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❑❛♣✐t❡❧ ✶

❊✐♥❧❡✐t✉♥❣

❨♦✉ ♥❡❡❞ t♦ ❜✉✐❧❞ ❛ s②st❡♠ t❤❛t ✐s ❢✉t✉r❡♣r♦♦❢❀

✐t✬s ♥♦ ❣♦♦❞ ❥✉st ♠❛❦✐♥❣ ❛ ♠♦❞✉❧❛r s②st❡♠✳

❨♦✉ ♥❡❡❞ t♦ r❡❛❧✐③❡ t❤❛t ②♦✉r s②st❡♠ ✐s ❥✉st

❣♦✐♥❣ t♦ ❜❡ ❛ ♠♦❞✉❧❡ ✐♥ s♦♠❡ ❜✐❣❣❡r s②st❡♠ t♦ ❝♦♠❡✱

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

❛♥❞ ✐t✬s ❛ ❜✐t ♦❢ ❛ ✇❛② ♦❢ ❧✐❢❡✳

❚✐♠ ❇❡r♥❡rs✲▲❡❡✱ ❛t t❤❡ ❲❲❲✼ ❝♦♥❢❡r❡♥❝❡

❆♠ ❆♥❢❛♥❣ ✇❛r ❚❊▲◆❊❚✳ ❚❡❧♥❡t ✐st ❡✐♥ ◆❡t③✇❡r❦♣r♦t♦❦♦❧❧✱ ❞❛ss ❞❛s ❆❞♠✐♥✐✲
str✐❡r❡♥ ✈♦♥ ❘❡❝❤♥❡r♥ ü❜❡r ❡✐♥ ◆❡t③✇❡r❦ ❡r♠ö❣❧✐❝❤t✳ ❉❡r ❣❡s❛♠t❡ ❉❛t❡♥✈❡r❦❡❤r ✐st
❞❛❜❡✐ ✉♥✈❡rs❝❤❧üss❡❧t ✉♥❞ t❡❧♥❡t ❡✐❣♥❡t s✐❝❤ s♦♠✐t ♥✐❝❤t ③✉r s✐❝❤❡r❡♥ ◆✉t③✉♥❣ ✐♥ ✉♥s✐✲
❝❤❡r❡♥ ◆❡t③✇❡r❦❡♥✱ ✇✐❡ ❞❡♠ ■♥t❡r♥❡t✳

❉❛♥♥ ❦❛♠ ❙❙❍✳ ❊✐♥❡ ❱❡r❜✐♥❞✉♥❣ ♠✐t ❙❡❝✉r❡ ❙❤❡❧❧ ✐st ✈❡rs❝❤❧üss❡❧t✳ ❙❙❍✲✷ ❣✐❧t
❤❡✉t❡ ♥♦❝❤ ❛❧s s✐❝❤❡r✳ ❊s ❜❡♥öt✐❣t ❥❡❞♦❝❤ ③✉♠ ❆✉❢❜❛✉ ❡✐♥❡r ❱❡r❜✐♥❞✉♥❣ ❡✐♥❡ ❈❧✐❡♥t✲
❙♦❢t✇❛r❡✱ ❞✐❡ ♥✐❝❤t ❛✉❢ ❥❡❞❡♠ ❘❡❝❤♥❡r ❛♥③✉tr❡✛❡♥ ✐st ✉♥❞ ❞❡r❡♥ ■♥st❛❧❧❛t✐♦♥ ♥✐❝❤t
♠ö❣❧✐❝❤ ✐st✳ ❍ä✉✜❣ ✐st ❛✉❢ ❘❡❝❤♥❡r♥✱ ❞✐❡ ♠❛♥ ♥✐❝❤t s❡✐♥ ❊✐❣❡♥ ♥❡♥♥t✱ ♥✉r ❡✐♥❡ r❡✲
str✐❦t✐✈❡ ◆✉t③✉♥❣ ♠ö❣❧✐❝❤✳ ❩✉♠ ❡✐♥❡♥ ❤❛t ♠❛♥ ♥✐❝❤t ✐♠♠❡r ❞✐❡ ❇❡r❡❝❤t✐❣✉♥❣ ❡✐❣❡♥❡
Pr♦❣r❛♠♠❡ ❛✉s③✉❢ü❤r❡♥✳ ❩✉♠ ❛♥❞❡r❡♥ ❜❛✉❡♥ ❞✐❡ P❈s ✐♥ ❙❝❤✉❧❡♥✱ ❯♥✐✈❡rs✐tät❡♥✱ ✉♥❞
❋✐r♠❡♥ ❤ä✉✜❣ ü❜❡r ❡✐♥❡♥ Pr♦①② ❡✐♥❡ ❱❡r❜✐♥❞✉♥❣ ✐♥ ❞❛s ■♥t❡r♥❡t ❛✉❢✳ ❉✐❡s❡r Pr♦①②
❦❛♥♥ ❞❛♥♥ ❛✉s ❙✐❝❤❡r❤❡✐ts❣rü♥❞❡♥ ❞❡♥ ❉♦✇♥❧♦❛❞ ✈♦♥ ❜❡st✐♠♠t❡♥ ❉❛t❡✐❡♥ ♦❞❡r ❉❛t❡✐✲
❡♥ ♠✐t ❜❡st✐♠♠t❡♥ ❉❛t❡✐❡♥❞✉♥❣❡♥ ❜❧♦❝❦✐❡r❡♥✳ ❙♦❧❝❤ ❡✐♥ ❜❡❣r❡♥③t❡r ❩✉❣❛♥❣ ❜❡s❝❤rä♥❦t
❞✐❡ ■♥t❡r♥❡t❦♦♥♥❡❦t✐✈✐tät ♠❡✐st ❛✉❢ ✇❡♥✐❣❡ P♦rts✱ ✇✐❡ ③✉♠ ❇❡✐s♣✐❡❧ ✽✵ ✭❍❚❚P✮✱ ✹✹✸
✭❍❚❚P❙✮✱ ✉♥❞ ✷✶ ✭❋❚P✮✱ ✇♦❞✉r❝❤ ♠❛♥ ③✇❛r ✐♠♠❡r ♥♦❝❤ ✐♠ ❲❡❜ s✉r❢❡♥ ❦❛♥♥✱ ❛♥❞❡r❡
❉✐❡♥st❡ ❛❜❡r ✉♥♥✉t③❜❛r s✐♥❞✳ ❋ür ❙❙❍ ✈♦r❣❡s❡❤❡♥ ✐st P♦rt ✷✷✳ ❊✐♥❡ ❱❡r❜✐♥❞✉♥❣ ✐st ♥✉r
❞❛♥♥ ♠ö❣❧✐❝❤✱ ✇❡♥♥ ♠❛♥ ❛✉❢ ❞❡♠ ❙❡r✈❡r ❞❡♥ P♦rt✱ ❛✉❢ ❞❡♠ ❞❡r ❙❙❍ ❉❛❡♠♦♥ ❧❛✉s❝❤t✱
ä♥❞❡rt✱ ✇♦③✉ ♠❛♥ ❛❞♠✐♥✐str❛t✐✈❡ ❇❡r❡❝❤t✐❣✉♥❣❡♥ ❜❡♥öt✐❣t✳

❉✐❡s❡ Pr♦❜❧❡♠❡ ❧öst ❆❥❛①❚❡r♠✳ ❆❥❛①❚❡r♠ ❜❡st❡❤t ❛✉s ❡✐♥❡♠ ❙❡r✈❡r ✉♥❞ ❡✐♥❡♠ ❛✉❢
❍❚▼▲✱ ❈❙❙✱ ✉♥❞ ❆❏❆❳ ❛✉❢❣❡❜❛✉t❡♥ ❈❧✐❡♥t✳ ❉✐❡s❡r ✐st s♦♠✐t ✐♥ sä♠t❧✐❝❤❡♥ ❛❦t✉❡❧❧❡♥
❣r❛♣❤✐s❝❤❡♥ ❲❡❜❜r♦✇s❡r♥✶ ❧❛✉✛ä❤✐❣✳ ❉❛s ■♥st❛❧❧✐❡r❡♥ ❡✐♥❡s ❈❧✐❡♥ts ❡♥t❢ä❧❧t✳✷ ❉❛♠✐t
✶❉❛③✉ ③ä❤❧❡♥ ❜❡✐s♣✐❡❧s✇❡✐s❡ ❋✐r❡❢♦①✱ ❖♣❡r❛✱ ❑♦♥q✉❡r♦r✱ ❙❛❢❛r✐✱ ✉♥❞ ■♥t❡r♥❡t ❊①♣❧♦r❡r✳
✷❊s ✇✐r❞ ❛♥❣❡♥♦♠♠❡♥✱ ❞❛ss ❜❡r❡✐ts ❡✐♥ ❣r❛♣❤✐s❝❤❡r ❇r♦✇s❡r ♠✐t ❡♥ts♣r❡❝❤❡♥❞❡♥ ❋ä❤✐❣❦❡✐t❡♥ ❛✉❢

✶

http://antony.lesuisse.org/qweb/trac/wiki/AjaxTerm


❑❛♣✐t❡❧ ✶✳ ❊✐♥❧❡✐t✉♥❣

❡✐♥❡ ✈❡rs❝❤❧üss❡❧t❡ ✉♥❞ s♦♠✐t s✐❝❤❡r❡ ❱❡r❜✐♥❞✉♥❣ ③✉st❛♥❞❡ ❦♦♠♠t✱ ♠✉ss ❛✉❢ ❞❡♠ ❛❧s
❙❡r✈❡r ❢✉♥❣✐❡r❡♥❞❡♥ ❈♦♠♣✉t❡r ❡✐♥ ❍❚❚P ❙❡r✈❡r ❞✐❡ ❘♦❧❧❡ ❡✐♥❡s Pr♦①②s ❛♥♥❡❤♠❡♥✳

❲✐❧❧ ♠❛♥ ✐♥ ❆❥❛①❚❡r♠ ♣❛r❛❧❧❡❧ ♠❡❤r❡r❡ ❚❡r♠✐♥❛❧s ♥✉t③❡♥✱ s♦ ♠✉ss ❢ür ❥❡❞❡s ❡✐♥
♥❡✉❡s ❇r♦✇s❡r✲❋❡♥st❡r ♦❞❡r✱ s♦❢❡r♥ ❞❡r ❲❡❜❜r♦✇s❡r ❞❛③✉ ✐♥ ❞❡r ▲❛❣❡ ✐st✱ ❡✐♥ ♥❡✉❡r ❚❛❜
❣❡ö✛♥❡t ✉♥❞ ❡r♥❡✉t ❡✐♥❣❡❧♦❣❣t ✇❡r❞❡♥✳ ❊✐♥ ♠ü❤s❡❧✐❣❡r Pr♦③❡ss✱ ❞❡r ❞✉r❝❤ ❞❛s ❲❡❝❤s❡❧♥
③✇✐s❝❤❡♥ ❋❡♥st❡r♥ ❜③✇✳ ❚❛❜s ③✉♠ ❊rr❡✐❝❤❡♥ ❞❡r ❚❡r♠✐♥❛❧s ♥♦❝❤ ❡✐♥❡♥ ✉♥❛♥❣❡♥❡❤♠❡♥
◆❛❝❤❣❡s❝❤♠❛❝❦ ❡r❤ä❧t✳

❏❡t③t ✐st ❡s ❩❡✐t ❢ür ❛❥❛①❲▼✳ ❆❥❛①❲▼ ❜❛s✐❡rt ❛✉❢ ■❞❡❡♥ ✉♥❞ ❈♦❞❡ ✈♦♥ ❆❥❛①❚❡r♠✱
✐st ❥❡❞♦❝❤ ❡✐♥ ❲✐♥❞♦✇ ▼❛♥❛❣❡r ✉♥❞ ❚❡r♠✐♥❛❧ ❊♠✉❧❛t♦r ✐♥ ❡✐♥❡♠✳ ❉✐❡ ◆✉t③✉♥❣ ✐st
❦♦♠❢♦rt❛❜❧❡r ❛❧s ❜❡✐ ❆❥❛①❚❡r♠✱ ❞❛ ❡✐♥ ❡✐♥♠❛❧✐❣❡s ❊✐♥❧♦❣❣❡♥ ❛✉sr❡✐❝❤t ✉♠ ♠❡❤r❡r❡
❋❡♥st❡r ❡rst❡❧❧❡♥ ③✉ ❦ö♥♥❡♥✳ ❉❛s ❆✉ss❡❤❡♥ ❞❡s ❈❧✐❡♥ts ❧ässt s✐❝❤ ♠✐t ❚❤❡♠❡s ❛♥ ❞✐❡
❡✐❣❡♥❡♥ ❱♦rst❡❧❧✉♥❣❡♥ ❛♥♣❛ss❡♥✳ ❆❥❛①❲▼ ✐st✱ ✐♠ ●❡❣❡♥s❛t③ ③✉ ❆❥❛①❚❡r♠✱ ❞❛ss ♥✉r
♠✐t ❞❡♠ ❧❛t✐♥✶✲❊♥❝♦❞✐♥❣ ❢✉♥❦t✐♦♥❡rt✱ ✉♥✐❝♦❞❡❢ä❤✐❣✳

❉❛s ❛❥❛①❲▼✲Pr♦❥❡❦t ✉♥❞ s❡✐♥ ❙✉❜✈❡rs✐♦♥✲❘❡♣♦s✐t♦r② s✐♥❞ ③✉ ✜♥❞❡♥ ❛✉❢ ❙♦✉r❝❡✲
❢♦r❣❡✳ ❉❛ ❡s ♥♦❝❤ ❦❡✐♥❡ ö✛❡♥t❧✐❝❤❡♥ ❘❡❧❡❛s❡s ❣✐❜t✱ ♠✉ss ♠❛♥ ❞✐❡ ❛❦t✉❡❧❧❡ ❱❡rs✐♦♥ ✈♦♥
❛❥❛①❲▼ ♣❡r ❙❱◆ ❜❡③✐❡❤❡♥✳✸ ❩✉sät③❧✐❝❤ ❜❡♥öt✐❣t ♠❛♥ ❡✐♥❡♥ ❚❤❡♠❡✱ ③✉r ❩❡✐t st❡❤t ♥✉r
❧✐♠ ③✉r ❱❡r❢ü❣✉♥❣✱ ❞❡♥ ♠❛♥ ❛✉❢ ❞✐❡ s❡❧❜❡ ❲❡✐s❡ ❡r❤ä❧t✳✹

❉✐❡s❡ ❆✉s❛r❜❡✐t✉♥❣ ③✉♠ ❚❤❡♠❛ ❛❥❛①❲▼ ✐st ✐♥ ❢ü♥❢ ❚❡✐❧❡ ❣❡❣❧✐❡❞❡rt✳ ❉❛s ❑❛♣✐t❡❧
ü❜❡r ❞❛s Pr♦t♦❦♦❧❧ st❛♠♠❡♥ ✈♦♥ ♠✐r✱ ❉❡♥♥✐s ❋❡❧s✐♥❣✱ ✉♥❞ ❆♥❞r❡❛s ❲❛✐❞❧❡r✱ ❞❛s ü❜❡r
❞❡♥ ❙❡r✈❡r ✈♦♥ ♠✐r✱ ❞❛s ü❜❡r ❞❡♥ ❈❧✐❡♥t ✈♦♥ ❆♥❞r❡❛s ❲❛✐❞❧❡r ✉♥❞ ❞❛s ü❜❡r ❚❤❡✲
♠❡s ✈♦♥ ❘❛❧❢ ❙❝❤❛✉❢❡❧❜❡r❣❡r✳ ❊s ✇✐r❞ ❛✉❢ ❞✐❡ ●r✉♥❞❧❛❣❡♥ ❞❡r ✈❡r✇❡♥❞❡t❡♥ ❙♣r❛❝❤❡♥
✉♥❞ ♣r✐♠är ❛✉❢ ❞✐❡ ❋✉♥❦t✐♦♥s✇❡✐s❡ ❡✐♥❣❡❣❛♥❣❡♥✳ ❉❡♥ ❆❜s❝❤❧✉ss st❡❧❧❡♥ ❞❡r ❡✐❣❡♥t❧✐❝❤❡
Pr♦❣r❛♠♠❝♦❞❡ ❛✉❢ ❞❡♠ ❛❦t✉❡❧❧❡♥ ❙t❛♥❞ ✉♥❞ ❡✐♥❡ ❆✉✢✐st✉♥❣ ❞❡r ❉❛t❡✐❡♥ ✉♥❞ ✐❤r❡r
❆✉t♦r❡♥ ❞❛r✳

❉❡♥♥✐s ❋❡❧s✐♥❣

❞❡♠ ❈❧✐❡♥t✲❘❡❝❤♥❡r ✐♥st❛❧❧✐❡rt ✐st✳
✸s✈♥ ❝♦ ❤tt♣s✿✴✴❛❥❛①✇♠✳s✈♥✳s♦✉r❝❡❢♦r❣❡✳♥❡t✴s✈♥r♦♦t✴❛❥❛①✇♠✴❛❥❛①✇♠✴t❛❣s✴✵✳✷✳✵ ❛❥❛①✇♠
✹s✈♥ ❝♦ ❤tt♣s✿✴✴❛❥❛①✇♠✳s✈♥✳s♦✉r❝❡❢♦r❣❡✳♥❡t✴s✈♥r♦♦t✴❛❥❛①✇♠✴t❤❡♠❡s✴❧✐♠✴t❛❣s✴✵✳✷✳✵

❛❥❛①✇♠✴sr❝✴t❤❡♠❡s✴✵✳✷✳✵

✷

http://sourceforge.net/projects/ajaxwm
http://sourceforge.net/projects/ajaxwm
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❆❜❜✐❧❞✉♥❣ ✶✳✶✿ ❛❥❛①❲▼ ✐♥ ❆❦t✐♦♥✿ ❊✐♥❡ ❚❡①t❞❛t❡✐ ♠✐t ✈❡rs❝❤✐❡❞❡♥❡♥ ❙❝❤r✐❢ts②st❡♠❡♥ ✐♠ ❚❡①t❡❞✐t♦r ✈✐♠✱ ❞❡r Pr♦③❡ss♠♦♥✐t♦r
❤t♦♣✱ ✉♥❞ ❞❡r ❚❡tr✐s❦❧♦♥ s❡❛tr✐s

✸



❑❛♣✐t❡❧ ✷

❑♦♠♠✉♥✐❦❛t✐♦♥s♣r♦t♦❦♦❧❧

❑♦♠♠✉♥✐❦❛t✐♦♥s✇✐ss❡♥s❝❤❛❢t ✲

❞✐❡ ▲❡❤r❡ ✈♦♥ ❞❡♥ ▼✐ss✈❡rstä♥❞♥✐ss❡♥✳

▼❛r❦✉s ▼✳ ❘♦♥♥❡r
✒❚r❡✛❡♥❞❡ P♦✐♥t❡♥ ③✉ ●❡❧❞ ✉♥❞ ●❡✐st✏

✷✳✶ ❊✈❡♥ts

❉✐❡ ❑♦♠♠✉♥✐❦❛t✐♦♥ ③✇✐s❝❤❡♥ ❈❧✐❡♥t ✉♥❞ ❙❡r✈❡r ✇✐r❞ ü❜❡r ❊✈❡♥ts ❣❡st❡✉❡rt✳ ❊s ❣✐❜t ❞✐❡
❢♦❧❣❡♥❞❡♥ s✐❡❜❡♥ ❊✈❡♥ts✿ ▲♦❣✐♥✱ ▲♦❣♦✉t✱ ❋❡♥st❡r ❡r③❡✉❣❡♥✱ ❋❡♥st❡r s❝❤❧✐❡ÿ❡♥✱ ❋❡♥st❡r
③❡rstör❡♥✱ ❙②♥❝❤r♦♥✐s❛t✐♦♥✱ ❚❛st❡♥❞r✉❝❦✳

✹



❑❛♣✐t❡❧ ✷✳ ❑♦♠♠✉♥✐❦❛t✐♦♥s♣r♦t♦❦♦❧❧

✷✳✷ ▲♦❣✐♥ ✉♥❞ ▲♦❣♦✉t

❏❡❞❡r ❈❧✐❡♥t✱ ❞❡r ❡✐♥❡ ❙❡ss✐♦♥ ❛✉❢❜❛✉❡♥ ✇✐❧❧✱ s❡♥❞❡t ❞❡♠ ❙❡r✈❡r ❡✐♥ ▲♦❣✐♥✲❊✈❡♥t✳ ❉✐❡
❆♥❢r❛❣❡ ❜❡✐♥❤❛❧t❡t ❞❡♥ ❍♦st✱ ❛✉❢ ❞❡♥ ③✉❣❡❣r✐✛❡♥ ✇❡r❞❡♥ s♦❧❧✱ ❞❡♥ ❇❡♥✉t③❡r♥❛♠❡♥ ✉♥❞
❞❛s P❛ss✇♦rt✳ ❉❡r ❙❡r✈❡r ❜❡❛♥t✇♦rt❡t ❜❡✐ ❡r❢♦❧❣r❡✐❝❤❡r ❆♥♠❡❧❞✉♥❣ ♠✐t ❡✐♥❡r ❙❡ss✐♦♥✲
■❉✱ ❛♥❞❡r♥❢❛❧❧s ♠✐t ❡✐♥❡♠ ❞❡r ❢♦❧❣❡♥❞❡♥ ♥❡❣❛t✐✈❡♥ ❋❡❤❧❡r❝♦❞❡s✿ ✲✶ ❜❡✐ ❢❛❧s❝❤❡♠ ❇❡♥✉t✲
③❡r♥❛♠❡ ♦❞❡r P❛ss✇♦rt✱ ✲✷✱ ✇❡♥♥ ❦❡✐♥❡ ❱❡r❜✐♥❞✉♥❣ ③✉♠ ❛♥❣❡❣❡❜❡♥❡♥ ❍♦st ❛✉❢❣❡❜❛✉t
✇❡r❞❡♥ ❦❛♥♥✳

❉✐❡ ❙❡ss✐♦♥✲■❉ ♠✉ss ❜❡✐ ❥❡❞❡r ✇❡✐t❡r❡♥ ❆♥❢r❛❣❡ ♠✐t❣❡s❡♥❞❡t ✇❡r❞❡♥ ✉♥❞ st❡❧❧t ❞✐❡
❆✉t❤❡♥t✐tät s✐❝❤❡r✳

❉❛s ▲♦❣♦✉t✲❊✈❡♥t ✇✐r❞ ❜❡✐♠ ❇❡❡♥❞❡♥ ❞❡r ❙❡ss✐♦♥ ❞✉r❝❤ ❞❡♥ ❈❧✐❡♥t ❣❡s❡♥❞❡t ✉♥❞
❡♥t❤ä❧t ❧❡❞✐❣❧✐❝❤ ❞✐❡ ❙❡ss✐♦♥✲■❉✳

✺



❑❛♣✐t❡❧ ✷✳ ❑♦♠♠✉♥✐❦❛t✐♦♥s♣r♦t♦❦♦❧❧

✷✳✸ ❋❡♥st❡r ❡r③❡✉❣❡♥✱ s❝❤❧✐❡ÿ❡♥✱ ✉♥❞ ③❡rstör❡♥

❇❡✐♠ ❊rst❡❧❧❡♥ ❡✐♥❡s ♥❡✉❡♥ ❋❡♥st❡rs s❡♥❞❡t ❞❡r ❈❧✐❡♥t ❡✐♥❡ ❆♥❢r❛❣❡✳ ❊r ❡r❤ä❧t ❜❡✐
❡r❢♦❧❣r❡✐❝❤❡r ❊r③❡✉❣✉♥❣ ❡✐♥❡s ♥❡✉❡♥ ❋❡♥st❡rs ❞❡ss❡♥ ■❉ ③✉rü❝❦✱ ❛♥s♦♥st❡♥ ❡✐♥❡ ✲✶✳

❉✐❡ ❋❡♥st❡r✲■❉ ♠✉ss ❜❡✐ ❥❡❞❡r ✇❡✐t❡r❡♥ ❆♥❢r❛❣❡✱ ❞✐❡ s✐❝❤ ❛✉❢ ❡✐♥ ❋❡♥st❡r ❜❡③✐❡❤t✱
♠✐t❣❡s❡♥❞❡t ✇❡r❞❡♥✳

❇❡✐♠ ❙❝❤❧✐❡ÿ❡♥ ✇✐r❞ ❞❛s ❋❡♥st❡r ✒❣❡❜❡t❡♥✏ s✐❝❤ ③✉ ❜❡❡♥❞❡♥✳ ❇❡✐ ❊r❢♦❧❣ ✇✐r❞ ❡✐♥❡
✶✱ ❛♥s♦♥st❡♥ ❡✐♥❡ ✵ ③✉rü❝❦❣❡❣❡❜❡♥✳ ➘❤♥❧✐❝❤ ❛r❜❡✐t❡t ❞❛s ❩❡rstör❡♥✱ ❞❛❜❡✐ ✇✐r❞ ❞❛s
❋❡♥st❡r ❥❡❞♦❝❤ ❣❡✇❛❧t✈♦❧❧ ❜❡❡♥❞❡t ✉♥❞ ❡✐♥ ❘ü❝❦❣❛❜❡✇❡rt ❡♥t❢ä❧❧t✳

✻



❑❛♣✐t❡❧ ✷✳ ❑♦♠♠✉♥✐❦❛t✐♦♥s♣r♦t♦❦♦❧❧

✷✳✹ ❙②♥❝❤r♦♥✐s❛t✐♦♥ ✉♥❞ ❚❛st❡♥❞r✉❝❦

❇❡✐ ❞❡r ❙②♥❝❤r♦♥✐s❛t✐♦♥ ✇✐r❞ ❞❡r ■♥❤❛❧t ❞❡s ❋❡♥st❡rs ✐♥ ❋♦r♠ ❡✐♥❡s ❳▼▲✲❉♦❦✉♠❡♥ts
③✉rü❝❦❣❡❣❡❜❡♥✳ ❖♣t✐♦♥❛❧ ❦❛♥♥ ❡✐♥❡ ♥❡✉❡ ❋❡♥st❡r❣röÿ❡ ❛♥❣❡❣❡❜❡♥ ✇❡r❞❡♥✳

❇❡✐♠ ❚❛st❡♥❞r✉❝❦ ✇❡r❞❡♥ ③✉sät③❧✐❝❤ ❜❡✐ ❞❡r ❆♥❢r❛❣❡ ❡✐♥❡ ♦❞❡r ♠❡❤r❡r❡ ❚❛st❡♥
ü❜❡rtr❛❣❡♥✳

✼



❑❛♣✐t❡❧ ✸

❙❡r✈❡r

✸✳✶ P②t❤♦♥

P②t❤♦♥ ✐s ❛ tr✉❧② ✇♦♥❞❡r❢✉❧ ❧❛♥❣✉❛❣❡✳

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

✐t t❛❦❡s ❛❜♦✉t ✶ ♠✐♥✉t❡ ❛♥❞ ✜✈❡ ❧✐♥❡s

t♦ ♣r♦❣r❛♠ s♦♠❡t❤✐♥❣

t❤❛t ❛❧♠♦st ❞♦❡s ✇❤❛t ②♦✉ ✇❛♥t✳

❚❤❡♥ ✐t t❛❦❡s ♦♥❧② ❛♥ ❤♦✉r

t♦ ❡①t❡♥❞ t❤❡ s❝r✐♣t t♦ ✸✵✵ ❧✐♥❡s✱

❛❢t❡r ✇❤✐❝❤ ✐t st✐❧❧ ❞♦❡s ❛❧♠♦st ✇❤❛t ②♦✉ ✇❛♥t✳

❏❛❝❦ ❏❛♥s❡♥✱ ✶✾✾✷✲✵✼✲✵✽

❉❡r ❙❡r✈❡r ✈♦♥ ❛❥❛①❲▼ ✇✉r❞❡ ✉♥❞ ✇✐r❞ ❦♦♠♣❧❡tt ✐♥ P②t❤♦♥ ❣❡s❝❤r✐❡❜❡♥✳ P②t❤♦♥
✐st ❡✐♥❡ ❤❛✉♣tsä❝❤❧✐❝❤ ✈♦♥ ●✉✐❞♦ ✈❛♥ ❘♦ss✉♠ s❡✐t ❆♥❢❛♥❣ ❞❡r ✶✾✾✵❡r ❏❛❤r❡ ❡♥t✇✐❝❦❡❧t❡
❙❝r✐♣ts♣r❛❝❤❡✳ ❉❡r ◆❛♠❡ st❡❧❧t ❡✐♥❡ ❆♥❧❡❤♥✉♥❣ ❛♥ ▼♦♥t② P②t❤♦♥ ❞❛r✳

❉❡r ❙❧♦❣❛♥ ✈♦♥ P②t❤♦♥ ❜❡s❝❤r❡✐❜t ❜❡r❡✐ts ❡✐♥❡♥ ❞❡r ❣röÿt❡♥ ❱♦rt❡✐❧❡ ❣❡❣❡♥ü❜❡r
✈✐❡❧❡ ❛♥❞❡r❡♥ ❙♣r❛❝❤❡♥✿ ✏❇❛tt❡r✐❡s ✐♥❝❧✉❞❡❞✏ ✲ ❉❛♥❦ ❡✐♥❡r s❡❤r ❣r♦ÿ❡♥ ❙t❛♥❞❛r❞❜✐❜❧✐♦✲
t❤❡❦ ✇❡r❞❡♥ ▼♦❞✉❧❡ ❢ür ✈❡rs❝❤✐❡❞❡♥st❡ ❊✐♥s❛t③❣❡❜✐❡t❡ ❞✐r❡❦t ♠✐t❣❡❧✐❡❢❡rt✳ ❉❛❞✉r❝❤
r❡❞✉③✐❡r❡♥ s✐❝❤ ❞✐❡ ❆❜❤ä♥❣✐❣❦❡✐t❡♥ ❞❡s ❡✐❣❡♥❡♥✱ ✐♥ P②t❤♦♥ ❣❡s❝❤r✐❡❜❡♥❡♥ Pr♦❣r❛♠♠s✳

❆✉❢❣r✉♥❞ ❞❡r ❡✐♥❢❛❝❤❡♥ ❙②♥t❛① ✐st ❡s ❡✐♥ ▲❡✐❝❤t❡s ✐♥ P②t❤♦♥ ❣❡s❝❤r✐❡❜❡♥❡ Pr♦✲
❣r❛♠♠❡ ü❜❡rs✐❝❤t❧✐❝❤ ③✉ ❤❛❧t❡♥✳

❉✐❡ ❙♣r❛❝❤❡ ❜✐❡t❡t ❉✉❝❦ ❚②♣✐♥❣✶✱ ❜❡③✐❡❤✉♥❣s✇❡✐s❡ ✈❡r❢ü❣t ♥✐❝❤t ü❜❡r st❛t✐s❝❤❡
❚②♣✐s✐❡r✉♥❣✳ ❉❡r ❚②♣ ❡✐♥❡r ❱❛r✐❛❜❧❡ ✇✐r❞ ❡rst ✇ä❤r❡♥❞ ❞❡r ▲❛✉❢③❡✐t ❛✉s ❞❡♠ ③✉❣❡✇✐❡s❡✲
♥❡♥ ■♥❤❛❧t ❢❡st❣❡❧❡❣t✳ ❉✐❡s ❡r❧❡✐❝❤t❡rt ❞✐❡ Pr♦❣r❛♠♠✐❡r✉♥❣✱ ③❡rrt ❥❡❞♦❝❤ ❣❧❡✐❝❤❡r♠❛ÿ❡♥
❛♥ ❞❡r P❡r❢♦r♠❛♥❝❡✳ ❉❡s✇❡✐t❡r❡♥ st❡❧❧t ❞✐❡s❡s ❱❡r❤❛❧t❡♥ ❡✐♥❡ s❝❤✇✐❡r✐❣ ❛✉❢③✉s♣ür❡♥✲
❞❡ ❋❡❤❧❡rq✉❡❧❧❡ ❞❛r✱ ✇❡✐❧ ❞✐❡ ❚②♣❡♥ ❞❡r P❛r❛♠❡t❡r✱ ❞✐❡ ❡✐♥❡r ▼❡t❤♦❞❡ ❜❡✐♠ ❆✉❢r✉❢
ü❜❡r❣❡❜❡♥ ✇❡r❞❡♥✱ ♥✐❝❤t ❢❡st❣❡❧❡❣t ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ➘♥❞❡rt ♠❛♥ ♥✉♥ ❞✐❡ ❚②♣❡♥ ❞❡r
③✉ ü❜❡r❣❡❜❡♥❞❡♥ P❛r❛♠❡t❡r✱ ♥✐❝❤t ❛❜❡r ❞❡♥ ❆✉❢r✉❢✱ s♦ ✇✐r❞ ♥✐❝❤t s♦❢♦rt ❡✐♥ ❋❡❤❧❡r

✶✏❲❤❡♥ ■ s❡❡ ❛ ❜✐r❞ t❤❛t ✇❛❧❦s ❧✐❦❡ ❛ ❞✉❝❦ ❛♥❞ s✇✐♠s ❧✐❦❡ ❛ ❞✉❝❦ ❛♥❞ q✉❛❝❦s ❧✐❦❡ ❛ ❞✉❝❦✱ ■ ❝❛❧❧ t❤❛t

❜✐r❞ ❛ ❞✉❝❦✳✏ ✲ ❏❛♠❡s ❲❤✐t❝♦♠❜ ❘✐❧❡②

✽
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❛✉s❣❡❣❡❜❡♥ ✉♥❞ ♠❛♥ ❡r❦❡♥♥t ❤ä✉✜❣ ♥✐❝❤t ❞❡♥ ●r✉♥❞ ❢ür ❞❡♥ ❡rst s♣ät❡r ❛✉❢tr❡t❡♥❞❡♥
❋❡❤❧❡r✳

✾



❑❛♣✐t❡❧ ✸✳ ❙❡r✈❡r

✸✳✷ ❙t❛rt✈♦r❣❛♥❣

❚❤✐s st♦r② ❣✐✈❡s ❛ str❛✐❣❤t❢♦r✇❛r❞ ❛❝❝♦✉♥t ♦❢

t❤❡ t❤r❡❡ ▼✐♥❛♠✐ s✐st❡rs✬ ♥♦r♠❛❧✱ ❡✈❡r②❞❛② ❧✐✈❡s✳

P❧❡❛s❡ ❤❛✈❡ ♥♦ ❡①♣❡❝t❛t✐♦♥s ❜❡②♦♥❞ t❤❛t✳

❆❧s♦✱ ♣❧❡❛s❡ ✇❛t❝❤ ✇✐t❤ t❤❡ ❧✐❣❤ts ♦♥

❛♥❞ s✐t t❤r❡❡ ♠❡tr❡s ❢r♦♠ t❤❡ ❚❱✳

❈❤✐❛❦✐ ▼✐♥❛♠✐ ❢r♦♠ ▼✐♥❛♠✐✲❦❡

❉❛♠✐t ❛❥❛①❲▼ ❧❛✉✛ä❤✐❣ ✐st✱ ✐st ❧❡❞✐❣❧✐❝❤ P②t❤♦♥✷ ♥öt✐❣✳ Ps②❝♦✱ ❡✐♥ ❏■❚✲❈♦♠♣✐❧❡r✸

❢ür P②t❤♦♥✲❈♦❞❡✱ ❞❡r ♦♣t✐♦♥❛❧ ♠✐t ❛❥❛①❲▼ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥ ❦❛♥♥✱ ❜❡s❝❤❧❡✉♥✐❣t ❞❡♥
❙❡r✈❡r ❡♥♦r♠✳ ❉❛ ▲✐♥✉① ❞✐❡ ❍❛✉♣t❡♥t✇✐❝❦❧✉♥❣s♣❧❛tt❢♦r♠ ✐st✱ ❧ä✉❢t ❞❡r ❛❥❛①❲▼✲❙❡r✈❡r
❞❛r❛✉❢ r❡❧❛t✐✈ st❛❜✐❧✳ ❏❡❞❡s ❛♥❞❡r❡ ❇❡tr✐❡❜ss②st❡♠✱ ✉♥t❡r ❞❡♠ P②t❤♦♥ ❧❛✉✛ä❤✐❣ ✐st
✉♥❞ ❞❛s ❚❤r❡❛❞✐♥❣ ✉♥❞ P❚❚❨s ✉♥t❡rstüt③t✹✱ s♦❧❧t❡ ❛✉❝❤ ♦❤♥❡ ❜❡③✐❡❤✉♥❣s✇❡✐s❡ ♠✐t
❣❡r✐♥❣❡♠ ❆r❜❡✐ts❛✉❢✇❛♥❞ ♥✉t③❜❛r s❡✐♥✳

❇❡✐♠ ❆✉s❢ü❤r❡♥ ❞❡s ❙❡r✈❡r✲Pr♦❣r❛♠♠s✱ ❞❛s ✐♠ ◆♦r♠❛❧❢❛❧❧ ❛❧s ❛❥❛①✇♠✳♣② ③✉r ❱❡r✲
❢ü❣✉♥❣ st❡❤t✱ ❤❛t ♠❛♥ ❡✐♥❡ ❆✉s✇❛❤❧ ❛♥ ü❜❡r❣❡❜❜❛r❡♥ P❖❙■❳✲❦♦♥❢♦r♠❡♥ P❛r❛♠❡t❡r♥
③✉ tr❡✛❡♥✳ ❊✐♥ ✲❤ ❞✐❡♥t ③✉r ❆♥③❡✐❣❡ ❞❡s ❢♦❧❣❡♥❞❡♥ ❍✐❧❢❡t❡①ts✿

▲✐st✐♥❣ ✸✳✶✿ ❍✐❧❢❡t❡①t
✶ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩ ✳ ✴ ❛❥❛①✇♠ ✳ ♣②

✷ ✉s❛❣❡ ✿ ❛❥❛①✇♠ ✳ ♣② ❬ ♦♣t ✐♦♥s ❪

✸

✹ ♦♣t ✐♦♥s ✿

✺ −❤ ✱ −−❤❡❧♣ s❤♦✇ t❤ ✐ s ❤❡ ❧♣ ♠❡ss❛❣❡ ❛♥❞ ❡①✐t

✻ −❞ ✱ −−❞❛❡♠♦♥ r✉♥ ✐♥ ❜❛❝❦❣r♦✉♥❞

✼ −♣ P❖❘❚✱ −−♣♦rt❂P❖❘❚ s❡ t t❤❡ ❚❈P ♣♦rt ✭ ❞ ❡ ❢ ❛✉ ❧ t ✿ ✽✵✷✷✮

✽ −❧ ✱ −−❧ ♦❣ ❧ ♦❣ r ❡q✉❡ s t s t♦ s t ❞ ❡ r r ✭ ❞ ❡ ❢ ❛✉ ❧ t ✿ q✉ ✐ ❡ t ♠♦❞❡✮

✾ −P P■❉❋■▲❊ ✱ −−♣ ✐ ❞ ❢ ✐ ❧ ❡❂P■❉❋■▲❊

✶✵ s ❡ t t❤❡ ♣ ✐ ❞ ❢ ✐ ❧ ❡ ✭ ❞ ❡ ❢ ❛✉ ❧ t ✿ ✴ ✈❛r ✴r✉♥✴❛❥❛①✇♠ ✳ ♣✐❞ ✮

✶✶ −❯ ❯■❉✱ −−✉✐❞❂❯■❉ s❡ t t❤❡ ✉s❡r ✐❞

✶✷ −✉ ✱ −−✉♥❝♦♠♣r❡ss❡❞ r❡s♣♦♥❞s ♥♦t ❝♦♠♣r❡ss❡❞ ✭ ❧♦✇❡r s②st❡♠ ❧♦❛❞ ✱ ❤ ✐❣❤❡r

✶✸ ♥❡t✇♦r❦ ❧♦❛❞ ✮

✶✹ −s ❙❙❍❈▼❉✱ −−ss❤❝♠❞❂❙❙❍❈▼❉

✶✺ ss❤ ❝ ❧ ✐ ❡ ♥ t t♦ ✉s❡

✶✻ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩

❉❛s ❣❛♥③❡ ❛✉❢ ❉❡✉ts❝❤✿

✲❤ ♦❞❡r ✲✲❤❡❧♣✿ ❍✐❧❢❡t❡①t ❛♥③❡✐❣❡♥
✲❞ ♦❞❡r ✲✲❞❛❡♠♦♥✿ ■♠ ❍✐♥t❡r❣r✉♥❞ ❧❛✉❢❡♥✿ ❉❡r ❙❡r✈❡r ❧ä✉❢t✱ ♠❛♥ ❦❛♥♥ ❥❡❞♦❝❤ ✐♠ ❚❡r✲
♠✐♥❛❧ ✇❡✐t❡r❛r❜❡✐t❡♥✳
✲♣ P❖❘❚ ♦❞❡r ✲✲♣♦rt❂P❖❘❚✿ ❉❡♥ P♦rt✱ ❛✉❢ ❞❡♠ ❞❡r ❙♦❝❦❡t ❧❛✉s❝❤t✱ ❢❡st❧❡❣❡♥✳ ❙t❛♥✲
❞❛r❞✇❡rt ✐st ✽✵✷✷✳
✷●❡t❡st❡t ♠✐t P②t❤♦♥ ✷✳✹ ✉♥❞ ✷✳✺
✸❏■❚ st❡❤t ❢ür ❏✉st ✐♥ ❚✐♠❡
✹✯❇❙❉✱ ❈②❣✇✐♥ ✉♥t❡r ❲✐♥❞♦✇s✱ ✳ ✳ ✳

✶✵



❑❛♣✐t❡❧ ✸✳ ❙❡r✈❡r

✲❧ ♦❞❡r ✲✲❧♦❣✿ ❆♥❢r❛❣❡♥ ❛✉❢ ❞❡r ❙t❛♥❞❛r❞❢❡❤❧❡r❛✉s❣❛❜❡ ❛✉s❣❡❜❡♥✳✺ ❆♥❞❡r♥❢❛❧❧s ✇❡r✲
❞❡♥ ❆♥❢r❛❣❡♥ ♥✐❝❤t ❣❡❧♦❣❣t✳
✲P P■❉❋■▲❊ ♦❞❡r ✲✲♣✐❞❢✐❧❡❂P■❉❋■▲❊✿ ❉✐❡ ❉❛t❡✐✱ ✐♥ ❞❡r ❞✐❡ Pr♦❝❡ss✲■❉ ❞❡s Pr♦✲
❣r❛♠♠s ❣❡s❝❤r✐❡❜❡♥ ✇❡r❞❡♥ s♦❧❧✳ ❉✐❡s❡ P■❉ ✐st ❞❛③✉ ♥♦t✇❡♥❞✐❣ ❞❡♠ Pr♦❣r❛♠♠✱ ✇❡♥♥
❡s ❜❡r❡✐ts ❧ä✉❢t✱ ❙✐❣♥❛❧❡✱ ✇✐❡ ❡✐♥❡♥ ❙■●❚❊❘▼✻✱ ③✉ s❡♥❞❡♥✳
✲❯ ❯■❉ ♦❞❡r ✲✲✉✐❞❂❯■❉✿ ❋❡st❧❡❣❡♥ ❞❡s ❯s❡rs✱ ❛❧s ❞❡r ❞❛s Pr♦❣r❛♠♠ ❧❛✉❢❡♥ s♦❧❧✱ ♠✐t✲
t❡❧s ❞❡r ❯s❡r✲■❉✳ ◆✉r ♠ö❣❧✐❝❤✱ s♦❢❡r♥ ❡s ❛❧s r♦♦t ❛✉s❣❡❢ü❤rt ✇✉r❞❡✳ ❉❛❞✉r❝❤ ❣✐❜t ❞❛s
Pr♦❣r❛♠♠ s❡✐♥❡ ❘❡❝❤t❡ ❛❜ ✉♥❞ ❞✐❡ ◆✉t③✉♥❣ ✐st s✐❝❤❡r❡r✱ ❞❛ ❡✐♥❡ ❙✐❝❤❡r❤❡✐ts❧ü❝❦❡ ✐♠
Pr♦❣r❛♠♠ ♥✉r ❞✐❡ ❉❛t❡✐❡♥ ❞❡s ❛❦t✉❡❧❧❡♥ ❯s❡rs ❣❡❢ä❤r❞❡t✱ ♥✐❝❤t ✇✐❡ s♦♥st ❞❛s ❣❡s❛♠t❡
❙②st❡♠✳ ❙t❛♥❞❛r❞♠äÿ✐❣ ❜❡❤ä❧t ❞❛s Pr♦❣r❛♠♠ ❞✐❡ ❯■❉✱ ✉♥t❡r ❞❡r ❡s ❛✉s❣❡❢ü❤rt ✇✉r❞❡✳
✲✉ ♦❞❡r ✲✲✉♥❝♦♠♣r❡ss❡❞✿ ■♠ ◆♦r♠❛❧❢❛❧❧ ✇❡r❞❡♥ ❞✐❡ ❆♥t✇♦rt❡♥ ❛✉❢ ❆♥❢r❛❣❡♥ ♠✐t ❣③✐♣
❦♦♠♣r✐♠✐❡rt✳ ❍✐❡r❞✉r❝❤ ❦❛♥♥ ❞✐❡s❡s ❱❡r❤❛❧t❡♥ ❞❡❛❦t✐✈✐❡rt ✇❡r❞❡♥✱ ✇❛s ✐♥s❜❡s♦♥❞❡r❡
✐♥ ❧♦❦❛❧❡♥ ◆❡t③✇❡r❦❡♥ ✈♦♥ ❱♦rt❡✐❧ ✐st✳ ❯♥❦♦♠♣r✐♠✐❡rt❡ ❆♥t✇♦rt❡♥ ❜❡♥öt✐❣❡♥ ♥ä♠❧✐❝❤
✇❡♥✐❣❡r ❘❡❝❤❡♥❧❡✐st✉♥❣✱ ❞❛❢ür st❡✐❣t ❞✐❡ ◆❡t③✇❡r❦❧❛st✳
✲s ❙❙❍❈▼❉ ♦❞❡r ✲✲ss❤❝♠❞❂❙❙❍❈▼❉✿ ❆✉s③✉❢ü❤r❡♥❞❡r ❙❙❍ ❈❧✐❡♥ts✱ ✐♠ ◆♦r♠❛❧❢❛❧❧ ss❤✳

❊✐♥❡ ▼❛♥♣❛❣❡✼ ✇✉r❞❡ ♥♦❝❤ ♥✐❝❤t ❣❡s❝❤r✐❡❜❡♥✱ ✐st ❥❡❞♦❝❤ ❢ür ❞✐❡ ❩✉❦✉♥❢t ❣❡♣❧❛♥t✳

❇❡✐♠ ❙t❛rt❡♥ ✐♠ ❱♦r❞❡r❣r✉♥❞ ✭♥✐❝❤t ❛❧s ❉❛❡♠♦♥✮ ✇✐r❞ ♥✉r ❞✐❡ ❆❞r❡ss❡ ❛✉s❣❡❣❡✲
❜❡♥✱ ❛✉❢ ❞✐❡ ♠❛♥ ✐♠ ❲❡❜❜r♦✇s❡r ③✉❣r❡✐❢❡♥ ❦❛♥♥✳ ❇❡✐♠ ❙t❛rt❡♥ ✐♠ ❍✐♥t❡r❣r✉♥❞ ✇✐r❞
③✉sät③❧✐❝❤ ♥♦❝❤ ❞✐❡ Pr♦❝❡ss✲■❉ ❛✉s❣❡❣❡❜❡♥✱ ❞❛♠✐t ♠❛♥ ❞❡♥ Pr♦③❡ss ✇✐❡❞❡r ❜❡❡♥❞❡♥
❦❛♥♥✳✽ ■st ❞❡r P♦rt✱ ❞❡r ✈❡r✇❡♥❞❡t ✇❡r❞❡♥ s♦❧❧✱ ❜❡r❡✐ts ❜❡❧❡❣t✱ s♦ ✇✐r❞ ❞✐❡s ❛✉s❣❡❣❡❜❡♥
✉♥❞ ❞❡r ❙❡r✈❡r ❜❡❡♥❞❡t✳

▲✐st✐♥❣ ✸✳✷✿ ❚❡st❧❛✉❢
✶ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩ ✳ ✴ ❛❥❛①✇♠ ✳ ♣② −❞

✷ ❤tt♣ ✿✴✴ ❧ ♦ ❝ ❛ ❧ ❤ ♦ s t ✿✽✵✷✷✴ P■❉ ✿ ✻✾✶✵

✸ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩ ✳ ✴ ❛❥❛①✇♠ ✳ ♣②

✹ ❤tt♣ ✿✴✴ ❧ ♦ ❝ ❛ ❧ ❤ ♦ s t ✿✽✵✷✷✴

✺ ♣♦rt ✽✵✷✷ ❛ ❧ r ❡❛❞② ✐♥ ✉s❡

✻ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩ ❦ ✐ ❧ ❧ ✻✾✶✵

✼ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩ ✳ ✴ ❛❥❛①✇♠ ✳ ♣②

✽ ❤tt♣ ✿✴✴ ❧ ♦ ❝ ❛ ❧ ❤ ♦ s t ✿✽✵✷✷✴

❲❡♥♥ ❞❡r ❙❡r✈❡r ❣❡st❛rt❡t ✇✐r❞✱ ✇❡r❞❡♥ ❧❡❞✐❣❧✐❝❤ ③✇❡✐ ❍❛✉♣t❛✉❢❣❛❜❡♥ ❡r❧❡❞✐❣t✱
❜❡✈♦r ❡r ✐♥ ❡✐♥❡♥ ♣❛ss✐✈❡♥ ❩✉st❛♥❞ ❢ä❧❧t ✉♥❞ ❛✉❢ ❞❡♥ ❱❡r❜✐♥❞✉♥❣s❛✉❢❜❛✉ ✈♦♥ ❙❡✐t❡♥
❡✐♥❡s ❈❧✐❡♥ts ✇❛rt❡t✿ ❡✐♥❡♥ ❙♦❝❦❡t ö✛♥❡♥ ✉♥❞ ❛✉❢ ❆♥❢r❛❣❡♥ ❧❛✉s❝❤❡♥ ✉♥❞ ❞✐❡ ❉❛t❡✐❡♥✱

✺■♠ ◆♦r♠❛❧❢❛❧❧ st❡❧❧t ❞❡r ▼♦♥✐t♦r ❞✐❡ ❙t❛♥❞❛r❞❢❡❤❧❡r❛✉s❣❛❜❡ ❞❛r✳ ▼✐t ✳✴❛❥❛①✇♠ ✲❧ ✷❃

❛♥❢r❛❣❡♥✳t①t ❦❛♥♥ ♠❛♥ s✐❡ ❜❡✐s♣✐❡❧s✇❡✐s❡ ❛✉❢ ❞✐❡ ❉❛t❡✐ ❛♥❢r❛❣❡♥✳t①t ✉♠❧❡✐t❡♥✳
✻❉❡r ❇❡❣r✐✛ ❙■●❚❊❘▼ ❦♦♠♠t ✈♦♥ ❙■● ❢ür ❙✐❣♥❛❧ ✉♥❞ ❚❊❘▼ ❢ür ❚❡r♠✐♥✐❡r❡♥ ✉♥❞ ❜❡❡♥❞❡t ❞❡♥

Pr♦❣r❛♠♠♣r♦③❡ss✳
✼❆❧s ▼❛♥♣❛❣❡ ✭▼❛♥✉❛❧ P❛❣❡✮ ❜❡③❡✐❝❤♥❡t ♠❛♥ ❞✐❡ ✐♥ ✉♥✐①♦✐❞❡♥ ❇❡tr✐❡❜ss②st❡♠❡♥ ❡✐♥❣❡s❡t③❡♥ ❍✐❧❢❡✲

s❡✐t❡♥✳
✽❲❡✐t❡r❡ ■♥❢♦r♠❛t✐♦♥❡♥ ü❜❡r ❞❛s ❇❡❡♥❞❡♥ ❞❡s ❙❡r✈❡rs ✉♥t❡r ❇❡❡♥❞❡♥ ❞❡s Pr♦❣r❛♠♠s✳

✶✶



❑❛♣✐t❡❧ ✸✳ ❙❡r✈❡r

❞✐❡ ❈❧✐❡♥ts ③✉r ❱❡r❢ü❣✉♥❣ ❣❡st❡❧❧t ✇❡r❞❡♥ s♦❧❧❡♥✱ ✐♥ ❞❡♥ ❆r❜❡✐tss♣❡✐❝❤❡r ❧❛❞❡♥ ✉♥❞
❞❛❜❡✐ s❡❧❡❦t✐❡r❡♥ ✉♥❞ ❡✈❡♥t✉❡❧❧ ❞✐❡ ■♥❤❛❧t❡ ❞❡r ❉❛t❡✐❡♥ ✈❡rä♥❞❡r♥✳

✸✳✷✳✶ ❙♦❝❦❡t ö❢❢♥❡♥ ✉♥❞ ❧❛✉s❝❤❡♥

❆❥❛①❲▼ ✈❡r✇❡♥❞❡t ❞❛s ✈♦♥ ❆♥t❤♦♥② ▲❡s✉✐ss❡✾ st❛♠♠❡♥❞❡ ◗❲❡❜✲❋r❛♠❡✇♦r❦✳ ❊s
st❡❧❧t ❡✐♥❡♥ ❲❙●■✶✵✲❙❡r✈❡r ③✉r ❱❡r❢ü❣✉♥❣✳ ▼ö❣❧✐❝❤❡r✇❡✐s❡ ✇✐r❞ ❞❛s ❋r❛♠❡✇♦r❦ ❥❡❞♦❝❤
✐♥ ♥ä❝❤st❡r ❩❡✐t ❞✉r❝❤ ❡✐♥ ❛♥❞❡r❡s ❡rs❡t③t✳ P❡r❢♦r♠❛♥❝❡✲❚❡sts s✐♥❞ ③✉r ❆✉✣♥❞✉♥❣ ❡✐♥❡s
❣❡❡✐❣♥❡t❡r❡♥ ❋r❛♠❡✇♦r❦s ❣❡♣❧❛♥t✳

❉❡r ❲❙●■✲❙❡r✈❡r s♦r❣t ❞❛❢ür✱ ❞❛ss ❛❧❧❡ ❣ü❧t✐❣❡♥ ❆♥❢r❛❣❡♥✱ ❞✐❡ ❛♠ ❣❡ö✛♥❡t❡♥
❙♦❝❦❡t ❡✐♥❣❡❤❡♥✱ ❛♥ ❞✐❡ ❙❡r✈❡r✲❑❧❛ss❡ ✇❡✐t❡r❣❡❧❡✐t❡t ✇❡r❞❡♥✳ ❉✐❡s❡ ❑❧❛ss❡ ❤❛t ❞❛♥♥ ❞✐❡
❆✉❢❣❛❜❡ ❡✐♥❡ ❆♥t✇♦rt ③✉ ❣❡♥❡r✐❡r❡♥✱ ❞❛③✉ ❛❜❡r s♣ät❡r ✉♥t❡r ❇❡❛♥t✇♦rt❡♥ ✈♦♥ ❆♥❢r❛❣❡♥
♠❡❤r✳

✸✳✷✳✷ ❉❛t❡✐❡♥ s❡❧❡❦t✐❡r❡♥ ✉♥❞ ❧❛❞❡♥

❉✐❡ ❋✐❧❡s✲❑❧❛ss❡ ✐st ❢ür ❞❛s ❆✉s✇ä❤❧❡♥ ✉♥❞ ▲❛❞❡♥ ❞❡r ❉❛t❡✐❡♥ ③✉stä♥❞✐❣✳ ❙✐❡ ✇✐r❞
s♣ät❡r ❞✉r❝❤ ❡✐♥ ❋✐❧❡✲▼♦❞✉❧ ❡rs❡t③t ✇❡r❞❡♥✱ ❞❛s ✇❡✐t❛✉s ♠❡❤r ❋ä❤✐❣❦❡✐t❡♥ ❜✐❡t❡♥ ✇✐r❞✳
❇✐s❤❡r ✇❡r❞❡♥ ❧❡❞✐❣❧✐❝❤ r❡❦✉rs✐✈ ❛❧❧❡ ❉❛t❡✐❡♥ ✐♠ ❖r❞♥❡r ❤t❞♦❝s ✉♥❞ ❛❧❧❡ ❚❤❡♠❡s✱ ❞✐❡
♠✐t ❞❡r ✈❡r✇❡♥❞❡t❡♥ ❱❡rs✐♦♥ ✈♦♥ ❛❥❛①❲▼ ❦♦♠♣❛t✐❜❡❧ s✐♥❞✱ ③✉r ❱❡r❢ü❣✉♥❣ ❣❡st❡❧❧t✳
▲❡t③t❡r❡s ❢✉♥❦t✐♦♥✐❡rt ❞❛❞✉r❝❤✱ ❞❛ss ❞✐❡ ❚❤❡♠❡s✱ ❞✐❡ ✐♠ ❖r❞♥❡r t❤❡♠❡s ❧✐❡❣❡♥✱ ✐♥
✇❡✐t❡r❡ ❖r❞♥❡r ♠✐t ❞❡♥ ❱❡rs✐♦♥s♥✉♠♠❡r♥ ✉♥t❡rt❡✐❧t ✇❡r❞❡♥✳ ❇❡✐s♣✐❡❧s✇❡✐s❡ ❞❡r ❖r❞♥❡r
❞❡s ❚❤❡♠❡s ❧✐♠ ✭❧❡ss ✐s ♠♦r❡✮ ❧✐❡❣t ✉♥t❡r t❤❡♠❡s✴✵✳✷✳✵✳ ❉❡r ❙❡r✈❡r ✇❡✐ÿ✱ ❞❛ss ❞❡r ✈♦♥
✐❤♠ ③✉r ❱❡r❢ü❣✉♥❣ ❣❡st❡❧❧t❡ ❈❧✐❡♥t ♠✐t ❛❧❧❡♥ ❚❤❡♠❡s✱ ❞❡r❡♥ ❱❡rs✐♦♥s♥✉♠♠❡r ③✇✐s❝❤❡♥
✵✳✶✳✵ ✉♥❞ ✵✳✸✳✵ ❧✐❡❣t✱ ❧❛✉✛ä❤✐❣ ✐st ✉♥❞ ❧ä❞t ❧✐♠✳ ❲ür❞❡ s✐❝❤ ❛❜❡r ✐♥ ❱❡rs✐♦♥ ✵✳✹✳✵
❞❡r ❆✉❢❜❛✉ ✈♦♥ ❚❤❡♠❡s ä♥❞❡r♥✱ s♦ ✇✐r❞ ❡✐♥ ③✉ ❞✐❡s❡r ❱❡rs✐♦♥ ❣❡❤ör❡♥❞❡r ❚❤❡♠❡
♥✐❝❤t ❣❡❧❛❞❡♥✱ ❞❛ ❡r ♥✐❝❤t ③✇✐s❝❤❡♥ ✵✳✶✳✵ ✉♥❞ ✵✳✸✳✵ ❧✐❡❣t✳ ❇❡✐♠ ▲❛❞❡♥ ✇✐r❞ ✇❡✐t❡r❤✐♥
❡✐♥❡ ❉❛t❡✐ t❤❡♠❡s✳①♠❧ ♦♥✲t❤❡✲✢② ✐♠ ❆r❜❡✐tss♣❡✐❝❤❡r ❡rst❡❧❧t✳ ❉❛❞✉r❝❤ ❦❛♥♥ ❞❡r ❈❧✐❡♥t
❤❡r❛✉s✜♥❞❡♥✱ ✇❡❧❝❤❡ ❚❤❡♠❡s ✐❤♠ ③✉r ❱❡r❢ü❣✉♥❣ ❣❡st❡❧❧t ✇❡r❞❡♥ ✉♥❞ ❞❡♠ ❯s❡r ❡✐♥❡
❆✉s✇❛❤❧♠ö❣❧✐❝❤❦❡✐t ❜✐❡t❡♥✳ ❉✐❡ ❉❛t❡✐ s✐❡❤t ❞❛♥♥ ❜❡✐s♣✐❡❧s✇❡✐s❡ s♦ ❛✉s✿

▲✐st✐♥❣ ✸✳✸✿ ❱❡r❢ü❣❜❛r❡ ❚❤❡♠❡s
✶ ❁❄①♠❧ ✈❡rs✐♦♥❂✧ ✶ ✳✵ ✧ ❄❃

✷ ❁❛❥❛①✇♠❃

✸ ❁t❤❡♠❡ ❛✉t❤♦r❂✧❆♥❞r❡❛s ❲❛✐❞❧❡r ✧ ❡♠❛✐ ❧❂✧ ❛♥❞r❡❛s✇❛✐❞ ❧❡r❅❛r❝♦r ✳ ❞❡✧ ♥❛♠❡❂✧ ❧✐♠✧❃

✹ ❁♣❛t❤❃

✺ ✴t❤❡♠❡s✴ ❧ ✐♠✴ ❧✐♠ ✳ ①♠❧

✻ ❁✴♣❛t❤❃

✼ ❁❞❡ s ❝ r ✐ ♣ t ✐ ♦ ♥❃

✽ ▲❡ss ■ s ▼♦r❡ ✳ ❊①tr❡♠❧② ♠ ✐♥ ✐♠❛ ❧ ✐ s t ✐ ❝ t❤❡♠❡ ✳

✾❆♥t❤♦♥② ▲❡s✉✐ss❡ ✐st ✕ ♥❡❜❡♥❜❡✐ ❡r✇ä❤♥t ✕ ❛✉❝❤ ❞❡r ❆✉t♦r ✈♦♥ ❆❥❛①❚❡r♠✳
✶✵❲❡❜ ❙❡r✈❡r ●❛t❡✇❛② ■♥t❡r❢❛❝❡

✶✷



❑❛♣✐t❡❧ ✸✳ ❙❡r✈❡r

✾ ❁✴ ❞ ❡ s ❝ r ✐ ♣ t ✐ ♦ ♥❃

✶✵ ❁✴t❤❡♠❡❃

✶✶ ❁t❤❡♠❡ ❛✉t❤♦r❂✧❆♥❞❡r❡r ❆✉t♦r✧ ❡♠❛✐ ❧❂✧ ✐ r ❣ ❡♥❞❡ ✐ ♥ ❡ ✳ ❡♠❛✐❧❅❛❞r❡s ✳ s❡ ✧ ♥❛♠❡❂✧❜❧❛ ✧❃

✶✷ ❁♣❛t❤❃

✶✸ ✴t❤❡♠❡s✴ ❜❧❛ ✴ ❜❧❛ ✳ ①♠❧

✶✹ ❁✴♣❛t❤❃

✶✺ ❁❞❡ s ❝ r ✐ ♣ t ✐ ♦ ♥❃

✶✻ ❊✐♥ ❇❡ ✐ s♣ ✐ ❡ ❧ t❤❡♠❡ ✳

✶✼ ❁✴ ❞❡ s ❝ r ✐ ♣ t ✐ ♦ ♥❃

✶✽ ❁✴t❤❡♠❡❃

✶✾ ❁✴❛❥❛①✇♠❃

❉❛s ❋✐❧❡✲▼♦❞✉❧ ✇✐r❞ ③✉sät③❧✐❝❤ ü❜❡r ❡✐♥❡ ❑♦♠♣r❡ss✐♦♥s❢✉♥❦t✐♦♥ ✈❡r❢ü❣❡♥✳ ❉❛❜❡✐
❦ö♥♥❡♥ ✇❛❤❧✇❡✐s❡ ❏❛✈❛❙❝r✐♣t✲❉❛t❡✐❡♥ ♣❧❛t③s♣❛r❡♥❞❡r ü❜❡rtr❛❣❡♥ ✇❡r❞❡♥✱ ✐♥❞❡♠ ❑♦♠✲
♠❡♥t❛r❡ ✉♥❞ ♥✉t③❧♦s❡ ❩❡✐❧❡♥ ❡♥t❢❡r♥t ✇❡r❞❡♥✳ ▼ö❣❧✐❝❤ ✐st ❛✉❝❤✱ ❛❧❧❡ ❏❛✈❛❙❝r✐♣t✲❉❛t❡✐❡♥
✐♥ ❡✐♥❡r ③✉s❛♠♠❡♥③✉❢❛ss❡♥✱ ✇♦❞✉r❝❤ ❡✐♥ ❡♥♦r♠❡r ●❡s❝❤✇✐♥❞✐❣❦❡✐tss❝❤✉❜ ❜❡✐♠ ■♥✐t✐❛✲
❧✐s✐❡r❡♥ ❞❡s ❈❧✐❡♥ts ❡rr❡✐❝❤t ✇❡r❞❡♥ ✇ür❞❡✱ ❞❛ ❞✐❡ Ü❜❡rtr❛❣✉♥❣ ✈♦♥ ✈✐❡❧❡♥ ❡✐♥③❡❧♥❡♥✱
❦❧❡✐♥❡♥ ❉❛t❡✐❡♥ st❡ts ♠❡❤r ❩❡✐t ✐♥ ❆♥s♣r✉❝❤ ♥✐♠♠t ❛❧s ❞✐❡ Ü❜❡rtr❛❣✉♥❣ ❡✐♥❡r ❣r♦ÿ❡♥
❉❛t❡✐✳ ❯♠ ♥✐❝❤t ❜❡✐ ❥❡❞❡♠ ◆❡✉st❛rt❡♥ ❞❡r ❙❡r✈❡r❛♥✇❡♥❞✉♥❣ ❞✐❡ ❑♦♠♣r❡ss✐♦♥s❛❧❣♦r✐t❤✲
♠❡♥ ✇✐❡❞❡r❤♦❧❡♥ ③✉ ♠üss❡♥✱ ✇❡r❞❡♥ ❞✐❡ ❦♦♠♣r✐♠✐❡rt❡♥ ❉❛t❡✐❡♥ ❣❡s♣❡✐❝❤❡rt ✇❡r❞❡♥✳
❇❡✐ ❡✐♥❡♠ ❡r♥❡✉t❡♥ ❙t❛rt❡♥ ♠✐t ❛❦t✐✈✐❡rt❡r ❑♦♠♣r❡ss✐♦♥ ❦❛♥♥ ü❜❡r♣rü❢t ✇❡r❞❡♥✱ ♦❜
s✐❝❤ ❞✐❡ ✉♥❦♦♠♣r✐♠✐❡rt❡♥ ❏❛✈❛❙❝r✐♣t✲❉❛t❡✐❡♥ s❡✐t ❞❡r ❧❡t③t❡♥ ❑♦♠♣r❡ss✐♦♥ ✈❡rä♥❞❡rt
❤❛❜❡♥✳ ■st ❞✐❡s ♥✐❝❤t ❞❡r ❋❛❧❧✱ ❡♥t❢ä❧❧t ❡✐♥❡ ❡r♥❡✉t❡ ❑♦♠♣r❡ss✐♦♥✳

❉✐❡s❡ ❑♦♠♣r❡ss✐♦♥s♠❡t❤♦❞❡♥ ❤❛❜❡♥ ❥❡❞♦❝❤ ❡✐♥❡♥ ❡♥ts❝❤❡✐❞❡♥❞❡♥ ◆❛❝❤t❡✐❧✱ ✇❡s✲
❤❛❧❜ s✐❡ ✉♥❜❡❞✐♥❣t ♦♣t✐♦♥❛❧ ❛♥❣❡❜♦t❡♥ ✇❡r❞❡♥ ♠üss❡♥✿ ❆✉❢ ❙❡✐t❡♥ ❞❡s ❈❧✐❡♥ts ❦♦♠♠t
❡✐♥ ❢ür ▼❡♥s❝❤❡♥ s❝❤✇❡r ❧❡s❜❛r❡r ✉♥❞ ✉♥❦♦♠♠❡♥t✐❡rt❡r ❈♦❞❡ ❛♥✳ ❉✐❡s ❡rs❝❤✇❡rt ❞✐❡
❋❡❤❧❡rs✉❝❤❡✳

❊✐♥❡ ✇❡✐t❡r❡ ❋✉♥❦t✐♦♥✱ ❞✐❡ ❞❛s ❉❡❜✉❣❣❡♥ ❞❡s ❏❛✈❛❙❝r✐♣t✲❈♦❞❡s ❡r❧❡✐❝❤t❡r♥ ✇✐r❞✱
✇❡r❞❡♥ ❞✐❡ ❉❊❇❯●✲❇❧ö❝❦❡✱ ❞✐❡ ✐♠ ❏❛✈❛❙❝r✐♣t✲❈♦❞❡ ✐♥ ❋♦r♠ ✈♦♥ s♣❡③✐❡❧❧❡♥ ❑♦♠✲
♠❡♥t❛r❡♥ ❛♥❣❡❣❡❜❡♥ ✇❡r❞❡♥ ❦ö♥♥❡♥ ✉♥❞ ✈♦♠ ❋✐❧❡✲▼♦❞✉❧ ❞❛♥♥✱ ❡♥ts♣r❡❝❤❡♥❞ ❞❡♠
❣❡✇ä❤❧t❡♥ P❛r❛♠❡t❡r✱ ✐♠ ❈♦❞❡ ❜❡✐❜❡❤❛❧t❡♥ ❜❧❡✐❜❡♥ ♦❞❡r ❡♥t❢❡r♥t ✇❡r❞❡♥✳ ❙♦♠✐t ✐st
❡✐♥❡ ❆❜✇ä❣✉♥❣ ③✇✐s❝❤❡♥ P❡r❢♦r♠❛♥❝❡ ✭♥♦r♠❛❧❡r ❇❡tr✐❡❜✮ ✉♥❞ ❡r✇❡✐t❡rt❡♠ ❉❡❜✉❣❣✐♥❣
✭❚❡st❜❡tr✐❡❜✮ ♠ö❣❧✐❝❤✳

✶✸



❑❛♣✐t❡❧ ✸✳ ❙❡r✈❡r

✸✳✸ ❙✐❝❤❡r❡ ❱❡r❜✐♥❞✉♥❣

■❝❤ ❣❧❛✉❜❡✱ ❞✐❡ ♠❡✐st❡♥ ▼❡♥s❝❤❡♥

✇✐ss❡♥ ❣❛r ♥✐❝❤t ✇❛s ❡✐♥ ❘♦♦t❦✐t ✐st✱

✇❛r✉♠ s♦❧❧❡♥ s✐❡ s✐❝❤ ❛❧s♦ ❞❛r✉♠ ❦ü♠♠❡r♥❄

❚❤♦♠❛s ❍❡ss❡✱ Präs✐❞❡♥t ●❧♦❜❛❧ ❉✐❣✐t❛❧
❇✉s✐♥❡ss✲❆❜t❡✐❧✉♥❣ ❜❡✐ ❙♦♥② ❇▼●

❙t❛♥❞❛r❞♠äÿ✐❣ ❧ässt s✐❝❤ ❛❥❛①❲▼ ♥✉r ❧♦❦❛❧ ♥✉t③❡♥✳ ❉✐❡s❡s ❱❡r❤❛❧t❡♥ ✐st ❜❡❛❜s✐❝❤✲
t✐❣t✱ ❞❛ ❞❡r ❙❡r✈❡r ü❜❡r ❦❡✐♥❡ ❡✐❣❡♥❡ ❱❡rs❝❤❧üss❡❧✉♥❣ ❜❡✐ ❞❡r ❑♦♠♠✉♥✐❦❛t✐♦♥ ✈❡r❢ü❣t✳
❯♠ ❛❥❛①❲▼ ♥❛❝❤ ❛✉ÿ❡♥ ❤✐♥ ❛♥③✉❜✐❡t❡♥✱ ✐st ❡s ♥öt✐❣ ❡✐♥❡♥ ❧♦❦❛❧❡♥ Pr♦①② ❧❛✉❢❡♥ ③✉
❧❛ss❡♥✳ ■♥ ❞✐❡s❡♠ ❋❛❧❧ ❞❡♥ ❆♣❛❝❤❡ ❲❡❜❙❡r✈❡r✱ ❞❡r ❡✐♥❡ Pr♦①②✲❲❡✐t❡r❧❡✐t✉♥❣ ♠✐t ❍❚❚✲
P❙ ❜✐❡t❡t✳ ❍❚❚P❙ ✐st ♠✐t ❥❡❞❡♠ ❛❦t✉❡❧❧❡♥ ❇r♦✇s❡r ♥✉t③❜❛r ✉♥❞ ✈❡r✇❡♥❞❡t ❙❙▲✴❚▲❙
③✉r ❱❡rs❝❤❧üss❡❧✉♥❣✳ ❉❛❞✉r❝❤ ✐st✱ ✐♠ ●❡❣❡♥s❛t③ ③✉ ❍❚❚P✱ ❛s②♥❝❤r♦♥❡♥ ❙❝❤❧üss❡❧♥ s❡✐
❉❛♥❦✱ ❡✐♥ ▼✐t❧❡s❡♥ ❞❡r ❑♦♠♠✉♥✐❦❛t✐♦♥ ✐♠ ❑❧❛rt❡①t ❞✉r❝❤ ❛❧❧❡ ❙t❛t✐♦♥❡♥✱ ❞✐❡ ③✇✐s❝❤❡♥
❈❧✐❡♥t ✉♥❞ ❙❡r✈❡r ❧✐❡❣❡♥✱ ♥✐❝❤t ♠ö❣❧✐❝❤✳

✸✳✸✳✶ ❆♣❛❝❤❡✲❑♦♥❢✐❣✉r❛t✐♦♥

❊✐♥❡ ❱❍♦st✲❑♦♥✜❣✉r❛t✐♦♥s❞❛t❡✐ ❢ür ❆♣❛❝❤❡ ❦❛♥♥ ✇✐❡ ❢♦❧❣t ❛✉ss❡❤❡♥✿

▲✐st✐♥❣ ✸✳✹✿ ✴❡t❝✴❛♣❛❝❤❡✷✴✈❤♦sts✳❞✴❛❥❛①✇♠✳❝♦♥❢
✶ ▲ ✐ s t ❡♥ ✹✹✸

✷ ◆❛♠❡❱✐rt✉❛❧❍♦st ∗ ✿ ✹✹✸

✸

✹ ❁❱✐rt✉❛ ❧❍♦st ∗✿✹✹✸❃

✺ ❙❡r✈❡r◆❛♠❡ ❧ ♦ ❝ ❛ ❧ ❤ ♦ s t

✻ ❙❙▲❊♥❣✐♥❡ ❖♥

✼ ❙❙▲❈❡r t ✐ ❢ ✐ ❝❛ t ❡❑❡②❋ ✐ ❧ ❡ s s ❧ ✴❛♣❛❝❤❡ ✳ ♣❡♠

✽ ❙❙▲❈❡ r t ✐ ❢ ✐ ❝ ❛ t ❡❋ ✐ ❧ ❡ s s ❧ ✴❛♣❛❝❤❡ ✳ ♣❡♠

✾

✶✵ Pr♦①②❘❡q✉❡sts ❖❢❢

✶✶ ❁Pr♦①② ∗❃

✶✷ ❆✉t❤❚②♣❡ ❇❛s ✐❝

✶✸ ❆✉t❤◆❛♠❡ ✧❛❥❛①❲▼ ❛❝❝❡ s s ✧

✶✹ ❆✉t❤❯s❡r❋✐❧❡ ✴ ❡ t ❝ ✴❛♣❛❝❤❡✷✴❤t♣❛ss✇❞

✶✺ ❘❡q✉✐r❡ ✉s❡r r✵q

✶✻ ❖r❞❡r ❞❡♥② ✱ ❛ ❧ ❧♦✇

✶✼ ❆❧❧♦✇ ❢r♦♠ ❛ ❧ ❧

✶✽ ❁✴Pr♦①②❃

✶✾ Pr♦①②P❛ss ✴❛❥❛①✇♠✴ ❤tt♣ ✿✴✴ ❧ ♦ ❝ ❛ ❧ ❤ ♦ s t ✿✽✵✷✷✴

✷✵ Pr♦①②P❛ss❘❡✈❡rs❡ ✴❛❥❛①✇♠✴ ❤tt♣ ✿✴✴ ❧ ♦ ❝ ❛ ❧ ❤ ♦ s t ✿✽✵✷✷✴

✷✶ ❁✴❱✐rt✉❛❧❍♦st❃

✶✹



❑❛♣✐t❡❧ ✸✳ ❙❡r✈❡r

✸✳✹ ❇❡❛♥t✇♦rt❡♥ ✈♦♥ ❆♥❢r❛❣❡♥

❑♦♥❛t❛✿ ❙❦✐❧❧s ②♦✉ ❧❡❛r♥ ❢r♦♠ ♣❧❛②✐♥❣

✈✐❞❡♦ ❣❛♠❡s ❤❛✈❡ ♥♦ ✉s❡ ❧❛t❡r ✐♥ ❧✐❢❡✳

❑❛❣❛♠✐✿ ❨♦✉✬r❡ ❧✐✈✐♥❣ ♣r♦♦❢ ♦❢ t❤❛t✳

▲✉❝❦② ❙t❛r

❙♦✇♦❤❧ ❞❡r ■♥❤❛❧t ❡✐♥❡s ❚❡r♠✐♥❛❧s ✐♥ ❋♦r♠ ❡✐♥❡r ❳▼▲✲❉❛t❡✐ ❛❧s ❛✉❝❤ r❡❣✉❧är❡
❉❛t❡✐❡♥ ✇❡r❞❡♥✱ s♦❢❡r♥ ♥✐❝❤t ♣❡r P❛r❛♠❡t❡r ❞❡❛❦t✐✈✐❡rt✱ ♠✐t ❣③✐♣ ❦♦♠♣r✐♠✐❡rt ü❜❡r✲
tr❛❣❡♥✳

❉✐❡ ❇❡❞❡✉t✉♥❣❡♥ ❞❡r ❥❡✇❡✐❧✐❣❡♥ ❆♥t✇♦rt❡♥ s✐♥❞ ❞❡♠ ❑❛♣✐t❡❧ ❑♦♠♠✉♥✐❦❛t✐♦♥s✲
♣r♦t♦❦♦❧❧ ③✉ ❡♥t♥❡❤♠❡♥✳

✸✳✹✳✶ ❩✉r ❱❡r❢ü❣✉♥❣ ❙t❡❧❧❡♥ ✈♦♥ ❉❛t❡✐❡♥

❲✐❡ ❜❡r❡✐ts ✉♥t❡r ❉❛t❡✐❡♥ s❡❧❡❦t✐❡r❡♥ ✉♥❞ ❧❛❞❡♥ ❜❡s❝❤r✐❡❜❡♥✱ ✇❡r❞❡♥ ❞✐❡ ❉❛t❡✐❡♥ ✐♥
❞❡♥ ❆r❜❡✐tss♣❡✐❝❤❡r ❣❡❧❛❞❡♥✳ ❉❛s ❤t❞♦❝s✲❱❡r③❡✐❝❤♥✐s ❞✐❡♥t ❛❧s r♦♦t✱ ✇❛s ❜❡❞❡✉t❡t✱ ❞❛ss
❞✐❡ ❉❛t❡✐ ❤t❞♦❝s✴✐♥❞❡①✳❤t♠❧ ❛❧s ✴✐♥❞❡①✳❤t♠❧ ✈❡r❢ü❣❜❛r ❣❡♠❛❝❤t ✇✐r❞✳ ■♥t❡r♥ ✇❡r❞❡♥
❞✐❡ ❉❛t❡✐❡♥ ✐♥ ❡✐♥❡♠ ❲ört❡r❜✉❝❤ ✭❛ss♦③✐❛t✐✈❡s ❆rr❛②✮ ❣❡s♣❡✐❝❤❡rt✳ ❲✐r❞ ✈❡rs✉❝❤t ❛✉❢
♥✐❝❤t ✈♦r❤❛♥❞❡♥❡ ❉❛t❡✐❡♥ ③✉③✉❣r❡✐❢❡♥✱ ✇✐r❞ ❞❡r ❍❚❚P✲❙t❛t✉s❝♦❞❡ ✹✵✹ ✭◆♦t ❋♦✉♥❞✮
③✉rü❝❦❣❡❣❡❜❡♥✳

✸✳✹✳✷ ▲♦❣✐♥

❇❡✐ ❡✐♥❡r ▲♦❣✐♥✲❆♥❢r❛❣❡ ✇❡r❞❡♥ ❞❡r ü❜❡r❣❡❜❡♥❡ ❇❡♥✉t③❡r♥❛♠❡ ✉♥❞ ❞❛s P❛ss✇♦rt ❛✉❢
●ü❧t✐❣❦❡✐t ü❜❡r♣rü❢t✳ ❉❡r ❇❡♥✉t③❡r♥❛♠❡ ♠✉ss ❞❡♠ ▼✉st❡r ❡✐♥❡s ❯◆■❳✲❯s❡r♥❛♠❡s
❡♥ts♣r❡❝❤❡♥✱ ❞❛r❢ ❛❧s♦ ♥✉r ❛✉s ❛❧♣❤❛♥✉♠❡r✐s❝❤❡♥ ❩❡✐❝❤❡♥✱ ❯♥t❡rstr✐❝❤❡♥✱ P✉♥❦t❡♥✱ ✉♥❞
❉♦❧❧❛r③❡✐❝❤❡♥ ❜❡st❡❤❡♥✳ ❇❡✐♠ P❛ss✇♦rt ✇✐r❞ ❧❡❞✐❣❧✐❝❤ ❣❡♣rü❢t✱ ♦❜ ❦❡✐♥ ❧❡❡r❡r ❙tr✐♥❣
ü❜❡r❣❡❜❡♥ ✇✉r❞❡✳

❆♥s❝❤❧✐❡ÿ❡♥❞ ✇✐r❞ ❡✐♥❡ ③✉❢ä❧❧✐❣❡✱ ♥♦❝❤ ♥✐❝❤t ❜❡❧❡❣t❡✱ ❙❡ss✐♦♥✲■❉ ❣❡♥❡r✐❡rt ✉♥❞ ❞✐❡
❑♦rr❡❦t❤❡✐t ✈♦♥ ❇❡♥✉t③❡r♥❛♠❡ ✉♥❞ P❛ss✇♦rt ❞✉r❝❤ ❡✐♥❡♥ ▲♦❣✐♥✲❱❡rs✉❝❤ s✐❝❤❡r❣❡st❡❧❧t✳
❉❛s ❋❡st❧❡❣❡♥ ❞❡s ❩✐❡❧r❡❝❤♥❡rs ✐st ♥♦❝❤ ♥✐❝❤t ♠ö❣❧✐❝❤✱ ❞❛ ❞❡r ❈❧✐❡♥t ❦❡✐♥❡ ❞❡r❛rt✐❣❡
■♥❢♦r♠❛t✐♦♥ ü❜❡rträ❣t✳

❊s ✇✐r❞ ♥✐❝❤t ♥✉r ❡✐♥❡ ❙❡ss✐♦♥ ❡rst❡❧❧t✱ s♦♥❞❡r♥ ❛✉❝❤ ❡✐♥❡ ■♥st❛♥③ ❞❡r ▲♦♦♣✲❑❧❛ss❡✳
❉✐❡s❡ ü❜❡r♣rü❢t✱ ♦❜ ✐♥♥❡r❤❛❧❜ ❞❡r ❧❡t③t❡♥ ✶✵ ▼✐♥✉t❡♥ ❦❡✐♥ ❩✉❣r✐✛ ❛✉❢ ❞✐❡ s♦❡❜❡♥ ❡r✲
st❡❧❧t❡ ❙❡ss✐♦♥ ♠❡❤r ❤❡r❣❡st❡❧❧t ✇✉r❞❡✳ ❉✐❡s ✇ür❞❡ ❜❡❞❡✉t❡♥✱ ❞❛ss ❞✐❡ ❱❡r❜✐♥❞✉♥❣ ③✉♠
❈❧✐❡♥t ✉♥t❡r❜r♦❝❤❡♥ ✇✉r❞❡ ✉♥❞ ❞✐❡s❡r s✐❡ ♥✐❝❤t ✇✐❡❞❡r ❛✉❢❜❛✉❡♥ ❦♦♥♥t❡✳ ■♥ ❞✐❡s❡♠ ❋❛❧❧
✇✐r❞ ❞✐❡ ❙❡ss✐♦♥ ❜❡❡♥❞❡t✳

✶✺



❑❛♣✐t❡❧ ✸✳ ❙❡r✈❡r

✸✳✹✳✸ ▲♦❣♦✉t

❉❡r ▲♦❣♦✉t ✐st ❞❛s ●❡❣❡♥stü❝❦ ③✉♠ ▲♦❣✐♥✳ ❊r ❜❡❡♥❞❡t ❞✐❡ ❛♥❣❡❣❡❜❡♥❡ ❙❡ss✐♦♥✱ s♦❢❡r♥
s✐❡ ❡①✐st✐❡rt✳ ❉❛ ❞✐❡s ③✉r ❩❡✐t ❢ür ❥❡❞❡♥ ♠ö❣❧✐❝❤ ✐st✱ ✐st ❡s ✇✐❝❤t✐❣✱ ❞❛ss ❜❡✐♠ ▲♦❣✐♥
❡✐♥❡ ③✉❢ä❧❧✐❣❡ ❙❡ss✐♦♥✲■❉ ③✇✐s❝❤❡♥ ✵ ✉♥❞ ❞❡r ♠❛①✐♠❛❧❡♥ ●röÿ❡ ❡✐♥❡s ■♥t❡❣❡rs ❛✉❢ ❞❡♠
❥❡✇❡✐❧✐❣❡♥ ❙②st❡♠✶✶ ③✉❣❡✇✐❡s❡♥ ✇✐r❞✳

✸✳✹✳✹ ❋❡♥st❡r ❡r③❡✉❣❡♥

❯♠ ❞✐❡ P❡r❢♦r♠❛♥❝❡ ③✉ ❡r❤ö❤❡♥✱ ✇✐r❞ ❞✐❡ ❋❡♥st❡r✲■❉ ✇✐r❞ ✐♠♠❡r ✉♠ ❡✐♥s ❤♦❝❤❣❡③ä❤❧t
❜✐s s✐❡ ✻✹ ❡rr❡✐❝❤t ❤❛t✱ ❛✉❝❤ ✇❡♥♥ ✈♦r✐❣❡ ❋❡♥st❡r ❜❡r❡✐ts ❜❡❡♥❞❡t ✇✉r❞❡♥✳ ❙✐♥❞ ❜❡r❡✐ts ✻✹
❋❡♥st❡r ❡rst❡❧❧t ✇♦r❞❡♥✱ ✇✐r❞ st❛tt❞❡ss❡♥ ♥❛❝❤ ♥✐❝❤t ♠❡❤r ❣❡ö✛♥❡t❡♥ ❋❡♥st❡r♥ ❣❡s✉❝❤t
✉♥❞ ❞❛s ❡rst❡ ❣❡❢✉♥❞❡♥❡ ♥❡✉ ✐♥✐t✐❛❧✐s✐❡rt✳

✸✳✹✳✺ ❋❡♥st❡r s❝❤❧✐❡ÿ❡♥

❉❛s ❙❝❤❧✐❡ÿ❡♥ ✈♦♥ ❋❡♥st❡r♥ ✐st ❞❛s ●❡❣❡♥stü❝❦ ③✉♠ ❊r③❡✉❣❡♥✳ ❉❛s ✐♠ ❋❡♥st❡r ❧❛✉❢❡♥❞❡
Pr♦❣r❛♠♠ ✇✐r❞ ❧❡❞✐❣❧✐❝❤ ❣❡❜❡t❡♥✱ ♥✐❝❤t ❣❡③✇✉♥❣❡♥✱ s✐❝❤ ③✉ ❜❡❡♥❞❡♥✳

✸✳✹✳✻ ❋❡♥st❡r ③❡rstör❡♥

❉❛s ❩❡rstör❡♥ ✈♦♥ ❋❡♥st❡r♥ ✐st ♥♦❝❤ ♥✐❝❤t ✐♥t❡❣r✐❡rt✳ ❊s ✇✐r❞ ✈❡r♠✉t❧✐❝❤ ♠✐t ❙■●❑■▲▲
❛r❜❡✐t❡♥✱ ✇ä❤r❡♥❞ ❞❛s ❙❝❤❧✐❡ÿ❡♥ ❞❡s ❋❡♥st❡rs ❡✐♥ ❙■●❚❊❘▼ ❜❡✇✐r❦t✳

✸✳✹✳✼ ❙②♥❝❤r♦♥✐s❛t✐♦♥ ✉♥❞ ❚❛st❡♥❞r✉❝❦

❉✐❡s❡ ❜❡✐❞❡♥✱ ♥❛❤❡③✉ ✐❞❡♥t✐s❝❤❡♥ ❊✈❡♥ts ❡rr❡✐❝❤❡♥ ❞❡♥ ❙❡r✈❡r ❛♠ ❤ä✉✜❣st❡♥✳ ❊✐♥❡
❙②♥❝❤r♦♥✐s❛t✐♦♥ ❡r♠ö❣❧✐❝❤t ❡s ❞✐❡ ●röÿ❡ ❡✐♥❡s ❋❡♥st❡rs ③✉ ✈❡rä♥❞❡r♥✳ ❉❛❜❡✐ ✇✐r ❞❡♠
❋❡♥st❡r✱ ❞❡r ❞❡♠ ❋❡♥st❡r ③✉❣❡❤ör✐❣❡♥ ■♥st❛♥③ ❞❡r ❚❡r♠✐♥❛❧✲❑❧❛ss❡✱ ✉♥❞ ❞❡♠ ❚❡r♠✐♥❛❧
s❡❧❜st ❞✐❡ ❱❡rä♥❞❡r✉♥❣ ♠✐t❣❡t❡✐❧t✳

❉✉r❝❤ ❞❛s ❚❛st❡♥❞r✉❝❦✲❊✈❡♥t ✇❡r❞❡♥ ❞✐❡ ü❜❡r♠✐tt❡❧t❡♥ ❚❛st❡♥ ✐♥ ❞❛s ❚❡r♠✐♥❛❧
❣❡s❝❤r✐❡❜❡♥✳ ❆♥s❝❤❧✐❡ÿ❡♥❞ ✇✐r❞ ❢ür ❡✐♥❡♥ ❦✉r③❡♥ ❩❡✐tr❛✉♠ ❣❡✇❛rt❡t✱ ❞❛♠✐t ❞❛s ✐♠
❚❡r♠✐♥❛❧ ❧❛✉❢❡♥❞❡ Pr♦❣r❛♠♠ ❞✐❡s❡ ✈❡r❛r❜❡✐t❡♥ ❦❛♥♥✳ ❉✐❡s❡r ❩❡✐tr❛✉♠ ✐st s♦ ❣❡✇ä❤❧t✱
❞❛ss ❡r ❡✐♥❡r ❙❤❡❧❧ ❞✐❡ ❱❡r❛r❜❡✐t✉♥❣ ❡r❧❛✉❜t✳

❇❡✐ ❜❡✐❞❡♥ ❊✈❡♥ts ✇✐r❞ ❥❡t③t ❞❡r ■♥❤❛❧t ❞❡s ❚❡r♠✐♥❛❧s ❡r♥❡✉t ❛✉s❣❡❧❡s❡♥ ✉♥❞
❞✐❡ ❚❡r♠✐♥❛❧✲❑❧❛ss❡ ❣❡♥❡r✐❡rt ❞❛s ③✉rü❝❦③✉❣❡❜❡♥❞❡ ❳▼▲✲❉♦❦✉♠❡♥t✳ ■st ❞✐❡s❡s ❥❡❞♦❝❤

✶✶❆✉❢ ❡✐♥❡♠ ①✽✻✲P❈ ✐st ❞✐❡s 2147483647✱ ❛❧s♦ 2
31
− 1✳

✶✻



❑❛♣✐t❡❧ ✸✳ ❙❡r✈❡r

✐❞❡♥t✐s❝❤ ♠✐t ❞❡♠ ❧❡t③t❡♥ ü❜❡rtr❛❣❡♥❡♠✱ s♦ ✇✐r❞ ♠✐t ❡✐♥❡♠ ✐❞❡♠ s✐❣♥❛❧✐s✐❡rt✱ ❞❛ss ❞❛s
❚❡r♠✐♥❛❧ s✐❝❤ ♥✐❝❤t ✈❡rä♥❞❡rt ❤❛t✳

▲✐st✐♥❣ ✸✳✺✿ ❘ü❝❦❣❛❜❡ ❜❡✐ ✈❡rä♥❞❡rt❡♠ ■♥❤❛❧t
✶ ❁❄①♠❧ ✈❡rs✐♦♥❂✧ ✶ ✳✵ ✧ ❡♥❝♦❞✐♥❣❂✧❯❚❋−✽✧❄❃❁♣r❡ ❝ ❧ ❛ s s❂✧t❡r♠✧❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✶✶ ❜✵✧❃ ✶ ❁✴

s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✶✧❃ ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃

✷

✸ ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃⑦

✹

✺ ⑦

✻ ⑦

✼ ⑦

✽ ⑦ ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃❱■▼ − ❱✐ ■▼♣r♦✈❡❞❁✴s♣❛♥❃❁

s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃

✾ ⑦

✶✵ ⑦ ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃✈❡ r s ✐ ♦♥ ✼ ✳ ✶ ✳ ✶ ✷✸❁✴s♣❛♥❃❁

s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃

✶✶ ⑦ ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃❜② ❇r❛♠ ▼♦♦❧❡♥❛❛r ❡t ❛ ❧ ✳❁✴s♣❛♥

❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃

✶✷ ⑦ ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃▼♦❞✐❢ ✐❡❞ ❜② ●❡♥t♦♦−✼✳✶✳✶✷✸❁✴

s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃

✶✸ ⑦ ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃❱✐♠ ✐ s ♦♣❡♥ s♦✉r❝❡ ❛♥❞ ❢ r ❡ ❡ ❧ ②

❞ ✐ s t r ✐ ❜ ✉ t ❛ ❜ ❧ ❡❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃

✶✹ ⑦

✶✺ ⑦ ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃❇❡❝♦♠❡ ❛ r ❡ ❣ ✐ s t ❡ r ❡ ❞ ❱✐♠ ✉s❡r ✦❁✴

s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃

✶✻ ⑦ ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃t②♣❡ ✿ ❤ ❡ ❧ ♣ r ❡ ❣ ✐ s t ❡ r❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧

❢✶✷ ❜✵✧❃✫❧ t ❀ ❊♥t❡r✫❣t ❀❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃ ❢ ♦ r ✐♥ ❢♦ r♠❛t ✐♦♥ ❁✴s♣❛♥❃❁s♣❛♥

❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃

✶✼ ⑦

✶✽ ⑦ ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃t②♣❡ ✿q❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃✫❧ t ❀

❊♥t❡r✫❣t ❀❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃ t♦ ❡ ① ✐ t ❁✴s♣❛♥❃❁s♣❛♥

❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃

✶✾ ⑦ ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃t②♣❡ ✿ ❤ ❡ ❧ ♣❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃✫

❧ t ❀ ❊♥t❡r✫❣t ❀❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃ ♦r ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃✫❧ t ❀ ❋✶✫❣t

❀❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃ ❢ ♦ r ♦♥−❧ ✐ ♥ ❡ ❤❡ ❧♣❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃

✷✵ ⑦ ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃t②♣❡ ✿ ❤ ❡ ❧ ♣ ✈❡ r s ✐ ♦♥✼❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧

❢✶✷ ❜✵✧❃✫❧ t ❀ ❊♥t❡r✫❣t ❀❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃ ❢ ♦ r ✈❡ r s ✐ ♦♥ ✐ ♥ ❢ ♦❁✴s♣❛♥❃❁s♣❛♥

❝ ❧ ❛ s s❂✧ ❢✶✷ ❜✵✧❃

✷✶ ⑦

✷✷ ⑦

✷✸ ⑦

✷✹ ⑦

✷✺ ⑦

✷✻ ❁✴s♣❛♥❃❁s♣❛♥ ❝ ❧ ❛ s s❂✧ ❢✼ ❜✵✧❃

✵✱✵−✶ ❆❧ ❧

✷✼ ❁✴s♣❛♥❃❁✴♣r❡❃

✶✼
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▲✐st✐♥❣ ✸✳✻✿ ❘ü❝❦❣❛❜❡ ❜❡✐ ✉♥✈❡rä♥❞❡rt❡♠ ■♥❤❛❧t
✶ ❁❄①♠❧ ✈❡rs✐♦♥❂✧ ✶ ✳✵ ✧ ❡♥❝♦❞✐♥❣❂✧❯❚❋−✽✧❄❃❁✐❞❡♠❃❁✴✐❞❡♠❃

✶✽
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✸✳✺ ❙❙❍

❈♦♠❡ t❤❡ ❙✉♥ ❑✐♥❣ ❜❧❛❞❡ ❛❜❧✉r

❍❛♠♠❡r ❞♦✇♥ ❡❝❧✐♣s❡ t❤❡ ❙✉♥

❆♥❞ P✉✛✱ t❤❡ ❧❛♥❞ s❡❝✉r❡❞

❚❤❡ ♥❡✇ ❑✐♥❣ ❇❛r❜❛r✐❛♥✦

❚② ❙❡♠❛❦❛
✒P✉✛ t❤❡ ❇❛r❜❛r✐❛♥✏

❉✐❡ ❙❙❍✲❑❧❛ss❡ ❜✐❡t❡t ❞②♥❛♠✐s❝❤❡ ✉♥❞ ❡r✇❡✐t❡r❜❛r❡ ❯♥t❡rstüt③✉♥❣ ❢ür ❙❙❍✲❈❧✐❡♥t✲
Pr♦❣r❛♠♠❡✳ ❖♣❡♥❙❙❍ ✉♥❞ ❉r♦♣❇❡❛r s✐♥❞ ❜❡r❡✐ts ✐♥t❡❣r✐❡rt ✉♥❞ s♦❧❧t❡♥ ❢ür ❞✐❡ ♠❡✐st❡♥
❆♥✇❡♥❞❡r ❣❡♥ü❣❡♥✳ ❉✐❡ ❑❧❛ss❡ ❦❛♥♥ s❡❧❜ststä♥❞✐❣ ❡r❦❡♥♥❡♥✱ ✉♠ ✇❡❧❝❤❡♥ ❈❧✐❡♥t ❡s s✐❝❤
❤❛♥❞❡❧t ✉♥❞ ❢ür ❞✐❡s❡♥ ❞✐❡ ❑♦♠♠❛♥❞♦③❡✐❧❡♥ ③✉♠ Ü❜❡r♣rü❢❡♥ ❞❡r ▲♦❣✐♥❞❛t❡♥ ✉♥❞ ③✉♠
❊✐♥❧♦❣❣❡♥ ③✉r ❱❡r❢ü❣✉♥❣ st❡❧❧❡♥✳

✶✾



❑❛♣✐t❡❧ ✸✳ ❙❡r✈❡r

✸✳✻ ❑♦♠♠✉♥✐❦❛t✐♦♥ ♠✐t ❚❡r♠✐♥❛❧s

❯♥✐❝♦❞❡✿ ❡✈❡r②♦♥❡ ✇❛♥ts ✐t✱

✉♥t✐❧ t❤❡② ❣❡t ✐t✳

❇❛rr② ❲❛rs❛✇✱ ✷✵✵✵✲✵✺✲✶✻

❋ür ❞✐❡ ❑♦♠♠✉♥✐❦❛t✐♦♥ ♠✐t ❞❡♠ ✈✐rt✉❡❧❧❡♥ ❚❡r♠✐♥❛❧ ✐st ❞✐❡ ❲✐♥❞♦✇✲❑❧❛ss❡ ③✉✲
stä♥❞✐❣✳ ❉❡r ■♥❤❛❧t ❞❡s ✈✐rt✉❡❧❧❡♥ ❚❡r♠✐♥❛❧s ✇✐r❞ ✐♥ ❡✐♥❡r ■♥st❛♥③ ❞❡r ❚❡r♠✐♥❛❧✲❑❧❛ss❡
❣❡s♣❡✐❝❤❡rt✳ ❉✐❡s❡ ❑❧❛ss❡ ✐st ❜❡s♦♥❞❡rs ❛✉❢✇ä♥❞✐❣✱ ❞❛ s✐❝❤ ✐♥ ❚❡r♠✐♥❛❧s ♥✐❝❤t ♥✉r ❛✉s✲
❣❡❜❜❛r❡ ❩❡✐❝❤❡♥ ❜❡✜♥❞❡♥ ❦ö♥♥❡♥✳ ❆❙❈■■✲ ✉♥❞ ❆◆❙■✲❙t❡✉❡rs❡q✉❡♥③❡♥ s✐♥❞ ❡❜❡♥❢❛❧❧s
❡✐♥ ✇✐❝❤t✐❣❡r ❇❡st❛♥❞t❡✐❧ ❡✐♥❡s ❥❡❞❡♥ ❚❡r♠✐♥❛❧s✳

❲❡rt ❆❦t✐♦♥

✵①✵✽ ❇❡✇❡❣t ❞❡♥ ❈✉rs♦r ✉♠ ❡✐♥❡ P♦s✐t✐♦♥ ♥❛❝❤ ❧✐♥❦s✳ ❋❛❧❧s s✐❝❤
❞❡r ❈✉rs♦r ❜❡r❡✐ts ❛♠ ❩❡✐❧❡♥❛♥❢❛♥❣ ❜❡✜♥❞❡t✱ ❜❧❡✐❜t ❞✐❡s❡s
❙t❡✉❡r③❡✐❝❤❡♥ ✇✐r❦✉♥❣s❧♦s✳

✵①✵✾ P♦s✐t✐♦♥✐❡rt ❞❡♥ ❈✉rs♦r ❛✉❢ ❞✐❡ ♥ä❝❤st❡ ❚❛❜✉❧❛t♦r♠❛r❦❡ ♦❞❡r
❛♥ ❞❡♥ r❡❝❤t❡♥ ❇✐❧❞s❝❤✐r♠r❛♥❞✱ ❢❛❧❧s ❦❡✐♥❡ ✇❡✐t❡r❡♥ ❚❛❜✉❧❛✲
t♦r♠❛r❦❡♥ ✈♦r❤❛♥❞❡♥ s✐♥❞✳

✵①✵❆ ❙❡t③t ❞❡♥ ❈✉rs♦r ❛♥ ❞❡♥ ❆♥❢❛♥❣ ❞❡r ♥ä❝❤st❡♥ ❩❡✐❧❡✳
✵①✵❉ ❱❡rs❝❤✐❡❜t ❞❡♥ ❈✉rs♦r ❛♥ ❞❡♥ ❆♥❢❛♥❣ ❞❡r ❛❦t✉❡❧❧❡♥ ❩❡✐❧❡✳

❚❛❜❡❧❧❡ ✸✳✶✿ ❯♥t❡rstüt③t❡ ❆❙❈■■✲❙t❡✉❡rs❡q✉❡♥③❡♥

❲❡rt ❆❦t✐♦♥

❈❙■ ♥ ❆ ❇❡✇❡❣t ❞❡♥ ❈✉rs♦r ✉♠ ♥ ✭❙t❛♥❞❛r❞✇❡rt ✶✮ ❩❡✐❧❡♥ ♥❛❝❤ ♦❜❡♥✳
❈❙■ ♥ ❇ ❇❡✇❡❣t ❞❡♥ ❈✉rs♦r ✉♠ ♥ ✭❙t❛♥❞❛r❞✇❡rt ✶✮ ❩❡✐❧❡♥ ♥❛❝❤ ✉♥✲

t❡♥✳
❈❙■ ♥ ❈ ❇❡✇❡❣t ❞❡♥ ❈✉rs♦r ✉♠ ♥ ✭❙t❛♥❞❛r❞✇❡rt ✶✮ ❙♣❛❧t❡♥ ♥❛❝❤

r❡❝❤ts✳
❈❙■ ♥ ❉ ❇❡✇❡❣t ❞❡♥ ❈✉rs♦r ✉♠ ♥ ✭❙t❛♥❞❛r❞✇❡rt ✶✮ ❙♣❛❧t❡♥ ♥❛❝❤

❧✐♥❦s✳
❈❙■ ♥ ❊ ❇❡✇❡❣t ❞❡♥ ❈✉rs♦r ❛♥ ❞❡♥ ❆♥❢❛♥❣ ❞❡r ✉♠ ♥ ✭❙t❛♥❞❛r❞✇❡rt

✶✮ ❩❡✐❧❡♥ ✇❡✐t❡r ✉♥t❡♥ ❧✐❡❣❡♥❞❡♥ ❩❡✐❧❡✳
❈❙■ ♥ ❋ ❇❡✇❡❣t ❞❡♥ ❈✉rs♦r ❛♥ ❞❡♥ ❆♥❢❛♥❣ ❞❡r ✉♠ ♥ ✭❙t❛♥❞❛r❞✇❡rt

✶✮ ❩❡✐❧❡♥ ✇❡✐t❡r ♦❜❡♥ ❧✐❡❣❡♥❞❡♥ ❩❡✐❧❡✳
❈❙■ ♥ ● ❇❡✇❡❣t ❞❡♥ ❈✉rs♦r ③✉ ❩❡✐❧❡ ♥✳
❈❙■ ♥ ❍ ❇❡✇❡❣t ❞❡♥ ❈✉rs♦r ③✉ ❩❡✐❧❡ ♥✱ ❙♣❛❧t❡ ♠ ✭❙t❛♥❞❛r❞✇❡rt❡ ✶✮✳

✷✵
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❈❙■ ♥ ❏ ▲❡❡rt ❡✐♥❡♥ ❚❡✐❧ ❞❡s ❚❡r♠✐♥❛❧s✳ ❲❡♥♥ ♥ ♥✉❧❧ ✐st ✭♦❞❡r ❢❡❤❧t✮✱
✇✐r❞ ✈♦♠ ❈✉rs♦r ❛✉s ❜✐s ③✉♠ ❊♥❞❡ ❞❡s ❚❡r♠✐♥❛❧s ❣❡❧❡❡rt✳
❲❡♥♥ ♥ ❡✐♥s ✐st✱ ✇✐r❞ ✈♦♠ ❈✉rs♦r ❛✉s ❜✐s ③✉♠ ❆♥❢❛♥❣ ❞❡s
❚❡r♠✐♥❛❧s ❣❡❧❡❡rt✳ ❲❡♥♥ ♥ ③✇❡✐ ✐st✱ ✇✐r❞ ❞❛s ❣❡s❛♠t❡ ❚❡r♠✐✲
♥❛❧ ❣❡❧❡❡rt✳

❈❙■ ♥ ❑ ▲❡❡rt ❡✐♥❡♥ ❚❡✐❧ ❞❡r ❩❡✐❧❡✳ ❲❡♥♥ ♥ ♥✉❧❧ ✐st ✭♦❞❡r ❢❡❤❧t✮✱ ✇✐r❞
✈♦♠ ❈✉rs♦r ❛✉s ❜✐s ③✉♠ ❊♥❞❡ ❞❡r ❩❡✐❧❡ ❣❡❧❡❡rt✳ ❲❡♥♥ ♥ ❡✐♥s
✐st✱ ✇✐r❞ ✈♦♠ ❈✉rs♦r ❛✉s ❜✐s ③✉♠ ❆♥❢❛♥❣ ❞❡r ❩❡✐❧❡ ❣❡❧❡❡rt✳
❲❡♥♥ ♥ ③✇❡✐ ✐st✱ ✇✐r❞ ❞✐❡ ❣❡s❛♠t❡ ❩❡✐❧❡ ❣❡❧❡❡rt✳ ❉✐❡ ❈✉rs♦r✲
♣♦s✐t✐♦♥ ❜❧❡✐❜t ✉♥✈❡rä♥❞❡rt✳

❈❙■ ♥ ♥❀♠ ❢ ❉❛s s❡❧❜❡ ✇✐❡ ❈❙■ ♥ ❍✳
❈❙■ ♥ ♥❬❀♠❪ ♠ ❙❡t③t ❞❡♥ ❙●❘ ✭❙❡❧❡❝t ●r❛♣❤✐❝ ❘❡♥❞✐t✐♦♥✮ P❛r❛♠❡t❡r✳ ◆❛❝❤

❈❙■ ❦ö♥♥❡♥ ♥✉❧❧ ♦❞❡r ♠❡❤r P❛r❛♠❡t❡r ❞✉r❝❤ ❀ ❣❡tr❡♥♥t✱ ❢♦❧✲
❣❡♥✳ ❖❤♥❡ P❛r❛♠❡t❡r ✇✐r❞ ❈❙■ ♠ ✇✐❡ ❈❙■ ✵ ♠ ✭r❡s❡t ✴ ♥♦r✲
♠❛❧✮ ❜❡❤❛♥❞❡❧t✱ ✇❛s ❢ür ❞✐❡ ♠❡✐st❡♥ ❆◆❙■✲❙t❡✉❡rs❡q✉❡♥③❡♥
t②♣✐s❝❤ ✐st✳

❈❙■ s ❙♣❡✐❝❤❡rt ❞✐❡ P♦s✐t✐♦♥ ❞❡s ❈✉rs♦rs✳
❈❙■ ✉ ❙t❡❧❧t ❞✐❡ P♦s✐t✐♦♥ ❞❡s ❈✉rs♦rs ✇✐❡❞❡r ❤❡r✳
❈❙■ ❄✷✺❧ ▼❛❝❤t ❞❡♥ ❈✉rs♦r ✉♥s✐❝❤t❜❛r✳
❈❙■ ❄✷✺❤ ▼❛❝❤t ❞❡♥ ❈✉rs♦r s✐❝❤t❜❛r✳

❚❛❜❡❧❧❡ ✸✳✷✿ ❆✉s③✉❣ ❛✉s ✉♥t❡rstüt③t❡♥ ❆◆❙■✲❙t❡✉❡rs❡q✉❡♥③❡♥

❈♦❞❡ ❊✛❡❦t

✵✱ ✷✼✱ ✸✾✱ ✹✾ ❘❡s❡t ✴ ◆♦r♠❛❧ ✭❆❧❧❡ ❆ttr✐❜✉t❡ ③✉rü❝❦s❡t③❡♥✮
✶ ❋❡tts❝❤r✐❢t
✼ ❍✐♥t❡r❣r✉♥❞✲ ✉♥❞ ❱♦r❞❡r❣r✉♥❞❢❛r❜❡♥ ✈❡rt❛✉s❝❤❡♥
✸✵ ✸✶ ✸✷ ✸✸ ✸✹ ✸✺ ✸✻ ✸✼ ❱♦r❞❡r❣r✉♥❞❢❛r❜❡ s❡t③❡♥
✹✵ ✹✶ ✹✷ ✹✸ ✹✹ ✹✺ ✹✻ ✹✼ ❍✐♥t❡r❣r✉♥❞❢❛r❜❡ s❡t③❡♥

❚❛❜❡❧❧❡ ✸✳✸✿ ❯♥t❡rstüt③t❡ ❙●❘✲P❛r❛♠❡t❡r

❉✐❡ ❚❡r♠✐♥❛❧✲❑❧❛ss❡ s♣❡✐❝❤❡rt ❞✐❡ ❩❡✐❝❤❡♥ ✭✐♥ ❯♥✐❝♦❞❡✮✱ ❞✐❡ ❱♦r❞❡r✲✱ ❞✐❡ ❍✐♥t❡r✲
❣r✉♥❞❢❛r❜❡♥✱ ✉♥❞ ❞✐❡ ❈✉rs♦r♣♦s✐t✐♦♥ ✉♥❞ ❦❛♥♥ ❞✐❡s❡ ❛✉❢ ❆❜r✉❢ ③✉rü❝❦❣❡❜❡♥✳

✷✶



❑❛♣✐t❡❧ ✸✳ ❙❡r✈❡r

✸✳✼ ❇❡❡♥❞❡♥ ❞❡s Pr♦❣r❛♠♠s

■ ❤❛✈❡ t♦ st♦♣ ♥♦✇✳

■✬✈❡ ❛❧r❡❛❞② t♦❧❞ ②♦✉ ♠♦r❡ t❤❛♥ ■ ❦♥♦✇✳

❲♦❧❢ ▲♦❣❛♥✱ ✶✾✾✾✲✵✶✲✶✹

❇❡✐ ❡✐♥❡♠ ❑❡②❜♦❛r❞✲■♥t❡rr✉♣t ✕ ✐♥ ❞❡♥ ♠❡✐st❡♥ ❇❡tr✐❡❜ss②st❡♠ ❞✉r❝❤ ❙❚❘● ✰ ❈

❤❡r✈♦r③✉r✉❢❡♥ ✕ ✇✐r❞ ❞❡r ❙❡r✈❡r ❜❡❡♥❞❡t✳ ❍❛t ♠❛♥ ✐❤♥ ❥❡❞♦❝❤ ❛❧s ❉❛❡♠♦♥ ❣❡st❛rt❡t✱ ✐st
❞✐❡s ♥✐❝❤t ♠ö❣❧✐❝❤✳ ❊s ❣✐❜t ♠❡❤r❡r❡ ▼ö❣❧✐❝❤❦❡✐t❡♥ ❞❡♥ ❍✐♥t❡r❣r✉♥❞♣r♦③❡ss ③✉ ❜❡❡♥❞❡♥✿
❊s ✇✐r❞ ❜❡✐♠ ❙t❛rt❡♥ ❛❧s ❉❛❡♠♦♥ ❛✉❝❤ ❞✐❡ P■❉ ❛✉s❣❡❣❡❜❡♥✳ ▲❛✉t❡t ❞✐❡s❡ ❜❡✐s♣✐❡❧s✇❡✐s❡
✶✷✸✹✱ ❧ässt s✐❝❤ ❛❥❛①❲▼ ♠✐t ❡✐♥❡♠ ❦✐❧❧ ✶✷✸✹ ❜❡❡♥❞❡♥✳ ❍❛t ♠❛♥ ❞✐❡ P■❉ ♥✐❝❤t ♠❡❤r
③✉r ❱❡r❢ü❣✉♥❣✱ ❧ässt s✐❝❤ ❞✐❡s❡ s♦ ❤❡r❛✉s✜♥❞❡♥✿

▲✐st✐♥❣ ✸✳✼✿ ■♥st❛♥③ ❜❡❡♥❞❡♥
✶ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩ ♣s −❡ ❢ ⑤ ❣r❡♣ ♣②t❤♦♥ ⑤ ❣r❡♣ ❛❥❛①✇♠ ✳ ♣② ⑤ ❣r❡♣ −✈ ❣r❡♣ ⑤ ❭

✷ t r −s ✬ ✬ ⑤ ❝✉t −❞ ✬ ✬ −❢✷ ✱✽−

✸ ✾✻✹✵ ♣②t❤♦♥ s r ❝ ✴❛❥❛①✇♠ ✳ ♣② −❞

✹ ✾✻✽✺ ♣②t❤♦♥ s r ❝ ✴❛❥❛①✇♠ ✳ ♣② −❞ −♣ ✽✵✷✸

✺ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩ ❦ ✐ ❧ ❧ ✾✻✹✵

✻ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩ ♣s −❡ ❢ ⑤ ❣r❡♣ ♣②t❤♦♥ ⑤ ❣r❡♣ ❛❥❛①✇♠ ✳ ♣② ⑤ ❣r❡♣ −✈ ❣r❡♣ ⑤ ❭

✼ t r −s ✬ ✬ ⑤ ❝✉t −❞ ✬ ✬ −❢✷ ✱✽−

✽ ✾✻✽✺ ♣②t❤♦♥ s r ❝ ✴❛❥❛①✇♠ ✳ ♣② −❞ −♣ ✽✵✷✸

✾ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩

❊✐♥❡ ❦✉r③❡ ❊r❦❧är✉♥❣ ❞❡r ❇❡❢❡❤❧s③❡✐❧❡✶✷✿ ❉❛s ♣s ✲❡❢ ❧✐❡❢❡rt ❡✐♥❡ ▲✐st❡ ♠✐t ❛❧❧❡♥ ❧❛✉❢❡♥✲
❞❡♥ Pr♦③❡ss❡♥ ✉♥❞ ■♥❢♦r♠❛t✐♦♥❡♥ ③✉ ❞✐❡s❡♥✳ ❉✉r❝❤ ❡✐♥❡ P✐♣❡ ✭⑤✮ ❡r❤ä❧t ❣r❡♣ ❞❡ss❡♥
❆✉s❣❛❜❡ ✉♥❞ ❜❡❤ä❧t ♥✉r ❞✐❡ ❩❡✐❧❡♥ ❜❡✐✱ ❞✐❡ ❞❛s ❲♦rt ♣②t❤♦♥ ❡♥t❤❛❧t❡♥✱ ❛❧s♦ ❛❧❧❡ Pr♦③❡s✲
s❡✱ ❞✐❡ ③✉ P②t❤♦♥✲Pr♦❣r❛♠♠❡♥ ❣❡❤ör❡♥✳ ❆♥s❝❤❧✐❡ÿ❡♥❞ ✇✐r❞ ♥❛❝❤ ❛❥❛①✇♠✳♣② ❣❡✜❧t❡rt
✉♥❞ ❣r❡♣ ✈♦♥ ❞❡r ▲✐st❡ ❞✉r❝❤ ❡✐♥ ✲✈ ❛✉s❣❡s❝❤❧♦ss❡♥✳ ❏❡t③t ❜❡✜♥❞❡♥ s✐❝❤ ③✇✐s❝❤❡♥ ❞❡♥
■♥❢♦r♠❛t✐♦♥❡♥ ③✉ ❥❡❞❡♠ Pr♦③❡ss ♠❡❤r❡r❡ ▲❡❡r③❡✐❝❤❡♥✱ ❞✐❡ ♠✐t ❡✐♥❡♠ tr ✲s ✬ ✬ ❞✉r❝❤
❡✐♥ ❡✐♥③❡❧♥❡s ❡rs❡t③t ✇❡r❞❡♥✳ ❝✉t ✉♥t❡rt❡✐❧t ♥✉♥ ♠✐t ✲❞✬ ✬ ♥❛❝❤ ❞✐❡s❡♥ ▲❡❡r③❡✐❝❤❡♥ ✐♥
❇❧ö❝❦❡ ✉♥❞ ❣✐❜t ❞❛❜❡✐ ❇❧♦❝❦ ③✇❡✐✱ ❞✐❡ P■❉✱ ✉♥❞ ❛❧❧❡s ❛❜ ❇❧♦❝❦ ❛❝❤t✱ ❛❧s♦ ❞❛s Pr♦❣r❛♠♠
✉♥❞ ❞✐❡ P❛r❛♠❡t❡r✱ ♠✐t ❞❡♥❡♥ ❡s ❛✉s❣❡❢ü❤rt ✇✉r❞❡✱ ❛✉s✳

❲✐r ❦ö♥♥❡♥ s❡❤❡♥✱ ❞❛ss ❜❡r❡✐ts ③✇❡✐ ■♥st❛♥③❡♥ ✈♦♥ ❛❥❛①❲▼ ✐♠ ❍✐♥t❡r❣r✉♥❞ ✭✲❞✮
❧❛✉❢❡♥✳ ❉✐❡ ❡✐♥❡ ❛✉❢ ❞❡♠ P♦rt ✽✵✷✷ ✭❙t❛♥❞❛r❞✮✱ ❞✐❡ ❛♥❞❡r❡ ❛✉❢ ✽✵✷✸ ✭✲♣✮✳ ❲✐❡ s❝❤♦♥
③✉✈♦r ❧❛ss❡♥ s✐❝❤ ♥✉♥ ❞✐❡ ■♥st❛♥③❡♥ ♠✐t ❦✐❧❧ ❜❡❡♥❞❡♥✳ ❊s ✐st ❡❜❡♥❢❛❧❧s ♠ö❣❧✐❝❤ ❛❧❧❡
■♥st❛♥③❡♥ ✈♦♥ ❛❥❛①❲▼ ③✉ ❜❡❡♥❞❡♥✿

▲✐st✐♥❣ ✸✳✽✿ ❆❧❧❡ ■♥st❛♥③❡♥ ❜❡❡♥❞❡♥
✶ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩ ♣s −❡ ❢ ⑤ ❣r❡♣ ♣②t❤♦♥ ⑤ ❣r❡♣ ❛❥❛①✇♠ ✳ ♣② ⑤ ❣r❡♣ −✈ ❣r❡♣ ⑤ ❭

✷ t r −s ✬ ✬ ⑤ ❝✉t −❞ ✬ ✬ −❢✷ ✱✽−

✸ ✶✵✺✶✻ ♣②t❤♦♥ s r ❝ ✴❛❥❛①✇♠ ✳ ♣② −❞ −♣ ✶✷✸✹

✹ ✶✵✺✷✾ ♣②t❤♦♥ s r ❝ ✴❛❥❛①✇♠ ✳ ♣② −❞ −♣ ✶✷✸✺

✺ ✶✵✺✸✺ ♣②t❤♦♥ s r ❝ ✴❛❥❛①✇♠ ✳ ♣② −❞ −♣ ✶✷✸✻

✶✷❉✐❡ ❇❡❢❡❤❧s❛♥r❡✐❤✉♥❣ ✐st ❛✉s äst❤❡t✐s❝❤❡♥ ●rü♥❞❡♥ ✐♥ ③✇❡✐ ❩❡✐❧❡♥ ✉♥t❡rt❡✐❧t✳

✷✷



❑❛♣✐t❡❧ ✸✳ ❙❡r✈❡r

✻ ✶✵✺✹✶ ♣②t❤♦♥ s r ❝ ✴❛❥❛①✇♠ ✳ ♣② −❞ −♣ ✶✷✸✼

✼ ✶✵✺✹✼ ♣②t❤♦♥ s r ❝ ✴❛❥❛①✇♠ ✳ ♣② −❞ −♣ ✶✷✸✽

✽ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩ ❦ ✐ ❧ ❧ ❵♣s −❡ ❢ ⑤ ❣r❡♣ ♣②t❤♦♥ ⑤ ❣r❡♣ ❛❥❛①✇♠ ✳ ♣② ⑤ ❭

✾ ❣r❡♣ −✈ ❣r❡♣ ⑤ t r −s ✬ ✬ ⑤ ❝✉t −❞ ✬ ✬ −❢✷ ❵

✶✵ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩ ♣s −❡ ❢ ⑤ ❣r❡♣ ♣②t❤♦♥ ⑤ ❣r❡♣ ❛❥❛①✇♠ ✳ ♣② ⑤ ❣r❡♣ −✈ ❣r❡♣ ⑤ ❭

✶✶ t r −s ✬ ✬ ⑤ ❝✉t −❞ ✬ ✬ −❢✷ ✱✽−

✶✷ r✵q❅❦❛♥❛ ✴❤♦♠❡✴ r✵q ✩

▼❛♥ ❦❛♥♥ s❡❤❡♥✱ ❞❛ss ✇✐r ✐♠ ❱❡r❣❧❡✐❝❤ ③✉r ❜✐s❤❡r✐❣❡♥ ❇❡❢❡❤❧s③❡✐❧❡ ♥✐❝❤ ✈✐❡❧ ✈❡rä♥❞❡rt
❤❛❜❡♥✳ ❉❛s ❦✐❧❧ ❜❡❡♥❞❡t ❞✐r❡❦t ❞❡♥ ♦❞❡r ❞✐❡ Pr♦③❡ss❡✱ ❞✐❡ ✐♥ ❞❡♥ ❵ st❡❤❡♥✳ ❉✉r❝❤ ❞❛s
✲❢✷ ❣✐❜t ❝✉t ♥✉r ❞✐❡ P■❉s✱ ♥✐❝❤t ❛❜❡r ❞❡♥ Pr♦❣r❛♠♠♥❛♠❡♥ ✉♥❞ ❞✐❡ P❛r❛♠❡t❡r✱ ❛✉s✳

❯♠ ③✉ ✈❡r❤✐♥❞❡r♥✱ ❞❛ss ♠❛♥ ❞✐❡ Pr♦❝❡ss✲■❉ ♥✐❝❤t ✇❡✐ÿ ✉♥❞ ❞✉r❝❤ ♦❜✐❣❡ ▼❡t❤♦✲
❞❡ ❤❡r❛✉s③✉✜♥❞❡♥ ❤❛t✱ ❦❛♥♥ ♠❛♥ ❜❡✐♠ ❙t❛rt ❞✐❡ P■❉ ✐♥ ❡✐♥❡ ❉❛t❡✐ s♣❡✐❝❤❡r♥ ♠✐t
✳✴❛❥❛①✇♠✳♣② ✲❞ ✲P ❛❥❛①✇♠✳♣✐❞✳ ❩✉♠ ❜❡❡♥❞❡♥ ❞✐❡s❡r ■♥st❛♥③ ❣❡♥ü❣t ♥✉♥ ❡✐♥

❦✐❧❧ ❵❝❛t ❛❥❛①✇♠✳♣✐❞❵

✷✸
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❈❧✐❡♥t

✹✳✶ ❱❡r✇❡♥❞❡t❡ ❚❡❝❤♥♦❧♦❣✐❡♥

❲❡❜ ✷✳✵ ✐s ♦❢ ❝♦✉rs❡ ❛ ♣✐❡❝❡ ♦❢ ❥❛r❣♦♥✱

♥♦❜♦❞② ❡✈❡♥ ❦♥♦✇s ✇❤❛t ✐t ♠❡❛♥s✳

❚✐♠ ❇❡r♥❡rs✲▲❡❡✱ ❇❡❣rü♥❞❡r ❞❡s ❲♦r❧❞ ❲✐❞❡ ❲❡❜s

✹✳✶✳✶ ❙♣r❛❝❤❡♥ ✉♥❞ ❲❡r❦③❡✉❣❡

❯♠ ❞✐❡ ❣❡✇ü♥s❝❤t❡ P❧❛tt❢♦r♠✉♥❛❜❤ä♥❣✐❣❦❡✐t ③✉ ❡rr❡✐❝❤❡♥ ✉♥❞ ❞❛❜❡✐ ❞✐❡ ❱♦rr❛✉ss❡t✲
③✉♥❣ ③✉ ❡r❢ü❧❧❡♥✱ ❞❛ss ❦❡✐♥❡ ❙♦❢t✇❛r❡ ✐♥st❛❧❧✐❡rt ✇❡r❞❡♥ ♠✉ss ✉♠ ❛❥❛①❲▼ ③✉ ✈❡r✇❡♥✲
❞❡♥✱ ✜❡❧ ❞✐❡ ❲❛❤❧ ❛✉❢ ❆❥❛①✳ ❆❥❛① ✐st ❡✐♥ ❆❦r♦♥②♠ ❛✉s ✒❆s②♥❝❤r♦♥♦✉s ❏❛✈❛s❝r✐♣t ❛♥❞
❳▼▲✏ ✉♥❞ ❜❡s❝❤r❡✐❜t ❡✐♥❡ ❱♦r❣❡❤❡♥s✇❡✐s❡ ❞❡r ■♥t❡r♥❡ts❡✐t❡♥❣❡st❛❧t✉♥❣✱ ❜❡✐ ❞❡r ❞❡r
❇r♦✇s❡r ♥✐❝❤t ✇✐❡ ❜❡✐ ❤❡r❦ö♠♠❧✐❝❤❡♥ ■♥t❡r♥❡t❛♥❣❡❜♦t❡♥ ❢ür ❥❡❞❡ ❆♥❢r❛❣❡ ❛♥ ❞❡♥ ❙❡r✲
✈❡r ❡✐♥❡ ❦♦♠♣❧❡tt❡ ■♥t❡r♥❡ts❡✐t❡ ③✉rü❝❦ ❜❡❦♦♠♠t ✉♥❞ ❞✐❡s❡ ❞❛♥♥ ❞❛rst❡❧❧t✱ s♦♥❞❡r♥
❞❛ss ❏❛✈❛❙❝r✐♣t ❛✉❢ ❞✐❡ ■♥t❡r❛❦t✐♦♥ ❞❡s ❇❡♥✉t③❡rs ❡✐♥❣❡❤t✱ ❆♥❢r❛❣❡♥ ❛♥ ❞❡♥ ❙❡r✈❡r ✐♠
❍✐♥t❡r❣r✉♥❞ st❛rt❡t ✉♥❞ ❛❧s ❆♥t✇♦rt ♥✉r ❞✐❡ ♥öt✐❣❡♥ ■♥❢♦r♠❛t✐♦♥❡♥ ❜❡❦♦♠♠t✳ ❉✐❡s❡
■♥❢♦r♠❛t✐♦♥❡♥ ❧✐❡❣❡♥ ♠❡✐st❡♥s ✐♥ ❳▼▲ ✈♦r✱ ❦ö♥♥❡♥ ❥❡❞♦❝❤ ❛✉❝❤ ❛✉s ♥♦r♠❛❧❡♠ ❚❡①t
♦❞❡r ❍❚▼▲✲❋r❛❣♠❡♥t❡♥ ❜❡st❡❤❡♥✳ ❏❛✈❛❙❝r✐♣t ❦❛♥♥ ❞✐❡ ❡r❤❛❧t❡♥❡♥ ■♥❢♦r♠❛t✐♦♥❡♥ ③✉♠
❇❡✐s♣✐❡❧ ❞❛❞✉r❝❤ ❞❛rst❡❧❧❡♥✱ ❞❛ss ❞❛s ❉❡s✐❣♥ ❞❡r ❙❡✐t❡ ✈❡rä♥❞❡rt ✇✐r❞✱ ❞✐❡ ■♥❢♦r♠❛t✐♦✲
♥❡♥ ❛♥ ❡✐♥❡r ❛✉s❣❡s✉❝❤t❡♥ ❙t❡❧❧❡ ❞❛r❣❡st❡❧❧t ✇❡r❞❡♥ ♦❞❡r ✈♦r❤❛♥❞❡♥❡ ■♥❢♦r♠❛t✐♦♥❡♥
❛❦t✉❛❧✐s✐❡rt ✇❡r❞❡♥✳ ❆❥❛① ❡r❢r❡✉t s✐❝❤ ✐♠ ❩❡✐t❛❧t❡r ✈♦♥ ✒❲❡❜ ✷✳✵✏✶ ✐♠♠❡r ❣röÿ❡r❡r ❇❡✲
❧✐❡❜t❤❡✐t✳ ❖❜✇♦❤❧ ❏❛✈❛❙❝r✐♣t ❞✉r❝❤ ❞✐❡ ❊❝♠❛ ■♥t❡r♥❛t✐♦♥❛❧✷ st❛♥❞❛r❞✐s✐❡rt ✇✉r❞❡✱ ✐st
❞❡r ❇r♦✇s❡r❦r✐❡❣ ③✇✐s❝❤❡♥ ◆❡ts❝❛♣❡ ✉♥❞ ▼✐❝r♦s♦❢t ③✇❛r t❡✐❧✇❡✐s❡ ❣❡❧öst✱ ❞❡♥♥♦❝❤ ✉♥✲
t❡rs❝❤❡✐❞❡♥ s✐❝❤ ❞✐❡ ✈❡rs❝❤✐❡❞❡♥❡♥ ■♠♣❧❡♠❡♥t❛t✐♦♥❡♥ ✐♥ ♠❛♥❝❤❡♥ P✉♥❦t❡♥✳ ❱♦r ❛❧❧❡♠
▼✐❝r♦s♦❢ts ■♥t❡r♥❡t ❊①♣❧♦r❡r ❜❡s✐t③t ❜✐s ❱❡rs✐♦♥ ✼ ♥♦❝❤ ❦❡✐♥❡ ❳▼▲❍tt♣❘❡q✉❡st✲❆P■✸

✶❙❝❤✇❛♠♠✐❣❡ ❇❡③❡✐❝❤♥✉♥❣ ❢ür ❞✐❡ ❲❡✐t❡r❡♥t✇✐❝❦❧✉♥❣ ❞❡s ❲❲❲✱❲❡❜s✐t❡s ✇❡r❞❡♥ ✐♥t❡r❛❦t✐✈❡r✱ s✐♥❞

◆✉t③❡r❜❡③♦❣❡♥❡r ✭③✳❇✳ ❨♦✉t✉❜❡✮ ❡s ✇✐r❞ ✈❡r♠❡❤rt ✒s♦③✐❛❧❡ ❙♦❢t✇❛r❡✏ ✈❡r✇❡♥❞❡t✱ ■♥❢♦r♠❛t✐♦♥❡♥

✇❡r❞❡♥ ♥✐❝❤t ❞✉r❝❤ ③❡♥tr❛❧❡ ❖r❣❛♥✐s❛t✐♦♥❡♥ ❜❡r❡✐t❣❡st❡❧❧t ♦❞❡r ✈❡r❜r❡✐t❡t s♦♥❞❡r♥ ③✳❇✳ ❛✉❝❤ ü❜❡r

❞✐✈❡rs❡ ❲❡❜❧♦❣s ✭s✳❣✳ ❇❧♦❣s✮✳
✷❊✉r♦♣❡❛♥ ❈♦♠♣✉t❡r ▼❛♥✉❢❛❝t✉r❡rs ❆ss♦❝✐❛t✐♦♥
✸❉❛s ❳▼▲❍tt♣❘❡q✉❡st✲❖❜❥❡❦t ✐s ❞❛s ❑❡r♥♦❜❥❡❦t ③✉r ❱❡r✇❡♥❞✉♥❣ ✈♦♥ ❆❥❛①✱ ❡s st❡❧❧t ❋✉♥❦t✐♦♥❡♥

❜❡r❡✐t ✉♠ ❛s②♥❝❤r♦♥❡ ❆♥❢r❛❣❡♥ ❛❜③✉s❡t③❡♥✱ ✇❡❧❝❤❡ ♥♦r♠❛❧❡r✇❡✐s❡ ❛❧s ❳▼▲ ❜❡❛♥t✇♦rt❡t ✇❡r❞❡♥✳

✷✹
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s♦♥❞❡r♥ ❜❡♥✉t③t ▼✐❝r♦s♦❢ts ❤❛✉s❡✐❣❡♥❡s ❆❝t✐✈❡❳✲❖❜❥❡❦t✳ ❯♠ ❆♥✇❡♥❞✉♥❣❡♥✱ ❞✐❡ ❛✉❢
❆❥❛① ❜③✇✳ ❏❛✈❛❙❝r✐♣t ❜❛s✐❡r❡♥ ❞❡♥♥♦❝❤ ♦❤♥❡ ❣r♦ÿ❡♥ ❆✉❢✇❛♥❞ s♦ ③✉ ♣r♦❣r❛♠♠✐❡r❡♥✱
❞❛ss s✐❡ ✐♥ ❛❧❧❡♥ ❇r♦✇s❡r♥ ❧❛✉✛ä❤✐❣ s✐♥❞✱ ✇✉r❞❡♥ ✐♠ ▲❛✉❢❡ ❞❡r ❧❡t③t❡♥ ❏❛❤r❡ ♠❡❤r❡r❡
❈r♦ss✲❇r♦✇s❡r✲▲✐❜r❛r✐❡s ❣❡s❝❤❛✛❡♥✱ ❞✐❡ ❞②♥❛♠✐s❝❤ ❞❡♥ ❇r♦✇s❡r ❡r♠✐tt❡❧♥ ✉♥❞ ♣❧❛tt❢♦r✲
♠✉♥❛❜❤ä♥❣✐❣❡ ❙❝❤♥✐ttst❡❧❧❡♥ ❜❡r❡✐tst❡❧❧❡♥✳ ❙♦❧❝❤❡ ▲✐❜r❛r✐❡s s✐♥❞ ③✉♠ ❇❡✐s♣✐❡❧ ❙❛r✐ss❛
♦❞❡r ♣r♦t♦t②♣❡✳❥s✱ ❞✐❡ ❛✉❝❤ ✐♥ ❛❥❛①❲▼ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥✹✳

✹✳✶✳✷ ❆r❝❤✐t❡❦t✉r♠♦❞❡❧❧

❋ür ❞❡♥ ❈❧✐❡♥t ✇✉r❞❡ ❡✐♥ ♠♦❞✐✜③✐❡rt❡s ▼❱❈✲▼♦❞❡❧❧✺ ✈❡r✇❡♥❞❡t✱ ✇♦❜❡✐ ❞❛s ▼♦❞❡❧
❞❡♥ ❙❡r✈❡r ❞❛rst❡❧❧t ✉♥❞ ❞❛♠✐t ♥✐❝❤t ✐♠ ❈❧✐❡♥t ✈♦r❤❛♥❞❡♥ ✐st✳ ❉✐❡ ❱✐❡✇s✻ ❜❡❦♦♠♠❡♥
✐❤r❡ ❉❛t❡♥ ü❜❡r ❈♦♥tr♦❧❧❡r✼✱ ✈♦♠ ▼♦❞❡❧ ✉♥❞ st❡❧❧❡♥ s✐❡ ❞❛r✳ ❉❡r ❈♦♥tr♦❧❧❡r r❡❣❡❧t ❞❡♥
❦♦♠♣❧❡tt❡♥ Pr♦❣r❛♠♠✢✉ss✳ ❊r ✐st ❞✐❡ ❙❝❤♥✐ttst❡❧❧❡ ③✇✐s❝❤❡♥ ▼♦❞❡❧ ✉♥❞ ❞❡♥ ❱✐❡✇s✱
❢ä♥❣t ❚❛st❡♥❞rü❝❦❡ ❛❜✱ ü❜❡r♣rü❢t s✐❡ ❛✉❢ ❙t❡✉❡r✉♥❣ss❡q✉❡♥③❡♥✱ ❦♦♥tr♦❧❧✐❡rt ❞✐❡ ❙❡ss✐♦♥✱
❡rst❡❧❧t ❱✐❡✇s ✉♥❞ ❤♦❧t ❛♥❢ ❆♥❢r❛❣❡ ❉❛t❡♥ ✈♦♠ ▼♦❞❡❧ ✉♥❞ ü❜❡r❣✐❜t s✐❡ ❞❡♥ ❱✐❡✇s✳

✹✳✶✳✸ ●r✉♥❞❧❡❣❡♥❞❡ ❋✉♥❦t✐♦♥s✇❡✐s❡

❉❡r ❣r✉♥❞❧❡❣❡♥❞❡ ❆❜❧❛✉❢ ❞❡s ❛❥❛①❲▼✲❈❧✐❡♥ts ✐st ä❤♥❧✐❝❤ ❛♥❞❡r❡r ❆❥❛①✲❆♥✇❡♥❞✉♥❣❡♥✳
❉❡r ❇❡♥✉t③❡r ❣❡❤t ♠✐t ❞❡♠ ❇r♦✇s❡r ❛✉❢ ❞✐❡ ❯❘▲✱ ❛✉❢ ❞❡r ❞❡r ❛❥❛①❲▼✲❙❡r✈❡r ❧ä✉❢t
✉♥❞ ❜❡❦♦♠♠t ❛❧s ❆♥t✇♦rt ❛✉❢ ❞✐❡s❡ ❆♥❢r❛❣❡ ❡✐♥❡ ✐♥❞❡①✳❤t♠❧✲❉❛t❡✐ ❞✐❡ P❢❛❞❡ ③✉ ❞❡♥
✈❡rs❝❤✐❡❞❡♥❡♥ ❏❛✈❛❙❝r✐♣t✲❉❛t❡✐❡♥ ❡♥t❤ä❧t✳ ❉❡r ❇r♦✇s❡r ❧ä❞t ❞✐❡s❡ ❉❛t❡✐❡♥ ✉♥❞ ❢ä❤rt
❞❛♥❛❝❤ ✇✐♥❞♦✇✳♦♥❧♦❛❞✭✮ ❛✉s✱ ✇❡❧❝❤❡ ❞✐❡ ▼❡t❤♦❞❡ ③✉♠ ❙t❛rt❡♥ ❞❡s ❛❥❛①❲▼✲❈❧✐❡♥ts
❛✉❢r✉❢t✳ ❉✐❡s❡ ▼❡t❤♦❞❡ ❜❡❤❛♥❞❡❧t ❞✐❡ ■♥✐t✐❛❧✐s✐❡r✉♥❣ ❞❡s ❲✐♥❞♦✇ ▼❛♥❛❣❡rs ✉♥❞ ❞❛♠✐t
❛✉❝❤ ❞✐❡ ❞❡r ❣r❛✜s❝❤❡♥ ❖❜❡r✢ä❝❤❡✳ ❉❛♥❛❝❤ ✇✐r❞ ❡✐♥ ▲♦❣✐♥❜✐❧❞s❝❤✐r♠ ❛♥❣❡③❡✐❣t✱ ✇❡❧❝❤❡r
❜❡st❡❤❡♥ ❜❧❡✐❜t ❜✐s ❞❡r ▲♦❣✐♥ ❡r❢♦❧❣r❡✐❝❤ ✇❛r✳ ❊s ❢♦❧❣t ❞❡r ❉❡s❦t♦♣♠♦❞✉s✱ ✇❡❧❝❤❡r ❞❡r
❑❡r♥ ✈♦♥ ❛❥❛①❲▼ ✐st✳ ❍✐❡r ❦❛♥♥ ❞❡r ❇❡♥✉t③❡r ♥❡✉❡ ❋❡♥st❡r ❡rst❡❧❧❡♥ ✉♥❞ ♠✐t ✐❤♥❡♥
✉♥❞ ♠✐t ❛❥❛①❲▼ ❛❧❧❣❡♠❡✐♥ ✐♥t❡r❛❣✐❡r❡♥✳ ❉✐❡s❡r ❉❡s❦t♦♣✲❇✐❧❞s❝❤✐r♠ ❜❧❡✐❜t ❜✐s ③✉♠
▲♦❣♦✉t ❜❡st❡❤❡♥✳ ❉❡r ▲♦❣♦✉t ❦❛♥♥ ❡♥t✇❡❞❡r ✈♦♠ ❇❡♥✉t③❡r s❡❧❜st ✐♥✐t✐✐❡rt ✇❡r❞❡♥ ♦❞❡r
③✇❛♥❣s✇❡✐s❡ ♥❛❝❤ ❡✐♥❡♠ ❜❡st✐♠♠t❡♥ ❩❡✐t✐♥t❡r✈❛❧❧ ❡r❢♦❧❣❡♥✱ ✐♥ ❞❡♠ ❞❡r ❇❡♥✉t③❡r ♠✐t
❦❡✐♥❡♥ ❖❜❥❡❦t❡♥ ❞❡s ❈❧✐❡♥ts ✐♥t❡r❛❣✐❡rt ❤❛t ✉♥❞ ❛✉❝❤ ❦❡✐♥❡ ❋❡♥st❡r ❣❡ö✛♥❡t ✇❛r❡♥✳
◆❛❝❤ ❡✐♥❡♠ ▲♦❣♦✉t ✇✐r❞ ✇✐❡❞❡r ❞❡r ▲♦❣✐♥❜✐❧❞s❝❤✐r♠ ❞❛r❣❡st❡❧❧t✽✳ ❆❧❧❡ ❊✈❡♥ts✱ ❞✐❡ ✐♠

✹Pr♦t♦t②♣❡✳❥s ✐st ❞❡r③❡✐t ♥♦❝❤ ♥✐❝❤t ❡✐♥❣❡❜❛✉t✳
✺▼♦❞❡❧✲❱✐❡✇✲❈♦♥tr♦❧❧❡r✱ ❆r❝❤✐t❡❦t✉r♠✉st❡r ❜❡✐ ❞❡♠ ❞✐❡ ❙♦❢t✇❛r❡ ✐♥ ❞r❡✐ ❚❡✐❧❡ ❛✉❢❣❡t❡✐❧t ✇✐r❞✳ ❉❛s

▼♦❞❡❧ ❡♥t❤ä❧t ❞✐❡ ❉❛t❡♥✱ ❞✐❡ ❱✐❡✇s Präs❡♥t✐❡r❡♥ s✐❡ ✉♥❞ ❞❡r ❈♦♥tr♦❧❧❡r r❡❣❡❧t ❞❡♥ Pr♦❣r❛♠♠✢✉ss✳
✻❉✐❡ ❋❡♥st❡r ✉♥❞ ❞❡r ▲♦❣✐♥❜✐❧❞s❝❤✐r♠✳ ❱✐rt✉❡❧❧❡ ❉❡s❦t♦♣s ③ä❤❧❡♥ ❛✉❝❤ ❞❛③✉✱ s✐♥❞ ❥❡❞♦❝❤ ♥♦❝❤ ♥✐❝❤t

✈♦❧❧stä♥❞✐❣ ✐♠♣❧❡♠❡♥t✐❡rt✳
✼❉❡r ▼❛♥❛❣❡r✱ ❣❧♦❜❛❧❡ ■♥st❛♥③ ❞❡r ▼❛♥❛❣❡r✲❑❧❛ss❡✳
✽❉❡r ❩✇❛♥❣s❧♦❣♦✉t ✐st ❞❡r③❡✐t ❝❧✐❡♥ts❡✐t✐❣ ♥♦❝❤ ♥✐❝❤t ✈♦❧❧stä♥❞✐❣ ✐♠♣❧❡♠❡♥t✐❡rt✱ ❡s ✇✐r❞ ♥✉r ❞✐❡

❙❡ss✐♦♥ ✉♥❞ ❞✐❡ ●❯■ ③❡rstört✳

✷✺



❑❛♣✐t❡❧ ✹✳ ❈❧✐❡♥t

❉❡s❦t♦♣♠♦❞✉s ❛♥❢❛❧❧❡♥✱ ✇❡r❞❡♥ ✈♦♠ ▼❛♥❛❣❡r ✐♥ ❡✐♥❡ ❲❛rt❡s❝❤❧❡✐❢❡ ❣❡st❡❝❦t✱ ✇❡❧❝❤❡
✈♦♥ ❡✐♥❡r ❛♥❞❡r❡♥ ▼❡t❤♦❞❡ ❞❡s ▼❛♥❛❣❡rs ❛❜❣❡❛r❜❡✐t❡t ✇✐r❞✳ ▲ä✉❢t ❞✐❡s❡ ▼❡t❤♦❞❡
♥✐❝❤t✱ ✇✐r❞ s✐❡ ❞✐r❡❦t ♥❛❝❤❞❡♠ ❡✐♥ ❊✈❡♥t ❡✐♥❣❡r❡✐❤t ✇✉r❞❡✱ ❣❡st❛rt❡t✳ ❉✐❡ ▼❡t❤♦❞❡
❧ä✉❢t ❞✉r❝❤✱ ❜✐s ❞✐❡ ❲❛rt❡❧✐st❡ ❦♦♠♣❧❡tt ❧❡❡r ✐st✳ ❊✈❡♥ts ✇❡r❞❡♥ ❛❧s ❛s②♥❝❤r♦♥❡ ❘❡q✉❡sts
❛❜❣❡s❡t③t✳ ❚②♣✐s❝❤ ❢ür ❡✐♥❡ ❛❥❛①❜❛s✐❡rt❡ ❆♥✇❡♥❞✉♥❣ ❦♦♠♠t ③✉ ❦❡✐♥❡♠ ❘❡❧♦❛❞ ♦❞❡r
❆✉❢r✉❢ ❡✐♥❡r ❛♥❞❡r❡♥ ❙❡✐t❡✳

✷✻



❑❛♣✐t❡❧ ✹✳ ❈❧✐❡♥t

✹✳✷ ❋❡❤❧❡r❜❡❤❡❜✉♥❣

❥❛✈❛s❝r✐♣t ❝♦❞❡rs ❛❧✇❛②s ❣❡t t❤❡✐r ♣✉♥✐s❤♠❡♥t

❩❡r♦✱ ❤tt♣✿✴✴❣❡r♠❛♥✲❜❛s❤✳♦r❣✴✶✷✺✻✷

❯♠ ❞❡♥ ♦r❞♥✉♥❣s❣❡♠äÿ❡♥ ❆❜❧❛✉❢ ❞❡s ❈❧✐❡♥ts ③✉ ü❜❡r♣rü❢❡♥✱ ✇✉r❞❡ ❡✐♥ ❉❡❜✉❣✲
❣❡r ❡♥t✇✐❝❦❡❧t✳ ◆❛❝❤❞❡♠ ❞✐❡s❡r ✐♥✐t✐❛❧✐s✐❡rt ✇✉r❞❡✱ ❦❛♥♥ ❛♥ ❥❡❞❡r ❙t❡❧❧❡ ❞❡s ❈❧✐❡♥ts
❡✐♥ ❆✉❢r✉❢ ❞❡s ❉❡❜✉❣❣❡rs ❣❡tät✐❣t ✉♥❞ ✐❤♠ ❞❛❜❡✐ ❑❧❛ss❡♥✲ ✉♥❞ ❋✉♥❦t✐♦♥s♥❛♠❡ s♦✇✐❡
❞✐❡ ◆❛❝❤r✐❝❤t✱ ❞✐❡ ❛♥❣❡③❡✐❣t ✇❡r❞❡♥ s♦❧❧✱ ü❜❡r❣❡❜❡♥ ✇❡r❞❡♥✳ ❉❡r ❉❡❜✉❣❣❡r ③❡✐❣t ❞✐❡s❡
■♥❢♦r♠❛t✐♦♥❡♥ ✐♥ ❞❡r r❡❝❤t❡♥ ♦❜❡r❡♥ ❊❝❦❡ ❞❡s ❋❡♥st❡rs ❛♥✳ ❆❧❧❡ ◆❛❝❤r✐❝❤t❡♥ ✇❡r❞❡♥
✉♥t❡♥ ❛♥ ❞✐❡ ▲✐st❡ ❛♥❣❡❤ä♥❣t✳ ❲ür❞❡ ❞✉r❝❤ ❞❛s ❆♥❤ä♥❣❡♥ ❡✐♥❡r ♥❡✉❡♥ ◆❛❝❤r✐❝❤t ❞❛s
▲✐♠✐t ü❜❡rs❝❤r✐tt❡♥ ✇❡r❞❡♥✱ ✇❡r❞❡♥ ♦❜❡♥ ❛♠ ❆♥❢❛♥❣ ❞❡r ▲✐st❡ s♦ ❧❛♥❣❡ ❛❧t❡ ◆❛❝❤✲
r✐❝❤t❡♥ ❡♥t❢❡r♥t✱ ❜✐s ❞✐❡ ♥❡✉❡ ◆❛❝❤r✐❝❤t ❤✐♥③✉❣❡❢ü❣t ✇❡r❞❡♥ ❦❛♥♥ ♦❤♥❡ ❞❛ss ❞❛s ▲✐♠✐t
❞❛❜❡✐ ü❜❡rs❝❤r✐tt❡♥ ✇✐r❞✳ ❉✐❡ ❑♦♥✜❣✉r❛t✐♦♥ ❞❡s ❉❡❜✉❣❣❡rs ❧ä✉❢t ü❜❡r ❱❛r✐❛❜❧❡♥ ❞❡s
▼❛♥❛❣❡rs✳ ❙♦ ❦ö♥♥❡♥ ❞✐❡ ❉❛✉❡r✱ ✇✐❡ ❧❛♥❣❡ ❞✐❡ ◆❛❝❤r✐❝❤t❡♥❧✐st❡ ♥❛❝❤ ❞❡♠ ❤✐♥③✉❢ü✲
❣❡♥ ❡✐♥❡r ◆❛❝❤r✐❝❤t ❛♥❣❡③❡✐❣t ✇❡r❞❡♥ s♦❧❧✱ ✉♥❞ ❞✐❡ ❆♥③❛❤❧ ❞❡r ❩❡✐❝❤❡♥✱ ❞✐❡ ♠❛①✐♠❛❧
✐♥ ❞❡r ▲✐st❡ ❡♥t❤❛❧t❡♥ s❡✐♥ ❞ür❢❡♥✱ ❡✐♥❣❡st❡❧❧t ✇❡r❞❡♥✳ ▼♦♠❡♥t❛♥ ✇✐r❞ ❡✐♥ ♥❡✉❡r ❉❡✲
❜✉❣❣❡r ❣❡s❝❤r✐❡❜❡♥✱ ❞❡r ♠✐t ❈❛❧❧✲❚r❛❝❡s✾ ❢✉♥❦t✐♦♥✐❡rt✳ ❉✐❡s❡r ❉❡❜✉❣❣❡r ❡rs❡t③t ❥❡❞❡
❋✉♥❦t✐♦♥ ❞✉r❝❤ ❡✐♥❡♥ ❲r❛♣♣❡r✱ ❞❡r✱ ③✉sät③❧✐❝❤ ③✉ ❞❡♥ s❡❧❜❡♥ P❛r❛♠❡t❡r♥✱ ✇✐❡ s✐❡ ❛✉❝❤
❞✐❡ ❖r✐❣✐♥❛❧❢✉♥❦t✐♦♥ ❡r✇❛rt❡t✱ ❡✐♥ ✇❡✐t❡r❡s ❖❜❥❡❦t ✲ ❞✐❡ ❈❛❧❧✲❚r❛❝❡ ✲ ❡r✇❛rt❡t✳ ❲✉r❞❡
❦❡✐♥ ❚r❛❝❡✲❖❜❥❡❦t ü❜❡r❣❡❜❡♥✱ ♥✐♠♠t ❞❡r ❲r❛♣♣❡r ❛♥✱ ❞❛ss ❞✐❡ ❋✉♥❦t✐♦♥ ❞✐r❡❦t ✉♥❞
♥✐❝❤t ü❜❡r ❡✐♥❡ ❛♥❞❡r❡✱ r❡❣✐str✐❡rt❡ ❋✉♥❦t✐♦♥ ❛✉❢❣❡r✉❢❡♥ ✇✉r❞❡ ✉♥❞ ❡rst❡❧❧t ❡✐♥ ♥❡✉❡s
❚r❛❝❡✲❖❜❥❡❦t✳ ◆❛❝❤ ❞✐❡s❡r Prü❢✉♥❣ ❧✐❡❣t ✐♠♠❡r ❡✐♥ ❚r❛❝❡✲❖❜❥❡❦t ✈♦r✳ ❉❡r ❲r❛♣♣❡r
r✉❢t ❡✐♥❡ ▼❡t❤♦❞❡ ❞❡s ❚r❛❝❡✲❖❜❥❡❦t❡s ❛✉❢✱ ❞✐❡ ❞❡♥ ❥❡✇❡✐❧✐❣❡♥ ❋✉♥❦t✐♦♥s✲ ✉♥❞ ❑❧❛ss❡♥✲
♥❛♠❡♥ s♣❡✐❝❤❡rt✱ s♦❞❛ss ❡r s♣ät❡r ❛✉s❣❡❣❡❜❡♥ ✇❡r❞❡♥ ❦❛♥♥✳ ❉❛♥❛❝❤ r✉❢t ❞❡r ❲r❛♣♣❡r
❞✐❡ ❋✉♥❦t✐♦♥ ❛✉❢ ❞✐❡ ❡r ❡rs❡t③t ❤❛t ✉♥❞ ü❜❡r❣✐❜t ✐❤r ❛❧❧❡ P❛r❛♠❡t❡r ✐♥ ❞❡r s❡❧❜❡♥ ❘❡✐✲
❤❡♥❢♦❧❣❡✱ ✇✐❡ ❡r s✐❡ s❡❧❜st ❜❡❦♦♠♠❡♥ ❤❛t ✲ ❛✉s❣❡♥♦♠♠❡♥ ✈♦♠ ❚r❛❝❡✲❖❜❥❡❦t✳ ❉❛ ❞✐r
❖r✐❣✐♥❛❧❢✉♥❦t✐♦♥ ✐♥♥❡r❤❛❧❜ ❞❡r ❲r❛♣♣❡r❢✉♥❦t✐♦♥ ❞❡✜♥✐❡rt ✇✐r❞✱ ✐st ❞❛s ❚r❛❝❡✲❖❜❥❡❦t
tr♦t③❞❡♠ ✈❡r❢ü❣❜❛r✳ ❉❡r ❘ü❝❦❣❛❜❡✇❡rt ❞❡r ❖r✐❣✐♥❛❧❢✉♥❦t✐♦♥ ✇✐r❞ t❡♠♣♦rär ❣❡s♣❡✐✲
❝❤❡rt ✉♥❞ ❛❧s ❘ü❝❦❣❛❜❡✇❡rt ❞❡s ❲r❛♣♣❡rs ③✉rü❝❦❣❡❣❡❜❡♥✱ ♥❛❝❤❞❡♠ ♥❛❝❤ ❇❡❡♥❞✐❣✉♥❣
❞❡r ❖r✐❣✐♥❛❧❢✉♥❦t✐♦♥ ❞❛s ❚r❛❝❡✲❖❜❥❡❦t ❛✉❢❣❡❢♦r❞❡rt ✇✐r❞✱ ❞❡♥ ❊✐♥tr❛❣ ❞✐❡s❡r ❋✉♥❦t✐♦♥
✇✐❡❞❡r ③✉ ❡♥t❢❡r♥❡♥✳ ❆✉ÿ❡r❞❡♠ ✇✐r❞ ✐♥ ❥❡❞❡r r❡❣✐str✐❡rt❡♥ ❋✉♥❦t✐♦♥ ❜❡✐ ❥❡❞❡♠ ❆✉❢r✉❢
❡✐♥❡r ❛♥❞❡r❡♥ ✭♦❞❡r ❞❡r s❡❧❜❡♥✮ r❡❣✐str✐❡rt❡♥ ❋✉♥❦t✐♦♥ ❞❛s ❚r❛❝❡✲❖❜❥❡❦t ❛❧s ❧❡t③t❡r
P❛r❛♠❡t❡r ❛♥❣❡❤ä♥❣t✳ ❉✐❡s ❣❡s❝❤✐❡❤t ❛✉❝❤ ✇❡♥♥ ❡✐♥❡ ❆✉s♥❛❤♠❡ ❣❡✇♦r❢❡♥ ✇✐r❞✳ ❉❡r

✾❈❛❧❧✲❚r❛❝❡s ✈❡r❢♦❧❣❡♥✱ ✇❡❧❝❤❡ ❋✉♥❦t✐♦♥ ♠♦♠❡♥t❛♥ ❧ä✉❢t✱ ❞✉r❝❤ ✇❡❧❝❤❡ ❋✉♥❦t✐♦♥ s✐❡ ❛✉❢❣❡r✉❢❡♥ ✇✉r✲

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

s♦ ü❜❡r ❞✐❡ ❈❛❧❧✲❚r❛❝❡ ❣❡♥❛✉ ❡r❦❛♥♥t ✇❡r❞❡♥✱ ❞✉r❝❤ ✇❡❧❝❤❡ ❋✉♥❦t✐♦♥❡♥ ❞✐❡ ❋✉♥❦t✐♦♥ ❛✉❢❣❡r✉❢❡♥

✇✉r❞❡✱ ❞✐❡ ❞❡♥ ❋❡❤❧❡r ✈❡r✉rs❛❝❤t❡✳ ❉❡s✇❡✐t❡r❡♥ ❦ö♥♥❡♥ ❞✐❡ ü❜❡r❣❡❜❡♥❡♥ P❛r❛♠❡t❡r ❛♥❣❡③❡✐❣t ✇❡r✲

❞❡♥✳ ❙♦ ✐st ❞❡r ❦♦♠♣❧❡tt❡ Pr♦❣r❛♠♠❛❜❧❛✉❢ ❜❡✐ ✇❡✐t❡♠ ❧❡✐❝❤t❡r ♥❛❝❤✈♦❧❧③✐❡❤❜❛r ✉♥❞ ❋❡❤❧❡r ❦ö♥♥❡♥

❧❡✐❝❤t❡r ❣❡❢✉♥❞❡♥ ✇❡r❞❡♥✳

✷✼

http://german-bash.org/12562


❑❛♣✐t❡❧ ✹✳ ❈❧✐❡♥t

❝❛t❝❤✲❇❧♦❝❦✱ ❞❡r ❞✐❡ ❆✉s♥❛❤♠❡ ❛✉✛ä♥❣t✱ ❦❛♥♥ s♦ ❞✐❡ ❞❛s ❚r❛❝❡✲❖❜❥❡❦t ❞❡r ❆✉s♥❛❤✲
♠❡ ❛♥ ❞❡♥ ❉❡❜✉❣❣❡r ✇❡✐t❡r❣❡❜❡♥✳ ❉✐❡s❡r ❦❛♥♥ ❡✐♥❡ ❢♦r♠❛t✐❡rt❡ ❩❡✐❝❤❡♥❦❡tt❡ ♠✐t ❞❡r
❈❛❧❧✲❚r❛❝❡ ❛✉s❣❡❜❡♥✳

▲✐st✐♥❣ ✹✳✶✿ ❖r✐❣✐♥❛❧❢✉♥❦t✐♦♥
✶ ❢✉♥❝ t ✐ ♦♥ t♦❙ t r ✐ ♥❣ ✭ ✮ ④

✷ r❡t✉r♥ ✬ ❬ ♦❜ ❥ ❡ ❝ t ❖❜❥❡❝t ❪ ✬ ❀

✸ ⑥

▲✐st✐♥❣ ✹✳✷✿ ▼♦❞✐✜③✐❡rt❡ ❋✉♥❦t✐♦♥✱ ❞✐❡ ❈❛❧❧✲❚r❛❝❡s ✉♥t❡rstüt③t
✶ ❢✉♥❝ t ✐ ♦♥ t♦❙ t r ✐ ♥❣ ✭❴❴tr❛❝❡ ✮ ④

✷ ✐ ❢ ✭ ♥✉❧❧ ❂❂ ❴❴tr❛❝❡ ✮ ④

✸ ❴❴tr❛❝❡ ❂ ♥❡✇ ❚r❛❝❡ ✭ ✮ ❀

✹ ⑥

✺ ❴❴tr❛❝❡ ✳ ❡♥t❡ r ✭ t❤✐s ✳❴❈▲❆❙❙❴◆❆▼❊✱ ✬ t ♦❙ t r ✐ ♥❣ ✬ ✮ ❀

✻ ❴t❤✐s ❂ t❤✐s ❀

✼ ❴❴tr❛❝❡❴t♦❙tr✐♥❣ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮ ④

✽ r❡t✉r♥ ✬ ❬ ♦❜ ❥ ❡ ❝ t ❖❜❥❡❝t ❪ ✬ ❀

✾ ⑥

✶✵ ✈❛r r ❡ s ✉ ❧ t ❂ ❴❴tr❛❝❡❴t♦❙tr✐♥❣ ✭ ✮ ❀

✶✶ ❴❴tr❛❝❡ ✳ ❧ ❡ ❛✈❡ ✭ ✮ ❀

✶✷ r❡t✉r♥ r ❡ s ✉ ❧ t ❀

✶✸ ⑥

❙♦ ❦ö♥♥❡♥ ❈❛❧❧✲❚r❛❝❡s ✐♥ ❏❛✈❛❙❝r✐♣t ✈❡r✇❡♥❞❡t ✇❡r❞❡♥✱ ♦❜✇♦❤❧ ❞✐❡s❡ ❙♣r❛❝❤❡ ❞✐❡s
❡✐❣❡♥t❧✐❝❤ ♥✐❝❤t ✉♥t❡rstüt③t✳

✷✽



❑❛♣✐t❡❧ ✹✳ ❈❧✐❡♥t

✹✳✸ ❙t❛rt✈♦r❣❛♥❣ ✉♥❞ ❆♥♠❡❧❞✉♥❣

❚❤✉♥❞❡r ✐s ❣♦♦❞✱ t❤✉♥❞❡r ✐s ✐♠♣r❡ss✐✈❡❀

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

▼❛r❦ ❚✇❛✐♥

✹✳✸✳✶ ●r❛❢✐s❝❤❡ ❖❜❡r❢❧ä❝❤❡

❇❡✈♦r ❞✐❡ ❣r❛✜s❝❤❡ ❖❜❡r✢ä❝❤❡ ✐♥✐t✐❛❧✐s✐❡rt ✇✐r❞✱ ✇✐r❞ ③✉❡rst ❞❡r ❉❡❜✉❣❣❡r ✐♥✐t✐❛❧✐s✐❡rt✳
❊s ❢♦❧❣t ❡✐♥❡ Ü❜❡r♣rü❢✉♥❣ ❞❡s ✈♦♠ ❇❡♥✉t③❡r ❛✉s❣❡✇ä❤❧t❡♥ ❚❤❡♠❡s✶✵✳ ❲✉r❞❡ ❦❡✐♥
❚❤❡♠❡ ❛✉s❣❡✇ä❤❧t✱ ✇✐r❞ ❞❡r ❙t❛♥❞❛r❞✲❚❤❡♠❡✶✶ ✈❡r✇❡♥❞❡t✳ ❊s ✇✐r❞ ❡✐♥ ❖❜❥❡❦t ❞❡r
❑❧❛ss❡✱ ❞✐❡ ❢ür ❞✐❡ ❚❤❡♠❡s ③✉stä♥❞✐❣ ✐st✱ ❡rst❡❧❧t ✉♥❞ ✐❤♠ ❞❛❜❡✐ ❞❡r P❛r❛♠❡t❡r ❞❡s
③✉ ✈❡r✇❡♥❞❡♥❞❡♥ ❚❤❡♠❡s ü❜❡r❣❡❜❡♥✳ ❉✐❡s❡s ❖❜❥❡❦t ❢ü❣t ❞❡r ❞❛r❣❡st❡❧❧t❡♥ ❍❚▼▲✲
❙❡✐t❡ ✐♠ ❍❡❛❞✲❇❡r❡✐❝❤ ❞❛s ❚❤❡♠❡✲❡✐❣❡♥❡ ❙t②❧❡s❤❡❡t ❤✐♥③✉✱ ✇♦❞✉r❝❤ ❞❡r ❇r♦✇s❡r ❛✉✲
t♦♠❛t✐s❝❤ ✈❡r❛♥❧❛sst ✇✐r❞✱ s❡❧❜ststä♥❞✐❣ ❞✐❡s❡ ❉❛t❡✐ ❤❡r✉♥t❡r③✉❧❛❞❡♥✳ ❉❡s ✇❡✐t❡r❡♥
❡rst❡❧❧t ❞❛s ❚❤❡♠❡✲❖❜❥❡❦t ❡✐♥❡ ❆♥❢r❛❣❡ ♥❛❝❤ ❞❡r ❳▼▲✲❉❛t❡✐ ❞❡s ❚❤❡♠❡s✱ ✐♥ ❞❡r ❞❛s
●r✉♥❞❣❡rüst ❞❡s ❚❤❡♠❡s ❜❡s❝❤r✐❡❜❡♥ ✐st✳ ■st ❞✐❡s❡ ❳▼▲✲❉❛t❡✐ ❢❡rt✐❣ ❤❡r✉♥t❡r❣❡❧❛❞❡♥✱
✇✐r❞ s✐❡ ✈♦♠ ❚❤❡♠❡✲❖❜❥❡❦t ✉♥t❡r ❇❡rü❝❦s✐❝❤t✐❣✉♥❣ ❞❡r ❆ttr✐❜✉t❡✱ ❞❡♥❡♥ ❜❡s♦♥❞❡✲
r❡ ❋✉♥❦t✐♦♥❡♥ ③✉❣❡♦r❞♥❡t s✐♥❞✶✷✱ ✐♥ ❍❚▼▲ ✉♠❣❡s❡t③t✳ ❆♠ ❊♥❞❡ ❞✐❡s❡r Pr♦③❡❞✉r ✐st
❞❛s ❍❚▼▲✲●r✉♥❞❣❡rüst ✉♥❞ ❞❛s ❞❛③✉❣❡❤ör✐❣❡ ❙t②❧❡s❤❡❡t ✈♦r❤❛♥❞❡♥✱ s♣❡③✐❡❧❧❡ ❆t✲
tr✐❜✉t❡ ❞❡r ❳▼▲✲❉❛t❡✐ ✇✉r❞❡♥ ✐♥ ✐♥t❡r♥❡♥ ❉❛t❡♥str✉❦t✉r❡♥ ❛❜❣❡s♣❡✐❝❤❡rt✱ s♦❞❛ss ❞✐❡
❥❡✇❡✐❧✐❣❡♥ ❊❧❡♠❡♥t❡✱ ❞❡♥❡♥ ❜❡s♦♥❞❡r❡ ❋✉♥❦t✐♦♥❡♥ ③✉❣❡♦r❞♥❡t ✇✉r❞❡♥✱ ✇✐❡❞❡r❣❡❢✉♥❞❡♥
✇❡r❞❡♥ ❦ö♥♥❡♥✳

✹✳✸✳✷ ❆♥♠❡❧❞✉♥❣

◆❛❝❤❞❡♠ ❞❡r ❇❡♥✉t③❡r ❞✐❡ ❙❡✐t❡ ❛✉❢❣❡r✉❢❡♥ ✉♥❞ ❞❡r ❈❧✐❡♥t ❞✐❡ ❖❜❡r✢ä❝❤❡ ✐♥✐t✐❛❧✐s✐❡rt
❤❛t✱ ✇✐r❞ ❞❡r ▲♦❣✐♥❜✐❧❞s❝❤✐r♠ ❛♥❣❡③❡✐❣t✳ ❉✐❡ ❆r❜❡✐t ❞❡s ▼❛♥❛❣❡rs ✐st ♥✉♥ ✈♦r❡rst
❣❡t❛♥✳ ❏❡❞❡ ■♥t❡r❛❦t✐♦♥ ✇✐r❞ ♥✉♥ ✈♦♥ ❞❡r ▲♦❣✐♥❜✐❧❞s❝❤✐r♠✲❑❧❛ss❡ ❜❡❤❛♥❞❡❧t✳ ❲❡♥♥ ❞❡r
❇❡♥✉t③❡r s✐❝❤ ❡✐♥❧♦❣❣❡♥ ♠ö❝❤t❡✱ ✇✐r❞ ❞❡r ▲♦❣✐♥❜✐❧❞s❝❤✐r♠ ✈❡rr✐❡❣❡❧t ✉♥❞ ❡✐♥❡ ▼❡t❤♦❞❡
▼❛♥❛❣❡rs ❛✉❢❣❡r✉❢❡♥✱ ✇❡❧❝❤❡ ❞❛s ▲♦❣✐♥✲❊✈❡♥t ♠✐t ❞❡♥ ❛♥❣❡❣❡❜❡♥❡♥ ❉❛t❡♥ ❛❜s❡t③t✳ ❉❡r
▼❛♥❛❣❡r ü❜❡r♣rü❢t ♦❜ ❞❡r ❙❡r✈❡r ❞✐❡ ❆♥❢r❛❣❡ ♠✐t ❡✐♥❡♠ ❋❡❤❧❡r❝♦❞❡ ❜❡❛♥t✇♦rt❡t ❤❛t
♦❞❡r ♦❜ ❞❡r ▲♦❣✐♥ ❡r❢♦❧❣r❡✐❝❤ ✇❛r✳ ❲❛r ❞❡r ▲♦❣✐♥ ❡r❢♦❧❣r❡✐❝❤ ✇✐r❞ ❡✐♥❡ ❙❡ss✐♦♥✶✸ ♠✐t
❞❡r ■❉✱ ❞✐❡ ❞❡r ❙❡r✈❡r ❛❧s ❆♥t✇♦rt ❣❡s❡♥❞❡t ❤❛t✱ ❡rst❡❧❧t✳ ■♥ ❜❡✐❞❡♥ ❋ä❧❧❡♥ ü❜❡r❣✐❜t
❞❡r ▼❛♥❛❣❡r ❞❡♠ ▲♦❣✐♥❜✐❧❞s❝❤✐r♠ ❡✐♥❡ ❘ü❝❦♠❡❧❞✉♥❣✳ ❇❡✐ ❡✐♥❡♠ ❡r❢♦❧❣r❡✐❝❤❡♥ ▲♦❣✐♥
s❝❤❧✐❡ÿt s✐❝❤ ❞❡r ▲♦❣✐♥❜✐❧❞s❝❤✐r♠ ❞❛r❛✉❢❤✐♥ s❡❧❜st✱ s❝❤❧✉❣ ❡r ❢❡❤❧ ✇✐r❞ ❞❛s ❡✐♥❣❡❣❡❜❡♥❡

✶✵❉❡r③❡✐t ❦❛♥♥ ❞❡r ❇❡♥✉t③❡r ♥♦❝❤ ❦❡✐♥ ❚❤❡♠❡ ❛✉s✇ä❤❧❡♥✳
✶✶❧✐♠ ✲ ▲❡ss ■s ▼♦r❡✳ ▼✐♥✐♠❛❧✐st✐s❝❤❡r ❚❤❡♠❡✱ ❞❡r ♥✉r ❋❡♥st❡r✐♥❤❛❧t ✉♥❞ ❚✐t❡❧❧❡✐st❡ ❛♥③❡✐❣t✳
✶✷♠♦✈❡✱ r❡s✐③❡✱ ♣♦s✐t✐♦♥✱ s✐③❡✱ ♦♥❝❧✐❝❦✱ ♦♥♠♦✉s❡❞♦✇♥✱ ❝♦♥t❡♥t
✶✸❍✐❡r ♥✉r ❝❧✐❡♥ts❡✐t✐❣ ✉♠ s✐❝❤ ❛✉s③✉✇❡✐s❡♥✱ ❞❡r ❙❡r✈❡r ü❜❡r♣rü❢t ❞✐❡ ●ü❧t✐❣❦❡✐t ❞❡r ❙❡ss✐♦♥s✳

✷✾



❑❛♣✐t❡❧ ✹✳ ❈❧✐❡♥t

P❛ss✇♦rt ❣❡❧ös❝❤t ✉♥❞ ❞❡r ▲♦❣✐♥❜✐❧❞s❝❤✐r♠ ❡♥tr✐❡❣❡❧t✳ ❉❡r ▲♦❣✐♥❜✐❧❞s❝❤✐r♠ ❜❧❡✐❜t s♦
❧❛♥❣❡ ❛❦t✐✈✱ ❜✐s ❞❡r ▲♦❣✐♥ ❡r❢♦❧❣r❡✐❝❤ ✇❛r✳

✹✳✸✳✸ Ü❜❡r❣❛♥❣ ✐♥ ❞❡♥ ◆♦r♠❛❧❜❡tr✐❡❜

◆❛❝❤❞❡♠ ♥❛❝❤ ❡✐♥❡♠ ❡r❢♦❧❣r❡✐❝❤❡♥ ▲♦❣✐♥ ❞❡r ▲♦❣✐♥❜✐❧❞s❝❤✐r♠ ❣❡s❝❤❧♦ss❡♥ ✇✉r❞❡ ❜❡✲
tr✐tt ❞❡r ▼❛♥❛❣❡r ❞❡♥ ❉❡s❦t♦♣♠♦❞✉s✳ ❊s ✇❡r❞❡♥ ❛❝❤t ✈✐rt✉❡❧❧❡ ❉❡s❦t♦♣s ❡rst❡❧❧t ✉♥❞
③✉♠ ❡rst❡♥ ❣❡✇❡❝❤s❡❧t✳ ❉❡r ▼❛♥❛❣❡r s❡t③t ❑❡②❜♦❛r❞❤♦♦❦s✶✹ ❛✉❢✱ ❞✐❡ ❥❡❞❡ ❣❡❞rü❝❦t❡
❚❛st❡✭♥❦♦♠❜✐♥❛t✐♦♥✮ ❛❜❢❛♥❣❡♥ ✉♥❞ ❞❛r❛✉❢❤✐♥ ü❜❡r♣rü❢❡♥✱ ♦❜ ❡s s✐❝❤ ✉♠ ❡✐♥❡♥ ❍♦t❦❡②
❤❛♥❞❡❧t✳ ❋❛❧❧s ❡s s✐❝❤ ✉♠ ❦❡✐♥❡♥ ❍♦t❦❡② ❤❛♥❞❡❧t ✉♥❞ ❡✐♥ ❋❡♥st❡r ❢♦❦✉s✐❡rt ✐st ✇❡r❞❡♥
❞✐❡ ❣❡❞rü❝❦t❡♥ ❚❛st❡♥ ❯❚❋✲✽✲❦♦❞✐❡rt ❛♥ ❞❡♥ ❙❡r✈❡r ❣❡s❡♥❞❡t✳ ❍♦t❦❡②s ✇❡r❞❡♥ ❞✐r❡❦t
❜❡❤❛♥❞❡❧t✱ ♦❤♥❡ ❞❛ss ❞❡♠ ❙❡r✈❡r ✐r❣❡♥❞❡✐♥❡ ▼❡❧❞✉♥❣ ❞❛rü❜❡r ③✉❦♦♠♠❡♥ ❣❡❧❛ss❡♥
✇✐r❞✳ ◆❛❝❤❞❡♠ ❞✐❡s❡ ■♥✐t✐❛❧✐s✐❡r✉♥❣❡♥ ❛❜❣❡s❝❤❧♦ss❡♥ s✐♥❞✱ ✐st ❡s ♠ö❣❧✐❝❤ ✈❡rs❝❤✐❡❞❡♥❡
❋❡♥st❡r ③✉ ❡rst❡❧❧❡♥✱ ❇❡❢❡❤❧❡ ✐♥ ✐❤♥❡♥ ❡✐♥③✉❣❡❜❡♥✱ s✐❡ ③✉ ✈❡rs❝❤✐❡❜❡♥ ✉♥❞ ✐❤r❡ ●röÿ❡
③✉ ä♥❞❡r♥✳

✶✹❍✐❡r❜❡✐ ❤❛♥❞❡❧t ❡s s✐❝❤ ✉♠ ❧♦❦❛❧❡ ❑❡②❜♦❛r❞❤♦♦❦s✱ ❞❛s ❤❡✐ÿt ❡s ✇❡r❞❡♥ ♥✉r ❞❛♥♥ ❚❛st❡♥ ❛❜❣❡❢❛♥❣❡♥✱

✇❡♥♥ ♥✐❝❤t ♥✉r ❞❛s ❇r♦✇s❡r❢❡♥st❡r✴✲t❛❜ ❛❦t✐✈ ✐st ✉♥❞ ❋♦❦✉s ❤❛t✱ s♦♥❞❡r♥ ❛✉❝❤ ❞✐❡ ❙❡✐t❡✱ ❞✐❡

❛❥❛①❲▼ ❞❛rst❡❧❧t✱ ❛♥❣❡✇ä❤❧t ✐st ✉♥❞ ❚❛st❡♥ ❞✐r❡❦t ❛♥ s✐❡ ❣❡❧❡✐t❡t ✇❡r❞❡♥✳

✸✵



❑❛♣✐t❡❧ ✹✳ ❈❧✐❡♥t

✹✳✹ ❉❡r ❉❡s❦t♦♣

❱❡r② ❢✉♥♥②✱ ❙❝♦tt②✳

◆♦✇ ❜❡❛♠ ❞♦✇♥ ♠② ❝❧♦t❤❡s✦

❆✉t❤♦r ✉♥❜❡❦❛♥♥t

✹✳✹✳✶ ❱✐rt✉❡❧❧❡ ❉❡s❦t♦♣s

❊s s✐♥❞ ❛❝❤t ✈✐rt✉❡❧❧❡ ❉❡s❦t♦♣s ✈❡r❢ü❣❜❛r✱ ♠❛♥ ❦❛♥♥ ③✇✐s❝❤❡♥ ✐❤♥❡♥ ♠✐t ❞❡♥ ❍♦t❦❡②s
❙❚❘●✰❆▲❚✰✶ ❜✐s ❙❚❘●✰❆▲❚✰✽ ❤✐♥✲ ✉♥❞ ❤❡rs❝❤❛❧t❡♥✳ ❆❧❧❡ ❋❡♥st❡r✱ ❞✐❡ ❡rst❡❧❧t
✇❡r❞❡♥✱ ✇❡r❞❡♥ ✲ s♦✇❡✐t ♥✐❝❤t ❛♥❞❡rs ❛♥❣❡❣❡❜❡♥ ✲ ❛✉❢ ❞❡♠ ✈✐rt✉❡❧❧❡♥ ❉❡s❦t♦♣ ❡rst❡❧❧t✱
❞❡r ❣❡r❛❞❡ ❛❦t✐✈ ✐st ✉♥❞ ✐♥ ❛❧❧❡♥ ❛♥❞❡r❡♥ ✈✐rt✉❡❧❧❡♥ ❉❡s❦t♦♣s ♥✐❝❤t ❛♥❣❡③❡✐❣t✳

✹✳✹✳✷ ❋❡♥st❡r

❋❡♥st❡r ❡rst❡❧❧❡♥

❉❛s ❡rst❡❧❧❡♥ ❞❡r ❋❡♥st❡r ❧ä✉❢t ✐♠♠❡r ü❜❡r ❞❡♥ ▼❛♥❛❣❡r✶✺✳ ❙♦❧❧ ❡✐♥ ♥❡✉❡s ❋❡♥st❡r ❡r✲
st❡❧❧t ✇❡r❞❡♥✱ ✇✐r❞ ③✉❡rst ✐♠♠❡r ❡✐♥❡ ❆♥❢r❛❣❡ ❛♥ ❞❡♥ ❙❡r✈❡r ❣❡s❡♥❞❡t✳ ❲❡♥♥ ❦❡✐♥
❋❡❤❧❡r ❜❡✐♠ ❙❡r✈❡r ❛✉❢❣❡tr❡t❡♥ ✐st✱ ✇✐r❞ ❡✐♥ ♥❡✉❡s ❋❡♥st❡r✲❖❜❥❡❦t ❡rst❡❧❧t ✉♥❞ ✐❤♠
❞❛❜❡✐ ❞✐r❡❦t ❞✐❡ ✈♦♠ ❙❡r✈❡r ❣❡❧✐❡❢❡rt❡ ■❉ ü❜❡r❣❡❜❡♥✳ ❉❛s ❋❡♥st❡r✲❖❜❥❡❦t ❜❡③✐❡❤t s❡✐♥❡
❍❚▼▲✲❊❧❡♠❡♥t❡ ❞✉r❝❤ ❦❧♦♥❡♥ ❞❡r ❙❝❤❛❜❧♦♥❡✱ ❞✐❡ ❞❛s ❚❤❡♠❡✲❖❜❥❡❦t ❛✉s ❞❡r ❳▼▲✲
❉❛t❡✐ ❡rst❡❧❧t ❤❛t✳ ❉❛ ❥❡❞♦❝❤ ❞✐❡ ❉❛t❡♥str✉❦t✉r❡♥✱ ❞✐❡ ❊❧❡♠❡♥t❡ ♠✐t s♣❡③✐❡❧❧❡♥ ❋✉♥❦✲
t✐♦♥❡♥ ❜❡✐♥❤❛❧t❡♥ s♦❧❧❡♥✱ ❦❡✐♥❡ ❘❡❢❡r❡♥③ ❛✉❢ ❞❛s ❊❧❡♠❡♥t ❜❡✐♥❤❛❧t❡♥ ❦ö♥♥❡♥✶✻ ✇✐r❞
❤✐❡r ✐♠♠❡r ♥✉r ❡✐♥ r❡❧❛t✐✈❡r P❢❛❞ ❛✉s❣❡❤❡♥❞ ✈♦♠ ❍❛✉♣t❡❧❡♠❡♥t ③✉♠ ❣❡✇ü♥s❝❤t❡♥
❊❧❡♠❡♥t ❛♥❣❡❣❡❜❡♥✳ ❙♦ ❦❛♥♥✱ ♥❛❝❤❞❡♠ ❞✐❡ ❍✐❡r❛r❝❤✐❡ ❞❡r ❍❚▼▲✲❊❧❡♠❡♥t❡ ❛✉s❣❡❤❡♥❞
✈♦♠ ❍❛✉♣t❡❧❡♠❡♥t ❣❡❦❧♦♥t ✇✉r❞❡✱ ❥❡❞❡r P❢❛❞ ❛♥❤❛♥❞ ❞❡s ❣❡❦❧♦♥t❡♥ ❍❛✉♣t❡❧❡♠❡♥t❡s
❞✉r❝❤ ❡✐♥❡ ❘❡❢❡r❡♥③ ❞❡s ❊❧❡♠❡♥t❡s✱ ❛✉❢ ❞❛s ❞❡r P❢❛❞ ③❡✐❣t✱ ❡rs❡t③t ✇❡r❞❡♥✶✼✳ ❊❧❡♠❡♥✲
t❡✱ ❞✐❡ ❊✈❡♥t✲❍❛♥❞❧❡r✶✽ ③✉❣❡✇✐❡s❡♥ ❜❡❦♦♠♠❡♥ s♦❧❧❡♥✱ ✇❡r❞❡♥ ❛✉❢ ❞✐❡ s❡❧❜❡ ❆rt ❡rst

✶✺❉❡r③❡✐t ❦ö♥♥❡♥ ❋❡♥st❡r ♥✉r ❞✉r❝❤ ❞❡♥ ❍♦t❦❡② ❙❚❘●✰❆▲❚✰❲ ❡rst❡❧❧t ✉♥❞ ❞✉r❝❤ ❙❚❘●✰❆▲❚✰❈

❣❡s❝❤❧♦ss❡♥ ✇❡r❞❡♥✳
✶✻❲ür❞❡♥ ❞✐❡ ❉❛t❡♥str✉❦t✉r❡♥ ❘❡❢❡r❡♥③❡♥ ❛✉❢ ❍❚▼▲✲❊❧❡♠❡♥t❡ ❜❡✐♥❤❛❧t❡♥✱ ✇ür❞❡ ❞❛s ❑❧♦♥❡♥ ♥❡✉❡

❊❧❡♠❡♥t❡ ❡rst❡❧❧❡♥ ✉♥❞ ❞❛s ❑♦♣✐❡r❡♥ ❞❡r ❘❡❢❡r❡♥③❡♥ ❛✉❢ ❞✐❡ ❊❧❡♠❡♥t❡ ❞❡r ❙❝❤❛❜❧♦♥❡ ✈❡r✇❡✐s❡♥✳
✶✼❉✉r❝❤ ❞✐❡s❡s ❱❡r❢❛❤r❡♥ ✐st ❣❡s✐❝❤❡rt✱ ❞❛ss ❡s ③✉ ❦❡✐♥❡♥ ü❜❡r✢üss✐❣❡♥ ❑❧♦♥✉♥❣❡♥ ❦♦♠♠t✳ ❊s ✇✐r❞

♥✉r ❞❛s ❍❛✉♣t❡❧❡♠❡♥t ✭✉♥❞ ❞❛❞✉r❝❤ ❞✐❡ ✐❤♠ ✉♥t❡r❣❡♦r❞♥❡t❡♥ ❊❧❡♠❡♥t❡✮ ❣❡❦❧♦♥t ✉♥❞ ❛❧❧❡ P❢❛❞❡

❞✉r❝❤ ❘❡❢❡r❡♥③❡♥ ❛✉❢ ❞❛s ❣❡❦❧♦♥t❡ ❍❛✉♣t❡❧❡♠❡♥t ♦❞❡r ✐❤♠ ✉♥t❡r❣❡♦r❞♥❡t❡ ❊❧❡♠❡♥t❡ ❡rs❡t③t✳ ❉❛s

❊rs❡t③❡♥ ❞❡r P❢❛❞❡ ❞✉r❝❤ ❘❡❢❡r❡♥③❡♥ ❜❡s❝❤❧❡✉♥✐❣t ❞❡♥ ❈❧✐❡♥t ❡♥♦r♠✱ ❞❛ ❜❡✐ ❥❡❞❡♠ ❩✉❣r✐✛ ❛✉❢

❡✐♥ ❊❧❡♠❡♥t ♥✐❝❤t ❡rst ❞❛s ❊❧❡♠❡♥t ✐♥ ❞❡r ❦♦♠♣❧❡tt❡♥ ❍✐❡r❛r❝❤✐❡ ❛✉s❣❡❤❡♥❞ ✈♦♠ ❍❛✉♣t❡❧❡♠❡♥t

❞✐❡s❡s ❋❡♥st❡rs ❣❡s✉❝❤t ✇❡r❞❡♥ ♠✉ss✱ s♦♥❞❡r♥ ❛❧s ❘❡❢❡r❡♥③ ❞✐r❡❦t ✈♦r❧✐❡❣t ✉♥❞ ❞❛❞✉r❝❤ ❛✉❝❤ ❦❛✉♠

③✉sät③❧✐❝❤❡♥ ❆r❜❡✐tss♣❡✐❝❤❡r ✈❡r❜r❛✉❝❤t✳
✶✽❊✐♥ ❊✈❡♥t✲❍❛♥❞❧❡r ✇✐r❞ ✐♠♠❡r ❞❛♥♥ ❛✉s❣❡❢ü❤rt✱ ✇❡♥♥ ❡✐♥ ❊r❡✐❣♥✐s ❡✐♥tr✐tt✳ ❙♦❧❝❤❡ ❊r❡✐❣♥✐ss❡ s✐♥❞

✐♥ ❏❛✈❛❙❝r✐♣t ③✉♠ ❇❡✐s♣✐❡❧ ♦♥❝❧✐❝❦ ✭tr✐tt ❜❡✐ ❡✐♥❡♠ ▼❛✉s❦❧✐❝❦ ❛✉❢✮✱ ♦♥❦❡②❞♦✇♥ ✭tr✐tt ❛✉❢✱ ✇❡♥♥
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❞✉r❝❤ r❡❧❛t✐✈❡ P❢❛❞❡ ❞❛r❣❡st❡❧❧t✱ ❞✐❡ ❜❡✐♠ ❊rst❡❧❧❡♥ ❞❡s ❋❡♥st❡rs ❞✉r❝❤ ❘❡❢❡r❡♥③❡♥ ❡r✲
s❡t③t ✇❡r❞❡♥✳ ❖❜✇♦❤❧ ❞❛s ❋❡♥st❡r✲❖❜❥❡❦t s❡✐♥❡ ❊❧❡♠❡♥t❡ ❡rst❡❧❧t ✉♥❞ ❛❧❧❡ P❢❛❞❡ ❡rs❡t③t
❤❛t✱ ✇✐r❞ ❡s ♥♦❝❤ ♥✐❝❤t ❛♥❣❡③❡✐❣t✳ ❩✉❡rst r✉❢t ❞❛s ❋❡♥st❡r✲❖❜❥❡❦t ♥♦❝❤ ❞❡♥ ▼❛♥❛❣❡r
❛✉❢✱ ❞❡r ❞❡♠ ❙❡r✈❡r ❡✐♥ ❙②♥❝❤r♦♥✐s❛t✐♦♥s✲❊✈❡♥t s❡♥❞❡t✳ ❲ä❤r❡♥❞ ❞✐❡s❡r ❊✈❡♥t ♥♦❝❤
❛❜❣❡❛r❜❡✐t❡t ✇✐r❞✱ ❜❡❣✐♥♥t ❞❛s ❋❡♥st❡r✲❖❜❥❡❦t ♠✐t ❞❡r ❉❛rst❡❧❧✉♥❣ ❞❡s ❋❡♥st❡rs✳ ❉❛✲
♠✐t ✐st ❞✐❡ ❊rst❡❧❧✉♥❣ ❞❡s ❋❡♥st❡rs ❛❜❣❡s❝❤❧♦ss❡♥ ✉♥❞ ❞❡r ▼❛♥❛❣❡r s❝❤✐❡❜t ❡s ✐♥ ❞❡♥
❱♦r❞❡r❣r✉♥❞✳

❙②♥❝❤r♦♥✐s❛t✐♦♥ ✉♥❞ ❚❛st❡♥❞r✉❝❦

❆❥❛① ❤❛t ❡✐♥ s♦ ❣❡♥❛♥♥t❡s ✒P♦❧❧✐♥❣ Pr♦❜❧❡♠✏✳ ❉✐❡s❡s Pr♦❜❧❡♠ ❧✐❡❣t ❞❛r✐♥✱ ❞❛ss ❞❡r
❙❡r✈❡r ❞❡♠ ❈❧✐❡♥t ❦❡✐♥❡ ❆♥❢r❛❣❡♥ s❡♥❞❡♥ ❦❛♥♥✳ ❏❡❣❧✐❝❤❡ ❆♥❢r❛❣❡♥ ❦ö♥♥❡♥ ♥✉r ✈♦♠
❈❧✐❡♥t ❛✉s❣❡❤❡♥✶✾✳ ❉❛❞✉r❝❤ ♠✉ss ❞❡r ❈❧✐❡♥t ✐♠♠❡r ✇✐❡❞❡r ❜❡✐♠ ❙❡r✈❡r ❛♥❢r❛❣❡♥✱ ♦❜
♥❡✉❡ ■♥❢♦r♠❛t✐♦♥❡♥ ✈♦r❧✐❡❣❡♥✷✵✳ ❉❛s ✐st ❢ür ❡✐♥❡♥ ❲✐♥❞♦✇ ▼❛♥❛❣❡r ❜③✇✳ ❡✐♥❡♥ ❚❡r✲
♠✐♥❛❧ ❊♠✉❧❛t♦r ❡✐♥ Pr♦❜❧❡♠✱ ❞❛ ❞❛s ❚❡r♠✐♥❛❧ ✐♥ ❲✐r❦❧✐❝❤❦❡✐t ❛✉❢ ❞❡♠ ❙❡r✈❡r ❧ä✉❢t
✉♥❞ ❞❡r ❈❧✐❡♥t ♥✐❝❤t ♥✉r ❜❡✐ ❡✐♥❡r ➘♥❞❡r✉♥❣ ❞❡s s❡r✈❡rs❡✐t✐❣❡♥ ❚❡r♠✐♥❛❧s ❛❦t✉❛❧✐s✐❡rt
✇❡r❞❡♥ ❦❛♥♥✱ s♦♥❞❡r♥ ✐♠♠❡r ✇✐❡❞❡r ❡✐♥❡ ❆♥❢r❛❣❡ ❛♥ ❞❡♥ ❙❡r✈❡r s❡♥❞❡♥ ♠✉ss✱ ✇❡❧❝❤❡
♠✐t ❞❡♠ ■♥❤❛❧t ❞❡s ❚❡r♠✐♥❛❧s ❜❡❛♥t✇♦rt❡t ✇✐r❞✱ ✉♥❞ ❞❛♥❛❝❤ ü❜❡r♣rü❢❡♥ ♠✉ss✱ ♦❜ s✐❝❤
❞❡r ■♥❤❛❧t ❣❡ä♥❞❡rt ❤❛t✳ ❆❥❛①❲▼ ❧öst ❞✐❡s ✐♠ ❙t✐❧ ✈♦♥ ❆❥❛①t❡r♠✿ ❆✉❢ ❡✐♥❡ ❙②♥❝❤r♦♥✐✲
s❛t✐♦♥s❛♥❢r❛❣❡ ❞❡s ❈❧✐❡♥ts ❛♥t✇♦rt❡t ❞❡r ❙❡r✈❡r ❡♥t✇❡❞❡r ♠✐t ❞❡♠ ❚❡r♠✐♥❛❧✐♥❤❛❧t ♦❞❡r
♠✐t ❁✐❞❡♠❃❁✴✐❞❡♠❃ ✇❡♥♥ s✐❝❤ ♥✐❝❤ts ❣❡ä♥❞❡rt ❤❛t✳ ❉✐❡s ❢ü❤rt ❞❛③✉✱ ❞❛ss ✐♠ ❋❛❧❧❡
❡✐♥❡s ❣❧❡✐❝❤❜❧❡✐❜❡♥❞❡♥ ■♥❤❛❧t❡s ❡✐♥❡rs❡✐ts ❞✐❡ Ü❜❡rtr❛❣✉♥❣ s❝❤♥❡❧❧❡r ❛❜❣❡s❝❤❧♦ss❡♥ ✐st✱
❛♥❞❡r❡rs❡✐ts ❞❡r ❈❧✐❡♥t ♥✉r ❜❡✐ ❣❡ä♥❞❡rt❡♠ ■♥❤❛❧t ❡✐♥ ❋❡♥st❡r ❛❦t✉❛❧✐s✐❡r❡♥ ♠✉ss✳ ❉✐❡s❡
❆♥❢r❛❣❡ ✇✐r❞ ✐♥ ❡✐♥❡♠ ❜❡st✐♠♠t❡♥ ❩❡✐t✐♥t❡r✈❛❧❧ ❣❡s❡♥❞❡t✱ ❞❛ss s✐❝❤ ❞②♥❛♠✐s❝❤ ❞❛r❛♥
❛♥♣❛sst✱ ♦❜ s✐❝❤ ❞❡r ■♥❤❛❧t ✈❡rä♥❞❡rt ♦❞❡r ♥✐❝❤t✳ ❆❥❛①❲▼ ❣❡❤t ❛❜❡r ✇❡✐t❡r ❛❧s ❆❥❛①✲
t❡r♠✳ ❇❡✐ ❛❥❛①❲▼ ❣✐❜t ❡s ♥✐❝❤t ♥✉r ❡✐♥ ❡✐♥③✐❣❡s ③❡♥tr❛❧❡s ❚❡r♠✐♥❛❧✲❖❜❥❡❦t✱ ❞❛s s❡❧❜st
❞✐❡ ❙❡r✈❡r❛♥❢r❛❣❡♥ s❡♥❞❡t✱ s♦♥❞❡r♥ ❡✐♥❡♥ ❲✐♥❞♦✇ ▼❛♥❛❣❡r ❞❡r ❡✐♥❡ ❣r♦ÿ❡ ❆♥③❛❤❧
❛♥ ❚❡r♠✐♥❛❧s ✉♥t❡rstüt③t✳ ❏❡❞❡s ❚❡r♠✐♥❛❧ ✐st ❡✐❣❡♥❤ä♥❞✐❣ ❢ür s❡✐♥❡♥ ■♥❤❛❧t ③✉stä♥❞✐❣
✉♥❞ r❡❣❡❧t s❡✐♥❡ ❞②♥❛♠✐s❝❤❡♥ ❆❦t✉❛❧✐s✐❡r✉♥❣❡♥✳ ■st ❞❡r ❩❡✐t♣✉♥❦t ❡✐♥❡r ❆❦t✉❛❧✐s✐❡r✉♥❣
❣❡❦♦♠♠❡♥✱ ✇✐r❞ ❞❡r ▼❛♥❛❣❡r ❛✉❢❣❡r✉❢❡♥✱ ❞❡r ❡✐♥ ❙②♥❝❤r♦♥✐s❛t✐♦♥s❡✈❡♥t s❡♥❞❡t✳ ❉✐❡
❆♥t✇♦rt ❞❡s ❊✈❡♥ts ✇✐r❞ ❞❡♠ ❋❡♥st❡r✲❖❜❥❡❦t ü❜❡r❣❡❜❡♥✳ ❉❛s ❋❡♥st❡r✲❖❜❥❡❦t ü❜❡r✲
♣rü❢t ❞❛r❛✉❢❤✐♥✱ ♦❜ s✐❝❤ ❞❡r ■♥❤❛❧t ❣❡ä♥❞❡rt ❤❛t ♦❞❡r ♥✐❝❤t✳ ❇❡✐ ❣❡ä♥❞❡rt❡♠ ■♥❤❛❧t
✇✐r❞ ❞❛s ❋❡♥st❡r ❛❦t✉❛❧✐s✐❡rt ✉♥❞ ❞✐❡ ❉❛✉❡r ❜✐s ③✉r ♥ä❝❤st❡♥ ❆❦t✉❛❧✐s✐❡r✉♥❣ ❛✉❢ ❞❛s
▼✐♥✐♠✉♠ ❣❡s❡t③t✳ ❍❛t s✐❝❤ ❞❡r ■♥❤❛❧t ♥✐❝❤t ❣❡ä♥❞❡rt✱ ✇✐r❞ ❞✐❡ ❉❛✉❡r ❜✐s ③✉r ♥ä❝❤st❡♥
❆❦t✉❛❧✐s✐❡r✉♥❣ ❡r❤ö❤t✱ ✈♦rr❛✉s❣❡s❡t③t s✐❡ ❤❛t ❡✐♥ ❜❡st✐♠♠t❡s ▼❛①♠✐♠✉♠ ♥♦❝❤ ♥✐❝❤t

❡✐♥❡ ❚❛st❡ ❣❡❞rü❝❦t ✇✐r❞✮ ✉✳❛✳
✶✾❆✉❝❤ ❜❡✐ ❆❥❛① ❤❛♥❞❡❧t ❡s s✐❝❤ ♥✉r ✉♠ ❞❛s ❍❚❚✲Pr♦t♦❦♦❧❧✱ ✇❡❧❝❤❡s ❡✐♥ ③✉st❛♥❞s❧♦s❡s Pr♦t♦❦♦❧❧ ✐st

✉♥❞ ♥✐❝❤t ❢ür ❆♥✇❡♥❞✉♥❣❡♥✱ ❜❡✐ ❞❡♥❡♥ ❞❡r ❙❡r✈❡r ❞❡♠ ❈❧✐❡♥t ❡✐❣❡♥stä♥❞✐❣ ❉❛t❡♥ s❡♥❞❡♥ ❦❛♥♥✱

✈♦r❣❡s❡❤❡♥ ✐st✳
✷✵❙✳❣✳ ♣♦❧❧✐♥❣
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ü❜❡rs❝❤r✐tt❡♥✳ ❊✐♥ ❚❛st❡♥❞r✉❝❦ ❧ä✉❢t ä❤♥❧✐❝❤ ❛❜ ✇✐❡ ❞✐❡ ❙②♥❝❤r♦♥✐s❛t✐♦♥✿ ❉❡r ▼❛♥❛✲
❣❡r ü❜❡r♣rü❢t✱ ♦❜ ❞✐❡ ❣❡❞rü❝❦t❡ ❚❛st❡ ❦❡✐♥ ❍♦t❦❡② ✐st ✉♥❞ s❡♥❞❡t ❞❛♥♥ ❞❡♠ ❙❡r✈❡r
❞❛♥♥ ❡✐♥ ❑❡②♣r❡ss✲❊✈❡♥t✱ ❞❛ss ❞✐❡ ■❉ ❞❡s ❜❡tr♦✛❡♥❡♥ ❋❡♥st❡rs ✉♥❞ ❞❛s ❩❡✐❝❤❡♥ ✭❯❚❋✲
✽✲❦♦❞✐❡rt✮ ❡♥t❤ä❧t✳ ❉✐❡s❡s ❊✈❡♥t ✇✐r❞ ♠✐t ❞❡♠ ❚❡r♠✐♥❛❧✐♥❤❛❧t✱ ♥❛❝❤❞❡♠ ❞❛s ❩❡✐❝❤❡♥
❡✐♥❣❡❣❡❜❡♥ ✇✉r❞❡✱ ❜❡❛♥t✇♦rt❡t✳ ❆❜ ❤✐❡r ❧ä✉❢t ❡s ✇✐❡❞❡r ✇✐❡ ❜❡✐ ❡✐♥❡r ❙②♥❝❤r♦♥✐s❛t✐♦♥
❛❜✿ ❉❡r ▼❛♥❛❣❡r ü❜❡r❣✐❜t ❞❡♠ ❥❡✇❡✐❧✐❣❡♥ ❋❡♥st❡r✲❖❜❥❡❦t ❞❡♥ ❚❡r♠✐♥❛❧✐♥❤❛❧t ✉♥❞ ❞❛s
❋❡♥st❡r st❡❧❧t ✐❤♥ ❞❛r✳ ❉❛❞✉r❝❤ ✇✐r❞ ❜❡✐ ❥❡❞❡♠ ❚❛st❡♥❞r✉❝❦✱ ❜❡✐ ❞❡♠ s✐❝❤ ❞❡r ■♥❤❛❧t ❞❡s
❚❡r♠✐♥❛❧s ä♥❞❡rt✱ ❞✐❡ ❉❛✉❡r ❜✐s ③✉r ♥ä❝❤st❡♥ ❆❦t✉❛❧✐s✐❡r✉♥❣ ❛✉❢ ❞❛s ▼✐♥✐♠✉♠ ❣❡s❡t③t
✉♥❞ ♠ö❣❧✐❝❤❡ ✇❡✐t❡r❡ ❆✉s✇✐r❦✉♥❣❡♥ ❞❡s ❚❛st❡♥❞r✉❝❦s ✇❡r❞❡♥ ✐♥♥❡r❤❛❧❜ ❡✐♥❡s ❦✉r③❡♥
■♥t❡r✈❛❧❧❡s ❣❡♣♦❧❧t✳ ❙♦ ❦ö♥♥❡♥ Pr♦③❡ss♦r③❡✐t ✉♥❞ ❇❛♥❞❜r❡✐t❡ ❜❡✐ ✐♥❛❦t✐✈❡♥ ❚❡r♠✐♥❛❧s
❣❡s♣❛rt ✉♥❞ ❢ür ❛❦t✐✈❡r❡ ❚❡r♠✐♥❛❧s ✈❡r✇❡♥❞❡t ✇❡r❞❡♥✳

❋❡♥st❡r ✈❡rs❝❤✐❡❜❡♥ ✉♥❞ ✈❡r❣röÿ❡r♥

❆❥❛①❲▼ ✐st ❡✐♥ ❲✐♥❞♦✇ ▼❛♥❛❣❡r✱ ❞❡r s✐❝❤ ✐♥ ❞❡r ❍❛♥❞❤❛❜✉♥❣ ✇❡♥✐❣ ✈♦♥ ❛♥❞❡r❡♥
❲✐♥❞♦✇ ▼❛♥❛❣❡r♥ ✉♥t❡rs❝❤❡✐❞❡t✷✶✳ ❋❡♥st❡r ❧❛ss❡♥ s✐❝❤ ❞✉r❝❤ ❦❧✐❝❦❡♥ ✉♥❞ ③✐❡❤❡♥ ❛♥ ❞❡r
❚✐t❡❧❧❡✐st❡ ✈❡rs❝❤✐❡❜❡♥✱ ✈❡r❣röÿ❡r♥ ♦❞❡r ✈❡r❦❧❡✐♥❡r♥ ❣❡❤t ❞✉r❝❤ ❦❧✐❝❦❡♥ ✉♥❞ ③✐❡❤❡♥ ❛♥
❞❡♥ ❋❡♥st❡rr❛❤♠❡♥✷✷✳ ❲❡♥♥ ❞❛s ❋❡♥st❡r ✈❡rs❝❤♦❜❡♥ ♦❞❡r s❡✐♥❡ ●röÿ❡ ✈❡rä♥❞❡rt ✇✐r❞✱
✇✐r❦t s✐❝❤ ❥❡❞❡ ➘♥❞❡r✉♥❣ s♦❢♦rt ❛✉❢ ❞❛s ❋❡♥st❡r ❛✉s✷✸✳ ❊❧❡♠❡♥t❡✱ ❞✐❡ ❜❡✐♠ ❱❡rs❝❤✐❡❜❡♥
❜③✇✳ ❜❡✐♠ ❱❡r❣röÿ❡r♥ ✐❤r ❆✉ss❡❤❡♥ ä♥❞❡r♥ s♦❧❧❡♥✱ ✇❡r❞❡♥ s♦ ❧❛♥❣❡ ❛♥❞❡rs ❞❛r❣❡st❡❧❧t✱
✇✐❡ ❞❛s ❋❡♥st❡r ✈❡rs❝❤♦❜❡♥ ♦❞❡r ✈❡r❣röÿ❡rt ✇✐r❞✳ ❋❡♥st❡r ❦ö♥♥❡♥ ❞✉r❝❤ ❥❡❞❡s ❊❧❡♠❡♥t
✈❡r❣röÿ❡rt ♦❞❡r ✈❡rs❝❤♦❜❡♥ ✇❡r❞❡♥✷✹✳ ❇❡✐♠ ❣❡❞rü❝❦t ❤❛❧t❡♥ ❞❡r ▼❛✉st❛st❡ ❛✉❢ ❡✐♥ s♦❧✲
❝❤❡s ❊❧❡♠❡♥t ❜❡tr✐tt ❞❛s ❋❡♥st❡r ❞❡♥ ❱❡rs❝❤✐❡❜❡✲ ❜③✇✳ ❱❡r❣röÿ❡r✉♥❣s♠♦❞✉s✱ ✇❡❧❝❤❡
❊✈❡♥t✲❍❛♥❞❧❡r ❛✉❢s❡t③❡♥✱ ❞✐❡ ❛✉s❣❡❢ü❤rt ✇❡r❞❡♥✱ ✇❡♥♥ ❞❡r ❇❡♥✉t③❡r ❞✐❡ ▼❛✉st❛st❡ ❧♦s✲
❧ässt ♦❞❡r ❞✐❡ ▼❛✉s ❜❡✇❡❣t✳ ❊s ✇✐r❞ ❞❡r ❙t②❧❡s❤❡❡t✲❑❧❛ss❡♥♥❛♠❡ ❡✐♥❡s ❥❡❞❡♥ ❊❧❡♠❡♥✲
t❡s✱ ✇❡❧❝❤❡s ❜❡✐♠ ❱❡rs❝❤✐❡❜❡♥ ♦❞❡r ❱❡r❣röÿ❡r♥ s❡✐♥❡ ❑❧❛ss❡ ä♥❞❡r♥ s♦❧❧✷✺✱ ❣❡ä♥❞❡rt✷✻✳
❇❡✐♠ ❇❡✇❡❣❡♥ ❞❡r ▼❛✉s ✇✐r❞ ❥❡ ♥❛❝❤ ▼♦❞✉s ❞❛s ❋❡♥st❡r ✈❡rs❝❤♦❜❡♥ ♦❞❡r s❡✐♥❡ ●röÿ❡
❣❡ä♥❞❡rt✳ ❇❡✐♠ ▲♦s❧❛ss❡♥ ✇❡r❞❡♥ ❞✐❡ ❊✈❡♥t✲❍❛♥❞❧❡r ✉♥❞ ❞✐❡ ❙t②❧❡s❤❡❡t✲❑❧❛ss❡♥♥❛♠❡♥

✷✶❲✐♥❞♦✇ ▼❛♥❛❣❡r ❤❛❜❡♥ ♠❡✐st ❦❡✐♥❡♥ ❚❛s❦♣❛♥❡❧ ♦✳ä✳✱ ❞✐❡s❡ ❆✉❢❣❛❜❡♥ ❡r❧❡❞✐❣❡♥ s❡♣❡r❛t❡ Pr♦❣r❛♠✲

♠❡✳ ❆❥❛①❲▼ ✇✐r❞ ❞✐❡s ❥❡❞♦❝❤ ♥♦❝❤ ❤✐♥③✉❣❡❢ü❣t ❜❡❦♦♠♠❡♥✳ ❚✐❧✐♥❣ ✇✐r❞ ❛✉❝❤ ♥♦❝❤ ✐♠♣❧❡♠❡♥t✐❡rt✳
✷✷❉❛ ❞❡r ❙t❛♥❞❛r❞t❤❡♠❡ ❧✐♠ ❦❡✐♥❡ ❋❡♥st❡rr❛❤♠❡♥ ❜❡s✐t③t ✲ ✉♥❞ ❛✉❝❤ ♥✐❡♠❛❧s ❜❡s✐t③❡♥ ✇✐r❞ ✲ ✐st ❛✉❝❤

❦❡✐♥❡ ❱❡r❣röÿ❡r✉♥❣ ❞❡s ❋❡♥st❡rs ♠ö❣❧✐❝❤✳ ❉❛❤❡r ✐st ❞❡r ❱❡r❣röÿ❡r✉♥❣s♠♦❞✉s ♥✐❝❤t ❛✉s❢ü❤r❧✐❝❤

❣❡t❡st❡t ✉♥❞ ❢✉♥❦t✐♦♥✐❡rt ♠ö❣❧✐❝❤❡r✇❡✐s❡ ♥♦❝❤ ♥✐❝❤t✳
✷✸❊✐♥❡ ❆❧t❡r♥❛t✐✈❡ ✇är❡✱ ❞❛s ❡❝❤t❡ ❋❡♥st❡r ✉♥❜❡rü❤rt ③✉ ❧❛ss❡♥✱ ♥✉r ❡✐♥❡ ❱♦rs❝❤❛✉ ③✉ ✈❡rs❝❤✐❡❜❡♥

♦❞❡r ✐❤r❡ ●röÿ❡ ä♥❞❡r♥ ✉♥❞ ❞❛♥❛❝❤ ❞✐❡ ●röÿ❡ ❞❡r ❆❧t❡r♥❛t✐✈❡ ❛✉❢ ❞✐❡ ❞❡r ❱♦rs❝❤❛✉ ❛♥③✉♣❛ss❡♥✳

❲✐r❞ ♠ö❣❧✐❝❤❡r✇❡✐s❡ ❛✉❝❤ ♥♦❝❤ ❤✐♥③✉❣❡❢ü❣t✱ ❛❜❡r ♥✐❝❤t ✐♥ ❞❡r ♥ä❝❤st❡♥ ❩❡✐t✳
✷✹♦♥♠♦✉s❡❞♦✇♥❂✏♠♦✈❡✑ ❜③✇✳ ♦♥♠♦✉s❡❞♦✇♥❂✏r❡s✐③❡✑ ✐♥ ❞❡r ❚❤❡♠❡✲❳▼▲ ❜❡✐ ❥❡❞❡♠ ❊❧❡♠❡♥t✱ ❞❛s

❞❛s ✈❡rs❝❤✐❡❜❡♥ ♦❞❡r ✈❡r❣röÿ❡r♥ s♦❧❧✳
✷✺♠♦✈❡❂✏❝❤❛♥❣❡✑ ❜③✇✳ r❡s③✐❡❂✏❝❤❛♥❣❡✑ ✐♥ ✐❤r❡♥ ❳▼▲✲❚❛❣s ✐♥ ❞❡r ❳▼▲✲❉❛t❡✐ ❞❡s ❚❤❡♠❡s✳
✷✻❆♥ ❞❡♥ ❙t②❧❡s❤❡❡t✲❑❧❛ss❡♥♥❛♠❡♥ ✇✐r❞ ❡✐♥ ❴♠♦✈✐♥❣ r❡s♣❡❦t✐✈❡ ❴r❡s✐③✐♥❣ ❛♥❣❡❤ä♥❣t✳ ❉❛s ❆✉ss❡❤❡♥

❜❡✐♠ ❱❡rs❝❤✐❡❜❡♥ ♦❞❡r ❱❡r❣röÿ❡r♥ ❦❛♥♥ s♦ ❡✐♥❢❛❝❤ ♣❡r ❈❙❙ ❞❡✜♥✐❡rt ✇❡r❞❡♥✳

✸✸



❑❛♣✐t❡❧ ✹✳ ❈❧✐❡♥t

③✉rü❝❦❣❡s❡t③t ✉♥❞ ❞❛❞✉r❝❤ ❞❡r ❥❡✇❡✐❧✐❣❡ ▼♦❞✉s ✈❡r❧❛ss❡♥✳

❋❡♥st❡r s❝❤❧✐❡ÿ❡♥

❋❡♥st❡r ❦ö♥♥❡♥ ❡♥t✇❡❞❡r ❞✉r❝❤ ❑❧✐❝❦❡♥ ❛✉❢ ❡✐♥❡ ✒❙❝❤❧✐❡ÿ❡♥✏✲❙❝❤❛❧t✢ä❝❤❡✷✼ ♦❞❡r ❞✉r❝❤
❞❛s ❉rü❝❦❡♥ ✈♦♥ ❙❚❘●✰❆▲❚✰❈ ❣❡s❝❤❧♦ss❡♥ ✇❡r❞❡♥✳ ❲❡♥♥ ❡✐♥ ❋❡♥st❡r ❣❡s❝❤❧♦ss❡♥
✇❡r❞❡♥ s♦❧❧✱ ❜❡r❡✐t❡t ❡s s✐❝❤ ❡rst ❛✉❢ ❞❛s ❙❝❤❧✐❡ÿ❡♥ ✈♦r✷✽ ✉♥❞ ✇❡✐st ❞❡♥ ▼❛♥❛❣❡r ❛♥✱ ❞✐❡✲
s❡s ❋❡♥st❡r ③✉ s❝❤❧✐❡ÿ❡♥✳ ❉❡r ▼❛♥❛❣❡r s❡♥❞❡t ❞❡♠ ❙❡r✈❡r ❞✐❡ ❆♥❢r❛❣❡✱ ❞❛s ❛✉s❣❡✇ä❤❧t❡
❋❡♥st❡r s❡r✈❡rs❡✐t✐❣ ③✉ s❝❤❧✐❡ÿ❡♥✳ ▼❡❧❞❡t ❞❡r ❙❡r✈❡r ❊r❢♦❧❣✱ s❝❤❧✐❡ÿt ❞❡r ▼❛♥❛❣❡r ❞❛s
❋❡♥st❡r ✉♥❞ ③❡rstört ❞❛♥♥ ❞❛s ③✉❣❡❤ör✐❣❡ ❖❜❥❡❦t✷✾✳ ❉❡r ❋♦❦✉s ✇✐r❞ ❞❡♠ ✈♦r❤❡r✐❣❡♥
❋❡♥st❡r ü❜❡r❣❡❜❡♥✳

✷✼▲✐♠ ❤❛t ❦❡✐♥❡ ❙❝❤❛❧t✢ä❝❤❡♥ ✉♥❞ ✇✐r❞ ❛✉❝❤ ❦❡✐♥❡ ❜❡❦♦♠♠❡♥✳ ❉❛❤❡r ✐st ♥♦❝❤ ❦❡✐♥❡ ❋✉♥❦t✐♦♥s✇❡✐s❡

❢ür ❙❝❤❛❧t✢ä❝❤❡♥ ✐♠♣❧❡♠❡♥t✐❡rt✳
✷✽❉❡r③❡✐t ✇✐r❞ ♥✉r ❡✐♥ ❋❧❛❣ ❣❡s❡t③t✱ ❞❛s ✇❡✐t❡r❡ ❙②♥❝❤r♦♥✐s❛t✐♦♥❡♥ ✈❡r❤✐♥❞❡rt✳
✷✾❉❡r③❡✐t ✐st ♥♦❝❤ ❦❡✐♥❡ ❋❡❤❧❡r❜❡❤❛♥❞❧✉♥❣ ❡✐♥❣❡❜❛✉t✱ ❞✐❡ ❡✐♥❡♥ s❡r✈❡rs❡✐t✐❣❡♥ ❋❡❤❧s❝❤❧❛❣ ❜❡✐♠ ❙❝❤❧✐❡✲

ÿ❡♥ ❜❡❤❛♥❞❡❧♥ ❦ö♥♥t❡✳

✸✹
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❚❤❡♠❡s

✺✳✶ ❉❡s✐❣♥

✺✳✶✳✶ P❧❛♥✉♥❣

❊♥t✇♦r❢❡♥ ✇❡r❞❡♥ s♦❧❧t❡ ❡✐♥❡ ❲❡❜s✐t❡ ❛✉❢ ✇❡❧❝❤❡r❡♥ ❋❡♥st❡r ❣❡ö✛♥❡t ✇❡r❞❡♥ ❦ö♥♥❡♥✱
✐♥ ❞❡♥❡♥ Pr♦❣r❛♠♠❡ ❞❡s ❘❡❝❤♥❡rs ❛✉❢ ✇❡❧❝❤❡♥ ♠❛♥ ü❜❡rs ■♥t❡r♥❡t ③✉❣r❡✐❢t ❛✉s❣❡❢ü❤rt
✇❡r❞❡♥✳ ❉❛❤❡r ❛✉❝❤ ❞❡r Pr♦❥❡❦t♥❛♠❡ ❆❥❛①✇♠✱ ✇❡❧❝❤❡r ❦✉r③ ❢ür ❆❥❛① ❲✐♥❞♦✇ ▼❛♥❛✲
❣❡r st❡❤t✳ ❊s ❜♦t s✐❝❤ ❛♥ ❞❛s ❣❛♥③❡ ✐♠ ❙t✐❧ ✈♦♥ ❲✐♥❞♦✇s ❳P ③✉ ❡♥t✇❡r❢❡♥✱ ✇❡✐t❡r ❩✐❡❧❡
✇❛r❡♥✱ ❡✐♥ ▼✐♥✐♠❛❧st✐❧ ❢ür ▼❡♥s❝❤❡♥ ♠✐t ❡✐♥❡r ❆❜♥❡✐❣✉♥❣ ❣❡❣❡♥ü❜❡r ▼✐❝r♦s♦❢t s♦✇✐❡
❡✐♥ ❱✐st❛ ✉♥❞ ▼❛❝ ❖❙ ❙t✐❧❡✳

❆❧s ✇❡✐t❡r❡s ❩✐❡❧ s♦❧❧t❡ ✐❝❤ ♥♦❝❤ ❡✐♥❡♥ ▲♦❣✐♥ ❙❝r❡❡♥ ❡♥t✇❡r❢❡♥✳

❆❜❜✐❧❞✉♥❣ ✺✳✶✿ ❙♦ s✐❡❤t✬s ❜❡✐ ❖r✐❣✐♥❛❧ ▼✐❝r♦s♦❢t ❲✐♥❞♦✇s ❳P ❛✉s

✸✺

http://de.wikipedia.org/wiki/Ajax_(Programmierung)
http://www.cs.uni-paderborn.de/fileadmin/Informatik/IRB/images/anmelden.jpg
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❆❜❜✐❧❞✉♥❣ ✺✳✷✿ ❍❛♥❞❣❡③❡✐❝❤♥❡t❡r ❊♥t✇✉r❢ ❞❡s ❲✐♥❞♦✇s ❳P ❙t✐❧s
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❑❛♣✐t❡❧ ✺✳ ❚❤❡♠❡s

✺✳✶✳✷ ❙t❛t✐s❝❤❡r ❆✉❢❜❛✉

❉✐❡ ❉❡s✐❣♥ ❲❡❜s❡✐t❡♥ s✐♥❞ st❛t✐s❝❤ ❣❡s❝❤r✐❡❜❡♥✱ ❞✳❤✳ s✐❡ s❡❤❡♥ ❜❡✐ ❥❡❞❡♠ ❆✉❢r✉❢ ❣❡♥❛✉
✐❞❡♥t✐s❝❤ ❛✉s ✉♥❞ ❧❛ss❡♥ s✐❝❤ ❛✉❝❤ ♥✐❝❤t ✈❡rä♥❞❡r♥✳ ❲är❡ ❡✐♥ ❇❡s✉❝❤❡r③ä❤❧❡r ❡♥t❤❛❧t❡♥✱
❞❛♥♥ ✇är❡♥ ❙✐❡ ❜❡r❡✐ts ♥✐❝❤t ♠❡❤r st❛t✐s❝❤✱ ❞❡♥♥ ❞✐❡s❡r ❩ä❤❧❡r ✈❡rä♥❞❡rt s✐❝❤ ♠✐t
❞❡r ❩❛❤❧ ❞❡r ❙❡✐t❡♥❛✉❢r✉❢❡✳ ❉❡r ❙❡✐t❡ ▲❡❜❡♥ ❡✐♥③✉❤❛✉❝❤❡♥ ✐st ❆♥❞②s ❆✉❢❣❛❜❡✳ ❙❡✐♥
❣❡s❝❤r✐❡❜❡♥❡s ❏❛✈❛❙❝r✐♣t ✇✐r❞ s✐❝❤ ❞❛♥♥ ❞❛r✉♠ ❦ü♠♠❡r♥ ❞✐❡ ❣❡ö✛♥❡t❡♥ ❋❡♥st❡r ❛♥
❞❡r r✐❝❤t✐❣❡♥ ❙t❡❧❧❡ ❛♥③✉③❡✐❣❡♥✱ ♦❞❡r ✇❡♥♥ s✐❡ ✈❡rs❝❤♦❜❡♥ ✇❡r❞❡♥✱ s✐❡ ♠✐t ❞❡♥ ♥❡✉❡♥
❑♦♦r❞✐♥❛t❡♥ ❢r✐s❝❤ ❛✉❢③✉❜❛✉❡♥✳

✺✳✶✳✸ ❙t❛♥❞

❉❡r ❲✐♥❞♦✇s ❳P ❙t✐❧✱ st❡❤t ❞❡♠♥ä❝❤st ✈♦r s❡✐♥❡r ❋❡rt✐❣st❡❧❧✉♥❣✱ ❛❧❧❡r❞✐♥❣s ♠✉ss ❞✐❡
❉❡s❦t♦♣ ❆♥s✐❝❤t ❛✉❢❣r✉♥❞ ❡✐♥❡s ❋❡❤❧❡rs ❜❡✐ ❞❡r ❚❛s❦❧❡✐st❡ ♥♦❝❤ ❡✐♥♠❛❧ r❡❞❡s✐❣♥❞ ✇❡r✲
❞❡♥✳ ❉❡r ❆♥♠❡❧❞❡❜✐❧❞s❝❤✐r♠ ♠✉ss ♥♦❝❤ ✉♠ ❞✐❡ ③✉❣❡❤ör✐❣❡♥ ❇✐❧❞❡r ❡r✇❡✐t❡rt ✇❡r❞❡♥✳

✸✼

http://multimedia.zawiw.uni-ulm.de/~webdemo/webkurs/static-de.html
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✺✳✷ ❍❚▼▲

■♠ ❍❚▼▲ ❚❡✐❧ ❞❡r ❲❡❜s❡✐t❡♥ st❡❤❡♥ ❦❡✐♥❡ ❆♥❣❛❜❡♥ ③✉r ❋♦r♠❛t✐❡r✉♥❣✱ ③✉♠ ❙t✐❧ ✉♥❞
③✉r ❆✉sr✐❝❤t✉♥❣✳ ❙✐❡❤❡ ✇✐♥①♣✳❤t♠❧ ❢ür ❞✐❡ ❍❚▼▲✲❉❛t❡✐✳

❆❜❜✐❧❞✉♥❣ ✺✳✸✿ ❆✉ss❡❤❡♥ ❞❡r ❙❡✐t❡ ♦❤♥❡ ❈❙❙
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❆❜❜✐❧❞✉♥❣ ✺✳✹✿ ❏❡t③✐❣❡r ❙t❛♥❞ ♠✐t ❈❙❙

✺✳✸ ❈❙❙

❉✐❡ ❈❙❙✲❉❛t❡✐ st❡❤t ✉♥t❡r st②❧❡✶✳❝ss ③✉r ❱❡r❢ü❣✉♥❣✳

❉❡r ◆❛♠❡ ❞❡s ③✉ ❞❡✜♥✐❡r❡♥❞❡♥ ❊❧❡♠❡♥ts ✇✐r❞ ❤✐♥❣❡s❝❤r✐❡❜❡♥✱ ❢❛❧❧s ❡s s✐❝❤ ✐♥✲
♥❡r❤❛❧❜ ❡✐♥❡s ❛♥❞❡r❡♥ ❊❧❡♠❡♥ts ❜❡✜♥❞❡♥ ✇✐r❞ ❞❡r ◆❛♠❡ ❞❡s ❊❧t❡r♥❡❧❡♠❡♥ts ❞❛✈♦r
❣❡s❝❤r✐❡❜❡♥✳ ❉✐❡ ✈❡r✇❡♥❞❡t❡♥ ❆♥✇❡✐s✉♥❣❡♥ s✐♥❞ ✐♥ ❞✐❡s❡ ❑❧❛♠♠❡r♥ ③✉ s❝❤r❡✐❜❡♥✱
❥❡❞❡ ❆♥✇❡✐s✉♥❣ ♠✉ss ♠✐t ❡✐♥❡♠ ❀ ❣❡s❝❤❧♦ss❡♥ ✇❡r❞❡♥ s♦♥st ü❜❡rs✐❡❤t ❞❡r ❇r♦✇s❡r s✐❡✳
❉❡r ■♥t❡r♥❡t ❊①♣❧♦r❡r ✈♦♥ ▼✐❝r♦s♦❢t st❡❧❧t ❞✐❡ ♠❡✐st❡♥ ♦❜✇♦❤❧ r✐❝❤t✐❣ ❣❡s❝❤r✐❡❜❡♥❡♥
❆♥✇❡✐s✉♥❣❡♥ tr♦t③❞❡♠ ❢❛❧s❝❤ ❞❛r✱ ❞❛ ❡r s✐❝❤ ♥✉r s❡❧t❡♥ ❛♥ ❙t❛♥❞❛r❞s ❤ä❧t✳ ❩✉r st❡❤t✬s
❦♦rr❡❦t❡♥ ❆♥③❡✐❣❡ s♦❧❧t❡ ❞❛❤❡r ❞❡r ▼♦③✐❧❧❛ ❋✐r❡❢♦① ✈❡r✇❡♥❞❡t ✇❡r❞❡♥✳

❈❙❙✲❇❡❢❡❤❧ ❋✉♥❦t✐♦♥ ✭❆♥❣❛❜❡♥ ♦❤♥❡ ●❡✇ä❤r✮

❲✐❞t❤ ✐st ❢ür ❞✐❡ ❇r❡✐t❡ ❞❡s ③✉ ❡rst❡❧❧❡♥❞❡♥ ❊❧❡♠❡♥ts✱ ❞✐❡ ❆♥✲
❣❛❜❡ ❦❛♥♥ ❛❜s♦❧✉t ❛❧s♦ ✐♥ P✐①❡❧ ❡r❢♦❧❣❡♥✱ ③✳❇✳ ✶✵✵♣① ♦❞❡r
✐♥ Pr♦③❡♥t❡♥ r❡❧❛t✐✈ ③✉r ●röÿ❡ ❞❡s ❇r♦✇s❡r❢❡♥st❡rs ♦❞❡r
❊❧t❡r♥❡❧❡♠❡♥ts ③✳❇✳ ✷✵✪

❍❡✐❣❤t ✐st ❢ür ❞✐❡ ❍ö❤❡ ❞❡s ③✉ ❡rst❡❧❧❡♥❞❡♥ ❊❧❡♠❡♥ts✱ ❞✐❡ ❆♥❣❛✲
❜❡ ❦❛♥♥ ❛❜s♦❧✉t ❛❧s♦ ✐♥ P✐①❡❧ ❡r❢♦❧❣❡♥✱ ③✳❇✳ ✶✵✵♣① ♦❞❡r
✐♥ Pr♦③❡♥t❡♥ r❡❧❛t✐✈ ③✉r ●röÿ❡ ❞❡s ❇r♦✇s❡r❢❡♥st❡rs ♦❞❡r
❊❧t❡r♥❡❧❡♠❡♥ts ③✳❇✳ ✷✵✪
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❇❛❝❦❣r♦✉♥❞✲❝♦❧♦r ❞❛♠✐t ❧ässt s✐❝❤ ❞✐❡ ❋❛r❜❡ ❞❡s ❍✐♥t❡r❣r✉♥❞❡s ❡♥t✇❡❞❡r
✈♦♥ ❞❡r ❣❛♥③❡♥ ❙❡✐t❡ ♦❞❡r ♥✉r ✈♦♠ ❜❡tr❡✛❡♥❞❡♥ ❊❧❡♠❡♥t
❡✐♥st❡❧❧❡♥✳ ❆♥❣❛❜❡♥ ✇✐❡ ③✳❇✳ ❜❧❛❝❦ ♦❞❡r ★✵✵✹❡✾✽ s✐♥❞
③✉❧äss✐❣✳

❇❛❝❦❣r♦✉♥❞✲✐♠❛❣❡ ▼✐t ❞❡r ❆♥❣❛❜❡ ✈♦♥ ✉r❧✭❜✐❧❞✳❥♣❣✮ ❦❛♥♥ ♠❛♥ ❡✐♥ ❍✐♥t❡r✲
❣r✉♥❞❜✐❧❞ ❞❡✜♥✐❡r❡♥✳

❇❛❝❦❣r♦✉♥❞✲r❡♣❡❛t ❉✐❡ ❆♥❣❛❜❡ ♥♦✲r❡♣❡❛t ✈❡r❤✐♥❞❡rt ❞❛s ❛❧s ❍✐♥t❡r❣r✉♥❞
❛♥❣❡❣❡❜❡♥ ❇✐❧❞ ♥✐❝❤t ✇✐❡❞❡r❤♦❧t ✇✐r❞✳

▼❛r❣✐♥ ❆❜st❛♥❞ ③✉ ❡✐♥❡♠ ❛♥❞❡r❡♥ ❊❧❡♠❡♥t✳
P❛❞❞✐♥❣ ❉❡✜♥✐❡rt ❞❡♥ ■♥♥❡♥❛❜st❛♥❞ ③✇✐s❝❤❡♥ ❊❧❡♠❡♥tr❛♥❞ ✉♥❞

■♥❤❛❧t✳
P♦s✐t✐♦♥ ▼✐t ❞✐❡s❡♠ ❇❡❢❡❤❧ ❦❛♥♥ ♠❛♥ ❞✐❡ ❣❡✇ü♥s❝❤t❡ ❆✉sr✐❝❤✲

t✉♥❣ ❜❡st✐♠♠❡♥✳
❚♦♣ ●✐❜t ❛♥✱ ❛♥ ✇❡❧❝❤❡r ❙t❡❧❧❡ ❞❛s ❊❧❡♠❡♥t ❡rs❝❤❡✐♥❡♥ ✇✐r❞✳

❱♦♥ ♦❜❡♥ ❛✉s❣❡❤❡♥❞ ✐♥ P✐①❡❧ ♦❞❡r Pr♦③❡♥t✳
▲❡❢t ❲✐❡ t♦♣ ♥✉r ✈♦♥ ❧✐♥❦s ❛✉s❣❡❤❡♥❞ ✐♥ P✐①❡❧ ♦❞❡r Pr♦③❡♥t✳

❘✐❣❤t ✉♥❞ ❇♦tt♦♠ ✭✉♥t❡♥✮ s✐♥❞ ❛✉❝❤ ♠ö❣❧✐❝❤✳
❚❡①t✲❛❧✐❣♥ ❍✐❡r♠✐t ❧ässt s✐❝❤ ❞✐❡ ❚❡①t❛✉sr✐❝❤t✉♥❣ ❢❡st❧❡❣❡♥✳ ❚❡①t✲

❛❧✐❣♥⑥ ❝❡♥t❡r❀ r✐❝❤t❡t ❞❡♥ ❚❡①t ♠✐tt✐❣ ❛✉s✳

❚❛❜❡❧❧❡ ✺✳✶✿ ❉✐❡ ✈❡r✇❡♥❞❡t❡♥ ❇❡❢❡❤❧❡

✹✶

http://www.css4you.de/margin.html
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❆❜❜✐❧❞✉♥❣ ✺✳✺✿ ❙♦ st❡❧❧t ❞❡r ■♥t❡r♥❡t ❊①♣❧♦r❡r ❞✐❡ ✉♥t❡r P✉♥❦t ✷✭❍❚▼▲✮✲ ❙t❛♥❞ ❣❡✲
③❡✐❣t❡ ❲❡❜s✐t❡ ✭❉❡s❦t♦♣ ❙❡✐t❡✮ ❞❛r✿

✺✳✹ ❯♠s❡t③✉♥❣

✺✳✹✳✶ ▲♦❣✐♥s❡✐t❡

❆✉❢ ❞❡r ▲♦❣✐♥s❡✐t❡ trä❣t ♠❛♥ s❡✐♥❡♥ ❇❡♥✉t③❡r♥❛♠❡♥✱ ❞❛s P❛ss✇♦rt ✉♥❞ ❞❡♥ ❍♦st♣❝
❛✉❢ ✇❡❧❝❤❡♥ ♠❛♥ ③✉❣r❡✐❢❡♥ ♠ö❝❤t❡ ❡✐♥✳ ❍✐❡r ❢❡❤❧❡♥ ♥♦❝❤ ❞✐❡ ❋♦r♠✉❧❛r❡ ③✉r ❊✐♥❣❛❜❡
❞❡r ❉❛t❡♥✳

✹✷
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✺✳✹✳✷ ❉❡s❦t♦♣s❡✐t❡

❉✐❡ ❉❡s❦t♦♣s❡✐t❡ ✇✐r❞ ✈❡r✇❡♥❞❡t ✉♠ ✇✐❡ ✐♠ ❱♦r❜✐❧❞ ③✉ ❢✉♥❦t✐♦♥✐❡r❡♥✱ s♦ ✇✉r❞❡ ❡✐♥❡
❚❛s❦❧❡✐st❡ ✈❡r✇✐r❦❧✐❝❤t✱ ✐♥ ✇❡❧❝❤❡r❡♥ s♣ät❡r ❞✐❡ ❣❡ö✛♥❡t❡♥ Pr♦❣r❛♠♠❡ ❡rs❝❤❡✐♥ s♦✇✐❡
❡✐♥ ■♥❢♦ ❚❡✐❧ ♠✐t ❯❤r③❡✐t ✉♥❞ ❱❡r❜✐♥❞✉♥❣sst❛t✉s✳ ❲❛s ❜❡✐ ❲✐♥❞♦✇s ❳P ❙t❛rt ❤❡✐ÿt
✇✐r❞ ❤✐❡r ❞✐❡ ❋✉♥❦t✐♦♥ ❡r❤❛❧t❡♥ s✐❝❤ ❛✉s③✉❧♦❣❣❡♥ ♦❞❡r ❡✐♥③❡❧♥❡ Pr♦❣r❛♠♠❡ ③✉ st❛rt❡♥✳

✹✸
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◗✉❡❧❧t❡①t

▼❡✐♥❡ ❈♦❞❡s s✐♥❞ ✇✐❡ ♠♦❞❡r♥❡ ❑✉♥st✿

❑❡✐♥❡r ❦❛♥♥ s✐❡ ❡✐♥♦r❞♥❡♥✱

✉♥❞ ✇❡♥♥ ♠❛♥ s✐❡ ③✉ ❧❛♥❣❡ ❜❡tr❛❝❤t❡t✱

✇✐r❞ ❡✐♥❡♠ s❝❤❧❡❝❤t✳

❆✉t❤♦r ✉♥❜❡❦❛♥♥t

✻✳✶ ❙❡r✈❡r

✻✳✶✳✶ ❛❥❛①✇♠✳♣②

✶ ★✦✴ ✉sr ✴ ❜✐♥ ✴❡♥✈ ♣②t❤♦♥

✷ ✧✧✧

✸ ❛❥❛①❲▼ − t❤❡ ❢ r ❡ ❡ ✇❡❜ ❜❛s❡❞ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ❢ ♦ r r❡♠♦t❡ t ❡ r♠✐♥❛ ❧ s

✹ ❈♦♣②r✐❣❤t ✭❈✮ ✷✵✵✼ ❉❡♥♥✐s ❋❡ ❧ s ✐♥❣ ✱ ❆♥❞r❡❛s ❲❛✐❞❧❡r

✺

✻ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❢ r ❡ ❡ s♦ ❢ t✇❛r❡ ✿ ②♦✉ ❝❛♥ r ❡ ❞ ✐ s t r ✐ ❜ ✉ t ❡ ✐ t ❛♥❞✴♦r ♠♦❞✐❢②

✼ ✐ t ✉♥❞❡r t❤❡ t❡r♠s ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❛s ♣✉❜ ❧ ✐ s❤❡❞ ❜②

✽ t❤❡ ❋r❡❡ ❙♦❢t✇❛r❡ ❋♦✉♥❞❛t✐♦♥ ✱ ❡ ✐ t ❤ ❡ r ✈ ❡ r s ✐ ♦♥ ✸ ♦ ❢ t❤❡ ▲✐❝❡♥s❡ ✱ ♦r

✾ ✭ ❛t ②♦✉r ♦♣t ✐♦♥ ✮ ❛♥② ❧ ❛ t ❡ r ✈ ❡ r s ✐ ♦♥ ✳

✶✵

✶✶ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❞ ✐ s t r ✐ ❜ ✉ t ❡ ❞ ✐♥ t❤❡ ❤♦♣❡ t❤❛t ✐ t ✇ ✐ ❧ ❧ ❜❡ ✉s❡ ❢✉ ❧ ✱

✶✷ ❜✉t ❲■❚❍❖❯❚ ❆◆❨ ❲❆❘❘❆◆❚❨❀ ✇✐t❤♦✉t ❡✈❡♥ t❤❡ ✐♠♣❧ ✐ ❡❞ ✇❛rr❛♥t② ♦ ❢

✶✸ ▼❊❘❈❍❆◆❚❆❇■▲■❚❨ ♦r ❋■❚◆❊❙❙ ❋❖❘ ❆ P❆❘❚■❈❯▲❆❘ P❯❘P❖❙❊✳ ❙❡❡ t❤❡

✶✹ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❢ ♦ r ♠♦r❡ ❞ ❡ t ❛ ✐ ❧ s ✳

✶✺

✶✻ ❨♦✉ s❤♦✉❧❞ ❤❛✈❡ r ❡ ❝ ❡ ✐ ✈ ❡❞ ❛ ❝♦♣② ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡

✶✼ ❛❧♦♥❣ ✇✐t❤ t ❤ ✐ s ♣r♦❣r❛♠ ✳ ■ ❢ ♥♦t ✱ s ❡ ❡ ❁❤tt♣ ✿✴✴✇✇✇✳ ❣♥✉ ✳ ♦r❣ ✴ ❧ ✐ ❝ ❡ ♥ s ❡ s ✴❃✳

✶✽

✶✾ ✩■❞ ✿ ❛❥❛①✇♠ ✳ ♣② ✼✻ ✷✵✵✼−✶✷−✶✺ ✶✶ ✿ ✷✻ ✿ ✷✹❩ r✵q ✩

✷✵ ✧✧✧

✷✶

✷✷ ★④④④ ■♠♣♦rts

✷✸ ★ Ps②❝♦ r ❡ ❛ ❧ ❧ ② s♣❡❡❞s ✉♣ ❛❥❛①❲▼ ✭ ✇❡ ❧ ❧ ✱ ❛♥② s ❝ r ✐ ♣ t ✇r ✐ t t ❡♥ ✐♥ P②t❤♦♥ ✮ ✱ ❜✉t ✐ t

✷✹ ★ ✐ s ♦♥❧② ❛ ✈ ❛ ✐ ❧ ❛ ❜ ❧ ❡ ❢ ♦ r ①✽✻ ❛♥❞ ✇ ✐ ❧ ❧ ❧ ✐ ❦ ❡ ❧ ② ❴♥♦t❴ ❣❡ t ♣♦rt❡❞ ✳

✷✺ tr② ✿

✷✻ ✐♠♣♦rt ♣s②❝♦

✷✼ ♣s②❝♦ ✳ ❢ ✉ ❧ ❧ ✭ ✮

✷✽ ❡①❝❡♣t ■♠♣♦rt❊rr♦r ✿

✷✾ ♣❛ss

✸✵

✸✶ ✐♠♣♦rt s②s

✹✹
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✸✷ ✐♠♣♦rt ♦♣t♣❛rs❡

✸✸ ✐♠♣♦rt ♦s

✸✹ ✐♠♣♦rt ❝♦♠♠❛♥❞s

✸✺

✸✻ ❢r♦♠ ❙s❤ ✐♠♣♦rt ❙s❤

✸✼ ✐♠♣♦rt q✇❡❜

✸✽ ★⑥⑥⑥

✸✾ ❊◆❈❖❉■◆● ❂ ✬❯❚❋−✽ ✬

✹✵ ❳▼▲❙❚❘■◆● ❂ ✉ ✬❁❄①♠❧ ✈❡ r s ✐ ♦♥ ❂✧✶✳✵✧ ❡♥❝♦❞✐♥❣❂✧✪s✧❄❃ ✬ ✪ ❊◆❈❖❉■◆●

✹✶ ★ ❆❧ ❧ t❤❡♠❡s ❜❡t✇❡❡♥ t❤❡ s❡ t✇♦ ✈❡ r s ✐ ♦♥s ✭ ✐♥❝ ❧ ✉❞ ✐♥❣ t❤❡♠✮ ❛r❡ ✈ ❛ ❧ ✐ ❞ ❢ ♦ r t ❤ ✐ s

✹✷ ★ ✈❡rs ✐♦♥ ✳

✹✸ ❱❆▲■❉❴❚❍❊▼❊❙ ❂ ✭ ❬ ✵ ✱ ✶ ✱ ✵ ❪ ✱ ❬ ✵ ✱ ✸ ✱ ✵ ❪ ✮

✹✹ ❞❡❢ r❡❛❞ ✭ ❢❞ ✮ ✿★④④④

✹✺ tr② ✿

✹✻ ❝♦♥t❡♥t ❂ ♦s ✳ r❡❛❞ ✭ ❢❞ ✱ ✻✺✺✸✻✮

✹✼ r❡t✉r♥ ✉♥✐❝♦❞❡ ✭ ❝♦♥t❡♥t ✱ ❊◆❈❖❉■◆●✮

✹✽ ❡①❝❡♣t ❖❙❊rr♦r ✿

✹✾ r❡t✉r♥ ✉ ✬ ✬

✺✵ ★⑥⑥⑥

✺✶ ❞❡❢ ♠❛✐♥ ✭ ❛r❣✈❂◆♦♥❡ ✮ ✿★④④④

✺✷ ★ ❢ ✐ ❧ ❧ ✐ ♥ ❣ t❤❡ ❞ ❡ ❢ ❛ ✉ ❧ t ❞②♥❛♠✐❝❛❧ ❧② ✱ ❜❡❝❛✉s❡ t❤❡ ❞ ❡ ❢ ❛ ✉ ❧ t ❛r❣✉♠❡♥t ♦ ❢ ♠❛✐♥ ✭✮

✺✸ ★ ✐ s ❝ ❛ ❧ ❝ ✉ ❧ ❛ t ❡ ❞ r ✐ ❣ ❤ t ❛t t❤❡ ❞ ❡ ❢ ✐ ♥ ✐ t ✐ ♦ ♥ ❛♥❞ ✇♦♥ ✬ t ❣ ❡ t ✉♣❞❛t❡❞

✺✹ ✐ ❢ ❛r❣✈ ✐ s ◆♦♥❡ ✿

✺✺ ❛r❣✈ ❂ s②s ✳ ❛r❣✈

✺✻

✺✼ ♣❛r s ❡ r ❂ ♦♣t♣❛rs❡ ✳ ❖♣t✐♦♥P❛rs❡r ✭ ✮

✺✽ ♣❛r s ❡ r ✳ ❛❞❞❴♦♣t✐♦♥ ✭ ✬−❞ ✬ ✱

✺✾ ✬−−❞❛❡♠♦♥ ✬ ✱

✻✵ ❞❡st ❂ ✬❞❛❡♠♦♥ ✬ ✱

✻✶ ❛❝ t ✐ ♦♥ ❂ ✬ st♦r❡❴tr✉❡ ✬ ✱

✻✷ ❤❡ ❧♣ ❂ ✬ r✉♥ ✐♥ ❜❛❝❦❣r♦✉♥❞ ✬ ✮

✻✸ ♣❛r s ❡ r ✳ ❛❞❞❴♦♣t✐♦♥ ✭ ✬−♣ ✬ ✱

✻✹ ✬−−♣♦rt ✬ ✱

✻✺ ❞❡st ❂ ✬ ♣♦rt ✬ ✱

✻✻ ❞ ❡ ❢ ❛✉ ❧ t ❂ ✬ ✽✵✷✷ ✬ ✱

✻✼ ❤❡ ❧♣ ❂ ✬ s ❡ t t❤❡ ❚❈P ♣♦rt ✭ ❞ ❡ ❢ ❛✉ ❧ t ✿ ✽✵✷✷✮ ✬ ✮

✻✽ ♣❛r s ❡ r ✳ ❛❞❞❴♦♣t✐♦♥ ✭ ✬− ❧ ✬ ✱

✻✾ ✬−−❧ ♦❣ ✬ ✱

✼✵ ❛❝ t ✐ ♦♥ ❂ ✬ st♦r❡❴tr✉❡ ✬ ✱

✼✶ ❞❡st ❂ ✬ ❧ ♦❣ ✬ ✱

✼✷ ❞ ❡ ❢ ❛✉ ❧ t ❂ ✵ ✱

✼✸ ❤❡ ❧♣ ❂ ✬ ❧ ♦❣ r ❡q✉❡ s t s t♦ s t ❞ ❡ r r ✭ ❞ ❡ ❢ ❛✉ ❧ t ✿ q✉ ✐ ❡ t ♠♦❞❡✮ ✬ ✮

✼✹ ♣❛r s ❡ r ✳ ❛❞❞❴♦♣t✐♦♥ ✭ ✬−P ✬ ✱

✼✺ ✬−−♣ ✐ ❞ ❢ ✐ ❧ ❡ ✬ ✱

✼✻ ❞❡st ❂ ✬ ♣ ✐ ❞ ❢ ✐ ❧ ❡ ✬ ✱

✼✼ ❞ ❡ ❢ ❛✉ ❧ t ❂ ✬ ✴✈❛r ✴r✉♥✴❛❥❛①✇♠ ✳ ♣✐❞ ✬ ✱

✼✽ ❤❡ ❧♣ ❂ ✬ s ❡ t t❤❡ ♣ ✐ ❞ ❢ ✐ ❧ ❡ ✭ ❞ ❡ ❢ ❛✉ ❧ t ✿ ✴ ✈❛r ✴r✉♥✴❛❥❛①✇♠ ✳ ♣✐❞ ✮ ✬ ✮

✼✾ ♣❛r s ❡ r ✳ ❛❞❞❴♦♣t✐♦♥ ✭ ✬−❯✬ ✱

✽✵ ✬−−✉✐❞ ✬ ✱

✽✶ ❞❡st ❂ ✬ ✉✐❞ ✬ ✱

✽✷ ❤❡ ❧♣ ❂ ✬ s ❡ t t❤❡ ✉s❡r ✐❞ ✬ ✮

✽✸ ♣❛r s ❡ r ✳ ❛❞❞❴♦♣t✐♦♥ ✭ ✬−✉ ✬ ✱

✽✹ ✬−−✉♥❝♦♠♣r❡ss❡❞ ✬ ✱

✽✺ ❛❝ t ✐ ♦♥ ❂ ✬ st♦r❡❴tr✉❡ ✬ ✱

✽✻ ❞❡st ❂ ✬ ❣③ ✐♣ ✬ ✱

✽✼ ❤❡ ❧♣ ❂ ✬ r❡s♣♦♥❞s ♥♦t ❝♦♠♣r❡ss❡❞ ✬ ✰ ❭

✽✽ ✬ ✭ ❧♦✇❡r s②st❡♠ ❧♦❛❞ ✱ ❤ ✐❣❤❡r ♥❡t✇♦r❦ ❧♦❛❞ ✮ ✬ ✮

✽✾ ♣❛r s ❡ r ✳ ❛❞❞❴♦♣t✐♦♥ ✭ ✬−s ✬ ✱

✾✵ ✬−−ss❤❝♠❞ ✬ ✱
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✾✶ ❞❡st ❂ ✬ ss❤❈♠❞ ✬ ✱

✾✷ ❞ ❡ ❢ ❛✉ ❧ t ❂ ✬ ss❤ ✬ ✱

✾✸ ❤❡ ❧♣ ❂ ✬ ss❤ ❝ ❧ ✐ ❡ ♥ t t♦ ✉s❡ ✬ ✮

✾✹ ✭ ♦♣t ✐♦♥s ✱ ❛r❣✉♠❡♥ts ✮ ❂ ♣❛r s ❡ r ✳ ♣❛rs❡❴❛r❣s ✭ ✮

✾✺

✾✻ ss❤ ❂ ❙s❤ ✭ ♦♣t ✐♦♥s ✳ ss❤❈♠❞✮

✾✼ ✐ ❢ ♥♦t ss❤ ✳ tr②❈♠❞ ✭ ✮ ✿

✾✽ r❡t✉r♥

✾✾

✶✵✵ ✐ ❢ ♦♣t ✐♦♥s ✳ ❞❛❡♠♦♥ ✿

✶✵✶ ★ ❋♦r❦ ❛ ❝ ❤ ✐ ❧ ❞ ♣r♦❝❡ss ✱ s♦ t❤❡ ♣❛r❡♥t ✭ t ❤ ✐ s ♣r♦❝❡ss ✮ ❝❛♥ ❡ ① ✐ t ✳

✶✵✷ ♣✐❞ ❂ ♦s ✳ ❢ ♦ r❦ ✭ ✮

✶✵✸

✶✵✹ ★ ❈❤✐ ❧❞ ♣r♦❝❡ss

✶✵✺ ✐ ❢ ♣✐❞ ❂❂ ✵ ✿

✶✵✻ ★ ▼❛❦❡ t❤❡ ❝ ❤ ✐ ❧ ❞ ♣r♦❝❡ss ❛ s ❡ s s ✐ ♦♥ ❧ ❡❛❞❡ r ✳ ✭♦✇♥ ❣r♦✉♣ ✮

✶✵✼ ♦s ✳ s❡ t♣❣r♣ ✭ ✮

✶✵✽

✶✵✾ ★ ❞♦♥ ✬ t ♦✉t♣✉t ❛♥❞ ✐♥♣✉t ❛♥②t❤✐♥❣ ❛s ❛ ❞❛❡♠♦♥

✶✶✵ ✐♦❴♥✉❧ ❧ ❂ ❢ ✐ ❧ ❡ ✭ ✬ ✴❞❡✈✴ ♥✉ ❧ ❧ ✬ ✱ ✬ r✇ ✬ ✮

✶✶✶ ♦s ✳ ❞✉♣✷ ✭ ✐♦❴♥✉❧ ❧ ✳ ❢ ✐ ❧ ❡ ♥ ♦ ✭ ✮ ✱ s②s ✳ s t❞ ✐♥ ✳ ❢ ✐ ❧ ❡ ♥ ♦ ✭ ✮ ✮

✶✶✷ ♦s ✳ ❞✉♣✷ ✭ ✐♦❴♥✉❧ ❧ ✳ ❢ ✐ ❧ ❡ ♥ ♦ ✭ ✮ ✱ s②s ✳ s t❞♦✉t ✳ ❢ ✐ ❧ ❡ ♥ ♦ ✭ ✮ ✮

✶✶✸ ♦s ✳ ❞✉♣✷ ✭ ✐♦❴♥✉❧ ❧ ✳ ❢ ✐ ❧ ❡ ♥ ♦ ✭ ✮ ✱ s②s ✳ s t ❞ ❡ r r ✳ ❢ ✐ ❧ ❡ ♥ ♦ ✭ ✮ ✮

✶✶✹

✶✶✺ ★ ❘✉♥♥✐♥❣ ❛s r♦♦t ✱ ❜✉t ♥♦t s✉♣♣♦s❡❞ t♦ ✳

✶✶✻ ✐ ❢ ♦s ✳ ❣❡ t✉ ✐❞ ✭ ✮ ❂❂ ✵ ❛♥❞ ♦♣t ✐♦♥s ✳ ✉✐❞ ✿

✶✶✼ tr② ✿

✶✶✽ ★ ❯s❡r ✐❞ r ❡ ❛ ❧ ❧ ② ✐ s ❛♥ ✐❞ ✳

✶✶✾ ♦s ✳ s ❡ t✉ ✐ ❞ ✭ ✐ ♥ t ✭ ♦♣t ✐♦♥s ✳ ✉✐❞ ✮ ✮

✶✷✵ ❡①❝❡♣t ✿

✶✷✶ ★ ❯s❡r ♥❛♠❡ ✐♥s t ❡❛❞ ♦ ❢ ✐❞ ✳

✶✷✷ ♦s ✳ s ❡ t✉ ✐ ❞ ✭♣✇❞ ✳ ❣❡t♣✇♥❛♠✭ ♦♣t ✐♦♥s ✳ ✉✐❞ ✮ ✳ ♣✇❴✉✐❞✮

✶✷✸

✶✷✹ ★ P❛r❡♥t ♣r♦❝❡ss

✶✷✺ ❡❧s❡ ✿

✶✷✻ ♣r✐♥t ✬ ❤tt♣ ✿✴✴ ❧ ♦ ❝ ❛ ❧ ❤ ♦ s t ✿✪s ✴ P■❉ ✿ ✪s ✬ ✪ ✭ ♦♣t ✐♦♥s ✳ ♣♦rt ✱ ♣✐❞ ✮

✶✷✼

✶✷✽ tr② ✿

✶✷✾ ★ ❚r② t♦ ✇r ✐ t ❡ ♣✐❞ t♦ ❢ ✐ ❧ ❡ ✳

✶✸✵ ❢ ✐ ❧ ❡ ✭ ♦♣t ✐♦♥s ✳ ♣ ✐ ❞ ❢ ✐ ❧ ❡ ✱ ✬✇✰✬ ✮ ✳ ✇r ✐ t ❡ ✭ s t r ✭ ♣✐❞✮✰ ✬ ❭♥ ✬ ✮

✶✸✶ ❡①❝❡♣t ✿

✶✸✷ ★ ❇✉t ❥ ✉ s t ✐❣♥♦r❡ ✐ ❢ ✐ t ✬ s ♥♦t ✇♦r❦✐♥❣ ✭ ♣❡r♠✐ss✐♦♥s ✱ s♣❛❝❡ ✱ ✳ ✳ ✳ ✮

✶✸✸ ♣❛ss

✶✸✹

✶✸✺ ★ ❊①✐ t t❤❡ ♣❛r❡♥t ♣r♦❝❡ss ✱ ❝ ❤ ✐ ❧ ❞ s t ❛② s ❛ ❧ ✐ ✈ ❡ ❛s ❞❛❡♠♦♥ ✳

✶✸✻ r❡t✉r♥ ✵

✶✸✼

✶✸✽ ♣r✐♥t ✬ ❤tt♣ ✿✴✴ ❧ ♦ ❝ ❛ ❧ ❤ ♦ s t ✿✪s ✴ ✬ ✪ ♦♣t ✐♦♥s ✳ ♣♦rt

✶✸✾

✶✹✵ ❢r♦♠ ❙❡r✈❡r ✐♠♣♦rt ❙❡r✈❡r

✶✹✶ ❛❥❛①✇♠ ❂ ❙❡r✈❡r ✭♥♦t ♦♣t ✐♦♥s ✳ ❣③ ✐♣ ✮

✶✹✷

✶✹✸ tr② ✿

✶✹✹ q✇❡❜ ✳◗❲❡❜❲❙●■❙❡r✈❡r✭❛❥❛①✇♠ ✱ ✐♣ ❂ ✬ ❧ ♦ ❝ ❛ ❧ ❤ ♦ s t ✬ ✱

✶✹✺ ♣♦rt ❂ ✐♥ t ✭ ♦♣t ✐♦♥s ✳ ♣♦rt ✮ ✱ t❤r❡❛❞❡❞ ❂ ✵ ✱

✶✹✻ ❧♦❣ ❂ ♦♣t ✐♦♥s ✳ ❧ ♦❣ ✮ ✳ s ❡ r✈❡❴❢♦r❡✈❡ r ✭ ✮

✶✹✼ ❡①❝❡♣t ❑❡②❜♦❛r❞■♥t❡rr✉♣t ✱ ❡ ✿

✶✹✽ ♣r✐♥t ✬ ❦❡②❜♦❛r❞ ✐ ♥ t ❡ r r ✉♣ t ✬

✶✹✾ ❡①❝❡♣t q✇❡❜ ✳ ❙♦❝❦❡t❙❡r✈❡r ✳ s♦❝❦❡ t ✳ ❡ r r ♦ r ✿

✹✻
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✶✺✵ ♣r✐♥t ✬ ♣♦rt ✪s ❛ ❧ r❡❛❞② ✐♥ ✉s❡ ✬ ✪ ♦♣t ✐♦♥s ✳ ♣♦rt

✶✺✶

✶✺✷ ★⑥⑥⑥

✶✺✸ ✐ ❢ ❴❴♥❛♠❡❴❴ ❂❂ ✬❴❴♠❛✐♥❴❴ ✬ ✿★④④④

✶✺✹ ★ s②s ✳ ❡ ① ✐ t ❤❡r❡ ❛♥❞ t❤❡ r❡ t✉r♥ ✐♥ ♠❛✐♥ ❛ ❧ ❧ ♦✇s r✉♥♥✐♥❣ ♠❛✐♥ ✭✮ ✐♥ t❤❡

✶✺✺ ★ ✐♥ t ❡ r ❛ ❝ t ✐ ✈ ❡ ♣r♦♠♣t ✇✐ t❤♦✉t ❤❛✈✐♥❣ t❤❡ ♣r♦♠♣t ❦ ✐ ❧ ❧ ❡ ❞ ✇✐t❤ ♠❛✐♥ ❜② ❛♥

✶✺✻ ★ ❡① ✐ t−❝ ❛ ❧ ❧ ✱ ✉ s ❡ ❢ ✉ ❧ ❢ ♦ r t ❡ s t ✐ ♥ ❣ ❛♥❞ ❞❡❜✉❣❣✐♥❣ ✳

✶✺✼ s②s ✳ ❡ ① ✐ t ✭♠❛✐♥ ✭ ✮ ✮

✶✺✽ ★⑥⑥⑥

✶✺✾

✶✻✵ ★−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✶✻✶ ★ ✈✐♠ ✿ ❢❞♠❂♠❛r❦❡r t s❂✹ s✇❂✹ ❡①♣❛♥❞t❛❜

✻✳✶✳✷ ❙❡r✈❡r✳♣②

✶ ✧✧✧

✷ ❛❥❛①❲▼ − t❤❡ ❢ r ❡ ❡ ✇❡❜ ❜❛s❡❞ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ❢ ♦ r r❡♠♦t❡ t ❡ r♠✐♥❛ ❧ s

✸ ❈♦♣②r✐❣❤t ✭❈✮ ✷✵✵✼ ❉❡♥♥✐s ❋❡ ❧ s ✐♥❣ ✱ ❆♥❞r❡❛s ❲❛✐❞❧❡r

✹

✺ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❢ r ❡ ❡ s♦ ❢ t✇❛r❡ ✿ ②♦✉ ❝❛♥ r ❡ ❞ ✐ s t r ✐ ❜ ✉ t ❡ ✐ t ❛♥❞✴♦r ♠♦❞✐❢②

✻ ✐ t ✉♥❞❡r t❤❡ t❡r♠s ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❛s ♣✉❜ ❧ ✐ s❤❡❞ ❜②

✼ t❤❡ ❋r❡❡ ❙♦❢t✇❛r❡ ❋♦✉♥❞❛t✐♦♥ ✱ ❡ ✐ t ❤ ❡ r ✈ ❡ r s ✐ ♦♥ ✸ ♦ ❢ t❤❡ ▲✐❝❡♥s❡ ✱ ♦r

✽ ✭ ❛t ②♦✉r ♦♣t ✐♦♥ ✮ ❛♥② ❧ ❛ t ❡ r ✈ ❡ r s ✐ ♦♥ ✳

✾

✶✵ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❞ ✐ s t r ✐ ❜ ✉ t ❡ ❞ ✐♥ t❤❡ ❤♦♣❡ t❤❛t ✐ t ✇ ✐ ❧ ❧ ❜❡ ✉s❡ ❢✉ ❧ ✱

✶✶ ❜✉t ❲■❚❍❖❯❚ ❆◆❨ ❲❆❘❘❆◆❚❨❀ ✇✐t❤♦✉t ❡✈❡♥ t❤❡ ✐♠♣❧ ✐ ❡❞ ✇❛rr❛♥t② ♦ ❢

✶✷ ▼❊❘❈❍❆◆❚❆❇■▲■❚❨ ♦r ❋■❚◆❊❙❙ ❋❖❘ ❆ P❆❘❚■❈❯▲❆❘ P❯❘P❖❙❊✳ ❙❡❡ t❤❡

✶✸ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❢ ♦ r ♠♦r❡ ❞ ❡ t ❛ ✐ ❧ s ✳

✶✹

✶✺ ❨♦✉ s❤♦✉❧❞ ❤❛✈❡ r ❡ ❝ ❡ ✐ ✈ ❡❞ ❛ ❝♦♣② ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡

✶✻ ❛❧♦♥❣ ✇✐t❤ t ❤ ✐ s ♣r♦❣r❛♠ ✳ ■ ❢ ♥♦t ✱ s ❡ ❡ ❁❤tt♣ ✿✴✴✇✇✇✳ ❣♥✉ ✳ ♦r❣ ✴ ❧ ✐ ❝ ❡ ♥ s ❡ s ✴❃✳

✶✼

✶✽ ✩■❞ ✿ ❙❡r✈❡r ✳ ♣② ✼✻ ✷✵✵✼−✶✷−✶✺ ✶✶ ✿ ✷✻ ✿ ✷✹❩ r✵q ✩

✶✾ ✧✧✧

✷✵

✷✶ ★④④④ ■♠♣♦rts

✷✷ ✐♠♣♦rt ♦s

✷✸ ✐♠♣♦rt ♠✐♠❡t②♣❡s

✷✹ ✐♠♣♦rt r❡

✷✺ ✐♠♣♦rt r❛♥❞♦♠

✷✻ ✐♠♣♦rt t✐♠❡

✷✼ ✐♠♣♦rt s②s

✷✽

✷✾ ✐♠♣♦rt ❋ ✐ ❧ ❡ s

✸✵ ✐♠♣♦rt ❙ ✐♥❣ ❧ ❡ t♦♥

✸✶ ✐♠♣♦rt ▲♦♦♣

✸✷ ✐♠♣♦rt ❛❥❛①✇♠

✸✸ ❢r♦♠ ❙❡ s s ✐ ♦♥ ✐♠♣♦rt ❙❡ s s ✐ ♦♥

✸✹ ❢r♦♠ ❊rr♦r ✐♠♣♦rt ■❉❴❊rr♦r ✱ ▲♦❣✐♥❴❊rr♦r

✸✺ ✐♠♣♦rt q✇❡❜

✸✻ ★⑥⑥⑥

✸✼ ❝❧❛ss ❙❡r✈❡r ✭ ❙ ✐♥❣ ❧ ❡ t♦♥ ✳ ❙ ✐♥❣ ❧ ❡ t♦♥ ✮ ✿★④④④

✸✽ ✧✧✧

✸✾ ❙❡r✈❡r ❤❛♥❞❧❡s t❤❡ ✐ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ❛ t ✐ ♦ ♥ ♦ ❢ ❛ ♥❡✇ ❝ ❧ ✐ ❡ ♥ t ❛♥❞ r❡ s♣♦♥s❡ s t♦

✹✵ r ❡q✉❡ s t s ✳ ❚❤❡r❡ ❝❛♥ ♦♥❧② ❜❡ ♦♥❡ ✐♥s t❛♥❝❡ ✱ ✐ ❢ ②♦✉ ✇❛♥t ♠✉❧ t ✐♣ ❧ ❡ ✐ ♥ s t ❛♥ ❝ ❡ s ♦ ❢

✹✶ ❛❥❛①❲▼ r✉♥♥✐♥❣ ♦♥ ♦♥❡ ❛♥❞ t❤❡ s❛♠❡ ❝♦♠♣✉t❡r ✱ ❥ ✉ s t r✉♥ ✐ t ✇✐t❤ ❞ ❡ ❢ ❢ ❡ r ❡ ♥ t ♣♦rt ❛s

✹✷ ♣❛r❡♠❡t❡rs ✳

✹✸ ✧✧✧

✹✹

✹✼
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✹✺ s ❡ s s ✐ ♦ ♥ s ❂ ④⑥

✹✻ ★ ▲♦♦♣−✐♥s t❛♥❝❡s ✱ ♦♥❡ ❢♦ r ❡✈❡r② s ❡ s s ✐ ♦♥ ✳

✹✼ ❧♦♦♣s ❂ ④⑥

✹✽

✹✾ ▼■▼❊ ❂ ♠✐♠❡t②♣❡s ✳ t②♣❡s❴♠❛♣ ✳ ❝♦♣② ✭ ✮

✺✵ ▼■▼❊❬ ✬ ✳ ❤t♠❧ ✬ ❪ ❂ ✬✪s ❀ ❝❤❛ r s ❡ t❂✪s ✬ ✪ ✭▼■▼❊❬ ✬ ✳ ❤t♠❧ ✬ ❪ ✱ ❛❥❛①✇♠ ✳❊◆❈❖❉■◆●✮

✺✶ ★ ❉❡s❝r ✐♣ t♦rs ✱ ❦❡②s ❛♥❞ t②♣❡s ♦ ❢ ❦❡②s ✳

✺✷ ❑❊❨❙ ❂ ❬ ✭ ✬ s ❡ s s ✐ ♦ ♥ ✬ ✱ ✬ s ✬ ✱ ✐ ♥ t ✮ ✱ ✭ ✬ ❡✈❡♥t ✬ ✱ ✬ ❡ ✬ ✱ s t r ✮ ✱ ★④④④

✺✸ ✭ ✬✇✐♥❞♦✇ ✬ ✱ ✬❲✬ ✱ ✐ ♥ t ✮ ✱ ✭ ✬ ❦❡② ✬ ✱ ✬ ❦ ✬ ✱ ✉♥✐❝♦❞❡ ✮ ✱

✺✹ ✭ ✬ ✇✐❞t❤ ✬ ✱ ✬✇ ✬ ✱ ✐ ♥ t ✮ ✱ ✭ ✬ ❤❡ ✐❣❤t ✬ ✱ ✬ ❤ ✬ ✱ ✐ ♥ t ✮ ✱

✺✺ ✭ ✬ ✉s❡r ✬ ✱ ✬ ✉ ✬ ✱ s t r ✮ ✱ ✭ ✬ ♣❛ss✇♦r❞ ✬ ✱ ✬ ♣ ✬ ✱ s t r ✮ ❪

✺✻ ★⑥⑥⑥

✺✼ ★ ❚❤❡ ♠✐♠❡t②♣❡s ❢ ♦ r ❡✈❡r② r❡ t✉r♥ t♦ ❛♥ ❡✈❡♥t ✳

✺✽ ❊❱❊◆❚❴▼■▼❊❚❨P❊❙ ❂ ④ ✬ s② ✬ ✿ ✬ t ❡① t ✴①♠❧ ✬ ✱ ✬ ❦♣ ✬ ✿ ✬ t ❡① t ✴①♠❧ ✬ ✱ ★④④④

✺✾ ✬♥✇ ✬ ✿ ✬ t ❡① t ✴ ♣ ❧ ❛ ✐ ♥ ✬ ✱ ✬ ❝✇ ✬ ✿ ✬ t ❡① t ✴ ♣ ❧ ❛ ✐ ♥ ✬ ✱

✻✵ ✬ ❧ ✐ ✬ ✿ ✬ t ❡① t ✴ ♣ ❧ ❛ ✐ ♥ ✬ ✱ ✬ ❧ ♦ ✬ ✿ ✬ t ❡① t ✴ ♣ ❧ ❛ ✐ ♥ ✬ ⑥

✻✶ ★⑥⑥⑥

✻✷ ★ ❚❤❡ ♠❛①✐♠✉♠ ♦❢ s ❡ s s ✐ ♦♥ s ✐ s s ❡ t t♦ t❤❡ ♠❛① ♦❢ ❛♥ ✐♥ t ❡ ❣ ❡ r ♦♥ ②♦✉r s②st❡♠ ✳

✻✸ ★ ❚❤❛t ✬ s ❛ ❝♦♠♣r♦♠✐s❡ ❛❜♦✉t s♣❛❝❡ ❛♥❞ s ❡ ❝✉ r ✐ t ② ✳

✻✹ ❙❊❙❙■❖◆❴▼❆❳ ❂ s②s ✳ ♠❛①✐♥t

✻✺

✻✻ ❞❡❢ ❴❴✐♥✐t❴❴✭ s ❡ ❧ ❢ ✱ ❣③ ✐♣ ✮ ✿★④④④

✻✼ s ❡ ❧ ❢ ✳ ❣③ ✐♣ ❂ ❣③ ✐♣

✻✽

✻✾ s ❡ ❧ ❢ ✳ s ❡ s s ✐ ♦ ♥❊① ✐ s t s ❂ ❧❛♠❜❞❛ s ✐ ❞ ✿ ❭

✼✵ t②♣❡ ✭ s ✐ ❞ ✮ ❂❂ ✐♥ t ❛♥❞ ❭

✼✶ s ❡ ❧ ❢ ✳ s ❡ s s ✐ ♦ ♥ s ✳ ❤❛s❴❦❡② ✭ s ✐ ❞ ✮ ❛♥❞ ❭

✼✷ s ❡ ❧ ❢ ✳ s ❡ s s ✐ ♦ ♥ s ❬ s ✐ ❞ ❪

✼✸ s ❡ ❧ ❢ ✳ ✇✐♥❞♦✇❊①✐sts ❂ ❧❛♠❜❞❛ s ✐❞ ✱ ✇✐❞ ✿ ❭

✼✹ t②♣❡ ✭✇✐❞ ✮ ❂❂ ✐♥ t ❛♥❞ ❭

✼✺ ✇✐❞ ❁ ❧❡♥ ✭ s ❡ ❧ ❢ ✳ s ❡ s s ✐ ♦ ♥ s ❬ s ✐ ❞ ❪ ✳ ✇✐♥❞♦✇s ✮ ❛♥❞ ❭

✼✻ s ❡ ❧ ❢ ✳ s ❡ s s ✐ ♦ ♥ s ❬ s ✐ ❞ ❪ ✳ ✇✐♥❞♦✇s ❬ ✇✐❞ ❪

✼✼

✼✽ s ❡ ❧ ❢ ✳ ❢ ✐ ❧ ❡ s ❂ ❋ ✐ ❧ ❡ s ✳ ❋ ✐ ❧ ❡ s ✭ ✮ ✳ ❴❝♦♥t❡♥t

✼✾ ★ ★ ❘❡❛❞ ✐♥ ❛ ❧ ❧ ❢ ✐ ❧ ❡ s ✇❡ ♥❡❡❞ t♦ r✉♥ ✳

✽✵ ★ ❢♦r ✐ ✐♥ ❬ ✬ t❤❡♠❡s ✬ ✱ ✬ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✬ ❪ ✿

✽✶ ★ ♦s ✳ ♣❛t❤ ✳ ✇❛❧❦ ✭ ♦s ✳ ♣❛t❤ ✳ ❛❜s♣❛t❤ ✭ ✐ ✮ ✱ s ❡ ❧ ❢ ✳ ❴❴❛❞❞❋✐❧❡ ✱ ◆♦♥❡✮

✽✷ ★ s ❡ ❧ ❢ ✳ ❴❴❛❞❞❋✐❧❡ ✭◆♦♥❡ ✱ ♦s ✳ ❣❡t❝✇❞ ✭✮ ✱ ✭ ✬ ✐♥❞❡① ✳ ❤t♠❧ ✬ ✱ ✮ ✮

✽✸ ★⑥⑥⑥

✽✹ ★ ❞❡❢ ❴❴❛❞❞❋✐❧❡ ✭ s ❡ ❧ ❢ ✱ ❛r❣ ✱ ❞ ✐ r ❡❝ t♦r② ✱ ♥❛♠❡s✮✿★④④④

✽✺ ★ ✧✧✧

✽✻ ★❆❞❞s ❛ ❋ ✐ ❧ ❡ t♦ t❤❡ s ❡ ❧ ❢ ✳ ❢ ✐ ❧ ❡ s − ❧ ✐ s t ✱ s♦ ✐ t ❝❛♥ ❜❡ ❛❝❝❡ss❡❞ ❧ ❛ t ❡ r

✽✼ ★✇❤❡♥ ❛ ❝ ❧ ✐ ❡ ♥ t ❝♦♥♥❡❝ts ✳

✽✽ ★ ✧✧✧

✽✾ ★ ❢♦r ♥❛♠❡ ✐♥ ♥❛♠❡s ✿

✾✵ ★ ★ ♦s ✳ ❣❡t❝✇❞ ✭✮ ❣ ❡ t s t❤❡ ❝✉rr❡♥t ✇♦r❦✐♥❣ ❞ ✐ r❡❝ t♦r② ✱ ✇❤✐❝❤ ✐ s t❤❡

✾✶ ★ ★ ✈ ✐ r t ✉ ❛ ❧ r♦♦t ♦ ❢ t❤❡ ✇❡❜s❡r✈❡r

✾✷ ★ ♣❛t❤ ❂ ♦s ✳ ♣❛t❤ ✳ ❥ ♦ ✐♥ ✭ ❞ ✐ r ❡❝ t♦r② ✱ ♥❛♠❡✮

✾✸ ★ ✐ ❢ ♥♦t ♦s ✳ ♣❛t❤ ✳ ✐ s ❞ ✐ r ✭ ♣❛t❤ ✮ ✿

✾✹ ★ ★ ❙❛✈❡ ❛ ❧ ❧ ❢♦✉♥❞ ❢ ✐ ❧ ❡ s ❛♥❞ s ❡ t t❤❡ ❝✉rr❡♥t ✇♦r❦✐♥❣ ❞ ✐ r ❡ ❝ t ♦ r ②

✾✺ ★ ★ ❛s ✴ ❢♦ r r ❡ q✉❡ s t s t♦ t❤❡♠ ✳

✾✻ ★ s ❡ ❧ ❢ ✳ ❢ ✐ ❧ ❡ s ❬ ♣❛t❤ ❬ ❧ ❡♥ ✭ ♦s ✳ ❣❡t❝✇❞ ✭ ✮ ✮ ✿ ❪ ❪ ❂ ❢ ✐ ❧ ❡ ✭ ♣❛t❤ ✮ ✳ r❡❛❞ ✭✮

✾✼ ★ ❡①t❡♥s ✐♦♥ ❂ ♦s ✳ ♣❛t❤ ✳ s ♣ ❧ ✐ t ❡ ① t ✭♥❛♠❡ ✮ ❬ ✶ ❪

✾✽ ★ ★ ❯s❡ ❞ ❡ ❢ ❛ ✉ ❧ t ♠✐♠❡t②♣❡ ✐ ❢ ❛ ✈ ❛ ✐ ❧ ❛ ❜ ❧ ❡ ✱ ❡ ❧ s ❡ ♦❝ t❡ t−str❡❛♠ ✳

✾✾ ★ s ❡ ❧ ❢ ✳▼■▼❊❬ ❡① t❡♥s ✐♦♥ ❪ ❂ ✬✪s ❀ ❝❤❛r s❡ t❂✪s ✬ ✪ ❭

✶✵✵ ★ ✭ s ❡ ❧ ❢ ✳▼■▼❊✳ ❣❡ t ✭ ❡① t ❡♥s ✐♦♥ ✳ ❧♦✇❡r ✭ ✮ ✱ ❭

✶✵✶ ★ ✬ ❛♣♣ ❧ ✐ ❝ ❛ t ✐ ♦♥ ✴ ♦❝ t❡ t−str❡❛♠ ✬✮ ✱ ❭

✶✵✷ ★ ❛❥❛①✇♠ ✳❊◆❈❖❉■◆●✮

✶✵✸ ★ ★⑥⑥⑥

✹✽



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✶✵✹ ❞❡❢ ❴❴❝❛❧❧❴❴✭ s ❡ ❧ ❢ ✱ ❡♥✈✐r♦♥♠❡♥t ✱ s t❛r t❘❡s♣♦♥s❡ ✮ ✿★④④④

✶✵✺ ✧✧✧

✶✵✻ ●❡ts ❝ ❛ ❧ ❧ ❡ ❞ ❜② t❤❡ ✇❡❜s❡r✈❡r ♦ ❢ t❤❡ q✇❡❜−❢r❛♠❡✇♦r❦ ♦♥ ❡❛❝❤ r❡q✉❡ s t ✳

✶✵✼

✶✵✽ ❋♦r♠❛t ♦ ❢ t❤❡ ❝ ❛ ❧ ❧ ✿

✶✵✾ ❦❡②

✶✶✵ ✈❛❧✉❡✶

✶✶✶ ✈❛❧✉❡✷

✶✶✷ ✳ ✳ ✳

✶✶✸

✶✶✹ ❛ ❝ t ✐ ♦♥ s ❞ ❡ s ❝ r ✐ ❜ ❡ ✇❤❛t ❛ ❡✈❡♥t s❤♦✉❧❞ ❞♦ s♦♠❡❞❛② ✳

✶✶✺ ❝✇ ❛♥❞ ❦✇ ❢ ♦ r ❡①❛♠♣❧❡ ❝❛♥ ❞♦ t❤❡ s❛♠❡ ✇❤✐ ❧ ❡ ✐♥ ❞❡✈❡❧♦♣♠❡♥t ♣❤❛s❡ ✳

✶✶✻

✶✶✼

✶✶✽ s ★ s ❡ s s ✐ ♦ ♥ ✐❞

✶✶✾ ❡ ★ ❡✈❡♥t t❤❛t ❤❛♣♣❡♥❡❞ ♦r s❤♦✉❧❞ ❜❡ ❡①❡❝✉t❡❞

✶✷✵ ❧ ✐ ★ ❧ ♦ ❣ ✐ ♥

✶✷✶ ★ r❡s♣♦♥s❡ ✿ s ❡ s s ✐ ♦ ♥ ✐❞ ♦r −✶ ✐ ❢ ❧ ♦ ❣ ✐ ♥ ❢ ❛ ✐ ❧ s

✶✷✷ ❧ ♦ ★ ❧♦❣♦✉t

✶✷✸ ★ r❡s♣♦♥s❡ ✿ ♥♦♥❡❄

✶✷✹ ♥✇ ★ ♥❡✇ ✇✐♥❞♦✇

✶✷✺ ★ ♣❛r❛♠❡t❡rs ✿ ✇✐❞t❤ ❛♥❞ ❤❡ ✐❣❤t ✭✇✱ ❤✮

✶✷✻ ★ r❡s♣♦♥s❡ ✐ s t❤❡ ♥❡✇ ✇✐♥❞♦✇s ✐❞ ♦r −✶ ♦♥ ❢ ❛ ✐ ❧ ✉ r ❡

✶✷✼ ❝✇ ★ ❝ ❧ ♦ s ❡ ✇✐♥❞♦✇

✶✷✽ ★ r❡s♣♦♥s❡ ✿ ✶ ♦r ✵ ✭ t r✉❡ ✴ ❢ ❛ ❧ s ❡ ✮

✶✷✾ s② ★ s②♥❝❤r♦♥ ✐③❡ ✇✐♥❞♦✇ ✳ ♣❛r❛♠❡t❡rs ✿ ❲ ❬✇✱ ❤ ❪

✶✸✵ ★ r❡s♣♦♥s❡ ✿ ♥❡✇ ❝♦♥t❡♥ts✴❁✐❞❡♠❃❁✴✐❞❡♠❃

✶✸✶ ❦♣ ★ ❦❡② ♣r❡ss ✱ ♥❡❡❞s ❛❞❞ ✐ t ✐ ♦ ♥❛ ❧ ♣❛r❛♠❡t❡r ✭ s ❡❡ ❜❡❧♦✇ ✮

✶✸✷ ★ s❡❡ ❡❂s②

✶✸✸

✶✸✹ ★ s♦♠❡ ❝♦♠♠❛♥❞s ♥❡❡❞ ❛ t❛r❣❡t ✱ ❜② ♥♦✇ ♦♥❧② ❛ ✇✐♥❞♦✇ ✭ ❞❡s❦t♦♣ ♠❛② ❝♦♠❡

✶✸✺ ❧ ❛ t ❡ r ✮

✶✸✻ ❲ ★ ✇✐♥❞♦✇ ✭ t❛ r ❣ ❡ t ♦ ❢ t❤❡ ❡✈❡♥t ✭ ❡ ✳ ❣ ✳ ❦❡②♣r❡s s ✮ ✮

✶✸✼ ❬✵−✾❪∗ ★ ✈❛❧✉❡ ✐ s ❛ ✐ ♥ t ❡ ❣ ❡ r ❢r♦♠ ✵ ✭ ❢ ✐ r s t ✇✐♥❞♦✇✮ ✉♥ t ✐ ❧ ❜✉ ❢ ❢ ❡ r

✶✸✽ ♦✈❡r ❢ ❧ ♦✇ ✿P

✶✸✾

✶✹✵ ★ s♦♠❡ ❛❞❞ ✐ t ✐ ♦♥❛ ❧ ♣❛r❛♠❡t❡rs t❤❛t ❛r❡ ✉s❡❞ ❜② s♦♠❡ ❝♦♠♠❛♥❞s ✿

✶✹✶ ❦ ★ ❦❡② ✱ ♦♥❧② ♥❡❡❞❡❞ ❜② ❡❂❦♣

✶✹✷ ✦ ✦ ✦ s ❡ ❡ ❛❥❛①t❡r♠ ❢ ♦ r ✈❛ ❧✉❡ s

✶✹✸ ✇ ★ ✇✐❞t❤ ✱ ✉s❡❞ ✭ ♦♣ t ✐ ♦♥❛ ❧ ✮ ❜② ❡❂s②

✶✹✹ ❬✵−✾❪∗ ★ ❝❤❛rs

✶✹✺ ❤ ★ ❤❡✐❣❤t ✱ ✉s❡❞ ✭ ♦♣ t ✐ ♦♥❛ ❧ ✮ ❜② ❡❂s②

✶✹✻ ❬✵−✾❪∗ ★ ❧ ✐ ♥ ❡ s

✶✹✼ ✉ ★ ✉s❡r ❧ ♦ ❣ ✐ ♥ ♥❛♠❡ ✱ ♥❡❡❞❡❞ ❜② ❡❂❧ ✐

✶✹✽ ♣ ★ ♣❛ss✇♦r❞ ♥❡❡❞❡❞ ❢ ♦ r ❧ ♦ ❣ ✐ ♥

✶✹✾ ✧✧✧

✶✺✵

✶✺✶ ★ P❛r❛♠❡t❡rs ❛♥❞ ✈❛ ❧✉❡ s ❢r♦♠ r❡q✉❡ s t ❢r♦♠ ❝ ❧ ✐ ❡ ♥ t ✳

✶✺✷ r❡q✉❡ s t ❂ q✇❡❜ ✳ ◗❲❡❜❘❡q✉❡st ✭ ❡♥✈✐r♦♥♠❡♥t ✱ st❛rt❘❡s♣♦♥s❡ ✱ s ❡ s s ✐ ♦ ♥❂◆♦♥❡ ✮

✶✺✸

✶✺✹ ★ q✉❡r② ✭P❖❙❚ ♦r ●❊❚✱ ❜♦t❤ ✇♦r❦ ✮

✶✺✺ ★ ●❊❚ s❤♦✉ ❧❞ ❜❡ ❢ ❛ s t ❡ r t❤❛♥ P❖❙❚✱ ❜❡❝❛✉s❡ P❖❙❚ ❛❧✇❛②s ❤❛s t♦ s❡♥❞ ❛t

✶✺✻ ★ ❛t ❧ ❡ ❛ s t ✷ ♣❛❝❦❡ts ✱ ✇❤ ✐ ❧ ❡ ❢ ♦ r ●❊❚ ✶ ✐ s ❡♥♦✉❣❤ ✭ r❡❞✉❝❡s t❤❡ t r ❛ ❢ ❢ ✐ ❝

✶✺✼ ★ t♦ t❤❡ s❡ r✈❡ r ❜② ✺✵✪✮ ❆❝❝♦r❞✐♥❣ t♦ ✇✸ ✳ ♦r❣ ●❊❚−❘❡q✉❡sts ❛ ❧ s ♦ ❛r❡
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✹✾ s ❡ ❧ ❢ ✳ ♣❛ss✇♦r❞ ❂ ♣❛ss✇♦r❞

✺✵ s ❡ ❧ ❢ ✳ ✇✐♥❞♦✇s ❂ ❬ ❪

✺✶ s ❡ ❧ ❢ ✳ t✐♠❡ ❂ t✐♠❡ ✳ t✐♠❡ ✭ ✮

✺✷ ★⑥⑥⑥

✺✸ ❞❡❢ tr②▲♦❣✐♥ ✭ s ❡ ❧ ❢ ✮ ✿★④④④

✺✹ ✧✧✧

✺✺ ❈❤❡❝❦s ✐ ❢ ❧ ♦ ❣❣ ✐♥❣ ✐♥ ✇✐t❤ t❤❡ ❡♥t❡r❡❞ ❞❛t❛ ✐ s ♣ ♦ s s ✐ ❜ ❧ ❡ ✳ ❲♦r❦s

✺✻ ♥❡❛r ❧② t❤❡ s❛♠❡ ✇❛② ❛s t❤❡ ♠❡t❤♦❞ r✉♥ ♦ ❢ t❤❡ ❲✐♥❞♦✇ ❝ ❧ ❛ s s ✱ ❧♦♦❦ t❤❡ r❡

✺✼ ❢ ♦ r ♠♦r❡ ❞ ❡ t ❛ ✐ ❧ s ✳

✺✽ ✧✧✧

✺✾ ♣✐❞ ✱ ❢❞ ❂ ♣t② ✳ ❢ ♦ r❦ ✭ ✮

✻✵ ✐ ❢ ♣✐❞ ✦❂ ✵ ✿

✻✶ ❝♦♥t❡♥t ❂ ✬ ✬

✻✷ t✐♠❡♦✉t ❂ t✐♠❡ ✳ t✐♠❡ ✭ ✮

✻✸ ✐ ❢ s ❡ ❧ ❢ ✳ ❤♦st ✐♥ ✭✉ ✬ ❧ ♦ ❝ ❛ ❧ ❤ ♦ s t ✬ ✱ ✉ ✬ ✶ ✷ ✼ ✳ ✵ ✳ ✵ ✳ ✶ ✬ ✮ ✿

✻✹ ★ ❖♥ ❧ ♦ ❝ ❛ ❧ ❤ ♦ s t ❞❡ ❧ ❛② s ♥♦r♠❛❧ ❧② ❛r❡♥ ✬ t t ❤❛ t ❜ ✐ ❣ ✳

✻✺ t✐♠❡♦✉t ✰❂ ✶

✻✻ ❡❧s❡ ✿

✻✼ ★ ❇✉t t❤❡② ♠✐❣❤t ❜❡ ✐ ❢ ✇❡ ❛r❡ ✇♦r❦✐♥❣ ❛s ❛ ❣❛t❡✇❛② ✳

✻✽ t✐♠❡♦✉t ✰❂ ✺

✻✾

✼✵ ❢ ❝ ♥ t ❧ ✳ ❢ ❝ ♥ t ❧ ✭ ❢❞ ✱ ❢ ❝ ♥ t ❧ ✳❋❴❙❊❚❋▲✱ ♦s ✳❖❴◆❖◆❇▲❖❈❑✮

✼✶ ✇❤✐❧❡ ✶ ✿

✼✷ tr② ✿

✼✸ ❝♦♥t❡♥t ❂ ❛❥❛①✇♠ ✳ r❡❛❞ ✭ ❢❞ ✮

✼✹ ❡①❝❡♣t ❖❙❊rr♦r ✿

✼✺ ♣❛ss

✼✻

✼✼ tr② ✿

✼✽ ✐ ❢ ✬ ❛ss✇♦r❞ ✿ ✬ ✐♥ ❝♦♥t❡♥t ✿

✼✾ ♦s ✳ ✇r ✐ t ❡ ✭ ❢❞ ✱ s ❡ ❧ ❢ ✳ ♣❛ss✇♦r❞ ✰ ✬ ❭♥ ✬ ✮

✽✵ ✇❤✐❧❡ ✶ ✿

✽✶ tr② ✿

✽✷ ❝♦♥t❡♥t ❂ ❛❥❛①✇♠ ✳ r❡❛❞ ✭ ❢❞ ✮

✽✸ ❡①❝❡♣t ❖❙❊rr♦r ✿

✽✹ ♣❛ss

✽✺

✽✻ ✐ ❢ ✭ ✬ ❈♦♥♥❡❝t✐♦♥ t♦ ✪s ❝ ❧ ♦ s ❡❞ ✳ ✬

✽✼ ✪ s ❡ ❧ ❢ ✳ ❤♦st ✳ ❡♥❝♦❞❡ ✭❛❥❛①✇♠ ✳❊◆❈❖❉■◆●✮✮ ✐♥ ❝♦♥t❡♥t ✿

✽✽ ★ ▲♦❣✐♥ ✇♦r❦❡❞ ✳

✽✾ r❛✐s❡ ▲♦❣✐♥❴❊rr♦r ✱ ✵

✾✵ ✐ ❢ t ✐♠❡♦✉t ❁ t✐♠❡ ✳ t✐♠❡ ✭ ✮ ✿

✾✶ ★ ❲r♦♥❣ ✉s❡r♥❛♠❡ ♦r ♣❛ss✇♦r❞ ✳

✾✷ r❛✐s❡ ▲♦❣✐♥❴❊rr♦r ✱ −✶

✾✸ t✐♠❡ ✳ s ❧ ❡ ❡ ♣ ✭ s ❡ ❧ ❢ ✳▲❖●■◆❴❙▲❊❊P✮

✾✹ ✐ ❢ t ✐♠❡♦✉t ❁ t✐♠❡ ✳ t✐♠❡ ✭ ✮ ✿

✾✺ ★ ❲r♦♥❣ ❤♦s t ♦r ss❤❞ ♥♦t r✉♥♥✐♥❣ ✳

✾✻ r❛✐s❡ ▲♦❣✐♥❴❊rr♦r ✱ −✷

✾✼

✾✽ ❡①❝❡♣t ▲♦❣✐♥❴❊rr♦r ✱ ❡ ✿

✾✾ ♦s ✳ ❝ ❧ ♦ s ❡ ✭ ❢❞ ✮

✶✵✵ r❡t✉r♥ ❡ ✳ ✈❛ ❧✉❡

✺✻
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✶✵✶

✶✵✷ t✐♠❡ ✳ s ❧ ❡ ❡ ♣ ✭ s ❡ ❧ ❢ ✳▲❖●■◆❴❙▲❊❊P✮

✶✵✸

✶✵✹ ss❤ ❂ ❙s❤ ✭ ✮

✶✵✺ ❝♠❞ ❂ ss❤ ✳ tr②▲♦❣✐♥ ✭ s ❡ ❧ ❢ ✳ ✉s❡r♥❛♠❡ ✱ s ❡ ❧ ❢ ✳ ❤♦st ✱ s ❡ ❧ ❢ ✳ ♣♦rt ✮

✶✵✻ ♦s ✳ ❡①❡❝✈♣❡ ✭❝♠❞ ❬ ✵ ❪ ✱ ❝♠❞ ✱ ◆♦♥❡ ✮

✶✵✼ ★⑥⑥⑥

✶✵✽ ❞❡❢ ♥❡✇❲✐♥❞♦✇✭ s ❡ ❧ ❢ ✱ ✇✐❞t❤❂✽✵✱ ❤❡ ✐❣❤t ❂✷✺✮✿★④④④

✶✵✾ ✧✧✧❈r❡❛t❡ ❛ ♥❡✇ ❲✐♥❞♦✇ ❛♥❞ r❡t✉r♥ ✐ t s ■❉ ✳ ✧✧✧

✶✶✵ ✇✐♥ ❂ ❲✐♥❞♦✇✭ s ❡ ❧ ❢ ✳ ✉s❡r♥❛♠❡ ✱ s ❡ ❧ ❢ ✳ ❤♦st ✱ s ❡ ❧ ❢ ✳ ♣♦rt ✱ s ❡ ❧ ❢ ✳ ♣❛ss✇♦r❞ ✱

✶✶✶ ✇✐❞t❤ ✱ ❤❡ ✐❣❤t ✮

✶✶✷ ★ ❚♦ ✐♠♣r♦✈❡ ♣❡r❢♦r♠❛♥❝❡ ❛♣♣❡♥❞ ✇✐♥❞♦✇s ♥♦r♠❛❧ ❧② ✳

✶✶✸ ✐ ❢ ❧ ❡♥ ✭ s ❡ ❧ ❢ ✳ ✇✐♥❞♦✇s ✮ ❁ ❙❡s s ✐ ♦♥ ✳❲■◆❉❖❲❴▼❆❳✿

✶✶✹ s ❡ ❧ ❢ ✳ ✇✐♥❞♦✇s ✳ ❛♣♣❡♥❞ ✭✇✐♥ ✮

✶✶✺ s ❡ ❧ ❢ ✳ ✇✐♥❞♦✇s ❬ −✶ ❪ ✳ s t ❛ r t ✭ ✮

✶✶✻ s ❡ ❧ ❢ ✳ ✇✐♥❞♦✇s ❬ −✶ ❪ ✳ ❥ ♦ ✐ ♥ ✭ ✮

✶✶✼ r❡t✉r♥ ❧ ❡♥ ✭ s ❡ ❧ ❢ ✳ ✇✐♥❞♦✇s ✮ − ✶

✶✶✽ ★ ❊❧s❡ s❡❛r❝❤ ❢ ♦ r ❢ r ❡ ❡ ✇✐♥❞♦✇ ❢r♦♠ ✵ t♦ ❧ ✐♠ ✐ t ✭♥♦ ♥❡❡❞ ✐♥ ♠♦st ❝❛s❡s ✮ ✳

✶✶✾ ❡❧s❡ ✿

✶✷✵ ❢♦r ✇✐♥❞♦✇■❞ ✱ ✇✐♥❞ ✐♥ ❡♥✉♠❡r❛t❡ ✭ s ❡ ❧ ❢ ✳ ✇✐♥❞♦✇s ✮ ✿

✶✷✶ ✐ ❢ ✇✐♥❞ ❂❂ ◆♦♥❡ ✿

✶✷✷ ✇✐♥❞ ❂ ✇✐♥

✶✷✸ ✇✐♥❞ ✳ s t ❛ r t ✭ ✮

✶✷✹ r❡t✉r♥ ✇✐♥❞♦✇■❞

✶✷✺ ★ ❆❧ ❧ ✇✐♥❞♦✇s ❛r❡ ✉s❡❞ ✳

✶✷✻ r❡t✉r♥ −✶

✶✷✼ ★⑥⑥⑥

✶✷✽ ❞❡❢ ❞❡❧❡t❡❲✐♥❞♦✇ ✭ s ❡ ❧ ❢ ✱ ✇✐♥❞♦✇ ✮ ✿★④④④

✶✷✾ ✧✧✧❉❡❧❡t❡ ❛♥ ❡ ① ✐ s t ✐ ♥ ❣ ✇✐♥❞♦✇ ❛♥❞ r❡t✉r♥ ✶ ♦♥ s✉❝❝❡s s ✱ ✵ ♦♥ ❢ ❛ ✐ ❧ ✉ r ❡ ✳ ✧✧✧

✶✸✵ s ❡ ❧ ❢ ✳ ✇✐♥❞♦✇s ❬ ✇✐♥❞♦✇ ❪ ❂ ◆♦♥❡

✶✸✶ ★⑥⑥⑥

✶✸✷ ❞❡❢ s②♥❝ ✭ s ❡ ❧ ❢ ✱ ✇✐♥❞♦✇ ✮ ✿★④④④

✶✸✸ ✧✧✧

✶✸✹ ❘❡❛❞s t❤❡ ❝♦♥t❡♥ts ♦ ❢ ❛ s ♣ ❡ ❝ ✐ ❢ ✐ ❡ ❞ ♣t② t♦ ❛ ❚❡r♠✐♥❛❧ ♦❜ ❥ ❡ ❝ t ✳

✶✸✺ ❚❤❡ t✐♠❡ ❢ ♦ r t❤❡ ❧♦♦♣ ✐ s s ❡ t t♦ t❤❡ t✐♠❡ ✳

✶✸✻ ✧✧✧

✶✸✼ ✐ ❢ ✇✐♥❞♦✇ ❁ ❧❡♥ ✭ s ❡ ❧ ❢ ✳ ✇✐♥❞♦✇s ✮ ❛♥❞ s ❡ ❧ ❢ ✳ ✇✐♥❞♦✇s ❬ ✇✐♥❞♦✇ ❪ ✿

✶✸✽ s ❡ ❧ ❢ ✳ t✐♠❡ ❂ t✐♠❡ ✳ t✐♠❡ ✭ ✮

✶✸✾ s ❡ ❧ ❢ ✳ ✇✐♥❞♦✇s ❬ ✇✐♥❞♦✇ ❪ ✳ r❡❛❞ ✭ ✮

✶✹✵ ★⑥⑥⑥

✶✹✶ ★⑥⑥⑥

✶✹✷

✶✹✸ ★−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✶✹✹ ★ ✈✐♠ ✿ ❢❞♠❂♠❛r❦❡r t s❂✹ s✇❂✹ ❡①♣❛♥❞t❛❜

✻✳✶✳✺ ▲♦♦♣✳♣②

✶ ✧✧✧

✷ ❛❥❛①❲▼ − t❤❡ ❢ r ❡ ❡ ✇❡❜ ❜❛s❡❞ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ❢ ♦ r r❡♠♦t❡ t ❡ r♠✐♥❛ ❧ s

✸ ❈♦♣②r✐❣❤t ✭❈✮ ✷✵✵✼ ❉❡♥♥✐s ❋❡ ❧ s ✐♥❣ ✱ ❆♥❞r❡❛s ❲❛✐❞❧❡r

✹

✺ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❢ r ❡ ❡ s♦ ❢ t✇❛r❡ ✿ ②♦✉ ❝❛♥ r ❡ ❞ ✐ s t r ✐ ❜ ✉ t ❡ ✐ t ❛♥❞✴♦r ♠♦❞✐❢②

✻ ✐ t ✉♥❞❡r t❤❡ t❡r♠s ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❛s ♣✉❜ ❧ ✐ s❤❡❞ ❜②

✼ t❤❡ ❋r❡❡ ❙♦❢t✇❛r❡ ❋♦✉♥❞❛t✐♦♥ ✱ ❡ ✐ t ❤ ❡ r ✈ ❡ r s ✐ ♦♥ ✸ ♦ ❢ t❤❡ ▲✐❝❡♥s❡ ✱ ♦r

✽ ✭ ❛t ②♦✉r ♦♣t ✐♦♥ ✮ ❛♥② ❧ ❛ t ❡ r ✈ ❡ r s ✐ ♦♥ ✳

✾

✶✵ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❞ ✐ s t r ✐ ❜ ✉ t ❡ ❞ ✐♥ t❤❡ ❤♦♣❡ t❤❛t ✐ t ✇ ✐ ❧ ❧ ❜❡ ✉s❡ ❢✉ ❧ ✱

✶✶ ❜✉t ❲■❚❍❖❯❚ ❆◆❨ ❲❆❘❘❆◆❚❨❀ ✇✐t❤♦✉t ❡✈❡♥ t❤❡ ✐♠♣❧ ✐ ❡❞ ✇❛rr❛♥t② ♦ ❢

✶✷ ▼❊❘❈❍❆◆❚❆❇■▲■❚❨ ♦r ❋■❚◆❊❙❙ ❋❖❘ ❆ P❆❘❚■❈❯▲❆❘ P❯❘P❖❙❊✳ ❙❡❡ t❤❡

✺✼
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✶✸ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❢ ♦ r ♠♦r❡ ❞ ❡ t ❛ ✐ ❧ s ✳

✶✹

✶✺ ❨♦✉ s❤♦✉❧❞ ❤❛✈❡ r ❡ ❝ ❡ ✐ ✈ ❡❞ ❛ ❝♦♣② ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡

✶✻ ❛❧♦♥❣ ✇✐t❤ t ❤ ✐ s ♣r♦❣r❛♠ ✳ ■ ❢ ♥♦t ✱ s ❡ ❡ ❁❤tt♣ ✿✴✴✇✇✇✳ ❣♥✉ ✳ ♦r❣ ✴ ❧ ✐ ❝ ❡ ♥ s ❡ s ✴❃✳

✶✼

✶✽ ✩■❞ ✿ ▲♦♦♣ ✳ ♣② ✼✻ ✷✵✵✼−✶✷−✶✺ ✶✶ ✿ ✷✻ ✿ ✷✹❩ r✵q ✩

✶✾ ✧✧✧

✷✵

✷✶ ★④④④ ■♠♣♦rts

✷✷ ✐♠♣♦rt t✐♠❡

✷✸ ✐♠♣♦rt t❤r❡❛❞ ✐♥❣

✷✹

✷✺ ✐♠♣♦rt ❙❡r✈❡r

✷✻ ✐♠♣♦rt ❙❡ s s ✐ ♦♥

✷✼ ★⑥⑥⑥

✷✽ ❝❧❛ss ▲♦♦♣ ✭ t❤r❡❛❞ ✐♥❣ ✳ ❚❤r❡❛❞ ✮ ✿★④④④

✷✾ ✧✧✧

✸✵ ▲♦♦♣ ❝ ❧ ❛ s s ❢ ♦ r ❝❤❡❝❦ ✐♥❣ ❡✈❡r② ❚■▼❊❖❯❚ s❡❝♦♥❞s ✐ ❢ t❤❡ s ❡ s s ✐ ♦ ♥

✸✶ ✐ t ✇❛s ❝ ❛ ❧ ❧ ❡ ❞ ❢ ♦ r ❞✐❞ ❞♦ s♦♠❡t❤✐♥❣ ✳ ■ ❢ t❤❡ s ❡ s s ✐ ♦ ♥ ✇❛s ✐ ❞ ❧ ✐ ♥ ❣ ❛ ❧ ❧ t❤❡

✸✷ t✐♠❡ ✱ ✇❤✐❝❤ ✐♥ ♠♦st ❝❛ s ❡ s ♠❡❛♥s t❤❡ ❝ ❧ ✐ ❡ ♥ t ❤♦ ❧❞ ✐♥❣ t❤❡ s ❡ s s ✐ ♦ ♥ ❤❛s ❜❡❡♥

✸✸ ❞✐s❝♦♥♥❡❝t❡❞ ✱ ✐ t ✐ s ❦ ✐ ❧ ❧ ❡ ❞ ✳

✸✹

✸✺ ■ ❢ t❤❡ s ❡ s s ✐ ♦ ♥ ❛ ❧ r ❡❛❞② ❣♦t ❦ ✐ ❧ ❧ ❡ ❞ s♦♠❡✇❤❡r❡ ❡ ❧ s ❡ t❤❡ ♦❜ ❥ ❡ ❝ t ♦ ❢ t ❤ ✐ s ❝ ❧ ❛ s s

✸✻ ✐ s ❞❡st r♦②❡❞ s♦ ✐ t ❞♦❡s♥ ✬ t ❞ ❡ ❧ ❡ t ❡ ❛♥♦t❤❡r s ❡ s s ✐ ♦ ♥ t❤❛t t♦♦❦ t❤❡ ♣ ❧❛❝❡ ♦ ❢

✸✼ t❤❡ ♦ ❧❞ ♦♥❡ ✳

✸✽ ✧✧✧

✸✾ ❞❡❢ ❴❴✐♥✐t❴❴✭ s ❡ ❧ ❢ ✱ s ❡ s s ✐ ♦ ♥ ■ ❞ ✮ ✿★④④④

✹✵ t❤r❡❛❞ ✐♥❣ ✳ ❚❤r❡❛❞ ✳ ❴❴✐♥✐t❴❴✭ s ❡ ❧ ❢ ✮

✹✶

✹✷ s ❡ ❧ ❢ ✳ s ❡ s s ✐ ♦ ♥ ■ ❞ ❂ s ❡ s s ✐ ♦ ♥ ■ ❞

✹✸ s ❡ ❧ ❢ ✳ ❴✇❛♥t❆❜♦rt ❂ ❋❛❧ s❡

✹✹

✹✺ s ❡ ❧ ❢ ✳ ♥❡✇❚✐♠❡ ✭ ✮

✹✻ ★⑥⑥⑥

✹✼ ❞❡❢ r✉♥ ✭ s ❡ ❧ ❢ ✮ ✿★④④④

✹✽ ✇❤✐❧❡ ❚r✉❡ ✿

✹✾ ♦❧❞❚✐♠❡ ❂ t✐♠❡ ✳ t✐♠❡ ✭ ✮

✺✵ ❢♦r ✐ ✐♥ r❛♥❣❡ ✭ ❙❡ s s ✐ ♦♥ ✳ ❙❡ s s ✐ ♦♥ ✳❚■▼❊❖❯❚✮ ✿

✺✶ ★ ❈❤❡❝❦ ❡✈❡r② s❡❝♦♥❞ ✐ ❢ ✇❡ ❤❛✈❡ ❜❡❡♥ ❛❜♦r t❡❞ ✳

✺✷ t✐♠❡ ✳ s ❧ ❡ ❡ ♣ ✭✶ ✮

✺✸ ✐ ❢ s ❡ ❧ ❢ ✳ ❴✇❛♥t❆❜♦rt ✿

✺✹ ★ ❛❜♦rt−▼❡t❤♦❞ ❤❛s ❜❡❡♥ r✉♥ ✳ ❚❤❛t ♠❡❛♥s s♦♠❡♦♥❡ ❡ ❧ s ❡

✺✺ ★ ❛❧r❡❛❞② ❦ ✐ ❧ ❧ ❡ ❞ t❤❡ s ❡ s s ✐ ♦♥ t ❤ ✐ s ♦ ❜ ❥ ❡ ❝ t ✐ s ✇❛t❝❤✐♥❣ ♦✈❡r ✳

✺✻ r❡t✉r♥

✺✼ ✐ ❢ t✐♠❡ ✳ t✐♠❡ ✭ ✮ − s ❡ ❧ ❢ ✳ ❴t✐♠❡ ❃ ❙❡s s ✐ ♦♥ ✳ ❙❡ s s ✐ ♦♥ ✳❚■▼❊❖❯❚✿

✺✽ ★ ❈♦♠♠✐t s ✉ ✐ ❝ ✐ ❞ ❡

✺✾ ❙❡r✈❡r ✳ ❙❡r✈❡r ✳ s ❡ s s ✐ ♦ ♥ s ❬ s ❡ ❧ ❢ ✳ s ❡ s s ✐ ♦ ♥ ■ ❞ ❪ ❂ ◆♦♥❡

✻✵ r❡t✉r♥

✻✶ ★⑥⑥⑥

✻✷ ❞❡❢ ♥❡✇❚✐♠❡✭ s ❡ ❧ ❢ ✮ ✿★④④④

✻✸ ✧✧✧❙❛✈❡ t❤❡ ❝✉r r❡♥t t✐♠❡ ✳ ✧✧✧

✻✹ s ❡ ❧ ❢ ✳ ❴t✐♠❡ ❂ t✐♠❡ ✳ t✐♠❡ ✭ ✮

✻✺ ★⑥⑥⑥

✻✻ ❞❡❢ ❛❜♦rt ✭ s ❡ ❧ ❢ ✮ ✿★④④④

✻✼ ✧✧✧▼❛❦❡ t❤❡ ❧♦♦♣ ❧ ❡❛✈❡ ❛♥❞ t❤❡ t❤r❡❛❞ ❞ ✐ ❡ ✳ ✧✧✧

✻✽ s ❡ ❧ ❢ ✳ ❴✇❛♥t❆❜♦rt ❂ ❚r✉❡

✻✾ ★⑥⑥⑥

✼✵ ★⑥⑥⑥

✼✶

✺✽



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✼✷ ★−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✼✸ ★ ✈✐♠ ✿ ❢❞♠❂♠❛r❦❡r t s❂✹ s✇❂✹ ❡①♣❛♥❞t❛❜

✻✳✶✳✻ ❲✐♥❞♦✇✳♣②

✶ ✧✧✧

✷ ❛❥❛①❲▼ − t❤❡ ❢ r ❡ ❡ ✇❡❜ ❜❛s❡❞ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ❢ ♦ r r❡♠♦t❡ t ❡ r♠✐♥❛ ❧ s

✸ ❈♦♣②r✐❣❤t ✭❈✮ ✷✵✵✼ ❉❡♥♥✐s ❋❡ ❧ s ✐♥❣ ✱ ❆♥❞r❡❛s ❲❛✐❞❧❡r

✹

✺ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❢ r ❡ ❡ s♦ ❢ t✇❛r❡ ✿ ②♦✉ ❝❛♥ r ❡ ❞ ✐ s t r ✐ ❜ ✉ t ❡ ✐ t ❛♥❞✴♦r ♠♦❞✐❢②

✻ ✐ t ✉♥❞❡r t❤❡ t❡r♠s ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❛s ♣✉❜ ❧ ✐ s❤❡❞ ❜②

✼ t❤❡ ❋r❡❡ ❙♦❢t✇❛r❡ ❋♦✉♥❞❛t✐♦♥ ✱ ❡ ✐ t ❤ ❡ r ✈ ❡ r s ✐ ♦♥ ✸ ♦ ❢ t❤❡ ▲✐❝❡♥s❡ ✱ ♦r

✽ ✭ ❛t ②♦✉r ♦♣t ✐♦♥ ✮ ❛♥② ❧ ❛ t ❡ r ✈ ❡ r s ✐ ♦♥ ✳

✾

✶✵ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❞ ✐ s t r ✐ ❜ ✉ t ❡ ❞ ✐♥ t❤❡ ❤♦♣❡ t❤❛t ✐ t ✇ ✐ ❧ ❧ ❜❡ ✉s❡ ❢✉ ❧ ✱

✶✶ ❜✉t ❲■❚❍❖❯❚ ❆◆❨ ❲❆❘❘❆◆❚❨❀ ✇✐t❤♦✉t ❡✈❡♥ t❤❡ ✐♠♣❧ ✐ ❡❞ ✇❛rr❛♥t② ♦ ❢

✶✷ ▼❊❘❈❍❆◆❚❆❇■▲■❚❨ ♦r ❋■❚◆❊❙❙ ❋❖❘ ❆ P❆❘❚■❈❯▲❆❘ P❯❘P❖❙❊✳ ❙❡❡ t❤❡

✶✸ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❢ ♦ r ♠♦r❡ ❞ ❡ t ❛ ✐ ❧ s ✳

✶✹

✶✺ ❨♦✉ s❤♦✉❧❞ ❤❛✈❡ r ❡ ❝ ❡ ✐ ✈ ❡❞ ❛ ❝♦♣② ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡

✶✻ ❛❧♦♥❣ ✇✐t❤ t ❤ ✐ s ♣r♦❣r❛♠ ✳ ■ ❢ ♥♦t ✱ s ❡ ❡ ❁❤tt♣ ✿✴✴✇✇✇✳ ❣♥✉ ✳ ♦r❣ ✴ ❧ ✐ ❝ ❡ ♥ s ❡ s ✴❃✳

✶✼

✶✽ ✩■❞ ✿ ❲✐♥❞♦✇ ✳ ♣② ✼✻ ✷✵✵✼−✶✷−✶✺ ✶✶ ✿ ✷✻ ✿ ✷✹❩ r✵q ✩

✶✾ ✧✧✧

✷✵

✷✶ ★④④④ ■♠♣♦rts

✷✷ ✐♠♣♦rt t❤r❡❛❞ ✐♥❣

✷✸ ✐♠♣♦rt ♦s

✷✹ ✐♠♣♦rt ♣t②

✷✺ ✐♠♣♦rt ❢ ❝ ♥ t ❧

✷✻ ✐♠♣♦rt t✐♠❡

✷✼

✷✽ ❢r♦♠ ❚❡r♠✐♥❛❧ ✐♠♣♦rt ❚❡r♠✐♥❛❧

✷✾ ❢r♦♠ ❙s❤ ✐♠♣♦rt ❙s❤

✸✵ ✐♠♣♦rt ❛❥❛①✇♠

✸✶ ★⑥⑥⑥

✸✷ ❝❧❛ss ❲✐♥❞♦✇✭ t❤r❡❛❞ ✐♥❣ ✳ ❚❤r❡❛❞ ✮ ✿★④④④

✸✸ ✧✧✧

✸✹ ❋♦r ❡✈❡r② ✇✐♥❞♦✇ ❛ ♥❡✇ t❤r❡❛❞ ✐ s s♣❛✇♥❡❞ ✳ ❖❜❥❡❝ts ♦ ❢ t❤❡ ✇✐♥❞♦✇ ❝ ❧ ❛ s s

✸✺ ❝♦♥ t r ♦ ❧ ♦♥❡ ❚❡r♠✐♥❛❧ ❡❛❝❤ ✳ ❙♦ t❤❡② ❛ ❧ s ♦ ❤❛✈❡ t♦ ♦♣❡♥ ❛♥❞ ❝ ❧ ♦ s ❡ t❤❡ ♣t② ❢ ♦ r

✸✻ t❤❡ ❚❡r♠✐♥❛❧ ✳

✸✼

✸✽ ❆ ♣r♦❣r❛♠♠ ✱ ✇❤✐❝❤ ✐ s s ♣ ❡ ❝ ✐ ❢ ✐ ❡ ❞ ❜② ❝♠❞ ✱ ✐ s ❛ s s ✐ ❣♥❡❞ t♦ t❤❡ ❚❡r♠✐♥❛❧ ♦❜ ❥ ❡ ❝ t

✸✾ ❛♥❞ s ❡ t t♦ ss❤ ❧ ♦ ❝ ❛ ❧ ❤ ♦ s t ❜② ❞ ❡ ❢ ❛✉ ❧ t ✳ ❇② t ❤ ✐ s t❤❡ ❝ ❧ ✐ ❡ ♥ t ❝❛♥ ❢ ♦ r ❡①❛♠♣❧❡

✹✵ ❧ ♦ ❣ ✐ ♥ ♦♥ t❤❡ s ❡ r ✈ ❡ r ✳ ❇✉t ♦ ❢ ❝♦✉rs❡ t ❤ ✐ s ✐ s ♥♦t t❤❡ ♦♥❧② ✇❛② ♦ ❢ ✉s ✐♥❣ ❛♥

✹✶ ❛❥❛①❲▼−❲✐♥❞♦✇ ✳ ❆♥♦t❤❡r ✉ s ❡ ❢ ✉ ❧ t❤ ✐♥❣ ✐ s ❛ s s ✐ ❣♥ ✐ ♥❣ ❛ s❝ r ❡ ❡♥ s ❡ s s ✐ ♦ ♥

✹✷ r❡❛❞−♦♥❧② ✱ s♦ ♦♥❡ ✐ ♥ t ❡ r ❛ ❝ t ✇✐t❤ t❤❛t s ❝ r ❡ ❡♥ s ❡ s s ✐ ♦♥ ✱ ✇❤✐ ❧ ❡ ♦ t❤❡ r s ❝❛♥ ✇❛t❝❤

✹✸ ❤✐♠ ❢r♦♠ t❤ ❡ ✐ r P❈✳

✹✹

✹✺ ❲✐♥❞♦✇s ❝❛♥ ♦♥❧② ❜❡ s♣❛✇♥❡❞ ❜② ❛♥❞ ❛❝❝❡ s s ❡❞ ✈ ✐❛ ❛♥ ♦❜ ❥ ❡ ❝ t ♦ ❢ t❤❡ ❙❡ s s ✐ ♦♥

✹✻ ❝ ❧ ❛ s s ✳

✹✼ ✧✧✧

✹✽ ❞❡❢ ❴❴✐♥✐t❴❴✭ s ❡ ❧ ❢ ✱ ✉s❡r♥❛♠❡ ✱ ❤♦st ✱ ♣♦rt ✱ ♣❛ss✇♦r❞ ✱ ✇✐❞t❤ ✱ ❤❡ ✐❣❤t ✮ ✿★④④④

✹✾ t❤r❡❛❞ ✐♥❣ ✳ ❚❤r❡❛❞ ✳ ❴❴✐♥✐t❴❴✭ s ❡ ❧ ❢ ✮

✺✵

✺✶ s ❡ ❧ ❢ ✳ ✉s❡r♥❛♠❡ ❂ ✉s❡r♥❛♠❡

✺✷ s ❡ ❧ ❢ ✳ ❤♦st ❂ ❤♦st

✺✸ s ❡ ❧ ❢ ✳ ♣♦rt ❂ ♣♦rt

✺✹ s ❡ ❧ ❢ ✳ ♣❛ss✇♦r❞ ❂ ♣❛ss✇♦r❞

✺✾



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✺✺ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ❂ ✇✐❞t❤

✺✻ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t ❂ ❤❡ ✐❣❤t

✺✼ ★⑥⑥⑥

✺✽ ❞❡❢ r✉♥ ✭ s ❡ ❧ ❢ ✮ ✿★④④④

✺✾ ✧✧✧

✻✵ ❋♦r❦s ❛ ✈ ✐ r t ✉ ❛ ❧ t ❡ r♠✐♥❛ ❧ ❛♥❞ t❤❡ r❡ r✉♥s t❤❡ s ♣ ❡ ❝ ✐ ❢ ✐ ❡ ❞ ❝♦♠♠❛♥❞

✻✶ ❣❡ t s ❝ ❛ ❧ ❧ ❡ ❞ ✇❤❡♥ t❤❡ t❤r❡❛❞ ✐ s s t ❛ r t ❡❞ ✳

✻✷ ✧✧✧

✻✸ ♣✐❞ ✱ ❢❞ ❂ ♣t② ✳ ❢ ♦ r❦ ✭ ✮

✻✹ ✐ ❢ ♣✐❞ ❂❂ ✵ ✿

✻✺ ★ ❚❤❡ ♣r♦❝❡ss ♦ ❢ t❤❡ ✈ ✐ r t ✉ ❛ ❧ t❡r♠✐♥❛ ❧

✻✻ tr② ✿

✻✼ ★ ❆ ❧ ✐ s t ♦ ❢ t❤❡ ❡ ① ✐ s t ✐ ♥ ❣ ❢ ✐ ❧ ❡ ❞ ❡ s ❝ r ✐ ♣ t ♦ r s ✳

✻✽ ❢ ❞ ❧ ❂ ♠❛♣✭ ✐♥t ✱ ♦s ✳ ❧ ✐ s t ❞ ✐ r ✭ ✬ ✴ ♣r♦❝ ✴ s ❡ ❧ ❢ ✴ ❢❞ ✬ ✮ ✮

✻✾ ❡①❝❡♣t ❖❙❊rr♦r ✿

✼✵ ❢ ❞ ❧ ❂ r❛♥❣❡ ✭✷✺✻✮

✼✶ ❢♦r ✐ ✐♥ ❢ ✐ ❧ t ❡ r ✭❧❛♠❜❞❛ ✐ ✿ ✐ ❃ ✷ ✱ ❢ ❞ ❧ ✮ ✿

✼✷ ★ ❲❡ ♦♥❧② ♥❡❡❞ s t ❞ ✐ ♥ ✭ ✐ ❂❂ ✵✮ ✱ s t ❞♦✉ t ✭✶✮ ❛♥❞ s t ❞ ❡ r r ✭ ✷ ✮ ✳

✼✸ tr② ✿

✼✹ ♦s ✳ ❝ ❧ ♦ s ❡ ✭ ✐ ✮

✼✺ ❡①❝❡♣t ❖❙❊rr♦r ✿

✼✻ ♣❛ss

✼✼ ★ ❙❙❍ ✐♥s t ❡❛❞ ♦ ❢ ✴ ❜✐♥ ✴ ❧ ♦ ❣ ✐ ♥ ❡✈❡♥ ❢♦ r ❧ ♦ ❣ ✐ ♥ ♦♥ ❧ ♦ ❝ ❛ ❧ ❤ ♦ s t ❜❡❝❛✉s❡

✼✽ ★ ✴❜✐♥ ✴ ❧ ♦ ❣ ✐ ♥ r ❡ q✉ ✐ r ❡ s r♦♦t ❛❝❝❡ss ❛♥❞ ■ ♠②s❡ ❧ ❢ ✇♦✉❧❞♥ ✬ t t r ② t♦ ✉s❡

✼✾ ★ t ❤ ✐ s ♣r♦❣r❛♠ ❛s r♦♦t ✳ ✭ ♣❛r❛♥♦✐❛ ✐ s ❤❡❛ ❧ t ❤② ✦ ✮ ■ ❢ ②♦✉ ✐♥t❡♥❞❡❞ t♦

✽✵ ★ ❞♦ s♦ ✱ ❜ ❡ t t ❡ r ✉s❡ ❛♥♦t❤❡r ✉s❡r ✇✐t❤ ❛s ❧ ✐ t t ❧ ❡ r ✐ ❣ ❤ t s ❛s

✽✶ ★ ♣♦ s s ✐ ❜ ❧ ❡ ✳ ❚❤❡ ♦♥❧② ❞ ✐ s❛❞✈❛♥t❛❣❡ ✐ s t❤❡ ❧♦♥❣❡r t✐♠❡ t♦ ❧ ♦ ❣ ✐ ♥

✽✷ ★ ✭ ♦r t♦ r ❡ ❛ ❧ ✐ ③ ❡ t ❤❛ t ②♦✉ ❝❛♥ ✬ t ✮ ✇❤❡♥ ✉s✐♥❣ ❙❙❍✳

✽✸ ss❤ ❂ ❙s❤ ✭ ✮

✽✹ ❝♠❞ ❂ ss❤ ✳ ❧ ♦ ❣ ✐ ♥ ✭ s ❡ ❧ ❢ ✳ ✉s❡r♥❛♠❡ ✱ s ❡ ❧ ❢ ✳ ❤♦st ✱ s ❡ ❧ ❢ ✳ ♣♦rt ✮

✽✺ ❡♥✈ ❂ ④ ✬❈❖▲❯▼◆❙✬ ✿ s t r ✭ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ✮ ✱

✽✻ ✬▲■◆❊❙ ✬ ✿ s t r ✭ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t ✮ ✱

✽✼ ✬❚❊❘▼✬ ✿ ✬ ❧ ✐ ♥✉① ✬ ✱

✽✽ ✬P❆❚❍✬ ✿ ♦s ✳ ❡♥✈ ✐ r♦♥ ❬ ✬P❆❚❍✬ ❪ ⑥

✽✾ ★ ❙❡❡ t❤❡ P❖❙■❳ ❡①❡❝✈♣❡ ✭ ✇❤✐❝❤ ❣ ❡ t s ❝ ❛ ❧ ❧ ❡ ❞ ✮ ❢ ♦ r ✐♥❢♦r♠❛t ✐♦♥ ✳

✾✵ ♦s ✳ ❡①❡❝✈♣❡ ✭❝♠❞ ❬ ✵ ❪ ✱ ❝♠❞ ✱ ❡♥✈ ✮

✾✶ ❡❧s❡ ✿

✾✷ ★ ❚❤❡ ♠❛✐♥✴♣❛r❡♥t ♣r♦❝❡ss

✾✸ s ❡ ❧ ❢ ✳ ♣✐❞ ❂ ♣✐❞

✾✹ s ❡ ❧ ❢ ✳ ❢❞ ❂ ❢❞

✾✺

✾✻ ★ s❡ t s t❤❡ ❢ ✐ ❧ ❡ s t ❛ t ✉ s ❢ ❧ ❛ ❣ s ❢ ♦ r t❤❡ ♦♣❡♥ ❢ ✐ ❧ ❡ ❞ ❡ s ❝ r ✐ ♣ t ♦ r ❢❞ t♦

✾✼ ★ ♥♦♥ ❜ ❧ ♦ ❝ ❦ ✐♥ ❣ ♠♦❞❡ ✭ ❥ ✉ s t ❝♦♥t ✐♥✉❡ ✐ ❢ ♥♦t❤✐♥❣ ❝❛♥ ❜❡ r❡❛❞ ✮

✾✽ ❢ ❝ ♥ t ❧ ✳ ❢ ❝ ♥ t ❧ ✭ ❢❞ ✱ ❢ ❝ ♥ t ❧ ✳❋❴❙❊❚❋▲✱ ♦s ✳❖❴◆❖◆❇▲❖❈❑✮

✾✾ s ❡ ❧ ❢ ✳ t ❡ r♠✐♥❛ ❧ ❂ ❚❡r♠✐♥❛❧ ✭ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ✱ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t ✮

✶✵✵ s ❡ ❧ ❢ ✳ r ❡ s ✐ ③ ❡ ✭ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ✱ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t ✮

✶✵✶ s ❡ ❧ ❢ ✳ ✇r✐t❡P❛ss✇♦r❞ ✭ ✮

✶✵✷ ★⑥⑥⑥

✶✵✸ ❞❡❢ ❴❴❞❡❧❴❴✭ s ❡ ❧ ❢ ✮ ✿★④④④

✶✵✹ ★ ❑✐ ❧ ❧ ❛ ❧ ❧ ❜❛s❡ ❝ ❧ ❛ s s ❡ s ✳

✶✵✺ ❢♦r ❜❛s❡ ✐♥ s ❡ ❧ ❢ ✳ ❴❴❝❧❛ss❴❴ ✳❴❴❜❛s❡s❴❴ ✿

✶✵✻ ★ ❆✈♦✐❞ ♣r♦❜❧❡♠s ✇✐t❤ ❞✐❛♠♦♥❞ ✐♥❤❡ r ✐ t ❛♥❝❡ ✳

✶✵✼ ❜❛s❡❦❡② ❂ ✬ ❞❡❧❴ ✬ ✰ s t r ✭ ❜❛s❡ ✮

✶✵✽ ✐ ❢ ♥♦t ❤❛s❛ t t r ✭ s ❡ ❧ ❢ ✱ ❜❛s❡❦❡② ✮ ✿

✶✵✾ s ❡ t ❛ t t r ✭ s ❡ ❧ ❢ ✱ ❜❛s❡❦❡② ✱ ✶✮

✶✶✵ ❡❧s❡ ✿

✶✶✶ ❝♦♥t✐♥✉❡

✶✶✷ ★ ❈❛❧ ❧ t ❤ ✐ s ❜❛s❡ ❝ ❧ ❛ s s ✬ ❞ ❡ s t r ✉ ❝ t ♦ r ✐ ❢ ✐ t ❤❛s ♦♥❡ ✳

✶✶✸ ✐ ❢ ❤❛s❛ t t r ✭ ❜❛s❡ ✱ ✬❴❴❞❡❧❴❴ ✬ ✮ ✿

✻✵



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✶✶✹ ❜❛s❡ ✳❴❴❞❡❧❴❴✭ s ❡ ❧ ❢ ✮

✶✶✺ tr② ✿

✶✶✻ ★ ❈❧♦s ✐♥❣ t❤❡ ♣t② ❛ ❧ s ♦ ❦ ✐ ❧ ❧ s ❛ ❧ ❧ ♣ r♦❝❡s s❡ s ♦♥ ✐ t ✳

✶✶✼ ♦s ✳ ❝ ❧ ♦ s ❡ ✭ s ❡ ❧ ❢ ✳ ❢❞ ✮

✶✶✽ ❡①❝❡♣t ✭ ■❖❊rr♦r ✱ ❖❙❊rr♦r ✮ ✿

✶✶✾ ♣❛ss

✶✷✵ ★⑥⑥⑥

✶✷✶ ❞❡❢ r ❡ s ✐ ③ ❡ ✭ s ❡ ❧ ❢ ✱ ✇✐❞t❤❂✽✵✱ ❤❡ ✐❣❤t ❂✷✺✮✿★④④④

✶✷✷ ✧✧✧

✶✷✸ ❈❧ ✐ ❡♥ t ❤❛s r ❡ s ✐ ③ ❡ ❞ ❤ ✐ s ✇✐♥❞♦✇ ✱ s♦ ♥♦✇ t❤❡ ✈ ✐ r t ✉ ❛ ❧ t ❡ r♠✐♥❛ ❧ ❛♥❞ t❤❡

✶✷✹ ♦❜ ❥ ❡ ❝ t ♦ ❢ t❤❡ ❚❡r♠✐♥❛❧ ❝ ❧ ❛ s s ❤❛✈❡ t♦ ❜❡ ✐♥❢♦r♠❡❞ ❛♥❞ ❛ ❝ t ✉ ❛ ❧ ✐ s ❡ ❞ ✳

✶✷✺ ✧✧✧

✶✷✻ ✐ ❢ ♥♦t s ❡ ❧ ❢ ✳ ✇✐❞t❤ ✐ s ✇✐❞t❤ ❛♥❞ ♥♦t s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t ✐ s ❤❡ ✐❣❤t ✿

✶✷✼ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ✱ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t ❂ ✇✐❞t❤ ✱ ❤❡ ✐❣❤t

✶✷✽ s ❡ ❧ ❢ ✳ t ❡ r♠✐♥❛ ❧ ✳ r ❡ s ✐ ③ ❡ ✭ ✇✐❞t❤ ✱ ❤❡ ✐❣❤t ✮

✶✷✾ ❢ ❝ ♥ t ❧ ✳ ✐ ♦ ❝ t ❧ ✭ ❢❞ ✱ t❡ r♠✐♦s ✳❚■❖❈❙❲■◆❙❩✱

✶✸✵ s t r ✉ ❝ t ✳ ♣❛❝❦ ✭ ✬❍❍❍❍✬ ✱ ❤❡✐❣❤t ✱ ✇✐❞t❤ ✱ ✵ ✱ ✵ ✮ ✮

✶✸✶ ★⑥⑥⑥

✶✸✷ ❞❡❢ r❡❛❞ ✭ s ❡ ❧ ❢ ✮ ✿★④④④

✶✸✸ ✧✧✧▼❛❦❡s t❤❡ ❚❡r♠✐♥❛❧ ♦❜ ❥ ❡ ❝ t r❡❛❞ t❤❡ ❝♦♥t❡♥t ♦ ❢ t❤❡ ♣t② ✳ ✧✧✧

✶✸✹ tr② ✿

✶✸✺ s ❡ ❧ ❢ ✳ t ❡ r♠✐♥❛ ❧ ✳ ✇r ✐ t ❡ ✭ ❛❥❛①✇♠ ✳ r❡❛❞ ✭ s ❡ ❧ ❢ ✳ ❢❞ ✮ ✮

✶✸✻ ❡①❝❡♣t ✭ ❑❡②❊rr♦r ✱ ■❖❊rr♦r ✱ ❖❙❊rr♦r ✮ ✿

✶✸✼ ❞❡❧ s ❡ ❧ ❢

✶✸✽ ★⑥⑥⑥

✶✸✾ ❞❡❢ ✇r ✐ t ❡ ✭ s ❡ ❧ ❢ ✱ s ✮ ✿ ★④④④

✶✹✵ ✧✧✧❲r✐t❡s ♥❡✇ ❦❡②♣r❡ s s ❡ s t♦ t❤❡ ♣t② ✳ ✧✧✧

✶✹✶ tr② ✿

✶✹✷ ♦s ✳ ✇r ✐ t ❡ ✭ s ❡ ❧ ❢ ✳ ❢❞ ✱ s ✳ ❡♥❝♦❞❡ ✭❛❥❛①✇♠ ✳❊◆❈❖❉■◆●✮✮

✶✹✸ ❡①❝❡♣t ❯♥✐❝♦❞❡❊♥❝♦❞❡❊rr♦r ✿

✶✹✹ ♦s ✳ ✇r ✐ t ❡ ✭ s ❡ ❧ ❢ ✳ ❢❞ ✱ s ✮

✶✹✺ ❡①❝❡♣t ✭ ■❖❊rr♦r ✱ ❖❙❊rr♦r ✮ ✿

✶✹✻ ❞❡❧ s ❡ ❧ ❢

✶✹✼ ★⑥⑥⑥

✶✹✽ ❞❡❢ ❤t♠❧ ✭ s ❡ ❧ ❢ ✱ ❝ ♦ ❧ ♦ r ❂✶✮✿★④④④

✶✹✾ ✧✧✧❘❡t✉r♥s t❤❡ ❤t♠❧ ✈❡ r s ✐ ♦♥ ♦ ❢ t❤❡ ❝♦♥t❡♥t ♦ ❢ t❤❡ ✇✐♥❞♦✇ ✳ ✧✧✧

✶✺✵ s ❡ ❧ ❢ ✳ r❡❛❞ ✭ ✮

✶✺✶ s ❡ ❧ ❢ ✳ ❥ ♦ ✐ ♥ ✭ ✮

✶✺✷ tr② ✿

✶✺✸ r❡t✉r♥ s ❡ ❧ ❢ ✳ t ❡ r♠✐♥❛ ❧ ✳ ❞✉♠♣❤t♠❧ ✭ ❝ ♦ ❧ ♦ r ✮

✶✺✹ ❡①❝❡♣t ❑❡②❊rr♦r ✿

✶✺✺ r❡t✉r♥ ❋❛❧s❡

✶✺✻ ★⑥⑥⑥

✶✺✼ ❞❡❢ ✇r✐t❡P❛ss✇♦r❞ ✭ s ❡ ❧ ❢ ✮ ✿★④④④

✶✺✽ ✇❤✐❧❡ ✶ ✿

✶✺✾ tr② ✿

✶✻✵ ✐ ❢ ✬ P❛ss✇♦r❞ ✿ ✬ ✐♥ ❛❥❛①✇♠ ✳ r❡❛❞ ✭ s ❡ ❧ ❢ ✳ ❢❞ ✮ ✿

✶✻✶ s ❡ ❧ ❢ ✳ ✇r ✐ t ❡ ✭ s ❡ ❧ ❢ ✳ ♣❛ss✇♦r❞ ✰ ✉ ✬ ❭♥ ✬ ✮

✶✻✷ r❡t✉r♥

✶✻✸ ❡①❝❡♣t ❖❙❊rr♦r ✿

✶✻✹ ♣❛ss

✶✻✺ t✐♠❡ ✳ s ❧ ❡ ❡ ♣ ✭ ✵ ✳ ✷ ✮

✶✻✻ ★⑥⑥⑥

✶✻✼ ★⑥⑥⑥

✶✻✽

✶✻✾ ★−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✶✼✵ ★ ✈✐♠ ✿ ❢❞♠❂♠❛r❦❡r t s❂✹ s✇❂✹ ❡①♣❛♥❞t❛❜

✻✶



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✻✳✶✳✼ ❚❡r♠✐♥❛❧✳♣②

✶ ✧✧✧

✷ ❛❥❛①❲▼ − t❤❡ ❢ r ❡ ❡ ✇❡❜ ❜❛s❡❞ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ❢ ♦ r r❡♠♦t❡ t ❡ r♠✐♥❛ ❧ s

✸ ❈♦♣②r✐❣❤t ✭❈✮ ✷✵✵✼ ❉❡♥♥✐s ❋❡ ❧ s ✐♥❣ ✱ ❆♥❞r❡❛s ❲❛✐❞❧❡r

✹

✺ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❢ r ❡ ❡ s♦ ❢ t✇❛r❡ ✿ ②♦✉ ❝❛♥ r ❡ ❞ ✐ s t r ✐ ❜ ✉ t ❡ ✐ t ❛♥❞✴♦r ♠♦❞✐❢②

✻ ✐ t ✉♥❞❡r t❤❡ t❡r♠s ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❛s ♣✉❜ ❧ ✐ s❤❡❞ ❜②

✼ t❤❡ ❋r❡❡ ❙♦❢t✇❛r❡ ❋♦✉♥❞❛t✐♦♥ ✱ ❡ ✐ t ❤ ❡ r ✈ ❡ r s ✐ ♦♥ ✸ ♦ ❢ t❤❡ ▲✐❝❡♥s❡ ✱ ♦r

✽ ✭ ❛t ②♦✉r ♦♣t ✐♦♥ ✮ ❛♥② ❧ ❛ t ❡ r ✈ ❡ r s ✐ ♦♥ ✳

✾

✶✵ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❞ ✐ s t r ✐ ❜ ✉ t ❡ ❞ ✐♥ t❤❡ ❤♦♣❡ t❤❛t ✐ t ✇ ✐ ❧ ❧ ❜❡ ✉s❡ ❢✉ ❧ ✱

✶✶ ❜✉t ❲■❚❍❖❯❚ ❆◆❨ ❲❆❘❘❆◆❚❨❀ ✇✐t❤♦✉t ❡✈❡♥ t❤❡ ✐♠♣❧ ✐ ❡❞ ✇❛rr❛♥t② ♦ ❢

✶✷ ▼❊❘❈❍❆◆❚❆❇■▲■❚❨ ♦r ❋■❚◆❊❙❙ ❋❖❘ ❆ P❆❘❚■❈❯▲❆❘ P❯❘P❖❙❊✳ ❙❡❡ t❤❡

✶✸ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❢ ♦ r ♠♦r❡ ❞ ❡ t ❛ ✐ ❧ s ✳

✶✹

✶✺ ❨♦✉ s❤♦✉❧❞ ❤❛✈❡ r ❡ ❝ ❡ ✐ ✈ ❡❞ ❛ ❝♦♣② ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡

✶✻ ❛❧♦♥❣ ✇✐t❤ t ❤ ✐ s ♣r♦❣r❛♠ ✳ ■ ❢ ♥♦t ✱ s ❡ ❡ ❁❤tt♣ ✿✴✴✇✇✇✳ ❣♥✉ ✳ ♦r❣ ✴ ❧ ✐ ❝ ❡ ♥ s ❡ s ✴❃✳

✶✼

✶✽ ✩■❞ ✿ ❚❡r♠✐♥❛❧ ✳ ♣② ✼✻ ✷✵✵✼−✶✷−✶✺ ✶✶ ✿ ✷✻ ✿ ✷✹❩ r✵q ✩

✶✾ ✧✧✧

✷✵

✷✶ ★④④④ ■♠♣♦rts

✷✷ ✐♠♣♦rt r❡

✷✸ ✐♠♣♦rt ❛rr❛②

✷✹ ✐♠♣♦rt ❝ ❣ ✐

✷✺

✷✻ ✐♠♣♦rt ❛❥❛①✇♠

✷✼ ★⑥⑥⑥

✷✽ ❝❧❛ss ❚❡r♠✐♥❛❧ ✿★④④④

✷✾ ✧✧✧

✸✵ ❘❡♣r❡s❡♥ts t❤❡ ❝♦♥t❡♥ts ♦ ❢ ❛ t❡r♠✐♥❛❧ ✱ ✇✐t❤ ✇✐❝❤ ✐ t ❝❛♥ ❜❡ ♣♦♣✉❧❛t❡❞

✸✶ ✇✐t❤ ✳ Pr ✐♥ t ✐♥❣ t❤❡ ❝♦♥t❡♥ts ❝❛♥ ❡ ✐ t ❤ ❡ r ❜❡ ❞♦♥❡ ❛s ♣✉r❡ ✉♥✐❝♦❞❡ ❛♥❞ ✐♥❝ ❧✉❞❡❞

✸✷ ✐♥ ❛ ♣r❡−t❛❣ ❢ ♦ r ❜❡✐♥❣ ❞ ✐ r ❡ ❝ t ❧ ② ✉s❡❞ ✐♥ ❍❚▼▲✳

✸✸

✸✹ ❯♣ t♦ ♥♦✇ t❤❡r❡ ❛r❡ s t ✐ ❧ ❧ s♦♠❡ ♣r♦❜❧❡♠s ✇✐t❤ ❡♥❝♦❞✐♥❣ ✱ ✐ ❢ ②♦✉ ❞♦♥ ✬ t ✉s❡

✸✺ ❯♥✐❝♦❞❡ ✭ ❯♥✐❝♦❞❡ s❤♦✉❧❞ ✇♦r❦ ✇✐t❤♦✉t ♣r♦❜❧❡♠s ✱ ❴s❤♦✉❧❞❴ ✱ ❞♦❡s♥ ✬ t ❛t s♦♠❡

✸✻ ❡①t❡♥❞❡❞ ❝❤❛ r❛ ❝ t ❡ r s ✮ ✳ ❆ ❝ ❧ ❛ s s ❢ ♦ r ❤❛♥❞❧ ✐♥❣ t❤❡ ♣r♦❝❡ s s ♦ ❢ ❡♥❝♦❞✐♥❣ ❛♥❞

✸✼ ❞❡❝♦❞✐♥❣ ✐ s ❛ ❧ r ❡❛❞② ♣❧❛♥♥❡❞ ✳

✸✽ ✧✧✧

✸✾ ❞❡❢ ❴❴✐♥✐t❴❴✭ s ❡ ❧ ❢ ✱ ✇✐❞t❤❂✽✵✱ ❤❡ ✐❣❤t ❂✷✹✮✿★④④④

✹✵ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ❂ ✇✐❞t❤

✹✶ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t ❂ ❤❡ ✐❣❤t

✹✷ s ❡ ❧ ❢ ✳ ✐ ♥ ✐ t ✭ ✮

✹✸ s ❡ ❧ ❢ ✳ r ❡ s ❡ t ✭ ✮

✹✹ ★⑥⑥⑥

✹✺ ❞❡❢ ✐ ♥ ✐ t ✭ s ❡ ❧ ❢ ✮ ✿★④④④

✹✻ ✧✧✧

✹✼ ■ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ❛ t ✐ ♦ ♥ ♦ ❢ t❤❡ ❡s❝❛♣❡ −✱ t❤❡ ❝ s ✐−s❡q✉❡♥❝❡s ✱ t❤❡ r❡❣❡① ❛♥❞ t❤❡

✹✽ t♦−❤t♠❧−t r ❛ ♥ s ❧ ❛ t ✐ ♦ ♥ t❛❜ ❧ ❡ ✳

✹✾ ✧✧✧

✺✵ s ❡ ❧ ❢ ✳ ❡s❝❴s❡q ❂ ④✉ ✬ ❭①✵✵ ✬ ✿ ◆♦♥❡ ✱

✺✶ ✉ ✬ ❭①✵✺ ✬ ✿ s ❡ ❧ ❢ ✳ ❡s❝❴❞❛ ✱

✺✷ ✉ ✬ ❭①✵✼ ✬ ✿ ◆♦♥❡ ✱

✺✸ ✉ ✬ ❭①✵✽ ✬ ✿ s ❡ ❧ ❢ ✳ ❡s❝❴✵①✵✽ ✱

✺✹ ✉ ✬ ❭①✵✾ ✬ ✿ s ❡ ❧ ❢ ✳ ❡s❝❴✵①✵✾ ✱

✺✺ ✉ ✬ ❭①✵❛ ✬ ✿ s ❡ ❧ ❢ ✳ ❡s❝❴✵①✵❛ ✱

✺✻ ✉ ✬ ❭①✵❜ ✬ ✿ s ❡ ❧ ❢ ✳ ❡s❝❴✵①✵❛ ✱

✺✼ ✉ ✬ ❭①✵❝ ✬ ✿ s ❡ ❧ ❢ ✳ ❡s❝❴✵①✵❛ ✱

✻✷



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✺✽ ✉ ✬ ❭①✵❞ ✬ ✿ s ❡ ❧ ❢ ✳ ❡s❝❴✵①✵❞ ✱

✺✾ ✉ ✬ ❭①✵❡ ✬ ✿ ◆♦♥❡ ✱

✻✵ ✉ ✬ ❭ ①✵❢ ✬ ✿ ◆♦♥❡ ✱

✻✶ ✉ ✬ ❭①✶❜★✽ ✬ ✿ ◆♦♥❡ ✱

✻✷ ✉ ✬ ❭①✶❜❂✬ ✿ ◆♦♥❡ ✱

✻✸ ✉ ✬ ❭①✶❜❃✬ ✿ ◆♦♥❡ ✱

✻✹ ✉ ✬ ❭①✶❜ ✭✵ ✬ ✿ ◆♦♥❡ ✱

✻✺ ✉ ✬ ❭①✶❜ ✭❆ ✬ ✿ ◆♦♥❡ ✱

✻✻ ✉ ✬ ❭①✶❜ ✭❇ ✬ ✿ ◆♦♥❡ ✱

✻✼ ✉ ✬ ❭①✶❜ ❬ ❝ ✬ ✿ s ❡ ❧ ❢ ✳ ❡s❝❴❞❛ ✱

✻✽ ✉ ✬ ❭①✶❜ ❬ ✵ ❝ ✬ ✿ s ❡ ❧ ❢ ✳ ❡s❝❴❞❛ ✱

✻✾ ✉ ✬ ❭①✶❜ ❪❘ ✬ ✿ ◆♦♥❡ ✱

✼✵ ✉ ✬ ❭①✶❜✼ ✬ ✿ s ❡ ❧ ❢ ✳ ❡s❝❴s❛✈❡ ✱

✼✶ ✉ ✬ ❭①✶❜✽ ✬ ✿ s ❡ ❧ ❢ ✳ ❡ s❝❴r❡st♦r❡ ✱

✼✷ ✉ ✬ ❭①✶❜❉ ✬ ✿ ◆♦♥❡ ✱

✼✸ ✉ ✬ ❭①✶❜❊ ✬ ✿ ◆♦♥❡ ✱

✼✹ ✉ ✬ ❭①✶❜❍ ✬ ✿ ◆♦♥❡ ✱

✼✺ ✉ ✬ ❭①✶❜▼ ✬ ✿ s ❡ ❧ ❢ ✳ ❡s❝❴r✐ ✱

✼✻ ✉ ✬ ❭①✶❜◆ ✬ ✿ ◆♦♥❡ ✱

✼✼ ✉ ✬ ❭①✶❜❖ ✬ ✿ ◆♦♥❡ ✱

✼✽ ✉ ✬ ❭①✶❜❩ ✬ ✿ s ❡ ❧ ❢ ✳ ❡s❝❴❞❛ ✱

✼✾ ✉ ✬ ❭①✶❜❛ ✬ ✿ ◆♦♥❡ ✱

✽✵ ✉ ✬ ❭①✶❜❝ ✬ ✿ s ❡ ❧ ❢ ✳ r ❡ s ❡ t ✱

✽✶ ✉ ✬ ❭①✶❜♥ ✬ ✿ ◆♦♥❡ ✱

✽✷ ✉ ✬ ❭①✶❜♦ ✬ ✿ ◆♦♥❡⑥

✽✸ ❢♦r ❦ ✱ ✈ ✐♥ s ❡ ❧ ❢ ✳ ❡s❝❴s❡q ✳ ✐ t❡♠s ✭ ✮ ✿

✽✹ ✐ ❢ ✈ ❂❂ ◆♦♥❡ ✿

✽✺ s ❡ ❧ ❢ ✳ ❡s❝❴s❡q ❬ ❦ ❪ ❂ s ❡ ❧ ❢ ✳ ❡ s❝❴✐❣♥♦r❡

✽✻ ★ r❡❣❡①

✽✼ ❞ ❂ ④ r ✬ ❭ ❬ ❭ ❄ ❄ ✭ ❬ ✵ − ✾ ❀ ❪ ∗ ✮ ✭ ❬❅❆❇❈❉❊❋●❍❏❑▲▼P❳❛❝❞❡❢❣❤❧♠♥qrst✉ ❵ ❪ ✮ ✬ ✿

✽✽ s ❡ ❧ ❢ ✳ ❝ s ✐❴❞✐s♣❛t❝❤ ✱ r ✬ ❭ ❪ ✭ ❬ ❫ ❭ ①✵✼ ❪✰✮❭ ①✵✼ ✬ ✿ s ❡ ❧ ❢ ✳ ❡ s❝❴✐❣♥♦r❡ ⑥

✽✾ s ❡ ❧ ❢ ✳ ❡s❝❴r❡ ❂ ❬ ❪

✾✵ ❢♦r ❦ ✱ ✈ ✐♥ ❞ ✳ ✐t❡♠s ✭ ✮ ✿

✾✶ s ❡ ❧ ❢ ✳ ❡s❝❴r❡ ✳ ❛♣♣❡♥❞ ✭ ✭ r❡ ✳ ❝♦♠♣✐ ❧❡ ✭ ✬ ✬ ✳ ❥ ♦ ✐ ♥ ✭ ✭ ✉ ✬ ❭①✶❜ ✬ ✱ ❦ ✮ ✮ ✮ ✱ ✈ ✮ ✮

✾✷ ★ ❞❡ ❢ ✐♥❡ ❝ s ✐ s❡q✉❡♥❝❡s

✾✸ s ❡ ❧ ❢ ✳ ❝ s ✐❴s❡q ❂ ④ ✬❅✬ ✿ ✭ s ❡ ❧ ❢ ✳ ❝s ✐❴❛t ✱ ❬ ✶ ❪ ✮ ✱

✾✹ ✬ ❵ ✬ ✿ ✭ s ❡ ❧ ❢ ✳ ❝s✐❴● ✱ ❬ ✶ ❪ ✮ ✱

✾✺ ✬ ❏ ✬ ✿ ✭ s ❡ ❧ ❢ ✳ ❝s✐❴❏ ✱ ❬ ✵ ❪ ✮ ✱

✾✻ ✬❑✬ ✿ ✭ s ❡ ❧ ❢ ✳ ❝s✐❴❑ ✱ ❬ ✵ ❪ ✮ ⑥

✾✼ ❢♦r ✐ ✐♥ ♠❛♣✭❧❛♠❜❞❛ ✐ ✿ ✐ ❬ ✹ ❪ ✱ ❢ ✐ ❧ t ❡ r ✭❧❛♠❜❞❛ ✐ ✿ ✐ ✳ s t ❛ r t s✇ ✐ t ❤ ✭ ✬ ❝s✐❴ ✬ ✮ ❛♥❞

✾✽ ❧ ❡♥ ✭ ✐ ✮ ❂❂ ✺ ✱ ❞ ✐ r ✭ s ❡ ❧ ❢ ✮ ✮ ✮ ✿

✾✾ ✐ ❢ ♥♦t s ❡ ❧ ❢ ✳ ❝ s ✐❴s❡q ✳ ❤❛s❴❦❡② ✭ ✐ ✮ ✿

✶✵✵ s ❡ ❧ ❢ ✳ ❝ s ✐❴s❡q ❬ ✐ ❪ ❂ ✭ ❣ ❡ t ❛ t t r ✭ s ❡ ❧ ❢ ✱ ✬ ✬ ✳ ❥ ♦ ✐ ♥ ✭ ✭ ✬ ❝s ✐❴ ✬ ✱ ✐ ✮ ✮ ✮ ✱ ❬ ✶ ❪ ✮

✶✵✶ ★ ❋✐r s t ✸✸ ❝❤❛r❛❝ t ❡ r s ❛r❡ ♥♦t ♣ r ✐ ♥ t ❛ ❜ ❧ ❡ ✳ ✭❫❩ ❡①❝ ❧✉❞❡❞ ✮

✶✵✷ ★ ❚✉♣❧❡ ✐♥ s t ❡❛❞ ♦ ❢ ▲ ✐ s t t♦ ✐♥❝r❡❛s❡ ♣❡r❢♦r♠❛♥❝❡ ✳

✶✵✸ ✈❛❧ ✐❞❈❤❛rs ❂ t✉♣ ❧ ❡ ✭ r❛♥❣❡ ✭✵ ①✷✵ ✱ ✵ ① ❢ ❢ ❢ ❢ ✮ ✮

✶✵✹ s ❡ ❧ ❢ ✳ tr❯♥✐❝♦❞❡ ❂ ✭✵ ①✷✵ ✱ ✮ ∗ ✵①✷✵ ✰ ✈❛❧ ✐❞❈❤❛rs

✶✵✺ s ❡ ❧ ❢ ✳ tr❍❚▼▲ ❂ ❬✵ ①❛✵ ❪ ∗ ✵①✷✵

✶✵✻ s ❡ ❧ ❢ ✳ tr❍❚▼▲❬✵ ①✵❛ ❪ ❂ ✵①✵❛

✶✵✼ s ❡ ❧ ❢ ✳ tr❍❚▼▲ ❂ t✉♣ ❧ ❡ ✭ s ❡ ❧ ❢ ✳ tr❍❚▼▲✮ ✰ ✈❛❧ ✐❞❈❤❛rs

✶✵✽ ★⑥⑥⑥

✶✵✾ ❞❡❢ r ❡ s ✐ ③ ❡ ✭ s ❡ ❧ ❢ ✱ ✇✐❞t❤ ✱ ❤❡ ✐❣❤t ✮ ✿★④④④

✶✶✵ ✧✧✧❘❡s ✐ ③ ❡ s t❤❡ ❚❡r♠✐♥❛❧ ✳ ✭ ❏✉st s❛②s ✇❤❡r❡ t♦ ❜r❡❛❦ ❧ ✐ ♥ ❡ ❛♥❞ ❤♦✇ ♠❛♥②

✶✶✶ ❧ ✐ ♥ ❡ s t❤❡ r❡ ❛r❡ ✳ ✮

✶✶✷ ✧✧✧

✶✶✸ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ❂ ✇✐❞t❤

✶✶✹ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t ❂ ❤❡ ✐❣❤t

✶✶✺ ★⑥⑥⑥

✶✶✻ ❞❡❢ r ❡ s ❡ t ✭ s ❡ ❧ ❢ ✱ s❂✬ ✬ ✮ ✿★④④④

✻✸
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✶✶✼ ✧✧✧❘❡s❡ts ❛ ❧ ❧ ✈❛ ❧✉❡ s ✳ ✧✧✧

✶✶✽ ★ s ❡ ❧ ❢ ✳ s❝r ❛♥❞ s ❡ ❧ ❢ ✳ s❣r ✿

✶✶✾ ★ ✵ ① ✵ ✵ ✵ ✵ ✵ ✵

✶✷✵ ★ ❱ ❱ ❭ ✴

✶✷✶ ★ ❜❣ ❢ ❣ ❝❤❛r

✶✷✷ ★ ✵−✾ ✵−✾ ✵−✵ ① ❢ ❢ ❢ ❞

✶✷✸ s ❡ ❧ ❢ ✳ s ❝ r ❂ ❛rr❛② ✳ ❛rr❛② ✭ ✬ ✐ ✬ ✱ ❬ ✵ ①✵✼✵✵✵✵ ❪ ∗ ✭ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ∗ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t ✮ ✮

✶✷✹ s ❡ ❧ ❢ ✳ s t ❂ ✵

✶✷✺ s ❡ ❧ ❢ ✳ s❜ ❂ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t − ✶

✶✷✻ s ❡ ❧ ❢ ✳ ❝①❴❜❛❦ ❂ s ❡ ❧ ❢ ✳ ❝① ❂ ✵

✶✷✼ s ❡ ❧ ❢ ✳ ❝②❴❜❛❦ ❂ s ❡ ❧ ❢ ✳ ❝② ❂ ✵

✶✷✽ s ❡ ❧ ❢ ✳ ❝ ❧ ❂ ✵

✶✷✾ s ❡ ❧ ❢ ✳ s ❣ r ❂ ✵①✵✼✵✵✵✵

✶✸✵ s ❡ ❧ ❢ ✳ ❜✉❢ ❂ ❬ ❪

✶✸✶ s ❡ ❧ ❢ ✳ ♦✉t❜✉❢ ❂ ❬ ❪

✶✸✷ s ❡ ❧ ❢ ✳ ❧❛st❴❤t♠❧ ❂ ✉ ✬ ✬

✶✸✸ ★⑥⑥⑥

✶✸✹ ❞❡❢ ♣❡❡❦ ✭ s ❡ ❧ ❢ ✱ ②✶ ✱ ①✶ ✱ ②✷ ✱ ①✷ ✮ ✿★④④④

✶✸✺ r❡t✉r♥ s ❡ ❧ ❢ ✳ s ❝ r ❬ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ∗ ②✶ ✰ ①✶ ✿ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ∗ ②✷ ✰ ①✷ ❪

✶✸✻ ★⑥⑥⑥

✶✸✼ ❞❡❢ ♣♦❦❡ ✭ s ❡ ❧ ❢ ✱ ② ✱ ① ✱ s ✮ ✿★④④④

✶✸✽ ♣♦s ❂ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ∗ ② ✰ ①

✶✸✾ s ❡ ❧ ❢ ✳ s ❝ r ❬ ♣♦s ✿ ♣♦s ✰ ❧❡♥ ✭ s ✮ ❪ ❂ s

✶✹✵ ★⑥⑥⑥

✶✹✶ ❞❡❢ ③❡r♦ ✭ s ❡ ❧ ❢ ✱ ②✶ ✱ ①✶ ✱ ②✷ ✱ ①✷ ✮ ✿★④④④

✶✹✷ ✇ ❂ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ∗ ✭ ②✷ − ②✶ ✮ ✰ ①✷ − ①✶ ✰ ✶

✶✹✸ ③ ❂ ❛rr❛② ✳ ❛rr❛② ✭ ✬ ✐ ✬ ✱ ❬ ✵ ①✵✼✵✵✵✵ ❪ ∗ ✇✮

✶✹✹ s ❡ ❧ ❢ ✳ s ❝ r ❬ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ∗ ②✶ ✰ ①✶ ✿ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ∗ ②✷ ✰ ①✷ ✰ ✶ ❪ ❂ ③

✶✹✺ ★⑥⑥⑥

✶✹✻ ❞❡❢ s❝ r♦ ❧ ❧❴✉♣ ✭ s ❡ ❧ ❢ ✱ ②✶ ✱ ②✷ ✮ ✿★④④④

✶✹✼ s ❡ ❧ ❢ ✳ ♣♦❦❡ ✭ ②✶ ✱ ✵ ✱ s ❡ ❧ ❢ ✳ ♣❡❡❦ ✭ ②✶ ✰ ✶ ✱ ✵ ✱ ②✷ ✱ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ✮ ✮

✶✹✽ s ❡ ❧ ❢ ✳ ③ ❡ r♦ ✭ ②✷ ✱ ✵ ✱ ②✷ ✱ s ❡ ❧ ❢ ✳ ✇✐❞t❤ − ✶✮

✶✹✾ ★⑥⑥⑥

✶✺✵ ❞❡❢ s❝r♦❧ ❧❴❞♦✇♥ ✭ s ❡ ❧ ❢ ✱ ②✶ ✱ ②✷ ✮ ✿★④④④

✶✺✶ s ❡ ❧ ❢ ✳ ♣♦❦❡ ✭ ②✶ ✰ ✶ ✱ ✵ ✱ s ❡ ❧ ❢ ✳ ♣❡❡❦ ✭ ②✶ ✱ ✵ ✱ ②✷ − ✶ ✱ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ✮ ✮

✶✺✷ s ❡ ❧ ❢ ✳ ③ ❡ r♦ ✭ ②✶ ✱ ✵ ✱ ②✶ ✱ s ❡ ❧ ❢ ✳ ✇✐❞t❤ − ✶✮

✶✺✸ ★⑥⑥⑥

✶✺✹ ❞❡❢ s ❝ r ♦ ❧ ❧❴ r ✐ ❣ ❤ t ✭ s ❡ ❧ ❢ ✱ ② ✱ ① ✮ ✿★④④④

✶✺✺ s ❡ ❧ ❢ ✳ ♣♦❦❡ ✭② ✱ ① ✰ ✶ ✱ s ❡ ❧ ❢ ✳ ♣❡❡❦ ✭② ✱ ① ✱ ② ✱ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ✮ ✮

✶✺✻ s ❡ ❧ ❢ ✳ ③ ❡ r♦ ✭② ✱ ① ✱ ② ✱ ① ✮

✶✺✼ ★⑥⑥⑥

✶✺✽ ❞❡❢ ❝✉rs♦r❴❞♦✇♥ ✭ s ❡ ❧ ❢ ✮ ✿★④④④

✶✺✾ ✐ ❢ s ❡ ❧ ❢ ✳ ❝② ❃❂ s ❡ ❧ ❢ ✳ s t ❛♥❞ s ❡ ❧ ❢ ✳ ❝② ❁❂ s ❡ ❧ ❢ ✳ s❜ ✿

✶✻✵ s ❡ ❧ ❢ ✳ ❝ ❧ ❂ ✵

✶✻✶ q ✱ r ❂ ❞✐✈♠♦❞ ✭ s ❡ ❧ ❢ ✳ ❝② ✰ ✶ ✱ s ❡ ❧ ❢ ✳ s❜ ✰ ✶✮

✶✻✷ ✐ ❢ q ✿

✶✻✸ s ❡ ❧ ❢ ✳ s ❝ r♦ ❧ ❧❴✉♣ ✭ s ❡ ❧ ❢ ✳ st ✱ s ❡ ❧ ❢ ✳ s❜ ✮

✶✻✹ s ❡ ❧ ❢ ✳ ❝② ❂ s ❡ ❧ ❢ ✳ s❜

✶✻✺ ❡❧s❡ ✿

✶✻✻ s ❡ ❧ ❢ ✳ ❝② ❂ r

✶✻✼ ★⑥⑥⑥

✶✻✽ ❞❡❢ ❝✉r s♦r❴r ✐❣❤t ✭ s ❡ ❧ ❢ ✮ ✿★④④④

✶✻✾ q ✱ r ❂ ❞✐✈♠♦❞ ✭ s ❡ ❧ ❢ ✳ ❝① ✰ ✶ ✱ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ✮

✶✼✵ ✐ ❢ q ✿

✶✼✶ s ❡ ❧ ❢ ✳ ❝ ❧ ❂ ✶

✶✼✷ ❡❧s❡ ✿

✶✼✸ s ❡ ❧ ❢ ✳ ❝① ❂ r

✶✼✹ ★⑥⑥⑥

✶✼✺ ❞❡❢ ❡❝❤♦ ✭ s ❡ ❧ ❢ ✱ ❝ ✮ ✿★④④④

✻✹



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✶✼✻ ✐ ❢ s ❡ ❧ ❢ ✳ ❝ ❧ ✿

✶✼✼ s ❡ ❧ ❢ ✳ ❝✉rs♦r❴❞♦✇♥ ✭ ✮

✶✼✽ s ❡ ❧ ❢ ✳ ❝① ❂ ✵

✶✼✾ ★♣r ✐♥ t ❤❡① ✭ s ❡ ❧ ❢ ✳ s❣r ⑤ ♦r❞ ✭ ❝ ✮✮

✶✽✵ s ❡ ❧ ❢ ✳ s ❝ r ❬ ✭ s ❡ ❧ ❢ ✳ ❝② ∗ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ✮ ✰ s ❡ ❧ ❢ ✳ ❝① ❪ ❂ s ❡ ❧ ❢ ✳ s ❣ r ⑤ ♦r❞ ✭ ❝ ✮

✶✽✶ s ❡ ❧ ❢ ✳ ❝✉r s♦r❴r ✐❣❤t ✭ ✮

✶✽✷ ★⑥⑥⑥

✶✽✸ ❞❡❢ ❡s❝❴✵①✵✽ ✭ s ❡ ❧ ❢ ✱ s ✮ ✿★④④④

✶✽✹ s ❡ ❧ ❢ ✳ ❝① ❂ ♠❛①✭✵ ✱ s ❡ ❧ ❢ ✳ ❝① − ✶✮

✶✽✺ ★⑥⑥⑥

✶✽✻ ❞❡❢ ❡s❝❴✵①✵✾ ✭ s ❡ ❧ ❢ ✱ s ✮ ✿★④④④

✶✽✼ ① ❂ s ❡ ❧ ❢ ✳ ❝① ✰ ✽

✶✽✽ q ✱ r ❂ ❞✐✈♠♦❞ ✭① ✱ ✽✮

✶✽✾ s ❡ ❧ ❢ ✳ ❝① ❂ ✭q ∗ ✽✮ ✪ s ❡ ❧ ❢ ✳ ✇✐❞t❤

✶✾✵ ★⑥⑥⑥

✶✾✶ ❞❡❢ ❡s❝❴✵①✵❛ ✭ s ❡ ❧ ❢ ✱ s ✮ ✿★④④④

✶✾✷ s ❡ ❧ ❢ ✳ ❝✉rs♦r❴❞♦✇♥ ✭ ✮

✶✾✸ ★⑥⑥⑥

✶✾✹ ❞❡❢ ❡s❝❴✵①✵❞ ✭ s ❡ ❧ ❢ ✱ s ✮ ✿★④④④

✶✾✺ s ❡ ❧ ❢ ✳ ❝ ❧ ❂ ✵

✶✾✻ s ❡ ❧ ❢ ✳ ❝① ❂ ✵

✶✾✼ ★⑥⑥⑥

✶✾✽ ❞❡❢ ❡s❝❴s❛✈❡ ✭ s ❡ ❧ ❢ ✱ s ✮ ✿★④④④

✶✾✾ s ❡ ❧ ❢ ✳ ❝①❴❜❛❦ ❂ s ❡ ❧ ❢ ✳ ❝①

✷✵✵ s ❡ ❧ ❢ ✳ ❝②❴❜❛❦ ❂ s ❡ ❧ ❢ ✳ ❝②

✷✵✶ ★⑥⑥⑥

✷✵✷ ❞❡❢ ❡ s ❝❴r❡ s t♦ r ❡ ✭ s ❡ ❧ ❢ ✱ s ✮ ✿★④④④

✷✵✸ s ❡ ❧ ❢ ✳ ❝① ❂ s ❡ ❧ ❢ ✳ ❝①❴❜❛❦

✷✵✹ s ❡ ❧ ❢ ✳ ❝② ❂ s ❡ ❧ ❢ ✳ ❝②❴❜❛❦

✷✵✺ s ❡ ❧ ❢ ✳ ❝ ❧ ❂ ✵

✷✵✻ ★⑥⑥⑥

✷✵✼ ❞❡❢ ❡s❝❴❞❛ ✭ s ❡ ❧ ❢ ✱ s ✮ ✿★④④④

✷✵✽ s ❡ ❧ ❢ ✳ ♦✉t❜✉❢ ❂ ❬ ✐ ❢♦r ✐ ✐♥ ✉ ✬ ❭①✶❜ ❬ ❄✻ ❝ ✬ ❪

✷✵✾ ★⑥⑥⑥

✷✶✵ ❞❡❢ ❡s❝❴r ✐ ✭ s ❡ ❧ ❢ ✱ s ✮ ✿★④④④

✷✶✶ s ❡ ❧ ❢ ✳ ❝② ❂ ♠❛①✭ s ❡ ❧ ❢ ✳ st ✱ s ❡ ❧ ❢ ✳ ❝② − ✶✮

✷✶✷ ✐ ❢ s ❡ ❧ ❢ ✳ ❝② ❂❂ s ❡ ❧ ❢ ✳ s t ✿

✷✶✸ s ❡ ❧ ❢ ✳ s❝r♦❧ ❧❴❞♦✇♥ ✭ s ❡ ❧ ❢ ✳ st ✱ s ❡ ❧ ❢ ✳ s❜ ✮

✷✶✹ ★⑥⑥⑥

✷✶✺ ❞❡❢ ❡s❝❴✐❣♥♦r❡ ✭ s ❡ ❧ ❢ ✱ ∗ s ✮ ✿★④④④

✷✶✻ ♣❛ss

✷✶✼ ★♣r ✐♥ t ✬ t❡r♠ ✿ ✐❣♥♦r❡ ✿ ✪s ✬ ✪ r❡♣r ✭ s ✮

✷✶✽ ★⑥⑥⑥

✷✶✾ ❞❡❢ ❝s ✐❴❞✐ s♣❛t❝❤ ✭ s ❡ ❧ ❢ ✱ s❡q ✱ ♠♦✮ ✿★④④④

✷✷✵ ★ ❈❙■ s❡q✉❡♥❝❡s

✷✷✶ s ❂ ♠♦✳ ❣r♦✉♣ ✭✶ ✮

✷✷✷ ❝ ❂ ♠♦✳ ❣r♦✉♣ ✭✷✮

✷✷✸ ❢ ❂ s ❡ ❧ ❢ ✳ ❝ s ✐❴s❡q ✳ ❣❡t ✭ ❝ ✱ ◆♦♥❡ ✮

✷✷✹ ✐ ❢ ❢ ✿

✷✷✺ tr② ✿

✷✷✻ ❧ ❂ ♠❛♣✭❧❛♠❜❞❛ ✐ ✿ ♠✐♥ ✭ ✐ ♥ t ✭ ✐ ✮ ✱ ✶✵✷✹✮ ✱

✷✷✼ ❢ ✐ ❧ t ❡ r ✭❧❛♠❜❞❛ ✐ ✿ ❧ ❡♥ ✭ ✐ ✮ ❁ ✹ ✱ s ✳ s ♣ ❧ ✐ t ✭ ✬ ❀ ✬ ✮ ✮ ✮

✷✷✽ ❡①❝❡♣t ❱❛❧✉❡❊rr♦r ✿

✷✷✾ ❧ ❂ ❬ ❪

✷✸✵ ✐ ❢ ❧ ❡♥ ✭ ❧ ✮ ❂❂ ✵ ✿

✷✸✶ ❧ ❂ ❢ ❬ ✶ ❪

✷✸✷ ❢ ❬ ✵ ❪ ✭ ❧ ✮

✷✸✸ ★❡ ❧ s ❡ ✿

✷✸✹ ★ ♣r ✐♥ t ✬ ❝ s ✐ ✐ ❣♥♦r❡ ✬ ✱ ❝ ✱ ❧

✻✺



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✷✸✺ ★⑥⑥⑥

✷✸✻ ❞❡❢ ❝s ✐❴❛t ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✷✸✼ ❢♦r ✐ ✐♥ r❛♥❣❡ ✭ ❧ ❬ ✵ ❪ ✮ ✿

✷✸✽ s ❡ ❧ ❢ ✳ s ❝ r ♦ ❧ ❧❴ r ✐ ❣ ❤ t ✭ s ❡ ❧ ❢ ✳ ❝② ✱ s ❡ ❧ ❢ ✳ ❝① ✮

✷✸✾ ★⑥⑥⑥

✷✹✵ ❞❡❢ ❝s✐❴❆ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✷✹✶ s ❡ ❧ ❢ ✳ ❝② ❂ ♠❛①✭ s ❡ ❧ ❢ ✳ st ✱ s ❡ ❧ ❢ ✳ ❝② − ❧ ❬ ✵ ❪ ✮

✷✹✷ ★⑥⑥⑥

✷✹✸ ❞❡❢ ❝s✐❴❇ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✷✹✹ s ❡ ❧ ❢ ✳ ❝② ❂ ♠✐♥ ✭ s ❡ ❧ ❢ ✳ s❜ ✱ s ❡ ❧ ❢ ✳ ❝② ✰ ❧ ❬ ✵ ❪ ✮

✷✹✺ ★⑥⑥⑥

✷✹✻ ❞❡❢ ❝s✐❴❈ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✷✹✼ s ❡ ❧ ❢ ✳ ❝① ❂ ♠✐♥ ✭ s ❡ ❧ ❢ ✳ ✇✐❞t❤ − ✶ ✱ s ❡ ❧ ❢ ✳ ❝① ✰ ❧ ❬ ✵ ❪ ✮

✷✹✽ s ❡ ❧ ❢ ✳ ❝ ❧ ❂ ✵

✷✹✾ ★⑥⑥⑥

✷✺✵ ❞❡❢ ❝s✐❴❉ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✷✺✶ s ❡ ❧ ❢ ✳ ❝① ❂ ♠❛①✭✵ ✱ s ❡ ❧ ❢ ✳ ❝① − ❧ ❬ ✵ ❪ ✮

✷✺✷ s ❡ ❧ ❢ ✳ ❝ ❧ ❂ ✵

✷✺✸ ★⑥⑥⑥

✷✺✹ ❞❡❢ ❝s✐❴❊ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✷✺✺ s ❡ ❧ ❢ ✳ ❝s✐❴❇ ✭ ❧ ✮

✷✺✻ s ❡ ❧ ❢ ✳ ❝① ❂ ✵

✷✺✼ s ❡ ❧ ❢ ✳ ❝ ❧ ❂ ✵

✷✺✽ ★⑥⑥⑥

✷✺✾ ❞❡❢ ❝s✐❴❋ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✷✻✵ s ❡ ❧ ❢ ✳ ❝s✐❴❆ ✭ ❧ ✮

✷✻✶ s ❡ ❧ ❢ ✳ ❝① ❂ ✵

✷✻✷ s ❡ ❧ ❢ ✳ ❝ ❧ ❂ ✵

✷✻✸ ★⑥⑥⑥

✷✻✹ ❞❡❢ ❝s✐❴●✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✷✻✺ s ❡ ❧ ❢ ✳ ❝① ❂ ♠✐♥ ✭ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ✱ ❧ ❬ ✵ ❪ ✮ − ✶

✷✻✻ ★⑥⑥⑥

✷✻✼ ❞❡❢ ❝s✐❴❍ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✷✻✽ ✐ ❢ ❧ ❡♥ ✭ ❧ ✮ ❁ ✷ ✿

✷✻✾ ❧ ❂ ❬ ✶ ✱ ✶ ❪

✷✼✵ s ❡ ❧ ❢ ✳ ❝① ❂ ♠✐♥ ✭ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ✱ ❧ ❬ ✶ ❪ ✮ − ✶

✷✼✶ s ❡ ❧ ❢ ✳ ❝② ❂ ♠✐♥ ✭ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t ✱ ❧ ❬ ✵ ❪ ✮ − ✶

✷✼✷ s ❡ ❧ ❢ ✳ ❝ ❧ ❂ ✵

✷✼✸ ★⑥⑥⑥

✷✼✹ ❞❡❢ ❝s✐❴❏ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✷✼✺ ✐ ❢ ❧ ❬ ✵ ❪ ❂❂ ✵ ✿

✷✼✻ s ❡ ❧ ❢ ✳ ③ ❡ r♦ ✭ s ❡ ❧ ❢ ✳ ❝② ✱ s ❡ ❧ ❢ ✳ ❝① ✱ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t − ✶ ✱ s ❡ ❧ ❢ ✳ ✇✐❞t❤ − ✶✮

✷✼✼ ❡ ❧ ✐ ❢ ❧ ❬ ✵ ❪ ❂❂ ✶ ✿

✷✼✽ s ❡ ❧ ❢ ✳ ③ ❡ r♦ ✭✵ ✱ ✵ ✱ s ❡ ❧ ❢ ✳ ❝② ✱ s ❡ ❧ ❢ ✳ ❝① ✮

✷✼✾ ❡ ❧ ✐ ❢ ❧ ❬ ✵ ❪ ❂❂ ✷ ✿

✷✽✵ s ❡ ❧ ❢ ✳ ③ ❡ r♦ ✭✵ ✱ ✵ ✱ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t − ✶ ✱ s ❡ ❧ ❢ ✳ ✇✐❞t❤ − ✶✮

✷✽✶ ★⑥⑥⑥

✷✽✷ ❞❡❢ ❝s✐❴❑ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✷✽✸ ✐ ❢ ❧ ❬ ✵ ❪ ❂❂ ✵ ✿

✷✽✹ s ❡ ❧ ❢ ✳ ③ ❡ r♦ ✭ s ❡ ❧ ❢ ✳ ❝② ✱ s ❡ ❧ ❢ ✳ ❝① ✱ s ❡ ❧ ❢ ✳ ❝② ✱ s ❡ ❧ ❢ ✳ ✇✐❞t❤ − ✶✮

✷✽✺ ❡ ❧ ✐ ❢ ❧ ❬ ✵ ❪ ❂❂ ✶ ✿

✷✽✻ s ❡ ❧ ❢ ✳ ③ ❡ r♦ ✭ s ❡ ❧ ❢ ✳ ❝② ✱ ✵ ✱ s ❡ ❧ ❢ ✳ ❝② ✱ s ❡ ❧ ❢ ✳ ❝① ✮

✷✽✼ ❡ ❧ ✐ ❢ ❧ ❬ ✵ ❪ ❂❂ ✷ ✿

✷✽✽ s ❡ ❧ ❢ ✳ ③ ❡ r♦ ✭ s ❡ ❧ ❢ ✳ ❝② ✱ ✵ ✱ s ❡ ❧ ❢ ✳ ❝② ✱ s ❡ ❧ ❢ ✳ ✇✐❞t❤ − ✶✮

✷✽✾ ★⑥⑥⑥

✷✾✵ ❞❡❢ ❝s✐❴▲ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✷✾✶ ❢♦r ✐ ✐♥ r❛♥❣❡ ✭ ❧ ❬ ✵ ❪ ✮ ✿

✷✾✷ ✐ ❢ s ❡ ❧ ❢ ✳ ❝② ❁ s ❡ ❧ ❢ ✳ s❜ ✿

✷✾✸ s ❡ ❧ ❢ ✳ s❝r♦❧ ❧❴❞♦✇♥ ✭ s ❡ ❧ ❢ ✳ ❝② ✱ s ❡ ❧ ❢ ✳ s❜ ✮

✻✻
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✷✾✹ ★⑥⑥⑥

✷✾✺ ❞❡❢ ❝s✐❴▼✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✷✾✻ ✐ ❢ s ❡ ❧ ❢ ✳ ❝② ❃❂ s ❡ ❧ ❢ ✳ s t ❛♥❞ s ❡ ❧ ❢ ✳ ❝② ❁❂ s ❡ ❧ ❢ ✳ s❜ ✿

✷✾✼ ❢♦r ✐ ✐♥ r❛♥❣❡ ✭ ❧ ❬ ✵ ❪ ✮ ✿

✷✾✽ s ❡ ❧ ❢ ✳ s ❝ r♦ ❧ ❧❴✉♣ ✭ s ❡ ❧ ❢ ✳ ❝② ✱ s ❡ ❧ ❢ ✳ s❜ ✮

✷✾✾ ★⑥⑥⑥

✸✵✵ ❞❡❢ ❝s✐❴P ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✸✵✶ ✇ ❂ s ❡ ❧ ❢ ✳ ✇✐❞t❤

✸✵✷ ❝① ❂ s ❡ ❧ ❢ ✳ ❝①

✸✵✸ ❝② ❂ s ❡ ❧ ❢ ✳ ❝②

✸✵✹ ❡♥❞ ❂ s ❡ ❧ ❢ ✳ ♣❡❡❦ ✭ ❝② ✱ ❝① ✱ ❝② ✱ ✇✮

✸✵✺ s ❡ ❧ ❢ ✳ ❝s✐❴❑ ✭ ❬ ✵ ❪ ✮

✸✵✻ s ❡ ❧ ❢ ✳ ♣♦❦❡ ✭ ❝② ✱ ❝① ✱ ❡♥❞ ❬ ❧ ❬ ✵ ❪ ✿ ❪ ✮

✸✵✼ ★⑥⑥⑥

✸✵✽ ❞❡❢ ❝s✐❴❳ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✸✵✾ s ❡ ❧ ❢ ✳ ③ ❡ r♦ ✭ s ❡ ❧ ❢ ✳ ❝② ✱ s ❡ ❧ ❢ ✳ ❝① ✱ s ❡ ❧ ❢ ✳ ❝② ✱ s ❡ ❧ ❢ ✳ ❝① ✰ ❧ ❬ ✵ ❪ ✮

✸✶✵ ★⑥⑥⑥

✸✶✶ ❞❡❢ ❝s✐❴❛ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✸✶✷ s ❡ ❧ ❢ ✳ ❝s✐❴❈ ✭ ❧ ✮

✸✶✸ ★⑥⑥⑥

✸✶✹ ❞❡❢ ❝s ✐❴❝ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✸✶✺ ★✉ ✬❭ ①✶❜ ❬❄✵ ❝ ✬ ✵−✽ ❝✉rs♦r s ✐ ③ ❡

✸✶✻ ♣❛ss

✸✶✼ ★⑥⑥⑥

✸✶✽ ❞❡❢ ❝s✐❴❞ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✸✶✾ s ❡ ❧ ❢ ✳ ❝② ❂ ♠✐♥ ✭ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t ✱ ❧ ❬ ✵ ❪ ✮ − ✶

✸✷✵ ★⑥⑥⑥

✸✷✶ ❞❡❢ ❝s ✐❴❡ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✸✷✷ s ❡ ❧ ❢ ✳ ❝s✐❴❇ ✭ ❧ ✮

✸✷✸ ★⑥⑥⑥

✸✷✹ ❞❡❢ ❝ s ✐❴ ❢ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✸✷✺ s ❡ ❧ ❢ ✳ ❝s✐❴❍ ✭ ❧ ✮

✸✷✻ ★⑥⑥⑥

✸✷✼ ❞❡❢ ❝s✐❴❤ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✸✷✽ ✐ ❢ ❧ ❬ ✵ ❪ ❂❂ ✹ ✿

✸✷✾ ♣❛ss

✸✸✵ ★♣r ✐♥ t ✬ ✐ ♥ s ❡ r t ♦♥ ✬

✸✸✶ ★⑥⑥⑥

✸✸✷ ❞❡❢ ❝ s ✐❴ ❧ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✸✸✸ ✐ ❢ ❧ ❬ ✵ ❪ ❂❂ ✹ ✿

✸✸✹ ♣❛ss

✸✸✺ ★♣r ✐♥ t ✬ ✐ ♥ s ❡ r t ♦ ❢ ❢ ✬

✸✸✻ ★⑥⑥⑥

✸✸✼ ❞❡❢ ❝s✐❴♠✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✸✸✽ ★ ❙❡ ❧ ❡ ❝ t ●r❛♣❤✐❝ ❘❡♥❞✐t ✐♦♥

✸✸✾ ❢♦r ✐ ✐♥ ❧ ✿

✸✹✵ ✐ ❢ ✐ ✐♥ ✭✵ ✱ ✷✼ ✱ ✸✾ ✱ ✹ ✾ ✮ ✿

✸✹✶ s ❡ ❧ ❢ ✳ s ❣ r ❂ ✵①✵✼✵✵✵✵

✸✹✷ ❡ ❧ ✐ ❢ ✐ ❂❂ ✶ ✿

✸✹✸ s ❡ ❧ ❢ ✳ s ❣ r ❂ ✭ s ❡ ❧ ❢ ✳ s ❣ r ⑤ ✵①✵✽✵✵✵✵ ✮

✸✹✹ ❡ ❧ ✐ ❢ ✐ ❂❂ ✼ ✿

✸✹✺ s ❡ ❧ ❢ ✳ s ❣ r ❂ ✵①✼✵✵✵✵✵

✸✹✻ ❡ ❧ ✐ ❢ ✐ ❃❂ ✸✵ ❛♥❞ ✐ ❁❂ ✸✼ ✿

✸✹✼ ❝ ❂ ✐ − ✸✵

✸✹✽ s ❡ ❧ ❢ ✳ s ❣ r ❂ ✭ s ❡ ❧ ❢ ✳ s ❣ r ✫ ✵ ① ❢ ✽ ❢ ❢ ❢ ❢ ✮ ⑤ ✭ ❝ ❁❁ ✶✻✮

✸✹✾ ❡ ❧ ✐ ❢ ✐ ❃❂ ✹✵ ❛♥❞ ✐ ❁❂ ✹✼ ✿

✸✺✵ ❝ ❂ ✐ − ✹✵

✸✺✶ s ❡ ❧ ❢ ✳ s ❣ r ❂ ✭ s ❡ ❧ ❢ ✳ s ❣ r ✫ ✵ ① ✽ ❢ ❢ ❢ ❢ ❢ ✮ ⑤ ✭ ❝ ❁❁ ✷✵✮

✸✺✷ ★ ❡ ❧ s ❡ ✿

✻✼
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✸✺✸ ★ ♣r ✐♥ t ✬❈❙■ s❣r ✐❣♥♦r❡ ✬ ✱ ❧ ✱ ✐

✸✺✹ ★♣r ✐♥ t ✬ s❣r ✿ ✪r ✪① ✬ ✪ ✭ ❧ ✱ s ❡ ❧ ❢ ✳ s❣r ✮

✸✺✺ ★⑥⑥⑥

✸✺✻ ❞❡❢ ❝s ✐❴r ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✸✺✼ ✐ ❢ ❧ ❡♥ ✭ ❧ ✮ ❁ ✷ ✿ ❧ ❂ ❬ ✵ ✱ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t ❪

✸✺✽ s ❡ ❧ ❢ ✳ s t ❂ ♠✐♥ ✭ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t − ✶ ✱ ❧ ❬ ✵ ❪ − ✶✮

✸✺✾ s ❡ ❧ ❢ ✳ s❜ ❂ ♠✐♥ ✭ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t − ✶ ✱ ❧ ❬ ✶ ❪ − ✶✮

✸✻✵ s ❡ ❧ ❢ ✳ s❜ ❂ ♠❛①✭ s ❡ ❧ ❢ ✳ st ✱ s ❡ ❧ ❢ ✳ s❜ ✮

✸✻✶ ★⑥⑥⑥

✸✻✷ ❞❡❢ ❝s ✐❴s ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✸✻✸ s ❡ ❧ ❢ ✳ ❡s❝❴s❛✈❡ ✭✵ ✮

✸✻✹ ★⑥⑥⑥

✸✻✺ ❞❡❢ ❝s✐❴✉ ✭ s ❡ ❧ ❢ ✱ ❧ ✮ ✿★④④④

✸✻✻ s ❡ ❧ ❢ ✳ ❡ s ❝❴r❡ s t♦ r ❡ ✭✵ ✮

✸✻✼ ★⑥⑥⑥

✸✻✽ ❞❡❢ ❡s❝❛♣❡ ✭ s ❡ ❧ ❢ ✮ ✿★④④④

✸✻✾ ❡ ❂ ✉ ✬ ✬ ✳ ❥ ♦ ✐ ♥ ✭ s ❡ ❧ ❢ ✳ ❜✉❢ ✮

✸✼✵ ✐ ❢ ❧ ❡♥ ✭ ❡ ✮ ❃ ✸✷ ✿

✸✼✶ ★♣r ✐♥ t ✬ ❡rr♦r ✪r ✬ ✪ ❡

✸✼✷ s ❡ ❧ ❢ ✳ ❜✉❢ ❂ ❬ ❪

✸✼✸ ❡ ❧ ✐ ❢ ❡ ✐♥ s ❡ ❧ ❢ ✳ ❡s❝❴s❡q ✿

✸✼✹ s ❡ ❧ ❢ ✳ ❡s❝❴s❡q ❬ ❡ ❪ ✭ ❡ ✮

✸✼✺ s ❡ ❧ ❢ ✳ ❜✉❢ ❂ ❬ ❪

✸✼✻ ❡❧s❡ ✿

✸✼✼ ❢♦r r ✱ ❢ ✐♥ s ❡ ❧ ❢ ✳ ❡s❝❴r❡ ✿

✸✼✽ ♠♦ ❂ r ✳ ♠❛t❝❤ ✭ ❡ ✮

✸✼✾ ✐ ❢ ♠♦✿

✸✽✵ ❢ ✭ ❡ ✱ ♠♦✮

✸✽✶ s ❡ ❧ ❢ ✳ ❜✉❢ ❂ ❬ ❪

✸✽✷ ❜r❡❛❦

✸✽✸ ★✐ ❢ s ❡ ❧ ❢ ✳ ❜✉ ❢ ❂❂ ❬ ❪ ✿ ♣ r ✐♥ t ✬❊❙❈ ✪r❭♥ ✬ ✪ ❡

✸✽✹ ★⑥⑥⑥

✸✽✺ ❞❡❢ ✇r ✐ t ❡ ✭ s ❡ ❧ ❢ ✱ s ✮ ✿★④④④

✸✽✻ ❢♦r ✐ ✐♥ s ✿

✸✽✼ ★♣r ✐♥ t ❤❡① ✭ ♦r❞ ✭ ✐ ✮ ✮ ✱

✸✽✽ ✐ ❢ ❧ ❡♥ ✭ s ❡ ❧ ❢ ✳ ❜✉❢ ✮ ♦r ✭ ✐ ✐♥ s ❡ ❧ ❢ ✳ ❡s❝❴s❡q ✮ ✿

✸✽✾ ★♣r ✐♥ t ✬✶ ✬

✸✾✵ s ❡ ❧ ❢ ✳ ❜✉❢ ✳ ❛♣♣❡♥❞ ✭ ✐ ✮

✸✾✶ s ❡ ❧ ❢ ✳ ❡ s❝❛♣❡ ✭ ✮

✸✾✷ ❡ ❧ ✐ ❢ ✐ ❂❂ ✬ ❭①✶❜ ✬ ✿

✸✾✸ ★♣r ✐♥ t ✬✷ ✬

✸✾✹ s ❡ ❧ ❢ ✳ ❜✉❢ ✳ ❛♣♣❡♥❞ ✭ ✐ ✮

✸✾✺ ❡❧s❡ ✿

✸✾✻ ★♣r ✐♥ t ✬✸ ✬

✸✾✼ s ❡ ❧ ❢ ✳ ❡❝❤♦ ✭ ✐ ✮★⑥⑥⑥

✸✾✽ ❞❡❢ r❡❛❞ ✭ s ❡ ❧ ❢ ✮ ✿★④④④

✸✾✾ ❜ ❂ ✉ ✬ ✬ ✳ ❥ ♦ ✐ ♥ ✭ s ❡ ❧ ❢ ✳ ♦✉t❜✉❢ ✮

✹✵✵ s ❡ ❧ ❢ ✳ ♦✉t❜✉❢ ❂ ❬ ❪

✹✵✶ r❡t✉r♥ ❜

✹✵✷ ★⑥⑥⑥

✹✵✸ ❞❡❢ ❞✉♠♣✉♥✐❝♦❞❡ ✭ s ❡ ❧ ❢ ✮ ✿★④④④

✹✵✹ ✧✧✧

✹✵✺ ❘❡t✉r♥s ❛ ❧ ❧ ❝❤❛ r❛ ❝ t ❡ r s ♦ ❢ t❤❡ t❡r♠✐♥❛❧ ✱ ♥♦♥−♣ r ✐ ♥ t ❛❜ ❧ ❡ ♦♥❡s ❡①❝❧✉❞❡❞

✹✵✻ ✐♥ ♣ ❧ ❛ ✐ ♥ t❡①t ✳

✹✵✼ ✧✧✧

✹✵✽ r❡t✉r♥ ✭ ✬ ✬ ✳ ❥ ♦ ✐ ♥ ✭♠❛♣✭❧❛♠❜❞❛ ❝ ✿ ✉♥✐❝❤r ✭ ❝ ✫ ✵ ① ✵ ✵ ❢ ❢ ❢ ❢ ✮ ✱ s ❡ ❧ ❢ ✳ s ❝ r ✮ ✮ ✮ ❭

✹✵✾ ✳ t r ❛ ♥ s ❧ ❛ t ❡ ✭ s ❡ ❧ ❢ ✳ tr❯♥✐❝♦❞❡ ✮

✹✶✵ ★⑥⑥⑥

✹✶✶ ❞❡❢ ❞✉♠♣❤t♠❧ ✭ s ❡ ❧ ❢ ✱ ❝ ♦ ❧ ♦ r ❂✶✮✿★④④④
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✹✶✷ ✧✧✧❘❡t✉r♥s t❤❡ t❡ r♠✐♥❛ ❧ ✐♥ ✭ ♦r ♥♦t ✐♥ ✮ ❝ ♦ ❧ ♦ r ❛s ❤t♠❧ ✳ ✧✧✧

✹✶✸ ❤ ❂ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t

✹✶✹ ✇ ❂ s ❡ ❧ ❢ ✳ ✇✐❞t❤

✹✶✺ r ❂ ❬ ❪

✹✶✻ s♣❛♥ ❂ ❬ ❪

✹✶✼ s♣❛♥❴❜❣ ❂ −✶

✹✶✽ s♣❛♥❴❢❣ ❂ −✶

✹✶✾ ❢♦r ✐ ✐♥ r❛♥❣❡ ✭❤ ∗ ✇✮ ✿

✹✷✵ q ✱ ❝ ❂ ❞✐✈♠♦❞ ✭ s ❡ ❧ ❢ ✳ s ❝ r ❬ ✐ ❪ ✱ ✵①✶✵✵✵✵ ✮

✹✷✶ ✐ ❢ ❝ ♦ ❧ ♦ r ✿

✹✷✷ ❜❣ ✱ ❢ ❣ ❂ ❞✐✈♠♦❞ ✭q ✱ ✵①✶✵ ✮

✹✷✸ ❡❧s❡ ✿

✹✷✹ ❜❣ ❂ ✵ ★ ❜ ❧❛❝❦

✹✷✺ ❢❣ ❂ ✼ ★ ✇❤✐t❡

✹✷✻ ✐ ❢ ✐ ❂❂ s ❡ ❧ ❢ ✳ ❝② ∗ ✇ ✰ s ❡ ❧ ❢ ✳ ❝① ✿

✹✷✼ ★ ❝✉rs♦r

✹✷✽ ❜❣ ❂ ✶ ★ r❡❞

✹✷✾ ❢❣ ❂ ✼ ★ ✇❤✐t❡

✹✸✵ ✐ ❢ ✭ ❜❣ ✦❂ s♣❛♥❴❜❣ ♦r ❢ ❣ ✦❂ s♣❛♥❴❢❣ ♦r ✐ ❂❂ ❤ ∗ ✇ − ✶ ✮ ✿

✹✸✶ ★ ♥❡✇ ❝♦ ❧♦ r

✹✸✷ ✐ ❢ ❧ ❡♥ ✭ s♣❛♥ ✮ ✿

✹✸✸ r ✳ ❛♣♣❡♥❞ ✭✉ ✬❁s♣❛♥ ❝ ❧ ❛ s s❂✧❢✪❞ ❜✪❞✧❃✪s❁✴s♣❛♥❃✬ ✪ ❭

✹✸✹ ✭ s♣❛♥❴❢❣ ✱ s♣❛♥❴❜❣ ✱ ❝ ❣ ✐ ✳ ❡s❝❛♣❡ ✭✉ ✬ ✬ ✳ ❥ ♦ ✐ ♥ ✭ s♣❛♥ ✮❭

✹✸✺ ✳ t r ❛ ♥ s ❧ ❛ t ❡ ✭ s ❡ ❧ ❢ ✳ tr❍❚▼▲✮ ✮ ✮ ✮

✹✸✻ s♣❛♥ ❂ ❬ ❪

✹✸✼ s♣❛♥❴❜❣ ❂ ❜❣

✹✸✽ s♣❛♥❴❢❣ ❂ ❢❣

✹✸✾ s♣❛♥ ✳ ❛♣♣❡♥❞ ✭ ✉♥✐❝❤r ✭ ❝ ✮ ✮

✹✹✵ ✐ ❢ ✐ ✪ ✇ ❂❂ ✇ − ✶ ✿

✹✹✶ s♣❛♥ ✳ ❛♣♣❡♥❞ ✭✉ ✬ ❭♥ ✬ ✮

✹✹✷ r ❂ ✉ ✬❁♣r❡ ❝ ❧ ❛ s s❂✧t❡r♠✧❃✪s❁✴♣r❡❃✬ ✪ ✉ ✬ ✬ ✳ ❥ ♦ ✐ ♥ ✭ r ✮

✹✹✸ ✐ ❢ s ❡ ❧ ❢ ✳ ❧❛st❴❤t♠❧ ❂❂ r ✿

✹✹✹ ★ ❙❛♠❡ r ❡ s ✉ ❧ t ❛s ♦♥ ❧ ❛ s t r✉♥ ✱ ♥♦ ♥❡❡❞ t♦ ✇r ✐ t ❡ ❛❣❛✐♥ ✳

✹✹✺ r❡t✉r♥ ✉ ✬❁✐❞❡♠❃❁✴✐❞❡♠❃✬

✹✹✻ ❡❧s❡ ✿

✹✹✼ ★ ❈♦♥t❡♥ts ❝❤❛♥❣❡❞ ✱ r❡ t✉r♥ ✐ t ❛ ❧ ❧ ✳

✹✹✽ s ❡ ❧ ❢ ✳ ❧❛st❴❤t♠❧ ❂ r

✹✹✾ r❡t✉r♥ r

✹✺✵ ★⑥⑥⑥

✹✺✶ ❞❡❢ ❴❴r❡♣r❴❴✭ s ❡ ❧ ❢ ✮ ✿★④④④

✹✺✷ ❞ ❂ s ❡ ❧ ❢ ✳ ❞✉♠♣✉♥✐❝♦❞❡ ✭ ✮

✹✺✸ r ❂ ❬ ❪

✹✺✹ ❢♦r ✐ ✐♥ r❛♥❣❡ ✭ s ❡ ❧ ❢ ✳ ❤❡ ✐❣❤t ✮ ✿

✹✺✺ r ✳ ❛♣♣❡♥❞ ✭✉ ✬ ⑤✪s ⑤ ❭ ♥ ✬ ✪ ❞ ❬ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ∗ ✐ ✿ s ❡ ❧ ❢ ✳ ✇✐❞t❤ ∗ ✭ ✐ ✰ ✶ ✮ ❪ ✮

✹✺✻ r❡t✉r♥ ✬ ✬ ✳ ❥ ♦ ✐ ♥ ✭ r ✮ ✳ ❡♥❝♦❞❡ ✭❛❥❛①✇♠ ✳❊◆❈❖❉■◆●✮

✹✺✼ ★⑥⑥⑥

✹✺✽ ★⑥⑥⑥

✹✺✾

✹✻✵ ★−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✹✻✶ ★ ✈✐♠ ✿ ❢❞♠❂♠❛r❦❡r t s❂✹ s✇❂✹ ❡①♣❛♥❞t❛❜

✻✳✶✳✽ ❙✐♥❣❧❡t♦♥✳♣②

✶ ✧✧✧

✷ ❛❥❛①❲▼ − t❤❡ ❢ r ❡ ❡ ✇❡❜ ❜❛s❡❞ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ❢ ♦ r r❡♠♦t❡ t ❡ r♠✐♥❛ ❧ s

✸ ❈♦♣②r✐❣❤t ✭❈✮ ✷✵✵✼ ❉❡♥♥✐s ❋❡ ❧ s ✐♥❣ ✱ ❆♥❞r❡❛s ❲❛✐❞❧❡r

✹

✺ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❢ r ❡ ❡ s♦ ❢ t✇❛r❡ ✿ ②♦✉ ❝❛♥ r ❡ ❞ ✐ s t r ✐ ❜ ✉ t ❡ ✐ t ❛♥❞✴♦r ♠♦❞✐❢②

✻ ✐ t ✉♥❞❡r t❤❡ t❡r♠s ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❛s ♣✉❜ ❧ ✐ s❤❡❞ ❜②
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❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✼ t❤❡ ❋r❡❡ ❙♦❢t✇❛r❡ ❋♦✉♥❞❛t✐♦♥ ✱ ❡ ✐ t ❤ ❡ r ✈ ❡ r s ✐ ♦♥ ✸ ♦ ❢ t❤❡ ▲✐❝❡♥s❡ ✱ ♦r

✽ ✭ ❛t ②♦✉r ♦♣t ✐♦♥ ✮ ❛♥② ❧ ❛ t ❡ r ✈ ❡ r s ✐ ♦♥ ✳

✾

✶✵ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❞ ✐ s t r ✐ ❜ ✉ t ❡ ❞ ✐♥ t❤❡ ❤♦♣❡ t❤❛t ✐ t ✇ ✐ ❧ ❧ ❜❡ ✉s❡ ❢✉ ❧ ✱

✶✶ ❜✉t ❲■❚❍❖❯❚ ❆◆❨ ❲❆❘❘❆◆❚❨❀ ✇✐t❤♦✉t ❡✈❡♥ t❤❡ ✐♠♣❧ ✐ ❡❞ ✇❛rr❛♥t② ♦ ❢

✶✷ ▼❊❘❈❍❆◆❚❆❇■▲■❚❨ ♦r ❋■❚◆❊❙❙ ❋❖❘ ❆ P❆❘❚■❈❯▲❆❘ P❯❘P❖❙❊✳ ❙❡❡ t❤❡

✶✸ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❢ ♦ r ♠♦r❡ ❞ ❡ t ❛ ✐ ❧ s ✳

✶✹

✶✺ ❨♦✉ s❤♦✉❧❞ ❤❛✈❡ r ❡ ❝ ❡ ✐ ✈ ❡❞ ❛ ❝♦♣② ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡

✶✻ ❛❧♦♥❣ ✇✐t❤ t ❤ ✐ s ♣r♦❣r❛♠ ✳ ■ ❢ ♥♦t ✱ s ❡ ❡ ❁❤tt♣ ✿✴✴✇✇✇✳ ❣♥✉ ✳ ♦r❣ ✴ ❧ ✐ ❝ ❡ ♥ s ❡ s ✴❃✳

✶✼

✶✽ ✩■❞ ✿ ❙ ✐♥❣ ❧ ❡ t♦♥ ✳ ♣② ✼✻ ✷✵✵✼−✶✷−✶✺ ✶✶ ✿ ✷✻ ✿ ✷✹❩ r✵q ✩

✶✾ ✧✧✧

✷✵

✷✶ ❝❧❛ss ❙ ✐♥❣ ❧ ❡ t♦♥ ✭ ♦❜ ❥ ❡ ❝ t ✮ ✿★④④④

✷✷ ✧✧✧❆ s✐♠♣❧❡ s ✐ ♥ ❣ ❧ ❡ t ♦♥ ❝ ❧ ❛ s s ✳ ✧✧✧

✷✸ ❞❡❢ ❴❴♥❡✇❴❴✭ ❝ ❧ s ✱ ∗♣ ✱ ∗∗❦ ✮ ✿★④④④

✷✹ ✐ ❢ ♥♦t ✬ ✐ ♥ s t ❛♥❝❡ ✬ ✐♥ ❝ ❧ s ✳❴❴❞✐❝t❴❴ ✿

✷✺ ❝ ❧ s ✳ ❴✐♥st❛♥❝❡ ❂ ♦❜ ❥ ❡ ❝ t ✳❴❴♥❡✇❴❴✭ ❝ ❧ s ✮

✷✻ r❡t✉r♥ ❝ ❧ s ✳ ❴✐♥st❛♥❝❡

✷✼ ★⑥⑥⑥

✷✽ ★⑥⑥⑥

✷✾

✸✵ ★−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✸✶ ★ ✈✐♠ ✿ ❢❞♠❂♠❛r❦❡r t s❂✹ s✇❂✹ ❡①♣❛♥❞t❛❜

✻✳✶✳✾ ❊rr♦r✳♣②

✶ ✧✧✧

✷ ❛❥❛①❲▼ − t❤❡ ❢ r ❡ ❡ ✇❡❜ ❜❛s❡❞ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ❢ ♦ r r❡♠♦t❡ t ❡ r♠✐♥❛ ❧ s

✸ ❈♦♣②r✐❣❤t ✭❈✮ ✷✵✵✼ ❉❡♥♥✐s ❋❡ ❧ s ✐♥❣ ✱ ❆♥❞r❡❛s ❲❛✐❞❧❡r

✹

✺ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❢ r ❡ ❡ s♦ ❢ t✇❛r❡ ✿ ②♦✉ ❝❛♥ r ❡ ❞ ✐ s t r ✐ ❜ ✉ t ❡ ✐ t ❛♥❞✴♦r ♠♦❞✐❢②

✻ ✐ t ✉♥❞❡r t❤❡ t❡r♠s ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❛s ♣✉❜ ❧ ✐ s❤❡❞ ❜②

✼ t❤❡ ❋r❡❡ ❙♦❢t✇❛r❡ ❋♦✉♥❞❛t✐♦♥ ✱ ❡ ✐ t ❤ ❡ r ✈ ❡ r s ✐ ♦♥ ✸ ♦ ❢ t❤❡ ▲✐❝❡♥s❡ ✱ ♦r

✽ ✭ ❛t ②♦✉r ♦♣t ✐♦♥ ✮ ❛♥② ❧ ❛ t ❡ r ✈ ❡ r s ✐ ♦♥ ✳

✾

✶✵ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❞ ✐ s t r ✐ ❜ ✉ t ❡ ❞ ✐♥ t❤❡ ❤♦♣❡ t❤❛t ✐ t ✇ ✐ ❧ ❧ ❜❡ ✉s❡ ❢✉ ❧ ✱

✶✶ ❜✉t ❲■❚❍❖❯❚ ❆◆❨ ❲❆❘❘❆◆❚❨❀ ✇✐t❤♦✉t ❡✈❡♥ t❤❡ ✐♠♣❧ ✐ ❡❞ ✇❛rr❛♥t② ♦ ❢
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✶✸ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡ ❢ ♦ r ♠♦r❡ ❞ ❡ t ❛ ✐ ❧ s ✳

✶✹

✶✺ ❨♦✉ s❤♦✉❧❞ ❤❛✈❡ r ❡ ❝ ❡ ✐ ✈ ❡❞ ❛ ❝♦♣② ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜❧ ✐❝ ▲ ✐ ❝❡♥s❡
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✶✼
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✶✾ ✧✧✧

✷✵

✷✶ ❝❧❛ss ▲♦❣✐♥❴❊rr♦r ✭ ❊①❝❡♣t✐♦♥ ✮ ✿★④④④

✷✷ ✧✧✧❊①❝❡♣t✐♦♥ ❝ ❧ ❛ s s ❢ ♦ r ❡ r r ♦ r s ✇❤❡♥ ❧♦❣❣ ✐♥❣ ✐♥ ✳ ✧✧✧

✷✸ ❞❡❢ ❴❴✐♥✐t❴❴✭ s ❡ ❧ ❢ ✱ ✈❛ ❧✉❡❂◆♦♥❡ ✮ ✿★④④④

✷✹ s ❡ ❧ ❢ ✳ ✈❛ ❧✉❡ ❂ ✈❛❧✉❡

✷✺ ★⑥⑥⑥

✷✻ ★⑥⑥⑥

✷✼

✷✽ ❝❧❛ss ■❉❴❊rr♦r ✭ ❊①❝❡♣t✐♦♥ ✮ ✿★④④④

✷✾ ❙❊❙❙■❖◆ ❂ ✬ s ❡ s s ✐ ♦ ♥ ✬

✸✵ ❲■◆❉❖❲ ❂ ✬✇✐♥❞♦✇ ✬

✸✶ ❯◆❑◆❖❲◆ ❂ ✬✉♥❦♦✇♥ ✬

✼✵



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✸✷ ✧✧✧❊①❝❡♣t✐♦♥ ❝ ❧ ❛ s s ❢ ♦ r ❡ r r ♦ r s ❛❜♦✉t s ❡ s s ✐ ♦ ♥ ■❉s ❛♥❞ ✇✐♥❞♦✇ ■❉s ✳ ✧✧✧

✸✸ ❞❡❢ ❴❴✐♥✐t❴❴✭ s ❡ ❧ ❢ ✱ ✈❛ ❧✉❡❂◆♦♥❡ ✮ ✿

✸✹ ✐ ❢ ✈❛❧✉❡ ✐♥ ✭ s ❡ ❧ ❢ ✳ ❙❊❙❙■❖◆ ✱ s ❡ ❧ ❢ ✳❲■◆❉❖❲✮ ✿

✸✺ s ❡ ❧ ❢ ✳ ✈❛ ❧✉❡ ❂ ✈❛❧✉❡

✸✻ ❡❧s❡ ✿

✸✼ s ❡ ❧ ❢ ✳ ✈❛ ❧✉❡ ❂ s ❡ ❧ ❢ ✳❯◆❑◆❖❲◆

✸✽ s ❡ ❧ ❢ ✳ ✈❛ ❧✉❡ ❂ ✬❁❡rr♦r❃✪s❁✴❡r r♦r❃✬ ✪ s ❡ ❧ ❢ ✳ ✈❛ ❧✉❡

✸✾ ★⑥⑥⑥

✹✵

✹✶ ★−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✹✷ ★ ✈✐♠ ✿ ❢❞♠❂♠❛r❦❡r t s❂✹ s✇❂✹ ❡①♣❛♥❞t❛❜

✼✶



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✻✳✷ ❈❧✐❡♥t

✻✳✷✳✶ ❆❥❛①❲▼❴▼❛♥❛❣❡r✳❥s

✶ ✴∗∗

✷ ∗ ❛❥❛①❲▼ − t❤❡ ❢ r ❡ ❡ ✇❡❜ ❜❛s❡❞ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ❢ ♦ r r❡♠♦t❡ t❡r♠✐♥❛ ❧ s

✸ ∗ ❈♦♣②r✐❣❤t ✭❈✮ ✷✵✵✼ ❉❡♥♥✐s ❋❡ ❧s ✐♥❣ ✱ ❆♥❞r❡❛s ❲❛✐❞❧❡r

✹ ∗

✺ ∗ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❢ r ❡ ❡ s♦ ❢ t✇❛r❡ ✿ ②♦✉ ❝❛♥ r ❡ ❞ ✐ s t r ✐ ❜ ✉ t ❡ ✐ t ❛♥❞✴♦r ♠♦❞✐❢②

✻ ∗ ✐ t ✉♥❞❡r t❤❡ t❡r♠s ♦❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜ ❧ ✐ ❝ ▲✐❝❡♥s❡ ❛s ♣✉❜ ❧ ✐ s ❤ ❡❞ ❜②

✼ ∗ t❤❡ ❋r❡❡ ❙♦❢t✇❛r❡ ❋♦✉♥❞❛t✐♦♥ ✱ ❡ ✐ t ❤ ❡ r ✈❡r s ✐♦♥ ✸ ♦ ❢ t❤❡ ▲✐❝❡♥s❡ ✱ ♦r

✽ ∗ ✭ ❛t ②♦✉r ♦♣t ✐♦♥ ✮ ❛♥② ❧ ❛ t ❡ r ✈❡r s ✐♦♥ ✳

✾ ∗

✶✵ ∗ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❞ ✐ s t r ✐ ❜ ✉ t ❡ ❞ ✐♥ t❤❡ ❤♦♣❡ t ❤❛ t ✐ t ✇ ✐ ❧ ❧ ❜❡ ✉s❡ ❢✉ ❧ ✱

✶✶ ∗ ❜✉t ❲■❚❍❖❯❚ ❆◆❨ ❲❆❘❘❆◆❚❨❀ ✇✐ t❤♦✉t ❡✈❡♥ t❤❡ ✐♠♣ ❧ ✐ ❡❞ ✇❛rr❛♥t② ♦ ❢

✶✷ ∗ ▼❊❘❈❍❆◆❚❆❇■▲■❚❨ ♦r ❋■❚◆❊❙❙ ❋❖❘ ❆ P❆❘❚■❈❯▲❆❘ P❯❘P❖❙❊✳ ❙❡❡ t❤❡

✶✸ ∗ ●◆❯ ●❡♥❡r❛❧ P✉❜ ❧ ✐ ❝ ▲✐❝❡♥s❡ ❢ ♦ r ♠♦r❡ ❞ ❡ t ❛ ✐ ❧ s ✳

✶✹ ∗

✶✺ ∗ ❨♦✉ s❤♦✉ ❧❞ ❤❛✈❡ r❡❝❡ ✐ ✈ ❡❞ ❛ ❝♦♣② ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜ ❧ ✐ ❝ ▲✐❝❡♥s❡

✶✻ ∗ ❛❧♦♥❣ ✇✐t❤ t ❤ ✐ s ♣r♦❣r❛♠ ✳ ■ ❢ ♥♦t ✱ s❡❡ ❁❤ t t ♣ ✿✴✴✇✇✇✳ ❣♥✉ ✳ ♦r❣✴ ❧ ✐ ❝ ❡ ♥ s ❡ s ✴❃✳

✶✼ ∗

✶✽ ∗ ✩■❞ ✿ ❆❥❛①❲▼❴▼❛♥❛❣❡r ✳ ❥ s ✻✹ ✷✵✵✼−✶✶−✸✵ ✶✾✿✶✵ ✿✺✾❩ ♣✇♥❞ ✩

✶✾ ∗

✷✵ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗

✷✶ ∗ ❆❥❛①❲▼❴▼❛♥❛❣❡r

✷✷ ∗

✷✸ ∗ ❚❤❡ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ❝ ❧ ❛ s s t ❤❛ t ❤♦ ❧❞ s t❤❡ ✇✐♥❞♦✇s ✱ ❝♦♥ ❢ ✐ ❣✉r❛ t ✐♦♥ ✱ ❤❛♥❞ ❧❡s

✷✹ ∗ ❡✈❡♥ts ✱ ❝♦♠♠✉♥✐❝❛t❡s ✇✐t❤ t❤❡ s❡ r✈❡ r ❛♥❞ ♠❛♥❛❣❡s t❤❡ ✈ ✐ r t ✉ ❛ ❧ ❞❡s❦ t♦♣s ✳

✷✺ ∗ P❡r❢♦r♠s r ❡ q✉❡ s t s t♦ t❤❡ s❡ r✈❡ r ♦♥❧② ✇❤❡♥ ✐ t s ❜② ♦♥❡ ♦ ❢ t❤❡ ♦ t❤❡r ❝ ❧ ❛ s s ❡ s

✷✻ ∗ ♦r ❛ ❦❡② ✐ s ♣r❡ss❡❞ ✳ ▼♦✉s❡ ✐ ♥ t ❡ r ❛ ❝ t ✐ ♦♥ ❛♥❞ ❞②♥❛♠✐❝ s②♥❝❤r♦♥ ✐ ③❛ t ✐♦♥ t ✐♠❡♦✉ts

✷✼ ∗ ❛r❡ ❤❛♥❞❧❡❞ ❜② t❤❡ ✇✐♥❞♦✇s ♦r ♦t❤❡r ❡ ❧❡♠❡♥ts t ❤ ❡♠s❡ ❧ ❢ ❡ s ✳

✷✽ ∗✴

✷✾

✸✵ ✴✴−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✸✶

✸✷ ✴✴ ❖❜❥❡❝t ✳ ❝ ❧♦♥❡ ✭✮✴✴④④④

✸✸

✸✹ ❖❜❥❡❝t ✳ ♣r♦t♦t②♣❡ ✳ ❝ ❧ ♦♥❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✸✺ ④

✸✻ ✈❛r ❝ ❧ ♦♥❡ ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✸✼ ❢♦r ✭ ✈❛r ♣r♦♣❡rt② ✐♥ t❤✐s ✮ ④

✸✽ ✐ ❢ ✭ ✬ ♦❜ ❥ ❡ ❝ t ✬ ❂❂ t②♣❡♦ ❢ ✭ t❤✐s ❬ ♣r♦♣❡rt② ❪ ✮ ✮

✸✾ ❝ ❧♦♥❡ ❬ ♣r♦♣❡rt② ❪ ❂ t❤✐s ❬ ♣r♦♣❡rt② ❪ ✳ ❝ ❧ ♦♥❡ ✭ ✮ ❀

✹✵ ❡❧s❡

✹✶ ❝ ❧♦♥❡ ❬ ♣r♦♣❡rt② ❪ ❂ t❤✐s ❬ ♣r♦♣❡rt② ❪ ❀

✹✷ ⑥

✹✸ r❡t✉r♥ ❝ ❧♦♥❡ ❀

✹✹ ⑥

✹✺

✹✻ ✴✴⑥⑥⑥

✹✼ ✴✴ ❆rr❛② ✳ ❝ ❧♦♥❡ ✭✮✴✴④④④

✹✽

✹✾ ❆rr❛② ✳ ♣r♦t♦t②♣❡ ✳ ❝ ❧ ♦♥❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✺✵ ④

✺✶ ✈❛r ❝ ❧ ♦♥❡ ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✺✷ ❢♦r ✭ ✈❛r ♣r♦♣❡rt② ✐♥ t❤✐s ✮ ④

✺✸ ✐ ❢ ✭ ✬ ♦❜ ❥ ❡ ❝ t ✬ ❂❂ t②♣❡♦ ❢ ✭ t❤✐s ❬ ♣r♦♣❡rt② ❪ ✮ ✮

✺✹ ❝ ❧♦♥❡ ❬ ♣r♦♣❡rt② ❪ ❂ t❤✐s ❬ ♣r♦♣❡rt② ❪ ✳ ❝ ❧ ♦♥❡ ✭ ✮ ❀

✼✷



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✺✺ ❡❧s❡

✺✻ ❝ ❧♦♥❡ ❬ ♣r♦♣❡rt② ❪ ❂ t❤✐s ❬ ♣r♦♣❡rt② ❪ ❀

✺✼ ⑥

✺✽ r❡t✉r♥ ❝ ❧♦♥❡ ❀

✺✾ ⑥

✻✵

✻✶ ✴✴⑥⑥⑥

✻✷ ✴✴ ❢✉♥❝ t ✐♦♥ tr❛❝❡◆♦❞❡ ✭ ♣❛t❤ ✱ ♥♦❞❡ ✮✴✴④④④

✻✸

✻✹ ✴∗∗

✻✺ ∗ ❋♦❧ ❧♦✇s ❛ ♣❛t❤ ❛♥❞ r❡ t✉r♥s t❤❡ ♥♦❞❡ t❤❡ ♣❛t❤ ♣♦ ✐♥ t s t♦ ✳

✻✻ ∗ P❛t❤ ❤❛s t♦ ❜❡ r ❡ ❧ ❛ t ✐ ✈ ❡ t♦ ♥♦❞❡ ✳

✻✼ ∗✴

✻✽

✻✾ ❢✉♥❝ t ✐ ♦♥ tr❛❝❡◆♦❞❡ ✭ ♣❛t❤ ✱ ♥♦❞❡ ✮

✼✵ ④

✼✶ ✴✴ ✐ ❢ ✭ ♥♦❞❡ ✳ ♥♦❞❡❚②♣❡ ✦❂ ◆♦❞❡ ✳❊▲❊▼❊◆❚❴◆❖❉❊✮

✼✷ ✴✴ tr❛❝❡◆♦❞❡ ✭ ♣❛t❤ ❬ ✵ ❪ ✱ ♥♦❞❡ ✳ ♥ ❡ ① t ❙ ✐ ❜ ❧ ✐ ♥ ❣ ✮ ❀

✼✸

✼✹ ✈❛r t r ❛ ❝ ❡ ❂ ♣❛t❤ ✳ ❝ ❧ ♦♥❡ ✭ ✮ ❀

✼✺ t r ❛ ❝ ❡ ✳ s ❤ ✐ ❢ t ✭ ✮ ❀ ✴✴ t ❤ ✐ s ♣♦ s ✐ t ✐ ♦♥

✼✻

✼✼ ✐ ❢ ✭ t r ❛ ❝ ❡ ✳ ❧ ❡♥❣t❤ ❂❂ ✵✮

✼✽ r❡t✉r♥ ♥♦❞❡ ❀

✼✾

✽✵ ✈❛r ♥❡①t ❂ t r❛ ❝ ❡ ❬ ✵ ❪ ❀

✽✶ r❡t✉r♥ tr❛❝❡◆♦❞❡ ✭ tr❛❝❡ ✱ ♥♦❞❡ ✳ ❝❤✐ ❧❞◆♦❞❡s ❬ ♥❡①t ❪ ✮ ❀

✽✷ ⑥

✽✸

✽✹ ✴✴⑥⑥⑥

✽✺ ✴✴✴✴ ❢✉♥❝ t ✐♦♥ ❴r❡♣❧❛❝❡❚r❛❝❡ ✭ ♣❛t❤ ✱ ♥♦❞❡ ✮✴✴④④④

✽✻ ✴✴

✽✼ ✴✴

✽✽ ✴✴ ✴∗∗

✽✾ ✴✴ ∗ ❘❡♣❧❛❝❡s t❤❡ ♣❛ss❡❞ ♣♦ s ✐ t ✐ ♦♥ ✇✐t❤ ❛ ♥♦❞❡ ✳

✾✵ ✴✴ ∗✴

✾✶ ✴✴

✾✷ ✴✴ ❢✉♥❝ t ✐♦♥ ❴r❡♣❧❛❝❡❚r❛❝❡ ✭ ♣❛t❤ ✱ ♥♦❞❡ ✮

✾✸ ✴✴ ④

✾✹ ✴✴ ⑥

✾✺ ✴✴

✾✻ ✴✴✴✴⑥⑥⑥

✾✼

✾✽

✾✾ ❛❥❛①❲▼ ❂ ♥❡✇ ❢ ✉♥❝ t ✐ ♦♥ ❆❥❛①❲▼❴▼❛♥❛❣❡r ✭ ✮

✶✵✵ ④

✶✵✶ ✴✴ ④④④ ♣ r♦♣ ❡ r t ✐ ❡ s

✶✵✷

✶✵✸ ✴✴ ✈❡r s ✐♦♥ ♦ ❢ t❤❡ ✇❤♦❧❡ ♣ r ♦ ❥ ❡ ❝ t

✶✵✹ ✈❛r ❴✈❡rs✐♦♥ ❂ ✧ ✵ ✳ ✶ ✳ ✶ ✧ ❀

✶✵✺ ✈❛r ❴❝❧❛ss ❂ ✧❆❥❛①❲▼❴▼❛♥❛❣❡r✧ ❀

✶✵✻ ✴✴ s❡ s s ✐ ♦♥ ✐❞ t ❤❛ t ✇ ✐ ❧ ❧ ❜❡ ❣❡♥❡r❛t❡❞ ❜② t❤❡ s❡ r✈❡ r ♦♥ ❧ ♦ ❣ ✐ ♥

✶✵✼ ✈❛r ❴s✐❞ ❀

✶✵✽ ✈❛r ❴s❡ss✐♦♥❚✐♠❡♦✉t ❀

✶✵✾ ✈❛r ❴♠❛①■❞❧❡❚✐♠❡ ❂ ✻✵✵✵✵✵❀ ✴✴ ♠s ❂ ✶✵♠✐♥ ✴✴ ❚❖❉❖ ✈❛ ❧✉❡ ✐♥ ♠✐♥✉t❡s

✶✶✵ ✴✴ ❝✉rr❡♥t s❝r❡❡ ✱ ✈❛ ❧✉❡ s ❝❛♥ ❜❡ ✧ ❧ ♦ ❣ ✐ ♥ ✧ ✱ ✧ ❞❡s❦ t♦♣ ✧ ✱ ✉♥❞❡❢ ✐♥❡❞

✶✶✶ ✈❛r ❴s❝r❡❡♥❚②♣❡ ❀

✶✶✷ ✈❛r ❴t❤❡♠❡ ❂ ✬ ❧ ✐♠ ✬ ❀

✶✶✸ ✈❛r ❴t❡♠♣❧❛t❡s ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✼✸



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✶✶✹ ✴✴ ❤t♠❧ ♥♦❞❡s ♦ ❢ ✈ ✐ r t ✉ ❛ ❧ ❞❡s❦ t♦♣s ✳ ❆♠♦✉♥t ❝❛♥ ❜❡ ❝❤❛♥❣❡❞

✶✶✺ ✈❛r ❴❞❡s❦t♦♣s ❂ ♥❡✇ ❆rr❛② ✭ ✽ ✮ ❀

✶✶✻ ✴✴ ❛rr❛② ❤♦ ❧❞ ✐♥❣ ✐♥ s t❛♥❝❡ s ♦ ❢ t❤❡ ✇✐♥❞♦✇s ✭❆❥❛①❲▼❴❲✐♥❞♦✇✮

✶✶✼ ✈❛r ❴✇✐♥❞♦✇s ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✶✶✽ ✴✴ ♦r❞❡r ♦ ❢ t❤❡ ✇✐♥❞♦✇s ✳ ❑❡② ✐ s ♣♦s ✐ t ✐ ♦♥ ✱ ✈❛ ❧✉❡ ✐ s ✐❞

✶✶✾ ✈❛r ❴✇✐♥❞♦✇❖r❞❡r ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✶✷✵ ✴✴ ✐ ❞ s ♦ ❢ t❤❡ ❝✉ r r ❡♥ t ❧ ② ❢♦❝✉s❡❞ ✴ ❛ ❝ t ✐ ✈ ❡ ✇✐♥❞♦✇ ♦r ❞❡s❦ t♦♣

✶✷✶ ✈❛r ❴❛❝t✐✈❡❉❡s❦■❞ ❀

✶✷✷ ✈❛r ❴❢♦❝✉s❡❞❲✐♥■❞ ❀

✶✷✸ ✴✴ q✉❡✉❡ ♦ ❢ ❡✈❡♥t ♦ ❜ ❥ ❡ ❝ t s ✭ ❛ s s ♦ ❝ ✐ ❛ t ✐ ✈ ❡ ❛rr❛②s ✭ ❖❜❥❡❝t ✮ ✮

✶✷✹ ✈❛r ❴q✉❡✉❡❞❊✈❡♥ts ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✶✷✺ ✴✴ ❢ ❧ ❛ ❣ t ❤❛ t ✐ ♥ ❞ ✐ ❝ ❛ t ❡ s ✐ ❢ ❝ ✉ r r ❡♥ t ❧ ② ♣❡r❢♦r♠✐♥❣ ❛ r❡q✉❡ s t

✶✷✻ ✈❛r ❴✐s❙❡♥❞✐♥❣ ❂ ❢❛ ❧ s❡ ❀

✶✷✼ ✴✴ t✐♠❡♦✉t ♦ ❜ ❥ ❡ ❝ t ❢ ♦ r ❝ ❛ ❧ ❧ ✐ ♥ ❣ t❤❡ ♠❡t❤♦❞ ❴♣r♦❝❡ss◗✉❡✉❡

✶✷✽ ✈❛r ❴♣r♦❝❡ss◗✉❡✉❡❚✐♠❡♦✉t ❀

✶✷✾ ✴✴ t✐♠❡♦✉t ♦ ❜ ❥ ❡ ❝ t ❢ ♦ r ❞ ✐ s ♣ ❧ ❛ ② ✐ ♥ ❣ t ❤❛ t ❛ r❡q✉❡ s t ❢ ❛ ✐ ❧ ❡ ❞

✶✸✵ ✈❛r ❴❝♦♥♥❡❝t✐♦♥❚✐♠❡♦✉t ❀

✶✸✶ ✴✴ ✐ ♥❞ ✐ ❝ ❛ t ❡ s ✐ ❢ t❤❡ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ♣❛r t s❤♦✉ ❧❞ ♣ r ✐♥ t ❞❡❜✉❣ ♠❡ss❛❣❡s

✶✸✷ ✈❛r ❴❡♥❛❜❧❡❉❡❜✉❣❣✐♥❣ ❂ tr✉❡ ❀

✶✸✸ ✴✴ ❞ ✐✈ ♥♦❞❡ ✇❤❡r❡ ❞❡❜✉❣ ♠❡ss❛❣❡s s❤♦✉ ❧❞ ❜❡ ❞ ✐ s ♣ ❧ ❛ ② ❡❞

✶✸✹ ✈❛r ❴❞❡❜✉❣◆♦❞❡ ❀

✶✸✺ ✴✴ ♠❛①✐♠✉♠ ❝❤❛r❛❝ t ❡ r s ✐♥ t❤❡ ❞❡❜✉❣ ♠❡ss❛❣❡ ❛r❡❛

✶✸✻ ✈❛r ❴❞❡❜✉❣▼❛①▲❡♥❣t❤ ❂ ✺✵✵ ❀

✶✸✼ ✴✴ ❤♦✇ ❧♦♥❣ s❤♦✉ ❧❞ t❤❡ ❞❡❜✉❣ ❛r❡❛ ❜❡ ❞ ✐ s ♣ ❧ ❛ ②❡❞ ✭ s❡❝♦♥❞s ✮

✶✸✽ ✴✴ −✶ ❞ ✐ s ❛ ❜ ❧ ❡ s ❛✉t♦−❤ ✐❞ ✐♥❣

✶✸✾ ✈❛r ❴❞❡❜✉❣❉✐s♣❧❛②❉✉r❛t✐♦♥ ❂ −✶❀

✶✹✵ ✴✴ ❜❡ ❢♦ r ❡ t❤❡ ❞❡❜✉❣ ♠❡ss❛❣❡ ❛r❡❛ ✐ s ❤✐❞❞❡♥ ❛❣❛✐♥

✶✹✶ ✈❛r ❴❞❡❜✉❣❍✐❞❡❚✐♠❡♦✉t ❀

✶✹✷

✶✹✸ ✴✴ ⑥⑥⑥

✶✹✹ ✴✴ ④④④ t ❤ ✐ s ✳ ✐ ♥ ✐ t ❂ ❢✉♥❝ t ✐♦♥ ✭✮

✶✹✺

✶✹✻ ✴∗∗

✶✹✼ ∗ ■ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ❡ s t❤❡ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ❜② s ❡ t t ✐ ♥ ❣ ✉♣ t❤❡ ●❯■ ❛♥❞

✶✹✽ ∗ ❝ r ❡❛ t ✐♥❣ t❤❡ ❧ ♦ ❣ ✐ ♥ s❝r❡❡♥ ✳

✶✹✾ ∗

✶✺✵ ∗ ❅s❡❡ ❆❥❛①❲▼❴▼❛♥❛❣❡r ✿ ✿ ❴✐♥✐t●✉✐ ✭ ✮ ❀

✶✺✶ ∗ ❅s❡❡ ❆❥❛①❲▼❴▲♦❣✐♥❴❙❝r❡❡♥

✶✺✷ ∗✴

✶✺✸

✶✺✹ t❤✐s ✳ ✐ ♥ ✐ t ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✶✺✺ ④

✶✺✻ ❴✐♥✐t●✉✐ ✭ ✮ ❀

✶✺✼

✶✺✽ ✴✴ s t ❛ r t ❞ ✐ s ♣ ❧ ❛ ② ✐ ♥ ❣ ❛ ❧ ♦ ❣ ✐ ♥ s❝r❡❡♥

✶✺✾ ❛❥❛①❲▼❴▲♦❣✐♥❙❝r❡❡♥ ✳ ❝ r ❡ ❛ t ❡ ✭ ✮ ❀

✶✻✵

✶✻✶ ❴s❝r❡❡♥❚②♣❡ ❂ ✬ ❧ ♦ ❣ ✐ ♥ ✬ ❀

✶✻✷ ⑥ ❀

✶✻✸

✶✻✹ ✴✴ ⑥⑥⑥

✶✻✺ ✴✴④④④ t ❤ ✐ s ✳ ❧ ♦ ❣ ✐ ♥ ❂ ❢✉♥❝ t ✐♦♥ ✭♥❛♠❡ ✱ ♣❛ss✇♦r❞ ✮

✶✻✻

✶✻✼ ✴∗∗

✶✻✽ ∗ ❚r✐❡s t♦ ❧ ♦ ❣ ✐♥ ✇✐t❤ t❤❡ ❣ ✐✈❡♥ ❧ ♦ ❣ ✐ ♥ ♥❛♠❡ ❛♥❞ ♣❛ss✇♦r❞ ✳

✶✻✾ ∗

✶✼✵ ∗ ❉♦❡s ♦♥❧② ❝ r❡❛ t ❡ ❛ ❧ ♦ ❣ ✐ ♥ ❡✈❡♥t ❛♥❞ s❡♥❞ ✐ t t♦ t❤❡ s❡ r✈❡ r ❴❞✐r❡❝t ❧②❴

✶✼✶ ∗ ✈ ✐❛ ❴❝♦♠♠✉♥✐❝❛t❡ ✭ ✮ ✳ ❚❤❡ q✉❡✉❡ ✐ s s❦ ✐♣♣❡❞ s ✐♥❝❡ t ❤ ✐ s ♠❡t❤♦❞ s❤♦✉ ❧❞

✶✼✷ ∗ ♦♥❧② ❜❡ ❝ ❛ ❧ ❧ ❡ ❞ ♦♥ ✇❤❡♥ t❤❡ ✉s❡r ✐ s ♥♦t ❧ ♦❣❣❡❞ ✐♥ ❛♥❞ ❝❛♥ ✬ t ❝ r❡❛ t❡

✼✹



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✶✼✸ ∗ ❛♥② ♦t❤❡r ❡✈❡♥ts ✱ ♥❡ ✐ t ❤ ❡ r ❞ ✐ r ❡ ❝ t ❧ ② ♥♦r ✐ ♥ ❞ ✐ r ❡ ❝ t ❧ ② ✳

✶✼✹ ∗ ❴❝♦♠♠✉♥✐❝❛t❡ ✭✮ ✇ ✐ ❧ ❧ ❤❛♥❞❧❡ t❤❡ r❡s♣♦♥s❡ ✭ s ❡ s s ✐ ♦♥ ✐❞ ♦r ❢ ❛ ✐ ❧ ✉ r ❡ ✮ ✳

✶✼✺ ∗✴

✶✼✻

✶✼✼ t❤✐s ✳ ❧ ♦ ❣ ✐ ♥ ❂ ❢✉♥❝ t ✐ ♦♥ ✭♥❛♠❡ ✱ ♣❛ss✇♦r❞ ✮

✶✼✽ ④

✶✼✾ ✈❛r ❡✈❡♥t❴❧ ✐ ❂ ④ ✬ ❡ ✬ ✿ ✬ ❧ ✐ ✬ ✱ ✬ ✉ ✬ ✿ ♥❛♠❡ ✱ ✬♣ ✬ ✿ ♣❛ss✇♦r❞ ⑥ ❀

✶✽✵ ❴❝♦♠♠✉♥✐❝❛t❡ ✭ ❡✈❡♥t❴❧ ✐ ✮ ❀

✶✽✶ ⑥

✶✽✷

✶✽✸ ✴✴⑥⑥⑥

✶✽✹ ✴✴④④④ t ❤ ✐ s ✳ ♥❡✇❲✐♥❞♦✇ ❂ ❢✉♥❝ t ✐♦♥ ✭✇✱ ❤ ✱ ① ✱ ② ✮

✶✽✺

✶✽✻ ✴∗∗

✶✽✼ ∗ ❈r❡❛t❡s ❛ ♥❡✇ ✇✐♥❞♦✇ ✳

✶✽✽ ∗

✶✽✾ ∗ ❈r❡❛t❡s t❤❡ ❡✈❡♥t ❛♥❞ ❡♥q✉❡✉❡s ✐ t ✳ ❚❤❡ ✇✐♥❞♦✇ ■❉ ✐ s ❣❡♥❡r❛t❡❞

✶✾✵ ∗ ❜② t❤❡ s❡ r✈❡ r ❛♥❞ ✇ ✐ ❧ ❧ ❜❡ t❤❡ r❡s♣♦♥s❡ t♦ t❤❡ r ❡q✉❡ s t ✳ ❉❡s♣✐ t❡

✶✾✶ ∗ ① ❛♥❞ ② ♥♦t ❜❡ ✐♥❣ s❡♥t t♦ t❤❡ s❡ r✈❡ r t❤❡② ❤❛✈❡ t♦ ❜❡ ♣✉t ✐♥ t❤❡

✶✾✷ ∗ ❡✈❡♥t s♦ t ❤❛ t ❴❤❛♥❞❧❡❘❡s♣♦♥s❡ ✭✮ ❝❛♥ ❤❛♥❞❧❡ t❤❡♠ ✳ ❚❤❡② ❤❛✈❡ t♦

✶✾✸ ∗ ❜❡ t❤❡ ❧ ❛ s t t✇♦ ❦❡②s ✐♥ t❤❡ ❡✈❡♥t ♦ ❜ ❥ ❡ ❝ t s♦ t❤❡② ❝❛♥ ❜❡ ❝✉t ♦ ❢ ❢

✶✾✹ ∗ ❡ ❛ s ✐ ❧ ② ✳ ① ❤❛s t♦ ❝♦♠❡ ❜❡ ❢♦ r ❡ ② ✦

✶✾✺ ∗✴

✶✾✻

✶✾✼ t❤✐s ✳ ♥❡✇❲✐♥❞♦✇ ❂ ❢✉♥❝ t ✐ ♦♥ ✭✇✱ ❤ ✱ ① ✱ ② ✮

✶✾✽ ④

✶✾✾ ✐ ❢ ✭ ♥✉❧❧ ❂❂ ✇✮ ✈❛r ✇ ❂ ✽✵ ❀

✷✵✵ ✐ ❢ ✭ ♥✉❧❧ ❂❂ ❤✮ ✈❛r ❤ ❂ ✷✺ ❀

✷✵✶ ✐ ❢ ✭ ♥✉❧❧ ❂❂ ①✮ ✈❛r ① ❂ ✵ ❀

✷✵✷ ✐ ❢ ✭ ♥✉❧❧ ❂❂ ②✮ ✈❛r ② ❂ ✵ ❀

✷✵✸

✷✵✹ ✈❛r ❡✈❡♥t❴♥✇ ❂ ④ ✬ ❡ ✬ ✿ ✬♥✇ ✬ ✱ ✬✇ ✬ ✿✇✱ ✬❤ ✬ ✿ ❤ ✱ ✬ ① ✬ ✿ ① ✱ ✬ ② ✬ ✿ ② ⑥ ❀

✷✵✺ ❴❡♥q✉❡✉❡❊✈❡♥t ✭ ❡✈❡♥t❴♥✇ ✮ ❀

✷✵✻ ⑥

✷✵✼

✷✵✽ ✴✴⑥⑥⑥

✷✵✾ ✴✴④④④ t ❤ ✐ s ✳ ❝❧♦s❡❲✐♥❞♦✇ ❂ ❢✉♥❝ t ✐♦♥ ✭✇✐♥ ✮

✷✶✵

✷✶✶ ✴∗∗

✷✶✷ ∗ ❙❡♥❞s ❛ ❝ ❧♦s❡−✇✐♥❞♦✇−❡✈❡♥t t♦ t❤❡ s❡ r✈❡ r

✷✶✸ ∗

✷✶✹ ∗ ❚❤❡ r❡s♣♦♥s❡ ✐ s ❤❛♥❞❧❡❞ ❜② ❴❝♦♠♠✉♥✐❝❛t❡ ✭ ✮ ✳ ❲❤❡♥ t❤❡ s❡ r✈❡ r r ❡♣♦r t s

✷✶✺ ∗ s✉❝❝❡ss ✱ t❤❡ ❢✉♥❝ t ✐ ♦♥ ❞❡s t r♦② ✭✮ ♦ ❢ t ❤❛ t ✇✐♥❞♦✇ s❤♦✉ ❧❞ ❜❡ ❝ ❛ ❧ ❧ ❡ ❞

✷✶✻ ∗ ✇❤✐❝❤ ❢ ✐ ♥ ❛ ❧ ❧ ② r❡♠♦✈❡s ✐ t ❢r♦♠ t❤❡ ✐ ♥ t ❡ r ❢ ❛ ❝ ❡ ✳

✷✶✼ ∗

✷✶✽ ∗ ❅s❡❡ ❆❥❛①❲▼❴❲✐♥❞♦✇ ✿ ✿ ❝ ❧ ♦ s ❡ ✭✮

✷✶✾ ∗ ❅s❡❡ ❆❥❛①❲▼❴❲✐♥❞♦✇ ✿ ✿ ❞❡s t r♦② ✭✮

✷✷✵ ∗✴

✷✷✶

✷✷✷ t❤✐s ✳ ❝❧♦s❡❲✐♥❞♦✇ ❂ ❢✉♥❝ t ✐ ♦♥ ✭✇✐♥ ✮

✷✷✸ ④

✷✷✹ ✐ ❢ ✭ ✇✐♥ ✳ ❣❡ t❙t❛t✉s ✭ ✮ ✦❂ ✧ ❝ ❧ ♦ s ✐ ♥ ❣ ✧ ✮ ④

✷✷✺ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❝❧♦s❡❲✐♥❞♦✇ ✬ ✱

✷✷✻ ✬❲✐♥❞♦✇ ♥♦t ❝ ❧ ♦ s ❡❞ ✳ ✬ ✰

✷✷✼ ✬ ❈❛ ❧ ❧ ❴✇✐♥❞♦✇s ❬ ✬ ✰ ✇✐♥ ✳ ❣❡ t ■❞ ✭ ✮ ✰ ✬ ❪ ✳ ❝ ❧ ♦ s ❡ ✭ ✮ ❜❡ ❢ ♦ r ❡ ✳ ✬ ✮ ❀

✷✷✽ r❡t✉r♥ ❀

✷✷✾ ⑥

✷✸✵

✷✸✶ ✈❛r ❡✈❡♥t❴❝✇ ❂ ④ ✬ ❡ ✬ ✿ ✬ ❝✇ ✬ ✱ ✬❲✬ ✿ ✇✐♥ ✳ ❣❡ t ■❞ ✭ ✮ ⑥ ❀

✼✺



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✷✸✷ ❴❡♥q✉❡✉❡❊✈❡♥t ✭ ❡✈❡♥t❴❝✇ ✮ ❀

✷✸✸ ⑥

✷✸✹

✷✸✺ ✴✴⑥⑥⑥

✷✸✻ ✴✴④④④ t ❤ ✐ s ✳ s✇✐t❝❤❚♦❲✐♥❞♦✇ ❂ ❢✉♥❝ t ✐♦♥ ✭✇✐♥ ✮

✷✸✼

✷✸✽ ✴∗∗

✷✸✾ ∗ ❋♦❝✉s❡s t❤❡ ✇✐♥❞♦✇ ♣❛ss❡❞ ❛s ♣❛r❛♠❡t❡r ✳

✷✹✵ ∗

✷✹✶ ∗ ❲❤❡♥ t❤❡ ✇✐♥❞♦✇ ✐ s ❤✐❞❞❡♥ ✐ t s ♣r❡✈ ✐♦✉s s t ❛ t ❡ ✇ ✐ ❧ ❧ ❛ ❧ s ♦ ❜❡

✷✹✷ ∗ r ❡ s t ♦ r ❡❞ ✳ ❚❤❡ ♦r❞❡r ♦ ❢ t❤❡ ✇✐♥❞♦✇s ✇ ✐ ❧ ❧ ❛ ❧ s ♦ ❜❡ ✉♣❞❛t❡❞ ✳

✷✹✸ ∗✴

✷✹✹

✷✹✺ t❤✐s ✳ s✇✐t❝❤❚♦❲✐♥❞♦✇ ❂ ❢✉♥❝ t ✐ ♦♥ ✭✇✐♥ ✮

✷✹✻ ④

✷✹✼ ✈❛r ✐❞ ❂ ✇✐♥ ✳ ❣❡t ■❞ ✭ ✮ ❀

✷✹✽

✷✹✾ ✴✴ ❞♦ ♥♦t❤✐♥❣ ✐ ❢ ✇✐♥❞♦✇ ✐ s ❛ ❧ r❡❛❞② ❢♦❝✉s❡❞

✷✺✵ ✐ ❢ ✭ ❴❢♦❝✉s❡❞❲✐♥■❞ ❂❂ ✐❞ ✮

✷✺✶ r❡t✉r♥ ❀

✷✺✷

✷✺✸ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧s✇✐t❝❤❚♦❲✐♥❞♦✇✧ ✱

✷✺✹ ❴❢♦❝✉s❡❞❲✐♥■❞ ✰ ✧−❃✧ ✰ ✐❞ ✮ ❀

✷✺✺

✷✺✻ ✴✴ ✉♣❞❛t❡ ♦r❞❡r

✷✺✼

✷✺✽ ✴✴ ❝ ❧ ❡ ❛ r t ❤ ✐ s ✇✐♥❞♦✇ ❢r♦♠ ❧ ✐ s t ✭ ♦r❞❡r ✮

✷✺✾ ❢♦r ✭ ✈❛r ✐ ❂ ✵ ❀ ✐ ❁ ❴✇✐♥❞♦✇❖r❞❡r ✳ ❧ ❡♥❣t❤ ❀ ✰✰✐ ✮ ④

✷✻✵ ✐ ❢ ✭❴✇✐♥❞♦✇❖r❞❡r ❬ ✐ ❪ ❂❂ ✐❞ ✮

✷✻✶ ❴✇✐♥❞♦✇❖r❞❡r ✳ s ♣ ❧ ✐ ❝ ❡ ✭ ✐ ✱ ✶ ✮ ❀

✷✻✷ ⑥

✷✻✸ ✴✴ ❛♥❞ ❛❞❞ ✐ t t♦ ✐ t s t♦♣

✷✻✹ ❴✇✐♥❞♦✇❖r❞❡r ✳ ♣✉s❤ ✭ ✐❞ ✮

✷✻✺ ✴✴ s ❡ t ❢ ❧ ❛ ❣ ❢ ♦ r ❢♦❝✉s❡❞ ✇✐♥❞♦✇

✷✻✻ ❴❢♦❝✉s❡❞❲✐♥■❞ ❂ ✐❞ ❀

✷✻✼

✷✻✽ ✴✴ ❣✉✐ ♣❛r t ✿ ♠♦✈❡ t♦ ❢♦r❡❣r♦✉♥❞ ❛♥❞ s❤♦✇ ✐ t

✷✻✾ ❴❞❡s❦t♦♣s ❬ ❴❛❝t✐✈❡❉❡s❦■❞ ❪ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭✇✐♥ ✳ ❣❡t◆♦❞❡ ✭ ✮ ✮ ❀

✷✼✵ ✇✐♥ ✳ s❤♦✇ ✭ ✮ ❀

✷✼✶ ⑥

✷✼✷

✷✼✸ ✴✴⑥⑥⑥

✷✼✹ ✴✴④④④ t ❤ ✐ s ✳ s✇✐t❝❤❚♦❉❡s❦t♦♣ ❂ ❢✉♥❝ t ✐♦♥ ✭ ❞❡s❦■❞ ✮

✷✼✺

✷✼✻ ✴∗∗

✷✼✼ ∗ ❙✇✐t❝❤ t♦ t❤❡ ✈ ✐ r t ✉ ❛ ❧ ❞❡s❦ t♦♣ s ♣ ❡ ❝ ✐ ❢ ✐ ❡ ❞ ✳

✷✼✽ ∗

✷✼✾ ∗ ❙✇✐t❝❤❡s t♦ t❤❡ ❞❡s❦ t♦♣ ✇✐t❤ t❤❡ ♣❛ss❡❞ ❞❡s❦ t♦♣ ✐❞ ❜② ❤ ✐❞ ✐♥❣

✷✽✵ ∗ t❤❡ ♥♦❞❡ ♦ ❢ t❤❡ ❞❡s❦ t♦♣ ❝✉ r r ❡♥ t ❧ ② ❛ ❝ t ✐ ✈ ❡ ❛♥❞ ❞ ✐ s ♣ ❧ ❛ ② ✐ ♥ ❣

✷✽✶ ∗ t❤❡ ♦♥❡ ❢r♦♠ t❤❡ ❞❡s❦ t♦♣ ♦ ❢ ✇❤✐❝❤ t❤❡ ✐❞ ❤❛s ❜❡❡♥ ♣❛ss❡❞ ✳

✷✽✷ ∗✴

✷✽✸

✷✽✹ t❤✐s ✳ s✇✐t❝❤❚♦❉❡s❦t♦♣ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ❞❡s❦■❞ ✮

✷✽✺ ④

✷✽✻ ✴✴ ❝❤❡❝❦ ✐ ❢ t ❤❛ t ❞❡s❦ t♦♣ ❡ ① ✐ s t s

✷✽✼ ✐ ❢ ✭ ❴❞❡s❦t♦♣s ❬ ❞❡s❦■❞ ❪ ❂❂ ✉♥❞❡❢ ✐♥❡❞ ✮ ④

✷✽✽ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ s✇✐t❝❤❚♦❉❡s❦t♦♣ ✬ ✱

✷✽✾ ✬ ❉❡s❦t♦♣ ✬ ✰ ❞❡s❦■❞ ✰ ✬ ❞♦❡s ♥♦t ❡ ① ✐ s t ✳ ✬ ✮ ❀

✷✾✵ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✼✻



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✷✾✶ ⑥

✷✾✷

✷✾✸ ✴✴ ❞❡s❦ t♦♣ ❡ ① ✐ s t s ✱ ❝♦♥t ✐♥✉❡ s✇ ✐ t ❝❤ ✐♥❣ t♦ ✐ t

✷✾✹

✷✾✺ ✈❛r ❞❡❜✉❣ ❂ ✬ ❙✇✐t❝❤✐♥❣ ✬ ❀

✷✾✻

✷✾✼ ✐ ❢ ✭ ❴❛❝t✐✈❡❉❡s❦■❞ ✦❂ ✉♥❞❡❢ ✐♥❡❞ ✮ ④

✷✾✽ ❞❡❜✉❣ ✰❂ ✬ ❢r♦♠ ✬ ✰ ❴❛❝t✐✈❡❉❡s❦■❞ ✰ ✬ ✬ ❀

✷✾✾ ❴❞❡s❦t♦♣s ❬ ❴❛❝t✐✈❡❉❡s❦■❞ ❪ ✳ s t ② ❧ ❡ ✳ ❞ ✐ s♣ ❧ ❛② ❂ ✧♥♦♥❡✧ ❀

✸✵✵ ⑥

✸✵✶

✸✵✷ ❞❡❜✉❣ ✰❂ ✬ t♦ ✬ ✰ ❞❡s❦■❞ ❀

✸✵✸ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ s✇✐t❝❤❚♦❉❡s❦t♦♣ ✬ ✱ ❞❡❜✉❣ ✮ ❀

✸✵✹

✸✵✺ ❴❞❡s❦t♦♣s ❬ ❞❡s❦■❞ ❪ ✳ s t ② ❧ ❡ ✳ ❞ ✐ s♣ ❧ ❛② ❂ ✧❜❧♦❝❦ ✧ ❀

✸✵✻ ❴❛❝t✐✈❡❉❡s❦■❞ ❂ ❞❡s❦■❞ ❀

✸✵✼

✸✵✽ r❡t✉r♥ tr✉❡ ❀

✸✵✾ ⑥

✸✶✵

✸✶✶ ✴✴⑥⑥⑥

✸✶✷ ✴✴④④④ t ❤ ✐ s ✳ s②♥❝❲✐♥❞♦✇ ❂ ❢✉♥❝ t ✐♦♥ ✭✇✐♥ ✱ ✐ s❘❡s ✐ ③ ❡❞ ✮

✸✶✸

✸✶✹ ✴∗∗

✸✶✺ ∗ ❊♥q✉❡✉❡s ❛ s②♥❝❤r♦♥ ✐ ③❛ t ✐♦♥ ❡✈❡♥t t♦ ❜❡ s❡♥t t♦ t❤❡ s❡ r✈❡ r t♦ ♣ ♦ ❧ ❧

✸✶✻ ∗ t❤❡ ❝✉rr❡♥t ❝♦♥t❡♥t s ♦ ❢ t❤❡ ✇✐♥❞♦✇ ✇❤✐❝❤ ✐ s ♣❛ss❡❞ ❛s ♣❛r❛♠❡t❡r ✳

✸✶✼ ∗

✸✶✽ ∗ ❅♣❛r❛♠ ✇✐♥ ♦ ❜ ❥ ❡ ❝ t t❤❡ ✇✐♥❞♦✇ t♦ ❜❡ s②♥❝❤r♦♥✐③❡❞

✸✶✾ ∗ ❅♣❛r❛♠ ✐ s❘❡s ✐ ③ ❡❞ ❜♦♦ ❧ ♦♣ t ✐ ♦♥❛ ❧ ✿ ✇❤❡♥ tr✉❡ r❡s❡♥❞ ✇✐❞t❤ ❛♥❞ ❤❡ ✐ ❣❤ t

✸✷✵ ∗ ❅s❡❡ ❆❥❛①❲▼❴▼❛♥❛❣❡r ✿ ✿ ❴❡♥q✉❡✉❡❊✈❡♥t ✭✮

✸✷✶ ∗ ❅s❡❡ ❆❥❛①❲▼❴▼❛♥❛❣❡r ✿ ✿ ❴♣r♦❝❡ss◗✉❡✉❡ ✭✮

✸✷✷ ∗ ❅s❡❡ ❆❥❛①❲▼❴❲✐♥❞♦✇ ✿ ✿ ✉♣❞❛t❡ ✭✮

✸✷✸ ∗✴

✸✷✹

✸✷✺ t❤✐s ✳ s②♥❝❲✐♥❞♦✇ ❂ ❢✉♥❝ t ✐ ♦♥ ✭✇✐♥ ✱ ✐ s❘❡ s ✐ ③ ❡❞ ✮

✸✷✻ ④

✸✷✼ ✴✴ ❝r❡❛ t ❡ t❤❡ ❡✈❡♥t ❛♥❞ ❛❞❞ ✐ t t♦ t❤❡ q✉❡✉❡

✸✷✽ ✈❛r ❡✈❡♥t❴s② ❂ ④ ✬ ❡ ✬ ✿ ✬ s② ✬ ✱ ✬❲✬ ✿ ✇✐♥ ✳ ❣❡ t ■❞ ✭ ✮ ⑥ ❀

✸✷✾

✸✸✵ ✐ ❢ ✭ ✐ s❘❡ s ✐ ③ ❡❞ ✮ ④

✸✸✶ ❡✈❡♥t❴s② ❬ ✬✇ ✬ ❪ ❂ ✇✐♥ ✳ ❣❡t❲✐❞t❤ ✭ ✮ ❀

✸✸✷ ❡✈❡♥t❴s② ❬ ✬❤ ✬ ❪ ❂ ✇✐♥ ✳ ❣❡t❍❡✐❣❤t ✭ ✮ ❀

✸✸✸ ⑥

✸✸✹

✸✸✺ ❴❡♥q✉❡✉❡❊✈❡♥t ✭ ❡✈❡♥t❴s② ✮ ❀

✸✸✻ ⑥

✸✸✼

✸✸✽ ✴✴⑥⑥⑥

✸✸✾ ✴✴④④④ t ❤ ✐ s ✳ ❞❡❜✉❣▼❡ss❛❣❡ ❂ ❢✉♥❝ t ✐♦♥ ✭♠❡ss❛❣❡ ✮

✸✹✵

✸✹✶ ✴∗∗

✸✹✷ ∗ Pr✐♥ts ❛ ❞❡❜✉❣❣✐♥❣ ♠❡ss❛❣❡ ✳

✸✹✸ ∗

✸✹✹ ∗ ❙❤♦✉❧❞ ❛❧✇❛②s ❜❡ ❝ ❛ ❧ ❧ ❡ ❞ ❞ ✐ r ❡ ❝ t ❧ ② ✇✐ t❤♦✉t ❝❤❡❝❦ ✐♥❣ ✐ ❢ ❞❡❜✉❣ ♠♦❞❡

✸✹✺ ∗ ✐ s ❡♥❛❜ ❧❡❞ ❜❡ ❢♦ r ❡ ✳ ❚❤✐s ♠❡t❤♦❞ ✇ ✐ ❧ ❧ ❝❤❡❝❦ ✐ ❢ ❛ ♠❡ss❛❣❡ s❤♦✉ ❧❞

✸✹✻ ∗ ❜❡ ♣r ✐♥ t ❡❞ ✐ t s s ❡ ❧ ❢ ✦

✸✹✼ ∗✴

✸✹✽

✸✹✾ t❤✐s ✳ ❞❡❜✉❣▼❡ss❛❣❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ❝❧❛ss◆❛♠❡ ✱ ❢✉♥❝t✐♦♥◆❛♠❡ ✱ ♠❡ss❛❣❡ ✮

✼✼



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✸✺✵ ④

✸✺✶ ✴✴ ✇❤❡♥ ❞❡❜✉❣ ♠♦❞❡ ✐ s ❞ ✐ s ❛ ❜ ❧ ❡ ❞ ❞♦ ♥♦t❤✐♥❣

✸✺✷ ✐ ❢ ✭ ✦ ❴❡♥❛❜❧❡❉❡❜✉❣❣✐♥❣ ✮

✸✺✸ r❡t✉r♥ ❀

✸✺✹

✸✺✺ ✴✴ ❛ ❧ ❡ r t ✇❤❡♥ t ❤ ✐ s ♠❡t❤♦❞ ✐ s ❝ ❛ ❧ ❧ ❡ ❞ t❤❡ ✇r♦♥❣ ✇❛②

✸✺✻ ✐ ❢ ✭ ❛r❣✉♠❡♥ts ✳ ❧ ❡♥❣t❤ ✦❂ ✸✮ ④

✸✺✼ ❛ ❧ ❡ r t ✭ ✧❆❥❛①❲▼❴▼❛♥❛❣❡r ✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ✮ ✧ ✰

✸✺✽ ✧ ❝ ❛ ❧ ❧ ❡ ❞ ✇✐t❤ ♠✐ss ✐♥❣ ♣❛r❛♠❡t❡rs ✦ ✧ ✮ ❀

✸✺✾ ⑥

✸✻✵

✸✻✶ ✴✴ ❝r❡❛ t ❡ ❞ ✐✈ ❧ ❛ ② ❡ r ♦ ❢ ♥❡✇ ♠❡ss❛❣❡

✸✻✷ ✈❛r ❞✐✈❴♠❡ss❛❣❡ ❂ ❞♦❝✉♠❡♥t ✳ ❝r❡❛t❡❊❧❡♠❡♥t ✭ ✬ ❞✐✈ ✬ ✮ ❀

✸✻✸ ✈❛r ♣❴❝❛ ❧ ❧ ❡ r ❂ ❞♦❝✉♠❡♥t ✳ ❝r❡❛t❡❊❧❡♠❡♥t ✭ ✬♣ ✬ ✮ ❀

✸✻✹ ✈❛r ♣❴t❡①t ❂ ❞♦❝✉♠❡♥t ✳ ❝r❡❛t❡❊❧❡♠❡♥t ✭ ✬♣ ✬ ✮ ❀

✸✻✺ ♣❴❝❛ ❧ ❧ ❡ r ✳ ✐♥♥❡r❍❚▼▲ ❂ ❝❧❛ss◆❛♠❡ ✰ ✧ ✿ ✿ ✧ ✰ ❢✉♥❝t✐♦♥◆❛♠❡ ✰ ✧ ✭ ✮ ✧ ❀

✸✻✻ ♣❴t❡①t ✳ ✐♥♥❡r❍❚▼▲ ❂ ♠❡ss❛❣❡ ❀

✸✻✼ ✴✴ s ❡ t t ❤ ❡ ✐ r ❝ ❧ ❛ s s ❡ s

✸✻✽ ❞✐✈❴♠❡ss❛❣❡ ✳ ❝❧❛ss◆❛♠❡ ❂ ✬♠❡ss❛❣❡ ✬ ❀

✸✻✾ ♣❴❝❛ ❧ ❧ ❡ r ✳ ❝❧❛ss◆❛♠❡ ❂ ✬ ❝ ❛ ❧ ❧ ❡ r ✬ ❀

✸✼✵ ♣❴t❡①t ✳ ❝❧❛ss◆❛♠❡ ❂ ✬ t❡①t ✬ ❀

✸✼✶

✸✼✷ ✈❛r ❧ ❡♥❣t❤ ❂ ♣❴❝❛ ❧ ❧ ❡ r ✳ ✐♥♥❡r❍❚▼▲ ✳ ❧ ❡♥❣t❤ ✰ ♣❴t❡①t ✳ ✐♥♥❡r❍❚▼▲ ✳ ❧ ❡♥❣t❤ ❀

✸✼✸

✸✼✹ ✴✴ ✇❤❡♥ t❤❡ ♠❡ss❛❣❡ ✐ t s s ❡ ❧ ❢ ✐ s ❧ ♦♥❣❡r t❤❛♥ ♦r ❡q✉❛ ❧ t♦ t❤❡ ❛ ❧ ❧ ♦✇❡❞

✸✼✺ ✴✴ ♠❛①✐♠✉♠ s✐♠♣❧② ❝ ❧ ❡ ❛ r t❤❡ ♦ t❤❡r ♠❡ss❛❣❡s ❛♥❞ ❝✉t ❛ ❜ ✐ t ♦ ❢ ❢ ♦ ❢

✸✼✻ ✴✴ t ❤ ✐ s ♠❡ss❛❣❡ ✐♥ ❝❛s❡ t ❤❛ t ✐ t ✐ s t♦ ❧♦♥❣

✸✼✼ s✇✐t❝❤ ✭ tr✉❡ ✮ ④

✸✼✽ ❝❛s❡ ✭ ❧ ❡♥❣t❤ ❃ ❴❞❡❜✉❣▼❛①▲❡♥❣t❤ ✮ ✿

✸✼✾ ✐ ❢ ✭ ♣❴❝❛ ❧ ❧ ❡ r ✳ ✐♥♥❡r❍❚▼▲ ✳ ❧ ❡♥❣t❤ ❃❂ ❴❞❡❜✉❣▼❛①▲❡♥❣t❤ ✮ ④

✸✽✵ ♣❴t❡①t ✳ ✐♥♥❡r❍❚▼▲ ❂ ✧✧ ❀

✸✽✶ ♣❴❝❛ ❧ ❧ ❡ r ✳ ✐♥♥❡r❍❚▼▲ ✳ s✉❜s t r ✭✵ ✱ ❴❞❡❜✉❣▼❛①▲❡♥❣t❤ ✮ ❀

✸✽✷ ⑥ ❡❧s❡ ④

✸✽✸ ✈❛r ❝❤❛ r s▲❡ ❢ t ❂ ❴❞❡❜✉❣▼❛①▲❡♥❣t❤ − ♣❴❝❛ ❧ ❧ ❡ r ✳ ✐♥♥❡r❍❚▼▲ ✳ ❧ ❡♥❣t❤ ❀

✸✽✹ ♣❴t❡①t ✳ ✐♥♥❡r❍❚▼▲ ❂ ♣❴t❡①t ✳ ✐♥♥❡r❍❚▼▲ ✳ s✉❜s t r ✭✵ ✱ ❝❤❛ r s▲❡ ❢ t ✮ ❀

✸✽✺ ⑥

✸✽✻

✸✽✼ ❝❛s❡ ✭ ❧ ❡♥❣t❤ ❂❂ ❴❞❡❜✉❣▼❛①▲❡♥❣t❤ ✮ ✿

✸✽✽ ❴❞❡❜✉❣◆♦❞❡ ✳ ✐♥♥❡r❍❚▼▲ ❂ ✧✧ ❀

✸✽✾ ❜r❡❛❦ ❀

✸✾✵

✸✾✶ ❞❡❢❛✉❧t ✿

✸✾✷ ✴✴ ❝✉rr❡♥t ❧ ❡♥❣ t ❤ ♦ ❢ ❛ ❧ ❧ ❞❡❜✉❣ ♠❡ss❛❣❡s

✸✾✸ ✈❛r ❝▲❡♥❣t❤ ❂ ❴❝❛❧❝❉❡❜✉❣▲❡♥❣t❤ ✭ ✮ ❀

✸✾✹

✸✾✺ ✴✴ ✐ ❢ t❤❡ ♠❡ss❛❣❡ ♣ ❧✉ s t❤❡ ❝✉rr❡♥t ❧ ❡♥❣ t ❤ ❡①❝❡❡❞s t❤❡ ❧ ✐♠ ✐ t

✸✾✻ ✴✴ r❡♠♦✈❡ t❤❡ ♦ ❧ ❞ ❡ s t ♠❡ss❛❣❡ ✉ ♥ t ✐ ❧ ✐ t ❢ ✐ t s

✸✾✼ ✇❤✐❧❡ ✭ ✭ ❝▲❡♥❣t❤ ✰ ❧❡♥❣t❤ ✮ ❃ ❴❞❡❜✉❣▼❛①▲❡♥❣t❤ ✮ ④

✸✾✽ ❴❞❡❜✉❣◆♦❞❡ ✳ r❡♠♦✈❡❈❤✐❧❞ ✭❴❞❡❜✉❣◆♦❞❡ ✳ ❢ ✐ r s t ❈ ❤ ✐ ❧ ❞ ✮ ❀

✸✾✾ ❝▲❡♥❣t❤ ❂ ❴❝❛❧❝❉❡❜✉❣▲❡♥❣t❤ ✭ ✮ ❀

✹✵✵ ⑥

✹✵✶ ⑥

✹✵✷

✹✵✸ ✴✴ ❝✉rr❡♥t ❞❡❜✉❣ ♠❡ss❛❣❡ ❛r❡❛ ❛♥❞ ♣ ♦ s s ✐ ❜ ❧ ② t❤❡ ♠❡ss❛❣❡

✹✵✹ ✴✴ ❤❛✈❡ ❜❡❡♥ ❡ ❞ ✐ t t ❡ ❞ t♦ ❢ ✐ t ✐♥ t♦ t❤❡ ❧ ✐♠ ✐ t ✳

✹✵✺ ✴✴ ❆❞❞ t❤❡ ♠❡ss❛❣❡ t♦ t❤❡ ❛r❡❛

✹✵✻ ❞✐✈❴♠❡ss❛❣❡ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭ ♣❴❝❛ ❧ ❧ ❡ r ✮ ❀

✹✵✼ ❞✐✈❴♠❡ss❛❣❡ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭ ♣❴t❡①t ✮ ❀

✹✵✽ ❴❞❡❜✉❣◆♦❞❡ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭ ❞✐✈❴♠❡ss❛❣❡ ✮ ❀

✼✽



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✹✵✾

✹✶✵ ✴✴ ❞ ✐ s ♣ ❧ ❛ ② ❞❡❜✉❣❣✐♥❣ ❛r❡❛

✹✶✶ ❴❞✐s♣❧❛②❉❡❜✉❣▼❡ss❛❣❡s ✭ ✮ ❀

✹✶✷ ⑥

✹✶✸

✹✶✹ ✴✴⑥⑥⑥

✹✶✺ t❤✐s ✳ ❣❡ t❱❡rs ✐♦♥ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮ ④ r❡t✉r♥ ❴✈❡rs✐♦♥ ❀ ⑥

✹✶✻ t❤✐s ✳ ❣❡t❚❤❡♠❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮ ④ r❡t✉r♥ ❴t❤❡♠❡ ❀ ⑥

✹✶✼ t❤✐s ✳ ❣❡t❚❡♠♣❧❛t❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮ ④ r❡t✉r♥ ❴t❡♠♣❧❛t❡s ❬ ❴t❤❡♠❡ ❪ ❀ ⑥

✹✶✽ t❤✐s ✳ ❣❡t❉❡s❦t♦♣❇②■❞ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✐❞ ✮ ④ r❡t✉r♥ ❴❞❡s❦t♦♣s ❬ ✐❞ ❪ ❀ ⑥

✹✶✾ t❤✐s ✳ ❣❡t❆❝t ✐✈❡❉❡s❦t♦♣ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮ ④ r❡t✉r♥ ❴❞❡s❦t♦♣s ❬ ❴❛❝t✐✈❡❉❡s❦■❞ ❪ ❀ ⑥

✹✷✵ t❤✐s ✳ ❣❡t❆❝t ✐✈❡❉❡s❦■❞ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮ ④ r❡t✉r♥ ❴❛❝t✐✈❡❉❡s❦■❞ ❀ ⑥

✹✷✶ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴✐♥✐t●✉✐ ✭✮

✹✷✷

✹✷✸ ✴∗∗

✹✷✹ ∗ ■ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ❡ s t❤❡ ❣ r❛♣❤ ✐ ❝❛ ❧ ✉s❡r ✐ ♥ t ❡ r ❢ ❛ ❝ ❡ ✳

✹✷✺ ∗

✹✷✻ ∗ ❚❛❦❡s ❝❛r❡ t ❤❛ t ❡ ✈❡ r② t❤ ✐♥❣ ❝♦♥❝❡r♥✐♥❣ t❤❡ ❧♦♦❦ ❛♥❞ ✉ s ❛ ❜ ✐ ❧ ✐ t ② ✐ s s ❡ t ✉♣

✹✷✼ ∗ ❝ ♦ r r ❡ ❝ t ❧ ② ✳

✹✷✽ ∗✴

✹✷✾

✹✸✵ ❢✉♥❝ t ✐ ♦♥ ❴✐♥✐t●✉✐ ✭ ✮

✹✸✶ ④

✹✸✷ ❞♦❝✉♠❡♥t ✳ t ✐ t ❧ ❡ ✰❂ ✧−✧ ✰ ❴✈❡rs✐♦♥ ❀

✹✸✸

✹✸✹ ✴✴ ✐ ❢ ❞❡❜✉❣ ♠♦❞❡ ✐ s ❡♥❛❜ ❧❡❞ ❝r❡❛ t ❡ t❤❡ ❞❡❜✉❣ ♠❡ss❛❣❡ ♥♦❞❡

✹✸✺ ✐ ❢ ✭ ❴❡♥❛❜❧❡❉❡❜✉❣❣✐♥❣ ✮ ④

✹✸✻ ❴❞❡❜✉❣◆♦❞❡ ❂ ❞♦❝✉♠❡♥t ✳ ❝r❡❛t❡❊❧❡♠❡♥t ✭ ✬ ❞✐✈ ✬ ✮ ❀

✹✸✼ ❴❞❡❜✉❣◆♦❞❡ ✳ ❝❧❛ss◆❛♠❡ ❂ ✬ ❞❡❜✉❣ ✬ ❀

✹✸✽ ❞♦❝✉♠❡♥t ✳ ❣❡t❊❧❡♠❡♥ts❇②❚❛❣◆❛♠❡ ✭ ✬ ❜♦❞② ✬ ✮ ❬ ✵ ❪ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭❴❞❡❜✉❣◆♦❞❡ ✮ ❀

✹✸✾ ⑥

✹✹✵

✹✹✶ ❴t❡♠♣❧❛t❡s ❬ ❴t❤❡♠❡ ❪ ❂ ♥❡✇ ❆❥❛①❲▼❴❚❡♠♣❧❛t❡✭❴t❤❡♠❡ ✮ ❀

✹✹✷ ❴t❡♠♣❧❛t❡s ❬ ❴t❤❡♠❡ ❪ ✳ ❧♦❛❞❈ss ✭ ✮ ❀

✹✹✸ ❴t❡♠♣❧❛t❡s ❬ ❴t❤❡♠❡ ❪ ✳ ♣❛rs❡ ✭ ✮ ❀

✹✹✹ ⑥

✹✹✺

✹✹✻ ✴✴⑥⑥⑥

✹✹✼ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴✐♥✐t❉❡s❦t♦♣❯s❛❣❡ ✭✮

✹✹✽

✹✹✾ ✴∗∗

✹✺✵ ∗ ■ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ❡ s t❤❡ ❞❡s❦ t♦♣s ✳

✹✺✶ ∗

✹✺✷ ∗ Pr❡♣❛r❡s t❤❡ ❜♦❞② ❢♦ r ❞❡s❦ t♦♣ ✉s❛❣❡ ✱ ❝ r ❡❛ t ❡ s t❤❡ ✈ ✐ r t ✉ ❛ ❧ ❞❡s❦t♦♣s ✱

✹✺✸ ∗ ❛♣♣❡♥❞s t❤❡♠ t♦ t❤❡ ❜♦❞② ✱ s✇ ✐ t ❝❤❡ s t♦ t❤❡ ❢ ✐ r s t ♦♥❡ ♦ ❢ t❤❡♠ ❛♥❞

✹✺✹ ∗ s t ❛ r t s t❤❡ ❦❡②❜♦❛r❞ ❤♦♦❦ ✳

✹✺✺ ∗✴

✹✺✻

✹✺✼ ❢✉♥❝ t ✐ ♦♥ ❴✐♥✐t❉❡s❦t♦♣❯s❛❣❡ ✭ ✮

✹✺✽ ④

✹✺✾ ✴✴ ❣❡ t ❜♦❞② ❛♥❞ ✐ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ❡ ✐ t ❢ ♦ r ❞❡s❦ t♦♣ ✉s❛❣❡

✹✻✵ ✈❛r ❜♦❞② ❂ ❞♦❝✉♠❡♥t ✳ ❣❡t❊❧❡♠❡♥ts❇②❚❛❣◆❛♠❡ ✭ ✬ ❜♦❞② ✬ ✮ ❬ ✵ ❪ ❀

✹✻✶ ❜♦❞② ✳ ❝❧❛ss◆❛♠❡ ❂ ✧❞❡s❦t♦♣ ✧ ❀

✹✻✷

✹✻✸ ✴✴ ❝r❡❛ t ❡ ❞❡s❦ t♦♣s

✹✻✹ ❢♦r ✭ ✈❛r ✐ ❂ ✵ ❀ ✐ ❁ ❴❞❡s❦t♦♣s ✳ ❧ ❡♥❣t❤ ❀ ✰✰✐ ✮ ④

✹✻✺ ❴❞❡s❦t♦♣s ❬ ✐ ❪ ❂ ❞♦❝✉♠❡♥t ✳ ❝r❡❛t❡❊❧❡♠❡♥t ✭ ✬ ❞ ✐✈ ✬ ✮ ❀

✹✻✻ ❴❞❡s❦t♦♣s ❬ ✐ ❪ ✳ ❝❧❛ss◆❛♠❡ ❂ ✬ ❞❡s❦t♦♣ ✬ ❀

✹✻✼ ❜♦❞② ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭ ❴❞❡s❦t♦♣s ❬ ✐ ❪ ✮ ❀

✼✾



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✹✻✽ ⑥

✹✻✾

✹✼✵ ✴✴ s✇✐ t❝❤ t♦ ❢ ✐ r s t ❞❡s❦ t♦♣

✹✼✶ ❛❥❛①❲▼✳ s✇✐t❝❤❚♦❉❡s❦t♦♣ ✭ ✵ ✮ ❀

✹✼✷

✹✼✸ ✴✴ s ❡ t ✉♣ t❤❡ ❦❡②❜♦❛r❞ ❤♦♦❦

✹✼✹ ❞♦❝✉♠❡♥t ✳ ♦♥❦❡②♣r❡ss ❂ ❴♦♥❑❡②Pr❡ss ❀

✹✼✺ ❞♦❝✉♠❡♥t ✳ ♦♥❦❡②❞♦✇♥ ❂ ❴♦♥❑❡②❉♦✇♥ ❀

✹✼✻

✹✼✼ ❴s❝r❡❡♥❚②♣❡ ❂ ✬ ❞❡s❦t♦♣ ✬ ❀

✹✼✽ ⑥

✹✼✾

✹✽✵ ✴✴⑥⑥⑥

✹✽✶ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴♦♥❑❡②❉♦✇♥✭✇✐♥❞♦✇❴❡✈❡♥t ✮

✹✽✷

✹✽✸ ✴∗∗

✹✽✹ ∗ ❊✈❡♥t ❤❛♥❞❧❡r ❢ ♦ r t❤❡ ♦♥❦❡②❞♦✇♥ ♠❡t❤♦❞ ✳

✹✽✺ ∗✴

✹✽✻

✹✽✼ ❢✉♥❝ t ✐ ♦♥ ❴♦♥❑❡②❉♦✇♥✭✇✐♥❞♦✇❴❡✈❡♥t ✮

✹✽✽ ④

✹✽✾ ✐ ❢ ✭ ✦ ❴❙❆❘■❙❙❆❴■❙❴■❊✮

✹✾✵ r❡t✉r♥ ❀

✹✾✶

✹✾✷ ✐ ❢ ✭ ✦ ✇✐♥❞♦✇❴❡✈❡♥t ✮

✹✾✸ ✈❛r ✇✐♥❞♦✇❴❡✈❡♥t ❂ ✇✐♥❞♦✇ ✳ ❡✈❡♥t ❀

✹✾✹

✹✾✺ ♦ ❂ ④ ✾ ✿ ✶ ✱ ✽ ✿ ✶ ✱ ✷✼ ✿ ✶ ✱ ✸✸ ✿ ✶ ✱ ✸✹ ✿ ✶ ✱ ✸✺ ✿ ✶ ✱ ✸✻ ✿ ✶ ✱ ✸✼ ✿ ✶ ✱ ✸✽ ✿ ✶ ✱ ✸✾ ✿ ✶ ✱

✹✾✻ ✹✵ ✿ ✶ ✱ ✹✺ ✿ ✶ ✱ ✹ ✻ ✿ ✶ ✱ ✶ ✶✷ ✿ ✶ ✱ ✶✶✸ ✿✶ ✱ ✶✶✹ ✿✶ ✱ ✶✶✺ ✿✶ ✱ ✶✶✻ ✿✶ ✱ ✶✶✼ ✿✶ ✱

✹✾✼ ✶✶✽ ✿✶ ✱ ✶✶✾ ✿✶ ✱ ✶✷✵ ✿✶ ✱ ✶✷✶ ✿✶ ✱ ✶✷✷ ✿✶ ✱ ✶✷✸ ✿✶ ⑥ ❀

✹✾✽

✹✾✾ ✐ ❢ ✭ ♦ ❬ ✇✐♥❞♦✇❴❡✈❡♥t ✳ ❦❡②❈♦❞❡ ❪

✺✵✵ ⑤ ⑤ ✇✐♥❞♦✇❴❡✈❡♥t ✳ ❝t r ❧❑❡② ⑤ ⑤ ✇✐♥❞♦✇❴❡✈❡♥t ✳ ❛❧t❑❡② ✮ ④

✺✵✶ ✇✐♥❞♦✇❴❡✈❡♥t ✳ ✇❤✐❝❤ ❂ ✵ ❀

✺✵✷ r❡t✉r♥ ❴♦♥❑❡②Pr❡ss ✭✇✐♥❞♦✇❴❡✈❡♥t ✮ ❀

✺✵✸ ⑥

✺✵✹ ⑥

✺✵✺

✺✵✻ ✴✴⑥⑥⑥

✺✵✼ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴♦♥❑❡②Pr❡ss ✭✇✐♥❞♦✇❴❡✈❡♥t ✮

✺✵✽

✺✵✾ ✴∗∗

✺✶✵ ∗ ❊✈❡♥t ❤❛♥❞❧❡r ❢ ♦ r t❤❡ ♦♥❦❡②♣r❡ss ♠❡t❤♦❞ ✳

✺✶✶ ∗

✺✶✷ ∗ ❈❤❡❝❦s ✇❤✐❝❤ ❦❡②s ✇❡r❡ ♣r❡ss❡❞ ✱ ❝♦♥✈❡r t t ❤ ❡ ✐ r ❦❡② ❝♦❞❡s ❜❛❝❦

✺✶✸ ∗ ✐ ♥ t♦ s t r ✐ ♥ ❣ s r❡❣❛r❞ ✐♥❣ s ♣ ❡ ❝ ✐ ❛ ❧ ❦❡② ❝♦♠❜✐♥❛t✐♦♥s s✉❝❤s ❛s ❡ ✳ ❣ ✳

✺✶✹ ∗ ❬❈❚❘▲❪❬❁❑❊❨❃❪✳ ❍♦t❦❡②s ❛r❡ ❤❛♥❞❧❡❞ ❜②

✺✶✺ ∗ ❆❥❛①❲▼❴▼❛♥❛❣❡r ✿ ✿ ❴❤❛♥❞❧❡❍♦t❦❡② ✭ ✮ ✳ ❘❡t✉r♥s ❢ ❛ ❧ s ❡ s♦ t ❤❛ t t❤❡

✺✶✻ ∗ ❛❝ t ✐♦♥ ✇❤✐❝❤ ✇♦✉❧❞ ♥♦r♠❛❧② ❜❡ ❡①❡❝✉t❡❞ ♦♥ ❛ ❦❡② ♣r❡s s

✺✶✼ ∗ ✇ ✐ ❧ ❧ ❜❡ ❜ ❧ ♦❝❦❡❞ ✳

✺✶✽ ∗✴

✺✶✾

✺✷✵ ❢✉♥❝ t ✐ ♦♥ ❴♦♥❑❡②Pr❡ss ✭✇✐♥❞♦✇❴❡✈❡♥t ✮

✺✷✶ ④

✺✷✷ ✈❛r ❦❡②❈♦❞❡ ❀

✺✷✸ ✈❛r ❦❡②❙tr ✐♥❣ ❂ ✧✧ ❀

✺✷✹

✺✷✺ ✴✴ ❞❡t❡r♠✐♥❡ t❤❡ ❦❡② t ❤❛ t ✇❛s ♣r❡ss❡❞ ❛♥❞ ❤❛♥❞❧❡ ❤♦t❦❡②s ✴✴④④④

✺✷✻

✽✵



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✺✷✼ ✐ ❢ ✭ ✦ ✇✐♥❞♦✇❴❡✈❡♥t ✮

✺✷✽ ✈❛r ✇✐♥❞♦✇❴❡✈❡♥t ❂ ✇✐♥❞♦✇ ✳ ❡✈❡♥t ❀

✺✷✾

✺✸✵ ✐ ❢ ✭✇✐♥❞♦✇❴❡✈❡♥t ✳ ❦❡②❈♦❞❡ ✮

✺✸✶ ❦❡②❈♦❞❡ ❂ ✇✐♥❞♦✇❴❡✈❡♥t ✳ ❦❡②❈♦❞❡ ❀

✺✸✷

✺✸✸ ✐ ❢ ✭✇✐♥❞♦✇❴❡✈❡♥t ✳ ✇❤✐❝❤ ✮

✺✸✹ ❦❡②❈♦❞❡ ❂ ✇✐♥❞♦✇❴❡✈❡♥t ✳ ✇❤✐❝❤ ❀

✺✸✺

✺✸✻ ✴✴ ❝❤❡❝❦ ✐ ❢ ❆▲❚ ✇❛s ♣r❡ss❡❞

✺✸✼ ✐ ❢ ✭✇✐♥❞♦✇❴❡✈❡♥t ✳ ❛❧t❑❡② ✮ ④✴✴④④④

✺✸✽ ✴✴ ✇❤❡♥ t❤❡ ❝ t r ❧ ❦❡② ✐ s ♣r❡ss❡❞ ❛ ❞ ❞ ✐ t ✐ ♦ ♥ ❛ ❧ ❧ ② t♦ t❤❡ ❛ ❧ t ❦❡②

✺✸✾ ✴✴ t❤❡♥ ✐ t s❤♦✉ ❧❞ ❜❡ ❛ ❤♦t❦❡②

✺✹✵ ✐ ❢ ✭✇✐♥❞♦✇❴❡✈❡♥t ✳ ❝ t r ❧❑❡② ✫✫ ❴❤❛♥❞❧❡❍♦t❦❡② ✭✇✐♥❞♦✇❴❡✈❡♥t ✮ ✮ ④

✺✹✶ ✴✴ ✇❤❡♥ ❛ ❤♦t❦❡② ✐ s ❢♦✉♥❞ ❛♥❞ ❝♦✉❧❞ ❜❡ ❡①❡❝✉t❡❞

✺✹✷ ✴✴ ❝❛♥❝❡ ❧ t ❤ ✐ s ❡✈❡♥t

✺✹✸ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✺✹✹ ⑥ ❡❧s❡ ④

✺✹✺ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❃❂ ✻✺ ✫✫ ❦❡②❈♦❞❡ ❁❂ ✾✵✮

✺✹✻ ❦❡②❈♦❞❡ ✰❂ ✸✷ ❀

✺✹✼ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❃❂ ✾✼ ✫✫ ❦❡②❈♦❞❡ ❁❂ ✶✷✷✮ ④

✺✹✽ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭✷✼✮

✺✹✾ ✰ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ❦❡②❈♦❞❡ ✮ ❀

✺✺✵ ⑥

✺✺✶ ⑥✴✴⑥⑥⑥

✺✺✷ ✴✴ ❝❤❡❝❦ ✐ ❢ ❈❚❘▲ ✇❛s ♣r❡ss❡❞

✺✺✸ ⑥ ❡❧s❡ ✐ ❢ ✭✇✐♥❞♦✇❴❡✈❡♥t ✳ ❝ t r ❧❑❡② ✮ ④✴✴④④④

✺✺✹ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❃❂ ✻✺ ✫✫ ❦❡②❈♦❞❡ ❁❂ ✾✵✮

✺✺✺ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ❦❡②❈♦❞❡−✻✹✮❀ ✴✴ ❈tr ❧−❆✳ ✳ ❩

✺✺✻ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❃❂ ✾✼ ✫✫ ❦❡②❈♦❞❡ ❁❂ ✶✷✷✮

✺✺✼ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ❦❡②❈♦❞❡−✾✻✮❀ ✴✴ ❈tr ❧−❆✳ ✳ ❩

✺✺✽ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✺✹✮

✺✺✾ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ✸ ✵ ✮ ❀ ✴✴ ❈tr ❧−❫

✺✻✵ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✶✵✾✮

✺✻✶ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ✸ ✶ ✮ ❀ ✴✴ ❈tr ❧−❴

✺✻✷ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✷✶✾✮

✺✻✸ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ✷ ✼ ✮ ❀ ✴✴ ❈tr ❧ −❬

✺✻✹ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✷✷✵✮

✺✻✺ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ✷ ✽ ✮ ❀ ✴✴ ❈tr ❧−❭

✺✻✻ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✷✷✶✮

✺✻✼ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ✷ ✾ ✮ ❀ ✴✴ ❈tr ❧ −❪

✺✻✽ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✷✶✾✮ ✴✴ ❚❖❉❖✿ ❞✉♣ ❧ ✐ ❝❛ t ❡ ✱ r❡♠♦✈❡❄

✺✻✾ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ✷ ✾ ✮ ❀ ✴✴ ❈tr ❧ −❪

✺✼✵ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✷✶✾✮ ✴✴ ❚❖❉❖✿ ❞✉♣ ❧ ✐ ❝❛ t ❡ ✱ r❡♠♦✈❡❄

✺✼✶ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ✵ ✮ ❀ ✴✴ ❈tr ❧−❅

✺✼✷ ✴✴⑥⑥⑥

✺✼✸ ✴✴ ✇❤❡♥ ✇✐♥❞♦✇ ✳ ❡✈❡♥t ✳ ✇❤✐❝❤ ✐ s ✉s✉❛❜ ❧❡ ❜✉t ✐ t s ✈❛ ❧✉❡ ✐ s ✵

✺✼✹ ✴✴ ✇❡ ❝❤❡❝❦ t❤❡ ✇✐♥❞♦✇ ✳ ❡✈❡♥t ✳ ❦❡②❈♦❞❡ ❤❡r❡ ✳ ❚❤✐s ❣ ✐ ✈ ❡ s ✉s ❛ s ♣ ❡ ❝ ✐ ❛ ❧ ❦❡②

✺✼✺ ✴✴ ❧ ✐ ❦ ❡ ❊s❝ ✱ ❚❛❜ ✳ ✳ ✳

✺✼✻ ⑥ ❡❧s❡ ✐ ❢ ✭✇✐♥❞♦✇❴❡✈❡♥t ✳ ✇❤✐❝❤ ❂❂ ✵✮ ④✴✴④④④

✺✼✼ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✾✮

✺✼✽ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ✾ ✮ ❀ ✴✴ ❚❛❜

✺✼✾ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✽✮

✺✽✵ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ✶ ✷ ✼ ✮ ❀ ✴✴ ❇❛❝❦s♣❛❝❡

✺✽✶ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✷✼✮

✺✽✷ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ✷ ✼ ✮ ❀ ✴✴ ❊s❝❛♣❡

✺✽✸ ✴✴ ♣r❡ss❡❞ ❦❡② ❤❛s ♥♦ ❆❙❈■■ ✈❛ ❧✉❡ ✳ ❊♥t❡r t❤❡ s t r ✐ ♥ ❣ ❞ ✐ r ❡ ❝ t ❧ ② ✱

✺✽✹ ✴✴ ♣ r ❡ ❢ ✐ ① ❡ ❞ ✇✐t❤ ❡s❝❛♣❡

✺✽✺ ❡❧s❡ ④

✽✶



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✺✽✻ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✸✸✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬✺⑦✧ ❀ ✴✴ P❣❯♣

✺✽✼ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✸✹✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬✻⑦✧ ❀ ✴✴ P❣❉♥

✺✽✽ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✸✺✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬✹⑦✧ ❀ ✴✴ ❊♥❞

✺✽✾ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✸✻✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬✶⑦✧ ❀ ✴✴ ❍♦♠❡

✺✾✵ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✸✼✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬❉✧ ❀ ✴✴ ▲❡ ❢ t

✺✾✶ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✸✽✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬❆✧ ❀ ✴✴ ❯♣

✺✾✷ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✸✾✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬❈✧ ❀ ✴✴ ❘✐❣❤t

✺✾✸ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✹✵✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬❇✧ ❀ ✴✴ ❉♦✇♥

✺✾✹ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✹✺✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬✷⑦✧ ❀ ✴✴ ■♥s

✺✾✺ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✹✻✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬✸⑦✧ ❀ ✴✴ ❉❡❧

✺✾✻ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✶✶✷✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬ ❬❆✧ ❀ ✴✴ ❋✶

✺✾✼ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✶✶✸✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬ ❬ ❇✧ ❀ ✴✴ ❋✷

✺✾✽ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✶✶✹✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬ ❬❈✧ ❀ ✴✴ ❋✸

✺✾✾ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✶✶✺✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬ ❬❉✧ ❀ ✴✴ ❋✹

✻✵✵ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✶✶✻✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬ ❬ ❊✧ ❀ ✴✴ ❋✺

✻✵✶ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✶✶✼✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬✶✼⑦✧ ❀ ✴✴ ❋✻

✻✵✷ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✶✶✽✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬✶✽⑦✧ ❀ ✴✴ ❋✼

✻✵✸ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✶✶✾✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬✶✾⑦✧ ❀ ✴✴ ❋✽

✻✵✹ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✶✷✵✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬✷✵⑦✧ ❀ ✴✴ ❋✾

✻✵✺ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✶✷✶✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬✷✶⑦✧ ❀ ✴✴ ❋✶✵

✻✵✻ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✶✷✷✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬✷✸⑦✧ ❀ ✴✴ ❋✶✶

✻✵✼ ❡❧s❡ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✶✷✸✮ ❦❡②❙tr ✐♥❣ ❂ ✧ ❬✷✹⑦✧ ❀ ✴✴ ❋✶✷

✻✵✽ ✐ ❢ ✭ ❦❡②❙tr ✐♥❣ ✳ ❧ ❡♥❣t❤ ✮ ④

✻✵✾ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭✷✼✮✰ ❦❡②❙tr ✐♥❣ ❀

✻✶✵ ⑥

✻✶✶ ⑥

✻✶✷ ⑥ ❡❧s❡ ④

✻✶✸ ✐ ❢ ✭ ❦❡②❈♦❞❡ ❂❂ ✽✮

✻✶✹ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ✶ ✷ ✼ ✮ ❀ ✴✴ ❇❛❝❦s♣❛❝❡

✻✶✺ ❡❧s❡

✻✶✻ ❦❡②❙tr ✐♥❣ ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭ ❦❡②❈♦❞❡ ✮ ❀

✻✶✼ ⑥✴✴⑥⑥⑥

✻✶✽

✻✶✾ ✴✴⑥⑥⑥

✻✷✵ ✴✴ ❡✈❡ r② t❤ ✐♥❣ t ❤❛ t r❡❛❝❤❡s t ❤ ✐ s ♣♦ ✐♥ t ✐ s ❛ ❦❡② ♣r❡s s ❡✈❡♥t t ❤❛ t

✻✷✶ ✴✴ s❤♦✉ ❧❞ ❜❡ ♣❛ss❡❞ t♦ ❛ ✇✐♥❞♦✇

✻✷✷ tr② ④

✻✷✸ ✐ ❢ ✭ ✦ ❦❡②❙tr ✐♥❣ ✳ ❧ ❡♥❣t❤ ⑤ ⑤ ✐s◆❛◆ ✭❴❢♦❝✉s❡❞❲✐♥■❞ ✮ ✮ ④

✻✷✹ ✈❛r ❡ ❂ ✬ ❦❡②❙tr ✐♥❣❂✧ ✬ ✰ ❦❡②❙tr ✐♥❣ ✰ ✬ ✧ ✬ ❀

✻✷✺ ❡ ✰❂ ✬ ✱ ✐s◆❛◆ ✭❴❢♦❝✉s❡❞❲✐♥■❞✮❂ ✬ ✰ ✐s◆❛◆ ✭❴❢♦❝✉s❡❞❲✐♥■❞ ✮ ❀

✻✷✻ t❤r♦✇ ❡ ❀

✻✷✼ ⑥

✻✷✽ ✴✴ ❡♥❝♦❞❡ ❦❡②s t♦ ❯❚❋−✽

✻✷✾ s✇✐t❝❤ ✭ ❦❡②❙tr ✐♥❣ ✮ ④

✻✸✵ ❝❛s❡ ✬✰ ✬ ✿

✻✸✶ ❦❡②❙tr ✐♥❣ ❂ ✬✪✷❇ ✬ ❀

✻✸✷ ❜r❡❛❦ ❀

✻✸✸ ❞❡❢❛✉❧t ✿

✻✸✹ ❦❡②❙tr ✐♥❣ ❂ ❡♥❝♦❞❡❯❘■❈♦♠♣♦♥❡♥t ✭ ❦❡②❙tr ✐♥❣ ✮ ❀

✻✸✺ ⑥

✻✸✻ ❴❡♥q✉❡✉❡❊✈❡♥t ✭④ ✬ ❡ ✬ ✿ ✬ ❦♣ ✬ ✱ ✬❲✬ ✿ ❴❢♦❝✉s❡❞❲✐♥■❞ ✱ ✬ ❦ ✬ ✿ ❦❡②❙tr ✐♥❣ ⑥ ✮ ❀

✻✸✼ ⑥ ❝❛t❝❤ ✭ ❡ ✮ ④

✻✸✽ ✈❛r ❡ r r ♦ r ❂ ✧❊rr♦r ✿ ✧ ✰ ❡ ❀

✻✸✾ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧❴♦♥❑❡②Pr❡ss✧ ✱ ❡ r r ♦ r ✮ ❀

✻✹✵ ⑥ ❢ ✐♥❛ ❧ ❧② ④

✻✹✶ ✇✐♥❞♦✇❴❡✈❡♥t ✳ ❝❛♥❝❡❧❇✉❜❜❧❡ ❂ tr✉❡ ❀

✻✹✷ ✐ ❢ ✭✇✐♥❞♦✇❴❡✈❡♥t ✳ st♦♣Pr♦♣❛❣❛t ✐♦♥ ✮ ✇✐♥❞♦✇❴❡✈❡♥t ✳ st♦♣Pr♦♣❛❣❛t ✐♦♥ ✭ ✮ ❀

✻✹✸ ✐ ❢ ✭✇✐♥❞♦✇❴❡✈❡♥t ✳ ♣r❡✈❡♥t❉❡❢❛✉ ❧ t ✮ ✇✐♥❞♦✇❴❡✈❡♥t ✳ ♣r❡✈❡♥t❉❡❢❛✉ ❧ t ✭ ✮ ❀

✻✹✹ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✽✷



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✻✹✺ ⑥

✻✹✻ ⑥

✻✹✼

✻✹✽ ✴✴⑥⑥⑥

✻✹✾ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴❤❛♥❞❧❡❍♦t❦❡② ✭✇✐♥❞♦✇❴❡✈❡♥t ✮

✻✺✵

✻✺✶ ✴∗∗

✻✺✷ ∗ ❈❤❡❝❦s ✐ ❢ t❤❡ ♦♥❦❡②♣r❡ss ❡✈❡♥t ❝♦♥t❛ ✐♥s ❛♥ ❤♦t❦❡② ✳ ■ ❢ s♦ ✱ ✐ t s

✻✺✸ ∗ ❝♦rr❡s♣♦♥❞✐♥❣ ❛❝ t ✐♦♥ ✇ ✐ ❧ ❧ ❜❡ ❡①❡❝✉t❡❞ ✳

✻✺✹ ∗

✻✺✺ ∗ ❙✐♥❝❡ t ❤ ✐ s ♠❡t❤♦❞ ✐ s ♦♥❧② ❝ ❛ ❧ ❧ ❡ ❞ ✇❤❡♥ ❴♦♥❑❡②Pr❡ss ✭✮ ❢ ✐ ♥ ❞ s ❛ ❧ t

✻✺✻ ∗ ❛♥❞ ❝ t r ❧ ♣r❡ss❡❞ ✐ t ✇ ✐ ❧ ❧ ♥♦t ❝❤❡❝❦ ❢ ♦ r t❤❡♠ ❛ s❡❝♦♥❞ t✐♠❡ ✳

✻✺✼ ∗ ❘❡t✉r♥s t r✉❡ ✐ ❢ t❤❡ ♣r❡ss❡❞ ❝♦♠❜✐♥❛t✐♦♥ ✐ s ❛ r ❡ ❣ ✐ s t ❡ r ❡ ❞ ❤♦t❦❡② ✱

✻✺✽ ∗ ❢ ❛ ❧ s ❡ ✐ ❢ ♥♦t ✳

✻✺✾ ∗✴

✻✻✵

✻✻✶ ❢✉♥❝ t ✐ ♦♥ ❴❤❛♥❞❧❡❍♦t❦❡② ✭✇✐♥❞♦✇❴❡✈❡♥t ✮

✻✻✷ ④

✻✻✸ ✈❛r ❦❡② ❂ ❙t r ✐♥❣ ✳ ❢r♦♠❈❤❛r❈♦❞❡ ✭✇✐♥❞♦✇❴❡✈❡♥t ✳ ✇❤✐❝❤ ✮ ❀

✻✻✹ s✇✐t❝❤ ✭ ❦❡② ✮ ④

✻✻✺ ❝❛s❡ ✬✇ ✬ ✿

✻✻✻ ❛❥❛①❲▼✳♥❡✇❲✐♥❞♦✇✭✽✵ ✱ ✷ ✺ ✱ ✵ ✱ ✵ ✮ ❀

✻✻✼ r❡t✉r♥ tr✉❡ ❀

✻✻✽

✻✻✾ ❝❛s❡ ✬ ❝ ✬ ✿

✻✼✵ ✐ ❢ ✭ ❴❢♦❝✉s❡❞❲✐♥■❞ ❂❂ ✉♥❞❡❢ ✐♥❡❞ ✮

✻✼✶ r❡t✉r♥ tr✉❡ ❀

✻✼✷

✻✼✸ ✐ ❢ ✭❴✇✐♥❞♦✇s ❬ ❴❢♦❝✉s❡❞❲✐♥■❞ ❪ ❂❂ ✉♥❞❡❢ ✐♥❡❞ ✮

✻✼✹ r❡t✉r♥ tr✉❡ ❀

✻✼✺

✻✼✻ ❴✇✐♥❞♦✇s ❬ ❴❢♦❝✉s❡❞❲✐♥■❞ ❪ ✳ ❝ ❧ ♦ s ❡ ✭ ✮ ❀

✻✼✼ r❡t✉r♥ tr✉❡ ❀

✻✼✽

✻✼✾ ❝❛s❡ ✬ ❞ ✬ ✿

✻✽✵ ✈❛r t♠♣ ❂ ✧✧ ❀

✻✽✶ ❢♦r ✭ ✈❛r ✐ ❂ ✵ ❀ ✐ ❁ ❴✇✐♥❞♦✇❖r❞❡r ✳ ❧ ❡♥❣t❤ ❀ ✰✰✐ ✮ ④

✻✽✷ t♠♣ ✰❂ ✧ ✐❂✧ ✰ ✐ ✰ ✧ ❴✇✐♥❖ ❬ ✐ ❪❂✧ ✰ ❴✇✐♥❞♦✇❖r❞❡r ❬ ✐ ❪ ✰ ✧❭♥✧ ❀

✻✽✸ ⑥

✻✽✹ ❛ ❧ ❡ r t ✭t♠♣ ✮ ❀

✻✽✺ r❡t✉r♥ tr✉❡ ❀

✻✽✻

✻✽✼ ❞❡❢❛✉❧t ✿

✻✽✽ ✐ ❢ ✭ ✦ ✐s◆❛◆ ✭ ❦❡② ✮ ✮ ④

✻✽✾ ✴✴ ❞❡❜✉❣ ❢ ♦ r ■❊

✻✾✵ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❴❤❛♥❞❧❡❍♦t❦❡② ✬ ✱

✻✾✶ ✬ ✇❤✐❝❤❂✬ ✰ ✇✐♥❞♦✇❴❡✈❡♥t ✳ ✇❤✐❝❤ ✰ ✬ ❦❡②❂✬ ✰ ❦❡② ✮ ❀

✻✾✷ ✴✴ ❦❡② ✐ s ❛ ♥✉♠❜❡r − ❝❤❛♥❣❡ ❞❡s❦ t♦♣

✻✾✸ ✴✴ s✉ ❜ s t r ❛ ❝ t ✶ ❜❡❝❛✉s❡ ❞❡s❦ t♦♣ ✐ ❞ s s t ❛ r t ❛t ✵ ✱ ♥♦t ❛t ✶

✻✾✹ ❛❥❛①❲▼✳ s✇✐t❝❤❚♦❉❡s❦t♦♣ ✭ ❦❡② − ✶ ✮ ❀

✻✾✺ r❡t✉r♥ tr✉❡ ❀

✻✾✻ ⑥ ❡❧s❡ ④

✻✾✼ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✻✾✽ ⑥

✻✾✾ ⑥

✼✵✵ ⑥

✼✵✶

✼✵✷ ✴✴⑥⑥⑥

✼✵✸ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴❡♥q✉❡✉❡❊✈❡♥t ✭❛❥❛①❲▼❴❡✈❡♥t✮

✽✸



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✼✵✹

✼✵✺ ✴∗∗

✼✵✻ ∗ ❆❞❞s ❛♥ ❡✈❡♥t t♦ t❤❡ q✉❡✉❡ ❢ ♦ r s❡♥❞✐♥❣ ✐ t t♦ t❤❡ s❡ r✈❡ r ✳

✼✵✼ ∗

✼✵✽ ∗ ❚❤❡ ❡✈❡♥t ✐ s ❛❞❞❡❞ t♦ t❤❡ t♦♣ ♦ ❢ t❤❡ q✉❡✉❡ ✳ ❲❤❡♥ ♥♦ r❡q✉❡ s t ✐ s

✼✵✾ ∗ ♣❡r❢♦r♠❡❞ ❛ t✐♠❡♦✉t ♦ ❢ ♦♥❡ ♠✐ ❧ ❧ ✐ s ❡ ❝♦♥❞ ❢♦ r t❤❡ ❴♣r♦❝❡ss◗✉❡✉❡ ✭✮

✼✶✵ ∗ ♠❡t❤♦❞ ✐ s s ❡ t ✇❤✐❝❤ ✇ ✐ ❧ ❧ s❡♥❞ ❡✈❡ r② t❤ ✐♥❣ ✐♥ t❤❡ q✉❡✉❡ ✳ ■ ❢ t ❤❛ t

✼✶✶ ∗ ♠❡t❤♦❞ ✐ s ❛ ❧ r❡❛❞② r✉♥♥✐♥❣ ✐ t ✇♦♥ ✬ t ❜❡ ❝ ❛ ❧ ❧ ❡ ❞ t✇✐❝❡ ❛s ✐ t ✇ ✐ ❧ ❧

✼✶✷ ∗ r✉♥ ✉♥ t ✐ ❧ t❤❡ ✇❤♦❧❡ q✉❡✉❡ ✐ s ❡♠♣t② ✳

✼✶✸ ∗✴

✼✶✹

✼✶✺ ❢✉♥❝ t ✐ ♦♥ ❴❡♥q✉❡✉❡❊✈❡♥t ✭❛❥❛①❲▼❴❡✈❡♥t✮

✼✶✻ ④

✼✶✼ ❴q✉❡✉❡❞❊✈❡♥ts ✳ ♣✉s❤ ✭❛❥❛①❲▼❴❡✈❡♥t ✮ ❀

✼✶✽ ✐ ❢ ✭ ❴✐s❙❡♥❞✐♥❣ ✮

✼✶✾ r❡t✉r♥ ❀

✼✷✵ ✇✐♥❞♦✇ ✳ ❝ ❧❡❛r❚✐♠❡♦✉t ✭ ❴♣r♦❝❡ss◗✉❡✉❡❚✐♠❡♦✉t ✮ ❀ ✴✴ ❜✉ ❣ ❢ ✐ ①

✼✷✶ ❴♣r♦❝❡ss◗✉❡✉❡❚✐♠❡♦✉t ❂ ✇✐♥❞♦✇ ✳ s❡t❚✐♠❡♦✉t ✭❴♣r♦❝❡ss◗✉❡✉❡ ✱ ✶ ✮ ❀

✼✷✷ ⑥

✼✷✸

✼✷✹ ✴✴⑥⑥⑥

✼✷✺ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴✐s❊✈❡♥t❱❛❧✐❞ ✭❛❥❛①❲▼❴❡✈❡♥t✮

✼✷✻

✼✷✼ ✴∗∗

✼✷✽ ∗ ❈❤❡❝❦s ✇❤❡t❤❡r ❛♥ ❡✈❡♥t ✐ s ✈ ❛ ❧ ✐ ❞ ♦r ♥♦t ✳

✼✷✾ ∗

✼✸✵ ∗ ❆♥ ❡✈❡♥t ✐ s ✐ ♥ ✈❛ ❧ ✐ ❞ ✱ ✇❤❡♥

✼✸✶ ∗ ∗ ✐ t ❝♦♥❝❡r♥s ❛ ✇✐♥❞♦✇ t❤❛ t ✐ s ♥♦t ❡ ① ✐ s t ✐ ♥ ❣

✼✸✷ ∗

✼✸✸ ∗ ❅r❡t✉r♥ ❜♦♦ ❧ t r✉❡ ✐ ❢ ❡✈❡♥t ✐ s ✈❛ ❧ ✐ ❞ ✱ ❢ ❛ ❧ s ❡ ✐ ❢ ♥♦t

✼✸✹ ∗✴

✼✸✺

✼✸✻ ❢✉♥❝ t ✐ ♦♥ ❴✐s❊✈❡♥t❱❛❧✐❞ ✭❛❥❛①❲▼❴❡✈❡♥t ✮

✼✸✼ ④

✼✸✽ ✴✴ ❚❖❉❖ ❝♦❞❡ ❝ ❧ ❡❛♥ ✐♥❣

✼✸✾ ✈❛r r ❡ s ✉ ❧ t ❂ tr✉❡ ❀

✼✹✵ tr② ④

✼✹✶ ✐ ❢ ✭ ✉♥❞❡❢ ✐♥❡❞ ✦❂ ❛❥❛①❲▼❴❡✈❡♥t ❬ ✬❲✬ ❪ ✮ ④

✼✹✷ ✐ ❢ ✭ ✉♥❞❡❢ ✐♥❡❞ ❂❂ ❴✇✐♥❞♦✇s ❬ ❛❥❛①❲▼❴❡✈❡♥t ❬ ✬❲✬ ❪ ❪ ✮ ④

✼✹✸ ✈❛r ❡ ❂ ✬❲✐♥❞♦✇ ✬ ✰ ❛❥❛①❲▼❴❡✈❡♥t ❬ ✬❲✬ ❪

✼✹✹ ✰ ✬ ❞♦❡s ♥♦t ❡ ① ✐ s t ✳ ✬

✼✹✺ ✰ ✬ ❊✈❡♥t ✿ ✬ ✰ ❛❥❛①❲▼❴❡✈❡♥t ❬ ✬ ❡ ✬ ❪ ❀

✼✹✻ t❤r♦✇ ❡ ❀

✼✹✼ ⑥

✼✹✽ ⑥

✼✹✾ ⑥ ❝❛t❝❤ ✭ ❡ ✮ ④

✼✺✵ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❴✐s❊✈❡♥t❱❛❧✐❞ ✬ ✱ ❡ ✮ ❀

✼✺✶ r ❡ s ✉ ❧ t ❂ ❢❛ ❧ s❡ ❀

✼✺✷ ⑥ ❢ ✐♥❛ ❧ ❧② ④

✼✺✸ r❡t✉r♥ r ❡ s ✉ ❧ t ❀

✼✺✹ ⑥

✼✺✺ ⑥

✼✺✻

✼✺✼ ✴✴⑥⑥⑥

✼✺✽ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴♣r♦❝❡ss◗✉❡✉❡ ✭✮

✼✺✾

✼✻✵ ✴∗∗

✼✻✶ ∗ Pr♦❝❡ss❡s t❤❡ q✉❡✉❡ ✉ ♥ t ✐ ❧ ✐ t ✐ s ❡♠♣t② ✳

✼✻✷ ∗

✽✹



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✼✻✸ ∗ ❈❛ ❧ ❧ s t❤❡ ✇✐♥❞♦✇ ♠❛♥❛❣❡rs ❴❝♦♠♠✉♥✐❝❛t❡ ✭✮ ♠❡t❤♦❞ ✇❤✐❝❤ ❤❛♥❞ ❧❡s t❤❡

✼✻✹ ∗ r❡s♣♦♥s❡ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ r❡q✉❡ s t t ❤❛ t ❤❛s ❜❡❡♥ s❡♥t ✳

✼✻✺ ∗

✼✻✻ ∗ ❋■❳▼❊✿ ❛❞❞ ❢ ❧ ❛ ❣ t ❤❛ t ✐ ♥ ❞ ✐ ❝ ❛ t ❡ s ✐ ❢ ❛ ❧ ❧ r ❡ q✉❡ s t s ❤❛✈❡ ❝♦♠♣❧❡t❡❞

✼✻✼ ∗✴

✼✻✽

✼✻✾ ❢✉♥❝ t ✐ ♦♥ ❴♣r♦❝❡ss◗✉❡✉❡ ✭ ✮

✼✼✵ ④

✼✼✶ ✴✴ ❝❤❡❝❦ ✐ ❢ t ❤ ✐ s ♠❡t❤♦❞ ✐ s ❛ ❧ r❡❛❞② r✉♥♥✐♥❣ ✳

✼✼✷ ✴✴ ❙✐♥❝❡ t ❤ ✐ s ♠❡t❤♦❞ ✇ ✐ ❧ ❧ ❛ ❧✇❛②s r✉♥ ✉♥ t ✐ ❧ t❤❡ q✉❡✉❡ ✐ s ❡♠♣t② t❤❡r❡ ✐ s

✼✼✸ ✴✴ ♥♦ ♥❡❡❞ t♦ ❝ ❛ ❧ ❧ ✐ t t✇ ✐❝❡ ✳

✼✼✹ ✐ ❢ ✭ ❴✐s❙❡♥❞✐♥❣ ✦❂ ✵✮

✼✼✺ r❡t✉r♥ ❀

✼✼✻ ❴✐s❙❡♥❞✐♥❣ ❂ ✶ ❀

✼✼✼

✼✼✽ ✐ ❢ ✭ ✦ ❴s❝r❡❡♥❚②♣❡ ✮

✼✼✾ r❡t✉r♥ ❀

✼✽✵

✼✽✶ ✇✐♥❞♦✇ ✳ ❝ ❧❡❛r❚✐♠❡♦✉t ✭ ❴s❡ss✐♦♥❚✐♠❡♦✉t ✮ ❀

✼✽✷ ❴s❡ss✐♦♥❚✐♠❡♦✉t ❂ ✇✐♥❞♦✇ ✳ s❡t❚✐♠❡♦✉t ✭ ❴♦♥❙❡ss✐♦♥❚✐♠❡♦✉t ✱ ❴♠❛①■❞❧❡❚✐♠❡ ✮ ❀

✼✽✸

✼✽✹ ✴✴ s t ❛ r t t❤❡ ❧♦♦♣ ✇❤✐❝❤ ✇ ✐ ❧ ❧ r✉♥ ✉♥ t ✐ ❧ ❛ ❧ ❧ ❡✈❡♥ t s ❛r❡ ♣r♦❝❡ss❡❞

✼✽✺ ✇❤✐❧❡ ✭❴q✉❡✉❡❞❊✈❡♥ts ✳ ❧ ❡♥❣t❤ ❃ ✵✮ ④

✼✽✻ ✴✴ ❣❡ t t❤❡ ♥❡①t ❡✈❡♥t ✐♥ ❧ ✐ s t ✳ ■ t ✇ ✐ ❧ ❧ ❜❡ ♦♥ ❜♦tt♦♠ ♦❢ t❤❡ s t❛❝❦

✼✽✼ ✴✴ ✭ ✐♥❞❡① ❂ ✵ ✱ ♥❡✇ ❡✈❡♥t s ✇ ✐ ❧ ❧ ❜❡ ✐ ♥ s ❡ r t ❡ ❞ ♦♥ t♦♣ ✮

✼✽✽ ✈❛r ❡ ❂ ❴q✉❡✉❡❞❊✈❡♥ts ✳ s ❤ ✐ ❢ t ✭ ✮ ❀

✼✽✾

✼✾✵ ✴✴ ✇❤❡♥ t❤❡ ❡✈❡♥t ✐ s ♥♦t ✈❛ ❧ ✐ ❞ ✱ ❝♦♥t ✐♥✉❡ ✇✐t❤ ♥❡①t ❡✈❡♥t

✼✾✶ ✐ ❢ ✭ ✦ ❴✐s❊✈❡♥t❱❛❧✐❞ ✭ ❡ ✮ ✮

✼✾✷ ❝♦♥t✐♥✉❡ ❀

✼✾✸

✼✾✹ ✴✴ s❡♥❞ t❤❡ r❡q✉❡ s t ❢ ♦ r t ❤ ✐ s ❡✈❡♥t ❛♥❞ ❤❛♥❞❧❡ ✐ t s r❡s♣♦♥s❡

✼✾✺ ❴❝♦♠♠✉♥✐❝❛t❡ ✭ ❡ ✮ ❀

✼✾✻ ⑥

✼✾✼

✼✾✽ ❴✐s❙❡♥❞✐♥❣ ❂ ✵ ❀

✼✾✾ ⑥

✽✵✵

✽✵✶ ✴✴⑥⑥⑥

✽✵✷ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴❝♦♠♠✉♥✐❝❛t❡ ✭❛❥❛①❲▼❴❡✈❡♥t✮

✽✵✸

✽✵✹ ✴∗∗

✽✵✺ ∗ P❡r❢♦r♠s ❛ r❡q✉❡ s t ❢ ♦ r t❤❡ ♣❛ss❡❞ ❡✈❡♥t ❛♥❞ ❤❛♥❞ ❧❡s t❤❡ s ❡ r ✈ ❡ r s

✽✵✻ ∗ r❡s♣♦♥s❡ ✳

✽✵✼ ∗

✽✵✽ ∗ ❈♦♥t❛✐♥s t❤❡ ♠❡t❤♦❞ ♦♥r❡❛❞②st❛t❝❤❛♥❣❡ ♦ ❢ t❤❡ r❡q✉❡ s t t ❤❛ t ✇❛s ❡♥❞

✽✵✾ ∗ t♦ t❤❡ s❡ r✈❡ r ✳ ❚❤❛t ❢✉♥❝ t ✐ ♦♥ ✇ ✐ ❧ ❧ ❝❤❡❝❦ ✐ ❢ ❡ ✈ ❡ r② t❤ ✐♥❣ ✇❡♥t ❢ ✐ ♥ ❡

✽✶✵ ∗ ❛♥❞ t❤❡♥ ❝ ❛ ❧ ❧ ❆❥❛①❲▼❴▼❛♥❛❣❡r ✿ ✿ ❴❤❛♥❞❧❡❘❡s♣♦♥s❡ ✭ ✮ ✳

✽✶✶ ∗✴

✽✶✷

✽✶✸ ❢✉♥❝ t ✐ ♦♥ ❴❝♦♠♠✉♥✐❝❛t❡ ✭❛❥❛①❲▼❴❡✈❡♥t✮

✽✶✹ ④

✽✶✺ ✈❛r q✉❡r② ❂ ✭❴s✐❞ ✦❂ ✉♥❞❡❢ ✐♥❡❞ ❄ ✧ s❂✧ ✰ ❴s✐❞ ✿ ✬ ✬ ✮ ❀

✽✶✻ ❢♦r ✭ ❦❡② ✐♥ ❛❥❛①❲▼❴❡✈❡♥t ✮ ④

✽✶✼ ✴✴ ❝✉t ♦ ❢ ❢ ① ❛♥❞ ② s ✐♥❝❡ t❤❡② ❛r❡ ♦♥❧② ♥❡❡❞❡❞ ❢♦ r ✐ ♥ t ❡ r ♥❛ ❧ ✉s❡

✽✶✽ ✐ ❢ ✭❛❥❛①❲▼❴❡✈❡♥t ❬ ✬ ❡ ✬ ❪ ❂❂ ✬♥✇ ✬ ✫✫ ❦❡② ❂❂ ✬① ✬ ✮

✽✶✾ ❜r❡❛❦ ❀

✽✷✵ q✉❡r② ✰❂ ✧✫✧ ✰ ❦❡② ✰ ✧❂✧ ✰ ❛❥❛①❲▼❴❡✈❡♥t ❬ ❦❡② ❪ ❀

✽✷✶ ⑥

✽✺



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✽✷✷

✽✷✸ ✴✴ ❝r❡❛ t ❡ r ❡q✉❡ s t ♦ ❜ ❥ ❡ ❝ t

✽✷✹ ✈❛r r ❡q✉❡ s t ❂ ♥❡✇ ❳▼▲❍tt♣❘❡q✉❡st ✭ ✮ ❀

✽✷✺

✽✷✻ ✴✴ ❜❡ ❢♦ r ❡ s❡♥❞✐♥❣ t❤❡ r ❡q✉❡ s t ✇❡ ❤❛✈❡ t♦ s ❡ t t❤❡ r❡s♣♦♥s❡ ❤❛♥❞ ❧ ✐♥❣ ✉♣

✽✷✼ ✴✴④④④ r❡q✉❡ s t ✳ ♦♥r❡❛❞②st❛t❡❝❤❛♥❣❡ ❂ ❢✉♥❝ t ✐♦♥ ✭✮

✽✷✽

✽✷✾ ✴∗∗

✽✸✵ ∗ ❍❛♥❞❧❡s t❤❡ r❡s♣♦♥s❡ ♦ ❢ t❤❡ ❳▼▲❍tt♣❘❡q✉❡st ✳

✽✸✶ ∗

✽✸✷ ∗ ❱❛❧ ✐❞❛ t ❡ s r ❡q✉❡ s t s t ❛ t ❡ ❛♥❞ ❝ ❛ ❧ ❧ s

✽✸✸ ∗ ❆❥❛①❲▼✿ ✿ ❴❤❛♥❞❧❡❘❡s♣♦♥s❡ ✭✮ ♦♥ t❤❡ r❡q✉❡ s t ♣❛ss ✐♥❣ t ❤❛ t

✽✸✹ ∗ ❝❤❡❝❦s ✳

✽✸✺ ∗✴

✽✸✻

✽✸✼ r❡q✉❡ s t ✳ ♦♥r❡❛❞②st❛t❡❝❤❛♥❣❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✽✸✽ ④

✽✸✾ ✴✴ s t ❛ t ❡ ✹ ♠❡❛♥s t ❤❛ t t❤❡ r❡q✉❡ s t ✐ s ❝♦♠♣❧❡t❡❞

✽✹✵ ✐ ❢ ✭ r ❡q✉❡ s t ✳ r❡❛❞②❙t❛t❡ ✦❂ ✹✮

✽✹✶ r❡t✉r♥ ❀

✽✹✷

✽✹✸ ✇✐♥❞♦✇ ✳ ❝ ❧❡❛r❚✐♠❡♦✉t ✭ ❴❝♦♥♥❡❝t✐♦♥❚✐♠❡♦✉t ✮ ❀

✽✹✹

✽✹✺ ✴✴ ❝❤❡❝❦ t❤❡ ❍❚▼▲ s t ❛ t ✉ s ❝♦❞❡ ✐ ❢ ✐ t ✐ s ✷✵✵ ✭❖❑✮

✽✹✻ ✐ ❢ ✭ r ❡q✉❡ s t ✳ s t ❛ t✉ s ✦❂ ✷✵✵✮ ④

✽✹✼ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧ r ❡q✉❡ s t ✳ ♦♥r❡❛❞②st❛t❡❝❤❛♥❣❡ ✧ ✱

✽✹✽ ✧❘❡q✉❡st ❣♦t ❜❛❞ ❍❚▼▲ st❛ t✉ s ❝♦❞❡ ✿ ✧ ✰ r❡q✉❡s t ✳ s t ❛ t✉ s ✮ ❀

✽✹✾ r❡t✉r♥ ❀

✽✺✵ ⑥

✽✺✶

✽✺✷ ✴✴ ❡✈❡r② r❡q✉❡ s t t ❤❛ t r❡❛❝❤❡s t ❤ ✐ s ♣♦ ✐♥ t ✐ s ✈ ❛ ❧ ✐ ❞

✽✺✸

✽✺✹ ❴❤❛♥❞❧❡❘❡s♣♦♥s❡ ✭ r❡q✉❡st ✱ ❛❥❛①❲▼❴❡✈❡♥t ✮ ❀

✽✺✺ ⑥

✽✺✻

✽✺✼ ✴✴⑥⑥⑥

✽✺✽ ✴✴❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧❴❝♦♠♠✉♥✐❝❛t❡✧ ✱ q✉❡r② ✮ ❀

✽✺✾ r❡q✉❡ s t ✳ ♦♣❡♥ ✭ ✧P❖❙❚✧ ✱ ✧ ❡✈❡♥t ✧ ✱ tr✉❡ ✮ ❀

✽✻✵ r❡q✉❡ s t ✳ s❡t❘❡q✉❡st❍❡❛❞❡r ✭ ✬ ❈♦♥t❡♥t−❚②♣❡ ✬ ✱

✽✻✶ ✬ ❛♣♣ ❧ ✐ ❝ ❛ t ✐ ♦♥ ✴①−✇✇✇−❢♦r♠−✉r ❧❡♥❝♦❞❡❞ ✬ ✮ ❀

✽✻✷ tr② ④

✽✻✸ ✇✐♥❞♦✇ ✳ ❝ ❧❡❛r❚✐♠❡♦✉t ✭ ❴❝♦♥♥❡❝t✐♦♥❚✐♠❡♦✉t ✮ ❀ ✴✴ ❜✉ ❣ ❢ ✐ ①

✽✻✹ ❴❝♦♥♥❡❝t✐♦♥❚✐♠❡♦✉t ❂ ✇✐♥❞♦✇ ✳ s❡t❚✐♠❡♦✉t ✭❴t✐♠❡♦✉t ✱ ✷✵✵✵✵✮ ❀

✽✻✺ r❡q✉❡ s t ✳ s❡♥❞ ✭ q✉❡r② ✮ ❀

✽✻✻ ⑥ ❝❛t❝❤ ✭ ❡①❝❡♣t ✐♦♥ ✮ ④

✽✻✼ ✇✐♥❞♦✇ ✳ ❝ ❧❡❛r❚✐♠❡♦✉t ✭ ❴❝♦♥♥❡❝t✐♦♥❚✐♠❡♦✉t ✮ ❀

✽✻✽ ✈❛r ❡ r r ♦ r ❂ ✧❈♦✉❧❞ ♥♦t s❡♥❞ r❡q✉❡ s t ✳ ✧ ❀

✽✻✾ ❡ r r ♦ r ✰❂ ✧ ◗✉❡r② ✿ ✧ ✰ q✉❡r② ❀

✽✼✵ ❡ r r ♦ r ✰❂ ✧ ❊①❝❡♣t✐♦♥ ✿ ✧ ✰ ❡①❝❡♣t ✐♦♥ ✳ ♠❡ss❛❣❡ ❀

✽✼✶ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧❴❝♦♠♠✉♥✐❝❛t❡✧ ✱ ❡ r r ♦ r ✮ ❀

✽✼✷ ⑥

✽✼✸ ⑥

✽✼✹

✽✼✺ ✴✴⑥⑥⑥

✽✼✻ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴❤❛♥❞❧❡❘❡s♣♦♥s❡ ✭ r ✱ ❡ ✮

✽✼✼

✽✼✽ ✴∗∗

✽✼✾ ∗ ❍❛♥❞❧❡s t❤❡ ♣❛ss❡❞ r❡s♣♦♥s❡ ❢ ♦ r t❤❡ ❣ ✐✈❡♥ ❛❥❛①❲▼ ❡✈❡♥t ✳

✽✽✵ ∗

✽✻



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✽✽✶ ∗ ❅♣❛r❛♠ ❳▼▲❍tt♣❘❡q✉❡st r ❈♦♠♣❧❡t❡❞ r❡q✉❡ s t ✭ ♦♥❧② r❡s♣♦♥s❡ ✐ s ♥❡❡❞❡❞ ✮

✽✽✷ ∗ ❅♣❛r❛♠ ❖❜❥❡❝t ❡ ❆❥❛①❲▼−❡✈❡♥t ❢ ♦ r ✇✐❝❤ t❤❡ r ❡q✉❡ s t ❤❛s ❜❡❡♥ ❧❛✉♥❝❤❡❞

✽✽✸ ∗✴

✽✽✹

✽✽✺ ❢✉♥❝ t ✐ ♦♥ ❴❤❛♥❞❧❡❘❡s♣♦♥s❡ ✭ r ✱ ❡ ✮

✽✽✻ ④

✽✽✼ s✇✐t❝❤ ✭ ❡ ❬ ✬ ❡ ✬ ❪ ✮ ④

✽✽✽ ❝❛s❡ ✬ ❧ ✐ ✬ ✿

✽✽✾ ✴✴ r❡s♣♦♥s❡ ✐ s s ❡ s s ✐ ♦♥ ✐❞ ♦r ♥❡❣❛ t ✐ ✈ ❡ ❡rr♦r ❝♦❞❡

✽✾✵ ✈❛r r❡ s♣♦♥s❡ ❂ r ✳ r❡s♣♦♥s❡❚❡①t ❀

✽✾✶ ✐ ❢ ✭ r ❡ s♣♦♥s❡ ❁ ✵✮ ④ ✴✴ ❡rr♦r ❝♦❞❡s ❛r❡ ♥❡❣❛ t ✐ ✈ ❡

✽✾✷ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬❴❝♦♠♠✉♥✐❝❛t❡ ✬ ✱

✽✾✸ ✬ ▲♦❣✐♥ ❢ ❛ ✐ ❧ ❡ ❞ ✳ ❘❡s♣♦♥s❡ ✐ s ✬ ✰ r❡s♣♦♥s❡ ✮ ❀

✽✾✹ ❛❥❛①❲▼❴▲♦❣✐♥❙❝r❡❡♥ ✳ s ❡ t❘❡ s✉ ❧ t ✭ ❢❛ ❧ s❡ ✮ ❀

✽✾✺ ❜r❡❛❦ ❀

✽✾✻ ⑥

✽✾✼ ❴s✐❞ ❂ r❡s♣♦♥s❡ ❀

✽✾✽ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬❴❝♦♠♠✉♥✐❝❛t❡ ✬ ✱

✽✾✾ ✬ ▲♦❣✐♥ s ✉ ❝ ❝ ❡ s s ❢ ✉ ❧ ✱ s ❡ s s ✐ ♦ ♥ ✐❞ ✐ s ✬ ✰ ❴s✐❞ ✮ ❀

✾✵✵ ❛❥❛①❲▼❴▲♦❣✐♥❙❝r❡❡♥ ✳ s ❡ t❘❡ s✉ ❧ t ✭ tr✉❡ ✮ ❀

✾✵✶ ❴✐♥✐t❉❡s❦t♦♣❯s❛❣❡ ✭ ✮ ❀

✾✵✷ ❴s❡ss✐♦♥❚✐♠❡♦✉t ❂ ✇✐♥❞♦✇ ✳ s❡t❚✐♠❡♦✉t ✭ ❴♦♥❙❡ss✐♦♥❚✐♠❡♦✉t ✱ ❴♠❛①■❞❧❡❚✐♠❡ ✮ ❀

✾✵✸ ❜r❡❛❦ ❀

✾✵✹

✾✵✺ ❝❛s❡ ✬♥✇ ✬ ✿

✾✵✻ ✴✴ r❡s♣♦♥s❡ ✐ s ✐❞ ♦ ❢ ♥❡✇ ✇✐♥❞♦✇ ♦r −✶ ♦♥ ❢ ❛ ✐ ❧ ✉ r ❡

✾✵✼ ✈❛r ✐❞ ❂ r ✳ r❡s♣♦♥s❡❚❡①t ❀

✾✵✽ ✐ ❢ ✭ ✐❞ ❂❂ −✶✮ ④

✾✵✾ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬❴❝♦♠♠✉♥✐❝❛t❡ ✬ ✱

✾✶✵ ✬ ❈♦✉❧❞ ♥♦t ❝ r ❡ ❛ t ❡ ♥❡✇ ✇✐♥❞♦✇ ✳ ✬ ✰

✾✶✶ ✬ ❘❡s♣♦♥s❡ ✇❛s ✧ ✬ ✰ ✐❞ ✰ ✬ ✧ ✬ ✮ ❀

✾✶✷ ❜r❡❛❦ ❀

✾✶✸ ⑥

✾✶✹ ❴✇✐♥❞♦✇s ❬ ✐❞ ❪ ❂ ♥❡✇ ❆❥❛①❲▼❴❲✐♥❞♦✇✭

✾✶✺ ❴❛❝t✐✈❡❉❡s❦■❞ ✱ ✐❞ ✱ ❡ ❬ ✬✇ ✬ ❪ ✱ ❡ ❬ ✬ ❤ ✬ ❪ ✱ ❡ ❬ ✬ ① ✬ ❪ ✱ ❡ ❬ ✬ ② ✬ ❪ ✮ ❀

✾✶✻ ❛❥❛①❲▼✳ s✇✐t❝❤❚♦❲✐♥❞♦✇ ✭❴✇✐♥❞♦✇s ❬ ✐❞ ❪ ✮ ❀

✾✶✼ ❜r❡❛❦ ❀

✾✶✽

✾✶✾ ❝❛s❡ ✬ ❝✇ ✬ ✿

✾✷✵ ✴✴ r❡s♣♦♥s❡ ❝❛♥ ❜❡ ❤❛♥❞❧❡❞ t❤❡ s❛♠❡ ✇❛② ❛s ✐♥ ❡❂❦✇ ✭ ❜② ♥♦✇✮

✾✷✶

✾✷✷ ❝❛s❡ ✬❦✇ ✬ ✿

✾✷✸ ✴✴ r❡s♣♦♥s❡ ✐ s r ❡ s ✉ ❧ t ✭✵ ❂ ❢ ❛ ❧ s ❡ ✱ ✶ ❂ tr✉❡ ✮

✾✷✹

✾✷✺ ✈❛r ✐❞ ❂ ❡ ❬ ✬❲✬ ❪ ❀

✾✷✻ ✈❛r r ❡ s ✉ ❧ t ❂ ✭ r ✳ r❡s♣♦♥s❡❚❡①t ❂❂ ✶ ✮ ❀

✾✷✼

✾✷✽ ✐ ❢ ✭ ✦ r ❡ s ✉ ❧ t ✮ ④

✾✷✾ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬❴❝♦♠♠✉♥✐❝❛t❡ ✬ ✱

✾✸✵ ✬ ❙❡r✈❡r r❡t✉r♥❡❞ ✬ ✰ r ❡ s ✉ ❧ t ✰ ✬ ❢ ♦ r ❡✈❡♥t ✬ ✰

✾✸✶ ❡ ❬ ✬ ❡ ✬ ❪ ✰ ✬ ♦ ❢ ✐❞ ✬ ✰ ❡ ❬ ✬❲✬ ❪ ✮ ❀

✾✸✷ ⑥ ❡❧s❡ ✐ ❢ ✭❴✇✐♥❞♦✇s ❬ ✐❞ ❪ ✳ ❞❡s t r♦② ✭ ✮ ✮ ④

✾✸✸ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬❴❝♦♠♠✉♥✐❝❛t❡ ✬ ✱

✾✸✹ ✬❘❡♠♦✈✐♥❣ ✇✐♥❞♦✇ ✬ ✰ ✐❞ ✮ ❀

✾✸✺

✾✸✻ ❞ ❡ ❧ ❡ t ❡ ✭❴✇✐♥❞♦✇s ❬ ✐❞ ❪ ✮ ❀

✾✸✼ ✴✴ r❡♠♦✈❡ ✇✐♥❞♦✇ ✐❞ ❢r♦♠ ♦r❞❡r

✾✸✽ ❢♦r ✭ ✈❛r ✐ ❂ ✵ ❀ ✐ ❁ ❴✇✐♥❞♦✇❖r❞❡r ✳ ❧ ❡♥❣t❤ ❀ ✰✰✐ ✮ ④

✾✸✾ ✐ ❢ ✭❴✇✐♥❞♦✇❖r❞❡r ❬ ✐ ❪ ❂❂ ✐❞ ✮

✽✼



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✾✹✵ ❴✇✐♥❞♦✇❖r❞❡r ✳ s ♣ ❧ ✐ ❝ ❡ ✭ ✐ ✱ ✶ ✮ ❀

✾✹✶ ⑥

✾✹✷ ✈❛r ♣r❡✈✐♦✉s❲✐♥❞♦✇ ❂ ❴❣❡t❘❡❝❡♥t❲✐♥❞♦✇ ✭ ✮ ❀

✾✹✸ ✴✴ ✇❤❡♥ t❤❡r❡ ✐ s ❛♥♦t❤❡r ✇✐♥❞♦✇

✾✹✹ ✐ ❢ ✭ ♣r❡✈✐♦✉s❲✐♥❞♦✇ ✦❂ −✶✮ ④

✾✹✺ ✴✴ s✇✐ t❝❤ t♦ ✐ t

✾✹✻ ❛❥❛①❲▼✳ s✇✐t❝❤❚♦❲✐♥❞♦✇ ✭ ♣r❡✈✐♦✉s❲✐♥❞♦✇ ✮ ❀

✾✹✼ ✴✴ ✐ ❢ ♥♦t

✾✹✽ ⑥ ❡❧s❡ ④

✾✹✾ ✴✴ s ❡ t t❤❡ ❢ ❧ ❛ ❣ t♦ ✐ ♥❞ ✐ ❝ ❛ t ❡ t ❤❛ t ♥♦ ✇✐♥❞♦✇ ✐ s ❢♦❝✉s❡❞ ❛♥②♠♦r❡

✾✺✵ ❴❢♦❝✉s❡❞❲✐♥■❞ ❂ ✉♥❞❡❢ ✐♥❡❞ ❀

✾✺✶ ⑥

✾✺✷ ⑥ ❡❧s❡ ④

✾✺✸ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬❴❝♦♠♠✉♥✐❝❛t❡ ✬ ✱

✾✺✹ ✬ ❞❡s t r♦② ✭ ✮ ❢ ❛ ✐ ❧ ❡ ❞ ✳ ✬ ✮ ❀

✾✺✺ ⑥

✾✺✻ ❜r❡❛❦ ❀

✾✺✼

✾✺✽ ❝❛s❡ ✬ ❦♣ ✬ ✿

✾✺✾ ✴✴ r❡s♣♦♥s❡ ❝❛♥ ❜❡ ❤❛♥❞❧❡❞ t❤❡ s❛♠❡ ✇❛② ❛s ✐♥ ❡❂s②

✾✻✵

✾✻✶ ❝❛s❡ ✬ s② ✬ ✿

✾✻✷ ✴✴ r❡s♣♦♥s❡ ✐ s ❡ ✐ t ❤ ❡ r ♥❡✇ ❝♦♥t❡♥t ♦r ❁✐❞❡♠ ✴❃❀

✾✻✸ ✴✴ ❆❥❛①❲▼❴❲✐♥❞♦✇ ✿ ✿ ✉♣❞❛t❡ ✭✮ ❤❛♥❞ ❧❡s t ❤ ✐ s

✾✻✹ ✈❛r ✐❞ ❂ ❡ ❬ ✬❲✬ ❪ ❀

✾✻✺ ✈❛r r❡ s♣♦♥s❡ ❂ r ✳ r❡s♣♦♥s❡❳▼▲ ✳ ❞♦❝✉♠❡♥t❊❧❡♠❡♥t ❀

✾✻✻ ❴✇✐♥❞♦✇s ❬ ✐❞ ❪ ✳ ✉♣❞❛t❡ ✭ r❡ s♣♦♥s❡ ✮ ❀

✾✻✼ ✐ ❢ ✭ ❡ ❬ ✬✇ ✬ ❪ ✫✫ ❡ ❬ ✬❤ ✬ ❪ ✮

✾✻✽ ❴✇✐♥❞♦✇s ❬ ✐❞ ❪ ✳ ❝❛ ❧ ❝❈❤❛r❙ ✐ ③❡ ✭ ✮ ❀

✾✻✾ ❜r❡❛❦ ❀

✾✼✵ ⑥

✾✼✶ ⑥

✾✼✷

✾✼✸ ✴✴⑥⑥⑥

✾✼✹ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴t✐♠❡♦✉t ✭✮

✾✼✺

✾✼✻ ✴∗∗

✾✼✼ ∗ ❈❛❧ ❧ ❡❞ ❜② ❴❝♦♠♠✉♥✐❝❛t❡ ✭✮ ✇❤❡♥ t❤❡ ❝ ❧ ✐ ❡ ♥ t ❞✐❞ ♥♦t r ❡ ❝ ❡ ✐ ✈ ❡ ❛ r❡s♣♦♥s❡

✾✼✽ ∗ ❛ ❢ t ❡ r ❛ t ✐♠❡♦✉t ♦ ❢ s♦♠❡ s❡❝♦♥❞s ✳

✾✼✾ ∗✴

✾✽✵

✾✽✶ ❢✉♥❝ t ✐ ♦♥ ❴t✐♠❡♦✉t ✭ ✮

✾✽✷ ④

✾✽✸ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧❴❝♦♠♠✉♥✐❝❛t❡✧ ✱ ✧❚✐♠❡♦✉t ✳ ✧ ✮ ❀

✾✽✹ ⑥

✾✽✺

✾✽✻ ✴✴⑥⑥⑥

✾✽✼ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴❝❛❧❝❉❡❜✉❣▲❡♥❣t❤ ✭ ❬ ❞✐✈❴♠❡ss❛❣❡ ❪ ✮

✾✽✽

✾✽✾ ✴∗∗

✾✾✵ ∗ ❈❛ ❧ ❝✉ ❧ ❛ t ❡ s t❤❡ ❧ ❡♥❣ t ❤ ♦ ❢ ❞❡❜✉❣❣✐♥❣ ♠❡ss❛❣❡s ❛♥❞ r❡ t✉r♥s t❤❡

✾✾✶ ∗ ❛♠♦✉♥t ♦ ❢ ❝❤❛r❛❝ t ❡ r s ✐♥ t ♦ t ❛ ❧ ✳

✾✾✷ ∗

✾✾✸ ∗ ■ ❢ t❤❡ ♦♣ t ✐ ♦♥❛ ❧ ♣❛r❛♠❡t❡r ❞✐✈❴♠❡ss❛❣❡ ✐ s ♣❛ss❡❞ ✱ t ❤ ✐ s ♠❡t❤♦❞

✾✾✹ ∗ ✇ ✐ ❧ ❧ ♦♥ ❧② ❝ ❛ ❧ ❝ ✉ ❧ ❛ t ❡ t❤❡ t ♦ t ❛ ❧ ❝❤❛rs ♦ ❢ t ❤❛ t ♠❡ss❛❣❡ ✳ ■ ❢ ♥♦t

✾✾✺ ∗ t❤❡ ✇❤♦❧❡ ❧ ❡♥❣ t ❤ ♦ ❢ ❛ ❧ ❧ ❝ ✉ r r ❡♥ t ❧ ② ❡ ① ✐ s t ✐ ♥ ❣ ❞❡❜✉❣❣✐♥❣ ♠❡ss❛❣❡s

✾✾✻ ∗ ✐ s ❝ ❛ ❧ ❝ ✉ ❧ ❛ t ❡ ❞ ✳

✾✾✼ ∗✴

✾✾✽

✽✽



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✾✾✾ ❢✉♥❝ t ✐ ♦♥ ❴❝❛❧❝❉❡❜✉❣▲❡♥❣t❤ ✭ ❞✐✈❴♠❡ss❛❣❡ ✮

✶✵✵✵ ④

✶✵✵✶ ✴✴ t❤❡ t ♦ t ❛ ❧ ❧ ❡♥ ❣ t ❤

✶✵✵✷ ✈❛r ❧ ❡♥❣t❤ ❂ ✵ ❀

✶✵✵✸ ✴✴ ❛rr❛② ❝♦♥t❛ ✐♥ ✐♥❣ ❛ ❧ ❧ ♠❡ss❛❣❡ ❞✐✈−❧ ❛ ② ❡ r s

✶✵✵✹ ✈❛r ♠❡ss❛❣❡s ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✶✵✵✺ ✴✴ t❡♠♣♦r❛r② ❛rr❛② t ❤❛ t ❤♦ ❧❞ s t❤❡ t✇♦ ♣❛r❛❣r❛ ❢ s ♦ ❢ ❛ ♠❡ss❛❣❡ ❞✐✈−❧ ❛ ② ❡ r

✶✵✵✻ ✈❛r ♣ ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✶✵✵✼

✶✵✵✽ ✐ ❢ ✭ ❛r❣✉♠❡♥ts ✳ ❧ ❡♥❣t❤ ✦❂ ✵✮ ④

✶✵✵✾ ♠❡ss❛❣❡s ❬ ✵ ❪ ❂ ❞✐✈❴♠❡ss❛❣❡ ❀

✶✵✶✵ ⑥ ❡❧s❡ ④

✶✵✶✶ ♠❡ss❛❣❡s ❂ ❴❞❡❜✉❣◆♦❞❡ ✳ ❣❡t❊❧❡♠❡♥ts❇②❚❛❣◆❛♠❡ ✭ ✬ ❞✐✈ ✬ ✮ ❀

✶✵✶✷ ⑥

✶✵✶✸

✶✵✶✹ ❢♦r ✭ ✐ ❂ ✵ ❀ ✐ ❁ ♠❡ss❛❣❡s ✳ ❧ ❡♥❣t❤ ❀ ✰✰✐ ✮ ④

✶✵✶✺ ✐ ❢ ✭ ♠❡ss❛❣❡s ❬ ✐ ❪ ✳ ❝❧❛ss◆❛♠❡ ✦❂ ✬ ♠❡ss❛❣❡ ✬ ✮

✶✵✶✻ ❝♦♥t✐♥✉❡ ❀

✶✵✶✼

✶✵✶✽ ♣ ❂ ♠❡ss❛❣❡s ❬ ✐ ❪ ✳ ❣❡t❊❧❡♠❡♥ts❇②❚❛❣◆❛♠❡ ✭ ✬♣ ✬ ✮ ❀

✶✵✶✾ ❢♦r ✭ ❥ ❂ ✵ ❀ ❥ ❁ ♣ ✳ ❧ ❡♥❣t❤ ❀ ✰✰❥ ✮ ④

✶✵✷✵ ✐ ❢ ✭♣ ❬ ❥ ❪ ✳ ❝❧❛ss◆❛♠❡ ✦❂ ✬ ❝ ❛ ❧ ❧ ❡ r ✬ ✫✫ ♣ ❬ ❥ ❪ ✳ ❝❧❛ss◆❛♠❡ ✦❂ ✬ t ❡①t ✬ ✮

✶✵✷✶ ❝♦♥t✐♥✉❡ ❀

✶✵✷✷

✶✵✷✸ ❧ ❡♥❣t❤ ✰❂ ♣ ❬ ❥ ❪ ✳ ✐♥♥❡r❍❚▼▲ ✳ ❧ ❡♥❣t❤ ❀

✶✵✷✹ ⑥

✶✵✷✺ ⑥

✶✵✷✻ r❡t✉r♥ ❧ ❡♥❣t❤ ❀

✶✵✷✼ ⑥

✶✵✷✽

✶✵✷✾ ✴✴⑥⑥⑥

✶✵✸✵ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴❞✐s♣❧❛②❉❡❜✉❣▼❡ss❛❣❡s ✭✮

✶✵✸✶

✶✵✸✷ ✴∗∗

✶✵✸✸ ∗ ❉✐s♣ ❧❛②s t❤❡ ❞❡❜✉❣ ♠❡ss❛❣❡ ❛r❡❛ ✳

✶✵✸✹ ∗

✶✵✸✺ ∗ ❙❡ts ❛ t ✐♠❡♦✉t ❛ ❢ t ❡ r ✇❤✐❝❤ t❤❡ ❛r❡❛ ✇ ✐ ❧ ❧ ❜❡ ❤✐❞❞❡♥ ❛❣❛✐♥

✶✵✸✻ ∗ ❛♥❞ ❝ ❧ ❡ ❛ r t❤❡ ❡ ① ✐ s t ✐ ♥ ❣ t ✐♠❡♦✉t ❜❡ ❢ ♦ r ❡ ✳ ❚❤❡ ♠❡ss❛❣❡ ❛r❡❛ ✇♦♥ ✬ t

✶✵✸✼ ∗ ❜❡ ❤✐❞❞❡♥ ✐ ❢ −✶ ✇❛s s ♣ ❡ ❝ ✐ ❢ ✐ ❡ ❞ ❛s ❞✉r❛t ✐♦♥ ✳

✶✵✸✽ ∗✴

✶✵✸✾

✶✵✹✵ ❢✉♥❝ t ✐ ♦♥ ❴❞✐s♣❧❛②❉❡❜✉❣▼❡ss❛❣❡s ✭ ✮

✶✵✹✶ ④

✶✵✹✷ ✐ ❢ ✭❴❞❡❜✉❣◆♦❞❡ ✳ s t ② ❧ ❡ ✳ ❞ ✐ s♣ ❧ ❛② ✦❂ ✧ ❜❧♦❝❦ ✧ ✮

✶✵✹✸ ❴❞❡❜✉❣◆♦❞❡ ✳ s t ② ❧ ❡ ✳ ❞ ✐ s♣ ❧ ❛② ❂ ✧❜❧♦❝❦ ✧ ❀

✶✵✹✹

✶✵✹✺ ✴✴ ❝ ❧ ❡ ❛ r t✐♠❡♦✉t ✱ ✐ ❢ ❡ ① ✐ s t ✐ ♥ ❣

✶✵✹✻ ✐ ❢ ✭❴❞❡❜✉❣❍✐❞❡❚✐♠❡♦✉t ✮

✶✵✹✼ ✇✐♥❞♦✇ ✳ ❝ ❧❡❛r❚✐♠❡♦✉t ✭❴❞❡❜✉❣❍✐❞❡❚✐♠❡♦✉t ✮ ❀

✶✵✹✽

✶✵✹✾ ✴✴ ❞✉r❛t ✐♦♥ ♦ ❢ −✶ ♠❡❛♥s ❢ ♦ r ❡ ✈ ❡ r

✶✵✺✵ ✐ ❢ ✭ ❴❞❡❜✉❣❉✐s♣❧❛②❉✉r❛t✐♦♥ ❂❂ −✶✮

✶✵✺✶ r❡t✉r♥ ❀

✶✵✺✷

✶✵✺✸ ✴✴ s ❡ t t ✐♠❡♦✉t

✶✵✺✹ ✈❛r t✐♠❡ ❂ ❴❞❡❜✉❣❉✐s♣❧❛②❉✉r❛t✐♦♥ ∗ ✶✵✵✵ ❀

✶✵✺✺ ❴❞❡❜✉❣❍✐❞❡❚✐♠❡♦✉t ❂ ✇✐♥❞♦✇ ✳ s❡t❚✐♠❡♦✉t ✭❴❤✐❞❡❉❡❜✉❣▼❡ss❛❣❡s ✱ t✐♠❡ ✮ ❀

✶✵✺✻ ⑥

✶✵✺✼

✽✾



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✶✵✺✽ ✴✴⑥⑥⑥

✶✵✺✾ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴❤✐❞❡❉❡❜✉❣▼❡ss❛❣❡s ✭✮

✶✵✻✵

✶✵✻✶ ✴∗∗

✶✵✻✷ ∗ ❍✐❞❡s t❤❡ ❞❡❜✉❣ ♠❡ss❛❣❡ ❛r❡❛ ✳

✶✵✻✸ ∗

✶✵✻✹ ∗ ❙✐♥❝❡ t ❤ ✐ s ♠❡t❤♦❞ ✐ s ♥♦r♠❛❧ ❧② ❝ ❛ ❧ ❧ ❡ ❞ ❜② ❛ t✐♠❡♦✉t s ❡ t ❜②

✶✵✻✺ ∗ ❴❞✐s♣❧❛②❉❡❜✉❣▼❡ss❛❣❡s ✭✮ t❤❡ t ✐♠❡♦✉t ✇ ✐ ❧ ❧ ❜❡ r❡♠♦✈❡❞ ✳

✶✵✻✻ ∗✴

✶✵✻✼

✶✵✻✽ ❢✉♥❝ t ✐ ♦♥ ❴❤✐❞❡❉❡❜✉❣▼❡ss❛❣❡s ✭ ✮

✶✵✻✾ ④

✶✵✼✵ ❴❞❡❜✉❣◆♦❞❡ ✳ s t ② ❧ ❡ ✳ ❞ ✐ s♣ ❧ ❛② ❂ ✧♥♦♥❡✧ ❀

✶✵✼✶ ✇✐♥❞♦✇ ✳ ❝ ❧❡❛r❚✐♠❡♦✉t ✭❴❞❡❜✉❣❍✐❞❡❚✐♠❡♦✉t ✮ ❀

✶✵✼✷ ⑥

✶✵✼✸

✶✵✼✹ ✴✴⑥⑥⑥

✶✵✼✺ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴❣❡t❘❡❝❡♥t❲✐♥■❞ ✭✮

✶✵✼✻

✶✵✼✼ ✴∗∗

✶✵✼✽ ∗ ❘❡t✉r♥s ■❉ ♦❢ t❤❡ ♠♦st r❡❝❡♥t ✇✐♥❞♦✇

✶✵✼✾ ∗ ♦r −✶ ✇❤❡♥ t❤❡r❡ ❤❛s ♥♦ ❛ ❝ t ✐ ✈ ✐ t ② ❜❡❡♥ ②❡ t ✳

✶✵✽✵ ∗

✶✵✽✶ ∗ ❅r❡t✉r♥ ✐♥ t ■❉ ♦❢ ♠♦st r❡❝❡♥t ✇✐♥❞♦✇ ♦r −✶

✶✵✽✷ ∗✴

✶✵✽✸

✶✵✽✹ ❢✉♥❝ t ✐ ♦♥ ❴❣❡t❘❡❝❡♥t❲✐♥■❞ ✭ ✮

✶✵✽✺ ④

✶✵✽✻ ✈❛r r ❡ s ✉ ❧ t ❂ −✶❀

✶✵✽✼ ✇❤✐❧❡ ✭❴✇✐♥❞♦✇❖r❞❡r ✳ ❧ ❡♥❣t❤ ❃ ✵✮ ④

✶✵✽✽ ✈❛r t♦♣ ❂ ❴✇✐♥❞♦✇❖r❞❡r ✳ ♣♦♣ ✭ ✮ ❀

✶✵✽✾ ✐ ❢ ✭ t♦♣ ✦❂ ✉♥❞❡❢ ✐♥❡❞ ✮ ④

✶✵✾✵ ❴✇✐♥❞♦✇❖r❞❡r ✳ ♣✉s❤ ✭ t♦♣ ✮ ❀

✶✵✾✶ r ❡ s ✉ ❧ t ❂ t♦♣ ❀

✶✵✾✷ ❜r❡❛❦ ❀

✶✵✾✸ ⑥

✶✵✾✹ ⑥

✶✵✾✺ r❡t✉r♥ r ❡ s ✉ ❧ t ❀

✶✵✾✻ ⑥

✶✵✾✼

✶✵✾✽ ✴✴⑥⑥⑥

✶✵✾✾ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴❣❡t❘❡❝❡♥t❲✐♥❞♦✇ ✭✮

✶✶✵✵

✶✶✵✶ ✴∗∗

✶✶✵✷ ∗ ❘❡t✉r♥s t❤❡ ♠♦st r❡❝❡♥t ✇✐♥❞♦✇ ♦r −✶ ✇❤❡♥ t❤❡r❡ ❤❛s ♥♦

✶✶✵✸ ∗ ❛ ❝ t ✐ ✈ ✐ t ② ❜❡❡♥ ②❡ t ✳

✶✶✵✹ ∗

✶✶✵✺ ∗ ❅r❡t✉r♥ ❆❥❛①❲▼❴❲✐♥❞♦✇ ❚❤❡ ♠♦st r❡❝❡♥t ✇✐♥❞♦✇ ✱ −✶ ♦♥ ❢ ❛ ✐ ❧ ✉ r ❡ ✳

✶✶✵✻ ∗✴

✶✶✵✼

✶✶✵✽ ❢✉♥❝ t ✐ ♦♥ ❴❣❡t❘❡❝❡♥t❲✐♥❞♦✇ ✭ ✮

✶✶✵✾ ④

✶✶✶✵ ✈❛r r ❡ s ✉ ❧ t ❂ ❴❣❡t❘❡❝❡♥t❲✐♥■❞ ✭ ✮ ❀

✶✶✶✶ ✐ ❢ ✭ r ❡ s ✉ ❧ t ✦❂ −✶✮

✶✶✶✷ r ❡ s ✉ ❧ t ❂ ❴✇✐♥❞♦✇s ❬ r ❡ s ✉ ❧ t ❪ ❀

✶✶✶✸ r❡t✉r♥ r ❡ s ✉ ❧ t ❀

✶✶✶✹ ⑥

✶✶✶✺

✶✶✶✻ ✴✴⑥⑥⑥

✾✵



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✶✶✶✼ ✴✴ ❢✉♥❝ t ✐♦♥ ❴♦♥❙❡ss✐♦♥❚✐♠❡♦✉t ✭✮✴✴④④④

✶✶✶✽

✶✶✶✾ ✴∗∗

✶✶✷✵ ∗ ❈❛❧ ❧ ❡❞ ✇❤❡♥ t❤❡ ✉s❡r ✇❛s ✐ ❞ ❧ ❡ ❢ ♦ r ❛ s ♣ ❡ ❝ ✐ ❢ ✐ ❡ ❞ t ✐♠❡♦✉t ✳

✶✶✷✶ ∗ ❑ ✐ ❧ ❧ s t❤❡ s ❡ s s ✐ ♦♥ ❛♥❞ r❡♠♦✈❡s t❤❡ ●❯■✳

✶✶✷✷ ∗✴

✶✶✷✸

✶✶✷✹ ❢✉♥❝ t ✐ ♦♥ ❴♦♥❙❡ss✐♦♥❚✐♠❡♦✉t ✭ ✮

✶✶✷✺ ④

✶✶✷✻ ✇✐♥❞♦✇ ✳ s❡t❚✐♠❡♦✉t ✭ ❴❦✐ ❧ ❧ ✱ ✶ ✮ ❀

✶✶✷✼ ❛ ❧ ❡ r t ✭ ✧❛❥❛①❲▼ s❡ s s ✐ ♦ ♥ t✐♠❡❞ ♦✉t ✳ ✧ ✮ ❀

✶✶✷✽ ⑥

✶✶✷✾

✶✶✸✵ ✴✴⑥⑥⑥

✶✶✸✶ ✴✴ ❢✉♥❝ t ✐♦♥ ❴r❡♠♦✈❡❲✐♥❞♦✇s✭✮✴✴④④④

✶✶✸✷

✶✶✸✸ ✴∗∗

✶✶✸✹ ∗ ❉❡str♦②s ❛ ❧ ❧ ✇✐♥❞♦✇s ✇✐ t❤♦✉t s❡♥❞✐♥❣ ❛♥② ❡✈❡♥t s t♦ t❤❡ s❡ r✈❡ r ✳

✶✶✸✺ ∗ ❙❤♦✉❧❞ ♦♥❧② ❜❡ ❝ ❛ ❧ ❧ ❡ ❞ ✇❤❡♥ t❤❡ s ❡ s s ✐ ♦♥ ❤❛s ❛ ❧ r❡❛❞② ❜❡❡♥ ❝ ❧ ♦ s ❡❞ ✳

✶✶✸✻ ∗✴

✶✶✸✼

✶✶✸✽ ❢✉♥❝ t ✐ ♦♥ ❴r❡♠♦✈❡❲✐♥❞♦✇s ✭ ✮

✶✶✸✾ ④

✶✶✹✵ ✴✴ ❋■❳▼❊ ❤❛♥❞❧❡ ❝❛s❡ ✇❤❡♥ ♥♦ ✇✐♥❞♦✇s ✐ s ❡ ① ✐ s t ✐ ♥ ❣

✶✶✹✶ ❢♦r ✭ ❦❡② ✐♥ ❴✇✐♥❞♦✇s ✮

✶✶✹✷ ❴✇✐♥❞♦✇s ❬ ❦❡② ❪ ✳ ❞❡s t r♦② ✭ ✮ ❀

✶✶✹✸ ❴✇✐♥❞♦✇s ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✶✶✹✹ ❴✇✐♥❞♦✇❖r❞❡r ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✶✶✹✺ ⑥

✶✶✹✻

✶✶✹✼ ✴✴⑥⑥⑥

✶✶✹✽ ✴✴ ❢✉♥❝ t ✐♦♥ ❴r❡♠♦✈❡❉❡s❦t♦♣s ✭✮✴✴④④④

✶✶✹✾

✶✶✺✵ ✴∗∗

✶✶✺✶ ∗ ❘❡♠♦✈❡s ❛ ❧ ❧ ✈ ✐ r t ✉ ❛ ❧ ❞❡s❦ t♦♣s ✳

✶✶✺✷ ∗

✶✶✺✸ ∗ ❙✐♥❝❡ t❤❡ ✇✐♥❞♦✇s ❛r❡ ♦♥ t❤❡ ❞❡s❦ t♦♣s t❤❡② ✇ ✐ ❧ ❧ ❜❡ r❡♠♦✈❡❞ ❢r♦♠

✶✶✺✹ ∗ ❞ ✐ s♣ ❧❛② ✱ t♦♦ ✳ ❇✉t t❤❡② ✇♦♥ ✬ t ❜❡ ❞❡ ❧ ❡ t ❡❞ ✱ t❤❡② ♠❛② ❜❡ ❛❞❞❡❞ t♦

✶✶✺✺ ∗ ❛ ❞❡s❦ t♦♣ ❛❣❛✐♥ ✳

✶✶✺✻ ∗✴

✶✶✺✼

✶✶✺✽ ❢✉♥❝ t ✐ ♦♥ ❴r❡♠♦✈❡❉❡s❦t♦♣s ✭ ✮

✶✶✺✾ ④

✶✶✻✵ ❢♦r ✭ ✈❛r ✐ ❂ ✵ ❀ ✐ ❁ ❴❞❡s❦t♦♣s ❀ ✰✰✐ ✮ ④

✶✶✻✶ ❞♦❝✉♠❡♥t ✳ ❣❡t❊❧❡♠❡♥ts❇②❚❛❣◆❛♠❡ ✭ ✬ ❜♦❞② ✬ ✮ ❬ ✵ ❪ ✳ r❡♠♦✈❡❈❤✐❧❞ ✭

✶✶✻✷ ❴❞❡s❦t♦♣s ❬ ✐ ❪ ✮ ❀

✶✶✻✸ ❴❞❡s❦t♦♣s ❬ ✐ ❪ ❂ ✉♥❞❡❢ ✐♥❡❞ ❀

✶✶✻✹ ⑥

✶✶✻✺ ⑥

✶✶✻✻

✶✶✻✼ ✴✴⑥⑥⑥

✶✶✻✽ ✴✴ ❢✉♥❝ t ✐♦♥ ❴❦ ✐ ❧ ❧ ✭✮✴✴④④④

✶✶✻✾

✶✶✼✵ ✴∗∗

✶✶✼✶ ∗ ❑ ✐ ❧ ❧ s t❤❡ ❣ r❛♣❤ ✐ ❝❛ ❧ ✉s❡r ✐ ♥ t ❡ r ❢ ❛ ❝ ❡ ✳

✶✶✼✷ ∗

✶✶✼✸ ∗ ❘❡♠♦✈❡s ❛♥② ♥♦❞❡s ❝r❡❛ t❡❞ ❛♥❞ r ❡ s ❡ t s ❡✈❡♥t ❤❛♥❞ ❧❡rs ✳

✶✶✼✹ ∗ ◆♦ s❡r✈❡ r r ❡q✉❡ s t ✇ ✐ ❧ ❧ ❜❡ ❧❛✉♥❝❤❡❞ ❜② ❛♥② ❛❝ t ✐♦♥ t❛❦❡♥

✶✶✼✺ ∗ ✐♥ t ❤ ✐ s ♠❡t❤♦❞ ✳

✾✶



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✶✶✼✻ ∗✴

✶✶✼✼

✶✶✼✽ ❢✉♥❝ t ✐ ♦♥ ❴❦ ✐ ❧ ❧ ✭ ✮

✶✶✼✾ ④

✶✶✽✵ ❴s❝r❡❡♥❚②♣❡ ❂ ✉♥❞❡❢ ✐♥❡❞ ❀

✶✶✽✶ ❴s✐❞ ❂ ✉♥❞❡❢ ✐♥❡❞ ❀

✶✶✽✷ ❴r❡♠♦✈❡❲✐♥❞♦✇s ✭ ✮ ❀

✶✶✽✸ ❴r❡♠♦✈❡❉❡s❦t♦♣s ✭ ✮ ❀

✶✶✽✹ ✐ ❢ ✭ ❴❡♥❛❜❧❡❉❡❜✉❣❣✐♥❣ ✮

✶✶✽✺ ❞♦❝✉♠❡♥t ✳ ❣❡t❊❧❡♠❡♥ts❇②❚❛❣◆❛♠❡ ✭ ✬ ❜♦❞② ✬ ✮ ❬ ✵ ❪ ✳ r❡♠♦✈❡❈❤✐❧❞ ✭❴❞❡❜✉❣◆♦❞❡ ✮ ❀

✶✶✽✻ ❞♦❝✉♠❡♥t ✳ ❣❡t❊❧❡♠❡♥ts❇②❚❛❣◆❛♠❡ ✭ ✬ ❜♦❞② ✬ ✮ ❬ ✵ ❪ ✳ ❝❧❛ss◆❛♠❡ ❂ ✬ ✬ ❀

✶✶✽✼ ❞♦❝✉♠❡♥t ✳ ♦♥❦❡②♣r❡ss ❂ ♥✉❧❧ ❀

✶✶✽✽ ❞♦❝✉♠❡♥t ✳ ♦♥❦❡②❞♦✇♥ ❂ ♥✉❧❧ ❀

✶✶✽✾ ⑥

✶✶✾✵

✶✶✾✶ ✴✴⑥⑥⑥

✶✶✾✷ ⑥ ❀

✶✶✾✸

✶✶✾✹ ✴✴−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✶✶✾✺ ✴✴ ❊♥s✉r❡ t ❤❛ t t❤❡ ❝♦❞❡ ❞♦❡s ♥♦t ❡①❝❡❡❞ ✼✾ ❝❤❛r❛❝ t ❡ r s ♣❡r ❧ ✐ ♥ ❡ ✉s ✐♥❣ ❛♥ ✐♥❞❡♥t

✶✶✾✻ ✴✴ ♦ ❢ ✹ s♣❛❝❡s ✴ ❧ ❡ ✈ ❡ ❧ ✳ ❯s❡ ◆❖ ❚❆❇❙ ❛t ❛ ❧ ❧ ✳ ▲❡❛✈❡ t❤❡ ♠♦❞❡ ❧ ✐ ♥ ❡ ❛s ✐ t ✐ s ✳ ❋♦r

✶✶✾✼ ✴✴ ❢ ✉ r t ❤ ❡ r ✐♥❢♦r♠❛t ✐♦♥ s❡❡ ❢ ✐ ❧ ❡ ❞♦❝s✴❈♦❞✐♥❣❈♦♥✈❡♥t✐♦♥ ✳

✶✶✾✽ ✴✴ ✈✐♠ ✿ ❡ t t s❂✹ s✇❂✹ ❢❞♠❂♠❛r❦❡r

✻✳✷✳✷ ❆❥❛①❲▼❴▲♦❣✐♥❴❙❝r❡❡♥✳❥s

✶ ✴∗∗

✷ ∗ ❛❥❛①❲▼ − t❤❡ ❢ r ❡ ❡ ✇❡❜ ❜❛s❡❞ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ❢ ♦ r r❡♠♦t❡ t❡r♠✐♥❛ ❧ s

✸ ∗ ❈♦♣②r✐❣❤t ✭❈✮ ✷✵✵✼ ❉❡♥♥✐s ❋❡ ❧s ✐♥❣ ✱ ❆♥❞r❡❛s ❲❛✐❞❧❡r

✹ ∗

✺ ∗ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❢ r ❡ ❡ s♦ ❢ t✇❛r❡ ✿ ②♦✉ ❝❛♥ r ❡ ❞ ✐ s t r ✐ ❜ ✉ t ❡ ✐ t ❛♥❞✴♦r ♠♦❞✐❢②

✻ ∗ ✐ t ✉♥❞❡r t❤❡ t❡r♠s ♦❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜ ❧ ✐ ❝ ▲✐❝❡♥s❡ ❛s ♣✉❜ ❧ ✐ s ❤ ❡❞ ❜②

✼ ∗ t❤❡ ❋r❡❡ ❙♦❢t✇❛r❡ ❋♦✉♥❞❛t✐♦♥ ✱ ❡ ✐ t ❤ ❡ r ✈❡r s ✐♦♥ ✸ ♦ ❢ t❤❡ ▲✐❝❡♥s❡ ✱ ♦r

✽ ∗ ✭ ❛t ②♦✉r ♦♣t ✐♦♥ ✮ ❛♥② ❧ ❛ t ❡ r ✈❡r s ✐♦♥ ✳

✾ ∗

✶✵ ∗ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❞ ✐ s t r ✐ ❜ ✉ t ❡ ❞ ✐♥ t❤❡ ❤♦♣❡ t ❤❛ t ✐ t ✇ ✐ ❧ ❧ ❜❡ ✉s❡ ❢✉ ❧ ✱

✶✶ ∗ ❜✉t ❲■❚❍❖❯❚ ❆◆❨ ❲❆❘❘❆◆❚❨❀ ✇✐ t❤♦✉t ❡✈❡♥ t❤❡ ✐♠♣ ❧ ✐ ❡❞ ✇❛rr❛♥t② ♦ ❢

✶✷ ∗ ▼❊❘❈❍❆◆❚❆❇■▲■❚❨ ♦r ❋■❚◆❊❙❙ ❋❖❘ ❆ P❆❘❚■❈❯▲❆❘ P❯❘P❖❙❊✳ ❙❡❡ t❤❡

✶✸ ∗ ●◆❯ ●❡♥❡r❛❧ P✉❜ ❧ ✐ ❝ ▲✐❝❡♥s❡ ❢ ♦ r ♠♦r❡ ❞ ❡ t ❛ ✐ ❧ s ✳

✶✹ ∗

✶✺ ∗ ❨♦✉ s❤♦✉ ❧❞ ❤❛✈❡ r❡❝❡ ✐ ✈ ❡❞ ❛ ❝♦♣② ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜ ❧ ✐ ❝ ▲✐❝❡♥s❡

✶✻ ∗ ❛❧♦♥❣ ✇✐t❤ t ❤ ✐ s ♣r♦❣r❛♠ ✳ ■ ❢ ♥♦t ✱ s❡❡ ❁❤ t t ♣ ✿✴✴✇✇✇✳ ❣♥✉ ✳ ♦r❣✴ ❧ ✐ ❝ ❡ ♥ s ❡ s ✴❃✳

✶✼ ∗

✶✽ ∗ ✩■❞ ✿ ❆❥❛①❲▼❴▲♦❣✐♥❴❙❝r❡❡♥ ✳ ❥ s ✺✺ ✷✵✵✼−✶✶−✸✵ ✶✸✿✹✵ ✿✹✸❩ ♣✇♥❞ ✩

✶✾ ∗

✷✵ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗

✷✶ ∗ ❆❥❛①❲▼❴▲♦❣✐♥❴❙❝r❡❡♥

✷✷ ∗

✷✸ ∗ ❚❤❡ ❧ ♦ ❣ ✐ ♥ s❝r❡❡♥ ♦ ❜ ❥ ❡ ❝ t ❞ ✐ s ♣ ❧ ❛ ② s t❤❡ s❝r❡❡♥ ✇❤❡r❡ t❤❡ ✉s❡r ❤❛s t♦ ❡♥t❡r ♥❛♠❡

✷✹ ∗ ❛♥❞ ♣❛ss✇♦r❞ t♦ ♣r♦❝❡❡❞ ✳ ■ t ✇ ✐ ❧ ❧ ✐♠♣❧❡♠❡♥t s♦♠❡ ❛❞❞ ✐ t ✐ ♦♥❛ ❧ ♦♣ t ✐♦♥s ❧ ✐ ❦ ❡

✷✺ ∗ s ♣ ❡ ❝ ✐ ❢ ② ✐ ♥ ❣ t❤❡ ❤♦s t ♦♥ ✇❤✐❝❤ t❤❡ ✉s❡r ✇❛♥ts t♦ ❜❡ ❧♦❣❣❡❞ ✐♥ ✱ ❞❡❜✉❣ ✈ ❡ r ❜ ♦ s ✐ t ②

✷✻ ∗ ❛♥❞ t❤❡♠❡ s ❡ ❧ ❡ ❝ t ✐ ♦ ♥ ❧ ❛ t ❡ r ✳

✷✼ ∗

✷✽ ∗ ▲♦❝❦s t❤❡ s❝r❡❡♥ ✱ ❝ ❛ ❧ ❧ s t❤❡ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ✇❤✐❝❤ ✇ ✐ ❧ ❧ s❡♥❞ ❛ r❡q✉❡ s t t♦ t❤❡

✷✾ ∗ s ❡ r ✈❡ r ❛♥❞ ❤❛♥❞❧❡ t❤❡ r❡s♣♦♥s❡ ✳ ❆❢ t❡r t❤❛t ✱ t❤❡ ♠❡t❤♦❞ s ❡ t❘❡ s✉ ❧ t ✭ ✮ ♦ ❢ t ❤ ✐ s

✸✵ ∗ ♦ ❜ ❥ ❡ ❝ t ✐ s ❝ ❛ ❧ ❧ ❡ ❞ t♦ ❞ ✐ s ♣ ❧ ❛ ② ✐ ❢ t❤❡ ❧ ♦ ❣ ✐ ♥ ✇❛s s ✉ ❝ ❝ ❡ s s ❢ ✉ ❧ ♦r ♥♦t ❛♥❞ r❡♠♦✈✐♥❣

✸✶ ∗ t❤❡ ❧ ♦ ❣ ✐ ♥ s❝r❡❡♥ ♦r ✐ t s ❧ ♦ ❝ ❦ ✳

✸✷ ∗✴

✸✸ ✴✴−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✾✷



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✸✹

✸✺ ❛❥❛①❲▼❴▲♦❣✐♥❙❝r❡❡♥ ❂ ♥❡✇ ❢ ✉♥❝ t ✐ ♦♥ ❆❥❛①❲▼❴▲♦❣✐♥❴❙❝r❡❡♥ ✭ ✮

✸✻ ④

✸✼ ✴✴④④④ ♣ r♦♣ ❡ r t ✐ ❡ s

✸✽

✸✾ ✴✴ s ❡ ❧ ❢−r ❡ ❢ ❡ r ❡♥❝ ✐♥❣ ♣ r ♦♣ ❡ r t ✐ ❡ s

✹✵ ✈❛r ❴t❤✐s ❂ t❤✐s ❀

✹✶ ✈❛r ❴❝❧❛ss ❂ ✧❆❥❛①❲▼❴▲♦❣✐♥❴❙❝r❡❡♥✧ ❀

✹✷

✹✸ ✴✴ ❢ ❧ ❛ ❣ t ❤❛ t ✐ ♥ ❞ ✐ ❝ ❛ t ❡ s ✐ ❢ t❤❡ s❝r❡❡♥ ✐ s ❧ ♦❝❦❡❞ ♦r ♥♦t

✹✹ ✈❛r ❴✐s▲♦❝❦❡❞ ❂ ❢❛ ❧ s❡ ❀

✹✺ ✴✴ ④④④ ❍❚▼▲ ♥♦❞❡s

✹✻

✹✼ ✈❛r ❴❜❛❝❦❣r♦✉♥❞ ❀

✹✽ ✈❛r ❴❞✐✈ ❀

✹✾ ✈❛r ❴❢♦r♠ ❀

✺✵ ✈❛r ❴✐♥♣✉t❴♥❛♠❡ ❀

✺✶ ✈❛r ❴✐♥♣✉t❴♣❛ss ❀

✺✷ ✈❛r ❴✐♥♣✉t❴s✉❜♠✐t ❀

✺✸

✺✹ ✴✴⑥⑥⑥

✺✺ ✴✴⑥⑥⑥

✺✻ ✴✴④④④ t ❤ ✐ s ✳ ❝ r❡❛ t ❡ ❂ ❢✉♥❝ t ✐♦♥ ✭✮

✺✼

✺✽ ✴∗∗

✺✾ ∗ ❈r❡❛t❡s t❤❡ ❧ ♦ ❣ ✐ ♥ s❝r❡❡♥ ✳

✻✵ ∗

✻✶ ∗ ❈r❡❛t❡s t❤❡ ❤t♠❧ ♥♦❞❡s ❛♥❞ ❛♣♣❡♥❞s t❤❡♠ t♦ t❤❡ ❜♦❞② ✳

✻✷ ∗ ❙❡ts t❤❡ ❧ ♦ ❣ ✐ ♥ s❝r❡❡♥ ❝ ❧ ❛ s s ❢ ♦ r t❤❡ ❜♦❞② ✳

✻✸ ∗✴

✻✹

✻✺ t❤✐s ✳ ❝ r ❡ ❛ t ❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✻✻ ④

✻✼ ✴✴④④④ ❝r❡❛ t ❡ ❍❚▼▲ ♥♦❞❡s

✻✽

✻✾ ❴❜❛❝❦❣r♦✉♥❞ ❂ ❞♦❝✉♠❡♥t ✳ ❣❡t❊❧❡♠❡♥ts❇②❚❛❣◆❛♠❡ ✭ ✬ ❜♦❞② ✬ ✮ ❬ ✵ ❪ ❀

✼✵ ❴❜❛❝❦❣r♦✉♥❞ ✳ ❝❧❛ss◆❛♠❡ ❂ ✬ ❧ ♦ ❣ ✐ ♥ ✬ ❀

✼✶

✼✷ ❴❞✐✈ ❂ ❞♦❝✉♠❡♥t ✳ ❝r❡❛t❡❊❧❡♠❡♥t ✭ ✬ ❞ ✐✈ ✬ ✮ ❀

✼✸ ❴❞✐✈ ✳ ❝❧❛ss◆❛♠❡ ❂ ✬ ❧ ♦ ❣ ✐ ♥ ✬ ❀

✼✹

✼✺ ❴❢♦r♠ ❂ ❞♦❝✉♠❡♥t ✳ ❝r❡❛t❡❊❧❡♠❡♥t ✭ ✬ ❢♦r♠ ✬ ✮ ❀

✼✻ ❴❢♦r♠ ✳ ❝❧❛ss◆❛♠❡ ❂ ✬ ❧ ♦ ❣ ✐ ♥ ✬

✼✼ ❴❢♦r♠ ✳ ♦♥s✉❜♠✐t ❂ ❴s✉❜♠✐t ❀

✼✽

✼✾ ❴✐♥♣✉t❴♥❛♠❡ ❂ ❞♦❝✉♠❡♥t ✳ ❝r❡❛t❡❊❧❡♠❡♥t ✭ ✬ ✐♥♣✉t ✬ ✮

✽✵ ❴✐♥♣✉t❴♥❛♠❡ ✳ ♥❛♠❡ ❂ ✬♥❛♠❡ ✬ ❀

✽✶ ❴✐♥♣✉t❴♥❛♠❡ ✳ ❝❧❛ss◆❛♠❡ ❂ ✬♥❛♠❡ ✬ ❀

✽✷

✽✸ ❴✐♥♣✉t❴♣❛ss ❂ ❞♦❝✉♠❡♥t ✳ ❝r❡❛t❡❊❧❡♠❡♥t ✭ ✬ ✐♥♣✉t ✬ ✮

✽✹ ❴✐♥♣✉t❴♣❛ss ✳ ♥❛♠❡ ❂ ✬ ♣❛ss ✬ ❀

✽✺ ❴✐♥♣✉t❴♣❛ss ✳ ❝❧❛ss◆❛♠❡ ❂ ✬ ♣❛ss ✬ ❀

✽✻ ❴✐♥♣✉t❴♣❛ss ✳ t②♣❡ ❂ ✬ ♣❛ss✇♦r❞ ✬ ❀

✽✼

✽✽ ❴✐♥♣✉t❴s✉❜♠✐t ❂ ❞♦❝✉♠❡♥t ✳ ❝r❡❛t❡❊❧❡♠❡♥t ✭ ✬ ✐♥♣✉t ✬ ✮ ❀

✽✾ ❴✐♥♣✉t❴s✉❜♠✐t ✳ ♥❛♠❡ ❂ ✬ s✉❜♠✐t ✬ ❀

✾✵ ❴✐♥♣✉t❴s✉❜♠✐t ✳ ❝❧❛ss◆❛♠❡ ❂ ✬ s✉❜♠✐t ✬ ❀

✾✶ ❴✐♥♣✉t❴s✉❜♠✐t ✳ t②♣❡ ❂ ✬ ✐♠❛❣❡ ✬ ❀

✾✷ ❴✐♥♣✉t❴s✉❜♠✐t ✳ s r ❝ ❂ ✬ t❤❡♠❡s✴ ✬ ✰ ❛❥❛①❲▼✳ ❣❡t❚❤❡♠❡ ✭ ✮ ✰ ✬ ✴✐♠❣✴ ❧ ♦ ❣ ✐ ♥ ✳ ♣♥❣ ✬ ❀

✾✸



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✾✸ ✴✴ ❴✐♥♣✉t❴s✉❜♠✐t ✳ ✈❛ ❧✉❡ ❂ ✬ ❧ ♦ ❣ ✐ ♥ ✬ ❀

✾✹ ✴✴ ❴✐♥♣✉t❴s✉❜♠✐t ✳ ♦♥❝ ❧ ✐ ❝ ❦ ❂ ❴s✉❜♠✐t ❀

✾✺ ✴✴ ❴✐♥♣✉t❴s✉❜♠✐t ✳ ♦♥s✉❜♠✐t ❂ ❴s✉❜♠✐t ❀

✾✻

✾✼ ✴✴⑥⑥⑥

✾✽ ✴✴④④④❛♣♣❡♥❞ ❍❚▼▲ ♥♦❞❡s

✾✾

✶✵✵ ❴❢♦r♠ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭❴✐♥♣✉t❴♥❛♠❡ ✮ ❀

✶✵✶ ❴❢♦r♠ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭❴✐♥♣✉t❴♣❛ss ✮ ❀

✶✵✷ ❴❢♦r♠ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭❴✐♥♣✉t❴s✉❜♠✐t ✮ ❀

✶✵✸ ❴❞✐✈ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭❴❢♦r♠ ✮ ❀

✶✵✹ ❴❜❛❝❦❣r♦✉♥❞ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭❴❞✐✈ ✮ ❀

✶✵✺

✶✵✻ ✴✴⑥⑥⑥

✶✵✼ ⑥

✶✵✽

✶✵✾ ✴✴⑥⑥⑥

✶✶✵ ✴✴④④④ t ❤ ✐ s ✳ s ❡ t❘❡ s✉ ❧ t ❂ ❢✉♥❝ t ✐♦♥ ✭ r ❡ s ✉ ❧ t ✮

✶✶✶

✶✶✷ ✴∗∗

✶✶✸ ∗ ❙❡ts t❤❡ ❧ ♦ ❣ ✐ ♥ r ❡ s ✉ ❧ t ✳

✶✶✹ ∗

✶✶✺ ∗ ❉✐s♣ ❧❛②s ✐ ❢ t❤❡ ❧ ♦ ❣ ✐ ♥ ✇❛s s ✉ ❝ ❝ ❡ s s ❢ ✉ ❧ ✳ ■ ❢ s♦ ✱ t❤❡ ❧ ♦ ❣ ✐ ♥ s❝r❡❡♥

✶✶✻ ∗ ✇ ✐ ❧ ❧ ❜❡ ❝ ❧ ♦ s ❡❞ ❜② ❴❝❧♦s❡ ✭ ✮ ✳ ■ ❢ ♥♦t t❤❡ s❝r❡❡♥ ✇ ✐ ❧ ❧ ❜❡ ✉♥❧♦❝❦❡❞ ✳

✶✶✼ ∗ ❲✐❧ ❧ ❜❡ ❝ ❛ ❧ ❧ ❡ ❞ ❜② ❆❥❛①❲▼❴▼❛♥❛❣❡r ♦♥ ❤❛♥❞ ❧ ✐♥❣ t❤❡ r❡s♣♦♥s❡ ♦ ❢ t❤❡

✶✶✽ ∗ ❧ ♦ ❣ ✐ ♥ ❡✈❡♥t ✳

✶✶✾ ∗✴

✶✷✵

✶✷✶ t❤✐s ✳ s ❡ t❘❡ s✉ ❧ t ❂ ❢✉♥❝ t ✐ ♦♥ ✭ r ❡ s ✉ ❧ t ✮

✶✷✷ ④

✶✷✸ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧ s ❡ t❘❡ s✉ ❧ t ✧ ✱ ✧ r ❡ s ✉ ❧ t❂✧ ✰ r ❡ s ✉ ❧ t ✮ ❀

✶✷✹

✶✷✺ s✇✐t❝❤ ✭ r ❡ s ✉ ❧ t ✮ ④

✶✷✻ ❝❛s❡ tr✉❡ ✿

✶✷✼ ❴❝❧♦s❡ ✭ ✮ ❀

✶✷✽ ❜r❡❛❦ ❀

✶✷✾

✶✸✵ ❝❛s❡ ❢❛ ❧ s❡ ✿

✶✸✶ ❴❝❧❡❛r ✭ ✬ ♣❛ss✇♦r❞ ✬ ✮ ❀

✶✸✷ ❴s❡t▲♦❝❦❙t❛t❡ ✭ ❢❛ ❧ s❡ ✮ ❀

✶✸✸ ❜r❡❛❦ ❀

✶✸✹

✶✸✺ ❞❡❢❛✉❧t ✿

✶✸✻ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧ s ❡ t❘❡ s✉ ❧ t ✧ ✱

✶✸✼ ✧ r ❡ s ✉ ❧ t ❤❛s ❛ ❜❛❞ ✈❛❧✉❡ ✧ ✮ ❀

✶✸✽ ⑥

✶✸✾ ⑥

✶✹✵

✶✹✶ ✴✴⑥⑥⑥

✶✹✷ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴s✉❜♠✐t ✭✇✐♥❞♦✇❴❡✈❡♥t ✮

✶✹✸

✶✹✹ ✴∗∗

✶✹✺ ∗ ❙✉❜♠✐ts t❤❡ ❧ ♦ ❣ ✐ ♥ ❢♦r♠ ✐ ❢ ✐ t ♥♦t ❡♠♣t② ✳

✶✹✻ ∗

✶✹✼ ∗ ❈❛ ❧ ❧ s t❤❡ ✇✐♥❞♦✇ ♠❛♥❛❣❡rs ❧ ♦ ❣ ✐ ♥ ♠❡t❤♦❞ ✇❤✐❝❤ ✇ ✐ ❧ ❧ ♣❡r❢♦r♠

✶✹✽ ∗ t❤❡ r ❡q✉❡ s t ✳ ❆❢ t❡r t❤❡ r ❡q✉❡ s t ✐ s ❢ ✐ ♥ ✐ s ❤ ❡ ❞ t❤❡ ❢✉♥❝ t ✐ ♦♥

✶✹✾ ∗ s ❡ t❘❡ s✉ ❧ t ✭ ✮ ✇ ✐ ❧ ❧ ❜❡ ❝ ❛ ❧ ❧ ❡ ❞ ✇❤✐❝❤ ❤❛♥❞❧❡s s❝r❡❡♥ ✉♥ ❧♦❝❦ ✐♥❣

✶✺✵ ∗ ❛♥❞ ❝ ❧ ♦ s ✐ ♥ ❣ ✳

✶✺✶ ∗

✾✹



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✶✺✷ ∗ ❅r❡t✉r♥ ❢ ❛ ❧ s ❡ Pr❡✈❡♥ts ❢♦r♠ ❢r♦♠ ❜❡✐♥❣ s✉❜♠✐t t❡❞ ♥♦r♠❛❧ ❧②

✶✺✸ ∗✴

✶✺✹

✶✺✺ ❢✉♥❝ t ✐ ♦♥ ❴s✉❜♠✐t ✭ ✮

✶✺✻ ④

✶✺✼ tr② ④

✶✺✽ ✐ ❢ ✭ ❴✐s▲♦❝❦❡❞ ✮

✶✺✾ t❤r♦✇ ✬ ❧ ♦❝❦❡❞ ✬ ❀

✶✻✵

✶✻✶ ✈❛r ♥❛♠❡ ❂ ❴✐♥♣✉t❴♥❛♠❡ ✳ ✈❛ ❧✉❡ ❀

✶✻✷ ✈❛r ♣❛ss ❂ ❴✐♥♣✉t❴♣❛ss ✳ ✈❛ ❧✉❡ ❀

✶✻✸

✶✻✹ ✐ ❢ ✭ ✧✧ ❂❂ ♥❛♠❡ ⑤ ⑤ ✧✧ ❂❂ ♣❛ss ✮

✶✻✺ t❤r♦✇ ✬ ❡♠♣t② ✬ ❀

✶✻✻

✶✻✼ ❴s❡t▲♦❝❦❙t❛t❡ ✭ tr✉❡ ✮ ❀

✶✻✽ ❛❥❛①❲▼✳ ❧ ♦ ❣ ✐ ♥ ✭♥❛♠❡ ✱ ♣❛ss ✮ ❀

✶✻✾ ⑥ ❝❛t❝❤ ✭ ❡ ✮ ④

✶✼✵ ✈❛r ❡ r r ♦ r ❀

✶✼✶ s✇✐t❝❤ ✭ ❡ ✮ ④

✶✼✷ ❝❛s❡ ✬ ❧ ♦❝❦❡❞ ✬ ✿

✶✼✸ ❡ r r ♦ r ❂ ✬ ❙❝r❡❡♥ ✐ s ❧♦❝❦❡❞ ✱ ♥♦t s✉❜♠✐tt ✐♥❣ ✳ ✬ ❀

✶✼✹ ❜r❡❛❦ ❀

✶✼✺ ❝❛s❡ ✬ ❡♠♣t② ✬ ✿

✶✼✻ ❡ r r ♦ r ❂ ✬❆t ❧ ❡ ❛ s t ♦♥❡ ❢ ✐ ❡ ❧ ❞ ✐ s ❡♠♣t② ✱ ♥♦t s✉❜♠✐tt ✐♥❣ ✳ ✬ ❀

✶✼✼ ❜r❡❛❦ ❀

✶✼✽ ❞❡❢❛✉❧t ✿

✶✼✾ t❤r♦✇ ❡ ❀

✶✽✵ ⑥

✶✽✶ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬❴s✉❜♠✐t ✬ ✱ ❡ r r ♦ r ✮ ❀

✶✽✷ ⑥ ❢ ✐♥❛ ❧ ❧② ④

✶✽✸ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✶✽✹ ⑥

✶✽✺ ⑥

✶✽✻

✶✽✼ ✴✴⑥⑥⑥

✶✽✽ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴s❡t▲♦❝❦❙t❛t❡ ✭ s t ❛ t ❡ ✮

✶✽✾

✶✾✵ ✴∗∗

✶✾✶ ∗ ▲♦❝❦s ♦r ✉♥ ❧♦❝❦s t❤❡ s❝r❡❡♥ ✐ ❢ ✐ t ✐ s ♥♦t ✐♥ t❤❡ s t ❛ t ❡ t ❤❛ t ✇❛s

✶✾✷ ∗ ♣❛ss❡❞ ❛s ♣❛r❛♠❡t❡r ✳

✶✾✸ ∗

✶✾✹ ∗ ❙❡ts ❛ ❢ ❧ ❛ ❣ t ❤❛ t ✐ ♥ ❞ ✐ ❝ ❛ t ❡ s ✐ ❢ t❤❡ s❝r❡❡♥ ✐ s ❧ ♦❝❦❡❞ ♦r ♥♦t ✳ ■ ❢

✶✾✺ ∗ t ❤❛ t ❢ ❧ ❛ ❣ ✐ s ❛ ❧ r❡❛❞② s ❡ t t♦ t❤❡ ♦♥❡ ♣❛ss❡❞ ❛s ♣❛r❛♠❡t❡r t ❤ ✐ s

✶✾✻ ∗ ♠❡t❤♦❞ ✐♠♠❡❞✐❛t❡ ❧② r❡ t✉r♥s ✳

✶✾✼ ∗✴

✶✾✽

✶✾✾ ❢✉♥❝ t ✐ ♦♥ ❴s❡t▲♦❝❦❙t❛t❡ ✭ s t ❛ t ❡ ✮

✷✵✵ ④

✷✵✶ ✐ ❢ ✭ s t ❛ t ❡ ❂❂ ❴✐s▲♦❝❦❡❞ ✮ ④

✷✵✷ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧❴s❡t▲♦❝❦❙t❛t❡ ✧ ✱ ✧ ❙t❛t❡ ✧ ✰

✷✵✸ s t ❛ t ❡ ✰ ✧ ❛ ❧ r❡❛❞② ❡♥❛❜❧❡❞ ✧ ✮ ❀

✷✵✹ r❡t✉r♥ ❀

✷✵✺ ⑥

✷✵✻

✷✵✼ s✇✐t❝❤ ✭ s t ❛ t ❡ ✮ ④

✷✵✽ ❝❛s❡ ❢❛ ❧ s❡ ✿

✷✵✾ ❝❛s❡ tr✉❡ ✿

✷✶✵ ❴✐♥♣✉t❴♥❛♠❡ ✳ ❞ ✐ s ❛❜ ❧ ❡❞ ❂ s t ❛ t ❡ ❀

✾✺



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✷✶✶ ❴✐♥♣✉t❴♣❛ss ✳ ❞ ✐ s ❛❜ ❧ ❡❞ ❂ s t ❛ t ❡ ❀

✷✶✷ ❴✐♥♣✉t❴s✉❜♠✐t ✳ ❞ ✐ s ❛❜ ❧ ❡❞ ❂ s t ❛ t ❡ ❀

✷✶✸

✷✶✹ ✐ ❢ ✭ s t ❛ t ❡ ❂❂ tr✉❡ ✮ ④

✷✶✺ ❴❜❛❝❦❣r♦✉♥❞ ✳ ❝❧❛ss◆❛♠❡ ❂ ✧ ❧♦❣ ✐♥❴❧♦❝❦❡❞ ✧ ❀

✷✶✻ ❴✐♥♣✉t❴s✉❜♠✐t ✳ ❝❧❛ss◆❛♠❡ ❂ ✧s✉❜♠✐t❴❧♦❝❦❡❞✧ ❀

✷✶✼ ⑥ ❡❧s❡ ④

✷✶✽ ❴❜❛❝❦❣r♦✉♥❞ ✳ ❝❧❛ss◆❛♠❡ ❂ ✧ ❧ ♦ ❣ ✐ ♥ ✧ ❀

✷✶✾ ❴✐♥♣✉t❴s✉❜♠✐t ✳ ❝❧❛ss◆❛♠❡ ❂ ✧s✉❜♠✐t✧ ❀

✷✷✵ ⑥

✷✷✶

✷✷✷ ❴✐s▲♦❝❦❡❞ ❂ s t ❛ t ❡ ❀

✷✷✸

✷✷✹ ❜r❡❛❦ ❀

✷✷✺

✷✷✻ ❞❡❢❛✉❧t ✿

✷✷✼ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧❴s❡t▲♦❝❦❙t❛t❡ ✧ ✱

✷✷✽ ✧❲r♦♥❣ s t ❛ t ❡ ✿ ✧ ✰ s t ❛ t ❡ ✮ ❀

✷✷✾ ⑥

✷✸✵ ⑥

✷✸✶

✷✸✷ ✴✴⑥⑥⑥

✷✸✸ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴❝❧❡❛r ✭✮

✷✸✹

✷✸✺ ✴∗∗

✷✸✻ ∗ ❈❧❡❛rs ✐♥♣✉t ♦ ❢ t❤❡ ❧ ♦ ❣ ✐ ♥ ❢♦r♠ ✳

✷✸✼ ∗

✷✸✽ ∗ ■ ❢ ♥♦ ♣❛r❛♠❡t❡r ✐ s ♣❛ss❡❞ ♦r ✐ ❢ t❤❡ ♣❛r❛♠❡t❡r ✐ s ✧ ❜♦t❤ ✧ ❜♦t❤ ♥❛♠❡

✷✸✾ ∗ ❛♥❞ ♣❛ss✇♦r❞ ❛r❡ ❝ ❧ ❡❛ r❞ ✳ ■ ❢ ✐ t ✐ s ✧♥❛♠❡✧ ♦r ✧♣❛ss✇♦r❞✧ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣

✷✹✵ ∗ ✐♥♣✉t ✇ ✐ ❧ ❧ ❜❡ ❝ ❧ ❡❛ r❡❞ ✳

✷✹✶ ∗

✷✹✷ ∗ ❅♣❛r❛♠ s t r ✐ ♥ ❣ ✐♥♣✉t ❬ ♦♣ t ✐ ♦♥❛ ❧ ❪ ■♥♣✉t t♦ ❜❡ ❝ ❧ ❡❛ r ❡❞ ✳

✷✹✸ ∗ ❱❛❧✐❞ ✈❛ ❧✉❡ s ❛r❡ ✧♥❛♠❡✧ ✱ ✧♣❛ss✇♦r❞✧ ❛♥❞ ✧ ❜♦t❤ ✧ ✳

✷✹✹ ∗ ❅r❡t✉r♥ ✈♦✐❞

✷✹✺ ∗✴

✷✹✻

✷✹✼ ❢✉♥❝ t ✐ ♦♥ ❴❝❧❡❛r ✭ ✐♥♣✉t ✮

✷✹✽ ④

✷✹✾ ✐ ❢ ✭ ♥✉❧❧ ❂❂ ✐♥♣✉t ✮

✷✺✵ ✐♥♣✉t ❂ ✬ ❜♦t❤ ✬ ❀

✷✺✶

✷✺✷ s✇✐t❝❤ ✭ ✐♥♣✉t ✮ ④

✷✺✸ ❝❛s❡ ✬ ❜♦t❤ ✬ ✿

✷✺✹ ❴✐♥♣✉t❴♣❛ss ✳ ✈❛ ❧✉❡ ❂ ✧✧ ❀

✷✺✺ ✴✴ ♥♦ ❜r❡❛❦ ❤❡r❡ t♦ ❝ ❧ ❡ ❛ r ♥❛♠❡ ✐♥ ✧ ❝❛s❡ ✬♥❛♠❡ ✬✧

✷✺✻ ❝❛s❡ ✬♥❛♠❡ ✬ ✿

✷✺✼ ❴✐♥♣✉t❴♥❛♠❡ ✳ ✈❛ ❧✉❡ ❂ ✧✧ ❀

✷✺✽ ❜r❡❛❦ ❀

✷✺✾ ❝❛s❡ ✬ ♣❛ss✇♦r❞ ✬ ✿

✷✻✵ ❴✐♥♣✉t❴♣❛ss ✳ ✈❛ ❧✉❡ ❂ ✧✧ ❀

✷✻✶ ❜r❡❛❦ ❀

✷✻✷ ❞❡❢❛✉❧t ✿

✷✻✸ t❤r♦✇ ✬ ■ ♥✈❛ ❧ ✐ ❞ ❛r❣✉♠❡♥t ✿ ✬ ✰ ✐♥♣✉t ❀

✷✻✹ ⑥

✷✻✺ ⑥

✷✻✻

✷✻✼ ✴✴⑥⑥⑥

✷✻✽ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴❝❧♦s❡ ✭✮

✷✻✾

✾✻



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✷✼✵ ✴∗∗

✷✼✶ ∗ ❈❧♦s❡s t❤❡ ❧ ♦ ❣ ✐ ♥ s❝r❡❡♥ ✳

✷✼✷ ∗

✷✼✸ ∗ ❘❡♠♦✈❡s t❤❡ ♥♦❞❡s ❢r♦♠ t❤❡ ❞ ✐ s ♣ ❧ ❛ ② ❛♥❞ ❞ ❡ ❧ ❡ t ❡ s t ❤ ❡ ✐ r ❝♦♥t❡♥ts

✷✼✹ ∗ t♦ ❢ r ❡ ❡ r❡s♦✉r❝❡s ✳

✷✼✺ ∗✴

✷✼✻

✷✼✼ ❢✉♥❝ t ✐ ♦♥ ❴❝❧♦s❡ ✭ ✮

✷✼✽ ④

✷✼✾ ❴❜❛❝❦❣r♦✉♥❞ ✳ r❡♠♦✈❡❈❤✐❧❞ ✭❴❞✐✈ ✮ ❀

✷✽✵ ❞ ❡ ❧ ❡ t ❡ ✭❴✐♥♣✉t❴♥❛♠❡ ✮ ❀

✷✽✶ ❞ ❡ ❧ ❡ t ❡ ✭ ❴✐♥♣✉t❴♣❛ss ✮ ❀

✷✽✷ ❞ ❡ ❧ ❡ t ❡ ✭❴✐♥♣✉t❴s✉❜♠✐t ✮ ❀

✷✽✸ ❞ ❡ ❧ ❡ t ❡ ✭❴❢♦r♠ ✮ ❀

✷✽✹ ⑥

✷✽✺

✷✽✻ ✴✴⑥⑥⑥

✷✽✼ ⑥

✷✽✽

✷✽✾ ✴✴−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✷✾✵ ✴✴ ❊♥s✉r❡ t ❤❛ t t❤❡ ❝♦❞❡ ❞♦❡s ♥♦t ❡①❝❡❡❞ ✼✾ ❝❤❛r❛❝ t ❡ r s ♣❡r ❧ ✐ ♥ ❡ ✉s ✐♥❣ ❛♥ ✐♥❞❡♥t

✷✾✶ ✴✴ ♦ ❢ ✹ s♣❛❝❡s ✴ ❧ ❡ ✈ ❡ ❧ ✳ ❯s❡ ◆❖ ❚❆❇❙ ❛t ❛ ❧ ❧ ✳ ▲❡❛✈❡ t❤❡ ♠♦❞❡ ❧ ✐ ♥ ❡ ❛s ✐ t ✐ s ✳ ❋♦r

✷✾✷ ✴✴ ❢ ✉ r t ❤ ❡ r ✐♥❢♦r♠❛t ✐♦♥ s❡❡ ❢ ✐ ❧ ❡ ❞♦❝s✴❈♦❞✐♥❣❈♦♥✈❡♥t✐♦♥ ✳

✷✾✸ ✴✴ ✈✐♠ ✿ ❡ t t s❂✹ s✇❂✹ ❢❞♠❂♠❛r❦❡r

✻✳✷✳✸ ❆❥❛①❲▼❴❲✐♥❞♦✇✳❥s

✶ ✴∗∗

✷ ∗ ❛❥❛①❲▼ − t❤❡ ❢ r ❡ ❡ ✇❡❜ ❜❛s❡❞ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ❢ ♦ r r❡♠♦t❡ t❡r♠✐♥❛ ❧ s

✸ ∗ ❈♦♣②r✐❣❤t ✭❈✮ ✷✵✵✼ ❉❡♥♥✐s ❋❡ ❧s ✐♥❣ ✱ ❆♥❞r❡❛s ❲❛✐❞❧❡r

✹ ∗

✺ ∗ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❢ r ❡ ❡ s♦ ❢ t✇❛r❡ ✿ ②♦✉ ❝❛♥ r ❡ ❞ ✐ s t r ✐ ❜ ✉ t ❡ ✐ t ❛♥❞✴♦r ♠♦❞✐❢②

✻ ∗ ✐ t ✉♥❞❡r t❤❡ t❡r♠s ♦❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜ ❧ ✐ ❝ ▲✐❝❡♥s❡ ❛s ♣✉❜ ❧ ✐ s ❤ ❡❞ ❜②

✼ ∗ t❤❡ ❋r❡❡ ❙♦❢t✇❛r❡ ❋♦✉♥❞❛t✐♦♥ ✱ ❡ ✐ t ❤ ❡ r ✈❡r s ✐♦♥ ✸ ♦ ❢ t❤❡ ▲✐❝❡♥s❡ ✱ ♦r

✽ ∗ ✭ ❛t ②♦✉r ♦♣t ✐♦♥ ✮ ❛♥② ❧ ❛ t ❡ r ✈❡r s ✐♦♥ ✳

✾ ∗

✶✵ ∗ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❞ ✐ s t r ✐ ❜ ✉ t ❡ ❞ ✐♥ t❤❡ ❤♦♣❡ t ❤❛ t ✐ t ✇ ✐ ❧ ❧ ❜❡ ✉s❡ ❢✉ ❧ ✱

✶✶ ∗ ❜✉t ❲■❚❍❖❯❚ ❆◆❨ ❲❆❘❘❆◆❚❨❀ ✇✐ t❤♦✉t ❡✈❡♥ t❤❡ ✐♠♣ ❧ ✐ ❡❞ ✇❛rr❛♥t② ♦ ❢

✶✷ ∗ ▼❊❘❈❍❆◆❚❆❇■▲■❚❨ ♦r ❋■❚◆❊❙❙ ❋❖❘ ❆ P❆❘❚■❈❯▲❆❘ P❯❘P❖❙❊✳ ❙❡❡ t❤❡

✶✸ ∗ ●◆❯ ●❡♥❡r❛❧ P✉❜ ❧ ✐ ❝ ▲✐❝❡♥s❡ ❢ ♦ r ♠♦r❡ ❞ ❡ t ❛ ✐ ❧ s ✳

✶✹ ∗

✶✺ ∗ ❨♦✉ s❤♦✉ ❧❞ ❤❛✈❡ r❡❝❡ ✐ ✈ ❡❞ ❛ ❝♦♣② ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜ ❧ ✐ ❝ ▲✐❝❡♥s❡

✶✻ ∗ ❛❧♦♥❣ ✇✐t❤ t ❤ ✐ s ♣r♦❣r❛♠ ✳ ■ ❢ ♥♦t ✱ s❡❡ ❁❤ t t ♣ ✿✴✴✇✇✇✳ ❣♥✉ ✳ ♦r❣✴ ❧ ✐ ❝ ❡ ♥ s ❡ s ✴❃✳

✶✼ ∗

✶✽ ∗ ✩■❞ ✿ ❆❥❛①❲▼❴❲✐♥❞♦✇✳ ❥ s ✺✶ ✷✵✵✼−✶✶−✷✾ ✶✹✿✸✸ ✿✶✸❩ ♣✇♥❞ ✩

✶✾ ∗

✷✵ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗

✷✶ ∗ ❆❥❛①❲▼❴❲✐♥❞♦✇

✷✷ ∗

✷✸ ∗ ❚❤✐s ❝ ❧ ❛ s s ✐ s r ❡ s ♣ ♦♥ s ✐ ❜ ❧ ❡ ❢ ♦ r t❤❡ ❝♦ r r ❡❝ t ❞ ✐ s ♣ ❧ ❛ ② ♦ ❢ ❛ ✇✐♥❞♦✇ ✱ ✐ t ❝ r ❡❛ t ❡ s

✷✹ ∗ ✐ t s ❡✈❡♥ts ✱ ❤❛♥❞ ❧❡s ✉s❡r ✐ ♥ t ❡ r ❛ ❝ t ✐ ♦♥ ❛♥❞ ❡①❡❝✉ t❡ s ❝♦rr❡s♣♦♥❞✐♥❣ ❛❝ t ✐ ♦♥s ✳

✷✺ ∗ ❊❛❝❤ ✇✐♥❞♦✇ s ❡ t s ✉♣ ❛ ❞②♥❛♠✐❝ t✐♠♦✉t ❛ ❢ t ❡ r ✇❤✐❝❤ t❤❡ s②♥❝❤r♦♥ ✐ ③❛ t ✐♦♥

✷✻ ∗ ♠❡t❤♦❞ ♦ ❢ t❤❡ ✇✐♥❞♦✇ ♠❛♥❛❣❡r s❤♦✉ ❧❞ ❜❡ ❝ ❛ ❧ ❧ ❡ ❞ t♦ ♣ ♦ ❧ ❧ t❤❡ ❝✉rr❡♥t ❝♦♥t❡♥t s

✷✼ ∗ ♦ ❢ t ❤ ✐ s ✇✐♥❞♦✇ ❢r♦♠ t❤❡ s❡ r✈❡ r ✳ ❆❢ t❡r t❤❛t ✱ t❤❡ ♠❛♥❛❣❡r ❢ ❡ ❡❞ s t❤❡ ✉♣❞❛t❡

✷✽ ∗ ♠❡t❤♦❞ ♦ ❢ t ❤❛ t ✇✐♥❞♦✇ ✳

✷✾ ∗

✸✵ ∗ ◆♦t❡ t ❤❛ t ✐♥❝♦♠♠✐♥❣ ❦❡②s ❛r❡ ♥♦t ❝❛♣t✉r❡❞ ❜② t❤❡ ✇✐♥❞♦✇ ✐ t s s ❡ ❧ ❢ ❜✉t ❜② t❤❡

✸✶ ∗ ✇✐♥❞♦✇ ♠❛♥❛❣❡r t♦ ❤❛♥❞❧❡ ❤♦ t❦❡②s ❢ ✐ r s t ✳ ❲❤❡♥ ♥♦ ❆❥❛①❲▼ ❤♦t❦❡② ✐ s ❞❡ t ❡ ❝ t ❡❞

✸✷ ∗ t❤❡ ❦❡②s ❛r❡ s❡♥t ❞ ✐ r ❡ ❝ t ❧ ② ❢r♦♠ t❤❡ ♠❛♥❛❣❡r t♦ t❤❡ s❡ r✈❡ r ✳ ❚❤❡ ♠❛♥❛❣❡r ✇ ✐ ❧ ❧

✾✼



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✸✸ ∗ t❤❡♥ ❢❡❡❞ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ✇✐♥❞♦✇ ✇✐t❤ t❤❡ r❡s♣♦♥s❡ ♦ ❢ t❤❡ s❡ r✈❡ r ✳

✸✹ ∗✴

✸✺ ✴✴−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✸✻

✸✼ ❆❥❛①❲▼❴❲✐♥❞♦✇ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ❞❡s❦■❞ ✱ ✐❞ ✱ ✇✐❞t❤ ✱ ❤❡✐❣❤t ✱ ♣♦s❴① ✱ ♣♦s❴② ✮

✸✽ ④

✸✾ ✴✴④④④ ♣ r♦♣ ❡ r t ✐ ❡ s

✹✵

✹✶ ✴✴ r❡ ❢ ❡ r ❡♥❝❡ ♦ ❢ t ❤ ✐ s ♦ ❜ ❥ ❡ ❝ t

✹✷ ✈❛r ❴t❤✐s ❂ t❤✐s ❀

✹✸ ✈❛r ❴❝❧❛ss ❂ ✬❆❥❛①❲▼❴❲✐♥❞♦✇ ✬ ❀

✹✹

✹✺ ✈❛r ❴❞❡s❦■❞ ❂ ❞❡s❦■❞ ❀

✹✻ ✈❛r ❴✐❞ ❂ ✐❞ ❀

✹✼ ✈❛r ❴✇✐❞t❤ ❂ ✇✐❞t❤ ❀

✹✽ ✈❛r ❴❤❡✐❣❤t ❂ ❤❡ ✐❣❤t ❀

✹✾ ✈❛r ❴❝❤❛r❲✐❞t❤ ❀

✺✵ ✈❛r ❴❧ ✐♥❡❍❡✐❣❤t ❀

✺✶

✺✷ ✴✴ t❤❡ s t ❛ t ✉ s ♦ ❢ t ❤ ✐ s ✇✐♥❞♦✇

✺✸ ✴✴ ✈❛ ❧✉❡ s ✿ ✐ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ✐ ♥ ❣ ✱ ❞ ❡ ❢ ❛✉ ❧ t ✱ ❤✐❞❞❡♥ ✱ ♠❛①✐♠✐③❡❞ ✱ ❝ ❧ ♦ s ✐ ♥ ❣

✺✹ ✈❛r ❴st❛t✉s ❂ ✬ ✐ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ✐ ♥ ❣ ✬ ❀

✺✺

✺✻ ✴✴ t✐♠❡♦✉t ✈❛ ❧✉❡ ✭ ✐♥ ♠ ✐ ❧ ❧ ✐ s ❡ ❝ ♦♥❞ s ✮ ❛ ❢ t ❡ r ✇❤✐❝❤ t❤❡ ✇✐♥❞♦✇

✺✼ ✴✴ ✇ ✐ ❧ ❧ ❝❤❡❝❦ ✐ ❢ s♦♠❡t❤✐♥❣ ❤❛♣♣❡♥❡❞ ✳

✺✽ ✴✴ ❞ ❡ ❢ ❛ ✉ ❧ t ✈❛ ❧✉❡ ✭♠✐♥✐♠✉♠✮

✺✾ ✈❛r ❴❞❡❢❛✉❧t❚✐♠❡♦✉t ❂ ✸✵ ❀

✻✵ ✴✴ ♠❛①✐♠✉♠ ✈❛ ❧✉❡

✻✶ ✈❛r ❴♠❛①❚✐♠❡♦✉t ❂ ✷✹✵✵ ❀

✻✷ ✴✴ ❞②♥❛♠✐❝❛ ❧ ❧② ✐♥❝ r❡❛ s ✐♥❣ ✈❛❧✉❡ ✱ ❣❡♥❡r❛t❡❞ ❜② ❆❥❛①❲▼❴❲✐♥❞♦✇✳ ✉♣❞❛t❡ ✭✮

✻✸ ✈❛r ❴❞②♥❚✐♠❡♦✉t ❂ ❴❞❡❢❛✉❧t❚✐♠❡♦✉t ❀

✻✹ ✴✴ t✐♠❡♦✉t ♦ ❜ ❥ ❡ ❝ t

✻✺ ✈❛r ❴t✐♠❡♦✉t ❀

✻✻

✻✼ ✴✴ ♣♦ s ✐ t ✐ ♦♥ ♦ ❢ t❤❡ ♠♦✉s❡ ❝✉rs♦r ✭ s ❡ t ❜② s♦♠❡ ❡✈❡♥t ❤❛♥❞ ❧❡rs ✮

✻✽ ✈❛r ❴♠♦✉s❡❳ ❀ ✴✴ ① ❛① ✐ s

✻✾ ✈❛r ❴♠♦✉s❡❨ ❀ ✴✴ ② ❛① ✐ s

✼✵

✼✶ ✴✴ ❝♦♥t❛ ✐♥s ❞ ✐ r ❡ ❝ t ✐ ♦♥ t♦ ✇❤✐❝❤ t❤❡ ✇✐♥❞♦✇ ✐ s r ❡ s ✐ ③ ❡ ❞

✼✷ ✈❛r ❴❞✐ r❡❝ t ✐♦♥ ❀

✼✸

✼✹ ✴✴ ❍❚▼▲ ♥♦❞❡s

✼✺

✼✻ ✈❛r ❴♥♦❞❡ ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✼✼

✼✽ ✴✴⑥⑥⑥

✼✾ ✴✴④④④ t ❤ ✐ s ✳ ❢♦❝✉s ❂ ❢✉♥❝ t ✐♦♥ ✭✮

✽✵

✽✶ ✴∗∗

✽✷ ∗ ❋♦❝✉s❡s t ❤ ✐ s ✇✐♥❞♦✇ ✳

✽✸ ∗ ❈❛❧ ❧ ❜❛❝❦ ❢✉♥❝ t ✐ ♦♥ ✳

✽✹ ∗✴

✽✺

✽✻ t❤✐s ✳ ❢ ♦ ❝✉ s ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✽✼ ④

✽✽ ❛❥❛①❲▼✳ s✇✐t❝❤❚♦❲✐♥❞♦✇ ✭ ❴t❤✐s ✮ ❀

✽✾ ⑥

✾✵

✾✶ ✴✴⑥⑥⑥

✾✽



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✾✷ ✴✴④④④ t ❤ ✐ s ✳ s❤♦✇ ❂ ❢✉♥❝ t ✐♦♥ ✭✮

✾✸

✾✹ ✴∗∗

✾✺ ∗ ❉✐s♣ ❧❛②s t ❤ ✐ s ✇✐♥❞♦✇ ✳

✾✻ ∗✴

✾✼

✾✽ t❤✐s ✳ s❤♦✇ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✾✾ ④

✶✵✵ ❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✳ s t ② ❧ ❡ ✳ ❞ ✐ s♣ ❧ ❛② ❂ ✧❜❧♦❝❦ ✧ ❀

✶✵✶ ❴st❛t✉s ❂ ✧ ❞❡ ❢ ❛✉ ❧ t ✧ ❀

✶✵✷ ⑥

✶✵✸

✶✵✹ ✴✴⑥⑥⑥

✶✵✺ ✴✴④④④ t ❤ ✐ s ✳ ❤ ✐❞❡ ❂ ❢✉♥❝ t ✐♦♥ ✭✮

✶✵✻

✶✵✼ ✴∗∗

✶✵✽ ∗ ❍✐❞❡s t❤❡ ✇✐♥❞♦✇ ✳

✶✵✾ ∗✴

✶✶✵

✶✶✶ t❤✐s ✳ ❤ ✐❞❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✶✶✷ ④

✶✶✸ ❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✳ s t ② ❧ ❡ ✳ ❞ ✐ s♣ ❧ ❛② ❂ ✧♥♦♥❡✧ ❀

✶✶✹ ❴st❛t✉s ❂ ✧❤✐❞❞❡♥✧ ❀

✶✶✺ ⑥

✶✶✻

✶✶✼ ✴✴⑥⑥⑥

✶✶✽ ✴✴④④④ t ❤ ✐ s ✳ ✉♣❞❛t❡ ❂ ❢✉♥❝ t ✐♦♥ ✭ ❝♦♥t❡♥t s ✮

✶✶✾

✶✷✵ ✴∗∗

✶✷✶ ∗ ❯♣❞❛t❡s t❤❡ ✇✐♥❞♦✇ ✇✐t❤ t❤❡ ❝♦♥t❡♥t s ♣❛ss❡❞ ✳

✶✷✷ ∗

✶✷✸ ∗ ❈❤❡❝❦s ✇❤❛t ❦✐♥❞ ♦ ❢ r❡s♣♦♥s❡ ❤❛s ❜❡❡♥ ♣❛ss❡❞ ✳ ❲❤❡♥ t❤❡ r❡s♣♦♥s❡

✶✷✹ ∗ ✐ s ❁✐❞❡♠❃❁✴✐❞❡♠❃ ♥♦t❤✐♥❣ ❝❤❛♥❣❡❞ ❛♥❞ t❤❡ ❝♦♥t❡♥t ✐ s ❧ ❡ ❢ t ✉♥t♦✉❝❤❡❞

✶✷✺ ∗ ❛♥❞ t❤❡ t ✐♠❡♦✉t ✉ ♥ t ✐ ❧ t❤❡ ♥❡①t s②♥❝❤r♦♥ ✐ ③❛ t ✐♦♥ ✇ ✐ ❧ ❧ ❜❡ ✐♥❝r❡❛s❡❞ ✳

✶✷✻ ∗ ■ ❢ ♥♦t ✱ t❤❡ ❝♦♥t❡♥t ✇ ✐ ❧ ❧ ❜❡ ✉♣❞❛t❡❞ ❛♥❞ t❤❡ t ✐♠❡♦✉t s ❡ t ❜❛❝❦ t♦

✶✷✼ ∗ ✐ t s ❞ ❡ ❢ ❛ ✉ ❧ t ✈❛ ❧✉❡ ✳

✶✷✽ ∗✴

✶✷✾

✶✸✵ t❤✐s ✳ ✉♣❞❛t❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ❝♦♥t❡♥ts ✮

✶✸✶ ④

✶✸✷ ✴✴ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧✉♣❞❛t❡ ✧ ✱

✶✸✸ ✴✴ ✧ ✐❞❂✧ ✰ ❴✐❞ ✰ ✧ ✱ t❛❣◆❛♠❡❂✧ ✰ ❝♦♥t❡♥t s ✳ t❛❣◆❛♠❡ ✮ ❀

✶✸✹

✶✸✺ ✇✐♥❞♦✇ ✳ ❝ ❧❡❛r❚✐♠❡♦✉t ✭❴t✐♠❡♦✉t ✮ ❀

✶✸✻

✶✸✼ ✐ ❢ ✭ ❝♦♥t❡♥ts ✳ t❛❣◆❛♠❡ ✦❂ ✧♣r❡ ✧ ✮ ④

✶✸✽ ❴❞②♥❚✐♠❡♦✉t ∗❂ ✷ ❀

✶✸✾ ✐ ❢ ✭❴❞②♥❚✐♠❡♦✉t ❃ ❴♠❛①❚✐♠❡♦✉t✮

✶✹✵ ❴❞②♥❚✐♠❡♦✉t ❂ ❴♠❛①❚✐♠❡♦✉t ❀

✶✹✶ ⑥ ❡❧s❡ ④

✶✹✷ ❙❛ r ✐ s s ❛ ✳ ✉♣❞❛t❡❈♦♥t❡♥t❋r♦♠◆♦❞❡ ✭ ❝♦♥t❡♥ts ✱ ❴♥♦❞❡ ❬ ✬ ❝♦♥t❡♥t ✬ ❪ ✮ ❀

✶✹✸ ❴❞②♥❚✐♠❡♦✉t ❂ ❴❞❡❢❛✉❧t❚✐♠❡♦✉t ❀

✶✹✹ ⑥

✶✹✺

✶✹✻ ✐ ❢ ✭ ❴st❛t✉s ✦❂ ✬ ❝ ❧ ♦ s ✐ ♥ ❣ ✬ ✮

✶✹✼ ❴t✐♠❡♦✉t ❂ ✇✐♥❞♦✇ ✳ s❡t❚✐♠❡♦✉t ✭❴s②♥❝ ✱ ❴❞②♥❚✐♠❡♦✉t ✮ ❀

✶✹✽ ⑥

✶✹✾

✶✺✵ ✴✴⑥⑥⑥

✾✾



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✶✺✶ ✴✴④④④ t ❤ ✐ s ✳ ♠♦✈❡❚♦❉❡s❦■❞ ❂ ❢✉♥❝ t ✐♦♥ ✭ ✐❞ ✮

✶✺✷

✶✺✸ ✴∗∗

✶✺✹ ∗ ▼♦✈❡s t ❤ ✐ s ✇✐♥❞♦✇ t♦ t❤❡ ❞❡s❦ t♦♣ ✇✐t❤ t❤❡ ♣❛ss❡❞ ■❉ ✳

✶✺✺ ∗✴

✶✺✻

✶✺✼ t❤✐s ✳ ♠♦✈❡❚♦❉❡s❦■❞ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✐❞ ✮

✶✺✽ ④

✶✺✾ ✴✴ ❛❥❛①❲▼✳ ❣❡t❉❡s❦t♦♣❇②■❞ ✭❴❞❡s❦■❞ ✮ ✳ r❡♠♦✈❡❈❤✐❧❞ ✭❴♥♦❞❡ ❬ ✬ ♠❛✐♥ ✬ ❪ ✮ ❀

✶✻✵ ❛❥❛①❲▼✳ ❣❡t❉❡s❦t♦♣❇②■❞ ✭ ✐❞ ✮ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✮ ❀

✶✻✶ t❤✐s ✳ ❴❞❡s❦■❞ ❂ ✐❞ ❀

✶✻✷ ⑥

✶✻✸

✶✻✹ ✴✴⑥⑥⑥

✶✻✺ ✴✴ t ❤ ✐ s ✳♠♦✈❡❚♦ ❂ ❢✉♥❝ t ✐♦♥ ✭① ✱ ② ✮✴✴④④④

✶✻✻

✶✻✼ ✴∗∗

✶✻✽ ∗ ▼♦✈❡s ✇✐♥❞♦✇ t♦ s ♣ ❡ ❝ ✐ ❢ ✐ ❡ ❞ ❝♦♦r❞ ✐♥❛ t❡ s ✳

✶✻✾ ∗

✶✼✵ ∗ ❈♦♦r❞✐♥❛t❡s ❤❛✈❡ t♦ ❜❡ ✐ ♥ t ❡ ❣ ❡ r s ✳

✶✼✶ ∗

✶✼✷ ∗ ❅♣❛r❛♠ ① ✐♥ t P♦s ✐ t ✐♦♥ ♦♥ ①−❛① ✐ s

✶✼✸ ∗ ❅♣❛r❛♠ ② ✐♥ t P♦s ✐ t ✐♦♥ ♦♥ ②−❛② ✐ s

✶✼✹ ∗ ❅r❡t✉r♥ ❜♦♦ ❧ ❚r✉❡ ♦♥ ♠♦✈✐♥❣ ❜❡ ✐♥❣ ✭ ♣ ❛ r t ✐ ❛ ❧ ❧ ② ✮ s ✉ ❝ ❝ ❡ s s ❢ ✉ ❧

✶✼✺ ∗✴

✶✼✻

✶✼✼ t❤✐s ✳ ♠♦✈❡❚♦ ❂ ❢✉♥❝ t ✐ ♦♥ ✭① ✱ ② ✮

✶✼✽ ④

✶✼✾ ① ❂ ♣❛r s ❡ ■♥ t ✭ ① ✮ ❀

✶✽✵ ✐ ❢ ✭ ✐s◆❛◆ ✭① ✮ ✮

✶✽✶ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✶✽✷ ② ❂ ♣❛r s ❡ ■♥ t ✭ ② ✮ ❀

✶✽✸ ✐ ❢ ✭ ✐s◆❛◆ ✭② ✮ ✮

✶✽✹ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✶✽✺

✶✽✻ ✴✴ ❚❖❉❖✿ ♠♦✈❡ ❛ ❧ ❧ ❝ ❧ ❛ s s ❡ s ✐♥ ❴♥♦❞❡ ❬ ✬ s ❡ t♣♦ s ✬ ❪

✶✽✼ ❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✳ s t ② ❧ ❡ ✳ ❧ ❡ ❢ t ❂ ① ✰ ✧♣①✧ ❀

✶✽✽ ❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✳ s t ② ❧ ❡ ✳ t♦♣ ❂ ② ✰ ✧♣①✧ ❀

✶✽✾

✶✾✵ r❡t✉r♥ tr✉❡ ❀

✶✾✶ ⑥

✶✾✷

✶✾✸ ✴✴⑥⑥⑥

✶✾✹ ✴✴ t ❤ ✐ s ✳ r❡s ✐ ③❡❚♦ ❂ ❢✉♥❝ t ✐♦♥ ✭① ✱ ② ✮✴✴④④④

✶✾✺

✶✾✻ ✴∗∗

✶✾✼ ∗ ❘❡s✐ ③❡s ❛ ✇✐♥❞♦✇ t♦ t❤❡ ❛♠♦✉♥t ♦ ❢ ❝❤❛r❛❝ t ❡ r s ✴ ❧ ✐ ♥ ❡ s ♣❛ss❡❞ ✳

✶✾✽ ∗

✶✾✾ ∗ ❅♣❛r❛♠ ① ✐♥ t ◆❡✇ ✇✐❞t❤ ❬ ❝❤❛r❛❝ t ❡ r s ❪

✷✵✵ ∗ ❅♣❛r❛♠ ② ✐♥ t ◆❡✇ ❤❡ ✐ ❣❤ t ❬ ❧ ✐ ♥ ❡ s ❪

✷✵✶ ∗ ❅r❡t✉r♥ ❜♦♦ ❧ ❚r✉❡ ♦♥ r ❡ s ✐ ③ ✐ ♥ ❣ ❜❡ ✐♥❣ ✭ ♣ ❛ r t ✐ ❛ ❧ ❧ ② ✮ s ✉ ❝ ❝ ❡ s s ❢ ✉ ❧

✷✵✷ ∗✴

✷✵✸

✷✵✹ t❤✐s ✳ r ❡ s ✐ ③ ❡❚♦ ❂ ❢✉♥❝ t ✐ ♦♥ ✭① ✱ ② ✮

✷✵✺ ④

✷✵✻ ① ❂ ♣❛r s ❡ ■♥ t ✭ ① ✮ ❀

✷✵✼ ✐ ❢ ✭ ✐s◆❛◆ ✭① ✮ ✮

✷✵✽ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✷✵✾ ② ❂ ♣❛r s ❡ ■♥ t ✭ ② ✮ ❀

✶✵✵



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✷✶✵ ✐ ❢ ✭ ✐s◆❛◆ ✭② ✮ ✮

✷✶✶ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✷✶✷

✷✶✸ ❴✇✐❞t❤ ✰❂ ① ❀

✷✶✹ ❴❤❡✐❣❤t ✰❂ ② ❀

✷✶✺

✷✶✻

✷✶✼ ✴✴ ❋■❳▼❊ r ❡ s ✐ ③ ❡ ❛ ❧ ❧ ❡ ❧❡♠❡♥ts ✐♥ ❴♥♦❞❡ ❬ ✬ s ❡ t s ✐ ③ ❡ ✬ ❪

✷✶✽

✷✶✾ ❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✳ s t ② ❧ ❡ ✳ ✇✐❞t❤ ❂ ❴❣❡tPr♦♣❡rt② ✭❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✱ ✧✇✐❞t❤✧ ✮

✷✷✵ ✰ ① ✰ ✧♣①✧ ❀

✷✷✶ ❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✳ s t ② ❧ ❡ ✳ ❤❡ ✐❣❤t ❂ ❴❣❡tPr♦♣❡rt② ✭❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✱ ✧ ❤❡ ✐❣❤t ✧ ✮

✷✷✷ ✰ ② ✰ ✧♣①✧ ❀

✷✷✸

✷✷✹ r❡t✉r♥ tr✉❡ ❀

✷✷✺ ⑥

✷✷✻

✷✷✼ ✴✴⑥⑥⑥

✷✷✽ ✴✴④④④ t ❤ ✐ s ✳ ❝ ❧ ♦ s ❡ ❂ ❢✉♥❝ t ✐♦♥ ✭✮

✷✷✾

✷✸✵ ✴∗∗

✷✸✶ ∗ ❙ t❛ r t s t❤❡ ❝ ❧ ♦ s ✐ ♥ ❣ ♣r♦❝❡❞✉r❡ ♦ ❢ t ❤ ✐ s ✇✐♥❞♦✇ ✳

✷✸✷ ∗

✷✸✸ ∗ ❙❡ts ❛ ❢ ❧ ❛ ❣ t ❤❛ t t ❤ ✐ s ✇✐♥❞♦✇ ✐ s ❝✉ r r ❡♥ t ❧ ② ❝ ❧ ♦ s ✐ ♥ ❣ ❛♥❞ ❝ ❛ ❧ ❧ s

✷✸✹ ∗ t❤❡ ✇✐♥❞♦✇ ♠❛♥❛❣❡r t♦ ❝ ❧ ♦ s ❡ ✐ t ♦♥ t❤❡ s❡ r✈❡ r ✳ ❲✐♥❞♦✇

✷✸✺ ∗ ✐ s ❞❡s t r♦②❡❞ ❜② t❤❡ ♠❛♥❛❣❡r ✐ ❢ t❤❡ s❡ r✈❡ r r ❡♣♦r t s s✉❝❝❡s s ✳

✷✸✻ ∗✴

✷✸✼

✷✸✽ t❤✐s ✳ ❝ ❧ ♦ s ❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✷✸✾ ④

✷✹✵ ❴st❛t✉s ❂ ✬ ❝ ❧ ♦ s ✐ ♥ ❣ ✬ ❀

✷✹✶ ❛❥❛①❲▼✳ ❝❧♦s❡❲✐♥❞♦✇ ✭ ❴t❤✐s ✮ ❀

✷✹✷ ⑥

✷✹✸

✷✹✹ ✴✴⑥⑥⑥

✷✹✺ ✴✴④④④ t ❤ ✐ s ✳ ❞❡s t r♦② ❂ ❢✉♥❝ t ✐♦♥ ✭✮

✷✹✻

✷✹✼ ✴∗∗

✷✹✽ ∗ ❉❡str♦② t ❤ ✐ s ✇✐♥❞♦✇ ✿ ❘❡♠♦✈❡ ♥♦❞❡s ✱ ❢ r ❡ ❡ r❡s♦✉r❝❡s ✳

✷✹✾ ∗✴

✷✺✵

✷✺✶ t❤✐s ✳ ❞❡ s t r♦② ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✷✺✷ ④

✷✺✸ ✐ ❢ ✭ ❴st❛t✉s ✦❂ ✬ ❝ ❧ ♦ s ✐ ♥ ❣ ✬ ✮ ④

✷✺✹ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❞❡s t r♦② ✬ ✱

✷✺✺ ✬❲❛r♥✐♥❣ ✳ ❙t❛t✉s ✇❛s ✬ ✰ ❴st❛t✉s ✮ ❀

✷✺✻ ❴st❛t✉s ❂ ✬ ❝ ❧ ♦ s ✐ ♥ ❣ ✬ ❀

✷✺✼ ⑥

✷✺✽

✷✺✾ ❛❥❛①❲▼✳ ❣❡t❉❡s❦t♦♣❇②■❞ ✭❴❞❡s❦■❞ ✮ ✳ r❡♠♦✈❡❈❤✐❧❞ ✭❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✮ ❀

✷✻✵ ❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✳ ✐♥♥❡r❍❚▼▲ ❂ ✬ ✬ ❀

✷✻✶ ❞ ❡ ❧ ❡ t ❡ ✭❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✮ ❀

✷✻✷

✷✻✸ r❡t✉r♥ tr✉❡ ❀

✷✻✹ ⑥

✷✻✺

✷✻✻ ✴✴⑥⑥⑥

✷✻✼ t❤✐s ✳ ❣❡t❉❡s❦■❞ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮④ r❡t✉r♥ ❴❞❡s❦■❞⑥

✷✻✽ t❤✐s ✳ ❣ ❡ t ■❞ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮④ r❡t✉r♥ ❴✐❞⑥

✶✵✶



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✷✻✾ t❤✐s ✳ ❣❡t❲✐❞t❤ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮④ r❡t✉r♥ ❴❣❡tPr♦♣❡rt② ✭❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✱ ✬ ✇✐❞t❤ ✬ ✮⑥

✷✼✵ t❤✐s ✳ ❣❡t❍❡✐❣❤t ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮④ r❡t✉r♥ ❴❣❡tPr♦♣❡rt② ✭❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✱ ✬ ❤❡ ✐❣❤t ✬ ✮⑥

✷✼✶ t❤✐s ✳ ❣ ❡ t❙t❛t✉s ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮④ r❡t✉r♥ ❴st❛t✉s ⑥

✷✼✷ t❤✐s ✳ ❣❡t◆♦❞❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮④ r❡t✉r♥ ❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ⑥

✷✼✸ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴✐♥✐ t ✭ ✮

✷✼✹

✷✼✺ ✴∗∗

✷✼✻ ∗ ■ ♥ ✐ t ✐ ❛ ❧ ✐ ③ ❡ s ♣ r ♦♣ ❡ r t ✐ ❡ s ♦ ❢ t ❤ ✐ s ✇✐♥❞♦✇ ❛♥❞ ❝ r ❡❛ t ❡ s ✐ t s ♥♦❞❡s ✳

✷✼✼ ∗

✷✼✽ ∗ ❚❤✐s ♠❡t❤♦❞ ✇ ✐ ❧ ❧ ❝ r ❡❛ t ❡ ❡✈❡r② ❍❚▼▲ ♥♦❞❡ ❛♥❞ t ❤ ❡ ✐ r ❡✈❡♥t s ✇✐ t❤♦✉t

✷✼✾ ∗ ♥♦ t ✐ ❝ ✐ ♥ ❣ t❤❡ ✉s❡r ✳ ❚❤❡ ♦ ❜ ❥ ❡ ❝ t s ♠❡t❤♦❞ ❴❞r❛✇✭✮ s❤♦✉ ❧❞ ❜❡ ❝ ❛ ❧ ❧ ❡ ❞

✷✽✵ ∗ ❛ ❢ t ❡ r✇❛r❞s ✇❤✐❝❤ ✇ ✐ ❧ ❧ ❢ ✐ ♥ ❛ ❧ ❧ ② ❞ ✐ s ♣ ❧ ❛ ② ✐ t ✳

✷✽✶ ∗ ■ t ❛ ❧ s ♦ ❝ ❛ ❧ ❧ s t❤❡ ♠❡t❤♦❞ ❴s②♥❝ ✭✮ ✇❤✐❝❤ s②♥❝❤r♦♥ ✐ ③❡s ✐ t s ❝♦♥t❡♥t s

✷✽✷ ∗ ✇✐t❤ t❤❡ s❡ r✈❡ r ❛♥❞ s ❡ t s ✉♣ ❛ t✐♠❡♦✉t ❢ ♦ r ❢ ✉ r t ❤ ❡ r s②♥❝❤r♦♥ ✐ ③❛ t ✐ ♦♥s ✳

✷✽✸ ∗✴

✷✽✹

✷✽✺ ❢✉♥❝ t ✐ ♦♥ ❴✐♥ ✐ t ✭ ✮

✷✽✻ ④

✷✽✼ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧❴✐♥ ✐ t ✧ ✱

✷✽✽ ✧ ✐❞❂✧ ✰ ❴✐❞ ✰ ✬ ✱ ✇❂✬ ✰ ❴✇✐❞t❤ ✰ ✬ ✱ ❤❂✬ ✰ ❴❤❡✐❣❤t ✮ ❀

✷✽✾ ✈❛r t❡♠♣❧❛t❡ ❂ ❛❥❛①❲▼✳ ❣❡t❚❡♠♣❧❛t❡ ✭ ✮ ❀

✷✾✵ ❴♥♦❞❡ ❂ t❡♠♣❧❛t❡ ✳ ❝ ❧♦♥❡◆♦❞❡s ✭ ✬✇✐♥❞♦✇ ✬ ✮ ❀

✷✾✶ ❛❥❛①❲▼✳ ❣❡t❉❡s❦t♦♣❇②■❞ ✭❴❞❡s❦■❞ ✮ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✮ ❀

✷✾✷ ❴r❡❣ ✐ s t ❡ r❊✈❡♥ts ✭ ✮ ❀

✷✾✸ ⑥

✷✾✹

✷✾✺ ✴✴⑥⑥⑥

✷✾✻ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴❞r❛✇✭✮

✷✾✼

✷✾✽ ✴∗∗

✷✾✾ ∗ ❙ t❛ r t s ❞ ✐ s ♣ ❧ ❛ ② ✐ ♥ ❣ t❤❡ ✇✐♥❞♦✇ ❛♥❞ ✐ t s ❝♦♥t❡♥t s ✳

✸✵✵ ∗

✸✵✶ ∗ ❙❤♦✉❧❞ ❜❡ ❝ ❛ ❧ ❧ ❡ ❞ ♦♥❧② ♦♥❝❡ ❛ ❢ t ❡ r ✐ ♥ ✐ t ✭ ✮ ✳

✸✵✷ ∗ ❆t t ❤ ✐ s ♠♦♠❡♥t ✱ t ❤ ✐ s ✐ s ♦♥❧② ❛ ✧✇r❛♣♣❡r✧ ❢♦ r ❞ ✐ s ♣ ❧ ❛ ② ✭✮ ❜✉t ✐ t ❝♦✉ ❧❞ ❣❡ t

✸✵✸ ∗ s♦♠❡ ❢❛♥❝② ❢ ❡ ❛ t ✉ r ❡ s ✐♥ t❤❡ ❢ ✉ t✉ r ❡ ✳

✸✵✹ ∗✴

✸✵✺

✸✵✻ ❢✉♥❝ t ✐ ♦♥ ❴❞r❛✇ ✭ ✮

✸✵✼ ④

✸✵✽ ❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✳ s t ② ❧ ❡ ✳ ❞ ✐ s♣ ❧ ❛② ❂ ✧❜❧♦❝❦ ✧ ❀

✸✵✾ ❴st❛t✉s ❂ ✧ ❞❡ ❢ ❛✉ ❧ t ✧ ❀

✸✶✵ ⑥

✸✶✶

✸✶✷ ✴✴⑥⑥⑥

✸✶✸ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴s②♥❝ ✭✮

✸✶✹

✸✶✺ ✴∗∗

✸✶✻ ∗ ❙②♥❝❤r♦♥✐③❡s t❤❡ ❝♦♥t❡♥ts ♦ ❢ t ❤ ✐ s ✇✐♥❞♦✇ ✇✐t❤ t❤❡ s❡ r✈❡ r ✳

✸✶✼ ∗

✸✶✽ ∗ ❈❛ ❧ ❧ s t❤❡ ❆❥❛①❲▼❴▼❛♥❛❣❡r t♦ s❡♥❞ ❛ s②♥❝❤r♦♥ ✐ ③❛ t ✐♦♥ ❡✈❡♥t ❢ ♦ r

✸✶✾ ∗ t ❤ ✐ s ✇✐♥❞♦✇ t♦ t❤❡ s❡ r✈❡ r ✳ ❆❥❛①❲▼❴▼❛♥❛❣❡r t❤❡♥ ❝ ❛ ❧ ❧ s

✸✷✵ ∗ ❆❥❛①❲▼❴❲✐♥❞♦✇✳ ✉♣❞❛t❡ ✭ ✮ ✳

✸✷✶ ∗ ❲♦♥t ❜❡ ❡①❡❝✉t❡❞ ✇❤❡♥ ✇✐♥❞♦✇ ✐ s ❛ ❧ r❡❛❞② ❝ ❧ ♦ s ✐ ♥ ❣ t♦ ♣r❡✈❡♥t ❛

✸✷✷ ∗ s②♥❝❤r♦♥ ✐ ③❛ t ✐♦♥ ❡✈❡♥t t♦ ❜❡ ❡♥q✉❡✉❡❞ ❛ ❢ t ❡ r t❤❡ ❝ ❧♦s❡− ♦r

✸✷✸ ∗ ❦ ✐ ❧ ❧ −✇✐♥❞♦✇−❡✈❡♥t ✳

✸✷✹ ∗✴

✸✷✺

✸✷✻ ❢✉♥❝ t ✐ ♦♥ ❴s②♥❝ ✭ ✮

✸✷✼ ④

✶✵✷



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✸✷✽ ✐ ❢ ✭ ❴st❛t✉s ❂❂ ✬ ❝ ❧ ♦ s ✐ ♥ ❣ ✬ ✮

✸✷✾ r❡t✉r♥ ❀

✸✸✵

✸✸✶ ❴♥♦❞❡ ❬ ✬ t ✐ t ❧ ❡ ✬ ❪ ✳ ✐♥♥❡r❍❚▼▲ ❂ ✬❛❥❛①❲▼− ✬ ✰ ❛❥❛①❲▼✳ ❣❡t❱❡rs ✐♦♥ ✭ ✮ ❀

✸✸✷ ❛❥❛①❲▼✳ s②♥❝❲✐♥❞♦✇✭ ❴t❤✐s ✮ ❀

✸✸✸ ⑥

✸✸✹

✸✸✺ ✴✴⑥⑥⑥

✸✸✻ ✴✴ ❢✉♥❝ t ✐♦♥ ❴❝❛❧❝❈❤❛r❙✐③❡ ✭✮✴✴④④④

✸✸✼

✸✸✽ ✴∗∗

✸✸✾ ∗ ❈❛ ❧ ❝✉ ❧ ❛ t ❡ s ✇✐❞t❤ ❛♥❞ ❤❡ ✐ ❣❤ t ♦ ❢ ❛ ❝❤❛r❛❝ t❡r

✸✹✵ ∗ ✭ ✐♥ ♣r❡ ✳ ❝♦♥t❡♥t ✮ ✐♥ ♣ ✐ ① ❡ ❧ s ✳

✸✹✶ ∗ ❋■❳▼❊✿ ❛❞❞ ❝ ❛ ❧ ❝ ✉ ❧ ❛ t ✐ ♦ ♥ ♦ ❢ ❤ ❡ ✐ ❣ ❤ t

✸✹✷ ∗✴

✸✹✸

✸✹✹ ❢✉♥❝ t ✐ ♦♥ ❴❝❛❧❝❈❤❛r❙✐③❡ ✭ ✮

✸✹✺ ④

✸✹✻ ✈❛r ✇✐❞t❤ ❂ ❴❣❡tPr♦♣❡rt② ✭❴♥♦❞❡ ❬ ✬ ❝♦♥t❡♥t ✬ ❪ ✱ ✬ ✇✐❞t❤ ✬ ✮ ❀

✸✹✼ ❴❝❤❛r❲✐❞t❤ ❂ ✇✐❞t❤ ✴ ❴✇✐❞t❤ ❀

✸✹✽ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❝❛ ❧ ❝❈❤❛r❙ ✐ ③❡ ✬ ✱

✸✹✾ ❴❝❤❛r❲✐❞t❤ ✰ ✬ ❂ ✬ ✰ ✇✐❞t❤ ✰ ✬ ✴ ✬ ✰ ❴✇✐❞t❤ ✮ ❀

✸✺✵ ⑥

✸✺✶

✸✺✷ ✴✴⑥⑥⑥

✸✺✸ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴❣❡tPr♦♣❡rt② ✭♥♦❞❡ ✱ ♣r♦♣❡rt② ✱ ✇✐t❤❯♥✐t ✮

✸✺✹

✸✺✺ ✴∗∗

✸✺✻ ∗ ●✐✈❡s ❛ ♣r♦♣❡r t② ✭ s ✐ ③ ❡ ✮ ♦ ❢ ❛ ❞♦❝✉♠❡♥t ♥♦❞❡ ✳

✸✺✼ ∗

✸✺✽ ∗ ❅♣❛r❛♠ ♥♦❞❡ t❤❡ ♥♦❞❡ t♦ ❣❡ t ✐♥ ❢♦r♠❛t ✐♦♥ ❛❜♦✉t

✸✺✾ ∗ ❅♣❛r❛♠ ♣r♦♣❡r t② t❤❡ ✐♥❢♦r♠❛t ✐♦♥ t♦ ❣❡ t

✸✻✵ ∗ ❅♣❛r❛♠ ✇✐t❤❯♥✐t ♦♣ t ✐ ♦♥❛ ❧ ✳ ❘❡t✉r♥ t❤❡ ✈❛ ❧✉❡ ✇✐t❤ ✐ t s ✉♥ ✐ t

✸✻✶ ∗ ❅r❡t✉r♥ ✐♥ t ✴ ❢ ❧ ♦ ❛ t s ✐ ③ ❡ ♦ ❢ t❤❡ ♣r♦♣❡r t② ♣❛ss❡❞ ✇✐ t❤♦✉t ✉♥ ✐ t

✸✻✷ ∗ ❅r❡t✉r♥ s t r ✐ ♥ ❣ s ✐ ③ ❡ ♦ ❢ t❤❡ ♣r♦♣❡r t② ♣❛ss❡❞ ✇✐ t❤♦✉t ✉♥ ✐ t

✸✻✸ ∗✴

✸✻✹

✸✻✺ ❢✉♥❝ t ✐ ♦♥ ❴❣❡tPr♦♣❡rt② ✭ ♥♦❞❡ ✱ ♣r♦♣❡rt② ✱ ✇✐t❤❯♥✐t ✮

✸✻✻ ④

✸✻✼ ✈❛r ♣r♣t② ❂ ♥♦❞❡ ✳ s t ② ❧ ❡ ❬ ♣r♦♣❡rt② ❪ ❀

✸✻✽ ✐ ❢ ✭ tr✉❡ ❂❂ ✇✐t❤❯♥✐t ✮

✸✻✾ ✈❛r r ❡ s ✉ ❧ t ❂ ♣r♣t② ❀

✸✼✵ ❡❧s❡

✸✼✶ ✈❛r r ❡ s ✉ ❧ t ❂ ♣r♣t② ✳ s✉❜s t r ✭✵ ✱ ♣r♣t② ✳ ❧ ❡♥❣t❤ − ✷ ✮ ❀

✸✼✷

✸✼✸ ✐ ❢ ✭ r ❡ s ✉ ❧ t ❂❂ ✧✧ ⑤ ⑤ ✐s◆❛◆ ✭ r ❡ s ✉ ❧ t ✮ ✮ ④

✸✼✹ ✴✴ ❢ ❛ ❧ ❧ ❜ ❛ ❝ ❦ ❞❡t❡r♠✐♥❛t ✐♦♥ ♦ ❢ ♣r♦♣❡rt② ✱

✸✼✺ ✴✴ ❛ ❧ ❧ ✈❛ ❧✉❡ s ❛r❡ r❡t✉r♥❡❞ ❲■❚❍❖❯❚ ✉♥✐t ✱ ✉♥ ✐ t ✇♦✉❧❞ ❜❡ ♣①

✸✼✻ s✇✐t❝❤ ✭ ♣r♦♣❡rt② ✮ ④

✸✼✼ ❝❛s❡ ✧✇✐❞t❤✧ ✿

✸✼✽ r ❡ s ✉ ❧ t ❂ ♥♦❞❡ ✳ ❝ ❧ ✐ ❡♥t❲✐❞t❤ ❀

✸✼✾ ❜r❡❛❦ ❀

✸✽✵

✸✽✶ ❝❛s❡ ✧ ❤❡ ✐❣❤t ✧ ✿

✸✽✷ r ❡ s ✉ ❧ t ❂ ♥♦❞❡ ✳ ❝ ❧ ✐ ❡ ♥ t❍❡ ✐ ❣❤ t ❀

✸✽✸ ❜r❡❛❦ ❀

✸✽✹

✸✽✺ ❝❛s❡ ✧ ❧ ❡ ❢ t ✧ ✿

✸✽✻ r ❡ s ✉ ❧ t ❂ ♥♦❞❡ ✳ ♦ ❢ ❢ s ❡ t ▲ ❡ ❢ t ❀

✶✵✸



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✸✽✼ ❜r❡❛❦ ❀

✸✽✽

✸✽✾ ❝❛s❡ ✧ t♦♣✧ ✿

✸✾✵ r ❡ s ✉ ❧ t ❂ ♥♦❞❡ ✳ ♦ ❢ ❢ s ❡ t❚♦♣ ❀

✸✾✶ ❜r❡❛❦ ❀

✸✾✷

✸✾✸ ❞❡❢❛✉❧t ✿

✸✾✹ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧❴❣❡tPr♦♣❡rt②✧ ✱

✸✾✺ ✧✇r♦♥❣ ♣❛r❛♠❡t❡r ✿ ✧ ✰ ♣r♦♣❡rt② ✮ ❀

✸✾✻ ⑥

✸✾✼

✸✾✽ ✐ ❢ ✭ tr✉❡ ❂❂ ✇✐t❤❯♥✐t ✮

✸✾✾ r ❡ s ✉ ❧ t ✰❂ ✬♣① ✬ ❀

✹✵✵ ⑥

✹✵✶ ✐ ❢ ✭ ❢❛ ❧ s❡ ❂❂ ✇✐t❤❯♥✐t ✮

✹✵✷ r ❡ s ✉ ❧ t ❂ ♣❛rs❡❋ ❧♦❛t ✭ r ❡ s ✉ ❧ t ✮ ❀

✹✵✸

✹✵✹ r❡t✉r♥ r ❡ s ✉ ❧ t ❀

✹✵✺ ⑥

✹✵✻

✹✵✼ ✴✴⑥⑥⑥

✹✵✽ ✴✴ ❢✉♥❝ t ✐♦♥ ❴r❡❣ ✐ s t❡r❊✈❡♥ts ✭✮✴✴④④④

✹✵✾

✹✶✵ ✴∗∗

✹✶✶ ∗ ❙❡t ✉♣ ❛ ❧ ❧ ❡✈❡♥ t s ♦ ❢ t ❤ ✐ s ✇✐♥❞♦✇ ✳

✹✶✷ ∗

✹✶✸ ∗ ❚❖❉❖✿ ❛❞❞ r❡❝✉rs ✐♦♥ ❄

✹✶✹ ∗✴

✹✶✺

✹✶✻ ❢✉♥❝ t ✐ ♦♥ ❴r❡❣ ✐ s t ❡ r❊✈❡♥ts ✭ ✮

✹✶✼ ④

✹✶✽ ✈❛r ❡✈❡♥ts ❂ ❴♥♦❞❡ ❬ ✬ ❡✈❡♥ts ✬ ❪ ❀

✹✶✾ ✈❛r ❧ ❡♥❣t❤ ❂ ❡✈❡♥ts ✳ ❧ ❡♥❣t❤ ❀

✹✷✵ ❢♦r ✭ ✈❛r ✐ ❂ ✵ ❀ ✐ ❁ ❧❡♥❣t❤ ❀ ✰✰✐ ✮ ④ ✴✴ ❡✈❡♥t t②♣❡

✹✷✶ ❢♦r ✭ ❡ ✐♥ ❡✈❡♥ts ❬ ✐ ❪ ✮ ④ ✴✴ ❡✈❡♥t

✹✷✷ ✐ ❢ ✭ t②♣❡♦ ❢ ✭ ❡✈❡♥ts ❬ ✐ ❪ ❬ ❡ ❪ ✮ ✦❂ ✬ ♦❜ ❥ ❡ ❝ t ✬ ✮

✹✷✸ ❝♦♥t✐♥✉❡ ❀

✹✷✹ ✈❛r ❛❝ t ✐ ♦♥ ❂ ❡✈❡♥ts ❬ ✐ ❪ ❬ ❡ ❪ ❬ ✬ ❛ ❝ t ✐ ♦♥ ✬ ❪ ❀

✹✷✺ s✇✐t❝❤ ✭ ❛❝ t ✐ ♦♥ ✮ ④

✹✷✻ ❝❛s❡ ✬ ❢ ♦ ❝✉ s ✬ ✿

✹✷✼ ✈❛r ❢♥ ❂ ❴t❤✐s ✳ ❢ ♦ ❝✉ s ❀

✹✷✽ ❜r❡❛❦ ❀

✹✷✾ ❝❛s❡ ✬♠♦✈❡ ✬ ✿

✹✸✵ ✈❛r ❢♥ ❂ ❴st❛rt▼♦✈❡ ❀

✹✸✶ ❜r❡❛❦ ❀

✹✸✷ ❝❛s❡ ✬ r ❡ s ✐ ③ ❡ ✬ ✿

✹✸✸ ✈❛r ❢♥ ❂ ❴st❛r t❘❡s ✐ ③❡ ❀

✹✸✹ ⑥

✹✸✺ ✈❛r ♣❛t❤ ❂ ❡✈❡♥ts ❬ ✐ ❪ ❬ ❡ ❪ ❬ ✬ ♣❛t❤ ✬ ❪ ❀

✹✸✻ ✈❛r ♥♦❞❡ ❂ tr❛❝❡◆♦❞❡ ✭ ♣❛t❤ ✱ ❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✮ ❀

✹✸✼ ♥♦❞❡ ❬ ❡ ❪ ❂ ❢♥ ❀

✹✸✽ ⑥

✹✸✾ ⑥

✹✹✵ ❞ ❡ ❧ ❡ t ❡ ✭❴♥♦❞❡ ❬ ✬ ❡✈❡♥ts ✬ ❪ ✮ ❀

✹✹✶ ⑥

✹✹✷

✹✹✸ ✴✴⑥⑥⑥

✹✹✹ ✴✴ ❢✉♥❝ t ✐♦♥ ❴s❡t❈❧❛ss❋♦r▼♦❞❡ ✭♠♦❞❡✮✴✴④④④

✹✹✺

✶✵✹



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✹✹✻

✹✹✼ ✴∗∗

✹✹✽ ∗ ❊♥❛❜❧❡s ♠♦✈❡− ♦r r ❡ s ✐ ③ ❡ ♠♦❞❡ ❢♦ r ❛ ❧ ❧ ♥♦❞❡s ✳

✹✹✾ ∗

✹✺✵ ∗ ❈❤❛♥❣❡s t❤❡ ❝ ❧ ❛ s s ♥❛♠❡s ♦ ❢ ❛ ❧ ❧ ♥♦❞❡s ♦ ❢ t ❤ ✐ s ✇✐♥❞♦✇ t❤❛ t ❤❛✈❡

✹✺✶ ∗ t❤❡ ❛ t t r ✐ ❜ ✉ t ❡ ♠♦✈❡❂✧❝❤❛♥❣❡✧ ♦r r ❡ s ✐ ③ ❡❂✧❝❤❛♥❣❡✧ t♦ t❤❡

✹✺✷ ∗ ❛♣♣r♦♣r ✐❛ t❡ ❝ ❧ ❛ s s ♥❛♠❡ ✳

✹✺✸ ∗

✹✺✹ ∗ ❅♣❛r❛♠ ♠♦❞❡ s t r ✐ ♥ ❣ ▼♦❞❡ t❤❛ t s❤♦✉ ❧❞ ❜❡ s ❡ t ✳ ✧♠♦✈❡✧ ♦r ✧ r ❡ s ✐ ③ ❡ ✧

✹✺✺ ∗ ❅r❡t✉r♥ ✈♦✐❞

✹✺✻ ∗✴

✹✺✼

✹✺✽ ❢✉♥❝ t ✐ ♦♥ ❴s❡t❈❧❛ss❋♦r▼♦❞❡ ✭♠♦❞❡✮

✹✺✾ ④

✹✻✵ s✇✐t❝❤ ✭♠♦❞❡✮ ④

✹✻✶ ❝❛s❡ ✬♠♦✈❡ ✬ ✿

✹✻✷ ✈❛r ❦❡② ❂ ✬ ❝❤♠♦✈❡ ✬ ❀

✹✻✸ ✈❛r s ✉ ❢ ❢ ✐ ① ❂ ✬❴♠♦✈✐♥❣ ✬ ❀

✹✻✹ ❜r❡❛❦ ❀

✹✻✺

✹✻✻ ❝❛s❡ ✬ r ❡ s ✐ ③ ❡ ✬ ✿

✹✻✼ ✈❛r ❦❡② ❂ ✬ ❝ ❤ r ❡ s ✐ ③ ❡ ✬ ❀

✹✻✽ ✈❛r s ✉ ❢ ❢ ✐ ① ❂ ✬ ❴r❡ s ✐ ③ ✐♥❣ ✬ ❀

✹✻✾ ❜r❡❛❦ ❀

✹✼✵

✹✼✶ ❞❡❢❛✉❧t ✿

✹✼✷ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❴s❡t❈❧❛ss❋♦r▼♦❞❡ ✬ ✱ ✬❲r♦♥❣ ♠♦❞❡ ✬✰♠♦❞❡ ✮ ❀

✹✼✸ r❡t✉r♥ ❀

✹✼✹ ⑥

✹✼✺ ✴✴ ❢♦ r ❡❛❝❤ ❡❧❡♠❡♥t t ❤❛ t s❤♦✉ ❧❞ ❝❤❛♥❣❡ ✐ t s ❝ ❧ ❛ s s

✹✼✻ ✈❛r ❧ ❡♥❣t❤ ❂ ❴♥♦❞❡ ❬ ❦❡② ❪ ✳ ❧ ❡♥❣t❤ ❀

✹✼✼ ❢♦r ✭ ✈❛r ✐ ❂ ✵ ❀ ✐ ❁ ❧❡♥❣t❤ ❀ ✰✰✐ ✮ ④

✹✼✽ ✈❛r ♥♦❞❡ ❂ ❴♥♦❞❡ ❬ ❦❡② ❪ ❬ ✐ ❪ ❀

✹✼✾

✹✽✵ ✴✴ ❝♦♥t ✐♥✉❡ ✐ ❢ t❤❡ ❝✉rr❡♥t ❡❧❡♠❡♥t ❤❛s t❤❡ s ✉ ❢ ❢ ✐ ① ❛ ❧ r❡❛❞② ❛❞❞❡❞

✹✽✶ ✐ ❢ ✭−✶ ✦❂ ♥♦❞❡ ✳ ❝❧❛ss◆❛♠❡ ✳ ✐♥❞❡①❖❢ ✭ s ✉ ❢ ❢ ✐ ① ✮ ✮

✹✽✷ ❝♦♥t✐♥✉❡ ❀

✹✽✸

✹✽✹ ✴✴ ❞♦❡s t ❤ ✐ s ♥♦❞❡ ❤❛s t❤❡ s ✐ ③ ❡ s ❡ t ♠❛♥✉❛❧❧②❄

✹✽✺ ✈❛r s ❡ t ❙ ✐ ③ ❡ ❂ ❢❛ ❧ s❡ ❀

✹✽✻ ✐ ❢ ✭−✶ ✦❂ ❴♥♦❞❡ ❬ ✬ s ✐ ③ ❡ ✬ ❪ ❬ ✬ s ❡ t ✬ ❪ ✳ ✐♥❞❡①❖❢ ✭ ♥♦❞❡ ✮ ✮ ④

✹✽✼ ✈❛r s ❡ t ❙ ✐ ③ ❡ ❂ tr✉❡ ❀

✹✽✽ ✈❛r ✇✐❞t❤ ❂ ❴❣❡tPr♦♣❡rt② ✭ ♥♦❞❡ ✱ ✬ ✇✐❞t❤ ✬ ✱ tr✉❡ ✮ ❀

✹✽✾ ✈❛r ❤❡ ✐❣❤t ❂ ❴❣❡tPr♦♣❡rt② ✭ ♥♦❞❡ ✱ ✬ ❤❡ ✐❣❤t ✬ ✱ tr✉❡ ✮ ❀

✹✾✵ ⑥

✹✾✶

✹✾✷ ♥♦❞❡ ✳ ❝❧❛ss◆❛♠❡ ✰❂ s ✉ ❢ ❢ ✐ ① ❀

✹✾✸

✹✾✹ ✐ ❢ ✭ s ❡ t ❙ ✐ ③ ❡ ✮ ④

✹✾✺ ♥♦❞❡ ✳ s t ② ❧ ❡ ✳ ✇✐❞t❤ ❂ ✇✐❞t❤ ❀

✹✾✻ ♥♦❞❡ ✳ s t ② ❧ ❡ ✳ ❤❡ ✐❣❤t ❂ ❤❡ ✐❣❤t ❀

✹✾✼ ⑥

✹✾✽ ⑥

✹✾✾ ⑥

✺✵✵

✺✵✶ ✴✴⑥⑥⑥

✺✵✷ ✴✴ ❢✉♥❝ t ✐♦♥ ❴✉♥s❡t❈❧❛ss❋♦r▼♦❞❡ ✭♠♦❞❡✮✴✴④④④

✺✵✸

✺✵✹ ✴∗∗

✶✵✺



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✺✵✺ ∗ ❉✐s❛❜ ❧ ❡ s ♠♦✈❡− ♦r r ❡ s ✐ ③ ❡ ♠♦❞❡ ❢♦ r ❛ ❧ ❧ ♥♦❞❡s ✳

✺✵✻ ∗

✺✵✼ ∗ ❅s❡❡ ❆❥❛①❲▼❴❲✐♥❞♦✇ ✿ ✿ ❴s❡t❈❧❛ss❋♦r▼♦❞❡ ✭✮

✺✵✽ ∗ ❅♣❛r❛♠ ♠♦❞❡ s t r ✐ ♥ ❣ ▼♦❞❡ t❤❛ t s❤♦✉ ❧❞ ❜❡ ✉♥s❡t ✳ ✧♠♦✈❡✧ ♦r ✧ r ❡ s ✐ ③ ❡ ✧

✺✵✾ ∗ ❅r❡t✉r♥ ✈♦✐❞

✺✶✵ ∗✴

✺✶✶

✺✶✷ ❢✉♥❝ t ✐ ♦♥ ❴✉♥s❡t❈❧❛ss❋♦r▼♦❞❡ ✭♠♦❞❡✮

✺✶✸ ④

✺✶✹ s✇✐t❝❤ ✭♠♦❞❡✮ ④

✺✶✺ ❝❛s❡ ✬♠♦✈❡ ✬ ✿

✺✶✻ ✈❛r ❦❡② ❂ ✬ ❝❤♠♦✈❡ ✬ ❀

✺✶✼ ✈❛r s ✉ ❢ ❢ ✐ ① ❂ ✴❴♠♦✈✐♥❣ ✴ ❀

✺✶✽ ❜r❡❛❦ ❀

✺✶✾

✺✷✵ ❝❛s❡ ✬ r ❡ s ✐ ③ ❡ ✬ ✿

✺✷✶ ✈❛r ❦❡② ❂ ✬ ❝ ❤ r ❡ s ✐ ③ ❡ ✬ ❀

✺✷✷ ✈❛r s ✉ ❢ ❢ ✐ ① ❂ ✴❴r❡ s ✐ ③ ✐♥❣ ✴ ❀

✺✷✸ ❜r❡❛❦ ❀

✺✷✹

✺✷✺ ❞❡❢❛✉❧t ✿

✺✷✻ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❴✉♥s❡t❈❧❛ss❋♦r▼♦❞❡ ✬ ✱ ✬❲r♦♥❣ ♠♦❞❡ ✬✰♠♦❞❡ ✮ ❀

✺✷✼ r❡t✉r♥ ❀

✺✷✽ ⑥

✺✷✾

✺✸✵ ✈❛r ❧ ❡♥❣t❤ ❂ ❴♥♦❞❡ ❬ ❦❡② ❪ ✳ ❧ ❡♥❣t❤ ❀

✺✸✶ ❢♦r ✭ ✈❛r ✐ ❂ ✵ ❀ ✐ ❁ ❧❡♥❣t❤ ❀ ✰✰✐ ✮ ④

✺✸✷ ❴♥♦❞❡ ❬ ❦❡② ❪ ❬ ✐ ❪ ✳ ❝❧❛ss◆❛♠❡ ❂

✺✸✸ ❴♥♦❞❡ ❬ ❦❡② ❪ ❬ ✐ ❪ ✳ ❝❧❛ss◆❛♠❡ ✳ r ❡♣ ❧ ❛ ❝ ❡ ✭ s ✉ ❢ ❢ ✐ ① ✱ ✬ ✬ ✮ ❀

✺✸✹ ⑥

✺✸✺ ⑥

✺✸✻

✺✸✼ ✴✴⑥⑥⑥

✺✸✽ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴♦♥▼♦✈❡✭ ❡ ✮

✺✸✾

✺✹✵ ✴∗∗

✺✹✶ ∗ ▼♦✈❡s t❤❡ ✇✐♥❞♦✇ t♦ t❤❡ ❝✉rr❡♥t ♠♦✉s❡ ♣♦ s ✐ t ✐ ♦♥ ✳

✺✹✷ ∗ ❊✈❡♥t ❤❛♥❞❧❡r ❢ ♦ r ♦♥♠♦✉s❡♠♦✈❡ ✐ ❢ ♠♦✈❡ ♠♦❞❡ ✐ s ❡♥❛❜ ❧❡❞ ✳

✺✹✸ ∗

✺✹✹ ∗ ❅♣❛r❛♠ ❡ ♦♥♠♦✉s❡♠♦✈❡ ❡✈❡♥t t ❤❛ t ❝♦♥t❛ ✐♥s ♥❡✇ ♠♦✉s❡ ♣♦ s ✐ t ✐ ♦♥

✺✹✺ ∗ ❅r❡t✉r♥ ❢ ❛ ❧ s ❡ t♦ ❢ ✐ ♥ ✐ s ❤ t ❤ ✐ s ❡✈❡♥t

✺✹✻ ∗✴

✺✹✼

✺✹✽ ❢✉♥❝ t ✐ ♦♥ ❴♦♥▼♦✈❡✭ ❡ ✮

✺✹✾ ④

✺✺✵ ✴✴ s✉ ❜ s t r ❛ ❝ t ❞ ✐ ❢ ❢ ❡ r ❡ ♥ ❝ ❡ ❜❡t✇❡❡♥ ✇✐♥❞♦✇ ❜♦r❞❡r ❛♥❞ ♠♦✉s❡ ♣♦ ✐♥ t ❡ r

✺✺✶ ✴✴ ✇❤✐❝❤ ✇❛s ✐♥ t❤❡ ✇✐♥❞♦✇ ✇❤✐ ❧ ❡ ❡♥ t ❡ r ✐♥❣ ♠♦✈❡ ♠♦❞❡

✺✺✷ ❴t❤✐s ✳♠♦✈❡❚♦✭ ❡ ✳ ♣❛❣❡❳ − ❴♠♦✉s❡❳ ✱ ❡ ✳ ♣❛❣❡❨ − ❴♠♦✉s❡❨ ✮ ❀

✺✺✸

✺✺✹ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✺✺✺ ⑥

✺✺✻

✺✺✼ ✴✴⑥⑥⑥

✺✺✽ ✴✴ ④④④ ❢✉♥❝ t ✐♦♥ ❴st❛rt▼♦✈❡ ✭ ❡ ✮

✺✺✾

✺✻✵ ✴∗∗

✺✻✶ ∗ ❊♥t❡rs ♠♦✈❡−♠♦❞❡ t♦ ♠♦✈❡ t ❤ ✐ s ✇✐♥❞♦✇ ❛r♦✉♥❞ ✳

✺✻✷ ∗

✺✻✸ ∗ ❙t♦r❡s t❤❡ ❝✉rr❡♥t ♣♦ s ✐ t ✐ ♦♥ ♦ ❢ t❤❡ ❝✉rs♦r ✐♥ t ❤ ✐ s ✇✐♥❞♦✇ ✱

✶✵✻



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✺✻✹ ∗ s ❡ t s ✉♣ ❡✈❡♥t ❤❛♥❞ ❧❡rs ❢ ♦ r ❞ ✐ s ♣ ❧ ❛ ② ✐ ♥ ❣ ♥❡✇ ✇✐♥❞♦✇ s t ❛ t ❡ ❛♥❞

✺✻✺ ∗ ❢ ✐ ① ✐ ♥ ❣ ✇✐♥❞♦✇ ♦♥ t❤❛ t ♣♦ s ✐ t ✐ ♦♥ ✳

✺✻✻ ∗

✺✻✼ ∗ ❅♣❛r❛♠ ❡ ♦♥♠♦✉s❡❞♦✇♥ ♦♥♠♦✉s❡❞♦✇♥−❡✈❡♥t t ❤❛ t ✐ ♥ ✐ t ✐ ❛ t ❡ ❞ ♠♦✈❡ ♠♦❞❡

✺✻✽ ∗ ❅r❡t✉r♥ ❢ ❛ ❧ s ❡ t♦ ❢ ✐ ♥ ✐ s ❤ t ❤ ✐ s ❡✈❡♥t

✺✻✾ ∗✴

✺✼✵

✺✼✶ ❢✉♥❝ t ✐ ♦♥ ❴st❛rt▼♦✈❡ ✭ ❡ ✮

✺✼✷ ④

✺✼✸ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧❴st❛rt▼♦✈❡✧ ✱

✺✼✹ ✧❲✐♥❞♦✇ ✧ ✰ ❴✐❞ ✰ ✧ ✿ ▼♦✈❡ ♠♦❞❡ ❡♥t❡r❡❞ ✳ ✧ ✮ ❀

✺✼✺

✺✼✻ ❴t❤✐s ✳ ❢ ♦ ❝✉s ✭ ✮ ❀

✺✼✼

✺✼✽ ✴✴ ❝ ❛ ❧ ❝ ✉ ❧ ❛ t ❡ ❞ ✐ s t ❛♥❝❡ ❜❡t✇❡❡♥ ✇✐♥❞♦✇ ❜♦r❞❡r ❛♥❞

✺✼✾ ✴✴ ♠♦✉s❡ ♣♦ ✐♥ t ❡ r ✭ ✐♥ ✇✐♥❞♦✇✮

✺✽✵ ❴♠♦✉s❡❳ ❂ ❡ ✳ ♣❛❣❡❳ − ❴❣❡tPr♦♣❡rt② ✭❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✱ ✧ ❧ ❡ ❢ t ✧ ✮ ❀

✺✽✶ ❴♠♦✉s❡❨ ❂ ❡ ✳ ♣❛❣❡❨ − ❴❣❡tPr♦♣❡rt② ✭❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✱ ✧ t♦♣✧ ✮ ❀

✺✽✷

✺✽✸ ❴s❡t❈❧❛ss❋♦r▼♦❞❡ ✭ ✬♠♦✈❡ ✬ ✮ ❀

✺✽✹

✺✽✺ ✴✴ ❡✈❡♥t ❤❛♥❞ ❧❡rs

✺✽✻ ❞♦❝✉♠❡♥t ✳ ♦♥♠♦✉s❡♠♦✈❡ ❂ ❴♦♥▼♦✈❡ ❀

✺✽✼ ❞♦❝✉♠❡♥t ✳ ♦♥♠♦✉s❡✉♣ ❂ ❴st♦♣▼♦✈❡ ❀

✺✽✽

✺✽✾ ✴✴ ❜ ❧ ♦ ❝ ❦ ❡✈❡♥t ❢r♦♠ ❢✉ r t ❤ ❡ r ❡①❡❝✉ t ✐♦♥ ✿

✺✾✵ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✺✾✶ ⑥

✺✾✷

✺✾✸ ✴✴ ⑥⑥⑥

✺✾✹ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴st♦♣▼♦✈❡ ✭ ❡ ✮

✺✾✺

✺✾✻ ✴∗∗

✺✾✼ ∗ ❋✐①❡s t❤❡ ✇✐♥❞♦✇ ♦♥ t❤❡ ♥❡✇ ♣♦ s ✐ t ✐ ♦♥ ✳

✺✾✽ ∗

✺✾✾ ∗ ▲❡❛✈❡s ♠♦✈❡ ♠♦❞❡ ❜② r ❡ s ❡ t t ✐ ♥ ❣ ♦♥♠♦✉s❡∗−❤❛♥❞ ❧❡rs ✳

✻✵✵ ∗

✻✵✶ ∗ ❅♣❛r❛♠ ❡ ♦♥♠♦✉s❡✉♣ ❡✈❡♥t t ❤❛ t s❤♦✉ ❧❞ s t♦♣ ✇✐♥❞♦✇ ❢r♦♠ ❜❡✐♥❣ ♠♦✈❡❞

✻✵✷ ∗ ❅r❡t✉r♥ ❢ ❛ ❧ s ❡ t♦ ❢ ✐ ♥ ✐ s ❤ t ❤ ✐ s ❡✈❡♥t

✻✵✸ ∗✴

✻✵✹

✻✵✺ ❢✉♥❝ t ✐ ♦♥ ❴st♦♣▼♦✈❡ ✭ ❡ ✮

✻✵✻ ④

✻✵✼ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✧❴st❛rt▼♦✈❡✧ ✱

✻✵✽ ✧❲✐♥❞♦✇ ✧ ✰ ❴✐❞ ✰ ✧ st♦♣♣❡❞ ♠♦✈✐♥❣ ✳ ✧ ✮ ❀

✻✵✾

✻✶✵ ❴✉♥s❡t❈❧❛ss❋♦r▼♦❞❡ ✭ ✬♠♦✈❡ ✬ ✮ ❀

✻✶✶

✻✶✷ ✴✴ r ❡ s ❡ t ❤❛♥❞ ❧❡rs

✻✶✸ ❞♦❝✉♠❡♥t ✳ ♦♥♠♦✉s❡♠♦✈❡ ❂ ♥✉❧❧ ❀

✻✶✹ ❞♦❝✉♠❡♥t ✳ ♦♥♠♦✉s❡✉♣ ❂ ♥✉❧❧ ❀

✻✶✺

✻✶✻ ✴✴ ❜ ❧ ♦ ❝ ❦ ❡✈❡♥t ✿

✻✶✼ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✻✶✽ ⑥

✻✶✾

✻✷✵ ✴✴⑥⑥⑥

✻✷✶ ✴✴④④④✴✴ ❢✉♥❝ t ✐♦♥ ❴♦♥❘❡s✐③❡ ✭ ❡ ✮

✻✷✷

✶✵✼



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✻✷✸ ✴∗∗

✻✷✹ ∗ ❘❡s✐ ③❡s t❤❡ ✇✐♥❞♦✇ ✳

✻✷✺ ∗

✻✷✻ ∗ ❘❡s ✐ ③ ✐♥❣ ✐ s ♦♥❧② ❞♦♥❡ s t ❡♣ ❜② st❡♣ ✱ ❡✈❡r② ✐♥−✴❞❡❝r❡❛s❡ ✐ s ❡q✉❛ ❧

✻✷✼ ∗ t♦ t❤❡ ✇✐❞t❤ ✴ ❤❡ ✐ ❣ ❤ t ♦ ❢ ❛ ❝❤❛r❛❝ t❡r ✭ t❡r♠✐♥❛❧− ❧ ✐ ❦ ❡ ❀ ✮ ✮ ✳

✻✷✽ ∗ ❈❤❛♥❣❡s ✇✐♥❞♦✇ ♣♦ s ✐ t ✐ ♦♥ ✐ ❢ ✇✐♥❞♦✇ s❤♦✉ ❧❞ ❜❡ r ❡ s ✐ ③ ❡ ❞ t♦ t❤❡ ♥♦rt❤

✻✷✾ ∗ ♦r ✇❡st s♦ t ❤❛ t t❤❡ ♦ t❤❡r ❜♦r❞❡rs ✇ ✐ ❧ ❧ r❡♠❛✐♥ ♦♥ t ❤ ❡ ✐ r ❝✉rr❡♥t

✻✸✵ ∗ ♣♦ s ✐ t ✐ ♦ ♥ s ✳

✻✸✶ ∗

✻✸✷ ∗ ❅♣❛r❛♠ ❡ ♦♥♠♦✉s❡♠♦✈❡ ❖♥♠♦✉s❡♠♦✈❡−❡✈❡♥t t ❤❛ t ❧❛✉♥❝❤❡❞ t ❤ ✐ s ❢✉♥❝ t ✐ ♦♥

✻✸✸ ∗ ❅r❡t✉r♥ tr✉❡ ❚♦ ♥♦t ❜ ❧ ♦ ❝ ❦ t❤❡ ❡✈❡♥t ❢r♦♠ ❢✉ r t ❤ ❡ r ❡ ❢ ❢ ❡ ❝ t s

✻✸✹ ∗✴

✻✸✺

✻✸✻ ❢✉♥❝ t ✐ ♦♥ ❴♦♥❘❡s✐③❡ ✭ ❡ ✮

✻✸✼ ④

✻✸✽ ✈❛r ♣ ✐①❡ ❧ s❳ ❂ ✵ ❀

✻✸✾ ✈❛r ♣ ✐①❡ ❧ s❨ ❂ ✵ ❀

✻✹✵ ✈❛r ❝❤❛rs ❂ ✵ ❀

✻✹✶ ✈❛r ❧ ✐ ♥ ❡ s ❂ ✵ ❀

✻✹✷ ✴✴ ❣❡ t ❛♠♦✉♥t ♦ ❢ ♣ ✐ ① ❡ ❧ s t❤❡ ✇✐♥❞♦✇ s❤♦✉ ❧❞ ❜❡ r ❡ s ✐ ③ ❡ ❞ ❜② ✴✴④④④

✻✹✸

✻✹✹ s✇✐t❝❤ ✭ ❴❞✐ r❡❝ t ✐♦♥ ✮ ④

✻✹✺ ❝❛s❡ ✬ ♥❡ ✬ ✿

✻✹✻ ♣ ✐①❡ ❧ s❳ ❂ ❡ ✳ ♣❛❣❡❳ − ❴♠♦✉s❡❳ ❀

✻✹✼ ❝❛s❡ ✬ ♥ ✬ ✿

✻✹✽ ♣ ✐①❡ ❧ s❨ ❂ ❴♠♦✉s❡❨ − ❡ ✳ ♣❛❣❡❨ ❀

✻✹✾ ❜r❡❛❦ ❀

✻✺✵

✻✺✶ ❝❛s❡ ✬ s ❡ ✬ ✿

✻✺✷ ♣ ✐①❡ ❧ s❨ ❂ ❡ ✳ ♣❛❣❡❨ − ❴♠♦✉s❡❨ ❀

✻✺✸ ❝❛s❡ ✬ ❡ ✬ ✿

✻✺✹ ♣ ✐①❡ ❧ s❳ ❂ ❡ ✳ ♣❛❣❡❳ − ❴♠♦✉s❡❳ ❀

✻✺✺ ❜r❡❛❦ ❀

✻✺✻

✻✺✼ ❝❛s❡ ✬ s✇ ✬ ✿

✻✺✽ ♣ ✐①❡ ❧ s❳ ❂ ❴♠♦✉s❡❳ − ❡ ✳ ♣❛❣❡❳ ❀

✻✺✾ ❝❛s❡ ✬ s ✬ ✿

✻✻✵ ♣ ✐①❡ ❧ s❨ ❂ ❡ ✳ ♣❛❣❡❨ − ❴♠♦✉s❡❨ ❀

✻✻✶ ❜r❡❛❦ ❀

✻✻✷

✻✻✸ ❝❛s❡ ✬♥✇ ✬ ✿

✻✻✹ ♣ ✐①❡ ❧ s❨ ❂ ❴♠♦✉s❡❨ − ❡ ✳ ♣❛❣❡❨ ❀

✻✻✺ ❝❛s❡ ✬✇ ✬ ✿

✻✻✻ ♣ ✐①❡ ❧ s❳ ❂ ❴♠♦✉s❡❳ − ❡ ✳ ♣❛❣❡❳ ❀

✻✻✼ ❜r❡❛❦ ❀

✻✻✽ ⑥

✻✻✾

✻✼✵ ✴✴⑥⑥⑥

✻✼✶ ✴✴ ❝ ❛ ❧ ❝ ✉ ❧ ❛ t ❡ ❛♠♦✉♥t ♦ ❢ ❝❤❛rs ✴ ❧ ✐ ♥ ❡ s t❤❡ ✇✐♥❞♦✇ s❤♦✉ ❧❞ ❜❡ r ❡ s ✐ ③ ❡ ❞ ❜② ✴✴④④④

✻✼✷

✻✼✸ ✐ ❢ ✭ ✐s◆❛◆ ✭❴❝❤❛r❲✐❞t❤ ✮ ⑤ ⑤ ✐s◆❛◆ ✭ ❴❧ ✐♥❡❍❡✐❣❤t ✮ ✮

✻✼✹ ❴❝❛❧❝❈❤❛r❙✐③❡ ✭ ✮ ❀

✻✼✺

✻✼✻ ✐ ❢ ✭ ♣ ✐①❡ ❧ s❳ ❁ ✵✮ ④

✻✼✼ ✴✴ ❚❖❉❖✿ r❡♠♦✈❡ ▼❛t❤ ✳ ❛❜s ✭✮ ❛♥❞ ❛❞❞ ▼❛t❤ ✳ ❝ ❡ ✐ ❧ ✭✮❄

✻✼✽ ❝❤❛rs ❂ − ▼❛t❤ ✳ ❢ ❧ ♦ ♦ r ✭▼❛t❤ ✳ ❛❜s ✭ ♣ ✐①❡ ❧ s❳ ✮✴❴❝❤❛r❲✐❞t❤ ✮ ❀

✻✼✾ ⑥ ❡❧s❡ ✐ ❢ ✭ ♣ ✐①❡ ❧ s❳ ❃ ✵✮ ④

✻✽✵ ❝❤❛rs ❂ ▼❛t❤ ✳ ❢ ❧ ♦ ♦ r ✭ ♣ ✐①❡ ❧ s❳ ✴❴❝❤❛r❲✐❞t❤ ✮ ❀

✻✽✶ ⑥

✶✵✽



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✻✽✷

✻✽✸ ✐ ❢ ✭ ♣ ✐①❡ ❧ s❨ ❁ ✵✮ ④

✻✽✹ ✴✴ ❚❖❉❖✿ r❡♠♦✈❡ ▼❛t❤ ✳ ❛❜s ✭✮ ❛♥❞ ❛❞❞ ▼❛t❤ ✳ ❝ ❡ ✐ ❧ ✭✮❄

✻✽✺ ❧ ✐ ♥ ❡ s ❂ − ▼❛t❤ ✳ ❢ ❧ ♦ ♦ r ✭▼❛t❤ ✳ ❛❜s ✭ ♣ ✐①❡ ❧ s❨ ✮✴ ❴❧ ✐♥❡❍❡✐❣❤t ✮ ❀

✻✽✻ ⑥ ❡❧s❡ ✐ ❢ ✭ ♣ ✐①❡ ❧ s❨ ❃ ✵✮ ④

✻✽✼ ❧ ✐ ♥ ❡ s ❂ ▼❛t❤ ✳ ❢ ❧ ♦ ♦ r ✭ ♣ ✐①❡ ❧ s❨ ✴❴❧ ✐♥❡❍❡✐❣❤t ✮ ❀

✻✽✽ ⑥

✻✽✾

✻✾✵ ✴✴⑥⑥⑥

✻✾✶ ✴✴ ✭ ♣ ♦ s s ✐ ❜ ❧ ② ✮ ♠♦✈❡ ✇✐♥❞♦✇✴✴④④④

✻✾✷

✻✾✸ ✐ ❢ ✭−✶ ✦❂ ❴❞✐ r❡❝ t ✐♦♥ ✳ ✐♥❞❡①❖❢ ✭ ✬✇ ✬ ✮ ⑤ ⑤ −✶ ✦❂ ❴❞✐ r❡❝ t ✐♦♥ ✳ ✐♥❞❡①❖❢ ✭ ✬♥ ✬ ✮ ✮ ④

✻✾✹ ✈❛r ① ❂ ❴❣❡tPr♦♣❡rt② ✭❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✱ ✬ ❧ ❡ ❢ t ✬ ✮ − ♣✐①❡ ❧ s❳ ❀

✻✾✺ ✈❛r ② ❂ ❴❣❡tPr♦♣❡rt② ✭❴♥♦❞❡ ❬ ✬♠❛✐♥ ✬ ❪ ✱ ✬ t♦♣ ✬ ✮ − ♣✐①❡ ❧ s❨ ❀

✻✾✻ ❴t❤✐s ✳♠♦✈❡❚♦✭① ✱ ② ✮ ❀

✻✾✼ ⑥

✻✾✽

✻✾✾ ✴✴⑥⑥⑥

✼✵✵

✼✵✶ ❴t❤✐s ✳ r ❡ s ✐ ③ ❡❚♦ ✭ ❝❤❛rs ∗ ❴❝❤❛r❲✐❞t❤ ✱ ❧ ✐ ♥ ❡ s ∗ ❴❧✐♥❡❍❡✐❣❤t ✮ ❀

✼✵✷

✼✵✸ r❡t✉r♥ tr✉❡ ❀

✼✵✹ ⑥

✼✵✺

✼✵✻ ✴✴⑥⑥⑥

✼✵✼ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴st❛r t❘❡s ✐ ③❡ ✭ ❡ ✮

✼✵✽

✼✵✾ ✴∗∗

✼✶✵ ∗ ❙ t❛ r t s r ❡ s ✐ ③ ✐ ♥ ❣ t ❤ ✐ s ✇✐♥❞♦✇ ✳

✼✶✶ ∗ ❊✈❡♥t ❤❛♥❞❧❡r ❢ ♦ r ♦♥♠♦✉s❡❞♦✇♥ ♦♥ ❍❚▼▲ ♥♦❞❡s t ❤❛ t s❤♦✉ ❧❞ ❜❡ ❛❜ ❧ ❡

✼✶✷ ∗ t♦ r ❡ s ✐ ③ ❡ t ❤ ✐ s ✇✐♥❞♦✇ ✳

✼✶✸ ∗

✼✶✹ ∗ ❚❤❡ ♠♦✉s❡ ♣♦ s ✐ t ✐ ♦♥ ❛♥❞ t❤❡ ❞ ✐ r ❡ ❝ t ✐ ♦♥ t♦ ✇❤❡r❡ t❤❡ ✇✐♥❞♦✇ s❤♦✉ ❧❞

✼✶✺ ∗ ❜❡ r ❡ s ✐ ③ ❡ ❞ ❛r❡ s t♦ r❡❞ ❛s ♦ ❜ ❥ ❡ ❝ t ♣ r ♦♣ ❡ r t ✐ ❡ s ✳ ❚❤❡ ❞ ✐ r ❡ ❝ t ✐ ♦♥ ✇ ✐ ❧ ❧

✼✶✻ ∗ ❜❡ ❡ ① t r ❛ ❝ t ❡❞ ❢r♦♠ t❤❡ ❝❧❛ss◆❛♠❡ ♦❢ t❤❡ ♥♦❞❡ t❤❛ t ✐ ♥ ✐ t ✐ ❛ t ❡ ❞ t ❤ ✐ s

✼✶✼ ∗ ❡✈❡♥t ✳ ❘❡s✐③❡−♠♦❞❡ ✐ s ❛ ❝ t ✐ ✈ ❡ ✉ ♥ t ✐ ❧ ❛♥ ♦♥♠♦✉s❡✉♣−❡✈❡♥t ✐ s ❧❛✉♥❝❤❡❞ ✳

✼✶✽ ∗

✼✶✾ ∗ ❅♣❛r❛♠ ❡ ❡✈❡♥t ❖♥♠♦✉s❡❞♦✇♥ ❡✈❡♥t ✱ ❧❛✉♥❝❤❡❞ ❜② ❛♥ ❍❚▼▲ ♥♦❞❡

✼✷✵ ∗ ❅r❡t✉r♥ ❢ ❛ ❧ s ❡ ❀

✼✷✶ ∗✴

✼✷✷

✼✷✸ ❢✉♥❝ t ✐ ♦♥ ❴st❛r t❘❡s ✐ ③❡ ✭ ❡ ✮

✼✷✹ ④

✼✷✺ tr② ④

✼✷✻ ✴✴ s t ♦ r ❡ ♠♦✉s❡ ♣♦ s ✐ t ✐ ♦♥

✼✷✼ ❴♠♦✉s❡❳ ❂ ❡ ✳ ♣❛❣❡❳ ❀

✼✷✽ ❴♠♦✉s❡❨ ❂ ❡ ✳ ♣❛❣❡❨ ❀

✼✷✾

✼✸✵ ❴t❤✐s ✳ ❢ ♦ ❝✉ s ✭ ✮ ❀

✼✸✶

✼✸✷ ✴✴ ❣❡ t ❞ ✐ r ❡ ❝ t ✐ ♦♥ ❢r♦♠ ❝ ❧ ❛ s s ♥❛♠❡ ✱ ❡ ✳ ❣ ✳ ❜♦r❞❡r❴♥ ♦r ❜♦r❞❡r❴♥❡

✼✸✸ ✈❛r ❞ ✐ r ❡ ❝ t ✐ ♦ ♥ ❂ t❤✐s ✳ ❝❧❛ss◆❛♠❡ ✳ s✉❜s t r ✭−✷✮❀

✼✸✹ ✐ ❢ ✭ ✬❴ ✬ ❂❂ ❞ ✐ r ❡ ❝ t ✐ ♦ ♥ ❬ ✵ ❪ ✮

✼✸✺ ❞ ✐ r ❡ ❝ t ✐ ♦ ♥ ❂ ❞ ✐ r ❡ ❝ t ✐ ♦ ♥ ❬ ✶ ❪ ❀

✼✸✻ ❡❧s❡ ✐ ❢ ✭ ✬♥ ✬ ✦❂ ❞ ✐ r ❡ ❝ t ✐ ♦ ♥ ❬ ✵ ❪ ✫✫ ✬ s ✬ ✦❂ ❞ ✐ r ❡ ❝ t ✐ ♦ ♥ ❬ ✵ ❪ ✮

✼✸✼ t❤r♦✇ ✬ ❝ ❧ ❛ s s ✬ ❀

✼✸✽

✼✸✾ ❴❞✐ r❡❝ t ✐♦♥ ❂ ❞ ✐ r ❡ ❝ t ✐ ♦ ♥ ❀

✼✹✵

✶✵✾



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✼✹✶ ✴✴ s ❡ t ✉♣ ❤❛♥❞❧❡r t ❤❛ t ❢ ✐ ♥ ❛ ❧ ❧ ② r ❡ s ✐ ③ ❡ s t ❤ ✐ s ✇✐♥❞♦✇

✼✹✷ ❞♦❝✉♠❡♥t ✳ ♦♥♠♦✉s❡✉♣ ❂ ❴st♦♣❘❡s✐③❡ ❀

✼✹✸ ❞♦❝✉♠❡♥t ✳ ♦♥♠♦✉s♠♦✈❡ ❂ ❴♦♥❘❡s✐③❡ ❀

✼✹✹

✼✹✺ ❴s❡t❈❧❛ss❋♦r▼♦❞❡ ✭ ✬ r ❡ s ✐ ③ ❡ ✬ ✮ ❀

✼✹✻ ⑥ ❝❛t❝❤ ✭ ❡① ✮ ④

✼✹✼ s✇✐t❝❤ ✭ ❡① ✮ ④

✼✹✽ ❝❛s❡ ✬ ❝ ❧ ❛ s s ✬ ✿

✼✹✾ ✈❛r ❡ r r ♦ r ❂ ✬❲r♦♥❣ ❝ ❧ ❛ s s ♥❛♠❡ ✿ ✬ ✰ t❤✐s ✳ ❝❧❛ss◆❛♠❡ ❀

✼✺✵ ❜r❡❛❦ ❀

✼✺✶

✼✺✷ ❞❡❢❛✉❧t ✿

✼✺✸ ✈❛r ❡ r r ♦ r ❂ ✬ ▲❡t t ✐♥❣ ✉♥❤❛♥❞❧❡❞ ❡①❝❡♣t ✐♦♥ ❜✉❜❜❧❡ ✉♣ ✳ ✬ ❀

✼✺✹ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❴st❛r t❘❡s ✐ ③❡ ✬ ✱ ❡ r r ♦ r ✮ ❀

✼✺✺ t❤r♦✇ ❡① ❀

✼✺✻ ⑥

✼✺✼ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❴st❛r t❘❡s ✐ ③❡ ✬ ✱ ❡ r r ♦ r ✮ ❀

✼✺✽ ⑥ ❢ ✐♥❛ ❧ ❧② ④

✼✺✾ ✴✴ ❜ ❧ ♦ ❝ ❦ ❢ ✉ r t ❤ ❡ r ❡①❡❝✉ t ✐♦♥

✼✻✵ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✼✻✶ ⑥

✼✻✷ ⑥

✼✻✸

✼✻✹ ✴✴⑥⑥⑥

✼✻✺ ✴✴④④④ ❢✉♥❝ t ✐♦♥ ❴st♦♣❘❡s✐③❡ ✭ ❡ ✮

✼✻✻

✼✻✼ ✴∗∗

✼✻✽ ∗ ❙t♦♣s r ❡ s ✐ ③ ✐ ♥ ❣ ♠♦❞❡ ❛♥❞ ❢ ✐ ♥ ❛ ❧ ❧ ② r ❡ s ✐ ③ ❡ s t❤❡ ✇✐♥❞♦✇ ✳

✼✻✾ ∗ ❊✈❡♥t ❤❛♥❞❧❡r ❢ ♦ r ♦♥♠♦✉s❡✉♣ ❛ ❢ t ❡ r ❴st❛r t❘❡s ✐ ③❡ ✭✮ ✇❛s ❝ ❛ ❧ ❧ ❡ ❞ ✳

✼✼✵ ∗

✼✼✶ ∗ ❅♣❛r❛♠ ❡ ❡✈❡♥t ❖♥♠♦✉s❡✉♣ ❡✈❡♥t

✼✼✷ ∗ ❅r❡t✉r♥ ❢ ❛ ❧ s ❡ ❀

✼✼✸ ∗✴

✼✼✹

✼✼✺ ❢✉♥❝ t ✐ ♦♥ ❴st♦♣❘❡s✐③❡ ✭ ❡ ✮

✼✼✻ ④

✼✼✼ ❞♦❝✉♠❡♥t ✳ ♦♥♠♦✉s❡✉♣ ❂ ♥✉❧❧ ❀

✼✼✽ ❞♦❝✉♠❡♥t ✳ ♦♥♠♦✉s❡♠♦✈❡ ❂ ♥✉❧❧ ❀

✼✼✾ ❛❥❛①❲▼✳ s②♥❝❲✐♥❞♦✇✭❴t❤✐s ✱ tr✉❡ ✮ ❀

✼✽✵ ❴✉♥s❡t❈❧❛ss❋♦r▼♦❞❡ ✭ ✬ r ❡ s ✐ ③ ❡ ✬ ✮ ❀

✼✽✶ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✼✽✷ ⑥

✼✽✸

✼✽✹ ✴✴⑥⑥⑥

✼✽✺

✼✽✻ ✴✴ s ❡ t ✉♣ ♣r♦♣❡r t ✐ ❡ s ✱ ♥♦❞❡s ✱ ❡✈❡♥t ❤❛♥❞❧❡rs ✱ t ✐♠❡♦✉ts

✼✽✼ ❴✐♥ ✐ t ✭ ✮ ❀

✼✽✽ ❴s②♥❝ ✭ ✮ ❀

✼✽✾ ✴✴ ❞r❛✇ t ❤ ✐ s ✇✐♥❞♦✇

✼✾✵ ❴❞r❛✇ ✭ ✮ ❀

✼✾✶ ⑥

✼✾✷

✼✾✸ ✴✴−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✼✾✹ ✴✴ ❊♥s✉r❡ t ❤❛ t t❤❡ ❝♦❞❡ ❞♦❡s ♥♦t ❡①❝❡❡❞ ✼✾ ❝❤❛r❛❝ t ❡ r s ♣❡r ❧ ✐ ♥ ❡ ✉s ✐♥❣ ❛♥ ✐♥❞❡♥t

✼✾✺ ✴✴ ♦ ❢ ✹ s♣❛❝❡s ✴ ❧ ❡ ✈ ❡ ❧ ✳ ❯s❡ ◆❖ ❚❆❇❙ ❛t ❛ ❧ ❧ ✳ ▲❡❛✈❡ t❤❡ ♠♦❞❡ ❧ ✐ ♥ ❡ ❛s ✐ t ✐ s ✳ ❋♦r

✼✾✻ ✴✴ ❢ ✉ r t ❤ ❡ r ✐♥❢♦r♠❛t ✐♦♥ s❡❡ ❢ ✐ ❧ ❡ ❞♦❝s✴❈♦❞✐♥❣❈♦♥✈❡♥t✐♦♥ ✳

✼✾✼ ✴✴ ✈✐♠ ✿ ❡ t t s❂✹ s✇❂✹ ❢❞♠❂♠❛r❦❡r

✶✶✵



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✻✳✷✳✹ ❆❥❛①❲▼❴❚❡♠♣❧❛t❡✳❥s

✶ ✴∗∗

✷ ∗ ❛❥❛①❲▼ − t❤❡ ❢ r ❡ ❡ ✇❡❜ ❜❛s❡❞ ✇✐♥❞♦✇ ♠❛♥❛❣❡r ❢ ♦ r r❡♠♦t❡ t❡r♠✐♥❛ ❧ s

✸ ∗ ❈♦♣②r✐❣❤t ✭❈✮ ✷✵✵✼ ❉❡♥♥✐s ❋❡ ❧s ✐♥❣ ✱ ❆♥❞r❡❛s ❲❛✐❞❧❡r

✹ ∗

✺ ∗ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❢ r ❡ ❡ s♦ ❢ t✇❛r❡ ✿ ②♦✉ ❝❛♥ r ❡ ❞ ✐ s t r ✐ ❜ ✉ t ❡ ✐ t ❛♥❞✴♦r ♠♦❞✐❢②

✻ ∗ ✐ t ✉♥❞❡r t❤❡ t❡r♠s ♦❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜ ❧ ✐ ❝ ▲✐❝❡♥s❡ ❛s ♣✉❜ ❧ ✐ s ❤ ❡❞ ❜②

✼ ∗ t❤❡ ❋r❡❡ ❙♦❢t✇❛r❡ ❋♦✉♥❞❛t✐♦♥ ✱ ❡ ✐ t ❤ ❡ r ✈❡r s ✐♦♥ ✸ ♦ ❢ t❤❡ ▲✐❝❡♥s❡ ✱ ♦r

✽ ∗ ✭ ❛t ②♦✉r ♦♣t ✐♦♥ ✮ ❛♥② ❧ ❛ t ❡ r ✈❡r s ✐♦♥ ✳

✾ ∗

✶✵ ∗ ❚❤✐s ♣r♦❣r❛♠ ✐ s ❞ ✐ s t r ✐ ❜ ✉ t ❡ ❞ ✐♥ t❤❡ ❤♦♣❡ t ❤❛ t ✐ t ✇ ✐ ❧ ❧ ❜❡ ✉s❡ ❢✉ ❧ ✱

✶✶ ∗ ❜✉t ❲■❚❍❖❯❚ ❆◆❨ ❲❆❘❘❆◆❚❨❀ ✇✐ t❤♦✉t ❡✈❡♥ t❤❡ ✐♠♣ ❧ ✐ ❡❞ ✇❛rr❛♥t② ♦ ❢

✶✷ ∗ ▼❊❘❈❍❆◆❚❆❇■▲■❚❨ ♦r ❋■❚◆❊❙❙ ❋❖❘ ❆ P❆❘❚■❈❯▲❆❘ P❯❘P❖❙❊✳ ❙❡❡ t❤❡

✶✸ ∗ ●◆❯ ●❡♥❡r❛❧ P✉❜ ❧ ✐ ❝ ▲✐❝❡♥s❡ ❢ ♦ r ♠♦r❡ ❞ ❡ t ❛ ✐ ❧ s ✳

✶✹ ∗

✶✺ ∗ ❨♦✉ s❤♦✉ ❧❞ ❤❛✈❡ r❡❝❡ ✐ ✈ ❡❞ ❛ ❝♦♣② ♦ ❢ t❤❡ ●◆❯ ●❡♥❡r❛❧ P✉❜ ❧ ✐ ❝ ▲✐❝❡♥s❡

✶✻ ∗ ❛❧♦♥❣ ✇✐t❤ t ❤ ✐ s ♣r♦❣r❛♠ ✳ ■ ❢ ♥♦t ✱ s❡❡ ❁❤ t t ♣ ✿✴✴✇✇✇✳ ❣♥✉ ✳ ♦r❣✴ ❧ ✐ ❝ ❡ ♥ s ❡ s ✴❃✳

✶✼ ∗

✶✽ ∗ ✩■❞ ✿ ❆❥❛①❲▼❴❚❡♠♣❧❛t❡ ✳ ❥ s ✻✷ ✷✵✵✼−✶✶−✸✵ ✶✾✿✶✵ ✿✸✺❩ ♣✇♥❞ ✩

✶✾ ∗

✷✵ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗

✷✶ ∗ ❆❥❛①❲▼❴❚❡♠♣❧❛t❡

✷✷ ∗

✷✸ ∗ ❍❛♥❞❧❡s t❤❡ ❜❡❤❛✈✐♦✉r ♦ ❢ t❤❡ ●❯■ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ t❡♠♣❧❛t❡ ♣❛rs❡❞ ✳

✷✹ ∗ ❈♦♥t❛✐♥s ❛ ❧ ❧ t❤❡ ❳▼▲ ♥♦❞❡s ♦ ❢ ❛ t❤❡♠❡ ✱ ♣❛rs❡s t❤❡♠ t♦ ❍❚▼▲✱ t r❛❝ ❡ s

✷✺ ∗ ♥♦❞❡s t ❤❛ t ❤❛✈❡ s ♣ ❡ ❝ ✐ ❛ ❧ ❡✈❡♥ t s ❧ ✐ ❦ ❡ ♦♥♠♦✉s❡❞♦✇♥ ✳

✷✻ ∗ ❈❧❛ss❡s ❣❡ t t ❤ ❡ ✐ r ✈❡r② ♦✇♥ ♥♦❞❡s ❜② ❝ ❛ ❧ ❧ ✐ ♥ ❣ ❆❥❛①❲▼❴❚❡♠♣❧❛t❡ ✿ ✿ ❝❧♦♥❡◆♦❞❡s ✭ ✮ ✳

✷✼ ∗ ❚❤❡ ♦♥❧② t❤ ✐♥❣ t❤❡② ❤❛✈❡ t♦ ❞♦ ✐ s ❛ ❞ ❞ ✐ t ✐ ♦ ♥ ❛ ❧ ❧ ② ❝ ❛ ❧ ❧ ✐ ♥ ❣ t ❤ ❡ ✐ r ♦✇♥

✷✽ ∗ ♠❡t❤♦❞s ❢ ♦ r r ❡ ❣ ✐ s t ❡ r ✐ ♥ ❣ t❤❡ ❡✈❡♥t s ✭ ✐ ✳ ❡ ✳ t r ❛ ❝ ✐♥❣ ♣♦ s ✐ t ✐ ♦ ♥ s ♦ ❢ ♥♦❞❡s

✷✾ ∗ ✐♥ t ❤ ❡ ✐ r ♠❛✐♥ ♥♦❞❡ ✮ ✳

✸✵ ∗

✸✶ ∗ ❚❤❡ ♥♦❞❡ ♣r♦♣❡r t② ❝♦♥t❛ ✐♥s t❤❡ ♣❛rs❡❞ ❍❚▼▲ ♥♦❞❡s ❛♥❞ t r❛❝❡ s ❛s ❢ ♦ ❧ ❧ ♦✇ s ✿

✸✷ ∗ ✬✇✐♥❞♦✇ ✬ ❂❃ ❛ s s ♦ ❝ ✐ ❛ t ✐ ✈ ❡ ❛rr❛②

✸✸ ∗ ✬♠❛✐♥ ✬ ❂❃ ♠❛✐♥ ♥♦❞❡

✸✹ ∗ ✬ t ✐ t ❧ ❡ ✬ ❂❃ ♥♦❞❡ t❤❛ t ❝♦♥t❛ ✐♥s ♦♥❧② t❤❡ ✇✐♥❞♦✇ t ✐ t ❧ ❡

✸✺ ∗ ✬ ❝♦♥t❡♥t ✬ ❂❃ ♥♦❞❡ t❤❛ t ❝♦♥t❛ ✐♥s ♦♥❧② t❤❡ t❡r♠✐♥❛ ❧

✸✻ ∗ ✬ ❝❤♠♦✈❡ ✬ ❂❃ ❛rr❛② ♦ ❢ ♥♦❞❡s t ❤❛ t ❝❤❛♥❣❡ t ❤ ❡ ✐ r ❝ ❧ ❛ s s ✇❤ ✐ ❧ ❡ ♠♦✈✐♥❣

✸✼ ∗ ✬ ❝ ❤ r ❡ s ✐ ③ ❡ ✬❂❃ ❛rr❛② ♦ ❢ ♥♦❞❡s t ❤❛ t ❝❤❛♥❣❡ t ❤ ❡ ✐ r ❝ ❧ ❛ s s ✇❤ ✐ ❧ ❡ r ❡ s ✐ ③ ✐ ♥ ❣

✸✽ ∗ ✬ ♣♦s ✬ ❂❃ ❛ss♦❝ ✳ ❛rr❛② ♦ ❢ ♥♦♥−❛✉t♦ ♣♦ s ✐ t ✐ ♦♥❡❞ ♥♦❞❡s

✸✾ ∗ ✬ ❢ ✐ ① ❡ ❞ ✬ ❂❃ ❛rr❛② ♦ ❢ ♥♦❞❡s t ❤❛ t ♠♦✈❡ ❜② t❤❡ s❛♠❡ ❛♠♦✉♥t ❛s t❤❡ ✇✐♥❞♦✇

✹✵ ∗ ✬ r ✐ ❣ ❤ t ✬ ❂❃ ❛rr❛② ♦ ❢ ♥ ✳ ♣ ❧❛❝❡❞ ❞ ✐ r ❡ ❝ t ❧ ② r ✐ ❣ ❤ t t♦ t❤❡ ✇✐♥❞♦✇ ❝♦♥t❡♥t

✹✶ ∗ ✬ ❜♦tt♦♠ ✬ ❂❃ ❛rr❛② ♦ ❢ ♥ ✳ ♣ ❧❛❝❡❞ ❞ ✐ r ❡ ❝ t ❧ ② ✉♥❞❡r t❤❡ ✇✐♥❞♦✇ ❝♦♥t❡♥t

✹✷ ∗ ✬ s ✐ ③ ❡ ✬ ❂❃ ❛ss♦❝ ✳ ❛rr❛② ♦ ❢ ♥♦♥−❛✉t♦ s ✐ ③ ❡ ❞ ♥♦❞❡s

✹✸ ∗ ✬ s ❡ t ✬ ❂❃ ❛rr❛② ♦ ✳ ♥♦❞❡s r ❡ s ✐ ③ ❡ ❞ ❜② t❤❡ s❛♠❡ ❛♠♦✉♥t ❛s t❤❡ ✇✐♥❞♦✇

✹✹ ∗ ✬ ❡✈❡♥ t s ✬ ❂❃ ❛rr❛② ♦ ❢ ❡✈❡♥t t②♣❡s

✹✺ ∗ ❁t②♣❡❃ ❂❃ ❛ s s ♦ ❝ ✐ ❛ t ✐ ✈ ❡ ❛rr❛② ♦ ❢ ❡✈❡♥t s

✹✻ ∗ ✬ ♣❛t❤ ✬ ❂❃ ❛rr❛② ✳ ❡❛❝❤ ✈❛ ❧✉❡ ✐ s ♣❛r t ♦ ❢ ♣❛t❤ t♦ t ❤ ✐ s ❡❧❡♠❡♥t

✹✼ ∗ ✬ ❛❝ t ✐♦♥ ✬ ❂❃ ❦❡②✇♦r❞ ♦ ❢ ✇❤❛t s❤♦✉ ❧❞ ❜❡ ❞♦♥❡ ✇❤❡♥ t❤❛ t ❡✈❡♥t ♦❝❝✉rs

✹✽ ∗✴

✹✾ ✴✴−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✺✵

✺✶ ❆❥❛①❲▼❴❚❡♠♣❧❛t❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭♥❛♠❡✮

✺✷ ④

✺✸ ✴✴ ♣ r♦♣ ❡ r t ✐ ❡ s ✴✴④④④

✺✹

✺✺ ✈❛r ❴t❤✐s ❂ t❤✐s ❀

✺✻ ✈❛r ❴❝❧❛ss ❂ ✬❆❥❛①❲▼❴❚❡♠♣❧❛t❡ ✬ ❀

✺✼

✶✶✶



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✺✽ ✈❛r ❴♥❛♠❡ ❀

✺✾ ✈❛r ❴♣❛t❤ ❀

✻✵ ✈❛r ❴♣❛t❤❴❝ss ❀

✻✶ ✈❛r ❴♣❛t❤❴①♠❧ ❀

✻✷ ✈❛r ❴①♠❧ ❀

✻✸ ✈❛r ❴✐♥❢♦ ❀ ✴✴ ♥❛♠❡ ✭ ❢r♦♠ ①♠❧ ✮ ✱ ❞❡s❝r ✐♣t ✐♦♠ ✱ ❛✉t❤♦r ✱ ❡♠❛✐❧

✻✹ ✈❛r ❴♥♦❞❡ ❀ ✴✴ ✇✐♥❞♦✇ ✱ ♣❛♥❡❧ ✱ ♠❡♥✉ ✱ st❛rt♠❡♥✉

✻✺ ✈❛r ❴❛ttr❉❡❢❛✉❧t ❀ ✴✴ ❡❧❡♠❡♥t t ❤❛ t ❤❛s ❞ ❡ ❢ ❛ ✉ ❧ t ❛ t t r ✐ ❜ ✉ t ❡ s ❛♥❞ ✈❛ ❧✉❡ s

✻✻

✻✼ ✴✴⑥⑥⑥

✻✽ ✴✴ t ❤ ✐ s ✳ ♣❛rs❡ ❂ ❢✉♥❝ t ✐♦♥ ✭✮✴✴④④④

✻✾

✼✵ ✴∗∗

✼✶ ∗ ▲♦❛❞s t❤❡ ❳▼▲ ❢ ✐ ❧ ❡ ❜❡ ❧ ♦♥❣ ✐♥❣ t♦ t ❤ ✐ s t❤❡♠❡ ✱ s t ♦ r ❡ s ✐ t s

✼✷ ∗ ❝♦♥t❡♥t s ❛s ♣r♦♣❡r t② ❛♥❞ ❞ ✐ r ❡ ❝ t ❧ ② s t ❛ r t s ✇✐t❤ ♣❛rs ✐♥❣ ✐ t ✳

✼✸ ∗✴

✼✹

✼✺ t❤✐s ✳ ♣❛rs❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✼✻ ④

✼✼ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ♣❛rs❡ ✬ ✱ ✬ ❇❡❣✐♥ ♣❛r s ✐♥❣ ✳ ✬ ✮ ❀

✼✽

✼✾ ✈❛r r ❡ s ✉ ❧ t ❂ ❢❛ ❧ s❡ ❀

✽✵ tr② ④

✽✶ ✈❛r r ❡q✉❡ s t ❂ ♥❡✇ ❳▼▲❍tt♣❘❡q✉❡st ✭ ✮ ❀

✽✷ r ❡q✉❡ s t ✳ ♦♥r❡❛❞②st❛t❡❝❤❛♥❣❡ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✽✸ ④

✽✹ ✐ ❢ ✭ r ❡q✉❡ s t ✳ r❡❛❞②❙t❛t❡ ✦❂ ✹✮

✽✺ r❡t✉r♥ ❀

✽✻

✽✼ ✐ ❢ ✭ r ❡q✉❡ s t ✳ s t ❛ t✉ s ✦❂ ✷✵✵✮

✽✽ t❤r♦✇ ✬❇❛❞ s t ❛ t✉ s ❝♦❞❡ ✬ ✰ r❡q✉❡s t ✳ s t ❛ t✉ s ❀

✽✾

✾✵ ❴①♠❧ ❂ r❡q✉❡s t ✳ r❡s♣♦♥s❡❳▼▲ ❀

✾✶ ❴♣❛rs❡ ✭ ✮ ❀

✾✷ ⑥

✾✸ r❡q✉❡ s t ✳ ♦♣❡♥ ✭ ✬●❊❚✬ ✱ ❴♣❛t❤❴①♠❧ ✱ tr✉❡ ✮ ❀

✾✹ r ❡q✉❡ s t ✳ s❡♥❞ ✭ ♥✉❧❧ ✮ ❀

✾✺ r ❡ s ✉ ❧ t ❂ tr✉❡ ❀

✾✻ ⑥ ❝❛t❝❤ ✭ ❡ ✮ ④

✾✼ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ♣❛rs❡ ✬ ✱ ❡ ✮ ❀

✾✽ ❛ ❧ ❡ r t ✭ ❡ ✮ ❀

✾✾ ⑥ ❢ ✐♥❛ ❧ ❧② ④

✶✵✵ r❡t✉r♥ r ❡ s ✉ ❧ t ❀

✶✵✶ ⑥

✶✵✷ ⑥

✶✵✸

✶✵✹ ✴✴⑥⑥⑥

✶✵✺ ✴✴ ❢✉♥❝ t ✐♦♥ ❴✐♥✐ t ✭♥❛♠❡✮✴✴④④④

✶✵✻

✶✵✼ ❢✉♥❝ t ✐ ♦♥ ❴✐♥ ✐ t ✭♥❛♠❡✮

✶✵✽ ④

✶✵✾ ❴♥♦❞❡ ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✶✶✵ ❴✐♥❢♦ ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✶✶✶ ❴♥❛♠❡ ❂ ♥❛♠❡ ❀

✶✶✷ ❴♣❛t❤ ❂ ✬ t❤❡♠❡s✴ ✬ ✰ ❴♥❛♠❡ ✰ ✬ ✴ ✬ ❀

✶✶✸ ❴♣❛t❤❴❝ss ❂ ❴♣❛t❤ ✰ ❴♥❛♠❡ ✰ ✬ ✳ ❝ s s ✬ ❀

✶✶✹ ❴♣❛t❤❴①♠❧ ❂ ❴♣❛t❤ ✰ ❴♥❛♠❡ ✰ ✬ ✳ ①♠❧ ✬ ❀

✶✶✺

✶✶✻ ❴❛ttr❉❡❢❛✉❧t ❂ ❞♦❝✉♠❡♥t ✳ ❝r❡❛t❡❊❧❡♠❡♥t ✭ ✬ ①♠❧ ✬ ✮ ❀

✶✶✷



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✶✶✼ ❴❛ttr❉❡❢❛✉❧t ✳ s ❡ t❆t t r ✐ ❜✉ t ❡ ✭ ✬♠♦✈❡ ✬ ✱ ✬ ❢ ✐ ① ❡ ❞ ✬ ✮ ❀

✶✶✽ ❴❛ttr❉❡❢❛✉❧t ✳ s ❡ t❆t t r ✐ ❜✉ t ❡ ✭ ✬ r ❡ s ✐ ③ ❡ ✬ ✱ ✬ ❢ ✐ ① ❡ ❞ ✬ ✮ ❀

✶✶✾ ❴❛ttr❉❡❢❛✉❧t ✳ s ❡ t❆t t r ✐ ❜✉ t ❡ ✭ ✬ ♣ ♦ s ✐ t ✐ ♦ ♥ ✬ ✱ ✬ ❢ ✐ ① ❡ ❞ ✬ ✮ ❀

✶✷✵ ❴❛ttr❉❡❢❛✉❧t ✳ s ❡ t❆t t r ✐ ❜✉ t ❡ ✭ ✬ s ✐ ③ ❡ ✬ ✱ ✬ s ❡ t ✬ ✮ ❀

✶✷✶ ⑥

✶✷✷

✶✷✸ ✴✴⑥⑥⑥

✶✷✹ ✴✴ ❢✉♥❝ t ✐♦♥ ❴♣❛rs❡ ✭✮✴✴④④④

✶✷✺

✶✷✻ ✴∗∗

✶✷✼ ∗ P❛rs❡s t❤❡ t❡♠♣❧❛t❡ ✳

✶✷✽ ∗✴

✶✷✾

✶✸✵ ❢✉♥❝ t ✐ ♦♥ ❴♣❛rs❡ ✭ ✮

✶✸✶ ④

✶✸✷ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❴♣❛rs❡ ✬ ✱ ✬ ❜❡❣✐♥ ✬ ✮ ❀

✶✸✸ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✶✸✹ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬ ❝❤♠♦✈❡ ✬ ❪ ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✶✸✺ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬ ❝ ❤ r ❡ s ✐ ③ ❡ ✬ ❪ ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✶✸✻ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬ ♣♦s ✬ ❪ ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✶✸✼ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬ s ✐ ③ ❡ ✬ ❪ ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✶✸✽ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬ ♣♦s ✬ ❪ ❬ ✬ ❢ ✐ ① ❡ ❞ ✬ ❪ ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✶✸✾ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬ ♣♦s ✬ ❪ ❬ ✬ r ✐ ❣ ❤ t ✬ ❪ ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✶✹✵ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬ ♣♦s ✬ ❪ ❬ ✬ ❜♦tt♦♠ ✬ ❪ ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✶✹✶ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬ s ✐ ③ ❡ ✬ ❪ ❬ ✬ s ❡ t ✬ ❪ ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✶✹✷ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬ ❡✈❡♥ts ✬ ❪ ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✶✹✸ ✈❛r ✇✐♥ ❂ ❴①♠❧ ✳ ❞♦❝✉♠❡♥t❊❧❡♠❡♥t ✳ ❣❡t❊❧❡♠❡♥ts❇②❚❛❣◆❛♠❡ ✭ ✬✇✐♥❞♦✇ ✬ ✮ ❬ ✵ ❪ ❀

✶✹✹ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬♠❛✐♥ ✬ ❪ ❂ ❴♣❛rs❡◆♦❞❡❚r❡❡ ✭✇✐♥ ✮ ❀

✶✹✺ ⑥

✶✹✻

✶✹✼ ✴✴⑥⑥⑥

✶✹✽ ✴✴ ❢✉♥❝ t ✐♦♥ ❴♣❛rs❡◆♦❞❡❚r❡❡ ✭ ①♠❧ ✱ ♣♦s ✮✴✴④④④

✶✹✾

✶✺✵ ✴∗∗

✶✺✶ ∗ ❘❡❝✉rs ✐ ✈❡ ❧ ② ♣❛rs❡ ❛ ❳▼▲ t r ❡ ❡ ✐♥ t♦ ❍❚▼▲ s t ❛ r t ✐ ♥ ❣ ❛t ♥♦❞❡ ♣❛ss❡❞

✶✺✷ ∗ ❛s ❢ ✐ r s t ♣❛r❛♠❡t❡r ✳ ❲✐ ❧ ❧ ♦♥ ❧② ♣❛rs❡ s ♣ ❡ ❝ ✐ ❢ ✐ ❡ ❞ ♥♦❞❡ ❛♥❞ ✐ t s ❝ ❤ ✐ ❧ ❞ s ✦

✶✺✸ ∗

✶✺✹ ∗ ❖♥ ❢ ✐ r s t ❝ ❛ ❧ ❧ ②♦✉ s❤♦✉ ❧❞ ♥❡✈❡r ♣❛ss t❤❡ ♣❛r❛♠❡t❡r ♣♦s ✳ ■ t ✇ ✐ ❧ ❧

✶✺✺ ∗ ❝♦♥t❛✐♥ t❤❡ ♣❛t❤ ♦ ❢ t❤❡ ❝✉ r r ❡♥ t ❧ ② ♣r♦❝❡ss❡❞ ♥♦❞❡ ✐♥ t❤❡ tr❡❡ ✱

✶✺✻ ∗ ✇❤✐❝❤ ❝❛♥ ❜❡ ❛❝❝❡ss❡❞ ✈ ✐❛ ❝❤✐ ❧❞◆♦❞❡s ♦ ❢ t❤❡ r♦♦t ♥♦❞❡ ❛♥❞ ✐ t s

✶✺✼ ∗ ♦t❤❡r ♣❛r❡♥ts ✳ P♦s ✐ s ♥❡❡❞❡❞ t♦ ✇r ✐ t ❡ ❛♥ ❡♥tr② ✐♥ t♦ t❤❡ r ❡ s ♣ ❡ ❝ t ✐ ✈ ❡

✶✺✽ ∗ ❛rr❛② ✐ ❢ ❛ ♥♦❞❡ ❝♦♥t❛ ✐♥s s♦♠❡ s ♣ ❡ ❝ ✐ ❛ ❧ ❛ t t r ✐ ❜ ✉ t ❡ s ✳ ❚❤❡ ❡❧❡♠❡♥t ♦♥

✶✺✾ ∗ t❤❡ ❡♥❞ ♦ ❢ ♣♦s ✐ s t❤❡ ✐♥❞❡① ♦ ❢ t❤❡ ❝✉rr❡♥t ♥♦❞❡ ✳

✶✻✵ ∗

✶✻✶ ∗ ❅♣❛r❛♠ ①♠❧ ◆♦❞❡ ❘♦♦t ♦ ❢ ❳▼▲ ♥♦❞❡ t r ❡ ❡

✶✻✷ ∗ ❅♣❛r❛♠ ♣♦s ❆rr❛② P♦s ✐ t ✐♦♥ ♦ ❢ ❝✉ r r ❡♥ t ❧ ② ♣r♦❝❡ss❡❞ ♥♦❞❡

✶✻✸ ∗ ❅♣❛r❛♠ r❡t✉r♥ ◆♦❞❡ ❍❚▼▲ ♥♦❞❡ ♣❛rs❡❞ ❢r♦♠ ♣❛ss❡❞ ❳▼▲ ♦♥❡

✶✻✹ ∗ ❅♣❛r❛♠ r❡t✉r♥ ❢ ❛ ❧ s ❡ ❖♥ ❛ ❧ ❧ ♥♦❞❡s✴ ❝ ❤ ✐ ❧ ❞ s ✐♥ r♦♦t ❜❡ ✐♥❣ ✐ ♥ ✈ ❛ ❧ ✐ ❞

✶✻✺ ∗✴

✶✻✻

✶✻✼ ❢✉♥❝ t ✐ ♦♥ ❴♣❛rs❡◆♦❞❡❚r❡❡ ✭①♠❧ ✱ ♣♦s ✮

✶✻✽ ④

✶✻✾ tr② ④

✶✼✵ ✴✴ ♣❛r❛♠❡t❡r ❝❤❡❝❦ ✐♥❣ ✴✴④④④

✶✼✶

✶✼✷ ✈❛r ❤t♠❧ ❀

✶✼✸ ✐ ❢ ✭ ♣♦s ❂❂ ✉♥❞❡❢ ✐♥❡❞ ✮ ④

✶✼✹ ✈❛r ♣♦s ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✶✼✺ ♣♦s ✳ ♣✉s❤ ✭ ✵ ✮ ❀

✶✶✸



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✶✼✻ ✈❛r ✐ s❘♦♦t ❂ tr✉❡ ❀

✶✼✼ ⑥ ❡❧s❡ ✐ ❢ ✭ ✦ ♣♦s ✐♥st❛♥❝❡♦❢ ❆rr❛② ✮ ④

✶✼✽ t❤r♦✇ ✬❲r♦♥❣ ♣❛r❛♠❡t❡r ❢ ♦ r ♣♦s ✿ ✬ ✰ ♣♦s ❀

✶✼✾ ⑥

✶✽✵

✶✽✶ ✐ ❢ ✭ ✦ ①♠❧ ✮

✶✽✷ t❤r♦✇ ✬ ■ ♥ ✈❛ ❧ ✐ ❞❈❛ ❧ ❧ ✬ ❀

✶✽✸

✶✽✹ ✴✴⑥⑥⑥

✶✽✺ ✴✴ ♣❛rs❡ t ❤ ✐ s ♥♦❞❡✴✴④④④

✶✽✻

✶✽✼ ✐ ❢ ✭ ①♠❧ ✳ ♥♦❞❡❚②♣❡ ✦❂ ◆♦❞❡ ✳❊▲❊▼❊◆❚❴◆❖❉❊✮

✶✽✽ t❤r♦✇ ✬ ■♥✈❛❧ ✐❞❊❧❡♠❡♥t ✬ ❀

✶✽✾

✶✾✵ ❤t♠❧ ❂ ❴①♠❧✷❤t♠❧ ✭①♠❧ ✱ ♣♦s ✮ ❀

✶✾✶

✶✾✷ ✈❛r ❞❡❜✉❣ ❂ ✬◆♦❞❡ ✬ ✰ ①♠❧ ✳ ♥♦❞❡◆❛♠❡ ✰ ✬ ✭ ✬ ❀

✶✾✸ ❞❡❜✉❣ ✰❂ ♣♦s ✰ ✬ ✮ ♣❛rs❡❞ t♦ ✬ ✰ ❤t♠❧ ✳ ♥♦❞❡◆❛♠❡ ✰ ✬ ✳ ✬ ❀

✶✾✹

✶✾✺ ✴✴⑥⑥⑥

✶✾✻ ✴✴ ♣❛rs❡ ❝ ❤ ✐ ❧ ❞ s ❛♥❞ t ❤ ❡ ✐ r t r❡❡s ✱ ✐ ❢ ❡ ① ✐ s t ✐ ♥ ❣ ✴✴④④④

✶✾✼

✶✾✽ ✐ ❢ ✭ ✦ ①♠❧ ✳ ❤❛s❈❤✐❧❞◆♦❞❡s ✭ ✮ ✮

✶✾✾ t❤r♦✇ ✬ ■ s▲❡❛ ❢ ✬ ❀

✷✵✵

✷✵✶ ✈❛r ❞❡❜✉❣✷ ❂ ❞❡❜✉❣ ❀

✷✵✷ ❞❡❜✉❣✷ ✰❂ ✬ ❈♦♥t✐♥✉❡✐♥❣ ✇✐t❤ ❝❤ ✐ ❧ ❞ ✶ ♦ ❢ ✬ ❀

✷✵✸ ❞❡❜✉❣✷ ✰❂ ①♠❧ ✳ ❝❤✐ ❧❞◆♦❞❡s ✳ ❧ ❡♥❣t❤ ✰ ✬ ✳ ✬ ❀

✷✵✹ ❞❡❜✉❣✷ ✰❂ ✬ ❋ ✐ r s t ❝ ❤ ✐ ❧ ❞ ✐ s ✬ ✰ ①♠❧ ✳ ❢ ✐ r s t ❈ ❤ ✐ ❧ ❞ ✳ ♥♦❞❡◆❛♠❡ ❀

✷✵✺ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❴♣❛rs❡◆♦❞❡❚r❡❡ ✬ ✱ ❞❡❜✉❣✷ ✮ ❀

✷✵✻ ❞ ❡ ❧ ❡ t ❡ ✭ ❞❡❜✉❣✷ ✮ ❀

✷✵✼

✷✵✽ ✈❛r ♣♦s❈❧♦♥❡ ❂ ♣♦s ✳ ❝ ❧ ♦♥❡ ✭ ✮ ❀

✷✵✾ ✈❛r ❧ ❡♥❣t❤ ❂ ①♠❧ ✳ ❝❤✐ ❧❞◆♦❞❡s ✳ ❧ ❡♥❣t❤ ❀

✷✶✵ ✈❛r ❝❤✐ ❧❞◆♦❞❡ ❀

✷✶✶ ✈❛r ❝❤ ✐ ❧❞P♦s ❂ ✵ ❀

✷✶✷ ❢♦r ✭ ✈❛r ✐ ❂ ✵ ❀ ✐ ❁ ❧❡♥❣t❤ ❀ ✰✰✐ ✮ ④

✷✶✸ ♣♦s❈❧♦♥❡ ✳ ♣✉s❤ ✭ ❝❤ ✐ ❧❞P♦s ✮ ❀

✷✶✹ ❝❤✐ ❧❞◆♦❞❡ ❂ ❴♣❛rs❡◆♦❞❡❚r❡❡ ✭ ①♠❧ ✳ ❝❤✐ ❧❞◆♦❞❡s ✳ ✐t❡♠ ✭ ✐ ✮ ✱ ♣♦s❈❧♦♥❡ ✮ ❀

✷✶✺ ✐ ❢ ✭ ❝❤✐ ❧❞◆♦❞❡ ✮ ④

✷✶✻ ❤t♠❧ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭ ❝❤✐ ❧❞◆♦❞❡ ✮ ❀

✷✶✼ ✰✰❝❤✐ ❧❞P♦s ❀

✷✶✽ ✴✴ ⑥ ❡ ❧ s ❡ ④

✷✶✾ ✴✴ −−❝❤ ✐ ❧❞P♦s ❀

✷✷✵ ⑥

✷✷✶ ♣♦s❈❧♦♥❡ ✳ ♣♦♣ ✭ ✮ ❀

✷✷✷ ⑥

✷✷✸ ❞ ❡ ❧ ❡ t ❡ ✭ ✐ ✮ ❀

✷✷✹

✷✷✺ ✈❛r ❞❡❜✉❣ ❂ ✬ ❈❤✐ ❧❞s ♦ ❢ ✬ ✰ ①♠❧ ✳ ♥♦❞❡◆❛♠❡ ✰ ✬ ✭ ✬ ❀

✷✷✻ ❞❡❜✉❣ ✰❂ ♣♦s ✰ ✬ ✮ ♣❛rs❡❞ ✳ ✬ ❀

✷✷✼

✷✷✽ ✴✴⑥⑥⑥

✷✷✾ ⑥ ❝❛t❝❤ ✭ ❡ ✮ ④

✷✸✵ s✇✐t❝❤ ✭ ❡ ✮ ④

✷✸✶ ✴✴ ■♥✈❛ ❧ ✐❞❊❧❡♠❡♥t ✴✴④④④

✷✸✷

✷✸✸ ❝❛s❡ ✬ ■♥✈❛❧ ✐❞❊❧❡♠❡♥t ✬ ✿

✷✸✹ ✈❛r ❞❡❜✉❣ ❂ ✬◆♦❞❡ s❦✐♣♣❡❞ ✿ ✬ ✰ ①♠❧ ✳ ♥♦❞❡◆❛♠❡ ✰ ✧ ✳ ✧ ❀

✶✶✹



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✷✸✺ ❜r❡❛❦ ❀

✷✸✻

✷✸✼ ✴✴⑥⑥⑥

✷✸✽ ✴✴ ■s▲❡❛ ❢ ✴✴④④④

✷✸✾

✷✹✵ ❝❛s❡ ✬ ■ s▲❡❛ ❢ ✬ ✿

✷✹✶ ✴✴ ❞❡❜✉❣ ✰❂ ✬◆♦❞❡ ✇❛s ❛ ▲❡❛❢ ✿ ✬ ✰ ①♠❧ ✳ ♥♦❞❡◆❛♠❡ ✰ ✬ ✳ ✬ ❀

✷✹✷ ❞❡❜✉❣ ✰❂ ✬◆♦❞❡ ✇❛s ❛ ▲❡❛❢ ✳ ✬ ❀

✷✹✸ ❜r❡❛❦ ❀

✷✹✹

✷✹✺ ✴✴⑥⑥⑥

✷✹✻ ✴✴ ❧ ❡ t ✉♥❡①♣❡❝t❡❞ ❡①❝❡♣ t ✐ ♦♥s ❜✉❜❜ ❧ ❡ ✉♣✴✴④④④

✷✹✼

✷✹✽ ❞❡❢❛✉❧t ✿

✷✹✾ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❴♣❛rs❡◆♦❞❡❚r❡❡ ✬ ✱

✷✺✵ ✬ ▲❡t t ✐♥❣ ❡①❝❡♣t ✐♦♥ ❜✉❜❜❧❡ ✉♣ ✿ ✬ ✰ ❡ ✮ ❀

✷✺✶ t❤r♦✇ ❡ ❀

✷✺✷

✷✺✸ ✴✴⑥⑥⑥

✷✺✹ ⑥

✷✺✺ ⑥ ❢ ✐♥❛ ❧ ❧② ④

✷✺✻ ✴✴ r❡t✉r♥ ◆♦❞❡ ♦r ❢ ❛ ❧ s ❡ ✴✴④④④

✷✺✼

✷✺✽ ✐ ❢ ✭ ✦ ❤t♠❧ ✮ ④

✷✺✾ ✴✴ ❚❖❉❖✿ t❤r♦✇ ❡①❝❡♣ t ✐♦♥ ❄

✷✻✵ ✈❛r ❡ r r ♦ r ❂ ✬❲❆❘◆■◆●✦ ✬ ❀

✷✻✶ ❡ r r ♦ r ✰❂ ✬ ■♥✈❛ ❧ ✐ ❞ ♥♦❞❡ ❁ ✬ ✰ ①♠❧ ✳ ♥♦❞❡◆❛♠❡ ✰ ✬❃✱ ✬ ❀

✷✻✷ ❡ r r ♦ r ✰❂ ✬ r ❡ t✉ r♥ ✐♥❣ ❢ ❛ ❧ s ❡ ✦ ✬ ❀

✷✻✸ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❴♣❛rs❡◆♦❞❡❚r❡❡ ✬ ✱ ❡ r r ♦ r ✮ ❀

✷✻✹ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✷✻✺ ⑥

✷✻✻

✷✻✼ ❞❡❜✉❣ ✰❂ ✬❊♥❞ ♦ ❢ r♦♦t ✱ r ❡ t✉ r♥ ✐♥❣ ✬ ✰ ❤t♠❧ ✳ ♥♦❞❡◆❛♠❡ ❀

✷✻✽ ❞❡❜✉❣ ✰❂ ✬ ✇✐t❤ ✬ ✰ ❤t♠❧ ✳ ❝❤✐ ❧❞◆♦❞❡s ✳ ❧ ❡♥❣t❤ ✰ ✬ ❝ ❤ ✐ ❧ ❞ s ✬ ❀

✷✻✾ ❛❥❛①❲▼✳ ❞❡❜✉❣▼❡ss❛❣❡ ✭ ❴❝❧❛ss ✱ ✬ ❴♣❛rs❡◆♦❞❡❚r❡❡ ✬ ✱ ❞❡❜✉❣ ✮ ❀

✷✼✵

✷✼✶ r❡t✉r♥ ❤t♠❧ ❀

✷✼✷

✷✼✸ ✴✴⑥⑥⑥

✷✼✹ ⑥

✷✼✺ ⑥

✷✼✻

✷✼✼ ✴✴⑥⑥⑥

✷✼✽ ✴✴ ❢✉♥❝ t ✐♦♥ ❴①♠❧✷❤t♠❧ ✭ ①♠❧ ✱ ♣♦s ✮✴✴④④④

✷✼✾

✷✽✵ ✴∗∗

✷✽✶ ∗ ❚❖❉❖ ✉♣❞❛t❡ ❞♦❝

✷✽✷ ∗

✷✽✸ ∗ P❛rs❡s t❤❡ ♣❛ss❡❞ ❳▼▲ ♥♦❞❡ ✐♥ t♦ ❛ ❍❚▼▲ ♦♥❡ ❛♥❞ r❡ t✉r♥s ✐ t ✳

✷✽✹ ∗

✷✽✺ ∗ ❲❤❡♥ t❤❡ ❳▼▲ ❡❧❡♠❡♥t ❝♦♥t❛ ✐♥s s♦♠❡ s ♣ ❡ ❝ ✐ ❛ ❧ ❛ t t r ✐ ❜ ✉ t ❡ s t❤❡② ✇ ✐ ❧ ❧

✷✽✻ ∗ ❜❡ ✇r ✐ t t ❡♥ t♦ t❤❡ r ❡ s ♣ ❡ ❝ t ✐ ✈ ❡ ❛rr❛② ✐♥ ❴♥♦❞❡ ✳ ❋♦r t ❤ ✐ s r❡❛s♦♥

✷✽✼ ∗ t❤❡ ♣❛r❛♠❡t❡r ✐ ♥ ❞ ✐ ③ ❡ s ✐ s ♥❡❡❞❡❞ ✳ ■ t ✇ ✐ ❧ ❧ ❜❡ ❛❞❞❡❞ t♦ t❤❡ ❛rr❛②

✷✽✽ ∗ t♦ ❧ ❡ t t❤❡ ♥♦❞❡s ✐♥ t❤❡ s❡ ❛rr❛②s ❜❡ r❡❝♦♥s t r✉❝ t ❡❞ ✳

✷✽✾ ∗

✷✾✵ ∗ ❅r❡t✉r♥ ◆♦❞❡

✷✾✶ ∗✴

✷✾✷

✷✾✸ ❢✉♥❝ t ✐ ♦♥ ❴①♠❧✷❤t♠❧ ✭①♠❧ ✱ ♣♦s ✮

✶✶✺



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✷✾✹ ④

✷✾✺ ✴✴ ❝r❡❛ t ❡ ❍❚▼▲ ♥♦❞❡

✷✾✻

✷✾✼ s✇✐t❝❤ ✭ ①♠❧ ✳ ♥♦❞❡◆❛♠❡✮ ④

✷✾✽ ❝❛s❡ ✬✇✐♥❞♦✇ ✬ ✿

✷✾✾ ❝❛s❡ ✬ ♣❛♥❡❧ ✬ ✿

✸✵✵ ✈❛r ♥❛♠❡ ❂ ✬ ❞✐✈ ✬ ❀

✸✵✶ ①♠❧ ✳ s ❡ t❆t t r ✐ ❜✉ t ❡ ✭ ✬ ❝ ❧ ❛ s s ✬ ✱ ①♠❧ ✳ ♥♦❞❡◆❛♠❡ ✮ ❀

✸✵✷ ❜r❡❛❦ ❀

✸✵✸

✸✵✹ ❝❛s❡ ✬ t❤❡♠❡ ✬ ✿

✸✵✺ t❤r♦✇ ✬❁t❤❡♠❡❃ ♥♦❞❡ ❝❛♥♥♦t ❜❡ ♣❛rs❡❞ t♦ ❤t♠❧ ✦ ✬ ❀

✸✵✻

✸✵✼ ❞❡❢❛✉❧t ✿

✸✵✽ ✈❛r ♥❛♠❡ ❂ ①♠❧ ✳ ♥♦❞❡◆❛♠❡ ❀

✸✵✾ ⑥

✸✶✵

✸✶✶ ✴✴ ❛ ❧ ❡ r t ✭ ♣♦s ✮ ❀

✸✶✷

✸✶✸ ✈❛r ❤t♠❧ ❂ ❞♦❝✉♠❡♥t ✳ ❝r❡❛t❡❊❧❡♠❡♥t ✭♥❛♠❡ ✮ ❀

✸✶✹

✸✶✺ ✴✴ s ❡ t ❛ t t r ✐ ❜ ✉ t ❡ s

✸✶✻ ❴s❡t❆✉t♦❆ttr ✭①♠❧ ✱ ❤t♠❧ ✱ ♣♦s ✮ ❀

✸✶✼

✸✶✽ r❡t✉r♥ ❤t♠❧ ❀

✸✶✾ ⑥

✸✷✵

✸✷✶ ✴✴⑥⑥⑥

✸✷✷ ✴✴ ❢✉♥❝ t ✐♦♥ ❴s❡t❆✉t♦❆ttr ✭ ①♠❧ ✱ ♣♦s ✮✴✴④④④

✸✷✸

✸✷✹ ✴∗∗

✸✷✺ ∗ ❆✉t♦♠❛t ✐❝❛ ❧ ❧② r❡ t✉r♥s ❛ ◆❛♠❡❞◆♦❞❡▼❛♣ ♦❢ ❛ t t r ✐ ❜ ✉ t ❡ s ❜② t❤❡ ♥♦❞❡

✸✷✻ ∗ t ❤❛ t ✇❛s ♣❛ss❡❞ ✐♥ ❝♦♥s ✐❞❡ r❛ t ✐ ♦♥ ♦ ❢ ❛ ❧ ❧ ♣❛r❡♥t ♥♦❞❡s ❛♥❞ ♣ ♦ s s ✐ ❜ ❧ ②

✸✷✼ ∗ ✐ ♥ ❤ ❡ r ✐ t ❡ ❞ ❛ t t r ✐ ❜ ✉ t ❡ s ✳

✸✷✽ ∗ ❚❤❡ ♣❛r❛♠❡t❡r ♣♦s ✐ ♥ ❞ ✐ ❝ ❛ t ❡ s t❤❡ ♣♦ s ✐ t ✐ ♦♥ ♦ ❢ t❤❡ ♥♦❞❡ r ❡ ❧ ❛ t ✐ ✈ ❡ t♦

✸✷✾ ∗ t❤❡ ✇✐♥❞♦✇ ♥♦❞❡ ❛♥❞ t❤✉s ✇❤❛t ❝♦✉ ❧❞ ❜❡ ✐ ♥❤ ❡ r ✐ t ❡ ❞ ✳

✸✸✵ ∗✴

✸✸✶

✸✸✷ ❢✉♥❝ t ✐ ♦♥ ❴s❡t❆✉t♦❆ttr ✭①♠❧ ✱ ❤t♠❧ ✱ ♣♦s ✮

✸✸✸ ④

✸✸✹ ✴✴ ❣❡ t ♦✇♥ ❛ t t r ✐ ❜ ✉ t ❡ s ❛♥❞ t❤❡ ♦♥❡s ❢r♦♠ t❤❡ ♣❛r❡♥t

✸✸✺ ✐ ❢ ✭ ①♠❧ ✳ ♣❛r❡♥t◆♦❞❡ ✳ ♥♦❞❡◆❛♠❡ ✦❂ ✬ t❤❡♠❡ ✬

✸✸✻ ✫✫ ①♠❧ ✳ ♣❛r❡♥t◆♦❞❡ ✳ ♥♦❞❡◆❛♠❡ ✦❂ ✬★❞♦❝✉♠❡♥t ✬ ✮ ④

✸✸✼ ✈❛r ♣❛r❡♥t ❂ ①♠❧ ✳ ♣❛r❡♥t◆♦❞❡ ❀

✸✸✽ ⑥ ❡❧s❡ ④

✸✸✾ ✈❛r ♣❛r❡♥t ❂ ❴❛ttr❉❡❢❛✉❧t ❀

✸✹✵ ⑥

✸✹✶

✸✹✷ ✴✴ ❤❛♥❞❧❡ ♦✇♥ ❳▼▲ ❛ t t r ✐ ❜ ✉ t ❡ s ✴✴④④④

✸✹✸

✸✹✹ ✈❛r ❧ ❡♥❣t❤ ❂ ①♠❧ ✳ ❛ t t r ✐ ❜ ✉ t ❡ s ✳ ❧ ❡♥❣t❤ ❀

✸✹✺ ❢♦r ✭ ✈❛r ✐ ❂ ✵ ❀ ✐ ❁ ❧❡♥❣t❤ ❀ ✰✰✐ ✮ ④

✸✹✻ ✈❛r ❛ t t r ❂ ①♠❧ ✳ ❛ t t r ✐ ❜ ✉ t ❡ s ✳ ✐t❡♠ ✭ ✐ ✮ ❀

✸✹✼ ✈❛r ♥❛♠❡ ❂ ❛ t t r ✳ ♥❛♠❡ ❀

✸✹✽ ✈❛r ✈❛ ❧✉❡ ❂ ❛ t t r ✳ ✈❛ ❧✉❡ ❀

✸✹✾

✸✺✵ ✴✴ t r② t♦ ♣❛rs❡ t❤❡ ❛ t t r ✐ ❜ ✉ t ❡ ✱ ✐ ❢ ✐ t ✐ s s ♣ ❡ ❝ ✐ ❛ ❧

✸✺✶ ✐ ❢ ✭ ❴♣❛rs❡❙♣❡❝ ✐❛ ❧❆ttr ✭♥❛♠❡ ✱ ✈❛❧✉❡ ✱ ♣♦s ✮ ✮

✸✺✷ ❝♦♥t✐♥✉❡ ❀

✶✶✻



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✸✺✸ ✴✴ ✐ ❢ ♥♦t ✱ ✇r ✐ t ❡ ❛ t t r ✐ ❜ ✉ t ❡ t♦ ❍❚▼▲ ♥♦❞❡

✸✺✹ ❤t♠❧ ✳ s ❡ t❆t t r ✐ ❜✉ t ❡ ✭♥❛♠❡ ✱ ✈❛ ❧✉❡ ✮ ❀

✸✺✺ ⑥

✸✺✻

✸✺✼ ✴✴⑥⑥⑥

✸✺✽ ✴✴ ✐ ♥ ❤ ❡ r ✐ t ❛ t t r ✐ ❜ ✉ t ❡ s ❢r♦♠ ♣❛r❡♥t ✴✴④④④

✸✺✾

✸✻✵ ✈❛r ❧ ❡♥❣t❤ ❂ ♣❛r❡♥t ✳ ❛ t t r ✐ ❜ ✉ t ❡ s ✳ ❧ ❡♥❣t❤ ❀

✸✻✶ ❢♦r ✭ ✈❛r ✐ ❂ ✵ ❀ ✐ ❁ ❧❡♥❣t❤ ❀ ✰✰✐ ✮ ④

✸✻✷ ✈❛r ❛ t t r ❂ ♣❛r❡♥t ✳ ❛ t t r ✐ ❜ ✉ t ❡ s ✳ ✐t❡♠ ✭ ✐ ✮ ❀

✸✻✸ ✈❛r ♥❛♠❡ ❂ ❛ t t r ✳ ♥❛♠❡ ❀

✸✻✹ ✈❛r ✈❛ ❧✉❡ ❂ ❛ t t r ✳ ✈❛ ❧✉❡ ❀

✸✻✺

✸✻✻ ✴✴ ❛ t t r ✐ ❜ ✉ t ❡ s ♥♦t t♦ ❜❡ ✐ ♥ ❤ ❡ r ✐ t ❡ ❞

✸✻✼ ✐ ❢ ✭ ✬ ❝♦♥t❡♥t ✬ ❂❂ ♥❛♠❡ ⑤ ⑤ ✬ ❝ ❧ ❛ s s ✬ ❂❂ ♥❛♠❡✮

✸✻✽ ❝♦♥t✐♥✉❡ ❀

✸✻✾ ✴✴ ❞♦ ♥♦t ✐ ♥ ❤ ❡ r ✐ t ✐ ❢ ❛ ❧ r❡❛❞② ✐ ♥❤ ❡ r ✐ t ❡ ❞

✸✼✵ ✐ ❢ ✭ ①♠❧ ✳ ❤❛s❆ttr ✐❜✉t❡ ✭♥❛♠❡✮ ⑤ ⑤ ❤t♠❧ ✳ ❤❛s❆ttr ✐❜✉t❡ ✭♥❛♠❡ ✮ ✮

✸✼✶ ❝♦♥t✐♥✉❡ ❀

✸✼✷

✸✼✸ ✴✴ t r② t♦ ♣❛rs❡ t❤❡ ❛ t t r ✐ ❜ ✉ t ❡ ✱ ✐ ❢ ✐ t ✐ s s ♣ ❡ ❝ ✐ ❛ ❧

✸✼✹ ✐ ❢ ✭ ❴♣❛rs❡❙♣❡❝ ✐❛ ❧❆ttr ✭♥❛♠❡ ✱ ✈❛❧✉❡ ✱ ♣♦s ✮ ✮

✸✼✺ ❝♦♥t✐♥✉❡ ❀

✸✼✻ ✴✴ ✐ ❢ ♥♦t ✱ ✇r ✐ t ❡ ❛ t t r ✐ ❜ ✉ t ❡ t♦ ❍❚▼▲ ♥♦❞❡

✸✼✼ ❤t♠❧ ✳ s ❡ t❆t t r ✐ ❜✉ t ❡ ✭♥❛♠❡ ✱ ✈❛ ❧✉❡ ✮ ❀

✸✼✽ ⑥

✸✼✾

✸✽✵ ✴✴⑥⑥⑥

✸✽✶ r❡t✉r♥ tr✉❡ ❀

✸✽✷ ⑥

✸✽✸

✸✽✹ ✴✴⑥⑥⑥

✸✽✺ ✴✴ ❢✉♥❝ t ✐♦♥ ❴✐s❙♣❡❝ ✐❛ ❧❆t t r ✭♥❛♠❡✮✴✴④④④

✸✽✻

✸✽✼ ✴∗∗

✸✽✽ ∗ ❈❤❡❝❦s ✇❤❡t❤❡r ❛ ❣ ✐✈❡♥ ❛ t t r ✐ ❜ ✉ t ❡ ✐ s ❛ s ♣ ❡ ❝ ✐ ❛ ❧ ♦♥❡ ✇❤✐❝❤ ❤❛s

✸✽✾ ∗ ♥♦t❤✐♥❣ t♦ ❞♦ ✐♥ ❛ ❍❚▼▲ ❞♦❝✉♠❡♥t ✳

✸✾✵ ∗

✸✾✶ ∗ ❅r❡t✉r♥ tr✉❡ ❖♥ ♥❛♠❡ ❜❡ ✐♥❣ s♦♠❡t❤✐♥❣ s ♣ ❡ ❝ ✐ ❛ ❧

✸✾✷ ∗ ❅r❡t✉r♥ ❢ ❛ ❧ s ❡ ❖♥ ♥❛♠❡ ❜❡ ✐♥❣ s♦♠❡ ❞ ❡ ❢ ❛ ✉ ❧ t ❍❚▼▲ ❛ t t r ✐ ❜ ✉ t ❡

✸✾✸ ∗✴

✸✾✹

✸✾✺ ❢✉♥❝ t ✐ ♦♥ ❴✐ s❙♣❡❝ ✐ ❛ ❧❆t t r ✭♥❛♠❡✮

✸✾✻ ④

✸✾✼ s✇✐t❝❤ ✭♥❛♠❡✮ ④

✸✾✽ ❝❛s❡ ✬♠♦✈❡ ✬ ✿

✸✾✾ ❝❛s❡ ✬ r ❡ s ✐ ③ ❡ ✬ ✿

✹✵✵ ❝❛s❡ ✬ ♣ ♦ s ✐ t ✐ ♦ ♥ ✬ ✿

✹✵✶ ❝❛s❡ ✬ s ✐ ③ ❡ ✬ ✿

✹✵✷ ❝❛s❡ ✬ ♦ ♥ ❝ ❧ ✐ ❝ ❦ ✬ ✿

✹✵✸ ❝❛s❡ ✬ ♦♥♠♦✉s❡❞♦✇♥ ✬ ✿

✹✵✹ ❝❛s❡ ✬ ❝♦♥t❡♥t ✬ ✿

✹✵✺ ❝❛s❡ ✬♥❛♠❡ ✬ ✿

✹✵✻ ❝❛s❡ ✬ ❞ ❡ s ❝ r ✐ ♣ t ✐ ♦ ♥ ✬ ✿

✹✵✼ ❝❛s❡ ✬ ❛✉t❤♦r ✬ ✿

✹✵✽ ❝❛s❡ ✬ ❡♠❛✐ ❧ ✬ ✿

✹✵✾ r❡t✉r♥ tr✉❡ ❀

✹✶✵

✹✶✶ ❞❡❢❛✉❧t ✿

✶✶✼



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✹✶✷ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✹✶✸ ⑥

✹✶✹ ⑥

✹✶✺

✹✶✻ ✴✴⑥⑥⑥

✹✶✼ ✴✴ ❢✉♥❝ t ✐♦♥ ❴♣❛rs❡❙♣❡❝ ✐❛ ❧❆t tr ✭♥❛♠❡ ✱ ✈❛❧✉❡ ✱ ♣♦s ✮✴✴④④④

✹✶✽

✹✶✾ ✴∗∗

✹✷✵ ∗ P❛rs❡s ❛♥② s ♣ ❡ ❝ ✐ ❛ ❧ ❳▼▲ ❛ t t r ✐ ❜ ✉ t ❡ t ❤❛ t ❤❛s ♥♦t❤✐♥❣ t♦ ❞♦ ✇✐t❤

✹✷✶ ∗ ❍❚▼▲✳ ❘❡t✉r♥s t r✉❡ ✇❤❡♥ s✉❝❤ ❛♥ ❛ t t r ✐ ❜ ✉ t ❡ ✇❛s ♣❛ss❡❞ ✱ ❢ ❛ ❧ s ❡

✹✷✷ ∗ ♦ t❤❡r✇✐ s❡ ✳

✹✷✸ ∗

✹✷✹ ∗ ▼❛♣s ❡✈❡♥t s t♦ ♥♦❞❡ ♣♦ s ✐ t ✐ ♦ ♥ s ✇❤✐❝❤ ❝❛♥ ❜❡ r❡ s t ♦ r ❡❞ ❜② ❝ ❛ ❧ ❧ ✐ ♥ ❣

✹✷✺ ∗ tr❛❝❡◆♦❞❡ ✭✮ ❧ ❛ t ❡ r ✳

✹✷✻ ∗

✹✷✼ ∗ ❅r❡t✉r♥ tr✉❡ ❖♥ ♥❛♠❡ ❜❡ ✐♥❣ s♦♠❡t❤✐♥❣ s ♣ ❡ ❝ ✐ ❛ ❧

✹✷✽ ∗ ❅r❡t✉r♥ ❢ ❛ ❧ s ❡ ❖♥ ♥❛♠❡ ❜❡ ✐♥❣ s♦♠❡ ❞ ❡ ❢ ❛ ✉ ❧ t ❍❚▼▲ ❛ t t r ✐ ❜ ✉ t ❡

✹✷✾ ∗✴

✹✸✵

✹✸✶ ❢✉♥❝ t ✐ ♦♥ ❴♣❛rs❡❙♣❡❝ ✐❛ ❧❆ttr ✭♥❛♠❡ ✱ ✈❛❧✉❡ ✱ ♣♦s ✮

✹✸✷ ④

✹✸✸ s✇✐t❝❤ ✭♥❛♠❡✮ ④

✹✸✹ ❝❛s❡ ✬♠♦✈❡ ✬ ✿

✹✸✺ ✈❛r ❦❡② ❂ ✬ ❝❤♠♦✈❡ ✬ ❀

✹✸✻ ❝❛s❡ ✬ r ❡ s ✐ ③ ❡ ✬ ✿

✹✸✼ ✐ ❢ ✭ ✦ ❦❡② ✮

✹✸✽ ✈❛r ❦❡② ❂ ✬ ❝ ❤ r ❡ s ✐ ③ ❡ ✬ ❀

✹✸✾ ✐ ❢ ✭ ✈❛ ❧✉❡ ✦❂ ✬ ❝❤❛♥❣❡ ✬ ✮

✹✹✵ r❡t✉r♥ tr✉❡ ❀

✹✹✶ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ❦❡② ❪ ✳ ♣✉s❤ ✭ ♣♦s ✳ ❝ ❧ ♦♥❡ ✭ ✮ ✮ ❀

✹✹✷ r❡t✉r♥ tr✉❡ ❀

✹✹✸

✹✹✹ ❝❛s❡ ✬ ♣ ♦ s ✐ t ✐ ♦ ♥ ✬ ✿

✹✹✺ ✈❛r ❛ttr❑❡② ❂ ✬ ♣♦s ✬ ❀

✹✹✻ ✈❛r ✈❛❧✉❡❑❡② ❂ ✈❛❧✉❡ ❀

✹✹✼ ✴✴ ♣♦ s ✐ t ✐ ♦♥❂✧❛✉t♦✧ ❞♦❡s ♥♦t ♥❡❡❞ t♦ ❜❡ ❤❛♥❞❧❡❞

✹✹✽ ✐ ❢ ✭ ✬ ❛✉t♦ ✬ ❂❂ ✈❛❧✉❡ ✮

✹✹✾ r❡t✉r♥ tr✉❡ ❀

✹✺✵ ❡❧s❡ ✐ ❢ ✭ ✬ ❢ ✐ ① ❡ ❞ ✬ ✦❂ ✈❛❧✉❡ ✫✫ ✬ r ✐ ❣ ❤ t ✬ ✦❂ ✈❛❧✉❡ ✫✫ ✬ ❜♦tt♦♠ ✬ ✦❂ ✈❛❧✉❡ ✮

✹✺✶ t❤r♦✇ ✬ ■ ♥✈❛ ❧ ✐ ❞ ✈❛ ❧✉❡ ❢ ♦ r ♣ ♦ s ✐ t ✐ ♦ ♥ ✿ ✬ ✰ ✈❛❧✉❡ ❀

✹✺✷ ❝❛s❡ ✬ s ✐ ③ ❡ ✬ ✿

✹✺✸ ✐ ❢ ✭ ✉♥❞❡❢ ✐♥❡❞ ❂❂ ❛ttr❑❡② ✮ ④

✹✺✹ ✈❛r ❛ttr❑❡② ❂ ✬ s ✐ ③ ❡ ✬ ❀

✹✺✺ ✈❛r ✈❛❧✉❡❑❡② ❂ ✈❛❧✉❡ ❀

✹✺✻ ✴✴ s ✐ ③ ❡❂✧❛✉t♦✧ ❞♦❡s ♥♦t ♥❡❡❞ t♦ ❜❡ ❤❛♥❞❧❡❞

✹✺✼ ✐ ❢ ✭ ✬ ❛✉t♦ ✬ ❂❂ ✈❛❧✉❡ ✮

✹✺✽ r❡t✉r♥ tr✉❡ ❀

✹✺✾ ❡❧s❡ ✐ ❢ ✭ ✬ s ❡ t ✬ ✦❂ ✈❛❧✉❡ ✮

✹✻✵ t❤r♦✇ ✬ ■ ♥✈❛ ❧ ✐ ❞ ✈❛ ❧✉❡ ✿ ✧ ✬ ✰ ✈❛❧✉❡ ✰ ✬ ✧ ✬ ❀

✹✻✶ ⑥

✹✻✷

✹✻✸ ✴✴ ❛ ❧ ❡ r t ✭ ✬ ❛ t t r ✐ ❜ ✉ t ❡ ❛ttr❑❡②❂✬ ✰ ❛ttr❑❡② ✰ ✬ ✱ ✈❛❧✉❡❑❡②❂✬ ✰ ✈❛❧✉❡❑❡② ✮ ❀

✹✻✹ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ❛ttr❑❡② ❪ ❬ ✈❛❧✉❡❑❡② ❪ ✳ ♣✉s❤ ✭ ♣♦s ✳ ❝ ❧ ♦♥❡ ✭ ✮ ✮ ❀

✹✻✺ ✴✴ ❛ ❧ ❡ r t ✭

✹✻✻ ✴✴❴♥♦❞❡ ❬ ✬ ✇✐♥❞♦✇ ✬ ❪ ❬ ❛ttr❑❡② ❪ ❬ ✈❛❧✉❡❑❡② ❪ ❬

✹✻✼ ✴✴ ❴♥♦❞❡ ❬ ✬ ✇✐♥❞♦✇ ✬ ❪ ❬ ❛ttr❑❡② ❪ ❬ ✈❛❧✉❡❑❡② ❪ ✳ ❧ ❡♥ ❣ t ❤

✹✻✽ ✴✴ ❪

✹✻✾ ✴✴ ✮ ❀

✹✼✵ ✴✴ ❛ ❧ ❡ r t ✭❴♥♦❞❡ ❬ ✬ ✇✐♥❞♦✇ ✬ ❪ ❬ ❛ttr❑❡② ❪ ✰ ✬ ✬ ✰ ❴♥♦❞❡ ❬ ✬ ✇✐♥❞♦✇ ✬ ❪ ❬ ❛ttr❑❡② ❪ ❬ ✈❛❧✉❡❑❡② ❪ ✮ ❀

✶✶✽



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✹✼✶ r❡t✉r♥ tr✉❡ ❀

✹✼✷

✹✼✸ ❝❛s❡ ✬ ♦ ♥ ❝ ❧ ✐ ❝ ❦ ✬ ✿

✹✼✹ ❝❛s❡ ✬ ♦♥♠♦✉s❡❞♦✇♥ ✬ ✿

✹✼✺ ✈❛r ❡ ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✹✼✻ ❡ ❬ ♥❛♠❡ ❪ ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✹✼✼ ❡ ❬ ♥❛♠❡ ❪ ❬ ✬ ♣❛t❤ ✬ ❪ ❂ ♣♦s ✳ ❝ ❧ ♦♥❡ ✭ ✮ ❀

✹✼✽ ❡ ❬ ♥❛♠❡ ❪ ❬ ✬ ❛ ❝ t ✐ ♦♥ ✬ ❪ ❂ ✈❛❧✉❡ ❀

✹✼✾ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬ ❡✈❡♥ts ✬ ❪ ✳ ♣✉s❤ ✭ ❡ ✮ ❀

✹✽✵ r❡t✉r♥ tr✉❡ ❀

✹✽✶

✹✽✷ ❝❛s❡ ✬ ❝♦♥t❡♥t ✬ ✿

✹✽✸ ✐ ❢ ✭ ✈❛ ❧✉❡ ❂❂ ✬ ✇✐♥❞♦✇t ✐ t ❧ ❡ ✬ ✮ ④

✹✽✹ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬ t ✐ t ❧ ❡ ✬ ❪ ❂ ♣♦s ✳ ❝ ❧ ♦♥❡ ✭ ✮ ❀

✹✽✺ ⑥ ❡❧s❡ ✐ ❢ ✭ ✈❛ ❧✉❡ ❂❂ ✬ ✇✐♥❞♦✇❝♦♥t❡♥t ✬ ✮ ④

✹✽✻ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬ ❝♦♥t❡♥t ✬ ❪ ❂ ♣♦s ✳ ❝ ❧ ♦♥❡ ✭ ✮ ❀

✹✽✼ ⑥ ❡❧s❡ ④

✹✽✽ t❤r♦✇ ✬❲r♦♥❣ ❝♦♥t❡♥t ✿ ✬ ✰ ✈❛❧✉❡ ❀

✹✽✾ ⑥

✹✾✵ r❡t✉r♥ tr✉❡ ❀

✹✾✶

✹✾✷ ✴✴ ❚❖❉❖

✹✾✸ ❝❛s❡ ✬♥❛♠❡ ✬ ✿

✹✾✹ ❝❛s❡ ✬ ❞ ❡ s ❝ r ✐ ♣ t ✐ ♦ ♥ ✬ ✿

✹✾✺ ❝❛s❡ ✬ ❛✉t❤♦r ✬ ✿

✹✾✻ ❝❛s❡ ✬ ❡♠❛✐ ❧ ✬ ✿

✹✾✼ r❡t✉r♥ tr✉❡ ❀

✹✾✽

✹✾✾ ❞❡❢❛✉❧t ✿

✺✵✵ r❡t✉r♥ ❢❛ ❧ s❡ ❀

✺✵✶ ⑥

✺✵✷ ⑥

✺✵✸

✺✵✹ ✴✴⑥⑥⑥

✺✵✺ ✴✴ t ❤ ✐ s ✳ ❧♦❛❞❈ss ❂ ❢✉♥❝ t ✐♦♥ ✭✮✴✴④④④

✺✵✻

✺✵✼ ✴∗∗

✺✵✽ ∗ ▲♦❛❞s t❤❡ ❈❙❙ ❢ ✐ ❧ ❡ ✇❤✐❝❤ ❜❡ ❧♦♥❣s t♦ t ❤ ✐ s t❤❡♠❡ ✳

✺✵✾ ∗

✺✶✵ ∗ ❅r❡t✉r♥ ✈♦✐❞

✺✶✶ ∗✴

✺✶✷

✺✶✸ t❤✐s ✳ ❧♦❛❞❈ss ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✺✶✹ ④

✺✶✺ ✈❛r ❝ s s ❂ ❞♦❝✉♠❡♥t ✳ ❝r❡❛t❡❊❧❡♠❡♥t ✭ ✬ ❧ ✐ ♥ ❦ ✬ ✮ ❀

✺✶✻ ❝ s s ✳ r ❡ ❧ ❂ ✬ s t ② ❧ ❡ s ❤ ❡ ❡ t ✬ ❀

✺✶✼ ❝ s s ✳ t②♣❡ ❂ ✬ t ❡①t ✴ ❝ s s ✬ ❀

✺✶✽ ❝ s s ✳ ❤ r ❡ ❢ ❂ ❴♣❛t❤❴❝ss ❀

✺✶✾ ❞♦❝✉♠❡♥t ✳ ❣❡t❊❧❡♠❡♥ts❇②❚❛❣◆❛♠❡ ✭ ✬ ❤❡❛❞ ✬ ✮ ❬ ✵ ❪ ✳ ❛♣♣❡♥❞❈❤✐❧❞ ✭ ❝ s s ✮ ❀

✺✷✵ ⑥

✺✷✶

✺✷✷ ✴✴⑥⑥⑥

✺✷✸ ✴✴ t ❤ ✐ s ✳ ❝❧♦♥❡◆♦❞❡s ❂ ❢✉♥❝ t ✐♦♥ ✭ r♦♦t ✮✴✴④④④

✺✷✹

✺✷✺ ✴∗∗

✺✷✻ ∗ ❚❖❉❖✿ ❞♦❝

✺✷✼ ∗✴

✺✷✽

✺✷✾ t❤✐s ✳ ❝ ❧♦♥❡◆♦❞❡s ❂ ❢✉♥❝ t ✐ ♦♥ ✭ r♦♦t ✮

✶✶✾



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✺✸✵ ④

✺✸✶ s✇✐t❝❤ ✭ r♦♦t ✮ ④

✺✸✷ ❝❛s❡ ✬✇✐♥❞♦✇ ✬ ✿

✺✸✸ r❡t✉r♥ ❴❝❧♦♥❡❲✐♥❞♦✇ ✭ ✮ ❀

✺✸✹

✺✸✺ ❞❡❢❛✉❧t ✿

✺✸✻ t❤r♦✇ ✧❈❧♦♥❡❊rr♦r ✧ ❀

✺✸✼ ⑥

✺✸✽ ⑥

✺✸✾

✺✹✵ ✴✴⑥⑥⑥

✺✹✶ ✴✴ ❢✉♥❝ t ✐♦♥ ❴❝❧♦♥❡❲✐♥❞♦✇✭✮✴✴④④④

✺✹✷

✺✹✸ ✴∗∗

✺✹✹ ∗ ❈❧♦♥❡s ✇✐♥❞♦✇ ♥♦❞❡ ✱ r ❡ ❝♦♥s t r✉❝ t s r ❡ ❢ ❡ r ❡♥❝❡ s ♦✉t ♦ ❢ t r ❛ ❝ ❡ s

✺✹✺ ∗ ❛♥❞ r❡ t✉r♥s t ❤❛ t ❝ ❧♦♥❡ ✳

✺✹✻ ∗ ◆♦t❡ t ❤❛ t ❡✈❡♥t s ❛r❡ ♥♦t r❡❝♦♥s t r✉❝ t ❡❞ − t❤❡ t r ❛ ❝ ❡ s ❛r❡ s ✐♠♣❧②

✺✹✼ ∗ ❝ ❧♦♥❡❞ ✳ ❨♦✉ ❤❛✈❡ t♦ ❝ ❛ ❧ ❧ r ❡ ❣ ✐ s t ❡ r❊✈❡♥ t s ✭✮ ❢ ✐ r s t ✳

✺✹✽ ∗✴

✺✹✾

✺✺✵ ❢✉♥❝ t ✐ ♦♥ ❴❝❧♦♥❡❲✐♥❞♦✇ ✭ ✮

✺✺✶ ④

✺✺✷ ✈❛r ❝ ❧♦♥❡ ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✺✺✸ ❝ ❧♦♥❡ ❬ ✬♠❛✐♥ ✬ ❪ ❂ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬♠❛✐♥ ✬ ❪ ✳ ❝❧♦♥❡◆♦❞❡ ✭ tr✉❡ ✮ ❀

✺✺✹ ❢♦r ✭ ❦❡② ✐♥ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ✮ ④

✺✺✺ ✐ ❢ ✭ ❦❡② ❂❂ ✬ t ✐ t ❧ ❡ ✬ ⑤ ⑤ ❦❡② ❂❂ ✬ ❝♦♥t❡♥t ✬ ✮ ④

✺✺✻ ✈❛r t r ❛ ❝ ❡ ❂ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ❦❡② ❪ ❀

✺✺✼ ❝ ❧♦♥❡ ❬ ❦❡② ❪ ❂ tr❛❝❡◆♦❞❡ ✭ tr❛❝❡ ✱ ❝ ❧ ♦♥❡ ❬ ✬♠❛✐♥ ✬ ❪ ✮ ❀

✺✺✽ ⑥ ❡❧s❡ ✐ ❢ ✭ ❦❡② ✳ s✉❜s t r ✭✵ ✱ ✷ ✮ ❂❂ ✬ ❝❤ ✬ ✮ ④

✺✺✾ ❝ ❧♦♥❡ ❬ ❦❡② ❪ ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✺✻✵ ✈❛r ❧ ❡♥❣t❤ ❂ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ❦❡② ❪ ✳ ❧ ❡♥❣t❤ ❀

✺✻✶ ❢♦r ✭ ✈❛r ✐ ❂ ✵ ❀ ✐ ❁ ❧❡♥❣t❤ ❀ ✰✰✐ ✮ ④

✺✻✷ ✈❛r t r ❛ ❝ ❡ ❂ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ❦❡② ❪ ❬ ✐ ❪ ❀

✺✻✸ ❝ ❧♦♥❡ ❬ ❦❡② ❪ ❬ ✐ ❪ ❂ tr❛❝❡◆♦❞❡ ✭ tr❛❝❡ ✱ ❝ ❧ ♦♥❡ ❬ ✬♠❛✐♥ ✬ ❪ ✮ ❀

✺✻✹ ⑥

✺✻✺ ⑥ ❡❧s❡ ✐ ❢ ✭ ✬ ♣♦s ✬ ❂❂ ❦❡② ⑤ ⑤ ✬ s ✐ ③ ❡ ✬ ❂❂ ❦❡② ✮ ④

✺✻✻ ❝ ❧♦♥❡ ❬ ❦❡② ❪ ❂ ♥❡✇ ❖❜❥❡❝t ✭ ✮ ❀

✺✻✼ ❢♦r ✭ ❛tt r❱❛❧✉❡ ✐♥ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ❦❡② ❪ ✮ ④

✺✻✽ ✐ ❢ ✭ ❛tt r❱❛❧✉❡ ❂❂ ✬ ❝ ❧♦♥❡ ✬ ✮

✺✻✾ ❝♦♥t✐♥✉❡ ❀

✺✼✵ ❝ ❧♦♥❡ ❬ ❦❡② ❪ ❬ ❛t t r❱❛❧✉❡ ❪ ❂ ♥❡✇ ❆rr❛② ✭ ✮ ❀

✺✼✶ ✈❛r ❧ ❡♥❣t❤ ❂ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ❦❡② ❪ ❬ ❛ t t r❱❛❧✉❡ ❪ ✳ ❧ ❡♥❣t❤ ❀

✺✼✷ ❢♦r ✭ ✈❛r ✐ ❂ ✵ ❀ ✐ ❁ ❧❡♥❣t❤ ❀ ✰✰✐ ✮ ④

✺✼✸ ✈❛r t r ❛ ❝ ❡ ❂ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ❦❡② ❪ ❬ ❛ t t r❱❛❧✉❡ ❪ ❬ ✐ ❪ ❀

✺✼✹ ❝ ❧♦♥❡ ❬ ❦❡② ❪ ❬ ❛t t r❱❛❧✉❡ ❪ ✳ ♣✉s❤ ✭ tr❛❝❡◆♦❞❡ ✭ tr❛❝❡ ✱

✺✼✺ ❝ ❧♦♥❡ ❬ ✬♠❛✐♥ ✬ ❪ ✮ ✮ ❀

✺✼✻ ⑥

✺✼✼ ⑥

✺✼✽ ⑥ ❡❧s❡ ✐ ❢ ✭ ❦❡② ❂❂ ✬ ❡✈❡♥ts ✬ ✮ ④

✺✼✾ ❝ ❧♦♥❡ ❬ ✬ ❡✈❡♥ts ✬ ❪ ❂ ❴♥♦❞❡ ❬ ✬✇✐♥❞♦✇ ✬ ❪ ❬ ✬ ❡✈❡♥ts ✬ ❪ ✳ ❝ ❧ ♦♥❡ ✭ ✮ ❀

✺✽✵ ⑥

✺✽✶ ⑥

✺✽✷ r❡t✉r♥ ❝ ❧♦♥❡ ❀

✺✽✸ ⑥

✺✽✹

✺✽✺ ✴✴⑥⑥⑥

✺✽✻

✺✽✼ ❴✐♥ ✐ t ✭♥❛♠❡ ✮ ❀

✺✽✽ ⑥

✶✷✵
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✺✽✾

✺✾✵ ✴✴−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✺✾✶ ✴✴ ❊♥s✉r❡ t ❤❛ t t❤❡ ❝♦❞❡ ❞♦❡s ♥♦t ❡①❝❡❡❞ ✼✾ ❝❤❛r❛❝ t ❡ r s ♣❡r ❧ ✐ ♥ ❡ ✉s ✐♥❣ ❛♥ ✐♥❞❡♥t

✺✾✷ ✴✴ ♦ ❢ ✹ s♣❛❝❡s ✴ ❧ ❡ ✈ ❡ ❧ ✳ ❯s❡ ◆❖ ❚❆❇❙ ❛t ❛ ❧ ❧ ✳ ▲❡❛✈❡ t❤❡ ♠♦❞❡ ❧ ✐ ♥ ❡ ❛s ✐ t ✐ s ✳ ❋♦r

✺✾✸ ✴✴ ❢ ✉ r t ❤ ❡ r ✐♥❢♦r♠❛t ✐♦♥ s❡❡ ❢ ✐ ❧ ❡ ❞♦❝s✴❈♦❞✐♥❣❈♦♥✈❡♥t✐♦♥ ✳

✺✾✹ ✴✴ ✈✐♠ ✿ ❡ t t s❂✹ s✇❂✹ ❢❞♠❂♠❛r❦❡r

✻✳✷✳✺ ✐♥❞❡①✳❤t♠❧

✶ ❁✦❉❖❈❚❨P❊ ❤t♠❧ P❯❇▲■❈ ✧−✴✴❲✸❈✴✴❉❚❉ ❳❍❚▼▲ ✶✳✵ ❙ t r ✐ ❝ t ✴✴❊◆✧

✷ ✧❤tt♣ ✿✴✴✇✇✇✳✇✸ ✳ ♦r❣ ✴❚❘✴①❤t♠❧✶✴❉❚❉✴①❤t♠❧✶−s t r ✐ ❝ t ✳ ❞t❞✧❃

✸

✹ ❁❤t♠❧❃

✺ ❁❤❡❛❞❃

✻ ❁t ✐ t ❧ ❡❃❛❥❛①❲▼❁✴ t ✐ t ❧ ❡❃

✼ ❁♠❡t❛ ❤tt♣−❡q✉✐✈❂✧ ❝♦♥t❡♥t−t②♣❡ ✧ ❝♦♥t❡♥t❂✧ t❡①t ✴❤t♠❧ ❀ ❝❤❛ r s ❡ t❂❯❚❋−✽✧ ✴❃

✽ ❁✦−− ❦❡❡♣ ❢ ✐ ❧ ❡ s ✐♥ ❝❛❝❤❡ ❢♦r ✼ ❞❛②s −−❃

✾ ❁♠❡t❛ ❤tt♣−❡q✉✐✈❂✧ ❡①♣ ✐ r ❡ s ✧ ❝♦♥t❡♥t❂✧✻✵✹✽✵✵✧ ✴❃

✶✵

✶✶ ❁❧ ✐♥❦ r❡❧❂✧ s t ② ❧ ❡ s ❤ ❡ ❡ t ✧ t②♣❡❂✧ t❡①t ✴ ❝ s s ✧ ❤r❡❢❂✧ ❞❡ ❢ ❛✉ ❧ t ✳ ❝ s s ✧ ✴❃

✶✷

✶✸ ❁s❝r✐♣t t②♣❡❂✧ t❡①t ✴ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✧ sr❝❂✧ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✴ s ❛ r ✐ s s ❛ ✳ ❥ s ✧❃❁✴ s❝r✐♣t❃

✶✹ ❁s❝r✐♣t t②♣❡❂✧ t❡①t ✴ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✧ sr❝❂✧ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✴ s❛r ✐ss❛❴❞❤t♠❧ ✳ ❥ s ✧❃❁✴ s❝r✐♣t❃

✶✺ ❁s❝r✐♣t t②♣❡❂✧ t❡①t ✴ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✧ sr❝❂✧ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✴❆❥❛①❲▼❴▼❛♥❛❣❡r ✳ ❥ s ✧❃❁✴ s❝r✐♣t❃

✶✻ ❁s❝r✐♣t t②♣❡❂✧ t❡①t ✴ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✧ sr❝❂✧ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✴❆❥❛①❲▼❴❚❡♠♣❧❛t❡ ✳ ❥ s ✧❃❁✴ s❝r✐♣t❃

✶✼ ❁s❝r✐♣t t②♣❡❂✧ t❡①t ✴ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✧ sr❝❂✧ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✴❆❥❛①❲▼❴▲♦❣✐♥❴❙❝r❡❡♥ ✳ ❥ s ✧❃❁✴ s❝r✐♣t❃

✶✽ ❁s❝r✐♣t t②♣❡❂✧ t❡①t ✴ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✧ sr❝❂✧ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✴❆❥❛①❲▼❴❲✐♥❞♦✇✳ ❥ s ✧❃❁✴ s❝r✐♣t❃

✶✾ ❁s❝r✐♣t t②♣❡❂✧ t❡①t ✴ ❥ ❛ ✈ ❛ s ❝ r ✐ ♣ t ✧❃

✷✵ ✇✐♥❞♦✇ ✳ ♦♥❧♦❛❞ ❂ ❢✉♥❝ t ✐ ♦♥ ✭ ✮

✷✶ ④

✷✷ ❛❥❛①❲▼✳ ✐ ♥ ✐ t ✭ ✮ ❀

✷✸ ⑥ ❀

✷✹ ❁✴ s❝r✐♣t❃

✷✺ ❁✴❤❡❛❞❃

✷✻

✷✼ ❁❜♦❞②❃

✷✽ ❁♥♦s❝r✐♣t❃

✷✾ ❁❞✐✈ ❝❧❛ss❂✧❢❛❦❡❚❡r♠✧❃

✸✵ ❁s♣❛♥ ❝❧❛ss❂✧ ❧ ♦ ❣ ✐ ♥ ✧❃♠❛❞❜♦②❅❚✷✷❁✴s♣❛♥❃

✸✶ ❁s♣❛♥ ❝❧❛ss❂✧ ❞ ✐ r ❡ ❝ t ♦ r ② ✧❃⑦❁✴s♣❛♥❃

✸✷ ❁s♣❛♥ ❝❧❛ss❂✧♣r♦♠♣t✧❃✩❁✴s♣❛♥❃

✸✸ ❝♦✇s❛② ✧❛❥❛①❲▼ ❞❡♣❡♥❞s ♦♥ ❏❛✈❛❙❝r ✐♣t ✧

✸✹ ❁♣r❡❃

✸✺ ❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴❴

✸✻ ❁ ❛❥❛①❲▼ ❞❡♣❡♥❞s ♦♥ ❏❛✈❛❙❝r ✐♣t ❃

✸✼ −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

✸✽ ❭ ❫❴❴❫

✸✾ ❭ ✭ ♦♦ ✮❭❴❴❴❴❴❴❴

✹✵ ✭❴❴✮❭ ✮❭✴❭

✹✶ ⑤⑤−−−−✇ ⑤

✹✷ ⑤ ⑤ ⑤ ⑤❁✴♣r❡❃

✹✸ ❁s♣❛♥ ❝❧❛ss❂✧ ❧ ♦ ❣ ✐ ♥ ✧❃♠❛❞❜♦②❅❚✷✷❁✴s♣❛♥❃

✹✹ ❁s♣❛♥ ❝❧❛ss❂✧ ❞ ✐ r ❡ ❝ t ♦ r ② ✧❃⑦❁✴s♣❛♥❃

✹✺ ❁s♣❛♥ ❝❧❛ss❂✧♣r♦♠♣t✧❃✩❁✴s♣❛♥❃

✹✻ ❁s♣❛♥ ❝❧❛ss❂✧ ❝✉r s♦ r ✧❃①❁✴s♣❛♥❃

✹✼ ❁♣r❡❃

✹✽

✹✾

✺✵

✶✷✶
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✺✶

✺✷

✺✸

✺✹

✺✺

✺✻

✺✼

✺✽

✺✾

✻✵

✻✶ ❁✴♣r❡❃

✻✷ ❁✴❞✐✈❃

✻✸ ❁✴♥♦s❝r✐♣t❃

✻✹ ❁✴❜♦❞②❃

✻✺ ❁✴❤t♠❧❃

✻✳✷✳✻ ❞❡❢❛✉❧t✳❝ss

✶ ✴∗ ●▲❖❇❆▲❙ ∗✴

✷

✸ ❜♦❞② ④

✹ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ❣r❛② ❀

✺ ⑥

✻

✼

✽ ✴∗ ◆❖❙❈❘■P❚ ∗✴

✾

✶✵ ♥♦ s ❝ r ✐ ♣ t ④

✶✶ ⑥

✶✷ ♥♦ s ❝ r ✐ ♣ t ❞✐✈ ✳ ❢❛❦❡❚❡r♠ ④

✶✸ ❢ ❧ ♦ ❛ t ✿ ❧ ❡ ❢ t ❀

✶✹ ❝ ♦ ❧ ♦ r ✿ ❧ ✐ ❣ ❤ t ❣ r ❡ ② ❀

✶✺ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ❜ ❧❛❝❦ ❀

✶✻ ❜♦r❞❡r ✿ ✷♣① s ♦ ❧ ✐ ❞ ✇❤✐t❡ ❀

✶✼ ❢♦♥t ✿ ✶ ✳ ✶❡♠ ♠♦♥♦s♣❛❝❡ ❀

✶✽ ♣♦ s ✐ t ✐ ♦ ♥ ✿ ❛❜s♦ ❧✉ t ❡ ❀

✶✾ t♦♣ ✿ ✷✵♣① ❀

✷✵ ❧ ❡ ❢ t ✿ ✺✵♣① ❀

✷✶ ♣❛❞❞✐♥❣ ✿ ✶♣① ❀

✷✷ ⑥

✷✸ ♥♦ s ❝ r ✐ ♣ t ❞✐✈ ✳ ❢❛❦❡❚❡r♠ s♣❛♥ ✳ ❧ ♦ ❣ ✐ ♥ ④

✷✹ ❝ ♦ ❧ ♦ r ✿ ❧ ✐♠❡ ❀

✷✺ ⑥

✷✻ ♥♦ s ❝ r ✐ ♣ t ❞✐✈ ✳ ❢❛❦❡❚❡r♠ s♣❛♥ ✳ ❞ ✐ r ❡ ❝ t♦ r② ✱

✷✼ ♥♦ s ❝ r ✐ ♣ t ❞✐✈ ✳ ❢❛❦❡❚❡r♠ s♣❛♥ ✳ ♣r♦♠♣t ④

✷✽ ❝ ♦ ❧ ♦ r ✿ ❜ ❧✉❡ ❀

✷✾ ⑥

✸✵ ♥♦ s ❝ r ✐ ♣ t ❞✐✈ ✳ ❢❛❦❡❚❡r♠ s♣❛♥ ✳ ❝✉ r s♦ r ④

✸✶ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ❧ ✐ ❣ ❤ t ❣ r ❡ ② ❀

✸✷ ⑥

✸✸

✸✹

✸✺

✸✻ ✴∗ ❉❊❇❯● ❆❘❊❆ ∗✴

✸✼

✸✽ ❞✐✈ ✳ ❞❡❜✉❣ ④

✸✾ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ✇❤✐t❡ ❀

✹✵ ♣♦ s ✐ t ✐ ♦ ♥ ✿ ❛❜s♦ ❧✉ t ❡ ❀

✹✶ r ✐ ❣ ❤ t ✿ ✵♣① ❀

✶✷✷



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✹✷ t♦♣ ✿ ✵♣① ❀

✹✸ ✇✐❞t❤ ✿ ✸✵✵♣① ❀

✹✹ ❜♦r❞❡r−t♦♣ ✿ ✷♣① ❞❛s❤❡❞ r❡❞ ❀

✹✺ ❜♦r❞❡ r− ❧ ❡ ❢ t ✿ ✷♣① ❞❛s❤❡❞ r❡❞ ❀

✹✻ ❜♦r❞❡r−r ✐❣❤t ✿ ✷♣① ❞❛s❤❡❞ r❡❞ ❀

✹✼ ❞ ✐ s♣ ❧ ❛② ✿ ♥♦♥❡ ❀

✹✽ ⑥

✹✾ ❞✐✈ ✳ ❞❡❜✉❣ ❞✐✈ ✳ ♠❡ss❛❣❡ ♣ ✳ ❝ ❛ ❧ ❧ ❡ r ✱

✺✵ ❞✐✈ ✳ ❞❡❜✉❣ ❞✐✈ ✳ ♠❡ss❛❣❡ ♣ ✳ t ❡① t ④

✺✶ ♠❛r❣✐♥ ✿ ✵♣① ❀

✺✷ ♣❛❞❞✐♥❣ ✿ ✸♣① ❀

✺✸ ⑥

✺✹ ❞✐✈ ✳ ❞❡❜✉❣ ❞✐✈ ✳ ♠❡ss❛❣❡ ♣ ✳ ❝ ❛ ❧ ❧ ❡ r ④

✺✺ ♣❛❞❞✐♥❣−❜♦tt♦♠ ✿ ✵♣① ❀

✺✻ ❢♦♥t−✇❡✐❣❤t ✿ ❜♦❧❞ ❀

✺✼ ⑥

✺✽ ❞✐✈ ✳ ❞❡❜✉❣ ❞✐✈ ✳ ♠❡ss❛❣❡ ♣ ✳ t ❡① t ④

✺✾ ❜♦r❞❡r−❜♦tt♦♠ ✿ ✷♣① ❞❛s❤❡❞ r❡❞ ❀

✻✵ ♣❛❞❞✐♥❣−t♦♣ ✿ ✶♣① ❀

✻✶ ⑥

✻✷

✻✸

✻✹

✻✺ ✴∗ ❚❊❘▼■◆❆▲ ∗✴

✻✻

✻✼ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢ ✵ ④ ❝ ♦ ❧ ♦ r ✿ ★✵✵✵❀ ⑥

✻✽ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢ ✶ ④ ❝ ♦ ❧ ♦ r ✿ ★❜✵✵ ❀ ⑥

✻✾ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢ ✷ ④ ❝ ♦ ❧ ♦ r ✿ ★✵❜✵ ❀ ⑥

✼✵ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢ ✸ ④ ❝ ♦ ❧ ♦ r ✿ ★❜❜✵ ❀ ⑥

✼✶ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢ ✹ ④ ❝ ♦ ❧ ♦ r ✿ ★✵✵❜ ❀ ⑥

✼✷ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢ ✺ ④ ❝ ♦ ❧ ♦ r ✿ ★❜✵❜ ❀ ⑥

✼✸ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢ ✻ ④ ❝ ♦ ❧ ♦ r ✿ ★✵❜❜ ❀ ⑥

✼✹ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢ ✼ ④ ❝ ♦ ❧ ♦ r ✿ ★❜❜❜ ❀ ⑥

✼✺ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢ ✽ ④ ❝ ♦ ❧ ♦ r ✿ ★✻✻✻❀ ⑥

✼✻ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢ ✾ ④ ❝ ♦ ❧ ♦ r ✿ ★❢✵✵ ❀ ⑥

✼✼ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢✶✵ ④ ❝ ♦ ❧ ♦ r ✿ ★✵❢✵ ❀ ⑥

✼✽ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢✶✶ ④ ❝ ♦ ❧ ♦ r ✿ ★❢ ❢ ✵ ❀ ⑥

✼✾ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢✶✷ ④ ❝ ♦ ❧ ♦ r ✿ ★✵✵ ❢ ❀ ⑥

✽✵ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢✶✸ ④ ❝ ♦ ❧ ♦ r ✿ ★❢ ✵ ❢ ❀ ⑥

✽✶ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢✶✹ ④ ❝ ♦ ❧ ♦ r ✿ ★✵ ❢ ❢ ❀ ⑥

✽✷ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❢✶✺ ④ ❝ ♦ ❧ ♦ r ✿ ★❢ ❢ ❢ ❀ ⑥

✽✸ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❜✵ ④ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★✵✵✵❀ ⑥

✽✹ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❜✶ ④ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★❜✵✵ ❀ ⑥

✽✺ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❜✷ ④ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★✵❜✵ ❀ ⑥

✽✻ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❜✸ ④ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★❜❜✵ ❀ ⑥

✽✼ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❜✹ ④ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★✵✵❜ ❀ ⑥

✽✽ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❜✺ ④ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★❜✵❜ ❀ ⑥

✽✾ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❜✻ ④ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★✵❜❜ ❀ ⑥

✾✵ ♣r❡ ✳ t❡r♠ s♣❛♥ ✳ ❜✼ ④ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★❜❜❜ ❀ ⑥

✶✷✸



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✻✳✸ ❚❤❡♠❡s

✻✳✸✳✶ ❧✐♠

❧✐♠✳①♠❧

✶ ❁t❤❡♠❡

✷ ♥❛♠❡❂✧ ❧✐♠✧

✸ ❞ ❡ s ❝ r ✐ ♣ t ✐ ♦ ♥❂✧▲❡ss ■ s ▼♦r❡ ✳ ❊①tr❡♠❧② ♠ ✐♥ ✐♠❛ ❧ ✐ s t ✐ ❝ t❤❡♠❡ ✳ ✧

✹ ❛✉t❤♦r❂✧❆♥❞r❡❛s ❲❛✐❞❧❡r ✧

✺ ❡♠❛✐ ❧❂✧ ❛♥❞r❡❛s✇❛✐❞ ❧❡r❅❛r❝♦r ✳ ❞❡✧

✻ ❃

✼ ❁✇✐♥❞♦✇ ♠♦✈❡❂✧❝❤❛♥❣❡✧ r ❡ s ✐ ③ ❡❂✧❝❤❛♥❣❡✧ s ✐ ③ ❡❂✧ s ❡ t ✧❃

✽ ❁❞✐✈

✾ ❝ ❧ ❛ s s❂✧ t ✐ t ❧ ❡ ❜ ❛ r ✧ ♣♦ s ✐ t ✐ ♦ ♥❂✧❛✉t♦✧ s ✐ ③ ❡❂✧❛✉t♦✧

✶✵ ♦♥ ❝ ❧ ✐ ❝ ❦❂✧ ❢♦❝✉s ✧ ♦♥♠♦✉s❡❞♦✇♥❂✧♠♦✈❡✧

✶✶ ❃

✶✷ ❁s♣❛♥ ❝ ❧ ❛ s s❂✧ t❡①t ✧ ❝♦♥t❡♥t❂✧✇✐♥❞♦✇t ✐ t ❧ ❡ ✧ ✴❃

✶✸ ❁✴❞✐✈❃

✶✹ ❁❞✐✈

✶✺ ❝ ❧ ❛ s s❂✧ ❝♦♥t❡♥t ✧ ♣♦ s ✐ t ✐ ♦ ♥❂✧❛✉t♦✧ s ✐ ③ ❡❂✧❛✉t♦✧

✶✻ ❝♦♥t❡♥t❂✧✇✐♥❞♦✇❝♦♥t❡♥t✧ ♦♥ ❝ ❧ ✐ ❝ ❦❂✧ ❢♦❝✉s ✧

✶✼ ✴❃

✶✽ ❁✴✇✐♥❞♦✇❃

✶✾ ❁♣❛♥❡❧❃

✷✵ ❁✴♣❛♥❡❧❃

✷✶ ❁✴t❤❡♠❡❃

❧✐♠✳❝ss

✶ ✴∗ ●▲❖❇❆▲❙ ∗✴

✷

✸ ❜♦❞② ④

✹ ♣❛❞❞✐♥❣ ✿ ✵♣① ❀

✺ ♠❛r❣✐♥ ✿ ✵♣① ❀

✻ ⑥

✼

✽ ❞✐✈ ✱ ♣r❡ ④

✾ ♣❛❞❞✐♥❣ ✿ ✵♣① ❀

✶✵ ♠❛r❣✐♥ ✿ ✵♣① ❀

✶✶ ⑥

✶✷

✶✸

✶✹

✶✺ ✴∗ ▲❖●■◆ ∗✴

✶✻

✶✼ ❜♦❞② ✳ ❧ ♦❣ ✐♥ ✱ ❜♦❞② ✳ ❧♦❣ ✐♥❴❧♦❝❦❡❞ ④

✶✽ ❝✉r s♦ r ✿ ❞ ❡ ❢ ❛✉ ❧ t ❀

✶✾ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ❜ ❧✉❡ ❀

✷✵ ⑥

✷✶ ❜♦❞② ✳ ❧♦❣ ✐♥❴❧♦❝❦❡❞ ④

✷✷ ❝✉r s♦ r ✿ ✇❛✐t ❀

✷✸ ⑥

✷✹ ❢♦r♠ ✳ ❧ ♦ ❣ ✐ ♥ ④

✷✺ ♣♦ s ✐ t ✐ ♦ ♥ ✿ ❛❜s♦ ❧✉ t ❡ ❀

✷✻ ❧ ❡ ❢ t ✿ ✸✵✵♣① ❀

✷✼ t♦♣ ✿ ✷✵✵♣① ❀

✶✷✹



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✷✽ ✇✐❞t❤ ✿ ✷✵✵♣① ❀

✷✾ ⑥

✸✵ ❢♦r♠ ✳ ❧ ♦ ❣ ✐ ♥ ✐♥♣✉t ✳ ♥❛♠❡ ④

✸✶ ⑥

✸✷ ❢♦r♠ ✳ ❧ ♦ ❣ ✐ ♥ ✐♥♣✉t ✳ ♣❛ss ④

✸✸ ❢ ❧ ♦ ❛ t ✿ ❧ ❡ ❢ t ❀

✸✹ ❝ ❧ ❡ ❛ r ✿ ❜♦t❤ ❀

✸✺ ⑥

✸✻ ❢♦r♠ ✳ ❧ ♦ ❣ ✐ ♥ ✐♥♣✉t ✳ s✉❜♠✐t ✱

✸✼ ❢♦r♠ ✳ ❧ ♦ ❣ ✐ ♥ ✐♥♣✉t ✳ s✉❜♠✐t❴❧♦❝❦❡❞ ④

✸✽ ❝✉r s♦ r ✿ ♣♦ ✐♥ t ❡ r ❀

✸✾ ❢ ❧ ♦ ❛ t ✿ r ✐ ❣ ❤ t ❀

✹✵ ❝ ❧ ❡ ❛ r ✿ ❜♦t❤ ❀

✹✶ ⑥

✹✷ ❢♦r♠ ✳ ❧ ♦ ❣ ✐ ♥ ✐♥♣✉t ✳ s✉❜♠✐t❴❧♦❝❦❡❞ ④

✹✸ ❝✉r s♦ r ✿ ✇❛✐t ❀

✹✹ ⑥

✹✺

✹✻

✹✼

✹✽

✹✾ ✴∗ ❉❊❙❑❚❖P ∗✴

✺✵

✺✶ ❞✐✈ ✳ ❞❡s❦t♦♣ ④

✺✷ ❞ ✐ s♣ ❧ ❛② ✿ ♥♦♥❡ ❀

✺✸ ⑥

✺✹ ❜♦❞② ✳ ❞❡s❦t♦♣ ④

✺✺ ⑥

✺✻

✺✼

✺✽

✺✾ ✴∗ ❲■◆❉❖❲ ∗✴

✻✵

✻✶ ❞✐✈ ✳ ✇✐♥❞♦✇ ✱

✻✷ ❞✐✈ ✳ ✇✐♥❞♦✇❴♠♦✈✐♥❣ ④

✻✸ ❞ ✐ s♣ ❧ ❛② ✿ ♥♦♥❡ ❀

✻✹ ❢ ❧ ♦ ❛ t ✿ ❧ ❡ ❢ t ❀

✻✺ ♣♦ s ✐ t ✐ ♦ ♥ ✿ ❛❜s♦ ❧✉ t ❡ ❀

✻✻ ⑥

✻✼ ❞✐✈ ✳ ✇✐♥❞♦✇❴♠♦✈✐♥❣ ④

✻✽ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ t r❛♥s♣❛r❡♥t ❀

✻✾ ❜♦r❞❡r ✿ ✶♣① s ♦ ❧ ✐ ❞ ❜❧❛❝❦ ❀

✼✵ ⑥

✼✶ ❞✐✈ ✳ ✇✐♥❞♦✇❴♠♦✈✐♥❣ ❞✐✈ ✱

✼✷ ❞✐✈ ✳ ✇✐♥❞♦✇❴♠♦✈✐♥❣ ❞✐✈ ♣r❡ ④

✼✸ ❞ ✐ s♣ ❧ ❛② ✿ ♥♦♥❡ ❀

✼✹ ⑥

✼✺ ♣r❡ ✳ t❡r♠ ④

✼✻ ❝✉r s♦ r ✿ ❞ ❡ ❢ ❛✉ ❧ t ❀

✼✼ ❢♦♥t ✿ ✵ ✳ ✽❡♠ ♠♦♥♦s♣❛❝❡ ❀

✼✽ ❝ ♦ ❧ ♦ r ✿ ✇❤✐t❡ ❀

✼✾ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ❜ ❧❛❝❦ ❀

✽✵ ⑥

✽✶ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ t ✐ t ❧ ❡ ❜ ❛ r ④

✽✷ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ❜ ❧✉❡ ❀

✽✸ ❝✉r s♦ r ✿ ♠♦✈❡ ❀

✽✹ ⑥

✽✺ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ t ✐ t ❧ ❡ ❜ ❛ r s♣❛♥ ✳ t ✐ t ❧ ❡ ④

✽✻ ❢♦♥t− s ✐ ③ ❡ ✿ ✵ ✳ ✽❡♠❀

✶✷✺
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✽✼ ❢♦♥t− ❢❛♠✐ ❧② ✿ s ❛♥ s− s ❡ r ✐ ❢ ❀

✽✽ ⑥

✻✳✸✳✷ ✇✐♥①♣

✇✐♥①♣✳❤t♠❧

✶

✷ ❁✦❉❖❈❚❨P❊ ❤t♠❧ P❯❇▲■❈ ✧−✴✴❲✸❈✴✴❉❚❉ ❳❍❚▼▲ ✶✳✶✴✴❊◆✧

✸ ✧❤tt♣ ✿✴✴✇✇✇✳✇✸ ✳ ♦r❣ ✴❚❘✴①❤t♠❧✶✶✴❉❚❉✴①❤t♠❧✶✶ ✳ ❞t❞✧❃

✹

✺ ❁❤t♠❧ ①♠❧♥s❂✧❤tt♣ ✿✴✴✇✇✇✳✇✸ ✳ ♦r❣ ✴✶✾✾✾✴ ①❤t♠❧✧ ①♠❧ ✿ ❧❛♥❣❂✧❞❡✧❃

✻ ❁❤❡❛❞❃

✼ ❁✦−− ❈♦♥t❡♥t−❚②♣❡ ✉♥❞ ❈❤❛rs❡t ✉❡❜❡r♠✐ t t❡ ❧♥ ✱

✽ ❞❛♠✐t ❞❡r ❈ ❧ ✐ ❡♥ t ✇❡✐ss ✱ ✇❛s ❤ ✐ ❡ r ❛♥❦♦♠♠t ✉♥❞ ♠✐t ✇❡❧❝❤❡♠

✾ ❈❤❛rs❡t ❡r ❡s ❞❡❦♦❞✐❡r❡♥ s ♦ ❧ ❧ ✳ −−❃

✶✵ ❁♠❡t❛ ❤tt♣−❡q✉✐✈❂✧ ❝♦♥t❡♥t−t②♣❡ ✧ ❝♦♥t❡♥t❂✧ t❡①t ✴❤t♠❧ ❀ ❝❤❛ r s ❡ t❂✉t❢−✽✧ ✴❃

✶✶ ❁✦−− ❙♣r❛❝❤❡ ❞❡r ❲❡❜s✐t❡ −−❃

✶✷ ❁♠❡t❛ ❤tt♣−❡q✉✐✈❂✧ ❝♦♥t❡♥t−❧❛♥❣✉❛❣❡ ✧ ❝♦♥t❡♥t❂✧❞❡−❉❊✧ ✴❃

✶✸ ❁✦−− s♦ ❢ ❡ r♥ ❡s s ✐ ❝❤ ❤ ✐ ❡ r ✉♠ s t ❛ t ✐ s ❝ ❤ ❡♥ ■♥❤❛ ❧ t ❤❛♥❞❡ ❧ t ✱

✶✹ ❦♦❡♥♥❡♥ ✇✐r ✐❤♥ ✐♠ ❈❛❝❤❡ ❜❡❤❛ ❧ t ❡♥ ✳

✶✺ ❍✐❡r ✿ ✸ ❚❛❣❡ ✳ −−❃

✶✻ ❁♠❡t❛ ❤tt♣−❡q✉✐✈❂✧ ❡①♣ ✐ r ❡ s ✧ ❝♦♥t❡♥t❂✧✷✺✾✷✵✵✧ ✴❃

✶✼

✶✽ ❁✦−− ❙ ❡ ✐ t ❡ ♥ t ✐ t ❡ ❧ −−❃

✶✾ ❁t ✐ t ❧ ❡❃❆❥❛①✇♠ ❇❡♥✉t③❡r❁✴ t ✐ t ❧ ❡❃

✷✵ ❁✦−− ❆✉t❤♦r ❞ ✐ ❡ s ❡ r ❉❛t❡✐ −−❃

✷✶ ❁♠❡t❛ ♥❛♠❡❂✧❛✉t❤♦r ✧ ❝♦♥t❡♥t❂✧❆♥❞r❡❛s ❲❛✐❞❧❡r ❛❦❛ ▼❆❞❜❖❨✧ ✴❃

✷✷ ❁✦−− Pr♦❣r❛♠♠ ✱ ♠✐t ❞❡♠ ❞✐❡ ❉❛t❡✐ ❡ r s t ❡ ❧ ❧ t ✇✉r❞❡ −−❃

✷✸ ❁♠❡t❛ ♥❛♠❡❂✧ ❣❡♥❡r❛ t♦ r ✧ ❝♦♥t❡♥t❂✧▼❆❞❜❖❨ ❤ ✐♠s❡ ❧ ❢ ✭ ✈✐♠ ✼ ✳ ✵ ✮ ✧ ✴❃

✷✹ ❁✦−− ❈❛s❝❛❞✐♥❣ ❙t②❧❡ ❙❤❡❡t ❡ ✐♥❜✐♥❞❡♥ ✳ −−❃

✷✺ ❁❧ ✐♥❦ r❡❧❂✧ s t ② ❧ ❡ s ❤ ❡ ❡ t ✧ t②♣❡❂✧ t❡①t ✴ ❝ s s ✧ ❤r❡❢❂✧ s t ② ❧ ❡ ✶ ✳ ❝ s s ✧ ✴❃

✷✻

✷✼ ❁✴❤❡❛❞❃

✷✽

✷✾ ❁❜♦❞②❃

✸✵

✸✶ ❁❞✐✈ ❝❧❛ss❂✧ t❛ s❦♣ ❧ ❛♥ ❡ ❧ ✧❃

✸✷ ❁❞✐✈ ❝❧❛ss❂✧ s t ❛ r t ✧❃❁✴❞✐✈❃

✸✸ ❁❞✐✈ ❝❧❛ss❂✧ ❝♦♥t❡♥t ✧❃❁✴❞✐✈❃

✸✹

✸✺ ❁❞✐✈ ❝❧❛ss❂✧ ✐ ♥ ❢ ♦ ✧❃✷✷✿✷✷❁✴❞✐✈❃

✸✻ ❁✴❞✐✈❃

✸✼

✸✽

✸✾ ❁❞✐✈ ❝❧❛ss❂✧✇✐♥❞♦✇✧❃

✹✵ ❁❞✐✈ ❝❧❛ss❂✧ ❧ ❡ ❢ t ✧❃

✹✶ ❁❞✐✈ ❝❧❛ss❂✧❡❞❣❡❴♥✇✧❃❁✴❞✐✈❃

✹✷ ❁❞✐✈ ❝❧❛ss❂✧t❜♦r❞❡r❴✇✧❃❁✴❞✐✈❃

✹✸ ❁❞✐✈ ❝❧❛ss❂✧s♣❛❝❡r❴✇✧❃❁✴❞✐✈❃

✹✹ ❁❞✐✈ ❝❧❛ss❂✧❜♦r❞❡r❴✇✧❃❁✴❞✐✈❃

✹✺

✹✻ ❁❞✐✈ ❝❧❛ss❂✧❡❞❣❡❴s✇✧❃❁✴❞✐✈❃

✹✼ ❁✴❞✐✈❃

✹✽

✹✾ ❁❞✐✈ ❝❧❛ss❂✧♠✐❞❞❧❡ ✧❃

✺✵ ❁❞✐✈ ❝❧❛ss❂✧❜♦r❞❡r❴♥✧❃❁✴❞✐✈❃

✺✶ ❁❞✐✈ ❝❧❛ss❂✧ t ✐ t ❧ ❡ ❜ ❛ r ✧❃

✶✷✻
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✺✷ ❁s♣❛♥ ❝❧❛ss❂✧ t❡①t ✧❃❚✐ t ❧ ❡❜❛ r❁✴s♣❛♥❃

✺✸ ❁❞✐✈ ❝❧❛ss❂✧♠✐♥✐♠✐③❡ ✧❃❁✴❞✐✈❃

✺✹ ❁❞✐✈ ❝❧❛ss❂✧♠❛①✐♠✐③❡✧❃❁✴❞✐✈❃

✺✺

✺✻ ❁❞✐✈ ❝❧❛ss❂✧ ❝ ❧ ♦ s ❡ ✧❃❁✴❞✐✈❃

✺✼ ❁✴❞✐✈❃

✺✽ ❁❞✐✈ ❝❧❛ss❂✧ s♣❛❝❡r ✧❃❁✴❞✐✈❃

✺✾ ❁♣r❡ ❝❧❛ss❂✧ ❝♦♥t❡♥t ✧❃

✻✵ ✶✷✸✹✺✻✼✽✾✵✶✷✸✹✺

✻✶ ✶✵ ❝❤❛rs ✦ ✦ ❛❞s❛s

✻✷ ❛s❞❛❞s ✳−✳−✳−✳✳−

✻✸ ✶ s♦ s ✐ ❡ ❤ t ✇✐♥①♣♣

✻✹ ❛✉s

✻✺ ❢♦♦♦♦♦♦❜❛❛❛❛rr ✦

✻✻ ♦♣❡♥s♦✉r❝❡ ✦ ✦ ✦ ✦ ✦

✻✼ ❧ ♦ ❧ ♦ ❧ ♦ ❧ ♦ ❧ ♦ ❧ ♦ ❧ ♦ ❧

✻✽ ⑦⑦⑦−−−★★✰∗∗★★★★

✻✾ ❁✴♣r❡❃

✼✵ ❁❞✐✈ ❝❧❛ss❂✧❜♦r❞❡r❴s✧❃❁✴❞✐✈❃

✼✶ ❁✴❞✐✈❃

✼✷

✼✸ ❁❞✐✈ ❝❧❛ss❂✧ r ✐ ❣❤ t ✧❃

✼✹

✼✺ ❁❞✐✈ ❝❧❛ss❂✧❡❞❣❡❴♥❡✧❃❁✴❞✐✈❃

✼✻ ❁❞✐✈ ❝❧❛ss❂✧t❜♦r❞❡r❴❡✧❃❁✴❞✐✈❃

✼✼ ❁❞✐✈ ❝❧❛ss❂✧s♣❛❝❡r❴❡✧❃❁✴❞✐✈❃

✼✽ ❁❞✐✈ ❝❧❛ss❂✧❜♦r❞❡r❴❡✧❃❁✴❞✐✈❃

✼✾ ❁❞✐✈ ❝❧❛ss❂✧❡❞❣❡❴s❡✧❃❁✴❞✐✈❃

✽✵ ❁✴❞✐✈❃

✽✶ ❁✴❞✐✈❃

✽✷ ❁✴❞✐✈❃

✽✸

✽✹

✽✺ ❁❞✐✈ ❝❧❛ss❂✧ r ✐ ❣ ❤ t ❝ ❧ ✐ ❝ ❦ ✧❃

✽✻ ❁♣r❡ ❝❧❛ss❂✧ ✐♥❤❛ ❧ t ✧❃r ❡ ❝ ❤ t s ❦ ❧ ✐ ❝ ❦

✽✼ ♠❡♥✉❡

✽✽ ✶✷✸✹✺✻✼✽✾✵❁✴♣r❡❃

✽✾ ❁✴❞✐✈❃

✾✵

✾✶ ❁❞✐✈ ❝❧❛ss❂✧st❛rt♠❡♥✉❡ ✧❃

✾✷ ❁❞✐✈ ❝❧❛ss❂✧✉s❡r ✧❃❁✴❞✐✈❃

✾✸ ❁❞✐✈ ❝❧❛ss❂✧♣r♦❣r❛♠s✧❃❤ ✐ ❡ r ❜❡ ❢ ✐♥❞❡♥ s ✐ ❝ ❤ ❞❛♥♥ ❞ ✐ ❡ ❡ ✐ ♥ ③ ❡ ❧ ❡♥ ❡♥ ♣r♦❣r❛♠♠❡❁✴❞✐✈❃

✾✹

✾✺ ❁✴❞✐✈❃

✾✻

✾✼ ❁✴❜♦❞②❃

✾✽ ❁✴❤t♠❧❃

st②❧❡✶✳❝ss

✶ ❜♦❞② ④

✷ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★✵✵✹❡✾✽ ❀

✸ ⑥

✹

✺ ❞✐✈ ✱ ♣r❡ ④

✻ ♠❛r❣✐♥ ✿ ✵♣① ❀

✼ ♣❛❞❞✐♥❣ ✿ ✵♣① ❀

✽ ⑥

✾

✶✷✼
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✶✵ ❞✐✈ ✳ ❡❞❣❡❴♥❡ ✱

✶✶ ❞✐✈ ✳ ❡❞❣❡❴s❡ ✱

✶✷ ❞✐✈ ✳ ❡❞❣❡❴s✇ ✱

✶✸ ❞✐✈ ✳ ❡❞❣❡❴♥✇ ✱

✶✹ ❞✐✈ ✳ s♣❛❝❡r❴❡ ✱

✶✺ ❞✐✈ ✳ s♣❛❝❡r❴✇ ④

✶✻ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ❜ ❧❛❝❦ ❀

✶✼ ✇✐❞t❤ ✿ ✺♣① ❀

✶✽ ❤❡ ✐❣❤t ✿ ✺♣① ❀

✶✾ ⑥

✷✵ ❞✐✈ ✳ ❡❞❣❡❴♥✇ ④

✷✶ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭♥✇ ✳ ♣♥❣ ✮ ❀

✷✷ ❜❛❝❦❣r♦✉♥❞−r❡♣❡❛t ✿ ♥♦−r❡♣❡❛t ❀

✷✸ ⑥

✷✹ ❞✐✈ ✳ ❡❞❣❡❴♥❡ ④

✷✺ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ ♥❡ ✳ ♣♥❣ ✮ ❀

✷✻ ❜❛❝❦❣r♦✉♥❞−r❡♣❡❛t ✿ ♥♦−r❡♣❡❛t ❀

✷✼ ⑥

✷✽ ❞✐✈ ✳ s♣❛❝❡r❴✇ ④

✷✾ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ s♣❛❝❡r✇ ✳ ♣♥❣ ✮ ❀

✸✵ ⑥

✸✶ ❞✐✈ ✳ s♣❛❝❡r❴❡ ④

✸✷ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ s♣❛❝❡ r❡ ✳ ♣♥❣ ✮ ❀

✸✸ ⑥

✸✹ ❞✐✈ ✳ ❡❞❣❡❴s✇ ④

✸✺ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ s✇ ✳ ♣♥❣ ✮ ❀

✸✻ ❜❛❝❦❣r♦✉♥❞−r❡♣❡❛t ✿ ♥♦−r❡♣❡❛t ❀

✸✼ ⑥

✸✽ ❞✐✈ ✳ ❡❞❣❡❴s❡ ④

✸✾ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ s❡ ✳ ♣♥❣ ✮ ❀

✹✵ ❜❛❝❦❣r♦✉♥❞−r❡♣❡❛t ✿ ♥♦−r❡♣❡❛t ❀

✹✶ ⑥

✹✷

✹✸ ❞✐✈ ✳ ❜♦r❞❡r❴♥ ✱

✹✹ ❞✐✈ ✳ ❜♦r❞❡r❴❡ ✱

✹✺ ❞✐✈ ✳ ❜♦r❞❡r❴s ✱

✹✻ ❞✐✈ ✳ ❜♦r❞❡r❴✇ ✱

✹✼ ❞✐✈ ✳ t❜♦r❞❡r❴❡ ✱

✹✽ ❞✐✈ ✳ t❜♦r❞❡r❴✇ ✱

✹✾ ❞✐✈ ✳ s♣❛❝❡r ④

✺✵ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ✇❤✐t❡ ❀

✺✶ ⑥

✺✷

✺✸ ❞✐✈ ✳ ❜♦r❞❡r❴♥ ④

✺✹ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭♥ ✳ ♣♥❣ ✮ ❀

✺✺ ⑥

✺✻ ❞✐✈ ✳ t❜♦r❞❡r❴✇ ④

✺✼ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ t ✐ t ❧ ❡✇ ✳ ♣♥❣ ✮ ❀

✺✽ ⑥

✺✾ ❞✐✈ ✳ t❜♦r❞❡r❴❡ ④

✻✵ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ t ✐ t ❧ ❡ ❊ ✳ ♣♥❣ ✮ ❀

✻✶ ⑥

✻✷ ❞✐✈ ✳ s♣❛❝❡r ④

✻✸ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ s♣❛❝❡r ✳ ♣♥❣ ✮ ❀

✻✹ ⑥

✻✺ ❞✐✈ ✳ ❜♦r❞❡r❴✇ ④

✻✻ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ ❜♦r❞❡r✇ ✳ ♣♥❣ ✮ ❀

✻✼ ⑥

✻✽ ❞✐✈ ✳ ❜♦r❞❡r❴s ④

✶✷✽



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✻✾ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ ❜♦r❞❡r❙ ✳ ♣♥❣ ✮ ❀

✼✵ ⑥

✼✶ ❞✐✈ ✳ ❜♦r❞❡r❴❡ ④

✼✷ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ ❜♦r❞❡r❡ ✳ ♣♥❣ ✮ ❀

✼✸ ⑥

✼✹

✼✺ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ ❧ ❡ ❢ t ❞✐✈ ✳ t❜♦r❞❡r❴✇ ✱

✼✻ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ r ✐ ❣ ❤ t ❞✐✈ ✳ t❜♦r❞❡r❴❡ ④

✼✼ ❤❡ ✐❣❤t ✿ ✶✻♣① ❀

✼✽ ⑥

✼✾

✽✵ ❞✐✈ ✳ ✇✐♥❞♦✇ ④

✽✶ ♣♦ s ✐ t ✐ ♦ ♥ ✿ ❛❜s♦ ❧✉ t ❡ ❀

✽✷ t♦♣ ✿ ✷✵♣① ❀

✽✸ ❧ ❡ ❢ t ✿ ✷✵♣① ❀

✽✹ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ❣r❡❡♥ ❀

✽✺ ⑥

✽✻

✽✼

✽✽ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ ❧ ❡ ❢ t ④

✽✾ ♣♦ s ✐ t ✐ ♦ ♥ ✿ r ❡ ❧ ❛ t ✐ ✈ ❡ ❀

✾✵ t♦♣ ✿ ✵♣① ❀

✾✶ ❧ ❡ ❢ t ✿ ✵♣① ❀

✾✷ ⑥

✾✸ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ ♠✐❞❞❧❡ ④

✾✹ ♣♦ s ✐ t ✐ ♦ ♥ ✿ ❛❜s♦ ❧✉ t ❡ ❀

✾✺ t♦♣ ✿ ✵♣① ❀

✾✻ ❧ ❡ ❢ t ✿ ✺♣① ❀

✾✼ ⑥

✾✽ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ r ✐ ❣ ❤ t ④

✾✾ ♣♦ s ✐ t ✐ ♦ ♥ ✿ ❛❜s♦ ❧✉ t ❡ ❀

✶✵✵ t♦♣ ✿ ✵♣① ❀

✶✵✶ ❧ ❡ ❢ t ✿ ✶✵✵♣① ❀ ✴∗ ❏❙ ∗✴

✶✵✷ ⑥

✶✵✸

✶✵✹ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ ❧ ❡ ❢ t ✱

✶✵✺ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ r ✐ ❣❤t ✱

✶✵✻ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ ❧ ❡ ❢ t ❞✐✈ ✳ ❜♦r❞❡r❴✇ ✱

✶✵✼ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ r ✐ ❣ ❤ t ❞✐✈ ✳ ❜♦r❞❡r❴❡ ④

✶✵✽ ✇✐❞t❤ ✿ ✺♣① ❀

✶✵✾ ⑥

✶✶✵

✶✶✶ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ ♠✐❞❞❧❡ ④

✶✶✷ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ②❡ ❧ ❧♦✇ ❀

✶✶✸ ⑥

✶✶✹ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ ♠✐❞❞❧❡ ❞✐✈ ✳ t ✐ t ❧ ❡ ❜ ❛ r ④

✶✶✺ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ❜ ❧✉❡ ❀

✶✶✻ ⑥

✶✶✼

✶✶✽

✶✶✾ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ ♠✐❞❞❧❡ ❞✐✈ ✳ ❜♦r❞❡r❴♥ ✱

✶✷✵ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ ♠✐❞❞❧❡ ❞✐✈ ✳ s♣❛❝❡r ✱

✶✷✶ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ ♠✐❞❞❧❡ ❞✐✈ ✳ ❜♦r❞❡r❴s ④

✶✷✷ ❤❡ ✐❣❤t ✿ ✸♣① ❀

✶✷✸ ⑥

✶✷✹

✶✷✺ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ ♠✐❞❞❧❡ ❞✐✈ ✳ t ✐ t ❧ ❡ ❜ ❛ r ④

✶✷✻ ❤❡ ✐❣❤t ✿ ✷✵♣① ❀

✶✷✼ ⑥

✶✷✾



❑❛♣✐t❡❧ ✻✳ ◗✉❡❧❧t❡①t

✶✷✽ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ ♠✐❞❞❧❡ ♣r❡ ✳ ❝♦♥t❡♥t ④

✶✷✾ ✇❤✐t❡−s♣❛❝❡ ✿ ♣r❡ ❀

✶✸✵ ❞ ✐ s♣ ❧ ❛② ✿ ❜ ❧♦❝❦ ❀

✶✸✶ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★ ❢ ❢ ❢ ❢ ❢ ❢ ❀

✶✸✷ ⑥

✶✸✸

✶✸✹ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ ❧ ❡ ❢ t ❞✐✈ ✳ ❜♦r❞❡r❴✇ ✱

✶✸✺ ❞✐✈ ✳ ✇✐♥❞♦✇ ❞✐✈ ✳ r ✐ ❣ ❤ t ❞✐✈ ✳ ❜♦r❞❡r❴❡ ④

✶✸✻ ❤❡ ✐❣❤t ✿ ✶✵✹♣① ❀

✶✸✼ ⑥

✶✸✽

✶✸✾ ❞✐✈ ✳ t ✐ t ❧ ❡ ❜ ❛ r ④

✶✹✵ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ t ✐ t ❧ ❡ ❜ ❛ r ✳ ♣♥❣ ✮ ❀

✶✹✶ t❡①t−❛❧✐❣♥ ✿ ❝ ❡♥ t ❡ r ❀

✶✹✷ ⑥

✶✹✸

✶✹✹

✶✹✺

✶✹✻ ❞✐✈ ✳ t ❛ s ❦♣ ❧ ❛♥ ❡ ❧ ④

✶✹✼ ✇✐❞t❤ ✿ ✶✵✵✪❀

✶✹✽ ❤❡ ✐❣❤t ✿ ✷✺♣① ❀

✶✹✾ ♣♦ s ✐ t ✐ ♦ ♥ ✿ ❛❜s♦ ❧✉ t ❡ ❀

✶✺✵ ❜♦tt♦♠ ✿ ✵♣① ❀

✶✺✶ ❧ ❡ ❢ t ✿ ✵♣① ❀

✶✺✷ ⑥

✶✺✸ ❞✐✈ ✳ t ❛ s ❦♣ ❧ ❛♥ ❡ ❧ ❞✐✈ ✳ s t ❛ r t ④

✶✺✹

✶✺✺ ✇✐❞t❤ ✿ ✾✾♣① ❀

✶✺✻ ❤❡ ✐❣❤t ✿ ✷✺♣① ❀

✶✺✼ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★✵✵✺✼❡✾ ❀

✶✺✽ ❢ ❧ ♦ ❛ t ✿ ❧ ❡ ❢ t ❀

✶✺✾ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ s t ❛ r t ✳ ♣♥❣ ✮ ❀

✶✻✵ ❜❛❝❦❣r♦✉♥❞−r❡♣❡❛t ✿ ♥♦−r❡♣❡❛t ❀

✶✻✶

✶✻✷ ⑥

✶✻✸ ❞✐✈ ✳ t ❛ s ❦♣ ❧ ❛♥ ❡ ❧ ❞✐✈ ✳ ❝♦♥t❡♥t ④

✶✻✹

✶✻✺ ✇✐❞t❤ ✿ ✽✵✪❀

✶✻✻ ❤❡ ✐❣❤t ✿ ✷✺♣① ❀

✶✻✼ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★✷✺✺❡❞❝ ❀

✶✻✽ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ t❛s❦ ✳ ♣♥❣ ✮ ❀

✶✻✾ ❢ ❧ ♦ ❛ t ✿ ❧ ❡ ❢ t ❀

✶✼✵ ⑥

✶✼✶ ❞✐✈ ✳ t ❛ s ❦♣ ❧ ❛♥ ❡ ❧ ❞✐✈ ✳ ✐ ♥ ❢ ♦ ④

✶✼✷

✶✼✸ ✇✐❞t❤ ✿ ✾✾♣① ❀

✶✼✹ ❤❡ ✐❣❤t ✿ ✷✺♣① ❀

✶✼✺ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★✶✶✽✻❡✸ ❀

✶✼✻ ❜❛❝❦❣r♦✉♥❞−✐♠❛❣❡ ✿ ✉ r ❧ ✭ ✐ ♥ ❢ ♦ ✳ ♣♥❣ ✮ ❀

✶✼✼ t❡①t−❛❧✐❣♥ ✿ r ✐ ❣ ❤ t ❀

✶✼✽ ❢ ❧ ♦ ❛ t ✿ ❧ ❡ ❢ t ❀

✶✼✾ ✴∗ ♦❜ ♠❛♥ ❥ ❡ t ③ t ❤ ✐ ❡ r ❡ ✐♥ ✐♠❛❣❡ ❢✉❡r ❞❡♥ s t ❛ t ✉ s r❡ ✐♥❜r ✐♥❣❡♥ s ♦ ❧ ❧ ♦❞❡r ♦❜ ❞❛s ♥ ✐ ❝❤ t ✐♠ ❤t♠❧ ❜❡ s s ❡ r ✇❛❡r❡ ✴

✶✽✵ ⑥

✶✽✶

✶✽✷

✶✽✸

✶✽✹

✶✽✺

✶✽✻ ❞✐✈ ✳ r ✐ ❣ ❤ t ❝ ❧ ✐ ❝ ❦ ④

✶✸✵
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✶✽✼

✶✽✽ ♣♦ s ✐ t ✐ ♦ ♥ ✿ ❛❜s♦ ❧✉ t ❡ ❀

✶✽✾ r ✐ ❣ ❤ t ✿ ✷✵✵♣① ❀

✶✾✵ t♦♣ ✿ ✺✵♣① ❀

✶✾✶ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ❣r❛② ❀

✶✾✷

✶✾✸ ⑥

✶✾✹ ❞✐✈ ✳ r ✐ ❣ ❤ t ❝ ❧ ✐ ❝ ❦ ♣r❡ ✳ ✐ ♥ ❤❛ ❧ t ④

✶✾✺

✶✾✻ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★❡❡❡❡❡❜ ❀

✶✾✼ ♣❛❞❞✐♥❣ ✿ ✵♣① ❀

✶✾✽ ♠❛r❣✐♥ ✿ ✵♣① ❀

✶✾✾ ♠❛r❣✐♥− ❧ ❡ ❢ t ✿ ✶♣① ❀

✷✵✵ ♠❛r❣✐♥−r✐❣❤t ✿ ✶♣① ❀

✷✵✶ ♠❛r❣✐♥−❜♦tt♦♠ ✿ ✶♣① ❀

✷✵✷ ♠❛r❣✐♥−t♦♣ ✿ ✶♣① ❀

✷✵✸ ⑥

✷✵✹

✷✵✺

✷✵✻

✷✵✼

✷✵✽

✷✵✾

✷✶✵ ❞✐✈ ✳ st❛rt♠❡♥✉❡ ④

✷✶✶ ✇✐❞t❤ ✿ ✶✷✺♣① ❀

✷✶✷ ❤❡ ✐❣❤t ✿ ✶✻✵♣① ❀

✷✶✸ ♣♦ s ✐ t ✐ ♦ ♥ ✿ ❛❜s♦ ❧✉ t ❡ ❀

✷✶✹ ❧ ❡ ❢ t ✿ ✵♣① ❀

✷✶✺ ❜♦tt♦♠ ✿ ✷✺♣① ❀

✷✶✻ ⑥

✷✶✼ ❞✐✈ ✳ st❛rt♠❡♥✉❡ ❞✐✈ ✳ ♣r♦❣r❛♠s ④

✷✶✽ ✇✐❞t❤ ✿ ✶✵✵✪❀

✷✶✾ ❤❡ ✐❣❤t ✿ ✶✸✵♣① ❀

✷✷✵ ❜❛❝❦❣r♦✉♥❞−❝♦❧♦r ✿ ★❞✸❡✺❢❛ ❀

✷✷✶

✷✷✷ ⑥

✷✷✸

✷✷✹ ❞✐✈ ✳ st❛rt♠❡♥✉❡ ❞✐✈ ✳ ✉s❡r ④

✷✷✺ ✇✐❞t❤ ✿ ✶✵✵✪❀

✷✷✻ ❤❡ ✐❣❤t ✿ ✸✵♣① ❀
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