐♠❛t❡ r✉❧❡s✳

❼ ❧✐❢t ❂ P (V1∪V2)
P (V1)P (V2)

❝♦rr❡s♣♦♥❞s t♦ t❤❡ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ♦❝❝✉rr❡♥❝❡s ♦❢ V1 ❛♥❞
V2✿



✹✳✷✳ ❋r❡q✉❡♥t P❛tt❡r♥s ❊①tr❛❝t✐♦♥ ✹✼

✕ ❧✐❢t > ✶ ♠❡❛♥s t❤❡r❡ ✐s ♣♦s✐t✐✈❡ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ V1 ❛♥❞ V2✱

✕ ❧✐❢t ❂ ✶ ♠❡❛♥s V1 ❛♥❞ V2 ❛r❡ ✐♥❞❡♣❡♥❞❡♥t✱

✕ ❧✐❢t < ✶ ♠❡❛♥s t❤❡r❡ ✐s ❛ ♥❡❣❛t✐✈❡ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ V1 ❛♥❞ V2✳

❆ss♦❝✐❛t✐♦♥ r✉❧❡s ❛r❡ ❡①tr❛❝t❡❞ ❢r♦♠ t❤❡ ❞❛t❛s❡t ❣✐✈❡♥ t✇♦ ✉s❡r✲❞❡✜♥❡❞ t❤r❡s❤♦❧❞
♣❛r❛♠❡t❡rs✿ ♠✐♥s✉♣♣♦rt✱ t❤❛t ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ♠✐♥✐♠❛❧ ♥✉♠❜❡r ✭♣r♦♣♦rt✐♦♥✮ ♦❢
s✉♣♣♦rt✐♥❣ ✐♥st❛♥❝❡s r❡q✉✐r❡❞ ❢♦r ❛ r✉❧❡ t♦ ❜❡ ❝♦♥s✐❞❡r❡❞ ✈❛❧✐❞✱ ❛♥❞ ♠✐♥❝♦♥✜❞❡♥❝❡✱
t❤❛t ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ♠✐♥✐♠❛❧ ✈❛❧✉❡ ♦❢ ❝♦♥✜❞❡♥❝❡ r❡q✉✐r❡❞ ❢♦r ❛ r✉❧❡ t♦ ❜❡ ❝♦♥s✐❞✲
❡r❡❞ ✈❛❧✐❞✳ ❖♥❧② r✉❧❡s ✇✐t❤ s✉♣♣♦rt ≥ ♠✐♥s✉♣♣♦rt ❛♥❞ ❝♦♥✜❞❡♥❝❡ ≥ ♠✐♥❝♦♥✜❞❡♥❝❡

❛r❡ ❣❡♥❡r❛t❡❞✳ ❋r♦♠ t❤❡ ✈✐❡✇♣♦✐♥t ♦❢ t❤❡ s✉❜s❡t ❧❛tt✐❝❡✱ t❤❡ ❛ss♦❝✐❛t✐♦♥ r✉❧❡ V1 −→

V2 ✐s ❝♦♥str✉❝t❡❞ ❢r♦♠ t❤❡ t✇♦ ♥♦❞❡s ❝♦rr❡s♣♦♥❞✐♥❣ t♦ V1 ❛♥❞ V1 ∪ V2 ❣✐✈❡♥ t❤❡✐r
s✉♣♣♦rt ❝♦♠♣✉t❡❞ ❢r♦♠ t❤❡ ❞❛t❛s❡t✳

❚❤❡ ❢r❡q✉❡♥t ❝❧♦s❡❞ ✐t❡♠s❡ts ❢r❛♠❡✇♦r❦ ✐s r❡❧❛t❡❞ t♦ ❝♦♥❝❡♣t ❧❛tt✐❝❡s t❤❛t ❛r❡
t❤❡♦r❡t✐❝❛❧ str✉❝t✉r❡s ❞❡✜♥❡❞ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ●❛❧♦✐s ❝♦♥♥❡❝t✐♦♥ ♦❢ ❛ ✜♥✐t❡ ❜✐♥❛r②
r❡❧❛t✐♦♥✳ ●✐✈❡♥ ❛ s❡t ♦❢ ✐♥st❛♥❝❡s ✭♦❜❥❡❝ts✮ ❞❡s❝r✐❜❡❞ ❜② ❛ ❧✐st ♦❢ ♣r♦♣❡rt✐❡s ✭✈❛r✐✲
❛❜❧❡s ✈❛❧✉❡s✮✱ t❤❡ ❝♦♥❝❡♣t ❧❛tt✐❝❡ ✐s ❛ ❤✐❡r❛r❝❤② ♦❢ ❝♦♥❝❡♣ts ✐♥ ✇❤✐❝❤ ❡❛❝❤ ❝♦♥❝❡♣t
❛ss♦❝✐❛t❡s ❛ s❡t ♦❢ ✐♥st❛♥❝❡s✱ ❝❛❧❧❡❞ ❡①t❡♥t✱ s❤❛r✐♥❣ t❤❡ s❛♠❡ ✈❛❧✉❡ ❢♦r ❛ ❝❡rt❛✐♥ s❡t
♦❢ ♣r♦♣❡rt✐❡s✱ ❝❛❧❧❡❞ ✐♥t❡♥t✳ ❈♦♥❝❡♣ts ❛r❡ ♣❛rt✐❛❧❧② ♦r❞❡r❡❞ ✐♥ t❤❡ ❧❛tt✐❝❡ ❛❝❝♦r❞✲
✐♥❣ t♦ t❤❡ ✐♥❝❧✉s✐♦♥ r❡❧❛t✐♦♥✿ ❊❛❝❤ s✉❜✲❝♦♥❝❡♣t ✐♥ t❤❡ ❧❛tt✐❝❡ ❝♦♥t❛✐♥s ❛ s✉❜s❡t ♦❢
t❤❡ ✐♥st❛♥❝❡s ❛♥❞ ❛ s✉♣❡rs❡t ♦❢ t❤❡ ♣r♦♣❡rt✐❡s ✐♥ t❤❡ r❡❧❛t❡❞ ❝♦♥❝❡♣ts ❛❜♦✈❡ ✐t✳ ■♥
❋✐❣✉r❡ ✹✳✷✱ ❛♥ ❡①❛♠♣❧❡ ❞❛t❛s❡t ✭❧❡❢t✮ ❛♥❞ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❝♦♥❝❡♣t ❧❛tt✐❝❡ ✭r✐❣❤t✮
❛r❡ ❞❡♣✐❝t❡❞✳ ❚❤✐s ❞❛t❛s❡t ❝♦♥t❛✐♥s ✶✵ ✐♥st❛♥❝❡s ✭▼✉s❤r♦♦♠ ✶ t♦ ✶✵✮ ❛♥❞✱ ❢♦r ❡❛❝❤
♦❢ t❤❡♠✱ ✺ ❜✐♥❛r② ♣r♦♣❡rt✐❡s ✭❊❞✐❜❧❡✱ P♦✐s♦♥♦✉s✱ ❈❛♣ s❤❛♣❡✿❝♦♥✈❡①✱ ❈❛♣ s❤❛♣❡✿✢❛t
❛♥❞ ❈❛♣ s✉r❢❛❝❡✿✜❜r♦✉s✮✳ ■♥ t❤❡ ❜✐♥❛r② ♠❛tr✐① r❡♣r❡s❡♥t✐♥❣ t❤❡ ❞❛t❛s❡t✱ ❛♥ ✬❳✬
♠❡❛♥s t❤❛t t❤❡ ♠✉s❤r♦♦♠ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ t❤❡ r♦✇ ♣♦ss❡ss❡s t❤❡ ❜✐♥❛r② ♣r♦♣❡rt②
❝♦rr❡s♣♦♥❞✐♥❣ t♦ t❤❡ ❝♦❧✉♠♥✱ ❛♥❞ ❛♥ ❡♠♣t② ❝❡❧❧ ♠❡❛♥s t❤❛t t❤❡ ♠✉s❤r♦♦♠ ❞♦❡s♥✬t
♣♦ss❡ss t❤✐s ❜✐♥❛r② ♣r♦♣❡rt②✳ ❚❤❡ ❝♦♥❝❡♣t ❧❛tt✐❝❡ ❣❡♥❡r❛t❡❞ ❢♦r♠ t❤✐s ❞❛t❛s❡t ❝♦♥✲
t❛✐♥s ✶✷ ♥♦❞❡s✱ ❡❛❝❤ ♦❢ t❤❡♠ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❛ ❝♦♥❝❡♣t✱ ❛♥❞ ❡❞❣❡s ❞❡♣✐❝t ✐♥❝❧✉s✐♦♥
r❡❧❛t✐♦♥s ❜❡t✇❡❡♥ t❤❡ ✐♥t❡♥t ❛♥❞ t❤❡ ❡①t❡♥t ♦❢ t❤❡ ❧✐♥❦❡❞ ❝♦♥❝❡♣ts✱ ✐✳❡✳✱ t❤❡ r❡❧❛✲
t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ ❝♦♥❝❡♣ts ❛♥❞ t❤❡✐r s✉❜✲❝♦♥❝❡♣ts✳ ■♥ t❤✐s ♠✐♥✐♠❛❧ r❡♣r❡s❡♥t❛t✐♦♥
♦❢ t❤❡ ❧❛tt✐❝❡✱ ♣r♦♣❡rt✐❡s ❛r❡ ✐♥❤❡r✐t❡❞ ❢r♦♠ s✉♣✲❝♦♥❝❡♣ts ❛♥❞ ✐♥st❛♥❝❡s ❛r❡ ✐♥❤❡r✲
✐t❡❞ ❢r♦♠ s✉❜✲❝♦♥❝❡♣ts✳ ❋♦r ✐♥st❛♥❝❡✱ t❤❡ ❧❡❢t✲♠♦st ✉♣♣❡r ♥♦❞❡ ❞❡♣✐❝ts t❤❡ ❝♦♥❝❡♣t
④④▼✉s❤r♦♦♠✶✱ ▼✉s❤r♦♦♠✷✱ ▼✉s❤r♦♦♠✺✱ ▼✉s❤r♦♦♠✻⑥✱ ④❈❛♣ s❤❛♣❡✿❝♦♥✈❡①✱ ❊❞✐✲
❜❧❡⑥ ❛♥❞ t❤❡ ❧❡❢t✲♠♦st ❧♦✇❡r ♥♦❞❡ ❞❡♣✐❝ts t❤❡ ❝♦♥❝❡♣t ④④▼✉s❤r♦♦♠✷✱ ▼✉s❤r♦♦♠✺⑥✱
④❈❛♣ s❤❛♣❡✿❝♦♥✈❡①✱ ❊❞✐❜❧❡✱ ❈❛♣ s✉r❢❛❝❡✿✜❜r♦✉s⑥✳

■♥ ❞❛t❛ ♠✐♥✐♥❣✱ ❝♦♥❝❡♣t ❧❛tt✐❝❡s s❡r✈❡ ❛s ❛ t❤❡♦r❡t✐❝❛❧ ❢r❛♠❡✇♦r❦ ❢♦r t❤❡ ❡✣❝✐❡♥t
❡①tr❛❝t✐♦♥ ♦❢ ♥♦♥✲r❡❞✉♥❞❛♥t ❧♦ss✲❧❡ss ❝♦♥❞❡♥s❡❞ r❡♣r❡s❡♥t❛t✐♦♥s ♦❢ ❛ss♦❝✐❛t✐♦♥ r✉❧❡s
❛♥❞ ❤✐❡r❛r❝❤✐❝❛❧ ❝♦♥❝❡♣t✉❛❧ ❜✐❝❧✉st❡r✐♥❣✳

❈♦♥❝❡♣t✉❛❧ ❜✐❝❧✉st❡rs ❛r❡ ❝❧✉st❡rs ✇✐t❤ t❤❡ ❢♦r♠ ④VN ✱ IM⑥ ✇❤❡r❡ VN ✐s ❛ s❡t ♦❢
✈❛r✐❛❜❧❡ ✈❛❧✉❡s ✭♣r♦♣❡rt✐❡s✮ ❛♥❞ IM ✐s t❤❡ ♠❛①✐♠❛❧ s❡t ♦❢ ✐♥st❛♥❝❡s ✭s♣❡❝✐❡s✮ ♣♦s✲
s❡ss✐♥❣ ❛❧❧ ♣r♦♣❡rt✐❡s ✐♥ VN ✳ ■♥ ♦t❤❡r ✇♦r❞s✱ ❛ ❜✐❝❧✉st❡r ✐s ❛ s✉❜✲♠❛tr✐① ❛ss♦❝✐❛t✐♥❣ ❛
s✉❜s❡t ♦❢ r♦✇s ❛♥❞ ❛ s✉❜s❡t ♦❢ ❝♦❧✉♠♥s s✉❝❤ t❤❛t ❛❧❧ t❤❡s❡ r♦✇s ❤❛✈❡ ❛ s✐♠✐❧❛r ✈❛❧✉❡
❢♦r ❡❛❝❤ ♦❢ t❤❡s❡ ❝♦❧✉♠♥s✳ ❈♦♥❝❡♣t✉❛❧ ❜✐❝❧✉st❡rs ❛r❡ ♣❛rt✐❛❧❧② ♦r❞❡r❡❞ ❛❝❝♦r❞✐♥❣
t♦ t❤❡ ✐♥❝❧✉s✐♦♥ r❡❧❛t✐♦♥ ❛♥❞ ❢♦r♠ ❛ ❧❛tt✐❝❡✿ t❤❡ ❝♦♥❝❡♣t ❧❛tt✐❝❡✳ ❚❤✐s ❤✐❡r❛r❝❤✐❝❛❧



✹✽ ❈❤❛♣t❡r ✹✳ ❊①♣❡r✐♠❡♥ts ❛♥❞ ❘❡s✉❧ts

❋✐❣✉r❡ ✹✳✷✿ ❆♥ ❡①❛♠♣❧❡ ❝♦♥❝❡♣t ❧❛tt✐❝❡

♦r❣❛♥✐③❛t✐♦♥ ❛❧❧♦✇s t♦ ❡①♣❧♦r❡ ❣r♦✉♣s ♦❢ ✐♥st❛♥❝❡s ✭s♣❡❝✐❡s✮ ❛♥❞ ♣r♦♣❡rt✐❡s ✭❝❤❛r✲
❛❝t❡r✐st✐❝s✮ ❛t ❞✐✛❡r❡♥t ❧❡✈❡❧s ♦❢ ❛❜str❛❝t✐♦♥✿ t❤❡ ❤✐❣❤❡st ❜✐❝❧✉st❡rs ✐♥ t❤❡ ❧❛tt✐❝❡
r❡❣r♦✉♣ ❛ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ ♣r♦♣❡rt✐❡s s❤❛r❡❞ ❜② s♠❛❧❧ ❣r♦✉♣s ♦❢ ✐♥st❛♥❝❡s❀ t❤❡ ❧♦✇✲
❡st ❜✐❝❧✉st❡rs r❡❣r♦✉♣ s♠❛❧❧ s❡t ♦❢ ♣r♦♣❡rt✐❡s t❤❛t ❛r❡ ❝♦♠♠♦♥ t♦ ❧❛r❣❡ ❣r♦✉♣ ♦❢
✐♥st❛♥❝❡s✳

❈♦♥❝❡♣t✉❛❧ ❛ss♦❝✐❛t✐♦♥ r✉❧❡s ❛r❡ ❝♦♥❞✐t✐♦♥❛❧ r✉❧❡s ✇✐t❤ t❤❡ ❢♦r♠ ④V1 −→ V2✱ I1✱
s✉♣♣♦rt✱ ❝♦♥✜❞❡♥❝❡✱ ❧✐❢t⑥ ✇❤❡r❡ V1 ❛♥❞ V2 ❛r❡ s❡ts ♦❢ ✈❛r✐❛❜❧❡ ✈❛❧✉❡s ✭❝❤❛r❛❝t❡r✐st✐❝s✮✱
✇✐t❤ V1 ∩ V2 ❂ ∅ ❛♥❞ I1 ✐s t❤❡ s❡t ♦❢ ✐♥st❛♥❝❡s ✭s♣❡❝✐❡s✮ s✉♣♣♦rt✐♥❣ t❤❡ r✉❧❡✱ ✐✳❡✳✱
t❤❡ ❧✐st ♦❢ ✐♥st❛♥❝❡s ♣♦ss❡ss✐♥❣ ❛❧❧ ✈❛r✐❛❜❧❡ ✈❛❧✉❡s ✐♥ V1 ∪ V2✳

❚❋■❙❚ ❡①tr❛❝ts s✐♠✉❧t❛♥❡♦✉s❧② ❝♦♥❝❡♣t✉❛❧ ❜✐❝❧✉st❡rs ❛♥❞ ❛ss♦❝✐❛t✐♦♥ r✉❧❡s ❛❝✲
❝♦r❞✐♥❣ t♦ t✇♦ ♣❛r❛♠❡t❡rs✿ ❚❤❡ ♠✐♥s✉♣♣♦rt t❤r❡s❤♦❧❞✱ t❤❛t ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ♠✐♥✐✲
♠❛❧ ♥✉♠❜❡r ✭♣r♦♣♦rt✐♦♥✮ ♦❢ s✉♣♣♦rt✐♥❣ ✐♥st❛♥❝❡s r❡q✉✐r❡❞ ❢♦r ❛ r✉❧❡ t♦ ❜❡ ❝♦♥s✐❞❡r❡❞
✈❛❧✐❞ ❛♥❞ ❛ ❜✐❝❧✉st❡r t♦ ❜❡ ❝♦♥s✐❞❡r❡❞ r❡❧❡✈❛♥t✱ ❛♥❞ t❤❡♠✐♥❝♦♥✜❞❡♥❝❡ t❤r❡s❤♦❧❞✱ t❤❛t
❝♦rr❡s♣♦♥❞s t♦ t❤❡ ♠✐♥✐♠❛❧ ✈❛❧✉❡ ♦❢ ❝♦♥✜❞❡♥❝❡ r❡q✉✐r❡❞ ❢♦r ❛ r✉❧❡ t♦ ❜❡ ❝♦♥s✐❞❡r❡❞
✈❛❧✐❞✳

✹✳✸ ❊①♣❡r✐♠❡♥t❛❧ ❘❡s✉❧ts

❋♦r ❡❛❝❤ ❡①♣❡r✐♠❡♥t✱ ✐✳❡✳✱ ❢♦r ❛ s♣❡❝✐✜❝ s❡t ♦❢ ♣❛r❛♠❡t❡r ✈❛❧✉❡s✱ t❡♥ r✉♥s ✇❡r❡ ♣❡r✲
❢♦r♠❡❞ ❛♥❞✱ ❡①❡❝✉t✐♦♥ t✐♠❡s ❛♥❞ ♠❡♠♦r② ✉s❛❣❡ ♠❡❛s✉r❡s ❛r❡ t❤❡ ❛✈❡r❛❣❡s ♦❢ t❤❡s❡
r✉♥s✳

❚❤❡ ♠✐♥s✉♣♣♦rt ❛♥❞ ♠✐♥❝♦♥✜❞❡♥❝❡ t❤r❡s❤♦❧❞s ✇❡r❡ ❜♦t❤ ✈❛r✐❡❞ ❜❡t✇❡❡♥ ✺✵✪
❛♥❞ ✶✪✳ ❋✐❣✉r❡ ✹✳✸ s❤♦✇s t❤❛t t❤❡ ♣❡❛❦ ♦❢ ❆♣r✐♦r✐✲❲❡❦❛✬s ❡①❡❝✉t✐♦♥ t✐♠❡s ✐s r♦✉❣❤❧②
✷✹✵ t✐♠❡s ❛t t❤❡ ♠✐♥s✉♣♣♦rt t❤r❡s❤♦❧❞ ✶✪ ❛♥❞ t❤❡ ♠✐♥❝♦♥✜❞❡♥❝❡ t❤r❡s❤♦❧❞ ✺✪✱
✇❤❡r❡❛s t❤❡ ♣❡❛❦s ♦❢ ❚❋■❙❚✬s ❡①❡❝✉t✐♦♥ t✐♠❡s ❛r❡ ♠♦st❧② ❝❧♦s❡❞ t♦ ✷✺✵✵ t✐♠❡s ❛t



✹✳✹✳ ❊①tr❛❝t❡❞ P❛tt❡r♥s ❊✈❛❧✉❛t✐♦♥ ✹✾

t❤❡ ♠✐♥s✉♣♣♦rt t❤r❡s❤♦❧❞ ✶✪✳ ❋✐❣✉r❡ ✹✳✹ ❛♥❞ ✹✳✺ r❡s♣❡❝t✐✈❡❧② s❤♦✇ t❤❛t ❚❋■❙❚
✇❛s ❛❜❧❡ t♦ ❣❡♥❡r❛t❡ r✉❧❡s ❛t ❛♥② ✈❛r✐❛♥ts ♦❢ t❤❡ ♠✐♥s✉♣♣♦rt t❤r❡s❤♦❧❞✳ ▼❡♠♦r②
✉s❛❣❡ ♦❢ ❚❋■❙❚ ❣♦❡s ✉♣ t♦ ❛❜♦✉t ✷ ●❇ ❢♦r ♠✐♥s✉♣♣♦rt t❤r❡s❤♦❧❞ ♦❢ ✸✪ ❛♥❞ ❧❡ss✳
❆♣r✐♦r✐✲❲❡❦❛ ✇❛s ♥♦t ❛❜❧❡ t♦ ❡①tr❛❝t ❛ss♦❝✐❛t✐♦♥ r✉❧❡s ❢♦r ❛ ♠✐♥s✉♣♣♦rt t❤r❡s❤♦❧❞
♦❢ ✶✪✱ ❛♥❞ ❢♦r ❛ ♠✐♥s✉♣♣♦rt t❤r❡s❤♦❧❞ ♦❢ ✷✪ ✇✐t❤ ♠✐♥❝♦♥✜❞❡♥❝❡ t❤r❡s❤♦❧❞ ❧❡ss t❤❛♥
✼✪✳ ▼❡♠♦r② ✉s❛❣❡ ♦❢ ❆♣r✐♦r✐✲❲❡❦❛ ❣♦❡s ✉♣ t♦ ❛r♦✉♥❞ ✻✵✵ ▼❇ ❢♦r ♠✐♥s✉♣♣♦rt ✐s
❡q✉❛❧ t♦ ✷✪ ❛♥❞ ♠✐♥❝♦♥✜❞❡♥❝❡ ✐s ❡q✉❛❧ t♦ ✼✪✳

❆♣r✐♦r✐✲❲❡❦❛✿ ❊①❡❝✉t✐♦♥ t✐♠❡s ❚❋■❙❚✿ ❊①❡❝✉t✐♦♥ t✐♠❡s

❋✐❣✉r❡ ✹✳✸✿ ❇✐♦❑❊❚ ❡①♣❡r✐♠❡♥ts✿ ❡①❡❝✉t✐♦♥ t✐♠❡s

❆♣r✐♦r✐✲❲❡❦❛✿ ◆✉♠❜❡r ♦❢ r✉❧❡s ❚❋■❙❚✿ ◆✉♠❜❡r ♦❢ r✉❧❡s

❋✐❣✉r❡ ✹✳✹✿ ❇✐♦❑❊❚ ❡①♣❡r✐♠❡♥ts✿ ♥✉♠❜❡r ♦❢ r✉❧❡s

■♥ ❋✐❣✉r❡ ✹✳✻✱ t❤❡ ♠✐♥s✉♣♣♦rt t❤r❡s❤♦❧❞ ✇❛s ✈❛r✐❡❞ ❜❡t✇❡❡♥ ✺✵✪ ❛♥❞ ✵✳✺✪✳
❯♥❢♦rt✉♥❛t❡❧②✱ ❆♣r✐♦r✐✲❲❡❦❛ ❝♦✉❧❞ ♥♦t ❤❛♥❞❧❡ t♦ ♣r♦❝❡ss ❢♦r ♣❛tt❡♥s ❡①tr❛❝t✐♦♥✱
✇❤❡r❡❛s ❚❋■❙❚ ✇❛s ❛❜❧❡ t♦ ❣❡♥❡r❛t❡ t❤❡ ♥✉♠❜❡rs ♦❢ ♣❛tt❡r♥s✳ ❋♦r t❤❡ ♠✐♥s✉♣♣♦rt

t❤r❡s❤♦❧❞ ♦❢ ✵✳✺✪✱ t❤❡ ♣❡❛❦ ✐♥ t❤❡ ♥✉♠❜❡r ♦❢ ♣❛tt❡r♥s ❡①tr❛❝t❡❞ ✐s r♦✉❣❤❧② ✶✵✵✵✵✵
✐♥❝❧✉❞✐♥❣ ❡①❛❝t r✉❧❡s✱ ❜✐❝❧✉st❡rs✱ ❛♥❞ ❣❡♥❡r❛t♦rs✳

✹✳✹ ❊①tr❛❝t❡❞ P❛tt❡r♥s ❊✈❛❧✉❛t✐♦♥

■♥ t❤✐s s❡❝t✐♦♥✱ ✇❡ ♣r❡s❡♥t s♦♠❡ ✐♥t❡r❡st✐♥❣ ❝♦♥❝❡♣t✉❛❧ ❛ss♦❝✐❛t✐♦♥ r✉❧❡s ♦❜t❛✐♥❡❞
❢r♦♠ ❚❋■❙❚✳ ❲❡ ✇♦✉❧❞ ❧✐❦❡ t♦ str❡ss t❤❛t t❤❡s❡ r❡s✉❧ts ♠❛✐♥❧② ❞❡♣❡♥❞ ♦♥ t❤❡ ❞❛t❛
❝♦❧❧❡❝t❡❞ ✇✐t❤✐♥ ❇✐♦❑❊❚✱ ✇❤✐❝❤✱ ❛s ❢❛r ❛s ✇❡ ❦♥♦✇✱ ✐s t❤❡ ♦♥❧② ❞❛t❛ ✇❛r❡❤♦✉s❡ ❝♦♥✲
s♦❧✐❞❛t✐♥❣ ❞✐✛❡r❡♥t ❜✐♦❞✐✈❡rs✐t② ✐♥❢♦r♠❛t✐♦♥ s♦✉r❝❡s✳ ❚❤❡s❡ r✉❧❡s ♠❛❦❡ ✐t ♣♦ss✐❜❧❡



✺✵ ❈❤❛♣t❡r ✹✳ ❊①♣❡r✐♠❡♥ts ❛♥❞ ❘❡s✉❧ts

❆♣r✐♦r✐✲❲❡❦❛✿ ▼❡♠♦r② ✉s❛❣❡ ❚❋■❙❚✿ ▼❡♠♦r② ✉s❛❣❡

❋✐❣✉r❡ ✹✳✺✿ ❇✐♦❑❊❚ ❡①♣❡r✐♠❡♥ts✿ ♠❡♠♦r② ✉s❛❣❡

❋✐❣✉r❡ ✹✳✻✿ ◆✉♠❜❡r ♦❢ ♣❛tt❡r♥s ❣❡♥❡r❛t❡❞ ❜② ❚❋■❙❚

t♦ ❡st✐♠❛t❡ t❤❡ r✐s❦ st❛t✉s ♦❢ ❛ ♣❧❛♥t s♣❡❝✐❡s ❛❝❝♦r❞✐♥❣ t♦ ■❯❈◆ ❘❡❞▲✐st ❝❛t❡❣♦r✐❡s
✭▲♦✇❡r ❘✐s❦✱ ❊♥❞❛♥❣❡r❡❞✱ ▲❡❛st ❈♦♥❝❡r♥✱ ❱✉❧♥❡r❛❜❧❡✱ ❈r✐t✐❝❛❧❧② ❊♥❞❛♥❣❡r❡❞✱ ❘❛r❡✱
❉❛t❛ ❉❡✜❝✐❡♥t✱ ❘❛r❡ ✫ ❚❤r❡❛t❡♥❡❞✱ P♦ss✐❜❧② ❊①t✐♥❝t✮ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡✐r ❝❤❛r❛❝✲
t❡r✐st✐❝s ❛♥❞ ✈✐❝❡✲✈❡rs❛✳ ❋♦r t❤✐s ❡①♣❡r✐♠❡♥t✱ t❤❡ ♠✐♥s✉♣♣♦rt t❤r❡s❤♦❧❞ ✇❛s s❡t t♦
✶✪✱ ✇❤✐❝❤ ❝♦rr❡s♣♦♥❞s t♦ ✻ s♣❡❝✐❡s ✐♥ t❤❡ ❞❛t❛s❡t✱ ❛♥❞ t❤❡ ♠✐♥❝♦♥✜❞❡♥❝❡ t❤r❡s❤♦❧❞
✇❛s s❡t t♦ ✺✵✪✳

❖♥❡ ♦❢ t❤❡ ♦❜t❛✐♥❡❞ r✉❧❡s ✇✐t❤ t❤❡ ❤✐❣❤❡st ❧✐❢t ✭✶✶✳✼✺✮ ✐s✿

■◆❋▲✿♣❡❞✐❝❡❧s ✉♣ t♦ ✸ ♠♠ ❧♦♥❣,❇❇❚✿❚✇✐❣s t❡r❡t❡, ■◆❋▲✿❛①✐❧❧❛r② ⇒ ❘❙✿▲♦✇❡r ❘✐s❦.

✭✹✳✶✮
❆❝❝♦r❞✐♥❣ t♦ t❤✐s r✉❧❡✱ ❝♦♥❝❡r♥✐♥❣ t❤❡ s✐① s♣❡❝✐❡s ✇✐t❤ ♣❡❞✐❝❡❧s ✉♣ t♦ ✸ ♠♠ ❧♦♥❣✱
t✇✐❣s t❡r❡t❡✱ ❛♥❞ ❛①✐❧❧❛r② ✐♥✢♦r❡s❝❡♥❝❡✱ ✻✻✱✻✼✪ ❜❡❧♦♥❣ t♦ t❤❡ ❧♦✇❡r r✐s❦ ❝❛t❡❣♦r②✳
❚❤❡ s✐① ✐❞❡♥t✐✜❡❞ s♣❡❝✐❡s ❛r❡ ❈r❛t♦①②❧✉♠ ❝♦❝❤✐♥❝❤✐♥❡♥s❡✱ ❈r❛t♦①②❧✉♠ ❢♦r♠♦s✉♠✱ ❊♥✲



✹✳✹✳ ❊①tr❛❝t❡❞ P❛tt❡r♥s ❊✈❛❧✉❛t✐♦♥ ✺✶

❣❡❧❤❛r❞t✐❛ s❡rr❛t❛✱ ❊♥❣❡❧❤❛r❞t✐❛ s♣✐❝❛t❛✱ ■r✈✐♥❣✐❛ ♠❛❧❛②❛♥❛✱ ❛♥❞ ❑♥❡♠❛ ❣❧♦❜✉❧❛r✐❛✳
❚❤✐s r❡s✉❧t ✐s ❝♦rr♦❜♦r❛t❡❞✱ ❢♦r ❡①❛♠♣❧❡✱ ❜② ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ ❙✐♥❣❛♣♦r❡ ✢♦r❛✶

❚❤❡ ❢♦❧❧♦✇✐♥❣ r✉❧❡ st❛t❡s✱ ✇✐t❤ ✽✸✳✸✸✪ ❝♦♥✜❞❡♥❝❡✱ t❤❛t ❛ ♣❧❛♥t s♣❡❝✐❡s ❝❧❛ss✐✜❡❞
❛s ❘❛r❡ ❤❛s s✐♠♣❧❡ ❧❡❛✈❡s✿

❘❙✿❘❛r❡ ⇒ ▲❊❆❱❊❙✿▲❡❛✈❡s s✐♠♣❧❡. ✭✹✳✷✮

❚❤✐s r✉❧❡ ✐s ❝♦rr♦❜♦r❛t❡❞✱ ❢♦r ❡①❛♠♣❧❡✱ ❜② ❬❋r✐ts❝❤ ✷✵✶✶❪✱ ✇❤✐❝❤ ❞❡s❝r✐❜❡s ●❛✉❧t❤❡r✐❛
♣❛✉❝✐♥❡r✈✐❛✱ ❛ ♥❡✇ s♣❡❝✐❡s r❡str✐❝t❡❞ t♦ t❤❡ ❡❛st❡r♥ s❧♦♣❡s ♦❢ ▼t✳ ❑✐♥❛❜❛❧✉ ✐♥ ❙❛❜❛❤
❙t❛t❡✱ ❇♦r♥❡♦✱ ▼❛❧❛②s✐❛✱ ✇❤✐❝❤ ❤❛s ❜❡❡♥ ❝♦♥❢✉s❡❞ ✇✐t❤ ●❛✉❧t❤❡r✐❛ ❜♦r♥❡❡♥s✐s ❙t❛♣❢✱
❜✉t ❞✐✛❡rs ✐♥ ✐ts ♠♦r❡ ❡r❡❝t ❤❛❜✐t ❛♥❞ ❧❛r❣❡r st❛t✉r❡✱ ❧♦♥❣❡r ♥♦♥❛♣♣r❡ss❡❞ ❧❡❛❢ tr✐✲
❝❤♦♠❡s✱ ♣✉r♣❧❡ ✭✈s✳ ✇❤✐t❡✮ ❢r✉✐t✐♥❣ ❝❛❧②①✱ ❛♥❞ ❧♦✇❡r ❡❧❡✈❛t✐♦♥ r❛♥❣❡✱ ❛♠♦♥❣ ♦t❤❡r
❢❡❛t✉r❡s✳ ●❛✉❧t❤❡r✐❛ ♣❛✉❝✐♥❡r✈✐❛ ❤❛s ♥♦t ②❡t ❜❡❡♥ ❛ss❡ss❡❞ ❢♦r t❤❡ ■❯❈◆ ❘❡❞ ▲✐st✱
✭❜✉t ✐s ✐♥ t❤❡ ❈❛t❛❧♦❣✉❡ ♦❢ ▲✐❢❡✿ ●❛✉❧t❤❡r✐❛ ♣❛✉❝✐♥❡r✈✐❛ P✳❲✳ ❋r✐ts❝❤ ✫ ❈✳▼✳ ❇✉s❤

❛♣♣❛r❡♥t❧②✮✳ ❇❡s✐❞❡s✱ ❜② t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t t❤❡ ❢❡❛t✉r❡s ✐♥ t❤❡ ❣❡♦❣r❛♣❤✐❝❛❧ ❞❛t❛
s♦✉r❝❡✱ t❤❡ ❚❋■❙❚ ❛❧❣♦r✐t❤♠ ✜♥❞s t❤❡ r✉❧❡✿

❘❙✿❘❛r❡,●❊❖✿❲❡st❡r♥ ●❤❛ts ⇒ ▲❊❆❱❊❙✿▲❡❛✈❡s s✐♠♣❧❡, ✭✹✳✸✮

✇❤✐❝❤ ✐❞❡♥t✐✜❡s s♣❡❝✐❡s ❇❡♥t✐♥❝❦✐❛ ❝♦♥❞❛♣❛♥♥❛✱ ❉r②♣❡t❡s ♠❛❧❛❜❛r✐❝❛✱ ●❧②❝♦s♠✐s

♠❛❝r♦❝❛r♣❛✱ ❍♦❧✐❣❛r♥❛ ❣r❛❤❛♠✐✐✱ ▲❛s✐❛♥t❤✉s ❥❛❝❦✐❛♥✉s✱ P✐tt♦s♣♦r✉♠ ❞❛s②❝❛✉❧♦♥✱ ❛♥❞
❱❡♣r✐s ❜✐❧♦❝✉❧❛r✐s✱ ❛❧❧ ❢♦✉♥❞ ✐♥ t❤❡ ❲❡st❡r♥ ●❤❛ts✳

❚❤❡ ❢♦❧❧♦✇✐♥❣ r✉❧❡ st❛t❡s✱ ✇✐t❤ ✼✾✳✺✾✪ ❝♦♥✜❞❡♥❝❡✱ t❤❛t ❛ ♣❧❛♥t s♣❡❝✐❡s ❝❧❛ss✐✜❡❞
❛s ❱✉❧♥❡r❛❜❧❡ ❤❛s s✐♠♣❧❡ ❧❡❛✈❡s✿

❘❙✿❱✉❧♥❡r❛❜❧❡ ⇒ ▲❊❆❱❊❙✿▲❡❛✈❡s s✐♠♣❧❡. ✭✹✳✹✮

❚❤✐s r❡s✉❧t ✐s ❝♦rr♦❜♦r❛t❡❞✱ ❢♦r ❡①❛♠♣❧❡✱ ❜② ❬❱❛♥ ❙♦ ✷✵✵✵✱ ❏ø❦❡r ✷✵✵✵❪✳
■♥ ❬❱❛♥ ❙♦ ✷✵✵✵❪✱ t❤❡ ❛✉t❤♦r ❞✐s❝✉ss❡s t❤❡ ❛♣♣❧✐❝❛❜✐❧✐t② ♦❢ t❤❡ ❆❝❝❡❧❡r❛t❡❞ P✐♦♥❡❡r✲
❈❧✐♠❛① ❙❡r✐❡s ✭❆P❈❙✮ ♠❡t❤♦❞ ❢♦r r❡st♦r✐♥❣ ❢♦r❡sts t♦ ❞❡❣r❛❞❡❞ ❛r❡❛s ✐♥ ❙♦✉t❤❡r♥
❱✐❡t♥❛♠ ✉s✐♥❣ ♠❛♥② ❧♦❝❛❧ s♣❡❝✐❡s s✉❝❤ ❛s ❍♦♣❡❛ ♦❞♦r❛t❛ ❞✐r❡❝t❧② ❝♦♥❝❡r♥❡❞ ❜② t❤❡
❛❜♦✈❡ r✉❧❡ ❛♥❞ ✇❤✐❝❤ ❤❛s ❜❡❡♥ ✐❞❡♥t✐✜❡❞ ❛s ✈✉❧♥❡r❛❜❧❡ ✐♥ t❤❡ ■❯❈◆ r❡❞ ❧✐st✳ ❲✐❝❦✲
♥❡s✇❛r✐ ❬❘❛t♥❛♠ ✷✵✶✹❪✱ ✐♥st❡❛❞✱ ♣r♦♣♦s❡s ❛ ❞♦❝✉♠❡♥t ✇❤✐❝❤ ❝❛♥ ❤❡❧♣ t❤❡ r❡❛❞❡rs
t♦ ✉♥❞❡rst❛♥❞ t❤❡ ❡♥t✐r❡ ❧✐❢❡ ❝②❝❧❡ ♦❢ ❍♦♣❡❛ ♦❞♦r❛t❛ ❘♦①❜ ✐♥ ▼❛❧❛②s✐❛✱ ❱✐❡t♥❛♠✱
❈❛♠❜♦❞✐❛✱ ❛♥❞ ❚❤❛✐❧❛♥❞✳

❚❤❡ ❢♦❧❧♦✇✐♥❣ r✉❧❡✱ ✇❤♦s❡ ❧✐❢t ✐s ✶✳✶✽✾ ❛♥❞ ✇❤♦s❡ s✉♣♣♦rt ✐s ✹✳✶✹✪✱ st❛t❡s✱ ✇✐t❤
✺✺✳✶✪ ❝♦♥✜❞❡♥❝❡✱ t❤❛t ❛ ♣❧❛♥t s♣❡❝✐❡s ❝❧❛ss✐✜❡❞ ❛s ✈✉❧♥❡r❛❜❧❡ ❤❛s ❜♦t❤ ❣❧❛❜r♦✉s ❛♥❞
s✐♠♣❧❡ ❧❡❛✈❡s✿

❘❙✿❱✉❧♥❡r❛❜❧❡ ⇒ ▲❊❆❱❊❙✿❣❧❛❜r♦✉s, ▲❊❆❱❊❙✿▲❡❛✈❡s s✐♠♣❧❡. ✭✹✳✺✮

■♥❞❡❡❞✱ ❬❘❛❤❛♥❣❞❛❧❡ ✷✵✶✹❪✱ ♣r♦♣♦s✐♥❣ ❛ ❞❡❡♣ ❛♥❞ ❝♦♠♣r❡❤❡♥s✐✈❡ ❜♦t❛♥✐❝❛❧ st✉❞② ♦❢
t✇♦ r♦❝❦ ♦✉t❝r♦♣s ✐♥ ■♥❞✐❛✱ ❝♦rr♦❜♦r❛t❡s t❤✐s r✉❧❡✳

✶❯❘▲✿ ❤tt♣✿✴✴❢❧♦r❛s✐♥❣❛♣✉r❛✳❝♦♠✴❍♦♠❡✳♣❤♣ ✳❚❤❡ ❛✐♠ ♦❢ t❤✐s s✐t❡ ✐s t♦ t♦ ❜r✐❞❣❡ t❤❡ ❣❛♣

❜❡t✇❡❡♥ t❤❡ t❡rs❡ t❡❝❤♥✐❝❛❧ ❞❡s❝r✐♣t✐♦♥s ♦❢ ♣❧❛♥ts ❢♦✉♥❞ ✐♥ ✈❛r✐♦✉s ❜♦t❛♥✐❝❛❧ t❡①t ❜♦♦❦s ❛♥❞ ✇❤❛t

✐s ♦❜s❡r✈❡❞ ✐♥ t❤❡ ❙✐♥❣❛♣♦r❡ ❢♦r❡sts✳

http://florasingapura.com/Home.php


✺✷ ❈❤❛♣t❡r ✹✳ ❊①♣❡r✐♠❡♥ts ❛♥❞ ❘❡s✉❧ts

❆♥♦t❤❡r ✐♥t❡r❡st✐♥❣ r✉❧❡ ✇✐t❤ ❛ s✉♣♣♦rt ♦❢ ✸✳✸✼✪ ❛♥❞ ❛ ❧✐❢t ♦❢ ✶✳✵✼✱ st❛t❡s✱ ✇✐t❤
✺✾✳✹✻✪ ❝♦♥✜❞❡♥❝❡✱ t❤❛t ❛ ♣❧❛♥t s♣❡❝✐❡s ❝❧❛ss✐✜❡❞ ❛s ❤❛✈✐♥❣ ❛ ❧♦✇❡r r✐s❦ ❤❛s ❛❧t❡r♥❛t❡
❧❡❛✈❡s✿

❘❙✿▲♦✇❡r ❘✐s❦ ⇒ ▲❊❆❱❊❙✿❛❧t❡r♥❛t❡. ✭✹✳✻✮

❚❤✐s r❡s✉❧t ✐s ❝♦rr♦❜♦r❛t❡❞✱ ❢♦r ❡①❛♠♣❧❡✱ ❜② r❡s✉❧ts ♦❜t❛✐♥❡❞ ❜②
❈r❛❡♥❡❧ ❬❉❡ ❈r❛❡♥❡ ✷✵✵✾❪✳ ❙♣❡❝✐❡s ❝♦♥❝❡r♥❡❞ ✐♥❝❧✉❞❡ ❆❣❧❛✐❛ ❡❧❧✐♣t✐❝❛✱ ❆♣❤❛♥❛♠✐①✐s

♣♦❧②st❛❝❤②❛✱ ❛♥❞ Pr✉♥✉s ❛r❜♦r❡❛✳ ❆s s❡❡♥ ❢♦r ❘✉❧❡ ✹✳✸✱ t❤❡ ✐♥t❡❣r❛t✐♦♥ ♦❢ ❣❡♦❧♦✲
❝❛t✐♦♥ ✐♥❢♦r♠❛t✐♦♥ ✇✐t❤ ♠✉❧t✐♣❧❡ ❤❡t❡r♦❣❡♥❡♦✉s ❜✐♦❧♦❣✐❝❛❧ ❞❛t❛ ❝❛♥ s❤♦✇ ❝♦♠♠♦♥
♣r♦♣❡rt✐❡s r❡❧❛t❡❞ t♦ s♣❡❝✐❡s ✇✐t❤ ❛ s♣❡❝✐✜❝ r✐s❦ st❛t✉s ❛♥❞✴♦r ✐♥ ❛ s♣❡❝✐✜❝ ❛r❡❛✳ ❋♦r
✐♥st❛♥❝❡✱ t❤❡ ❢♦❧❧♦✇✐♥❣ r✉❧❡ ✇✐t❤ ❛ ❧✐❢t ♦❢ ✹✳✷✻ st❛t❡s t❤❛t ✽✽✳✾✪ ♦❢ s♣❡❝✐❡s ❤❛✈✐♥❣
❛ ❧♦✇❡r r✐s❦ ✐♥ t❤❡ ■♥❞♦❝❤✐♥❛ ❣❡♦❣r❛♣❤✐❝ r❡❣✐♦♥ ✭✐✳❡✳✱ ✽ s♣❡❝✐❡s✮ ❤❛✈❡ ❧❡❛✈❡s ✇✐t❤
❡♥t✐r❡ ♠❛r❣✐♥✿

❘❙✿▲♦✇❡r ❘✐s❦,●❊❖✿■♥❞♦❝❤✐♥❛ ⇒ ▲❊❆❱❊❙✿▼❛r❣✐♥ ❡♥t✐r❡. ✭✹✳✼✮

❆♥♦t❤❡r ❡①❛♠♣❧❡ ♦❢ s✉❝❤ r✉❧❡ ✐s t❤❡ ❢♦❧❧♦✇✐♥❣✱ s❤♦✇✐♥❣ t❤❛t ✽✽✳✷✪ ♦❢ ❡♥❞❛♥❣❡r❡❞
s♣❡❝✐❡s ✐♥ ❲❡st❡r♥ ●❤❛ts ❤❛✈❡ ❛❧t❡r♥❛t❡ ❧❡❛✈❡s✿

❘❙✿❊♥❞❛♥❣❡r❡❞,●❊❖✿❲❡st❡r♥ ●❤❛ts ⇒ ▲❊❆❱❊❙✿❆❧t❡r♥❛t❡. ✭✹✳✽✮

❚❤✐s r✉❧❡✱ ✇❤♦s❡ ❧✐❢t ✐s ✶✳✾✻✱ ❝♦♥❝❡r♥s ✶✺ s♣❡❝✐❡s✳ ❙✉❝❤ ♣❛tt❡r♥s ❝❛♥ ❤❡❧♣ ❝♦♠♣❛r✐s♦♥s
❜❡t✇❡❡♥ ❞✐✛❡r❡♥t ❣❡♦❣r❛♣❤✐❝❛❧ ❛r❡❛s✱ ❛t ❞✐✛❡r❡♥t ❧❡✈❡❧s ♦❢ ❛❜str❛❝t✐♦♥✳ ❋♦r ✐♥st❛♥❝❡✱
❝♦♥s✐❞❡r✐♥❣ t❤❡ ▼❛❧❛②s✐❛ ❣❡♦❣r❛♣❤✐❝ r❡❣✐♦♥✱ ❛ ♣❛rt ♦❢ ■♥❞♦❝❤✐♥❛✱ ♦♥❧② ✻✶✳✺✪ ♦❢
s♣❡❝✐❡s ❤❛✈✐♥❣ ❛ ❧♦✇❡r r✐s❦ ❤❛✈❡ ❧❡❛✈❡s ✇✐t❤ ❡♥t✐r❡ ♠❛r❣✐♥ ❛s st❛t❡❞ ❜② t❤❡ ❢♦❧❧♦✇✐♥❣
r✉❧❡✱ ✇❤♦s❡ ❧✐❢t ✐s ✷✳✾✺ ❛♥❞ ✇❤✐❝❤ ❝♦♥❝❡r♥s ✽ s♣❡❝✐❡s✿

❘❙✿▲♦✇❡r ❘✐s❦,●❊❖✿▼❛❧❛②s✐❛ ⇒ ▲❊❆❱❊❙✿▼❛r❣✐♥ ❡♥t✐r❡. ✭✹✳✾✮

■❢ ✇❡ ❝♦♥s✐❞❡r t❤❡ ❆❣❛st❤②❛♠❛❧❛✐ ❛r❡❛✱ ❧②✐♥❣ ❛t t❤❡ ❡①tr❡♠❡ s♦✉t❤❡r♥ ❡♥❞ ♦❢ t❤❡
❲❡st❡r♥ ●❤❛ts ♠♦✉♥t❛✐♥ r❛♥❣❡ ❛❧♦♥❣ t❤❡ ✇❡st❡r♥ s✐❞❡ ♦❢ ❙♦✉t❤❡r♥ ■♥❞✐❛✱ ✇❡ ❝❛♥
s❡❡ ❢r♦♠ t❤❡ ❢♦❧❧♦✇✐♥❣ r✉❧❡ t❤❛t ♦♥❧② ✺✵✪ ♦❢ ❡♥❞❛♥❣❡r❡❞ s♣❡❝✐❡s ✐♥ t❤✐s ❛r❡❛ ❤❛✈❡
❛❧t❡r♥❛t❡ ❧❡❛✈❡s✱ ✇❤❡r❡❛s t❤❡ ♣❡r❝❡♥t❛❣❡ ✐s ♦❢ ✽✽✳✷✪ ✐♥ t❤❡ ✇❤♦❧❡ ❲❡st❡r♥ ●❤❛ts✿

❘❙✿❊♥❞❛♥❣❡r❡❞,●❊❖✿❆❣❛st❤②❛♠❛❧❛✐ ⇒ ▲❊❆❱❊❙✿❆❧t❡r♥❛t❡. ✭✹✳✶✵✮

❚❤✐s r✉❧❡✱ ✇❤✐❝❤ ❤❛s ❛ ❧✐❢t ♦❢ ✹✳✷✼✱ ❝♦♥❝❡r♥s ✶✵ s♣❡❝✐❡s✳
❆❧❧ t❤❡ ❛❜♦✈❡ r✉❧❡s ❤❛✈❡ ❜❡❡♥ ❝♦♥str✉❝t❡❞ ❢r♦♠ t❤❡ ❇✐♦❑❊❚ ❞❛t❛ ✇❛r❡❤♦✉s❡

♣r❡s❡♥t❡❞ ✐♥ t❤❡ ♣r❡✈✐♦✉s ❝❤❛♣t❡r✳ ❆❧t❤♦✉❣❤ s♦♠❡ ♦❢ t❤❡ s♣❡❝✐❡s ❛r❡ ♥♦t ②❡t ✐♥❝❧✉❞❡❞
✐♥ t❤❡ ■❯❈◆ r❡❞ ❧✐st✱ ❝♦♠❜✐♥✐♥❣ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ ❞✐✛❡r❡♥t ❞❛t❛ s♦✉r❝❡s ❛❧❧♦✇❡❞ ✉s
t♦ ✐♥❢❡r t❤❡✐r r✐s❦ st❛t✉s ✉s✐♥❣ t❤❡ r✉❧❡s ❝♦♥str✉❝t❡❞ ❜② ❚❋■❙❚✳ ❚❤✐s ✐s t❤❡ ❝❛s❡✱ ❡✳❣✳✱
❢♦r t❤❡ s♣❡❝✐❡s r❡❧❛t❡❞ t♦ ❘✉❧❡ ✹✳✸✱ ✇✐t❤ t❤❡ s♦❧❡ ❡①❝❡♣t✐♦♥ ♦❢ ❇❡♥t✐♥❝❦✐❛ ❝♦♥❞❛♣❛♥♥❛✱
✇❤♦s❡ r✐s❦ ❝❛t❡❣♦r② ✐s ❡①♣❧✐❝✐t❧② ✐♥ ■❯❈◆✳ ■♥❞❡❡❞✱ ●❧②❝♦s♠✐s ♠❛❝r♦❝❛r♣❛✬s t❛①♦♥ ❤❛s
♥♦t ②❡t ❜❡❡♥ ❛ss❡ss❡❞ ❢♦r t❤❡ ■❯❈◆ ❘❡❞ ▲✐st✱ ❜✉t ✐s ❧✐st❡❞ ✐♥ t❤❡ ❈❛t❛❧♦❣✉❡ ♦❢ ▲✐❢❡
❛s ●❧②❝♦s♠✐s ♠❛❝r♦❝❛r♣❛ ❲✐❣❤t✳ ❚❤❡ s❛♠❡ ❤♦❧❞s ❢♦r ❉r②♣❡t❡s ♠❛❧❛❜❛r✐❝❛ ✭✐♥ t❤❡
❈❛t❛❧♦❣✉❡ ♦❢ ▲✐❢❡ ❛s ❉r②♣❡t❡s ♠❛❧❛❜❛r✐❝❛ ✭❇❡❞❞✳✮ ❆✐r② ❙❤❛✇✮✱ ▲❛s✐❛♥t❤✉s ❥❛❝❦✐❛♥✉s
✭✐♥ t❤❡ ❈❛t❛❧♦❣✉❡ ♦❢ ▲✐❢❡ ❛s ▲❛s✐❛♥t❤✉s ❥❛❝❦✐❛♥✉s ❲✐❣❤t✮✱ P✐tt♦s♣♦r✉♠ ❞❛s②❝❛✉❧♦♥



✹✳✹✳ ❊①tr❛❝t❡❞ P❛tt❡r♥s ❊✈❛❧✉❛t✐♦♥ ✺✸

✭✐♥ t❤❡ ❈❛t❛❧♦❣✉❡ ♦❢ ▲✐❢❡ ❛s P✐tt♦s♣♦r✉♠ ❞❛s②❝❛✉❧♦♥ ▼✐q✮✱ ❛♥❞ ❱❡♣r✐s ❜✐❧♦❝✉❧❛r✐s ✭✐♥
t❤❡ ❈❛t❛❧♦❣✉❡ ♦❢ ▲✐❢❡ ❛s ❱❡♣r✐s ❜✐❧♦❝✉❧❛r✐s ✭❲✐❣❤t ✫ ❆r♥✳✮ ❊♥❣❧✳✮✳

❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ❛❧❧ t❤❡ ❛❜♦✈❡ r✉❧❡s ✇❡r❡ s✉♠♠❛r✐③❡❞ ✐♥t♦ t❤❡ ❢♦❧❧♦✇✐♥❣ t❛❜❧❡s✳
❚❛❜❧❡ ✹✳✶ s❤♦✇s ❛ s✐❣♥✐✜❝❛♥t ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ t❤r❡❛t❡♥❡❞ ♣❧❛♥t st❛t✉s ❛♥❞ ♣❧❛♥t
❢❡❛t✉r❡s✳ ❋♦r ❡①❛♠♣❧❡✱ ✐❢ ❛ ♣❧❛♥t s♣❡❝✐❡s ✐s ✐♥ t❤❡ r❛r❡ ❝❛t❡❣♦r②✱ t❤❡♥ ✇✐t❤ ✽✸✳✸✸✪
❝♦♥✜❞❡♥❝❡ ✐♠♣❧✐❡s t❤❛t t❤❡ ♣❧❛♥t s♣❡❝✐❡s ❤❛s ❛ ❢❡❛t✉r❡ ♦❢ s✐♠♣❧❡ ❧❡❛❢✳ ❚❛❜❧❡ ✹✳✷ s❤♦✇s
❛ ❝♦rr❡❧❛t✐♦♥ ❛♠♦♥❣ ♣❧❛♥t ❢❡❛t✉r❡s✱ t❤r❡❛t❡♥❡❞ ♣❧❛♥t st❛t✉s✱ ❛♥❞ ♣❧❛♥t ❧♦❝❛t✐♦♥✳ ❋♦r
❡①❛♠♣❧❡✱ ✐❢ ✽✽✳✾✵✪ ♦❢ ♣❧❛♥t s♣❡❝✐❡s ❛r❡ ✐♥ t❤❡ ❧♦✇❡r r✐s❦ ❝❛t❡❣♦r② ❛♥❞ ❢♦✉♥❞ ✐♥
■♥❞♦❝❤✐♥❛ ✭❈❛♠❜♦❞✐❛✱ ▲❛♦s✱ ❱✐❡t♥❛♠✱ ▼②❛♥♠❛r✱ ❚❤❛✐❧❛♥❞✱ ▼❛❧❛②s✐❛✱ ❙✐♥❣❛♣♦r❡✮✱
t❤❡♥ t❤❡② ❤❛✈❡ ❡♥t✐r❡ ♠❛r❣✐♥ ❧❡❛✈❡s✳

❚❛❜❧❡ ✹✳✶✿ ❚❤❡ ❝♦rr❡❧❛t✐♦♥ ♦❢ t❤r❡❛t❡♥❡❞ ♣❧❛♥t st❛t✉s ❛♥❞ ♣❧❛♥t ❢❡❛t✉r❡s

❈❧❛ss✐✜❡❞ ✐♥✿ ❈♦♥✜❞❡♥❝❡ ✈❛❧✉❡✿ P❧❛♥t s♣❡❝✐❡s ❤❛s✿

❘❛r❡ ❝❛t❡❣♦r② ✽✸✳✸✸✪ s✐♠♣❧❡ ❧❡❛❢

❱✉❧♥❡r❛❜❧❡ ❝❛t❡❣♦r② ✼✾✳✺✾✪ s✐♠♣❧❡ ❧❡❛❢

▲♦✇❡r ❘✐s❦ ❝❛t❡❣♦r② ✺✾✳✹✻✪ ❛❧t❡r♥❛t❡ ❧❡❛❢

❱✉❧♥❡r❛❜❧❡ ❝❛t❡❣♦r② ✺✺✳✶✵✪ ❣❧❛❜r♦✉s ❛♥❞ s✐♠♣❧❡ ❧❡❛✈❡s

❚❛❜❧❡ ✹✳✷✿ ❚❤❡ ❝♦rr❡❧❛t✐♦♥ ♦❢ t❤r❡❛t❡♥❡❞ ♣❧❛♥t st❛t✉s✱ ♣❧❛♥t ❧♦❝❛t✐♦♥ ❛♥❞ ❢❡❛t✉r❡s

P❡r❝❡♥t❛❣❡ ♦❢

P❧❛♥t s♣❡❝✐❡s✿

❈❧❛ss✐✜❡❞ ❛♥❞ ❋♦✉♥❞ ✐♥✿ P❧❛♥t s♣❡❝✐❡s ❤❛✈❡✿

✽✽✳✾✵✪ ▲♦✇❡r ❘✐s❦ ❝❛t❡❣♦r② ❛♥❞ ✐♥ ■♥❞♦❝❤✐♥❛

✭❈❛♠❜♦❞✐❛✱ ▲❛♦s✱ ❱✐❡t♥❛♠✱ ▼②❛♥♠❛r✱

❚❤❛✐❧❛♥❞✱ ▼❛❧❛②s✐❛✱ ❙✐♥❣❛♣♦r❡✮

❧❡❛✈❡s ✇✐t❤ ❡♥t✐r❡ ♠❛r❣✐♥

✽✽✳✷✵✪ ❊♥❞❛♥❣❡r❡❞ ❝❛t❡❣♦r② ❛♥❞ ✐♥ ■♥❞✐❛✱

❲❡st❡r♥ ●❤❛ts

❛❧t❡r♥❛t❡ ❧❡❛✈❡s

✻✶✳✺✵✪ ▲♦✇❡r ❘✐s❦ ❝❛t❡❣♦r② ❛♥❞ ✐♥ ▼❛❧❛②s✐❛ ❧❡❛✈❡s ✇✐t❤ ❡♥t✐r❡ ♠❛r❣✐♥

✺✵✳✵✵✪ ❛ ❊♥❞❛♥❣❡r❡❞ ❝❛t❡❣♦r② ❛♥❞ ✐♥ ■♥❞✐❛✱

❆❣❛st❤②❛♠❛❧❛✐

❧❡❛✈❡s ✇✐t❤ ❡♥t✐r❡ ♠❛r❣✐♥

❛❚❤✐s ✈❛❧✉❡ ✐s ❛ ♣❛rt ♦❢ ✽✽✳✷✵✪ ♣❧❛♥t s♣❡❝✐❡s ✐♥ t❤❡ ✇❤♦❧❡ ❲❡st❡r♥ ●❤❛ts✱ ■♥❞✐❛ ❜❡❝❛✉s❡

❆❣❛st❤②❛♠❛❧❛✐ ✐s ✐♥ ❲❡st❡r♥ ●❤❛ts





❈❤❛♣t❡r ✺

❈♦♥❝❧✉s✐♦♥s ❛♥❞ ❋✉rt❤❡r ❲♦r❦

❚❤✐s ✜♥❛❧ ❝❤❛♣t❡r s✉♠♠❛r✐③❡s ✇❤❛t ❤❛s ❜❡❡♥ ❞♦♥❡ ❞✉r✐♥❣ t❤✐s r❡s❡❛r❝❤ ✇♦r❦ ❛♥❞
♣r❡s❡♥ts ♣❡rs♣❡❝t✐✈❡s ❢r♦♠ t❤❡ ✈✐❡✇♣♦✐♥t ♦❢ t❤❡ ❡①t❡♥s✐♦♥ ♦❢ t❤✐s ✇♦r❦ ❛♥❞ r❡❧❛t❡❞
❛♣♣❧✐❝❛t✐♦♥s✳

❈♦♥t❡♥ts
✺✳✶ ❈♦♥❝❧✉s✐♦♥s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✹

✺✳✷ ❋✉rt❤❡r ❲♦r❦ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✺✺

✺✳✶ ❈♦♥❝❧✉s✐♦♥s

❇✐♦❞✐✈❡rs✐t② r❡❢❡rs t♦ t❤❡ ✈❛r✐❡t② ❛♥❞ ❛❜✉♥❞❛♥❝❡ ♦❢ ❧✐✈✐♥❣ ♦r❣❛♥✐s♠s ✭♣❧❛♥ts✱ ❛♥✐♠❛❧s
❛♥❞ ♦t❤❡r ❧✐✈✐♥❣ ❜❡✐♥❣s✮ ✐♥ ❛ ♣❛rt✐❝✉❧❛r ❛r❡❛ ♦r r❡❣✐♦♥✳ ■♥ ❛♥ ❡❝♦s②st❡♠✱ ❡❛❝❤ s♣❡❝✐❡s
✐s ♣❛rt ♦❢ t❤❡ ✇❡❜ ♦❢ ❧✐❢❡ ❛♥❞ ❤❛s ❛ ❢✉♥❞❛♠❡♥t❛❧ r♦❧❡ ✐♥ t❤❡ ❝✐r❝❧❡ ♦❢ ❧✐❢❡✳ ❍❡♥❝❡✱
❛❧❧ s♣❡❝✐❡s ✐♥t❡r❛❝t ❛♥❞ ❞❡♣❡♥❞ ✉♣♦♥ ♦♥❡ ❛♥♦t❤❡r ❢♦r ✇❤❛t ❡❛❝❤ s✉♣♣❧✐❡s✱ ❡✳❣✳✱ ❢♦♦❞✱
♦①②❣❡♥✱ s❤❡❧t❡r✱ ❛♥❞ s♦✐❧ ❡♥r✐❝❤♠❡♥t✳ ▼❛✐♥t❛✐♥✐♥❣ ❜✐♦❞✐✈❡rs✐t② ♦❢ s♣❡❝✐❡s ✐♥ ❡❝♦s②s✲
t❡♠s ✐s t❤✉s ❛ ♥❡❝❡ss✐t② t♦ ♣r❡s❡r✈❡ t❤❡ ✇❡❜ ♦❢ ❧✐❢❡✱ ❛♥❞ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❜✐♦❧♦❣✐st
❊❞✇❛r❞ ❖✳ ❲✐❧s♦♥✱ ❦♥♦✇♥ ❛s t❤❡ ✏❢❛t❤❡r ♦❢ ❜✐♦❞✐✈❡rs✐t②✑✿ ✏■t ✐s r❡❝❦❧❡ss t♦ s✉♣♣♦s❡
t❤❛t ❜✐♦❞✐✈❡rs✐t② ❝❛♥ ❜❡ ❞✐♠✐♥✐s❤❡❞ ✐♥❞❡✜♥✐t❡❧② ✇✐t❤♦✉t t❤r❡❛t❡♥✐♥❣ ❤✉♠❛♥✐t② ✐ts❡❧❢✑
❬❲✐❧s♦♥ ✶✾✾✷❪✳

❇✐♦❞✐✈❡rs✐t② ❧♦ss ✐s ❛ ♠❛❥♦r ✐ss✉❡ ❢♦r ❛❧❧ ❧✐✈✐♥❣ s♣❡❝✐❡s ❛♥❞ ♣r❡s❡r✈✐♥❣ ❜✐♦❧♦❣✐❝❛❧
❞✐✈❡rs✐t② ✐♥ ❡❝♦s②st❡♠s r❡q✉✐r❡s t♦ ❛♥❛❧②③❡ ❛♥❞ ✉♥❞❡rst❛♥❞ t❤❡ ♣❛r❛♠❡t❡rs ♦❢ t❤✐s
❧♦ss✳ ❚❤✐s ✐s ❛ ❝♦♠♣❧❡① t❛s❦ ❢♦r s❝✐❡♥t✐sts ❛s ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ ♠❛♥② ❞♦♠❛✐♥s ✭❜✐♦❧✲
♦❣②✱ ❣❡♦❣r❛♣❤②✱ ❡♥✈✐r♦♥♠❡♥t✱ ♣♦❧❧✉t✐♦♥✱ ❡t❝✳✮ ♠✉st ❜❡ ❝♦♥s✐❞❡r❡❞ ❛♥❞ ❧✐♥❦❡❞✳ ❚❤✐s
✐♥❢♦r♠❛t✐♦♥ ❝❛♥ ❜❡ ❝❛t❡❣♦r✐③❡❞ ✐♥t♦ t✇♦ t②♣❡s✿ ❑♥♦✇❧❡❞❣❡✱ ✐✳❡✳✱ ❛❜str❛❝t ❝♦♥❝❡♣ts
❛♥❞ r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ t❤❡♠✱ t❤❛t ❝❛♥ ❜❡ ❣❡♥❡r❛❧ ♦r s♣❡❝✐✜❝ t♦ ❛ ♣❡❝✉❧✐❛r ❞♦✲
♠❛✐♥✱ ❛♥❞ ❞❛t❛✱ ✐✳❡✳✱ ❦♥♦✇♥ ❛♥❞ ✐♥✈❡♥t♦r✐❡❞ ❢❛❝ts ♦♥ ❝♦♥❝r❡t❡ ♦❜❥❡❝ts✱ ✇❤✐❝❤ ❛r❡
❞❡s❝r✐❜❡❞ ✉s✐♥❣ ❦♥♦✇❧❡❞❣❡ ❝♦♥❝❡♣ts r❡♣r❡s❡♥t❡❞ ✐♥ ♦♥t♦❧♦❣✐❡s✳ ❆♥ ✐♠♣♦rt❛♥t ♣❛rt
♦❢ t❤✐s ✐♥❢♦r♠❛t✐♦♥ ✐s ❛✈❛✐❧❛❜❧❡ t❤r♦✉❣❤ ❲❡❜ ♣♦rt❛❧s ❛♥❞ r❡♣♦s✐t♦r✐❡s✱ ❜✉t t❤✐s ✐♥❢♦r✲
♠❛t✐♦♥ ✐s ♠♦st ❝❛s❡s s❝❛tt❡r❡❞✱ ✇❡❛❦❧② ❞♦❝✉♠❡♥t❡❞ ❛♥❞ ✐♥ ❢♦r♠❛ts t❤❛t ❤✐♥❞❡r t❤❡✐r
✐♥t❡❣r❛t✐♦♥ ❛♥❞ ❛♥❛❧②s✐s✱ ❛♥❞ t❤✉s t❤❡ ❞✐s❝♦✈❡r② ♦❢ ♥❡✇ ✐♥❢♦r♠❛t✐♦♥✳ ❚❤❡ ❞❡✜♥✐t✐♦♥
♦❢ ❛ ♠❡t❤♦❞♦❧♦❣② t♦ ✐♥t❡❣r❛t❡ ❛♥❞ str✉❝t✉r❡ ❞❛t❛ ❛♥❞ ❦♥♦✇❧❡❞❣❡ ✐♥t♦ ❛♥ ✉♥✐✜❡❞ ✐♥✲
❢♦r♠❛t✐♦♥ s②st❡♠✱ t❤❛t ❝❛♥ s❡r✈❡ ❛s ❛♥ ✐♥t❡❣r❛t❡❞ ❝♦♠♠✉♥✐t② r❡s♦✉r❝❡✱ ✐s t❤❡r❡❢♦r❡
❛ ♠❛❥♦r ❝♦♥❝❡r♥ ❢♦r ❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❡♥✈✐r♦♥♠❡♥t st✉❞✐❡s ❬P❛rr ✷✵✶✷❪✳



✺✳✷✳ ❋✉rt❤❡r ❲♦r❦ ✺✺

❉❛t❛ ♠✐♥✐♥❣ r❡❣r♦✉♣s t❤❡♦r✐❡s✱ ❝♦♥❝❡♣ts ❛♥❞ t❡❝❤♥✐q✉❡s ❢♦r t❤❡ ❛♥❛❧②s✐s ♦❢ ❧❛r❣❡
s❡ts ♦❢ ✇❡❛❦❧②✲str✉❝t✉r❡❞ ❤❡t❡r♦❣❡♥❡♦✉s ❞❛t❛✳ ❚❤❡ ♣r❡✲♣r♦❝❡ss✐♥❣✱ ♠♦❞❡❧✐♥❣ ❛♥❞
♣♦st✲♣r♦❝❡ss✐♥❣ ❛♣♣r♦❛❝❤❡s ♣r♦♣♦s❡❞ ✐♥ t❤✐s ❞♦♠❛✐♥ ❛r❡ t❤❡♥❝❡ ❛❞❡q✉❛t❡ t♦ ❜♦t❤
✐♥t❡❣r❛t❡ ❛♥❞ ❛♥❛❧②③❡ ❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❡♥✈✐r♦♥♠❡♥t ❞❛t❛ ❛♥❞ ❦♥♦✇❧❡❞❣❡✳ ❚❤✐s ✐s
t❤❡ ❝♦r❡ ♦❢ t❤❡ ✐♥t❡❣r❛t✐♦♥ ♣r♦❝❡ss t♦ ❝♦♥str✉❝t ❛ ❜✐♦❞✐✈❡rs✐t② ✐♥❢♦r♠❛t✐♦♥ s②st❡♠
❢r♦♠ ✇❤✐❝❤ ❞✐✛❡r❡♥t ❞❛t❛s❡ts ❝❛♥ ❜❡ ❣❡♥❡r❛t❡❞ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ s♣❡❝✐✜❝✐t✐❡s ♦❢ t❤❡
❛♣♣❧✐❝❛t✐♦♥ ♦r t❤❡ ❛♥❛❧②s✐s ❞♦♠❛✐♥✳ ❚❤✐s ♣r♦❝❡ss ❛❧❧♦✇s t♦ ✐♥t❡❣r❛t❡ ❛♥❞ ❧✐♥❦ ✐♥✲
❢♦r♠❛t✐♦♥ ❢r♦♠ ❞✐✛❡r❡♥t ❞♦♠❛✐♥s ❛♥❞ ♦❢ ❞✐✛❡r❡♥t t②♣❡s ✭❡✳❣✳✱ t❡①t✱ ✐♠❛❣❡s✱ s♣❛t✐❛❧
❞❛t❛✮ ❛♥❞ t♦ ❡①tr❛❝t t❤❡♠ t♦❣❡t❤❡r ✐♥ ❞❛t❛ ♠✐♥✐♥❣ ♣❛tt❡r♥s ❛♥❞ ♠♦❞❡❧s ✇✐t❤♦✉t t❤❡
r❡q✉✐r❡♠❡♥t ♦❢ ♣❡❝✉❧✐❛r tr❡❛t♠❡♥ts✳

❚❤❡ ❇✐♦❑❊❚ ❞❛t❛ ✇❛r❡❤♦✉s❡ ✇❛s ♦❜t❛✐♥❡❞ ❜② ❝♦♥s♦❧✐❞❛t✐♦♥ ♦❢ ❛ ♥✉♠❜❡r ♦❢ ❤❡t✲
❡r♦❣❡♥❡♦✉s ❞❛t❛ s♦✉r❝❡s ♦♥ ❜✐♦❞✐✈❡rs✐t②✳ ❆s ❢❛r ❛s ✇❡ ❦♥♦✇✱ t❤✐s ✐s t❤❡ ✜rst ❞❛t❛
✇❛r❡❤♦✉s❡ ❝♦♥t❛✐♥✐♥❣ t❤❛t ❛♠♦✉♥t ♦❢ ❤❡t❡r♦❣❡♥❡♦✉s ❞❛t❛ ✇❤✐❝❤ ❝❛♥ ❜❡ ✉s❡❞ ❢♦r
❝♦♥❞✉❝t✐♥❣ ❞❛t❛✲✐♥t❡♥s✐✈❡ st✉❞✐❡s ❛❜♦✉t ❜✐♦❞✐✈❡rs✐t②✳ ❋♦r t❤✐s r❡s❡❛r❝❤✱ t❤❡ s❝♦♣❡ ♦❢
❇✐♦❑❊❚ ✐s t♦ ❢♦❝✉s ♦♥ ♣❧❛♥t ❞❛t❛✳ P❧❛♥t ❞❛t❛ ✇❡r❡ ✐♥t❡❣r❛t❡❞ ✇✐t❤ ●♦♦❣❧❡ ▼❛♣s
●❡♦❝♦❞✐♥❣ ❙❡r✈✐❝❡✱ ❛♥❞ ✐♥t❡r❢❛❝❡s ❢♦r ✈✐s✉❛❧✐③✐♥❣ ❇✐♦❑❊❚ ♣❧❛♥t ❞❛t❛ ♦♥ ●❡♦❈❆❚
❛♥❞ ❣❡♥❡r❛t✐♥❣ ❞❛t❛s❡ts ❢r♦♠ ❇✐♦❑❊❚ ❞❛t❛ ✇❡r❡ ❞❡✈❡❧♦♣❡❞✳ ❲❡ ❞❡♠♦♥str❛t❡❞ t❤❡
✉s❡❢✉❧♥❡ss ♦❢ ❇✐♦❑❊❚ ❜② ❛♣♣❧②✐♥❣ ❛ss♦❝✐❛t✐♦♥ r✉❧❡ ❡①tr❛❝t✐♦♥ ❛♥❞ ❜✐❝❧✉st❡r✐♥❣ ♠❡t❤✲
♦❞s✱ ❜❛s❡❞ ♦♥ t❤❡ ❆♣r✐♦r✐ ❛♥❞ ●❛❧♦✐s ❝❧♦s✉r❡ ❛♣♣r♦❛❝❤❡s✱ ♦♥ ❞❛t❛s❡ts ❣❡♥❡r❛t❡❞ ❢r♦♠
❇✐♦❑❊❚ t♦ ❛♥❛❧②③❡ t❤❡ r✐s❦ st❛t✉s ♦❢ ♣❧❛♥ts ❡♥❞❡♠✐❝ t♦ ▲❛♦s ❛♥❞ ❙♦✉t❤❡❛st ❆s✐❛✳
❚❤❡ ❡✈❛❧✉❛t✐♦♥ ♦❢ t❤❡ ❡①tr❛❝t❡❞ ♣❛tt❡r♥s ❛❣❛✐♥st t❤❡ ❜♦t❛♥✐❝❛❧ ❧✐t❡r❛t✉r❡ s❤♦✇s t❤❛t
❦♥♦✇❧❡❞❣❡ ♦♥ ♣❧❛♥t ❝♦♥s❡r✈❛t✐♦♥ ❝❛♥ ❜❡ ✐♥❢❡rr❡❞ ❢r♦♠ ❇✐♦❑❊❚✳

✺✳✷ ❋✉rt❤❡r ❲♦r❦

❆s ❛ ❝♦♥t✐♥✉❛t✐♦♥ ♦❢ t❤✐s ✇♦r❦✱ ✇❡ ♣❧❛♥ t♦ ❡①t❡♥❞ t❤❡ s❝♦♣❡ ♦❢ t❤❡ ❇✐♦❑❊❚ ❞❛t❛
✇❛r❡❤♦✉s❡ t♦ ♦t❤❡r t②♣❡s ♦❢ ❜✐♦❞✐✈❡rs✐t② ❞❛t❛✱ s✉❝❤ ❛s ③♦♦❧♦❣✐❝❛❧ ❞❛t❛ t❤❛t ❛r❡
❜♦t❤ ❧❛r❣❡r ❛♥❞ ♠♦r❡ ❝♦♠♣❧❡①✳ ❚♦ ❞❡❛❧ ✇✐t❤ ❛ s✉❝❤ ❜✐❣ ❛♠♦✉♥t ♦❢ ❞❛t❛✱ ❢r♦♠ t❤❡
✈✐❡✇♣♦✐♥t ♦❢ s❝❛❧❛❜✐❧✐t②✱ ♦♣t✐♠✐③❛t✐♦♥ ❛♥❞ ♣❡r❢♦r♠❛♥❝❡✱ ✇❡ ❛❧s♦ ♣❧❛♥ t♦ tr❛♥s❢❡r t❤❡
❇✐♦❑❊❚ ❞❛t❛ ✇❛r❡❤♦✉s❡ ❢r♦♠ r❡❧❛t✐♦♥❛❧ ❞❛t❛❜❛s❡ ♠❛♥❛❣❡♠❡♥t s②st❡♠ ♣❧❛t❢♦r♠ t♦
❛ ♥♦♥✲r❡❧❛t✐♦♥❛❧ ◆♦❙◗▲ ❜✐❣ ❞❛t❛ ♠❛♥❛❣❡♠❡♥t s②st❡♠ ♣❧❛t❢♦r♠✳

▼♦r❡♦✈❡r✱ ❛♥ ❛♣♣❧✐❝❛t✐♦♥ ✐♥t❡❣r❛t✐♥❣ t❤❡ ❇✐♦❑❊❚ ❞❛t❛ ✇❛r❡❤♦✉s❡ ❢♦r ♣❧❛♥t
r❡❝♦❣♥✐t✐♦♥ ❛♥❞ s♣❡❝✐♠❡♥ ❝❡♥s✉s ❛♥❞ ♦❜s❡r✈❛t✐♦♥s✱ ✉s✐♥❣ ❜♦t❤ ❣❡♦❧♦❝❛t✐♦♥ ❛♥❞ ❞❛t❛
♠✐♥✐♥❣ t❡❝❤♥✐q✉❡s✱ ✐s ✉♥❞❡r ❞❡✈❡❧♦♣♠❡♥t✳ ❲❡ ✐❧❧✉str❛t❡ ❜❡❧♦✇ t❤❡ ❢✉♥❝t✐♦♥✐♥❣ ♦❢
t❤✐s ♣❧❛♥t r❡❝♦❣♥✐t✐♦♥ ❛♥❞ ❝❡♥s✉s s②st❡♠ ✐♥ t❤❡ ✉s❡ ❝❛s❡ ♠♦❞❡❧✳ ❚❤✐s ✐❧❧✉str❛t✐♦♥
✐s ❜❛s❡❞ ♦♥ ✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥ ❢♦✉r ❢♦❧❧♦✇✐♥❣ ❡❧❡♠❡♥ts✱ ♥❛♠❡❧② ❊♥❞✲✉s❡r✱ P❧❛♥t
❘❡❝♦❣♥✐t✐♦♥ ❆♣♣❧✐❝❛t✐♦♥ ✭P❘ ❆♣♣✮✱ ●■❙ ❙②st❡♠✱ ❛♥❞ P❧❛♥t ❘❡❝♦❣♥✐t✐♦♥ ❙②st❡♠
✭P❘❙✮✱ ❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✺✳✶✳

❚❤✐s ❛♣♣❧✐❝❛t✐♦♥ ❜❡❣✐♥s ✇✐t❤ t❤❡ ❝♦♠♠✉♥✐❝❛t✐♦♥ t♦ t❤❡ P❘ ❆♣♣ ♣❧❛♥t r❡❝♦❣✲
♥✐t✐♦♥ ❛♣♣❧✐❝❛t✐♦♥ ♦❢ ♣❧❛♥t s♥❛♣s❤♦ts ❛♥❞ ❣❡♦❧♦❝❛t✐♦♥ ❞❛t❛ ✭❧❛t✐t✉❞❡ ❛♥❞ ❧♦♥❣✐t✉❞❡
❝♦♦r❞✐♥❛t❡s✮ ❜② t❤❡ ❡♥❞✲✉s❡r✳ ❚❤❡ P❘❙ ♣❧❛♥t r❡❝♦❣♥✐t✐♦♥ s②st❡♠ t❤❡♥ r❡❝❡✐✈❡s t❤❡s❡
✐♥❢♦r♠❛t✐♦♥ t❤r♦✉❣❤ t❤❡ P❘ ❆♣♣✱ ❛♥❞ ♣r♦❝❡ss❡s s✉❜s❡q✉❡♥t r❡q✉❡sts ❢r♦♠ t❤❡ P❘
❆♣♣✳ ❉✐✛❡r❡♥t s✐t✉❛t✐♦♥s ♠✉st t❤❡♥ ❜❡ ❝♦♥s✐❞❡r❡❞✱ ❧❡❛❞✐♥❣ t♦ ❞✐✛❡r❡♥t ♣r♦❝❡ss❡s✱



✺✻ ❈❤❛♣t❡r ✺✳ ❈♦♥❝❧✉s✐♦♥s ❛♥❞ ❋✉rt❤❡r ❲♦r❦

❋✐❣✉r❡ ✺✳✶✿ ❚❤❡ ❇✐♦❑❊❚ P❧❛♥t ❘❡❝♦❣♥✐t✐♦♥ ❙②st❡♠ ❝♦♥❝❡♣t

❛s ✐❧❧✉str❛t❡❞ ✐♥ t❤❡ t❤r❡❡ ✉s❡ ❝❛s❡s ❞❡s❝r✐❜❡❞ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣✳ ❊❛❝❤ ✉s❡ ❝❛s❡ ✐s ✐❧✲
❧✉str❛t❡❞ ❛s ❛ ✇♦r❦✢♦✇ ♦❢ ♦r❞❡r❡❞ ❡✈❡♥ts✱ ❡❛❝❤ ❡✈❡♥t ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❛♥ ♦♣❡r❛t✐♦♥
❞❡♥♦t❡❞ ❛s ❛ ❢✉♥❝t✐♦♥ ❝❛❧❧✳ ❚❤❡ ✉s❡ ❝❛s❡s ❛r❡ ❞❡♣✐❝t❡❞ ❛s ❝♦❧❧❛❜♦r❛t✐♦♥ ❞✐❛❣r❛♠s✱ t♦
✐❧❧✉str❛t❡ t❤❡ ♣r♦❝❡ss✐♥❣ ♦❢ t❤❡ t❛s❦s✱ ✉s✐♥❣ t❤❡ ♥♦t❛t✐♦♥s ❢r♦♠ t❤❡ ❆❣✐❧❡ ▼♦❞❡❧✐♥❣
❝♦❧❧❛❜♦r❛t✐♦♥ ❞✐❛❣r❛♠ ❣✉✐❞❡❧✐♥❡ ❬❛❣✐ ✷✵✶✹❪✳

❚❤❡ ✜rst s✐t✉❛t✐♦♥ ✐s ✐❧❧✉str❛t❡❞ ❜② t❤❡ ❝♦❧❧❛❜♦r❛t✐♦♥ ❞✐❛❣r❛♠ ❞❡♣✐❝t❡❞ ✐♥ ❋✐❣✉r❡
✺✳✷✳ ❚❤❡ ✜rst ❡✈❡♥t✱ ✐♥✐t✐❛t✐♥❣ t❤❡ ✇♦r❦✢♦✇✱ ✐s t❤❡ s❡♥❞✐♥❣ ❜② t❤❡ ❡♥❞✲✉s❡r ♦❢ ❛♥
✐♥q✉✐r② t♦ t❤❡ P❘ ❆♣♣ ✐♥ ♦r❞❡r t♦ ✐❞❡♥t✐❢② t❤❡ ♣❧❛♥t s✉❜❥❡❝t ♦❢ t❤❡ ♣✐❝t✉r❡ ✭❡✈❡♥t ✶✮✳
❚❤❡♥✱ t❤❡ P❘ ❆♣♣ ❞✐s♣❛t❝❤❡s t❤❡ r❡q✉❡st t♦ t❤❡ P❘ ❖♣❡r❛t♦r ✭❡✈❡♥t ✷✮✳ ❚❤❡ P❘
❖♣❡r❛t♦r ♦❜t❛✐♥s ❣❡♦❧♦❝❛t✐♦♥ ❝♦♦r❞✐♥❛t❡s ❢r♦♠ t❤❡ ●■❙ ❙②st❡♠ ✭❡✈❡♥t ✸✮ ❛♥❞ r❡❝❡✐✈❡s
❛ r❡s✉❧t ✭❡✈❡♥t ✹✮ ❢r♦♠ t❤❡ P❘ ❙②st❡♠✳ ❚❤❡ P❘ ❖♣❡r❛t♦r t❤❡♥ ❞✐s♣❛t❝❤❡s t❤❡ r❡s✉❧t
t♦ t❤❡ ✉s❡r t❤r♦✉❣❤ t❤❡ P❘ ❆♣♣✬s ✐♥t❡r❢❛❝❡ ✭❡✈❡♥t ✺✮✳ ❚❤✐s r❡s✉❧t ✐s ❝♦♥st✐t✉t❡❞
❜② ❛ ❧✐st ♦❢ ♣♦t❡♥t✐❛❧ ♠❛t❝❤❡s t♦ ✐❞❡♥t✐❢② t❤❡ ♣❧❛♥t ♦♥ t❤❡ ♣✐❝t✉r❡✳ ❚❤❡s❡ ♣♦t❡♥t✐❛❧
♠❛t❝❤❡s ❛r❡ ❞❡t❡r♠✐♥❡❞ ❛❝❝♦r❞✐♥❣ t♦ s✐♠✐❧❛r✐t② ❝♦♠♣❛r✐s♦♥ ❜❡t✇❡❡♥ t❤❡ ♣✐❝t✉r❡ s❡♥t
❛♥❞ ✐♠❛❣❡s ♦❢ ♣❧❛♥ts ✐♥ t❤❡ P❘ ❙②st❡♠ t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t ❣❡♦❧♦❝❛t✐♦♥ ✐♥❢♦r♠❛t✐♦♥✳
❊❛❝❤ r❡s✉❧t ✐s ❛ss❡ss❡❞ ❜② ❛ ♣r♦❜❛❜✐❧✐t② ❞❡t❡r♠✐♥❡❞ ❛❝❝♦r❞✐♥❣ t♦ ❝♦♠♣❛r✐s♦♥ r❡s✉❧ts
❛♥❞ t❤❡ ❝♦rr❡s♣♦♥❞❡♥❝❡ ✇✐t❤ r❡♣♦rt❡❞ ❣❡♦❧♦❝❛t✐♦♥s ♦❢ s♣❡❝✐♠❡♥s ♦❢ t❤❡ s♣❡❝✐❡s✳



✺✳✷✳ ❋✉rt❤❡r ❲♦r❦ ✺✼

❋✐❣✉r❡ ✺✳✷✿ ❯s❡ ❝❛s❡ ✶ ♦❢ t❤❡ ♣❧❛♥t r❡❝♦❣♥✐t✐♦♥ ✇♦r❦✢♦✇ ✭♣♦s✐t✐✈❡ ♠❛t❝❤✮

■❢ t❤❡ ❡♥❞✲✉s❡r ✈❛❧✐❞❛t❡s ♦♥❡ ♠❛t❝❤ ❛♠♦♥❣ t❤❡ ❧✐st r❡❝❡✐✈❡❞✱ t❤❛t ✐s✱ ❤❡ ❝♦♥✜r♠s
t❤❡ ♣❧❛♥t ❝♦rr❡s♣♦♥❞s t♦ ♦♥❡ ♣❧❛♥t ✐♥ t❤❡ r❡s✉❧t✱ t❤❡♥ t❤❡ r❡❝♦❣♥✐t✐♦♥ ♣r♦❝❡ss ❡♥❞s✳
❚❤✐s ✐♥❢♦r♠❛t✐♦♥ ❝❛♥ t❤❡♥ ❜❡ ✉s❡❞ t♦ ✉♣❞❛t❡ t❤❡ ❧✐st ♦❢ s♣❡❝✐♠❡♥s ♦❢ t❤✐s s♣❡❝✐❡s
❢♦✉♥❞ ❛t t❤✐s ❣❡♦❧♦❝❛t✐♦♥ ♣♦s✐t✐♦♥✳ ❖t❤❡r✇✐s❡✱ t❤❛t ✐s ✐❢ ♥♦ r❡s✉❧t ✐♥ t❤❡ ❧✐st ✐s
✈❛❧✐❞❛t❡❞ ❜② t❤❡ ❡♥❞✲✉s❡r ♦r t❤❡ r❡s✉❧t✐♥❣ ❧✐st ✐s ❡♠♣t②✱ ❛ ♥❡✇ ♣r♦❝❡ss ✐s ✐♥✐t✐❛t❡❞
t♦ r❡✜♥❡ t❤❡ r❡❝♦❣♥✐t✐♦♥ ♣r♦❝❡ss ❜② ♣r♦✈✐❞✐♥❣ ♠♦r❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ ♣❧❛♥t t♦
✐❞❡♥t✐❢② t♦ t❤❡ P❘ ❙②st❡♠✳ ❚❤✐s ♥❡✇ ♣r♦❝❡ss ✐s ✐❧❧✉str❛t❡❞ ❜② t❤❡ ❝♦❧❧❛❜♦r❛t✐♦♥
❞✐❛❣r❛♠ ❞❡♣✐❝t❡❞ ✐♥ ❋✐❣✉r❡ ✺✳✸✳

❋✐❣✉r❡ ✺✳✸✿ ❯s❡ ❝❛s❡ ✷ ♦❢ t❤❡ ♣❧❛♥t r❡❝♦❣♥✐t✐♦♥ ✇♦r❦✢♦✇ ✭♥♦ ♣♦s✐t✐✈❡ ♠❛t❝❤✮



✺✽ ❈❤❛♣t❡r ✺✳ ❈♦♥❝❧✉s✐♦♥s ❛♥❞ ❋✉rt❤❡r ❲♦r❦

❋✐rst ❡✈❡♥t✱ t❤❡ ❡♥❞✲✉s❡r ❡♥❞s ❛♥ r❡❝♦❣♥✐t✐♦♥ ✐♥q✉✐r② t♦ t❤❡ P❘ ❆♣♣ ✭❡✈❡♥t ✶✮ ❛♥❞
t❤❡ P❘ ❆♣♣ ❞✐s♣❛t❝❤❡s t❤❡ r❡q✉❡st t♦ t❤❡ P❘ ❖♣❡r❛t♦r ✭❡✈❡♥t ✷✮✳ ❚❤❡ P❘ ❖♣❡r❛t♦r
♦❜t❛✐♥s ❣❡♦❧♦❝❛t✐♦♥ ❝♦♦r❞✐♥❛t❡s ✭❡✈❡♥t ✸✮ ❛♥❞ r❡❝❡✐✈❡s ❛ r❡s✉❧t ✭❡✈❡♥t ✹✮ ❢r♦♠ t❤❡
P❘ ❙②st❡♠✳ ❲❡ ❝♦♥s✐❞❡r ❤❡r❡ t❤❡ s✐t✉❛t✐♦♥ ✇❤❡r❡ ♥♦ r❡❧❡✈❛♥t ♠❛t❝❤ ✇❛s ❢♦✉♥❞ ❜②
t❤❡ P❘ ❙②st❡♠✳ ❚❤❡ P❘ ❖♣❡r❛t♦r t❤❡ ❞✐s♣❛t❝❤❡s ❛ r❡s♣♦♥s❡ ❛s ❛ ❢❡❡❞❜❛❝❦ ❢♦r♠ t♦
t❤❡ ✉s❡r t❤r♦✉❣❤ t❤❡ P❘ ❆♣♣✬s ✐♥t❡r❢❛❝❡ ✭❡✈❡♥t ✺✮✳ ❚❤✐s ❢♦r♠ ❛❧❧♦✇s t❤❡ ❡♥❞✲✉s❡r
t♦ ♣r♦✈✐❞❡ ❞❡t❛✐❧❡❞ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ ♣❧❛♥t t♦ r❡❝♦❣♥✐③❡✱ s✉❝❤ ❛s ❢♦r ✐♥st❛♥❝❡ ♣❧❛♥t
❢❡❛t✉r❡ ❞❡s❝r✐♣t♦rs✱ ❛♥❞ t❤✐s ❢♦r♠ ✐s s❡♥t t♦ t❤❡ P❘ ❆♣♣ ✭❡✈❡♥t ✻✮✳ ❚❤❡ P❘ ❆♣♣
t❤❡♥ ❞✐s♣❛t❝❤❡s t❤❡s❡ ❢❡❡❞❜❛❝❦ ❞❛t❛ t♦ t❤❡ P❘ ❖♣❡r❛t♦r ✭❡✈❡♥t ✼✮ ✇❤✐❝❤ ❞✐s♣❛t❝❤❡s
✐♥ t✉r♥ ❛ ❝♦♠♠❛♥❞ t♦ ✉♣❞❛t❡ ❞❛t❛ ♦♥ t❤❡ P❘ ❙②st❡♠ ✭❡✈❡♥t ✽✮✳

❚❤❡ t❤✐r❞ ✉s❡ ❝❛s❡ ❝♦rr❡s♣♦♥❞s t♦ t❤❡ s✐t✉❛t✐♦♥ ✇❤❡r❡ s❡✈❡r❛❧ ♣♦s✐t✐✈❡ ♠❛t❝❤❡s
❛r❡ r❡t✉r♥❡❞ t♦ t❤❡ ❡♥❞✲✉s❡r ✐♥ t❤❡ r❡s✉❧t ❧✐st ❛♥❞ ❝♦♠♣❧❡♠❡♥t❛r② st❡♣s ❛r❡ r❡q✉✐r❡❞
t♦ ✐❞❡♥t✐❢② t❤❡ ♣❧❛♥t ❛♠♦♥❣ t❤✐s ❧✐st✳ ❚❤✐s ♣r♦❝❡ss ✐s ✐❧❧✉str❛t❡❞ ❜② t❤❡ ❝♦❧❧❛❜♦r❛t✐♦♥
❞✐❛❣r❛♠ ❞❡♣✐❝t❡❞ ✐♥ ❋✐❣✉r❡ ✺✳✹✳

❋✐❣✉r❡ ✺✳✹✿ ❯s❡ ❝❛s❡ ✸ ♦❢ t❤❡ ♣❧❛♥t r❡❝♦❣♥✐t✐♦♥ ✇♦r❦✢♦✇ ✭s❡✈❡r❛❧ ♣♦s✐t✐✈❡ ♠❛t❝❤❡s✮

❋✐rst✱ t❤❡ ❡♥❞✲✉s❡r s❡♥❞s ❛♥ ✐♥q✉✐r② t♦ t❤❡ P❘ ❆♣♣ ✭❡✈❡♥t ✶✮✳ ❚❤❡ P❘ ❆♣♣
❞✐s♣❛t❝❤❡s t❤❡ r❡q✉❡st t♦ t❤❡ P❘ ❖♣❡r❛t♦r ✭❡✈❡♥t ✷✮✱ t❤❡ P❘ ❖♣❡r❛t♦r ♦❜t❛✐♥s
❝♦♦r❞✐♥❛t❡s ❢r♦♠ ●■❙ ❙②st❡♠ ✭❡✈❡♥t ✸✮ ❛♥❞ r❡❝❡✐✈❡s r❡s✉❧ts ❢r♦♠ t❤❡ P❘ ❙②st❡♠
✭❡✈❡♥t ✹✮✳ ❚❤❡ ❧✐st ♦❢ r❡s✉❧ts ✐s t❤❡♥ ♣r❡s❡♥t❡❞ t♦ t❤❡ ❡♥❞✲✉s❡r t❤r♦✉❣❤ t❤❡ P❘
❆♣♣✬s ✐♥t❡r❢❛❝❡ ✇✐t❤ ❛ ✜❧t❡r✐♥❣ ❢♦r♠ t❤❛t ❛❧❧♦✇s ❤✐♠✴❤❡r t♦ ♣r❡❝✐s❡ ❞❡s❝r✐♣t✐✈❡ ❝❤❛r✲
❛❝t❡r✐st✐❝s ♦❢ t❤❡ ♣❧❛♥t t♦ r❡❝♦❣♥✐③❡ ✭❡✈❡♥t ✺✮✳ ❚❤❡ ❡♥❞✲✉s❡r ❝♦♠♣❧❡t❡s t❤✐s ✜❧t❡r✐♥❣
❝r✐t❡r✐❛ ❛♥❞ r❡s✉❧ts ❛r❡ s❡♥t t♦ t❤❡ P❘ ❆♣♣ ✭❡✈❡♥t ✻✮✳ ❚❤❡ P❘ ❆♣♣ ❞✐s♣❛t❝❤❡s t❤❡s❡
r❡s✉❧ts t♦ t❤❡ P❘ ❖♣❡r❛t♦r ✭❡✈❡♥t ✼✮ ✇❤✐❝❤ ✐♥ t✉r♥ r❡❝❡✐✈❡s ✐ts❡❧❢ ❛ ❝♦rr❡s♣♦♥❞✐♥❣
r❡s✉❧t ❢r♦♠ t❤❡ P❘ ❙②st❡♠ ✭❡✈❡♥t ✽✮✳ ❚❤❡ P❘ ❖♣❡r❛t♦r t❤❡♥ ❞✐s♣❛t❝❤❡s t❤❡ s♣❡❝✐✜❝
r❡s✉❧t t♦ t❤❡ ❡♥❞✲✉s❡r t❤r♦✉❣❤ t❤❡ P❘ ❆♣♣✬s ✐♥t❡r❢❛❝❡ ✭❡✈❡♥t ✾✮✳

❚❤❡ ♣r♦❝❡ss✐♥❣ ♦❢ ❣❡♦❧♦❝❛t✐♦♥ ✐♥❢♦r♠❛t✐♦♥ ✐s ❛♥ ✐♠♣♦rt❛♥t ♣❛rt ♦❢ t❤❡ r❡❝♦❣♥✐t✐♦♥



✺✳✷✳ ❋✉rt❤❡r ❲♦r❦ ✺✾

♣r♦❝❡ss✳ ❉✐✛❡r❡♥t s♦❧✉t✐♦♥s t♦ ❝♦♠♣✉t❡ t❤❡ ❛r❡❛ ♦❢ ♣r❡s❡♥❝❡ ♦❢ s♣❡❝✐♠❡♥s ♦❢ ❛ s♣❡❝✐❡s✱
t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t t❤❡ ❞✐✈❡rs✐t② ♦❢ ❝♦♠♣❧❡t❡♥❡ss ♦❢ ❣❡♦❧♦❝❛t✐♦♥ ✐♥❢♦r♠❛t✐♦♥ ❢♦r t❤❡
❞✐✛❡r❡♥t s♣❡❝✐❡s✱ ❝❛♥ ❜❡ ❛♣♣❧✐❡❞✳ ❊①❛♠♣❧❡s ♦❢ s✉❝❤ s♦❧✉t✐♦♥s ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❋✐❣✉r❡
✺✳✺✳

❋✐❣✉r❡ ✺✳✺✿ ❚✇♦ ♣♦ss✐❜❧❡ s♦❧✉t✐♦♥s t♦ ❝♦♠♣✉t❡ s♣❡❝✐✜❝ ❝♦♦r❞✐♥❛t❡s

❚❤❡ ❢♦❧❧♦✇✐♥❣ s♦❧✉t✐♦♥s ❝❛♥ ❜❡ ❛ ❢❛❝t♦r ❢♦r t❤❡ s♣❡❝✐❡s r❡❝♦❣♥✐t✐♦♥ ♣r♦❝❡ss✳ ❚❤❡
✜rst s♦❧✉t✐♦♥ ❜② ❝❛❧❝✉❧❛t✐♥❣ t❤❡ ❞✐st❛♥❝❡ ♦❢ ❞✐✛❡r❡♥t ❛r❡❛s✴③♦♥❡s ❜❛s❡❞ ♦♥ ❝♦♦r✲
❞✐♥❛t❡s ✭❧❛t✐t✉❞❡ ❛♥❞ ❧♦♥❣✐t✉❞❡✮ ♦❢ ●■❙ ♣r❡❝✐s✐♦♥ s❝❛❧❡s✴❞❡♥s✐t②✱ t❤❡ ❡♥❞✲✉s❡r ❝❛♥
♦❜t❛✐♥ t❤❡ ❣❡♦❧♦❝❛t✐♦♥ ✐♥❢♦r♠❛t✐♦♥ ♦❢ t❤❡ ❞✐✛❡r❡♥t✴s❛♠❡ s♣❡❝✐❡s✿ ❤♦✇ ❢❛r ❢r♦♠ t❤❡
❛r❡❛✴③♦♥❡ t❤❛t s❤❡✴❤❡ ❤❛s ❞✐s❝♦✈❡r❡❞ t❤❡ s♣❡❝✐❡s✳ ❚❤❡ s❡❝♦♥❞ s♦❧✉t✐♦♥ ✐❢ ❛❧❧ s♣❡❝✐❡s
❛r❡ ❧♦❝❛t❡❞ ✐♥ t❤❡ s❛♠❡ ❛r❡❛✴③♦♥❡✱ t❤❡ ❡♥❞✲✉s❡r ❝❛♥ t❤❡♥ ❞✐s❝♦✈❡r t❤❡ s♣❡❝✐❡s ❜②
✉s✐♥❣✴❝❛❧❝✉❧❛t✐♥❣ ✈❛❧✉❡s ♦❢ ❇♦✉♥❞✐♥❣ ❇♦①✭❇❇♦①✮ ❝♦♦r❞✐♥❛t❡s ♦❢ t❤❡ ❛r❡❛✴③♦♥❡ t♦
♣♦✐♥t t❤❡ ❣❡♦❧♦❝❛t✐♦♥ ♦❢ t❤❡ s♣❡❝✐❡s✳ ❋♦r ❡①❛♠♣❧❡✱ ❜♦t❛♥✐sts ❝❛♥ ♣r❡❞✐❝t ❛♥❞ ✈❡r✐❢②
♥❡✇ s♣❡❝✐♠❡♥ts ❜② s✐♠♣❧② s❡♥❞✐♥❣ ❝♦♦r❞✐♥❛t❡s ♦❢ t❤❡ s♣❡❝✐♠❡♥ts ✇❤❡♥ t❤❡② ❛r❡ ✐♥
t❤❡ ✜❡❧❞✇♦r❦✳





❆♣♣❡♥❞✐① ❆

❘❡s♦✉r❝❡s ❛♥❞ ❖♥t♦❧♦❣② ❉♦♠❛✐♥s

❆✳✶ ❇✐♦❞✐✈❡rs✐t② ❛♥❞ ❊♥✈✐r♦♥♠❡♥t ❘❡s♦✉r❝❡s

❇❍▲✿ ❇✐♦❞✐✈❡rs✐t② ❍❡r✐t❛❣❡ ▲✐❜r❛r② ❚❤❡ ❇❍▲ ✐s ❛ ❝♦♥s♦rt✐✉♠ ♦❢ ♥❛t✉r❛❧
❤✐st♦r② ❛♥❞ ❜♦t❛♥✐❝❛❧ ❧✐❜r❛r✐❡s t❤❛t ❝♦♦♣❡r❛t❡ t♦ ❞✐❣✐t✐③❡ ❛♥❞ ♠❛❦❡ ❛❝❝❡ss✐❜❧❡ t❤❡
❧❡❣❛❝② ❧✐t❡r❛t✉r❡ ♦❢ ❜✐♦❞✐✈❡rs✐t② ❤❡❧❞ ✐♥ t❤❡✐r ❝♦❧❧❡❝t✐♦♥s ❛♥❞ t♦ ♠❛❦❡ t❤❛t ❧✐t❡r❛t✉r❡
❛✈❛✐❧❛❜❧❡ ❢♦r ♦♣❡♥ ❛❝❝❡ss ❛♥❞ r❡s♣♦♥s✐❜❧❡ ✉s❡ ❛s ❛ ♣❛rt ♦❢ ❛ ❣❧♦❜❛❧ ✏❜✐♦❞✐✈❡rs✐t② ❝♦♠✲
♠♦♥s✑✳ ❚❤❡ ❇❍▲ ❝♦♥s♦rt✐✉♠ ✇♦r❦s ✇✐t❤ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ t❛①♦♥♦♠✐❝ ❝♦♠♠✉♥✐t②✱
r✐❣❤ts ❤♦❧❞❡rs✱ ❛♥❞ ♦t❤❡r ✐♥t❡r❡st❡❞ ♣❛rt✐❡s t♦ ❡♥s✉r❡ t❤❛t t❤✐s ❜✐♦❞✐✈❡rs✐t② ❤❡r✐t❛❣❡
✐s ♠❛❞❡ ❛✈❛✐❧❛❜❧❡ t♦ ❛ ❣❧♦❜❛❧ ❛✉❞✐❡♥❝❡ t❤r♦✉❣❤ ♦♣❡♥ ❛❝❝❡ss ♣r✐♥❝✐♣❧❡s✳ ❚❤❡ ❇❍▲ ✇❛s
❢♦✉♥❞ ✐♥ ✷✵✵✺✳

❇✐♦◆❊❚ ❇✐♦◆❊❚ ✲ t❤❡ ❣❧♦❜❛❧ ♥❡t✇♦r❦ ❢♦r t❛①♦♥♦♠② ✲ ✐s ❛♥ ✐♥t❡r♥❛t✐♦♥❛❧ ✐♥✐✲
t✐❛t✐✈❡ ❞❡❞✐❝❛t❡❞ t♦ ♣r♦♠♦t✐♥❣ t❤❡ s❝✐❡♥❝❡ ❛♥❞ ✉s❡ ♦❢ t❛①♦♥♦♠②✱ ❡s♣❡❝✐❛❧❧② ✐♥ t❤❡
❡❝♦♥♦♠✐❝❛❧❧② ♣♦♦r❡r ❝♦✉♥tr✐❡s ♦❢ t❤❡ ✇♦r❧❞✳ ❚♦ ❞❛t❡ t❤❡ ♥❡t✇♦r❦ ❝♦♠♣r✐s❡s t❡♥
❣♦✈❡r♥♠❡♥t✲❡♥❞♦rs❡❞ r❡❣✐♦♥❛❧ ♥❡t✇♦r❦s✱ t❤❡ ✬▲♦❝❛❧❧② ❖✇♥❡❞ ❛♥❞ ❖♣❡r❛t❡❞ P❛rt✲
♥❡rs❤✐♣s✬ ✭▲❖❖Ps✮✱ ❡♥❝♦♠♣❛ss✐♥❣ ✐♥st✐t✉t✐♦♥s ❛♥❞ ✸✱✵✵✵ ✐♥❞✐✈✐❞✉❛❧s ✐♥ ♦✈❡r ✶✵✵
❝♦✉♥tr✐❡s✱ ❛♥❞ ❛ ❙❡❝r❡t❛r✐❛t ✐♥ t❤❡ ❯❑ ❤♦st❡❞ ❜② ❈❆❇■✱ ❛♥ ✐♥t❡r♥❛t✐♦♥❛❧ ♥♦t✲❢♦r✲
♣r♦✜t ♦r❣❛♥✐③❛t✐♦♥✳

❇■❖❚■❑ ❇■❖❚■❑✱ st❛♥❞s ❢♦r ❇✐♦❞✐✈❡rs✐t② ■♥❢♦r♠❛t✐❝s ❛♥❞ ❝♦✲❖♣❡r❛t✐♦♥ ✐♥ ❚❛①✲
♦♥♦♠② ❢♦r ■♥t❡r❛❝t✐✈❡ s❤❛r❡❞ ❑♥♦✇❧❡❞❣❡ ❜❛s❡✳ ■ts ❛✐♠s ✐s t♦ ♣r♦✈✐❞❡ ❞❛t❛ ♦♥ ♣❧❛♥ts
✐♥ ▲❛♦s✱ ❈❛♠❜♦❞✐❛✱ ■♥❞✐❛ ❛♥❞ s♦♠❡ ❝♦✉♥tr✐❡s ✐♥ ❆s✐❛✳

❇■❙❊✿ ❇✐♦❞✐✈❡rs✐t② ■♥❢♦r♠❛t✐♦♥ ❙②st❡♠ ❢♦r ❊✉r♦♣❡ ❚❤❡ ❇■❙❊ ✐s ❛ s✐♥❣❧❡
❡♥tr② ♣♦✐♥t ❢♦r ❞❛t❛ ❛♥❞ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❜✐♦❞✐✈❡rs✐t② ✐♥ t❤❡ ❊❯✳ ❇r✐♥❣✐♥❣ t♦❣❡t❤❡r
❢❛❝ts ❛♥❞ ✜❣✉r❡s ♦♥ ❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❡❝♦s②st❡♠ s❡r✈✐❝❡s✱ ✐t ❧✐♥❦s t♦ r❡❧❛t❡❞ ♣♦❧✐❝✐❡s✱
❡♥✈✐r♦♥♠❡♥t❛❧ ❞❛t❛ ❝❡♥t❡rs✱ ❛ss❡ss♠❡♥ts ❛♥❞ r❡s❡❛r❝❤ ✜♥❞✐♥❣s ❢r♦♠ ✈❛r✐♦✉s s♦✉r❝❡s✳
■t ✐s ❜❡✐♥❣ ❞❡✈❡❧♦♣❡❞ t♦ str❡♥❣t❤❡♥ t❤❡ ❦♥♦✇❧❡❞❣❡ ❜❛s❡ ✐♥ s✉♣♣♦rt ♦❢ t❤❡ ✐♠♣❧❡♠❡♥✲
t❛t✐♦♥ ♦❢ t❤❡ ❊❯ ❜✐♦❞✐✈❡rs✐t② str❛t❡❣② ❛♥❞ t❤❡ ❛ss❡ss♠❡♥t ♦❢ ✐ts ♣r♦❣r❡ss✳

❈❇❉✿ ❈♦♥✈❡♥t✐♦♥ ♦♥ ❇✐♦❧♦❣✐❝❛❧ ❉✐✈❡rs✐t② ❚❤❡ ❈❇❉ ✇❛s ♦♣❡♥❡❞ ❢♦r s✐❣♥❛t✉r❡
♦♥ ✺ ❏✉♥❡ ✶✾✾✷ ❛t t❤❡ ❯♥✐t❡❞ ◆❛t✐♦♥s ❈♦♥❢❡r❡♥❝❡ ♦♥ ❊♥✈✐r♦♥♠❡♥t ❛♥❞ ❉❡✈❡❧♦♣♠❡♥t
✭t❤❡ ❘✐♦ ✧❊❛rt❤ ❙✉♠♠✐t✧✮✳ ❚❤❡ ❈♦♥✈❡♥t✐♦♥ ♦♥ ❇✐♦❧♦❣✐❝❛❧ ❉✐✈❡rs✐t② ✇❛s ✐♥s♣✐r❡❞
❜② t❤❡ ✇♦r❧❞ ❝♦♠♠✉♥✐t②✬s ❣r♦✇✐♥❣ ❝♦♠♠✐t♠❡♥t t♦ s✉st❛✐♥❛❜❧❡ ❞❡✈❡❧♦♣♠❡♥t✳ ❚❤❡
❈❇❉ r❡♣r❡s❡♥ts ❛ ❞r❛♠❛t✐❝ st❡♣ ❢♦r✇❛r❞ ✐♥ t❤❡ ❝♦♥s❡r✈❛t✐♦♥ ♦❢ ❜✐♦❧♦❣✐❝❛❧ ❞✐✈❡rs✐t②✱
t❤❡ s✉st❛✐♥❛❜❧❡ ✉s❡ ♦❢ ✐ts ❝♦♠♣♦♥❡♥ts✱ ❛♥❞ t❤❡ ❢❛✐r ❛♥❞ ❡q✉✐t❛❜❧❡ s❤❛r✐♥❣ ♦❢ ❜❡♥❡✜ts
❛r✐s✐♥❣ ❢r♦♠ t❤❡ ✉s❡ ♦❢ ❣❡♥❡t✐❝ r❡s♦✉r❝❡s✳



❆✳✶✳ ❇✐♦❞✐✈❡rs✐t② ❛♥❞ ❊♥✈✐r♦♥♠❡♥t ❘❡s♦✉r❝❡s ✻✶

❊❈◆❈✿ ❊✉r♦♣❡❛♥ ❈❡♥t❡r ❢♦r ◆❛t✉r❡ ❈♦♥s❡r✈❛t✐♦♥ ❚❤❡ ❊❈◆❈ ✐s ❛♥ ✐♥❞❡✲
♣❡♥❞❡♥t ♦r❣❛♥✐③❛t✐♦♥ ✇♦r❦✐♥❣ ❢♦r t❤❡ ❝♦♥s❡r✈❛t✐♦♥ ❛♥❞ s✉st❛✐♥❛❜❧❡ ✉s❡ ♦❢ ❊✉r♦♣❡✬s
♥❛t✉r❡✱ ❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❧❛♥❞s❝❛♣❡s✳ ❙✐♥❝❡ ✐ts ❡st❛❜❧✐s❤♠❡♥t ✐♥ ✶✾✾✸ ❊❈◆❈ ❤❛s
❞❡✈❡❧♦♣❡❞ ❛ ✇♦r❦✐♥❣ ♣❛rt♥❡rs❤✐♣ ✇✐t❤ ❛♥ ❡①t❡♥s✐✈❡ ♥❡t✇♦r❦ ♦❢ ♦r❣❛♥✐③❛t✐♦♥s ❛♥❞
✐♥st✐t✉t❡s ❢r♦♠ ❛❧❧ ♦✈❡r ❊✉r♦♣❡✳ ❚❤❡ ❊❈◆❈ ♣r♦✈✐❞❡s ✐ts ❡①♣❡rt✐s❡ t♦ ♥❛t✐♦♥❛❧ ❛♥❞
r❡❣✐♦♥❛❧ ❣♦✈❡r♥♠❡♥ts✱ ✐♥t❡r❣♦✈❡r♥♠❡♥t❛❧ ♦r❣❛♥✐③❛t✐♦♥s s✉❝❤ ❛s t❤❡ ❯♥✐t❡❞ ◆❛t✐♦♥s✱
t❤❡ ❊✉r♦♣❡❛♥ ❈♦♠♠✐ss✐♦♥✱ t❤❡ ❊✉r♦♣❡❛♥ ❊♥✈✐r♦♥♠❡♥t ❆❣❡♥❝② ❛♥❞ t❤❡ ❈♦✉♥❝✐❧ ♦❢
❊✉r♦♣❡✱ ❛♥❞ t♦ ✐♥st✐t✉t✐♦♥s ✇♦r❦✐♥❣ ✐♥ ✜♥❛♥❝✐♥❣✱ ❧❛♥❞ ✉s❡ ❛♥❞ r❡s❡❛r❝❤✳

❊❙❆❇■■✿ ❊❛st ❛♥❞ ❙♦✉t❤❡❛st ❆s✐❛ ❇✐♦❞✐✈❡rs✐t② ■♥❢♦r♠❛t✐♦♥ ■♥✐t✐❛t✐✈❡

❚❤❡ ❊❙❆❇■■ ✇❛s ❧❛✉♥❝❤❡❞ t♦ ♣✉rs✉❡ ❝❛♣❛❝✐t② ❜✉✐❧❞✐♥❣ ✐♥ t❛①♦♥♦♠② ❛♥❞ t❤❡ ❞❡✲
✈❡❧♦♣♠❡♥t ♦❢ ❛♥ ✐♥❢♦r♠❛t✐♦♥ s②st❡♠ ♦♥ ❜✐♦❞✐✈❡rs✐t② ✐♥ ❊❛st ❛♥❞ ❙♦✉t❤❡❛st ❆s✐❛ ✐♥
♦r❞❡r t♦ ❝♦♥tr✐❜✉t❡ t♦ t❤❡ ♣r♦♠♦t✐♦♥ ♦❢ ❜✐♦❞✐✈❡rs✐t② ❝♦♥s❡r✈❛t✐♦♥ ❛♥❞ t❤❡ ✐♠♣❧❡♠❡♥✲
t❛t✐♦♥ ♦❢ t❤❡ ❈❇❉ ❙tr❛t❡❣✐❝ P❧❛♥ ✐♥ t❤❡ ❛r❡❛✳

❋❆❖❞❛t❛✿ ❋❆❖✬s ❉❛t❛ ❲❛r❡❤♦✉s❡ ❋❆❖❞❛t❛ ❜r✐♥❣s t♦❣❡t❤❡r st❛t✐st✐❝s✱ ♠❛♣s✱
♣✐❝t✉r❡s ❛♥❞ ❞♦❝✉♠❡♥ts ♦♥ ♥✉tr✐t✐♦♥✱ ❢♦♦❞ ❛♥❞ ❛❣r✐❝✉❧t✉r❡ ❢r♦♠ t❤r♦✉❣❤♦✉t t❤❡ ❋♦♦❞
❛♥❞ ❆❣r✐❝✉❧t✉r❡ ❖r❣❛♥✐③❛t✐♦♥ ♦❢ t❤❡ ❯♥✐t❡❞ ◆❛t✐♦♥s✭❋❆❖✮✱ ♣r♦✈✐❞✐♥❣ ❡❛s② ❛❝❝❡ss✱
❛ ♣♦✇❡r❢✉❧ s❡❛r❝❤ ❡♥❣✐♥❡ ❛♥❞ ❞❛t❛ ✈✐s✉❛❧✐③❛t✐♦♥s ❛❧❧ ✐♥ ♦♥❡ ❝♦♥✈❡♥✐❡♥t ❧♦❝❛t✐♦♥✳
❋❆❖❞❛t❛ ❛❧r❡❛❞② ✉♥✐t❡s ❞❛t❛ ❢r♦♠ ✷✹ ♦❢ ♦✉r ❞❛t❛❜❛s❡s r❡❧❛t❡❞ t♦ ✶✾✽ ❝♦✉♥tr✐❡s ❛♥❞
✐♥❝❧✉❞❡s ✻✹ ❙t❛t✐st✐❝❛❧ ❞❛t❛s❡ts✱ ✷✸✺✱✵✷✺ ▼❛♣s✱ ✻✶✱✼✶✹ P✐❝t✉r❡s✱ ❛♥❞ ✽✻✽✺ ❚❛❣s✳

■❯❈◆✿ ■♥t❡r♥❛t✐♦♥❛❧ ❯♥✐♦♥ ❢♦r ❈♦♥s❡r✈❛t✐♦♥ ♦❢ ◆❛t✉r❡ ❚❤❡ ■❯❈◆ ✐s t❤❡
✇♦r❧❞✬s ♦❧❞❡st ❛♥❞ ❧❛r❣❡st ❣❧♦❜❛❧ ❡♥✈✐r♦♥♠❡♥t❛❧ ♦r❣❛♥✐③❛t✐♦♥ ♥❡t✇♦r❦✳ ■t ❤❡❧♣s t❤❡
✇♦r❧❞ ✜♥❞ ♣r❛❣♠❛t✐❝ s♦❧✉t✐♦♥s t♦ ♦✉r ♠♦st ♣r❡ss✐♥❣ ❡♥✈✐r♦♥♠❡♥t ❛♥❞ ❞❡✈❡❧♦♣♠❡♥t
❝❤❛❧❧❡♥❣❡s✳ ❚❤❡ ■❯❈◆ ✇❛s ❢♦✉♥❞❡❞ ✐♥ ✶✾✹✽✳

●❇■❋✿ ●❧♦❜❛❧ ❇✐♦❞✐✈❡rs✐t② ■♥❢♦r♠❛t✐♦♥ ❋❛❝✐❧✐t② ❚❤❡ ●❇■❋ ✇❛s ❡st❛❜❧✐s❤❡❞
❜② ❣♦✈❡r♥♠❡♥ts ✐♥ ✷✵✵✶ t♦ ❡♥❝♦✉r❛❣❡ ❢r❡❡ ❛♥❞ ♦♣❡♥ ❛❝❝❡ss t♦ ❜✐♦❞✐✈❡rs✐t② ❞❛t❛✱
✈✐❛ t❤❡ ■♥t❡r♥❡t✳ ❚❤r♦✉❣❤ ❛ ❣❧♦❜❛❧ ♥❡t✇♦r❦ ♦❢ ❝♦✉♥tr✐❡s ❛♥❞ ♦r❣❛♥✐③❛t✐♦♥s✱ ●❇■❋
♣r♦♠♦t❡s ❛♥❞ ❢❛❝✐❧✐t❛t❡s t❤❡ ♠♦❜✐❧✐③❛t✐♦♥✱ ❛❝❝❡ss✱ ❞✐s❝♦✈❡r② ❛♥❞ ✉s❡ ♦❢ ✐♥❢♦r♠❛t✐♦♥
❛❜♦✉t t❤❡ ♦❝❝✉rr❡♥❝❡ ♦❢ ♦r❣❛♥✐s♠s ♦✈❡r t✐♠❡ ❛♥❞ ❛❝r♦ss t❤❡ ♣❧❛♥❡t✳

❑◆❊❯✿ ❇✐♦❞✐✈❡rs✐t② ❑♥♦✇❧❡❞❣❡ ❇✐♦❞✐✈❡rs✐t② ❑♥♦✇❧❡❞❣❡ ✐s ❛♥ ✐♥✐t✐❛t✐✈❡ ❜②
r❡s❡❛r❝❤❡rs ❛♥❞ ♣r❛❝t✐t✐♦♥❡rs t♦ ❤❡❧♣ ❛❧❧ s♦❝✐❡t❛❧ ❛❝t♦rs ✐♥ t❤❡ ✜❡❧❞ ♦❢ ❜✐♦❞✐✈❡rs✐t②
❛♥❞ ❡❝♦s②st❡♠ s❡r✈✐❝❡s t♦ ♠❛❦❡ ❜❡tt❡r ✐♥❢♦r♠❡❞ ❞❡❝✐s✐♦♥s✳

◆❇◆✿ ◆❛t✐♦♥❛❧ ❇✐♦❞✐✈❡rs✐t② ◆❡t✇♦r❦ ❚❤❡ ◆❇◆ ✐s ❛ ❝♦❧❧❛❜♦r❛t✐✈❡ ✈❡♥t✉r❡
✐♥ t❤❡ ❯♥✐t❡❞ ❑✐♥❣❞♦♠ ❝♦♠♠✐tt❡❞ t♦ ♠❛❦✐♥❣ ❜✐♦❞✐✈❡rs✐t② ✐♥❢♦r♠❛t✐♦♥ ❛✈❛✐❧❛❜❧❡
t❤r♦✉❣❤ ✈❛r✐♦✉s ♠❡❞✐❛✱ ✐♥❝❧✉❞✐♥❣ ♦♥ t❤❡ ■♥t❡r♥❡t ✈✐❛ t❤❡ ◆❇◆ ●❛t❡✇❛②✱ t❤❡ ❞❛t❛
s❡❛r❝❤ ✇❡❜ s✐t❡ ♦❢ t❤❡ ◆❇◆✳

❖❇■❙✿ ❚❤❡ ❖❝❡❛♥ ❇✐♦❣❡♦❣r❛♣❤✐❝ ✐♥❢♦r♠❛t✐♦♥ ❙②st❡♠ ❖❇■❙ ♣r♦✈✐❞❡s ❛ ♣♦r✲
t❛❧ ♦r ❣❛t❡✇❛② t♦ ♠❛♥② ❞❛t❛s❡ts ❝♦♥t❛✐♥✐♥❣ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ✇❤❡r❡ ❛♥❞ ✇❤❡♥ ♠❛r✐♥❡
s♣❡❝✐❡s ❤❛✈❡ ❜❡❡♥ r❡❝♦r❞❡❞✳ ❚❤❡ ❞❛t❛s❡ts ❛r❡ ✐♥t❡❣r❛t❡❞ s♦ ②♦✉ ❝❛♥ s❡❛r❝❤ t❤❡♠



✻✷ ❆♣♣❡♥❞✐① ❆✳ ❘❡s♦✉r❝❡s ❛♥❞ ❖♥t♦❧♦❣② ❉♦♠❛✐♥s

❛❧❧ s❡❛♠❧❡ss❧② ❜② s♣❡❝✐❡s ♥❛♠❡✱ ❤✐❣❤❡r t❛①♦♥♦♠✐❝ ❧❡✈❡❧✱ ❣❡♦❣r❛♣❤✐❝ ❛r❡❛✱ ❞❡♣t❤✱ ❛♥❞
t✐♠❡❀ ❛♥❞ t❤❡♥ ♠❛♣ ❛♥❞ ✜♥❞ ❡♥✈✐r♦♥♠❡♥t❛❧ ❞❛t❛ r❡❧❛t❡❞ t♦ t❤❡ ❧♦❝❛t✐♦♥s✳

❖❊❈❉✿ ❖r❣❛♥✐③❛t✐♦♥ ❢♦r ❊❝♦♥♦♠✐❝ ❈♦✲♦♣❡r❛t✐♦♥ ❛♥❞ ❉❡✈❡❧♦♣♠❡♥t ❚❤❡
❖❊❈❉ ✐s ❛♥ ✐♥t❡r♥❛t✐♦♥❛❧ ❡❝♦♥♦♠✐❝ ♦r❣❛♥✐③❛t✐♦♥ ♦❢ ✸✹ ❝♦✉♥tr✐❡s ❢♦✉♥❞❡❞ ✐♥ ✶✾✻✶ t♦
st✐♠✉❧❛t❡ ❡❝♦♥♦♠✐❝ ♣r♦❣r❡ss ❛♥❞ ✇♦r❧❞ tr❛❞❡✳ ■t ✐s ❛ ❢♦r✉♠ ♦❢ ❝♦✉♥tr✐❡s ❝♦♠♠✐tt❡❞
t♦ ❞❡♠♦❝r❛❝② ❛♥❞ t❤❡ ♠❛r❦❡t ❡❝♦♥♦♠②✱ ♣r♦✈✐❞✐♥❣ ❛ ♣❧❛t❢♦r♠ t♦ ❝♦♠♣❛r❡ ♣♦❧✐❝②
❡①♣❡r✐❡♥❝❡s✱ s❡❡❦ ❛♥s✇❡rs t♦ ❝♦♠♠♦♥ ♣r♦❜❧❡♠s✱ ✐❞❡♥t✐❢② ❣♦♦❞ ♣r❛❝t✐❝❡s ❛♥❞ ❝♦✲
♦r❞✐♥❛t❡ ❞♦♠❡st✐❝ ❛♥❞ ✐♥t❡r♥❛t✐♦♥❛❧ ♣♦❧✐❝✐❡s ♦❢ ✐ts ♠❡♠❜❡rs✳

❚❊❊❇✿ ❚❤❡ ❊❝♦♥♦♠✐❝s ♦❢ ❊❝♦s②st❡♠s ❛♥❞ ❇✐♦❞✐✈❡rs✐t② ❚❊❊❇ ✐s ❛ ❣❧♦❜❛❧
✐♥✐t✐❛t✐✈❡ ❢♦❝✉s❡❞ ♦♥ ❞r❛✇✐♥❣ ❛tt❡♥t✐♦♥ t♦ t❤❡ ❡❝♦♥♦♠✐❝ ❜❡♥❡✜ts ♦❢ ❜✐♦❞✐✈❡rs✐t②✳
■ts ♦❜❥❡❝t✐✈❡ ✐s t♦ ❤✐❣❤❧✐❣❤t t❤❡ ❣r♦✇✐♥❣ ❝♦st ♦❢ ❜✐♦❞✐✈❡rs✐t② ❧♦ss ❛♥❞ ❡❝♦s②st❡♠
❞❡❣r❛❞❛t✐♦♥✳ ❚❊❊❇ ♣r❡s❡♥ts ❛♥ ❛♣♣r♦❛❝❤ t❤❛t ❝❛♥ ❤❡❧♣ ❞❡❝✐s✐♦♥✲♠❛❦❡rs r❡❝♦❣♥✐③❡✱
❞❡♠♦♥str❛t❡ ❛♥❞ ❝❛♣t✉r❡ t❤❡ ✈❛❧✉❡s ♦❢ ❡❝♦s②st❡♠s ✫ ❜✐♦❞✐✈❡rs✐t②✱ ✐♥❝❧✉❞✐♥❣ ❤♦✇ t♦
✐♥❝♦r♣♦r❛t❡ t❤❡s❡ ✈❛❧✉❡s ✐♥t♦ ❞❡❝✐s✐♦♥✲♠❛❦✐♥❣✳

❯◆❊P✿ ❯♥✐t❡❞ ◆❛t✐♦♥s ❊♥✈✐r♦♥♠❡♥t Pr♦❣r❛♠ ❚❤❡ ❯◆❊P ✐s ❛♥ ✐♥t❡r♥❛✲
t✐♦♥❛❧ ✐♥st✐t✉t✐♦♥ ✭❛ ♣r♦❣r❛♠♠❡✱ r❛t❤❡r t❤❛♥ ❛♥ ❛❣❡♥❝② ♦❢ t❤❡ ❯◆✮ t❤❛t ❝♦♦r❞✐♥❛t❡s
❯♥✐t❡❞ ◆❛t✐♦♥s ❡♥✈✐r♦♥♠❡♥t❛❧ ❛❝t✐✈✐t✐❡s✱ ❛ss✐st✐♥❣ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s ✐♥ ✐♠♣❧❡✲
♠❡♥t✐♥❣ ❡♥✈✐r♦♥♠❡♥t❛❧❧② s♦✉♥❞ ♣♦❧✐❝✐❡s ❛♥❞ ♣r❛❝t✐❝❡s✳ ■t ✇❛s ❢♦✉♥❞❡❞ ❛s ❛ r❡s✉❧t ♦❢
t❤❡ ❯♥✐t❡❞ ◆❛t✐♦♥s ❈♦♥❢❡r❡♥❝❡ ♦♥ t❤❡ ❍✉♠❛♥ ❊♥✈✐r♦♥♠❡♥t ✐♥ ❏✉♥❡ ✶✾✼✷ ❛♥❞ ❤❛s
✐ts ❤❡❛❞q✉❛rt❡rs ✐♥ t❤❡ ●✐❣✐r✐ ♥❡✐❣❤❜♦r❤♦♦❞ ♦❢ ◆❛✐r♦❜✐✱ ❑❡♥②❛✳ ❚❤❡ ❯◆❊P ❛❧s♦ ❤❛s
s✐① r❡❣✐♦♥❛❧ ♦✣❝❡s ❛♥❞ ✈❛r✐♦✉s ❝♦✉♥tr② ♦✣❝❡s✳

❱✐❇❘❆◆❚✿ ❱✐rt✉❛❧ ❇✐♦❞✐✈❡rs✐t② ❘❡s❡❛r❝❤ ❛♥❞ ❆❝❝❡ss ◆❡t✇♦r❦ ❢♦r ❚❛①✲

♦♥♦♠② ❱✐❇❘❆◆❚ ✐s ❛ ❊✉r♦♣❡❛♥ ❯♥✐♦♥ ❋P✼ ❢✉♥❞❡❞ ♣r♦❥❡❝t st❛rt✐♥❣ ✐♥ ❉❡❝❡♠❜❡r
✷✵✶✵ t❤❛t ✇✐❧❧ s✉♣♣♦rt t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ ✈✐rt✉❛❧ r❡s❡❛r❝❤ ❝♦♠♠✉♥✐t✐❡s ✐♥✈♦❧✈❡❞ ✐♥
❜✐♦❞✐✈❡rs✐t② s❝✐❡♥❝❡✳ ❱✐❇❘❆◆❚ ♣r♦✈✐❞❡s ❛ ♠♦r❡ ✐♥t❡❣r❛t❡❞ ❛♥❞ ❡✛❡❝t✐✈❡ ❢r❛♠❡✇♦r❦
❢♦r t❤♦s❡ ♠❛♥❛❣✐♥❣ ❜✐♦❞✐✈❡rs✐t② ❞❛t❛ ♦♥ t❤❡ ❲❡❜✳

❆✳✷ ❉❡✜♥✐t✐♦♥s ♦❢ ❖♥t♦❧♦❣② ❉♦♠❛✐♥s

❆❞✈❡rs❡ ❡✈❡♥t✿ ❆♥② ✉♥❢❛✈♦r❛❜❧❡ ♦r ✉♥✐♥t❡♥❞❡❞ s②♠♣t♦♠✱ s✐❣♥✱ ♦r ❞✐s❡❛s❡ ✐♥❝❧✉❞✲
✐♥❣ ❛♥ ❛❜♥♦r♠❛❧ ❧❛❜♦r❛t♦r② ✜♥❞✐♥❣ t❡♠♣♦r❛❧❧② ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ✉s❡ ♦❢ ❛ ♠❡❞✐❝❛❧
tr❡❛t♠❡♥t ♦r ♣r♦❝❡❞✉r❡ t❤❛t ♠❛② ♦r ♠❛② ♥♦t ❜❡ ❝♦♥s✐❞❡r❡❞ r❡❧❛t❡❞ t♦ t❤❡ ♠❡❞✐❝❛❧
tr❡❛t♠❡♥t ♦r ♣r♦❝❡❞✉r❡✳ ❙✉❝❤ ❡✈❡♥ts ❝❛♥ ❜❡ ✐♥t❡r✈❡♥t✐♦♥ r❡❧❛t❡❞✱ ❞♦s❡ r❡❧❛t❡❞✱ r♦✉t❡
r❡❧❛t❡❞✱ ♣❛t✐❡♥t r❡❧❛t❡❞✱ ♦r ❝❛✉s❡❞ ❜② ❛♥ ✐♥t❡r❛❝t✐♦♥ ✇✐t❤ ❛♥♦t❤❡r ❞r✉❣✭s✮ ♦r ♣r♦❝❡✲
❞✉r❡✭s✮ ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

❆❧❣♦r✐t❤♠✿ ❆ ❞❡✜♥❡❞ ♣r♦❝❡❞✉r❡ ❢♦r s♦❧✈✐♥❣ ❛ ♣r♦❜❧❡♠✳ ❆♣♣❧✐❡❞ t♦ ❛ ♣r♦❜❧❡♠✲
s♦❧✈✐♥❣ ♣r♦❝❡❞✉r❡ ✐♠♣❧❡♠❡♥t❡❞ ✐♥ s♦❢t✇❛r❡ t♦ ❜❡ ❡①❡❝✉t❡❞ ❜② ❛ ❝♦♠♣✉t❡r
❬❲❤❡t③❡❧ ✷✵✶✶❪✳



❆✳✷✳ ❉❡✜♥✐t✐♦♥s ♦❢ ❖♥t♦❧♦❣② ❉♦♠❛✐♥s ✻✸

❆❧❧✿ ❆♥② t②♣❡s✳

❆♥❛t♦♠②✿ ❆ ❜r❛♥❝❤ ♦❢ ❜✐♦❧♦❣② ❛♥❞ ▼❡❞✐❝✐♥❡ t❤❛t st✉❞✐❡s ♣r✐♠❛r✐❧② t❤❡ ✐♥t❡r♥❛❧
str✉❝t✉r❡ ❛♥❞ ❞❡s✐❣♥ ♦❢ t❤❡ str✉❝t✉r❡ ♦❢ ❧✐✈✐♥❣ t❤✐♥❣s✳ ■t ✐s ❛ ❣❡♥❡r❛❧ t❡r♠ t❤❛t
✐♥❝❧✉❞❡s ❤✉♠❛♥ ❛♥❛t♦♠②✱ ❛♥✐♠❛❧ ❛♥❛t♦♠② ✭③♦♦t♦♠②✮ ❛♥❞ ♣❧❛♥t ❛♥❛t♦♠② ✭♣❤②t♦✲
t♦♠②✮✳ ❆♥❛t♦♠② ✐s ❞✐✈✐❞❡❞ ✐♥t♦ ✈❛r✐♦✉s s✉❜ s♣❡❝✐❛❧t✐❡s ✐♥ s♦♠❡ ♦❢ ✐ts ❢❛❝❡ts ❛♥❛t♦♠②
✐s ❝❧♦s❡❧② r❡❧❛t❡❞ t♦ ❊♠❜r②♦❧♦❣②✱ ❍✐st♦❧♦❣②✱ ❝♦♠♣❛r❛t✐✈❡ ❛♥❛t♦♠② ❛♥❞ ❝♦♠♣❛r❛t✐✈❡
❡♠❜r②♦❧♦❣②✱ t❤r♦✉❣❤ ❝♦♠♠♦♥ r♦♦ts ✐♥ ❡✈♦❧✉t✐♦♥✳ ❆♥❛t♦♠② ✐s s✉❜❞✐✈✐❞❡❞ ✐♥t♦ ❣r♦ss
❛♥❛t♦♠② ✭♦r ♠❛❝r♦s❝♦♣✐❝ ❛♥❛t♦♠②✮ ❛♥❞ ♠✐❝r♦s❝♦♣✐❝ ❛♥❛t♦♠②✳ ●r♦ss ❛♥❛t♦♠② ✭❛❧s♦
❝❛❧❧❡❞ t♦♣♦❣r❛♣❤✐❝❛❧ ❛♥❛t♦♠②✱ r❡❣✐♦♥❛❧ ❛♥❛t♦♠②✱ ♦r ❛♥t❤r♦♣♦t♦♠②✮ ✐s t❤❡ st✉❞②
♦❢ ❛♥❛t♦♠✐❝❛❧ str✉❝t✉r❡s t❤❛t ❝❛♥ ❜❡ s❡❡♥ ❜② ✉♥❛✐❞❡❞ ✈✐s✐♦♥ ✇✐t❤ t❤❡ ♥❛❦❡❞ ❡②❡✳
▼✐❝r♦s❝♦♣✐❝ ❛♥❛t♦♠② ✐s t❤❡ st✉❞② ♦❢ ♠✐♥✉t❡ ❛♥❛t♦♠✐❝❛❧ str✉❝t✉r❡s ❛ss✐st❡❞ ✇✐t❤
♠✐❝r♦s❝♦♣❡s✱ ✇❤✐❝❤ ✐♥❝❧✉❞❡s ❤✐st♦❧♦❣② ✭t❤❡ st✉❞② ♦❢ t❤❡ ♦r❣❛♥✐③❛t✐♦♥ ♦❢ t✐ss✉❡s✮✱
❛♥❞ ❝②t♦❧♦❣② ✭t❤❡ st✉❞② ♦❢ ❝❡❧❧s✮✳ ❚❤❡ ❤✐st♦r② ♦❢ ❛♥❛t♦♠② ❤❛s ❜❡❡♥ ❝❤❛r❛❝t❡r✐③❡❞✱
♦✈❡r t✐♠❡✱ ❜② ❛ ❝♦♥t✐♥✉❛❧❧② ❞❡✈❡❧♦♣✐♥❣ ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡ ❢✉♥❝t✐♦♥s ♦❢ ♦r❣❛♥s ❛♥❞
str✉❝t✉r❡s ✐♥ t❤❡ ❜♦❞② ✐♥❝❧✉❞✐♥❣ t❤❡ ❝❧✐♥✐❝❛❧ ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ ❤♦✇ ❞❛♠❛❣❡ t♦ t❤❡s❡
str✉❝t✉r❡s ❡✛❡❝ts ♦t❤❡r ❢✉♥❝t✐♦♥s ✐♥ t❤❡ ❜♦❞②✳ ▼❡t❤♦❞s ❤❛✈❡ ❛❧s♦ ❛❞✈❛♥❝❡❞ ❞r❛♠❛t✲
✐❝❛❧❧②✱ ❛❞✈❛♥❝✐♥❣ ❢r♦♠ ❡①❛♠✐♥❛t✐♦♥ ♦❢ ❛♥✐♠❛❧s t❤r♦✉❣❤ ❞✐ss❡❝t✐♦♥ ♦❢ ❝❛❞❛✈❡rs ✭❞❡❛❞
❤✉♠❛♥ ❜♦❞✐❡s✮ t♦ t❡❝❤♥♦❧♦❣✐❝❛❧❧② ❝♦♠♣❧❡① t❡❝❤♥✐q✉❡s ❞❡✈❡❧♦♣❡❞ ✐♥ t❤❡ ✷✵t❤ ❝❡♥t✉r②
✐♥❝❧✉❞✐♥❣ ❳✲r❛② t❡❝❤♥♦❧♦❣②✱ ❙♦♥♦❣r❛♠ ❛♥❞ ▼❘■ t❡❝❤♥♦❧♦❣②✳ ❆♥❛t♦♠② s❤♦✉❧❞ ♥♦t
❜❡ ❝♦♥❢✉s❡❞ ✇✐t❤ ❛♥❛t♦♠✐❝❛❧ ♣❛t❤♦❧♦❣② ✭❛❧s♦ ❝❛❧❧❡❞ ♠♦r❜✐❞ ❛♥❛t♦♠② ♦r ❤✐st♦♣❛t❤♦❧✲
♦❣②✮✱ ✇❤✐❝❤ ✐s t❤❡ st✉❞② ♦❢ t❤❡ ❣r♦ss ❛♥❞ ♠✐❝r♦s❝♦♣✐❝ ❛♣♣❡❛r❛♥❝❡s ♦❢ ❞✐s❡❛s❡❞ ♦r❣❛♥s
❬❲❤❡t③❡❧ ✷✵✶✶❪✳

❇❡❤❛✈✐♦r✿ ❚❤❡ ❛❝t✐♦♥s ♦r r❡❛❝t✐♦♥s ♦❢ ❛♥ ♦❜❥❡❝t ♦r ♦r❣❛♥✐s♠✱ ✉s✉❛❧❧② ✐♥ r❡❧❛t✐♦♥ t♦
t❤❡ ❡♥✈✐r♦♥♠❡♥t ♦r s✉rr♦✉♥❞✐♥❣ ✇♦r❧❞ ♦❢ st✐♠✉❧✐ ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

❇✐♦❝❤❡♠✐str② ❙t✉❞② ♦❢ t❤❡ ❝❤❡♠✐❝❛❧ s✉❜st❛♥❝❡s ❛♥❞ ✈✐t❛❧ ♣r♦❝❡ss❡s ♦❝❝✉rr✐♥❣ ✐♥
❧✐✈✐♥❣ ♦r❣❛♥✐s♠s ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

❇✐♦✐♥❢♦r♠❛t✐❝s✿ ❚♦ ❞❡r✐✈❡ ❦♥♦✇❧❡❞❣❡ ❢r♦♠ ❝♦♠♣✉t❡r ❛♥❛❧②s✐s ♦❢ ❜✐♦❧♦❣✐❝❛❧ ❞❛t❛✳
❚❤❡s❡ ❝❛♥ ❝♦♥s✐st ♦❢ t❤❡ ✐♥❢♦r♠❛t✐♦♥ st♦r❡❞ ✐♥ t❤❡ ❣❡♥❡t✐❝ ❝♦❞❡✱ ❜✉t ❛❧s♦ ❡①♣❡r✲
✐♠❡♥t❛❧ r❡s✉❧ts ❢r♦♠ ✈❛r✐♦✉s s♦✉r❝❡s✱ ♣❛t✐❡♥t st❛t✐st✐❝s✱ ❛♥❞ s❝✐❡♥t✐✜❝ ❧✐t❡r❛t✉r❡
❬❲❤❡t③❡❧ ✷✵✶✶❪✳

❇✐♦❧♦❣②✿ ❙❝✐❡♥❝❡ t❤❛t st✉❞✐❡s ❧✐✈✐♥❣ ♦r❣❛♥✐s♠s ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

❇✐♦❧♦❣✐❝❛❧ Pr♦❝❡ss✿ ❆ ♣r♦❝❡ss t❤❛t t❛❦❡s ♣❧❛❝❡ ✇✐t❤✐♥ ❛ ❧✐✈✐♥❣ ♦r❣❛♥✐s♠✳

❇✐♦❧♦❣✐❝❛❧ ❢✉♥❝t✐♦♥✿ ❆♥ ❛❝t✐✈✐t② ♦❝❝✉rr✐♥❣ ✇✐t❤✐♥ ❛♥ ♦r❣❛♥✐s♠✱ ❜❡t✇❡❡♥ ♦r❣❛♥✐s♠s
♦r ❛♠♦♥❣ ♦r❣❛♥✐s♠s ❛♥❞ t❤❡ ♠❡❝❤❛♥✐s♠s ✉♥❞❡r❧②✐♥❣ s✉❝❤ ❡✈❡♥ts ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

❇✐♦❧♦❣✐❝❛❧ ❙❡q✉❡♥❝❡✿ ❆ s✐♥❣❧❡✱ ❝♦♥t✐♥✉♦✉s ♠♦❧❡❝✉❧❡ ♦❢ ♥✉❝❧❡✐❝ ❛❝✐❞ ♦r ♣r♦t❡✐♥✳ ■t
❝❛♥ ❜❡ t❤♦✉❣❤t ♦❢ ❛s ❛ ♠✉❧t✐♣❧❡ ✐♥❤❡r✐t❛♥❝❡ ❝❧❛ss ❤✐❡r❛r❝❤②✳ ❖♥❡ ❤✐❡r❛r❝❤② ✐s t❤❛t ♦❢
t❤❡ ✉♥❞❡r❧②✐♥❣ ♠♦❧❡❝✉❧❡ t②♣❡✿ ❉◆❆✱ ❘◆❆✱ ♦r ♣r♦t❡✐♥ ❬✷✵✶✸❝❪✳



✻✹ ❆♣♣❡♥❞✐① ❆✳ ❘❡s♦✉r❝❡s ❛♥❞ ❖♥t♦❧♦❣② ❉♦♠❛✐♥s

❊①♣❡r✐♠❡♥t✿ ❆ ❝♦♦r❞✐♥❛t❡❞ s❡t ♦❢ ❛❝t✐♦♥s ❛♥❞ ♦❜s❡r✈❛t✐♦♥s ❞❡s✐❣♥❡❞ t♦ ❣❡♥❡r❛t❡
❞❛t❛✱ ✇✐t❤ t❤❡ ✉❧t✐♠❛t❡ ❣♦❛❧ ♦❢ ❞✐s❝♦✈❡r② ♦r ❤②♣♦t❤❡s✐s t❡st✐♥❣ ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

❊♥✈✐r♦♥♠❡♥t✿ ❚❤❡ ❡①t❡r♥❛❧ ❡❧❡♠❡♥ts ❛♥❞ ❝♦♥❞✐t✐♦♥s ✇❤✐❝❤ s✉rr♦✉♥❞✱ ✐♥✢✉❡♥❝❡✱
❛♥❞ ❛✛❡❝t t❤❡ ❧✐❢❡ ❛♥❞ ❞❡✈❡❧♦♣♠❡♥t ♦❢ ❛♥ ♦r❣❛♥✐s♠ ♦r ♣♦♣✉❧❛t✐♦♥ ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

●❡♥♦♠✐❝✿ ❚❤❡ ❝♦♠♣❧❡t❡ ❣❡♥♦♠✐❝ ❝♦♥t❡♥t ♦❢ ❛♥ ♦r❣❛♥✐s♠✱ ❛♥❞ ♣♦ss✐❜❧② t❤❡ ❢✉❧❧ ❉◆❆
s❡q✉❡♥❝❡ ♦❢ t❤❛t ♦r❣❛♥✐s♠✳ ■t ✐s ❝♦♥t❛✐♥❡❞ ✐♥ ❛ s❡t ♦❢ ❝❤r♦♠♦s♦♠❡s ✐♥ ❡✉❦❛r②♦t❡s✱ ❛
s✐♥❣❧❡ ❝❤r♦♠♦s♦♠❡ ✐♥ ❜❛❝t❡r✐❛✱ ♦r ❛ ❉◆❆ ♦r ❘◆❆♠♦❧❡❝✉❧❡ ✐♥ ✈✐r✉s❡s ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

●❡♦❣r❛♣❤②✿ ❚❤❡ s❝✐❡♥❝❡ t❤❛t ❞❡❛❧s ✇✐t❤ t❤❡ ✇♦r❧❞ ❛♥❞ ✐ts ✐♥❤❛❜✐t❛♥ts❀ ❛ ❞❡s❝r✐♣t✐♦♥
♦❢ t❤❡ ❡❛rt❤✱ ♦r ❛ ♣♦rt✐♦♥ ♦❢ t❤❡ ❡❛rt❤✱ ✐♥❝❧✉❞✐♥❣ ✐ts str✉❝t✉r❡✱ ❢❡❛t✉r❡s✱ ♣r♦❞✉❝ts✱
♣♦❧✐t✐❝❛❧ ❞✐✈✐s✐♦♥s✱ ❛♥❞ t❤❡ ♣❡♦♣❧❡ ❜② ✇❤♦♠ ✐t ✐s ✐♥❤❛❜✐t❡❞ ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

❍❡❛❧t❤✿ ❘❡❢❡rs t♦ ❛ ♣❡rs♦♥✬s st❛t❡ ♦❢ ♣❤②s✐❝❛❧✱ ♠❡♥t❛❧ ❛♥❞ s♦❝✐❛❧ ✇❡❧❧✲❜❡✐♥❣❀ ✉s✉❛❧❧②
✐t r❡❢❡rs s♣❡❝✐✜❝❛❧❧② t♦ t❤❡ st❛t❡ ♦❢ ❜❡✐♥❣ ✐♥ ❣♦♦❞ ❤❡❛❧t❤✱ ❛ st❛t❡ ♦❢ ❝♦♠♣❧❡t❡ ♣❤②s✐❝❛❧✱
♠❡♥t❛❧ ❛♥❞ s♦❝✐❛❧ ✇❡❧❧✲❜❡✐♥❣✱ ❛♥❞ ❞♦❡s ♥♦t ❝♦♥s✐st ♦♥❧② ♦❢ t❤❡ ❛❜s❡♥❝❡ ♦❢ ❞✐s❡❛s❡ ♦r
✐♥✜r♠✐t② ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

■♥❢♦r♠❛t✐♦♥✿ ❑♥♦✇❧❡❞❣❡ ❞❡r✐✈❡❞ ❢r♦♠ st✉❞②✱ ❡①♣❡r✐❡♥❝❡✱ ♦r ✐♥str✉❝t✐♦♥ t❤❛t ❤❛s
❜❡❡♥ ❣❛t❤❡r❡❞ ♦r r❡❝❡✐✈❡❞ ❜② ❝♦♠♠✉♥✐❝❛t✐♦♥ ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

■♠♠✉♥♦❧♦❣②✿ ❙t✉❞② ♦❢ t❤❡ ✐♠♠✉♥❡ s②st❡♠ ❛♥❞ ✐ts r❡❛❝t✐♦♥ t♦ ♣❛t❤♦❣❡♥s✱ ❛s ✇❡❧❧
❛s ✐ts ♠❛❧❢✉♥❝t✐♦♥s ✭❛✉t♦✐♠♠✉♥❡ ❞✐s❡❛s❡s✱ ❛❧❧❡r❣✐❡s✱ r❡❥❡❝t✐♦♥ ♦❢ ♦r❣❛♥ tr❛♥s♣❧❛♥ts✮
❬❲❤❡t③❡❧ ✷✵✶✶❪✳

▲✐♣✐❞✿ ❆♥ ♦✐❧② ♦r❣❛♥✐❝ ❝♦♠♣♦✉♥❞ ✐♥s♦❧✉❜❧❡ ✐♥ ✇❛t❡r ❜✉t s♦❧✉❜❧❡ ✐♥ ♦r❣❛♥✐❝ s♦❧✈❡♥ts❀
❡ss❡♥t✐❛❧ str✉❝t✉r❛❧ ❝♦♠♣♦♥❡♥t ♦❢ ❧✐✈✐♥❣ ❝❡❧❧s ✭❛❧♦♥❣ ✇✐t❤ ♣r♦t❡✐♥s ❛♥❞ ❝❛r❜♦❤②✲
❞r❛t❡s✮ ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

▼❡❞✐❝✐♥❡✿ ❇r❛♥❝❤❡s ♦❢ ♠❡❞✐❝❛❧ s❝✐❡♥❝❡ t❤❛t ❞❡❛❧ ✇✐t❤ ♥♦♥s✉r❣✐❝❛❧ t❡❝❤♥✐q✉❡s
❬❲❤❡t③❡❧ ✷✵✶✶❪✳

▼♦❧❡❝✉❧❛r str✉❝t✉r❡✿ ❚❤❡ ❧♦❝❛t✐♦♥ ♦❢ t❤❡ ❛t♦♠s✱ ❣r♦✉♣s ♦r ✐♦♥s r❡❧❛t✐✈❡ t♦ ♦♥❡
❛♥♦t❤❡r ✐♥ ❛ ♠♦❧❡❝✉❧❡✱ ❛s ✇❡❧❧ ❛s t❤❡ ♥✉♠❜❡r ❛♥❞ ❧♦❝❛t✐♦♥ ♦❢ ❝❤❡♠✐❝❛❧ ❜♦♥❞s ❬✷✵✶✸❞❪✳

◆❡✉r♦s❝✐❡♥❝❡✿ ❆ ❜r❛♥❝❤ ♦❢ s❝✐❡♥❝❡ t❤❛t ❞❡❛❧s ✇✐t❤ t❤❡ st✉❞② ♦❢ t❤❡ ♥❡r✈♦✉s s②st❡♠
❬❲❤❡t③❡❧ ✷✵✶✶❪✳

P❤❡♥♦t②♣❡✿ Pr♦❞✉❝t ♦❢ ✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥ ❣❡♥❡s✱ ❛♥❞ ❜❡t✇❡❡♥ ❣❡♥❡s ❛♥❞ t❤❡
❡♥✈✐r♦♥♠❡♥t ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

Pr♦✈❡♥❛♥❝❡✿ ❲❤❡r❡ s♦♠❡t❤✐♥❣ ♦r✐❣✐♥❛t❡❞ ♦r ✇❛s ♥✉rt✉r❡❞ ✐♥ ✐ts ❡❛r❧② ❡①✐st❡♥❝❡
❬❲❤❡t③❡❧ ✷✵✶✶❪✳

Pr♦t❡✐♥s✿ ❆ ❣r♦✉♣ ♦❢ ❝♦♠♣❧❡① ♦r❣❛♥✐❝ ♠❛❝r♦♠♦❧❡❝✉❧❡s ❝♦♠♣♦s❡❞ ♦❢ ♦♥❡ ♦r ♠♦r❡
❝❤❛✐♥s ✭❧✐♥❡❛r ♣♦❧②♠❡rs✮ ♦❢ ❛❧♣❤❛✲▲✲❛♠✐♥♦ ❛❝✐❞s ❧✐♥❦❡❞ ❜② ♣❡♣t✐❞❡ ❜♦♥❞s ❛♥❞ r❛♥❣✐♥❣
✐♥ s✐③❡ ❢r♦♠ ❛ ❢❡✇ t❤♦✉s❛♥❞ t♦ ♦✈❡r ✶ ♠✐❧❧✐♦♥ ❉❛❧t♦♥s✳ Pr♦t❡✐♥s ❛r❡ ❢✉♥❞❛♠❡♥t❛❧



❆✳✷✳ ❉❡✜♥✐t✐♦♥s ♦❢ ❖♥t♦❧♦❣② ❉♦♠❛✐♥s ✻✺

❣❡♥❡t✐❝❛❧❧② ❡♥❝♦❞❡❞ ❝♦♠♣♦♥❡♥ts ♦❢ ❧✐✈✐♥❣ ❝❡❧❧s ✇✐t❤ s♣❡❝✐✜❝ str✉❝t✉r❡s ❛♥❞ ❢✉♥❝t✐♦♥s
❞✐❝t❛t❡❞ ❜② ❛♠✐♥♦ ❛❝✐❞ s❡q✉❡♥❝❡ ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

❘❡s♦✉r❝❡✿ ❆✈❛✐❧❛❜❧❡ s♦✉r❝❡ ♦❢ ✇❡❛❧t❤❀ ❛ ♥❡✇ ♦r r❡s❡r✈❡ s✉♣♣❧② t❤❛t ❝❛♥ ❜❡ ❞r❛✇♥
✉♣♦♥ ✇❤❡♥ ♥❡❡❞❡❞ ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

❙♦❢t✇❛r❡ ❚♦♦❧✿ ❆ ♣r♦❣r❛♠ t❤❛t ✐s ❡♠♣❧♦②❡❞ ✐♥ t❤❡ ❞❡✈❡❧♦♣♠❡♥t✱ r❡♣❛✐r✱ ♦r ❡♥✲
❤❛♥❝❡♠❡♥t ♦❢ ♦t❤❡r ♣r♦❣r❛♠s ♦r ♦❢ ❤❛r❞✇❛r❡✳ ❚r❛❞✐t✐♦♥❛❧❧② ❛ s❡t ♦❢ s♦❢t✇❛r❡ t♦♦❧s
❛❞❞r❡ss❡❞ ♦♥❧② t❤❡ ❡ss❡♥t✐❛❧ ♥❡❡❞s ❞✉r✐♥❣ ♣r♦❣r❛♠ ❞❡✈❡❧♦♣♠❡♥t✿ ❛ t②♣✐❝❛❧ s❡t ♠✐❣❤t
❝♦♥s✐st ♦❢ ❛ t❡①t ❡❞✐t♦r✱ ❝♦♠♣✐❧❡r✱ ❧✐♥❦ ❧♦❛❞❡r✱ ❛♥❞ s♦♠❡ ❢♦r♠ ♦❢ ❞❡❜✉❣ t♦♦❧ ❬❏♦❤♥
❉❛✐♥t✐t❤✱ ❋❡❜r✉❛r② ✷✵✶✵✱ ❆ ❉✐❝t✐♦♥❛r② ♦❢ ❈♦♠♣✉t✐♥❣❪✳

❚❛①♦♥♦♠②✿ ❚❤❡♦r✐❡s ❛♥❞ t❡❝❤♥✐q✉❡s ♦❢ ♥❛♠✐♥❣✱ ❞❡s❝r✐❜✐♥❣✱ ❛♥❞ ❝❧❛ss✐❢②✐♥❣ ♦r❣❛♥✲
✐s♠s✱ ❛♥❞ t❤❡ st✉❞② ♦❢ t❤❡ r❡❧❛t✐♦♥s❤✐♣s ♦❢ t❛①❛ ❬❲❤❡t③❡❧ ✷✵✶✶❪✳

❯♣♣❡r✿ ❆ t♦♣✲❧❡✈❡❧ ♦r ❢♦✉♥❞❛t✐♦♥ ♦♥t♦❧♦❣② t❤❛t ❞❡s❝r✐❜❡s ❣❡♥❡r❛❧ ❝♦♥❝❡♣ts t❤❛t ❛r❡
t❤❡ s❛♠❡ ❛❝r♦ss ❛❧❧ ❞♦♠❛✐♥s ♦❢ ❦♥♦✇❧❡❞❣❡✳



❆♣♣❡♥❞✐① ❇

▲✐st ♦❢ ❖♥t♦❧♦❣✐❡s

❚❛❜❧❡ ❇✳✶✿ ❚♦♣✲❧❡✈❡❧ ♦♥t♦❧♦❣✐❡s✳

■♥❞❡① ❖♥t♦❧♦❣② ◆❛♠❡ ❉♦♠❛✐♥ Pr❡✜①

✶ ❇❛s✐❝ ❋♦r♠❛❧ ❖♥t♦❧♦❣② ✉♣♣❡r ❇❋❖

✷ ❖❇❖ r❡❧❛t✐♦♥s❤✐♣ t②♣❡s ✭❧❡❣❛❝②✮ ❛❧❧ ❖❇❖❴❘❊▲

✸ ❘❡❧❛t✐♦♥ ♦♥t♦❧♦❣② ❛❧❧ ❘❖

❚❛❜❧❡ ❇✳✷✿ ❉♦♠❛✐♥✲❧❡✈❡❧ ♦♥t♦❧♦❣✐❡s✳

■♥❞❡① ❖♥t♦❧♦❣② ◆❛♠❡ ❉♦♠❛✐♥ Pr❡✜①

✶ ❇✐♦❧♦❣✐❝❛❧ ♣r♦❝❡ss ❜✐♦❧♦❣✐❝❛❧ ♣r♦❝❡ss ●❖

✷ ❈❡❧❧✉❧❛r ❝♦♠♣♦♥❡♥t ❛♥❛t♦♠② ●❖

✸ ❈❤❡♠✐❝❛❧ ❡♥t✐t✐❡s ♦❢ ❜✐♦❧♦❣✐❝❛❧ ✐♥t❡r❡st ❜✐♦❝❤❡♠✐str② ❈❍❊❇■
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❡①♣❡r✐♠❡♥ts ❊❱

✶✶ ❊①♣♦s✉r❡ ♦♥t♦❧♦❣② ❤❡❛❧t❤ ❊①❖

✶✷ ●❡♥❡ ❘❡❣✉❧❛t✐♦♥ ❖♥t♦❧♦❣② ❣❡♥♦♠✐❝ ❇❖❖❚❙tr❡♣

✶✸ ■♥✢✉❡♥③❛ ❖♥t♦❧♦❣② ❤❡❛❧t❤ ❋▲❯

✶✹ ■♥❢♦r♠❛t✐♦♥ ❆rt✐❢❛❝t ❖♥t♦❧♦❣② ✐♥❢♦r♠❛t✐♦♥ ■❆❖

✶✺ ❑✐♥❡t✐❝ ❙✐♠✉❧❛t✐♦♥ ❆❧❣♦r✐t❤♠ ❖♥t♦❧♦❣② ❛❧❣♦r✐t❤♠s ❑■❙❆❖

✶✻ ▲✐♣✐❞ ❖♥t♦❧♦❣② ❧✐♣✐❞s ▲✐Pr❖

✶✼ ▼❛❧❛r✐❛ ❖♥t♦❧♦❣② ❤❡❛❧t❤ ■❉❖▼❆▲

✶✽ ▼✐❝r♦❛rr❛② ❡①♣❡r✐♠❡♥t❛❧ ❝♦♥❞✐t✐♦♥s ❡①♣❡r✐♠❡♥ts ▼❖

✶✾ ▼✐♥✐♠❛❧ ❛♥❛t♦♠✐❝❛❧ t❡r♠✐♥♦❧♦❣② ❛♥❛t♦♠② ▼❆❚

✷✵ ▼♦❧❡❝✉❧❡ r♦❧❡ ✭■◆❖❍ Pr♦t❡✐♥ ♥❛♠❡✴✲

❢❛♠✐❧② ♥❛♠❡ ♦♥t♦❧♦❣②✮

♣r♦t❡✐♥s ■▼❘

✷✶ ◆❈❇■ ♦r❣❛♥✐s♠❛❧ ❝❧❛ss✐✜❝❛t✐♦♥ t❛①♦♥♦♠② ◆❈❇■❚❛①♦♥

✷✷ ◆❈■ ❚❤❡s❛✉r✉s ❤❡❛❧t❤ ♥❝✐t❤❡s❛✉r✉s

✷✸ ◆❡✉r♦ ❇❡❤❛✈✐♦r ❖♥t♦❧♦❣② ❜❡❤❛✈✐♦r ◆❇❖

✷✹ ◆■❋ ❈❡❧❧ ♥❡✉r♦s❝✐❡♥❝❡ ◆■❋❴❈❡❧❧

✷✺ ◆■❋ ❉②s❢✉♥❝t✐♦♥ ♥❡✉r♦s❝✐❡♥❝❡ ◆■❋❴❉②s❢✉♥❝t✐♦♥

✷✻ ◆■❋ ●r♦ss ❆♥❛t♦♠② ♥❡✉r♦s❝✐❡♥❝❡ ◆■❋❴●r♦ss❆♥❛t♦♠②

✷✼ ◆▼❘✲✐♥str✉♠❡♥t s♣❡❝✐✜❝ ❝♦♠♣♦♥❡♥t ♦❢

♠❡t❛❜♦❧♦♠✐❝s ✐♥✈❡st✐❣❛t✐♦♥s

❡①♣❡r✐♠❡♥ts ◆▼❘

✷✽ P❛t❤✇❛② ♦♥t♦❧♦❣② ❜✐♦❧♦❣✐❝❛❧ ♣r♦❝❡ss P❲

✷✾ P❧❛♥t ❊♥✈✐r♦♥♠❡♥t❛❧ ❈♦♥❞✐t✐♦♥s ❡♥✈✐r♦♥♠❡♥t ❊❖

✸✵ Pr♦t❡✐♥ ❝♦✈❛❧❡♥t ❜♦♥❞ ♣r♦t❡✐♥s ❘❊❙■❉

✸✶ Pr♦t❡♦♠✐❝s ❞❛t❛ ❛♥❞ ♣r♦❝❡ss ♣r♦✈❡✲

♥❛♥❝❡

♣r♦t❡✐♥s Pr♦Pr❡❖

❈♦♥t✐♥✉❡❞ ♦♥ ♥❡①t ♣❛❣❡ . . .



✻✾

❚❛❜❧❡ ✸✿ ❆♣♣❧✐❝❛t✐♦♥✲❧❡✈❡❧ ♦♥t♦❧♦❣✐❡s ✭❝♦♥t✐♥✉❡❞✮✳

■♥❞❡① ❖♥t♦❧♦❣② ◆❛♠❡ ❉♦♠❛✐♥ Pr❡✜①

✸✷ ❙❛♠♣❧❡ ♣r♦❝❡ss✐♥❣ ❛♥❞ s❡♣❛r❛t✐♦♥ t❡❝❤✲

♥✐q✉❡s

♣r♦✈❡♥❛♥❝❡ ❙❊P

✸✸ ❚❛①♦♥♦♠✐❝ r❛♥❦ ✈♦❝❛❜✉❧❛r② t❛①♦♥♦♠② ❚❆❳❘❆◆❑

✸✹ ❚❤❡ ❉r✉❣ ❖♥t♦❧♦❣② ❤❡❛❧t❤ ❉❘❖◆

✸✺ ❯❜❡r ❛♥❛t♦♠② ♦♥t♦❧♦❣② ❛♥❛t♦♠② ❯❇❊❘❖◆

✸✻ ❯❜❡r ❛♥❛t♦♠② ♦♥t♦❧♦❣②✱ ❜❛s✐❝ ✈❡rs✐♦♥ ❛♥❛t♦♠② ✉❜❡r♦♥✲❜❛s✐❝



❆♣♣❡♥❞✐① ❈

❇✐♦❑❊❚ ❉❲✿ ❙◗▲ ❛♥❞ ❱❇❆
❙❝r✐♣ts

▲✐st✐♥❣ ❈✳✶✿ ❇✐♦❑❊❚ ❉❲✿ ◗✉❡r② ❙❝r✐♣ts

−− ❋❡t❝❤ ●❡♦❧♦❝❛t ✐♦♥ ■♥ ❢♦r♠❛t ✐♦♥
❙ ❡ ❧ ❡ ❝ t ✈s♣ ✳ ❙P❊❈■❊❙❴■❉✱

✈s♣ ✳❙P❊❈■❊❙◆❆▼❊✱ ✈❣❡♦ ✳ ●❡♦▲♦❝❛t✐♦♥ ✱ ✈❣❡♦ ✳ ❵▲❊❱❊▲❵ ✱
✈❣❡♦ ✳▲❆❚✶✱ ✈❣❡♦ ✳▲◆●✶✱ ✈❣❡♦ ✳▲❆❚✷✱ ✈❣❡♦ ✳▲◆●✷✱ ✈❣❡♦ ✳ P❛r❡♥t

❋r♦♠ s♣ ❡ ❝ ✐ ❡ s ❛s ✈s♣
❏❖■◆ s♣❡ ❝ ✐ ❡ s❴❣❡♦ s♣❛ t ✐ ❛ ❧ ❛s ✈s❣ ♦♥ ✈s♣ ✳ ❙P❊❈■❊❙❴■❉ ❂ ✈s❣ ✳ ❙P❊❈■❊❙❴■❉
❏❖■◆ ✈❣❡♦ s♣❛ t ✐ ❛ ❧ ❛s ✈❣❡♦ ♦♥ ✈❣❡♦ ✳●❡♦❴■❉ ❂ ✈s❣ ✳●❡♦❴■❉
❲❍❊❘❊ ✈s♣ ✳ ❙P❊❈■❊❙❴■❉ ✐♥ ✭❙❊▲❊❈❚ s♣✐❞ ❢r♦♠ t♠♣✻✺✷ ✮
❖❘❉❊❘ ❇❨ ✈s♣ ✳ ❙P❊❈■❊❙❴■❉

−− ❙♣❡❝ ✐ ❡ ❘✐s❦ ❙t❛t✉s ▼❛tr✐① ❚❛❜❧❡
❙❊▲❊❈❚ s♣ ✳ ❙P❊❈■❊❙❴■❉ ✱ s♣ ✳❙P❊❈■❊❙◆❆▼❊✱
■ ❢ ✭ r s ✳❈❆❚❊●❖❘❨❂✬▲♦✇❡r ❘✐s❦ ✬ ✱ ✶ ✱ ✬ ❄ ✬ ✮
❛s ✬ ❬❘❙ ❪ ▲♦✇❡r ❘✐s❦ ✬ ✱
■ ❢ ✭ r s ✳❈❆❚❊●❖❘❨❂✬❊♥❞❛♥❣❡r❡❞ ✬ ✱ ✶ ✱ ✬ ❄ ✬ ✮
❛s ✬ ❬❘❙ ❪ ❊♥❞❛♥❣❡r❡❞ ✬ ✱
■ ❢ ✭ r s ✳❈❆❚❊●❖❘❨❂✬▲❡❛st ❝♦♥❝❡r♥ ✬ ✱ ✶ ✱ ✬ ❄ ✬ ✮
❛s ✬ ❬❘❙ ❪ ▲❡❛st ❝♦♥❝❡r♥ ✬ ✱
■ ❢ ✭ r s ✳❈❆❚❊●❖❘❨❂✬❱✉❧♥❡r❛❜❧❡ ✬ ✱ ✶ ✱ ✬ ❄ ✬ ✮
❛s ✬ ❬❘❙ ❪ ❱✉❧♥❡r❛❜❧❡ ✬ ✱
■ ❢ ✭ r s ✳❈❆❚❊●❖❘❨❂✬ ❈ r ✐ t ✐ ❝ ❛ ❧ ❧ ② ❊♥❞❛♥❣❡r❡❞ ✬ ✱ ✶ ✱ ✬ ❄ ✬ ✮
❛s ✬ ❬❘❙ ❪ ❈ r ✐ t ✐ ❝ ❛ ❧ ❧ ② ❊♥❞❛♥❣❡r❡❞ ✬ ✱
■ ❢ ✭ r s ✳❈❆❚❊●❖❘❨❂✬❘❛r❡ ✬ ✱ ✶ ✱ ✬ ❄ ✬ ✮
❛s ✬ ❬❘❙ ❪ ❘❛r❡ ✬ ✱
■ ❢ ✭ r s ✳❈❆❚❊●❖❘❨❂✬❉❛t❛ ❉❡ ❢ ✐ ❝ ✐ ❡♥ t ✬ ✱ ✶ ✱ ✬ ❄ ✬ ✮
❛s ✬ ❬❘❙ ❪ ❉❛t❛ ❉❡ ❢ ✐ ❝ ✐ ❡♥ t ✬ ✱
■ ❢ ✭ r s ✳❈❆❚❊●❖❘❨❂✬❘❛r❡ ✫ ❚❤r❡❛t❡♥❡❞ ✬ ✱ ✶ ✱ ✬ ❄ ✬ ✮
❛s ✬ ❬❘❙ ❪ ❘❛r❡ ✫ ❚❤r❡❛t❡♥❡❞ ✬ ✱
■ ❢ ✭ r s ✳❈❆❚❊●❖❘❨❂✬P♦s s ✐❜ ❧② ❊①t✐♥❝t ✬ ✱ ✶ ✱ ✬ ❄ ✬ ✮
❛s ✬ ❬❘❙ ❪ P♦s s ✐❜ ❧② ❊①t✐♥❝t ✬
❋❘❖▼ s♣ ❡ ❝ ✐ ❡ s s♣
▲❊❋❚ ❏❖■◆ ❘■❙❑❴❙❚❆❚❯❙ r s ♦♥ s♣ ✳❘■❙❑❴❙❚❆❚❯❙❴■❉❂rs ✳❘❙■❉



✼✶

❲❍❊❘❊ s♣ ✳ ❙P❊❈■❊❙❴■❉ ✐♥ ✭❙❊▲❊❈❚ t♠♣✻✺✷ ✳ ❙P■❉ ❢r♦♠ t♠♣✻✺✷ ✮

−− ❚❤❡ ❥ ♦ ✐ ♥ ✐ ♥ ❣ ♦ ❢ t ❛❜ ❧ ❡ s ✿ ❙♣❡❝ ✐❡ s ✱ ❋❛♠✐❧② ✱ ❆✉t❤♦rs ✱ ❛♥❞ ❙②♥♦♥②♠s
❙ ❡ ❧ ❡ ❝ t ✈s ✳ ❙P❊❈■❊❙❴■❉✱ ✈s ✳❇❆❘❈❖❉❊✱ ❚❘■▼✭ ✈s ✳❙P❊❈■❊❙◆❆▼❊✮ ✱
❚❘■▼✭ ✈❢ ✳❋❆▼■▲❨◆❆▼❊✮ ✱ ❚❘■▼✭ ✈❛ ✳❆❯❚❍❖❘◆❆▼❊✮ ✱
●❘❖❯P❴❈❖◆❈❆❚✭ ✈s♥ ✳❙❨◆❖◆❨▼◆❖❚❊ ❙❊P❆❘❆❚❖❘ ✬ ❀ ✬ ✮ ❛s ❙②♥♦♥②♠❴◆❛♠❡
❋r♦♠ s♣ ❡ ❝ ✐ ❡ s ❛s ✈s
■◆◆❊❘ ❏❖■◆ s♣❡❝✐❡s❴s②♥♦♥②♠s ❛s ✈ss♥ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉❂✈ss♥ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ s②♥♦♥②♠s ❛s ✈s♥ ♦♥ ✈ss♥ ✳❙❨◆❖◆❨▼❴■❉ ❂ ✈s♥ ✳❙❨◆❖◆❨▼❴■❉
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴❛✉t❤♦rs ❛s ✈s❛ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉ ❂ ✈s❛ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❵ ❛✉t❤♦rs ❵ ❛s ✈❛ ♦♥ ✈s❛ ✳❆❯❚❍❖❘❴■❉ ❂ ✈❛ ✳❆❯❚❍❖❘❴■❉
■◆◆❊❘ ❏❖■◆ ❢❛♠✐ ❧② ❛s ✈ ❢ ♦♥ ✈s ✳❋❆▼■▲❨❴■❉ ❂ ✈❢ ✳❋❆▼■▲❨❴■❉
●❘❖❯P ❇❨ ✈s ✳ ❙P❊❈■❊❙❴■❉

−− ❚❤❡ ❥ ♦ ✐ ♥ ✐ ♥ ❣ ♦ ❢ t ❛❜ ❧ ❡ s ✿ ❙♣❡❝ ✐❡ s ✱ ❋❛♠✐❧② ✱ ❆✉t❤♦rs ✱ ❛♥❞ ❍❛❜✐t
❙ ❡ ❧ ❡ ❝ t ✈s ✳ ❙P❊❈■❊❙❴■❉✱ ✈s ✳❇❆❘❈❖❉❊✱ ✈s ✳❙P❊❈■❊❙◆❆▼❊✱ ✈❢ ✳❋❆▼■▲❨◆❆▼❊✱
✈❛ ✳❆❯❚❍❖❘◆❆▼❊✱
●❘❖❯P❴❈❖◆❈❆❚✭❈❖◆❈❆❚✭✈❤ ✳❍❆❇■❚◆❖❚❊✮ ❙❊P❆❘❆❚❖❘ ✬ ✱ ✬ ✮ ❛s ❍❆❇■❚❴◆❖❚❊
❋r♦♠ s♣ ❡ ❝ ✐ ❡ s ❛s ✈s
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴❤❛❜ ✐ t ❛s ✈s❤ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉❂✈s❤ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❤❛❜✐ t ❛s ✈❤ ♦♥ ✈s❤ ✳❍❆❇■❚❴■❉ ❂ ✈❤ ✳❍❆❇■❚❴■❉
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴❛✉t❤♦rs ❛s ✈s❛ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉ ❂ ✈s❛ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❵ ❛✉t❤♦rs ❵ ❛s ✈❛ ♦♥ ✈s❛ ✳❆❯❚❍❖❘❴■❉ ❂ ✈❛ ✳❆❯❚❍❖❘❴■❉
■◆◆❊❘ ❏❖■◆ ❢❛♠✐ ❧② ❛s ✈ ❢ ♦♥ ✈s ✳❋❆▼■▲❨❴■❉ ❂ ✈❢ ✳❋❆▼■▲❨❴■❉
●❘❖❯P ❇❨ ✈s ✳ ❙P❊❈■❊❙❴■❉

−− ❚❤❡ ❥ ♦ ✐ ♥ ✐ ♥ ❣ ♦ ❢ t ❛❜ ❧ ❡ s ✿ ❙♣❡❝ ✐❡ s ✱ ❋❛♠✐❧② ✱ ❆✉t❤♦rs ✱ ❛♥❞ ❚r✉♥❦❇❛r❦
❙ ❡ ❧ ❡ ❝ t ✈s ✳ ❙P❊❈■❊❙❴■❉✱ ✈s ✳❇❆❘❈❖❉❊✱ ✈s ✳❙P❊❈■❊❙◆❆▼❊✱ ✈❢ ✳❋❆▼■▲❨◆❆▼❊✱
✈❛ ✳❆❯❚❍❖❘◆❆▼❊✱
●❘❖❯P❴❈❖◆❈❆❚✭ ✈t ✳❚❘❯◆❑❇❆❘❑◆❖❚❊ ❙❊P❆❘❆❚❖❘ ✬ ✱ ✬ ✮ ❛s ❚❘❯◆❑❇❆❘❑❴◆❖❚❊
❋r♦♠ s♣ ❡ ❝ ✐ ❡ s ❛s ✈s
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐❡s❴tr✉♥❦❜❛r❦ ❛s ✈st ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉ ❂ ✈st ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ tr✉♥❦❜❛r❦ ❛s ✈t ♦♥ ✈st ✳❚❘❯◆❑❇❆❘❑❴■❉ ❂ ✈t ✳❚❘❯◆❑❇❆❘❑❴■❉
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴❛✉t❤♦rs ❛s ✈s❛ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉❂ ✈s❛ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❵ ❛✉t❤♦rs ❵ ❛s ✈❛ ♦♥ ✈s❛ ✳❆❯❚❍❖❘❴■❉ ❂ ✈❛ ✳❆❯❚❍❖❘❴■❉
■◆◆❊❘ ❏❖■◆ ❢❛♠✐ ❧② ❛s ✈ ❢ ♦♥ ✈s ✳❋❆▼■▲❨❴■❉ ❂ ✈❢ ✳❋❆▼■▲❨❴■❉
●❘❖❯P ❇❨ ✈s ✳ ❙P❊❈■❊❙❴■❉

−− ❚❤❡ ❥ ♦ ✐ ♥ ✐ ♥ ❣ ♦ ❢ t ❛❜ ❧ ❡ s ✿ ❙♣❡❝ ✐❡ s ✱ ❋❛♠✐❧② ✱ ❆✉t❤♦rs ✱ ❛♥❞ ▲❡❛✈❡s
❙ ❡ ❧ ❡ ❝ t ✈s ✳ ❙P❊❈■❊❙❴■❉✱ ✈s ✳❇❆❘❈❖❉❊✱ ✈s ✳❙P❊❈■❊❙◆❆▼❊✱ ✈❢ ✳❋❆▼■▲❨◆❆▼❊✱
✈❛ ✳❆❯❚❍❖❘◆❆▼❊✱
●❘❖❯P❴❈❖◆❈❆❚✭ ✈ ❧ ✳▲❊❆❱❊◆❖❚❊ ❙❊P❆❘❆❚❖❘ ✬ ✱ ✬ ✮ ❛s ▲❊❆❱❊❴◆❖❚❊
❋r♦♠ s♣ ❡ ❝ ✐ ❡ s ❛s ✈s
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴ ❧ ❡❛✈❡ s ❛s ✈ s ❧ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉ ❂ ✈s ❧ ✳ ❙P❊❈■❊❙❴■❉



✼✷ ❆♣♣❡♥❞✐① ❈✳ ❇✐♦❑❊❚ ❉❲✿ ❙◗▲ ❛♥❞ ❱❇❆ ❙❝r✐♣ts

■◆◆❊❘ ❏❖■◆ ❵ ❧ ❡❛✈❡s ❵ ❛s ✈ ❧ ♦♥ ✈ s ❧ ✳▲❊❆❱❊❴■❉ ❂ ✈❧ ✳▲❊❆❱❊❴■❉
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴❛✉t❤♦rs ❛s ✈s❛ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉❂ ✈s❛ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❵ ❛✉t❤♦rs ❵ ❛s ✈❛ ♦♥ ✈s❛ ✳❆❯❚❍❖❘❴■❉ ❂ ✈❛ ✳❆❯❚❍❖❘❴■❉
■◆◆❊❘ ❏❖■◆ ❢❛♠✐ ❧② ❛s ✈ ❢ ♦♥ ✈s ✳❋❆▼■▲❨❴■❉ ❂ ✈❢ ✳❋❆▼■▲❨❴■❉
●❘❖❯P ❇❨ ✈s ✳ ❙P❊❈■❊❙❴■❉

−− ❚❤❡ ❥ ♦ ✐ ♥ ✐ ♥ ❣ ♦ ❢ t ❛❜ ❧ ❡ s ✿ ❙♣❡❝ ✐❡ s ✱ ❋❛♠✐❧② ✱ ❆✉t❤♦rs ✱ ❛♥❞ ❇❇❚
❙❡ ❧ ❡ ❝ t ✈s ✳ ❙P❊❈■❊❙❴■❉✱ ✈s ✳❇❆❘❈❖❉❊✱ ✈s ✳❙P❊❈■❊❙◆❆▼❊✱ ✈❢ ✳❋❆▼■▲❨◆❆▼❊✱
✈❛ ✳❆❯❚❍❖❘◆❆▼❊✱
●❘❖❯P❴❈❖◆❈❆❚✭✈❜ ✳❇❇❚◆❖❚❊ ❙❊P❆❘❆❚❖❘ ✬ ✱ ✬ ✮
❛s ❇r❛♥❝❤s❴❇r❛♥❝❤❧❡ts❴❚✇✐❣s❴◆❖❚❊
❋r♦♠ s♣ ❡ ❝ ✐ ❡ s ❛s ✈s
■◆◆❊❘ ❏❖■◆ s♣❡❝✐❡s❴❇❇❚ ❛s ✈s❜ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉ ❂ ✈s❜ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❇❇❚ ❛s ✈❜ ♦♥ ✈s❜ ✳❇❇❚❴■❉ ❂ ✈❜ ✳❇❇❚❴■❉
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴❛✉t❤♦rs ❛s ✈s❛ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉❂ ✈s❛ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❵ ❛✉t❤♦rs ❵ ❛s ✈❛ ♦♥ ✈s❛ ✳❆❯❚❍❖❘❴■❉ ❂ ✈❛ ✳❆❯❚❍❖❘❴■❉
■◆◆❊❘ ❏❖■◆ ❢❛♠✐ ❧② ❛s ✈ ❢ ♦♥ ✈s ✳❋❆▼■▲❨❴■❉ ❂ ✈❢ ✳❋❆▼■▲❨❴■❉
●❘❖❯P ❇❨ ✈s ✳ ❙P❊❈■❊❙❴■❉

−− ❚❤❡ ❥ ♦ ✐ ♥ ✐ ♥ ❣ ♦ ❢ t ❛❜ ❧ ❡ s ✿ ❙♣❡❝ ✐❡ s ✱ ❋❛♠✐❧② ✱ ❆✉t❤♦rs ✱ ❛♥❞ ■◆❋▲
❙❡ ❧ ❡ ❝ t ✈s ✳ ❙P❊❈■❊❙❴■❉✱ ✈s ✳❇❆❘❈❖❉❊✱ ✈s ✳❙P❊❈■❊❙◆❆▼❊✱ ✈❢ ✳❋❆▼■▲❨◆❆▼❊✱
✈❛ ✳❆❯❚❍❖❘◆❆▼❊✱
●❘❖❯P❴❈❖◆❈❆❚✭ ✈✐♥ ✳■◆❋▲◆❖❚❊ ❙❊P❆❘❆❚❖❘ ✬ ✱ ✬ ✮
❛s ■♥❢❧♦r❡s❝❡♥❝❡s❴♦r❴❋❧♦✇❡rs❴◆❖❚❊
❋r♦♠ s♣ ❡ ❝ ✐ ❡ s ❛s ✈s
■◆◆❊❘ ❏❖■◆ s♣ ❡ ❝ ✐ ❡ s❴ ✐ ♥ ❢ ❧ ❛s ✈ s ✐♥ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉ ❂ ✈s ✐♥ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ✐ ♥ ❢ ❧ ❛s ✈✐♥ ♦♥ ✈s ✐♥ ✳ ■◆❋▲❴■❉ ❂ ✈✐♥ ✳ ■◆❋▲❴■❉
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴❛✉t❤♦rs ❛s ✈s❛ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉❂ ✈s❛ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❵ ❛✉t❤♦rs ❵ ❛s ✈❛ ♦♥ ✈s❛ ✳❆❯❚❍❖❘❴■❉ ❂ ✈❛ ✳❆❯❚❍❖❘❴■❉
■◆◆❊❘ ❏❖■◆ ❢❛♠✐ ❧② ❛s ✈ ❢ ♦♥ ✈s ✳❋❆▼■▲❨❴■❉ ❂ ✈❢ ✳❋❆▼■▲❨❴■❉
●❘❖❯P ❇❨ ✈s ✳ ❙P❊❈■❊❙❴■❉

−− ❚❤❡ ❥ ♦ ✐ ♥ ✐ ♥ ❣ ♦ ❢ t ❛❜ ❧ ❡ s ✿ ❙♣❡❝ ✐❡ s ✱ ❋❛♠✐❧② ✱ ❆✉t❤♦rs ✱ ❛♥❞ ❋r✉ ✐ t❙❡❡❞s
❙ ❡ ❧ ❡ ❝ t ✈s ✳ ❙P❊❈■❊❙❴■❉✱ ✈s ✳❇❆❘❈❖❉❊✱ ✈s ✳❙P❊❈■❊❙◆❆▼❊✱ ✈❢ ✳❋❆▼■▲❨◆❆▼❊✱
✈❛ ✳❆❯❚❍❖❘◆❆▼❊✱
●❘❖❯P❴❈❖◆❈❆❚✭ ✈ ❢ s ✳❋❘❯■❚❙❊❊❉◆❖❚❊ ❙❊P❆❘❆❚❖❘ ✬ ✱ ✬ ✮ ❛s ❋r✉✐t❴❙❡❡❞❴◆❖❚❊
❋r♦♠ s♣ ❡ ❝ ✐ ❡ s ❛s ✈s
■◆◆❊❘ ❏❖■◆ s♣ ❡ ❝ ✐ ❡ s❴ ❢ r ✉ ✐ t s ❡ ❡ ❞ s ❛s ✈ s ❢ s ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉ ❂ ✈ s ❢ s ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❢ r ✉ ✐ t s ❡ ❡ ❞ s ❛s ✈ ❢ s ♦♥ ✈ s ❢ s ✳❋❘❯■❚❙❊❊❉❴■❉ ❂ ✈ ❢ s ✳❋❘❯■❚❙❊❊❉❴■❉
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴❛✉t❤♦rs ❛s ✈s❛ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉❂ ✈s❛ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❵ ❛✉t❤♦rs ❵ ❛s ✈❛ ♦♥ ✈s❛ ✳❆❯❚❍❖❘❴■❉ ❂ ✈❛ ✳❆❯❚❍❖❘❴■❉
■◆◆❊❘ ❏❖■◆ ❢❛♠✐ ❧② ❛s ✈ ❢ ♦♥ ✈s ✳❋❆▼■▲❨❴■❉ ❂ ✈❢ ✳❋❆▼■▲❨❴■❉
●❘❖❯P ❇❨ ✈s ✳ ❙P❊❈■❊❙❴■❉



✼✸

−− ❚❤❡ ❥ ♦ ✐ ♥ ✐ ♥ ❣ ♦ ❢ t ❛❜ ❧ ❡ s ✿ ❙♣❡❝ ✐❡ s ✱ ❋❛♠✐❧② ✱ ❆✉t❤♦rs ✱ ❛♥❞ ❍❆❊❈
❙❡ ❧ ❡ ❝ t ✈s ✳ ❙P❊❈■❊❙❴■❉✱ ✈s ✳❇❆❘❈❖❉❊✱ ✈s ✳❙P❊❈■❊❙◆❆▼❊✱ ✈❢ ✳❋❆▼■▲❨◆❆▼❊✱
✈❛ ✳❆❯❚❍❖❘◆❆▼❊✱
●❘❖❯P❴❈❖◆❈❆❚✭ ✈❤❝ ✳❍❆❊❈◆❖❚❊ ❙❊P❆❘❆❚❖❘ ✬ ✱ ✬ ✮ ❛s ❍❆❇■❚❆❚❴❊❈❖▲❖●❨❴◆❖❚❊
❋r♦♠ s♣ ❡ ❝ ✐ ❡ s ❛s ✈s
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐❡s❴❤❛❡❝ ❛s ✈s❤❝ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉ ❂ ✈s❤❝ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❤❛❡❝ ❛s ✈❤❝ ♦♥ ✈s❤❝ ✳❍❆❊❈❴■❉ ❂ ✈❤❝ ✳❍❆❊❈❴■❉
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴❛✉t❤♦rs ❛s ✈s❛ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉❂ ✈s❛ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❵ ❛✉t❤♦rs ❵ ❛s ✈❛ ♦♥ ✈s❛ ✳❆❯❚❍❖❘❴■❉ ❂ ✈❛ ✳❆❯❚❍❖❘❴■❉
■◆◆❊❘ ❏❖■◆ ❢❛♠✐ ❧② ❛s ✈ ❢ ♦♥ ✈s ✳❋❆▼■▲❨❴■❉ ❂ ✈❢ ✳❋❆▼■▲❨❴■❉
●❘❖❯P ❇❨ ✈s ✳ ❙P❊❈■❊❙❴■❉

−− ❚❤❡ ❥ ♦ ✐ ♥ ✐ ♥ ❣ ♦ ❢ t ❛❜ ❧ ❡ s ✿ ❙♣❡❝ ✐❡ s ✱ ❋❛♠✐❧② ✱ ❆✉t❤♦rs ✱ ❛♥❞ ❊①✉❞❛t❡s
❙ ❡ ❧ ❡ ❝ t ✈s ✳ ❙P❊❈■❊❙❴■❉✱ ✈s ✳❇❆❘❈❖❉❊✱ ✈s ✳❙P❊❈■❊❙◆❆▼❊✱ ✈❢ ✳❋❆▼■▲❨◆❆▼❊✱
✈❛ ✳❆❯❚❍❖❘◆❆▼❊✱
●❘❖❯P❴❈❖◆❈❆❚✭ ✈❡ ✳❊❳❯❉❆❚❊◆❖❚❊ ❙❊P❆❘❆❚❖❘ ✬ ✱ ✬ ✮ ❛s ❊❳❯❉❆❚❊❴◆❖❚❊
❋r♦♠ s♣ ❡ ❝ ✐ ❡ s ❛s ✈s
■◆◆❊❘ ❏❖■◆ s♣❡❝✐❡s❴❊①✉❞❛t❡s ❛s ✈s❡ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉ ❂ ✈s❡ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❡①✉❞❛t❡s ❛s ✈❡ ♦♥ ✈s❡ ✳❊❳❯❉❆❚❊❴■❉ ❂ ✈❡ ✳❊❳❯❉❆❚❊❴■❉
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴❛✉t❤♦rs ❛s ✈s❛ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉❂ ✈s❛ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❵ ❛✉t❤♦rs ❵ ❛s ✈❛ ♦♥ ✈s❛ ✳❆❯❚❍❖❘❴■❉ ❂ ✈❛ ✳❆❯❚❍❖❘❴■❉
■◆◆❊❘ ❏❖■◆ ❢❛♠✐ ❧② ❛s ✈ ❢ ♦♥ ✈s ✳❋❆▼■▲❨❴■❉ ❂ ✈❢ ✳❋❆▼■▲❨❴■❉
●❘❖❯P ❇❨ ✈s ✳ ❙P❊❈■❊❙❴■❉



✼✹ ❆♣♣❡♥❞✐① ❈✳ ❇✐♦❑❊❚ ❉❲✿ ❙◗▲ ❛♥❞ ❱❇❆ ❙❝r✐♣ts

▲✐st✐♥❣ ❈✳✷✿ ❇✐♦❑❊❚ ❉❲✿ ❈♦♥✈❡rt ❛♥ ❍❚▼▲ t♦ ❛ s♣r❡❛❞s❤❡❡t ❢♦r♠❛t

✬ ❉❡❝ ❧❛r❡ ❆P■ ❢ ♦ r ▼❙ ❖❢ ❢ ✐ ❝ ❡ ✻✹ ❜ ✐ t
✬ Pr ✐✈❛t❡ ❉❡❝ ❧❛r❡ Ptr❙❛❢❡ ❋✉♥❝t✐♦♥ ●❡t❆s②♥❝❑❡②❙t❛t❡ ▲✐❜ ✧ ❦❡r♥❡ ❧✸✷ ✧ ❴
✭❇②❱❛❧ ✈❦❡② ❆s ▲♦♥❣ ✮ ❆s ■♥ t ❡❣ ❡ r

❉❡❝ ❧❛r❡ ❋✉♥❝t✐♦♥ ●❡t❑❡②❙t❛t❡ ▲✐❜ ✧❯s❡r✸✷✧ ❴
✭❇②❱❛❧ ✈❑❡② ❆s ■♥ t ❡❣ ❡ r ✮ ❆s ■♥ t ❡❣ ❡ r
❈♦♥st ❙❍■❋❚❴❑❊❨ ❂ ✶✻

❋✉♥❝t✐♦♥ ❘❡❢r❡s❤✹◆❡①t ✭ ✮ ❆s ❇♦♦❧❡❛♥
❘❡❢r❡s❤✹◆❡①t ❂ ●❡t❑❡②❙t❛t❡ ✭❙❍■❋❚❴❑❊❨✮ ❁ ✵

❊♥❞ ❋✉♥❝t✐♦♥

❙✉❜ ❈♦♥✈❡rt❍t♠❧❚♦❊①❝❡❧ ✭ ✮
❉✐♠ ✇❜ ❆s ❲♦r❦❜♦♦❦
❉✐♠ s t r ❋ ✐ ❧ ❡ ❆s ❙t r ✐♥❣
❉✐♠ strP❛t❤ ❆s ❙t r ✐♥❣

✬❚♦ ❞ ✐ s ❛❜ ❧ ❡ ♣♦♣✉♣s ♦ ❢ ❊①❝❡❧ ❢ ❡ ❛ t ✉ r ❡ s
❲✐t❤ ❆♣♣❧ ✐ ❝❛ t ✐♦♥

✳ ❊♥❛❜❧❡❊✈❡♥ts ❂ ❋❛❧s❡
✳ ❉ ✐ s♣ ❧ ❛②❆❧❡ r t s ❂ ❋❛❧s❡
✳ ❙❝r❡❡♥❯♣❞❛t✐♥❣ ❂ ❋❛❧s❡
✳ ❱ ✐ s ✐ ❜ ❧ ❡ ❂ ❋❛❧ s❡

❊♥❞ ❲✐t❤

✬ ❙❡t ❛ ♣❛t❤ ♦ ❢ ❧ ♦ ❝ ❛ t ✐ ♦ ♥ ✇❤❡r❡ s t♦ r ❡❞ ❍❚▼▲ ❢ ✐ ❧ ❡ s
strP❛t❤ ❂ ✧❉✿❭ ■♥♣✉t❖✉t♣✉t ❭✧
s t r ❋ ✐ ❧ ❡ ❂ ❉✐r ✭ strP❛t❤ ✫ ✧✯ ✳ ❤t♠❧ ✧✮

❉♦ ❲❤✐❧❡ s t r ❋ ✐ ❧ ❡ ❁❃ ✧✧
❉♦ ❲❤✐❧❡ ❘❡❢r❡s❤✹◆❡①t ✭ ✮

❉♦❊✈❡♥ts
▲♦♦♣
❙❡t ✇❜ ❂ ❲♦r❦❜♦♦❦s ✳ ❖♣❡♥✭ strP❛t❤ ✫ s t r ❋ ✐ ❧ ❡ ✮
s t r ❋ ✐ ❧ ❡ ❂ ▼✐❞✭ s t r❋ ✐ ❧ ❡ ✱ ✶ ✱ ▲❡♥ ✭ s t r ❋ ✐ ❧ ❡ ✮ − ✺✮ ✫ ✧ ✳ ① ❧ s① ✧
✬✇❜ ✳ ❙❛✈❡❆s strP❛t❤ ✫ s t r❋ ✐ ❧ ❡ ✱ ❳❧❋✐❧❡❋♦r♠❛t ✳ ①❧❲♦r❦❜♦♦❦◆♦r♠❛❧
❲✐t❤ ✇❜

✳ ❲♦r❦s❤❡❡ts ✭ ✶ ✮ ✳◆❛♠❡ ❂ ✧❙❤❡❡t✶ ✧
✳ ❙❛✈❡❆s strP❛t❤ ✫ s t r❋ ✐ ❧ ❡ ✱ ❋✐❧❡❋♦r♠❛t ✿❂①❧❖♣❡♥❳▼▲❲♦r❦❜♦♦❦
✳ ❈❧♦s❡

❊♥❞ ❲✐t❤



✼✺

❙❡t ✇❜ ❂ ◆♦t❤✐♥❣
s t r ❋ ✐ ❧ ❡ ❂ ❉✐r

▲♦♦♣

✬❚♦ ❡♥❛❜❧❡ ❊①❝❡❧ ❢ ❡ ❛ t ✉ r ❡ s
❲✐t❤ ❆♣♣❧ ✐ ❝❛ t ✐♦♥

✳ ❊♥❛❜❧❡❊✈❡♥ts ❂ ❚r✉❡
✳ ❉ ✐ s♣ ❧ ❛②❆❧❡ r t s ❂ ❚r✉❡
✳ ❙❝r❡❡♥❯♣❞❛t✐♥❣ ❂ ❚r✉❡
✳ ❱ ✐ s ✐ ❜ ❧ ❡ ❂ ❚r✉❡

❊♥❞ ❲✐t❤
❊♥❞ ❙✉❜

▲✐st✐♥❣ ❈✳✸✿ ❇✐♦❑❊❚ ❉❲✿ ❘❡❛❞ ❛♥❞ ❙❛✈❡ ❛ ♣❛rt✐❛❧ ❞❛t❛ ❢r♦♠ s♣r❡❛❞s❤❡❡t ✜❧❡s

❖♣t✐♦♥ ❊①♣ ❧ ✐ ❝ ✐ t
❙✉❜ ❘❡❛❞❙❛✈❡P❛rt ✐❛ ❧① ❧ s① ✭ ✮

❉✐♠ ❋✐❧❡◆❛♠❡ ❆s ❙t r ✐♥❣
❉✐♠ ❋✐❧❡◆✉♠❜❡r ❆s ▲♦♥❣
❉✐♠ P❛t❤❈r♥t ❆s ❙t r ✐♥❣
❉✐♠ ❘♦✇❉❡st❈r♥t ❆s ▲♦♥❣
❉✐♠ ❙❤❡❡t❉❡st ❆s ❙t r ✐♥❣
❉✐♠ ❚❣t❱❛❧✉❡ ❆s ❙t r ✐♥❣
❉✐♠ ❲❇♦♦❦❙r❝ ❆s ❲♦r❦❜♦♦❦
❉✐♠ ❘❡t❱❛❧✉❡ ❆s ❙t r ✐♥❣
❉✐♠ ❘♥❣ ❆s ❘❛♥❣❡
❉✐♠ ❘♦✇❈r♥t ❆s ▲♦♥❣

P❛t❤❈r♥t ❂ ❆❝t✐✈❡❲♦r❦❜♦♦❦ ✳ P❛t❤ ✫ ✧❭❊①❝❡❧− ❢ ✐ ❧ ❡ s ✧

✬ ❙❡t ❛ s❤❡❡ t ♥❛♠❡ ❢ ♦ r ❛ ♥❡✇ s❤❡❡ t
❙❤❡❡t❉❡st ❂ ✧❈♦♠♠♦♥◆❛♠❡✧
❘♦✇❉❡st❈r♥t ❂ ✷

✬ ❙❡t ❛ ♥✉♠❜❡r t♦ s t ❛ r t ❢r♦♠ ❳▲❙❳ ❢ ✐ ❧ ❡ s ❡ ✳ ❣ ✳ ✶ ✳ ① ❧s① ✱ ✷ ✳ ① ❧ s①
❋✐❧❡◆✉♠❜❡r ❂ ✶

❉♦ ❲❤✐❧❡ ❚r✉❡

❋✐❧❡◆❛♠❡ ❂ ❉✐r✩ ✭ P❛t❤❈r♥t ✫ ✧❭✧ ✫ ❋✐❧❡◆✉♠❜❡r ✫ ✧ ✳ ① ❧ s① ✧✮
■ ❢ ❋✐❧❡◆❛♠❡ ❂ ✧✧ ❚❤❡♥

✬ ❋ ✐ ❧ ❡ ❞♦❡s ♥♦t ❡ ① ✐ s t
❊①✐t ❙✉❜

❊♥❞ ■ ❢



✼✻ ❆♣♣❡♥❞✐① ❈✳ ❇✐♦❑❊❚ ❉❲✿ ❙◗▲ ❛♥❞ ❱❇❆ ❙❝r✐♣ts

❙❡t ❲❇♦♦❦❙r❝ ❂ ❲♦r❦❜♦♦❦s ✳ ❖♣❡♥✭ P❛t❤❈r♥t ✫ ✧❭✧ ✫ ❋✐❧❡◆❛♠❡ ✮

❲✐t❤ ❲❇♦♦❦❙r❝ ✳ ❲♦r❦s❤❡❡ts ✭✧ ❙❤❡❡t✶ ✧✮

✬ ❙❡t ❛ ✈❛❧✉❡ ❢ ♦ r s ❡❛ r ❝❤ ✐♥❣
❘❡t❱❛❧✉❡ ❂ ✧❈♦♠♠♦♥ ♥❛♠❡✧

✬ ❙❡t ❛ r❛♥❣❡ t♦ ❢ ✐ ♥❞ ♦✉t t❤❡ ✈❛❧✉❡
❙❡t ❘♥❣ ❂ ✳ ❈♦❧✉♠♥s ✭✧❆✿❆✧ ✮ ✳ ❋✐♥❞ ✭❲❤❛t✿❂❘❡t❱❛❧✉❡ ✱ ❴
❆❢t❡r ✿❂✳❘❛♥❣❡ ✭✧❆✶✧✮ ✱ ▲♦♦❦■♥ ✿❂①❧❋♦r♠✉❧❛s ✱ ❴
▲♦♦❦❆t✿❂①❧P❛rt ✱ ❙❡❛r❝❤❖r❞❡r ✿❂①❧❇②❘♦✇s ✱ ❴
❙❡❛r❝❤❉✐ r❡❝ t ✐ ♦♥ ✿❂①❧◆❡①t ✱ ▼❛t❝❤❈❛s❡✿❂❋❛❧s❡ ✱ ❴
❙❡❛r❝❤❋♦r♠❛t ✿❂❋❛❧ s❡ ✮

✬ ❚❤❡ ❡♥t❡r❡❞ ✈❛❧✉❡ ✇❛s ❢♦✉♥❞
■ ❢ ❘♥❣ ■ s ◆♦t❤✐♥❣ ❚❤❡♥
✬ ❚❤❡ ❡♥t❡r❡❞ ✈❛❧✉❡ ❝♦✉❧❞ ♥♦t ❜❡ ❢♦✉♥❞
❚❣t❱❛❧✉❡ ❂ ✧✧

❊❧s❡
❘♦✇❈r♥t ❂ ❘♥❣ ✳❘♦✇
❚❣t❱❛❧✉❡ ❂ ✳ ❈❡ ❧ ❧ s ✭❘♦✇❈r♥t ✱ ✧❆✧ ✮ ✳ ❱❛❧✉❡

❊♥❞ ■ ❢

❊♥❞ ❲✐t❤
❲❇♦♦❦❙r❝ ✳ ❈❧♦s❡ ❙❛✈❡❈❤❛♥❣❡s ✿❂❋❛❧s❡
❲✐t❤ ❲♦r❦s❤❡❡ts ✭ ❙❤❡❡t❉❡st ✮

✳ ❈ ❡ ❧ ❧ s ✭❘♦✇❉❡st❈r♥t ✱ ✧❆✧ ✮ ✳ ❱❛❧✉❡ ❂ ▼✐❞✭ ❋✐❧❡◆❛♠❡ ✱ ❴
✶ ✱ ▲❡♥ ✭ ❋✐❧❡◆❛♠❡ ✮ − ✺✮
✳ ❈❡ ❧ ❧ s ✭❘♦✇❉❡st❈r♥t ✱ ✧❇✧ ✮ ✳ ❱❛❧✉❡ ❂ ❚❣t❱❛❧✉❡

❊♥❞ ❲✐t❤
❘♦✇❉❡st❈r♥t ❂ ❘♦✇❉❡st❈r♥t ✰ ✶
❋✐❧❡◆✉♠❜❡r ❂ ❋✐❧❡◆✉♠❜❡r ✰ ✶

▲♦♦♣
❊♥❞ ❙✉❜

▲✐st✐♥❣ ❈✳✹✿ ❇✐♦❑❊❚ ❉❲✿ ❊①tr❛❝t ❝♦♦r❞✐♥❛t❡s ❢r♦♠ ●♦♦❣❧❡ ▼❛♣s

❖♣t✐♦♥ ❊①♣ ❧ ✐ ❝ ✐ t
✬−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
✬❇✐♦❑❊❚ ✬ s ●♦♦❣❧❡ ●❡♦▲♦❝❛t✐♦♥ ❋✉♥❝t✐♦♥
✬−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
❋✉♥❝t✐♦♥ ●♦♦❣❧❡●❡♦▲♦❝❛t✐♦♥ ✭❲♦r❧❞❉❛t❛ ❆s ❙t r ✐♥❣ ✮ ❆s ❙t r ✐♥❣



✼✼

❉✐♠ ①❤r❘❡q✉❡st ❆s ❳▼▲❍❚❚P✻✵
❉✐♠ ❙tr◗✉❡r② ❆s ❙t r ✐♥❣
❉✐♠ ❞♦♠❘❡s♣♦♥s❡ ❆s ❉❖▼❉♦❝✉♠❡♥t✻✵
❉✐♠ ✐①♥❙t❛t✉s ❆s ■❳▼▲❉❖▼◆♦❞❡
❉✐♠ ✐①♥▲❛t ❆s ■❳▼▲❉❖▼◆♦❞❡
❉✐♠ ✐①♥▲♥❣ ❆s ■❳▼▲❉❖▼◆♦❞❡

●♦♦❣❧❡●❡♦▲♦❝❛t✐♦♥ ❂ ✧✧

❙❡t ①❤r❘❡q✉❡st ❂ ◆❡✇ ❳▼▲❍❚❚P✻✵
❙tr◗✉❡r② ❂ ✧❤tt♣ ✿✴✴♠❛♣s ✳ ❣♦♦❣ ❧ ❡ ❛♣ ✐ s ✳ ❝♦♠✴✧ ✫ ✧✧ ❴
✫ ✧♠❛♣s✴ ❛♣✐ ✴ ❣❡♦❝♦❞❡ ✴①♠❧❄ s❡♥s♦ r❂❢ ❛ ❧ s ❡✫❛❞❞r❡ss❂✧

❙tr◗✉❡r② ❂ ❙tr◗✉❡r② ✫ ❘❡♣❧❛❝❡ ✭❲♦r❧❞❉❛t❛ ✱ ✧ ✧ ✱ ✧✰✧✮
①❤r❘❡q✉❡st ✳ ❖♣❡♥ ✧●❊❚✧ ✱ ❙tr◗✉❡r② ✱ ❋❛ ❧ s❡
①❤r❘❡q✉❡st ✳ s❡♥❞

❙❡t ❞♦♠❘❡s♣♦♥s❡ ❂ ◆❡✇ ❉❖▼❉♦❝✉♠❡♥t✻✵
❞♦♠❘❡s♣♦♥s❡ ✳▲♦❛❞❳▼▲ ①❤r❘❡q✉❡st ✳ r❡s♣♦♥s❡❚❡①t
❙❡t ✐①♥❙t❛t✉s ❂ ❞♦♠❘❡s♣♦♥s❡ ✳ ❙❡ ❧ ❡ ❝ t❙ ✐♥❣ ❧ ❡◆♦❞❡ ✭✧✴✴ s t ❛ t✉ s ✧✮
■ ❢ ✭ ✐①♥❙t❛t✉s ✳ ❚❡①t ❁❃ ✧❖❑✧✮ ❚❤❡♥

❊①✐t ❋✉♥❝t✐♦♥
❊♥❞ ■ ❢

❙❡t ✐①♥▲❛t ❂ ❞♦♠❘❡s♣♦♥s❡ ✳ ❙❡ ❧ ❡ ❝ t❙ ✐♥❣ ❧ ❡◆♦❞❡ ❴
✭✧✴●❡♦❝♦❞❡❘❡s♣♦♥s❡✴ r ❡ s ✉ ❧ t ✴❣❡♦♠❡tr②✴ ❧ ♦ ❝ ❛ t ✐ ♦ ♥ ✴ ❧ ❛ t ✧✮

❙❡t ✐①♥▲♥❣ ❂ ❞♦♠❘❡s♣♦♥s❡ ✳ ❙❡ ❧ ❡ ❝ t❙ ✐♥❣ ❧ ❡◆♦❞❡ ❴
✭✧✴●❡♦❝♦❞❡❘❡s♣♦♥s❡✴ r ❡ s ✉ ❧ t ✴❣❡♦♠❡tr②✴ ❧ ♦ ❝ ❛ t ✐ ♦ ♥ ✴ ❧♥❣ ✧✮

●♦♦❣❧❡●❡♦▲♦❝❛t✐♦♥ ❂ ✐①♥▲❛t ✳ ❚❡①t ✫ ✧ ✱ ✧ ✫ ✐①♥▲♥❣ ✳ ❚❡①t

❊♥❞ ❋✉♥❝t✐♦♥

▲✐st✐♥❣ ❈✳✺✿ ❇✐♦❑❊❚ ❉❲✿ ❊①tr❛❝t ●♦♦❣❧❡ ❇♦✉♥❞✐♥❣ ❇♦① ❝♦♦r❞✐♥❛t❡s

❖♣t✐♦♥ ❊①♣ ❧ ✐ ❝ ✐ t
✬−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
✬❇✐♦❑❊❚ ✬ s ●♦♦❣❧❡ ❇♦✉♥❞✐♥❣ ❇♦① ❋✉♥❝t✐♦♥
✬−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
❋✉♥❝t✐♦♥ ●♦♦❣❧❡●❡♦❇❇♦① ✭❲♦r❧❞❉❛t❛ ❆s ❙t r ✐♥❣ ✮ ❆s ❙t r ✐♥❣

❉✐♠ ①❤r❘❡q✉❡st ❆s ❳▼▲❍❚❚P✻✵
❉✐♠ s◗✉❡r② ❆s ❙t r ✐♥❣



✼✽ ❆♣♣❡♥❞✐① ❈✳ ❇✐♦❑❊❚ ❉❲✿ ❙◗▲ ❛♥❞ ❱❇❆ ❙❝r✐♣ts

❉✐♠ ❞♦♠❘❡s♣♦♥s❡ ❆s ❉❖▼❉♦❝✉♠❡♥t✻✵
❉✐♠ ✐①♥❙t❛t✉s ❆s ■❳▼▲❉❖▼◆♦❞❡
❉✐♠ s♦✉t❤✇❡st▲❛t ❆s ■❳▼▲❉❖▼◆♦❞❡
❉✐♠ s♦✉t❤✇❡st▲♥❣ ❆s ■❳▼▲❉❖▼◆♦❞❡
❉✐♠ ♥♦rt❤❡❛st▲❛t ❆s ■❳▼▲❉❖▼◆♦❞❡
❉✐♠ ♥♦rt❤❡❛st▲♥❣ ❆s ■❳▼▲❉❖▼◆♦❞❡
❉✐♠ str❆❞❞r❡ss❊♥❝♦❞❡ ❆s ❙t r ✐♥❣

●♦♦❣❧❡●❡♦❇❇♦① ❂ ✧✧
str❆❞❞r❡ss❊♥❝♦❞❡ ❂ ❯❘▲❊♥❝♦❞❡✭❲♦r❧❞❉❛t❛ ✮

❙❡t ①❤r❘❡q✉❡st ❂ ◆❡✇ ❳▼▲❍❚❚P✻✵
s◗✉❡r② ❂ ✧❤tt♣ ✿✴✴♠❛♣s ✳ ❣♦♦❣ ❧ ❡ ❛♣ ✐ s ✳ ❝♦♠✴♠❛♣s✴✧ ✫ ✧✧ ❴
✫ ✧ ❛♣✐ ✴ ❣❡♦❝♦❞❡ ✴①♠❧❄ s❡♥s♦ r❂❢ ❛ ❧ s ❡✫❛❞❞r❡ss❂✧
s◗✉❡r② ❂ s◗✉❡r② ✫ str❆❞❞r❡ss❊♥❝♦❞❡

①❤r❘❡q✉❡st ✳ ❖♣❡♥ ✧●❊❚✧ ✱ s◗✉❡r② ✱ ❋❛ ❧ s❡
①❤r❘❡q✉❡st ✳ s❡♥❞

❙❡t ❞♦♠❘❡s♣♦♥s❡ ❂ ◆❡✇ ❉❖▼❉♦❝✉♠❡♥t✻✵
❞♦♠❘❡s♣♦♥s❡ ✳▲♦❛❞❳▼▲ ①❤r❘❡q✉❡st ✳ r❡s♣♦♥s❡❚❡①t
❙❡t ✐①♥❙t❛t✉s ❂ ❞♦♠❘❡s♣♦♥s❡ ✳ ❙❡ ❧ ❡ ❝ t❙ ✐♥❣ ❧ ❡◆♦❞❡ ✭✧✴✴ s t ❛ t✉ s ✧✮
■ ❢ ✭ ✐①♥❙t❛t✉s ✳ ❚❡①t ❁❃ ✧❖❑✧✮ ❚❤❡♥

❊①✐t ❋✉♥❝t✐♦♥
❊♥❞ ■ ❢

❙❡t s♦✉t❤✇❡st▲❛t ❂ ❞♦♠❘❡s♣♦♥s❡ ✳ ❙❡ ❧ ❡ ❝ t❙ ✐♥❣ ❧ ❡◆♦❞❡ ❴
✭✧✴●❡♦❝♦❞❡❘❡s♣♦♥s❡✴ r ❡ s ✉ ❧ t ✴❣❡♦♠❡tr②✴❜♦✉♥❞s✴ s♦✉t❤✇❡st ✴ ❧ ❛ t ✧✮
❙❡t s♦✉t❤✇❡st▲♥❣ ❂ ❞♦♠❘❡s♣♦♥s❡ ✳ ❙❡ ❧ ❡ ❝ t❙ ✐♥❣ ❧ ❡◆♦❞❡ ❴
✭✧✴●❡♦❝♦❞❡❘❡s♣♦♥s❡✴ r ❡ s ✉ ❧ t ✴❣❡♦♠❡tr②✴❜♦✉♥❞s✴ s♦✉t❤✇❡st ✴ ❧♥❣ ✧✮
❙❡t ♥♦rt❤❡❛st▲❛t ❂ ❞♦♠❘❡s♣♦♥s❡ ✳ ❙❡ ❧ ❡ ❝ t❙ ✐♥❣ ❧ ❡◆♦❞❡ ❴
✭✧✴●❡♦❝♦❞❡❘❡s♣♦♥s❡✴ r ❡ s ✉ ❧ t ✴❣❡♦♠❡tr②✴❜♦✉♥❞s✴ ♥♦r t❤❡❛s t ✴ ❧ ❛ t ✧✮
❙❡t ♥♦rt❤❡❛st▲♥❣ ❂ ❞♦♠❘❡s♣♦♥s❡ ✳ ❙❡ ❧ ❡ ❝ t❙ ✐♥❣ ❧ ❡◆♦❞❡ ❴
✭✧✴●❡♦❝♦❞❡❘❡s♣♦♥s❡✴ r ❡ s ✉ ❧ t ✴❣❡♦♠❡tr②✴❜♦✉♥❞s✴ ♥♦r t❤❡❛s t ✴ ❧♥❣ ✧✮

●♦♦❣❧❡●❡♦❇❇♦① ❂ s♦✉t❤✇❡st▲♥❣ ✳ ❚❡①t ✫ ✧ ✱✧ ✫ s♦✉t❤✇❡st▲❛t ✳ ❚❡①t ❴
✫ ✧ ✱ ✧ ✫ ♥♦rt❤❡❛st▲♥❣ ✳ ❚❡①t ✫ ✧ ✱✧ ✫ ♥♦rt❤❡❛st▲❛t ✳ ❚❡①t

❊♥❞ ❋✉♥❝t✐♦♥

P✉❜❧ ✐❝ ❋✉♥❝t✐♦♥ ❯❘▲❊♥❝♦❞❡✭ ❙tr ✐♥❣❱❛❧ ❆s ❙tr ✐♥❣ ✱ ❴
❖♣t✐♦♥❛❧ ❙♣❛❝❡❆sP❧✉s ❆s ❇♦♦❧❡❛♥ ❂ ❋❛❧s❡ ✮ ❆s ❙t r ✐♥❣
❉✐♠ ❙tr ✐♥❣▲❡♥ ❆s ▲♦♥❣ ✿ ❙tr ✐♥❣▲❡♥ ❂ ▲❡♥ ✭ ❙tr ✐♥❣❱❛❧ ✮



✼✾

■ ❢ ❙tr ✐♥❣▲❡♥ ❃ ✵ ❚❤❡♥
❘❡❉✐♠ r ❡ s ✉ ❧ t ✭ ❙tr ✐♥❣▲❡♥ ✮ ❆s ❙t r ✐♥❣
❉✐♠ ✐ ❆s ▲♦♥❣ ✱ ❈❤❛r❈♦❞❡ ❆s ■♥ t ❡❣ ❡ r
❉✐♠ ❈❤❛r ❆s ❙tr ✐♥❣ ✱ ❙♣❛❝❡ ❆s ❙t r ✐♥❣

■ ❢ ❙♣❛❝❡❆sP❧✉s ❚❤❡♥ ❙♣❛❝❡ ❂ ✧✰✧ ❊❧s❡ ❙♣❛❝❡ ❂ ✧✪✷✵✧

❋♦r ✐ ❂ ✶ ❚♦ ❙tr ✐♥❣▲❡♥
❈❤❛r ❂ ▼✐❞✩✭ ❙tr ✐♥❣❱❛❧ ✱ ✐ ✱ ✶✮
❈❤❛r❈♦❞❡ ❂ ❆s❝ ✭❈❤❛r ✮

❙ ❡ ❧ ❡ ❝ t ❈❛s❡ ❈❤❛r❈♦❞❡
❈❛s❡ ✾✼ ❚♦ ✶✷✷ ✱ ✻✺ ❚♦ ✾✵ ✱ ✹✽ ❚♦ ✺✼ ✱ ✹✺ ✱ ✹✻ ✱ ✾✺ ✱ ✶✷✻

r ❡ s ✉ ❧ t ✭ ✐ ✮ ❂ ❈❤❛r
❈❛s❡ ✸✷

r ❡ s ✉ ❧ t ✭ ✐ ✮ ❂ ❙♣❛❝❡
❈❛s❡ ✵ ❚♦ ✶✺

r ❡ s ✉ ❧ t ✭ ✐ ✮ ❂ ✧✪✵✧ ✫ ❍❡①✭❈❤❛r❈♦❞❡ ✮
❈❛s❡ ❊❧s❡

r ❡ s ✉ ❧ t ✭ ✐ ✮ ❂ ✧✪✧ ✫ ❍❡①✭❈❤❛r❈♦❞❡ ✮
❊♥❞ ❙❡ ❧ ❡ ❝ t

◆❡①t ✐
❯❘▲❊♥❝♦❞❡ ❂ ❏♦✐♥ ✭ r ❡ s✉ ❧ t ✱ ✧✧✮

❊♥❞ ■ ❢
❊♥❞ ❋✉♥❝t✐♦♥

▲✐st✐♥❣ ❈✳✻✿ ❇✐♦❑❊❚ ❉❲✿ ❆✉t♦ ❈❤❡❝❦❡r ❙❝r✐♣t ❢♦r ❖♥t♦❧♦❣② ♠❛♣♣✐♥❣

❖♣t✐♦♥ ❊①♣ ❧ ✐ ❝ ✐ t
❙✉❜ ❖♥t♦❧♦❣②❈❤❡❝❦❡r ✭ ✮

❉✐♠ ❋✐❧❡◆❛♠❡ ❆s ❙t r ✐♥❣
❉✐♠ ❋✐❧❡◆✉♠❜❡r ❆s ▲♦♥❣
❉✐♠ P❛t❤❈r♥t ❆s ❙t r ✐♥❣
❉✐♠ ❘♦✇❉❡st❈r♥t ❆s ▲♦♥❣
❉✐♠ ❙❤❡❡t❉❡st ❆s ❙t r ✐♥❣
❉✐♠ ❚❡r♠■❘■ ❆s ❙t r ✐♥❣
❉✐♠ P❛r❡♥t❚❡r♠■❘■ ❆s ❙t r ✐♥❣
❉✐♠ ❲❇♦♦❦❙r❝ ❆s ❲♦r❦❜♦♦❦
❉✐♠ ❚❡r♠ ❆s ❙t r ✐♥❣
❉✐♠ ❘♥❣ ❆s ❘❛♥❣❡
❉✐♠ ❘♦✇❈r♥t ❆s ▲♦♥❣

P❛t❤❈r♥t ❂ ❆❝t✐✈❡❲♦r❦❜♦♦❦ ✳ P❛t❤ ✫ ✧❭❖♥t♦❧♦❣②❳▲❙❳✧



✽✵ ❆♣♣❡♥❞✐① ❈✳ ❇✐♦❑❊❚ ❉❲✿ ❙◗▲ ❛♥❞ ❱❇❆ ❙❝r✐♣ts

❙❤❡❡t❉❡st ❂ ✧❙❡t❙❤❡❡t❋♦✉♥❞✧
❘♦✇❉❡st❈r♥t ❂ ✷

✬ ❙❡t ❛ ♥✉♠❜❡r t♦ s t ❛ r t ❢r♦♠ ❳▲❙❳ ❢ ✐ ❧ ❡ s ❡ ✳ ❣ ✳ ✶ ✳ ① ❧s① ✱ ✷ ✳ ① ❧s① ✱ ✳ ✳ ✳
❋✐❧❡◆✉♠❜❡r ❂ ✶

❉♦ ❲❤✐❧❡ ❚r✉❡

❋✐❧❡◆❛♠❡ ❂ ❉✐r✩ ✭ P❛t❤❈r♥t ✫ ✧❭✧ ✫ ❋✐❧❡◆✉♠❜❡r ✫ ✧ ✳ ① ❧ s① ✧✮
■ ❢ ❋✐❧❡◆❛♠❡ ❂ ✧✧ ❚❤❡♥

✬ ❋ ✐ ❧ ❡ ❞♦❡s ♥♦t ❡ ① ✐ s t
❊①✐t ❙✉❜

❊♥❞ ■ ❢

❙❡t ❲❇♦♦❦❙r❝ ❂ ❲♦r❦❜♦♦❦s ✳ ❖♣❡♥✭ P❛t❤❈r♥t ✫ ✧❭✧ ✫ ❋✐❧❡◆❛♠❡ ✮

❲✐t❤ ❲❇♦♦❦❙r❝ ✳ ❲♦r❦s❤❡❡ts ✭✧❲♦r❦❙❤❡❡t✶ ✧✮

✬ ❙❡t ❛ ✈❛❧✉❡ ❢ ♦ r s ❡❛ r ❝❤ ✐♥❣
❚❡r♠ ❂ ✧❞❡❝r❡❛s❡❞ r❛ t ❡ ✧

✬ ❙❡t ❛ r❛♥❣❡ t♦ ❢ ✐ ♥❞ ♦✉t t❤❡ ✈❛❧✉❡
❙❡t ❘♥❣ ❂ ✳ ❈♦❧✉♠♥s ✭✧❇✿❇✧ ✮ ✳ ❋✐♥❞ ✭❲❤❛t✿❂❚❡r♠ ✱ ❴
❆❢t❡r ✿❂✳❘❛♥❣❡ ✭✧❇✶✧✮ ✱ ▲♦♦❦■♥ ✿❂①❧❋♦r♠✉❧❛s ✱ ❴
▲♦♦❦❆t✿❂①❧❲❤♦❧❡ ✱ ❙❡❛r❝❤❖r❞❡r ✿❂①❧❇②❘♦✇s ✱ ❴
❙❡❛r❝❤❉✐ r❡❝ t ✐ ♦♥ ✿❂①❧◆❡①t ✱ ▼❛t❝❤❈❛s❡✿❂❋❛❧s❡ ✱ ❴
❙❡❛r❝❤❋♦r♠❛t ✿❂❋❛❧ s❡ ✮

✬ ❚❤❡ ❡♥t❡r❡❞ ✈❛❧✉❡ ✇❛s ❢♦✉♥❞
■ ❢ ❘♥❣ ■ s ◆♦t❤✐♥❣ ❚❤❡♥
✬ ❚❤❡ ❡♥t❡r❡❞ ✈❛❧✉❡ ❝♦✉❧❞ ♥♦t ❜❡ ❢♦✉♥❞
❚❡r♠■❘■ ❂ ✧✧
P❛r❡♥t❚❡r♠■❘■ ❂ ✧✧

❊❧s❡
❘♦✇❈r♥t ❂ ❘♥❣ ✳❘♦✇
❚❡r♠■❘■ ❂ ✳ ❈❡ ❧ ❧ s ✭❘♦✇❈r♥t ✱ ✧❆✧ ✮ ✳ ❱❛❧✉❡
P❛r❡♥t❚❡r♠■❘■ ❂ ✳ ❈❡ ❧ ❧ s ✭❘♦✇❈r♥t ✱ ✧❈✧ ✮ ✳ ❱❛❧✉❡

❊♥❞ ■ ❢

❊♥❞ ❲✐t❤
❲❇♦♦❦❙r❝ ✳ ❈❧♦s❡ ❙❛✈❡❈❤❛♥❣❡s ✿❂❋❛❧s❡
❲✐t❤ ❲♦r❦s❤❡❡ts ✭ ❙❤❡❡t❉❡st ✮

✳ ❈ ❡ ❧ ❧ s ✭❘♦✇❉❡st❈r♥t ✱ ✧❆✧ ✮ ✳ ❱❛❧✉❡ ❂ ▼✐❞✭ ❋✐❧❡◆❛♠❡ ✱ ❴
✶ ✱ ▲❡♥ ✭ ❋✐❧❡◆❛♠❡ ✮ − ✺✮



✽✶

✳ ❈ ❡ ❧ ❧ s ✭❘♦✇❉❡st❈r♥t ✱ ✧❇✧ ✮ ✳ ❱❛❧✉❡ ❂ ❚❡r♠
✳ ❈❡ ❧ ❧ s ✭❘♦✇❉❡st❈r♥t ✱ ✧❈✧ ✮ ✳ ❱❛❧✉❡ ❂ ❚❡r♠■❘■
✳ ❈❡ ❧ ❧ s ✭❘♦✇❉❡st❈r♥t ✱ ✧❉✧ ✮ ✳ ❱❛❧✉❡ ❂ P❛r❡♥t❚❡r♠■❘■

❊♥❞ ❲✐t❤
❘♦✇❉❡st❈r♥t ❂ ❘♦✇❉❡st❈r♥t ✰ ✶
❋✐❧❡◆✉♠❜❡r ❂ ❋✐❧❡◆✉♠❜❡r ✰ ✶

▲♦♦♣
❊♥❞ ❙✉❜



❆♣♣❡♥❞✐① ❉

❇✐♦❑❊❚ ❉❲✿ ❉❛t❛ ❉✐❝t✐♦♥❛r②

❚❛❜❧❡ ❉✳✶✿ ❙♣❡❝✐❡s

❆ttr✐❜✉t❡ ◆❛♠❡ ❉❛t❛ ❚②♣❡ ▲❡♥❣t❤ ❙t❛t✉s ❉❡s❝r✐♣t✐♦♥

❙P❊❈■❊❙❴■❉ ■♥t❡❣❡r ❆✉t♦ P❑ ■❞❡♥t✐t② ◆✉♠❜❡r ♦❢ ❙♣❡❝✐❡s

❇❆❘❈❖❉❊ ◆❱❆❘❈❍❆❘ ✸✷ ■❞❡♥t✐t② ❈♦❞❡ ♦❢ ❙♣❡❝✐❡s✴ ❇❛r❝♦❞❡

❙P❊❈■❊❙◆❆▼❊ ◆❱❆❘❈❍❆❘ ✸✵✵ ❙♣❡❝✐❡s ◆❛♠❡

❋❆▼■▲❨❴■❉ ■♥t❡❣❡r ❆✉t♦ ❋❑ ❋❛♠✐❧② ■❉

❘■❙❑❴❙❚❆❚❯❙❴■❉ ■♥t❡❣❡r ❆✉t♦ ❋❑ ❘✐s❦ ❙t❛t✉s ■❉

❘■❙❑❴❈❘■❚❊❘■❆❴■❉ ■♥t❡❣❡r ❆✉t♦ ❋❑ ❘✐s❦ ❈r✐t❡r✐❛ ■❉

❘▲❱❊❘❙■❖◆ ◆❱❆❘❈❍❆❘ ✶✺ ❘❡❞ ▲✐st ❱❡rs✐♦♥

❘❴❙❴❙❖❯❘❈❊❴■❉ ■♥t❡❣❡r ❆✉t♦ ❋❑ ❘✐s❦ ❙t❛t✉s ❙♦✉r❝❡ ■❉

❙❍❖❘❚◆❖❚❊ ◆❱❆❘❈❍❆❘ ✷✵✵ ❙❤♦rt ◆♦t❡

❚❛❜❧❡ ❉✳✷✿ ●❡♦❙♣❛t✐❛❧

❆ttr✐❜✉t❡ ◆❛♠❡ ❉❛t❛ ❚②♣❡ ▲❡♥❣t❤ ❙t❛t✉s ❉❡s❝r✐♣t✐♦♥

●❡♦❴■❉ ◆❱❆❘❈❍❆❘ ✸✵ P❑ ●❡♦❧♦❝❛t✐♦♥ ■❞❡♥t✐t② ◆✉♠❜❡r

▲❊❱❊▲ ◆❱❆❘❈❍❆❘ ✷✺✺ ●❡♦❧♦❝❛t✐♦♥ ▲❡✈❡❧

●❡♦▲♦❝❛t✐♦♥ ◆❱❆❘❈❍❆❘ ✷✺✺ ▲♦❝❛t✐♦♥ ◆❛♠❡

▲❆❚✶ ❉❡❝✐♠❛❧ ✭✶✺✱✼✮ ❋✐rst ▲❛t✐t✉❞❡

▲◆●✶ ❉❡❝✐♠❛❧ ✭✶✺✱✼✮ ❋✐rst ▲♦♥❣✐t✉❞❡

▲❆❚✷ ❉❡❝✐♠❛❧ ✭✶✺✱✼✮ ❙❡❝♦♥❞ ▲❛t✐t✉❞❡

▲◆●✷ ❉❡❝✐♠❛❧ ✭✶✺✱✼✮ ❙❡❝♦♥❞ ▲♦♥❣✐t✉❞❡

P❆❘❊◆❚❴■❉ ◆❱❆❘❈❍❆❘ ✸✵ P❛r❡♥t ◆♦❞❡

❙❍❖❘❚◆❖❚❊ ◆❱❆❘❈❍❆❘ ✷✺✺ ❙❤♦rt ◆♦t❡

❚❛❜❧❡ ❉✳✸✿ ❘✐s❦ ❙t❛t✉s

❆ttr✐❜✉t❡ ◆❛♠❡ ❉❛t❛ ❚②♣❡ ▲❡♥❣t❤ ❙t❛t✉s ❉❡s❝r✐♣t✐♦♥

❘❙■❉ ■♥t❡❣❡r ❆✉t♦ P❑ ❘✐s❦ ❙t❛t✉s ■❞❡♥t✐t② ◆✉♠❜❡r

P❘❊❋■❳❈❆❚ ◆❱❆❘❈❍❆❘ ✶✺ Pr❡✜① ♦❢ ❘✐s❦ ❈❛t❡❣♦r②

❈❆❚❊●❖❘❨ ◆❱❆❘❈❍❆❘ ✶✺✵ ❈❛t❡❣♦r② ♦❢ ❘✐s❦
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❚❛❜❧❡ ❉✳✹✿ ❘✐s❦ ❈r✐t❡r✐❛

❆ttr✐❜✉t❡ ◆❛♠❡ ❉❛t❛ ❚②♣❡ ▲❡♥❣t❤ ❙t❛t✉s ❉❡s❝r✐♣t✐♦♥

❈❘❴■❉ ■♥t❡❣❡r ❆✉t♦ P❑ ❘✐s❦ ❈r✐t❡r✐❛ ■❞❡♥t✐t② ◆✉♠❜❡r

❈r✐t❡r✐❛ ◆❱❆❘❈❍❆❘ ✶✺✵ ❈r✐t❡r✐❛ ❜② ■❯❈◆ ❘❡❞ ▲✐st

❚❛❜❧❡ ❉✳✺✿ ❘❴❙❴❙♦✉r❝❡ ✭❘✐s❦ ❙t❛t✉s ❙♦✉r❝❡s✮

❆ttr✐❜✉t❡ ◆❛♠❡ ❉❛t❛ ❚②♣❡ ▲❡♥❣t❤ ❙t❛t✉s ❉❡s❝r✐♣t✐♦♥

❘❙❙■❉ ■♥t❡❣❡r ❆✉t♦ P❑ ❘✐s❦ ❈r✐t❡r✐❛ ■❞❡♥t✐t② ◆✉♠❜❡r

▲❛❜❡❧ ◆❱❆❘❈❍❆❘ ✷✵✵ ❖r❣❛♥✐③❛t✐♦♥✴Pr♦❥❡❝t ◆❛♠❡

❱❛❧✐❞❴②❡❛r ◆❱❆❘❈❍❆❘ ✶✵ ❱❛❧✐❞✴♣✉❜❧✐s❤❡❞ ②❡❛r

❚❛❜❧❡ ❉✳✻✿ ❋❛♠✐❧②

❆ttr✐❜✉t❡ ◆❛♠❡ ❉❛t❛ ❚②♣❡ ▲❡♥❣t❤ ❙t❛t✉s ❉❡s❝r✐♣t✐♦♥

❋❛♠✐❧②❴■❉ ■♥t❡❣❡r ❆✉t♦ P❑ ❋❛♠✐❧② ■❞❡♥t✐t② ◆✉♠❜❡r

❋❛♠✐❧②◆❛♠❡ ◆❱❆❘❈❍❆❘ ✷✵✵ ❋❛♠✐❧② ◆❛♠❡

❙❍❖❘❚◆❖❚❊ ◆❱❆❘❈❍❆❘ ✻✵ ❙❤♦rt ◆♦t❡

❚❛❜❧❡ ❉✳✼✿ ●❡♥✉s

❆ttr✐❜✉t❡ ◆❛♠❡ ❉❛t❛ ❚②♣❡ ▲❡♥❣t❤ ❙t❛t✉s ❉❡s❝r✐♣t✐♦♥

●❡♥✉s❴■❉ ■♥t❡❣❡r ❆✉t♦ P❑ ●❡♥✉s ■❞❡♥t✐t② ◆✉♠❜❡r

●❡♥✉s◆❛♠❡ ◆❱❆❘❈❍❆❘ ✷✵✵ ●❡♥✉s ◆❛♠❡

❙❍❖❘❚◆❖❚❊ ◆❱❆❘❈❍❆❘ ✻✵ ❙❤♦rt ◆♦t❡

❚❛❜❧❡ ❉✳✽✿ ❍❛❜✐t

❆ttr✐❜✉t❡ ◆❛♠❡ ❉❛t❛ ❚②♣❡ ▲❡♥❣t❤ ❙t❛t✉s ❉❡s❝r✐♣t✐♦♥

❍❆❇■❚❴■❉ ■♥t❡❣❡r ❆✉t♦ P❑ ❍❛❜✐t ■❞❡♥t✐t② ◆✉♠❜❡r

❍❆❇■❚◆❖❚❊ ◆❱❆❘❈❍❆❘ ✷✵✵ ❍❛❜✐t ❉❡s❝r✐♣t✐♦♥

❙❍❖❘❚◆❖❚❊ ◆❱❆❘❈❍❆❘ ✻✵ ❙❤♦rt ◆♦t❡

❚❛❜❧❡ ❉✳✾✿ ❚r✉♥❦❇❛r❦ ✭❚r✉♥❦ ❛♥❞ ❇❛r❦✮

❆ttr✐❜✉t❡ ◆❛♠❡ ❉❛t❛ ❚②♣❡ ▲❡♥❣t❤ ❙t❛t✉s ❉❡s❝r✐♣t✐♦♥

❚❘❯◆❑❇❆❘❑❴■❉ ■♥t❡❣❡r ❆✉t♦ P❑ ❚r✉♥❦❇❛r❦ ■❞❡♥t✐t② ◆✉♠❜❡r

❚❘❯◆❑❇❆❘❑◆❖❚❊ ◆❱❆❘❈❍❆❘ ✷✵✵ ❚r✉♥❦❇❛r❦ ❉❡s❝r✐♣t✐♦♥

❙❍❖❘❚◆❖❚❊ ◆❱❆❘❈❍❆❘ ✻✵ ❙❤♦rt ◆♦t❡

❚❛❜❧❡ ❉✳✶✵✿ ❇❇❚ ✭❇r❛♥❝❤❡s ❛♥❞ ❇r❛♥❝❤❧❡ts ♦r ❚✇✐❣s✮

❆ttr✐❜✉t❡ ◆❛♠❡ ❉❛t❛ ❚②♣❡ ▲❡♥❣t❤ ❙t❛t✉s ❉❡s❝r✐♣t✐♦♥

❇❇❚❴■❉ ■♥t❡❣❡r ❆✉t♦ P❑ ❇❇❚ ■❞❡♥t✐t② ◆✉♠❜❡r

❇❇❚◆❖❚❊ ◆❱❆❘❈❍❆❘ ✷✵✵ ❇❇❚ ❉❡s❝r✐♣t✐♦♥

❙❍❖❘❚◆❖❚❊ ◆❱❆❘❈❍❆❘ ✻✵ ❙❤♦rt ◆♦t❡



✽✹ ❆♣♣❡♥❞✐① ❉✳ ❇✐♦❑❊❚ ❉❲✿ ❉❛t❛ ❉✐❝t✐♦♥❛r②

❚❛❜❧❡ ❉✳✶✶✿ ▲❡❛✈❡s

❆ttr✐❜✉t❡ ◆❛♠❡ ❉❛t❛ ❚②♣❡ ▲❡♥❣t❤ ❙t❛t✉s ❉❡s❝r✐♣t✐♦♥

▲❊❆❱❊❴■❉ ■♥t❡❣❡r ❆✉t♦ P❑ ▲❡❛✈❡ ■❞❡♥t✐t② ◆✉♠❜❡r

▲❊❆❱❊◆❖❚❊ ◆❱❆❘❈❍❆❘ ✷✵✵ ▲❡❛✈❡ ❉❡s❝r✐♣t✐♦♥

❙❍❖❘❚◆❖❚❊ ◆❱❆❘❈❍❆❘ ✻✵ ❙❤♦rt ◆♦t❡

❚❛❜❧❡ ❉✳✶✷✿ ■◆❋▲ ✭■♥✢♦r❡s❝❡♥❝❡s ♦r ✢♦✇❡rs✮

❆ttr✐❜✉t❡ ◆❛♠❡ ❉❛t❛ ❚②♣❡ ▲❡♥❣t❤ ❙t❛t✉s ❉❡s❝r✐♣t✐♦♥
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r ✐♠❛❣❡s
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r ✐ ♥ ❢ ❧
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ ✐ ♥ ❢ ❧ ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ ✐ ♥ ❢ ❧ ❵ ✭

❵■◆❋▲❴■❉ ❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r ✐ ✉ ❝ ♥ r ❡ ❞ ❧ ✐ s t
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ ✐ ✉ ❝ ♥ r ❡ ❞ ❧ ✐ s t ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ ✐ ✉ ❝ ♥ r ❡ ❞ ❧ ✐ s t ❵ ✭
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❵ ❙♣❡❝✐❡s◆❛♠❡ ❵ ✈❛r❝❤❛r ✭✷✵✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r ❧ ❡ ❛✈ ❡ s
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ ❧ ❡❛✈❡s ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ ❧ ❡❛✈❡s ❵ ✭
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r ❧ ✐ t ❡ r ❛ t ✉ r ❡
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r ❧♦❝❛ ❧♥❛♠❡s
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ ❧♦❝❛❧♥❛♠❡s ❵ ❀
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❵▲❖❈❆▲◆❆▼❊❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r ❧ ♦ ❝ ❛ t ✐ ♦ ♥
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−
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❵P▲❆❈❊❵ ✈❛r❝❤❛r ✭✸✵✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r r ✐ s ❦❴ ❝ r ✐ t ❡ r ✐ ❛
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−
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❈❘❊❆❚❊ ❚❆❇▲❊ ❵ r ✐ s ❦❴❝ r ✐ t ❡ r ✐ ❛ ❵ ✭

❵❈❘❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
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P❘■▼❆❘❨ ❑❊❨ ✭ ❵❈❘❴■❉❵ ✮

✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r r ✐ s ❦❴st❛ t✉ s
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ r ✐ s❦❴st❛t✉s ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ r ✐ s❦❴st❛t✉s ❵ ✭

❵❘❙■❉ ❵ ✐ ♥ t ✭✶✵✮ ◆❖❚ ◆❯▲▲✱
❵P❘❊❋■❳❈❆❚❵ ✈❛r❝❤❛r ✭✶✺✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
❵❈❆❚❊●❖❘❨❵ ✈❛r❝❤❛r ✭✶✺✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
P❘■▼❆❘❨ ❑❊❨ ✭ ❵❘❙■❉ ❵ ✮ ✱
❑❊❨ ❵❘❙■❉ ❵ ✭ ❵❘❙■❉ ❵ ✱ ❵P❘❊❋■❳❈❆❚❵ ✮

✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r r♥✉
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ r♥✉ ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ r♥✉ ❵ ✭

❵❘◆❯❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❵❘◆❯◆❖❚❊❵ ✈❛r❝❤❛r ✭✷✵✵✮ ◆❖❚ ◆❯▲▲✱
❵❙❍❖❘❚◆❖❚❊❵ ✈❛r❝❤❛r ✭✻✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
P❘■▼❆❘❨ ❑❊❨ ✭ ❵❘◆❯❴■❉❵ ✮

✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀



✾✾

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r r❴s❴s♦✉r❝❡
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ r❴s❴s♦✉r❝❡ ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ r❴s❴s♦✉r❝❡ ❵ ✭

❵❘❙❙■❉ ❵ ✐ ♥ t ✭✶✵✮ ◆❖❚ ◆❯▲▲✱
❵▲❆❇❊▲❵ ✈❛r❝❤❛r ✭✷✵✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
❵❱❆▲■❉❴❨❊❆❘❵ ✈❛r❝❤❛r ✭✶✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
P❘■▼❆❘❨ ❑❊❨ ✭ ❵❘❙❙■❉ ❵ ✮

✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s ❡❡❞s
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s❡❡❞s ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ s❡❡❞s ❵ ✭

❵❙❊❊❉❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❵❙❊❊❉◆❖❚❊❵ ✈❛r❝❤❛r ✭✷✵✵✮ ◆❖❚ ◆❯▲▲✱
❵❙❍❖❘❚◆❖❚❊❵ ✈❛r❝❤❛r ✭✻✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
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✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s ♣ ❡ ❝ ✐ ❡ s
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s♣❡ ❝ ✐ ❡ s ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ s♣❡ ❝ ✐ ❡ s ❵ ✭

❵❙P❊❈■❊❙❴■❉ ❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❵❇❆❘❈❖❉❊❵ ✈❛r❝❤❛r ✭✸✷✮ ◆❖❚ ◆❯▲▲✱
❵❙P❊❈■❊❙◆❆▼❊❵ ✈❛r❝❤❛r ✭✸✵✵✮ ◆❖❚ ◆❯▲▲✱
❵❋❆▼■▲❨❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❵❘■❙❑❴❙❚❆❚❯❙❴■❉❵ ✐ ♥ t ✭✶✶✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
❵❘■❙❑❴❈❘■❚❊❘■❆❴■❉❵ ✐ ♥ t ✭✶✶✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
❵❘▲❱❊❘❙■❖◆❵ ✈❛r❝❤❛r ✭✶✺✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
❵❘❴❙❴❙❖❯❘❈❊❴■❉❵ ✐ ♥ t ✭✶✶✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
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❑❊❨ ❵❋❑❴❘■❙❑❴❈❘■❚❊❘■❆❴■❉❵ ✭ ❵❘■❙❑❴❈❘■❚❊❘■❆❴■❉❵ ✮ ✱
❑❊❨ ❵❋❑❴❘❴❙❴❙❖❯❘❈❊❴■❉❵ ✭ ❵❘❴❙❴❙❖❯❘❈❊❴■❉❵ ✮ ✱
❈❖◆❙❚❘❆■◆❚ ❵❋❑❴❘■❙❑❴❈❘■❚❊❘■❆❴■❉❵
❋❖❘❊■●◆ ❑❊❨ ✭ ❵❘■❙❑❴❈❘■❚❊❘■❆❴■❉❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ r ✐ s ❦❴❝ r ✐ t ❡ r ✐ ❛ ❵ ✭ ❵❈❘❴■❉❵ ✮
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❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆✱
❈❖◆❙❚❘❆■◆❚ ❵❋❑❴❘■❙❑❴❙❚❆❚❯❙❴■❉❵
❋❖❘❊■●◆ ❑❊❨ ✭ ❵❘■❙❑❴❙❚❆❚❯❙❴■❉❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ r ✐ s❦❴st❛t✉s ❵ ✭ ❵❘❙■❉ ❵ ✮
❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆✱
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❋❖❘❊■●◆ ❑❊❨ ✭ ❵❘❴❙❴❙❖❯❘❈❊❴■❉❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ r❴s❴s♦✉r❝❡ ❵ ✭ ❵❘❙❙■❉ ❵ ✮
❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴✐❜❢❦❴✶ ❵
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s♣❡❝ ✐ ❡ s❴❛✉t❤♦rs
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s♣❡❝ ✐❡s❴❛✉t❤♦rs ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ s♣❡❝ ✐❡s❴❛✉t❤♦rs ❵ ✭
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s♣❡❝✐❡s❴❜❛s✐♦♥②♠
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s♣❡❝✐❡s❴❜❛s✐♦♥②♠ ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ s♣❡❝✐❡s❴❜❛s✐♦♥②♠ ❵ ✭
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❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴❜❛s✐♦♥②♠❴✐❜❢❦❴✷ ❵
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−
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❯❙■◆● ❇❚❘❊❊✱
❑❊❨ ❵❋❑❴❙♣❡❝✐❡s❴❇r❛♥❝❤❴❇r❛♥❝❤❧❡t❴❚✇✐❣❴❇r❛♥❝❤❴❇r❛♥❝❤❧❡t❴❚✇✐❣ ❵ ✭ ❵❇❇❚❴■❉❵ ✮
❯❙■◆● ❇❚❘❊❊✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴❜❜t❴✐❜❢❦❴✶ ❵
❋❖❘❊■●◆ ❑❊❨ ✭ ❵❇❇❚❴■❉❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ ❜❜t ❵ ✭ ❵❇❇❚❴■❉❵ ✮
❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴❜❜t❴✐❜❢❦❴✷ ❵
❋❖❘❊■●◆ ❑❊❨ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮
❘❊❋❊❘❊◆❈❊❙ ❵ s♣❡ ❝ ✐ ❡ s ❵ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮
❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s ♣ ❡ ❝ ✐ ❡ s❴❝♦ ❧ ❧ ❡ ❝ t ♦ r s ❵ ❀
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−
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❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴❝♦♠♠♦♥♥❛♠❡❴✐❜❢❦❴✷ ❵
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s ♣ ❡ ❝ ✐ ❡ s❴❞ ✐ s t r ✐ ❜✉ t ✐ ♦ ♥
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−
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❵❙P❊❈■❊❙❴■❉ ❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
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❋❖❘❊■●◆ ❑❊❨ ✭ ❵❉■❙❚❘■❇❴■❉ ❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ ❞ ✐ s t r ✐ ❜✉ t ✐ ♦ ♥ ❵ ✭ ❵❉■❙❚❘■❇❴■❉ ❵ ✮
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❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝ ✐ ❡ s❴❞✐ s t r ✐❜✉t ✐♦♥❴✐❜ ❢❦❴✷ ❵
❋❖❘❊■●◆ ❑❊❨ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ s♣❡ ❝ ✐ ❡ s ❵ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮
❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s♣❡❝ ✐❡ s❴❡①✉❞❛t❡s
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s♣❡❝ ✐❡s❴❡①✉❞❛t❡s ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ s♣❡❝ ✐❡s❴❡①✉❞❛t❡s ❵ ✭

❵❙P❊❈■❊❙❴■❉ ❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❵❊❳❯❉❆❚❊❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
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❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴❡①✉❞❛t❡s❴✐❜❢❦❴✷ ❵
❋❖❘❊■●◆ ❑❊❨ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ s♣❡ ❝ ✐ ❡ s ❵ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮
❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s ♣ ❡ ❝ ✐ ❡ s❴ ❢ r ✉ ✐ t s ❡ ❡ ❞ s
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s ♣ ❡ ❝ ✐ ❡ s❴ ❢ r✉ ✐ t s ❡ ❡❞ s ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ s♣ ❡ ❝ ✐ ❡ s❴ ❢ r✉ ✐ t s ❡ ❡❞ s ❵ ✭
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❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s♣ ❡ ❝ ✐ ❡ s❴❣❡♦ s♣❛ t ✐ ❛ ❧
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s♣❡ ❝ ✐ ❡ s❴❣❡♦ s♣❛ t ✐ ❛ ❧ ❵ ❀
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s♣❡❝ ✐ ❡ s❴❤❛❜ ✐ t
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−
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❈❘❊❆❚❊ ❚❆❇▲❊ ❵ s♣❡❝ ✐❡s❴❤❛❜✐t ❵ ✭

❵❙P❊❈■❊❙❴■❉ ❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❵❍❆❇■❚❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
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❑❊❨ ❵❋❑❴❙♣❡❝✐❡s❴❍❛❜✐t❴❍❛❜✐t ❵ ✭ ❵❍❆❇■❚❴■❉❵ ✮ ❯❙■◆● ❇❚❘❊❊✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴❤❛❜✐t❴✐❜❢❦❴✶ ❵
❋❖❘❊■●◆ ❑❊❨ ✭ ❵❍❆❇■❚❴■❉❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ ❤❛❜✐t ❵ ✭ ❵❍❆❇■❚❴■❉❵ ✮
❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴❤❛❜✐t❴✐❜❢❦❴✷ ❵
❋❖❘❊■●◆ ❑❊❨ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ s♣❡ ❝ ✐ ❡ s ❵ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−
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❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴❤❛❡❝❴✐❜❢❦❴✶ ❵
❋❖❘❊■●◆ ❑❊❨ ✭ ❵❍❆❊❈❴■❉❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ ❤❛❡❝ ❵ ✭ ❵❍❆❊❈❴■❉❵ ✮
❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴❤❛❡❝❴✐❜❢❦❴✷ ❵
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−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s ♣ ❡ ❝ ✐ ❡ s❴ ✐ ♥ ❢ ❧
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s ♣ ❡ ❝ ✐ ❡ s❴ ✐♥ ❢ ❧ ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ s♣ ❡ ❝ ✐ ❡ s❴ ✐♥ ❢ ❧ ❵ ✭
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❋❖❘❊■●◆ ❑❊❨ ✭ ❵❙❨◆❖◆❨▼❴■❉❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ s②♥♦♥②♠s ❵ ✭ ❵❙❨◆❖◆❨▼❴■❉❵ ✮
❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆

✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s♣❡❝ ✐❡s❴tr❡❛t♠❡♥t
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s♣❡❝ ✐❡s❴tr❡❛t♠❡♥t ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ s♣❡❝ ✐❡s❴tr❡❛t♠❡♥t ❵ ✭

❵❙P❊❈■❊❙❴■❉ ❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❵❚❘❊❆❚▼❊◆❚❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❑❊❨ ❵❋❑❴❙♣❡❝✐❡s❴❚r❡❛t♠❡♥t❴❚r❡❛t♠❡♥t ❵ ✭ ❵❚❘❊❆❚▼❊◆❚❴■❉❵ ✮ ❯❙■◆● ❇❚❘❊❊✱



✶✶✵ ❆♣♣❡♥❞✐① ❊✳ ❇✐♦❑❊❚ ❉❲ ❙tr✉❝t✉r❡✿ ❊♥t✐t✐❡s

❑❊❨ ❵ ❋❑❴❙♣❡❝✐❡s❴❚r❡❛t♠❡♥t❴❙♣❡❝✐❡s ❵ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮ ❯❙■◆● ❇❚❘❊❊✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴tr❡❛t♠❡♥t❴✐❜❢❦❴✶ ❵
❋❖❘❊■●◆ ❑❊❨ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ s♣❡ ❝ ✐ ❡ s ❵ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮
❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴tr❡❛t♠❡♥t❴✐❜❢❦❴✷ ❵
❋❖❘❊■●◆ ❑❊❨ ✭ ❵❚❘❊❆❚▼❊◆❚❴■❉❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ tr❡❛t♠❡♥t ❵ ✭ ❵❚❘❊❆❚▼❊◆❚❴■❉❵ ✮
❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆

✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s♣❡❝ ✐❡s❴tr✉♥❦❜❛r❦
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s♣❡❝✐❡s❴tr✉♥❦❜❛r❦ ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ s♣❡❝✐❡s❴tr✉♥❦❜❛r❦ ❵ ✭

❵❙P❊❈■❊❙❴■❉ ❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❵❚❘❯◆❑❇❆❘❑❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❑❊❨ ❵❋❑❴❙♣❡❝✐❡s❴❚r✉♥❦❴❇❛r❦❴❙♣❡❝✐❡s ❵ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮ ❯❙■◆● ❇❚❘❊❊✱
❑❊❨ ❵❋❑❴❙♣❡❝✐❡s❴❚r✉♥❦❴❇❛r❦❴❚r✉♥❦❴❇❛r❦ ❵ ✭ ❵❚❘❯◆❑❇❆❘❑❴■❉❵ ✮ ❯❙■◆● ❇❚❘❊❊✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴tr✉♥❦❜❛r❦❴✐❜❢❦❴✶ ❵
❋❖❘❊■●◆ ❑❊❨ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ s♣❡ ❝ ✐ ❡ s ❵ ✭ ❵❙P❊❈■❊❙❴■❉ ❵ ✮
❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆✱
❈❖◆❙❚❘❆■◆❚ ❵ s♣❡❝✐❡s❴tr✉♥❦❜❛r❦❴✐❜❢❦❴✷ ❵
❋❖❘❊■●◆ ❑❊❨ ✭ ❵❚❘❯◆❑❇❆❘❑❴■❉❵ ✮ ❘❊❋❊❘❊◆❈❊❙ ❵ tr✉♥❦❜❛r❦ ❵ ✭ ❵❚❘❯◆❑❇❆❘❑❴■❉❵ ✮
❖◆ ❉❊▲❊❚❊ ◆❖ ❆❈❚■❖◆ ❖◆ ❯P❉❆❚❊ ◆❖ ❆❈❚■❖◆

✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s♣❡❝✐♠❡♥s
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s♣❡❝✐♠❡♥s ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ s♣❡❝✐♠❡♥s ❵ ✭

❵❙P❊❈■▼❊◆❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❵❙P❊❈■▼❊◆◆❖❚❊❵ ✈❛r❝❤❛r ✭✷✵✵✮ ◆❖❚ ◆❯▲▲✱
❵❙❍❖❘❚◆❖❚❊❵ ✈❛r❝❤❛r ✭✻✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
P❘■▼❆❘❨ ❑❊❨ ✭ ❵❙P❊❈■▼❊◆❴■❉❵ ✮

✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s♣♥♦t❡s
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s♣♥♦t❡s ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ s♣♥♦t❡s ❵ ✭

❵❙P◆❖❚❊❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❵❙P◆❖❚❊❙❵ ✈❛r❝❤❛r ✭✹✵✵✮ ◆❖❚ ◆❯▲▲✱



✶✶✶
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P❘■▼❆❘❨ ❑❊❨ ✭ ❵❙P◆❖❚❊❴■❉❵ ✮

✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r s②♥♦♥②♠s
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ s②♥♦♥②♠s ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ s②♥♦♥②♠s ❵ ✭

❵❙❨◆❖◆❨▼❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❵❙❨◆❖◆❨▼◆❖❚❊❵ ✈❛r❝❤❛r ✭✷✵✵✮ ◆❖❚ ◆❯▲▲✱
❵❙❍❖❘❚◆❖❚❊❵ ✈❛r❝❤❛r ✭✻✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
P❘■▼❆❘❨ ❑❊❨ ✭ ❵❙❨◆❖◆❨▼❴■❉❵ ✮

✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r t♠♣✻✺✷
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ t♠♣✻✺✷ ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ t♠♣✻✺✷ ❵ ✭

❵❙P■❉ ❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
P❘■▼❆❘❨ ❑❊❨ ✭ ❵❙P■❉ ❵ ✮

✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r tr❡❛t♠❡♥t
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ tr❡❛t♠❡♥t ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ tr❡❛t♠❡♥t ❵ ✭

❵❚❘❊❆❚▼❊◆❚❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱
❵❉■❙❊❆❙❊❙❚❆❚❊❵ ✈❛r❝❤❛r ✭✷✵✵✮ ◆❖❚ ◆❯▲▲✱
❵❙❨▼P❚❖▼❵ ✈❛r❝❤❛r ✭✷✵✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
❵P❘❊P❆❘❆❚■❖◆❵ ✈❛r❝❤❛r ✭✹✵✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
❵❚❘❊❆❚▼❊◆❚◆❖❚❊❵ ✈❛r❝❤❛r ✭✺✶✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
❵❙❍❖❘❚◆❖❚❊❵ ✈❛r❝❤❛r ✭✻✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
P❘■▼❆❘❨ ❑❊❨ ✭ ❵❚❘❊❆❚▼❊◆❚❴■❉❵ ✮

✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❚❛❜❧❡ s t r ✉ ❝ t✉ r ❡ ❢ ♦ r tr✉♥❦❜❛r❦
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❚❆❇▲❊ ■❋ ❊❳■❙❚❙ ❵ tr✉♥❦❜❛r❦ ❵ ❀
❈❘❊❆❚❊ ❚❆❇▲❊ ❵ tr✉♥❦❜❛r❦ ❵ ✭

❵❚❘❯◆❑❇❆❘❑❴■❉❵ ✐ ♥ t ✭✶✶✮ ◆❖❚ ◆❯▲▲✱



✶✶✷ ❆♣♣❡♥❞✐① ❊✳ ❇✐♦❑❊❚ ❉❲ ❙tr✉❝t✉r❡✿ ❊♥t✐t✐❡s

❵❚❘❯◆❑❇❆❘❑◆❖❚❊❵ ✈❛r❝❤❛r ✭✷✵✵✮ ◆❖❚ ◆❯▲▲✱
❵❙❍❖❘❚◆❖❚❊❵ ✈❛r❝❤❛r ✭✻✵✮ ❉❊❋❆❯▲❚ ◆❯▲▲✱
P❘■▼❆❘❨ ❑❊❨ ✭ ❵❚❘❯◆❑❇❆❘❑❴■❉❵ ✮

✮ ❊◆●■◆❊❂■♥♥♦❉❇ ❉❊❋❆❯▲❚ ❈❍❆❘❙❊❚❂✉t ❢✽ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❱✐❡✇ s t r✉ ❝ t✉ r ❡ ❢ ♦ r s♣❡ ❝ ✐ ❡ s❴❣❡♦ s♣❛ t ✐ ❛ ❧−✇✻✺✷
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❱■❊❲ ■❋ ❊❳■❙❚❙ ❵ s♣❡❝ ✐ ❡ s❴❣❡♦ s♣❛ t ✐ ❛ ❧−✇✻✺✷ ❵ ❀
❈❘❊❆❚❊ ❆▲●❖❘■❚❍▼❂❯◆❉❊❋■◆❊❉ ❉❊❋■◆❊❘❂❵ r♦♦t ❵❅❵ ❧ ♦ ❝ ❛ ❧ ❤♦ s t ❵
❙◗▲ ❙❊❈❯❘■❚❨ ❉❊❋■◆❊❘ ❱■❊❲ ❵ s♣❡❝ ✐ ❡ s❴❣❡♦ s♣❛ t ✐ ❛ ❧−✇✻✺✷ ❵
❆❙ s ❡ ❧ ❡ ❝ t ❵ ✈s♣ ❵ ✳ ❵ ❙P❊❈■❊❙❴■❉ ❵
❆❙ ❵❙P❊❈■❊❙❴■❉❵ ✱ ❵ ✈s♣ ❵ ✳ ❵ ❙P❊❈■❊❙◆❆▼❊❵
❆❙ ❵❙P❊❈■❊❙◆❆▼❊❵ ✱ ❵ ✈❣❡♦ ❵ ✳ ❵ ●❡♦▲♦❝❛t✐♦♥ ❵
❆❙ ❵ ●❡♦▲♦❝❛t✐♦♥ ❵ ✱ ❵ ✈❣❡♦ ❵ ✳ ❵ ▲❊❱❊▲❵
❆❙ ❵▲❊❱❊▲❵ ✱ ❵ ✈❣❡♦ ❵ ✳ ❵ ▲❆❚✶❵
❆❙ ❵▲❆❚✶❵ ✱ ❵ ✈❣❡♦ ❵ ✳ ❵ ▲◆●✶❵ ❆❙ ❵▲◆●✶❵ ✱ ❵ ✈❣❡♦ ❵ ✳ ❵ ▲❆❚✷❵ ❆❙ ❵▲❆❚✷❵ ✱
❵ ✈❣❡♦ ❵ ✳ ❵ ▲◆●✷❵ ❆❙ ❵▲◆●✷❵ ✱ ❵ ✈❣❡♦ ❵ ✳ ❵ P❛r❡♥t ❵
❆❙ ❵ P❛r❡♥t ❵
❢r♦♠ ✭ ✭ ❵ s♣ ❡ ❝ ✐ ❡ s ❵ ❵ ✈s♣ ❵
❥ ♦ ✐ ♥ ❵ s♣❡ ❝ ✐ ❡ s❴❣❡♦ s♣❛ t ✐ ❛ ❧ ❵ ❵ ✈s❣ ❵
♦♥ ✭ ✭ ❵ ✈s♣ ❵ ✳ ❵ ❙P❊❈■❊❙❴■❉❵ ❂ ❵ ✈s❣ ❵ ✳ ❵ ❙♣❡❝✐❡s❴■❉ ❵ ✮ ✮ ✮
❥ ♦ ✐ ♥ ❵ ✈❣❡♦ s♣❛ t ✐ ❛ ❧ ❵ ❵ ✈❣❡♦ ❵
♦♥ ✭ ✭ ❵ ✈❣❡♦ ❵ ✳ ❵ ●❡♦❴■❉ ❵ ❂ ❵ ✈s❣ ❵ ✳ ❵ ●❡♦❴■❉ ❵ ✮ ✮ ✮
✇❤❡r❡ ❵ ✈s♣ ❵ ✳ ❵ ❙P❊❈■❊❙❴■❉ ❵ ✐♥ ✭ s ❡ ❧ ❡ ❝ t ❵ t♠♣✻✺✷ ❵ ✳ ❵ ❙P■❉ ❵ ❢r♦♠ ❵ t♠♣✻✺✷ ❵ ✮
♦r❞❡r ❜② ❵ ✈s♣ ❵ ✳ ❵ ❙P❊❈■❊❙❴■❉❵ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❱✐❡✇ s t r✉ ❝ t✉ r ❡ ❢ ♦ r s♣♥❡❡❞s
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❱■❊❲ ■❋ ❊❳■❙❚❙ ❵ s♣♥❡❡❞s ❵ ❀
❈❘❊❆❚❊ ❆▲●❖❘■❚❍▼❂❯◆❉❊❋■◆❊❉ ❉❊❋■◆❊❘❂❵ r♦♦t ❵❅❵ ❧ ♦ ❝ ❛ ❧ ❤♦ s t ❵
❱■❊❲ ❵ s♣♥❡❡❞s ❵
❆❙ ❙❡ ❧ ❡ ❝ t ✈s♣ ✳ ❙P❊❈■❊❙❴■❉ ✱ ✈s♣ ✳❇❆❘❈❖❉❊✱ ✈s♣ ✳❙P❊❈■❊❙◆❆▼❊✱
✈❢♠ ✳❋❆▼■▲❨◆❆▼❊✱ ✈❛✉ ✳❆❯❚❍❖❘◆❆▼❊✱ ✈s♣ ✳❙❍❖❘❚◆❖❚❊
❋r♦♠ s♣ ❡ ❝ ✐ ❡ s ❛s ✈s♣
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴❛✉t❤♦rs ❛s ✈s❛ ♦♥ ✈s♣ ✳ ❙P❊❈■❊❙❴■❉ ❂ ✈s❛ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❵ ❛✉t❤♦rs ❵ ❛s ✈❛✉ ♦♥ ✈s❛ ✳❆❯❚❍❖❘❴■❉ ❂ ✈❛✉ ✳❆❯❚❍❖❘❴■❉
■◆◆❊❘ ❏❖■◆ ❢❛♠✐ ❧② ❛s ✈❢♠ ♦♥ ✈s♣ ✳❋❆▼■▲❨❴■❉ ❂ ✈❢♠ ✳❋❆▼■▲❨❴■❉
❖❘❉❊❘ ❇❨ ✈s♣ ✳ ❙P❊❈■❊❙❴■❉ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❱✐❡✇ s t r✉ ❝ t✉ r ❡ ❢ ♦ r ✈❣ ❡♦ s♣❛ t ✐ ❛ ❧
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−
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❉❘❖P ❱■❊❲ ■❋ ❊❳■❙❚❙ ❵ ✈❣❡♦ s♣❛t ✐ ❛ ❧ ❵ ❀
❈❘❊❆❚❊ ❆▲●❖❘■❚❍▼❂❯◆❉❊❋■◆❊❉ ❉❊❋■◆❊❘❂❵ r♦♦t ❵❅❵ ❧ ♦ ❝ ❛ ❧ ❤♦ s t ❵
❙◗▲ ❙❊❈❯❘■❚❨ ❉❊❋■◆❊❘ ❱■❊❲ ❵ ✈❣❡♦s♣❛t ✐ ❛ ❧ ❵ ❆❙ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❱✐❡✇ s t r✉ ❝ t✉ r ❡ ❢ ♦ r ✈s♣❴r❧✶✻✼
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❱■❊❲ ■❋ ❊❳■❙❚❙ ❵ ✈s♣❴r❧✶✻✼ ❵ ❀
❈❘❊❆❚❊ ❆▲●❖❘■❚❍▼❂❯◆❉❊❋■◆❊❉ ❉❊❋■◆❊❘❂❵ r♦♦t ❵❅❵ ❧ ♦ ❝ ❛ ❧ ❤♦ s t ❵
❙◗▲ ❙❊❈❯❘■❚❨ ❉❊❋■◆❊❘ ❱■❊❲ ❵ ✈s♣❴r❧✶✻✼ ❵
❆❙ ❙❊▲❊❈❚ s♣ ✳ ❙P❊❈■❊❙❴■❉✱ s♣ ✳❙P❊❈■❊❙◆❆▼❊✱ ❢♠ ✳❋❆▼■▲❨◆❆▼❊✱ r s ✳P❘❊❋■❳❈❆❚✱
r s ✳❈❆❚❊●❖❘❨✱ r❝ ✳❈❘■❚❊❘■❆✱ s♣ ✳❘▲❱❊❘❙■❖◆✱ r s s ✳▲❆❇❊▲✱ r s s ✳❱❆▲■❉❴❨❊❆❘✱
●❘❖❯P❴❈❖◆❈❆❚✭❈❖◆❈❆❚✭ ❞ ✐ s ✳❉■❙❚❘■❇◆❖❚❊✮ ❙❊P❆❘❆❚❖❘ ✬ ❀ ✬ ✮
❛s ❉✐str ✐❜✉t ✐♦♥❴◆♦t❡s
❋❘❖▼ s♣ ❡ ❝ ✐ ❡ s s♣

▲❊❋❚ ❏❖■◆ ❘■❙❑❴❙❚❆❚❯❙ r s ♦♥ s♣ ✳❘■❙❑❴❙❚❆❚❯❙❴■❉❂rs ✳❘❙■❉
▲❊❋❚ ❏❖■◆ r ✐ s ❦❴ ❝ r ✐ t ❡ r ✐ ❛ r❝ ♦♥ s♣ ✳❘■❙❑❴❈❘■❚❊❘■❆❴■❉ ❂r❝ ✳❈❘❴■❉
▲❊❋❚ ❏❖■◆ r❴s❴s♦✉r❝❡ r s s ♦♥ s♣ ✳❘❴❙❴❙❖❯❘❈❊❴■❉❂r s s ✳ ❘❙❙■❉
▲❊❋❚ ❏❖■◆ ❢❛♠✐ ❧② ❢♠ ♦♥ s♣ ✳❋❆▼■▲❨❴■❉ ❂❢♠ ✳❋❆▼■▲❨❴■❉
■◆◆❊❘ ❏❖■◆ s♣ ❡ ❝ ✐ ❡ s❴❞ ✐ s t r ✐ ❜✉ t ✐ ♦ ♥ s♣❞ ♦♥ s♣ ✳ ❙P❊❈■❊❙❴■❉ ❂s♣❞ ✳❙P❊❈■❊❙❴■❉
−− ▲❊❋❚ ❏❖■◆ s♣ ❡ ❝ ✐ ❡ s❴❞ ✐ s t r ✐ ❜✉ t ✐ ♦ ♥ s♣❞ ♦♥ s♣ ✳ ❙P❊❈■❊❙❴■❉ ❂s♣❞ ✳ ❙P❊❈■❊❙❴■❉
▲❊❋❚ ❏❖■◆ ❞ ✐ s t r ✐ ❜ ✉ t ✐ ♦ ♥ ❞ ✐ s ♦♥ s♣❞ ✳❉■❙❚❘■❇❴■❉ ❂❞ ✐ s ✳❉■❙❚❘■❇❴■❉

❲❍❊❘❊ s♣ ✳❘■❙❑❴❙❚❆❚❯❙❴■❉ ✐ s ◆❖❚ ◆❯▲▲
●❘❖❯P ❇❨ s♣ ✳ ❙P❊❈■❊❙❴■❉ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❱✐❡✇ s t r✉ ❝ t✉ r ❡ ❢ ♦ r ✈t✷✶✼
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❱■❊❲ ■❋ ❊❳■❙❚❙ ❵ ✈t✷✶✼ ❵ ❀
❈❘❊❆❚❊ ❆▲●❖❘■❚❍▼❂❯◆❉❊❋■◆❊❉ ❉❊❋■◆❊❘❂❵ r♦♦t ❵❅❵ ❧ ♦ ❝ ❛ ❧ ❤♦ s t ❵
❙◗▲ ❙❊❈❯❘■❚❨ ❉❊❋■◆❊❘ ❱■❊❲ ❵ ✈t✷✶✼ ❵
❆❙ ❙❊▲❊❈❚ s♣ ✳ ❙P❊❈■❊❙❴■❉✱ s♣ ✳❙P❊❈■❊❙◆❆▼❊✱ ❘❙ ✳❈❆❚❊●❖❘❨
❋❘❖▼ s♣ ❡ ❝ ✐ ❡ s s♣ ✱ r ✐ s ❦❴s t❛ t✉ s ❘❙
❲❤❡r❡ s♣ ✳❘■❙❑❴❙❚❆❚❯❙❴■❉❂rs ✳❘❙■❉
❛♥❞ s♣ ✳ ❙P❊❈■❊❙❴■❉ ✐♥ ✭❙❊▲❊❈❚ t♠♣✻✺✷ ✳ s♣ ✐❞ ❢r♦♠ t♠♣✻✺✷ ✮ ❀

−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

−− ❱✐❡✇ s t r✉ ❝ t✉ r ❡ ❢ ♦ r ✈✇s♣❴❧❡❛✈❡s
−− −−−−−−−−−−−−−−−−−−−−−−−−−−−−

❉❘❖P ❱■❊❲ ■❋ ❊❳■❙❚❙ ❵ ✈✇s♣❴❧❡❛✈❡s ❵ ❀
❈❘❊❆❚❊ ❆▲●❖❘■❚❍▼❂❯◆❉❊❋■◆❊❉ ❉❊❋■◆❊❘❂❵ r♦♦t ❵❅❵ ❧ ♦ ❝ ❛ ❧ ❤♦ s t ❵



✶✶✹ ❆♣♣❡♥❞✐① ❊✳ ❇✐♦❑❊❚ ❉❲ ❙tr✉❝t✉r❡✿ ❊♥t✐t✐❡s

❱■❊❲ ❵ ✈✇s♣❴❧❡❛✈❡s ❵ ❆❙ ✭ ❙ ❡ ❧ ❡ ❝ t ✈s ✳ ❙P❊❈■❊❙❴■❉✱ ✈s ✳❇❆❘❈❖❉❊✱
✈s ✳❙P❊❈■❊❙◆❆▼❊✱ ✈❢ ✳❋❆▼■▲❨◆❆▼❊✱ ✈❛ ✳❆❯❚❍❖❘◆❆▼❊✱
●❘❖❯P❴❈❖◆❈❆❚✭ ✈ ❧ ✳▲❊❆❱❊◆❖❚❊ ❙❊P❆❘❆❚❖❘ ✬ ✱ ✬ ✮ ❛s ▲❊❆❱❊❴◆❖❚❊
❋r♦♠ s♣ ❡ ❝ ✐ ❡ s ❛s ✈s
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴ ❧ ❡❛✈❡ s ❛s ✈ s ❧ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉ ❂ ✈s ❧ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❵ ❧ ❡❛✈❡s ❵ ❛s ✈ ❧ ♦♥ ✈ s ❧ ✳▲❊❆❱❊❴■❉ ❂ ✈❧ ✳▲❊❆❱❊❴■❉
■◆◆❊❘ ❏❖■◆ s♣❡❝ ✐ ❡ s❴❛✉t❤♦rs ❛s ✈s❛ ♦♥ ✈s ✳ ❙P❊❈■❊❙❴■❉❂ ✈s❛ ✳ ❙P❊❈■❊❙❴■❉
■◆◆❊❘ ❏❖■◆ ❵ ❛✉t❤♦rs ❵ ❛s ✈❛ ♦♥ ✈s❛ ✳❆❯❚❍❖❘❴■❉ ❂ ✈❛ ✳❆❯❚❍❖❘❴■❉
■◆◆❊❘ ❏❖■◆ ❢❛♠✐ ❧② ❛s ✈ ❢ ♦♥ ✈s ✳❋❆▼■▲❨❴■❉ ❂ ✈❢ ✳❋❆▼■▲❨❴■❉
●❘❖❯P ❇❨ ✈s ✳ ❙P❊❈■❊❙❴■❉✮ ❀



❇✐❜❧✐♦❣r❛♣❤②

❬✷✵✶✸❛❪ ❆✐r P♦❧❧✉t✐♦♥✳ ❤tt♣✿✴✴✇✇✇✳s❝✐❡♥❝❡❞❛✐❧②✳❝♦♠✴❛rt✐❝❧❡s✴❛✴❛✐r❴

♣♦❧❧✉t✐♦♥✳❤t♠✱ ❆❝❝❡ss❡❞ ❏✉♥❡ ✷✵✶✸✳ ✭❈✐t❡❞ ♦♥ ♣❛❣❡ ✶✶✳✮

❬✷✵✶✶❜❪ ❇✐♦❞✐✈❡rs✐t② ■♥❢♦r♠❛t✐❝s ❛♥❞ ❈♦✲❖♣❡r❛t✐♦♥ ✐♥ ❚❛①♦♥♦♠② ❢♦r ■♥t❡r❛❝t✐✈❡

s❤❛r❡❞ ❑♥♦✇❧❡❞❣❡ ❇❛s❡ ✭❇■❖❚■❑✮✳ ❤tt♣✿✴✴✇✇✇✳❜✐♦t✐❦✳♦r❣✱ ❆❝❝❡ss❡❞
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