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æèç✲é✾ê♦ë❧ç▲ì ➭ ê♦í✰îðï❺ñ➘ç▲ì✈ò✝ó②ìôç❺õ÷öøæúù➲û✍ê♦ìôî❰ç✲ü✐ë ➭➯ýÿþ ê♦ì✁�↔ï❶ò✄✂✬ë❶êÿé✾êÿé✾ç✆☎❮îðì❰ç❺ë ç✆☎✞✝♦ï❺é ➭ í✠✟➘ç✆☎❄ï✡☎❰ê♦ìôê♦é☛☎❰ê✌☞▲ë ➭ ñ➘ç✆☎♦ò
☎❰ç❺ë✍☞▲ì❰ïÐîðç✎�✍ê♦ù➲ï❾ç▲ì ➭ ê♦í✰î➶ï✑✏✓✒❺ç➘ö
æèç■ó➀ì❰çÐõ÷ö✕✔❺ë❶ù ➭ ïÐí æúù➲ù✗✖Õç✬ç➋ñ➂ò✝ñ➘ç✙✘✽ê✓�➘ï❺ìôîðï❺é☞ê✈í✰îðç✔ñ➘ê✛✚➀í✠☞▲ê♦í✜✟↔ï❺ì ➭ ï☞ñ↔ï✙✢úí ➭➮× ê♦ì✁☎ ➭ ñ↔ï❺ñ➘êÿñ➘ê✤✣øï❺ésû➘ì ➭ ñ✠☞▲ê❒í➘ç
✥ ê ➭ í❶ç✦✢❄í ➭ ñ❶ç➘ò✧�❛ê✈ù ï✑☎ ➭ í❶õ❴ç▲ì❰é☞ï✑✏✌★➋ê✌☎✩☎❰ç▲û❶ì❰ê❒ç✆☎↕é✦✪ îðç✬ñ➘ç✆☎✞�↔ï❺ì❰ï✡☎ôç▲ù➲ë✠✏✓✒❺ç✶ñ➘ê✫�➘ì❰ç▲û❶ù➲ê♦é☞ï✑☎èñ➘ê✫✝♦ç❺í➍îðïÐîðç✾ê✬�❛ç❺ì
✝♦ç❺é✦�↔ïÐìôî ➭ ù✭✟↔ïÐì✮✝♦ç❺é ➭ ☞▲ç✢ï✑☎✞☎❰ë➘ï✑☎↕ì❰ç❺î ➭ í↔ï✑☎èê✈é☛✯ æ✱✰↕ü✐æ✳✲úö
æèç✸ó➀ìôç❺õ÷ö■ó✱✟ ➭ ù ➭ �✠�✍ê✵✴②ê♦ù➯ê✷✶❛ò❽ñ➘ç✸ü★ï❺û✍ç▲ìðï♣î✹✸▲ì ➭ ç■ñ➘ê✙✯ ê✓✝✓✺❺í ➭ ✝❫ï ñ❶ê✻✣④ç▲í✰îðïÐîðç ê☞ñ➘ç✑☎ þ ✸❺ù ➭ ñ❶ç✆☎●ñ➘ç✍✼➻í✜☎ôî ➭ îðë❶î❰ç
✽ ï✾✝ ➭ ç❺í↔ï❺ù➍ñ➘ê✿✣ ➭✗❀ í✠✝ ➭ ï✑☎❽æ✕�❶ù ➭ ✝♦ï❺ñ↔ï✑☎❽ñ➘ê④ü❂❁❺ç▲í✢í↔ï❄❃✝ì❰ï❺í✠✏♦ï✵❅❆✼ ✽ þ æ❈❇ ò✑�✍ê♦ù➲ï✑☎ ➭ í❶õ❴ç▲ìôé✲ï✑✏✌★➋ê✌☎★ê④ñ ➭ ☎❉✝♦ë✜☎❉☎❉★✬ê✓☎❊☎❰ç▲û➘ìôê
ï✶ï❺í✧❋❺ù ➭ ☎ôê❀ñ ➭ í✠✺❺é ➭ ✝❫ï❾ñ➘ê✬�↔ïÐì❰ê✓☎↕ê✈í✠☞▲ì❰ê✈í↔ï❺ñ➘ç✑☎♦ò↔ê✬�❛ê✈ù➲ç✆☎↕ïÐìôî ➭ ☞▲ç✆☎✿☞▲ê✈í✰î ➭ ù➯é☞ê✈í✰îðê✽õ❴ç▲ìôí➘ê✓✝ ➭ ñ➘ç✑☎♦ö
æèçÿó②ìôç❺õ÷ö⑧æ❄✟➘é☞ê î❍●❒ï✾✟➘ìðï❺é☞ï❺í➂ò✰ñ ➭ ì❰ê îðç▲ì②ñ➘çÿü★ï❺û✍ç▲ìðïÐî❉✸▲ì ➭ ç❂ñ➘ê■✚➀í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎④ñ➘ï❏❃✝ï✑✝✈ë➘ù➲ñ↔ïÐñ➘ê↕ñ➘ê✕✚➀í✠☞❺ê♦í✠✟↔ï▲❑
ì ➭ ï✙✯❧ê✓✝▼✺Ðí ➭ ✝♦ï✲ñ↔ï✙✢❄í ➭➯× ê♦ì✁☎ ➭ ñ➘ï❺ñ➘ê✵✚✱☎❮î➶ï❺ñ➘ë➘ï❺ù❥ñ❶ê✵◆✳✟ ➭ ç✡❑✮✚❖✢úæsò✄�✍ê♦ù ï✾☎úñ ➭ ☎❉✝✈ë✠☎❉☎✁★➋ê✌☎✳☎❰ç▲û❶ì❰ê❾ï✾☎ × ï❺í✰î➶ï✑☞❺ê♦í✠☎úê
ñ ➭◗P ✝♦ë➘ù➯ñ↔ï❺ñ➘ê✌☎↕ñ↔ï✢é☞ç✬ñ➘ê♦ù➲ï✑☞▲ê✈é ñ➘ç✶ê✈ì❰ì❰ç✾ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✡✝✈ç▲é ïÐí✧❋❺ù ➭ ☎❰ê❈☞▲ù➯ç▲û↔ï❺ù❛ñ➘ê✬✝♦ç▲í✰îðïÐîðç✶ñ➘ç✆☎↕ñ➘ê✈í✰îðê✓☎✈ö
æèç✵✘úì♦ö✱✘❀ï ×✬➭ ñ✲ó❡ï❺ù➯é☞ê✈ì♦ò➍ñ↔ï●ê♦é✡�➘ì❰ê✌☎ðï ✥ ç▲é☞ï❘✶✎✰❽ê✓✝❙✟❶í➘ç▲ù➲ç✑☞✑❁✶í➘ç ✥ ê ➭ í➘ç❏✢úí ➭ ñ➘ç➘ò❚�✍ç▲ì õ❴ç❺ì❰í➘ê✌✝♦ê♦ì ë➘é☞ï✫✝✌✸✆� ➭ ï
ñ↔ï❈☎❰ë➘ï●î❰ê✓☎❰ê❄ñ➘ê↕ñ➘ç▲ë➋îðç▲ì❰ï❺ñ➘ç➘ò✰ê↕ç✆☎②ñ↔ï❺ñ❶ç✆☎②ê✷✶❯�❛ê✈ì ➭ é☞ê✈í➍îðï ➭ ☎➀ñ❶ç❒ê✈ì❰ìôçÿñ➘êèî❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç❂ê↕ñ➘ç✆☎②í✠❱ × ê ➭ ☎ ñ❶ê❄ìôë✠❱➲ñ❶ç
ñ➘ê●ë➘é❲�➘ï❺ìèê♦í✠☞❺ì❰ê♦í➘ï❺ñ➘ç➘ö
æèç❳✘✽ì♦ö ✥ ï❺ù➯õ✳✯ ê✓☎✁❨❺êÐòøñ↔ï✴ê♦é✡�➘ì❰ê✌☎ðï❩❃❬✚❊❑❭✘✳✚ þ ✼❫❪ ✽ ❪●é❾û✠❴ í↔ï➁æúù➲ê✈é✲ï❺í✜✟↔ï❶ò❖�❛ê✈ù ï✑☎ × ï❺ù ➭ ç✆☎❰ï✑☎ ➭ í➋õ❴ç▲ì❰é☞ï❘❑
✏✓★✬ê✓☎❄☎❰ç▲û❶ì❰ê❾ç✦☎❰ê♦ë✸î❰ìðï❺û➘ï❺ù✭✟➘ç☞ñ➘ê✛�✍ê✓☎✁✂➍ë ➭ ☎❰ï✙✝♦ç▲é✖é✡✪✈îðç✬ñ➘ç✆☎❄ñ➘êÿç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç✶ñ➘êÿõ❴ç▲ìôé✲ï✾í✧✒❺ç✦�↔ï❺ìðïÐé✦✪ îðì ➭ ✝♦ç✆☎
ï✑�➘ù ➭ ✝♦ï❺ñ➘ç✆☎øê✈é❲�➘ìôç▲û➘ù➲ê✈é✲ï✾☎èñ➘ê✬✝♦ç▲í✰î➶ï♣îðç➘ö
æãé ➭ í✠✟↔ï☞õ❤ïÐé✦❱➯ù ➭ ï➋ò❛ê✈é✂ê✓☎✁�❛ê✌✝ ➭ ïÐù②ï❚é ➭ í✜✟↔ï✔ê✓☎✁�❛ç✆☎❰ï❧ê✾ï■é ➭ í✠✟↔ï P ù✭✟↔ï❶ò❂�✍ê♦ù➲ï✻�↔ï✑✝ ➭✭❀ í✜✝ ➭ ï➋ò❂✝♦ç▲é✡�➘ì❰ê✈ê♦í✠☎❉✒❺ç❧ê
ï✑�✍ç ➭ ç✢ñ❶ë➘ìðï❺í✰î❰ê❒ç✶ñ➘ê✌☎❰ê✈í × ç▲ù ×✬➭ é☞ê✈í➍î❰ç✲ñ➘ê✌☎ôî❰ê●î❰ìðï❺û➘ï❺ù✭✟➘ç❶ö
❵ ✚➀æ✱✰■◆ ✽ ❑■✘ ➭➮×➋➭ ☎✹✒❺ç✙✰❥ì❰ï❺í✠☎❰é ➭ ☎✁☎❉★✬ê✓☎✈ò❛�❛ê✈ù➲ç❚ï✑�✍ç ➭ ç✲êsõ❤ï✑✝ ➭ ù ➭ ñ↔ï❺ñ❶ê✓☎✽çÐõ❴ê♦ì❰ê✌✝ ➭ ñ↔ï✑☎✳�↔ïÐìðï✔ï✔ìôê❫ï❺ù ➭➲ý ï✾✏▼✒❺ç✔ñ❶ê✓☎ôî❰ê
îðì❰ï❺û↔ï❺ù✗✟➘ç➘ö

×



❜ Ú❉Û❞❝☎Û❢❡❂❣✂ä➜å ❤❥✐❦❝❥❡✐ß✐Þ➤Û✙Ü✂ä➜å ❤ Ý❧❡➂ä Û❢✐✖â❧ä✣Ú

⑩ ö■✣✽ö♠❴ÿö❘♥ ➭ í✠❨✝ò❺æÿö ü➀ö þ ê♦ì✁�↔ï❶ö⑧ó❽ê♦ì❮õ❴ç▲ì❰é☞ï❺í✠✝✈êøï✑☎✁☎❰ê✓☎✁☎❰é✾ê♦í✰î②ç❺õ♦☎ôç▲ù➲ë❶î ➭ ç▲í❒é✾ê✈î✹✟❶ç➋ñ✠☎❽õ❴ç▲ì❡ù➯ç✰ï❺ñ❒ñ ➭ ☎❮îðì ➭ û➘ë❶î ➭ ç▲í
�➘ìôç▲û➘ù➯ê♦é çÐõ❏☞❺ê❫ï❺ì✲î❰ê♦ê î✹✟➂öq♣❩r❙s❙t✜✉✑✈✧✇✭①✷② ✉✑✈✄③④♣⑤✉⑥s❙t⑥✇⑦✈⑧r❧⑨❛t✧r❙⑩❘❶❸❷❺❹✎❻✮❼❽①❺r✷❾❺✇❿r✷❶ ò ❹❺❻▲❻✑➀ ❅❿ï✑✝✈ê ➭ î❰ç➁�↔ï❺ì❰ï
�➘ë❶û➘ù ➭ ✝❫ï✑✏✓✒❺ç➂❇ ö

❹ ö■✣✽ö♠❴ÿö➃♥ ➭ í✠❨✝òèæsö ü➀ö þ ê✈ì❉�↔ï➋ö➄✚❬➅✡✝ ➭ ê✈í✰î➆�➘ì❰ç⑥✝♦ê✈ñ➘ë➘ìôê❉îðç④✝♦ï❺ù✭✝✈ë➘ù ï♣îðê❚îðìðïÐí✠☎❰é ➭ ☎✁☎ ➭ ç❺í❏ê♦ìôì❰ç▲ì☞ç❺õ❈✟➘ê✈ù ➭ ✝❫ï❺ù
☞▲ê♦ï❺ì❈�↔ï ➭ ì❉☎✳✖ ➭ î✹✟➇☞▲ù➲ç❺û↔ï❺ù❥î❰ç➋çÐî✹✟⑤✝♦ç❺í➍îðï✑✝✈îÿï❺í➘ï❺ù✗❁⑥☎ ➭ ☎❀ë✠☎ ➭ í✠☞❧ï➆✝♦ç▲ésû ➭ í➘ê✈ñ➇�✠☎❰ê✈ë➘ñ➘ç✾❑ ➭ í✰îðê✈ìôõ❴ê♦ìôê♦í✠✝✈ê✲ïÐí➘ñ
ù ➭ í➘ê♦ï❺ì✛�➘ìôç✆☞▲ì❰ï❺é☞é ➭ í✜☞✍☎ôç▲ù➲ë❶î ➭ ç▲í❨ö➉➈✆➊✆➋➌t✜➍❳➎✷✈✧➋➏r✷❶✷✈✄✉✑➋❆✇❿⑩❘✈✄✉✑❼■➐❍⑩❘✈⑥➑✑❶✹r❙①❙①✍⑩❭➒✎♣❳r❙s❙t✜✉✑✈✧✇❿s❉✉✑❼✱❻❍✈⑥➑✑✇⑦✈⑧r❙r✷❶❸✇⑦✈⑥➑
❅➓✣✿◆✬✲✮✚❍✯ ❹❺❻▲❻❚➔ ❑ ❻✰❼➋⑩❸❹ ❇ ò✧◆❀ë➘ìôç✲ó➀ìôê✈îðç❶ò✄✯ ➭ í↔ï✾☎■❪●ê✈ìðï ➭ ☎♦ò✧✲④ì❰ï✑☎ ➭ ù ò❯�✠�➂ö ⑩ ❑➏→❶ò ✽ ç × ê♦é❾û➘ìôç ❹Ð❻▲❻❚➔ ö

⑨ ö■✣✽ö♠❴ÿö✑♥ ➭ í✠❨✝ò✰æsö ü➀ö þ ê✈ì❉�↔ï❶ö❊✼➻í × ê✓☎❮î ➭ ☞▲ïÐî ➭ ç▲í❾ç❺õ✝îðç✬ç❺î❉✟✵✝♦ç▲í✰îðï✑✝✈î②ñ➘ê ×✬➭ ïÐî ➭ ç▲í✠☎❽õ❴ì❰ç▲é✒î✹✟❶ê✿�➘ù ï❺í❶êøç❺õ✍ï✑✝ î ➭ ç❺í
ï❺í❶ñ❧î❉✟➘ê ➭ ìøê✌➣❛ê✓✝ î✹☎❄ç▲í↔☞▲ê❫ï❺ìøî❰ìðï❺í✜☎❰é ➭ ☎❉☎ ➭ ç▲í■ê✈ì❰ìôç▲ì♦ö✮↕❍❶✹⑩❺s❙r❙r❉③✑✇⑦✈⑥➑❘①✛⑩❭➒❈➋⑦t✧r✕➎✷✈✜①✷➋❆✇⑦➋❆➙❯➋❆✇❿⑩❘✈❳⑩❭➒✳♣❩r❙s❙t✜✉✑✈✧✇❿s❉✉✑❼
❻❍✈⑥➑✑✇⑦✈⑧r❙r✷❶✹①✙❅❆�↔ï✾�❛ê✈ì■✣ ❻✑➛➍❼❺❻✑➛ ❇ ò ❹❺❻❺❻❚➔ ò ❹➋⑩▼➜ ❅ ➔ ❇ ò✜�✠�❨ö ➔Ð❻❶⑩ ❑ ➔Ð❻✆➜ ö

➛ ö■✣✽ö♠❴ÿö❛♥ ➭ í✠❨✝ò❽æÿö ü➀ö þ ê✈ì❉�↔ï➋ö✾æ➩í❶ê✌✖➝�➘ìôç❯✝✈ê♦ñ➘ë❶ì❰ê✢îðç➞✝❫ï❺ù✗✝♦ë➘ù➲ïÐîðêÿî✹✟➘ê✢îðì❰ï❺í✠☎ôé ➭ ☎❉☎ ➭ ç▲í❅ê♦ìôì❰ç▲ì❂çÐõ✮✟➘ê✈ù ➭ ✝❫ï❺ù
☞▲ê♦ï❺ì✻�↔ï ➭ ì❉☎✡✖ ➭ î❉✟✭é☞ç✬ñ ➭✗P ê♦ñ➇î❰ç➋çÐî✹✟➟☎ôë➘ìôõ❤ï✑✝✈ê✓☎✈ö❲➈✠➠▼➋⑦t✜➍➡➎✷✈✧➋➏r✷❶✷✈✄✉✑➋❆✇❿⑩❘✈✄✉✑❼✫➐❍⑩❘✈⑥➑✑❶✹r❙①❙①❩⑩❭➒↔♣❩r❙s❙t✜✉✑✈✧✇❿s❉✉✑❼
❻❍✈⑥➑✑✇⑦✈⑧r❙r✷❶❸✇⑦✈⑥➑➢❅➓✣✿◆✬✲✮✚❍✯ ❹❺❻▲❻▲⑨ ❑ ❻▲❻✰❼▲❹ ❇ ò þ ✒❺ç➌ó❡ï❺ë➘ù➯ç➘ò þ ✒❺ç➞ó❥ï❺ë➘ù➯ç➘ò■✲④ìðï✑☎ ➭ ù❿ò✩�✠�➂ö ⑩ ❑ ⑩❲❻ ò ✽ ç × ê♦é❾û➘ìôç
❹❺❻❺❻▲⑨ ö

➔ ö■✣✽ö♠❴ÿö❊♥ ➭ í✠❨✝ö➇✣✩❋❺ù✗✝♦ë➘ù➯ç✸ñ➘ç✸ê✈ì❰ì❰ç❅ñ❶ê✲îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❉ñ➘ê✻�↔ï❺ìôê✓☎❾ê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✆☎✤✝♦ç▲é é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎❒í↔ï
é ➭ ✝✈ì❰ç✆☞▲ê✈ç▲é✾ê✈îðì ➭ ï❄ñ➘ç✆☎②ñ➘ê♦í✰î❰ê✓☎♦ö❍✣øï❺é✡� ➭ í↔ï✑☎♦ò✜➤❂✉⑥s✷➙⑥❼◗③❚✉❚③⑥r■③⑥r✿❻❍✈⑥➑⑥r✷✈✜t✜✉✑❶❸✇❆✉✬♣❳r❙s❉➥✑✈✧✇❿s❉✉❘❹✕➦➧✈✧✇⑦❾✑r✷❶✹①✷✇❆③❚✉❚③⑥r
❻❖①✷➋❿✉❚③✑➙✠✉✑❼➨③⑥r✡➐❖✉✑②✕➩✄✇⑦✈✄✉❘① ò ❹❺❻▲❻✰❹ ö ⑩▲➔✾➛ �➂ö❖✘ ➭ ☎❉☎❰ê✈ìôîðï✑✏▼✒❺ç➫❅❿✯❧ê✓☎ôî❰ìðï❺ñ❶ç➂❇ ö

×✬➭



➭ Ý➒å➆✐ à ä

♥➯✼ ✽ ●✢ò✄✣øï❺ìôù➲ç✆☎✞❴❒ö➯ò✄♣➲✇⑦✈✧✇⑦②✤✇◗➳❺✉✆➵▲➸⑥⑩✦③❚✉✡❾❘✉✑❶✷✇❆✉✆➵▲➸⑥⑩✡③⑥⑩✻r✷❶❸❶❙⑩✡③⑥r✫➋➓❶✁✉✑✈✜①✷②✤✇✭①❙①✓➸⑥⑩✡③⑥r✿➩✜✉✑❶✹r❙①✵r✷✈⑥➑✑❶✹r✷✈✄✉❚③⑥⑩❺①✬✉✑➋➓❶✁✉✑➺
❾✑➻❙①❄③❚✉✫②✙⑩✓③✑✇ ➼✩s❉✉✆➵▲➸⑥⑩❈③❚✉✬①✷➙❺➩✧r✷❶⑦➒❸➽❿s✷✇❿r■③⑥⑩❺①❄③⑥r✷✈✧➋➏r❙① ö❬✣øïÐé✦� ➭ í↔ï✑☎✈ò❚❃✝ï✑✝♦ë➘ù➯ñ↔ï❺ñ➘êÕñ➘ê✞✚➀í✠☞▲ê✈í✠✟↔ï❺ì ➭ ï✬✯ ê✌✝▼✺❺í ➭ ✝❫ï❶ò
✢úí ➭➮× ê✈ì❉☎ ➭ ñ↔ï❺ñ➘ê✫✚✱☎ôîðï❺ñ➘ë↔ïÐù❽ñ❶ê✛✣øïÐé✦� ➭ í↔ï✑☎✈ò ❹❺❻▲❻▲❼ ö ❹➋⑩❲❻ �❨ö✱✰❥ê✌☎❰ê✙❅➓✘✽ç▲ë➋îðç▲ì❰ï❺ñ➘ç➂❇

◆❖ìôë✠❱➲ñ❶ç✤☞▲ê♦ì❰ï❺ñ➘ç✤�✍ê♦ù➲ç✑☎✩☎ ➭ ☎ôîðê✈é✲ï✾☎èñ➘ê❀îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç✢ñ❶ê❈�❛ç❺î ❀ í✠✝ ➭ ï✵�✍ç▲ìèê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✞�❛ç✬ñ➘ê✳☎ôê♦ì ➭ í✠✝✈ç▲é✾ç➋ñ➘ç
ê❄ï❺ù✭☞❺ë➘é✲ï✾☎ × ê ý ê✓☎ ➭ í↔ï✾✝♦ê ➭ î❙❋ × ê✈ù✧�↔ï❺ì❰ï❒ç●ë✠☎ôë✧❋❺ì ➭ ç➘ö❖◆✳☎❖�↔ï❺ìôê✓☎②ñ➘ê❄ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎➃☞▲ê✈ìðï❺é➜ë❶é➜ì❰ë✠❱➯ñ➘ç ➭ í✠✝✈ç▲é✾ç➋ñ➘ç
ï❺ç❾ç❺ë ×✬➭ ñ➘ç❏✟✬ë❶é✲ï❺í❶ç❾ñ➘ê ×✬➭ ñ➘ç✢ï✑☎✩☎ôë↔ï✑☎✩✝♦ï❺ìðï✾✝✈îðê✈ì❉❱✗☎ôî ➭ ✝❫ï✑☎ ñ➘ê ➭ í✰îðê♦í✜☎ ➭ ñ➘ï❺ñ➘ê✽êúõ❴ì❰ê✓✂➂➾ ❀ í✠✝ ➭ ï❶ö❖✚✱☎ôî❰ê❀ì❰ë✠❱➯ñ➘ç✛✪✕�➘ì❰ç✾❑
× ê✈í ➭ ê✈í✰îðê✳�➘ì ➭ í✠✝ ➭ �↔ïÐù➲é✾ê♦í✰îðê↕ñ↔ï ➭ ì❰ìôê✓☞▲ë❶ù ï❺ì ➭ ñ↔ï❺ñ❶êèí➘ç❾é✾ç ×✬➭ é☞ê✈í➍î❰ç❒î❰ìðï❺í✜☎❰é ➭ î ➭ ñ➘ç●ñ➘ê✽ë❶é✲ï❒ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é➚�↔ï❺ì❰ï
ï❾ç▲ë❶î❰ìðï❶ò❯✂➍ë➘ê✬✪✳✝♦ç▲í✜✟➘ê✓✝ ➭ ñ↔ï✤✝♦ç❺é☞ç❾ê✈ì❰ìôç✾ñ❶ê❀îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç↔❅❆✚✱✰■❇ ö➘æ➟ê❸✶✜✝ ➭ îðï✑✏▼✒❺ç✤�❶ì❰ç × ê✈í ➭ ê✈í➍î❰ê●ñ➘ç✎✚✱✰➪�✍ç➋ñ❶ê
☎❰ê✈ìsìôê♦ñ➘ë ý✈➭ ñ↔ï❧é☞ç✬ñ ➭◗P ✝❫ï❺í❶ñ➘ç✾❑➏☎ôê✾ï✍☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✶ñ➘ç✆☎ÿñ➘ê♦í✰î❰ê✓☎♦ö✍✚➀é❾û✍ç▲ìðï❧ï é✾ç➋ñ❶ê♦ù ï✾☞▲ê♦é✂é☞ïÐî❰ê♦é✦❋Ðî ➭ ✝❫ï✻�↔ï❺ì❰ï
ç➆✝▼❋Ðù✭✝♦ë❶ù➲ç✔ñ➘ç↔✚✱✰✒îðê✈í✠✟↔ï➆☎ ➭ ñ➘ç✔û↔ï✑☎❮î➶ï❺í✰î❰ê✢ê✓☎ôî❰ë➘ñ↔ï❺ñ➘ï❶ò✐í✧✒❺ç➆☎ôê✤✝♦ç▲í✠✟❶ê✓✝♦ê✶ë➘é✑é✦✪ îðç✬ñ➘ç✔ê P ✝❫ï ý �➘ï❺ìðï✔ñ➘ê P í ➭ ì
ç✆☎➃�↔ï❺ì❉✺❺é☞ê îðìôç✆☎❖✸❺î ➭ é☞ç✆☎②ñ↔ï✾☎Õé✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎✈ö✱◆✳☎Õé✡✪✈î❰ç➋ñ❶ç✆☎Õê❸✶ ➭ ☎ôî❰ê♦í✰îðê✌☎④ë✠☎❰ï❺é➚�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç✆☎Õê❸✶❶ï❺ë✠☎ôî ➭➯× ç✆☎
�↔ï❺ì❰ï❉ï❧û➘ë✠☎❉✝♦ï✸ñ↔ï✍☎ôç▲ù➲ë✜✏▼✒❺ç➘ò❽ç▲ë➌ë✜☎ðï❺é❥�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç✆☎❒ñ➘ê✲ç❺î ➭ é ➭➲ý ï✑✏▼✒❺ç➆✂➍ë➘ê✙�❛ç✬ñ➘ê♦é ìôê✓☎ôë➘ù➯îðï❺ìÿê✈é☎é☞ç✾❑
ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎sñ➘ê☞ñ ➭ õ➌❱✗✝ ➭ ù⑧ç▲û❶î❰ê♦í✠✏✓✒❺ç➘ö ✽ ê✓☎❮îðê✲î❰ìðï❺û➘ï❺ù✭✟➘ç❧ñ➘ê✌☎❰ê♦í × ç▲ù × ê♦ë❯❑➶☎❰ê❚ë➘é☎é✦✪ îðç✬ñ➘ç➫�➘ï❺ìðï❧ñ➘ê✈î❰ê♦ì❰é ➭ í➘ï❺ìsï✾☎
é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎øñ↔ï✤☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê❂ñ❶ç✆☎↕ñ➘ê♦í✰îðê✌☎❄✂➍ë➘ê●é ➭ í ➭ é ➭➯ý ï❺éãï✢ê❸✶✜✝ ➭ îðï✑✏▼✒❺ç✶ñ➘ç✡✚✱✰❂ö ✽ ç✶é✡✪✈î❰ç➋ñ➘ç✤�❶ì❰ç✆�✍ç✆☎ôî❰ç
ï✑☎Õé☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎✮☎✹✒Ðç❾ç▲û❶î ➭ ñ↔ï✑☎Õì❰ê✌☎❰ç▲ù × ê♦í❶ñ➘ç✾❑➏☎ôê❀ë➘é➹�➘ì❰ç❺û➘ù➲ê✈é✲ï✬�↔ï❺ì❮î ➭ ✝✈ë➘ù ïÐìÕñ➘ê✽ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç●ñ➘ê✽õ❴ç▲ìôé✲ï✫✝♦ç▲é
✝♦ç❺í➍îðïÐîðç❶ò⑧ïÐî❰ìðï × ✪✌☎❾ñ➘ê✾ë➘é❥�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðç ➭ î❰ê♦ìðï♣î ➭➯× ç✍✝✈ç▲é ë➘é☞ï❉ï❺û✍ç▲ìôñ↔ï✑☞▲ê✈é û↔ï✑☎❰ê♦ï❺ñ↔ï❧ê♦é❥✝♦ì ➭ î✹✪✈ì ➭ ç✆☎●ñ➘ê
✸❺î ➭ é✾ç➘ö■◆✳☎ × ï❺ù➲ç❺ì❰ê✓☎■✝❫ïÐù✭✝♦ë❶ù ï❺ñ➘ç✑☎ ➭ í ➭ ✝ ➭ ï❺ù➯é☞ê✈í➍î❰ê✳�↔ï❺ì❰ï✔ï✑☎úé☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎❄ñ➘ï✙☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✫☎✹✒❺ç■ï✾�➘ì❰ç▼✶ ➭ é☞ï❺ñ➘ç✆☎
ï❺ç✆☎úç▲û❶î ➭ ñ➘ç✆☎■�✍ç▲ì❄õ❴ë❶í✠✏✓★✬ê✓☎❄�➘ì❉✪❸❑➻ñ➘ê P í ➭ ñ➘ï✑☎♦ò❛ì❰ê✓☎ôç▲ù × ê♦í➘ñ❶ç■ë➘é☛�➘ì❰ç▲û❶ù➲ê♦é☞ï✶ñ➘ê❾ï▲➘ôë✜☎ôîðêsñ➘ê✛✝✈ë➘ì × ï❶ò❨ïÐîðì❰ï × ✪✓☎úñ➘ê
ë➘é é✡✪✈î❰ç➋ñ➘ç❚ñ➘ê✎�➘ìôç✆☞▲ì❰ï❺é✲ï✾✏▼✒❺ç↔☎❰ê✌✂➂➾➘ê♦í✠✝ ➭ ï❺ù❖✂➍ë↔ï❺ñ❶ì✹❋Ðî ➭ ✝❫ï➋ö✦✼➏☎❮îðç➞✪✾õ❴ê ➭ îðç↔�↔ïÐìðï❧ï✑☎❉☎ôê✓☞▲ë➘ì❰ï❺ì✫✂✬ë❶ê✲ï↔☎❰ç▲ù➯ë✠✏▼✒Ðç
ç▲û❶î ➭ ñ↔ï❄☎❰ê❭➘❰ï❈☎ ➭ é✡�➘ù➲ê✌☎❡ñ➘ç❈�✍ç▲í✰îðç●ñ➘ê ×✬➭ ☎ôî➶ï❀ñ❶êøõ❤ï❺û➘ì ➭ ✝❫ï✑✏✓✒❺ç❀ñ➘êèê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ö➀æ × ê✈ì ➭✗P ✝❫ï✑✏✓✒❺ç●ñ➘ç❂é✦✪ îðç✬ñ➘ç✽õ❴ç ➭
õ❴ê ➭ î➶ï☞ïÐîðì❰ï × ✪✓☎❀ñ❶ê❾ê✷✶➋ê♦é✡�➘ù➯ç✆☎✽í➍ë➘é✡✪♦ì ➭ ✝♦ç✑☎✕✝♦ç❺é➴�↔ïÐì❰ê✓☎úñ➘ê❾ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✳✟➘ê✈ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎✞✝✈ç▲é☛✝❫ï❺ì❰ï✑✝✈î❰ê♦ì❉❱✗☎ôî ➭ ✝❫ï✾☎
☞▲ê✈ç▲é✦✪ îðì ➭ ✝❫ï✾☎sñ ➭ ☎ôî ➭ í✰î➶ï✑☎✈ö ✽ ç✆☎❾ê✷✶➋ê✈é✦�➘ù➯ç✆☎✢í➍ë➘é✡✪♦ì ➭ ✝♦ç✆☎sê✓☎ôî❰ë➘ñ↔ï❺ñ❶ç✆☎♦ò ç❅é✦✪ îðç✬ñ➘ç➲☎ôê■é☞ç✆☎❮îðìôç▲ë➞ê P ✝♦ï ý �↔ï❺ì❰ï
ñ➘ê îðê♦ìôé ➭ í↔ï❺ìèï✾☎❄é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎èñ➘ï✎☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê❂ñ➘ç✆☎↕ñ➘ê♦í✰î❰ê✓☎■✂✬ë❶êÿé ➭ í ➭ é ➭➯ý ï❺éãï✢ê❸✶✜✝ ➭ îðï✑✏▼✒❺ç✶ñ➘ç✦✚✱✰❂ö
➷✳➬✧➮➌➬❚➱❂✃▲➬✧❐✷❒✹❮✾❰➧➬❚➱✄Ï✄Ð ✚➀ì❰ìôç☞ñ❶ê●î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➘ò➘ñ❶ê♦í✰îðê✌☎úê × ç▲ù × ê♦í✰î❰ê✓☎✽é✾ç✬ñ ➭✗P ✝♦ï❺ñ➘ç✆☎✈ò❶ç❺î ➭ é ➭➲ý ï✑✏▼✒❺çsñ➘ê●ê♦í✠☞▲ìôê♦í↔ï▲❑
☞▲ê✈í✠☎♦ö

×➋➭➯➭



Ø ❝☎å✾â❚Ú❉Û✣Þ✕â

♥➯✼ ✽ ●✢ò❬✣øï❺ì❰ù➯ç✆☎✵❴❒ö➯ò✮♣➫✇⑦✈✧✇⑦②✤✇◗➳❺✉✑➋➓✇❿⑩❘✈Ñ⑩❭➒✦➋➓❶✁✉✑✈✜①✷②✤✇✭①❙①✷✇❿⑩❘✈❧r✷❶❸❶✹⑩❘❶✍r✁Ò❯s✷✇⑦➋➶✉✑➋❆✇❿⑩❘✈➟⑩❭➒✤➑⑥r❉✉✑❶✬➩✜✉✑✇⑦❶✹①✻➋⑦t⑥❶✹⑩❘➙✆➑❘tÓ➋❭⑩❺⑩❘➋⑦t
①✷➙❯❶⑦➒✌✉⑥s❙r✙②✙⑩✓③✑✇ ➼✩s❉✉✑➋➓✇❿⑩❘✈↔ö❩✣øï❺é✡� ➭ í↔ï✑☎♦ò❬❃✍ï✾✝♦ë➘ù➯ñ↔ï❺ñ➘ê✔ñ❶ê➆✚➀í✠☞▲ê♦í✜✟↔ï❺ì ➭ ï➇✯ ê✓✝✓✺❺í ➭ ✝❫ï❶ò➃✢úí ➭➯× ê✈ì❉☎ ➭ ñ↔ï❺ñ❶ê➆✚✱☎ôî➶ï▲❑
ñ➘ë↔ï❺ù➂ñ❶ê✛✣øïÐé✦� ➭ í↔ï✑☎✈ò ❹❺❻▲❻✰❼ ö ❹➋⑩❲❻ �➂ö✱✰❽ê✓☎ôê✻❅❆✘✽ç▲ë❶î❰ç▲ìðïÐñ➘ç➂❇

✽ ç ➭ ☎❰ê✾î✹✟↔ï♣î✵✝♦ç❺é☞ê✌☎sõ❴ì❰ç▲é❥☞▲ê♦ï❺ì❰ê✈ñ④☎✁❁⑥☎❮îðê♦é✡☎✤✝❫ïÐí➞û❛ê✲ï❺í➘í➘ç❺❁ ➭ í✠☞❶ò➀ï❺í➘ñ ➭ í④☎❰ç❺é☞ê✦✝❫ï✑☎ôê✓☎✢ë➘í↔ï✾✝✓✝♦ê✌�❶î➶ïÐû➘ù➲ê☞û➂❁
ë✠☎ôê♦ì❉☎■çÐõ❂î✹✟➘ç✆☎ôê➲☎✁❁⑥☎❮îðê♦é✡☎♦ö❞❪❂ê❫ïÐì✲í➘ç ➭ ☎❰ê ➭ ☎✙✝✈ù➲ç✆☎ôê î❰ç④�➘ë➘ìôê❉îðç▲í❶ê❺ò✞�➘ì❰ê✌☎❰ê✈í➍î❉☎➆✟ ➭ ☞✑✟✭ï❺é✡�➘ù ➭ îðë➘ñ➘êÐòøï❺í❶ñ ➭ î✹☎
õ❴ì❰ê✌✂➍ë➘ê♦í✠✝✷❁ ➭ ☎❂í➘ê❫ïÐì❒î❰ç é✾ç✆☎ôî✬☎ôê♦í✠☎ ➭ î ➭➯× ê✾ì❰ê✌☞ ➭ ç❺í➁çÐõ✩✟➍ë➘é☞ï❺í❋ê♦ï❺ì♦ö✡✰❽ìðï❺í✠☎ôé ➭ ☎❉☎ ➭ ç▲í➁ê♦ìôì❰ç▲ì✦❅❆✰✞✚➃❇❀ê✷✶❯✝ ➭ î➶ï♣î ➭ ç❺í
➭ ☎✢ìôê✓✝✈ç✆☞▲í ➭➯ý ê♦ñ➇ï✑☎✢ç▲í❶ê■ç❺õúî❉✟➘ê❚é✲ï ➭ í④☎ôç▲ë➘ì❉✝✈ê✓☎✾ç❺õ■☞▲ê❫ïÐì✢í➘ç ➭ ☎ôê❚ï❺í➘ñ ×✬➭ û➘ì❰ïÐî ➭ ç▲í➂ö❩✼Óî ➭ ☎✛✖Õê♦ù➲ùÔ❑➏❨➍í➘ç❺✖↕í➤î✹✟↔ïÐî
✰✞✚➟ê✷✶❯✝ ➭ î➶ïÐî ➭ ç▲í❩✝❫ïÐí✕û✍ê☞ìôê♦ñ➘ë✠✝✈ê♦ñ➌û❚❁➁é✾ç➋ñ ➭ õ⑦❁ ➭ í✠☞✔î❰ç➋ç❺î❉✟❳☎ôë➘ìôõ❤ï✾✝♦ê✓☎✈ö↔✢❄☎ôë↔ï❺ù➲ù◗❁▲ò★îðç✬ç❺î✹✟➁é✾ç➋ñ ➭◗P ✝❫ï♣î ➭ ç❺í✠☎❂ï❺ìôê
ñ➘ê P í➘ê♦ñ➁û↔ï✑☎ôê♦ñ➁ç▲í✸îðì ➭ ï❺ù❥ï❺í➘ñ✴ê✈ì❰ì❰ç❺ì❀é☞ê î✹✟➘ç✬ñ✠☎✈ò➂ç▲ì❂û↔ï✑☎ôê♦ñ✴ç▲í❅ê❸✶ ➭ ☎ôî❰ê♦í✰î✫☞▲ê❫ï❺ì✕☎❰ê✈î❉☎♦ö❾æúù➯î❉✟➘ç▲ë✠☞✆✟ î✹✟➘ê✈ì❰ê✶ï❺ìôê
☎❰ç❺é☞ê❾é✾ê✈î❉✟➘ç✬ñ✠☎✽îðç✙✝❫ï❺ù✗✝♦ë➘ù➲ïÐîðê❏✰✞✚↕ò❨ï✻☎ ➭ é✦�➘ù➯êÿé✾ê✈î❉✟➘ç✬ñ❉îðç■ñ➘ê P í➘ê❾î❉✟➘êsîðç✬ç❺î❉✟✸é☞ç✬ñ ➭◗P ✝❫ïÐî ➭ ç▲í✜☎❄î❉✟↔ïÐî❀é ➭ í ➭ ❑
é ➭➲ý ê❒î✹✟➘ê✛✰✞✚✺ê❸✶✜✝ ➭ îðïÐî ➭ ç▲í ➭ ☎✕☎ôî ➭ ù➯ù❽ë❶í✠❨➍í➘ç❺✖↕í➂ö✫✚❬✶ ➭ ☎ôîðê✈í✰î❂é☞ê î✹✟➘ç✬ñ✠☎✽ï❺ì❰ê❾û➘ï✑☎❰ê✈ñ❅ç▲í✸ê✷✶❯✟↔ïÐë✠☎ôî ➭➯× ê✤☎ôê❫ï❺ì✁✝❙✟✴ç❺õ
☎❰ç❺ù➲ë❶î ➭ ç▲í➂ò❨ç▲ì❂û↔ï✑☎ôê♦ñ➁ç▲í✴ç✆�❶î ➭ é ➭➯ý ïÐî ➭ ç▲í➞�➘ìôç❯✝✈ê♦ñ➘ë➘ìôê✓☎●î✹✟↔ï♣î✬✝❫ï❺í✴ê♦í❶ñ❋ë✠� ➭ í❅í➘ç▲í❩�➘ìðï✑✝ î ➭ ✝❫ï❺ùÕ☎❰ç▲ù➯ë❶î ➭ ç▲í✠☎♦ö❏✼➻í
î✹✟ ➭ ☎✩✖Õç▲ì❉❨✝ò✍ï❺í❚ê✌➅✡✝ ➭ ê♦í✰î❄é☞ê î✹✟➘ç✬ñ■îðç✶ñ➘ê îðê♦ìôé ➭ í➘ê❀î✹✟❶ê●î❰ç➋çÐî✹✟↔�➘ì❰ç P ù➲ê❂é✾ç➋ñ ➭✗P ✝♦ïÐî ➭ ç▲í☞î❰ç☞é ➭ í ➭ é ➭➯ý ê↕î✹✟➘ê✬✰✞✚
ê✷✶❯✝ ➭ î➶ï♣î ➭ ç❺í✍✖④ï✑☎❀ñ➘ê × ê♦ù➯ç✆�✍ê♦ñ➂ö✳✰✿✟❶ê✵�➘ì❰ç✑�❛ç✆☎ôê♦ñ❅é✾ê✈î❉✟➘ç➋ñ ñ➘ê P í➘ê✓☎❀î❉✟➘ê❾ç✆�❶î ➭ é☞ï❺ù✐é✾ç➋ñ ➭◗P ✝❫ï♣î ➭ ç❺í✠☎↕û➂❁✍☎❰ç❺ù ×✬➭ í✠☞
ï➫�↔ïÐìôî ➭ ✝♦ë➘ù➲ï❺ì✬☎❉✟↔ï✾�❛ê✔ç✑�❶î ➭ é ➭➯ý ïÐî ➭ ç▲í⑤�➘ìôç▲û➘ù➯ê♦é❦✖ ➭ î❉✟④✝♦ç❺í➍îðï✑✝✈îsë✠☎ ➭ í✠☞❅ï❺í ➭ îðê✈ìðïÐî ➭➯× ê✦�➘ìôç❯✝✈ê♦ñ➘ë❶ì❰ê✔û↔ï✾☎❰ê♦ñ✕ç▲í
ç✆�❶î ➭ é☞ï❺ù✱✝♦ì ➭ î❰ê♦ì ➭ ï ï✾�✠�➘ì❰ç▲ï✑✝❙✟➂ö↔✼➻í ➭ î ➭ ï❺ù➀é✾ç✬ñ ➭✗P ✝♦ïÐî ➭ ç▲í✴ì❰ê✌☎❰ë➘ù➮î✹☎❾ïÐì❰ê✡✝♦ç▲í × ê✈ìôî❰ê♦ñ➌îðç➫�➘ì❰ê❸❑➻ñ➘ê P í➘ê♦ñ❋õ❴ë➘í✠✝✈î ➭ ç▲í✜☎
û❚❁⑤☎❰ç❺ù ×✬➭ í✠☞✔ï↔✝✈ë➘ì × ê P î❰î ➭ í✠☞➆�➘ìôç▲û➘ù➯ê♦é✖ë✠☎ ➭ í✠☞❚ï➆☎❰ê✓✂➍ë➘ê✈í✰î ➭ ïÐù✱✂✬ë➘ï❺ñ➘ìðï♣î ➭ ✝✛�➘ì❰ç✆☞❺ìðï❺é✾é ➭ í✠☞➘ö❈✰✿✟ ➭ ☎❂ï✑☎✁☎❰ë➘ìôê✓☎ÿï
✖Õç▲ìôî❉✟➂❁Ö☎ôç▲ù➲ë➋î ➭ ç❺í➌õ❴ì❰ç▲é î✹✟➘ê➆�➘ì❰ï✑✝✈î ➭ ✝♦ï❺ùøê♦í✜☞ ➭ í➘ê✈ê♦ì ➭ í✠☞ ×✬➭ ê✷✖✞�❛ç ➭ í✰î❫ö④✰✿✟➘ìôê♦ê❚ñ ➭ ➣❨ê✈ì❰ê♦í✰î✡✟➘ê✈ù ➭ ✝♦ï❺ù✮☞❺ê❫ï❺ì✤�↔ï ➭ ì❉☎
✖Õê♦ì❰ê❒ë✠☎ôê♦ñ❚îðç✤✝❫ïÐì❰ì✁❁✔ç▲ë❶î↕í➍ë➘é✾ê♦ì ➭ ✝❫ï❺ù❨ï❺í↔ï❺ù◗❁⑥☎ ➭ ☎ ➭ í■ç▲ìôñ➘ê♦ìèîðç × ê♦ì ➭ õ⑦❁✔î❉✟➘ê❈�➘ì❰ç✑�❛ç✆☎ôê♦ñ❚é✾ê✈î✹✟❶ç➋ñ➂ö✱✰✿✟❶ê❒ìôê✓☎ôë➘ù➯î❉☎
ç❺õ➀î❉✟➘ê❾í➍ë➘é✾ê♦ì ➭ ✝❫ï❺ù❥ï❺í↔ïÐù✗❁⑥☎ ➭ ☎✕☎❉✟❶ç▲✖Õê♦ñ❅î❉✟↔ïÐî✽î❉✟➘ê✵�➘ìôç✆�✍ç✆☎❰ê✈ñ❅é☞ê î✹✟➘ç✬ñ ➭ ☎❄ê✌➅✡✝ ➭ ê♦í✰î ➭ í➫☎❰ç❺ù ×✬➭ í✠☞✾î✹✟ ➭ ☎✕❨ ➭ í❶ñ❅ç❺õ
�➘ìôç▲û➘ù➲ê✈é ö þ➋➭ ☞▲í ➭✗P ✝♦ï❺í✰î❾ì❰ê✈ñ➘ë✠✝ î ➭ ç❺í✠☎❾ç▲í④✰✞✚❖ê✷✶❯✝ ➭ î➶ïÐî ➭ ç▲í❩✖④ê✈ì❰ê❚ï✑✝❙✟ ➭ ê × ê♦ñ➞õ❴ç▲ìsï❺ù➲ù②î✹✟➘ìôê♦ê✻✝♦ï✑☎❰ê✌☎✢ç❺õ✞☎ôî❰ë➘ñ✜❁❺ö
✰✿✟➘êÕç✆�❶î ➭ é ➭➯ý ïÐî ➭ ç▲í✕�➘ì❰ç⑥✝♦ê✈ñ➘ë➘ì❰ê❍✝❫ï❺íÿû❛ê ë✠☎ôê♦ñ✢ï✑☎❽ï❄ë✠☎❰ê õ❴ë➘ù➋ñ❶ê✓☎ ➭ ☞▲í●îðç✬ç▲ù▲õ❴ç▲ì➨☞▲ê❫ï❺ì★ñ➘ê✌☎ ➭ ☞▲í❾ï❺í❶ñsñ➘ê × ê♦ù➯ç✆�➘é✾ê♦í✰î❫ö
×✍Ï❚Ø❛Ù✛Ú♦✃✾Û➨❐✑Ü ✰❽ìðï❺í✜☎❰é ➭ ☎❉☎ ➭ ç▲í■ê✈ì❰ìôç▲ì♦ò↔é✾ç➋ñ ➭✗P ê✈ñ✔îðç✬ç❺î✹✟↔☎❰ë❶ìôõ❤ï✑✝✈ê✓☎♦ò♦☞▲ê♦ï❺ìèç✆�❶î ➭ é ➭➲ý ïÐî ➭ ç▲í➂ö

×✬➭➲➭➯➭



Ý ✐ à Þ✣Ú ß➂ä

ß➃à➓❐✌á▼➬❳Û➧Ï⑤â✿à➌ã✄ä➨✃▲➬✧❐ å➧à

ß➃à➓❐✌á▼➬❳Û➧Ï⑤æ✮➬✜ç✱Ï❯➮➌➬✧❐ å❛➱

è✍Ú✄éÓÏ⑥ê➨❮❚➮❆➬❯á▲ä➨✃▲➬ å❛➱

ë ì ê✄á❺✃▲Ú❂ÛÕä➨í✆î✠Ú ë

ï ð Ï❚➱➧à❆❐✓î✠Ú④Û➧➬❳➮➓à⑦á❺Ï➂✃▲➬✜á▲ä➧✃❘➬ ë⑥ñ

ò ó Ú❂Û➨Ï⑥➮➌➬✠ã♦Ï⑥é éÓ➬❯á❺Ï⑥éÓô✜á▲à❆❮✆➬⑤Û➧Ú④Ï➂✃❘✃▲ÚÓÛ➨Ï➫á▼✃❘➬✠êÕ❐▼éÓà➓❐▼❐✌î✠Ú ò❂ë
⑨ ö ⑩ ó❡ï❺ì❉✺❺é✾ê✈îðìôç✆☎èñ➘ê●ç✆�✍ê♦ì❰ï✑✏▼✒❺ç öÿö❒ö❒öÿö❒ö●öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑨✰❹
⑨ ö ❹ ✯ ç✬ñ➘ê♦ù➯ç✤☞▲ê♦ç▲é✡✪✈î❰ì ➭ ✝♦ç ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑨✰❹
⑨ ö ⑨ ✯ ç✬ñ➘ê♦ù➯ç✢ê♦ùõ❋✾☎ôî ➭ ✝♦ç ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑨❚➔

⑨ ö ⑨ ö ⑩ ✘úê✌ö↔ê❸✶✠✒Ðç✲ù➲ç⑥✝❫ïÐù❨ñ➘ê ×➋➭ ñ➘ç✾ï❺ç✎✝♦ç▲í✰îðïÐîðç❧öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑨✆➀
⑨ ö ⑨ ö ❹ ✘úê✌ö↔ê❸✶✠✒Ðç✲ñ➘ç✶ñ➘ê✈í➍î❰ê❅öÿö❒ö❒öÿö❒ö●öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑨✆➜

⑨ ö ➛ ✼➻í✰îðê♦ì❰ï✑✏▼✒Ðç✦✝✈ç▲é ç▲ë➋îðì❰ç✑☎■✝✈ç▲é✡�❛ç▲í❶ê♦í✰îðê✌☎❄ñ❶ç✦☎ ➭ ☎ôî❰ê♦é☞ï ö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ➛➘⑩
⑨ ö ➔ ✘ ➭ ☎❮îðì ➭ û➘ë ➭ ✏▼✒❺çsñ➘ê✬✝❫ï❺ì✁☞✰ï✾ê✈í✰îðì❰ê●ç✆☎↕ñ➘ê✈í✰îðê✓☎☎ö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ➛➍❹

⑨ ö ➔ ö ⑩ ó➀ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç ➭ í✠✝✈ì❰ê♦é✾ê♦í✰îðï❺ù➟ö●öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ➛❚➀
⑨ ö ➔ ö ❹ ó➀ìôç✆☞▲ìðïÐé✲ï✑✏✓✒❺ç✢ù ➭ í➘ê❫ïÐì➁ö❒ö❒öÿö❒ö●öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ➛❚➜
⑨ ö ➔ ö ⑨ ✯➞✪✈îðç✬ñ➘ç✶ñ ➭ ì❰ê✈î❰ç Ð ➭ í × ê♦ì❉☎❉✒❺ç✾ñ➘ê●é✲ïÐî❰ì ➭➯ý ö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ➔➋⑩
⑨ ö ➔ ö ➛ ✥ ê♦ñ❶ë✠✏▼✒❺ç✾ñ➘ç✎�➘ìôç▲û➘ù➲ê✈é✲ï Ð î✹✪✌✝♦í ➭ ✝❫ï✢ñ↔ï✎�✠☎❰ê✈ë➘ñ➘ç✾❑ ➭ í✰îðê✈ìôõ❴ê♦ì ❀ í✠✝ ➭ ï❾ö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ➔❺⑨
⑨ ö ➔ ö ➔ ✣④ç❺é✦�↔ïÐìðï✑✏✓✒❺ç✢ñ➘ç✆☎↕é✡✪✈îðç✬ñ➘ç✆☎èê●ìôê✓☎❰ë❶ù➯î➶ïÐñ➘ç✆☎↕ç▲û❶î ➭ ñ➘ç✆☎➡ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ➔▲❼

➭ ✶



÷ ø ê➨ô✧➮❆à❆❐✓Ï➫Û➧Ï⑤❐✓Ï⑥ê➨❐▼à➌ç❊à❆➮➓à❆Û➧➬✧Û➨Ï ù ò
➛ ö ⑩ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❀ï❺ç✆☎✿�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎èñ➘ê●ñ ➭ ☎❉✝♦ìôê✈î ➭➲ý ï✾✏▼✒❺çÿöÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➀▲❼
➛ ö ❹ ✣④ç▲í➘ñ ➭ ✝ ➭ ç▲í↔ï❺é✾ê♦í✰îðç✢ñ➘ï✾é☞ïÐîðì ➭➲ý ñ➘ê❈ö↔ê✷✶ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❄ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➀ →
➛ ö ⑨ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✳ú✑☎ × ï❺ì ➭ ï✑✏✓★✬ê✓☎èí↔ï✶ñ ➭ ☎ôî❙✺Ðí✠✝ ➭ ï❾ê♦í✰îðìôê✫✝✈ê♦í✰îðìôç✆☎➞ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ❼❺❹
➛ ö ➛ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❀ï❺ç✆☎èê♦ìôì❰ç✆☎↕í➘ç✶îðç❺ì❉✂➍ë➘ê❒ï✑�➘ù ➭ ✝❫ïÐñ➘ç ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ❼❘➛
➛ ö ➔ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✳ú✑☎ × ï❺ì ➭ ï✑✏✓★✬ê✓☎èí➘ç × ê îðç▲ì↕ñ➘ç✑☎úï♣õ❤ï✑☎ôîðï❺é☞ê✈í✰îðç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎ ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ❼✑➔
➛ ö ➀ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❀ï❺ç✆☎èê♦ìôì❰ç✆☎↕ñ➘ê●ê✌☎❉�↔ï✑✏♦ï❺é✾ê♦í✰îðç✾ê♦í✰îðìôêÿç✑☎❄ñ❶ê♦í✰îðê✌☎ ö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ❼❺❼
➛ ö ❼ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❀ï❺ç✆☎èê♦ìôì❰ç✆☎↕ñ➘ê❒ï❺ù ➭ í✠✟➘ï❺é☞ê✈í✰îðç✢ñ➘ç✆☎èñ❶ê♦í✰îðê✌☎✖ö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ❼✾➜
➛ ö❽→ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❀ï❺ç✆☎èê♦ìôì❰ç✆☎↕ñ↔ï✢õ❴ç▲ìôé✲ï❾ñ➘ç✎�↔ï✾☎❉☎❰ç✾ñ↔ï✎✟✠✪♦ù ➭ ✝✈ê ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿöû→ ❹
➛ ö ➜ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❀ï❺ç✆☎èê♦ìôì❰ç✆☎↕ñ➘ç✡�✍ê♦ì P ù✣ö❒öÿö❒ö❒öÿö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿöû→ ❹
➛ ö ⑩❫❻ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❀ï❺ç✆☎èê♦ìôì❰ç✆☎↕ñ➘ê❂õ❴ç▲ìôé✲ï❾ñ❶ç✦�✍ê♦ì P ù✐ê × ç▲ù × ê♦í✰îðê ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿöû→ ➔
➛ ö ⑩❺⑩ þ ë➘é✦❋❺ì ➭ ç✢ñ↔ï✑☎❄ï❺í✧❋Ðù ➭ ☎ôê✓☎øñ❶ê✫☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê ö❒öÿö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿöû→ ➀

ñ ü Ú✄éÓý➨➬✠✃▲➬✧í✆î✠Ú④❮✆Úþé ✃▲Ï⑥❐▼ä➨➮➌á▼➬✧Û➨Ú✄❐✤Ï❚å❂ý✱Ï➂✃❘à➓éÓÏ⑥êþá▼➬✧à➓❐ ÿ ë
➔ ö ⑩ ✥ ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎èê✷✶❯�✍ê♦ì ➭ é☞ê✈í✰î➶ï ➭ ☎❀öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➜❺⑨
➔ ö ❹ ✥ ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎èí➍ë➘é✦✪✈ì ➭ ✝♦ç✆☎✔ö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➜✾➛
➔ ö ⑨ ✣④ì ➭ î✹✪♦ì ➭ ç✆☎④ñ➘ê✬✝♦ç▲é✡�↔ï❺ì❰ï✑✏▼✒❺ç✶ñ➘ç✑☎❄ìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎✡öÿö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➜✆➔
➔ ö ➛ ✣④ç▲é✡�↔ï❺ìðï✾✏▼✒❺ç✢ñ➘ç✑☎❄ìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎èîðê✌✸▲ì ➭ ✝♦ç✆☎èê●ê❸✶✜�✍ê♦ì ➭ é✾ê♦í✰î➶ï ➭ ☎❅ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➜▲❼
➔ ö ➔ þ ë➘é✦❋❺ì ➭ ç✢ñ➘ç✆☎↕ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎èç▲û❶î ➭ ñ➘ç✆☎ ö❒öÿö❒ö❒öÿö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❲❻❺⑨

ù ó✁� á❺Ú❛Û➨Ú④ý➨➬✠✃▲➬❳Û➨Ï❚á❺Ï➂✃❘é④à❆ê➨➬✠✃✦➬✧❐✡éÓÚ❂Û➨à✄✂❊❮✆➬✧í✆☎❛Ï⑥❐✎Û➨➬Ó❐▼ä➧ý✱Ï⑥✃✞✝✠✟❆❮❚à➌Ï➲Û➧Úþ❐✡Û➧Ï❯ê✄á❺Ï⑥❐☛✡❛ä➧Ï⑤é④à❆ê➨à⑦❒
é④à✌☞❚➬✠é Ú④➷✫➷✎✍❈æ❏ß ë✑✏ ÿ
➀ ö ⑩ ❃↔ç▲ì❰é❾ë❶ù ï✑✏✓✒❺ç❾ñ➘ç✡�➘ì❰ç❺û➘ù➲ê✈é✲ïãöÿö❒ö❒öÿö❒öÿö❒ö❒öÿö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▲⑩❲❹
➀ ö ❹ ✯✍✪✈î❰ç➋ñ❶ç✦�↔ïÐìðï✶ï✤☎❰ç▲ù➯ë✠✏▼✒❺ç✶ñ➘ç✎�➘ìôç▲û➘ù➯ê♦é☞ï❾ñ➘ê●ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç❋ö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▲⑩❲❼
➀ ö ⑨ ✚✱☎ôîðìôë❶îðë❶ìðï✶ñ➘ç✦�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç✢ñ➘ê●ç❺î ➭ é ➭➲ý ï✑✏▼✒❺ç❚ö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❸❹✬⑩

➀ ö ⑨ ö ⑩ þ✬➭ ☎ôî❰ê♦é☞ï Ð ì❰çÐî ➭ í➘ï✵�↔ï❺ìðï✤✝♦ï❺ù✭✝✈ë➘ù ï❺ì④ç✾ê✈ì❰ìôç☞ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç ö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❸❹❘➛
➀ ö ⑨ ö ❹ ✣④ì ➭ î❉✪♦ì ➭ ç✢ñ➘ê✬✝♦ç▲í × ê♦ì❉☞ ❀ í✠✝ ➭ ï☞ç❺ë❧ñ❶ê✫�➘ï❺ìðï❺ñ➘ï❾öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❸❹❺❼
➀ ö ⑨ ö ⑨ ✣④ç❺í➍î❰ì❰ç▲ù➲ï❺ñ➘ç▲ì Ð ì❰ç❺î ➭ í↔ï❾ñ❶ê❒çÐî ➭ é ➭➲ý ï✑✏▼✒Ðçsñ➘ç✾ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç➞ö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❸❹ →
➀ ö ⑨ ö ➛ ❪●ï❺í✠✟❶ç Ð ï▲➘ôë✠☎❮îðê●ñ➘ç✡�↔ï✑☎❉☎ôç✦�➘ï❺ìðï✶ï✢û➘ë✠☎✁✝❫ï☎öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❸❹✾➜
➀ ö ⑨ ö ➔ ❃ ➭ ù➯î❰ì❰ç Ð ñ➘ê P í ➭ ✏✓✒❺ç✶ñ↔ï✑☎↕é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎èñ➘ê✬☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê❧öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❲⑨❺❻

✶



✒ ✓ Ï⑥✃❘à✔✂❬❮✆➬✠í✆î✠Ú④Û➧Ú④é � á❺Ú❛Û➨Ú ë❯ò ÿ
❼ ö ⑩ ✚✱☎ôîðë❶ñ➘ç☞ñ❶ê✫✝♦ï✑☎❰ç ⑩ ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩▼➛❶⑩
❼ ö ❹ ✚✱☎ôîðë❶ñ➘ç☞ñ❶ê✫✝♦ï✑☎❰ç ❹ ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩▼➛✰❹
❼ ö ⑨ ✚✱☎ôîðë❶ñ➘ç☞ñ❶ê✫✝♦ï✑☎❰ç ⑨ ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩▼➛▲⑨
❼ ö ➛ ✼➻í✜ö↔ë ❀ í✠✝ ➭ ï✾ñ❶ç✶õ❤ï♣îðç▲ìèñ➘ê✬☞✰ïÐí✠✟➘ç ö❒öÿö❒ö●öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩▼➛✑➛
❼ ö ➔ ✥ ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎èç▲û❶î ➭ ñ➘ç✆☎✿✝✈ç▲é ç✎�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç✶ñ➘ê●ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç✶ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩▼➛✆➀
❼ ö ➀ ✼➻í✰îðê♦ì✁�➘ì❰ê î➶ï✑✏✓✒❺ç✾ñ↔ï✤☎❰ç▲ù➯ë✠✏▼✒❺ç✎�↔ïÐìðï✶ï✾ìôê♦ñ➘ë✜✏▼✒❺ç✾ñ➘ç✾ó②ó➃✚✱✰↕ü✥ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩▲➔✑➔
❼ ö ❼ ✣④ç▲é✡�↔ï❺ìðï✾✏▼✒❺ç✤✝✈ç▲é✏ï✤☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê❂ñ➘ê●ì❰ê✌☎❉�✍ç✆☎ôîðï✾ñ❶ç✦�➘ìôç▲û➘ù➯ê♦é☞ï ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩❺➀❺❻
❼ ö♠→ þ ë➘é✦❋❺ì ➭ ç❾ñ➘ç✾ê✓☎❮îðë➘ñ➘ç✾ñ➘ê × ê✈ì ➭◗P ✝❫ï✑✏✓✒❺ç✾ñ➘ç✶é✦✪ îðç✬ñ➘ç✎�➘ì❰ç✆�✍ç✆☎❮îðç❖ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩❺➀❺⑨

✕ ü Úþê➨❮❚➮❆äÕ❐✖☎⑧Ï❯❐✎Ï➲❐✓ä➨ã♦Ï⑥❐✌á✗☎❛Ï⑥❐✎ýÕ➬✜✃❘➬❳ýÕ✃✞✘⑥å➧à➓é❳Úþ❐✛á▼✃❘➬✜çÕ➬✧➮❆❰➧Úþ❐ ë ù ✒

ð Ï✙✝➶Ï➂✃✞✚⑥êÕ❮❚à➌➬✧❐✤ç❊à➌çÕ➮➓à➌Ú♦ã✄✃▲ô✛✂❊❮✆➬✧❐ ë ✒ ò

ø ø ý✜✚⑥êÕÛ➨à➓❮✆Ï♦Ü ü Ú❛Ï✢✂❬❮❚à➌Ï⑥êþá❺Ï⑥❐✎Û➨Ï➫à➓ê✤✣❊ä✥✚⑥ê➨❮❚à❆➬ ë✦✕♦ñ
æsö ⑩ ✣④ç➋ê P ✝ ➭ ê♦í✰îðê✌☎úñ➘ï✶ñ❶ê✌ö↔ê❸✶✠✒Ðç✲ñ↔ï✢ì❰ê✌☞ ➭ ✒Ðç✢ñ➘ê✬✝♦ç▲í✰î➶ï♣îðç➣öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩ → ➔
æsö ❹ ✣④ç➋ê P ✝ ➭ ê♦í✰îðê✌☎úñ➘ï✶ñ❶ê✌ö↔ê❸✶✠✒Ðç✲ñ➘ç✶ñ➘ê✈í➍î❰ê ö●öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩ → ❼
æsö ⑨ ✯❉ïÐî❰ì ➭➲ý ñ❶ç✆☎✿✝♦ç✬ê P ✝ ➭ ê✈í➍î❰ê✓☎❄ñ➘ê ➭ í✜ö➘ë ❀ í✠✝ ➭ ï➁öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩ →✑→

✶ ➭



✧ ß✐å✾â Û Ü✂Ý ★ ß➂Ù ✐✂Ú Û✙å

⑩ ö ⑩ ◆❀ì ➭ ☞❺ê♦é ñ❶ç✾ìôë✠❱➲ñ❶ç✾ê✈é❲✝❫ï ➭ ✶❶ï✑☎èñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö✝ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➛
⑩ ö ❹ ❃❡ù➲ë⑥✶❶ç✶ñ➘ê ×✬➭ û❶ìðï✑✏✓✒❺ç✢ê●ì❰ë✠❱➯ñ➘ç✶ñ➘ê●ë➘é✲ï✤✝♦ï ➭ ✶❶ï✢ñ➘ê●ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎♦ö öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➛
⑩ ö ⑨ ✯ ç✬ñ➘ê♦ù➯ç✶î❰ç▲ì❉☎ ➭ ç▲í➘ï❺ù⑧☎ ➭ é✡�➘ù ➭◗P ✝❫ï❺ñ❶ç❾ñ➘ç✡�↔ï❺ìèñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö✣öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➔
⑩ ö ➛ ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✶ñ➘ç✑☎úïÐù✭❱ ×✬➭ ç✆☎④ñ➘ç✡�✍ê♦ì P ù➂ê × ç▲ù × ê♦í✰îðê ö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➜
⑩ ö ➔ ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✶ñ➘ç✾ï❺û➘ï❺ë➘ù ïÐé☞ê✈í➍î❰ç✢ñ➘ç✡�↔ï✑☎❉☎ôç☞ñ➘ï✎✟✜✪♦ù ➭ ✝♦êÐö✡ö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➜
⑩ ö ➀ ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✶ñ↔ï✶ï❺é✡�➘ù ➭ îðë❶ñ➘ê❀ê●ê✷✶✬îðê✈í✠☎✹✒Ðç✲ñ➘ç✾ï❺ù✗❱ ×✬➭ ç➘ö④öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❫❻
⑩ ö ❼ ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✶ñ➘ç✎☞▲ì❰ï❺ë❚ñ➘ê❒ì❰ê✓✝✈ç▲û➘ì ➭ é✾ê♦í✰îðç✶ï❘✶ ➭ ï❺ù ö❂ö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❺⑩
⑩ ö❽→ ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✶ñ➘ç✎☞▲ì❰ï❺ë❚ñ➘ê❒ì❰ê✓✝✈ç▲û➘ì ➭ é✾ê♦í✰îðç❾î❰ìðï❺í✠☎ × ê✈ì❉☎ðïÐù ö öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❲❹
⑨ ö ⑩ þ ê✓✏✓✒❺ç✶îðìðïÐí✠☎ × ê♦ì❉☎❰ï❺ù★ñ➘ç✎�↔ï❺ì↕ñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö❅ö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑨✾➛
⑨ ö ❹ ó➀ù ï✑✝♦ï✾ïÐí✧❋❺ù➲ç✑☞✰ï❾ï❺ç✶ñ➘ê✈í➍î❰ê❏✟❶ê♦ù ➭ ✝♦ç ➭ ñ↔ï❺ù❿ö❾öÿö❒ö❒öÿö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➛▲❻
⑨ ö ⑨ ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✶ñ↔ï✤�✠☎ôê♦ë➘ñ❶ç✾❑ ➭ í➍î❰ê♦ì❮õ❴ê♦ì ❀ í✠✝ ➭ ï✾ê✈é ë➘é❲�➘ï❺ì↕ñ➘ê●ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✈ö✏öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➔❘➛
⑨ ö ➛ ✥ ê✈ù ï✑✏✓✒❺ç✢ê♦í✰î❰ì❰ê❒ê♦ì❰ìôç✶ñ➘ê✬✝♦ç▲í✰î➶ï♣îðç✾ê❒ê✈ì❰ìôç✾ñ❶ê●î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➘ö↕ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➔✾➜
⑨ ö ➔ ✥ ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎èç▲û❶î ➭ ñ➘ç✆☎✿✝✈ç▲é ç✶é✡✪✈îðç✬ñ➘ç ➭ í✜✝♦ì❰ê✈é☞ê✈í✰î➶ï❺ù❿öÕö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➀❺❻
⑨ ö ➀ ✥ ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎èñ↔ï✎�➘ì❰ç✆☞❺ìðï❺é☞ï✑✏▼✒Ðç✢ù ➭ í❶ê❫ï❺ìøê❈�✜☎❰ê♦ë❶ñ➘ç✾❑ ➭ í✰îðê♦ì❮õ❴ê♦ì ❀ í✠✝ ➭ ï❶ö➁öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➀❺❻
➛ ö ⑩ ❃↔ç▲ì❰é☞ï❾û✧❋✑☎ ➭ ✝❫ï✢ñ➘ç✎�✍ê♦ì P ù✐ê × ç▲ù × ê♦í✰îðêÿñ↔ï✑☎↕ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎■✟❶ê♦ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎④ê♦é ï❺í✧❋❺ù ➭ ☎❰êÐö➀öÿö❒ö❒öÿö ➀✑➀
➛ ö ❹ ❃↔ç▲ì❰é☞ï❾û✧❋✑☎ ➭ ✝❫ï✢ñ➘ç✎�↔ï✾☎❉☎❰ç✾ñ↔ï✎✟✠✪♦ù ➭ ✝✈ê❂ñ↔ï✑☎↕ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎úê✈é✏ï❺í✧❋❺ù ➭ ☎ôê❺ö■ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➀✑➀
➛ ö ⑨ ✼➻í✜ö↔ë ❀ í✠✝ ➭ ï✾ñ➘ï✶ñ ➭ ☎❉✝✈ì❰ê î ➭➲ý ï✑✏▼✒Ðç✾ñ❶ç✦✝ ➭ ✝♦ù➯ç✢ñ➘ê●ê♦í✠☞❺ì❰ê♦í➘ï❺é☞ê✈í✰îðç➘ö✣öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➀ →
➛ ö ➛ ✽✪✩ é✾ê♦ìôç✶ñ➘ê✬✝♦ç▲í➘ñ ➭ ✏▼✒Ðç✾ñ➘ï✾é☞ïÐîðì ➭➲ý ñ➘ê❈ö↔ê✷✶ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êÐö✥öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ➀✑➜
➛ ö ➔ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✽ñ↔ï✢é✲ïÐî❰ì ➭➯ý ñ➘ê❈ö↔ê✷✶ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶ê❺ö✍öÿö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ❼Ð❻
➛ ö ➀ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✽ñ➘ç✾ó ó❖✚✱✰↕ü➁ú × ï❺ì ➭ ï✑✏▼✒❺ç✢ñ➘ï✾ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï❾ê♦í✰îðìôê❏✝✈ê♦í✰îðìôç✆☎♦ö öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ❼Ð⑨
➛ ö ❼ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✳ú × ï❺ì ➭ ï✑✏✓✒❺ç✢ñ➘ç✢îðç❺ì❉✂➍ë➘êÿï✑�➘ù ➭ ✝❫ï❺ñ❶ç➘ö öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ❼✑➔

✶ ➭➯➭



➛ ö♠→ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êúñ➘ç × ê✈î❰ç▲ì↕ñ➘ç✆☎❄ïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰î❰ç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎✈ö✸öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ❼✑➀
➛ ö ➜ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✽ï❺ç✶ê♦ìôì❰ç✾ñ➘ê●ê✓☎❉�➘ï✑✏❫ï❺é✾ê♦í✰î❰ç☞ê✈í➍î❰ì❰ê❒ç✆☎èñ➘ê✈í➍î❰ê✓☎✈ö➞ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ❼✑➜
➛ ö ⑩❲❻ ✼➻í✜ö↔ë ❀ í✠✝ ➭ ï✾ñ❶ç✾ê✈ì❰ìôç✾ñ❶êÿê✌☎❉�↔ï✑✏♦ï❺é✾ê♦í✰îðç✾í↔ï❾õ❴ç▲ì❰é☞ï❾ñ↔ï✢õ❴ë➘í✠✏✓✒❺ç✶ñ➘ç✙✚✱✰↕ü➀ö ö❒ö❒öÿö❒ö●öÿö❒öÿö❲→ ❻
➛ ö ⑩▲⑩ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êúñ➘ç☞ó ó❖✚✱✰↕ü➞ï❺ç✶ê♦ìôì❰ç✶ñ➘ê❒ï❺ù ➭ í✠✟↔ïÐé☞ê✈í➍î❰ç✢ñ➘ç✆☎↕ñ➘ê✈í➍î❰ê✓☎✈ö ö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö❲→ ⑩
➛ ö ⑩❸❹ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✽ï❺ç✶ê♦ìôì❰ç✾ñ↔ï❾õ❴ç▲ì❰é☞ï❾ñ➘ç✡�↔ï✑☎❉☎ôç☞ñ➘ï✎✟✜✪♦ù ➭ ✝♦êÐö➁ö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö❲→ ⑨
➛ ö ⑩❲⑨ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êúñ➘ç☞ó ó❖✚✱✰↕ü➞ï❺ç✶ê♦ìôì❰ç✶ñ➘ç✦✺❺í✠☞▲ë❶ù➲ç✢ñ➘ç✎�✍ê♦ì P ù ö ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö❲→ ➛
➛ ö ⑩▼➛ þ ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✽ï❺ç✶ê♦ìôì❰ç✾ñ↔ï❾õ❴ç▲ì❰é☞ï❾ñ➘ç✡�❛ê✈ì P ù✐ñ➘ç✶ñ➘ê✈í✰îðê❺ö➩ö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö❲→ ➀
➛ ö ⑩▲➔ ✼➻í✜ö↔ë ❀ í✠✝ ➭ ï✾ñ❶ç✾ê✈ì❰ìôç✾ñ➘ï✶õ❴ç▲ìôé✲ï❾ñ❶ç✡�✍ê♦ì P ù✐ñ➘ç✆☎↕ñ➘ê✈í✰îðê✓☎úí↔ï❾õ❴ë➘í✠✏✓✒❺ç☞ñ❶ç✦✚✱✰↕ü➀ö öÿö❒ö●öÿö❒öÿö❲→ ➀

➔ ö ⑩ ✚➀ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✎✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ➘ç✤�↔ï❺ì❰ï✢ç✶î❰ç▲ì❉✂➍ë➘ê●ñ➘ê ❼❺❻ ✽ é❧ö✖ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ➜ →
➔ ö ❹ ✚➀ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✶é☞ê✈ñ ➭ ñ➘ç✢ê✬✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✤�↔ï❺ìðï✢ç✢îðç❺ì❉✂➍ë➘ê❒ñ➘ê ❼❺❻ ✽ é❧ö✲ö❒ö❒öÿö❒ö●öÿö❒öÿö ➜ →
➔ ö ⑨ ✚➀ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✎✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ➘ç✤�↔ï❺ì❰ï✢ç✶î❰ç▲ì❉✂➍ë➘ê●ñ➘ê ⑩▲➔❺❼ ✽ é❧öÕö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩❲❻❺❻
➔ ö ➛ ✚➀ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✎✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ➘ç✤�↔ï❺ì❰ï✢ç✶î❰ç▲ì❉✂➍ë➘ê●ñ➘ê ❹✾➛❚➔ ✽ é❧öÕö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩❲❻❺❻
➔ ö ➔ ✚➀ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✎✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ➘ç✤�↔ï❺ì❰ï✢ç✶î❰ç▲ì❉✂➍ë➘ê●ñ➘ê ⑨▲⑨✾➛ ✽ é❧öÕö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩❲❻➋⑩
➔ ö ➀ ✚➀ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✎✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ➘ç✤�↔ï❺ì❰ï✢ç✶î❰ç▲ì❉✂➍ë➘ê●ñ➘ê ➛➍❹❘➛ ✽ é❧öÕö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩❲❻➋⑩
➔ ö ❼ ✚➀ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✎✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ➘ç✤�↔ï❺ì❰ï✢ç✶î❰ç▲ì❉✂➍ë➘ê●ñ➘ê ➔➋⑩✓➛ ✽ é❧öÕö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩❲❻▲❹
➔ ö♠→ ✚➀ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✶é☞ê✈ñ ➭ ñ➘ç✢ê✬✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✤�↔ï❺ìðï✢ç✢îðç❺ì❉✂➍ë➘ê❒ñ➘ê ⑩▲➔▲❼ ✽ é öãö❒öÿö❒ö●öÿö❒öÿö ⑩❲❻▲❹
➔ ö ➜ ✚➀ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✶é☞ê✈ñ ➭ ñ➘ç✢ê✬✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✤�↔ï❺ìðï✢ç✢îðç❺ì❉✂➍ë➘ê❒ñ➘ê ❹✾➛➂➔ ✽ é öãö❒öÿö❒ö●öÿö❒öÿö ⑩❲❻❺⑨
➔ ö ⑩❲❻ ✚➀ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✶é☞ê✈ñ ➭ ñ➘ç✢ê✬✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✤�↔ï❺ìðï✢ç✢îðç❺ì❉✂➍ë➘ê❒ñ➘ê ⑨▲⑨✑➛ ✽ é öãö❒öÿö❒ö●öÿö❒öÿö ⑩❲❻❺⑨
➔ ö ⑩▲⑩ ✚➀ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✶é☞ê✈ñ ➭ ñ➘ç✢ê✬✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✤�↔ï❺ìðï✢ç✢îðç❺ì❉✂➍ë➘ê❒ñ➘ê ➛➍❹✾➛ ✽ é öãö❒öÿö❒ö●öÿö❒öÿö ⑩❲❻✾➛
➔ ö ⑩❸❹ ✚➀ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✶é☞ê✈ñ ➭ ñ➘ç✢ê✬✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✤�↔ï❺ìðï✢ç✢îðç❺ì❉✂➍ë➘ê❒ñ➘ê ➔➋⑩▼➛ ✽ é öãö❒öÿö❒ö●öÿö❒öÿö ⑩❲❻✾➛
➔ ö ⑩❲⑨ ó②ó➃✚✱✰↕ü④✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✢ê❂é☞ê✈ñ ➭ ñ➘ç✎�↔ïÐìðï✢ñ ➭ õ❴ê✈ì❰ê✈í➍î❰ê✓☎↕í✠❱ × ê ➭ ☎↕ñ➘ê❂îðç▲ì✁✂✬ë❶ê✓☎♦ö↕ö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩❲❻▲❼
➔ ö ⑩▼➛ ✽ ❱ × ê♦ù✐ñ❶ê✫�❶ì❰ê✓☎✁☎✹✒❺ç✡☎❰ç❺í➘ç▲ìðï✢é✡✪♦ñ ➭ ç✶ç▲û❶î ➭ ñ➘ç✢ê✷✶❯�✍ê♦ì ➭ é✾ê♦í✰î➶ï❺ù➯é☞ê✈í✰îðê❈�↔ï❺ì❰ï✢ñ ➭ õ❴ê✈ì❰ê♦í✰î❰ê✓☎èîðç▲ì✁✂➍ë➘ê✓☎✈ö ⑩❲❻▲❼
➀ ö ⑩ ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✶ñ➘ç✎✝✈ç▲í✰î➶ïÐî❰ç✾ê✈é✏ë➘é☞ï❾ñ↔ï❺ñ↔ï✎�❛ç✑☎ ➭ ✏✓✒❺ç✤✝❙✟↔ï❺é☞ï❺ñ↔ï✢ñ➘ê ⑩ ö✕öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩▲⑩✓➛
➀ ö ❹ ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✶ñ➘ç✎✝✈ç▲í✰î➶ïÐî❰ç✾ê✈é✏ë➘é☞ï❾ñ↔ï❺ñ↔ï✎�❛ç✑☎ ➭ ✏✓✒❺ç✤✝❙✟↔ï❺é☞ï❺ñ↔ï✢ñ➘ê ❹ ö✕öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩▲⑩❺➔
➀ ö ⑨ ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✕ñ➘ç✆☎❚ïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰î❰ç✆☎✔ê♦í✰î❰ì❰ê✴ï✑☎➆☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎✔ñ➘ç✆☎■ê✈ù➲ê✈é☞ê✈í➍î❰ç✆☎✔ê✈é ë➘é☞ï✕ñ↔ï❺ñ➘ï

�❛ç✑☎ ➭ ✏✓✒❺ç✢ñ➘ê✬✝♦ç❺í➍îðïÐîðç❶ö✕ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩▲⑩❲❼
➀ ö ➛ ✚✱☎ôîðìôë❶îðë❶ìðï✶ñ➘ç✎�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðç✶ñ➘ê●ç❺î ➭ é ➭➲ý ï✑✏▼✒❺ç✛�❛ê✈ù ï✢ï❺û✍ç▲ì❰ñ➘ï✑☞▲ê♦é ñ➘ê✬✝♦ç▲í✰îðìôç▲ù➲êÐö❶ö❒ö●öÿö❒öÿö ⑩❸❹❺❹
➀ ö ➔ ❃❡ù➲ë⑥✶❶ç✑☞▲ìðï❺é☞ï✛�↔ïÐìðï✢ç✎✝▼❋❺ù✗✝♦ë➘ù➯ç✢ñ➘ç☞ê✈ì❰ìôç✾ñ❶ê●î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➘ö➘ö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩❸❹✑➔

✶ ➭➲➭➯➭



➀ ö ➀ ❃❡ù➲ë⑥✶❶ç✑☞▲ìðï❺é☞ï✛�↔ïÐìðï✶ï✾çÐî ➭ é ➭➲ý ï✑✏▼✒Ðçsñ➘ç✾ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❶ö ö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❸❹✾➜
➀ ö ❼ ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✶ñ➘ç✑☎úïÐù✭❱ ×✬➭ ç✆☎④ñ➘ç✡�✍ê♦ì P ù➂ê × ç▲ù × ê♦í✰îðê ö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❲⑨▲❹
➀ ö❽→ ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✶ñ➘ç✎�✍ê♦ì P ù✐ê✓✂➍ë ➭➮× ïÐù➲ê♦í✰î❰ê❺ö➜ö❒öÿö❒ö❒öÿö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❲⑨❺⑨
➀ ö ➜ ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✶ñ➘ç✡✺❺í✜☞▲ë➘ù➲ç✶ñ➘ê●ìôç▲ù ï❺é✾ê♦í✰î❰ç➘ö✑ö❒ö❒öÿö●ö❒öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❲⑨✾➛
➀ ö ⑩❫❻ ✴ ï❺ì ➭ ❋ × ê ➭ ☎èñ➘ê✬�➘ì❰ç▲➘ôê✈îðç✡�↔ï❺ì❰ï✶ï✑☎↕é☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎øñ➘ç✎�❛ê✈ì P ù✐ê × ç▲ù × ê✈í➍î❰ê❺ö✶ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❲⑨✆➔
➀ ö ⑩❺⑩ ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✶ñ↔ï✶ï✑�❶ì❰ç▼✶ ➭ é☞ï✑✏▼✒❺ç✢ñ❶ç✆☎❄ïÐõ❤ï✑☎ôîðï❺é✾ê♦í✰îðç✆☎èñ❶ç✦�✍ê♦ì P ù❂�❛ç❺ìøõ❴ë➘í✠✏✓★✬ê✓☎❄ï P í✠☎♦ö➁öÿö❒ö❒öÿö ⑩❲⑨▲❼
❼ ö ⑩ ✼➻í✜ö↔ë ❀ í✠✝ ➭ ï✾ñ❶ç✶õ❤ï♣îðç▲ìèñ➘ê✬☞✰ïÐí✠✟➘ç✶í↔ï✎☎❰ç▲ù➯ë✠✏▼✒❺ç✶ñ➘ç✎�➘ìôç▲û➘ù➯ê♦é☞ï❶ö❆öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▼➛❚➔
❼ ö ❹ ✣④ç▲í × ê✈ì❉☞ ❀ í✠✝ ➭ ï✦�↔ï❺ì❰ï✢ç✾ê✌☎ôî❰ë➘ñ➘ç✾ñ➘ê❏✝♦ï✑☎❰ç ⑩ ✝♦ç▲é õ❴ë➘í✠✏✓★✬ê✓☎❄ï P í✠☎♦ö✖öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▼➛✰❼
❼ ö ⑨ ✣④ç▲í × ê✈ì❉☞ ❀ í✠✝ ➭ ï✦�↔ï❺ì❰ï✢ç✾ê✌☎ôî❰ë➘ñ➘ç✾ñ➘ê❏✝♦ï✑☎❰ç ⑩ ✝♦ç▲é õ❴ë➘í✠✏✓★✬ê✓☎✞✂➍ë↔ï❺ñ❶ì✹❋Ðî ➭ ✝❫ï✾☎♦ö ö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▼➛ →
❼ ö ➛ ✣④ç▲í × ê✈ì❉☞ ❀ í✠✝ ➭ ï✦�↔ï❺ì❰ï✢ç✾ê✌☎ôî❰ë➘ñ➘ç✾ñ➘ê❏✝♦ï✑☎❰ç ❹ ✝♦ç▲é õ❴ë➘í✠✏✓★✬ê✓☎❄ï P í✠☎♦ö✖öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▼➛ →
❼ ö ➔ ✣④ç▲í × ê✈ì❉☞ ❀ í✠✝ ➭ ï✦�↔ï❺ì❰ï✢ç✾ê✌☎ôî❰ë➘ñ➘ç✾ñ➘ê❏✝♦ï✑☎❰ç ❹ ✝♦ç▲é õ❴ë➘í✠✏✓★✬ê✓☎✞✂➍ë↔ï❺ñ❶ì✹❋Ðî ➭ ✝❫ï✾☎♦ö ö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▼➛✆➜
❼ ö ➀ ✣④ç▲í × ê✈ì❉☞ ❀ í✠✝ ➭ ï✦�↔ï❺ì❰ï✢ç✾ê✌☎ôî❰ë➘ñ➘ç✾ñ➘ê❏✝♦ï✑☎❰ç ⑨ ✝♦ç▲é õ❴ë➘í✠✏✓★✬ê✓☎❄ï P í✠☎♦ö✖öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▼➛✆➜
❼ ö ❼ ✣④ç▲í × ê✈ì❉☞ ❀ í✠✝ ➭ ï✦�↔ï❺ì❰ï✢ç✾ê✌☎ôî❰ë➘ñ➘ç✾ñ➘ê❏✝♦ï✑☎❰ç ⑨ ✝♦ç▲é õ❴ë➘í✠✏✓★✬ê✓☎✞✂➍ë↔ï❺ñ❶ì✹❋Ðî ➭ ✝❫ï✾☎♦ö ö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▲➔Ð❻
❼ ö❽→ ✚✱✰↕ü➌ï❺í✰îðê✌☎úê❒ï✑�✄✸✆☎↕ï✢ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç✵�↔ïÐìðï✢ç✎✝❫ï✑☎ôç ⑩ ✝♦ç❺é✏ï❺ù✭❱ ×✬➭ ç✆☎èï P í✠☎♦öÿöÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▲➔✬⑩
❼ ö ➜ ✚✱✰↕ü➌ï❺í✰îðê✌☎úê❒ï✑�✄✸✆☎↕ï✢ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç✵�↔ïÐìðï✢ç✎✝❫ï✑☎ôç ⑩ ✝♦ç❺é✏ï❺ù✭❱ ×✬➭ ç✆☎✩✂➍ë↔ïÐñ➘ì✹❋Ðî ➭ ✝✈ç✆☎♦ö❅ö❒öÿö❒ö❒öÿö ⑩▲➔❺❹
❼ ö ⑩❫❻ ✚✱✰↕ü➌ï❺í✰îðê✌☎úê❒ï✑�✄✸✆☎↕ï✢ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç✵�↔ïÐìðï✢ç✎✝❫ï✑☎ôç ❹ ✝♦ç❺é✏ï❺ù✭❱ ×✬➭ ç✆☎èï P í✠☎♦öÿöÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▲➔❺❹
❼ ö ⑩❺⑩ ✚✱✰↕ü➌ï❺í✰îðê✌☎úê❒ï✑�✄✸✆☎↕ï✢ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç✵�↔ïÐìðï✤✝❫ï✑☎ôç ❹ ✝✈ç▲é✏ï❺ù✗❱ ×✬➭ ç✆☎❍✂➍ë↔ï❺ñ➘ì❉❋Ðî ➭ ✝♦ç✆☎✈ö➞öÿö❒öÿö❒ö❒öÿö ⑩▲➔Ð⑨
❼ ö ⑩❲❹ ✚✱✰↕ü➌ï❺í✰îðê✌☎úê❒ï✑�✄✸✆☎↕ï✢ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç✵�↔ïÐìðï✢ç✎✝❫ï✑☎ôç ⑨ ✝♦ç❺é✏ï❺ù✭❱ ×✬➭ ç✆☎èï P í✠☎♦öÿöÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▲➔Ð⑨
❼ ö ⑩❫⑨ ✚✱✰↕ü➌ï❺í✰îðê✌☎úê❒ï✑�✄✸✆☎↕ï✢ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç✵�↔ïÐìðï✤✝❫ï✑☎ôç ⑨ ✝✈ç▲é✏ï❺ù✗❱ ×✬➭ ç✆☎❍✂➍ë↔ï❺ñ➘ì❉❋Ðî ➭ ✝♦ç✆☎✈ö➞öÿö❒öÿö❒ö❒öÿö ⑩▲➔❘➛
❼ ö ⑩✓➛ ó❥ê✈ì P ù★ñ➘ç✶ñ➘ê✈í➍î❰ê❏�➘ï❺ìðï✢ç✎✝❫ï✑☎ôç ⑩ ✝✈ç▲é✏ï❺ù✗❱ ×✬➭ ç✆☎øï P í✠☎✈ö☞ö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▲➔❘➛
❼ ö ⑩❺➔ ó❥ê✈ì P ù★ñ➘ç✶ñ➘ê✈í➍î❰ê❏�➘ï❺ìðï✢ç✎✝❫ï✑☎ôç ⑩ ✝✈ç▲é✏ï❺ù✗❱ ×✬➭ ç✆☎✮✂✬ë➘ï❺ñ➘ì✹❋♣î ➭ ✝✈ç✆☎♦ö✕öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▲➔✑➔
❼ ö ⑩▼➀ ó❥ê✈ì P ù★ñ➘ç✶ñ➘ê✈í➍î❰ê❏�➘ï❺ìðï✢ç✎✝❫ï✑☎ôç ❹ ✝✈ç▲é✏ï❺ù✗❱ ×✬➭ ç✆☎øï P í✠☎✈ö☞ö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▲➔✾➀
❼ ö ⑩❲❼ ó❥ê✈ì P ù★ñ➘ç✶ñ➘ê✈í➍î❰ê❏�➘ï❺ìðï✢ç✎✝❫ï✑☎ôç ❹ ✝✈ç▲é✏ï❺ù✗❱ ×✬➭ ç✆☎✮✂✬ë➘ï❺ñ➘ì✹❋♣î ➭ ✝✈ç✆☎♦ö✕öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▲➔✾➀
❼ ö ⑩ →➒ó❥ê✈ì P ù★ñ➘ç✶ñ➘ê✈í➍î❰ê❏�➘ï❺ìðï✢ç✎✝❫ï✑☎ôç ⑨ ✝✈ç▲é✏ï❺ù✗❱ ×✬➭ ç✆☎øï P í✠☎✈ö☞ö❒öÿö❒ö❒öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▲➔❺❼
❼ ö ⑩▼➜ ó❥ê✈ì P ù★ñ➘ç✶ñ➘ê✈í➍î❰ê❏�➘ï❺ìðï✢ç✎✝❫ï✑☎ôç ⑨ ✝✈ç▲é✏ï❺ù✗❱ ×✬➭ ç✆☎✮✂✬ë➘ï❺ñ➘ì✹❋♣î ➭ ✝✈ç✆☎♦ö✕öÿö❒öÿö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩▲➔❺❼
❼ ö ❹Ð❻ ü✐ç❯✝♦ï❺ù ➭➯ý ï✑✏✓✒❺ç❾ñ↔ï✎✝❫ï❺ì✁☞✰ï✤☎❰ê✈é é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎èí➘ç✎�❛ê✈ì P ù✐ñ❶ç✆☎↕ñ➘ê♦í✰îðê✌☎♦ö⑧ö❒ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❺➀❺❻
❼ ö ❹✬⑩ ü✐ç❯✝♦ï❺ù ➭➯ý ï✑✏✓✒❺ç❾ñ↔ï✎✝❫ï❺ì✁☞✰ï✤✝♦ç▲é é☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎øí➘ç✎�❛ê✈ì P ù✐ñ❶ç✆☎↕ñ➘ê♦í✰îðê✌☎♦ö ö●öÿö❒ö❒öÿö❒öÿö❒ö❒öÿö ⑩❺➀➋⑩
❼ ö ❹❺❹ þ ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê❂ñ➘ê●ì❰ê✌☎❉�✍ç✆☎ôîðï✾ñ➘ç✎�➘ìôç▲û➘ù➯ê♦é☞ï✵�↔ï❺ìðï✢ç✡✝❫ï✑☎ôç ⑩ ✝✈ç▲é✏ï❺ù✗❱ ×✬➭ çsï P é❧ö✙ö❒öÿö❒öÿö❒ö❒öÿö ⑩❺➀❺⑨
❼ ö ❹Ð⑨ ❪●ì❉❋ P ✝✈ç✾ñ❶ê✫✝✈ç▲í✰îðç▲ìôí➘ç✾ñ↔ï✢ì❰ê✓☎✁�❛ç✑☎ôî➶ï✶ñ➘ç✡�➘ì❰ç❺û➘ù➲ê✈é✲ï✵�↔ïÐìðï✢ç✎✝❫ï✑☎ôç ⑩ ✝♦ç❺é✏ï❺ù✭❱ ×✬➭ ç✢ï P é ö★ö❒öÿö ⑩❺➀✾➛

✶ ➭➯×



✧ ß✐å✾â Û Ü✂Ý ❜ Û ❝ Ý➟❡✐Û✣å

⑨ ö ⑩ ó❡ï❺ì❉✺❺é✾ê✈îðìôç✆☎èû✧❋✑☎ ➭ ✝✈ç✆☎↕ñ➘ç✎�↔ï❺ìèñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄✟❶ê♦ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎♦ö ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ➔ →
⑨ ö ❹ ✰❥ê✈é✦�✍ç✶ñ➘ê✬�➘ì❰ç⑥✝♦ê✌☎❉☎❰ï❺é☞ê✈í✰îðç✡✝♦ç▲é✡�➘ë❶îðï✑✝ ➭ ç▲í↔ï❺ù❛ñ➘ç✆☎✞�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç✆☎♦ö➩ö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ➀❶⑩
➛ ö ⑩ ó❡ï❺ì❉✺❺é✾ê✈îðìôç✆☎èû✧❋✑☎ ➭ ✝✈ç✆☎↕ñ➘ç✎�↔ï❺ìèñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄✟❶ê♦ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎♦ö ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ➀❚➔
➛ ö ❹ ✴ ï❺ù➲ç❺ìøé✙❋▲✶ ➭ é☞çsñ↔ï✢ñ➘ê♦ì ➭➯× ï❺ñ↔ï

S
�➘ï❺ìðï✶ç✆☎èñ ➭➮× ê♦ì✁☎❰ç✆☎■�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎♦ö✬ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö❲→✆→

➔ ö ⑩ ✴ ï❺ù➲ç❺ì❰ê✓☎④ñ➘ç✻✯❧æ■✣➪�↔ï❺ì❰ï✶ç✑☎❄ñ ➭ õ❴ê♦ìôê♦í✰îðê✌☎↕í✠❱ × ê ➭ ☎èñ❶ê●î❰ç▲ì❉✂➍ë➘êÐö❀ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩❲❻✆➔
➔ ö ❹ ó②ó➃✚✱✰↕ü④✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✢ê❂é☞ê✈ñ ➭ ñ➘ç✎�↔ïÐìðï✢ç✆☎↕ñ ➭ õ❴ê✈ì❰ê✈í➍î❰ê✓☎↕í✠❱ × ê ➭ ☎↕ñ➘ê❂îðç▲ì✁✂✬ë❶ê❺ö②öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩❲❻✆➔
❼ ö ⑩ ó❡ï❺ì❉✺❺é✾ê✈îðìôç✆☎èû✧❋✑☎ ➭ ✝✈ç✆☎↕ñ➘ç✎�↔ï❺ìèñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄✟❶ê♦ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎✮�↔ï❺ì❰ï✢ç✡✝♦ï✑☎❰ç

1
ö öÿö❒ö●öÿö❒ö❒ö ⑩✓➛➍❹

❼ ö ❹ ó❡ï❺ì❉✺❺é✾ê✈îðìôç✆☎èû✧❋✑☎ ➭ ✝✈ç✆☎↕ñ➘ç✎�↔ï❺ìèñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄✟❶ê♦ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎✮�↔ï❺ì❰ï✢ç✡✝♦ï✑☎❰ç
2
ö öÿö❒ö●öÿö❒ö❒ö ⑩✓➛✰⑨

❼ ö ⑨ ó❡ï❺ì❉✺❺é✾ê✈îðìôç✆☎èû✧❋✑☎ ➭ ✝✈ç✆☎↕ñ➘ç✎�↔ï❺ìèñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄✟❶ê♦ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎✮�↔ï❺ì❰ï✢ç✡✝♦ï✑☎❰ç
3
ö öÿö❒ö●öÿö❒ö❒ö ⑩✓➛✆➛

❼ ö ➛ ✥ ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎èñ↔ï✑☎✞☎ ➭ é❾ë➘ù➲ï✑✏✓★✬ê✓☎✩✝✈ç▲é ç✎�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç✶ñ➘ê●ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç➘ö➤öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩▼➛✰❼
❼ ö ➔ ✥ ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎èñ➘ç☞ó ó❖✚✱✰↕üÑ❅

µm
❇✩✝♦ç▲é ç✎�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í✰îðç✶ñ➘ê●ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç➘ö❾ö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩▲➔Ð❻

❼ ö ➀ ✥ ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎②ñ↔ï✑☎ × ï❺ì ➭ ❋ × ê ➭ ☎ ñ❶êúç❺î ➭ é ➭➲ý ï✑✏▼✒❺ç✽ç▲û❶î ➭ ñ➘ç✆☎❖✝♦ç❺é➜ç❏�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç❒ñ➘ê❄ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç➘ö ⑩▲➔✆➔
❼ ö ❼ ✣④ç▲é✡�❛ç✆☎ ➭ ✏✓✒❺ç✢ñ➘ç✡✚✱✰↕ü✕í↔ï✑☎✞�✍ç✆☎ ➭ ✏✓★✬ê✓☎

6
ê

18
�↔ï❺ì❰ï✶ç✎✝♦ï✑☎❰ç ⑩ ✝♦ç▲é é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎↕ï P í✠☎♦ö✡ö ⑩▲➔ →

❼ ö♠→ ó❥ê✈ì❉✝♦ê✈í✰îðë↔ï❺ù❡ñ➘ê✵✝❫ïÐì❉☞✰ï■ï✑�❶ù ➭ ✝♦ï❺ñ↔ï✶í➘ç✆☎❀ñ❶ê♦í✰îðê✌☎❒ê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✆☎❀í↔ï✑☎✕�❛ç✆☎ ➭ ✏✌★➋ê✌☎ ➀ ê ⑩ →✦�↔ï❺ìðï✔ç
✝❫ï✑☎ôç ⑩ ✝✈ç▲é é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎èï P í✠☎♦ö☞öÿö❒ö●öÿö❒öÿö❒ö❒öÿö❒öÿö❒ö❒ö❒ö❒ö❒öÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩▲➔✾➜

❼ ö ➜ ✣④ç▲é✡�↔ï❺ìðï✾✏▼✒❺ç✢ñ➘ç✑☎❄ìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎✞�↔ï❺ì❰ï✢ç✡✝♦ï✑☎❰ç ⑩ ✝♦ç▲é ï❺ù✭❱ ×➋➭ ç✆☎øï P í✠☎♦ösöÿö❒öÿö❒ö❒öÿö❒ö●öÿö❒öÿö ⑩❺➀✆➔

✶ ×



✫ ä✙à Ý❏á ÞÖ❡✐Û➟â✍✐✂Ú Û

✗✭✬✯✮✤✰✲✱✴✳✶✵✖✱✷✮✹✸✻✺✼✱✴✳

A
❑ é☞ïÐî❰ì ➭➲ý ñ➘ç✆☎✞✝♦ç✬ê P ✝ ➭ ê✈í➍î❰ê✓☎❄ñ➘ê ➭ í✜ö➘ë ❀ í✠✝ ➭ ï

ai

❑ ✝✈ç➋ê P ✝ ➭ ê♦í✰îðê❒ñ➘ê ➭ í❯ö↔ë ❀ í✜✝ ➭ ï✢í➘ç✎�✍ç▲í✰îðç
i

C
❑ õ❤ï♣îðç▲ìèñ➘ê●ê✌☎❉✝❫ïÐù ï✎�↔ï❺ìðï✢ç✆☎↕ï♣õ❤ï✑☎ôîðï❺é☞ê✈í✰îðç✆☎❄ï❺ñ ➭ ✝ ➭ ç▲í↔ï ➭ ☎

c(ζ̂)
❑ õ❴ë➘í✠✏▼✒Ðç☞ñ➘ê✬✝✈ç▲ì❰ìôê✓✏▼✒Ðç☞ñ↔ï✢ñ➘ê✷ö↔ê✷✶✜✒❺ç☞ñ➘ê ×✬➭ ñ➘ç✡ú✾ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï

ζ̂
ñ↔ï✶ï❺ìôê✓☎ôîðï✾ù ➭➯× ì❰ê

dF

❑ ïÐù✭❱ ×✬➭ ç❾é✙❋▲✶ ➭ é☞çsí➘ç✦�✍ê♦ì P ù✐ê × ç▲ù × ê♦í✰îðê❒é✾ç➋ñ ➭◗P ✝❫ïÐñ➘ç
dY

❑ ïÐù✭❱ ×✬➭ ç❾í➘ç✡�❛ê✈ì P ù✐ê × ç▲ù × ê♦í✰î❰êÿê✈é ë➘é❲�✍ç▲í✰îðç
Y

E
❑ é✡✸✬ñ➘ë➘ù➲ç✢ñ❶ê❒ê✈ù ï✑☎❮î ➭ ✝ ➭ ñ➘ï❺ñ➘ê❀ñ➘ê❂î❰ìðï✑✏✓✒❺ç✶ê✫✝✈ç▲é✡�➘ì❰ê✌☎❉☎✹✒Ðç

(N/mm2)

e(t)
❑ õ❴ë➘í✠✏▼✒Ðç☞ñ➘ê●ê❸✶✜✝ ➭ îðï✑✏▼✒❺ç✶ñ➘ç✡☎ ➭ ☎ôî❰ê♦é☞ï✶í❶ç ➭ í✠☎ôîðï❺í✰îðê

t

Fp

❑ ê✈ì❰ìôç☞ñ➘ê●ê✌☎❉�↔ï✑✏♦ï❺é✾ê♦í✰îðç☞ï✑✝♦ë❶é❾ë➘ù ïÐñ➘ç
Fα

❑ ê✈ì❰ìôç✾î❰ç❺î➶ï❺ù❨ñ➘ç✎�❛ê✈ì P ù
f(x̄

′

)
❑ õ❴ë❶í✠✏▼✒❺ç✡✝♦ç❺é❾ë➘é ñ↔ï✾☎❄ñ❶ê✌ö↔ê❸✶✜★✬ê✓☎❄í↔ï✢ñ ➭ ì❰ê✓✏✓✒❺ç✶ñ↔ï✶ù ï❺ì✁☞▲ë➘ìðï❾ñ➘ï✎�❶ù ï✑✝♦ï

ffα

❑ ê✈ì❰ìôç☞ñ➘ê❂õ❴ç▲ìôé✲ï❾ñ❶ç✡�✍ê♦ì P ù
fHα

❑ ê✈ì❰ìôç☞ñ➘ç✡✺❺í✜☞▲ë➘ù➲ç✶ñ➘ç✎�✍ê♦ì P ù
fHβ

❑ ê✈ì❰ìôç☞ñ➘ê❒ï❺ù ➭ í✠✟➘ï❺é☞ê✈í✰îðç❾ê✈í➍î❰ì❰ê❒ç✆☎↕ñ➘ê♦í✰î❰ê✓☎
fp

❑ ê✈ì❰ìôç☞ñ➘ê●ê✌☎❉�↔ï✑✏♦ï❺é✾ê♦í✰îðç☞ï❺ñ❘➘❰ï✑✝✈ê♦í✰îðê
fu

❑ ñ ➭ õ❴ê♦ìôê♦í✠✏♦ï✾ê✈í✰îðì❰ê❒ê✓☎✁�↔ï✑✏♦ï❺é☞ê✈í✰îðç✆☎❄ï❺ñ❘➘❰ï✾✝♦ê♦í✰î❰ê✓☎
g

❑ × ê✈î❰ç▲ìúñ❶ç✆☎❄ïÐõ❤ï✑☎ôîðï❺é✾ê♦í✰îðç✆☎èìôê✓☎ôë➘ù➯îðï❺í✰îðê✓☎❄ï✑�✄✸✆☎❄ï✶ï✑�➘ù ➭ ✝❫ï✾✏▼✒❺ç✢ñ↔ï✤✝♦ï❺ì❉☞✰ï
gi

❑ ï♣õ❤ï✑☎ôîðï❺é☞ê✈í✰îðç✶ê♦í✰îðìôêÿë❶é❲�↔ï❺ìèñ➘ê✬�✍ç▲í✰îðç✆☎↕ñ ➭ ☎❉✝✈ì❰ê✈î❰ç✆☎❄ï✑�✄✸✆☎↕ï☞ï✾�➘ù ➭ ✝❫ï✑✏✓✒❺ç❾ñ↔ï✎✝❫ï❺ì✁☞✰ï
g(ȳ

′

)
❑ õ❴ë❶í✠✏▼✒❺ç✡✝♦ç❺é❾ë➘é ñ↔ï✾☎❄ñ❶ê✌ö↔ê❸✶✜★✬ê✓☎❄í↔ï✢ñ ➭ ì❰ê✓✏✓✒❺ç✶ñ↔ï✾ï❺ù➯î❰ë➘ìðï❾ñ↔ï✤�➘ù➲ï✑✝❫ï

H
❑ ïÐù➯îðë❶ìðï✢ñ↔ï✤�➘ù ï✾✝❫ï✢ñ➘ê●ñ ➭ é✾ê♦í✜☎❉★✬ê✓☎↕ï❺í✧❋Ðù➲ç✆☞✰ï✾☎èï❺ç✶ñ➘ê♦í✰î❰êÿñ↔ï✢ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é

(mm)

✶ ×✬➭



h
❑ × ê îðç▲ì↕ñ➘ç✆☎❄ïÐõ❤ï✾☎ôî➶ïÐé☞ê✈í➍î❰ç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎ ê♦í✰îðìôêÿç✑☎✿�❛ç▲í✰î❰ç✆☎↕ñ ➭ ☎✁✝♦ì❰ê îðç✆☎

ha

❑ ïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰îðç✾ï❺ñ ➭ ✝ ➭ ç▲í↔ï❺ù❛ê♦í✰îðìôê●ç✆☎✞�❛ç▲í✰î❰ç✆☎↕ñ ➭ ☎✁✝♦ì❰ê îðç✆☎✞�↔ïÐìðï✢ì❰ê✈ñ➘ë ý♦➭ ìèç✲ó②ó❖✚✱✰
hT

❑ ïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰îðç ➭ í ➭ ✝ ➭ ï❺ù✝îðç❺îðï❺ù➂ê✈í➍î❰ì❰ê❒ç✆☎✿�✍ç▲í✰îðç✆☎↕ñ ➭ ☎❉✝♦ìôê✈î❰ç✆☎
➎
c

❑ ✝♦ç▲í▲➘ôë➘í✰îðç✾ñ➘ê✬�❛ç▲í✰î❰ç✆☎↕ñ ➭ ☎✁✝♦ì❰ê îðç✆☎↕ê✈é❲✝♦ç▲í✰îðïÐîðç
➎
n

❑ ✝♦ç▲í▲➘ôë➘í✰îðç✾ñ➘ê✬�❛ç▲í✰î❰ç✆☎↕ñ ➭ ☎✁✝♦ì❰ê îðç✆☎✞✂➍ë➘ê●í✧✒❺ç✾ê✓☎❮î❙✒❺ç✶ê✈éû✝♦ç▲í✰î➶ï♣îðç
➎
g

❑ ✝♦ç▲í▲➘ôë➘í✰îðç✾ñ➘ê❂îðç✬ñ➘ç✆☎èç✆☎✞�✍ç▲í✰îðç✆☎↕ñ ➭ ☎❉✝♦ìôê✈î❰ç✆☎
(
➎
c ∪

➎
n)

Ki

❑ ì ➭ ☞ ➭ ñ➘ê ý ñ➘ê●ë➘é❲�✍ç▲í✰îðç✾ê♦é ✝♦ç▲í✰î➶ï♣îðç
i

Kc
❑ ì ➭ ☞ ➭ ñ➘ê ý ñ➘ê●ë➘é❲�➘ï❺ì↕ñ➘ê✬�❛ç▲í✰î❰ç✆☎↕ê♦é❲✝✈ç▲í✰î➶ïÐî❰ç

Keq

❑ ì ➭ ☞ ➭ ñ➘ê ý ê✓✂➍ë ➭➮× ï❺ù➲ê✈í➍î❰ê●ñ➘ç✆☎✞�❛ç❺í➍î❰ç✆☎↕ñ↔ï✢ì❰ê✌☞ ➭ ✒❺ç✢ñ❶ê✫✝✈ç▲í✰î➶ïÐî❰ç
MP

❑ é✡✸➋ñ➘ë❶ù➲ç✢ê✓✂➍ë ➭➮× ï❺ù➲ê✈í➍î❰ê❂ñ↔ï✎�➘ù ï✑✝♦ï✢ï❺í✧❋❺ù➯ç✆☞✰ï✢ï❺ç✶ñ➘ê✈í✰îðê❒ñ↔ï✢ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é
(mm)

N
❑ í ✩ é✾ê♦ì❰ç✾ñ➘ê●ñ➘ê✈í➍î❰ê✓☎❄ñ↔ï✢ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é

P
❑ �❛ç❺í➍î❰ç✎✂✬ë➘ï❺ù✭✂➍ë➘ê✈ì❄í➘ï✡☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê❂ñ❶ç✾ñ❶ê♦í✰îðê

p
❑ õ❴ç▲ì✁✏❫ï❾î➶ï❺í✜☞▲ê♦í✠✝ ➭ ï❺ù

(N)

p ′
❑ õ❴ç▲ì❉✏♦ï✢í➘ç▲ì❰é☞ï❺ù✐ïÐç✡�❶ù ï❺í➘ç✢í❶ê♦ë❶î❰ì❰ç✾ñ↔ï✡�❶ù ï✑✝♦ï

(N)

pN

❑ õ❴ç▲ì❉✏♦ï✢í➘ç▲ì❰é☞ï❺ù❂ú✤☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê
(N)

q
❑ × ê îðç▲ì↕ë➘í ➭ î❙❋❺ì ➭ ç

r
❑ ìðï ➭ ç✢ñ↔ï✶ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é

(mm)

S
❑ ñ➘ê♦ì ➭➯× ï❺ñ↔ï✤�↔ïÐìðï✢ç✎✝▼❋❺ù✗✝♦ë➘ù➯ç✢ñ↔ï✡☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê

s
❑ × ê îðç▲ì↕ñ➘ê✬☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ïÐñ➘ê❀ñ➘ç✆☎❄ïÐõ❤ï✾☎ôî➶ïÐé☞ê✈í➍î❰ç✆☎❄ï❺ñ ➭ ✝ ➭ ç❺í↔ï ➭ ☎

t
❑ × ê îðç▲ì↕ñ➘ç✆☎èî❰ç▲ì❉✂➍ë➘ê✌☎úñ ➭ ☎❉✝✈ì❰ê✈î❰ç✆☎

(Nm)

ti
❑ îðç▲ì✁✂➍ë➘ê❒ï✑�➘ù ➭ ✝❫ï❺ñ❶ç✢í➘ç✎�❛ç▲í✰î❰ç☞ñ ➭ ☎❉✝✈ì❰ê✈î❰ç

i (Nm)

U
❑ × ï❺ù➲ç▲ìøï❺û✠☎❰ç❺ù➲ë❶î❰ç✾ñ➘ï✶ñ❶ê✌ö↔ê❸✶✠✒Ðç✲ñ➘ç✶ñ➘ê✈í➍î❰ê

(µm/N)

u0

❑ ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰î❰ç✾ñ❶ç☞ê✈ù➲ê♦é✾ê♦í✰î❰ç✡✝✈ç▲é✾ç✢ë➘é îðç✬ñ➘ç
u(x)

❑ ì❰ê✌☎❉�✍ç✆☎ôîðï✾ñ➘ï✶õ❴ë➘í✜✏▼✒❺ç
u
�➘ï❺ìðï✶ï × ïÐì ➭ ❋ × ê♦ù

x

v(r̄k)
❑ õ❴ë➘í✠✏✓✒❺ç✦✝✈ç▲é❾ë➘é ñ↔ï✑☎↕ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎✽ñ➘ï❺ñ↔ï✤�❛ê✈ù ï✢ñ ➭ ☎ôî❙✺Ðí✠✝ ➭ ï

r̄k

w
❑ × ê îðç▲ì↕ñ↔ï✑☎↕ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎úê♦ùõ❋✾☎ôî ➭ ✝❫ï✑☎④í➘ç✦�✍ç▲í✰îðç✑☎❄ê✈é❲✝♦ç❺í➍îðïÐîðç

(mm)

wi

❑ ñ➘ê✌ö➘ê✷✶✜✒❺ç✲ñ❶ç✾ñ❶ê♦í✰îðê❒í➘ç✎�❛ç❺í➍î❰ç☞ñ ➭ ☎❉✝✈ì❰ê îðç
i (mm)

wB

❑ ñ➘ê✌ö➘ê✷✶✜✒❺ç✲ñ❶ç✾ñ❶ê♦í✰îðê✫✝♦ç▲é✾ç✶ë➘é î❰ç➋ñ➘ç
(mm)

wH

❑ ñ➘ê✌ö➘ê✷✶✜✒❺ç✲í❶ç▲ì❰é☞ï❺ù❛ú✤☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê❂ñ❶ê ×✬➭ ñ➘ç☞ï❺ç✎✝♦ç❺í➍îðïÐîðç
(mm)

x
❑ × ê îðç▲ì↕ñ↔ï✑☎ × ï❺ì ➭ ❋ × ê ➭ ☎èñ➘ê✬�➘ìôç❘➘ôê✈î❰ç✦�↔ïÐìðï✶ï✑☎↕é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎øñ➘ç✡�❛ê✈ì P ù

✶ ×➋➭➯➭



✗✭✬✯✮✤✰✲✱✴✳✶✽✴✰✾✬✿✽✎✱✎✳

α
❑ �↔ï✾☎❉☎❰ç✾ç▲ë■õ❤ïÐî❰ç▲ìèñ➘ê●ê✓☎✁✝❫ï❺ù➲ï✎�➘ï❺ìðï✶ï✶û➘ë✠☎❉✝♦ï✾ñ➘ï✡☎ôç▲ù➲ë✠✏✓✒❺ç✎✸❺î ➭ é✲ï

β
❑ ✺❺í✜☞▲ë➘ù➲ç✢ñ❶ê✫✟✜✪♦ù ➭ ✝♦ê

(rad)

∆x
❑ ➭ í✠✝♦ìôê♦é✾ê♦í✰îðç✶ê♦é

x

δ
❑ ✺❺í✜☞▲ë➘ù➲ç✢ñ❶ê❒ìôç❺î➶ï✾✏▼✒❺ç✶ñ➘ê❒ï✑�➘ìôç▼✶ ➭ é✲ï✾✏▼✒❺ç✢ê✈í➍î❰ì❰ê❒ï✑☎✞☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎èñ➘ç✆☎↕ñ➘ê♦í✰î❰ê✓☎

(rad)

ǫ
❑ ê✈ì❰ì❰ç✾ï❺ñ❶é ➭ ☎❉☎❉❱ × ê✈ù❛�↔ï❺ì❰ï✾ï✎✝♦ç❺í × ê♦ì✁☞ ❀ í✠✝ ➭ ï✶í↔ï✎☎❰ç▲ù➯ë✠✏▼✒❺ç✶ñ➘ç✎�➘ìôç▲û➘ù➯ê♦é☞ï

φ
❑ ✺❺í✜☞▲ë➘ù➲ç☞ê♦í✰îðìôê✢ë➘é �❛ç▲í✰î❰ç✔ñ ➭ ☎✁✝♦ìôê✈îðç■í➘ï✻☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ êsñ➘ç✲ñ➘ê♦í✰îðê✢êsç■ê ➭ ✶➋ç

y
ñ➘ç➆☎ ➭ ☎❮îðê♦é☞ï✲ñ➘ê

✝✈ç➋ç▲ìôñ➘ê♦í➘ï❺ñ↔ï✑☎
(rad)

η
❑ ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï❾í↔ï✢ñ ➭ ìôê✓✏✓✒❺ç✶ìðï❺ñ ➭ ï❺ù➂ñ➘ï✶ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é✏ê❂ê♦é✏ìôê♦ù➲ï✑✏▼✒❺ç✶ïÐç✾ì❰ï ➭ ç✢ê❸✶✬îðê♦ìôí➘ç

(mm)

κ
❑ ê❸✶✜�✍ç✬ê♦í✰îðê❩�↔ï❺ì❰ï➣ç➇ï❺ù✭❱ ×✬➭ ç➌ñ➘ç➉�✍ê♦ì P ù ➭ ☞▲ë↔ïÐù❂ï

1
�↔ïÐìðï➞õ❴ë➘í✠✏▼✒Ðç❏ï P é ê

2
�↔ïÐìðï➞õ❴ë➘í✠✏▼✒Ðç

✂➍ë↔ï❺ñ❶ì✹❋Ðî ➭ ✝❫ï
λ

❑ õ❤ïÐî❰ç▲ìøñ➘ê●ê✌☎❉✝❫ïÐù ï✶ñ↔ï✑☎✞✝♦ç✬ç▲ì❰ñ❶ê♦í↔ï❺ñ➘ï✑☎
x

′ ê
ζ

′

ν
❑ ✝✈ç➋ê P ✝ ➭ ê♦í✰îðê●ñ➘ê❒ó❥ç ➭ ☎❉☎ôç▲í

Θ
❑ ✺Ðí✠☞▲ë➘ù➯ç✢ñ➘ê●ì❰ç❺îðï✑✏▼✒❺ç✶ñ↔ï✢ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é

(rad)

ξ
❑ ✺❺í✜☞▲ë➘ù➲ç✢ñ❶ê❒ìôç▲ù ïÐé☞ê✈í➍î❰ç

(rad)

ζ
❑ ê ➭ ✶➋ç✍�➘ï❺ìðï❺ù➯ê♦ù➯ç ïÐç✍�↔ï✾☎❉☎❰ç❉ñ➘ç❉ñ➘ê✈í✰îðê✲ñ➘ï ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é ñ➘ê✲ë➘é ☎ ➭ ☎❮îðê♦é☞ï❚ñ➘ê✙✝✈ç➋ç▲ìôñ➘ê♦í➘ï❺ñ↔ï✑☎

ù➯ç❯✝♦ï❺ù
∆

❑ ñ➘ê✌☎ ×✬➭ ç☞ï❺í✠☞❺ë➘ù ï❺ì
(rad)

☛☛❀❂❁❃✬✯✰✲✬❄✳✹❅❆✰✾✸❇✮✹❈✎✳

ˆ
❑ ì❰ê õ❴ê♦ìôê✷❑➏☎ôê❒ï✶ë❶é✲ï✢ñ ➭ ☎ôî❙✺Ðí✠✝ ➭ ï✶ê✈é ì❰ê✈ù ï✑✏✓✒❺ç✶ï✶ï❺ì❰ê✌☎ôîðï✾ù ➭➯× ì❰ê

′
❑ ì❰ê õ❴ê♦ì❰ê❸❑➏☎ôê❏ú✤✝✈ç➋ç▲ìôñ➘ê♦í➘ï❺ñ↔ï✶ñ↔ï✤�➘ù ï✑✝♦ï✶ï❺í✧❋❺ù➯ç✆☞✰ï✢ï❺ç✶ñ➘ê✈í➍î❰ê

x̄
❑ ì❰ê õ❴ê♦ìôê✷❑➏☎ôê✫ú✶ì❰ï ý ✒Ðç☞ê✈í➍î❰ì❰ê●ë➘é☞ï✢ñ ➭ é✾ê♦í✠☎❉✒❺ç

x
ê❒ï✶ï❺ù➮îðë➘ì❰ï

H
ñ↔ï✤�➘ù➲ï✑✝❫ï✶ï❺í✠❋❺ù➲ç✆☞▲ï❾ï❺ç✶ñ➘ê♦í✰î❰ê

f
❑ ì❰ê õ❴ê♦ì❰ê❸❑➏☎ôêÿï✤✝✈ç▲í➘ñ ➭ ✏▼✒❺ç✶ì❰ê✌☎❰ë➘ù➮î➶ïÐí➍î❰ê❒ï✑�þ✸✑☎úï✶ï✑�❶ù ➭ ✝♦ï✑✏▼✒Ðç✢ñ↔ï✤✝❫ï❺ì✁☞✰ï

i
❑ ì❰ê õ❴ê♦ì❰ê❸❑➏☎ôêÿï✤✝✈ç▲í➘ñ ➭ ✏▼✒❺ç ➭ í ➭ ✝ ➭ ï❺ù❨ç❺ë➞☎ôê♦éû✝♦ï❺ì❉☞✰ï✶ï✑�❶ù ➭ ✝♦ï❺ñ↔ï

1
❑ ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é é☞çÐîðç▲ì❰ï❾ç▲ë↔� ➭ í✠✟✠✒❺ç

2
❑ ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é é☞ç ×✬➭ ñ➘ï

a
❑ ì❰ê õ❴ê♦ìôê✷❑➏☎ôê❒ï✶ë❶é × ï❺ù➲ç▲ìèç❺û❶î ➭ ñ➘ç✶ï❺í↔ï❺ù ➭ î ➭ ✝❫ïÐé☞ê✈í➍î❰ê

b
❑ ì❰ê õ❴ê♦ì❰ê❸❑➏☎ôê❏ú✢ñ➘ê✷ö↔ê✷✶✜✒❺ç☞ñ➘ç✶ñ➘ê♦í✰î❰ê❏✝✈ç▲é☞ç✶ë➘é îðç✬ñ➘ç

✶ ×✬➭➲➭➯➭



r
❑ ì❰ê✈õ❴ê✈ì❰ê❸❑➏☎❰êÿï❺ç✾ï❺ù✗❱ ×✬➭ ç❾ñ❶ç✡�✍ê♦ì P ù✐í➘ç✎☎❰ê✈í✰î ➭ ñ❶ç☞ñ↔ï✶ìðï ➭➲ý ñ➘ç✑☎❄ñ❶ê♦í✰îðê✌☎

T
❑ ➭ í➘ñ ➭ ✝❫ï✢ï✢îðì❰ï❺í✠☎❉�✍ç✆☎❮î➶ï✢ñ➘ê●ë➘é☞ï✶é☞ïÐî❰ì ➭➲ý ç▲ë × ê✈î❰ç▲ì

t
❑ ì❰ê✈õ❴ê✈ì❰ê❸❑➏☎❰êÿï❺ç✾ï❺ù✗❱ ×✬➭ ç❾ñ❶ç✡�✍ê♦ì P ù✐í➘ç✎☎❰ê✈í✰î ➭ ñ❶ç☞ñ➘ç✶îðç✑�❛ç✶ñ➘ç✆☎èñ❶ê♦í✰îðê✌☎

☛☛❀❂❉❊✳✹❅❆✰✾✸❋✮✹❈●✳

c
❑ ìôê✈õ❴ê✈ì❰ê✷❑➶☎❰êÿï❺ç✎�❛ç❺í➍î❰ç✶ñ ➭ ☎✁✝♦ì❰ê îðç✾ê♦é❲✝✈ç▲í✰î➶ïÐî❰ç

F
❑ ìôê✈õ❴ê✈ì❰ê✷❑➶☎❰êÿï❺ç✎�❛ç❺í➍î❰ç P í↔ï❺ù✐ñ➘ç✾ï❺ù✗❱ ×✬➭ çsí➘ç✦�✍ê♦ì P ù✐ñ➘ç✆☎↕ñ➘ê✈í✰îðê✓☎

g
❑ ìôê✈õ❴ê✈ì❰ê✷❑➶☎❰êÿï❺ç✶ìðï ➭ ç✢û↔ï✑☎ôê❒ñ➘ï✾ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é

I
❑ ìôê✈õ❴ê✈ì❰ê✷❑➶☎❰êÿï❺ç✎�❛ç❺í➍î❰ç✶ñ➘ê ➭ í✠❱✗✝ ➭ çsñ➘ç✲ïÐù✭❱ ×✬➭ ç❾í➘ç✎�❛ê✈ì P ù✐ñ❶ç✆☎↕ñ➘ê♦í✰îðê✌☎

l
❑ × ï❺ù➯ç▲ìèù➲ç❺í✠☞ ➭ î❰ë➘ñ ➭ í↔ï❺ùÕ❅❤é✾é✻❇

m
❑ ìôê✈õ❴ê✈ì❰ê✷❑➶☎❰êÿï✢ë➘é × ï❺ù➲ç❺ìøé☞ê✈ñ ➭ ñ❶ç

min
❑ ìôê✈õ❴ê✈ì❰ê✷❑➶☎❰êÿï✢ë➘é✲ï✢ñ ➭ é☞ê✈í✠☎✹✒Ðç✾é✡❱➲í ➭ é☞ï

n
❑ ìôê✈õ❴ê✈ì❰ê✷❑➶☎❰êÿï❺ç✎�❛ç❺í➍î❰ç✶ñ ➭ ☎✁✝♦ì❰ê îðç✡✂➍ë➘ê●í✧✒❺ç✾ê✓☎ôî✹❋✾ê✈é❲✝♦ç❺í➍îðïÐîðç

o
❑ ìôê✈õ❴ê✈ì❰ê✷❑➶☎❰êÿï❺ç✶ìðï ➭ ç✤�➘ì ➭ é ➭ î ➭➮× ç

p
❑ ì❰ê✈õ❴ê✈ì❰ê❸❑➏☎❰êÿï✢ë➘é❲�✍ç▲í✰îðç

P
í↔ï✎☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê❂ñ➘ç✶ñ➘ê✈í✰îðê

s
❑ �❶ù ï❺í➘ç✢î❰ìðï❺í✠☎ × ê✈ì❉☎ðïÐù

Y
❑ ìôê✈õ❴ê✈ì❰ê✷❑➶☎❰êÿï✢ë➘é❲�✍ç▲í✰îðç✎✂➍ë↔ï❺ù✭✂➍ë➘ê✈ì↕í➘ç✦�✍ê♦ì P ù✐ñ➘ê●ñ➘ê✈í➍î❰ê

✎❍❉■✰✾✬✯❏☛✸✖✱✴❑▼▲◆✬❄✳

✣ ✽ ✣ ❑ ✣④ç▲í✰îðì❰ç❺ù➲ê ✽ ë❶é✦✪✈ì ➭ ✝✈ç✦✣④ç▲é✦�❶ë❶î➶ï❺ñ❶ç▲ì ➭➯ý ï❺ñ➘ç
✚✱✰ ❑ ✚②ìôì❰ç✶ñ➘ê✫✰❥ì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
✚✱✰↕ü ❑ ✚②ìôì❰ç✶ñ➘ê✫✰❥ì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç☞ü✐ç▲í✜☞ ➭ î❰ë➘ñ ➭ í➘ï❺ù
✯ æ■✣ ❑ ❖❿♣❳⑩✓③❚✉✑❼◗P✕①❙①✷➙⑥❶❉✉✑✈⑧s❙r✦➐❬❶❸✇⑦➋➏r✷❶❸✇❿⑩❘✈✿❖
ó②ó❖✚❖✰ ❑ ó ➭ ✝♦ç✾❑➻ï❘❑÷ó ➭ ✝♦ç❾ñ➘ç✦✚➀ì❰ìôç✾ñ❶ê✫✰❽ìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç
ó②ó❖✚❖✰↕ü ❑ ó ➭ ✝♦ç✾❑➻ï❘❑÷ó ➭ ✝♦ç❾ñ➘ç✦✚➀ì❰ìôç✾ñ❶ê✫✰❽ìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç✾ü✐ç▲í✠☞ ➭ îðë➘ñ ➭ í↔ï❺ù

✶ ➭ ✶



❘ Û ❤❚❙✍â✍✐ ❡➂ä ❯

❱ áãâ❚Ú ä✏Ü ✐❳❲❩❨❖ä

æ➢✝✈ì❰ê✓☎✁✝♦ê✈í➍î❰ê❀ê × ç▲ù➲ë✜✏▼✒❺çsî❰ê✓✝✈í➘ç▲ù✭✸✑☞ ➭ ✝♦ï❶ò❚✂➍ë➘ê✕☎ôêúîðê✈é × ê♦ì ➭✗P ✝♦ï❺ñ➘ç❾í➘ï✑☎ ✩ ù➯î ➭ é✲ï✾☎➀ñ✠✪✓✝♦ï❺ñ↔ï✑☎✈ò❶ñ➘ê × ê✷❑➶☎❰ê❈�➘ì ➭ í✠✝ ➭ ❑
�↔ï❺ù➯é☞ê✈í✰îðêÿï❺ç✙✝✈ç▲í✠✟➘ê✌✝ ➭ é✾ê♦í✰î❰ç✻✝ ➭ ê♦í✰î✹❱ P ✝♦ç➘ò✍ç✻✂➍ë↔ï❺ù★õ❴ç▲ìôí➘ê✓✝✈ê✛☎❰ë❶û✠☎❉❱➯ñ ➭ ç✆☎❄�↔ï❺ì❰ï✔ï☞é✾ê♦ù✗✟➘ç▲ì✞✝♦ç▲é✡�➘ìôê♦ê♦í✜☎✹✒❺ç■ñ➘ç✑☎
õ❴ê♦í✛❬▲é☞ê✈í➘ç✆☎❒õ➌❱✭☎ ➭ ✝♦ç✆☎✈ò❥ê✙ú❉ê × ç▲ù➲ë✜✏▼✒❺ç ñ➘ç✆☎sìôê✓✝✈ë➘ì❉☎ôç✆☎✵✝♦ç❺é✦�➘ë➋î➶ï✑✝ ➭ ç▲í↔ï ➭ ☎♦ò➨✂➍ë➘ê✻�✍ê♦ìôé ➭ îðê♦é✂ï❉é✲ïÐí ➭ �➘ë❶ù ï✑✏✓✒❺ç❚ê
�➘ìôç❯✝✈ê✓☎❉☎❰ï❺é✾ê♦í✰îðç❅ñ➘ê➆☞❺ìðï❺í➘ñ❶ê × ç❺ù➲ë➘é✾ê✔ñ➘ê✔ñ➘ï❺ñ➘ç✆☎✈ö❅æ✽ù✭✪✈é ñ ➭ ☎❉☎ôç➘ò⑧ç✆☎sì❰ê✓✝✈ë➘ì❉☎ôç✆☎✤�↔ï❺ì❰ï➲☎ ➭ é❾ë➘ù ï✾✏▼✒❺ç❧ê✲îðê✌☎ôî❰ê✓☎
☎✹✒Ðç✛✟➘ç❘➘ôêúû❛ê✈éãñ ➭ õ❴ë➘í❶ñ ➭ ñ➘ç✑☎Õê✽ï❺ë❯✶ ➭ ù ➭ ï❺é✣í➘ç✛�➘ìôç❘➘ôê✈î❰ç❾ê❄ñ➘ê✓☎ôê♦í × ç▲ù ×✬➭ é✾ê♦í✰îðç✢ñ➘êúí➘ç × ç✆☎❍�➘ì❰ç✬ñ➘ë❶î❰ç✆☎Õî❰ç▲ì❰í➘ï❺í➘ñ➘ç✾❑
☎❰ê➫�↔ï❺ìôî❰ê ➭ í➍î❰ê✓☞▲ì❰ï❺ñ↔ï➁ñ➘ç④☎ ➭ ☎ôî❰ê♦é☞ï✕ñ➘ê❉ñ❶ê✓☎❰ê✈í × ç▲ù ×➋➭ é☞ê✈í✰îðç➞ñ➘ê✍�➘ì❰ç✬ñ➘ë❶î❰ç✆☎✔ê î❰ê✓✝✈í➘ç▲ù➲ç✑☞ ➭ ï✴ñ↔ï✕é☞ï ➭ ç❺ì ➭ ï❅ñ↔ï✾☎
ê♦é✡�➘ìôê✓☎ðï✾☎♦ö

æ✙îðê✌✝♦í➘ç❺ù➲ç✆☞ ➭ ï✾ñ❶ê ➭ í❶õ❴ç❺ì❰é☞ï✑✏▼✒❺ç✶î➶ïÐé❾ûþ✪✈é✏îðê♦é✖ñ↔ï❺ñ❶ç✻☞▲ìðïÐí➘ñ➘ê✛✝✈ç▲í✰îðì ➭ û➘ë ➭ ✏▼✒❺ç✦�↔ï❺ì❰ï✲ñ ➭➯× ë➘ù✗☞✰ï✑✏✓✒❺ç✲êsï❺é✎❑
�➘ù ➭ ï✑✏✓✒❺ç✔ñ➘ç➞✝♦ç▲í✜✟➘ê✓✝ ➭ é✾ê♦í✰îðç↔✝ ➭ ê♦í✰î✹❱ P ✝♦ç❶ò★õ❤ï ý ê♦í❶ñ➘ç↔✝♦ç▲é❦✂➍ë➘ê ➭ í➋õ❴ç▲ì❰é☞ï✑✏✓★✬ê✓☎úí➘ê✓☎❮îðê✡✝❫ï❺é✡�✍ç❚î❰ç▲ì❰í❶ê♦é✤❑➏☎❰ê✢ñ ➭ ☎❫❑
�✍ç▲í✠❱ × ê ➭ ☎✢ï❺ç✆☎✤�✍ê✓☎✁✂✬ë ➭ ☎ðïÐñ➘ç▲ì❰ê✌☎✶ê■ê✓☎ôî❰ë➘ñ ➭ ç✆☎❰ç✆☎✶ê✈é îðç✬ñ↔ï✑☎✶ï✾☎✤�↔ï❺ìôî❰ê✓☎✢ñ➘ç✴é❾ë❶í➘ñ➘ç➘öÓ❴úç❘➘ôê❧ï✑☎✢ñ➘ê✌☎❉✝✈ç▲û❛ê✈ìôîðï✑☎
✝ ➭ ê♦í✰î✹❱ P ✝❫ï✾☎■☎❉✒❺ç✶é✲ï ➭ ☎øì❰ï✑� ➭ ñ➘ï❺é☞ê✈í✰îðê❂ñ ➭➮× ë❶ù✭☞✰ï❺ñ➘ï✑☎øê✬✝♦ç▲í✜✟➘ê✓✝ ➭ ñ↔ï✑☎❄ïÐî❰ìðï × ✪✌☎úñ❶ç✆☎↕é☞ê ➭ ç✆☎èê✈ù➲ê✈î❰ì❭❬▲í ➭ ✝♦ç✑☎♦ö

✣④ç▲é✾ç✙✝♦ç❺í✠☎❰ê✌✂⑥➾ ❀ í✠✝ ➭ ï✔ñ➘ê✈í➍î❰ì❰ç✔ñ➘ï✻❋❺ì❰ê♦ï☞ñ➘ê❏�➘ì❰ç▲➘ôê✈îðç✲é☞ê✌✝▼✺❺í ➭ ✝♦ç➘ò✝ç ➭ í✰îðê♦ìôê✓☎✁☎❰ê✵�✍ê♦ù➯ç☞é✾ê♦ù✗✟➘ç▲ì❄ñ➘ê✓☎ôê♦é✡�❛ê❸❑
í✠✟➘çÿñ➘ç✆☎❍✝♦ç▲é✡�❛ç❺í➘ê♦í✰îðê✌☎øï❺ë❶é☞ê✈í➍îðï❶ò➋ï❺çÿé✾ê✓☎ôé☞ç❒îðê✈é✦�✍ç❏✂➍ë➘ê❄☎❰ê✈ë➆✝♦ë✠☎❮îðçsê❄õ❤ï✑✝ ➭ ù ➭ ñ↔ï❺ñ➘êèñ➘êúç▲û❶î❰ê♦í✠✏✓✒❺çsñ➘ê × ê✈é
☎❰ê✈ì✽é☞ï❺í✰î ➭ ñ➘ç✆☎❄ç▲ë❉é✾ê♦ù✗✟➘ç▲ìðïÐñ➘ç✆☎♦ö ✽ ê✓☎❮îðê✵✝✈ê♦í✧❋❺ì ➭ ç➘ò❛ï☞ê × ç▲ù➯ë✠✏▼✒Ðç✔ñ➘ç✆☎❄ì❰ê✌✝♦ë➘ì✁☎❰ç✆☎✳✝✈ç▲é✡�➘ë❶î➶ï✾✝ ➭ ç❺í↔ï ➭ ☎èî❰ê♦é☛✝♦ç▲í⑥❑
îðì ➭ û➘ë✜❱➲ñ➘ç✵�➘ï❺ìðï✛✂➍ë➘ê●ê✌☎ôîðê✌☎èç▲û⑥➘ôê î ➭➯× ç✆☎✿☎❰ê➏➘❰ï❺é ☎ôê✓☞▲ë ➭ ñ➘ç✆☎✈ö➀æ✽ù✗☞▲ë➘í✠☎øê❸✶➋ê♦é✡�➘ù➲ç✆☎èñ ➭ ☎ôî❰ç✵☎✹✒Ðç✢ç✆☎❃❖❿①❺⑩❭➒❸➋❫❪➃✉✑❶✹r❙①❴❖Õñ➘ê
✣④æ✳✘✶❵✆❖❉s❙⑩❘②✕➩✄➙❯➋➏r✷❶✳✉✑✇❆③⑥r❉③✎③⑥r❙①✷✇◗➑✑✈✿❖❜❛♣ò❚✂➍ë➘ê❄�❛ê✈ì❰é ➭ îðê✈é �➘ìôç❘➘ôê✈îðï❺ì❍✝✈ç▲é➩õ❤ï✑✝ ➭ ù ➭ ñ↔ï❺ñ➘êøí❶ç × ç✆☎✩✝✈ç▲é✦�✍ç▲í➘ê✈í✰îðê✓☎ ê♦é
îðì ❀ ☎ÿñ ➭ é✾ê♦í✠☎✁★➋ê✌☎♦ò❬�❶ì❰ç✆�✍ç▲ì❉✝ ➭ ç▲í➘ï❺í➘ñ➘ç❧ê✷✶❯✝♦ê✈ù➲ê✈í➍î❰ê ×✬➭ ☎❰ë➘ï❺ù ➭➯ý ï✑✏✓✒❺ç➘ò❽é✲ï ➭ ç▲ì❂ñ➘ç▲é✡❱➲í ➭ ç➞☎❰ç▲û➘ìôê✲ç➲✝✈ç▲é✡�❛ç▲í❶ê♦í✰îðê☞ê
ê♦ù ➭ é ➭ í↔ïÐí➘ñ➘ç✬�❛çÐîðê♦í✜✝ ➭ ï ➭ ☎➃�➘ì❰ç▲û❶ù➲ê♦é☞ï✑☎ ñ ➭ é✾ê♦í✜☎ ➭ ç❺í↔ï ➭ ☎✈ò✰ê❀ç✆☎❊❖❿①❺⑩❭➒❸➋❫❪➃✉✑❶✹r❙①❴❖ ñ➘ê✳☎ ➭ é❾ë➘ù➲ï✑✏▼✒❺ç❶ò❚✝♦ç▲é✾ç✛�✍ç▲ì④ê❸✶➋ê♦é✤❑

⑩



�➘ù➯ç✾ç✑☎úï✾�➘ù ➭ ✝❫ïÐî ➭➯× ç✑☎øñ➘ê✬✝▼❋❺ù✗✝♦ë➘ù➯ç✆☎✿�✍ç▲ìèê♦ù➯ê♦é✾ê♦í✰îðç✆☎ P í ➭ îðç✑☎♦ò✠✂➍ë➘ê●îðç▲ìôí↔ï❺éq�❛ç✆☎✁☎❉❱ × ê♦ù❽ï × ï❺ù ➭ ï❺ìøï✎�✍ê♦ìôõ❴ç❺ì❰é☞ï❺í✠✝♦ê
ñ➘ç➞�➘ì❰ç✬ñ➘ë❶î❰ç❚ï❺í✰îðê✌☎ÿñ➘ê✌☎ôî❰ê✡☎ôê♦ì❂õ❤ï❺û➘ì ➭ ✝♦ï❺ñ➘ç■ê✎☎❰ë➘û❶é☞ê î ➭ ñ❶ç❚ï❚ë❶é✟îðê✌☎ôîðê✶ìôê❫ï❺ù❿ö✵✼➏☎ôî❰ç✍�✍ç✆☎❉☎ ➭ û ➭ ù ➭ î➶ï✲ï■ç❺î ➭ é ➭➲ý ï❘❑
✏▼✒Ðç❧ñ❶ç✆☎❈✝♦ç▲é✡�✍ç▲í➘ê♦í✰î❰ê✓☎♦ò★ìôê♦ñ➘ë ý✈➭ í➘ñ❶ç ï✾☎❂ñ➘ê✓☎✁�❛ê✌☎ðï✑☎✫✝♦ç▲é✑ñ➘ê✓☎ôê♦í × ç❺ù ×✬➭ é✾ê♦í✰îðç❧ê✢ç✔îðê✈é✦�✍ç■í➘ê✌✝♦ê✓☎✁☎✹❋❺ì ➭ ç➞�↔ï❺ì❰ï
➭ í✰î❰ì❰ç✬ñ➘ë✠✏▼✒Ðç✾ñ❶ç✡�❶ì❰ç✬ñ➘ë❶îðç✾í➘ç✶é✾ê♦ì❉✝♦ï❺ñ➘ç➘ö

æ✕☎❂ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ò➨✂➍ë↔ï❺í➘ñ➘ç➞✝♦ç❺é✦�↔ïÐìðï❺ñ↔ï✾☎❂ï■ç▲ë❶îðìôç✆☎❈✝♦ç❺é✦�✍ç▲í➘ê✈í➍î❰ê✓☎✈ò❽ñ❶ê♦é✾ç▲í✠☎ôî❰ìðï❺é➴�❛ç❺ë✠✝❫ï❚ï✑�➘ù ➭ ✝♦ï✑✏▼✒❺ç
ñ➘ê☞í➘ç × ç✆☎❏✝♦ç▲í✠✝✈ê ➭ îðç✆☎✈ö➆✼➏☎ôîðç✍☎❰ê☞ñ➘ê × ê✙�➘ì ➭ í✠✝ ➭ �↔ï❺ù➯é☞ê✈í✰îðê✎ú❉ïÐù➯î➶ï↔✝♦ç❺é✦�➘ù➯ê✷✶ ➭ ñ➘ï❺ñ➘ê✢ñ➘ç✍�➘ì❰ç❘➘ôê îðç ê☞õ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺ç
ñ↔ï✑☎❒ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö☞æ é☞ï ➭ ç▲ì❀ê × ç▲ù➲ë✜✏▼✒❺ç❧í➘ç➞�➘ì❰ç❘➘ôê îðç❧ñ➘ê✶ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎❒î❰ê♦é ☎ ➭ ñ➘ç❚ç▲û✠☎ôê♦ì × ï❺ñ➘ï í↔ï❚ç❺î ➭ é ➭ ❑
ý ï✾✏▼✒❺ç■ñ➘ê✤�✍ê♦ì❮õ❴ç▲ì❰é☞ï❺í✠✝✈ê✛✂➍ë↔ï❺í✰î❰ç✍ú✔ìôê✓☎ ➭ ☎ôî ❀ í✠✝ ➭ ï✔ê❾ñ❶ë➘ìðï❺û ➭ ù ➭ ñ↔ï❺ñ➘ê❒ñ➘ê✌☎ôîðê✤✝✈ç▲é✡�❛ç▲í❶ê♦í✰îðêÐö✛◆✳☎❈�➘ìôç❘➘ôê✈î❰ç✆☎✳☎❉✒❺ç
ë✠☎ôë↔ï❺ù➲é✾ê♦í✰î❰ê✲ï × ï❺ù ➭ ï❺ñ➘ç✆☎✕✂✬ë➘ï❺í✰îðç➲ú❚ì❰ê✌☎ ➭ ☎ôî ❀ í✠✝ ➭ ï❉ï❚ì❰ë✠�➋îðë➘ì❰ï❧ñ➘ç ñ➘ê♦í✰î❰ê✦�✍ç▲ì❂õ❤ï❺ñ ➭ ☞✰ï❚ï↔ö↔ê❸✶✜✒❺ç❉ê✡✂➍ë↔ï❺í✰îðç➫ú
ì❰ê✌☎ ➭ ☎ôî ❀ í✠✝ ➭ ï☞ï❾õ❤ï❺ñ ➭ ☞✰ïsñ❶ê✫✝✈ç▲í✰î➶ïÐî❰ç✶ñ↔ï✑☎✞☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎èñ❶ç✆☎↕ñ➘ê♦í✰îðê✌☎♦ö æ✕☎↕ê♦é✡�➘ìôê✓☎ðï✾☎■✂➍ë➘ê✫�➘ìôç❘➘ôê✈îðï❺é ê✌☎ôîðê●î ➭ �❛ç
ñ➘ê❍✝♦ç▲é✡�❛ç❺í➘ê♦í✰îðêÕë❶î ➭ ù ➭➯ý ï❺é❈í❶ç▲ì❰é☞ï❺ù➲é✾ê♦í✰î❰ê➃�❶ì❰ç✆☞▲ì❰ï❺é☞ï✑☎➧�↔ï❺ìðï■✝♦ç▲é✡�➘ë❶îðï❺ñ➘ç▲ì❽ñ➘ê✌☎❰ê♦í × ç▲ù ×✬➭ ñ❶ç✆☎ ➭ í✰î❰ê♦ì❰í➘ï❺é☞ê✈í✰îðê❺ò
ç✆☎✿✂➍ë↔ï ➭ ☎øë❶î ➭ ù ➭➯ý ï❺éãïsõ❴ç❺ì❰é❾ë➘ù➲ï✑✏▼✒Ðçsñ ➭ õ❴ë➘í➘ñ ➭ ñ↔ïsí↔ï❾ù ➭ îðê✈ìðïÐî❰ë➘ìðï●î✹✪✌✝♦í ➭ ✝❫ï❾ê✓☎✁�❛ê✌✝✓❱ P ✝❫ï✤✝♦ç❺é õ❤ïÐî❰ç▲ì❰ê✌☎↕ï▲➘ôë✠☎❮î➶ï❺ñ➘ç✑☎
�✍ê♦ù ï✤�➘ì❉❋Ðî ➭ ✝❫ïsî❰ìðï ý✈➭ ñ↔ï✢ñ➘ç✎✟ ➭ ☎ôî✹✸❺ì ➭ ✝✈ç✶ñ➘ê●ñ➘ê✓☎ôê♦é✡�❛ê✈í✠✟➘ç✾ñ➘ç✆☎✞�➘ì❰ç▲➘ôê✈îðç✑☎❄ê❂î❰ê✓☎ôî❰ê✓☎❄ì❰ê♦ï❺ù ➭➯ý ï❺ñ➘ç✑☎♦ö

✚❖☎❮îðê➁ê♦í❶õ❴ç⑥✂➍ë➘ê✴ñ➘ê❩�➘ì❰ç❘➘ôê îðç × ç▲ù➮î➶ï❺ñ❶ç➉�➘ï❺ìðï➤ï➤ñ➘ë➘ìðïÐû ➭ ù ➭ ñ↔ï❺ñ❶ê✸ñ↔ï✑☎❚ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❧î❰ê♦é ☎ôç❺õ❴ì ➭ ñ➘ç➤ë➘é☞ï
îðì❰ï❺í✠☎❮õ❴ç▲ì❰é☞ï✑✏▼✒Ðçúê✈é✒õ❴ë❶í✠✏▼✒❺çúñ➘ê í➘ç × ï✾☎❡ê✷✶ ➭ ☞ ❀ í✠✝ ➭ ï✑☎★ñ➘çúé☞ê✈ì❉✝♦ï❺ñ➘ç✽ê ñ↔ï❄é✲ï ➭ ç▲ì❂✝♦ç❺é✦�✍ê✈î ➭ î ➭➮×✬➭ ñ↔ï❺ñ❶ê➀í➘ê✓✝✈ê✓☎❉☎❉❋❺ì ➭ ï
ú❏☎ôç▲û➘ìôê ×✬➭➯×✑❀ í✠✝ ➭ ïsñ↔ï✾☎Õê✈é✦�➘ìôê✓☎❰ï✑☎Õí➘ï✑☎④ê✌✝♦ç▲í➘ç❺é ➭ ï✑☎✱☞▲ù➲ç❺û↔ï❺ù ➭➯ý ï❺ñ➘ï✑☎♦ö❽æøîðë↔ïÐù➲é✾ê♦í✰îðê↕ç✛�❶ì❰ç❘➘ôê îðçsí✠✒❺ç✛✪■☎❰ç▲é✾ê♦í✰î❰ê
× ç❺ù➯î➶ïÐñ➘ç❄�➘ï❺ìðïúï❄é✦❋❘✶ ➭ é☞ïèì❰ê✓☎ ➭ ☎❮î ❀ í✜✝ ➭ ï➋ö❡ó❥ï❺ìôî❰ê✷❑➏☎ôê④ñ➘ç❄�➘ì❰ê✌☎❉☎ôë✠�❛ç✑☎ôîðç✕✂✬ë❶êøï↕ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é✒ñ➘ê × ê✮☎ôê♦ì ➭ ☎❰ê✈í✰î➶ïúñ❶ê
õ❤ï❺ù✗✟↔ïÿñ➘ë❶ìðï❺í✰îðêúîðç✬ñ↔ï❾ï ×✬➭ ñ➘ï ✩ î ➭ ù❛ñ❶ç✵�➘ì❰ç✬ñ➘ë❶î❰ç❾ê✕☎ôê❂û➘ë✠☎✁✝❫ï❺é ç▲ë❶î❰ì❰ç✆☎Õñ ➭ õ❴ê✈ì❰ê♦í✜✝ ➭ ï ➭ ☎♦ò✬ê♦í✰î❰ì❰ê❀ê✈ù➲ê✓☎④ç✵✝♦ç▲í➋õ❴ç▲ìôî❰ç
ï✑✝ ✩ ☎ôî ➭ ✝♦ç❶ö

æ✕☎✱☎❰ê✌☞▲ë ➭ í➍î❰ê✓☎✱☎ ➭ îðë➘ï✑✏✓★✬ê✓☎✱☎❉✒❺ç●ï✑�✍ç▲í✰î➶ï❺ñ↔ï✾☎✱✝♦ç▲é✾ç✳✝❫ïÐë✠☎ðï✑☎②ñ➘ê✌☎ôîðï●é☞ï ➭ ç▲ì ➭ é✦�✍ç▲ì❮î❙✺❺í✠✝ ➭ ï■✂✬ë❶ê✿☎❰êøîðê✈é✙ñ↔ïÐñ➘ç
ú✎✂✬ë➘ï❺ù ➭ ñ↔ï❺ñ➘ê✳☎ôç▲í➘ç▲ì❰ï✾í❶ç✆☎✞�➘ì❰ç❘➘ôê îðç✆☎↕ñ➘ê●ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✴❝ ⑨▲❼ ò ⑨ →❡❞ Ð

•
✥ ê✓☞❺ë➘ù ï❺é✾ê♦í✰îðï✑✏▼✒❺ç✕ñ➘ç✆☎■ù ➭ é ➭ îðê✌☎☞ñ➘ê✴ìôë✠❱➲ñ➘ç Ð ù➯ê✓☞ ➭ ☎❰ù ï✾✏✓★✬ê✓☎✙✂➍ë➘ê✴ê✌☎ôî➶ïÐû❛ê✈ù➲ê✓✝✈ê♦é í✜❱ × ê ➭ ☎✔é✦❋❘✶ ➭ é✾ç✆☎☞ñ➘ê
ìôë✠❱➲ñ➘ç✕�↔ï❺ìðï❄✝♦ç▲é✾ê♦ì✁✝ ➭ ïÐù ➭➲ý ï✑✏▼✒Ðçúñ➘ç✕�➘ì❰ç✬ñ➘ë❶î❰ç➘ö⑧ó❥ï❺ìðï❀ç✆☎ × ê✓❱✗✝♦ë➘ù➯ç✆☎⑧ïÐë❶îðç▲é✾ç❺î❰ç▲ì❰ê✌☎♦ò✆�✍ç▲ì❡ê❸✶➋ê♦é✡�➘ù➲ç➘ò❺ï✑☎❉☎ ➭ é
✝✈ç▲é☞ç✢ç✑☎❄í✜❱ × ê ➭ ☎èñ➘ê❂ê✈é ➭ ☎❉☎❉✒❺ç✶ñ➘ê❈�❛ç❺ù➲ë➘ê✈í➍î❰ê✓☎✈ò➘î➶ï❺é❾û✄✪♦é ç✶í✠❱ × ê♦ù➂ñ➘ê●ìôë✠❱➲ñ➘ç✤☞❺ê♦ìðïÐñ➘ç✎�❛ê✈ù➲ç✆☎ × ê✓❱✭✝✈ë➘ù➲ç✑☎✿✪
ù ➭ é ➭ î➶ïÐñ➘ç➘ö ✽ ç▲ìôé✲ï✾☎④î✹✪✌✝♦í ➭ ✝❫ï✑☎✩✝✈ç▲é✾ç✶ï ✽ ✲ ✥ → ➛✰⑨▲⑨✰❷✬⑩❺➜ → ➛ ê❂ï✵✼ þ ◆ ⑨✆➀✰❹▲❷➋⑩▼➜ → ⑩ õ❴ç❺ìðï❺é➹✝♦ì ➭ ï❺ñ↔ï✾☎✩�↔ï❺ì❰ï
ñ➘ê îðê✈ì❰é ➭ í↔ï✑✏✓✒❺ç✶ñ➘ç✶í✠❱ × ê♦ù✐ñ➘ê●ìôë✠❱➲ñ➘ç✶ê✈é × ê✌❱✭✝♦ë❶ù➲ç✆☎èìôç➋ñ➘ç ×✬➭ ❋Ðì ➭ ç✑☎èï❺ë❶î❰ç▲é☞çÐîðç▲ìôê✓☎èê♦é ï✑✝♦ê✈ù➲ê♦ì❰ï✑✏▼✒Ðç❣❢

•
✘úê✓☎❉✝✈ç▲í❶õ❴ç▲ì❮îðç✲ï✑✝ ✩ ☎❮î ➭ ✝♦ç Ð é☞ê✌☎❰é✾ç✶ç☞í✠❱ × ê✈ù✐ñ➘êÿìôë✠❱➲ñ❶ç✾í✠✒❺ç☞ê❸✶❯✝♦ê♦ñ❶ê♦í➘ñ➘ç■ç✑☎❄ù ➭ é ➭ î❰ê✓☎④ù➯ê✓☞✰ï ➭ ☎♦ò❶ê✓☎ôî❰ê❏�✍ç✬ñ➘ê

❹



ï ➭ í➘ñ↔ï ➭ í✠✝♦ç▲é✾ç✬ñ↔ï❺ì ç✾ë✜☎❰ë✧❋❺ì ➭ ç✢ñ➘ç✤�❶ì❰ç✬ñ➘ë❶îðç❶ö✱✼➏☎ôîðç✎�✍ç➋ñ❶ê❂ì❰ê✓�❶ì❰ê✓☎ôê♦í✰î➶ïÐì❄ë❶é �✍ç▲í✰îðç✶ñ➘ê❂ñ ➭ õ❴ê♦ì❰ê✈í✠✝ ➭ ï✑✏▼✒Ðç
ê✈í➍î❰ì❰ê✬�➘ìôç➋ñ➘ë➋îðç✆☎✞☎ ➭ é ➭ ù ï❺ìôê✓☎✻❢

•
ü ➭ é ➭ îðê↕ñ➘ê❂ì❰ë✜❱➲ñ➘ç❾ê✌☎ôîðï❺û❛ê✈ù➲ê✌✝ ➭ ñ❶ç✵�❛ç❺ì✮✝♦ç❺í➍î❰ìðïÐî❰ç✢ñ➘ê✽õ❴ç▲ìôí➘ê✓✝ ➭ é✾ê♦í✰îðç Ð ✝♦ç▲í✰î❰ìðïÐî❰ç✆☎øñ➘ê✽õ❴ç❺ì❰í➘ê✌✝ ➭ é✾ê♦í✰î❰ç❾ñ➘ê
ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎■☎✹✒❺ç✾é❾ë ➭ î➶ï✑☎ × ê ý ê✌☎✽ê✓☎❮î➶ï❺û✍ê♦ù➯ê✓✝ ➭ ñ➘ç✆☎↕ê✈í➍î❰ì❰ê❒ç✦✝✈ù ➭ ê♦í✰îðê●ê●ç✾õ❤ïÐû➘ì ➭ ✝❫ï❺í✰îðê●ñ➘ê❒ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎
✝✈ç▲é ✝✈ì ➭ î❉✪♦ì ➭ ç✆☎Õñ➘ê●ï✑�➘ìôç × ï✑✏✓✒❺ç✶ñ➘ç✆☎èù➯ç❺îðê✌☎øñ➘ê❈�➘ìôç➋ñ➘ë✜✏▼✒❺ç✢û↔ï✾☎❰ê❫ïÐñ➘ç✆☎↕ê♦é í✠❱ × ê ➭ ☎✿�❶ì❰ê✓☎✁✝♦ì ➭ îðç✑☎èñ➘ê❂ì❰ë✠❱➯ñ➘ç➘ö

æ✽ù✗✪♦é ñ ➭ ☎ôîðç❶ò❥ç ì❰ë✠❱➯ñ➘ç✍✝♦ï❺ìðï✾✝✈îðê✈ì❉❱✗☎ôî ➭ ✝♦ç❧ñ➘ê✲ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎❏✪☞é❾ë ➭ îðç➞�➘ì✁✸❺✶ ➭ é☞ç❧ñ➘ç î❰ç▲é �➘ë➘ìôç❉ê✡�❛ç✑☎❉☎❰ë ➭
ë➘é ï❺ù➯î❰ç✸í✠❱ × ê♦ùøñ❶ê➆�➘ì❰ê✌☎❉☎✹✒Ðç❩☎ôç▲í➘ç▲ì❰ï❶ò②ç▲í➘ñ➘ê❚ï✾☎sõ❴ì❰ê✌✂⑥➾ ❀ í✠✝ ➭ ï✑☎✎�➘ìôê♦ñ➘ç▲é ➭ í➘ï❺í✰îðê✓☎✛☎✹✒❺ç⑤�➘ì✁✸▼✶ ➭ é✲ï✾☎❾ñ↔ï✸ì❰ê✌☞ ➭ ✒Ðç
☎❰ê✈í✠☎ ➭ î ➭➮× ï❀ñ❶ç❒ç❺ë ×✬➭ ñ➘ç❈✟➍ë➘é☞ï❺í➘ç❤❝ ⑨ →✐❞❿ö❬✚✱☎ôî❰ê↕î ➭ �✍ç❂ñ➘êèì❰ë✜❱➲ñ➘ç❂ç▲û✜☎❰ê♦ì × ï❺ñ➘ç❒í➘ç✆☎✱�↔ï❺ìôê✓☎➀ê✈í✠☞▲ì❰ê✈í↔ï❺ñ➘ç✑☎➃✪✿✝❙✟➘ï❺é✲ïÐñ➘ç
ñ➘ê❩❖✠❪❊t⑥✇⑦✈⑧r✫✈⑧⑩❘✇✭①❺r❴❖➻ò➘ç▲ë↔✝❙✟➘ç❺ì❰ç✲ñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é❧ö✩◆ ✝❙✟❶ç▲ì❰ç✾ñ➘ê●ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦éû✪✬✝♦ï❺ë✠☎ðïÐñ➘ç✙�➘ì ➭ í✠✝ ➭ �↔ïÐù➲é✾ê♦í✰îðê
�✍ê♦ù➲ç✶é✾ç ×➋➭ é☞ê✈í✰îðç✢í✧✒❺ç✶ë➘í ➭ õ❴ç▲ìôé☞ê❀ê✈í✰îðì❰êÿï✑☎↕ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎úñ❶ê ×✬➭ ñ➘ç✡ú✑☎ ➭ ì❰ì❰ê✌☞▲ë➘ù➲ï❺ì ➭ ñ↔ï❺ñ➘ê✌☎øí➘ç✎✝♦ç▲í✰îðïÐîðç✾ê♦í✰îðìôê
ç✆☎↕ñ➘ê✈í➍î❰ê✓☎❄ê♦í✠☞❺ì❰ê♦í➘ï❺ñ➘ç✆☎✈ö

æ✕☎ ➭ ì❰ìôê✓☞▲ë❶ù ï❺ì ➭ ñ↔ï❺ñ❶ê✓☎èí➘ç✦✝♦ç▲í✰î➶ï♣îðç✔ê✈í➍î❰ì❰êÿç✆☎úñ❶ê♦í✰îðê✌☎❀ì❰ê✌☎❰ë➘ù➮î➶ï❺é✏ê✈é õ❴ç❺ì❉✏❫ï✾☎úñ ➭ í✧✺❺é ➭ ✝♦ï✑☎↕í➘ç✆☎❄ñ➘ê♦í✰îðê✌☎♦ò✐ï✾☎
✂➍ë↔ï ➭ ☎❄ê❸✶❯✝ ➭ îðï❺é ×✬➭ û❶ìðï✑✏✌★➋ê✌☎❄í❶ç✆☎❄✝✈ç▲ì❉�✍ç✆☎↕ñ↔ï✑☎↕ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✽ê●í➘ç✑☎❄ê ➭ ✶➋ç✆☎■☎❰ç▲û❶ì❰ê●ç✆☎✞✂➍ë↔ï ➭ ☎❄ï✑☎❄ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎
ê✓☎❮î❙✒❺ç➣ï✑�✍ç ➭ ï❺ñ↔ï✑☎✈ò❄✂➍ë➘ê➇�✍ç▲ì➆☎❰ë↔ï × ê ý ê✷✶❯✝ ➭ î➶ï❺é ïÖ✝♦ï❺ì❉✝♦ï✑✏❫ïÖ✂➍ë➘ê✴ê♦í × ç❺ù × ê➁ç➁☎ ➭ ☎ôî❰ê♦é☞ï➤ñ❶ê➁ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ö
æ✕☎✫�↔ï❺ìôê♦ñ➘ê✌☎ÿñ➘ï➞✝♦ï❺ì❉✝♦ï✑✏❫ï❧ïÐîðë➘ï❺é❦✝♦ç❺é☞ç❧ï❺ë❶î❰ç■õ❤ï❺ù ï❺í✰î❰ê✓☎♦ò ➭ ì❰ìðïÐñ ➭ ï❺í❶ñ➘ç■ç ìôë✠❱➲ñ❶ç➞�➘ï❺ìðï■õ❴ç▲ìðï■ñ➘ç➞☎ ➭ ☎ôî❰ê♦é☞ï❶ò★ê
ïÐî ➭ í✠☞ ➭ í➘ñ➘ç❀ç●ç▲ë ×➋➭ ñ➘ç❂ñ➘ç●ë✠☎ôë✧❋❺ì ➭ ç❂ñ➘ç●ê✓✂➍ë ➭ �↔ï❺é✾ê♦í✰îðç❤❝ ⑨ →✐❞❿ö✱◆➯ö➘ë❯✶➋çÿñ➘ê ×✬➭ û➘ìðï✑✏✓✒❺ç●êèì❰ë✠❱➯ñ➘ç❂ñ➘ê↕ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎
✪ ➭ ù➯ë✠☎ôî❰ìðï❺ñ➘ç✢í➘ï✑☎ P ☞▲ë➘ì❰ï✑☎ ⑩ ö ⑩ ê ⑩ ö ❹ ö

æ ×✬➭ û❶ìðï✑✏✓✒❺ç✙☞▲ê✈ìðï❺ñ➘ï✦�✍ê♦ù➲ç✡�↔ï❺ìúñ➘êsê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎❄�❛ç✬ñ➘êÿîðï❺é❾û✄✪♦é✏ê❸✶✜✝ ➭ îðï❺ìúç❺ë❶îðìôç✆☎✕✝✈ç▲é✦�✍ç▲í➘ê✈í✰îðê✓☎❄✂➍ë➘ê
ê✓☎❮î❙✒❺ç❚ï✾✝♦ç✆�➘ù➲ï❺ñ➘ç✆☎✕ú✻✝❫ï ➭ ✶❶ï✲ñ➘ê✢ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❈☞▲ê♦ì❰ï❺í➘ñ➘ç■ìôë✠❱➲ñ❶ç➘ö✬✢úé✖ê✷✶➋ê♦é✡�➘ù➯ç✔ñ ➭ ☎❮îðç➆✪❾ç■ê ➭ ✶➋ç✻✝♦ï❺ì❰ñ↔ïÐí❅ñ➘ê
× ê✌❱✭✝✈ë➘ù➲ç✆☎Õï❺ë❶î❰ç▲é✾ç❺îðç▲ìôê✓☎❖✝♦ç❺é☞ê✈ì❉✝ ➭ ï ➭ ☎❖✂➍ë➘êúê✓☎ôî✹❋sí➘ç▲ìôé✲ïÐù➲é✾ê♦í✰îðê✿✝✈ç▲í➘ê✓✝ î➶ï❺ñ❶ç✤ú❏☎❰ï✑❱➲ñ↔ï❒ñ↔ï❏✝♦ï ➭ ✶❶ï●ñ➘ê✽ésë➘ñ↔ï❺í✠✏♦ï
ñ➘ê●é☞ï❺ì❉✝❙✟↔ï✾☎✎❝ → ➔ ò✧�➂ö ❼ ❞ ö

✲øï✑☎ôê❫ï❺ñ➘ç■í❶ç✻ö↔ë❯✶➋ç❚ñ➘ê ×✬➭ û➘ì❰ï✑✏▼✒Ðç✔ê❾ì❰ë✜❱➲ñ➘ç✔ñ❶ê❾ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎❂é☞ç✆☎❮îðì❰ï❺ñ➘ç✔í↔ï P ☞▲ë➘ìðï ⑩ ö ❹ î❰ç▲ì❰í➘ï❘❑➏☎ôê❾ê ×✬➭ ❑
ñ➘ê✈í➍î❰ê✳✂➍ë➘ê❀ë➘é☞ïÿé☞ï❺í➘ê ➭ ì❰ï❒ê P ✝ ➭ ê♦í✰îðê✳�➘ï❺ìðï❒ì❰ê♦ñ❶ë ý♦➭ ì④ç❾ìôë✠❱➲ñ➘ç❏✪❀ïÐî❰ìðï × ✪✌☎øñ↔ïsìôê♦ñ➘ë✜✏▼✒❺ç❾ñ➘ïsê✷✶❯✝ ➭ î➶ï✑✏✓✒❺ç✛☞❺ê♦ìðïÐñ↔ï
�✍ê♦ù➲ç❚ê✈í✠☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç❶ö✙✯ ï✑☎❏�➘ï❺ìðï ➭ ☎❮îðç↔✪✶í➘ê✓✝✈ê✓☎✁☎✹❋❺ì ➭ ç➫✂➍ë➘ê✡☎❰ê✶ê✈í➍î❰ê♦í➘ñ➘ï❉ï❚ç▲ì ➭ ☞▲ê♦é✑ñ↔ï❧ê❸✶❯✝ ➭ îðï✑✏▼✒Ðç➞☞❺ê♦ìðïÐñ↔ï
�✍ê♦ù ï✾☎èê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎❄í↔ï❾îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✾ñ❶ê✫�✍ç❺î ❀ í✠✝ ➭ ï❶ö

⑨



❃ ➭ ☞➘ö ⑩ ö ⑩ Ð ◆❀ì ➭ ☞▲ê♦é ñ➘ç✶ì❰ë✠❱➯ñ➘ç✶ê♦é❲✝♦ï ➭ ✶❶ï✑☎èñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ö

❃ ➭ ☞➘ö ⑩ ö ❹ Ð ❃❡ù➲ë⑥✶❶ç✶ñ➘ê ×✬➭ û❶ìðï✑✏✓✒❺ç✶ê❒ìôë✠❱➲ñ❶ç✢ñ➘ê●ë➘é✲ï✤✝♦ï ➭ ✶❶ï✢ñ➘ê●ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎♦ö

æ P ☞▲ë➘ìðï ⑩ ö ⑨ é☞ç✆☎❮îðì❰ï✔ë➘é �↔ï❺ì❂ñ➘ê✾ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎ÿìôê✓�➘ìôê✓☎ôê♦í✰î➶ï❺ñ❶ç✸ïÐî❰ìðï × ✪✌☎ÿñ➘ê✶ë➘é✟é☞ç✬ñ➘ê♦ù➯ç✔îðç▲ì✁☎ ➭ ç▲í↔ï❺ù
☎ ➭ é✦�❶ù ➭✗P ✝❫ï❺ñ➘ç❶ö ✽ ç❒é✾ç✬ñ➘ê♦ù➯ç❈☎ ➭ é✡�➘ù ➭✗P ✝♦ï❺ñ➘ç❀é✾ç✆☎ôî❰ìðï❺ñ❶ç❒í➘ï P ☞▲ë➘ìðï ⑩ ö ⑨ ï✑�❛ê✈í↔ï✑☎❖✪✞✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐñ↔ïÿï●ì ➭ ☞ ➭ ñ❶ê ý ñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎❄ê♦í✠☞❺ì❰ê♦í➘ï❺ñ➘ç✆☎✈ö✩◆✳☎èç▲ë❶î❰ì❰ç✆☎èê✈ù➲ê✈é☞ê✈í➍î❰ç✆☎↕ñ➘ç✎☎ ➭ ☎ôîðê✈é✲ï➋ò❶î➶ï ➭ ☎✩✝♦ç❺é☞ç➘ò❶ç✆☎èê ➭ ✶❶ç✑☎❄ê❈✝♦ï❺ì❉✝♦ï✑✏❫ï➋ò✝ï✑☎❉☎ ➭ é ✝✈ç▲é✾ç
ç✡✝♦ç▲ì✁�❛ç✶ñ↔ï✑☎↕ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎■☎✹✒❺ç✎✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ➘ç✆☎↕ì❉❱✗☞ ➭ ñ❶ç✆☎✬❅ × ê♦ì✴❝ ➀✰❼ ❞õ❇ ö

➛



❃ ➭ ☞➘ö ⑩ ö ⑨ Ð ✯ ç✬ñ➘ê✈ù➲ç✢îðç▲ì✁☎ ➭ ç▲í↔ï❺ùþ☎ ➭ é✡�➘ù ➭✗P ✝♦ï❺ñ➘ç❾ñ➘ç✎�↔ïÐì❄ñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ö

✽ ï P ☞❺ë➘ìðï ⑩ ö ⑨ ò
km

ì❰ê✓�❶ì❰ê✓☎ôê♦í✰î➶ï❒ï✽ì ➭ ☞ ➭ ñ➘ê ý ñ➘ç❂ê♦í✠☞❺ì❰ê♦í➘ï❺é☞ê✈í✰îðç➘ò
cm

ç●ï❺é✾ç▲ì❮îðê✓✝ ➭ é✾ê♦í✰îðç❶ò
e(t)

✪èï✽õ❴ë➘í✠✏✓✒❺ç
ñ➘êøê❸✶ ➭ î➶ï✾✏▼✒❺ç❀ñ❶ç✳☎ ➭ ☎ôîðê✈é✲ï➋ò

θ1

ê
θ2

☎✹✒Ðç❀ç✆☎⑧ñ➘ê✌☎❰ù➯ç❯✝♦ï❺é☞ê✈í✰îðç✆☎❡ï❺í✠☞▲ë➘ù➲ï❺ì❰ê✌☎❡ñ↔ïúê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é❖é☞çÐîðç▲ì❰ïúêøé✾ç ×➋➭ ñ↔ï❶ò
R1

ê
R2

☎✹✒Ðç✔ç✆☎✽ì❰ï ➭ ç✑☎úìôê✈õ❴ê♦ìôê♦í✰îðê✌☎●ï❺ç✆☎❄ñ ➭ ✺Ðé☞ê îðì❰ç✑☎úñ↔ï✾☎✽ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❀é✾ç❺îðç▲ì❰ï☞êÿé☞ç ×✬➭ ñ↔ï➋ò✍ê
I1

ê
I2

☎❉✒❺ç
ï✑☎ ➭ í✜✪♦ì❉✝ ➭ ï✑☎④ñ↔ï✑☎↕ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎úé✾ç❺îðç❺ìðï❾ê●é☞ç ×✬➭ ñ➘ï❾ì❰ê✓☎✁�❛ê✌✝✈î ➭➯× ï❺é✾ê♦í✰îðêÐö

æ❆ì ➭ ☞ ➭ ñ➘ê ý ñ➘ç✆☎②ñ➘ê✈í➍î❰ê✓☎ ê♦í✠☞❺ì❰ê♦í➘ï❺ñ➘ç✆☎✈ò
km

ò➂✪èñ↔ï❺ñ↔ï✬�❛ç❺ì➀ë➘é✲ï❀õ❴ë➘í✜✏▼✒❺ç●í✧✒❺ç●ù ➭ í➘ê♦ï❺ì❬✂➍ë➘ê❄ñ➘ê✓�✍ê♦í➘ñ❶ê❺ò✬ñ➘ê♦í✰îðìôê
ç▲ë❶î❰ì❰ç✆☎✶õ❤ïÐî❰ç▲ì❰ê✌☎✲ñ➘ç❋í ✩ é☞ê✈ì❰ç➌ñ➘ê➞�↔ï❺ìôê✓☎☞ñ➘ê❉ñ➘ê✈í✰îðê✓☎■ê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✆☎✲ê✈é ✝♦ï❺ñ↔ï ➭ í✠☎❮î➶ï❺í✰îðê ê❉ñ↔ï❩�❛ç✑☎ ➭ ✏✓✒❺ç➁ñ➘ê
✝♦ç❺í➍îðïÐîðç❉ñ➘ç✆☎sñ❶ê♦í✰îðê✌☎♦ö⑤✘✽ê ×✬➭ ñ➘ç⑤ú❚õ❴ç▲ì❰é☞ï↔☞▲ê♦ç▲é✡✪✈î❰ì ➭ ✝❫ï ñ❶ç✆☎sñ➘ê✈í✰îðê✓☎✈ò✱✂➍ë➘ê✻✪✙�❶ì❉✸▼✶ ➭ é☞ï❧ñ➘ê✲ë➘é✲ï➞�➘ù ï✾✝❫ï❚ñ➘ê
☎❰ê✌✏▼✒❺ç✸î❰ìðï✑�✍ê ý ç ➭ ñ➘ï❺ù❖✝♦ç▲é ï❉û↔ï✾☎❰ê✔ê✈í✠☞✰ï✑☎❮î➶ï❺ñ↔ï➋ò➀ï❉ì ➭ ☞ ➭ ñ❶ê ý✶× ïÐì ➭ ï❧ï❺ç✸ù➯ç▲í✠☞▲ç ñ➘ç❉ñ❶ê♦í✰îðêÐò ➭ ö êÐö➯ò❡ï❉ì ➭ ☞ ➭ ñ❶ê ý ñ➘ç
îðç✑�❛ç✶ñ➘ç✆☎↕ñ➘ê✈í✰îðê✓☎■✪●ñ ➭ õ❴ê✈ì❰ê✈í➍î❰ê●ñ↔ï✢ì ➭ ☞ ➭ ñ➘ê ý ñ↔ï✢û↔ï✑☎❰ê●ñ➘ç✾ñ➘ê✈í➍î❰ê✓☎✈ö

✘❀ï✸îðê✈ç▲ì ➭ ï➫☞▲ê♦ì❰ï❺ù④ñ❶ê■ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✈ò❍☎❰ï❺û✍ê✷❑➏☎ôê➆✂➍ë➘ê❚ç❅í ✩ é☞ê✈ì❰ç❅ñ➘ê■ñ➘ê✈í✰îðê✓☎✶ê✈é ✝♦ç❺í➍îðïÐîðç❅ê❚ï➲�✍ç✆☎ ➭ ✏▼✒Ðç
ê♦é☛✝✈ç▲í✰î➶ïÐî❰ç✲ê♦í✰î❰ì❰ê❾ê✌☎ôîðê✌☎❀ñ➘ê✈í➍î❰ê✓☎ × ï❺ì ➭ ï✶ñ➘êÿõ❴ç❺ì❰é☞ï✎�✍ê♦ì ➭ ✸✬ñ ➭ ✝♦ï☞ïÐç✲ù➲ç❺í✠☞▲ç✾ñ➘ç✙✝ ➭ ✝♦ù➯ç☞ñ❶êsê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç➘ö❄◆
✝ ➭ ✝♦ù➯ç❂ñ➘êèê♦í✠☞❺ì❰ê♦í➘ï❺é☞ê✈í✰îðç✬�❛ç✬ñ➘ê✿☎ôê♦ì②ñ➘ê P í ➭ ñ➘ç✬✝✈ç▲é☞ç●ï❂ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï❂ï❺í✠☞▲ë❶ù ï❺ì❬�✍ê♦ì✁✝♦ç▲ìôì ➭ ñ↔ï✳�❛ê✈ù➲ç❈�↔ïÐì➀ñ➘êèñ➘ê♦í✰î❰ê✓☎
ê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘ç✆☎●ê✌✂✬ë ➭➯× ï❺ù➲ê✈í✰îðê✾ï■ë➘é �↔ï✾☎❉☎❰ç❧û↔ï✑☎ôê✶ñ↔ï■ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é❧ò★ç▲í➘ñ➘ê✶ç↔�↔ï✑☎✁☎❰ç❧û↔ï✑☎❰ê✎✪✢ç↔�✍ê♦ì❉❱➯é☞ê îðìôç■ñ↔ï
✝ ➭ ì❉✝✈ë➘í❶õ❴ê♦ì ❀ í✠✝ ➭ ï✾ñ➘êsì❰ï ➭ ç✾û↔ï✑☎ôêsñ ➭➮×➋➭ ñ ➭ ñ❶ç✦�✍ê♦ù➯ç☞í ✩ é✾ê♦ìôç✲ñ➘êÿñ➘ê♦í✰îðê✌☎❀ñ↔ï✲ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é❥❝ ❹✾➀ ❞ ö❄ó❽ç▲ìúê❸✶➋ê♦é✡�➘ù➲ç➘ò
ê♦é✏ë❶é✖ñ➘ï❺ñ➘ç✙�➘ï❺ì↕ñ➘êsê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ò✄�✍ç➋ñ➘ê❸❑➏☎ôê❒î❰ê♦ì❄ê♦é ë➘é☞ï✡✝✈ê♦ìôîðï✦�✍ç✆☎ ➭ ✏▼✒❺ç✾ñ➘ç✦✝ ➭ ✝✈ù➲ç✶ñ➘êÿê♦í✠☞▲ìôê♦í↔ïÐé☞ê✈í➍î❰ç
ñ➘ç ➭ ☎✛�↔ïÐì❰ê✓☎sñ➘ê✲ñ➘ê✈í✰îðê✓☎✢ê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✆☎✵✂➍ë➘ê✔ìôê✓☎❰ë❶ù➯î➶ï ê♦é ë➘é × ï❺ù➯ç▲ì❒ñ➘ê✲ì ➭ ☞ ➭ ñ➘ê ý ñ➘ç✸ê✈í✠☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç❶ò➀ê✲ê♦é
ç▲ë❶î❰ìðï✤�✍ç✆☎ ➭ ✏▼✒❺ç✎�✍ç➋ñ➘ê❸❑➏☎ôê●î❰ê♦ìúï✑�✍ê♦í↔ï✑☎↕ë➘é �↔ï❺ì↕ñ➘ê●ñ➘ê♦í✰î❰ê✓☎✽ê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✆☎❄✂➍ë➘ê❒ì❰ê✌☎❰ë➘ù➮î➶ï✢ê♦é✏ë❶é ç▲ë❶î❰ì❰ç × ï❺ù➲ç▲ì
ñ➘ê●ì ➭ ☞ ➭ ñ❶ê ý ö❬✘✽ê✓☎❮î➶ï✾õ❴ç❺ì❰é☞ï❶ò➋î❰ç▲ì❰í↔ï▲❑➏☎❰ê❂ê ×✬➭ ñ➘ê✈í➍î❰ê❏✂➍ë➘ê❒ï✢õ❴ë➘í✠✏✓✒❺ç✶ñ➘ê●ì ➭ ☞ ➭ ñ➘ê ý ✪❂í✧✒❺ç✾ù ➭ í❶ê❫ï❺ì✈ö

➔



✣④ç▲í✠☎ ➭ ñ➘ê♦ì❰ï❺í➘ñ➘ç↔✂➍ë➘ê✶ç➆�↔ï❺ì❂ñ❶ê✾ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎●ì❰ê✌�➘ì❰ê✌☎❰ê✈í➍îðï❺ñ➘ç➞�❛ê✈ù➲ç■é✾ç➋ñ❶ê♦ù➲ç✲é☞ç✆☎❮îðì❰ï❺ñ➘ç■í↔ï P ☞▲ë❶ìðï ⑩ ö ⑨
ê✓☎❮î❙❋✕☎ôë➘û➘é✾ê✈î ➭ ñ➘ç✕úúë➘é☞ï■☎ôç▲ù ➭ ✝ ➭ î➶ï✑✏✓✒❺ç✞✝♦ç▲í✠☎❮î➶ï❺í✰î❰ê❺ò❺î❰ê♦é✤❑➏☎❰ê➃✂➍ë➘êèï■✝❫ï❺ì✁☞✰ï↕î❰ìðï❺í✜☎❰é ➭ î ➭ ñ↔ïèñ➘ê④ë❶é✲ï↕ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é
�↔ï❺ì❰ïÿï●ç▲ë❶î❰ìðï✬✪úñ ➭ ☎ôî❰ì ➭ û➘ë✠❱➲ñ➘ï❀ê♦í✰îðìôêúç✆☎➃�↔ï❺ìôê✓☎ ñ➘ê↕ñ➘ê♦í✰î❰ê✓☎④ê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✆☎④ê✈é✙õ❴ë➘í✠✏✓✒❺çsñ↔ï●ì ➭ ☞ ➭ ñ❶ê ý ñ➘ç✆☎ ñ➘ê✈í➍î❰ê✓☎✈ö
❦ ë↔ï❺í➘ñ❶ç✲ç✆☎úñ➘ê♦í✰îðê✌☎✳☎✹✒Ðç✙☎❰ë❶û➘é☞ê î ➭ ñ➘ç✆☎úï✦✝❫ïÐì❉☞✰ï✾ç❯✝✈ç▲ì❰ìôê♦é✏ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎❀ê✈ùõ❋✑☎❮î ➭ ✝♦ï✑☎♦ö✩✚❖☎❮î➶ï✑☎úñ➘ê✌ö➘ê✷✶❯★➋ê✌☎ × ï❺ì ➭ ï❺é
ê♦é✑õ❴ë➘í✠✏▼✒Ðç❧ñ➘ï↔�✍ç✆☎ ➭ ✏▼✒Ðç✔ñ➘ç✆☎●ñ➘ê✈í➍î❰ê✓☎●ê♦é ✝♦ç▲í✰î➶ï♣îðç➘ö❏✼➏☎ôîðç■õ❤ï ý ✝✈ç▲é ✂➍ë➘ê✎✟↔ï❺➘❰ï❚ë❶é✲ï✔ç✆☎✁✝ ➭ ù ï✑✏✓✒❺ç✻�✍ê♦ì ➭ ✸➋ñ ➭ ✝❫ï
í➘ç✾é☞ç ×✬➭ é✾ê♦í✰î❰ç❾îðìðïÐí✠☎❰é ➭ î ➭ ñ➘ç❾ñ➘ï✾ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é é✾ç❺îðç▲ì❰ï✵�↔ï❺ì❰ï✾ï✢ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é✏é☞ç ×✬➭ ñ➘ï❶ö

◆❈☎✽ñ➘ê✓☎ ×➋➭ ç✆☎✬☞▲ê♦ç❺é✦✪ îðì ➭ ✝♦ç✆☎úí↔ï✑☎❈☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎❀ñ➘ç✆☎❂ñ❶ê♦í✰îðê✌☎❒ñ❶ç✆☎ × ï❺ù➲ç▲ìôê✓☎ ➭ ñ➘ê❫ï ➭ ☎✕�✍ç✬ñ➘ê♦é✖õ❤ï ý ê✈ì❈✝♦ç▲é ✂➍ë➘ê
ç⑥✝♦ç▲ìôìðï❺é ➭ ìôì❰ê✌☞▲ë➘ù ïÐì ➭ ñ➘ï❺ñ➘ê✓☎❽í➘ç✳✝✈ç▲í✰î➶ïÐî❰ç❀ê♦í✰î❰ì❰êøç✆☎❡ñ➘ê♦í✰îðê✌☎♦ò➍ì❰ê✌☎❰ë➘ù➮î➶ï❺í❶ñ➘ç❀ê♦é❖ë➘é✒ê♦ìôì❰ç❂ñ➘ê❍☎ ➭ í✠✝♦ìôç▲í ➭ ☎ôé☞çúê♦í✰îðìôê
ç✆☎●ñ➘ê✌☎❰ù➲ç⑥✝❫ïÐé☞ê✈í➍î❰ç✆☎❂ï❺í✜☞▲ë➘ù ïÐì❰ê✓☎

θ1

ê
θ2

❅ × ê✈ì P ☞▲ë➘ì❰ï ⑩ ö ⑨ ❇✽é☞ê✌☎❰é✾ç➆☎❰ê♦é ✝❫ï❺ì✁☞✰ï■ï✑�➘ù ➭ ✝❫ïÐñ↔ï❶ö❏✚❖☎❮îðê✌☎ÿñ➘ê✌☎ ×✬➭ ç✑☎
☞▲ê✈ç▲é✦✪ îðì ➭ ✝♦ç✑☎ÿí↔ï✾☎❏☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎sñ➘ç✑☎ÿñ➘ê✈í✰îðê✓☎sñ➘ç✆☎ × ï❺ù➯ç▲ì❰ê✌☎ ➭ ñ➘ê❫ï ➭ ☎✬�❛ç✬ñ➘ê✈é ☎ôê♦ìÿñ➘ê✓✝✈ç▲ì❰ìôê♦í✰îðê✌☎❾ñ➘ç✆☎ÿê♦ì❰ìôç✆☎❒í↔ï
õ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺ç❂ñ➘ï✑☎⑧ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ò✬ç▲ë✶ï ➭ í➘ñ↔ï❶ò ➭ í✰îðì❰ç✬ñ➘ë ý✈➭ ñ➘ç✑☎ ➭ í✰î❰ê♦í✠✝ ➭ ç▲í↔ïÐù➲é✾ê♦í✰îðêÕí↔ï✑☎✱☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎➀ñ➘ç✆☎➀ñ➘ê✈í➍î❰ê✓☎✈ö
✚✱☎ôîðï✡☎ôê✓☞▲ë➘í❶ñ↔ï✦✝✈ç▲í➘ñ ➭ ✏▼✒❺ç✎✪●ñ ➭ ☎✁✝♦ë❶î ➭ ñ↔ï❾é☞ï ➭ ☎èï❺ñ ➭ ï❺í✰îðê❺ö

æ✖ç✑☎❉✝ ➭ ù ï✑✏✓✒❺ç❅í↔ï✑☎✾ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎✲ñ❶ç✆☎✶ñ➘ê♦í✰îðê✌☎✔ï❺ç➁ù➲ç❺í✠☞▲ç❅ñ➘ç❩✝ ➭ ✝♦ù➲ç✴ñ➘ê❧ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç➘ò④ï✑☎❉☎ ➭ é ✝✈ç▲é✾ç❋ï✾☎
➭ ìôì❰ê✌☞▲ë➘ù ïÐì ➭ ñ➘ï❺ñ➘ê✓☎❨í➘ç✞✝♦ç▲í✰î➶ï♣îðç✞✝❫ï❺ë✜☎ðï❺ñ↔ï✾☎➨�✍ç▲ì✐ñ➘ê✌☎ ×✬➭ ç✑☎➨☞❺ê♦ç▲é✡✪✈î❰ì ➭ ✝✈ç✆☎➂í↔ï✾☎❂☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎✐ñ➘ç✑☎❽ñ❶ê♦í✰îðê✌☎Õ✝✈ç▲é✦�✄★✬ê♦é
ï✢õ❴ë➘í✠✏▼✒Ðç✾ñ❶ê❒ñ❶ê✓☎❰ù➯ç❯✝♦ï❺é✾ê♦í✰îðç✆☎èìôê✓�➘ìôê✓☎ôê♦í✰î➶ï❺ñ➘ï✙�❛ç❺ì

e(t)
ê●é✾ç✆☎ôî❰ìðï❺ñ↔ï✢í↔ï P ☞❺ë➘ìðï ⑩ ö ⑨ ö➃✚✱☎ôî➶ï✎✪❈✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ↔ï

ï✢õ❴ë➘í✠✏▼✒Ðç✾ñ❶ê❒ê❸✶❯✝ ➭ îðï✑✏▼✒Ðç☞ñ➘ç✎☎ ➭ ☎ôî❰ê♦é☞ï■❝♠→ ➔ ò✧�➂ö ➀ ❞❿ö
æ☎õ❴ë❶í✠✏▼✒❺ç➉�✍ê♦ì ➭ ✸➋ñ ➭ ✝❫ï➌ñ❶ê➁ñ❶ê✓☎❰ù➯ç❯✝♦ï❺é✾ê♦í✰îðç✆☎❚ìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï❺ñ↔ï➉�❛ç❺ì

e(t)
ê✴é☞ç✆☎❮îðì❰ï❺ñ↔ï➞í↔ï P ☞▲ë➘ì❰ï ⑩ ö ⑨ ✪

✝❙✟↔ï❺é☞ï❺ñ↔ï❾ñ❶ê Ï⑥✃▲✃▲Ú❳Û➨Ï↔á❺✃▲➬✧ê➨❐▼é④à❆❐▼❐✓î✠Ú♠❧♥✍❈æ♣♦ ❝ ⑩❫❻✆➜ ò ➀✰❹ ò ⑨ →✐❞ ö➃◆➡✚✱✰➪�✍ç✬ñ➘ê✳☎❰ê✈ìèñ➘ê P í ➭ ñ➘ç✎✝✈ç▲é☞çsç✢ñ➘ê✓☎ ×➋➭ ç
ñ↔ï✙�✍ç✆☎ ➭ ✏▼✒Ðç✲ì❰ê♦ï❺ù★ñ↔ï✲ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é é☞ç ×✬➭ ñ↔ï✾ê♦é ì❰ê✈ù ï✑✏✓✒❺ç✻ú✡�❛ç✑☎ ➭ ✏✓✒❺ç☞î❰ê✓✸▲ì ➭ ✝♦ï✡✂➍ë➘ê❾ê✈ù ï✾ñ➘ê × ê♦ì ➭ ï✲ç⑥✝♦ë✠�↔ïÐì♦ò✍ê
�✍ç➋ñ➘ê✬☎ôê♦ì↕ñ➘ê✓☎✁✝♦ì ➭ îðç✾é☞ïÐîðê✈é✲ïÐî ➭ ✝♦ï❺é☞ê✈í✰îðê✕�✍ê♦ù➲ï✢ê✓✂➍ë↔ï✑✏✓✒❺ç➲❅ ⑩ ö ⑩ ❇ Ð

e(t) = R1θ1(t) − R2θ2(t) ,
❅ ⑩ ö ⑩ ❇

ç▲í➘ñ❶ê
e(t)

✪sç✔ñ❶ê✓☎❰ù➯ç❯✝♦ï❺é✾ê♦í✰îðç☞ù➲ç▲í✠☞ ➭ îðë❶ñ ➭ í↔ïÐù➂í➘ç ➭ í✠☎ôîðï❺í✰îðê
t
ò
R1

✪sç✲ìðï ➭ ç☞ñ↔ï☞ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é✖é☞çÐîðç▲ì❰ï❶ò
R2✪❀ç❾ì❰ï ➭ çÿñ↔ï❾ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é é✾ç ×➋➭ ñ↔ï❶ò

θ1

ê
θ2

☎✹✒Ðç❾ç✆☎øñ➘ê✌☎❰ù➯ç❯✝♦ï❺é☞ê✈í✰îðç✆☎④ï❺í✠☞▲ë➘ù➲ï❺ì❰ê✌☎④ñ↔ï❾ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é é☞ç❺î❰ç▲ìðï
ê●é☞ç ×✬➭ ñ➘ï✶í❶ç ➭ í✠☎ôîðï❺í✰îðê

t
ö

◆➚✝✈ç▲í✠✝♦ê ➭ î❰ç■ñ➘ê❾ê♦ìôì❰ç❚ñ➘êsî❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç✔õ❴ç ➭ ñ➘ê P í ➭ ñ➘ç➆�✍ç▲ì❈❴úï❺ì❰ì ➭ ☎❀ê✈é
1958

❝ ⑨❶⑩ ❞ ö❒æ➜ì❰ê✈ù ï✑✏✓✒❺ç✔ê✈í➍î❰ì❰ê✶ç
➀



ê♦ìôì❰ç ñ➘ê✾î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç❧ê☞ç❧ì❰ë✠❱➯ñ➘ç❧ñ➘ç✆☎✫�↔ï❺ì❰ê✌☎ÿñ❶ê☞ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✛✪✡✝♦ç❺í✠✟➘ê✓✝ ➭ ñ↔ï➞✟✧❋ é☞ï ➭ ☎❂ñ➘ê
20

ïÐí➘ç✆☎☛❝♠→ ➔ ò
�➂ö ➀ ❞❿ò➃☎ôê♦í➘ñ❶ç❳✂➍ë➘ê❚ç❅ê♦ìôì❰ç✴ñ➘ê✔î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç⑤✪■ç➇�➘ì ➭ í✠✝ ➭ �↔ï❺ùÕõ❤ï♣îðç▲ì❏�↔ï❺ìðï✴ï➲☞▲ê✈ìðï✑✏✓✒❺ç✴ñ➘ê■ì❰ë✜❱➲ñ➘ç❅ñ➘ç✑☎✤�↔ï❺ì❰ê✌☎
ê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘ç✆☎q❝ ⑨ →➋ò✠→ ➔ ò ⑩❲❻✆➜ ò ➀✰❹ ❞ ö❬✴✳❋❺ì ➭ ç✆☎Õî❰ìðï❺û➘ï❺ù✭✟➘ç✑☎④ñ ➭ ☎❉✝♦ë➋îðê♦é➹✂➍ë➘ê●ïsê❸✶✜✝ ➭ îðï✑✏▼✒❺ç✛�➘ì❰ç × ê✈í ➭ ê✈í✰îðê❂ñ➘ç✢ê✈ì❰ì❰çsñ➘ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðçúê✌☎ôî❙❋❄ì❰ê✈ù ï✑✝ ➭ ç▲í↔ïÐñ↔ï✿✝♦ç▲é➟çúì❰ë✠❱➯ñ➘ç↕ñ➘ç✆☎❊�➘ï❺ì❰ê✌☎❥ê✈í✠☞▲ì❰ê✈í↔ï❺ñ➘ç✑☎✯❝ → ➔ ò ➀ →✬ò ➀ ò ⑩✓➛ ò ⑨ →❶ò❘→ ➀ ò ⑨▲❼ ò ⑩❲❻✆➜ ò ➀▲❹ ❞ ö

◆❀ë❶îðìôç✆☎Õõ❤ïÐî❰ç▲ì❰ê✌☎❍�✍ç✬ñ➘ê♦é➚✝♦ç❺í➍î❰ì ➭ û➘ë ➭ ì❖�↔ïÐìðïsï❒ê✷✶❯✝ ➭ î➶ï✑✏✓✒❺ç
e(t)

ê❄�↔ï❺ì❰ïsï❏☞❺ê♦ìðï✾✏▼✒❺çÿñ➘ê✽ìôë✠❱➲ñ➘ç❶ò➍îðï ➭ ☎➃✝♦ç❺é☞ç➘ò
ï✑☎④õ❴ç❺ì❉✏❫ï✾☎④ñ➘ê●ïÐî❰ì ➭ îðçsê✈í✰îðì❰ê✽ç✆☎øñ➘ê✈í➍î❰ê✓☎èê✈é ✝♦ç❺í➍îðïÐîðç❶ò❶ç❾ù➯ë➘û➘ì ➭◗P ✝❫ïÐí➍î❰ê❺ò✬ê❀û✍ç▲ù✭✟↔ï✾☎④ñ➘ê❂ïÐìøê♦í✰îðìôê❀ç✆☎øñ❶ê♦í✰îðê✌☎èê❀ç
ù➲ë❶û➘ì ➭◗P ✝❫ï❺í✰î❰ê❺ö ✽ ç✲ê♦í✰î➶ï❺í✰î❰ç➘ò➂ê✓☎❮îðê✌☎●õ❤ï♣îðç▲ìôê✓☎✕☎❉✒❺ç➆✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ➘ç✆☎✳☎ôê✓✝✈ë➘í➘ñ✧❋❺ì ➭ ç✆☎❈�➘ï❺ìðï✔ï✔ê❸✶❯✝ ➭ îðï✑✏▼✒Ðç

e(t)
❝ ⑨ →➋ò

⑨✰❼ ò ⑩❲❻✆➜ ò ➜✑➜ ❞ ö

✢úé☞ï × ê ý ✂➍ë➘ê●ïsç▲ì ➭ ☞▲ê✈é ñ➘ïsê✷✶❯✝ ➭ î➶ï✑✏✓✒❺ç✤☞▲ê✈ìðï❺ñ↔ï❏�❛ê✈ù ï✑☎Õê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎èí➘ïsîðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç❾ñ❶ê✳�❛çÐî ❀ í✜✝ ➭ ï❏✪
✝♦ç❺í✠✟➘ê✓✝ ➭ ñ↔ï➋ò✰ê♦í✰îðê✈í➘ñ➘ê✷❑➶☎❰ê❄✂✬ë❶êúï❀ìôê♦ñ➘ë✜✏▼✒❺ç❒ñ↔ï●ï❺é✡�➘ù ➭ îðë➘ñ➘êÕñ↔ï❂ê✷✶❯✝ ➭ î➶ï✑✏✓✒❺ç●ù➲ê × ï❈ú❂ìôê♦ñ➘ë✠✏✓✒❺ç●ñ➘ç●ì❰ë✠❱➯ñ➘ç❂ê♦é ➭ î ➭ ñ➘ç
�✍ê♦ù➲ç✕�↔ï❺ì⑧ê✈í✠☞▲ì❰ê✈í↔ï❺ñ➘ç◆❝ → ➔ ò ➀ →➋ò ⑨ →➋ò ⑨✰❼ ò ⑩❫❻✆➜ ò ➀✰❹ ❞❿ö⑧ó❡ïÐìðï❂ï✑☎❬✂➍ë➘ê✌☎ôî❉★➋ê✌☎ ñ❶êøì❰ë✠❱➯ñ➘ç❀ç ➭ é✦�✍ç▲ìôîðï❺í✰îðê➃✪↕ï × ï❺ì ➭ ï✑✏▼✒Ðç
é✦❋❘✶ ➭ é☞ï❀ñ➘çsê✈ì❰ì❰çÿñ➘ê↕îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺çÿï❺çsù➯ç▲í✠☞▲ç●ñ➘ç❏✝ ➭ ✝♦ù➲ç❒ñ➘ê❄ê♦í✠☞❺ì❰ê♦í➘ï❺é☞ê✈í✰îðç➘ò⑥✂➍ë➘ê✽ìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï❾ïÿï❺é✦�❶ù ➭ î❰ë➘ñ➘ê
ñ↔ï✢ê✷✶❯✝ ➭ î➶ï✾✏▼✒❺ç

e(t)
❝ → ➔ ò✧�❨ö ➀ ❞❿ö

æ✙ïÐé✦�➘ù ➭ î❰ë➘ñ➘ê●ñ↔ï☞ê❸✶❯✝ ➭ îðï✑✏▼✒Ðç☞ñ➘ç☞ê♦ìôì❰ç✲ñ❶êÿîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✦✝✈ç▲ì❰ìôê✓☎❉�✍ç▲í➘ñ❶ê✵ú × ï❺ì ➭ ï✑✏✓✒❺ç✾é✙❋❘✶ ➭ é✲ï❾ñ➘ç × ï❺ù➲ç▲ì
ñ➘ç✾ê♦ìôì❰ç✲ñ❶ê❒î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✲ïÐç☞ù➯ç▲í✠☞▲ç✶ñ➘ç✡✝ ➭ ✝♦ù➲ç✶ñ➘ê❒ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç➘ò♦✝❙✟↔ïÐé✲ï❺ñ❶ç☞ñ➘ê✫� ➭ ✝♦ç✾❑➻ï❘❑➏� ➭ ✝♦ç✶ñ➘ç✾ê♦ìôì❰ç✾ñ➘ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒ÐçÓ❅❤ó②ó➃✚✱✰■❇ ò❂✂✬ë❶ê✦✪✾ï■ñ ➭ õ❴ê✈ì❰ê✈í✠✏❫ï■ê♦í✰î❰ì❰ê✾ç × ï❺ù➯ç▲ì❀é✦❋❘✶ ➭ é✾ç✔ê✶ç × ïÐù➲ç▲ì❀é✡❱➲í ➭ é✾ç✲ñ↔ï■õ❴ë➘í✠✏✓✒❺ç❚ñ➘ç
ê♦ìôì❰ç✶ñ➘ê●îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç✶ïÐç✾ù➯ç▲í✠☞▲ç✢ñ❶ê❒ë❶é❲✝ ➭ ✝♦ù➲ç✢ñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï❺é✾ê♦í✰î❰ç➘ö

æ➒ï❺í✠❋❺ù ➭ ☎❰ê ñ↔ï✽ê✷✶❯✝ ➭ î➶ï✾✏▼✒❺ç✳�❶ì❰ç × ê✈í ➭ ê✈í➍î❰êøñ➘ç❀ê✈ì❰ìôç❀ñ➘êÕî❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç✕�✍ç✬ñ➘ê✮☎ôê♦ì❡õ❴ê ➭ î➶ï↕î➶ï❺ésûþ✪✈é✒ïÐîðì❰ï × ✪✓☎➀ñ↔ï✾☎
ï❺é✡�➘ù ➭ îðë➘ñ❶ê✓☎➂ñ↔ï✾☎Õ✟↔ïÐì❰é❤❬▲í ➭ ✝♦ï✑☎➂ñ↔ïèõ❴ë➘í✠✏✓✒❺ç■�❛ê✈ì ➭ ✸✬ñ ➭ ✝❫ïøñ➘ê✌☎❉✝♦ì ➭ îðï■�✍ê♦ù➯ç❄✚✱✰❂ö❲æ❄☎❡ï❺é✡�➘ù ➭ îðë❶ñ➘ê✓☎➂ñ➘ï✑☎➧✟↔ï❺ì❰é❤❬▲í ➭ ✝❫ï✑☎
ñ➘ç✡✚✱✰➄�✍ç➋ñ➘ê✈é ☎ôê♦ì❄ç▲û❶î ➭ ñ↔ï✑☎↕ïÐî❰ìðï × ✪✌☎↕ñ↔ï✡☎✁✪♦ì ➭ ê❂ñ➘ê✫❃↔ç▲ë➘ì ➭ ê♦ìr❝ ⑨ →✞❞ ö

ó❡ï❺ì❰ï➤ï✕ì❰ê✈ñ➘ë✠✏▼✒Ðç➣ñ❶ç➤ó ó❖✚✱✰❂ò✿�✍ç➋ñ➘ê❸❑➏☎ôê✸ë❶î ➭ ù ➭➯ý ï❺ì✡�➘ì❰ç⑥✝♦ê✌☎❉☎ôç✆☎■ñ➘ê✸õ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺çÓ✂✬ë❶ê⑤�❛ê✈ì❰é ➭ î➶ïÐé ç❺û❶îðê✈ì
☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎❡ñ➘ç✆☎❥ñ➘ê♦í✰î❰ê✓☎⑧é☞ï ➭ ☎➨�➘ì✁✸❺✶ ➭ é✲ï✑☎❽ñ↔ï✑☎ ➭ ñ➘ê♦ï ➭ ☎✈ò ➭ ö êÐö➯òÐé✲ï ➭ ç▲ì➧�➘ìôê✓✝ ➭ ☎✹✒❺ç❶ö ✽ çúê♦í✰î➶ïÐí➍î❰ç➘ò▲ê✌☎ôîðê✌☎✱�➘ì❰ç⑥✝♦ê✌☎❉☎ôç✆☎
�✍ç➋ñ➘ê✈é ➭ é✡�➘ù ➭ ✝❫ïÐìÕê✈é ë➘é❲✝✈ë✠☎ôî❰ç☞é☞ï ➭ ☎④ê♦ù➲ê × ï❺ñ➘ç✎�↔ï❺ì❰ï☞ï❾õ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺ç✢ñ➘ï✑☎↕ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✈ö

✢úé❖ç▲ë❶î❰ì❰ç❀é✾ê ➭ ç✕�↔ï❺ì❰ï✽ì❰ê✈ñ➘ë ý✈➭ ì⑧ç❂ó②ó❖✚✱✰ ✪øïÐîðì❰ï × ✪✓☎➀ñ↔ï ➭ í✰îðìôç➋ñ➘ë✜✏▼✒❺ç❀ñ❶êøé☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎❥í➘ï✑☎❬☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎
ñ➘ç✆☎èñ❶ê♦í✰îðê✌☎♦ö❍✚❖☎❮î➶ï✑☎èé✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎✮✂✬ë➘ï❺í➘ñ➘ç✾ï✑�➘ìôç✆�➘ì ➭ ï❺ñ↔ï✾☎✩�❛ç✬ñ➘ê✈é ìôê♦ñ➘ë ý✈➭ ìèç✶ó②ó❖✚✱✰❂ò✍ê❈✂➍ë↔ïÐí➘ñ➘ç✶í✧✒❺ç✤☎❉✒❺ç
ï❺ñ➘ê✌✂➍ë↔ï❺ñ↔ï✑☎✬�✍ç➋ñ❶ê♦é✟ìôê✓☎ôë➘ù➯îðï❺ì❂ê♦é✑ë➘é ï❺ë➘é✾ê♦í✰î❰ç■ñ➘ç❧ó ó❖✚✱✰✙ê✎✝✈ç▲í✠☎❰ê✌✂➂➾➘ê♦í✰îðê✈é☞ê✈í✰îðê✲ê✈é✟é☞ï ➭ ç❺ì✽í✠❱ × ê♦ù❡ñ➘ê

❼



ì❰ë✜❱➲ñ➘çs❝ ⑨ →➋ò ➀ →✬ò ➀❚➔ ò ➜❶⑩ ò ⑩❲❻✾➛ ò ❼✾➛ ò ➜▲⑨ ò ➔✬⑩ ò ➛✰❻ ❞ ö➚✚✱☎ôîðï➣ê✌☎ôî❰ìðïÐî❉✪✓☞ ➭ ï➌ñ➘ê✴é☞ç✬ñ ➭✗P ✝❫ï❺ì✲ï✑☎↔☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎■ñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎❾õ❴ç ➭ �➘ìôç✆�✍ç✆☎ôîðï ➭ í ➭ ✝ ➭ ï❺ù➲é✾ê♦í✰î❰ê✤�❛ç▲ì✬♥✕ï❺ù✭❨Ðê♦ìsê✈é

1938
❝ ⑩❲❻✆➀ ❞❍�↔ï❺ì❰ï é✾ê♦ù✗✟➘ç▲ìðïÐì❒ç✍✝♦ç▲í✰îðïÐîðç ê♦í✰îðìôê✔ç✆☎

ñ➘ê✈í➍î❰ê✓☎✈ò➘ê❀ï❺ë❶é☞ê✈í➍îðï❺ìÕï ×✬➭ ñ↔ï❒ñ➘ç✆☎✮�➘ï❺ì❰ê✌☎④ê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘ç✆☎✈ö②ó❥ç✆☎❮îðê✈ì ➭ ç❺ì❰é✾ê♦í✰îðêúñ ➭➯× ê♦ì❉☎ôç✆☎④î❰ìðï❺û↔ïÐù✭✟➘ç✆☎ ï❺í➘ï❺ù ➭ ☎ðï❺ì❰ï❺é
ï ➭ í❯ö↔ë ❀ í✜✝ ➭ ï✸ñ➘ï✑☎❾é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎sñ➘ï✑☎✵☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎❾ñ➘ç✆☎✢ñ➘ê✈í✰îðê✓☎✢í➘ï✸ê✷✶❯✝ ➭ î➶ï✑✏✓✒❺ç⑤�➘ì❰ç × ê♦í ➭ ê♦í✰îðê❚ñ➘ç❅ê✈ì❰ì❰ç❅ñ❶ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ö❖✚✱☎ôîðê✌☎❄î❰ìðï❺û➘ï❺ù✭✟➘ç✑☎èê❈☎❰ë↔ï✑☎■�➘ì ➭ í✠✝ ➭ �↔ï ➭ ☎✩✝♦ç❺í➍î❰ì ➭ û➘ë ➭ ✏✌★➋ê✌☎✿☎✹✒❺ç✾ï✑�❶ì❰ê✓☎ôê♦í✰î➶ïÐñ➘ç✆☎❄í➘ç✦✝♦ï✑�✠❱➮îðë➘ù➯ç ❹ ö

✢úé☞ï✕ç▲ë❶î❰ìðï➌ìðï ý ✒❺ç④�➘ï❺ìðï④☎ôê❅é☞ç✬ñ ➭✗P ✝❫ï❺ì☞ï✑☎✻☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎✔ñ➘ç✆☎■ñ❶ê♦í✰îðê✌☎➞✪➫�↔ï❺ìðï➌ê ×✬➭ î➶ïÐì✙✂➍ë➘ê❅ç➞ñ➘ê✈í➍î❰ê
ï❺ñ❘➘❰ï✾✝♦ê♦í✰î❰ê✸ï❺ç❋ñ➘ê♦í✰îðê ê♦í✠☞❺ì❰ê♦í➘ï❺ñ➘ç✕ê✈í✰îðì❰ê ê♦é ✝♦ç❺í➍îðïÐîðç❳�➘ì❰ê✈é✲ï♣îðë➘ì❰ï❺é☞ê✈í✰îðê❺ö❧✼➏☎ôîðçÓ�❛ç✬ñ➘ê❧ç❯✝✈ç▲ì❰ìôê♦ì✶ñ➘ê ×✬➭ ñ➘ç
ú✑☎✶ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎✾ê♦ùõ❋✾☎ôî ➭ ✝❫ï✑☎✢ñ❶ç✆☎✶ñ➘ê♦í✰îðê✌☎☞ê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✆☎✎☎❰ç▲û➉✝❫ï❺ì✁☞✰ï❶ò❖✝♦ç❺é❾û ➭ í➘ï❺ñ↔ï✑☎✢ç▲ë➤í✧✒Ðç❳✝✈ç▲é ç✆☎✶ê✈ì❰ì❰ç✑☎✾ñ❶ê
ê✓☎✁�↔ï✑✏♦ï❺é☞ê✈í✰îðç✶ê♦í✰îðìôê❂ç✆☎øñ➘ê✈í✰îðê✓☎↕ç▲ì ➭ ë➘í❶ñ➘ç✆☎øñ➘ç✤�❶ì❰ç⑥✝♦ê✓☎✁☎❰ç✶ñ➘ê✽õ❤ïÐû➘ì ➭ ✝❫ï✑✏✓✒❺ç➘ö✱✚✱☎ôî❰ê❀õ❴ê♦í❣❬❺é☞ê✈í➘ç✤✪✳✝❙✟↔ï❺é☞ï❺ñ➘ç✢ñ❶ê
❖➏➋❆✇❽➩ s❙⑩❘✈✧➋❿✉⑥s✷➋❡❖ÿç▲ët❖❉s❙⑩❘❶❸✈⑧r✷❶➆s❙⑩❘✈✧➋❿✉⑥s✷➋❡❖➻ò❥ç▲ë✕ï ➭ í❶ñ↔ï❶ò◆❖❉r❉③❺➑⑥r➆s❙⑩❘✈✧➋➶✉⑥s✷➋❡❖➻ö↔◆ ✝✈ç▲í✰î➶ïÐî❰ç➫�➘ìôê♦é☞ïÐîðë➘ìôç ñ❶ç❉ñ➘ê✈í➍î❰ê
ç⑥✝♦ç▲ìôì❰êsõ❴ç▲ì❰ï✲ñ↔ï✙�✍ç✆☎ ➭ ✏▼✒Ðç ➭ ñ➘ê♦ï❺ù❽ñ➘ê✵✝♦ç❺í➍îðïÐîðç❶ò⑧✂➍ë➘ê✤✪❾ç✻�❶ù ï❺í➘ç☞ñ➘ê✶ï✑✏✓✒❺ç✻�↔ï❺ì❰ï✔ï✑☎❀ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎❂ñ➘êsñ➘ê♦í✰îðê✌☎
ê × ç▲ù × ê♦í✰îðê✌☎♦ò⑧ê✤✝♦ï❺ë✠☎❰ï❺é ➭ é✡�↔ï✑✝ îðç✆☎✽î❰ç▲ì❰í➘ï❺í➘ñ➘ç✾❑➶☎❰ê✶ë➘é☞ï✲õ❴ç▲í✰îðê✶ñ➘ê ×✬➭ û➘ì❰ï✑✏▼✒Ðç❧ê✶ìôê♦ñ➘ë ý✈➭ í➘ñ❶ç❉ï ×✬➭ ñ↔ï■ñ➘ç↔�↔ïÐì
ê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘ç❊❝ ⑨ →✐❞ ö

æ✕☎ ➭ ì❰ì❰ê✌☞▲ë➘ù➲ï❺ì ➭ ñ↔ï❺ñ➘ê✌☎❥í➘ç❈✝✈ç▲í✰î➶ïÐî❰ç❂ê♦í✰îðìôêøç✆☎⑧ñ❶ê♦í✰îðê✌☎➃✝♦ï❺ë✠☎❰ï❺ñ↔ï✑☎✱�✍ê♦ù➯ç✆☎❡ê✈ì❰ì❰ç✑☎❬☞▲ê♦ç❺é✦✪ îðì ➭ ✝♦ç✆☎❥ñ➘êøõ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺ç
ê➃�❛ê✈ù ï✑☎★ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎⑧ê✈ùõ❋✑☎❮î ➭ ✝♦ï✑☎★ñ➘ç✆☎❽ñ➘ê♦í✰î❰ê✓☎❊�✍ç✬ñ➘ê♦é ☎ôê♦ì❽ì❰ê♦ñ❶ë ý♦➭ ñ↔ï✑☎❥ïÐîðì❰ï × ✪✓☎❥ñ↔ï ➭ í➍î❰ì❰ç✬ñ➘ë✠✏✓✒❺ç↕ñ➘êÕé✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎
➭ í✰î❰ê♦í✠✝ ➭ ç▲í↔ï ➭ ☎èí↔ï✤☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê❂ñ➘ç✑☎❄ñ❶ê♦í✰îðê✌☎●❝ ⑨ →✐❞❿ö

✚②é ☞❺ê♦ìðïÐù òøï✾☎☞é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎ ➭ í✰î❰ê♦í✠✝ ➭ ç▲í↔ï ➭ ☎✶ñ➘ê➞�➘ì❰ç❘➘ôê îðç❳✝♦ç▲í✠☎ ➭ ☎❮îðê♦é í↔ï➁ì❰ê✈é☞ç⑥✏▼✒❺ç➁ñ➘ê❧é✲ï♣îðê♦ì ➭ ï❺ù④í↔ï
ñ ➭ ì❰ê✓✏✓✒❺ç✾ñ➘ç✦�✍ê♦ì P ù ò✜✝❙✟↔ï❺é☞ï❺ñ↔ï✢ñ➘êÿï❺ù✭❱ ×➋➭ ç❾ñ➘ê❂îðç✑�❛ç✾ê❒ï❺ù✭❱ ×➋➭ ç❾ñ➘ê❒ìðï ➭➯ý ò➘ç❺ë ê✈é ➭ í✠☞❺ù ❀ ☎❃❖➏➋❆✇❽➩❩❶✹r✷❼ ✇❿r➌➒◗❖↕ç▲ë✁❖➏❶❙⑩❺⑩❘➋
❶✹r✷❼ ✇❿r➌➒◗❖⑤❅ × ê♦ì P ☞▲ë➘ì❰ï ⑩ ö ➛ ❇ òèê❧îðï❺é❾û✄✪♦é í↔ï❋ìôê♦é✾ç❯✏✓✒❺ç✕ñ❶ê❉é☞ïÐîðê✈ì ➭ ïÐùøí↔ï✑☎☞ê✷✶✬îðìôê♦é ➭ ñ↔ï❺ñ❶ê✓☎✲ñ❶ç✆☎✲ñ➘ê✈í✰îðê✓☎✲í↔ï
ñ ➭ ì❰ê✓✏✓✒❺ç❾ñ➘ç✛�↔ï✑☎❉☎ôç✢ñ↔ï✵✟✠✪✈ù ➭ ✝✈ê❺ò⑥✝❙✟↔ï❺é☞ï❺ñ↔ïsñ❶ê❀ï❺û↔ïÐë➘ù ï❺é✾ê♦í✰î❰çsñ➘ê✳�➘ï✑☎❉☎ôç➘ò➘ç▲ë✔ê✈é ➭ í✠☞▲ù ❀ ☎✼❖➏❼✭r❉✉❚③✻s✷❶✹⑩❡❪✱✈✿❖➻ò✬ê✓☎ôîðï
✩ ù➮î ➭ é☞ï❒ï✑�➘ù ➭ ✝❫ï❺ñ➘ï❏�➘ì ➭ í✠✝ ➭ �↔ï❺ù➯é☞ê✈í✰îðê■�↔ï❺ìðï✵✝✈ç▲é✡�❛ê✈í✠☎ðï❺ì④ê♦ì❰ìôç✆☎øñ➘ê❀ï❺ù ➭ í✠✟↔ï❺é✾ê♦í✰îðç✑☎Õñ➘ç✑☎øê ➭ ✶❶ç✑☎✩✂➍ë➘ê❈☎❰ë✠�✍ç▲ì❮î➶ï❺é
ï✑☎↕ê♦í✜☞▲ì❰ê✈í↔ï❺í✠☞▲ê✈í✠☎♦ö✮◆✣ïÐû↔ï❺ë➘ù➲ï❺é☞ê✈í✰îðç✢ñ➘ç✡�↔ï✑☎✁☎❰ç✾ñ↔ï✤✟✠✪♦ù ➭ ✝♦ê❈✪ ➭ ù➲ë✠☎❮îðìðïÐñ➘ç✢í↔ï P ☞▲ë➘ì❰ï ⑩ ö ➔ ö

æ✕☎✽é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎ ➭ í✰î❰ê♦í✠✝ ➭ ç▲í↔ï ➭ ☎❄ñ➘ê✵�➘ìôç❘➘ôê✈î❰ç ➭ í✰îðìôç➋ñ❶ë ý♦➭ ñ↔ï✑☎❄í↔ï✑☎✕☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê✓☎✽ñ❶ç✆☎❀ñ➘ê✈í➍î❰ê✓☎✳�✍ç✬ñ➘ê♦é ☎❰ê✈ì
ñ➘ê✌☎❉✝♦ì ➭ îðï✑☎♦ò➘ê✈é➚☞▲ê♦ì❰ï❺ù ò⑥�❛ç❺ìÕõ❴ë➘í✠✏✌★➋ê✌☎èï P í✜☎✈✉ ç▲ë✻✂➍ë↔ïÐñ➘ì✹❋Ðî ➭ ✝♦ï✑☎♦ö➀ó❽ç▲ìôîðï❺í✰îðç➘ò➋í↔ï✑☎✩☎ ➭ î❰ë↔ï✑✏✓★✬ê✓☎Õì❰ê♦ï ➭ ☎✈ò➋ç✆☎④ñ➘ê♦í✰îðê✌☎
ñ↔ï✑☎ ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎Õñ❶ê ➭ ✶❶ï❺é➩ñ❶êúï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺ì④ë➘é☞ï❀õ❴ç▲ì❰é☞ï❂ê × ç▲ù × ê♦í✰îðê❄�➘ë➘ìðï❤❝ ⑩❲❻✆➜ ❞❿ö ✽ ê✌☎ôî❰ê❄✝♦ï✑☎❰ç➘ò➍ç✫�❛ê✈ì P ù✝ñ➘ç✑☎
✇②①④③❡⑤❇⑥✯⑤❋⑦⑨⑧❫⑩❄❶✗⑩✪❷❹❸✞❺❡❻♥❼❋❽✴⑤❋❾❡⑥➀❿✻❸✐⑤❋➁➂❿✻❸❡⑩②➃➄❷❹❸❡❺❡❻②❼❇❽

f : ℜ → ℜ
❶✞⑤✻❶✞⑤✷➅➆❽❇➃▼❸✞⑥✿⑤r➁➇⑩②➈➉❶✞⑤✷❷❹❽✻➃❫⑥✿⑤

f(x) = ax + b ➊ ❽✻❺❡❶✗⑩
a, b ∈ ℜ ➊ ⑩ a, b 6= 0 ➋

→



❃ ➭ ☞➘ö ⑩ ö ➛ Ð ✼➻ù➯ë✠☎ôî❰ìðï✑✏✓✒❺çÿñ❶ç✆☎øï❺ù✗❱ ×✬➭ ç✑☎➀ñ➘ç✛�✍ê♦ì P ù✝ê × ç❺ù × ê✈í✰îðê Ð ï✆❇ ï❺ù✗❱ ×✬➭ ç❂í❶çÿîðç✑�❛ç➘ò✬û♦❇②ï❺ù✭❱ ×✬➭ ç❂í↔ï❒ìðï ➭➯ý ò➂✝❺❇②ï❺ù✭❱ ×✬➭ ç✆☎
í➘ç✢îðç✑�❛ç✶ê●í↔ï✶ìðï ➭➯ý ö

❃ ➭ ☞❶ö ⑩ ö ➔ Ð ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✢ñ❶ç✲ï❺û➘ï❺ë➘ù ïÐé☞ê✈í➍î❰ç✢ñ➘ç✎�↔ï✑☎✁☎❰ç✲ñ➘ï✎✟✜✪♦ù ➭ ✝♦êÐö

ñ➘ê✈í➍î❰ê✓☎➀ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❀ë➘é✲ï■�↔ï❺ì❮îðê✮�❶ë➘ìðï❺é✾ê♦í✰î❰ê④ê × ç▲ù × ê♦í✰îðê④ê④ç▲ë❶î❰ìðï✕✝✈ç▲í❶õ❴ç▲ìôé☞ê②õ❴ë➘í✠✏✌★➋ê✌☎⑧ï P í✠☎❡ç▲ë✛✂✬ë➘ï❺ñ➘ì✹❋♣î ➭ ✝♦ï✑☎♦ö
✽ ï P ☞▲ë➘ìðï ⑩ ö ➛ ï✑☎❀ìôê✓☞ ➭ ★➋ê✌☎❀é✾ç➋ñ ➭◗P ✝❫ïÐñ↔ï✑☎✽ñ❶ç❧ñ❶ê♦í✰îðê✎�✍ç▲ì✽õ❴ë➘í✠✏✌★➋ê✌☎●ï P í✠☎❂ç❺ë⑤✂✬ë➘ï❺ñ➘ì✹❋♣î ➭ ✝♦ï✑☎❈☎✹✒Ðç ➭ ù➲ë✜☎ôîðì❰ï❺ñ↔ï✑☎
✝♦ç❺é❲✟↔ï✑✝❙✟➍ë➘ì❰ï✑☎♦ö

æ✕☎❄é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎èñ↔ï✑☎✞☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎❄ñ❶ç✆☎↕ñ➘ê♦í✰îðê✌☎✕�✍ç➋ñ❶ê♦é❲☎ôê♦ì↕ê✓☎✁�❛ê✌✝ ➭✗P ✝❫ï❺ñ↔ï✾☎úê✈é õ❴ë➘í✠✏▼✒Ðç☞ñ➘ç✑☎❄ê✈ì❰ìôç✆☎↕ñ➘ê
ê✓☎✁�↔ï✑✏♦ï❺é☞ê✈í✰îðç➫�✍ê♦ìôé ➭ î ➭ ñ➘ç✆☎❂ê✾ñ↔ï✑☎❒ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎❾ê♦ù✭❋✑☎ôî ➭ ✝❫ï✾☎✫✂➍ë↔ïÐí➘ñ➘ç î❰ç➋ñ➘ï ï➞✝❫ï❺ì✁☞✰ï➞✪✶îðì❰ï❺í✠☎ôé ➭ î ➭ ñ➘ï✻�❛ç▲ì❒ë➘é
✩ í ➭ ✝♦ç❀ñ❶ê♦í✰îðêÐò ➭ ö êÐö➯ò❺ñ➘ê✌ö↔ê❸✶✜✒❺ç●ê♦ùõ❋✾☎ôî ➭ ✝❫ï✽é✦❋❘✶ ➭ é☞ï✴❝ ⑩❲❻✑➜ ò ➀✰❹ ❞ ö ✽ ê✌☎ôîðê✞✝♦ï✑☎❰ç➘ò❺ñ➘ê × ê♦ì✹❋❂ê❸✶ ➭ ☎ôî ➭ ì⑧ë➘é☞ï✽é✾ç➋ñ ➭✗P ✝♦ï✑✏▼✒❺ç
➭ ñ❶ê❫ï❺ù➧�↔ï❺ì❰ï✙✝❫ïÐñ↔ï☞í✠❱ × ê✈ù❡ñ➘ê❏✝❫ï❺ì✁☞✰ï✲ï❺ç✙✂✬ë➘ï❺ù❥ç✦�↔ï❺ìúê♦í✠☞▲ìôê♦í↔ïÐñ➘ç✔ê✓☎❮î❙❋✙☎ôë➘û➘é✾ê✈î ➭ ñ➘ç➘öúó❥ç✬ñ➘ê❸❑➏☎❰ê❾ï❺ñ➘ç❺îðï❺ì❄✝✈ç▲é✾ç
✝♦ì ➭ î❉✪♦ì ➭ ç✢ñ➘ê P í ➭ ì↕ï✑☎↕é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎✿✝✈ç▲é û↔ï✾☎❰ê❒ê♦é ë➘é îðç▲ì✁✂✬ë❶ê❒í❶ç▲é ➭ í↔ï❺ù❛ç▲ë■îðç▲ì✁✂✬ë❶ê❒ñ❶ê✫�❶ì❰ç❘➘ôê îðç➘ö

✚ ×➋➭ ñ➘ê♦í✰î❰ê♦é✾ê♦í✰îðêÐò✕✂➍ë↔ï❺í➘ñ❶ç➞ç④�↔ï❺ì✔ê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç➞ç✆�❛ê✈ìðï❋õ❴ç❺ìðï✕ñ➘ç❋îðç▲ì✁✂✬ë❶ê❅í➘ç▲é ➭ í↔ï❺ù↕ç⑥✝♦ç▲ìôì❰ê✈é ñ❶ê✓☎ ×✬➭ ç✆☎
➜



ñ➘ç➁✝✈ç▲í✰î➶ïÐî❰ç➘ö❖ó❡ï❺ì❰ï✕îðç▲ì✁✂✬ë❶ê✓☎❚ï❺û↔ï ➭ ✶➋ç➌ñ➘ç✕î❰ç▲ì❉✂➍ë➘ê❅í❶ç▲é ➭ í↔ï❺ù❿òèï✑☎✔ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎■ê✈ùõ❋✑☎❮î ➭ ✝♦ï✑☎✻☎❉✒❺ç④�✍ê✓✂➍ë➘ê♦í➘ï✑☎❚ê
➭ í✜☎❰ë P ✝ ➭ ê✈í➍î❰ê✓☎❖�↔ï❺ì❰ï✕✝♦ç❺ù➲ç⑥✝❫ï❺ì❥ç❂ñ➘ê♦í✰îðê↕é✾ç➋ñ ➭✗P ✝♦ï❺ñ➘ç✽í➘ï✳�❛ç✆☎ ➭ ✏✓✒❺ç ➭ ñ➘ê♦ï❺ù✬ñ➘ê✿✝♦ç▲í✰îðïÐîðç➘ö ✽ ê✌☎ôî➶ï❈✝✈ç▲í➘ñ ➭ ✏▼✒❺ç❂ê❸✶ ➭ ☎ôî❰ê
ë➘é☞ï■�✍ê♦ìôñ↔ïúñ❶ç✕✝♦ç❺í➍îðïÐîðçúê♦í✰îðìôê④ç✆☎❽ñ➘ê✈í➍î❰ê✓☎✈ö②ó❥ç▲ì❽ç▲ë❶î❰ì❰ç❄ù ï❺ñ➘ç❶ò✾�↔ïÐìðï↕ç✆☎❽î❰ç▲ì❉✂➍ë➘ê✌☎⑧ï✑✝ ➭ é☞ï❄ñ❶ç❄î❰ç▲ì❉✂➍ë➘êÕí➘ç▲é ➭ í↔ï❺ù❿ò
ï✑☎❾ñ❶ê✌ö↔ê❸✶✜★✬ê✓☎✤�✍ç✬ñ➘ê♦é❥☎❰ê✈ì✵☞▲ì❰ï❺í➘ñ➘ê✌☎✵�↔ï❺ì❰ï✍✂➍ë➘ê■ç⑥✝♦ç▲ìôìðï ç➫✝♦ç▲í✰î➶ï♣îðç➲�➘ìôê♦é☞ïÐîðë❶ì❰ç❉ñ❶ç✸ñ➘ê♦í✰î❰ê❚ï❺ñ❘➘❰ï✑✝✈ê♦í✰îðê■ïÐç
ñ➘ê✈í➍î❰êÿê✈é❲✝♦ç❺í➍îðïÐîðç❶ò ➭ ö ê❺ö➮òq❖➏➋➓✇❽➩➁s❙⑩❘✈✧➋❿✉⑥s✷➋❡❖➻ö

✢❄☎ðïÐí➘ñ➘ç✴ï❉ê✌☎ôîðì❰ïÐî✹✪✌☞ ➭ ï é☞ê✈í✠✝ ➭ ç▲í↔ï❺ñ↔ï❉ï❺í✰îðê♦ì ➭ ç▲ìôé☞ê✈í✰îðê❺ò⑧ï✑☎❾é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎✛�✍ç✬ñ➘ê♦é ☎❰ê✈ì✵☎❰ë✠�✍ê♦ì✢ñ ➭ é✾ê♦í❯❑
☎ ➭ ç▲í↔ï❺ñ➘ï✑☎ÿñ❶ê ×✬➭ ñ➘ç✍ú✍✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï✑✏✓✒❺ç ñ➘ï ñ➘ê✷ö↔ê✷✶✜✒❺ç✸ê✈ùõ❋✑☎❮î ➭ ✝❫ï■é✙❋▲✶ ➭ é✲ï➋ö þ ïÐû❛ê❸❑➏☎❰ê✡✂➍ë➘ê✲í➘ï✑☎ÿê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎sï
✝❫ïÐì❉☞✰ï✙✪ÿñ ➭➯×✬➭ ñ ➭ ñ↔ï➋ò✍ç❺ë✸ñ ➭ ☎❮îðì ➭ û➘ë✠❱➯ñ↔ï❶ò✝ê♦í✰î❰ì❰êsç✑☎✳�↔ï❺ìôê✓☎✽ñ❶ê❾ñ➘ê♦í✰î❰ê✓☎❀ê✈é➴✝✈ç▲í✰î➶ïÐî❰ç➘ö✳✚❆ï ➭ í➘ñ↔ï❶ò✄✂➍ë➘ê❾ç✲í ✩ é✾ê♦ìôç
ñ➘ê✬�↔ï❺ìôê✓☎❄ñ➘ê●ñ➘ê♦í✰î❰ê✓☎❄ê♦é❲✝✈ç▲í✰î➶ïÐî❰ç × ï❺ì ➭ ï✶ï❺ç✶ù➲ç❺í✠☞▲ç✢ñ➘ç✎✝ ➭ ✝♦ù➯ç✢ñ➘ê●ê♦í✠☞▲ìôê♦í↔ïÐé☞ê✈í➍î❰ç➌❝ ⑨ →✐❞❿ö

æ✽ù✭✪✈é ñ ➭ ☎❮îðç➘ò❽ç❉é✡✪✈î❰ç➋ñ❶ç❉é✾ê♦í✠✝ ➭ ç▲í↔ïÐñ➘ç❉ï✾✝ ➭ é☞ï➆�❛ê✈ì❰é ➭ î❰ê☞ï✾�❛ê✈í↔ï✑☎sê✌☎ôî ➭ é☞ï❺ì❒ï❉ï❺é✡�➘ù ➭ îðë➘ñ❶ê✢ñ↔ï❉é✾ç➋ñ ➭◗P ❑
✝❫ï✾✏▼✒❺ç➘ö❋ó❡ïÐìðï✸ê✓☎✁�❛ê✌✝ ➭◗P ✝❫ï❺ì✶ï✾☎❾é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎♦ò✱✪✔í❶ê✓✝♦ê✌☎❉☎❉❋❺ì ➭ ç❋ï ➭ í➘ñ↔ï ñ➘ê✈î❰ê♦ì❰é ➭ í➘ï❺ì❾ï✸ê❸✶➋î❰ê♦í✠☎❉✒❺ç➁ñ↔ï✸ì❰ê✌☞ ➭ ✒❺ç
☎❰ë▲➘ôê ➭ îðï↔ú❚é✾ç✬ñ ➭✗P ✝♦ï✑✏▼✒Ðç➘ò❨ê✶ï✔õ❴ë➘í✠✏✓✒❺ç❧ï✻☎❰ê✈ì❒ë✜☎ðï❺ñ↔ï➆�↔ïÐìðï■ñ➘ê✓☎✁✝♦ìôê × ê✈ìsï■é✾ç➋ñ ➭✗P ✝♦ï✑✏▼✒❺ç✔ï❺ç❚ù➲ç▲í✠☞❺ç✔ñ➘ç↔�❛ê✈ì P ù
❅ × ê♦ì P ☞▲ë➘ì❰ï ⑩ ö ➀ ❇ ö

❃ ➭ ☞➘ö ⑩ ö ➀ Ð ✼➻ù➯ë✠☎ôî❰ìðï✑✏✓✒❺ç✶ñ↔ï☞ïÐé✦�➘ù ➭ î❰ë➘ñ➘ê✽ê●ê❸✶➋î❰ê♦í✠☎❉✒❺ç✲ñ❶ç☞ïÐù✭❱ ×✬➭ ç➘ö

✚②é ⑩❺➜✆➜✆➜ ò★ó❥ï❺ù➲é✾ê♦ì➍❝ ➀ →❡❞➀ì❰ê♦ï❺ù ➭➯ý ç▲ë❅ë➘é✟ê✷✶✬îðê✈í✠☎❰ç ê✓☎ôî❰ë➘ñ➘ç❧îðê✓✸❺ì ➭ ✝✈ç■ê✶ê✷✶❯�❛ê✈ì ➭ é☞ê✈í➍îðï❺ù✱☎❰ç❺û➘ì❰ê✾ï✑☎●é✾ç➋ñ ➭◗P ❑
✝❫ï✾✏✓★✬ê✓☎✽ñ➘ï✑☎❄☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê✓☎❄ñ➘ç✆☎❄ñ➘ê♦í✰îðê✌☎♦ö■✚➀ù➲ê❒ê✓☎❮îðë➘ñ➘ç❺ë❅ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✾ñ❶ê × ❋❺ì ➭ ç✆☎èî ➭ �❛ç✆☎↕ñ➘ê❒é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎↕ê♦é
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎↕ñ➘ê❀ñ➘ê✈í➍î❰ê✓☎↕ì❰ê îðç✆☎④ê❈✟➘ê♦ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎❖☎❰ë➘û➘é✾ê✈î ➭ ñ↔ï✾☎èï❾ñ ➭ õ❴ê✈ì❰ê✈í➍î❰ê✓☎èí✠❱ × ê ➭ ☎øñ➘êúîðç▲ì✁✂✬ë❶ê❺ö ó❡ï❺ù➯é☞ê✈ìq❝ ➀ →❡❞
✝♦ç❺í✠✝♦ù➯ë ➭ ë✸ê✈é ☎ôê♦ë✸îðì❰ï❺û↔ï❺ù✗✟➘ç✻✂➍ë➘ê✢í✧✒Ðç✻✪✵�✍ç✆☎❉☎✁❱ × ê✈ù❬✝♦ì ➭ ï❺ìúë➘é☞ï✲ì❰ê✌☞▲ìðï✙☎ ➭ é✡�➘ù➲ê✌☎✕�↔ïÐìðï✔ï■ï✑�❶ù ➭ ✝♦ï✑✏▼✒Ðç✲ñ➘ê❾é✾ç✾❑

⑩❲❻



ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎úí➘ï✡☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê●ñ➘ç✑☎úñ➘ê✈í✰îðê✓☎❄�↔ï❺ì❰ï✾ìôê♦ñ➘ë ý✈➭ ì❄ç✲ó②ó❖✚✱✰❂ö❛◆➜ó②ó❖✚✱✰ × ï❺ì ➭ ï✎✝✈ç▲é✏ï✡✝❫ï❺ì✁☞✰ï☞ï✾�➘ù ➭ ✝❫ï❺ñ↔ï
ê✙✝✈ç▲é☎ç➲☞▲ì❰ï❺ë➌ñ➘ê☞ì❰ê✓✝✈ç▲û➘ì ➭ é✾ê♦í✰îðç❉ï❘✶ ➭ ï❺ù➄➎❾ê✲î❰ìðï❺í✜☎ × ê✈ì❉☎❰ï❺ù▼➏❲ö ó❥ç▲ì❮î➶ï❺í✰î❰ç➘ò⑧í↔ï✑☎❏☎ ➭ îðë↔ï✑✏✌★➋ê✌☎sìôê❫ï ➭ ☎♦ò⑧ç✆☎ÿñ➘ê♦í⑥❑
îðê✌☎✶ñ↔ï✑☎✢ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✶ñ➘ê ➭ ✶➘ïÐé ñ➘ê❚ï✑�❶ì❰ê✓☎ôê♦í✰î➶ïÐì✾ë❶é✲ï❉õ❴ç▲ìôé✲ï ê × ç❺ù × ê✈í✰îðê➞�➘ë➘ìðï❩❝ ⑩❲❻✆➜ ❞ ö❋æ✕☎❉☎ ➭ é❧ò②ê✷✶ ➭ ☎❮îðê♦é
➭ í P í ➭ îðï✑☎✛✝✈ç▲é❾û ➭ í↔ï✑✏✌★➋ê✌☎sñ➘ê➆☞▲ì❰ï❺ë✠☎❾ñ❶ê✔ì❰ê✌✝♦ç▲û➘ì ➭ é✾ê♦í✰îðç❶ò➀ê✷✶✬îðê✈í✠☎✹✒❺ç✴ñ➘ç✴ïÐù✭❱ ×✬➭ ç í➘ç⑤�✍ê♦ì P ùøê■ïÐé✦�➘ù ➭ î❰ë➘ñ➘ê✾ñ↔ï
é✾ç➋ñ ➭◗P ✝❫ï✾✏▼✒❺ç■❝ ➀ →➋ò✧�❨ö ⑩▲⑩✓➛ ❞ ö

❃ ➭ ☞➘ö ⑩ ö ❼ Ð ✼➻ù➯ë✠☎ôî❰ìðï✑✏✓✒❺ç✶ñ➘ç✎☞▲ìðïÐë❧ñ❶ê❒ìôê✓✝✈ç▲û➘ì ➭ é☞ê✈í✰îðç✾ï❘✶ ➭ ï❺ù❿ö

✽ ç✾ï❺é❾û ➭ ê♦í✰î❰ê❀ñ➘ê❈�➘ìôç❘➘ôê✈î❰ç➘ò➘ï✢ñ➘ê P í ➭ ✏✓✒❺ç✢ñ↔ï❾é✾ç➋ñ ➭✗P ✝♦ï✑✏▼✒❺ç❾ï✵☎❰ê♦ì↕ï✾�➘ù ➭ ✝❫ï❺ñ↔ïÿí➘ç✤�↔ï❺ìøê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✡✪❀õ❴ê ➭ îðï
ê♦é é❾ë ➭ îðç✆☎✫✝❫ï✾☎❰ç✆☎❾ñ❶ê☞õ❴ç▲ìôé✲ï ï❺ì❰û ➭ îðì❉❋❺ì ➭ ï■î❰ç▲é☞ï❺í➘ñ➘ç✾❑➶☎❰ê✦✝♦ç▲é✾ç❉ìôê✈õ❴ê♦ì ❀ í✠✝ ➭ ï✸ï✾☎sé✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎❒ë✠☎ðï❺ñ➘ï✑☎❾ê♦é
ë➘é➴�↔ï❺ì❀ê✈í✠☞▲ì❰ê✈í↔ï❺ñ➘ç↔✝✈ç▲é✟û✍ç▲é✟ñ❶ê✓☎❰ê✈é✦�✍ê♦í✜✟➘ç❚ñ➘ê✢ì❰ë✠❱➯ñ➘ç➘ö❏✚➀é✟ç▲ë❶î❰ì❰ç✆☎✕✝❫ï✑☎ôç✆☎♦ò★ë✠☎❰ï❘❑➏☎ôê✶ï❺ù✭☞▲ë❶é➴�➘ìôç✆☞▲ì❰ï❺é✲ï
✝♦ç❺é✦�➘ë➋î➶ï✑✝ ➭ ç▲í↔ïÐù✄�➘ï❺ìðï✫✝❫ï❺ù✗✝♦ë➘ù➲ï❺ì②ç❾ê♦ìôì❰ç❾ñ➘ê❄îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❏✝♦ç▲éãç✵✂➍ë↔ïÐù❛ç✵�❶ì❰ç❘➘ôê î ➭ ☎❮î➶ï❒ì❰ê❫ïÐù ➭➲ý ï❒ë❶é✲ï✫☎❉✪♦ì ➭ êúñ➘ê
➭ î❰ê♦ì❰ï✑✏✓★✬ê✓☎❍✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺í❶ñ➘ç × ❋❺ì ➭ ï✑☎ é☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎Õñ➘ê❄☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ êúïÐî✹✪❄✂✬ë❶ê✳☎❰ê❀ç❺û❶îðê✈í✠✟↔ïsë➘é × ï❺ù➲ç❺ì ñ❶ê❀ó②ó❖✚❖✰
✂➍ë➘ê✾ê♦ù➲ê✎✝✈ç▲í✠☎ ➭ ñ➘ê♦ì❰ï ïÐñ➘ê✓✂➍ë↔ï❺ñ❶ç➘ö✔ó❽ç▲ìôîðï❺í✰îðç➘ò★îðç▲ìôí↔ï❘❑➶☎❰ê✶ê ×✬➭ ñ❶ê♦í✰îðê✡✂➍ë➘ê✲ï↔✝♦ç❺í➘ñ ➭ ✏✓✒❺ç↔✸❺î ➭ é✲ï✔ñ ➭✗P ✝ ➭ ù➲é✾ê♦í✰î❰ê✤✪
ç▲û❶î ➭ ñ↔ï➋ò➂ë➘é☞ï × ê ý ✂➍ë➘ê✾ï✑☎ ➭ îðê✈ìðï✑✏✌★➋ê✌☎❀í➘ç➆✝▼❋Ðù✭✝♦ë❶ù➲ç✔ñ➘ç❚ê✈ì❰ì❰ç■ñ❶ê❾îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç P ✝♦ï❺é✟ìôê✓☎❮îðì ➭ î➶ï✑☎❀ï❧ïÐù✭☞▲ë➘é☞ï✑☎
�✍ç▲ë✠✝❫ï✾☎↕î❰ê♦í✰î➶ï♣î ➭➯× ï✑☎èê❒ï✶ï❺ù✗☞▲ë➘í✠☎øî ➭ �✍ç✆☎èñ➘ê●é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎✩�➘ì✁✪✷❑➻ê✌☎ôîðï❺û❛ê✈ù➲ê✌✝ ➭ ñ➘ï✑☎✞�❛ê✈ù➲ç✤�➘ìôç❘➘ôê✈î ➭ ☎ôîðï❶ö
➐➑①④③❡⑤❋⑥✿⑤❋⑦⑨⑧❫⑩✜❶✗⑩✜➒❇➃➓⑤❋❸q❶✗⑩➄➃➔⑩♥→②❽❇➣✞➃➔➈↔⑥✯⑩♥❺✻↕➔❽▼⑤❋➙✗➈➇⑤❇➁✙⑤✯➃➔⑤❇➛♥❼❋❽✯❶✞⑤✯➁➂⑤❋➃➔➒❇❸✞➃➓⑤▼❶✗⑩➄→➜❽✻❺✻↕➓⑤➝↕➔❽✯❶✞❽❄❶✗⑩②❺✖↕❫⑩✜⑩❆❶✗❽✯➅❡⑤❇⑧➔⑧✌❽✿→②➈↔➃➓→➜❸✞➁➂⑤❋➃➉↕➔➃➔⑤❇❺❡⑧✌⑦

➞ ⑩♥➃➔⑧➔⑤❋➁✗❺❡❽➄❶✗➈➇➟❇⑥✯⑩➜↕❫➃➔❽✜➅✞➃➔➈↔⑥✯➈↔↕❫➈ ➞ ❽ ➊ →➜❽✻❺✗❷❹❽❇➃➔⑥✯⑩✤➈↔➁➇❸❡⑧✌↕❫➃➓⑤❇❶✗❽➠❺❡⑤✜❾❡➒❇❸✞➃➓⑤▼➡ ➋➤➢➥➋◗➦ ➒❇➃➓⑤❋❸✯❶✗⑩✹➃➔⑩♥→➜❽✻➣✞➃➔➈↔⑥✯⑩②❺✖↕➔❽➠⑤❋➙✗➈➇⑤❇➁✗➅✐❽✗❶✗⑩✥⑧❫⑩②➃④→②⑤❋➁➂→➜❸❡➁➇⑤✻❶✗❽➅➆❽❇➃❭➧
εa =

Zβ

pos
➊ ❽✻❺❡❶✗⑩ Zβ = b sen βo➨➑①④③❡⑤❋⑥✿⑤❋⑦⑨⑧❫⑩▼❶✞⑩▼➒✻➃➔⑤❇❸✎❶✗⑩✯➃➔⑩♥→②❽❇➣✞➃➔➈↔⑥✯⑩♥❺✻↕➔❽❄↕➔➃➔⑤❇❺❡⑧ ➞ ⑩②➃➓⑧❫⑤❇➁✦⑤➩➃➓⑤❋➛♥❼❇❽✪❶✞⑤✪⑩➜➙➥↕➔⑩②❺❡⑧➔❼❋❽q❶✗⑩✿→➜❽✻❺✻↕➓⑤➝↕➔❽➩❶✞⑤✪➁➇➈↔❺✞③✐⑤➩❶✞⑩✯⑤✻❻②❼❇❽ ➊ Z ➊ ⑩✯❶✞❽➅❡⑤✻⑧❫⑧❫❽✪→②➈↔➃➓→➜❸✞➁➂⑤❋➃✥↕❫➃➓⑤❋❺❡⑧ ➞ ⑩♥➃➔⑧➔⑤❋➁✦❺✞❽q❶✗➈➇➟❇⑥✯⑩➜↕❫➃➔❽✪❶✞⑩❆➣❡⑤✻⑧✌⑩ ➊ pg ➊ →➜❽✻❺✗❷❹❽❇➃➔⑥✯⑩➫➈➇➁↔❸❡⑧✌↕❫➃➓⑤❇❶✞❽✈❺❡⑤✈❾❡➒❇❸❡➃➔⑤✴➡ ➋ ➭✞➋➫➦ ➒❇➃➓⑤❋❸✎❶✗⑩❆➃➔⑩♥→②❽❇➣✞➃➔➈➇⑥▼⑩♥❺✖↕❫❽

↕❫➃➓⑤❋❺✐⑧ ➞ ⑩②➃➓⑧❫⑤❇➁✐➅➆❽✗❶✗⑩➄⑧✌⑩♥➃✹→②⑤❇➁➇→②❸✞➁➇⑤✻❶✗❽▼➅✐❽✻➃♥➧ εs = Z
pg
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❃ ➭ ☞➘ö ⑩ ö♠→ Ð ✼➻ù➯ë✠☎ôî❰ìðï✑✏✓✒❺ç✶ñ➘ç✎☞▲ìðï❺ë❚ñ➘ê●ìôê✓✝♦ç❺û➘ì ➭ é☞ê✈í➍î❰ç✢îðìðïÐí✠☎ × ê♦ì❉☎❰ï❺ù ö

ó❥ç▲ì✢ç▲ë➋îðì❰ç❅ù➲ï❺ñ➘ç➘ò⑧ï✑☎✢ì❰ê✌☞▲ë➘ù ïÐé☞ê✈í➍îðï✑✏✓★✬ê✓☎✛�↔ï❺ìðï❅í✠❱ × ê ➭ ☎❾ñ➘ê■ê✈é ➭ ☎❉☎❉✒❺ç⑤☎❰ç▲í❶ç▲ìðï❶ò②û✍ê♦é ✝♦ç▲é✾ç✸ç✴í✠❱ × ê♦ùøñ❶ê
ê✷✶ ➭ ☞ ❀ í✠✝ ➭ ï➞✂✬ë➘ï❺í✰îðç⑤ú➞✂✬ë➘ï❺ù ➭ ñ↔ï❺ñ➘ê✎☎❰ç❺í➘ç▲ìðï➞�❛ç❺ì❏�↔ïÐìôîðê✾ñ➘ç ë✠☎❰ë✧❋Ðì ➭ ç ñ➘ç➫�❶ì❰ç✬ñ➘ë❶îðç❶ò❥î ❀ é✂õ❴ê ➭ îðç➞✝♦ç▲é❥✂➍ë➘ê✲ç✑☎
í➘ç × ç✑☎Õñ➘ê✌☎❰ê✈í × ç▲ù ×✬➭ é☞ê✈í➍î❰ç✆☎②ñ➘ê✞�↔ï❺ìôê✓☎②ñ➘ê↕ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎❍☎ôê❭➘❰ï❺é❖õ❴ê ➭ î❰ç✆☎ × ç❺ù➯î➶ïÐñ➘ç✆☎②ï❂ê✓☎❮îðê❄í➘ç × ç✫✝♦ê♦í✠❋❺ì ➭ ç➘ö✱✯❉ï✾☎
ê✷✶ ➭ ☎ôîðê●ï ➭ í➘ñ↔ï✢ï❾í❶ê✓✝♦ê✌☎❉☎ ➭ ñ↔ï❺ñ❶ê❒ñ❶ê●ï❺ñ➘ê✓✂➍ë↔ï✾✏▼✒❺ç✶ñ➘ç✆☎✿�❶ì❰ç✬ñ➘ë❶îðç✑☎Õ➘❉❋❾ñ➘ê✓☎ôê♦í × ç▲ù ×✬➭ ñ➘ç✆☎↕ê❈✂➍ë➘ê❈☎ôê❂ê♦í✠✝✈ç▲í✰îðìðïÐé ê♦é
�➘ìôç➋ñ➘ë✜✏▼✒❺ç➘öÖ✚✱☎❮î➶ï➁ï❺ñ➘ê✓✂➍ë↔ï✾✏▼✒❺ç❩✪↔�↔ï❺ìôî ➭ ✝✈ë➘ù ï❺ìôé☞ê✈í✰îðê ➭ í✰îðê♦ìôê✓☎✁☎ðï❺í✰îðê➞✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺í➘ñ➘ç✾❑➶☎❰ê■îðç✬ñ➘ç✆☎✢ç✑☎✾ìôê✓✝✈ë➘ì❉☎ôç✆☎
ñ➘ê✌☎❉�✍ê♦í➘ñ ➭ ñ➘ç✆☎✡✝♦ç▲é ê✓☎❮îðê➞�↔ï❺ì❰ê✌☎✶ê✷✶ ➭ ☎❮îðê♦í✰î❰ê✓☎♦ò ➭ ☎❮îðç➇✪❺ò ç✆☎✤✝♦ë✜☎ôîðç✑☎☞ê✔î❰ê♦é✡�❛ç➇☞✰ï✑☎❮îðç✆☎✢í❶ç❋ñ➘ê✌☎❰ê✈í × ç▲ù ×✬➭ é☞ê✈í➍î❰ç
ñ➘ç✍�➘ì❰ç✬ñ➘ë❶î❰ç➘ò★ê♦í✰îðìôê☞ê✈ù➲ê✓☎ÿï✑✂➍ë➘ê✈ù➲ê✓☎❒ê♦í × ç▲ù ×✬➭ ñ❶ç✆☎❏✝✈ç▲é✂ç➞�➘ì❰ç▲➘ôê✈îðç ê✎✝♦ç▲é☎ï × ï❺ù ➭ ñ↔ï✑✏▼✒Ðç➘ò✐ê✶í➘ç➫�➘ìôç❯✝✈ê✓☎✁☎❰ç❉ñ❶ê
õ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺ç❶ò➀ï✑✂➍ë➘ê♦ù➯ê✓☎❾ê✈í × ç▲ù ×➋➭ ñ➘ç✆☎✤✝✈ç▲é ï ê♦ù ïÐû❛ç▲ì❰ï✑✏▼✒Ðç❉ñ➘ç⑤�➘ìôç❯✝✈ê✓☎✁☎❰ç➘ò❖✝♦ç❺é ï✑☎ÿõ❴ê♦ì❰ì❰ï❺é✾ê♦í✰î➶ï✑☎sñ➘ê✻✝♦ç❺ìôîðê✲ê
ñ ➭ ☎❉�✍ç✆☎ ➭ î ➭➯× ç✆☎èñ➘ê P ✶❶ï✑✏✓✒❺ç➌❝ → ❼ ❞ ö

✣④ç▲ù➲ç⑥✝❫ï❘❑➶☎❰ê■ñ➘ê✌☎ôîðï➁õ❴ç▲ìôé✲ï✴ï❳�❶ì❰ç▲û➘ù➯ê♦é✦❋Ðî ➭ ✝❫ï❉î❰ìðïÐîðï❺ñ↔ï❅í➘ê✓☎❮îðê❧îðìðïÐû↔ï❺ù✭✟❶ç➘ö þ ê✍�✍ç▲ì✶ë➘é ù➲ï❺ñ➘ç➘òÕê✷✶ ➭ ☎❮îðê ï
í➘ê✌✝♦ê✓☎✁☎ ➭ ñ↔ï❺ñ➘ê✸ñ❶ê❉ì❰ê✈ñ➘ë✠✏✓✒❺ç➌ñ➘ç✆☎✾í✠❱ × ê ➭ ☎☞ñ❶ê❉ì❰ë✜❱➲ñ➘ç➁ñ➘ç✆☎✦�↔ï❺ì❰ê✌☎☞ê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✆☎■ï✑�➘ù ➭ ✝♦ï❺ñ➘ç✆☎✢í➘ç✑☎✙☎ ➭ ☎ôî❰ê♦é☞ï✑☎☞ñ❶ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç❒ñ❶ê■�✍ç❺î ❀ í✠✝ ➭ ï❶ò➂�✍ç▲ì➀ç▲ë❶î❰ì❰ç●ù ï❺ñ❶ç➘ò✰í✧✒❺ç✬☎❰ê↕îðê✈é➜ë➘é➜é✡✪✈î❰ç➋ñ❶ç❒ê P ✝❫ï ý �➘ï❺ìðï❒ï❂ñ➘ê✈î❰ê♦ì❰é ➭ í➘ï✑✏▼✒❺ç●ñ↔ï✾☎
é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎èñ↔ï✑☎✞☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎↕ñ➘ç✆☎↕ñ➘ê♦í✰î❰ê✓☎■✂✬ë❶ê❏�✍ç✆☎❉☎❰ï❺é é ➭ í ➭ é ➭➯ý ï❺ìÕï✢ê✷✶❯✝ ➭ î➶ï✑✏✓✒❺ç✡�➘ì❰ç × ê✈í ➭ ê✈í✰îðê❒ñ➘ç✶ê♦ì❰ìôç
ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ò➘ê✬✝♦ç▲í✰î❰ì ➭ û❶ë ➭ ìèï✾☎❉☎ ➭ é❲�↔ï❺ì❰ï✶ï✶ìôê♦ñ➘ë✜✏▼✒❺ç✾ñ➘ç✾ì❰ë✠❱➯ñ➘ç✤☞▲ê♦ì❰ï❺ñ➘ç✡�❛ê✈ù➲ç✆☎✿�➘ï❺ì❰ê✌☎❄ê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✆☎♦ö

ó❥ç▲ì❮î➶ï❺í✰îðç❶ò✬î❰ç▲ì❰í↔ï▲❑➏☎❰ê↕ê ×➋➭ ñ➘ê♦í✰î❰ê✕✂➍ë➘ê✽çÿñ➘ê✓☎ôê♦í × ç❺ù ×✬➭ é✾ê♦í✰îðçÿñ➘ê✽ë❶é➩é✦✪ îðç✬ñ➘çÿê P ✝❫ï ý �↔ï❺ì❰ï❒ñ❶ê✈îðê✈ì❰é ➭ í↔ïÐìÕï✾☎
⑩❸❹



é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎✮✸Ðî ➭ é☞ï✑☎ ñ↔ï✑☎✩☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê✓☎øñ➘ç✑☎èñ➘ê♦í✰îðê✌☎✿�↔ï❺ì❰ï❾é ➭ í ➭ é ➭➲ý ï❺ì➀ç✢ó②ó❖✚❖✰➪✪ ➭ é✡�✍ç▲ìôîðï❺í✰îðê❄ñ➘ç✤�❛ç❺í➍î❰ç
ñ➘ê ×➋➭ ☎ôîðï❏�➘ì❉❋Ðî ➭ ✝♦ç➘öÕ✼➏☎ôîðç❏�❛ç✑☎❉☎ ➭ û ➭ ù ➭ îðï❺ì ➭ ï✽ì❰ê✈ñ➘ë ý♦➭ ìÕç✑☎④í✠❱ × ê ➭ ☎Õñ❶êúìôë✠❱➲ñ➘ç❏☞▲ê♦ì❰ï❺ñ➘ç✫�❛ç❺ì❍�↔ïÐì❰ê✓☎Õê♦í✠☞❺ì❰ê♦í➘ï❺ñ➘ç✆☎Õê✷✶ ➭ ☎❭❑
îðê✈í✰îðê✓☎✕☎❰ç▲é✾ê♦í✰îðêsïÐîðì❰ï × ✪✓☎úñ↔ï☞é✾ç✬ñ ➭✗P ✝♦ï✑✏▼✒Ðç☞ñ↔ï✾☎✕☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎úñ➘ç✑☎úñ➘ê✈í✰îðê✓☎✈ò❛�➘ìôê✓☎❰ê✈ì × ï❺í➘ñ❶ç■ï✑☎❉☎ ➭ é✖ï✦☞❺ìðï❺í➘ñ❶ê
�↔ï❺ì❮îðê❧ñ➘ç✆☎✾ì❰ê✌✝♦ë➘ì✁☎❰ç✆☎✳➘❉❋❳☞✰ï✾☎ôîðç✑☎♦ò④ê❧ñ➘ê✌☎ôî➶ï✴õ❴ç▲ì❰é☞ï❅é✲ïÐí➍î❰ê♦ì✶çÓ�❶ì❰ç✬ñ➘ë❶îðç❩✝♦ç❺é✦�✍ê✈î ➭ î ➭➮× ç❅í➘ç❳☎❰ê✈ë❏é✾ê♦ì❉✝♦ï❺ñ➘ç➘ö
æ✽ù✗✪♦é✖ñ ➭ ☎✁☎❰ç➘ò⑧�➘ì❰ç⑥✝♦ë➘ì❰ï❘❑➏☎ôê✵☞✰ï❺ì❰ï❺í✰î ➭ ì✽ï■ï❺ñ❶ê✓✂➍ë↔ï✑✏✓✒❺ç■ñ➘ç✆☎❂í➘ç × ç✆☎❈�➘ì❰ç▲➘ôê✈îðç✑☎❀ñ➘ê✢ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✬ú✑☎❀ê❸✶ ➭ ☞ ❀ í✜✝ ➭ ï✾☎
ñ➘ç✶é✾ê♦ì❉✝♦ï❺ñ➘ç✡✂➍ë↔ï❺í✰îðç☞ï❺ç✶í✠❱ × ê♦ù✐ñ➘ê●ìôë✠❱➲ñ➘ç❶ö

✣④ç▲é☎ê✓☎❮î➶ï✸é✾ç❺î ➭➮× ï✾✏▼✒❺ç➘ò❽ï➫�❶ì❰ç✆�✍ç✆☎ôîðï ñ➘ê✌☎ôî❰ê✲îðì❰ï❺û↔ï❺ù✗✟➘ç ê✈í × ç▲ù × ê✔ç✸ê✌☎ôî❰ë➘ñ➘ç✸ê☞ç✸ñ➘ê✓☎ôê♦í × ç❺ù ×✬➭ é✾ê♦í✰îðç❉ñ➘ê
ë➘é é✦✪ îðç✬ñ➘ç✵�↔ïÐìðï❾ñ➘ê îðê♦ìôé ➭ í↔ï❺ì④ï✑☎øé✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎④í➘ï✵☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê❀ñ➘ç✆☎④ñ➘ê♦í✰îðê✌☎✞✂✬ë❶ê❂é ➭ í ➭ é ➭➲ý ê♦é➜ç❾ê✈ì❰ìôç✢ñ➘ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ò✍ï✑☎❉☎ ➭ éû✝♦ç❺é☞ç☞ï ➭ é✦�➘ù➯ê♦é✾ê♦í✰î➶ï✾✏▼✒❺ç✎✝♦ç❺é✦�➘ë➋î➶ï✑✝ ➭ ç▲í↔ïÐù✐ê❾ï × ê♦ì ➭✗P ✝♦ï✑✏▼✒❺ç☞ñ➘ç✔ïÐù✭☞▲ç▲ì ➭ î❰é☞ç✶ïÐî❰ìðï × ✪✌☎
ñ➘ê●ê✷✶➋ê✈é✦�➘ù➯ç✆☎èí➍ë➘é✡✪♦ì ➭ ✝♦ç✆☎✈ö

◆✂é✦✪ îðç✬ñ➘ç❳�➘ï❺ìðï➁ñ➘ê✈î❰ê♦ì❰é ➭ í➘ï❺ì✾ï✑☎✲é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎✶ñ↔ï✑☎✦☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎☞ñ➘ç✆☎☞ñ➘ê♦í✰îðê✌☎✻�↔ï❺ì❰ï❋é ➭ í ➭ é ➭➯ý ï❺ìÿç
ó②ó❖✚❖✰➡ñ➘ê × ê Ð
⑩ ö↕ìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï❺ì❄ç✢õ❴ê♦í❣❬▲é✾ê♦í❶ç✶õ➌❱✗☎ ➭ ✝♦ç✶ñ➘ê❂õ❴ç▲ì❰é☞ï✢ï❺ñ➘ê✌✂➍ë↔ï❺ñ↔ï✛❢
❹ ö✞�➘ìôç➋ñ❶ë ý♦➭ ì✮☎❰ç❺ù➲ë✠✏✌★➋ê✌☎✮✂➍ë➘ê✳☎ôê❭➘❰ï❺é ×✬➭ ❋ × ê ➭ ☎øñ➘ç✛�❛ç▲í✰î❰ç✢ñ➘ê ×✬➭ ☎❮î➶ïÿî❉✪✓✝♦í ➭ ✝♦çsê❀ê✓✝✈ç▲í❣❬▲é ➭ ✝✈çsí➘ç✆☎øï❺é❾û ➭ ê♦í✰îðê✌☎
ñ➘ê❂õ❤ï❺û❶ì ➭ ✝♦ï✑✏▼✒Ðç✢ñ➘ê●ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✻❢✝ê

⑨ ö✞☎ôê♦ì➞✝♦ç▲é✡�➘ë❶îðï✑✝ ➭ ç▲í↔ï❺ù➯é☞ê✈í➍î❰ê✸ê P ✝ ➭ ê✈í✰îðê❩�↔ï❺ìðïÖ✂➍ë➘ê❩�❛ç✆☎✁☎ðïÖ☎❰ê✈ì ë✠☎❰ï❺ñ➘ç➉✝♦ç▲é✾ç➣ë➘é✲ï➌õ❴ê✈ì❰ìðïÐé☞ê✈í➍îðï➞ñ➘ê
�➘ìôç❘➘ôê✈î❰ç☞ñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ö

◆✣é✡✪✈îðç✬ñ➘ç✾ñ➘ê✓☎ôê♦í × ç❺ù ×✬➭ ñ➘ç☞ê✬�➘ì❰ç✆�✍ç✆☎❮îðç✾í➘ê✓☎❮îðêÿî❰ìðï❺û➘ï❺ù✭✟➘ç✢ñ ➭ õ❴ê♦ìôê♦í✠✝ ➭ ï❘❑➶☎❰ê●ñ➘ç✆☎❄é✡✪✈îðç✬ñ➘ç✆☎✿✝✈ç▲í✠✟➘ê✌✝ ➭ ñ➘ç✆☎❄í↔ï
ù ➭ îðê✈ìðïÐî❰ë➘ìðïÓ�➘ï❺ìðï➞ï➌ñ➘ê îðê✈ì❰é ➭ í↔ï✑✏✓✒❺ç➞ñ↔ï✑☎■é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎☞ñ↔ï✑☎➆☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎■ñ➘ç✆☎■ñ➘ê✈í✰îðê✓☎❚ñ➘ê ×✬➭ ñ➘ç➣ï❺ç✆☎☞îðì ❀ ☎
õ❤ïÐî❰ç▲ì❰ê✌☎❀é☞ê✈í✠✝ ➭ ç▲í↔ï❺ñ❶ç✆☎❂ï❺í✰îðê✈ì ➭ ç▲ì❰é✾ê♦í✰îðêÐö❏◆ãé✡✪✈î❰ç➋ñ➘ç✲ñ➘ê✓☎ôê♦í × ç▲ù ×✬➭ ñ➘ç❚ë✠☎❰ï↔✝✈ç▲é✾ç✔û↔ï✑☎ôê✤�↔ï❺ìðï✔ç➆✝✓❋❺ù✭✝✈ë➘ù➲ç✲ñ➘ç
✚✱✰➟ë➘éû�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç☞ñ❶ê✓☎❰ê✈í × ç▲ù ×➋➭ ñ➘ç✙�✍ê♦ù➯ç✦�❶ì❰ê✓☎ôê♦í✰îðê❾ï❺ë❶îðç❺ì❄ñ❶ë➘ìðï❺í✰î❰êsç✡☎❰ê♦ë îðìðïÐû↔ï❺ù✭✟❶ç✾ñ❶êÿé✾ê✓☎❮îðìðïÐñ➘ç➘ò✝ç
✂➍ë↔ï❺ù✝ï✑�❶ì❰ê✓☎ôê♦í✰î➶ï●ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎❖✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ❶ç✆☎➀é✲ï ➭ ☎❬�➘ìôê✓✝ ➭ ☎❰ç✑☎ ñ❶ç✫✂➍ë➘ê❄ç✆☎✱�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í✰îðç✆☎➀ë✠☎ôë↔ï ➭ ☎ ñ❶ê✿✝▼❋❺ù✗✝♦ë➘ù➯ç
ñ➘ç❄✚✱✰ ❅ × ê✈ì▼❝ ⑩▲⑩▲⑩ ò ⑩▲⑩❲⑨ ❞õ❇ ö❬◆➇é✡✪✈îðç✬ñ➘ç❄ñ➘ê✓☎ôê♦í × ç❺ù ×✬➭ ñ➘çúç❺î ➭ é ➭➯ý ïèï✑☎★é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎★û↔ï✑☎ôê❫ï❺ñ➘ï✑☎❥ê✈é❈õ❴ë➘í✠✏✌★➋ê✌☎❊�➘ì✁✪
ê✓☎❮î➶ï❺û✍ê♦ù➯ê✓✝ ➭ ñ↔ï✑☎✮�❛ê✈ù➲çsë✜☎❰ë✧❋❺ì ➭ ç➘ò➋ç✵✂➍ë➘ê❈☞✰ï❺ì❰ï❺í✰îðêúë➘é✲ï❏☎❰ç▲ù➯ë✠✏▼✒❺çÿõ❤ï✑✝✈î❉❱ × ê✈ù❨ñ➘ç✛�❛ç▲í✰î❰ç✢ñ➘ê ×✬➭ ☎❮î➶ïsñ➘êúõ❤ï❺û➘ì ➭ ✝❫ï✑✏✓✒❺ç➘ö
✚ P í↔ï❺ù➯é☞ê✈í✰îðê❺ò❡ç✸é✦✪ îðç✬ñ➘ç❉ñ❶ê✓☎❰ê✈í × ç▲ù ×➋➭ ñ➘ç❅é✾ç✆☎ôî❰ì❰ç▲ë❯❑➶☎❰ê✡✝♦ç▲é✡�➘ë❶îðï✑✝ ➭ ç▲í↔ï❺ù➯é☞ê✈í✰îðê✶ê P ✝ ➭ ê✈í➍î❰ê■í➘ç✆☎ÿê✷✶➋ê♦é✡�➘ù➲ç✑☎
í➍ë➘é✡✪♦ì ➭ ✝♦ç✆☎❒ê✓☎❮îðë➘ñ➘ï❺ñ➘ç✆☎❏✝♦ç▲í × ê✈ì❉☞ ➭ í➘ñ➘ç➲�➘ï❺ìðï ï➞☎ôç▲ù➲ë✠✏✓✒❺ç❉ñ❶ç➫�➘ìôç▲û➘ù➲ê✈é✲ï■ê✈é ë❶é í ✩ é✾ê♦ìôç➫☎❰ïÐî ➭ ☎ôõ❤ïÐî❉✸▲ì ➭ ç■ñ➘ê
➭ î❰ê♦ì❰ï✑✏✓★✬ê✓☎✈ö

⑩❲⑨



✚❖☎❮îðê❂îðì❰ï❺û↔ï❺ù✗✟➘ç✵✪●ï✑�❶ì❰ê✓☎ôê♦í✰î➶ïÐñ➘ç☞ñ➘ï✎☎ôê✓☞▲ë ➭ í✰îðê❂õ❴ç▲ìôé✲ï Ð í➘ç✎✝❫ï✑�✜❱➯îðë❶ù➲ç ❹ ë➘é☞ï✢ï❺é✡�➘ù ïsìôê ×✬➭ ☎❉✒❺ç✶ñ↔ï✢ù ➭ îðê♦ì❰ï❘❑
îðë❶ìðï✔î✹✪✌✝♦í ➭ ✝❫ï✔ñ ➭ ☎❉�✍ç▲í✠❱ × ê♦ùÕ☎❰ç▲û➘ìôê✢ç❚ï✑☎❉☎ôë➘í✰îðç➞✪✢ï✑�➘ìôê✓☎ôê♦í✰î➶ï❺ñ➘ï❶ò★ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç■ñ↔ï ➭ í × ê✓☎❮î ➭ ☞✰ï✑✏▼✒Ðç■ñ➘ç✆☎❂é✡✪✈îðç✬ñ➘ç✆☎
ñ➘ê❀çÐî ➭ é ➭➲ý ï✑✏▼✒Ðç❒ñ❶êúõ❴ç▲ìôé✲ï●ñ➘ê❀ï✾�➘ù ➭ ✝❫ï✑✏✓✒❺ç❏☞❺ê♦ìðïÐù❛êúñ↔ï✑☎④ê✌☎ôî❰ìðïÐî❉✪✓☞ ➭ ï✑☎④ë✠☎❰ï❺ñ↔ï✑☎❍�↔ï❺ì❰ïsñ➘ê P í ➭ ìÕï✑☎④é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎
ñ↔ï✑☎✛☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎❾ñ❶ç✆☎❾ñ➘ê✈í➍î❰ê✓☎✈ö ✽ ç➲✝❫ï✾�✠❱➯î❰ë➘ù➲ç ⑨ ✪■ï✑�➘ìôê✓☎ôê♦í✰î➶ï❺ñ❶ç➁ç❉é☞ç✬ñ➘ê♦ù➯ç✍�➘ï❺ìðï✸ç➲✝✓❋❺ù✭✝✈ë➘ù➲ç ñ➘ç✸ê✈ì❰ì❰ç❅ñ❶ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ö✩✢❄éû☞▲ìðï❺í❶ñ➘ê❒î❰ìðï❺û➘ï❺ù✭✟➘ç✢õ❴ç ➭ ñ❶ê✓☎❰ê✈í × ç▲ù ×➋➭ ñ➘ç✻�↔ïÐìðï✢îðç▲ìôí↔ï❺ì↕ç☞é✾ç✬ñ➘ê♦ù➯ç☞ïÐí↔ï❺ù✭❱➮î ➭ ✝♦ç✢ï❺ñ❶ê✓✂➍ë↔ï❺ñ➘ç✻ú
ï✑�➘ù ➭ ✝♦ï✑✏▼✒❺ç✶ê✈é ï❺é❾û ➭ ê♦í✰îðê✌☎úñ➘ê✫�➘ìôç❘➘ôê✈î❰ç☞ñ➘ê❒ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✽ê✫�↔ï❺ì❰ï ×✬➭ ïÐû ➭ ù ➭➲ý ïÐìèï ➭ é✦�❶ù➲ê♦é✾ê♦í✰îðï✑✏▼✒❺ç✢ñ❶ç✲ï❺ù✗☞▲ç✾❑
ì ➭ îðé✾ç ➭ îðê✈ìðïÐî ➭➯× ç❒ñ➘ê❄ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç➘ö ✽ ç❏✝❫ï✑�✠❱➮îðë➘ù➯ç ➛ ✪úìôê♦ù➲ïÐî➶ï❺ñ❶çÿç❾ê✌☎ôî❰ë➘ñ➘ç❾ñ➘ê❄☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶êèñ➘ç✆☎✮�❶ì ➭ í✜✝ ➭ �➘ï ➭ ☎
�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎❂ê♦í × ç▲ù ×✬➭ ñ❶ç✆☎●í➘ç✍�❶ì❰ç▲û➘ù➯ê♦é☞ï❶ö✎◆➚✝❫ï✑�✠❱➮îðë➘ù➯ç ➔ é☞ç✆☎❮îðì❰ï❚ç✑☎❒ìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎❂ñ↔ï↔✝♦ç❺é✦�↔ïÐìðï✑✏✓✒❺ç■ê♦í✰îðìôê
ç✆☎❒ñ↔ï❺ñ➘ç✑☎❒ç❺û❶î ➭ ñ➘ç✆☎✬✝♦ç▲é✟ç é✾ç➋ñ❶ê♦ù➲ç❚ïÐí↔ï❺ù✭❱➮î ➭ ✝♦ç➆�➘ìôç✆�❛ç✑☎ôîðç❚í➘ç➞✝❫ï✾�✠❱➯î❰ë➘ù➲ç ⑨ ê✾ñ➘ï❺ñ➘ç✆☎❒ñ➘ê✶é☞ê✈ñ ➭ ✏✓✒❺ç❚ñ➘ç❧ê♦ì❰ìôç
ñ➘ê✾îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç➘ö➲➯➟ï✑�➘ì❰ê✌☎❰ê✈í➍îðï❺ñ↔ï❉îðï❺é❾û✄✪♦é✂í➘ê✌☎ôî❰ê✻✝❫ï✑�✜❱➯îðë❶ù➲ç❧ï ìôê♦ù ï✾✏▼✒❺ç❧ê♦í✰îðìôê✲ç ê♦ì❰ìôç❉ñ➘ê✶îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
ê✶ç❚í✠❱ × ê♦ù⑧ñ➘ê✶ìôë✠❱➲ñ➘ç➆☞❺ê♦ìðïÐñ➘ç↔�❛ê✈ù➲ç➆�↔ï❺ì❂ñ❶ê✾ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ö✡✔✆❋❚í❶ç➞✝♦ï✑�✠❱➮îðë➘ù➯ç ➀ ✪✶ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺ñ➘ç❧ç❧é✡✪✈î❰ç➋ñ❶ç
ñ➘ê✌☎❰ê♦í × ç▲ù ×✬➭ ñ❶ç➆�↔ï❺ìðï☞ï☞ñ➘ê îðê✈ì❰é ➭ í↔ï✑✏✓✒❺ç✾ñ↔ï✑☎✽é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎↕ñ↔ï✾☎✕☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎úñ➘ç✑☎✽ñ➘ê✈í➍î❰ê✓☎✳�➘ï❺ìðï✾é ➭ í ➭ é ➭➲ý ï❺ì
ç✔ó②ó❖✚✱✰❂ö❂◆ �❶ì❰ç▲û➘ù➯ê♦é☞ï✾ñ❶êÿé ➭ í ➭ é ➭➯ý ï✑✏✓✒❺ç✵✪ÿï✑�➘ìôê✓☎❰ê✈í✰î➶ï❺ñ➘ç❶ò➂ï✾õ❴ë❶í✠✏▼✒❺ç✾ç▲û⑥➘ôê î ➭➮× ç✲êsï✑☎❄ì❰ê✓☎❮îðì ➭ ✏✓★✬ê✓☎❄ñ➘ç✦�➘ì❰ç✾❑
û➘ù➯ê♦é☞ï✕☎✹✒❺ç●ê✌☎ôî➶ïÐû❛ê✈ù➲ê✓✝ ➭ ñ↔ï✾☎♦ò▲ê✿☎❉✒❺ç❂ñ ➭ ☎✁✝♦ë❶î ➭ ñ↔ï✾☎➀ï✑☎➀ê✓☎❮îðì❰ïÐî✹✪✌☞ ➭ ï✑☎❊�↔ï❺ìðï❂ï✳☎ôç▲ù➲ë✜✏▼✒❺ç❀ñ❶ç✫�❶ì❰ç▲û➘ù➯ê♦é☞ï❶ò▲ï✾☎❉☎ ➭ é ✝✈ç▲é✾ç
ç✙�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç☞ñ➘êÿçÐî ➭ é ➭➲ý ï✑✏▼✒Ðç✢ñ➘ê✓☎ôê♦í × ç▲ù ×✬➭ ñ➘ç➘ö ✽ ç✙✝❫ï✾�✠❱➯î❰ë➘ù➲ç ❼ ☎❉✒❺ç✔ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺ñ➘ç✆☎❀ç✑☎úìôê✓☎❰ë❶ù➯î➶ïÐñ➘ç✆☎❄í✬ë⑥❑
é✡✪♦ì ➭ ✝♦ç✆☎➀ç❺û❶î ➭ ñ➘ç✆☎✱✝♦ç❺é✙ç●é✦✪ îðç✬ñ➘ç✬�➘ì❰ç✑�❛ç✆☎❮îðç➘ö❬◆✳☎ ìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎✱☎❉✒❺ç❒ï❺í↔ï❺ù ➭ ☎ðïÐñ➘ç✆☎⑧ê↕ñ ➭ ☎❉✝♦ë➋î ➭ ñ❶ç✆☎♦ö❊❃ ➭ í↔ïÐù➲é✾ê♦í✰îðê
í➘ç✍✝❫ï✑�✠❱➮îðë➘ù➯ç↔→➞☎❉✒❺ç✸ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺ñ↔ï✑☎ÿï✑☎✫✝♦ç▲í✠✝✈ù➲ë✠☎✁★➋ê✌☎ÿñ❶ç❧î❰ìðï❺û↔ïÐù✭✟➘ç❚ê✡☎✹✒❺ç❧ñ↔ï❺ñ↔ï✾☎✫☎ôë✠☞▲ê✌☎ôî✹★✬ê✓☎❏�↔ï❺ì❰ï❚õ❴ë❶î❰ë➘ì❰ç✑☎
îðì❰ï❺û↔ï❺ù✗✟➘ç✆☎èí➘ê✌☎ôîðï✾ù ➭ í✠✟↔ï❾ñ❶ê✫�✍ê✓☎✁✂➍ë ➭ ☎❰ï❶ö
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❘ Û ❤❚❙✍â✍✐ ❡➂ä ➳

➭ Ý❩➵✖ß✐å❂❨✣ä Ü Û ❡✐ß✍â❧Ý❏Ú Û➟â➞✐✂Ú❉Û

æ ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é �❛ç✬ñ➘ê⑤☎ôê♦ì➆✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ↔ï➞ë➘é ñ❶ç✆☎➆✝♦ç▲é✡�✍ç▲í➘ê♦í✰î❰ê✓☎■é☞ï ➭ ☎✦✝♦ç▲é✡�➘ù➲ê❸✶➋ç✆☎✔ñ↔ï➞é✾ê✓✝▼✺Ðí ➭ ✝♦ï
ñ➘ê ×➋➭ ñ➘ç➌ï✾☎✦☎ôë↔ï✑☎✙✝♦ï❺ìðï✾✝✈îðê✈ì❉❱✗☎ôî ➭ ✝❫ï✑☎✶ñ➘ê✍☞▲ê♦ç❺é☞ê îðì ➭ ï❅ê✍✝ ➭ í➘ê✈é✙❋Ðî ➭ ✝♦ï❶ö❏æ ➭ í➘ñ↔ï❋ï✑☎❉☎ ➭ é❧òøï✑☎✾ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✙☎❉✒❺ç
ù ïÐì❉☞✰ï❺é✾ê♦í✰î❰ê❂ë✠☎ðï❺ñ➘ï✑☎úí❶ç✆☎✞☎ ➭ ☎❮îðê✈é✲ï✑☎↕ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✶ñ➘ê❏�✍ç❺î ❀ í✠✝ ➭ ï✢í➘ç✆☎❄é✲ï ➭ ☎øñ ➭➮× ê✈ì❉☎❰ç✑☎❄✝♦ï❺é✦�✍ç✆☎↕ñ➘ê❒ï✑�➘ù ➭ ❑
✝❫ï✾✏▼✒❺ç ñ➘ê ×✬➭ ñ❶ç✸ï✍☎ôë↔ï❉ê P ✝ ➭✗❀ í✠✝ ➭ ï❚ê✙✝♦ç❺í P ï❺û ➭ ù ➭ ñ↔ï❺ñ➘êÐö✻✘ ➭ ï❺í✰îðê✾ñ ➭ ☎❮îðç➘ò❥ê✷✶ ➭ ☎❮îðê✾í↔ï ù ➭ îðê✈ìðïÐî❰ë➘ìðï■ë➘é☞ï✍☞❺ìðï❺í➘ñ❶ê
✂➍ë↔ï❺í✰î ➭ ñ↔ï❺ñ➘êúñ➘ê✽î❰ìðï❺û↔ïÐù✭✟➘ç✆☎➃�➘ë➘û❶ù ➭ ✝♦ï❺ñ➘ç✆☎➃☎❰ç❺û➘ì❰ê❄☞▲ê♦ç▲é✾ê✈î❰ì ➭ ï❶ò➂✝ ➭ í❶ê♦é✦❋Ðî ➭ ✝❫ï❶ò➍ñ ➭ í✧✺❺é ➭ ✝❫ï➋ò✰ì❰ê✓☎ ➭ ☎❮î ❀ í✜✝ ➭ ï➋ò❶ì❰ë✜❱➲ñ➘çÿê
×✬➭ û➘ì❰ï✑✏▼✒Ðç✾ñ➘ï✑☎↕ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✈ö

✣④ç▲é✾ç✽ç✳�➘ìôê✓☎ôê♦í✰îðêøî❰ìðï❺û↔ïÐù✭✟➘ç❄ê✓☎❮î❙❋❀ì❰ê✈ù ï✑✝ ➭ ç▲í➘ï❺ñ➘çúï❺ç✽ê✌☎ôîðë❶ñ➘ç❂ñ➘ç❀ìôë✠❱➲ñ➘çúê ×✬➭ û❶ìðï✑✏✓✒❺ç✕☞▲ê✈ìðï❺ñ❶ç✕�✍ê♦ù ï✾☎❡ê♦í✜☞▲ì❰ê❸❑
í↔ï✑☞❺ê♦í✠☎❍✝ ➭ ù✗❱➲í➘ñ❶ì ➭ ✝♦ï✑☎➀ñ➘êúê ➭ ✶➋ç✆☎➃�↔ï❺ì❰ï❺ù➲ê✈ù➲ç✆☎②êúñ➘ê♦í✰îðê✌☎✩✝♦ç❺é➹�✍ê♦ì P ù✝ê × ç▲ù × ê♦í✰îðêÐò➘çsù➯ê × ï❺í✰î➶ï❺é✾ê♦í✰î❰çsû ➭ û➘ù ➭ ç✆☞▲ì✹❋ P ✝♦ç
õ❴ç ➭ ù ➭ é ➭ î➶ï❺ñ➘ç❄ï✽ê✌☎ôî❰êøî ➭ �✍ç✽ñ❶êøê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é❧ö ✽ ç❀ê♦í✰îðï❺í✰îðç➘ò × ❋❺ì ➭ ç✆☎❽ñ➘ç✆☎❬✝✈ç▲í✠✝✈ê ➭ î❰ç✆☎⑧ê î✹✪✓✝✈í ➭ ✝♦ï✑☎➀ï✑�❶ì❰ê✓☎ôê♦í✰î➶ïÐñ➘ç✆☎
í➘ç✆☎↕ñ ➭➮× ê✈ì❉☎❰ç✑☎↕î❰ìðï❺û➘ï❺ù✭✟➘ç✑☎✿�❛ê✌☎❉✂➍ë ➭ ☎❰ï❺ñ➘ç✆☎■☎✹✒Ðç☞ï✾�➘ù ➭ ✝▼❋ × ê ➭ ☎øî➶ïÐé❾ûþ✪✈é ï✢ç▲ë❶î❰ì❰ç✆☎èî ➭ �✍ç✆☎èñ➘ê●ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎♦ö

✚➀í➍î❰ì❰ê❉ï✑☎✲ìôê ×✬➭ ☎✁★➋ê✌☎✲ñ↔ï❋ï❺é✦�❶ù ï❅ù ➭ îðê♦ì❰ïÐîðë❶ìðï❅ñ ➭ ☎✁�❛ç❺í✠❱ × ê♦ù✞☎❰ç▲û❶ì❰ê❉ìôë✠❱➲ñ❶ç❋ê ×➋➭ û➘ìðï✾✏▼✒❺ç➁ñ➘ê❉ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ò
ñ➘ê✌☎ôî➶ï✾✝❫ï❺é✤❑➏☎ôêèñ➘ç ➭ ☎➀ê❸✶❯✝♦ê♦ù➯ê♦í✰îðê✌☎ î❰ìðï❺û➘ï❺ù✭✟➘ç✑☎❬�➘ë➘û➘ù ➭ ✝♦ï❺ñ➘ç✆☎⑧ê✈é ⑩❺➜ →✑→❶ò▲ç❂îðì❰ï❺û↔ï❺ù✗✟➘ç❀ñ➘ê❄◆ ý ☞▲ë × ê♦í✾ê✞❴úç❺ë✠☎❰ê✈ì✪❝ ➀✰❼ ❞
✂➍ë➘êÕõ❤ï ý ë➘é☞ïúìôê ×✬➭ ☎❉✒❺ç✽ñ❶ê ⑩ →✆→èîðì❰ï❺û↔ï❺ù✗✟➘ç✆☎➧✝ ➭ ê♦í✰î✹❱ P ✝♦ç✑☎❊☎❰ç❺û➘ì❰êÕç✆☎❥é✾ç✬ñ➘ê♦ù➯ç✆☎★é✲ïÐî❰ê♦é✦❋Ðî ➭ ✝♦ç✆☎✐ë✜☎ðï❺ñ➘ç✑☎❡í↔ïúï❺í✧❋❺ù ➭ ☎❰ê
ñ ➭ í✧✺❺é ➭ ✝❫ï✸ñ➘ï✑☎✶ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✈òøê❚ç➁î❰ìðï❺û➘ï❺ù✭✟➘ç✴ñ➘ê➞●❄ç✆✟➘ù➲ê✈ì✼❝ ➛❚➜ ❞✞✂➍ë➘ê❉ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❋ë➘é☞ï➁ìôê ×✬➭ ☎❉✒❺ç➇✟ ➭ ☎❮î✹✸▲ì ➭ ✝♦ï
ïÐî❰ìðï × ✪✌☎øñ➘ç❾ù➯ê × ï❺í✰î➶ï❺é✾ê♦í✰î❰çsñ➘ê ❹✑➔❺❻ î❰ìðï❺û↔ïÐù✭✟➘ç✆☎➃�➘ë➘û❶ù ➭ ✝♦ï❺ñ➘ç✆☎❍☎❰ç▲û❶ì❰ê✽ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✿✝✈ç▲é ❀ í❶õ❤ï✑☎ôê❀ê♦éãìôë✠❱➲ñ➘çsê
×✬➭ û➘ì❰ï✑✏▼✒Ðç➘ö

◆✳☎❄ñ❶ê♦í✰îðê✌☎❄ñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✞✝♦ç❺é �✍ê♦ì P ù➂ê × ç▲ù × ê♦í✰îðê✫☎✹✒❺ç✶é❾ë ➭ îðçsë✠☎ðï❺ñ❶ç✆☎↕ñ➘ê ×✬➭ ñ❶ç☞ï✤☎ôë↔ï❾õ❤ï✑✝ ➭ ù ➭ ñ➘ï❺ñ➘ê❄ñ➘ê
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õ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺ç❶ò❛ñ➘êsé☞ç▲í✰îðï✑☞▲ê♦é✏é✾ê✓☎ôé☞ç✲ê♦é ☎ ➭ î❰ë↔ï✑✏✌★➋ê✌☎✽ç▲í➘ñ❶ê❾ï✲ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï☞ê✈í➍î❰ì❰ê✵✝✈ê♦í✰îðìôç✆☎●ï✑�➘ìôê✓☎ôê♦í✰î➶ï × ï❺ì ➭ ï❘❑
✏✓★✬ê✓☎✈ò✍ï✎☎ôë↔ï✾ï❺ù➯îðï❾ê P ✝ ➭✭❀ í✜✝ ➭ ï➋ò✧ú✢ì❰ê✓☎ ➭ ☎❮î ❀ í✜✝ ➭ ï✾ï❺ñ➘ê✌✂➍ë↔ï❺ñ↔ï✶ê✫ú✢î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç✢ñ➘ê●é✾ç ×✬➭ é☞ê✈í➍î❰ç✢ë➘í ➭ õ❴ç▲ì❰é✾ê❺ö ✽ ç
ê♦í✰îðï❺í✰îðç➘ò✝ç✆☎❄ñ➘ê♦í✰î❰ê✓☎■☎❰ç❺õ❴ìôê♦é✏ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎✽ê✈ùõ❋✑☎❮î ➭ ✝❫ï✑☎✿✂➍ë↔ï❺í❶ñ➘ç✙☎ôë➘û➘é✾ê✈î ➭ ñ➘ç✆☎■ú✎✝❫ï❺ì✁☞✰ï❶ò✧✂➍ë➘ê✫�❛ç✬ñ➘ê♦é �➘ì❰ç × ç⑥✝❫ïÐì
✝♦ç❺í➍îðïÐîðç ➭ ì❰ìôê✓☞▲ë❶ù ï❺ì➀ê✈í➍î❰ì❰ê❀ç✑☎Õñ➘ê✈í✰îðê✓☎èê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✆☎♦ò❯✝❫ï❺ë✠☎❰ï❺í➘ñ➘çsñ ➭ ☎❮î ✩ ìôû ➭ ç✆☎②í➘çÿõ❴ë➘í✠✝ ➭ ç▲í↔ï❺é✾ê♦í✰î❰çÿñ↔ï✾☎④ê♦í✜☞▲ì❰ê❸❑
í↔ï✑☞❺ê♦í✠☎✈ò➨☎ôê❭➘❰ï↔✂➍ë↔ï❺í✰îðç✍ú■ë➘í ➭ õ❴ç❺ì❰é ➭ ñ↔ï❺ñ❶êsñ➘ç❚é✾ç ×✬➭ é☞ê✈í➍î❰ç✔îðì❰ï❺í✠☎❰é ➭ î ➭ ñ➘ç❶ò❨í✠❱ × ê♦ù❡ñ➘ê ×➋➭ û➘ìðï✾✏▼✒❺ç■ê✶ì❰ë✜❱➲ñ➘ç➘ò❨ç▲ë
✂➍ë↔ï❺í✰îðç✳úúì❰ê✌☎ ➭ ☎ôî ❀ í✠✝ ➭ ï✽ç▲ëÿñ➘ê✓☎✁☞✰ï✑☎ôî❰êøñ➘ç✆☎❽ñ➘ê✈í➍î❰ê✓☎✈ö❖✚❖☎❮î➶ï ➭ ì❰ìôê✓☞▲ë➘ù➲ï❺ì ➭ ñ↔ï❺ñ➘ê➀í❶ç✕✝♦ç❺í➍îðïÐîðçúê♦í✰îðìôêøç✆☎❽ñ➘ê♦í✰î❰ê✓☎❬�✍ç➋ñ❶ê
☎❰ê✈ì✽î➶ïÐé❾ûþ✪✈é ç❯✝♦ï✑☎ ➭ ç▲í↔ï❺ñ↔ï✡�❛ç❺ì✽ê♦ìôì❰ç✆☎úñ➘êsõ❤ï❺û❶ì ➭ ✝♦ï✑✏▼✒Ðç➘òþ✂➍ë➘ê✛✝❫ï❺ë✠☎❰ï❺é✖ñ➘ê✓☎ ×➋➭ ç✆☎❀í↔ï✾õ❴ç▲ì❰é☞ï✡☞❺ê♦ç▲é✡✪✈î❰ì ➭ ✝♦ï☞ñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎❀ê✈é ì❰ê♦ù➲ï✑✏▼✒Ðç✲ï✎☎❰ë↔ï✾õ❴ç▲ì❰é☞ï❾îðê✓✸❺ì ➭ ✝♦ï❶öèó❥ï❺ìðï✾ì❰ê♦ñ❶ë ý♦➭ ìúê✌☎ôîðê✌☎❀ê✈õ❴ê ➭ î❰ç✆☎❄✝♦ï❺ë✠☎❰ï❺ñ➘ç✆☎❄�❛ê✈ù ï✑☎↕ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎❀ñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎✈ò⑧♥➌ïÐù✭❨❺ê✈ì●❝ ⑩❲❻✆➀ ❞➨�➘ì❰ç✆�❴❬✆☎✈ò❛ê✈é ⑩▼➜▲⑨ →❶ò↔é✾ç➋ñ ➭✗P ✝♦ï❺ì❄ï✶õ❴ç▲ìôé✲ï✶ê × ç▲ù × ê♦í✰îðêÿîðê✓✸❺ì ➭ ✝♦ï✾ñ❶ç✆☎✽ñ➘ê✈í✰îðê✓☎✈ò➂ïÐî❰ìðï × ✪✌☎
ñ↔ï ➭ í✰îðì❰ç✬ñ➘ë✠✏✓✒❺ç❒ñ➘ê❀ï❺ù✗❱ ×✬➭ ç✑☎➀í↔ï✑☎④ê❸✶✬îðì❰ê✈é ➭ ñ↔ï❺ñ➘ê✌☎④ñ➘ç✑☎Õé✾ê✓☎ôé☞ç✆☎✈ö✱✚✱☎ôî❰ê✓☎èï❺ù✗❱ ×✬➭ ç✑☎✱☎✹✒❺ç❾ë✜☎ðï❺ñ➘ç✑☎øïÐî❉✪❄✟➘ç▲➘ôê✽êúî ❀ é
☎ ➭ ñ➘ç✶ç▲û⑥➘ôê îðç✾ñ➘ê●ê✓☎ôî❰ë➘ñ➘ç✆☎❄ì❰ê✈ù ïÐîðï❺ñ➘ç✆☎èê✈é ë➘é☞ï✤☞▲ìðï❺í❶ñ➘ê❈✂➍ë↔ï❺í✰î ➭ ñ↔ï❺ñ➘ê●ñ➘ê❂îðì❰ï❺û↔ï❺ù✗✟➘ç✆☎✈ö

✘✽ê④ï✾✝♦ç▲ìôñ➘ç❄✝✈ç▲é➄♥✕ï❺ù✭❨Ðê♦ì❆❝ ⑩❲❻✑➀ ❞❿òÐç✽ï❺ù✭❱ ×➋➭ çèí➘ç■�❛ê✈ì P ù➍ê × ç▲ù × ê♦í✰îðêÕñ➘ç✆☎❽ñ➘ê♦í✰î❰ê✓☎❡ñ❶ê × ê✈ì ➭ ï ➭ í ➭ ✝ ➭ ï❺ì❫❑➶☎❰ê✱�➘ì✁✸▼✶ ➭ é☞ç
ñ➘ç❄ñ ➭ ✺Ðé☞ê îðì❰ç✿�❶ì ➭ é ➭ î ➭➯× çøê❖✝♦ç▲é➟ïÐé✦�➘ù ➭ î❰ë➘ñ➘ê❡é✦❋❘✶ ➭ é☞ï❶ò❫î❰ç▲é✲ïÐñ↔ïøí➘ç❄ñ ➭ ✺❺é✾ê✈î❰ì❰çèê❸✶➋î❰ê♦ìôí➘ç➘ò ➭ ☞▲ë↔ïÐù✰ï↕ï❺é✦�❶ù ➭ î❰ë➘ñ➘ê
ñ↔ï➌ñ➘ê✷ö↔ê✷✶✜✒❺ç➌î❰ç❺î➶ïÐùúñ➘çÓ�↔ï❺ì✲ñ❶ê✸ñ➘ê♦í✰î❰ê✓☎■ê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘ç✆☎➆☎ôç▲û➟✝♦ï❺ì❉☞✰ï➋ö ✚➀é ⑩❺➜✆➔ →❶ò✞❴✽ïÐì❰ì ➭ ☎➌❝ ⑨❶⑩ ❞úê✓☎❮îðë➘ñ❶ç▲ë❆ç
✝♦ç❺é✦�✍ç▲ìôîðï❺é✾ê♦í✰îðç➌ñ ➭ í✧✺❺é ➭ ✝✈ç✕ñ↔ï✾☎■ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎■ñ❶ê❅ñ➘ê♦í✰îðê✌☎❚ì❰ê✈î❰ç✆☎➆✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺í➘ñ➘ç➞ñ ➭ õ❴ê♦ìôê♦í✰îðê✌☎✔î ➭ �✍ç✆☎✔ñ❶ê
ï❺ù✗❱ ×✬➭ ç✆☎✽í➘ç↔�❛ê✈ì P ù➀ê × ç▲ù × ê♦í✰î❰ê❺ö✦❴✽ï❺ìôì ➭ ☎➍❝ ⑨❶⑩ ❞➀î➶ï❺é❾û✄✪♦é ➭ í✰îðìôç➋ñ❶ë ý♦➭ ë❅ç➞✝✈ç▲í✠✝✈ê ➭ î❰ç❚ñ➘ç ê✈ì❰ìôç❧ñ❶ê✶î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➘ò
✂➍ë➘ê✙✪☞ë✠☎ðïÐñ➘ç✸ïÐî❉✪☞ç✑☎sñ ➭ ï✑☎❒ïÐîðë↔ï ➭ ☎✫�↔ï❺ìðï❚ç❉ê✌☎ôî❰ë➘ñ➘ç✸ñ➘ç ì❰ë✠❱➯ñ➘ç❧ê ×✬➭ û➘ì❰ï✑✏▼✒Ðç ñ➘ç✑☎✛�↔ï❺ìôê✓☎❒ê♦í✠☞❺ì❰ê♦í➘ï❺ñ➘ç✆☎✈ö➫✚➀ù➲ê
ë✠☎ôç▲ë❆ë➘é é✾ç✬ñ➘ê♦ù➯ç✕é☞ïÐîðê✈é✙❋Ðî ➭ ✝✈çÓ✝♦ç❺é ë➘é ☞▲ìðïÐë➒ñ➘ê❅ù ➭ û❛ê✈ì❰ñ↔ïÐñ➘ê➫�↔ïÐìðï✕ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎■ì❰ê î➶ï✑☎✈ö þ ê✓☞▲ë➘í❶ñ➘ç
ç➇☎❰ê✈ë➇îðì❰ï❺û↔ï❺ù✗✟➘ç➘ò➀ê❸✶ ➭ ☎ôî❰ê♦é î❰ì ❀ ☎✢õ❴ç▲í✰î❰ê✓☎ ➭ í✰îðê✈ì❰í↔ï✾☎✢ñ➘ê ×➋➭ û➘ìðï✾✏▼✒❺ç Ð ê♦ì❰ìôç✆☎✶ñ➘ê■é☞ï❺í➍ë❶õ❤ïÐîðë❶ìðï❶ò × ï❺ì ➭ ï✑✏✓★✬ê✓☎sí↔ï
ì ➭ ☞ ➭ ñ❶ê ý ñ➘ç✆☎✔ñ➘ê✈í✰îðê✓☎■ê❉í✧✒❺ç➌ù ➭ í➘ê♦ï❺ì ➭ ñ↔ï❺ñ➘ê❚í↔ï✕ì ➭ ☞ ➭ ñ➘ê ý ñ➘ç✆☎✲ñ➘ê♦í✰îðê✌☎■ñ➘ê ×✬➭ ñ➘ç➁úÓ�✍ê♦ìôñ↔ï✕ñ➘ê➲✝✈ç▲í✰î➶ïÐî❰ç➘ö ✚➀ù➲ê
✝♦ç❺í✠☎ ➭ ñ➘ê♦ìôç▲ë✭ï❋ê❸✶❯✝ ➭ îðï✑✏▼✒ÐçÓ✝♦ç❺é☞ç❳�❛ê✈ì ➭ ✸✬ñ ➭ ✝❫ï❅ê❉é✾ç✆☎ôî❰ì❰ç▲ë➣çÓ✝✈ç▲é✡�❛ç▲ì❮î➶ï❺é✾ê♦í✰î❰ç❋ñ➘ç❋ê♦ìôì❰ç✕ñ❶ê îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
�↔ï❺ì❰ï❅ñ ➭➯× ê♦ì❉☎ôç✆☎✢îðç▲ì✁✂➍ë➘ê✓☎✶í↔ï✸õ❴ç▲ìôé✲ï❉ñ❶ê➞☞❺ì✹❋ P ✝✈ç✆☎♦ò②ç▲í❶ñ➘ê❚ç❅ê ➭ ✶➋ç✴ñ↔ï✑☎✢ç❺ì❰ñ➘ê✈í↔ï❺ñ↔ï✑☎✎✪■ìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï❺ñ➘ç❳�❛ê✈ù➲ç✆☎
× ï❺ù➲ç❺ì❰ê✓☎❒ù➲ç❺í✠☞ ➭ î❰ë➘ñ ➭ í↔ï ➭ ☎❂ñ❶ç❉ê♦ìôì❰ç✸ñ❶ê☞îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➫�↔ï❺ì❰ï ç✆☎ÿñ ➭➯× ê♦ì✁☎❰ç✆☎ × ï❺ù➯ç▲ì❰ê✌☎ÿñ❶ê☞îðç❺ì❉✂➍ë➘ê❺ò❡ê✲ç✸ê ➭ ✶➋ç❉ñ↔ï✾☎
ï❺û✠☎✁✝ ➭ ☎❉☎ðï✾☎èì❰ê✓�❶ì❰ê✓☎ôê♦í✰î➶ïÐñ➘ç✎�❛ç▲ì❍�❛ç✑☎ ➭ ✏✌★➋ê✌☎④í➘ç✛✝ ➭ ✝✈ù➲çÿñ➘ê❀ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç➘ö❖✚✱☎❮î➶ïsõ❴ç▲ìôé✲ï❒ñ➘ê✽ìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï✑✏✓✒❺ç✶ñ➘ç
ê♦ìôì❰ç✾ñ➘ê❂îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç✤✪✬✝✈ç▲í✠✟➘ê✌✝ ➭ ñ➘ï✡✝✈ç▲é☞ç✶é☞ï✑�↔ï❾ñ➘ê✫❴úï❺ì❰ì ➭ ☎♦ö

✚②é ⑩❺➜✆➀❺⑨ ò❛❪❂ì❰ê✌☞▲ç▲ì❫❁▲ò❛❴úï❺ì❰ì ➭ ☎úê✎✯ ë➘í➘ìôç➸❝ ❹✾➜ ❞❬✝✈ç▲í P ìôé✲ïÐìðï❺é ê✷✶❯�✍ê♦ì ➭ é✾ê♦í✰î➶ï❺ù➯é☞ê✈í✰îðêsç✑☎✽ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎❀ç▲û❯❑
î ➭ ñ➘ç✆☎☞ï❺í✰îðê✈ì ➭ ç❺ì❰é✾ê♦í✰îðê✍�❛ç▲ì✦❴✽ïÐì❰ì ➭ ☎➌❝ ⑨❶⑩ ❞ ö ✽ ê✌☎ôîðê îðìðïÐû↔ï❺ù✭✟❶ç❋ç➌ê✈ì❰ìôç✕ñ➘ê❧îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç➁õ❴ç ➭ é☞ê✈ñ ➭ ñ➘ç❳�↔ï❺ì❰ï
ñ ➭ õ❴ê♦ì❰ê✈í✰îðê✓☎➃✝❫ïÐì❉☞✰ï✑☎②ê↕ñ ➭ õ❴ê♦ì❰ê✈í✰îðê✓☎ é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎➀í➘ç✫�❛ê✈ì P ù↔ñ❶ç✆☎Õñ❶ê♦í✰îðê✌☎♦ò✬ê✽ï✑�❶ì❰ê✓☎ôê♦í✰î➶ïÐñ➘ç✆☎ÕïÐîðì❰ï × ✪✓☎ ñ➘ç❒é✲ï✑�➘ï

⑩❺➀



ñ➘ê❄❴✽ï❺ìôì ➭ ☎♦ö❡æ➯�➘ì ➭ í✠✝ ➭ �↔ïÐù✧✝♦ç▲í✠✝✈ù➲ë✠☎❉✒❺çÿï✑�❛ç❺í➍îðï❺ñ↔ï❂í➘ê✌☎ôîðê❄îðì❰ï❺û↔ï❺ù✗✟➘ç❂õ❴ç ➭ ✂➍ë➘êúç❒ê♦ìôì❰ç❒ñ➘ê↕îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç✬�✍ç➋ñ➘ê✈ì ➭ ï
☎❰ê✈ì↕ì❰ê♦ñ❶ë ý♦➭ ñ➘ç✲ï♣îðìðï × ✪✓☎❄ñ↔ï✑☎èé✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎èñ➘ç✎�✍ê♦ì P ù✐ê × ç❺ù × ê✈í✰îðê❺ö

✘✽ê✓☎ôñ➘ê✶ê♦í✰î❙✒Ðç➘ò✐é❾ë ➭ îðç✆☎❄îðìðïÐû↔ï❺ù✭✟❶ç✆☎úî ❀ é✟ñ❶ê♦ñ ➭ ✝❫ï❺ñ➘ç❚ï♣îðê♦í✜✏▼✒❺ç❚ï❺ç■ê✌☎ôî❰ë➘ñ➘ç❚ñ↔ï✑☎❀é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎úñ➘ç↔�❛ê✈ì P ù
ñ➘ç✆☎④ñ➘ê♦í✰îðê✌☎✿�↔ï❺ì❰ï❾ïsì❰ê✈ñ➘ë✠✏✓✒❺ç✢ñ➘ç✢ê♦ìôì❰ç❾ñ❶ê✽îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺çsê✳✝♦ç▲í✜☎❰ê✓✂➂➾➘ê✈í✰îðê●ì❰ê✈ñ➘ë✠✏▼✒Ðç✢ñ➘ç✢ì❰ë✠❱➯ñ➘ç✛☞❺ê♦ìðïÐñ➘ç✵�✍ê♦ù➲ç✑☎
�↔ï❺ìôê✓☎✐ñ➘ê②ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö❊✚✱☎ôîðê✌☎✐îðìðïÐû↔ï❺ù✭✟❶ç✆☎❛✝♦ç❺í✠✝♦ê✈í➍î❰ìðï❺é✤❑➏☎ôê②û↔ï✑☎ ➭ ✝❫ï❺é✾ê♦í✰î❰ê⑧í➘ç↕ê✓☎❮îðë➘ñ➘ç❄ñ➘çøî ➭ �✍çèê②ï❺é✦�❶ù ➭ î❰ë➘ñ➘ê
ñ↔ï✑☎●é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎✈ò❽í➘ï❧é✾ç➋ñ❶ê♦ù ï✾☞▲ê♦é✖ñ➘ç❧ê♦ì❰ìôç ñ❶ê✶î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç↔�↔ï❺ì❰ï❚î❰ç▲ì❰í↔ïÐì❈�❛ç✆☎✁☎❉❱ × ê♦ù ï❧ï × ïÐù ➭ ï✾✏▼✒❺ç■ñ↔ï✾☎
é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎④í➘ï✢õ❤ï✾☎❰ê❂ñ➘ê❈�➘ìôç❘➘ôê✈î❰ç✢ñ↔ï✑☎èê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ò↔ê●ï ➭ í➘ñ↔ï✢ïÐù✭☞▲ë➘é☞ï✑☎➃�➘ì❰ç✑�❛ç✆☎❮î➶ï✑☎èñ❶ê❈�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðç✑☎
✝♦ç❺é✦�➘ë➋î➶ï✑✝ ➭ ç▲í↔ï ➭ ☎✩�↔ïÐìðï✢é ➭ í ➭ é ➭➲ý ï❺ì②ç☞ê✈ì❰ìôç✾ñ❶ê●î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➘ö
æ✽ù✗✪♦é ñ➘ç✆☎❚îðì❰ï❺û↔ï❺ù✗✟➘ç✆☎➆✂➍ë➘ê❋ê✓☎ôî❰ë➘ñ↔ï❺ì❰ï❺é ï✑☎❧é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎■ñ➘ç❧�✍ê♦ì P ù●ê × ç▲ù × ê♦í✰îðêÐò❒ñ ➭➯× ê✈ì❉☎ôç✆☎❉ç▲ë➋îðì❰ç✑☎

îðì❰ï❺û↔ï❺ù✗✟➘ç✆☎✢ê✌☎ôîðë❶ñ↔ï❺ìðïÐé✥ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï❅í➘ç✴ê♦ì❰ìôç❋ñ❶ê❚î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç✴ñ➘ê ×✬➭ ñ➘ç➁ï❺ç✆☎✶ê♦ìôì❰ç✆☎✶ñ➘ê■õ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺ç✴ñ↔ï✾☎
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎úê❒ï❺ç✑☎èñ➘ê✓☎ ×➋➭ ç✆☎↕ñ➘ê●é☞ç❺í➍îðï✑☞▲ê✈é ñ➘ç✎�↔ï❺ìèñ➘ê●ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö

✚➀é✙õ❴ë➘í✠✏✓✒❺ç●ñ➘ç❏☞❺ìðï❺í➘ñ❶êèí ✩ é☞ê✈ì❰ç●ñ➘êèîðì❰ï❺û↔ï❺ù✗✟➘ç✆☎➀ï✑�❶ì❰ê✓☎ôê♦í✰î➶ïÐñ➘ç✆☎➃☎❰ç▲û➘ìôê↕ç❒ê✈ì❰ìôç❒ñ❶ê↕î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➘ò➍ï❺ù✗☞▲ë➘í✠☎
îðì❰ï❺û↔ï❺ù✗✟➘ç✆☎❬�❶ë➘û➘ù ➭ ✝❫ï❺ñ❶ç✆☎⑧ñ➘ê✈ñ ➭ ✝♦ï❺ìðï❺é✤❑➏☎ôêèï❂ì❰ê ×➋➭ ☎ðï❺ì➀êèìôê✓☎ôë➘é ➭ ì➀ï✑☎✱�➘ì ➭ í✠✝ ➭ �↔ï ➭ ☎❊✝✈ç▲í✠✝✈ù➲ë✠☎✁★➋ê✌☎ êèìôê✓✝✈ç▲é☞ê✈í➘ñ↔ï✑✏✌★➋ê✌☎
ç▲û❶î ➭ ñ↔ï✾☎✲í➘ê✌☎ôîðê✸ï✑☎❉☎ôë➘í✰îðç➘ö➡✚➀í✰îðìôê✸ê♦ù➯ê✓☎✲ñ❶ê✓☎ôîðï✑✝❫ïÐé✎❑➶☎❰ê✸ç✆☎☞îðìðïÐû↔ï❺ù✭✟❶ç✆☎☞ñ❶ê þ é ➭ î✹✟➺❝♠→ ❹ ❞❿ò✞♥❋ê♦ù➯û❛ç❺ë➘ì❰í➺❝ ⑩❲❻✑➜ ❞ ò
✯ ë➘í❶ì❰ç❊❝ ➀✰❹ ❞✐ê✫❴úç▲ë✠☎ôê♦ì✴❝ ⑨ →✐❞❿ö

◆✖ê✌☎ôîðë❶ñ➘ç❋û ➭ û➘ù ➭ ç✆☞▲ì❉❋ P ✝✈ç❉ñ➘ç✆☎❾î❰ìðï❺û➘ï❺ù✭✟➘ç✑☎✤☎❰ç▲û➘ìôê■ç✴ê♦ì❰ìôç✴ñ➘ê✔îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❶ò➃�❶ì ➭ í✜✝ ➭ �➘ï❺ù➲é✾ê♦í✰îðê☞í➘ç➇✂➍ë➘ê
î➶ïÐí✠☞▲ê●ï❺ç✆☎✮�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðç✑☎èñ➘ê❂é☞ç✬ñ➘ê✈ù ï✑☞▲ê✈éãñ➘ç✢ê♦ìôì❰ç✶ñ➘ê❀îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✢ê✓☎ôî✹❋Ðî ➭ ✝♦ç➘ò✬õ❴ç ➭ õ❴ê ➭ îðç✛�❛ê✈ù➲ç✤�➘ìôê✓☎❰ê✈í✰îðê
ï❺ë❶î❰ç▲ì❚ê♦é ë❶é îðìðïÐû↔ï❺ù✭✟❶ç➤ï❺í✰îðê♦ì ➭ ç▲ì❳❅ × ê♦ì✭❝ ⑩▲⑩▲⑩ ❞õ❇ öq✘✽ê✌☎ôî➶ï➤õ❴ç▲ì❰é☞ï❶òúñ➘ê✓☎❮î➶ï✑✝♦ï❘❑➏☎ôê✕ïÖ☎❰ê✌☞▲ë ➭ ì❚ç✆☎■î❰ìðï❺û↔ïÐù✭✟➘ç✆☎
�✍ê✓☎❉✂➍ë ➭ ☎ðï❺ñ❶ç✆☎↔☎❰ç▲û➘ìôê✴ï➞ì❰ê♦ñ❶ë✠✏▼✒❺ç➤ñ➘ç➤ê✈ì❰ì❰ç➞ñ❶ê✴î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➞ïÐî❰ìðï × ✪✌☎❚ñ↔ï✑☎■é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎✔ñ↔ï➌õ❴ç▲ìôé✲ï❋ñ↔ï
☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê❂ñ➘ç✑☎❄ñ❶ê♦í✰îðê✌☎♦ö

◆ �➘ì ➭ é✾ê ➭ ì❰çúî❰ìðï❺û➘ï❺ù✭✟➘ç✽ñ➘ê♦ñ ➭ ✝❫ï❺ñ❶ç✬ú●çÐî ➭ é ➭➲ý ï✑✏▼✒Ðçúñ↔ï❈☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê④ñ➘ç✆☎➀ñ➘ê✈í➍î❰ê✓☎②ñ➘êèê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎➀õ❴ç ➭ ï✾�➘ì❰ê❸❑
☎❰ê✈í✰î➶ï❺ñ➘ç✡�✍ç▲ì■✣④ç▲í➘ì❫❁■ê þ ê ➭ ì❰ê✓☞✼❝ ⑩❸❼ ❞❿ò↔ê♦é ⑩❺➜✰❼❺⑨ ö✱✣④ç▲í➘ì✁❁✔ê þ ê ➭ ìôê✓☞✼❝ ⑩❸❼ ❞❽ï✑�❶ì❰ê✓☎ôê♦í✰î➶ïÐìðï❺é ë❶é❲�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç
ñ➘ê❀çÐî ➭ é ➭➲ý ï✑✏▼✒Ðçÿñ↔ï✾☎④é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎④í➘ï✛☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✽ñ❶ç✆☎øñ➘ê✈í➍î❰ê✓☎èû↔ï✾☎❰ê❫ïÐñ➘ç✢í➍ë➘é ïÐù✭☞▲ç▲ì ➭ î❰é☞ç✬☎ ➭ é✦�❶ù➲ê✷✶✾é✾ç✬ñ ➭ ❑
P ✝♦ï❺ñ➘ç➘ò❂✂➍ë➘ê❾õ❴ç ➭ ç▲ì ➭ ☞ ➭ í➘ï❺ù➲é✾ê♦í✰îðê✬�➘ìôç✆�✍ç✆☎ôî❰ç➆�❛ç▲ì✽ê✓☎ôî❰ê✓☎●é✾ê✓☎❰é✾ç✆☎❂ïÐë❶îðç▲ìôê✓☎❀ê✈é ⑩❺➜▲❼➋⑩ ❝ ⑩❺➀ ❞❬�➘ï❺ìðï✔ìôê✓☎❰ç❺ù × ê✈ì❂ç
�➘ìôç▲û➘ù➲ê✈é✲ï❄☞▲ê♦ì❰ï❺ù❶ñ➘êèñ ➭ ☎ôî❰ì ➭ û➘ë ➭ ✏✓✒❺ç❀ñ➘ê✮✝❫ï❺ì✁☞✰ï❀ê♦í✰îðìôê↕ñ➘ç ➭ ☎❊✝♦ç▲ì✁�❛ç✆☎❡ê♦ùõ❋✾☎ôî ➭ ✝♦ç✆☎❡ê♦é❢✝✈ç▲í✰î➶ïÐî❰ç➘ö✱◆➯�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç
ñ➘ê✛✣④ç▲í➘ì❫❁■ê þ ê ➭ ìôê✓☞✼❝ ⑩❸❼ ❞✐î ➭ í✠✟↔ï✤✝♦ç❺é☞ç✢õ❴ë➘í✠✏✓✒❺ç✾ç▲û⑥➘ôê✈î ➭➯× ç✲é ➭ í ➭ é ➭➯ý ï❺ìÕï✢é✙❋❘✶ ➭ é✲ï✵�➘ìôê✓☎✁☎✹✒❺ç✲ïÐîðë↔ïÐí➍î❰ê●í↔ï✾ù ➭ ❑
í✠✟↔ïÿñ➘ê✕✝✈ç▲í✰î➶ïÐî❰ç❾ê♦í✰îðìôê❀ç✆☎Õñ➘ê♦í✰îðê✌☎♦ö❖✼➏☎ôî❰çsõ❴ç ➭ ç▲û❶î ➭ ñ➘çsïÐîðì❰ï × ✪✓☎øñ➘ïsñ➘ê✈î❰ê♦ìôé ➭ í↔ï✑✏▼✒Ðçÿñ➘ç✑☎✩�↔ï❺ì❉✺❺é☞ê îðìôç✆☎❍✸Ðî ➭ é✾ç✆☎

⑩❸❼



ñ➘ê✶ë➘é☞ï✔õ❴ë➘í✠✏▼✒Ðç➞✂➍ë↔ïÐñ➘ì✹❋Ðî ➭ ✝♦ï↔�❶ì❉✪✷❑Óñ➘ê P í ➭ ñ↔ï➆�↔ïÐìðï❚ï■é☞ç✬ñ ➭✗P ✝❫ï✑✏✓✒❺ç■ñ↔ï➆☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✢ñ➘ç✆☎❂ñ❶ê♦í✰îðê✌☎♦ö✙✣④ç▲í➘ì✁❁✸ê
þ ê ➭ ì❰ê✌☞➲❝ ⑩❸❼ ❞❛ï✑�❶ù ➭ ✝♦ï❺ìðïÐé✙ç✫�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðç✫�➘ìôç✆�❛ç✑☎ôîðç❒ê♦éãë➘é➝�➘ï❺ì②ñ➘êúê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎Õñ➘ê✽ñ➘ê✈í✰îðê✓☎❍✟➘ê♦ù ➭ ✝✈ç ➭ ñ↔ï ➭ ☎
✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺í➘ñ➘ç✾é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎✩☎❰ç❺é☞ê✈í➍î❰ê●í➘ç✎�↔ï✑☎❉☎ôç☞ñ➘ï✎✟✜✪♦ù ➭ ✝♦ê❀ñ➘ï✑☎↕ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✞�↔ïÐìðï✤✝♦ç▲é✡�✍ê♦í✠☎❰ï❺ìèç✶ê♦ì❰ìôç
ñ➘êúï❺ù ➭ í✠✟↔ï❺é✾ê♦í✰î❰ç❀ñ➘ç✆☎②ñ➘ê✈í➍î❰ê✓☎❍�➘ì❰ç × ç⑥✝❫ïÐñ➘ç❏�✍ê♦ù➲ï❂ñ➘ê✌ö↔ê❸✶✜✒❺çsñ➘ç✑☎ ê ➭ ✶➋ç✆☎✈ö❖✯ ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎➀í➘ï❒ñ ➭ ì❰ê✌✏▼✒❺ç●ñ➘ç✫�❛ê✈ì P ù
ê × ç▲ù × ê♦í✰îðê❉í✧✒❺ç❋õ❴ç❺ìðï❺é ✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ↔ï✾☎♦ö ✽ ê✈í✠✟➍ë➘é☞ï × ê✈ì ➭✗P ✝❫ï✑✏✓✒❺ç✕ê❸✶✜�✍ê♦ì ➭ é✾ê♦í✰î➶ïÐù↕õ❴ç ➭ õ❴ê ➭ îðï➁ê❧í✧✒❺ç❳✟➘ç▲ë × ê
�➘ìôê♦ç⑥✝♦ë✠�↔ï✾✏▼✒❺ç✡✂➍ë↔ï❺í✰îðç✦ú ×✬➭ ï❺û ➭ ù ➭ ñ↔ïÐñ➘êúñ❶ê●õ❤ïÐû➘ì ➭ ✝❫ï✑✏✓✒❺ç✶ñ↔ï✑☎èê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄✝✈ç▲é✏ï✑☎↕é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎✩✸Ðî ➭ é☞ï✑☎✈ö

✰❡ï × ï✑❨❺ç❺ù ➭ ê✎❴❄ç▲ë✠☎ôê♦ì❤❝ ➜➋⑩ ❞❬�➘ë❶û➘ù ➭ ✝❫ï❺ì❰ï❺é ò❛ê♦é ⑩▼➜ → ➛ ò➂ë❶é✑îðì❰ï❺û↔ï❺ù✗✟➘ç✔ñ➘ê✢çÐî ➭ é ➭➲ý ï✑✏▼✒Ðç✲ñ↔ï✑☎❂é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎
ñ↔ï✙☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ êÿñ➘ç✑☎✽ñ➘ê✈í➍î❰ê✓☎ ×✬➭ ☎ðï❺í➘ñ❶ç✔é ➭ í ➭ é ➭➲ý ï❺ìøç☞ê♦ì❰ìôç✔ñ➘ê❒îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç☞ê✓☎ôî✹❋Ðî ➭ ✝♦ç☞ñ↔ï✑☎✽ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎❀ñ❶ê
ñ➘ê✈í➍î❰ê✓☎❚ì❰ê îðç✆☎✈ö➡◆❦�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç➌ë✠☎❰ç❺ë✭ç➌é✦✪ îðç✬ñ➘ç④✝✈ç▲é✦�❶ù➲ê✷✶❛ò✿✂➍ë➘ê➲✪❉ë➘é é✡✪✈î❰ç➋ñ❶ç✕ñ➘ê➲�❶ì❰ç✆☞▲ì❰ï❺é☞ï✑✏▼✒❺ç
ù ➭ í➘ê❫ïÐì❾ñ➘ê✓☎ôê♦í × ç❺ù ×✬➭ ñ➘ç➁ï⑤�↔ï❺ì❮î ➭ ì❾ñ➘ç✴é✦✪ îðç✬ñ➘ç➲☎ ➭ é✡�➘ù➲ê❸✶➌ê✈é ⑩❺➜✆➀❚➔ �❛ç▲ì✡✯➁ö❖✔❶ö✱✲④ç▼✶❛ö ✽ ê✌☎ôî❰ê❚î❰ìðï❺û➘ï❺ù✭✟➘ç❅ñ❶ê
✰❥ï × ï✑❨Ðç▲ù ➭ ê❍❴úç▲ë✠☎ôê♦ì▼❝ ➜❶⑩ ❞➘ï↕õ❴ë➘í✠✏▼✒Ðç✽ç▲û⑥➘ôê î ➭➮× ç✽ê✈ìðï✽é ➭ í ➭ é ➭➲ý ïÐì➂ï❄☎ôç▲é☞ïúñ↔ï✑☎❡ï❺é✡�➘ù ➭ îðë➘ñ➘ê✌☎✐ñ↔ï✑☎❽îðì ❀ ☎❊�➘ì ➭ é✾ê ➭ ìðï✑☎
✟↔ï❺ìôé☛❬❺í ➭ ✝♦ï✑☎❥ñ❶ç❀ê♦ìôì❰ç✽ñ❶êÕîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ö❬◆✳☎ × ïÐù➲ç▲ìôê✓☎❡é✦❋❘✶ ➭ é✾ç✆☎✐êøé✡❱➲í ➭ é✾ç✆☎❛�↔ï❺ì❰ï✕✝❫ïÐñ↔ï × ï❺ì ➭ ❋ × ê♦ù➍ê✈í × ç▲ù ×✬➭ ñ↔ï
í➘ç✬�➘ìôç▲û➘ù➲ê✈é✲ï❀ñ❶ê × ê✈ì ➭ ï❺é❢☎ôê♦ì②ñ➘ê P í ➭ ñ➘ç✑☎➃�✍ê♦ù➯ç❂ë✠☎❰ë✠❋❺ì ➭ ç❂ê↕ï❂õ❴ë❶í✠✏▼✒❺ç●ç▲û➂➘ôê✈î ➭➮× ç●ê♦ì❰ï❂ç❺î ➭ é ➭➯ý ï❺ñ↔ï■✝♦ç▲é✙ì❰ê✓☎✁�❛ê ➭ î❰ç
ï➲✝❫ïÐñ↔ï × ï❺ì ➭ ❋ × ê♦ù❍☎❰ê✌�↔ï❺ìðïÐñ↔ï❺é✾ê♦í✰îðêÐöÓ◆✳☎❒î ➭ �✍ç✆☎ÿñ➘ê✔é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎ÿõ❴ç❺ìðï❺é❥�➘ì✁✪✷❑➻ñ❶ê P í ➭ ñ➘ç✆☎❾ê✲ù ➭ é ➭ îðï❺ñ➘ç✆☎✬ú✾☎
é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎✱✝♦ç❺í × ê♦í✠✝ ➭ ç▲í➘ï ➭ ☎✈ò✬îðï ➭ ☎❖✝♦ç❺é☞ç●ç✆☎ ï❺ù✗❱ ×✬➭ ç✆☎❡í➘ç❒î❰ç✆�✍çÿê ❷ ç▲ë☞í➘ï❒ì❰ï ➭➲ý ñ➘ç✆☎②ñ➘ê✈í✰îðê✓☎❍☎❰ê✌☞▲ë➘í➘ñ➘çÿë➘é☞ï
õ❴ë➘í✠✏✓✒❺ç➌ï P é ç▲ë➉✂➍ë↔ï❺ñ➘ì❉❋Ðî ➭ ✝❫ï❶ö❧◆✳☎☞ïÐë❶îðç▲ìôê✓☎✳➘ôë✠☎ôî ➭✗P ✝♦ï❺ìðïÐé ➭ ☎❮îðç➁ï P ìôé✲ï❺í❶ñ➘ç➇✂✬ë❶ê ç▲ë➋îðìðï✾☎✾é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎
�✍ç➋ñ➘ê✈ì ➭ ï❺é❦☎❰ê✈ì✛✝✈ç▲í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ↔ï✑☎✈ò❡é☞ï✑☎✫�❛ç✬ñ➘ê♦ì ➭ ï❺é ☎❰ê♦ìÿñ➘ê✾ñ ➭ õ➌❱✗✝ ➭ ù❡ç▲û❶îðê✈í✠✏▼✒Ðç➫✝♦ç❺é ç✑☎❏�➘ìôç❯✝✈ê✓☎✁☎❰ç✆☎❾ë✜☎❰ë↔ï ➭ ☎ÿñ❶ê
õ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺ç❶ö ✽ ✒❺ç✲õ❴ç▲ì❰ï❺éû✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐñ↔ï✑☎✽é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎❄í↔ï✲ñ ➭ ì❰ê✌✏▼✒❺ç✲ñ➘ç✻�↔ï✑☎✁☎❰ç✻✟✜✪♦ù ➭ ✝♦êÿñ↔ï✑☎✽ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ò
ê➇�↔ï❺ì❰ïÖ☎ ➭ é✡�➘ù ➭◗P ✝❫ï✾✏▼✒❺ç➌ñ❶ç➣é✾ç✬ñ➘ê♦ù➯ç➤ï✑☎❉☎ôë➘é ➭ ë❯❑➏☎ôê✴ï➁✝❫ï❺ì✁☞✰ï➞ñ ➭ ☎❮îðì ➭ û➘ë✠❱➯ñ↔ï➌ë➘í ➭ õ❴ç▲ì❰é✾ê♦é✾ê♦í✰îðê✸ï❺ç➤ù➲ç▲í✠☞❺ç➞ñ↔ï
ù ïÐì❉☞▲ë➘ì❰ï■ñ➘ç✆☎❒ñ➘ê♦í✰îðê✌☎♦ö➞◆✳☎ÿï❺ë❶îðç❺ì❰ê✓☎❒é✾ç✆☎ôî❰ìðï❺ì❰ï❺é ☎ôê♦ì✫�❛ç✆☎✁☎❉❱ × ê♦ù ì❰ê✈ñ➘ë ý✈➭ ì●ç ê✈ì❰ìôç❉ñ➘ê✶îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❧ïÐî❰ìðï × ✪✌☎
ñ↔ï✑☎❒é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎❈✝♦ç❺í × ê♦í✠✝ ➭ ç▲í➘ï ➭ ☎●ñ➘ç➞�❛ê✈ì P ù➀ê × ç▲ù × ê✈í➍î❰ê✙�↔ïÐìðï❚ë➘é✂ñ↔ï❺ñ❶ç❧î❰ç▲ì❉✂➍ë➘êÐò ➭ í➘ñ ➭ ✝♦ï❺í➘ñ➘ç↔✂➍ë➘ê✾ñ➘ê × ê
ê✷✶ ➭ ☎ôî ➭ ì❀ë➘é☞ï✲é✾ç➋ñ ➭◗P ✝❫ï✾✏▼✒❺ç✻✸Ðî ➭ é☞ï✦�➘ï❺ìðï✙✝♦ï❺ñ↔ï✔îðç❺ì❉✂➍ë➘ê❺ö❏✚➀ù➲ê✌☎✳☎❰ë✠☞❺ê♦ì ➭ ìðï❺é ✝♦ç❺é☞ç✻☎ôê✓✂➂➾ ❀ í✠✝ ➭ ï❧ñ➘ç✔î❰ìðï❺û➘ï❺ù✭✟➘ç
ç✾ñ➘ê✓☎ôê♦í × ç▲ù ×✬➭ é✾ê♦í✰îðç☞ñ➘êÿë❶éû�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðç✾ñ➘ê●ç❺î ➭ é ➭➲ý ï✾✏▼✒❺ç✤✂➍ë➘ê❒é ➭ í ➭ é ➭➲ý ê✽ç✾ê✈õ❴ê ➭ îðç✶ñ↔ï✾☎✽ï❺ù➮îðê✈ìðï✑✏✌★➋ê✌☎❄ñ❶ê
✝❫ïÐì❉☞✰ï✢í➘ç✾ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❶ö

✚②é ⑩❺➜ → ❼ ò❂❴úë➟r✷➋❿➍➞✉✑❼◗➍➲❝ ➛➍❹ ❞➀ï❺í↔ï❺ù ➭ ☎ðïÐìðï❺é ï ➭ í❯ö↔ë ❀ í✜✝ ➭ ï✔ñ➘ï✑☎❂é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎✽ñ➘ê✎�✍ê♦ì P ù⑧í➘ç➆✝✈ç▲é✦�✍ç▲ì❮î➶ï❘❑
é✾ê♦í✰îðç❂ñ ➭ í✧✺❺é ➭ ✝✈ç✽ñ➘êøë❶é �↔ïÐì⑧ñ➘êøê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎➀ñ➘êèñ➘ê✈í✰îðê✓☎➀ìôê✈î❰ç✆☎♦ö➀ó❥ï❺ìðï ➭ ☎ôî❰ç➘ò❺ë✠☎❰ï❺ìðïÐé✙ë➘é❞�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç
ñ➘ê❂ç❺î ➭ é ➭➲ý ï✑✏▼✒❺ç✫✝♦ë▲➘❰ïsõ❴ë➘í✠✏▼✒Ðç✢ç▲û⑥➘ôê✈î ➭➯× ç✢ê♦ìðï❾é ➭ í ➭ é ➭➲ý ïÐì➀ç × ï❺ù➲ç▲ìÕé✦✪✈ñ ➭ çsñ↔ï❾ï✑✝✈ê♦ù➲ê✈ìðï✑✏✓✒❺ç➘ö➃◆✒ï❺ù✭☞❺ç▲ì ➭ îðé✾ç❒ñ❶ê
ç❺î ➭ é ➭➲ý ï✾✏▼✒❺ç✢ë✠☎❰ï❺ñ➘ç✔í❶ç☞îðì❰ï❺û↔ï❺ù✗✟➘ç✶í✧✒❺ç✦✪ÿé✾ê♦í✠✝ ➭ ç▲í➘ï❺ñ➘ç✾êsï✑☎úé☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎èõ❴ç▲ìðï❺é ù ➭ é ➭ îðï❺ñ↔ï✑☎øï❺ç✆☎úï❺ù✭❱ ×➋➭ ç✆☎

⑩ →



ñ➘ç➲�✍ê♦ì P ù ê × ç❺ù × ê✈í✰îðê✔í➘ç❧îðç✆�✍ç❉ê☞í↔ï❉ì❰ï ➭➲ý ñ➘ç✆☎ÿñ➘ê♦í✰î❰ê✓☎♦ö⑤◆❈☎sï❺ë❶î❰ç▲ì❰ê✌☎sç▲û❶î ➭➯× ê♦ìðïÐé ì❰ê♦ñ❶ë✠✏▼✒❺ç❉ñ➘ê ➛ ñ✠✲❈❅❤æ✳❇
✝♦ç❺é✏ï✶ï✑�➘ù ➭ ✝❫ï✑✏✓✒❺ç✢ñ➘ç✎�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç✶ñ➘ê●ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç❾ê♦é ë➘é❲�↔ï❺ìèñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎❄ñ➘ê●ñ➘ê♦í✰î❰ê✓☎❄ì❰ê✈î❰ç✆☎♦ö

♥✕ê✌✝❙❨✢ê❄✯❉ï❺ë➘ê✈ì✪❝ ⑩❲❻✰❼ ❞ ò➍ê✈é ⑩❺➜✆➜▲❻ ò✰ê✓☎ôî❰ë➘ñ↔ï❺ì❰ï❺é✙îðï❺é❾û✄✪♦é➜ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï●ñ➘ï✑☎②é☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎⑧ñ↔ï✑☎❖☎❰ë✜�❛ê✈ìôõ➌❱◗❑
✝ ➭ ê✓☎øñ❶ç✆☎èñ➘ê♦í✰î❰ê✓☎✿✂➍ë↔ï❺í✰îðç✡ú❾ñ ➭ ☎ôî❰ì ➭ û❶ë ➭ ✏✓✒❺çsñ➘ê✕✝❫ï❺ì✁☞✰ï❾ê✳✂➍ë↔ï❺í✰îðç✶ïÐç✤✝♦ç▲é✡�❛ç❺ìôî➶ïÐé☞ê✈í➍î❰çsñ ➭ í✧✺❺é ➭ ✝✈çsñ➘ç✆☎✮�↔ï❺ì❰ê✌☎
ñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄✟❶ê♦ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎♦ö❬✚✱☎❮îðê❂îðì❰ï❺û↔ï❺ù✗✟➘ç✤✝♦ç▲í P ì❰é✾ç▲ë↔✂➍ë➘êsï✢ñ ➭ ☎ôî❰ì ➭ û❶ë ➭ ✏✓✒❺ç✢ñ➘ê✬✝❫ï❺ì✁☞✰ï✢ê❒ï✶ì ➭ ☞ ➭ ñ➘ê ý ñ➘ç
ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç■ê✌☎ôî❙✒Ðç■ñ ➭ ìôê✈î➶ïÐé☞ê✈í➍î❰êsìôê♦ù ï✾✝ ➭ ç❺í↔ï❺ñ➘ç✆☎■✝♦ç❺é✟ï✑☎✽é☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎✽ñ↔ï✑☎✕☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎úñ➘ç✆☎❀ñ➘ê✈í✰îðê✓☎✈ò
ê↔✂➍ë➘ê❚é☞ê✌☎❰é✾ç❋ï✾☎✢é☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎❾é✲ï ➭ ☎✵☎ ➭ é✡�➘ù➲ê✌☎♦ò❖✝♦ç▲é✾ç✴ç✆☎✶ï❺ù✗❱ ×✬➭ ç✆☎ÿñ➘ç❩�❛ê✈ì P ùøê × ç▲ù × ê✈í➍î❰ê❉í➘ç❅î❰ç✆�❛ç✴ñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎✞�✍ç➋ñ➘ê✈é ù➯ê × ï❺ì④ï❾ì❰ê♦ñ❶ë✠✏✓★✬ê✓☎↕ñ➘ê❀ìôë✠❱➲ñ❶ç➘ö✱✚✱☎ôî❰ë➘ñ↔ï❺ì❰ï❺é ï ➭ í➘ñ↔ïsç✢ê õ❴ê ➭ îðç❾ñ↔ï✾☎èé☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎✮✝❙✟↔ï❺é☞ï❺ñ↔ï✾☎
ñ➘ê ⑨ ✘sò❯✂➍ë➘ê❈☎❉✒❺ç✢ï❺ù✗❱ ×✬➭ ç✑☎ ➭ í✰îðì❰ç✬ñ➘ë ý✈➭ ñ➘ç✑☎Õí↔ïÿñ ➭ ìôê✓✏▼✒Ðç❾ñ↔ïsù ➭ í✠✟↔ï❒ñ➘ê✳✝✈ç▲í✰î➶ïÐî❰ç❾ê❀ì❰ç❺ù ï❺é✾ê♦í✰îðç❶ö þ ê✌☞▲ë➘í➘ñ➘ç❏♥✕ê✌✝❙❨
ê✎✯❉ïÐë➘ê♦ì◆❝ ⑩❲❻✰❼ ❞➀ê✓☎❮îðê❾î ➭ �❛ç☞ñ➘ê✤✝♦ç❺ì❰ì❰ê✌✏▼✒❺ç➆�✍ç✬ñ➘ê♦ì ➭ ï✙☎ôê♦ì❂ç▲û❶î ➭ ñ➘ç✔ïÐîðì❰ï × ✪✓☎❂ñ➘ê✢ë❶é➴�➘ìôç❯✝✈ê✓☎✁☎❰ç❚ñ➘ê✢ì❰ê î✹❱ P ✝❫ï✔ñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎❒ê♦é é✦❋✑✂➍ë ➭ í➘ï✑☎✫✣ ✽ ✣✽ö➨◆✳☎●ê✷✶➋ê♦é✡�➘ù➯ç✆☎●í✬ë❶é✦✪✈ì ➭ ✝✈ç✆☎●é☞ç✑☎ôîðì❰ï❺ìðïÐé➴✂➍ë➘ê☞ï✑☎●é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎ ⑨ ✘➩ì❰ê✌☎❰ë➘ùÔ❑
î➶ïÐé✖ê✈é é☞ê✈í➘ç▲ì✽í✜❱ × ê✈ù❥ñ❶ê❾ì❰ë✠❱➯ñ➘ç➘ö ✽ ç☞ê♦í✰î➶ï❺í✰î❰ç➘ò➂í✧✒❺ç✾õ❴ç▲ìðïÐé õ❴ê ➭ îðï✑☎ × ê♦ì ➭✗P ✝♦ï✑✏✓★✬ê✓☎❀ê❸✶❯�❛ê✈ì ➭ é✾ê♦í✰îðï ➭ ☎❄�↔ï❺ìðï☞ï
✝♦ç❺é✦�➘ìôç × ï✾✏▼✒❺ç■ñ➘ç✑☎❂ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎✈ò✐ê✢é☞ê✌☎❰é✾ç❚ï✑☎●ï❺í✧❋Ðù ➭ ☎ôêsí➍ë➘é✡✪♦ì ➭ ✝❫ï✾☎❀õ❴ç▲ìðï❺é✖ù ➭ é ➭ î➶ï❺ñ➘ï✑☎✽ï✔ë❶é ✩ í ➭ ✝♦ç■í✠❱ × ê✈ù
ñ➘ê❂îðç❺ì❉✂➍ë➘ê❺ö

✽ ê✌☎ôî➶ï❀é✾ê✓☎ôé✲ïúù ➭ í✜✟↔ï❄ñ❶ê✩�❛ê✌☎❉✂➍ë ➭ ☎ðï❶ò✰ç✽î❰ìðï❺û➘ï❺ù✭✟➘çúñ➘ê✩✲Õê✓☞✆✟ ➭ í ➭ r✷➋➶➍❄✉✑❼◗➍❣❝ ⑩❲❻ ❞✜�➘ë❶û➘ù ➭ ✝❫ï❺ñ➘çúê♦é ❹❺❻▲❻✑➛ ò✑�➘ìôç✆�④❬✑☎
ë➘é❞�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç✕�↔ï❺ì❰ï✽é ➭ í ➭ é ➭➯ý ï❺ì➂ç❄� ➭ ✝✈ç✾❑÷ï▲❑➏� ➭ ✝♦ç❄ñ➘ç❀ê♦ìôì❰ç❀ñ❶ê④îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺çúñ➘ê④ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎➀ñ➘êÕñ➘ê♦í✰î❰ê✓☎
ì❰ê îðç✆☎✽ïÐîðì❰ï × ✪✓☎✽ñ➘ç✆☎❀ïÐù✭❱ ×✬➭ ç✆☎èí➘ç☞î❰ç✆�✍ç✲ñ➘ç✆☎úñ➘ê♦í✰î❰ê✓☎♦ö ✽ ê✓☎❮îðê❏�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðç☞ê♦ù➯ê✓☎❀ï✾☎❉☎❰ë❶é ➭ ìðï❺é ï☞ï❺é✦�❶ù ➭ î❰ë➘ñ➘ê
ñ➘ç❉ï❺ù✭❱ ×➋➭ ç↔✝♦ç▲é✾ç ë❶é × ïÐù➲ç▲ì✬�➘ì✁✸❺✶ ➭ é☞ç❧ñ➘ç × ï❺ù➯ç▲ì●ñ↔ï ñ❶ê✌ö↔ê❸✶✠✒Ðç✸é✙❋▲✶ ➭ é✲ï■ñ➘ç✍�↔ï❺ì❒ñ➘ê✲ñ❶ê♦í✰îðê✌☎✵✝♦ç▲í▲➘ôë✠☞✰ï❺ñ➘ç✑☎
ê❾û➘ë✜☎❉✝❫ïÐìðï❺é❧ò✐ïÐî❰ìðï × ✪✌☎❂ñ➘ê✢ë➘é �➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðç ➭ îðê✈ìðïÐî ➭➯× ç❶ò❛ç × ï❺ù➯ç▲ì❄✸Ðî ➭ é✾ç✙�➘ï❺ìðï✔ç ➭ í✠❱✭✝ ➭ ç✾ñ➘ç✆☎●ï❺ù✗❱ ×✬➭ ç✆☎✈ö❈◆
�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰çÿî❰ìðï❺û↔ïÐù✭✟↔ï✬✝♦ç▲é × ï❺ù➯ç▲ì❰ê✌☎Õñ ➭ ☎❉✝✈ì❰ê✈î❰ç✆☎④ñ❶ê P í ➭ ñ➘ç✆☎❍�❛ê✈ù➲çsë✜☎❰ë✧❋❺ì ➭ çÿê✽ì❰ê✌�❛ê îðê❂ï❒ì❰ç❺î ➭ í↔ï●ñ➘ê❄✝▼❋❺ù✗✝♦ë➘ù➯ç
�↔ï❺ì❰ï➲✝❫ï❺ñ➘ï➇✝✈ç▲é❾û ➭ í↔ï✑✏✓✒❺ç❅ñ➘ê × ï❺ù➲ç❺ì❰ê✓☎sñ↔ï✑☎ × ï❺ì ➭ ❋ × ê ➭ ☎♦öÓ◆ �➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç❅í✧✒❺ç➇✪➆✝♦ç❺é✦�➘ë➋î➶ï✑✝ ➭ ç▲í↔ïÐù➲é✾ê♦í✰îðê
ê P ✝ ➭ ê✈í✰îðê❺ö ✽ ç✆☎✔ê❸✶➋ê♦é✡�➘ù➲ç✆☎☞í➍ë➘é✦✪✈ì ➭ ✝♦ç✆☎✲ï✑�➘ì❰ê✌☎❰ê✈í➍îðï❺ñ➘ç✆☎✈ò❄✝✈ê♦ì✁✝❫ï➌ñ➘ê ñ➘ç ý ê➫✟➘ç▲ìðï✾☎☞õ❴ç▲ì❰ï❺é ☞✰ï✑☎ôîðï✑☎✙�➘ï❺ìðïÓ☎ôê
ç▲û❶î❰ê♦ì✢ï✸é✾ê♦ù✗✟➘ç▲ì✫☎❰ç▲ù➯ë✠✏▼✒Ðç❅ë✠☎ðï❺í❶ñ➘ç❅ë➘é é ➭ ✝♦ì❰ç⑥✝♦ç❺é✦�➘ë➋î➶ï❺ñ➘ç❺ì❏✝✈ç▲é �❶ì❰ç⑥✝♦ê✓☎✁☎ðï❺ñ❶ç▲ì✢ñ➘ê ❹ ö ➀ ❪✬❴ ý ê ⑩ ❪✫✲✣ñ➘ê
é✾ê♦é✡✸▲ì ➭ ï ✥ æ❈✯❋ö❂◆➝�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç✻✪✢ù ➭ é ➭ îðï❺ñ➘ç✡ú✑☎❀ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❂ì❰ê î➶ï✑☎✽ê✵✝♦ç▲é➴☞▲ìðïÐë✸ñ➘ê✢ì❰ê✌✝♦ç▲û❶ì ➭ é✾ê♦í✰î❰ç
é✾ê♦í➘ç▲ìèñ❶ç✡✂➍ë➘ê❒ñ➘ç ➭ ☎♦ö

✔✆❋➞ê♦é ⑩❺➜✑➜❶⑩ ò❄ç➌îðìðïÐû↔ï❺ù✭✟❶ç➞ñ➘ê þ ë➘í➘ñ↔ïÐì❰ê✓☎❰ï❺í➂ò✳✼➏☎✁✟ ➭➲➭ ê➇❴úç▲ë✠☎ôê♦ì➻❝ ➜▲❻ ❞❒ï✑�❶ì❰ê✓☎ôê♦í✰îðç❺ë✡ë➘é ê✓☎❮îðë➘ñ➘ç➉�↔ï❺ì❰ï
ç❺î ➭ é ➭➲ý ï✾✏▼✒❺ç✔ìôç▲û➘ë✠☎❮î➶ï❚ñ↔ï✑☎❒é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎❂ñ↔ï✑☎✬☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎❒ñ❶ç✆☎ÿñ❶ê♦í✰îðê✌☎ ×✬➭ ☎❰ï❺í➘ñ➘ç ï❚ì❰ê♦ñ❶ë✠✏▼✒❺ç ñ➘ç❚ê♦ìôì❰ç❧ñ➘ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç☞ñ➘ê❒ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✕✟➘ê✈ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎✈ö✩◆❢�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç✡�➘ì❰ç✑�❛ç✆☎❮îðç✦�❛ç▲ì↕ê✌☎ôîðê✌☎❂ï❺ë❶î❰ç▲ì❰ê✌☎úû➘ï✑☎❰ê✈ç▲ë❯❑➏☎ôê

⑩❺➜



í↔ï✲çÐî ➭ é ➭➲ý ï✑✏▼✒Ðç✢ê✓☎ôîðïÐî✹❱✗☎ôî ➭ ✝❫ï✶ë✠☎❰ï❺í➘ñ➘ç■ï✾☎úî✹✪✌✝♦í ➭ ✝❫ï✑☎❄ñ➘ê❏✰❡ï✑☞❺ë✠✝❙✟ ➭ ö■❃↔ç▲ì❰ï❺é❲✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ➘ç✆☎❄✝♦ç▲é✾ç☞õ❤ïÐî❰ç▲ì❰ê✌☎úñ❶ê
ê✓☎❮îðë➘ñ❶ç❧ç ➭ í✠❱✗✝ ➭ ç✾ñ↔ï✔é✾ç➋ñ ➭✗P ✝♦ï✑✏▼✒❺ç☞ñ➘ç✻�✍ê♦ì P ù❡ê × ç▲ù × ê♦í✰î❰ê❺ò❽ï✔ï❺é✡�➘ù ➭ îðë➘ñ❶êÿñ➘ç✔ï❺ù✭❱ ×➋➭ ç☞í❶ç➆�❛ê✈ì P ù❿ò❨ç ➭ í✠❱✭✝ ➭ ç✾ñ↔ï
é✾ç➋ñ ➭◗P ✝❫ï✾✏▼✒❺ç❧í➘ç➫�➘ï✑☎❉☎ôç✸ñ↔ï➫✟✠✪✈ù ➭ ✝♦ê✶ê✔ï ï❺é✦�❶ù ➭ î❰ë➘ñ➘ê✶ñ➘ç❉ï❺ù✭❱ ×➋➭ ç❚í➘ç➫�↔ï✾☎❉☎❰ç❉ñ↔ï➫✟✠✪✈ù ➭ ✝✈ê❺ö➆✰❽ç➋ñ❶ç✆☎sç✆☎●õ❤ïÐî❰ç▲ì❰ê✌☎
ñ➘ê●ê✓☎❮îðë➘ñ❶ç✶õ❴ç❺ìðï❺é➹✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐñ➘ç✆☎èê♦é ñ➘ç ➭ ☎④í✠❱ × ê ➭ ☎✫❅❴é✙❋▲✶ ➭ é☞çÿê❂é✦❱➯í ➭ é✾ç➂❇ ö❬✣④ç▲í✜☎ ➭ ñ❶ê♦ì❰ç❺ë❯❑➏☎ôê●ï ➭ í➘ñ➘ï❶ò➘ï❺ù✗☞▲ë➘í✠☎
ê♦ìôì❰ç✆☎❒ñ➘ê✢õ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺ç❶ò➂î➶ï ➭ ☎❈✝♦ç▲é✾ç➘ò✐ê♦ìôì❰ç✆☎●ñ➘ê✶õ❴ç▲ìôé✲ï✔ñ➘ç➞�✍ê♦ì P ù➀ê × ç❺ù × ê✈í✰îðê✲ê✶ê✈ì❰ì❰ç✑☎❒ñ❶ê☞ïÐù ➭ í✜✟↔ï❺é✾ê♦í✰îðç■ñ➘ç✑☎
ê ➭ ✶➋ç✆☎♦ò✝ê × ï❺ì ➭ ï✑✏✓★✬ê✓☎èñ➘ê❒ç✆�✍ê♦ì❰ï✑✏▼✒❺ç❶ò➘î➶ï ➭ ☎✿✝♦ç▲é✾ç➘ò × ï❺ì ➭ ï✑✏✓★✬ê✓☎èí❶ç✾î❰ç▲ì❉✂➍ë➘êÿï✑�➘ù ➭ ✝❫ïÐñ➘ç➘ö➀æ➟õ❴ë➘í✠✏✓✒❺ç☞ç❺û⑥➘ôê✈î ➭➯× ç✾ê♦ì❰ï
é ➭ í ➭ é ➭➯ý ï❺ì❽ç × ïÐù➲ç▲ì❥ñ➘ê↕ë➘é✲ï❀õ❴ë➘í✜✏▼✒❺ç✬✝♦ç❺é➜ï❂é✦✪✈ñ ➭ ï✳�✍ç▲í➘ñ❶ê♦ìðïÐñ↔ï❂ñ➘ç✬� ➭ ✝✈ç✾❑÷ï❘❑➶� ➭ ✝✈ç❀ñ➘ç●ê♦ìôì❰ç❒ñ➘êøîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
ê✾ë➘é❦❱➲í❶ñ ➭ ✝✈ê✢ñ➘ê✦☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êÐö✎✢❄☎❰ç❺ë❯❑➏☎ôê❺ò❡ê✈í✰î❙✒❺ç➘ò❽ë➘é ïÐì❰ìðïÐí❘➘ôç❚ç▲ìôî❰ç✆☞▲ç▲í↔ïÐù➀ü➧→➞�↔ïÐìðï❚ï✑☎✫✝♦ç▲é❾û ➭ í↔ï✑✏✌★➋ê✌☎♦ö
æøîðì❰ï × ✪✓☎ÿñ➘ê✾ë➘é❦�➘ìôç✆☞▲ìðïÐé✲ï✻✝✈ç▲é✦�❶ë❶î➶ï✑✝ ➭ ç▲í➘ï❺ù❬�↔ï❺ì❰ï■ç✍✝✓❋❺ù✭✝✈ë➘ù➲ç■ñ➘ç❧ê♦ìôì❰ç❧ñ➘ê✢îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❶ò➨✝♦ï❺ù✭✝✈ë➘ù➲ç❺ë❯❑➏☎ôê✢ç
� ➭ ✝♦ç✾❑➻ï❘❑➏� ➭ ✝♦ç❚ñ➘ç❧ê♦ìôì❰ç❉ñ❶ê✾î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✍�➘ï❺ìðï➞✝❫ï❺ñ↔ï↔✝♦ç❺é❾û ➭ í➘ï✑✏▼✒❺ç❧ñ➘ç❉ï❺ì❰ì❰ï❺í❘➘ôç ü➨→➋ö✲æ ê✓☎❉✝✈ç▲ù✭✟➘ï ñ➘ç × ïÐù➲ç▲ì
✸❺î ➭ é✾ç✢ù➲ê × ç▲ë❚ê♦é❲✝✈ç▲í✰î➶ï✢î➶ï❺ésûþ✪✈é✏ï✤☎❰ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✳ú✑☎ × ïÐì ➭ ï✾✏✓★✬ê✓☎øñ➘ê❂õ❤ï❺û❶ì ➭ ✝♦ï✑✏▼✒Ðç✾ê❂ñ❶ê❒ç✑�❛ê✈ìðï✑✏✓✒❺ç➘ö

◆✖îðì❰ï❺û↔ï❺ù✗✟➘ç✴ñ➘ê þ ï❺í✰îðë✠☎✈ò↕ó➀ì❰ê✓☎ ➭ ✝✌✝♦ê❧ê➫✲④ê✌☞✆✟ ➭ í ➭ ❝♠→ ⑩ ❞❿ò✮�➘ë➘û❶ù ➭ ✝♦ï❺ñ➘ç✴ê♦é ❹Ð❻▲❻✆➀ ò➃�↔ï❺ì❰ï➁ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✲ñ❶ê
ñ➘ê✈í➍î❰ê✓☎❧ì❰ê îðç✆☎➆�➘ìôç✆�❴❬✆☎■ç➤ë✠☎❰ç➤ñ➘ê❅ë➘é ï❺ù✭❱ ×✬➭ ç➌í➘ç➌î❰ç✆�✍ç➞ñ➘ç✆☎❚ñ➘ê♦í✰î❰ê✓☎↔✂➍ë➘ê➇☎❰ê ➭ í ➭ ✝ ➭ ï❳✝♦ç❺é ë➘é☞ï✕õ❴ë➘í✠✏✓✒❺ç
✂➍ë↔ï❺ñ➘ì❉❋Ðî ➭ ✝❫ï✾ê❏☎ôê✓☞▲ë➘êÿñ➘ê✓�✍ç ➭ ☎❄✝✈ç▲í❶õ❴ç▲ìôé☞ê❒ë➘é☞ï✶õ❴ë➘í✜✏▼✒❺ç✲ï P é❧ö þ ê✓☞❺ë➘í➘ñ➘ç✔ê✌☎ôî❰ê✓☎❂ï❺ë➋îðç▲ìôê✓☎❄ê✓☎ôîðï✙✝♦ç❺é❾û ➭ í➘ï✑✏▼✒❺ç
ñ➘ê✢é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎❀é✾ê♦ù✗✟➘ç▲ì❰ï✲ï✲îðì❰ï❺í✠☎ ➭ ✏▼✒Ðç■ñ➘ê✤✝♦ç▲í✰îðïÐîðç■ê✈í➍î❰ì❰ê✢ç↔�✍ê♦ì P ù❡ê × ç▲ù × ê♦í✰îðê✶ê✢ç➆�✍ê♦ì P ù⑧é✾ç➋ñ ➭◗P ✝❫ïÐñ➘ç➘ö
◆✳☎❖�↔ï❺ì✹✺Ðé☞ê îðì❰ç✑☎✱✸❺î ➭ é☞ç✆☎❥õ❴ç▲ìðï❺é✣ñ➘ê✈î❰ê♦ìôé ➭ í↔ï❺ñ➘ç✆☎②ï♣îðìðï × ✪✓☎ ñ➘ê↕ë➘é �➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç●ñ➘ê↕ì❰ê✓�✍ê✈î ➭ ✏✓✒❺ç●ñ➘ç❏✝✓❋❺ù✭✝✈ë➘ù➲ç
ñ➘çÿê♦ì❰ìôçsñ➘ê↕îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç❏✝✈ç▲é × ï❺ù➲ç▲ìôê✓☎②ñ ➭ ☎❉✝♦ìôê✈î❰ç✆☎Õñ➘ï✑☎ × ï❺ì ➭ ❋ × ê ➭ ☎②ñ➘ç❏�➘ì❰ç▲û❶ù➲ê♦é☞ï❶ò➍ï × ï❺ù ➭ ï❺í➘ñ➘ç❘❑➏☎❰êèç × ï❺ù➲ç❺ì➀ñ➘ç
� ➭ ✝♦ç✾❑➻ï❘❑➏� ➭ ✝♦ç❾ñ❶ç☞ê✈ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç➘ö

◆❂ë➋îðìðï✾☎❚õ❴ç❺ì❰é☞ï✑☎❚ñ➘ê❋é✾ç✬ñ ➭✗P ✝♦ï✑✏▼✒Ðç➞ñ↔ï✑☎➞☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎❧ñ➘ç✆☎❧ñ➘ê♦í✰î❰ê✓☎ îðï❺é❾û✄✪♦é õ❴ç❺ìðï❺é ê✌☎ôî❰ë➘ñ↔ï✑☎✈ò✫✝✈ç▲é✾ç
�✍ç▲ì☞ê❸✶➋ê♦é✡�➘ù➲ç➘òÕí➘ç✴îðìðïÐû↔ï❺ù✭✟❶ç➁ñ❶ê✸ü ➭ î ×➋➭ í r✷➋➶➍➡✉✑❼➍❝ ➔✑➀ ❞❄ñ➘ê ⑩❺➜✆➜✆➔ ò❍✂➍ë➘ê✍�➘ì❰ç✑�④❬✆☎✾ç➁ë✠☎❰ç❋ñ➘ê ë❶é✲ï❅õ❴ë➘í✠✏✓✒❺ç
�↔ï❺ì❰ï❺û✄✸▲ù ➭ ✝❫ï✙�➘ì✁✪✷❑Óñ➘ê P í ➭ ñ↔ï➆�↔ï❺ì❰ï■ç ê✈ì❰ì❰ç❚ñ➘ê✢î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç➘ö✤✢❄é✲ï × ê ý ñ➘ê P í ➭ ñ↔ï■ê✓☎❮î➶ï■õ❴ë➘í✠✏✓✒❺ç❚ñ➘ç ê✈ì❰ìôç❧ñ❶ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ò➀ï✑☎ÿé☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎sí↔ï✑☎✛☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎ÿñ➘ç✆☎❾ñ➘ê✈í✰îðê✓☎✢í❶ê✓✝♦ê✌☎❉☎❉❋❺ì ➭ ï✑☎✵�↔ï❺ì❰ï➫☞▲ê✈ìðï❺ìsï✑✂➍ë➘ê♦ù➲ï õ❴ë➘í✠✏✓✒❺ç
�✍ç➋ñ➘ê✈é ☎❰ê✈ìÕ✝♦ï❺ù✭✝✈ë➘ù ï❺ñ➘ï✑☎♦ö★æ➤õ❴ç▲ì❰é☞ïèñ➘ê✓☎❮î➶ï✑☎❽é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎➧✪➃✝♦ï❺ìðï✾✝✈îðê✈ì ➭➯ý ï❺ñ↔ï✞�✍ç▲ì★ñ➘ç ➭ ☎❽ï❺ì✁✝♦ç✆☎➨✝ ➭ ì❉✝✈ë➘ù ï❺ìôê✓☎✈ö ✽ ç
ê♦í✰îðï❺í✰îðç➘ò➂�↔ï❺ì❰ï●ï❂õ❤ïÐû➘ì ➭ ✝❫ï✑✏✓✒❺ç❂ñ➘êèë➘é☞ï❀ñ↔ï✑☎②ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❖✝♦ç▲é➩ï✾☎➀é☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎❬�➘ì❰ç✑�❛ç✆☎❮î➶ï✑☎✈ò❚✪↕í➘ê✓✝✈ê✓☎❉☎❉❋❺ì ➭ ç
ë➘é☞ï✔é✙❋✾✂✬ë ➭ í↔ï➆✣ ✽ ✣✒ê✛✝♦ç▲ì❮î➶ï❺ñ➘ç❺ì❰ê✓☎❂ê✌☎❉�✍ê✓✝ ➭ ï ➭ ☎♦ò➂ê✢ï✔ç❺ë❶îðì❰ï✔ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é➴�❛ç✬ñ➘ê✵☎ôê♦ì❂ç▲û❶î ➭ ñ↔ï✲ïÐîðì❰ï × ✪✓☎❂ñ➘ç✑☎
�➘ìôç❯✝✈ê✓☎❉☎ôç✆☎❀ê✫✝♦ç▲ì❮î➶ï❺ñ❶ç▲ì❰ê✌☎❄✝✈ç▲í × ê♦í✜✝ ➭ ç❺í↔ï ➭ ☎✈ö✞✚✱☎ôîðê●îðì❰ï❺û↔ï❺ù✗✟➘ç✾é☞ç✆☎❮îðìôç▲ë✍☎ôç▲é✾ê♦í✰îðê❒ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ➘ç✑☎úñ➘ê✫☎ ➭ é❾ë➘ù➲ï✑✏▼✒❺ç
í➍ë➘é✡✪♦ì ➭ ✝❫ï✤☎❰ê✈éû✝❫ï❺ì✁☞✰ï✶ï✑�➘ù ➭ ✝❫ïÐñ↔ï❶ö ✽ ✒❺ç✢õ❴ç▲ìðï❺é õ❴ê ➭ î➶ï✑☎ × ê♦ì ➭◗P ✝❫ï✾✏✓★✬ê✓☎↕ê✷✶❯�✍ê♦ì ➭ é☞ê✈í✰î➶ï ➭ ☎♦ö

æ ➭ í❶ñ↔ï❒í❶ê✓☎ôîðïsù ➭ í✠✟↔ï❶ò✰ê✈é ❹❺❻▲❻❶⑩ ü ➭ î ×✬➭ í➲r✷➋❖✉✑❼❂�➘ïÐîðê✈í➍î❰ê❫ï❺ì❰ï❺éãë➘é☞ï●õ❴ç▲ìôé✲ï✬☎ ➭ é ➭ ù ï❺ì❡ñ➘ê✽é✾ç➋ñ ➭✗P ✝♦ï✑✏▼✒❺ç●ñ↔ï✾☎
❹❺❻



☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎❒ñ❶ç✆☎ÿñ❶ê♦í✰îðê✌☎sñ➘ê✶ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎sìôê✈î➶ï✾☎❒ê✡✟➘ê✈ù ➭ ✝✈ç ➭ ñ➘ï ➭ ☎●❝ ➔▲❼ ❞ ö✾æ é✾ç✬ñ ➭✗P ✝♦ï✑✏▼✒Ðç➆✝♦ç▲í✠☎ ➭ ☎❮îðê✾û↔ï✑☎ ➭ ✝❫ï❘❑
é✾ê♦í✰îðê❾ñ❶ê❾ë➘é✑ï❺û↔ï❺ë➘ù➲ï❺é✾ê♦í✰îðç✔ñ❶ë✠�➘ù➲ç✲í➘ç✻�✍ê♦ì P ù❡ñ➘ç➆� ➭ í✠✟✧✒❺ç✙�↔ï❺ìðï✦☞▲ê♦ì❰ï❺ì❀ë➘é ✝♦ç▲í✰îðïÐîðç✻✝✈ç▲í✠✝♦ï × ç✾❑➏✝✈ç▲í × ê❸✶❶ç
ê♦í✰î❰ì❰ê✴ï✑☎✻☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê✓☎✔ñ➘ç✑☎✔ñ➘ê♦í✰î❰ê✓☎❚ñ➘ç➁� ➭ í✠✟✧✒❺ç➌ê❉ñ↔ï➌ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é❧ö✒æ✕☎✻✝✈ë➘ì × ïÐî❰ë➘ìðï✾☎■ñ➘ç✆☎✔ñ➘ê✈í✰îðê✓☎❚ñ↔ï✾☎
ñ➘ë↔ï✾☎úê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✕�✍ç✆☎✁☎❰ë➘ê✈é✏ë➘é✲ï✎�✍ê✓✂➍ë➘ê♦í➘ï☞ñ ➭ õ❴ê♦ì❰ê✈í✠✏❫ï✡�↔ï❺ì❰ï☞ï✑✝✈ç▲é✾ç➋ñ↔ïÐì↕ï✑☎↕ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎✽ñ↔ï✑☎■☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎
✂➍ë↔ï❺í➘ñ❶ç➲☎❰ç▲ûÓ✝❫ï❺ì✁☞✰ï❶ö➞✘✽ê✓☎❮î➶ï õ❴ç❺ì❰é☞ï❶ò❥ç➫✝♦ç▲í✰î➶ï♣îðç❉ê✈í✰îðì❰ê✲ç✆☎ÿñ❶ê♦í✰îðê✌☎✤☎❰ê✲ñ✠❋ ê♦é õ❴ç▲ìôé✲ï❚ñ➘ê☞ù➲ç▲í✠☞▲ï✑☎ÿê✈ù ➭ �✠☎❰ê✌☎
ñ➘ê❏✝♦ç▲í✰î➶ï♣îðç➘ö✳✣④ç▲é ➭ ☎ôî❰ç✲ç✔ê✈ì❰ìôç✔ñ➘êÿî❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç✔ï✾☎❉☎❰ë❶é☞ê✢ï✶õ❴ç▲ì❰é☞ï☞ñ❶êsë➘é☞ï✾õ❴ë➘í✜✏▼✒❺ç✻�➘ï❺ìðï❺û✄✸▲ù ➭ ✝❫ï➋ò↔ç✻✂➍ë➘ê
☎❰ê✌☞▲ë➘í➘ñ❶ç✢ç✆☎øï❺ë➋îðç▲ìôê✓☎④ìôê♦ñ➘ë ý ç❾ì❰ë✜❱➲ñ➘çÿê ×✬➭ û➘ì❰ï✑✏▼✒Ðç➘ò➋ìôê♦ñ➘ë ý ç❾ñ➘ê✌☎❰ù➲ç⑥✝❫ïÐé☞ê✈í➍î❰çsñ➘ê✕✝♦ç▲í✰î➶ï♣îðç❾ñ➘ê ×✬➭ ñ➘ç✢ïÐç✆☎④ê✈ì❰ì❰ç✑☎
ñ➘êúï❺ù ➭ í✠✟↔ï❺é✾ê♦í✰î❰ç➘ò▲ê❄ì❰ê♦ñ❶ë ý ☎ôë➘û✠☎ôîðï❺í✠✝ ➭ ï❺ù➯é☞ê✈í➍î❰ê❄ï✑☎ î❰ê♦í✠☎✁★➋ê✌☎④ñ➘ê■✝♦ç❺é✦�➘ìôê✓☎✁☎✹✒❺çÿê■ö↔ê❸✶✜✒❺ç➘ö➀ó❥ï❺ìðïÿï●õ❤ï❺û❶ì ➭ ✝♦ï✑✏▼✒Ðç
ñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄✝✈ç▲é ê✌☎ôî➶ï✾☎❄é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎✿☎❉✒❺ç✶í➘ê✓✝✈ê✓☎✁☎✹❋❺ì ➭ ï✑☎❄é✙❋✾✂✬ë ➭ í↔ï✑☎■✣ ✽ ✣✽ö

✚❊✶ ➭ ☎ôî❰êèë➘é❢☞▲ìôë✠�✍ç❂ñ➘ê✿�❛ê✌☎❉✂➍ë ➭ ☎ðï❀õ❴ç▲ì❰é☞ï❺ñ➘ç✕�❛ç▲ì❊�❛ê✌☎❉✂➍ë ➭ ☎❰ï❺ñ➘ç▲ìôê✓☎②ñ➘êøñ ➭➯× ê✈ì❉☎❰ï✑☎②ë➘í ➭➯× ê♦ì✁☎ ➭ ñ➘ï❺ñ➘ê✓☎➀ñ❶ç✆☎❖✚✱☎ôî➶ï▲❑
ñ➘ç✆☎Õ✢úí ➭ ñ➘ç✆☎✈ò✑✚➀ë➘ìôç✆�↔ï↕ê❆➼❄☎ ➭ ï✞✂➍ë➘ê îðì❰ï❺û↔ï❺ù✗✟↔ïøí➘ê✓☎❮î➶ï❄ù ➭ í✜✟↔ïèñ➘ê õ❴ë❶í✠✏▼✒❺ç■�↔ï❺ì❰ï❺û✄✸▲ù ➭ ✝❫ïøñ➘ç❄ê♦ìôì❰ç❄ñ➘ê î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➘ö
✚➀é✑ñ❶ê✓✝♦ç❺ì❰ì ❀ í✠✝ ➭ ï✲ñ ➭ ☎ôîðç❶ò❛ñ ➭➮× ê✈ì❉☎❰ç✑☎✽îðì❰ï❺û↔ï❺ù✗✟➘ç✆☎↕õ❴ç▲ìðï❺éû�❶ë➘û➘ù ➭ ✝❫ï❺ñ❶ç✆☎✕☎ôç▲û➘ì❰êÿê✓☎❮îðêsî ➭ �✍ç✲ñ➘êÿé☞ç✬ñ ➭✗P ✝❫ï✑✏✓✒❺ç✲ñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎●ñ➘ê❾ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ò✐ê♦í✰îðìôê✢ê♦ù➲ê✌☎❀ç✆☎✽î❰ìðï❺û➘ï❺ù✭✟➘ç✑☎úñ➘ê✶ü ➭ î ×✬➭ íÖr✷➋■✉✑❼✪❝ ➔✆➔ ❞❿ò❂✣✮✟❶ê♦í✴ê✵✰➨☎ðï▼❁➽❝ ⑩❲⑨ ❞❿ò➧✣✮✟➘ê✈íÑr✷➋
✉✑❼✯❝ ⑩▲⑩ ❞ ò✄✣✮✟➘ê✈í❉ê❈✰➨☎ðï▼❁➻❝ ⑩❸❹ ❞❿ò➘ê✬✰Õ☎ôê♦í✠☞☞ê✫✰➨☎ðï▼❁➻❝ ➜✰❹ ❞❿ö

✽ ç▲ìôé✲ïÐí✭❝ ➀❚➔ ❞❿ò↔ê♦é ⑩❺➜✆➜❚➔ ò➘ï✑�➘ì❰ê✌☎❰ê✈í➍î❰ç▲ë❉ë❶éû�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðç✎�↔ïÐìðï✢ç✦✝✓❋❺ù✭✝✈ë➘ù➲ç✢ñ❶ç☞ê✈ì❰ì❰ç✾ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
û↔ï✑☎ôê❫ï❺ñ❶ç✔ê♦é✑ï▲➘ôë✠☎❮îðêsñ❶ê✵✝♦ë➘ì × ï✑☎✽ñ↔ï✾☎✽ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎❂ê♦ù✭❋✑☎ôî ➭ ✝♦ï✑☎úñ❶ç✆☎✽ñ➘ê✈í✰îðê✓☎❂ç❺û❶î ➭ ñ↔ï✑☎úïÐîðì❰ï × ✪✓☎❀ñ❶êsé✾ç➋ñ➘ê✈ù ï✑☞❺ê♦é
ê♦é✖ê♦ù➯ê♦é✾ê♦í✰îðç✑☎ P í ➭ îðç✆☎✈ö✳✚➀ù➲êÿë✠☎❰ç❺ë❅ç✔é✦✪ îðç✬ñ➘ç✲ñ❶ç✆☎✕✝✈ç➋ê P ✝ ➭ ê♦í✰îðê✌☎❂ñ➘ê ➭ í❯ö↔ë ❀ í✜✝ ➭ ï✾ê❾ë➘é é✡✪✈îðç✬ñ➘ç ➭ îðê✈ìðïÐî ➭➯× ç
�↔ï❺ì❰ïÿìôê✓☎❰ç❺ù × ê✈ìÕç❏�➘ì❰ç❺û➘ù➲ê✈é✲ï●ñ➘ê❄ñ ➭ ☎❮îðì ➭ û➘ë ➭ ✏▼✒❺ç●ñ➘ê❄✝❫ï❺ì✁☞✰ï❒ê✈í✰îðì❰êúç✆☎ ñ➘ê♦í✰îðê✌☎♦ö②æøîðì❰ï × ✪✓☎④ñ➘ê✓☎❮îðê✳�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í✰îðç➘ò
ê♦ù➯ê●ê✓☎ôî❰ë➘ñ➘ç▲ë✸ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✾ñ➘êsï❺ù✭☞❺ë➘í✠☎✞�↔ï❺ì❉✺❺é☞ê îðìôç✆☎✞✂✬ë❶êÿñ➘ê P í➘ê✈é✑ï✾☎úé✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎↕ñ↔ï✑☎■☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎úñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎❬☎ôç▲û✢ï ➭ í✜ö➘ë ❀ í✠✝ ➭ ï❄ñ➘ê④ê✈ì❰ì❰ç✑☎❥ñ➘ê④ï❺ù ➭ í✠✟↔ï❺é✾ê♦í✰î❰ç❄ñ❶ê④é✾ç▲í✰î➶ï✑☞▲ê✈é➟ñ➘ç✕�➘ï❺ì❥ñ❶ê④ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö⑧æ❄☎Õ☎ ➭ é❾ë❶ù ï❘❑
✏✓★✬ê✓☎➀í➍ë➘é✡✪♦ì ➭ ✝♦ï✑☎❡õ❴ç▲ì❰ï❺é❖õ❴ê ➭ îðï✑☎❡ë✠☎❰ï❺í➘ñ➘ç●ë➘é �↔ï❺ì⑧ñ❶êøê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎➃✟❶ê♦ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎❽ñ❶ê↕ï✑�➘ù ➭ ✝❫ï✑✏✓✒❺ç❀ïÐë❶îðç▲é✾ç❺î ➭➯× ï❶ö
◆➹✝✓❋❺ù✭✝✈ë➘ù➲ç■ñ❶ç ê✈ì❰ì❰ç❚ñ➘ê✢î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✔õ❴ç ➭ ç▲û➋î ➭ ñ❶ç➞�➘ï❺ìðï➆✝❫ïÐñ↔ï➆✝♦ç▲í➘ñ ➭ ✏▼✒Ðç❧ê✌☎ôî❰ë➘ñ↔ï❺ñ↔ï❚ì❰ê✌�❛ê î ➭ í➘ñ➘ç✾❑➶☎❰ê✢ç➞�➘ì❰ç✾❑
✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç ñ➘ê✡✝▼❋Ðù✭✝♦ë❶ù➲ç➘ö✦◆ × ï❺ù➲ç❺ì❀ñ➘ê✡� ➭ ✝✈ç✾❑÷ï❘❑➶� ➭ ✝✈ç■ñ➘ç❧ê♦ì❰ìôç❉ñ➘ê✶îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç❧ê✌☎ôî✹❋Ðî ➭ ✝♦ç❚õ❴ç ➭ ✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐñ➘ç
�↔ï❺ì❰ï❈✝♦ç▲é✡�↔ï❺ì❰ï✑✏▼✒❺ç●ê✈í➍î❰ì❰ê↕ç✆☎②ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎♦ò➂✂➍ë➘ê↕õ❴ç▲ìðï❺é✙ï✑�➘ìôê✓☎❰ê✈í✰î➶ï❺ñ➘ç✑☎Õê✈é✙õ❴ç▲ì❰é☞ï❂ñ➘ê✞☞▲ì✹❋ P ✝♦ç✆☎②ñ➘ê✞✝✈ç▲í✰îðç▲ìôí➘ç
îðç❺é✲ï❺í❶ñ➘ç✾❑➏☎ôê✽ñ➘ç ➭ ☎øï❾ñ❶ç ➭ ☎øç✑☎✩�↔ï❺ì❉✺❺é☞ê îðìôç✆☎④ê✌☎ôîðë❶ñ↔ï❺ñ➘ç✆☎✈ö ✽ ê✓☎❮îðê❈✝♦ï✑☎❰ç➘ò➘ï✵✝♦ç▲í➘ñ ➭ ✏▼✒Ðç✵✸❺î ➭ é✲ï✫�↔ï❺ì❰ï❾ï✑☎øé✾ç➋ñ ➭✗P ❑
✝❫ï✾✏✓★✬ê✓☎④ñ➘ï✑☎✩☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎Õñ➘ç✑☎④ñ➘ê✈í➍î❰ê✓☎✿�❴❬➋ñ❶ê✕☎❰ê✈ì④ç▲û➋î ➭ ñ➘ïsïÐî❰ìðï × ✪✌☎øñ↔ïsïÐí✧❋❺ù ➭ ☎❰ê❄ñ➘ç✆☎❍☞▲ì✹❋ P ✝♦ç✆☎✈ö❖✚❖☎❮îðê❄îðìðïÐû↔ï❺ù✭✟❶ç
î➶ïÐé❾ûþ✪✈éû✝♦ç▲í✜✝♦ù➲ë ➭ ✂➍ë➘êsï✑☎✽é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎↕ñ➘ç✻�✍ê♦ì P ù❽êsñ➘ç✦�↔ï✑☎❉☎ôç✔ñ↔ï✙✟✜✪♦ù ➭ ✝♦ê❒ñ➘ê × ê♦é ☎❰ê✈ì✽ç❺î ➭ é ➭➲ý ïÐñ↔ï✑☎✿�↔ï❺ì❰ï
é ➭ í ➭ é ➭➯ý ï❺ìÕç✲ê♦ìôì❰ç✔ñ❶êÿîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ö ✽ ç☞ê♦í✰î➶ï❺í✰î❰ç➘ò❛ç✾îðì❰ï❺û↔ï❺ù✗✟➘ç✾õ❴ç ➭ ù ➭ é ➭ îðï❺ñ➘ç✶ï✑☎❄é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎❄✝✈ç▲í × ê✈í❯❑

❹➋⑩



✝ ➭ ç▲í↔ï ➭ ☎✤❅❤ï❺ù✭❱ ×➋➭ ç✲ñ➘ê✤�✍ê♦ì P ù❡ê✶ïÐû↔ï❺ë➘ù➲ï❺é☞ê✈í✰îðç✔ñ➘ç➆�➘ï✑☎❉☎ôç❧ñ➘ï✻✟✠✪♦ù ➭ ✝♦ê▼❇úê✤✝♦ç❺é✦�➘ìôç × ï✾✏✓★✬ê✓☎❀ê❸✶✜�✍ê♦ì ➭ é✾ê♦í✰î➶ï ➭ ☎❀í✧✒Ðç
õ❴ç▲ì❰ï❺é õ❴ê ➭ î➶ï✾☎♦ö

✼➶✖øï✑☎ôê❾ê✤✯ ➭ ❁✰ï✾☎ðï✑❨♣ï➾❝ ➛✰⑨ ❞❥ï✑�➘ìôê✓☎ôê♦í✰î➶ï❺ì❰ï❺é✖ê♦é ⑩❺➜✆➜✆➀ ò✝ç✻�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç✲ï❺ñ➘ç❺îðï❺ñ➘ç✙�✍ê♦ù➲ï✦✰❽ç❺❁▲ç❺îðï✲ñ➘ç↔✔▲ï❘❑
�✧✒❺ç⑤�➘ï❺ìðï✸ï ñ➘ê✈î❰ê♦ì❰é ➭ í➘ï✑✏▼✒❺ç ñ↔ï✑☎❾é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎❏✸❺î ➭ é✲ï✾☎ÿñ↔ï✾☎✛☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎❾ñ➘ç✆☎❾ñ❶ê♦í✰îðê✌☎✢ñ➘ê✔ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎
ï❺ë❶î❰ç▲é✾ç❺î ➭➮× ï✾☎♦ö✍◆ é✦✪ îðç✬ñ➘ç➘òÕ✝❙✟↔ï❺é☞ï❺ñ➘ç✸ñ➘ê☞é✦✪ îðç✬ñ➘ç➫✝✈ç▲í × ê✈í✠✝ ➭ ç▲í↔ï❺ù❍�↔ï❺ìðï ï❉ñ➘ê îðê♦ìôé ➭ í↔ï✑✏✓✒❺ç ñ➘ï✑☎❾é✾ç➋ñ ➭◗P ❑
✝❫ï✾✏✓★✬ê✓☎❀ñ➘ç✑☎✽ñ➘ê✈í➍î❰ê✓☎✈ò❂�➘ì❰ê ×➋➭ ï✲ï☞õ❤ïÐû➘ì ➭ ✝❫ï✑✏✓✒❺ç✲ñ➘êÿê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎❀ñ➘êÿî❰ê✓☎❮îðê✵✝✈ç▲é✟ïÐù✭☞▲ë➘é☞ï✑☎✞�✍ç▲ë✠✝❫ï✾☎ × ï❺ì ➭ ï✑✏✓★✬ê✓☎
í↔ï✑☎✿☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê✓☎④ñ❶ç✆☎èñ➘ê♦í✰î❰ê✓☎♦ö➃✚✱☎ôîðï✑☎èê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎èê♦ì❰ï❺é î❰ê✓☎❮î➶ï❺ñ↔ï✾☎èê♦é ë➘é✲ïÿû↔ï❺í✠✝♦ï❺ñ↔ï❶ò➘í➘ï✛✂➍ë↔ï❺ù➂ç❾ìôë✠❱➲ñ❶ç
☞▲ê✈ìðï❺ñ➘ç➫�❛ê✈ù➲ç➲�↔ïÐìsê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘ç✸ê✈é ✝✈ç▲í➘ñ ➭ ✏✓★✬ê✓☎ÿñ➘ê✔ç✆�✍ê♦ì❰ï✑✏▼✒❺ç❉ê♦ìðï é☞ê✈ñ ➭ ñ➘ç❶ö æ❲�➘ï❺ìôî ➭ ì●ñ➘ê✓☎❮î➶ï✑☎✢é✾ê♦ñ ➭ ✏✓★✬ê✓☎
îðì❰ï✑✏❫ï × ï❘❑➶☎❰ê✫☞▲ì✹❋ P ✝♦ç✆☎❄ñ➘ê✫✝♦ç▲í✰îðç❺ì❰í➘ç✾ê❏☎ôêÿñ❶ê P í ➭ ï✲ï✎✝♦ç▲í❶ñ ➭ ✏✓✒❺ç✦✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ↔ï✎✸❺î ➭ é☞ï❶ö✩◆❖é✦✪ îðç✬ñ➘ç✶ê♦é✡�✠❱➲ì ➭ ✝♦ç
ê♦ì❰ï✢ù ➭ é ➭ îðï❺ñ➘çÿê❈✝♦ë✠☎❮îðç✆☎ôç➘ö❍◆❈☎❄ï❺ë➋îðç▲ìôê✓☎✿�➘ìôç✆�➘ë✠☎ôê♦ìðïÐé ê♦í✰î❙✒Ðç✾ë❶é❲�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç✢ñ➘ê●ç❺î ➭ é ➭➯ý ï✑✏✓✒❺çsû↔ï✾☎❰ê❫ïÐñ➘ç
ê♦é✟ë➘é✂é✡✪✈îðç✬ñ➘ç❧ï❺í↔ïÐù✭❱➯î ➭ ✝✈ç➘ö ✽ ê✓☎❮îðê✎�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç❧ç✑☎ÿïÐë❶îðç▲ìôê✓☎❂ñ ➭➮×✬➭ ñ ➭ ìðï❺é✖ç↔�➘ì❰ç⑥✝♦ê✌☎❉☎❰ç❧ñ➘ê✶ç❺î ➭ é ➭➲ý ï✾✏▼✒❺ç
ê♦é☎ñ➘ë➘ï✑☎ÿõ❤ï✑☎ôê✓☎❒ñ ➭ ☎❮î ➭ í➍îðï✑☎♦ö ✽ ï✍�➘ì ➭ é✾ê ➭ ìðï✲õ❤ï✑☎ôê✲ê♦ì❰ï❺é ç❺î ➭ é ➭➲ý ïÐñ➘ç✆☎❂ç✆☎✫�↔ï❺ì❉✺❺é☞ê îðìôç✆☎●ê♦í × ç▲ù ×✬➭ ñ➘ç✆☎❏✝♦ç▲é ç✑☎
ê♦ìôì❰ç✆☎✶ñ➘ê❧ï❺ù ➭ í✠✟➘ï❺é☞ê✈í✰îðç✸ñ↔ï✾☎✢ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✾ê❚í↔ï⑤☎❰ê✌☞▲ë➘í➘ñ↔ï❅õ❤ï✑☎ôê■ê♦ìðïÐé ç❺î ➭ é ➭➯ý ï❺ñ❶ç✆☎sç✆☎✤�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✆☎✢ñ❶ê
õ❴ç▲ìôé✲ï✢ñ➘ç✾ñ➘ê♦í✰î❰ê❺öøæ➟õ❴ë➘í✠✏✓✒❺ç✾ç▲û⑥➘ôê✈î ➭➯× ç✔ï❺ñ➘çÐî➶ï❺ñ↔ï❾õ❴ç ➭ ï✾ï❺é✡�➘ù ➭ îðë➘ñ❶ê❀ñ↔ï✎�➘ì ➭ é☞ê ➭ ìðï✵✟➘ï❺ì❰é❤❬▲í ➭ ✝❫ï✢ñ➘ç✾ê♦ì❰ìôç☞ñ❶ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ö⑧æ➡ê✌☎ôî❰ìðïÐî❉✪✓☞ ➭ ïÿñ➘êúç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç●í✧✒❺ç✛✪úê✷✶❯�➘ù✗❱✭✝ ➭ î➶ï●í➘çÿî❰ìðï❺û➘ï❺ù✭✟➘ç❶ò✬é☞ï✑☎➃☎❰ê❀ê✈í✰îðê♦í❶ñ➘ê✳✂➍ë➘ê❀çÿê♦ì❰ìôç
ñ➘êsî❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç☞õ❴ç ➭ ✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✲ñ➘êsõ❴ç❺ì❰é☞ï ➭ îðê♦ì❰ïÐî ➭➮× ï✡�↔ïÐìðï × ❋❺ì ➭ ï✑☎■✝♦ç▲ésû ➭ í↔ï✾✏✓★✬ê✓☎✽ñ❶ê♦í✰îðìôç■ñ➘ç✆☎ ➭ í✰îðê♦ì × ï❺ù➲ç✆☎
ñ➘ê P í ➭ ñ❶ç✆☎✕�↔ïÐìðï✎✝❫ï❺ñ↔ï✡�↔ï❺ì❉✺❺é☞ê îðìôç➘ö ✽ ï☞ê✓☎❮îðë➘ñ❶ç✔ñ➘ê✫✝❫ï✑☎ôç✔ï✑�➘ìôê✓☎ôê♦í✰î➶ï❺ñ❶ç➘ò❨ç✆☎úï❺ë❶î❰ç▲ì❰ê✌☎úç❺û❶î ➭➮× ê♦ì❰ï❺é✏ì❰ê✈ñ➘ë✠✏✓✒❺ç
ñ➘ê ➛ ñ✠✲❈í➘ç✔ì❰ë✜❱➲ñ➘ç✻☞❺ê♦ìðïÐñ➘ç➆�❛ê✈ù➲ç✦�↔ï❺ì❀ñ➘êsê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎●ï♣îðìðï × ✪✓☎❂ñ➘ç■ë✠☎ôç■ñ➘ê✓☎❮îðê✤�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í✰îðç➘ö❀æ❢✝♦ç▲í❯❑
✝♦ù➯ë✠☎✹✒Ðçsñ➘ç❒îðìðïÐû↔ï❺ù✭✟❶ç❏✪■✂➍ë➘ê✳☎❰êúñ➘ê × ê✽û➘ë✜☎❉✝❫ïÐì④çsé☞ï ➭ ç▲ì✱☞▲ìðïÐë✲ñ➘êúì❰ê✓✝✈ç▲û➘ì ➭ é✾ê♦í✰îðç❒ì❰ê♦ï❺ùþ�✍ç✆☎✁☎❉❱ × ê♦ù❿ò✬ç❏✂➍ë➘ê✕�✍ç➋ñ❶ê
☎❰ê✈ì❂ç▲û❶î ➭ ñ➘ç■ï♣îðìðï × ✪✓☎❂ñ➘ç■ë✠☎ôç■ñ➘ê❾é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎❄�❛ê✌✂✬ë❶ê♦í↔ï✑☎❂í➘ï✻✝♦ë➘ì × ï♣îðë➘ì❰ï✔ñ↔ï✑☎✳☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎❀ñ➘ç✆☎✽ñ➘ê♦í✰îðê✌☎●ê
ïÐî❰ìðï × ✪✌☎úñ➘ç✾ë✠☎ôç☞ñ➘ê●é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎✩✝✈ì❰ë ý ï❺ñ↔ï✑☎❏❅➌✝❙✟↔ï❺é☞ï❺ñ↔ï✑☎↕ê♦é ç▲ë❶îðìôç✆☎èîðì❰ï❺û↔ï❺ù✗✟➘ç✆☎øñ➘ê●é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎ ⑨ ✘✳❇ ö

✘✽ë➘ìðïÐí➍î❰ê❏☎ôê♦ë❚îðì❰ï❺û↔ï❺ù✗✟➘ç✶ñ➘ê●ñ➘ç▲ë❶î❰ç▲ìðï❺ñ❶ç✾ê✈é ⑩❺➜✆➜✆➜ ò↔ó❡ï❺ù➯é☞ê✈ìr❝ ➀ →❡❞✐õ❴ê ý ë➘é☞ï✢ê✷✶✬îðê✈í✠☎ðï✦�❛ê✌☎❉✂➍ë ➭ ☎❰ï✶î❰ê✓✸▲ì ➭ ✝♦ï
ê✔ê❸✶✜�✍ê♦ì ➭ é✾ê♦í✰î➶ïÐù❍☎ôç▲û➘ì❰ê✲ï✑☎sé✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎❒ñ↔ï✑☎✛☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎ÿñ➘ç✆☎sñ❶ê♦í✰îðê✌☎✤�↔ï❺ìðï ï❉ì❰ê✈ñ➘ë✠✏✓✒❺ç❅ñ➘ç✸ìôë✠❱➲ñ➘ç✍☞▲ê✷❑
ìðïÐñ➘ç➆�❛ê✈ù ï✑☎✽ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎●ñ➘ê✢ñ❶ê♦í✰îðê✌☎❒ìôê✈î❰ç✆☎❂ê✤✟➘ê♦ù ➭ ✝✈ç ➭ ñ↔ï ➭ ☎♦ö✫◆➜îðì❰ï❺û↔ï❺ù✗✟➘ç✲õ❴ç ➭ ù ➭ é ➭ î➶ï❺ñ➘ç☞ï✑☎❀é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎
✝♦ç❺í × ê♦í✠✝ ➭ ç▲í➘ï ➭ ☎ ❹ ✘✡ê ⑨ ✘sò✬îðï ➭ ☎➃✝♦ç❺é☞ç➘ò➋ï❺ù✗❱ ×✬➭ ç✆☎➀ñ❶ç✛�✍ê♦ì P ù❨ê × ç▲ù × ê♦í✰îðê✌☎øí➘çsî❰ç✆�✍çsê✽í➘ïÿìðï ➭➲ý ñ➘ç✆☎④ñ❶ê♦í✰îðê✌☎✿✝♦ç▲í❯❑
õ❴ç▲ìôé☞êsõ❴ë❶í✠✏✓★✬ê✓☎●ï P í✠☎❀ê✤✂➍ë↔ï❺ñ➘ì❉❋Ðî ➭ ✝❫ï✑☎✈ò➂ê✢ï ➭ í➘ñ↔ï❶ò❨ï❺û↔ï❺ë❶ù ï❺é✾ê♦í✰îðç✑☎❀í➘ç➆�↔ï✑☎✁☎❰ç■ñ↔ï➆✟✠✪✈ù ➭ ✝♦ê❺ö ✽ ê✓☎❮îðê✢îðì❰ï❺û↔ï❺ù✗✟➘ç➘ò
ó❡ïÐù➲é✾ê♦ìr❝ ➀ →❡❞ ➭ í × ê✓☎❮î ➭ ☞▲ç▲ë❚ç✆☎ × ï❺ù➲ç▲ìôê✓☎✩✸Ðî ➭ é✾ç✆☎øñ➘ï✑☎èé☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎øñ➘ç✆☎↕ñ➘ê✈í✰îðê✓☎■�↔ï❺ì❰ï✢é ➭ í ➭ é ➭➲ý ï❺ì②ç✾ê✈ì❰ìôç✾ñ❶ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ö❬✼➏☎ôî❰çÿõ❴ç ➭ õ❴ê ➭ î❰çsï❺ñ❶ç❺î➶ï❺í❶ñ➘ç ➭ í➍î❰ê♦ì × ïÐù➲ç✆☎➀ñ➘ê × ï❺ù➲ç▲ìôê✓☎❖�↔ï❺ì❰ïÿç✆☎➃�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎②ê♦í × ç❺ù ×✬➭ ñ➘ç✑☎Õê❄ì❰ê✌�❛ê❸❑

❹▲❹



î ➭ í➘ñ➘ç❾ë❶é✲ï❒ì❰ç❺î ➭ í↔ï❒ñ➘ê✳✝▼❋Ðù✭✝♦ë❶ù➲çsñ❶ç❾ê♦ìôì❰ç✢ñ➘ê✽î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç✛�➘ï❺ìðï✛✝♦ï❺ñ↔ï✛✝✈ç▲é❾û ➭ í↔ï✑✏✓✒❺ç❾ñ➘ê✌☎ôîðê✌☎ × ï❺ù➲ç▲ìôê✓☎✈ö➀ó❡ï❺ì❰ï
ï✶ï × ïÐù ➭ ï✾✏▼✒❺ç❾ñ❶ç✆☎↕ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎↕ç▲û➋î ➭ ñ❶ç✆☎èê♦ù➯ê❈✝♦ç▲é✡�↔ï❺ìôç▲ë❚ç × ï❺ù➯ç▲ìøñ➘ê✬� ➭ ✝♦ç✾❑➻ï❘❑➏� ➭ ✝♦çsñ➘ç✶ê♦ì❰ìôç☞ñ❶ê●î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➘ö
✚➀ù➲êèé✾ç✆☎ôî❰ì❰ç▲ë✢ê✈é❢☎ôê♦ë✶îðìðïÐû↔ï❺ù✭✟❶ç❈✂✬ë❶ê❄ê❸✶ ➭ ☎ôî❰êèë➘é☞ï✽õ❴ç▲ìôî❰êèì❰ê♦ù➲ï✑✏▼✒Ðç❂ê♦í✰îðìôê❄ç❈� ➭ ✝♦ç❘❑÷ï❘❑➶� ➭ ✝✈ç❀ñ➘ç✫✚✱✰➇êèç●í✠❱ × ê♦ù❶ñ➘ê
�➘ìôê✓☎❉☎❉✒❺ç➞☎❰ç▲í➘ç❺ìðï✻☞▲ê✈ìðï❺ñ➘ç➆�✍ê♦ù➯ç➆�↔ï❺ì❂ê✈í✠☞▲ì❰ê✈í↔ï❺ñ➘ç❶ö þ ê✈ë✴î❰ìðï❺û➘ï❺ù✭✟➘ç✙✝♦ç▲í✠✝✈ù➲ë ➭ ë⑤✂➍ë➘ê✶í✧✒❺ç■ê✷✶ ➭ ☎ôîðê✈é✂ñ ➭ õ❴ê♦ì❰ê✈í✠✏❫ï✾☎
☎ ➭ ☞▲í ➭◗P ✝❫ïÐî ➭➯× ï✑☎Õê♦í✰îðìôê●ï✑☎èé☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎✮✝❙✟↔ïÐé✲ï❺ñ➘ï✑☎èñ➘ê ❹ ✘➚❅❤ï❺ù✭❱ ×➋➭ ç✆☎④í❶ç❾îðç✆�✍ç✢ê ❷ ç▲ë■í↔ï✢ìðï ➭➲ý ñ❶ç✡�✍ê♦ì P ù⑦❇ ê
ï✑☎↕é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎ ⑨ ✘q❅❤é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎✿✝♦ìôë ý ïÐñ↔ï✑☎❙❇ ò❛ê❒ï ➭ í➘ñ↔ï❶ò✧✝✈ç▲í✠✝✈ù➲ë ➭ ë➞✂➍ë➘ê✫✪✫�❛ç✆☎✁☎❉❱ × ê♦ù★é ➭ í ➭ é ➭➯ý ï❺ì ç✾ê♦ì❰ìôç
ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç☞ï♣îðìðï × ✪✓☎↕ñ↔ï✶ê✓☎❉✝✈ç▲ù✭✟➘ï✎✝✈ç▲ì❰ìôê✈îðï✾ñ↔ï✾☎❄é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎④ñ↔ï✡☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê❂ñ➘ç✆☎↕ñ➘ê♦í✰î❰ê✓☎♦ö

♥➌ï✾☞✰ï▲➘❾ê✍●●ï✑✟❶ìðï❺é☞ï❺í➚❝ ⑩❲❻✑➛ ❞øì❰ê❫ïÐù ➭➲ý ï❺ìðïÐé ë➘é ê✓☎❮îðë➘ñ➘ç❳☎❰ê✈é☞ê✈ù✭✟↔ï❺í✰î❰ê❺ò ê♦é ❹Ð❻▲❻✰❹ ò❖☎❰ç❺û➘ì❰ê❚ç✴ê✈õ❴ê ➭ îðç✴ñ↔ï✾☎
é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎ ❹ ✘✡ê ⑨ ✘✺í➘çsê✈ì❰ì❰çÿñ➘ê↕îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç❒ñ➘ê✕�➘ï❺ì❰ê✌☎Õñ➘êúê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎④ñ➘ê❄ñ➘ê♦í✰î❰ê✓☎øìôê✈îðç✑☎Õê❄✟➘ê♦ù ➭ ✝♦ç ➭ ❑
ñ↔ï ➭ ☎♦ö❖◆➡ê✌☎ôî❰ë➘ñ➘çsê✈í × ç▲ù × ê♦ë■ë❶é✲ï❒ï❺í✧❋❺ù ➭ ☎ôê↕î❰ê✓✸▲ì ➭ ✝♦ï❒êúê✷✶❯�❛ê✈ì ➭ é☞ê✈í➍îðï❺ù ö❡ó❡ï❺ì❰ïsïÿï❺í✧❋❺ù ➭ ☎❰êøî❰ê✓✸▲ì ➭ ✝♦ï❒ê✈ù➲ê✓☎Õë✠☎ðïÐìðï❺é
ç✻�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í✰îðç✔ñ➘ê✌☎❰ê✈í × ç▲ù ×✬➭ ñ➘ç↔�❛ç▲ì■✴ ➭ ➘❰ï❺❁▲ï✑❨♣ï❺ì➍❝ ⑩❲❻❶⑩ ❞ ö❀æ✙ê✓☎ôî❰ìðïÐî❉✪✓☞ ➭ ï✲ë✠☎❰ï❺ñ↔ï✔í➘ç■ê✌☎ôîðë❶ñ➘ç✔õ❴ç ➭ ☎ôê♦ù➯ê✓✝ ➭ ç▲í↔ï❺ì
ç✆☎✞�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎èê♦í × ç▲ù ×✬➭ ñ❶ç✆☎úí➘ï✑☎↕é☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎èñ↔ï✑☎✞☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎↕ê × ï❺ì ➭ ❋❘❑➻ù➯ç✆☎✩�↔ïÐìðï✤✝❫ï❺ñ➘ï✡☎ ➭ é❾ë➘ù➲ï✑✏▼✒Ðç➘ö➃◆✳☎
ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎❂õ❴ç▲ìðï❺é✂ï✑�➘ì❰ê✌☎❰ê✈í➍îðï❺ñ➘ç✆☎❒ê♦é✂õ❴ç❺ì❰é☞ï✔ñ➘ê✦☞❺ì✹❋ P ✝✈ç✆☎●ñ➘ê✎☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê❺ò★ç▲í❶ñ➘ê☞ç❚ê ➭ ✶➋ç➲➳➫✝✈ç▲ì❰ìôê✓☎✁�❛ç▲í❶ñ➘ê
ï❉ïÐé✦�➘ù ➭ î❰ë➘ñ➘ê✶ñ↔ï ⑩ ï➋ö❧ê ❹ ï❶ö↔✟↔ï❺ìôé☛❬❺í ➭ ✝♦ï✑☎ÿñ❶ç❉ê♦ìôì❰ç✸ñ❶ê☞îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ö❚æ✕☎✛✝✈ç▲í✠✝✈ù➲ë✠☎✁★➋ê✌☎sñ➘ê✌☎ôîðê☞îðìðïÐû↔ï❺ù✭✟❶ç
✝♦ç❺í✠✝♦ç▲ìôñ↔ï❺é➹✝♦ç▲é ï✑✂➍ë➘ê✈ù ï✑☎Õç▲û❶î ➭ ñ↔ï✑☎➃�✍ç▲ìøó❥ï❺ù➲é✾ê♦ì✪❝ ➀ →✐❞ ö❬✚②í✰î❰ì❰ê●ï✑☎❍�➘ì ➭ í✠✝ ➭ �↔ï ➭ ☎❖✝✈ç▲í✠✝♦ù➯ë✠☎❉★✬ê✓☎④ñ➘ê✓☎❮î➶ï✑✝♦ï❘❑➏☎ôê✳✂➍ë➘ê
ï❺é❾û➘ï✑☎❡é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎✈ò ❹ ✘❏ê ⑨ ✘sò✑�✍ç✬ñ➘ê♦é➡☎❰ê✈ì⑧ë✠☎❰ï❺ñ↔ï✑☎❬�➘ï❺ìðï✽é ➭ í ➭ é ➭➲ý ïÐì★ï✑☎⑧ï❺é✡�➘ù ➭ îðë❶ñ➘ê✓☎❽ñ➘ç❀ê✈ì❰ì❰ç✽ñ➘ê④îðì❰ï❺í✠☎❭❑
é ➭ ☎❉☎❉✒❺ç➘ò➋é✲ï✑☎✮✂✬ë❶ê❂í➘ê♦í✠✟➍ë➘é☞ï✢ñ➘ê♦ù➲ï✑☎øê✈ù ➭ é ➭ í➘ïsï ➭ í❯ö↔ë ❀ í✜✝ ➭ ï❾ñ➘ï✵✝❫ï❺ì✁☞✰ï✢ï✑�➘ù ➭ ✝❫ïÐñ↔ïsí➘ç✢ê✈ì❰ì❰ç✶ñ➘ê❀î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➘ò
ç▲ë ☎❰ê❭➘❰ï➋ò✿�❛ç✬ñ➘ê✷❑➶☎❰ê❧é ➭ í ➭ é ➭➲ý ï❺ì❾ç❋ê♦ì❰ìôç✕ñ➘ê❧îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❋ïÐî❰ìðï × ✪✌☎✔ñ↔ï✑☎☞é☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎♦ò✮�✍ç▲ì✁✪♦é ☎❰ç❺é☞ê✈í➍î❰ê
�↔ï❺ì❰ï✲ë➘é✖ñ↔ï❺ñ➘ç✔î❰ç▲ì❉✂➍ë➘êÐö ✽ ç✔ê✈í✰î➶ï❺í✰îðç❶ò✐ï✑☎❀é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎ ⑨ ✘☛❅❤é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎■✝♦ìôë ý ïÐñ↔ï✑☎❙❇❀ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺ìðï❺é
é✾ê♦í➘ç▲ì❊☎❰ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✮ú✑☎ × ï❺ì ➭ ï✑✏✌★➋ê✌☎⑧ñ➘ç❀îðç❺ì❉✂➍ë➘ê❺ö❡æ✽ù✭✪✈é✙ñ ➭ ☎ôî❰ç➘ò▲ê♦é✣ë➘é❢☎ôê✓☞▲ë❶í➘ñ➘ç●ê✓☎❮îðë➘ñ➘ç❶ò➍ï✑☞▲ç▲ì❰ï✳✝♦ç▲é❖õ❴ç❯✝✈ç
ê♦é☎ñ➘ë❶ìðï❺û ➭ ù ➭ ñ↔ï❺ñ➘êÐò➨♥✕ï✑☞✰ï▲➘●ê✻●●ï✑✟➘ì❰ï❺é✲ïÐí♠❝ ⑩❲❻❚➔ ❞④é✾ç✆☎ôî❰ìðï❺ì❰ï❺é ✂➍ë➘ê✔ï✾☎sê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✵✝♦ç❺é é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎
⑨ ✘✏ï✑�❶ì❰ê✓☎ôê♦í✰î➶ïÐé é✾ê♦í➘ç▲ìôê✓☎❾í✜❱ × ê ➭ ☎ÿñ➘ê✲îðê✈í✠☎✹✒Ðç❅ñ➘ê✻✝♦ç❺í➍îðïÐîðç❅ê✲ñ➘ê✙ö↔ê❸✶✠✒Ðç⑤✂✬ë➘ï❺í➘ñ➘ç⑤✝✈ç▲é✦�➘ï❺ìðï❺ñ➘ï✑☎✛✝✈ç▲é ï✾☎
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄✝✈ç▲é é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎ ❹ ✘sö

◆➟î❰ìðï❺û➘ï❺ù✭✟➘çsñ➘ê✬✢úé✾ê ý ï❺✖④ï❂❝ ➜❚➔ ❞❿ò✠�➘ë➘û➘ù ➭ ✝♦ï❺ñ➘ç❾ê✈é ❹❺❻❺❻▲❻ ò➋îðï❺é❾û✄✪♦é➹✝♦ç▲í✜✝♦ù➲ë ➭ ë■ïÐî❰ìðï × ✪✌☎èñ➘ê●ï❺í✧❋Ðù ➭ ☎ôê✓☎ îðê✓✸❘❑
ì ➭ ✝❫ï✑☎èê●ê❸✶✜�✍ê♦ì ➭ é✾ê♦í✰î➶ï ➭ ☎✿✂➍ë➘ê❒ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎■✝♦ç❺é é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎✩✝♦ìôë ý ïÐñ↔ï✑☎✛❅❤ç▲ë ⑨ ✘❈❇èï✑�❶ì❰ê✓☎ôê♦í✰î➶ïÐé✏é☞ê✈ù✭✟➘ç▲ì
ì❰ê✌☎❉�✍ç✆☎ôîðï✦✂➍ë↔ï❺í✰î❰ç■ï❺ç✾í✠❱ × ê♦ù★ñ➘ê ×➋➭ û➘ìðï✾✏▼✒❺ç✡☞▲ê♦ì❰ï❺ñ➘ç➘ö ✽ ç✾ê♦í✰î➶ï❺í✰î❰ç➘ò❛í✠✒❺ç✦✝✈ç▲í✠☎ôê✓☞▲ë ➭ ë➫✝✈ç▲í✠✝♦ù➯ë ➭ ì✞✂➍ë↔ï❺ù★é✾ç➋ñ ➭✗P ❑
✝❫ï✾✏▼✒❺ç✎✝♦ìôë ý ïÐñ↔ï✤✪❂é☞ê✈ù✭✟➘ç▲ì✈ò✜☎ôê✫✪❂í➘ï✶ñ ➭ ì❰ê✌✏▼✒❺ç✢ñ➘ï✑☎èù ➭ í✠✟↔ï✑☎øñ❶ê✫✝✈ç▲í✰î➶ïÐî❰ç➞❅❆✝❙✟↔ïÐé✲ï❺ñ➘ï✑☎èñ➘ê❩❖②➪✓✇❆✉❘①✷➺❉⑩❘➙❯➋❡❖❸❇②ç▲ë❚í↔ï
ñ ➭ ì❰ê✓✏✓✒❺ç✶í➘ç▲ìôé✲ï❺ù❨ï✑☎↕ù ➭ í✠✟↔ï✑☎øñ❶ê✫✝✈ç▲í✰î➶ïÐî❰ç➲❅➌✝❙✟↔ï❺é☞ï❺ñ↔ï✑☎èñ❶ê➶❖②➪✓✇❆✉❘①✷➺➏✇⑦✈✿❖❙❇ ö

❹❺⑨



✥ ï❺ç❚ê➍➹ ç✬ç▲í♠❝ ❼✾➛ ❞❍�❶ì❰ç✆�➘ë✜☎❰ê♦ì❰ï❺é❧ò❽ê✈é ❹❺❻▲❻❶⑩ ò✐ë➘é✲ï❚ï❺û✍ç▲ìôñ↔ï✑☞▲ê✈é✂ñ ➭ õ❴ê✈ì❰ê✈í➍î❰ê✦�➘ï❺ìðï■ç➞�➘ì❰ç▲û❶ù➲ê♦é☞ï■ñ↔ï❚ì❰ê✷❑
ñ➘ë✠✏✓✒❺ç✾ñ➘ç✎� ➭ ✝✈ç✾❑÷ï❘❑➶� ➭ ✝✈ç❾ñ➘ç✶ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✢ê♦é ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✞✟➘ê♦ù ➭ ✝✈ç ➭ ñ↔ï ➭ ☎♦ö ✽ ê✌☎ôî➶ï✾ï❺û✍ç▲ì❰ñ➘ï✑☞▲ê♦é❧ò➘ï✾☎
✝♦ç❺ì❰ì❰ê✌✏✓★✬ê✓☎❀ñ➘ï✦☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ êÿñ➘ç✆☎✽ñ❶ê♦í✰îðê✌☎✳☎✹✒❺ç☞îðç▲é☞ï❺ñ↔ï✑☎↕í➘ç✙�➘ù ï❺í❶ç☞ñ➘ê❾ï✑✏▼✒❺ç☞ê✛☎ôêsû➘ë✠☎✁✝❫ï✔ç▲û➋îðê♦ìúï✙☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê
ñ➘ç✆☎❄ñ➘ê✈í➍î❰ê✓☎✈ò❛ï✾�þ✸✆☎❄ï✑☎↕ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎❄✝❫ï❺ë✠☎❰ï❺ñ↔ï✑☎■�✍ê♦ù ï✤✝♦ï❺ì❉☞✰ï✶ï✑�❶ù ➭ ✝♦ï❺ñ↔ï❶ò✜✝♦ç▲é❲✝♦ï❺ìðï✾✝✈îðê✈ì❉❱✗☎ôî ➭ ✝❫ï✑☎èê × ç▲ù × ê✈í➍î❰ê✓☎✈ö✞◆✳☎
ñ➘ê✈í➍î❰ê✓☎✤☎❉✒❺ç❉ê✈í➍î✹✒❺ç✸é✾ç➋ñ ➭✗P ✝♦ï❺ñ➘ç✆☎✫✝♦ç▲í➋õ❴ç▲ì❰é✾ê☞ë❶é✲ï➲①➏➩✄❼ ✇⑦✈⑧r✻✝ ✩ û ➭ ✝❫ï ñ❶ê☞î➶ïÐù õ❴ç▲ìôé✲ï↔✂➍ë➘ê✙✂➍ë↔ïÐí➘ñ➘ç❅ê♦é☎ç✆�✍ê✷❑
ìðï✾✏▼✒❺ç↔☎❰ç❺û❳✝♦ï❺ì❉☞✰ï✔ê✈ù➲ê✌☎✫�✍ç✆☎✁☎❰ë↔ï❺é✂ï■õ❴ç❺ì❰é☞ï✲ê × ç▲ù × ê♦í✰îðêÐö✻◆❀û ×✬➭ ï❺é✾ê♦í✰îðê✶ï✾☎❂é☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎✳✂➍ë➘ê☞ñ❶ê × ê✈é ☎❰ê✈ì
➭ í✰î❰ì❰ç✬ñ➘ë ý♦➭ ñ↔ï✑☎Õí➘ç✆☎èñ➘ê✈í➍î❰ê✓☎✿�↔ïÐìðï✵✂➍ë➘ê ➭ ☎❮îðç✢ï✾✝♦ç▲í✰îðê✌✏❫ï✤�✍ç➋ñ➘ê✈é í✠✒❺ç✵☎❰ê✈ìèñ➘ê✽õ❆❋✑✝ ➭ ù✝õ❤ï❺û➘ì ➭ ✝❫ï✾✏▼✒❺ç➘ö✱◆➟õ❤ïÐî❰ç❾ñ➘ê❈☎ôê
ï✑☎✁☎❰ë➘é ➭ ì❄ï✑☎↕é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎✿☎❰ç❺é☞ê✈í➍î❰êÿí❶ç✦�➘ù➲ï❺í➘ç✶ñ➘êÿï✑✏▼✒Ðç✶î❰ç▲ì❰í➘ï✾ç✡�➘ì❰ç❺û➘ù➲ê✈é✲ï✢é☞ï ➭ ☎✩☎ ➭ é✡�➘ù➲ê✌☎✿�↔ï❺ì❰ï✾ç✡✝❫ï✑☎ôç
ñ↔ï✑☎ÿê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎sñ➘ê✾ñ➘ê♦í✰î❰ê✓☎✵✟➘ê✈ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎✈ò❂✂➍ë➘ê✙☎ôê☞îðç❺ì❰í↔ï❚û ➭ ❑Óñ ➭ é✾ê♦í✜☎ ➭ ç❺í↔ï❺ù ö✦✣④ç▲é ê✌☎ôîðï✸ï❺û✍ç▲ì❰ñ↔ï✾☞▲ê♦é✂ç✑☎
ï❺ë❶î❰ç▲ì❰ê✌☎✳✝♦ì ➭ ï❺é ë➘é ✝❙✟↔ï❺é☞ï❺ñ➘ç✙�➘ù ï❺í❶ç✲ñ➘ê✢ï✾✏▼✒❺ç✻�✍ê♦ì❮õ❴ê ➭ îðç➘ò✍í➘ç✻✂➍ë↔ï❺ù❥ñ➘ê × ê✢ç❯✝✈ç▲ì❰ìôê♦ì❄îðç✬ñ➘ç✔ç✻✝✈ç▲í✰î➶ïÐî❰ç✔ê♦í✰îðìôê
ç✆☎✶ñ➘ê✈í➍î❰ê✓☎✈öÑ◆✳☎✾ï❺ë❶îðç❺ì❰ê✓☎✶é✾ç✆☎ôî❰ìðï❺ì❰ï❺é ïÐîðì❰ï × ✪✓☎✾ñ➘ê❧ë➘é ê✷✶➋ê✈é✦�➘ù➯ç✴í✬ë❶é✦✪✈ì ➭ ✝✈ç➇✂✬ë❶ê➞☎ôê✍�✍ç✬ñ➘ê■ç▲û❶î❰ê♦ì✶ë➘é☞ï
ê✷✶❯�➘ìôê✓☎✁☎ ➭➯× ï✔ìôê♦ñ➘ë✠✏✓✒❺ç✔í➘ç✦� ➭ ✝✈ç✾❑÷ï▲❑➏� ➭ ✝♦ç✶ñ➘ç✔ê✈ì❰ì❰ç☞ñ➘êÿî❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç✙✝✈ç▲é ê✓☎❮î➶ï✔ï❺û✍ç▲ìôñ↔ï✑☞▲ê✈é ö ✽ ç✲ê♦í✰îðï❺í✰îðç➘ò❛ç
îðì❰ï❺û↔ï❺ù✗✟➘çsõ❴ç ➭ ù ➭ é ➭ î➶ï❺ñ➘ç❏ú✑☎✩☎ ➭ é❾ë❶ù ï✑✏✌★➋ê✌☎④í➍ë➘é✡✪♦ì ➭ ✝❫ï✑☎✿☎ôê♦éq✝♦ç▲é✡�➘ì❰ç × ï✑✏✓✒❺ç✢ê✷✶❯�✍ê♦ì ➭ é☞ê✈í✰î➶ï❺ù❛ê❂í↔ï❾é☞ç✬ñ➘ê✈ù ï✑☞▲ê✈é
õ❴ç ➭ ñ➘ê✌☎❉�➘ìôê ý ïÐñ➘ç❂ç✳✝♦ç❺í➍îðïÐîðç❄�➘ì❰ê✈é✲ï♣îðë➘ìôç✽ñ➘ç❄îðç✆�✍ç✽ñ➘ç✑☎❡ñ➘ê✈í➍î❰ê✓☎✞❅✙❖❉s❙⑩❘❶❸✈⑧r✷❶■s❙⑩❘✈✧➋❿✉⑥s✷➋✐❖❸❇ ö➨✘✽êèï✑✝✈ç▲ì❰ñ➘ç❄✝♦ç▲é✒ê✌☎ôîðê✌☎
ï❺ë❶î❰ç▲ì❰ê✌☎♦ò✬ê✓☎❮îðêúî ➭ �✍çÿñ❶êúé✾ç➋ñ ➭✗P ✝♦ï✑✏▼✒❺ç✬�➘ìôç✆�✍ç✆☎ôîðï❶ò➍ì❰ê✓☎ôë➘ù➯îðï❺í✰îðê❄ñ↔ïsïÐû❛ç▲ìôñ↔ï✑☞▲ê✈é➜ñ➘ç❏�➘ù ï❺í❶çÿñ➘êúï✑✏✓✒❺ç❏�✍ê♦ì❮õ❴ê ➭ îðç➘ò
✪✾é☞ê✈ù✭✟➘ç▲ì●ñ➘ç➞✂➍ë➘ê✔ï✾☎❒é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎✬✝✈ç▲í × ê♦í✜✝ ➭ ç❺í↔ï ➭ ☎✫☎❰ë✜☞▲ê♦ì ➭ ñ↔ï✑☎❒í↔ï❧ù ➭ î❰ê♦ì❰ïÐîðë➘ì❰ï❶ò❂✂➍ë➘ê✡☎❰ê✓☞❺ë➘í➘ñ➘ç✸ê✈ù➲ê✌☎ÿí✧✒Ðç
☎✹✒Ðç✲ï❺ñ❶ê✓✂➍ë↔ï❺ñ↔ï✾☎❄�↔ïÐìðï✶ï✑☎èê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄✟❶ê♦ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎④ñ➘ê ×➋➭ ñ➘ç☞ï✑☎✿☎❰ë↔ï✾☎❄✝♦ï❺ìðï✑✝ îðê✈ì❉❱✭☎❮î ➭ ✝❫ï✑☎èñ➘ê✬✝✈ç▲í✰î➶ïÐî❰ç➘ö

✘✽ê✽é☞ï❺í➘ê ➭ ìðï✬☞▲ê✈ìðï❺ù❿ò✬ç❒îðì❰ï❺û↔ï❺ù✗✟➘çÿñ❶ê ✥ ï❺çsê❄➹ ç➋ç▲í➌❝ ❼❘➛ ❞✄☎❰ê✓☞❺ë ➭ ë■ï❒é☞ê✌☎❰é☞ïÿé✾ê✈î❰ç➋ñ➘ç❺ù➲ç✆☞ ➭ ï✳�➘ì❰ç✑�❛ç✆☎❮î➶ï✫�❛ç▲ì
● ➭ ☎✁✟❒ê❖✼➏☎❰ï❺û❛ê✈ù➲ù➯ê✿❝ ➛ →✐❞ ò▲✂➍ë➘ê➀õ❴ç ➭ �➘ïÐîðê✈í➍î❰ê❫ï❺ñ➘ï■�✍ê♦ù➲ïøê♦é✡�➘ì❰ê✌☎ðï❄ï❺é☞ê✈ì ➭ ✝❫ï❺í↔ï✙➦➨✈✧✇⑦➋➏r❉③✙⑨þr❙s❙t⑥✈⑧⑩❘❼✭⑩❉➑✑✇❿r❙①✩➐❍⑩❘❶➏➩✧⑩❘❶✁✉✑➋❆✇❿⑩❘✈
ê♦é ⑩▼➜✆➜✑➛ ❝ ➛ →✞❞ ö☞æ➚�↔ïÐîðê✈í✰îðê☞ï✑☎❉☎ôê✓☞▲ë➘ì❰ï ç✆☎❒ñ ➭ ì❰ê ➭ îðç✆☎❈☎ôç▲û➘ìôê☞ç❚î ➭ �❛ç❚ñ➘ê✶é✾ç➋ñ ➭◗P ✝❫ï✾✏▼✒❺ç❚ê✶ç é✡✪✈î❰ç➋ñ❶ç✍�↔ïÐìðï❧ï
ç▲û❶î❰ê♦í✠✏✓✒❺ç➞ñ↔ï➌é✾ç➋ñ ➭✗P ✝♦ï✑✏▼✒❺ç❋ñ➘ç✆☎■ñ➘ê✈í✰îðê✓☎✈ö ◆ �➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç④✝♦ç❺í✠☎ ➭ ☎ôîðê❉ê♦é ✝♦ï❺ù✭✝✈ë➘ù ïÐì♦òèïÐî❰ìðï × ✪✌☎❚ñ➘ê✸ë➘é
é✾ç➋ñ➘ê✈ù➲ç✾ê♦é✖ê♦ù➯ê♦é✾ê♦í✰îðç✆☎ P í ➭ îðç✆☎✈ò❨ï✑☎úñ➘ê✌ö➘ê✷✶❯★➋ê✌☎❀ìðïÐñ ➭ ï ➭ ☎↕êsî➶ï❺í✜☞▲ê♦í✠✝ ➭ ï ➭ ☎↕ñ➘ç✆☎❀ñ➘ê✈í✰îðê✓☎✽ê♦í✠☞▲ìôê♦í↔ïÐñ➘ç✆☎✳✂➍ë↔ï❺í❶ñ➘ç
☎❰ë❶û➘é☞ê î ➭ ñ➘ç✆☎✳ú✡✝❫ï❺ì✁☞✰ï✶ñ➘ê✛�➘ìôç❘➘ôê✈î❰ç➘ö❄◆✳☎ × ï❺ù➲ç❺ì❰ê✓☎↕ñ↔ï✾☎✽ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎✳✝♦ï❺ù✭✝✈ë➘ù ï❺ñ➘ï✑☎❄ï❺ç✲ù➯ç▲í✠☞▲ç✾ñ↔ï✦☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ êÿñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎➆☎❉✒❺ç➌ï❺ñ ➭ ✝ ➭ ç▲í↔ï❺ñ❶ç✆☎✲ïÐç✆☎ × ï❺ù➯ç▲ì❰ê✌☎ ➭ í ➭ ✝ ➭ ï ➭ ☎✵✂➍ë➘ê✸ñ➘ê P í➘ê♦é ïÓ☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê❧ñ➘ç✆☎☞ñ➘ê♦í✰î❰ê✓☎✻☞▲ê✈ìðï❺í❶ñ➘ç➌ë➘é
é☞ï✑�↔ï✲ñ↔ï✦☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ êÿé✾ç✬ñ ➭✗P ✝♦ï❺ñ↔ï❶ö❄✚✱☎ôî❰ê✢é✲ï✑�➘ï✦✪sê✈í✰î❙✒❺ç■ë✠☎❰ï❺ñ➘ç➆�↔ïÐìðï✲ï☞ñ➘ê P í ➭ ✏▼✒Ðç■ñ➘ç✻�✍ê♦ì P ù❥ñ➘ç■ìôê♦û✍ç▲ù➲ç
ñ➘ê❾ìôê✈î❉❱ P ✝♦ï❶ò❨ê❏�↔ï❺ìðï☞ñ➘ê P í ➭ ì❀ï✾☎✕✝♦ç✬ç▲ìôñ➘ê♦í↔ïÐñ↔ï✑☎❀ñ↔ï☞é✙❋✑✂➍ë ➭ í↔ï✻✣ ✽ ✣❈ñ➘ê❾ì❰ê î✹❱ P ✝❫ï✲ñ❶ç✆☎✽ñ➘ê✈í✰îðê✓☎✈ö✫◆✳☎❂ï❺ë❶î❰ç▲ì❰ê✌☎
☎❰ë✜☞▲ê♦ì ➭ ìðïÐé ✂➍ë➘ê■ç❉é☞ç▲í✰îðï❺í✰îðê☞î❰ç❺î➶ïÐùÕñ➘ê✲ñ➘ê✌ö↔ê❸✶✜✒❺ç✴ñ➘ç✆☎sñ❶ê♦í✰îðê✌☎✢ê♦í✠☞▲ìôê♦í↔ïÐñ➘ç✆☎❾õ❴ç✆☎✁☎❰ê■ï✑�❶ù ➭ ✝♦ï❺ñ➘ç❉ï✑�❛ê✈í↔ï✑☎ÿí➘ç
� ➭ í✠✟✧✒❺ç❩❅❴ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é✑ñ➘ê✢é☞ê✈í➘ç▲ìúí ✩ é☞ê✈ì❰ç❚ñ➘ê❾ñ➘ê✈í✰îðê✓☎✹❇ ò➧�✍ê♦ì❰é☞ï❺í➘ê✌✝♦ê✈í➘ñ➘ç❧ï✔ç▲ë❶î❰ìðï✔ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é✟ñ➘ç➆�↔ïÐì
☎❰ê✈é é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎♦ò↕ê❅ï ➭ í➘ñ↔ï④☎ôë✠☞▲ê✈ì ➭ ì❰ï❺é ✂✬ë❶ê✸õ❴ç✆☎❉☎ôê❅ë✠☎ðï❺ñ❶ç➣í❶ç➁�➘ì❰ç⑥✝♦ê✌☎❉☎❰ç➤ñ➘ê❅ìôê✈î❉❱ P ✝♦ï➌ë➘é ìôê♦û✍ç▲ù➲ç➌ñ❶ê

❹✾➛



í ➭ îðì❰ê îðç✡✝ ✩ û ➭ ✝♦ç✾ñ➘êÿû❛ç▲ìôç➘ò↔ñ➘ê ×➋➭ ñ➘ç✔ï✎☎❰ë➘ï☞é☞ï ➭ ç▲ì✿✝♦ï✑�↔ï✑✝ ➭ ñ↔ïÐñ➘êÿñ❶êÿé☞ï❺í✰îðê✈ì❄ç✦�❛ê✈ì P ù★ñ➘ê P í ➭ ñ➘ç➘ö✞✣④ç▲é✏ê✌☎ôîðï✑☎
é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎➀í↔ï✑☎➃☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎ ñ❶ç✆☎Õñ❶ê♦í✰îðê✌☎♦ò❶ç✑☎Õñ➘ê✈í✰îðê✓☎Õê♦í✠☞❺ì❰ê♦í➘ï❺ñ➘ç✆☎➃☎❰ç▲û✦✝❫ï❺ì✁☞✰ï❒ï✑�➘ì❰ê✌☎❰ê✈í➍îðï❺éãë➘é☞ï❂õ❴ç❺ì❰é☞ï
�➘ì✁✸❺✶ ➭ é✲ï➆ú✔õ❴ç▲ìôé✲ï✔ê × ç▲ù × ê♦í✰î❰ê❺ò❊✂➍ë➘ê✢î❰ê♦é ï↔✝❫ï❺ì❰ï✑✝✈î❰ê♦ì✁❱✭☎ôî ➭ ✝♦ï✔ñ➘ê✢îðìðïÐí✠☎❰é ➭ î ➭ ì✽é✾ç ×✬➭ é✾ê♦í✰îðç■ë➘í ➭ õ❴ç▲ìôé☞êÐò❂✝♦ç▲é
× ï❺ù➲ç❺ìøì❰ê✈ñ➘ë ý♦➭ ñ➘ç✾ñ➘ç✎� ➭ ✝✈ç✾❑÷ï❘❑➶� ➭ ✝✈ç❾ñ➘ç✾ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❶ö

✢úé☞ï❾ç▲ë❶î❰ìðï✢ï❺û✍ç▲ì❰ñ➘ï✑☞▲ê♦é é❾ë ➭ îðç ➭ í✰îðê✈ì❰ê✓☎✁☎ðï❺í✰î❰ê●õ❴ç ➭ ç▲û✠☎ôê♦ì × ïÐñ↔ï✢í➘ç✆☎øîðì❰ï❺û↔ï❺ù✗✟➘ç✆☎Õñ➘ê ✽ ➭ ê♦ù✭☎ôê♦íÓr✷➋❍✉✑❼➫❝ ➀✾➛ ❞ ò
�➘ë➘û❶ù ➭ ✝♦ï❺ñ➘ç✔ê✈é ⑩▼➜ → ➔ ò➂ê ✥ ç▲ë × ê♦ìôç▲ù⑧ê✢ó❽ê❫ï❺ì✁✝♦ê■❝ ❼✑➜ ❞❿ò❛�➘ë➘û❶ù ➭ ✝♦ï❺ñ➘ç✔ê✈é ⑩❺➜ →✆→❶ö ✽ ê✌☎ôî❰ê✓☎❀îðì❰ï❺û↔ï❺ù✗✟➘ç✆☎❀û❶ë✠☎❉✝✈ç▲ë❯❑➏☎ôê
é ➭ í ➭ é ➭➯ý ï❺ì✶ï × ï❺ì ➭ ï✑✏✓✒❺ç➌ñ➘ê✸ì ➭ ☞ ➭ ñ➘ê ý ñ➘ç➞ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç➘ò■✂➍ë➘ê⑤✪⑤✝❫ïÐìðï✑✝ îðê♦ì✁❱✭☎❮î ➭ ✝♦ï✕ñ➘ç✆☎✙�↔ï❺ì❰ê✌☎■ñ➘ê❅ê♦í✜☞▲ì❰ê❸❑
í↔ï✑☞❺ê♦í✠☎✾ê ë❶é✲ï❅ñ↔ï✑☎✡✝❫ïÐë✠☎ðï✑☎✾ñ➘ç❋ê♦ì❰ìôç❋ñ❶ê❧î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç➘ö➣æ × ï❺ì ➭ ï✑✏✓✒❺ç✴é✦❱➯í ➭ é☞ï❉ñ↔ï✴ì ➭ ☞ ➭ ñ❶ê ý õ❴ç ➭ ç▲û➋î ➭ ñ➘ï
ïÐî❰ìðï × ✪✌☎úñ↔ï✾é☞ç✬ñ ➭◗P ✝❫ï✑✏✓✒❺ç✢ñ↔ï✎☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê●ñ➘ç✆☎↕ñ➘ê✈í➍î❰ê✓☎✈ö✿✢úé☞ï✾ñ➘ï✑☎↕é☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎èë✠☎ðï❺ñ➘ï✑☎❄õ❴ç ➭ ë➘é ï❺û↔ï❺ë❶ù ï❘❑
é✾ê♦í✰îðç✶ñ ➭ õ❴ê♦ì❰ê✈í✠✝ ➭ ï❺ñ➘ç✢í➘ç✑☎❄ñ❶ê♦í✰îðê✌☎♦ò✝ç▲ë↔☎❰ê➏➘❰ï❶ò➘ê♦é ✝❫ï❺ñ↔ï✤�✍ç✆☎ ➭ ✏▼✒❺ç✢ì❰ï❺ñ ➭ ï❺ù❨ñ➘ç✑☎❄ñ❶ê♦í✰îðê✌☎❄õ❴ç ➭ ñ➘ê✈î❰ê♦ìôé ➭ í↔ï❺ñ➘ç✶ë➘é
ï❺û↔ïÐë➘ù ï❺é✾ê♦í✰î❰ç❧ê✌☎❉�✍ê✓✝✌❱ P ✝✈ç➫�↔ï❺ì❰ï➞✂➍ë➘ê☞ï❚ì ➭ ☞ ➭ ñ➘ê ý ñ➘ç ê✈í✠☞▲ìôê♦í↔ï❺é✾ê♦í✰î❰ç✍�✍ê♦ìôé✲ï❺í❶ê✓✝♦ê✌☎❉☎ôê✙✝♦ç❺í✠☎ôîðï❺í✰îðê❺ö➆◆❂ë➋îðìðï✾☎
é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎④õ❴ç▲ì❰ï❺éãî➶ï❺é❾û✄✪♦é ➭ í✰î❰ì❰ç✬ñ➘ë ý♦➭ ñ↔ï✑☎✈ò✜✝♦ç❺é☞ç✶ï✢ï❺ù➮îðë➘ì❰ï × ï❺ì ➭ ❋ × ê♦ù➂ï❺ç✢ù➲ç▲í✜☞▲ç✢ñ↔ï❾ù ïÐì❉☞▲ë➘ì❰ïsñ➘ç✶ñ➘ê✈í➍î❰ê
ïÐî❰ìðï × ✪✌☎☞ñ↔ï✴ï❺ù➮îðê✈ìðï✑✏✓✒❺ç❅ñ➘ç➁ñ ➭ ✺❺é✾ê✈î❰ì❰ç✸ê❸✶✬îðê♦ìôí➘ç✕ñ➘ï✴ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é❧öÖ✚❖☎❮îðê✌☎✾î❰ìðï❺û↔ïÐù✭✟➘ç✆☎✶ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺é✥ë➘é☞ï
ï❺û✍ç▲ì❰ñ➘ï✑☞▲ê♦é ñ ➭ õ❴ê♦ìôê♦í✠✝ ➭ ï❺ñ➘ï➞�↔ïÐìðï❚ç➫�➘ìôç▲û➘ù➲ê✈é✲ï❚ñ➘ê✡✝♦ç▲í✰îðïÐîðç ê♦í✰îðìôê✲ç✆☎❒ñ➘ê♦í✰î❰ê✓☎♦ò✱✝✈ë❘➘ôç➫�❶ì ➭ í✜✝✓❱✭� ➭ ç↔✪✲ïÐù➯îðê✈ìðï❺ì
ï❉é☞ïÐîðì ➭➲ý ñ➘ê✔ì ➭ ☞ ➭ ñ➘ê ý ê✔í✧✒Ðç✸ç × ê îðç▲ìÿñ➘ç✆☎✢ï♣õ❤ï✑☎ôîðï❺é☞ê✈í✰îðç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎❈✝♦ç❺é☞ç➲✪✾õ❴ê ➭ îðç❉í➘ï❉é✲ï ➭ ç▲ì ➭ ï■ñ➘ç✆☎sî❰ìðï❘❑
û↔ï❺ù✗✟➘ç✆☎✈ö✽æ❢☞❺ìðï❺í➘ñ❶ê × ï❺í✰î➶ï✑☞▲ê✈é í➘ê✓☎❮îðê✤✝❫ï✾☎❰ç✻✪✵✂➍ë➘ê❾ï✲ì❰ê✈ñ➘ë✠✏▼✒Ðç■í➘ç✻� ➭ ✝♦ç✾❑➻ï❘❑➏� ➭ ✝♦ç✾ñ➘ç✔ê✈ì❰ì❰ç✲ñ➘êsîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
�✍ç➋ñ➘ê❏☎❰ê✈ì❀ç▲û❶î ➭ ñ↔ï✎�↔ï❺ì❰ï✲ë➘é☞ï✾õ❤ï ➭ ✶➘ï☞ï❺é✡�➘ù ï✶ñ➘êÿî❰ç▲ì❉✂➍ë➘ê✌☎♦ò➂êÿí✧✒❺ç✻☎ôç▲é✾ê♦í✰îðê✵�➘ï❺ìðï✾ë➘é✖î❰ç▲ì❉✂➍ë➘êÿí➘ç▲é ➭ í↔ïÐù✐ñ➘ê
�➘ìôç❘➘ôê✈î❰ç➘ö❖◆❀û ×➋➭ ï❺é✾ê♦í✰îðêèï✾☎✱☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎➀ìôê✓☎❰ë❶ù➯î➶ïÐí➍î❰ê✓☎➀ñ➘ê✌☎ôîðïÿï❺û✍ç▲ìôñ↔ï✑☞▲ê✈é �✍ç➋ñ❶ê♦é➜ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺ì ï❺ù✭☞▲ë❶é✲ï❄ñ ➭✗P ❑
✝♦ë❶ù➲ñ↔ï❺ñ❶ê✩�↔ï❺ì❰ï❂ïúõ❤ï❺û➘ì ➭ ✝❫ï✾✏▼✒❺ç➘ò❺ï✑�✍ê✓☎ðïÐì➀ñ➘ç✆☎➀ï❺ë➋îðç▲ìôê✓☎➀ï P ì❰é☞ï❺ì❰ê✈é ✂➍ë➘êèê✈ù ï✑☎Õ�❛ç✬ñ➘ê♦é❞☎❰ê✈ì➀ç▲û❶î ➭ ñ↔ï✑☎❡ïÐîðì❰ï × ✪✓☎②ñ➘ç✑☎
�➘ìôç❯✝✈ê✓☎❉☎ôç✆☎✵✝✈ç▲í × ê♦í✜✝ ➭ ç❺í↔ï ➭ ☎ÿñ➘ê✲õ❤ï❺û❶ì ➭ ✝♦ï✑✏▼✒Ðç➘ö✍◆❈☎❏�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç✆☎❏�➘ï❺ìðï✸ï❧é ➭ í ➭ é ➭➲ý ï✑✏▼✒Ðç■ñ➘ç➫� ➭ ✝♦ç✾❑➻ï❘❑➏� ➭ ✝♦ç
ñ➘ç✸ê✈ì❰ìôç❉ñ➘ê✲î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➞✂✬ë❶ê✔ë✠☎ðïÐé ê✌☎ôî➶ï❉ï❺û❛ç❺ì❰ñ↔ï✑☞❺ê♦é✂õ❴ç▲ì❰ï❺é ç▲û⑥➘ôê îðç✸ñ➘ê✔ï❺ù✭☞▲ë❶é✲ï✑☎✬�↔ï♣îðê♦í✰î❰ê✓☎❾ñ➘ê✌�❛ç✑☎ ➭ ❑
î➶ïÐñ↔ï✑☎sí❶ç✆☎✵✚✱☎ôîðï❺ñ➘ç✆☎✵✢úí ➭ ñ➘ç✆☎sê✈í✰îðì❰ê ⑩❺➜ → ⑩ ê ⑩❺➜✆➜✾➛ ❅ × ê♦ì❂❝ ❼✑➀ ò ❼▲❼ ❞õ❇ ö✍✚➀é❾û✍ç▲ìðï❉í✠✒❺ç➫☎ôê✲îðê✈í✠✟↔ï✸ç▲û✠☎ôê♦ì × ïÐñ➘ç
ïÐî❰ìðï × ✪✌☎úñ↔ï✤�✍ê✓☎✁✂✬ë ➭ ☎ðï✶û ➭ û➘ù ➭ ç✆☞▲ì✹❋ P ✝❫ï❒ì❰ê❫ïÐù ➭➲ý ï❺ñ↔ï✢ï✢ë❶î ➭ ù ➭➯ý ï✑✏✓✒❺ç❾ñ➘ê✌☎ôî❰ê●î ➭ �✍ç✢ñ➘ê❒ï❺û✍ç▲ì❰ñ↔ï✾☞▲ê♦é ê♦é✏ï✑�❶ù ➭ ✝♦ï✑✏✓★✬ê✓☎
ì❰ê♦ï ➭ ☎✈ò✍ïÐîðë↔ïÐù➲é✾ê♦í✰îðê❒ï✶ê♦é✡�➘ì❰ê✌☎ðï✔ï❺é✾ê♦ì ➭ ✝♦ï❺í↔ï❤P■Ò✆✇❿s❙⑩❘✈➟⑨✄r❙s❙t⑥✈⑧⑩❘❼✭⑩❉➑✑✇❿r❙①❒ñ➘ê✈î❉✪♦é ç✆☎❄ñ ➭ ìôê ➭ îðç✆☎↕ñ➘ê✌☎ôî➶ï✾☎✕�↔ïÐî❰ê♦í✰îðê✌☎
ê✬✝♦ç▲é✾ê♦ì✁✝ ➭ ï❺ù ➭➯ý ï✛�➘ìôç❘➘ôê✈î❰ç✆☎↕ñ➘ê●ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎■✝✈ç▲é ê✌☎ôî➶ï✾☎úé✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎✷❝ ❼ →✐❞❿ö

æ➣ï❺û❛ç❺ì❰ñ↔ï✑☞❺ê♦é➡ñ❶êÕì ➭ ☞ ➭ ñ➘ê ý ✝✈ç▲í✠☎❮î➶ï❺í✰îðê ñ➘ç↕ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðçúï✑�➘ìôê✓☎❰ê✈í✰î➶ï❄✝✈ê♦ì❮î➶ï↕ì❰ê♦ù➲ï✑✏▼✒Ðç■✝✈ç▲é❈ç✆☎✐î❰ìðï❺û↔ïÐù✭✟➘ç✆☎
ñ➘ê❍❴úç▲í❶ñ↔ï●❝ ⑨✑➛ ò ⑨▲⑨ ò ⑨✆➔ ❞❿ò✑�➘ë➘û❶ù ➭ ✝♦ï❺ñ➘ç✆☎★ê✈é ⑩❺➜✆➜▲⑨ ê ⑩▼➜✆➜❚➔ öÕ❴úç▲í❶ñ↔ï●❝ ⑨✑➛ ❞⑥�➘ìôç✆�❴❬✆☎❥ë❶é✲ï↕é☞ç✬ñ➘ê✈ù ï✑☞▲ê✈é➡ñ➘çúê♦ìôì❰ç❄ñ➘ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç☞û↔ï✾☎❰ê❫ïÐñ↔ï✲í↔ï × ï❺ì ➭ ï✑✏✓✒❺ç✶ñ➘ç✔ñ ➭ ✺❺é✾ê✈îðìôç✶ñ➘êsû↔ï✾☎❰êsñ➘ï✲ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é é✾ç ×➋➭ ñ↔ï❶ö✞✚➀ù➲ê✫✝♦ç❺í✠☎ ➭ ñ➘ê♦ìôç▲ë

❹✆➔



✂➍ë➘ê❚îðç✬ñ➘ç✆☎✢ç✆☎✶ñ➘ê✌☎ ×✬➭ ç✆☎✶í➘ç❩✝♦ç❺í➍îðïÐîðç✴ê✈í➍î❰ì❰ê❧ç✆☎✢ñ➘ê✈í➍î❰ê✓☎✦✝❫ï❺ë✠☎❰ï❺ñ➘ç✆☎✎�✍ç▲ì✢é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎ ➭ í✰î❰ê♦í✠✝ ➭ ç▲í↔ï ➭ ☎❾ñ↔ï✾☎
☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎sñ➘ç✆☎ÿñ➘ê♦í✰î❰ê✓☎♦ò②ê✈ì❰ì❰ç✑☎sñ➘ê✲õ❤ïÐû➘ì ➭ ✝❫ï✑✏✓✒❺ç ê✦�❛ê✈ù ï✑☎ÿñ➘ê✌ö➘ê✷✶❯★➋ê✌☎✵�✍ç➋ñ➘ê✈ì ➭ ï❺é ☎❰ê✈ì✵✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐñ↔ï✑☎✛✝✈ç▲é✾ç
× ï❺ì ➭ ï✑✏✓★✬ê✓☎❒ñ➘ç✸ñ ➭ ✺❺é✾ê✈î❰ì❰ç❧ñ➘ê✔û↔ï✑☎ôê✲ñ↔ï ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é é☞ç ×✬➭ ñ➘ï❶ö➞✘✽ê✓☎❮î➶ï❉õ❴ç▲ìôé✲ï❶òÕ�❛ç✬ñ➘ê✈ì❫❑➏☎ôê✷❑ ➭ ï × ê♦ì ➭✗P ✝♦ï❺ì❾ï✾☎
× ï❺ì ➭ ï✑✏✓★✬ê✓☎❂í❶ç❧é✾ç ×✬➭ é✾ê♦í✰îðç✲î❰ìðï❺í✜☎❰é ➭ î ➭ ñ➘ç✻�✍ê♦ù➯ç➆�↔ï❺ì❂ñ➘ê✶ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö✶ó❥ï❺ìðï➆✝❫ïÐù✭✝♦ë❶ù ï❺ì❂ï✾☎❂ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎ÿñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎↕ê♦ù➯ê✽ë✠☎ôç▲ë❚ïÿõ❴ë➘í✜✏▼✒❺ç✢ñ➘ê✽ì ➭ ñ ➭ ñ➘ê ý ñ➘ê❈✢❄é☞ê ý ï▼✖④ï❂❝ ⑨✑➛ ❞ ö❖❴❄ç▲í➘ñ↔ï➲❝ ⑨❚➔ ❞✍õ❴ê ý ë➘é✲ïsï❺í✧❋❺ù ➭ ☎❰ê❄ê✷✶❯�✍ê♦ì ➭ é✾ê♦í✰î➶ï❺ù
ê✽î❰ê✓✸▲ì ➭ ✝❫ï❏✝♦ç▲é ë➘é➹�↔ï❺ìøñ➘ê✽ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✿✟❶ê♦ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎➃✝✈ç▲éãîðì ❀ ☎øñ ➭ õ❴ê♦ì❰ê✈í✰îðê✓☎èé✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎ í↔ï✵☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê
ñ➘ç✆☎sñ➘ê♦í✰îðê✌☎♦ö❩✚➀ù➲ê✔ë✜☎❰ç▲ë➁�↔ïÐìðï ➭ ☎ôîðç ë➘é ❱➲í➘ñ ➭ ✝♦ê☞ñ➘ê✔ñ➘ê✌☎❰ê♦é✡�✍ê♦í✠✟➘ç❅ñ ➭ í✧✺❺é ➭ ✝✈ç➁❅❴ì❰ë✠❱➯ñ➘ç➘ò ×✬➭ û➘ìðï✑✏✓✒❺ç✸ê✻✝♦ï❺ì❉☞▲ï
ñ ➭ í✧✺❺é ➭ ✝❫ï✆❇❽ñ➘ç✬�↔ï❺ì➀ê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç☛❝ ⑨▲⑨ ❞❿ö✱❴❄ç▲í➘ñ↔ï◆❝ ⑨❚➔ ❞↔é✾ç✆☎❮îðì❰ç❺ë✶î❰ê♦ç▲ì ➭ ✝♦ï❺é☞ê✈í✰îðêøë➘é✙é✦✪ îðç✬ñ➘ç❈�↔ï❺ì❰ï❀é ➭ í ➭ é ➭➲ý ï❺ì
ê✓☎❮îðê❳❱➲í➘ñ ➭ ✝♦êÐò❀ê❋ñ❶ê✓☎ôîðï➣õ❴ç▲ìôé✲ï➋ò❀é ➭ í ➭ é ➭➲ý ï❺ì✾ç❏ì❰ë✜❱➲ñ➘ç➣ê ×✬➭ û➘ìðï✑✏✓✒❺ç➉☞▲ê♦ì❰ï❺ñ➘ç➉�❛ê✈ù➲ç➉�↔ï❺ì❚ê♦í✠☞❺ì❰ê♦í➘ï❺ñ➘ç➘ö☛✚➀ù➲ê
✝♦ç❺í✠✝♦ù➯ë ➭ ë✍✂✬ë❶ê✵�↔ï❺ì❰ï✙☎❰ê❾ç❺û❶îðê✈ì✽ë➘é☛�➘ìôç❘➘ôê✈î❰ç✔ñ➘ê❾ë➘é☛�↔ïÐì✽ñ➘êÿê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎❈✝✈ç▲é û❛ç▲ï☞ì❰ê✌☎❉�✍ç✆☎ôîðï✔ñ ➭ í✠✺❺é ➭ ✝❫ï
☎❰ç❺û✤✂✬ë➘ï❺ù✭✂➍ë➘ê✈ì⑧í✠❱ × ê♦ù➋ñ➘ê✩✝❫ïÐì❉☞✰ï✕✪④í➘ê✓✝✈ê✓☎❉☎❉❋❺ì ➭ ç❂û➘ë✠☎✁✝❫ï❺ì⑧ë❶é✲ï✕✝✈ç▲í P ☞❺ë➘ìðï✑✏✓✒❺ç✳☞▲ê✈ç▲é✡✪✈îðì ➭ ✝♦ïúñ➘ç✳�➘ï❺ì❬✝♦ç❺é✣ì ➭ ☞ ➭ ñ➘ê ý
ê✓✂➍ë ➭➮× ï❺ù➲ê✈í➍î❰ê↕ñ➘ç●ê♦í✠☞▲ìôê♦í↔ïÐé☞ê✈í➍î❰ç✬✝♦ç▲é✣é☞ê✈í➘ç▲ì × ï❺ì ➭ ï✑✏▼✒Ðç❈�❛ç✆☎✁☎❉❱ × ê♦ù❿ò✰êèí➘ê✓☎❮îðê■✝❫ï✑☎ôç➘ò➍ï✑☎➀é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎⑧ê↕ê✈ì❰ì❰ç✑☎
ñ↔ï✡☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎úñ➘ç✆☎❄ñ➘ê♦í✰îðê✌☎❀ñ➘ê × ê♦é ☎❰ê✈ì❀ï✑☎úé☞ê✈í➘ç▲ìôê✓☎■�❛ç✆☎✁☎❉❱ × ê ➭ ☎♦ö ✽ ç☞ê♦í✰î➶ïÐí➍î❰ç➘òþ❴úç▲í➘ñ➘ï➌❝ ⑨❚➔ ❞❽í✧✒❺ç☞é☞ç✆☎❮îðì❰ï
✝♦ç❺é☞ç✎�✍ç➋ñ➘ê✈é❲☎❰ê✈ì↕ç▲û❶î ➭ ñ➘ç✆☎✿�↔ïÐì❰ê✓☎↕ñ➘ê●ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄í↔ï✤✝♦ç▲í➘ñ ➭ ✏▼✒Ðç✡✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ↔ï✎✸❺î ➭ é☞ï❶ö

þ ê✓☞▲ë❶í➘ñ➘ç✽ç↕îðì❰ï❺û↔ï❺ù✗✟➘ç❄ñ➘ê✮❴❄ç▲ë✠☎ôê♦ì■r✷➋❛✉✑❼✤❝ ➛➘⑩ ❞❿ò✑�➘ë➘û❶ù ➭ ✝♦ï❺ñ➘ç↕ê♦é ❹Ð❻▲❻▲❻ ò❘�❛ç✬ñ➘ê❸❑➏☎❰ê➃�➘ìôç❘➘ôê✈îðï❺ìÕ�➘ï❺ì❰ê✌☎❥ñ➘ê ê♦í✜☞▲ì❰ê❸❑
í↔ï✑☞❺ê♦í✠☎❍✝♦ç▲é➚✝♦ê✈ìôîðï✑☎✮✝♦ï❺ìðï✑✝ îðê✈ì❉❱✭☎❮î ➭ ✝❫ï✑☎❖☞▲ê✈ç▲é✦✪ îðì ➭ ✝❫ï✾☎❍✂➍ë➘êúì❰ê♦ñ❶ë ý ê✈é ï✑☎ × ï❺ì ➭ ï✑✏✓★✬ê✓☎②ñ➘çÿê♦ìôì❰ç❾ñ➘ê↕îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
ê✎✝♦ç▲é✑û↔ï ➭ ✶➘ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✔ñ↔ï✑☎●é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎❀ñ↔ï➆☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎❂ñ➘ç✆☎❂ñ➘ê✈í➍î❰ê✓☎✈ö✦✚✱☎❮îðê✓☎ÿï❺ë❶î❰ç▲ì❰ê✌☎❈�➘ì❰ç✑�➘ë✠☎❰ê✈ìðï❺é
ë➘é �➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç❋ñ❶ê✍�➘ìôç❘➘ôê✈î❰çÓ✸❺î ➭ é✾ç✴ñ➘ê✍�➘ï❺ì❰ê✌☎✲ñ➘ê❧ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎■ïÐîðì❰ï × ✪✓☎☞ñ➘ê❧ë➘é✲ï➁ï❺û✍ç▲ì❰ñ➘ï✑☞▲ê♦é✥ñ❶ê
é❾ë➘ù➮î ➭ ❑ × ï❺ì ➭ ❋ × ê ➭ ☎♦öÕ◆➢�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç✬✝♦ç▲í✠☎ ➭ ☎❮îðê❄ê♦é➩ñ➘ê P í ➭ ì②ç✆☎➃�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎✱✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ➘ç✆☎➃✝♦ç▲é✾ç × ïÐì ➭ ❋ × ê ➭ ☎
ñ➘ê✵�❶ì❰ç❘➘ôê îðç■ê❾ç▲ë➋îðì❰ç✑☎✳�↔ï❺ì❉✺❺é☞ê îðìôç✆☎✕✝✈ç▲é × ï❺ù➯ç▲ì❰ê✌☎ P ✶➋ç✆☎✈ö●ó❡ï❺ì❰ï✔ç✆☎✳�↔ïÐì✹✺❺é✾ê✈î❰ì❰ç✆☎❄✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ❶ç✆☎ × ï❺ì ➭ ❋ × ê ➭ ☎♦ò
ïÐî❰ì ➭ û❶ë ➭ ❑➶☎❰ê × ïÐù➲ç▲ìôê✓☎④í➍ë➘é✡✪♦ì ➭ ✝✈ç✆☎øé✦❋❘✶ ➭ é✾çÿêúé✦❱➯í ➭ é✾ç➘ò✰ê✽îðï❺é❾û✄✪♦éãç✵☞▲ì❰ï❺ë■ñ➘ê❀ñ ➭ ☎❉✝✈ì❰ê✈î ➭➲ý ï✑✏▼✒❺çÿñ➘ç ➭ í✰î❰ê♦ì × ï❺ù➯ç➘ö
✚➀í✰î❙✒❺ç➘ò✐ìôê✓�✍ê✈î❰ê✷❑➏☎ôê✢ë➘é☞ï✲ì❰ç❺î ➭ í↔ï☞ñ➘ê✵✝▼❋Ðù✭✝♦ë❶ù➲ç✻�↔ïÐìðï✲îðç✬ñ↔ï✑☎❀ï✑☎✳✝♦ç❺é❾û ➭ í➘ï✑✏✓★✬ê✓☎❄�❛ç✆☎✁☎❉❱ × ê ➭ ☎✡❅❤ê✈é✑ë➘é✑ê✷✶➋ê♦é✡�➘ù➯ç
✝ ➭ î➶ï❺ñ❶ç➘ò✝ï✾ìôç❺î ➭ í↔ïsõ❴ç ➭ ìôê✓�✍ê✈î ➭ ñ↔ï✤✝♦ê✈ì❉✝❫ï✾ñ➘ê ❹ é ➭ ù✗✟✠★➋ê✌☎øñ➘ê × ê ý ê✌☎❙❇ ö✿◆❈☎■�➘ìôç❘➘ôê✈î❰ç✆☎↕ñ➘ê ➭ í✰îðê♦ìôê✓☎✁☎❰ê✫☎✹✒❺ç✡☎❰ê✈ù➲ê✓✝ ➭ ç✾❑
í↔ï❺ñ❶ç✆☎✳✝♦ç❺é✑ï✲ï▲➘ôë➘ñ↔ï✲ñ❶ê P ù➮îðì❰ç✑☎✽êsñ❶ê✵☞▲ì✹❋ P ✝♦ç✆☎úê♦é✏õ❴ç▲ìôé✲ï✾ñ➘êsí➍ë × ê♦í✠☎●ñ➘ê❏�❛ç▲í✰î❰ç✆☎♦ö✳✔✆❋✔ï✑☎✽é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎
ñ↔ï✵☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎øñ➘ç✆☎④ñ➘ê♦í✰îðê✌☎✞☎✹✒❺ç✵✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ↔ï✾☎ P ✶❶ï✑☎✬❅ ➭ ☞▲ë↔ï ➭ ☎❙❇✱�↔ï❺ì❰ïsîðç✬ñ➘ç✆☎øï✾☎✩✝♦ç▲ésû ➭ í↔ï✾✏✓★✬ê✓☎èï❺í➘ï❺ù ➭ ☎ðï❺ñ↔ï✾☎♦ö
þ ê✌☞▲ë➘í➘ñ➘ç❧ê✓☎❮îðê✌☎ÿïÐë❶îðç▲ìôê✓☎✈ò➨�➘ï❺ìðï■ï■é☞ï ➭ ç▲ì ➭ ï✶ñ↔ï✑☎❂ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✫✟➘ê♦ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎♦ò❛ï✑☎❂é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎✳✝ ➭ ì❉✝✈ë➘ù ïÐì❰ê✓☎
í➘ç✻�✍ê♦ì P ù❡ê × ç▲ù × ê✈í➍î❰ê✢êsí➘ç✙�↔ï✑☎❉☎ôç■ñ↔ï✙✟✠✪✈ù ➭ ✝♦ê✫☎✹✒❺ç✻�❶ì❉✸▼✶ ➭ é☞ï✑☎✽ñ↔ï✦✝♦ç▲í➘ñ ➭ ✏▼✒Ðç✙✸❺î ➭ é☞ï✾ê❏�❛ç▲ì ➭ ☎❮îðç✙�✍ç✬ñ➘ê♦é ☎❰ê✈ì
ï✑☎✁☎❰ë➘é ➭ ñ↔ï✾☎❡ñ➘ê✌☎ôî➶ï❄õ❴ç▲ì❰é☞ï■�➘ï❺ìðïúî❰ç➋ñ❶ç✆☎Õ�❶ì❰ç❘➘ôê îðç✆☎✈ö❖◆✳☎⑧ï❺ë❶î❰ç▲ì❰ê✌☎❡í✧✒Ðç✽ë✠☎❰ï❺ìðï❺é✒ç▲ë➋îðì❰çúé✦✪ îðç✬ñ➘ç✽ñ❶ê④ç❺î ➭ é ➭➲ý ï✾✏▼✒❺ç
�✍ç▲ì❂ê♦í✰îðê✈í➘ñ➘ê✈ì❰ê♦é ✂➍ë➘ê✶ï✾☎❀î✹✪✓✝✈í ➭ ✝♦ï✑☎❈✝♦ç❺í × ê♦í✠✝ ➭ ç▲í➘ï ➭ ☎❂ñ➘ê✢çÐî ➭ é ➭➲ý ï✑✏▼✒Ðç✙☎✹✒Ðç❧ù ➭ é ➭ îðï❺ñ↔ï✑☎✞✂➍ë↔ï❺í✰îðç❧ï❺ç■í ✩ é✾ê♦ìôç

❹✑➀



ñ➘ê × ï❺ì ➭ ❋ × ê ➭ ☎✢ñ➘ê❚ê♦í✰îðì❰ï❺ñ↔ï✴ê❚ñ➘ê❚ì❰ê✓☎✁�❛ç✑☎ôî➶ï✾☎♦òøê❧ï❺ù✗✪♦é ñ ➭ ☎ôî❰ç✴ì❰ê✓✂➍ë➘ê✈ì❰ê✈é✥ë➘é✲ï✸õ❴ë➘í✜✏▼✒❺ç➁ç▲û⑥➘ôê î ➭➯× ç➘ò é☞ê✌☎❰é✾ç
í➘ç✆☎ é✡✪✈îðç✬ñ➘ç✆☎ é☞ï ➭ ☎②ï × ï❺í✠✏♦ï❺ñ➘ç✆☎ ñ➘ê✽çÐî ➭ é ➭➲ý ï✑✏▼✒Ðç➘ò✆✝♦ç❺é☞çÿï✑☎ ì❰ê♦ñ❶ê✓☎④í❶ê♦ë➘ì❰ï ➭ ☎②ê✽ç✑☎④ï❺ù✗☞▲ç▲ì ➭ îðé✾ç✆☎Õ☞▲ê♦í✠✪ î ➭ ✝♦ç✆☎✈ö➀æ
ê✷✶❯�✍ê♦ì ➭✭❀ í✜✝ ➭ ï↕ñ➘ê✌☎ôîðê✌☎⑧ï❺ë➋îðç▲ìôê✓☎➨✝♦ç▲é �➘ìôç❘➘ôê✈î❰çúñ❶êÕê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❡é✾ç✆☎❮îðìðï✿✂➍ë➘ê ê✷✶ ➭ ☎❮îðê✈é × ❋❺ì ➭ ï✑☎❂☎ôë➘û➘ìôê✓☞ ➭ ★➋ê✌☎Õ✸❺î ➭ ❑
é☞ï✑☎♦ò✬ê✕✂➍ë➘ê❈�✍ê✓✂➍ë➘ê✈í↔ï✑☎èï❺ù➮îðê✈ìðï✑✏✌★➋ê✌☎④í↔ïÿõ❴ë❶í✠✏▼✒❺çsç▲û⑥➘ôê✈î ➭➯× ç✵�❛ç✬ñ➘ê✈é ìôê✓☎ôë➘ù➯îðï❺ì④ê✈é➹�❶ì❰ç❘➘ôê îðç✆☎✩✝✈ç▲é✡�➘ù➲ê î➶ï❺é✾ê♦í✰îðê
ñ ➭ õ❴ê♦ì❰ê✈í✰îðê✓☎✈ö➆✚➀í✰îðì❰ê î➶ï❺í✰î❰ç➘ò❡ç➞�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç➞�❶ì❰ç✆�✍ç✆☎ôî❰ç✍�✍ç▲ì●ê✓☎❮îðê✌☎❾ï❺ë❶î❰ç▲ì❰ê✌☎ÿìôê✓☎ôë➘ù➯îðï❧ê✈é ê♦ù➲ê × ï❺ñ➘ç❚îðê♦é✡�✍ç
ñ➘ê✫�➘ì❰ç⑥✝♦ê✌☎❉☎❰ï❺é☞ê✈í✰îðç✻✝✈ç▲é✦�❶ë❶î➶ï✑✝ ➭ ç▲í➘ï❺ù➂í➘ê✌✝♦ê✓☎✁☎✹❋❺ì ➭ ç✦�↔ï❺ìðï✾ê✷✶➋ê✓✝✈ë❶î➶ïÐìúîðç✬ñ↔ï✑☎❄ï✑☎■✝♦ç❺é❾û ➭ í➘ï✑✏✓★✬ê✓☎✈ò✍êÿï ➭ í➘ñ↔ï✤✝♦ç▲í⑥❑
☎ ➭ ñ➘ê♦ì❰ï✤☎❰ç▲é✾ê♦í✰îðê❒ç✆☎ × ï❺ù➲ç❺ì❰ê✓☎èñ ➭ ☎❉✝✈ì❰ê îðç✆☎↕ñ➘ê✬✝❫ïÐñ↔ï✡�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✎✂➍ë➘ê✬�❛ç✬ñ➘ê✈é í✧✒❺ç✾ù➲ê × ïÐì✿ú✡✝✈ç▲í➘ñ ➭ ✏▼✒❺ç✎✸❺î ➭ é☞ï❶ö
✘✽ê✫✂➍ë↔ï❺ù✭✂➍ë➘ê✈ìèõ❴ç▲ì❰é☞ï❶ò↔ï✶ï❺û✍ç▲ì❰ñ➘ï✑☞▲ê♦é ï✑�➘ì❰ê✌☎❰ê✈í➍îðï❺ñ↔ï✾í➘ê✓☎❮îðê●îðìðïÐû↔ï❺ù✭✟❶ç✢ñ ➭ õ❴ê✈ì❰ê●ñ↔ï✑✂➍ë➘ê✈ù ï✑☎❄ï✑�➘ìôê✓☎ôê♦í✰î➶ï❺ñ➘ï✑☎✽í➘ç✑☎
ñ➘ê✈é✲ï ➭ ☎④îðì❰ï❺û↔ï❺ù✗✟➘ç✆☎✩�✍ê✓☎✁✂➍ë ➭ ☎❰ï❺ñ➘ç✆☎✞�✍ç▲ì P ✶❶ï❺ì↕ï✑☎èé✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎④ñ↔ï✑☎✿☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎èñ➘ç✆☎èñ➘ê✈í➍î❰ê✓☎❄ê❂û➘ë✠☎✁✝❫ï❺ì↕ë➘é
�➘ìôç❘➘ôê✈î❰ç☞ñ➘ç✎�↔ïÐìèñ➘êÿê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✞✂➍ë➘ê❒ì❰ê♦ñ❶ë ý ï✶ç✎� ➭ ✝✈ç✾❑÷ï❘❑➶� ➭ ✝✈ç❾ñ➘ç✾ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❶ö

✚✱☎ôî➶ï❩✂➍ë➘ê✓☎❮î❙✒❺ç➁ñ↔ï✴ê✓☎ôî❰ìðïÐî❉✪✓☞ ➭ ï❅ñ➘ê û❶ë✠☎❉✝♦ï❺ì✶ë➘é �➘ì❰ç▲➘ôê✈îðç❩✸❺î ➭ é✾ç✸ê♦é î❰ê♦ì❰é✾ç✆☎✢ñ➘ê❧ì❰ë✜❱➲ñ➘ç✴ïÐî❰ìðï × ✪✌☎✲ñ➘ç✑☎
�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎❈✝❙✟↔ï❺é☞ï❺ñ➘ç✑☎ÿñ➘ê✶é☞ï✑✝♦ìôç✾❑➏☞❺ê♦ç▲é✾ê✈î❰ì ➭ ï➋ò❨î➶ï ➭ ☎❈✝♦ç▲é✾ç➘ò★é✡✸➋ñ➘ë❶ù➲ç■ê✶í ✩ é☞ê✈ì❰ç ñ➘ê✶ñ➘ê♦í✰îðê✌☎♦ò❬✝✈ç▲í❶õ❴ç▲ìôé☞ê
ï✑�➘ìôê✓☎ôê♦í✰î➶ï❺ñ❶ç✢í➘çsîðì❰ï❺û↔ï❺ù✗✟➘ç✫✝ ➭ îðï❺ñ➘çsï✑✝ ➭ é✲ï●ñ➘ê✳❴❄ç▲ë✠☎ôê♦ì❏r✷➋❖✉✑❼➄❝ ➛➘⑩ ❞❿ò✬ê❂ïÐîðì❰ï × ✪✓☎④ñ➘ç✆☎✮�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✆☎➃✝❙✟↔ï❺é☞ï❺ñ➘ç✑☎
ñ➘ê✴é ➭ ✝♦ìôç✾❑➏☞❺ê♦ç▲é✾ê✈î❰ì ➭ ï➋òøî➶ï ➭ ☎➆✝♦ç▲é✾ç➣ï✑☎ é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎✲ñ↔ï✑☎➞☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎❚ñ➘ç✆☎❚ñ➘ê✈í✰îðê✓☎✈ò❀õ❴ç ➭ îðê✈é✲ï➞ñ➘ê➁ë➘é
ï❺ì❮î ➭ ☞❺ç✾ñ❶ç✙✘✽ì✈ö✞❴úê✈ì❰é☞ï❺í➘í➫✔❶ö þ î➶ï❺ñ❶îôõ❴ê♦ù➯ñ➘❝ → ❼ ❞➧�➘ë❶û➘ù ➭ ✝❫ï❺ñ➘ç✾ê♦é ❹Ð❻▲❻❚➔ ö ✽ ê✓☎❮îðêsï❺ìôî ➭ ☞▲ç➘ò þ î➶ï❺ñ➋î❰õ❴ê♦ù➯ñ➘❝ → ❼ ❞★ñ ➭ ☎❉☎ôê
✂➍ë➘ê✶ï✔é☞ï ➭ ç▲ì ➭ ï✶ñ↔ï✑☎✳☞❺ìðï❺í➘ñ❶ê✓☎❂é✾ê♦ù✭✟❶ç▲ì ➭ ï✑☎úí❶ç✆☎✳�↔ï❺ìôê✓☎❂ñ➘ê✢ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎❈☎❉✒❺ç■ç▲û❶î ➭ ñ↔ï✑☎❄✝♦ç▲é✟ï❺ù➯î❰ê♦ì❰ï✑✏✓★✬ê✓☎úñ➘ê
é☞ï✑✝♦ìôç✾❑➏☞▲ê✈ç▲é✾ê✈îðì ➭ ï✾ê✤✂✬ë❶ê✾é✾ê♦ù✗✟➘ç▲ì ➭ ï✑☎úé☞ê✈í➘ç▲ì❰ê✌☎❈☎✹✒❺ç❶ò✐ê♦é ☞❺ê♦ìðïÐù ò➂ç▲û➋î ➭ ñ➘ï✑☎❈✝♦ç▲é✑é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎❀ñ➘ê✢é ➭ ✝✈ì❰ç✾❑
☞▲ê✈ç▲é☞ê îðì ➭ ï❶ò❸ê➃✂✬ë❶êøïúñ❶ê✓✝ ➭ ☎✹✒❺ç❄ñ➘ê❍✂✬ë➘ï❺í➘ñ➘ç✽ï❺ñ➘ç❺îðï❺ì★ë➘é✲ï↕ç▲ëÿç▲ë❶îðì❰ïúê✌☎ôîðì❰ïÐî✹✪✌☞ ➭ ï✞✪ ë➘é➟ñ➘ê✓☎❰ï P ç❀ñ❶ç✽ê♦í✜☞▲ê♦í✠✟❶ê ➭ ìôç
ì❰ê✌☎❉�✍ç▲í✠☎❉❋ × ê♦ù❍�❛ç▲ì ➭ ☎❮îðç➘ö✲ó❡ï❺ì❰ï é✾ê♦ù✗✟➘ç▲ì ➭ ï✑☎❂ê♦é✂î❰ê♦ìôé☞ç✆☎❒ñ➘ê✾ì❰ê✌☎ ➭ ☎❮î ❀ í✠✝ ➭ ï ñ➘ç✆☎✫�↔ï❺ìôê✓☎ÿñ➘ê☞ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ò⑧ê♦ù➯ê
ì❰ê✌✝♦ç▲é✾ê♦í❶ñ➘ç▲ë➫✂➍ë➘ê❏☎❰ê✈é✦�➘ìôê❏✂➍ë➘ê❏�❛ç✑☎❉☎❉❱ × ê✈ùÕ☎ôê❭➘❰ï❺é õ❴ê ➭ î➶ï✾☎úïÐù➯îðê✈ìðï✑✏✌★➋ê✌☎↕ñ➘êsé☞ï✑✝♦ìôç✾❑➏☞❺ê♦ç▲é✾ê✈î❰ì ➭ ï➋ö ✽ ç☞ê✈í✰î➶ï❺í✰îðç❶ò
�↔ï❺ì❰ï✢ï✑☎øìôê♦ñ➘ë✠✏✌★➋ê✌☎èñ➘ê❂ì❰ë✜❱➲ñ➘ç➘ò✬ê♦ù➯ê❀ì❰ê✌✝♦ç▲é✾ê♦í❶ñ➘ç▲ë➆✂➍ë➘ê❈☎❰ê➏➘❰ï❺é ë✜☎ðï❺ñ↔ï✾☎↕ï✑☎èï❺ù➮îðê♦ì❰ï✑✏✓★✬ê✓☎Õñ➘ê❂é ➭ ✝♦ìôç✾❑➏☞❺ê♦ç▲é✾ê✈î❰ì ➭ ï➋ö
✣④ç▲í❶õ❴ç❺ì❰é✾ê●ï✾ê❸✶✜�✍ê♦ì ➭✭❀ í✠✝ ➭ ï✶ñ❶ê✓☎ôî❰êsïÐë❶îðç▲ì✈ò✧✪❒ï✑✝♦ê ➭ îðç✶í↔ï ➭ í➘ñ ✩ ☎❮îðì ➭ ï✤✂✬ë❶ê✫�➘ï❺ì❰ê✌☎úñ➘ê●ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄ê✷✶ ➭ ☎❮îðê♦í✰î❰ê✓☎
✂➍ë➘ê✬☎❰ç❺õ❴ì❰ï❺é ïÐù➯îðê✈ìðï✑✏✌★➋ê✌☎øñ➘ê❂é ➭ ✝✈ì❰ç✾❑➶☞▲ê♦ç▲é✾ê✈î❰ì ➭ ï❒í✧✒Ðç✾í❶ê✓✝♦ê✌☎❉☎ ➭ î➶ïÐé ñ➘ê❂ì❰ê × ï❺ù ➭ ñ↔ï✑✏▼✒Ðç❾ñ➘ê●ñ➘ë➘ì❰ï❺û ➭ ù ➭ ñ↔ïÐñ➘ê❺ò✬ë➘é☞ï
× ê ý ✂✬ë❶ê✢ê✓☎ôîðï✑☎❒ï❺ù➯î❰ê♦ì❰ï✑✏✓★✬ê✓☎✳☎❉✒❺ç■í➘ê✈ë❶îðì❰ï✑☎❂ç▲ë➇�❛ç✑☎ ➭ î ➭➯× ï✑☎■✂➍ë↔ï❺í✰îðç➞ú■ì❰ê✌☎ ➭ ☎❮î ❀ í✠✝ ➭ ï✔ñ➘ç➆�↔ï❺ì❂ñ➘ê✢ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ö
æ × ï❺ù ➭ ñ↔ï✑✏✓✒❺ç❒ñ➘ê❀ñ➘ë➘ì❰ï❺û ➭ ù ➭ ñ➘ï❺ñ➘ê❄ñ➘ê❀ë➘é➹�↔ï❺ìÕñ➘ê❀ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✿✪❀ë➘é➹�➘ì❰ç⑥✝♦ê✌☎❉☎ôç✤✝❫ï❺ìôç✢ê❀ñ➘ê♦é✾ç▲ì❰ï❺ñ➘ç➘ö⑧æ ➭ í➘ñ➘ï
☎❰ê✌☞▲ë➘í➘ñ❶ç✴ï❉ê✷✶❯�✍ê♦ì ➭✗❀ í✠✝ ➭ ï✸ñ➘ê✌☎ôî❰ê■ï❺ë❶î❰ç▲ì♦ò➀ï✸çÐî ➭ é ➭➲ý ï✑✏▼✒Ðç❧ñ❶ê✔ë➘é �↔ï❺ìsñ❶ê✔ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎✤✂✬ë➘ï❺í✰îðç✴ï❺ç✸ìôë✠❱➲ñ❶ç
ì❰ê✌✂➍ë➘ê♦ì✈ò✍ê✈é❲☞▲ê✈ìðï❺ù❿ò➘ï✑�✍ê♦í↔ï✾☎❄é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎èí➘ï✑☎✞☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎èñ➘ç✑☎❄ñ❶ê♦í✰îðê✌☎♦ö

✢úé é✦✪ îðç✬ñ➘ç✸ñ➘ê■é✾ç➋ñ ➭✗P ✝♦ï✑✏▼✒❺ç❉ñ↔ï➲☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✔ñ➘ç✑☎✢ñ➘ê♦í✰îðê✌☎✢õ❴ç ➭ ï✑�❶ì❰ê✓☎ôê♦í✰î➶ïÐñ➘ç✴ê♦é ë❶é✲ï➲�↔ï♣îðê♦í✰î❰ê■ñ↔ï
❹▲❼



⑨þ⑩❘❷❚⑩❘➋❿✉❚ñ➘ç✻✔▲ï✑�✧✒❺ç☞ñ➘ê ❹Ð❻▲❻▲❻ ñ➘ê❾ï❺ë➋îðç▲ì ➭ ï✶ñ➘ê✤✯❉ï✾❨ ➭ ❝ ➔✑➜ ❞❿ö↕æ❢�↔ïÐî❰ê♦í✰îðêÿì❰ê õ❴ê♦ì❰ê❸❑➏☎ôê❾ï❺ç✾î ➭ �✍ç✾ñ➘êsé✾ç➋ñ ➭✗P ✝♦ï✑✏▼✒❺ç
ê❧ï❺ç❅é✡✪✈îðç✬ñ➘ç⑤�↔ïÐìðï❅ï❅ç▲û❶î❰ê♦í✠✏✓✒❺ç✴ñ↔ï❅é☞ç✬ñ ➭✗P ✝❫ï✑✏✓✒❺ç➘ö❩✰❥ì❰ïÐî➶ï❘❑➶☎❰ê■ñ➘ê■ë❶é✲ï➲✝✈ë➘ì × ïÐî❰ë➘ìðï⑤✝♦ç❺í × ê✷✶❶ï✕ï✾�➘ù ➭ ✝❫ï❺ñ↔ï
ú✻☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ êÿñ➘ç✆☎❀ñ➘ê✈í✰îðê✓☎✈ö●æ❢✝♦ç❺í × ê✷✶ ➭ ñ➘ï❺ñ➘ê✶ñ↔ï✙☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê × ï❺ì ➭ ï✲ï❺ç✔ù➯ç▲í✠☞▲ç☞ñ↔ï✑☎❀ù ➭ í✠✟➘ï✑☎úñ❶ê✵✝♦ç▲í✰îðïÐîðç■ñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎✈ò➋ç❈✂➍ë➘ê✞☎❰ê✌☞▲ë➘í➘ñ❶çÿç●ï❺ë➋îðç▲ì✈ò✆�❛ê✈ì❰é ➭ î❰êøé ➭ í ➭ é ➭➲ý ï❺ì★ç❂ê♦ìôì❰ç●ñ➘êøîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç❀ê♦é➜ë❶é✲ï❂ï❺é✡�➘ù➲ï❄õ❤ï ➭ ✶➘ï❀ñ❶ê
îðç❺ì❉✂➍ë➘ê✓☎✈ö✿✼➏☎ôî❰ç✙✪✫�↔ï❺ìôî ➭ ✝✈ë➘ù ï❺ìôé☞ê✈í✰îðê ➭ í✰î❰ê♦ì❰ê✌☎❉☎❰ï❺í✰îðê❺ò✄�✍ç▲ìúê❸✶➋ê♦é✡�➘ù➲ç➘ò↔í➘ï✑☎✽ï✾�➘ù ➭ ✝❫ï✑✏✌★➋ê✌☎èê♦é îðì❰ï❺í✠☎ôé ➭ ☎❉☎❉★✬ê✓☎úï❺ë❯❑
îðç❺é☞ç❺î ➭➯× ï✑☎✈ò❺ç▲í➘ñ❶êèê✷✶ ➭ ☎❮îðêèë➘é☞ï × ï❺ì ➭ ï✑✏▼✒❺ç✕☞▲ìðï❺í❶ñ➘êèñ➘ç❀îðç❺ì❉✂➍ë➘êèí➘ç✆☎✱�➘ï❺ì❰ê✌☎➀ñ➘êèê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎♦ö þ ç▲û✢ñ ➭ õ❴ê♦ìôê♦í✰îðê✌☎
îðç❺ì❉✂➍ë➘ê✓☎✈ò✍ï✑☎èñ➘ê✌ö➘ê✷✶❯★➋ê✌☎↕ê♦ùõ❋✾☎ôî ➭ ✝❫ï✑☎èìôê✓☎ôë➘ù➯îðï❺í✰îðê✓☎èí❶ç✆☎↕ñ➘ê♦í✰îðê✌☎✞☎✹✒❺ç✾ï✑✝✈ç▲é☞ç✬ñ↔ï❺ñ➘ï✑☎✩�✍ê♦ù ï✾☎èñ ➭ õ❴ê✈ì❰ê♦í✰î❰ê✓☎✿✝♦ë❶ì × ïÐîðë⑥❑
ìðï✾☎úñ➘ç✑☎úñ➘ê✈í✰îðê✓☎✈ö↕æ✕☎■✝♦ë➘ì × ï♣îðë➘ì❰ï✑☎❄✝✈ç▲í × ê❸✶➘ï✾☎❀ñ➘ç✆☎úñ➘ê♦í✰îðê✌☎✕☎❉✒❺ç✲ñ➘ê P í ➭ ñ↔ï✑☎■�❛ç▲ì✞☎ ➭ é❾ë➘ù➲ï✑✏▼✒Ðç✡✝✈ç▲é✡�➘ë❶î➶ï✾✝ ➭ ç❺í↔ï❺ù
ê●ç▲û❶î ➭ ñ↔ï✑☎↕ï♣îðìðï × ✪✓☎❄ñ➘ê●é✙❋✑✂➍ë ➭ í↔ï✑☎■✣ ✽ ✣✺ñ➘ê●ì❰ê î✹❱ P ✝❫ï✢ñ➘ê●ñ➘ê✈í➍î❰ê✓☎✈ö

✢úé☞ï ç▲ë❶î❰ìðï➲�↔ï♣îðê♦í✰î❰ê✔ì❰ê✈ù ï✑✝ ➭ ç▲í↔ïÐñ↔ï❉ï✸ë➘é é✡✪✈îðç✬ñ➘ç✍�↔ï❺ìðï ì❰ê♦ñ❶ë✠✏▼✒❺ç✴ñ➘ê✲ì❰ë✠❱➯ñ➘ç✸ê ×✬➭ û❶ìðï✑✏✓✒❺ç❉ñ➘ê➆�➘ï❺ì❰ê✌☎
ñ➘ê❀ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎↕ïÐî❰ìðï × ✪✌☎èñ➘ê❀é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎ í↔ï✑☎✩☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê✓☎④ñ❶ç✆☎øñ➘ê✈í➍î❰ê✓☎øõ❴ç ➭ ì❰ê✌✂✬ë❶ê♦ì ➭ ñ↔ï✛�✍ç▲ì❍✴ ➭ í↔ï▼❁▲ï✑❨➇r✷➋
✉✑❼✯❝ ⑩❲❻✰❹ ❞★ê♦é ❹❺❻❺❻❚➔ ö②æ➡�↔ïÐîðê✈í✰îðê❒ñ➘ê❏�❶ì❰ç✆�➘ì ➭ ê✈ñ↔ï❺ñ➘ê●ñ↔ï✶ê♦é✡�➘ì❰ê✌☎ðï✾ï❺é✾ê♦ì ➭ ✝❫ï❺í➘ï❂➴♦✇❜➷❚⑩❘❶✹①➝➷❘❷✎P✕✇⑦❶✹s✷❶✁✉✁➒❸➋✕➐❍⑩❘❶➶➩✧⑩❘❶✁✉✑➺
➋❆✇❿⑩❘✈↔ò➂õ❤ï❺û➘ì ➭ ✝❫ï❺í✰î❰ê✢ñ➘ê✤✟➘ê♦ù ➭ ✝✌✸✆�❶îðê✈ì❰ç✆☎✈ò✐ì❰ê õ❴ê♦ì❰ê❸❑➏☎ôê✶ï❚ë❶é✟é✡✪✈îðç✬ñ➘ç➆�↔ïÐìðï❚ï✔ñ➘ê P í ➭ ✏✓✒❺ç❚ñ↔ï✑☎❂é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎❀ñ↔ï✾☎
☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎Õñ➘ç✑☎Õñ➘ê✈í✰îðê✓☎Õê♦é➜õ❴ë➘í✜✏▼✒❺çÿñ➘çÿê✈ì❰ìôçsñ➘ê↕îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç✬�➘ìôê ×✬➭ ïÐé☞ê✈í➍î❰ê❄✝♦ï❺ù✭✝✈ë➘ù ïÐñ➘ç●ç▲ë☞ç❺û❶î ➭ ñ➘çÿê❸✶❯�❛ê❸❑
ì ➭ é☞ê✈í✰î➶ï❺ù➯é☞ê✈í➍î❰ê❺ò✬ê❂ñ➘ç✎�➘ì❰ç⑥✝♦ê✌☎❉☎ôç✾ñ❶ê●ï✑✝❫ï❺û➘ï❺é☞ê✈í✰îðç✢ñ➘ç✆☎èñ❶ê♦í✰îðê✌☎❄ñ➘ï✑☎èê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎♦ö þ ê✓☞❺ë➘í➘ñ➘ç✶ç✆☎↕ï❺ë➋îðç▲ìôê✓☎♦ò
�✍ç➋ñ➘ê❸❑➏☎ôê❒ç❺û❶îðê✈ì❄ìôê♦ñ➘ë✜✏✓★✬ê✓☎❄í➘ç☞í✜❱ × ê✈ù★ñ➘ê●ì❰ë✠❱➯ñ➘ç✶ñ↔ï✾ç❺ì❰ñ➘ê✈é ñ➘ê ⑩❲⑨ ï ⑩❺➔ ñ✧✲✺ïÐîðì❰ï × ✪✓☎❄ñ➘ç✾é✦✪ îðç✬ñ➘ç✎�➘ì❰ç✆�✍ç✆☎❮îðç➘ö
◆➪�➘ì ➭ í✠✝✌❱✭� ➭ ç❂ñ➘ç❒é✦✪ îðç✬ñ➘ç❈✪úìôê♦ñ➘ë ý♦➭ ì ï✑☎②ñ➘ë➘ï✑☎❖✝♦ç▲é✡�❛ç❺í➘ê♦í✰îðê✌☎Õñ❶ê ×✬➭ û➘ìðï✑✏✓✒❺ç●ñ➘ç❒ê♦í✠☞▲ìôê♦í↔ïÐé☞ê✈í➍î❰ç➘ò➍ë➘é☞ï●ñ❶ê♦ù ï✾☎
ì❰ê õ❴ê♦ìôê♦í✰îðêÿï❺ç✆☎↕ñ➘ê✌☎❰ù➲ç⑥✝❫ïÐé☞ê✈í➍î❰ç✆☎èí↔ï✶ñ ➭ ìôê✓✏✓✒❺ç✶ñ➘ç✎�➘ù ï❺í❶ç✾ñ❶êÿï✾✏▼✒❺ç➘ò✜✂✬ë❶ê❏✪●ç✎� ➭ ✝✈ç✾❑÷ï▲❑➏� ➭ ✝♦ç❾ñ➘ç✾ê♦ìôì❰ç✶ñ➘ê●îðì❰ï❺í✠☎❫❑
é ➭ ☎❉☎❉✒❺ç➘ò↔êÿï☞ç▲ë➋îðìðï✶ì❰ê õ❴ê♦ìôê♦í✰îðêsï❺ç☞ñ❶ê✓☎❰ù ➭➲ý ï❺é☞ê✈í✰îðç✾ê♦í✰îðìôê❾ï✑☎■☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎↕ñ➘ç✑☎úñ➘ê✈í✰îðê✓☎✽êÿç⑥✝♦ç▲ìôì❰ê●í↔ï✾ñ ➭ ìôê✓✏▼✒Ðç
í➘ç▲ìôé✲ïÐùÕïÐç➫�➘ù➲ï❺í➘ç❉ñ❶ê✔ï✑✏✓✒❺ç➘ö❚æq�❶ì ➭ é✾ê ➭ ìðï↔✝♦ç▲é✡�✍ç▲í➘ê♦í✰î❰ê✙✪✾ì❰ê♦ñ❶ë ý♦➭ ñ↔ï✸ïÐî❰ìðï × ✪✌☎❾ñ↔ï ñ❶ê P í ➭ ✏▼✒❺ç✸ï❺ñ➘ê✓✂➍ë↔ïÐñ↔ï
ñ↔ï✑☎↕é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎Õí↔ï✑☎✿☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎èñ➘ç✆☎èñ➘ê✈í➍î❰ê✓☎❄ê●ï✤☎❰ê✓☞❺ë➘í➘ñ↔ï✤✝♦ç❺é✦�✍ç▲í➘ê✈í➍î❰ê❈✪❂ì❰ê✈ñ➘ë ý♦➭ ñ↔ï✶ïÐîðì❰ï × ✪✓☎↕ñ➘ç✶ë✠☎ôç
ñ➘ê☞ë➘é �➘ì❰ç⑥✝♦ê✌☎❉☎ôç✸ñ➘ê✙☎ôë✠�✍ê♦ì❾ï✾✝❫ï❺û↔ïÐé☞ê✈í➍î❰ç④❅✙❖➏✇✭①❺⑩❘➋➓❶✹⑩❙➩✄✇❿s✞➼❖✈✧✇✭①❙t⑥✇⑦✈⑥➑✎➩✄❶✹⑩❺s❙r❙①❙①❴❖❸❇❀ñ➘ç✑☎ÿñ➘ê✈í✰îðê✓☎sñ↔ï✑☎❒ê♦í✠☞▲ìôê♦í↔ï▲❑
☞▲ê✈í✠☎✛�↔ïÐìðï ìôê♦ñ➘ë ý♦➭ ìÿï ìôë✠☞▲ç✆☎ ➭ ñ↔ïÐñ➘ê✦☎ôë✠�✍ê♦ì P ✝ ➭ ïÐù ê✡�↔ï❺ì❰ï é❾ë❶ñ↔ï❺ìÿï ç▲ì ➭ ê♦í✰îðï✑✏▼✒❺ç❧ñ↔ï✑☎❒é☞ï❺ì❉✝♦ï✑☎❏☞❺ê♦ìðïÐñ↔ï✑☎❒í➘ç
�➘ìôç❯✝✈ê✓☎❉☎ôç✾ï❺í✰îðê♦ì ➭ ç▲ì ñ➘ê❀ìôê✈î❉❱ P ✝♦ïsñ➘ç✆☎Õñ➘ê♦í✰îðê✌☎♦ö✮✣④ç▲é✾çsç✵�➘ìôç❯✝✈ê✓☎✁☎❰ç✢ñ➘ê✳☎ôë✠�✍ê♦ìèï✑✝♦ï❺û↔ï❺é✾ê♦í✰î❰ç✵☞▲ê♦ì❰ï❾ï❺ù➮îðê♦ì❰ï✑✏✓★✬ê✓☎
ñ ➭ é☞ê✈í✠☎ ➭ ç▲í↔ï ➭ ☎úí↔ï✻☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ êsñ➘ç✆☎✽ñ➘ê♦í✰îðê✌☎♦ò❽ï✲ñ➘ê P í ➭ ✏▼✒❺ç■ñ↔ï✾☎❀é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎✽í↔ï✻☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ êsñ➘ç✆☎✽ñ➘ê♦í✰îðê✌☎✬✪
õ❴ê ➭ î➶ï✡✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺í❶ñ➘ç✾❑➏☎ôê✢ï✑☎ × ïÐì ➭ ï✾✏✓★✬ê✓☎✽ñ❶êsì ➭ ☞ ➭ ñ❶ê ý êsî➶ï❺ésûþ✪✈é ï✑☎❂ï❺ù➮îðê♦ì❰ï✑✏✓★✬ê✓☎■☞▲ê✈ìðï❺ñ↔ï✾☎✳�❛ê✈ù➲ç✦�➘ì❰ç⑥✝♦ê✌☎❉☎❰ç■ñ❶ê
☎❰ë✜�❛ê✈ìèï✑✝❫ïÐû↔ï❺é✾ê♦í✰îðç➘ö ✽ ïsñ➘ê✌☎❉✝♦ì ➭ ✏✓✒❺ç❾ñ↔ï✵�↔ï♣îðê♦í✰î❰ê❺ò❶ç✑☎èï❺ë❶î❰ç▲ì❰ê✌☎øí✧✒❺ç❾ê✌☎❉✝✈ù ï❺ìôê✓✝♦ê✈ìðï❺é ç❾é✡✪✈î❰ç➋ñ➘çÿë✠☎ðïÐñ➘ç✤�↔ï❺ì❰ï
ï❉ç▲û➋îðê♦í✜✏▼✒❺ç✸ñ➘ï✑☎sé✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎❒ñ↔ï✑☎❏☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎✈ö➲◆ ➭ í✰î❰ê♦ì❰ê✌☎❉☎❰ï❺í✰îðê✔í➘ê✌☎ôî❰ê✔îðìðïÐû↔ï❺ù✭✟❶ç✍✪✲ï❉ê✓☎❮îðìðï♣î✹✪✓☞ ➭ ï ñ❶ê
ñ➘ê îðê♦ìôé ➭ í↔ï❺ì■�➘ì❰ê ×✬➭ ï❺é✾ê♦í✰îðêÿç✔ê♦ìôì❰ç✔ñ❶êsîðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç✦�↔ï❺ì❰ï☞ñ➘ê✌�❛ç ➭ ☎✽û➘ë✜☎❉✝❫ïÐì❂ï✲é✾ç➋ñ ➭◗P ✝❫ï✾✏▼✒❺ç✾í↔ï✙☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê

❹ →



ñ➘ç✆☎↕ñ➘ê✈í✰îðê✓☎■✂➍ë➘ê❒ì❰ê♦ñ❶ë ý ï✶ç × ïÐù➲ç▲ìøñ❶ê✫� ➭ ✝♦ç❘❑÷ï❘❑➶� ➭ ✝✈ç❾ñ➘ç✾ê♦ì❰ìôç✶ñ➘ê❂îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç➘ö

✢úé îðìðïÐû↔ï❺ù✭✟❶ç✛�↔ï❺ì❰ïsì❰ê✈ñ➘ë✠✏✓✒❺ç✶ñ➘ç❾ê♦ìôì❰ç✢ñ➘ê❀î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç❾ï♣îðìðï × ✪✓☎èñ➘ç✢ë✠☎ôç✢ñ➘ê❂ë➘é ï❺ù✭☞❺ç▲ì ➭ îðé✾ç✫☞❺ê♦í✠✪ î ➭ ✝✈ç
õ❴ç ➭ ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺ñ➘ç✙�✍ç▲ì❄✣④ë➘ì❮î ➭ ☎✛r✷➋❿➍✬✉✑❼◗➍✥❝ ❹❺❻ ❞★ê✈é ❹❺❻▲❻✆➔ ö ✽ ê✌☎ôîðê●îðì❰ï❺û↔ï❺ù✗✟➘ç➘ò♦✣④ë❶ìôî ➭ ☎✵r✷➋➶➍❈✉✑❼◗➍✹❝ ❹Ð❻ ❞➧�➘ì❰ç✑�➘ë✠☎❰ê✈ìðï❺é
ë➘é➚�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç✛�↔ïÐìðïsï❒ì❰ê✈ñ➘ë✠✏▼✒Ðç❾ñ➘çsìôë✠❱➲ñ❶çsñ➘ê❄✝❙✟➘ç▲ì❰çÿñ➘ê✽ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✬❅✙❖✠❪❊t⑥✇⑦✈⑧r❄✈⑧⑩❘✇✭①❺r❴❖❸❇⑧ïÐîðì❰ï × ✪✓☎④ñ↔ï
ì❰ê✈ñ➘ë✠✏✓✒❺ç■ñ↔ï✔ê✷✶❯✝ ➭ î➶ï✾✏▼✒❺ç✔ñ❶ê❾ê♦í✰îðì❰ï❺ñ↔ï✔ñ➘ê✢ë❶é➴☎ ➭ ☎ôî❰ê♦é☞ï✲ñ ➭ í✧✺❺é ➭ ✝♦ç❶öúæ➜ê❸✶❯✝ ➭ îðï✑✏▼✒Ðç➆✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ➘ï☞õ❴ç ➭ ç✲ê♦ì❰ìôç
ñ➘ê❄îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç❒ê✓☎❮î❙❋Ðî ➭ ✝♦ç❶ò✬ê✽ïÿìôê♦ñ➘ë✠✏✓✒❺çsñ➘ïsê✷✶❯✝ ➭ î➶ï✑✏✓✒❺ç✫�➘ì❰ç × ê✈í ➭ ê✈í✰îðê❀ñ➘çÿê♦ìôì❰çsñ❶êúîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç❒õ❴ç ➭ ç▲û➋î ➭ ñ➘ï
ïÐî❰ìðï × ✪✌☎④ñ↔ï●ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç❂ñ↔ï✑☎ é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎②í↔ï✬☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê↕ñ➘ç✆☎④ñ❶ê♦í✰îðê✌☎④ë✠☎❰ï❺í➘ñ➘çÿë➘éãï❺ù✭☞❺ç▲ì ➭ îðé✾ç✳☞▲ê♦í✜✪✈î ➭ ✝♦ç➘ö
æ✕☎↕é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎❍✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ➘ï✑☎↕í↔ï✢ç❺î ➭ é ➭➯ý ï✑✏✓✒❺çÿõ❴ç▲ì❰ï❺é ì❰ê✓☎❮îðì ➭ î➶ï✾☎✞ú✑☎èé☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎✩✝♦ç❺í × ê♦í✠✝ ➭ ç▲í➘ï ➭ ☎ ❹ ✘sò
ç▲í➘ñ❶ê●ï✑☎ × ï❺ì ➭ ❋ × ê ➭ ☎øê♦í × ç❺ù ×✬➭ ñ↔ï✾☎øõ❴ç▲ìðï❺é ï ➭ í✠✝✈ù ➭ í↔ï✑✏▼✒Ðçsê❂ç✶ï❺û↔ïÐë➘ù ï❺é✾ê♦í✰î❰ç✢ñ➘ç✤�❛ê✈ì P ù❨ê × ç❺ù × ê✈í✰îðê❒ê❂ñ➘ç✤�↔ï✑☎✁☎❰ç
ñ↔ï✫✟✠✪♦ù ➭ ✝♦êÐö❖◆➪�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í✰îðç✛�❶ì❰ç✆�✍ç✆☎ôî❰ç❏✝✈ç▲í✠☎ ➭ ñ➘ê✈ì❰ç▲ë✲ï ➭ í➘ñ➘ï❒ë➘é☞ïsïÐí✧❋❺ù ➭ ☎❰êèñ➘ê❄☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶ê↕ï❺ç✆☎ ê♦ì❰ìôç✆☎ ñ➘ê
õ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺ç❶ö❖✘✽ê✓☎❮î➶ï✾õ❴ç❺ì❰é☞ï❶ò➘ï✎✝♦ç▲í❶ñ ➭ ✏✓✒❺ç✎✸❺î ➭ é✲ïÿõ❴ç ➭ ñ➘ê P í ➭ ñ↔ï✢í✧✒❺ç✡☎❰ç❺é☞ê✈í➍î❰ê✬✂✬ë➘ï❺í✰îðç✦ú✾é✾ê♦í➘ç❺ìèê✷✶❯✝ ➭ î➶ï✑✏✓✒❺ç
�➘ìôç × ê♦í ➭ ê♦í✰îðê■ñ❶ç✸ê♦ìôì❰ç✸ñ➘ê✾îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❶ò⑧é✲ï✾☎❒îðï❺é❾û✄✪♦é❥✂➍ë↔ï❺í✰îðç➇ú❧ì❰ç▲û➘ë✜☎ôîðê ý ñ➘ç➲�➘ìôç❘➘ôê✈î❰ç❅ï❺ç✆☎ÿê♦ìôì❰ç✆☎ÿñ➘ê
õ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺ç❶ö➆◆ î❰ìðï❺û↔ïÐù✭✟➘ç❧ï✑�➘ìôê✓☎ôê♦í✰îðç▲ë➌ï❉ï✑�➘ù ➭ ✝♦ï✑✏▼✒❺ç■ñ❶ç➫�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç ê✈é �↔ï❺ìôê✓☎❒ñ➘ê✲ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❒ñ➘ê
ë➘é☞ïsîðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❾ï❺ë❶îðç❺é☞ç❺î ➭➯× ïÿñ❶ê❈✝ ➭ í✜✝♦ç✢é☞ï❺ì❉✝❙✟↔ï✾☎♦ò➘ê●ï✑�❶ì❰ê✓☎ôê♦í✰îðç❺ë ï ➭ í➘ñ↔ï✵✝✈ç▲é✡�↔ï❺ìðï✾✏▼✒❺ç❾ñ❶ç✆☎èì❰ê✌☎❰ë➘ù➮î➶ï❺ñ➘ç✑☎
ï❺í↔ïÐù✭❱➯î ➭ ✝✈ç✆☎❬✝♦ç❺é➩ç✆☎Õìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎ ç▲û❶î ➭ ñ➘ç✆☎②ê❸✶✜�✍ê♦ì ➭ é✾ê♦í✰î➶ïÐù➲é✾ê♦í✰îðêÐö❖◆✺îðì❰ï❺û↔ï❺ù✗✟➘ç✫✝♦ç▲í✠✝✈ù➲ë ➭ ë✦✂➍ë➘êúïÿìôê♦ñ➘ë✜✏▼✒❺çÿñ↔ï
ê✷✶❯✝ ➭ î➶ï✾✏▼✒❺ç✶ñ➘ç✾ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç✶ù➯ê × ï✶ï✶ìôê♦ñ➘ë✜✏▼✒❺ç✾ñ➘ç✶ì❰ë✠❱➯ñ➘ç➘ö

æ ìôê ×✬➭ ☎❉✒❺ç✸û ➭ û➘ù ➭ ç✆☞▲ì✹❋ P ✝❫ï■é✾ç✆☎ôî❰ìðï✍✂➍ë➘ê✙✟✧❋➫✂➍ë↔ï✑☎ôê✻✝ ➭ í✠✝♦ç ñ✠✪✓✝♦ï❺ñ↔ï✑☎❾ç❉ê♦ì❰ìôç❉ñ➘ê☞îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç ê✔ï➫☎ôë↔ï
➭ í❯ö↔ë ❀ í✜✝ ➭ ï❧í➘ç❉ìôë✠❱➲ñ❶ç❉ñ➘ç✆☎❏�↔ï❺ìôê✓☎❾ê✈í✠☞▲ì❰ê✈í↔ï❺ñ➘ç✑☎ÿî ❀ é❥☎ ➭ ñ❶ç❉ê✓☎❮îðë➘ñ➘ï❺ñ➘ç✆☎✈ö➫✼➏☎ôî❰ç✸ñ➘ê✈é☞ç▲í✜☎ôîðì❰ï✸ï ➭ é✦�✍ç▲ì❮î❙✺❺í✠✝ ➭ ï
ñ➘ê✌☎ôîðê❒îðê✈é✲ï❶ö➃✰❽ìðï❺û↔ïÐù✭✟➘ç✆☎✞�➘ë❶û➘ù ➭ ✝❫ï❺ñ➘ç✑☎èí➘ç✆☎ ✩ ù➯î ➭ é✾ç✆☎èï❺í➘ç✑☎❄é✾ç✆☎❮îðìðïÐé❲✂➍ë➘êÿê✌☎ôî❰ê❾ï✑☎✁☎❰ë➘í✰îðç✲ï ➭ í❶ñ↔ï✡�❶ì❰ê♦ç⑥✝♦ë✜�↔ï
ç✆☎✬�✍ê✓☎❉✂➍ë ➭ ☎ðï❺ñ❶ç▲ì❰ê✌☎ÿê✎✂➍ë➘ê✶ç✍✝✈ç▲í✠✟➘ê✌✝ ➭ é☞ê✈í➍î❰ç í❶ê✓☎ôîðï✍❋Ðì❰ê❫ï■í✧✒Ðç❧õ❴ç ➭ ê✓☎❉☞❺ç❺î➶ï❺ñ❶ç➘ö✦✣④ç▲í✠☎ôîðïÐîðç❺ë❯❑➏☎ôê☞ï♣îðìðï × ✪✓☎❒ñ↔ï
ì❰ê ×✬➭ ☎✹✒Ðç❉û ➭ û➘ù ➭ ç✆☞▲ì✹❋ P ✝❫ï✙✂➍ë➘ê☞ç➫� ➭ ✝♦ç✾❑➻ï❘❑➏� ➭ ✝♦ç■ñ❶ç ê✈ì❰ì❰ç ñ➘ê✶îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç❚õ❴ç ➭ ë✠☎❰ï❺ñ➘ç✸ê✈é ☞▲ìðï❺í❶ñ➘ê✦�➘ï❺ìôî❰ê☞ñ➘ç✑☎
îðì❰ï❺û↔ï❺ù✗✟➘ç✆☎❈✝✈ç▲é☞ç↔�↔ïÐì✹✺❺é✾ê✈î❰ì❰ç❚ñ➘ê✾ï × ïÐù ➭ ï✾✏▼✒❺ç■ñ➘ç➞✝♦ç❺é✦�✍ç▲ìôîðï❺é✾ê♦í✰îðç■ñ➘ç➞�↔ï❺ì❂ñ❶ê☞ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✫✂✬ë➘ï❺í✰îðç ï❺ç
ì❰ë✜❱➲ñ➘ç➞☞▲ê♦ì❰ï❺ñ➘ç➘ö➲➯➟ï❺é✦�❶ù ï❺é✾ê♦í✰îðê✶ï✾✝♦ê ➭ îðç✍✂✬ë❶ê☞ç✍� ➭ ✝✈ç✾❑÷ï❘❑➶� ➭ ✝✈ç■ñ➘ç❉ê✈ì❰ìôç❉ñ➘ê✶îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❧ì❰ê✈ù ï✑✝ ➭ ç▲í➘ï❘❑➏☎ôê✶ï❺ç
ì❰ë✜❱➲ñ➘ç✴ñ➘ç✆☎✡�↔ï❺ìôê✓☎✶ê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘ç✆☎✈öÑ✯ ë ➭ îðç✑☎✾ñ❶ç✆☎✢îðìðïÐû↔ï❺ù✭✟❶ç✆☎✢ê✓☎❮îðë➘ñ↔ïÐìðï❺é✥ç➁ê✈õ❴ê ➭ îðç✴ñ↔ï✾☎☞é✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎✢ñ↔ï✾☎
☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎❂ñ➘ç✆☎●ñ➘ê♦í✰î❰ê✓☎❒í↔ï❧ìôê♦ñ➘ë✜✏▼✒❺ç❧ñ➘ç↔� ➭ ✝✈ç✾❑÷ï▲❑➏� ➭ ✝♦ç✔ñ➘ç❧ê♦ìôì❰ç❚ñ➘ê✢îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç❧ê✢ñ❶ç ìôë✠❱➲ñ➘ç■ñ❶ç✆☎✬�↔ï❺ì❰ê✌☎
ê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘ç✆☎✈ö✬✯ ê✌☎❰é✾ç✆☎❂ï✑☎❀é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎■☎ ➭ é✦�❶ù➲ê✓☎✈òþ✝❙✟➘ï❺é✲ïÐñ↔ï✑☎✽ê✈é✖ï❺ù✭☞▲ë❶í✠☎úî❰ìðï❺û↔ïÐù✭✟➘ç✆☎❄ñ➘ê❾é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎
❹ ✘sò✑�❛ç✆☎✁☎ ➭ û ➭ ù ➭ î➶ïÐé✣ï❀ìôê♦ñ➘ë✜✏▼✒❺ç❒ñ➘ç✬� ➭ ✝✈ç✾❑÷ï▲❑➏� ➭ ✝♦ç❀ñ➘ç●ê✈ì❰ì❰ç●ñ➘êøî❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➘öÕ✼➏☎ôîðç✩➘ôë✠☎❮î ➭✗P ✝❫ï❂ï●ï❺û✍ç▲ì❰ñ↔ï✾☞▲ê♦é✣ñ➘ç
�➘ìôê✓☎❰ê✈í✰îðê❂îðì❰ï❺û↔ï❺ù✗✟➘ç❾ê❂ï❾é✾ç❺î ➭➮× ï✑✏▼✒❺ç❏�↔ï❺ì❰ïsñ➘ê✓☎ôê♦í × ç❺ù × ê✈ìúë❶é é✡✪✈î❰ç➋ñ➘ç✛�↔ï❺ìðï❾ñ❶ê✈îðê✈ì❰é ➭ í↔ïÐìøï✑☎øé✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎

❹✑➜



ñ↔ï↔☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê❾ñ➘ç✑☎❒ñ❶ê♦í✰îðê✌☎❏✂➍ë➘ê✶é ➭ í ➭ é ➭➯ý ê❒ç ó②ó❖✚✱✰❂ò➧✝♦ç▲é✾ç✔õ❴ç▲ì❰é☞ï✔ñ➘ê✎✝♦ç❺í➍î❰ì ➭ û➘ë ➭ ì✕�↔ï❺ìðï❚ï■ì❰ê✈ñ➘ë✠✏✓✒❺ç❚ñ➘ç
ì❰ë✜❱➲ñ➘ç✎☞▲ê✈ìðï❺ñ➘ç✎�✍ê♦ù➯ç✆☎✿�↔ï❺ìôê✓☎❄ê♦í✠☞▲ìôê♦í↔ïÐñ➘ç✆☎♦ö

⑨▲❻



❘ Û ❤❚❙✍â✍✐ ❡➂ä ➬

ä✏Ü✂Ý❧❡✐Û✣Ù✙Ý❏à à Û❈â❧Ý➒à Þ➟â❧ß✐Þ➣Û Ü✂ä Ý➇Ú Ú❧ä Ü✂Ý

â❧Ú Û✙á å■à ß✐å■å❂❨✣ä

✚✱☎ôîðê❩✝❫ï✾�✠❱➯î❰ë➘ù➲ç➌î❰ê♦é ✝✈ç▲é☞ç➤ç▲û➂➘ôê✈î ➭➮× ç➇ï✑�➘ìôê✓☎❰ê✈í✰î➶ï❺ì❚ç➣é☞ç✬ñ➘ê♦ù➯ç➌ë✠☎❰ï❺ñ➘ç➉�↔ï❺ìðï➤çÖ✝▼❋❺ù✗✝♦ë➘ù➯ç➞ñ➘ç➣ê♦ì❰ìôç➤ñ➘ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒ÐçúïÐçèù➲ç▲í✠☞❺çèñ➘ç❄✝ ➭ ✝✈ù➲çèñ➘ê②ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç➘ò♣ê➀ñ ➭ ☎❉✝♦ë➋î ➭ ì★ïÐù✭☞▲ë➘í✜☎❂�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðç✑☎❂�↔ï❺ìðïèñ➘ê îðê✈ì❰é ➭ í↔ï❺ì
ï✢ñ ➭ ☎❮îðì ➭ û➘ë ➭ ✏▼✒❺ç✢ñ❶ê✫✝♦ï❺ì❉☞▲ï✶ê✈í✰îðì❰ê●ç✆☎↕ñ➘ê✈í✰îðê✓☎❄ê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘ç✆☎■✂➍ë➘ê❂õ❴ç▲ìðïÐé ê✓☎❮îðë➘ñ➘ï❺ñ➘ç✆☎❄í➘ê✓☎❮îðê●îðì❰ï❺û↔ï❺ù✗✟➘ç➘ö

✢úé✒é✾ç➋ñ➘ê✈ù➲ç↕é☞ïÐîðê✈é✙❋Ðî ➭ ✝✈ç✿✂✬ë❶ê✮�✍ê♦ì❰é ➭ îðï✿�➘ì❰ê × ê♦ì❥ç✽ê✈ì❰ì❰çúñ➘ê②îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç■☞▲ê♦ì❰ï❺ñ➘ç❄�❛ê✈ù➲ç■�↔ï❺ì❽ê♦í✠☞▲ìôê♦í↔ïÐñ➘ç
ê♦é➚✝✈ç▲í➘ñ ➭ ✏✓★✬ê✓☎ ñ➘ê✽ç✆�✍ê♦ì❰ï✑✏▼✒Ðç➘ò✬ï ➭ í➘ñ➘ï❒í↔ï●õ❤ï✑☎❰ê❄ñ➘ê❄�➘ì❰ç❘➘ôê îðç➘ò⑥✪■☎❰ê♦éãñ ✩ ×➋➭ ñ↔ïÿë❶é✲ï●õ❴ê♦ì❰ì❰ï❺é✾ê♦í✰î➶ï × ï❺ù ➭ ç✆☎ðï❈�↔ï❺ì❰ï
ï✢ç▲û❶î❰ê♦í✠✏✓✒❺ç☞ñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎■✝♦ç▲é û↔ï ➭ ✶➋ç✶í✠❱ × ê♦ù✐ñ❶ê❒ìôë✠❱➲ñ❶ç➘ö

✴❈❋❺ì ➭ ç✆☎④é☞ç✬ñ➘ê♦ù➯ç✆☎✮�➘ï❺ìðï❾ç✎✝▼❋Ðù✭✝♦ë❶ù➲ç❾ñ➘ç✶ê✈ì❰ì❰ç✢ñ❶ê❀îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç❾õ❴ç▲ì❰ï❺é➹�➘ì❰ç✆�✍ç✆☎❮îðç✆☎èê❂ñ ➭ õ❴ê♦ìôê♦í✰îðê✌☎↕ï❺û❛ç❺ì❰ñ↔ï❘❑
☞▲ê✈í✠☎Õõ❴ç▲ì❰ï❺é➜ë✠☎❰ï❺ñ↔ï✑☎➃✝♦ç❺é➩çsç▲û⑥➘ôê î ➭➮× çsñ❶ê❄☎ôê✽ç▲û❶î❰ê♦ì ë➘é☞ï❒é✾ê♦ù✗✟➘ç▲ì➀ì❰ê✌�➘ì❰ê✌☎❰ê✈í➍îðï✑✏▼✒Ðç❾ñ➘çÿõ❴ê✈í❣❬▲é✾ê♦í➘ç❒ì❰ê♦ï❺ù✥❝ ➀▲❼ ❞ ö
ó❥ç✬ñ➘ê❸❑➏☎❰ê●ñ ➭➮×✬➭ ñ ➭ ìèï✢é☞ç✬ñ➘ê♦ù➲ï✑☞▲ê✈é ñ➘ç✾ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✾ê✈é îðê✈ì❰é✾ç✆☎èñ➘ç✆☎✞☎ôê✓☞▲ë ➭ í✰îðê✓☎úï✑☎✁�❛ê✌✝✈îðç✑☎ Ð

•
�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✆☎èñ❶ê❒ç✑�❛ê✈ìðï✑✏✓✒❺ç❣❢

•
ìôê✓�➘ìôê✓☎ôê♦í✰î➶ï✑✏✓✒❺ç✙☞❺ê♦ç▲é✡✪✈î❰ì ➭ ✝♦ï❾ñ➘ç✎✝♦ç▲í✰îðïÐîðç✾ê♦í✰îðìôê●ç✆☎↕ñ➘ê♦í✰îðê✌☎✵❅❴é☞ç✬ñ➘ê✈ù➲ç✤☞▲ê✈ç▲é✦✪ îðì ➭ ✝♦ç❚❇❇❢

•
✝✈ç▲é✡�❛ç▲ì❮î➶ï❺é✾ê♦í✰î❰ç✢ê♦ùõ❋✾☎ôî ➭ ✝♦ç✢ñ➘ç✡�↔ï❺ìèê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç➲❅❴é☞ç✬ñ➘ê♦ù➯ç❾ê♦ù✭❋✑☎ôî ➭ ✝✈ç➂❇❇❢

•
➭ í✰îðê♦ì❰ï✑✏▼✒Ðç✡✝✈ç▲é ç▲ë➋îðì❰ç✑☎✿✝♦ç▲é✡�❛ç❺í➘ê♦í✰îðê✌☎↕ñ➘ç✦☎ ➭ ☎❮îðê♦é☞ï✛❢➘ê

•
☎ôç▲ù➲ë✜✏▼✒❺ç✶ñ➘ç✎�➘ìôç▲û➘ù➲ê✈é✲ï❾ñ❶ê❒ñ ➭ ☎ôî❰ì ➭ û➘ë ➭ ✏✓✒❺ç✢ñ➘ê✬✝❫ïÐì❉☞✰ï✢ê♦í✰î❰ì❰ê●ç✆☎↕ñ➘ê♦í✰î❰ê✓☎♦ö

⑨❶⑩



➮☛➱✖✃ ✛s✱✷✰➠❐✴❒ ✬✯✮✤✰✲❈✎✳✶❮❂✬❥❈✎❁❃✬✯✰✲✱✴❑✯❰✴❈

◆❈☎❄�↔ï❺ì❉✺❺é☞ê îðìôç✆☎úñ❶êsç✆�✍ê♦ì❰ï✑✏▼✒❺ç☞ñ➘ç✆☎✳�➘ï❺ì❰ê✌☎✽ê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘ç✆☎✕✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ❶ç✆☎✽í➘ç✑☎✽é✾ç➋ñ➘ê✈ù➲ç✆☎■☎✹✒Ðç➘ò❛ê✈é☛☞▲ê♦ì❰ï❺ù ò
ç✲î❰ç▲ì❉✂➍ë➘êsï✑�➘ù ➭ ✝❫ï❺ñ❶ç☞êsï✲ì❰ç❺îðï✑✏▼✒Ðç☞îðì❰ï❺í✠☎ôé ➭ î ➭ ñ➘ï❶ö✞◆✳☎✽é✾ç➋ñ❶ê♦ù➲ç✑☎❄✂➍ë➘ê❏✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺é✖ï✲ìôç❺î➶ï✾✏▼✒❺ç✾îðìðïÐí✠☎❰é ➭ î ➭ ñ↔ï
ù➲ê × ï❺é ê♦é ✝♦ç▲í✰î➶ï✔ç✑☎❀ê✈õ❴ê ➭ îðç✑☎✽ñ ➭ í✧✺❺é ➭ ✝♦ç✑☎♦ö ✽ ç■ê♦í✰îðï❺í✰îðç➘ò✐ï✲ï✑�➘ì❰ç▼✶ ➭ é☞ï✑✏✓✒❺ç✲ñ➘ç✲é☞ç✬ñ➘ê♦ù➯ç✙✝✈ç▲é ç✔õ❴ê♦í❣❬▲é✾ê♦í❶ç
ì❰ê♦ï❺ù②ñ➘ê✓�✍ê♦í❶ñ➘ê✲ñ➘ç❧í ✩ é✾ê♦ì❰ç❧ñ➘ê✡☞▲ìðïÐë✠☎●ñ➘ê☞ù ➭ û✍ê♦ìôñ↔ï❺ñ➘ê✢ë✠☎❰ï❺ñ➘ç ê☞ñ↔ï✾☎✫☎ ➭ é✡�➘ù ➭◗P ✝❫ï✾✏✓★✬ê✓☎❂í↔ï❚é☞ç✬ñ➘ê✈ù ï✑☞▲ê✈é✟ñ➘ç✑☎
ê♦ù➯ê♦é✾ê♦í✰îðç✑☎úñ➘ç✡☎ ➭ ☎ôî❰ê♦é☞ï❶ö✩◆❖ê♦ì❰ìôç☞ñ❶ê❒î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç☞ê✌☎ôî✹❋Ðî ➭ ✝♦ç✡✪❒í❶ç▲ì❰é☞ï❺ù➲é✾ê♦í✰î❰ê❂ë✠☎ðï❺ñ❶ç✦✝✈ç▲é☞ç✾ë➘é✏ñ↔ïÐñ➘ç☞ñ❶ê
ê♦í✰î❰ìðï❺ñ↔ï✶ñ➘ç✆☎↕é✾ç➋ñ❶ê♦ù➲ç✑☎øñ➘ê●ñ ➭ í✠✺❺é ➭ ✝❫ï❾ñ➘ê●ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✴❝ ➀▲❼ ❞ ö

➯✒õ❤ïÐî❰ç⑤✂➍ë➘ê❚ï✴ï❺í✧❋❺ù ➭ ☎❰ê☞ê✓☎❮î❙❋Ðî ➭ ✝❫ï➲✪■ë❶é é✾ç➋ñ❶ê♦ù➲ç➫☎ ➭ é✡�➘ù ➭✗P ✝♦ï❺ñ➘ç❉ñ❶ç✸õ❴ê♦í❣❬▲é✾ê♦í❶ç❅ì❰ê❫ïÐù ö✴æ✕�✍ê✓☎❰ï❺ì✢ñ ➭ ☎✁☎❰ç➘ò
ç✕ê✈ì❰ìôç✕ñ➘ê❧îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç➁í↔ïÓ✝✈ç▲í➘ñ ➭ ✏▼✒❺ç➁ê✓☎❮î❙❋Ðî ➭ ✝❫ï❋ï✑�➘ìôê✓☎❰ê✈í✰î➶ïÓ✝✈ç▲é✦�✍ç▲ì❮î➶ï❺é✾ê♦í✰îðç❩☎ ➭ é ➭ ù ï❺ì❾ï❺ç✕ñ➘ç❋ê♦ìôì❰ç✕ñ❶ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç❒í➘ï✫✝✈ç▲í➘ñ ➭ ✏▼✒❺ç●ñ ➭ í✧✺❺é ➭ ✝❫ï➋ò❺ê■�❛ç✬ñ➘ê♦ì ➭ ï✳☎ôê♦ì②ë✠☎ðïÐñ➘ç❏�➘ï❺ìðï✬☎❰ê❄ï × ï❺ù ➭ ï❺ì⑧ç●ê✈õ❴ê ➭ îðç●ñ↔ï✾☎ é✾ç✬ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎
ñ↔ï↔☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✢ñ➘ç✆☎❂ñ❶ê♦í✰îðê✌☎➲❝ ➔ →❡❞❿ö✶ó❥ç▲ì ➭ ☎ôîðç❶ò✐í↔ï✔õ❤ï✑☎❰ê✶ñ➘ê✎�➘ìôç❘➘ôê✈î❰ç➘ò➧☎❰ê♦ì ➭ ï■ìðï ý ç❚❋ × ê✈ù➀ñ➘ê✓☎✁�➘ì❰ê ý ï❺ì❒ç❧ïÐîðì ➭ î❰ç■ê
✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺ì④ï✬✝♦ç❺í➘ñ ➭ ✏✓✒❺ç●ê✓☎❮î❙❋Ðî ➭ ✝❫ï✬�↔ï❺ì❰ïÿï●ç❺î ➭ é ➭➲ý ï✾✏▼✒❺ç❂ñ↔ï✾☎Õé✾ç➋ñ ➭✗P ✝♦ï✑✏✓★✬ê✓☎➀ñ↔ï✬☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê↕ñ➘ç✆☎②ñ➘ê✈í✰îðê✓☎q❝ ➔ →✞❞ ö
þ ê✌☞▲ë➘í➘ñ➘çÿë➘é➜îðì❰ï❺û↔ï❺ù✗✟➘ç●ñ➘ê✞✴②ê♦ù➲ê❸✶✾êúæ✱➘ôé ➭ ❝ ➜ →❡❞ ò➂�➘ë➘û❶ù ➭ ✝♦ï❺ñ➘ç❒ê♦é ❹❺❻❺❻✆➀ ò✰ê✷✶ ➭ ☎ôîðê❄ë➘é☞ï❒ìôê♦ù➲ï✑✏▼✒❺ç❂õ❴ç▲ìôé✲ïÐù➘ê♦í✰îðìôê
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ñ➘ê î➶ï❺ù✗✟➘ê✓☎↕ì❰ê✌✝♦ç▲é✾ê♦í❶ñ↔ï❘❑➏☎ôê✬✝♦ç▲í✠☎ôë➘ù➯îðï❺ì↕ï✢ì❰ê õ❴ê♦ì ❀ í✠✝ ➭ ï❊❝ ⑩▲⑩▲⑩ ❞ ö

◆✣é✾ç➋ñ➘ê✈ù➲ç✵☞❺ê♦ç▲é✡✪✈î❰ì ➭ ✝✈ç✢ñ➘ç✡�↔ï❺ìèñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄✪●é✾ç✆☎ôî❰ìðï❺ñ❶ç✢í↔ï P ☞▲ë➘ìðï ⑨ ö ⑩ ö
ó❥ç▲ì➃✝♦ç❺í × ê♦í✠✏✓✒❺ç✢ï❒ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é➩é✾ç ×➋➭ ñ↔ï❈✪úù➯ç❯✝♦ï❺ù ➭➯ý ï❺ñ➘ï❂ï✑✝ ➭ é✲ï❀ñ↔ï❒ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é➩é✾ç❺î❰ç▲ìðï❶ò➍ï●ñ ➭ ☎ôî❙✺Ðí✠✝ ➭ ï

ê♦í✰î❰ì❰ê✞✝♦ê✈í➍î❰ì❰ç✆☎②ñ➘ç✬�↔ïÐì➀ñ➘êèê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎➃✪↕ñ➘ê P í ➭ ñ↔ï✳☎❰ç▲û❶ì❰ê↕ç●ê ➭ ✶➋ç
y
êèç●ê ➭ ✶➋ç●ñ➘êèìôç❺î➶ï✑✏✓✒❺ç❂ñ↔ï❂ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é

é✾ç❺îðç▲ì❰ï✵✝♦ç ➭ í✠✝ ➭ ñ➘ê❈✝♦ç❺é ç✶ê ➭ ✶➋ç
x
ö

æ ☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê➁ñ❶ç✆☎ ñ❶ê♦í✰îðê✌☎❉ñ↔ï➤ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é é✾ç ×➋➭ ñ↔ï➁✪❋ìôê✓�➘ìôê✓☎ôê♦í✰î➶ï❺ñ➘ï❧�❛ç❺ì➞�✍ç▲í✰îðç✑☎ ñ ➭ ☎❉✝✈ì❰ê✈î❰ç✆☎❧í➘ç
☎ ➭ ☎ôî❰ê♦é☞ïÿñ➘ê■✝♦ç✬ç▲ì❰ñ❶ê♦í↔ï❺ñ➘ï✑☎④é✾ç✆☎ôî❰ìðï❺ñ❶ç✆☎Õí➘ï P ☞▲ë❶ìðï ⑨ ö ⑩ ö✱◆❈☎ ì❰ê✌☎❉�✍ê✓✝ î ➭➯× ç✆☎✩�✍ç▲í✰îðç✆☎ ñ ➭ ☎❉✝♦ìôê✈î❰ç✆☎④ñ➘ê❄✝♦ç▲í✰îðïÐîðçÿí↔ï
☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✢ñ➘ç✑☎❂ñ➘ê♦í✰îðê✌☎ÿñ➘ï❚ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é✂é✾ç❺îðç❺ìðï✻☎✹✒Ðç➞✝♦ï❺ù✭✝✈ë➘ù ïÐñ➘ç✆☎❂ï➆�↔ï❺ì❮î ➭ ì❀ñ↔ï■îðê♦ç❺ì ➭ ï✔ñ❶ê✤☞▲ê♦ç▲é✾ê✈î❰ì ➭ ï✔ê
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❃ ➭ ☞➘ö ⑨ ö ⑩ Ð þ ê✌✏▼✒❺ç✶îðì❰ï❺í✠☎ × ê♦ì✁☎ðï❺ù★ñ➘ç✡�↔ï❺ìèñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ö

✝ ➭ í➘ê♦é✦❋Ðî ➭ ✝❫ï❾ñ➘ï✑☎↕ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎❄ñ➘ê●ñ➘ê✈í➍î❰ê✓☎■✟➘ê♦ù ➭ ✝✈ç ➭ ñ↔ï ➭ ☎♦ö

◆❈☎✾ñ➘ê✌☎ ×✬➭ ç✆☎☞ù➲ç▲í✜☞ ➭ î❰ë➘ñ ➭ í➘ï ➭ ☎❾ñ➘ï➁îðç✑�❛ç✆☞❺ìðï P ï ➭ ñ❶ê❫ï❺ùèñ➘ç✑☎✲ñ➘ê✈í➍î❰ê✓☎✈ò↕îðï ➭ ☎✎✝✈ç▲é☞ç➁ê♦ìôì❰ç✆☎☞ñ➘ê❚õ❤ï❺û➘ì ➭ ✝❫ï✑✏✓✒❺ç➁ê
é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎ ➭ í✰î❰ê♦í✠✝ ➭ ç▲í↔ï ➭ ☎❂ñ➘ê✎�➘ìôç❘➘ôê✈î❰ç➘ò➧�❛ç✬ñ➘ê♦é ☎❰ê♦ì✫✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ➘ç✆☎●í↔ï❧ï❺í✧❋❺ù ➭ ☎ôê❾ñ➘ê✎✝♦ç▲í✰îðïÐîðç➞✝♦ç▲é✟ê✓☎ôî❰ê
é✾ç➋ñ➘ê✈ù➲ç➘ö●ó❥ï❺ìðï ➭ ☎ôî❰ç➘ò➂ê♦ù➯ê✓☎✳☎❉✒❺ç✔îðì❰ï❺í✠☎❮õ❴ç▲ì❰é☞ï❺ñ➘ç✆☎úê♦é✑ñ➘ê✓☎ ×➋➭ ç✆☎●ï❺í✠☞❺ë➘ù ï❺ìôê✓☎✽î❰ç▲é☞ï❺ñ➘ç✆☎úí➘ç➆☎ ➭ ☎ôîðê✈é✲ï✔ñ❶ê✵✝♦ç✬ç▲ì❫❑
ñ➘ê✈í↔ï❺ñ↔ï✑☎✤❅ × ê✈ì P ☞❺ë➘ìðï ⑨ ö ⑩ ❇↕ê✫☎✹✒❺ç✔ï❺ñ ➭ ✝ ➭ ç▲í➘ï❺ñ➘ç✆☎❄ï❺ç✆☎❄ì❰ê✌☎❉�✍ê✓✝ î ➭➯× ç✆☎✳�✍ç▲í✰îðç✆☎❄ñ ➭ ☎❉✝♦ìôê✈î❰ç✆☎✽í↔ï✾☎✕☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎úñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎✈ö

✽ ç✆☎✵�➘ï❺ì❰ê✌☎❾ñ➘ê✔ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ò ï✸ìôê✓☞ ➭ ✒❺ç❉ñ➘ê✙✝♦ç▲í✰î➶ï♣îðç❅ê♦í✰î❰ì❰ê■ç✆☎❾ñ❶ê♦í✰îðê✌☎✢ê✔ç✸í ✩ é✾ê♦ì❰ç❅ñ❶ê✔ñ➘ê♦í✰î❰ê✓☎✶ê♦é
✝♦ç❺í➍îðïÐîðç × ï❺ì ➭ ï❺é ✝✈ç▲í❶õ❴ç▲ìôé☞ê✸ïÓ�❛ç✑☎ ➭ ✏✓✒❺ç➞ï❺í✜☞▲ë➘ù ïÐì☞ñ➘ç➁�➘ï❺ì✲ê✈í✠☞▲ì❰ê✈í↔ï❺ñ➘ç➞ê✈é õ❴ë❶í✠✏▼✒❺ç➞ñ➘ï④✝ ➭ í❶ê♦é✦❋Ðî ➭ ✝❫ï✴ñ➘ç
é✾ç ×✬➭ é☞ê✈í➍î❰ç➘ö⑧æ❄☎❉☎❰ë❶é☞ê❸❑➏☎❰ê❈✂➍ë➘ê❂ë❶é í ✩ é✾ê♦ìôç❾ñ➘ê❈�✍ç▲í✰îðç✆☎øñ ➭ ☎❉✝✈ì❰ê îðç✆☎èïÐç❾ù➲ç▲í✜☞▲ç❾ñ➘ç✵✝ ➭ ✝✈ù➲ç❾ñ➘ê✽ê♦í✠☞▲ìôê♦í↔ïÐé☞ê✈í➍î❰ç
�✍ç➋ñ➘ê●ìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï❺ìúï❺ñ➘ê✌✂✬ë➘ï❺ñ↔ï❺é✾ê♦í✰îðê●ç✾é☞ç ×✬➭ é✾ê♦í✰î❰ç✢ñ➘ç✎�↔ï❺ì↕ê♦í✠☞❺ì❰ê♦í➘ï❺ñ➘ç➘ö

◆ ✺❺í✜☞▲ë➘ù➲ç
δΘ1

é✾ç✆☎ôî❰ìðï❺ñ➘ç❉í↔ï P ☞▲ë➘ì❰ï ⑨ ö ⑩ ò✱✝♦ç▲ìôì❰ê✓☎✁�❛ç❺í➘ñ➘ê❚ï❺ç➇✺❺í✜☞▲ë➘ù➲ç❉ñ➘ê✔ì❰çÐî➶ï✑✏✓✒❺ç❅í➘ê✓✝✈ê✓☎✁☎✹❋❺ì ➭ ç➇�↔ï❺ì❰ï
✂➍ë➘ê●ç✎�❛ç▲í✰î❰ç

P1

ìôê✈õ❴ê✈ì❰ê♦í✰î❰ê❏ú✤☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê❂ñ➘ï✶ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é é✾ç❺î❰ç▲ìðï❾ê✈í➍î❰ì❰ê●ê♦é ✝♦ç▲í✰î➶ï♣îðç✎✝♦ç▲é ç✎�❛ç▲í✰î❰ç
P2ì❰ê õ❴ê♦ìôê♦í✰îðê➆ú➞☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✾ñ↔ï ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é☎é☞ç ×✬➭ ñ↔ï➋ö➆✚✱☎ôîðê✻✺❺í✠☞▲ë➘ù➯ç✍�✍ç✬ñ➘ê✦☎ôê♦ì❏✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ➘ç↔�↔ï❺ì❰ï✍✝❫ïÐñ↔ï✍�↔ïÐì
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ñ➘ê✬�✍ç▲í✰îðç✆☎✿✝♦ï❺í➘ñ ➭ ñ↔ïÐîðç✑☎↕ï❺ç✤✝♦ç▲í✰îðïÐîðç➘ö➃◆❞✺❺í✠☞▲ë❶ù➲ç✢é✡❱➲í ➭ é☞çÿê♦í✰îðìôê●î❰ç➋ñ❶ç✆☎èç✆☎✿�↔ï❺ìôê✓☎èñ➘ê✬�✍ç▲í✰îðç✆☎↕ïÐí↔ï❺ù ➭ ☎ðï❺ñ❶ç✆☎♦ò
δΘ1min

ò✠�❛ç✬ñ➘ê✬☎❰ê✈ì↕ê♦í✠✝✈ç▲í✰îðìðïÐñ➘ç✦�➘ï❺ìðï✤✝❫ïÐñ↔ï✡�✍ç✆☎ ➭ ✏▼✒Ðç✢í➘ç✦✝ ➭ ✝✈ù➲ç✢ñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç➘ö
✘✽ê✓☎❮î➶ï✶õ❴ç▲ì❰é☞ï❶ò❶ç✾ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✾ù➯ç▲í✠☞ ➭ îðë➘ñ ➭ í↔ï❺ù✄☎❰ê✈éû✝❫ï❺ì✁☞✰ï✶ï✑�➘ù ➭ ✝❫ïÐñ↔ï❾í➍ë➘é✲ï✢ñ↔ïÐñ↔ï✤�❛ç✆☎ ➭ ✏✓✒❺ç✶í➘ç

✝ ➭ ✝♦ù➯ç✢ñ➘ê●ê♦í✠☞▲ìôê♦í↔ïÐé☞ê✈í➍î❰ç✦�✍ç✬ñ➘ê❈☎❰ê✈ì❄✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✤�❛ê✈ù ï❾ê✓✂➍ë↔ï✾✏▼✒❺ç➫❅ ⑨ ö ⑩ ❇ Ð

ETL = −δΘ1min
N1

N2

rg2 ,
❅ ⑨ ö ⑩ ❇

ç▲í➘ñ❶ê
ETL

✪✢ç■ê✈ì❰ìôç❧ñ❶ê❾îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç■ù➯ç▲í✠☞ ➭ îðë➘ñ ➭ í↔ï❺ù❂☎ôê♦é❦✝♦ï❺ì❉☞✰ï■ï✾�➘ù ➭ ✝❫ï❺ñ↔ï
(mm)

ò
N1

✪❾ç❚í ✩ é✾ê♦ìôç■ñ➘ê
ñ➘ê✈í➍î❰ê✓☎❀ñ➘ï☞ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é✖é✾ç❺î❰ç▲ìðï❶ò

N2

✪❒ç✲í ✩ é✾ê♦ìôç✲ñ➘ê❒ñ➘ê♦í✰î❰ê✓☎❀ñ↔ï✾ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é é✾ç ×➋➭ ñ↔ï✶ê
rg2

✪sç✾ìðï ➭ ç
ñ➘ê●û↔ï✑☎ôê●ñ↔ï✾ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é é✾ç ×➋➭ ñ↔ï

(mm)
ö

➮☛➱♥➮ ✚ ❈❤❮❂✬✿✵✻❈ ✬✿✵✻Ñ✎✳➉✮✹✸✻❅▼❈

❦ ë↔ï❺í➘ñ➘ç➞ç➁�➘ï❺ì✔ê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘çÖ✪⑤☎❰ë❶û➘é☞ê î ➭ ñ➘ç➞ï✕îðç❺ì❉✂➍ë➘ê❺òúç▲û✠☎ôê♦ì × ï❘❑➶☎❰ê⑤✂➍ë➘ê❅ñ➘ê ×✬➭ ñ➘çÖú✑☎■ñ❶ê✌ö↔ê❸✶✜★✬ê✓☎❚ñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎✈ò↔ï❏�✍ç✆☎ ➭ ✏▼✒❺çÿñ↔ïÿê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é é☞ç ×✬➭ ñ↔ï P ✝♦ïsñ➘ê✈õ❤ï✾☎ðï❺ñ↔ï❒ê♦éãì❰ê✈ù ï✑✏✓✒❺ç✵ú❒ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é é✾ç❺îðç▲ì❰ï❂ñ➘ê❀ë➘é
✝♦ê✈ìôî❰ç✙✺❺í✜☞▲ë➘ù➲ç✶ñ➘ê●ìôç❺î➶ï✑✏✓✒❺ç➘ö➃✚✱☎ôî❰ê✵✺❺í✠☞❺ë➘ù➲ç✢ñ➘ê❒ì❰çÐî➶ï✑✏✓✒❺ç➘ò➘ñ➘ê ×✬➭ ñ➘ç✦ú✑☎↕ñ➘ê✌ö➘ê✷✶❯★➋ê✌☎♦ò✄✝♦ç▲ésû ➭ í↔ïÐñ➘ç✎✝♦ç▲é ç✑☎úê✈ì❰ì❰ç✑☎
ê●é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎øñ↔ï✑☎✞☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎↕ñ➘ç✆☎↕ñ➘ê♦í✰î❰ê✓☎♦ò♦✝✈ç▲é✦�✄★✬ê♦é ç✶ê✈ì❰ì❰ç✾ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ö

✘ ➭➯× ê♦ì✁☎❰ç✆☎↕é✡✪✈îðç✬ñ➘ç✆☎✮☎✹✒❺ç✶ë✠☎❰ï❺ñ➘ç✆☎✿�↔ïÐìðï❾ç✎✝▼❋❺ù✗✝♦ë➘ù➯ç❾ñ↔ï✑☎èñ❶ê✌ö↔ê❸✶✜★✬ê✓☎↕ñ➘ç✑☎èñ➘ê♦í✰îðê✌☎♦ö þ ê✓☞❺ë➘í➘ñ➘ç✡✲④ê♦ï✑✝❙✟↔ï❺é r✷➋
✉✑❼◗➍✹❝ ➜ ❞★ç✑☎✿�➘ì ➭ í✠✝ ➭ �↔ï ➭ ☎④é✦✪ îðç✬ñ➘ç✆☎èë✠☎❰ï❺ñ➘ç✆☎✞☎✹✒Ðç Ð

•
ç✶é✡✪✈î❰ç➋ñ➘ç✶ñ➘ç✑☎❄ê✈ù➲ê✈é☞ê✈í➍î❰ç✆☎ P í ➭ îðç✆☎r❝ ⑩▲⑩❲❻ ò ➔✾➛ ❞❫❢

•
ç❚é✡✪✈î❰ç➋ñ➘ç■ñ❶ê✶õ❤ï♣î ➭ ï✾☎ P í↔ï✑☎✈ò★í➘ç↔✂✬ë➘ï❺ù②ï■ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é❦✟❶ê♦ù ➭ ✝♦ç ➭ ñ↔ï❺ù➨✪✢îðìðï♣î➶ï❺ñ↔ï✻✝✈ç▲é✾ç❧ë❶é✲ï✻☎✁✪♦ì ➭ ê✢ñ➘ê
ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✫✝♦ç▲é ù➲ï❺ì❉☞▲ë❶ìðï■é❾ë ➭ îðç➆�✍ê✓✂➍ë➘ê♦í➘ï❉ù ➭ ☞✰ï❺ñ↔ï✑☎✽ê♦í✰îðìôê✦☎ ➭ �✍ç▲ì●é✾ç▲ù ï✑☎✈ö✡✚❖☎❮î➶ï✑☎❒ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎
ñ➘ê ×✬➭ ñ➘ç➆ú☞ù ï❺ì✁☞▲ë➘ìðï✎�✍ê✓✂➍ë➘ê♦í➘ï✻�❛ç✬ñ➘ê♦é ☎❰ê✈ì❀ï✑�❶ì❰ç▼✶ ➭ é☞ï❺ñ↔ï✑☎■�❛ç❺ì✽ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❀ñ➘ê❾ñ❶ê♦í✰îðê✌☎❂ì❰ê✈î❰ç✆☎Ò❝ → ⑨ ò
→ ➛ ò ➀ →✐❞❫❢

•
ç✾é✡✪✈îðç✬ñ➘ç✢ñ➘ç✑☎❄✝✈ç➋ê P ✝ ➭ ê♦í✰îðê✌☎úñ➘ê ➭ í✜ö↔ë ❀ í✠✝ ➭ ï❶ò↔í➘ç✡✂✬ë➘ï❺ù✐ç✆☎✞✝♦ç✬ê P ✝ ➭ ê✈í➍î❰ê✓☎■☎✹✒❺ç✾ñ➘ê îðê♦ìôé ➭ í↔ï❺ñ➘ç✑☎úï♣îðìðï × ✪✓☎
ñ➘ç❉é✦✪ îðç✬ñ➘ç❉ñ➘ç✑☎sê♦ù➯ê♦é✾ê♦í✰îðç✑☎ P í ➭ îðç✆☎☛❝ ⑩❲❻❶⑩ ò ➜▲⑨ ❞Õç▲ë➞ï♣îðìðï × ✪✓☎❾ñ➘ê✾õ➌✸▲ì❰ésë➘ù ï✑☎ÿï✑�➘ìôç▼✶ ➭ é✲ïÐñ↔ï✑☎☛❝ ⑩ →✞❞ ò❡ç▲ë
ï ➭ í➘ñ↔ï❶ò➋ñ➘ê✈î❰ê♦ìôé ➭ í↔ï❺ñ➘ç✆☎èñ❶ê●õ❴ç❺ì❰é☞ï✵☎❰ê♦é ➭ ❑Óê♦é✡�✠❱➲ì ➭ ✝♦ï➲❝ ➜✾➛ ò ➜✆➀ ò♦→✆→✐❞❫❢

⑨❚➔



◆❂û✜☎❰ê♦ì × ï❘❑➏☎ôê✡✂➍ë➘ê✾ê♦é✟ñ ➭➯× ê♦ì❉☎ôç✆☎●îðìðïÐû↔ï❺ù✭✟❶ç✆☎❀õ❴ç ➭ ï✑�❶ù ➭ ✝♦ï❺ñ➘ç■ç❚é✡✪✈îðç✬ñ➘ç❚ñ➘ç✆☎✬✝✈ç➋ê P ✝ ➭ ê♦í✰îðê✌☎ÿñ➘ê ➭ í✜ö↔ë ❀ í✠✝ ➭ ï
�↔ï❺ì❰ï✢ç✡✝✓❋❺ù✭✝✈ë➘ù➲ç✢ñ➘ï✑☎↕ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎úñ➘ç✑☎èñ➘ê♦í✰îðê✌☎úê●ñ➘ç✶ê✈ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç■❝ ➜ ò ⑨✆➀ ò ➛❚➔ ò ➀❚➔ ò ➀✆➜ ò ➜❺⑨ ò ➜❚➔ ò ⑩▲⑩▼➛ ò
⑩▲⑩▲⑩ ❞ ö✻◆ ë✠☎❰ç ê✷✶✬îðê✈í✠☎ ➭➮× ç✸ñ➘ç❧é✡✪✈îðç✬ñ➘ç❧ñ➘ç✆☎✫✝♦ç✬ê P ✝ ➭ ê✈í➍î❰ê✓☎ÿñ➘ê ➭ í✜ö↔ë ❀ í✠✝ ➭ ï➞☎ôê☞ñ❶ê × ê✙�➘ì ➭ í✠✝ ➭ �↔ï❺ù➲é✾ê♦í✰î❰ê✶ï➞☎ôë↔ï
ö↔ê❸✶ ➭ û ➭ ù ➭ ñ↔ïÐñ➘êèêèõ❤ï✑✝ ➭ ù ➭ ñ➘ï❺ñ➘ê✩�↔ïÐìðï❒ï❺ù➯î❰ê♦ìðïÐì②ï❒é ➭ ✝✈ì❰ç❂ê❄é✲ï✑✝✈ì❰ç✬☞▲ê✈ç▲é☞ê îðì ➭ ï❀ñ➘çÿé☞ç✬ñ➘ê♦ù➯ç➘ò✰ï❺ù✗✪♦é✣ñ➘ê✽ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺ì
û✍ç✰ï✤✝♦ç▲ìôì❰ê♦ù➲ï✑✏▼✒Ðç✡✝✈ç▲é ç✆☎èìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎↕ê✷✶❯�✍ê♦ì ➭ é✾ê♦í✰î➶ï ➭ ☎r❝ ➜ ❞ ö

æøîðìðï × ✪✓☎■ñ➘ç➞é✡✪✈î❰ç➋ñ➘ç✕ñ➘ç✆☎✻✝✈ç➋ê P ✝ ➭ ê♦í✰îðê✌☎■ñ➘ê ➭ í❯ö↔ë ❀ í✜✝ ➭ ï❳�❛ç✬ñ➘ê✷❑➶☎❰ê➲✝♦ï❺ù✭✝✈ë➘ù ïÐì✲ï➌ñ➘ê✷ö↔ê✷✶✜✒❺ç➁☞❺ê♦ìðïÐñ↔ï➌ê♦é
ë➘é➴�❛ç▲í✰î❰ç❧ê✈é✂ï❺í✠❋❺ù ➭ ☎❰ê❾ñ➘ê ×✬➭ ñ➘ç❚ï■ë➘é☞ï✲õ❴ç▲ì❉✏♦ï■ï✑�➘ù ➭ ✝❫ïÐñ↔ï✲í➍ë➘é �✍ç▲í✰îðç↔✂➍ë↔ï❺ù✗✂➍ë➘ê♦ì❂ñ➘ç■ñ❶ê♦í✰îðêÐö✢æ➜ñ➘ê✌ö➘ê✷✶✜✒❺ç
ê♦ù✭❋✑☎ôî ➭ ✝♦ïÿîðç❺îðï❺ù✍í✬ë❶é ñ↔ïÐñ➘ç✤�❛ç❺í➍î❰ç❾ñ ➭ ☎❉✝♦ìôê✈î❰ç✤✪✳✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ↔ï✫✝♦ç▲é✾ç✵�✍ê♦ù ï✫☎❰ç▲é☞ïÐî❉✸▲ì ➭ ïÿñ↔ï✑☎④ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎èê♦ùõ❋✾☎ôî ➭ ✝❫ï✑☎
í↔ï✑✂➍ë➘ê✈ù➲ê➞�❛ç❺í➍î❰ç➇✝❫ï❺ë✠☎❰ï❺ñ↔ï✑☎✡�✍ç▲ì✢ë➘é☞ï❅õ❴ç❺ì❉✏❫ï➁ï✑�➘ù ➭ ✝♦ï❺ñ↔ï✸ñ ➭ ì❰ê✈îðï❺é✾ê♦í✰îðê■í➘ê✈ù➲ê❚ê↔�❛ç❺ì❾õ❴ç▲ì❉✏♦ï✑☎✾ï✑�➘ù ➭ ✝❫ï❺ñ➘ï✑☎✢ê♦é
ç▲ë❶î❰ì❰ç✆☎✞�✍ç▲í✰îðç✆☎↕ñ➘ç✶ñ➘ê✈í✰îðê❺ö

❪●ê✈ìðï❺ù➯é☞ê✈í➍î❰ê❺ò➨�↔ï❺ì❰ï❉ï❉ñ➘ê îðê✈ì❰é ➭ í↔ï✑✏✓✒❺ç❧ñ↔ï❉ì ➭ ☞ ➭ ñ❶ê ý ñ➘ç✸ê✈í✠☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç❶ò⑧ï❉ñ➘ê✷ö↔ê✷✶✜✒❺ç❅ê✈ùõ❋✑☎❮î ➭ ✝❫ï■îðç❺îðï❺ù❖✪
ñ ➭➮×➋➭ ñ ➭ ñ➘ï❄ê✈é ✝✈ç▲é✦�✍ç▲í➘ê✈í✰îðê✓☎❡ñ↔ï✽ñ➘ê✷ö↔ê✷✶✜✒❺ç❈✂➍ë➘ê✩☎❉✒❺ç❂ï✑☎✁☎❰ë➘é ➭ ñ➘ï✑☎❊✝✈ç▲é☞ç ➭ í➘ñ❶ê✓�✍ê♦í➘ñ➘ê✈í✰îðê✓☎❄❝ →✆→✞❞ ö ✽ ê✓☎❮îðêøê✌☎ôî❰ë➘ñ➘ç
✪øë✠☎❰ï❺ñ➘ç❂ç❀é✾ê✓☎ôé☞çúé☞ç✬ñ➘ê✈ù➲ç✽ê✈ùõ❋✑☎❮î ➭ ✝♦ç✕✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ➘ç✕�❛ç▲ì➨♥ ➭ í✠❨❤❝ ⑩▲⑩▲⑩ ❞ ò▲ç✕✂✬ë➘ï❺ù✜✪✩✝✈ç▲é✡�❛ç✆☎❮îðç❄�❛ê✈ù ï✑☎Õ☎❰ê✓☞❺ë ➭ í✰îðê✌☎
ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎✽ê✈ùõ❋✑☎❮î ➭ ✝❫ï✑☎ Ð
⑩ öèñ➘ê✷ö↔ê✷✶✜✒❺ç☞ù➲ç⑥✝❫ï❺ù❛ì❰ê✈ù ïÐî ➭➯× ï✤ú✢ì❰ê✓☞ ➭ ✒❺ç✢ñ➘ê✬✝✈ç▲í✰î➶ïÐî❰ç✾ê✈í✰îðì❰ê❒ç✆☎↕ñ➘ê✈í➍î❰ê✓☎✛❅❿ï✑✝❙✟➘ïÐî➶ï❺é✾ê♦í✰î❰ç✾ñ➘ï✡☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê▼❇❇❢
❹ öèñ➘ê✷ö↔ê✷✶✜✒❺ç✲ñ➘ç☞ñ❶ê♦í✰îðê✫✝♦ç▲é✾ç✾ë➘é îðç✬ñ➘ç➘ò✧✂➍ë➘ê✫✪✫✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ➘ï✡�➘ì✁✸▼✶ ➭ é✲ï✢ñ↔ï✾✂✬ë❶ê♦ù ï✎✂➍ë➘ê✫☎❰ë➘ì✁☞▲êÿê✈é✏ë➘é☞ï
�➘ù➲ï✑✝❫ï✢ê✈í✠☞✰ï✑☎❮î➶ï❺ñ↔ï✶ñ➘ê●ñ ➭ é☞ê✈í✠☎❉★✬ê✓☎èìôê✓�➘ìôê✓☎❰ê✈í✰î➶ïÐî ➭➯× ï✑☎↕ñ➘ç✾ñ➘ê♦í✰îðêÐö

æ✽ù✭✪✈é ñ↔ï✾☎✢ñ➘ë↔ï✑☎✶ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎✡✝ ➭ îðï❺ñ↔ï✑☎✶ï✾✝ ➭ é☞ï❶ò②ï❺ù✗☞▲ë➘í✠☎❾î❰ìðï❺û➘ï❺ù✭✟➘ç✑☎❾ñ ➭ ☎✁�❛ç❺í✠❱ × ê ➭ ☎✢í➘ï✴ù ➭ î❰ê♦ìðï♣îðë➘ì❰ï➫✝♦ç▲í✜☎ ➭ ❑
ñ➘ê✈ìðï❺é ï ➭ í➘ñ↔ï■ï✾☎❂ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎ÿñ➘ç✑☎❈✝♦ç▲ì✁�❛ç✆☎❂ñ➘ï✑☎❂ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎☛❝ →✆→❶ò❛→ ❻ ò ⑩ ❞ ö ✽ ç❚ê♦í✰î➶ï❺í✰î❰ç➘ò★ê✓☎ôîðï✑☎●ñ➘ê✌ö➘ê✷✶❯★➋ê✌☎
îðç❺ì❰í↔ï❺é✤❑➏☎ôê➫☎ ➭ ☞▲í ➭◗P ✝❫ï♣î ➭➯× ï✑☎✎�↔ïÐìðï✕ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎➆☞▲ì❰ï❺í➘ñ➘ê✌☎✲ê➲✂➍ë➘ê✸ç✑�❛ê✈ìðï❺é ê♦é ï❺ù➮î➶ï✑☎☞ì❰ç❺îðï✑✏✓★✬ê✓☎➌❝ ⑩ ❞❿ö ✽ ç
�➘ìôê✓☎❰ê✈í✰îðêsê✌☎ôî❰ë➘ñ➘ç✾ç✆☎✞✝♦ç▲ì✁�❛ç✆☎↕ñ↔ï✾☎❄ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✞☎✹✒Ðç✲ï✑☎✁☎❰ë➘é ➭ ñ❶ç✆☎✿✝♦ç▲é✾ç✶ì❉❱✗☞ ➭ ñ➘ç✑☎♦ö

Ó❄Ô❫Ó❄Ô②Õ Ös×➉Ø➩×ÚÙ❄Û➄ÜÞÝ➜Ü✿ßÚà➄Ý◆á➩×➉â✿ã➜á✪Üäà➫ÜåßÚÜ➄æ❆ç✦à➠ç✛Ü
✢úé☞ï❧ñ↔ï✾☎ÿñ➘ê✷ö↔ê✷✶❯★✬ê✓☎❾ê✈ùõ❋✑☎❮î ➭ ✝❫ï✑☎❒ç▲û✠☎ôê♦ì × ï❺ñ➘ï✑☎sê✈é ñ➘ê♦í✰îðê✌☎❾ñ➘ê☞ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎❏✪✔ï❧ñ➘ê✌ö↔ê❸✶✜✒❺ç✸ñ➘ê ×➋➭ ñ➘ç✸ïÐç

✝♦ç❺í➍îðïÐîðç✲ê♦í✰îðìôê❾ç✆☎✽ñ❶ê♦í✰îðê✌☎❈✝❫ï❺ë✠☎❰ï❺ñ↔ï✙�✍ç▲ìúë➘é✲ï✶õ❴ç▲ì❉✏♦ï☞í➘ç❺ì❰é☞ï❺ù➨ú✑☎✕☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎✽ñ➘ê✌☎ôî❰ê✓☎♦ö✳✚❖☎❮î➶ï✲ñ❶ê✌ö↔ê❸✶✠✒Ðç■ñ↔ï
ì❰ê✌☞ ➭ ✒Ðç❒ñ❶ê■✝✈ç▲í✰î➶ïÐî❰ç❏�✍ç✬ñ➘ê✿☎❰ê✈ì❍✝✈ç▲é✦�➘ï❺ìðï❺ñ➘ï❈ú❒ñ➘ê✷ö↔ê✷✶✜✒❺çÿñ➘ê■❴úê✈ìôî ý ☎ôê✓☞▲ë➘í❶ñ➘çsë➘é✙é☞ç✬ñ➘ê♦ù➯ç❂ñ➘ê↕ñ➘ç ➭ ☎✱✝ ➭ ù ➭ í➘ñ❶ì❰ç✆☎
ê♦é ✝✈ç▲í✰î➶ïÐî❰ç➘ö ✽ ç➁ê♦í✰î➶ïÐí➍î❰ç➘ò④ç❩✝♦ç❺í➍îðïÐîðç✴ê✈í➍î❰ì❰ê❧ñ➘ê♦í✰î❰ê✓☎✲ñ❶ê❧ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✾ñ ➭ õ❴ê✈ì❰ê❚ñ➘ç✴é✾ç➋ñ➘ê✈ù➲ç❅ñ➘ê✍❴úê✈ìôî ý

⑨✆➀



✂➍ë↔ï❺í✰îðç➲ú➫�❛ç✑☎ ➭ ✏✓✒❺ç❧ñ➘ê✙☎ôë✠�❛ç❺ìôîðê✲ê✔ï✑�➘ù ➭ ✝♦ï✑✏▼✒❺ç❚ñ↔ï❧õ❴ç▲ì❉✏♦ï❶ò❊✂➍ë↔ï❺í✰î❰ç⑤ú➫✝♦ë❶ì × ïÐîðë❶ìðï ñ❶ç✆☎sñ➘ê✈í✰îðê✓☎✈ò❖✂✬ë❶ê✲í✧✒❺ç➫✪
✝♦ç❺í✠☎ôîðï❺í✰îðêÿï❺ç☞ù➯ç▲í✠☞▲ç✶ñ➘ç✡✝♦ç❺í➍îðïÐîðç❶ò↔êsï ➭ í➘ñ↔ï✤✂➍ë↔ï❺í✰îðç✙ú✾ê❸✶✬îðê♦í✜☎✹✒❺ç☞ñ➘ç✦✝✈ç▲í✰î➶ïÐî❰ç✦�➘ï❺ìðï✾ï✑☎úï❺ì❰ê✌☎ôî➶ï✾☎❄ù ➭➯× ì❰ê✌☎↕ñ➘ç
ñ➘ê✈í➍î❰êè❝ ⑩❲❻❶⑩ ❞ ö

✽ ê✌☎ôîðêÿîðìðïÐû↔ï❺ù✭✟❶ç➘ò✝ï✾ñ❶ê✌ö↔ê❸✶✠✒Ðç■ñ➘ê❏✝✈ç▲í✰î➶ïÐî❰ç✙✪✫✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐñ↔ï✙☎❰ç❺é☞ê✈í➍î❰êÿí❶ç✙�✍ç▲í✰îðç✲ç❺í➘ñ➘ê❾ï✢õ❴ç▲ì✁✏❫ï✦✪ÿï✑�➘ù ➭ ❑
✝❫ïÐñ↔ï❶ö➩æ ➭ í✜ö➘ë ❀ í✠✝ ➭ ï➌ñ➘ê✌☎ôîðï➤õ❴ç▲ì✁✏❫ï➁☎❰ç❺û➘ì❰ê✴ç▲ë❶î❰ì❰ç✆☎↔�✍ç▲í✰îðç✆☎■ñ ➭ ☎❉✝✈ì❰ê îðç✆☎❚í↔ïÖ☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê❅ñ➘ç➤ñ➘ê✈í➍î❰ê❋í✠✒❺çÖ✪
✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ↔ï❶ö þ ê✌☞▲ë➘í➘ñ❶ç✾æ✱➘ôé ➭ ê✕✴②ê♦ù➯ê✷✶❃❝ ⑩ ❞❨ê þ îðê✷✖øïÐì❰ñ✭❝♠→✆→✞❞★ï❾ñ➘ê✷ö↔ê✷✶✜✒❺ç✶ñ➘ê❈✝✈ç▲í✰î➶ïÐî❰ç✤✪❂é❾ë ➭ î❰ç❾ù➲ç⑥✝❫ïÐù ➭➲ý ï❺ñ↔ï
ê✿☎❰ë➘ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï❀ê♦é✣ç▲ë❶î❰ì❰ç✆☎❬�✍ç▲í✰îðç✑☎✱✪✩�❛ê✌✂➍ë➘ê♦í↔ï✬✂➍ë↔ï❺í➘ñ❶ç✫✝✈ç▲é✡�↔ï❺ìðïÐñ↔ï✕✝♦ç❺é➜ï ➭ í❯ö↔ë ❀ í✜✝ ➭ ïúñ↔ï❂ñ➘ê✌ö↔ê❸✶✜✒❺ç●ñ➘ç
ñ➘ê✈í➍î❰ê✞✝♦ç▲é✾ç❂ë➘é✣î❰ç➋ñ❶ç➘ò▲ê✿�✍ç▲ì ➭ ☎❮îðç❂ê✌☎ôî➶ï ➭ í❯ö↔ë ❀ í✜✝ ➭ ï✳☎ôç▲û➘ìôêèç▲ë❶îðìôç✆☎✱�✍ç▲í✰îðç✆☎✱✪èñ➘ê✌☎❉�➘ìôê ý ï❺ñ↔ï●í↔ï✳☞▲ìðïÐí➘ñ➘êèé☞ï ➭ ❑
ç▲ì ➭ ïÿñ❶ç✆☎④é✾ç➋ñ❶ê♦ù➲ç✑☎♦ö❡æ ➭ í➘ñ➘ï✛☎❰ê✌☞▲ë➘í➘ñ➘ç✢æ✱➘ôé ➭ ê✕✴②ê✈ù➲ê❸✶➾❝ ⑩ ❞❨ï✛✝♦ç❺é✦�↔ïÐìðï✑✏✓✒❺ç✛✝✈ç▲éãì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎④ê✷✶❯�❛ê✈ì ➭ é☞ê✈í➍îðï ➭ ☎
é✾ç✆☎ôî❰ìðï✤✂➍ë➘ê●ê✓☎ôîðï☞ï✾�➘ì❰ç▼✶ ➭ é☞ï✑✏▼✒Ðç✤✪✫☎❰ïÐî ➭ ☎ôõ❤ïÐî❉✸▲ì ➭ ï❶ö

æ✟õ❴ç▲ìôé❾ë➘ù ï✾✏▼✒❺ç❋ï❺ñ➘ç❺îðï❺ñ↔ï✕í❶ê✓☎ôî❰ê✸îðì❰ï❺û↔ï❺ù✗✟➘çÓ�↔ïÐìðï✕ç➁✝✓❋❺ù✭✝✈ë➘ù➲ç❋ñ↔ï✑☎✔ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎■ñ➘ê➫✝♦ç▲í✰î➶ï♣îðç✕õ❴ç ➭ ë✠☎ðïÐñ↔ï
ê♦éé❝ ⑩❲❼ ò ⑩▲⑩❺⑩ ❞❿ò➂ê✢ê✓☎❮î❙❋✔û↔ï✑☎ôê❫ï❺ñ➘ï❚í➘ï✔ê✓✂➍ë↔ï✑✏✓✒❺ç❚ñ➘ê✤✲④ç▲ë✜☎❉☎ ➭ í➘ê✓☎✁✂➽❝ ➛✆➛ ❞❬✝✈ç▲é✟ë❶é✲ï✙✝✈ç▲í✠☎❮î➶ï❺í✰îðê✢ñ❶ê✶ï✑�➘ì❰ç▼✶ ➭ é☞ï❘❑
✏▼✒Ðç❩�➘ï❺ìðï✴ï❅ì❰ê✈ù ï✑✏✓✒❺ç❅ñ➘ç✴ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰î❰ç❅ñ➘ç✴ê♦ù➲ê✈é☞ê✈í✰îðç➇✝♦ç▲é✾ç❅ë➘é î❰ç➋ñ❶ç❅ê❧ñ❶ç➁ì❰ï ➭ ç❅ñ❶ê➆✝♦ë➘ì × ï♣îðë➘ì❰ï➁ñ↔ï✾☎
☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎r❝ ⑩❸❼ ❞ ö

✣④ç▲í✠☎ ➭ ñ➘ê✈ìðï❘❑➶☎❰ê❾í➘ê✌☎ôî❰ê❾îðìðïÐû↔ï❺ù✭✟❶ç✔ï✑☎✽õ❴ë❶í✠✏✓★✬ê✓☎❀ñ❶ê✵✝♦ç▲ìôì❰ê✌✏▼✒❺ç■ñ↔ï☞ñ➘ê✌ö↔ê❸✶✜✒❺ç❚ñ➘ê✵✝♦ç❺í➍îðïÐîðç✲ñ➘ê ×✬➭ ñ❶ç➆ú✻�➘ì❰ç▼✶ ➭ ❑
é ➭ ñ↔ï❺ñ❶ê❄ñ➘ïsï❺ìôê✓☎ôîðïsù ➭➮× ì❰ê✞�➘ì❰ç✑�❛ç✆☎❮î➶ï❒ê♦é❍❝ ➜✆➀ ❞❿ö✱✚✱☎ôî➶ï✾☎④õ❴ë➘í✠✏✌★➋ê✌☎④ñ➘ê■✝♦ç▲ìôì❰ê✌✏▼✒❺ç✵☎❉✒❺çsû➘ï✑☎❰ê♦ï❺ñ↔ï✑☎Õê♦éãì❰ê✌☎❰ë➘ù➮î➶ï❺ñ➘ç✑☎
ê✷✶❯�✍ê♦ì ➭ é✾ê♦í✰î➶ï ➭ ☎✽ê❾é✾ç✆☎❮îðìðïÐé ✂➍ë➘ê❾ï✔ñ➘ê✌ö↔ê❸✶✜✒❺ç➆�➘ì❰ç × ç❯✝♦ï❺ñ↔ï✻�✍ç▲ì✽ë➘é☞ï✲ñ↔ïÐñ↔ï✲õ❴ç▲ì❉✏♦ï✲ë➘í ➭ î❙❋❺ì ➭ ï✎�➘ì❉✸▼✶ ➭ é☞ï✲ñ↔ï✾☎
ï❺ìôê✓☎ôîðï✑☎↕ù ➭➮× ìôê✓☎✩✪❂é☞ï ➭ ç▲ì④ñ➘ç✎✂➍ë➘ê❂ñ ➭ ☎ôîðï❺í✰îðê❂ñ➘ê✈ù ï✑☎✈ö➃✼➏☎❮îðç✶ñ➘ê × ê✬☎❰ê✈ì■✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ➘ç✶í➘ç✎✝✈ç▲í✰î➶ïÐî❰ç✢ñ➘ê●ñ➘ê♦í✰îðê✌☎↕ñ➘ê
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ò✆➘❉❋✡✂➍ë➘ê❒ç✆☎❄ñ➘ê♦í✰î❰ê✓☎✕�✍ç✆☎✁☎❰ë➘ê✈é✑ï✾ï❺ìôê✓☎ôîðï☞ù ➭➯× ì❰ê❈✝✈ç▲ì❰ìôê✓☎❉�✍ç▲í➘ñ❶ê♦í✰îðêsï❺ç☞ñ ➭ ✺❺é✾ê✈î❰ì❰ç✶ê✷✶✬îðê✈ì❰í➘ç☞êsï✾☎
ï❺ìôê✓☎ôîðï✑☎●ù ➭➮× ìôê✓☎❂í↔ï✾☎❂ñ➘ë↔ï✑☎●ê✷✶✬î❰ì❰ê♦é ➭ ñ➘ï❺ñ➘ê✓☎●ñ➘ç✑☎❂ñ➘ê♦í✰îðê✌☎✻❅❴í↔ï✑☎❂õ❤ï✑✝✈ê✓☎●ñ↔ï■ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é✙❇ ö✎✚✱☎❮î➶ï❚ï❺û✍ç▲ì❰ñ↔ï✾☞▲ê♦é
õ❴ç ➭ ë✠☎❰ï❺ñ↔ïÿê✈é ❝ ⑩❺⑩▲⑩ ❞❿ö❬✰❡ïÐé❾ûþ✪✈é þ îðê✷✖øïÐì❰ñ➸❝ →✆→❡❞❛ë✠☎❰ç❺ë✲ë➘é☞ïsï❺û✍ç▲ìôñ↔ï✑☞▲ê✈é➝☎❰ê♦é✾ê♦ù✗✟↔ï❺í✰îðêúïÿê✌☎ôîðï❶ò➋í➘ï❏✂➍ë↔ï❺ù✍ê♦ù➯ê
é❾ë➘ù➮î ➭ �➘ù ➭ ✝♦ç▲ë●ï✑☎❽ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎⑧ù➯ç❯✝♦ï ➭ ☎❂�✍ç▲ì❽ë➘é➟õ❤ïÐîðç▲ì➧☎ôê♦é ➭ ❑➻ê✈é✦�✜❱➲ì ➭ ✝♦çèû↔ï✾☎❰ê❫ïÐñ➘ç✽ê✈é❖ë❶é✲ï❄ï❺í✧❋❺ù ➭ ☎ôê ñ❶ê④ê♦ù➯ê♦é✾ê♦í✰îðç✑☎
P í ➭ îðç✆☎✿�➘ï❺ìðï✤✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺ì↕ç☞ïÐë➘é☞ê✈í✰îðç✶ñ➘ê❈ö↔ê✷✶ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶ê✳�➘ì❉✸▼✶ ➭ é✾ç✢ñ↔ï✑☎❄ï❺ìôê✓☎❮î➶ï✑☎↕ù ➭➮× ì❰ê✓☎èñ❶ç✆☎↕ñ➘ê♦í✰îðê✌☎♦ö

æ✑ê✌✂➍ë↔ï✑✏▼✒Ðç➯❅ ⑨ ö ❹ ❇✤✪ ë✜☎ðï❺ñ↔ï❳�↔ï❺ìðï✴çÓ✝✓❋❺ù✭✝✈ë➘ù➲ç➁ñ↔ï✑☎✾ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎✔ù➯ç❯✝♦ï ➭ ☎✢ñ↔ï✾☎✙☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎♦ö❆ó❡ïÐìðï❋ñ❶ê✈î➶ï▲❑
ù✭✟❶ê✓☎●ñ↔ï❚ñ➘ê✈î❰ê♦ì❰é ➭ í➘ï✑✏▼✒❺ç❚ñ➘ç✑☎ÿï♣õ❤ï✑☎ôîðï❺é☞ê✈í✰îðç✆☎●ñ↔ï✑☎❒ï❺ìôê✓☎❮î➶ï✑☎❒ù ➭➮× ìôê✓☎❈✝✈ç▲í✠☎ ➭ ñ➘ê♦ì❰ï❺í➘ñ➘ç❧ñ ➭ õ❴ê♦ì❰ê✈í✰îðê✓☎ÿï❺ìôìðï❺í❘➘ôç✑☎❂ñ➘ê
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎úê❒ï ➭ í➘ñ↔ï✵�↔ïÐìðï✶ï✑☎èõ❴ë➘í✠✏✌★➋ê✌☎❄ñ❶ê✫✝✈ç▲ì❰ìôê✓✏✓✒❺ç × ê♦ì✎❝ ⑩❺⑩▲⑩ ò✧�➂ö ➔❺❻ ❑ ➔▲❹ ê✬�➂ö ⑩▼➛❚➜ ❞❿ö

⑨✰❼



wH =
25 (1 − ν2)pN

πE
c(ζ̂) c(η̂) ,

❅ ⑨ ö ❹ ❇

ç▲í➘ñ❶ê
wH

✪èï❂ñ➘ê✌ö➘ê✷✶✜✒❺ç●ù➲ç⑥✝❫ï❺ù✬ñ↔ï✑☎✱☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê✓☎⑧ê✈é❢✝♦ç❺í➍îðïÐîðç
(mm)

ò
ν
✪èç❈✝♦ç✬ê P ✝ ➭ ê✈í✰îðêèñ➘ê↕ó❽ç ➭ ☎✁☎❰ç▲í➂ò

pN

✪↕ï
õ❴ç▲ì✁✏❫ï✽í➘ç❺ì❰é☞ï❺ù➂ú✕☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê

(N)
ò
E
✪Õç❀é✦✸✬ñ➘ë➘ù➯ç↕ñ➘ê④ê✈ù ï✑☎❮î ➭ ✝ ➭ ñ↔ïÐñ➘ê

(N/mm2)
ò
c(ζ̂)

ê
c(η̂)

☎✹✒❺ç❀ï✑☎❥õ❴ë➘í✜✏✓★✬ê✓☎
ñ➘ê✬✝♦ç❺ì❰ì❰ê✌✏▼✒❺ç✾ñ↔ï✶ñ➘ê✌ö➘ê✷✶✜✒❺ç✾ñ➘ê ×✬➭ ñ❶ç✙ú✤�➘ìôç❺✶ ➭ é ➭ ñ↔ï❺ñ➘ê✳✝✈ç▲é✏ï✶ï❺ìôê✓☎ôîðï✾ù ➭➯× ì❰ê✽ê♦é

ζ̂
ê

η̂
ì❰ê✌☎❉�✍ê✓✝✈î ➭➯× ï❺é✾ê♦í✰îðêÐö

✽ ï❚ê✓✂➍ë↔ï✑✏✓✒❺ç➁❅ ⑨ ö ❹ ❇ ò❥ï❚õ❴ç▲ì✁✏❫ï❚í➘ç▲ìôé✲ï❺ù❬ú➞☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ êÐò
pN

ò➨✪☞ñ❶ê✈îðê✈ì❰é ➭ í↔ïÐñ↔ï❚ï✑☎❉☎ôë➘é ➭ í➘ñ➘ç✾❑➶☎❰ê✡✂➍ë➘ê✲ï↔☎❰ë⑥❑
�✍ê♦ìôõ➌❱✗✝ ➭ ê■ì❰ê❫ïÐùèñ➘ç✴ñ➘ê♦í✰îðê➞✪↔�➘ì❉✸▼✶ ➭ é☞ï❅ñ↔ï⑤☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê❚ê × ç▲ù × ê♦í✰îðê❚îðê✌✸▲ì ➭ ✝❫ï❶öÖ✚✱☎ôîðï❋ï✾�➘ì❰ç▼✶ ➭ é☞ï✑✏▼✒Ðç⑤✪ × ❋❺ù ➭ ñ↔ï
✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺í➘ñ➘ç✾❑➶☎❰ê➇✂➍ë➘ê➁ç✆☎■ñ➘ê✓☎ ×✬➭ ç✆☎❧í↔ï➁☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê❅ì❰ê♦ï❺ù✳☎❉✒❺ç �✍ê✓✂➍ë➘ê✈í➘ç✆☎✈ö æ❄☎❉☎ ➭ é òúï➞õ❴ç▲ì❉✏♦ï➤í❶ç▲ì❰é☞ï❺ù✳ú✾☎
☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎❄í❶ç✆☎✞�❛ç▲í✰î❰ç✆☎↕ñ➘ê✬✝♦ç▲í✰î➶ï♣îðç✎�❛ç✬ñ➘ê❈☎ôê♦ì■✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ↔ï✢ïÐî❰ìðï × ✪✌☎úñ↔ï✢ê✌✂✬ë➘ï✑✏▼✒❺ç➫❅ ⑨ ö ⑨ ❇ Ð

pN = p
rp

rg

(

1 + tan2βg

) 1
2

,
❅ ⑨ ö ⑨ ❇

ç▲í➘ñ❶ê
pN

✪↕ï✽õ❴ç▲ì✁✏❫ï❀í➘ç❺ì❰é☞ï❺ù✜ú✳☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê
(N)

ò
p
✪øï✽õ❴ç▲ì❉✏♦ï✽î➶ï❺í✠☞❺ê♦í✠✝ ➭ ï❺ù

(N)
ò
rp

✪èç❂ìðï ➭ ç✕✝♦ç❺ì❰ì❰ê✌☎❉�✍ç▲í➘ñ➘ê✈í✰îðê
ï❺ç✦�❛ç▲í✰î❰ç✲ñ ➭ ☎❉✝♦ìôê✈î❰ç

P
í↔ï✦☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê❒ñ➘ç☞ñ➘ê♦í✰îðê

(mm)
ò
rg

✪ÿç✲ìðï ➭ ç✾ñ➘êsû↔ï✾☎❰ê
(mm)

ò
βg

✪sç✙✺❺í✠☞▲ë➘ù➯ç☞ñ❶ê
✟✠✪✈ù ➭ ✝✈ê❂í➘ç✾ñ ➭ ✺❺é✾ê✈î❰ì❰ç✢ñ➘ê●û↔ï✾☎❰ê

(rad)
ö

ó❥ç▲ì✱✝✈ç▲í × ê♦í ➭✭❀ í✜✝ ➭ ï➋ò➋ï❂ñ➘ê✷ö↔ê✷✶✜✒❺ç✫✝❫ïÐù✭✝♦ë❶ù ï❺ñ↔ï✳�✍ê♦ù➲ï❀ê✓✂➍ë↔ï✑✏✓✒❺ç✙❅ ⑨ ö ❹ ❇ ò✰í❶ç▲ì❰é☞ï❺ù✠ú✾☎✱☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎②ê♦é ✝♦ç▲í✰îðïÐîðç➘ò
�✍ç➋ñ➘ê■☎❰ê✈ì❍�❶ì❰ç❘➘ôê î➶ï❺ñ↔ï✫�↔ï❺ì❰ï❒ç❏�➘ù ï❺í❶ç

Y Z
❅ ×➋➭ ñ➘ê P ☞▲ë➘ì❰ï ⑨ ö ⑩ ❇⑧ê■✝♦ç▲í × ê✈ìôî ➭ ñ↔ï✛�➘ï❺ìðï❒ï●õ❴ç❺ì❰é☞ïÿï❺í✜☞▲ë➘ù ïÐì♦öÕ✘✽ê✓☎❮î➶ï

õ❴ç▲ìôé✲ï❶ò❛ï☞ñ❶ê✌ö↔ê❸✶✠✒Ðç➞✝♦ï❺ë✠☎❰ï❺ñ↔ï✙�✍ê♦ù➲ï✾õ❴ç▲ì✁✏❫ï✲ñ➘ê❏✝♦ç▲í✰îðïÐîðç✻�✍ç✬ñ➘ê✛☎ôê♦ì✳✝✈ç▲í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ↔ï✙✝✈ç▲é✾ç✲ë➘é✖ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰î❰ç
ï❺í✠☞❺ë➘ù ï❺ì❄ï❺ñ ➭ ✝ ➭ ç▲í↔ï❺ù✐ê✈í✰îðì❰ê❾ï✑☎❄☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê✓☎➍❝ ⑩▲⑩▲⑩ òþ�❨ö ➔✾➛ ❞ ö↕æ✙ñ❶ê✌ö↔ê❸✶✠✒Ðç■ï❺í✠☞▲ë❶ù ï❺ì↕ñ➘ê❏✝♦ç▲í✰î➶ï♣îðç✲í❶ç✻�➘ù ïÐí➘ç

Y Z
✪●ç▲û❶î ➭ ñ↔ï✶ïÐî❰ìðï × ✪✌☎❄ñ➘ï✾ê✌✂✬ë➘ï✑✏▼✒❺ç➫❅ ⑨ ö ➛ ❇ Ð

∆wHs =
wH cosβp

rg
,

❅ ⑨ ö ➛ ❇

ç▲í➘ñ❶ê
∆wHs

✪ ï❅ñ➘ê✷ö↔ê✷✶✜✒❺ç❋ï❺í✠☞❺ë➘ù ï❺ì✢ñ❶ê➞✝✈ç▲í✰î➶ïÐî❰ç✴ñ↔ï⑤☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê
(rad)

ò
βp

✪❚ç❩✺❺í✠☞▲ë➘ù➯ç❅ñ➘ê➞✟✠✪♦ù ➭ ✝♦ê✲í➘ç
ñ ➭ ✺❺é☞ê îðìôç✤✝♦ç▲ìôì❰ê✓☎✁�❛ç❺í➘ñ➘ê♦í✰î❰ê❾ï❺ç✎�✍ç▲í✰îðç✶ñ➘ê✬✝♦ç▲í✰îðïÐîðç

P (rad)
ò➘ê

rg

✪●ç✾ì❰ï ➭ ç✢ñ❶ê❒û➘ï✑☎❰ê
(mm)

ö
⑨ →



Ó❄Ô❫Ó❄Ô➔ê Ös×➉Ø➩×ÚÙ❄Û➄ÜÞá➩Üåá➩×✤æ❆ç✦×
æ➩ñ➘ê✌ö➘ê✷✶✜✒❺ç❚ñ➘ç❚ñ➘ê♦í✰î❰ê✤✝♦ç▲é✾ç■ë➘é✑î❰ç➋ñ❶ç✻✪❾îðç▲é☞ï❺ñ↔ï✦✝♦ç▲é✾ç■ç■ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰î❰ç■ñ↔ï✔ù ➭ í✠✟↔ï✲ñ➘ê✤✝✈ê♦í✰îðìôç❚ñ➘ç

ñ➘ê✈í➍î❰êÿñ❶ê ×✬➭ ñ➘ç✡ú✎✝❫ï❺ì✁☞✰ï✶ï✑�➘ù ➭ ✝❫ïÐñ↔ïsí↔ï✎☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê❂ñ➘ç✶ñ➘ê✈í➍î❰ê❺ö
✽ ê✌☎ôîðêúîðìðïÐû↔ï❺ù✭✟❶ç❒ë✜☎ðï❘❑➶☎❰ê✽çÿé☞ê✌☎❰é✾ç✛�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í✰îðçÿï❺ñ➘ç❺îðï❺ñ➘çsê✈é❍❝ ⑩❺⑩▲⑩ ❞✄�↔ï❺ì❰ïÿç✛✝✓❋❺ù✭✝✈ë➘ù➲ç❒ñ↔ï✑☎ ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎

ñ➘ê❚ñ➘ê✈í➍î❰ê❺öÖ✰❽ìðïÐîðï❘❑➏☎ôê❧ñ❶ê❧ë❶é �➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç❩☎ôê♦é ➭ ❑Óê♦é✡�✠❱➲ì ➭ ✝♦ç ñ➘ê✓☎ôê♦í × ç❺ù ×✬➭ ñ➘ç❩�✍ç▲ì✎✢úé✾ê ý ï❺✖④ï➶❝ ➜✑➛ ❞ ò➃✂➍ë➘ê
ñ➘ê îðê♦ìôé ➭ í↔ï❾ï✑☎④ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎❄ñ❶ç❾ñ➘ê♦í✰î❰ê❒ñ❶ê ×✬➭ ñ➘ç❾ï✵✝❫ï❺ì✁☞✰ï✑☎✩✝✈ç▲í✠✝♦ê✈í✰îðìðïÐñ↔ï✑☎↕ï✵�↔ï❺ì❮î ➭ ìÕñ➘ê❂ë❶é é✾ç➋ñ❶ê♦ù➲çÿû ➭ ñ ➭ é✾ê♦í❯❑
☎ ➭ ç▲í↔ï❺ù➨✂➍ë➘ê✶ï✑�➘ìôç▼✶ ➭ é✲ï✾ç✔ñ➘ê✈í➍î❰ê✢ñ↔ï✔ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é✟ï✔ë➘é☞ï✙�➘ù➲ï✑✝❫ï☞ê♦í✠☞✰ï✾☎ôî➶ïÐñ↔ï✲ñ➘ê✢ê✌☎❉�✍ê✓☎❉☎ôë➘ìðï■ù ➭ í➘ê♦ï❺ì❰é✾ê♦í✰îðê
× ï❺ì ➭ ❋ × ê♦ù★êÿñ➘êÿñ ➭ é✾ê♦í✠☎✁★➋ê✌☎úìôê✓�➘ìôê✓☎❰ê✈í✰î➶ïÐî ➭➯× ï✑☎♦ö✕◆❢�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç☞ñ❶ê✵✢úé✾ê ý ï▼✖øï➾❝ ➜✑➛ ❞➨✪❒û↔ï✑☎ôê❫ï❺ñ➘ç✲ê♦é ë➘é☞ï
☎❉✪✈ì ➭ ê✾ñ❶ê✶õ❴ë❶í✠✏✓★✬ê✓☎●ñ➘ê✎✝♦ç❺ì❰ì❰ê✌✏▼✒❺ç❚ñ↔ï✾☎❒ñ❶ê✌ö↔ê❸✶✜★✬ê✓☎❏✂➍ë➘ê✢õ❴ç▲ìðï❺é✑ñ➘ê✈î❰ê♦ìôé ➭ í↔ï❺ñ↔ï✑☎❂ñ❶ê✶õ❴ç❺ì❰é☞ï✔ê♦é✡�✠❱➲ì ➭ ✝❫ï➋ö✵✚✱☎ôîðï✑☎
õ❴ë➘í✠✏✌★➋ê✌☎èõ❴ç▲ìðï❺é ïÐîðë➘ï❺ù ➭➯ý ï❺ñ↔ï✾☎✩�❛ç❺ì↕ó❡ï❺ì✁❨■ê●ü★ê✈êè❝ ➀✆➜ ❞❽ï✎�➘ï❺ìôî ➭ ìøñ➘ê●ë➘é é☞ç✬ñ➘ê♦ù➯ç✢ê♦é ê✈ù➲ê✈é☞ê✈í➍î❰ç P í ➭ î❰ç✆☎♦ö

✽ ê✌☎ôîðê✕�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðçsê✓☎ôî❰ë➘ñ↔ï❘❑➶☎❰ê❂ï✾☎④ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎øê✈é î❰ç➋ñ➘çÿç❾ñ➘ç▲é✡❱➲í ➭ ç✬✂➍ë↔ï❺í➘ñ➘çsë➘é✲ï●õ❴ç▲ì❉✏♦ï✛✪❀ï✾�➘ù ➭ ✝❫ï❺ñ↔ï
ê♦é ë➘é �✍ç▲í✰îðç✾ï❺ìôû ➭ î❰ì✹❋❺ì ➭ çsñ❶ç✾ñ❶ê♦í✰îðêÐò✄✝✈ç▲í❶õ❴ç▲ìôé☞ê ➭ ù➲ë✜☎ôîðì❰ï❺ñ➘ç❾í➘ï P ☞▲ë➘ìðï ⑨ ö ❹ ö➀æ❄☎øõ❴ç▲ì❉✏♦ï✑☎✿☎✹✒❺ç✾ï✑�❶ù ➭ ✝♦ï❺ñ↔ï✑☎④í➘ç
�➘ù➲ï❺í➘ç✾í➘ê♦ë❶î❰ì❰ç☞ñ↔ï✡�❶ù ï✑✝♦ï✾êÿï✑☎❄ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎❀ì❰ê✌☎❰ë➘ù➮î➶ï❺í✰îðê✌☎úîðï❺é❾û✄✪♦é❲☎❉✒❺ç☞î❰ç▲é✲ïÐñ↔ï✑☎↕í➘ê✓☎❮îðê❏�➘ù ï❺í❶ç➘ö✯➯➒ñ➘ê P í ➭ ñ➘ç
ë➘é ☎ ➭ ☎ôîðê✈é✲ï ñ➘ê✻✝♦ç✬ç▲ìôñ➘ê♦í↔ïÐñ↔ï✑☎✵✝♦ï❺ìôî❰ê✓☎ ➭ ï❺í↔ï✑☎sê✓☎❉�✍ê✓✝✌❱ P ✝✈ç➇�↔ï❺ìðï❉ï➫�➘ù ï✾✝❫ï❉ñ➘ê✲ñ ➭ é✾ê♦í✠☎✁★➋ê✌☎❾ì❰ê✌�➘ì❰ê✌☎❰ê✈í➍îðïÐî ➭➮× ï✑☎
ñ➘ç ñ➘ê♦í✰îðêÐö■æ✕☎ÿñ ➭ é✾ê♦í✠☎✁★➋ê✌☎●ñ↔ï✍�➘ù➲ï✑✝❫ï↔☎✹✒Ðç❉ñ➘ê P í ➭ ñ➘ï✑☎sï↔�↔ï❺ì❮î ➭ ì❒ñ❶ç➫✝▼❋Ðù✭✝♦ë❶ù➲ç❚ñ↔ï ê✌☎❉�✍ê✓☎✁☎❰ë➘ì❰ï❉ñ➘ç❉ñ❶ê♦í✰îðê☞ñ↔ï
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é✣í➘ç✕�➘ù ï❺í❶ç✽í➘ç▲ìôé✲ïÐù✬ê✈é➟îðì ❀ ☎⑧ñ ➭ õ❴ê♦ì❰ê✈í✰îðê✓☎❊�❛ç✆☎ ➭ ✏✌★➋ê✌☎♦ò▲í➘ç❄îðç✆�✍ç❀ñ➘ç✑☎❡ñ➘ê✈í➍î❰ê✓☎✈ò✬í➘ï✽ìðï ➭➯ý ñ❶ç✆☎❡ñ➘ê✈í✰îðê✓☎✈ò
ê❄í↔ïsï❺ù➮îðë➘ì❰ï❂ñ➘çsñ➘ê✈í✰îðê✕✝✈ç▲ì❰ìôê✓☎✁�❛ç▲í❶ñ➘ê♦í✰îðê✳ú❒é✾ê✈îðï❺ñ➘ê❄ñ↔ïÿñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï❂ê♦í✰îðìôê✽çÿî❰ç✆�✍çÿêúïÿì❰ï ➭➲ý ñ➘ç❒ñ➘ê♦í✰î❰ê❺ö ó❡ï❺ì❰ï
é☞ï ➭ ç▲ìôê✓☎Õñ➘ê✈îðï❺ù✭✟➘ê✌☎✞☎❰ç▲û➘ìôê❂ç✎✝▼❋❺ù✗✝♦ë➘ù➯ç❾ñ↔ï✑☎èñ ➭ é☞ê✈í✠☎❉★✬ê✓☎èñ➘ï✵�➘ù ï✑✝♦ï✵✂➍ë➘ê●ì❰ê✓�❶ì❰ê✓☎ôê♦í✰î➶ï✾ç✢ñ➘ê♦í✰î❰ê❺ò✝ì❰ê✌✝♦ç▲é✾ê♦í➘ñ➘ï❘❑➏☎ôê
✝♦ç❺í✠☎❰ë➘ù➮î➶ï❺ì↕ï✢ìôê✈õ❴ê♦ì ❀ í✠✝ ➭ ï✼❝ ⑩❺⑩▲⑩ ò✧�➂ö ➔✆➔ ❑ ➀▲❻ ❞❿ö

æ✏ñ➘ê✌ö➘ê✷✶✜✒❺ç✕ñ➘ï➲�➘ù ï✑✝♦ï❅ñ➘ê■ñ ➭ é✾ê♦í✜☎❉★✬ê✓☎✶ï❺í✧❋Ðù➲ç✆☞✰ï✾☎✢ï❺ç❅ñ➘ê✈í➍î❰ê↔✟➘ê♦ù ➭ ✝♦ç ➭ ñ↔ï❺ù➃✪↔✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ↔ï➫�✍ê♦ù➲ï✸ê✓✂➍ë↔ï✑✏✓✒❺ç
❅ ⑨ ö ➔ ❇ Ð

wB(x′, y′) =
U×10−3 f(λ x̄

′

) g(ȳ
′

)

MP

n
∑

k=1

p′k
v(r̄k)

f(λ|x̄′ − ζ̄
′

k|) g(|ȳ′ − η̄
′

k|)
f(λ ζ̄

′

k) g(η̄
′

k) ,
❅ ⑨ ö ➔ ❇

ç▲í➘ñ❶ê Ð

• wB(x′, y′)
✪❂ïsñ➘ê✷ö↔ê✷✶✜✒❺ç✢í➘ç✤�✍ç▲í✰îðç

(x′, y′)
ñ➘ê ×➋➭ ñ➘ç✤ú✑☎ õ❴ç▲ì❉✏♦ï✑☎èï✑�❶ù ➭ ✝♦ï❺ñ↔ï✑☎ ê♦é➹�✍ç▲í✰îðç✆☎Õñ ➭ ☎✁✝♦ì❰ê îðç✆☎④ñ↔ï

�➘ù➲ï✑✝❫ï
(mm)

❢
⑨✆➜



❃ ➭ ☞❶ö ⑨ ö ❹ Ð ó➀ù ï✑✝♦ï✶ï❺í✧❋❺ù➯ç✆☞✰ï❾ï❺ç✶ñ➘ê✈í✰îðê✫✟➘ê♦ù ➭ ✝♦ç ➭ ñ↔ï❺ù❿ö

• U
✪④ç × ïÐù➲ç▲ì❽ï❺û✠☎ôç▲ù➲ë➋îðç✽ñ➘ï✽ñ➘ê✌ö➘ê✷✶✜✒❺ç❂ê♦é➟õ❴ë➘í✜✏▼✒❺ç❀ñ❶ç❈✺❺í✠☞▲ë❶ù➲ç✽ñ❶ê ➭ í✜✝♦ù ➭ í↔ï✑✏✓✒❺ç↕ñ↔ï✕�➘ù➲ï✑✝❫ï

(µm/N)
❝ ⑩▲⑩❺⑩ ò

�➂ö ⑩▲➔❺❻ ❞➔❢

• MP
✪❒ç✶é✡✸➋ñ❶ë➘ù➲ç✢ê✌✂✬ë ➭➯× ï❺ù➲ê✈í✰îðê❂ñ↔ï✎�➘ù ï✾✝❫ï✢ï❺í✧❋Ðù➲ç✆☞✰ï❂❝ ⑩▲⑩▲⑩ ò✧�➂ö ➀▲❻ ❞❫❢

• p′k
✪❧ï❅õ❴ç▲ì❉✏♦ï➁í➘ç❺ì❰é☞ï❺ùèï❺ç❩�➘ù ïÐí➘ç✴í➘ê♦ë❶î❰ì❰ç➁ñ↔ï➇�➘ù ï✑✝♦ï✴ï✑�➘ù ➭ ✝❫ï❺ñ➘ï✴í❶ç❳�✍ç▲í✰îðç

k
ê➞✪➞✝❫ïÐù✭✝♦ë❶ù ï❺ñ↔ï➲�✍ê♦ù➲ï

ê✌✂✬ë➘ï✑✏▼✒❺ç➫❅ ⑨ ö ❼ ❇
(N)

❢

• g(ȳ
′

) =
√

G(ȳ′)
✪④ïèõ❴ë➘í✠✏✓✒❺ç✕✝✈ç▲é❾ë➘é➡ñ↔ï✑☎❽ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎❡í↔ï❄ñ ➭ ìôê✓✏▼✒Ðç❄ñ➘ï✽ï❺ù➮îðë➘ì❰ï↕ñ➘ï■�➘ù➲ï✑✝❫ï❏❅❤ê✈é

ȳ
′ ❇✜❝ ⑩▲⑩▲⑩ ò

�➂ö ⑩▲➔➋⑩ ❞➔❢

• f(x̄
′

) =
√

F (x̄′)
✪ ï✴õ❴ë➘í✜✏▼✒❺ç❳✝♦ç▲é❾ë❶é ñ↔ï✑☎✾ñ➘ê✌ö➘ê✷✶❯★➋ê✌☎✲í↔ï➁ñ ➭ ìôê✓✏✓✒❺ç❋ñ➘ï➁ù➲ï❺ì❉☞▲ë❶ìðï❅ñ↔ï➇�➘ù ï✑✝♦ï❧❅❴ê♦é

x̄
′ ❇✷❝ ⑩▲⑩❺⑩ ò✧�➂ö ⑩▲➔▲❹ ❞❫❢

• v(r̄k)
✪❀ë❶é✲ïÿõ❴ë❶í✠✏▼✒❺ç✤✝✈ç▲é❾ë➘é ñ↔ï✑☎øñ❶ê✌ö↔ê❸✶✜★✬ê✓☎↕ñ↔ïÐñ↔ï✵�❛ê✈ù ïsñ ➭ ☎ôî✹✺❺í✠✝ ➭ ïsê✈í➍î❰ì❰ê❂ë➘éq�❛ç❺í➍î❰ç✢ñ ➭ ☎✁✝♦ìôê✈îðç✢ñ❶ê

ï✑�❶ù ➭ ✝♦ï✑✏▼✒Ðç■ñ↔ï✔õ❴ç▲ì❉✏♦ï✔ê✾ç↔�✍ç▲í✰îðç❚ñ ➭ ☎❉✝♦ìôê✈î❰ç❧ç❺í➘ñ➘ê✎☎❰ê✶ñ➘ê✌☎❰ê❭➘❰ï↔✝❫ïÐù✭✝♦ë❶ù ï❺ì✽ï❚ñ❶ê✌ö↔ê❸✶✠✒Ðç➘❝ ⑩▲⑩▲⑩ ò❂�❨ö ⑩▲➔Ð⑨ ❞ ösæ
ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï

r̄k

✪●ñ↔ï❺ñ↔ï✤�✍ê♦ù ï✢ê✌✂✬ë➘ï✑✏▼✒❺ç➫❅ ⑨ ö ➀ ❇❋❢

• x̄
′

= x
′

/H
ö✲æ✕☎sñ❶ê♦é☞ï ➭ ☎ × ï❺ì ➭ ❋ × ê ➭ ☎✬✝♦ç▲é☎û↔ï❺ìôìðï↔☎ ➭ ☞▲í ➭✗P ✝❫ï❺é❦✂➍ë➘ê✦☎✹✒❺ç ñ ➭➯×✬➭ ñ ➭ ñ↔ï✾☎✫�✍ê♦ù➲ï ïÐù➯îðë❶ìðï■ñ↔ï

�➘ù➲ï✑✝❫ï
H
❢

• k = 1, 2, . . . , n
ò➘ç▲í❶ñ➘ê

n
✪●ç✶í ✩ é✾ê♦ì❰ç✢î❰ç❺î➶ï❺ù❨ñ➘ê❂õ❴ç▲ì❉✏♦ï✑☎↕ñ ➭ ☎✁✝♦ì❰ê î➶ï✑☎❄ï✑�❶ù ➭ ✝♦ï❺ñ↔ï✑☎④í↔ï✡�❶ù ï✑✝♦ï✛❢

➛✰❻



æ✙ê✌✂✬ë➘ï✑✏▼✒❺ç❩❅ ⑨ ö ➀ ❇✞✝♦ï❺ù✭✝✈ë➘ù ï✾ï✲ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï
r
ñ➘ç✻�✍ç▲í✰îðç✲ê♦é✖ï❺í✧❋❺ù ➭ ☎ôê

P (x′, y′)
ïÐç✙�✍ç▲í✰îðç✔ç▲í❶ñ➘ê❾ï✡✝❫ï❺ì✁☞✰ï

✝♦ç❺í✠✝♦ê✈í➍î❰ìðï❺ñ➘ï✦✪●ï✑�➘ù ➭ ✝♦ï❺ñ↔ï
Pk(ζ

′, η′)
Ð

r̄2
k = (λ x̄

′

− λ ζ̄
′

k)
2 + (ȳ

′

− η̄
′

k)
2 ,

❅ ⑨ ö ➀ ❇

ç▲í➘ñ❶ê
λ
✪❾ë➘é✖õ❤ïÐîðç❺ì✽ñ➘ê❾ê✌☎❉✝♦ï❺ù ï✔ñ↔ï✾☎❈✝♦ç✬ç▲ì❰ñ➘ê✈í↔ï❺ñ↔ï✾☎

x
′ ê

ζ
′ �↔ï❺ìðï✲ï▲➘ôë✠☎ôîðï❺ì●ï☞õ❴ë➘í✜✏▼✒❺ç

v(r̄k)
ï✔ë➘é☞ï✲ñ↔ïÐñ↔ï

ì❰ê✈ù ï✑✏✓✒❺ç✶ñ➘ê●ù ï❺ì✁☞▲ë➘ì❰ïsê❒ï❺ù➯î❰ë➘ìðï❾ñ↔ï✎�➘ù➲ï✑✝❫ï■❝ ⑩▲⑩▲⑩ ò✧�❨ö ⑩▲➔❘➛ ❞ ö
æ✡õ❴ç▲ì✁✏❫ï❒í➘ç▲ì❰é☞ï❺ù✍ï❺ç❏�➘ù ï❺í❶çsí➘ê✈ë❶îðìôç❾ñ↔ï❏�❶ù ï✑✝♦ïÿë✠☎❰ï❺ñ↔ïsí↔ïÿê✓✂➍ë↔ï✑✏✓✒❺ç↔❅ ⑨ ö ➔ ❇✱✪✽ñ➘ï❺ñ↔ï❏�✍ê♦ù➲ïÿê✌✂✬ë➘ï✑✏▼✒❺ç➆❅ ⑨ ö ❼ ❇ Ð

p ′ = p
[

1 +
(

rp

ro
tanβo

)2 ] 1
2

,
❅ ⑨ ö ❼ ❇

ç▲í➘ñ❶ê
p ′

✪❒ï❾õ❴ç▲ì❉✏♦ï✢í➘ç▲ì❰é☞ï❺ù❨ï❺ç✎�➘ù ï❺í❶ç✢í➘ê♦ë❶î❰ì❰ç✾ñ↔ï✤�➘ù ï✾✝❫ï❶ò
p
✪●ï❾õ❴ç▲ì✁✏❫ï❾î➶ïÐí✠☞▲ê♦í✜✝ ➭ ïÐù ò

rp

✪●ç✶ìðï ➭ ç✢ì❰ê✈õ❴ê✈ì❰ê✈í➍î❰ê
ï❺ç✎�✍ç▲í✰îðç

P
ò
ro

✪❒ç✶ì❰ï ➭ ç✤�➘ì ➭ é ➭ î ➭➯× çsê
βo

✪❂ç✦✺❺í✠☞▲ë❶ù➲ç✢ñ➘ê✬✟✠✪✈ù ➭ ✝✈ê❂í➘ç✶ñ ➭ ✺Ðé☞ê îðì❰ç✤�❶ì ➭ é ➭ î ➭➯× ç➘ö
æ✕☎❾ñ❶ê✌ö↔ê❸✶✜★✬ê✓☎✢ù➯ç▲í✠☞ ➭ îðë➘ñ ➭ í↔ï ➭ ☎❂ñ➘ç✸ñ➘ê✈í✰îðê✻✝♦ï❺ù✭✝✈ë➘ù ï❺ñ➘ï✑☎✛�✍ê♦ù➲ï ê✓✂➍ë↔ï✾✏▼✒❺ç➉❅ ⑨ ö ➔ ❇✬☎❉✒❺ç➲�✍ê♦ì❉�✍ê♦í❶ñ ➭ ✝✈ë➘ù ï❺ìôê✓☎sï❺ç

�➘ù➲ï❺í➘ç✶í➘ê♦ë➋îðì❰ç☞ñ↔ï✎�➘ù ï✑✝♦ï❶ö ó❥ç✬ñ➘ê✷❑➶☎❰ê✫�➘ì❰ç▲➘ôê✈î❙❋▲❑➻ù ï✾☎✿�↔ï❺ìðï✶ç✡�➘ù ï❺í❶ç
Y Z

ê❂î❰ìðï❺í✠☎❮õ❴ç▲ì❰é✦❋❘❑Óù ï✑☎✩�➘ï❺ìðï✾ï✶õ❴ç❺ì❰é☞ï❾ñ➘ê
ïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰î❰ç✆☎↕ï❺í✠☞▲ë❶ù ï❺ìôê✓☎↕ïÐî❰ìðï × ✪✌☎úñ↔ï✢ê✌✂✬ë➘ï✑✏▼✒❺ç➲❅ ⑨ ö♠→❚❇q❝ ⑩▲⑩▲⑩ ò✧�➂ö ➀❺⑨ ❑ ➀✑➛ ❞ Ð

∆wBs =
wB cos(βp)

rp
,

❅ ⑨ ö❽→✆❇

ç▲í➘ñ❶ê
∆wBs

✪úçÿïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰îðçÿï❺í✠☞❺ë➘ù ï❺ì➀í❶ç✛�➘ù➲ï❺í➘ç
Y Z

✝❫ï❺ë✠☎❰ï❺ñ➘ç❏�❛ê✈ù ï●ñ➘ê✌ö↔ê❸✶✜✒❺çsñ➘çÿñ➘ê♦í✰î❰ê
(rad)

ò
wB

✪úï
ñ➘ê✷ö↔ê✷✶✜✒❺ç☞ù➲ç▲í✠☞ ➭ îðë❶ñ ➭ í↔ïÐù✍ñ❶ç☞ñ➘ê✈í✰îðê❒í➘ç▲ì❰é☞ï❺ù❨ï❺ç✎�➘ù ï❺í❶ç✾í❶ê♦ë❶î❰ì❰ç✶ñ↔ï✎�➘ù ï✑✝♦ï✤✂✬ë❶ê❒ìôê✓�➘ìôê✓☎ôê♦í✰î➶ï✾ç☞ñ➘ê✈í✰îðê

(mm)
ò

βp

✪✾ç➲✺❺í✜☞▲ë➘ù➲ç❧ñ➘ê✡✟✠✪♦ù ➭ ✝✈ê☞í➘ç ìðï ➭ ç
rp (rad)

ê
rp

✪☞ç ì❰ï ➭ ç➞✝♦ç❺ì❰ì❰ê✌☎❉�✍ç▲í➘ñ➘ê✈í✰îðê■ï❺ç➞�✍ç▲í✰îðç
P
ê✈é☎ï❺í✧❋❺ù ➭ ☎❰ê

(mm)
ö

➮☛➱✠ë ✄❴✺♣✮✹✬✯✰➠✱✴❑✯❰r❈ ❅▼❈✎❒ ❈✎❀➲✮✤✰✲❈✎✳Ò❅▼❈✎❒ ❁❃❈✎✺■✬❄✺♣✮✹✬❄✳✶❮❂❈ ✳✤✸✻✳➉✮✹✬❄❒ ✱

◆✳☎✤�↔ï❺ì❰ê✌☎❾ê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘ç✆☎✤☞❺ê♦ìðïÐù➲é✾ê♦í✰îðê✾õ❤ï ý ê✈é �↔ï❺ì❮îðê✔ñ❶ê■ë➘é ☎ ➭ ☎❮îðê♦é☞ï❉ñ➘ê✔î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç✸ñ➘ê➆�✍ç❺î ❀ í✠✝ ➭ ï❶ö
þ➋➭ ☎ôîðê✈é✲ï✾☎❨î✹❱✗� ➭ ✝✈ç✆☎❛☎✹✒Ðç■✝✈ç▲é✡�❛ç✆☎❮îðç✆☎➂ï ➭ í➘ñ➘ï✩�❛ç▲ì✐ê ➭ ✶➋ç✆☎✈ò♣ìôç▲ù ïÐé☞ê✈í➍î❰ç✆☎♦ò❺✝♦ï❺ì❉✝♦ï✑✏❫ï✾☎♦ò❸ê♦í✰îðìôê②ç▲ë❶îðìôç✆☎❂✝♦ç❺é✦�✍ç▲í➘ê✈í➍î❰ê✓☎✈ö
✽ ç✢ê✈í✰î➶ï❺í✰îðç❶ò❶ë✠☎ôë↔ï❺ù➲é✾ê♦í✰î❰ê❀í➘ç✆☎øê✌☎ôî❰ë➘ñ➘ç✆☎èñ➘ê✕✝♦ç▲í✰î➶ï♣îðç✢ñ➘ç✆☎④ñ➘ê♦í✰îðê✌☎↕ê✳✝▼❋❺ù✗✝♦ë➘ù➯çsñ➘ç✢ê✈ì❰ìôç❾ñ➘ê✽î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç➘ò❶ç✑☎

➛➘⑩



ê✈õ❴ê ➭ î❰ç✆☎●ñ➘ê ×✬➭ ñ❶ç✸ï❺ç✆☎●ç▲ë➋îðì❰ç✑☎✫✝✈ç▲é✡�❛ç▲í❶ê♦í✰îðê✌☎ÿñ➘ç➞☎ ➭ ☎ôî❰ê♦é☞ï❧í✧✒Ðç➞☎❉✒❺ç➫✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ➘ç✑☎❒ç❺ë➂ò❥ê✈é☎ï❺ù✭☞❺ë➘í✠☎❈✝❫ï✾☎❰ç✆☎✈ò
☎✹✒Ðç➲✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐñ➘ç✆☎sñ❶ê☞õ❴ç▲ìôé✲ï➞☎ ➭ é✡�➘ù ➭✗P ✝♦ï❺ñ↔ï❶ö■ó❽ç▲ìsê❸✶➋ê♦é✡�➘ù➲ç➘ò❥ç✆☎sê ➭ ✶➋ç✆☎❏☎✹✒❺ç✍✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ❶ç✆☎✵✝♦ç❺é☞ç➞☎❰ê✈í➘ñ➘ç
û ➭ ï✑�❛ç ➭ ï❺ñ➘ç✑☎úê❏✝♦ç▲é ☎❰ê✌✏▼✒❺ç➆✝✈ç▲í✠☎ôîðï❺í✰îðêÐö ✽ ç✻�➘ìôê✓☎ôê♦í✰îðê✢îðì❰ï❺û↔ï❺ù✗✟➘ç✲ç✑☎✽ê✈õ❴ê ➭ î❰ç✆☎✽í➘ç✙✝♦ç▲í✰î➶ï♣îðç■ê♦í✰î❰ì❰ê❾ç✆☎✽ñ➘ê♦í✰îðê✌☎
☞▲ê✈ìðï❺ñ➘ç✑☎✕�✍ç▲ìúê✌☎❉☎ôê✓☎✳✝✈ç▲é✦�✍ç▲í➘ê✈í✰îðê✓☎úí✧✒❺ç✦☎✹✒❺ç✦✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ❶ç✆☎♦ò❛ï✑☎❉☎ôë➘é ➭ í➘ñ➘ç✦✂➍ë➘êsê✌☎ôî➶ï✦✪së➘é☞ï✡☎ ➭ é✡�➘ù ➭◗P ✝❫ï✾✏▼✒❺ç
× ❋❺ù ➭ ñ↔ï✵�↔ï❺ì❰ï✤✝♦ê♦ì❮î➶ï✑☎✞✝♦ïÐîðê✌☞▲ç▲ì ➭ ï✑☎èñ➘ê✬☎ ➭ ☎ôî❰ê♦é☞ï✑☎èñ➘ê❂îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç✶ñ➘ê✬�✍ç❺î ❀ í✠✝ ➭ ï✤�❛ç▲ìèê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ö

➮☛➱➑ì ✌í✸✖✳➉✮✤✰✾✸✻❉✼❀❂✸✖❑▼❰✴❈ ❮❂✬é❅✯✱✷✰✾✽●✱ ✬❄✺♣✮✤✰✲✬❥❈✎✳✶❮❂✬❄✺◆✮✹✬❄✳

æ✣îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✲ñ➘êsî❰ç▲ì❉✂➍ë➘ê✛�❛ç▲ìúé☞ê ➭ ç✾ñ➘ê✵�↔ïÐì❰ê✓☎✽ê♦í✠☞▲ìôê♦í↔ïÐñ➘ç✆☎✳✪ÿì❰ê❫ïÐù ➭➲ý ï❺ñ↔ï☞ïÐîðì❰ï × ✪✓☎❀ñ❶ê❾ë➘é✖ç▲ë✸é☞ï ➭ ☎
�↔ï❺ìôê✓☎✾ñ➘ê❚ñ➘ê♦í✰î❰ê✓☎✲ê✈é ✝♦ç❺í➍îðïÐîðç❶ò✮☎❰ê✈í➘ñ➘ç❳✂✬ë❶ê ï❅õ❴ç▲ìôé✲ï➲✝✈ç▲é☞ç➁ï➇✝❫ï❺ì✁☞✰ï⑤✝♦ç▲ìôì❰ê✌☎❉�✍ç▲í➘ñ➘ê✈í➍î❰ê✸ï✴ê✓☎❮îðê❚îðç▲ì✁✂✬ë❶ê
✪❧ñ ➭ ☎❮îðì ➭ û➘ë✠❱➯ñ↔ï❅ê♦í✰îðìôê ç✆☎✾ñ➘ê✈í➍î❰ê✓☎✦✪❉ï✑✂➍ë ➭ ✝❙✟↔ïÐé✲ï❺ñ➘ï➁ñ➘ê❚ñ ➭ ☎ôî❰ì ➭ û❶ë ➭ ✏✓✒❺ç✴ñ➘ê✍✝♦ï❺ì❉☞▲ï❶ö❏æ ñ➘ê îðê♦ìôé ➭ í↔ï✑✏✓✒❺ç✴ñ↔ï
ñ ➭ ☎ôîðì ➭ û➘ë ➭ ✏▼✒Ðç■ñ➘ê✎✝❫ï❺ì✁☞✰ï❧ê✈í✰îðì❰ê✶ç✆☎●ñ➘ê✈í✰îðê✓☎❏✪✶í➘ê✓✝✈ê✓☎❉☎❉❋❺ì ➭ ï➞�➘ï❺ìðï❚ç✆☎✬✝▼❋❺ù✗✝♦ë➘ù➯ç✆☎❂ñ↔ï✑☎●ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎❒ñ➘ç✆☎❒ñ➘ê♦í✰î❰ê✓☎❒ê
ñ➘ç❧ê♦ìôì❰ç❧ñ➘ê✾î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➘ö✾ó❡ïÐìðï■î➶ï❺í✰îðç❶ò❽ñ❶ê × ê❸❑➏☎ôê✲ù➲ê × ï❺ì❂ê♦é ✝✈ç▲í✰î➶ï↔✂✬ë❶ê☞ê✈é❦✝❫ï❺ñ➘ï➞�✍ç✆☎ ➭ ✏▼✒❺ç❚í➘ç➞✝ ➭ ✝♦ù➯ç❧ñ❶ê
ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç☞ê✷✶ ➭ ☎❮îðê❒ë➘é✲ï✎✝♦ç❺í➘ñ ➭ ✏✓✒❺ç✡�↔ï❺ìôî ➭ ✝✈ë➘ù ï❺ìèñ❶ê❏✝✈ç▲í✰î➶ïÐî❰ç➘ö④æ❄☎❉☎ ➭ é ò✍ï✶ñ ➭ ☎❮îðì ➭ û➘ë ➭ ✏▼✒❺ç✶ñ➘ê✫✝❫ïÐì❉☞✰ï✶ñ➘ê × ê
☎❰ê✈ìúñ❶ê✈îðê✈ì❰é ➭ í↔ïÐñ↔ï✵�↔ï❺ì❰ï✎✝♦ï❺ñ↔ï✶ë➘é☞ï✶ñ➘ï✑☎✿�❛ç✑☎ ➭ ✏✌★➋ê✌☎♦ö

✘ ➭ õ❴ê✈ì❰ê♦í✰î❰ê✓☎★é✦✪ îðç✬ñ➘ç✆☎❨î ❀ é➪☎ ➭ ñ❶çèê♦é✡�➘ì❰ê✌☞✰ï❺ñ➘ç✆☎❂�➘ï❺ìðï↕ï✩☎❰ç❺ù➲ë✠✏✓✒❺çèñ➘ç✞�➘ì❰ç❺û➘ù➲ê✈é✲ï④ñ❶ê ñ ➭ ☎ôî❰ì ➭ û➘ë ➭ ✏✓✒❺ç④ñ❶ê➃✝♦ï❺ì❉☞▲ï
ê♦í✰î❰ì❰ê✾ç✆☎❂ñ➘ê♦í✰î❰ê✓☎♦ö✦✚➀é❦☞▲ê✈ìðï❺ù❬�➘ï❺ìðï❚ï➆☎❰ç▲ù➯ë✠✏▼✒Ðç■ñ➘ê✓☎❮îðê✡�➘ì❰ç▲û❶ù➲ê♦é☞ï❶ò✐ï✾�➘ù ➭ ✝❫ï❺é✤❑➏☎ôê❾ï✑☎●é✾ê✓☎❰é☞ï✑☎❀õ❴ç▲ìôé❾ë➘ù➲ï✑✏✓★✬ê✓☎
ë✠☎❰ï❺ñ↔ï✑☎■�↔ï❺ì❰ï✶ìôê✓☎ôç▲ù × ê♦ì↕ç✆☎✞�➘ì❰ç❺û➘ù➲ê✈é✲ï✑☎✮☞▲ê♦ì❰ï ➭ ☎èñ➘ê✬✝✈ç▲í✰î➶ïÐî❰ç☞ê✈í➍î❰ì❰ê✬✝♦ç❺ì❉�✍ç✆☎↕ê♦ùõ❋✾☎ôî ➭ ✝♦ç✆☎r❝ ⑩❸❼ ❞ ö

✽ ç▲ìôé✲ï❺ù➯é☞ê✈í✰îðê✽ê✌☎ôî❰ê✓☎■�➘ì❰ç▲û❶ù➲ê♦é☞ï✑☎④î ❀ é❲✝✈ç▲é✾ç✾ñ➘ï❺ñ➘ç✆☎èñ➘ê●ê✈í➍î❰ìðï❺ñ➘ï☞ï✤☞▲ê✈ç▲é☞ê îðì ➭ ïsñ➘ç✑☎■✝✈ç▲ì❉�✍ç✆☎↕ê♦é ✝♦ç▲í❯❑
î➶ï♣îðç➘ò✄☎❰ë↔ï✾☎✽õ❴ç▲ì❉✏♦ï✑☎✽êsï✙✝ ➭ í➘ê♦é✦❋Ðî ➭ ✝❫ï✶ñ➘ê✌☎ôîðê✌☎✳✝♦ç❺ì❉�✍ç✆☎♦ò❛ê✛✝♦ç❺é☞ç☞ñ↔ï❺ñ➘ç✆☎úñ➘ê✵☎❰ï✑❱➲ñ↔ï✡☎❰êÿç▲û❶î✹✪✈é✟ï✾ñ ➭ ☎❮îðì ➭ û➘ë ➭ ✏▼✒❺ç
ñ➘ê✬✝❫ïÐì❉☞✰ï✢ê●ç☞ñ❶ê✓☎❰ù➯ç❯✝♦ï❺é✾ê♦í✰îðç✶ñ➘ç✶ê♦ù➯ê♦é✾ê♦í✰îðç✎✝✈ç▲é☞ç✶ë➘é îðç✬ñ➘ç✼❝ ➛✆➛ ❞ ö

✽ ï✢é☞ç✬ñ➘ê✈ù ï✑☞▲ê✈é ï✑�❶ì❰ê✓☎ôê♦í✰î➶ïÐñ↔ï☞í➘ê✌☎ôî❰ê❒î❰ìðï❺û↔ïÐù✭✟➘ç➘ò❶ï✑☎❉☎ôë➘é✾ê✷❑➏☎ôê❏✂➍ë➘êÿï✑☎✞☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎èñ➘ç✆☎❄ñ➘ê♦í✰îðê✌☎❄�✍ç✬ñ➘ê♦é
☎❰ê✈ì↕ï❺ñ➘ê✌✂✬ë➘ï❺ñ↔ï❺é✾ê♦í✰îðê✽ì❰ê✓�❶ì❰ê✓☎ôê♦í✰î➶ïÐñ↔ï✑☎✞�❛ç❺ì✮�✍ç▲í✰îðç✆☎Õñ ➭ ☎✁✝♦ì❰ê îðç✆☎✈ö②æ➢☎❰ê✌�↔ï❺ì❰ï✑✏▼✒❺ç ➭ í ➭ ✝ ➭ ï❺ù↔ê✈í✰îðì❰ê●ï✾☎✮☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎
ñ➘ç✆☎èñ❶ê♦í✰îðê✌☎✛❅➌☎❰ê✈é❲✝❫ï❺ì✁☞✰ï✢ï✑�➘ù ➭ ✝♦ï❺ñ↔ï❚❇❖✪❀ñ↔ï❺ñ↔ï✤�✍ê♦ù➯ç✆☎èïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰î❰ç✆☎èï❺í✠☞❺ë➘ù ï❺ìôê✓☎øê✈í✰îðì❰ê❂ç✑☎✿�❛ç▲í✰î❰ç✆☎èñ ➭ ☎✁✝♦ìôê✈îðç✑☎
ñ↔ï✑☎❄☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎↕ñ➘ç✑☎✽ñ➘ê✈í➍î❰ê✓☎úñ↔ï✑☎❄ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✽é☞ç❺î❰ç▲ìðï✢ê❒é☞ç ×✬➭ ñ➘ï❶ò

δΘi
1 = {h1, h2, ..., hn}

T ç▲í➘ñ➘ê
n
✪

í ✩ é✾ê♦ì❰ç☞ñ➘ê✫�❛ç▲í✰î❰ç✆☎↕ñ ➭ ☎✁✝♦ì❰ê îðç✆☎✛❅ ×✬➭ ñ➘ê P ☞▲ë➘ìðï ⑨ ö ⑩ ❇ ò↔ê❒ç✶îðç▲ì✁✂✬ë❶ê❒î❰ç❺î➶ï❺ù★ï✾�➘ù ➭ ✝❫ï❺ñ➘ç✢í➘ï☞ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é✏é☞ç❺î❰ç▲ìðï
✪sñ➘ï❺ñ➘ç✻�✍ç▲ì

T
ö↕æ❞✝❫ï❺ì✁☞✰ï☞ê✌✂➍ë ➭➯× ï❺ù➯ê♦í✰îðêsï❺ç☞î❰ç▲ì❉✂➍ë➘ê

T
✪sñ ➭ ☎ôîðì ➭ û➘ë✜❱➲ñ↔ï✢ê♦í✰î❰ì❰ê❾ç✆☎❄�❛ç❺í➍î❰ç✆☎❄ñ ➭ ☎✁✝♦ì❰ê îðç✆☎úñ➘ê ×✬➭ ñ➘ç

ï❺ç✦✝♦ç▲í✰î➶ï♣îðç✾é ✩ îðë❶ç➘ò✝ê❏�✍ç➋ñ❶ê❏☎ôê♦ì✽ñ❶ê✓☎❉✝✈ì ➭ î➶ï✦�✍ç▲ì
p = {p1, p2, ..., pn}

T ö④æ✕☎↕õ❴ç▲ì❉✏♦ï✑☎ ➭ í✰îðê♦ì❭❑Óõ❤ï✑✝ ➭ ï ➭ ☎✿✝❫ï❺ë✜☎ðï❺é
➛➍❹



ï✑☎✢ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎✾ê♦ù✭❋✑☎ôî ➭ ✝❫ï✾☎♦ò
w = {w1, w2, ..., wn}

T ò✕❅ ×✬➭ ñ➘ê➆☎ôê✓✏✓✒❺ç ⑨ ö ⑨ ❇ ò❖�❛ê✈ì❰é ➭ î ➭ í➘ñ➘ç✸ë❶é ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰î❰ç
ï❺í✠☞❺ë➘ù ï❺ì✽ñ➘ê✶ì❰ç❺îðï✑✏▼✒❺ç❚ñ↔ï■ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é é☞çÐîðç▲ì❰ï❶ò

δΘf
1min

ò➧☎❰ê♦é ç❚ìôê✓☎❉�✍ê✓✝ î ➭➮× ç❉ñ❶ê✓☎❰ù➯ç❯✝♦ï❺é✾ê♦í✰îðç■ñ↔ï❚ê♦í✜☞▲ì❰ê❸❑
í↔ï✑☞❺ê♦é é✾ç ×✬➭ ñ↔ï❶ö➇✚✱☎❮îðê❚ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰î❰ç❅ï❺í✠☞▲ë❶ù ï❺ì❏✪■ì❰ê♦ù➲ïÐî ➭➮× ç⑤ú➲�➘ï❺ì❉✝✈ê♦ù ï✸ñ❶ç❅ê♦ì❰ìôç❅ñ➘ê✔îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç⑤✝♦ç▲é
✝❫ïÐì❉☞✰ï✸ï✾�➘ù ➭ ✝❫ï❺ñ↔ï➋ò❥ê✦�❛ç✬ñ➘ê✙☎ôê♦ì✵✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ➘ç➫✝♦ç▲é✾ç❉ç✸ñ❶ê✓☎❰ù➯ç❯✝♦ï❺é✾ê♦í✰îðç ñ➘ç✸ê♦ù➯ê♦é✾ê♦í✰îðç➫✝♦ç▲é✾ç❉ë➘é☎îðç✬ñ➘ç ñ↔ï
õ❴ç▲ìôé❾ë➘ù ï✾✏▼✒❺ç✾ñ➘ç✻�➘ìôç▲û➘ù➯ê♦é☞ï✦☞▲ê✈ìðï❺ù❽ñ➘ê✛✝✈ç▲í✰î➶ïÐî❰ç✔ê♦í✰î❰ì❰ê✵✝✈ç▲ì❉�✍ç✆☎❀ê✈ùõ❋✑☎❮î ➭ ✝✈ç✆☎♦ö❄✘✽ê ×➋➭ ñ➘ç➆ú✑☎✽ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎❂ê♦ùõ❋✾☎ôî ➭ ✝❫ï✑☎
ê❀ïÐçsñ➘ê✌☎❰ù➲ç⑥✝❫ïÐé☞ê✈í➍î❰çÿñ➘ïsê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦éãé✾ç❺îðç❺ìðï❶ò✬ï✑☎➃☎❰ê✌�↔ï❺ìðï✾✏✓★✬ê✓☎ ➭ í ➭ ✝ ➭ ï ➭ ☎⑧ê♦í✰îðìôê❂ï✑☎➃☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎④ï❺ù➯î❰ê♦ì❰ï❺é✎❑➶☎❰ê
ê✙☎ôê☞î❰ê♦é☎ê♦í✰î❙✒Ðç➲☎❰ê✌�↔ï❺ìðï✾✏✓★✬ê✓☎❾ìôê✓☎❰ë❶ù➯î➶ïÐí➍î❰ê✓☎

δΘf
1 − q δΘf

1min = {g1, g2, ..., gn}
T ò❡ç▲í➘ñ➘ê

q
✪✲ë❶é × ê✈î❰ç▲ì

✝♦ç❺ù➲ë➘í↔ï✤✝✈ç▲é îðç✬ñ➘ç✆☎èç✑☎❄ê✈ù➲ê✈é☞ê✈í➍î❰ç✆☎èñ➘ê × ï❺ù➲ç❺ì
1
ö

ó❥ç✬ñ➘ê✷❑➶☎❰ê❒ñ ➭➲ý ê♦ì✞✂➍ë➘ê❒ç✆☎❄�✍ç▲í✰îðç✑☎❄ñ ➭ ☎❉✝✈ì❰ê îðç✆☎■✂➍ë➘êÿìôê✓�➘ìôê✓☎ôê♦í✰î➶ï❺é✖ï✑☎✞☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎↕ñ➘ç✆☎❄ñ➘ê♦í✰îðê✌☎❄�✍ê♦ì❮îðê✈í✠✝♦ê✈é
ï❺ç✵✝✈ç▲í❘➘ôë➘í✰î❰ç✢ñ➘ê✳�✍ç▲í✰îðç✆☎

Ig

ö❖✚✱☎❮îðê✳✝✈ç▲í❘➘ôë➘í✰îðç✢ñ❶ê✳�❛ç❺í➍î❰ç✆☎✩�✍ç➋ñ❶ê✕☎❰ê✈ìøñ ➭➮×➋➭ ñ ➭ ñ❶çsê♦é ñ➘ç ➭ ☎✮☎ôë➘ûþ✝✈ç▲í❘➘ôë➘í✰î❰ç✆☎ Ð
Icñ➘ç✆☎➃�✍ç▲í✰îðç✆☎❖�✍ê♦ìôî❰ê♦í✠✝✈ê♦í✰îðê✌☎èï✫❋❺ì❰ê♦ï❒ñ➘ê■✝♦ç❺í➍îðïÐîðç✻❅❆✝❙✟↔ïÐé✲ï❺ñ❶ç❒ñ❶ê❄✝✈ç▲í❘➘ôë➘í✰îðçsïÐî ➭➮× ç➂❇⑧ê

In

ñ➘ç✆☎ ç▲ë❶î❰ì❰ç✆☎➃�❛ç❺í➍î❰ç✆☎♦ö
❪❂ê♦ìðïÐù➲é✾ê♦í✰îðêÐò✍ç✑☎✳�❛ç❺í➍î❰ç✆☎✕✂➍ë➘ê❏�❛ê✈ìôî❰ê♦í✠✝✈ê♦é✂ï✾ê✓☎❮îðê✓☎❂ñ❶ç ➭ ☎■☎❰ë➘û✄✝♦ç❺í❘➘ôë➘í✰îðç✆☎✽í✧✒❺ç✻☎❉✒❺ç✻✝♦ç❺í✠✟➘ê✓✝ ➭ ñ➘ç✑☎❀ï✙�➘ì ➭ ✸▲ì ➭ ê
�➘ìôê✓✝ ➭ ☎ðï❺é ☎❰ê♦ì↕ñ➘ê îðê✈ì❰é ➭ í↔ï❺ñ❶ç✆☎✿✝♦ç▲é✾ç✎�↔ï❺ì❮îðê❂ñ↔ï✎☎❰ç▲ù➯ë✠✏▼✒Ðç✾ñ❶ç✡�❶ì❰ç▲û➘ù➯ê♦é☞ï❂❝ ⑨ ò ❼▲❹ ❞❿ö

◆➪�➘ìôç▲û➘ù➲ê✈é✲ï❂ñ➘ê❄ñ ➭ ☎ôîðì ➭ û➘ë ➭ ✏▼✒Ðç❂ñ➘ê❄✝♦ï❺ì❉☞▲ï❒ê✈í➍î❰ì❰ê❄ç✆☎ ñ➘ê♦í✰îðê✌☎④ñ➘ê❄ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❍�✍ç✬ñ➘ê↕ê♦í✰î❙✒❺ç❏☎❰ê✈ìÕñ➘ê P í ➭ ñ➘ç
�✍ê♦ù➲ç✑☎✿☎❰ê✓☞❺ë ➭ í✰îðê✌☎❄✝✈ì ➭ î✹✪♦ì ➭ ç✆☎④ì❰ê✓�❶ì❰ê✓☎ôê♦í✰î➶ïÐñ➘ç✆☎✕�✍ç▲ìèë➘é ☎ ➭ ☎❮îðê✈é✲ï✢ñ➘ê●ê✓✂➍ë↔ï✾✏✓★✬ê✓☎❄ê ➭ í➘ê✌✂✬ë➘ï✑✏✓★✬ê✓☎✎❝ ⑩❲❼ ❞ Ð

•
✣④ç❺í➘ñ ➭ ✏✓✒❺ç✲ñ❶ê❏✝✈ç▲é✦�➘ïÐî ➭ û ➭ ù ➭ ñ↔ï❺ñ❶ê Ð �↔ï❺ì❰ï✦✂➍ë↔ï❺ù✗✂➍ë➘ê♦ì❄�↔ï❺ì❄ñ➘ê❏�✍ç▲í✰îðç✑☎✽ñ ➭ ☎❉✝♦ìôê✈î❰ç✆☎✕✝♦ï❺í➘ñ ➭ ñ↔ïÐîðç✑☎úïÐç✙✝♦ç❺í❯❑
îðïÐîðç➘ò❛ï✙☎ôç▲é✲ï♣î✹✸▲ì ➭ ï✶ñ↔ï✲ñ➘ê✷ö↔ê✷✶✜✒❺ç■ê✈ùõ❋✑☎❮î ➭ ✝♦ï✾î❰ç❺î➶ï❺ù★ñ➘ç✑☎❀ñ➘ê♦í✰î❰ê✓☎❀ñ↔ï✾☎❀ñ➘ë↔ï✑☎úê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎❂êsñ➘ç✆☎❀ïÐõ❤ï✑☎❫❑
îðï❺é☞ê✈í✰îðç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎✞❅➌☎❰ê✈é➝✝❫ï❺ì✁☞✰ïsï✑�❶ù ➭ ✝♦ï❺ñ↔ï❚❇❡ñ❶ê × ê❄☎❰ê✈ì④é☞ï ➭ ç▲ì❡ç▲ë ➭ ☞▲ë↔ï❺ù✝ï❺ç❒ñ➘ê✌☎❰ù➲ç⑥✝❫ïÐé☞ê✈í➍î❰çÿñ➘ïÿê♦í✜☞▲ì❰ê❸❑
í↔ï✾☞▲ê♦é❲✝✈ç▲é✾ç✢ë➘é îðç✬ñ➘ç➘ö❖✚✱☎❮î➶ï✎✝♦ç▲í➘ñ ➭ ✏▼✒Ðç✡✪●ìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï❺ñ↔ï✾í↔ï✶ê✓✂➍ë↔ï✑✏✓✒❺ç➲❅ ⑨ ö ➜ ❇ Ð

g i = hi − uo + wi , ∀ i ∈
➎
g ,

❅ ⑨ ö ➜ ❇

ç▲í❶ñ➘ê Ð
wi =

∑

k∈
➎
g

ai−k pk ,
❅ ⑨ ö ⑩❲❻ ❇

gi ≥ 0
òþ✪❾ë❶é✖ê✈ù➲ê✈é☞ê✈í➍î❰ç✲ñ➘ç × ê✈î❰ç▲ì

δΘf
1 − δΘf

1min

✝♦ë▲➘ôç × ï❺ù➲ç▲ì✞✝✈ç▲ì❰ìôê✓☎❉�✍ç▲í➘ñ❶ê✤ú✦☎ôê✓�↔ï❺ì❰ï✑✏▼✒Ðç✔ì❰ê✌☎❰ë➘ùÔ❑
îðï❺í✰îðê❾ê✈é

i
ï✑�✄✸✆☎❂ï✑☎✽ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎✖❢

hi

✪✢ë➘é✑ê✈ù➲ê✈é☞ê✈í➍î❰ç■ñ➘ç × ê îðç▲ì
δΘi

1

✝♦ë❘➘ôç × ï❺ù➯ç▲ì✕✝✈ç▲ì❰ìôê✓☎❉�✍ç▲í➘ñ❶ê✶ï❺ç
ïÐõ❤ï✾☎ôî➶ïÐé☞ê✈í➍î❰ç ➭ í ➭ ✝ ➭ ï❺ù✱❅❆☎❰ê✈é☛✝❫ï❺ì✁☞✰ï✲ï✑�❶ù ➭ ✝♦ï❺ñ↔ï❚❇④ê✈í✰îðì❰êsë➘éû�↔ï❺ì❄ñ➘ê✛�✍ç▲í✰îðç✑☎❄✝♦ï❺í➘ñ ➭ ñ↔ïÐîðç✑☎✽ï❺ç✦✝♦ç▲í✰îðïÐîðç❣❢

➛✰⑨



uo = δΘf
1min

✂➍ë➘ê✙✪✾ç❉ñ➘ê✌☎❰ù➯ç❯✝♦ï❺é☞ê✈í✰îðç ï❺í✠☞▲ë➘ù➲ï❺ì●ñ➘ê✾ì❰ç❺îðï✑✏▼✒❺ç❧ñ↔ï❧ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é☎é✾ç❺îðç▲ì❰ï❩❅❤ç▲ë❋ñ➘ê✓☎❭❑
ù➯ç❯✝♦ï❺é☞ê✈í✰îðç✲ñ❶ç✔ê♦ù➯ê♦é✾ê♦í✰îðç✻✝✈ç▲é✾ç✔ë➘é îðç✬ñ➘ç➂❇■✂➍ë↔ïÐí➘ñ➘ç❚ï✲ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é✑é✾ç ×✬➭ ñ↔ï✾ê✓☎ôî✹❋ P ✶❶ï✔ê♦é✖ë➘é☞ï
ñ↔ïÐñ↔ï✫�✍ç✆☎ ➭ ✏▼✒Ðç

i
❢
wi

✪úï●ñ➘ê✷ö↔ê✷✶✜✒❺ç❒ê♦ù✭❋✑☎ôî ➭ ✝❫ï❀î❰ç❺î➶ï❺ù❶ê♦é
i
ò⑥✂➍ë➘ê■✪❄ï❈☎❰ç▲é☞ïÐî✹✸❺ì ➭ ïúñ➘êèîðç✬ñ↔ï✑☎ ï✑☎②ñ➘ê✌ö➘ê✷✶❯★➋ê✌☎

ê✈ùõ❋✑☎❮î ➭ ✝♦ï✑☎➀ê♦é
i
❢
ai−k

✪↕ç✫✝♦ç✬ê P ✝ ➭ ê♦í✰î❰êúñ➘ê ➭ í✜ö↔ë ❀ í✠✝ ➭ ï●ê✈é
i
ñ➘ê ×✬➭ ñ❶ç✛ú✬✝❫ï❺ì✁☞✰ï❒ï✑�➘ù ➭ ✝❫ï❺ñ➘ï❀ê♦é

k
ò✬ç❺û❶î ➭ ñ➘ç

ï✎�↔ï❺ì❮î ➭ ì④ñ↔ï✑☎↕ê✓✂➍ë↔ï✑✏✌★➋ê✌☎✵❅ ⑨ ö ➛ ❇④ê✦❅ ⑨ ö♠→❚❇✪❢
pk

✪❒ï✤✝❫ïÐì❉☞✰ï✶ï✑�➘ù ➭ ✝♦ï❺ñ↔ï❾í➘ç✡�❛ç❺í➍î❰ç
k
❢

•
✣④ç❺í➘ñ ➭ ✏✓✒❺ç❂ñ➘ê↕ê✓✂➍ë ➭ ù✭❱➯û➘ì ➭ ç Ð ï❈✝♦ç▲í❶ñ ➭ ✏✓✒❺ç❂ñ➘êèê✓✂➍ë ➭ ù✭❱➯û➘ì ➭ ç✽ñ➘ç❂îðç❺ì❉✂➍ë➘êèñ➘ê × ê✞☎❰ê✈ì➃☎❰ïÐî ➭ ☎ôõ❴ê ➭ î➶ï➋ö❬◆❆é☞ç▲é✾ê♦í✰î❰ç
î❰ç❺î➶ï❺ù✐ê✈é ì❰ê✈ù ï✑✏✓✒❺ç✾ï❺ç✶ê ➭ ✶❶ç✾ñ➘ê●ì❰çÐî➶ï✑✏✓✒❺ç✶ñ↔ï✑☎èõ❴ç▲ì❉✏♦ï✑☎

pi

ïÐîðë➘ï❺í➘ñ➘ç✾í➘ç✆☎✞�✍ç▲í✰îðç✆☎↕ê♦éû✝✈ç▲í✰î➶ïÐî❰ç✶ñ➘êÿì❰ï ➭ ç
r1 i

ñ➘ê × ê❏☎ôê♦ì ➭ ☞❺ë↔ï❺ù✐ï❺ç✢î❰ç▲ì❉✂➍ë➘ê❒ï✑�➘ù ➭ ✝♦ï❺ñ➘ç
T
ö✱✼➏☎ôî❰ç✦�✍ç➋ñ❶ê❈☎❰ê♦ì↕ñ➘ê P í ➭ ñ➘ç✦✝✈ç▲é✾ç Ð

∑

i∈
➎

c

pi r1 i =
∑

i∈
➎
c

ti = T ,
❅ ⑨ ö ⑩▲⑩ ❇

ç▲í❶ñ➘ê
ti
✪❄ç❂î❰ç▲ì❉✂➍ë➘ê✿✝✈ç▲ì❰ìôê✓☎❉�✍ç▲í➘ñ❶ê♦í✰îðê❄ú❈✝❫ï❺ì✁☞✰ï

pi

ï✑�➘ù ➭ ✝❫ïÐñ↔ï✽í➘ç✬�✍ç▲í✰îðç
i
ñ➘êèìðï ➭ ç

r1

ñ↔ï❂ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é
é✾ç❺îðç❺ìðï❶ö

•
✣④ì ➭ î❉✪♦ì ➭ ç❀ñ➘ê✿✝✈ç▲í✰î➶ïÐî❰ç Ð ê✌☎ôî❰ê■✝✈ì ➭ î✹✪♦ì ➭ çúê✓☎ôîðï❺û✍ê♦ù➲ê✌✝♦ê✞✂➍ë➘ê↕ï✑☎✱☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎⑧ñ➘ç✆☎➀ñ❶ê♦í✰îðê✌☎ ê✌☎ôî✹✒❺ç❂ê♦é ✝♦ç▲í✰î➶ï♣îðç
í➘ç✑☎❈�❛ç▲í✰î❰ç✆☎❂ç▲í➘ñ➘êsê✷✶ ➭ ☎❮îðê♦é ✝❫ï❺ì✁☞✰ï✑☎❂ï✑�❶ù ➭ ✝♦ï❺ñ↔ï✑☎✈ò❨ê✢ç▲í❶ñ➘ê❾í✧✒❺ç■ê❸✶ ➭ ☎ôî❰ê✤✝♦ç▲í✰îðïÐîðç❧ï✻✝❫ïÐì❉☞✰ï■ï✑�❶ù ➭ ✝♦ï❺ñ↔ï✡✪
í➍ë➘ù➲ï❶ö➃✯❉ïÐî❰ê♦é☞ïÐî ➭ ✝❫ï❺é✾ê♦í✰îðê ➭ ☎ôî❰ç✤�❛ç✬ñ➘ê✬☎❰ê✈ì❄ê✌☎❉✝✈ì ➭ î❰ç✎✝♦ç▲é✾ç Ð

∀ i ∈
➎
c : g i = 0, pi ≥ 0 ,

❅ ⑨ ö ⑩❸❹ ❇
∀ i ∈

➎
n : g i ≥ 0, pi = 0 .

❅ ⑨ ö ⑩❲⑨ ❇

ó❡ï❺ì❰ï❏✂➍ë➘ê✕☎ôê✕�✍ç✆☎❉☎❰ïÿë✠☎❰ï❺ìøï✾☎Õé✾ê✓☎ôé✲ï✑☎②õ❴ç▲ìôé❾ë➘ù ï✾✏✓★✬ê✓☎✱�↔ï❺ì❰ïsï✫☎❰ç▲ù➯ë✠✏▼✒❺ç❒ñ➘ç❏�➘ì❰ç▲û❶ù➲ê♦é☞ï✬☞▲ê♦ì❰ï❺ù✝ñ➘ê❄✝✈ç▲í✰î➶ïÐî❰ç
ê♦í✰î❰ì❰ê➇✝♦ç▲ì✁�❛ç✑☎❧ê✈ùõ❋✑☎❮î ➭ ✝♦ç✆☎✔í❶ç➉�❶ì❰ç▲û➘ù➯ê♦é☞ï✕ñ➘ê✴ñ ➭ ☎ôîðì ➭ û➘ë ➭ ✏▼✒Ðç➌ñ➘ê➇✝❫ï❺ì✁☞✰ï➌ê♦í✰î❰ì❰ê✴ç✆☎■ñ➘ê✈í➍î❰ê✓☎✈ò❈✪⑤✝♦ç▲í × ê✈í ➭ ê✈í✰îðê
ê✷✶❯�➘ìôê✓☎✁☎ðï❺ì■ï✴ê✓✂➍ë↔ï✾✏▼✒❺ç➟❅ ⑨ ö ⑩❲❻ ❇❾ê♦é õ❴ë❶í✠✏▼✒❺ç➁ñ➘ê

ti
ïÐç ➭ í × ✪✓☎✾ñ➘ê

p i

❅ × ê♦ì☞ê✓✂➍ë↔ï✑✏✓✒❺çÑ❅ ⑨ ö ⑩▲⑩ ❇❉❇ òÕû✍ê♦é ✝✈ç▲é✾ç
îðì❰ï❺í✠☎❮õ❴ç▲ì❰é☞ï❺ìúï✑☎úê✌✂➍ë↔ï✑✏✓★✬ê✓☎✽ñ➘ç✙✝✓❋❺ù✭✝✈ë➘ù➲ç☞ñ↔ï✑☎❄ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎❂ê♦ùõ❋✾☎ôî ➭ ✝❫ï✑☎✈ò✝ê✓✂➍ë↔ï✑✏✌★➋ê✌☎✎❅ ⑨ ö ➛ ❇èê✻❅ ⑨ ö♠→❚❇ ò✄�↔ï❺ì❰ï✦✂➍ë➘ê✵☎ôê
ç▲û❶î❰ê♦í✠✟➘ï❺é ç✑☎✛✝♦ç✬ê P ✝ ➭ ê✈í✰îðê✓☎ÿñ➘ê ➭ í✜ö↔ë ❀ í✠✝ ➭ ï ê♦é❥✝♦ï❺ñ↔ï➫�✍ç▲í✰îðç

i
ê♦é õ❴ë➘í✜✏▼✒❺ç✸ñ❶ç✆☎ÿî❰ç▲ì❉✂➍ë➘ê✌☎✢ï✑�➘ù ➭ ✝❫ïÐñ➘ç✆☎♦ò

ti
ö

✣④ç▲é ➭ ☎ôî❰ç✢ïsê✌✂✬ë➘ï✑✏▼✒❺ç✍❅ ⑨ ö ⑩❫❻ ❇➃�✍ç➋ñ❶ê✕☎❰ê✈ìèì❰ê✈ê✓☎❉✝✈ì ➭ î➶ï✵✝♦ç❺í❶õ❴ç▲ì❰é✾ê❀ïÿê✓✂➍ë↔ï✑✏✓✒❺ç✍❅ ⑨ ö ⑩▼➛ ❇ ö⑧æ❈ñ➘ê✌☎❉✝♦ì ➭ ✏✓✒❺ç✤✝♦ç▲é✡�➘ù➯ê✈î➶ï
ñ↔ï✶é✲ïÐí ➭ �➘ë❶ù ï✑✏✓✒❺ç❾ñ➘ê✌☎ôî➶ï✾☎❄ê✌✂➍ë↔ï✑✏✓★✬ê✓☎❄ê♦í✜✝♦ç▲í✰îðì❰ï❘❑➏☎ôêÿí❶ç☞ï✾� ❀ í➘ñ ➭ ✝✈ê●æsö

w = At ,
❅ ⑨ ö ⑩▼➛ ❇

➛✆➛



ç▲í➘ñ❶ê
A
✪❒ï❾é☞ïÐîðì ➭➲ý ñ➘ç✑☎✿✝♦ç✬ê P ✝ ➭ ê♦í✰î❰ê✓☎❄ñ➘ê ➭ í✜ö➘ë ❀ í✠✝ ➭ ï✢ñ↔ï✑☎èñ❶ê✌ö↔ê❸✶✜★✬ê✓☎❄í➘ç✆☎✞�✍ç▲í✰îðç✆☎èñ ➭ ☎❉✝✈ì❰ê îðç✆☎✈ò↔ê

t
✪ × ê✈î❰ç▲ì

✝♦ç❺é ç✆☎èîðç▲ì✁✂➍ë➘ê✓☎↕ñ ➭ ☎❉✝♦ìôê✈î❰ç✆☎❄ï✑�➘ù ➭ ✝❫ï❺ñ❶ç✆☎øí➘ç✆☎✞�✍ç▲í✰îðç✆☎↕ê✈é❲✝♦ç▲í✰îðïÐîðç➫❅ × ê♦ì↕ê✓✂➍ë↔ï✑✏✓✒❺ç➫❅ ⑨ ö ⑩▲⑩ ❇✁❇ ö
✽ ç✳✝♦ï✑☎❰ç✽ñ➘ç✆☎❡é✾ç✬ñ➘ê♦ù➯ç✆☎★ñ➘êøï❺í✠❋❺ù ➭ ☎❰ê ñ➘ç✕✝✈ç▲í✰î➶ïÐî❰ç❀ê♦í✰îðìôêøñ➘ê✈í➍î❰ê✓☎❬✂➍ë➘êøï✑☎❉☎ôë➘é☞ê✈é❖ï✽ê✷✶ ➭ ☎❮î ❀ í✠✝ ➭ ïúñ➘ç✳✝✈ç▲í✰î➶ïÐî❰ç

☎❰ç❺é☞ê✈í➍î❰ê❀í➘ç✤�➘ù➲ï❺í➘ç❾ñ❶ê❂ï✑✏▼✒Ðç➘ò❶ë➘é í ✩ é✾ê♦ì❰ç✛�❛ê✌✂✬ë❶ê♦í➘ç✶ñ➘ê✳�✍ç▲í✰îðç✑☎øñ ➭ ☎✁✝♦ìôê✈îðç✑☎✿✪❀ë✠☎ðïÐñ➘ç✤�↔ï❺ì❰ïsì❰ê✌�➘ì❰ê✌☎❰ê♦í✰îðï❺ì↕ï
ù ➭ í✠✟↔ï✶ñ➘ê✢ï✑✏✓✒❺ç➘ò✍ê✛�✍ç▲ìôîðï❺í✰îðç■ï✾ê✓☎✁✝♦ç▲ù✗✟↔ï✲ñ➘ç✔é✡✪✈î❰ç➋ñ❶ç✙�↔ï❺ì❰ï✔ï✦☎ôç▲ù➲ë✜✏▼✒❺ç✔ñ❶ç✻�➘ì❰ç❺û➘ù➲ê✈é✲ï✶ñ➘êsñ ➭ ☎ôî❰ì ➭ û➘ë ➭ ✏✓✒❺ç✾ñ➘ê
✝❫ïÐì❉☞✰ï❒í✧✒❺ç❾ìôê✓✂➍ë➘ê♦ìÕé✲ï ➭ ç▲ì ïÐî❰ê♦í✠✏✓✒❺ç✵✂➍ë↔ï❺í✰îðç❾ï❺çsê✌☎ôõ❴ç▲ì✁✏♦ç✵✝✈ç▲é✦�❶ë❶î➶ï✑✝ ➭ ç▲í➘ï❺ù ö❥ó❥ç▲ìÕç▲ë❶î❰ì❰çsù➲ï❺ñ➘ç➘ò➍í➘ç✑☎④é✾ç➋ñ➘ê✈ù➲ç✆☎
ñ➘ê❄ï❺í✧❋Ðù ➭ ☎ôê✿☞▲ù➲ç❺û↔ï❺ù❶ñ❶ê■✝✈ç▲í✰î➶ïÐî❰ç➘ò➍ë➘é➜í ✩ é✾ê♦ìôçÿê✈ù➲ê × ï❺ñ❶ç❒ñ❶ê❄�✍ç▲í✰îðç✆☎②ñ ➭ ☎❉✝✈ì❰ê✈î❰ç✆☎❖✪↕í➘ê✓✝✈ê✓☎❉☎❉❋❺ì ➭ ç❏�➘ï❺ìðï✬✂➍ë➘ê❄î❰ç➋ñ➘ï
ï✛☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ êúñ➘ç✆☎Õñ➘ê♦í✰îðê✌☎✿�❛ç✑☎❉☎ðï✵☎ôê♦ì④ï❺ñ➘ê✓✂➍ë↔ïÐñ↔ï❺é✾ê♦í✰îðê❂ìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï❺ñ↔ï➋ò➘ê✕✝✈ç▲í✠☎❰ê✌✂➂➾➘ê♦í✰îðê✈é☞ê✈í✰îðê❒ë➘é✲ï❒é✲ï ➭ ç▲ì
ïÐî❰ê♦í✠✏✓✒❺ç☞ñ❶ê × ê✫☎❰ê✈ìúñ❶ê♦ñ ➭ ✝❫ï❺ñ↔ï✎ú✎☎❰ç▲ù➯ë✠✏▼✒Ðç✾ñ❶ç✡�❶ì❰ç▲û➘ù➯ê♦é☞ï❾ñ➘ê❒ñ ➭ ☎❮îðì ➭ û➘ë ➭ ✏▼✒❺ç❾ñ❶ê❏✝♦ï❺ì❉☞✰ï✤�↔ïÐìðï✤✂➍ë➘êÿê✌☎ôî❰ê❏�✍ç✆☎❉☎❰ï
☎❰ê✈ì❀ì❰ê✌☎❰ç▲ù ×✬➭ ñ➘ç✦✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺í❶ñ➘ç❚ï✑☎✽ù ➭ é ➭ îðï✑✏✓★✬ê✓☎✿✝✈ç▲é✦�❶ë❶î➶ï✑✝ ➭ ç▲í➘ï ➭ ☎❄ê❾ï✙�❶ì❰ê✓✝ ➭ ☎❉✒❺ç■ì❰ê✌✂✬ë❶ê♦ì ➭ ñ↔ï❶ö ✽ ê✓☎❮îðê✤✝♦ï✑☎❰ç➘ò❛ç
îðê✈é✦�✍ç✎✝♦ç▲é✡�➘ë❶îðï✑✝ ➭ ç▲í↔ï❺ù❨í➘ê✓✝✈ê✓☎❉☎❉❋❺ì ➭ ç✙�↔ïÐìðï✶ï✡☎ôç▲ù➲ë✜✏▼✒❺ç✾ñ➘ç✡�➘ì❰ç▲û❶ù➲ê♦é☞ïsîðç❺ì❰í↔ï❘❑➶☎❰ê ➭ é✡�✍ç▲ìôîðï❺í✰îðê❂ñ➘ç✡�❛ç❺í➍î❰ç✶ñ➘ê
×✬➭ ☎❮î➶ï✤�➘ì✹❋♣î ➭ ✝✈ç✶í➘ç✾ï❺é❾û ➭ ê♦í✰îðê❂ñ➘ê✬�➘ìôç❘➘ôê✈î❰ç➘ö

◆❦�➘ì❰ç▲û❶ù➲ê♦é☞ï✴ñ➘ê➫✝✈ç▲í✰î➶ïÐî❰çÓ�✍ç➋ñ➘ê✍☎❰ê✈ì✙✝♦ç❺í × ê♦í ➭ ê♦í✰îðê✈é☞ê✈í✰îðê⑤☎❰ë❶é✲ï❺ì ➭➲ý ï❺ñ➘ç❩✝♦ç▲é❾û ➭ í↔ï❺í❶ñ➘ç➌ï✑☎☞ê✓✂➍ë↔ï✑✏✌★➋ê✌☎
❅ ⑨ ö ➜ ❇➃❑✕❅ ⑨ ö ⑩▼➛ ❇④ê♦é õ❴ç▲ìôé✲ï❾é☞ïÐî❰ì ➭ ✝ ➭ ï❺ù❿ò➂✝♦ç▲é✾ç✶é☞ç✆☎❮îðì❰ï❺ñ➘ç✶í↔ï✢ê✓✂➍ë↔ï✑✏✓✒❺ç➫❅ ⑨ ö ⑩▲➔ ❇ Ð












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Acc Acn qc

AT
cn Ann qn

qT
c qT

n 0





























tc

0

−u0















=















−hc

gn − hn

T















.
❅ ⑨ ö ⑩▲➔ ❇

✽ ï❒ê✓✂➍ë↔ï✑✏✓✒❺ç➆❅ ⑨ ö ⑩❺➔ ❇➀ïÿé☞ïÐîðì ➭➲ý
A
✪❄õ❴ç▲ì❰é☞ï❺ñ↔ï❈�✍ê♦ù➯ç✆☎❖✝♦ç✬ê P ✝ ➭ ê♦í✰î❰ê✓☎④ñ❶ê ➭ í❯ö↔ë ❀ í✜✝ ➭ ï➋ö✱◆➢❱➲í❶ñ ➭ ✝✈ê

c
✪✽ë✠☎❰ï❺ñ➘ç

�↔ï❺ì❰ï❾ñ➘ê✓☎ ➭ ☞▲í➘ï❺ìøê♦ù➯ê♦é✾ê♦í✰îðç✑☎✩✂➍ë➘ê❂ê✓☎❮î❙✒❺ç✶ê♦éq✝♦ç▲í✰îðïÐîðç✢ê❀ç✤❱➯í➘ñ ➭ ✝♦ê
n
�➘ï❺ìðï❾ñ➘ê✌☎ ➭ ☞▲í↔ï❺ìøç✑☎èê♦ù➲ê✈é☞ê✈í✰îðç✆☎✩✂➍ë➘ê❂í✠✒❺ç

ê✓☎❮î❙✒❺ç✾ê♦é ✝♦ç▲í✰î➶ï♣îðç➘ö➃◆✳☎ × ê îðç▲ìôê✓☎
q
☎❉✒❺ç × ê✈î❰ç▲ì❰ê✌☎❄✝✈ç▲é î❰ç➋ñ➘ç✑☎❄ç✑☎èê♦ù➲ê✈é☞ê✈í✰îðç✆☎↕ñ➘ê × ï❺ù➲ç❺ì

1
ö

æ✕☎Õñ➘ë↔ï✑☎❍�➘ì ➭ é☞ê ➭ ìðï✾☎ ù ➭ í✠✟➘ï✑☎②ñ➘ç✆☎②îðì ❀ ☎④û➘ù➯ç❯✝✈ç✆☎ ñ↔ïÿê✌✂✬ë➘ï✑✏▼✒❺ç➆❅ ⑨ ö ⑩▲➔ ❇➀ì❰ê õ❴ê♦ì❰ê✈é✎❑➶☎❰ê✽ï❺ç❏✝✈ì ➭ î✹✪♦ì ➭ ç❒ñ➘ê✕✝✈ç▲í✰î➶ïÐî❰ç
❅❤ê✌✂➍ë↔ï✑✏✓★✬ê✓☎✕❅ ⑨ ö ⑩❸❹ ❇❡ê✫❅ ⑨ ö ⑩❲⑨ ❇✁❇ ò✰ê❄ï❀îðê♦ì✁✝♦ê ➭ ìðï●ù ➭ í✠✟↔ï✽ñ➘ï❒ê✌✂✬ë➘ï✑✏▼✒❺ç✙❅ ⑨ ö ⑩▲➔ ❇❡ì❰ê✈õ❴ê✈ì❰ê❸❑➏☎❰ê■ú✬✝♦ç▲í❶ñ ➭ ✏✓✒❺ç●ñ➘ê↕ê✓✂➍ë ➭ ù✗❱➲û➘ì ➭ ç
❅❤ê✌✂➍ë↔ï✑✏▼✒Ðç ⑨ ö ⑩▲⑩ ❇ ö

æ ☎❰ç❺ù➲ë✠✏✓✒❺ç✲ñ➘ê✛�➘ì❰ç▲û❶ù➲ê♦é☞ï✑☎■☞▲ê♦ì❰ï ➭ ☎❄ñ➘ê✵✝✈ç▲í✰î➶ïÐî❰ç➘ò⑧✝✈ç▲é✾ç✲ê✓☎❮îðê✢ñ➘ê P í ➭ ñ➘ç✔í↔ï✲ê✌✂➍ë↔ï✑✏▼✒Ðç❩❅ ⑨ ö ⑩▲➔ ❇ ò✍î❰ê♦é☛☎ ➭ ñ➘ç
é❾ë ➭ îðç✢ê✌☎ôîðë❶ñ↔ï❺ñ↔ï✾í➘ç✆☎ ✩ ù➯î ➭ é✾ç✆☎ ➛▲❻ ïÐí➘ç✆☎✴❝ ⑨ ❞ ö❖✘ ➭➮× ê✈ì❉☎❰ç✑☎úé✡✪✈î❰ç➋ñ➘ç✑☎ ➭ îðê✈ìðïÐî ➭➯× ç✆☎øõ❴ç▲ìðïÐé �➘ìôç✆�❛ç✑☎ôîðç✑☎■�➘ï❺ìðï✤☎❰ç❘❑
ù➲ë✜✏▼✒❺ç✾ñ➘ê✓☎❮îðê❒î ➭ �✍ç✶ñ➘ê✫�➘ì❰ç▲û❶ù➲ê♦é☞ï❶öÕæ✽ù➲ù◗✖④ç✬ç✬ñ✭❝ ❹ ❞❥ï✑�➘ìôê✓☎ôê♦í✰îðç▲ë❉ë➘é✲ï✾ï❺í✧❋Ðù ➭ ☎ôê❈✝♦ç▲é✡�↔ï❺ì❰ïÐî ➭➮× ï✶ñ❶ç✆☎❄�❶ì ➭ í✜✝ ➭ �➘ï ➭ ☎

➛➂➔



é✡✪✈îðç✬ñ➘ç✆☎✕�↔ï❺ìðï■ï✻☎ôç▲ù➲ë✜✏▼✒❺ç■ñ➘ê✛�➘ì❰ç▲û❶ù➲ê♦é☞ï✑☎✳☞❺ê♦ìðï ➭ ☎✽ñ❶ê✤✝♦ç▲í✰î➶ï♣îðç■ê♦í✰î❰ì❰ê✎✝♦ç▲ì✁�❛ç✑☎❀ê♦ù✭❋✑☎ôî ➭ ✝♦ç✑☎✕✝♦ç❺é✦�↔ïÐìðï❺í➘ñ❶ç✾❑➻ç✆☎
ê♦é îðê✈ì❰é✾ç✆☎❾ñ➘ç❉î❰ê♦é✡�❛ç➫✝♦ç▲é✡�➘ë❶îðï✑✝ ➭ ç▲í↔ï❺ù ì❰ê✌✂✬ë❶ê♦ì ➭ ñ➘ç⑤�↔ï❺ì❰ï❅ï➫☎❰ç❺ù➲ë✠✏✓✒❺ç❅ê✔ñ↔ï➲�➘ìôê✓✝ ➭ ☎✹✒Ðç❅ç▲û❶î ➭ ñ↔ï❶ö➫♥ ➭ í✠❨➁ê
þ ê✈ì❉�↔ï✭❝ ⑩▲⑩❲❹ ❞ ï✑�➘ìôê✓☎❰ê✈í✰î➶ï❺ì❰ï❺é☎ë➘é✂ê✓☎❮îðë➘ñ❶ç➲✝♦ç▲é✡�↔ï❺ì❰ïÐî ➭➮× ç❚ê♦í✰î❰ì❰ê✾ñ➘ç ➭ ☎●é✡✪✈î❰ç➋ñ➘ç✑☎✫�➘ï❺ìðï❧ï➞☎ôç▲ù➲ë✜✏▼✒❺ç❧ñ➘ç➞�➘ì❰ç✾❑
û➘ù➯ê♦é☞ï❒ñ➘ê❄✝♦ç▲í✰îðïÐîðçÿê♦í✰îðìôê✽ñ➘ê✈í➍î❰ê✓☎Õñ➘ê✽ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✮✝✈ç▲é ï❺í✧❋❺ù ➭ ☎ôê✿☞▲ù➲ç▲û➘ï❺ù↔ñ➘ê✕✝✈ç▲í✰î➶ïÐî❰ç➘ò✬ë➘é➝�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç
ñ➘ê❒ï✑�➘ù ➭ ✝♦ï✑✏▼✒❺ç✤☞❺ìðï❺ñ➘ë➘ï❺ù➂ê ➭ î❰ê♦ìðï♣î ➭➯× ïsñ➘ï✡✝♦ï❺ì❉☞✰ï➋ò➘ê●ë➘é❲�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç✎✝♦ç▲é❲�❶ì❰ç✆☞▲ì❰ï❺é☞ï✑✏▼✒❺çsù ➭ í❶ê❫ï❺ì✈ö

✽ ê✓☎❮îðê■îðì❰ï❺û↔ï❺ù✗✟➘ç➘ò⑧î❰ì ❀ ☎✢é✡✪✈î❰ç➋ñ❶ç✆☎✤�↔ï❺ì❰ï❅ï➇☎ôç▲ù➲ë✜✏▼✒❺ç❅ñ➘ç➇�➘ìôç▲û➘ù➯ê♦é☞ï✸ñ➘ê■ñ ➭ ☎❮îðì ➭ û➘ë ➭ ✏▼✒❺ç❉ñ➘ê↔✝❫ï❺ì✁☞✰ï✸ê♦í✰îðìôê
ç✆☎❄ñ➘ê♦í✰î❰ê✓☎❀ñ➘ê❒ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎úõ❴ç▲ì❰ï❺é ➭ é✦�➘ù➯ê♦é✾ê♦í✰î➶ïÐñ➘ç✆☎èê♦é✏ë❶éû�➘ì❰ç✆☞❺ìðï❺é☞ï✤✝♦ç▲é✡�➘ë❶îðï✑✝ ➭ ç▲í↔ï❺ù➂ñ❶ê✓☎❰ê✈í × ç▲ù ×➋➭ ñ➘ç
ê♦é❦✯ æ✱✰↕ü✐æ✳✲î❝ ➀❺❻ ❞❿ò✐ê✢ï × ïÐù ➭ ïÐñ➘ç✆☎✕✂➍ë↔ïÐí➍î❰ç❧ï❺ç✔îðê✈é✦�✍ç✔ñ➘ê✤�➘ìôç❯✝✈ê✓☎✁☎ðï❺é✾ê♦í✰îðç↔✝✈ç▲é✦�❶ë❶î➶ï✑✝ ➭ ç▲í➘ï❺ù❥ê✤✂➍ë↔ïÐí➍î❰ç➞ú
�➘ìôê✓✝ ➭ ☎✹✒❺ç✾í↔ï✤☎❰ç❺ù➲ë✠✏✓✒❺ç✶ñ➘ç✦�❶ì❰ç▲û➘ù➯ê♦é☞ï Ð

•
ó➀ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç ➭ í✠✝♦ìôê♦é✾ê♦í✰î➶ïÐù Ð í➘ç✛✂➍ë↔ï❺ù✍ï✬✝❫ï❺ì✁☞✰ï✬✪✽ï✑�❶ù ➭ ✝♦ï❺ñ↔ï✳☞▲ì❰ï❺ñ➘ë↔ïÐù➲é✾ê♦í✰îðê❄ïÐî❰ìðï × ✪✌☎④ñ➘ê ➭ î❰ê♦ìðï✾✏✓★✬ê✓☎✖❢

•
ó➀ìôç✆☞▲ìðïÐé✲ï✑✏✓✒❺ç✢ù ➭ í➘ê❫ïÐì Ð û↔ï✾☎❰ê❫ïÐñ↔ï✾ê✈é ë➘é✏ïÐù✭☞▲ç▲ì ➭ î❰é☞çÿñ➘ê✬�❛ç▲í✰î❰ç ➭ í✰îðê♦ì ➭ ç▲ì✻❢❶ê

•
✯➞✪✈îðç✬ñ➘ç✾ñ ➭ ìôê✈î❰ç✾ñ❶ê ➭ í × ê♦ì✁☎✹✒❺ç✾ñ➘ê●é☞ïÐîðì ➭➲ý Ð û↔ï✑☎ôê❫ï❺ñ➘ç✾í↔ï✢õ❤ïÐîðç❺ì ➭➲ý ï✑✏▼✒Ðç✢ñ➘ê❏✣✮✟➘ç▲ù➲ê✌☎❉❨❚❁▲ö

ó❡ï❺ì❰ï➁îðç❺ì❰í↔ï❺ì✶ç✆☎✡�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç✆☎✾ñ➘ê✍☎ôç▲ù➲ë✜✏▼✒❺ç❋ñ➘ç❳�❶ì❰ç▲û➘ù➯ê♦é☞ï➁ñ❶ê ñ ➭ ☎ôî❰ì ➭ û❶ë ➭ ✏✓✒❺ç✴ñ➘ê➫✝♦ï❺ì❉☞✰ï✴ê♦í✰î❰ì❰ê❉ç✑☎
ñ➘ê✈í➍î❰ê✓☎✔é☞ï ➭ ☎✾ê P ✝ ➭ ê♦í✰îðê❉ê♦é îðê✈ì❰é✾ç✆☎✡✝♦ç▲é✡�➘ë❶îðï✑✝ ➭ ç▲í↔ï ➭ ☎♦òøï✾�➘ù ➭ ✝♦ç▲ë❯❑➶☎❰ê❚ë➘é☞ï✴î❉✪✓✝✈í ➭ ✝♦ïÓ�↔ï❺ì❰ï✕ï❋ìôê♦ñ➘ë✜✏▼✒❺ç❋ñ➘ç
�➘ìôç▲û➘ù➲ê✈é✲ï❅û↔ï✾☎❰ê❫ïÐñ↔ï➁í❶ç✴î❰ìðï❺û➘ï❺ù✭✟➘ç✴ñ➘ê❧ó ➭ é✡☎ðïÐì❰í➤ê➞●❒ï ý ê♦ìôç▲ë➘í ➭ ï❺ís❝ ❼Ð❻ ❞❿ö❧✚✱☎ôîðï✴î❉✪✓✝✈í ➭ ✝♦ï➇✪❚ñ ➭ ☎❉✝✈ë❶î ➭ ñ↔ï❅í↔ï
☎❰ê✌✏▼✒❺ç ⑨ ö ➔ ö ➛ ö

Ó❄Ô➓ï✯Ô②Õ ð➾ñ❣Ü✿ßÚ×✤á✪ã②òÞ×✤æ❆ç✦Üäã②æ✪ß④ñ✛×✹òÞ×✤æ❆ç✦à➫Ý
æ❈é✲ï ➭ ç▲ì ➭ ïÿñ❶ç✆☎èé✦✪ îðç✬ñ➘ç✆☎øë✜☎ðï❺ñ➘ç✑☎✿�↔ï❺ìðï❾ê✌☎ôî❰ë➘ñ↔ï❺ì↕ç✤�➘ìôç▲û➘ù➲ê✈é✲ïÿñ➘ê❈✝♦ç▲í✰îðïÐîðç✾ï✑☎✁☎❰ë➘é✾ê❈✂➍ë➘ê●ï✢ì❰ê✓☞ ➭ ✒❺ç❾ñ❶ê

✝♦ç❺í➍îðïÐîðç✾ê♦í✰î❰ì❰ê●ç✆☎èñ➘ç ➭ ☎✿✝♦ç▲ì✁�❛ç✑☎èí✧✒❺ç✎✪✬✝♦ç▲í✠✟❶ê✓✝ ➭ ñ↔ï✶ï✤�➘ì ➭ ✸▲ì ➭ ê❈✂➍ë➘ê ➭ ☎ôîðç✶ñ➘ê × ê●õ❤ï ý ê✈ì✿�↔ï❺ì❮îðê●ñ↔ï✤☎❰ç▲ù➯ë✠✏▼✒Ðç✢ñ➘ç
�➘ìôç▲û➘ù➲ê✈é✲ï➋ö ✽ ç❏✝❫ï✑☎ôçsñ➘ç✑☎④é✡✪✈îðç✬ñ➘ç✆☎ ➭ í✠✝♦ìôê♦é✾ê♦í✰î➶ï ➭ ☎②ë✠☎ðï❘❑➶☎❰êúë➘é✲ï❒ï❺û✍ç▲ì❰ñ➘ï✑☞▲ê♦é➩ñ ➭ õ❴ê♦ìôê♦í✰îðêÐò➋í➘ï❏✂➍ë↔ï❺ù✍ï❏✝♦ï❺ì❉☞▲ï
✪❾ï✾�➘ù ➭ ✝❫ï❺ñ↔ï✶ñ➘ê●õ❴ç▲ì❰é☞ï ➭ í✠✝✈ì❰ê♦é✾ê♦í✰îðï❺ù★ê❾ï✲ïÐí✧❋❺ù ➭ ☎❰ê●ñ➘ç✆☎❄�❛ç❺í➍î❰ç✆☎❄ê♦é☛✝♦ç▲í✰îðïÐîðç✦✪✛✝♦ç❺í✠✟➘ê✓✝ ➭ ñ↔ï☞êÿìôê❫ï × ï❺ù ➭ ï❺ñ↔ï✾ï
✝❫ïÐñ↔ï ➭ îðê✈ìðï✑✏✓✒❺ç■❝ ⑨ ò ⑩▲⑩▲⑩ ❞❿ö

◆ �➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç➁ï × ï❺ù ➭ ï❺ñ❶ç⑤�↔ï❺ìðï✴ï✴ñ➘ê✈î❰ê♦ìôé ➭ í↔ï✑✏▼✒Ðç➁ñ➘ï➇✝♦ï❺ì❉☞▲ï❋ï✑�❶ù ➭ ✝♦ï❺ñ↔ï✸ê✈í➍î❰ì❰ê❧ç✆☎✶ñ➘ê♦í✰î❰ê✓☎✾û↔ï✑☎❰ê ➭ ï❘❑
☎❰ê☞í➘ç➫�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç➞�➘ì❰ç✑�❛ç✆☎❮îðç➞�❛ç❺ì✫♥ ➭ í✠❨❩❝ ⑩❺⑩▲⑩ ❞❿ò❡ç➞✂➍ë↔ï❺ù➃�➘ì❰ê ×✆❀ ï ï✑�➘ù ➭ ✝❫ï✾✏▼✒❺ç❚ñ➘ê✶õ❴ç▲ì❉✏♦ï✑☎❒ñ➘ê✦�✍ê✓✂➍ë➘ê✈í↔ï
➭ í✰î❰ê♦í✠☎ ➭ ñ↔ï❺ñ❶êsí➘ç✆☎❄�❛ç❺í➍î❰ç✆☎❄ñ ➭ ☎✁✝♦ì❰ê îðç✆☎úê♦é☛✝♦ç❺í➍îðïÐîðç✲ù➲ç⑥✝❫ï❺ù ➭➲ý ïÐñ➘ç✆☎øí➍ë➘é☞ï✙�➘ì ➭ é✾ê ➭ ì❰ï✶ï❺í✧❋❺ù ➭ ☎❰ê✬☎ôê♦é☛✝❫ï❺ì✁☞✰ï❶ò✍ê♦é

➛❚➀



☎❰ê✌☞▲ë ➭ ñ↔ï❈✝❫ï❺ù✗✝♦ë➘ù➲ï❺é✎❑➶☎❰ê④ï✑☎②ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎Õê✈ùõ❋✑☎❮î ➭ ✝♦ï✑☎⑧ñ➘ê ×✬➭ ñ➘ç✫ú●ï✑�➘ù ➭ ✝❫ï✾✏▼✒❺ç❀ñ❶ê✓☎ôîðï✑☎➀õ❴ç▲ì❉✏♦ï✑☎②ê✿☎❰ê↕ì❰ê♦ï❺ù ➭➯ý ï❀ë➘é☞ï❀í➘ç × ï
ï❺í✧❋Ðù ➭ ☎ôê↕ñ➘ç✆☎➃�❛ç▲í✰î❰ç✆☎Õñ❶ê✕✝♦ç❺í➍îðïÐîðç❶ö⑧æ➪�➘ï❺ìôî ➭ ì②ñ↔ï✑❱↔îðê✈é✎❑➶☎❰ê❄ñ➘ë↔ï✑☎❍�❛ç✑☎❉☎ ➭ û ➭ ù ➭ ñ↔ïÐñ➘ê Ð í➘ç × ç✑☎✮�✍ç▲í✰îðç✆☎ ñ➘ê✕✝✈ç▲í✰î➶ïÐî❰ç
�✍ç➋ñ➘ê✈éq☎ôë➘ì❉☞ ➭ ì ê✳�❛ç❺í➍î❰ç✆☎èï❺í✰î❰ê♦ì ➭ ç▲ì❰é✾ê♦í✰î❰êúê✈éq✝✈ç▲í✰î➶ïÐî❰ç✤�❛ç✬ñ➘ê♦é➚�✍ê♦ìôé✲ï❺í❶ê✓✝♦ê✈ìøí➘ç✵✝✈ç▲í❘➘ôë➘í✰î❰ç✢ñ➘ê✳�✍ç▲í✰îðç✆☎Õñ➘ê
é✡❱➲í ➭ é☞ç■ï♣õ❤ï✑☎ôîðï❺é☞ê✈í✰îðç➘ò➨☎ ➭ ☞▲í ➭✗P ✝❫ï❺í➘ñ❶ç✍✂➍ë➘ê☞ï❧õ❴ç▲ì✁✏❫ï❧ï✑�➘ù ➭ ✝❫ïÐñ↔ï■í✧✒❺ç➞�➘ì❰ç × ç⑥✝♦ç❺ë➌ñ➘ê✌ö➘ê✷✶✜✒❺ç➫☎ôë P ✝ ➭ ê♦í✰î❰ê✙�↔ï❺ì❰ï
➭ í✜✝♦ù➲ë ➭ ì❂í➘ç × ç✑☎✵�❛ç❺í➍î❰ç✆☎❒í➘ç➫✝✈ç▲í❘➘ôë➘í✰îðç❉ñ➘ê✦�✍ç▲í✰îðç❉ïÐî ➭➮× ç✆☎✈ò

Ic

ö■æ✕☎✁☎ ➭ é í❶ç × ç✆☎ ➭ í✠✝♦ìôê♦é✾ê♦í✰îðç✑☎ÿñ➘ê✾õ❴ç▲ì❉✏♦ï✍☎❉✒❺ç
ï✑�➘ù ➭ ✝♦ï❺ñ➘ç✆☎❥í➘ç✆☎✱�✍ç▲í✰îðç✆☎➀ê✈é❢✝♦ç❺í➍îðïÐîðç●ê ❷ ç▲ë✎☎ôç▲é✲ïÐñ➘ç✆☎✱ú✑☎⑧õ❴ç❺ì❉✏❫ï✾☎✄➘❉❋❂ê✷✶ ➭ ☎❮îðê♦í✰î❰ê✓☎②í➘ç✬�❛ç❺í➍î❰ç✆☎➀ï❺í✰î❰ê♦ì ➭ ç▲ì❰é✾ê♦í✰î❰ê
ê♦é➚✝✈ç▲í✰î➶ïÐî❰ç➘ö✱✚✱☎ôî❰ê✕�➘ìôç❯✝✈ê✓☎❉☎ôç ➭ î❰ê♦ì❰ïÐî ➭➮× ç✬✪úìôê❫ï❺ù ➭➲ý ï❺ñ➘çÿïÐî✹✪■✂➍ë➘ê❀ï●ê✓✂➍ë↔ï✑✏✓✒❺ç↔❅ ⑨ ö ⑩❺⑩ ❇❬☎❰ê❭➘❰ï✫☎ðïÐî ➭ ☎❮õ❴ê ➭ îðï❶ò➍ç▲ë✡☎❰ê❭➘❰ï➋ò
ç✢îðç▲ì✁✂➍ë➘ê❒ï✑�➘ù ➭ ✝❫ï❺ñ❶ç✶ïÐîðì❰ï × ✪✓☎❄ñ↔ï✑☎èõ❴ç▲ì✁✏❫ï✑☎èí➘ç✑☎■�✍ç▲í✰îðç✑☎❄ñ ➭ ☎❉✝✈ì❰ê îðç✆☎✞☎❰ê➏➘❰ï ➭ ☞▲ë↔ï❺ù❨ï❺ç✢îðç▲ì✁✂➍ë➘êÿñ❶êÿïÐí✧❋❺ù ➭ ☎❰êÐö

✚✱☎ôîðê❒é✡✪✈îðç✬ñ➘ç✤�✍ç➋ñ❶ê✫☎ôê♦ì✞☎❰ë❶é✲ï❺ì ➭➲ý ï❺ñ➘ç✢í➘ç✆☎✞☎ôê✓☞▲ë ➭ í✰îðê✓☎■�↔ï✑☎✁☎❰ç✆☎ Ð
⑩ ö❄◆❆é✦❱➯í ➭ é✾ç✳✺❺í✜☞▲ë➘ù➲ç❂ñ❶êúï♣õ❤ï✑☎ôîðï❺é☞ê✈í✰îðç●ê♦í✰îðìôê✽ï✾☎✱☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎✈ò

δΘi
1 min

ò➍êèç✆☎②ì❰ê✓☎✁�❛ê✌✝✈î ➭➯× ç✑☎❍�✍ç▲í✰îðç✆☎②í↔ï✾☎
☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎èñ➘ç✆☎↕ñ➘ê✈í➍î❰ê✓☎❄☎✹✒❺ç ➭ ñ❶ê♦í✰î ➭◗P ✝❫ï❺ñ❶ç✆☎✫❅❆✝✈ç▲í➘ñ ➭ ✏▼✒❺ç✎☎❰ê✈éû✝❫ï❺ì✁☞✰ï✶ï✑�➘ù ➭ ✝❫ïÐñ↔ï❚❇❇❢

❹ ö❄◆✺î❰ç▲ì❉✂➍ë➘ê❄ñ➘ê↕ê♦í✰î❰ìðï❺ñ↔ï✫�↔ï❺ì❰ïÿï❺í✠❋❺ù ➭ ☎❰ê✿✪↕ñ ➭➯×✬➭ ñ ➭ ñ➘ç❂ê✈é➝✝❫ï❺ì✁☞✰ï✑☎②ñ ➭ ☎❉✝♦ìôê✈îðï✑☎❍✝✈ç▲é ➭ í✰î❰ê♦í✠☎ ➭ ñ↔ï❺ñ❶ê■�✍ê✓✂➍ë➘ê✈í↔ï
ê✬✝♦ç❺í✠☎ôîðï❺í✰îðê➆❢

⑨ ö↕æ❄☎■✝♦ï❺ì❉☞▲ï✑☎↕ñ ➭ ☎✁✝♦ì❰ê î➶ï✑☎✞☎❉✒❺ç✾ï✑�➘ù ➭ ✝❫ï❺ñ➘ï✑☎øí➘ç✆☎✞�✍ç▲í✰îðç✆☎↕ç▲í❶ñ➘ê
δΘ1 i = δΘ1 min

❢

➛ ö↕æ❄☎❥ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎⑧ê✈ùõ❋✑☎❮î ➭ ✝❫ï✑☎❽ê♦é❈î❰ç➋ñ➘ç✑☎❥ç✆☎➨�✍ç▲í✰îðç✆☎✩❅❆✝♦ç❺é ✝❫ï❺ì✁☞✰ïúê➃☎❰ê✈é❞✝♦ï❺ì❉☞▲ï✽ï✑�➘ù ➭ ✝♦ï❺ñ↔ï❚❇⑧☎❉✒❺ç✕✝♦ï❺ù✭✝✈ë➘ù ï❺ñ➘ï✑☎♦ö
æ❄☎■ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎❧ù➯ç▲í✠☞ ➭ îðë➘ñ ➭ í↔ï ➭ ☎✎☎✹✒❺ç➌î❰ìðï❺í✠☎❮õ❴ç▲ì❰é☞ï❺ñ↔ï✾☎✲ê♦é ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰î❰ç✆☎■ï❺í✠☞❺ë➘ù ï❺ìôê✓☎✻✝✈ç▲í❶õ❴ç▲ìôé☞ê ç
☎ ➭ ☎ôî❰ê♦é☞ïsñ➘ê❈✝✈ç➋ç▲ìôñ➘ê♦í➘ï❺ñ↔ï✑☎èïÐñ➘ç❺î➶ïÐñ➘ç➞❅ ×✬➭ ñ❶ê P ☞▲ë➘ì❰ï ⑨ ö ⑩ ❇ ö⑧æ❄☎èñ➘ê✌ö➘ê✷✶❯★➋ê✌☎❄ï❺í✠☞▲ë➘ù➲ï❺ì❰ê✌☎④ê✈é ✝❫ïÐñ↔ï✵�❛ç❺í➍î❰ç
ñ ➭ ☎❉✝✈ì❰ê✈î❰ç✶ñ➘ç✆☎↕ñ➘ê♦í✰î❰ê✓☎✕☎❉✒❺ç✾ï❺ñ ➭ ✝ ➭ ç❺í↔ï❺ñ↔ï✑☎øï❺ç✆☎■✺❺í✠☞▲ë❶ù➲ç✆☎

φp2

ê
φp1

❅ ×✬➭ ñ➘ê P ☞▲ë➘ì❰ï ⑨ ö ⑩ ❇❋❢
➔ ö❄◆✳☎✩�✍ç▲í✰îðç✆☎④ñ ➭ ☎✁✝♦ì❰ê îðç✆☎✮✂✬ë❶ê❂ì❰ê✓�❶ì❰ê✓☎ôê♦í✰î➶ïÐé✏ï✑☎✩☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎④ñ➘ç✑☎èñ➘ê♦í✰îðê✌☎èñ↔ï❾ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é é✾ç ×➋➭ ñ↔ïÿõ❴ç✾❑
ì❰ï❺é❈ñ➘ê P í ➭ ñ❶ç✆☎ ➭ í ➭ ✝ ➭ ïÐù➲é✾ê♦í✰îðê❽ê❍☎❉✒❺çèîðç▲é☞ï❺ñ➘ç✑☎❂✝♦ç▲é✾ç P ✶➋ç✆☎♦ö❬✔✆❋❄ç✆☎➧�✍ç▲í✰îðç✆☎★ñ ➭ ☎❉✝✈ì❰ê✈î❰ç✆☎★í↔ï✑☎➧☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎
ñ➘ç✑☎ÿñ➘ê✈í✰îðê✓☎sñ↔ï ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é☎é☞ç❺î❰ç▲ìðï↔☎✹✒Ðç❉ñ➘ê P í ➭ ñ❶ç✆☎ÿê✈é õ❴ë➘í✠✏▼✒Ðç❉ñ↔ï➞✝ ➭ í❶ê♦é✦❋Ðî ➭ ✝❫ï■ñ↔ï✑☎ÿê♦í✠☞▲ìôê♦í↔ï▲❑
☞▲ê✈í✠☎èê❀ñ➘ê✌☎ôîðï✢õ❴ç❺ì❰é☞ï❶ò❶ïÐù➯îðê✈ìðï❺é✤❑➏☎ôê❄✝✈ç▲í❶õ❴ç▲ìôé☞êúç✢é☞ç ×✬➭ é✾ê♦í✰î❰ç❾ì❰ç❺îðï✑✝ ➭ ç▲í↔ï❺ù ➭ é✦�✍ç✆☎ôî❰ç✵�✍ê♦ù ï✾☎④ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎
ê✈ùõ❋✑☎❮î ➭ ✝♦ïsñ➘ç✆☎èñ❶ê♦í✰îðê✌☎♦ö æ✕☎❉☎ ➭ é ç✆☎✿�❛ç❺í➍î❰ç✆☎èñ ➭ ☎❉✝♦ìôê✈î❰ç✆☎èñ↔ï❾ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é é☞çÐîðç▲ì❰ï✛☎✹✒❺ç✢ìôê♦ñ➘ê P í ➭ ñ➘ç✆☎èê♦é
✝♦ï❺ñ↔ï ➭ î❰ê♦ìðï✾✏▼✒❺ç✶ê●ç✆☎✞✺❺í✠☞❺ë➘ù➲ç✆☎✈ò

δΘ1 i

☎✹✒❺ç✶ìôê✓✝❫ïÐù✭✝♦ë❶ù ï❺ñ➘ç✑☎✿�↔ï❺ìðï❾î❰ç➋ñ➘ç✑☎❄ç✑☎✿�❛ç▲í✰î❰ç✆☎↕ñ ➭ ☎✁✝♦ì❰ê îðç✆☎✻❢
➀ ö❄◆❆é✦❱➯í ➭ é✾ç✳✺❺í✜☞▲ë➘ù➲ç❂ñ❶êúï♣õ❤ï✑☎ôîðï❺é☞ê✈í✰îðç●ê♦í✰îðìôê✽ï✾☎✱☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎✈ò

δΘi
1 min

ò➍êèç✆☎②ì❰ê✓☎✁�❛ê✌✝✈î ➭➯× ç✑☎❍�✍ç▲í✰îðç✆☎②í↔ï✾☎
☎ôë✠�❛ê✈ìôõ➌❱✗✝ ➭ ê✌☎èñ➘ç✆☎↕ñ➘ê✈í➍î❰ê✓☎❄�❛ç✬ñ➘ê♦éq☎❰ê✈ì❄ìôê✓✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✆☎✫❅❆✝✈ç▲í➘ñ ➭ ✏▼✒❺ç✎✝♦ç❺é❲✝❫ï❺ì✁☞✰ï✤�↔ï❺ì✁✝ ➭ ïÐù✐ï✑�➘ù ➭ ✝❫ïÐñ↔ï❚❇❇❢

➛➍❼



❼ ö✿✼➻í✠✝✈ì❰ê✈é☞ê✈í➍î❰ç✆☎✲ñ❶ê✍✝♦ï❺ì❉☞✰ï➇☎✹✒Ðç✕ï✑�❶ù ➭ ✝♦ï❺ñ➘ç✆☎✢í❶ç✆☎✦�✍ç▲í✰îðç✑☎☞ç▲í❶ñ➘ê
δΘ1 i = δΘ1 min

ö➒ó❡ïÐìðï✴ç✆☎✦�✍ç▲í✰îðç✑☎
✂➍ë➘ê■➘❉❋✦�❛ê✈ìôîðê✈í✠✝ ➭ ï❺é➴ú✲ì❰ê✌☞ ➭ ✒❺ç☞ñ➘ê✛✝✈ç▲í✰î➶ïÐî❰ç➘ò❨ç✑☎ ➭ í✠✝✈ì❰ê✈é☞ê✈í➍î❰ç✆☎✽ñ❶ê✵✝❫ï❺ì✁☞✰ï✙☎❉✒❺ç■ï❺ñ ➭ ✝ ➭ ç▲í↔ï❺ñ➘ç✑☎✽ï✙✝♦ï❺ì❉☞▲ï
ê❸✶ ➭ ☎ôî❰ê♦í✰îðê✐❢

→❶ö■◆✳☎✮�➘ï✑☎❉☎ôç✆☎ ➛ ï ❼ ☎✹✒Ðç❾ì❰ê✌�❛ê î ➭ ñ❶ç✆☎④ï♣î✹✪✕✂➍ë➘ê✽ï✛✝❫ïÐì❉☞✰ïÿï✑�➘ù ➭ ✝❫ï❺ñ➘ï✫☎ôê❭➘❰ïsê✌✂✬ë ➭➯× ï❺ù➲ê✈í✰îðêúï❺çsîðç❺ì❉✂➍ë➘êúî❰ç❺î➶ïÐù✍ñ❶ê
ï❺í✠❋❺ù ➭ ☎❰ê❺ö

✽ ê✓☎❮îðê é✦✪ îðç✬ñ➘çÓ☎❉✒❺ç✕í➘ê✌☞▲ù ➭ ☞▲ê♦í✜✝ ➭ ïÐñ↔ï✑☎✾ï✑☎✔ï✾�➘ù ➭ ✝❫ï✑✏✌★➋ê✌☎✾ê❸✶❯✝♦ê✓☎✁☎ ➭➮× ï✾☎■ñ➘ê➫✝♦ï❺ì❉☞✰ï➁í➘ç✆☎✦�❛ç▲í✰î❰ç✆☎✲ñ ➭ ☎❉✝✈ì❰ê✈î❰ç✆☎♦ò
ç▲ë❳☎❰ê❭➘❰ï➋ò❡ç➫�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç❧í✧✒❺ç✍�➘ì❰ê ×✆❀ ï❚ì❰ê✈ñ➘ë✠✏▼✒Ðç✸ñ↔ï❧õ❴ç❺ì❉✏❫ï❧ï✑�➘ù ➭ ✝♦ï❺ñ↔ï■í➍ë➘é☎ñ↔ï❺ñ➘ç✍�❛ç▲í✰î❰ç❉ñ➘ê ×➋➭ ñ➘ç➘òÕ�❛ç▲ì
ê✷✶➋ê✈é✦�➘ù➯ç➘ò❂ú✔ñ➘ê✷ö↔ê✷✶✜✒❺ç❧ù➲ç⑥✝❫ïÐù❥ê❸✶✜✝✈ê✓☎✁☎ ➭➯× ï❚ç▲ë➇ú■ï❺ù➮îðê♦ì❰ï✑✏▼✒Ðç✔ñ➘ç➆✝♦ç❺í➍îðïÐîðç↔�✍ç▲ì❀ñ➘ê✷ö↔ê✷✶❯★✬ê✓☎●ê♦é✑ç▲ë❶î❰ì❰ç✆☎✳�✍ç▲í✰îðç✑☎
ñ ➭ ☎❉✝♦ìôê✈î❰ç✆☎♦ö❖✣④ç❺é ➭ ☎ôî❰ç➘ò▲ï■�➘ì❰ê✌✝ ➭ ☎❉✒❺ç❀ñ➘ç✽é✦✪ îðç✬ñ➘ç✽ê✌☎ôî❙❋úì❰ê♦ù➲ï✑✝ ➭ ç▲í↔ï❺ñ➘ï■✝✈ç▲é✒ç✳☞▲ìðïÐësñ➘êøñ ➭ ☎❉✝✈ì❰ê î ➭➲ý ï✑✏▼✒Ðç✽ñ↔ï✕✝♦ï❺ì❉☞▲ï
îðçÐî➶ï❺ù✳❅❤í ✩ é✾ê♦ì❰ç❅ñ❶ê ➭ í✠✝✈ì❰ê✈é☞ê✈í➍î❰ç✆☎❾ñ➘ê➆✝♦ï❺ì❉☞▲ï❚❇❒ê■ç➲☞❺ìðï❺ë➞ñ➘ê■ñ ➭ ☎❉✝✈ì❰ê î ➭➲ý ï✑✏▼✒Ðç✸ñ↔ï✑☎✵☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê✓☎❾ñ➘ç✑☎✢ñ➘ê♦í✰îðê✌☎
❅❤í ✩ é✾ê♦ìôç■ñ➘ê✤�✍ç▲í✰îðç✆☎❈�✍ç✆☎❉☎✁❱ × ê ➭ ☎✽ñ➘ê✤✝♦ç▲í✰îðïÐîðç➂❇ ö❒ó❥ç▲ì❂ç▲ë➋îðì❰ç✲ù ï❺ñ➘ç✲ç❚ï❺ë➘é✾ê♦í✰îðç■ñ➘ç➆☞❺ìðï❺ë❅ñ➘ê✢ñ ➭ ☎❉✝✈ì❰ê î ➭➲ý ï✑✏▼✒Ðç
ù➲ê × ï❧ïÐç❉ï❺ë❶é☞ê✈í➍î❰ç❚ñ➘ç❧î❰ê♦é✡�❛ç❚ñ➘ê✎�➘ìôç❯✝✈ê✓☎✁☎ðï❺é✾ê♦í✰îðç➞✝♦ç❺é✦�➘ë➋î➶ï✑✝ ➭ ç▲í↔ïÐù ö✤✢❄é✲ï❚ï❺ñ➘ê✌✂➍ë↔ï✑✏▼✒Ðç ê✈í➍î❰ì❰ê✾ç■îðê♦é✡�✍ç
ñ➘ê✡�➘ì❰ç⑥✝♦ê✌☎❉☎❰ï❺é☞ê✈í✰îðç❉ê✶ç↔☞▲ì❰ï❺ë❋ñ❶ê✾ñ ➭ ☎❉✝✈ì❰ê î ➭➲ý ï✑✏▼✒Ðç ñ➘ê × ê✡☎❰ê✈ì❒õ❴ê ➭ î➶ï➆�↔ïÐìðï➆☎❰ê✾ç▲û❶î❰ê♦ì●ë➘é í✠❱ × ê♦ù➀ñ❶ê✡�❶ì❰ê✓✝ ➭ ☎❉✒❺ç
☎ðï♣î ➭ ☎❮õ❤ïÐî✹✸❺ì ➭ ç❶ö❀ó❡ïÐìðï✔é☞ï ➭ ç▲ìôê✓☎úñ➘ê✈îðï❺ù✭✟➘ê✌☎✳☎❰ç❺û➘ì❰ê✵�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç ➭ í✠✝♦ìôê♦é✾ê♦í✰î➶ïÐù❡ì❰ê✌✝♦ç▲é✾ê♦í❶ñ↔ï❘❑➏☎ôê✵✝♦ç❺í✠☎❰ë➘ù➮î➶ï❺ì❀ï
ì❰ê õ❴ê♦ì ❀ í✠✝ ➭ ï✼❝ ⑩▲⑩❺⑩ ò✧�➂ö ➀❚➔ ❑ ❼✆➔ ❞❿ö

✢úé☞ï✢ï❺û❛ç❺ì❰ñ↔ï✑☞❺ê♦é➹☎ ➭ é ➭ ù➲ï❺ì➀õ❴ç ➭ �➘ìôç✆�✍ç✆☎ôîðï✵�❛ç▲ì④æ✽ù➲ù◗✖④ç✬ç✬ñ✔ê✫✣ ➭ õ➠î❉✝ ➭ ❝ ⑨ ❞✐ê✈é ❹❺❻❺❻❚➔ ö⑧æ➟ñ ➭ õ❴ê♦ìôê♦í✠✏♦ï✎✝✈ç▲í✠✝✈ê ➭ ❑
îðë➘ï❺ù②û✧❋✑☎ ➭ ✝❫ï❧ê♦í✰îðìôê☞ê✌☎ôîðê✌☎❾ñ➘ç ➭ ☎✬�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðç✑☎ ➭ í✠✝♦ìôê♦é✾ê♦í✰î➶ï ➭ ☎✬✪✦✂➍ë➘ê✾í➘ç➫�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç➞�➘ì❰ç✑�❛ç✆☎❮îðç✍�❛ç▲ì
æ✽ù➯ù✗✖Õç➋ç✬ñ✶ê✳✣ ➭ õ➠î✹✝ ➭ ❝ ⑨ ❞❿ò➍ç ➭ í✜✝♦ì❰ê✈é☞ê✈í✰îðç❒ñ➘ê❄✝♦ï❺ì❉☞▲ïsï✑�➘ù ➭ ✝♦ï❺ñ➘ç❂í✧✒❺ç❏✪úñ❶ê ➭ í➍î❰ê♦í✠☎ ➭ ñ↔ïÐñ➘ê❄✝✈ç▲í✠☎❮î➶ï❺í✰îðêÐö➃✣øï❺ù✭✝✈ë➘ù ï▲❑➏☎❰ê
✂➍ë↔ï❺ù★ç ➭ í✠✝✈ì❰ê✈é☞ê✈í➍î❰ç☞ñ❶ê✫✝♦ï❺ì❉☞▲ï✾í➘ê✌✝♦ê✌☎❉☎✹❋Ðì ➭ ç✦�↔ï❺ì❰ï✢î❰ìðï ý ê♦ì↕ç✡�❛ç▲í✰î❰ç☞é☞ï ➭ ☎✮�➘ì❉✸▼✶ ➭ é✾ç✶ê♦é î❰ê♦ì❰é✾ç✆☎↕ñ➘ê❒ïÐõ❤ï✑☎❮î➶ï❘❑
é✾ê♦í✰îðç ï❺ç➞✝♦ç▲í✰î➶ï♣îðç➘ö✎✴②ê♦ì ➭✗P ✝♦ï❘❑➏☎ôê✡☎ôê☞ê✌☎ôî❰ê ➭ í✠✝♦ìôê♦é✾ê♦í✰îðç❧ñ➘ê✎✝❫ï❺ì✁☞✰ï↔☎❰ç▲é☞ï❺ñ➘ç❧ï❺ç✆☎ ➭ í✠✝♦ìôê♦é✾ê♦í✰îðç✆☎ÿï✑�➘ù ➭ ✝♦ï❺ñ➘ç✆☎
í↔ï✑☎ ➭ îðê♦ì❰ï✑✏✓★✬ê✓☎❀ï❺í✰îðê♦ì ➭ ç▲ìôê✓☎❂ë➘ù➮îðì❰ï✑�↔ï✑☎✁☎ðï■ç▲ë✴í✧✒❺ç❚ï➆✝❫ïÐì❉☞✰ï✔îðçÐî➶ï❺ùÕ�↔ï❺ìðï❚ï❺í✠❋❺ù ➭ ☎❰ê❺ö❏✚➀é❦✝❫ï✾☎❰ç❚í➘ê✓☞▲ïÐî ➭➮× ç❳❅❤í✧✒Ðç
ïÐî ➭ í✠☞▲ê☞ç × ï❺ù➲ç▲ìÿñ↔ï➲✝❫ïÐì❉☞✰ï❉é✦❋❘✶ ➭ é☞ï❚❇❂ê♦í✰î❙✒Ðç❅ç ➭ í✠✝✈ì❰ê♦é✾ê♦í✰î❰ç✸ñ➘ê➆✝❫ïÐì❉☞✰ï➫✪✔ï✑�➘ù ➭ ✝❫ï❺ñ❶ç✸ê✻☎❰ê✔î❰ê♦é ë➘é í❶ç × ç
�✍ç▲í✰îðç■í➘ç✻✝✈ç▲í❘➘ôë➘í✰î❰ç❚ïÐî ➭➮× ç➘ò

Ic

ö✬✚➀é ✝❫ï✑☎ôç➆�❛ç✑☎ ➭ î ➭➯× ç⑤❅❤ë❶ù➯îðì❰ï✑�↔ï✑☎✁☎ðï✲ç × ï❺ù➯ç▲ì❄ñ↔ï✙✝❫ïÐì❉☞✰ï✔é✦❋❘✶ ➭ é☞ï❚❇ ò♦☎❰ï❺û❛ê❸❑➏☎ôê
✂➍ë➘ê↕ï✑✂➍ë➘ê✈ù➲ê✩�✍ç▲í✰îðç❈�➘ì✁✸▼✶ ➭ é☞çúí✧✒❺ç❂ê✈í➍î❰ìðï❺ì❉❋✳�↔ï❺ì❰ï✽ç❈✝♦ç▲í▲➘ôë➘í✰îðç●ïÐî ➭➯× ç✽ê✩☎❰êøî❰ê♦é❖ê♦í✰î❙✒❺ç❂ç❈✝✈ç▲í❘➘ôë➘í✰î❰ç●ïÐî ➭➮× ç➘ò

Ic

ò
ñ➘ê îðê♦ìôé ➭ í↔ï❺ñ➘ç❶ö④ó❥ï❺ìðï✾ï✑☎ ➭ î❰ê♦ìðï✾✏✓★✬ê✓☎↕æ✽ù➯ù✗✖Õç➋ç✬ñ■ê✵✣ ➭ õ➠î✹✝ ➭ ❝ ⑨ ❞★ë➋î ➭ ù ➭➲ý ï❺ìðï❺é ñ➘ê✈í➍î❰ì❰ç✾ñ➘ç✾é✦✪ îðç✬ñ➘ç ➭ í✠✝✈ì❰ê♦é✾ê♦í✰îðï❺ù ò
ë➘é é✡✪✈îðç✬ñ➘ç✶ñ➘ê ➭ í × ê✈ì❉☎✹✒Ðç✲ñ ➭ ì❰ê✈îðï✾ñ❶êÿé☞ïÐîðì ➭➲ý ê✓☎❄ïÐîðì❰ï × ✪✓☎úñ↔ï✾õ❤ï♣îðç▲ì ➭➲ý ï✾✏▼✒❺ç✶ñ➘ê✛✣✮✟➘ç▲ù➯ê✓☎❉❨❚❁❺ò❨í➘ç✡✂➍ë↔ï❺ù❥ï✑☎úé☞ï❘❑
îðì ➭➲ý ê✓☎✕☎❉✒❺ç✔ï♣îðë↔ï❺ù ➭➲ý ï❺ñ↔ï✑☎↕ï✡✝❫ï❺ñ↔ï ➭ î❰ê♦ìðï✾✏▼✒❺ç✡�↔ï❺ì❰ï☞ê ×✬➭ î➶ï❺ì❄ë➘é✏í➘ç × ï☞õ❤ïÐî❰ç▲ì ➭➯ý ï✑✏✓✒❺ç✶ñ↔ï☞é☞ïÐîðì ➭➲ý ✝✈ç▲é✦�❶ù➲ê✈îðï❶ö✞◆
�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç✦�❶ì❰ç✆�✍ç✆☎ôî❰ç✦�✍ç▲ì↕æ✽ù➯ù✗✖Õç➋ç✬ñ■ê✛✣ ➭ õ➠î✹✝ ➭ ❝ ⑨ ❞★ì❰ê✓☎ôë➘ù➯îðï☞ê✈é✏ë➘é✲ï✢é☞ï ➭ ç❺ì✩�➘ì❰ê✌✝ ➭ ☎✹✒❺ç✾ñ➘ç✆☎❄ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ➘ç✑☎

➛ →



✂➍ë↔ï❺í✰îðç❉ï❺ç➞☞▲ìðï❺ë➁ñ➘ê✶ñ ➭ ☎❉✝♦ìôê✈î ➭➲ý ï✾✏▼✒❺ç❧ñ↔ï↔✝❫ï❺ì✁☞✰ï ï✾�➘ù ➭ ✝❫ï❺ñ↔ï■ê✈é ì❰ê♦ù➲ï✑✏▼✒Ðç ïÐç✍�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í✰îðç↔�➘ì❰ç✑�❛ç✆☎❮îðç➞�❛ç❺ì
♥ ➭ í✜❨✭❝ ⑩▲⑩▲⑩ ❞ ö ✽ ç✔ê✈í✰î➶ï❺í✰îðç❶ò❨ç✲î❰ê♦é✡�❛ç☞ñ➘ê✵�➘ìôç❯✝✈ê✓☎❉☎❰ï❺é✾ê♦í✰îðç✻✝✈ç▲é✡�➘ë❶î➶ï✾✝ ➭ ç❺í↔ï❺ù➧✪sê✈ù➲ê × ï❺ñ❶ç✻✝♦ç▲é✡�↔ï❺ì❰ï❺ñ➘ç✦✝♦ç▲é
ç▲ë❶î❰ì❰ç✆☎↕é✡✪✈î❰ç➋ñ➘ç✑☎øê✷✶ ➭ ☎❮îðê✈í➍î❰ê✓☎●❝ ⑨ ❞❿ö

◆ �➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðç ➭ í✠✝✈ì❰ê✈é☞ê✈í➍îðï❺ù➧�➘ì❰ç✑�❛ç✆☎❮îðç✦�❛ç▲ì✞♥ ➭ í✜❨✭❝ ⑩▲⑩▲⑩ ❞❥õ❴ç ➭ ï × ï❺ù ➭ ï❺ñ➘ç✎✂➍ë↔ï❺í✰î❰ç■ï✦☎ôë↔ï✙�➘ìôê✓✝ ➭ ☎✹✒❺ç✲ê
ç✢îðê✈é✦�✍ç✶ñ➘ê✬�➘ì❰ç⑥✝♦ê✌☎❉☎ðïÐé☞ê✈í➍î❰ç✦✝✈ç▲é✡�➘ë❶î➶ï✾✝ ➭ ç❺í↔ï❺ù ö❬◆✳☎❄ìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎✞☎✹✒Ðç☞ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺ñ➘ç✆☎❄í↔ï✎☎❰ê✓✏✓✒❺ç ⑨ ö ➔ ö ➔ ö

Ó❄Ô➓ï✯Ô➔ê ð➾ñ❣Ü➄ó✜ñ❣à➫òÞà➄ôÚÛ➄ÜåÝ➜ã➜æ➩×✤à✜ñ
◆➚�❶ì❰ç▲û➘ù➯ê♦é☞ï☞ñ➘ê✛✝♦ç▲í✰î➶ï♣îðç✔ê✌☎ôî➶ïÐû❛ê✈ù➲ê✓✝ ➭ ñ➘ç✲í↔ï✔ê✓✂➍ë↔ï✑✏✓✒❺ç❩❅ ⑨ ö ⑩▲➔ ❇ ò⑧�✍ç✬ñ➘ê✛☎ôê♦ì✽õ❴ç▲ìôé❾ë➘ù➲ï❺ñ➘ç✙✝✈ç▲é✾ç✔ë➘é �➘ì❰ç✾❑

û➘ù➯ê♦é☞ï✶ñ❶ê❒çÐî ➭ é ➭➲ý ï✑✏▼✒Ðç➘ò➋í❶ç✦✂➍ë↔ï❺ù❂☎ôêÿñ❶ê✓☎❰ê➏➘❰ï☞é ➭ í ➭ é ➭➯ý ï❺ìÕï✢ê♦í➘ê✈ì❉☞ ➭ ï✾ñ❶ê✫✝✈ç▲í✰î➶ïÐî❰ç✦☎ôë❘➘ôê ➭ îðç✡ú✑☎↕ì❰ê✌☎ôî❰ì ➭ ✏✌★➋ê✌☎↕ñ➘ê
ñ➘ê✌☎ ➭ ☞❺ë↔ï❺ù➲ñ➘ï❺ñ➘ê❀ñ↔ï✾☎❄ê✌✂➍ë↔ï✑✏✓★✬ê✓☎❏❅ ⑨ ö ⑩❲❹ ❇④ê✡❅ ⑨ ö ⑩❲⑨ ❇➀❝ ❹➋⑩ ò ⑩▼➀ ò ❼▲❹ ❞ ö ó❡ïÐìðï✶ï✵☎❰ç▲ù➯ë✠✏▼✒Ðç✾ñ❶ê✓☎ôî❰ê✬�➘ì❰ç▲û❶ù➲ê♦é☞ï✵�✍ç➋ñ➘ê❸❑➏☎ôê
ë✠☎❰ï❺ì↕ë➘é é✡✪✈îðç✬ñ➘ç✢û↔ï✾☎❰ê❫ïÐñ➘ç☞ê✈é❲�➘ìôç✆☞▲ìðïÐé✲ï✑✏✓✒❺ç✢ù ➭ í➘ê❫ïÐì♦ò✜✝✈ç▲é✾ç✾ç✾ï❺ù✗☞▲ç▲ì ➭ îðé✾ç✛☎ ➭ é✡�➘ù➲ê❸✶❃❝ ⑩❺➀ ❞❿ö

◆➚�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç■û↔ï✾☎❰ê❫ïÐñ➘ç■í➘ç❚ï❺ù✗☞▲ç▲ì ➭ îðé✾ç✦☎ ➭ é✡�➘ù➲ê❸✶❧õ❴ç ➭ �➘ìôç✆�✍ç✆☎ôî❰ç✻�❛ç❺ì✬✣④ç▲í➘ì❫❁✸ê þ ê ➭ ìôê✓☞➸❝ ⑩❺➀ ❞⑧êÿîðê♦é
☎ ➭ ñ➘ç■é❾ë ➭ îðç☞ë✠☎ðï❺ñ❶ç➞�➘ï❺ìðï■ï✻☎ôç▲ù➲ë✠✏✓✒❺ç✔ñ➘ç➆�❶ì❰ç▲û➘ù➯ê♦é☞ï✲ñ➘ê✢ñ ➭ ☎ôî❰ì ➭ û❶ë ➭ ✏✓✒❺ç✲ñ➘ê✛✝❫ï❺ì✁☞✰ï✔ê♦í✰îðìôê✢ñ➘ê♦í✰î❰ê✓☎●ñ➘ê✢ê♦í✜☞▲ì❰ê❸❑
í↔ï✑☞❺ê♦í✠☎✴❝ ⑩❸❼ ò ➜ ò ➀✆➔ ò ➀✆➜ ò ⑩❲❻❶⑩ ò ➔❺❹ ❞❿ö

✽ ç✍�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰îðç❚ñ➘ê✌☎❰ê✈í × ç▲ù ×✬➭ ñ➘ç➲�✍ç▲ì❏✣④ç▲í➘ì✁❁✴ê þ ê ➭ ì❰ê✌☞➘❝ ⑩❺➀ ❞ ò❥ç❉ï❺ù✗☞▲ç▲ì ➭ îðé✾ç✻☎ ➭ é✡�➘ù➲ê❸✶⑤✪✾é☞ç✬ñ ➭✗P ✝❫ï❺ñ➘ç
ïÐî❰ìðï × ✪✌☎sñ↔ï ➭ é✡�❛ç✆☎ ➭ ✏✓✒❺ç❚ñ➘ê✲ìôê✓☞▲ì❰ï✑☎ÿñ❶ê☞ê✈í➍î❰ìðï❺ñ➘ï➫�↔ï❺ì❰ï❉ïÐî❰ê♦í➘ñ➘ê✈ìsïÐç➫✝♦ì ➭ î❉✪♦ì ➭ ç ñ❶ê✦✝✈ç▲í✰î➶ïÐî❰ç➘ö↔✚✱☎ôîðê✙✝♦ì ➭ î✹✪✈ì ➭ ç
ñ➘ê✵✝✈ç▲í✰î➶ïÐî❰ç➆✪❾í➘ê✌✝♦ê✓☎✁☎✹❋❺ì ➭ ç➆�↔ïÐìðï✙✂➍ë➘ê✤☎ôê✵�❛ç✑☎❉☎ðï✲î❰ìðïÐîðï❺ì✽ç✑☎✳�❛ç❺í➍î❰ç✆☎❀ñ ➭ ☎❉✝✈ì❰ê✈î❰ç✆☎✳✂➍ë➘ê✵�✍ç✬ñ➘ê♦é✖í✧✒❺ç✔ê✌☎ôîðï❺ì❀ê♦é
✝♦ç❺í➍îðïÐîðç❶ò➘ê❀í➘ê✌☎ôîðê✬✝♦ï✑☎❰ç✾ï✵✝❫ïÐì❉☞✰ï✢ï✑�❶ù ➭ ✝♦ï❺ñ↔ï❾ï❾ê✌☎ôî❰ê✓☎✞�❛ç❺í➍î❰ç✆☎øñ➘ê × ê✫☎❰ê✈ì ý ê♦ìôç✢ê●ï❺ç ➭ í × ✪✓☎↕ñ➘ê❂í➘ê✌☞✰ïÐî ➭➮× ï➆❅ ×✬➭ ñ❶ê
ê✓✂➍ë↔ï✾✏✓★✬ê✓☎✙❅ ⑨ ö ⑩❸❹ ❇✽ê➫❅ ⑨ ö ⑩❲⑨ ❇✁❇ ö ✽ ç❉ï❺ù✗☞▲ç▲ì ➭ îðé✾ç✙☎ ➭ é✡�➘ù➲ê❸✶❅é✾ç➋ñ ➭✗P ✝♦ï❺ñ➘ç➘ò★ï × ï❺ì ➭ ❋ × ê♦ù

gi

ñ↔ï❚ê✓✂➍ë↔ï✑✏✓✒❺ç④❅ ⑨ ö ➜ ❇✳✪
➭ í✰î❰ì❰ç✬ñ➘ë ý♦➭ ñ↔ï✳�↔ï❺ì❰ï❂ê♦ù ➭ é ➭ í↔ï❺ì❽ï❂ñ➘ê✓☎ ➭ ☞▲ë➘ï❺ù➲ñ↔ïÐñ➘êèñ↔ï❂ê✓✂➍ë↔ï✑✏✓✒❺ç➘ò➍ê↕ï❀õ❴ë➘í✠✏✓✒❺ç●ç▲û⑥➘ôê✈î ➭➯× ç❏✪èê✌☎ôî➶ïÐû❛ê✈ù➲ê✓✝ ➭ ñ↔ï●ïÐî❰ìðï × ✪✌☎
ñ↔ï ➭ í✰î❰ì❰ç✬ñ➘ë✠✏▼✒Ðç✾ñ❶ê × ï❺ì ➭ ❋ × ê ➭ ☎↕ï❺ì❮î ➭◗P ✝ ➭ ï ➭ ☎➩❝ ⑩❺➀ ❞ ö

✽ ç✬✝❫ï✾☎❰ç❒ñ➘ç✆☎➀é✾ç➋ñ➘ê✈ù➲ç✆☎❊✂✬ë❶êúï✾☎❉☎❰ë❶é☞ê✈é➜ç✬✝♦ç▲í✰î➶ï♣îðç✬☎❰ç▲é✾ê♦í✰î❰ê❄í❶ç✫�❶ù ï❺í➘ç❂ñ❶êúï✾✏▼✒❺ç➘ò✰ç●í ✩ é✾ê♦ìôç❒ñ❶ê■�✍ç▲í✰îðç✑☎
ñ ➭ ☎❉✝♦ìôê✈î❰ç✆☎✵✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ➘ç✆☎ÿí↔ï➫☎❰ç❺ù➲ë✠✏✓✒❺ç❉ñ➘ç➫�➘ì❰ç▲û❶ù➲ê♦é☞ï✍✪✦�❛ê✌✂➍ë➘ê♦í➘ç⑤✂➍ë↔ïÐí➘ñ➘ç⑤✝♦ç❺é✦�↔ïÐìðï❺ñ➘ç✍✝♦ç▲é☎ç✸í ✩ é✾ê♦ìôç
ñ➘ê✫�❛ç❺í➍î❰ç✆☎↕ñ ➭ ☎✁✝♦ìôê✈îðç✑☎❄ñ❶ç✆☎úé✾ç✬ñ➘ê♦ù➯ç✆☎èñ➘ê❒ï❺í✧❋❺ù ➭ ☎ôê❂ñ➘ê✬✝♦ç▲í✰î➶ï♣îðç✡☞▲ù➲ç▲û➘ï❺ù ö þ ê✌☞▲ë➘í➘ñ❶ç✔ó❥ç❺ù➲ç▲í✠☎✁❨❚❁❚ê❏●❂ê✈ê♦ì✴❝ ❼❺❹ ❞★ç
é✡✪✈îðç✬ñ➘ç✫☎ ➭ é✦�➘ù➯ê✷✶✵✪✽ï✑�✍ê♦í➘ï✑☎❍�❶ì✹❋Ðî ➭ ✝♦ç✫�↔ï❺ì❰ï❒ë❶é➩í ✩ é☞ê✈ì❰ç❒ì❰ê♦ù➲ïÐî ➭➮× ï❺é☞ê✈í✰îðê✿�✍ê✓✂➍ë➘ê♦í❶ç❾ñ➘ê■�❛ç▲í✰î❰ç✆☎♦ö➀ó❽ç▲ì ç▲ë❶îðìôç
ù ïÐñ➘ç➘ò▲ç✆☎ ï❺ù✗☞▲ç▲ì ➭ îðé✾ç✆☎❽ñ➘ê✿�✍ç▲í✰îðç ➭ í✰îðê✈ì ➭ ç❺ì❥î ❀ é ☎ ➭ ñ➘ç●ë✠☎ðïÐñ➘ç✆☎❖✝♦ç▲é❢☎❰ë✠✝✈ê✓☎❉☎ôçsí↔ï❈☎ôç▲ù➲ë✠✏✓✒❺ç●ñ➘ê✿�➘ìôç▲û➘ù➲ê✈é✲ï✾☎✱✝♦ç▲é
☞▲ì❰ï❺í➘ñ➘ê●í ✩ é✾ê♦ì❰ç✶ñ➘ê✬�✍ç▲í✰îðç✆☎✈ò✧✝❙✟↔ï❺é☞ï❺ñ➘ç✆☎↕ñ➘ê✬�➘ìôç▲û➘ù➯ê♦é☞ï✑☎øñ➘ê●ù ïÐì❉☞✰ï❾ê✌☎❉✝❫ïÐù ï■❝ ➜▲❼ ❞ ö

➛❚➜



✽ ê✓☎❮îðê✾îðìðïÐû↔ï❺ù✭✟❶ç❧ë❶é☎ï❺ù✭☞▲ç❺ì ➭ î❰é☞ç✲ñ➘ê✦�✍ç▲í✰îðç ➭ í✰îðê✈ì ➭ ç▲ì❈✪✲ï × ï❺ù ➭ ï❺ñ➘ç➆�➘ï❺ìðï ï➞☎ôç▲ù➲ë✠✏✓✒❺ç❧ñ➘ç➫�➘ìôç▲û➘ù➯ê♦é☞ï❚ñ❶ê
ñ ➭ ☎ôîðì ➭ û➘ë ➭ ✏▼✒Ðç✕ñ➘ê➲✝♦ï❺ì❉☞▲ï✕ê♦í✰îðìôê❅ç✆☎✲ñ❶ê♦í✰îðê✌☎❧ñ❶ê✸ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎♦ö➡✢❄î ➭ ù ➭➲ý ç❺ë❯❑➏☎ôê✍�↔ïÐìðï ➭ ☎ôîðç✕ç➞ï❺ù✭☞❺ç▲ì ➭ îðé✾ç➁ñ❶ê
�✍ç▲í✰îðç ➭ í➍î❰ê♦ì ➭ ç▲ì②ñ ➭ ☎❉�✍ç▲í✠❱ × ê♦ù✍ê♦éãë➘é☞ïÿìôç❺î ➭ í↔ïÿñ➘ç✵✯ æ✱✰↕ü✐æ✳✲➀❝ ➀▲❻ ❞❿ò➋ç✛✂✬ë➘ï❺ùþ✪úë➘é☞ï × ï❺ì ➭ ï❺í✰îðê❄ñ➘ç✢ï❺ù✗☞▲ç▲ì ➭ îðé✾ç
�➘ìôê♦ñ ➭ îðç▲ì❭❑➏✝♦ç❺ì❰ì❰ê îðç▲ì✿�❶ì❰ç✆�✍ç✆☎ôî❰ç✎�❛ç▲ì■✯❧ê✓✟➘ìôç❺îðì❰ï❊❝ ➀▲❻ ❞❿ö

ó❡ï❺ì❰ïsîðç▲ìôí↔ï❺ì✩�✍ç✆☎❉☎✁❱ × ê♦ù✐ï❾ë❶î ➭ ù ➭➲ý ï✾✏▼✒❺ç❒ñ➘ç✶ï❺ù✗☞▲ç▲ì ➭ îðé✾çÿí➘ï✵☎❰ë↔ïsõ❴ç▲ìôé✲ï❏�↔ï❺ñ➘ì❉✒❺ç➘ò❶ç✤�❶ì❰ç▲û➘ù➯ê♦é☞ïsñ➘ê✳✝✈ç▲í✰î➶ïÐî❰ç
ê♦í✰î❰ì❰ê②ñ➘ê♦í✰î❰ê✓☎★õ❴ç ➭ ìôê✈õ❴ç▲ìôé❾ë➘ù ïÐñ➘ç✩✝♦ç❺é➡ì❰ê✈ù ï✑✏✓✒❺ç↕ïøõ❴ë➘í✠✏✓✒❺çèç▲û⑥➘ôê î ➭➯× ç➘öÕ✚❖☎❮î➶ï❺û✍ê♦ù➯ê✓✝✈ê♦ë❯❑➶☎❰ê➃✝♦ç▲é✾ç④õ❴ë➘í✠✏✓✒❺ç↕ç▲û⑥➘ôê î ➭➯× ç
é☞ï❘✶ ➭ é ➭➲ý ïÐì❒ç❅ñ❶ê✓☎❰ù➯ç❯✝♦ï❺é✾ê♦í✰îðç✴ï❺í✜☞▲ë➘ù ïÐìsñ➘ê✔ìôç❺î➶ï✾✏▼✒❺ç❅ñ↔ï✸ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é é✾ç❺î❰ç▲ìðï❶ò❊✝♦ç▲í❶õ❴ç❺ì❰é✾ê✲ñ➘ê✌☎❉✝♦ì ➭ î❰ç❅í↔ï
ê✓✂➍ë↔ï✾✏▼✒❺ç➲❅ ⑨ ö ⑩❺➀ ❇➩❝ ⑩▲⑩❸❹ ❞ ö

æ❖ê✌✂➍ë↔ï✑✏▼✒Ðç⑤❅ ⑨ ö ⑩❺➀ ❇èé✾ç✆☎❮îðìðï✶ï✢õ❴ç▲ì❰ésë➘ù ï✑✏✓✒❺ç✶ñ➘ç✡�➘ì❰ç▲û❶ù➲ê♦é☞ï✢ñ➘ê❒ç❺î ➭ é ➭➯ý ï✑✏✓✒❺ç✵�↔ï❺ì❰ï☞ï✶ñ➘ê îðê♦ìôé ➭ í↔ï✑✏✓✒❺ç✶ñ↔ï
ñ ➭ ☎ôîðì ➭ û➘ë ➭ ✏▼✒Ðç❧ñ❶ê✙✝❫ïÐì❉☞✰ï❳❅

t
❇❂ê✾ê♦ì❰ìôç❉ñ➘ê✶îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç④❅

u0

❇ ò❡û➘ï✑☎❰ê♦ï❺ñ↔ï í➘ï✍�➘ì ➭ é✾ê ➭ ì❰ï✔ê✲í↔ï■îðê✈ì❉✝✈ê ➭ ì❰ï ù ➭ í✠✟↔ï
ñ➘ç✆☎èî❰ì ❀ ☎↕û➘ù➯ç❯✝✈ç✆☎èñ↔ï✶ê✓✂➍ë↔ï✑✏✓✒❺ç➫❅ ⑨ ö ⑩▲➔ ❇ Ð
✯❉ï❘✶ ➭ é ➭➯ý ï❺ì

u0 ,
❅ ⑨ ö ⑩❺➀ ❇

☎❰ë▲➘ôê ➭ î❰ç✡ú
−At + u0 q − h ≤ 0 ,

qT t − T = 0 ,

t ≥ 0 , u0 ≥ 0 ,

ç▲í➘ñ❶ê
u0

✪❀çsñ❶ê✓☎❰ù➯ç❯✝♦ï❺é✾ê♦í✰îðç✢ïÐí✠☞▲ë➘ù➲ï❺ìÕñ❶ê✽ì❰çÐî➶ï✑✏✓✒❺ç❾ñ↔ïsê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é é☞ç❺î❰ç▲ìðï➋ò⑥✂➍ë➘ê✕✪❀ê✓✂➍ë ➭➮× ïÐù➲ê♦í✰î❰ê❀ï❺çÿê♦ì❰ìôç
ñ➘ê✾îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç ï❺í✠☞▲ë❶ù ï❺ì❂îðç❺é✲ï❺ñ❶ç❧í➘ï ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é é✾ç❺î❰ç▲ìðï❶ò

A
✪☞ï é☞ïÐî❰ì ➭➲ý ✝✈ç▲é ç✆☎❏✝♦ç✬ê P ✝ ➭ ê♦í✰î❰ê✓☎sñ❶ê

➭ í❯ö↔ë ❀ í✜✝ ➭ ï■ñ↔ï✾☎❂ñ➘ê✌ö↔ê❸✶❯★➋ê✌☎♦ò
q
✪✢ë❶é × ê îðç▲ì❈✝✈ç▲ù➲ë❶í↔ï➆✝♦ç▲é✖îðç✬ñ➘ç✆☎❀ç✆☎❂ê✈ù➲ê✈é☞ê✈í➍î❰ç✆☎❂ñ➘ê × ï❺ù➲ç❺ì

1
ò
h
✪✢ç × ê✈î❰ç▲ì

✝♦ç❺é✏ç✆☎❄ïÐõ❤ï✑☎ôîðï❺é✾ê♦í✰îðç✆☎❄ï❺í✜☞▲ë➘ù ïÐì❰ê✓☎ ➭ í ➭ ✝ ➭ ï ➭ ☎④ê✈í➍î❰ì❰ê❒ç✆☎✞�❛ç❺í➍î❰ç✆☎✞✝❫ï❺í❶ñ ➭ ñ↔ï♣îðç✆☎❄ï❺ç✡✝♦ç▲í✰îðïÐîðç➘ò
t
✪❒ç × ê✈î❰ç▲ì■✝♦ç▲é

ç✆☎❒îðç▲ì✁✂✬ë❶ê✓☎sñ ➭ ☎❉✝✈ì❰ê îðç✆☎sï✑�➘ù ➭ ✝❫ï❺ñ❶ç✆☎❂ê♦é❥✝❫ïÐñ↔ï✍�↔ïÐìÿñ➘ê✦�❛ç❺í➍î❰ç✆☎❒ê♦é❥✝♦ç▲í✰îðïÐîðç➘òÕ✰ ✪✲ç❧îðç▲ì✁✂➍ë➘ê✾î❰ç❺î➶ïÐù➃�➘ï❺ìðï ï
ï❺í✧❋Ðù ➭ ☎ôê●ï✑�➘ù ➭ ✝❫ïÐñ➘ç❾í↔ï✶ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é é☞ç❺î❰ç▲ìðï➋ö

◆☛�➘ìôç▲û➘ù➯ê♦é☞ï❉ñ➘ê■ç❺î ➭ é ➭➲ý ï✾✏▼✒❺ç❧ê♦é ❅ ⑨ ö ⑩❺➀ ❇❏�✍ç✬ñ➘ê✻☎❰ê✈ì✢ì❰ê✌☎❰ç▲ù ×➋➭ ñ➘ç✸ë✠☎❰ï❺í➘ñ➘ç❘❑➏☎❰ê❚ë➘é ï❺ù✗☞▲ç▲ì ➭ îðé✾ç ñ❶ê➆�➘ì❰ç✾❑
☞▲ì❰ï❺é✲ï✾✏▼✒❺ç✶ù ➭ í➘ê❫ïÐì♦ö ✽ ê✌☎ôîðêÿê✓☎❮îðë➘ñ➘ç☞ë✠☎❰ç❺ë❯❑➏☎ôêsë➘é✏ïÐù✭☞▲ç▲ì ➭ î❰é☞ç❾ñ❶ê❏�✍ç▲í✰îðç ➭ í✰îðê✈ì ➭ ç▲ì ➭ é✡�➘ù➲ê✈é☞ê✈í✰î➶ï❺ñ➘ç✢ê✈é✏ë➘é☞ï
ì❰çÐî ➭ í➘ï❾ñ➘ç✡✯ æ✱✰↕ü✐æ✳✲õ❝ ➀❺❻ ❞★ïÐî❰ìðï × ✪✌☎èñ↔ï❾õ❴ë➘í✠✏▼✒Ðç➞❼ ✇❽➩✧①❺⑩❘❼➧✝✈ç▲é ï✢ç✆�✄✏▼✒❺ç➫⑩❙➩✄➋❆✇⑦②✛①❺r✷➋♥❵✐ö ÷❂✉✑❶➓➑⑥r❋➴❛s❉✉✑❼✭røö ❹✗ö ⑩❘✈Úö ❛♣❝ ➀▲❻ ❞ ö

➔❺❻



◆✏ï❺ù✭☞❺ç▲ì ➭ îðé✾ç❧ñ❶ê✻�❛ç❺í➍î❰ç ➭ í✰î❰ê♦ì ➭ ç▲ì ➭ é✡�➘ù➲ê✈é☞ê✈í➍îðï❺ñ➘ç❧í↔ï❉ìôç❺î ➭ í↔ï ñ➘ç⑤✯ æ✱✰↕ü✐æ✳✲ù❝ ➀▲❻ ❞❍✪✔ë➘é☞ï × ï❺ì ➭ ï❺í✰îðê☞ñ➘ç
ï❺ù✗☞▲ç▲ì ➭ îðé✾ç✩�➘ìôê♦ñ ➭ îðç▲ì❭❑➏✝♦ç❺ì❰ì❰ê îðç▲ì❂�❶ì❰ç✆�✍ç✆☎ôî❰ç❄�✍ç▲ìÕ✯ ê✌✟➘ì❰ç❺î❰ìðï✛❅ × ê✈ì➸❝ ➀❺❻ ❞⑦❇ öÕ✰❽ìðï♣î➶ï❘❑➶☎❰ê ñ➘êÕë❶é➟ï❺ù✭☞❺ç▲ì ➭ îðé✾ç✩�➘ì ➭ é✲ïÐù◗❑
ñ➘ë↔ïÐùþ✂➍ë➘êúì❰ê✓☎ôç▲ù × ê✕☎ ➭ é❾ë➘ù➮î➶ï❺í❶ê❫ï❺é✾ê♦í✰îðê↕ç✆☎Õñ➘ç ➭ ☎❍�➘ìôç▲û➘ù➯ê♦é☞ï✑☎❖✝♦ç▲éãê✓✂➍ë↔ï✾✏✓★✬ê✓☎④ù ➭ í➘ê♦ï❺ì❰ê✌☎❫❑➶✂✬ë➘ï❺ñ➘ì✹❋♣î ➭ ✝♦ï✑☎②ë✠☎ðïÐí➘ñ➘ç
× ï❺ì ➭ ❋ × ê ➭ ☎●ñ➘ê✾õ❴ç❺ù✭☞✰ï❶ò✐ê✶é☞ï❺í✰îðê✈í➘ñ➘ç✸ï✾☎ × ï❺ì ➭ ❋ × ê ➭ ☎●ñ➘ê ➭ î❰ê♦ìðï✾✏▼✒❺ç↔�✍ç✆☎ ➭ î ➭➯× ï✑☎✈ò❂✂➍ë➘ê✲ê✌☎ôî❙✒Ðç í↔ï❚ì❰ê✌☞ ➭ ✒Ðç ➭ í✰îðê♦ì ➭ ç▲ì
ì❰ê✌�➘ì❰ê✌☎❰ê✈í➍îðï❺ñ↔ï✑☎✛�❛ê✈ù ï✑☎●ì❰ê✌☎ôî❰ì ➭ ✏✌★➋ê✌☎●ñ↔ï ñ➘ê✌☎ ➭ ☞▲ë↔ï❺ù➯ñ↔ï❺ñ➘êÐö✻✯❉ï ➭ ç▲ìôê✓☎●ñ➘ê✈îðï❺ù✭✟❶ê✓☎✫☎❰ç▲û➘ìôê☞ç ï❺ù✗☞▲ç▲ì ➭ îðé✾ç✔ñ➘ê✡�❛ç❺í➍î❰ç
➭ í✰î❰ê♦ì ➭ ç▲ìøë✠☎❰ï❺ñ➘ç✡�❛ç✬ñ➘ê✈é❲☎❰ê✈ì❄ê✈í✠✝♦ç❺í➍î❰ìðï❺ñ❶ç✆☎↕í↔ï✾ìôê✈õ❴ê✈ì ❀ í✜✝ ➭ ï✼❝ ➀▲❻ ❞❿ö

✚✱☎ôî➶ï❅ïÐû❛ç▲ìôñ↔ï✑☞▲ê✈é �➘ï❺ìðï✸ï✍☎❰ç▲ù➯ë✠✏▼✒❺ç❉ñ➘ç⑤�➘ì❰ç❺û➘ù➲ê✈é✲ï❧ñ➘ê✔ñ ➭ ☎ôîðì ➭ û➘ë ➭ ✏▼✒Ðç ñ➘ê➆✝♦ï❺ì❉☞▲ï❉ê♦í✰îðìôê✔ç✆☎❾ñ❶ê♦í✰îðê✌☎✢ñ➘ê
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎↕ë✠☎ðï❺í❶ñ➘ç✦�❶ì❰ç✆☞▲ì❰ï❺é☞ï✑✏▼✒❺çsù ➭ í❶ê❫ï❺ì④õ❴ç ➭ �➘ìôç✆�❛ç✑☎ôî➶ï✤�✍ç▲ì✩♥ ➭ í✜❨✲ê þ ê✈ì❉�↔ï■❝ ⑩▲⑩❸❹ ❞✐ê✈é ❹❺❻▲❻✆➔ ò❶ê❂ñ ➭ õ❴ê♦ìôê
ñ➘ç④�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç④�❶ì❰ç✆�✍ç✆☎ôî❰ç④�✍ç▲ì➆✣④ç▲í❶ì✁❁➇ê þ ê ➭ ì❰ê✌☞ú❝ ⑩❸❼ ❞úñ➘ê ×✬➭ ñ❶çÖú✕ë❶î ➭ ù ➭➯ý ï✑✏✓✒❺ç✴ñ➘ê✸ë➘é ï❺ù✭☞❺ç▲ì ➭ îðé✾ç❅ñ➘ê
�✍ç▲í✰îðç ➭ í➍î❰ê♦ì ➭ ç▲ìÕí↔ï✛☎❰ë➘ïsõ❴ç▲ì❰é☞ï❏�↔ïÐñ➘ì✹✒❺ç❾ï❺ç ➭ í × ✪✌☎øñ➘ç✶ï❺ù✗☞▲ç▲ì ➭ îðé✾ç❂î ➭ �❛ç❏☎ ➭ é✡�➘ù➯ê✷✶☞é☞ç✬ñ ➭◗P ✝❫ï❺ñ❶ç➘ö⑧ó❥ï❺ìðï ➭ ☎ôî❰ç❾ç
�➘ìôç▲û➘ù➲ê✈é✲ï✵✪●ìôê✈õ❴ç▲ìôé❾ë➘ù ïÐñ➘ç✤�↔ï❺ì❰ï✎✂➍ë➘ê❒ï✢õ❴ë➘í✠✏✓✒❺ç✶ç▲û⑥➘ôê✈î ➭➯× ç✦☎ôê❭➘❰ï✾ï✶é☞ï❘✶ ➭ é ➭➲ý ï✑✏▼✒Ðçsñ➘ç✾ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰î❰ç➘ö

æ✡ê P ✝ ➭✗❀ í✠✝ ➭ ï❂ñ➘ê✌☎ôîðêúé✦✪ îðç✬ñ➘ç✬�↔ï❺ì❰ïÿï✬☎❰ç▲ù➯ë✠✏▼✒Ðç❒ñ❶ç❏�➘ìôç▲û➘ù➯ê♦é☞ï●ñ❶êúñ ➭ ☎ôî❰ì ➭ û❶ë ➭ ✏✓✒❺ç❂ñ➘ê■✝❫ï❺ì✁☞✰ï❈✪❄✝✈ç▲é✦�➘ï❺ìðï❺ñ➘ï
✝♦ç❺é ç✆☎↕ç▲ë❶î❰ì❰ç✆☎èé✡✪✈î❰ç➋ñ➘ç✑☎èê✓☎ôî❰ë➘ñ↔ï❺ñ❶ç✆☎úê●ñ ➭ ☎❉✝✈ë❶î ➭ ñ↔ï❾í↔ï✎☎❰ê✓✏✓✒❺ç ⑨ ö ➔ ö ➔ ö

Ó❄Ô➓ï✯Ô✌Ó ûýüÚç✛Ü✿á✪Üåá✪ã➜ñ✛×Úç✦Ü✪þ❃ã➜æ▼â➄×➉ñ✛ÿ✦Û➄Ü á➩×➺òÞà✜ç✑ñ✛ã ✁
✚➀é✒ï❺ù✭☞▲ë❶í✠☎✐îðìðïÐû↔ï❺ù✭✟❶ç✆☎♦ò❸ç■�➘ì❰ç▲û❶ù➲ê♦é☞ïèñ➘ê➃✝♦ç▲í✰î➶ï♣îðç↕õ❴ç ➭ ì❰ê✌☎❰ç▲ù ×➋➭ ñ➘ç↕ë✠☎ðïÐí➘ñ➘ç✽é✡✪✈î❰ç➋ñ❶ç✆☎★ñ ➭ ìôê✈îðç✑☎❽ñ❶ê➃☎ôç▲ù➲ë✜✏▼✒❺ç➘ò

î➶ï ➭ ☎✿✝♦ç❺é☞ç➘ò❶ê♦ù ➭ é ➭ í↔ï✑✏✓✒❺çsñ➘ê❏❪●ï❺ë✠☎✁☎✎❝ →✆→✞❞★ê●õ❤ï♣îðç▲ì ➭➲ý ï✾✏▼✒❺ç✢ñ➘ê❏✣✮✟➘ç❺ù➲ê✓☎✁❨❚❁➸❝ ⑨ ò ❹ ❞❿ö
✽ ê✌☎ôîðê✌☎❂é✦✪ îðç✬ñ➘ç✆☎úñ➘ê✵☎❰ç❺ù➲ë✠✏✓✒❺ç➘ò✍ç➆�➘ì❰ç▲û❶ù➲ê♦é☞ï✎✪❾ì❰ê✌☎❰ç▲ù ×➋➭ ñ➘ç✔ï♣îðìðï × ✪✓☎❂ñ➘ê ➭ îðê✈ìðï✑✏✌★➋ê✌☎✕�↔ï❺ì❰ï✲ñ➘ê îðê♦ìôé ➭ í↔ï❺ì❄ç

✝♦ç❺í❘➘ôë➘í✰îðç✾ñ➘ê❈�✍ç▲í✰îðç✆☎✞�✍ê♦ìôî❰ê♦í✠✝✈ê♦í✰îðê✌☎✕ú✢ìôê✓☞ ➭ ✒❺ç✢ñ➘ê❈✝♦ç❺í➍îðïÐîðç
Ic ∈ Ig

ö❍✚➀éq✝❫ï❺ñ↔ï ➭ îðê♦ì❰ï✑✏▼✒Ðç✤✝❫ï❺ù✗✝♦ë➘ù➲ï❺é✎❑➶☎❰ê❂ï✾☎
✝❫ïÐì❉☞✰ï✑☎②ï✾�➘ù ➭ ✝❫ï❺ñ↔ï✾☎❡ê♦é ✝❫ï❺ñ➘ï✳�↔ï❺ì➀ñ➘ê✿�✍ç▲í✰îðç✆☎❡ñ ➭ ☎✁✝♦ì❰ê îðç✆☎②ï♣îðìðï × ✪✓☎②ñ➘êèë➘é✣é✦✪ îðç✬ñ➘ç❀ñ ➭ ì❰ê✈î❰ç❈☎❰ê✈é ✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐì➀ï
ì❰ê✌☎ôî❰ì ➭ ✏✓✒❺ç

t ≥ 0
ò✬ê♦í✰î✹✒❺ç✛☎ôê ➭ é✡�þ★✬êèê✓☎❮î➶ïsìôê✓☎❮îðì ➭ ✏▼✒❺ç ➭ ñ➘ê✈í➍î ➭✗P ✝♦ï❺í➘ñ➘çÿê✽ê✈ù ➭ é ➭ í➘ï❺í➘ñ➘ç❂ñ➘ç✛✝♦ç▲í❘➘ôë❶í➍î❰ç❾ñ➘ê❄�❛ç▲í✰î❰ç✆☎

ïÐî ➭➯× ç✑☎♦ò
Ic

ò➂ç✑☎✳�❛ç❺í➍î❰ç✆☎❀ç▲í❶ñ➘ê✢ï✻✝❫ïÐì❉☞✰ï✙✪sí➘ê✓☞✰ï♣î ➭➯× ï❶ö ✥ ê✌�❛ê îðê✷❑➶☎❰ê✢ç✻�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç❚ïÐî❉✪✛✂➍ë➘ê✢í✧✒Ðç■ê✷✶ ➭ ☎❮î➶ï❺é
é☞ï ➭ ☎✩�✍ç▲í✰îðç✑☎■✝✈ç▲é❲✝♦ï❺ì❉☞✰ï✢í➘ê✌☞✰ïÐî ➭➯× ï❶ö

◆➡é✦✪ îðç✬ñ➘ç●ñ ➭ ìôê✈î❰çÿñ➘ê■☎❰ç❺ù➲ë✠✏✓✒❺ç●ë✠☎ðï❺í❶ñ➘ç❾ï●õ❤ïÐîðç▲ì ➭➲ý ï✑✏▼✒❺ç❂ñ❶ê✳✣✮✟➘ç❺ù➲ê✓☎✁❨❚❁✦✪❄ë➘é➜é✡✪✈î❰ç➋ñ❶çÿê✌☎ôî❙❋ × ê♦ù✍êúì❉❋✑� ➭ ñ❶ç
ê♦é ✝♦ç▲é✡�↔ï❺ì❰ï✑✏▼✒❺ç✙✝♦ç▲é✂ç❺ë❶îðìôç✆☎❂é✦✪ îðç✬ñ➘ç✆☎❀ñ❶ê✡☎ôç▲ù➲ë✜✏▼✒❺ç■ñ➘ê✌☎ôî❰ê✶î ➭ �✍ç■ñ➘ê✤�➘ìôç▲û➘ù➲ê✈é✲ï❃❝ ⑨ ò ❹ ❞ ö ✽ ç■ê♦í✰î➶ïÐí➍î❰ç➘ò❽ï
☎❰ç❺ù➲ë✠✏✓✒❺ç↕ñ➘ç❄�❶ì❰ç▲û➘ù➯ê♦é☞ï✩�❛ç❺ì✐ê✓☎ôî❰êÕé✡✪✈î❰ç➋ñ❶çúï✾�➘ì❰ê✌☎❰ê♦í✰îðïúë➘é☞ïèù ➭ é ➭ îðï✑✏▼✒Ðç❍✂➍ë↔ï❺í✰î❰ç✳úèé☞ê✈é✦✸❺ì ➭ ï❍✝♦ç▲é✡�➘ë❶îðï✑✝ ➭ ç▲í↔ï❺ù
í➘ê✌✝♦ê✓☎✁☎✹❋❺ì ➭ ï❶ö❂æ✙é☞ê✈é✦✸▲ì ➭ ï✤✝♦ç❺é✦�➘ë➋î➶ï✑✝ ➭ ç▲í↔ïÐù❥í➘ê✌✝♦ê✌☎❉☎✹❋Ðì ➭ ï✻�➘ï❺ìðï✔ï✦☎❰ç▲ù➯ë✠✏▼✒❺ç✲ñ➘ç✻�➘ìôç▲û➘ù➲ê✈é✲ï☞ï❺ë➘é✾ê♦í✰î➶ï✦✝♦ç▲é✖ç

➔➋⑩



✂➍ë↔ï❺ñ➘ì❰ï❺ñ➘ç✢ñ➘çsí ✩ é☞ê✈ì❰ç❾ñ➘ê✕�❛ç▲í✰î❰ç✆☎øê♦é ï❺í✧❋Ðù ➭ ☎ôê❺ò➂�✍ç▲ì④ê❸✶❶ê✈é✦�❶ù➲ç➘ò⑥�↔ï❺ì❰ïsë➘é ê✓✂➍ë ➭ �➘ï❺é☞ê✈í✰îðç✵✝✈ç▲é ❹✑➔✑➀ ✯ û✔ñ❶ê
é✾ê♦é✡✸▲ì ➭ ïsç☞ù ➭ é ➭ î❰êúñ➘ê✬�✍ç▲í✰îðç✆☎↕ê✈é✏ï❺í✧❋❺ù ➭ ☎ôê✳✪●ê♦é î❰ç▲ì❰í➘ç✶ñ➘ê ❹▲❹Ð❻▲❻ �❛ç▲í✰î❰ç✆☎✴❝ ❹ ❞ ö

✽ ê✓☎❮îðê❀î❰ìðï❺û↔ïÐù✭✟➘çsï × ï❺ù ➭ ç▲ë⑥❑➏☎❰ê❄ç✢é✡✪✈îðç✬ñ➘ç❾ñ ➭ ì❰ê îðç❾ë✜☎ðï❺í➘ñ❶ç✶ïsõ❤ïÐîðç▲ì ➭➲ý ï✑✏▼✒❺çÿñ➘ê✫✣✮✟➘ç▲ù➯ê✓☎✁❨➂❁✙�↔ï❺ì❰ï❾ï✵☎❰ç▲ù➯ë✠✏▼✒Ðç
ñ➘ç❩�➘ì❰ç❺û➘ù➲ê✈é✲ï❅ñ➘ê❧ñ ➭ ☎❮îðì ➭ û➘ë ➭ ✏▼✒❺ç❅ñ❶ê➞✝♦ï❺ì❉☞▲ï➁ê✈í➍î❰ì❰ê❧ç✆☎✾ñ➘ê♦í✰îðê✌☎♦ö➯◆✖é✦✪ îðç✬ñ➘ç❅õ❴ç ➭ø➭ é✡�➘ù➯ê♦é✾ê♦í✰î➶ï❺ñ❶ç❅ê♦é✥ë➘é
�➘ìôç✆☞▲ìðïÐé✲ï❾ê✈é☛✯ æ✱✰↕ü✐æ✳✲ ❝ ➀▲❻ ❞★ë✠☎ðïÐí➘ñ➘ç✾ë➘é✲ï✢ìôç❺î ➭ í↔ï■➘❉❋✢ñ ➭ ☎✁�❛ç▲í✜❱ × ê✈ù❛�↔ï❺ì❰ï☞ï❾õ❤ïÐî❰ç▲ì ➭➯ý ï✑✏✓✒❺ç✢ñ➘ê❏✣✮✟➘ç▲ù➯ê✓☎✁❨➂❁❺ö
ó❡ï❺ì❰ï✕ë➘é ñ➘ï❺ñ➘ç④✝✈ç▲í❘➘ôë➘í✰îðç➤ï♣î ➭➯× ç➌ê✓☎❮î ➭ é✲ï❺ñ❶ç➌ñ➘ê➲�✍ç▲í✰îðç✆☎✈ò

Ic

ò❄ï✕ñ ➭ ☎ôî❰ì ➭ û➘ë ➭ ✏✓✒❺ç✕ñ❶ê➲✝❫ï❺ì✁☞✰ïÓ�✍ç➋ñ❶ê➲☎❰ê✈ì
ñ➘ê îðê♦ìôé ➭ í↔ï❺ñ↔ï✶ïÐî❰ìðï × ✪✌☎úñ➘ï✎�❶ì ➭ é✾ê ➭ ìðïsê●ñ↔ï❾î❰ê♦ì❉✝✈ê ➭ ìðï✶ù ➭ í✜✟↔ï✑☎øñ↔ï✢ê✌✂✬ë➘ï✑✏▼✒❺ç➲❅ ⑨ ö ⑩▲➔ ❇ Ð







Acc qc

qT
c 0













tc

−u0





 =







−hc

T





 .
❅ ⑨ ö ⑩❸❼ ❇

æ➒é✲ï♣îðì ➭➯ý ñ➘ç●ù➲ï❺ñ➘ç❀ê✌☎❉✂➍ë➘ê♦ìôñ➘ç❒ñ↔ï❂ê✓✂➍ë↔ï✑✏✓✒❺ç✦❅ ⑨ ö ⑩❸❼ ❇➧✪✿☎ ➭ é✡✪✈î❰ì ➭ ✝❫ï❶òÐé✲ï✑☎❡í✧✒❺ç❈✪✿�✍ç✆☎ ➭ î ➭➯× ï❘❑Óñ➘ê P í ➭ ñ↔ï❄ñ➘ê ×✬➭ ñ➘ç
ï❺ç ý ê✈ì❰ç✽í➘ï❄ñ ➭ ï✑☞▲ç▲í➘ï❺ù ö ✽ ç✽ê♦í✰îðï❺í✰îðç➘òÐê♦ù ï✿�✍ç➋ñ❶ê➃☎ôê♦ì❥ì❰ê♦ç❺ì❉☞✰ï❺í ➭➲ý ïÐñ↔ï✿✝♦ç▲é✾ç↕é☞ç✆☎❮îðì❰ï❺ñ➘ç❄í↔ï✑☎❽ê✓✂➍ë↔ï✑✏✌★➋ê✌☎✩❅ ⑨ ö ⑩ →❚❇➂ê
❅ ⑨ ö ⑩❺➜ ❇ Ð

u0 =
1

qT
c A−1

cc qc

(

qT
c A−1

cc hc + T
)

.
❅ ⑨ ö ⑩ →❚❇

tc = A−1
cc hc + A−1

cc qc u0 .
❅ ⑨ ö ⑩❺➜ ❇

æ❢☎❰ç❺ù➲ë✠✏✓✒❺ç✲ñ↔ï✾☎❀ê✓✂➍ë↔ï✑✏✌★➋ê✌☎✎❅ ⑨ ö ⑩ →✆❇❄ê➆❅ ⑨ ö ⑩❺➜ ❇èì❰ê✓✂➍ë➘ê✈ì●ï✑�✍ê♦í↔ï✑☎✽ï ➭ í × ê♦ì❉☎❰ï✔ç▲ë❅ï☞õ❤ï♣îðç▲ì ➭➲ý ï✾✏▼✒❺ç✾ñ↔ï✲é☞ïÐîðì ➭➲ý
Acc

ò✠✂➍ë➘ê❈✪✳�✍ç✆☎ ➭ î ➭➮× ï❘❑➻ñ➘ê P í ➭ ñ↔ï❒ê❈☎ ➭ é✡✪✈î❰ì ➭ ✝♦ï❶ö⑧ó❽ê♦ù➲ïsõ❤ïÐîðç▲ì ➭➲ý ï✑✏▼✒❺çÿñ➘ê✬✣✮✟➘ç❺ù➲ê✓☎✁❨❚❁✲îðê✈é✎❑➶☎❰ê✳✂➍ë➘ê
Acc = RT R

ò
ç▲í➘ñ❶ê

R
✪ÿï✲é☞ïÐîðì ➭➲ý îðì ➭ ï❺í✠☞❺ë➘ù ï❺ì✿☎ôë✠�✍ê♦ì ➭ ç▲ì♦ö■✚➀í✰î❙✒❺ç❶ò⑧�✍ç➋ñ➘ê❸❑➏☎ôêÿñ➘ê îðê✈ì❰é ➭ í↔ï❺ìúï☞ñ ➭ ☎ôî❰ì ➭ û➘ë ➭ ✏✓✒❺ç✾ñ➘êÿî❰ç▲ì❉✂➍ë➘ê

tcê●ç☞ñ❶ê✓☎❰ù➯ç❯✝♦ï❺é✾ê♦í✰îðç✢ñ➘ç✾ê♦ù➯ê♦é✾ê♦í✰îðç✎✝✈ç▲é☞ç✶ë➘é îðç✬ñ➘ç
u0

ïÐî❰ìðï × ✪✌☎úñ❶ê Ð

RT b̃ = qc ,
❅ ⑨ ö ❹❺❻ ❇

Rb = b̃ ,
❅ ⑨ ö ❹➋⑩ ❇

RT c̃ = hc ,
❅ ⑨ ö ❹▲❹ ❇

Rc = c̃ ,
❅ ⑨ ö ❹Ð⑨ ❇

u0 =
qT

c c + T

qT
c b

,
❅ ⑨ ö ❹✾➛ ❇

tc = u0 b− c .
❅ ⑨ ö ❹✆➔ ❇

➔▲❹



✣④ç▲é ç✆☎ × ï❺ù➲ç❺ì❰ê✓☎❂ñ❶ê
tc

ê
u0

ò➧�❛ç✬ñ➘ê✷❑➶☎❰ê✾ñ➘ê✈î❰ê♦ìôé ➭ í↔ï❺ì❀ç✆☎ÿïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰î❰ç✆☎ P í↔ï ➭ ☎●í➘ç✆☎✬�❛ç❺í➍î❰ç✆☎✬✂➍ë➘ê☞í✠✒❺ç
ê✓☎❮î❙✒❺ç✾ê♦é ✝♦ç▲í✰î➶ï♣îðç✾ïÐîðì❰ï × ✪✓☎❄ñ↔ï✎☎❰ê✌☞▲ë➘í➘ñ↔ï✶ù ➭ í✠✟↔ï❾ñ↔ï✢ê✌✂✬ë➘ï✑✏▼✒❺ç➫❅ ⑨ ö ⑩▲➔ ❇ Ð

gn = hn + AT
cn tc − qn u0 .

❅ ⑨ ö ❹✑➀ ❇

æ ☎ôç▲ù➲ë✜✏▼✒❺ç✾ñ➘ê × ê✵☎❰ê✈ì❄î❰ê✓☎❮î➶ï❺ñ↔ï✡✂➍ë↔ï❺í✰îðç✙ú✑☎úìôê✓☎❮îðì ➭ ✏✓★✬ê✓☎❄ê♦é ❅ ⑨ ö ⑩❸❹ ❇èê✙❅ ⑨ ö ⑩❲⑨ ❇ ö þ êÿç✾îðç▲ì✁✂✬ë❶êÿìôê✈õ❴ê♦ìôê♦í✰îðêsï
õ❴ç▲ì✁✏❫ï☞ñ❶ê✛✝♦ç❺í➍îðïÐîðç✦✪ÿí❶ê✓☞✰ïÐî ➭➯× ç✲ê♦é✖ï❺ù✗☞▲ë➘é❲�✍ç▲í✰îðç❶ò❛ê✌☎ôîðê❏�❛ç❺í➍î❰ç✲ñ➘ê × ê✵☎ôê♦ìúì❰ê♦é✾ç ×✬➭ ñ➘ç☞ñ➘ç✙✝✈ç▲í❘➘ôë➘í✰îðç✔ïÐî ➭➮× ç➘ò
Ic

ò★ê✢ç✍�➘ìôç▲û➘ù➯ê♦é☞ï✔ñ➘ê × ê✦☎ôê♦ì●ì❰ê✌☎❰ç▲ù ×➋➭ ñ➘ç❚í➘ç × ï❺é☞ê✈í✰îðê✾ï✑�✄✸✆☎❒ï❧ï♣îðë↔ï❺ù ➭➲ý ï✑✏▼✒❺ç✲ñ↔ï❧é☞ïÐî❰ì ➭➲ý ê♦é ❅ ⑨ ö ⑩❲❼ ❇ ö✎✚✱☎ôî❰ê
�➘ìôç❯✝✈ê✓☎❉☎ôç✦✪●ìôê✓�✍ê✈î ➭ ñ➘ç✾ïÐî✹✪✬✂➍ë➘ê✬☎❰ê✫☎ðï♣î ➭ ☎❮õ❤ï✑✏❫ï✎ú✑☎èìôê✓☎❮îðì ➭ ✏✓★✬ê✓☎↕ê♦é ❅ ⑨ ö ⑩❸❹ ❇④ê✦❅ ⑨ ö ⑩❲⑨ ❇ ö

◆✳☎Õìôê✓☎❰ë❶ù➯î➶ïÐñ➘ç✆☎②ç▲û❶î ➭ ñ➘ç✆☎❖✝✈ç▲é➜ê✓☎❮îðê❄é✦✪ îðç✬ñ➘ç❒ñ➘ê✞☎❰ç▲ù➯ë✠✏▼✒❺ç❒ñ➘ç✫�➘ì❰ç❺û➘ù➲ê✈é✲ï❂ñ➘ê↕ñ ➭ ☎ôîðì ➭ û➘ë ➭ ✏▼✒Ðç❒ñ❶ê■✝♦ï❺ì❉☞▲ï✫☎❉✒❺ç
ï✑�➘ìôê✓☎ôê♦í✰î➶ï❺ñ❶ç✆☎úê●ñ ➭ ☎❉✝✈ë❶î ➭ ñ➘ç✆☎èí↔ï✎☎❰ê✌✏▼✒❺ç ⑨ ö ➔ ö ➔ ö

Ó❄Ô➓ï✯Ô✄✂ ☎♠×✤á✝✆✪ôÚÛ➄ÜÞá✪Ü✟✞➩ñ❣Ü✡✠➩Ý②×✹òÞà✈þ✼ç✦ü✤ß④æ➩ã➜ßÚà á➩à✟✞➩ÿ✦×☛✆✪á➩Ü✌☞❡ã➜æ❆ç✦×➉ñ✎✍➝×➉ñ✑✏✤æ➩ß④ã②à
æ✕�✍ê✓☎❰ï❺ìøñ➘ç❾é✾ç✬ñ➘ê♦ù➯çÿñ➘ê✽ï❺í✧❋❺ù ➭ ☎ôê❄☞▲ù➯ç▲û↔ï❺ù✝ñ➘ê❄✝♦ç▲í✰îðïÐîðç❾ñ ➭ ☎❉✝✈ì❰ê î ➭➲ý ï❺ìøï❏☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê❄✝✈ç▲é✡�➘ù➲ê î➶ïÿñ❶ç✆☎④ñ➘ê✈í✰îðê✓☎✈ò

ê✔í✧✒Ðç⑤☎❰ç▲é✾ê♦í✰îðê❚ï✸ù ➭ í✠✟➘ï ñ➘ê❚ï✑✏✓✒❺ç➘ò✱☎❰ï❺û❛ê❸❑➏☎ôê➆✂✬ë❶ê❚ï✑�❛ê✈í↔ï✑☎✢ë➘é☞ï➫�✍ê✓✂➍ë➘ê✈í↔ï❅ì❰ê✓☞ ➭ ✒❺ç✸ñ❶ç✆☎✢ñ➘ê♦í✰î❰ê✓☎✶ê✓☎❮î❙❋✸ê♦é
✝♦ç❺í➍îðïÐîðç✢ê✈é ë➘é☞ï❾ñ↔ï❺ñ➘ï✵�❛ç✆☎ ➭ ✏✓✒❺ç❾ñ➘ç✤�↔ïÐìøñ➘ê❂ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎↕í➘ç✤✝ ➭ ✝♦ù➲çsñ➘ê❂ê♦í✠☞❺ì❰ê♦í➘ï❺é☞ê✈í✰îðç✢ê❈☎❰ç❺û■ë➘é ñ↔ïÐñ➘ç
îðç❺ì❉✂➍ë➘ê❺ö þ ê☞ê✌☎ôî➶ï ì❰ê✓☞ ➭ ✒❺ç❚ñ➘ê✡✝♦ç▲í✰îðïÐîðç ñ➘ç✆☎❒ñ➘ê♦í✰îðê✌☎❾ê♦é ë❶é✲ï❧ñ↔ï❺ñ↔ï↔✝♦ç▲í❶ñ ➭ ✏✓✒❺ç✍☞❺ê♦ç▲é✡✪✈î❰ì ➭ ✝♦ï❧ê✾ñ➘ê✶îðç▲ì✁✂➍ë➘ê
�➘ë➘ñ❶ê✓☎❉☎ôê✦☎ôê♦ì❈✝✈ç▲í✠✟➘ê✌✝ ➭ ñ➘ï❧ï✻�❶ì ➭ ✸❺ì ➭ ò❛ç▲ë✴ê♦í✰î❙✒Ðç■ê✓☎ôî ➭ é☞ï❺ñ↔ï❶ò⑧�❛ç✬ñ➘ê♦ì❭❑➏☎ôê✷❑ ➭ ï✲ì❰ê✌☎ôî❰ì ➭ í✜☞ ➭ ì✽ï❧ïÐí✧❋❺ù ➭ ☎❰êsï✑�❛ê✈í↔ï✑☎●ï❺ç✑☎
�✍ç▲í✰îðç✆☎✤�✍ê♦ì❮îðê♦í✜✝♦ê♦í✰î❰ê✓☎✻ú❅ìôê✓☞ ➭ ✒❺ç✸ñ➘ê↔✝♦ç❺í➍îðïÐîðç❶ò ñ❶ê❚îðï❺ùÕõ❴ç❺ì❰é☞ï➲✂✬ë❶ê❧ç✴é✡✪✈î❰ç➋ñ➘ç❅ñ❶ê➆☎❰ç▲ù➯ë✠✏▼✒❺ç➇�✍ç➋ñ❶ê♦ì ➭ ï➫☎❰ê✈ì
ï✑�➘ù ➭ ✝♦ï❺ñ➘ç✶ï✢ë➘é❲�➘ìôç▲û➘ù➯ê♦é☞ï❾ì❰ê♦ñ❶ë ý♦➭ ñ➘ç➘ö

✽ ê✌☎ôî➶ï✢ù ➭ í✠✟↔ï➋ò⑥�➘ï❺ìðïsî❰ç▲ì❰í↔ïÐì④ç✆☎✩�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç✆☎④ñ➘ê✳☎❰ç❺ù➲ë✠✏✓✒❺ç✢ñ➘ç✵�➘ìôç▲û➘ù➯ê♦é☞ïsñ➘ê❀ñ ➭ ☎ôî❰ì ➭ û❶ë ➭ ✏✓✒❺çsñ➘ê✕✝❫ï❺ì✁☞✰ï
ê♦í✰î❰ì❰ê↕ç✆☎②ñ➘ê♦í✰î❰ê✓☎ é✲ï ➭ ☎⑧ê P ✝ ➭ ê✈í✰îðê❄ê♦é✙î❰ê♦ì❰é✾ç✆☎✱✝✈ç▲é✦�❶ë❶î➶ï✑✝ ➭ ç▲í➘ï ➭ ☎✈ò▲ï✑�➘ù ➭ ✝✈ç▲ë❯❑➏☎ôêèí➘ê✓☎❮îðêèîðì❰ï❺û↔ï❺ù✗✟➘ç❂ë➘é☞ï❀î✹✪✓✝✈í ➭ ✝♦ï
�↔ï❺ì❰ï✶ï✶ìôê♦ñ➘ë✜✏▼✒❺ç✾ñ➘ç✡�➘ì❰ç▲û❶ù➲ê♦é☞ï❾û↔ï✑☎ôê❫ï❺ñ➘ï✾í➘ç✢î❰ìðï❺û↔ïÐù✭✟➘ç✢ñ➘ê❒ó ➭ é✡☎ðïÐì❰í❚ê✫●❒ï ý ê♦ìôç▲ë➘í ➭ ï❺í➻❝ ❼Ð❻ ò ❼➋⑩ ❞❿ö

✚✱☎ôî➶ï✲î❉✪✓✝✈í ➭ ✝♦ï❶ò⑧✝❙✟↔ïÐé✲ï❺ñ➘ï✲ñ➘ê✵�✠☎ôê♦ë➘ñ❶ç✾❑ ➭ í➍î❰ê♦ì❮õ❴ê♦ì ❀ í✠✝ ➭ ï❶ò⑧✝✈ç▲í✠☎ ➭ ☎ôî❰ê❾û↔ï✑☎ ➭ ✝♦ï❺é☞ê✈í✰îðêsñ➘ï ➭ í✰îðìôç➋ñ❶ë✠✏▼✒❺ç✲ñ➘ê❾ë➘é
ñ➘ê✌☎❰ù➲ç⑥✝❫ïÐé☞ê✈í➍î❰ç➌ï❺í✜☞▲ë➘ù ïÐì✾ñ❶ê✸ì❰ç❺îðï✑✏▼✒Ðç❋ê✌☎ôî ➭ é✲ïÐñ➘ç✕í↔ï❋ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é é✾ç❺îðç▲ì❰ï➁é☞ï❺í✰îðê✈í➘ñ➘ç➞ï➁ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é
é✾ç ×✬➭ ñ↔ï P ✶➘ï✾ê♦é✏ë➘é☞ï✶ñ↔ï❺ñ↔ï✡�❛ç✆☎ ➭ ✏✓✒❺ç➘ò↔ñ➘ê●î➶ï❺ù✐õ❴ç▲ìôé✲ï✶ï✎☎ ➭ é❾ë➘ù ïÐìèë➘é✲ï ➭ í✰î❰ê♦ìôõ❴ê✈ì ❀ í✠✝ ➭ ï☞ê♦í✰î❰ì❰ê❒ç✆☎❄✝✈ç▲ì❉�✍ç✆☎úï
P é❖ñ➘ê✩☎ôê ➭ ñ➘ê✈í➍î ➭✗P ✝♦ï❺ì⑧ïúì❰ê✓☞ ➭ ✒❺çúñ➘ê✩✝♦ç❺í➍îðïÐîðç❈�➘ï❺ìðï❀ï✾✂✬ë❶ê♦ù➲ê④ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰îðç✽ê✓☎ôî ➭ é☞ï❺ñ➘ç➘ò✾✝♦ç▲í➋õ❴ç▲ì❰é✾ê④é✾ç✆☎ôî❰ìðï❺ñ❶ç

➔❺⑨



í↔ï P ☞❺ë➘ìðï ⑨ ö ⑨ ö❩◆❀û ×✬➭ ï❺é✾ê♦í✰î❰ê✙✝♦ç❺é☞ç✸í✠✒❺ç✸ç⑥✝♦ç▲ìôì❰ê■ï ➭ í✰îðê♦ì✁�❛ê✈í➘ê✈î❰ìðï✑✏✓✒❺ç❅ñ➘ç✆☎✛✝♦ç▲ì✁�❛ç✆☎✈ò➀ê✓☎❮î➶ï ➭ í✰î❰ê♦ìôõ❴ê✈ì ❀ í✠✝ ➭ ï
í✧✒❺ç✾ê✷✶ ➭ ☎ôîðê●ñ➘ê❂õ❤ïÐî❰ç➘ö

❃ ➭ ☞➘ö ⑨ ö ⑨ Ð ✼➻ù➲ë✠☎❮îðì❰ï✑✏▼✒❺ç✶ñ↔ï✤�✠☎ôê♦ë➘ñ❶ç✾❑ ➭ í➍î❰ê♦ì❮õ❴ê♦ì ❀ í✠✝ ➭ ï✾ê✈é ë➘é❲�➘ï❺ì↕ñ➘ê●ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✈ö

◆➴�➘ì❰ç❺û➘ù➲ê✈é✲ï✴ì❰ê✈ñ➘ë ý♦➭ ñ➘ç➁ñ➘ê × ê✸ì❰ê✌�➘ì❰ê✌☎❰ê♦í✰îðï❺ì✔ï❺ñ❶ê✓✂➍ë↔ï❺ñ↔ïÐé☞ê✈í➍î❰ê❉ç❳�➘ì❰ç▲û❶ù➲ê♦é☞ï❅ç▲ì ➭ ☞ ➭ í➘ï❺ù✮☎ôê♦é ïÐõ❴ê✈îðï❺ì✾ç
ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ❶çúñ↔ï■☎❰ç▲ù➯ë✠✏▼✒Ðç❄ñ❶ç✕�➘ìôç▲û➘ù➲ê✈é✲ïèñ➘ê ñ ➭ ☎ôîðì ➭ û➘ë ➭ ✏▼✒Ðçèñ➘ê❍✝♦ï❺ì❉☞▲ï❶ö❡ó❥ï❺ìðï ➭ ☎❮îðç➘ò♣ç❄ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰îðçúï❺í✠☞❺ë➘ù ï❺ì✐ñ❶ê
ì❰çÐî➶ï✑✏✓✒❺ç❾ñ↔ïsê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é é☞ç❺î❰ç▲ìðï✫�↔ï❺ì❰ïsï✛�✠☎ôê♦ë➘ñ❶ç✾❑ ➭ í➍î❰ê♦ì❮õ❴ê♦ì ❀ í✠✝ ➭ ï✵✪✕☎ôë✠�❛ê✈ì❫❑Óê✓☎ôî ➭ é☞ï❺ñ➘ç✵�➘ï❺ìðï✛☞▲ï❺ìðï❺í✰î ➭ ì❖✂➍ë➘ê
îðç✬ñ➘ç✆☎❄ç✆☎■�❛ç❺í➍î❰ç✆☎■�❛ç✆☎✁☎❉❱ × ê ➭ ☎úñ❶ê✛✝♦ç❺í➍îðïÐîðç✦�↔ï❺ì❰ï✾ç✾îðç▲ì✁✂✬ë❶êÿê✈é✑ïÐí✧❋❺ù ➭ ☎❰ê❈☎ôê❭➘❰ï❺é ➭ ñ❶ê♦í✰î ➭◗P ✝❫ï❺ñ❶ç✆☎♦ö✿➯➒ê ×✬➭ ñ➘ê✈í➍î❰ê
✂➍ë➘ê●ç✢î➶ï❺é☞ï❺í✠✟➘ç✢ñ❶ç✡�❶ì❰ç▲û➘ù➯ê♦é☞ïsñ➘ê●ñ ➭ ☎ôîðì ➭ û➘ë ➭ ✏▼✒Ðç❾ñ➘ê✬✝❫ï❺ì✁☞✰ï✢ï✤☎❰ê✈ì❄ìôê✓☎ôç▲ù ×✬➭ ñ❶ç✢ê✓☎ôî✹❋✢ì❰ê♦ù➲ï✑✝ ➭ ç▲í↔ï❺ñ❶ç✵✝♦ç▲é ê✓☎ôîðï
ê✓☎❮î ➭ é✲ïÐî ➭➯× ï❶ö➇æ✕☎❉☎ ➭ é❧ò✩✂➍ë↔ï❺í✰îðç✕é✲ï ➭ ☎✤�➘ì❉✸▼✶ ➭ é✾ç➁ç✕ñ➘ê✌☎❰ù➲ç⑥✝❫ïÐé☞ê✈í➍î❰ç✕ê✌☎ôî ➭ é✲ïÐñ➘ç❋ê✌☎ôî ➭➯× ê✈ì✲ñ➘ç❋ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰î❰ç
P í↔ïÐù❄✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç➘òøé✾ê♦í➘ç▲ì✡☎❰ê✈ì✹❋✕çÓ�➘ì❰ç▲û❶ù➲ê♦é☞ï➁ïÓ☎❰ê✈ì✲ì❰ê✌☎❰ç▲ù ×✬➭ ñ➘ç➘ö✡ó❥ç❺ì✲ç▲ë❶î❰ì❰ç❋ù ï❺ñ➘ç❶ò✩☎❰ê ç➌ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰î❰ç
ê✓☎❮î ➭ é✲ï❺ñ❶ç❉õ❴ç▲ì❒é☞ê✈í➘ç▲ìsñ❶ç➲✂➍ë➘ê■ç✸ñ➘ê✌☎❰ù➲ç⑥✝❫ïÐé☞ê✈í➍î❰ç P í↔ïÐù❍✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç➘ò❊�✍ç▲í✰îðç✆☎sñ ➭ ☎✁✝♦ì❰ê îðç✆☎ÿê♦é ✝♦ç▲í✰îðïÐîðç❅í✧✒Ðç
☎❰ê✈ì✹✒❺çsï × ïÐù ➭ ïÐñ➘ç✆☎✱✂➍ë↔ï❺í✰îðç✛ú❒ñ ➭ ☎ôî❰ì ➭ û➘ë ➭ ✏✓✒❺ç●ñ➘ê■✝❫ï❺ì✁☞✰ï✫☞❺ê♦ìðïÐí➘ñ➘ç ➭ é✡�➘ì❰ê✌✝ ➭ ☎❉✒❺ç●í↔ï✬☎❰ç▲ù➯ë✠✏▼✒❺ç❒ñ➘ç❏�➘ì❰ç▲û❶ù➲ê♦é☞ï❂ê↕í➘ç
✝▼❋Ðù✭✝♦ë❶ù➲ç✢ñ➘ç✾ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç❶ö

◆❏ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰îðç✽ï❺í✠☞▲ë❶ù ï❺ì★ñ➘êÕì❰ç❺îðï✑✏▼✒❺çúñ↔ï✽ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é✒é☞ç❺î❰ç▲ìðï✞�↔ï❺ì❰ï✕☞▲ê✈ìðï❺ì❥ï❄�✠☎ôê♦ë➘ñ❶ç✾❑ ➭ í➍î❰ê♦ì❮õ❴ê♦ì ❀ í✠✝ ➭ ï
�✍ç➋ñ➘ê✛☎❰ê♦ì❂ê✌☎ôî ➭ é☞ï❺ñ➘ç■ïÐî❰ìðï × ✪✌☎●ñ➘ê✢ë➘é☞ï✲ê✓✂➍ë↔ï✑✏✓✒❺ç↔☎❰ê✈é ➭ ❑➻ê♦é✡�✠❱➯ì ➭ ✝♦ï✾ç❺û❶î ➭ ñ↔ï✔ï✻�↔ï❺ì❮î ➭ ì✽ñ➘ç❚ï▲➘ôë✜☎ôîðê✢ñ❶ê✤✝♦ë➘ì × ï✾☎
ñ➘ê●ë➘é é✾ç✬ñ➘ê♦ù➯ç✢ñ➘ê●ê♦ù➲ê✈é☞ê✈í✰îðç✆☎ P í ➭ îðç✆☎✿�✍ç▲ì✞●❂ë↔ï❺í✜☞✾êq➹Õï❺í✜☞❊❝ ➔❺❻ ❞❿ò➘ç▲ë➞☎❰ê➏➘❰ï❶ò

Ki = (A0 + A1 X) + (A2 + A3 X)
ri − ro

(1 + X)m
,

❅ ⑨ ö ❹▲❼ ❇

ç▲í➘ñ❶ê
Ki

✪úï❂ì ➭ ☞ ➭ ñ➘ê ý ê✌☎❉�✍ê✓✝✌❱ P ✝♦ï✫�✍ç▲ì➀é ➭ ù✭❱➯é☞ê îðìôçúñ➘ê↕ù➲ï❺ì❉☞▲ë❶ìðï❀ñ➘ç✆☎②ñ➘ê✈í✰îðê✓☎ ñ↔ï●ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦éû❅
N/µm/mm

❇
í➘ç❄�❛ç▲í✰î❰ç✽ñ➘êÕìðï ➭ ç

ri

ò
X
✪④ç❄✝♦ç✬ê P ✝ ➭ ê♦í✰î❰ê④ñ➘ê é☞ç✬ñ ➭◗P ✝❫ï✑✏✓✒❺ç❄ñ➘ç❀ï❺ñ❶ê♦í➘ñ➘ë❶é ò

m
✪Õçúé✦✸✬ñ➘ë➘ù➯ç↕ñ↔ïúê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é ò

➔✾➛



N
✪❅ç✕í ✩ é☞ê✈ì❰ç➞ñ➘ê❅ñ➘ê✈í✰îðê✓☎❚ñ↔ï❋ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é❧ò

ro

✪✸ç➞ìðï ➭ çÓ�➘ì ➭ é ➭ î ➭➯× ç
(mm)

ò❄ê❅ç✆☎✻✝♦ç✬ê P ✝ ➭ ê✈í✰îðê✓☎
Ak

(k = 0, 1, 2, 3)
☎✹✒❺ç Ð

A0 = 3.867 + 1.612N − 2.916 × 10−2 N2 + 1.553 × 10−4 N3 ,
❅ ⑨ ö ❹ →❚❇

A1 = 17.060 + 7.290 × 10−1 N − 1.728 × 10−2 N2 + 9.993 × 10−5 N3 ,
❅ ⑨ ö ❹✑➜ ❇

A2 = 2.637 − 1.222N + 2.217 × 10−2 N2 − 1.179 × 10−4 N3 ,
❅ ⑨ ö ⑨▲❻ ❇

A3 = −6.330 − 1.033N + 2.068 × 10−2 N2 − 1.130 × 10−4 N3 .
❅ ⑨ ö ⑨❶⑩ ❇

æ✏ê✓✂➍ë↔ï✑✏✓✒❺ç ⑨ ö ❹❺❼ ✪ × ❋❺ù ➭ ñ↔ï✍�↔ï❺ìðï Ð
−0.6 ≤ X ≤ 0.6

ò
12 ≤ N ≤ 100

ê↔�↔ï❺ì❰ï✸ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✶ñ➘ê
ï✑✏✈ç❊❝ ➔❺❻ ❞❿ö

æ➡ì ➭ ☞ ➭ ñ➘ê ý ñ➘êúë➘é➚�↔ï❺ì ñ➘ê■�❛ç▲í✰î❰ç✆☎④ê✈é➹✝✈ç▲í✰î➶ïÐî❰ç✛✪■✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐñ↔ïÿê✌✂✬ë ➭➯× ï❺ù➲ê✈í✰îðê❀ï❒ñ➘ë↔ï✑☎ é✾ç▲ù ï✑☎②ê✈é➹☎✁✪♦ì ➭ ê❺ö
✚✱☎ôîðï✾ì ➭ ☞ ➭ ñ➘ê ý ✪✬✝♦ï❺ù✭✝✈ë➘ù ï❺ñ➘ï✢ïÐîðì❰ï × ✪✓☎❄ñ↔ï✢ê✓✂➍ë↔ï✑✏✓✒❺ç⑤❅ ⑨ ö ⑨✰❹ ❇➩❝ ❼❺❻ ò ❼✬⑩ ❞ Ð

Kci =
K1 i K2 i

K1 i + K2 i
,

❅ ⑨ ö ⑨✰❹ ❇

ç▲í➘ñ❶ê
Kci

✪❀ï❾ì ➭ ☞ ➭ ñ➘ê ý ñ➘ç✵�➘ï❺ìøñ➘ê❈�✍ç▲í✰îðç✆☎④ê♦é ✝✈ç▲í✰î➶ïÐî❰ç➘ò
K1 i

✪●ïsì ➭ ☞ ➭ ñ➘ê ý ñ➘ç✤✝✈ç▲ì❉�✍ç ⑩ í➘ç✤�✍ç▲í✰îðç
i
ê

K2 i✪❒ï✢ì ➭ ☞ ➭ ñ➘ê ý ñ➘ç✡✝♦ç▲ì✁�❛ç ❹ í➘ç✡�❛ç▲í✰î❰ç
i
ö

æãì ➭ ☞ ➭ ñ➘ê ý ñ➘ê✶ë➘é❦�↔ïÐì❂ñ➘ê✎�❛ç▲í✰î❰ç✆☎❂ê♦é❦✝✈ç▲í✰î➶ïÐî❰ç➘ò
Kci

ò➧�❛ç✬ñ➘ê✤☎❰ê✈ì❒ï✑☎❉☎ôç❯✝ ➭ ï❺ñ↔ï➆✝✈ç▲é✂ï❚ì ➭ ☞ ➭ ñ➘ê ý ñ➘ê✶ë➘é
ç▲ë❶î❰ì❰ç➞�↔ï❺ì❒ñ➘ê✡�❛ç▲í✰î❰ç✆☎♦ò

Kci+1

ò➨✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺í➘ñ➘ç✾❑➶☎❰ê✾ë➘é☎é☞ç✬ñ➘ê✈ù➲ç❚ñ➘ê✾ñ➘ë↔ï✑☎❒é☞ç❺ù ï✑☎●ê♦é �➘ï❺ìðï❺ù➯ê♦ù➯ç✭❝ ❼❺❻ ò ❼✬⑩ ❞ ö
æ✕☎✁☎ ➭ é ò✍ï✶ì ➭ ☞ ➭ ñ➘ê ý ê✌✂➍ë ➭➯× ï❺ù➯ê♦í✰îðê❒ñ➘ç✡✝♦ç▲í✰î➶ï♣îðç✙✪❒ç▲û❶î ➭ ñ↔ï✾ïÐî❰ìðï × ✪✌☎✽ñ↔ï✡☎❰ç▲é☞ï✾ñ➘ï☞ì ➭ ☞ ➭ ñ❶ê ý ñ➘ê❒îðç✬ñ➘ç✆☎↕ç✆☎■�↔ï❺ì❰ê✌☎
ñ➘ê✬�✍ç▲í✰îðç✆☎↕ê♦é ✝♦ç▲í✰î➶ï♣îðç➘ò✧✝✈ç▲í❶õ❴ç▲ìôé☞ê❂ï✶ê✓✂➍ë↔ï✾✏▼✒❺ç➫❅ ⑨ ö ⑨▲⑨ ❇✁❇ Ð

Keq =
n
∑

i=1

Kci ,
❅ ⑨ ö ⑨▲⑨ ❇

ç▲í➘ñ❶ê
Keq

✪●ï✢ì ➭ ☞ ➭ ñ➘ê ý ê✌✂➍ë ➭➯× ï❺ù➯ê♦í✰îðê❂ñ➘ç✑☎✿�❛ç▲í✰î❰ç✆☎↕ê♦é ✝✈ç▲í✰î➶ïÐî❰ç✶ê
n
✪❂ç✶í ✩ é✾ê♦ìôç✢ñ➘ê✬�↔ï❺ì❰ê✌☎↕ñ➘ê❈�❛ç❺í➍î❰ç✆☎èê♦é

✝♦ç❺í➍îðïÐîðç❶ö
æ❧✝♦ï❺ì❉☞✰ï❄îðç❺îðï❺ù➂�↔ï❺ìðï❄ë➘é❖ñ↔ï❺ñ➘çúñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰îðç✽ñ➘ç✽ê✈ù➲ê♦é✾ê♦í✰î❰ç✳✝♦ç▲é✾ç✽ë❶é✒î❰ç➋ñ❶ç➘ò✑�✍ç➋ñ❶ê❍☎ôê♦ì⑧ñ➘ê îðê✈ì❰é ➭ í↔ï❺ñ➘ï

➔✆➔



û↔ï✑☎ôê❫ï❺í❶ñ➘ç✾❑➏☎ôêÿí➘ï✶ù➯ê ➭ ñ❶ê❏❴❄ç➋ç✑❨❺ê Ð
δpseudo =

T

r2
g

K−1
eq × 10−3 ,

❅ ⑨ ö ⑨✑➛ ❇

ç▲í➘ñ❶ê
δpseudo

✪■ç❅ñ➘ê✌☎❰ù➯ç❯✝♦ï❺é☞ê✈í✰îðç✴ï❺í✠☞❺ë➘ù ï❺ìsñ➘ê■ì❰ç❺îðï✑✏▼✒Ðç❅ê✓☎ôî ➭ é☞ï❺ñ➘ç➲�➘ï❺ìðï✴ï✸ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é é☞çÐîðç▲ì❰ï➫�↔ï❺ì❰ï
�➘ìôç➋ñ➘ë ý♦➭ ì●ï↔�✠☎ôê♦ë➘ñ➘ç❘❑ ➭ í✰î❰ê♦ìôõ❴ê✈ì ❀ í✠✝ ➭ ï

(rad)
ò
T
✪✶ç❧î❰ç▲ì❉✂➍ë➘ê✎�↔ï❺ì❰ï ï❚ï❺í✠❋❺ù ➭ ☎❰ê✢ê♦é

(Nm)
ê

rg

✪✶ç❚ìðï ➭ ç❧ñ❶ê
û↔ï✑☎ôêÿñ➘ï✶ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é é✾ç❺îðç❺ìðï

(mm)
ö

◆❂û✜☎❰ê♦ì × ï❘❑➏☎ôê✔í↔ï❉ê✌✂✬ë➘ï✑✏▼✒❺ç➉❅ ⑨ ö ⑨✑➛ ❇❈✂✬ë❶ê➆�↔ï❺ìðï✍☎❰ê✔ê✌☎ôî ➭ é✲ïÐìÿç✸ñ❶ê✓☎❰ù➯ç❯✝♦ï❺é✾ê♦í✰îðç ñ➘ç❅ê♦ù➯ê♦é✾ê♦í✰îðç✍✝♦ç▲é✾ç✸ë➘é
îðç✬ñ➘ç✎✪●í➘ê✓✝✈ê✓☎✁☎✹❋❺ì ➭ ç✡✂✬ë❶ê❏☎ôê✫✝✈ç▲í✠✟➘ê✌✏❫ï☞ï✶ì ➭ ☞ ➭ ñ➘ê ý ñ↔ï✾ìôê✓☞ ➭ ✒❺ç✢ê♦é ✝♦ç▲í✰î➶ï♣îðç➘ö

✽ ç✵�➘ìôê✓☎ôê♦í✰îðê❀î❰ìðï❺û↔ïÐù✭✟➘çÿë➘éq�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç ➭ îðê✈ìðïÐî ➭➯× ç❒õ❴ç ➭ ë✠☎ðï❺ñ❶ç✵�↔ï❺ì❰ïsê✓☎❮î ➭ é☞ï❺ìÕï❾ì❰ê✌☞ ➭ ✒❺çÿñ➘ê✕✝✈ç▲í✰î➶ïÐî❰ç
ê❚ç✴ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰îðç✴ñ↔ï❅ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é é✾ç❺îðç▲ì❰ï ❝ ⑩▲⑩❸❹ ❞❿ö➁✚✱☎ôî❰ê✍�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í✰îðç⑤✝♦ç❺í × ê♦ì✁☞▲ê✍�➘ï❺ìðï✴ï⑤☎❰ç▲ù➯ë✠✏▼✒Ðç
ê✓☎❮î ➭ é✲ï❺ñ➘ï✶ê✈é✏ï❺ù✗☞▲ë➘é☞ï✑☎✩�✍ç▲ë✠✝❫ï✾☎ ➭ îðê✈ìðï✑✏✌★➋ê✌☎èê✫✝✈ç▲í✠☎ ➭ ☎ôî❰ê●ñ➘ç✆☎✞☎❰ê✌☞▲ë ➭ í✰î❰ê✓☎✞�↔ï✑☎✁☎❰ç✆☎ Ð

⑩ ö■✣④ç▲í✜✟➘ê✓✝ ➭ ñ➘ç✾ç✶ê♦ì❰ìôç☞ñ❶ê●î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç✶ï❺í✠☞❺ë➘ù ï❺ì✿☎ôê♦é❲✝♦ï❺ì❉☞▲ï✾ï✾�➘ù ➭ ✝❫ï❺ñ↔ï❾ê✈é❲✝❫ïÐñ↔ï✡�✍ç✆☎ ➭ ✏▼✒Ðç➘ò
δΘ1 min

Ð

•
ñ❶ê P í➘ê❸❑➏☎ôêÿë➘é ê♦ì❰ìôç✾ï❺ñ➘é ➭ ☎❉☎✁❱ × ê♦ù❛�↔ïÐìðï✾ï✎✝✈ç▲í × ê✈ì❉☞ ❀ í✠✝ ➭ ï❶ò

ǫ
❢↔ê

•
ï✾☎❉☎❰ë❶é☞ê❸❑➏☎❰ê

δk
pseudo = 0

�↔ï❺ì❰ï
k = 0

ò➘ç▲í➘ñ❶ê
k
✪❂ç✾í ✩ é☞ê✈ì❰ç✶ñ➘ê ➭ î❰ê♦ìðï✾✏✓★✬ê✓☎✖❢

❹ ö↕ü✐ç⑥✝❫ï❺ù ➭➲ý ï▲❑➏☎❰êúîðç✬ñ➘ç✆☎èç✆☎✞�✍ç▲í✰îðç✆☎✞✝❫ïÐí➘ñ ➭ ñ➘ïÐîðç✆☎✞ú✢ìôê✓☞ ➭ ✒❺ç✢ñ➘ê✬✝♦ç▲í✰îðïÐîðç Ð
∀ i : δΘ1 i ≤ (δΘ1min + δk

pseudo)
❢

⑨ ö■✣øï❺ù✗✝♦ë➘ù➲ï❘❑➏☎ôêøï❀ì ➭ ☞ ➭ ñ➘ê ý ê✓✂➍ë ➭➯× ï❺ù➯ê♦í✰îðêÐò
Kk+1

eq

ò❚�➘ï❺ìðï✽ç✑☎❬�❛ç❺í➍î❰ç✆☎➀ñ↔ï❀ìôê✓☞ ➭ ✒❺ç✽ñ➘ê✿✝✈ç▲í✰î➶ïÐî❰ç❂ê✓☎❮î ➭ é☞ï❺ñ↔ï
(i, j)ïÐî❰ìðï × ✪✌☎úñ➘ï✑☎↕ê✓✂➍ë↔ï✑✏✌★➋ê✌☎✵❅ ⑨ ö ❹❺❼ ❇ ò➧❅ ⑨ ö ⑨✰❹ ❇Õê✦❅ ⑨ ö ⑨▲⑨ ❇❇❢

➛ ö■✣øï❺ù✗✝♦ë➘ù➲ï❘❑➏☎ôê❾ç❚ñ➘ê✓☎ôù➲ç⑥✝❫ï❺é✾ê♦í✰î❰ç ïÐí✠☞▲ë➘ù➲ï❺ì❀ñ➘ê✢ìôç❺î➶ï✑✏✓✒❺ç❚ñ↔ï■ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é✟é☞ç❺î❰ç▲ìðï
δk+1
pseudo

ïÐî❰ìðï × ✪✌☎●ñ↔ï
ê✌✂✬ë➘ï✑✏▼✒❺ç➫❅ ⑨ ö ⑨✑➛ ❇❇❢

➔ ö✩✴②ê✈ì ➭✗P ✝❫ï❘❑➶☎❰ê❒ï✤✝♦ç▲í × ê✈ì❉☞ ❀ í✠✝ ➭ ï Ð

•
þ ê

|δk+1
pseudo − δk

pseudo| > ǫ ⇒ k = k + 1
ê●ì❰ê îðç▲ìôí↔ï✶ï❺ç✎�↔ï✑☎❉☎ôç ❹ ❢

•
þ ê

|δk+1
pseudo − δk

pseudo| ≤ ǫ ⇒
P é ñ↔ï✢ìôç❺î ➭ í↔ï❶ö

➔✑➀



æøîðì❰ï × ✪✓☎ÿñ↔ï❧ìôç❺î ➭ í↔ï❚ï✑✝ ➭ é✲ï✻☎ôê☞ç❺û❶î✹✪✈é✂ç ñ❶ê✓☎❰ù➯ç❯✝♦ï❺é✾ê♦í✰îðç ï❺í✠☞▲ë❶ù ï❺ì❀ñ❶ê☞ìôç❺î➶ï✑✏✓✒❺ç❚ê✓☎❮î ➭ é☞ï❺ñ➘ç❚ñ↔ï❚ê♦í✜☞▲ì❰ê❸❑
í↔ï✑☞❺ê♦é é✾ç❺î❰ç▲ìðï✛�➘ï❺ìðï✢ï✤�✠☎ôê♦ë➘ñ➘ç❘❑ ➭ í✰î❰ê♦ìôõ❴ê✈ì ❀ í✠✝ ➭ ï❶ö②ü✐ç❯✝♦ï❺ù ➭➯ý ï❘❑➶☎❰ê❺ò✬ê♦í✰î✹✒❺ç➘ò➘ç✆☎✿�✍ç▲í✰îðç✑☎✿�❛ê✈ìôîðê✈í✠✝♦ê✈í✰îðê✓☎❄ú❾ì❰ê✌☞ ➭ ✒Ðç
ñ➘ê ➭ í✰îðê♦ì❮õ❴ê♦ì ❀ í✠✝ ➭ ïsñ↔ïÿé☞ê✌☎❰é☞ïÿõ❴ç▲ì❰é☞ïÿñ❶ê✓☎❉✝✈ì ➭ î➶ïsí➘ç✛�↔ï✑☎❉☎ôç ❹ ñ↔ïsìôç❺î ➭ í↔ïsï✑✝ ➭ é☞ï❶ö❊✰❽ç✬ñ➘ç✆☎øç✆☎❍�❛ç❺í➍î❰ç✆☎✩�✍ê♦ì❮îðê♦í⑥❑
✝♦ê✈í✰îðê✓☎úï❾ê✓☎❮î➶ï✢ì❰ê✌☞ ➭ ✒Ðç✢ê♦é ✝♦ï❺ñ↔ï✤�✍ç✆☎ ➭ ✏▼✒❺ç✢ñ➘ç✎✝ ➭ ✝♦ù➯ç❾ñ➘ê❂ê✈í✠☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç✎☎❉✒❺ç✎✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ❶ç✆☎èí↔ï✤☎❰ç▲ù➯ë✠✏▼✒Ðç✢ñ➘ç
�➘ìôç▲û➘ù➲ê✈é✲ïÿñ➘ê❂ñ ➭ ☎❮îðì ➭ û➘ë ➭ ✏▼✒❺çÿñ➘ê❈✝❫ïÐì❉☞✰ï❶ò❶ê❀ç✆☎èñ➘ê✈é✲ï ➭ ☎✩�✍ç▲í✰îðç✆☎✩☎❉✒❺ç✶ñ➘ê✓☎✁�➘ì❰ê ý ï❺ñ❶ç✆☎♦ö✮◆✳☎èì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎④í✬ë❶é✦✪✈ì ➭ ❑
✝♦ç✑☎úé✾ç✆☎ôî❰ìðï❺ì❰ï❺é❲✂➍ë➘ê❏�↔ï❺ìðï☞ï✑☎■✝♦ç▲í➘ñ ➭ ✏✓★✬ê✓☎úï × ï❺ù ➭ ï❺ñ↔ï✑☎èé✾ê♦í➘ç✑☎úñ➘ê ➔

%
ñ➘ç✾îðç❺îðï❺ù✐ñ➘ê✫�❛ç❺í➍î❰ç✆☎✽ñ ➭ ☎❉✝✈ì❰ê îðç✆☎■✂➍ë➘ê

ì❰ê✌�➘ì❰ê✌☎❰ê✈í➍îðï❺é✂ï✾☎✳☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎úñ➘ç✆☎❀ñ❶ê♦í✰îðê✌☎❈☎✹✒❺ç➆✝✈ç▲í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ➘ç✆☎úí↔ï■ï❺í✧❋Ðù ➭ ☎ôê P í↔ï❺ù ò✍ç✻✂➍ë➘ê✢ìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï■ë➘é☞ï
ì❰ê✈ñ➘ë✠✏✓✒❺ç✦☎ ➭ ☞▲í ➭✗P ✝♦ïÐî ➭➮× ïÿñ➘ç✦�❶ì❰ç▲û➘ù➯ê♦é☞ï✢ï✤☎❰ê♦ì↕ìôê✓☎❰ç❺ù ×✬➭ ñ➘ç✼❝ ⑩▲⑩❸❹ ❞ ö

Ó❄Ô➓ï✯Ô➔ï ✒➻Ü❆ò✓✞➩à✜ñ❣à➄ôÚÛ➄ÜÞá✪Ü➫ÿ❩òÞüÚç✦Ü✿á✪Ü➫ÿ➘×➺ñ❣×✤ÿ✔✆➩Ý➓ç✦à➄á➩Ü➄ÿ❩Ü✕✠✈ç✦ã②á✪Ü➄ÿ
◆✳☎ î❰ì ❀ ☎Õé✦✪ îðç✬ñ➘ç✆☎②ñ➘ê■☎❰ç▲ù➯ë✠✏▼✒Ðçÿñ➘ç❏�➘ì❰ç❺û➘ù➲ê✈é✲ï❂ñ➘êúñ ➭ ☎❮îðì ➭ û➘ë ➭ ✏▼✒❺ç❂ñ➘ê❄✝❫ï❺ì✁☞✰ï●ê♦í✰îðìôê✽ç✆☎ ñ➘ê♦í✰î❰ê✓☎øï✾�➘ì❰ê✌☎❰ê♦í✰îðï❘❑

ñ➘ç✆☎❥õ❴ç▲ìðï❺é✣ï × ï❺ù ➭ ï❺ñ➘ç✆☎❥ïÐîðì❰ï × ✪✓☎➀ñ❶êèë➘é✣ê❸✶➋ê♦é✡�➘ù➲ç❂í➍ë➘é✡✪♦ì ➭ ✝♦ç❶ö❊✢■☎❰ç▲ë❯❑➶☎❰ê✿�↔ïÐìðï ➭ ☎❮îðç❀ë❶é �↔ïÐì⑧ñ➘êèê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎
ñ➘ê●ñ➘ê✈í➍î❰ê✓☎■✟➘ê♦ù ➭ ✝✈ç ➭ ñ↔ï ➭ ☎✮✝✈ç▲í❶õ❴ç▲ìôé☞ê❂ç✑☎❄ñ➘ï❺ñ➘ç✆☎↕é✾ç✆☎ôî❰ìðï❺ñ➘ç✑☎èí↔ï❾î➶ï❺û✍ê♦ù➲ï ⑨ ö ⑩ ö

◆✳☎✿✝▼❋❺ù✗✝♦ë➘ù➯ç✆☎④õ❴ç▲ì❰ï❺é õ❴ê ➭ îðç✑☎øê♦é ⑩❲❻ �❛ç✑☎ ➭ ✏✌★➋ê✌☎èñ ➭ ☎✁✝♦ìôê✈î➶ï✾☎èñ➘ç✎✝ ➭ ✝✈ù➲ç❾ñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï❺é✾ê♦í✰î❰ç➘ö➀æ➟ñ ➭ ☎❮îðì ➭ û➘ë ➭ ✏▼✒❺ç
ñ➘ê➞✝❫ï❺ì✁☞✰ï✴ê ç❋ê♦ì❰ìôç❋ñ❶ê îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✴õ❴ç❺ìðï❺é ✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✆☎✤�↔ï❺ì❰ï❩✝♦ï❺ñ↔ï❋ë❶é✲ï✴ñ↔ï✑☎✡�❛ç✑☎ ➭ ✏✌★➋ê✌☎☞í❶ç❳✝ ➭ ✝♦ù➯ç✴ñ➘ê
ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç➘ö

✣④ç▲é✡�↔ï❺ì❰ç❺ë❯❑➏☎ôê✽çÿî❰ê♦é✡�❛çÿñ➘ê✕�❶ì❰ç⑥✝♦ê✓☎✁☎ðï❺é✾ê♦í✰î❰ç✤✝♦ç▲é✡�➘ë❶îðï✑✝ ➭ ç▲í↔ï❺ù↔ìôê✓✂➍ë➘ê♦ì ➭ ñ➘ç✛�↔ï❺ìðï❒ç✵✝▼❋Ðù✭✝♦ë❶ù➲ç❒ñ➘ç❾ê♦ìôì❰çÿñ➘ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðçÿí↔ï✾☎ ⑩❲❻ �✍ç✆☎ ➭ ✏✓★✬ê✓☎ ñ➘ç❏✝ ➭ ✝✈ù➲ç●ñ➘ê✽ê✈í✠☞▲ìôê♦í↔ï❺é✾ê♦í✰î❰ç➘ò➍û❛ê✈é➹✝✈ç▲é➩ç❒ê♦ì❰ìôçsñ➘ç❒é✡✪✈îðç✬ñ➘ç❒í➍ë➘é✦✪✈ì ➭ ✝♦ç❒í↔ï
☎❰ç❺ù➲ë✠✏✓✒❺ç✶ñ➘ç✎�➘ì❰ç▲û❶ù➲ê♦é☞ï❾ê♦éû✝♦ï❺ñ↔ï✢ë➘é ñ❶ç✆☎✞☎❰ê✓☞❺ë ➭ í✰îðê✌☎❄�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç✆☎ Ð

•
✯➞✪✈îðç✬ñ➘ç ➭ í✠✝✈ì❰ê♦é✾ê♦í✰îðï❺ù➧�↔ï❺ìðï✾ç✙�➘ìôç▲û➘ù➯ê♦é☞ï✡✝✈ç▲é✦�❶ù➲ê✈î❰ç✦✝✈ç▲í❶õ❴ç▲ìôé☞ê✬�➘ìôç✆�✍ç✆☎ôî❰ç✙�✍ç▲ì■♥ ➭ í✠❨➸❝ ⑩▲⑩▲⑩ ❞✮❅ ×✬➭ ñ➘ê
☎ôê✓✏▼✒Ðç ⑨ ö ➔ ö ⑩ ❇❇❢

•
ó➀ìôç✆☞▲ìðïÐé✲ï✑✏✓✒❺ç✔ù ➭ í➘ê♦ï❺ì❀ï✑�❶ù ➭ ✝♦ï❺ñ↔ï✔ïÐç➞�❶ì❰ç▲û➘ù➯ê♦é☞ï✲ì❰ê✈ñ➘ë ý✈➭ ñ➘ç↔�✍ê♦ù ï✲î❉✪✓✝✈í ➭ ✝♦ï❚ñ➘ï↔�✜☎❰ê♦ë❶ñ➘ç✾❑ ➭ í✰îðê♦ì❮õ❴ê♦ì ❀ í✠✝ ➭ ï
❅ ×➋➭ ñ➘ê❈☎❰ê✌✏▼✒❺ç ⑨ ö ➔ ö ❹ ê ⑨ ö ➔ ö ➛ ❇❇❢

•
✯➞✪✈îðç✬ñ➘ç✔ñ ➭ ì❰ê îðç➲❅❴õ❤ïÐî❰ç▲ì ➭➯ý ï✑✏✓✒❺ç☞ñ❶ê✎✣✮✟➘ç▲ù➯ê✓☎❉❨❚❁✜❇✽ï✑�❶ù ➭ ✝♦ï❺ñ➘ç☞ï❺ç✻�➘ìôç▲û➘ù➯ê♦é☞ï✾ìôê♦ñ➘ë ý✈➭ ñ➘ç✙�❛ê✈ù ï✾î❉✪✓✝✈í ➭ ✝♦ï✲ñ↔ï
�✠☎ôê♦ë➘ñ❶ç✾❑ ➭ í➍î❰ê♦ì❮õ❴ê♦ì ❀ í✠✝ ➭ ï➫❅ ×✬➭ ñ➘ê❈☎ôê✓✏▼✒Ðç ⑨ ö ➔ ö ⑨ ê ⑨ ö ➔ ö ➛ ❇❋❢

✢úé☞ï ïÐí✧❋❺ù ➭ ☎❰ê✤✝✈ç▲é✦�➘ï❺ìðïÐî ➭➯× ï✔ñ➘ç✆☎●ñ➘ç ➭ ☎✬�➘ì ➭ é☞ê ➭ ìôç✆☎✳�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç✆☎❒ï✑✝ ➭ é✲ï✔õ❴ç ➭ ìôê❫ï❺ù ➭➲ý ï❺ñ↔ï✻�✍ç▲ì❈♥ ➭ í✠❨
➔▲❼



✰❥ï❺û➂ö ⑨ ö ⑩ Ð ó❥ï❺ì✹✺Ðé☞ê îðì❰ç✑☎❄û✠❋✑☎ ➭ ✝♦ç✆☎èñ➘ç✡�↔ï❺ìèñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎■✟➘ê♦ù ➭ ✝✈ç ➭ ñ↔ï ➭ ☎♦ö
➷✳➬✜✃✗✖✠éÓÏ❚á❺✃▲Úþ❐ ó Ú✧á❺Ú♦✃▲➬ ó Ú⑥➱➧à➓Û➧➬
✽✈✩ é☞ê✈ì❰ç✶ñ➘ê●ñ➘ê✈í➍î❰ê✓☎ ❹▲❼ ➛✰⑨
✘ ➭ ☎ôî✹✺❺í✠✝ ➭ ï✢ê♦í✰îðìôê✫✝✈ê♦í✰îðìôç✆☎

(mm)
❼Ð❻

✯✍✸✬ñ➘ë➘ù➯ç✶í➘ç▲ì❰é☞ï❺ù
(mm)

⑩ ö ➜▲⑨
✘ í✠☞▲ë➘ù➯ç✾ñ❶ê✫�❶ì❰ê✓☎✁☎✹✒❺ç✾í➘ç▲ìôé✲ïÐù

20◦✘ í✠☞▲ë➘ù➯ç✾ñ❶ê✫✟✜✪♦ù ➭ ✝♦ê❂í➘ç❺ì❰é☞ï❺ù
15◦

✘ ➭ ✺❺é✾ê✈îðìôç✢ê✷✶✬îðê✈ì❰í➘ç
(mm)

➔ → ➜▲❻
✘ ➭ ✺❺é✾ê✈îðìôç✢ñ➘ê●ìðï ➭➯ý

(mm)
➛ → → ❻

❃✝ïÐî❰ç▲ìèñ➘ê●é☞ç✬ñ ➭◗P ✝❫ï✑✏✓✒❺ç❾ñ➘ç☞ï❺ñ➘ê✈í➘ñ➘ë➘é ❻ ❻
ü★ï❺ì✁☞▲ë➘ìðï✢ñ↔ï✢ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈é

(mm)
⑩❺➔ ⑩▲➔

✰❽ç▲ì❉✂➍ë➘ê❒í➘ç▲é ➭ í➘ï❺ù❛ñ❶êsï❺í✠❋❺ù ➭ ☎❰ê
(Nm)

⑨❺❻
✯✍✸✬ñ➘ë➘ù➯ç✶ñ➘ê●ê♦ù ï✾☎ôî ➭ ✝ ➭ ñ↔ï❺ñ➘ê

(GPa)
❹Ð❻✆➀

✣④ç✬ê P ✝ ➭ ê✈í➍î❰êÿñ❶êÿó❽ç ➭ ☎✁☎❰ç▲í ❻ ö ⑨
✘ ➭ ☎ôî✹✺❺í✠✝ ➭ ï✢ê♦í✰îðìôê✫�✍ç▲í✰îðç✑☎❄ñ ➭ ☎❉✝✈ì❰ê îðç✆☎↕í↔ï✾ï❺ù➯î❰ë➘ìðï❾ñ❶ç✾ñ❶ê♦í✰îðê

(µm)
➜❺❻

✘ ➭ ☎ôî✹✺❺í✠✝ ➭ ï✢ê♦í✰îðìôê✫�✍ç▲í✰îðç✑☎❄ñ ➭ ☎❉✝✈ì❰ê îðç✆☎↕í↔ï✶ù ï❺ì✁☞▲ë➘ì❰ïsñ➘ç✾ñ➘ê♦í✰îðê
(µm)

⑨ → ➔

ê þ ê✈ì❉�↔ï■❝ ⑩▲⑩❸❹ ❞❿ö➃◆✳☎èì❰ê✌☎❰ë➘ù➮î➶ï❺ñ➘ç✑☎øé☞ç✑☎ôîðì❰ï❺ìðïÐé ë➘é☞ïsê P ✝ ➭✗❀ í✠✝ ➭ ï✵✝♦ç❺é✦�➘ë➋î➶ï✑✝ ➭ ç▲í↔ïÐù⑧☎ ➭ ☞▲í ➭◗P ✝❫ïÐî ➭➯× ï❺é✾ê♦í✰îðê■☎❰ë✜�❛ê❸❑
ì ➭ ç▲ì❀ñ➘ç↔�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í✰îðç↔✂➍ë➘ê✎✝♦ç▲é❾û ➭ í↔ï✻�➘ìôç✆☞▲ì❰ï❺é✲ï✾✏▼✒❺ç✔ù ➭ í➘ê♦ï❺ì❀ê✤�✠☎ôê♦ë➘ñ❶ç✾❑ ➭ í➍î❰ê♦ì❮õ❴ê♦ì ❀ í✠✝ ➭ ï➞☎ôç▲û➘ìôê✢ç❧é✡✪✈î❰ç➋ñ❶ç
➭ í✜✝♦ì❰ê✈é☞ê✈í✰î➶ï❺ù❿ö

✰❥ç✬ñ➘ç✆☎ÿç✆☎✵✝▼❋Ðù✭✝♦ë❶ù➲ç✆☎●õ❴ç▲ìðïÐé ê❸✶➋ê✓✝♦ë➋î➶ï❺ñ➘ç✑☎✢ê♦é ë➘é☎é ➭ ✝♦ì❰ç✍✝♦ç▲é✡�➘ë❶îðï❺ñ➘ç▲ì❏✝♦ç▲é❥�➘ìôç❯✝✈ê✓☎✁☎ðï❺ñ➘ç❺ì✢ó❥ê✈í➍î ➭ ë➘é
✼➻í✰îðê✈ù✚✙✽ê♦ç✾ñ➘ê ❹ ö♠→❚❪✫❴ ý ê ❹ ö ⑩ ❪✫✲➒ñ➘ê●é✾ê♦é✡✸▲ì ➭ ï ✥ æ❈✯❋ö

ó❡ï❺ì❰ï✲ï✔ï × ï❺ù ➭ ï✑✏▼✒Ðç✾ñ❶ç✔ê♦ìôì❰ç✲ñ❶ç✔é✦✪ îðç✬ñ➘ç✾í✬ë❶é✦✪✈ì ➭ ✝✈ç✙✝✈ç▲é✦�➘ï❺ì❰ç▲ë⑥❑➏☎❰ê❒ç✔ê✈ì❰ì❰ç☞ñ➘ê✛✝✈ç▲í✰î➶ïÐî❰ç➘ò✄✂✬ë❶ê✵✪sç☞ê♦ì❰ìôç
í↔ï✤☎❰ç❺ù➲ë✠✏✓✒❺ç✢ñ↔ï❾ê✓✂➍ë↔ï✾✏▼✒❺ç✍❅ ⑨ ö ⑩❸❹ ❇Õñ➘ç✤�➘ìôç▲û➘ù➲ê✈é✲ïÿñ➘ê❈✝♦ç▲í✰îðïÐîðç➘ö➃✘✽ç✤�✍ç▲í✰îðç✶ñ➘ê ×✬➭ ☎ôî➶ï❾é☞ïÐî❰ê♦é✦❋Ðî ➭ ✝♦ç➘ò➂�✍ç➋ñ➘ê❸❑➏☎ôê
ñ ➭➯ý ê♦ì✿✂➍ë➘ê❂ç✶ê✈ì❰ì❰ç✢ñ❶ê❈✝♦ç▲í✰î➶ï♣îðç✎✪❂ç × ï❺ù➲ç▲ìÕñ➘ê

g i

�↔ï❺ìðï
i∈

➎
c

❅ ×✬➭ ñ➘ê●ï❾ê✓✂➍ë↔ï✑✏✓✒❺ç✍❅ ⑨ ö ⑩❸❹ ❇✁❇ ò❯✝♦ë❘➘ôç × ï❺ù➲ç❺ì④ê✷✶❶ïÐî❰ç
✪ ý ê✈ì❰ç➘ö

◆ ê♦ìôì❰ç❧í↔ï➆☎❰ç▲ù➯ë✠✏▼✒Ðç❧ñ❶ç✍�➘ìôç▲û➘ù➯ê♦é☞ï✔ñ➘ê✎✝♦ç▲í✰î➶ï♣îðç ïÐõ❴ê✈îðï❚ç × ï❺ù➲ç❺ì✳✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ➘ç■ñ➘ç❚ê✈ì❰ì❰ç❧ñ➘ê✢îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
❅ × ê♦ì❄ê✓✂➍ë↔ï✑✏✓✒❺ç⑤❅ ⑨ ö ⑩▲➔ ❇❉❇ ö❖✼➏☎ôîðç✦�❛ç✬ñ➘ê❈☎ôê♦ì❄ç▲û✠☎❰ê✈ì × ï❺ñ➘ç✲ïÐîðì❰ï × ✪✓☎❄ñ↔ï P ☞▲ë➘ì❰ï ⑨ ö ➛ ✂➍ë➘ê❒é☞ç✆☎❮îðì❰ï☞ï✢ì❰ê✈ù ï✑✏✓✒❺ç✶ê♦í✰îðìôê

➔ →



ç✆☎ × ï❺ù➲ç▲ìôê✓☎✎✝❫ïÐù✭✝♦ë❶ù ï❺ñ➘ç✑☎✢ñ➘ç✕ê✈ì❰ì❰ç➁ñ➘ê❚îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç➁ê❧ç❋ê✈ì❰ì❰ç❋ñ➘ê➞✝♦ç▲í✰î➶ï♣îðç➘ö➟◆❈☎ × ï❺ù➲ç❺ì❰ê✓☎✶é✾ç✆☎ôî❰ìðï❺ñ❶ç✆☎✶í↔ï
P ☞▲ë❶ìðï ⑨ ö ➛ õ❴ç▲ìðï❺é✑ç▲û❶î ➭ ñ➘ç✆☎✕�↔ï❺ìðï■ç↔�↔ï❺ì❂ñ❶ê✢ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎❒ñ↔ï✲îðï❺û❛ê✈ù ï ⑨ ö ⑩ �↔ï❺ì❰ï❧ï✻�❶ì ➭ é✾ê ➭ ìðï✙�✍ç✆☎ ➭ ✏▼✒Ðç■í➘ç
✝ ➭ ✝♦ù➯ç✽ñ➘êèê✈í✠☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç❂ê④ë✠☎ðï❺í❶ñ➘ç●ç❀é✦✪ îðç✬ñ➘ç ➭ í✠✝♦ìôê♦é✾ê♦í✰î➶ï❺ù❯✝♦ç▲é ➭ í✜✝♦ì❰ê✈é☞ê✈í✰îðç✆☎⑧ñ❶ê✩✝❫ï❺ì✁☞✰ï❀ñ➘ê

0.15
ï

12N
ö

❃ ➭ ☞❶ö ⑨ ö ➛ Ð❖✥ ê♦ù ï✾✏▼✒❺ç✢ê✈í➍î❰ì❰ê❒ê♦ìôì❰ç✶ñ➘ê✬✝♦ç▲í✰îðïÐîðç✾ê●ê♦ì❰ìôç✶ñ➘ê❂îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç➘ö

æ P ☞▲ë➘ì❰ï ⑨ ö ➔ é☞ç✑☎ôîðì❰ï❅ç✆☎✶ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎✶ç▲û➋î ➭ ñ❶ç✆☎✢ë✠☎ðïÐí➘ñ➘ç✾❑➶☎❰ê❧ç❋é✡✪✈î❰ç➋ñ➘ç ➭ í✠✝♦ìôê♦é✾ê♦í✰î➶ïÐù✿�➘ì❰ç✆�✍ç✆☎❮îðç➇�❛ç❺ì
♥ ➭ í✜❨❩❝ ⑩▲⑩❺⑩ ❞✕❅ ×✬➭ ñ➘ê✡☎❰ê✌✏▼✒❺ç ⑨ ö ➔ ö ⑩ ❇ ö■æq�❶ì❰ê✓✝ ➭ ☎❉✒❺ç✸ñ➘ê✌☎ôîðê☞é✦✪ îðç✬ñ➘ç❧ê✓☎ôî✹❋❉ì❰ê✈ù ï✑✝ ➭ ç▲í➘ï❺ñ↔ï➆✝♦ç▲é☎ç✍☞▲ìðï❺ë❋ñ➘ê✲ñ ➭ ☎❫❑
✝♦ìôê✈î ➭➲ý ï✾✏▼✒❺ç■ñ↔ï➆✝♦ï❺ì❉☞✰ï■ï✾�➘ù ➭ ✝❫ï❺ñ↔ï➲❅ ➭ í✰î❰ê♦í✠☎ ➭ ñ↔ï❺ñ❶ê✢ñ➘ç✆☎ ➭ í✜✝♦ì❰ê✈é☞ê✈í✰îðç✆☎❂ñ➘ê✤✝♦ï❺ì❉☞▲ï❚❇ ö✛✘✽ê✓☎❮î➶ï■õ❴ç▲ì❰é☞ï❶ò❨ñ ➭ õ❴ê♦ìôê♦í✰îðê✌☎
× ï❺ù➲ç❺ì❰ê✓☎❒ñ➘ê ➭ í✰îðê✈í✠☎ ➭ ñ↔ï❺ñ➘ê☞ñ➘ç✆☎ ➭ í✠✝♦ìôê♦é✾ê♦í✰îðç✑☎ÿñ➘ê✦✝❫ï❺ì✁☞✰ï❧õ❴ç❺ìðï❺é ë✠☎❰ï❺ñ➘ç✆☎sí↔ï❉ï❺í✠❋❺ù ➭ ☎❰ê❺ö↔❃↔ç▲ì❰ï❺é ë✠☎❰ï❺ñ➘ç✆☎ × ï❘❑
ù➲ç❺ì❰ê✓☎●ê✈í➍î❰ì❰ê ❻ ö ⑩▲➔ ï ⑩❸❹ ✽ �✍ç▲ì ➭ í✠✝♦ìôê♦é✾ê♦í✰îðç❧ñ➘ê✡✝❫ï❺ì✁☞✰ï❶ö✾ó❥ç✬ñ➘ê✷❑➶☎❰ê✾ç▲û✠☎ôê♦ì × ï❺ì❒í↔ï P ☞▲ë➘ì❰ï ⑨ ö ➔ ✂➍ë➘ê☞é✾ê♦í❶ç▲ì❰ê✌☎
➭ í✰î❰ê♦í✠☎ ➭ ñ↔ï❺ñ❶ê✓☎✽ñ❶ç✆☎ ➭ í✠✝♦ìôê♦é✾ê♦í✰îðç✑☎úñ➘ê❏✝❫ï❺ì✁☞✰ï☞ìôê✓☎ôë➘ù➯îðï❺é✏ê♦é✏é✾ê♦í➘ç❺ì❰ê✓☎úê♦ìôì❰ç✆☎❄ñ➘ê✛✝✈ç▲í✰î➶ïÐî❰ç➘ò✄�❛ç▲ì✁✪♦é✏ç✾îðê♦é✡�✍ç
ñ➘ê✬�➘ìôç❯✝✈ê✓☎❉☎❰ï❺é✾ê♦í✰îðç✡✝♦ç▲é✡�➘ë❶îðï✑✝ ➭ ç▲í↔ï❺ùþ✪●é✲ï ➭ ç▲ì♦ö

æ P ☞▲ë➘ì❰ï ⑨ ö ➀ é✾ç✆☎❮îðìðï☞ç✆☎❂ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ➘ç✑☎❂ç▲û❶î ➭ ñ➘ç✆☎❀ë✜☎ðï❺í➘ñ❶ç❧ç➆�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç➆✂➍ë➘ê✎✝♦ç❺é❾û ➭ í➘ï✙�➘ì❰ç✑☞▲ìðï❺é☞ï❘❑
✏▼✒Ðç➁ù ➭ í➘ê♦ï❺ì❾ê❧ï➇�✠☎❰ê✈ë➘ñ➘ç✾❑ ➭ í✰îðê✈ìôõ❴ê♦ì ❀ í✠✝ ➭ ï➉❅ ×✬➭ ñ➘ê❧ï➇☎ôê✓✏✓✒❺ç ⑨ ö ➔ ö ❹ ❇ ö➤ó❡ï❺ì❰ï➁ê✌☎ôî➶ï➁ï❺í✧❋Ðù ➭ ☎ôê✔ñ ➭ õ❴ê♦ì❰ê✈í✰îðê✓☎ × ï❺ù➲ç❺ì❰ê✓☎
õ❴ç▲ì❰ï❺é ➭ é✡�✍ç✆☎ôî❰ç✆☎✞�↔ï❺ìðï✶ç✙✝✈ì ➭ î✹✪♦ì ➭ ç✶ñ➘ê❏✝♦ç▲í × ê✈ì❉☞ ❀ í✠✝ ➭ ï☞ñ➘ç✲ï❺ù✭☞❺ç▲ì ➭ îðé✾ç➘ö❍◆✙ê♦ì❰ìôç☞ñ❶ê✛✝♦ç❺í➍îðïÐîðç☞êÿç✶îðê✈é✦�✍ç✾ñ➘ê
�➘ìôç❯✝✈ê✓☎❉☎❰ï❺é✾ê♦í✰îðç✡✝♦ç▲é✡�➘ë❶îðï✑✝ ➭ ç▲í↔ï❺ù✍õ❴ç▲ìðïÐé × ê✈ì ➭◗P ✝❫ï❺ñ❶ç✆☎❄�➘ï❺ìðï✤✝❫ïÐñ↔ï✾ë❶é ñ➘ê✌☎ôîðê✌☎ × ï❺ù➯ç▲ì❰ê✌☎♦ö

➔✑➜



❃ ➭ ☞➘ö ⑨ ö ➔ Ð❖✥ ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎èç▲û➋î ➭ ñ❶ç✆☎✿✝♦ç▲é ç☞é✡✪✈î❰ç➋ñ➘ç ➭ í✠✝♦ìôê♦é✾ê♦í✰î➶ïÐù ö

❃ ➭ ☞➘ö ⑨ ö ➀ Ð❖✥ ê✓☎❰ë❶ù➯î➶ïÐñ➘ç✆☎èñ↔ï✎�➘ì❰ç✑☞▲ìðï❺é☞ï✑✏✓✒❺ç❾ù ➭ í➘ê❫ïÐìøê✬�✠☎❰ê✈ë➘ñ➘ç✾❑ ➭ í✰îðê✈ìôõ❴ê♦ì ❀ í✠✝ ➭ ï❶ö

✔✆❋✫✝✈ç▲é➩çÿé✡✪✈î❰ç➋ñ❶çÿñ ➭ ì❰ê îðç➘ò➍ïÐî❰ìðï × ✪✌☎④ñ↔ï❂õ❤ïÐî❰ç▲ì ➭➯ý ï✑✏✓✒❺ç●ñ➘ê✳✣✮✟❶ç▲ù➲ê✌☎❉❨❚❁▲ò❶ï✑�➘ù ➭ ✝❫ï❺ñ❶ç●ï❺ç❏�❶ì❰ç▲û➘ù➯ê♦é☞ï❂ì❰ê♦ñ❶ë ý♦➭ ñ➘ç
✝♦ç❺é✣ï↕î✹✪✌✝♦í ➭ ✝❫ïúñ➘ï❄�✠☎ôê♦ë➘ñ➘ç❘❑ ➭ í✰î❰ê♦ìôõ❴ê✈ì ❀ í✠✝ ➭ ï❶ò✑✝✈ç▲í✠☎ôîðïÐîðç❺ë❯❑➏☎ôê × ï❺ù➯ç▲ì❰ê✌☎❥ñ➘êÕê♦ìôì❰ç✽ñ❶ê❍✝✈ç▲í✰î➶ïÐî❰ç✽ñ↔ï❄ç▲ì❰ñ➘ê✈é✒ñ➘ê

2.2×

10−16
❅ ý ê✈ì❰ç✢í➍ë➘é✡✪♦ì ➭ ✝♦ç❚❇ ò⑥✂✬ë❶ê✽õ❴ç▲ìðïÐé➩ç▲û❶î ➭ ñ➘ç✆☎➃✝♦ç▲é✾çsìôê✓☎✁�❛ç✆☎❮î➶ï❾ñ↔ïÿì❰ç❺î ➭ í↔ï●ë✠☎ðïÐñ↔ï❾ê♦éq✯ æ✱✰↕ü✐æ✳✲➀❝ ➀▲❻ ❞❿ö❖◆

îðê✈é✦�✍ç✽ñ❶ê✮�➘ìôç❯✝✈ê✓☎❉☎❰ï❺é✾ê♦í✰îðç✳✝✈ç▲é✡�➘ë❶î➶ï✾✝ ➭ ç❺í↔ï❺ù❚�↔ï❺ì❰ï✽ï■☎❰ç▲ù➯ë✠✏▼✒❺çúñ➘ç✳�➘ìôç▲û➘ù➯ê♦é☞ïúïÐî❰ìðï × ✪✌☎❡ñ➘ê✌☎ôî❰ê✩�➘ì❰ç⑥✝♦ê✈ñ ➭ é✾ê♦í✰î❰ç
➀▲❻



õ❴ç ➭
30.6s

ö
ó❡ï❺ì❰ï✡✂➍ë➘ê✬☎ôê✫�❶ë➘ñ➘ê✓☎✁☎❰ê✫✝♦ç▲é✡�↔ï❺ì❰ï❺ìøç✆☎øî❰ì ❀ ☎■�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç✆☎✿�➘ï❺ìðï✢ç✤✝▼❋Ðù✭✝♦ë❶ù➲ç✢ñ➘ç✶ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç

ê♦é➜î❰ê♦ìôé☞ç✆☎②ñ➘ê❄ê P ✝ ➭✭❀ í✠✝ ➭ ï❶ò✬ï✑☎❉☎ôë➘é ➭ ë❯❑➶☎❰ê✞✝♦ç▲é✾ç❒ï✑✝♦ê ➭ î✹❋ × ê♦ù✝ñ➘ç❏�❛ç▲í✰î❰çÿñ➘ê ×✬➭ ☎❮î➶ï✬�➘ì✹❋Ðî ➭ ✝✈ç❒ë❶é➩ê♦ì❰ìôçÿñ➘ï❒ç▲ìôñ➘ê♦é
ñ➘ê ⑩

%
í➘ç✴ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç❅ñ➘ç✴ê✈ì❰ì❰ç➁ñ➘ê✔î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç❅ñ➘ê ×✬➭ ñ➘ç➁ï❺ç✴ê♦ì❰ìôç✴ñ➘ç✴é✦✪ îðç✬ñ➘ç❅í➍ë➘é✦✪✈ì ➭ ✝♦ç➘ö➁✲Õë✠☎❉✝✈ç▲ë❯❑➏☎ôê

ê♦í✰î❰ì❰ê✢ï✑☎úï❺í✧❋Ðù ➭ ☎ôê✓☎↕õ❴ê ➭ î➶ï✑☎■✝♦ç▲é☛✝♦ï❺ñ↔ï✲ë➘é ñ➘ç✑☎✕�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç✆☎úï✦✝♦ç❺í➘ñ ➭ ✏✓✒❺ç✙✂➍ë➘ê❾ï✑�➘ì❰ê✌☎❰ê✈í➍î❰ç▲ë❅ê♦ìôì❰ç☞ñ➘ê✓☎❮î➶ï
ç▲ìôñ➘ê♦é ê✬✝✈ç▲é✦�➘ï❺ì❰ç▲ë⑥❑➏☎❰ê❂ç✑☎↕î❰ê♦é✡�❛ç✑☎èñ➘ê✬�➘ì❰ç⑥✝♦ê✌☎❉☎ðïÐé☞ê✈í➍î❰ç➘ö

æ î➶ï❺û✍ê♦ù➲ï ⑨ ö ❹ é☞ç✑☎ôîðì❰ï➞ç➣î❰ê♦é✡�❛ç➤ñ➘ê❩�➘ì❰ç⑥✝♦ê✌☎❉☎❰ï❺é☞ê✈í✰îðç❧✝✈ç▲é✡�➘ë❶î➶ï✾✝ ➭ ç❺í↔ï❺ù✕�➘ï❺ìðïÖ✝❫ï❺ù✗✝♦ë➘ù➲ï❺ì■ç➤ê♦ìôì❰ç➣ñ➘ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✕✝♦ç❺é❞✝♦ï❺ì❉☞▲ï✽ï✑�➘ù ➭ ✝♦ï❺ñ↔ï✿�↔ï❺ì❰ï ⑩❲❻ �✍ç✆☎ ➭ ✏✓★✬ê✓☎❽ñ➘ç✆☎❥ñ➘ê♦í✰î❰ê✓☎⑧í➘ç✕✝ ➭ ✝✈ù➲ç❄ñ➘ê④ê✈í✠☞▲ìôê♦í↔ï❺é✾ê♦í✰î❰ç✳�↔ï❺ì❰ï❄✝❫ïÐñ↔ï
ë➘é➜ñ❶ç✆☎➀îðì ❀ ☎❍�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç✆☎②ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺ñ➘ç✆☎✈ò❶û✍ê♦é ✝✈ç▲é☞ç❶ò✰ç✆☎②ñ➘ê✓☎ ×➋➭ ç✆☎②ñ➘ç × ïÐù➲ç▲ì⑧ñ❶çÿê✈ì❰ì❰ç❒ñ➘êèîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
ñ➘ê ×➋➭ ñ➘ç☞ï❺ç✶ê♦ì❰ìôç✶ñ➘ç☞é✡✪✈î❰ç➋ñ❶ç✢í✬ë❶é✦✪✈ì ➭ ✝✈ç✎�↔ï❺ìðï✶ï✤�➘ì ➭ é✾ê ➭ ì❰ï✛�✍ç✆☎ ➭ ✏▼✒❺ç✶í➘ç✎✝ ➭ ✝♦ù➯ç✾ñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï❺é✾ê♦í✰î❰ç➘ö

✰❥ï❺û➂ö ⑨ ö ❹ Ð ✰❽ê♦é✡�❛ç✶ñ➘ê✬�➘ìôç❯✝✈ê✓☎❉☎❰ï❺é✾ê♦í✰îðç✡✝♦ç▲é✡�➘ë❶îðï✑✝ ➭ ç▲í↔ï❺ù❛ñ➘ç✆☎✞�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í➍î❰ç✆☎♦ö
➷❏✃▲Ú❂❮✆Ï⑥Û➨à➓é❳Ï❯ê✄á❺Ú✄❐ æ✮Ï⑥éÓý✱Úú❧✁é④à➓ê⑧ä➧á❺Ú➉♦ ✍✕✃❘✃▲Ú ❧

%
♦

✯✍✪✈î❰ç➋ñ❶ç ➭ í✠✝♦ìôê♦é✾ê♦í✰î➶ï❺ù ⑨❶⑩ → ⑩ ö ⑨
ó➀ì❰ç✆☞▲ì❰ï❺é☞ï✑✏▼✒❺ç✢ù ➭ í➘ê♦ï❺ìøê✬�✠☎ôê♦ë➘ñ➘ç❘❑ ➭ í✰î❰ê♦ìôõ❴ê✈ì ❀ í✠✝ ➭ ï ⑨ ❻ ö ❹
✯✍✪✈î❰ç➋ñ❶ç☞ñ ➭ ì❰ê îðç✶ê✬�✠☎❰ê✈ë➘ñ➘ç✾❑ ➭ í✰îðê✈ìôõ❴ê♦ì ❀ í✠✝ ➭ ï ❻ ö ➔➋⑩

2.2 × 10−16

◆❀û✠☎❰ê✈ì × ï❘❑➏☎ôê❀í↔ï●î➶ï❺û✍ê♦ù➲ï ⑨ ö ❹ ✂➍ë➘êÐò✜�↔ïÐìðïÿç✑☎④ê✷✶➋ê✈é✦�➘ù➯ç✆☎ í✬ë❶é✦✪✈ì ➭ ✝✈ç✆☎Õï❺í↔ï❺ù ➭ ☎ðïÐñ➘ç✆☎♦ò➍ç❒îðê♦é✡�✍çsñ➘ê■�➘ì❰ç⑥✝♦ê✌☎❉☎❰ï❘❑
é✾ê♦í✰îðçÿç▲û❶î ➭ ñ➘ç✛✝✈ç▲éãçsé✡✪✈î❰ç➋ñ➘çÿñ ➭ ìôê✈î❰ç✛✪✕☎ ➭ ☞▲í ➭✗P ✝♦ïÐî ➭➮× ïÐé☞ê✈í➍î❰ê↕é☞ê✈í➘ç▲ì ñ➘ç✛✂➍ë➘ê❀ç✑☎④ç▲û❶î ➭ ñ➘ç✑☎❍✝✈ç▲éãç✆☎④ç▲ë➋îðì❰ç✑☎
ñ➘ç ➭ ☎Õé✡✪✈î❰ç➋ñ❶ç✆☎④ï × ï❺ù ➭ ï❺ñ➘ç✑☎✕❅➌✝♦ê✈ì❉✝❫ïÿñ➘ê ➀▲❻❺❻ × ê ý ê✌☎øé☞ê✈í➘ç▲ì ê♦é➚✝♦ç❺é✦�↔ïÐìðï✑✏✓✒❺ç✛✝✈ç▲éãçsé✡✪✈îðç✬ñ➘ç ➭ í✠✝✈ì❰ê✈é☞ê✈í➍îðï❺ù✍ê
✝♦ê✈ì❉✝♦ï❒ñ➘ê ➀ × ê ý ê✌☎④é✾ê♦í➘ç▲ì➀ê✈é ✝♦ç❺é✦�↔ïÐìðï✑✏✓✒❺ç❈✝♦ç▲é✙ç✫�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç●ñ➘ê✞�➘ìôç✆☞▲ìðïÐé✲ï✑✏✓✒❺ç❂ù ➭ í➘ê❫ïÐì❙❇ ö❊◆✺é✡✪✈î❰ç➋ñ❶ç
ñ ➭ ì❰ê✈î❰ç✶é☞ç✆☎❮îðìôç▲ë❧ï ➭ í➘ñ➘ï✵�➘ì❰ê✌✝ ➭ ☎❉✒❺ç✎☎❰ë✠�✍ê♦ì ➭ ç▲ì❄ï❺ç✑☎èç▲ë❶îðìôç✆☎↕ñ➘ç ➭ ☎èé✦✪ îðç✬ñ➘ç✆☎♦ö

✚➀é õ❴ë➘í✜✏▼✒❺ç❅ñ➘ç✑☎❾ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ➘ç✑☎❾ç▲û❶î ➭ ñ➘ç✆☎ÿí↔ï✑☎❏☎ ➭ ésë➘ù ï✑✏✌★➋ê✌☎sí➍ë➘é✡✪♦ì ➭ ✝❫ï✾☎✛✝♦ç❺é ç✆☎ÿîðì ❀ ☎❾é✡✪✈îðç✬ñ➘ç✆☎❏�↔ï❺ì❰ï✸ï
☎❰ç❺ù➲ë✠✏✓✒❺çúñ❶ç❄�➘ìôç▲û➘ù➯ê♦é☞ï↕ñ❶ê ñ ➭ ☎ôî❰ì ➭ û➘ë ➭ ✏✓✒❺ç↕ñ➘ê➃✝❫ï❺ì✁☞✰ï❶ò▲✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðï▲❑➏☎❰ê➃✂➍ë➘êÕïúï✑�❶ù ➭ ✝♦ï✑✏▼✒Ðç❄ñ❶ç❄�➘ìôç❯✝✈ê♦ñ ➭ é☞ê✈í✰îðç■✝♦ç▲é
ç✽é✡✪✈î❰ç➋ñ❶çúñ ➭ ì❰ê îðç❄ê✮�✠☎ôê♦ë➘ñ➘ç❘❑ ➭ í✰î❰ê♦ìôõ❴ê✈ì ❀ í✠✝ ➭ ï❄îðç❺ì❰í↔ï❄ç✆☎Õ�❶ì❰ç⑥✝♦ê♦ñ ➭ é✾ê♦í✰îðç✆☎❽ñ➘ê❍✝▼❋❺ù✗✝♦ë➘ù➯çúñ➘çúê♦ìôì❰ç✽ñ❶êÕîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
✝♦ç❺é➜ï❺í✧❋Ðù ➭ ☎ôê✩☞▲ù➯ç▲û↔ï❺ù➋ñ➘ê✿✝♦ç▲í✰îðïÐîðç●ñ➘ç✆☎②ñ➘ê✈í✰îðê✓☎✈ò➂✝♦ç▲é✾ç●ç❈�➘ì❰ç✆�✍ç✆☎❮îðç✬�❛ç❺ì❬♥ ➭ í✠❨☛❝ ⑩❺⑩▲⑩ ❞❿ò➍ï❺ñ➘ê✓✂➍ë↔ïÐñ➘ç✆☎②ñ➘ç✬�❛ç❺í➍î❰ç
ñ➘ê ×✬➭ ☎❮î➶ï❾ñ➘ê✽ê P ✝ ➭✭❀ í✜✝ ➭ ï✵✝✈ç▲é✡�➘ë❶î➶ï✾✝ ➭ ç❺í↔ï❺ù✍ê❈�➘ì❰ê✌✝ ➭ ☎❉✒❺ç✤�↔ï❺ì❰ï✵☎❰ë↔ï❾ë➋î ➭ ù ➭➲ý ï✑✏▼✒❺çÿê♦é ï❺é❾û ➭ ê♦í✰îðê✌☎øñ➘ê❈�➘ìôç❘➘ôê✈î❰ç✢ñ➘ê
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö

➀❶⑩



❘ Û ❤❚❙✍â✍✐ ❡➂ä ✛

Ø á Þ ❡✐ß✐å✔Ý Ü✂Ý å✔Ý➒á å■ß❛❝☎ß❂❡✐ß✐Ü Û✣Ü✂Ý

✽ ê✌☎ôîðê✍✝❫ï✑�✜❱➯îðë❶ù➲ç⑤☎✹✒Ðç✕ï✑�❶ì❰ê✓☎ôê♦í✰î➶ïÐñ➘ç✆☎✲ç✑☎☞ìôê✓☎❰ë❶ù➯î➶ïÐñ➘ç✆☎✶ñ➘ç➁ê✓☎ôî❰ë➘ñ➘ç❋ñ➘ê✍☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✔ñ➘ï × ï❺ì ➭ ï✑✏✓✒❺ç✴ñ➘ç
ê♦ìôì❰ç✴ñ➘ê■îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✴ï❺ç✴ù➲ç▲í✠☞❺ç❅ñ➘ç➇✝ ➭ ✝✈ù➲ç❅ñ➘ê■ê✈í✠☞▲ìôê♦í↔ï❺é✾ê♦í✰î❰ç➟❅❤ó ó❖✚✱✰↕ü➨❇❾ñ➘ê ×✬➭ ñ❶ç❳ú⑤�✍ê♦ì❮îðë➘ìôû↔ï✑✏▼✒Ðç❋ñ➘ç✑☎
�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎②ê♦í × ç❺ù ×✬➭ ñ➘ç✑☎④í➘ç❏�➘ì❰ç▲û❶ù➲ê♦é☞ï❶ö❬✣④ç▲í✠☎ôîðïÐîðç❺ë❯❑➏☎ôê✕✂➍ë➘ê✽çsó②ó➃✚✱✰↕ü⑤✪✽û➘ï✑☎ôîðï❺í✰îðê✕☎ôê♦í✠☎✁❱ × ê♦ù❛ú × ï❺ì ➭ ï✑✏▼✒Ðç
ñ↔ï❾õ❴ç▲ìôé✲ï❾ñ➘ç✡�✍ê♦ì P ù✐ê × ç❺ù × ê✈í✰îðê❺ö

➯ ✝♦ê✈ìôîðç❩✂➍ë➘ê❧í➘ç✆☎✎�➘ì❰ç❺û➘ù➲ê✈é✲ï✑☎✢ìôê❫ï ➭ ☎✢í➘ê♦é î❰ç➋ñ❶ç✆☎✶ç✆☎✎�↔ï❺ì✹✺Ðé☞ê îðì❰ç✑☎✢ê♦í × ç▲ù ×✬➭ ñ➘ç✆☎✡☎✹✒Ðç❩✝✈ç▲í✠✟➘ê✌✝ ➭ ñ➘ç✆☎✾ç▲ë
�✍ç➋ñ➘ê✈éq☎ôê♦ì✿✝✈ç▲í✰îðì❰ç❺ù ï❺ñ➘ç✑☎♦ö➃◆✳☎øé✾ç➋ñ➘ê✈ù➲ç✆☎Õé✲ï♣îðê♦é✦❋Ðî ➭ ✝♦ç✑☎♦ò✬ê♦é ☞❺ê♦ìðïÐù ò➍î➶ï❺é❾û✄✪♦é ï✑�➘ìôê✓☎ôê♦í✰î➶ï❺é ☎❰ë↔ï✑☎✿☎ ➭ é✡�➘ù ➭◗P ❑
✝❫ï✾✏✓★✬ê✓☎⑧ê✈é✙ì❰ê✈ù ï✑✏✓✒❺ç❀ïÐç❈�➘ì❰ç▲û❶ù➲ê♦é☞ï❄õ➌❱✗☎ ➭ ✝♦ç➘öÕ✘✽ê✓☎❮î➶ï✽õ❴ç▲ìôé✲ï➋ò❺ë➘é❖í ✩ é☞ê✈ì❰ç❂ù ➭ é ➭ î➶ïÐñ➘ç↕ñ➘ê✩�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎❊✪④ù➲ê × ï❺ñ❶ç
ê♦é➹✝♦ç❺í➍îðï✛�↔ï❺ì❰ïÿç✆☎✮✝▼❋❺ù✗✝♦ë➘ù➯ç✆☎♦ö✲➯➉✝✈ù ï❺ìôç❏✂➍ë➘ê✳☎ôê✳�➘ìôç❯✝✈ë➘ìðï✛✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ìÕç✆☎✮�↔ïÐì✹✺❺é✾ê✈î❰ì❰ç✆☎➃✂➍ë➘ê✳�✍ç➋ñ➘ê✈éãé☞ê✈ù✭✟➘ç▲ì
ì❰ê✌�➘ì❰ç✬ñ➘ë ý✈➭ ì↕ç✡�➘ì❰ç▲û❶ù➲ê♦é☞ï❾ê✓☎❮îðë➘ñ➘ï❺ñ➘ç➘ö✞✯❧ê✓☎❰é✾ç☞ï✑☎❉☎ ➭ é❧ò↔ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✾ñ❶ê✓☎ôî❰ê✓☎❄�↔ï❺ì✹✺Ðé☞ê îðì❰ç✑☎èí↔ï✾ìôê✓☎✁�❛ç✆☎❮î➶ï✾ñ➘ç
�➘ìôç▲û➘ù➲ê✈é✲ï✵�✍ç✬ñ➘ê❂í✧✒❺ç✡☎❰ê✈ì❄û✍ê♦é ✝♦ç▲í✠✟❶ê✓✝ ➭ ñ↔ï✼❝ ❹✆➔ ò✧�➂ö ⑨ ❑ ❹➋⑩ ❞➄❝ ⑨❺❻ ò✧�➂ö ❹✆➔✆➔ ❞❿ö

✽ ç✆☎✔î❰ìðï❺û➘ï❺ù✭✟➘ç✑☎✲ê✓☎❮îðë➘ñ➘ï❺ñ➘ç✆☎➆☎ôç▲û➘ì❰ê❉ç➁✝▼❋❺ù✗✝♦ë➘ù➯ç➌ñ➘ç➌ê✈ì❰ì❰ç➞ñ❶ê✸îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç➌í✠✒❺ç✕õ❴ç▲ì❰ï❺é ê✈í✠✝♦ç❺í➍î❰ìðï❺ñ➘ï✑☎
ï❺í✧❋Ðù ➭ ☎ôê✓☎★ñ➘ê î➶ï❺ù✗✟↔ï❺ñ↔ï✑☎➨☎❰ç❺û➘ì❰êÕï❄☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ➘ï❺ñ➘ê➀ñ➘ç✆☎❥é☞ç✬ñ➘ê✈ù➲ç✆☎✐ë✠☎❰ï❺ñ➘ç✆☎Õ�↔ï❺ì❰ïúê✓☎❮îðê P é ö ✽ çúê♦í✰î➶ïÐí➍î❰ç➘ò❺ñ ➭➯× ê✈ì❉☎ôç✆☎
îðì❰ï❺û↔ï❺ù✗✟➘ç✆☎❄ñ➘ê♦ñ ➭ ✝❫ïÐìðï❺é✑ïÐîðê✈í✠✏▼✒Ðç■ï❺ç✔ê✌☎ôîðë❶ñ➘ç■ñ↔ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✲ñ➘ê✢ï❺ù✗☞▲ë➘í✠☎❄ê♦ìôì❰ç✆☎✽ñ➘êsõ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺ç☞í➘ç✔ê✈ì❰ì❰ç✲ñ➘ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✢ê❒í❶ç✾ìôë✠❱➲ñ❶ç✡☞❺ê♦ìðïÐñ➘ç✎�❛ç▲ì✿�➘ï❺ì❰ê✌☎❄ê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✆☎✴❝ ➜❚➔ ò✧→ ⑨ ò ➀✆➔ ò ⑩❲❻▲❻ ò ❼✆➔ ò ⑩❫❻ →➋ò ❼Ð⑨ ò ⑩❲❻▲⑨ ❞ ö➀æúù✭☞▲ë➘í✜☎
ê✷✶➋ê✈é✦�➘ù➯ç✆☎➀ñ➘ç✆☎➀ê✈ì❰ìôç✆☎➀ñ➘êèõ❤ï❺û➘ì ➭ ✝❫ï✾✏▼✒❺ç✳✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ➘ç✑☎ í❶ê✓☎ôî❰ê✓☎➀îðì❰ï❺û↔ï❺ù✗✟➘ç✆☎❬☎❉✒❺ç Ð ê♦ì❰ìôç✆☎➀ñ➘êèê✌☎❉�↔ï✑✏♦ï❺é✾ê♦í✰îðç❒ê♦í✰îðìôê
ç✆☎úñ➘ê♦í✰îðê✌☎♦ò❛ê♦ì❰ìôç✆☎✽ñ❶ê✛✝♦ç❺í✠✝♦ê✈í➍î❰ì ➭ ✝ ➭ ñ➘ï❺ñ➘ê❺ò✍ê♦ìôì❰ç✆☎❄ñ➘êsï❺ù ➭ í✠✟↔ï❺é✾ê♦í✰îðç❶ò↔êsñ➘ê✌☎ ×✬➭ ç✆☎úñ↔ï✑☎■☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎úñ➘ç✆☎❄ñ➘ê♦í✰î❰ê✓☎
í↔ï✑☎✽ñ ➭ ìôê✓✏✓★✬ê✓☎✽ù➲ç▲í✠☞ ➭ îðë❶ñ ➭ í↔ïÐù❽êsìðï❺ñ ➭ ï❺ù öúæ✽ù✗☞▲ë➘í✠☎❀û✍ç▲í✠☎✽ì❰ê✓☎ôë➘é✾ç✆☎❀ñ↔ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✲ñ➘ç✆☎❂ê✈ì❰ì❰ç✑☎❀ñ➘êsõ❤ï❺û❶ì ➭ ✝♦ï✑✏▼✒Ðç
í➘ç✶ê♦ìôì❰ç✾ñ➘ê❂îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç✎�✍ç➋ñ❶ê♦é ☎ôê♦ì↕ê♦í✜✝♦ç▲í✰îðì❰ï❺ñ➘ç✆☎❄í↔ï✑☎↕ìôê✈õ❴ê♦ì ❀ í✠✝ ➭ ï✑☎✴❝ ⑨✰❼ ò ⑨ →❶ò ⑩❲❻✆➜ ò ➀✰❹ ❞❿ö

➀▲⑨



◆❈☎❄ê♦ìôì❰ç✆☎❄ñ➘ê❒õ❤ï❺û➘ì ➭ ✝❫ï✑✏✓✒❺ç✡☎✹✒❺ç ➭ é✡�❛ç▲ì❮î➶ï❺í✰î❰ê✓☎↕í➘ç✡✝▼❋❺ù✗✝♦ë➘ù➯ç☞ñ➘ç☞ê♦ìôì❰ç✲ñ❶êÿîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ò↔é✲ï✾☎úí✧✒Ðç✦☎❉✒❺ç☞õ❤ï❘❑
✝ ➭ ù➲é✾ê♦í✰îðêèç❺û❶î ➭ ñ➘ç✆☎❖✝♦ç▲é❢�➘ì❰ê✌✝ ➭ ☎❉✒❺ç➘ö✱✘úê✓☎ôîðï✑✝❫ïÐé✎❑➶☎❰ê❄ñ➘ë↔ï✑☎ ñ ➭✗P ✝♦ë➘ù➯ñ↔ï❺ñ➘ê✌☎➃�❶ì ➭ í✜✝ ➭ �➘ï ➭ ☎❬✂➍ë↔ïÐí➘ñ➘ç✛☎ôê❄✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺é
ç✆☎úê♦ì❰ìôç✆☎❄ñ➘êÿõ❤ï❺û❶ì ➭ ✝♦ï✑✏▼✒Ðç✦�↔ïÐìðï✶ç✙✝▼❋Ðù✭✝♦ë❶ù➲ç✾ñ➘ç✲ê✈ì❰ì❰ç☞ñ➘êÿî❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç Ð ë✠☎❰ë➘ï❺ù➲é✾ê♦í✰îðêÿç✆☎❄ñ➘ê♦í✰îðê✌☎❀ñ↔ï✑☎❄ê♦í✜☞▲ì❰ê❸❑
í↔ï✑☞❺ê♦í✠☎❄☎✹✒❺ç✾é☞ê✈ñ ➭ ñ❶ç✆☎✞�❛ç▲ì❄ï❺é✾ç✆☎❮îðìðï✾☞▲ê♦é ê✈é✏ë➘é☞ï ✩ í ➭ ✝♦ï✦☎❰ê✌✏▼✒❺ç☞ñ➘ç✆☎❄ñ➘ê♦í✰î❰ê✓☎✽í➘ï✾ñ ➭ ì❰ê✌✏▼✒❺ç✾ñ➘ç✙�✍ê♦ì P ù★ê●í↔ï
ñ ➭ ì❰ê✓✏✓✒❺ç❧ñ➘ç↔�↔ï✑☎❉☎ôç❉ñ↔ï➆✟✠✪✈ù ➭ ✝♦ê❺ö✶æ❄☎❉☎ ➭ é ò★ï✾☎❉☎❰ë❶é☞ê❸❑➏☎❰ê✡✂➍ë➘ê✶ç✆☎●ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ➘ç✑☎❒ñ❶ê✓☎ôîðï✑☎❒é☞ê✈ñ ➭ ✏✌★➋ê✌☎❂ì❰ê✓�❶ì❰ê✓☎ôê♦í✰î➶ïÐé
☎ðï♣î ➭ ☎❮õ❤ïÐîðç❺ì ➭ ïÐé☞ê✈í➍î❰ê✾ï õ❴ç▲ì❰é☞ï❚ñ↔ï➫☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✾ñ➘ç✆☎ÿñ➘ê♦í✰îðê✌☎♦ö❅ó❥ï❺ìðï✍✂✬ë❶ê✙☎❰ê✙�➘ë➘ñ➘ê✌☎❉☎❰ê■ç❺û❶îðê✈ìsë➘é☞ï➞�❶ì❰ê✓✝ ➭ ☎❉✒❺ç
é☞ï ➭ ç▲ìÿí➘ç✆☎✤✝✓❋❺ù✭✝✈ë➘ù➲ç✆☎✛☎❰ê♦ì ➭ ï❅í➘ê✌✝♦ê✓☎✁☎✹❋❺ì ➭ ç➁é☞ê✈ñ ➭ ìsï✸îðç✆�✍ç✆☞▲ì❰ï P ï➲✝♦ç❺é✦�➘ù➯ê✈îðï❉ñ➘ê↔✝❫ï❺ñ➘ï✴ë❶é ñ➘ç✆☎✢ñ❶ê♦í✰îðê✌☎☞ñ↔ï✾☎
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✎�↔ï❺ìðï✍✂✬ë❶ê❚ï✑☎✢ñ ➭ õ❴ê✈ì❰ê✈í✠✏❫ï✑☎sê♦í✰îðìôê■ê♦ù➲ê✌☎❾õ❴ç✆☎❉☎ôê♦é ✝♦ç▲í✠✟❶ê✓✝ ➭ ñ↔ï✑☎✢ê✻✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ↔ï✾☎♦öÓ◆û☎ôê✓☞▲ë❶í➘ñ➘ç
�✍ç▲í✰îðç❒ì❰ê✈õ❴ê✈ì❰ê❸❑➏☎❰ê✽ï❺ç❒ï✑✝ ✩ é❾ë➘ù➲ç●ñ➘ê ➭ í✜✝♦ê♦ì❮îðê ý ï✑☎ ñ➘ê❄é☞ê✈ñ ➭ ✏✓✒❺ç●ñ➘ê ×✬➭ ñ❶çsï❺ç✬☞▲ì❰ï❺í➘ñ➘ê❄í ✩ é✾ê♦ì❰ç❒ñ➘ê❄é☞ê✈ñ ➭ ✏✌★➋ê✌☎✱✂➍ë➘ê
☎❰ê✈ì ➭ ï❺é í➘ê✌✝♦ê✓☎✁☎✹❋❺ì ➭ ï✑☎✞�↔ïÐìðï✎☎❰ê ➭ ñ➘ê✈í✰î ➭✗P ✝❫ï❺ì↕ï❾õ❴ç▲ìôé✲ï❾ìôê❫ï❺ù✐ñ➘ê✬✝♦ï❺ñ↔ï✢ñ➘ê♦í✰î❰êè❝ ➀✰❹ ❞❿ö

✣④ç▲í✠☎ôîðïÐîðç❺ë❯❑➏☎ôê❈✂✬ë❶ê❒ñ ➭➯× ê✈ì❉☎ôç✆☎øîðì❰ï❺û↔ï❺ù✗✟➘ç✆☎✩�➘ë❶û➘ù ➭ ✝❫ï❺ñ➘ç✑☎øñ➘ê♦ñ ➭ ✝❫ïÐìðï❺é ïÐîðê✈í✠✏▼✒Ðç✦ú ➭ í✜ö↔ë ❀ í✠✝ ➭ ï❾ñ↔ï✑☎èé✾ç➋ñ ➭◗P ❑
✝❫ï✾✏✓★✬ê✓☎ ➭ í➍î❰ê♦í✠✝ ➭ ç▲í➘ï ➭ ☎ ñ➘ê✽é ➭ ✝✈ì❰ç❏☞▲ê♦ç▲é✾ê✈î❰ì ➭ ï❒ñ↔ï✾☎✩☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ ê✓☎Õñ➘ç✆☎Õñ➘ê♦í✰îðê✌☎r❝ ❼ ò ⑩❲❻✾➛ ò ❹▲❼ ò ➀ →➋ò ➀❚➔ ò ⑩❸❼ ❞❿ö✱✚✱☎ôîðï✑☎
é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎✩☎ôê♦ì ➭ ï❺é ê✌☎❉�✍ê✓✝ ➭✗P ✝♦ï❺ñ↔ï✑☎èí➘ç✎�➘ìôç❘➘ôê✈î❰ç✶ñ↔ï✑☎èê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✞✝♦ç▲é ç✢ç▲û⑥➘ôê✈î ➭➯× ç✾ñ❶ê❂ì❰ê♦ñ❶ë ý♦➭ ìèç✢ê♦ì❰ìôç
ñ➘ê✔î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç➘ö➁æ ➭ í✜ö➘ë ❀ í✠✝ ➭ ï✸ñ➘ç✑☎✤�↔ï❺ì✹✺Ðé☞ê îðì❰ç✑☎❾ñ➘ê■ç✆�✍ê♦ì❰ï✑✏▼✒❺ç❉ñ➘ç➇�↔ï❺ì❾ê✈í✠☞▲ì❰ê✈í↔ï❺ñ➘ç❶ò➃✝✈ç▲é✾ç✸îðç▲ì✁✂✬ë❶ê■ê
ì❰çÐî➶ï✑✏✓✒❺ç➘ò➘í➘ç✾ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✶îðï❺é❾û✄✪♦é õ❴ç ➭ ç▲û⑥➘ôê îðç✾ñ➘ê × ❋❺ì ➭ ç✆☎èê✓☎❮îðë➘ñ➘ç✑☎✎❝ ❹▲❼ ò ➜✑➜ ò ❼ ò ➀❺⑨ ❞ ö

✽ ê✓☎❮îðê✎✝❫ï✾�✠❱➯î❰ë➘ù➲ç■ê✌☎ôîðë❶ñ➘ç▲ë❯❑➶☎❰ê✾ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï➆✂➍ë➘ê✎�❛ê✈ìôîðë❶ì❰û↔ï✑✏✌★➋ê✌☎●í➘ç✆☎●ñ↔ï❺ñ➘ç✑☎❒ñ❶ê✢ê♦í✰îðì❰ï❺ñ↔ï❚ñ➘ç❚é☞ç✬ñ➘ê♦ù➯ç➘ò
î➶ïÐí➍î❰ç✶í↔ï✾é☞ïÐî❰ì ➭➲ý ñ➘ç✆☎✞✝♦ç✬ê P ✝ ➭ ê✈í✰îðê✓☎↕ñ➘ê ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✍❅❴é✲ï♣îðì ➭➯ý

Acc

ñ↔ï✢ê✓✂➍ë↔ï✑✏✓✒❺ç➫❅ ⑨ ö ⑩▲➔ ❇✁❇ ò✠✂➍ë↔ï❺í✰î❰ç✾í❶ç × ê✈îðç❺ì
ñ➘ç✆☎✽ïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰îðç✑☎ ➭ í ➭ ✝ ➭ ï ➭ ☎✬❅

hc

ñ↔ï✾ê✓✂➍ë↔ï✑✏✓✒❺ç➇❅ ⑨ ö ⑩▲➔ ❇❉❇ ò♦✝♦ï❺ë✠☎ðïÐé✖í➘ï☞ì❰ê✌☎❉�✍ç✆☎ôîðï✲ñ➘ç✦�➘ì❰ç▲û❶ù➲ê♦é☞ï❶öèó❥ï❺ìðï ➭ ☎❮îðç➘ò
✝❫ïÐù✭✝♦ë❶ù➲ç▲ë❯❑➶☎❰ê❀ç✢ê✈ì❰ìôç✢ñ➘ê❀îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺çsê♦é ñ ➭➯× ê✈ì❉☎❰ï✑☎✞�❛ç✆☎ ➭ ✏✌★➋ê✌☎øí➘ç✤✝ ➭ ✝♦ù➯ç❾ñ➘ê❂ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç✢ê❈☎ôê●ï × ï❺ù ➭ ç▲ë✲ç
× ï❺ù➲ç❺ì❀ñ➘ç↔� ➭ ✝✈ç✾❑÷ï▲❑➏� ➭ ✝♦ç✲ñ❶ç❧ê✈ì❰ìôç❧ñ❶ê❾îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç➘ö✛✚✱☎ôîðê × ï❺ù➯ç▲ì✽ìôê♦ù ï✾✝ ➭ ç❺í↔ï❘❑➏☎ôê✢ï❺ç■ìôë✠❱➲ñ➘ç➆☞❺ê♦ìðïÐñ➘ç↔�❛ê✈ù➲ç✻�↔ïÐì
ê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘ç➫❅ × ê♦ì■✝❫ï✑�✠❱➮îðë➘ù➯ç ⑩ ❇ ö

✘✽ê ×✬➭ ñ❶ç④ú✑☎✦✝❫ï❺ì❰ï✑✝✈î❰ê♦ì❉❱✗☎ôî ➭ ✝❫ï✾☎✾ñ➘ï❋é✾ç➋ñ➘ê✈ù ï✑☞❺ê♦é ñ➘ç❋ê♦ìôì❰ç✕ñ❶ê îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➟❅➌�➘ì❰ç▲û❶ù➲ê♦é☞ï✴ñ ➭ ☎✁✝♦ì❰ê îðç❳✝♦ç▲é
☎❰ç❺ù➲ë✠✏✓✒❺ç ➭ îðê✈ìðïÐî ➭➯× ï❚❇❀ï❺ñ➘çÐîðç▲ë❯❑➶☎❰ê✾ë➘é☞ï❚é✾ê✈î❰ç➋ñ❶ç▲ù➲ç✆☞ ➭ ï✻�↔ï❺ì❰ï ï❧ï❺í✧❋Ðù ➭ ☎ôê✶ñ➘ê✦☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êÐò❽í➘ï➞✂➍ë↔ï❺ù ç➞�➘ì❰ç✾❑
☞▲ì❰ï❺é✲ï✔ñ❶ê✡✝✓❋❺ù✭✝✈ë➘ù➲ç➆✪✶ê❸✶❶ê✌✝♦ë❶îðï❺ñ➘ç ì❰ê✓�✍ê✈î ➭ ñ↔ï✾☎ × ê ý ê✓☎❏✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺í❶ñ➘ç❚ñ ➭ õ❴ê✈ì❰ê♦í✰î❰ê✓☎ × ï❺ù➲ç▲ìôê✓☎❂ñ➘ç✑☎✫�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✆☎
☎❰ê✈ù➲ê✌✝ ➭ ç❺í↔ï❺ñ➘ç✆☎✈ö❋æ ☎❰ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê☞ñ↔ï➲☎❰ç❺ù➲ë✠✏✓✒❺ç❅ñ➘ç⑤�➘ìôç▲û➘ù➲ê✈é✲ï✍ú × ï❺ì ➭ ï✑✏▼✒❺ç❉ñ➘ê■ë➘é ñ↔ï❺ñ➘ç➇�↔ï❺ì❉✺❺é✾ê✈îðìôç❉õ❴ç ➭
ç▲û❶î ➭ ñ↔ï✶ïÐî❰ìðï × ✪✌☎úñ➘ï✾ï✾�➘ì❰ç▼✶ ➭ é☞ï✑✏▼✒Ðç✤�❛ç▲ìèñ ➭ õ❴ê♦ìôê♦í✠✏♦ï✑☎ P í ➭ î➶ï✑☎r❝ ⑨▲❻ ò✠�❨ö ❹✆➔✑➔ ❑ ❹▲❼❘➛ ❞ ö

ó❡ï❺ì❰ï☞ï✑☎❄ï❺í✠❋❺ù ➭ ☎❰ê✓☎èñ❶ê✫☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êÐò↔ï❺ñ➘ç❺î❰ç▲ë❯❑➶☎❰ê●ê✓☎❮îðë➘ñ↔ïÐì❄ë❶éû�↔ï❺ìèñ➘ê❒ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎úñ➘ê●ñ➘ê✈í✰îðê✓☎❄✟➘ê♦ù ➭ ❑
➀✑➛



✝♦ç ➭ ñ↔ï ➭ ☎❄✂➍ë➘êÿõ❴ç ➭ ë✜☎ðï❺ñ➘ç■í❶ç✔îðìðïÐû↔ï❺ù✭✟❶ç☞ñ➘ê❾ó❡ï❺ù➯é☞ê✈ì➍❝ ➀ →❡❞❿ö●ó❡ï❺ù➯é☞ê✈ìúê✈é ⑩▼➜✆➜✆➜ ❝ ➀ →✐❞❥ê✓☎❮îðë➘ñ❶ç▲ë✴ç✆☎✽ê õ❴ê ➭ î❰ç✆☎❀ñ↔ï✾☎
é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎❾ñ➘ç➇�✍ê♦ì P ùøê × ç▲ù × ê♦í✰îðê❧í➘ç✴ê♦ìôì❰ç✴ñ➘ê✔î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç➘ò❖�❛ç❺ì❉✪♦é í✧✒❺ç➁ï × ï❺ù ➭ ç▲ë➞ï ➭ í❯ö↔ë ❀ í✜✝ ➭ ï❅ñ➘ç✑☎
ç▲ë❶î❰ì❰ç✆☎❄�↔ï❺ì❉✺❺é☞ê îðìôç✆☎✽ê✈í × ç▲ù ×✬➭ ñ➘ç✆☎✽í❶ç✻�➘ì❰ç❺û➘ù➲ê✈é✲ï❶ò✄✝♦ç❺é☞ç✲ï✑✂➍ë➘ê♦ù➯ê✓☎✳�➘ìôç × ê♦í ➭ ê♦í✰î❰ê✓☎❂ñ➘ê❾ê✈ì❰ìôç✆☎✽ñ➘êÿõ❤ï❺û➘ì ➭ ✝❫ï✑✏✓✒❺ç➘ö
✚✱☎ôî❰ê✕�↔ï❺ì②ñ➘êúê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎Õõ❴ç ➭ ê✌☎❉✝♦ç❺ù✭✟ ➭ ñ➘ç❏�➘ï❺ìðï●ç✛�➘ìôê✓☎ôê♦í✰îðêúê✓☎ôî❰ë➘ñ➘ç❾ñ❶ê ×✬➭ ñ➘ç✛ú❒ñ ➭ ☎❉�✍ç▲í ➭ û ➭ ù ➭ ñ↔ïÐñ➘ê④ñ➘êúñ↔ï❺ñ➘ç✑☎
îðê✌✸▲ì ➭ ✝♦ç✆☎↕ê❒ê✷✶❯�✍ê♦ì ➭ é☞ê✈í✰î➶ï ➭ ☎✎❝ ➀ →✐❞❿öøæ❄☎úñ➘ë➘ï✑☎✽ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✽ñ❶ç✦�↔ïÐì❄☎❉✒❺ç✙☞▲ê✈ç▲é✾ê✈îðì ➭ ✝♦ï❺é☞ê✈í✰îðê ➭ ñ ❀ í✰î ➭ ✝❫ï✑☎❄êsï✾☎
☎❰ë➘ï✑☎✞�➘ì ➭ í✠✝ ➭ �↔ï ➭ ☎✮✝❫ï❺ì❰ï✑✝✈î❰ê♦ì❉❱✗☎ôî ➭ ✝❫ï✾☎èñ➘ê✬�➘ì❰ç❘➘ôê îðç✡☎✹✒❺ç✶é✾ç✆☎ôî❰ìðï❺ñ➘ï✑☎èí↔ï✢î➶ï❺û✍ê♦ù➲ï ➛ ö ⑩ ö

✰❥ï❺û➂ö ➛ ö ⑩ Ð ó❥ï❺ì✹✺Ðé☞ê îðì❰ç✑☎èû✧❋✑☎ ➭ ✝♦ç✆☎↕ñ➘ç✎�↔ïÐì❄ñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✞✟➘ê✈ù ➭ ✝✈ç ➭ ñ➘ï ➭ ☎✈ö
➷✕➬✠✃✜✖✧éÓÏ❚á❺✃▲Ú✄❐ ✍✳ê➨ã♦✃▲Ï⑥ê➨➬✠ã♦Ï⑥ê➨❐
✽✈✩ é✾ê♦ì❰ç✶ñ➘ê●ñ➘ê✈í✰îðê✓☎ ➛✰❻
✘ ➭ ☎ôî✹✺❺í✠✝ ➭ ï✢ê♦í✰îðìôê✬✝♦ê♦í✰î❰ì❰ç✆☎

(mm)
❹❺❻▲⑨ ö ❹

✯➞✸➋ñ➘ë❶ù➲ç✢í➘ç▲ìôé✲ïÐù
(mm)

➛ ö ❹❺⑨▲⑨
✘ í✠☞▲ë➘ù➯ç✶ñ➘ê✬�➘ì❰ê✌☎❉☎✹✒Ðç☞í➘ç❺ì❰é☞ï❺ù

20◦✘ í✠☞▲ë➘ù➯ç✶ñ➘ê✬✟✠✪♦ù ➭ ✝♦ê✽í➘ç▲ì❰é☞ï❺ù
33.55◦

✘ ➭ ✺❺é✾ê✈î❰ì❰ç✢ê✷✶✬î❰ê♦ì❰í❶ç
(mm)

❹➋⑩▲⑩ ö ➀ → ➛
✘ ➭ ✺❺é✾ê✈î❰ì❰ç✢ñ➘ê●ìðï ➭➲ý

(mm)
⑩ → ➜ ö ❼➋⑩❲⑨

❃✝ïÐî❰ç▲ìøñ➘ê●é✾ç➋ñ ➭✗P ✝♦ï✑✏▼✒❺ç✢ñ❶ç☞ïÐñ➘ê♦í➘ñ❶ë➘é ❻
ü★ï❺ì✁☞▲ë➘ì❰ï✶ñ➘ï✶ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é

(mm)
❹✑➀ ö ➜ → ❼

❪❂ìðïÐë❧ñ❶ê❒ìôê✓✝✈ç▲û➘ì ➭ é☞ê✈í✰îðç✢îðì❰ï❺í✠☎ × ê♦ì✁☎ðï❺ù ⑩ ö ⑨✰❹
❪❂ìðïÐë❧ñ❶ê❒ìôê✓✝✈ç▲û➘ì ➭ é☞ê✈í✰îðç✾ï❘✶ ➭ ï❺ù ⑩ ö ⑩❸❹
✰❽ç▲ì✁✂✬ë❶ê❒í❶ç▲é ➭ í↔ï❺ù❛ñ➘ê❒ï❺í✧❋❺ù ➭ ☎❰ê

(Nm)
❼Ð❻

✯➞✸➋ñ➘ë❶ù➲ç✢ñ➘ê❒ê♦ù➲ï✑☎ôî ➭ ✝ ➭ ñ↔ï❺ñ➘ê
(GPa)

❹❺❻✆➀
✣④ç✬ê P ✝ ➭ ê✈í✰îðê●ñ➘ê❒ó❥ç ➭ ☎❉☎ôç▲í ❻ ö ⑨
✘ ➭ ☎ôî✹✺❺í✠✝ ➭ ï✢ê♦í✰îðìôê✬�❛ç▲í✰î❰ç✆☎↕ñ ➭ ☎✁✝♦ì❰ê îðç✆☎↕í↔ï✶ï❺ù➮îðë➘ì❰ï❾ñ➘ç✾ñ➘ê♦í✰îðê

(µm)
⑩❺➔▲❹

✘ ➭ ☎ôî✹✺❺í✠✝ ➭ ï✢ê♦í✰îðìôê✬�❛ç▲í✰î❰ç✆☎↕ñ ➭ ☎✁✝♦ì❰ê îðç✆☎↕í↔ï✢ù➲ï❺ì❉☞▲ë❶ìðï❾ñ➘ç✾ñ➘ê♦í✰î❰ê
(µm)

➔Ð⑨ →

◆❧�❛ê✈ì P ù➍ê × ç▲ù × ê♦í✰î❰êøêÕç■�↔ï✑☎✁☎❰ç❀ñ➘ï■✟✠✪✈ù ➭ ✝♦ê➀õ❴ç▲ìðïÐé ✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ❶ç✆☎❥í❶ç✆☎Õ✝✓❋❺ù✭✝✈ë➘ù➲ç✑☎➨✝✈ç▲í❶õ❴ç▲ìôé☞ê②é✾ç✆☎ôî❰ìðï❺ñ❶çúí↔ï✾☎
P ☞▲ë❶ìðï✑☎ ➛ ö ⑩ ê ➛ ö ❹ ò➍êúìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï❺é ï✫✝✈ç▲í➘ñ ➭ ✏▼✒❺ç❒ì❰ê♦ï❺ù✝ñ➘ç✛�➘ï❺ì②ñ➘êúê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎Õë✠☎ðï❺ñ❶ç✆☎④í➘ç✑☎Õê❸✶✜�✍ê♦ì ➭ é✾ê♦í✰îðç✑☎
ê♦é ❝ ➀ →❡❞ ö➞æ❄☎ P ☞▲ë➘ìðï✾☎ ➛ ö ⑩ ê ➛ ö ❹ ì❰ê✓�❶ì❰ê✓☎ôê♦í✰î➶ïÐé ç✑☎✾ìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎✤☞▲ì❉❋ P ✝✈ç✆☎✶ñ↔ï✑☎✶é☞ê✈ñ ➭ ✏✌★➋ê✌☎❾ñ➘ç➁ñ➘ê♦í✰î❰ê ñ↔ï✾☎
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö❞✚✱☎ôî❰ê✸î ➭ �✍ç➌ñ➘ê❉ì❰ê✓�❶ì❰ê✓☎ôê♦í✰î➶ï✾✏▼✒❺çÖ✪⑤✝♦ç❺é❾ë➘é✾ê♦í✰îðê✸ë✜☎ðï❺ñ➘ç➞í➘ï ➭ í➘ñ ✩ ☎ôî❰ì ➭ ï➋ö➡◆✳☎✻☞▲ì✹❋ P ✝♦ç✆☎✲ñ➘ê

➀❚➔
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❃ ➭ ☞➘ö ➛ ö ⑩ Ð ❃↔ç▲ìôé✲ï❾û✧❋✾☎ ➭ ✝♦ï✢ñ➘ç✦�✍ê♦ì P ù✐ê × ç▲ù × ê♦í✰îðê❒ñ↔ï✑☎↕ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎■✟➘ê♦ù ➭ ✝♦ç ➭ ñ↔ï ➭ ☎④ê✈é✏ï❺í✧❋❺ù ➭ ☎ôê❺ö
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❃ ➭ ☞❶ö ➛ ö ❹ Ð ❃↔ç▲ì❰é☞ï❾û✧❋✑☎ ➭ ✝♦ï✶ñ❶ç✦�↔ï✾☎❉☎❰ç✾ñ↔ï✤✟✠✪✈ù ➭ ✝✈ê❂ñ↔ï✑☎↕ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎úê✈é✏ï❺í✧❋Ðù ➭ ☎ôê❺ö

➀✆➀



é✾ê♦ñ ➭ ✏▼✒❺ç❄ç▲ì ➭ ☞ ➭ í➘ï ➭ ☎❂�✍ç➋ñ❶ê♦é ☎❰ê✈ì❡ê✈í✠✝♦ç▲í✰î❰ìðï❺ñ➘ç✑☎❡í↔ï✽ìôê✈õ❴ê✈ì ❀ í✜✝ ➭ ï✎❝ ➀ →❶ò❺æ❄� ❀ í➘ñ ➭ ✝✈ê✮✼✁✼❉✼➓❞❿ö✑◆✳☎❥ê♦ì❰ìôç✆☎❽ñ➘êÕõ❤ï❺û❶ì ➭ ✝♦ï✑✏▼✒Ðç
ñ➘ç✆☎❒ñ➘ê✈í➍î❰ê✓☎ÿñ↔ï✑☎●ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎sí✧✒❺ç➞☎✹✒Ðç✍✝✈ç▲í✠✟➘ê✌✝ ➭ ñ❶ç✆☎♦ò❽ê✦�✍ç▲ì❮î➶ï❺í✰îðç❶ò★î❰ç▲ì❰í➘ï❺ìðï❺é✤❑➏☎ôê✢ç▲û⑥➘ôê îðç❉ñ❶ê✓☎ôî❰ê☞ê✌☎ôî❰ë➘ñ➘ç
✂➍ë↔ï❺í✰îðç✦ú✤☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶ê❀ñ↔ï✶ì❰ê✓☎✁�❛ç✑☎ôî➶ï✾ï✢ê✓☎❮î➶ï✑☎ ➭ í✠✝✈ê♦ì❮îðê ý ï✑☎♦ö

æ P ☞❺ë➘ìðï ➛ ö ⑩ é☞ç✆☎❮îðì❰ïsï❒õ❴ç❺ì❰é☞ï❒ñ➘çsñ➘ê♦í✰îðê✽í↔ïsñ ➭ ì❰ê✓✏✓✒❺çsì❰ï❺ñ ➭ ï❺ù↔ê✽ê✈é ë➘é☞ïÿñ➘ï❺ñ↔ï❏☎ôê✓✏✓✒❺ç❾îðì❰ï❺í✠☎ × ê♦ì✁☎ðï❺ù❛ñ➘ç
ñ➘ê✈í➍î❰ê❺ö✎✚✱☎ôîðï P ☞▲ë➘ìðï■é✾ç✆☎ôî❰ìðï❶ò❨í➘ç❚ê ➭ ✶➋ç❚ñ↔ï✑☎●ïÐû✠☎❉✝ ➭ ☎❉☎❰ï✑☎♦ò★ç✆☎❂ñ❶ê✓☎ ×✬➭ ç✆☎●ñ➘ç↔�❛ê✈ì P ù➀ñ➘ç❚ñ➘ê✈í✰îðê✶ê♦é✑ì❰ê♦ù➲ï✑✏▼✒Ðç❚ï❺ç
�✍ê♦ì P ù❡ê × ç▲ù × ê♦í✰îðê✢î❰ê✓✸▲ì ➭ ✝♦ç❶ö ✽ ç■ê ➭ ✶➋ç✔ñ↔ï✑☎❀ç❺ì❰ñ➘ê✈í↔ï❺ñ↔ï✑☎❂ê✌☎ôî✹✒❺ç■ç✆☎✳�✍ç▲í✰îðç✆☎❀ï❺ç■ù➲ç▲í✜☞▲ç✲ñ↔ï✔ñ ➭ ì❰ê✌✏▼✒❺ç✲ìðï❺ñ ➭ ï❺ù❽ñ➘ç
ñ➘ê✈í➍î❰ê❺ö➃✣④ç▲é✾ç✬✪úë✜☎❰ë↔ï❺ù↔í❶ê✓☎ôî❰ê❄î ➭ �✍ç●ñ➘ê↕ì❰ê✓�❶ì❰ê✓☎ôê♦í✰î➶ï✾✏▼✒❺ç➘ò➋ç✆☎ × ï❺ù➲ç▲ìôê✓☎②ï❺ç❒ù➲ç❺í✠☞▲ç❂ñ↔ï●ñ ➭ ìôê✓✏✓✒❺ç●ìðï❺ñ ➭ ï❺ù➘ñ➘ç❒ñ➘ê✈í➍î❰ê
☎✹✒Ðç☞é✾ç✆☎ôî❰ìðï❺ñ❶ç✆☎èê♦éû✺Ðí✠☞▲ë➘ù➯ç✢ñ➘ê●ì❰ç▲ù➲ï❺é☞ê✈í✰îðç➘ò❯✂✬ë❶ê❏✪●ç✡✺❺í✠☞▲ë❶ù➲ç✤✝♦ç❺ì❰ì❰ê✌☎❉�✍ç▲í➘ñ➘ê✈í✰îðê❾ïÐç✾ñ❶ê✓☎❰ê✈í × ç▲ù ×➋➭ é☞ê✈í✰îðç✾ñ➘ç
�✍ê♦ì P ù✐ê × ç❺ù × ê✈í✰îðê●îðç▲é☞ï❺ñ➘ç✢í➘ç✾ñ ➭ ✺❺é☞ê îðìôç✢ñ➘ê●û↔ï✑☎❰ê❤❝ ❹✑➀ ❞❿ö

✔✆❋ ï P ☞❺ë➘ìðï ➛ ö ❹ é☞ç✆☎❮îðì❰ï❧ï✔õ❴ç▲ìôé✲ï✔ñ❶ç ñ➘ê✈í✰îðê✾í↔ï■ñ ➭ ìôê✓✏▼✒Ðç ï▲✶ ➭ ï❺ù⑧ê✶ê♦é✟ë➘é✲ï■ñ↔ïÐñ↔ï➆☎❰ê✓✏✓✒❺ç❧ñ➘ç ñ❶ê♦í✰îðêÐö
✽ ê✌☎ôîðï P ☞▲ë➘ì❰ï✛☎✹✒Ðçsé✾ç✆☎ôî❰ìðï❺ñ➘ç✑☎Õí➘çsê ➭ ✶➋çÿñ↔ï✑☎øïÐû✠☎❉✝ ➭ ☎❉☎❰ï✑☎øç✆☎Õñ➘ê✓☎ ×✬➭ ç✆☎Õñ➘ç✵�↔ï✑☎✁☎❰ç❾ñ➘ï✛✟✠✪♦ù ➭ ✝✈êúñ↔ï✾☎④ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎
ê♦é ì❰ê♦ù➲ï✑✏▼✒Ðç✴ï❺ç➇�↔ï✑☎❉☎ôç❋ñ➘ï❩✟✠✪✈ù ➭ ✝♦ê✲î❰ê✓✸▲ì ➭ ✝♦ç❶ö ✽ ç➁ê ➭ ✶❶ç✴ñ↔ï✾☎✾ç❺ì❰ñ➘ê✈í↔ï❺ñ↔ï✑☎✤☎❉✒❺ç➁é☞ç✆☎❮îðì❰ï❺ñ➘ç✆☎✶ï✑☎✢ìôê✓☎✁�❛ê✌✝✈î ➭➮× ï✑☎
ñ ➭ ☎ôî❙✺Ðí✠✝ ➭ ï✑☎↕ï❘✶ ➭ ï ➭ ☎øñ➘ç✆☎↕ñ➘ê✈í✰îðê✓☎✈ö

✽ ï✑☎ P ☞▲ë❶ìðï✑☎ ➛ ö ⑩ ê ➛ ö ❹ ò♦☎❰êsç✾ñ➘ê✈í➍î❰êsé✾ê♦ñ ➭ ñ➘ç✶ñ↔ï✑☎❄ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎úõ❴ç✆☎✁☎❰ê ➭ ☎❰ê✈í➍î❰ç☞ñ❶êsê♦ìôì❰ç✆☎❄ê✫☎❰ê♦é✏é✾ç✬ñ ➭ ❑
P ✝♦ï✑✏✓★✬ê✓☎ ➭ í✰î❰ê♦í✠✝ ➭ ç▲í↔ï ➭ ☎❀í↔ï✾☎✫☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê✓☎❂ñ➘ç✆☎●ñ➘ê✈í✰îðê✓☎✈ò❥ç✑☎✫☞❺ì✹❋ P ✝✈ç✆☎●ï✑�➘ìôê✓☎ôê♦í✰î➶ï❺ì ➭ ï❺é✑îðç✬ñ➘ç✆☎❂ç✆☎ × ï❺ù➯ç▲ì❰ê✌☎❂í➘ç
ê ➭ ✶➋ç■ñ↔ï✑☎●ï❺û✠☎✁✝ ➭ ☎❉☎ðï✾☎ ➭ ☞▲ë↔ï ➭ ☎❀ï ý ê♦ì❰ç❶ö❾ó❥ç❺ì❈✝♦ç▲í × ê✈í✠✏▼✒Ðç ç✆☎ × ï❺ù➯ç▲ì❰ê✌☎❀í➘ê✌☞✰ïÐî ➭➮× ç✆☎✽í➘ç✆☎❈☞▲ì❉❋ P ✝♦ç✑☎❂ì❰ê✓�❶ì❰ê✓☎ôê♦í✰î➶ïÐé
ñ➘ê✌☎ ×✬➭ ç✆☎↕ê✈é ì❰ê✈ù ï✑✏✓✒❺ç✾ï❺ç✤�❛ç✑☎ ➭ ✏✓✒❺ç✢îðê✌✸▲ì ➭ ✝❫ï❾í↔ï✶ñ ➭ ìôê✓✏✓✒❺ç✶í➘ç▲ì❰é☞ï❺ù⑧ú✎☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê❂ê❒í❶ç✡☎ôê♦í✰î ➭ ñ➘ç✾ñ➘ç✎✝♦ê♦í✰î❰ì❰ç✾ñ➘ç
ñ➘ê✈í➍î❰êè❝ ⑩▲⑩▲⑩ ò✧�➂ö ⑨▲❻ ❑ ⑨▲❹ ❞ ö
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✼➻í ➭ ✝ ➭ ï❺ù➯é☞ê✈í✰îðê●ï❺í↔ïÐù ➭ ☎ôç▲ë❯❑➶☎❰ê●ï✦☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❂ñ↔ï✾ì❰ê✌☎❉�✍ç✆☎ôîðï✲ï❺ç✆☎■�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎↕ñ➘ê❒ñ ➭ ☎✁✝♦ì❰ê î ➭➯ý ï✑✏✓✒❺ç☞ê✈í × ç▲ùÔ❑
×✬➭ ñ➘ç✑☎✽í➘ç✻�❶ì❰ç▲û➘ù➯ê♦é☞ï❶ö✕◆❈☎❄�↔ï❺ì❉✺❺é☞ê îðìôç✆☎✽ñ➘êÿñ ➭ ☎✁✝♦ìôê✈î ➭➯ý ï✑✏✓✒❺ç✔ñ↔ï✦☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ êÿñ❶ç✆☎❀ñ➘ê✈í➍î❰ê✓☎❀õ❴ç▲ì❰ï❺é ï❺í↔ïÐù ➭ ☎❰ï❺ñ➘ç✆☎
ê♦é ë➘é ê✓☎❮îðë➘ñ❶ç✲ï❺í✰î❰ê♦ì ➭ ç▲ìèí↔ï✶ì❰ê õ❴ê♦ì ❀ í✠✝ ➭ ï■❝ ⑩▲⑩❺⑩ ò✠�➂ö♠→ ❻ ❑➏→ ⑨ ê❈�➂ö ➜ →❘❑ ⑩❲❻❺⑨ ❞ ö➀æ❄☎❉☎ ➭ é ç✑☎■�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✆☎èñ❶ê❒ñ ➭ ☎❉✝✈ì❰ê❸❑
î ➭➯ý ï✑✏✓✒❺ç✲ñ➘ï✻☎❰ë✠�✍ê♦ì❮õ➌❱✭✝ ➭ êsñ➘ç✑☎✽ñ➘ê✈í➍î❰ê✓☎❀õ❴ç▲ì❰ï❺é ê✓☎✁✝♦ç▲ù✗✟ ➭ ñ➘ç✑☎✽û↔ï✑☎ôê❫ï❺ñ❶ç✆☎❂í➘ç✆☎❀ìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎úñ↔ï✑✂➍ë➘ê♦ù➯ê❾ê✓☎❮îðë➘ñ❶ç➘ö✫◆✳☎
× ï❺ù➲ç❺ì❰ê✓☎↕ïÐñ➘ç❺î➶ïÐñ➘ç✆☎✿�↔ï❺ì❰ï✢ê✓☎ôî❰ê✓☎■�↔ï❺ì❉✺❺é☞ê îðìôç✆☎✿☎✹✒❺ç✾é✾ç✆☎ôî❰ìðï❺ñ➘ç✑☎èí↔ï❾î➶ï❺û✍ê♦ù➲ï ➛ ö ⑩ ö

æ ➭ í✜ö➘ë ❀ í✠✝ ➭ ï✕ñ❶ç➞í ✩ é☞ê✈ì❰ç➞ñ➘ê⑤�✍ç✆☎ ➭ ✏✓★✬ê✓☎✔ñ ➭ ☎❉✝✈ì❰ê î➶ï✑☎✻✂➍ë➘ê❅ìôê✓�➘ìôê✓☎ôê♦í✰î➶ï❺é ç➁✝ ➭ ✝✈ù➲ç➌ñ❶ê❅ê♦í✠☞▲ìôê♦í↔ïÐé☞ê✈í➍î❰ç
➀✰❼



í✧✒❺ç➞✟↔ï ×✬➭ ï➆☎ ➭ ñ➘ç ï × ï❺ù ➭ ï❺ñ➘ï■ïÐî✹✪✶ç❚é☞ç❺é☞ê✈í➍î❰ç➘ö✾ó➀ì❰ç⑥✝♦ê♦ñ❶ê♦ë❯❑➶☎❰ê✾ê♦í✰î❙✒❺ç ï❚ê✓☎ôîðï ïÐí✧❋❺ù ➭ ☎❰ê✢í↔ï↔✂➍ë↔ï❺ù➀ç × ï❺ù➲ç▲ì✽ñ➘ç
� ➭ ✝♦ç✾❑➻ï❘❑➏� ➭ ✝♦ç❾ñ❶ç☞ê✈ì❰ì❰ç✶ñ➘ê❂î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✢õ❴ç ➭ ✝♦ç❺é✦�↔ïÐìðï❺ñ➘ç✤�➘ï❺ìðï✢ñ ➭➮× ê♦ì✁☎❰ç✆☎■☞▲ì❰ï❺ë✠☎èñ➘ê●ñ ➭ ☎❉✝♦ìôê✈î ➭➲ý ï✾✏▼✒❺ç✶ñ➘ç✡✝ ➭ ✝♦ù➲ç
ñ➘ê❧ê♦í✠☞❺ì❰ê♦í➘ï❺é☞ê✈í✰îðç➘ö❧◆✳☎ × ï❺ù➯ç▲ì❰ê✌☎✶ç▲û❶î ➭ ñ➘ç✆☎❾õ❴ç▲ì❰ï❺é í❶ç▲ì❰é☞ï❺ù ➭➯ý ï❺ñ❶ç✆☎✵�↔ï❺ì❰ï✴õ❤ï✾✝ ➭ ù ➭ îðï❺ìsï ➭ í✰î❰ê♦ì❉�❶ì❰ê✈îðï✑✏▼✒Ðç❋ñ➘ç✑☎
ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎↕ê✫☎❉✒❺ç✾ï✑�➘ìôê✓☎❰ê✈í✰î➶ï❺ñ➘ç✑☎úí↔ï P ☞▲ë❶ìðï ➛ ö ⑨ ö
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Número de posições discretas no ciclo de engrenamento

❃ ➭ ☞❶ö ➛ ö ⑨ Ð ✼➻í✜ö↔ë ❀ í✠✝ ➭ ï✶ñ↔ï✢ñ ➭ ☎✁✝♦ì❰ê î ➭➯ý ï✑✏✓✒❺ç✶ñ➘ç✦✝ ➭ ✝✈ù➲ç✢ñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç➘ö

ó❥ç✬ñ➘ê✷❑➶☎❰ê❾ç▲û✜☎❰ê♦ì × ï❺ì✽í↔ï P ☞▲ë➘ì❰ï ➛ ö ⑨ ë➘é☛✝♦ç❺é✦�✍ç▲ìôîðï❺é✾ê♦í✰îðç✲ï✑☎❉☎ ➭ í✰î✹✸❺î ➭ ✝✈ç✲êsë❶é✲ï × ïÐì ➭ ï✾✏▼✒❺ç✡✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐñ↔ï
�✍ê✓✂➍ë➘ê♦í➘ï➁í➘ç✑☎ × ï❺ù➯ç▲ì❰ê✌☎❾ñ➘ç⑤� ➭ ✝♦ç✾❑➻ï❘❑➏� ➭ ✝♦ç❉ñ➘ç✴ê♦ì❰ìôç❅ñ➘ê■îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç⑤�➘ï❺ìðï❅ï✑☎✶ïÐí✧❋❺ù ➭ ☎❰ê✌☎✵✝♦ç▲é é✲ï ➭ ☎sñ❶ê

10
�✍ç✆☎ ➭ ✏✓★✬ê✓☎●ñ ➭ ☎✁✝♦ìôê✈î➶ï✾☎ÿí➘ç➞✝ ➭ ✝♦ù➯ç■ñ➘ê☞ê✈í✠☞▲ìôê♦í↔ï❺é✾ê♦í✰î❰ç➘ö✙✚➀é✂õ❴ë➘í✜✏▼✒❺ç❧ñ➘ê✓☎❮îðê✌☎sì❰ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎♦ò❽ï❺ñ➘çÐîðç▲ë❯❑➶☎❰ê✶ê✈õ❴ê îðë↔ïÐì
ç✆☎✾ç▲ë❶î❰ì❰ç✆☎✡✝▼❋❺ù✗✝♦ë➘ù➯ç✆☎✎�↔ï❺ì❰ï❋ï✑☎☞ï❺í✧❋Ðù ➭ ☎ôê✓☎✶ñ➘ê➞☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶ê❧ñ❶ç✆☎☞ñ❶ê♦é☞ï ➭ ☎✎�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎✎✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐí➘ñ➘ç

20
�✍ç✆☎ ➭ ✏✓★✬ê✓☎øñ ➭ ☎❉✝✈ì❰ê✈îðï✑☎øí➘ç✛✝ ➭ ✝✈ù➲çÿñ➘ê❀ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç➘ö✱✼➏☎❮îðç✢ìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï✢ë➘é ê♦ì❰ìôç✢ñ➘ê ×✬➭ ñ➘ç✤ú❾ñ ➭ ☎❉✝♦ìôê✈î ➭➲ý ï✾✏▼✒❺çÿñ➘ç
✝ ➭ ✝♦ù➯ç✾ñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï❺é✾ê♦í✰î❰ç✾é✾ê♦í❶ç▲ìèñ➘ç✡✂✬ë❶ê

1%
❅ × ê♦ì P ☞▲ë❶ìðï ➛ ö ⑨ ❇ ö

ë❂➱➑Ï ✘õ❈✎✺✼❮❂✸✻❅▼✸❇❈●✺■✱✴❒ ✬❄✺◆✮✹❈ ❮■✱ ❒ ✱✷✮✤✰✲✸✣✢❥❮■✬✥✤✼✬✧✦➲✸❇❉■✸✻✵❇✸✻❮✼✱✴❮❂✬

◆✡í ✩ é☞ê✈ì❰ç❒ñ➘ê■✝♦ç▲í➘ñ ➭ ✏▼✒Ðç❒ñ➘ï❒é☞ïÐîðì ➭➲ý ñ➘ê↕ë➘é➝☎ ➭ ☎❮îðê♦é☞ï●ñ➘ê↕ê✓✂➍ë↔ï✑✏✌★➋ê✌☎④ù ➭ í➘ê❫ïÐì❰ê✓☎✱�✍ç✬ñ➘ê ➭ í➘ñ ➭ ✝❫ï❺ì②ï✬☎❰ê✈í✠☎ ➭ û ➭ ❑
ù ➭ ñ↔ï❺ñ➘êÐò▲ç▲ë☞ï × ë❶ù➲í➘ê✈ìðï❺û ➭ ù ➭ ñ↔ï❺ñ➘êÐò❺ñ↔ï❈☎❰ç❺ù➲ë✠✏✓✒❺ç●ñ➘ê ×✬➭ ñ❶ç❏ú✾☎ × ï❺ì ➭ ï✑✏✌★➋ê✌☎⑧í➘ç✆☎ × ï❺ù➯ç▲ì❰ê✌☎➀ñ➘ê↕ê♦í✰îðì❰ï❺ñ↔ï❶ò × ê♦ì ê✓✂➍ë↔ï✑✏✓✒❺ç
❅ ➛ ö ⑩ ❇✯❝ ⑩❺➜ ò❚�➂ö ➛✰❹ ❑ ➛✆➛ ❞✤❝ → ➜ ò❚�➂ö ⑨✆➀❶⑩ ❑ ⑨✆➀✆➜ ❞ ö❽æ✕☎✁☎ ➭ é❧ò❚�↔ï❺ì❰ï❂ï❺í↔ï❺ù ➭ ☎❰ï❺ì⑧ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✬✂➍ë➘ê✿�✍ê♦ì❮îðë➘ìôû↔ï✑✏✌★➋ê✌☎ ñ❶ç✆☎➀ñ↔ï❺ñ➘ç✑☎
ñ➘êúê♦í✰îðì❰ï❺ñ↔ï❏�✍ç✬ñ➘ê♦é➝�➘ìôç × ç⑥✝❫ï❺ì í↔ï❏☎ôç▲ù➲ë✜✏▼✒❺ç❒ñ➘ç✛☎ ➭ ☎❮îðê♦é☞ï❶ò➂✝❫ïÐù✭✝♦ë❶ù➲ç▲ë❯❑➶☎❰ê↕çsí ✩ é✾ê♦ìôçsñ➘ê■✝♦ç❺í➘ñ ➭ ✏✓✒❺ç❒ñ↔ïÿé☞ïÐîðì ➭➲ý

➀ →



Acc

ñ↔ï❉ê✌✂➍ë↔ï✑✏▼✒ÐçÖ❅ ⑨ ö ⑩▲➔ ❇❈�↔ï❺ì❰ï➫✝❫ïÐñ↔ï❉ë➘é☞ï ñ↔ï✾☎
20

�❛ç✆☎ ➭ ✏✌★➋ê✌☎sí➘ç➲✝ ➭ ✝✈ù➲ç❧ñ➘ê✔ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç➘ö❉ó❡ï❺ì❰ï ➭ ☎❮îðç➘ò
ë✠☎ôç▲ë❯❑➏☎ôê❒ï✶õ❴ë➘í✜✏▼✒❺ç➲s❙⑩❘✈✄③ ✉ ñ➘ç✙✯ æ✱✰↕ü✐æ✳✲õ❝ ➀▲❻ ❞❿ö

cond(Acc) = ‖Acc‖2

∥

∥

∥A−1
cc

∥

∥

∥

2
.

❅ ➛ ö ⑩ ❇

ç▲í➘ñ❶ê
‖Acc‖2

✪●í➘ç▲ìôé✲ï ❹ ñ↔ï✢é✲ïÐî❰ì ➭➯ý
Acc

ò✧✂✬ë❶ê✫✪❒ñ↔ï❺ñ➘ï✎�✍ê♦ù➯ç✶é✙❋❘✶ ➭ é☞ç × ï❺ù➯ç▲ì✩☎ ➭ í✠☞▲ë➘ù➲ï❺ìøñ➘ê
Acc

❝ ➀▲❻ ❞ ö✮◆✳☎
× ï❺ù➲ç❺ì❰ê✓☎➃☎ ➭ í✠☞▲ë➘ù➲ï❺ì❰ê✌☎④ñ↔ï❒é✲ï♣îðì ➭➯ý

Acc

�✍ç✬ñ➘ê♦é➚☎❰ê✈ì④ç▲û➋î ➭ ñ❶ç✆☎✮�✍ê♦ù➲ï❒î✹✪✌✝♦í ➭ ✝❫ïsí➍ë➘é✡✪♦ì ➭ ✝♦ïÿñ➘êúñ➘ê✓✝✈ç▲é✦�✍ç✆☎ ➭ ✏▼✒Ðçsê♦é
× ï❺ù➲ç❺ì❰ê✓☎✿☎ ➭ í✠☞❺ë➘ù ï❺ìôê✓☎✫❅ þ ✴❈✘❈❇✷❝ ⑩❺➜ ò✧�❨ö ➛✆➛ ❑ ➔✑➀ ❞❿ö

◆✳☎Õí ✩ é✾ê♦ìôç✆☎②ñ➘ê❄✝✈ç▲í➘ñ ➭ ✏▼✒❺ç❒ñ↔ï●é✲ï♣îðì ➭➯ý
Acc

✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✆☎➀í↔ï✑☎ ❹❺❻ �❛ç✑☎ ➭ ✏✌★➋ê✌☎②ñ➘ç❏✝ ➭ ✝✈ù➲ç●ñ➘ê❄ê♦í✠☞▲ìôê♦í↔ïÐé☞ê✈í➍î❰ç
☎✹✒Ðç☞é✾ç✆☎ôî❰ìðï❺ñ❶ç✆☎èí↔ï P ☞▲ë➘ì❰ï ➛ ö ➛ ö➃✣④ç▲é û↔ï✑☎ôêÿí❶ç✆☎↕ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎èç❺û❶î ➭ ñ➘ç✆☎♦ò✜�❛ç✬ñ➘ê✷❑➶☎❰ê●ñ ➭➯ý ê♦ì✿✂➍ë➘êÿï✢é✲ï♣îðì ➭➯ý

Acc✪❀û✍ê♦é➚✝♦ç❺í➘ñ ➭ ✝ ➭ ç▲í➘ï❺ñ↔ïÿê✕�❛ç▲ë✜✝♦ç✵☎ôê♦í✠☎✁❱ × ê✈ù✐ï❾ê♦ìôì❰ç✆☎Õí➘ç✆☎øñ➘ï❺ñ➘ç✆☎øñ❶ê❀ê♦í✰îðì❰ï❺ñ↔ï➲❝ ⑩❺➜ ò❯�➂ö ➛➍❹ ❑ ➛✑➛ ❞✾❝♠→ ➜ ò❯�➂ö ⑨✆➀❶⑩ ❑ ⑨✆➀✆➜ ❞ ö
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Posição no ciclo de engrenamento

❃ ➭ ☞➘ö ➛ ö ➛ Ð❖✽✈✩ é☞ê✈ì❰ç✶ñ➘ê✬✝♦ç❺í➘ñ ➭ ✏✓✒❺ç✶ñ↔ï✶é✲ïÐî❰ì ➭➯ý ñ➘ê❈ö↔ê✷✶ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶ê❺ö

✢úé☞ï❒õ❴ç▲ìôé✲ï✬�↔ï❺ì❮î ➭ ✝♦ë➘ù➲ï❺ì②ë✠☎ðï❺ñ➘ïsí➘ê✓☎❮îðê✽î❰ìðï❺û➘ï❺ù✭✟➘ç❶ò➋ïÐù✭✪♦é➩ñ❶ç❾ê♦é✡�➘ì❰ê✌☞▲çsñ❶ç❾í ✩ é☞ê✈ì❰çÿñ➘ê✳✝♦ç❺í➘ñ ➭ ✏✓✒❺ç➘ò➂�↔ï❺ì❰ï
➭ í × ê✓☎ôî ➭ ☞✰ïÐì✢ï➲☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶ê✲ñ↔ï❅é☞ïÐîðì ➭➲ý

Acc

✪❚ï × ï❺ì ➭ ï✑✏✓✒❺ç✸ñ➘ç✆☎✢ê✈ù➲ê✈é☞ê✈í➍î❰ç✆☎❾ñ↔ï❅é☞ïÐîðì ➭➲ý ö❋ó❥ï❺ìðï ➭ ☎ôî❰ç➘ò②ï
✇✩★➌❷❹❸✞❺❡❻♥❼❋❽✫✪✭✬✯✮✱✰➩❶✗❽✳✲✫★✵✴☛✶✷★✹✸❊→②⑤❋➁➂→➜❸❡➁➇⑤▼❽✯❺✻✺✞⑥✯⑩②➃➔❽✯❶✞⑩➄→➜❽❇❺✐❶✗➈➇❻♥❼❋❽✯❶✗⑩➠❸✞⑥✿⑤✯⑥✿⑤➝↕❫➃➔➈➇➛➠⑤❋↕❫➃➓⑤ ➞✣✼ ⑧④❶✞⑤✯⑩❭❿✖❸❡⑤❇❻♥❼❋❽✾✽ ➋ ➡ ➋

➀✆➜



é☞ïÐîðì ➭➲ý
Acc

õ❴ç ➭ é❾ë➘ù➮î ➭ �❶ù ➭ ✝♦ï❺ñ↔ï➞�❛ç▲ì✢ë❶é õ❤ïÐîðç❺ì✢ñ➘ê✍�✍ê♦ì❮îðë➘ìôû↔ï✑✏✓✒❺ç➟❅❴ê✓☎✁✝❫ï❺ù➲ï❺ì❙❇sê■õ❴ç ➭ ï × ï❺ù ➭ ï❺ñ↔ï✸ï✴ì❰ê✌☎❉�✍ç✆☎ôîðï
ñ➘ç✦☎ ➭ ☎❮îðê✈é✲ï✡�↔ï❺ìðï✡✝❫ï❺ñ➘ï☞í✠❱ × ê♦ù★ñ➘ê❏�❛ê✈ìôî❰ë➘ì❰û↔ï✾✏▼✒❺ç☞ñ↔ï☞é☞ïÐîðì ➭➲ý ö✞◆✳☎úìôê✓☎❰ë❶ù➯î➶ïÐñ➘ç✆☎❄ç▲û❶î ➭ ñ➘ç✆☎❄í➘ê✓☎❮î➶ï✔ïÐí✧❋❺ù ➭ ☎❰ê❈☎❉✒❺ç
é✾ç✆☎ôî❰ìðï❺ñ➘ç✑☎❂í↔ï P ☞▲ë➘ì❰ï ➛ ö ➔ öÿæ P ☞▲ë➘ì❰ï■é☞ç✆☎❮îðì❰ï✔ç➞�✍ê♦ì✁✝♦ê✈í➍î❰ë↔ï❺ù➀ñ➘ê✾ï❺ù➮îðê✈ìðï✑✏✓✒❺ç■í↔ï■ì❰ê✌☎❉�✍ç✆☎ôîðï❚ñ❶ê ×✬➭ ñ➘ç❧ï■ë➘é
ñ↔ï❺ñ❶ç❩�✍ê♦ì✁✝♦ê✈í➍î❰ë↔ï❺ùèñ➘ê❚ïÐù➯îðê✈ìðï✑✏✓✒❺ç❅í↔ï❅é☞ïÐîðì ➭➲ý ñ❶ê✻ö↔ê✷✶ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êÐö➁ó❥ç✬ñ➘ê✷❑➶☎❰ê❚ç▲û✠☎ôê♦ì × ï❺ì✢í➘ï P ☞▲ë➘ìðï ➛ ö ➔ ë➘é
✝♦ç❺é✦�✍ç▲ìôîðï❺é✾ê♦í✰îðç✦�➘ì❉✸▼✶ ➭ é✾ç✲ñ➘ç■ù ➭ í➘ê♦ï❺ì↕ê✵�✍ç▲ë✠✝♦ç✙☎ ➭ ☞❺í ➭✗P ✝♦ïÐî ➭➮× ç✦�↔ï❺ìðï☞ç✆☎ × ï❺ù➲ç❺ì❰ê✓☎❄ñ➘ê✵� ➭ ✝♦ç❘❑÷ï❘❑➶� ➭ ✝✈ç☞ñ➘ç✲ê♦ì❰ìôç
ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ö

−5 −4 −3 −2 −1 0 1 2 3 4 5
−2

−1.5

−1

−0.5

0

0.5

1

1.5

2

E
fe

it
o 

na
 r

es
po

st
a 

do
 P

P
E

T
L

 (
%

)

Fator de perturbação da matriz  A
cc

  (%)

❃ ➭ ☞➘ö ➛ ö ➔ Ð þ ê♦í✠☎ ➭ û ➭ ù ➭ ñ➘ï❺ñ➘ê❀ñ↔ï✢é☞ïÐîðì ➭➲ý ñ❶ê✬ö➘ê✷✶ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êÐö

ó❡ï❺ì❰ï❳✂➍ë↔ï❺í✰î ➭◗P ✝❫ïÐì✔ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï❋ñ↔ï✾☎✦�✍ê♦ì❮îðë➘ìôû↔ï✑✏✓★✬ê✓☎✲í↔ï❳☎ôç▲ù➲ë✠✏✓✒❺ç✕ñ❶çÓ�➘ìôç▲û➘ù➲ê✈é✲ï➋ò④ë✠☎ôç▲ë❯❑➏☎ôê✸ï ➭ í➘ñ↔ï❋ï
ñ➘ê✈ì ➭➯× ï❺ñ➘ï✶ù➯ç✆☞✰ï❺ì✁❱➯î❰é ➭ ✝❫ï❤❝ ⑨▲❻ ò✧�➂ö ❹✾➀❶⑩ ❑ ❹✾➀✰❹ ❞❿ò✜✝♦ç❺í❶õ❴ç▲ì❰é✾ê●ï✢ê✓✂➍ë↔ï✑✏✓✒❺ç➫❅ ➛ ö ❹ ❇ ö

S =
d (log u)

d (log x)
=

du/ut

dx/xt
,

❅ ➛ ö ❹ ❇

ç▲í➘ñ❶ê
S
✪✾ï❚ñ❶ê♦ì ➭➮× ï❺ñ↔ï➆�↔ï❺ì❰ï❚ç↔✝✓❋❺ù✭✝✈ë➘ù➲ç■ñ↔ï↔☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ïÐñ➘ê❺ò

u
✪✶ï❧ìôê✓☎✁�❛ç✆☎❮î➶ï■ñ➘ç➞�➘ì❰ç❺û➘ù➲ê✈é✲ï❶ò

x
✪✶ç × ïÐù➲ç▲ì

ñ➘ç✵�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç❏�↔ï❺ìðïÿïsï❺í✠❋❺ù ➭ ☎❰ê❄ñ➘ê✕☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ➘ï❺ñ➘ê❺ò
ut

ê
xt

☎✹✒❺ç × ïÐù➲ç▲ìôê✓☎ ì❰ê✓�❶ì❰ê✓☎ôê♦í✰î➶ï♣î ➭➯× ç✆☎èñ↔ï❒ì❰ê✓☎✁�❛ç✑☎ôî➶ïÿñ↔ï
õ❴ë➘í✠✏✓✒❺ç✾ê❒ñ❶ç✡�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✶ì❰ê✌☎❉�✍ê✓✝ î ➭➯× ï❺é✾ê♦í✰î❰ê❺ö

❼❺❻



æ➇ê✌✂➍ë↔ï✑✏▼✒Ðç✎❅ ➛ ö ❹ ❇❛�✍ç➋ñ➘ê➃☎❰ê✈ìÕ✝♦ï❺ù✭✝✈ë➘ù ïÐñ↔ïúï♣îðìðï × ✪✓☎❡ñ➘ï✽ï✑�➘ìôç▼✶ ➭ é✲ï✾✏▼✒❺ç✞�✍ç▲ì★ñ ➭ õ❴ê✈ì❰ê♦í✜✏❫ï✑☎ P í ➭ îðï✑☎★ñ➘ê➃�➘ì ➭ é☞ê ➭ ìðï
ç▲ìôñ➘ê♦é❲✝✈ç▲í❶õ❴ç▲ìôé☞ê❂é✾ç✆☎❮îðìðïÐñ➘ç✢í↔ï✶ê✓✂➍ë↔ï✑✏✓✒❺ç➲❅ ➛ ö ⑨ ❇q❝ ⑨❺❻ ò✠�➂ö ❹✆➔✑➀ ❞✜❝ ⑩❺➜ ò✧�➂ö ⑩❲❼✾➛ ❑ ⑩ → ❻ ❞❿ò

du/ut

dx/xt

≈
∆u/ut

∆x/xt

=
2[u(x + ∆x) − u(x)]/[u(x + ∆x) + u(x)]

∆x/(x + 0.5∆x)
,

❅ ➛ ö ⑨ ❇

ç▲í➘ñ❶ê
u(x)

✪❒ï✶ìôê✓☎✁�❛ç✆☎❮î➶ï✾ñ↔ï❾õ❴ë➘í✠✏▼✒Ðç
u
�↔ï❺ìðï✶ï × ï❺ì ➭ ❋ × ê♦ù

x
ò
∆x

✪❒ç✎�↔ï✾☎❉☎❰ç✾í➘ç × ï❺ù➲ç▲ì④ñ↔ï × ïÐì ➭ ❋ × ê♦ù
x
ö

æ✒ñ➘ê♦ì ➭➯× ï❺ñ↔ï
S
�↔ï❺ìðï✢ç✎✝▼❋Ðù✭✝♦ë❶ù➲ç❾ñ↔ï✤☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ➘ï❺ñ➘ê✎❅ × ê♦ì↕ê✌✂✬ë➘ï✑✏▼✒❺ç➫❅ ➛ ö ⑨ ❇✁❇Õõ❴ç▲ì❰í❶ê✓✝♦ê●ï✾☎úïÐù➯îðê✈ìðï✑✏✌★➋ê✌☎øì❰ê✈ù ï❘❑

î ➭➮× ï✑☎❀í↔ï■ì❰ê✌☎❉�✍ç✆☎ôîðï
u
ñ➘ê ×➋➭ ñ➘ç➞ú❚ï❺ù➯î❰ê♦ìðï✾✏▼✒❺ç✔ìôê♦ù➲ïÐî ➭➮× ï☞í➘ç↔�↔ï❺ì✹✺Ðé☞ê îðì❰ç

x
ö❾ó❥ç▲ì❮î➶ï❺í✰îðç❶ò❂✂✬ë➘ï❺í➘ñ➘ç❧ç × ï❺ù➲ç▲ì✽ñ↔ï

ñ➘ê✈ì ➭➯× ï❺ñ➘ï✎✪●é☞ï ➭ ç❺ìøñ➘ç✎✂➍ë➘ê ⑩ ï✑☎❄ï❺ù➮îðê♦ì❰ï✑✏✓★✬ê✓☎èìôê♦ù➲ïÐî ➭➮× ï✾☎øí↔ï✶ì❰ê✓☎✁�❛ç✑☎ôî➶ï✎☎✹✒Ðç☞é☞ï ➭ ç❺ì❰ê✓☎④ñ➘ç✦✂➍ë➘êÿï✑☎❄ï❺ù➮îðê♦ì❰ï✑✏✓★✬ê✓☎
ì❰ê✈ù ïÐî ➭➯× ï✑☎Õí➘ç✎�↔ï❺ì✹✺Ðé☞ê îðì❰ç❶ò➋ê●ï✑☎✁☎ ➭ é ç✤�↔ï❺ì❉✺❺é✾ê✈îðìôç✤�❛ç✬ñ➘ê✳☎ôê♦ì✞✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ➘ç✤☎ ➭ ☞▲í ➭◗P ✝❫ïÐî ➭➯× ç✵�↔ï❺ì❰ï✾ï✵�❶ì❰ê✓✝ ➭ ☎❉✒❺ç
ñ↔ï✡☎❰ç▲ù➯ë✠✏▼✒❺ç✾ñ➘ç✦�➘ì❰ç▲û❶ù➲ê♦é☞ï❶ö✩✔✆❋✡�↔ïÐìðï × ï❺ù➯ç▲ì❰ê✌☎↕ñ↔ï☞ñ➘ê✈ì ➭➮× ïÐñ↔ï

S
é❾ë ➭ î❰ç☞é✾ê♦í❶ç▲ì❰ê✌☎úñ➘ç✦✂➍ë➘ê ⑩ ò✝ç✡�↔ï❺ì❉✺❺é☞ê îðìôç

�✍ç➋ñ➘ê❈☎ôê♦ì■✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐñ➘ç✎�❛ç▲ë✜✝♦ç ➭ í✜ö↔ë❶ê♦í✰îðê●í↔ï✤☎❰ç❺ù➲ë✠✏✓✒❺ç✶ñ➘ç✦�❶ì❰ç▲û➘ù➯ê♦é☞ï❂❝ ⑨❺❻ ò✧�➂ö ❹✑➀❶⑩ ❑ ❹✑➀✰❹ ❞❿ö

◆ × ï❺ù➯ç▲ì❽ñ↔ï❀ñ➘ê♦ì ➭➯× ï❺ñ↔ï❄�↔ï❺ìðï❀ç❈✝✓❋❺ù✭✝✈ë➘ù➲çúñ↔ï✳☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ïÐñ➘êÕç❺û❶î ➭ ñ➘ç❂ïÐî❰ìðï × ✪✌☎➀ñ↔ï❀ê✓✂➍ë↔ï✑✏✓✒❺ç✡❅ ➛ ö ⑨ ❇❽ì❰ê✈õ❴ê✈ì❰ê✈í➍î❰ê
ú✑☎✾ï❺ù➮îðê♦ì❰ï✑✏✓★✬ê✓☎✶í➘ç❋ó②ó❖✚❖✰↕ü❈ñ❶ê ×✬➭ ñ➘ç❳ú✑☎✡�❛ê✈ìôî❰ë➘ì❰û↔ï✾✏✓★✬ê✓☎✾ñ↔ï➁é☞ïÐî❰ì ➭➲ý ñ➘ê➞ö➘ê✷✶ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✲õ❴ç ➭

0.39
ö❧◆➴✂➍ë➘ê

✂➍ë↔ï❺í✰î ➭◗P ✝❫ï✢ç✤✝✈ç▲é✦�✍ç▲ì❮î➶ï❺é✾ê♦í✰îðç✢ç❺û✠☎❰ê✈ì × ï❺ñ➘ç✶í↔ï P ☞❺ë➘ìðï ➛ ö ➔ ö②ó❥ç❺ìôî➶ïÐí➍î❰ç➘ò✠�✍ç➋ñ❶ê✷❑➏☎ôê❈✝♦ç▲í✜✝♦ù➲ë ➭ ì✩✂➍ë➘ê❈�✍ê✓✂➍ë➘ê✈í↔ï✑☎
�✍ê♦ìôî❰ë➘ì❰û➘ï✑✏✓★✬ê✓☎❽í↔ïúé☞ïÐî❰ì ➭➲ý ñ❶ê➃ö↔ê❸✶ ➭ û ➭ ù ➭ ñ➘ï❺ñ➘ê❺ò

Acc

òÐì❰ê✌☎❰ë➘ù➮î➶ï❺é❈ê✈é × ï❺ì ➭ ï✑✏✓★✬ê✓☎★í✧✒❺ç■☎ ➭ ☞▲í ➭◗P ✝❫ïÐî ➭➯× ï✑☎✐í↔ï■☎❰ç▲ù➯ë✠✏▼✒Ðç
ñ➘ç✎�➘ìôç▲û➘ù➲ê✈é✲ï➋ö

✘ ➭ ïÐí➍î❰ê②ñ ➭ ☎❮îðç➘ò❘�❛ç✬ñ➘ê❸❑➏☎❰ê ï✑☎✁☎❰ë➘é ➭ ì❂✂➍ë➘ê➃�✍ê✓✂➍ë➘ê♦í➘ï✑☎❡ê✈ì❰ì❰ç✑☎❽í❶ç✆☎Õ�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✆☎❂✂➍ë➘ê➃✝♦ç❺é✦�✄★➋ê✈é❈ç✆☎★ê♦ù➯ê♦é✾ê♦í✰îðç✑☎
ñ↔ï✢é☞ïÐîðì ➭➲ý ñ➘ê✳ö➘ê✷✶ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✎❅ × ê✈ìúï✾☎èê✓✂➍ë↔ï✑✏✌★➋ê✌☎✵❅❴æsö ➀ ❇④ê✡❅❤æÿö ➜ ❇✁❇④ñ➘ç✾ï✑� ❀ í➘ñ ➭ ✝♦ê●æ➟í✧✒❺ç✎☎❉✒❺ç✎☎ ➭ ☞❺í ➭✗P ✝♦ïÐî ➭➮× ç✆☎
�↔ï❺ì❰ï■ï✻�➘ì❰ê✌✝ ➭ ☎✹✒❺ç❚ñ↔ï✔ìôê✓☎❉�✍ç✆☎❮î➶ï■ñ➘ç➆�➘ìôç▲û➘ù➲ê✈é✲ï➋ö❏✚➀í✰îðìôê✢ê✓☎❮îðê✓☎✬�↔ïÐì✹✺❺é✾ê✈î❰ì❰ç✆☎❀ê✌☎ôî✹✒❺ç❚ç■é✦✸✬ñ➘ë➘ù➯ç✲ñ➘ê✢ê✈ù ï✑☎❮î ➭ ✝ ➭ ❑
ñ↔ï❺ñ❶ê❺ò✝ç✎✝♦ç✬ê P ✝ ➭ ê♦í✰î❰êÿñ➘êÿó❥ç ➭ ☎❉☎ôç▲í➂ò✝ï✑☎↕õ❴ë➘í✠✏✌★➋ê✌☎↕ñ➘êÿñ❶ê✌ö↔ê❸✶✠✒Ðç✲ñ↔ï✎�➘ù ï✾✝❫ï✶ï❺í✧❋❺ù➯ç✆☞✰ï✢ï❺ç✶ñ➘ê✈í✰îðê❺ò✍ê♦í✰î❰ì❰ê❒ç▲ë❶îðìôç✆☎♦ö
✚ ×✬➭ ñ➘ê✈í➍î❰ê♦é✾ê♦í✰îðê●ç✆☎✮�↔ï❺ì✹✺Ðé☞ê îðì❰ç✑☎④ì❰ê✈ù ï✑✝ ➭ ç▲í➘ï❺ñ➘ç✆☎❍✝♦ç▲é ï✵☞▲ê♦ç❺é☞ê îðì ➭ ïÿñ➘ç✢ñ❶ê♦í✰îðêÐò✧✝♦ç▲é✾ç❾ç✎✺❺í✠☞❺ë➘ù➲ç❾ñ❶ê❈✟✠✪♦ù ➭ ✝♦ê
�✍ç▲ì✽ê❸✶❶ê✈é✦�❶ù➲ç➘ò✄�❛ç✬ñ➘ê✈é✑ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺ì❂ë➘é☛✝♦ç▲é✡�✍ç▲ìôîðï❺é☞ê✈í✰îðç✲ñ ➭ õ❴ê♦ìôê♦í✰îðêsñ➘ê ×✬➭ ñ❶ç➆ú✔ï❺ù➮îðê♦ì❰ï✑✏▼✒Ðç✲ñ↔ï✲ìôê✓☞ ➭ ✒❺ç✾ñ➘ê
✝♦ç❺í➍îðïÐîðç❶ö

❼➋⑩



ë❂➱♥➮ ☛❤✬❄✺■✳✤✸✻❉■✸❇✵✻✸✻❮■✱✎❮❂✬ ✿✴✳î❏✷✱✷✰✾✸✖✱✴❑▼▲◆✬❄✳❍✺✼✱ ❮■✸✻✳➉✮✥❐✎✺■❅▼✸✻✱ ✬❄✺◆✮✤✰✾✬ ❅❆✬❄✺◆✮✤✰✾❈●✳

æ➇ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï❄ê✈í✰îðì❰ê❍✝♦ê✈í➍î❰ì❰ç✆☎❡ñ➘ê④é✾ç▲í✰î➶ï✑☞❺ê♦é➟ñ➘ê ë➘é➡�↔ï❺ì❽ñ➘ê④ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎Õ✪④ë✠☎ôë↔ï❺ù➲é✾ê♦í✰î❰êÕñ➘ê îðê✈ì❰é ➭ í↔ï❺ñ➘ï
�✍ê♦ù ï✾☎✳�❛ç✑☎ ➭ ✏✌★➋ê✌☎✽ñ➘ç✑☎❂é✲ï❺í✜✝❫ï ➭ ☎úë✠☎ ➭ í↔ïÐñ➘ç✆☎❀í↔ï✻✝♦ï❺ì❉✝♦ï✑✏❫ï✔ñ➘ï✻✝❫ï ➭ ✶➘ï☞ñ➘ê✢ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎♦ö❏✘✽ê✓☎ ×➋➭ ç✆☎❀ñ↔ï✻�✍ç✆☎ ➭ ✏▼✒Ðç
í➘ç▲é ➭ í➘ï❺ù❨ê✌☎❉�✍ê✓✝ ➭◗P ✝❫ïÐñ↔ï✦�↔ïÐìðï✶ï✾ë✜☎ ➭ í➘ï✑☞▲ê♦éq�❛ç✬ñ➘ê✈é ù➲ê × ïÐì↕ï✾ñ➘ê✌☎ðï❺ù ➭ í✠✟➘ï❺é☞ê✈í✰îðç✆☎èñ➘ç✑☎❄ê ➭ ✶➋ç✆☎✿✂➍ë➘ê✫☎❰ë✠�✍ç▲ì❮î➶ï❺é
ï✑☎↕ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎úê❒ï × ï❺ì ➭ ï✑✏✓★✬ê✓☎èñ➘ï✶ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï✢ñ➘ê❂îðì❰ï❺û↔ï❺ù✗✟➘ç✢ñ↔ï✑☎↕ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö

æ✽ù✭✪✈é ñ ➭ ☎❮îðç➘òþ�❛ç✬ñ➘ê♦ì❭❑➏☎ôê✷❑ ➭ ï☞ï✾☎❉☎❰ë❶é ➭ ì✕✂➍ë➘ê❾ñ➘ê✌☎ ×✬➭ ç✑☎❂ñ➘ê✛✝✈ç▲í✠✝♦ê✈í✰îðì ➭ ✝ ➭ ñ↔ï❺ñ➘ê❾ê✈í✰îðì❰ê✢ç✙✝♦ê♦í✰î❰ì❰ç■ñ➘êsî❰ìðï❺û➘ï❺ù✭✟➘ç
ñ↔ï❧ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é☎ê✾ç❉ñ ➭ ✺❺é☞ê îðìôç➞�❶ì ➭ é ➭ î ➭➯× ç■ñ➘ç✆☎❒ñ➘ê♦í✰îðê✌☎✛�✍ç➋ñ❶ê♦ì ➭ ï❺é❦☎ôê♦ì✛✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ➘ç✑☎❏✝✈ç▲é☞ç × ï❺ì ➭ ï✑✏✓★✬ê✓☎
ñ↔ï❅ñ ➭ ☎ôî❙✺Ðí✠✝ ➭ ï✸ê♦í✰îðìôê✍✝✈ê♦í✰îðìôç✆☎✾ï❺ç✴ù➲ç▲í✠☞❺ç✸ñ➘ç➇�❛ê✈ì❉❱➯é☞ê îðì❰ç❅ñ➘ï✴ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é❧öÖ◆❀û ×✬➭ ï❺é☞ê✈í✰îðê❚í➘ê✓☎❮îðê↔✝❫ï✾☎❰ç❋ï
ñ ➭ ☎ôî❙✺Ðí✠✝ ➭ ï✴ê✈í✰îðì❰ê➞✝♦ê✈í✰îðì❰ç✑☎✾î❰ê♦ì ➭ ï❅ë➘é × ï❺ù➲ç▲ìsñ ➭ õ❴ê✈ì❰ê♦í✰î❰ê➞�➘ï❺ìðï➇✝❫ï❺ñ➘ï❩✝ ➭ ✝♦ù➯ç✴ñ➘ê❚ê♦í✠☞▲ìôê♦í↔ïÐé☞ê✈í➍î❰ç❋ñ❶ç❳�↔ïÐì✾ñ❶ê
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✢ê✲ñ➘ç ➭ ☎❒ê✈õ❴ê ➭ îðç✆☎❏�❛ç✬ñ➘ê✈ì ➭ ïÐé ☎❰ê♦ìsç▲û✠☎❰ê✈ì × ï❺ñ➘ç✑☎❾í➘ç✸ê✌☎❉�✍ê✓✝✈î❰ì❰ç❅ñ➘ê✾õ❴ì❰ê✌✂⑥➾ ❀ í✠✝ ➭ ï✑☎✈ò➀ë➘é ñ❶ê ×✬➭ ñ➘ç➲ú
ï❺ù➮îðê♦ì❰ï✑✏▼✒Ðç❋ñ↔ï❅õ❴ç▲ìôé✲ï❅ñ↔ï✴õ❴ë➘í✠✏▼✒Ðç✕ñ➘ç➁ê♦ìôì❰ç✕ñ❶ê❧î❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç❳�➘ï❺ìðï➇✝❫ï❺ñ➘ï❳✝ ➭ ✝♦ù➯ç➁ñ❶ê ê✈í✠☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç❳✂➍ë➘ê
�✍ç➋ñ➘ê✈ì ➭ ï✦✝❫ïÐë✠☎ðï❺ìúë➘é☞ï✲ï❺ù➮îðê♦ì❰ï✑✏▼✒Ðç☞í↔ï✲ï❺é✦�❶ù ➭ î❰ë➘ñ➘ê●ñ↔ï✑☎❄✟↔ï❺ìôé☛❬▲í ➭ ✝❫ï✾☎úñ➘ç✙✚✱✰↕ü②ò❛êsç☞ç▲ë❶îðìôç✔ñ➘ê ×➋➭ ñ➘ç✔ñ ➭ ì❰ê î➶ï❘❑
é✾ê♦í✰îðê✶ï❺ç✲ñ➘ê✓☎ ×➋➭ ç❚ñ➘ê✤✝♦ç▲í✜✝♦ê♦í✰î❰ì ➭ ✝ ➭ ñ↔ïÐñ➘ê✵✂➍ë➘ê✤✝❫ïÐë✠☎ðï❺ì ➭ ï✲ë❶é✟ê✈õ❴ê ➭ î❰ç✔ñ➘ê✢é✾ç➋ñ➘ë❶ù ï✑✏✓✒❺ç✲ñ➘ç➆☎ ➭ í↔ïÐù⑧ïÐõ❴ê î➶ï❺í➘ñ❶ç❚ï
õ❴ì❰ê✌✂➂➾ ❀ í✠✝ ➭ ï❚õ❴ë➘í➘ñ↔ï❺é✾ê♦í✰îðï❺ù⑧ñ➘ç❧ê ➭ ✶❶ç➻❝ ❹✆➔ ò➧�➂ö ➜✆➜ ❑ ⑩❲❻✰❹ ❞❿ö ✽ ï❚ï❺í✧❋Ðù ➭ ☎ôê✢ì❰ê♦ï❺ù ➭➯ý ï❺ñ↔ï➋ò✐ï❚ï❺ù➯î❰ê♦ìðï✾✏▼✒❺ç❚ñ↔ï❚ñ ➭ ☎❮î❙✺❺í✜✝ ➭ ï
ê♦í✰î❰ì❰ê✫✝♦ê♦í✰î❰ì❰ç✆☎■✝❫ï❺ë✜☎ðï❺ñ↔ï✎�✍ê♦ù➲ç✢ê õ❴ê ➭ îðç✶ñ➘ç✶ñ➘ê✓☎ ×✬➭ ç✾ñ➘ê✬✝♦ç▲í✠✝✈ê♦í✰îðì ➭ ✝ ➭ ñ↔ï❺ñ❶ê❒í✠✒❺ç✢õ❴ç ➭ ✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐñ↔ï❶ö

✚❖☎❮î➶ï✑☎ × ï❺ì ➭ ï✑✏✓★✬ê✓☎ ê♦é ì❰ê✈ù ï✑✏✓✒❺ç❾ï❒ñ ➭ ☎❮î❙✺❺í✠✝ ➭ ï❒ê♦í✰îðìôê✳✝♦ê✈í➍î❰ì❰ç✆☎④í➘ç▲é ➭ í↔ï❺ù✝ï♣õ❴ê✈î➶ïÐé➩ç✆☎✮�✍ç▲í✰îðç✆☎Õñ ➭ ☎✁✝♦ìôê✈îðç✑☎øê♦é
✝♦ç❺í➍îðïÐîðç❚ê✈í➍î❰ì❰ê✶ï✑☎❈☎ôë✠�✍ê♦ìôõ➌❱✗✝ ➭ ê✓☎❂ñ➘ç✆☎❂ñ❶ê♦í✰îðê✌☎❒ñ➘ï✑☎❂ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎❒é✾ç❺î❰ç▲ìðï✲ê✢é✾ç ×✬➭ ñ↔ï❶ö✬✰❥ï❺í✰îðç❧ï✔é☞ïÐîðì ➭➲ý ñ❶ê
ö↔ê❸✶ ➭ û ➭ ù ➭ ñ↔ïÐñ➘ê❺ò

Acc

ò❛✂➍ë↔ï❺í✰îðç❚ç × ê✈î❰ç▲ì❂ñ➘ç✆☎❂ï♣õ❤ï✑☎ôîðï❺é☞ê✈í✰îðç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎♦ò
hc

ò➂ñ↔ï✔ê✓✂➍ë↔ï✾✏▼✒❺ç❩❅ ⑨ ö ⑩❺➔ ❇ òþ�❛ç✬ñ➘ê♦é➴☎❰ê✈ì
ïÐõ❴ê î➶ï❺ñ➘ç✑☎■�✍ç▲ìèê✌☎ôî➶ï✾☎ × ï❺ì ➭ ï✑✏✌★➋ê✌☎♦ö

✚➀õ❴ê îðë➘ç❺ë❯❑➏☎ôêúï❂ïÐí✧❋❺ù ➭ ☎❰êøñ❶ê✿☎❰ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✩ú × ïÐì ➭ ï✾✏▼✒❺ç❂ñ↔ï❂ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï❀ê♦í✰îðìôê✿✝♦ê✈í➍î❰ì❰ç✆☎ÕïÐî❰ìðï × ✪✌☎ ñ❶ç✫✝✓❋❺ù✭✝✈ë➘ù➲ç
ñ➘çsó ó❖✚✱✰↕ü⑤�↔ï❺ì❰ï❒ñ ➭➮× ê✈ì❉☎❰ç✑☎ × ï❺ù➯ç▲ì❰ê✌☎ ñ➘ï❒ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï❒ê✈í✰îðì❰ê■✝♦ê✈í✰îðì❰ç✑☎♦ö❍◆ × ï❺ù➲ç❺ì➀í➘ç▲é ➭ í↔ï❺ù❶ñ↔ï❒ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï❂ê♦í✰îðìôê
✝♦ê✈í✰îðì❰ç✑☎➆✝♦ç▲í✠☎❮î➶ï➌í↔ï✕îðï❺û✍ê♦ù ï ➛ ö ⑩ ö➟ó❡ïÐìðï➞ï✕ñ➘ê P í ➭ ✏▼✒❺ç➌ñ❶ç➞é☞ç▲í✰îðï❺í✰îðê❉ñ❶ê × ï❺ì ➭ ï✑✏▼✒❺ç✕ï❺ñ➘é ➭ ☎✁☎❉❱ × ê♦ù■�↔ï❺ì❰ï➞ï
ñ ➭ ☎ôî❙✺Ðí✠✝ ➭ ï✶ê✈í✰îðì❰ê✬✝✈ê♦í✰îðìôç✆☎úë✜☎❰ç▲ë❯❑➶☎❰ê✬✝♦ç❺é☞ç✶ì❰ê õ❴ê♦ì ❀ í✠✝ ➭ ï✾ï✶í❶ç▲ì❰é☞ï✤✘✕✼ ✽ ⑨✑➜✆➀✑➛ ❝ ❹✾➛ ❞ ö

◆❈☎❥ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ➘ç✑☎❥ñ➘ê✌☎ôîðï❂ï❺í✧❋❺ù ➭ ☎❰ê❖☎❉✒❺ç❀é✾ç✆☎ôî❰ìðï❺ñ➘ç✑☎❥í↔ï✾☎ P ☞▲ë❶ìðï✑☎ ➛ ö ➀ ö❡ó❽ç➋ñ➘ê❸❑➏☎ôêøç▲û✠☎ôê♦ì × ï❺ì❥í↔ï P ☞❺ë➘ìðï ➛ ö ➀ ✂➍ë➘ê
ç✆☎úê♦ì❰ìôç✆☎✽í➘ï☞ñ ➭ ☎ôî❙✺Ðí✠✝ ➭ ï☞ê♦í✰î❰ì❰ê✛✝✈ê♦í✰îðìôç✆☎❀í✧✒Ðç✙✝❫ïÐë✠☎ðï❺é ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✦☎ ➭ ☞▲í ➭◗P ✝❫ïÐî ➭➯× ï✢í➘ç✔ê✈ì❰ì❰ç☞ñ➘êÿî❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç➘ö
✼➏☎ôî❰ç✵✪✕✝✈ç▲í P ìôé✲ïÐñ➘ç✵�✍ê♦ù➲ç × ï❺ù➲ç❺ìÕé✦❋❘✶ ➭ é✾ç●ñ➘ê

0.03
ñ↔ïsñ❶ê♦ì ➭➮× ï❺ñ↔ï

S
✝♦ï❺ù✭✝✈ë➘ù ï❺ñ➘ïÿïÐî❰ìðï × ✪✌☎øñ↔ï❒ê✓✂➍ë↔ï✑✏✓✒❺ç➞❅ ➛ ö ⑨ ❇ ö

❼▲❹
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Desvio da distância entre centros (µm)

❃ ➭ ☞➘ö ➛ ö ➀ Ð þ ê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❀ñ❶ç☞ó②ó❖✚✱✰↕ü➁ú × ïÐì ➭ ï✾✏▼✒❺ç✢ñ↔ï✶ñ ➭ ☎ôî❙✺Ðí✠✝ ➭ ï❾ê♦í✰îðìôê❏✝✈ê♦í✰îðìôç✆☎♦ö

✼➻í✰îðë ➭ î ➭➯× ï❺é✾ê♦í✰î❰ê➀ê✓☎❉�✍ê♦ì❰ï × ï▲❑➏☎❰ê ê♦í✜✝♦ç▲í✰îðì❰ï❺ì★ë➘é☞ï✞☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê⑧é☞ï ➭ ç▲ì❂ú✑☎ × ï❺ì ➭ ï✑✏✓★✬ê✓☎✐ñ➘ï↕ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ïèê♦í✰îðìôê
✝♦ê✈í✰îðì❰ç✑☎úñ➘ê ×✬➭ ñ➘ç✦ú✑☎úï❺ù➯î❰ê♦ìðï✾✏✓★✬ê✓☎èñ➘ç✆☎■�✍ç▲í✰îðç✆☎↕ñ➘ê✫✝♦ç▲í✰îðïÐîðç✾ñ↔ï✑☎✞☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎❄é✾ç✬ñ ➭✗P ✝♦ï❺ñ↔ï✑☎èñ❶ç✆☎↕ñ➘ê♦í✰îðê✌☎♦ö ✽ ç
ê♦í✰îðï❺í✰îðç➘òÐê♦í✰îðê✈í➘ñ➘ê♦ë⑥❑➏☎❰ê✮✂✬ë❶ê④ï✑☎➨☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎❥ñ➘ç✑☎❥ñ➘ê✈í✰îðê✓☎Õ�❛ê✈ì❰é☞ï❺í➘ê✌✝♦ê♦ì❰ï❺é �➘ìôê♦ñ➘ç▲é ➭ í➘ï❺í✰îðê♦é✾ê♦í✰î❰ê➃✟❶ê♦ù ➭ ✝✓✸ ➭ ñ➘ê✓☎
ê✲ê × ç▲ù × ê✈í➍î❰ê✓☎✈ò í➘ï✑☎✛✂➍ë↔ï ➭ ☎❾ï➫�❶ì❰ç✆�➘ì ➭ ê✈ñ↔ï❺ñ➘ê✶õ❴ë➘í➘ñ↔ïÐé☞ê✈í➍îðï❺ù➃✪✔ï❉é☞ï❺í➍ë❶îðê✈í✠✏▼✒Ðç✸ñ↔ï❧î❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç❉ë❶í ➭ õ❴ç▲ìôé☞ê
ñ➘ê❒é☞ç ×✬➭ é✾ê♦í✰î❰ç☞ê✈é✏ñ ➭ õ❴ê✈ì❰ê♦í✰î❰ê✓☎❄ñ ➭ ☎❮î❙✺❺í✠✝ ➭ ï✑☎↕ê✈í➍î❰ì❰ê❏✝♦ê♦í✰î❰ì❰ç✆☎●❝ ➔❺⑨ ò✄�❨ö ❹ →✑→✐❞ ò↔ñ ➭ õ❴ê♦ìôê♦í✰îðê✈é☞ê✈í✰îðêsñ❶ç✙✂➍ë➘ê❒ç❯✝✈ç▲ì❰ìôê
✝♦ç❺é ñ➘ê♦í✰î❰ê✓☎❄ñ➘ê●ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎❄ñ➘ê✬�✍ê♦ì P ù❂✝ ➭ ✝✈ù➲ç ➭ ñ↔ï❺ù✾❝ ➔Ð⑨ ò✠�➂ö ⑨ → ❹ ❑ ⑨ → ➜ ❞❿ö

æ➡�↔ï❺ìôî ➭ ìøñ❶ç✆☎↕ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎↕ç▲û➋î ➭ ñ❶ç✆☎èí➘ê✓☎❮î➶ï✾ï❺í✧❋❺ù ➭ ☎ôê❂ñ↔ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✢ñ↔ï✑☎ × ï❺ì ➭ ï✑✏✓★✬ê✓☎èñ➘ï✾ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï❾ê♦í✰îðìôê
✝♦ê✈í✰îðì❰ç✑☎♦ò✿�✍ç➋ñ➘ê❸❑➏☎ôê ñ ➭➯ý ê✈ì✦✂➍ë➘ê ç✕ê✈õ❴ê ➭ î❰ç❳�➘ìôê♦ñ➘ç❺é ➭ í↔ï❺í✰îðê❧ñ➘ê ×✬➭ ñ➘ç➌ï❺ç✑☎☞ñ➘ê✌☎ ×✬➭ ç✑☎✲ñ➘ê➞✝♦ç▲í✜✝♦ê♦í✰î❰ì ➭ ✝ ➭ ñ↔ïÐñ➘ê❉í↔ï✾☎
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄✪❒ï✢é✾ç➋ñ➘ë❶ù ï✑✏✓✒❺ç❾ñ➘ç✡☎ ➭ í↔ï❺ù✜❝ ⑨ →➋ò✧�❨ö ⑩▼➛ ❑ ⑩ →✐❞❿ö

✽ ç✆☎❀î❰ìðï❺û➘ï❺ù✭✟➘ç✑☎✕�✍ê✓☎❉✂➍ë ➭ ☎ðï❺ñ❶ç✆☎❂í↔ï✔ù ➭ îðê✈ìðïÐî❰ë➘ìðï✾ñ ➭ ☎✁�❛ç▲í✜❱ × ê✈ùÕ☎ôç▲û➘ìôê✢ç❚ï✑☎❉☎ôë➘í✰îðç❚í✧✒❺ç✔õ❴ç ➭ ê♦í✜✝♦ç▲í✰îðì❰ï❺ñ↔ï■í➘ê❸❑
í✠✟➍ë➘é☞ï✔ï❺û✍ç▲ì❰ñ➘ï✑☞▲ê♦é☛✂➍ë↔ï❺í✰î❰ç↔ú✙☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶êÿñ➘ç✲ê♦ì❰ìôç✔ñ➘êsî❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç✔ñ➘ê ×✬➭ ñ➘ç➆ú✾☎ × ï❺ì ➭ ï✑✏✓★✬ê✓☎úí↔ï✑☎❀ñ ➭ ☎❫❑
î❙✺Ðí✠✝ ➭ ï✲ê♦í✰îðìôê✤✝♦ê✈í➍î❰ì❰ç✆☎✈ö✫✚②ésû❛ç▲ì❰ï✔ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✲ñ➘ê❾î➶ï ➭ ☎ × ï❺ì ➭ ï✑✏✌★➋ê✌☎✕☎ôê❭➘❰ï✻�✍ê✓✂➍ë➘ê♦í➘ï❶ò❛✝♦ç❺í❶õ❴ç▲ì❰é✾ê × ê♦ì ➭◗P ✝❫ïÐñ↔ï
í↔ï➲�➘ìôê✓☎ôê♦í✰îðê❧ï❺í✧❋Ðù ➭ ☎ôê❺ò❬✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❘❑➶☎❰ê✻✂➍ë➘ê■ç✆☎sì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎sç▲û❶î ➭ ñ➘ç✆☎✵☎❉✒❺ç ➭ é✡�✍ç▲ìôîðï❺í✰îðê✓☎✫�↔ï❺ì❰ï✸ë➘é é☞ê✈ù✭✟➘ç▲ì
✝♦ç❺í✠✟➘ê✓✝ ➭ é✾ê♦í✰îðç✾ê❂ê♦í✰î❰ê♦í➘ñ ➭ é☞ê✈í✰îðç✾ñ➘ç✦�❶ì❰ç▲û➘ù➯ê♦é☞ï❶ö

❼❺⑨



ë❂➱✠ë ☛❤✬❄✺■✳✤✸✻❉■✸❇✵✻✸✻❮■✱✎❮❂✬ ✱r❈●✳✶✬✯✰✥✰✾❈●✳Ò✺❂❈ ✮✹❈r✰✌❀☛❀❂✬ ✱✴❁■✵❇✸✖❅✯✱✴❮❂❈

✴❈❋❺ì ➭ ç✆☎ ê✓☎❮îðë➘ñ➘ç✑☎øé☞ç✑☎ôîðì❰ï❺é➝✂➍ë➘ê❀ç❾ê✈ì❰ìôç❾ñ➘êúî❰ìðï❺í✜☎❰é ➭ ☎❉☎❉✒❺ç✛�✍ç✬ñ➘ê✕☎ôê♦ì④ìôê♦ñ➘ë ý♦➭ ñ❶ç✢ïÐîðì❰ï × ✪✓☎④ñ↔ï ➭ í✰î❰ì❰ç✬ñ➘ë✠✏▼✒Ðç
ñ➘êÿé☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎úí↔ï✾☎✕☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎úñ➘ç✑☎✽ñ➘ê✈í➍î❰ê✓☎◆❝ ❹▲❼ ò ➜✆➜ ò ❼ ò ➀▲⑨ ❞ ö■✚✱☎ôîðï✑☎❀é✾ç➋ñ ➭◗P ✝❫ï✾✏✓★✬ê✓☎❄ïÐîðë➘ï❺é ñ➘êÿõ❴ç▲ìôé✲ï
ê P ✝❫ï ý �↔ï❺ìðï↕ë➘é➟ñ↔ïÐñ➘çúí✜❱ × ê✈ù➍ñ➘ê î❰ç▲ì❉✂➍ë➘êÐò✑✝❙✟↔ïÐé✲ï❺ñ❶çúñ➘ê②îðç❺ì❉✂➍ë➘ê í➘ç▲é ➭ í↔ï❺ù❺ç▲ë❒î❰ç▲ì❉✂➍ë➘ê ñ➘ê➃�➘ì❰ç▲➘ôê✈îðç●❝ ⑩❫❻✑➛ ò ⑩▲⑩❲⑨ ❞ ö

✽ ï✑☎➃✝♦ç▲í❶ñ ➭ ✏✌★➋ê✌☎Õìôê❫ï ➭ ☎Õñ➘êúï✑�➘ù ➭ ✝♦ï✑✏▼✒❺ç●ñ➘ê■�↔ï❺ìôê✓☎Õê♦í✠☞▲ìôê♦í↔ïÐñ➘ç✆☎♦ò➋ç❒î❰ç▲ì❉✂➍ë➘ê❄✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐñ➘çsí➘ç❏�➘ì❰ç▲➘ôê✈îðç❏�↔ï❺ì❰ï
ï✑☎⑧ê✌☎❉�✍ê✓✝ ➭✗P ✝♦ï✑✏✓★✬ê✓☎➀ñ↔ï✾☎⑧é☞ç✬ñ ➭◗P ✝❫ï✑✏✌★➋ê✌☎❥ñ➘ï✑☎❬☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê✌☎❡ñ➘ç✆☎❡ñ➘ê♦í✰îðê✌☎✱�❛ç✬ñ➘êèï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺ì⑧ñ➘ê✌☎ ×✬➭ ç✆☎❡ê♦é❖ì❰ê♦ù➲ï✑✏▼✒Ðç
ï❺ç✎☎❰ê✈ë × ï❺ù➯ç▲ìøí➘ç▲é ➭ í➘ï❺ù ö❊✣④ç▲í✠☎ ➭ ñ➘ê✈ì❰ç▲ë❯❑➶☎❰ê ➭ é✡�❛ç❺ìôî➶ïÐí➍î❰ê❀ï × ï❺ù ➭ ï❺ìèï✤☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ïÐñ➘ê❀ñ➘ç✶ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
ú✑☎ × ï❺ì ➭ ï✑✏✓★✬ê✓☎èñ❶ç✶î❰ç▲ì❉✂➍ë➘ê❒ï✑�❶ù ➭ ✝♦ï❺ñ➘ç➘ö

æ × ï❺ù ➭ ç▲ë❯❑➶☎❰ê✽ï✎☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êúñ➘ç✶ê♦ì❰ìôç✶ñ➘ê❂îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç✎ú✑☎ × ï❺ì ➭ ï✑✏✌★➋ê✌☎♦ò➋ç▲ë❚ê♦ì❰ìôç✆☎♦ò↔ñ❶ç✶î❰ç▲ì❉✂➍ë➘ê●ï✾�➘ù ➭ ✝❫ï❺ñ➘ç
í➘ç➆�↔ïÐì❀ê♦í✠☞❺ì❰ê♦í➘ï❺ñ➘ç➆✂➍ë↔ï❺í➘ñ❶ç❧ê✈é✑ç✑�❛ê✈ìðï✑✏✓✒❺ç➘ö●ó❡ïÐìðï ➭ ☎❮îðç➘ò⑧✝♦ç▲í✠☎ ➭ ñ➘ê✈ì❰ç▲ë⑥❑➏☎❰êsë➘é✑ê✈ì❰ìôç■é✙❋❘✶ ➭ é☞ç☞ê♦é✖ì❰ê♦ù➲ï✑✏▼✒Ðç
ï❺çsî❰ç▲ì❉✂➍ë➘ê❂í❶ç▲é ➭ í↔ï❺ù↔ñ➘ê❀ï❺í✧❋❺ù ➭ ☎❰êúñ➘ê

+5%
ï
−5%

ö②æ✡õ❤ï ➭ ✶❶ïsñ➘ê✽î❰ç▲ì❉✂➍ë➘ê✽ñ➘ê
70Nm + 5%

ï
70Nm− 5%õ❴ç ➭ ñ ➭ ☎❉✝✈ì❰ê î ➭➲ý ï❺ñ↔ï■ê♦é

5
�✍ç▲í✰îðç✑☎♦ö✡◆✳☎●ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎●ñ➘ç❧ó②ó❖✚✱✰↕ü➟�↔ï❺ìðï➆✝♦ï❺ñ↔ï■ë➘é✂ñ➘ç✑☎

5
í✠❱ × ê ➭ ☎●ñ➘ê✢îðç▲ì✁✂➍ë➘ê

☎✹✒Ðç☞é✾ç✆☎ôî❰ìðï❺ñ❶ç✆☎èí↔ï P ☞▲ë➘ì❰ï ➛ ö ❼ ö

◆❂û➋îðê × ê✷❑➶☎❰ê❒ï❾ñ➘ê♦ì ➭➯× ï❺ñ↔ï✵�➘ï❺ìðï❾ç✤✝✓❋❺ù✭✝✈ë➘ù➲ç❾ñ➘ï✵☎❰ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê✽ïÐîðì❰ï × ✪✓☎↕ñ↔ï❾ê✌✂➍ë↔ï✑✏▼✒Ðç➫❅ ➛ ö ⑨ ❇Õê❂ç✢ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç
ê♦í✜✝♦ç▲í✰îðì❰ï❺ñ➘ç✶õ❴ç ➭

0.38
ö❖✚✱☎ôî❰ê × ïÐù➲ç▲ìøñ➘ï❾ñ➘ê♦ì ➭➯× ï❺ñ↔ï

S
➭ í➘ñ ➭ ✝❫ï✛✂➍ë➘ê✬�✍ê✓✂➍ë➘ê✈í➘ç✆☎↕ñ➘ê✓☎ ×✬➭ ç✆☎↕ê♦é îðç▲ìôí➘ç✢ñ➘ç✢îðç❺ì❉✂➍ë➘ê

í➘ç▲é ➭ í➘ï❺ù↔í✧✒❺çsïÐõ❴ê✈îðï❺é➩ñ➘êúõ❴ç❺ì❰é☞ï✬☎ ➭ ☞▲í ➭✗P ✝♦ïÐî ➭➮× ï❂çsó ó❖✚✱✰↕ü➀ö✠✚✱☎ôî❰ê✽ìôê✓☎❰ë❶ù➯î➶ïÐñ➘ç✛✪ × ❋Ðù ➭ ñ❶ç✫�➘ï❺ìðï❒ç✆☎ × ï❺ù➯ç▲ì❰ê✌☎Õñ❶ê
ñ➘ê✌☎ ×✬➭ ç✆☎④ê✓☎ôî❰ë➘ñ↔ï❺ñ❶ç✆☎♦ö þ ï❺û✍ê✷❑➶☎❰ê✳✂➍ë➘ê✕✂✬ë➘ï❺í➘ñ➘ç❾ç✛�↔ï❺ì④ê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✢ç✆�❛ê✈ìðï❒ê♦é➹☎ ➭ ☎❮îðê✈é✲ï✫✝♦ç▲é ï❺é✡�➘ù ï × ï❺ì ➭ ï✑✏▼✒❺ç
ñ➘ê②îðç▲ì✁✂➍ë➘ê❺ò❘✝♦ç▲é✾ç↕í➘ç✞✝❫ï✑☎ôçúñ➘ï✑☎➧✝❫ï ➭ ✶➘ï✾☎❽ñ❶ê ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎❥ï✑�➘ù ➭ ✝❫ïÐñ↔ï✑☎➂ê✈é × ê✌❱✭✝♦ë❶ù➲ç✆☎★ê✓✂➍ë ➭ �↔ï❺ñ➘ç✑☎➨✝✈ç▲é❈é✾ç❺îðç❺ì❰ê✓☎
ñ➘ê✫✝♦ç▲ésû➘ë✠☎ôî✹✒❺ç ➭ í✰îðê✈ì❰í↔ï❶ò↔ç☞ó②ó❖✚❖✰↕ü➁�✍ç➋ñ❶ê✫☎ôê♦ìúï❺ù➯î❰ê♦ì❰ï❺ñ➘ç✎☎ ➭ ☞▲í ➭✗P ✝❫ïÐî ➭➯× ï❺é✾ê♦í✰îðê✳�➘ï❺ìðï✶ç✆☎↕ñ ➭ õ❴ê✈ì❰ê✈í➍î❰ê✓☎❄í✠❱ × ê ➭ ☎
ñ➘ê❂îðç❺ì❉✂➍ë➘ê❺ö

✽ ï❄õ❤ï ➭ ✶❶ïúñ➘ê❍�❛ê✈ìôî❰ë➘ì❰û↔ï✾✏▼✒❺ç✽ï × ï❺ù ➭ ï❺ñ➘ï❶ò❸ç❀ê✈õ❴ê ➭ îðç❄ñ↔ï × ï❺ì ➭ ï✑✏✓✒❺ç❄ñ➘çúî❰ç▲ì❉✂➍ë➘êøí❶ç✽ê♦ìôì❰ç❀ñ❶êÕîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç❄�✍ç➋ñ❶ê
☎❰ê✈ì✮✝✈ç▲í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ➘ç❾ù ➭ í➘ê♦ï❺ì■❅ × ê♦ì P ☞▲ë➘ì❰ï ➛ ö ❼ ❇ ò➍é✾ç✆☎ôî❰ìðï❺í➘ñ❶çsë➘é☞ï●î❰ê♦í➘ñ ❀ í✠✝ ➭ ïsñ➘êúï❺ë➘é✾ê♦í✰î❰çsñ➘ç✵� ➭ ✝♦ç❘❑÷ï❘❑➶� ➭ ✝✈ç❂ñ➘ç
ê♦ìôì❰ç✾ñ➘ê❂îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç✤�➘ï❺ìðï × ï❺ù➲ç▲ìôê✓☎èñ➘ê❂î❰ç▲ì❉✂➍ë➘ê❒ï❺û↔ï ➭ ✶➋ç✢ñ➘ç✶îðç▲ì✁✂✬ë❶ê❒í❶ç▲é ➭ í↔ï❺ù❿ö

❼✾➛
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Variação do torque aplicado em relação ao torque nominal 70Nm  (%)

❃ ➭ ☞➘ö ➛ ö ❼ Ð þ ê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❈ú × ï❺ì ➭ ï✑✏✓✒❺ç✢ñ➘ç✶îðç▲ì✁✂✬ë❶êÿï✾�➘ù ➭ ✝❫ï❺ñ➘ç❶ö

ë❂➱➑ì ☛❤✬❄✺■✳✤✸✻❉■✸❇✵✻✸✻❮■✱✎❮❂✬ ✿✎✳ ❏q✱r✰✾✸✻✱✎❑▼▲◆✬❄✳ ✺❂❈ ❏➍✬✯✮✹❈r✰ ❮■❈✎✳ ✱✫❁➆✱✴✳➉✮✥✱✎❒ ✬❄✺♣✮✹❈●✳
✸✻✺❂✸✖❅❆✸✖✱r✸✖✳

æ✕☎ ➭ í✠✝♦ê✈ìôî❰ê ý ï✾☎✽ñ➘ê❾é✾ê♦ñ ➭ ✏▼✒Ðç☞ñ↔ï✾☎✳✝❫ï❺ì❰ï✑✝✈î❰ê♦ì✁❱✭☎ôî ➭ ✝♦ï✑☎❄☞❺ê♦ç▲é✡✪✈î❰ì ➭ ✝♦ï✑☎❄ñ➘ç✻�↔ï❺ìúñ➘êsê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎❀êÿç✆☎❀ê✈ì❰ì❰ç✑☎
☞▲ê✈ç▲é✦✪ îðì ➭ ✝♦ç✑☎èñ➘ç✆☎❄ñ➘ê♦í✰îðê✌☎✕☞▲ê✈ìðï❺ñ❶ç✆☎↕í➘ç✦�❶ì❰ç⑥✝♦ê✓☎✁☎❰ç☞ñ➘ê❒õ❤ïÐû➘ì ➭ ✝❫ï✑✏✓✒❺ç✎�❛ç✬ñ➘ê♦é �➘ì❰ç✬ñ➘ë ý✈➭ ì↕ï❺ù➮îðê♦ì❰ï✑✏✓★✬ê✓☎èîðï❺í✰îðç✾í↔ï
é☞ïÐîðì ➭➲ý ñ➘ê❈ö↔ê❸✶ ➭ û ➭ ù ➭ ñ➘ï❺ñ➘ê

Acc

ò✧✂➍ë↔ïÐí➍î❰ç☞í❶ç × ê✈î❰ç▲ìúñ❶ç✆☎❄ïÐõ❤ï✑☎ôîðï❺é✾ê♦í✰îðç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎
hc

❅ × ê✈ì❄ê✌✂➍ë↔ï✑✏▼✒Ðç⑤❅ ⑨ ö ⑩▲➔ ❇❉❇ ö

✣④ç▲í✠☎ ➭ ñ➘ê✈ìðï❘❑➶☎❰ê✕✂➍ë➘ê❄☞▲ìðïÐí➘ñ➘ê✓☎Õê♦ìôì❰ç✆☎❍☞▲ê♦ç▲é✡✪✈î❰ì ➭ ✝♦ç✆☎❖�✍ç➋ñ➘ê✈éãïÐõ❴ê✈îðï❺ìÕïÿé☞ïÐîðì ➭➲ý ñ➘ê■ö↔ê✷✶ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êèñ❶ê ×✬➭ ñ➘ç✛ú
ï❺ù➮îðê♦ì❰ï✑✏▼✒Ðç✿☎ ➭ ☞❺í ➭✗P ✝♦ïÐî ➭➮× ï④ñ➘ç✆☎➧�✍ç▲í✰îðç✆☎★ê♦é➢✝♦ç▲í✰î➶ï♣îðç➘ò♣ï❺ù✗✪♦é➡ñ❶êÕï♣õ❴ê✈î➶ïÐì✐ç✆☎ × ïÐù➲ç▲ìôê✓☎✐ñ➘ç✆☎❽ïÐõ❤ï✾☎ôî➶ïÐé☞ê✈í➍î❰ç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎✈ö
✔✆❋✵�✍ê✓✂➍ë➘ê♦í❶ç✆☎↕ê♦ì❰ìôç✆☎èñ➘ê × ê♦é ïÐõ❴ê✈îðï❺ìøé☞ï ➭ ☎❍☎ ➭ ☞❺í ➭✗P ✝♦ïÐî ➭➮× ï❺é☞ê✈í✰îðê✽ç × ê✈î❰ç▲ìèñ➘ç✆☎↕ïÐõ❤ï✾☎ôî➶ïÐé☞ê✈í➍î❰ç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎♦ò➍ë➘é☞ï
× ê ý ✂✬ë❶ê✤�❛ê✌✂✬ë❶ê♦í➘ç✆☎●ê✈ì❰ì❰ç✑☎❈�❛ç✬ñ➘ê♦é✑í✧✒❺ç➆☎ôê♦ì❈☎❰ë P ✝ ➭ ê♦í✰îðê✌☎❏�↔ïÐìðï✔é❾ë➘ñ➘ï❺ì❂ï✔ì❰ê✌☞ ➭ ✒Ðç✔ñ➘ê✤✝♦ç❺í➍îðïÐîðç■ñ❶ç✆☎❂ñ➘ê♦í✰î❰ê✓☎
ê♦í✜☞▲ì❰ê✈í↔ï❺ñ➘ç✆☎✈ö

æ❧☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ➘ï❺ñ➘ê②ñ↔ïúé☞ïÐî❰ì ➭➲ý ñ➘ê➃ö↔ê✷✶ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶ê➀ê④ñ➘ê④ï❺ù✭☞▲ë❶í✠☎➧�↔ï❺ì✹✺Ðé☞ê îðì❰ç✑☎Õ✂➍ë➘ê✩✝✈ç▲é✡�þ★✬ê♦é❈ç✑☎❡ê♦ù➯ê♦é✾ê♦í✰îðç✑☎
ñ➘ê✌☎ôî➶ï❀é☞ïÐî❰ì ➭➲ý õ❴ç ➭ ê✌☎ôîðë❶ñ↔ï❺ñ↔ï❀í↔ï✾☎❊☎❰ê✌✏✓★✬ê✓☎②ï❺í✰î❰ê♦ì ➭ ç▲ì❰ê✌☎♦ö ✽ ê✓☎❮î➶ï✕☎ôê✓✏✓✒❺ç➘ò▲ê✌☎ôîðë❶ñ➘ç▲ë❯❑➶☎❰êèï✕☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê②ñ➘ç × ê✈î❰ç▲ì
ñ➘ç✆☎❄ïÐõ❤ï✾☎ôî➶ïÐé☞ê✈í➍î❰ç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎✈ò

hc

ö
❼✆➔



ó❡ï❺ì❰ï➁ê✌☎ôî➶ï➁ï❺í✧❋Ðù ➭ ☎ôê■ë✠☎❰ç❺ë❯❑➏☎ôê ë➘é õ❤ïÐîðç▲ì✶ñ➘ê↔�✍ê♦ì❮îðë➘ìôû↔ï✑✏▼✒Ðç➟❅❴ê✓☎❉✝♦ï❺ù ïÐì❙❇ ö❧✯ ë➘ù➮î ➭ �➘ù ➭ ✝♦ç▲ë❯❑➶☎❰ê☞ç × ê✈îðç❺ì☞ñ➘ç✑☎
ïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰î❰ç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎■�❛ç▲ì❂ê✌☎ôî❰ê✾õ❤ïÐî❰ç▲ì♦ò❂✝✈ë❘➘ôç × ïÐù➲ç▲ì × ï❺ì ➭ ç▲ë❅ñ❶ê

0.95
ï

1.05
ò✐ê✡☎ôê✶ç▲û❶îðê × ê✾ì❰ê✌☎❉�✍ç✆☎ôîðï❧ñ➘ç

☎ ➭ ☎ôî❰ê♦é☞ï✎�➘ï❺ìðï✤✝❫ïÐñ↔ï✾í✜❱ × ê✈ù✐ñ➘ê✬�❛ê✈ìôî❰ë➘ì❰û↔ï✾✏▼✒❺ç➘ö

◆❈☎✐ìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎★ç▲û❶î ➭ ñ➘ç✑☎➂í➘ê✓☎❮î➶ï❄ï❺í✧❋❺ù ➭ ☎ôê❬☎✹✒❺ç↕é✾ç✆☎ôî❰ìðï❺ñ❶ç✆☎✐í↔ï P ☞▲ë➘ì❰ï ➛ ö❽→➋ö❽æ P ☞❺ë➘ìðïèé✾ç✆☎ôî❰ìðïøç✞�❛ê✈ì❉✝✈ê♦í✰îðë↔ïÐù
ñ➘êÿï❺ù➯î❰ê♦ì❰ï✑✏▼✒❺ç✶í↔ï✶ì❰ê✌☎❉�✍ç✆☎ôîðï☞ñ➘ê ×✬➭ ñ➘ç☞ï✾ë❶é ñ↔ï❺ñ➘ç✡�✍ê♦ì❉✝✈ê♦í✰îðë➘ï❺ù❥ñ❶êÿïÐù➯îðê✈ìðï✑✏✓✒❺ç✶í➘ç × ê✈î❰ç▲ì❄ñ➘ç✆☎úïÐõ❤ï✑☎ôîðï❺é✾ê♦í✰îðç✆☎
➭ í ➭ ✝ ➭ ï ➭ ☎✈ö❬◆❀û✠☎ôê♦ì × ï▲❑➏☎❰êúí↔ï P ☞▲ë➘ìðï ➛ ö♠→❒ë➘é➚✝✈ç▲é✦�✍ç▲ì❮î➶ï❺é✾ê♦í✰îðç●ù ➭ í➘ê♦ï❺ì②ñ↔ï × ï❺ì ➭ ï✑✏✓✒❺ç●ñ↔ïÿìôê✓☎❉�✍ç✆☎❮î➶ïsê✈é➩ì❰ê♦ù➲ï✑✏▼✒Ðç
ú × ïÐì ➭ ï✾✏▼✒❺ç✢ñ➘ç✎�↔ïÐì✹✺❺é✾ê✈î❰ì❰ç✤✝♦ç❺é ë➘é☞ï✢õ❴ç❺ìôîðê ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✢í➘ç✦� ➭ ✝♦ç❘❑÷ï❘❑➶� ➭ ✝✈ç❾ñ➘ç✶ê♦ìôì❰ç✾ñ➘ê❂îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç➘ö
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Fator de perturbação do vetor   h
c
  (%)

❃ ➭ ☞➘ö ➛ ö❽→ Ð þ ê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❀ñ❶ç × ê✈î❰ç▲ì↕ñ➘ç✆☎❄ïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰îðç✑☎ ➭ í ➭ ✝ ➭ ï ➭ ☎♦ö

ó❡ï❺ì❰ï✎✂➍ë↔ïÐí➍î ➭✗P ✝♦ï❺ì↕ï ➭ í✜ö➘ë ❀ í✠✝ ➭ ï❾ñ↔ï✾☎■�✍ê♦ì❮îðë➘ìôû↔ï✑✏✌★➋ê✌☎èí↔ï✤☎❰ç▲ù➯ë✠✏▼✒❺ç✶ñ➘ç✎�➘ìôç▲û➘ù➯ê♦é☞ï❶ò❯✝♦ï❺ù✭✝✈ë➘ù➲ç❺ë❯❑➏☎ôê●ï ➭ í➘ñ➘ï✢ï
ñ➘ê✈ì ➭➯× ï❺ñ➘ï

S
✝♦ç▲í➋õ❴ç▲ì❰é✾ê●ï✾ê✌✂➍ë↔ï✑✏▼✒Ðç➲❅ ➛ ö ⑨ ❇ ö➃◆❖ìôê✓☎ôë➘ù➯îðï❺ñ➘ç✶ç▲û❶î ➭ ñ➘ç✎�↔ï❺ì❰ï✶ï✶ñ❶ê♦ì ➭➮× ï❺ñ↔ï❾õ❴ç ➭

1.47
ö

✴②ê♦ì ➭◗P ✝♦ç❺ë❯❑➏☎ôê❒í❶ê✓☎ôîðï✲ï❺í✠❋❺ù ➭ ☎❰ê❈✂➍ë➘êsç✡�➘ìôç▲û➘ù➲ê✈é✲ï✢ê✌☎ôîðë❶ñ↔ï❺ñ➘ç✦✪❒é☞ï ➭ ☎✿☎❰ê♦í✜☎❉❱ × ê♦ùÕú✑☎ × ïÐì ➭ ï✾✏✓★✬ê✓☎↕ñ➘ç✆☎❄ïÐõ❤ï✑☎❮î➶ï❘❑
é✾ê♦í✰îðç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎❡ñ➘ç❏✂➍ë➘ê✕ú✑☎ × ï❺ì ➭ ï✑✏✓★✬ê✓☎②ñ➘ç✆☎ ê♦ù➯ê♦é✾ê♦í✰îðç✑☎Õñ↔ï●é☞ïÐîðì ➭➲ý ñ➘ê✞ö↔ê✷✶ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶ê❺ò▲ç▲ë✦☎❰ê➏➘❰ï❶ò❶ï●ì❰ê✌☎❉�✍ç✆☎ôîðï
✪●é✲ï ➭ ☎ ➭ í✜ö↔ë➘ê✈í✠✝ ➭ ï❺ñ↔ï✤�❛ê✈ù ï✑☎ × ï❺ì ➭ ï✑✏✌★➋ê✌☎✿☞▲ê♦ç❺é✦✪ îðì ➭ ✝❫ï✑☎④ê❒ñ ➭ é✾ê♦í✠☎ ➭ ç▲í↔ï ➭ ☎øñ➘ç✑☎❄ñ❶ê♦í✰îðê✌☎♦ö

❼✑➀



æ✕☎ × ï❺ì ➭ ï✑✏✌★➋ê✌☎✦☞▲ê✈ç▲é✡✪✈îðì ➭ ✝♦ï✑☎✲ê✸ñ ➭ é✾ê♦í✠☎ ➭ ç▲í↔ï ➭ ☎✡✂✬ë❶ê➲�❛ç✬ñ➘ê✈ì ➭ ïÐé ✝♦ï❺ë✠☎❰ï❺ì■ï❺ù➮îðê♦ì❰ï✑✏▼✒Ðç✕í➘ç✆☎ × ïÐù➲ç▲ìôê✓☎✔ñ➘ç✑☎
ê♦ù➯ê♦é✾ê♦í✰îðç✑☎❡ñ➘ç × ê✈î❰ç▲ì⑧ñ➘ç✆☎❡ïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰îðç✑☎ ➭ í ➭ ✝ ➭ ï ➭ ☎❂�✍ç✬ñ➘ê♦é❞☎❰ê✈ì❊�➘ìôç × ê♦í ➭ ê♦í✰îðê✌☎➀ñ➘êøñ ➭➮× ê✈ì❉☎❰ç✑☎❬�↔ï❺ì❉✺❺é☞ê îðìôç✆☎❡ñ➘ç✑☎
ñ➘ê✈í➍î❰ê✓☎✈ö➀æ✽ù✭☞❺ë➘í✠☎➀ñ➘ê✌☎ôîðê✌☎❍�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✆☎✱✝✈ç▲ì❰ìôê✓☎✁�❛ç▲í❶ñ➘ê♦éãï❂ê♦ìôì❰ç✆☎➀ñ❶ê↕õ❤ïÐû➘ì ➭ ✝❫ï✑✏✓✒❺ç❂ê↕ç▲ë❶îðìôç✆☎❖ú✑☎②ê✓☎✁�❛ê✌✝ ➭◗P ✝❫ï✑✏✌★➋ê✌☎
ñ➘ê✬�➘ìôç❘➘ôê✈î❰ç➘ö ✽ ï✑☎↕ï❺í✠❋❺ù ➭ ☎❰ê✓☎✿☎ôê✓☞▲ë ➭ í✰îðê✌☎úê✌☎ôîðë❶ñ➘ç▲ë❯❑➶☎❰êÿï❺ù✭☞▲ë❶í✠☎èñ➘ê✓☎❮îðê✌☎❄�↔ïÐì✹✺❺é✾ê✈î❰ì❰ç✆☎ ➭ í➘ñ ➭➯×✬➭ ñ➘ë↔ï❺ù➯é☞ê✈í➍î❰ê❺ö

ë❂➱❃❂ ☛❤✬❄✺■✳✤✸✻❉■✸❇✵✻✸✻❮■✱✎❮❂✬í✱✴❈✎✳ ✬✯✰✥✰✲❈✎✳➀❮❂✬✶✬❄✳✤❁✼✱✎❑✯✱✴❒ ✬❄✺♣✮✹❈❳✬❄✺◆✮✤✰✾✬✶❈✎✳➀❮❂✬❄✺◆✮✹✬❄✳

✽ ï✑☎èê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎↕ç✆☎èñ➘ê✈í✰îðê✓☎❄ñ➘ê × ê♦ì ➭ ï❺éq☎❰ê✈ì ➭ ☞▲ë↔ïÐù➲é✾ê♦í✰îðêúê✓☎❉�➘ï✑✏❫ï❺ñ❶ç✆☎♦ò↔ç▲ë↔☎ôê❭➘❰ï❶ò↔ï✢ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï❾ï❺í✠☞❺ë➘ù ï❺ì
ê♦í✰î❰ì❰ê❂ê♦ù➯ê✓☎øñ❶ê × ê✈ì ➭ ï✵✝♦ç▲ìôì❰ê✓☎✁�❛ç❺í➘ñ➘ê♦ì↕ï

2π/N
ò❶ç❺í➘ñ➘ê

N
✪❀çsí ✩ é☞ê✈ì❰ç✢ñ➘ê❀ñ❶ê♦í✰îðê✌☎♦ö ✽ ç❾ê✈í➍îðï❺í✰îðç➘ò❶ñ➘ê ×✬➭ ñ❶ç✶ï❺ç✆☎

ê♦ìôì❰ç✆☎❄ñ➘ç✆☎✞�➘ìôç❯✝✈ê✓☎✁☎❰ç✆☎úñ➘ê❂õ❤ï❺û➘ì ➭ ✝❫ï✑✏✓✒❺ç➘ò✠☎❉✒❺ç✾ê♦í✠✝✈ç▲í✰îðìðïÐñ➘ç✆☎❄ñ➘ê✓☎ ×➋➭ ç✆☎❄ñ➘ç☞ê✌☎❉�↔ï✾✏❫ï❺é✾ê♦í✰îðç☞ê♦í✰îðìôêÿç✑☎úñ➘ê✈í✰îðê✓☎❄ê♦é
ì❰ê✈ù ï✑✏✓✒❺ç✾ï❺ç × ï❺ù➲ç▲ìÕîðê✓✸❺ì ➭ ✝✈ç➘ö

✚➀é ☞▲ê✈ìðï❺ù❿ò❡ç✆☎ÿê♦ìôì❰ç✆☎ÿñ➘ê✔ê✓☎✁�↔ï✑✏♦ï❺é☞ê✈í✰îðç❅ê♦í✰î❰ì❰ê✔ç✆☎ÿñ➘ê♦í✰î❰ê✓☎✤☎✹✒Ðç✸ñ ➭ ☎❮îðì ➭ û➘ë✠❱➯ñ➘ç✆☎●ñ➘ê✲õ❴ç❺ì❰é☞ï ï❺ù➯ê❫ïÐî❉✸▲ì ➭ ï❶ò❽ê
�✍ç▲ì ➭ ☎❮îðç✎�➘ìôç➋ñ➘ë ý ê♦éq✝♦ç▲é✡�✍ç▲í➘ê♦í✰î❰ê✓☎↕ñ➘ê❀õ❴ì❰ê✌✂➂➾ ❀ í✠✝ ➭ ï✶ê♦éq✂✬ë➘ï✑☎❰ê❂îðç✬ñ↔ï✑☎↕ï✾☎✿✟↔ï❺ì❰é❤❬▲í ➭ ✝❫ï✑☎④ñ↔ï❾õ❴ì❰ê✓✂➂➾ ❀ í✠✝ ➭ ï✢ñ➘ç
ê ➭ ✶➋ç➘ö➃◆✳☎❄ê✈ì❰ìôç✆☎↕ñ➘ê●ê✓☎❉�➘ï✑✏❫ï❺é✾ê♦í✰î❰ç☞í✧✒Ðç☞ï♣õ❴ê✈î➶ïÐé✏ï❾õ❴ì❰ê✓✂➂➾ ❀ í✠✝ ➭ ï✾ñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï❺é✾ê♦í✰î❰ç➌❝ ➀✰❹ ò ⑨ →➋ò ⑩❲❻✆➜ ò ❼✆➔ ❞❿ö

æ ➭ é✦�✍ç▲ì❮î❙✺❺í✠✝ ➭ ïsñ❶ê✓☎ôîðï✲ï❺í✠❋❺ù ➭ ☎❰ê❂ñ➘ê✫☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶ê❂ê✓☎ôî✹❋☞í➘ç✾ê♦í✰î❰ê♦í➘ñ ➭ é☞ê✈í✰îðç✲ñ➘ï☞ï❺ù➮îðê✈ìðï✑✏✓✒❺ç✎✂✬ë❶êsç✾ê♦ì❰ìôç
ñ➘êÿê✓☎❉�➘ï✑✏❫ï❺é✾ê♦í✰î❰ç✻�❛ç✬ñ➘ê✫�➘ì❰ç × ç❯✝♦ï❺ì✽í↔ï✶õ❴ç▲ì❰é☞ï✶ñ↔ï☞õ❴ë➘í✠✏✓✒❺ç✲ñ❶ç✔ê♦ìôì❰ç✲ñ❶êÿîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ö✿✼➏☎ôî❰ç✻✪ ➭ é✦�✍ç▲ìôîðï❺í✰îðê
�↔ï❺ì❰ï✤✝♦ç▲é✡�↔ï❺ì❰ï✑✏▼✒❺ç✎✝✈ç▲é ñ↔ïÐñ➘ç✆☎↕ê✷✶❯�✍ê♦ì ➭ é☞ê✈í✰î➶ï ➭ ☎♦ö

✘✽ê✓☎❮î➶ï✴õ❴ç▲ì❰é☞ï❶ò➀í↔ï✴ï❺í✧❋Ðù ➭ ☎ôê✔ñ➘ê↔☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ïÐñ➘ê✔ï❺ç✑☎✾ê✈ì❰ìôç✆☎✢ñ➘ê❚ê✓☎✁�↔ï✑✏❫ïÐé☞ê✈í➍î❰ç➁õ❴ç❺ìðï❺é ✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ❶ç✆☎✢ç
ê✈õ❴ê ➭ î❰ç❅í➘ç⑤� ➭ ✝✈ç✾❑÷ï▲❑➏� ➭ ✝♦ç❉ñ❶ç❅ê♦ì❰ìôç❅ñ➘ê✔îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✸ê❚ï❉õ❴ç▲ì❰é☞ï❉ñ↔ï❉õ❴ë❶í✠✏▼✒❺ç✴ñ➘ç❅ê✈ì❰ìôç❅ñ➘ê✔îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç✸ï❺ç
ù➲ç❺í✠☞▲ç✢ñ➘ç✡✝ ➭ ✝♦ù➲ç✢ñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï❺é✾ê♦í✰î❰ç➘ö

æ í➘ç❺ì❰é☞ï➫✘✕✼ ✽ ⑨✆➜✆➀▲❻ ❝ ❹▲❹ ❞④ñ➘ê P í➘êÐò ê✈í✰îðì❰ê☞ç✆☎❾ñ➘ê✌☎ ×✬➭ ç✑☎sñ➘ç✆☎✛�↔ï❺ì✹✺Ðé☞ê îðì❰ç✑☎ ➭ í➘ñ ➭➯×✬➭ ñ➘ë↔ï ➭ ☎❂ñ➘ç✆☎❾ñ➘ê✈í✰îðê✓☎sñ➘ê
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄✝ ➭ ù✗❱➲í➘ñ➘ì ➭ ✝♦ï✑☎♦ò⑥☎❰ê îðê❒ñ➘ê✓☎ ×➋➭ ç✆☎↕ì❰ê✈ù ïÐî ➭➯× ç✑☎èï❺ç✾ê✓☎❉�➘ï✑✏❫ï❺é✾ê♦í✰î❰ç➘ö➃✘✽ê✓☎❮îðê✓☎❄ñ➘ê✌☎ôî➶ï✾✝❫ï❺é✤❑➏☎ôê●î❰ì ❀ ☎ Ð

•
ê✈ì❰ìôç✢ñ➘ê❂ê✓☎✁�↔ï✑✏❫ïÐé☞ê✈í➍î❰ç✾ï❺ñ❘➘❰ï✑✝✈ê♦í✰îðê✡❅

fp

❇❍✂➍ë➘ê❈✪●ï❾ñ ➭ õ❴ê♦ì❰ê✈í✠✏❫ï❾ê✈í✰îðì❰ê●ï❾ñ ➭ é✾ê♦í✠☎❉✒❺ç✢ì❰ê♦ï❺ù❨ê●ï❾ñ ➭ é☞ê✈í✠☎✹✒Ðç
í➘ç❺é ➭ í↔ï❺ù❨ñ❶ç✾ê✌☎❉�↔ï✾✏❫ï❺é✾ê♦í✰îðç✶îðì❰ï❺í✠☎ × ê♦ì✁☎ðï❺ù★ê✈í➍î❰ì❰ê❒ñ➘ç ➭ ☎èñ➘ê♦í✰îðê✌☎✖❢

•
ê✈ì❰ìôç❒ñ❶êèê✓☎❉�➘ï✑✏❫ï❺é✾ê♦í✰î❰çsï✑✝✈ë➘é❾ë➘ù➲ï❺ñ➘ç✡❅

Fp

❇Õ✂➍ë➘ê✞✪↕ç❂ê♦ì❰ìôç●ñ➘ê↕ê✓☎❉�➘ï✑✏❫ï❺é✾ê♦í✰î❰çsï✑✝✈ë➘é❾ë➘ù➲ï❺ñ➘ç❀ê✈é✙îðç✬ñ➘ç✆☎➀ç✑☎
ñ➘ê✈í✰îðê✓☎↕ñ↔ï❾ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦é❧ö❖✚②ù➯ê✳✪❂ç▲û❶î ➭ ñ➘ç✛☎❰ç▲é☞ï❺í➘ñ➘ç❘❑➏☎❰ê❀ï❺ù✭☞▲ê✈û➘ì ➭ ✝❫ï❺é✾ê♦í✰î❰ê✽ç✆☎èê✈ì❰ì❰ç✑☎øñ➘ê❂ê✓☎✁�↔ï✑✏♦ï❺é☞ê✈í✰îðç

❼▲❼



ñ➘ê❂ñ❶ê♦í✰îðê✌☎úïÐñ❘➘❰ï✑✝♦ê✈í✰îðê✓☎❏❅
fp

❇ ö➃◆➟ê♦ìôì❰ç✢ñ➘ê❂ê✌☎❉�↔ï✾✏❫ï❺é✾ê♦í✰îðç✾ï✑✝✈ë➘é❾ë➘ù➲ï❺ñ➘ç✵✪●ï❾ñ ➭ õ❴ê♦ìôê♦í✠✏♦ï❾ê♦í✰îðìôê❂ç✶é✲ï ➭ ç▲ì
ê●ç✶é☞ê✈í➘ç▲ì × ï❺ù➯ç▲ìøñ➘ê✌☎ôî➶ï✡☎❰ç▲é☞ï✢ï❺ù✗☞✆✪♦û➘ì ➭ ✝♦ï✛❢

•
ñ ➭ õ❴ê♦ìôê♦í✠✏♦ï❧ê✈í✰îðì❰ê✶ê✌☎❉�↔ï✑✏♦ï❺é✾ê♦í✰îðç✆☎ÿï❺ñ❘➘❰ï✾✝♦ê♦í✰î❰ê✓☎✙❅

fu

❇✳✂➍ë➘ê✎✪✾ï❧ñ ➭ õ❴ê♦ìôê♦í✠✏♦ï❚ñ❶ç✆☎ × ïÐù➲ç▲ìôê✓☎❂é✾ê♦ñ ➭ ñ➘ç✆☎❂ê♦í⑥❑
î❰ì❰ê❾ñ➘ç ➭ ☎✽ê✌☎❉�↔ï✾✏❫ï❺é✾ê♦í✰îðç✑☎✳✝♦ç▲í✜☎❰ê✓✝✈ë❶î ➭➮× ç✆☎✈ö●æ✙ñ ➭ õ❴ê♦ì❰ê✈í✠✏❫ï✔ê✈í✰îðì❰êsê✓☎❉�➘ï✑✏❫ï❺é✾ê♦í✰î❰ç✆☎❂ï❺ñ❘➘❰ï✾✝♦ê♦í✰î❰ê✓☎❂ù➲ê × ï✲ê♦é
✝✈ç▲í✠☎ ➭ ñ➘ê♦ì❰ï✑✏▼✒Ðç✲ï✤�✍ç✆☎ ➭ ✏▼✒❺ç✶ì❰ê♦ï❺ù➂ñ➘ê❂î❰ì ❀ ☎↕ñ➘ê✈í✰îðê✓☎✽ï❺ñ❘➘❰ï✑✝✈ê♦í✰îðê✌☎♦ö

✚②í✰î❰ê♦í➘ñ➘ê❸❑➏☎ôê✦✂➍ë➘ê✾ç✆☎●ñ➘ê✓☎ ×✬➭ ç✆☎●ñ➘ê P í ➭ ñ❶ç✆☎●í↔ï❧í❶ç▲ì❰é☞ï➆✘✕✼ ✽ ⑨✑➜✆➀▲❻ ❝ ❹▲❹ ❞❖☎❰ê✶ì❰ê õ❴ê♦ìôê♦é☎ï✔õ❴ç▲ì❰é☞ï✑☎❂ñ ➭ ☎ôî ➭ í✰î➶ï✑☎
ñ➘ê●ê✓☎✁�❛ê✌✝ ➭◗P ✝❫ï✑✏✓✒❺ç✲ê❈✝✈ç▲í✰îðìôç▲ù➲ê●ñ➘ç✶ê♦ìôì❰ç✶ñ➘ê❒ê✓☎✁�↔ï✑✏❫ïÐé☞ê✈í➍î❰ç☞ê✈í✰îðì❰ê●ç✆☎↕ñ➘ê✈í✰îðê✓☎✈ö

✘✽ê ×✬➭ ñ❶ç✻ú✶ñ ➭ ☎❮îðì ➭ û➘ë ➭ ✏▼✒❺ç✾ï❺ù➯ê❫ïÐî❉✸▲ì ➭ ï❾ñ➘ç✆☎❄ê♦ì❰ìôç✆☎❄ñ➘êÿê✌☎❉�↔ï✾✏❫ï❺é✾ê♦í✰îðç☞ê♦í✰îðìôêsç✆☎❄ñ➘ê✈í➍î❰ê✓☎úñ➘ê✛✝♦ï❺ñ↔ï✶ê♦í✠☞▲ìôê♦í↔ï▲❑
☞▲ê✈é ò✠�✍ç✬ñ➘ê✷❑➶☎❰ê❂ê♦í✜✝♦ç▲í✰îðì❰ï❺ì↕ë➘é í ✩ é✾ê♦ìôç✶ê♦ù➲ê × ï❺ñ➘ç✶ñ➘ê❈✝♦ç❺é❾û ➭ í➘ï✑✏✓★✬ê✓☎✿�✍ç✆☎❉☎✁❱ × ê ➭ ☎èñ❶ê❒ê✈ì❰ìôç✆☎èñ➘ê●ê✓☎✁�↔ï✑✏❫ïÐé☞ê✈í➍î❰ç
ì❰ê✈ù ïÐî ➭➯× ç✆☎❽ï❺ç✆☎★ñ➘ê♦í✰î❰ê✓☎❽ê♦í✠☞▲ìôê♦í↔ïÐñ➘ç✆☎❽ê♦é ✝❫ïÐñ↔ï ➭ í✠☎ôîðï❺í✰îðêÐö✱◆➇í ✩ é✾ê♦ìôçúñ➘ê❖✝✈ç▲é❾û ➭ í↔ï✑✏✓★✬ê✓☎★ñ➘ê✌�❛ê✈í➘ñ➘ê ñ↔ï↕ì❰ê♦ù➲ï✑✏▼✒Ðç
ê♦í✰î❰ì❰ê❒ç✆☎↕í ✩ é☞ê✈ì❰ç✆☎↕ñ➘ê●ñ➘ê✈í➍î❰ê✓☎❄ñ➘ç✎�↔ï❺ì↕ñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö

✽ çÖ✝❫ï✑☎ôç➤ñ➘çÖ�↔ï❺ì■ñ➘ê✴ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❚ê♦é ê✌☎ôîðë❶ñ➘ç➄❅ × ê✈ì❚îðï❺û✍ê♦ù ï ➛ ö ⑩ ❇ ò✕✝✈ç▲é☞ç➤ï✾☎■ñ➘ë↔ï✑☎❚ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎
�✍ç✆☎❉☎ôë➘ê♦é ç✸é☞ê✌☎❰é✾ç❉í ✩ é✾ê♦ìôç✸ñ➘ê✔ñ➘ê✈í✰îðê✓☎➞❅

40
ñ❶ê♦í✰îðê✌☎❙❇ ò ï✸ïÐí✧❋❺ù ➭ ☎❰ê✾ñ➘ç✸ê✈ì❰ì❰ç❉ñ➘ê✲îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç îðê✈ì ➭ ï✍✂➍ë➘ê

☎❰ê✈ì☞ìôê✓�✍ê✈î ➭ ñ↔ï
40

× ê ý ê✌☎✙�↔ïÐìðï⑤✝❫ï❺ñ➘ï➁ë➘é☞ï✸ñ↔ï✑☎
40

�✍ç✆☎❉☎✁❱ × ê ➭ ☎✤✝✈ç▲é❾û ➭ í↔ï✑✏✌★➋ê✌☎✾ñ❶ê❧é✾ç▲í✰î➶ï✾☞▲ê♦é ñ➘ç➇�↔ï❺ì✶ñ➘ê
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö✿✼➏☎❮îðç✲ìôê✓☎ôë➘ù➯îðï❺ì ➭ ï✶ê✈é

1600
✝✓❋❺ù✭✝✈ë➘ù➲ç✑☎èñ➘ç✲ê✈ì❰ì❰ç✾ñ➘ê●îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç☞ï✑☎✁☎❰ë➘é ➭ í➘ñ❶ç✾❑➏☎ôê❒ë❶é✲ï ✩ í ➭ ✝❫ï

✝♦ç❺í➘ñ ➭ ✏✓✒❺çsñ❶êúñ ➭ ☎ôî❰ì ➭ û❶ë ➭ ✏✓✒❺çsïÐù➲ê❫ï♣î✹✸▲ì ➭ ï❀ñ➘ç✆☎Õê♦ìôì❰ç✆☎ ñ➘ê♦í✰î❰ì❰ç❾ñ➘ê❄ë➘é☞ïsï❺é✡�➘ù ➭ îðë❶ñ➘ê↕ï❺ñ➘é ➭ ☎✁☎❉❱ × ê♦ù✧�↔ïÐìðïÿçÿê♦ìôì❰çsñ❶ê
ê✓☎✁�↔ï✑✏♦ï❺é☞ê✈í✰îðç➘ö

æèñ➘ç❺îðç❺ë❯❑➏☎ôê④ë➘é☞ï■☎ ➭ é✡�➘ù ➭◗P ✝❫ï✾✏▼✒❺ç✞�↔ï❺ì❰ïúìôê♦ñ➘ë ý✈➭ ì❥ç✽í ✩ é✾ê♦ì❰çúñ➘êøïÐí✧❋❺ù ➭ ☎❰ê✌☎❥êÕñ➘ê✈î❰ê♦ì❰é ➭ í➘ï❺ì❽ï ➭ í✜ö➘ë ❀ í✠✝ ➭ ï✞✂➍ë➘ê
ç✆☎↕ê♦ìôì❰ç✆☎èñ❶ê❂ê✓☎❉�➘ï✑✏❫ï❺é✾ê♦í✰î❰ç✦�➘ìôç × ç⑥✝❫ï❺é í➘ç✶ê♦ì❰ìôç✶ñ➘ê❂îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç➘ö✱◆❈☎✿✝✓❋❺ù✭✝✈ë➘ù➲ç✑☎øñ➘ç✶ê♦ìôì❰ç✶ñ➘ê❀îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
õ❴ç▲ì❰ï❺é ê õ❴ê✈î❰ë↔ï❺ñ➘ç✆☎ ➭ í✰îðìôç➋ñ➘ë ý♦➭ í❶ñ➘ç✾❑➏☎ôê✽ç❾ê✈ì❰ìôç✢ñ➘ê❀ê✓☎✁�↔ï✑✏♦ï❺é☞ê✈í✰îðç✢ê♦éq☎❰ç▲é✾ê♦í✰î❰ê❀ë➘é ñ➘ç✆☎øñ➘ê✈í✰îðê✓☎èê✈í✠☞▲ìôê♦í↔ï❺ñ❶ç✆☎
ñ↔ï●ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é✙é☞ç❺î❰ç▲ìðï➋ö✱◆✺ê✈ì❰ìôç ➭ í➍î❰ì❰ç✬ñ➘ë ý✈➭ ñ➘ç❀õ❴ç ➭ ë➘é➜ê♦ìôì❰ç❒ñ➘ê↕ê✓☎✁�↔ï✑✏❫ïÐé☞ê✈í➍î❰çÿê✈í✰îðì❰ê❄ñ➘ê✈í➍î❰ê✓☎Õï❺ñ❘➘❰ï✑✝✈ê♦í✰îðê✌☎
❅
fu

❇❍✝♦ç❺é × ï❺ù➯ç▲ì❰ê✌☎④ê✈í➍î❰ì❰ê
−5µm

ê
+5µm

❅ × ê✈ìøí➘ç▲ìôé✲ï✵✘❄✼ ✽ ⑨✆➜✆➀▲❹ ❝ ❹Ð⑨ ò✜�➘ï❺ìôî❰ê ⑩ ❞õ❇ ö ✥ ê✓�✍ê✈î ➭ ë❯❑➶☎❰ê❺ò➋ê♦í✰î❙✒Ðç➘ò❶ç
✝▼❋Ðù✭✝♦ë❶ù➲ç✢ñ➘ç✾ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç✎�↔ïÐìðï

11
× ï❺ù➲ç❺ì❰ê✓☎èñ ➭ ☎❉✝✈ì❰ê îðç✆☎↕í➘ê✌☎ôîðê ➭ í✰î❰ê♦ì × ï❺ù➯ç➘ö

◆❈☎ÿì❰ê✌☎❰ë➘ù➮î➶ï❺ñ➘ç✑☎ÿç▲û➋î ➭ ñ❶ç✆☎ÿí❶ç✆☎✛✝✓❋❺ù✭✝✈ë➘ù➲ç✆☎✫☎✹✒Ðç❉é✾ç✆☎ôî❰ìðï❺ñ➘ç✑☎ÿí↔ï P ☞▲ë➘ì❰ï ➛ ö ➜ ö✍◆❀û✠☎❰ê✈ì × ï❘❑➏☎ôê✔í↔ï P ☞▲ë➘ì❰ï ➛ ö ➜
✂➍ë➘ê❂ç✵✝✈ç▲é✦�✍ç▲ì❮î➶ï❺é✾ê♦í✰îðçÿñ➘ç✢ê♦ìôì❰ç❾ñ❶ê✽îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç✛✪❀í✧✒❺ç❾ù ➭ í➘ê♦ï❺ì ê♦éãõ❴ë➘í✠✏▼✒Ðç✢ñ➘ç❾ê♦ìôì❰ç✢ñ➘ê✽ê✓☎❉�➘ï✑✏❫ï❺é✾ê♦í✰î❰ç✢ê
✂➍ë➘ê❒ê✷✶ ➭ ☎❮îðê●ë➘é ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✎☎ ➭ ☞▲í ➭✗P ✝♦ïÐî ➭➮× ïÿí➘ç✆☎↕ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ➘ç✑☎♦ö

❼ →
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❃ ➭ ☞➘ö ➛ ö ➜ Ð þ ê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❂ïÐç✾ê✈ì❰ìôç✾ñ❶ê❒ê✌☎❉�↔ï✾✏❫ï❺é✾ê♦í✰îðç✾ê♦í✰î❰ì❰ê❒ç✆☎èñ➘ê♦í✰î❰ê✓☎♦ö

✽ ç❺î❰ç▲ë❯❑➶☎❰ê✶ï ➭ í➘ñ↔ï✙✂➍ë➘ê✾ï✲õ❴ç▲ìôé✲ï✲ñ➘ï✲õ❴ë➘í✠✏▼✒Ðç❧ñ❶ç■ê♦ì❰ìôç❚ñ➘ê❾îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç✔ï❺ç■ù➲ç▲í✜☞▲ç✔ñ➘ç↔✝ ➭ ✝♦ù➯ç✔ñ➘ê✢ê♦í✜☞▲ì❰ê❸❑
í↔ï❺é✾ê♦í✰î❰ç➞✪✎☎ ➭ ☞▲í ➭◗P ✝❫ï♣î ➭➯× ï❺é✾ê♦í✰î❰ê✢ïÐõ❴ê✈îðï❺ñ↔ï➆�✍ê♦ù➲ç■ê✈ì❰ìôç ñ➘ê✶ê✌☎❉�↔ï✑✏♦ï❺é✾ê♦í✰îðç➘ò➧✝✈ç▲é☞ç↔�✍ç➋ñ❶ê✤☎❰ê♦ì●ç▲û✜☎❰ê♦ì × ï❺ñ➘ç❧í↔ï
P ☞▲ë❶ìðï ➛ ö ⑩❲❻ ö
æ P ☞▲ë➘ì❰ï ➛ ö ⑩❲❻ é☞ç✑☎ôîðì❰ï✢ç☞ê✈ì❰ì❰ç✾ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✲ï❺ç✶ù➯ç▲í✠☞▲ç✶ñ➘ç✡✝ ➭ ✝♦ù➲ç✢ñ❶êÿê✈í✠☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç✡☎❰ê✈é✏ê♦ìôì❰ç✾ñ➘ê

ê✓☎✁�↔ï✑✏♦ï❺é☞ê✈í✰îðç❾ê✳✝✈ç▲éãñ➘ç ➭ ☎Õí✠❱ × ê ➭ ☎④ñ❶ê✽ê♦ìôì❰ç❾ñ❶ê✽ê✓☎✁�↔ï✑✏♦ï❺é☞ê✈í✰îðç➞❅
+5µm

ê
−5µm

❇ ö❖✚➀ì❰ìôç❾ñ➘êúê✓☎❉�➘ï✑✏❫ï❺é✾ê♦í✰î❰ç
✝♦ç❺é ☎ ➭ í↔ï❺ù➃�✍ç✆☎ ➭ î ➭➯× ç ➭ í❶ñ ➭ ✝♦ï é☞ï ➭ ç▲ì●ñ ➭ ☎ôî✹✺❺í✠✝ ➭ ï❉ê♦í✰î❰ì❰ê✔ç✆☎sñ➘ê♦í✰îðê✌☎✶ê✻✝♦ç▲é ☎ ➭ í↔ï❺ù í➘ê✓☞▲ïÐî ➭➮× ç ➭ í➘ñ ➭ ✝♦ï é✾ê♦í➘ç❺ì
ñ ➭ ☎ôî❙✺Ðí✠✝ ➭ ï❾ê♦í✰îðìôêÿç✆☎↕ñ➘ê✈í✰îðê✓☎✛❅ × ê♦ì↕í➘ç▲ìôé✲ï✎✘✕✼ ✽ ⑨✆➜✆➀▲❻ ❝ ❹▲❹ ❞õ❇ ö

ë❂➱❅❄ ☛❤✬❄✺■✳✤✸✻❉■✸❇✵✻✸✻❮■✱✎❮❂✬ ✱r❈●✳î✬✯✰✾✰✾❈●✳✶❮■✬ ✱r✵✻✸✻✺❇❆✼✱✴❒ ✬❄✺♣✮✹❈ ❮❂❈✎✳✶❮❂✬❄✺♣✮✹✬❄✳

◆✳☎✾ê✈ì❰ìôç✆☎✶ñ➘ê❧ï❺ù ➭ í✠✟↔ï❺é✾ê♦í✰îðç❉ñ➘ç✆☎✶ñ➘ê♦í✰î❰ê✓☎✡✂✬ë➘ï❺í➘ñ➘ç❋ï✑☎✶ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎✾ê✌☎ôî✹✒❺ç❋é✾ç▲í✰î➶ïÐñ↔ï✑☎✢í↔ï➇✝❫ï ➭ ✶❶ï✸ñ➘ê
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✙�✍ç➋ñ❶ê♦é ☎ôê♦ì✾ñ➘ê ×✬➭ ñ❶çÓ�➘ì ➭ í✠✝ ➭ �↔ï❺ù➯é☞ê✈í✰îðê➆ú✑☎ ➭ é✡�➘ìôê✓✝ ➭ ☎❉★✬ê✓☎✢í↔ï✴ë✠☎ ➭ í↔ï✑☞❺ê♦é✥ñ➘ç✆☎☞ï✑☎✁☎❰ê♦í✰î❰ç✆☎✲ñ➘ç✑☎
é☞ï❺í✠✝❫ï ➭ ☎●ñ↔ï➫✝♦ï❺ì❉✝♦ï✑✏❫ï❶ò❊ú✑☎sñ❶ê✌ö↔ê❸✶✜★✬ê✓☎sñ➘ç✆☎sê ➭ ✶➋ç✆☎❏✂✬ë❶ê✙☎❰ë✜�❛ç▲ì❮î➶ï❺é ï✑☎ÿê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎✛✂➍ë↔ï❺í➘ñ❶ç✸ê✓☎❮î➶ï✑☎❾ê✌☎ôî✹✒❺ç
☎❰ë❶û➘é☞ê î ➭ ñ↔ï✑☎★ï✿✝❫ï❺ì✁☞✰ï❶ò♣ï❺ç✆☎✐ê✈ì❰ìôç✆☎✐ñ➘ê②é☞ç❺í➍îðï✑☞▲ê✈é➡ñ↔ï✑☎✐ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎❽í➘ç✆☎✐ê ➭ ✶➋ç✆☎✐ê ï❺ç✆☎✐ê✈ì❰ì❰ç✑☎✐ñ➘ê ï❺ù ➭ í✠✟↔ï❺é✾ê♦í✰îðç

❼✑➜
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Posição no ciclo de engrenamento

f
u
 =  0      

f
u
 = + 5 µm

f
u
 = − 5 µm

❃ ➭ ☞➘ö ➛ ö ⑩❲❻ Ð ✼➻í❯ö↔ë ❀ í✜✝ ➭ ï✶ñ➘ç✾ê♦ìôì❰ç✶ñ➘ê●ê✓☎✁�↔ï✑✏❫ïÐé☞ê✈í➍î❰ç☞í➘ï✶õ❴ç▲ìôé✲ï❾ñ➘ï✢õ❴ë❶í✠✏▼✒❺ç✾ñ➘ç✡✚✱✰↕ü➀ö

ñ➘ç✆☎↕ñ➘ê✈í✰îðê✓☎❄✝❫ï❺ë✜☎ðï❺ñ➘ç✑☎■�✍ê♦ù➯ç✎�➘ì❰ç⑥✝♦ê✌☎❉☎❰ç✾ñ➘ê❂õ❤ï❺û➘ì ➭ ✝♦ï✑✏▼✒❺ç■❝ ⑩❲❻▲⑨ ❞ ö

✰❥ç✬ñ➘ç✆☎❂ê✌☎ôîðê✌☎●ê♦ì❰ìôç✆☎❂ñ➘ê✾ï❺ù ➭ í✠✟↔ïÐé☞ê✈í➍î❰ç✔ïÐõ❴ê î➶ï❺é✑ç❚ê♦ì❰ìôç■ñ➘ê✢îðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç■ñ❶ê✢é✲ï❺í❶ê ➭ ì❰ï✙☎ ➭ é ➭ ù ï❺ì✴❝ ⑨ →❶ò❂�➂ö
⑩▼➛ ö ⑩ →❘❑ ⑩▼➛ ö ⑩❺➜ ❞❿ö ✽ ç✾ê♦í✰î➶ï❺í✰î❰ç➘ò✍ï✑☎❄✝✈ç▲é✡�❛ç▲í❶ê♦í✰îðê✌☎úñ➘ç✾ê♦ìôì❰ç☞ñ➘ê❒ï❺ù ➭ í✠✟↔ï❺é✾ê♦í✰îðç✶í➘ç✡�➘ù➲ï❺í➘ç✶í➘ç▲ìôé✲ï❺ù➂ï❺ç✆☎❄ñ➘ê♦í✰îðê✌☎
î ❀ é ë➘é ê õ❴ê ➭ îðç✶é✲ï ➭ ☎✩☎ ➭ ☞▲í ➭◗P ✝❫ï♣î ➭➯× ç■❝ ⑨ →❶ò ⑨✰❼ ò ➜✆➔ ò ⑩❲❻▲⑨ ❞ ö

✽ ïsïÐí✧❋❺ù ➭ ☎❰êèñ➘ê❄☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶ê✿✂✬ë➘ï❺í✰îðç✢ï❺ç❒ê♦ìôì❰çÿñ➘ê❀ï❺ù ➭ í✠✟➘ï❺é☞ê✈í✰îðç❂ñ➘ç✆☎Õñ➘ê♦í✰î❰ê✓☎♦ò❯✝♦ç▲í✜☎ ➭ ñ❶ê♦ì❰ç❺ë❯❑➏☎ôê❀ï✑�✍ê♦í↔ï✾☎
ï✑✂➍ë➘ê✈ù➲ê✓☎❄✂➍ë➘ê✛�✍ç➋ñ❶ê♦ì ➭ ï❺é❲☎ôê♦ì✕✝♦ï❺ë✠☎❰ï❺ñ➘ç✆☎■�❛ç❺ìúñ➘ê✌☎ ×✬➭ ç✑☎✽ñ➘ç✙✺❺í✠☞▲ë➘ù➯ç✶ñ➘ê✛✟✠✪✈ù ➭ ✝♦ê❺ö✩✚❖☎❮îðê✌☎✽ñ➘ê✌☎ ×✬➭ ç✆☎❄✝❫ï❺ë✜☎ðï❺é ë➘é
ñ➘ê✌☎ðï❺ù ➭ í✠✟↔ïÐé☞ê✈í➍î❰ç✶í➘ç✎✝♦ç▲í✰î➶ï♣îðç✾ê♦í✰îðìôê❒ç✑☎❄ñ❶ê♦í✰îðê✌☎úí➘ç✡�➘ù➲ï❺í➘ç✢í➘ç▲ìôé✲ïÐù✐ï❺ç✆☎èñ➘ê✈í✰îðê✓☎✈ö

◆❈☎②ê✈ì❰ì❰ç✑☎Õñ➘êúï❺ù ➭ í✠✟↔ïÐé☞ê✈í➍î❰ç❂ñ➘ç✆☎ ñ➘ê♦í✰î❰ê✓☎Õõ❴ç❺ìðï❺é➜ñ❶ê P í ➭ ñ➘ç✆☎➃✝♦ç▲í➋õ❴ç▲ì❰é✾ê↕ï❒í❶ç▲ì❰é☞ï❏✘❄✼ ✽ ⑨✆➜✆➀❺❻ ❝ ❹▲❹ ❞❿ò➋ï✫✂➍ë↔ï❺ù
ñ➘ê✌☎ ➭ ☞❺í↔ï❉ê✓☎❮îðê■ê✈ì❰ì❰ç➫�❛ç▲ì

fHβ
ö❧æèñ➘ç❺î❰ç▲ë❯❑➏☎ôê × ï❺ù➲ç❺ì❰ê✓☎ÿï❺ñ➘é ➭ ☎✁☎❉❱ × ê ➭ ☎❏�➘ï❺ìðï❉ç✑☎❾ê♦ìôì❰ç✆☎ÿñ➘ê■ï❺ù ➭ í✠✟↔ïÐé☞ê✈í➍î❰ç ñ❶ç✆☎

ñ➘ê✈í➍î❰ê✓☎❄✝♦ç▲í❶õ❴ç❺ì❰é✾ê●ï✶í❶ç▲ì❰é☞ï✤✘✕✼ ✽ ⑨✑➜✆➀✰❹ ❝ ❹❺⑨ ò✧�↔ï❺ì❮îðê ❹ ❞❿ö

✣④ç▲í✠☎ ➭ ñ➘ê♦ìôç▲ë❯❑➶☎❰ê✤✂➍ë➘ê✶ï✑�✍ê♦í↔ï✾☎❀ë➘é☞ï✔ñ↔ï✑☎❂ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎●ï✑�➘ìôê✓☎❰ê✈í✰î➶ï × ï❧ñ➘ê✌☎ ×✬➭ ç■ñ❶ç↔✺❺í✠☞▲ë➘ù➯ç✔ñ➘ê✤✟✠✪✈ù ➭ ✝♦ê❺ò➂ï
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é✑é✾ç❺îðç❺ìðï❶ò✝ê✫☎❰ê✢ï✑☎✁☎❰ë➘é ➭ ë ë➘é ñ➘ê✓☎ ×✬➭ ç ➭ ☞▲ë↔ï❺ù❂�↔ïÐìðï☞î❰ç➋ñ➘ç✑☎úç✆☎úñ➘ê♦í✰î❰ê✓☎❀ñ➘ê✌☎ôîðï✔ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é❧ö↕æ
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é✏é☞ç ×✬➭ ñ↔ïsõ❴ç ➭ ✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐñ↔ï ➭ ☎❰ê✈í➍îðï✢ñ➘ê●ê♦ì❰ìôç✆☎♦ö

→ ❻



æ❈ï❺í✠❋❺ù ➭ ☎❰ê↕ñ➘ê■☎❰ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êèõ❴ç ➭ õ❴ê ➭ î➶ï✬✝❫ïÐù✭✝♦ë❶ù ï❺í➘ñ❶ç✾❑➏☎ôê❄çÿê♦ìôì❰çsñ❶êúîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç❏�↔ïÐìðïÿñ ➭➯× ê✈ì❉☎ôç✆☎ × ï❺ù➲ç❺ì❰ê✓☎
ñ➘ç❅ê✈ì❰ì❰ç✴ñ➘ê❚ïÐù ➭ í✜✟↔ï❺é✾ê♦í✰îðç ñ➘ç✆☎✢ñ➘ê✈í➍î❰ê✓☎✈öÖ◆✳☎✢ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎✢ç❺û❶î ➭ ñ➘ç✆☎❾í➘ê✌☎ôî❰ê✓☎✎✝▼❋❺ù✗✝♦ë➘ù➯ç✆☎✛☎❉✒❺ç✴é☞ç✑☎ôîðì❰ï❺ñ➘ç✆☎sí↔ï
P ☞▲ë❶ìðï ➛ ö ⑩▲⑩ ö
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Erro de alinhamento do dente  fHβ  (µm)

❃ ➭ ☞➘ö ➛ ö ⑩▲⑩ Ð þ ê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êúñ➘ç✲ó②ó❖✚✱✰↕ü➞ï❺ç✶ê♦ìôì❰ç✶ñ➘ê❒ï❺ù ➭ í✠✟↔ï❺é✾ê♦í✰î❰ç✢ñ➘ç✆☎èñ➘ê✈í➍î❰ê✓☎✈ö

◆❀û✠☎❰ê✈ì × ï❘❑➏☎ôê❚í↔ï P ☞▲ë➘ì❰ï ➛ ö ⑩▲⑩ ✂➍ë➘ê❚ç➇✝♦ç❺é✦�✍ç▲ìôîðï❺é✾ê♦í✰îðç✸ñ❶ç❩� ➭ ✝♦ç❘❑÷ï❘❑➶� ➭ ✝✈ç❉ñ➘ç✴ê♦ìôì❰ç✴ñ➘ê■îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç⑤✪
í✧✒❺ç➁ù ➭ í➘ê❫ïÐì✵�↔ï❺ì❰ï➁ç✆☎✾ê♦ìôì❰ç✆☎✶ñ➘ê ï❺ù ➭ í✠✟↔ïÐé☞ê✈í➍î❰ç❅ê✓☎❮îðë➘ñ↔ïÐñ➘ç✆☎✲ê↔✝✈ç▲é ➭ í✜ö➘ë ❀ í✠✝ ➭ ï⑤☎ ➭ ☞▲í ➭◗P ✝❫ïÐî ➭➯× ï✸í➘ç➁ê♦ìôì❰ç➁ñ➘ê
îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ò➘ç✎✂➍ë➘ê✬✝♦ç▲í✠✝✈ç▲ì❰ñ➘ï✡✝✈ç▲é ç✆☎↕ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎↕ç▲û❶î ➭ ñ➘ç✆☎øê✈é✏ê✓☎❮îðë➘ñ➘ç✑☎úïÐí➍î❰ê♦ì ➭ ç▲ìôê✓☎✴❝ ⑩❫❻▲⑨ ò♦→ ⑨ ❞ ö

æ✕☎●ñ➘ê✈ì ➭➯× ï❺ñ➘ï✑☎❂õ❴ç▲ìðï❺é➴✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ↔ï✑☎❀ïÐîðì❰ï × ✪✓☎❒ñ↔ï■ê✓✂➍ë↔ï✑✏✓✒❺çÓ❅ ➛ ö ⑨ ❇✕�↔ï❺ì❰ï➆✝❫ï❺ñ↔ï ➭ í✰î❰ê♦ì × ï❺ù➯ç■ñ➘ê✶ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ➘ç✑☎
ç▲û❶î ➭ ñ➘ç✑☎♦ö➃◆ × ï❺ù➯ç▲ìøé✦❋❘✶ ➭ é✾ç✵✝❫ïÐù✭✝♦ë❶ù ï❺ñ➘ç❾õ❴ç ➭

1.37
í➘ç ➭ í✰îðê✈ì × ï❺ù➯ç

2µm ≤ fHβ ≤ 3µm
ö

➯ ➭ í✰îðê♦ìôê✓☎✁☎ðï❺í✰îðê④ç▲û✠☎❰ê✈ì × ï❺ì❬✂➍ë➘ê④ê✷✶ ➭ ☎❮îðêøë➘é☞ï❄î❰ê♦í➘ñ ❀ í✠✝ ➭ ï✽ñ➘ç✑☎⑧ê♦ìôì❰ç✆☎❥ñ➘êèï❺ù ➭ í✠✟↔ïÐé☞ê✈í➍î❰ç❄�✍ç✆☎ ➭ î ➭➮× ç✆☎ ➭ í❯ö↔ë➘ê♦í⑥❑
✝ ➭ ï❺ì❰ê✈é✟é☞ï ➭ ☎●ï■ìôê✓☎❉�✍ç✆☎❮î➶ï❚ñ➘ç✍✂➍ë➘ê✾ç✆☎●ê♦ìôì❰ç✆☎✬✝✈ç▲é × ï❺ù➲ç❺ì❰ê✓☎❂í❶ê✓☞✰ïÐî ➭➯× ç✆☎✦❅ × ê✈ì❒ï P ☞❺ë➘ìðï ➛ ö ⑩▲⑩ ❇ ö✙◆✳☎ × ï❺ù➲ç❺ì❰ê✓☎
�✍ç✆☎ ➭ î ➭➯× ç✆☎❂ñ➘ç❧ê♦ìôì❰ç❉ñ❶ê☞ïÐù ➭ í✜✟↔ï❺é✾ê♦í✰îðç➆✝✈ç▲ì❰ìôê✓☎❉�✍ç▲í➘ñ❶ê♦é❧ò❥í➘ê✌☎ôî❰ê✙✝❫ï✾☎❰ç➘ò❥ï❧ë❶é ✺❺í✠☞▲ë❶ù➲ç❚ñ➘ê✡✟✠✪♦ù ➭ ✝♦ê✢é✾ê♦í❶ç▲ì●ñ➘ç
✂➍ë➘ê■ç❅í➘ç▲é ➭ í➘ï❺ù ò✠➘❉❋✸ç✆☎ × ï❺ù➯ç▲ì❰ê✌☎sí➘ê✌☞✰ïÐî ➭➮× ç✆☎✛✝♦ç▲ìôì❰ê✓☎✁�❛ç❺í➘ñ➘ê♦é ï✸ë➘é ✺❺í✠☞▲ë➘ù➯ç✸ñ➘ê✻✟✜✪♦ù ➭ ✝♦ê✔é☞ï ➭ ç▲ì●ñ➘ç⑤✂➍ë➘ê■ç
í➘ç▲é ➭ í➘ï❺ù ö❊✚❖☎❮î➶ï✢îðê✈í➘ñ ❀ í✜✝ ➭ ï✢õ❴ç ➭ ç❺û✠☎❰ê✈ì × ï❺ñ↔ï✶ê♦é ç❺ë❶îðìôç✆☎èê✓☎❮îðë➘ñ➘ç✑☎●❝ ➜❚➔ ò ⑩❲❻❺⑨ ❞❿ö

→ ⑩
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ó❡ï❺ì❰ïúì❰ê✈ñ➘ë ý✈➭ ì❡çúê✈õ❴ê ➭ îðçúñ➘ê✩�✍ç✆☎❉☎✁❱ × ê ➭ ☎❥ê♦ìôì❰ç✆☎❥ñ➘êøï❺ù ➭ í✠✟➘ï❺é☞ê✈í✰îðç↕ñ↔ï✑☎❥ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✈ò✰êøï ➭ í➘ñ↔ï❶ò❘�↔ï❺ì❰ï❄☞✰ïÐìðï❺í❯❑
î ➭ ì✞✂✬ë❶ê❾ï✎✝❫ï❺ì✁☞✰ï☞ñ➘ê✫✝♦ç❺í➍îðïÐîðç✾ê♦í✰î❰ì❰êsç✑☎úñ➘ê✈í✰îðê✓☎✽í✧✒❺ç☞ïÐî ➭ í❘➘❰ï✶ï✑☎úê❸✶✬îðì❰ê✈é ➭ ñ↔ï❺ñ➘ê✌☎úñ❶ç✆☎úñ❶ê♦í✰îðê✌☎♦ò❨ë✜☎❰ë↔ï❺ù➯é☞ê✈í✰îðê❺ò
ê♦é✡�➘ìôê✓☞✰ï❘❑➶☎❰ê●ë➘é☞ï✢é☞ç✬ñ ➭✗P ✝❫ï✑✏✓✒❺ç❾í➘ç✡�↔ï✑☎✁☎❰ç✾ñ↔ï✤✟✠✪♦ù ➭ ✝♦ê❂ñ➘ï✑☎↕ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✎❝ ⑨ →✐❞❿ö

✚❖☎❮î➶ï✔é✾ç➋ñ ➭✗P ✝♦ï✑✏▼✒❺ç✦✝♦ç▲í✜☎ ➭ ☎❮îðê❾ñ❶ê❾ë➘é✂ïÐû↔ï❺ë➘ù➲ï❺é☞ê✈í✰îðç✲ñ❶ç■ñ➘ê♦í✰îðê✢í➘ï✲ñ ➭ ìôê✓✏✓✒❺ç✔ñ➘ç➆�↔ï✾☎❉☎❰ç❚ñ↔ï✦✟✠✪♦ù ➭ ✝♦ê❏✂➍ë➘ê
✪❧ñ➘ê✓☎✁✝♦ì ➭ îðç✴ê♦é ☞❺ê♦ìðïÐù✿�❛ç▲ì✢ë❶é✲ï✸õ❴ë➘í✠✏✓✒❺ç❩✂✬ë➘ï❺ñ➘ì✹❋♣î ➭ ✝♦ï❩❝ ⑩❲❻✾➛ ❞ ö➉✘✽ê✌☎ôîðï➁õ❴ç▲ìôé✲ï❶ò②ç➁ñ➘ê♦í✰î❰ê❉ï✑�❶ì❰ê✓☎ôê♦í✰î➶ï➁ë➘é☞ï
☎❰ë✜�❛ê✈ìôõ➌❱✭✝ ➭ ê❈✝✈ç▲í × ê✷✶❶ï✲í➘ï✶ñ ➭ ì❰ê✌✏▼✒❺ç✶ñ➘ç✡�↔ï✑☎✁☎❰ç✾ñ↔ï✤✟✠✪♦ù ➭ ✝✈ê❺ö

æ✽ù✭✪✈é✟ñ➘ê✌☎ôîðï❧é✾ç➋ñ ➭✗P ✝♦ï✑✏▼✒❺ç ➭ í✰îðê✈í✠✝ ➭ ç▲í↔ï❺ù ➭ é✦�✍ç✆☎❮î➶ï✲í➘ç➞�↔ï✑☎✁☎❰ç❧ñ↔ï➆✟✠✪♦ù ➭ ✝✈ê❺ò➂î➶ïÐé❾ûþ✪✈é✟ê❸✶ ➭ ☎ôî❰ê♦é✂ç✆☎●ê✈ì❰ì❰ç✑☎
ñ➘ê❂õ❴ç▲ìôé✲ï❾ñ➘ç✡�↔ï✑☎✁☎❰ç✾ñ↔ï✎✟✠✪♦ù ➭ ✝♦ê✽ñ➘ê✓✝✈ç▲ì❰ìôê♦í✰îðê✌☎✽ñ➘ç✎�➘ìôç❯✝✈ê✓☎❉☎ôç✲ñ➘ê❂õ❤ï❺û❶ì ➭ ✝♦ï✑✏▼✒Ðç➞❅ × ê✈ìúí❶ç▲ì❰é☞ï✤✘✕✼ ✽ ⑨✑➜✆➀▲❻ ❝ ❹❺❹ ❞⑦❇ ö

æ✽í↔ï❺ù ➭ ☎ôç▲ë❯❑➏☎ôêsï✦☎❰ê♦í✜☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❒ñ↔ï✲õ❴ç▲ìôé✲ï✾ñ➘ç✻�↔ï✾☎❉☎❰ç■ñ➘ï✻✟✠✪♦ù ➭ ✝♦ê❒í➘ç■ê✈ì❰ì❰ç✲ñ➘êsîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç■ïÐîðì❰ï × ✪✓☎✽ñ↔ï
�✍ê♦ìôî❰ë➘ì❰û➘ï✑✏▼✒❺ç❅ñ❶ç✆☎❾ñ↔ï❺ñ❶ç✆☎✵☞▲ê✈ç▲é✦✪ îðì ➭ ✝♦ç✑☎ÿñ➘ç⑤�➘ï✑☎❉☎ôç❅ñ↔ï➲✟✠✪♦ù ➭ ✝✈ê✲é✾ç➋ñ ➭◗P ✝❫ïÐñ➘ç➘ö➫✯ ë➘ù➯î ➭ �➘ù ➭ ✝✈ç▲ë❯❑➏☎ôê☞ç✑☎❾ïÐõ❤ï✑☎❮î➶ï❘❑
é✾ê♦í✰îðç✆☎❒ñ➘ç➞�↔ï✑☎✁☎❰ç❉ñ➘ï➞✟✠✪✈ù ➭ ✝♦ê✶é☞ç✑☎ôîðì❰ï❺ñ➘ç✆☎●í↔ï P ☞▲ë❶ìðï ➛ ö ❹ �✍ç▲ì●ë➘é✂õ❤ïÐîðç❺ì❒ñ❶ê✡�✍ê♦ì❮îðë➘ìôû↔ï✑✏✓✒❺ç × ï❺ì ➭ ï❺í➘ñ❶ç❧ñ❶ê
0.95

ï
1.05

ò✍ê✛☎ôê✢ï × ï❺ù ➭ ç▲ë ç☞ê✈õ❴ê ➭ îðç☞í➘ç✻� ➭ ✝♦ç✾❑➻ï❘❑➏� ➭ ✝♦ç✾ñ➘ç☞ê♦ì❰ìôç✔ñ➘ê❒îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç➘ö✕◆✳☎✽ìôê✓☎❰ë❶ù➯î➶ïÐñ➘ç✆☎✽ç❺û❶î ➭ ñ➘ç✆☎
☎✹✒Ðç☞é✾ç✆☎ôî❰ìðï❺ñ❶ç✆☎èí↔ï P ☞▲ë➘ì❰ï ➛ ö ⑩❸❹ ö

◆❈☎■ìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎■ñ➘ê✌☎ôîðï➣ïÐí✧❋❺ù ➭ ☎❰ê✸é✾ç✆☎❮îðìðïÐé ✂➍ë➘ê✴ç✆☎■ê✈ì❰ì❰ç✑☎■í↔ï➌õ❴ç▲ì❰é☞ï✕ñ➘çÖ�↔ï✑☎✁☎❰ç➣ñ↔ï④✟✠✪✈ù ➭ ✝✈ê⑤✝❫ï❺ë✜☎ðï❺é
�✍ê✓✂➍ë➘ê♦í➘ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✔í➘ç➆� ➭ ✝✈ç✾❑÷ï▲❑➏� ➭ ✝♦ç✲ñ❶ç✍✚✱✰↕ü➀ö➧◆ × ï❺ù➲ç▲ìúé✙❋▲✶ ➭ é☞ç☞ñ↔ï■ñ➘ê♦ì ➭➯× ï❺ñ↔ï✻✝♦ï❺ù✭✝✈ë➘ù ïÐñ➘ç■ïÐî❰ìðï × ✪✌☎❂ñ↔ï
ê✓✂➍ë↔ï✾✏▼✒❺ç✎❅ ➛ ö ⑨ ❇❛✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï❺í❶ñ➘ç❀ïúï❺ù➯î❰ê♦ìðï✾✏▼✒❺ç❄é✙❋▲✶ ➭ é✲ïøñ❶ç❀ó②ó❖✚❖✰↕ü❚ñ➘ê ×➋➭ ñ➘ç✳ú❄ï❺ù➮îðê♦ì❰ï✑✏▼✒Ðç ➭ é✦�✍ç✆☎ôîðïèí↔ï❄õ❴ç▲ìôé✲ï
ñ➘ç✡�↔ï✑☎✁☎❰ç✾ñ↔ï✤✟✠✪♦ù ➭ ✝♦ê❀õ❴ç ➭

0.86
ö
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◆➝�✍ê♦ì P ù⑧ê × ç▲ù × ê♦í✰î❰ê✾é✾ç✬ñ ➭✗P ✝♦ï❺ñ➘ç☞ñ➘ç✆☎❀ñ➘ê✈í✰îðê✓☎✦❅ × ê♦ì P ☞▲ë➘ìðï ➛ ö ⑩ ❇❄î➶ï❺ésûþ✪✈é➴�✍ç➋ñ❶ê❾ï✑�➘ìôê✓☎ôê♦í✰î➶ï❺ì●ñ➘ê✌☎ ×✬➭ ç✑☎
ê♦é✒ìôê♦ù ï✾✏▼✒❺çúï❺ç■�❛ê✈ì P ù➍ñ➘ê✌☎❰ê❭➘❰ïÐñ➘ç❀ñ➘ê ×➋➭ ñ➘ç❀ïÐç✆☎❥ê✈ì❰ìôç✆☎❥ñ❶ê õ❤ï❺û❶ì ➭ ✝♦ï✑✏▼✒Ðç➘ö❊✚➀í✰îðìôêÕç✑☎❡ê♦ìôì❰ç✆☎❽ñ➘ê➃�❛ê✈ì P ù➂✝✈ù ï✑☎✁☎ ➭✗P ✝❫ï❺ñ➘ç✑☎
�✍ê♦ù ï❒í➘ç▲ìôé✲ï❏✘✕✼ ✽ ⑨✆➜✑➀▲❻ ❝ ❹▲❹ ❞✍î ❀ é✤❑➏☎ôê✽ç❾ê✈ì❰ìôç❾ñ➘êúõ❴ç❺ì❰é☞ïÿñ➘ç✵�✍ê♦ì P ù ò

ffα

ò✬ç❾ê♦ìôì❰ç❾ñ❶ç✤✺❺í✠☞▲ë❶ù➲çsñ❶ç✵�❛ê✈ì P ù❿ò
fHα

ò
ê●ç☞ê✈ì❰ìôç✶î❰ç❺î➶ïÐù➂ñ➘ê✬�❛ê✈ì P ù❿ò

Fα

ò✜✂✬ë❶êÿê✈í✠☞▲ù➲ç❺û↔ï❾ç✆☎↕ñ➘ç ➭ ☎↕ï❺í✰îðê♦ì ➭ ç▲ìôê✓☎✈ö
✽ ï✻�➘ìôê✓☎❰ê✈í✰îðê✾ï❺í✧❋❺ù ➭ ☎ôê❺ò➂ïÐñ➘ç❺îðç❺ë❯❑➏☎ôê✢ï × ïÐù ➭ ïÐìúï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✔ñ➘ç■ê♦ìôì❰ç■ñ➘ê❾õ❴ç❺ì❰é☞ï☞ñ➘ç➆�✍ê♦ì P ù⑧ê❾ñ➘ç■ê✈ì❰ìôç■ñ➘ç

→ ❹
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Erro de forma do passo da hélice  (%)

❃ ➭ ☞➘ö ➛ ö ⑩❸❹ Ð þ ê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê❂ïÐç✾ê✈ì❰ìôç☞ñ↔ï❾õ❴ç▲ìôé✲ï❾ñ❶ç✡�➘ï✑☎❉☎ôç✲ñ↔ï✤✟✠✪✈ù ➭ ✝✈ê❺ö

✺❺í✠☞❺ë➘ù➲ç✢ñ➘ç✡�✍ê♦ì P ù ò➘í➘ç✶ê✈ì❰ì❰ç✾ñ➘ê❂îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ö⑧æ × ïÐù ➭ ç❺ë❯❑➏☎ôê ➭ í ➭ ✝ ➭ ï❺ù➲é✾ê♦í✰îðêúç✶ê♦ì❰ìôç☞ñ❶ç✦✺Ðí✠☞▲ë➘ù➯ç✢ñ➘ç✦�✍ê♦ì P ù ö
ó❡ï❺ì❰ïÿê✌☎ôî➶ï❒ï❺í✧❋Ðù ➭ ☎ôê✿✝❫ï❺ù✗✝♦ë➘ù➯ç▲ë❯❑➶☎❰ê↕çÿê✈ì❰ìôçÿñ➘ê↕îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✫�➘ï❺ìðï●ñ ➭ õ❴ê✈ì❰ê✈í➍î❰ê✓☎ ê♦ìôì❰ç✆☎ ñ➘ç❏✺❺í✠☞▲ë➘ù➯ç●ñ➘ç❏�✍ê♦ì P ù ö

◆✳☎●ê♦ì❰ìôç✆☎●ñ➘ç✍✺❺í✠☞▲ë➘ù➯ç❚ñ➘ç✍�✍ê♦ì P ù⑧õ❴ç▲ì❰ï❺é ✝✈ç▲í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ➘ç✆☎✫✝♦ç❺é☞ç❚ñ➘ê✌☎ ×✬➭ ç✆☎●ñ➘ç✍✺❺í✠☞❺ë➘ù➲ç❚ñ➘ê✎�➘ìôê✓☎❉☎❉✒❺ç❉ê✈é✂ì❰ê✈ù ï❘❑
✏▼✒Ðç❅ï❺ç × ï❺ù➯ç▲ì❒í➘ç▲é ➭ í↔ï❺ù➀ñ➘ï î➶ï❺û✍ê♦ù➲ï ➛ ö ⑩ ò❡î❰ç▲é☞ï❺ñ➘ç✆☎❒ù➲ç▲í✜☞ ➭ î❰ë➘ñ ➭ í➘ï❺ù➲é✾ê♦í✰îðê✤✝✈ç▲í❶õ❴ç▲ìôé☞ê✾ñ➘ê P í ➭ ñ❶ç✸í↔ï❉í➘ç❺ì❰é☞ï
✘✕✼ ✽ ⑨✆➜✆➀▲❻ ❝ ❹❺❹ ❞❿ö☞ó❥ï❺ìðï❧ï■ñ➘ê P í ➭ ✏✓✒❺ç ñ❶ç ê✈ì❰ì❰ç❚é✦❋❘✶ ➭ é✾ç■ï❺ñ➘é ➭ ☎✁☎❉❱ × ê♦ù✱�➘ï❺ìðï■ç➞✺❺í✠☞▲ë❶ù➲ç❚ñ➘ç↔�❛ê✈ì P ù②ë✠☎ôç▲ë❯❑➶☎❰ê✾ï
í➘ç▲ìôé✲ï✤✘❄✼ ✽ ⑨✆➜✆➀▲❹ ❝ ❹❺⑨ ò✧�➘ï❺ìôî❰ê ⑩ ❞ ö
ó❡ï❺ì❰ï➞✝♦ï❺ñ↔ï➆✝♦ç❺í➘ñ ➭ ✏✓✒❺ç↔✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ↔ï❶ò❨ç❧ê✈ì❰ìôç❧ñ❶ç➫✺❺í✜☞▲ë➘ù➲ç■ñ❶ç➞�✍ê♦ì P ù⑧õ❴ç ➭ ✝✈ç▲í✠☎ ➭ ñ➘ê✈ìðï❺ñ➘ç ➭ ☞▲ë↔ï❺ùÕ�↔ï❺ìðï✔î❰ç➋ñ➘ç✑☎

ç✆☎✶ñ➘ê✈í➍î❰ê✓☎✾ê ➭ í✰îðìôç➋ñ➘ë ý♦➭ ñ❶ç⑤☎❰ç▲é✾ê♦í✰îðê❧í↔ï❅ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é✥é☞ç❺î❰ç▲ìðï➋öÖ◆✳☎✾ñ❶ê♦í✰îðê✌☎☞ñ↔ï✴ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é é☞ç ×✬➭ ñ➘ï
�✍ê♦ì❰é☞ï❺í➘ê✌✝♦ê✈ìðï❺é ➭ ☎❰ê✈í➍î❰ç✆☎↕ñ➘ê●ê♦ìôì❰ç✆☎✈ö

◆✳☎øì❰ê✌☎❰ë➘ù➮î➶ï❺ñ➘ç✑☎④ç▲û❶î ➭ ñ➘ç✑☎Õí➘ê✌☎ôîðï✢ï❺í✧❋❺ù ➭ ☎❰ê■☎✹✒Ðç❾é☞ç✑☎ôîðì❰ï❺ñ➘ç✆☎Õí↔ï P ☞❺ë➘ìðï ➛ ö ⑩❲⑨ ö❖◆❀û✠☎❰ê✈ì × ï❘❑➏☎ôê❀í↔ï P ☞▲ë➘ìðï ➛ ö ⑩❫⑨
✂➍ë➘ê❂ç✢ê♦ìôì❰ç✢ñ➘ç✎✺Ðí✠☞▲ë➘ù➯çsñ➘ç✤�✍ê♦ì P ù❛✝❫ïÐë✠☎ðï❾ë➘é ê✈õ❴ê ➭ îðçsí✧✒❺ç✢ù ➭ í➘ê❫ïÐìÕí↔ï❾ìôê✓☎✁�❛ç✆☎❮î➶ï✢ñ➘ç✵�❶ì❰ç▲û➘ù➯ê♦é☞ï❶ò⑥�❛ç▲ì✁✪♦éq✝♦ç▲é
û↔ï ➭ ✶❶ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï❅í➘ç✆☎✾ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎✈ö ◆❂û✜☎❰ê♦ì × ï❘❑➏☎ôê❉ï ➭ í➘ñ↔ï❶ò②ë➘é ✝✈ç▲é✡�❛ç▲ì❮î➶ï❺é✾ê♦í✰î❰ç✴ï✑☎❉☎ ➭ é✡✪✈îðì ➭ ✝✈ç➘ò②ç▲ëÖ☎❰ê❭➘❰ï➋ò
ê♦ìôì❰ç✆☎④ñ➘ç✎✺❺í✠☞▲ë❶ù➲ç❾ñ➘ç✤�✍ê♦ì P ù⑧✝✈ç▲é × ï❺ù➯ç▲ì❰ê✌☎④í➘ê✌☞✰ïÐî ➭➯× ç✑☎øì❰ê✌☎❰ë➘ù➮î➶ï❺é ê♦é ë➘é✲ïÿé☞ê✈í➘ç▲ì ➭ í✜ö↔ë ❀ í✠✝ ➭ ï❾í↔ïsìôê✓☎❉�✍ç✆☎❮î➶ï
✂➍ë↔ï❺í➘ñ❶ç✦✝✈ç▲é✦�➘ï❺ìðï❺ñ❶ç✆☎✿✝♦ç▲é ç✆☎↕ê♦ì❰ìôç✆☎✞✝♦ç▲é × ï❺ù➲ç▲ìôê✓☎✿�✍ç✆☎ ➭ î ➭➮× ç✆☎✈ö

→ ⑨
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Erro do ângulo do perfil  fHα   (µm)

❃ ➭ ☞❶ö ➛ ö ⑩❲⑨ Ð þ ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ïÐñ➘ê✽ñ➘ç☞ó②ó❖✚❖✰↕ü➞ïÐç✾ê✈ì❰ìôç✾ñ❶ç✙✺❺í✜☞▲ë➘ù➲ç✢ñ❶ç✡�✍ê♦ì P ù ö

✢❄☎❰ë➘ï❺ù➲é✾ê♦í✰îðê✶í↔ï ➭ í➘ñ ✩ ☎❮îðì ➭ ï❶ò✐ê✓☎✁�❛ê✌✝ ➭◗P ✝❫ï❘❑➶☎❰ê✾í➘ç➞�➘ì❰ç❘➘ôê îðç❚îðç▲ù➯ê♦ì❉✺❺í✠✝ ➭ ï✑☎❈�↔ï❺ì❰ï■ç✆☎●ê♦ì❰ìôç✆☎ÿï❺ñ➘é ➭ ☎❉☎✁❱ × ê ➭ ☎✽ñ➘ç
✺❺í✠☞❺ë➘ù➲ç❚ñ➘ç↔�✍ê♦ì P ù✱☎ ➭ é✡✪✈î❰ì ➭ ✝❫ï✑☎❀ê✈é✟îðç❺ì❰í➘ç❚ñ➘ç × ï❺ù➲ç❺ì❀í➘ç▲é ➭ í↔ïÐù ösæ➝�❶ì❉✸✆�➘ì ➭ ï✔í➘ç❺ì❰é☞ï➞✘❄✼ ✽ ⑨✆➜✆➀▲❹ ❝ ❹❺⑨ ò➨�➘ï❺ìôî❰ê
⑩ ❞❥ê✓☎✁�❛ê✌✝ ➭✗P ✝❫ï × ï❺ù➲ç❺ì❰ê✓☎■☎ ➭ é✦✪ îðì ➭ ✝♦ç✑☎■�➘ï❺ìðï✲ç☞ê♦ìôì❰ç✔ñ➘ç✻✺❺í✠☞▲ë➘ù➯ç☞ñ❶ç✻�❛ê✈ì P ù❿ö ✽ ç✔ê✈í➍îðï❺í✰îðç➘ò❛ñ➘ê❾ï✾✝♦ç▲ìôñ➘ç✻✝♦ç❺é✖ç✑☎
ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎èñ↔ï✢ï❺í✧❋Ðù ➭ ☎ôêúìôê❫ï❺ù ➭➲ý ï❺ñ↔ï❶ò✬ç✆☎ × ï❺ù➯ç▲ì❰ê✌☎èï❺ñ➘é ➭ ☎✁☎❉❱ × ê ➭ ☎✮�↔ï❺ì❰ï❾ç❾ê♦ìôì❰ç✢ñ➘ç✎✺Ðí✠☞▲ë➘ù➯ç❾ñ➘ç✤�✍ê♦ì P ù➂ñ➘ê × ê♦ì ➭ ï❺é
☎❰ê✈ì■ê✓☎✁�❛ê✌✝ ➭✗P ✝❫ï❺ñ➘ç✑☎■ñ➘ê❉õ❴ç▲ìôé✲ï❋ï✑☎❉☎ ➭ é✡✪✈îðì ➭ ✝♦ï❋ê♦é îðç▲ìôí➘ç➌ñ➘ç × ï❺ù➯ç▲ì✾í➘ç▲é ➭ í↔ï❺ù❿ö ◆❦✝❫ïÐé✦�✍ç➌ñ➘ê❉î❰ç▲ù➲ê✈ì✹✺❺í✜✝ ➭ ï
ñ➘ê × ê♦ì ➭ ï✛☎ôê♦ì ñ➘ê✓☎ôù➲ç⑥✝❫ï❺ñ❶ç✛�↔ï❺ì❰ï❒ç✑☎ × ï❺ù➯ç▲ì❰ê✌☎Õí➘ê✌☞✰ïÐî ➭➯× ç✑☎♦ò➂�❛ê✈ì❰é ➭ î ➭ í➘ñ➘ç❘❑➏☎❰êèê✈ì❰ìôçsñ➘ç✛✺❺í✠☞▲ë➘ù➯ç●ñ➘ç✛�✍ê♦ì P ù❛é☞ï ➭ ç▲ì❰ê✌☎♦ò
ê♦é × ï❺ù➯ç▲ì❰ê✌☎èï❺û✠☎ôç▲ù➲ë➋îðç✆☎✈ò↔í➘ç✎☎❰ê♦í✰î ➭ ñ➘ç✾í➘ê✓☞▲ïÐî ➭➮× ç✶ê●é☞ê✈í➘ç▲ì❰ê✌☎↕í➘ç✎☎❰ê♦í✰î ➭ ñ➘ç✡�❛ç✑☎ ➭ î ➭➯× ç➘ö

◆❈☎ × ï❺ù➯ç▲ì❰ê✌☎■ñ↔ï✑☎❚ñ➘ê✈ì ➭➯× ï❺ñ➘ï✑☎✔î➶ï❺ésûþ✪✈é é☞ç✑☎ôîðì❰ï❺é ✂✬ë❶ê✕ï ➭ í❯ö↔ë ❀ í✜✝ ➭ ï➞ñ➘ç➤ê✈ì❰ì❰ç➣ñ➘ç➉✺❺í✠☞❺ë➘ù➲ç➞ñ➘ç➉�✍ê♦ì❫❑
P ù❄✪➲�❛ê✌✂➍ë➘ê♦í↔ï➁�↔ïÐìðï✕ç✆☎✙✝❫ï✑☎ôç✆☎■ï❺í↔ïÐù ➭ ☎❰ï❺ñ➘ç✆☎✈ö ◆ × ï❺ù➲ç❺ì☞é✦❋❘✶ ➭ é✾ç➘ò

0.16
òøõ❴ç ➭ ê♦í✠✝✈ç▲í✰îðìðïÐñ➘ç➞í➘ç ➭ í✰î❰ê♦ì × ï❺ù➯ç

4µm ≤ fHα ≤ 5.5µm
ö

→ ➛
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æ✡õ❴ç▲ìôé✲ï●ñ➘ç❏�❛ê✈ì P ù✍ñ➘ç✆☎ ñ➘ê♦í✰î❰ê✓☎✩✪úí➘ç▲ì❰é☞ï❺ù➯é☞ê✈í➍î❰ê↕é☞ç✬ñ ➭✗P ✝❫ï❺ñ↔ï❈�↔ïÐìðï❏☎ôê❀ç▲û❶î❰ê♦ì ë➘é☞ïÿé✾ê♦ù✭✟❶ç▲ì❖✝♦ç▲í➘ñ ➭ ✏▼✒Ðç
ñ➘ê❏✝♦ç▲í✰î➶ï♣îðç✔êÿñ➘êsñ ➭ ☎ôî❰ì ➭ û❶ë ➭ ✏✓✒❺ç☞ñ❶ê✛✝❫ïÐì❉☞✰ï❶ò✍ê❾ï✾☎❉☎ ➭ é✏ì❰ê✈ñ➘ë ý♦➭ ì✽ç☞ê♦ì❰ìôç✔ñ➘ê❒îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç☞ê ❷ ç❺ë❅ï✑☎úî❰ê♦í✠☎✁★➋ê✌☎
✂➍ë➘ê ïÐîðë↔ïÐé í➘ç✆☎✾ñ➘ê♦í✰î❰ê✓☎♦öÑ✣④ç▲é ➭ ☎❮îðç➘òÕï✴õ❴ç❺ì❰é☞ï✴ñ❶ç❳�✍ê♦ì P ùèñ➘ç✆☎✾ñ➘ê♦í✰î❰ê✓☎✲ñ❶ê ➭ ✶❶ï✴ñ➘ê➞☎❰ê♦ì✾ë➘é☞ï❅ê × ç❺ù × ê✈í✰îðê
�➘ë➘ì❰ï❊❝ ⑩❲❻✆➜ ❞ ö

æ ➭ í✜ö➘ë ❀ í✠✝ ➭ ï❀ñ➘ê✌☎ôîðï✑☎②é☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎⑧í➘ç✬�❛ê✈ì P ù❶ñ➘ç✆☎②ñ➘ê♦í✰î❰ê✓☎②í➘ç●ñ➘ê✓☎ôê♦é✡�❛ê✈í✠✟➘ç❒ñ➘ç✬�↔ï❺ì⑧ñ❶ê❄ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ò
☎❰ê➏➘❰ï✫✂➍ë↔ïÐí➍î❰ç✵ú●ì❰ê✌☎ ➭ ☎❮î ❀ í✠✝ ➭ ï❒ç▲ë✡✂➍ë↔ï❺í✰îðçÿï❺ç❒í✠❱ × ê♦ù↔ñ➘ê❄ì❰ë✜❱➲ñ➘ç➘ò▲õ❴ç ➭ ç▲û⑥➘ôê✈î❰çÿñ❶ê❄ê✌☎ôî❰ë➘ñ➘çsñ❶êúñ ➭➮× ê✈ì❉☎❰ç✑☎ î❰ìðï❺û↔ïÐù✭✟➘ç✆☎
�➘ë➘û❶ù ➭ ✝♦ï❺ñ➘ç✆☎r❝ ⑨ →✬ò ➀✰❹ ò ⑩❲❻✑➜ ò ⑩❲❻✑➛ ò ➀ →➋ò ➜❺⑨ ò ⑩❲❻✑➛ ❞ ö

æ✽ù✗✪♦éãñ↔ï✑☎Õé☞ç✬ñ ➭✗P ✝❫ï✑✏✌★➋ê✌☎ ➭ í➍î❰ê♦í✠✝ ➭ ç▲í➘ï ➭ ☎ ➭ é✡�✍ç✆☎ôîðï✑☎Õí❶ç✵�❛ê✈ì P ù✍ñ➘ç✆☎Õñ➘ê♦í✰î❰ê✓☎♦ò➋î➶ï❺é❾û✄✪♦éãê❸✶ ➭ ☎ôî❰ê♦éãç✆☎øê✈ì❰ì❰ç✑☎
ñ➘ê❂õ❴ç▲ìôé✲ï❾ñ➘ç✡�✍ê♦ì P ù➂ñ➘ê✓✝✈ç▲ì❰ìôê♦í✰îðê✌☎✽ñ➘ç✎�➘ìôç❯✝✈ê✓☎✁☎❰ç✲ñ❶ê●õ❤ïÐû➘ì ➭ ✝❫ï✑✏✓✒❺ç➞❅ × ê♦ì❄í➘ç▲ì❰é☞ï✤✘✕✼ ✽ ⑨✆➜✆➀▲❻ ❝ ❹▲❹ ❞õ❇ ö

æ✽í↔ïÐù ➭ ☎ôç▲ë❯❑➶☎❰ê❾ï✡☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶êÿñ➘ç✑☎❀ê♦ìôì❰ç✆☎úí↔ï✲õ❴ç▲ì❰é☞ï✶ñ➘ç➆�❛ê✈ì P ù❽ñ➘ç✆☎✽ñ➘ê♦í✰îðê✌☎❂í➘ç✔ê✈ì❰ì❰ç✲ñ➘êsîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
ïÐî❰ìðï × ✪✌☎øñ↔ï✛�✍ê♦ì❮îðë➘ìôû↔ï✑✏▼✒Ðç❾ñ➘ç✆☎Õñ↔ï❺ñ➘ç✆☎❍☞▲ê♦ç❺é✦✪ îðì ➭ ✝♦ç✆☎ ñ➘ç✵�✍ê♦ì P ù✍ñ➘ç❾ñ➘ê✈í➍î❰ê❀é✾ç➋ñ ➭◗P ✝❫ïÐñ➘ç➘ö✱✯❧ë➘ù➯î ➭ �➘ù ➭ ✝♦ç❺ë❯❑➏☎ôê❄ç✑☎
ïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰î❰ç✆☎✽ñ➘ç➆�✍ê♦ì P ù❡é✾ç✆☎❮îðìðïÐñ➘ç✆☎✽í➘ï P ☞▲ë➘ì❰ï ➛ ö ⑩ �❛ç▲ìúë➘é õ❤ïÐîðç▲ìúñ➘ê✵�✍ê♦ì❮îðë➘ìôû↔ï✑✏▼✒Ðç × ïÐì ➭ ïÐí➘ñ➘ç✲ñ❶ê

0.95ï
1.05

ò❨ê✤☎❰ê✾ï × ïÐù ➭ ç❺ë✸ç❚ê✈õ❴ê ➭ îðç■í➘ç➆� ➭ ✝♦ç❘❑÷ï❘❑➶� ➭ ✝✈ç✔ñ➘ç❚ê♦ìôì❰ç❚ñ➘ê❾îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➘ö✤◆✳☎❂ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎❂ç▲û❶î ➭ ñ➘ç✆☎✕☎✹✒❺ç
é✾ç✆☎ôî❰ìðï❺ñ➘ç✑☎èí↔ï P ☞▲ë➘ìðï ➛ ö ⑩▼➛ ö

æ❢�✍ê♦ì❮îðë➘ìôû↔ï✑✏▼✒Ðç✲í↔ï☞õ❴ç❺ì❰é☞ï✾ñ➘ç✦�❛ê✈ì P ù★õ❴ç ➭ ✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺ñ↔ï✦☎ôç▲é✾ê♦í✰îðêÿí↔ï✲ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é✖é✾ç❺î❰ç▲ìðï✶ê❏✝✈ç▲é✖ï
é✾ê✓☎❰é☞ï✶ï❺é✡�➘ù ➭ îðë➘ñ➘ê❄�↔ï❺ì❰ï✢î❰ç➋ñ❶ç✆☎↕ç✆☎èñ➘ê♦í✰î❰ê✓☎♦ö

◆✳☎➀ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎➀ñ❶ê✓☎ôîðï●ï❺í✧❋❺ù ➭ ☎❰êÕé☞ç✑☎ôîðì❰ï❺é❞✂✬ë❶ê❄ç✑☎➀ê♦ì❰ìôç✆☎➀í↔ï✽õ❴ç▲ìôé✲ïúñ➘ç✬�❛ê✈ì P ù➘ñ❶ç✆☎➀ñ➘ê♦í✰î❰ê✓☎❖✝❫ï❺ë✜☎ðï❺é❖õ❴ç▲ìôî❰ê
➭ í❯ö↔ë ❀ í✜✝ ➭ ïÿí➘ç❾ê♦ìôì❰ç✢ñ➘êúîðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç➘öÕ✼➏☎ôî❰ç✤�❛ç✬ñ➘ê✕☎ôê♦ìèç▲û✜☎❰ê♦ì × ï❺ñ➘ç✢í↔ï P ☞▲ë➘ìðï ➛ ö ⑩✓➛ ö✱✚✱☎ôîðï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✛�✍ç➋ñ❶ê
î➶ïÐé❾ûþ✪✈é ☎ôê♦ì↕ç▲û✠☎ôê♦ì × ï❺ñ➘ï✶í❶ç✆☎ × ï❺ù➲ç▲ìôê✓☎✿✝♦ï❺ù✭✝✈ë➘ù ï❺ñ❶ç✆☎✩�↔ï❺ì❰ï✢ï✑☎↕ñ➘ê♦ì ➭➯× ï❺ñ↔ï✾☎èñ➘ç✤� ➭ ✝✈ç✾❑÷ï▲❑➏� ➭ ✝♦ç❾ñ➘ç✡✚✱✰↕ü➌ïÐî❰ìðï × ✪✌☎
ñ↔ï✢ê✓✂➍ë↔ï✾✏▼✒❺ç➲❅ ➛ ö ⑨ ❇ ö➃◆ × ï❺ù➲ç▲ì④é✙❋❘✶ ➭ é☞ç❾ç❺û❶î ➭ ñ➘ç✢õ❴ç ➭

67.38
ö

æ P ☞▲ë➘ì❰ï ➛ ö ⑩❺➔ é☞ç✆☎❮îðì❰ï❂ï❂õ❴ç❺ì❰é☞ï✽ñ↔ï❀õ❴ë➘í✠✏✓✒❺ç●ñ➘ç❂ê♦ìôì❰ç●ñ➘êèîðì❰ï❺í✠☎❰é ➭ ☎✁☎✹✒❺ç●ïÐç❂ù➲ç▲í✠☞❺ç❀ñ➘ç✬✝ ➭ ✝♦ù➲ç❂ñ❶êèê♦í✠☞▲ìôê♦í↔ï▲❑
é✾ê♦í✰îðç❈�↔ïÐìðï❂ï✳✝♦ç❺í➘ñ ➭ ✏✓✒❺ç❂í✧✒❺ç❈�✍ê♦ì❮îðë➘ìôû↔ï❺ñ↔ï✎❅➠õ❤ïÐîðç❺ì

1
❇❥ê✮�↔ï❺ìðï❂ï✾☎✱✝♦ç▲í➘ñ ➭ ✏✓★✬ê✓☎❊✝♦ç▲é❖õ❤ïÐîðç▲ìôê✓☎⑧ñ❶ê✿�❛ê✈ìôîðë❶ì❰û↔ï✑✏✓✒❺ç

0.95
ê

1.05
ö✮◆❀û✠☎❰ê✈ì × ï❘❑➏☎ôêÿë❶é✲ï✾ï❺ù➯î❰ê♦ì❰ï✑✏▼✒❺ç✎☎ ➭ ☞▲í ➭◗P ✝❫ï♣î ➭➯× ï❾í↔ï✢õ❴ç▲ìôé✲ï✢ñ↔ï✢õ❴ë➘í✠✏✓✒❺ç☞ñ❶ç✙✚✱✰↕ü➌ñ➘ê ×➋➭ ñ➘ç✻ú × ï❺ì ➭ ❑

ï✑✏✓✒❺ç✶ñ↔ï✶õ❴ç❺ì❰é☞ï❾ñ➘ç✎�❛ê✈ì P ù❿ö

→ ➔
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Desvio do perfil em relação ao nominal especificado  (%)
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Posição no ciclo de engrenamento

fator = 1   
fator = 0.95
fator = 1.05

❃ ➭ ☞➘ö ➛ ö ⑩▲➔ Ð ✼➻í❯ö↔ë ❀ í✜✝ ➭ ï✶ñ➘ç✾ê♦ìôì❰ç✶ñ↔ï✢õ❴ç▲ì❰é☞ï❾ñ➘ç✎�❛ê✈ì P ù✐ñ❶ç✆☎↕ñ➘ê♦í✰îðê✌☎úí➘ï✶õ❴ë➘í✜✏▼✒❺ç✶ñ➘ç✦✚✱✰↕ü②ö
ë❂➱✖✃✴✃ ❉ ❀■❒ Ñr✰✾✸✻❈ ❮■✱✴✳✶✱✴✺■Ñ✴✵❇✸✖✳✤✬❄✳❍❮❂✬é✳✤✬❄✺■✳✤✸✻❉■✸❇✵✻✸✻❮■✱✎❮❂✬

æ✕☎✾ï❺í✧❋❺ù ➭ ☎ôê✓☎✢ñ➘ê↔☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ïÐñ➘ê✔ñ➘ê❚ñ ➭➮× ê♦ì✁☎❰ç✆☎✡�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎✢ê♦í × ç▲ù ×✬➭ ñ❶ç✆☎✶í➘ç❳�❶ì❰ç▲û➘ù➯ê♦é☞ï❉õ❴ç▲ìðïÐé õ❴ê ➭ î➶ï✑☎
✝♦ç❺é ç☞ç❺û⑥➘ôê✈î ➭➯× ç✶ñ➘ê ➭ ñ➘ê♦í✰î ➭◗P ✝❫ïÐì↕ï ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✢ñ➘ê✬✝❫ï❺ñ↔ï✶ë➘é ñ❶ê♦ù➲ê✌☎↕í↔ï✤☎❰ç▲ù➯ë✠✏▼✒❺ç✶ñ➘ç✎�➘ìôç▲û➘ù➯ê♦é☞ï❶ö→ ➀



✼➻í ➭ ✝ ➭ ï❺ù➯é☞ê✈í✰îðê②ï × ï❺ù ➭ ç▲ë❯❑➏☎ôê②ï■☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê➀ñ↔ï❄é✲ï♣îðì ➭➯ý ñ➘ê❖ö↔ê✷✶ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘ê➀í❶çúê✈ì❰ì❰çúñ➘ê②îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç➘ö➨✼➏☎ôî❰ç
õ❴ç ➭ õ❴ê ➭ î❰ç✢ïÐî❰ìðï × ✪✌☎❄ñ❶ç✤✝▼❋❺ù✗✝♦ë➘ù➯ç❾ñ➘ç✢í ✩ é✾ê♦ì❰ç✢ñ❶ê❈✝♦ç▲í➘ñ ➭ ✏▼✒Ðç✢ñ↔ï❾é✲ï♣îðì ➭➯ý ò✬ê❂ï ➭ í➘ñ↔ï✢ïÐî❰ìðï × ✪✌☎èñ↔ï × ê✈ì ➭✗P ✝❫ï✑✏✓✒❺ç✶ñ➘ç
ê✈õ❴ê ➭ î❰ç❾ñ➘ê✳�✍ê♦ì❮îðë➘ìôû↔ï✑✏✓★✬ê✓☎④í➘ç✆☎øê✈ù➲ê♦é✾ê♦í✰î❰ç✆☎④ñ↔ïÿé✲ïÐî❰ì ➭➯ý ö✱✣④ç❺í➍îðïÐîðç❺ë❯❑➏☎ôê✳✂➍ë➘ê●ïsé☞ïÐîðì ➭➲ý ✪✽û✍ê♦é➹✝♦ç▲í➘ñ ➭ ✝ ➭ ç▲í↔ï❺ñ➘ï
ê➫✂➍ë➘ê➫�❛ê✈ìôîðë❶ì❰û↔ï✑✏✌★➋ê✌☎✔ê♦é ☎❰ê✈ë✠☎✔ê✈ù➲ê♦é✾ê♦í✰î❰ç✆☎✲ìôê✓☎❰ë❶ù➯î➶ïÐé ê✈é �✍ê✓✂➍ë➘ê✈í↔ï✑☎ × ï❺ì ➭ ï✑✏✌★➋ê✌☎✲í↔ï❋ì❰ê✓☎✁�❛ç✑☎ôî➶ï➋ö➄✚✱☎ôîðï✑☎
�✍ê♦ìôî❰ë➘ì❰û➘ï✑✏✓★✬ê✓☎❽î ➭➯× ê♦ì❰ï❺é➡✝♦ç▲é✾ç P í↔ï❺ù ➭ ñ↔ï❺ñ➘ê②ìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï❺ì⑧ê✈ì❰ìôç✆☎❡ç▲ë ➭ í✠✝✈ê♦ì❮îðê ý ï✑☎❡ñ❶ç✆☎❊�↔ïÐì✹✺❺é✾ê✈î❰ì❰ç✆☎❽ê♦í × ç❺ù ×✬➭ ñ➘ç✑☎
í↔ï✢ñ➘ê P í ➭ ✏✓✒❺ç✾ñ➘ç✆☎↕ê♦ù➯ê♦é✾ê♦í✰îðç✆☎èñ➘ï✾é☞ïÐîðì ➭➲ý ❅ × ê✈ì■☎ôê✓✏✓✒❺ç ➛ ö ❹ ❇ ö

æ × ï❺ù ➭ ç▲ë⑥❑➏☎❰êÐòÐê✈í✰î❙✒❺ç➘ò▲ï❄☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ïÐñ➘êÕñ❶ç✕�➘ìôç▲û➘ù➲ê✈é✲ï↕ñ➘ê ×➋➭ ñ➘ç❈ú✑☎ × ï❺ì ➭ ï✑✏✓★✬ê✓☎❽í➘ç × ê✈îðç❺ì❡ñ➘ç✆☎❡ïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰îðç✑☎
➭ í ➭ ✝ ➭ ï ➭ ☎✈ò➂ê✎☎❰ê × ê✈ì ➭✗P ✝♦ç▲ë❳✂✬ë❶ê☞ê✌☎ôî➶ï✾☎ × ï❺ì ➭ ï✑✏✌★➋ê✌☎❈✝❫ï❺ë✠☎❰ï❺é☎ï❺ù➮îðê♦ì❰ï✑✏✓★✬ê✓☎❈☎ ➭ ☞▲í ➭✗P ✝♦ïÐî ➭➮× ï✾☎❀í↔ï❚ì❰ê✓☎✁�❛ç✑☎ôî➶ï➋ö✻✚✱☎ôîðï✑☎
× ï❺ì ➭ ï✑✏✓★✬ê✓☎Õ�❛ç✬ñ➘ê✈é❢☎❰ê✈ì➀ñ➘ê ×✬➭ ñ➘ç●ï❀ê♦ìôì❰ç✆☎⑧ç❺ë✶ï ➭ í✠✝✈ê♦ìôî❰ê ý ï✑☎➀í➘ç✆☎✱�↔ïÐì✹✺❺é✾ê✈î❰ì❰ç✆☎Õ☞▲ê♦ç▲é✡✪✈î❰ì ➭ ✝♦ç✆☎❥ñ↔ï✑☎➀ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎
❅ × ê♦ì✞☎❰ê✌✏▼✒❺ç ➛ ö ➔ ❇ ö

æ✕☎ × ï❺ì ➭ ï✑✏✓★✬ê✓☎④í➘ç✆☎ × ï❺ù➲ç❺ì❰ê✓☎④ñ➘ç✆☎↕ïÐõ❤ï✑☎❮î➶ï❺é✾ê♦í✰î❰ç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎ ê♦í✰îðìôê●ç✆☎✿�❛ç❺í➍î❰ç✆☎èñ ➭ ☎❉✝♦ìôê✈î❰ç✆☎✿�❛ç✬ñ➘ê✈é ☎❰ê✈ì✞�➘ì❰ç✾❑
× ê✈í ➭ ê✈í✰îðê✓☎②ñ➘ê④ê♦ì❰ìôç✆☎➀ç▲ë ➭ í✠✝♦ê✈ìôîðê ý ï✑☎➀ê✈é✣ñ ➭➯× ê✈ì❉☎ôç✆☎✱�↔ï❺ì❉✺❺é☞ê îðìôç✆☎❬☞▲ê✈ç▲é✦✪ îðì ➭ ✝♦ç✑☎❡ê♦í × ç▲ù ×✬➭ ñ❶ç✆☎♦ö❬◆❈☎✱�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✆☎
�➘ì ➭ í✠✝ ➭ �↔ï ➭ ☎❡õ❴ç▲ì❰ï❺é ➭ ñ❶ê♦í✰î ➭◗P ✝❫ï❺ñ❶ç✆☎ ïÐîðì❰ï × ✪✓☎ ñ➘ê↕îðìðïÐû↔ï❺ù✭✟❶ç✆☎✱�➘ë➘û➘ù ➭ ✝♦ï❺ñ➘ç✆☎✱☎ôç▲û➘ì❰ê❄çÿï✑☎❉☎ôë➘í✰îðç➲❝ ➀✰❹ ò ⑩❲❻✆➜ ò ⑩❲❻ →➋ò ❼✆➔ ò
⑨✰❼ ò ⑨ →✐❞✐ê❒ïÐî❰ìðï × ✪✌☎úñ↔ï✢í➘ç❺ì❰é☞ï✡✘❄✼ ✽ ⑨✆➜✆➀❺❻ ❝ ❹▲❹ ❞❿ö

➯➄✝♦ê✈ìôîðç➞✂➍ë➘ê × ïÐì ➭ ï✾✏✓★✬ê✓☎●í➘ç✆☎✬�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎✬✂➍ë➘ê☞ñ❶ê P í➘ê✈é ç✆☎ÿïÐõ❤ï✑☎ôîðï❺é✾ê♦í✰îðç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎✽ê♦í✰î❰ì❰ê✾ç✆☎✬�↔ï❺ì❰ê✌☎
ñ➘ê↔�✍ç▲í✰îðç✆☎✶ñ ➭ ☎❉✝♦ìôê✈î❰ç✆☎✦�✍ç✬ñ➘ê♦é✥ï♣õ❴ê✈î➶ïÐì❾î➶ï❺é❾û✄✪♦é ï➁ìôê✓☞ ➭ ✒❺ç❅ñ➘ê➞✝♦ç▲í✰îðïÐîðç✴ê♦í✰î❰ì❰ê❧ç✆☎✶ñ➘ê♦í✰îðê✌☎♦òøñ❶ê✓�✍ê♦í➘ñ➘ê✈í➘ñ➘ç
ñ↔ï❚ï❺é✡�➘ù ➭ îðë➘ñ❶êsñ➘ê✌☎ôî➶ï✾☎ × ï❺ì ➭ ï✑✏✌★➋ê✌☎♦ö✛✢úé✟ê❸✶➋ê♦é✡�➘ù➲ç➆☎ôê♦ì ➭ ï❚ï✻✝♦ç▲í✠☎ ➭ ñ➘ê✈ìðï✑✏✓✒❺ç❚ñ➘ê✶ë➘é✟ê✈ì❰ìôç❧ñ❶ê✶ï❺ù ➭ í✠✟↔ï❺é✾ê♦í✰îðç
ñ➘ç✆☎☞ñ➘ê♦í✰î❰ê✓☎♦ò■✂➍ë➘ê➫�✍ç✬ñ➘ê♦ì ➭ ï❋ñ❶ê✓☎❰ù➯ç❯✝♦ï❺ì✾ç④✝♦ç▲í✰îðïÐîðç❋ê♦í✰îðìôê✸ç✆☎✲ñ❶ê♦í✰îðê✌☎■ñ➘çÓ✝✈ê♦í✰îðìôç➞ñ➘ç✆☎✲ñ❶ê♦í✰îðê✌☎✻�↔ï❺ì❰ï✕ë➘é☞ï
ñ↔ï✑☎■☎❰ë➘ï✑☎✽ê❸✶➋î❰ì❰ê✈é ➭ ñ↔ï❺ñ➘ê✌☎♦ö↕æ✽ù➮îðê♦ì❰ï✑✏✓★✬ê✓☎❄ñ➘ê✌☎ôîðê❒î ➭ �❛ç☞ïÐõ❴ê✈îðï❺é í✧✒Ðç✙☎❉✸☞ç✆☎✽ê✈ù➲ê✈é☞ê✈í➍î❰ç✆☎❄ñ➘ç × ê✈îðç❺ì✽ñ➘ç✆☎úïÐõ❤ï✑☎❮î➶ï❘❑
é✾ê♦í✰îðç✆☎ ➭ í ➭ ✝ ➭ ï ➭ ☎✈ò✐é✲ï✑☎●î➶ïÐé❾ûþ✪✈é �❛ç✬ñ➘ê✈é ï♣õ❴ê✈î➶ïÐìÿñ➘ê✾õ❴ç▲ì❰é☞ï↔☎ ➭ ☞❺í ➭✗P ✝♦ïÐî ➭➮× ï❚ç✑☎sê♦ù➯ê♦é✾ê♦í✰îðç✑☎ÿñ↔ï é✲ïÐî❰ì ➭➯ý ñ➘ê
ö↔ê❸✶ ➭ û ➭ ù ➭ ñ↔ïÐñ➘ê❺ö

æ îðï❺û❛ê✈ù ï ➛ ö ❹ é✾ç✆☎ôî❰ìðï❚ç✆☎ × ï❺ù➯ç▲ì❰ê✌☎●é✙❋❘✶ ➭ é☞ç✆☎❂ñ➘ï ñ➘ê✈ì ➭➯× ï❺ñ➘ï✍�↔ï❺ì❰ï❧ç✍✝▼❋❺ù✗✝♦ë➘ù➯ç ñ➘ï✍☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ïÐñ➘ê✎✝♦ç▲é
ì❰ê✈ù ï✑✏✓✒❺ç❀ïÐç✆☎⑧ì❰ê✌☎❉�✍ê✓✝ î ➭➯× ç✆☎✱�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎❡ñ❶ê ➭ í✰î❰ê♦ì❰ê✌☎❉☎ôê❺ö❖✚✱☎ôî❰ê✓☎ × ï❺ù➲ç❺ì❰ê✓☎ ➭ í➘ñ ➭ ✝❫ïÐé✒ï✕☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ❶êÕñ➘ç❈� ➭ ✝♦ç❘❑÷ï❘❑
� ➭ ✝♦ç❂ñ➘ç●ê♦ìôì❰ç●ñ➘êøî❰ìðï❺í✠☎ôé ➭ ☎❉☎❉✒❺ç✬�↔ï❺ìðï❀ç✑☎✱�↔ï❺ì✹✺Ðé☞ê îðì❰ç✑☎⑧ê✓☎❮îðë➘ñ↔ïÐñ➘ç✆☎♦ò⑥✝♦ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❺í➘ñ➘ç❒ï❀õ❤ï ➭ ✶❶ï✽ñ❶ê■�✍ê♦ì❮îðë➘ìôû↔ï✑✏✓✒❺ç
ê✓☎❮îðë➘ñ➘ï❺ñ↔ï❉ê✈é ✝♦ï❺ñ↔ï➞✝❫ï✑☎ôç➘ö➞◆✳☎ × ï❺ù➯ç▲ì❰ê✌☎ÿé✾ç✆☎ôî❰ìðï❺ñ❶ç✆☎●í↔ï❧îðï❺û❛ê✈ù ï ➛ ö ❹ ñ➘ê × ê♦é ☎❰ê✈ì ×✬➭ ìÿï✑�✍ê♦í↔ï✾☎✛✝♦ç❺é☞ç❧ë➘é☞ï
ì❰ê õ❴ê♦ì ❀ í✠✝ ➭ ï☞ë❶é✲ï × ê ý ✂➍ë➘êsê✈é × ❋Ðì ➭ ï✾☎úïÐí✧❋❺ù ➭ ☎❰ê✌☎úç▲û✜☎❰ê♦ì × ç▲ë⑥❑➏☎❰êÿë➘é☛✝♦ç▲é✡�✍ç▲ìôîðï❺é☞ê✈í✰îðç✶í✧✒❺ç☞ù ➭ í❶ê❫ï❺ìèñ➘ç × ï❺ù➲ç▲ì
ñ➘ç④� ➭ ✝♦ç❘❑÷ï❘❑➶� ➭ ✝✈ç➁ñ❶ç✕ê♦ìôì❰ç➌ñ❶ê îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç✕ê♦é✥õ❴ë➘í✜✏▼✒❺ç➌ñ➘ï × ï❺ì ➭ ï✑✏▼✒Ðç❋ñ➘ç✑☎✙�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎♦ò④ê❉ç × ï❺ù➯ç▲ì✶ñ↔ï

→ ❼



ñ➘ê✈ì ➭➯× ï❺ñ➘ï✲ñ↔ï☞õ❴ë➘í✜✏▼✒❺ç✲îðï❺é❾û✄✪♦é✖ï✑�➘ìôê✓☎ôê♦í✰îðç▲ë × ï❺ì ➭ ï✑✏✌★➋ê✌☎❄☎ ➭ ☞▲í ➭◗P ✝❫ï♣î ➭➯× ï✑☎✈ö✳◆✳☎✳�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✆☎■✂➍ë➘ê✢ï✑�➘ï❺ì❰ê✌✝♦ê♦é
✝♦ç❺é☞ç■ç✆☎❂ñ❶ê❾é✲ï ➭ ç▲ì ➭ í✜ö↔ë ❀ í✠✝ ➭ ï✲í↔ï■ìôê✓☎❉�✍ç✆☎❮î➶ï■í➘ê✓☎❮îðê✢ê✌☎ôîðë❶ñ➘ç❳❅ × ê✈ì❂î➶ï❺û✍ê♦ù➲ï ➛ ö ❹ ❇❄✝♦ç ➭ í✠✝ ➭ ñ➘ê✈é➴✝✈ç▲é✂ï✑✂➍ë➘ê✈ù➲ê✌☎
ï✑�✍ç▲í✰î➶ï❺ñ❶ç✆☎úê✈é ç▲ë❶îðìôç✆☎èîðì❰ï❺û↔ï❺ù✗✟➘ç✆☎✞✝♦ç▲é✾ç✡☎❰ê♦í❶ñ➘ç✔ç✆☎❄ñ➘ê❒é✲ï ➭ ç▲ì ➭ í❯ö↔ë ❀ í✜✝ ➭ ï✶í➘ç☞ê♦ì❰ìôç☞ñ❶êÿîðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç➌❝ ➛➂➔ ò
⑨ →❶ò ⑨▲❼ ò ➀✰❹ ò ⑩❲❻✆➜ ò ❼✑➔ ❞

✰❥ï❺û➂ö ➛ ö ❹ Ð ✴ ï❺ù➯ç▲ìøé✦❋❘✶ ➭ é✾ç❾ñ↔ï✢ñ➘ê✈ì ➭➯× ï❺ñ➘ï
S
�↔ï❺ì❰ï✶ç✑☎❄ñ ➭➯× ê✈ì❉☎ôç✆☎❄�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✆☎✈ö

➷✕➬✠✃✜✖✧éÓÏ❚á❺✃▲Ú✄❐ ✓ ➬✧➮➌Ú♦✃✙é❳ô✜å➧à❆éÓÚ ✓ à❆Û➨Ï➫❐✓Ï⑥í✆î✠Ú
✘ ➭ ☎ôî✹✺❺í✠✝ ➭ ï✢ê♦í✰îðìôê✬✝♦ê♦í✰î❰ì❰ç✆☎ ❻ ö ❻❺⑨ ➛ ö ⑨
✰❽ç▲ì✁✂✬ë❶êsï✑�❶ù ➭ ✝♦ï❺ñ➘ç ❻ ö ⑨ → ➛ ö ➛
✚✱☎✁�↔ï✑✏❫ïÐé☞ê✈í➍î❰ç ❻ ö❽→ ❻ ➛ ö ➀
æúù ➭ í✠✟↔ï❺é✾ê♦í✰îðç✢ñ❶ç✾ñ❶ê♦í✰îðê ⑩ ö ⑨▲❼ ➛ ö ❼
❃↔ç▲ìôé✲ï❾ñ❶ç✦�↔ï✾☎❉☎❰ç✾ñ↔ï✤✟✠✪✈ù ➭ ✝✈ê ❻ ö❽→ ➀ ➛ ö♠→
✘ í✠☞▲ë➘ù➯ç✶ñ➘ç✎�❛ê✈ì P ù ❻ ö ⑩▼➀ ➛ ö ➜
❃↔ç▲ìôé✲ï❾ñ❶ç✦�✍ê♦ì P ù ➀▲❼ ö ⑨ → ➛ ö ⑩❲❻

ó❡ï❺ì❰ï➫✝❫ï❺ñ➘ï✍�↔ï❺ì❉✺❺é✾ê✈îðìôç➘ò❊✝✈ç▲í✠☎ ➭ ñ➘ê✈ì❰ç▲ë❯❑➶☎❰ê✦✂✬ë❶ê■ï✑☎✛�✍ê♦ì❮îðë➘ìôû↔ï✑✏✌★➋ê✌☎✢ïÐîðë➘ï × ï❺é☎í➘ç✑☎sñ➘ê✈í➍î❰ê✓☎❾ñ❶ê✻☎❰ç▲é✾ê♦í✰î❰ê
ë➘é☞ïsñ↔ï✑☎④ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✈ò↔í↔ï❾ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é é✾ç❺îðç❺ìðï❶ö❥æ✕☎❉☎ôë➘é ➭ ë❯❑➶☎❰ê✳✂➍ë➘ê❀î❰ç➋ñ➘ç✑☎④ç✆☎øñ❶ê♦í✰îðê✌☎❄ñ➘ïsê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦é
é✾ç❺îðç▲ì❰ï✙�✍ç✆☎❉☎ôë ➭ ï❺é✖ç■é✾ê✓☎❰é✾ç✔ê✈ì❰ì❰ç❶ö✛✣④ç❺í✠☎ ➭ ñ➘ê♦ì❰ï❘❑➏☎ôê ➭ ☎ôî❰ç✻✝♦ç❺é☞ç✔ë❶é✲ï✔ï✾�➘ì❰ç▼✶ ➭ é☞ï✑✏▼✒Ðç✻�↔ï❺ì❰ï■ï❺í✧❋❺ù ➭ ☎❰êÐòþ✟➘ï▲➘❰ï
×✬➭ ☎❮î➶ï✵✂➍ë➘ê❀í↔ï✾☎øê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎èì❰ê❫ï ➭ ☎④ç✑☎øê♦ìôì❰ç✆☎✩�✍ç✬ñ➘ê♦é➚☎❰ê✈ìèê♦í✠✝✈ç▲í✰îðì❰ï❺ñ➘ç✆☎øí➘ï✑☎øñ➘ë↔ï✾☎øê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎èñ➘ç✤�↔ï❺ìÕê
✝♦ç❺é ë➘é☞ï✵✝♦ê♦ì❮î➶ï × ï❺ì ➭ ï✑✏▼✒Ðç✢ê♦í✰îðìôê✫✝♦ï❺ñ↔ï✢ë➘é ñ➘ç✆☎↕ñ➘ê♦í✰î❰ê✓☎♦ö æ✕☎ ➭ í✰îðê♦ì❰ï✑✏✓★✬ê✓☎↕ê✈í➍î❰ì❰ê●ç✆☎èñ ➭➮× ê✈ì❉☎❰ç✑☎■�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✆☎
ê♦í × ç▲ù ×✬➭ ñ❶ç✆☎❡í➘ç✕�➘ì❰ç▲û❶ù➲ê♦é☞ï↕í✧✒❺çúõ❴ç❺ìðï❺é✒ï × ï❺ù ➭ ï❺ñ↔ï✑☎✈ò▲�❛ç▲ì✁✪♦é➡☎❰êÕê✓☎✁�❛ê✈ìðï✕✂➍ë➘êøê✈ù ï✑☎➨✝❫ïÐë✠☎❰ê✈é✣ë➘é☞ï✞✝♦ç▲í✰îðì ➭ û➘ë ➭ ✏▼✒Ðç
☎ ➭ ☞▲í ➭◗P ✝❫ïÐî ➭➯× ï✵✂➍ë↔ï❺í➘ñ❶ç☞ç✆☎✿�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✆☎èñ❶ê❒é☞ï ➭ ç▲ì✩☎❰ê✈í✠☎ ➭ û ➭ ù ➭ ñ↔ïÐñ➘ê❂ï❺ç✶é✾ç➋ñ➘ê✈ù➲ç❾ê✌☎ôî❰ê❭➘❰ï❺é✏ê✈í × ç▲ù ×✬➭ ñ➘ç✆☎♦ö

✚②é✡õ❴ë➘í✠✏▼✒Ðç❄ñ❶ç✆☎★ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎✐ç❺û❶î ➭ ñ➘ç✆☎✐í↔ï✑☎★ïÐí✧❋❺ù ➭ ☎❰ê✌☎♦ò × ê✈ì ➭✗P ✝♦ç▲ë❯❑➶☎❰ê❖✂➍ë➘ê➃�❛ê✌✂✬ë❶ê♦í↔ï✑☎ × ï❺ì ➭ ï✑✏✌★➋ê✌☎✐ê♦é➟ï❺ù✗☞▲ë➘í✠☎
�↔ï❺ì❉✺❺é✾ê✈îðìôç✆☎❬�✍ç➋ñ❶ê♦é❢✝♦ï❺ë✠☎❰ï❺ì➀ñ ➭ õ❴ê✈ì❰ê✈í✠✏❫ï✑☎✱☎ ➭ ☞▲í ➭✗P ✝♦ïÐî ➭➮× ï✾☎❡í➘ç✆☎➀ìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎■❅ × ê♦ì➀îðï❺û❛ê✈ù ï ➛ ö ❹ ❇ ö❬✢❄é✲ï × ê ý ✂➍ë➘ê
ê✷✶ ➭ ☎ôîðê✈é ➭ í✠✝✈ê♦ìôî❰ê ý ï✑☎úí➘ï✑☎úé✾ê♦ñ ➭ ✏✓★✬ê✓☎↕ñ➘ê✌☎ôî❰ê✓☎✕�➘ï❺ì✹✺❺é✾ê✈î❰ì❰ç✆☎✈ò↔êsï ➭ í➘ñ↔ï➋ò✧✂✬ë❶ê❾ï✶é☞ê✈ñ ➭ ✏✓✒❺ç✶ñ➘ç✆☎❄ê♦ì❰ìôç✆☎❄ê♦éû✝❫ïÐñ↔ï
ë➘é ñ➘ç✆☎❾ñ➘ê✈í✰îðê✓☎✎✪✔ë❶é✲ï îðï❺ì❰ê õ❤ï îðì❰ï❺û↔ï❺ù✗✟➘ç✆☎❰ï❉ê✻✂➍ë➘ê ➭ í✰î❰ì❰ç✬ñ➘ë ý ë➘é ï✑✝ ✩ é❾ë➘ù➯ç✸ñ➘ê ➭ í✠✝♦ê✈ìôîðê ý ï✑☎✢ñ❶ê ×✬➭ ñ➘ç✴ïÐç
ê✷✶❯✝✈ê✓☎❉☎ ➭➯× ç✢í ✩ é☞ê✈ì❰ç❒ñ➘êúé✾ê♦ñ ➭ ✏✓★✬ê✓☎✈ò✰îðç▲ìôí↔ï❘❑➏☎ôê↕ñ ➭ õ➌❱✗✝ ➭ ù❯✝♦ç▲í✜☎ ➭ ñ❶ê♦ìðïÐì í➘ï❒é✾ç➋ñ❶ê♦ù ï✾☞▲ê♦é✣ñ➘çÿê✈ì❰ìôçÿñ➘ê↕îðì❰ï❺í✠☎ôé ➭ ☎❉☎✹✒Ðç
ç✆☎❀ñ➘ï❺ñ➘ç✆☎❂ìôê❫ï ➭ ☎✽ñ↔ï✑☎✽ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦é✟ï P é✑ñ❶ê✵☎❰ê✢ç▲û➋îðê♦ì✽ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎✕�➘ì❰ê✌✝ ➭ ☎ôç✆☎✳✂➍ë↔ï❺í❶ñ➘ç↔✝♦ç▲é✡�↔ï❺ì❰ï❺ñ➘ç✆☎❄✝♦ç▲é
ï✑☎✞✝♦ë❶ì × ï✑☎↕ñ➘ê●ê♦ìôì❰ç✾ñ➘ê❂îðìðïÐí✠☎❰é ➭ ☎✁☎✹✒❺ç✶ç▲û❶î ➭ ñ↔ï✾☎øê✷✶❯�✍ê♦ì ➭ é☞ê✈í✰î➶ï❺ù➯é☞ê✈í➍î❰ê◆❝ ➀▲❹ ❞ ö

→✆→



✽ ç❾ê✌☎ôî❰ë➘ñ➘ç✢ñ➘ê✳☎ôê♦í✠☎ ➭ û ➭ ù ➭ ñ↔ï❺ñ➘êúï✑�➘ìôê✓☎❰ê✈í✰î➶ï❺ñ➘ç✢í❶ê✓☎ôî❰ê❈✝❫ï✑�✜❱➯îðë❶ù➲çÿï❺í↔ï❺ù ➭ ☎❰ç❺ë❯❑➏☎ôêúç✵✝✈ç▲é✡�❛ç▲ì❮î➶ï❺é✾ê♦í✰î❰çsñ↔ïsìôê✓☎❭❑
�✍ç✆☎ôîðï✾ñ➘ç☞ó②ó❖✚❖✰↕ü➌ê✈é õ❴ë➘í✠✏✓✒❺ç☞ñ❶ê × ï❺ì ➭ ï✑✏✌★➋ê✌☎↕í➘ç✆☎✞�↔ï❺ì❉✺❺é☞ê îðìôç✆☎↕ê♦í × ç▲ù ×✬➭ ñ➘ç✆☎↕í➘ç✡�➘ìôç▲û➘ù➲ê✈é✲ï➋ö➃◆❈☎❄ì❰ê✌☎❰ë➘ù➮î➶ï❘❑
ñ➘ç✆☎⑧ï✑�➘ì❰ê✌☎❰ê✈í➍îðï❺ñ➘ç✆☎❥õ❴ç▲ìðï❺é✒ç▲û➋î ➭ ñ❶ç✆☎❊�↔ïÐìðï✽ë➘é➡�↔ïÐì❡ñ➘êøê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✱✝✈ç▲é➡✝❫ï❺ì❰ï✑✝✈î❰ê♦ì❉❱✗☎ôî ➭ ✝❫ï✾☎❡ì❰ê✌�➘ì❰ê✌☎❰ê✈í➍îðïÐî ➭➮× ï✑☎
ñ↔ï✑☎➀ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎ ë✠☎❰ë➘ï❺ù➲é✾ê♦í✰îðê↕ï✾�➘ù ➭ ✝❫ï❺ñ↔ï✾☎❡í↔ï✑☎⑧î❰ìðï❺í✜☎❰é ➭ ☎❉☎✁★➋ê✌☎➀ñ➘ê × ê✌❱✭✝♦ë❶ù➲ç✆☎✱✝✈ç▲é☞ê✈ì❉✝ ➭ ï ➭ ☎♦ö❽æ✿✝♦ì❰ê✈ñ ➭ îðï❘❑➏☎ôê✿✂➍ë➘ê
�↔ï❺ì❰ï✢ê✓☎ôîðï✡✝♦ïÐîðê✌☞▲ç▲ì ➭ ï❾ñ➘ê✬�➘ìôç➋ñ➘ë➋îðç✆☎↕ç✆☎↕ì❰ê✌☎❰ë➘ù➮î➶ï❺ñ❶ç✆☎èí✧✒❺ç✾ñ➘ê × ê♦é✏é❾ë❶ñ↔ï❺ì✿☎ ➭ ☞▲í ➭◗P ✝❫ïÐî ➭➯× ï❺é✾ê♦í✰îðêÐö

→ ➜



➜▲❻



❘ Û ❤❚❙✍â✍✐ ❡➂ä ❏

❘ ä➜à ❤☎Û✣Ú Ûå❲❩❨❖ä Þ➤ä✙à Ú❧Ý➒å➆✐ ❡✍â Û✣Ü✂ä➜å

Ý▲❑➴❤ Ý➇Ú❉ß✐à Ý❏áãâ Û✙ß✐å

✽ ê✌☎ôîðê✍✝❫ï✑�✜❱➯îðë❶ù➲ç❩✪ é✾ç✆☎ôî❰ìðï❺ñ➘ï❋ï◆▼▲ê✈ìP❖ P ✝❫ï✑✏✓✒❺ç✕ñ➘ç❋é☞ç✬ñ➘ê✈ù➲ç✴ë✠☎ðïÐñ➘çÓ�↔ïÐìðï❋ç❩✝▼❋Ðù✭✝♦ë❶ù➲ç➁ñ↔ï◗▼Ðï❺ì❃❖ ï✑✏✓✒❺ç✴ñ➘ç
ê♦ìôì❰ç❾ñ❶êúîðì❰ï❺í✠☎ôé❘❖✗☎❉☎✹✒Ðç❾ï❺çÿù➲ç▲í✠☞❺çÿñ➘ç✛✝❙❖✭✝✈ù➲ç❒ñ➘ê✽ê✈í✠☞▲ìôê♦í↔ï❺é✾ê♦í✰î❰ç↔❅❿ó②ó❖✚✱✰↕üÕ❇➃✂✬ë➘ï❺í✰îðç✎ú❏☎ôë↔ï❾ï❺ñ❶ê✓✂➍ë↔ï✑✏✓✒❺ç✵�↔ï❺ì❰ï
ê✓☎❮îðê P é ö➡ó❡ï❺ì❰ï▲❖✭☎ôî❰ç➘ò✩✝✈ç▲é✦�➘ï❺ì❰ç▲ë⑥❑➏☎❰ê ç➞ó②ó❖✚❖✰↕ü❞✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ➘ç❋ïÐîðì❰ï✻▼✆✪✓☎■ñ❶ç➌é☞ç✬ñ➘ê✈ù➲ç➁ë✠☎ðï❺ñ❶ç➁✝♦ç▲é ñ↔ï❺ñ➘ç✑☎
ê✷✶❯�✍ê♦ì❃❖➲é✾ê♦í✰î➶ï✱❖✗☎øì❰ê õ❴ê♦ìôê♦í✰îðê✌☎úï❾ë❶é �↔ï❺ì④ñ➘ê❂ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎❄ñ❶ê❀ñ➘ê♦í✰î❰ê✓☎✞✟➘ê♦ù❚❖✭✝✈ç❯❖➲ñ↔ï❱❖✭☎➃☎❰ë➘û➘é✾ê✈îP❖➲ñ➘ç✶ï❾ñ✑❖➯õ❴ê♦ìôê♦í✰îðê✌☎
í✠❱❲▼▲ê❙❖✗☎øñ➘ê❀î❰ç▲ì❉✂➍ë➘êÐö➃◆❈☎èìôê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎øé✾ç✆☎❮îðìðïÐé ë❶é✲ï✵✝✈ç▲ì❰ìôê♦ù ï✾✏▼✒❺ç✢ïÐñ➘ê✓✂➍ë↔ï❺ñ➘ï✶ê✈í✰îðì❰ê❂ç✑☎øñ↔ï❺ñ➘ç✑☎✿✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ➘ç✆☎Õê
é✾ê♦ñ✎❖➯ñ➘ç✆☎♦ö

æ é✾ç✬ñ➘ê♦ù➲ï✑☞▲ê♦é✖é☞ïÐîðê✈é✙❋ÐîP❖✭✝♦ï✔ñ➘ê✦�❶ì❰ç▲û➘ù➯ê♦é☞ï✑☎❂ì❰ê♦ï✱❖✭☎✬�✍ç➋ñ❶ê✡☎ôê♦ì❒é❾ë✎❖➮îðç↔✝♦ç▲é✡�➘ù➯ê✷✶❶ï■é☞ê✌☎❰é✾ç✍�↔ïÐìðï↔�➘ì❰ç✾❑
û➘ù➯ê♦é☞ï✑☎✱☎P❖➯é✦�➘ù➯ê✓☎✈ö⑧ó❥ç❺ì❳❖✗☎ôîðç❶ò✰ñ✎❖❚▼❺ê♦ì❉☎❰ï✑☎➃☎P❖➲é✡�➘ù❚❖ P ✝♦ï✑✏✓★✬ê✓☎❬☎❉✒❺ç❒í➘ç▲ì❰é☞ï❺ù➯é☞ê✈í➍î❰êøõ❴ê❙❖➮î➶ï✑☎✈ö ✽ ç❒ê♦í✰îðï❺í✰îðç➘ò✬çÿê❸✶❯✝♦ê✓☎✁☎❰ç
ñ➘ê✤☎❃❖➲é✡�➘ù❨❖ P ✝❫ï✑✏✌★➋ê✌☎✽í↔ï✔é✾ç✬ñ➘ê♦ù➲ï✑☞▲ê♦é☛�✍ç➋ñ❶ê❾ù➲ê✣▼❺ïÐì❈ú✻�❛ê✈ì❰ñ↔ï■ñ➘ê✤�❶ì❰ê✓✝❩❖✭☎❉✒❺ç■ñ➘ç❚é☞ç✬ñ➘ê✈ù➲ç✲ê✢ê✈é✂ï❺ù✗☞▲ë➘í✠☎✕✝❫ï✑☎ôç✆☎
ú✤�❛ê✈ì❰ñ↔ï✶ñ➘ç✡☎P❖✗☞▲í✎❖ P ✝❫ï❺ñ➘ç✢õ➌❱✗☎P❖✭✝✈ç✢ñ➘ç✎�➘ì❰ç❺û➘ù➲ê✈é✲ï✢ê✓☎❮îðë➘ñ➘ï❺ñ➘ç➘ö ✽ ê✌☎ôîðê✫☎❰ê✈í✰î❅❖➲ñ❶ç➘ò↔ç✆☎èîðê✌☎ôîðê✌☎úê❸✶❯�❛ê✈ìP❖➲é✾ê♦í✰îðï✱❖✭☎✿☎❉✒❺ç
❖➲é✡�✍ç▲ìôîðï❺í✰îðê✓☎✛�↔ï❺ìðï✴ï❅ï✻▼Ðï❺ù❨❖➲ï✑✏▼✒Ðç✸ñ↔ï⑤✝❫ï✑�➘ï✑✝❙❖➯ñ↔ï❺ñ➘ê■ñ➘ç✴é✾ç➋ñ❶ê♦ù➲ç❉ê♦é ìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï❺ì✾ç⑤�➘ì❰ç❺û➘ù➲ê✈é✲ï✸ìôê❫ï❺ù✷❝❭❬ ➔ ò
�➂ö❭❪❘❑ ➛ ❞ ö

ó❡ï❺ì❰ï➇ï➤é✾ê♦ñ✎❖✗✏▼✒❺ç➞ñ➘ç➣ê♦ìôì❰ç➤ñ➘ê❅îðì❰ï❺í✠☎ôé❘❖✗☎❉☎✹✒Ðç➣ñ❶ê❩�➘ï❺ì❰ê✌☎ ê✈í✠☞▲ì❰ê✈í↔ï❺ñ➘ç✑☎♦ò❂ï❺ù✗☞▲ë➘í✠☎■é✡✪✈î❰ç➋ñ❶ç✆☎✔î ❀ é ☎P❖➯ñ➘ç
ê♦é✡�➘ìôê✓☞✰ï❺ñ❶ç✆☎♦ò❽ê♦í✰îðìôê☞ç✑☎✫✂➍ë↔ï❱❖✭☎✫�➘ì❰ê✈ñ➘ç▲é❫❖➲í↔ï❺é✟ï✑☎●é✙❋✾✂✬ë✑❖➲í↔ï✑☎✬✝✈ç▲é☞ê✈ì❉✝❩❖ ï✱❖✗☎❀ñ➘ê✾é☞ê✈ñ✎❖✭✏✓✒❺ç➘ò➧✂➍ë➘ê✦☎❉✒❺ç❧ë✠☎ðï❺ñ➘ï✑☎
í➘ç❅ïÐé❾û✎❖➲ê✈í✰îðê✻�➘ìôç➋ñ❶ë❶î❅❖❲▼▲ç➫�➘ï❺ìðï❅ï✸ï✻▼Ðï❺ù❚❖ ï✑✏✓✒❺ç ñ➘ï✑☎❾ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❾ê♦é �➘ì❰ç⑥✝♦ê✌☎❉☎ôç❅ñ➘ê✲õ❤ï❺û➘ì❃❖✭✝♦ï✑✏▼✒❺ç❶ö ✽ ê✌☎ôîðï✑☎
é✦❋✑✂➍ë✎❖➲í↔ï✾☎øç✎�↔ï❺ìèñ➘ê❂ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎■✪❈☎❰ë➘û➘é✾ê✈îP❖➲ñ➘ç✶ï✢ë➘é☞ï✵✝❫ïÐì❉☞✰ï✢é❾ë✎❖➮îðç❾û➘ï✱❖◗✶❶ï❶ò✠☎ôç▲é✾ê♦í✰îðê❈�↔ïÐìðï✢ç✾ï❺ì❰ì❰ï✑☎ôî❰ê

➜✑❴



ê❀ï❒é✲ïÐí✬ë➋îðê♦í✜✏▼✒❺çÿñ➘ç✛✝✈ç▲í✰î➶ïÐî❰çsê♦í✰î❰ì❰ê✽ç✑☎④ñ➘ê✈í➍î❰ê✓☎✈ò❶êúîðï❺é❾û✄✪♦éãï●û↔ï✱❖Ô✶➘ï❒ì❰ç❺îðï✑✏▼✒Ðç➘ö❬✚✱☎ôî❰ê✽î❅❖✗�❛ç●ñ➘ê❵▼▲ê✈ìP❖ P ✝❫ï✑✏✓✒❺ç
✪✬✝❙✟↔ï❺é☞ï❺ñ➘ç✶ê♦é❛❖➲í✠☞▲ù ❀ ☎èñ➘ê❩❖❿①✷✇⑦✈⑥➑✑❼✭r✡❜✩✉✑✈✛➷✎➋➏r❙①✷➋✐❖✴❝❝❪ ➜ ò ➀ ❬➍ò♦→ ➀ ❞❿ö

æ✕☎★é✙❋✾✂✬ë✑❖➲í↔ï✑☎✐ñ❶ê❊❖❿①✷✇⑦✈⑥➑✑❼✭r✵❜✩✉✑✈✛➷❄➋❭r❙①✷➋❡❖➨☎✹✒❺ç❄ù❨❖➯é❘❖➮î➶ï❺ñ↔ï✾☎þ✂➍ë↔ï❺í✰î❰ç✽ï❺ç↕îðç❺ì❉✂➍ë➘ê ï✑�➘ù❚❖✭✝❫ïÐñ➘ç➘ò❲ê➃�❛ç▲ì☛❖✗☎ôî❰ç■�✍ç✬ñ➘ê♦é
í✧✒❺ç❚ìôê✓�➘ìôê✓☎❰ê✈í✰î➶ï❺ìÿï➆✝♦ç▲í➘ñ✑❖✭✏▼✒Ðç❧ñ❶ê✢ç✆�❛ê✈ìðï✑✏✓✒❺ç❚ñ➘ç↔�↔ï❺ì❂ñ➘ê✶ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎♦ö✶æúù✭☞▲ë➘í✜☎❂ç▲ë❶îðìôç✆☎❂ê✓✂➍ë✎❖✗�↔ï❺é✾ê♦í✰îðç✑☎
☎✹✒Ðç✾ë✜☎ðï❺ñ➘ç✑☎✿�↔ï❺ìðï✢ï❞▼❺ê♦ì❃❖ P ✝♦ï✑✏▼✒❺ç✢ê❸✶❯�❛ê✈ìP❖➲é✾ê♦í✰îðï❺ù➂ñ➘ç✢ê✈ì❰ì❰ç✢ñ❶ê❀îðìðïÐí✠☎❰é❫❖✭☎✁☎✹✒❺ç➘ò➋ê♦í✰îðìôê❂ê♦ù➯ê✓☎èç✆☎øñ✑❖➲í↔ï❺é❤❬▲é✾ê✈î❰ì❰ç✆☎
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✽ ç❳�➘ì❰ê✌☎❰ê♦í✰î❰ê❉îðì❰ï❺û↔ï❺ù✗✟➘ç➘ò í✧✒❺ç✴õ❴ç▲ìðï❺é✥ê❸✶➋ê✓✝♦ë➋î➶ï❺ñ↔ï✾☎✲é✾ê♦ñ✎❖✗✏✓★✬ê✓☎✶ñ➘ç✕ê✈ì❰ìôç✕ñ➘ê❚îðì❰ï❺í✠☎❰é❫❖✭☎✁☎✹✒❺ç➁ñ➘ê✣▼✷❖➯ñ➘ç④ú✾☎
ñ✎❖ P ✝♦ë➘ù➯ñ↔ï❺ñ➘ê✌☎✩✝❙❖➮î➶ï❺ñ➘ï✑☎èï❺í✰îðê✈ìP❖➯ç▲ì❰é✾ê♦í✰îðê❈✂➍ë↔ïÐí➍î❰ç✾ï❺ç✢ê✓✂➍ë✎❖✗�↔ï❺é✾ê♦í✰îðç✢ñ➘ê❂é✾ê♦ñ✑❖✭✏▼✒Ðç❾í➘ê✓✝✈ê✓☎✁☎✹❋❺ì❃❖➲ç➘ö ✽ ç✢ê✈í✰î➶ï❺í✰îðç❶ò
ë✠☎ôç▲ë❯❑➏☎ôê✢ç✆☎❀ìôê✓☎❰ë❶ù➯î➶ïÐñ➘ç✆☎❀ê❸✶✜�✍ê♦ì❃❖➲é✾ê♦í✰î➶ï❱❖✭☎❀ç▲û➋î❅❖➲ñ❶ç✆☎✕�✍ç▲ì✳✘✽ï♠▼✔❖➯ñ❋ó❥ï❺ù➲é✾ê♦ì●❝ ➀ →❡❞⑧ñ❶ë➘ìðï❺í✰î❰ê✢ç➆☎❰ê♦ë❅î❰ìðï❺û↔ïÐù✭✟➘ç☞ñ➘ê
ñ➘ç▲ë➋îðç▲ì❰ï❺é☞ê✈í✰îðç➘ò➋í↔ï✤✢úí✎❖❲▼▲ê✈ì❉☎P❖➯ñ↔ï❺ñ➘ê❂ñ❶ê❈❴úë➘ñ❶ñ➘ê♦ì✁☎ P ê✈ù➲ñ➂ò↔í➘ç ✥ ê❙❖➯í➘ç✤✢❄í✎❖➲ñ➘ç❶ö➃◆❞✘✽ì✈ö②ó❡ï❺ù➯é☞ê✈ìÕõ❴ç▲ìôí➘ê✓✝✈ê♦ë↔☎❰ê✈ë✠☎
ñ↔ï❺ñ❶ç✆☎Õê❸✶❯�❛ê✈ìP❖➲é✾ê♦í✰îðï✱❖✭☎ ñ➘çsê✈ì❰ìôçsñ➘ê↕îðì❰ï❺í✠☎❰é❫❖✭☎✁☎✹✒❺ç❒ê✽ñ❶êúí✠❱❲▼▲ê❩❖✭☎ ñ➘ê✕�➘ìôê✓☎✁☎✹✒❺ç❏☎❰ç▲í➘ç❺ìðïÿìôê♦ù➲ïÐî❅❖❲▼▲ç✆☎ ïÿë❶é➹�➘ï❺ì②ñ➘ê
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎✕✟➘ê✈ù❨❖✗✝♦ç❯❖➯ñ↔ï✱❖✭☎✮☎❰ë➘û➘é✾ê✈îP❖➲ñ➘ç☞ï✎☎❰ê❙❖✗☎úñ✑❖➯õ❴ê♦ìôê♦í✰îðê✌☎✽í✠❱❲▼▲ê❩❖✭☎❄ñ➘ê❒î❰ç▲ì❉✂➍ë➘ê Ð

70Nm
ò
157Nm

ò
245Nm

ò
334Nm

ò
424Nm

ê
514Nm

ö❾æ➝☎❰ê✌☞▲ë✎❖➯ì❀ñ➘ê✓☎✁✝♦ìôê❩▼▲ê❸❑➏☎ôê✔ï✑☎❈✝✈ç▲í➘ñ✎❖✗✏✓★✬ê✓☎❂ê✶ç✆☎❂ê✓✂➍ë✎❖✗�↔ï❺é✾ê♦í✰îðç✑☎❂ë✠☎ðï❺ñ❶ç✆☎✬�❛ê✈ù➲ç
✘✽ì✈öÕó❥ï❺ù➲é✾ê♦ìq❝ ➀ →❡❞➧�↔ï❺ìðï✶ï✑☎↕é✾ê♦ñ✎❖✗✏✓★✬ê✓☎✈ö

◆✳☎❈�↔ï❺ì✹✺Ðé☞ê îðì❰ç✑☎✽û✧❋✑☎❃❖✭✝✈ç✆☎❂ñ➘ç➆�↔ï❺ì✽ñ➘ê✢ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎❈✟➘ê♦ù❚❖✭✝♦ç✱❖➲ñ↔ï✱❖✗☎úë✜☎ðï❺ñ➘ç✑☎❈�❛ê✈ù➲ç➆✘✽ì✈ösó❥ï❺ù➲é✾ê♦ì●❝ ➀ →✐❞❬☎❉✒❺ç
é✾ç✆☎ôî❰ìðï❺ñ➘ç✑☎èí↔ï✶îðï❺û✍ê♦ù ï ➛ ö ❴ ñ➘ç✎✝❫ï✾�✠❱➯î❰ë➘ù➲ç ➛ ö
æ✕☎❄é☞ç✬ñ✎❖ P ✝❫ï✑✏✌★➋ê✌☎èñ➘ê❒é❘❖✗✝♦ì❰ç❘❑➏☞▲ê✈ç▲é☞ê îðì❃❖ ïÿí❶ç✦�✍ê♦ì P ù★ê❒í❶ç✦�↔ï✾☎❉☎❰ç☞ñ↔ï✎✟✠✪♦ù❚❖✭✝♦ê●ñ↔ï✾☎❄ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎úé☞ç❺î❰ç▲ìðï

ê✸é✾ç♠▼✷❖➯ñ↔ï❳☎❉✒❺ç➞é✾ç✆☎ôî❰ìðï❺ñ↔ï✾☎☞ìôê✓☎❉�✍ê✓✝ î❅❖❲▼❺ïÐé☞ê✈í➍î❰ê✸í↔ï✑☎ P ☞▲ë➘ì❰ï✑☎ ➛ ö ❴ ê ➛ öq❬➋ö➡◆✳☎✔ê✈ì❰ìôç✆☎✲ñ➘ê õ❤ï❺û➘ìP❖✗✝❫ï✑✏✓✒❺ç➌ñ↔ï✾☎
ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎úí✠✒❺ç✎☎✹✒❺ç✎✝♦ç❺í✠✟➘ê✓✝❩❖➲ñ➘ç✑☎♦ö
æ✕☎❀é✾ê♦ñ✑❖✭✏✓★✬ê✓☎úñ➘ç■ê♦ìôì❰ç✔ñ❶êsîðì❰ï❺í✠☎❰é❫❖✭☎✁☎✹✒❺ç☞õ❴ç▲ìðï❺é✏õ❴ê❩❖➯î➶ï✾☎✽ë✠☎❰ï❺í➘ñ➘ç■ë➘é☞ï✲û↔ïÐí✠✝❫ï❺ñ➘ï✲ñ➘ê✵☎❃❖✭☎ôî❰ê♦é☞ï☞õ❴ê✓✝❙✟➘ï❺ñ➘ç

❅✑❖②➪❙✉⑥s➝➷❘➺➏➋➏⑩❘➺②➪❙✉⑥s➝➷✦➋❭r❙①✷➋➏r✷❶◗❖❸❇ òþ�➘ì❰ç▲➘ôê✈î➶ïÐñ↔ï✙�✍ê♦ù➲ç✔ó②ìôç❺õ÷ö✬✯ ë❶í➘ì❰ç➘ò❨í↔ï✻✢úí✑❖❚▼▲ê✈ì❉☎❃❖➲ñ↔ï❺ñ❶ê❾ñ➘ê✎✣øï❺ésû➘ìP❖✗☞▲ê❺ò✍í➘ç ✥ ê❙❖➲í❶ç
✢úí✑❖➲ñ➘ç➘ò❶í➘ç✆☎úï❺í➘ç✆☎✞☎❰ê✌☎❉☎ôê♦í✰î➶ï❶ò✄�↔ï❺ì❰ïr❖➲í✐▼▲ê✌☎ôî❅❖✗☞✰ï❺ì↕ç✡✝♦ç▲é✡�❛ç❺ìôî➶ïÐé☞ê✈í➍î❰ç✢ñ✎❖➲í✠✺❺é❘❖✗✝♦ç❾ñ❶ê❏�↔ïÐì❰ê✓☎↕ñ➘ê❒ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎
ñ➘ê●ñ➘ê✈í➍î❰ê✓☎❄ì❰ê îðç✆☎✴❝ ➀ →❶ò✧�➂ö ❴❺➀❯s ❞❿ö❖✚✱☎ôîðï✾û↔ïÐí✠✝❫ï❺ñ➘ï✎✪●é✾ç♠▼✷❖➯ñ↔ï✤�❛ç❺ìèë➘é é✾ç❺îðç▲ì④ê♦ù✭✪ îðì❃❖✭✝♦ç✢ñ❶ê✫✝✈ç▲ì❰ìôê♦í✰îðê✫▼Ðï❺ìP❖✭❋✻▼▲ê♦ù
✂➍ë➘ê✫✝♦ç▲é✡�❛ê✈í✠☎ðï✶ï✑☎✞�✍ê♦ìôñ↔ï✑☎✞�❛ç❺ì↕ïÐîðì❃❖➯îðç✢í❶ç✡☎❃❖✭☎❮îðê♦é☞ï■❝ ➀ →❶ò✠�➂ö ❴❺➀❯s ❞❿ö
ó❡ï❺ì❰ï✢ïsé✾ê♦ñ✎❖✗✏▼✒❺ç❾ñ❶ç❾ê♦ìôì❰ç✢ñ➘ê✽î❰ìðï❺í✜☎❰é❫❖✭☎❉☎❉✒❺ç❾ê✌☎ôî❙❋♣î❅❖✭✝✈ç❾ñ➘ç✤�↔ïÐì④ñ➘ê❀ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✿✟➘ê✈ù❨❖✗✝♦ç❯❖➯ñ↔ï✱❖✭☎➀õ❴ç❯❖❛ë✠☎ðïÐñ➘ç

➜ ❪



ë➘é➴�↔ï❺ì✽ñ❶êú❖❉r✷✈⑧s❙⑩✓③⑥r✷❶❙①❴❖❄✸✆�❶îP❖✭✝♦ç✑☎✽ñ↔ï✔é☞ï❺ì❉✝♦ï✉t✫r✷✇❆③⑥r✷✈✜t✜✉✑✇⑦✈❋ñ➘ê
36000

ù❚❖➲í✠✟↔ï✾☎✽ñ➘ê❾ìôê✓☎ôç▲ù➲ë✠✏✓✒❺ç■ê✵✝✈ç▲é✑ë❶é✲ï
ë➘í✎❖➯ñ↔ï❺ñ➘ê④ñ➘ê♥❖➲í✰î❰ê♦ì❉�✍ç▲ù➲ï✑✏▼✒❺ç❶ö❊◆✳☎☛❖❉r✷✈⑧s❙⑩✓③⑥r✷❶❙①❴❖❽õ❴ç▲ìðïÐé❖é✾ç▲í✰î➶ïÐñ➘ç✆☎❡í➘ï✑☎❡ê❸✶➋î❰ì❰ê✈é❘❖➯ñ↔ï❺ñ➘ê✌☎⑧ñ➘ç✆☎⑧ê❩❖◗✶➋ç✆☎Õ✂✬ë❶ê✿☎❰ë✠�✍ç▲ì❫❑
î➶ïÐé ï✑☎↕ê♦í✠☞▲ìôê♦í↔ï✾☞▲ê♦í✠☎✈ö✞✚✱☎ôîðê✫☎P❖✗☎ôî❰ê♦é☞ï✾ñ➘ê❒é✾ê♦ñ✎❖✗✏▼✒❺ç✾ï✑�➘ìôê✓☎ôê♦í✰î➶ï✡�➘ì❰ê✌✝❙❖✭☎❉✒❺ç✲ñ❶ê

0.36
☎ôê✓☞▲ë❶í➘ñ➘ç✔ñ➘ê❒ï❺ì✁✝♦ç➌❝ ➀ →✬ò

�➂ö ❴❺➀✐✈ ❞❿ö
✔✆❋❋ï✑☎✾é✾ê♦ñ✎❖✗✏✓★✬ê✓☎✶ñ➘ê➞�➘ì❰ê✌☎❉☎✹✒ÐçÓ☎❰ç❺í➘ç▲ìðï❅õ❴ç▲ì❰ï❺é õ❴ê❙❖➮î➶ï✑☎✶ë✠☎❰ï❺í➘ñ➘ç❘❑➏☎❰ê ë➘é✥é❫❖✭✝♦ìôç❺õ❴ç▲í➘ê■ñ➘ï➁é☞ï❺ì❉✝♦ï➇✲

&
●✢ò

✂➍ë➘ê❋õ❴ç✱❖❈�❛ç✆☎❃❖✭✝❩❖➲ç▲í↔ïÐñ➘ç➉ú➣ñ✎❖✗☎ôî✹✺❺í✠✝❙❖➲ï➞ñ➘ê
223mm

ñ↔ï ✝♦ï✱❖◗✶❶ï➞ñ➘ê➁ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎♦ö✏æ✕☎ ï✑✂➍ë✎❖✗☎P❖✭✏✌★➋ê✌☎■õ❴ç▲ìðï❺é
õ❴ê❙❖➮î➶ï✑☎✿✝✈ç▲é ë❶é ê♦í✜✝♦ù ïÐë✠☎❰ë➘ì❰ï❺é✾ê♦í✰îðç✾ï✑✝ ✩ ☎ôîP❖✭✝♦ç✎✝✈ç▲ù➲ç⑥✝❫ï❺ñ❶ç✤☎❰ç▲û➘ìôê●ï✤✝❫ï✱❖Ô✶➘ï❾ñ❶ê❒ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✞�↔ï❺ì❰ï✢ì❰ê♦ñ❶ë ý ❖➯ì↕ï
✝♦ç❺í➍îðï❺é❫❖➲í↔ï✑✏✓✒❺ç✲ñ❶ç✙☎P❖➯í↔ï❺ù➨✝♦ç▲é ç☞ì❰ë✠❱➯ñ➘ç✲ñ➘êsç▲ë❶îðì❰ï✑☎↕õ❴ç▲í✰îðê✓☎✽ñ➘ç✻☎P❖✗☎ôî❰ê♦é☞ï❶ö❄◆❈☎❵▼Ðï❺ù➲ç▲ìôê✓☎❄ñ➘ê✵�➘ìôê✓☎✁☎✹✒❺ç✻☎ôç▲í➘ç▲ì❰ï
é✾ê♦ñ✎❖➯ñ➘ç✆☎❾õ❴ç▲ì❰ï❺é é✾ê♦ñ✎❖➯ñ➘ç✆☎✢ê✈é✥ñ➘ê✓✝❩❖➲û✍ê♦ù✿☎❰ê✈é �✍ç▲í➘ñ➘ê✈ìðï✑✏✓✒❺ç❳�✍ê♦ù➲ï⑤✝♦ë➘ì❣▼❺ï➇�↔ï❺ñ❶ì✹✒❺ç✴ñ➘ê❧ïÐî❰ê♦í➍ë↔ï✑✏✓✒❺ç❋æ❥❝ ➀ →➋ò
�➂ö ❴❺➀ ❬❡❞❿ö
æ✕☎❄é☞ê✈ñ✎❖✭✏✌★➋ê✌☎øõ❴ç▲ìðï❺é ì❰ê❫ïÐù❨❖ ý ï❺ñ↔ï✑☎✿✝✈ç▲é✏ç✡☎P❖✭☎❮îðê✈é✲ï✶ê✓☎❮î➶ï❺û✎❖➯ù❨❖ ý ï❺ñ➘ç❶ò❶ç✙✂➍ë➘ê●õ❴ç❯❖✐ç▲û➋î❅❖➲ñ❶ç☞ï✾�þ✸✆☎❢❬✤✟➘ç▲ì❰ï✑☎úñ❶ê

õ❴ë➘í✠✝❩❖➲ç▲í➘ï❺é☞ê✈í✰îðç✾ñ➘ç✙☎❃❖✭☎ôî❰ê♦é☞ï❶ö④æ✒îðê✈é✦�✍ê♦ì❰ïÐîðë❶ìðï✢ñ➘ç✙✸❺ù➲ê♦ç✾ñ↔ï✎✝❫ï✱❖Ô✶❶ï✾ñ➘ê❒ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎ P ✝✈ç▲ë❉ê✈é✏îðç▲ìôí➘ç☞ñ❶ê
40oC
ò↔ê✈í✠✂➍ë↔ï❺í✰îðç☞ï✢îðê♦é✡�✍ê♦ìðï♣îðë➘ì❰ï❾ñ↔ï✡☎❰ï❺ù ïsõ❴ç✱❖✐é✲ï❺í✰îP❖➲ñ↔ï❾ê✈é

21oC
❝ ➀ →❶ò✠�➂ö ❴❺➀✐✈ ❞❿ö

◆➡ê♦ì❰ìôçsñ➘ê↕îðì❰ï❺í✠☎ôé❘❖✗☎❉☎✹✒Ðç❒õ❴ç❯❖✝é✾ê♦ñ✎❖➯ñ➘ç✫�↔ï❺ìðï✫✝❫ï❺ñ➘ïÿë➘é➩ñ➘ç✑☎✮☎❰ê❩❖✭☎ í✠❱❚▼❺ê❙❖✗☎Õñ➘ê❄îðç▲ì✁✂➍ë➘êúí➘ï❏✝♦ç❺í➘ñ✎❖✭✏✓✒❺ç✛✂➍ë↔ï✾☎P❖◗❑
ê✓☎❮î❙❋ÐîP❖✭✝♦ï✡✝✈ç▲é ï✑☎↕ê✈í✠☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎❄ê♦é ìôç❺î➶ï✑✏✓✒❺ç✶ê♦í✰îðìôê

30
ï

45
ì❉�➘é❳❝ ➀ →✬ò✧�➂ö ❴ → s ❞❿ö

◆➡í✠❱❚▼❺ê♦ù✍ñ➘ê✕�➘ìôê✓☎✁☎✹✒❺ç✵☎ôç▲í➘ç▲ì❰ï❒õ❴ç❯❖✝é✾ê♦ñ✎❖➯ñ➘çsí➘ï❏✝♦ç❺í➘ñ✎❖✭✏✓✒❺çsñ✑❖➲í✧✺❺é❫❖✭✝♦ï❶ò❚✝♦ç❺éãïsì❰ç❺îðï✑✏▼✒Ðçÿñ↔ï✾☎④ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈í✠☎
▼Ðï❺ìP❖➲ï❺í➘ñ➘çsñ➘ê

100
ï

1100
ì✁�➘é❧ö⑧æ✕☎øé✾ê♦ñ✑❖✭✏✓★✬ê✓☎Õõ❴ç▲ìðï❺é➩õ❴ê❩❖➯î➶ï✾☎✮�↔ï❺ì❰ï✛✝♦ç❺í➘ñ✎❖✭✏✌★➋ê✌☎øñ✎❖✗☎❉✝♦ìôê✈îðï✑☎øí➘ê✌☎ôîðê❥❖➯í✰îðê♦ì❣▼Ðï❺ù➲ç

ñ➘ê❄ì❰ç❺îðï✑✏✓★✬ê✓☎ ê✞�↔ï❺ì❰ï✫✝♦ï❺ñ↔ïÿí✜❱❚▼▲ê✈ù✝ñ➘ê❄î❰ç▲ì❉✂➍ë➘êúï✑�➘ù❚❖✭✝♦ï❺ñ➘ç❂í➘ç❏�↔ï❺ì②ê♦í✠☞❺ì❰ê♦í➘ï❺ñ➘ç➘ö❖◆✳☎ ñ↔ï❺ñ➘ç✑☎ õ❴ç▲ì❰ï❺é➩ï❺í➘ï❺ù❨❖✗☎ðï❺ñ➘ç✑☎♦ò
�↔ï❺ì❰ï✍✝♦ï❺ñ↔ï❉í✠❱❲▼▲ê✈ùÕñ➘ê✾îðç▲ì✁✂➍ë➘ê❺ò❬✝♦ï❺ù✭✝✈ë➘ù ïÐí➘ñ➘ç✾❑➶☎❰ê✾ï❉é✡✪♦ñ✎❖➲ï❧ñ➘ç✑☎✇▼Ðï❺ù➲ç❺ì❰ê✓☎●ñ➘ê✦�➘ì❰ê✌☎❉☎❉✒❺ç⑤☎❰ç▲í❶ç▲ìðï❧é☞ê✈ñ✎❖➲ñ➘ç✑☎ÿí↔ï✾☎
▼✾❋❺ìP❖➲ï✑☎èì❰çÐî➶ï✑✏✌★➋ê✌☎r❝ ➀ →➋ò✧�➂ö①❬ ❴ ❪❘❑❣❬ ❴▲➔ ❞❿ö
ó❡ï❺ì❰ï●é☞ï✱❖➯ç▲ì❰ê✌☎➀ñ➘ê✈îðï❺ù✭✟➘ê✌☎➀ê❍❖➲í❶õ❴ç▲ìôé✲ï✾✏✓★✬ê✓☎❬☎ôç▲û➘ì❰êúï❂ç▲û❶î❰ê♦í✠✏✓✒❺çÿñ❶ç✆☎②ñ↔ï❺ñ➘ç✆☎②ê❸✶✜�✍ê♦ì❃❖➲é✾ê♦í✰î➶ï❱❖✭☎♦ò✰ìôê✓✝✈ç▲é☞ê✈í➘ñ↔ï❘❑

☎❰ê✫✝♦ç❺í✠☎❰ë➘ù➮î➶ï❺ì↕ï✢ìôê✈õ❴ê♦ì ❀ í✠✝❩❖ ï✶ç▲ìP❖✗☞❯❖➲í➘ï❺ù✲❝ ➀ →❶ò✜�➂ö ❴▼➀❯s ❑❣❬✱❬ ➀ ❞❿ö

ì◆➱➑Ï ♣ ✬❄✳✹❀❂✵❋✮✥✱✎❮❂❈✎✳Ò✺☛❀■❒ Ð✯✰✾✸✖❅❆❈●✳

ó❡ï❺ì❰ï➫✝♦ç▲é✡�↔ï❺ì❰ï✑✏▼✒Ðç✍✝✈ç▲é☎ç✆☎sñ↔ïÐñ➘ç✆☎sê❸✶❯�❛ê✈ìP❖➲é✾ê♦í✰îðï✱❖✭☎✈ò❊✝❫ïÐù✭✝♦ë❶ù➲ç▲ë❯❑➶☎❰ê✾ç✸ê♦ìôì❰ç✸ñ❶ê☞îðì❰ï❺í✠☎ôé❘❖✗☎❉☎✹✒Ðç❉ê✓☎❮î❙❋ÐîP❖✭✝✈ç
ïÐî❰ìðï✻▼✆✪✌☎❥ñ➘ç✿�❶ì❰ç⑥✝♦ê♦ñ✑❖➲é✾ê♦í✰îðç↕ñ➘ê✌☎❉✝♦ì❃❖➯î❰ç❄í❶ç■✝♦ï✑�✠❱➮îðë➘ù➯ç✳❪✩�↔ï❺ì❰ï↕ç✞�↔ïÐì✐ñ➘ê➀ê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎❽é✾ç✆☎❮îðìðïÐñ➘çèí↔ïøî➶ï❺û✍ê♦ù➲ï ➛ ö ❴

➜✑➛



ñ➘ç✎✝❫ï✾�✠❱➯î❰ë➘ù➲ç ➛ ö
◆✳☎✻�↔ï❺ì❉✺❺é☞ê îðìôç✆☎✔ñ➘ê✸é❫❖✭✝✈ì❰ç✾❑➶☞▲ê♦ç❺é☞ê îðìP❖➲ï✸õ❴ç▲ìðï❺é ✝✈ç▲í✠☎P❖➯ñ➘ê♦ì❰ï❺ñ➘ç✆☎➆✝✈ç▲í❶õ❴ç▲ìôé☞ê❉ï✑☎ P ☞❺ë➘ìðï✑☎ ➛ ö ❴ ê ➛ ö①❬➁ñ➘ç

✝❫ï✾�✠❱➯î❰ë➘ù➲ç ➛ ö ✽ ✒❺ç❧õ❴ç▲ìðï❺é❥✝✈ç▲í✠☎P❖➯ñ➘ê♦ì❰ï❺ñ➘ç✆☎ÿê♦ìôì❰ç✆☎ÿñ➘ê☞õ❤ï❺û❶ìP❖✭✝♦ï✑✏▼✒Ðç❉ñ↔ï✑☎ÿê♦í✠☞❺ì❰ê♦í➘ï✑☞▲ê♦í✜☎♦ò➀ë➘é☞ï✉▼❺ê ý ✂➍ë➘ê✔ê✌☎ôîðï✑☎
❖➲í➋õ❴ç▲ì❰é☞ï✑✏✓★✬ê✓☎④í✧✒❺ç✎☎✹✒❺ç✾ñ✎❖✗☎❉�✍ç▲í✠❱❚▼❺ê❙❖✗☎♦ö

✣øï❺ù✭✝✈ë➘ù➲ç❺ë❯❑➏☎ôê çÓ✚❖✰↕ü➟ê✈é
50

�✍ç✆☎❃❖✭✏✓★✬ê✓☎✾ñ➘ç④✝❩❖✭✝✈ù➲ç✴ñ➘ê❉ê✈í✠☞▲ìôê♦í↔ï❺é✾ê♦í✰î❰ç④�↔ï❺ì❰ï❳✝❫ïÐñ↔ï❋í✠❱❲▼▲ê✈ùúñ➘ê❚îðç❺ì❉✂➍ë➘ê
ï✑�➘ù❚❖✭✝♦ï❺ñ➘ç➘ö ✣④ç▲é✾ç➌õ❴ç❯❖❀ï✾�➘ì❰ê✌☎❰ê♦í✰îðï❺ñ➘ç➣í↔ï➁☎❰ê✓✏✓✒❺ç ➛ ö ❴ ñ➘çÖ✝❫ï✑�✠❱➮îðë➘ù➯ç ➛ ò

50
�❛ç✑☎P❖✭✏✌★➋ê✌☎■ñ✎❖✭☎✁✝♦ìôê✈î➶ï✾☎➆�❛ç✬ñ➘ê♦é

ì❰ê✌�➘ì❰ê✌☎❰ê✈í➍îðï❺ì■✝♦ç▲éq�➘ì❰ê✌✝❙❖✭☎❉✒❺ç✾ï❺ñ➘ê✌✂✬ë➘ï❺ñ↔ï✢ç✎✝♦ç▲é✡�❛ç❺ìôî➶ïÐé☞ê✈í➍î❰ç❾ñ➘ç✶ê♦ìôì❰ç✶ñ➘ê❂îðì❰ï❺í✠☎ôé❘❖✗☎❉☎✹✒Ðç✶ï❺ç✢ù➲ç▲í✜☞▲ç❾ñ➘ç✎✝❙❖✗✝♦ù➯ç
ñ➘ê●ê♦í✜☞▲ì❰ê✈í↔ï❺é✾ê♦í✰îðç➘ö

ó❡ï❺ì❰ï➒ê✈õ❴ê❩❖➯îðç➇ñ➘ê➞ï❺ñ❶ê✓✂➍ë↔ï✑✏✓✒❺ç➒ñ➘ê➌í❶ç▲é☞ê✈í✠✝♦ù➲ïÐîðë❶ìðï ✝✈ç▲é ç✆☎✸ñ↔ïÐñ➘ç✆☎❉ç❺ìP❖✭☞✱❖➲í↔ï✱❖✗☎❚ñ➘ç❏îðì❰ï❺û↔ï❺ù✗✟➘ç➣ñ➘çÑ✘✽ì✈ö
ó❡ïÐù➲é✾ê♦ì✪❝ ➀ →❡❞ ò➋ï❺ñ➘ç❺î❰ç▲ë❯❑➶☎❰ê✽ë✜☎ðï❺ìøçÿîðê♦ìôé☞ç❏�↔ï✑☎✁☎❰ç✢û↔ï✑☎ôê❀ï❺ç❞❖➲í✐▼✆✪✌☎øñ➘ê✳✝❩❖✭✝♦ù➯çsñ➘êúê♦í✠☞❺ì❰ê♦í➘ï❺é☞ê✈í✰îðç➘ö ✽ ç✵✝❫ï✑☎ôç❾ê♦é
✂➍ë➘ê✓☎❮î❙✒❺ç❶ò↔ç✡�✍ê♦ì✁❱➲é✾ê✈î❰ì❰ç✢ñ↔ï✢ê♦í✜☞▲ì❰ê✈í↔ï✑☞▲ê✈é✏í➘ç✶ñ✎❖õ✺❺é✾ê✈î❰ì❰ç❾ñ❶ê❒û➘ï✑☎❰ê✬�✍ç➋ñ➘ê❈☎ôê♦ì↕ì❰ê✌�➘ì❰ê✌☎❰ê✈í➍îðï❺ñ➘ç✦�❛ç▲ì

40
�↔ï✑☎❉☎ôç✆☎

û↔ï✑☎ôê❺ò↔ç▲í❶ñ➘ê
40

✪●ç☞í ✩ é✾ê♦ìôç✾ñ❶ê❒ñ❶ê♦í✰îðê✌☎úñ↔ï✾☎❄ê✈í✠☞▲ìôê♦í↔ï✑☞❺ê♦í✠☎✈ö
➯②❖➯é✦�✍ç▲ìôîðï❺í✰îðêøñ❶ê✓☎ôîðï✑✝❫ïÐì✱✂✬ë❶ê❄ç✑☎➀ì❰ê✓☎ôë➘ù➯îðï❺ñ➘ç✆☎❡ê✷✶❯�❛ê✈ìP❖➯é☞ê✈í➍îðï✱❖✭☎➀ñ❶ç✬✘✽ì♦ö✱✘✽ï♠▼✔❖➯ñ☞ó❥ï❺ù➲é✾ê♦ì✯❝ ➀ →❡❞➘é✾ç✆☎ôî❰ìðï❺ñ➘ç✑☎

í➘ê✌☎ôîðê↕îðì❰ï❺û↔ï❺ù✗✟➘ç✆☎⑧í✠✒❺ç❏✝✈ç▲ì❰ìôê✓☎✁�❛ç▲í❶ñ➘ê♦é➩ïÐç✆☎✡▼❺ïÐù➲ç▲ìôê✓☎②ï❺û✠☎ôç▲ù➲ë➋îðç✆☎➀ç▲û➋î❅❖➲ñ❶ç✆☎➀í↔ï❂é☞ê✈ñ✎❖✭✏✓✒❺ç➘ö❬◆❈☎✡▼Ðï❺ù➯ç▲ì❰ê✌☎➀ñ➘ç●ê♦ì❰ìôç
ñ➘ê❂îðì❰ï❺í✠☎ôé❘❖✗☎❉☎✹✒Ðç❾õ❴ç▲ìðï❺é ñ➘ê✌☎❰ù➲ç⑥✝❫ïÐñ➘ç✆☎èí➘ç✶ê❙❖Ô✶➋ç✾ñ➘ï✑☎↕ç▲ì❰ñ➘ê✈í↔ï❺ñ↔ï✾☎èñ➘ç✎☞▲ì✹❋ P ✝♦ç✎�❛ç❺ìèë➘é③▼Ðï❺ù➯ç▲ì✩✝♦ç❺í✠☎ôîðï❺í✰îðê✬✂➍ë➘ê
í✧✒❺ç✞✪✱✝✈ç▲í✠✟➘ê✌✝❙❖➲ñ❶ç➘ö❬◆➉✘✽ì♦öÕ✘❀ï✻▼✔❖➲ñÿó❡ï❺ù➯é☞ê✈ì✜❝ ➀ →❡❞▲õ❴ê ý ê✓☎ôîðï↕ï❺ù➯î❰ê♦ìðï✾✏▼✒❺çèí➘ç✑☎✚▼Ðï❺ù➯ç▲ì❰ê✌☎❛�✍ç▲ì✐ë➘é☞ï✩✝♦ç▲í✐▼▲ê✈í✎❖ ❀ í✠✝❙❖➲ïèñ➘ê
ï✑�➘ìôê✓☎ôê♦í✰î➶ï✑✏✓✒❺ç❀í➘ç❄☎❰ê✈ë❾îðìðïÐû↔ï❺ù✭✟❶ç❄ñ❶ê④ñ➘ç▲ë➋îðç▲ì❰ï❺é☞ê✈í✰îðç➘öÕ✚➀ù➲êÕï✑�➘ì❰ê✌☎❰ê✈í➍î❰ç▲ë✶ï✑☎➨✝♦ë➘ì❣▼Ðï✑☎❡ñ➘çúê♦ìôì❰ç✽ñ❶êÕîðì❰ï❺í✠☎ôé❘❖✗☎❉☎✹✒Ðç
í➘ç✆☎✽ñ✎❖➯õ❴ê✈ì❰ê♦í✰î❰ê✓☎❂í✠❱❲▼▲ê❙❖✗☎✽ñ➘ê❾î❰ç▲ì❉✂➍ë➘êsê♦é✖ë➘é✟é✾ê✓☎ôé☞ç✻☞❺ì✹❋ P ✝✈ç➘ò⑧✂➍ë➘ê✤✪✛✝♦ç▲í✠✟❶ê✓✝❙❖➯ñ➘ç➆✝♦ç❺é☞ç✔é☞ï✑�↔ï✾ñ➘ê✎❴✽ïÐì❰ìP❖✗☎♦ö
æ✕☎✁☎P❖➯é òþ�↔ï❺ìðï✔ê õ❴ê❙❖➮îðç✔ñ➘ê✛✝♦ç▲é✡�↔ï❺ì❰ï✑✏▼✒❺ç✲ê♦í✰îðìôê❾ç✆☎❂ñ↔ï❺ñ❶ç✆☎❀é✾ê♦ñ✎❖➯ñ➘ç✆☎✽êsç✆☎✳✝❫ïÐù✭✝♦ë❶ù ï❺ñ➘ç✑☎♦ò➂ïÐñ➘ç❺îðç❺ë❯❑➏☎ôêsñ➘ê✌☎❰ù➲ç⑥✝❫ïÐì
îðç✬ñ➘ç✆☎✳▼Ðï❺ù➯ç▲ì❰ê✌☎✿✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ➘ç✆☎èñ➘ç✶ê✈ì❰ì❰ç✾ñ➘ê❂îðì❰ï❺í✠☎ôé❘❖✗☎❉☎✹✒Ðç✾í❶ç☞ê❩❖◗✶➋ç☞ñ➘ï✑☎↕ç▲ì❰ñ➘ê✈í↔ï❺ñ↔ï✾☎■�➘ï❺ìðï✎✂➍ë➘ê●ç❫▼Ðï❺ù➯ç▲ìøé✡✪♦ñ✎❖➯ç
ñ➘ç✢ê✈ì❰ì❰çsñ➘ê❀îðì❰ï❺í✠☎❰é❫❖✭☎✁☎✹✒❺ç✛✝❫ï❺ù✗✝♦ë➘ù➲ï❺ñ➘ç❾ïÐç❾ù➲ç▲í✜☞▲çsñ➘ê❂ë❶éq�↔ï✾☎❉☎❰ç✢û➘ï✑☎❰ê P ✝♦ï✑☎❉☎ôê❈�➘ì❉✸▼✶✷❖➲é✾ç❾ñ➘ç✇▼❺ïÐù➲ç▲ìÕé✦✪✈ñ✎❖➲çÿñ➘ç
ê♦ìôì❰ç✶ñ➘ê●îðì❰ï❺í✠☎❰é❫❖✭☎✁☎✹✒❺ç✢ñ❶ç✾î❰ìðï❺û↔ïÐù✭✟➘ç✢ñ➘ç✡✘✽ì✈ö ó❡ï❺ù➯é☞ê✈ìr❝ ➀ →✞❞ ö

ì◆➱♥➮ ④ ✰✾✸❇✮✹Ð✯✰✾✸✻❈✎✳❍❮❂✬ ❅❆❈●❒ ❁✼✱✷✰➠✱✴❑✯❰r❈ ❮■❈✎✳î✰✾✬❄✳✹❀❂✵❇✮✥✱✴❮❂❈●✳

⑤❢⑥❯⑦✹⑧❅⑨P⑩✱❶✵⑩✱❷❚❸✎⑥❯⑦✚❹❻❺❩⑦P❼❾❽ ❖ ⑦❅⑩✱❿✎⑥✱⑦❙➀ ❖ ❿✎❺❙➁✐⑧ ❖❚➂✵➃ ⑥❯❽✷➄➅⑦❃❺❳⑥✱⑦➆⑦❃❺❙➇❯❽ ❖ ➁✐⑧❅❺❙⑦ ➃ ⑨ ❖ ⑧❅➈❩⑨ ❖ ⑥❯⑦✚❿✎❺ ➃ ⑥❯➉❘❹✎⑩✱⑨❅⑩✱➊❙➋✱⑥❍❺❙➁✐⑧❅⑨❃❺✧⑥❯⑦➆❿✵⑩✱❿✎⑥✱⑦
❿✎⑥➌❺❙⑨❃⑨P⑥❫❿✎❺❥⑧❅⑨P⑩✱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥➌⑥❯❶✷⑧ ❖ ❿✑⑥❯⑦♥❺✣➍✷❹➎❺❙⑨ ❖ ➉❫❺❙➁✐⑧✯⑩✱❷❚➉❘❺❩➁✐⑧❅❺❥❺➏⑩✱➁✵⑩✱❷ ❖ ⑧ ❖❨➃ ⑩❱➉❘❺❩➁❾⑧P❺✑Ð

➜❚➔



•
➃ ⑥❯➉❫❹✵⑩✱⑨❅⑩❱➊✻➋✱⑥❥➇❯⑨P➐ ➂✵➃ ⑩✫❿✎⑩✱⑦ ➃ ❽✎⑨ ▼ ⑩✱⑦✡❿✎❺❙⑦ ➃ ⑨ ❖ ⑧✯⑩❱⑦✾❹➎❺❙❷❚⑥❥❺❙⑨❃⑨P⑥❥❿✎❺✳⑧❅⑨P⑩✱➁✎⑦❃➉ ❖ ⑦P⑦❅➋❱⑥❥➉❘❺❩❿ ❖ ❿✎⑥✝❺ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥❥❹✵⑩✱⑨P⑩
❿ ❖❲➑ ❺❙⑨❃❺❙➁✐⑧❅❺❩⑦✇⑧❅⑥✱⑨P❼❾❽✎❺❙⑦ ❝❝➒❯❪ ➀➆➓ ❴ ➀ ➒❯➔❡❞➣→↕↔ ⑦❣⑧✯⑩ ➑ ⑥✱⑨P➉❘⑩❇❿✑❺↕⑩✱❹✑⑨P❺❙⑦❃❺❙➁✐⑧✯⑩❱➊✻➋✱⑥❦➈ ➃ ⑥✱➁✎❸✎❺ ➃❩❖ ❿✵⑩ ➃ ⑥✱➉❘⑥✉➉↕⑩❱❹✵⑩✉❿✑❺
➙❢⑩✱⑨P⑨ ❖ ⑦ ❝ ❴♠s❯➛ ❞❫❢

•
➃ ⑥❯➉❫❹✵⑩✱⑨❅⑩❱➊✻➋✱⑥❇➇❯⑨P➐ ➂✵➃ ⑩❇❺❙➁✐⑧P⑨P❺❘⑩✱➉❘❹✑❷ ❖ ⑧P❽✎❿✎❺❩⑦➜❿✵⑩✱⑦✫❸✵⑩✱⑨❃➉ ❬ ➁ ❖❨➃ ⑩✱⑦❥❿✎⑥✉❺❙⑨P⑨❃⑥❇❿✎❺❫⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥❇➉❘❺❩❿ ❖ ❿✎⑩✱⑦❥❺
➃ ⑩✱❷ ➃ ❽✎❷➝⑩✱❿✎⑩✱⑦✧❹✵⑩❱⑨❅⑩❤❿ ❖❲➑ ❺❙⑨P❺❩➁✐⑧❅❺❙⑦✳➁✑➞ ▼ ❺ ❖ ⑦♥❿✑❺✝⑧❅⑥❯⑨❃❼❾❽✎❺ →✕➟ ❷❚➇❯❽✎➁✎⑦❳⑧❅⑨❅⑩❱❶✵⑩✱❷❨❸✑⑥❯⑦ ➃ ⑥❯➉❘❹✎⑩✱⑨❅⑩✱⑨P⑩✱➉➠⑩✱⑦✳⑩✱➉❫❹✎❷ ❖ ⑧❅❽✑❿✎❺❙⑦
❿✵⑩❱⑦✇❿✎❽✎⑩✱⑦✇❹✑⑨ ❖ ➉❫❺ ❖ ⑨❅⑩✱⑦✝❸✵⑩✱⑨P➉ ❬ ➁ ❖❚➃ ⑩✱⑦✫❿✎⑥✉❺❙⑨❃⑨P⑥✉❿✎❺➌⑧❅⑨❅⑩❱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥ ❝➢➡ s ➀ ➡ ➀ ➔❯➒✞❞ ➀✹❺❘❽✑➉➤⑥❯❽✑⑧❅⑨❃⑥✉⑧P⑨❅⑩✱❶✎⑩✱❷❨❸✎⑥
➃ ⑥❯➉❘❹✎⑩✱⑨P⑥❯❽➥⑩✱⑦r⑧P⑨P➦❙⑦❫❹✎⑨ ❖ ➉❫❺ ❖ ⑨P⑩✱⑦❤❸✵⑩❱⑨P➉ ❬ ➁ ❖❨➃ ⑩✱⑦❤❿✎⑥ ↔✡➧❍➨Þ❝ ➓ ❞❍➃ ⑥❯➉➩⑩✱⑦➌⑨P❺❙⑦❃❹❻❺ ➃ ⑧ ❖❚▼ ⑩✱⑦❫❸✵⑩✱⑨P➉ ❬ ➁ ❖❚➃ ⑩✱⑦❞❿✎⑥
⑨❃❽✎➞❨❿✎⑥➌➉❫❺❙❿ ❖ ❿✎⑥ ❢

•
➃ ⑥❯➉❫❹✵⑩✱⑨❅⑩❱➊✻➋✱⑥➌➇❯⑨P➐ ➂✵➃ ⑩r❺❩➁❾⑧P⑨P❺➏⑥❯⑦ ▼ ⑩✱❷❨⑥❯⑨❃❺❙⑦✳❿✎❺ ▼✔❖ ❶✑⑨❅⑩✱➊❙➋✱⑥➌❺❙➉➫⑩ ➃ ❺❙❷❚❺❙⑨❅⑩❱➊✻➋✱⑥ ❝ ➛ ➓✷➀ ➒ ➛ ➀ ➛ ❞ ➀✵⑥✱❽✉❿✑⑥❘➁✎➞ ▼ ❺❩❷☛❿✎❺
❹✎⑨❃❺❙⑦❃⑦❅➋✱⑥❘⑦P⑥❯➁✎⑥✱⑨❅⑩r➁✵⑩➌❺❙⑦ ➃ ⑩✱❷➝⑩r❿✎❺ ➃❙❖ ❶❻❺❩❷ ❝ ❴ ➡ ➀ ➒❯➒ ➀ ➛ ➀➭➓ ❞❫❢

•
➃ ⑥❯➉❫❹✵⑩✱⑨❅⑩❱➊✻➋✱⑥✉➇❯⑨❅➐ ➂✵➃ ⑩✉❺❙➁✐⑧❅⑨❃❺↕⑥♦➁✑➞ ▼ ❺❩❷✕❿✎❺↕❹✎⑨❃❺❙⑦❃⑦❅➋✱⑥❦⑦❃⑥❯➁✎⑥❯⑨P⑩✉➇✱❷❨⑥❯❶✵⑩❱❷✡⑥❯❶✑⑧ ❖ ❿✎⑥➯⑩❱⑧❅⑨P⑩ ▼ ➈❙⑦✇❿✵⑩➯➉❫➈❙❿ ❖ ⑩✉❿✑⑥❯⑦
➁✎➞ ▼ ❺ ❖ ⑦✚❿✎❺✕❹✎⑨P❺❩⑦P⑦P➋✱⑥✝⑦❃⑥❯➁✎⑥❯⑨P⑩❵➉❫❺❙❿ ❖ ❿✎⑥❯⑦☛❺❩➉➲❽✎➉❘⑩ ➑ ⑩ ❖ ➍✑⑩✳❿✎❺❳⑨❃⑥✱⑧✯⑩❱➊❙➳✔❺❙⑦ ➃ ⑥✱➉➵⑩❵⑩❱➉❘❹✎❷ ❖ ⑧P❽✎❿✎❺➸❿✎⑥❵❹ ❖❚➃ ⑥❱➄➅⑩✗➄➅❹ ❖❚➃ ⑥
❿✎⑥❫❺❙⑨❃⑨P⑥➌❿✎❺❥⑧❅⑨P⑩✱➁✎⑦❃➉ ❖ ⑦P⑦❅➋❱⑥ ❝❝➒❯➔✞❞➣→

↔ ➉➺➁✎❺❙➁✑❸✔❽✑➉➻❿✎❺❙⑦❣⑧❅❺❩⑦✫⑧P⑨❅⑩✱❶✎⑩✱❷❨❸✎⑥✱⑦✝⑦P❺r⑥✱❶✎⑦P❺❩⑨ ▼ ⑥✱❽②⑥➼❽✎⑦❃⑥❇❿✎❺➌⑩✱❷❨➇✱❽✎➉ ➃ ⑨ ❖ ⑧❅➈❩⑨ ❖ ⑥↕⑥❯❶✔➽❃❺❩⑧ ❖❚▼ ⑥✉❿✑❺ ➃ ⑥❯➉❫❹✵⑩✱⑨P⑩✱➊✻➋❱⑥
❺❙➁✐⑧P⑨P❺➏⑥❯⑦❍❿✵⑩✱❿✎⑥❯⑦❍➉❫❺❙❿ ❖ ❿✎⑥❯⑦♥❺ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩✱❿✑⑥❯⑦✳❼❾❽✎❺✫❹✎❽✎❿✎❺❩⑦P⑦P❺✇❼❾❽✵⑩✱➁✐⑧ ❖❲➂✵➃ ⑩✱⑨❵⑩r⑨P❺❩❷➝⑩✱➊❙➋✱⑥r❺❙➁✐⑧P⑨P❺➏❺❙❷❨❺❩⑦ →

➾✕⑨❃⑥❯❹➎➳✷❺➚➄➅⑦P❺❳➁✎⑥❥❹✎⑨❃❺❙⑦P❺❩➁✐⑧❅❺♥⑧❅⑨P⑩✱❶✵⑩✱❷❚❸✎⑥ ➃ ⑥❯➉❫❹✵⑩✱⑨❅⑩❱⑨➆⑥❯⑦✌❿✵⑩✱❿✎⑥❯⑦✌⑥❯❶✑⑧ ❖ ❿✎⑥❯⑦➆❺✣➍✷❹❻❺❩⑨ ❖ ➉❘❺❩➁❾⑧❅⑩✱❷❨➉❫❺❙➁✐⑧P❺ ➃ ⑥❯➉➪⑥✱⑦➸❿✵⑩✱❿✎⑥✱⑦
❿✎⑥▲❺❩⑨P⑨❃⑥▲❿✎❺♦⑧P⑨❅⑩✱➁✎⑦❃➉ ❖ ⑦P⑦P➋✱⑥ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩✱❿✑⑥❯⑦↕⑩✗⑧❅⑨❅⑩ ▼ ➈❙⑦➶❿✎❺➯❿✎⑥ ❖ ⑦ ➃ ⑨ ❖ ⑧P➈❙⑨ ❖ ⑥❯⑦❙➹♦❽✎➉ ❿✑❺❙❷❨❺❩⑦↕❽✎⑦P⑩✱➁✎❿✎⑥➘❽✑➉↕⑩◗❺❙❼❾❽✵⑩✱➊❙➋✱⑥
⑩✱❹✎❷ ❖❨➃ ⑩✱❿✵⑩✇❺❩➉❛⑩❱➁✵➐✱❷ ❖ ⑦P❺❵➉❘⑥✔❿✵⑩✱❷➎❹✵⑩✱⑨P⑩ ➃ ⑥✱➉❘❹✵⑩❱⑨❅⑩✱➊❙➋✱⑥❞❺❩➁❾⑧P⑨P❺➜➉❫⑥✔❿✎⑥❯⑦✧❿✑❺ ▼✔❖ ❶✎⑨P⑩✱⑨✧➉❫❺❙❿ ❖ ❿✎⑥❯⑦❳❺ ➃ ⑩❱❷ ➃ ❽✑❷➝⑩✱❿✎⑥✱⑦ →✡↔ ⑦❃⑧P❺
➃ ⑨ ❖ ⑧P➈❙⑨ ❖ ⑥✎➀ ➃ ❸✵⑩✱➉❘⑩✱❿✎⑥◗❿✎❺❦➴ ➟❵➷é❵➮➬②➱❙✃✐❐✱❒✜P➜❮✯❮✣❰✔Ï❃❐✱ÐÒÑ✯Ó②Ô➸Ï✣Õ×Ö➅Ó✣Ï➚Õ➣➱✗Ð➆❛ ➀❳❹➎❺❙⑨❃➉ ❖ ⑧❅❺❇❼❾❽✵⑩✱➁✐⑧ ❖❲➂✵➃ ⑩❱⑨❘⑩❧⑦ ❖ ➉ ❖ ❷➝⑩✱⑨ ❖ ❿✵⑩❱❿✎❺
❺❙➁✐⑧P⑨P❺↕❿✑⑥ ❖ ⑦❥➉❫⑥✷❿✑⑥❯⑦✫❿✎❺ ▼✷❖ ❶✎⑨❅⑩❱⑨➏❺❫➈➌❿✎❺ ➂ ➁ ❖ ❿✎⑥✉❹➎❺❙❷➝⑩❇❺❙❼❾❽✵⑩❱➊✻➋✱⑥ÙØ➣➓ → ❴✜Ú ❝❭❬✱➔ ➀✹❹ → ➓ ➒ ➄ ➒ s ❞➣→↕Û ⑥❯❽✑⑧P⑨P⑥ ➃ ⑨ ❖ ⑧P➈❙⑨ ❖ ⑥❇➈
➇❯⑨P➐ ➂✵➃ ⑥✑➀✱➁✎⑥➜❼❾❽✵⑩❱❷✷⑥➜❺❩⑨P⑨❃⑥✝❿✎❺✧⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥❢⑩✱⑥➜❷❨⑥✱➁✎➇❯⑥❵❿✎⑥ ➃❙❖❚➃ ❷❚⑥❢❿✎❺❳❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➉❘❺❩➁✐⑧❅⑥➜❹✵⑩❱⑨❅⑩❢❿ ❖❚▼ ❺❩⑨P⑦❃⑥❯⑦
➁✎➞ ▼ ❺ ❖ ⑦➜❿✎❺❞⑧P⑥❯⑨P❼❾❽✎❺r➈ ➃ ⑥❯➉❫❹✵⑩✱⑨P⑩✱❿✎⑥ ➃ ⑥❯➉➺⑩ ➃ ❽✎⑨ ▼ ⑩➶❿✑⑥➼❺❙⑨P⑨❃⑥➶❿✎❺❤⑧P⑨❅⑩✱➁✎⑦❃➉ ❖ ⑦P⑦P➋✱⑥↕⑥❯❶✷⑧ ❖ ❿✎⑩↕❺✣➍✷❹➎❺❙⑨ ❖ ➉❘❺❩➁✐⑧✯⑩✱❷❚➉❘❺❩➁❾⑧P❺✱➀
❺◗⑩ ❖ ➁✑❿✵⑩✑➀✝⑥✱⑦ ▼ ⑩❱❷❨⑥❯⑨❃❺❙⑦➼❿✎⑥➥❹ ❖❨➃ ⑥❱➄✩⑩✜➄➅❹ ❖❚➃ ⑥▲❿✎⑥Ü❺❩⑨P⑨P⑥Ü❿✎❺❧⑧❅⑨P⑩✱➁✎⑦❃➉ ❖ ⑦P⑦❅➋❱⑥ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥❯⑦➼❹✵⑩❱⑨❅⑩ ➃ ⑩✱❿✎⑩➘⑧P⑥❯⑨P❼❾❽✎❺❧⑦P➋✱⑥
➃ ⑥✱➉❘❹✵⑩❱⑨❅⑩✱❿✎⑥✱⑦ ➃ ⑥✱➉Ý⑥✱⑦ ▼ ⑩✱❷❨⑥✱⑨P❺❙⑦❢❿✎⑥➶➾✕➾ ↔✡➧❍➨ ⑥❯❶✷⑧ ❖ ❿✑⑥❯⑦❢❺➚➍✷❹❻❺❩⑨ ❖ ➉❫❺❙➁✐⑧❅⑩✱❷❨➉❫❺❙➁✐⑧❅❺➏❺ ➃ ⑥❯➉Þ⑥❯⑦✝➁✎➞ ▼ ❺ ❖ ⑦✝❿✑❺❞❹✎⑨❃❺❙⑦P⑦P➋✱⑥
⑦P⑥✱➁✎⑥❯⑨❅⑩➌➉❫❺❙❿ ❖ ❿✎⑥❯⑦✳➁✵⑩✱⑦✳⑨❃❺❙⑦❃❹❻❺ ➃ ⑧ ❖❲▼ ⑩✱⑦ ➃ ⑥❯➁✎❿ ❖ ➊❙➳✔❺❙⑦✳❿✎❺❥⑧P⑥❯⑨P❼❾❽✎❺ →

➟ ❺❙❼❾❽✵⑩✱➊❙➋✱⑥❘❿✑⑥➶➴ ➟❵➷ ➈✱➹
➛ ➒



MAC =

∣

∣

∣ETLT
m ETLa

∣

∣

∣

2

(ETLT
a ETLa) (ETLT

m ETLm)
,

Ø➮➓ → ❴♠Ú

⑥❯➁✎❿✑❺
ETL

➈➌⑥ ▼ ❺❩⑧P⑥❯⑨ ➃ ⑥❯➉➻⑥✱⑦ ▼ ⑩✱❷❚⑥❯⑨P❺❩⑦❥❿✎⑥✉❺❙⑨P⑨❃⑥➯❿✑❺➌⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥❇❷❨⑥❯➁✑➇ ❖ ⑧P❽✎❿ ❖ ➁✎⑩✱❷✌⑩❱⑥✉❷❚⑥❯➁✎➇❯⑥➼❿✑⑥ ➃❩❖❨➃ ❷❚⑥➼❿✎❺
❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥➶❺❩➉Þ❽✎➉➫❿✵⑩✱❿✎⑥❘⑧❅⑥❯⑨❃❼✔❽✑❺

(µm)
➀➭⑥❯⑦❢➞❨➁✎❿ ❖❚➃ ❺❩⑦

m
❺

a
❖ ➁✎❿ ❖❚➃ ⑩✱➉❛⑨P❺❙⑦❃❹❻❺ ➃ ⑧ ❖❚▼ ⑩✱➉❫❺❙➁✐⑧❅❺✇⑥❯⑦ ▼ ⑩✱❷❚⑥❯⑨P❺❩⑦

➉❫❺❙❿ ❖ ❿✎⑥❯⑦✳❺✫⑥❯⑦ ▼ ⑩✱❷❨⑥✱⑨P❺❙⑦❍⑩❱➁✵⑩✱❷❨➞❲⑧ ❖❚➃ ⑥❯⑦❩➀✷❺
ETLT ➈✫⑥ ▼ ❺✣⑧❅⑥❯⑨✳⑧P⑨❅⑩✱➁✎⑦❃❹❻⑥✱⑦❃⑧❅⑥❫❿✎❺ ETL

→

Û ➴ ➟❵➷ ➈➜❽✑➉↕⑩✫⑧❅➈ ➃ ➁ ❖❨➃ ⑩❤➉❤❽ ❖ ⑧❅⑥❞❽✑⑦❅⑩✱❿✵⑩❤❹✎⑩✱⑨❅⑩❞❺❩⑦❃⑧ ❖ ➉❘⑩✱⑨✧⑥❤➇✱⑨❅⑩✱❽➶❿✑❺ ➃ ⑥❯⑨❃⑨P❺❩❷➝⑩✱➊❙➋✱⑥❤❺❙➁✐⑧P⑨P❺ ▼ ❺✣⑧❅⑥❯⑨❃❺❙⑦✳➉❫⑥✷❿✎⑩ ❖ ⑦
⑥❯❶✑⑧ ❖ ❿✎⑥✱⑦➆❿✎❺✧➉❘⑥✔❿✎❺❙❷❚⑥❯⑦➆⑩✱➁✵⑩✱❷❚➞❚⑧ ❖❚➃ ⑥❯⑦☛❺❳⑥❯❶✑⑧ ❖ ❿✎⑥❯⑦➆❺✣➍✷❹➎❺❙⑨ ❖ ➉❘❺❩➁✐⑧✯⑩✱❷❚➉❘❺❩➁❾⑧P❺ →✌Û ⑦ ▼ ⑩✱❷❨⑥✱⑨P❺❙⑦➆❿✎⑥✫➴ ➟❵➷ ⑦ ❖ ⑧❅❽✎⑩✱➉➌➄✭⑦P❺✾❺❙➁✐⑧❅⑨❃❺
0
❺

1
→♥ß ⑩✱❷❚⑥❯⑨P❺❩⑦❢❹✑⑨Pà✻➍ ❖ ➉❫⑥❯⑦❍❿✎❺

1
❖ ➁✎❿ ❖❨➃ ⑩❱➉á❼❾❽✎❺❞❽✎➉ ▼ ❺❩⑧❅⑥✱⑨✝➈❞➉❞â✎❷❚⑧ ❖ ❹✎❷❚⑥r❿✎⑥↕⑥❯❽✷⑧❅⑨P⑥ →✳➟ ❺❙⑦ ➃ ⑩✱❷❨⑩❘❿✎⑥✱⑦ ▼ ❺❩⑧❅⑥✱⑨P❺❙⑦

➁✵➋✱⑥✇➈ ❖ ➉❘❹➎⑥❯⑨❃⑧❅⑩✱➁✐⑧❅❺❵❹✵⑩✱⑨P⑩✇⑥ ➃ ➐✱❷ ➃ ❽✎❷❨⑥✇❿✎⑥r➴ ➟❵➷✝→✎ã ❺❩⑦❃⑧✯⑩ ➑ ⑥✱⑨P➉❘⑩➏⑥➌➴ ➟❵➷ä➃ ⑥❯➉❫❹✵⑩✱⑨P⑩❞⑩ ➑ ⑥❯⑨❃➉↕⑩✫❿✎❺ ➂ ➁ ❖ ❿✎⑩✇❹➎❺❙❷❨⑥✱⑦
▼ ❺✣⑧❅⑥❯⑨❃❺❙⑦ ❝q❬❱➔ ➀✎❹ → ➓ ➒ ➄✩➓ ✈ ❞➮→

ì➌å✠ë ④çæ ❒ è➯é❥ê✌é✇ë✯❰ æ ❮ æ✇ì ê➆í ì✹î➼ï➚ð é✎❮ æ✇ì❛ð í✳ñ➏ê➆ò❩ó æ❞ì í✥í✧✦↕è◆í♥ê✌ò❩ô í❍õ ð é✫ò ì

⑤❢❺❩⑦❃⑧✯⑩➜⑦❃❺❙➊❙➋✱⑥❥⑦❅➋✱⑥➜⑩✱❹✎⑨P❺❩⑦P❺❩➁❾⑧❅⑩✱❿✎⑥❯⑦✡⑥✱⑦✌⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱❿✑⑥❯⑦ ➃ ⑩❱❷ ➃ ❽✑❷➝⑩✱❿✎⑥✱⑦➆❿✎⑥✝❺❙⑨P⑨❃⑥➜❿✎❺✧⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥✝❹✎⑩✱⑨❅⑩✝❿ ❖❚➑ ❺❙⑨❃❺❙➁✐⑧❅❺❩⑦
➁✎➞ ▼ ❺ ❖ ⑦➶❿✎❺❦⑧P⑥❯⑨P❼❾❽✎❺❱➀❢❺♦⑧❅⑩✱➉❤❶➎➈❙➉ ⑩✱⑦ ➃ ⑥❯➉❘❹✎⑩✱⑨❅⑩✱➊❩➳✷❺❩⑦➶❿✎❺❩⑦❃⑧❅❺❩⑦❇⑨P❺❙⑦❃❽✎❷❚⑧❅⑩✱❿✎⑥❯⑦❘⑧❅❺❙à✱⑨ ❖❨➃ ⑥❯⑦ ➃ ⑥❯➉ ⑩❱❼✔❽✑❺❙❷❨❺❩⑦➼⑥❯❶✑⑧ ❖ ❿✎⑥❯⑦
❺✣➍✷❹➎❺❙⑨ ❖ ➉❫❺❙➁✐⑧✯⑩✱❷❚➉❘❺❩➁✐⑧❅❺❥❹➎⑥❯⑨❍➾✌⑩✱❷❚➉❘❺❩⑨❥ö ➒❯➔❱÷➮→

Û ⑦✝⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱❿✑⑥❯⑦ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩❱❿✎⑥❯⑦❵❹✵⑩✱⑨❅⑩❫⑥↕❺❩⑨P⑨P⑥❘❿✎❺✇⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥↕❺❩➉
50
❹➎⑥❯⑦ ❖ ➊❙➳✔❺❙⑦❵❿ ❖ ⑦ ➃ ⑨❃❺❩⑧❅⑩✱⑦✝❿✎❺✇❽✎➉➫❹✵⑩✱⑦❃⑦P⑥

❶✵⑩✱⑦❃❺✫❿✎⑥❘❹✎⑩✱⑨✳❿✎❺✫❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➇❯❺❙➁✑⑦❢⑦❃❽✎❶✎➉❫❺❩⑧ ❖ ❿✎⑥❫⑩✱⑥r⑧❅⑥❯⑨❃❼❾❽✎❺✫❿✎❺
70Nm

⑦P➋✱⑥➌➉❘⑥❯⑦❣⑧❅⑨P⑩✱❿✎⑥❯⑦✳➁✵⑩ ➂ ➇❯❽✑⑨❅⑩❫➓ → ❴ →

➟✓➂ ➇❯❽✑⑨❅⑩➼➓ →q❬ ➉❫⑥❯⑦❃⑧P⑨❅⑩↕⑥↕❺❙⑨P⑨❃⑥➶❿✎❺❞⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩✱❿✑⑥❘❺❤➉❫❺❙❿ ❖ ❿✎⑥❘❹✵⑩✱⑨❅⑩❘⑥➶⑧❅⑥❯⑨❃❼✔❽✑❺❤❿✎❺
70Nm

→❥Û
❺❙⑨❃⑨P⑥❥❿✎❺❳⑧❅⑨❅⑩❱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩❱❿✎⑥✎➀✱❼❾❽✎❺✳➈✧➉❘⑥❯⑦❣⑧❅⑨P⑩✱❿✎⑥➜➁✵⑩ ➂ ➇❯❽✎⑨❅⑩➜➓ →①❬ ➀ ➃ ⑥❯⑨❃⑨P❺❩⑦P❹➎⑥❯➁✎❿✎❺❍⑩✱⑥❥❺❩⑨P⑨❃⑥➜❿✎❺♥⑧❅⑨P⑩✱➁✎⑦❃➉ ❖ ⑦P⑦❅➋❱⑥
❹✵⑩✱⑨P⑩r❽✎➉❛❹✵⑩❱⑦P⑦P⑥❫❶✵⑩✱⑦❃❺✱➀✵➉❫⑥❯⑦❃⑧P⑨❅⑩✱❿✑⑥r➁✵⑩ ➂ ➇❯❽✎⑨P⑩❘➓ → ❴ ➀✑❺❥⑨P❺❙❹➎❺❩⑧ ❖ ❿✎⑥

5
▼ ❺❙ø❩❺❙⑦ →❳ù ⑦❃⑧P⑥❫➈ ▼ ➐✱❷ ❖ ❿✎⑥✇❽✎➉↕⑩ ▼ ❺❙ø✫❼❾❽✎❺✫➁✵➋✱⑥

⑦❅➋❱⑥ ➃ ⑥❯➁✎⑦ ❖ ❿✎❺❩⑨❅⑩✱❿✎⑥✱⑦r⑥❯⑦r❺❙⑨❃⑨P⑥❯⑦r❿✎❺ ➑ ⑩❱❶✎⑨ ❖❚➃ ⑩✱➊❙➋✱⑥❦❹➎❺❙❷❨⑥ ➑ ⑩✗⑧❅⑥◆❿✎❺❩❷❨❺❙⑦r➁✎➋✱⑥◆⑦P❺❩⑨P❺❙➉ ➃ ⑥❯➁✎❸✑❺ ➃❙❖ ❿✎⑥❯⑦ →➘ú ➐◆⑥❯⑦ ▼ ⑩✱❷❨⑥✱⑨P❺❙⑦
➉❫❺❙❿ ❖ ❿✎⑥❯⑦❵❿✎⑥➶❺❙⑨❃⑨P⑥❘❿✎❺❞⑧❅⑨P⑩✱➁✎⑦❃➉ ❖ ⑦P⑦❅➋❱⑥↕➉❫⑥❯⑦❃⑧P⑨❅⑩✱❿✎⑥✱⑦❢➁✵⑩ ➂ ➇❯❽✎⑨P⑩➶➓ → ❴ ➃ ⑥✱⑨P⑨P❺❩⑦P❹➎⑥❯➁✎❿✎❺❩➉û⑩❱⑥❯⑦

5
❹✎⑨ ❖ ➉❘❺ ❖ ⑨❃⑥❯⑦❍❹✵⑩✱⑦P⑦❃⑥❯⑦

❶✵⑩✱⑦❃❺✫❿✎⑥❘❹✎⑩✱⑨✳❺❙➁✎➇✱⑨P❺❙➁✎⑩✱❿✎⑥ →

➾➆⑥✔❿✎❺✣➄✭⑦P❺✳⑥❯❶✑⑦P❺❙⑨ ▼ ⑩✱⑨➸➁✵⑩ ➂ ➇✱❽✎⑨❅⑩❥➓ →①❬ ❼❾❽✎❺✳❺➚➍ ❖ ⑦❃⑧P❺♥❽✎➉❘⑩ ➃ ❺❩⑨❃⑧✯⑩ ▼ ⑩✱⑨ ❖ ⑩✱➊❙➋✱⑥✝❺❩➁✐⑧❅⑨P❺❍⑩❱⑦ ➃ ❽✎⑨ ▼ ⑩✱⑦➸➉❫❺❙❿ ❖ ❿✵⑩✱⑦✌❿✑⑥❥❺❙⑨P⑨❃⑥
❿✎❺❞⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥↕❺❩➉ ➃ ⑩✱❿✵⑩➶❹✵⑩❱⑦P⑦P⑥➼❶✎⑩✱⑦P❺ → ➾✡⑨P⑥ ▼ ⑩ ▼ ❺❙❷❚➉❘❺❩➁❾⑧P❺✱➀ ❖ ⑦❃⑧P⑥➶➈❤❿✎❺ ▼✷❖ ❿✎⑥➼⑩✱⑥✱⑦✝❺❙⑨❃⑨P⑥❯⑦✝❿✎❺ ➑ ⑩✱❶✎⑨ ❖❨➃ ⑩✱➊✻➋✱⑥❘❼❾❽✎❺

➛✐✈
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Calculado

ü ❖ ➇ → ➓ →①❬ ➹ ↔ ⑨❃⑨P⑥❫❿✎❺❥⑧❅⑨P⑩✱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥➌➉❫❺❙❿ ❖ ❿✎⑥r❺ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥r❹✵⑩❱⑨❅⑩r⑥r⑧❅⑥❯⑨❃❼✔❽✑❺➏❿✑❺ ✈❱s ⑤❢➉ →

➇❯❺❩⑨❅⑩✱➉ ➃ ⑥❯➁✎❿ ❖ ➊❙➳✔❺❙⑦❵➇❯❺❙⑥❯➉❫➈❩⑧P⑨ ❖❚➃ ⑩✱⑦✳❿ ❖❲➑ ❺❙⑨❃❺❙➁✐⑧❅❺❩⑦❢❹✵⑩❱⑨❅⑩ ➃ ⑩✱❿✵⑩❫❿✎❺❙➁✐⑧P❺✱➀➎❺❞⑩ ❖ ➁✎❿✵⑩✑➀✎⑩✱⑥❯⑦❵❺❙⑨P⑨❃⑥❯⑦❵❺✣➍✷❹❻❺❩⑨ ❖ ➉❘❺❩➁❾⑧❅⑩ ❖ ⑦ → ⑤❵⑥
❺❙➁✐⑧❅⑩✱➁✐⑧❅⑥✎➀➭⑥❯❶✎⑦❃❺❙⑨ ▼ ⑩✜➄➅⑦P❺✫➁✵⑩ ➂ ➇✱❽✎⑨❅⑩❘➓ →q❬ ❼❾❽✎❺✫❺➚➍ ❖ ⑦❃⑧P❺✇⑦❃❺❙➉❫❺❙❷❨❸✎⑩✱➁✎➊✻⑩r❺❩➁❾⑧P⑨P❺➏⑩✱⑦ ➃ ❽✑⑨ ▼ ⑩✱⑦❍➉❘❺❩❿ ❖ ❿✎⑩✱⑦✳❺ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✵⑩✱⑦ →

➛ ➔



➟ ❹✎❷ ❖❨➃ ⑥❯❽✷➄➅⑦❃❺❵⑩➏❺❩❼✔❽✎⑩✱➊✻➋✱⑥➶Ø➣➓ → ❴✜Ú ⑩✱⑥❯⑦ ▼ ❺❩⑧❅⑥✱⑨P❺❙⑦ ➃ ⑥❯➉ý⑥✱⑦✾❺❩⑨P⑨❃⑥❯⑦❳❿✑❺❵⑧P⑨❅⑩✱➁✎⑦❃➉ ❖ ⑦P⑦P➋✱⑥✇➉❫❺❙❿ ❖ ❿✎⑥✫❺ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥✫❹✵⑩✱⑨P⑩
▼ ❺❩⑨ ❖❲➂✵➃ ⑩✱⑨➌⑩◆⑦ ❖ ➉ ❖ ❷➝⑩❱⑨ ❖ ❿✎⑩✱❿✎❺➌❺❙➁✐⑧❅⑨❃❺❇⑥❯⑦➌❿✎⑥ ❖ ⑦ ▼ ❺❩⑧P⑥❯⑨P❺❩⑦ → ➾✌⑩❱⑨❅⑩ ❖ ⑦❣⑧❅⑥✎➀ ➃ ⑥❯➁✎⑦ ❖ ❿✎❺❙⑨❃⑥❯❽✷➄✭⑦P❺❇⑥❯⑦ ▼ ⑩✱❷❨⑥✱⑨P❺❙⑦r❿✑⑥◆❺❙⑨P⑨❃⑥❧❿✎❺
⑧❅⑨P⑩✱➁✎⑦❃➉ ❖ ⑦P⑦❅➋❱⑥ ➃ ⑩❱❷ ➃ ❽✑❷➝⑩✱❿✎⑥✱⑦✇❺❩➉■❽✎➉þ❹✵⑩✱⑦❃⑦P⑥◆❶✵⑩❱⑦P❺✱➀✌➉❘⑥❯⑦❣⑧❅⑨P⑩✱❿✎⑥❦➁✵⑩ ➂ ➇❯❽✎⑨P⑩◆➓ → ❴ ➀✌⑨❃❺❙❹➎❺❩⑧ ❖ ❿✎⑥❯⑦

40
▼ ❺❙ø❙❺❩⑦ → ➾✌⑩❱⑨❅⑩

❼❾❽✎❺➶⑥❯⑦❞❿✎⑥ ❖ ⑦ ▼ ❺✣⑧❅⑥❯⑨❃❺❙⑦❙➀✡➉❫❺❙❿ ❖ ❿✎⑥❦❺ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥✎➀✹⑧ ❖❲▼ ❺❙⑦❃⑦P❺❩➉ÿ⑥❦➉❫❺❙⑦❃➉❘⑥❦➁❾â✎➉❫❺❙⑨❃⑥❦❿✎❺➶❺❩❷❨❺❩➉❘❺❩➁❾⑧P⑥❯⑦❙➀✌⑥❯⑦ ▼ ⑩✱❷❨⑥✱⑨P❺❙⑦
❺❙➁✐⑧P⑨P❺❙⑦♥⑩✱⑦✧❹➎⑥❯⑦ ❖ ➊❙➳✔❺❙⑦❳❿ ❖ ⑦ ➃ ⑨P❺✣⑧✯⑩✱⑦ ➃ ⑥❯➁✑⑦ ❖ ❿✑❺❙⑨❅⑩❱❿✵⑩✱⑦♥➁✎⑥ ➃ ➐✱❷ ➃ ❽✎❷❚⑥ ➑ ⑥❯⑨P⑩✱➉ý⑥❯❶✑⑧ ❖ ❿✵⑩❱⑦❳❹➎⑥❯⑨ ❖ ➁✐⑧❅❺❙⑨❃❹❻⑥✱❷➝⑩✱➊❙➋✱⑥❞⑩✗⑧❅⑨❅⑩ ▼ ➈❙⑦♥❿✵⑩❱⑦
➑ ❽✎➁✎➊❩➳✷❺❩⑦❍❹❻⑥❯❷ ❖ ➁✎⑥✱➉ ❖ ⑩ ❖ ⑦✁� Ñ✄✂✔Õ �✆☎✧❺✝�✞�✠✟ ❐✱❒☛✡ ❿✎⑥❘➴ ➟✡➧❍➨☛➟✝☞ ö ➒ s ÷➮→

Û➪▼ ⑩✱❷❨⑥❯⑨✳⑥✱❶✑⑧ ❖ ❿✎⑥❘❹➎❺❙❷❚⑥ ➃ ⑨ ❖ ⑧❅➈❩⑨ ❖ ⑥❫❿✎⑥↕➴ ➟❵➷ ➑ ⑥ ❖ ❿✎❺
0.7976

➀✵❼❾❽✎❺ ➃ ⑥❯⑨❃⑨P❺❙⑦❃❹❻⑥✱➁✎❿✎❺✍✌❫⑦P❺❩➉❘❺❩❷❨❸✵⑩✱➁✑➊✻⑩➌❺❙➁✐⑧❅⑨❃❺❤⑩✱⑦
➃ ❽✑⑨ ▼ ⑩✱⑦✾❿✎⑥❞❺❩⑨P⑨P⑥➏❿✎❺❍⑧❅⑨P⑩✱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥➏➉❫❺❙❿ ❖ ❿✎⑥✫❺ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩✱❿✑⑥➏❼❾❽✎❺ ➑ ⑥❯⑨❅⑩❱➉✟➉❘⑥✱⑦❃⑧❅⑨P⑩✱❿✵⑩✱⑦✕➁✵⑩ ➂ ➇❯❽✎⑨P⑩❞➓ →①❬✷→➸↔ ➁✐⑧P❺❙➁✎❿✎❺➚➄
⑦P❺➏⑩❱⑧P⑨❅⑩ ▼ ➈❩⑦❍❿✎❺❙⑦❣⑧❅❺❙⑦❍⑨❃❺❙⑦P❽✑❷❚⑧✯⑩❱❿✎⑥❯⑦✳❼❾❽✎❺✫⑥ ➃ ⑨ ❖ ⑧❅➈❩⑨ ❖ ⑥❤⑩✱❿✎⑥✱⑧❅⑩✱❿✎⑥r❹✵⑩✱⑨P⑩➌⑩ ➃ ⑥❯➉❫❹✵⑩✱⑨P⑩✱➊✻➋✱⑥r⑥✱❶✔➽❃❺❩⑧ ❖❚▼ ⑩❤❺❙➁✐⑧❅⑨❃❺➏⑩✱⑦ ➃ ❽✎⑨ ▼ ⑩✱⑦
❿✎⑥✇❺❙⑨P⑨❃⑥❞❿✎❺❍⑧❅⑨P⑩✱➁✎⑦❃➉ ❖ ⑦P⑦❅➋❱⑥❞⑩❱⑧P⑨❅⑩ ▼ ➈❩⑦✧❿✎⑥❤➴ ➟❵➷✏✎➮➬◗➱❙✃✐❐✱❒✒✑✝❮✯❮✣❰✔ÏP❐✱ÐÒÑ✯Ó❞Ô➸Ï➚Õ×Ö➅Ó✣Ï✣Õ➣➱✗Ð✔✓ ➈❢⑩✱❿✎❺❙❼❾❽✵⑩❱❿✵⑩✇❹✵⑩❱⑨❅⑩✇❺❩⑦❃⑧P❺ ➂ ➉
Ø ▼ ❺❙⑨❍⑦P❺❩➊✻➋✱⑥➶➓ →❭❪ Ú →

Û ❺❙⑨P⑨❃⑥❤❿✎❺✝⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥❞➈ ➃ ⑥❯➉❫❹➎⑥❯⑦❃⑧P⑥❤❺❙➉ ❹✵⑩✱⑨❣⑧❅❺❢❹❻❺❩❷❨⑥❯⑦✧⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥❯⑦❳➇❯❺❙⑥✱➉❘➈✣⑧❅⑨ ❖❚➃ ⑥❯⑦✾❺❙➁✐⑧P⑨P❺➜⑥❯⑦❳❿✎❺❙➁✐⑧P❺❙⑦
➃ ⑩❱❽✎⑦❅⑩✱❿✑⑥❯⑦✫❹❻⑥❯⑨❥❺❩⑨P⑨❃⑥❯⑦✫❿✎❺ ➑ ⑩✱❶✎⑨ ❖❚➃ ⑩✱➊❙➋✱⑥➼❺➌➉❘⑥✔❿ ❖❲➂✵➃ ⑩✱➊❩➳✷❺❩⑦ ❖ ➁✐⑧❅❺❩➁ ➃❙❖ ⑥❯➁✵⑩ ❖ ⑦➜❿✵⑩✱⑦✫⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃❙❖ ❺❩⑦❥❿✎⑥❯⑦✫❿✎❺❩➁❾⑧P❺❙⑦❩➀✌❺r❺❙➉
❹✵⑩✱⑨❣⑧❅❺♥❹➎❺❙❷❨⑩✱⑦✹❿✎❺✖✕✵❺➚➍✷➳✷❺❩⑦✾❺❩❷➝➐✱⑦❣⑧ ❖❚➃ ⑩✱⑦ ➃ ⑩✱❽✑⑦❅⑩✱❿✵⑩❱⑦✡❹❻❺❩❷➝⑩ ➃ ⑩✱⑨P➇❯⑩➜⑩✱❹✎❷ ❖❨➃ ⑩❱❿✵⑩❞ö ❪❯➔ ➀ ❴♠s ➡✗÷➣→✁✗ ❽✎⑩✱➁✎❿✎⑥❥⑥➜❹✎⑩✱⑨✌❿✎❺✧❺❙➁✎➇❯⑨❃❺❙➁✵⑩✜➄
➇❯❺❩➁✎⑦✡⑥❯❹➎❺❙⑨❅⑩❢⑦P❺❙➉ ➃ ⑩✱⑨❃➇✐⑩❥⑩✱❹✎❷ ❖❨➃ ⑩✱❿✵⑩❢⑥✱❽r⑦P⑥❯❶r❶✵⑩ ❖ ➍✑⑩ ➃ ⑩❱⑨P➇✐⑩✑➀❯⑩✱⑦➸❿✎❺✘✕✵❺✣➍✷➳✔❺❙⑦✕❺❙❷❨➐✱⑦❃⑧ ❖❨➃ ⑩❱⑦✌⑦❅➋❱⑥❥❹❻❺❩❼✔❽✑❺❙➁✵⑩✱⑦❩➀❾❺✳⑩✱⑦P⑦ ❖ ➉ç⑥
❺❙⑨❃⑨P⑥✇❿✎❺❵⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥➏➈ ➃ ⑩✱❽✎⑦❅⑩❱❿✎⑥❤❹✎⑨❃❺❙❿✎⑥❯➉ ❖ ➁✎⑩✱➁✐⑧❅❺❙➉❫❺❙➁✐⑧P❺❵❹➎❺❙❷❚⑥❯⑦✾❿✎❺❙⑦ ▼✷❖ ⑥❯⑦✾➇❯❺❙⑥❯➉❫➈❩⑧P⑨ ❖❚➃ ⑥❯⑦✕❿✎⑥❯⑦✾❿✎❺❩➁❾⑧P❺❙⑦ → ⑤❵❺❙⑦❣⑧✯⑩
⑦ ❖ ⑧❅❽✵⑩❱➊✻➋✱⑥➌⑥❯⑦❍❺❙⑨❃⑨P⑥❯⑦✳❿✑❺ ➑ ⑩✱❶✑⑨ ❖❨➃ ⑩✱➊✻➋❱⑥r❹❻⑥✔❿✎❺❙➉❛⑩✱❹✎⑨❃❺❙⑦P❺❩➁✐⑧✯⑩✱⑨ ❖ ➁✒✕✎❽✎➦❙➁ ➃❩❖ ⑩r➉❘⑩ ❖ ⑦♥⑦ ❖ ➇❯➁ ❖❚➂✵➃ ⑩❱⑧ ❖❲▼ ⑩✇➁✎⑥❯⑦❍⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱❿✎⑥✱⑦ →

➟ ⑦❃❺❙➇❯❽ ❖ ⑨✾⑦❅➋✱⑥✇⑩✱❹✎⑨❃❺❙⑦P❺❩➁✐⑧✯⑩✱❿✎⑥✱⑦♥⑥❯⑦✾⑨P❺❙⑦❃❽✎❷❚⑧❅⑩✱❿✎⑥❯⑦✾⑥❯❶✑⑧ ❖ ❿✎⑥✱⑦✾❹✎⑩✱⑨❅⑩✫⑥❯⑦✾⑥❯❽✑⑧❅⑨❃⑥❯⑦✾➁✎➞ ▼ ❺ ❖ ⑦✕❿✎❺❵⑧❅⑥❯⑨❃❼❾❽✎❺ →➸➟ ⑦♥⑩✱➁✎➐✱❷ ❖ ⑦P❺❙⑦
❿✎❺ ➃ ⑥✱➉❘❹✵⑩❱⑨❅⑩✱➊❙➋✱⑥r❽✎⑦❅⑩❱❿✵⑩✱⑦✳❹✵⑩✱⑨P⑩r⑥❯⑦❍⑥❯❽✑⑧❅⑨❃⑥❯⑦✳➁✎➞ ▼ ❺ ❖ ⑦✳❿✎❺➜⑧❅⑥✱⑨P❼❾❽✎❺✫⑥❯❶➎❺❙❿✎❺ ➃ ❺❙⑨P⑩✱➉➫⑩r➉❫❺❙⑦P➉❘⑩ ➑ ⑥❯⑨❃➉↕⑩❤❽✎⑦P⑩✱❿✵⑩r❹✵⑩✱⑨P⑩
⑥r⑧❅⑥❯⑨❃❼❾❽✎❺✫❿✎❺

70Nm
→

➟ ⑦ ➂ ➇❯❽✑⑨❅⑩✱⑦✇➓ →❭❪ ➀➆➓ →❝➡ ➀✹➓ → ➓✷➀➆➓ →q➒ ❺❘➓ → ✈ ➉❘⑥❯⑦❣⑧❅⑨P⑩✱➉û⑥❯⑦✫⑨❃❺❙⑦P❽✑❷❚⑧✯⑩❱❿✎⑥❯⑦✫❿✎⑥❇❺❙⑨❃⑨P⑥✉❿✎❺r⑧❅⑨❅⑩❱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩✱❿✑⑥
❺❙➉

50
❹➎⑥❯➁✐⑧❅⑥❯⑦✾❿ ❖ ⑦ ➃ ⑨❃❺❩⑧❅⑥✱⑦✧❿✎❺❢❽✎➉ ❹✵⑩✱⑦P⑦❃⑥❤❶✵⑩✱⑦❃❺✝❹✵⑩❱⑨❅⑩✇⑥✱⑦✾⑧P⑥❯⑨P❼❾❽✎❺❩⑦✧❿✎❺

157Nm
➀
245Nm

➀
334Nm

➀
424Nm

❺
514Nm

➀✵⑨❃❺❙⑦P❹➎❺ ➃ ⑧ ❖❲▼ ⑩❱➉❘❺❩➁❾⑧P❺ →

ú ➐↕⑩✱⑦ ➂ ➇❯❽✎⑨P⑩✱⑦✝➓ →q➔ ➀Ò➓ → ➛ ➀❻➓ → ❴♠s ➀❻➓ → ❴❯❴ ❺r➓ → ❴ ❬ ➉❘⑥✱⑦❃⑧❅⑨P⑩✱➉Þ⑩ ➃ ⑥❯➉❫❹✵⑩✱⑨P⑩✱➊✻➋✱⑥❫❺❙➁✐⑧P⑨P❺❞⑥❘❺❙⑨❃⑨P⑥↕❿✑❺✇⑧❅⑨P⑩✱➁✎⑦❃➉ ❖ ⑦P⑦❅➋❱⑥
➉❫❺❙❿ ❖ ❿✎⑥❤➁✎⑥❯⑦ ➃❙❖ ➁ ➃ ⑥r❹✎⑨ ❖ ➉❫❺ ❖ ⑨❃⑥❯⑦✾❹✵⑩✱⑦P⑦❃⑥❯⑦✳❶✵⑩✱⑦❃❺❥❿✎⑥r❹✵⑩✱⑨✧❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱❿✎⑥ ➃ ⑥❯➉➠⑥r❺❙⑨❃⑨P⑥r❿✎❺✝⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩✱❿✑⑥

✙✛✚✢✜✤✣✦✥★✧✪✩✬✫✮✭✦✯✱✰✳✲ ✭✵✴✶✫✸✷✹✚✻✺✽✼✾✚☛✿❀✴✶❁❃❂❄❁✪❅❄❆❈❇❉✥★❊❋✣✦❆❍●✔✫✘■❉❇❏✥★❑✘❆❈❇❏✫✸✴✶❁▲❇❉✥▼❂❄❁✪❅❄●✔✫✘■◆❊✘✧✪✩✬✫❈❖✛P✦◗✦❇◆❖❃❊❋●✔✫✘❅✽●★❊✘❅❘❂❙❁✪❚✪❯
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ü ❖ ➇ → ➓ →q❪ ➹ ↔ ⑨❃⑨P⑥➌❿✎❺❥⑧❅⑨P⑩✱➁✎⑦❃➉ ❖ ⑦P⑦❅➋❱⑥ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩❱❿✎⑥r❹✵⑩✱⑨P⑩➌⑥r⑧P⑥❯⑨P❼❾❽✎❺✫❿✎❺ ❴ ➓ ✈ ⑤❢➉ →
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ü ❖ ➇ → ➓ →❭➡ ➹ ↔ ⑨❃⑨P⑥➌❿✎❺❥⑧❅⑨P⑩✱➁✎⑦❃➉ ❖ ⑦P⑦❅➋❱⑥ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩❱❿✎⑥r❹✵⑩✱⑨P⑩➌⑥r⑧P⑥❯⑨P❼❾❽✎❺✫❿✎❺ ❬❱➡ ➓❱⑤❢➉ →

❹✵⑩✱⑨P⑩↕⑥❯⑦❵⑧❅⑥❯⑨❃❼✔❽✑❺❙⑦❥❿✎❺
157Nm

➀
245Nm

➀
334Nm

➀
424Nm

❺
514Nm

➀❻⑨P❺❙⑦❃❹❻❺ ➃ ⑧ ❖❚▼ ⑩✱➉❫❺❙➁✐⑧❅❺ →❥Û ❶✎⑦P❺❩⑨ ▼ ⑩✗➄✭⑦P❺
➁✎❺❩⑦❃⑧✯⑩❱⑦ ➂ ➇✱❽✎⑨❅⑩✱⑦❍❼❾❽✎❺✫❺✣➍ ❖ ⑦❃⑧❅❺➏⑦P❺❩➉❘❺❩❷❨❸✵⑩❱➁✎➊✻⑩r❺❙➁✐⑧P⑨P❺➏⑩✱⑦ ➃ ❽✎⑨ ▼ ⑩✱⑦❍➉❘❺❩❿ ❖ ❿✵⑩❱⑦✳❺ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩❱❿✵⑩✱⑦ →

❴♠s❯s
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ü ❖ ➇ → ➓ →❭➒ ➹ ↔ ⑨P⑨P⑥❫❿✎❺❥⑧❅⑨P⑩✱➁✎⑦❃➉ ❖ ⑦P⑦❅➋❱⑥ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥r❹✵⑩✱⑨P⑩❫⑥r⑧P⑥❯⑨P❼❾❽✎❺✫❿✎❺ ➡❾❬❱➡ ⑤❢➉ →

➷ ⑩✱❷ ➃ ❽✎❷❨⑥✱❽✷➄➅⑦❃❺❤⑩ ❖ ➁✎❿✵⑩↕⑥ ▼ ⑩✱❷❚⑥❯⑨✝❿✎⑥➼➴ ➟❵➷ Ø ▼ ❺❙⑨❥❺❩❼❾❽✵⑩✱➊✻➋❱⑥◗Ø➣➓ → ❴✜ÚPÚ ❹✵⑩✱⑨P⑩➶⑥❯⑦ ▼ ❺✣⑧❅⑥❯⑨❃❺❙⑦ ➃ ⑥✱➉➺⑥❯⑦ ▼ ⑩❱❷❨⑥❯⑨❃❺❙⑦➜❿✵⑩❱⑦
➃ ❽✑⑨ ▼ ⑩✱⑦✝➉❫❺❙❿ ❖ ❿✵⑩✱⑦❢❺ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩✱❿✎⑩✱⑦❍➁✎⑥❯⑦➜❿ ❖❲➑ ❺❙⑨❃❺❙➁✐⑧❅❺❩⑦✝➁✎➞ ▼ ❺ ❖ ⑦✝❿✎❺➏⑧❅⑥❯⑨❃❼❾❽✎❺ →➜Û ⑦ ▼ ⑩✱❷❨⑥❯⑨❃❺❙⑦❵⑥❯❶✑⑧ ❖ ❿✎⑥❯⑦❵❺❞❽✑➉Ý⑦❃❽✎➉❘➐✱⑨ ❖ ⑥
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Calculado

ü ❖ ➇ → ➓ →q➔ ➹ ↔ ⑨❃⑨P⑥❫❿✎❺❥⑧❅⑨❅⑩❱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥r➉❫❺❙❿ ❖ ❿✎⑥➌❺ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥r❹✵⑩❱⑨❅⑩➌⑥➌⑧P⑥❯⑨P❼❾❽✎❺✫❿✎❺ ❴ ➓ ✈ ⑤❢➉ →

❿✵⑩✱⑦ ➃ ⑥❯➉❘❹✎⑩✱⑨❅⑩✱➊❩➳✷❺❩⑦✳⑨P❺❙⑩✱❷ ❖ ø✻⑩✱❿✵⑩❱⑦✳⑦❅➋✱⑥❫⑩✱❹✎⑨❃❺❙⑦❃❺❙➁✐⑧✯⑩✱❿✑⑥❯⑦✝⑩➌⑦P❺❩➇❯❽ ❖ ⑨ →

❴♠s ❬
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Passo base

Calculado

ü ❖ ➇ → ➓ → ➛ ➹ ↔ ⑨❃⑨P⑥➌❿✎❺❥⑧❅⑨P⑩✱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥➌➉❫❺❙❿ ❖ ❿✎⑥r❺ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥r❹✵⑩❱⑨❅⑩r⑥r⑧❅⑥❯⑨❃❼✔❽✑❺✇❿✎❺ ❬❱➡ ➓✱⑤❢➉ →
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Passo base

Calculado

ü ❖ ➇ → ➓ → ❴♠s ➹ ↔ ⑨❃⑨P⑥❫❿✎❺❥⑧❅⑨P⑩✱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥r➉❫❺❙❿ ❖ ❿✎⑥➌❺ ➃ ⑩❱❷ ➃ ❽✑❷➝⑩✱❿✎⑥r❹✎⑩✱⑨❅⑩➌⑥r⑧❅⑥❯⑨❃❼✔❽✑❺➏❿✑❺ ❪✱❪✱➡ ⑤❢➉ →
❞➌å❩❞ ❡❘î ô ❢❥ê✌ò æ ❣➼æ❞ì ê✌í ì✚î➼ï➚ð é ❣➼æ✇ìÞæ✐❤➼ð ò ❣➼æ✇ì

➟ ⑧✯⑩❱❶❻❺❩❷➝⑩❤➓ → ❴ ➉❫⑥❯⑦❣⑧❅⑨❅⑩➏⑥❯⑦ ▼ ⑩✱❷❚⑥❯⑨P❺❩⑦❳❿✎⑥r➴ ➟❵➷ ⑥✱❶✑⑧ ❖ ❿✎⑥❯⑦✧❹✎⑩✱⑨❅⑩➏⑥❯⑦♥❿ ❖❲➑ ❺❙⑨P❺❩➁✐⑧❅❺❙⑦✧➁✎➞ ▼ ❺ ❖ ⑦❳❿✎❺✝⑧P⑥❯⑨P❼❾❽✎❺ ➃ ⑥❯➁✎⑦ ❖ ❿✎❺➚➄
⑨❅⑩❱➁✎❿✎⑥❤⑩❱⑦ ➃ ❽✎⑨ ▼ ⑩✱⑦✾❿✎⑥❞❺❩⑨P⑨❃⑥❞❿✎❺❍⑧❅⑨P⑩✱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥➏❹✵⑩✱⑨P⑩✇⑥❯⑦

40
❹✵⑩✱⑦❃⑦P⑥❯⑦❳❶✵⑩✱⑦❃❺✝❺❙➉ ❽✎➉❘⑩ ▼ ⑥❯❷❲⑧✯⑩✫❿✎⑥❞❹✵⑩❱⑨✾❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱❿✑⑥ →

❴♠s ❪
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Calculado

ü ❖ ➇ → ➓ → ❴❯❴ ➹ ↔ ⑨❃⑨P⑥❫❿✎❺❥⑧❅⑨P⑩✱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥➌➉❫❺❙❿ ❖ ❿✎⑥r❺ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥r❹✵⑩❱⑨❅⑩r⑥r⑧❅⑥❯⑨❃❼✔❽✑❺➏❿✑❺ ➡✐❬❱➡ ⑤❢➉ →
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Passo base

Calculado

ü ❖ ➇ → ➓ → ❴ ❬ ➹ ↔ ⑨❃⑨P⑥❫❿✎❺❥⑧❅⑨P⑩✱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥➌➉❫❺❙❿ ❖ ❿✎⑥r❺ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥r❹✵⑩❱⑨❅⑩r⑥r⑧❅⑥❯⑨❃❼✔❽✑❺➏❿✑❺❞➓ ❴ ➡ ⑤❢➉ →

➾➆⑥✔❿✎❺✣➄✭⑦P❺✧⑥✱❶✎⑦P❺❩⑨ ▼ ⑩✱⑨➸➁✵⑩❍⑧✯⑩✱❶➎❺❙❷❨⑩➜➓ → ❴ ❼❾❽✎❺✧❺✣➍ ❖ ⑦❣⑧❅❺♥❽✎➉❘⑩❵⑧P❺❙➁✎❿✑➦❙➁ ➃❩❖ ⑩✝❿✎❺❳➉❘❺❩❷❨❸✎⑥✱⑨➆⑩❱❹✎⑨P⑥✻➍ ❖ ➉❘⑩✱➊✻➋❱⑥✝❿✵⑩ ➃ ❽✎⑨ ▼ ⑩❢❿✎⑥
❺❙⑨❃⑨P⑥❇❿✎❺❤⑧P⑨❅⑩✱➁✎⑦❃➉ ❖ ⑦P⑦P➋✱⑥ ➃ ⑩❱❷ ➃ ❽✑❷➝⑩✱❿✎⑥↕❹✵⑩✱⑨❅⑩➼⑩ ➃ ❽✎⑨ ▼ ⑩➼⑥❯❶✑⑧ ❖ ❿✵⑩❘❺✣➍✷❹❻❺❩⑨ ❖ ➉❘❺❩➁❾⑧❅⑩✱❷❨➉❫❺❙➁✐⑧P❺✵✌➶➉❘❺❩❿ ❖ ❿✎⑩↕❼❾❽✎❺➌⑥➶⑧❅⑥❯⑨❃❼✔❽✑❺
⑩✱❹✎❷ ❖❨➃ ⑩✱❿✎⑥❧➁✎⑥Ù❹✎⑩✱⑨❘❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱❿✑⑥▲⑩✱❽✎➉❫❺❙➁✐⑧❅⑩ → ù ⑦❃⑧P⑥Ù❹➎⑥✷❿✑❺➯⑦❃❺❙⑨❫❿✎❺ ▼✔❖ ❿✑⑥❥✌②➉❘⑩ ❖ ⑥❯⑨ ❖ ➁❦✕✵❽✎➦❙➁ ➃❙❖ ⑩❧❿✵⑩✱⑦❘❿✎❺✖✕✎❺✣➍✷➳✷❺❩⑦

❴♠s ➡



➧ ⑩✱❶ → ➓ → ❴ ➹ ß ⑩❱❷❨⑥❯⑨❃❺❙⑦✳❿✎⑥❘➴ ➟❵➷ ❹✎⑩✱⑨❅⑩r⑥❯⑦❍❿ ❖❲➑ ❺❙⑨P❺❩➁✐⑧❅❺❙⑦❍➁✎➞ ▼ ❺ ❖ ⑦❍❿✎❺❥⑧❅⑥❯⑨❃❼❾❽✎❺ →
❧❋♠♦♥★♣rqts❥✉❝✈✢✇②① ③✒④ ⑤✾⑥⑦③ ⑧❭⑨⑦⑥ ⑩♦⑩❭⑨ ⑨⑦⑧❭⑨ ⑥✽⑤✞⑨
➴ ➟❵➷ s → ✈✱➛✐✈ ➒ s →❭➔✐❬ ➓ ❬ s → ➛❯✈❯✈ ➒ s → ➛✱➛❯s ➔ s → ➛❯➛ ❪ ➛ s → ➛❯➛ ➡ ➛

❺❙❷❨➐✱⑦❃⑧ ❖❨➃ ⑩✱⑦➶➁✎⑥❯⑦❘⑧❅⑥❯⑨❃❼✔❽✑❺❙⑦❇➉↕⑩ ❖ ⑥❯⑨❃❺❙⑦❙➀✳⑥✱➁✎❿✎❺◆⑥❯⑦➶❺❩⑨P⑨❃⑥❯⑦➼❺ ❖ ➁ ➃ ❺❙⑨❣⑧❅❺❙ø❙⑩✱⑦➼➇❯❺❩⑥❯➉❘➈✣⑧❅⑨ ❖❨➃ ⑩❱⑦ ➃ ⑥✱➁❾⑧P⑨ ❖ ❶✎❽✎❺❙➉ ➃ ⑥❯➉ ❽✎➉❘⑩
❹✵⑩✱⑨ ➃ ❺❩❷➝⑩r➉❘❺❩➁✎⑥❯⑨✳❹✵⑩❱⑨❅⑩r⑥➌❺❙⑨P⑨❃⑥❘❿✑❺✫⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥ →

➾➆⑥❯⑨➆❺❙⑦❣⑧❅❺ ➃ ⑨ ❖ ⑧❅➈❙⑨ ❖ ⑥❵⑩✱❿✎⑥❱⑧✯⑩✱❿✎⑥❢❹✵⑩✱⑨P⑩ ➃ ⑥❯➉❘❹✎⑩✱⑨❅⑩✱➊❙➋✱⑥❵❿✎⑥❯⑦✌⑨❃❺❙⑦❃❽✎❷❚⑧❅⑩✱❿✎⑥❯⑦✧Ø➣➴ ➟❵➷ Ú ➀❱❹➎⑥✔❿✎❺✣➄✭⑦P❺❳⑩ ➂ ⑨P➉❘⑩✱⑨✚❼❾❽✎❺✧❺➚➍ ❖ ⑦❃⑧P❺
❽✎➉❘⑩ ➃ ⑥✱➁ ➃ ⑥❯⑨❃❿✻❶✱➁ ➃❩❖ ⑩r⑩✱❿✑❺❙❼❾❽✵⑩✱❿✵⑩❤❺❩➁✐⑧❅⑨P❺❥⑥✱⑦♥⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱❿✎⑥✱⑦♥⑥❯❶✑⑧ ❖ ❿✎⑥❯⑦✧❹❻⑥❯⑨ ➃ ➐✱❷ ➃ ❽✎❷❚⑥❤❺➜⑥❯⑦✧⑥❯❶✑⑧ ❖ ❿✎⑥❯⑦♥❺➚➍✷❹❻❺❩⑨ ❖ ➉❫❺❙➁✐⑧❅⑩✱❷❲➄
➉❫❺❙➁✐⑧❅❺ →

➟ ➃ ⑥❯➉❘❹✎⑩✱⑨❅⑩✱➊❙➋✱⑥❞❹➎❺❙❷❚⑥ ➃ ⑨ ❖ ⑧P➈❙⑨ ❖ ⑥❞❿✑⑥➌➴ ➟❵➷ ➉❘⑥✱⑦❃⑧❅⑨P⑩✇⑦❃❺➜❺✣➍ ❖ ⑦❣⑧❅❺➜⑦ ❖ ➉ ❖ ❷❨⑩✱⑨ ❖ ❿✵⑩✱❿✎❺♥❺❩➁✐⑧❅⑨P❺➜⑩✱⑦ ➃ ❽✎⑨ ▼ ⑩✱⑦♥➉❫❺❙❿ ❖ ❿✵⑩➏❺
➃ ⑩❱❷ ➃ ❽✑❷➝⑩✱❿✵⑩r❿✎⑥❘❺❙⑨❃⑨P⑥❫❿✎❺➏⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥✎➀✵➉❘⑩✱⑦❵➁✵➋✱⑥❫❿✵➐❫❽✑➉↕⑩ ❖ ➁✎❿ ❖❨➃ ⑩❱➊✻➋✱⑥➌❿ ❖ ⑨P❺❩⑧❅⑩❫❿✑⑥↕❿✎❺❩⑦P❺❙➉❫❹➎❺❙➁✎❸✎⑥❘❿✎⑥↕❹✎⑩✱⑨❍❿✎❺
❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➁✎⑦❢❺❩➉❛⑧❅❺❩⑨P➉❫⑥❯⑦✳❿✎⑥❫⑨P❽✎➞❚❿✎⑥r➇❯❺❩⑨❅⑩✱❿✎⑥ →

⑤❢⑥❞⑧P⑨❅⑩✱❶✎⑩✱❷❨❸✎⑥✇❿✎❺❙⑦❃❺❙➁ ▼ ⑥✱❷ ▼✔❖ ❿✎⑥❞❹❻❺❩❷❨⑥ ã ⑨ →✕ã ⑩ ▼✔❖ ❿❇➾➆⑩✱❷❨➉❫❺❙⑨❢ö ➒✱➔✗÷ ➀ ➑ ⑥ ❖ ➉❫⑥❯⑦❃⑧P⑨❅⑩✱❿✵⑩➏❽✎➉❘⑩ ➑ ⑥❯⑨❣⑧❅❺✝⑨❃❺❙❷❨⑩✱➊✻➋✱⑥✇❺❙➁✐⑧❅⑨❃❺
⑥❯⑦ ▼ ⑩✱❷❚⑥❯⑨P❺❩⑦♥❿✎❺❥❹ ❖❚➃ ⑥❱➄➅⑩✗➄➅❹ ❖❚➃ ⑥✇❿✎⑥➌❺❙⑨P⑨❃⑥➌❿✎❺➜⑧❅⑨P⑩✱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥✉Ø ➾✕➾ ↔✡➧❍➨ Ú ❺❥⑥r➁✎➞ ▼ ❺❙❷ ❿✑❺➏❹✑⑨P❺❙⑦❃⑦❅➋✱⑥➌⑦❃⑥❯➁✎⑥❯⑨P⑩➌➉❫❺❙❿ ❖ ❿✎⑥❯⑦
❹✵⑩✱⑨P⑩r⑥❫❹✎⑩✱⑨❍❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱❿✎⑥❦Ø ▼ ❺❩⑨✇ö ➒❯➔ ➀✑❹ →①❬✱❬ ❴ ➄ ❬✱❬✱❪ ❺ ❬✱❪ s ÷ Ú →

⑤✝⑩r⑧✯⑩✱❶➎❺❙❷❨⑩❫➓ →①❬ ⑦❅➋❱⑥❘➉❫⑥❯⑦❃⑧P⑨❅⑩✱❿✑⑥❯⑦❍⑥❯⑦ ▼ ⑩❱❷❨⑥❯⑨❃❺❙⑦❍❿✎⑥❘➾✾➾ ↔✡➧❍➨➘➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥❯⑦✳❺✫➉❫❺❙❿ ❖ ❿✎⑥❯⑦❍❹✵⑩✱⑨P⑩❫⑥✱⑦❵❿ ❖❚➑ ❺❙⑨❃❺❙➁✐⑧❅❺❩⑦
⑧❅⑥✱⑨P❼❾❽✎❺❙⑦➜⑩✱➁✵⑩✱❷ ❖ ⑦❅⑩❱❿✎⑥❯⑦ →❵➷ ⑥✱➉❘⑥❘⑩✱⑦ ➃ ❽✎⑨ ▼ ⑩✱⑦❢❿✎⑥➶❺❩⑨P⑨P⑥❘❿✎❺✇⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥↕➉❫❺❙❿ ❖ ❿✎⑥❘⑩✱⑥↕❷❚⑥❯➁✎➇❯⑥❫❿✎❺✇❽✎➉↕⑩ ▼ ⑥❯❷❲⑧✯⑩❫❿✎⑥
❹✵⑩✱⑨❍❺❩➁✎➇❯⑨P❺❩➁✵⑩✱❿✎⑥❘⑩✱❹✎⑨❃❺❙⑦❃❺❙➁✐⑧✯⑩✱⑨P⑩✱➉ ▼ ⑩✱⑨ ❖ ⑩✱➊❙➳✔❺❙⑦❍⑦ ❖ ➇❯➁ ❖❲➂✵➃ ⑩✗⑧ ❖❚▼ ⑩✱⑦❩➀ ➃ ⑩✱❷ ➃ ❽✎❷❨⑥❯❽✔➄➅⑦P❺✫⑩➌➉❫➈❙❿ ❖ ⑩❤❺✇⑥➌❿✎❺❩⑦ ▼✔❖ ⑥❫❹✵⑩✱❿✎⑨P➋✱⑥❫❿✎⑥
➾✕➾ ↔✕➧❍➨ ➁✑⑥❯⑦

40
❹✵⑩✱⑦❃⑦P⑥❯⑦❵❶✵⑩✱⑦❃❺ →

➧ ⑩✱❶ → ➓ →q❬ ➹✕➾✕➾ ↔✡➧❍➨▲➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥r❺✫➉❘❺❩❿ ❖ ❿✑⑥r❹✵⑩✱⑨❅⑩r⑥❯⑦❍❿ ❖❲➑ ❺❙⑨❃❺❙➁✐⑧❅❺❩⑦❢➁✎➞ ▼ ❺ ❖ ⑦✳❿✎❺❥⑧❅⑥✱⑨P❼❾❽✎❺ →
❧✮♠✠♥★♣rq❵s

(Nm)
③❭④ ⑤✾⑥⑦③ ⑧❭⑨⑦⑥ ⑩♦⑩✻⑨ ⑨⑦⑧✻⑨ ⑥❵⑤✞⑨

➾✕➾ ↔✡➧❍➨▲➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥
(µm)

❴ → ➛ ❬ ✈✱➛ ❴ →q❪✱➡ ➛ ➒ ❴ → ❴ ➔✱➡✐❬ ❴ → s❯s ❪ ➛ ❴ → ❴ ❬✱➔ ❴ ❴ →❭❪ ➓ ✈✷❴
➾✕➾ ↔✡➧❍➨ ➉❘❺❩❿ ❖ ❿✑⑥❞➄✧➴➯➈❙❿ ❖ ⑩

(µm)
❪✷→ ➛ ➡✱➡❾❬ ❪✷→q❪ ✈✔❴ ➡ ❬✷→❭➒❯➒ s ➒ ❬✷→❝➡ ✈ ❪ ✈ ❬✷→ ✈✱s ➓ ❪ ❪✑→q❬ ❴✜✈✷❴

ã ❺❙⑦ ▼✔❖ ⑥❘❹✵⑩❱❿✎⑨❅➋✱⑥
(µm)

❴ → s ❬❱➔ ➛ ❴ → s ➒✱➒ ➛ s → ➛✑❴ ❪ s s → ➛✐✈ ➡ ➓ s → ➛❯➛ ❬❱➡ s →❭➔ ❴♠s ➓

ã ⑥ ❖ ⑦❵❹➎⑥❯➁✐⑧❅⑥✱⑦✳❹❻⑥✔❿✎❺❙➉❛⑦P❺❙⑨❍❿✎❺❩⑦❃⑧❅⑩ ➃ ⑩✱❿✑⑥❯⑦✝⑩r❹✵⑩❱⑨❃⑧ ❖ ⑨✳❿✎⑥❯⑦❍⑥❯⑦✳❿✵⑩❱❿✎⑥❯⑦❍❿✵⑩r⑧✯⑩✱❶➎❺❙❷❨⑩➌➓ →①❬ ➹
❴♠s ➓



•
⑥✱⑦ ▼ ⑩✱❷❨⑥❯⑨❃❺❙⑦➶❿✑⑥➘❿✎❺❙⑦ ▼✷❖ ⑥➘❹✵⑩✱❿✎⑨P➋✱⑥▲➉❫⑥❯⑦❃⑧P⑨❅⑩✱➉ ⑩②⑧P❺❙➁✎❿✎➦❩➁ ➃❙❖ ⑩➘❿✎❺❦⑨P❺❩❿✎❽✎➊❙➋✱⑥❍✌Ù➉❘❺❩❿ ❖ ❿✎⑩Ù❼❾❽✎❺◆⑥▲⑧❅⑥❯⑨❃❼❾❽✎❺
⑩✱❹✑❷ ❖❨➃ ⑩✱❿✎⑥Ù⑩✱❽✎➉❫❺❙➁✐⑧✯⑩ → ù ⑦❃⑧P⑥➯➽❃❽✎⑦❃⑧ ❖❚➂✵➃ ⑩▲⑩Ù❼❾❽✎❺❙⑦❣⑧✯➋✱⑥➘❺➚➍✷❹✎❷ ❖❚➃ ⑩✱❿✵⑩②⑩✱➁✐⑧❅❺❩⑨ ❖ ⑥✱⑨P➉❫❺❙➁✐⑧❅❺➯⑦P⑥❯❶✎⑨❃❺◆⑩ ❖ ➁✒✕✵❽✎➦❩➁ ➃❙❖ ⑩
❿✵⑩❱⑦r❿✎❺✖✕✵❺➚➍✷➳✷❺❩⑦❫❺❩❷➝➐✱⑦❣⑧ ❖❚➃ ⑩✱⑦✇❺➶❿✎⑥❯⑦r❺❩⑨P⑨P⑥✱⑦❤❺ ❖ ➁ ➃ ❺❙⑨❣⑧❅❺❙ø❙⑩✱⑦r➇❯❺❩⑥❯➉❘➈✣⑧❅⑨ ❖❨➃ ⑩❱⑦ →❧↔ ⑦❃⑧❅⑩❦➉❘❺❩➁✎⑥❯⑨❤❿ ❖ ⑦P❹➎❺❙⑨❃⑦❅➋✱⑥◆➁✎⑥✱⑦
▼ ⑩✱❷❚⑥❯⑨P❺❩⑦r❿✎⑥②❺❩⑨P⑨❃⑥◗❿✑❺❇⑧P⑨❅⑩✱➁✑⑦P➉ ❖ ⑦P⑦P➋✱⑥❧❺❙➁✐⑧❅⑨❃❺❇⑥❯⑦➌❿ ❖❚▼ ❺❙⑨P⑦❃⑥❯⑦➌❹✵⑩✱⑦❃⑦P⑥❯⑦❫❶✵⑩✱⑦❃❺✉❼❾❽✵⑩❱➁✎❿✎⑥◗❽✎➉ÿ⑧❅⑥✱⑨P❼❾❽✎❺✉➉↕⑩ ❖ ⑥❯⑨
➈❫⑩✱❹✎❷ ❖❨➃ ⑩✱❿✎⑥❇⑩✱⑥❇❹✵⑩✱⑨❥❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱❿✑⑥➯❹➎❺❙⑨❃➉ ❖ ⑧ ❖ ❽♦❼✔❽✑❺❫⑦❃❺❘⑥✱❶✑⑧ ❖❲▼ ❺❙⑦❃⑦P❺➌❽✎➉❘⑩➼➉❘❺❩❷❨❸✎⑥❯⑨➜⑩✱❹✎⑨P⑥✻➍ ❖ ➉❘⑩✱➊❙➋✱⑥ ➃ ⑥❯➉➻⑩
➃ ❽✎⑨ ▼ ⑩ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✵⑩✑➀ ➃ ⑥❯➁ ➑ ⑥✱⑨P➉❫❺ ➑ ⑥ ❖ ⑥❯❶✎⑦❃❺❙⑨ ▼ ⑩❱❿✎⑥❘➁✑⑥❯⑦ ▼ ⑩❱❷❨⑥❯⑨❃❺❙⑦✳❿✎⑥❘➴ ➟❵➷ ➉❫⑥❯⑦❣⑧❅⑨❅⑩❱❿✎⑥❯⑦✳➁✵⑩r⑧✯⑩✱❶➎❺❙❷❨⑩➌➓ → ❴❳❷

•
⑥✱❶✎⑦P❺❩⑨ ▼ ⑩✱➁✎❿✎⑥✗➄➅⑦P❺❢⑥❯⑦ ▼ ⑩❱❷❨⑥❯⑨❃❺❙⑦✾➉❘➈❩❿ ❖ ⑥❯⑦✕❿✎⑥❞➾✕➾ ↔✡➧❍➨ ➀✔➁✎⑥✱⑧✯⑩✜➄➅⑦P❺❵❼❾❽✎❺✝⑥✱⑦ ▼ ⑩✱❷❨⑥✱⑨P❺❙⑦✕❿✎⑥❞➾✕➾ ↔✡➧❍➨◆➃ ⑩❱❷ ➃ ❽✑❷➝⑩✱❿✎⑥✱⑦
⑦P➋✱⑥ ❖ ➁ ➑ ❺❙⑨ ❖ ⑥❯⑨❃❺❙⑦➌⑩✱⑥❯⑦ ▼ ⑩✱❷❨⑥✱⑨P❺❙⑦➌➉❫❺❙❿ ❖ ❿✎⑥❯⑦➌❹✵⑩✱⑨P⑩❧⑧P⑥✷❿✑⑥❯⑦➌⑥❯⑦❘➁✑➞ ▼ ❺ ❖ ⑦➌❿✎❺❇⑧❅⑥❯⑨❃❼❾❽✎❺♦⑩❱➁✵⑩✱❷ ❖ ⑦❅⑩✱❿✑⑥❯⑦ →➥ù ⑦❃⑧P⑥Ù❺❙⑨P⑩
❺❩⑦P❹➎❺❙⑨❅⑩❱❿✎⑥✇❽✑➉↕⑩ ▼ ❺❙ø❍❼❾❽✎❺❍⑥❯⑦✡❺❙⑨❃⑨P⑥❯⑦✕❿✎❺ ➑ ⑩✱❶✑⑨ ❖❨➃ ⑩✱➊✻➋❱⑥❥➁✵➋✱⑥ ➑ ⑥❯⑨❅⑩❱➉ ➃ ⑥❯➁✎⑦ ❖ ❿✎❺❙⑨P⑩✱❿✎⑥❯⑦✡➁✑⑥❯⑦ ➃ ➐✱❷ ➃ ❽✎❷❚⑥❯⑦❙➀❯⑥✱❽❫⑦❃❺✩➽P⑩✑➀
⑩✱⑦❃⑦P❽✎➉ ❖ ❽✔➄➅⑦P❺✾❼❾❽✎❺✳⑩✱⑦✹❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➁✎⑦➸❺❙⑨P⑩✱➉ ❖ ⑦❃❺❙➁✐⑧✯⑩✱⑦✹❿✎❺❳❺❙⑨P⑨❃⑥❯⑦ → ➾➆⑥❯⑨✹⑥❯❽✑⑧P⑨P⑥✝❷❨⑩✱❿✎⑥✎➀✗⑥❯⑦ ▼ ⑩❱❷❨⑥❯⑨❃❺❙⑦ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥❯⑦
⑦❃❺❙➇❯❽✎❺❩➉Ý⑩❘➉❫❺❙⑦P➉❘⑩r⑧❅❺❙➁✑❿✎➦❙➁ ➃❩❖ ⑩❫❿✎⑥❯⑦ ▼ ⑩❱❷❨⑥❯⑨❃❺❙⑦❵➉❘➈❩❿ ❖ ⑥❯⑦❍➉❫❺❙❿ ❖ ❿✎⑥❯⑦ →♥↔ ⑦❃⑧❅⑩❘⑧❅❺❩➁✎❿✎➦❙➁ ➃❙❖ ⑩❫❺❙➁✐⑧❅⑨❃❺❞⑥❯⑦ ▼ ⑩✱❷❨⑥✱⑨P❺❙⑦
❿✎❺❵➾✕➾ ↔✡➧❍➨❧➃ ⑩✱❷ ➃ ❽✎❷➝⑩❱❿✎⑥❯⑦➸❺❍⑥❯⑦ ▼ ⑩✱❷❨⑥✱⑨P❺❙⑦✡➉❫➈❙❿ ❖ ⑥❯⑦✡➉❫❺❙❿ ❖ ❿✎⑥❯⑦✡❹➎⑥✷❿✑❺❵⑦❃❺❙⑨ ➃ ❷❨⑩✱⑨❅⑩❱➉❘❺❩➁❾⑧P❺✳⑥❯❶✎⑦❃❺❙⑨ ▼ ⑩✱❿✎⑩✇⑩❱⑧P⑨❅⑩ ▼ ➈❩⑦
❿✵⑩ ➂ ➇❯❽✑⑨❅⑩❫➓ → ❴ ❪✑→

➟ ❷❨➈❩➉ ❿ ❖ ⑦❃⑧❅⑥✑➀ ➃ ⑩✱❷ ➃ ❽✎❷❚⑥❯❽✷➄✭⑦P❺❧⑥ ➃ ⑥✷❺ ➂✵➃❙❖ ❺❙➁✐⑧❅❺◗❿✎❺ ➃ ⑥❯⑨P⑨❃❺❙❷❨⑩✱➊✻➋✱⑥Ü❿✎⑥✱⑦ ▼ ⑩✱❷❚⑥❯⑨P❺❩⑦➯❿✎⑥ ➾✕➾ ↔✕➧❍➨ý➃ ⑩✱❷ ➃ ❽✎❷➝⑩✱❿✑⑥❯⑦❇❺
➉❫❺❙❿ ❖ ❿✎⑥❯⑦✡⑩❱⑧P⑨❅⑩ ▼ ➈❩⑦✡❿✵⑩ ➑ ❽✎➁✎➊❙➋✱⑥ Ñ✯➱✗Ï➚Ï❅Ñ✯➱♠Ó❹❸❻❺ ❿✎⑥➏➴ ➟✡➧❍➨✚➟❼☞ ö ➒ s ÷➣→➸Û ▼ ⑩✱❷❚⑥❯⑨✌⑥✱❶✑⑧ ❖ ❿✎⑥ ➑ ⑥ ❖

0.9573
➀✱❼❾❽✎❺ ➃ ⑥❯➁ ➂ ⑨❃➉↕⑩

⑩➌❶❻⑥✐⑩ ➃ ⑥❯⑨P⑨❃❺❙❷➝⑩❱➊✻➋✱⑥r❺❩➁❾⑧P⑨P❺➏❺❙❷❚❺❙⑦ →

➟ ⑦P❺❩➇❯❽ ❖ ⑨✝⑦❅➋✱⑥➼➉❫⑥❯⑦❃⑧P⑨❅⑩✱❿✑⑥❯⑦❙➀❻➁✵⑩ ➂ ➇❯❽✎⑨P⑩❇➓ → ❴ ➡ ➀Ò⑥✱⑦➜➁✎➞ ▼ ❺ ❖ ⑦➜❿✎❺r❹✎⑨❃❺❙⑦P⑦P➋✱⑥❇⑦P⑥❯➁✑⑥❯⑨❅⑩➶➉❫❺❙❿ ❖ ❿✎⑥❯⑦ ➃ ⑥❯➉Ý⑥➼❹✵⑩✱⑨➜❿✑❺
❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➁✎⑦❥⑦P❽✎❶✑➉❘❺✣⑧ ❖ ❿✑⑥❯⑦➜⑩✱⑥✱⑦ ▼ ➐✱⑨ ❖ ⑥❯⑦❵➁✎➞ ▼ ❺ ❖ ⑦❢❿✎❺❞⑧P⑥❯⑨P❼❾❽✎❺ →✫Û ⑦ ▼ ⑩✱❷❨⑥✱⑨P❺❙⑦❢➉❘⑥✱⑦❃⑧❅⑨P⑩✱❿✎⑥❯⑦❢⑦❅➋✱⑥ ▼ ⑩❱❷❨⑥❯⑨❃❺❙⑦❵➉❘➈❩❿ ❖ ⑥❯⑦
❿✵⑩✱⑦✫➉❫❺❙❿ ❖ ➊❙➳✔❺❙⑦ ➑ ❺ ❖ ⑧❅⑩✱⑦ ➃ ⑥❯➉➺⑥❇❹✵⑩✱⑨❥❺❙➁✑➇❯⑨P❺❩➁✵⑩✱❿✎⑥❇➁✵⑩✱⑦✫⑨❃⑥✱⑧✯⑩✱➊❩➳✷❺❩⑦❥❿✎❺

100
⑩

1100
⑨P❹✎➉➻❹✎⑩✱⑨❅⑩ ➃ ⑩✱❿✵⑩➼➁✎➞ ▼ ❺❙❷✡❿✎❺

⑧❅⑥✱⑨P❼❾❽✎❺ →➯Û ⑦➏❿✵⑩✱❿✎⑥❯⑦➏❿✵⑩ ➂ ➇❯❽✎⑨P⑩❦➓ → ❴ ➡ ⑨P❺ ➑ ❺❩⑨P❺❩➉➌➄✭⑦P❺❘⑩✱❼❾❽✎❺❙❷❚❺❙⑦❞⑥✱❶✑⑧ ❖ ❿✎⑥❯⑦✫❹❻❺❩❷❨⑥ ã ⑨ →✉ã ⑩ ▼✔❖ ❿Ù➾✌⑩✱❷❚➉❘❺❩⑨❫ö ➒❯➔✜÷ Ø ▼ ❺❩⑨
⑦P❺❩➊✻➋✱⑥➶➓ → ❴✜Ú →

Û ❶✑⑦P❺❙⑨ ▼ ⑩✗➄➅⑦❃❺❦➁✵⑩ ➂ ➇❯❽✑⑨❅⑩Ü➓ → ❴ ➡ ❼❾❽✎❺❧⑩ ▼ ⑩✱⑨ ❖ ⑩✱➊❙➋✱⑥▲➁✎⑥Ù➁✎➞ ▼ ❺❙❷➜❿✎❺♦❹✎⑨P❺❩⑦P⑦❅➋❱⑥➥⑦❃⑥❯➁✎⑥❯⑨P⑩▲❺❙➁✐⑧❅⑨❃❺❦⑥❯⑦➶❿ ❖❚➑ ❺❙⑨❃❺❙➁✐⑧❅❺❩⑦
⑧❅⑥✱⑨P❼❾❽✎❺❙⑦➏➈➌❹❻❺❩❼❾❽✎❺❙➁✵⑩②Ø ➉❫❺❙➁✑⑥❯⑨❥❿✎⑥✉❼✔❽✑❺ ❴ ❿ ☞ Ú ➀☛⑥❇❼❾❽✎❺❘❹➎⑥✔❿✎❺r⑦P❺❩⑨ ➃ ⑥❯➉❫❹✵⑩✱⑨❅⑩❱❿✎⑥➼⑧✯⑩✱➉❤❶➎➈❙➉ ➃ ⑥❯➉➻⑩❇❹➎❺❙❼❾❽✎❺❩➁✵⑩
▼ ⑩✱⑨ ❖ ⑩✱➊✻➋❱⑥❥➁✎⑥❯⑦ ▼ ⑩✱❷❨⑥❯⑨❃❺❙⑦✡❿✎⑥➏➾✕➾ ↔✡➧❍➨ ❺❙➁✐⑧❅⑨❃❺❵⑥✱⑦ ▼ ➐✱⑨ ❖ ⑥❯⑦➆⑧❅⑥❯⑨❃❼✔❽✑❺❙⑦❢Ø ▼ ❺❙⑨✕⑧✯⑩✱❶➎❺❙❷❨⑩✫➓ →①❬ Ú ➀✐❺✳❼❾❽✎❺❵⑥➏➁✑➞ ▼ ❺❩❷✵❿✎❺✳❹✎⑨❃❺❙⑦P⑦P➋✱⑥
⑦P⑥✱➁✎⑥❯⑨❅⑩r⑧❅❺❩➁✎❿✎❺➏⑩➌❽✎➉ ▼ ⑩✱❷❚⑥❯⑨✳➉❘➞❚➁ ❖ ➉❫⑥❞❺❩➉á❽✎➉❘⑩r❿✵⑩✱❿✵⑩ ➃ ⑥✱➁✎❿ ❖ ➊❙➋✱⑥➌❿✎❺❥⑧❅⑥❯⑨❃❼❾❽✎❺✱➀✵❺❩➉❛⑧❅⑥❯⑨❃➁✎⑥➌❿✎❺

334Nm
→

❽❃✚✢✜✤✣✦✥★✧✪✩✬✫✐✯✱❾✄❿➀❿❙✯❙❾❝➁➃➂✐✴✶✫✸✷✹✚✻✺✽✼❦✚t✿✢❖❃❊✬■◆❖✛✣★■❉❊❋✫❪❖✛✫✳❁❃➄❛❖✛❇❉❁❃✥▼❂❄❁▲✴✶❁✮❖✛✫✘❅❙❅❙❁❃■◆❊✘✧❃✩✘✫➅❁❃✥▼❂❙❅❄❁➅✴✶✣❛❊✘❚✽❴✄❊✬❅❙❇◆➆❩❴✘❁❃❇◆❚r✴✶❇❉❴▼❇◆✴✶❇❉✥★✴✶✫❪❊❈❖✛✫✄❴✄❊✘❅❄❇❏➇
➈ ✥❛❖✛❇◆❊❋✴★❊✘❚✽✴✶✣★❊✖❚r❴✄❊✬❅❙❇❉➆❩❴✖❁❃❇◆❚⑦●✔❁❃■❉✫❈●✦❅❙✫✳✴✦✣✶❂❄✫✸✴✶❁➅❚❄❁❃✣★❚✽✴✦❁✪❚❄❴▼❇❉✫✖❚r●❛❊✘✴✶❅✱✩✬✫❛❯
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ü ❖ ➇ → ➓ → ❴ ❪ ➹✕➾✕➾ ↔✡➧❍➨▲➃ ⑩✱❷ ➃ ❽✎❷➝⑩✱❿✑⑥r❺➏➉❫❺❙❿ ❖ ❿✎⑥r❹✵⑩❱⑨❅⑩➌❿ ❖❚➑ ❺❩⑨P❺❙➁✐⑧P❺❙⑦❍➁✎➞ ▼ ❺ ❖ ⑦✳❿✎❺❥⑧❅⑥❯⑨❃❼✔❽✑❺❙⑦ →
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ü ❖ ➇ → ➓ → ❴ ➡ ➹✕⑤❵➞ ▼ ❺❩❷☛❿✎❺✫❹✎⑨P❺❩⑦P⑦P➋✱⑥❘⑦❃⑥❯➁✎⑥❯⑨P⑩❫➉❫➈❙❿ ❖ ⑥r⑥❯❶✑⑧ ❖ ❿✎⑥r❺➚➍✷❹❻❺❩⑨ ❖ ➉❫❺❙➁✐⑧❅⑩✱❷❨➉❫❺❙➁✐⑧❅❺❥❹✎⑩✱⑨❅⑩r❿ ❖❲➑ ❺❙⑨P❺❩➁✐⑧❅❺❙⑦❍⑧❅⑥✱⑨P❼❾❽✎❺❙⑦ →

Û ❶✎⑦P❺❩⑨ ▼ ⑩✱➁✎❿✎⑥✗➄➅⑦P❺✉⑩✱⑦ ➂ ➇❯❽✎⑨P⑩✱⑦❫➓ → ❴ ❪ ❺✉➓ → ❴ ➡ ➀✡❹➎⑥✷❿✑❺✣➄➅⑦❃❺➶❿ ❖ ø❙❺❙⑨❞❼✔❽✑❺➼⑥❯⑦ ▼ ⑩✱❷❨⑥❯⑨❃❺❙⑦✇❿✎❺➼❹ ❖❨➃ ⑥❱➄✩⑩✜➄➅❹ ❖❚➃ ⑥♦❿✑⑥◆❺❙⑨P⑨❃⑥
❿✎❺❇⑧❅⑨P⑩✱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥◗❺✉⑥❯⑦ ▼ ⑩✱❷❚⑥❯⑨P❺❩⑦➌❿✎⑥Ù➁✎➞ ▼ ❺❩❷❵❿✑❺➯❹✎⑨❃❺❙⑦❃⑦❅➋✱⑥②⑦P⑥❯➁✎⑥✱⑨❅⑩②⑦❃❺❙➇❯❽✑❺❙➉ ⑩◗➉❫❺❙⑦❃➉↕⑩◆⑧❅❺❩➁✎❿✎➦❩➁ ➃❙❖ ⑩ → ù ⑦❃⑧P⑥Ù➈✱➀

❴♠s✐✈



➁✵⑩ ➃ ⑥❯➁✎❿ ❖ ➊✻➋✱⑥➶⑥✱➁✎❿✎❺❤⑥➼➾✕➾ ↔✡➧❍➨ ➈✇➉❘➞❚➁ ❖ ➉❫⑥✎➀✵⑥➼➁✎➞ ▼ ❺❙❷➆❿✎❺❞❹✑⑨P❺❙⑦❃⑦❅➋✱⑥❇⑦❃⑥❯➁✎⑥❯⑨P⑩↕❿✎⑥➼❹✵⑩✱⑨❢❺❙➁✎➇✱⑨P❺❙➁✎⑩✱❿✎⑥➶⑧✯⑩❱➉❤❶❻➈❩➉Þ➈
➉❫➞❨➁ ❖ ➉❘⑥ →➏Ûý➃ ⑥✔❺ ➂✎➃❙❖ ❺❩➁✐⑧❅❺➌❿✎❺ ➃ ⑥✱⑨P⑨P❺❩❷➝⑩✱➊❙➋✱⑥✎➀ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩❱❿✎⑥➼⑩❱⑧P⑨❅⑩ ▼ ➈❩⑦➏❿✎⑩ ➑ ❽✑➁✎➊✻➋✱⑥ Ñ✯➱✗Ï➚Ï❅Ñ✯➱♠Ó❹❸ ❿✎⑥➯➴ ➟✡➧❍➨☛➟✝☞ ö ➒ s ÷ ➀
❹✵⑩✱⑨P⑩✉⑥✱⑦ ▼ ⑩✱❷❚⑥❯⑨P❺❩⑦ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥❯⑦✝❿✎⑥♦➾✕➾ ↔✡➧❍➨ ❺➌⑥❯⑦ ▼ ⑩❱❷❨⑥❯⑨❃❺❙⑦❥❿✎⑥❇➁✎➞ ▼ ❺❙❷✡❿✑❺❘❹✎⑨❃❺❙⑦❃⑦❅➋✱⑥✉⑦P⑥❯➁✑⑥❯⑨❅⑩❇➉❘❺❩❿ ❖ ❿✑⑥❯⑦ ❖ ➁✎❿ ❖❨➃ ⑩
❼❾❽✎❺➏❺✣➍ ❖ ⑦❣⑧❅❺✫❽✎➉❘⑩➌❶➎⑥✐⑩ ➃ ⑥✱⑨P⑨P❺❩❷➝⑩✱➊❙➋✱⑥r❺❙➁✐⑧P⑨P❺➏❺❙❷❨❺❩⑦ →✾Ûç▼ ⑩✱❷❚⑥❯⑨♥⑥❯❶✷⑧ ❖ ❿✑⑥ ➑ ⑥ ❖

0.9129
→

➟ ⑨❃❺❙❿✎❽✎➊❙➋✱⑥❦❿✵⑩✉❺✣➍ ➃❙❖ ⑧✯⑩✱➊❙➋✱⑥✉❹✎⑨P⑥ ▼ ❺❩➁ ❖ ❺❩➁✐⑧❅❺➶❿✎⑥➯❺❙⑨❃⑨P⑥♦❿✑❺❘⑧❅⑨P⑩✱➁✎⑦❃➉ ❖ ⑦P⑦❅➋❱⑥▲Ø ➾✾➾ ↔✡➧❍➨ Ú ➈ ❖ ➁✐⑧❅❺❩⑨P❺❙⑦❃⑦❅⑩✱➁✐⑧P❺➶❹✵⑩✱⑨P⑩
➉❫❺❙❷❨❸✑⑥❯⑨❅⑩✱⑨✾⑩✱⑦ ➃ ⑥❯➁✑❿ ❖ ➊❩➳✷❺❩⑦❳❿✎❺❢⑨P❺❩➇❯❽✎❷➝⑩❱⑨ ❖ ❿✎⑩✱❿✎❺❍❿✎⑥❞❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱➉❫❺❙➁✐⑧P⑥✎➀✑❺ ➃ ⑥❯➁✎⑦❃❺❙❼❜➉✎❺❩➁❾⑧P❺❙➉❫❺❙➁✐⑧❅❺ ➃ ⑥❯➁✐⑧❅⑨ ❖ ❶✎❽ ❖ ⑨❳❹✎⑩✱⑨❅⑩✇⑩
⑨P❺❩❿✎❽✎➊❙➋✱⑥➼❿✵⑩↕❺❩➉ ❖ ⑦P⑦❅➋❱⑥↕❿✎❺✇⑨P❽✎➞❚❿✎⑥ ➃ ⑥❯➁ ➑ ⑥❯⑨❃➉❘❺✳➽P➐ ➃ ⑥✱➁✎⑦❃⑧❅⑩❱⑧✯⑩✱❿✑⑥➶❹❻⑥✱⑨✝⑥❯❽✑⑧P⑨P⑥❯⑦❢⑩✱❽✑⑧P⑥❯⑨P❺❩⑦rö ➔ ➓✔➀ ➒❯➔ ➀ ➒ ➀ ❴ ➡ ➀ ❪❯➔ ➀ ➔❯➒ ➀
❪ ✈ ➀ ❴✻s❯➛ ➀ ➒❯❬✗÷➣→

❴♠s ➔



➊ ➋➍➌➏➎✠➐➒➑➔➓r→ ➣

↔ ➐↕→➛➙➜→ ➌➏➋➍➝➒➋ ➙➜➞②➐❀➞➟➝✢➠ ➡✽➢➔➋➤➝ ➋➦➥ ➠ →➛➙➔➡⑦➧➩➨②➋➦➫➯➭➲➞➳➥

➙➔➋ ➥➵➑➜➌ ➞➳➝❀➸❫➎✽➨❍➡r➞ ➙➜→➦➥ ➙➜➞➳➢➺➐❀➞➻➥ ➼➲➑➜➞ ➠ ➡✽➢➔➡✽➠ ➡r➽❍➋➦➠ →

➾ ➾ ➚ ➪ ➶

↔ ⑦❃⑧❅❺ ➃ ⑩❱❹✎➞❚⑧P❽✎❷❨⑥Ù⑧P❺❙➉ ➃ ⑥❯➉❫⑥➘⑥❯❶✔➽❃❺❩⑧ ❖❚▼ ⑥ä⑩✱❹✑⑨P❺❙⑦❃❺❙➁✐⑧✯⑩❱⑨✉⑥Ü➉❫➈❩⑧P⑥✷❿✎⑥➘❿✑❺❙⑦P❺❩➁ ▼ ⑥❯❷ ▼✷❖ ❿✎⑥ä❹✎⑩✱⑨❅⑩➘❿✎❺✣⑧❅❺❙⑨❃➉ ❖ ➁✵⑩✱⑨➼⑩❱⑦
➉❫⑥✷❿ ❖❲➂✵➃ ⑩❱➊❙➳✔❺❙⑦✕❿✵⑩❞⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃❙❖ ❺❵❿✎⑥❯⑦❳❿✎❺❙➁✐⑧P❺❙⑦♥❼❾❽✎❺➜➉ ❖ ➁ ❖ ➉ ❖ ø✻⑩❱➉➪⑥❞➾✾➾ ↔✡➧❍➨✡→✑➟ ⑦✧❺❩⑧❅⑩✱❹✵⑩✱⑦❳❿✎❺✝❿✑❺❙⑦P❺❩➁ ▼ ⑥❯❷ ▼✷❖ ➉❘❺❩➁✐⑧❅⑥
❿✎⑥➶➉❫➈❩⑧P⑥✷❿✑⑥✎➀✵⑧✯⑩ ❖ ⑦ ➃ ⑥❯➉❫⑥✎➀Ò⑩❫❿✎❺ ➂ ➁ ❖ ➊❙➋✱⑥➶❿✎⑥❘❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩❫⑩❘⑦P❺❩⑨➜⑨P❺❩⑦P⑥❯❷ ▼✔❖ ❿✎⑥✎➀➭⑦❃❽✵⑩ ➑ ⑥❯⑨❃➉❤❽✎❷➝⑩❱➊✻➋✱⑥❫➉↕⑩✗⑧❅❺❙➉❘➐❱⑧ ❖❨➃ ⑩✷➀✵⑩
⑩✱❶➎⑥❯⑨P❿✎⑩✱➇❯❺❙➉❛⑩✱❿✎⑥✱⑧❅⑩✱❿✵⑩r❺➏⑩r❿✎❺❙⑦ ➃ ⑨ ❖ ➊✻➋✱⑥❫❿✎⑥➌➉❫➈❩⑧❅⑥✔❿✎⑥➌❿✎❺❩⑦P❺❙➁ ▼ ⑥❯❷ ▼✔❖ ❿✑⑥❘⑦P➋✱⑥↕⑩❱❹✎⑨P❺❩⑦P❺❙➁✐⑧❅⑩✱❿✵⑩✱⑦❵➁✎❺❙⑦❣⑧❅❺ ➃ ⑩✱❹✑➞❚⑧❅❽✑❷❨⑥ →

Û ⑦❵❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩✱⑦✳⑨P❺❙⑩ ❖ ⑦✳❿✑❺➏❹✑⑨P⑥✗➽❃❺✣⑧❅⑥❫❹❻⑥✔❿✎❺❙➉➠⑧❅❺❩⑨ ▼ ➐✱⑨ ❖ ⑩✱⑦✳⑦❃⑥❯❷❨❽✑➊❙➳✔❺❙⑦✳❿ ❖❲➑ ❺❙⑨P❺❩➁✐⑧❅❺❙⑦❢⑩ ➃ ❺ ❖ ⑧❅➐ ▼ ❺ ❖ ⑦ → ⑤❢⑥➌❹✎⑨❃⑥ ➃ ❺❙⑦❃⑦P⑥
❹✵⑩✱⑨P⑩❘❹✎⑨❃⑥✗➽❃❺❩⑧❅⑩✱⑨ ➃ ⑥❯➉❫❹❻⑥❯➁✑❺❙➁✐⑧❅❺❩⑦➜➉❘❺ ➃ ❶✱➁ ❖❨➃ ⑥✱⑦❙➀❻⑩ ➑ ⑩✱⑦❃❺ ➃ ❸✵⑩✱➉❘⑩✱❿✵⑩❘❿✎❺❞⑥✱⑧ ❖ ➉ ❖ ø❙⑩✱➊✻➋✱⑥ ▼✔❖ ⑦P⑩❘❿✎❺ ➂ ➁ ❖ ⑨ ▼ ⑩✱❷❨⑥✱⑨P❺❙⑦❵❹✵⑩✱⑨P⑩
❿✎❺✣⑧❅❺❙⑨❃➉ ❖ ➁✵⑩✱❿✎⑥✱⑦❥❹✵⑩✱⑨❩❶❱➉❘❺✣⑧❅⑨P⑥✱⑦➏❿✑⑥➯❹✎⑨❃⑥✗➽❃❺❩⑧P⑥➯❹✎⑩✱⑨❅⑩➼➉❫❺❙❷❨❸✑⑥❯⑨❅⑩✱⑨❥⑥❇⑦❃❺❙❽Ù❿✑❺❙⑦P❺❩➉❘❹➎❺❙➁✑❸✎⑥ →➶↔ ➉➤➉❤❽ ❖ ⑧✯⑩❱⑦❥⑦ ❖ ⑧P❽✵⑩✱➊❩➳✷❺❩⑦
❹✎⑨P➐❱⑧ ❖❚➃ ⑩✱⑦✫➁✵➋✱⑥✉⑦P❺❫❶✎❽✎⑦ ➃ ⑩➯⑩✉⑦❃⑥❯❷❨❽✎➊❙➋✱⑥✉à✱⑧ ❖ ➉↕⑩✑➀☛➉❘⑩✱⑦✫❿✎❺ ➑ ⑩❱⑧❅⑥✑➀✹❽✑➉↕⑩➼⑦P⑥✱❷❨❽✎➊❙➋✱⑥➯⑦P⑩❱⑧ ❖ ⑦ ➑ ⑩❱⑧Pà❯⑨ ❖ ⑩➶❼❾❽✎❺↕⑩✗⑧❅❺❙➁✑❿✵⑩♦⑩✱⑥✱⑦
⑨P❺❩❼❾❽ ❖ ⑦ ❖ ⑧❅⑥✱⑦ ➑ ❽✑➁ ➃❙❖ ⑥❯➁✵⑩ ❖ ⑦❥⑥❯❽Ù❿✎❺❫❿✎❽✎⑨P⑩✱❶ ❖ ❷ ❖ ❿✎⑩✱❿✎❺❤❿✎⑥✉❹✎⑨❃⑥✷❿✎❽✷⑧❅⑥②ö ➡✐➒ ➀ ❴ ➓ ÷➮→ ➾✌⑩❱⑨❅⑩ ❖ ⑦❃⑧P⑥✎➀✚❺❙➉➤➉❤❽ ❖ ⑧❅⑥✱⑦ ➃ ⑩✱⑦P⑥✱⑦✇⑦P➋✱⑥
❽✎⑦P⑩✱❿✎⑥❯⑦❵❹✎⑨P⑥ ➃ ❺❩⑦P⑦❃⑥❯⑦ ❖ ⑧❅❺❩⑨❅⑩❱⑧ ❖❚▼ ⑥✱⑦✳❶✵⑩✱⑦P❺❙⑩✱❿✎⑥❯⑦❍❹✎⑨ ❖ ➁ ➃❩❖ ❹✵⑩❱❷❨➉❫❺❙➁✐⑧❅❺➜➁✎⑩❫❺➚➍✑❹➎❺❙⑨ ❖ ➦❩➁ ➃❙❖ ⑩❫❹✵⑩❱⑦P⑦❅⑩❱❿✵⑩❫❿✑⑥❘❹✎⑨❃⑥✗➽❃❺❩⑧ ❖ ⑦❣⑧✯⑩r❺✫➁✵⑩
➑ ⑩✱➉ ❖ ❷ ❖ ⑩✱⑨ ❖ ❿✵⑩✱❿✑❺ ➃ ⑥❯➉➫⑥↕❹✎⑨❃⑥✷❿✑❽✑⑧❅⑥✎➀➎⑩✱⑥ ❖ ➁ ▼ ➈❙⑦✝❿✑❺✇➉❫➈❩⑧P⑥✷❿✎⑥✱⑦ ➑ ⑥❯⑨❃➉↕⑩ ❖ ⑦✳❿✎❺➏⑥✱⑧ ❖ ➉ ❖ ø✻⑩✱➊❙➋✱⑥r❺ ➃ ⑥❯➁ ➃ ❺ ❖ ⑧❅⑥❯⑦❵➉↕⑩✗⑧❅❺❙➉❘➐✗➄
⑧ ❖❚➃ ⑥❯⑦❍⑩❱❶✎⑦❃⑧P⑨❅⑩❱⑧P⑥❯⑦➏ö ❬ ➓❾➀✵❹ →q❬❯❬✗÷➮→

⑤❢❺❩⑦❃⑧❅❺❳⑧❅⑨❅⑩❱❶✵⑩✱❷❨❸✑⑥ ➃ ❸✵⑩✱➉❘⑩✗➄✭⑦P❺✾❿✎❺♥⑦P⑥✱❷❨❽✎➊❙➋✱⑥✝⑥✱⑧ ❖ ➉ ❖ ø❙⑩✱❿✵⑩❍⑩✱➉❤❶✵⑩❱⑦✌⑩✱⑦➆⑦P⑥❯❷❚❽✎➊❙➳✔❺❙⑦❩➀✐⑩❢⑦❃⑥❯❷❨❽✑➊✻➋✱⑥❢à✱⑧ ❖ ➉↕⑩❍➁✎⑥➜⑦❃❺❙➁✐⑧ ❖ ❿✎⑥
❿✎❺➌à✱⑧ ❖ ➉❫⑥➶⑩✱❶✎⑦❃⑥❯❷❨❽✷⑧❅⑥❇❺➌⑩➼⑦P⑥❯❷❚❽✎➊✻➋✱⑥➼⑦P⑩❱⑧ ❖ ⑦ ➑ ⑩❱⑧Pà❯⑨ ❖ ⑩ →✇↔ ➁✐⑧P❺❙➁✎❿✎❺➚➄➅⑦❃❺❘❼❾❽✎❺❫⑩➼❿ ❖❚➑ ❺❩⑨P❺❩➁✎➊✻⑩➼❺❙➁✐⑧P⑨P❺➌❺❙❷❨⑩✱⑦❥➈r❿✎❺ ▼✔❖ ❿✎⑥✉⑩✱⑥

❴♠s❯➛



➇❯⑨P⑩✱❽r❿✎❺ ➃ ⑥✱➉❘❹✎❷❚❺✣➍ ❖ ❿✎⑩✱❿✎❺✧⑥✱❽r❹✎⑨P❺ ➃❙❖ ⑦P➋✱⑥❥❿✵⑩➜➉❫⑥✷❿✑❺❙❷➝⑩❱➇❯❺❙➉✉➀★✌✱⑦✡⑨P❺❩⑦❃⑧❅⑨ ❖ ➊❩➳✷❺❩⑦ ❖ ➉❫❹❻⑥✱⑦❃⑧✯⑩❱⑦✌❺✳⑩✱⑥ ➃ ⑨ ❖ ⑧❅➈❙⑨ ❖ ⑥❢❿✎❺✳❹✵⑩✱⑨P⑩✱❿✵⑩✑➀
⑥❯❽♦⑩ ➃ ❺ ❖ ⑧✯⑩❱➊✻➋✱⑥❫❿✵⑩❘⑦❃⑥❯❷❨❽✑➊✻➋✱⑥✎➀✵❿✑❺ ➂ ➁ ❖ ❿✎⑥↕❹➎❺❙❷❚⑥❘❹✑⑨P⑥✗➽❃❺✣⑧ ❖ ⑦❣⑧✯⑩ → ⑤❢❺❩⑦❃⑧❅❺✇⑦P❺❩➁❾⑧ ❖ ❿✎⑥✑➀Ò⑩➌⑦P⑥❯❷❚❽✎➊✻➋❱⑥❘⑥✱⑧ ❖ ➉ ❖ ø❙⑩✱❿✵⑩❤❹➎⑥✷❿✎❺❱➀➭⑥❯❽
➁✵➋✱⑥✑➀✵⑦P❺❙⑨ ❖ ➇❯❽✵⑩✱❷Ò⑩❫⑦❃⑥❯❷❨❽✎➊❙➋✱⑥rà✱⑧ ❖ ➉❘⑩r⑩✱❶✎⑦P⑥✱❷❨❽✑⑧❅⑩ →

➟ ⑦❃⑥❯❷❨❽✎➊❙➋✱⑥Ù⑥❱⑧ ❖ ➉ ❖ ø❙⑩✱❿✵⑩◆❿✎❺ ▼ ❺❦⑨❃❺❙⑦P❹➎❺ ❖ ⑧✯⑩✱⑨↕⑩✱⑦ ➃ ⑩✱⑨❅⑩ ➃ ⑧❅❺❩⑨P➞❚⑦❃⑧ ❖❚➃ ⑩✱⑦ ➑ ➞❨⑦ ❖❨➃ ⑩✱⑦➌❿✎⑥▲❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩❧❺❦⑩ ❖ ➁✎❿✵⑩ ➃ ❺❩⑨❃⑧❅⑥✱⑦
❷ ❖ ➉ ❖ ⑧❅❺❩⑦ ➑ ❽✎➁ ➃❙❖ ⑥❯➁✵⑩ ❖ ⑦➆❿✑⑥ ➃ ⑥✱➉❘❹➎⑥❯➁✎❺❩➁❾⑧P❺✱➀❯❿✑⑥✝❹✎⑨❃⑥✷❿✎❽✷⑧❅⑥✝⑥✱❽❤❿✎⑥✝⑦ ❖ ⑦❣⑧❅❺❙➉❘⑩ →✹➟ ⑦❃⑥❯❷❨❽✎➊❙➋✱⑥✝⑥❱⑧ ❖ ➉ ❖ ø❙⑩✱❿✵⑩♥❿✎❺ ▼ ❺♥⑧❅⑩✱➉❤❶➎➈❙➉
⑦P❺❩⑨ ▼✔❖ ➐ ▼ ❺❙❷✐❺❩➉ ⑧❅❺❩⑨P➉❫⑥❯⑦☛❿✎❺✕⑥❯❶✑⑧P❺❙➁✎➊❙➋✱⑥❢❿✑⑥ ➃ ⑥❯➉❫❹❻⑥❯➁✑❺❙➁✐⑧❅❺✕❹➎⑥❯⑨☛➉❘➈✣⑧❅⑥✔❿✎⑥❯⑦☛❺➚➍ ❖ ⑦❃⑧P❺❙➁✐⑧❅❺❩⑦✌❿✎❺ ➑ ⑩✱❶✎⑨ ❖❨➃ ⑩✱➊✻➋✱⑥ →✚ã ❺❳⑥✱❽✑⑧❅⑨P⑩
➑ ⑥❯⑨❃➉↕⑩✑➀✷⑥ ▼ ⑩✱❷❚⑥❯⑨♥❿✵⑩r⑦❃⑥❯❷❨❽✎➊❙➋✱⑥➌⑥✱⑧ ❖ ➉ ❖ ø✻⑩✱❿✎⑩❞❹✵⑩✱⑨P⑩➌⑥➌❹✎⑨❃⑥✗➽❃❺❩⑧P⑥❘❹➎⑥✔❿✎❺❥⑦P❺❩⑨❢❼❾❽✎❺❩⑦❃⑧ ❖ ⑥❯➁✵➐ ▼ ❺❩❷✾ö ❴ ➓ ÷➣→

➟ ⑦P⑥❯❷❚❽✎➊✻➋✱⑥Ü⑥✱⑧ ❖ ➉ ❖ ø❙⑩✱❿✵⑩Ù❹➎⑥✷❿✑❺◆⑦P❺❙⑨❇⑥❯❶✷⑧ ❖ ❿✎⑩➥⑩✗⑧❅⑨❅⑩ ▼ ➈❙⑦❇❿✵⑩Ü❽✑⑧ ❖ ❷ ❖ ø❙⑩✱➊✻➋❱⑥▲❿✎❺❧➉❘➈✣⑧❅⑥✔❿✎⑥❯⑦➶➉❘⑩❱⑧P❺❙➉❘➐❱⑧ ❖❚➃ ⑥❯⑦➶❿✑❺
⑥✱⑧ ❖ ➉ ❖ ø✻⑩❱➊✻➋✱⑥✎➀➎❼❾❽✎❺ ➃ ⑥✱➁✎⑦ ❖ ⑦❃⑧❅❺❩➉û❺❩➉➺❺❩➁ ➃ ⑥❯➁✐⑧P⑨❅⑩✱⑨ ▼ ⑩✱❷❚⑥❯⑨P❺❩⑦➜❹✵⑩✱⑨P⑩➶⑩✱⑦ ▼ ⑩✱⑨ ❖ ➐ ▼ ❺ ❖ ⑦✝❿✎⑥➼❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩↕❼❾❽✎❺r❹✎⑨❃⑥✷❿✎❽✑ø✻⑩✱➉
▼ ⑩✱❷❨⑥✱⑨P❺❙⑦✫❺➚➍✷⑧P⑨P❺❩➉❘⑥❯⑦↕Ø ➉❘➐✗➍ ❖ ➉❫⑥❯⑦❥⑥❯❽◗➉❫➞❨➁ ❖ ➉❘⑥❯⑦ Ú ❿✎❺❫❽✎➉❘⑩✉❿✵⑩❱❿✵⑩ ➑ ❽✑➁✎➊✻➋✱⑥➯❿✎❺❫➉❘➈❩⑨ ❖ ⑧P⑥✎➀☛⑥❯❽ ➑ ❽✎➁✎➊✻➋❱⑥➯⑥❯❶❾➽❃❺❩⑧ ❖❲▼ ⑥✎➀
⑦P❺❩➉➫❼❾❽✎❺✫⑦P❺✩➽P⑩❱➉ ▼✷❖ ⑥❯❷➝⑩❱❿✵⑩✱⑦✳⑩✱⑦✳⑨❃❺❙⑦❣⑧❅⑨ ❖ ➊❙➳✔❺❙⑦❍❿✎⑥❫❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩➼ö ❴ ➓ ÷➮→

↔ ➍ ❖ ⑦❃⑧❅❺➏➁✵⑩❫❷ ❖ ⑧P❺❙⑨P⑩❱⑧❅❽✎⑨P⑩r❽✎➉➫➇❯⑨❅⑩❱➁✎❿✎❺➏➁✔â✑➉❘❺❩⑨P⑥↕❿✑❺✇➉❫➈❩⑧P⑥✷❿✎⑥✱⑦❵➉❘⑩❱⑧P❺❙➉❘➐❱⑧ ❖❚➃ ⑥❯⑦✳❿✎❺❩⑦P❺❩➁ ▼ ⑥❯❷ ▼✔❖ ❿✎⑥❯⑦✝❹✎⑩✱⑨❅⑩❫⑩❘⑥✱⑧ ❖ ➄
➉ ❖ ø✻⑩❱➊✻➋✱⑥➼❿✎❺r❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩✱⑦❥❿✎❺r❺❩➁✎➇❯❺❙➁✑❸✵⑩✱⑨ ❖ ⑩ → ⑤❵⑥✉❺❩➁✐⑧✯⑩✱➁✐⑧❅⑥✑➀✹❸✎➐❇❽✑➉↕⑩➶❿ ❖ ⑦ ➃ ⑨P❺❙❹❭❶✱➁ ➃❙❖ ⑩➼❺❙➁✐⑧❅⑨❃❺❫⑥❇❺❩➁✎⑥❯⑨P➉❫❺r➁✎➞ ▼ ❺❙❷
❿✎❺✫❹➎❺❙⑦P❼❾❽ ❖ ⑦❅⑩❫❺❙➉❛⑧P❺❙⑥❯⑨ ❖ ⑩✱⑦✳❿✎❺✫⑥✱⑧ ❖ ➉ ❖ ø❙⑩✱➊✻➋✱⑥✇❺➏⑩✱⑦❵⑩✱❹✎❷ ❖❚➃ ⑩✱➊❩➳✷❺❩⑦♥❺❙➉❛❺❙➁✎➇❯❺❩➁✎❸✵⑩✱⑨ ❖ ⑩❇ö ❴ ➓✷➀ ➒ ❴ ÷➣→

➹ ❺❙➇❯❽✑➁✎❿✎⑥ ➷ ⑥✱❸✎➁➲ö ❴ ➓ ÷ ➀♥⑥❯⑦❫➉❘⑥❱⑧ ❖❚▼ ⑥❯⑦➌❹✵⑩✱⑨P⑩②⑩ ➑ ⑩✱❷❚⑧❅⑩❧❿✑❺♦⑩✱❹✑❷ ❖❨➃ ⑩✱➊✻➋❱⑥◗❿✑❺➯➉❫➈❩⑧P⑥✷❿✎⑥✱⑦❘❿✎❺✉⑥✱⑧ ❖ ➉ ❖ ø✻⑩❱➊✻➋✱⑥◆➁✎⑥✱⑦
❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩❱⑦➜⑨P❺❙⑩ ❖ ⑦❢❿✎❺r❺❙➁✎➇✱❺❙➁✎❸✵⑩❱⑨ ❖ ⑩➶⑦P➋✱⑥ ▼ ➐✱⑨ ❖ ⑥❯⑦❙➀❻❺❙➁✐⑧❅⑨❃❺➌❺❙❷❨❺❩⑦❙➀☛⑩ ➑ ⑩❱❷❚⑧✯⑩❘❿✎❺ ➃ ⑥✱➁✎❸✎❺ ➃❩❖ ➉❫❺❙➁✐⑧❅⑥❇❿✎⑥✱⑦➜➉❘➈✣⑧❅⑥✔❿✎⑥❯⑦➜❿✑❺
⑥✱⑧ ❖ ➉ ❖ ø✻⑩❱➊✻➋✱⑥➯❹❻⑥❯⑨❞❹✵⑩✱⑨❃⑧P❺➼❿✎⑥❯⑦r❺❩➁✎➇❯❺❙➁✑❸✎❺ ❖ ⑨P⑥❯⑦r❿✎❺➼❹✑⑨P⑥✗➽❃❺✣⑧❅⑥✎➀✕❼❾❽✎❺❇⑦P❺➼❿✎❺ ▼ ❺✉❺❙➉■❹✵⑩✱⑨❃⑧P❺↕✌❦❿ ❖ ⑦❣⑧✄❶✱➁ ➃❙❖ ⑩➯❺❙➁✐⑧❅⑨❃❺✉⑥✱⑦
❹➎❺❙⑦P❼❾❽ ❖ ⑦❅⑩✱❿✑⑥❯⑨P❺❩⑦➶❺♦⑥❯⑦❫❺❙➁✑➇❯❺❙➁✎❸✑❺ ❖ ⑨❃⑥❯⑦↕❿✑❺♦❹✎⑨❃⑥✗➽❃❺❩⑧P⑥✎➀✳⑩✱⑥②➇❯⑨❅⑩✱➁✑❿✎❺➯➁❾â✎➉❫❺❙⑨❃⑥▲❿✎❺✉➉❘➈✣⑧❅⑥✔❿✎⑥❯⑦❫❺✣➍ ❖ ⑦❣⑧❅❺❩➁❾⑧P❺❙⑦❩➀❵⑥②❼❾❽✎❺
❿ ❖❲➂✵➃ ❽✎❷❲⑧✯⑩➶⑩➼❺❩⑦ ➃ ⑥✱❷❨❸✵⑩➶❿✎⑥➼➉❫➈❩⑧P⑥✷❿✑⑥➼⑩✱❿✎❺❩❼✔❽✎⑩✱❿✎⑥✉⑩✱⑥➼❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩❘❺❙➁ ➑ ⑨❃❺❙➁✐⑧✯⑩✱❿✑⑥✎➀✚⑩✱⑥➼❺✣➍ ➃ ❺❙⑦P⑦❃⑥➯❿✑❺r⑦ ❖ ➉❫❹✎❷ ❖❚➂✵➃ ⑩✱➊❙➳✔❺❙⑦
➁✵⑩❧➉❘⑥✔❿✎❺❩❷➝⑩✱➇❯❺❩➉■❿✑⑥❯⑦➌❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩✱⑦r⑨❃❺❙⑦P⑥✱❷ ▼✔❖ ❿✎⑥✱⑦ ➃ ⑥❯➉➩⑥✱⑦❫➉❫➈❩⑧P⑥✷❿✑⑥❯⑦r❿✎❺❇⑥✱⑧ ❖ ➉ ❖ ø✻⑩✱➊❙➋✱⑥✎➀➸❼❾❽✎❺ ➑ ⑩✱ø ➃ ⑥❯➉➩❼❾❽✎❺➯⑩
▼ ⑩✱❷ ❖ ❿✵⑩✱❿✎❺✫❿✵⑩❫⑦P⑥❯❷❚❽✎➊✻➋❱⑥↕❹✵⑩✱⑨P⑩❘⑥❫❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩➌⑨P❺❙⑩✱❷✚➁✵➋✱⑥↕⑦❃❺✩➽P⑩↕⑦P⑩❱⑧ ❖ ⑦ ➑ ⑩❱⑧Pà❯⑨ ❖ ⑩✑➀✎❺❞⑩ ▼✔❖ ⑩✱❶ ❖ ❷ ❖ ❿✵⑩✱❿✎❺✝❿✎❺❞⑥❯❶✷⑧❅❺❙➁✑➊✻➋✱⑥❘❿✎⑥
➃ ⑥✱➉❘❹➎⑥❯➁✎❺❩➁❾⑧P❺✫⑥❯❽➯⑦ ❖ ⑦❣⑧❅❺❙➉❘⑩❤➁✵⑩ ➃ ⑥❯➁✑❿ ❖ ➊❙➋✱⑥➌⑥✱⑧ ❖ ➉ ❖ ø✻⑩✱❿✵⑩ →

➟ ⑦P⑥❯❷❚❽✎➊✻➋✱⑥❧❿✎❺➼❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩✱⑦❤❿✎❺❇❺❩➁✎➇❯❺❙➁✑❸✵⑩✱⑨ ❖ ⑩❧⑩❱⑧❅⑨P⑩ ▼ ➈❙⑦➌❿✎❺❇➉❫➈❩⑧❅⑥✔❿✎⑥❯⑦r❿✑❺➼⑥✱⑧ ❖ ➉ ❖ ø✻⑩✱➊❙➋✱⑥❦❿✎❺ ▼ ❺❇❹✵⑩✱⑨❣⑧ ❖ ⑨❞❿✎⑥
❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩❘⑨P❺✻⑩❱❷➸❺r❿✎❺ ▼ ❺r⑧❅❺❙⑨❃➉ ❖ ➁✵⑩✱⑨ ➃ ⑥❯➉➺❽✎➉û❹✎⑨❃⑥✗➽❃❺❩⑧P⑥➼⑨P❺❙⑩✱❷ → ⑤❢❺❩⑦❃⑧✯⑩➼❷ ❖ ➁✎❸✵⑩✷➀ ⑩➶⑥✱⑧ ❖ ➉ ❖ ø✻⑩❱➊✻➋✱⑥❘➉↕⑩❱⑧P❺❙➉❘➐❱⑧ ❖❚➃ ⑩❫➈
❽✎➉➻❹✑⑨P⑥ ➃ ❺❙⑦❃⑦❅⑩✱❿✑⑥❯⑨✇❿✑❺❫❿✎⑩✱❿✎⑥❯⑦✫❿✎❺➌❽✎➉➻➉❫⑥✔❿✎❺❙❷❚⑥➼❼✔❽✑❺❫❹✑⑨P⑥✔❿✎❽✎ø➌❽✎➉❘⑩❇⑦❃⑥❯❷❨❽✑➊✻➋✱⑥❇➉❘⑩❱⑧❅❺❩➉↕➐❱⑧ ❖❨➃ ⑩➶⑩❱⑧❅⑨P⑩ ▼ ➈❙⑦➏❿✎❺➌❽✎➉
⑩✱❷❚➇❯⑥❯⑨ ❖ ⑧❅➉❫⑥❤⑩✱❹✑⑨P⑥❯❹✎⑨ ❖ ⑩✱❿✑⑥✎➀✑⑥❯❽✉⑦P❺➅➽P⑩✑➀✵➈➏⑩✱❹➎❺❙➁✵⑩✱⑦❍❽✎➉❘⑩ ➃ ⑥✱➁✎❺✣➍✑➋✱⑥❫❺❙➁✐⑧❅⑨❃❺✇⑥➌❹✎⑨❃⑥❯❶✎❷❚❺❙➉❘⑩❤❺✇⑩r⑦❃⑥❯❷❨❽✎➊❙➋✱⑥➌⑨P❺❙⑩✱❷✕ö ❴ ➓ ÷➣→

❴❯❴♠s



➷ ⑥❯❸✎➁Üö ❴ ➓ ÷ ⑨P❺ ➃ ⑥❯➉❫❺❙➁✎❿✎⑩ ➃ ❽ ❖ ❿✵⑩✱❿✎⑥ ➃ ⑥❯➉Ý⑥➶❺✣➍ ➃ ❺❩⑦P⑦❃⑥✉❿✑❺ ➃ ⑥❯➁ ➂ ⑩✱➁✎➊❙⑩➶➁✎⑥❯⑦➜❹✎⑨❃⑥ ➃ ❺❙⑦❃⑦P⑥❯⑦✫⑩✱❽✷⑧❅⑥❯➉❘⑩❱⑧ ❖ ø✻⑩✱❿✑⑥❯⑦❍❿✎❺
⑥✱⑧ ❖ ➉ ❖ ø✻⑩❱➊✻➋✱⑥ → ➹ ❺❙➇❯❽✑➁✎❿✎⑥❦❺❩⑦❃⑧❅❺↕⑩✱❽✑⑧P⑥❯⑨❙➀➆➁✎❺❙➁✎❸❾❽✎➉þ➉❫➈❩⑧❅⑥✔❿✎⑥➯➇❯❺❙⑨P⑩✱❷✕❿✎❺↕⑥✱⑧ ❖ ➉ ❖ ø❙⑩✱➊✻➋✱⑥✑➀✹❹➎⑥❯⑨➏➉↕⑩ ❖ ⑦✫⑨P⑥❯❶✑❽✎⑦❃⑧P⑥❦❼❾❽✎❺
⑦P❺➅➽P⑩✑➀✡❹➎⑥✷❿✎❺↕⑦P❽✎❶✎⑦❣⑧ ❖ ⑧❅❽ ❖ ⑨❤⑩♦❶➎⑥✐⑩ ❖ ➁❾⑧P❽ ❖ ➊❙➋✱⑥♦❿✑❺➶❺❙➁✎➇✱❺❙➁✎❸✵⑩❱⑨ ❖ ⑩ →❦➟ ➉❫❺❙❷❨❸✑⑥❯⑨✇❺❩⑦❃⑧P⑨❅⑩❱⑧P➈❙➇ ❖ ⑩♦➈➼⑩✱❼❾❽✎❺❩❷➝⑩♦❼❾❽✎❺❇⑩✱❷ ❖ ⑩❇⑥
➉❫➈❩⑧❅⑥✔❿✎⑥r❿✎❺➏⑥✱⑧ ❖ ➉ ❖ ø✻⑩❱➊✻➋✱⑥✇❺➏⑥ ➃ ⑥❯➁✎❸✎❺ ➃❙❖ ➉❫❺❙➁✐⑧P⑥❘❿✎⑥➌❹✎⑨❃⑥✗➽❃❺❩⑧ ❖ ⑦❣⑧✯⑩ →

Û ⑦❵➉❫➈❩⑧P⑥✷❿✑⑥❯⑦✳❿✎❺✫⑥✱⑧ ❖ ➉ ❖ ø✻⑩✱➊❙➋✱⑥❤❹➎⑥✷❿✑❺❙➉❛⑦❃❺❙⑨ ➃ ❷❨⑩✱⑦P⑦ ❖❚➂✵➃ ⑩✱❿✎⑥❯⑦ ➃ ⑥❯➉❘⑥✑➹

•
➉❫➈❩⑧P⑥✷❿✑⑥❯⑦❍❹✎⑨P⑥❯❶✎⑩✱❶ ❖ ❷❚➞❨⑦❣⑧ ❖❨➃ ⑥❯⑦❙➹✕➁✎❺❩⑦❃⑧P❺❙⑦✝➉❫➈❩⑧P⑥✷❿✑⑥❯⑦✝⑩❱⑦ ▼ ⑩✱⑨ ❖ ➐ ▼ ❺ ❖ ⑦❍❿✎❺➏❹✎⑨P⑥✗➽❃❺✣⑧❅⑥❘⑦❅➋✱⑥↕⑩✱❷❚⑧P❺❙⑨❅⑩❱❿✵⑩✱⑦❍❹❻⑥✱⑨❢⑨❃❺❙➇❯⑨P⑩✱⑦
❿✎❺✫❹✎⑨❃⑥❯❶✵⑩✱❶ ❖ ❷ ❖ ❿✵⑩✱❿✎❺❱➀✷❺✫⑥❫⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱❿✎⑥➌❿✵⑩ ➑ ❽✎➁✎➊❙➋✱⑥➌⑥❯❶✔➽❃❺✣⑧ ❖❚▼ ⑥❘➈✫❽✎⑦P⑩✱❿✎⑥❫❹✵⑩✱⑨P⑩➌⑥❫⑨P❺ ➂ ➁✵⑩✱➉❫❺❙➁✐⑧P⑥❫❿✎⑩❫❶✎❽✑⑦ ➃ ⑩ →
↔ ⑦❃⑧P❺❙⑦➜➉❫➈❩⑧P⑥✷❿✑⑥❯⑦❍⑦❅➋✱⑥➶❽✑⑦❅⑩✱❿✎⑥✱⑦✝❼❾❽✵⑩✱➁✎❿✑⑥↕➁✵➋✱⑥❘⑦P❺✇❿ ❖ ⑦❃❹❻➳✔❺✇❿✑❺ ❖ ➁ ➑ ⑥❯⑨P➉❘⑩✱➊❙➳✔❺❙⑦❍⑦❃⑥❯❶✎⑨P❺✇⑥ ➃ ⑥❯➉❘❹➎⑥❯⑨❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥
❿✎⑥↕❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩✑➀➭⑥❯❽➯❼✔❽✎⑩✱➁✎❿✎⑥➼⑥❘❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩➌➈❞➉❘⑩✱❷❲➄ ➃ ⑥❯➁✎❿ ❖❨➃❙❖ ⑥❯➁✵⑩✱❿✑⑥✎➀✎⑥❯❽❦⑦❃❺❞❺➚➍ ❖ ⑦❃⑧P❺❙➉Ý➉❤❽ ❖ ⑧P⑥❯⑦❵➉❘➞❚➁ ❖ ➉❫⑥❯⑦
❷❚⑥ ➃ ⑩ ❖ ⑦❩➀❳⑥❯❽ä⑩ ❖ ➁✑❿✵⑩✑➀✧⑦❃❺♦⑥ ➃ ❽✎⑦❣⑧❅⑥ ➃ ⑥❯➉❫❹✎❽✑⑧✯⑩ ➃❙❖ ⑥✱➁✵⑩✱❷✳❹✵⑩✱⑨P⑩ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩✱⑨r⑥ ▼ ⑩✱❷❨⑥❯⑨➌❿✵⑩ ➑ ❽✎➁✎➊❙➋✱⑥Ù⑥❯❶❾➽❃❺❩⑧ ❖❲▼ ⑥②➈
➉❤❽ ❖ ⑧❅⑥❇❹➎❺❙❼❾❽✎❺❩➁✎⑥ →✉Û ➉❫➈❩⑧❅⑥✔❿✎⑥✉❿✎❺↕➴➯⑥❯➁✐⑧❅❺ ➷ ⑩✱⑨P❷❚⑥➯❺❫⑥❯⑦✇⑩✱❷❨➇✱⑥❯⑨ ❖ ⑧❅➉❫⑥❯⑦➜➇❯❺❩➁✎➈❩⑧ ❖❨➃ ⑥✱⑦✇❹➎❺❙⑨❣⑧❅❺❙➁ ➃ ❺❙➉þ⑩❇❺❙⑦❣⑧✯⑩
➃ ❷➝⑩✱⑦❃⑦P❺❫ö ➒ ❴ ÷ ❷

•
➉❫➈❩⑧P⑥✷❿✑⑥❯⑦❘❿✑❺❦⑩✱❹✎⑨❃⑥✻➍ ❖ ➉↕⑩❱➊✻➋✱⑥✎➹➯❽✎➉ ➉❘➈✣⑧❅⑥✔❿✎⑥Ù❿✑❺❦⑩✱❹✎⑨❃⑥✻➍ ❖ ➉↕⑩❱➊✻➋✱⑥◗❶❻❺❩➉ ➃ ⑥❯➁✎❸✑❺ ➃❙❖ ❿✎⑥▲➈➯⑥Ù➉❫➈❩⑧❅⑥✔❿✎⑥◗❿✎❺
⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃❙❖ ❺❢❿✎❺➜⑨❃❺❙⑦P❹➎⑥❯⑦❣⑧✯⑩✑➀✎➁✑⑥r❼✔❽✎⑩✱❷ ⑩ ➑ ❽✎➁✑➊✻➋✱⑥r⑥❯❶❾➽❃❺❩⑧ ❖❲▼ ⑥❤➈✝❿✎❺❩⑧P❺❙⑨P➉ ❖ ➁✎⑩✱❿✵⑩❞❹✵⑩❱⑨❅⑩❤❿ ❖❲▼ ❺❙⑨❃⑦P⑥❯⑦ ▼ ⑩❱❷❨⑥❯⑨❃❺❙⑦♥❿✵⑩❱⑦
▼ ⑩✱⑨ ❖ ➐ ▼ ❺ ❖ ⑦❍❿✎⑥↕❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩r❺❞⑩➌⑦P❽✎❹➎❺❙⑨ ➑ ➞ ➃❩❖ ❺✫❿✎❺❞⑨❃❺❙⑦❃❹❻⑥❯⑦❣⑧✯⑩❫❹❻⑥✔❿✎❺✫⑦P❺❩⑨✝⑥❯❶✑⑧ ❖ ❿✵⑩r❹➎⑥❯⑨ ❖ ➁✐⑧❅❺❩⑨P❹➎⑥❯❷➝⑩❱➊✻➋✱⑥ →❳↔ ⑦❃⑧P❺❙⑦
➉❫➈❩⑧P⑥✷❿✎⑥✱⑦❥❹❻⑥✔❿✎❺❙➉û⑦P❺❙⑨✇⑩✱❿✎❺❩❼❾❽✵⑩✱❿✎⑥❯⑦➏➁✎⑥❯⑦✫❹✎⑨❃⑥❯❶✎❷❚❺❙➉❘⑩✱⑦❥⑥❯➁✎❿✎❺➌⑥✉➁❾â✎➉❘❺❩⑨P⑥❇❿✎❺ ▼ ⑩✱⑨ ❖ ➐ ▼ ❺ ❖ ⑦❥➈❫❹➎❺❙❼❾❽✎❺❩➁✎⑥✎➀➆❺
➁✵➋❱⑥◗❺➚➍ ❖ ⑦❃⑧❅⑩✱➉ ❖ ➁ ➑ ⑥❯⑨P➉❘⑩✱➊❩➳✷❺❩⑦❤❿✎⑥◗➇❯⑨❅⑩✱❿ ❖ ❺❙➁✐⑧P❺✉❿✎⑩ ➑ ❽✑➁✎➊✻➋✱⑥◗⑥❯❶✔➽❃❺✣⑧ ❖❲▼ ⑥◗❺✉❿✎⑩✱⑦➌❺❙❼❾❽✵⑩✱➊❩➳✷❺❩⑦❘❿✎❺❇⑨❃❺❙⑦❃⑧P⑨ ❖ ➊✻➋✱⑥ →
Û ⑦➌➉❘➈✣⑧❅⑥✔❿✎⑥❯⑦r❿✎❺✉⑩✱❹✑⑨P⑥✻➍ ❖ ➉❘⑩✱➊✻➋✱⑥◆❹➎⑥✔❿✎❺❙➉➩⑦❃❺❙⑨❫⑩ ❖ ➁✎❿✵⑩❧⑩✱❹✎❷ ❖❨➃ ⑩❱❿✎⑥❯⑦❤❺❩➉ ❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩✱⑦r⑩❱❷❚⑧✯⑩❱➉❘❺❩➁❾⑧P❺➼➁✵➋✱⑥❱➄
❷ ❖ ➁✎❺❙⑩✱⑨P❺❩⑦✫ö ➒ ❴ ÷ ❷

•
➉❫➈❩⑧P⑥✷❿✑⑥❯⑦❤❿✎❺➼❹✎⑨❃⑥❯➇❯⑨P⑩✱➉↕⑩❱➊✻➋✱⑥➯➉↕⑩❱⑧P❺❙➉❘➐❱⑧ ❖❚➃ ⑩✑➹➌❺❩⑦❃⑧✯⑩◆➈➶❽✑➉↕⑩ ➃ ❷➝⑩✱⑦❃⑦P❺➼❺❙⑦❃❹❻❺ ➃❙❖ ⑩✱❷✧❿✎❺➼➉❫➈❩⑧P⑥✷❿✑⑥◆➁✔❽✑➉❘➈❩⑨ ❖❨➃ ⑥
❖ ⑧❅❺❙⑨P⑩❱⑧ ❖❲▼ ⑥✎➀❯⑧❅⑩✱➉❤❶➎➈❙➉ ➃ ❷➝⑩✱⑦❃⑦ ❖❲➂✵➃ ⑩✱❿✎⑩ ➃ ⑥✱➉❘⑥✫➉❫➈❩⑧❅⑥✔❿✎⑥❯⑦✕❿ ❖ ⑨P❺✣⑧❅⑥❯⑦❢ö ➡❯➒ ➀ ❴ ➓ ÷➮→➸➟ ❹✵⑩✱⑨❃⑧ ❖ ⑨✡❿✎❺❵❽✎➉❘⑩➏❺❩⑦❃⑧ ❖ ➉❘⑩❱⑧ ❖❲▼ ⑩
❖ ➁ ❖❨➃❩❖ ⑩✱❷ ❽✑⑦❅⑩✱❿✵⑩ ➃ ⑥❯➉❫⑥❫❹❻⑥❯➁✐⑧P⑥↕❿✎❺➏❹✵⑩✱⑨❣⑧ ❖ ❿✎⑩✑➀➭❽✎➉↕⑩➌❶✎❽✎⑦ ➃ ⑩↕⑦ ❖ ⑦❣⑧❅❺❙➉❘➐❱⑧ ❖❨➃ ⑩ ❖ ⑧❅❺❙⑨P⑩❱⑧ ❖❲▼ ⑩➌➈ ➑ ❺ ❖ ⑧✯⑩➌➁✎⑥↕❿✎⑥✱➉❘➞❚➁ ❖ ⑥
❿✵⑩◗⑦P⑥❯❷❚❽✎➊✻➋❱⑥Ù⑩❱⑧P➈➯❼❾❽✎❺➯⑥ ➃ ⑨ ❖ ⑧P➈❙⑨ ❖ ⑥❧❿✎❺ ➃ ⑥❯➁ ▼ ❺❩⑨P➇❯➦❩➁ ➃❙❖ ⑩Ù⑦P❺➅➽P⑩②⑦❅⑩✗⑧ ❖ ⑦ ➑ ❺ ❖ ⑧❅⑥✎➀❳❺➯❺❩➁❾⑧❅➋✱⑥▲⑩◗⑦P⑥❯❷❚❽✎➊✻➋❱⑥②à✱⑧ ❖ ➉❘⑩✑➀
⑥❯❽↕❹✎⑨Pà✻➍ ❖ ➉❘⑩✇❿✵⑩✇à✱⑧ ❖ ➉↕⑩✫➈✝❺❩➁ ➃ ⑥❯➁✐⑧P⑨❅⑩✱❿✵⑩ →❳↔ ➉ ➇❯❺❩⑨❅⑩✱❷➮➀✷⑥❯⑦✧⑩✱❷❨➇✱⑥❯⑨ ❖ ⑧❅➉❫⑥❯⑦✡❿✎❺➜❹✎⑨❃⑥❯➇❯⑨P⑩✱➉↕⑩❱➊✻➋✱⑥➏➉↕⑩✗⑧❅❺❙➉❘➐❱⑧ ❖❨➃ ⑩
❽✎⑦P⑩✱➉ç⑥❯⑦➸➇❯⑨P⑩✱❿ ❖ ❺❩➁✐⑧❅❺❙⑦✌❿✵⑩ ➑ ❽✎➁✎➊❙➋✱⑥❥⑥❯❶✔➽❃❺✣⑧ ❖❚▼ ⑥➜❺♥❿✵⑩❱⑦✡❺❙❼❾❽✵⑩✱➊❩➳✷❺❩⑦✡❿✎❺♥⑨P❺❩⑦❃⑧P⑨ ❖ ➊❙➋✱⑥ →➸Û ⑦✌➉❘➈✣⑧❅⑥✔❿✎⑥❯⑦✌❿✑❺♥❹✎⑨P⑥✱➇❯⑨❅⑩✗➄
➉❘⑩✱➊✻➋❱⑥r❷ ❖ ➁✑❺✻⑩✱⑨♥❹➎⑥✔❿✎❺❙➉á⑦❃❺❙⑨❢⑩✱❹✎❷ ❖❨➃ ⑩❱❿✎⑥❯⑦♥❹✵⑩❱⑨❅⑩r❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩✱⑦✳➇✱❺❙⑨❅⑩ ❖ ⑦ → ⑤❵⑥➌❺❙➁✐⑧✯⑩✱➁✐⑧P⑥✎➀➭❺❙⑦❃⑧P❺❙⑦❵➉❘➈✣⑧❅⑥✔❿✎⑥❯⑦✳⑦P➋✱⑥
❷ ❖ ➉ ❖ ⑧✯⑩❱❿✎⑥❯⑦❍❼❾❽✵⑩✱➁✐⑧❅⑥✉⑩✱⑥➶➁❾â✎➉❫❺❙⑨❃⑥➼❿✎❺ ▼ ⑩✱⑨ ❖ ➐ ▼ ❺ ❖ ⑦➜❿✎❺r❹✎⑨❃⑥✗➽❃❺❩⑧P⑥➼❺r❼❾❽✵⑩✱➁✐⑧❅⑥❇⑩✱⑥➶⑧❅⑩✱➉❘⑩✱➁✎❸✎⑥➶❿✑⑥➼❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩ →
↔ ❷❨❺❩⑦r⑩✱❹✎⑨❃❺❙⑦❃❺❙➁✐⑧✯⑩✱➉■❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩✱⑦➏❿✎❺ ➃ ⑥❯➁ ▼ ❺❙⑨❃➇❯➦❙➁ ➃❙❖ ⑩❦❺↕❺ ➂✵➃❩❖ ➦❙➁ ➃❙❖ ⑩ ➃ ⑥❯➉❫❹✎❽✑⑧❅⑩ ➃❙❖ ⑥❯➁✵⑩✱❷✾❹✵⑩✱⑨P⑩♦❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩✱⑦

❴❯❴❯❴



❿✎❺✫❷❨⑩✱⑨P➇✐⑩❤❺❩⑦ ➃ ⑩✱❷➝⑩❇ö ➡✐➒ ➀ ❴ ➓❾➀ ➒ ❴ ÷ ❷

•
➴✉➈❩⑧❅⑥✔❿✎⑥❯⑦❢❿✎❺ ➃ ⑨ ❖ ⑧P➈❙⑨ ❖ ⑥❫❿✎❺❞à✱⑧ ❖ ➉❫⑥➌⑥❯❽ ❖ ➁✑❿ ❖ ⑨❃❺❩⑧❅⑥✱⑦❙➹✧❿ ❖❚➑ ❺❙⑨❃❺❙➁✐⑧❅❺❩➉❘❺❩➁✐⑧❅❺❤❿✎⑥✱⑦✝➉❫➈❩⑧❅⑥✔❿✎⑥❯⑦❵❿✎❺✇❹✎⑨P⑥❯➇✱⑨❅⑩✱➉❘⑩✱➊✻➋❱⑥
➉❘⑩❱⑧❅❺❩➉↕➐✗⑧ ❖❨➃ ⑩❢❼❾❽✎❺❍⑥✱⑧ ❖ ➉ ❖ ø✻⑩❱➉ ❿ ❖ ⑨❃❺❩⑧✯⑩❱➉❘❺❩➁❾⑧P❺✳⑩ ➑ ❽✎➁✎➊❙➋✱⑥❥⑥❯❶✔➽❃❺✣⑧ ❖❚▼ ⑥✎➀✐⑥❯⑦✡➉❫➈❩⑧P⑥✷❿✎⑥✱⑦➸❶✵⑩✱⑦❃❺✻⑩✱❿✎⑥✱⑦✡➁✎⑥ ➃ ⑨ ❖ ⑧❅➈❩⑨ ❖ ⑥
❿✎❺rà❱⑧ ❖ ➉❫⑥➶❶✎❽✑⑦ ➃ ⑩❱➉➻⑦❅⑩❱⑧ ❖ ⑦ ➑ ⑩✱ø❙❺❩⑨➜❽✎➉ ➃ ⑥❯➁✗➽❃❽✎➁✐⑧P⑥✉❿✑❺ ➃ ⑨ ❖ ⑧❅➈❩⑨ ❖ ⑥✱⑦➜❹✎⑨P➈➚➄➅❿✎❺ ➂ ➁ ❖ ❿✎⑥❯⑦➜❺r⑨❃❺❙❷➝⑩ ➃❙❖ ⑥✱➁✵⑩✱❿✎⑥❯⑦ ➃ ⑥❯➉➺⑥
➃ ⑥❯➉❘❹➎⑥❯⑨❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✝❿✎⑥❥❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩ → ⑤❢⑥✱⑦✡➉❘➈✣⑧❅⑥✔❿✎⑥❯⑦✌❿✑❺ ➃ ⑨ ❖ ⑧❅➈❩⑨ ❖ ⑥✝❿✎❺♥à✱⑧ ❖ ➉❫⑥✎➀✱❹✵⑩❱⑨❃⑧❅❺➚➄➅⑦❃❺♥❿✵⑩❥❹✎⑨P❺❩➉ ❖ ⑦P⑦P⑩✝❼❾❽✎❺
⑩❇⑦P⑥❯❷❚❽✎➊✻➋❱⑥➯à✱⑧ ❖ ➉❘⑩↕➈❫❺❙➁ ➃ ⑥❯➁✐⑧❅⑨❅⑩❱❿✵⑩➯❼❾❽✵⑩✱➁✑❿✎⑥➯⑥✱⑦ ➃ ⑨ ❖ ⑧❅➈❙⑨ ❖ ⑥❯⑦❥⑦P➋✱⑥✉⑦❅⑩❱⑧ ❖ ⑦ ➑ ❺ ❖ ⑧P⑥❯⑦ →❘↔ ⑦❃⑧❅❺❩⑦ ➃ ⑨ ❖ ⑧❅➈❙⑨ ❖ ⑥❯⑦❥❹➎⑥✔❿✎❺❙➉
⑦❃❺❙⑨✡❿✎❺ ➂ ➁ ❖ ❿✑⑥❯⑦✕⑩❱⑧❅⑨P⑩ ▼ ➈❙⑦✕❿✎❺✳➉❫➈❩⑧P⑥✷❿✑⑥❯⑦➸➉❘⑩❱⑧❅❺❩➉↕➐❱⑧ ❖❨➃ ⑥❯⑦➆⑥✱❽ ❖ ➁✐⑧❅❽ ❖ ⑧ ❖❲▼ ⑩❱➉❘❺❩➁❾⑧P❺♥⑩➜❹✵⑩❱⑨❃⑧ ❖ ⑨✌❿✎⑥ ➃ ⑥❯➁✎❸✎❺ ➃❙❖ ➉❘❺❩➁❾⑧P⑥
❹✎⑨❃➈ ▼✔❖ ⑥❇❿✎⑥ ➃ ⑥✱➉❘❹➎⑥❯⑨❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥ ➑ ➞❚⑦ ❖❚➃ ⑥➼❿✎⑥✉❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩ → ➾➆⑥❯⑨ ❖ ⑦❃⑧❅⑥❇⑥❯⑦❥➉❫➈❩⑧P⑥✷❿✑⑥❯⑦❥❿✎❺ ➃ ⑨ ❖ ⑧❅➈❩⑨ ❖ ⑥➼❿✎❺➌à✱⑧ ❖ ➉❘⑥
⑦P➋✱⑥Ü➉❘➈✣⑧❅⑥✔❿✎⑥❯⑦➶❿✎❺❩❹❻❺❩➁✎❿✎❺❩➁❾⑧P❺❙⑦✉❿✎⑥➘❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩②❺◆➁✵➋✱⑥➘❿✎❺❧⑩✱❹✑❷ ❖❨➃ ⑩✱➊✻➋❱⑥▲➇❯❺❙⑨P⑩✱❷ ➃ ⑥❯➉❫⑥➘⑥❯⑦➼➉❘➈✣⑧❅⑥✔❿✎⑥❯⑦➶❿✑❺
❹✎⑨❃⑥❯➇❯⑨P⑩✱➉↕⑩❱➊✻➋✱⑥❧➉❘⑩❱⑧❅❺❩➉↕➐❱⑧ ❖❨➃ ⑩ →➘➟ ❹➎❺❙⑦P⑩✱⑨❘❿✑❺➯❺❩⑦P❹➎❺ ➃ ➞ ➂✵➃ ⑥✱⑦❙➀♥⑥❯⑦❫➉❫➈❩⑧❅⑥✔❿✎⑥❯⑦➌❿✎❺ ➃ ⑨ ❖ ⑧P➈❙⑨ ❖ ⑥◆❿✎❺✉à✱⑧ ❖ ➉❘⑥◆⑦P➋✱⑥
➃ ⑥❯➉❘❹✑❽✑⑧✯⑩ ➃❩❖ ⑥❯➁✎⑩✱❷❨➉❫❺❙➁✐⑧❅❺✝❺ ➂✵➃❩❖ ❺❙➁✐⑧P❺❙⑦✇ö ➡✐➒ ➀ ❴ ➓✷➀ ➡ ✈ ➀ ➒ ❴ ÷➮→

⑤❢⑥❯⑦✡➉❫➈❩⑧P⑥✷❿✎⑥✱⑦✡❿✎❺ ➃ ⑨ ❖ ⑧❅➈❩⑨ ❖ ⑥❥❿✑❺❵à❱⑧ ❖ ➉❫⑥✎➀✱⑩✫❽✷⑧ ❖ ❷ ❖ ø❙⑩✱➊✻➋✱⑥✝❿✎⑥ ➃ ⑥❯➁✎❸✑❺ ➃❙❖ ➉❘❺❩➁✐⑧❅⑥✫❿✎⑥ ➃ ⑥❯➉❫❹❻⑥✱⑨❃⑧✯⑩❱➉❘❺❩➁❾⑧P⑥ ➑ ➞❨⑦ ❖❨➃ ⑥❥❿✎⑥
❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩❍❷❨❺ ▼ ⑩❢⑩✱⑥ ➃ ⑥❯➁✑❸✎❺ ➃❩❖ ➉❫❺❙➁✐⑧❅⑥❢❿✎⑥ ➃ ⑥❯➉❘❹➎⑥❯⑨❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥❵❿✵⑩ ➃ ⑥❯➁ ▼ ❺❩⑨P➇❯➦❩➁ ➃❙❖ ⑩✝❹✵⑩✱⑨P⑩✝⑩❵⑦P⑥❯❷❚❽✎➊✻➋✱⑥❢❿✎⑥✝❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩✑➀
⑥✉❼✔❽✑❺↕➁✎⑥❯⑨❃➉↕⑩❱❷❨➉❫❺❙➁✐⑧❅❺❞⑧P⑥❯⑨P➁✎⑩✉❺❩⑦❃⑧❅❺❩⑦❞➉❫➈❩⑧P⑥✷❿✎⑥✱⑦➏➉❘⑩ ❖ ⑦❥❺ ➂✵➃❩❖ ❺❙➁✐⑧P❺❙⑦ ➃ ⑥❯➉❫❹✎❽✑⑧✯⑩ ➃❙❖ ⑥✱➁✵⑩✱❷❨➉❫❺❙➁✐⑧P❺❤❺❘➉❘⑩ ❖ ⑦❥⑨P⑥❯❶✎❽✑⑦❃⑧❅⑥✱⑦
❿✎⑥❫❼❾❽✎❺✫⑥❯⑦❍➉❘➈✣⑧❅⑥✔❿✎⑥❯⑦✳❿✎❺✫❹✎⑨❃⑥❯➇❯⑨❅⑩❱➉↕⑩✱➊❙➋✱⑥r➉❘⑩❱⑧❅❺❩➉↕➐❱⑧ ❖❨➃ ⑩❞❺✫⑥❯⑦✳➉❘➈✣⑧❅⑥✔❿✎⑥❯⑦✳❿✎❺➏⑩✱❹✑⑨P⑥✻➍ ❖ ➉❘⑩✱➊✻➋✱⑥❇ö ➒ ❴ ÷➮→

➟á➃ ⑥❯➉❞❶ ❖ ➁✵⑩❱➊✻➋✱⑥➯❿✎⑥❯⑦ ➃ ⑥✱➁ ➃ ❺ ❖ ⑧❅⑥✱⑦❤❿✎⑥❯⑦❤➉❫➈❩⑧P⑥✷❿✑⑥❯⑦❞❿✎❺➼❹✑⑨P⑥❯➇❯⑨P⑩✱➉❘⑩✱➊✻➋✱⑥➯➉↕⑩✗⑧❅❺❙➉❘➐❱⑧ ❖❨➃ ⑩❇❺➶❿✎⑥✱⑦r➉❘➈✣⑧❅⑥✔❿✎⑥❯⑦❞❿✑❺
➃ ⑨ ❖ ⑧P➈❙⑨ ❖ ⑥②❿✑❺♦à✱⑧ ❖ ➉❫⑥◗⑧P❺❙➉ ⑦P❺➯➉❘⑥❯⑦❣⑧❅⑨P⑩✱❿✎⑥ ➃ ⑥❯➉❫⑥▲⑩②➉❫❺❙❷❚❸✎⑥❯⑨❫⑩✱❷❲⑧❅❺❙⑨❃➁✵⑩❱⑧ ❖❚▼ ⑩◗❹✎⑩✱⑨❅⑩②⑩②⑦P⑥✱❷❨❽✎➊❙➋✱⑥Ù❿✎❺➯❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩✱⑦
➃ ⑥✱➉➩➇❯⑨❅⑩❱➁✎❿✎❺❇➁❾â✎➉❘❺❩⑨P⑥❧❿✎❺ ▼ ⑩✱⑨ ❖ ➐ ▼ ❺ ❖ ⑦r❺❇❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩✱⑦❞⑧P⑨ ❖ ❿ ❖ ➉❫❺❙➁✎⑦ ❖ ⑥❯➁✎⑩ ❖ ⑦ ➃ ⑥❯➉❫❹✎❷❨❺➚➍✷⑥❯⑦❙➀ ➃ ⑥✱➉❘⑥❧❹➎⑥❯⑨r❺✣➍✷❺❙➉❫❹✎❷❚⑥
⑥❯⑦❤❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩✱⑦➏❿✎❺ ➑ ⑥❯⑨❃➉↕⑩ ➃ ⑥❯➉ ➃ ⑥❯➁✐⑧❅⑩❱⑧❅⑥➘ö ❴ ➓✷➀ ➒ ❴ ÷➮→❧Û ⑦r⑩✱❷❚➇❯⑥❯⑨ ❖ ⑧❅➉❫⑥❯⑦❥❶✵⑩❱⑦P❺✻⑩❱❿✎⑥❯⑦❤➁✎⑥✱⑦ ➃ ⑨ ❖ ⑧❅➈❩⑨ ❖ ⑥❯⑦❞❿✎❺↕à✱⑧ ❖ ➉❘⑥
⑦❅➋❱⑥➼❺❙⑦❃⑧❅➐ ▼ ❺ ❖ ⑦❥❺❤⑨P⑥✱❶✎❽✎⑦❃⑧P⑥❯⑦➜➁✵⑩➶⑦❃⑥❯❷❨❽✑➊✻➋✱⑥➶❿✑❺❤➉❤❽ ❖ ⑧❅⑥❯⑦❢❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩✱⑦❢⑨P❺✻⑩ ❖ ⑦✝❿✑❺❤❺❙➁✎➇✱❺❙➁✎❸✵⑩❱⑨ ❖ ⑩❘❺r⑩ ▼ ❺❩❷❨⑥ ➃❙❖ ❿✎⑩✱❿✎❺❞❿✑❺
➃ ⑥✱➁ ▼ ❺❙⑨❃➇❯➦❙➁ ➃❩❖ ⑩ ❖ ➁✑❿✎❺❙❹➎❺❙➁✎❿✑❺♦❿✎⑥➘➁❾â✎➉❫❺❙⑨❃⑥▲❿✎❺ ▼ ⑩✱⑨ ❖ ➐ ▼ ❺ ❖ ⑦❘❿✎❺❦❹✎⑨❃⑥✗➽❃❺❩⑧P⑥ → ➟ ❷❨➈❙➉ ❿ ❖ ⑦❃⑧P⑥✎➀❍⑩✱⑦ ❖ ➁ ➑ ⑥❯⑨❃➉↕⑩✱➊❩➳✷❺❩⑦❘❿✑❺
⑦P❺❩➁✎⑦ ❖ ❶ ❖ ❷ ❖ ❿✵⑩❱❿✎❺➜❿✵⑩✱⑦ ▼ ⑩✱⑨ ❖ ➐ ▼ ❺ ❖ ⑦✳❿✎❺✫❹✎⑨❃⑥✗➽❃❺❩⑧P⑥❘❺✫❿✵⑩✱⑦❍⑨❃❺❙⑦❃⑧P⑨ ❖ ➊❙➳✔❺❙⑦❍➁✵➋✱⑥➌⑦❅➋❱⑥❫➁✑❺ ➃ ❺❩⑦P⑦P➐✱⑨ ❖ ⑩✱⑦❞ö ➒ ❴ ÷➮→

➘❘å▼➴ ➷❘æ ê✌ô î❇ï é➏ë❈➬ æ ❣➼æ è➼ê æ➮❤❇ï í❍ô é

➟ ❹✎⑨ ❖ ➉❘❺ ❖ ⑨P⑩❵❺✣⑧✯⑩✱❹✵⑩➜❹✎⑩✱⑨❅⑩❥⑩✝⑦❃⑥❯❷❨❽✑➊✻➋✱⑥➜❿✑❺✳❽✎➉➪❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩➜⑩❱⑧P⑨❅⑩ ▼ ➈❩⑦✡❿✎❺♥❽✎➉➪❹✎⑨P⑥ ➃ ❺❩❿ ❖ ➉❫❺❙➁✐⑧❅⑥✝❿✎❺♥⑥✱⑧ ❖ ➉ ❖ ø✻⑩❱➊✻➋✱⑥
➈➏⑩ ➑ ⑥✱⑨P➉❤❽✎❷❨⑩✱➊✻➋❱⑥❤❿✎⑥➌❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩➼ö ❴ ➓ ÷➮→

➷ ⑥❯➉❘⑥ ➑ ⑥ ❖ ⑩✱❹✑⑨P❺❙⑦❃❺❙➁✐⑧✯⑩❱❿✎⑥➌➁✎⑥ ➃ ⑩✱❹✑➞❚⑧❅❽✑❷❨⑥ ❴ ➀✑⑩ ▼ ⑩✱⑨ ❖ ⑩✱➊✻➋✱⑥❞❿✎⑥r❺❙⑨❃⑨P⑥r❿✎❺➜⑧P⑨❅⑩✱➁✎⑦❃➉ ❖ ⑦P⑦P➋✱⑥r⑩✱⑥r❷❚⑥❯➁✎➇❯⑥❤❿✑⑥ ➃❙❖❨➃ ❷❨⑥❤❿✑❺
❴❯❴ ❬



❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥✉➈ ➃ ⑥❯➁✎⑦ ❖ ❿✎❺❩⑨❅⑩✱❿✎⑩✉⑩➼❹✎⑨ ❖ ➁ ➃❩❖ ❹✵⑩❱❷ ➑ ⑥❯➁✐⑧❅❺➌❿✎❺➌❺✣➍ ➃❩❖ ⑧✯⑩❱➊✻➋✱⑥❇❹✵⑩✱⑨P⑩❇⑩❇➇✱❺❙⑨❅⑩❱➊✻➋✱⑥❇❿✎❺❫⑨P❽✎➞❚❿✎⑥➼❺❙➉û❹✵⑩✱⑨P❺❩⑦
❺❙➁✑➇❯⑨P❺❩➁✵⑩✱❿✎⑥❯⑦❢ö ❪❯➔ ➀ ➔ ➓❾➀ ❴♠s❯➛ ➀ ➒❯❬✗÷➣→➸↔ ⑩➏⑨❃❺❙❷❨⑩✱➊✻➋✱⑥✫❺❩➁❾⑧P⑨P❺❢⑩ ➑ ❽✑➁✎➊✻➋✱⑥➏❿✎⑥➏❺❙⑨❃⑨P⑥➏❿✎❺✳⑧❅⑨❅⑩❱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥✫❺❍⑥✇⑨❃❽✎➞❨❿✑⑥➏➇✱❺❙⑨❅⑩❱❿✎⑥
❹➎❺❙❷❨⑥✱⑦✳❹✵⑩✱⑨P❺❩⑦❍❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱❿✎⑥❯⑦❵➈➏❶✎⑩✱⑦❃⑧❅⑩✱➁✐⑧❅❺ ➃ ⑥❯➁✑❸✎❺ ➃❩❖ ❿✵⑩✉ö ➔ ➓✔➀✵❹ →❭➒❱÷➮→

➟ ❺✣➍ ➃❙❖ ⑧✯⑩✱➊❙➋✱⑥◆❹✎⑨❃⑥ ▼ ❺❙➁ ❖ ❺❙➁✐⑧❅❺❇❿✎⑥❧❺❩⑨P⑨P⑥◆❿✑❺➶⑧❅⑨❅⑩❱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥✎➀✡⑨❃❺❙❹✎⑨❃❺❙⑦❃❺❙➁✐⑧✯⑩✱❿✎⑩◗➁✎⑥❧➉❫⑥✷❿✑❺❙❷❨⑥➯⑦ ❖ ➉❘❹✎❷ ❖❚➂✵➃ ⑩✱❿✎⑥➯❿✵⑩
➂ ➇❯❽✑⑨❅⑩ ❴ →❭❪ ❿✎⑥ ➃ ⑩❱❹✎➞❚⑧P❽✎❷❨⑥ ❴ ❹❻⑥❯⑨

e(t)
➀❾⑩✱❹✎⑨P❺❩⑦P❺❩➁❾⑧❅⑩❥❽✎➉↕⑩ ➃ ❺❙⑨❣⑧✯⑩✫⑩✱➉❫❹✎❷ ❖ ⑧❅❽✎❿✑❺ ➃ ⑩✱⑨❅⑩ ➃ ⑧❅❺❩⑨P➞❨⑦❣⑧ ❖❚➃ ⑩ ➃ ⑥❯⑨P⑨❃❺❙⑦P❹➎⑥❯➁✎❿✑❺❙➁✐⑧❅❺➱✌

▼ ⑩✱⑨ ❖ ⑩✱➊✻➋❱⑥✝❿✎⑥❥❺❩⑨P⑨P⑥❥❿✑❺♥⑧❅⑨❅⑩❱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥❥⑩❱⑥➜❷❨⑥❯➁✑➇❯⑥➜❿✎⑥ ➃❩❖❨➃ ❷❨⑥➜❿✎❺✧❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➉❘❺❩➁❾⑧P⑥✎➀ ▼ ❺❩⑨✡❹❻⑥✱⑨➸❺✣➍✷❺❙➉❫❹✎❷❚⑥❥⑩ ➂ ➇❯❽✎⑨P⑩❥➓ →q❬
❿✎⑥ ➃ ⑩✱❹✎➞❲⑧❅❽✎❷❚⑥❥➓ →➆➟ ⑨P❺❩❿✎❽✎➊✻➋❱⑥❥❿✵⑩➜⑩✱➉❫❹✎❷ ❖ ⑧❅❽✎❿✑❺❳❿✵⑩➜❺➚➍ ➃❙❖ ⑧❅⑩✱➊✻➋❱⑥✎➀

e(t)
❿✵⑩ ➂ ➇✱❽✎⑨❅⑩ ❴ →q❪ ❿✑⑥ ➃ ⑩✱❹✎➞❲⑧❅❽✎❷❚⑥ ❴ ⑥✱❽r➾✕➾ ↔✡➧❍➨ ➀

⑨P❺❩⑦P❽✎❷❲⑧✯⑩↕➁✎⑩❘⑨P❺❩❿✎❽✎➊❙➋✱⑥➼❿✵⑩ ▼✔❖ ❶✑⑨❅⑩✱➊❙➋✱⑥↕➇❯❺❩⑨❅⑩✱❿✎⑩↕❿✎❽✎⑨P⑩✱➁✐⑧❅❺❤⑩❫⑧❅⑨❅⑩❱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥❘❿✎❺❞❹➎⑥✱⑧❅➦❩➁ ➃❙❖ ⑩↕❿✎⑥❘❹✵⑩✱⑨✝❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱❿✑⑥➼❺
➃ ⑥✱➁✎⑦P❺❩❼✾➉✑❺❙➁✐⑧❅❺❩➉❘❺❩➁❾⑧P❺❤❿✎⑥➌⑨P❽✑➞❨❿✎⑥➌❹✎⑨❃⑥ ▼ ❺❙➁ ❖ ❺❙➁✐⑧❅❺➏❿✎⑥➌⑦ ❖ ⑦❃⑧P❺❙➉❘⑩➌❿✑❺➏❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱➇✱❺❙➁✎⑦❩➀ ▼ ❺❙⑨ ➃ ⑩✱❹✑➞❚⑧❅❽✑❷❨⑥ ❴ →

⑤✝⑩❞⑨❃❺ ▼✔❖ ⑦P➋✱⑥❤❿✵⑩➏❷ ❖ ⑧❅❺❙⑨P⑩❱⑧❅❽✑⑨❅⑩✫❿ ❖ ⑦❃❹❻⑥❯➁✑➞ ▼ ❺❩❷❻⑦❃⑥❯❶✎⑨❃❺✝⑥r⑩✱⑦❃⑦P❽✎➁✐⑧P⑥❇Ø ▼ ❺❙⑨ ➃ ⑩✱❹✎➞❚⑧P❽✎❷❨⑥ ❬ Ú ▼ ❺❙⑨ ❖❚➂✵➃ ⑥❯❽✷➄✭⑦P❺✝❼❾❽✎❺➜⑩✱⑦✧❹✎⑨ ❖ ➁✷➄
➃❙❖ ❹✵⑩ ❖ ⑦✌❺❙⑦❣⑧❅⑨P⑩❱⑧❅➈❩➇ ❖ ⑩✱⑦✌❽✎⑦❅⑩✱❿✎⑩✱⑦✡❹✵⑩✱⑨P⑩✝⑨P❺❩❿✎❽✎ø ❖ ⑨➸⑥✫➾✕➾ ↔✕➧❍➨ ⑦❅➋✱⑥✫⑩❱⑧P⑨❅⑩ ▼ ➈❩⑦✡❿✵⑩✱⑦✡➉❫⑥✷❿ ❖❚➂✵➃ ⑩✱➊❙➳✔❺❙⑦➆❿✎⑥❯⑦➸❹✵⑩❱⑨❩❶✱➉❫❺❩⑧P⑨P⑥❯⑦➆❿✎❺
➉❘⑩ ➃ ⑨❃⑥❱➄➅➇❯❺❩⑥❯➉❫❺❩⑧❅⑨ ❖ ⑩✳❿✵⑩✱⑦➆❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➇❯❺❙➁✑⑦❙➀❯⑧✯⑩ ❖ ⑦ ➃ ⑥❯➉❫⑥✝⑥❢➁✔â✑➉❘❺❩⑨P⑥➜❿✎❺❳❿✎❺❙➁✐⑧P❺❙⑦❙➀❾⑥❢➉❘à✔❿✎❽✎❷❚⑥✎➀❱⑥❼❶✱➁✎➇❯❽✑❷❨⑥✝❿✑❺✧❹✎⑨❃❺❙⑦P⑦P➋✱⑥
❺➏❿✎❺✇❸✑➈❙❷ ❖❚➃ ❺❱➀➎❼❾❽✎❺➏⑦P❺✇❹❻⑥✔❿✎❺❩⑨ ❖ ⑩ ➃ ❸✵⑩❱➉↕⑩✱⑨❍❿✎❺✇⑥✱⑧ ❖ ➉ ❖ ø✻⑩✱➊❙➋✱⑥❤❿ ❖ ➉❘❺❩➁✎⑦ ❖ ⑥❯➁✵⑩✱❷➮➀✎⑥❯❽➯⑩❱⑧❅⑨P⑩ ▼ ➈❙⑦❢❿✵⑩✱⑦❵➉❘⑥✔❿ ❖❲➂✵➃ ⑩✱➊❩➳✷❺❩⑦❍❿✵⑩
➉ ❖❨➃ ⑨❃⑥❱➄➅➇✱❺❙⑥❯➉❫❺❩⑧P⑨ ❖ ⑩✫❿✎⑥❯⑦❍❿✎❺❩➁✐⑧❅❺❙⑦❩➀✎⑧✯⑩ ❖ ⑦ ➃ ⑥❯➉❫⑥r⑥❯⑦❍⑩✱❷❚➞ ▼✔❖ ⑥✱⑦✧➁✵⑩r❿ ❖ ⑨P❺❙➊❙➋✱⑥r❿✎⑥➌❹➎❺❙⑨ ➂ ❷☛❺ ▼ ⑥✱❷ ▼ ❺❩➁✐⑧❅❺✫❺✫➁✵⑩r❿ ❖ ⑨❃❺❙➊✻➋❱⑥r❿✎⑥
❹✵⑩✱⑦❃⑦P⑥✇❿✵⑩➏❸✑➈❙❷ ❖❚➃ ❺❱➀✔❼❾❽✎❺❢⑦P❺❵❹❻⑥✔❿✎❺❩⑨ ❖ ⑩ ➃ ❸✵⑩❱➉↕⑩✱⑨✕❿✎❺❵⑥✱⑧ ❖ ➉ ❖ ø✻⑩❱➊✻➋✱⑥➜❿✑❺ ➑ ⑥❯⑨❃➉↕⑩ →✁✃ ➉❘⑩✫⑥❯❽✑⑧❅⑨P⑩➏❺❩⑦❃⑧P⑨❅⑩❱⑧P➈❙➇ ❖ ⑩✫❹✑⑨P⑥❯❹➎⑥❯⑦❃⑧❅⑩
➁✎⑥❯⑦✡⑧P⑨❅⑩✱❶✵⑩❱❷❨❸✎⑥❯⑦✡❹➎❺❙⑦❃❼❾❽ ❖ ⑦P⑩✱❿✎⑥❯⑦✕➈❵⑩✇⑩❱❷❚⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥❥❿✵⑩✫❿ ❖ ⑦❣⑧❅⑨ ❖ ❶✎❽ ❖ ➊✻➋✱⑥✝❿✎❺❢➉❘⑩❱⑧P❺❙⑨ ❖ ⑩✱❷✔❿✎⑥❯⑦✕❿✎❺❙➁✐⑧P❺❙⑦❙➀ ❖ ➁✎⑦❃❺❙⑨ ❖ ➁✎❿✎⑥✫⑨P⑩✱⑦P➇❯⑥✱⑦
⑥❯❽ ➑ ❽✎⑨❃⑥❯⑦✳➁✎⑥❯⑦❍❿✎❺❩➁❾⑧P❺❙⑦❩➀➎⑥✱❽➯⑩ ❖ ➁✎❿✵⑩❤❿ ❖ ❶✱➉❫❺❩⑧P⑨P⑥ ▼ ⑩✱⑨ ❖ ➐ ▼ ❺❩❷☛⑩✱⑥r❷❨⑥✱➁✎➇❯⑥r❿✵⑩r❷➝⑩❱⑨P➇❯❽✎⑨P⑩❞❿✎⑥❯⑦❍❿✎❺❩➁✐⑧❅❺❙⑦ ➃ ⑥✱➉❛⑥➌⑥❯❶✔➽❃❺✣⑧ ❖❚▼ ⑥
❿✎❺✫⑦P❺✫⑥❯❶✷⑧❅❺❙⑨❍⑨ ❖ ➇ ❖ ❿✎❺❙ø ➃ ⑥❯➁✎⑦❣⑧✯⑩✱➁✐⑧❅❺❘ö ✈ ➔❱÷➮→✡ù ⑦❃⑧❅⑥❫❺❙⑦❣⑧✯➐➌⑨P❺❩❷➝⑩ ➃❩❖ ⑥❯➁✵⑩❱❿✎⑥ ➃ ⑥❯➉❛⑥✱⑧ ❖ ➉ ❖ ø✻⑩✱➊❙➋✱⑥✇⑧P⑥❯❹❻⑥✱❷❨à❯➇ ❖❚➃ ⑩ →

➟ ⑩❱❷❚⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥❵❿✎⑥❯⑦✹❹✵⑩✱⑨❩❶❱➉❘❺✣⑧❅⑨P⑥✱⑦✹❿✑❺✧➉❘⑩ ➃ ⑨❃⑥❱➄➅➇❯❺❩⑥❯➉❫❺❩⑧❅⑨ ❖ ⑩✧❹✎⑩✱⑨❅⑩❵➉ ❖ ➁ ❖ ➉ ❖ ø❙⑩✱⑨Ò⑥❢➾✕➾ ↔✡➧❍➨ ⑥❯❶✔➽❃❺✣⑧ ❖❚▼ ⑩❍➉❘❺❩❷❨❸✎⑥✱⑨❅⑩✱⑨
⑩✇❿ ❖ ⑦❃⑧P⑨ ❖ ❶✎❽ ❖ ➊❙➋✱⑥✫❿✎❺ ➃ ⑩✱⑨P➇❯⑩✇❺❢⑩ ➑ ❽✎➁✎➊❙➋✱⑥❞❿✑❺✝⑨ ❖ ➇ ❖ ❿✑❺❙ø❵⑩✱⑥❞❷❚⑥❯➁✎➇❯⑥➏❿✎⑥ ➃❙❖❨➃ ❷❨⑥➏❿✎❺❵❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➉❘❺❩➁❾⑧P⑥✎➀✑⑥✱❽↕⑦P❺➅➽P⑩✑➀✔❺✣➍✷❺❙⑨ ➃ ❺
❽✎➉❘⑩ ❖ ➁✒✕✎❽✎➦❙➁ ➃❩❖ ⑩▲➉❘⑩ ❖ ⑥✱⑨↕➁✎⑥❯⑦ ▼ ⑩✱❷❚⑥❯⑨P❺❩⑦➶❿✎⑥❯⑦➼❺❩❷❨❺❩➉❘❺❩➁❾⑧P⑥❯⑦➼❿✵⑩▲➉❘⑩❱⑧❅⑨ ❖ ø➯❿✎❺❐✕✵❺✣➍ ❖ ❶ ❖ ❷ ❖ ❿✵⑩✱❿✎❺

A
Ø ▼ ❺❩⑨➼❺❙❼❾❽✵⑩✱➊❙➋✱⑥

Ø ❪✷→ ❴ ➓ ÚPÚ → ú ➐Ù⑩◗⑩✱❷❚⑧P❺❙⑨P⑩✱➊✻➋✱⑥◗❿✎⑥❯⑦❫❹✵⑩✱⑨❝❶✱➉❫❺❩⑧❅⑨❃⑥❯⑦➌❿✎❺✉➉ ❖❚➃ ⑨P⑥✗➄➅➇❯❺❩⑥❯➉❘❺✣⑧❅⑨ ❖ ⑩❦⑩ ➑ ❺✣⑧✯⑩❧⑧✯⑩✱➉❤❶➎➈❙➉➩⑩②❿ ❖ ⑦❃⑧❅⑨ ❖ ❶✎❽ ❖ ➊✻➋❱⑥◆❿✎❺
➃ ⑩❱⑨P➇✐⑩✑➀✡➉❘⑩✱⑦❞⑩❱⑧❅⑨P⑩ ▼ ➈❙⑦r❿✵⑩◆⑩❱❷❚⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥❦❿✎⑥✱⑦r⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦ ❖ ➁ ❖❚➃❙❖ ⑩ ❖ ⑦✫❺❙➁✐⑧P⑨P❺➼⑩✱⑦r⑦❃❽✎❹➎❺❙⑨ ➑ ➞ ➃❙❖ ❺❙⑦❞❿✑⑥❯⑦r❿✎❺❙➁✐⑧P❺❙⑦r❺❙➉
➃ ⑥✱➁❾⑧❅⑩❱⑧❅⑥✑➀ ▼ ❺✣⑧❅⑥❯⑨

h
❿✵⑩❤❺❙❼❾❽✵⑩✱➊❙➋✱⑥✉Ø ❪✷→ ❴ ➓ Ú ➀✎⑩❱❷❚⑧❅❺❩⑨❅⑩✱➁✑❿✎⑥❤⑥❯⑦♥❺❩❷❨❺❩➉❘❺❩➁❾⑧P⑥❯⑦✳❿✵⑩❤➉❘⑩❱⑧❅⑨ ❖ ø

A
❼✔❽✑❺❥❺❙⑦❃⑧❅➋✱⑥r❺❙➉ ➃ ⑥❯➁✐⑧❅⑩❱⑧❅⑥ →

⑤❢❺❩⑦❃⑧❅❺✇⑧❅⑨❅⑩❱❶✵⑩✱❷❨❸✑⑥↕⑩✱❿✑⑥✱⑧✯⑩✗➄✭⑦P❺✇⑩↕❺❙⑦❣⑧❅⑨P⑩❱⑧❅➈❩➇ ❖ ⑩❫❿✎❺❤⑩✱❷❲⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥❘❿✑⑥❯⑦✝❹✵⑩❱⑨❩❶✱➉❫❺❩⑧P⑨P⑥❯⑦❵❿✎❺❞➉ ❖❨➃ ⑨P⑥❱➄✭➇❯❺❙⑥✱➉❘❺✣⑧❅⑨ ❖ ⑩❞❹✵⑩✱⑨P⑩
➉ ❖ ➁ ❖ ➉ ❖ ø✻⑩✱⑨❫⑥ä➾✕➾ ↔✡➧❍➨✡→ ➾➆⑩✱⑨❅⑩➘⑧✯⑩✱➁✐⑧P⑥✎➀✝⑧❅❺❩➉➌➄✭⑦P❺ ➃ ⑥✱➉❘⑥Ü⑥❯❶✔➽❃❺✣⑧ ❖❲▼ ⑥➥❺❙➁ ➃ ⑥❯➁✐⑧❅⑨❅⑩❱⑨♦⑩Ü➉❘⑥✔❿ ❖❲➂✵➃ ⑩✱➊❙➋✱⑥➘à✱⑧ ❖ ➉❘⑩▲❿✵⑩
⑦P❽✑❹❻❺❩⑨ ➑ ➞ ➃❩❖ ❺✫❿✎⑥❯⑦❵❿✎❺❩➁❾⑧P❺❙⑦❢❼✔❽✑❺✇❹✎⑨❃⑥✷❿✑❽✎ø✻⑩❘⑩❫➉❫➞❨➁ ❖ ➉↕⑩ ▼ ⑩❱⑨ ❖ ⑩❱➊✻➋✱⑥➌❿✎⑥❫❺❙⑨❃⑨P⑥↕❿✑❺➏⑧P⑨❅⑩✱➁✎⑦❃➉ ❖ ⑦P⑦P➋✱⑥❫⑩✱⑥❘❷❚⑥❯➁✎➇❯⑥➌❿✎⑥ ➃❙❖❚➃ ❷❚⑥

❴❯❴ ❪



❿✎❺◗❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➉❘❺❩➁✐⑧❅⑥ →③ù ⑦❃⑧❅⑥ ❖ ➉❫❹✎❷ ❖❨➃ ⑩②❺❙➉ ❿✎❺✣⑧❅❺❙⑨❃➉ ❖ ➁✵⑩✱⑨ ▼ ⑩✱❷❚⑥❯⑨P❺❩⑦➯⑩❱❿ ❖❨➃❩❖ ⑥❯➁✵⑩ ❖ ⑦↕❿✑❺Ù⑩ ➑ ⑩❱⑦❃⑧✯⑩❱➉❘❺❩➁❾⑧P⑥❯⑦❇❺❙➁✐⑧❅⑨❃❺Ù⑩❱⑦
⑦P❽✑❹❻❺❩⑨ ➑ ➞ ➃❩❖ ❺❩⑦➶❿✎⑥❯⑦❘❿✎❺❙➁✐⑧❅❺❩⑦➼❿✎❺♦⑧❅⑩✱❷❢➉❫⑥✔❿✎⑥▲⑩Ù❿ ❖ ⑦❃⑧P⑨ ❖ ❶✎❽ ❖ ⑨ ➃ ⑥❯➁ ▼ ❺❙➁ ❖ ❺❙➁✐⑧P❺❙➉❫❺❙➁✐⑧❅❺◗⑩ ➃ ⑩✱⑨P➇✐⑩②⑩✱❹✎❷ ❖❨➃ ⑩❱❿✵⑩②❺❩➁❾⑧P⑨P❺◆⑩❱⑦
⑦P❽✑❹❻❺❩⑨ ➑ ➞ ➃❩❖ ❺❩⑦✳❺❙➉ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥✎➀✎⑨❃❺❙❿✎❽✎ø ❖ ➁✎❿✑⑥ ➃ ⑥❯➉ ❖ ⑦❃⑧P⑥➌⑩✱⑦ ▼ ⑩✱⑨ ❖ ⑩✱➊❙➳✔❺❙⑦♥❿✑⑥❯⑦ ▼ ⑩✱❷❨⑥❯⑨❃❺❙⑦✳❿✎⑥r❺❩⑨P⑨❃⑥❫❿✑❺➜⑧❅⑨❅⑩❱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥r➁✵⑩❱⑦
▼ ➐✱⑨ ❖ ⑩✱⑦✳❹➎⑥❯⑦ ❖ ➊❙➳✔❺❙⑦✳❿✎⑥ ➃❙❖❚➃ ❷❨⑥r❿✑❺➏❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱➉❫❺❙➁✐⑧P⑥ →

➟✓➂ ➇❯❽✎⑨P⑩ ➒✑→ ❴ ❖ ❷❚❽✎⑦❃⑧P⑨❅⑩↕❿✎❺ ➑ ⑥❯⑨P➉❘⑩↕⑦ ❖ ➉❘❹✑❷ ❖❚➂✎➃ ⑩✱❿✵⑩➌⑥ ➃ ⑥✱➁❾⑧❅⑩❱⑧❅⑥➼❺❩➁✐⑧❅⑨P❺r⑥✱⑦➜❿✎❺❙➁✐⑧P❺❙⑦✫❺❙➉Ý❽✎➉❘⑩↕❿✵⑩✱❿✵⑩➶❹➎⑥❯⑦ ❖ ➊✻➋❱⑥
❿✎⑥ ➃❙❖❚➃ ❷❨⑥➌❿✎❺➏❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥ →✧Û ❺❩❷❨❺❙➉❫❺❙➁✐⑧P⑥❫⑦❃❽✎❹➎❺❙⑨ ❖ ⑥❯⑨❍⑨P❺❩❹✎⑨P❺❩⑦P❺❙➁✐⑧❅⑩➶⑩r❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➇❯❺❙➉➫➉❫⑥✱⑧❅⑥✱⑨❅⑩r❺✫⑥❘❺❩❷❨❺❙➉❫❺❙➁✐⑧P⑥
❖ ➁ ➑ ❺❙⑨ ❖ ⑥❯⑨✧⑨❃❺❙❹✎⑨❃❺❙⑦❃❺❙➁✐⑧✯⑩❫⑩❤❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➇❯❺❙➉③➉❘⑥ ▼✔❖ ❿✎⑩ →✕Û ❶✎⑦P❺❩⑨ ▼ ⑩✗➄✭⑦P❺❥➁✵⑩ ➂ ➇✱❽✎⑨❅⑩ ➒✑→ ❴ ❼❾❽✎❺➏⑩ ➃ ⑩✱⑨❃➇✐⑩❞⑧❅⑥❱⑧✯⑩✱❷➮➀ ➃ ❸✵⑩❱➉↕⑩✱❿✎⑩
❿✎❺

T
➀✾⑩✱❹✎❷ ❖❨➃ ⑩❱❿✵⑩♦➁✎⑥◆❺❩❷❨❺❙➉❫❺❙➁✐⑧P⑥◆⑦P❽✎❹➎❺❙⑨ ❖ ⑥❯⑨r➈➶❿ ❖ ⑦❃⑧P⑨ ❖ ❶✎❽✎➞❨❿✎⑩❦⑩✱⑥◆❷❨⑥✱➁✎➇❯⑥❦❿✵⑩❱⑦r⑨P❺❙➇ ❖ ➳✔❺❙⑦❤❺❩➉ ➃ ⑥✱➁❾⑧❅⑩❱⑧❅⑥❧❿✎⑥✱⑦r❿✎⑥ ❖ ⑦

❺❙❷❚❺❙➉❫❺❙➁✐⑧❅⑥✱⑦❙➀✹⑦P❽✎❹➎❺❙⑨ ❖ ⑥❯⑨✫❺ ❖ ➁ ➑ ❺❩⑨ ❖ ⑥✱⑨ →❫➟ ❿ ❖ ⑦❃⑧P⑨ ❖ ❶✎❽ ❖ ➊❙➋✱⑥❇❿✵⑩ ➃ ⑩✱⑨❃➇✐⑩✉➈❫❿✵⑩✱❿✎⑩✉❹➎❺❙❷❚⑥ ▼ ❺❩⑧❅⑥✱⑨
t = {t1, t2, ..., tk}

T →
⑤❢❺❩⑦❃⑧❅⑩◗❹➎⑥❯⑦ ❖ ➊✻➋✱⑥❧⑥❯❶✑⑦P❺❙⑨ ▼ ⑩✱➉➌➄✭⑦P❺❇❿✎❽✵⑩❱⑦❫⑨❃❺❙➇ ❖ ➳✷❺❩⑦r❺❙➉ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥✎➀✾⑨P❺❙❹✑⑨P❺❙⑦❃❺❙➁✐⑧✯⑩❱➁✎❿✎⑥Ù❿✑⑥ ❖ ⑦r❹✵⑩❱⑨P❺❙⑦➌❿✎❺❇❿✎❺❩➁✐⑧❅❺❙⑦❘❺❙➉
➃ ⑥✱➁❾⑧❅⑩❱⑧❅⑥ →▲↔ ➉ ➑ ❽✎➁✑➊✻➋✱⑥❧❿✵⑩◆➇❯❺❩⑥❯➉❘❺✣⑧❅⑨ ❖ ⑩♦❿✎⑥✱⑦r❺❙❷❨❺❩➉❘❺❩➁✐⑧❅⑥❯⑦❤❺➼❿✎⑩✱⑦r❿✎❺✖✕✎❺✣➍✷➳✷❺❩⑦❘❺❩❷➝➐✱⑦❣⑧ ❖❚➃ ⑩✱⑦❩➀✡❹✎⑨P⑥ ▼ ⑥ ➃ ⑩❱❿✵⑩✱⑦➌❹❻❺❩❷➝⑩✱⑦
➃ ⑩❱⑨P➇✐⑩✱⑦❫⑩✱❹✑❷ ❖❨➃ ⑩✱❿✵⑩✱⑦❞➁✵⑩✱⑦➌⑦P❽✎❹➎❺❙⑨ ➑ ➞ ➃❩❖ ❺❙⑦➌❺❩➉ ➃ ⑥❯➁✐⑧❅⑩❱⑧❅⑥✎➀✕⑧❅❺❩➉➌➄✭⑦P❺➼❽✎➉ÿ❿✎❺❙⑦❃❷❨⑥ ➃ ⑩✱➉❫❺❙➁✐⑧❅⑥❧❿✎⑥◗❺❙❷❚❺❙➉❫❺❙➁✐⑧❅⑥❧⑦❃❽✎❹❻❺❩⑨ ❖ ⑥❯⑨❙➀
➃ ❸✵⑩✱➉❘⑩✱❿✎⑥❧❿✎❺✉❿✎❺❩⑦P❷❨⑥ ➃ ⑩❱➉❘❺❩➁❾⑧P⑥❧❿✎⑥❧❺❙❷❨❺❩➉❘❺❩➁✐⑧❅⑥ ➃ ⑥❯➉❫⑥❧❽✎➉ÿ⑧P⑥✷❿✎⑥

u01
➀✾❼❾❽✎❺➯⑦❃❺❙⑨ ❖ ⑩◆❺❙❼❾❽ ❖❲▼ ⑩❱❷❨❺❙➁✐⑧P❺❇⑩✱⑥❧❺❙⑨P⑨❃⑥②❿✑❺

⑧❅⑨P⑩✱➁✎⑦❃➉ ❖ ⑦P⑦❅➋❱⑥❫➁✑⑥❯⑦❍❹✵⑩✱⑨P❺❩⑦❍❿✎❺✫❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➇❯❺❙➁✎⑦ →

ü ❖ ➇ →✵➒✷→ ❴ ➹ ù ❷❚❽✎⑦❃⑧P⑨❅⑩✱➊❙➋✱⑥➌❿✎⑥ ➃ ⑥❯➁✐⑧❅⑩❱⑧❅⑥➌❺❙➉➫❽✑➉↕⑩❤❿✵⑩❱❿✵⑩❫❹➎⑥❯⑦ ❖ ➊✻➋❱⑥ ➃ ❸✵⑩✱➉❘⑩✱❿✵⑩r❿✎❺ ❴ →

⑤✝⑩ ➃❩❖ ➁✎❺❩➉↕➐✗⑧ ❖❨➃ ⑩❵❿✑⑥✝➉❫⑥✷❿✎❺❩❷❨⑥❵⑦ ❖ ➉❘❹✎❷ ❖❚➂✵➃ ⑩✱❿✎⑥❍➉❫⑥❯⑦❃⑧P⑨❅⑩✱❿✎⑥❵➁✵⑩ ➂ ➇❯❽✎⑨❅⑩ ➒✑→ ❴ ➀✱⑥❢❺❙❷❨❺❩➉❘❺❩➁✐⑧❅⑥✝⑦❃❽✎❹➎❺❙⑨ ❖ ⑥❯⑨✹⑦P❺♥❿✎❺❩⑦P❷❚⑥ ➃ ⑩
❸✎⑥❯⑨ ❖ ø❩⑥❯➁✐⑧✯⑩✱❷❚➉❘❺❩➁❾⑧P❺❤❿✵⑩➶❺❩⑦P❼❾❽✎❺❙⑨❃❿✵⑩❇❹✵⑩✱⑨❅⑩❇⑩➶❿ ❖ ⑨P❺ ❖ ⑧✯⑩❘❿✵⑩ ➂ ➇❯❽✎⑨P⑩ →❞ù ⑦❣⑧❅⑥ ➑ ⑩✱ø ➃ ⑥❯➉û❼❾❽✎❺❫⑩✱⑦✝⑨P❺❙➇ ❖ ➳✔❺❙⑦➜❿✎❺ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥
⑦P❺➅➽P⑩✱➉➫⑩✱❷❲⑧❅❺❩⑨❅⑩✱❿✵⑩❱⑦✧❹✵⑩✱⑨P⑩ ➃ ⑩✱❿✎⑩➌❹➎⑥❯⑦ ❖ ➊✻➋❱⑥r❿✎⑥r❺❙❷❚❺❙➉❫❺❙➁✐⑧❅⑥r⑦❃❽✎❹❻❺❩⑨ ❖ ⑥❯⑨♥❺❙➉❛⑨P❺❙❷❨⑩✱➊✻➋❱⑥r⑩✱⑥r❺❙❷❚❺❙➉❫❺❙➁✐⑧❅⑥ ❖ ➁ ➑ ❺❙⑨ ❖ ⑥❯⑨❩➀ ➃ ⑥❯➉❫⑥
⑥ ➃ ⑥❯⑨❃⑨P❺❇➁✎⑥ ➃ ⑥❯➁✐⑧✯⑩✗⑧❅⑥◗❺❙➁✐⑧❅⑨❃❺➯⑥❯⑦➌❿✎❺❩➁✐⑧❅❺❙⑦❘❿✎⑥❯⑦➌❹✵⑩✱⑨❃❺❙⑦❫❺❙➁✎➇✱⑨P❺❙➁✎⑩✱❿✎⑥❯⑦❫❺❙➉ ➑ ❽✎➁✑➊✻➋✱⑥◗❿✵⑩❧⑨P⑥✱⑧❅⑩✱➊✻➋✱⑥❧❺ ➃❙❖ ➁✎❺❙➉❘➐❱⑧ ❖❨➃ ⑩
➃ ⑩❱⑨❅⑩ ➃ ⑧❅❺❙⑨❃➞❨⑦❣⑧ ❖❨➃ ⑩r❿✵⑩✱⑦❍❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➇❯❺❙➁✑⑦ →

❴❯❴ ➡



ú ➐❦⑩ ➂ ➇❯❽✎⑨❅⑩ ➒✑→q❬✉❖ ❷❚❽✎⑦❃⑧P⑨❅⑩❇⑥❦➉❫⑥✷❿✎❺❩❷❨⑥❇⑦ ❖ ➉❘❹✑❷ ❖❚➂✎➃ ⑩✱❿✎⑥❇❺❩➉þ❽✑➉↕⑩✉⑥❯❽✑⑧❅⑨P⑩➯❹➎⑥❯⑦ ❖ ➊✻➋✱⑥✑➀ ➃ ❸✵⑩✱➉❘⑩✱❿✵⑩✉❿✎❺↕❹➎⑥❯⑦ ❖ ➊✻➋❱⑥
❬✷→ ⑤❢❺❩⑦❃⑧✯⑩✉❹❻⑥✱⑦ ❖ ➊❙➋✱⑥➯⑩ ➃ ⑩✱⑨P➇✐⑩➶⑧P⑥✱⑧✯⑩✱❷✕⑩❱❹✎❷ ❖❚➃ ⑩✱❿✵⑩✷➀

T
➀✚➈❫❿ ❖ ⑦❣⑧❅⑨ ❖ ❶✎❽✎➞❚❿✵⑩➼⑩✱⑥✉❷❨⑥❯➁✑➇❯⑥❇❿✎❺❫⑧P⑨P➦❩⑦✇⑨❃❺❙➇ ❖ ➳✷❺❩⑦❥❿✎❺ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥

➃ ⑥✱➁ ➑ ⑥❯⑨P➉❫❺♥⑥ ▼ ❺❩⑧❅⑥✱⑨
t = {t1, t2, ..., tk}

T ➀✐⑨P❺❩❹✎⑨P❺❩⑦P❺❙➁✐⑧❅⑩✱➁✎❿✎⑥✫⑧❅⑨❃➦❙⑦✡❹✵⑩✱⑨❃❺❙⑦✡❿✎❺✳❿✑❺❙➁✐⑧❅❺❩⑦❳❺❩➉ ➃ ⑥✱➁❾⑧❅⑩❱⑧❅⑥ →✁❒ ❺ ▼✔❖ ❿✎❺❩➁❾⑧P❺
❼❾❽✎❺❍⑩➜⑨ ❖ ➇ ❖ ❿✑❺❙ø✧❺❩❼❾❽ ❖❚▼ ⑩✱❷❚❺❙➁✐⑧❅❺♥➁✑❺❙⑦❃⑧❅⑩❥❹❻⑥❯⑦ ❖ ➊❙➋✱⑥➜➈♥❿ ❖❲➑ ❺❙⑨❃❺❙➁✐⑧❅❺✳❿✵⑩➜⑨ ❖ ➇ ❖ ❿✎❺❙ø❳➁✵⑩➜❹➎⑥❯⑦ ❖ ➊✻➋✱⑥❥⑩❱➁❾⑧P❺❙⑨ ❖ ⑥❯⑨➆➉❘⑥❯⑦❣⑧❅⑨P⑩✱❿✵⑩✝➁✵⑩ ➂ ➄
➇❯❽✎⑨P⑩ ➒✑→ ❴ →✡➷ ⑥✱➉❘⑥➜⑨❃❺❙⑦❃❽✎❷❚⑧❅⑩✱❿✎⑥➜❿✵⑩ ➃ ⑩✱⑨❃➇✐⑩➜⑩✱❹✎❷ ❖❨➃ ⑩✱❿✵⑩❢❺✧❿✵⑩✝⑨ ❖ ➇ ❖ ❿✑❺❙ø✾❿✵⑩✱⑦➸⑨❃❺❙➇ ❖ ➳✷❺❩⑦✌❺❙➉ ➃ ⑥✱➁❾⑧❅⑩❱⑧❅⑥✑➀❯⑥❥❿✎❺❙⑦❃❷❨⑥ ➃ ⑩✱➉❫❺❙➁✐⑧P⑥
❿✎⑥➌❺❙❷❚❺❙➉❫❺❙➁✐⑧❅⑥❫⑦P❽✑❹❻❺❩⑨ ❖ ⑥✱⑨❙➀

u02

➀✵❹➎⑥✷❿✑❺❥⑦P❺❙⑨❍❿ ❖❲➑ ❺❙⑨❃❺❙➁✐⑧❅❺✫❿✎⑥❫❿✎❺❙⑦❃❷❨⑥ ➃ ⑩✱➉❫❺❙➁✐⑧P⑥
u01

❖ ❷❚❽✎⑦❃⑧P⑨❅⑩✱❿✑⑥r➁✵⑩ ➂ ➇❯❽✎⑨❅⑩ ➒✑→ ❴ →

ü ❖ ➇ →✑➒✑→①❬ ➹ ù ❷❨❽✎⑦❣⑧❅⑨❅⑩❱➊✻➋✱⑥➌❿✎⑥ ➃ ⑥❯➁✐⑧❅⑩❱⑧❅⑥➌❺❙➉❛❽✎➉↕⑩r❿✵⑩❱❿✵⑩r❹❻⑥❯⑦ ❖ ➊❙➋✱⑥ ➃ ❸✵⑩✱➉❘⑩✱❿✵⑩r❿✎❺ ❬✷→

➾✌⑩✱⑨P⑩ ➃ ⑩❱❿✵⑩Ù❹➎⑥❯⑦ ❖ ➊✻➋✱⑥
i
❿✎⑥▲❺❩❷❨❺❩➉❘❺❩➁❾⑧P⑥Ù⑦❃❽✎❹❻❺❩⑨ ❖ ⑥❯⑨❘❺❩➉ ⑨❃❺❙❷❨⑩✱➊✻➋✱⑥②⑩✱⑥▲❺❩❷❨❺❩➉❘❺❩➁❾⑧P⑥ ❖ ➁ ➑ ❺❙⑨ ❖ ⑥❯⑨➌⑥❯❶✑⑧P➈❙➉r➄➅⑦❃❺♦❽✎➉

❿✎❺❩⑦P❷❨⑥ ➃ ⑩❱➉❘❺❩➁❾⑧P⑥➜❺❙⑦❃❹❻❺ ➃ ➞ ➂✵➃ ⑥✫❿✎⑥➜❺❩❷❨❺❩➉❘❺❩➁❾⑧P⑥❥⑦P❽✎❹➎❺❙⑨ ❖ ⑥❯⑨❩➀
u0i

→➆➟ä➑ ❽✎➁✎➊❙➋✱⑥➜❿✎❺❩⑦ ➃ ⑨ ❖ ⑧❅⑩➜❹❻❺❩❷❨⑥❯⑦➆❿✎❺❙⑦❃❷❨⑥ ➃ ⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦
u0i =

{u01, u02, ..., u0n}
T ➀✑⑥✱➁✎❿✎❺ n

➈✝⑥✇➁✔â✑➉❘❺❩⑨P⑥❤❿✎❺❢❹❻⑥✱⑦ ❖ ➊❩➳✷❺❩⑦❳❿ ❖ ⑦ ➃ ⑨P❺✣⑧✯⑩✱⑦♥❿✑⑥❯⑦✧❺❩❷❨❺❙➉❫❺❙➁✐⑧P⑥❯⑦❙➀✔⑨P❺❩❹✎⑨P❺❩⑦P❺❙➁✐⑧❅⑩r⑩ ➑ ❽✎➁✎➊❙➋✱⑥
❿✎❺✫❺✣➍ ➃❩❖ ⑧✯⑩❱➊✻➋✱⑥➌❿✎⑥❫⑦ ❖ ⑦❃⑧❅❺❩➉↕⑩

e(t)
➉❘⑥✱⑦❃⑧❅⑨P⑩✱❿✵⑩r➁✵⑩ ➂ ➇❯❽✎⑨P⑩ ❴ →q❪ ❿✎⑥ ➃ ⑩✱❹✎➞❚⑧P❽✎❷❨⑥ ❴ →

Û ❹✎⑨❃⑥❯❶✎❷❚❺❙➉❘⑩♥❺❙➉ ❼❾❽✎❺❩⑦❃⑧❅➋✱⑥❢➈✕➉ ❖ ➁ ❖ ➉ ❖ ø✻⑩✱⑨➎⑩ ➑ ❽✎➁✎➊❙➋✱⑥❍❿✎❺✡❺✣➍ ➃❩❖ ⑧✯⑩❱➊✻➋✱⑥❍❿✎⑥❍⑦ ❖ ⑦❃⑧P❺❙➉❘⑩
e(t)

➀✜⑥❯❽✫⑦❃❺✩➽P⑩✑➀✗➉ ❖ ➁ ❖ ➉ ❖ ø❙⑩✱⑨
⑩ ▼ ⑩✱⑨ ❖ ⑩✱➊✻➋❱⑥↕❺❙➁✐⑧P⑨P❺r⑥❯⑦➜❿✑❺❙⑦P❷❚⑥ ➃ ⑩✱➉❫❺❙➁✐⑧❅⑥❯⑦

u0i

❹✵⑩✱⑨❅⑩❘❼✔❽✎⑩✱❷❨❼❾❽✎❺❩⑨❥❹❻⑥❯⑦ ❖ ➊❙➋✱⑥➶❿✎⑥➶❺❩❷❨❺❩➉❘❺❩➁❾⑧P⑥➼⑦P❽✎❹➎❺❙⑨ ❖ ⑥❯⑨❢❺❙➉➺⑨P❺❙❷❨⑩✱➊✻➋❱⑥
⑩✱⑥❘❺❙❷❨❺❩➉❘❺❩➁✐⑧❅⑥ ❖ ➁ ➑ ❺❙⑨ ❖ ⑥❯⑨ →✳ù ⑦❃⑧❅⑥↕➈❞❺❙❼❾❽ ❖❲▼ ⑩✱❷❨❺❩➁❾⑧P❺❤⑩↕➉ ❖ ➁ ❖ ➉ ❖ ø✻⑩❱⑨♥⑥➶➾✕➾ ↔✡➧❍➨ ❹✵⑩❱⑨❅⑩↕❼❾❽✵⑩✱❷❚❼❾❽✎❺❙⑨❢❹❻⑥❯⑦ ❖ ➊❙➋✱⑥↕❿ ❖ ⑦ ➃ ⑨P❺❩⑧❅⑩
❿✎⑥➌❹✵⑩✱⑨❍❺❩➁✎➇❯⑨P❺❩➁✵⑩✱❿✎⑥❘⑩✱⑥➌❷❨⑥✱➁✎➇❯⑥r❿✎⑥ ➃❙❖❚➃ ❷❚⑥❫❿✑❺➏❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱➉❫❺❙➁✐⑧P⑥ →

Û ❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩❇❹❻⑥✔❿✎❺↕⑦❃❺❙⑨ ➑ ⑥❯⑨P➉❤❽✑❷➝⑩✱❿✎⑥✉➉❘⑩❱⑧❅❺❩➉↕⑩❱⑧ ❖❨➃ ⑩✱➉❘❺❩➁✐⑧❅❺ ➃ ⑥✱➉þ❶✎⑩✱⑦P❺➶➁✎⑩➯❺❙❼❾❽✵⑩❱➊✻➋✱⑥➥Ø ❪✑→ ❴ ➓ Ú ➃ ⑥❯➉❫⑥♦❽✎➉
❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩❤❿✑❺➏⑥❱⑧ ❖ ➉ ❖ ø❙⑩✱➊✻➋❱⑥ ➃ ⑥❯➁ ➑ ⑥❯⑨P➉❫❺❥➉❘⑥✱⑦❃⑧❅⑨P⑩✱❿✎⑥r➁✵⑩➌❺❙❼❾❽✵⑩❱➊✻➋✱⑥♦Ø ➒✑→ ❴✜Ú ➀

➴ ❖ ➁ ❖ ➉ ❖ ø❙⑩✱⑨
f (ha) = max

1≤ i≤n
|u0i − ū0 | ,

Ø ➒✑→ ❴♠Ú

❴❯❴ ➓



⑦P❽✜➽❃❺ ❖ ⑧P⑥❮✌

h (hai) = qT
i ti − T = 0 ,

g1 (hai) = −Ai ti + u0i qi − hi − hai ≤ 0 ,

g2 (hai) = −u0i ≤ 0 ,

g3 (hai) = −ti ≤ 0 ,

g4 (hai) = −hi − hai ≤ 0 ,

⑥❯➁✎❿✑❺
f (ha)

➈✇⑩ ➑ ❽✑➁✎➊✻➋✱⑥❫⑥❯❶✔➽❃❺✣⑧ ❖❲▼ ⑥❘⑩❫⑦❃❺❙⑨❵➉ ❖ ➁ ❖ ➉ ❖ ø❙⑩✱❿✵⑩✑➀
u0i

➈✫⑥❫❿✎❺❙⑦❃❷❨⑥ ➃ ⑩✱➉❫❺❙➁✐⑧P⑥❘❿✎⑥❫❺❙❷❚❺❙➉❫❺❙➁✐⑧❅⑥ ➃ ⑥✱➉❘⑥➌❽✎➉
⑧❅⑥✔❿✎⑥➶❼❾❽✎❺r➈❞❺❙❼❾❽ ❖❚▼ ⑩✱❷❚❺❙➁✐⑧❅❺❤⑩✱⑥➶❺❙⑨❃⑨P⑥➼❿✎❺✇⑧❅⑨❅⑩❱➁✎⑦P➉ ❖ ⑦❃⑦❅➋✱⑥➼⑩❱➁✎➇❯❽✎❷❨⑩✱⑨❵⑧P⑥❯➉❘⑩✱❿✎⑥➶➁✵⑩❘❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➇❯❺❙➉➺➉❘⑥✱⑧P⑥❯⑨❅⑩❫❹✵⑩✱⑨P⑩➼⑩
❹➎⑥❯⑦ ❖ ➊✻➋✱⑥

i
❿✑⑥ ➃❙❖❨➃ ❷❨⑥➶❿✑❺r❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➉❘❺❩➁❾⑧P⑥✎➀

ū0
➈r❽✎➉ ▼ ⑩✱❷❨⑥❯⑨❢➉❘➈❩❿ ❖ ⑥↕❿✎⑥➼❿✎❺❙⑦❃❷❨⑥ ➃ ⑩✱➉❫❺❙➁✐⑧P⑥➶❿✎⑥➼❺❙❷❚❺❙➉❫❺❙➁✐⑧❅⑥ ➃ ⑥❯➉❫⑥

❽✎➉ç⑧❅⑥✔❿✎⑥ ➃ ⑩❱❷ ➃ ❽✑❷➝⑩✱❿✎⑥✝❺❙➉
n
❹❻⑥❯⑦ ❖ ➊❩➳✷❺❩⑦✌❿ ❖ ⑦ ➃ ⑨❃❺❩⑧❅⑩✱⑦✡❿✎⑥ ➃❙❖❚➃ ❷❚⑥✝❿✎❺✳❺❩➁✎➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥✑➀

i = {1, 2, . . . , n}
➀
h (hai)

➈
⑩❤⑨P❺❩⑦❃⑧P⑨ ❖ ➊❙➋✱⑥❤❿✎❺ ❖ ➇❯❽✵⑩❱❷❨❿✵⑩✱❿✑❺❢❹✵⑩❱⑨❅⑩❤⑩❞❹➎⑥❯⑦ ❖ ➊✻➋❱⑥

i
❿✎⑥ ➃❩❖❨➃ ❷❨⑥❞❿✑❺➜❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➉❘❺❩➁✐⑧❅⑥✎➀

g1 (hai) , g2 (hai) , g3 (hai)
❺

g4 (hai)
⑦❅➋✱⑥✇⑩✱⑦✕⑨P❺❩⑦❃⑧P⑨ ❖ ➊❩➳✷❺❩⑦✕❿✎❺❢❿✑❺❙⑦ ❖ ➇❯❽✎❷❨⑩✱❿✵⑩✱❿✎❺✳❿✑⑥✇⑦ ❖ ⑦❃⑧P❺❙➉❘⑩❥➁✵⑩➏❹➎⑥❯⑦ ❖ ➊✻➋❱⑥

i
➀
hi

➈❍⑥ ▼ ❺❩⑧P⑥❯⑨✕❿✎⑥❯⑦❳⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥❯⑦
❖ ➁ ❖❨➃❙❖ ⑩ ❖ ⑦❞⑦P❺❙➉ ➃ ⑩✱⑨P➇✐⑩◗❿✎⑥❯⑦❫❺❙❷❚❺❙➉❫❺❙➁✐⑧❅⑥❯⑦❫❺❙➉ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥Ù➁✵⑩❧❹❻⑥✱⑦ ❖ ➊❙➋✱⑥

i
❿✎❺ ▼✷❖ ❿✎⑥❥✌❧➇❯❺❩⑥❯➉❘❺✣⑧❅⑨ ❖ ⑩ ➃ ⑩✱⑨P⑩ ➃ ⑧P❺❙⑨❃➞❨⑦❃⑧ ❖❨➃ ⑩

❿✎⑥❯⑦✫❿✎❺❩➁✐⑧❅❺❙⑦➏❸✎❺❩❷ ❖❨➃ ⑥ ❖ ❿✎⑩ ❖ ⑦❵❿✎❺➌❹❻❺❩⑨ ➂ ❷✡❺ ▼ ⑥❯❷ ▼ ❺❩➁❾⑧P❺✱➀✹❺
hai

➈r⑥ ▼ ❺❩⑧❅⑥✱⑨➏❿✑⑥❯⑦✫⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦ ❖ ➁ ❖❚➃❙❖ ⑩ ❖ ⑦✝⑦❃❺❙➉ ➃ ⑩✱⑨P➇❯⑩
⑩✱❹✎❷ ❖❨➃ ⑩✱❿✵⑩❢➁✎⑩✝❹❻⑥✱⑦ ❖ ➊❙➋✱⑥

i
❿✎⑥ ➃❙❖❚➃ ❷❚⑥✝❿✎❺❳❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➉❘❺❩➁❾⑧P⑥❥❿✎❺ ▼✔❖ ❿✎⑥❰✌✱⑦➆➉❘⑥✔❿ ❖❚➂✎➃ ⑩✱➊❩➳✷❺❩⑦ ❖ ➉❫❹➎⑥❯⑦❃⑧❅⑩✱⑦✚❹✵⑩✱⑨❅⑩❢➉ ❖ ➁ ❖ ➉ ❖ ø❙⑩✱⑨

⑥❘➾✾➾ ↔✡➧❍➨✡→

Û ⑥❯❶✔➽❃❺✣⑧ ❖❲▼ ⑥❫❿✎⑥➌❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩❤❿✎❺ ➂ ➁ ❖ ❿✑⑥❘❺❩➉✥Ø ➒✑→ ❴✜Ú ➈✫⑥❯❶✑⑧P❺❙⑨✳⑥ ▼ ❺✣⑧❅⑥❯⑨❍❿✎⑥❯⑦❵⑩ ➑ ⑩❱⑦❃⑧✯⑩❱➉❘❺❩➁❾⑧P⑥❯⑦ ❖ ➁ ❖❨➃❙❖ ⑩ ❖ ⑦❳à✱⑧ ❖ ➉❘⑥✱⑦❙➀
ha = {ha1,ha2, ...,han}

T ➀✷❼❾❽✎❺➜➉ ❖ ➁ ❖ ➉ ❖ ø❙❺✳⑩ ➑ ❽✑➁✎➊✻➋✱⑥❞⑥❯❶✔➽❃❺❩⑧ ❖❚▼ ⑥ f (ha)
→➸↔ ⑦❣⑧❅❺❩⑦❍⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥❯⑦✾⑨P❺❩❹✎⑨P❺❩⑦P❺❩➁✷➄

⑧✯⑩❱➉➫⑩✱⑦✳➉❫⑥✷❿ ❖❲➂✵➃ ⑩❱➊❙➳✔❺❙⑦✳❼❾❽✎❺✫❿✎❺ ▼ ❺❙➉➫⑦❃❺❙⑨ ❖ ➁✐⑧❅⑨❃⑥✷❿✎❽✑ø ❖ ❿✎⑩✱⑦♥➁✵⑩r⑦P❽✑❹❻❺❩⑨ ➑ ➞ ➃❩❖ ❺❥❿✎⑥✱⑦❵❿✑❺❙➁✐⑧❅❺❩⑦❢❹✵⑩❱⑨❅⑩r⑦P❺✫⑥❯❶✑⑧P❺❙⑨ ▼ ⑩✱❷❨⑥✱⑨P❺❙⑦
❸✎⑥❯➉❫⑥❯➇❯➦❩➁✎❺❙⑥✱⑦➏❿✑⑥✉❺❩⑨P⑨❃⑥➯❿✎❺r⑧P⑨❅⑩✱➁✎⑦❃➉ ❖ ⑦P⑦P➋✱⑥✉⑩✱⑥❇❷❨⑥❯➁✎➇✱⑥➼❿✎⑥ ➃❩❖❨➃ ❷❨⑥➼❿✎❺➌❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥✎➀✚⑥❯❽◗⑦P❺➅➽P⑩✑➀✚➉ ❖ ➁ ❖ ➉ ❖ ø❙⑩✱⑨❵⑥
➾✕➾ ↔✕➧❍➨ ➁✎⑩✱⑦

n
❹➎⑥❯⑦ ❖ ➊❙➳✔❺❙⑦✳❿ ❖ ⑦ ➃ ⑨P❺✣⑧✯⑩✱⑦❍❿✎⑥ ➃❙❖❚➃ ❷❨⑥r❿✑❺➏❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱➉❫❺❙➁✐⑧P⑥ →

➟ ➂ ➇❯❽✎⑨❅⑩ ➒✑→❭❪➏❖ ❷❨❽✎⑦❣⑧❅⑨P⑩➜⑥❯⑦✧⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❘❺❩➁✐⑧❅⑥❯⑦✾⑩✱❿ ❖❚➃❙❖ ⑥❯➁✵⑩ ❖ ⑦➸❿✵⑩✱❿✎⑥✱⑦✾❹➎❺❙❷❚⑥ ▼ ❺❩⑧P⑥❯⑨
ha

⑨P❺❙❷❨⑩❱⑧ ❖❲▼ ⑥❯⑦➅✌❱⑦✾➉❫⑥✔❿ ❖❚➂✵➃ ⑩✱➊❙➳✔❺❙⑦
❖ ➁✐⑧P⑨P⑥✔❿✎❽✎ø ❖ ❿✵⑩✱⑦➏➁✵⑩➯⑦❃❽✎❹➎❺❙⑨ ➑ ➞ ➃❙❖ ❺❫❿✑❺↕❽✎➉➤❿✎⑥✱⑦❞❺❙❷❚❺❙➉❫❺❙➁✐⑧❅⑥✱⑦ →✉Û ❶✎⑦P❺❩⑨ ▼ ⑩✗➄✭⑦P❺↕➁✎⑩ ➂ ➇❯❽✑⑨❅⑩ ➒✷→q❪ ❼✔❽✑❺↕⑥❯⑦❞⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✷➄
⑧❅⑥✱⑦✫⑧P⑥✱⑧✯⑩ ❖ ⑦➜❺❩➁❾⑧P⑨P❺❘⑩✱⑦❥⑦P❽✑❹❻❺❩⑨ ➑ ➞ ➃❩❖ ❺❩⑦➏⑦P➋✱⑥❇❿✵⑩✱❿✎⑥✱⑦➏❹➎❺❙❷❚⑥❇⑦P⑥❯➉❘⑩❱⑧❅à✱⑨ ❖ ⑥↕❿✎⑥❯⑦➏⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦ ❖ ➁ ❖❚➃❙❖ ⑩ ❖ ⑦❵⑨P❺ ➑ ❺❩⑨P❺❩➁❾⑧P❺❙⑦Ï✌
➇❯❺❩⑥❯➉❘❺✣⑧❅⑨ ❖ ⑩✇❺❼✌ ➃❙❖ ➁✎❺❙➉❘➐❱⑧ ❖❨➃ ⑩ ➃ ⑩❱⑨❅⑩ ➃ ⑧❅❺❙⑨❃➞❨⑦❣⑧ ❖❨➃ ⑩✱⑦✧❿✑⑥❯⑦✧❺❩❷❨❺❙➉❫❺❙➁✐⑧P⑥❯⑦❙➀ ▼ ❺❩⑧P⑥❯⑨

h
➀✷❺✝❿✎⑥❯⑦♥⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❘❺❩➁✐⑧❅⑥❯⑦ ❖ ➁ ❖❚➃❙❖ ⑩ ❖ ⑦✡❿✎❺➚➄

▼✔❖ ❿✎⑥❻✌✱⑦❍➉❫⑥✷❿ ❖❲➂✵➃ ⑩❱➊❙➳✔❺❙⑦ ❖ ➁✐⑧P⑨P⑥✔❿✎❽✎ø ❖ ❿✵⑩✱⑦❩➀ ▼ ❺✣⑧❅⑥❯⑨
ha

→❳↔ ⑦❣⑧❅❺❙⑦✝⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦✳⑦❅➋✱⑥➌⑧❅⑥❯➉❘⑩✱❿✎⑥✱⑦✳❺❙➁✐⑧❅⑨❃❺❙⑦✝⑥✱⑦❵❹➎⑥❯➁✐⑧❅⑥✱⑦
❿ ❖ ⑦ ➃ ⑨❃❺❩⑧P⑥❯⑦ ➃ ⑩✱➁✎❿ ❖ ❿✵⑩❱⑧P⑥❯⑦❵⑩✱⑥ ➃ ⑥❯➁✐⑧❅⑩❱⑧❅⑥➌➁✵⑩✱⑦❍⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃❙❖ ❺❩⑦✳❿✎⑥❯⑦❍❿✎❺❩➁❾⑧P❺❙⑦✝⑩✱➁✐⑧❅❺❙⑦❍❿✵⑩❫⑩✱❹✎❷ ❖❨➃ ⑩✱➊✻➋✱⑥❞❿✵⑩ ➃ ⑩✱⑨P➇❯⑩ →

❴❯❴ ➒



ü ❖ ➇ →✵➒✑→❭❪ ➹ ù ❷❚❽✎⑦❃⑧P⑨❅⑩✱➊❙➋✱⑥❫❿✎⑥❯⑦❢⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥❯⑦❵❺❙➁✐⑧P⑨P❺❤⑩❱⑦❢⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃❙❖ ❺❩⑦❢❿✑⑥❯⑦❢❺❩❷❨❺❩➉❘❺❩➁❾⑧P⑥❯⑦❵❺❙➉➫❽✎➉❘⑩❫❿✎⑩✱❿✵⑩❘❹➎⑥❯⑦ ❖ ➊✻➋❱⑥
❿✎❺ ➃ ⑥✱➁❾⑧❅⑩❱⑧❅⑥ →

➟ ⑦❇➉❫⑥✷❿ ❖❲➂✵➃ ⑩❱➊❙➳✔❺❙⑦➼➁✵⑩✱⑦❇⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃❙❖ ❺❩⑦➼❿✎⑥❯⑦❇❿✎❺❩➁❾⑧P❺❙⑦✉❿✵⑩✱❿✵⑩❱⑦✉❹➎❺❙❷❚⑥❯⑦❇⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧P⑥❯⑦➼à✱⑧ ❖ ➉❘⑥✱⑦➶❹❻⑥✔❿✎❺❩➉ ⑦P❺❩⑨
❖ ➁✐⑧P⑨P⑥✔❿✎❽✎ø ❖ ❿✵⑩✱⑦❥➁✵⑩❱⑦❥⑦P❽✎❹➎❺❙⑨ ➑ ➞ ➃❙❖ ❺❙⑦✫❿✎⑥❯⑦✫❿✎❺❩➁✐⑧❅❺❙⑦➏❿✵⑩➼❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➉➤➉❘⑥✱⑧P⑥❯⑨❅⑩✷➀ ⑥❯❽◗❿✵⑩➼➉❘⑥ ▼✔❖ ❿✵⑩✷➀☛⑥❯❽❧❺❙➉➤⑩✱➉❞❶✵⑩✱⑦ →
➟ ❿✎⑥✱⑧P⑥❯❽✷➄✭⑦P❺✫➁✎❺❙⑦❣⑧❅❺✫⑧❅⑨P⑩✱❶✵⑩✱❷❚❸✎⑥r➉❘⑥✔❿ ❖❲➂✵➃ ⑩✱⑨✧⑦P⑥❯➉❫❺❙➁✐⑧❅❺➏⑩✱⑦❍⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃❙❖ ❺❩⑦✳❿✎⑥❯⑦❍❿✎❺❩➁❾⑧P❺❙⑦❵❿✵⑩➌❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➇❯❺❙➉á➉❫⑥✱⑧P⑥❯⑨❅⑩ →

➘❘å❩Ð Ñ Ò♥ð✚æ❮❣➼æ è✉é✫ê✌é é ì☛æ✇ï❩î ë❈➬ æ ❣➼æ è➼ê æ➮❤❇ï í❍ô é ❣ í æ✫ð ò❩ô ò✖Ó✳é➏ë❈➬ æ

➟ ❺❙⑦ ➃ ⑥❯❷❚❸✵⑩➜❿✎⑥❥➉❫➈❩⑧❅⑥✔❿✎⑥➜❿✑❺✳⑦P⑥❯❷❚❽✎➊✻➋✱⑥❥❿✑⑥❥❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩✝❿✎❺✳⑥❱⑧❩Ô❨➉❮Ô❨ø❙⑩✱➊✻➋❱⑥❢❿✎❺ ➂ ➁❭Ô❚❿✎⑥❥❹❻❺❩❷➝⑩➜❺❩❼✔❽✎⑩✱➊✻➋✱⑥❘Ø ➒✑→➃Õ Ú ❿✎❺✘Ö❯❺
❷❨❺✘Ö❱⑩✱⑨✳❺❙➉ ➃ ⑥❯➁✐⑧✯⑩❫⑩r➁✵⑩❱⑧❅❽✑⑨P❺❙ø❙⑩❫❺✫⑥r⑧✯⑩❱➉↕⑩✱➁✑❸✎⑥r❿✎⑥❫❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩✑➀✷❺✇⑩r❼❾❽✵⑩✱➁✐⑧❝Ô❨❿✵⑩✱❿✑❺➏❿✑❺✹Ö❱⑩✱⑨✪Ô➝➐✳Ö❯❺✖Ô❨⑦✳❿✎❺✫❹✎⑨❃⑥✗➽❃❺❩⑧P⑥ →

Û ❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩✳❺❩➉ ❼✔❽✑❺❙⑦❃⑧❅➋✱⑥✝❹➎⑥✔❿✎❺✕⑦P❺❙⑨ ➃ ❷➝⑩✱⑦❃⑦❝Ô ➂✎➃ ⑩✱❿✎⑥ ➃ ⑥✱➉❘⑥❍❽✎➉ ❹✎⑨❃⑥❯❶✎❷❚❺❙➉❘⑩♥❿✎❺❳⑥❱⑧❩Ô❨➉❮Ô❨ø❙⑩✱➊✻➋❱⑥♥❿✎❺ ➑ ⑥❯⑨P➉❘⑩ ➃ ⑥❯➉
➃ ⑥✱➁❾⑧❅⑩❱⑧❅⑥ →➸Û ⑧P❺❙⑨❃➉❘⑥ ➑ ⑥❯⑨❃➉↕⑩✳❽✎⑦P⑩✱❿✎⑥❵⑩✱❼❾❽❭Ô❾➈✕➁✎⑥❍⑦P❺❩➁❾⑧❝Ô❨❿✎⑥❵❿✎❺✕⑥✱⑧❝Ô❨➉❮Ô❨ø✻⑩❱➊✻➋✱⑥♥❿✑⑥ ➃ ⑥❯➁✐⑧❅⑥❯⑨❃➁✎⑥❵❿✎⑥❢➉❫⑥✔❿✎❺❙❷❚⑥♥❶✎❽✎⑦ ➃ ⑩✱➁✎❿✑⑥❱➄
⑦P❺❫⑩ ➑ ⑥❯⑨P➉❘⑩➶à✱⑧❝Ô❨➉❘⑩➶❹✵⑩✱⑨❅⑩➼⑥❇❿✎⑥❯➉❫➞❨➁✒Ô❨⑥➶❿✎⑥✉❹✎⑨❃⑥✗➽❃❺❩⑧P⑥ →❫ã Ô ➑ ❺❩⑨P❺❙➁✐⑧P❺❙➉❫❺❙➁✐⑧❅❺❫❿✵⑩➼⑥✱⑧❩Ô❚➉❻Ô❚ø✻⑩✱➊❙➋✱⑥➶❿✎❺r⑧❅⑩✱➉↕⑩❱➁✎❸✎⑥❇❼❾❽✎❺
❶✎❽✎⑦ ➃ ⑩➌⑥❯⑦✳❹✵⑩✱⑨❝❶✱➉❫❺❩⑧❅⑨❃⑥❯⑦✳❿❭Ô❚➉❘❺❩➁✎⑦❝Ô❚⑥❯➁✵⑩✔Ô❚⑦✧à✱⑧❝Ô❨➉❫⑥❯⑦✧❿✎⑥➌➉❫⑥✷❿✑❺❙❷❨⑥✑➀ ➃ ⑥❯➉❘⑥r❹➎⑥❯⑨✳❺➚➍✑❺❩➉❘❹✑❷❨⑥➌❺❙➉③❽✎➉ ➃ ⑩❱⑦P⑥➌➇❯❺❙➁✑➈❙⑨❝Ô ➃ ⑥✎➀
⑩r⑦P❺❩➊✻➋✱⑥❫❿✎❺➏❽✎➉↕⑩❤❶✎⑩✱⑨P⑨P⑩➌⑥✱❽♦⑩r❺❙⑦❃❹❻❺❩⑦P⑦❃❽✎⑨❅⑩❫❿✎❺✫❽✎➉↕⑩ ➃ ❸✵⑩❱❹✵⑩ →

Û ❹✎⑨❃⑥❯❶✎❷❚❺❙➉❘⑩✝➈✳➁✵➋✱⑥✫❷×Ô❚➁✎❺✻⑩❱⑨✌❿✎❺✘Ö❦Ô❚❿✎⑥➏⑩✱⑥ ➃ ⑥✱➁❾⑧❅⑩❱⑧❅⑥✫❺❩➁❾⑧P⑨P❺❵⑩✱⑦✡⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺❩⑦➸❺♥⑧✯⑩❱➉❤❶❻➈❩➉✓❿✵⑩ ➑ ❽✎➁✑➊✻➋✱⑥❥⑨❃❺❙⑦P❹➎⑥❯⑦❣⑧✯⑩
Õ❳Õ ✈



❿✎❺❩⑦ ➃ ⑨✪Ô❚⑧❅⑩➏❹➎❺❙❷❚⑥✇❺❩⑨P⑨P⑥➏❿✎❺✳⑧❅⑨P⑩✱➁✎⑦❃➉❻Ô❚⑦P⑦❅➋❱⑥✇⑩❱⑥✇❷❚⑥❯➁✎➇❯⑥❥❿✎⑥ ➃ Ô ➃ ❷❚⑥➏❿✑❺❢❺❩➁✎➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥↕Ø❹Ö✱❺❙⑨ ➂ ➇❯❽✎⑨P⑩✱⑦✕❿✎⑥ ➃ ⑩✱❹✎➞❲⑧❅❽✎❷❚⑥✇➓ Ú →

Û ❽✷⑧❅⑨❅⑩ ➃ ⑩✱⑨P⑩ ➃ ⑧P❺❙⑨❃➞❨⑦❃⑧❝Ô ➃ ⑩❘❿✎⑥➶❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩❫➈✇❼❾❽✎❺❤⑥❯⑦❢❹❻⑥❯➁✐⑧P⑥❯⑦✝❺❩➉ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥➶❺❙➉ ➃ ⑩✱❿✵⑩↕❹➎⑥❯⑦❝Ô❚➊✻➋✱⑥❘❿✎⑥ ➃ Ô ➃ ❷❨⑥↕❿✑❺
❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥✉⑦❅➋✱⑥✉❿✎❺❩❹❻❺❩➁✎❿✎❺❙➁✐⑧P❺❙⑦❞❿✑⑥❯⑦❞⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❘❺❩➁✐⑧❅⑥❯⑦❰Ô❚➁❭Ô ➃ Ô➝⑩✔Ô❚⑦❢⑧❅⑥❱⑧✯⑩✔Ô❚⑦➌Ø❹Ö✱❺❙⑨➏⑦P❺❙➊❙➋✱⑥➒Ø →◆Ù Ú →❫ã ❺❙⑦❣⑧✯⑩ ➑ ⑥❯⑨P➉❘⑩✑➀
⑩✱❷❲⑧❅❺❙⑨P⑩✱➊❙➳✔❺❙⑦❢❿✎⑥❯⑦✝Ö❱⑩✱❷❚⑥❯⑨P❺❩⑦✝❿✎⑥ÚÖ✱❺❩⑧P⑥❯⑨❥❿✎⑥❯⑦❥⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❘❺❩➁✐⑧❅⑥❯⑦

ha

⑨❃❺❙⑦P❽✑❷❚⑧✯⑩❱➉Ý❺❩➉➻⑩✱❷❲⑧❅❺❩⑨❅⑩✱➊❩➳✷❺❩⑦✝❿✎⑥❯⑦✝❺❙❷❨❺❩➉❘❺❩➁✐⑧❅⑥❯⑦❢❿✵⑩
➉❘⑩❱⑧❅⑨✪Ô❨ør❿✎❺✵✕✵❺➚➍✒Ô❚❶❭Ô❨❷➃Ô❨❿✵⑩❱❿✎❺

A
→➌➟ ⑦❃⑦❝Ô❨➉û⑥➯❹✎⑨❃⑥❯❶✎❷❚❺❙➉❘⑩➶❿✎❺ ➃ ⑥❯➁✐⑧✯⑩✗⑧❅⑥✉❿✎❺✖Ö✱❺❘⑦❃❺❙⑨➏⑨P❺✻⑩✳Ö❱⑩✱❷➃Ô➝⑩✱❿✎⑥❇⑩ ➃ ⑩✱❿✵⑩↕Ô❚⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥ →

Û ⑦✫❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩✱⑦❥❿✎❺➌⑥✱⑧❝Ô❨➉❮Ô❨ø❙⑩✱➊✻➋✱⑥↕❿✎❺ ➑ ⑥❯⑨P➉❘⑩➶❺➌❿✎❺ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥❇❺❙➁✐⑧❅⑨❃❺↕⑩✱⑦✫⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺❩⑦✫❿✎⑥❯⑦✫❿✎❺❙➁✐⑧P❺❙⑦➏❿✎❺✖Ö✱❺❙➉✥⑦P❺❩⑨
⑨P❺❩⑦P⑥❯❷ÛÖ✾Ô❨❿✎⑥❯⑦✳⑦✪Ô❨➉❤❽✑❷❚⑧✯⑩❱➁✎❺✻⑩✱➉❫❺❙➁✐⑧P❺➌ö❏Ø Ù♠÷➣→

➷ ⑥❯➁ ➑ ⑥❯⑨❃➉❘❺❫⑩✱❹✎⑨❃❺❙⑦❃❺❙➁✐⑧✯⑩✱❿✑⑥♦➁✎⑥ ➃ ⑩✱❹✎➞❲⑧❅❽✎❷❚⑥❀Ø✑➀➆⑥✉❹✎⑨❃⑥ ➃ ❺❙❿❭Ô❚➉❘❺❩➁❾⑧P⑥➯❹✎⑩✱⑨❅⑩❇⑥ ➃ ➐✱❷ ➃ ❽✎❷❨⑥✉❿✎⑥✉❺❙⑨❃⑨P⑥♦❿✑❺❫⑧P⑨❅⑩✱➁✎⑦❃➉❻Ô❚⑦❣➄
⑦❅➋❱⑥ ⑩✗⑧❅⑨❅⑩✳Ö✱➈❙⑦❇❿✵⑩Ü⑩✱➁✵➐✱❷➃Ô❨⑦❃❺♦➇❯❷❚⑥❯❶✵⑩✱❷❵❿✎❺ ➃ ⑥❯➁✐⑧❅⑩❱⑧❅⑥➘❺❩➁❾⑧P⑨P❺❧⑥❯⑦➼❿✎❺❩➁✐⑧❅❺❙⑦❩➀➜❺◆➁✵➋✱⑥Ü❷➃Ô❨➉❮Ô❚⑧✯⑩❱❿✵⑩②⑩❱⑥➘❹✎❷➝⑩✱➁✑⑥▲❿✎❺◗⑩✱➊✻➋❱⑥
⑧❅❺❩à❯⑨❝Ô ➃ ⑥✎➀➆⑨P❺❩❼✔❽✑❺❙⑨❤⑩✉❿❭Ô❨⑦ ➃ ⑨❃❺❩⑧❩Ô❚ø✻⑩✱➊❙➋✱⑥♦❿✑❺❘⑧❅⑥✔❿✵⑩✉⑩♦⑦P❽✑❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺➌❿✎⑥❯⑦✇❿✎❺❙➁✐⑧P❺❙⑦ →❦➷ ⑥❯➉❫⑥➯❿✎❽✑⑨❅⑩✱➁✐⑧❅❺❘⑥ ➃ Ô ➃ ❷❚⑥➯❿✑❺↕❺❙➁✔➄
➇❯⑨❃❺❙➁✵⑩✱➉❫❺❙➁✐⑧P⑥❀Ö❱➐✱⑨✪Ô❨⑥❯⑦❥❿✎❺❩➁✐⑧❅❺❙⑦✇❹❻⑥✔❿✎❺❩➉➻❺❙⑦❣⑧✯⑩✱⑨➏❺❙➉ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥➯⑦✪Ô❨➉❤❽✎❷❲⑧✯⑩✱➁✑❺✻⑩✱➉❫❺❙➁✐⑧❅❺❱➀✚⑩✉❼❾❽✵⑩❱➁❾⑧❝Ô❨❿✵⑩❱❿✎❺➌❿✎❺❘❹➎⑥❯➁✐⑧❅⑥✱⑦
❿❭Ô❚⑦ ➃ ⑨❃❺❩⑧P⑥❯⑦✇❹✎⑩✱⑨❅⑩❇⑩✱➁✵➐❱❷×Ô❨⑦❃❺r⑩✱❽✎➉❫❺❙➁✐⑧❅⑩ ➃ ⑥❯➁✎⑦✪Ô❨❿✎❺❩⑨❅⑩✳Ö❯❺❩❷❨➉❫❺❙➁✐⑧❅❺ → ➾✹⑥❯⑨✫⑥❯❽✑⑧❅⑨❃⑥❇❷➝⑩✱❿✎⑥✑➀✚⑩✉⑩❱❹✎❷×Ô ➃ ⑩✱➊❙➋✱⑥➼❿✵⑩➼⑧❅➈ ➃ ➁❭Ô ➃ ⑩➼❿✵⑩
❹✎⑦❃❺❙❽✎❿✎⑥✗➄➀Ô❨➁✐⑧P❺❙⑨ ➑ ❺❩⑨P➦❩➁ ➃ Ô❨⑩✑➀☛❿❭Ô❨⑦ ➃ ❽✑⑧❝Ô❨❿✵⑩❘➁✵⑩➶⑦P❺❩➊✻➋✱⑥❀Ø → ➓ →❝➡ ➀Ò❹➎❺❙⑨❃➉❻Ô❲⑧❅❺❞❼❾❽✎❺➌⑩➼➐❱⑨P❺✻⑩➶❹➎⑥❯⑦❃⑦P➞➃Ö✱❺❙❷➸❿✑❺ ➃ ⑥❯➁✐⑧✯⑩✗⑧❅⑥➼⑦P❺➅➽P⑩➶❺❙⑦✩➄
⑧❩Ô❚➉↕⑩❱❿✵⑩✑➀✚❺❘❿✑❺❙⑦❃⑧❅⑩ ➑ ⑥❯⑨❃➉↕⑩❇⑩➯⑩✱➁✵➐✱❷➃Ô❨⑦P❺r❿✑❺ ➃ ⑥✱➁❾⑧❅⑩❱⑧❅⑥✉❹➎⑥✷❿✎❺❫⑨P❺❩⑦❃⑧P⑨❝Ô❨➁✑➇❳Ô❨⑨✩➄➅⑦P❺➌⑩❱⑥❯⑦✇❹➎⑥❯➁✐⑧❅⑥✱⑦✇❹➎❺❙⑨❣⑧❅❺❙➁ ➃ ❺❙➁✐⑧P❺❙⑦r⑩✉❺❙⑦❃⑧❅⑩
⑨P❺❩➇❳Ô➝➋❱⑥ →➸ù ⑦❃⑧P⑥❤⑧❅⑨P⑩✱ø➜❽✎➉❘⑩❞⑦❝Ô❚➇❯➁❭Ô ➂✵➃ ⑩❱⑧❝Ô➃Ö❱⑩✇⑨❃❺❙❿✎❽✑➊✻➋✱⑥➌❿✎⑥❤❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩❞❿✎❺ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥r❼❾❽✎❺❥❿✎❺✖Ö✱❺✫⑦P❺❙⑨✳⑨❃❺❙⑦❃⑥❯❷➃Ö✾Ô❨❿✑⑥❤❹✵⑩✱⑨P⑩
⑥ ➃ ➐✱❷ ➃ ❽✎❷❚⑥r❿✎⑥➌❺❙⑨P⑨❃⑥❘❿✑❺✫⑧P⑨❅⑩✱➁✑⑦P➉❮Ô❨⑦P⑦P➋✱⑥✉Ø❹Ö✱❺❙⑨❵⑦P❺❩➊✻➋✱⑥❻Ø → ➓ Ú →

Û ❹✎⑨❃⑥ ➃ ❺❙❿❭Ô❚➉❘❺❩➁❾⑧P⑥✫❹✵⑩✱⑨❅⑩➜⑥ ➃ ➐❱❷ ➃ ❽✑❷❨⑥➜❿✎⑥➏❺❙⑨❃⑨P⑥✫❿✎❺✳⑧❅⑨P⑩✱➁✎⑦❃➉❻Ô❚⑦P⑦❅➋❱⑥❥❿✎❺✖Ö✱❺❢⑦❃❺❙⑨✕❺✣➍✷❺ ➃ ❽✑⑧✯⑩❱❿✎⑥❞❹✵⑩❱⑨❅⑩ ➃ ⑩✱❿✎⑩✫❹➎⑥❯⑦✪Ô❨➊✻➋❱⑥
❿❭Ô❚⑦ ➃ ⑨❃❺❩⑧❅⑩➌❿✑⑥ ➃ Ô ➃ ❷❨⑥❤❿✎❺❥❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱➉❫❺❙➁✐⑧P⑥ →✾Û ❶❜Ö✾Ô❨⑩✱➉❘❺❩➁✐⑧❅❺✱➀✑❼✔❽✎⑩✱➁✐⑧❅⑥➌➉↕⑩❛Ô❨⑥❯⑨❳⑥r➇❯⑨❅⑩✱❽➼❿✑❺❥❿❭Ô❨⑦ ➃ ⑨P❺✣⑧❩Ô❚ø✻⑩✱➊❙➋✱⑥r❿✎⑥ ➃ Ô ➃ ❷❨⑥
❿✎❺❍❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥✎➀❾➉❘⑩✔Ô❨⑦✌❹✎⑨Pà✻➍❦Ô❨➉❫⑥✫❿✎⑥ ➃ ⑥❯➁✐⑧❅➞❚➁❾❽✎⑥✇❺❍➉❫❺❙❷❚❸✎⑥❯⑨➸➈❵⑩❥⑨P❺❩❹✎⑨P❺❩⑦P❺❙➁✐⑧❅⑩✱➊✻➋✱⑥✇❿✵⑩ ➑ ❽✎➁✎➊❙➋✱⑥ → ⑤❵⑥✇❺❩➁❾⑧❅⑩✱➁✐⑧❅⑥✎➀
➃ ⑥✱➁ ➑ ⑥❯⑨P➉❫❺ ➑ ⑥❳Ô✵❿❭Ô❚⑦ ➃ ❽✷⑧❩Ô❨❿✑⑥➏➁✎⑩➏⑦❃❺❙➊✻➋❱⑥ ➡✎→ÛÕ ➀❾❹❻⑥✔❿✎❺➚➄➅⑦P❺❍⑥❯❶✷⑧❅❺❙⑨✕❽✎➉❘⑩✫⑨P❺❙❹✑⑨P❺❙⑦❃❺❙➁✐⑧✯⑩❱➊✻➋✱⑥✇❿✎⑥ ➃ Ô ➃ ❷❚⑥❥❿✎❺❵❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➉❘❺❩➁❾⑧P⑥
➃ ⑥✱➉á❺❙⑨❃⑨P⑥❫➉❘❺❩➁✎⑥❯⑨✳❿✎⑥➌❼❾❽✎❺

5%
❿✒Ô❨⑦ ➃ ⑨P❺✣⑧❩Ô❨ø❙⑩✱➁✎❿✎⑥✗➄➅⑥❫⑩ ➃ Ô❚➉↕⑩✇❿✎❺

10
❹❻⑥❯⑦✪Ô❨➊❩➳✷❺❩⑦ →

Ü ➉❘❺❩❿❭Ô❨❿✵⑩✳❼❾❽✎❺✾⑦P❺✾⑩✱❽✎➉❫❺❙➁✐⑧❅⑩❵⑥❍➇❯⑨P⑩✱❽✫❿✎❺❳❿✒Ô❨⑦ ➃ ⑨P❺✣⑧❩Ô❨ø❙⑩✱➊✻➋❱⑥❵❿✑⑥ ➃ Ô ➃ ❷❨⑥❍❿✎❺✕❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➉❘❺❩➁✐⑧❅⑥✎➀✗❹✵⑩✱⑨❣⑧❅❺✕❿✵⑩✱⑦✚⑨P❺❩➇❳Ô❨➳✔❺❙⑦
❺❙➉ ➃ ⑥❯➁✐⑧✯⑩✗⑧❅⑥◆❺❙➁✐⑧P⑨P❺❇⑥❯⑦r❿✎❺❩➁❾⑧P❺❙⑦❫❺❙➁✎➇✱⑨P❺❙➁✎⑩✱❿✎⑥❯⑦r❹➎⑥✷❿✑❺➼⑦P❺❙⑨ ➃ ⑥❯➉❤❽✎➉þ❹✵⑩✱⑨P⑩❧➉❘⑩✔Ô❚⑦❞❿✎❺➼❽✎➉❘⑩❦❹➎⑥❯⑦❝Ô❚➊✻➋✱⑥◆❿❭Ô❚⑦ ➃ ⑨P❺❩⑧❅⑩
⑩✱➁✵⑩❱❷×Ô❨⑦P⑩✱❿✵⑩✑➀☛⑥✱❽◗⑦❃❺✩➽P⑩✑➀➆⑩✱❷❚➇❯❽✎➁✎⑦❥❹➎⑥❯➁✐⑧❅⑥❯⑦✫❿❭Ô❚⑦ ➃ ⑨P❺❩⑧P⑥❯⑦➏➁✵⑩✱⑦✫⑦P❽✎❹➎❺❙⑨ ➑ ➞ ➃ Ô❨❺❙⑦✫❿✎⑥✱⑦➏❿✑❺❙➁✐⑧❅❺❩⑦✇❼❾❽✎❺❫❹❻⑥✱⑦P⑦P❽✑❺❙➉➤❺❙❷❚❺❙➉❫❺❙➁✐⑧❅⑥✱⑦
➃ ⑥✱⑨P⑨P❺❩⑦P❹➎⑥❯➁✎❿✎❺❩➁✐⑧❅❺❙⑦✾➁✎⑥❼Ö✱❺❩⑧P⑥❯⑨

hai

❹❻⑥✔❿✎❺❩➉➪⑦❃❺❙⑨➸⑥❯⑦✌➉❘❺❩⑦P➉❫⑥❯⑦➸❹✵⑩✱⑨P⑩✝⑥❼Ö✱❺❩⑧❅⑥✱⑨
hai+1

Ø❹Ö❯❺❩⑨✕⑩✱⑦➸⑨❃❺❙➇❳Ô❚➳✷❺❩⑦✌❿✎❺ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥
Ô❨❷❚❽✎⑦❃⑧P⑨❅⑩✱❿✎⑩✱⑦❢➁✎⑩✱⑦ ➂ ➇❯❽✎⑨❅⑩❱⑦ ➒✑→ÛÕ ❺ ➒✑→❉Ù Ú →❍➟ ⑦❃⑦❝Ô❚➉➯➀➭⑦P❺✇⑥↕❹✎⑨❃⑥❯❶✎❷❚❺❙➉❘⑩❫➈➏⑨P❺❩⑦P⑥❯❷ÛÖ❦Ô❚❿✎⑥↕❹✎⑩✱⑨❅⑩ ➃ ⑩✱❿✵⑩❫❹❻⑥✱⑦❝Ô❨➊❙➋✱⑥❫❿❭Ô❨⑦ ➃ ⑨P❺✣⑧✯⑩✑➀
❺❙➉û❽✎➉↕⑩➼⑩❱➁✵➐✱❷×Ô❚⑦P❺❤❹✑❽✎⑨❅⑩✱➉❫❺❙➁✐⑧P❺r➉↕⑩❱⑧P❺❙➉❘➐❱⑧❩Ô ➃ ⑩↕❹➎⑥✔❿✎❺❙⑨✩➄➅⑦P❺➚➄➀Ô❨⑩ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱⑨✝❿✒Ô ➑ ❺❙⑨❃❺❙➁✐⑧❅❺❩⑦❰Ö✱⑩❱❷❨⑥❯⑨❃❺❙⑦❥❿✎❺r➉❫⑥✷❿✒Ô ➂✵➃ ⑩✱➊✻➋✱⑥

Õ❳Õ♠➔



❹✵⑩✱⑨P⑩◗❽✑➉➩➉❘❺❩⑦P➉❫⑥❧❹❻⑥❯➁✐⑧P⑥②❿❭Ô❚⑦ ➃ ⑨P❺❩⑧P⑥②❺❩➉ ➑ ❽✎➁✎➊❙➋✱⑥②❿✎⑩◗❹➎⑥❯⑦❝Ô❚➊✻➋✱⑥❧❿✎❺➯⑩✱➁✵➐❱❷×Ô❨⑦❃❺➶❿✎⑥ ➃ Ô ➃ ❷❨⑥❧❿✎❺✉❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥ →
➾➆⑥✱⑨➶⑨P❺❩⑦❃⑧❅⑨✪Ô❨➊❙➋✱⑥ ➑ ➞❨⑦✪Ô ➃ ⑩✑➀❍⑩▲⑦P⑥❯❷❚❽✎➊✻➋❱⑥▲❿✎⑥▲❹✎⑨❃⑥❯❶✎❷❚❺❙➉❘⑩Ù❿✎❺❦⑥✱⑧❝Ô❨➉❮Ô❨ø❙⑩✱➊✻➋✱⑥◗❿✎❺✘Ö❯❺ ➃ ⑥✱➁✎⑦❝Ô❚❿✎❺❙⑨P⑩✱⑨➶❼❾❽✎❺❧⑩✱❹➎❺❙➁✵⑩❱⑦➶❽✎➉❘⑩
➉❫⑥✷❿❭Ô ➂✵➃ ⑩❱➊✻➋✱⑥r❹➎⑥✷❿✑❺❥⑦P❺❙⑨❪Ô❚➉❘❹➎⑥❯⑦❃⑧❅⑩❤❹✵⑩✱⑨P⑩➌❽✑➉↕⑩r➉❫❺❙⑦P➉❘⑩r⑨P❺❩➇❳Ô➝➋✱⑥r❿✑⑥❫❿✑❺❙➁✐⑧❅❺ →

⑤❢❺❩⑦❃⑧❅❺✫⑦❃❺❙➁✐⑧❩Ô❚❿✎⑥✎➀✎⑦❃❺❙⑨❝Ô❨⑩ÏÔ❨➁✐⑧P❺❙⑨P❺❩⑦P⑦P⑩✱➁✐⑧❅❺✫⑨P❺❩⑦P⑥❯❷ÛÖ❯❺❙⑨✳⑥r❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩❞❿✎❺➜⑥❱⑧❩Ô❨➉❮Ô❨ø❙⑩✱➊✻➋❱⑥❞❺❙➉ûØ ➒✷→➃Õ Ú ❺❫Ø❄Ø →ÛÕ ➓ Ú ⑦❝Ô❨➉❞❽✎❷❲➄
⑧✯⑩❱➁✎❺✻⑩✱➉❫❺❙➁✐⑧P❺✉❹✎⑩✱⑨❅⑩◆⑧❅⑥✔❿✵⑩✱⑦❫⑩✱⑦➌❹➎⑥❯⑦❝Ô❚➊❙➳✔❺❙⑦➌❿❭Ô❨⑦ ➃ ⑨❃❺❩⑧✯⑩❱⑦❘❼❾❽✎❺✉⑨P❺❩❹✎⑨P❺❩⑦P❺❙➁✐⑧❅⑩✱➉ ⑥ ➃ Ô ➃ ❷❚⑥❧❿✎❺➯❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱➉❫❺❙➁✐⑧P⑥ → ⑤❵⑥
❺❙➁✐⑧❅⑩✱➁✐⑧❅⑥✎➀❈Ô❚⑦❃⑧P⑥Ù❹➎⑥✷❿✎❺❩⑨❝Ô❨⑩❧❷❚❺✖Ö❱⑩✱⑨❫⑩②❽✑➉ ❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩ ➃ ⑥❯➉ ➉❘⑩❱⑧❅⑨✪Ô❨ø❩❺❙⑦➌❿✎❺❇⑧✯⑩✱➉❘⑩✱➁✎❸✎⑥✱⑦❫❼❾❽✎❺➯❿❭Ô ➂✎➃ ❽✎❷❲⑧✯⑩✱⑨✪Ô➝⑩✱➉■⑥❯❽
Ô❨➁✞Ö✾Ô➝⑩❱❶❭Ô❨❷➃Ô❨ø✻⑩❱⑨❝Ô➝⑩❱➉➲⑥✇❹✑⑨P⑥ ➃ ❺❙⑦❃⑦❅⑩✱➉❫❺❙➁✐⑧P⑥ ➃ ⑥✱➉❘❹✎❽✷⑧✯⑩ ➃ Ô❨⑥❯➁✵⑩❱❷➣➀✱❺❵❼❾❽✎❺❍❹❻⑥✔❿✎❺❩⑨❝Ô➝⑩❱➉✓⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱⑨✕❺❩➉✟❽✎➉✟⑧❅❺❩➉❘❹➎⑥ ➃ ⑥❯➉❫❹✎❽✷➄
⑧✯⑩ ➃ Ô❨⑥✱➁✵⑩✱❷➎❹✵⑩✱⑨❅⑩❞⑩❤⑥❯❶✑⑧❅❺❩➁✎➊✻➋❱⑥r❿✵⑩❞⑦P⑥✱❷❨❽✎➊❙➋✱⑥❤⑥✱⑧❝Ô❨➉❮Ô❨ø✻⑩❱❿✵⑩✐Ô❚➁✵⑩ ➃ ❺▼Ô❚⑧❅➐✳Ö❯❺❙❷❻❿✎⑥r❹➎⑥❯➁✐⑧❅⑥❤❿✎❺ÝÖ❦Ô❚⑦❃⑧❅⑩❤❹✎⑨❅➐❱⑧❝Ô ➃ ⑥❤❿✎❺➜❹✎⑨❃⑥✗➽❃❺❩⑧P⑥
Ø❹Ö✱❺❙⑨❍⑦P❺❩➊❙➳✔❺❙⑦ÝØ → ➓ → ➓❤❿✎⑥ ➃ ⑩❱❹✎➞❚⑧P❽✎❷❨⑥ÞØ Ú →

✗ ❽✵⑩✱➁✐⑧❅⑥✢✌✱⑦✐Ö❱⑩✱⑨✪Ô➝➐✳Ö❯❺✖Ô❨⑦✫❿✎❺❫❹✎⑨P⑥✜➽❃❺❩⑧❅⑥✑➀✌⑩❇⑦P⑥❯❷❚❽✎➊✻➋❱⑥➯❿✎⑥➯❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩➼❿✎❺❫⑥✱⑧❩Ô❚➉❻Ô❚ø✻⑩✱➊❙➋✱⑥➶❺❩➉ Ø ➒✑→ÛÕ Ú ⑧❅⑨P⑩✱ø ➃ ⑥❯➉❫⑥
⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱❿✑⑥➯⑥↕Ö❯❺✣⑧❅⑥❯⑨➏❿✵⑩✱⑦✫➉❫⑥✷❿❭Ô ➂✵➃ ⑩❱➊❙➳✔❺❙⑦✫❿✵⑩✱⑦✫⑦P❽✑❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺❩⑦➏❿✑⑥❯⑦✇❿✑❺❙➁✐⑧❅❺❩⑦❙➀

ha

➀✚❹✵⑩✱⑨P⑩✉➉❮Ô❨➁❭Ô❚➉❻Ô❚ø✻⑩✱⑨❵⑥➯➾✾➾ ↔✡➧❍➨✡→
Û ⑦✝❺❩❷❨❺❙➉❫❺❙➁✐⑧P⑥❯⑦❢❿✑⑥❻Ö❯❺✣⑧❅⑥❯⑨

ha

❿✎❺ ➂ ➁✎❺❙➉➺⑩❘➉❫⑥✷❿✒Ô ➂✵➃ ⑩✱➊✻➋✱⑥➌❼❾❽✎❺✇❿✎❺✖Ö✱❺❤⑦P❺❩⑨❼Ô❨➁✐⑧P⑨P⑥✔❿✎❽✎ø▼Ô❚❿✵⑩➌❺❙➉ ➃ ⑩❱❿✵⑩↕❹➎⑥❯➁✐⑧❅⑥↕❿✒Ô❨⑦❣➄
➃ ⑨❃❺❩⑧P⑥ ➃ ⑥❯⑨P⑨❃❺❙⑦❃❹❻⑥❯➁✑❿✎❺❙➁✐⑧❅❺ →r➟ ⑦P❽✎❹➎❺❙⑨ ➑ ➞ ➃ Ô❨❺ ➃ ⑥❯➉❘❹✑❷❨❺❩⑧❅⑩➶❿✎⑥❯⑦❥❿✎❺❩➁✐⑧❅❺❙⑦✫❹➎⑥✷❿✑❺r⑦P❺❙⑨✫⑥❯❶✷⑧❩Ô❨❿✎⑩↕❹❻⑥✱⑨❰Ô❨➁✐⑧❅❺❩⑨P❹➎⑥❯❷➝⑩✱➊❙➋✱⑥➶❿✵⑩❱⑦
➉❫⑥✷❿❭Ô ➂✵➃ ⑩❱➊❙➳✔❺❙⑦ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✵⑩✱⑦✫➁✎⑥❯⑦❞❹❻⑥❯➁✐⑧P⑥❯⑦❞❿❭Ô❚⑦ ➃ ⑨P❺❩⑧P⑥❯⑦❤⑩✗⑧❅⑨❅⑩✳Ö✱➈❙⑦❤❿✎❺❘❽✎➉❘⑩ ➑ ❽✎➁✎➊❙➋✱⑥❦➉❘⑩❱⑧❅❺❩➉↕➐✗⑧❩Ô ➃ ⑩❇⑩✱❹✎⑨P⑥✱❹✎⑨❝Ô❨⑩✱❿✵⑩ →
⑤❢⑥➼❺❩➁✐⑧✯⑩✱➁✐⑧❅⑥✑➀rÔ❨⑦❣⑧❅⑥➶❹➎⑥✷❿✑❺❤⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱⑨➜❺❩➉➺❽✑➉↕⑩↕⑦❃❽✎❹➎❺❙⑨ ➑ ➞ ➃ Ô❚❺❞➁✵➋✱⑥ ➑ ⑩ ➃ ⑧❅➞ÛÖ❯❺❩❷➆⑧❅❺ ➃ ➁❭Ô ➃ ⑩✱➉❫❺❙➁✐⑧P❺❤⑥❯❽◆➉❫❺❙⑦P➉❫⑥➶❺ ➃ ⑥❯➁✎⑥✗➄
➉❮Ô ➃ ⑩❱➉❘❺❩➁❾⑧P❺✫➁✎⑥❯⑦➜⑩❱➉❤❶❭Ô❨❺❩➁✐⑧❅❺❙⑦✝⑩❱⑧❅❽✎⑩✔Ô❨⑦❍❿✎❺ ➑ ⑩✱❶✎⑨❝Ô ➃ ⑩✱➊❙➋✱⑥❫❿✎❺❞❺❩➁✎➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➁✎⑦ → ➾➆⑥❯⑨❣⑧✯⑩✱➁✐⑧P⑥✎➀❻❿✑❺✖Ö❯❺❩➉➺⑦❃❺❙⑨ÝÔ❨➉❫❹❻⑥❯⑦❣⑧✯⑩✱⑦
⑨P❺❩⑦❃⑧P⑨❝Ô❨➊❩➳✷❺❩⑦✇❹✎⑩✱⑨❅⑩✉⑩✱⑦➏➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦➏❼❾❽✎❺ÞÖ✾Ô➝⑩✱❶✒Ô❨❷×Ô❚ø❙❺❩➉û⑩ ➑ ⑩✱❶✎⑨❝Ô ➃ ⑩✱➊❙➋✱⑥❇❿✵⑩✱⑦➏❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➇❯❺❙➁✑⑦❞➁✵⑩ ➃ ⑥❯➁✎❿✒Ô❨➊✻➋❱⑥➯⑥✱⑧❝Ô❲➄
➉❮Ô❨ø✻⑩❱❿✵⑩ →ä➷ ⑥❯➁✎⑦❝Ô❚❿✎❺❙⑨P⑩✗➄➅⑦❃❺➯❼❾❽✎❺✉❺❙⑦❣⑧❅❺➯➈✉❽✑➉ ❹❻⑥❯➁✐⑧P⑥ ➑ ❽✎➁✎❿✎⑩✱➉❘❺❩➁✐⑧✯⑩✱❷✳❹✵⑩❱⑨❅⑩◗⑩◗❽✑⑧❝Ô❨❷➃Ô❨ø✻⑩❱➊✻➋✱⑥◆❿✎⑥②❹✎⑨P⑥ ➃ ❺❩❿❭Ô❨➉❫❺❙➁✐⑧P⑥
❹✎⑨❃⑥❯❹❻⑥✱⑦❃⑧❅⑥➌➁✎❺❩⑦❃⑧P❺➏⑧P⑨❅⑩✱❶✵⑩❱❷❨❸✎⑥ ➃ ⑥❯➉❘⑥➌❽✎➉❘⑩ ➑ ❺❙⑨❃⑨❅⑩✱➉❫❺❙➁✐⑧❅⑩❫❿✎❺✫❹✎⑨❃⑥✗➽❃❺❩⑧P⑥➌❿✎❺✫❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➇❯❺❙➁✎⑦ →

⑤❢❺❩⑦❃⑧❅❺ ➃ ⑥❯➁✐⑧❅❺✣➍✔⑧P⑥✎➀✝❽✎➉ ❹✎⑨P⑥ ➃ ❺❩❿❭Ô❨➉❫❺❙➁✐⑧P⑥➘❶✵⑩✱⑦P❺❙⑩✱❿✎⑥Ü➁✎⑥ ➃ ⑨✪Ô❚⑧P➈❙⑨❝Ô❚⑥▲❿✎❺◆à✱⑧❝Ô❨➉❫⑥ ➑ ⑥❳Ô❢❿✎❺❙⑦❃❺❙➁✞Ö❯⑥✱❷➃Ö✾Ô❨❿✎⑥➥❹✵⑩✱⑨P⑩➘⑩
⑦P⑥✱❷❨❽✎➊❙➋✱⑥❦❿✎⑥◆❹✎⑨❃⑥❯❶✎❷❚❺❙➉❘⑩♦❿✵⑩♦❺❩❼✔❽✎⑩✱➊✻➋✱⑥ Ø ➒✑→➃Õ Ú ⑩❱⑧P❺❙➁✎❿✎❺❩➁✎❿✎⑥◗⑩✱⑦ ➃ ⑩✱⑨❅⑩ ➃ ⑧❅❺❩⑨P➞❚⑦❃⑧❩Ô ➃ ⑩✱⑦✇❿✎⑥◆❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩ →❦➟ ❿✎⑥✱⑧P⑥❯❽✷➄➅⑦❃❺
❽✎➉❘⑩➶⑩✱❶➎⑥❯⑨P❿✎⑩✱➇❯❺❙➉Þ❹➎❺❙❷❚⑥ ➃ ⑨✪Ô❚⑧P➈❙⑨❝Ô❚⑥↕❿✎❺❞à✱⑧❩Ô❚➉❘⑥❻Ô❨➁✐⑧❅❽❭Ô❲⑧❩ÔÛÖ❯⑥❫❶✵⑩✱⑦P❺❙⑩✱❿✎⑥➼➁✎⑥ ➃ ⑥❯➁✎❸✎❺ ➃ Ô❚➉❘❺❩➁❾⑧P⑥➶❿✎⑥ ➃ ⑥❯➉❘❹➎⑥❯⑨❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥
➑ ➞❨⑦✪Ô ➃ ⑥r❿✎⑥❘❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩➼ö ➡❯➒ ➀ ➒✒Õ✣÷➣→

✃ ➉ ⑩✱❷❚➇❯⑥❯⑨✪Ô❚⑧❅➉❫⑥➜❿✎❺❵⑥✱⑧❝Ô❨➉❮Ô❨ø✻⑩❱➊✻➋✱⑥➜❿✑❺ ➑ ⑥❯⑨❃➉↕⑩ ➃ ⑥❯➉ ➃ ⑥❯➁✐⑧❅⑩❱⑧❅⑥➏❶✵⑩✱⑦❃❺✻⑩✱❿✎⑥✇➁✎⑥ ➃ ⑨❝Ô❲⑧❅➈❩⑨❝Ô❨⑥✫❿✎❺❵à✱⑧❝Ô❨➉❫⑥❥❹✎⑨P❺ ➃ Ô❨⑦P⑩✇❿✎⑥✱⑦
⑦P❺❩➇❯❽❭Ô❚➁❾⑧P❺❙⑦ ➃ ⑥❯➉❫❹➎⑥❯➁✎❺❙➁✐⑧P❺❙⑦➏ö ➒❦Õ❩÷ ➹

•
➃ ⑨❝Ô❲⑧❅➈❙⑨✪Ô❨⑥r❿✎❺✫à✱⑧❝Ô❨➉❫⑥❤❼❾❽✎❺➏❿✎❺❙⑦ ➃ ⑨P❺✘Ö❱⑩❘⑥➌à✱⑧❩Ô❚➉❘⑥❞❺✇⑩❱⑦❵❹✑⑨P⑥❯❹✎⑨✪Ô❨❺❩❿✵⑩✱❿✎❺❩⑦❵❿✎⑩✱⑦✸Ö✱⑩❱⑨❝Ô➝➐✳Ö✱❺▼Ô❨⑦❍⑩❱⑦P⑦P⑥ ➃ Ô❨⑩✱❿✵⑩✱⑦ ❷

•
❽✑➉↕⑩❞⑨❃❺❙➇❯⑨P⑩❤❿✎❺❥⑨P❺❩❹✎⑨P⑥✜➽❃❺❩⑧❅⑥➌❼❾❽✎❺✫⑩✱❷❲⑧❅❺❩⑨P❺✝⑥✍Ö✱❺❩⑧P⑥❯⑨✳❿✵⑩✱⑦❈Ö❱⑩✱⑨✪Ô➝➐✳Ö❯❺✖Ô❨⑦♥❿✎❺✝❹✎⑨P⑥✗➽❃❺✣⑧❅⑥r⑧✯⑩❱❷Ò❼❾❽✎❺✫⑩ ➃ ⑥✱➁❜Ö✱❺❙⑨❃➇❯➦❙➁ ➃ Ô➝⑩

Õ❳Õ ➛



⑦❃❺✩➽P⑩❫⑩❱⑧❩Ô❚➁✎➇❳Ô❨❿✎⑩❞❿✎❺❙➁✐⑧P⑨P⑥↕❿✑❺➏❽✑➉á➁❾â✎➉❘❺❩⑨P⑥ ➂ ➁❭Ô❲⑧❅⑥➌❿✎❺✹Ô❚⑧P❺❙⑨P⑩✱➊❙➳✔❺❙⑦ ❷

•
❽✑➉ ➃ ⑨✪Ô❚⑧❅➈❩⑨❝Ô❚⑥r❿✎❺ ➃ ⑥❯➁✞Ö❯❺❩⑨P➇❯➦❩➁ ➃ Ô❨⑩❘⑥❯❽❇❿✎❺✫❹✵⑩❱⑨❅⑩✱❿✵⑩r❹✵⑩❱⑨❅⑩r⑧❅❺❙⑨❃➉❻Ô❚➁✵⑩✱⑨❳⑥❘❹✎⑨❃⑥ ➃ ❺❙❿❭Ô❚➉❘❺❩➁✐⑧❅⑥➌❿✎❺✫⑥✱⑧❩Ô❚➉❻Ô❚ø✻⑩✱➊❙➋✱⑥ →

ÛÜ➃ ⑨❝Ô❚⑧P➈❙⑨✪Ô❨⑥✳❼❾❽✎❺✕❿✎❺❙⑦ ➃ ⑨❃❺✖Ö❯❺✾⑥❍❺❙⑦❣⑧✯⑩✱❿✎⑥❍❿✎❺✕à✱⑧❝Ô❨➉❫⑥♥❿✎⑥❍❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩❳➈✡❼✔❽✑❺✾⑥✱⑦☛❿✎❺❙⑦❃Ö❦Ô❚⑥❯⑦✚❿✎⑥❍❺❙⑨❃⑨P⑥❍❿✎❺➸⑧❅⑨P⑩✱➁✎⑦❃➉❻Ô❚⑦P⑦❅➋❱⑥
❺❙➉ç⑨P❺❩❷➝⑩✱➊❙➋✱⑥➜⑩❱⑥➜❺❙⑨❃⑨P⑥➜❿✎❺❳⑧❅⑨❅⑩❱➁✎⑦P➉❮Ô❨⑦❃⑦❅➋✱⑥➜➉❫➈❙❿✒Ô❨⑥✝⑦❃❺✩➽P⑩✱➉➵➁❾❽✎❷❚⑥❯⑦❍Ø❹Ö✱❺❙⑨➸❺❩❼❾❽✵⑩✱➊✻➋❱⑥❫Ø ➒✑→ÛÕ ÚPÚ →➸Û ❺❩⑨P⑨P⑥✝❿✎❺✧⑧❅⑨P⑩✱➁✎⑦❃➉❻Ô❚⑦P⑦❅➋❱⑥
❿✎❺✘Ö❯❺➜⑦❃❺❙⑨ ➃ ⑥❯➁✎⑦❣⑧✯⑩✱➁✐⑧P❺➜⑩✱⑥✇❷❨⑥❯➁✎➇✱⑥➏❿✑⑥ ➃ Ô ➃ ❷❚⑥➏❿✑❺✝❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥✇⑨P❺❙❿✑❽✎ø▼Ô❚➁✎❿✎⑥❤⑩❱⑦P⑦❝Ô❚➉✟⑥❞⑨❃❺❙⑦❃❹❻❺ ➃ ⑧❩ÔÛÖ❯⑥❤❹✒Ô ➃ ⑥✗➄✩⑩✗➄✭❹❭Ô ➃ ⑥ →

➟ ⑨❃❺❙➇❯⑨P⑩➘❿✎❺②⑨❃❺❙❹✎⑨❃⑥✗➽❃❺❩⑧P⑥ ❹✎⑩✱⑨❅⑩Ü⑩✱❷❲⑧❅❺❙⑨P⑩✱⑨➼⑥②Ö✱⑩❱❷❨⑥❯⑨➶❿✑⑥❯⑦♦⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❘❺❩➁✐⑧❅⑥❯⑦❇⑩✱❿✒Ô ➃ Ô❚⑥❯➁✵⑩✔Ô❚⑦❙➀❪Ö❯❺✣⑧❅⑥❯⑨
ha

➀➜❼❾❽✎❺◗➈
⑥❯❶✑⑧❝Ô❨❿✎⑥➜⑩❱⑧❅⑨P⑩✶Ö✱➈❙⑦✡❿✵⑩❱⑦✡➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦➆➁✵⑩❱⑦✡⑦P❽✎❹➎❺❙⑨ ➑ ➞ ➃ Ô❚❺❙⑦➆❿✎⑥❯⑦✡❿✎❺❩➁❾⑧P❺❙⑦❩➀✔➈✧❿✵⑩✱❿✵⑩➜❹➎⑥❯⑨✌❽✑➉↕⑩➜⑩❱❶❻⑥❯⑨❃❿✵⑩✱➇❯❺❩➉➍Ô❚➁✐⑧❅❽❭Ô❲⑧❩Ô➃Ö❱⑩
➂ ⑦✪Ô ➃ ⑩❱➉❘❺❩➁❾⑧P❺➏⑩❱⑧❅⑨P⑩✶Ö✱➈❙⑦❵❿✵⑩✱⑦❍⑦P❺❩➇❯❽❭Ô❚➁❾⑧P❺❙⑦ ➃ ⑥✱➁✎⑦❝Ô❚❿✎❺❙⑨P⑩✱➊❙➳✔❺❙⑦❩➹

Õ❯→ ⑥◆❺❩⑨P⑨P⑥◆❿✑❺↕⑧❅⑨P⑩✱➁✎⑦P➉❮Ô❨⑦❃⑦❅➋✱⑥♦❺❙➉ÿ❽✑➉↕⑩♦❿✎⑩✱❿✵⑩❦❹➎⑥❯⑦❝Ô❚➊✻➋✱⑥➯❹❻⑥✔❿✎❺➶⑦❃❺❙⑨➌⑩✱❽✎➉❫❺❙➁✐⑧❅⑩✱❿✎⑥✎➀✕⑩❱⑧P⑨❅⑩✳Ö❯➈❩⑦r❿✎⑥❧⑩✱❽✎➉❫❺❙➁✐⑧P⑥
❿✵⑩❇❿✎❺✘✕✵❺✣➍✑➋✱⑥❇⑧❅⑥✱⑧❅⑩✱❷➸❿✵⑩➼⑨❃❺❙➇❳Ô❨➋✱⑥➼❿✎❺ ➃ ⑥❯➁✐⑧❅⑩❱⑧❅⑥ →rù ⑦❣⑧❅⑥✉❹❻⑥✔❿✎❺➌⑦P❺❩⑨✫⑥❯❶✑⑧❩Ô❚❿✎⑥❇⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➁✑❿✎⑥❱➄➅⑦❃❺r⑥❯⑦✫❹❻⑥✱➁❾⑧P⑥❯⑦✫❺❙➉
➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥❥❼✔❽✑❺✳⑩✱❹✎⑨❃❺❙⑦P❺❩➁✐⑧✯⑩✱➉➪❶✵⑩✔Ô❲➍✑⑩❵⑨P❺❙⑦❃❹❻⑥✱⑦❃⑧✯⑩➜❺❩➉ç⑧P❺❙⑨❃➉❘⑥❯⑦➆❿✎❺♥❿✎❺✘✕✵❺✣➍✑➋✱⑥✹✌ ➃ ⑩✱⑨P➇❯⑩➜⑩✱❹✎❷➃Ô ➃ ⑩❱❿✵⑩ →➆Û ➃ ⑨❝Ô❲⑧❅➈❩⑨❝Ô❨⑥
❹✵⑩❱⑨❅⑩➼⑥✉⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥➼❿✎❺ ➃ ⑩✱❿✵⑩➼❹❻⑥✱➁❾⑧P⑥❇❿❭Ô❨⑦ ➃ ⑨P❺✣⑧❅⑥✉❹❻⑥✔❿✎❺r⑦❃❺❙⑨✫❺❙⑦❣⑧✯⑩✱❶➎❺❙❷❚❺ ➃ Ô❚❿✎⑥❇⑩➼❹✵⑩✱⑨❣⑧❩Ô❨⑨✝❿✵⑩➯⑩❱➁✵➐✱❷×Ô❚⑦P❺✇❿✵⑩
➉❘⑩❱⑧❅⑨✪Ô❨ø➜❿✑❺✹✕✎❺✣➍❦Ô❨❶❭Ô❚❷×Ô❚❿✵⑩✱❿✎❺

A
Ø❹Ö✱❺❙⑨❍❺❙❼❾❽✵⑩❱➊✻➋✱⑥♦Ø ➒✑→ÛÕ Ú❃Ú✘❷

Ù✷→ ⑥➼❺❩⑨P⑨P⑥➼❿✑❺❞⑧❅⑨P⑩✱➁✎⑦P➉❮Ô❨⑦❃⑦❅➋✱⑥➼❺❩➉➺❽✑➉↕⑩↕❿✎⑩✱❿✵⑩➶❹➎⑥❯⑦❝Ô❚➊✻➋✱⑥➶❹➎⑥✔❿✎❺❤⑦P❺❩⑨❥⑨P❺❩❿✎❽✎ø▼Ô❚❿✎⑥✎➀☛⑩✗⑧❅⑨❅⑩✳Ö✱➈❙⑦❥❿✵⑩➼⑩✱❹✑⑨P⑥✻➍❦Ô❨➉❘⑩✱➊✻➋✱⑥
❿✎⑥✱⑦➜❹❻⑥✱➁❾⑧P⑥❯⑦➜❺❩➉ ➃ ⑥✱➁❾⑧❅⑩❱⑧❅⑥↕❺❤❿✎⑥❯⑦➜❹➎⑥❯➁✐⑧❅⑥✱⑦ ➃ ⑩✱➁✑❿❭Ô❨❿✵⑩✗⑧❅⑥❯⑦❥⑩❱⑥ ➃ ⑥❯➁✐⑧❅⑩❱⑧❅⑥ →❥ù ⑦❣⑧❅⑥➼⑨❃❺❙⑦P❽✑❷❚⑧✯⑩❘➁✎⑥❇⑩✱❽✎➉❫❺❙➁✐⑧❅⑥↕❿✵⑩
⑨❃❺❙➇❳Ô❨➋✱⑥♦❿✎❺ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥ →❧Û➫➃ ⑨✪Ô❚⑧❅➈❩⑨❝Ô❚⑥♦❹✵⑩✱⑨P⑩❦⑩❦⑩✱❷❲⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥❦❿✎⑥◆⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❘❺❩➁✐⑧❅⑥❦❺❩➉ ➃ ⑩✱❿✵⑩❦❹➎⑥❯➁✐⑧❅⑥❦❿❭Ô❚⑦ ➃ ⑨P❺❩⑧P⑥
⑧❅⑩✱➉❤❶➎➈❙➉✟❹➎⑥✷❿✑❺❵⑦❃❺❙⑨✾❺❙⑦❣⑧✯⑩✱❶➎❺❙❷❚❺ ➃ Ô❚❿✎⑥ ➃ ⑥❯➉ý❶✵⑩❱⑦P❺❵➁✵⑩✇⑩❱➁✵➐✱❷×Ô❚⑦P❺✳❿✵⑩✫➉❘⑩❱⑧❅⑨✪Ô❨ø✳❿✎❺✸✕✵❺➚➍✒Ô❚❶❭Ô❨❷➃Ô❨❿✵⑩❱❿✎❺✱➀❯➁✎⑩✇❼❾❽✵⑩✱❷✵⑦P➋✱⑥
❹✎⑨✪Ô❨⑥❯⑨✪Ô❨ø❙⑩✱❿✎⑥❯⑦♥⑥✱⑦❵❹➎⑥❯➁✐⑧❅⑥✱⑦❵❼❾❽✎❺➏⑩✱❹✑⑨P❺❙⑦❃❺❙➁✐⑧✯⑩❱➉➫➉↕⑩✔Ô❚⑥❯⑨♥⑨✪Ô❨➇❳Ô❚❿✎❺❙ø➜❺❩⑦P❹➎❺ ➃ ➞ ➂✵➃ ⑩ ❷

Ø → ❿✎❺✘Ö❯❺➚➄➅⑦P❺❥⑨❃❺❙⑦❃❹❻❺✖Ô❚⑧✯⑩❱⑨♥⑩✱⑦♥⑨❃❺❙⑦❣⑧❅⑨❝Ô❚➊❙➳✔❺❙⑦ ➑ ➞❨⑦❝Ô ➃ ⑩✱⑦❩➹✌⑥r⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❘❺❩➁✐⑧❅⑥✍Ô❚➁❭Ô ➃ Ô➝⑩✱❷✑⑧P⑥✱⑧✯⑩❱❷❻❺❩➁❾⑧P⑨P❺❥⑩❱⑦♥⑦P❽✎❹➎❺❙⑨ ➑ ➞ ➃ Ô❨❺❙⑦❳❿✎❺✖Ö✱❺
⑦❃❺❙⑨✕➉↕⑩❛Ô❨⑥❯⑨✹⑥❯❽ÞÔ❨➇❯❽✎⑩✱❷✑⑩❥ø❩❺❙⑨P⑥❘ØßÖ❯❺❙⑨✡⑨❃❺❙⑦❣⑧❅⑨❝Ô❚➊✻➋✱⑥

g4 (hai)
❿✑⑥➏❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩rØ ➒✷→➃Õ Ú❃Ú ➀❯❺✳⑥➏⑩ ➑ ⑩❱⑦❃⑧✯⑩❱➉❘❺❩➁❾⑧P⑥❰Ô❨➁❭Ô ➃ Ô❨⑩✱❷

❺❩➁❾⑧P⑨P❺➏❽✎➉á❹✵⑩❱⑨✳❿✎❺✫❹❻⑥❯➁✐⑧P⑥❯⑦❍❺❙➉ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥✎➀✵⑥❯❽ ➃ ⑩✱➁✑❿❭Ô❨❿✵⑩✗⑧❅⑥❯⑦❍⑩✱⑥ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥✎➀✵❿✎❺✖Ö✱❺✇⑦❃❺❙⑨❍â✎➁❭Ô ➃ ⑥ ❷
➡✎→ ⑥❯⑦➜⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥❯⑦➜⑩✱❿❭Ô ➃ Ô❨⑥❯➁✎⑩✔Ô❨⑦❩➀

ha

➀ ⑦P➋✱⑥➼⑥❯❶✑⑧❝Ô❨❿✎⑥✱⑦➜⑩❱⑧P⑨❅⑩✳Ö❯➈❩⑦❥❿✵⑩➼⑩✱❷❚⑧P❺❙⑨P⑩✱➊✻➋✱⑥↕❿✎⑥❯⑦➜❹✵⑩❱⑨❩❶✱➉❫❺❩⑧P⑨P⑥❯⑦❢➇❯❺❙⑥❯➉❫➈✣➄
⑧P⑨❝Ô ➃ ⑥❯⑦✾❿✎❺ ➑ ⑥✱⑨P➉❘⑩✫❿✑⑥❞❹✎⑨❃⑥✗➽❃❺❩⑧P⑥ →✡↔ ❿✎❺✖Ö✱❺❙➉ ⑦P❺❩⑨✧❹✎⑨❃⑥❯❹➎⑥❯⑨ ➃ Ô❨⑥❯➁✵⑩❛Ô❨⑦✕⑩✱⑥❯⑦✾❿✎❺❩⑦✪Ö✾Ô❨⑥❯⑦✾❿✎⑥✇❺❙⑨P⑨❃⑥❞❿✎❺❍⑧❅⑨P⑩✱➁✎⑦❃➉❻Ô❚⑦P⑦❅➋❱⑥
❺❩➉á⑨P❺❩❷➝⑩✱➊❙➋✱⑥❫⑩✱⑥✵Ö✱⑩❱❷❨⑥❯⑨♥➉❫➈❙❿✒Ô❨⑥r❿✎⑥❫❺❙⑨❃⑨P⑥➌❿✎❺❥⑧❅⑨P⑩✱➁✎⑦P➉❮Ô❨⑦❃⑦❅➋✱⑥❫⑩✱⑥➌❷❚⑥❯➁✎➇❯⑥r❿✎⑥ ➃ Ô ➃ ❷❚⑥r❿✎❺➏❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➉❘❺❩➁❾⑧P⑥ ❷

➓ → ⑥❯⑦❳⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧P⑥❯⑦❳➁✑❺ ➃ ❺❩⑦P⑦P➐✱⑨❝Ô❚⑥❯⑦❙➀
ha

➀✷❹➎⑥✷❿✑❺❙➉ý⑦P❺❩⑨✧⑩❱❹✎⑨P⑥✻➍❦Ô❨➉❘⑩✱❿✎⑥❯⑦✕❹➎⑥❯⑨ ➑ ❽✎➁✎➊❩➳✷❺❩⑦❳❿✎❺❢➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱➊❩➳✷❺❩⑦✡❼❾❽✎❺
➑ ⑩ ➃ Ô❨❷➃Ô❚⑧❅❺❩➉➯➀✔⑥❯❽➵Ö✾Ô➝⑩✱❶✒Ô❨❷×Ô❚ø❙❺❩➉➯➀✔⑩ ➑ ⑩✱❶✎⑨❝Ô ➃ ⑩✱➊❙➋✱⑥r❿✵⑩✱⑦❍⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺❩⑦✳⑥✱⑧❩Ô❚➉❻Ô❚ø✻⑩✱❿✎⑩✱⑦ →

Õ✦Ù s



➟ ⑦❫⑩✱❷❲⑧❅❺❙⑨P⑩✱➊❙➳✔❺❙⑦❞❿✎⑥❯⑦❫⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦❤❺❙➁✐⑧❅⑨❃❺✉⑩✱⑦➌⑦P❽✎❹➎❺❙⑨ ➑ ➞ ➃ Ô❚❺❙⑦r❿✎⑥✱⑦r❿✎❺❙➁✐⑧❅❺❩⑦❘⑨❃❺❙⑦❃❽✎❷❚⑧❅⑩✱➉ÿ❺❩➉➩⑩✱❷❲⑧❅❺❙⑨P⑩✱➊✻➋❱⑥◆❿✵⑩
❿❭Ô❚⑦❃⑧❅⑨✪Ô❨❶✎❽✒Ô❨➊✻➋❱⑥❦❿✎❺ ➃ ⑩❱⑨P➇✐⑩◆❺❙➁✐⑧P⑨P❺❇⑥❯⑦r❹➎⑥❯➁✐⑧❅⑥❯⑦r❿❭Ô❚⑦ ➃ ⑨P❺❩⑧P⑥❯⑦ →➘ù ⑦❣⑧❅⑥❧❹➎⑥✷❿✎❺➵Ô❚➉❘❹✑❷×Ô ➃ ⑩✱⑨➏➁✎⑥◗⑩✱❽✎➉❫❺❙➁✐⑧❅⑥◆❿✵⑩❱⑦➌⑧P❺❙➁✎⑦❃➳✷❺❩⑦
⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱➁✐⑧P❺❙⑦❙➀✷❹✎⑨❝Ô❚➁ ➃ Ô❚❹✵⑩✱❷❚➉❘❺❩➁❾⑧P❺❍➁✵⑩✱⑦✕⑧❅❺❙➁✑⑦P➳✔❺❙⑦♥❿✎❺ ➃ ⑥❯➉❫❹✎⑨❃❺❙⑦P⑦P➋✱⑥❤❺❩➁❾⑧P⑨P❺❢⑥❯⑦✧❿✎❺❩➁✐⑧❅❺❙⑦❩➀✑❼❾❽✎❺➜❹➎⑥✔❿✎❺❢⑨❃❺❙❿✎❽✑ø▼Ô❨⑨❳⑩✐Ö✾Ô❚❿✵⑩
❿✎⑥➌❹✵⑩✱⑨❍❿✎❺✫❺❩➁✎➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➁✎⑦ →

Û ❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩▲❿✑❺②⑥✱⑧❝Ô❨➉❮Ô❨ø❙⑩✱➊✻➋✱⑥Ù❿✵⑩✱⑦❇⑦P❽✎❹➎❺❙⑨ ➑ ➞ ➃ Ô❨❺❙⑦❇❿✎⑥✱⑦✉❿✑❺❙➁✐⑧❅❺❩⑦➯⑧❅⑨P⑩❱⑧✯⑩❱❿✎⑥Ü➁✎❺❙⑦❣⑧❅❺❧⑧❅⑨❅⑩❱❶✵⑩✱❷❨❸✑⑥▲⑧❅❺❙➉ ➃ ⑥❯➉❫⑥
⑥❯❶✔➽❃❺✣⑧❩ÔÛÖ❯⑥❇⑩➶➉❮Ô❨➁❭Ô❚➉❻Ô❚ø✻⑩✱➊❙➋✱⑥r❿✎⑥àÖ❱⑩✱❷❨⑥✱⑨✝❿✎❺❤❹✒Ô ➃ ⑥✗➄✩⑩✗➄✭❹❭Ô ➃ ⑥↕❿✎⑥➶❺❩⑨P⑨❃⑥➼❿✎❺❤⑧❅⑨P⑩✱➁✎⑦P➉❮Ô❨⑦❃⑦❅➋✱⑥❻Ö❦Ô❚⑦❅⑩✱➁✑❿✎⑥➼⑩ ➃ ⑥✱➁✎⑦P❺❩❼✾➉✑❺❙➁✐⑧❅❺
⑨P❺❩❿✎❽✎➊❙➋✱⑥ ❿✑⑥➥⑨❃❽✎➞❨❿✑⑥➥➇✱❺❙⑨❅⑩❱❿✎⑥Ü❹❻❺❩❷❨⑥➘❹✵⑩✱⑨➼❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱❿✑⑥ →➠ã ❺❙⑦❣⑧✯⑩ ➑ ⑥❯⑨P➉❘⑩✑➀❵⑩Ü⑧P❺❙➁✎⑦P➋✱⑥ ➃ ⑥❯➉❫❹✎⑨❃❺❙⑦P⑦✪Ô➃Ö❱⑩➘➉↕➐✜➍✒Ô❚➉↕⑩
⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱➁✐⑧P❺❵❺❩➉ ➃ ⑩❱❿✵⑩✐Ô❲⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥❥❿✎⑥➏❹✎⑨P⑥ ➃ ❺❩⑦P⑦P⑥✇❿✎❺❍⑥✱⑧❩Ô❚➉❻Ô❚ø✻⑩✱➊❙➋✱⑥✝➈❍➉❫⑥❯➁❭Ô❲⑧❅⑥❯⑨P⑩✱❿✵⑩✑➀❯➉❘⑩✱⑦✡➁✵➋❱⑥➏⑨❃❺❙⑦❣⑧❅⑨❝Ô❚➁✎➇❯❺❵⑩❥❶✎❽✎⑦ ➃ ⑩
❿✵⑩r⑦P⑥✱❷❨❽✎➊❙➋✱⑥ →

➾➆⑥✔❿✎❺❙⑨✩➄➅⑦❃❺✣➄➀Ô❨⑩✇⑩❱❿❭Ô ➃ Ô❨⑥❯➁✵⑩❱⑨➸❽✎➉❘⑩➏⑨❃❺❙⑦❃⑧P⑨❝Ô❚➊✻➋✱⑥➏❹✵⑩✱⑨P⑩➏⑥✹Ö❱⑩✱❷❨⑥❯⑨✡➉❘➐✗➍❦Ô❨➉❫⑥❥❿✵⑩❥⑧❅❺❩➁✎⑦❅➋✱⑥ → ⑤❢⑥➏❺❙➁✐⑧✯⑩✱➁✐⑧P⑥✎➀✷❺❩➁✐⑧❅❺❙➁✑❿✎❺✣➄✭⑦P❺
❼❾❽✎❺✝Ô❚⑦❃⑧❅⑥❞❹❻❺❩➁✵⑩✱❷×Ô❚ø✻⑩✱⑨✪Ô➝⑩✫⑥❤⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱❿✑⑥❤❿✎⑥❤❹✎⑨❃⑥❯❶✎❷❚❺❙➉❘⑩✇❺❙➉ ⑧❅❺❩⑨P➉❫⑥❯⑦✧❿✎⑩❞⑦P⑥❯❷❚❽✎➊✻➋❱⑥❤à✱⑧❩Ô❚➉↕⑩✫❹✵⑩✱⑨P⑩❞⑥❤❺❩⑨P⑨P⑥❞❿✎❺✝⑧❅⑨P⑩✱➁✎⑦✩➄
➉❮Ô❨⑦P⑦P➋✱⑥ →➆➟ ❷❨➈❩➉✓❿❭Ô❚⑦❃⑧P⑥✎➀✔⑩➏⑩❱➁✵➐✱❷×Ô❚⑦P❺✳❿✎❺✸Ö✾Ô❨❿✎⑩✫⑥✱❽❘⑨❃❺❙⑦❝Ô❚⑦❃⑧P➦❙➁ ➃ Ô➝⑩✫❿✎❺❍❽✎➉✟❹✵⑩✱⑨✕❿✎❺❍❺❩➁✎➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➁✎⑦✾➈❵➉❘⑩✔Ô❚⑦ ➃ ⑥❯➉❫❹✎❷❨❺➚➍✑⑩
❿✎⑥✇❼✔❽✑❺➜⑩❞⑩❱➁✵➐✱❷×Ô❚⑦P❺✳⑦✪Ô❨➉❫❹✎❷❨❺❩⑦✾❿✑⑥➮Ö❱⑩✱❷❨⑥✱⑨✾❿✎⑩➏⑧❅❺❩➁✎⑦❅➋❱⑥❞❿✎❺ ➃ ⑥❯➉❫❹✎⑨P❺❩⑦P⑦P➋✱⑥ →✕Û ❽✑⑧P⑨P⑥❯⑦✾❹✵⑩✱⑨❝❶✱➉❘❺✣⑧❅⑨❃⑥❯⑦❳❺ ➑ ⑩❱⑧P⑥❯⑨P❺❩⑦❳❿✎❺✘Ö❯❺❩➉
⑦P❺❩⑨✫❷❨❺✖Ö❱⑩✱❿✑⑥❯⑦➜❺❙➉ ➃ ⑥❯➁✐⑧✯⑩✷➀ ⑧✯⑩✔Ô❚⑦ ➃ ⑥❯➉❫⑥✎➀☛⑩➼⑨❃❺❙❷➝⑩❱➊✻➋✱⑥➼❹✎⑨❃❺❙⑦❃⑦❅➋✱⑥❇❺✍Ö❯❺❩❷❨⑥ ➃ Ô❚❿✵⑩✱❿✎❺r❿✎❺r❿✑❺❙⑦P❷➃Ô❨ø❙⑩✱➉❘❺❩➁✐⑧❅⑥✎➀☛⑩ ➃ ⑩✱❶✵⑩❱➉❘❺❩➁❾⑧P⑥
⑦P❽✑❹❻❺❩⑨ ➂✵➃ Ô➝⑩✱❷➮➀✎❺❙⑦❃❹❻❺❩⑦P⑦P❽✑⑨❅⑩❘❿✑⑥ ➂ ❷❚➉❘❺✝❿✎❺✫à❯❷❨❺❩⑥✎➀✎❹✎⑨❃⑥❯❹✎⑨❝Ô❚❺❙❿✵⑩❱❿✎❺❙⑦❍❿✎⑥➌❷❨❽✑❶✎⑨❝Ô ➂✵➃ ⑩✱➁✐⑧P❺✱➀✎❺❩➁❾⑧P⑨P❺➏⑥❯❽✑⑧P⑨P⑥❯⑦✫ö Ù✱➒❱÷➮→

⑤✝⑩✉❹✎⑨P⑥❯❹➎⑥❯⑦❣⑧✯⑩❇❿✎❺❙⑦❣⑧❅❺❘⑧P⑨❅⑩✱❶✎⑩✱❷❨❸✎⑥✉⑥✉❹✎⑨P⑥✗➽❃❺✣⑧❩Ô❚⑦❃⑧✯⑩✉❹❻⑥✔❿✎❺❩⑨❝Ô➝⑩❇⑩❱⑧P⑨❅⑩✳Ö❯➈❩⑦❞❿✎⑥➯➉❘➈✣⑧❅⑥✔❿✎⑥❇❹✎⑨P⑥✱❹❻⑥❯⑦❣⑧❅⑥✎➀✹⑥❯❶✑⑧P❺❙⑨ ➑ ⑩ ➃ Ô❚❷❲➄
➉❫❺❙➁✐⑧❅❺❘⑩➯⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺➌à✱⑧❝Ô❨➉❘⑩➼❿✎⑥❯⑦➏❿✎❺❙➁✐⑧❅❺❩⑦❤❹✵⑩✱⑨P⑩➯➉❮Ô❨➁❭Ô❚➉❻Ô❚ø✻⑩✱⑨❵⑥♦❺❩⑨P⑨❃⑥♦❿✎❺➌⑧❅⑨P⑩✱➁✎⑦P➉❮Ô❨⑦❃⑦❅➋✱⑥✑➀➆❺❫❺❙➁✐⑧✯➋❱⑥◆⑩✳Ö✱⑩❱❷×Ô➝⑩❱⑨❥⑩
⑨P❺❩⑦❝Ô❚⑦❃⑧❅➦❩➁ ➃ Ô❨⑩➏❿✑⑥✇❹✵⑩❱⑨✾❿✑❺❵❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱➇✱❺❙➁✎⑦❳⑥✱⑧❩Ô❚➉❻Ô❚ø✻⑩✱❿✎⑥➜⑩❱⑧❅⑨P⑩✶Ö✱➈❙⑦✾❿✎❺❵⑦P❺❙❽❘⑦P⑥ ➑ ⑧ ✖ ⑩✱⑨❃❺❢❿✎❺ ➃ ➐✱❷ ➃ ❽✎❷❨⑥ → ⑤❢❺❩⑦❃⑧✯⑩➏⑦❝Ô❲⑧❅❽✵⑩✱➊❙➋✱⑥✎➀
❺❙❷❚❺➌❹❻⑥✔❿✎❺❙⑨✪Ô➝⑩➼❿✎❺ ➃ Ô❨❿✒Ô❨⑨✫⑦P❺❘⑩✉⑦❃⑥❯❷❨❽✑➊✻➋✱⑥❇⑥✱⑧❝Ô❨➉❮Ô❨ø✻⑩❱❿✵⑩➼⑩❱⑧❅❺❩➁✎❿✎❺❱➀✌⑥❯❽◗➁✵➋✱⑥✎➀✚⑥✉⑦P❺❩❽▲⑨P❺❩❼✔❽✒Ô❨⑦❝Ô❲⑧❅⑥❇❿✎❺ÞÖ✾Ô❨❿✵⑩✑➀✹❺➌⑦P❺ ➑ ⑥❯⑨✫⑥
➃ ⑩❱⑦P⑥➌⑥❯❹✑⑧❅⑩✱⑨✳❹❻⑥✱⑨♥❽✎➉❘⑩➌⑥✱❽✑⑧❅⑨P⑩❤⑦P⑥❯❷❚❽✎➊✻➋✱⑥r❹✑⑨Pà✻➍❦Ô❨➉❘⑩❤❿✵⑩rà✱⑧❩Ô❚➉↕⑩➼Ø✄⑥❯❶✑⑧❝Ô❨❿✵⑩❤➁✵⑩❱⑦✸Ô❚⑧❅❺❩⑨❅⑩✱➊❩➳✷❺❩⑦❍⑩✱➁✐⑧❅❺❩⑦❵❿✎⑩ ➃ ⑥❯➁✞Ö❯❺❩⑨P➇❯➦❩➁✷➄
➃ Ô❨⑩ Ú ❹❻⑥✱➁✎❿✎❺❙⑨P⑩✱➁✎❿✎⑥❘⑥❯⑦ ➃ ⑥❯➉❫❹✎⑨P⑥✱➉❻Ô❚⑦P⑦P⑥✱⑦✳❿✎❺✇❿✑❺❙⑦P❺❩➉❘❹➎❺❙➁✑❸✎⑥➶❿✎⑥❘❹✵⑩✱⑨❍❺❙➁✎➇✱⑨P❺❙➁✎⑩✱❿✎⑥↕❼❾❽✵⑩❱➁❾⑧P⑥➵✌✵Ö❦Ô❚❿✵⑩➌❺❞⑩✱⑥❘⑨P❽✎➞❚❿✎⑥ →
➟ ⑦❃⑦P❽✎➉❮Ô❨❽✔➄➅⑦P❺❇❼❾❽✎❺❀Ô❨⑦❣⑧❅⑥❧➁✵➋✱⑥❧⑧❅⑨P⑩✱ø❇➁✎❺❙➁✎❸❾❽✎➉ ❿✑❺❙➉❫➈❙⑨❝Ô❲⑧❅⑥❧❹✵⑩✱⑨P⑩②⑩❧⑩✱❹✑❷×Ô ➃ ⑩✱➊✻➋❱⑥◆❿✎⑥②➉❫➈❩⑧P⑥✷❿✑⑥◗❹✑⑨P⑥❯❹➎⑥❯⑦❃⑧P⑥②➁✑❺❙⑦❃⑧P❺
⑧❅⑨P⑩✱❶✵⑩✱❷❚❸✎⑥r➁✎⑥❯⑦❍❹✎⑨❃⑥ ➃ ❺❙⑦❃⑦P⑥❯⑦❵❿✎❺✫❹✎⑨P⑥✜➽❃❺❩⑧❅⑥❫❿✎❺✫❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➁✎⑦ →

➘❘å✪á â ì ð ê î➶ð✹î ê✌é ❣➼æ è➼ê æ ó✧í ❣ ò❩ô í❍õ ð✚æ ❣ í æ➏ð ò❩ô ò✖Ó♥é✇ë❈➬ æ

ù ➁❭Ô ➃ Ô➝⑩✱❷❚➉❘❺❩➁✐⑧❅❺✫⑥↕❹✎⑨❃⑥ ➃ ❺❙❿❭Ô❚➉❘❺❩➁✐⑧❅⑥❫⑨P❺❙⑦❃⑥❯❷➃Ö✱❺❞⑥❘❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱➁✎❿✎⑥❫⑥❯⑦ÝÖ❱⑩✱❷❚⑥❯⑨P❺❩⑦❍❿✎⑥ÚÖ❯❺✣⑧❅⑥❯⑨
ha

❼❾❽✎❺❞➉❮Ô❲➄
➁❭Ô❚➉❻Ô❚ø✻⑩❞⑥❘➾✕➾ ↔✡➧❍➨ ⑦❃❺❙➉á⑨❃❺❙⑦❃⑧P⑨❝Ô❚➊❙➳✔❺❙⑦❍❼❾❽✵⑩✱➁✐⑧❅⑥❻✌✱⑦❍❷×Ô❚➉❻Ô❲⑧✯⑩✱➊❩➳✷❺❩⑦❳❿✵⑩ ➑ ⑩✱❶✎⑨✪Ô ➃ ⑩✱➊✻➋✱⑥ → ➾➆⑥❯⑦❣⑧❅❺❩⑨❝Ô❨⑥✱⑨P➉❫❺❙➁✐⑧❅❺✫⑥❯⑦✸Ö❱⑩✱❷❨⑥✱⑨P❺❙⑦

Õ✦Ù❦Õ



➁✎❺ ➃ ❺❙⑦❃⑦❅➐✱⑨✪Ô❨⑥❯⑦➏❹✵⑩✱⑨P⑩➼⑩✱⑦✫➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱➊❩➳✷❺❩⑦➜⑦❅➋❱⑥➯⑩❱❹✎⑨P⑥✻➍❦Ô❨➉❘⑩✱❿✎⑥❯⑦✝❹❻⑥❯⑨ ➑ ❽✑➁✎➊❙➳✔❺❙⑦✫❼❾❽✎❺➌➇✐⑩✱⑨P⑩✱➁✐⑧❅❺❙➉û⑩àÖ❦Ô❨⑩✱❶❭Ô❚❷×Ô❨❿✎⑩✱❿✎❺❞❿✑❺
➑ ⑩✱❶✎⑨✪Ô ➃ ⑩✱➊✻➋✱⑥◆❿✎⑩✱⑦r❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➇❯❺❙➁✑⑦❫➁✎⑩ ➃ ⑥❯➁✎❿❭Ô❚➊✻➋✱⑥◆⑥❱⑧❩Ô❨➉❮Ô❨ø❙⑩✱❿✵⑩ →◗↔ ⑦❃⑧P❺➼❹✎⑨P⑥ ➃ ❺❩❿❭Ô❨➉❫❺❙➁✐⑧P⑥◗❹➎❺❙⑨❃➉❻Ô❲⑧❅❺❘❼✔❽✑❺✉❿✒Ô ➑ ❺❙⑨❃❺❙➁✷➄
⑧❅❺❩⑦❥❺❙⑦❣⑧❅⑨❅⑩✗⑧❅➈❙➇✔Ô➝⑩✱⑦➜❼❾❽✵⑩❱➁❾⑧P⑥↕✌✱⑦ ➃ ⑩✱⑨❅⑩ ➃ ⑧❅❺❩⑨P➞❨⑦❣⑧❩Ô ➃ ⑩✱⑦➜❿✎⑩✱⑦➜➉❫⑥✷❿❭Ô ➂✵➃ ⑩❱➊❙➳✔❺❙⑦✝⑦❃❺✩➽P⑩✱➉➺⑩✱❿✎⑥❱⑧✯⑩✱❿✵⑩❱⑦❙➀ ❿✎❺❩⑦P❿✎❺r➉❫⑥✔❿❭Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦
⑦❝Ô❚➉❘❹✑❷❨❺❙⑦✳❺✫❿✎❺ ➑ ➐ ➃ Ô❨❷❻⑥❯❶✑⑧❅❺❩➁✎➊✻➋❱⑥↕⑩❱⑧P➈✫➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦ ➃ ⑥❯➉❫❹✎❷❚❺✣➍✑⑩✱⑦ →

Û ❹✑⑨P⑥ ➃ ❺❙❿✒Ô❨➉❫❺❙➁✐⑧❅⑥❘❿✎❺❙⑦❃❺❙➁✞Ö❯⑥❯❷ÛÖ✾Ô❨❿✎⑥ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩❫⑥➶❼❾❽✎❺❤❹➎⑥✷❿✎❺❩⑨❝Ô❨⑩❫⑦❃❺❙⑨ ➃ ❸✵⑩❱➉↕⑩✱❿✑⑥➶❿✎❺➮Ö✱❺❩⑧P⑥❯⑨➜❿✎❺❤⑦❃❺❙➁✎⑦✪Ô❨❶❭Ô❚❷×Ô❚❿✵⑩✱❿✎❺
❿✵⑩✫➉↕⑩✗⑧❅⑨❝Ô❚ø✳❿✎❺✸✕✵❺✣➍❦Ô❚❶❭Ô❨❷➃Ô❨❿✵⑩✱❿✑❺♥❹✵⑩✱⑨P⑩ ➃ ⑩✱❿✵⑩✫❹❻⑥❯⑦✪Ô❨➊❙➋✱⑥✫❿✎⑥ ➃ Ô ➃ ❷❨⑥❥❿✎❺❵❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➉❘❺❩➁✐⑧❅⑥ →✡↔ ⑦❣⑧❅❺❪Ö❯❺❩⑧P⑥❯⑨✾➈❵❽✑⑦❅⑩✱❿✎⑥✇❹✵⑩✱⑨P⑩
➃ ⑩❱❷ ➃ ❽✑❷➝⑩✱⑨✳⑥❮Ö❯❺❩⑧P⑥❯⑨❵❿✵⑩✱⑦❵➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦❵à❱⑧❩Ô❨➉❘⑩✱⑦❩➀

ha

→♥ù ⑦❃⑧P⑥↕❹➎❺❙⑨P➉❮Ô❚⑧P❺❥❼❾❽✎❺✇⑥❘❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩r❹➎⑥❯⑦P⑦P⑩❘⑦P❺❩⑨❢⑨❃❺❙⑦❃⑥❯❷➃Ö✾Ô❨❿✑⑥
❹✵⑩✱⑨P⑩❫❽✑➉➫➇❯⑨❅⑩✱➁✑❿✎❺✫➁✔â✑➉❘❺❩⑨P⑥❫❿✎❺✇❹➎⑥❯⑦✪Ô❨➊❙➳✔❺❙⑦❍➁✎⑥ ➃ Ô ➃ ❷❚⑥❫❿✑❺✇❺❩➁✎➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥ ➃ ⑥✱➉➫❹❻⑥❯❽ ➃ ⑩➌❹❻⑥❯⑦❃⑦❝Ô❚❶❭Ô❨❷➃Ô❨❿✵⑩✱❿✑❺✝❿✎❺✫⑧❅❺❩⑨
❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩❱⑦ ➃ ⑥❯➉❫❹✎❽✑⑧❅⑩ ➃ Ô❚⑥❯➁✵⑩✔Ô❚⑦♥❹✵⑩✱⑨P⑩➌❺➚➍✷❺ ➃ ❽✷⑧✯⑩✱⑨❵⑩✱⑦❪Ô❚⑧P❺❙⑨P⑩✱➊❙➳✔❺❙⑦ →

Û ❹✎⑨❃⑥ ➃ ❺❙❿❭Ô❚➉❘❺❩➁✐⑧❅⑥❤❿✎❺❩⑦P❺❩➁❜Ö✱⑥❯❷➃Ö✾Ô❚❿✎⑥❘➁✑❺❙⑦❃⑧P❺➜⑧❅⑨P⑩✱❶✵⑩✱❷❚❸✎⑥❤❹✵⑩✱⑨P⑩r⑩❤⑥❯❶✑⑧P❺❙➁✎➊❙➋✱⑥➌❿✵⑩✱⑦♥➉❫⑥✷❿✒Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦❳❿✵⑩✱⑦✳⑦P❽✑❹❻❺❩⑨ ➑ ➞❲➄
➃ Ô❚❺❙⑦✚❿✎⑥❯⑦✚❿✎❺❩➁✐⑧❅❺❙⑦➆❼❾❽✎❺✕➉❻Ô❚➁❭Ô❨➉❮Ô❨ø❙⑩✱➉ ⑥✝➾✕➾ ↔✡➧❍➨ ❹❻⑥✔❿✎❺✡⑦❃❺❙⑨✹⑩✱❹✎⑨❃❺❙⑦P❺❩➁✐⑧✯⑩✱❿✎⑥❢❿✎❺ ➑ ⑥❯⑨P➉❘⑩♥⑦❝Ô❚➉❘❹✑❷❨❺❙⑦☛❹➎❺❙❷❨⑩❍⑩✱❶❻⑥✱⑨P❿✵⑩✱➇✱❺❙➉
❿✵⑩r⑧❅❺❩⑥❯⑨❝Ô❨⑩❤❿✎❺ ➃ ⑥❯➁✐⑧❅⑨❃⑥❯❷❨❺➌ö ➒✒Õ❙÷ ➀ ➃ ⑥✱➁ ➑ ⑥❯⑨P➉❫❺❥➉❫⑥❯⑦❃⑧P⑨❅⑩✱❿✎⑥r➁✎⑩ ➂ ➇✱❽✎⑨❅⑩ ➒✑→❝➡✎→

üãÔ❨➇ →✎➒✑→❭➡ ➹ ↔ ⑦❣⑧❅⑨❃❽✑⑧❅❽✎⑨P⑩❫❿✑⑥❫❹✑⑨P⑥ ➃ ❺❙❿✒Ô❨➉❫❺❙➁✐⑧❅⑥➌❿✎❺✫⑥✱⑧❝Ô❨➉❮Ô❨ø✻⑩❱➊✻➋✱⑥❤❹➎❺❙❷❨⑩r⑩✱❶➎⑥❯⑨P❿✵⑩❱➇❯❺❙➉á❿✑❺ ➃ ⑥❯➁✐⑧❅⑨❃⑥❯❷❨❺ →

⑤❢⑥r❺❙⑦❃❼❾❽✎❺❙➉❘⑩r➉❘⑥❯⑦❣⑧❅⑨P⑩✱❿✎⑥❤➁✵⑩ ➂ ➇❯❽✎⑨❅⑩ ➒✷→❭➡ ⑥r❶✑❷❨⑥ ➃ ⑥ ➃ ❸✵⑩❱➉↕⑩✱❿✑⑥r❿✎❺❥⑦❝Ô❚⑦❃⑧❅❺❩➉↕⑩✇⑨P❺❙❹✑⑨P❺❙⑦❃❺❙➁✐⑧✯⑩➌⑥r❹✵⑩✱⑨✧❿✎❺➜❺❙➁✑➇❯⑨P❺➚➄
➁✵⑩✱➇✱❺❙➁✎⑦ →✧↔ ⑦❃⑧P❺✫❶✎❷❨⑥ ➃ ⑥➌⑦❝Ô❚➉❤❽✎❷❨⑩❤⑥ ➃ ⑥❯➉❫❹❻⑥❯⑨❣⑧✯⑩✱➉❫❺❙➁✐⑧P⑥r❿✎⑥❘❹✎⑩✱⑨✳❺❙➁✎➇✱⑨P❺❙➁✎⑩✱❿✎⑥❫❼✔❽✎⑩✱➁✐⑧❅⑥❘⑩✱⑥➌❺❙⑨P⑨❃⑥❘❿✑❺✫⑧P⑨❅⑩✱➁✑⑦P➉❮Ô❨⑦P⑦P➋✱⑥ →
↔ ❷❨❺ ➃ ⑥❯➁✐⑧❅➈❩➉❛⑩❞⑨❃⑥✱⑧❩Ô❚➁✵⑩❞❹✵⑩❱⑨❅⑩❞⑥ ➃ ➐✱❷ ➃ ❽✎❷❨⑥✇❿✎⑥❤❺❩⑨P⑨P⑥r❿✑❺✝⑧❅⑨P⑩✱➁✎⑦P➉❮Ô❨⑦❃⑦❅➋✱⑥✇➁✵⑩✱⑦♥❿✒Ô➃Ö❯❺❩⑨P⑦P⑩✱⑦✳❹❻⑥✱⑦❝Ô❨➊❩➳✷❺❩⑦✧❿✎⑥ ➃ Ô ➃ ❷❨⑥✇❿✎❺➜❺❙➁✔➄
➇❯⑨❃❺❙➁✵⑩✱➉❫❺❙➁✐⑧P⑥ →✕↔ ➁❾⑧P⑨❅⑩✗➄✭⑦P❺ ➃ ⑥✱➉➫⑩✱⑦ ➃ ⑥✱➁✎❿❭Ô❨➊❩➳✷❺❩⑦❍❿✎❺ ➃ ⑥❯➁✐⑧P⑥❯⑨P➁✎⑥✑➀✵⑥❯⑦✳❿✵⑩✱❿✎⑥✱⑦✳❿✎❺✫➉↕⑩ ➃ ⑨P⑥❱➄✭➇❯❺❙⑥✱➉❘❺✣⑧❅⑨❝Ô❨⑩✑➀❾❺✫⑥❯⑦✳❿✵⑩✱❿✎⑥✱⑦

Õ✦Ù❳Ù



Ô❨➁✒Ô ➃ Ô❨⑩✔Ô❨⑦❢❿✎❺➌➉❻Ô ➃ ⑨❃⑥❱➄➅➇❯❺❩⑥❯➉❫❺❩⑧❅⑨✪Ô➝⑩ →❤Û ⑦✪Ô❨⑦❃⑧P❺❙➉❘⑩ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩➶⑥✉❺❙⑨❃⑨P⑥❇❿✎❺➌⑧❅⑨P⑩✱➁✎⑦P➉❮Ô❨⑦❃⑦❅➋✱⑥②Ø ↔✕➧ Ú ❺ ➑ ⑩✱ø❫⑩❇⑩✱➁✵➐✱❷➃Ô❨⑦❃❺r❿✵⑩
➉❘⑩❱⑧❅⑨✪Ô❨ø❥❿✎❺✹✕✵❺✣➍❦Ô❚❶❭Ô❨❷➃Ô❨❿✵⑩✱❿✑❺❥❹✵⑩✱⑨❅⑩ ➃ ⑩❱❿✵⑩❘❹➎⑥❯⑦❝Ô❚➊✻➋✱⑥➌❿❭Ô❚⑦ ➃ ⑨P❺❩⑧❅⑩❘❿✎⑥ ➃ Ô ➃ ❷❨⑥➌❿✎❺➏❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥✎➀➭❺➏❹❻⑥✱⑨ ➂ ➉ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩
⑥❯⑦❍❿✎❺❩⑦✪Ö✾Ô❨⑥❯⑦❍❿✎⑥ ↔✡➧ ❺❩➉á⑨P❺❩❷➝⑩✱➊❙➋✱⑥➌⑩✱⑥ ↔✡➧ ➉❘➈❩❿❭Ô❨⑥ →✡↔ ⑦❃⑧✯⑩❱⑦❵⑦P➋✱⑥❘⑩✱⑦❍⑦❅⑩✱➞❚❿✵⑩✱⑦✳❿✎⑥➌⑦❝Ô❚⑦❃⑧P❺❙➉❘⑩ →

➟ ⑦✇⑦❅⑩✱➞❚❿✵⑩✱⑦➏❿✎⑥♦⑦✪Ô❨⑦❃⑧P❺❙➉❘⑩➯❹✵⑩❱⑦P⑦❅⑩❱➉þ❹✎⑩✱⑨❅⑩✉❽✎➉✥⑥❯❽✑⑧❅⑨❃⑥♦❶✎❷❚⑥ ➃ ⑥➯❼❾❽✎❺ ➃ ⑥❯➉❫❹✵⑩✱⑨P⑩➯⑥➯➉↕➐✗➍❦Ô❚➉❘⑥❇❿✎❺❩⑦✪Ö✾Ô❨⑥➯❺❙➉✥⑨P❺➚➄
❷➝⑩❱➊✻➋✱⑥➯⑩✱⑥ ↔✡➧ ➉❫➈❙❿❭Ô❚⑥ ➃ ⑥❯➉➤⑥✢Ö❱⑩✱❷❨⑥✱⑨✇⑩❱❿✎➉❻Ô❚⑦P⑦❃➞➃Ö❯❺❩❷✕❹❻❺❩❷❨⑥ ➃ ⑨❝Ô❲⑧❅➈❩⑨❝Ô❨⑥✉❿✎❺ ➃ ⑥❯➁✞Ö❯❺❩⑨P➇❯➦❩➁ ➃ Ô❨⑩❦⑥❯❽Ù❿✑❺↕❹✵⑩✱⑨P⑩✱❿✵⑩ →✉↔ ⑦❃⑧P❺
❶✎❷❚⑥ ➃ ⑥❦❿❭Ô❨⑨❃❺ ➃ Ô❨⑥❯➁✵⑩◆⑩❱⑦✍Ô❨➁ ➑ ⑥✱⑨P➉❘⑩✱➊❙➳✔❺❙⑦❤❿✑❺➼⑦❅⑩✱➞❚❿✵⑩♦❿✎⑥❧⑦❝Ô❚⑦❃⑧P❺❙➉❘⑩❦❹✵⑩✱⑨❅⑩❦⑥ ➃ ⑥❯➁✐⑧❅⑨❃⑥❯❷➝⑩✱❿✑⑥❯⑨r⑩❱⑧P➈➼❼✔❽✑❺➼⑥ ➃ ⑨❝Ô❲⑧❅➈❩⑨❝Ô❨⑥♦❿✎❺
➃ ⑥✱➁❜Ö✱❺❙⑨❃➇❯➦❙➁ ➃ Ô➝⑩❫⑦P❺✩➽P⑩➌⑦❅⑩✗⑧❩Ô❨⑦ ➑ ❺▼Ô❲⑧❅⑥ →

Û ❶✎❷❨⑥ ➃ ⑥➏⑦P❺❩➇❯❽❭Ô❚➁❾⑧P❺ ➃ ❸✵⑩❱➉↕⑩✱❿✑⑥❞❿✎❺ ➃ ⑥❯➁✐⑧❅⑨❃⑥❯❷➝⑩❱❿✎⑥❯⑨ ➃ ⑥❯➁✐⑧P➈❙➉➠⑩✱⑦✧⑨❃❺❙➇❯⑨P⑩✱⑦✾❿✎❺✝⑨❃❺❙❹✎⑨❃⑥✗➽❃❺❩⑧P⑥ → ➾✌⑩❱⑨❅⑩ ➃ ⑩✱❿✵⑩✇❹➎⑥❯⑦✪Ô❨➊✻➋❱⑥
➁✎⑥ ➃ Ô ➃ ❷❚⑥♦❿✎❺↕❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➉❘❺❩➁❾⑧P⑥✎➀✡⑥ ➃ ⑥✱➁❾⑧P⑨P⑥❯❷❨⑩✱❿✎⑥❯⑨✇⑩✱➁✵⑩❱❷×Ô❨⑦P⑩➯⑥✢Ö❱⑩✱❷❚⑥❯⑨❞❿✑⑥❦❿✎❺❙⑦❃Ö✾Ô❨⑥◆❿✎⑥ ↔✡➧ ❺❙➉þ⑨P❺❩❷➝⑩✱➊❙➋✱⑥◆⑩✱⑥ ↔✡➧
➉❫➈❙❿❭Ô❚⑥➥❺Ù⑩✱⑦❀Ô❨➁ ➑ ⑥❯⑨❃➉↕⑩❱➊❙➳✔❺❙⑦➼❿✵⑩Ü➉↕⑩✗⑧❅⑨❝Ô❚ø❧❿✎❺ä✕✎❺✣➍❦Ô❨❶❭Ô❚❷×Ô❚❿✵⑩✱❿✎❺◆➁✎⑥✱⑦➯❹➎⑥❯➁✐⑧❅⑥❯⑦✉❿❭Ô❚⑦ ➃ ⑨❃❺❩⑧P⑥❯⑦➯❹✎⑩✱⑨❅⑩Ü❿✎❺❩⑧P❺❙⑨❃➉❻Ô❚➁✵⑩✱⑨❇⑥
⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧P⑥✇à✱⑧❝Ô❨➉❫⑥✫➁✎❺ ➃ ❺❙⑦P⑦P➐✱⑨❝Ô❚⑥❤❺❙➉ ➃ ⑩✱❿✵⑩✇❽✑➉➠❿✑⑥❯⑦❳❹➎⑥❯➁✐⑧❅⑥✱⑦✧❹✵⑩✱⑨P⑩❞⑩✱➁❾❽✎❷❨⑩✱⑨✕⑥❞❿✎❺❩⑦✪Ö✾Ô❨⑥✇❿✎⑥ ↔✡➧ ➉❫➈❙❿❭Ô❚⑥ →✡➷ ⑩✱⑦❃⑥
⑥➼❿✎❺❩⑦✪Ö✾Ô❨⑥❇➉❘➐✗➍❦Ô❨➉❫⑥❘❿✎⑥ ↔✡➧ ❺❙➉Ý⑨P❺❙❷❨⑩✱➊✻➋❱⑥❇⑩✱⑥ ↔✡➧ ➉❫➈❙❿✒Ô❨⑥➶❿✵⑩àÔ❲⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥➶❺❙➉û⑩✱➁✵➐✱❷➃Ô❨⑦❃❺❞⑦P❺➅➽P⑩➼➉↕⑩✔Ô❚⑥❯⑨❵❿✎⑥➼❼❾❽✎❺r⑥
❿✎❺❩⑦✪Ö✾Ô❨⑥➯➉↕➐✗➍❦Ô❚➉❘⑥➼⑥❯❶✷⑧❩Ô❨❿✑⑥➯➁✵⑩↕Ô❚⑧P❺❙⑨P⑩✱➊✻➋✱⑥➯⑩✱➁✐⑧❅❺❩⑨❝Ô❚⑥❯⑨❘Ø❘Ô❨➁✑❿❭Ô ➃ ⑩✱➊✻➋✱⑥❇❿✎❺❫❼❾❽✎❺❫⑥❦⑩✱❷❚➇❯⑥❯⑨❝Ô❲⑧❅➉❫⑥➶❺❙⑦❣⑧✯➐✉❿❭Ô➃Ö✱❺❙⑨P➇✔Ô❨➁✎❿✎⑥ Ú ➀✚⑥
➃ ⑥✱➁❾⑧P⑨P⑥❯❷❨⑩✱❿✎⑥❯⑨➆⑩✱⑦❃⑦P❽✎➉❫❺✧⑥❯⑦✌⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦✌❿✵⑩❼Ô❲⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥➜⑩✱➁✐⑧P❺❙⑨❝Ô❚⑥❯⑨✹❺✧⑨P❺❩❿✎❽✎ø♥⑥ÝÖ✱⑩❱❷❨⑥❯⑨✚❿✎❺♥➇❯⑩✱➁✎❸✎⑥✝⑩✝⑦P❺❩⑨✡⑩✱❹✎❷➃Ô ➃ ⑩❱❿✎⑥ →

Û ⑦➯⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❘❺❩➁✐⑧❅⑥❯⑦❇❿✎❺ ➂ ➁❭Ô❨❿✑⑥❯⑦❇❹❻❺❩❷❨⑥ ➃ ⑥❯➁✐⑧P⑨P⑥❯❷❨⑩✱❿✎⑥❯⑨ ➃ ⑥❯➉❘⑥Ü➁✎❺ ➃ ❺❩⑦P⑦❅➐❱⑨❝Ô❨⑥✱⑦➯❹✵⑩❱⑨❅⑩Ü⑩✱➁❾❽✎❷➝⑩❱⑨➼⑥❯⑦❇❿✎❺❙⑦❃Ö❦Ô❚⑥❯⑦✉❿✎⑥
↔✡➧ ➉❫➈❙❿❭Ô❚⑥✉❿✑❺✖Ö❯❺❩➉■❹✎⑩✱⑦P⑦P⑩✱⑨✇❹➎⑥❯⑨✫❽✎➉ ➂ ❷❚⑧❅⑨❃⑥➯❹✎⑩✱⑨❅⑩ ➃ ⑥❯➁✞Ö✱❺❙⑨❃⑧P❺❙⑨✇❺❙⑦❃⑧P❺❙⑦❞⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥❯⑦✫❺❩➉➤➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦❥❿✎❺
⑦P❽✑❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺ → ↔ ⑦❃⑧❅❺ ➂ ❷❚⑧❅⑨❃⑥▲➈ ➃ ⑥❯➉❘❹➎⑥❯⑦❣⑧❅⑥Ù❹➎⑥❯⑨ ➑ ❽✑➁✎➊❙➳✔❺❙⑦➶❼❾❽✎❺❧⑩❱❹✎⑨P⑥✻➍❦Ô❨➉❘⑩✱➉ ⑥❯⑦ÚÖ❱⑩✱❷❚⑥❯⑨P❺❩⑦↕❿✎⑥✱⑦➼⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦
➁✎❺ ➃ ❺❙⑦❃⑦❅➐✱⑨✪Ô❨⑥❯⑦❳❺❙➉ý➉❫⑥✷❿✒Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦ ➑ ⑩ ➃ ⑧❅➞ÛÖ❯❺▼Ô❚⑦❳❺❩➉ ⑩✱➉❤❶❭Ô❚❺❙➁✐⑧❅❺❩⑦✾⑩❱⑧❅❽✵⑩❛Ô❨⑦✕❿✎❺ ➑ ⑩✱❶✎⑨❝Ô ➃ ⑩✱➊❙➋✱⑥➏❿✎❺❢❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱➇✱❺❙➁✎⑦ →✕ã ❺❙⑦❣⑧✯⑩
➑ ⑥❯⑨❃➉↕⑩✑➀✔⑥❤❹✎⑨❃⑥ ➃ ❺❙❿❭Ô❚➉❘❺❩➁✐⑧❅⑥❞⑧P⑥❯⑨P➁✵⑩✜➄➅⑦P❺Ý✕✵❺✣➍✷➞➃Ö✱❺❙❷ ❹➎❺❙⑨❃➉❻Ô❲⑧❩Ô❚➁✎❿✎⑥❤⑩➮Ô❨➁✐⑧❅⑨❃⑥✷❿✎❽✑➊✻➋✱⑥❤❿✑❺❥➁✎⑥✶Ö✱⑩❱⑦ ➑ ❽✎➁✎➊❩➳✷❺❩⑦✳⑥❯❽➼⑩✱❷❲⑧❅❺❙⑨P⑩✱➊✻➋❱⑥
❿✵⑩✱⑦ ➑ ❽✎➁✎➊❙➳✔❺❙⑦❥❺➚➍❦Ô❨⑦❃⑧P❺❙➁✐⑧❅❺❩⑦❙➀✚❹➎⑥✷❿✎❺❩➁✎❿✎⑥❇⑩✱⑦❃⑦❝Ô❚➉Ý⑦✪Ô❨➉❫❹✎❷×Ô ➂✵➃ ⑩❱⑨✝⑩✱⑦✝➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦✝⑥❯❽◆⑥❯❶✷⑧❅❺❙⑨✝➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦❢➉❘⑩✔Ô❨⑦
➃ ⑥✱➉❘❹✎❷❚❺✣➍✑⑩✱⑦ →å❒ ❺✘Ö✾Ô❨❿✎❺❩➁❾⑧P❺❦❼❾❽✎❺♦❺➚➍❦Ô❨⑦❃⑧P❺♦❽✎➉❘⑩❧❿✎❺❙❹➎❺❙➁✎❿✑➦❙➁ ➃ Ô➝⑩▲❺❙➁✐⑧P⑨P❺❦⑩❱⑦ ➑ ❽✎➁✎➊❩➳✷❺❩⑦➶⑩✱❿✑⑥✱⑧✯⑩✱❿✎⑩✱⑦❘❺✉⑥Ù➇✱⑨❅⑩✱❽ ❿✎❺
⑩✱❹✎⑨❃⑥✻➍✒Ô❚➉↕⑩❱➊✻➋✱⑥ ➃ ⑥❯➉á⑥❯⑦✸Ö❱⑩✱❷❨⑥✱⑨P❺❙⑦✧❿✎❺➏⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥❯⑦❍➁✎❺ ➃ ❺❩⑦P⑦❅➐❱⑨❝Ô❨⑥✱⑦❵❿✑❺ ➂ ➁❭Ô❚❿✎⑥❯⑦❍❹➎❺❙❷❨⑥ ➃ ⑥❯➁✐⑧❅⑨P⑥✱❷➝⑩✱❿✎⑥✱⑨ →

➟ ⑦ ➑ ❽✑➁✎➊❙➳✔❺❙⑦➸❿✑❺✳⑩✱❹✎⑨❃⑥♠➍❦Ô❚➉↕⑩✱➊❙➋✱⑥❵❺❙➁✐⑧❅⑨❃❺✳⑥❯⑦➸⑩ ➑ ⑩❱⑦❃⑧✯⑩❱➉❘❺❩➁❾⑧P⑥❯⑦✌❺✧⑩✱⑦➸➉❫⑥✷❿✒Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦❩➀✱❹➎⑥❯⑨➆➉❘⑩✔Ô❚⑦ ➃ ⑥❯➉❘❹✑❷❨❺✣➍✑⑩✱⑦➆❼❾❽✎❺
⑦P❺➅➽P⑩✱➉✉➀✎❹❻⑥✔❿✎❺❩➉á⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱⑨✳❺❩➉á❽✎➉❘⑩❤❹❻❺❩⑨P❿✵⑩➌➁✎⑥❯⑦✸Ö❱⑩✱❷❨⑥✱⑨P❺❙⑦✳❿✑⑥❯⑦❍⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦❵❿✑❺ ➂ ➁❭Ô❚❿✎⑥❯⑦✳❹➎❺❙❷❚⑥ ➃ ⑥❯➁✐⑧❅⑨❃⑥❯❷➝⑩✱❿✑⑥❯⑨ →
➾➆⑥✱⑨➱Ô❚⑦❃⑧P⑥✎➀✒Ô❚➁❾⑧P⑨P⑥✔❿✎❽✎ø✖Ô❨❽✷➄✭⑦P❺❥❽✎➉③➇✐⑩✱➁✎❸✎⑥➌❺❩➁❾⑧P⑨P❺✫⑥➌❶✎❷❨⑥ ➃ ⑥r❿✑⑥ ➃ ⑥❯➁✐⑧❅⑨❃⑥❯❷➝⑩✱❿✑⑥❯⑨✳❺ ➂ ❷❚⑧P⑨P⑥ →✡Û ⑦❵⑩ ➑ ⑩❱⑦❃⑧✯⑩❱➉❘❺❩➁❾⑧P⑥❯⑦✳➁✎❺ ➃ ❺❙⑦✩➄
⑦❅➐❱⑨❝Ô❨⑥✱⑦✌❺❙➉ ➃ ⑩✱❿✎⑩➜❹❻⑥❯➁✐⑧P⑥❥⑦❅➋✱⑥❥➉❤❽✑❷❚⑧❩Ô❚❹✎❷×Ô ➃ ⑩✱❿✑⑥❯⑦✚❹❻⑥❯⑨➆❽✎➉æÖ✱⑩❱❷❨⑥❯⑨✌⑩✱❿✎❺❙❼❾❽✵⑩❱❿✵⑩✱➉❫❺❙➁✐⑧❅❺✳❺❩⑦ ➃ ⑥✱❷❨❸❭Ô❚❿✎⑥➜❿✎❺♥⑧❅⑩✱❷ ➑ ⑥✱⑨P➉❘⑩✝❼❾❽✎❺
⑩✱❹➎à❯⑦❤⑩➯❹✵⑩✱⑦P⑦P⑩✱➇❯❺❩➉■❹➎❺❙❷❚⑥ ➂ ❷❚⑧P⑨P⑥➯⑦P❺➶⑥❯❶✷⑧❅❺❙➁✑❸✵⑩➒Ö❱⑩✱❷❨⑥✱⑨P❺❙⑦✇❿✎❺➶⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❘❺❩➁✐⑧❅⑥❯⑦✇⑨P❺❙⑦❃❽✎❷❚⑧❅⑩✱➁✐⑧❅❺❩⑦❤❿✵⑩✱⑦❤➉❫⑥✔❿❭Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦

Õ✦Ù Ø



❹✎⑨❃à♠➍❦Ô❚➉❘⑥❯⑦❞❿✎⑥❯⑦r⑩ ➑ ⑩❱⑦❃⑧✯⑩❱➉❘❺❩➁❾⑧P⑥❯⑦❞❿✑❺ ➂ ➁❭Ô❚❿✎⑥❯⑦r❹➎❺❙❷❚⑥ ➃ ⑥❯➁✐⑧P⑨P⑥❯❷❨⑩✱❿✎⑥❯⑨ →◆↔ ➉ÿ❽✎➉❘⑩❦⑩✱➁✵⑩❱❷❨⑥❯➇❳Ô❨⑩ ➃ ⑥❯➉þ⑥❯⑦➌⑩✱❷❨➇✱⑥❯⑨❝Ô❲⑧❅➉❫⑥❯⑦
➃ ❷❨➐✱⑦P⑦✪Ô ➃ ⑥❯⑦✫❿✎❺❘⑥❱⑧❩Ô❨➉❮Ô❨ø❙⑩✱➊✻➋❱⑥✎➀ ❹➎⑥✷❿✎❺❩⑨❣➄✭⑦P❺✣➄✱Ô➝⑩➼❿❭Ô❚ø❙❺❙⑨✫❼❾❽✎❺❘⑩✉❿✒Ô❨⑨P❺❩➊✻➋✱⑥❇➈❫❿✵⑩✱❿✵⑩❇❹➎❺❙❷❨⑥ ➃ ⑥❯➁✐⑧❅⑨P⑥✱❷➝⑩✱❿✎⑥✱⑨❥❺❘⑥✉❹✵⑩✱⑦❃⑦P⑥♦❿✑❺
❶✎❽✎⑦ ➃ ⑩❫❹❻❺❩❷❨⑥r❼❾❽✎❺➏⑦P❺ ➃ ❸✵⑩✱➉❫⑥❯❽➯⑩✱❼❾❽❭Ô☛❿✎❺✫➇✐⑩✱➁✎❸✑⑥ →

➟ ⑦➶➉❫⑥✷❿✒Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦❫⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱➁✐⑧❅❺❩⑦➶❿✎⑥❯⑦➶⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥❯⑦❘➁✎❺ ➃ ❺❙⑦❃⑦❅➐✱⑨✪Ô❨⑥❯⑦➼❿✎❺ ➂ ➁❭Ô❚❿✎⑥❯⑦➶❹➎❺❙❷❚⑥ ➃ ⑥✱➁❾⑧P⑨P⑥❯❷❨⑩✱❿✎⑥❯⑨❩➀✳❺❙➉
➑ ❽✎➁✎➊❙➋✱⑥▲❿✎⑥✱⑦➶❿✵⑩✱❿✎⑥✱⑦↕❿✎❺➯⑦❅⑩✱➞❚❿✵⑩②❿✎⑥Ù⑦❝Ô❨⑦❣⑧❅❺❩➉↕⑩Ù➁✎⑩çÔ❚⑧P❺❙⑨P⑩✱➊✻➋✱⑥Ù⑩✱➁✐⑧❅❺❩⑨❝Ô❨⑥✱⑨❙➀✳⑨P❺➚➄✩⑩✱❷➃Ô❨➉❫❺❙➁✐⑧✯⑩❱➉ÿ⑥▲⑦✪Ô❨⑦❃⑧P❺❙➉❘⑩Ù⑩❱⑧P⑨❅⑩✳Ö❯➈❩⑦
❿✵⑩↕⑦❃❽✎❶✎⑦❣⑧❩Ô❚⑧P❽❭Ô❨➊❙➋✱⑥❫❿✎⑥❯⑦✝⑨❃❺❙⑦❃❹❻❺ ➃ ⑧❩ÔÛÖ❯⑥❯⑦✝❹✵⑩✱⑨❩❶❱➉❘❺✣⑧❅⑨P⑥✱⑦❵❿✑❺❞➉❮Ô ➃ ⑨❃⑥❱➄➅➇✱❺❙⑥❯➉❫❺❩⑧P⑨❝Ô➝⑩❞⑩✱➁✐⑧❅❺❙⑨✪Ô❨⑥❯⑨❃❺❙⑦ →❵➟ ❹✵⑩✱⑨❣⑧❩Ô❚⑨❵❿✑⑥❯⑦✝➁✎⑥✶Ö✱⑥❯⑦
❿✵⑩✱❿✑⑥❯⑦♥❿✎❺➜❺❩➁✐⑧❅⑨❅⑩❱❿✵⑩❤❿✎❺➜➉❮Ô ➃ ⑨P⑥❱➄✭➇❯❺❙⑥❯➉❫❺❩⑧P⑨❝Ô❨⑩✫⑥❞⑦❝Ô❨⑦❣⑧❅❺❩➉↕⑩ÏÔ❚⑨❅➐ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱⑨✧➁✎⑥✶Ö❱⑩✱➉❫❺❙➁✐⑧❅❺❢⑥❯⑦♥❿✵⑩❱❿✎⑥❯⑦♥❿✎❺✝⑦❅⑩✱➞❚❿✵⑩ →✡↔ ⑦❃⑧P❺
❹✎⑨❃⑥ ➃ ❺❙❿❭Ô❚➉❘❺❩➁❾⑧P⑥➼➈❤⑨P❺❩❹❻❺✣⑧❩Ô❚❿✎⑥❇⑩❱⑧❅➈❞❼✔❽✑❺r⑥➼❿✎❺❙⑦❃Ö❦Ô❚⑥➼➉↕➐✜➍✒Ô❚➉❘⑥❘❿✎⑥ ↔✡➧ ❺❩➉➺⑨❃❺❙❷❨⑩✱➊✻➋✱⑥➶⑩✱⑥ ↔✡➧ ➉❫➈❙❿❭Ô❚⑥➼⑩❱⑧P❺❙➁✎❿✵⑩➼⑩❱⑥
➃ ⑨✪Ô❚⑧P➈❙⑨❝Ô❚⑥➜❿✎❺ ➃ ⑥❯➁✞Ö❯❺❙⑨❃➇❯➦❙➁ ➃ Ô➝⑩✫⑥❯❽r❿✎❺✳❹✎⑩✱⑨❅⑩✱❿✎⑩ →✡➷ ⑥❯➉❫⑥➜⑨❃❺❙⑦P❽✑❷❚⑧✯⑩❱❿✎⑥❥❿✎⑥✫❹✎⑨P⑥ ➃ ❺❩❿❭Ô❨➉❫❺❙➁✐⑧P⑥➜⑧❅❺❙➉r➄➅⑦❃❺✳⑩✱⑦➸➉❫⑥✔❿❭Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦
à✱⑧❝Ô❨➉❘⑩✱⑦✫❹✵⑩✱⑨❅⑩➯⑩✱⑦❞⑦❃❽✎❹➎❺❙⑨ ➑ ➞ ➃ Ô❚❺❙⑦❞❿✑⑥❯⑦❞❿✎❺❩➁✐⑧❅❺❙⑦❞❼✔❽✑❺➶➉❻Ô❚➁❭Ô❨➉❮Ô❨ø❙⑩✱➉Þ⑥◆➾✕➾ ↔✕➧❍➨ ❺↕❼❾❽✎❺↕⑩❱⑧❅❺❩➁✎❿✵⑩✱➉è✌✱⑦✇⑨P❺❩⑦❃⑧❅⑨✪Ô❨➊❩➳✷❺❩⑦
❹✎⑨❃➈✣➄➅❺❩⑦❃⑧❅⑩✱❶❻❺❩❷❨❺ ➃ Ô❨❿✎⑩✱⑦❍❿✎❺ ➑ ⑩✱❶✎⑨❝Ô ➃ ⑩✱➊❙➋✱⑥r❿✵⑩✱⑦❍❺❩➁✎➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➁✎⑦ →

➟ ❺❩⑦❃⑧❅⑨❃❽✑⑧❅❽✑⑨❅⑩❞❶✵➐❱⑦❝Ô ➃ ⑩✇❿✎⑥✇❹✎⑨P⑥ ➃ ❺❩❿❭Ô❨➉❫❺❙➁✐⑧P⑥✇❿✎❺❩⑦P❺❩➁❜Ö✱⑥❯❷➃Ö✾Ô❚❿✎⑥❤➁✎❺❩⑦❃⑧❅❺❢⑧❅⑨❅⑩❱❶✵⑩✱❷❨❸✑⑥ ➑ ⑥✔Ô➎❶✎⑩✱⑦P❺❙⑩✱❿✎⑥❤➁✎⑥➏⑧❅⑨P⑩✱❶✵⑩✱❷❚❸✎⑥✇❿✑❺
➴➯❺❩⑦❝é✱❺❱➀ ➹ ⑩✱❽✑⑧❅❺❩⑨✳❺ ➹ ➃ ❸✎➁✵⑩ ➃ é❧ö ➒✒Õ✣÷ ❹✵⑩✱⑨P⑩❤❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩✱⑦✧➇❯❺❙⑨P⑩✔Ô❨⑦♥❿✑❺➏⑥❱⑧❩Ô❨➉❮Ô❨ø❙⑩✱➊✻➋❱⑥✇❿✎❺ ➑ ⑥❯⑨❃➉↕⑩✇➁✵➋✱⑥r❹✵⑩✱⑨P⑩✱➉❫➈❩⑧❅⑨✪Ô ➃ ⑥❯⑦ →
⑤❢⑥➯❺❙➁✐⑧✯⑩❱➁❾⑧P⑥✎➀➸➁✎⑥➯❹✎⑨P❺❩⑦P❺❩➁❾⑧P❺↕⑧❅⑨P⑩✱❶✵⑩✱❷❚❸✎⑥✉❿✎❺❙⑦❃❺❙➁✞Ö❯⑥❯❷ÛÖ❯❺❩❽✷➄➅⑦❃❺➼❽✎➉↕⑩ ➑ ⑥❯⑨❃➉❤❽✎❷➝⑩❱➊✻➋✱⑥❇❺❙⑦❃❹❻❺ ➃ ➞ ➂✵➃ ⑩♦❹✎⑩✱⑨❅⑩✉⑥♦❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩
⑧❅⑨P⑩❱⑧✯⑩❱❿✎⑥✎➀✡❺➶⑦❃❺àÔ❨➁✐⑧❅⑨❃⑥✷❿✑❽✎ø▼Ô❚❽▲❽✎➉ ➂ ❷❚⑧P⑨P⑥❦❹✵⑩❱⑨❅⑩❦⑩✱❹✑⑨P⑥✻➍❦Ô❨➉❘⑩✱⑨❤⑩ ➑ ⑥✱⑨P➉❘⑩➒Ô❨❿✑❺✻⑩✱❷❳❿✎⑥❯⑦❤❿✎❺❩➁✐⑧❅❺❙⑦r❹✎⑩✱⑨❅⑩❦❽✎➉❘⑩ ➑ ⑥❯⑨❃➉↕⑩
➉❘⑩✔Ô❨⑦ ➃ ⑥❯➁✞Ö❯❺❩➁❭Ô❨❺❩➁❾⑧P❺❞❿✎⑥➌❹➎⑥❯➁✐⑧❅⑥❫❿✎❺❰Ö✾Ô❨⑦❃⑧❅⑩r❿✎❺ ➑ ⑩✱❶✎⑨❝Ô ➃ ⑩✱➊❙➋✱⑥ →

➟ ⑦P❺❩➇❯❽❭Ô❚⑨ ➃ ⑩❱❿✵⑩♦❽✎➉✥❿✎⑥❯⑦❞❶✎❷❨⑥ ➃ ⑥❯⑦➏❿✵⑩ ➂ ➇❯❽✎⑨❅⑩ ➒✑→❭➡ ➈↕➉❫⑥❯⑦❃⑧P⑨❅⑩✱❿✎⑥♦❺❙➉✥❿✎❺❩⑧❅⑩✱❷❨❸✑❺❙⑦ →◆Û ⑦✐✕✵❽✷➍✷⑥❯➇❯⑨P⑩✱➉❘⑩✱⑦❞❿✵⑩❱⑦
⑨P⑥❱⑧❩Ô❨➁✎⑩✱⑦ ➃ ⑥❯➁✐⑧❩Ô❚❿✵⑩✱⑦✹➁✎⑥❯⑦✹❶✎❷❨⑥ ➃ ⑥❯⑦❩➀✱⑩❱⑦P⑦❝Ô❚➉ ➃ ⑥❯➉❫⑥❢⑩ ➑ ⑥❯⑨❃➉❤❽✎❷➝⑩❱➊✻➋✱⑥❍➉❘⑩❱⑧❅❺❩➉↕➐❱⑧❝Ô ➃ ⑩❍⑦P➋✱⑥➜⑩❱❹✎⑨P❺❩⑦P❺❙➁✐⑧❅⑩✱❿✎⑥❯⑦➆❺✧❿❭Ô❚⑦ ➃ ❽✷⑧❩Ô❨❿✑⑥❯⑦ →

ê❪ë❄ì❪ë❃í î✸ï✛ð❜ñ❦ò❵ó✏ô➱õ✢ö❭÷✁ñ❦ï✛ø❼ô✏ù❼ô➅ö✒ôûúüô➅ý✛úüþÝý❃ô▲ö➳÷ûòrö✒ö❭÷ûÿÝòåñ✾ö❭ô➅ø❼ð❦ó✏ï✛ð❦ð✁�➅÷
Û ✕✵❽✷➍✷⑥❯➇✱⑨❅⑩✱➉❘⑩♥❿✎⑥❵⑦❝Ô❨⑦❣⑧❅❺❩➉↕⑩♥➈✕➉❫⑥❯⑦❃⑧P⑨❅⑩✱❿✎⑥✳➁✎⑩ ➂ ➇✱❽✎⑨❅⑩ ➒✑→ ➓ →✚➟ ❷×Ô❨➁✑❸✵⑩❳⑧❅⑨P⑩ ➃ ❺➅➽P⑩✱❿✵⑩❍➁✵⑩ ➂ ➇❯❽✎⑨P⑩ ➒✑→ ➓♥❿✎❺❩❷×Ô❚➉❻Ô❲⑧✯⑩❳⑥✱⑦

➃ ➐❱❷ ➃ ❽✑❷❨⑥❯⑦✚❺✣➍✷❺ ➃ ❽✑⑧❅⑩✱❿✎⑥❯⑦ →➸➟ ⑨P⑥✱⑧❝Ô❨➁✵⑩ ➃ ⑥✱➁❾⑧❝Ô❨❿✵⑩✳➁✎⑥❵⑦❝Ô❚⑦❃⑧P❺❙➉❘⑩ ➑ ⑥❳Ô✱❶✵⑩✱⑦P❺❙⑩✱❿✵⑩❵➁✵⑩❵⑨❃❺ ➑ ❺❩⑨P➦❙➁ ➃ Ô➝⑩➏ö Õ❳Õ❳Õ❩÷ ❺✕⑦P❽✎⑩✱⑦➆❹✑⑨❝Ô❨➁ ➃ Ô❨❹✎⑩✔Ô❨⑦
➃ ⑩❱⑨❅⑩ ➃ ⑧❅❺❙⑨❃➞❨⑦❣⑧❩Ô ➃ ⑩✱⑦ ➑ ⑥❯⑨P⑩✱➉û⑩❱❹✎⑨P❺❩⑦P❺❙➁✐⑧❅⑩✱❿✵⑩✱⑦✫➁✎⑥ ➃ ⑩❱❹✎➞❚⑧P❽✎❷❨⑥➵Ø → ➾✹⑥❯⑨❰Ô❨⑦❣⑧❅⑥✎➀ ➁✑❺❙⑦❃⑧❅⑩✉⑦❃❺❙➊❙➋✱⑥❇⑦P❺❙⑨P➐❇⑩✱❹✎⑨P❺❩⑦P❺❩➁❾⑧❅⑩✱❿✵⑩❇❽✎➉❘⑩
Ö✾Ô❨⑦P➋✱⑥➼➉↕⑩❛Ô❨⑦✝➇✱❺❙⑨❅⑩❱❷✌❿✵⑩➶⑨❃⑥✱⑧❩Ô❚➁✵⑩ ➃ ⑥❯➉û⑥➼⑥❯❶❾➽❃❺❩⑧❩ÔÛÖ❯⑥➼❿✎❺❞❹❻⑥❯⑦❃⑦❝Ô❚❶❭Ô❨❷➃Ô❚⑧✯⑩❱⑨❵⑥➼❺❩➁✐⑧❅❺❙➁✑❿❭Ô❨➉❫❺❙➁✐⑧❅⑥➼❿✑⑥➼❹✎⑨P⑥ ➃ ❺❩❿❭Ô❨➉❫❺❙➁✐⑧❅⑥➼❿✑❺
⑥✱⑧❝Ô❨➉❮Ô❨ø✻⑩❱➊✻➋✱⑥❤❿✑❺❙⑦P❺❩➁✞Ö❯⑥❯❷ÛÖ❦Ô❚❿✎⑥❫➁✎❺❙⑦❣⑧❅❺✫⑧❅⑨❅⑩❱❶✵⑩✱❷❨❸✑⑥ →

✃ ➉ ⑩✱⑦❃❹❻❺ ➃ ⑧❅⑥Ù⑩✱❹✎⑨❃❺❙⑦P❺❩➁✐⑧✯⑩✱❿✎⑥②➁✵⑩ ➂ ➇❯❽✎⑨❅⑩ ➒✑→ ➓❧❼❾❽✎❺➯❺❙⑦❣⑧✯➐ ➃ ⑥❯➁✐⑧❩Ô❚❿✎⑥②➁✑⑥Ù⑦❝Ô❚⑦❃⑧P❺❙➉❘⑩✑➀❳❺✉❼❾❽✎❺❦⑩❛Ô❨➁✎❿✵⑩◆➁✵➋❱⑥ ➑ ⑥❳Ô
❿❭Ô❚⑦ ➃ ❽✷⑧❩Ô❨❿✑⑥✎➀☛➈➌⑥ ➃ ➐✱❷ ➃ ❽✎❷❨⑥➼❿✑⑥↕Ö✱❺❩⑧P⑥❯⑨

s
❿✎⑥✱⑦ ➃ ⑥✷❺ ➂✵➃ Ô❚❺❙➁✐⑧❅❺❩⑦✇❿✑❺❫⑦❃❺❙➁✎⑦✪Ô❨❶❭Ô❚❷×Ô❚❿✵⑩✱❿✎❺❤❿✑⑥❯⑦❥❺❙❷❚❺❙➉❫❺❙➁✐⑧❅⑥❯⑦✫❿✵⑩➼➉❘⑩❱⑧❅⑨✪Ô❨ø❤❿✑❺

Õ✦Ù❱➡



üãÔ❚➇ →✵➒✑→ ➓✷➹✕ü✌❷❚❽✷➍✷⑥❯➇❯⑨❅⑩❱➉↕⑩❞❹✎⑩✱⑨❅⑩r⑥ ➃ ➐✱❷ ➃ ❽✎❷❚⑥r❿✎⑥❫❺❙⑨P⑨❃⑥➌❿✎❺❥⑧❅⑨❅⑩❱➁✎⑦P➉❮Ô❨⑦❃⑦❅➋✱⑥ →

Õ✦Ù ➓



✕✵❺➚➍✒Ô❚❶❭Ô❨❷➃Ô❨❿✵⑩❱❿✎❺
A
→

➾✌⑩✱⑨P⑩✝❼❾❽✎❺♥⑥➜❿✎❺❩⑦✪Ö✾Ô❨⑥✝❿✎⑥➜❺❙⑨❃⑨P⑥➜❿✑❺❳⑧❅⑨P⑩✱➁✎⑦❃➉❻Ô❚⑦P⑦❅➋❱⑥✝❺❙➉ç❽✎➉❘⑩❢❿✵⑩❱❿✵⑩✝❹➎⑥❯⑦❝Ô❚➊✻➋✱⑥❢❿✎⑥ ➃ Ô ➃ ❷❚⑥✝❿✎❺❳❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➉❘❺❩➁❾⑧P⑥❥❺❙➉
⑨P❺❩❷➝⑩✱➊❙➋✱⑥❫⑩✱⑥❫❺❙⑨P⑨❃⑥❘❿✑❺➏⑧P⑨❅⑩✱➁✎⑦❃➉❻Ô❚⑦P⑦P➋✱⑥➌➉❘➈❩❿❭Ô❨⑥➌⑦P❺➅➽P⑩❘⑩❱➁✔❽✑❷➝⑩✱❿✎⑥✑➀✵➈➏➁✑❺ ➃ ❺❩⑦P⑦P➐✱⑨❝Ô❚⑥↕❿✎❺ ➂ ➁❭Ô❨⑨❍⑥❯⑦❪Ö❱⑩✱❷❨⑥✱⑨P❺❙⑦✳❿✑⑥❮Ö✱❺❩⑧❅⑥✱⑨❢❿✎⑥✱⑦
⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧P⑥❯⑦❥⑩✱❿❭Ô ➃ Ô❚⑥❯➁✵⑩✔Ô❚⑦❙➀

ha

ØßÖ❯❺❙⑨❥❺❩❼❾❽✵⑩✱➊✻➋❱⑥◗Ø ➒✑→ÛÕ ÚPÚ → ⑤❢⑥➼❺❩➁❾⑧❅⑩✱➁✐⑧❅⑥✎➀☛❿✑❺✖Ö✾Ô❨❿✎⑥↕✌➶➉❘⑩❱⑧P⑨❝Ô❨ø➏❿✎❺Ï✕✎❺✣➍❦Ô❨❶❭Ô❚❷×Ô❚❿✵⑩✱❿✎❺
A
➀✑⑥✍Ö❱⑩✱❷❚⑥❯⑨✧❿✑❺ ➃ ⑩✱❿✎⑩❤❺❙❷❨❺❩➉❘❺❩➁✐⑧❅⑥r❿✎⑥ÏÖ✱❺❩⑧P⑥❯⑨

ha

➁✎➋✱⑥r❿✎❺✖Ö✱❺❥⑦P❺❩⑨✸Ô❨➇❯❽✵⑩❱❷ →✌➧ ❺❙➉➠❼❾❽✎❺❥⑦P❺✫⑩✳Ö❱⑩✱❷➃Ô➝⑩✱⑨❳⑩✍Ô❨➁✒✕✎❽✎➦❙➁ ➃ Ô➝⑩❞❿✑❺
➃ ⑩❱❿✵⑩r❺❙❷❨❺❩➉❘❺❩➁✐⑧❅⑥➌➁✎⑥➌⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱❿✎⑥ ➂ ➁✎⑩✱❷ ❿✎⑥➌❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩❇ØßÖ❯❺❩⑨❢⑩r❺❩❼✔❽✎⑩✱➊✻➋✱⑥➯Ø ➒✑→➃Õ ÚPÚ → ⑤❵❺❙⑦❣⑧❅❺❥⑧❅⑨P⑩✱❶✵⑩✱❷❚❸✎⑥➌⑩r❺❙❼❾❽✵⑩✱➊❙➋✱⑥
Ø ➒✷→◆Ù Ú ➈❤❹✎⑨❃⑥❯❹❻⑥✱⑦❃⑧✯⑩➶❹✎⑩✱⑨❅⑩↕⑦❃❺❤❿✎❺✣⑧❅❺❙⑨❃➉❻Ô❚➁✵⑩✱⑨❢⑥ÚÖ❯❺✣⑧❅⑥❯⑨➜❿✑❺❤⑦P❺❩➁✎⑦❝Ô❚❶❭Ô❨❷➃Ô❨❿✵⑩✱❿✑❺✇❿✎⑥✱⑦❥⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦➜⑥❯❶✑⑧❝Ô❨❿✎⑥↕⑩➶❹✵⑩✱⑨❃⑧❝Ô❨⑨
❿✵⑩➌➉↕⑩✗⑧❅⑨❝Ô❚ø➜❿✎❺❰✕✵❺➚➍✒Ô❚❶❭Ô❨❷➃Ô❨❿✵⑩❱❿✎❺

A
➀

s = ‖w‖
∞

w−1 − q ,
Ø ➒✑→◆Ù Ú

⑥❯➁✎❿✑❺
s
➈➶⑥ Ö❯❺✣⑧❅⑥❯⑨❤❿✑❺➼⑦P❺❙➁✑⑦❝Ô❨❶✒Ô❨❷×Ô❚❿✵⑩✱❿✎❺❫❿✎⑥❯⑦❤⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥❯⑦❤⑩✱❿❭Ô ➃ Ô❨⑥❯➁✎⑩✔Ô❨⑦❩➀

w
➈↕❽✎➉èÖ✱❺❩⑧P⑥❯⑨ ➃ ⑥❯➉þ❺❙❷❚❺❙➉❫❺❙➁✐⑧❅⑥✱⑦

➃ ⑥✱⑨P⑨P❺❩⑦P❹➎⑥❯➁✎❿✎❺❩➁✐⑧❅❺❙⑦❍⑩✫❿✎❺✘✕✵❺✣➍✑➋✱⑥❤⑨❃❺❙⑦❃❽✎❷❚⑧❅⑩✱➁✐⑧❅❺✝❺❩➉ ➃ ⑩✱❿✎⑩✇❹➎⑥❯➁✐⑧❅⑥❞❼❾❽✵⑩❱➁✎❿✎⑥❞❽✑➉↕⑩ ➃ ⑩✱⑨❃➇✐⑩✇❽✑➁❭Ô❚⑧❅➐✱⑨❝Ô❨⑩➜➈➜⑩✱❹✎❷➃Ô ➃ ⑩✱❿✵⑩❥❺❙➉
⑧❅⑥✔❿✎⑥❯⑦✝⑥❯⑦➜❹➎⑥❯➁✐⑧❅⑥❯⑦❥❿❭Ô❚⑦ ➃ ⑨P❺❩⑧P⑥❯⑦➜❿✵⑩➶⑨❃❺❙➇❳Ô❨➋✱⑥➶❿✎❺ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥➼❺❤➈❤❿✵⑩❱❿✎⑥➼❹❻❺❩❷➝⑩↕❺❩❼❾❽✵⑩✱➊✻➋❱⑥ÙØ ➒✑→ Ø Ú ➀

‖w‖
∞

➈➌⑩↕➁✎⑥✱⑨P➉❘⑩
❿✎❺❢➉↕➐✗➍❦Ô❚➉❘⑥✫❿✎⑥✐Ö❯❺❩⑧P⑥❯⑨

w
❿✵⑩❱❿✵⑩✇❹➎⑥❯⑨

‖w‖
∞

= max {|w1| , |w2| , ..., |wk|}
➀✔❺

q
➈❵❽✎➉ûÖ❯❺✣⑧❅⑥❯⑨ ➃ ⑥✱❷❨❽✎➁✵⑩ ➃ ⑥❯➉

⑧❅⑥✔❿✎⑥❯⑦❍⑥❯⑦✳❺❩❷❨❺❩➉❘❺❩➁❾⑧P⑥❯⑦❍❿✎❺❰Ö❱⑩✱❷❨⑥❯⑨
1
➀

w = Aq .
Ø ➒✑→ Ø Ú

Û Ö❯❺✣⑧❅⑥❯⑨
s
➑ ⑥❯⑨❃➁✎❺ ➃ ❺➌❽✎➉↕⑩➶❹➎⑥❯➁✎❿✑❺❙⑨❅⑩❱➊✻➋✱⑥❇❹✵⑩✱⑨P⑩➼⑥❯⑦✝Ö❱⑩✱❷❨⑥❯⑨❃❺❙⑦➜❿✑⑥❯⑦➏⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥❯⑦✫⑩➶⑦❃❺❙⑨❃❺❙➉✥⑩✱❿❭Ô ➃ Ô❚⑥❯➁✵⑩✱❿✎⑥✱⑦❙➀

ha

→ ⑤❵⑥ä❺❙➁✐⑧❅⑩✱➁✐⑧❅⑥✎➀❥➈❧➁✎❺ ➃ ❺❙⑦❃⑦❅➐✱⑨✪Ô❨⑥ ❿✎❺❩⑧P❺❙⑨P➉❮Ô❨➁✎⑩✱⑨❇❽✎➉ ➑ ⑩❱⑧❅⑥✱⑨➼❿✎❺②❺❩⑦ ➃ ⑩✱❷➝⑩Ü❹✵⑩✱⑨P⑩➥❹➎❺❙⑨❃➉❻Ô❲⑧❩Ô❨⑨↕❼✔❽✑❺②⑥❯⑦↕Ö❱⑩✱❷❨⑥✱⑨P❺❙⑦
❿✎⑥❯⑦➶⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥Ù⑩✱❿❭Ô ➃ Ô❨⑥❯➁✎⑩✔Ô❨⑦

ha

⑦P❺➅➽P⑩✱➉ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥❯⑦❘⑩Ù❹✵⑩✱⑨❣⑧❩Ô❚⑨❘❿✎⑥çÖ❯❺❩⑧P⑥❯⑨
s
❺❦❿✎⑥▲❿✎❺❩⑦✪Ö✾Ô❨⑥Ù❿✎⑥▲❺❙⑨❃⑨P⑥▲❿✑❺

⑧❅⑨P⑩✱➁✎⑦❃➉❻Ô❚⑦P⑦❅➋❱⑥ →

➟ ❺❙❼❾❽✵⑩✱➊❙➋✱⑥❦Ø ➒✑→❝➡ Ú ➈✫❽✎⑦❅⑩✱❿✎⑩❫❹✵⑩❱⑨❅⑩ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱⑨♥⑥❯⑦✸Ö❱⑩✱❷❚⑥❯⑨P❺❩⑦✳❿✎⑥✵Ö❯❺❩⑧P⑥❯⑨❵❿✎⑥❯⑦❵⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦❍⑩✱❿❭Ô ➃ Ô❨⑥❯➁✎⑩✔Ô❨⑦
ha

➀

hai = (u0i − ū0 ) Ci si ,
Ø ➒✷→❭➡ Ú

⑥❯➁✎❿✑❺
( u0i − ū0 )

➈✫⑥➌❿✎❺❩⑦✪Ö✾Ô❨⑥➌❿✎⑥➌❿✎❺❩⑦P❷❨⑥ ➃ ⑩❱➉❘❺❩➁❾⑧P⑥➌❿✎⑥➌❺❙❷❨❺❩➉❘❺❩➁✐⑧❅⑥ ➃ ⑥❯➉❫⑥r❽✎➉❛⑧P⑥✷❿✑⑥r❺❙➉á❽✎➉❘⑩❤❿✵⑩✱❿✎⑩➌❹➎⑥❯⑦✪Ô❨➊✻➋❱⑥
i
❺❙➉➠⑨P❺❩❷➝⑩✱➊❙➋✱⑥r⑩✱⑥✍Ö❱⑩✱❷❚⑥❯⑨✧➉❫➈❙❿✒Ô❨⑥ →➸Û ❿✎❺❩⑦P❷❚⑥ ➃ ⑩✱➉❘❺❩➁✐⑧❅⑥r❿✎⑥r❺❩❷❨❺❙➉❫❺❙➁✐⑧P⑥ ➃ ⑥❯➉❫⑥❤❽✎➉➠⑧❅⑥✔❿✎⑥❤➈❥❺❩❼✔❽✒Ô➃Ö❱⑩✱❷❨❺❩➁✐⑧❅❺❥⑩✱⑥❞❺❙⑨P⑨❃⑥
❿✎❺✝⑧P⑨❅⑩✱➁✑⑦P➉❮Ô❨⑦P⑦P➋✱⑥✫⑧❅⑥❯➉❘⑩✱❿✎⑥✇➁✵⑩❞❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➉➠➉❫⑥✱⑧P⑥❯⑨❅⑩ →

C
➈❢❽✎➉ ➑ ⑩❱⑧❅⑥✱⑨❳❿✎❺❢❺❙⑦ ➃ ⑩✱❷❨⑩✑➀✷❺

i
➈✝⑩✇❹➎⑥❯⑦❝Ô❚➊✻➋✱⑥✇➁✎⑥ ➃ Ô ➃ ❷❚⑥

❿✎❺✫❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥ →
Õ✦Ù✱➒



➾✌⑩✱⑨P⑩➏❿✑❺❩⑧❅❺❩⑨P➉❮Ô❨➁✵⑩❱⑨➸⑥❰Ö❯❺❩⑧P⑥❯⑨✕❿✎⑥❯⑦✕⑩ ➑ ⑩❱⑦❃⑧✯⑩❱➉❘❺❩➁❾⑧P⑥❯⑦✕⑩✱❿❭Ô ➃ Ô❚⑥❯➁✵⑩✔Ô❚⑦
ha

➃ ⑥❯➁ ➑ ⑥❯⑨❃➉❘❺❍⑩❥❺❩❼✔❽✎⑩✱➊✻➋✱⑥❘Ø ➒✑→❭➡ Ú ➈❵➁✑❺ ➃ ❺❩⑦P⑦P➐✗➄
⑨❝Ô❚⑥➜❼❾❽✎❺✳⑦P❺ ➃ ⑥❯➁✎❸✎❺❩➊✻⑩❥⑥✝Ö❱⑩✱❷❨⑥❯⑨➆➉❘➈❩❿❭Ô❨⑥✝❿✎⑥❥❺❙⑨❃⑨P⑥✫❿✎❺✧⑧P⑨❅⑩✱➁✎⑦❃➉❻Ô❚⑦P⑦P➋✱⑥ →➸↔ ⑦❣⑧❅❺✳⑦Pà✫➈✳❿✎❺✣⑧❅❺❩⑨P➉❮Ô❨➁✵⑩✱❿✑⑥❥⑩✱❹➎à❯⑦ ➃ ⑩❱❷ ➃ ❽✑❷➝⑩✱⑨✩➄➅⑦P❺
⑥➶❺❩⑨P⑨P⑥↕❿✎❺❞⑧❅⑨P⑩✱➁✎⑦❃➉❻Ô❚⑦P⑦❅➋❱⑥↕❺❙➉Þ⑧❅⑥✔❿✵⑩✱⑦✝⑩✱⑦✝❹➎⑥❯⑦✪Ô❨➊❙➳✔❺❙⑦❢❿❭Ô❨⑦ ➃ ⑨❃❺❩⑧✯⑩❱⑦➜❿✎⑥ ➃ Ô ➃ ❷❚⑥↕❿✎❺✇❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➉❘❺❩➁✐⑧❅⑥ →❥ã Ô➝⑩✱➁✐⑧❅❺✇❿❭Ô❨⑦❣⑧❅⑥✎➀
⑥ ➃ ➐✱❷ ➃ ❽✎❷❚⑥r❿✎⑥ÞÖ❯❺❩⑧P⑥❯⑨

ha

➈❥❺✣➍✷❺ ➃ ❽✑⑧❅⑩✱❿✎⑥↕❹➎⑥❯⑦❣⑧❅❺❙⑨✪Ô❨⑥❯⑨❃➉❘❺❩➁✐⑧❅❺❥➁✎⑥❫❶✎❷❨⑥ ➃ ⑥r❿✑⑥ ➃ ⑥❯➁✐⑧❅⑨❃⑥❯❷➝⑩✱❿✑⑥❯⑨ →

➾✌⑩✱⑨P⑩r❼✔❽✑❺➏⑦❃❺❥❹❻⑥✱⑦P⑦❅⑩ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩✱⑨❳⑥✍Ö❯❺✣⑧❅⑥❯⑨
ha

➁✎⑥➌❶✎❷❨⑥ ➃ ⑥❤❿✑⑥ ➃ ⑥❯➁✐⑧❅⑨❃⑥❯❷➝⑩❱❿✎⑥❯⑨♥⑦❃❺❙➉➫⑩❤➁✎❺ ➃ ❺❩⑦P⑦❝Ô❚❿✵⑩✱❿✎❺✫❿✵⑩r➉❘⑩❱⑧❅⑨✪Ô❨ø
❿✎❺✐✕✵❺✣➍❦Ô❨❶✒Ô❨❷×Ô❚❿✵⑩✱❿✎❺

A
⑨P❺ ➑ ❺❩⑨P❺❩➁❾⑧P❺r⑩ ➃ ⑩✱❿✵⑩↕❹➎⑥❯⑦✪Ô❨➊✻➋❱⑥✎➀➭❿✎❺❩⑧P❺❙⑨P➉❮Ô❨➁✎⑩✗➄➅⑦❃❺➏➁✑⑥➶❶✎❷❨⑥ ➃ ⑥❫⑦❝Ô❚⑦❃⑧P❺❙➉❘⑩❘⑥❯⑦❪Ö❱⑩✱❷❨⑥❯⑨❃❺❙⑦❵❿✎⑥❻Ö✱❺❩⑧P⑥❯⑨

s
❺✝❿✑⑥ ➑ ⑩❱⑧❅⑥✱⑨✧❿✎❺➜❺❩⑦ ➃ ⑩✱❷➝⑩

C
→✡ù ⑦❣⑧❅⑥❤⑨❃❺❙❿✎❽✎ø❥❿✑❺ ➑ ⑥❯⑨❃➉↕⑩➏⑦❝Ô❨➇✱➁❭Ô ➂✵➃ ⑩❱⑧❩ÔÛÖ❱⑩✇⑩❞➉❫❺❙➉❫à❯⑨✪Ô➝⑩ ➃ ⑥❯➉❫❹✎❽✑⑧❅⑩ ➃ Ô❚⑥❯➁✵⑩✱❷➭➁✎❺ ➃ ❺❙⑦❃⑦❅➐✱⑨✪Ô➝⑩

❹✵⑩✱⑨P⑩r❺✣➍✷❺ ➃ ❽✑⑧✯⑩✱⑨❵⑥➌❹✎⑨P⑥ ➃ ❺❩❿❭Ô❨➉❫❺❙➁✐⑧P⑥ →

Ûç➑ ⑩❱⑧P⑥❯⑨♥❿✎❺✫❺❙⑦ ➃ ⑩✱❷❨⑩
C
➀✎❹✎⑨❃⑥❯❹➎⑥❯⑦❃⑧P⑥❫➁✑❺❙⑦❃⑧P❺➏⑧P⑨❅⑩✱❶✎⑩✱❷❨❸✎⑥✑➀✑➈ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥r❿✵⑩➌⑦P❺❩➇❯❽❭Ô❚➁❾⑧P❺ ➑ ⑥❯⑨P➉❘⑩✑➹

•
⑩❱❹❻à❯⑦ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥❘⑥➶❺❙⑨❃⑨P⑥➶❿✎❺✇⑧❅⑨❅⑩❱➁✎⑦P➉❮Ô❨⑦❃⑦❅➋✱⑥❘❺❙➉Ý❽✎➉↕⑩❫❿✵⑩✱❿✵⑩❘❹❻⑥❯⑦✪Ô❨➊❙➋✱⑥

i
❿✑⑥ ➃ Ô ➃ ❷❨⑥❘❿✎❺❤❺❩➁✎➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥✑➀

⑩✱❿✑⑥✱⑧✯⑩✗➄✭⑦P❺❢❽✎➉ Ö❱⑩✱❷❚⑥❯⑨❳❹✎⑩✱⑨❅⑩❞⑥r❿✑❺❙⑦✪Ö✾Ô❚⑥r❿✎⑥r❺❙⑨❃⑨P⑥r❿✎❺✝⑧P⑨❅⑩✱➁✑⑦P➉❮Ô❨⑦P⑦P➋✱⑥✎➀
( u0i − ū0 )

❿✵⑩❞❺❩❼❾❽✵⑩✱➊✻➋❱⑥♦Ø ➒✑→❝➡ Ú → ⑤❵⑥
➃ ⑩✱⑦P⑥❥❽✎⑦❃⑥❯❽✷➄✭⑦P❺

( u0i−ū0 ) = 0.10 u0i

→✌➟ ⑦P⑦P❽✑➉❻Ô❚❽✷➄➅⑦❃❺♥❺❙⑦❣⑧❅❺❋Ö❱⑩✱❷❚⑥❯⑨ ➃ ⑥❯➉❫⑥➜⑦P❺❩➁✎❿✎⑥❥❹➎❺❙❼❾❽✎❺❙➁✑⑥❥⑥❥⑦P❽ ➂✵➃ Ô❨❺❩➁❾⑧P❺
❹✵⑩❱⑨❅⑩➶❼❾❽✎❺➌⑥ ➃ ⑥❯➉❫❹➎⑥❯⑨❃⑧❅⑩✱➉❘❺❩➁✐⑧❅⑥➼❿✵⑩➶⑨❃❺❙⑦P❹➎⑥❯⑦❣⑧✯⑩❇❹❻⑥❯⑦❃⑦❅⑩➼⑦P❺❩⑨✫⑩✱❹✎⑨❃⑥♠➍❦Ô❚➉↕⑩✱❿✑⑥➼⑩✱❿✎❺❩❼✔❽✎⑩✱❿✵⑩✱➉❫❺❙➁✐⑧❅❺➌❿✎❺ ➑ ⑥✱⑨P➉❘⑩
❷➃Ô❨➁✎❺❙⑩✱⑨ →✌ß ⑩❱❷❨⑥❯⑨❃❺❙⑦✳➉❘⑩✔Ô❨⑥❯⑨❃❺❙⑦♥❹➎⑥✔❿✎❺❙➉③➁✵➋✱⑥❫⑦P❺❙⑨❵⑩✱❿✑❺❙❼❾❽✵⑩✱❿✎⑥✱⑦❵❹✎⑩✱⑨❅⑩➌❺❙⑦❣⑧❅❺ ➂ ➉ →

•
➃ ⑩✱❷ ➃ ❽✎❷➝⑩✜➄➅⑦P❺❫⑥ Ö❯❺✣⑧❅⑥❯⑨

hai

⑩✗⑧❅⑨❅⑩✳Ö✱➈❙⑦r❿✵⑩♦❺❩❼❾❽✵⑩✱➊✻➋❱⑥äØ ➒✑→❝➡ Ú ⑩✱⑦❃⑦P❽✎➉❮Ô❨➁✑❿✎⑥❦❽✎➉➏Ö❱⑩✱❷❨⑥❯⑨✐Ô❨➁✒Ô ➃ Ô❨⑩✱❷✡❿✎⑥ ➑ ⑩❱⑧P⑥❯⑨➏❿✎❺
❺❩⑦ ➃ ⑩❱❷➝⑩r❽✎➁❭Ô❲⑧✯➐✱⑨✪Ô❨⑥✉Ø

Ci = 1
Ú✘❷

•
⑩❱❿❭Ô ➃ Ô❨⑥❯➁✵⑩✜➄➅⑦P❺✝⑥ÞÖ✱❺❩⑧P⑥❯⑨

hai

⑩✱⑥✵Ö❯❺✣⑧❅⑥❯⑨❍❿✎⑥✱⑦❢⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❘❺❩➁✐⑧❅⑥❯⑦✸Ô❚➁❭Ô ➃ Ô➝⑩✔Ô❚⑦
hi

Ø
hTi = hi + hai

Ú✬❷

•
⑨❃❺❙⑦❃⑥❯❷➃Ö✱❺✣➄➅⑦❃❺❞➁✎⑥✶Ö❱⑩✱➉❫❺❙➁✐⑧❅❺✇⑥↕❹✎⑨❃⑥❯❶✎❷❚❺❙➉❘⑩❫❿✎❺ ➃ ⑥❯➁✐⑧❅⑩❱⑧❅⑥➶❺➏❿❭Ô❚⑦❃⑧❅⑨✪Ô❨❶✎❽✒Ô❨➊✻➋❱⑥❘❿✎❺ ➃ ⑩✱⑨❃➇✐⑩❘❺❩➁✐⑧❅⑨P❺✇⑥❯⑦✝❿✑❺❙➁✐⑧❅❺❩⑦➌Ø❹Ö✱❺❙⑨
⑦❃❺❙➊✻➋❱⑥ÚØ → ➓ Ú✬❷

•
⑩◆❹✵⑩❱⑨❃⑧❩Ô❚⑨❤❿✎⑥❧➁✎⑥✶Ö❯⑥ Ö❱⑩✱❷❨⑥✱⑨❤⑥❯❶✑⑧❝Ô❨❿✎⑥◆❹✵⑩❱⑨❅⑩◆⑥◆❺❙⑨❃⑨P⑥◗❿✎❺➶⑧❅⑨P⑩✱➁✎⑦P➉❮Ô❨⑦❃⑦❅➋✱⑥❧❺❩➉ ➑ ❽✎➁✎➊❙➋✱⑥◗❿✎⑥❯⑦➌⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧P⑥❯⑦
⑩✱❿✒Ô ➃ Ô❚⑥❯➁✵⑩✔Ô❚⑦

hai

➀✗⑩✜➽❃❽✑⑦❃⑧✯⑩✜➄➅⑦P❺✡❷➃Ô❨➁✎❺❙⑩✱⑨P➉❫❺❙➁✐⑧P❺➸⑥ ➑ ⑩❱⑧❅⑥✱⑨ ❿✎❺✕❺❙⑦ ➃ ⑩✱❷❨⑩
Ci

→✹➟ ⑦P⑦❃❽✎➉❫❺✣➄➅⑦❃❺✕❼✔❽✑❺✾⑥ ➃ ⑥❯➉❘❹➎⑥❯⑨❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥
❿✵⑩❍⑨P❺❩⑦P❹➎⑥❯⑦❃⑧❅⑩❵❿✑⑥✝❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩♥➈✕❷➃Ô❨➁✎❺❙⑩✱⑨☛❹✵⑩✱⑨P⑩❵❹➎❺❙❼❾❽✎❺❩➁✎⑥❯⑦❵Ö✱⑩❱❷❨⑥❯⑨❃❺❙⑦✚❿✎⑥❯⑦✚❿✎❺❩⑦✪Ö✾Ô❨⑥❯⑦✹❿✎⑥❵❺❙⑨❃⑨P⑥❵❿✎❺✾⑧P⑨❅⑩✱➁✑⑦P➉❮Ô❨⑦P⑦P➋✱⑥ →

ê❪ë❄ì❪ë✄✂ ☎ ö❭ï✱ñ✝✆rö❭ï✛÷➺ÿ❼ò ú⑦÷❫ø✟✞➅òrö✡✠☞☛✽ø❼ú⑦ï❃ô➺÷➅þ ÿ❼òåù❼ô▲ö❭ô➅ÿ❼ô
Û ⑦↕⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱❿✑⑥❯⑦↕❿✵⑩◗⑨P⑥✱⑧❝Ô❨➁✵⑩◗❿✎⑥ ➃ ➐✱❷ ➃ ❽✎❷❨⑥◗❿✎⑥▲❺❩⑨P⑨❃⑥Ù❿✎❺♦⑧P⑨❅⑩✱➁✑⑦P➉❮Ô❨⑦P⑦P➋✱⑥◗⑦❅➋✱⑥➘⑩❱➁✵⑩✱❷×Ô❚⑦❅⑩✱❿✑⑥❯⑦➌❹❻❺❩❷❨⑥Ù❶✑❷❨⑥ ➃ ⑥◗❿✎⑥

➃ ⑨✪Ô❚⑧P➈❙⑨❝Ô❚⑥❇❿✎❺ ➃ ⑥❯➁✞Ö❯❺❩⑨P➇❯➦❩➁ ➃ Ô❨⑩♦⑥❯❽Ù❿✑❺❘❹✵⑩❱⑨❅⑩✱❿✵⑩ →➼➷ ⑥❯➉❫❹✵⑩✱⑨P⑩✗➄➅⑦❃❺❘⑥✉➉↕➐✜➍✒Ô❚➉❘⑥➼❿✑❺❙⑦✪Ö✾Ô❚⑥♦❿✎⑥➯❺❙⑨P⑨❃⑥♦❿✎❺➌⑧❅⑨P⑩✱➁✎⑦❃➉❻Ô❚⑦P⑦❅➋❱⑥
Õ✦Ù✍✌



⑥❯❶✑⑧❝Ô❨❿✎⑥②➁✵⑩✱⑦❮Ö✱➐❱⑨❝Ô➝⑩❱⑦❫❹➎⑥❯⑦✪Ô❨➊❙➳✔❺❙⑦❘❿✎⑥ ➃ Ô ➃ ❷❨⑥◗❿✎❺♦❺❩➁✎➇❯⑨P❺❩➁✵⑩✱➉❫❺❙➁✐⑧❅⑥Ù❺❙➉ ⑨P❺❩❷➝⑩✱➊❙➋✱⑥▲⑩✱⑥äÖ❱⑩✱❷❨⑥❯⑨➌➉❫➈❙❿❭Ô❚⑥②❿✑⑥Ù❺❙⑨❃⑨P⑥▲❿✑❺
⑧❅⑨P⑩✱➁✎⑦❃➉❻Ô❚⑦P⑦❅➋❱⑥❘❿✵⑩❮Ô❚⑧P❺❙⑨❅⑩❱➊✻➋✱⑥❘⑩❱⑧❅❽✎⑩✱❷ ➃ ⑥❯➉➫⑥❘➉↕➐✗➍❦Ô❚➉❘⑥r❿✎❺❩⑦✪Ö✾Ô❨⑥↕❿✵⑩❮Ô❲⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥↕⑩❱➁❾⑧P❺❙⑨✪Ô❨⑥❯⑨ → ➹ ❺❤⑩➌❿❭Ô ➑ ❺❙⑨P❺❩➁✎➊✻⑩❫❺❙➁✐⑧❅⑨❃❺
❺❙⑦❣⑧❅❺❩⑦r❿✎❺❙⑦❃Ö❦Ô❚⑥❯⑦❤➉❘➐✗➍❦Ô❨➉❫⑥❯⑦ ➑ ⑥❯⑨✇➉❘⑩✔Ô❚⑥❯⑨✇❿✑⑥❦❼❾❽✎❺➶❽✎➉þ❺❙⑨❃⑨P⑥◆⑩✱❿✑➉❻Ô❚⑦P⑦P➞ÛÖ❯❺❩❷❳❹✎⑨❃➈✣➄✭❺❙⑦❃⑧❅⑩✱❶➎❺❙❷❨❺ ➃ Ô❚❿✎⑥✎➀➸❿❭Ô❚⑨P❺ ➃ Ô❨⑥✱➁✵⑩✗➄➅⑦❃❺↕⑩❱⑦
Ô❨➁ ➑ ⑥❯⑨P➉❘⑩✱➊❙➳✔❺❙⑦❵❿✎❺❤⑦P⑩✱➞❨❿✎⑩↕❿✎⑥➶⑦✪Ô❨⑦❃⑧P❺❙➉❘⑩↕❹✵⑩✱⑨P⑩↕⑥ ➃ ⑥✱➁❾⑧P⑨P⑥❯❷❨⑩✱❿✎⑥❯⑨ → ➹ ❺❤⑩↕❿❭Ô ➑ ❺❩⑨P❺❩➁✎➊✻⑩➶❺❩➁❾⑧P⑨P❺❤⑥✱⑦➜❿✎❺❙⑦❃Ö✾Ô❨⑥❯⑦➜➉❘➐✗➍❦Ô❨➉❫⑥❯⑦
➑ ⑥❯⑨➏➉❘❺❩➁✎⑥❯⑨✫⑥❯❽çÔ❨➇❯❽✵⑩❱❷✡⑩✱⑥♦❺❩⑨P⑨❃⑥♦⑩✱❿✑➉❻Ô❚⑦P⑦P➞ÛÖ❯❺❩❷➣➀ ➂ ➁✵⑩✱❷➃Ô❨ø❙⑩✗➄➅⑦❃❺❫⑥✉❹✎⑨❃⑥ ➃ ❺❙❿❭Ô❚➉❘❺❩➁❾⑧P⑥➯❿✑❺↕⑥✱⑧❝Ô❨➉❮Ô❨ø✻⑩❱➊✻➋✱⑥ → ⑤❵❺❙⑦❃⑧P❺ ➃ ⑩✱⑦P⑥✎➀
⑩Ü⑦P⑥❯❷❚❽✎➊✻➋✱⑥➥❿✎⑥➥❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩▲❿✎❺◗⑥✱⑧❝Ô❨➉❮Ô❨ø✻⑩❱➊✻➋✱⑥▲❺❩➉ Ø ➒✑→ÛÕ Ú ➈❧⑥❯❶✑⑧❝Ô❨❿✵⑩ → ➟ ⑦➯➉❫⑥✷❿✒Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦❇⑩❱⑧P⑨❝Ô❚❶✎❽✎➞❨❿✎⑩✱⑦➼❹✵⑩✱⑨P⑩
⑩✱⑦❫⑦P❽✎❹➎❺❙⑨ ➑ ➞ ➃ Ô❨❺❙⑦❫❿✎⑥❯⑦❘❿✎❺❙➁✐⑧P❺❙⑦↕❹✎⑩✱⑨❅⑩◗⑥❯⑦ ➃ ➐✱❷ ➃ ❽✎❷❨⑥✱⑦❫❿✑⑥②❺❩⑨P⑨P⑥②❿✎❺➯⑧P⑨❅⑩✱➁✑⑦P➉❮Ô❨⑦P⑦P➋✱⑥◗❿✵⑩◗â✑❷❚⑧❩Ô❚➉↕⑩ Ô❲⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥②⑦P➋✱⑥▲⑩❱⑦
➃ ⑥✱➁✎⑦❝Ô❚❿✎❺❙⑨P⑩✱❿✵⑩✱⑦❍à✱⑧❝Ô❨➉❘⑩✱⑦♥❹✵⑩✱⑨P⑩r➉❻Ô❚➁❭Ô❨➉❮Ô❨ø❙⑩✱⑨❳⑥➌❹❭Ô ➃ ⑥❱➄➅⑩✗➄➅❹✒Ô ➃ ⑥❞❿✎⑥❘❺❩⑨P⑨❃⑥❫❿✑❺✫⑧P⑨❅⑩✱➁✑⑦P➉❮Ô❨⑦P⑦P➋✱⑥ →

Ûç➃ ⑨✪Ô❚⑧P➈❙⑨❝Ô❚⑥r❿✎❺ ➃ ⑥❯➁✞Ö✱❺❙⑨P➇✱➦❙➁ ➃ Ô➝⑩❘➈❥❿✎⑩✱❿✎⑥❫❹❻⑥❯⑨❩➹

max
1≤ i≤n

|u0i − ū0 | ≤ ǫ ,
Ø ➒✑→ ➓ Ú

⑥❯➁✎❿✑❺
ǫ
➈✫❺❙⑨❃⑨P⑥❘⑩✱❿✎➉❮Ô❨⑦P⑦❃➞➃Ö✱❺❙❷ ❹✵⑩❱⑨❅⑩➌⑩ ➃ ⑥❯➁✞Ö❯❺❩⑨P➇❯➦❩➁ ➃ Ô❨⑩❘➁✵⑩r⑦❃⑥❯❷❨❽✎➊❙➋✱⑥➌❿✎⑥➌❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩ →

Û ❺❩⑨P⑨❃⑥◆⑩✱❿✎➉❮Ô❨⑦❃⑦P➞➃Ö✱❺❙❷✾❹✵⑩✱⑨P⑩❦⑩ ➃ ⑥✱➁❜Ö✱❺❙⑨❃➇❯➦❙➁ ➃ Ô➝⑩◆❿✎⑥◆⑩❱❷❨➇❯⑥❯⑨✪Ô❚⑧P➉❘⑥❇❿✎❺❘⑥✱⑧❩Ô❚➉❻Ô❚ø✻⑩✱➊❙➋✱⑥➯❿✑❺✖Ö❯❺➼⑦❃❺❙⑨❤❿✑❺ ➂ ➁❭Ô❚❿✎⑥❦❹➎❺❙❷❚⑥
❹✎⑨❃⑥✗➽❃❺❩⑧❝Ô❨⑦❃⑧❅⑩❧⑧P❺❙➁✎❿✑⑥Ù❺❙➉ Ö✾Ô❚⑦❃⑧✯⑩❧⑥②⑩✱⑦P❹➎❺ ➃ ⑧❅⑥Ù❹✑⑨❅➐❱⑧❝Ô ➃ ⑥◗❿✵⑩❧⑦P⑥❯❷❚❽✎➊✻➋❱⑥②❺ ➑ ➞❨⑦✪Ô ➃ ⑥◗❿✑⑥Ù❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩ →äÛ ➁✔â✑➉❘❺❩⑨P⑥Ù❿✑❺
Ô❚⑧P❺❙⑨P⑩✱➊❙➳✔❺❙⑦r⑩✗⑧❅➈➼⑩ ➃ ⑥❯➁✞Ö❯❺❙⑨❃➇❯➦❙➁ ➃ Ô➝⑩◆❺❩⑦❃⑧✯➐❦⑨❃❺❙❷❨⑩ ➃ Ô❚⑥❯➁✵⑩✱❿✎⑥ ➃ ⑥❯➉þ⑥◆❺❙⑨❃⑨P⑥❧⑩✱❿✎➉❮Ô❨⑦❃⑦P➞ÛÖ❯❺❙❷✾❹✵⑩✱⑨P⑩◆⑩❦⑦P⑥❯❷❚❽✎➊✻➋❱⑥ →❦ß ⑩✱❷❨⑥✱⑨P❺❙⑦
➉❤❽❭Ô❲⑧❅⑥✇❹❻❺❩❼✔❽✑❺❙➁✎⑥❯⑦✳❹✎⑩✱⑨❅⑩❞⑥✇❺❙⑨❃⑨P⑥r⑩✱❿✑➉❻Ô❚⑦P⑦P➞ÛÖ❯❺❩❷❻❹➎⑥✷❿✑❺❙➉ ❷❨❺✘Ö✱⑩❱⑨♥⑩❞❽✎➉ý⑧P❺❙➉❫❹❻⑥ ➃ ⑥❯➉❫❹✎❽✑⑧❅⑩ ➃ Ô❚⑥❯➁✵⑩✱❷➭❺❙❷❚❺✖Ö❱⑩✱❿✎⑥❞❹✵⑩✱⑨❅⑩❞⑩
⑦P⑥✱❷❨❽✎➊❙➋✱⑥✇❿✑⑥✇❹✎⑨❃⑥❯❶✎❷❚❺❙➉❘⑩ →➆ß ⑩✱❷❚⑥❯⑨P❺❩⑦✡❺❙❷❚❺✖Ö❱⑩✱❿✎⑥❯⑦✕❿✎❺❵❺❙⑨❃⑨P⑥✇⑩✱❿✎➉❮Ô❨⑦❃⑦P➞➃Ö✱❺❙❷✵❹➎⑥✷❿✑❺❙➉ ➑ ⑩✱ø❩❺❙⑨ ➃ ⑥✱➉ý❼✔❽✑❺❢⑥➏❹✎⑨P⑥ ➃ ❺❩❿❭Ô❨➉❫❺❙➁✐⑧P⑥
⑦P❺➅➽P⑩ ➂ ➁✎⑩✱❷×Ô❚ø✻⑩✱❿✎⑥ ➃ ⑥❯➉✟❽✎➉❘⑩❥⑦P⑥❯❷❚❽✎➊✻➋❱⑥➏❿✒Ô❨⑦❃⑧❅⑩✱➁✐⑧❅❺❍❿✵⑩❥⑦P⑥✱❷❨❽✎➊❙➋✱⑥✇à❱⑧❩Ô❨➉❘⑩ → ➾➆⑥✱⑨❃⑧✯⑩❱➁❾⑧P⑥✎➀❾❿✎❺✖Ö✱❺✣➄✭⑦P❺➜⑩✳Ö❱⑩✱❷➃Ô➝⑩✱⑨➆⑥✇❶❭Ô❚➁✡✎❯➉❮Ô❨⑥
⑧❅❺❩➉❘❹➎⑥➌❿✎❺✫❹✎⑨P⑥ ➃ ❺❩⑦P⑦P⑩✱➉❘❺❩➁✐⑧❅⑥❫❺➏❹✑⑨P❺ ➃ Ô❨⑦P➋✱⑥❘❿✎⑩➌⑦❃⑥❯❷❨❽✑➊✻➋✱⑥ →

ê❪ë❄ì❪ë❘ì ☎ä÷❫ø❫ñ❦ö✒÷➅ý❃ô➅ÿÝ÷➅örõ ö❭÷✁ñ❦ï❃øÝôûÿ❼ò ÷✁ñ❦ï❃ó✏ï✑✏üô☞✒✓�➅÷ûÿ❼÷ûòrö❦ö❭÷ûÿÝò ñ✾ö❭ô➅ø❼ð❦ó✏ï✛ð❦ð✁�➅÷
➟ ❹➎à❯⑦✳⑩➌⑩✱➁✵➐✱❷➃Ô❨⑦❃❺✝❿✎⑥❯⑦✳⑨❃❺❙⑦❃❽✎❷❚⑧❅⑩✱❿✎⑥❯⑦✳❼❾❽✵⑩✱➁✐⑧P⑥❘⑩❱⑥ ➃ ⑨❝Ô❲⑧❅➈❩⑨❝Ô❨⑥❞❿✎❺ ➃ ⑥❯➁✞Ö✱❺❙⑨P➇✱➦❙➁ ➃ Ô➝⑩r⑥❯❽❇❿✎❺❥❹✵⑩✱⑨P⑩✱❿✵⑩✑➀✑⑩✱⑦✸Ô❨➁ ➑ ⑥❯⑨P➉❘⑩✗➄

➊❙➳✔❺❙⑦ ➃ ⑩❱❷ ➃ ❽✑❷➝⑩✱❿✵⑩❱⑦❵➁✎⑩❫⑨❃⑥✱⑧❩Ô❚➁✵⑩r❹✵⑩✱⑨❅⑩➌⑥ ➃ ➐✱❷ ➃ ❽✎❷❚⑥❫❿✑⑥❘❺❩⑨P⑨P⑥❫❿✎❺✫⑧❅⑨P⑩✱➁✎⑦P➉❮Ô❨⑦❃⑦❅➋✱⑥➌❿✎⑥❘❶✎❷❨⑥ ➃ ⑥➌⑦✪Ô❨⑦❃⑧P❺❙➉❘⑩r⑦❅➋✱⑥❘❺❙➁✞Ö✾Ô➝⑩✱❿✵⑩❱⑦
⑩✱⑥ ➃ ⑥❯➁✐⑧P⑨P⑥❯❷❨⑩✱❿✎⑥❯⑨ →➥Û➺➃ ⑥❯➁✐⑧P⑨P⑥❯❷❨⑩✱❿✎⑥❯⑨✍Ô❚⑨❅➐◆❿✎❺ ➂ ➁❭Ô❨⑨➌⑥❯⑦✵Ö❱⑩✱❷❚⑥❯⑨P❺❩⑦r❿✎⑥❯⑦❫⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦❘⑩❱❿❭Ô ➃ Ô❨⑥❯➁✵⑩❛Ô❨⑦❞➁✑❺ ➃ ❺❩⑦P⑦P➐✱⑨❝Ô❚⑥❯⑦
❹✵⑩✱⑨P⑩❘⑩ ➃ ⑥❯➁✞Ö❯❺❙⑨❃➇❯➦❙➁ ➃ Ô➝⑩✷➀✵⑥❯❽➯⑦❃❺✩➽P⑩✑➀✵⑥✱⑦❪Ö❱⑩✱❷❚⑥❯⑨P❺❩⑦✳❿✎⑥✵Ö❯❺✣⑧❅⑥❯⑨

ha = {ha1,ha2, ...,han}
T →

➟ ⑦✧❺✣⑧✯⑩✱❹✎⑩✱⑦♥❿✵⑩❞⑨❃⑥✱⑧❩Ô❚➁✵⑩✇❺➚➍✷❺ ➃ ❽✷⑧✯⑩✱❿✵⑩❤❹➎❺❙❷❚⑥ ➃ ⑥❯➁✐⑧❅⑨P⑥✱❷➝⑩✱❿✎⑥✱⑨❳⑦P➋✱⑥❤➉❫⑥❯⑦❃⑧P⑨❅⑩✱❿✵⑩❱⑦✧➁✎⑥Ï✕✎❽✷➍✷⑥❯➇❯⑨❅⑩❱➉↕⑩➏❿✵⑩ ➂ ➇❯❽✑⑨❅⑩ ➒✑→❭➒✑→
➟ ❷×Ô❚➁✎❸✵⑩❞⑧❅⑨P⑩ ➃ ❺➅➽P⑩✱❿✵⑩r➁✵⑩ ➂ ➇❯❽✎⑨P⑩ ➒✑→q➒ ❿✎❺❩❷×Ô❚➉❻Ô❲⑧✯⑩✇⑥✱⑦ ➃ ➐✱❷ ➃ ❽✎❷❨⑥✱⑦✳❺✣➍✷❺ ➃ ❽✑⑧✯⑩✱❿✑⑥❯⑦❢❹➎❺❙❷❚⑥ ➃ ⑥❯➁✐⑧❅⑨❃⑥❯❷➝⑩❱❿✎⑥❯⑨ →

Õ✦Ù✱➔



üãÔ❚➇ →✎➒✷→q➒ ➹✕ü➆❷❨❽✷➍✷⑥❯➇❯⑨P⑩✱➉❘⑩❤❹✵⑩✱⑨❅⑩➌⑩r⑥✱⑧❝Ô❨➉❮Ô❨ø✻⑩❱➊✻➋✱⑥❤❿✑⑥❫❺❩⑨P⑨❃⑥❘❿✎❺❥⑧P⑨❅⑩✱➁✎⑦❃➉❻Ô❚⑦P⑦P➋✱⑥ →

➟ ❹✵⑩❱⑨❃⑧❩Ô❚⑨❳❿✑⑥❯⑦✮Ö❱⑩✱❷❚⑥❯⑨P❺❩⑦❳❿✎⑥✱⑦✧❿✎❺❩⑦✪Ö✾Ô❨⑥❯⑦✧❿✎⑥ ↔✡➧ ❹✵⑩✱⑨P⑩ ➃ ⑩❱❿✵⑩❞❹➎⑥❯⑦❝Ô❚➊✻➋✱⑥✇❺❙➉ ⑨P❺❩❷➝⑩✱➊❙➋✱⑥❤⑩✱⑥ ↔✡➧ ➉❫➈❙❿✒Ô❨⑥✎➀❾❹➎⑥✷❿✎❺➚➄➅⑦❃❺
➃ ⑩❱❷ ➃ ❽✑❷➝⑩✱⑨➆⑥❯⑦✡⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧P⑥❯⑦➸➁✎❺ ➃ ❺❙⑦❃⑦❅➐✱⑨✪Ô❨⑥❯⑦✕❺❩➉ ➃ ⑩❱❿✵⑩➜❹❻⑥✱➁❾⑧P⑥❥❿❭Ô❨⑦ ➃ ⑨❃❺❩⑧❅⑥✫⑩❱➁✵⑩✱❷×Ô❚⑦❅⑩✱❿✑⑥❥⑩❱⑧❅⑨P⑩✳Ö❯➈❙⑦✡❿✎⑩➜❺❙❼❾❽✵⑩✱➊❙➋✱⑥❘Ø ➒✑→❝➡ Ú →

ê❪ë❄ì❪ë✕✔ ✖ ô➅ø✘✗Ý÷Ýõ ô✚✙❜þ❼ð✞ñ❦ò ÿ❼÷✏ù❼ô➅ð❦ð✾÷➦ù✝ô▲ö✒ôûô✜✛✝þÝð❦ú⑦ô
Û ⑦✇⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❘❺❩➁✐⑧❅⑥❯⑦✫⑩✱❿✒Ô ➃ Ô❚⑥❯➁✵⑩✔Ô❚⑦➜➁✎❺ ➃ ❺❙⑦❃⑦❅➐✱⑨✪Ô❨⑥❯⑦✫❹✵⑩❱⑨❅⑩❇⑩ ➃ ⑥❯➁✞Ö❯❺❩⑨P➇❯➦❩➁ ➃ Ô❨⑩✑➀✽Ö❯❺❩⑧P⑥❯⑨

ha

➀☛⑦P➋✱⑥✉⑥❯❶✑⑧❩Ô❚❿✎⑥❯⑦✫⑩❱⑧P⑨❅⑩✳Ö❯➈❩⑦
❿✎❺❥➉❫⑥✷❿✒Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦♥➁✎⑩✱⑦✳⑦P❽✎❹➎❺❙⑨ ➑ ➞ ➃ Ô❨❺❙⑦✳❿✑⑥❯⑦❍❿✎❺❙➁✐⑧❅❺❩⑦ →❳↔ ⑦❃⑧✯⑩❱⑦✳➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦♥❹❻⑥✔❿✎❺❩➉❛⑦P❺❩⑨ ➑ ❺▼Ô❚⑧❅⑩✱⑦✳⑩✱❷❲⑧❅❺❩⑨❅⑩✱➁✎❿✑⑥❱➄➅⑦❃❺❥⑩
➉❮Ô ➃ ⑨❃⑥❱➄➅➇✱❺❙⑥❯➉❫❺❩⑧P⑨❝Ô➝⑩❫❿✎⑥❯⑦➏❿✎❺❙➁✐⑧P❺❙⑦❤⑩✗⑧❅⑨❅⑩✳Ö✱➈❙⑦➏❿✎❺ ➑ ❽✑➁✎➊❙➳✔❺❙⑦✇⑩ ➂ ➁✎⑦➏⑥❯❽◗❼❾❽✵⑩✱❿✎⑨P➐❱⑧❩Ô ➃ ⑩✱⑦❩➀✹❹➎⑥❯⑨✫❺✣➍✷❺❩➉❘❹✎❷❚⑥ →↕➷ ⑥❯➉➔Ô❨⑦❣⑧❅⑥✎➀
⑧❅⑥✔❿✵⑩❘⑩❫⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺➏❿✎⑥❯⑦❢❿✎❺❙➁✐⑧P❺❙⑦➜➈➏➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱❿✎⑩❫❺➏➁✵➋✱⑥❘⑦P⑥❯➉❫❺❙➁✐⑧❅❺❞⑩❘⑨❃❺❙➇❳Ô❨➋✱⑥❘❿✑❺ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥➶⑩✱➁✵⑩❱❷×Ô❨⑦P⑩✱❿✵⑩ →♥ã ❺❙⑦❣⑧✯⑩
➑ ⑥❯⑨❃➉↕⑩✑➀✷⑥➌❹✎⑨P⑥ ➃ ❺❩⑦P⑦P⑥❘❹✵⑩✱⑨P⑩❫⑩r⑥✱⑧❝Ô❨➉❮Ô❨ø❙⑩✱➊✻➋✱⑥❞❿✎❺✖Ö✱❺✇⑦❃❺❙⑨❪Ô❚⑧P❺❙⑨❅⑩✗⑧❩Ô➃Ö✱⑥ →

➟ ⑩✱❹✎⑨P⑥✻➍❦Ô❨➉❘⑩✱➊❙➋✱⑥Ü❿✎⑥❯⑦✉⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦❇⑩✱❿❭Ô ➃ Ô❨⑥❯➁✎⑩✔Ô❨⑦➶⑥✱❶✑⑧❩Ô❚❿✎⑥❯⑦❇⑩❱⑧P⑨❅⑩✳Ö❯➈❩⑦➯❿✵⑩❱⑦✉➉❫⑥✔❿❭Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦➼❿✎⑩➥➉❮Ô ➃ ⑨P⑥❱➄
➇❯❺❩⑥❯➉❘❺✣⑧❅⑨✪Ô➝⑩➜❿✎⑥❯⑦✡❿✑❺❙➁✐⑧❅❺❩⑦✧❿✎❺❩❹❻❺❩➁✎❿✎❺❵❿✵⑩ ➃ ⑥❯➉❫❹✎❷❨❺➚➍❦Ô❨❿✵⑩✱❿✑❺♥❿✵⑩✱⑦ ➑ ❽✎➁✎➊❩➳✷❺❩⑦✕❽✎⑦❅⑩✱❿✎⑩✱⑦ → ➴➯⑥✔❿❭Ô ➂✵➃ ⑩✱➊❩➳✷❺❩⑦✡➉↕⑩❛Ô❨⑦ ➃ ⑥❯➉❘❹✑❷❨❺✣➄

Õ✦Ù ➛



➍✑⑩✱⑦✝❹➎⑥✔❿✎❺❙➉á⑨❃❺❙⑦❃❽✎❷❚⑧❅⑩✱⑨❍❺❙➉Ý⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧❅⑥✱⑦➱Ô❚➁❭Ô ➃ Ô➝⑩✔Ô❚⑦✧❺❩➁❾⑧P⑨P❺❞⑩✱⑦❢⑦❃❽✎❹➎❺❙⑨ ➑ ➞ ➃ Ô❚❺❙⑦❍➉↕⑩❛Ô❨⑦✳❹✎⑨❃à♠➍❦Ô❚➉❘⑥❯⑦❍❿✎⑥✱⑦➱Ö❱⑩✱❷❚⑥❯⑨P❺❩⑦❵❿✑❺
ha

➀ ➉❘⑩✱⑦✝❹➎⑥✷❿✑❺❙➉Ý⑦P❺❙⑨❥❿✑❺❤❿❭Ô ➑ ➞ ➃ Ô❚❷✹⑥✱❶✑⑧❅❺❩➁✎➊✻➋✱⑥❇⑩✗⑧❅⑨❅⑩✳Ö✱➈❙⑦❥❿✎⑥❯⑦✝❹✎⑨P⑥ ➃ ❺❩⑦P⑦P⑥✱⑦❥❽✎⑦P❽✵⑩❛Ô❨⑦➜❿✎❺ ➑ ⑩✱❶✎⑨❝Ô ➃ ⑩✱➊❙➋✱⑥➶❿✎❺❞❺❙➁✎➇❯⑨❃❺❙➁✵⑩✜➄
➇❯❺❩➁✎⑦ → ➾➆⑥✱⑨✳⑥❯❽✑⑧❅⑨❃⑥❤❷➝⑩❱❿✎⑥✎➀✔➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦♥⑦❝Ô❚➉❘❹✎❷❚❺❙⑦❩➀✔⑧❅⑩✔Ô❨⑦ ➃ ⑥❯➉❫⑥✎➀✑⑥✱⑦✳⑩✱❷❨➞ÛÖ✾Ô❨⑥❯⑦✾❿✎❺❥❹➎❺❙⑨ ➂ ❷ ➃ ⑥✱➉ ➑ ❽✎➁✎➊❩➳✷❺❩⑦❍⑩ ➂ ➁✎⑦✧⑥❯❽
❼❾❽✵⑩✱❿✎⑨P➐❱⑧❩Ô ➃ ⑩✱⑦❩➀✵❹❻⑥✔❿✎❺❩➉á➁✵➋✱⑥❫⑩✱❹✎⑨❃❺❙⑦❃❺❙➁✐⑧✯⑩✱⑨❍❶➎⑥✐⑩➌⑩✱❹✎⑨❃⑥♠➍❦Ô❚➉↕⑩✱➊❙➋✱⑥ ➃ ⑥✱➉á⑥❯⑦✸Ö❱⑩✱❷❨⑥❯⑨❃❺❙⑦ ➃ ⑥❯➁✎⑦❝Ô❚❿✎❺❙⑨P⑩✱❿✎⑥❯⑦❍➁✎❺ ➃ ❺❩⑦P⑦❅➐❱⑨❝Ô❨⑥✱⑦ →

➾✌⑩✱⑨P⑩ ➃ ⑥✱➉❘❹➎❺❙➁✎⑦P⑩✱⑨✇⑩✉❿❭Ô ➑ ❺❙⑨❃❺❙➁✎➊❙⑩➯❺❙➁✐⑧P⑨P❺↕⑥✱⑦❞⑩ ➑ ⑩❱⑦❃⑧✯⑩❱➉❘❺❩➁❾⑧P⑥❯⑦✇⑩✱❿❭Ô ➃ Ô❨⑥❯➁✎⑩✔Ô❨⑦❥➁✎❺ ➃ ❺❩⑦P⑦❅➐❱⑨❝Ô❨⑥✱⑦❙➀
ha

➀➆❺❘⑥❯⑦✇⑩ ➑ ⑩✱⑦❣⑧✯⑩✗➄
➉❫❺❙➁✐⑧❅⑥❯⑦✝⑨P❺❙⑦❃❽✎❷❚⑧❅⑩✱➁✐⑧❅❺❩⑦❥❿✵⑩✱⑦➜➉❫⑥✷❿✒Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦❵❿✎❺ ➂ ➁❭Ô❨❿✵⑩❱⑦➜❹✵⑩✱⑨P⑩➼⑩✱⑦✝⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺❩⑦❙➀☛⑩❱⑦P⑦❝Ô❚➉ ➃ ⑥❯➉❫⑥➶❹✵⑩✱⑨P⑩➶⑩ ➃ ❺❙❷❨❺❩⑨❅⑩✱⑨✝⑥
❹✎⑨❃⑥ ➃ ❺❙⑦P⑦❃⑥❞❿✎❺ ➃ ⑥❯➁✞Ö❯❺❙⑨❃➇❯➦❙➁ ➃ Ô➝⑩✫❿✎❺✘Ö❦Ô❚❿✎⑥➮✌✱⑦✕⑩✱❷❚⑧P❺❙⑨P⑩✱➊❙➳✔❺❙⑦✡❿✵⑩❥⑨❃❺❙➇❳Ô❨➋✱⑥✫❿✎❺ ➃ ⑥❯➁✐⑧❅⑩❱⑧❅⑥➏❺❙➉ ➃ ⑩✱❿✵⑩❰Ô❚⑧P❺❙⑨P⑩✱➊✻➋✱⑥✑➀✐❽✎⑦❅⑩✗➄✭⑦P❺❍❽✎➉
➑ ⑩❱⑧P⑥❯⑨❢❿✑❺✇➇✐⑩❱➁✎❸✎⑥ →❵↔ ⑦❃⑧P❺ ➑ ⑩❱⑧P⑥❯⑨❍❿✎❺❞➇✐⑩❱➁✎❸✎⑥✎➀ ➃ ❸✵⑩✱➉❘⑩✱❿✎⑥↕⑩✱❼❾❽❭Ô✹❿✎❺

α
➀❻➉❞❽✎❷❚⑧❝Ô❨❹✎❷➃Ô ➃ ⑩✇⑥❻Ö❯❺✣⑧❅⑥❯⑨❢❿✎⑥❯⑦✝⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥❯⑦

⑩✱❿❭Ô ➃ Ô❚⑥❯➁✵⑩✔Ô❚⑦
ha

→

Û✟➑ ⑩✗⑧❅⑥❯⑨➜❿✑❺❤➇✐⑩✱➁✎❸✑⑥
α
❹➎⑥✷❿✎❺❞⑦P❺❙⑨ ➃ ⑥❯➁✎⑦✪Ô❨❿✎❺❩⑨❅⑩✱❿✎⑥ ➃ ⑥❯➉❫⑥➶⑥➼❹✵⑩✱⑦❃⑦P⑥➼❹✵⑩✱⑨P⑩➼⑩➶❶✎❽✎⑦ ➃ ⑩➶❿✵⑩➶⑦❃⑥❯❷❨❽✎➊❙➋✱⑥ →✐✗ ❽✵⑩✱➁✑❿✎⑥

❺❙⑦❣⑧❅❺❍❹✵⑩✱⑦❃⑦P⑥➏➈✳➉❤❽❭Ô❲⑧❅⑥➜➇❯⑨P⑩✱➁✎❿✎❺❱➀✐❹❻⑥✔❿✎❺➚➄➅⑦P❺✳❹✎⑩✱⑦P⑦P⑩✱⑨✕❿✎⑥❥❹❻⑥✱➁❾⑧P⑥✫❿✎❺✳➉❘➞❚➁❭Ô❨➉❫⑥✝❷❚❺✖Ö❱⑩✱➁✎❿✑⑥✫⑩✫❿✒Ô➃Ö❯❺❩⑨P➇❯➦❩➁ ➃ Ô❨⑩➜❿✵⑩❥⑦P⑥❯❷❚❽✎➊✻➋❱⑥
à✱⑧❝Ô❨➉❘⑩ → ➾✹⑥❯⑨✾⑥❯❽✑⑧❅⑨❃⑥✫❷➝⑩✱❿✎⑥✑➀✐⑦P❺❵⑥✇❹✵⑩❱⑦P⑦P⑥✇➈❍➉❤❽❭Ô❚⑧P⑥✫❹❻❺❩❼✔❽✑❺❙➁✎⑥✎➀✔❽✎➉ý➁❾â✎➉❫❺❙⑨❃⑥✇➉❤❽✒Ô❚⑧❅⑥✫➇❯⑨P⑩✱➁✎❿✎❺❍❿✎❺➱Ô❚⑧P❺❙⑨P⑩✱➊❙➳✔❺❙⑦✡❹➎⑥✷❿✑❺
⑦P❺❩⑨❢➁✑❺ ➃ ❺❩⑦P⑦P➐✱⑨❝Ô❚⑥❘❹✵⑩❱⑨❅⑩r⑦P❺➏⑩❱⑧❝Ô❨➁✎➇❳Ô❚⑨✳⑩r⑦P⑥❯❷❚❽✎➊✻➋❱⑥ →

➟ ❿✎⑥✱⑧❅⑥✱❽✷➄➅⑦❃❺❢❿✎❺ ➂ ➁❭Ô❚⑨❳⑥✐Ö✱⑩❱❷❨⑥❯⑨➅Ô❨➁✒Ô ➃ Ô❨⑩✱❷✎❿✎❺
α
⑩✱⑨P❶❭Ô❲⑧❅⑨P⑩✱⑨❝Ô❨⑩✱➉❘❺❩➁✐⑧❅❺✳❹✵⑩✱⑨P⑩❞⑩➏❹✎⑨❝Ô❚➉❘❺✖Ô❨⑨❅⑩❰Ô❲⑧❅❺❙⑨P⑩✱➊✻➋❱⑥➶Ø✄➁✵⑩✇⑦❃❺❙➊✻➋❱⑥ ✌✷→❝➡

❿✎⑥ ➃ ⑩✱❹✎➞❚⑧P❽✎❷❨⑥ ✌ ⑩❼Ô❨➁❦✕✵❽✎➦❙➁ ➃ Ô➝⑩❢❿✎⑥✝Ö❱⑩✱❷❨⑥❯⑨☛Ô❨➁❭Ô ➃ Ô❨⑩✱❷✐❿✎⑥ ➑ ⑩❱⑧P⑥❯⑨✌❿✎❺✧➇✐⑩✱➁✎❸✎⑥✝➁✵⑩➜⑦P⑥❯❷❚❽✎➊✻➋❱⑥➜❿✎⑥❥❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩❵➈✳❺❙⑦❣⑧❅❽✎❿✵⑩❱❿✵⑩ Ú →
Û ➃ ⑥❯➁✐⑧❅⑨P⑥✱❷➝⑩✱❿✎⑥✱⑨✕⑩✶Ö❱⑩✱❷➃Ô➝⑩➜⑥➏⑨P❺❩⑦P❽✎❷❲⑧✯⑩✱❿✎⑥➏⑥❯❶✑⑧❝Ô❨❿✎⑥ ➃ ⑥❯➉ý⑥✇❹✎⑩✱⑦P⑦❃⑥✇❿✎❺ ➂ ➁❭Ô❚❿✎⑥❞❺❍⑦P❺❵➁✎❺ ➃ ❺❙⑦❃⑦❅➐✱⑨✪Ô❨⑥❞⑩✜➽❃❽✎⑦❃⑧❅⑩➏⑥✹Ö❱⑩✱❷❨⑥✱⑨✡❿✎❺

α
❹✵⑩✱⑨P⑩↕⑩❫❹✎⑨Pà✻➍❦Ô❨➉❘⑩✵Ô❚⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥ →♥ù ⑦❣⑧❅⑥❘➈✱➀➎⑦P❺➏⑥➶⑩✱❷❚➇❯⑥❯⑨❝Ô❲⑧❅➉❫⑥❤❺❙⑦❣⑧✯⑩✳Ö❱⑩ ➃ ⑥✱➁❜Ö✱❺❙⑨❃➇❳Ô❨➁✎❿✑⑥↕❹✵⑩✱⑨P⑩↕⑩❫⑦P⑥❯❷❚❽✎➊✻➋✱⑥❫❺➏➁✵⑩❘â✎❷❲⑧❩Ô❚➉↕⑩
Ô❚⑧P❺❙⑨P⑩✱➊✻➋✱⑥➌⑩❱❹✎⑨P❺❩⑦P❺❙➁✐⑧P⑥❯❽➯❿✒Ô➃Ö❯❺❩⑨P➇❯➦❩➁ ➃ Ô❨⑩✑➀✎⑥ ➃ ⑥❯➁✐⑧❅⑨P⑥✱❷➝⑩✱❿✎⑥✱⑨♥⑨P❺✣⑧❅⑥❯⑨❃➁✵⑩r❹✵⑩✱⑨❅⑩r⑩râ✎❷❲⑧❩Ô❚➉↕⑩ ➃ ⑥❯➁✎❿✒Ô❨➊✻➋❱⑥r❿✎❺ ➃ ⑥❯➁✞Ö✱❺❙⑨P➇✱➦❙➁ ➃ Ô➝⑩
❺❞⑨❃❺❙❿✎❽✑ø❤⑥↕❹✵⑩❱⑦P⑦P⑥◗Ø

α
Ú ❹✵⑩✱⑨P⑩↕⑩❘❹✑⑨Pà✻➍❦Ô❨➉❘⑩❻Ô❚⑧P❺❙⑨P⑩✱➊✻➋✱⑥ → ➹ ❺❤⑥↕❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩ ➃ ⑥❯➁✐⑧❩Ô❚➁✔❽✎⑩↕❿❭Ô➃Ö✱❺❙⑨❃➇❳Ô❨➁✎❿✑⑥↕➉❫❺❙⑦P➉❫⑥❘⑩✱❹❻à✱⑦

⑩➯⑨❃❺❙❿✎❽✑➊✻➋✱⑥➯❿✎⑥➯❹✎⑩✱⑦P⑦❃⑥✎➀✌⑨❃❺❩⑧❅⑥✱⑨P➁✵⑩✗➄✭⑦P❺➌➁✎⑥✶Ö❱⑩✱➉❫❺❙➁✐⑧❅❺❘⑩✉â✑❷❚⑧❩Ô❚➉↕⑩àÔ❲⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥➯❿✑❺ ➃ ⑥❯➁✞Ö❯❺❙⑨❃➇❯➦❙➁ ➃ Ô➝⑩✉❺❘⑦❃❺↕⑩❱❹✎❷×Ô ➃ ⑩➼❽✎➉❘⑩
➁✎⑥✶Ö❱⑩➯⑨❃❺❙❿✎❽✎➊❙➋✱⑥❦➁✎⑥❀Ö❱⑩✱❷❨⑥❯⑨❥❿✑❺

α
→➶↔ ⑦❣⑧❅❺❘❹✎⑨P⑥ ➃ ❺❩⑦P⑦P⑥♦➈❘⑨❃❺✻⑩✱❷➃Ô❨ø✻⑩❱❿✎⑥➯❹➎❺❙❷❚⑥ ➃ ⑥❯➁✐⑧❅⑨❃⑥❯❷➝⑩✱❿✑⑥❯⑨➏⑩❱⑧❅➈❫❼❾❽✎❺❘⑦❃❺↕⑨❃❺❩⑧❅⑥✱⑨P➁✎❺↕⑩

➃ ⑥✱➁✎❿❭Ô❨➊❙➋✱⑥➶❿✎❺ ➃ ⑥❯➁✞Ö✱❺❙⑨P➇✱➦❙➁ ➃ Ô➝⑩ →➜Ûý➃ ⑨❝Ô❲⑧❅➈❙⑨✪Ô❨⑥❘⑩✱❿✎⑥✱⑧❅⑩✱❿✎⑥❘❹✵⑩✱⑨❅⑩↕⑩❘⑨P❺❩❿✎❽✎➊❙➋✱⑥➶❿✎⑥➶❹✎⑩✱⑦P⑦❃⑥◗Ø
α
Ú ➑ ⑥❳Ô✚⑨P❺❩❿✎❽✎ø✖Ô❨⑨✝⑥↕❹✵⑩✱⑦P⑦❃⑥

✌➌➉❘❺✣⑧✯⑩✱❿✎❺❥❿✑⑥❫⑦❃❺❙❽❀Ö✱⑩❱❷❨⑥❯⑨✳⑩❱➁❾⑧P❺❙⑨✪Ô❨⑥❯⑨ →

ê❪ë❄ì❪ë✄✢ ✣Úï✛ý✱ñ❦ö✒÷➱õ ÿÝò✥✤✝øÝï✦✒✧�➅÷ûÿ❼ô➅ð❍ó✏÷✸ÿ❼ï★✤✝ú⑦ô✩✒✧✪✸ò✽ð➯ÿ❼òåð❦þ➱ùÏòrö✬✫✮✭❃ú⑦ï✛ò
Û ⑥❯❶✔➽❃❺❩⑧❝Ô➃Ö✱⑥▲❿✎⑥Ù❶✑❷❨⑥ ➃ ⑥ ➃ ❸✎⑩✱➉↕⑩❱❿✎⑥Ù❿✎❺ ➂ ❷❚⑧P⑨P⑥②➈➯❿✎❺✣⑧❅❺❩⑨P➉❮Ô❨➁✵⑩✱⑨❘⑩✱⑦❘➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦❫➁✎⑩✱⑦↕⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺❩⑦↕❿✎⑥✱⑦

❿✎❺❩➁❾⑧P❺❙⑦❵❼❾❽✎❺✇⑨❃❺❙⑦❃❽✎❷❚⑧P❺❙➉❛❺❩➉➫⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧P⑥❯⑦✳❺❙➁✐⑧❅⑨❃❺➏⑩✱⑦❍⑦P❽✎❹➎❺❙⑨ ➑ ➞ ➃ Ô❚❺❙⑦✳❹✎⑨❃à✻➍✒Ô❚➉❘⑥✱⑦♥❿✎⑥❯⑦❵⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧P⑥❯⑦✳❿✎❺ ➂ ➁❭Ô❨❿✎⑥✱⑦
Õ Ø✍✯



❹➎❺❙❷❨⑥✵Ö✱❺❩⑧❅⑥✱⑨
αha

→

Û ❹✎⑨P⑥ ➃ ❺❩❿❭Ô❨➉❫❺❙➁✐⑧P⑥➯❺❩⑦❃⑧❅⑨❃❽✑⑧❅❽✑⑨❅⑩✱❿✎⑥➯❿✎❺❙⑦❣⑧✯⑩ ➑ ⑥❯⑨P➉❘⑩➼➈❘❶✵⑩❱⑦❃⑧✯⑩❱➁❾⑧P❺❮✕✎❺✣➍✷➞➃Ö✱❺❙❷ → ➾➆⑥✔❿✎❺✣➄✭⑦P❺❮Ô❨➁✐⑧❅⑨❃⑥✷❿✎❽✑ø▼Ô❨⑨✫➁✎⑥✉❶✎❷❚⑥ ➃ ⑥
➂ ❷❲⑧❅⑨P⑥r❿✒Ô ➑ ❺❙⑨❃❺❙➁✐⑧❅❺❩⑦ ➑ ❽✑➁✎➊❙➳✔❺❙⑦❍❹✵⑩✱⑨P⑩➌⑩✱⑦❍➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦♥❿✵⑩✱⑦❍⑦P❽✑❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺❩⑦❙➀✵❿✎❺➏⑩ ➃ ⑥❯⑨P❿✎⑥ ➃ ⑥❯➉➫⑩ ➃ ⑥❯➁✞Ö✱❺❙➁❭Ô❚➦❙➁ ➃ Ô➝⑩➌❿✎⑥
❽✎⑦❃❽✵➐✱⑨❝Ô❚⑥ →

❒ ⑩❱➉❘❹✎❷❨⑩✱➉❫❺❙➁✐⑧❅❺✾⑩ ➃ ❺▼Ô❚⑧P⑥✝❼❾❽✎❺✳⑩❱⑦➸➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱➊❩➳✷❺❩⑦➆❿✑⑥➜❹❻❺❩⑨ ➂ ❷✔❺✖Ö✱⑥❯❷➃Ö✱❺❙➁✐⑧❅❺❱➀✐⑧✯⑩✔Ô❚⑦ ➃ ⑥❯➉❘⑥✑➀✱⑥❯⑦✌⑩✱❷❨➞ÛÖ❦Ô❚⑥❯⑦✚➁✎⑥➜⑦❃❺❙➁✐⑧❩Ô❚❿✎⑥
❿✎⑥❍⑧❅⑥❯❹➎⑥✇Ø✁✰ Ö Õ � Ï✯Ó✣❒ Õ➣Ó❹❸ ✰ Ú ❺✾❿✎⑩❵⑨P⑩✔Ô❨ø✡❿✎⑥✱⑦➆❿✎❺❩➁✐⑧❅❺❙⑦♥Ø✁✰ Ï❅➱♠➱✗ÖÒÏ❅Ó✣❒ Õ➣Ó❹❸ ✰ Ú ❼✔❽✑❺❳⑦❃❺❙➇❯❽✎❺❩➉ ➑ ❽✎➁✎➊❙➳✔❺❙⑦✹⑩ ➂ ➁✎⑦➆⑥✱❽✇❼❾❽✵⑩✱❿✑⑨❅➐❱⑧❝Ô ➃ ⑩❱⑦
⑦❅➋❱⑥♦❺ ➂✎➃ ⑩✱ø❩❺❙⑦r❹✵⑩✱⑨P⑩♦⑩✉⑨P❺❙❿✑❽✎➊✻➋✱⑥♦❿✎⑥♦❹❭Ô ➃ ⑥❱➄➅⑩✗➄➅❹✒Ô ➃ ⑥❇❿✎⑥♦❺❙⑨P⑨❃⑥♦❿✎❺❫⑧❅⑨P⑩✱➁✎⑦P➉❮Ô❨⑦❃⑦❅➋✱⑥➯❺❙➉✥❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➁✎⑦❞❿✎❺❘❿✎❺❙➁✐⑧P❺❙⑦
⑨P❺✣⑧❅⑥❯⑦❍❺✫❸✎❺❩❷×Ô ➃ ⑥❳Ô❨❿✎⑩✔Ô❨⑦❩➀✾Ö✱❺❙⑨❍❹❻⑥✱⑨✳❺✣➍✷❺❙➉❫❹✎❷❨⑥➌⑥❯⑦✳⑧P⑨❅⑩✱❶✵⑩❱❷❨❸✎⑥❯⑦✳❿✑❺✇➾➆⑩✱❷❨➉❫❺❙⑨➜ö ➒❯➔✗÷ ❺✲✱▲⑩✱➇❯⑩✜➽✳❺✴✳✫⑩✱❸✎⑨P⑩✱➉❘⑩✱➁◗ö Õ ✯ ➡❱÷➮→
➴➯⑥✔❿❭Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦✧❿✎⑥r❹❻❺❩⑨ ➂ ❷Ò❺✖Ö❯⑥✱❷➃Ö❯❺❩➁✐⑧❅❺ ➃ ⑥❯➁ ➑ ⑥❯⑨P➉❫❺ ➑ ❽✎➁✑➊❙➳✔❺❙⑦❍⑩ ➂ ➁✑⑦✳⑥❯❽➼❼❾❽✵⑩✱❿✎⑨P➐❱⑧❩Ô ➃ ⑩✱⑦♥⑦P➋✱⑥ ➑ ⑩ ➃ Ô❨❷❨➉❫❺❙➁✐⑧P❺❢⑥❯❶✷⑧❩Ô❲➄

❿✵⑩✱⑦ ➃ ⑥❯➉✓⑥❯⑦✕❹✎⑨❃⑥ ➃ ❺❙⑦❃⑦P⑥❯⑦ ➃ ⑥❯➁✞Ö✱❺❙➁ ➃ Ô❨⑥❯➁✵⑩❛Ô❨⑦✕❿✎❺ ➑ ⑩✱❶✎⑨✪Ô ➃ ⑩❱➊✻➋✱⑥❥❿✎❺❍❺❩➁✎➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➁✎⑦✕❼❾❽✎❺❢❽✑⑦❅⑩✱➉✟➉❘➐✱❼❾❽❭Ô❚➁✵⑩✱⑦➸❿✎❺❍⑨P⑩✱⑦P❹✵⑩❱⑨
⑥❯⑦✝✕➭⑩❱➁ ➃ ⑥❯⑦✫❿✎⑥✱⑦➏❿✑❺❙➁✐⑧❅❺❩⑦➶Ø✵✰ ❮✄✂✑❐ ✟ Ó✣Ï ✰ Ú ➀ ⑥❯❽◗⑩✔Ô❚➁✎❿✵⑩➼⑩✱❼❾❽✎❺❩❷❨❺❩⑦➏❼❾❽✎❺➌❽✎⑦P⑩✱➉➻➉❘➐✱❼❾❽❭Ô❨➁✎⑩✱⑦➜❿✎❺➌⑨P❺✣⑧❩Ô ➂✵➃ ⑩✱⑨❥⑥✱⑦✝✕➭⑩✱➁ ➃ ⑥❯⑦
❿✎⑥❯⑦✧❿✎❺❙➁✐⑧❅❺❩⑦ →❳↔ ➉❛⑩✱➉❞❶❻⑥❯⑦❳⑥❯⑦ ➃ ⑩✱⑦P⑥❯⑦♥⑩✱⑦♥➉❫⑥✷❿❭Ô ➂✵➃ ⑩❱➊❙➳✔❺❙⑦✾❿✵⑩✱⑦♥⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺❩⑦♥❿✎⑥❯⑦✧❿✎❺❙➁✐⑧❅❺❩⑦✳❿✵⑩✱⑦♥❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱➇✱❺❙➁✎⑦✳⑦P➋✱⑥
⑥❯❶✑⑧❝Ô❨❿✵⑩❱⑦❍⑩❱⑧❅⑨P⑩✶Ö✱➈❙⑦❵❿✎⑥❫⑩✜➽❃❽✎⑦❣⑧❅❺➏❿✎⑥➌❹❻❺❩⑨ ➂ ❷☛❿✵⑩ ➑ ❺❩⑨P⑨❅⑩❱➉❘❺❩➁❾⑧❅⑩r❿✎❺ ➃ ⑥❯⑨❣⑧❅❺✫⑥❯❽✉❿✵⑩ ➑ ❺❙⑨P⑨P⑩✱➉❫❺❙➁✐⑧✯⑩➌⑩✱❶✎⑨P⑩✱⑦❝ÔÛÖ❱⑩ →

ã Ô➝⑩❱➁❾⑧P❺✇❿✒Ô❨⑦❃⑧P⑥✎➀✵➁✎❺❩⑦❃⑧❅❺➏⑧❅⑨P⑩✱❶✵⑩✱❷❚❸✎⑥ ➑ ⑥❯⑨❅⑩❱➉➲Ô❨➉❫❹✎❷❨❺❩➉❘❺❩➁✐⑧✯⑩✱❿✵⑩❱⑦✳➁✎⑥❘❶✑❷❨⑥ ➃ ⑥ ➃ ❸✵⑩✱➉❘⑩✱❿✎⑥❫❿✎❺ ➂ ❷❚⑧P⑨P⑥❘⑩✱⑦❍➉❘⑥✔❿❭Ô ➂✎➃ ⑩✗➄
➊❙➳✔❺❙⑦❍❿✎⑥❫❹➎❺❙⑨ ➂ ❷☛❺✖Ö❯⑥✱❷➃Ö❯❺❩➁✐⑧❅❺➏❼✔❽✑❺➏⑦❃❺❙➇❯❽✑❺❙➉ ➑ ❽✎➁✎➊❩➳✷❺❩⑦✝⑩ ➂ ➁✎⑦❍❺✫❼✔❽✎⑩✱❿✎⑨❅➐✗⑧❩Ô ➃ ⑩✱⑦ →

➟á➂ ➇❯❽✎⑨P⑩ ➒✑→✶✌ Ô❨❷❚❽✎⑦❃⑧P⑨❅⑩❦⑩✱⑦❞➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦❤❿✎⑥◆❹➎❺❙⑨ ➂ ❷✧❺✖Ö✱⑥❯❷➃Ö✱❺❙➁✐⑧❅❺❇❿✵⑩❱❿✵⑩✱⑦r❹➎❺❙❷❨⑥✱⑦r⑩✱❷❨➞ÛÖ✾Ô❨⑥❯⑦✫➁✎⑥❧⑦P❺❩➁✐⑧❩Ô❨❿✑⑥◆❿✎⑥
⑧❅⑥✱❹❻⑥✇❺✝❿✵⑩❞⑨P⑩✔Ô❨ø❵❿✎⑥❯⑦❳❿✎❺❙➁✐⑧P❺❙⑦ →✾➟ ⑦✧➐✱⑨P❺❙⑩✱⑦✧❿✑❺❙⑦❃⑧❅⑩ ➃ ⑩❱❿✵⑩✱⑦♥➁✎⑥✱⑦✧❿✎❺❩➁❾⑧P❺❙⑦✳⑦P➋✱⑥r⑩ ➑ ❺✣⑧✯⑩✱❿✵⑩❱⑦❳❹➎❺❙❷❚⑥❯⑦♥⑩✱❷❚➞➃Ö✾Ô❨⑥✱⑦ →✌Û ⑦✧⑩✱❷❨➞ÛÖ✾Ô❨⑥❯⑦
⑦P❺ÞÔ❚➁❭Ô ➃ Ô➝⑩✱➉Ý❺❙➉➻❽✑➉↕⑩➶❿✵⑩❱❿✵⑩➯⑩❱❷❚⑧❅❽✑⑨❅⑩➶❿✎⑥❇❿✎❺❩➁❾⑧P❺✱➀➆⑥❯➁✎❿✎❺➌⑥➵Ö❱⑩✱❷❨⑥❯⑨✝❿✎⑥✉⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❫❺❙➁✐⑧❅⑥❇➈➌ø❙❺❩⑨P⑥✉❺➌⑧P❺❙⑨❃➉❻Ô❚➁✵⑩✱➉Ý➁✎⑥
❿❭Ô×❶✱➉❘❺✣⑧❅⑨❃⑥➜❺✣➍✔⑧❅❺❩⑨P➁✎⑥✫❹✵⑩❱⑨❅⑩➜⑥❯⑦✕⑩✱❷❚➞➃Ö✾Ô❨⑥✱⑦✌➁✎⑥❥⑦❃❺❙➁✐⑧❩Ô❚❿✎⑥✫❿✎⑥➜⑧❅⑥❯❹➎⑥✎➀❯❺✳➁✑⑥➏➉❫❺❙➁✑⑥❯⑨➸❿❭Ô×❶✱➉❘❺✣⑧❅⑨❃⑥➜❿✎❺ ➃ ⑥✱➁❾⑧❅⑩❱⑧❅⑥❥❿✑⑥❯⑦✡❿✎❺❙➁✐⑧P❺❙⑦
❹✵⑩✱⑨P⑩➼⑥❯⑦✫⑩✱❷❨➞ÛÖ✾Ô❨⑥❯⑦❢➁✎⑥❇⑦P❺❙➁✐⑧❝Ô❨❿✎⑥❇❿✵⑩➼⑨❅⑩❛Ô❨ø → ⑤❢❺❩⑦❃⑧❅❺❩⑦✇❹➎⑥❯➁✐⑧❅⑥✱⑦➏⑥àÖ❱⑩✱❷❚⑥❯⑨➜❿✎⑥✉⑩✱❷❚➞➃Ö✾Ô❨⑥❘➈➌➉↕➐✗➍❦Ô❚➉❘⑥ →❞Û ⑦✝Ö❱⑩✱❷❨⑥❯⑨❃❺❙⑦❥❿✎⑥✱⑦
⑩✱❷❚➞➃Ö✾Ô❨⑥❯⑦✡➁✑⑥❯⑦❳❹➎⑥❯➁✐⑧❅⑥✱⑦✮Ô❚➁❾⑧P❺❙⑨❃➉❘❺❩❿❭Ô➝➐✱⑨✪Ô❨⑥❯⑦✡❺❩➁✐⑧❅⑨P❺❢⑥ÏÔ❚➁✎➞ ➃ Ô❨⑥❥❺✝⑥ ➂ ➁✵⑩✱❷➭❿✵⑩➏➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱➊❙➋✱⑥✫⑦P❺❩➇❯❽✎❺❙➉➠⑩✱⑦ ➑ ❽✎➁✎➊❩➳✷❺❩⑦✧⑩ ➂ ➁✎⑦
⑥❯❽❇❼❾❽✵⑩✱❿✎⑨P➐❱⑧❩Ô ➃ ⑩✱⑦ →

✗ ❽✵⑩✱➁✐⑧❅⑥➼⑩❱⑥❯⑦➜⑩✱❷❚➞➃Ö✾Ô❨⑥✱⑦❵❿✑⑥➶❹❻❺❩⑨ ➂ ❷✹❺✖Ö✱⑥❯❷➃Ö✱❺❙➁✐⑧❅❺❱➀☛❿❭Ô ➑ ❺❩⑨P❺❩➁❾⑧P❺❙⑦➜❺❩⑦❃⑧P⑨❅⑩❱⑧P➈❙➇❳Ô❨⑩✱⑦❢❹➎⑥✔❿✎❺❙➉Ý⑦P❺❩⑨➜⑩✱❿✎⑥❱⑧✯⑩✱❿✵⑩❱⑦ → ➾✹⑥✷❿✑❺✣➄➅⑦❃❺
Ô❨➁✐⑧P⑨P⑥✔❿✎❽✎ø▼Ô❚⑨✡⑩✱❷❚➞➃Ö✾Ô❨⑥❯⑦➆➁✎⑥➏⑦P❺❙➁✐⑧❝Ô❨❿✎⑥➏❿✎⑥❥⑧❅⑥❯❹➎⑥✫❿✎⑥❯⑦✕❿✎❺❩➁❾⑧P❺❙⑦✾➁✵⑩✱⑦✕❿✎❽✵⑩❱⑦✾❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱➇✱❺❙➁✎⑦✝Ø ➉❫⑥✱⑧❅⑥✱⑨❅⑩➜❺✳➉❫⑥✦Ö✾Ô❚❿✵⑩ Ú ➀✐⑥✱❽❫⑦❃❺
❹➎⑥✷❿✎❺➮Ô❨➁✐⑧❅⑨❃⑥✷❿✑❽✎ø▼Ô❚⑨❢⑩❱❷❨➞➃Ö✾Ô❚⑥❯⑦✳➉❘❺❩➁✎⑥❯⑨❃❺❙⑦✝➁✑⑥➶⑦P❺❩➁❾⑧❝Ô❨❿✎⑥↕❿✎⑥❘⑧P⑥❯❹❻⑥❘❺❞❿✵⑩❘⑨❅⑩✔Ô❚ø➏➁✎⑩✱⑦➜❿✎❽✵⑩❱⑦✝❺❙➁✑➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➁✎⑦❙➀❻⑥❯❽◆⑩✔Ô❚➁✎❿✵⑩✑➀
Ô❨➁✐⑧P⑨P⑥✔❿✎❽✎ø❙➞ ➄➅❷❚⑥❯⑦✌⑦❃⑥❯➉❘❺❩➁✐⑧❅❺❍❺❙➉✟❽✑➉↕⑩❥❿✵⑩✱⑦✕❺❩➁✎➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➁✎⑦ →✾Û ❺ ➑ ❺▼Ô❲⑧❅⑥✫➇❯❺❩⑨❅⑩✱❿✎⑥✫❹➎⑥❯⑨✡❺❙⑦❣⑧✯⑩✱⑦✾❿❭Ô ➑ ❺❙⑨P❺❩➁✐⑧❅❺❙⑦✕❺❩⑦❃⑧❅⑨P⑩❱⑧❅➈❩➇❳Ô➝⑩❱⑦

Õ Ø Õ



üãÔ❚➇ →❾➒✑→✶✌ ➹ ù ❷❚❽✎⑦❃⑧P⑨❅⑩✱➊❙➋✱⑥❞❿✎⑥✱⑦✧⑩✱❷❚➞➃Ö✾Ô❨⑥✱⑦✡❿✎⑥❞❹➎❺❙⑨ ➂ ❷➭❺✖Ö❯⑥✱❷➃Ö❯❺❩➁✐⑧❅❺✱➹✾⑩ Ú ⑩✱❷❚➞➃Ö✾Ô❨⑥❥➁✎⑥➏⑧❅⑥❯❹➎⑥✎➀❾❶ Ú ⑩✱❷❨➞ÛÖ✾Ô❨⑥❥➁✵⑩➏⑨❅⑩✔Ô❚ø✱➀ ➃ Ú ⑩✱❷❨➞ÛÖ❦Ô❚⑥❯⑦
➁✎⑥➌⑧❅⑥❯❹➎⑥➌❺✫➁✵⑩r⑨❅⑩✔Ô❚ø →

❹➎⑥✷❿✎❺➯⑦P❺❩⑨ ➃ ⑥❯➁✑⑦❝Ô❨❿✑❺❙⑨❅⑩❱❿✎⑥➘⑥▲➉❫❺❙⑦P➉❫⑥ ö Õ ✯ ➡✗÷➣→ ➷ ⑥❯➁✎⑦❝Ô❚❿✎❺❙⑨P⑩✗➄➅⑦❃❺✢Ô❚➉❘❹➎⑥❯⑨❃⑧❅⑩✱➁✐⑧❅❺✉⑥▲❹➎❺❙⑨ ➂ ❷✝❺❙❼❾❽❭ÔÛÖ❱⑩✱❷❨❺❩➁❾⑧P❺♦❼❾❽✎❺❦➈❦⑩
➃ ⑥✱➉❤❶❭Ô❨➁✎⑩✱➊✻➋✱⑥➌❿✎⑥✱⑦❵❹➎❺❙⑨ ➂ ⑦ ➃ ⑥❯➁✜➽❃❽✎➇✐⑩✱❿✎⑥✱⑦❵❿✑⑥❫❹✎⑩✱⑨✳❿✎❺✫❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➇❯❺❙➁✑⑦ →

➟➠➂ ➇✱❽✎⑨❅⑩ ➒✑→q➔ Ô❨❷❚❽✎⑦❃⑧P⑨❅⑩➼⑥♦❹➎❺❙⑨ ➂ ❷❳❺❩❼❾❽❭Ô➃Ö❱⑩✱❷❚❺❙➁✐⑧❅❺❫❿✎⑥❯⑦✇❹❻❺❩⑨ ➂ ⑦✇➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱❿✎⑥✱⑦❥❿✵⑩✱⑦❞❿✑❽✵⑩✱⑦❞❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱➇✱❺❙➁✎⑦ → ⑤❢⑩
➂ ➇❯❽✑⑨❅⑩ ➒✷→q➔ ⑥❯⑦✝❿✎❺❩➁✐⑧❅❺❙⑦❢❿✵⑩✱⑦❢❿✎❽✵⑩✱⑦❢❺❙➁✎➇❯⑨❃❺❙➁✵⑩❱➇❯❺❙➁✎⑦❢⑦❅➋✱⑥❘➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱❿✑⑥❯⑦ ➃ ⑥❯➉Ý⑩✱❷❚➞➃Ö✾Ô❨⑥❯⑦✳➁✑⑥↕⑦P❺❩➁✐⑧❩Ô❨❿✑⑥↕❿✎⑥❫⑧❅⑥❯❹➎⑥↕❿✎⑥✱⑦
❿✎❺❩➁❾⑧P❺❙⑦ →➲Û ❹➎❺❙⑨ ➂ ❷❍❺❙❼❾❽❭Ô➃Ö❱⑩✱❷❚❺❙➁✐⑧❅❺ ➃ ⑥✱➉❤❶❭Ô❨➁✎⑩②⑩✱⑦❫➉❫⑥✷❿❭Ô ➂✵➃ ⑩❱➊❙➳✔❺❙⑦➌❿✎⑥❯⑦❫❿✎❺❙➁✐⑧P❺❙⑦ ➃ ⑥❯➁✗➽❃❽✎➇✐⑩❱❿✎⑥❯⑦❫⑨P❺❙⑦❃❽✎❷❚⑧❅⑩✱➁✎❿✎⑥②❺❙➉
⑩✱❷❚➞➃Ö✾Ô❨⑥❤➁✑⑥❻Ô❚➁✎➞ ➃ Ô❨⑥❤❺✫➁✎⑥ ➂ ➁✵⑩❱❷☛❿✎❺ ➃ ⑥❯➁✐⑧✯⑩✗⑧❅⑥➌❿✎⑥❯⑦❍❿✎❺❩➁❾⑧P❺❙⑦ →

Û ⑦àÖ❱⑩✱❷❚⑥❯⑨P❺❩⑦➶❿✎⑥➥⑩✱❷❚➞➃Ö✾Ô❨⑥②❿✎❺✖Ö✾Ô❨❿✑⑥➟✌❱⑦➼➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦➶⑦❅➋✱⑥➘⑧P⑥❯➉↕⑩❱❿✎⑥❯⑦➶➁✵⑩➘❿❭Ô❚⑨P❺❩➊✻➋✱⑥➘➁✎⑥✱⑨P➉❘⑩✱❷✝✌▲⑧✯⑩❱➁✎➇❯❺❙➁✐⑧P❺
❿✎⑥➥❹❻❺❩⑨ ➂ ❷✫❺✘Ö❯⑥❯❷ÛÖ❯❺❙➁✐⑧P❺ →ÞÛ ⑦❇❹❻⑥✱➁❾⑧P⑥❯⑦✉➁✎⑥ ❹➎❺❙⑨ ➂ ❷❥❺✖Ö✱⑥❯❷➃Ö✱❺❙➁✐⑧❅❺②⑦❅➋✱⑥➥❿✎❺✣⑧❅❺❙⑨❃➉❻Ô❚➁✵⑩✱❿✎⑥✱⑦➯⑩✗⑧❅⑨❅⑩✳Ö✱➈❙⑦✉❿✎⑥➳❶❱➁✎➇❯❽✎❷❚⑥➥❿✑❺
⑨P⑥✱❷➝⑩✱➉❫❺❙➁✐⑧❅⑥❦ö Ù✱➒✗÷➣→❤Û ❶✱➁✎➇✱❽✎❷❨⑥➶❿✑❺❫⑨❃⑥❯❷➝⑩❱➉❘❺❩➁❾⑧P⑥➶➈✵Ô❨❷❚❽✎⑦❃⑧P⑨❅⑩✱❿✑⑥➶➁✵⑩ ➂ ➇❯❽✎⑨P⑩ ➒✑→ ➛ ❺r❹➎⑥✔❿✎❺❤⑦P❺❩⑨ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥➼⑩❱⑧P⑨❅⑩✳Ö❯➈❩⑦
❿✵⑩➌❺❙❼❾❽✵⑩✱➊❙➋✱⑥♦Ø ➒✑→❭➒ Ú ö Ù❳Ù✗÷➮→ ⑤❢⑩ ➂ ➇❯❽✎⑨P⑩ ➒✑→ ➛ ⑥ ➃ ⑥❯➉❫❹✎⑨❝Ô❚➉❘❺❩➁✐⑧❅⑥r❿✎⑥❫⑦P❺❩➇❯➉❘❺❩➁✐⑧❅⑥❫❿✎❺✫⑨P❺❩⑧❅⑩r❿✎❺ ➂ ➁✒Ô❨❿✎⑥❫❹❻❺❩❷❨⑥❯⑦✳❹➎⑥❯➁✐⑧❅⑥✱⑦
V
❺

Y
❺❞⑥ ➃ ⑥❯➉❘❹✑⑨❝Ô❨➉❫❺❙➁✐⑧P⑥↕❿✎⑥➼⑩❱⑨ ➃ ⑥➼❺❩➁✐⑧❅⑨P❺

V
❺

U
➀Ò❹➎⑥❯⑦❃⑦P❽✎❺❩➉û⑥➶➉❫❺❙⑦❃➉❘⑥ÚÖ❱⑩✱❷❚⑥❯⑨❵❿✎❺✖Ö✾Ô❨❿✑⑥➵✌ ➃ ⑩❱⑨❅⑩ ➃ ⑧❅❺❙⑨❃➞❨⑦❣⑧❩Ô ➃ ⑩

❿✎⑥❯⑦❍❹➎❺❙⑨ ➂ ⑦❢❺✘Ö❯⑥❯❷ÛÖ❯❺❩➁❾⑧P❺❙⑦ →

ξY =

(

r2
Y − r2

g

)1/2

rg
,

Ø ➒✷→q➒ Ú

⑥❯➁✎❿✑❺
ξY

➈❥⑥❮❶✱➁✎➇✱❽✎❷❨⑥r❿✎❺✫⑨❃⑥❯❷➝⑩✱➉❫❺❙➁✐⑧P⑥❤⑨P❺ ➑ ❺❙⑨P❺❩➁✐⑧❅❺✇⑩✱⑥➌❹❻⑥❯➁✐⑧P⑥
Y
➀
rY

➈➏⑥➌⑨P⑩✔Ô❨⑥❤⑨❃❺ ➑ ❺❩⑨P❺❙➁✐⑧P❺❞⑩✱⑥➌❹➎⑥❯➁✐⑧❅⑥
Y
❺

rg

➈
⑥❫⑨❅⑩✔Ô❚⑥r❿✎❺✫❶✵⑩✱⑦P❺✫❿✵⑩r❺❩➁✎➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➉ →

Û ❹➎❺❙⑨ ➂ ❷✵➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱❿✑⑥➜❹❻⑥✔❿✎❺✳⑦❃❺❙⑨ ➃ ⑥✱➉❘❹✵⑩❱⑨❅⑩✱❿✎⑥ ➃ ⑥❯➉✓⑥✫❹➎❺❙⑨ ➂ ❷✎❺✖Ö✱⑥❯❷➃Ö✱❺❙➁✐⑧❅❺❍⑧❅❺❩à❯⑨❝Ô ➃ ⑥✫⑩❱⑧P⑨❅⑩✳Ö❯➈❩⑦✕❿✎❺✳❽✎➉✟➇❯⑨P➐ ➂✵➃ ⑥
❼❾❽✎❺◆➉❫⑥❯⑦❃⑧P⑨❅⑩Ù➁✎⑥➘❺✖Ô❲➍✷⑥▲❿✵⑩❱⑦➶⑥❯⑨P❿✑❺❙➁✵⑩✱❿✎⑩✱⑦➼⑥❯⑦➵❶✱➁✑➇❯❽✎❷❨⑥✱⑦↕❿✎❺❦⑨❃⑥❯❷➝⑩❱➉❘❺❩➁❾⑧P⑥Ù❿✎⑥✱⑦➶❿❭Ô ➑ ❺❩⑨P❺❩➁❾⑧P❺❙⑦➼❹➎⑥❯➁✐⑧❅⑥❯⑦↕➁✎⑥➘❹❻❺❩⑨ ➂ ❷

Õ Ø Ù



üãÔ❨➇ →✑➒✑→❭➔ ➹ ù ❷❨❽✎⑦❣⑧❅⑨P⑩✱➊✻➋✱⑥➌❿✎⑥❫❹➎❺❙⑨ ➂ ❷☛❺❙❼❾❽❭Ô➃Ö❱⑩✱❷❚❺❙➁✐⑧❅❺ →

❺✖Ö✱⑥❯❷➃Ö✱❺❙➁✐⑧❅❺◗❺◆➁✎⑥➘❺✖Ô❲➍✷⑥Ü❿✵⑩✱⑦❇⑩✱❶✎⑦ ➃ Ô❚⑦P⑦❅⑩❱⑦✉⑥✱⑦➼⑨P❺❙⑦❃❹❻❺ ➃ ⑧❝Ô➃Ö❯⑥✱⑦↕Ö❱⑩✱❷❚⑥❯⑨P❺❩⑦➶❿✎⑥❯⑦❇⑩❱❷❨➞➃Ö✾Ô❚⑥❯⑦❙➀✳❼❾❽✎❺❧⑦❅➋❱⑥➥⑥✱⑦➼❿✎❺❙⑦❃Ö❦Ô❚⑥❯⑦➼❺❙➉
⑨P❺❩❷➝⑩✱➊❙➋✱⑥❫⑩✱⑥➌❹❻❺❩⑨ ➂ ❷Ò❺✖Ö❯⑥✱❷➃Ö❯❺❩➁✐⑧❅❺✇⑧P❺❙à❯⑨✪Ô ➃ ⑥ →➸➟ ➂ ➇❯❽✎⑨P⑩ ➒✑→➃Õ ✯ÞÔ❚❷❨❽✎⑦❣⑧❅⑨P⑩❤⑥❫➇✱⑨❅➐ ➂✵➃ ⑥❘❿✑❺➏❹➎❺❙⑨ ➂ ❷☛❺✖Ö✱⑥❯❷➃Ö✱❺❙➁✐⑧❅❺ →
➟ ⑦❃❺❙➇❯❽❭Ô❚➁✐⑧❅❺✾❺❙❼❾❽✵⑩✱➊❙➋✱⑥➜➇❯❺❩⑨❅⑩✱❷❾❹➎⑥✷❿✎❺✾⑦P❺❩⑨✌❽✎⑦P⑩✱❿✵⑩✝❹✎⑩✱⑨❅⑩❵❿✎❺❙⑦ ➃ ⑨P❺✘Ö❯❺❩⑨➸➉↕⑩✗⑧❅❺❙➉❘⑩❱⑧❝Ô ➃ ⑩❱➉❘❺❩➁❾⑧P❺✡⑥❯⑦➸⑩❱❷❨➞➃Ö✾Ô❚⑥❯⑦✚⑩✱⑥❵❷❨⑥❯➁✎➇✱⑥

❿✎⑥➌❹➎❺❙⑨ ➂ ❷☛❿✎⑥❘❿✑❺❙➁✐⑧❅❺❘ö Õ ✯ ➡❱÷ ➹

dY = dF

(

ξY − ξI

ξF − ξI

)κ

,
Ø ➒✑→✷✌ Ú

⑥❯➁✎❿✑❺
dY

➈↕⑥➒Ö❱⑩✱❷❚⑥❯⑨➏❿✎⑥◆⑩✱❷❚➞➃Ö✾Ô❨⑥❇❺❙➉✥❽✎➉✥❹➎⑥❯➁✐⑧❅⑥
Y
❿✎⑥❦❹➎❺❙⑨ ➂ ❷❳❿✑⑥❦❿✎❺❙➁✐⑧P❺✱➀

ξY

➈↕⑥♦⑨P❺❩⑦P❹➎❺ ➃ ⑧❩Ô➃Ö✱⑥ ❶✱➁✎➇❯❽✑❷❨⑥✉❿✎❺
⑨P⑥✱❷➝⑩✱➉❫❺❙➁✐⑧❅⑥✑➀

ξI

➈➜⑥✵❶✱➁✑➇❯❽✎❷❨⑥✇❿✎❺➜⑨❃⑥❯❷➝⑩✱➉❫❺❙➁✐⑧P⑥❞➁✎⑥❤❹➎⑥❯➁✐⑧❅⑥r❿✑❺❼Ô❨➁✑➞ ➃ Ô❚⑥✇❿✑⑥➌⑩✱❷❨➞ÛÖ❦Ô❚⑥✎➀
ξF

➈✝⑥Þ❶✱➁✎➇✱❽✎❷❨⑥✇❿✎❺➜⑨P⑥✱❷➝⑩✱➉❫❺❙➁✐⑧❅⑥
➁✎⑥❢❹❻⑥❯➁✐⑧P⑥ ➂ ➁✵⑩❱❷✷❿✎⑥✝⑩✱❷❨➞ÛÖ✾Ô❨⑥✎➀

dF

➈✧⑥ÝÖ❱⑩✱❷❚⑥❯⑨✚❿✎⑥➜⑩❱❷❨➞➃Ö✾Ô❚⑥✳➁✎⑥✝⑦❃❺❙❽r❹➎⑥❯➁✐⑧❅⑥ ➂ ➁✵⑩✱❷➣➀✗❼❾❽✎❺✧➈✾⑥❯➁✎❿✑❺✧⑥ÝÖ❱⑩✱❷❚⑥❯⑨✚❿✎⑥➜⑩❱❷❨➞➃Ö✾Ô❚⑥♥⑧❅❺❙➉
Ö❱⑩✱❷❨⑥✱⑨♥➉↕➐✜➍✒Ô❚➉❘⑥✑➀

κ
➈✹Ô❚➇❯❽✵⑩✱❷Ò⑩

1
❹✎⑩✱⑨❅⑩➌➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱➊❩➳✷❺❩⑦✳⑩ ➂ ➁✑⑦❵❺✹Ô❚➇❯❽✵⑩✱❷Ò⑩

2
❹✵⑩✱⑨P⑩r➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦♥❼❾❽✵⑩✱❿✎⑨P➐❱⑧❩Ô ➃ ⑩✱⑦ →

➟ ❺❩❼✔❽✎⑩✱➊✻➋✱⑥➼Ø ➒✑→✶✌ Ú ➈ÝÖ❱➐✱❷➃Ô❨❿✵⑩❥❹✵⑩✱⑨P⑩✇⑥➮Ô❨➁✐⑧❅❺❩⑨✪Ö❱⑩✱❷❨⑥➏❿✎❺ ➂ ➁❭Ô❨❿✑⑥❞❺❙➁✐⑧P⑨P❺
ξI

❺
ξF

→ ü✵⑥❯⑨P⑩➏❿✎❺❩⑦❃⑧P❺✝Ô❨➁✐⑧❅❺❩⑨✪Ö❱⑩✱❷❚⑥➏⑥✐Ö❱⑩✱❷❨⑥❯⑨
❿✎⑥❫⑩✱❷❚➞➃Ö✾Ô❨⑥❤➈✫ø❩❺❙⑨P⑥✑➀✵⑥❫❼❾❽✎❺➏⑦❝Ô❚➇❯➁❭Ô ➂✵➃ ⑩❤❼❾❽✎❺ ➑ ⑥❯⑨❅⑩r❿✎⑥ÞÔ❚➁❾⑧P❺❙⑨❃Ö✱⑩❱❷❨⑥r⑥➌❹❻❺❩⑨ ➂ ❷☛❹➎❺❙⑨❃➉↕⑩❱➁✎❺ ➃ ❺➏❹✑❽✎⑨❅⑩✱➉❫❺❙➁✐⑧P❺➏❺✘Ö❯⑥❯❷ÛÖ❯❺❩➁❾⑧P❺ →

Õ Ø❳Ø



üãÔ❨➇ →✎➒✑→ ➛ ➹ ù ❷❨❽✑⑦❃⑧❅⑨P⑩✱➊✻➋❱⑥❫❿✑⑥❻❶❱➁✎➇❯❽✎❷❚⑥❫❿✑❺➏⑨❃⑥❯❷➝⑩❱➉❘❺❩➁❾⑧P⑥ →

➟ ❿✎⑥✱⑧❅⑥✱❽✷➄➅⑦❃❺✧➁✎❺❩⑦❃⑧❅❺❳⑧❅⑨❅⑩❱❶✵⑩✱❷❨❸✑⑥❢➉❫⑥✷❿✒Ô ➂✵➃ ⑩✱⑨✚⑥✝❹➎❺❙⑨ ➂ ❷✷❺✘Ö❯⑥❯❷ÛÖ❯❺❙➁✐⑧P❺♥❿✎⑥❯⑦➆❿✎❺❙➁✐⑧❅❺❩⑦✡⑩❱⑧P⑨❅⑩✳Ö❯➈❩⑦➸❿✎❺♥⑩❱❷❨➞➃Ö✾Ô❚⑥❯⑦✚➁✎⑥✝⑦❃❺❙➁✐⑧❩Ô❚❿✎⑥
❿✎⑥✫⑧❅⑥❯❹➎⑥✫❺❍❿✵⑩❥⑨❅⑩✔Ô❚ø✳❿✎⑥❯⑦✕❿✎❺❙➁✐⑧P❺❙⑦✾❿✎❺❙⑦ ➃ ⑨❝Ô❲⑧❅⑥❯⑦✕❹➎⑥❯⑨ ➑ ❽✎➁✎➊❩➳✷❺❩⑦✧⑩ ➂ ➁✎⑦✕❺❍❼✔❽✎⑩✱❿✎⑨❅➐✗⑧❩Ô ➃ ⑩✱⑦ ➃ ⑥✱➁ ➑ ⑥❯⑨P➉❫❺❍⑩✫❺❙❼❾❽✵⑩✱➊❙➋✱⑥➶Ø ➒✑→✶✌ Ú ➀
❺❫⑩✱❹✎❷➃Ô ➃ ⑩❱❿✎⑥❯⑦➜⑦❃⑥❯➉❘❺❩➁✐⑧❅❺➌➁✎⑥❯⑦✫❿✎❺❩➁❾⑧P❺❙⑦➏❿✵⑩➼❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➇❯❺❙➉û➉❘⑥✱⑧P⑥❯⑨❅⑩ → ⑤❢❺❩⑦❃⑧P❺ ➃ ⑩✱⑦P⑥✉⑥❯⑦❥❿✎❺❩➁❾⑧P❺❙⑦➏❿✵⑩➼❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➇❯❺❙➉
➉❫⑥✦Ö✾Ô❚❿✵⑩r⑦❅➋✱⑥➌➉❘⑩✱➁✐⑧❩Ô❨❿✑⑥❯⑦✳⑦P❺❩➉á➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱➊❩➳✷❺❩⑦ →

➷ ⑥❯➁✎⑦❝Ô❚❿✎❺❙⑨❃⑥❯❽✷➄✭⑦P❺✝❹✎⑩✱⑨❅⑩❤⑩➏⑥✱⑧❩Ô❚➉❻Ô❚ø✻⑩✱➊❙➋✱⑥✫⑦P⑥❯➉❫❺❙➁✐⑧P❺ ➑ ❽✎➁✎➊❩➳✷❺❩⑦♥❿✎❺✝➉❫⑥✔❿❭Ô ➂✵➃ ⑩✱➊✻➋❱⑥✇❿✵⑩❱⑦✧⑦P❽✑❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺❩⑦✧❿✎⑥❯⑦✧❿✎❺❙➁✐⑧❅❺❩⑦
➁✵⑩↕❿✒Ô❨⑨P❺❩➊✻➋✱⑥❘❿✎⑥↕❹➎❺❙⑨ ➂ ❷✹❺✖Ö❯⑥✱❷➃Ö❯❺❩➁✐⑧❅❺ → ➴➯⑥✔❿❭Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦❵➁✵⑩↕❿✒Ô❨⑨P❺❩➊✻➋✱⑥❘❿✎⑥↕❹✎⑩✱⑦P⑦❃⑥➶❿✵⑩❘❸✑➈❙❷×Ô ➃ ❺➏➁✵➋✱⑥ ➑ ⑥❯⑨❅⑩✱➉ ➃ ⑥❯➁✎⑦✪Ô❨❿✎❺➚➄
⑨❅⑩❱❿✵⑩✱⑦ → ⑤❵⑥↕❺❩➁❾⑧❅⑩✱➁✐⑧❅⑥✎➀❻⑩✱⑦❵➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱➊❩➳✷❺❩⑦❍➁✵⑩❘❿❭Ô❚⑨P❺❩➊✻➋✱⑥❘❿✵⑩❘❸✎➈❩❷×Ô ➃ ❺✫❹❻⑥✔❿✎❺❩➉➫⑦P❺❙⑨ÝÔ❨➁ ➃ ❷❨❽✎➞❚❿✵⑩✱⑦✳➁✎⑥❘❹✎⑨P⑥ ➃ ❺❩❿❭Ô❨➉❫❺❙➁✐⑧P⑥
⑩❱⑧P⑨❅⑩✳Ö❯➈❩⑦❫❿✑❺ ➑ ❽✑➁✎➊❙➳✔❺❙⑦➌⑩✱❹✑⑨P⑥❯❹✎⑨✪Ô➝⑩✱❿✎⑩✱⑦❤⑦❝Ô❚➉❻Ô❚❷➝⑩✱⑨❃❺❙⑦Ï✌✱⑦r❽✎⑦❅⑩❱❿✵⑩✱⑦r❹✵⑩✱⑨P⑩❧⑩✱⑦r➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱➊❩➳✷❺❩⑦❞❿✎⑥❧❹➎❺❙⑨ ➂ ❷♥❺✖Ö✱⑥❯❷➃Ö✱❺❙➁✐⑧❅❺ →
Û ❽➶⑩✔Ô❚➁✎❿✵⑩✑➀❾❹➎⑥✷❿✑❺❙➉ý⑦P❺❩⑨ ➃ ⑥❯➁✎⑦✪Ô❨❿✎❺❩⑨❅⑩✱❿✵⑩❱⑦ ➃ ⑥✱➉❘⑥✹Ö❱⑩✱❷❨⑥❯⑨❃❺❙⑦ ➃ ⑥✱➁✎⑦❃⑧❅⑩✱➁✐⑧❅❺❙⑦❳❿✎❺✝❺❩➁✐⑧❅⑨❅⑩❱❿✵⑩✇❿✎⑥✇❹✎⑨P⑥ ➃ ❺❩❿❭Ô❨➉❫❺❙➁✐⑧P⑥ → ⑤❵❺❙⑦❃⑧P❺
➃ ⑩❱⑦P⑥✎➀✷⑥❞❹✎⑨❃⑥ ➃ ❺❙❿❭Ô❚➉❘❺❩➁❾⑧P⑥➮Ô❚⑨❅➐✫➉❻Ô❚➁❭Ô❨➉❮Ô❨ø❙⑩✱⑨✌⑥❞➾✕➾ ↔✡➧❍➨ ⑩❱⑧❅⑨P⑩✳Ö❯➈❙⑦✧❿✵⑩✱⑦✾➉❘⑥✔❿❭Ô ➂✎➃ ⑩✱➊❩➳✷❺❩⑦✾❿✑❺✝❹➎❺❙⑨ ➂ ❷❻❺✘Ö❯⑥❯❷ÛÖ❯❺❙➁✐⑧P❺➜❹✵⑩✱⑨P⑩
⑥❯⑦✸Ö❱⑩✱❷❨⑥✱⑨P❺❙⑦✸Ô❚➉❘❹➎⑥❯⑦❣⑧❅⑥❯⑦♥❿✑❺➏➉❫⑥✔❿❭Ô ➂✵➃ ⑩✱➊❙➳✔❺❙⑦✳➁✎⑩➌❿✒Ô❨⑨P❺❩➊✻➋✱⑥➌❿✎⑥❫❹✵⑩✱⑦❃⑦P⑥❫❿✵⑩r❸✎➈❙❷➃Ô ➃ ❺ →

➾➆❺❙❷❨⑩➘❺❙⑦❃⑧P⑨❅⑩❱⑧P➈❙➇❳Ô❨⑩➘⑩✱❿✎⑥✱⑧❅⑩✱❿✵⑩➘➁✎❺❩⑦❃⑧❅❺❧⑧❅⑨P⑩✱❶✵⑩✱❷❚❸✎⑥▲❹✵⑩❱⑨❅⑩Ü⑩✱⑦❇➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱➊❩➳✷❺❩⑦➶❿✵⑩✱⑦❇⑦❃❽✎❹❻❺❩⑨ ➑ ➞ ➃ Ô❨❺❩⑦➼❿✎⑥❯⑦❇❿✎❺❩➁❾⑧P❺❙⑦❩➀
❿✎❺ ➂ ➁❭Ô❨❽✔➄➅⑦P❺➏❼❾❽✵⑩❱⑧P⑨P⑥ÞÖ✱⑩❱⑨❝Ô➝➐✳Ö✱❺▼Ô❨⑦❍❿✎❺✫❹✎⑨❃⑥✗➽❃❺❩⑧P⑥↕❹✵⑩❱⑨❅⑩r⑦P❺❩⑨P❺❙➉Þ❿✎❺✣⑧❅❺❩⑨P➉❮Ô❨➁✵⑩✱❿✎⑩✱⑦✳❹❻❺❩❷❨⑥❫❹✎⑨P⑥ ➃ ❺❩❿❭Ô❨➉❫❺❙➁✐⑧P⑥❫❿✑❺✇⑥✱⑧❝Ô❨➉❮Ô❨ø❙⑩✗➄
➊✻➋❱⑥✎➀

x = {x1, x2, x3, x4}
T ➀✵❼❾❽✎❺✇⑦P➋✱⑥ÞÔ❨❷❚❽✎⑦❃⑧P⑨❅⑩✱❿✵⑩❱⑦♥➁✵⑩ ➂ ➇❯❽✎⑨P⑩ ➒✷→➃Õ ✯✷➹

Õ❯→
x1

➹✹Ö❱⑩✱❷❨⑥❯⑨✫➉❘➐✗➍❦Ô❨➉❫⑥➼❿✎⑥➯⑩✱❷❨➞ÛÖ❦Ô❚⑥➼➁✎⑥✉⑦P❺❙➁✐⑧❝Ô❨❿✎⑥➯❿✎⑥✉⑧P⑥❯❹➎⑥✉⑧P⑥❯➉↕⑩❱❿✎⑥❇➁✎⑥♦⑨P⑩✔Ô❨⑥❇❺✣➍✔⑧P❺❙⑨P➁✑⑥♦❿✵⑩❇❺❙➁✎➇✱⑨P❺❙➁✎⑩✱➇❯❺❙➉
➉❫⑥✱⑧❅⑥✱⑨❅⑩ ❷

Ù✷→
x2

➹❫❶✱➁✎➇✱❽✎❷❨⑥r❿✎❺✫⑨❃⑥❯❷➝⑩✱➉❫❺❙➁✐⑧P⑥r➁✎⑥ÞÔ❨➁✎➞ ➃ Ô❨⑥❞❿✎⑥↕⑩❱❷❨➞➃Ö✾Ô❚⑥❞➁✎⑥❫⑦P❺❩➁❾⑧❝Ô❨❿✎⑥❫❿✎⑥r⑧❅⑥✱❹❻⑥ ❷
Ø →

x3

➹❥Ö❱⑩✱❷❚⑥❯⑨↕➉❘➐✗➍❦Ô❨➉❫⑥▲❿✎⑥➥⑩✱❷❚➞➃Ö✾Ô❨⑥②➁✎⑥Ü⑦P❺❙➁✐⑧❝Ô❨❿✎⑥➥❿✵⑩➘⑨❅⑩✔Ô❚ø♦⑧❅⑥✱➉↕⑩✱❿✑⑥➘➁✎⑥Ü➉❘❺❩➁✎⑥❯⑨➶⑨P⑩✔Ô❨⑥➘❿✎❺ ➃ ⑥❯➁✐⑧✯⑩❱⑧P⑥Ü❿✵⑩
❺❩➁✎➇❯⑨P❺❩➁✵⑩✱➇❯❺❩➉➫➉❘⑥❱⑧❅⑥❯⑨P⑩ ❷

Õ Ø ➡



➡✎→
x4

➹➅❶✱➁✑➇❯❽✎❷❨⑥r❿✑❺➏⑨❃⑥❯❷➝⑩❱➉❘❺❩➁❾⑧P⑥r➁✎⑥❮Ô❨➁✎➞ ➃ Ô❨⑥❞❿✎⑥❫⑩✱❷❨➞ÛÖ❦Ô❚⑥❤➁✎⑥❫⑦P❺❩➁❾⑧❝Ô❨❿✎⑥➌❿✵⑩➌⑨❅⑩❛Ô❨ø →

üãÔ❨➇ →✑➒✑→ÛÕ ✯✑➹ ß ⑩✱⑨✪Ô➝➐✳Ö❯❺✖Ô❨⑦✳❿✎❺✫❹✎⑨❃⑥✗➽❃❺❩⑧P⑥❘❹✵⑩❱⑨❅⑩➌⑩✱⑦❍➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱➊❩➳✷❺❩⑦♥❿✎⑥❫❹❻❺❩⑨ ➂ ❷☛❺✘Ö❯⑥❯❷ÛÖ❯❺❩➁❾⑧P❺ →

Û ❹✑⑨P⑥❯❶✎❷❚❺❙➉❘⑩❞⑩❞⑦❃❺❙⑨✳⑨❃❺❙⑦P⑥✱❷➃Ö✾Ô❨❿✎⑥✇➁✎⑥r❶✎❷❚⑥ ➃ ⑥ ➃ ❸✵⑩✱➉❘⑩✱❿✎⑥ ➂ ❷❚⑧P⑨P⑥❤➈➜❽✑➉③❹✎⑨❃⑥❯❶✎❷❚❺❙➉❘⑩✇❿✎❺❥⑩♠➽❃❽✎⑦❃⑧P❺➜❿✎❺ ➃ ❽✎⑨✪Ö❱⑩❤❹✵⑩✱⑨P⑩
❿✎❺✣⑧❅❺❙⑨❃➉❻Ô❚➁✵⑩✱⑨❵❽✎➉❘⑩ ➑ ⑥❯⑨❃➉↕⑩ ➃ ⑥✱➁❜Ö✱❺❙➁❭Ô❚❺❙➁✐⑧❅❺r❹✎⑩✱⑨❅⑩❫⑥➶❹❻❺❩⑨ ➂ ❷✹❿✎⑥❘❿✎❺❙➁✐⑧❅❺❞❼✔❽✑❺❤⑦P❺➅➽P⑩↕❹✎⑨Pà✻➍❦Ô❨➉❘⑩➌❿✵⑩✱❼❾❽✎❺❙❷❨⑩ ➃ ⑩✱❷ ➃ ❽✎❷➝⑩✱❿✎⑩
❹✵⑩✱⑨P⑩➯➉❮Ô❨➁❭Ô❚➉❻Ô❚ø✻⑩✱⑨❢⑥❦➾✕➾ ↔✡➧❍➨✕→✹➟ ➂ ➇❯❽✎⑨P⑩ ➒✑→ÛÕ❳Õ Ô❚❷❨❽✎⑦❣⑧❅⑨P⑩❇⑥✱⑦❞⑩ ➑ ⑩❱⑦❃⑧✯⑩❱➉❘❺❩➁❾⑧P⑥❯⑦ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥❯⑦❩➀

αha

➀✌⑩❱⑧❅⑨P⑩✶Ö✱➈❙⑦✇❿✎❺
❹➎⑥❯➁✐⑧❅⑥❯⑦✫❼❾❽✎❺➌⑨P❺❩❹✎⑨P❺❩⑦P❺❙➁✐⑧❅⑩✱➉þ⑩ ➑ ⑥✱⑨P➉❘⑩ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✵⑩ ➃ ⑥✱➉❘⑥➵Ô❚❿✎❺✻⑩✱❷➮➀☛❺r⑥❯⑦✫⑦P❺❩➇❯➉❘❺❩➁✐⑧❅⑥❯⑦✫❿✎❺➌⑨P❺✣⑧✯⑩❇⑨P❺❩❹✎⑨P❺❩⑦P❺❙➁✐⑧❅⑩✱➉✥⑩
➑ ⑥❯⑨❃➉↕⑩ ➃ ⑥❯➁✞Ö✱❺❙➁❭Ô❚❺❙➁✐⑧❅❺❤❹✎⑩✱⑨❅⑩❫⑥↕❹➎❺❙⑨ ➂ ❷➆➉❫⑥✷❿✒Ô ➂✵➃ ⑩✱❿✎⑥➌❿✎❺ ➂ ➁❭Ô❨❿✵⑩❘❹❻⑥❯⑨ ➑ ❽✎➁✑➊❙➳✔❺❙⑦✝❹✑⑨P➈✣➄✭❺❙⑦❣⑧✯⑩✱❶➎❺❙❷❚❺ ➃ Ô❚❿✵⑩✱⑦❢❿✵⑩✱❿✵⑩✱⑦❵❹➎❺❙❷➝⑩❱⑦
Ö❱⑩✱⑨❝Ô❨➐✳Ö❯❺▼Ô❚⑦➸❿✎❺♥❹✑⑨P⑥✗➽❃❺✣⑧❅⑥

x = {x1, x2, x3, x4}
T ➀❯➁✎⑥ ➃ ⑩✱⑦P⑥✹Ô❨❷❚❽✎⑦❃⑧P⑨❅⑩✱❿✑⑥✝❹➎⑥❯⑨ ➑ ❽✎➁✎➊❩➳✷❺❩⑦✡⑩ ➂ ➁✑⑦❙➀✐❼❾❽✎❺✳⑦P❺❍⑩❱❹✎⑨P⑥✻➍❦Ô❨➉❘⑩✱➉

❿✵⑩ ➑ ⑥❯⑨P➉❘⑩äÔ❚❿✎❺✻⑩❱❷❵❿✎⑩✱❿✵⑩Ù❹➎❺❙❷❚⑥äÖ✱❺❩⑧❅⑥✱⑨
α ha

→ Û Ö❯❺❩⑧P⑥❯⑨
hm

➃ ⑥❯➁✐⑧❅➈❩➉ ⑥✱⑦❻Ö❱⑩✱❷❨⑥✱⑨P❺❙⑦➌❿✎⑥✱⑦➶⑩ ➑ ⑩✱⑦❣⑧✯⑩✱➉❫❺❙➁✐⑧P⑥❯⑦↕➁✎⑥✱⑦
❹➎⑥❯➁✐⑧❅⑥❯⑦❢❿❭Ô❨⑦ ➃ ⑨P❺✣⑧❅⑥❯⑦❵❿✵⑩❫⑦P❽✎❹➎❺❙⑨ ➑ ➞ ➃ Ô❚❺✇❿✑⑥❯⑦✝❿✎❺❩➁✐⑧❅❺❙⑦✝❿✎❺✖Ö✾Ô❨❿✑⑥à✌✱⑦❵➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱➊❩➳✷❺❩⑦ÝÔ❚➉❘❹➎⑥❯⑦❣⑧✯⑩✱⑦✳❹➎❺❙❷❨⑩✱⑦ ➑ ❽✑➁✎➊❙➳✔❺❙⑦✝⑩ ➂ ➁✎⑦ →
Û ⑦➱Ö✱❺❩⑧P⑥❯⑨P❺❩⑦

αha

❺
hm

➑ ⑥❯⑨P⑩✱➉➫➉❤❽✎❷❲⑧❩Ô❨❹✑❷×Ô ➃ ⑩✱❿✎⑥❯⑦❳❹❻❺❩❷❨⑥❫⑨❅⑩✔Ô❚⑥❘❶✎⑩✱⑦P❺➏❿✵⑩❘❺❩➁✎➇❯⑨❃❺❙➁✵⑩✱➇✱❺❙➉✉➀
rg1

➀➭❹✵⑩❱⑨❅⑩❘➉❫⑥❯⑦❣⑧❅⑨❅⑩❱⑨❵⑥✱⑦
Ö❱⑩✱❷❨⑥✱⑨P❺❙⑦✧➁✵⑩ ➑ ⑥❯⑨P➉❘⑩❤❷❨⑥✱➁✎➇❳Ô❚⑧P❽✎❿❭Ô❚➁✵⑩✱❷➣➀❾⑩❱⑥✵Ô❨➁✞Ö❯➈❩⑦❵❿✎⑩ ➑ ⑥❯⑨P➉❘⑩❤⑩✱➁✎➇✱❽✎❷➝⑩✱⑨ →✡↔ ➉❤❶➎⑥❯⑨❅⑩❤➁✵⑩ ➂ ➇❯❽✎⑨❅⑩ ➒✑→ÛÕ❳Õ ➈❥➉❫⑥❯⑦❃⑧P⑨❅⑩✱❿✑⑥❤⑥
❹➎❺❙⑨ ➂ ❷✑➉❫⑥✷❿❭Ô ➂✵➃ ⑩❱❿✎⑥✝❹➎⑥❯⑨ ➑ ❽✑➁✎➊❙➳✔❺❙⑦✡⑩ ➂ ➁✎⑦❙➀ ➑ ❽✎➁✎➊❙➳✔❺❙⑦✡❼❾❽✵⑩❱❿✎⑨❅➐❱⑧❝Ô ➃ ⑩✱⑦➆⑧❅⑩✱➉❤❶➎➈❙➉➵❹❻⑥✔❿✎❺❩➉➪⑦❃❺❙⑨➸❽✎⑦P⑩✱❿✵⑩✱⑦❩➀❳Ö❯❺❩⑨➸❺❙❼❾❽✵⑩✱➊❙➋✱⑥
Ø ➒✷→✷✌ Ú →❫ã ❺✖Ö✱❺✣➄➅⑦❃❺↕⑥❯❶✑⑦P❺❙⑨❃Ö❱⑩✱⑨✫❼✔❽✑❺❘⑥✉❹❻❺❩⑨ ➂ ❷✡❿✑❺❙⑦ ➃ ⑨❝Ô❲⑧❅⑥✉❹❻❺❩❷➝⑩➼➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱➊❙➋✱⑥➼❼❾❽✵⑩✱❿✎⑨P➐❱⑧❩Ô ➃ ⑩✑➀✚❿✵⑩❱❿✎⑥❇❹❻❺❩❷➝⑩➼❺❙❼❾❽✵⑩✱➊❙➋✱⑥
Ø ➒✷→✷✌ Ú ➀❻➈✇⑧✯⑩✱➁✎➇✱❺❙➁✐⑧❅❺❞⑩✱⑥➶❹➎❺❙⑨ ➂ ❷✌❺✖Ö✱⑥❯❷➃Ö✱❺❙➁✐⑧❅❺❱➀ ⑥❯❽❦⑦❃❺✩➽P⑩✑➀➎⑧✯⑩✱➁✑➇❯❺❙➁✐⑧❅❺✍✌↕❷×Ô❚➁✎❸✵⑩✵Ö❯❺❙⑨❣⑧❩Ô ➃ ⑩✱❷➆❺❙➁✐⑧❅⑨❃❺

x2
❺

x4
➉❫⑥❯⑦❃⑧P⑨❅⑩✱❿✎⑩

➁✵⑩ ➂ ➇❯❽✎⑨P⑩ ➒✑→ÛÕ❳Õ ➀✚➁✎⑥➯⑦P❺❙❽Ù❹❻⑥❯➁✐⑧P⑥✢Ô❨➁✒Ô ➃ Ô❨⑩✱❷ →❫↔ ❷❨❺❫➈➌⑧✯⑩✱➁✎➇✱❺❙➁✐⑧❅❺❘❺❙➉
x2

❹✵⑩❱⑨❅⑩✉⑩➯➉❫⑥✷❿❭Ô ➂✵➃ ⑩❱➊✻➋✱⑥❇➁✎⑥➯⑦P❺❙➁✐⑧❝Ô❨❿✎⑥➯❿✎⑥
⑧❅⑥✱❹❻⑥➌❿✎⑥❯⑦❍❿✎❺❩➁✐⑧❅❺❙⑦❩➀➭❺➏❺❩➉

x4

❹✵⑩✱⑨❅⑩❫⑩r➉❘⑥✔❿❭Ô ➂✵➃ ⑩✱➊❙➋✱⑥r➁✎⑥➌⑦P❺❩➁✐⑧❩Ô❨❿✑⑥❘❿✵⑩r⑨P⑩✔Ô❨ø❥❿✎⑥✱⑦❵❿✑❺❙➁✐⑧❅❺❩⑦ →
Õ Ø✐➓



↔ ⑦❣⑧❅❺✫❹✎⑨❃⑥❯❶✎❷❨❺❩➉↕⑩❤❹➎⑥✔❿✎❺✫⑦P❺❙⑨❍❿✎❺❩⑦ ➃ ⑨❝Ô❚⑧P⑥❘➉❘⑩❱⑧P❺❙➉❘⑩❱⑧❩Ô ➃ ⑩✱➉❫❺❙➁✐⑧❅❺❢❹❻❺❩❷❨⑥r⑦❃❺❙➇❯❽❭Ô❚➁✐⑧❅❺➏❹✎⑨P⑥❯❶✑❷❨❺❙➉❘⑩❤❿✎❺✫⑥✱⑧❝Ô❨➉❮Ô❨ø✻⑩❱➊✻➋✱⑥✎➹

➴➒Ô❚➁❭Ô❨➉❮Ô❨ø❙⑩✱⑨
f (x) = ‖αha − hm‖ ,

Ø ➒✑→q➔ Ú
⑦P❽✜➽❃❺▼Ô❚⑧P⑥❮✌

g1 (x) = x4 − x2 ≤ 0 ,

g2 (x) = x2 − ξ
(t)
F ≤ 0 ,

g3 (x) = ξ
(r)
F − x4 ≤ 0 ,

g4 (x) = x1 ≤ 0 ,

g5 (x) = x3 ≤ 0 ,

⑥❯➁✎❿✑❺
hm

➈➏⑥ÞÖ❯❺❩⑧P⑥❯⑨✝❿✑⑥❯⑦✝⑩❱❷❨➞➃Ö✾Ô❚⑥❯⑦✫Ø➮⑩ ➑ ⑩✱⑦❃⑧❅⑩✱➉❘❺❩➁✐⑧❅⑥❯⑦ Ú ➇❯❺❩⑨❅⑩✱❿✑⑥❯⑦❢❹➎❺❙❷❨⑩❫➉❫⑥✔❿❭Ô ➂✵➃ ⑩✱➊✻➋❱⑥r❿✎⑥↕❹➎❺❙⑨ ➂ ❷✚❺✖Ö❯⑥✱❷➃Ö❯❺❩➁✐⑧❅❺❤➁✎⑥✱⑦
❹➎⑥❯➁✐⑧❅⑥❯⑦✫❿❭Ô❚⑦ ➃ ⑨❃❺❩⑧P⑥❯⑦❥❿✎⑥❇❿✎❺❙➁✐⑧P❺ ➃ ⑥❯⑨P⑨❃❺❙⑦❃❹❻⑥❯➁✑❿✎❺❙➁✐⑧❅❺❩⑦❞⑩❱⑥❯⑦❥❺❙❷❚❺❙➉❫❺❙➁✐⑧❅⑥❯⑦❥❿✑⑥↕Ö✱❺❩⑧P⑥❯⑨

ha = {ha1,ha2, ...,han}
T ❺

⑧❅⑥✱➉↕⑩✱❿✑⑥❯⑦✧➁✵⑩ ➑ ⑥❯⑨P➉❘⑩❞⑩✱➁✑➇❯❽✎❷➝⑩❱⑨ →
hm

➈ ➃ ⑩✱❷ ➃ ❽✎❷❨⑩✱❿✎⑥ ➃ ⑥❯➉➠❶✵⑩✱⑦❃❺➜➁✵⑩❞❺❩❼✔❽✎⑩✱➊✻➋✱⑥✉Ø ➒✑→✶✌ Ú ❺❩➉ ➑ ❽✑➁✎➊✻➋✱⑥r❿✑⑥✵❶✱➁✎➇❯❽✑❷❨⑥❞❿✑❺
⑨P⑥✱❷➝⑩✱➉❫❺❙➁✐⑧❅⑥r❿✑⑥❘❹➎⑥❯➁✐⑧❅⑥➌❿❭Ô❚⑦ ➃ ⑨❃❺❩⑧P⑥ ➃ ⑥❯⑨P⑨❃❺❙⑦P❹➎⑥❯➁✎❿✑❺❙➁✐⑧❅❺❱➹

hm (ξ) = x1

(

ξ−x2

ξ
(t)
F

−x2

)κ

r−1
g1 , ∀ x2 < ξ ≤ ξ

(t)
F ,

Ø ➒✷→ ➛✐Ú

hm (ξ) = x3

(

ξ−x4

ξ
(r)
F

−x4

)κ

r−1
g1 , ∀ ξ

(r)
F ≤ ξ < x4 ,

Ø ➒✑→ÛÕ ✯ Ú
hm (ξ) = 0 , ∀ x4 ≤ ξ ≤ x2 .

Ø ➒✑→ÛÕ❳Õ Ú

Û ❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩❍❿✎❺✾⑥✱⑧❩Ô❚➉❻Ô❚ø✻⑩✱➊❙➋✱⑥✳❿✎❺✾➉❤❽✎❷❚⑧❝Ô➃Ö❱⑩✱⑨✪Ô➝➐✳Ö❯❺✖Ô❨⑦ ➃ ⑥❯➉ ⑨P❺❩⑦❃⑧❅⑨✪Ô❨➊❩➳✷❺❩⑦➆❿✎❺❳❿✎❺❙⑦✪Ô❨➇❯❽✎⑩✱❷❨❿✵⑩❱❿✎❺✕❿✎❺❙⑦ ➃ ⑨❝Ô❲⑧❅⑥❢❺❙➉➠Ø ➒✷→q➔ Ú
❹➎⑥✷❿✎❺❍⑦❃❺❙⑨✾⑨P❺❙⑦❃⑥❯❷➃Ö✾Ô❚❿✎⑥➏⑩❱⑧❅⑨P⑩✶Ö✱➈❙⑦✾❿✎❺❵⑩✱❷❨➇✱⑥❯⑨❝Ô❲⑧❅➉❫⑥❯⑦✌❶✵⑩❱⑦❃⑧✯⑩❱➁❾⑧P❺ ➃ ⑥❯➁✎❸✎❺ ➃ Ô❚❿✎⑥❯⑦✾❿✎❺❍❹✎⑨P⑥❯➇✱⑨❅⑩✱➉❘⑩✱➊✻➋❱⑥❥➁✵➋✱⑥➏❷×Ô❨➁✑❺✻⑩✱⑨ → ⑤❵❺❙⑦❃⑧P❺
⑧❅⑨P⑩✱❶✵⑩✱❷❚❸✎⑥✎➀➎❽✎⑦P⑥✱❽✷➄➅⑦❃❺❤❽✎➉Ý➉❘➈✣⑧❅⑥✔❿✎⑥↕❿✎❺❞❹✎⑨P⑥❯➇✱⑨❅⑩✱➉❘⑩✱➊✻➋❱⑥↕⑦P❺❩❼❜➉✎❺❙➁ ➃ Ô➝⑩✱❷➆❼❾❽✵⑩✱❿✎⑨P➐❱⑧❩Ô ➃ ⑩ÚÔ❚➉❘❹✎❷❚❺❙➉❫❺❙➁✐⑧✯⑩❱❿✎⑥❘➁✎⑩ ➑ ❽✎➁✎➊❙➋✱⑥
❸✹✸rÕ×ÐÒÑ✯➱✗Ð ☎✧❿✎⑥↕➴ ➟✡➧❍➨☛➟✝☞ ö ➒ ✯ ÷➣→ ⑤❢❺❩⑦❃⑧P❺➏➉❫➈❩⑧P⑥✷❿✑⑥✎➀✎⑥➌❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩r❿✎❺✫⑥✱⑧❝Ô❨➉❮Ô❨ø✻⑩❱➊✻➋✱⑥✇➈✫⑧P⑨❅⑩✱➁✑⑦ ➑ ⑥❯⑨❃➉↕⑩✱❿✑⑥❫❺❩➉á❽✎➉
⑦P❽✑❶✎❹✎⑨P⑥✱❶✎❷❨❺❩➉↕⑩r❿✎❺✫❹✎⑨❃⑥❯➇❯⑨❅⑩❱➉↕⑩✱➊❙➋✱⑥❤❼❾❽✵⑩✱❿✑⑨❅➐❱⑧❝Ô ➃ ⑩❤❼❾❽✎❺➏➈❥⑨P❺❩⑦P⑥❯❷ÛÖ✾Ô❨❿✎⑥r❺❩➉ ➃ ⑩✱❿✎⑩ÞÔ❲⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥ →➸➟ ➉❘⑩❱⑧❅⑨✪Ô❨ø➜➙❵❺❙⑦❃⑦❝Ô➝⑩❱➁✵⑩
❿✵⑩ ➑ ❽✎➁✎➊❙➋✱⑥ ➨ ⑩✱➇❯⑨❅⑩❱➁✎➇❳Ô➝⑩❱➁✵⑩②➈◆❺❩⑦❃⑧❩Ô❚➉↕⑩❱❿✵⑩▲⑩ ➃ ⑩✱❿✎⑩❥Ô❚⑧❅❺❩⑨❅⑩✱➊❙➋✱⑥➘❽✎⑦P⑩✱➁✎❿✎⑥➥⑩ ➑ à❯⑨❃➉❤❽✎❷➝⑩②❿✎❺ ☞ ⑨P⑥✻✺✔❿✎❺❩➁✷➄✩ü✌❷❚❺❩⑧ ➃ ❸✎❺❙⑨✩➄
✼✾✽✍✿❁❀ ➑❃❂❅❄❇❆✝❈ ➹✝❉ ❂❋❊✡❊ ✽ Ø ☞ ü ✼✐➹ Ú ö ➔❱÷❍●❏■❑❂▲❆✡▼✡◆P❖◗❂ ✿ Ô ❊✡■❘❂❋❄❚❙➼➑✕■ Ô❱❯ ❂▲❂ ❯ ❄❇❂ Ö ❙❘◆ ❀ ■❑▼✡❲❳❂◆➑✕▼✬❊✡❨◗❩ ✽❬❀ ■❑❲❳❙❭❄ Ô❱❯ ✽ →➥Û

✙➀✚➒✜✤✣✦✥★✧✪✩✬✫▲➂❫❪✮✲❵❴❳✯✱❾✮❴➮✴✦✫❈✷✐✚✻✺✽✼✾✚t✿➵❂❄❁❃✥▼❂✱❊✮❁✪✥★❖✛✫✖✥▼❂❄❅✱❊✬❅r✣✦❆❍❴✄❊✘■❏✫✖❅ü❆❜❛❉✥✦❇❉❆❋✫❈❅❙❁✪❚❘❂❄❅❙❇ ❂❙✫❋✴✦❁▲✣✦❆✸❊❫✜✤✣★✥★✧❃✩✘✫❋❁❝❚❄❖✪❊✬■◆❊✬❅r✴✶❁▲❴✄➆✬❅❙❇❉❊✖❚
❴✄❊✬❅❙❇❉➆❩❴✖❁❃❇◆❚r❊✮●❛❊✬❅❄❂❄❇❉❅r✴✦❁▲✣✦❆❍●✔✫✘✥▼❂❄✫❈❇❉✥✦❇◆❖✛❇◆❊✬■✾✴✦❊✖✴✶✫❈✣★❚❙❊✬✥★✴✶✫❋✣✦❆➳❊✬■✶❝✘✫✘❅❙❇❏❂❄❆❈✫❋✴✦❁▲●✦❅❄✫❭❝✘❅✱❊✬❆✸❊✘✧✪✩✬✫❫❚❄❁P❞❘❡✦❁✪✥★❖✛❇◆❊✬■❢❞▼✣★❊✖✴✶❅❙➆✬❂❄❇◆❖❃❊★❯

Õ Ø ➒
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Afastamentos do perfil evolvente (µm)
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ü☛Ô❁❣ →✑➒✑→➃Õ✔Õ ➹ ù ✿ ▼✡◆ ❯ ❄❇❂❋❨◗❩ ✽❤❀ ❂❤❂❋✐✬❄ ✽◗❥ Ô ❲❳❂❋❨◗❩ ✽❚❀✬✽ ◆❦❂❱➑❃❂❋◆ ❯ ❂❋❲❧■❘❊ ❯ ✽ ◆ ❀✬✽ ✐♠■❘❄✦♥ ✿ ✐ ✽ ❄♥➑✕▼✡❊✡❨ ➳ ■❘◆❦❂❅♥✡❊✡◆❙→
◆❇▼✬❆✡✐✡❄ ✽ ❆ ✿ ■❭❲♦❂ ❀ ■♣✐✡❄ ✽ ❣ ❄q❂❅❲♦❂❋❨❘❩ ✽❚r ▼s❂ ❀ ❄❇t ❯❩Ô ❖◗❂❚❙♣■❘❊ ❯ ❩ ✽ ❄P■❘◆ ✽❋✿ Ö✾Ô ❀✡✽ ▼✬◆q❂❋❊ ❀✬✽ ▼✡❲❳❂✉■❘◆ ❯ ❄q❂ ❯ ❙ ❣✔Ô ❂ ❀ ■✴❖ ✽ ❊ ➽ ▼✬❊ ❯ ✽
❂ ❯❝Ô➃Ö ✽ ● ✽ ▼❤❲❳❙ ❯ ✽✁❀✡✽✾❀ ■✈✐✡❄ ✽ ➽ ■❘❨❘❩ ✽ ö ➒ ✯ ●✐➔❱÷➮→✡Û Ö ■ ❯ ✽ ❄✇❖ ✽ ❲ ✽ ◆ Ö ❂ ✿❁✽ ❄❇■❘◆ Ô ❊ Ô ❖ Ô ❂ Ô ◆ ❀ ❂❋◆ Ö ❂❋❄ Ô t Ö ■ Ô ◆ ❀ ■ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽
➑ ✽ Ô ❀ ■❭♥s❊ Ô ❀✡✽ ❖ ✽ ❲ ✽

x0 =
{

0, ξ
(t)
F − 0.25(ξ

(t)
F − ξ

(r)
F ), 0, ξ

(r)
F + 0.25(ξ

(t)
F − ξ

(r)
F )

}T →

① ■❭◆ ✽✍✿ Ö ■❭❊ ❀✡✽ ❈❫◆❇■ ✽ ✐✬❄ ✽ ❆ ✿ ■❘❲❳❂ ❀ ■ ✽ ❯❩Ô ❲ Ô❚ø ❂❋❨❘❩ ✽ ❲ ✽ ◆ ❯ ❄q❂ ❀✬✽ ❊✡❂▲■ r ▼s❂❋❨◗❩ ✽ Ø ➒✑→q➔ Ú ◆❇■ ✽ ❆ ❯ ❙❭❲ ✽ ◆ Ö ❂ ✿❁✽ ❄❇■❘◆
✐s❂❋❄❇❂♦❂❋◆ Ö ❂❋❄ Ô t Ö ■ Ô ◆ ❀ ■②✐✡❄ ✽ ➽ ■ ❯ ✽

x = {x1, x2, x3, x4}
T →❪✃③❲❳❂ Ö ■ ø ❖◗❂ ✿ ❖❘▼ ✿ ❂ ❀✡✽ ◆ ✽ ◆ Ö ❂ ✿❁✽ ❄P■❘◆ ❀ ❂❋◆ Ö ❂❋❄ Ô t Ö ■ Ô ◆

❀ ■✲✐✬❄ ✽ ➽ ■ ❯ ✽ ●✝✐ ✽✁❀ ■④❈❫◆❇■ ❀ ■ ❯ ■❭❄❇❲ Ô ❊s❂❅❄ ✽ Ö ❂ ✿⑤✽ ❄ ❀ ❂❋◆❜❲ ✽✝❀ Ô ♥s❖◗❂❅❨ ➳ ■❘◆ ❀ ❂❋◆❏◆P▼✡✐✧■❭❄❃➑ ➞ ❖ Ô ■❭◆❜■❘❲ r ▼s❂ ✿⑤r ▼✬■❘❄❜✐ ✽ ❊ ❯ ✽❚❀✡✽ ◆
❀ ■❭❊ ❯ ■❘◆ Ø❹Ö ■❘❄❦■ r ▼s❂❋❨❘❩ ✽ Ø ➒✑→✶✌ ÚPÚ →

Û Ö ■ ❯ ✽ ❄
x
● Ö ■ ❯ ✽ ❄ ❀ ❂❅◆ Ö ❂❋❄ Ô t Ö ■ Ô ◆ ❀ ■②✐✡❄ ✽ ➽ ■ ❯ ✽ ●♠❙✉❂❳◆❇❂ ➞ ❀ ❂ ❀✡✽ ❆ ✿❁✽ ❖ ✽ ❖ ❉ ❂❋❲❳❂ ❀✡✽❧❀ ■②♥ ✿ ❯ ❄ ✽ →❵Û✜◆ Ô ◆ ❯ ■❘❲❳❂

❙❤❄❇■✹❈✑❂ ✿ Ô ❲❧■❘❊ ❯ ❂ ❀✬✽ ❖ ✽ ❲ ✽ ◆✴❊ ✽ Ö ✽ ◆ Ö ❂ ✿❁✽ ❄P■❘◆ ❀ ❂❋◆ Ö ❂❋❄ Ô t Ö ■ Ô ◆❘●⑥■❤▼✡❲❳❂⑦❂❋❊st ✿ Ô ◆❇■❚❖ ✽ ❲❧✐ ✿ ■ ❯ ❂ ❀✡✽ ❖ ✽ ❊ ❯ ❂ ❯ ✽ ■❘❊ ❯ ❄P■
✽ ◆ ❀ ■❘❊ ❯ ■❭◆❑■⑧❖❘t ✿ ❖❭▼ ✿❁✽⑨❀✡✽ ■❘❄P❄ ✽⑩❀ ■ ❯ ❄q❂❋❊✡◆P❲ Ô ◆❇◆❇❩ ✽ ◆q❩ ✽ ❄❇■◗❂ ✿ Ô❨ø ❂ ❀✡✽ ◆❩→ ➟✘◆❶❲ ✽✝❀ Ô ♥s❖❘❂❋❨ ➳ ■❘◆ ❀ ❂❋◆❶◆❇▼✬✐✧■❭❄❃➑ ➞ ❖ Ô ■❭◆
❊s❂ Ô❱❯ ■❘❄❇❂❋❨◗❩ ✽ ❂❋❊ ❯ ■❘❄ Ô ✽ ❄❳◆q❩ ✽❷❀ ■❭◆❇❖ ✽ ❊✡◆ Ô ❀ ■❘❄❇❂ ❀ ❂❋◆⑦✐s❂❅❄q❂⑩❂⑩❂❋❊st ✿ Ô ◆P■ ❀ ❂❅◆❶❊ ✽ Ö ❂❅◆❶❲ ✽✁❀ Ô ♥✡❖◗❂❋❨ ➳ ■❭◆❙→➵ù★◆ ❯ ✽ ❙❋●✲❂❅◆
❲ ✽✝❀ Ô ♥s❖◗❂❅❨ ➳ ■❘◆❸❊✡❩ ✽ ◆q❩ ✽ ❖❘▼✡❲✉▼ ✿ ❂ ❯❝Ô➃Ö ❂❋◆❙→❺❹✘❂❺❊ ✽ Ö ❂ Ô⑤❯ ■❘❄q❂❅❨◗❩ ✽ ◆❇❩ ✽ ❄❇■❭❲ ✽ Ö✾Ô ❀ ❂❋◆✉❂❋◆ Ô ❊ ✕ ▼ ➦ ❊✡❖ Ô ❂❋◆ ❀ ❂ ❀ ❂❋◆❚❊ ✽ ◆
❂❱➑❃❂❋◆ ❯ ❂❋❲❧■❘❊ ❯ ✽ ◆❏❖ ✽ ❊ ❯❩Ô ❀✬✽ ◆❏❊ ✽ Ö ■ ❯ ✽ ❄

ha

❀ ■ Ö✾Ô ❀✡✽ ✌ ❲ ✽✝❀ Ô ♥s❖❘❂❋❨◗❩ ✽ ❂❋❊ ❯ ■❭❄ Ô ✽ ❄❙→➸➟③◆❇◆ Ô ❲❻❂❋◆❏❊ ✽ Ö ❂❋◆❜❲ ✽✁❀ Ô ♥s❖❘❂❋❨ ➳ ■❘◆
◆q❩ ✽❳❀ ■④♥s❊ Ô ❀ ❂❋◆✈◆❇■❭❲❳✐✬❄❇■✴❂❧✐✡❂❋❄ ❯❝Ô ❄ ❀ ❂❤◆❇▼✬✐✧■❭❄❃➑ ➞ ❖ Ô ■✾■ Ö ✽✍✿ Ö ■❘❊ ❯ ■ ❯ ■ à ❄ Ô ❖◗❂✷→

Û✜❲❳❙ ❯ ✽✁❀✡✽ ✐s❂❋❄❇❂ ❀ ■ ❯ ■❭❄❇❲ Ô ❊s❂❋❄❦❂❋◆❦❲ ✽✝❀ Ô ♥s❖◗❂❅❨ ➳ ■❘◆ ❀ ❂❋◆❦◆❇▼✬✐✧■❭❄❃➑ ➞ ❖ Ô ■❭◆ ❀✡✽ ◆ ❀ ■❭❊ ❯ ■❘◆ ❀ ■❘◆P■❘❊ Ö ✽❋✿ Ö✾Ô ❀✡✽ ■❸❂❅✐✡❄❇■✹❈
Õ Ø ✌



◆❇■❭❊ ❯ ❂ ❀✡✽ ❊✡■❘◆ ❯ ■❸❖❘❂❋✐ ➞❱❯ ▼ ✿⑤✽ ➑ ✽ Ô✽Ô ❲❳✐ ✿ ■❘❲❧■❘❊ ❯ ❂ ❀✡✽ ■❘❲➫➑ ✽ ❄P❲♦❂ ❀ ■✴✐✡❄ ✽ ❣ ❄q❂❋❲❳❂❤❖ ✽ ❲❧✐✡▼ ❯ ❂❋❖ Ô ✽ ❊s❂ ✿ ■❭❲ ✿ Ô ❊ ❣ ▼s❂ ❣ ■❭❲
➴ ➟✡➧❍➨☛➟✝☞ ö ➒ ✯ ÷➣→➥➟ Ö ■❭❄ Ô ♥✡❖◗❂❋❨❘❩ ✽❼❀✬✽ ❲❧❙ ❯ ✽✝❀✡✽ ❙❑❂❋✐✡❄P■❘◆P■❘❊ ❯ ❂ ❀ ❂❼❊ ✽ ❖◗❂❋✐ ➞⑤❯ ▼ ✿❁✽ ✌▲❂ ❯ ❄❇❂ Ö ❙❘◆ ❀ ❂❬❂❋❊st ✿ Ô ◆❇■ ❀ ■
■ ❥ ■❭❲❳✐ ✿⑤✽ ◆❽❊✵▼✡❲❳❙❭❄ Ô ❖ ✽ ◆❩→

Õ Ø ➔



➊ ➋➍➌➏➎✠➐➒➑➔➓r→ ❾

❿ ➞➳➝➒➡⑦➧➩➨②➋➦➫❷➀➍→ ➙➜→ ➠ ↔ ➐↕→➛➙➜→

➁ ◆ ❯ ■♣❖❘❂❋✐ ➞⑤❯ ▼ ✿❁✽ ❯ ■❭❲➂❖ ✽ ❲ ✽✉✽ ❆ ➽ ■ ❯❝Ô➃Ö ✽ ❂❋✐✬❄❇■❘◆P■❘❊ ❯ ❂❅❄ ✽ ◆❜❄❇■❭◆❇▼ ✿ ❯ ❂ ❀✬✽ ◆✈❊✵▼✡❲❳❙❭❄ Ô ❖ ✽ ◆ ✽ ❆ ❯❩Ô ❀✡✽ ◆❏❖ ✽ ❲ ✽ ❲❧❙ ❯ ✽✝❀✬✽
✐✡❄ ✽ ✐ ✽ ◆ ❯ ✽ ■❧❂ Ö ❂ ✿ Ô ❂❋❄✲❂❶◆❇▼✡❂➃❂ ❀ ■ r ▼s❂❋❨❘❩ ✽ ✐✡❂❋❄q❂ ❀ ■ ❯ ■❘❄P❲ Ô ❊s❂❋❄♣❂❋◆♣❲ ✽✝❀ Ô ♥s❖❘❂❋❨ ➳ ■❘◆ ❀ ❂⑦◆P▼✡✐♠■❘❄P➄ ➞ ❖ Ô ■ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❘◆
r ▼✡■➅❲ Ô ❊ Ô ❲ Ô❨ø ❂❅❲➆❂ Ö ❂❅❄ Ô ❂❅❨◗❩ ✽▲❀✡✽ ■❘❄❇❄ ✽➇❀ ■ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆q❩ ✽ Ø➮➾✕➾☞➁ ➧❍➨ Ú✹➈ ➧✚❄ ➦ ◆♦✐s❂❅❄❇■❘◆ ❀ ■➅■❭❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆ ❀ ■
❀ ■❭❊ ❯ ■❘◆ ❉ ■ ✿ Ô ❖ ✽ Ô ❀ ❂ Ô ◆✈➄ ✽ ❄❇❂❋❲➉■❘◆ ❯ ▼ ❀ ❂ ❀✬✽ ◆ ➈ ➷ ✽ ❊✡◆ Ô ❀ ■❭❄ ✽ ▼✝❈❫◆❇■❚❂ Ô ❊ ❯ ❄ ✽✁❀ ▼✡❨❘❩ ✽➊❀ ■❸❲ ✽✁❀ Ô ♥✡❖◗❂❋❨ ➳ ■❭◆✘❊s❂♦◆P▼✡✐♠■❘❄P➄ ➞ ❖ Ô ■
❀✡✽ ◆ ❀ ■❭❊ ❯ ■❘◆❦❖ ✽ ❊✬➄ ✽ ❄❇❲❧■✘➄✕▼✡❊✬❨ ➳ ■❘◆❦❂❅♥s❊✡◆❽■ r ▼s❂ ❀ ❄❇t ❯❩Ô ❖◗❂❋◆ ➈ Û✲◆✈❄❇■❘◆P▼ ✿ ❯ ❂ ❀✡✽ ◆ ✽ ❆ ❯❩Ô ❀✬✽ ◆❜✐s❂❋❄❇❂ ✽ ◆ ❯ ❄ ➦ ◆❽❖◗❂❋◆ ✽ ◆❽❖ ✽ ❲
✽ ◆ ❀✡✽ Ô ◆ ❯❝Ô ✐ ✽ ◆ ❀ ■❚❲ ✽✝❀ Ô ♥s❖❘❂❋❨ ➳ ■❘◆③◆q❩ ✽ ❂❋✐✡❄P■❘◆P■❘❊ ❯ ❂ ❀✬✽ ◆❘●⑥■❘❊ ❯ ❄❇■❤■ ✿ ■❘◆✾■❘◆ ❯ ❩ ✽ ❂❶❄P■ ❀ ▼✡❨❘❩ ✽⑦❀ ❂♦➄✕▼✡❊✡❨❘❩ ✽⑦✽ ❆ ➽ ■ ❯❩Ô➃Ö ✽
Ø❹Ö ❂❋❄ Ô ❂❋❨❘❩ ✽✈❀✡✽ ■❘❄P❄ ✽❽❀ ■ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆q❩ ✽ Ú ● ✽ Ö ❂ ✿⑤✽ ❄ ❀ ❂❅◆ Ö ❂❋❄ Ô t Ö ■ Ô ◆ ❀ ■☞✐✡❄ ✽ ➽ ■ ❯ ✽③r ▼✡■ ❀ ■④♥s❊✡■❘❲➋❂❅◆✚❲ ✽✁❀ Ô ♥s❖❘❂❋❨ ➳ ■❘◆❭● ✽
❊ â ❲❧■❘❄ ✽♣❀ ■ Ô❱❯ ■❘❄❇❂❋❨ ➳ ■❘◆✇■ ✽ ❯ ■❭❲❳✐ ✽♣❀ ■❽✐✡❄ ✽ ❖❘■❭◆❇◆❇❂❋❲❳■❭❊ ❯ ✽ ➈ Û✲❆ ❯ ■ Ö ■✹❈★◆P■③❄P■ ❀ ▼✡❨ ➳ ■❭◆☞◆ Ô❁❣ ❊ Ô ♥s❖❘❂ ❯❩ÔÛÖ ❂❋◆➌❊s❂ Ö ❂❋❄ Ô ❂❋❨◗❩ ✽
❀✡✽ ■❘❄P❄ ✽❧❀ ■ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆q❩ ✽ Ø ➾✾➾☞➁ ➧❍➨ Ú ✐s❂❋❄q❂ ❯ ✽✁❀✡✽ ◆ ✽ ◆❦❖❘❂❋◆ ✽ ◆③❂❅❊s❂ ✿ Ô ◆q❂ ❀✬✽ ◆ ➈

Û➍✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽ ✐s❂❋❄❇❂ ✽ ❖❘t ✿ ❖❭▼ ✿❁✽❧❀✡✽ ■❭❄❇❄ ✽♦❀ ■ ❯ ❄q❂❅❊✡◆❇❲ Ô ◆P◆q❩ ✽ ❙❸✐s❂❋❄ ❯ ■ Ô ❲❧✐ ✽ ❄ ❯ ❂❋❊ ❯ ■ ❀✬✽ ❲❧❙ ❯ ✽✁❀✡✽ ✐✡❄ ✽ ❈
✐ ✽ ◆ ❯ ✽ ✐s❂❋❄❇❂ ❀ ■ ❯ ■❘❄P❲ Ô ❊s❂❋❄✟❂❋◆❜❲ ✽✝❀ Ô ♥s❖◗❂❅❨ ➳ ■❘◆✩❊s❂❋◆❜◆P▼✡✐✧■❭❄P➄ ➞ ❖ Ô ■❭◆ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❘◆ ❀ ❂❋◆✟■❘❊ ❣ ❄❇■❘❊✡❂ ❣ ■❘❊✬◆✈✐s❂❋❄q❂②❄❇■ ❀ ▼ ø▼Ô ❄
❂❳■ ❥ ❖ Ô⑤❯ ❂❋❨◗❩ ✽ ✐✡❄ ✽ Ö ■❘❊ Ô ■❘❊ ❯ ■ ❀✡✽ ■❭❄❇❄ ✽♦❀ ■ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆q❩ ✽ Ø❹Ö ■❘❄③◆❇■❘❨❘❩ ✽❶➎ ➈ Ø ❀✡✽ ❖❘❂❋✐ ➞⑤❯ ▼ ✿❁✽❧➎ Ú✹➈ Û✜✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽
✐s❂❋❄❇❂ ✽ ❖◗t ✿ ❖❘▼ ✿⑤✽➅❀✡✽ ■❘❄❇❄ ✽➅❀ ■ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆q❩ ✽ ❂❋✐✡❄P■❘◆❇■❭❊ ❯ ❂ ❀✡✽ ❊ ✽ ❖◗❂❅✐ ➞⑤❯ ▼ ✿❁✽ Ø ❙❳❆s❂❋◆❇■❘❂ ❀✡✽ ❊ ✽ ✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽
❀ ■❭◆❇■❘❊ Ö ✽✍✿ Ö✾Ô ❀✬✽ ✐♠■ ✿⑤✽ ✐✡❄❇■❭◆❇■❭❊ ❯ ■❑❂❋▼ ❯ ✽ ❄ ❀ ▼✡❄❇❂❋❊ ❯ ■❶◆❇■❭▼ ❯ ❄q❂❅❆s❂ ✿❁❉✬✽❺❀ ■❶❲❧■❘◆ ❯ ❄q❂ ❀✬✽ ö Õ❳Õ✔Õ❙÷ ➈ ❹✘❂ r ▼✬■ ✿ ■ ❯ ❄q❂❅❆s❂ ✿❁❉✬✽
✽ ✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽ ➄ ✽ Ô ❀ ■ Ö✾Ô ❀ ❂❋❲❧■❘❊ ❯ ■ Ö ■❘❄ Ô ♥s❖❘❂ ❀✡✽⑦r ▼s❂❋❊ ❯ ✽ ❂➊◆❇▼✡❂❑❂ ❀ ■ r ▼s❂❋❨❘❩ ✽ ✐s❂❋❄q❂ ✽ ❖❘t ✿ ❖❭▼ ✿❁✽➊❀✬✽ ■❭❄❇❄ ✽❶❀ ■
❯ ❄❇❂❋❊✡◆P❲ Ô ◆❇◆q❩ ✽♦❀ ■②✐s❂❋❄❇■❭◆✲■❘❊ ❣ ❄❇■❭❊s❂ ❀✡✽ ◆ ❀ ■ ❀ ■❭❊ ❯ ■❘◆ ❉ ■ ✿ Ô ❖ ✽ Ô ❀ ❂ Ô ◆ ➈ ➟ r ▼✡■ ✿ ■✉✐✡❄ ✽ ❖❭■ ❀ Ô ❲❳■❭❊ ❯ ✽ ❲ ✽ ◆ ❯ ❄ ✽ ▼✝❈★◆P■②❲❳❂ Ô ◆
✐✡❄P■❘❖ Ô ◆ ✽ ✐s❂❋❄❇❂ ✽ ❖◗t ✿ ❖❘▼ ✿❁✽❤❀✡✽ ■❘❄P❄ ✽❧❀ ■ ❯ ❄q❂❋❊✬◆❇❲ Ô ◆❇◆❇❩ ✽❚❀✡✽❧r ▼✡■ ✽ ◆❦✐✬❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽ ◆❽❖ ✽ ❊ Ö ■❘❊✬❖ Ô ✽ ❊s❂ Ô ◆❽✐ ✽ ❄❦❂❋❊s❂➏❈
✿ Ô ◆q❂❋❄ ✽ ❖ ✽ ❊ ❯ ❂ ❯ ✽ ■❭❲ ❯ ✽✁❀ ❂❳❂❧◆❇▼✡✐♠■❘❄✦➄ ➞ ❖ Ô ■ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❭◆❘●✓■②❊s❩ ✽ ◆ ✽ ❲❧■❘❊ ❯ ■②❊ ✽ ✐ ✿ ❂❋❊ ✽❧❀ ■❸❂❋❨◗❩ ✽ ❯ ■ à ❄ Ô ❖ ✽ ö Õ❳Õ Ø ÷ ➈
Û➐✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽ ✐s❂❋❄q❂ ✽ ❖❘t ✿ ❖❭▼ ✿❁✽❸❀✡✽ ■❘❄P❄ ✽❚❀ ■ ❯ ❄q❂❋❊✡◆P❲ Ô ◆❇◆❇❩ ✽ ➄ ✽ Ô ❂ Ô ❊ ❀ ❂❸❲❳■ ✿❁❉✡✽ ❄q❂ ❀✡✽ ■❘❲ ❯ ■❘❄P❲ ✽ ◆ ❀ ■✲■④♥s❖ Ô ❈

Õ Ø ➛



➦ ❊✬❖ Ô ❂❧❖ ✽ ❲❧✐✡▼ ❯ ❂❋❖ Ô ✽ ❊s❂ ✿ ■❸✐✡❄P■❘❖ Ô ◆q❩ ✽❧❀ ❂❧❄❇■❘◆P✐ ✽ ◆ ❯ ❂♦❂ ❯ ❄❇❂ Ö ❙❘◆ ❀ ❂ Ô ❲❳✐ ✿ ■❘❲❧■❘❊ ❯ ❂❋❨◗❩ ✽❤❀ ❂❧❄ ✽ ❯❝Ô ❊s❂ ❀✡✽ ❖◗t ✿ ❖❘▼ ✿⑤✽❤❀ ❂
❀ Ô ◆ ❯ ❄ Ô ❆✡▼ Ô ❨◗❩ ✽❚❀ ■♣❖◗❂❋❄ ❣ ❂❚❆s❂❋◆❇■❘❂ ❀ ❂❤❊s❂❚➄❃❂ ❯ ✽ ❄ Ô❨ø ❂❋❨◗❩ ✽❸❀ ■❤➷ ❉✬✽✍✿ ■❭◆ é❢✺ ■♣✐✡◆❇■❭▼ ❀✡✽ ❈ Ô ❊ ❯ ■❭❄P➄✕■❭❄ ➦ ❊✬❖ Ô ❂ Ø❹Ö ■❘❄❽◆❇■❭❨◗❩ ✽ Ø ➈✶➑
❀✡✽ ❖◗❂❋✐ ➞⑤❯ ▼ ✿❁✽ Ø Ú✹➈

➟ ✿ ❙❭❲ ❀✡✽ ◆✇❄❇■❘◆P▼ ✿ ❯ ❂ ❀✡✽ ◆ ✽ ❆ ❯❩Ô ❀✡✽ ◆➌❖ ✽ ❲ ✽ ✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽✾❀ ■✈❖◗t ✿ ❖❘▼ ✿⑤✽✾❀✡✽ ■❘❄P❄ ✽♣❀ ■ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆q❩ ✽ ❂❅✐✡❄❇■❭◆❇■❘❊✁❈
❯ ❂ ❀✡✽ ◆❦❊s❂❋◆✘❄P■❭➄✕■❭❄ ➦ ❊✬❖ Ô ❂❅◆ ö Õ❳Õ❳Õ❅●tÕ✔Õ Ø ÷❍●♠❊ ✽ ❖◗❂❅✐ ➞⑤❯ ▼ ✿❁✽ ➑ ❀✬✽ ✐✡❄P■❘◆P■❘❊ ❯ ■ ❯ ❄q❂❋❆✡❂ ✿❁❉✡✽ ❖ ✽ ❲❳✐s❂❅❄ ✽ ▼✝❈❫◆❇■ ✽ ◆❦❄❇■❭◆❇▼ ✿ ❯ ❂ ❀✡✽ ◆
❊✵▼✡❲❧❙❘❄ Ô ❖ ✽ ◆ ❀✡✽ ■❘❄P❄ ✽❬❀ ■ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆q❩ ✽ ❖ ✽ ❲➒❄❇■❭◆❇▼ ✿ ❯ ❂ ❀✬✽ ◆❤■ ❥ ✐✧■❭❄ Ô ❲❳■❭❊ ❯ ❂ Ô ◆ ➈ ❹✘❂⑧❖ ✽ ❲❧✐s❂❋❄❇❂❋❨◗❩ ✽❬❀ ■❘◆ ❯ ■❘◆❳❄❇■④❈
◆❇▼ ✿ ❯ ❂ ❀✡✽ ◆ ✽ ❆✡◆P■❘❄ Ö ✽ ▼✝❈❫◆❇■ r ▼✡■ ✽ ◆ Ö ❂ ✿⑤✽ ❄❇■❭◆✲❖◗❂ ✿ ❖❘▼ ✿ ❂ ❀✡✽ ◆✘■❚❲❧■ ❀ Ô ❀✡✽ ◆✾❂❋✐✬❄❇■❘◆P■❘❊ ❯ ❂❅❲➓▼✡❲❳❂ ❯ ■❭❊ ❀ ➦ ❊✬❖ Ô ❂❶✐✡❄ à ❥ Ô ❲♦❂
r ▼s❂❋❊ ❯ ✽ ❂ ✽ ❖ ✽ ❲❳✐ ✽ ❄ ❯ ❂❋❲❧■❘❊ ❯ ✽❑❀✡✽ ➾✕➾☞➁ ➧❍➨ ➈ ➁ ❲❸❆ ✽ ❄❇❂ ❀ Ô ➄✕■❘❄P■❘❊✡❨❘❂❋◆②➄ ✽ ❄❇❂❋❲ ✽ ❆✡◆P■❘❄ Ö ❂ ❀ ❂❋◆✉■❭❊ ❯ ❄❇■ ✽ ◆ Ö ❂ ✿❁✽ ❄❇■❘◆
❂❋❆✡◆ ✽✍✿ ▼ ❯ ✽ ◆❤❖◗❂ ✿ ❖❘▼ ✿ ❂ ❀✡✽ ◆❚■❑❲❧■ ❀ Ô ❀✡✽ ◆ ❀✡✽ ➾✕➾☞➁ ➧❍➨☞●✩■❘◆ ❯ ❂❋◆❧■❘❄❇❂❋❲➒■❭◆❇✐♠■❘❄q❂ ❀ ❂❋◆❧▼✡❲♦❂ Ö ■ ø r ▼✡■❑❊ ✽ ◆❤❖❘t ✿ ❖❭▼ ✿❁✽ ◆
❊s❩ ✽ ◆P■❚❖ ✽ ❊✬◆ Ô ❀ ■❘❄ ✽ ▼ ✽ ◆✲■❘❄P❄ ✽ ◆ ❀ ■❸➄❃❂❋❆✡❄ Ô ❖❘❂❋❨◗❩ ✽♦❀ ❂❋◆✾❂❋❲ ✽ ◆ ❯ ❄q❂❅◆ ❯ ■❭◆ ❯ ❂ ❀ ❂❋◆ ØßÖ ■❘❄✾❖❘❂❋✐ ➞❱❯ ▼ ✿⑤✽ ➑❯Ú✹➈ ☞❜❂❋◆❇■❘❂ ❀✡✽ ❊ ✽ ◆
❯ ❄❇❂❋❆s❂ ✿⑤❉✡✽ ◆ ❀ ■❘◆P■❘❊ Ö ✽❋✿ Ö✾Ô ❀✡✽ ◆✈❂❋❊ ❯ ■❭❄ Ô ✽ ❄❇❲❧■❘❊ ❯ ■❦❄❇■④➄✕■❘❄❇■❭❊ ❯ ■❘◆❽❂✴■❘◆ ❯ ■✲✐✡❄ ✽ ❖❭■ ❀ Ô ❲❳■❭❊ ❯ ✽ ✐✡❂❋❄q❂ ✽ ❖◗t ✿ ❖❘▼ ✿❁✽❸❀✬✽ ■❘❄P❄ ✽✉❀ ■
❯ ❄❇❂❋❊✡◆P❲ Ô ◆❇◆q❩ ✽ ØßÖ ■❘❄✩❄❇■④➄✕■❘❄ ➦ ❊✡❖ Ô ❂❋◆ ö Õ❳Õ❳Õ❋●✻Õ❳Õ Ø ÷➔■❦❊ ✽ ❖◗❂❋✐ ➞⑤❯ ▼ ✿❁✽ ➑❯Ú ❖ ✽ ❊✡◆ Ô ❀ ■❘❄❇❂➏❈★◆P■ r ▼✡■ ❯ ❂ ✿ ✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽ ✐ ✽✝❀ ■
◆❇■❭❄③▼✬◆q❂ ❀✡✽ ✐s❂❅❄q❂❤❄❇■❘✐✬❄❇■❘◆P■❘❊ ❯ ❂❅❄ ✽ ❖ ✽ ❲❳✐ ✽ ❄ ❯ ❂❋❲❧■❘❊ ❯ ✽❚❀✡✽ ✐ Ô ❖ ✽ ❈★❂➏❈★✐ Ô ❖ ✽❚❀✬✽ ■❭❄❇❄ ✽❧❀ ■ ❯ ❄q❂❋❊✬◆❇❲ Ô ◆❇◆❇❩ ✽ ➈

➟→❄❇■ ✿ ❂❋❨◗❩ ✽ ■❘❊ ❯ ❄P■ ➾✕➾☞➁ ➧❍➨➣■ ✽ ❄❇▼ ➞ ❀✡✽ ❣ ■❘❄❇❂ ❀✡✽ ✐ ✽ ❄❚✐s❂❋❄P■❘◆❤■❘❊ ❣ ❄❇■❘❊✡❂ ❀✡✽ ◆❤❙❶❆s❂❋◆ ❯ ❂❋❊ ❯ ■❑❖ ✽ ❊ ❉ ■❭❖ Ô ❀ ❂⑧❊s❂
✿ Ô❱❯ ■❭❄q❂ ❯ ▼✡❄q❂ ❀ Ô ◆P✐ ✽ ❊ ➞➃Ö ■ ✿ ❖ ✽ ❊✬➄ ✽ ❄❇❲❧■ ❀ ■❭◆❇❖❭❄ Ô⑤❯ ✽ ❊ ✽ ◆❏❖◗❂❋✐ ➞❱❯ ▼ ✿⑤✽ ◆❪Õ✲■❰Ù ➈ ➟↔❄❇■ ❀ ▼✡❨❘❩ ✽✉❀✡✽ ➾✕➾☞➁ ➧❍➨❬■✘❖ ✽ ❊✡◆P■ r ➉ ■❭❊✝❈
❯ ■❭❲❳■❭❊ ❯ ■ ❀✡✽ ❄❇▼ ➞ ❀✡✽ ❣ ■❘❄❇❂ ❀✡✽ ✐✧■ ✿❁✽ ◆✾✐s❂❅❄❇■❘◆✴■❘❊ ❣ ❄❇■❭❊s❂ ❀✡✽ ◆✴❂ ❯ ❄q❂ Ö ❙❭◆ ❀ ❂❋◆♣❲ ✽✁❀ Ô ♥✡❖◗❂❋❨ ➳ ■❭◆ ❀ ❂❋◆♣◆❇▼✡✐♠■❘❄✦➄ ➞ ❖ Ô ■❘◆ ❀✡✽ ◆
❀ ■❭❊ ❯ ■❘◆ ❯ ❂❅❲✉❆✧❙❭❲↕❙✲❲ ✽ ◆ ❯ ❄❇❂ ❀ ❂❸■❭❲ ❀ Ô➃Ö ■❭❄❇◆ ✽ ◆ ❯ ❄❇❂❋❆s❂ ✿⑤❉✡✽ ◆❏✐✬▼✡❆ ✿ Ô ❖◗❂ ❀✬✽ ◆ ØßÖ ■❘❄✈❖❘❂❋✐ ➞❱❯ ▼ ✿⑤✽ ◆ÝÕ✾■❰Ù Ú④➈ ➾ ✽ ❄ ❯ ❂❋❊ ❯ ✽ ● ✽
✐✡❄P■❘◆❇■❭❊ ❯ ■ ❯ ❄q❂❅❆s❂ ✿❁❉✬✽ ❊s❩ ✽ ◆P■✾✐✡❄ ✽ ✐ ➳ ■✾❂ Ö ■❭❄ Ô ♥s❖◗❂❋❄❜❂✉■ ❥ Ô ◆ ❯❅➦ ❊✬❖ Ô ❂ ❀ ■❘◆ ❯ ❂❋◆ ❀ ▼s❂❅◆✈❄❇■ ✿ ❂❋❨ ➳ ■❘◆❭● ✽ ▼⑦◆P■ ➽ ❂✬●✬❂✉❄❇■ ✿ ❂❋❨◗❩ ✽
■❘❊ ❯ ❄❇■ ✽ ➾✕➾☞➁ ➧❍➨➣■ ✽ ❄❇▼ ➞ ❀✡✽❬❀✡✽ ◆❤✐s❂❋❄P■❘◆❤■❘❊ ❣ ❄❇■❭❊s❂ ❀✡✽ ◆❭●❜■❑❂❬❄P■ ✿ ❂❋❨◗❩ ✽ ■❭❊ ❯ ❄❇■ ✽ ➾✕➾☞➁ ➧❍➨➣■❑❂❋◆❳❲ ✽✁❀ Ô ♥s❖❘❂➏❈
❨ ➳ ■❘◆ ❀ ❂❅◆✈◆❇▼✡✐♠■❘❄✦➄ ➞ ❖ Ô ■❘◆ ❀✬✽ ◆ ❀ ■❘❊ ❯ ■❘◆ ➈ ➙ ❂ ➽ ❂ Ö❦Ô ◆ ❯ ❂ r ▼✡■✾■❭◆ ❯ ❂❋◆❽❄❇■ ✿ ❂❋❨ ➳ ■❘◆❏◆q❩ ✽ ❂❋❲❧✐ ✿ ❂❅❲❳■❭❊ ❯ ■✘❄P■❘❖ ✽ ❊ ❉ ■❘❖ Ô ❀ ❂❅◆✈❊s❂
❖ ✽ ❲✉▼✡❊ Ô ❀ ❂ ❀ ■✾❖ Ô ■❘❊ ❯P➞ ♥s❖❘❂ ➈

➟ Ö ■❘❄ Ô ♥s❖◗❂❅❨◗❩ ✽②❀✡✽ ❲❧❙ ❯ ✽✝❀✬✽ ✐✡❄ ✽ ✐ ✽ ◆ ❯ ✽ ❙❽➄✕■ Ô❱❯ ❂ r ▼✡❂❋❊ ❯ ✽ ✌ ❖◗❂❋✐✡❂❋❖ Ô ❀ ❂ ❀ ■ ❀✡✽ ❂ ✿ ❣ ✽ ❄ Ô⑤❯ ❲ ✽✘❀ ■❘◆P■❘❊ Ö ✽✍✿ Ö✾Ô ❀✡✽✉❀ ■
✽ ❆ ❯ ■❘❄❏❂❋◆❜❲ ✽✝❀ Ô ♥s❖◗❂❅❨ ➳ ■❘◆✩✐s❂❋❄q❂②❂❋◆❏◆P▼✡✐♠■❘❄P➄ ➞ ❖ Ô ■❘◆ ❀✬✽ ◆ ❀ ■❭❊ ❯ ■❘◆ r ▼✡■✘❲ Ô ❊ Ô ❲ Ô❨ø ■❘❲➍❂②■ ❥ ❖ Ô❱❯ ❂❋❨❘❩ ✽ ✐✡❄ ✽ Ö ■❘❊ Ô ■❘❊ ❯ ■ ❀✡✽
■❘❄P❄ ✽✴❀ ■ ❯ ❄❇❂❋❊✡◆P❲ Ô ◆❇◆q❩ ✽ Ø ➾✕➾✩➁ ➧❍➨ Ú④➈ ➾ ❂❋❄q❂ ❯ ❂❅❊ ❯ ✽ ● Ö ■❭❄ Ô ♥s❖◗❂➏❈❫◆❇■ ✽ ❲❳❙ ❯ ✽✁❀✡✽ ✐✡❄ ✽ ✐ ✽ ◆ ❯ ✽ ❊✡■❭◆ ❯ ■ ❯ ❄q❂❋❆s❂ ✿❁❉✡✽ ❂ ❯ ❄q❂ Ö ❙❭◆
❀ ■❧◆ Ô ❲✉▼ ✿ ❂❅❨ ➳ ■❘◆✲❖ ✽ ❲❳✐✬▼ ❯ ❂❋❖ Ô ✽ ❊✡❂ Ô ◆✲▼✬◆q❂❋❊ ❀✬✽ ❈★◆P■♦❂ ✿ ❣ ▼✡❊✡◆✾■ ❥ ■❘❲❧✐ ✿❁✽ ◆♣❊✵▼✡❲❧❙❘❄ Ô ❖ ✽ ◆ ➈ ➷ ✽ ❲ ✽❑✽ ❲❧❙ ❯ ✽✁❀✡✽❶❀ ■❭◆❇■❭❊✝❈
Ö ✽❋✿ Ö✾Ô ❀✡✽❳❀ ■❘◆ ❯❩Ô ❊s❂➏❈★◆P■ ✌ ❂❅✐ ✿ Ô ❖◗❂❋❨❘❩ ✽ ❣ ■❘❄q❂ ✿ ■❭❲➙✐s❂❅❄❇■❘◆ ❀ ■✉■❭❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆✲❖ Ô ✿ ➞ ❊ ❀ ❄ Ô ❖◗❂❅◆ ❀ ■ ❀ ■❭❊ ❯ ■❘◆ ❉ ■ ✿ Ô ❖ ✽ Ô ❀ ❂ Ô ◆❭●
✐s❂❋❄❇❂♦❂❋◆❦◆ Ô ❲✉▼ ✿ ❂❋❨ ➳ ■❘◆✈❊✵▼✡❲❧❙❘❄ Ô ❖◗❂❅◆③◆P■ ✿ ■❭❖ Ô ✽ ❊ ✽ ▼✝❈❫◆❇■ ❯ ❄ ➦ ◆③✐s❂❋❄❇■❭◆ ❀ ■❸■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆✘❖ ✽ ❲→❖◗❂❋❄❇❂❋❖ ❯ ■❘❄ ➞ ◆ ❯❝Ô ❖❘❂❋◆ ❣ ■ ✽ ❈
❲❧❙ ❯ ❄ Ô ❖❘❂❋◆ ❀ Ô ◆ ❯❩Ô ❊ ❯ ❂❋◆ ➈ ✃③❲ ❀✡✽ ◆✈✐s❂❋❄ ❶ ❲❳■ ❯ ❄ ✽ ◆ Ô ❲❧✐ ✽ ❄ ❯ ❂❅❊ ❯ ■❘◆ ❀✬✽ ◆❽✐s❂❋❄❇■❭◆ ❀ ■♣■❘❊ ❣ ❄❇■❘❊✡❂ ❣ ■❘❊✬◆❦◆P■ ✿ ■❘❖ Ô ✽ ❊s❂ ❀✬✽ ◆✈❙ ✽

Õ✻➡ ✯



❶ ❊ ❣ ▼ ✿❁✽❚❀ ■ ❉ ❙ ✿ Ô ❖❘■ ➈ Û➛✐✡❄ Ô ❲❧■ Ô ❄ ✽ ✐s❂❋❄ ❀ ■✴■❭❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆❽✐ ✽ ◆❇◆P▼ Ô ▼✡❲ ❶ ❊ ❣ ▼ ✿❁✽❚❀ ■ ❉ ❙ ✿ Ô ❖❘■✲❆✡❂❋◆ ❯ ❂❋❊ ❯ ■♣■ ✿ ■ Ö ❂ ❀✡✽ ●
33.55◦

● ✽ ◆❇■ ❣ ▼✡❊ ❀✬✽ ✐s❂❅❄✴✐ ✽ ◆P◆❇▼ Ô ▼✡❲ Ö ❂ ✿⑤✽ ❄ Ô ❊ ❯ ■❘❄❇❲❧■ ❀ Ô t❋❄ Ô ✽ ●
25.23◦

●⑥■ ✽ ❯ ■❘❄P❖❘■ Ô ❄ ✽ ✐s❂❋❄ ❀ ■❧■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆
✐ ✽ ◆❇◆P▼ Ô▲❶ ❊ ❣ ▼ ✿❁✽➊❀ ■ ❉ ❙ ✿ Ô ❖❭■❸❲❧■❘❊ ✽ ❄❭●

15◦
➈ Û✾▼ ❯ ❄ ✽ ✐✡❂❋❄ ❶ ❲❧■ ❯ ❄ ✽➊❀ ■ ❀ ■❘◆ ❯ ❂ r ▼✡■❤❙❚❂ ❀ Ô ◆ ❯❩❶ ❊✡❖ Ô ❂♦■❭❊ ❯ ❄❇■❚❖❭■❘❊ ❯ ❄ ✽ ◆

❀ ■❚❲ ✽ ❊ ❯ ❂ ❣ ■❘❲ ❀ ❂❋◆✾■❘❊ ❣ ❄❇■❘❊✡❂ ❣ ■❘❊✬◆ ❀✬✽ ◆♣✐s❂❋❄❇■❭◆ ➈ ➁ ✿ ❂➊❖ ✽ ❄P❄❇■❘◆P✐ ✽ ❊ ❀ ■❧❂
203

●
150

■
70
❲❧❲➃●✥✐✡❂❋❄q❂ ✽ ◆✾✐✡❂❋❄❇■❭◆

■❘❊ ❣ ❄❇■❭❊s❂ ❀✡✽ ◆
1
●
2
■

3
❄P■❘◆❇✐♠■❘❖ ❯❩ÔÛÖ ❂❅❲❳■❭❊ ❯ ■ ➈ Û✲❆✡◆❇■❭❄ Ö ❂➏❈★◆P■⑦❂ ❯ ❄❇❂ Ö ❙❘◆ ❀ ■❘◆ ❯ ■❘◆❤✐s❂❋❄ ❶ ❲❧■ ❯ ❄ ✽ ◆ r ▼✡■ ✽ ◆❚✐s❂❋❄❇■❭◆ ❀ ■

■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆③◆P■ ✿ ■❘❖ Ô ✽ ❊s❂ ❀✬✽ ◆✈❖ ✽ ❄P❄❇■❭◆❇✐ ✽ ❊ ❀ ■❭❲➉❂❧❂❅✐ ✿ Ô ❖◗❂❋❨ ➳ ■❭◆✈❆s❂❋◆ ❯ ❂❋❊ ❯ ■ ❀ Ô ◆ ❯❩Ô ❊ ❯ ❂❋◆ ➈
❹③■❭◆ ❯ ■➃❖◗❂❋✐ ➞⑤❯ ▼ ✿❁✽ ● ✽ ◆ ❯ ❄ ➦ ◆❧✐s❂❋❄P■❘◆ ❀ ■⑦■❘❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆❳◆❇■ ✿ ■❘❖ Ô ✽ ❊✡❂ ❀✡✽ ◆❤◆q❩ ✽❼❀ ■❭◆❇❖❭❄ Ô⑤❯ ✽ ◆❧■❘❲ ❀ ■ ❯ ❂ ✿⑤❉ ■❘◆❭●❜▼✡❲

■❘◆ ❯ ▼ ❀✬✽➜❀ ❂ Ô ❊ ✕ ▼ ➦ ❊✡❖ Ô ❂ ❀✬✽ ➄❃❂ ❯ ✽ ❄ ❀ ■ ❣ ❂❅❊ ❉✡✽ Ø❹Ö ■❘❄➊◆P■❘❨❘❩ ✽➜➎ ➈ Ø ➈ ➡ ❀✬✽ ❖◗❂❋✐ ➞❱❯ ▼ ✿⑤✽➇➎ Ú ❙⑧❂❋✐✡❄P■❘◆P■❘❊ ❯ ❂ ❀✬✽ ●✘■ ✽ ◆
❄❇■❭◆❇▼ ✿ ❯ ❂ ❀✬✽ ◆ ❀ ❂❅◆❳◆ Ô ❲✉▼ ✿ ❂❋❨ ➳ ■❘◆❧❊✵▼✡❲❧❙❘❄ Ô ❖◗❂❋◆❧▼✡◆❇❂❋❊ ❀✡✽➇✽ ❲❳❙ ❯ ✽✁❀✡✽ ✐✬❄ ✽ ✐ ✽ ◆ ❯ ✽ ◆❇❩ ✽ ❲ ✽ ◆ ❯ ❄q❂ ❀✬✽ ◆❳■ ❀ Ô ◆P❖❘▼ ❯❝Ô ❀✡✽ ◆
✐s❂❋❄❇❂ ✽ ◆ ❯ ❄ ➦ ◆❦■ ❥ ■❭❲❳✐ ✿⑤✽ ◆ ❀ ■②✐✡❂❋❄❇■❭◆③■❭❊ ❣ ❄❇■❭❊s❂ ❀✡✽ ◆ ➈ ➁ ♥s❊✡❂ ✿ ❲❧■❘❊ ❯ ■❅●♠❂❧◆ ✽✍✿ ▼✡❨❘❩ ✽❧✽ ❆ ❯❩Ô ❀ ❂❧❂ ❯ ❄❇❂ Ö ❙❘◆ ❀✡✽ ❲❧❙ ❯ ✽✝❀✬✽
✐✡❄ ✽ ✐ ✽ ◆ ❯ ✽ ❙♣❖ ✽ ❲❳✐s❂❅❄q❂ ❀ ❂❚❖ ✽ ❲➝❂❤◆❇▼✡✐♠■❘❄✦➄ ➞ ❖ Ô ■ ❀ ■♣❄❇■❭◆❇✐ ✽ ◆ ❯ ❂ ❀✬✽ ✐✬❄ ✽ ❆ ✿ ■❘❲❳❂ ➈

➞ å▼➴ â ì ð✹î↕❣❇æ ❣ íÿó♥é ì☛æ ➴

Û❻✐s❂❋❄ ❀ ■❧■❭❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆ ❉ ■ ✿ Ô ❖ ✽ Ô ❀ ❂ Ô ◆③▼✡◆q❂ ❀✬✽ ❊ ✽ ❖❘❂❋✐ ➞⑤❯ ▼ ✿❁✽ ➡⑦✐s❂❅❄q❂ ✽ ■❘◆ ❯ ▼ ❀✡✽➃❀ ■❚◆❇■❭❊✡◆ Ô ❆ Ô ✿ Ô ❀ ❂ ❀ ■✉■❤❊ ✽
❖◗❂❅✐ ➞⑤❯ ▼ ✿❁✽ ➑ ✐s❂❋❄❇❂✉❂❸❖ ✽ ❲❳✐s❂❅❄q❂❋❨❘❩ ✽❸❀✡✽ ◆ ❀ ❂ ❀✡✽ ◆❏❖◗❂ ✿ ❖❘▼ ✿ ❂ ❀✡✽ ◆❏❖ ✽ ❲ ❀ ❂ ❀✡✽ ◆❜❲❧■ ❀ Ô ❀✡✽ ◆ ❀✡✽ ■❭❄❇❄ ✽❸❀ ■ ❯ ❄❇❂❋❊✡◆P❲ Ô ◆❇◆q❩ ✽
➄ ✽ Ô ▼✡◆❇❂ ❀✡✽ ❖ ✽ ❲ ✽❦✽ ✐✡❄ Ô ❲❳■ Ô ❄ ✽ ■❘◆ ❯ ▼ ❀✡✽✲❀ ■✟❖❘❂❋◆ ✽③❀✡✽ ✐✡❄ ✽ ❣ ❄❇❂❋❲♦❂ ❀ ■ ✽ ❯❩Ô ❲ Ô❚ø ❂❋❨❘❩ ✽ ➈ Û✲◆ ❀ ❂ ❀✡✽ ◆ ❀ ❂❋◆✚■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆
❀✡✽ ❖◗❂❅◆ ✽

1
◆❇❩ ✽ ❲ ✽ ◆ ❯ ❄❇❂ ❀✡✽ ◆✈❊✡❂ ❯ ❂❋❆✧■ ✿ ❂❤✌ ➈ Õ ➈

➷ ✽ ❊✡◆ Ô ❀ ■❭❄ ✽ ▼✝❈❫◆❇■✉❖ ✽ ❲ ✽ ✐✡❄P■❘❲ Ô ◆❇◆❇❂❋◆✘✐✡❂❋❄q❂➊❂ ✽ ❯❩Ô ❲ Ô❚ø ❂❋❨❘❩ ✽❧❀ ❂❋◆✘◆P▼✡✐♠■❘❄P➄ ➞ ❖ Ô ■❘◆ ❀✬✽ ◆ ❀ ■❭❊ ❯ ■❘◆ r ▼✡■✉❂❋◆✘❲ ✽✝❀ Ô ♥✬❈
❖◗❂❅❨ ➳ ■❘◆ ✽ ❯❩Ô ❲ Ô❚ø ❂ ❀ ❂❋◆➌◆❇■❭❄ Ô ❂❋❲ Ô ❊ ❯ ❄ ✽✁❀ ▼ ø✖Ô ❀ ❂❋◆✇◆ ✽ ❲❧■❘❊ ❯ ■❽❊ ✽ ✐✧■❭❄P♥ ✿s❀✬✽ ◆ ❀ ■❘❊ ❯ ■❭◆ ❀ ❂✾■❭❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❲➟❲ ✽ ❯ ✽ ❄❇❂ ➈ ❹③❂
■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❲➝❲ ✽ Ö✾Ô ❀ ❂✉❖ ✽ ❊✡◆ Ô ❀ ■❭❄ ✽ ▼✁❈★◆❇■ r ▼✡■ ✽ ◆ ❀ ■❭❊ ❯ ■❘◆ ❀ ■ Ö ■❘❄ Ô ❂❋❲➝✐ ✽ ◆P◆❇▼ Ô ❄✈▼✡❲→❂❋❆s❂❅▼ ✿ ❂❋❲❧■❘❊ ❯ ✽ ❊s❂ ❀ Ô ❄P■❘❨◗❩ ✽
❀✡✽ ✐s❂❅◆❇◆ ✽❶❀ ■❚❂❋❲❧✐ ✿ Ô❱❯ ▼ ❀ ■✴❲❳t ❥ Ô ❲❳❂ ❀ ■

5µm
■❘❲➓❂❋❲✉❆s❂❅◆✲❂❋◆✲■ ❥ ❯ ❄❇■❭❲ Ô ❀ ❂ ❀ ■❭◆ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❭◆♣❖ ✽ ❊✬➄ ✽ ❄❇❲❧■❸▼✡❲❳❂

➄✕▼✡❊✡❨❘❩ ✽❧r ▼✡❂ ❀ ❄qt ❯❩Ô ❖❘❂ ➈ ❹③■❭◆ ❯ ■✴❖◗❂❅◆ ✽ ● ✽ ✐✡❄ ✽ ❣ ❄q❂❅❲♦❂ ❀ ■ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽✉❀ ■ Ö ■✴❆✡▼✡◆P❖◗❂❋❄③❂❚❲ ✽✁❀ Ô ♥s❖◗❂❋❨❘❩ ✽ à❋❯❝Ô ❲❳❂ ❀✡✽
✐♠■❘❄P♥ ✿✚❀✬✽ ◆ ❀ ■❘❊ ❯ ■❭◆ ❀ ❂❧■❘❊ ❣ ❄P■❘❊s❂ ❣ ■❘❲→❲ ✽ ❯ ✽ ❄q❂❚❖ ✽ ❊✬◆ Ô ❀ ■❘❄q❂❅❊ ❀✡✽ ❂❧■ ❥ Ô ◆ ❯❅➦ ❊✡❖ Ô ❂ ❀ ■❭◆ ❯ ❂❳❲ ✽✝❀ Ô ♥s❖◗❂❅❨◗❩ ✽❤❀ ■✴✐s❂❋◆P◆ ✽
❀ ❂❚■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❲➂❲ ✽ Ö✾Ô ❀ ❂ ➈ ù★◆ ❯ ✽ ●s❖ ✽ ❊✬➄ ✽ ❄P❲❳■✘➄ ✽ Ô ❲❧■❘❊✡❖ Ô ✽ ❊s❂ ❀✡✽ ❊ ✽ ❖◗❂❋✐ ➞⑤❯ ▼ ✿❁✽❚➎ ●✬❙✾▼✡❲♦❂ ✽ ✐✧❨❘❩ ✽ ✐ ✽ ◆❇◆ ➞ÛÖ ■ ✿ ❊ ✽
✐✡❄ ✽ ❖❭■ ❀ Ô ❲❳■❭❊ ❯ ✽ ✐✡❄ ✽ ✐ ✽ ◆ ❯ ✽ ➈

➟ ❀✡✽ ❯ ✽ ▼✝❈★◆P■✲✐s❂❋❄❇❂❚❂❋◆❜❂❅❊st ✿ Ô ◆❇■❭◆ ✽ ❯ ✽ ❄ r ▼✡■ ❀ ■
334Nm

❂❋✐ ✿ Ô ❖❘❂ ❀✡✽ ❊✡❂❸■❘❊ ❣ ❄❇■❘❊✡❂ ❣ ■❘❲❻❲ ✽ ❯ ✽ ❄❇❂ ➈ Û➣❖ Ô ❖ ✿⑤✽❸❀ ■
■❘❊ ❣ ❄❇■❭❊s❂❋❲❧■❘❊ ❯ ✽ ➄ ✽ Ô ❀ ÔÛÖ✾Ô ❀ Ô ❀✡✽ ■❘❲

25
✐ ✽ ◆ Ô ❨ ➳ ■❭◆ ❀ Ô ◆P❖❘❄❇■ ❯ ❂❋◆ ➈

Õ✻➡❭Õ



➧➠❂❋❆ ➈ ✌ ➈ Õ ➹✕➾ ❂❅❄ ❶ ❲❧■ ❯ ❄ ✽ ◆✈❆st❅◆ Ô ❖ ✽ ◆ ❀✡✽ ✐s❂❋❄ ❀ ■♣■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆ ❉ ■ ✿ Ô ❖ ✽ Ô ❀ ❂ Ô ◆✟✐s❂❅❄q❂ ✽ ❖❘❂❋◆ ✽
1
➈

➡✘➢ ♥➥➤✻✇✆s❢➦✶♥✦♠♠➧ ➨✲➩✚➫♦♥✦s✁➩ ➢ ➫♦s✁➩✚➧
❹ â ❲❧■❘❄ ✽❤❀ ■ ❀ ■❭❊ ❯ ■❘◆ ➭ ✯
ã Ô ◆ ❯❩❶ ❊✡❖ Ô ❂❚■❘❊ ❯ ❄P■♣❖❘■❘❊ ❯ ❄ ✽ ◆

(mm)
Ù ✯❳Ø ➈ Ù

➴✉à ❀ ▼ ✿❁✽ ❊ ✽ ❄P❲♦❂ ✿
(mm)

➭ ➈ Ù Ø❳Ø
➯ ❊ ❣ ▼ ✿⑤✽❤❀ ■♣✐✡❄❇■❭◆❇◆q❩ ✽ ❊ ✽ ❄❇❲❳❂ ✿

20◦➯ ❊ ❣ ▼ ✿⑤✽❤❀ ■ ❉ ❙ ✿ Ô ❖❘■✾❊ ✽ ❄❇❲❳❂ ✿
33.55◦

ã Ô ❶ ❲❧■ ❯ ❄ ✽ ■ ❥ ❯ ■❘❄❇❊ ✽
(mm)

Ù❦Õ❳Õ ➈ ➎✍➲ ➭
ã Ô ❶ ❲❧■ ❯ ❄ ✽❚❀ ■♣❄q❂ Ô❨ø

(mm)
Õ ➲✍➳ ➈ ✌❦Õ Ø

ü ❂ ❯ ✽ ❄ ❀ ■♣❲ ✽✝❀ Ô ♥s❖◗❂❅❨◗❩ ✽✉❀✬✽ ❂ ❀ ■❘❊ ❀ ▼✬❲ ✯
➵ ❂❋❄ ❣ ▼✡❄❇❂ ❀ ❂❧■❭❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❲

(mm)
Ù ➎ ➈ ➳✍➲ ✌

✼ ❄q❂❅▼ ❀ ■✴❄P■❘❖ ✽ ❆✡❄ Ô ❲❳■❭❊ ❯ ✽ ❯ ❄❇❂❋❊✡◆ Ö ■❘❄P◆q❂ ✿ Õ ➈ Ø Ù
✼ ❄q❂❅▼ ❀ ■✴❄P■❘❖ ✽ ❆✡❄ Ô ❲❳■❭❊ ❯ ✽ ❂ ❥ Ô ❂ ✿ Õ ➈ Õ✦Ù
➸ ✽ ❄ r ▼✬■②❊ ✽ ❲ Ô ❊s❂ ✿✓❀ ■②❂❅❊st ✿ Ô ◆❇■

(Nm)
✌ ✯

➴✉à ❀ ▼ ✿❁✽❤❀ ■♣■ ✿ ❂❋◆ ❯❝Ô ❖ Ô ❀ ❂ ❀ ■
(GPa)

Ù ✯ ➎
➷ ✽ ■❭♥✡❖ Ô ■❭❊ ❯ ■ ❀ ■ ➾ ✽ Ô ◆❇◆ ✽ ❊ ✯ ➈ Ø
ã Ô ◆ ❯❩❶ ❊✡❖ Ô ❂❚■❘❊ ❯ ❄P■♣✐ ✽ ❊ ❯ ✽ ◆ ❀ Ô ◆P❖❘❄❇■ ❯ ✽ ◆❽❊s❂❧❂ ✿ ❯ ▼✡❄❇❂ ❀✡✽❤❀ ■❘❊ ❯ ■

(µm)
Õ ➑ Ù

ã Ô ◆ ❯❩❶ ❊✡❖ Ô ❂❚■❘❊ ❯ ❄P■♣✐ ✽ ❊ ❯ ✽ ◆ ❀ Ô ◆P❖❘❄❇■ ❯ ✽ ◆❽❊s❂ ✿ ❂❅❄ ❣ ▼✡❄❇❂ ❀✡✽❤❀ ■❘❊ ❯ ■
(µm)

➑ Ø ➲

➞ å❩Ð â ì ð✹î↕❣❇æ ❣ íþó♥é ì☛æ Ð

Û↔◆❇■ ❣ ▼✡❊ ❀✡✽ ✐✡❂❋❄ ❀ ■✘■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆❏◆P■ ✿ ■❭❖ Ô ✽ ❊s❂ ❀✡✽ ✐s❂❋❄❇❂❸❂❋◆✩◆ Ô ❲✉▼ ✿ ❂❅❨❘➺✁■❘◆☞❊✵▼✡❲❳❙❭❄ Ô ❖◗❂❋◆✟❂❋✐✡❄P■❘◆❇■❭❊ ❯ ❂❸❖❘❂❋❄q❂❋❖ ❯ ■✹❈
❄❇➻⑤◆ ❯❝Ô ❖◗❂❅◆ ❣ ■ ✽ ❲❧❙ ❯ ❄ Ô ❖❘❂❋◆ ❀ Ô ◆ ❯❩Ô ❊ ❯ ❂❋◆✟■❭❲↕❄❇■ ✿ ❂❋❨◗❩ ✽ ❂ ✽ ✐s❂❋❄ ❀ ■✘■❭❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆ ❀✡✽ ❖❘❂❋◆ ✽

1
➈ ➁ ◆ ❯ ■✘◆❇■ ❣ ▼✡❊ ❀✬✽ ✐s❂❋❄ ❀ ■

■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆❦➄ ✽ Ô ■ ❥ ❯ ❄❇❂❋➻ ❀✬✽❚❀✡✽ ❯ ❄q❂❅❆s❂ ✿❁❉✬✽❚❀ ■ ✱ ❂ ❣ ❂➥➼❏■ ✳ ❂ ❉ ❄q❂❋❲❳❂❋❊ ö Õ ✯ ➭❱÷ ➈ Û✲◆❽✐s❂❋❄ ❶ ❲❳■ ❯ ❄ ✽ ◆ ❣ ■ ✽ ❲❳❙ ❯ ❄ Ô ❖ ✽ ◆
❀ ■❭◆ ❯ ■✴✐s❂❋❄❽◆❇❩ ✽ ❲ ✽ ◆ ❯ ❄❇❂ ❀✡✽ ◆✈❊s❂ ❯ ❂❅❆✧■ ✿ ❂❤✌ ➈ Ù ➈

➽ ❀✡✽ ❯ ✽ ▼✝❈★◆P■ r ▼✡■✾❂❋◆✩❲ ✽✝❀ Ô ♥s❖◗❂❅❨❘➺✁■❘◆ ✽ ❯❩Ô ❲ Ô❚ø ❂ ❀ ❂❅◆✇◆❇■❘❄ Ô ❂❋❲ Ô ❊ ❯ ❄ ✽✁❀ ▼ ø✖Ô ❀ ❂❋◆✩◆ ✽ ❲❳■❭❊ ❯ ■✘❊ ✽ ✐✧■❭❄P♥ ✿✧❀✡✽ ◆ ❀ ■❘❊ ❯ ■❭◆
❀ ❂✾■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❲➍❲ ✽ ❯ ✽ ❄❇❂ ➈ ➽③◆❇◆P▼✡❲ Ô ▼✝❈★◆P■❽❊✡■❘◆ ❯ ■❽◆❇■ ❣ ▼✡❊ ❀✡✽ ■❘◆ ❯ ▼ ❀✬✽②❀ ■❽❖❘❂❋◆ ✽♣r ▼✡■ ✽ ◆ ❀ ■❘❊ ❯ ■❘◆ ❀ ❂✾■❘❊ ❣ ❄❇■❘❊✡❂ ❣ ■❘❲
❲ ✽ Ö✾Ô ❀ ❂❚❊s❩ ✽ ✐ ✽ ◆❇◆❇▼✬■❘❲ r ▼s❂ ✿⑤r ▼✬■❘❄❽❲ ✽✁❀ Ô ♥s❖◗❂❋❨❘❩ ✽ ❊s❂❅◆❦◆P▼✡✐♠■❘❄P➄✕➻⑤❖ Ô ■❘◆ ➈

➾ ❂❋❄❇❂②■❘◆ ❯ ■✲■❭◆ ❯ ▼ ❀✡✽ ❂ ❀✬✽ ❯ ✽ ▼✁❈★◆❇■ ✽ ❯ ✽ ❄ r ▼✡■ ❀ ■
300Nm

❂❋✐ ✿ Ô ❖◗❂ ❀✡✽ ❊✡❂②■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❲❻❲ ✽ ❯ ✽ ❄q❂ ➈ Û➣❖ Ô ❖ ✿❁✽✴❀ ■
Õ◗➭❜Ù



➸ ❂❋❆ ➈ ✌ ➈ Ù ➹✕➾ ❂❅❄ ❶ ❲❧■ ❯ ❄ ✽ ◆✈❆st❅◆ Ô ❖ ✽ ◆ ❀✡✽ ✐s❂❋❄ ❀ ■♣■❭❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆ ❉ ■ ✿ Ô ❖ ✽ Ô ❀ ❂ Ô ◆❏✐s❂❅❄q❂ ✽ ❖❘❂❋◆ ✽
2
➈

➡✘➢ ♥➥➤✻✇✆s❢➦✶♥✦♠♠➧ ➨✲➩✚➫♦♥✦s✁➩ ➢ ➫♦s✁➩✚➧
❹ â ❲❧■❘❄ ✽❤❀ ■ ❀ ■❭❊ ❯ ■❘◆ ➑ ✯
ã Ô ◆ ❯❩❶ ❊✡❖ Ô ❂❚■❘❊ ❯ ❄P■♣❖❘■❘❊ ❯ ❄ ✽ ◆

(mm)
Õ ➑ ✯

➴✉à ❀ ▼ ✿❁✽ ❊ ✽ ❄P❲♦❂ ✿
(mm)

Ù ➈ ✌❦Õ◗➭
➯ ❊ ❣ ▼ ✿⑤✽❤❀ ■♣✐✡❄❇■❭◆❇◆q❩ ✽ ❊ ✽ ❄❇❲❳❂ ✿

18.224◦➯ ❊ ❣ ▼ ✿⑤✽❤❀ ■ ❉ ❙ ✿ Ô ❖❘■✘❊ ✽ ❄❇❲❳❂ ✿
25.232◦

ã Ô ❶ ❲❧■ ❯ ❄ ✽ ■ ❥ ❯ ■❘❄❇❊ ✽
(mm)

Õ ➑ ➎
ã Ô ❶ ❲❧■ ❯ ❄ ✽❚❀ ■♣❄q❂ Ô❨ø

(mm)
Õ◗➭ ✯ ➈ ➎✍➲

ü ❂ ❯ ✽ ❄ ❀ ■♣❲ ✽✝❀ Ô ♥s❖❘❂❋❨◗❩ ✽❚❀✬✽ ❂ ❀ ■❘❊ ❀ ▼✡❲ ✯
➵ ❂❋❄ ❣ ▼✡❄❇❂ ❀ ❂❤■❭❊ ❣ ❄P■❘❊s❂ ❣ ■❘❲

(mm)
Ù ✯

✼ ❄q❂❅▼ ❀ ■✴❄P■❘❖ ✽ ❆✡❄ Ô ❲❳■❭❊ ❯ ✽ ❯ ❄❇❂❋❊✡◆ Ö ■❘❄P◆q❂ ✿ Õ ➈ ✌ ➑
✼ ❄q❂❅▼ ❀ ■✴❄P■❘❖ ✽ ❆✡❄ Ô ❲❳■❭❊ ❯ ✽ ❂ ❥ Ô ❂ ✿ Õ ➈ ✯✍✯
➸ ✽ ❄ r ▼✬■✴❊ ✽ ❲ Ô ❊s❂ ✿✧❀ ■✴❂❋❊st ✿ Ô ◆❇■

(Nm)
Ø❋✯✍✯

➴✉à ❀ ▼ ✿❁✽❚❀ ■✴■ ✿ ❂❋◆ ❯❝Ô ❖ Ô ❀ ❂ ❀ ■
(GPa)

Ù ✯ ➎
➷ ✽ ■❭♥✡❖ Ô ■❭❊ ❯ ■ ❀ ■ ➾ ✽ Ô ◆❇◆ ✽ ❊ ✯ ➈ Ø
ã Ô ◆ ❯❩❶ ❊✡❖ Ô ❂❚■❘❊ ❯ ❄P■♣✐ ✽ ❊ ❯ ✽ ◆ ❀ Ô ◆P❖❘❄❇■ ❯ ✽ ◆❽❊s❂❤❂ ✿ ❯ ▼✡❄❇❂ ❀✡✽❧❀ ■❘❊ ❯ ■

(µm)
Õ ✯ ➲

ã Ô ◆ ❯❩❶ ❊✡❖ Ô ❂❚■❘❊ ❯ ❄P■♣✐ ✽ ❊ ❯ ✽ ◆ ❀ Ô ◆P❖❘❄❇■ ❯ ✽ ◆❽❊s❂ ✿ ❂❋❄ ❣ ▼✬❄q❂ ❀✡✽❧❀ ■❘❊ ❯ ■
(µm)

➭ ✯ ➭

■❘❊ ❣ ❄❇■❭❊s❂❋❲❧■❘❊ ❯ ✽ ➄ ✽ Ô ❀ ÔÛÖ✾Ô ❀ Ô ❀✡✽ ■❘❲
16
✐ ✽ ◆ Ô ❨❭➺✝■❭◆ ❀ Ô ◆P❖❘❄❇■ ❯ ❂❋◆ ➈

➞ å✪á â ì ð✹î↕❣❇æ ❣ íÿó♥é ì☛æ á

Û ❯ ■❭❄❇❖❘■ Ô ❄ ✽ ■❭◆ ❯ ▼ ❀✡✽❸❀ ■❦❖◗❂❅◆ ✽ ❖ ✽ ❊✡◆ Ô ❀ ■❭❄q❂②▼✬❲➍✐s❂❋❄ ❀ ■❦■❘❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆ ❉ ■ ✿ Ô ❖ ✽ Ô ❀ ❂ Ô ◆➾❖ ✽ ❲ ❶ ❊ ❣ ▼ ✿❁✽✴❀ ■ ❉ ❙ ✿ Ô ❖❘■
Ô ❊✝➄✕■❘❄ Ô ✽ ❄➊❂ ✽ ◆ ❀✡✽ Ô ◆❶❖❘❂❋◆ ✽ ◆➃❂❅❊ ❯ ■❘❄ Ô ✽ ❄P■❘◆❘●

βo = 15◦
➈ ➁ ◆ ❯ ■ ❯ ■❭❄❇❖❘■ Ô ❄ ✽ ✐✡❂❋❄ ❀ ■⑧■❘❊ ❣ ❄❇■❘❊✡❂ ❣ ■❘❊✬◆ ❯ ❂❋❲✉❆♠❙❘❲ ◆P■

❀ Ô ➄✕■❘❄❇■❭❊✡❖ Ô ❂ ❀✡✽ ◆ ✽ ▼ ❯ ❄ ✽ ◆ ❀✡✽ Ô ◆❸✐ ✽ ❄②❖ ✽ ❊✡◆ Ô ❀ ■❭❄q❂❋❄②■❘❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆❚❲ ✽ ❯ ✽ ❄q❂⑦■♦❲ ✽ Ö❦Ô ❀ ❂ ❀ Ô ➄✕■❘❄P■❘❊ ❯ ■❭◆ r ▼s❂❋❊ ❯ ✽ ❂ ✽
❊ â ❲❧■❘❄ ✽❚❀ ■ ❀ ■❘❊ ❯ ■❭◆✈■ ❣ ■ ✽ ❲❳■ ❯ ❄ Ô ❂ ➈ ➽③◆✈■❘❊ ❣ ❄❇■❘❊✡❂ ❣ ■❘❊✬◆✈◆q❩ ✽ ❯ ❂❋❲✉❆♠❙❘❲➚❆✧■❭❲➂❲❧■❘❊ ✽ ❄P■❘◆ r ▼s❂❅❊ ❀✡✽ ❖ ✽ ❲❧✐s❂❋❄❇❂ ❀ ❂❋◆
✌ ◆❳■❘❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆ ❀✡✽ ◆ ❀✬✽ Ô ◆❧✐s❂❋❄P■❘◆➊❂❅❊ ❯ ■❘❄ Ô ✽ ❄P■❘◆ ➈ ➁ ◆ ❯ ■ ❯ ■❭❄❇❖❘■ Ô ❄ ✽ ✐s❂❋❄ ❀ ■➅■❭❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆♦➄ ✽ Ô ■ ❥ ❯ ❄q❂❅➻ ❀✡✽❼❀✡✽
❯ ❄❇❂❋❆s❂ ✿⑤❉✡✽♦❀ ■✉❲❳■❭◆ ❯ ❄q❂ ❀✡✽❶❀✬✽ ✐✡❄❇■❭◆❇■❭❊ ❯ ■❧❂❋▼ ❯ ✽ ❄ ö Õ❳Õ❳Õ❩÷➾■❸➄ ✽ Ô ❂❋✐✡❄P■❘◆❇■❭❊ ❯ ❂ ❀✡✽ ❊ ✽ ❖◗❂❋✐✡➻ ❯ ▼ ✿⑤✽ Ø ➈ Û✲◆✲✐✡❂❋❄ ❶ ❲❧■ ❯ ❄ ✽ ◆

Õ◗➭ Ø



❣ ■ ✽ ❲❳❙ ❯ ❄ Ô ❖ ✽ ◆ ❀ ■❘◆ ❯ ■✴✐s❂❋❄✈◆q❩ ✽ ❲ ✽ ◆ ❯ ❄q❂ ❀✬✽ ◆✈❊s❂ ❯ ❂❋❆♠■ ✿ ❂❤✌ ➈ Ø ➈

➸ ❂❋❆ ➈ ✌ ➈ Ø✑➹✕➾ ❂❅❄ ❶ ❲❧■ ❯ ❄ ✽ ◆✈❆st❅◆ Ô ❖ ✽ ◆ ❀✡✽ ✐s❂❋❄ ❀ ■♣■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆ ❉ ■ ✿ Ô ❖ ✽ Ô ❀ ❂ Ô ◆✟✐s❂❅❄q❂ ✽ ❖❘❂❋◆ ✽
3
➈

➡✲➢ ♥➏➤❭✇✆s❢➦✶♥✦♠✧➧ ➪æ♠s➦✶♠♦♥ ➢ ➪ ♠✁➶⑥➹❍➘ ➢
❹ â ❲❳■❭❄ ✽❤❀ ■ ❀ ■❭❊ ❯ ■❘◆ Ù✍✌ ➭ Ø
ã Ô ◆ ❯❩❶ ❊✡❖ Ô ❂❚■❘❊ ❯ ❄P■✴❖❭■❘❊ ❯ ❄ ✽ ◆

(mm)
✌ ✯

➴➯à ❀ ▼ ✿⑤✽ ❊ ✽ ❄❇❲❳❂ ✿
(mm)

Õ ➈ ➳ Ø
➯ ❊ ❣ ▼ ✿⑤✽❧❀ ■✴✐✬❄❇■❘◆P◆q❩ ✽ ❊ ✽ ❄P❲♦❂ ✿

20◦➯ ❊ ❣ ▼ ✿⑤✽❧❀ ■ ❉ ❙ ✿ Ô ❖❘■✾❊ ✽ ❄❇❲❳❂ ✿
15◦

ã Ô×❶ ❲❧■ ❯ ❄ ✽ ■ ❥ ❯ ■❭❄❇❊ ✽
(mm)

➑ ➲ ➳ ✯
ã Ô×❶ ❲❧■ ❯ ❄ ✽❚❀ ■♣❄q❂ Ô❚ø

(mm)
➭ ➲ ➲ ✯

ü ❂ ❯ ✽ ❄ ❀ ■♣❲ ✽✁❀ Ô ♥s❖◗❂❋❨❘❩ ✽✉❀✡✽ ❂ ❀ ■❭❊ ❀ ▼✡❲ ✯ ✯
➵ ❂❋❄ ❣ ▼✡❄q❂ ❀ ❂❚■❭❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❲

(mm)
Õ ➑ Õ ➑

➸ ✽ ❄ r ▼✡■✴❊ ✽ ❲ Ô ❊✡❂ ✿✧❀ ■❸❂❋❊✡t ✿ Ô ◆❇■
(Nm)

Ø❋✯
➴➯à ❀ ▼ ✿⑤✽❤❀ ■♣■ ✿ ❂❅◆ ❯❩Ô ❖ Ô ❀ ❂ ❀ ■

(GPa)
Ù ✯ ➎

➷ ✽ ■❭♥s❖ Ô ■❭❊ ❯ ■ ❀ ■②➴ ✽ Ô ◆P◆ ✽ ❊ ✯ ➈ Ø
ã Ô ◆ ❯❩❶ ❊✡❖ Ô ❂❚■❘❊ ❯ ❄P■✴✐ ✽ ❊ ❯ ✽ ◆ ❀ Ô ◆❇❖❭❄❇■ ❯ ✽ ◆❽❊s❂❧❂ ✿ ❯ ▼✡❄q❂ ❀✬✽❧❀ ■❘❊ ❯ ■

(µm)
➳ ✯

ã Ô ◆ ❯❩❶ ❊✡❖ Ô ❂❚■❘❊ ❯ ❄P■✴✐ ✽ ❊ ❯ ✽ ◆ ❀ Ô ◆❇❖❭❄❇■ ❯ ✽ ◆❽❊s❂ ✿ ❂❋❄ ❣ ▼✡❄❇❂ ❀✡✽❧❀ ■❘❊ ❯ ■
(µm)

Ø ➲ ➑

➽✘◆✲❲ ✽✝❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆ ✽ ❯❩Ô ❲ Ô❚ø ❂ ❀ ❂❅◆❦◆❇❩ ✽ ❖ ✽ ❊✡◆ Ô ❀ ■❘❄❇❂ ❀ ❂❋◆ ❯ ❂❋❲✉❆♠❙❘❲➷◆ ✽ ❲❧■❘❊ ❯ ■✉❊ ✽ ✐♠■❘❄P♥ ✿➾❀✡✽ ◆ ❀ ■❘❊ ❯ ■❭◆ ❀ ❂♦■❘❊✁❈
❣ ❄P■❘❊s❂ ❣ ■❘❲ ❲ ✽ ❯ ✽ ❄❇❂ ➈ ➽③◆❇◆❇▼✬❲ Ô ▼✝❈★◆P■ ❯ ❂❋❲✉❆♠❙❘❲➬❊✡■❭◆ ❯ ■➃■❘◆ ❯ ▼ ❀✡✽⑨❀ ■➅❖❘❂❋◆ ✽❼r ▼✬■ ✽ ◆ ❀ ■❘❊ ❯ ■❭◆ ❀ ❂❬■❘❊ ❣ ❄❇■❘❊✡❂ ❣ ■❘❲
❲ ✽ Ö✾Ô ❀ ❂❚❊s❩ ✽ ✐ ✽ ◆❇◆❇▼✬■❘❲ r ▼s❂ ✿⑤r ▼✬■❘❄❽❲ ✽✁❀ Ô ♥s❖◗❂❋❨❘❩ ✽ ❊s❂❅◆❦◆P▼✡✐♠■❘❄P➄✕➻⑤❖ Ô ■❘◆ ➈

➴➾❂❋❄❇❂✉■❘◆ ❯ ■✾■❘◆ ❯ ▼ ❀✡✽ ●s❂ ❀✡✽ ❯ ✽ ▼✝❈❫◆❇■ ✽ ❯ ✽ ❄ r ▼✡■ ❀ ■
30Nm

❂❅✐ ✿ Ô ❖◗❂ ❀✡✽ ❊s❂✉■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❲➂❲ ✽ ❯ ✽ ❄❇❂ ➈ Û➐❖ Ô ❖ ✿⑤✽✉❀ ■
■❘❊ ❣ ❄❇■❭❊s❂❋❲❧■❘❊ ❯ ✽ ➄ ✽ Ô ❀ ÔÛÖ✾Ô ❀ Ô ❀✡✽ ■❘❲

10
✐ ✽ ◆ Ô ❨❭➺✝■❭◆ ❀ Ô ◆P❖❘❄❇■ ❯ ❂❋◆ ➈

➞ å★➮ ➱ õ➊✃ î⑦❐ õ❇ó✧ò❩é ❣➼æ ❒ é ð✚æ ê ❣ í❰❮✇é✇õ⑦Ï æ

➽✘❊ ❯ ■❭◆ ❀ ■❧✐✬❄ ✽ ❖❘■ ❀ ■❘❄✴❂➊◆ Ô ❲✉▼ ✿ ❂❅❨◗❩ ✽ ❊✵▼✡❲❧❙❘❄ Ô ❖◗❂➊▼✬◆q❂❋❊ ❀✬✽➃✽ ❲❧❙ ❯ ✽✁❀✡✽ ✐✡❄ ✽ ✐ ✽ ◆ ❯ ✽ ❙❧❊✬■❘❖❘■❭◆❇◆❇t❋❄ Ô ✽➃❀ ■④♥s❊ Ô ❄ ✽
Ö ❂ ✿❁✽ ❄❜✐s❂❋❄❇❂ ✽ ➄❃❂ ❯ ✽ ❄ ❀ ■ ❣ ❂❋❊ ❉✬✽

α
❲ ✽ ◆ ❯ ❄q❂ ❀✡✽ ❊s❂❚◆❇■❘❨❘❩ ✽❳➎ ➈ Ø ➈ ➭ ❀✡✽ ❖◗❂❋✐✬➻ ❯ ▼ ✿❁✽❚➎ ➈

Õ◗➭✍➭



➴➾❂❋❄❇❂ Ô ◆ ❯ ✽ ●❢■ ❥ ■❭❖❘▼ ❯ ✽ ▼✝❈★◆P■ ✽ ✐✡❄ ✽ ❖❭■ ❀ Ô ❲❳■❭❊ ❯ ✽✾❀ ■❭◆❇■❘❊ Ö ✽✍✿ Ö✾Ô ❀✬✽ ■ Ô ❲❳✐ ✿ ■❘❲❧■❘❊ ❯ ❂ ❀✡✽ ■❘❲ ➴ ➽ ➸❽➵ ➽✝☞ ö ➎ ✯ ÷s✐s❂❋❄❇❂
✽ ✐✡❄ Ô ❲❧■ Ô ❄ ✽ ■ ❥ ■❭❲❳✐ ✿❁✽ ❊✵▼✡❲❧❙❘❄ Ô ❖ ✽ ❖ ✽ ❲ ❀ Ô➃Ö ■❭❄❇◆ ✽ ◆ Ö ❂ ✿❁✽ ❄P■❘◆❜✐s❂❅❄q❂ ✽ ➄❃❂ ❯ ✽ ❄ ❀ ■ ❣ ❂❋❊ ❉✡✽ ➈ ➽ Ö ❂ ✿ Ô ✽ ▼✝❈❫◆❇■ ✽ ❊ â ❲❧■❘❄ ✽
❀ ■ Ô❱❯ ■❭❄q❂❋❨❭➺✝■❭◆✟■ ❥ ■❭❖❘▼ ❯ ❂ ❀ ❂❋◆❽❂ ❯ ❙✲❂②❖ ✽ ❊ Ö ■❭❄ ❣✍Ð ❊✡❖ Ô ❂✉✐s❂❋❄❇❂✉❂❸◆ ✽❋✿ ▼✡❨❘❩ ✽✉❀✡✽ ✐✬❄ ✽ ❆ ✿ ■❘❲❳❂ ➈ ➽Ñ♥ ❣ ▼✡❄❇❂❚✌ ➈ Õ✲❲ ✽ ◆ ❯ ❄q❂ ✽ ◆
❄❇■❭◆❇▼ ✿ ❯ ❂ ❀✬✽ ◆ ✽ ❆ ❯❩Ô ❀✡✽ ◆ ➈

0 20 40 60 80 100
0

100

200

300

400

N
úm

er
o 

de
 it

er
aç

õe
s

Fator de ganho (α)

ü☛Ô❁❣ ➈ ✌ ➈ Õ❋Ò✡ù★❊ ✕ ▼ Ð ❊✡❖ Ô ❂ ❀✡✽ ➄❃❂ ❯ ✽ ❄ ❀ ■ ❣ ❂❋❊ ❉✡✽ ❊s❂❚◆ ✽✍✿ ▼✡❨◗❩ ✽❤❀✡✽ ✐✡❄ ✽ ❆ ✿ ■❭❲♦❂ ➈

Û✲❆✡◆❇■❭❄ Ö ❂➏❈★◆P■✉❊s❂❳♥ ❣ ▼✡❄q❂➊✌ ➈ Õ r ▼✡■✉✐s❂❋❄❇❂❳✐♠■ r ▼✡■❭❊ ✽ ◆ Ö ❂ ✿❁✽ ❄❇■❘◆ ❀✡✽ ➄❃❂ ❯ ✽ ❄ ❀ ■ ❣ ❂❋❊ ❉✡✽ ●✧▼✡❲➉❊ â ❲❳■❭❄ ✽ ❣ ❄q❂❋❊ ❀ ■
❀ ■ Ô❱❯ ■❭❄q❂❋❨❭➺✝■❭◆❜❙✲❊✡■❭❖❘■❘◆P◆qt❋❄ Ô ✽ ✐s❂❋❄❇❂✉❂✉◆ ✽❋✿ ▼✡❨❘❩ ✽✉❀✡✽ ✐✡❄ ✽ ❆ ✿ ■❘❲❳❂ ➈ ➴➠❂❋❄q❂ Ö ❂ ✿⑤✽ ❄❇■❭◆ ❀✡✽ ➄❃❂ ❯ ✽ ❄ ❀ ■ ❣ ❂❋❊ ❉✡✽ ❂❋❖ Ô ❲♦❂ ❀ ■
20

✽ ❊ â ❲❧■❘❄ ✽❸❀ ■ Ô⑤❯ ■❘❄q❂❅❨❘➺✁■❘◆✩❙✘❆s❂❋◆ ❯ ❂❋❊ ❯ ■✘❄❇■ ❀ ▼ ø✖Ô ❀✡✽ ●✁■❦✐✧■❭❄❇❲❳❂❋❊✡■❘❖❭■✘✐ ✽ ▼✡❖ ✽ ◆❇■❭❊✡◆❇➻ Ö ■ ✿ ✐s❂❋❄❇❂ Ö ❂ ✿⑤✽ ❄❇■❭◆✩❲❳❂ Ô ✽ ❄❇■❭◆
❀✡✽ ➄❃❂ ❯ ✽ ❄ ❀ ■ ❣ ❂❋❊ ❉✬✽ ➈

✗✲▼s❂❋❊ ❀✡✽ ▼ ❯❩Ô ✿ Ô❨ø ❂ ❀✡✽ ➄❃❂ ❯ ✽ ❄❇■❘◆ ❀ ■ ❣ ❂❅❊ ❉✡✽ ■ ✿ ■ Ö ❂ ❀✬✽ ◆❘● ✽ ❆✡◆❇■❭❄ Ö ✽ ▼✝❈★◆P■ r ▼✬■❜➄ ✽ Ô ❊✬■❘❖❘■❭◆❇◆❇t❋❄ Ô ✽ ❄❇■ ❀ ▼ ø▼Ô ❄ ✽ ➄❃❂ ❯ ✽ ❄ ❀ ■
❣ ❂❋❊ ❉✡✽ ❂❅✐ à ◆✚❂❋◆⑥✐✡❄ Ô ❲❧■ Ô ❄q❂❋◆ Ô❱❯ ■❭❄q❂❋❨❭➺✝■❭◆❘●➏❖ ✽ ❊✬➄ ✽ ❄❇❲❧■☞➄ ✽ Ô ❀ ■❘◆P❖❘❄ Ô⑤❯ ✽ ❊s❂❽◆❇■❘❨❘❩ ✽✲➎ ➈ Ø ➈ ➭ ❀✡✽ ❖◗❂❋✐✡➻ ❯ ▼ ✿⑤✽❦➎ ➈ ➁ ◆ ❯ ■✟❂➥➼P▼✡◆ ❯ ■
❙☞➄✕■ Ô⑤❯ ✽ ❂❅▼ ❯ ✽ ❲❳❂ ❯❝Ô ❖◗❂❅❲❳■❭❊ ❯ ■✇✐✧■ ✿❁✽ ✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽③r ▼s❂❋❊ ❀✡✽✘✽ ❖ ✽ ❄P❄❇■ ❀ Ô➃Ö ■❘❄ ❣✍Ð ❊✡❖ Ô ❂❽❊s❂③❆✬▼✡◆❇❖❘❂ ❀ ❂③◆ ✽✍✿ ▼✬❨◗❩ ✽ ➈ ù★◆ ❯ ✽
➄❃❂ ø ❖ ✽ ❲ r ▼✡■✲◆P■✑➼❇❂❋❲↕❊✡■❭❖❘■❭◆❇◆qt❅❄ Ô ❂❅◆ Ô⑤❯ ■❘❄q❂❅❨❘➺✁■❘◆✟❂ ❀ Ô ❖ Ô ✽ ❊✡❂ Ô ◆✇✐s❂❅❄q❂②❄P■ ❯ ✽ ❄❇❊s❂❅❄❜❂②▼✬❲ Ö ❂ ✿⑤✽ ❄ ❀ ■✘✐✡❂❋◆❇◆ ✽ ❂ ❀ ■ r ▼✡❂ ❀✡✽
✐s❂❋❄❇❂❺❂❺❆✡▼✡◆P❖◗❂ ❀ ❂➅◆ ✽✍✿ ▼✬❨◗❩ ✽ ● ✽➅r ▼✬■②➼P▼✡◆ ❯❝Ô ♥s❖❘❂❺❂❋◆ ✽ ◆P❖ Ô ✿ ❂❋❨❭➺✝■❭◆❸❊ ✽ ❊ â ❲❧■❘❄ ✽⑧❀ ■ Ô⑤❯ ■❘❄❇❂❋❨❘➺✁■❘◆ ✽ ❆✡◆❇■❭❄ Ö ❂ ❀ ❂❅◆❚❊s❂
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♥ ❣ ▼✬❄q❂❳✌ ➈ Õ♣✐s❂❅❄q❂ Ö ❂ ✿❁✽ ❄P■❘◆ ❀ ■✾➄❃❂ ❯ ✽ ❄ ❀ ■ ❣ ❂❋❊ ❉✡✽ ■❘❊ ❯ ❄P■
30

■
80
●✡✐ ✽ ❄❽■ ❥ ■❘❲❧✐ ✿⑤✽ ➈

❹✘❂❋◆ ❀ Ô➃Ö ■❘❄P◆q❂❋◆③◆ Ô ❲❸▼ ✿ ❂❋❨❭➺✝■❭◆✈❖ ✽ ❲➝➄❃❂ ❯ ✽ ❄P■❘◆ ❀ ■ ❣ ❂❋❊ ❉✡✽❳❀ Ô ➄✕■❭❄❇■❘❊ ❯ ■❘◆❘● ✽ ✐✬❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽ ❖ ✽ ❊ Ö ■❘❄ ❣✔Ô ▼➅✐✡❂❋❄q❂❳❂
◆ ✽❋✿ ▼✡❨❘❩ ✽ ❂ ❯ ■❭❊ ❀ ■❘❊ ❀✡✽❳✽ Ö ❂ ✿⑤✽ ❄ ❀✡✽ ❖❭❄ Ô⑤❯ ❙❘❄ Ô ✽✉❀ ■♣❖ ✽ ❊ Ö ■❘❄ ❣✍Ð ❊✬❖ Ô ❂❤✐✡❄P■ Ö✾Ô ❂❋❲❧■❘❊ ❯ ■ ❀ ■❭♥s❊ Ô ❀✡✽ ❖ ✽ ❲ ✽

1 × 10−7mm
Ø❹Ö ■❘❄❦◆❇■❭❨◗❩ ✽❳➎ ➈ Ø ➈ Ù Ú④➈

☞❜❂❋◆❇■❘❂ ❀✡✽ ❊ ✽ ◆❶❄P■❘◆P▼ ✿ ❯ ❂ ❀✡✽ ◆ ✽ ❆ ❯❝Ô ❀✡✽ ◆➊❊✡■❘◆ ❯ ■▲■❘◆ ❯ ▼ ❀✬✽Ó❀✡✽ ➄❃❂ ❯ ✽ ❄ ❀ ■ ❣ ❂❅❊ ❉✡✽ ●③❂ ❀✡✽ ❯ ✽ ▼✝❈❫◆❇■⑧▼✡◆❇❂❋❄ ✽ ➄❃❂ ❯ ✽ ❄
❀ ■ ❣ ❂❋❊ ❉✬✽ Ô⑤❣ ▼s❂ ✿ ❂

30
✐s❂❋❄❇❂ ❯ ✽✝❀ ❂❅◆❳❂❅◆❳◆ Ô ❲✉▼ ✿ ❂❋❨❘➺✁■❘◆❚❊✵▼✡❲❧❙❘❄ Ô ❖❘❂❋◆❤✐s❂❋❄q❂ ✽ ◆ ❯ ❄ Ð ◆❧✐s❂❋❄❇■❭◆ ❀ ■➃■❭❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆

◆❇■ ✿ ■❭❖ Ô ✽ ❊s❂ ❀✡✽ ◆ ➈

➞ å❩❞ Ô í ì✚î➼ï➚ð é ❣➼æ✇ì✟æ➮❤➼ð ò ❣❇æ✇ì ó æ ô æ è➼ê æ ó✧í ❣ ò❩ô í❍õ ð✚æ ❣ í æ✫ð ò❩ô ò✖Ó✳é➏ë❈➬ æ

➁ ❥ ■❭❖❘▼ ❯ ✽ ▼✝❈★◆P■ ✽ ✐✬❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽❤❀ ■ ✽ ❯❝Ô ❲ Ô❨ø ❂❋❨◗❩ ✽②❀ ■❘◆P■❘❊ Ö ✽❋✿ Ö✾Ô ❀✡✽ ✐s❂❋❄❇❂❚❖◗❂ ❀ ❂✉▼✬❲ ❀✡✽ ◆✈■❭◆ ❯ ▼ ❀✡✽ ◆ ❀ ■✾❖◗❂❋◆ ✽
❀ ■❭◆❇❖❘❄ Ô⑤❯ ✽ ◆✩❂❋❊ ❯ ■❘❄ Ô ✽ ❄P❲❳■❭❊ ❯ ■ ➈ ➸ ✽✁❀ ❂❋◆✩❂❋◆✇◆ Ô ❲✉▼ ✿ ❂❋❨❭➺✝■❭◆➾➄ ✽ ❄q❂❅❲➛➄✕■ Ô⑤❯ ❂❅◆✇▼✡◆q❂❋❊ ❀✡✽ ❈★◆P■❽▼✡❲✜❲ Ô ❖❭❄ ✽ ❖ ✽ ❲❧✐✡▼ ❯ ❂ ❀✡✽ ❄➠❖ ✽ ❲
✐✡❄ ✽ ❖❭■❘◆❇◆❇❂ ❀✡✽ ❄❤➴✚■❘❊ ❯❩Ô ▼✡❲ÿù★❊ ❯ ■ ✿✟Õ ■ ✽⑧❀ ■❀Ù ➈ ➲❢✼♣Ö ø ■➊❖ ✽ ❲ Ù ➈ Õ ✼ ☞ ❀ ■➊❲❧■❘❲ à ❄ Ô ❂ Ø❍① ➽✾× Ú✹➈ Û✲◆ ❯ ■❭❲❳✐ ✽ ◆ ❀ ■
✐✡❄ ✽ ❖❭■❘◆❇◆❇❂❋❲❧■❘❊ ❯ ✽ ❖ ✽ ❲❧✐✡▼ ❯ ❂❅❖ Ô ✽ ❊s❂ ✿➔r ▼✡■✘◆❇❩ ✽ ❲❧■❘❊✡❖ Ô ✽ ❊✡❂ ❀✡✽ ◆✩❊✡■❘◆ ❯ ■✲❖❘❂❋✐✡➻ ❯ ▼ ✿⑤✽ ❄P■❭➄✕■❭❄❇■❘❲❚❈★◆P■✲❂ ✽ ◆ ✽ ❆ ❯❩Ô ❀✬✽ ◆✟❊✬■❘◆ ❯ ■
■ r ▼ Ô ✐s❂❋❲❧■❘❊ ❯ ✽ ➈

➴➾❂❋❄❇❂ ✽ ◆ ❯ ❄ Ð ◆✩■❘◆ ❯ ▼ ❀✬✽ ◆ ❀ ■③❖❘❂❋◆ ✽ ●✵❄P■◗❂ ✿ Ô❨ø ✽ ▼✝❈★◆P■ ❀✡✽ Ô ◆☞■❭◆ ❯ ▼ ❀✡✽ ◆ ❀ ■ ✽ ❯❩Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ➈ ➽ ❀✡✽ ❯ ✽ ▼✝❈★◆P■ Ô ❊ Ô ❖ Ô ❂ ✿ ❲❳■❭❊ ❯ ■
➄✕▼✡❊✡❨❭➺✝■❭◆❸❂➏♥s❊✡◆✴✐s❂❋❄q❂❑❂❋◆✴❲ ✽✁❀ Ô ♥s❖◗❂❋❨❭➺✝■❭◆ ❀✡✽ ✐✧■❭❄P♥ ✿ ■❤■❘❲Ø▼✡❲Ø◆P■ ❣ ▼✬❊ ❀✡✽ ■❭◆ ❯ ▼ ❀✡✽ ❂ ❀✡✽ ❯ ✽ ▼✝❈★◆P■❧❲ ✽✁❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆
r ▼s❂ ❀ ❄❇t ❯❩Ô ❖◗❂❋◆ ØßÖ ■❘❄❽■ ❥ ✐ ✽ ■❘❊ ❯ ■

κ
❀ ❂❚■ r ▼s❂❅❨◗❩ ✽ Ø ➎ ➈ ✌ Ú❃Ú④➈

➴➾❂❋❄❇❂ ❯ ✽✝❀✬✽ ◆ ✽ ◆✇❖◗❂❋◆ ✽ ◆☞■❘◆ ❯ ▼ ❀ ❂ ❀✡✽ ◆❘● ❀ ■④♥s❊ Ô ▼✁❈★◆❇■ ✽ ❖❘❄ Ô⑤❯ ❙❘❄ Ô ✽✾❀ ■❽❖ ✽ ❊ Ö ■❘❄ ❣❋Ð ❊✡❖ Ô ❂ Ô⑤❣ ▼s❂ ✿ ❂
1×10−7mm

Ø❹Ö ■❭❄
◆❇■❭❨◗❩ ✽♦➎ ➈ Ø ➈ Ù Ú ●✡■ ✽ ➄❃❂ ❯ ✽ ❄ ❀ ■ ❣ ❂❋❊ ❉✬✽ Ô⑤❣ ▼s❂ ✿ ❂

30
Ø❹Ö ■❭❄③◆P■❘❨❘❩ ✽♦➎ ➈ Ø ➈ ➭❤■②✌ ➈ ➭ Ú④➈

➽ ❯ ❂❅❆✧■ ✿ ❂❶✌ ➈ ➭➊❲ ✽ ◆ ❯ ❄q❂❳❂❋◆✲◆ Ô ❲✉▼ ✿ ❂❋❨❘➺✁■❘◆❦❄❇■❘❂ ✿ Ô❚ø ❂ ❀ ❂❅◆❘● ✽ ❊ â ❲❳■❭❄ ✽➊❀ ■ Ô⑤❯ ■❭❄q❂❋❨❭➺✝■❭◆✘■ ✽ ❯ ■❘❲❧✐ ✽➊❀ ■✉✐✡❄ ✽ ❖❭■❘◆✑❈
◆q❂❅❲❳■❭❊ ❯ ✽ ❖ ✽ ❲❧✐✡▼ ❯ ❂❅❖ Ô ✽ ❊s❂ ✿ ❣ ❂❋◆ ❯ ✽ ✐✡❂❋❄q❂❚◆❇■ ✽ ❆ ❯ ■❘❄❽❂❤◆ ✽✍✿ ▼✡❨◗❩ ✽❧✽ ❯❩Ô ❲ Ô❨ø ❂ ❀ ❂ ➈

➽✘◆♦♥ ❣ ▼✡❄q❂❋◆❶✌ ➈ Ù✁●✘✌ ➈ Ø ●③✌ ➈ ➭✡●③✌ ➈✶➑ ●③✌ ➈ ➎ ■▲✌ ➈ ✌✝● Ô ❊ ❀ Ô ❖◗❂ ❀ ❂❋◆♦❊✡❂ ❯ ❂❋❆♠■ ✿ ❂➇✌ ➈ ➭✡●❽❲ ✽ ◆ ❯ ❄❇❂❋❲ ❂➇❄❇■❭◆❇✐ ✽ ◆ ❯ ❂ ❀✡✽
➴☞➴ ➁☞➸❽➵ ■❘❲➚❖◗❂ ❀ ❂ Ô⑤❯ ■❘❄q❂❅❨◗❩ ✽ ✐s❂❋❄q❂ ✽ ◆❏❖❘❂❋◆ ✽ ◆❏■❘◆ ❯ ▼ ❀ ❂ ❀✬✽ ◆ ➈ Û➐➴☞➴ ➁✇➸❽➵ ❙✾❂✴➄✕▼✬❊✡❨◗❩ ✽❚✽ ❆✁➼P■ ❯❝Ô➃Ö ✽❸❀✡✽ ✐✡❄ ✽ ❆ ✿ ■❭❲♦❂
❀ ■ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽ ØßÖ ■❭❄③❖❘❂❋✐✡➻ ❯ ▼ ✿❁✽✉➎ Ú④➈

Õ◗➭ ➎



➸ ❂❅❆ ➈ ✌ ➈ ➭✡Ò ① ■❘◆❇▼ ✿ ❯ ❂ ❀✡✽ ◆ ❀ ❂❋◆❽◆ Ô ❲✉▼ ✿ ❂❋❨❘➺✁■❘◆❜❖ ✽ ❲ ✽ ✐✡❄ ✽ ❖❭■ ❀ Ô ❲❳■❭❊ ❯ ✽❤❀ ■ ✽ ❯❩Ô ❲ Ô❚ø ❂❋❨❘❩ ✽ ➈
➨✾➧④➦✦q➠➘❵♠ ➪ ♠Ù➘➠➹ÛÚ➾Ü ➢sÝ✍Þ ♠ ✈➅ßt✇✆s❜♥★♠⑨➘ts ❧❋s✾✇⑨à▲♠⑨➘ts➃à☛♥✦♠ÙÜ❳s✁➧◗➧ ➢ ✇✆s✁➩✧➦✶♠ á✐s❜♥❳Ú➠➫⑦q❵♥ ➢

✉✪s✾♣rq ➢sÝ✍Þ ♠ ✉qâ✥ã ③♦①✳① ➹✕➦✳s✾♥ ➢sÝ✍ä s✝➧ ✉❝✇⑨➹❍➩rqÙ➦✶♠♠➧★①
å ❂❋◆ ✽ Õ ❂❅♥s❲ Ø

κ = 1
Ú

21 11.6
✌ ➈ Ù

å ❂❋◆ ✽ Õ r ▼s❂ ❀ ❄❇t ❯❩Ô ❖◗❂ Ø
κ = 2

Ú
30 18.2

✌ ➈ Ø
å ❂❋◆ ✽ Ù ❂❅♥s❲ Ø

κ = 1
Ú

16 12.1
✌ ➈ ➭

å ❂❋◆ ✽ Ù r ▼s❂ ❀ ❄❇t ❯❩Ô ❖◗❂ Ø
κ = 2

Ú
12 8.0

✌ ➈✶➑
å ❂❋◆ ✽ Ø ❂❅♥s❲ Ø

κ = 1
Ú

39 10.3
✌ ➈ ➎

å ❂❋◆ ✽ Ø r ▼s❂ ❀ ❄❇t ❯❩Ô ❖◗❂ Ø
κ = 2

Ú
38 8.6
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ü☛Ô❁❣ ➈ ✌ ➈ Ù✁Ò å❏✽ ❊ Ö ■❘❄ ❣✍Ð ❊✬❖ Ô ❂❤✐s❂❋❄❇❂ ✽ ■❭◆ ❯ ▼ ❀✡✽❳❀ ■✴❖❘❂❋◆ ✽ Õ♣❖ ✽ ❲❻➄✕▼✡❊✡❨❘➺✁■❘◆③❂❅♥s❊✬◆ ➈

❹✘❂❋◆✩♥ ❣ ▼✡❄❇❂❋◆✈✌ ➈ Ù♣■✾✌ ➈ ➎ ✐ ✽✝❀ ■④❈★◆P■ ✽ ❆✡◆❇■❭❄ Ö ❂❋❄❏❲❳❂ Ô ◆✩❖ ✿ ❂❋❄❇❂❋❲❧■❘❊ ❯ ■ r ▼✡■✘■❭❲❻❂ ✿ ❣ ▼✡❲❳❂❋◆ Ô⑤❯ ■❘❄❇❂❋❨❘➺✁■❘◆ ✽ Ö ❂ ✿⑤✽ ❄ ❀ ❂
➄✕▼✡❊✡❨❘❩ ✽➊✽ ❆✵➼P■ ❯❩ÔÛÖ ✽ Ø ➴☞➴ ➁☞➸❽➵ Ú ❂❅▼✡❲❳■❭❊ ❯ ✽ ▼✥● ✽ ▼❺◆P■✑➼❇❂✬● ❀ ÔÛÖ ■❘❄ ❣❳Ô ▼➃✐s❂❋❄❇❂♦❂♦❆✡▼✬◆❇❖◗❂ ❀ ❂♦◆ ✽❋✿ ▼✡❨❘❩ ✽ ➈ ❹③■❭◆ ❯ ■❭◆✲❖◗❂❅◆ ✽ ◆❭●
✽ ✐✬❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽ ❄❇■ ❯ ✽ ❄❇❊ ✽ ▼ ✌ ◆✟❖ ✽ ❊ ❀ Ô ❨❭➺✝■❭◆ ❀ ❂ Ô⑤❯ ■❭❄q❂❋❨❘❩ ✽ ❂❋❊ ❯ ■❘❄ Ô ✽ ❄✩■❦■❭➄✕■ ❯ ▼ ✽ ▼ ✽ ❂➥➼P▼✡◆ ❯ ■ ❀✡✽ ➄❃❂ ❯ ✽ ❄ ❀ ■ ❣ ❂❋❊ ❉✡✽
❖ ✽ ❊✬➄ ✽ ❄❇❲❧■ ❀ ■❭◆❇❖❘❄ Ô⑤❯ ✽ ❊✡❂❧◆P■❘❨◗❩ ✽♦➎ ➈ Ø ➈ ➭ ❀✡✽ ❖❘❂❋✐✡➻ ❯ ▼ ✿⑤✽❚➎ ➈

Û✲❆✡◆❇■❭❄ Ö ❂➏❈★◆P■♣❊s❂ ❯ ❂❋❆♠■ ✿ ❂❤✌ ➈ ➭ r ▼✡■♣✐s❂❅❄q❂ ✽ ◆ ❯ ❄ Ð ◆❽❖◗❂❅◆ ✽ ◆❽■❘◆ ❯ ▼ ❀ ❂ ❀✡✽ ◆ ✽ ❆ ❯ ■ Ö ■④❈★◆P■✴❂❤◆ ✽✍✿ ▼✬❨◗❩ ✽❤❀✡✽ ✐✡❄ ✽ ❆ ✿ ■❘❲❳❂
❖ ✽ ❲➝▼✡❲➝❊ â ❲❧■❘❄ ✽ ❄P■ ❀ ▼ ø▼Ô ❀✬✽❳❀ ■ Ô❱❯ ■❘❄❇❂❋❨❘➺✁■❘◆✈■♣▼✡❲ ❯ ■❘❲❧✐ ✽ ❖ ✽ ❲❧✐✡▼ ❯ ❂❅❖ Ô ✽ ❊s❂ ✿ ◆❇❂ ❯❩Ô ◆P➄❃❂ ❯Pà ❄ Ô ✽ ➈
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ü☛Ô❁❣ ➈ ✌ ➈ ➭✬Ò å❏✽ ❊ Ö ■❘❄ ❣✍Ð ❊✬❖ Ô ❂❧✐s❂❋❄❇❂ ✽ ■❭◆ ❯ ▼ ❀✡✽♦❀ ■♣❖❘❂❋◆ ✽ Ù✉❖ ✽ ❲➂➄✕▼✬❊✡❨❘➺✁■❘◆❦❂❅♥s❊✬◆ ➈

❹✘❂♦❲❳❂ Ô ✽ ❄ Ô ❂ ❀✡✽ ◆✘❖◗❂❋◆ ✽ ◆ ✽ ❆ ❯ ■ Ö ■✹❈★◆P■❚▼✡❲♦❂❳❄❇■ ❀ ▼✡❨◗❩ ✽ ❆s❂❅◆ ❯ ❂❅❊ ❯ ■✉◆ Ô⑤❣ ❊ Ô ♥s❖◗❂ ❯❝Ô➃Ö ❂❳❊ ✽ Ö ❂ ✿❁✽ ❄ ❀ ❂♦➄✕▼✡❊✡❨❘❩ ✽❶✽ ❆✝❈
➼P■ ❯❝Ô➃Ö ✽ ❂❋✐ à ◆

10
❂

12
Ô⑤❯ ■❘❄❇❂❋❨❘➺✁■❘◆❭● Ö ■❘❄❧✐ ✽ ❄❤■ ❥ ■❭❲❳✐ ✿❁✽ ❂▲♥ ❣ ▼✡❄q❂❬✌ ➈ Ù ➈ ❹ ✽ ■❘❊ ❯ ❂❋❊ ❯ ✽ ● ❀ ■ Ö✾Ô ❀✡✽ ❂ ✽ ❖❘❄ Ô⑤❯ ❙❘❄ Ô ✽

❀ ■✉❖ ✽ ❊ Ö ■❭❄ ❣✍Ð ❊✡❖ Ô ❂❶❂ ❀✡✽ ❯ ❂ ❀✡✽ ➄ ✽ ❄q❂❋❲➉❊✡■❭❖❘■❘◆P◆qt❋❄ Ô ❂❋◆ Ô⑤❯ ■❭❄q❂❋❨❭➺✝■❭◆✲❂ ❀ Ô ❖ Ô ✽ ❊s❂ Ô ◆❽❂ ❯ ❙②◆❇■ ✽ ❆ ❯ ■❭❄✲❂♦◆ ✽✍✿ ▼✡❨❘❩ ✽ ♥✡❊s❂ ✿✚❀✡✽
✐✡❄ ✽ ❆ ✿ ■❭❲♦❂ ➈ ã ✽ ✐ ✽ ❊ ❯ ✽②❀ ■ Ö✾Ô ◆ ❯ ❂②✐✬❄qt ❯❝Ô ❖ ✽ ●✬❂✴◆ ✽✍✿ ▼✡❨◗❩ ✽②✽ ❆ ❯❝Ô ❀ ❂✴❊s❂

10a. Ô❱❯ ■❘❄❇❂❋❨◗❩ ✽ ✐ ✽✝❀ ■❘❄ Ô ❂②◆P■❘❄❏◆❇❂ ❯❩Ô ◆P➄❃❂ ❯Pà ❄ Ô ❂ ➈
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ã✲❂❋➻⑥❂ Ô ❲❳✐ ✽ ❄ ❯❩❶ ❊✡❖ Ô ❂ ❀ ❂❤❂ Ö ❂ ✿ Ô ❂❋❨◗❩ ✽✉❀✡✽ ❆ Ô ❊ ✎ ❲ Ô ✽ ✐✡❄❇■❭❖ Ô ◆q❩ ✽ ■ ❯ ■❭❲❳✐ ✽❤❀ ■♣✐✡❄ ✽ ❖❘■❭◆❇◆q❂❅❲❳■❭❊ ❯ ✽ ➈
➁ ❲ ❯ ✽✁❀✡✽ ◆ ✽ ◆⑦❖◗❂❋◆ ✽ ◆❑■❘◆ ❯ ▼ ❀ ❂ ❀✬✽ ◆ ✽ ❆ ❯ ■ Ö ■④❈❫◆❇■➇❂❷◆ ✽❋✿ ▼✡❨❘❩ ✽❷❀✡✽ ✐✬❄ ✽ ❆ ✿ ■❘❲❳❂❷❂ ❯ ■❭❊ ❀ ■❘❊ ❀✡✽æ✽ ❖❘❄ Ô⑤❯ ❙❭❄ Ô ✽⑩❀ ■

❖ ✽ ❊ Ö ■❘❄ ❣✍Ð ❊✡❖ Ô ❂❧■❘◆ ❯ ❂❋❆♠■ ✿ ■❭❖ Ô ❀✡✽ ●
1 × 10−7mm

ØßÖ ■❘❄❦◆❇■❭❨◗❩ ✽❳➎ ➈ Ø ➈ Ù Ú④➈
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Iterações

üãÔ⑤❣ ➈ ✌ ➈ ✌✝Ò å❏✽ ❊ Ö ■❭❄ ❣✍Ð ❊✡❖ Ô ❂❧✐✡❂❋❄q❂ ✽ ■❘◆ ❯ ▼ ❀✡✽❧❀ ■♣❖◗❂❋◆ ✽ Ø ❖ ✽ ❲➂➄✕▼✡❊✡❨❭➺✝■❭◆ r ▼✡❂ ❀ ❄qt ❯❩Ô ❖❘❂❋◆ ➈
➽ ❯ ❂❋❆♠■ ✿ ❂❺✌ ➈ ➭⑧❲ ✽ ◆ ❯ ❄q❂ ✽ ◆❸❄❇■❘◆P▼ ✿ ❯ ❂ ❀✡✽ ◆ ✽ ❆ ❯❩Ô ❀✡✽ ◆✉✐✡❂❋❄q❂ ✽ ➴☞➴ ➁✇➸❽➵ ❂❋❊ ❯ ■❘◆❚■❶❂❋✐ à ◆❚❂ ✽ ❯❩Ô ❲ Ô❨ø ❂❋❨◗❩ ✽➃❀ ❂❅◆

◆❇▼✬✐✧■❭❄P➄✕➻❁❖ Ô ■❭◆ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❭◆ ➈ Û✲◆ Ö ❂ ✿⑤✽ ❄❇■❭◆➌❂❋❊ ❯ ■❘◆ ❀ ❂ ✽ ❯❩Ô ❲ Ô❚ø ❂❋❨❘❩ ✽ ➄ ✽ ❄q❂❋❲ ✽ ❆ ❯❝Ô ❀✡✽ ◆➠❖ ✽ ❊✡◆ Ô ❀ ■❘❄❇❂❋❊ ❀✡✽✾✽ ◆ ❀ ■❭❊ ❯ ■❘◆ ❀ ❂❅◆
■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆✘■❭❲→■❘◆ ❯ ▼ ❀✡✽ ◆❇■❘❲→❲ ✽✁❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆✈❊✡❂❋◆❽◆❇▼✡✐♠■❘❄✦➄✕➻❁❖ Ô ■❘◆ ❀✡✽ ◆ ❀ ■❭❊ ❯ ■❘◆❭●✧■ ❥ ❖❭■ ❯ ✽ ❂ r ▼✡■ ✿ ❂❋◆③❂❋◆❇◆P▼✡❲ Ô ❀ ❂❋◆
❖ ✽ ❲ ✽ ■ ❥ Ô ◆ ❯ ■❭❊ ❯ ■❘◆❦■ ❀ ■❘◆P❖❘❄ Ô⑤❯ ❂❅◆❦❊✡❂❋◆❽◆❇■❘❨❭➺✝■❭◆✲✌ ➈ Õ✍●s✌ ➈ Ù❚■✴✌ ➈ Ø ➈

➸ ❂❋❆ ➈ ✌ ➈✶➑ Ò ① ■❘◆P▼ ✿ ❯ ❂ ❀✡✽ ◆ ❀✡✽ ➴☞➴ ➁☞➸❽➵ Ø
µm

Ú ❖ ✽ ❲ ✽ ✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽❤❀ ■ ✽ ❯❝Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ➈
➨✾➧❭➦✦q✚➘t♠ ➪ ♠Ù➘✚➹ÛÚ➌Ü ➢sÝ✍Þ ♠ ç❶➩✧➦✶s✁➧❤➘ ➢ ç➊à✇è♠➧ ➢ á✐s❜♥❧Ú➠➫✠qt♥ ➢

✉❃s❦♣üq ➢sÝ✍Þ ♠ ✉qâ✥ã ③✠①▼① ♠s➦➥➹❘✇➇➹❃é ➢✡Ý✍Þ ♠ ♠s➦➥➹❘✇➇➹✕é ➢sÝ✍Þ ♠
å ❂❋◆ ✽ Õ ❂➏♥s❲ëê

κ = 1 ì 0.7638 0.0459
✌ ➈ ➲

å ❂❋◆ ✽ Õ r ▼s❂ ❀ ❄qt ❯❝Ô ❖❘❂➃ê
κ = 2 ì 0.7638 0.1299

✌ ➈ ➳
å ❂❋◆ ✽ Ù ❂➏♥s❲ëê

κ = 1 ì 0.4993 0.0492
✌ ➈ Õ ✯

å ❂❋◆ ✽ Ù r ▼s❂ ❀ ❄qt ❯❝Ô ❖❘❂➃ê
κ = 2 ì 0.4993 0.0563

✌ ➈ Õ❳Õ
å ❂❋◆ ✽ Ø ❂➏♥s❲ëê

κ = 1 ì 0.7334 0.0356
✌ ➈ Õ✦Ù

å ❂❋◆ ✽ Ø r ▼s❂ ❀ ❄qt ❯❝Ô ❖❘❂➃ê
κ = 2 ì 0.7334 0.0296

✌ ➈ Õ Ø

Û✾❆✬◆❇■❘❄ Ö ❂➏❈★◆P■❶❊s❂ ❯ ❂❋❆♠■ ✿ ❂⑧✌ ➈✶➑ r ▼✡■❶◆❇■ ✽ ❆ ❯ ■ Ö ■⑦❄❇■ ❀ ▼✡❨❘➺✁■❘◆❚◆ Ô❁❣ ❊ Ô ♥s❖◗❂ ❯❩Ô➃Ö ❂❋◆②✐s❂❋❄❇❂⑧❂➅➄✕▼✡❊✡❨◗❩ ✽⑧✽ ❆✁➼P■ ❯❝Ô➃Ö ✽⑧❀✡✽
✐✡❄ ✽ ❆ ✿ ■❭❲♦❂✝●✬➴☞➴ ➁✇➸❽➵ ●✬✐s❂❋❄q❂ ❯ ✽✝❀✬✽ ◆ ✽ ◆❏❖◗❂❋◆ ✽ ◆✈❂❋❊s❂ ✿ Ô ◆❇❂ ❀✡✽ ◆ ➈ Û✲❆✡◆❇■❭❄ Ö ❂➏❈❫◆❇■✾❂ Ô ❊ ❀ ❂ r ▼✡■✾❊✡❩ ✽✉❉✡✽ ▼ Ö ■ ❀ Ô ➄✕■❘❄❇■❭❊✡❨◗❂❅◆

Õ ➑ ✯



◆ Ô⑤❣ ❊ Ô ♥s❖◗❂ ❯❝Ô➃Ö ❂❋◆❤■❘❊ ❯ ❄❇■❺❂❅◆♦❲ ✽✝❀ Ô ♥s❖◗❂❅❨❘➺✁■❘◆❧❂❅♥s❊✡◆❳■➅❂❅◆ r ▼s❂ ❀ ❄❇t ❯❩Ô ❖◗❂❋◆ ➈ ➽➙❲❳❂ Ô ✽ ❄ ❀ Ô ➄✕■❘❄P■❘❊✡❨❘❂❼■❭❊ ❯ ❄❇■➃■ ✿ ❂❅◆❧➄ ✽ Ô
✽ ❆✡◆P■❘❄ Ö ❂ ❀ ❂❧✐✡❂❋❄q❂ ✽ ❖◗❂❋◆ ✽ Õ ➈

➽✘◆♦♥ ❣ ▼✡❄q❂❅◆⑦✌ ➈ ➲ ●❦✌ ➈ ➳ ●③✌ ➈ Õ ✯ ●❦✌ ➈ Õ❳Õ✍●❦✌ ➈ Õ✦Ù❼■▲✌ ➈ Õ Ø ● Ô ❊ ❀ Ô ❖◗❂ ❀ ❂❋◆❳❊✡❂ ❯ ❂❋❆♠■ ✿ ❂➇✌ ➈✶➑ ●✈❲ ✽ ◆ ❯ ❄q❂❋❲ ✽ ■❭❄❇❄ ✽⑨❀ ■
❯ ❄❇❂❋❊✡◆P❲ Ô ◆❇◆q❩ ✽ ❖◗❂ ✿ ❖❘▼ ✿ ❂ ❀✡✽ ✐s❂❋❄q❂❚❂❅◆❜✐ ✽ ◆ Ô ❨❭➺✝■❭◆ ❀ Ô ◆❇❖❘❄P■ ❯ ❂❋◆❜❊ ✽ ❖ Ô ❖ ✿⑤✽✉❀ ■✲■❭❊ ❣ ❄P■❘❊s❂❋❲❧■❘❊ ❯ ✽ ❊s❂✉❖ ✽ ❊ ❀ Ô ❨❘❩ ✽ ❂❋❊ ❯ ■❭◆✈■
❂❋✐ à ◆③❂ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽ ●✬✐s❂❋❄q❂ ✽ ◆ ❯ ❄ Ð ◆✘■❭◆ ❯ ▼ ❀✡✽ ◆ ❀ ■❸❖◗❂❅◆ ✽ ➈ ➁ ❲ ❯ ✽✁❀✡✽ ◆ ✽ ◆✘❖❘❂❋◆ ✽ ◆✘◆❇■ ✽ ❆✡◆P■❘❄ Ö ✽ ▼ r ▼✡■ ✽ ■❘❄P❄ ✽❳❀ ■
❯ ❄❇❂❋❊✡◆P❲ Ô ◆❇◆q❩ ✽ ❂❋✐ à ◆➠❂ ✽ ❯❝Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ❂❅✐✡❄❇■❭◆❇■❘❊ ❯ ❂✲❲❳■❭❊ ✽ ❄ Ö ❂❋❄ Ô ❂❋❨◗❩ ✽ ■❘❊ ❯ ❄❇■ ✽ ◆ Ö ❂ ✿❁✽ ❄❇■❘◆⑥❖❘❂ ✿ ❖❭▼ ✿ ❂ ❀✬✽ ◆⑥❊s❂❋◆ ❀ Ô➃Ö ■❭❄❇◆❇❂❋◆
✐ ✽ ◆ Ô ❨❘➺✁■❘◆ ❀✡✽ ❖ Ô ❖ ✿❁✽♣❀ ■❽■❘❊ ❣ ❄❇■❭❊s❂❋❲❧■❘❊ ❯ ✽ ■❘❲➍❖ ✽ ❲❳✐✡❂❋❄q❂❋❨❘❩ ✽ ❖ ✽ ❲ ✽ ◆ Ö ❂ ✿⑤✽ ❄❇■❭◆ ❀✡✽ ➁✇➸❽➵ ❂❋❊ ❯ ■❘◆ ❀ ❂ ✽ ❯❩Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ➈
➁ ❂ Ô ❊ ❀ ❂✬● r ▼✬■ ✽ ◆ Ö ❂ ✿❁✽ ❄P■❘◆ ❀✡✽ ■❭❄❇❄ ✽✘❀ ■ ❯ ❄q❂❋❊✡◆P❲ Ô ◆❇◆❇❩ ✽ ❂❅✐ à ◆➾❂ ✽ ❯❝Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ◆❇❩ ✽ ◆ Ô❁❣ ❊ Ô ♥s❖◗❂ ❯❩Ô➃Ö ❂❋❲❧■❘❊ ❯ ■✇❲♦❂ Ô ✽ ❄❇■❭◆❘●
■❘❲ ❯ ■❭❄❇❲ ✽ ◆✾❂❋❆✬◆ ✽✍✿ ▼ ❯ ✽ ◆❭● r ▼s❂❋❊ ❀✡✽ ❖ ✽ ❲❧✐s❂❋❄❇❂ ❀✡✽ ◆✘❖ ✽ ❲ ✽ ◆ Ö ❂ ✿⑤✽ ❄❇■❭◆ Ô ❊ Ô ❖ Ô ❂ Ô ◆ ➈ ù★◆ ❯ ✽ ❙ ❀ Ô ◆❇❖❭▼ ❯❩Ô ❀✡✽ ❂ ❀ Ô ❂❋❊ ❯ ■②❊s❂
◆❇■❭❨◗❩ ✽ ✌ ➈ ➎ ➈
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Antes da otimização
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Após a otimização

ü☛Ô❁❣ ➈ ✌ ➈ ➲ Ò ➁☞➸❽➵ ❂❅❊ ❯ ■❘◆❽■✴❂❋✐ à ◆❽❂ ✽ ❯❩Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ✐s❂❋❄❇❂ ✽ ❖❘❂❋◆ ✽ Õ♣❖ ✽ ❲→❂ ✿ ➻ Ö✾Ô ✽ ◆❜❂❅♥✡❊✡◆ ➈

Û✲◆ Ö ❂ ✿❁✽ ❄❇■❘◆ ❀ ❂❋◆ r ▼s❂ ❯ ❄ ✽ Ö ❂❋❄ Ô t Ö ■ Ô ◆ ❀✬✽ ✐✡❄ ✽ ❆ ✿ ■❭❲♦❂ ❀ ■ ✽ ❯❩Ô ❲ Ô❨ø ❂❋❨◗❩ ✽✴✽ ❆ ❯❩Ô ❀✡✽ ◆✩❊s❂❋◆❏◆ Ô ❲✉▼ ✿ ❂❋❨❭➺✝■❭◆✩◆❇❩ ✽ ❲ ✽ ◆✦❈
❯ ❄❇❂ ❀✡✽ ◆❽❊s❂ ❯ ❂❋❆✧■ ✿ ❂❤✌ ➈ ➎ ê Ö ■❘❄❦◆❇■❘❨❘❩ ✽❳➎ ➈ Ø ➈✷➑ ■✾♥ ❣ ▼✡❄❇❂ ➎ ➈ Õ ✯ ì ➈

➽✘◆✚♥ ❣ ▼✡❄❇❂❋◆➌✌ ➈ Õ◗➭✬●✍✌ ➈ Õ ➑ ●❋✌ ➈ Õ ➎ ●❋✌ ➈ Õ➥✌✝●❋✌ ➈ Õ ➲ ■❏✌ ➈ Õ ➳ Ô ❊ ❀ Ô ❖◗❂ ❀ ❂❅◆✚❊✡❂ ❯ ❂❅❆✧■ ✿ ❂③✌ ➈ ➎ ●❅❲ ✽ ◆ ❯ ❄q❂❋❲➣❂❋◆➠❲ ✽✁❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆
Õ ➑ Õ
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Antes da otimização
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Após a otimização

üãÔ❁❣ ➈ ✌ ➈ ➳ Ò ➁✇➸❽➵ ❂❋❊ ❯ ■❭◆③■✴❂❋✐ à ◆❽❂ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽ ✐✡❂❋❄q❂ ✽ ❖◗❂❋◆ ✽ Õ✴❖ ✽ ❲➝❂ ✿ ➻ Ö✾Ô ✽ ◆ r ▼✡❂ ❀ ❄qt ❯❩Ô ❖ ✽ ◆ ➈
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Antes da otimização
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Após a otimização

üãÔ⑤❣ ➈ ✌ ➈ Õ ✯ Ò ➁☞➸❽➵ ❂❋❊ ❯ ■❘◆❦■✴❂❋✐ à ◆❽❂ ✽ ❯❩Ô ❲ Ô❚ø ❂❋❨❘❩ ✽ ✐s❂❋❄❇❂ ✽ ❖❘❂❋◆ ✽ Ù❚❖ ✽ ❲→❂ ✿ ➻ Ö✾Ô ✽ ◆❜❂❅♥✡❊✡◆ ➈

à❋❯❝Ô ❲❳❂❋◆❤✐s❂❋❄q❂ ✽ ◆♦✐♠■❘❄✦♥s◆ ❀✬✽ ◆ ❀ ■❭❊ ❯ ■❘◆ ✽ ❆ ❯❩Ô ❀ ❂❋◆❧❖ ✽ ❲ ✽ ✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽❬❀ ■ ✽ ❯❩Ô ❲ Ô❚ø ❂❋❨❘❩ ✽ ➈ ➁ ◆ ❯ ❂❋◆❳♥ ❣ ▼✡❄q❂❅◆
❖ ✽ ❄❇❄❇■❭◆❇✐ ✽ ❊ ❀ ■❭❲ ✌ ❄❇■❭✐✡❄❇■❭◆❇■❭❊ ❯ ❂❋❨◗❩ ✽ ❣ ❄qt❅♥✡❖◗❂ ❀✬✽ ◆ Ö ❂ ✿⑤✽ ❄❇■❭◆ ❀ ❂❋◆ r ▼s❂ ❯ ❄ ✽ Ö ❂❋❄ Ô t Ö ■ Ô ◆ ❀ ■✘✐✡❄ ✽ ➼P■ ❯ ✽❸❀ ❂ ❯ ❂❋❆♠■ ✿ ❂❸✌ ➈ ➎ ➈

Õ ➑ Ù



2 4 6 8 10 12 14 16
−9.75

−9.5

−9.25

−9

−8.75

E
T

L
 (

µ
m

)

Posições no ciclo de engrenamento

 

 

Antes da otimização
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Após a otimização

üãÔ❁❣ ➈ ✌ ➈ Õ❳Õ✍Ò ➁✇➸❽➵ ❂❋❊ ❯ ■❭◆③■♣❂❅✐ à ◆❦❂ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽ ✐✡❂❋❄q❂❚❖◗❂❅◆ ✽ Ù❚❖ ✽ ❲→❂ ✿ ➻ Ö✾Ô ✽ ◆ r ▼s❂ ❀ ❄❇t ❯❩Ô ❖ ✽ ◆ ➈
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Após a otimização

üãÔ⑤❣ ➈ ✌ ➈ Õ✦Ù✁Ò ➁☞➸❽➵ ❂❋❊ ❯ ■❘◆❦■♣❂❋✐ à ◆❦❂ ✽ ❯❩Ô ❲ Ô❚ø ❂❋❨❘❩ ✽ ✐s❂❋❄❇❂ ✽ ❖❘❂❋◆ ✽ Ø ❖ ✽ ❲➝❂ ✿ ➻ Ö❦Ô ✽ ◆❜❂➏♥s❊✡◆ ➈

Õ ➑ Ø
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Após a otimização

üãÔ❁❣ ➈ ✌ ➈ Õ Ø Ò ➁✇➸❽➵ ❂❋❊ ❯ ■❭◆③■✴❂❋✐ à ◆❽❂ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽ ✐✡❂❋❄q❂❚❖◗❂❅◆ ✽ Ø ❖ ✽ ❲→❂ ✿ ➻ Ö✾Ô ✽ ◆ r ▼s❂ ❀ ❄❇t ❯❩Ô ❖ ✽ ◆ ➈
➴➾❂❅❄q❂ ❀ ■ ❯ ❂ ✿❁❉ ■❘◆✾◆ ✽ ❆✡❄❇■❤❂➊➄ ✽ ❄P❲♦❂♦■ Ô ❊ ❯ ■❘❄P✐✡❄❇■ ❯ ❂❋❨❘❩ ✽❶❀ ❂❶❄❇■❭✐✡❄❇■❭◆❇■❭❊ ❯ ❂❋❨◗❩ ✽ ❣ ❄❇t❅♥s❖❘❂ ❀ ❂❋◆ Ö ❂❋❄ Ô t Ö ■ Ô ◆✲❲ ✽ ◆ ❯ ❄❇❂ ❀ ❂❋◆
❊✡■❭◆ ❯ ❂❅◆❦♥ ❣ ▼✡❄q❂❋◆❭● Ö ■❭❄③❂❤◆❇■❭❨◗❩ ✽❳➎ ➈ Ø ➈✶➑ ❀✬✽ ❖❘❂❋✐✡➻ ❯ ▼ ✿⑤✽❤➎ ➈
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Modificação do perfil evolvente (µm)

üãÔ❁❣ ➈ ✌ ➈ Õ◗➭✡Ò☞➴➠■❭❄P♥ ✿⑥❀✡✽❤❀ ■❭❊ ❯ ■✴✐s❂❋❄q❂ ✽ ❖◗❂❋◆ ✽ Õ②❖ ✽ ❲→❂ ✿ ➻ Ö✾Ô ✽ ◆❏❂❅♥s❊✡◆ ➈

Õ ➑ ➭



➸ ❂❋❆ ➈ ✌ ➈ ➎ Ò ① ■❘◆P▼ ✿ ❯ ❂ ❀✡✽ ◆ ❀ ❂❋◆ Ö ❂❋❄ Ô t Ö ■ Ô ◆ ❀ ■ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽②✽ ❆ ❯❩Ô ❀✡✽ ◆✈❖ ✽ ❲ ✽ ✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽❧❀ ■ ✽ ❯❩Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ➈
➨✾➧④➦✦q➠➘❵♠ ➪ ♠Ù➘✚➹✕Ú➾Ü ➢sÝ✍Þ ♠

x1 x2 x3 x4
á✐s✾♥❤Ú➠➫⑦q❵♥ ➢

✉✪s✾♣rq ➢sÝ✍Þ ♠ ✉qâ✥ã ③♦①✳①
(µm) (graus) (µm) (graus)å ❂❋◆ ✽ Õ ❂❅♥s❲Øê

κ = 1 ì ❈✄Õ ✯ ➈ Ø ➎❋➳ ✯ Ù ➑✝➈ Õ◗➭✍➭❜Ù ❈❩Õ❳Õ ➈ Ø ➭ ➲ ✯ Ù➏➭ ➈ ➲ ✯ ➑ ✯ ✌ ➈ Õ◗➭
å ❂❋◆ ✽ Õ r ▼s❂ ❀ ❄❇t ❯❩Ô ❖◗❂❑ê

κ = 2 ì ❈✄Õ Ø ➈ Ù ➳ ➭✵✌ Ù❅➭ ➈ ✌ ➑✍➑ ➳ ❈❩Õ➥✌ ➈ ➭ ➑ Ø ➭ Ù➏➭ ➈ ✌ ➑✍➑ ➳ ✌ ➈ Õ ➑
å ❂❋◆ ✽ Ù ❂❅♥s❲Øê

κ = 1 ì ❈ ➎ ➈ ✯ ➳❋➲ Ù Ù ➑✝➈ Õ ➎ ✯ ➎ ❈ ➎ ➈ ✯ ✌ ➳ Õ ➎ ➈ Õ✶Ù Ø ➭ ✌ ➈ Õ ➎
å ❂❋◆ ✽ Ù r ▼s❂ ❀ ❄❇t ❯❩Ô ❖◗❂❑ê

κ = 2 ì ❈ ➎ ➈ ✌❅➭ ➲ Ù Ù❅➭ ➈ Ù ➑ ✯ ✌ ❈ ➎ ➈ ➳ ✌❳Ù ➲ Õ ➎ ➈ ✌ ➲ ➭ ➳ ✌ ➈ Õ➥✌
å ❂❋◆ ✽ Ø ❂❅♥s❲Øê

κ = 1 ì ❈ Ø ➈ ✌✍✌✾Õ ➎ Ù❳Ù ➈ Õ➥✌ ➳✍➲ ❈★➭ ➈ ➭ ✯ ➑ Õ Ù ✯ ➈ Õ✔Õ ➲✍➳ ✌ ➈ Õ ➲
å ❂❋◆ ✽ Ø r ▼s❂ ❀ ❄❇t ❯❩Ô ❖◗❂❑ê

κ = 2 ì ❈ ➎ ➈✷➑ Õ✔Õ ➳ Ù ✯ ➈ ✌ ✯ Õ❳Õ ❈❩Õ❳Õ ➈ Õ ➎ ➑✍➑ Ù ✯ ➈ ✌ ✯ Õ❳Õ ✌ ➈ Õ ➳
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Modificação do perfil evolvente (µm)

üãÔ⑤❣ ➈ ✌ ➈ Õ ➑ Ò☞➴➠■❘❄✦♥ ✿⑥❀✡✽❤❀ ■❘❊ ❯ ■②✐s❂❅❄q❂ ✽ ❖◗❂❋◆ ✽ Õ✴❖ ✽ ❲➝❂ ✿ ➻ Ö❦Ô ✽ ◆ r ▼s❂ ❀ ❄qt ❯❝Ô ❖ ✽ ◆ ➈
➞ å✪➘ ➱ õ ð í♥ê✌è➼ê➆í ð é✇ë❈➬ æ ❣ é ì☛æ✇ï❩î ë❈➬ æ è✉é❥ê➸é é ê✌í ❣❇î ë❈➬ æ ❣➼æ í➋í➤â↔î➛ï

✃③❲❳❂ r ▼✡■❘◆ ❯ ❩ ✽❑r ▼✡■❤◆❇▼✡❄ ❣ ■ r ▼s❂❋❊ ❀✡✽ ◆P■ ✽ ❆✡◆❇■❭❄ Ö ❂ ✽ ◆ ❣ ❄qt➏♥s❖ ✽ ◆ ❀✬✽ ■❭❄❇❄ ✽❶❀ ■ ❯ ❄q❂❅❊✡◆❇❲ Ô ◆P◆q❩ ✽ ❂ ✽❑✿⑤✽ ❊ ❣ ✽♦❀✡✽
❖ Ô ❖ ✿⑤✽❚❀ ■♣■❘❊ ❣ ❄P■❘❊s❂❅❲❳■❭❊ ❯ ✽ ❂❋❊ ❯ ■❘◆❽■ ❀ ■❭✐ ✽ Ô ◆ ❀ ❂ ✽ ❯❩Ô ❲ Ô❚ø ❂❋❨❘❩ ✽✉❀ ❂❅◆✈❲ ✽✁❀ Ô ♥✡❖◗❂❋❨❭➺✝■❭◆ ❀ ❂❚◆❇▼✡✐♠■❘❄✦➄✕➻❁❖ Ô ■❘◆ ❀✡✽❤❀ ■❭❊ ❯ ■❘◆❭●
❖ ✽ ❲ ✽ ❂ r ▼✡■ ✿ ■❘◆❽❲ ✽ ◆ ❯ ❄q❂ ❀✬✽ ◆❽❊s❂❋◆✈♥ ❣ ▼✡❄❇❂❋◆③✌ ➈ ➲ ●➔✌ ➈ ➳ ●♠✌ ➈ Õ ✯ ●➔✌ ➈ Õ❳Õ❋●♠✌ ➈ Õ✶Ù❚■②✌ ➈ Õ Ø ●✬❙✴❖ ✽ ❲ ✽ ■❭◆ ❯ ❂❋◆③❲ ✽✁❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆
Ô ❊ ✕ ▼✡■❘❊✬❖ Ô ❂❅❄q❂❋❲Ø❂ ❀ Ô ◆ ❯ ❄ Ô ❆✡▼ Ô ❨◗❩ ✽❶❀ ■❳❖❘❂❋❄ ❣ ❂❑■ ✽ ❖ ✽ ❲❳✐ ✽ ❄ ❯ ❂❋❲❧■❘❊ ❯ ✽ ■ ✿ t❋◆ ❯❝Ô ❖ ✽ ◆ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❭◆❸✐s❂❋❄❇❂ r ▼✡■❧➄ ✽ ◆❇◆P■
✐ ✽ ◆❇◆P➻ Ö ■ ✿ ❄❇■ ❀ ▼ ø▼Ô ❄✈❂ Ö ❂❋❄ Ô ❂❋❨◗❩ ✽❸❀✡✽ ➁☞➸❽➵ ➈ ✃❦❲♦❂ ✽ ▼ ❯ ❄q❂ r ▼✡■❭◆ ❯ ❩ ✽ ❄P■ ✿ ❂❋❖ Ô ✽ ❊s❂ ❀ ❂②❖ ✽ ❲➂❂❤❖ ✽ ❊ ❀ Ô ❨◗❩ ✽❚✽ ❯❩Ô ❲ Ô❨ø ❂ ❀ ❂
❙ r ▼s❂❋❊ ❯ ✽ ❂ ✽ Ö ❂ ✿❁✽ ❄✘❂❋❆✡◆ ✽✍✿ ▼ ❯ ✽➊❀✡✽ ➁✇➸❽➵ ❊✡❂❋◆ Ö t❋❄ Ô ❂❋◆✘✐ ✽ ◆ Ô ❨❘➺✁■❘◆ ❀✡✽ ❖ Ô ❖ ✿❁✽♦❀ ■✉■❘❊ ❣ ❄❇■❭❊s❂❋❲❧■❘❊ ❯ ✽ ➈②ð ◆ Ö ❂ ✿❁✽ ❄❇■❘◆

Õ ➑✍➑
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Modificação do perfil evolvente (µm)

üãÔ❁❣ ➈ ✌ ➈ Õ ➎ Ò☞➴➠■❭❄P♥ ✿⑥❀✡✽❤❀ ■❭❊ ❯ ■✴✐s❂❋❄q❂ ✽ ❖◗❂❋◆ ✽ Ù❤❖ ✽ ❲→❂ ✿ ➻ Ö✾Ô ✽ ◆❏❂❅♥s❊✡◆ ➈
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Modificação do perfil evolvente (µm)

üãÔ⑤❣ ➈ ✌ ➈ Õ➥✌✝Ò☞➴✚■❘❄✦♥ ✿Ù❀✡✽❧❀ ■❘❊ ❯ ■♣✐s❂❅❄q❂ ✽ ❖❘❂❋◆ ✽ Ù✉❖ ✽ ❲➝❂ ✿ ➻ Ö❦Ô ✽ ◆ r ▼s❂ ❀ ❄qt ❯❝Ô ❖ ✽ ◆ ➈
❂❋❆✡◆ ✽✍✿ ▼ ❯ ✽ ◆❶◆❇❩ ✽ ◆ Ô⑤❣ ❊ Ô ♥✡❖◗❂ ❯❝Ô➃Ö ❂❋❲❧■❘❊ ❯ ■➃❲♦❂ Ô ✽ ❄❇■❭◆♦❊s❂⑩❖ ✽ ❊ ❀ Ô ❨◗❩ ✽⑩✽ ❯❝Ô ❲ Ô❨ø ❂ ❀ ❂ r ▼✡❂❋❊ ❀✡✽ ❖ ✽ ❲❧✐s❂❋❄❇❂ ❀✡✽ ◆♦❖ ✽ ❲ ❂
❖ ✽ ❊ ❀ Ô ❨❘❩ ✽ Ô ❊ Ô ❖ Ô ❂ ✿ ●✝❂❋❊ ❯ ■❭◆ ❀ ❂ ✽ ❯❝Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ➈

➴➾❂❋❄❇❂♣■❭◆❇❖ ✿ ❂❋❄P■❘❖❘■❭❄☞■❘◆ ❯ ❂❋◆ ❀ ▼s❂❋◆ r ▼✡■❭◆ ❯ ➺✝■❭◆❏❂❋❊✡❂ ✿ Ô ◆ ✽ ▼✝❈❫◆❇■❅●✍✐s❂❋❄❇❂ ✽ ❖❘❂❋◆ ✽
1
❖ ✽ ❲✜❲ ✽✝❀ Ô ♥s❖◗❂❅❨❘➺✁■❘◆✇❂❅♥✡❊✡◆❘●✁❂✾❖ ✽ ❊✁❈

❯ ❄ Ô ❆✡▼ Ô ❨◗❩ ✽✲❀ ❂✾✐s❂❋❄P❖❘■ ✿ ❂ ❀✡✽ ➁✇➸❽➵ ❀ ■ Ö❦Ô ❀✡✽ ❂ ✽ ◆☞❂❅➄❃❂❅◆ ❯ ❂❅❲❳■❭❊ ❯ ✽ ◆➌✐✡❄ ✽ Ö ■❘❊ Ô ■❘❊ ❯ ■❘◆ ❀ ❂✲❲ ✽✁❀ Ô ♥s❖◗❂❋❨❘❩ ✽✲❀ ❂✾◆P▼✡✐✧■❭❄P➄✕➻⑤❖ Ô ■
❀✡✽ ◆ ❀ ■❘❊ ❯ ■❘◆❘●✇■❳❂➃❖ ✽ ❊ ❯ ❄ Ô ❆✡▼ Ô ❨◗❩ ✽❑❀ ❂❑✐s❂❋❄❇❖❭■ ✿ ❂ ❀✡✽ ➁☞➸❽➵ ❀ ■ Ö✾Ô ❀✡✽ ✌ ◆ ❀ ■ ✕ ■ ❥ ➺✁■❘◆❸■ ✿ t❅◆ ❯❩Ô ❖◗❂❋◆❭●➾❂❅◆❇◆ Ô ❲ë❖ ✽ ❲ ✽ ●➠❂

Õ ➑ ➎
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Modificação do perfil evolvente (µm)
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Modificação do perfil evolvente (µm)

üãÔ⑤❣ ➈ ✌ ➈ Õ ➳ Ò☞➴➠■❘❄✦♥ ✿⑥❀✡✽❤❀ ■❘❊ ❯ ■②✐s❂❅❄q❂ ✽ ❖◗❂❋◆ ✽ Ø ❖ ✽ ❲➝❂ ✿ ➻ Ö❦Ô ✽ ◆ r ▼s❂ ❀ ❄qt ❯❝Ô ❖ ✽ ◆ ➈
❀ Ô ◆ ❯ ❄ Ô ❆✡▼ Ô ❨◗❩ ✽✲❀ ■✈❖◗❂❅❄ ❣ ❂✲■❭❊ ❯ ❄❇■ ✽ ◆ ❀ ■❭❊ ❯ ■❘◆✩■❘❊ ❣ ❄❇■❭❊s❂ ❀✡✽ ◆ ➈ å❏✽ ❊✡◆ Ô ❀ ■❭❄ ✽ ▼✁❈★◆❇■❽✐s❂❅❄q❂✲■❘◆ ❯ ❂♣❂❋❊st ✿ Ô ◆P■ ❀ ▼s❂❅◆✇✐ ✽ ◆ Ô ❨❭➺✝■❭◆
❀✡✽ ❖ Ô ❖ ✿❁✽❧❀ ■✴■❘❊ ❣ ❄❇■❘❊✡❂❋❲❳■❭❊ ❯ ✽ ●♠❂❤✐ ✽ ◆ Ô ❨❘❩ ✽

6
■✴❂❳✐ ✽ ◆ Ô ❨◗❩ ✽

18
➈ ➽➛✐ ✽ ◆ Ô ❨◗❩ ✽

6
❙✴❂❧✐ ✽ ◆ Ô ❨❘❩ ✽❤r ▼✬■✉❂❋✐✡❄P■❘◆P■❘❊ ❯ ✽ ▼

❂➊❲❧■❘❊ ✽ ❄ Ö ❂❋❄ Ô ❂❋❨❘❩ ✽ ❊ ✽ Ö ❂ ✿⑤✽ ❄✾❂❋❆✬◆ ✽✍✿ ▼ ❯ ✽➊❀✬✽ ➁✇➸❽➵ ■❘❊ ❯ ❄P■❳❂➊❖ ✽ ❊ ❀ Ô ❨◗❩ ✽ ❂❋❊ ❯ ■❘◆✾■❤❂❋✐ à ◆♣❂ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽ ➈ ➁ ❂
✐ ✽ ◆ Ô ❨◗❩ ✽

18
❙✴❂❚✐ ✽ ◆ Ô ❨❘❩ ✽❚r ▼✡■②❂❋✐✡❄❇■❭◆❇■❭❊ ❯ ✽ ▼❺❂❚❲❳❂ Ô ✽ ❄ Ö ❂❋❄ Ô ❂❋❨◗❩ ✽ ■❘❊ ❯ ❄P■②■❭◆❇◆❇■❭◆ Ö ❂ ✿⑤✽ ❄❇■❭◆❘● Ö ■❘❄③❂✉♥ ❣ ▼✡❄❇❂♦✌ ➈ ➲ ➈

ð ❆✡◆❇■❭❄ Ö ✽ ▼✝❈★◆P■❺❊s❂❬❂❋❊st ✿ Ô ◆❇■ ❀ ■❭◆ ❯ ❂❋◆ ❀ ▼s❂❋◆♦✐ ✽ ◆ Ô ❨❘➺✁■❘◆ r ▼✡■➃✐s❂❋❄q❂❬❂▲✐ ✽ ◆ Ô ❨❘❩ ✽
6
● ✽ ❊ ❀ ■ ❉✬✽ ▼ Ö ■➅❂❬❲❧■❘❊ ✽ ❄

Õ ➑ ✌



❀ Ô ➄✕■❘❄❇■❭❊✡❨◗❂▲❊ ✽ Ö ❂ ✿❁✽ ❄ ❀✡✽ ➁✇➸❽➵ ●✩❂❬❖ ✽ ❊ ❯ ❄ Ô ❆✡▼ Ô ❨◗❩ ✽ ✐✬❄❇■ ❀✬✽ ❲ Ô ❊s❂❋❊ ❯ ■❶➄ ✽ Ô ❊s❂ ❀ ■ ✕ ■ ❥ ❩ ✽ ■ ✿ t❋◆ ❯❝Ô ❖❘❂ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❭◆
■❘❊ ❣ ❄❇■❭❊s❂ ❀✡✽ ◆ ➈ ➁ ❊ r ▼s❂❋❊ ❯ ✽➇r ▼✡■❑❊s❂❬✐ ✽ ◆ Ô ❨❘❩ ✽

18
● ✽ ❊ ❀ ■ ❉✡✽ ▼ Ö ■❺❂▲❲♦❂ Ô ✽ ❄ ❀ Ô ➄✕■❘❄P■❘❊✡❨❘❂❬❊ ✽ Ö ❂ ✿❁✽ ❄ ❀✬✽ ➁✇➸❽➵ ●

❂❋◆ ❀ ■ ✕ ■ ❥ ➺✝■❭◆✲■ ✿ t❋◆ ❯❝Ô ❖◗❂❅◆③✐♠■❘❄P❲♦❂❋❊✬■❘❖❘■❭❄q❂❋❲→❖ ✽ ❲ Ö ❂ ✿❁✽ ❄P■❘◆❦✐✡❄ à ❥ Ô ❲ ✽ ◆❦❊s❂❋◆ ❀ ▼s❂❋◆③❖ ✽ ❊ ❀ Ô ❨❭➺✝■❭◆❘●✧❂❋❊ ❯ ■❘◆✘■❸❂❋✐ à ◆✘❂
✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽✴❀ ❂❋◆✟◆❇▼✡✐♠■❘❄✦➄✕➻❁❖ Ô ■❘◆❭●✬❲❳❂❋◆ ❉✬✽ ▼ Ö ■✘▼✡❲♦❂❸❂ ✿ ❯ ■❘❄q❂❅❨◗❩ ✽ ❊ ✽ ■❭❄❇❄ ✽❸❀ ■ ❯ ❄❇❂❋❊✡◆P❲ Ô ◆❇◆q❩ ✽❸❀ ■ Ö❦Ô ❀✡✽ ❂ ✽ ◆❜❂❅➄❃❂❋◆ ❯ ❂➏❈
❲❧■❘❊ ❯ ✽ ◆ Ô ❲❳✐ ✽ ◆ ❯ ✽ ◆❜✐♠■ ✿ ❂❋◆✈❲ ✽✁❀ Ô ♥s❖◗❂❋❨❭➺✝■❭◆✈❊s❂❋◆❽◆❇▼✬✐✧■❭❄P➄✕➻❁❖ Ô ■❭◆ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❘◆❦❊s❂❧❖ ✽ ❊ ❀ Ô ❨◗❩ ✽ ❂❋✐ à ◆❽❂ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽ ➈

➽ ❯ ❂❋❆♠■ ✿ ❂♣✌ ➈ ✌✾❲ ✽ ◆ ❯ ❄❇❂ ✽ ◆ Ö ❂ ✿❁✽ ❄P■❘◆ ❀ ❂✾✐s❂❋❄P❖❘■ ✿ ❂ ❀✡✽ ➁☞➸❽➵ ❀ ■ Ö✾Ô ❀✡✽ ❂ ✽ ◆✩❂❅➄❃❂❅◆ ❯ ❂❅❲❳■❭❊ ❯ ✽ ◆✇✐✡❄ ✽ Ö ■❘❊ Ô ■❘❊ ❯ ■❭◆ ❀ ❂❅◆
❲ ✽✝❀ Ô ♥s❖◗❂❅❨❘➺✁■❘◆ ❀ ❂❅◆❜◆❇▼✡✐♠■❘❄✦➄✕➻❁❖ Ô ■❘◆❭●✡❖ ❉ ❂❋❲❳❂ ❀ ❂②❊s❂ ❯ ❂❋❆♠■ ✿ ❂ ❀ ■✲✐s❂❅❄❇❖❘■ ✿ ❂ ❣ ■ ✽ ❲❧❙ ❯ ❄ Ô ❖❘❂✬●✝■ ✽ ◆ Ö ❂ ✿❁✽ ❄P■❘◆ ❀ ❂✉✐s❂❋❄❇❖❭■ ✿ ❂
❀✡✽ ➁✇➸❽➵ ❀ ■ Ö❦Ô ❀✡✽ ✌ ◆ ❀ ■ ✕ ■ ❥ ➺✁■❘◆➊■ ✿ t❋◆ ❯❩Ô ❖◗❂❋◆❭●❜❖ ❉ ❂❋❲❳❂ ❀ ❂❬❊s❂ ❯ ❂❋❆✧■ ✿ ❂ ❀ ■➅✐✡❂❋❄❇❖❭■ ✿ ❂▲■ ✿ t❋◆ ❯❝Ô ❖❘❂✬●❏✐s❂❅❄q❂⑨❂❅◆ ❀ ▼s❂❅◆
✐ ✽ ◆ Ô ❨❘➺✁■❘◆✲❂❅❊s❂ ✿ Ô ◆q❂ ❀ ❂❋◆ ➈ ➽③◆✘✐s❂❅❄❇❖❘■ ✿ ❂❋◆ ❣ ■ ✽ ❲❳❙ ❯ ❄ Ô ❖◗❂❋◆❽❖ ✽ ❄❇❄P■❘◆❇✐ ✽ ❊ ❀ ■❘❲➙❂ ✽ ➁✇➸❽➵ ◆❇■❭❲➙❖❘❂❋❄ ❣ ❂❳❂❋✐ ✿ Ô ❖◗❂ ❀ ❂✬● ✽ ❊ ❀ ■
❂❋◆ ❀ ■ ✕ ■ ❥ ➺✁■❘◆♣■ ✿ t❋◆ ❯❩Ô ❖❘❂❋◆✘◆❇❩ ✽ ø ■❭❄ ✽ ■❚❂❅✐✧■❭❊s❂❋◆✲■ ❥ Ô ◆ ❯ ■❘❲ ❀ ■❘◆ Ö✾Ô ✽ ◆ ❀ ■ Ö❦Ô ❀✡✽ ✌➊❣ ■ ✽ ❲❳■ ❯ ❄ Ô ❂ ❀✡✽ ◆ ❀ ■❭❊ ❯ ■❘◆ ➈ ú✍t❶❂❅◆
✐s❂❋❄P❖❘■ ✿ ❂❋◆⑥■ ✿ t❋◆ ❯❝Ô ❖❘❂❋◆ ❀✡✽ ➁✇➸❽➵ ❄P■❭➄✕■❘❄P■❘❲❚❈★◆P■✟❂ ✽ ◆ Ö ❂ ✿❁✽ ❄P■❘◆ ❀✡✽ ➁☞➸❽➵ ❂❅✐ à ◆✚❂❽❂❋✐ ✿ Ô ❖❘❂❋❨◗❩ ✽❽❀ ❂❽❖◗❂❅❄ ❣ ❂✈◆❇▼✬❆ ❯ ❄❇❂ Ô ❊ ❀✬✽ ❈★◆P■
✽ ◆ Ö ❂ ✿❁✽ ❄❇■❘◆✈◆P■❘❲→❖❘❂❋❄ ❣ ❂❤❂❋✐ ✿ Ô ❖❘❂ ❀ ❂ ➈

➸ ❂❋❆ ➈ ✌ ➈ ✌✁Ò å❏✽ ❲❳✐ ✽ ◆ Ô ❨◗❩ ✽❚❀✡✽ ➁☞➸❽➵ ❊✡❂❋◆❽✐ ✽ ◆ Ô ❨❭➺✝■❭◆
6
■

18
✐s❂❋❄q❂ ✽ ❖◗❂❋◆ ✽ Õ②❖ ✽ ❲➝❲ ✽✝❀ Ô ♥s❖◗❂❅❨❘➺✁■❘◆✈❂❅♥✡❊✡◆ ➈

➡ ♠♠➧◗➹ Ý✍Þ ♠⑩â ➡ ♠♠➧◗➹ Ý✍Þ ♠➻⑤✁ñ
➡✘➢ ♥➏Ü❳s✝ò ➢ ó ➩➠➹❃➘ ➢ ➘ts ç❶➩✧➦✶s✁➧❤➘ ➢ ç➊à✇è♠➧ ➢ ç❶➩✧➦✶s✁➧❤➘ ➢ ç➊à✇è✧➧ ➢
➘❵♠⑨➨✝❧❸ô ♠s➦➥➹❘✇➇➹❃é ➢✡Ý✍Þ ♠ ♠s➦➥➹❘✇➇➹✕é ➢sÝ✍Þ ♠ ♠s➦➥➹❘✇➇➹✕é ➢sÝ✍Þ ♠ ♠s➦➥➹❘✇➇➹✕é ➢sÝ✍Þ ♠
✼ ■ ✽ ❲❳❙ ❯ ❄ Ô ❖◗❂

µm
❈ ✯ ➈ ✯ Ù ➲✍➳ ✯ ✯ ❈ Ø ➈ ➳ ➭ Ø ✌

➁ ✿ t❋◆ ❯❝Ô ❖◗❂
µm

❈ ➲ ➈ Õ✦Ù ➳ ➑ ❈❩Õ✦Ù ➈ Ù ✯ ✌❦Õ ❈✦✌ ➈ Ø ➳✍➎ ➭ ❈ ➲ ➈ Ù✍✌❳Ù✾Õ
➁✇➸❽➵

µm
❈ ➲ ➈ Õ ➑ ➲ ➭ ❈❩Õ✦Ù ➈ Ù ✯ ✌❦Õ ❈✦✌ ➈ Ø ➳✍➎ ➭ ❈✄Õ✦Ù ➈ Ù❦Õ ➑ ➲

➽ ❀ Ô ➄✕■❘❄P■❘❊✡❨❘❂②❊s❂✴✐s❂❋❄P❖❘■ ✿ ❂✴■ ✿ t❋◆ ❯❩Ô ❖◗❂ ❀✡✽ ➁✇➸❽➵ ❂❋❊ ❯ ■❘◆✩■✘❂❋✐♠õ✍◆✟❂ ✽ ❯❩Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ❂❋✐✡❄❇■❭◆❇■❭❊ ❯ ❂ ❀ ❂❸❊✡❂ ❯ ❂❋❆✧■ ✿ ❂②✌ ➈ ✌
✐s❂❋❄❇❂⑨❂❬✐ ✽ ◆ Ô ❨❘❩ ✽

6
✽ ❖ ✽ ❄P❄❇■❭▼ ❀ ■ Ö❦Ô ❀✡✽ ✌ ❂ ✿ ❯ ■❘❄❇❂❋❨◗❩ ✽❬❀ ❂❬❄ Ô❁❣✔Ô ❀ ■ ø ❀✡✽ ■❭❊ ❣ ❄❇■❭❊s❂❋❲❧■❘❊ ❯ ✽ ➈Ñð ◆♦❂❅➄❃❂❋◆ ❯ ❂❋❲❧■❘❊ ❯ ✽ ◆

Ô ❲❧✐ ✽ ◆ ❯ ✽ ◆ ❀ ■ Ö✾Ô ❀✡✽ ✌ ◆✘❲ ✽✁❀ Ô ♥✡❖◗❂❋❨❭➺✝■❭◆ ❀ ❂❋◆✘◆❇▼✡✐♠■❘❄✦➄✕➻❁❖ Ô ■❘◆ ❀✬✽ ◆ ❀ ■❘❊ ❯ ■❘◆♣❂ ✿ ❯ ■❘❄❇❂❋❄q❂❅❲ ❀ ■❸➄ ✽ ❄❇❲❳❂♦◆ Ô❁❣ ❊ Ô ♥s❖◗❂ ❯❩Ô➃Ö ❂❳❂
❀ Ô ◆ ❯ ❄ Ô ❆✡▼ Ô ❨◗❩ ✽✴❀ ■③❖❘❂❋❄ ❣ ❂✴■❘❊ ❯ ❄P■ ✽ ◆ ❀ ■❭❊ ❯ ■❘◆❏■❘❊ ❣ ❄P■❘❊s❂ ❀✡✽ ◆❘●✁❄❇■ ❀ ▼ ø✖Ô ❊ ❀✡✽ ❂✴❄ Ô❁❣❳Ô ❀ ■ ø ❀✡✽ ■❘❊ ❣ ❄❇■❘❊✡❂❋❲❳■❭❊ ❯ ✽ ❊✡❂ r ▼✡■ ✿ ❂
✐ ✽ ◆ Ô ❨◗❩ ✽ ■✲❂❋▼✡❲❧■❘❊ ❯ ❂❋❊ ❀✡✽ ❂ ❀ ■ ✕ ■ ❥ ❩ ✽ ■ ✿ t❋◆ ❯❩Ô ❖❘❂ ❀✬✽ ◆ ❀ ■❭❊ ❯ ■❘◆ ➈ ú✍t②✐s❂❋❄❇❂❸❂✴✐ ✽ ◆ Ô ❨❘❩ ✽

18
❉✡✽ ▼ Ö ■✲▼✡❲❳❂♣✐✧■ r ▼✬■❘❊s❂

Ö ❂❋❄ Ô ❂❋❨◗❩ ✽ ❊s❂ ❀ Ô ◆ ❯ ❄ Ô ❆✡▼ Ô ❨◗❩ ✽✾❀ ■✘❖◗❂❅❄ ❣ ❂♣■❘❊ ❯ ❄P■ ✽ ◆ ❀ ■❭❊ ❯ ■❘◆❜■❭❊ ❣ ❄P■❘❊s❂ ❀✬✽ ◆ ➈ ➽ ❯ ❂❋❆♠■ ✿ ❂❸✌ ➈ ➲ ❲ ✽ ◆ ❯ ❄❇❂ ✽ ✐✧■❭❄❇❖❭■❘❊ ❯ ▼s❂ ✿
❀ ■⑦❖◗❂❅❄ ❣ ❂▲❂❋✐ ✿ Ô ❖❘❂ ❀ ❂➅❊ ✽ ◆❧✐✡❂❋❄❇■❭◆ ❀ ■ ❀ ■❘❊ ❯ ■❭◆❳■❭❊ ❣ ❄❇■❭❊s❂ ❀✡✽ ◆❧■❭❲➒❖◗❂ ❀ ❂⑧▼✡❲♦❂ ❀ ❂❅◆❚✐ ✽ ◆ Ô ❨❭➺✝■❭◆❚❊s❂❋◆❤❖ ✽ ❊ ❀ Ô ❨❭➺✝■❭◆
❂❋❊ ❯ ■❭◆③■✴❂❋✐♠õ✍◆❽❂ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽ ➈

Õ ➑ ➲



➸ ❂❋❆ ➈ ✌ ➈ ➲ Ò✈➴➠■❭❄❇❖❭■❘❊ ❯ ▼s❂ ✿➾❀ ■②❖◗❂❋❄ ❣ ❂❳❂❅✐ ✿ Ô ❖◗❂ ❀ ❂❤❊ ✽ ◆ ❀ ■❭❊ ❯ ■❘◆✲■❭❊ ❣ ❄P■❘❊s❂ ❀✬✽ ◆✘❊s❂❅◆✘✐ ✽ ◆ Ô ❨❘➺✁■❘◆ ➎ ■❮Õ ➲ ✐s❂❅❄q❂ ✽ ❖◗❂❋◆ ✽
Õ♣❖ ✽ ❲➂❲ ✽✁❀ Ô ♥✡❖◗❂❋❨❭➺✝■❭◆❽❂❅♥s❊✡◆ ➈

➡✲➢ ♥✦s✁➧❳➘❵s ➡ ♠♠➧◗➹ Ý✍Þ ♠⑨â ➡ ♠♠➧◗➹ Ý✍Þ ♠➟⑤✝ñ
➘❵s✝➩♠➦✶s✁➧ ç❶➩✧➦✶s✁➧❤➘ ➢ ç➊à✇è✧➧ ➢ ç❶➩✧➦✳s✝➧❤➘ ➢ ç➊à✇è♠➧ ➢

s✁➩⑥➫♦♥★s✁➩ ➢ ➘❵♠✧➧ ♠s➦➥➹❘✇➇➹✕é ➢sÝ✍Þ ♠ ♠s➦➥➹❘✇➇➹✕é ➢sÝ✍Þ ♠ ♠➔➦✻➹❄✇➇➹✕é ➢sÝ✍Þ ♠ ♠➔➦✻➹❄✇➇➹✕é ➢sÝ✍Þ ♠
Õ Õ ✯❳ö ✯❳ö ✯❧ö ✯❳ö
Ù ➲ ✯ ➈ ➭ ö Õ ✯✍✯❧ö ➭ ➎ ➈ ➳ ö ➭❢✌ ➈ Ø❧ö
Ø ➳ ➈ ➎ ö ✯❳ö ➑ Ø ➈ Õ ö ➑ Ù ➈ ✌ ö

ð ❆✡◆❇■❭❄ Ö ❂➏❈★◆P■♣❊s❂ ❯ ❂❋❆♠■ ✿ ❂❤✌ ➈ ➲✉r ▼✡■♣❊s❂❚✐ ✽ ◆ Ô ❨◗❩ ✽
6
❯❩Ô ❊ ❉ ❂➏❈★◆P■ Ô ❊ Ô ❖ Ô ❂ ✿ ❲❧■❘❊ ❯ ■ ❯ ❄ Ð ◆✈✐s❂❅❄❇■❘◆ ❀ ■ ❀ ■❘❊ ❯ ■❭◆③■❭❊ ❣ ❄❇■✹❈

❊s❂ ❀✬✽ ◆❘●❢■❽❂❋✐♠õ✍◆✇❂ Ô ❊ ❯ ❄ ✽✁❀ ▼✡❨❘❩ ✽✲❀ ❂❅◆✇❲ ✽✁❀ Ô ♥✡❖◗❂❋❨❭➺✝■❭◆ ❀ ❂❋◆✇◆P▼✡✐♠■❘❄P➄✕➻⑤❖ Ô ■❘◆ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❭◆✩❂❋✐✧■❭❊s❂❋◆✇▼✡❲➛✐s❂❋❄ ❀ ■ ❀ ■❘❊ ❯ ■❘◆
■❘◆ ❯ t✉■❭❊ ❣ ❄❇■❭❊s❂ ❀✡✽ ❊✡❂ r ▼✡■ ✿ ❂✉✐ ✽ ◆ Ô ❨❘❩ ✽ ➈ å❏✽ ❲ ✽ ◆ ✽ ❲❳■❭❊ ❯ ■✲▼✡❲➚✐s❂❋❄ ❀ ■ ❀ ■❭❊ ❯ ■❘◆✈■❭◆ ❯ t❚■❭❊ ❣ ❄❇■❭❊s❂ ❀✡✽ ●✡❂✉❄ Ô⑤❣❳Ô ❀ ■ ø ❀✡✽
■❘❊ ❣ ❄❇■❭❊s❂❋❲❧■❘❊ ❯ ✽ ❙❽❲❳■❭❊ ✽ ❄ ❀✡✽♣r ▼✡■③❊✡❂✴❖ ✽ ❊ ❀ Ô ❨◗❩ ✽ Ô ❊ Ô ❖ Ô ❂ ✿ ■③❖ ✽ ❊✡◆❇■ r ➉ ■❘❊ ❯ ■❭❲❳■❭❊ ❯ ■✾❂ ❀ ■ ✕ ■ ❥ ❩ ✽ ❙❦❲❳❂ Ô ✽ ❄❘●✍❖ ✽ ❲ ✽
❲ ✽ ◆ ❯ ❄q❂ ❀✡✽ ❂❋❊ ❯ ■❘❄ Ô ✽ ❄❇❲❧■❘❊ ❯ ■✾❊s❂ ❯ ❂❋❆♠■ ✿ ❂❤✌ ➈ ✌ ➈

➽÷♥ ❣ ▼✡❄q❂♦✌ ➈ Ù ✯ ❲ ✽ ◆ ❯ ❄q❂❳❂ ✿❁✽ ❖◗❂ ✿ Ô❨ø ❂❋❨◗❩ ✽❚❀ ❂❳❖❘❂❋❄ ❣ ❂❳❂❋✐ ✿ Ô ❖◗❂ ❀ ❂❚■❘❲➉❖◗❂ ❀ ❂❳▼✡❲ ❀✡✽ ◆ ❯ ❄ Ð ◆✘✐✡❂❋❄❇■❭◆ ❀ ■ ❀ ■❘❊ ❯ ■❘◆
■❘❊ ❣ ❄❇■❭❊s❂ ❀✡✽ ◆❚❊✡❂❺❖ ✽ ❊ ❀ Ô ❨◗❩ ✽ ◆❇■❘❲❰❲ ✽✁❀ Ô ♥s❖◗❂❋❨❭➺✝■❭◆❸❊ ✽ ✐♠■❘❄✦♥ ✿❏❀✬✽ ◆ ❀ ■❘❊ ❯ ■❘◆❘● ✽ ▼⑩◆P■✑➼❇❂✬●✩❂❋❊ ❯ ■❭◆ ❀ ❂ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽
✐s❂❋❄❇❂❺❂❺✐ ✽ ◆ Ô ❨◗❩ ✽
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➈❬ð ◆ ❯ ❄ Ð ◆✉✐✡❂❋❄❇■❭◆ ❀ ■ ❀ ■❭❊ ❯ ■❘◆❤◆❇❩ ✽ ❲ ✽ ◆ ❯ ❄q❂ ❀✡✽ ◆✉❊s❂➅❲❧■❘◆P❲♦❂➃♥ ❣ ▼✡❄q❂➃■➊◆q❩ ✽⑧❀ ■❘◆ Ô⑤❣ ❊s❂ ❀✬✽ ◆

✐♠■ ✿❁✽ ◆✈❊✁ø✬❲❳■❭❄ ✽ ◆
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●
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❖ ✽ ❄❇❄❇■❭◆❇✐ ✽ ❊ ❀ ■❭❊ ❀✡✽ ❂❧❂ r ▼✬■ ✿ ■❭◆❽❲ ✽ ◆ ❯ ❄❇❂ ❀✡✽ ◆✈❊s❂ ❯ ❂❅❆✧■ ✿ ❂❤✌ ➈ ➲ ➈

ú✍t▲❂⑧♥ ❣ ▼✡❄q❂❬✌ ➈ Ù❦Õ⑦❲ ✽ ◆ ❯ ❄q❂⑧❂ ✿❁✽ ❖◗❂ ✿ Ô❨ø ❂❋❨◗❩ ✽➃❀ ❂⑧❖◗❂❋❄ ❣ ❂⑧❂❋✐ ✿ Ô ❖❘❂ ❀ ❂❺❊ ✽ ✐s❂❋❄ ❀ ■ ❀ ■❘❊ ❯ ■❭◆❳■❭❊ ❣ ❄P■❘❊s❂ ❀✬✽ ◆❤❊s❂
❖ ✽ ❊ ❀ Ô ❨❘❩ ✽ ❖ ✽ ❲→❂❅◆❦❲ ✽✁❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆✈❊ ✽ ✐♠■❘❄✦♥ ✿⑥❀✡✽ ◆ ❀ ■❘❊ ❯ ■❘◆❘●✧❂❋✐♠õ✍◆❦❂ ✽ ❯❩Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ● ❯ ❂❋❲✉❆♠❙❘❲➂✐✡❂❋❄q❂❧❂❧✐ ✽ ◆ Ô ❨◗❩ ✽
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❊s❂♣♥ ❣ ▼✡❄❇❂✉✌ ➈ Ù❦Õ❦❙③✐s❂❅❄q❂ Ô ❊ ❀ Ô ❖◗❂❋❄ r ▼✡■③◆❇■ ❯ ❄q❂ ❯ ❂ ❀✡✽❸❀ ■❭❊ ❯ ■ ❀ ■❘◆ Ô⑤❣ ❊s❂ ❀✬✽❸❀ ■

2
❀ ❂ ❯ ❂❅❆✧■ ✿ ❂✴✌ ➈ ➲ ➈

❹✘❂❽✐ ✽ ◆ Ô ❨❘❩ ✽
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● ✽ ➄❃❂ ❯ ✽❽❀ ❂❽❖◗❂❋❄ ❣ ❂ ❯ ✽ ❯ ❂ ✿ ◆❇■❭❄ ❯ ❄q❂❋❊✡◆P❲ Ô❱❯❩Ô ❀ ❂❜◆ ✽ ❲❧■❘❊ ❯ ■✩✐ ✽ ❄⑥▼✡❲➣✐✡❂❋❄ ❀ ■ ❀ ■❘❊ ❯ ■❭◆➾❊s❂❽❖ ✽ ❊ ❀ Ô ❨❘❩ ✽

❖ ✽ ❲➆❂❋◆②❲ ✽✁❀ Ô ♥s❖◗❂❋❨❭➺✝■❭◆②❊✡❂❋◆✉◆❇▼✬✐✧■❭❄P➄✕➻❁❖ Ô ■❭◆ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❭◆❘●✩❂ ✽ Ô ❊ Ö ❙❘◆ ❀ ■➊◆❇■❭❄ ❀ Ô ◆ ❯ ❄ Ô ❆✡▼✬➻ ❀ ❂❑■❘❲ ❯ ❄ Ð ◆❸✐s❂❅❄❇■❘◆ ❀ ■
❀ ■❭❊ ❯ ■❘◆✲❖ ✽ ❲ ✽ ❊s❂♦❖ ✽ ❊ ❀ Ô ❨◗❩ ✽ Ô ❊ Ô ❖ Ô ❂ ✿ ❂❋❊ ❯ ■❭◆ ❀ ❂❅◆✘❲ ✽✝❀ Ô ♥s❖◗❂❅❨❘➺✁■❘◆❘●♠✐ ✽✝❀ ■✴✐s❂❋❄P■❘❖❭■❘❄✘❊✵▼✡❲➷✐✡❄ Ô ❲❧■ Ô ❄ ✽ ❲ ✽ ❲❧■❘❊ ❯ ✽
▼✡❲ ❀ ■❘❲❧❙❘❄ Ô⑤❯ ✽ ✐s❂❋❄❇❂❺❂➅◆ ✽❋✿ ▼✡❨❘❩ ✽❺❀✡✽ ✐✡❄ ✽ ❆ ✿ ■❘❲❳❂ ❀ ■ Ö❦Ô ❀✡✽ ❂ ✽ ❂❅▼✡❲❳■❭❊ ❯ ✽⑧❀ ❂❋◆ ❯ ■❘❊✬◆❇➺✁■❘◆❤❂ ❯ ▼s❂❋❊ ❯ ■❭◆✉❊ ✽⑧❀ ■❭❊ ❯ ■
❖ ❉ ❂❋❲❳❂ ❀✡✽②❀ ■ ❀ ■❘❊ ❯ ■
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● Ö ■❘❄ ❯ ❂❋❆♠■ ✿ ❂❸✌ ➈ ➲ ➈ ×➅❂❋◆ ✽ ❆✡◆P■❘❄ Ö ❂➏❈❫◆❇■✲❊✡❂✴♥ ❣ ▼✬❄q❂❚✌ ➈ Ù ✯ r ▼✬■✲❂❋❊ ❯ ■❭◆ ❀ ❂ Ô ❊ ❯ ❄ ✽✁❀ ▼✡❨❘❩ ✽❸❀ ❂❋◆

❲ ✽✝❀ Ô ♥s❖◗❂❅❨❘➺✁■❘◆✴❊ ✽ ✐♠■❘❄P♥ ✿❏❀✡✽ ◆ ❀ ■❘❊ ❯ ■❭◆❘●☞❂➅❖❘❂❋❄ ❣ ❂➅■❘◆ ❯ ❂ Ö ❂ ❀ Ô ◆ ❯ ❄ Ô ❆✡▼✡➻ ❀ ❂❑■❭❲❰✐✡❂❋❄ ❯ ■♦❊s❂❋◆❸■ ❥ ❯ ❄P■❘❲ Ô ❀ ❂ ❀ ■❘◆ ❀✡✽ ◆
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üãÔ⑤❣ ➈ ✌ ➈ Ù ✯ Ò ➵ ✽ ❖◗❂ ✿ Ô❨ø ❂❋❨◗❩ ✽✾❀ ❂②❖❘❂❋❄ ❣ ❂♣❊ ✽ ◆ ❯ ❄ Ð ◆✩✐s❂❋❄P■❘◆ ❀ ■ ❀ ■❘❊ ❯ ■❭◆❜❊s❂♣❖ ✽ ❊ ❀ Ô ❨❘❩ ✽ ◆P■❘❲➟❲ ✽✝❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆☞❊ ✽ ✐✧■❭❄P♥ ✿
❀✡✽ ◆ ❀ ■❭❊ ❯ ■❘◆ ➈
❀ ■❭❊ ❯ ■❘◆
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➈

➁ ◆ ❯ ❂❑❖ ✽ ❊ ❀ Ô ❨◗❩ ✽➃❀ ■❧❖ ✽ ❊ ❯ ❂ ❯ ✽ ❊s❂❋◆✴■ ❥ ❯ ❄❇■❘❲ Ô ❀ ❂ ❀ ■❘◆ ❀✡✽ ◆ ❀ ■❭❊ ❯ ■❘◆❸✐ ✽✁❀ ■❤❄❇■❭◆❇▼ ✿ ❯ ❂❋❄ ❯ ❂❅❊ ❯ ✽ ■❭❲Ø✐✡❄ ✽ ❆ ✿ ■❭❲♦❂❋◆
❀ ■❶❄P■❘◆ Ô ◆ ❯❇Ð ❊✡❖ Ô ❂ ❀✡✽ ✐s❂❋❄ ❀ ■❶■❘❊ ❣ ❄❇■❘❊✡❂ ❣ ■❘❊✬◆❘● ❀ ■ Ö✾Ô ❀✬✽ ✌ ◆ ❯ ■❭❊✡◆❇➺✁■❘◆ ❀ ■❶❖ ✽ ❊ ❯ ❂ ❯ ✽ ■ ✿ ■ Ö ❂ ❀ ❂❋◆❚❊s❂❺❖ ✽ ❊ ❀ Ô ❨◗❩ ✽⑧❀ ■
◆ Ô ❊ ❣ ▼ ✿ ❂❋❄ Ô ❀ ❂ ❀ ■❅●❢❖ ✽ ❲ ✽ ■❘❲➟✐✡❄ ✽ ❆ ✿ ■❭❲♦❂❅◆ ❀ ■✘❄❇▼✬➻ ❀✡✽ ● ❀ ■ Ö✾Ô ❀✡✽ ❂ ✽ Ô ❲❳✐✡❂❋❖ ❯ ✽✴❀✬✽ ❖ ✽ ❊ ❯ ❂ ❯ ✽ ✐✡❄P■❘❲❳❂ ❯ ▼✡❄ ✽②❀✬✽❸❀ ■❭❊ ❯ ■
❂ ❀ ➼❇❂❅❖❘■❘❊ ❯ ■ ö ➲ ➑ ●✬✐ ➈ Õ ➑ ÷ ➈ ➁ ◆ ❯ ❂❋◆❽◆q❩ ✽ ❄❇❂ ø ➺✁■❘◆❽✐♠■ ✿ ❂❋◆ r ▼s❂ Ô ◆✈▼✡◆❇▼s❂ ✿ ❲❧■❘❊ ❯ ■✾◆❇❩ ✽ Ô ❊ ❯ ❄ ✽✝❀ ▼ ø▼Ô ❀✬✽ ◆✈❂ ✿ ➻ Ö✾Ô ✽ ◆✟❊ ✽ ✐✧■❭❄P♥ ✿
❀✡✽ ◆ ❀ ■❭❊ ❯ ■❘◆ ❀ ❂❋◆✈■❭❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆❸ê Ö ■❭❄③❖❘❂❋✐✡➻ ❯ ▼ ✿⑤✽ Õ ì ➈

➽➝✐s❂❋❄ ❯❩Ô ❄ ❀✡✽ ◆❚■❭◆ ❯ ▼ ❀✡✽ ◆❚➄✕■ Ô❱❯ ✽ ◆②■⑦❂❋✐✡❄❇■❭◆❇■❭❊ ❯ ❂ ❀✡✽ ◆❤❊✡■❭◆ ❯ ❂▲◆P■❘❨❘❩ ✽▲r ▼✡❂❋❊ ❯ ✽ ✌ ❖ ✽ ❲❧✐ ✽ ◆ Ô ❨◗❩ ✽➃❀✡✽ ➁☞➸❽➵ ■❘❲
✐s❂❋❄P❖❘■ ✿ ❂ ❣ ■ ✽ ❲❳❙ ❯ ❄ Ô ❖◗❂➅■⑦✐s❂❅❄❇❖❘■ ✿ ❂❺■ ✿ t❋◆ ❯❩Ô ❖❘❂✬●☞■ r ▼s❂❋❊ ❯ ✽ ✌ ❀ Ô ◆ ❯ ❄ Ô ❆✡▼ Ô ❨◗❩ ✽❺❀ ■❶❖◗❂❋❄ ❣ ❂✬● ❯ ✽ ❄P❊s❂➏❈❫◆❇■❶❖ ✿ ❂❋❄ ✽ ❖ ✽ ❲ ✽
✽ ❖ ✽ ❄P❄❇■❘▼♦❂✴❄P■ ❀ ▼✬❨◗❩ ✽②❀✡✽ ➴☞➴ ➁✇➸❽➵ ❂ ❯ ❄❇❂ Ö ❙❘◆ ❀ ❂❋◆✩❲ ✽✁❀ Ô ♥s❖◗❂❋❨❭➺✝■❭◆✇❊s❂❋◆✩◆❇▼✡✐♠■❘❄✦➄✕➻❁❖ Ô ■❘◆ ❀✡✽ ◆ ❀ ■❭❊ ❯ ■❘◆ ❀ ■ ❯ ■❘❄P❲ Ô ❊s❂ ❀ ❂❋◆
✐♠■ ✿❁✽ ❲❧❙ ❯ ✽✝❀✡✽ ✐✬❄ ✽ ✐ ✽ ◆ ❯ ✽ ➈

➞❤ùq➞ ú➛û ô ü➃ý✾þ➾ý②ÿ❈➬ û ó û ô ý✁� î ü◆í❜þ ❒✄✂ ó✧ò✣í ❣ í➂þ➆í☎�Ùü û � ð ý ❣ û ü❶þ û ❤❇ï í❍ô ý

❹ ✽ ◆❳■ ❥ ■❘❲❧✐ ✿❁✽ ◆❳❊✵▼✡❲❧❙❘❄ Ô ❖ ✽ ◆➊❂❋❊s❂ ✿ Ô ◆❇❂ ❀✡✽ ◆❧❂ ❯ ❄q❂ Ö ❙❭◆ ❀✡✽ ◆ ❯ ❄ Ð ◆♦■❭◆ ❯ ▼ ❀✡✽ ◆ ❀ ■➅❖◗❂❅◆ ✽ ●❽❂❋✐♠õ✍◆♦❂ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽
✽ ◆ Ö ❂ ✿❁✽ ❄P■❘◆ ❀✡✽ ➴☞➴ ➁☞➸❽➵ ❖ ✽ ❊ Ö ■❭❄ ❣❳Ô ❄q❂❋❲ ✐✡❂❋❄q❂ Ö ❂ ✿❁✽ ❄P■❘◆✾✐✡❄Põ ❥ Ô ❲ ✽⑦❀ ■ ø ■❘❄ ✽ ê Ö ■❘❄ ❯ ❂❋❆♠■ ✿ ❂⑦✌ ➈✷➑ ì ● r ▼✡■❳◆P■❘❄ Ô ❂ ✽
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üãÔ⑤❣ ➈ ✌ ➈ Ù❦Õ❋Ò ➵ ✽ ❖❘❂ ✿ Ô❚ø ❂❋❨❘❩ ✽➊❀ ❂➊❖❘❂❋❄ ❣ ❂⑦❊ ✽ ✐s❂❋❄ ❀ ■ ❀ ■❭❊ ❯ ■❘◆♣❊s❂❶❖ ✽ ❊ ❀ Ô ❨◗❩ ✽ ❖ ✽ ❲➓❲ ✽✝❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆✲❊ ✽ ✐✧■❭❄P♥ ✿✇❀✡✽ ◆
❀ ■❭❊ ❯ ■❘◆ ➈
Ö ❂ ✿❁✽ ❄ ✿ Ô ❲ Ô⑤❯ ■❜✐s❂❋❄❇❂✉❂②◆ ✽✍✿ ▼✡❨❘❩ ✽ õ ❯❩Ô ❲❳❂ ❀✡✽ ✐✬❄ ✽ ❆ ✿ ■❘❲❳❂ ➈ ❹ ✽ ■❘❊ ❯ ❂❋❊ ❯ ✽ ●✝❖ ✽ ❊✡◆ Ô ❀ ■❭❄ ✽ ▼✁❈★◆❇■ Ô ❲❧✐ ✽ ❄ ❯ ❂❅❊ ❯ ■❽❖ ✽ ❊ ❉ ■❘❖❘■❭❄
✽ ❖ ✽ ❲❧✐ ✽ ❄ ❯ ❂❋❲❧■❘❊ ❯ ✽➜❀ ❂❷➄✕▼✡❊✬❨◗❩ ✽Ó✽ ❆✁➼P■ ❯❝Ô➃Ö ✽ ❊ ✽Ó❀✡✽ ❲❧➻❁❊ Ô ✽⑩❀ ❂Ó◆ ✽✍✿ ▼✡❨❘❩ ✽➜❀✡✽ ✐✬❄ ✽ ❆ ✿ ■❘❲❳❂➜✐✡❂❋❄q❂ Ö ■❭❄ Ô ♥✡❖◗❂❋❄➃❂
■ ❥ Ô ◆ ❯qÐ ❊✡❖ Ô ❂ ❀ ■ ✽ ▼ ❯ ❄ ✽ ◆➾✐ ✽ ❊ ❯ ✽ ◆ ❀ ■❜❲❧➻❁❊ Ô ❲ ✽ ➈ ù★◆ ❯ ✽ ➄ ✽ Ô ➄✕■ Ô❱❯ ✽ ❂ ❯ ❄q❂ Ö ❙❭◆ ❀ ❂✾❂❋❊st ✿ Ô ◆P■ ❀ ❂✲◆P▼✡✐♠■❘❄P➄✕➻⑤❖ Ô ■ ❀ ■❜❄P■❘◆❇✐ ✽ ◆ ❯ ❂
❀✡✽ ✐✡❄ ✽ ❆ ✿ ■❘❲❳❂✬● r ▼✡■✈➄ ✽ Ô ✽ ❆ ❯❩Ô ❀ ❂✘❄P■❘✐♠■ ❯❩Ô ❊ ❀✡✽ ❈❫◆❇■ ✽ ✐✬❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽✾❀ ■✈❖❘t ✿ ❖❭▼ ✿❁✽✘❀✡✽ ■❘❄P❄ ✽✾❀ ■ ❯ ❄q❂❋❊✡◆P❲ Ô ◆❇◆❇❩ ✽ ✐s❂❋❄❇❂
❀ ÔÛÖ ■❘❄P◆ ✽ ◆ Ö ❂ ✿❁✽ ❄❇■❘◆ ❀ ❂❋◆ Ö ❂❋❄ Ô t Ö ■ Ô ◆ ❀✡✽ ✐✬❄ ✽ ❆ ✿ ■❘❲❳❂ ➈

➽ë❄❇■❘◆P✐ ✽ ◆ ❯ ❂ ❀✡✽ ✐✡❄ ✽ ❆ ✿ ■❘❲❳❂➇■❘❲ r ▼✡■❭◆ ❯ ❩ ✽ ✐ ✽✝❀ ■⑧◆❇■❘❄ ✽ ❆ ❯❩Ô ❀ ❂➇❖ ✽ ❊ ❉ ■❘❖❘■❭❊ ❀✡✽ ❈❫◆❇■❼❂❋◆ r ▼s❂ ❯ ❄ ✽ Ö ❂❋❄ Ô t Ö ■ Ô ◆
❄❇■ ✿ ❂❋❖ Ô ✽ ❊✡❂ ❀ ❂❋◆③❂ ✽ ◆✘❂ ✿ ➻ Ö❦Ô ✽ ◆ ❀✡✽ ✐♠■❘❄✦♥ ✿➾❀✡✽ ◆ ❀ ■❭❊ ❯ ■❘◆❧ê Ö ■❘❄✘◆❇■❘❨❘❩ ✽⑦➎ ➈ Ø ➈✶➑ ■②♥ ❣ ▼✡❄q❂ ➎ ➈ Õ ✯ ì ➈ ❹ ✽ ■❘❊ ❯ ❂❋❊ ❯ ✽ ●✥❖ ✽ ❲ ✽❂❋◆ ❀ ▼✡❂❋◆❤■❘❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆ ❀✡✽ ✐s❂❅❄❚◆q❩ ✽ Ô ❀ Ð ❊ ❯❩Ô ❖◗❂❋◆✉✐✡❂❋❄q❂ ✽ ◆❚■❭◆ ❯ ▼ ❀✡✽ ◆ ❀ ■⑦❖◗❂❋◆ ✽ Õ❑■❀Ù✁●✩✐ ✽✁❀ ■④❈❫◆❇■❶➄❃❂ ø ■❭❄❚▼✡❲❳❂
❂❋✐✡❄ ✽◗❥ Ô ❲♦❂❅❨◗❩ ✽⑧❀ ■ r ▼✡■❑❂❋◆❤■ ❥ ❯ ■❘❊✡◆P➺✝■❭◆ ❀✬✽ ◆❧❂ ✿ ➻ Ö❦Ô ✽ ◆❸❊ ✽ ❯ ✽ ✐ ✽ ■❑❊✡❂▲❄❇❂ Ô❨ø ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❘◆❧◆q❩ ✽ Ô❁❣ ▼s❂ Ô ◆❭●☞❂❋◆❇◆ Ô ❲
❖ ✽ ❲ ✽ ❂❋◆❦◆❇▼s❂❅◆✘❂❋❲❧✐ ✿ Ô⑤❯ ▼ ❀ ■❘◆ ➈ ù★◆ ❯ ✽ ➄❃❂ ø ❖ ✽ ❲ r ▼✡■✴◆❇■ ❯ ■❭❊ ❉ ❂❧❂❋✐♠■❘❊s❂❋◆ ❀ ▼s❂❅◆ Ö ❂❋❄ Ô t Ö ■ Ô ◆❽✐s❂❋❄❇❂ ✽ ✐✡❄ ✽ ❆ ✿ ■❭❲♦❂✝●s❂
■ ❥ ❯ ■❘❊✡◆❇❩ ✽ ■✲❂✉❂❅❲❳✐ ✿ Ô⑤❯ ▼ ❀ ■ ❀✡✽ ❂ ✿ ➻ Ö✾Ô ✽ ➈ ➹ Ô ❲❧✐ ✿ Ô ♥s❖◗❂❋❊ ❀✡✽♣✽ ✐✡❄ ✽ ❆ ✿ ■❭❲♦❂ ❀ ■❘◆ ❯ ❂❸➄ ✽ ❄P❲♦❂✝● ❯ ✽ ❄❇❊✡❂➏❈★◆P■✘❲❳❂ Ô ◆☞◆ Ô ❲❳✐ ✿ ■❘◆
❂ ✽ ❆ ❯ ■❘❊✡❨❘❩ ✽❳❀ ❂❧◆P▼✡✐✧■❭❄P➄✕➻⑤❖ Ô ■ ❀ ■✴❄P■❘◆P✐ ✽ ◆ ❯ ❂ ❀ ■ Ö✾Ô ❀✡✽ ❂ ✽ ❲❳■❭❊ ✽ ❄✈❊✵ø✡❲❧■❘❄ ✽❧❀ ■♣❄❇■❭✐✧■ ❯❩Ô ❨❘➺✁■❘◆ ❀✡✽ ◆❽❖❘t ✿ ❖❭▼ ✿❁✽ ◆ ➈

➴➾❂❋❄❇❂ ✽ ■❘◆ ❯ ▼ ❀✡✽♣❀ ❂✾◆❇▼✬✐✧■❭❄P➄✕➻❁❖ Ô ■ ❀ ■✈❄❇■❘◆P✐ ✽ ◆ ❯ ❂ ❀✡✽ ✐✬❄ ✽ ❆ ✿ ■❘❲❳❂✬●✍▼✡◆ ✽ ▼✝❈❫◆❇■ ✽ ✐s❂❋❄ ❀ ■✈■❘❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆✇❖ ❉ ❂❋❲♦❂ ❀✡✽
❀ ■❶❖❘❂❋◆ ✽ Õ❬ê Ö ■❘❄❤◆❇■❭❨◗❩ ✽ ✌ ➈ Õ ì ➈✝✆ ■❭♥✡❊ Ô ▼✝❈❫◆❇■ ✽ ◆ Ô ❊ ❯ ■❘❄ Ö ❂ ✿❁✽ ◆✉✐✡❂❋❄q❂⑧❂❋◆❧❂❋❲❧✐ ✿ Ô⑤❯ ▼ ❀ ■❘◆ ❀✡✽ ◆❤❂ ✿ ➻ Ö✾Ô ✽ ◆❭●➌■❘❊ ❯ ❄❇■
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❀✡✽ ✐✡❄ ✽ ❆ ✿ ■❘❲❳❂ ➈ ➴➠❂❋❄q❂ Ô ◆ ❯ ✽ ➄ ✽ ❄q❂❅❲ ❣ ❂❋◆ ❯ ❂❋◆
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❉✡✽ ❄q❂❅◆ ❀ ■➊✐✡❄ ✽ ❖❭■❘◆P◆q❂❋❲❧■❘❊ ❯ ✽ ❖ ✽ ❲❧✐✡▼ ❯ ❂❅❖ Ô ✽ ❊s❂ ✿ ●✚▼✡◆❇❂❋❊ ❀✡✽▲✽
■ r ▼ Ô ✐s❂❋❲❧■❘❊ ❯ ✽❧❀ ■❭◆❇❖❘❄ Ô⑤❯ ✽ ❊✡❂❧◆P■❘❨◗❩ ✽ ✌ ➈✶➑✝➈

➽➐◆❇▼✡✐♠■❘❄✦➄✕➻❁❖ Ô ■ ❀ ■♣❄❇■❭◆❇✐ ✽ ◆ ❯ ❂ ✽ ❆ ❯❩Ô ❀ ❂✉❖ ✽ ❲➝❂❋◆✈◆ Ô ❲❧✐ ✿ Ô ♥s❖◗❂❋❨❭➺✝■❭◆❜❂❋◆P◆❇▼✡❲ Ô ❀ ❂❋◆✈❙✾❲ ✽ ◆ ❯ ❄❇❂ ❀ ❂✉❊s❂✉♥ ❣ ▼✡❄q❂❧✌ ➈ Ù❳Ù ➈
ú✍t❤❂❤♥ ❣ ▼✡❄q❂❧✌ ➈ Ù Ø ❲ ✽ ◆ ❯ ❄q❂ ✽ ◆✈❄P■❘◆❇▼ ✿ ❯ ❂ ❀✡✽ ◆❽■❘❲➚➄ ✽ ❄❇❲❳❂ ❀ ■ ❣ ❄qt➏♥s❖ ✽❤❀ ■♣❖ ✽ ❊ ❯ ✽ ❄❇❊ ✽❧✽ ▼❑❖❭▼✡❄ Ö ❂❋◆ ❀ ■♣❊✡➻ Ö ■ ✿ ➈ ❹✘❂❅◆
♥ ❣ ▼✬❄q❂❋◆➊✌ ➈ Ù✔Ù❬■⑧✌ ➈ Ù Ø ✽ ◆➊❂ ✿ ➻ Ö✾Ô ✽ ◆❤◆q❩ ✽ ❲ ✽ ◆ ❯ ❄❇❂ ❀✡✽ ◆❧❖ ✽ ❲ ◆ Ô ❊s❂ ✿ ✐ ✽ ◆ Ô❱❯❩Ô➃Ö ✽ ❂❅✐✧■❭❊s❂❋◆♦✐ ✽ ❄❧▼✡❲❳❂ r ▼✡■❘◆ ❯ ❩ ✽⑩❀ ■
❄❇■❭✐✡❄❇■❭◆❇■❭❊ ❯ ❂❋❨◗❩ ✽ ❣ ❄❇t❅♥s❖◗❂ ➈ ➴ ✽ ❄♣❖ ✽ ❊ Ö ■❘❊✡❨❘❩ ✽ ❂ r ▼✬■ ✿ ■❭◆ Ö ❂ ✿❁✽ ❄P■❘◆✾◆q❩ ✽ ❊✬■ ❣ ❂ ❯❝Ô➃Ö ✽ ◆✾✐s❂❋❄❇❂⑦❄P■❘✐✡❄P■❘◆P■❘❊ ❯ ❂❋❄✴❄❇■❭❲ ✽ ❨◗❩ ✽
❀ ■♣❲❳❂ ❯ ■❭❄ Ô ❂ ✿ ■❘❲➂❄❇■ ✿ ❂❋❨◗❩ ✽ ✌ ■ Ö ✽✍✿ Ö ■❘❊ ❯ ■ Ö ■❘❄ ❀ ❂ ❀ ■ Ô ❄q❂ ➈

➴ ✽✁❀ ■④❈❫◆❇■ ✽ ❆✡◆P■❘❄ Ö ❂❅❄❜❊s❂❋◆❜♥ ❣ ▼✡❄q❂❋◆✈✌ ➈ Ù✔Ù②■✴✌ ➈ Ù Ø r ▼✡■ ✽ ✐✡❄ ✽ ❆ ✿ ■❭❲♦❂②❂❋✐✡❄P■❘◆❇■❭❊ ❯ ❂❚▼✡❲❳❂✉ø✡❊ Ô ❖❘❂❸❄❇■ ❣❳Ô ❩ ✽✉❀ ■✲❲❧➻❱❈
❊ Ô ❲ ✽ ✐s❂❋❄❇❂ ✽②❀✡✽ ❲❧➻❁❊ Ô ✽✾❀ ■❭♥s❊ Ô ❀✡✽ ●✁■③❂ Ô ❊ ❀ ❂ r ▼✡■✘❂②❄❇■❭◆❇✐ ✽ ◆ ❯ ❂②❖❘❂ ✿ ❖❭▼ ✿ ❂ ❀ ❂✴❊ ✽ ✐✡❄ ✽ ❖❭■ ❀ Ô ❲❳■❭❊ ❯ ✽❸❀ ■ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽
■❘❊✬❖ ✽ ❊ ❯ ❄❇❂➏❈★◆P■✉❊✡■❭◆ ❯ ❂❳❄❇■ ❣✔Ô ❩ ✽❧❀ ■✉❲❧➻❁❊ Ô ❲ ✽ ➈✈ð ❆✡◆❇■❭❄ Ö ❂➏❈❫◆❇■❸❊✡❂ ❯ ❂❋❆♠■ ✿ ❂♦✌ ➈ ➳❧r ▼✬■ ✽ Ö ❂ ✿⑤✽ ❄❽❲❳➻⑤❊ Ô ❲ ✽ ■❘❊✡❖ ✽ ❊ ❯ ❄q❂ ❀✡✽
❙✾❲❳❂ Ô ✽ ❄ ❀✡✽❚r ▼✡■ ✽ ❲❧➻❁❊ Ô ❲ ✽ ➴☞➴ ➁✇➸❽➵ ■❘❊✡❖ ✽ ❊ ❯ ❄q❂ ❀✡✽ ❂ ❯ ❄❇❂ Ö ❙❘◆ ❀✡✽ ✐✡❄ ✽ ❣ ❄❇❂❋❲♦❂ ❀ ■ ✽ ❯❩Ô ❲ Ô❚ø ❂❋❨❘❩ ✽ ➈ ù★◆ ❯ ✽ ◆P■ ❀ ■ Ö ■
✌ ❀ Ô ◆❇❖❘❄P■ ❯❝Ô❨ø ❂❅❨◗❩ ✽❶❀✡✽ Ô ❊ ❯ ■❘❄ Ö ❂ ✿❁✽ ■ ✌ ◆✾❂❋✐✡❄ ✽✻❥ Ô ❲♦❂❋❨❭➺✝■❭◆✘➄✕■ Ô❱❯ ❂❋◆✘✐s❂❋❄q❂ ✽ ❖❘t ✿ ❖❭▼ ✿❁✽♦❀ ❂➊◆❇▼✡✐♠■❘❄✦➄✕➻❁❖ Ô ■ ❀ ■❚❄P■❘◆P✐ ✽ ◆ ❯ ❂✬●
✽ ❊ ❀ ■♣➄ ✽ Ô ❂❋◆❇◆P▼✡❲ Ô ❀✡✽ ❂ ✿ ➻ Ö✾Ô ✽ ◆ Ô❁❣ ▼✡❂ Ô ◆❜❊ ✽ ❯ ✽ ✐ ✽ ■✾❊s❂❤❄q❂ Ô❨ø ➈

➽ ❯ ❂❅❆✧■ ✿ ❂✲✌ ➈ ➳ ❖ ✽ ❲❧✐s❂❋❄❇❂ ✽ ◆ Ö ❂ ✿⑤✽ ❄❇■❭◆➠■❭❊✡❖ ✽ ❊ ❯ ❄q❂ ❀✬✽ ◆✇❂ ❯ ❄q❂ Ö ❙❭◆ ❀ ❂✘◆❇▼✬✐✧■❭❄P➄✕➻❁❖ Ô ■ ❀ ■❜❄P■❘◆❇✐ ✽ ◆ ❯ ❂✘❖ ✽ ❲ ✽ ◆ Ö ❂ ✿❁✽ ❄❇■❘◆
✽ ❆ ❯❝Ô ❀✡✽ ◆❽❂ ❯ ❄❇❂ Ö ❙❘◆ ❀✡✽ ✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽❧❀ ■ ✽ ❯❩Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ➈

➴ ✽✁❀ ■④❈❫◆❇■❤❖ ✽ ❊✬❖ ✿ ▼ Ô ❄♣❂ ❯ ❄q❂ Ö ❙❭◆ ❀ ■❭◆ ❯ ❂➃❂❋❊✡t ✿ Ô ◆❇■ ❀ ❂⑦◆❇▼✡✐♠■❘❄✦➄✕➻❁❖ Ô ■ ❀ ■❤❄❇■❭◆❇✐ ✽ ◆ ❯ ❂ ❀✬✽ ✐✡❄ ✽ ❆ ✿ ■❘❲❳❂➊■❳❂ ❯ ❄q❂ Ö ❙❘◆ ❀✡✽
✐✡❄Põ✍✐✡❄ Ô ✽ Ö ❂ ✿❁✽ ❄ ❀✬✽ ➴☞➴ ➁✇➸❽➵ ✽ ❆ ❯❩Ô ❀✡✽ ❂ ❯ ❄❇❂ Ö ❙❘◆ ❀✡✽ ✐✡❄ ✽ ❣ ❄q❂❅❲♦❂ ❀ ■ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽❺r ▼✡■ ✽ ✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽❬❀ ■
✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽ ➄ ✽ Ô ■❭♥s❖❘❂ ø ❊s❂❚❆✡▼✡◆❇❖❘❂ ❀ ❂❚◆ ✽✍✿ ▼✡❨❘❩ ✽ õ ❯❩Ô ❲♦❂②✐s❂❋❄q❂❚■❭◆ ❯ ■✴■❘◆ ❯ ▼ ❀✬✽❳❀ ■♣❖❘❂❋◆ ✽ ➈

Õ ➎ Ù
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üãÔ❁❣ ➈ ✌ ➈ Ù❳Ù✝Ò ➹ ▼✡✐♠■❘❄✦➄✕➻❁❖ Ô ■ ❀ ■♣❄❇■❭◆❇✐ ✽ ◆ ❯ ❂ ❀✬✽ ✐✬❄ ✽ ❆ ✿ ■❘❲❳❂✉✐s❂❋❄❇❂ ✽ ❖◗❂❅◆ ✽ Õ✴❖ ✽ ❲→❂ ✿ ➻ Ö✾Ô ✽ ❂❅♥s❲ ➈
➞❤ù✠✟ ❡❘î ô ❢✾þ✌ò û ❣ û í☎� ð✹î↕❣ û ❣ í☛✡❤í❜þ➆ò✌☞♦ó❏ý②ÿ❈➬ û ❣ û ô Ò♥ð û ❣ û ü⑦þ û ü û � ð û

❹③■❭◆ ❯ ■➅❖◗❂❋✐✡➻ ❯ ▼ ✿⑤✽ ❂ Ö ❂ ✿ Ô ✽ ▼✁❈★◆❇■ ✽ ❲❳❙ ❯ ✽✁❀✡✽ ✐✡❄ ✽ ✐ ✽ ◆ ❯ ✽ ❂ ❯ ❄q❂ Ö ❙❘◆ ❀ ■➅■ ❥ ■❭❲❳✐ ✿⑤✽ ◆❧❊✁▼✬❲❳❙❭❄ Ô ❖ ✽ ◆ ➈ ➴➾❂❋❄❇❂ Ô ◆ ❯ ✽ ●
❯ ❄ Ð ◆ ❀ Ô ➄✕■❘❄P■❘❊ ❯ ■❭◆✾✐s❂❋❄❇■❭◆ ❀ ■✉■❭❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆ ❀ ■ ❀ ■❭❊ ❯ ■❘◆ ❉ ■ ✿ Ô ❖ ✽ Ô ❀ ❂ Ô ◆❽➄ ✽ ❄❇❂❋❲➙◆P■ ✿ ■❘❖ Ô ✽ ❊s❂ ❀✬✽ ◆ ➈ ➴➾❂❅❄q❂➊◆❇■❤❂ Ö ❂ ✿ Ô ❂❋❄
❂➇❖ ✽ ❊✡◆ Ô ◆ ❯qÐ ❊✡❖ Ô ❂ ❀✡✽ ❲❳❙ ❯ ✽✁❀✡✽ ● ✽ ■❘◆ ❯ ▼ ❀✡✽➜❀✡✽ ◆ ❯ ❄ Ð ◆❶❖◗❂❋◆ ✽ ◆ ✿ ■ Ö ✽ ▼ ■❘❲ ❖ ✽ ❊ ❯ ❂ ❀ Ô ➄✕■❘❄P■❘❊ ❯ ■❭◆❶❖ ✽ ❊✡◆ Ô ❀ ■❭❄q❂❋❨❭➺✝■❭◆
r ▼s❂❋❊ ❯ ✽ ❂ ✽ ❯ ✽ ❄ r ▼✡■ Ô ❲❧✐ ✽ ◆ ❯ ✽ ✐s❂❋❄❇❂❶❂❑❂❅❊st ✿ Ô ◆❇■❅● r ▼s❂❋❊ ❯ ✽ ✌ ❀ Ô ◆P❖❘❄P■ ❯❩Ô❚ø ❂❋❨❘❩ ✽❶❀ ❂❋◆♣◆P▼✡✐✧■❭❄P➄✕➻⑤❖ Ô ■❭◆✾■ ❀✡✽ ❖ Ô ❖ ✿❁✽♦❀ ■
■❘❊ ❣ ❄❇■❭❊s❂❋❲❧■❘❊ ❯ ✽ ● r ▼s❂❅❊ ❯ ✽ ✌➅❣ ■ ✽ ❲❳■ ❯ ❄ Ô ❂ ❀ ❂❅◆✉■❘❊ ❣ ❄❇■❘❊✡❂ ❣ ■❘❊✬◆❚◆❇■ ✿ ■❘❖ Ô ✽ ❊s❂ ❀ ❂❋◆✉■❶❂ Ô ❊ ❀ ❂ r ▼✡❂❋❊ ❯ ✽ ❂ ✽ ➄❃❂ ❯ ✽ ❄ ❀ ■
❣ ❂❋❊ ❉✡✽ ➈

å❏✽ ❊✡◆ ❯ ❂ ❯ ✽ ▼✝❈★◆P■✲❊ ✽ ◆✟■❘◆ ❯ ▼ ❀✡✽ ◆ r ▼✡■✲■ ❥ Ô ◆ ❯ ■③▼✡❲❳❂②◆ ✽❋✿ ▼✡❨❘❩ ✽ õ ❯❝Ô ❲❳❂✴✐✡❂❋❄q❂✴❖◗❂ ❀ ❂②✐s❂❋❄ ❀ ■✘■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆ ➈ ù★◆ ❯ ✽
❀ Ô ♥s❖❘▼ ✿ ❯ ❂❳❂ ❀ ■❭♥s❊ Ô ❨◗❩ ✽➊❀ ■✉▼✡❲➷❖❘❄ Ô⑤❯ ❙❘❄ Ô ✽ ❣ ■❭❄q❂ ✿✚❀ ■✉✐✬❄ ✽ ➼P■ ❯ ✽ ✐s❂❋❄❇❂➊❂♦■❭◆❇✐♠■❘❖ Ô ♥s❖◗❂❅❨◗❩ ✽❶❀ ❂❅◆✲❲ ✽✁❀ Ô ♥s❖◗❂❋❨❭➺✝■❭◆ ❀✡✽ ◆
❀ ■❭❊ ❯ ■❘◆ ➈✍✆ ❂❋➻✈❂⑧❊✡■❘❖❭■❘◆P◆ Ô ❀ ❂ ❀ ■ ❀ ■❶▼✡❲➒✐✡❄ ✽ ❖❭■ ❀ Ô ❲❳■❭❊ ❯ ✽⑧❀ ■ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽ ✐s❂❋❄q❂⑧◆P■❘❄❤▼✡◆q❂ ❀✡✽ ❊ ✽ ◆❤✐✡❄ ✽ ❖❘■❭◆❇◆ ✽ ◆

Õ ➎ Ø
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üãÔ❁❣ ➈ ✌ ➈ Ù Ø Ò ✼ ❄qt❅♥s❖ ✽❤❀ ■♣❖ ✽ ❊ ❯ ✽ ❄❇❊ ✽❤❀ ❂❤❄❇■❭◆❇✐ ✽ ◆ ❯ ❂ ❀✡✽ ✐✡❄ ✽ ❆ ✿ ■❘❲❳❂✉✐s❂❋❄q❂ ✽ ❖◗❂❋◆ ✽ Õ♣❖ ✽ ❲→❂ ✿ ➻ Ö✾Ô ✽ ❂➏♥s❲ ➈

❀ ■➊✐✬❄ ✽ ➼P■ ❯ ✽❺❀ ■❳✐s❂❋❄P■❘◆ ❀ ■❳■❘❊ ❣ ❄❇■❘❊✡❂ ❣ ■❘❊✬◆✉✐s❂❋❄❇❂❺❂ ❀ ■ ❯ ■❘❄P❲ Ô ❊s❂❋❨❘❩ ✽➃❀ ❂❋◆✉❲ ✽✝❀ Ô ♥s❖◗❂❅❨❘➺✁■❘◆ r ▼✡■➊❲ Ô ❊ Ô ❲ Ô❚ø ❂❋❲ ✽
➴☞➴ ➁☞➸❽➵ ➈

ð ✐✡❄ ✽ ❣ ❄❇❂❋❲♦❂ ❀ ■ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽❬❀ ■❘◆P■❘❊ Ö ✽❋✿ Ö✾Ô ❀✡✽ ❲ ✽ ◆ ❯ ❄ ✽ ▼✁❈★◆❇■➅❖ ✽ ❊✡◆ Ô ◆ ❯ ■❘❊ ❯ ■❬■➅❄ ✽ ❆✡▼✬◆ ❯ ✽ ✐✡❂❋❄q❂ ✽ ◆❶❖❘❂❋◆ ✽ ◆
■❘◆ ❯ ▼ ❀ ❂ ❀✡✽ ◆❭●Ù❖ ✽ ❊✡◆ Ô ❀ ■❭❄q❂❋❊ ❀✡✽ ❯ ❂❋❊ ❯ ✽❶✽ ◆✲❂ ✿ ➻ Ö✾Ô ✽ ◆③❊ ✽ ✐✧■❭❄P♥ ✿➌❀✬✽ ◆ ❀ ■❭❊ ❯ ■❘◆✾❖ ✽ ❊✬➄ ✽ ❄P❲❳■✴➄✕▼✡❊✡❨❘➺✁■❘◆♣❂➏♥s❊✡◆✲■ r ▼s❂❅❊ ❯ ✽
✽ ◆⑦❂ ✿ ➻ Ö✾Ô ✽ ◆❧❖ ✽ ❊✬➄ ✽ ❄P❲❳■❑➄✕▼✡❊✡❨❭➺✝■❭◆ r ▼✡❂ ❀ ❄qt ❯❩Ô ❖❘❂❋◆ ➈ ➴➠❂❋❄q❂ ❯ ✽✝❀✡✽ ◆ ✽ ◆❶❖❘❂❋◆ ✽ ◆ ✽ ❆ ❯ ■ Ö ■✹❈★◆❇■▲❄P■ ❀ ▼✡❨❭➺✝■❭◆❶❆s❂❋◆ ❯ ❂❋❊ ❯ ■❭◆
◆ Ô⑤❣ ❊ Ô ♥s❖◗❂ ❯❝Ô➃Ö ❂❋◆➌❊ ✽ ➴☞➴ ➁✇➸❽➵ ➈ ➁ ◆ ❯ ❂❋◆☞❄❇■ ❀ ▼✡❨❭➺✝■❭◆✩➄ ✽ ❄❇❂❋❲ ❀ ❂ ✽ ❄ ❀ ■❭❲ ❀ ■ ➎ ❂➮Ù ➑ Ö ■ ø ■❘◆❏■❭❲➍❄❇■ ✿ ❂❋❨❘❩ ✽ ❂ ✽ ➴☞➴ ➁☞➸❽➵
❊s❂❤❖ ✽ ❊ ❀ Ô ❨❘❩ ✽ Ô ❊ Ô ❖ Ô ❂ ✿ ➈

➽✘◆❽❄❇■ ❀ ▼✡❨❘➺✁■❘◆ ✽ ❆ ❯❝Ô ❀ ❂❅◆✈❊ ✽ ◆ Ö ❂ ✿❁✽ ❄P■❘◆ ❀✡✽ ➴☞➴ ➁☞➸❽➵ ◆❇❩ ✽ ❆s❂❋◆ ❯ ❂❋❊ ❯ ■ Ô ❊ ❯ ■❘❄❇■❭◆❇◆❇❂❋❊ ❯ ■❘◆③❖ ✽ ❊✬◆ Ô ❀ ■❘❄q❂❅❊ ❀✡✽ ❈❫◆❇■ r ▼✡■
❂❋◆ ✽ ◆P❖ Ô ✿ ❂❋❨❘➺✁■❘◆✇❲❧■ ❀ Ô ❀ ❂❋◆✇✐♠■ ✿⑤✽ ➴✩➴ ➁✇➸❽➵ ❖ ✽ ❄❇❄❇■❭◆❇✐ ✽ ❊ ❀ ■❭❲↕❂❋◆✇■ ❥ ❖ Ô⑤❯ ❂❅❨❘➺✁■❘◆ r ▼✬■❦✐✬❄ ✽ Ö ✽ ❖◗❂❋❲ ✽ ❄P▼✡➻ ❀✡✽♣❀✡✽ ◆✩✐✡❂❋❄❇■❭◆

Õ ➎ ➭



➸ ❂❋❆ ➈ ✌ ➈ ➳ Ò å❏✽ ❲❳✐✡❂❋❄q❂❋❨❘❩ ✽❤❀✡✽ ◆❽❄❇■❭◆❇▼ ✿ ❯ ❂ ❀✬✽ ◆✈✐s❂❋❄❇❂ ✽ ❖◗❂❅◆ ✽ Õ✴❖ ✽ ❲→❂ ✿ ➻ Ö✾Ô ✽ ◆❜❂❅♥s❊✬◆ ➈
✎ s✁➧✳q➠òÛ➦ ➢ ➘❵♠♠➧ ó ➩➠➹❃➘ ➢ ➘ts ➡ ♥✦♠ÙÜ❳s✁➘➠➹❘✇✆s✁➩✧➦✶♠ ✏rq✚à▲s❜♥✒✑✔✓❃Ü❢➹❘s

➘❵s✢♠s➦➥➹❘✇➇➹✕é ➢sÝ✍Þ ♠ ➘❵s ♥✦s✁➧❘à▲♠♠➧❭➦ ➢
➴✩➴ ➁✇➸❽➵

(µm)
✯ ➈ ✯ ➭ ➑ ➳ ✯ ➈ Õ Ø❳Ø ➑

x1 (µm)
❈✄Õ ✯ ➈ Ø ➎✍➳ ✯ ❈❩Õ ✯ ➈ Ø ➭✍➭ ➲

x2 (graus)
Ù ➑✝➈ Õ◗➭✍➭❜Ù Ù ➑✁➈ ➎ Ù➏➭ ✯

x3 (µm)
❈✄Õ❳Õ ➈ Ø ➭ ➲ ✯ ❈❩Õ ✯ ➈ Ø ➭✍➭ ➲

x4 (graus)
Ù❅➭ ➈ ➲ ✯ ➑ ✯ Ù❅➭ ➈ Õ ➳ ➭ ➲

❹③ø✡❲❧■❘❄ ✽❧❀ ■ Ô❱❯ ■❭❄q❂❋❨❭➺✝■❭◆ Ù❦Õ ➳ ✯✍✯
➸ ■❭❲❳✐ ✽❤❀ ■♣✐✡❄ ✽ ❖❘■❭◆❇◆q❂❅❲❳■❭❊ ❯ ✽

(h)
✯ ➈ Õ ➳ Õ✔Õ ➈ ➎

■❘❊ ❣ ❄❇■❭❊s❂ ❀✡✽ ◆❭●✬■ r ▼✡■✲❂✴❄❇■ ❀ ▼✡❨◗❩ ✽②❀ ❂❸❂❅❲❳✐ ✿ Ô⑤❯ ▼ ❀ ■ ❀ ❂✴■ ❥ ❖ Ô❱❯ ❂❋❨❘❩ ✽ ❖ ✽ ❊ ❯ ❄ Ô ❆✡▼ Ô ✐s❂❋❄❇❂②❂✴❄❇■ ❀ ▼✡❨◗❩ ✽❸❀ ❂✴■❘❲ Ô ◆❇◆❇❩ ✽✴❀ ■
❄❇▼✬➻ ❀✡✽ ➈

Õ ➎ ➑



➊ ➋➍➌➏➎✠➐➒➑➔➓r→ ✕

➊ →✏➢➔➨②➓✽➑➔➥à➭➲➞➳➥ ➞ ➥➵➑✗✖➦➞➳➥❮➐❀➭➲➞➳➥ ➌➏➋➍➝➒➋ ➌➔➝✙✘✛✚➜➡✽➠ →➦➥

➐❀➝➒➋✢✜➏➋➍➓✤✣➜→✏➥

ð ✽ ❆✁➼P■ ❯❝Ô➃Ö ✽❶❀ ■❘◆ ❯ ■❤❖◗❂❋✐✡➻ ❯ ▼ ✿⑤✽ ♥s❊✡❂ ✿ ❙❤❂❋✐✬❄❇■❘◆P■❘❊ ❯ ❂❅❄✾▼✡❲➙❄P■❘◆P▼✡❲ ✽❶❀✬✽ ❯ ❄q❂❅❆s❂ ✿❁❉✬✽ ❄❇■❘❂ ✿ Ô❚ø ❂ ❀✡✽ ● ❀ ■❭◆ ❯ ❂❋❖◗❂❋❄ ✽ ◆
◆❇■❭▼✡◆➌✐ ✽ ❊ ❯ ✽ ◆✚❄❇■ ✿ ■ Ö ❂❅❊ ❯ ■❘◆❭●✍◆❇▼s❂❅◆➌❂❋✐ ✿ Ô ❖❘❂❋❨❘➺✁■❘◆⑥■ ✿ Ô ❲ Ô⑤❯ ❂❋❨❘➺✁■❘◆❭●➥❂❋✐✡❄❇■❭◆❇■❭❊ ❯ ❂❋❄➌❂❅◆➠✐✡❄ Ô ❊✡❖ Ô ✐s❂ Ô ◆⑥❖ ✽ ❊✬❖ ✿ ▼✬◆❇➺✁■❘◆➾■✟✐✡❄ ✽ ✐ ✽ ❄
❯ ■❭❲♦❂❅◆❽❂❤◆P■❘❄P■❘❲ ❀ ■❭◆❇■❭❊ Ö ✽✍✿ Ö✾Ô ❀✡✽ ◆❦■❘❲➂➄✕▼ ❯ ▼✡❄ ✽ ◆ ❯ ❄q❂❅❆s❂ ✿❁❉✬✽ ◆❜✐s❂❋❄❇❂ r ▼✬■✴◆P■✴❂ Ö ❂❋❊✬❖❘■♣❊✡■❘◆ ❯ ❂ ✿ Ô ❊ ❉ ❂ ❀ ■✾✐♠■❘◆ r ▼ Ô ◆q❂ ➈

ð ❯ ❄❇❂❋❆s❂ ✿⑤❉✡✽⑦❀ ■❘◆P■❘❊ Ö ✽❋✿ Ö✾Ô ❀✡✽ Ô ❊ Ô ❖ Ô ✽ ▼✝❈★◆P■✉❖ ✽ ❲Ø❂❑❲❧■ ✿⑤❉✡✽ ❄ Ô ❂♦❊s❂⑦❲ ✽✝❀ ■ ✿ ❂ ❣ ■❘❲ ❀✬✽ ■❭❄❇❄ ✽➃❀ ■ ❯ ❄❇❂❋❊✡◆P❲ Ô ◆❇◆q❩ ✽
❖ ✽ ❲Ø❂❋❊st ✿ Ô ◆P■ ❀ ■❤❖ ✽ ❊ ❯ ❂ ❯ ✽ ❣ ✿⑤✽ ❆s❂ ✿ ■❘❊ ❯ ❄P■ ✽ ◆ ❀ ■❘❊ ❯ ■❭◆②✐s❂❅❄q❂❶✐✧■❭❄❇❲ Ô⑤❯❝Ô ❄ ✽ ❖❘t ✿ ❖❭▼ ✿❁✽❶❀✡✽ ■❘❄P❄ ✽⑦❀ ■ ❯ ❄❇❂❋❊✡◆P❲ Ô ◆❇◆q❩ ✽
❀ ■❑➄ ✽ ❄❇❲❳❂❬■④♥s❖ Ô ■❘❊ ❯ ■ ❀✡✽ ✐ ✽ ❊ ❯ ✽➇❀ ■ Ö✾Ô ◆ ❯ ❂❼❖ ✽ ❲❧✐✡▼ ❯ ❂❅❖ Ô ✽ ❊s❂ ✿ ➈ ➽ Ô ❲❧✐ ✿ ■❘❲❧■❘❊ ❯ ❂❋❨❘❩ ✽▲❀ ■ ❯ ❙❘❖❭❊ Ô ❖❘❂❋◆♦❖ ✽ ❲ ✽ ❂
✐✡◆P■❘▼ ❀✡✽ ❈ Ô ❊ ❯ ■❘❄P➄✕■❭❄ Ð ❊✡❖ Ô ❂③■ ✽ ❲❧❙ ❯ ✽✁❀✡✽❦❀ ■☞➄❃❂ ❯ ✽ ❄ Ô❨ø ❂❋❨◗❩ ✽❦❀ ■ å❏❉✡✽✍✿ ■❘◆ é❢✺ ✐♠■❘❄❇❲ Ô⑤❯❝Ô ❄❇❂❋❲➣❂ ✽ ❆ ❯ ■❘❊✡❨❘❩ ✽✘❀ ■✟▼✡❲ ❣ ❂❋❊ ❉✡✽
❖ ✽ ❲❳✐✡▼ ❯ ❂❋❖ Ô ✽ ❊s❂ ✿ ◆ Ô❁❣ ❊ Ô ♥s❖❘❂ ❯❩ÔÛÖ ✽ ➈ å❏✽ ❊✬➄ ✽ ❄❇❲❧■❤➄ ✽ Ô ❂❋✐✡❄❇■❭◆❇■❭❊ ❯ ❂ ❀✡✽ ❊ ✽ ❖◗❂❋✐✬➻ ❯ ▼ ✿❁✽ Ø ✽ ❣ ❂❋❊ ❉✡✽ ❖ ✽ ❲❧✐✡▼ ❯ ❂❋❖ Ô ✽ ❊s❂ ✿
✽ ❆ ❯❝Ô ❀✡✽ ➄ ✽ Ô ❀ ❂ ✽ ❄ ❀ ■❘❲ ❀ ■ ➎ ✯❋✯❪Ö ■ ø ■❭◆➾■❭❲➐❄❇■ ✿ ❂❋❨◗❩ ✽ ❂ ✽ ✐✡❄ ✽ ❖❭■ ❀ Ô ❲❳■❭❊ ❯ ✽❽✽ ❄ Ô⑤❣❳Ô ❊s❂ ✿❋❀ ■❭◆❇■❘❊ Ö ✽✍✿ Ö✾Ô ❀✬✽ ✐✧■ ✿❁✽ ✐✡❄P■❘◆❇■❭❊ ❯ ■
❂❋▼ ❯ ✽ ❄❏■❭❲❻◆P■❘▼ ❯ ❄q❂❋❆s❂ ✿❁❉✡✽②❀ ■✲❲❧■❘◆ ❯ ❄q❂ ❀✬✽ ö Õ✔Õ❳Õ❙÷ ➈ ➁ ◆ ❯ ■ ❣ ❂❋❊ ❉✡✽✉❀ ■✲■❭♥s❖ Ô❁Ð ❊✡❖ Ô ❂②➄ ✽ Ô ■❘◆❇◆P■❘❊✡❖ Ô ❂ ✿ ✐s❂❋❄❇❂❸✐✧■❭❄❇❲ Ô⑤❯❝Ô ❄✩❂
❂❋✐ ✿ Ô ❖❘❂❋❨◗❩ ✽❳❀✡✽ ✐✡❄ ✽ ❖❭■ ❀ Ô ❲❳■❭❊ ❯ ✽➊❀ ■✉❖❘t ✿ ❖❭▼ ✿❁✽ ■❘❲➙❂❋❲✉❆ Ô ■❘❊ ❯ ■❭◆ ❀ ■❚✐✡❄ ✽ ➼P■ ❯ ✽❶❀ ■✉■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆❘●Ù■❤❂ Ô ❊ ❀ ❂✬●♠✐s❂❋❄❇❂
Ö✾Ô ❂❋❆ Ô ✿ Ô❚ø ❂❋❄✟❂ Ô ❲❧✐ ✿ ■❭❲❳■❭❊ ❯ ❂❋❨◗❩ ✽✉❀ ■♣▼✡❲→❂ ✿ ❣ ✽ ❄ Ô⑤❯ ❲ ✽ Ô❱❯ ■❭❄q❂ ❯❝Ô➃Ö ✽❚❀ ■ ✽ ❯❩Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ➈

❹ ✽ ❖◗❂❋✐✡➻ ❯ ▼ ✿⑤✽ ➭➅❂ Ö ❂ ✿ Ô ✽ ▼✝❈❫◆❇■❤❂⑦◆❇■❘❊✬◆ Ô ❆ Ô ✿ Ô ❀ ❂ ❀ ■ ❀✬✽ ❲ ✽✝❀ ■ ✿❁✽ ✌ ◆ Ö ❂❋❄ Ô t Ö ■ Ô ◆ ❀✡✽ ✐✡❄ ✽ ❆ ✿ ■❘❲❳❂ ➈ å❏✽ ❊✬♥s❄❇❲ ✽ ▼✝❈
◆❇■❳❂ Ô ❊ ✕ ▼ Ð ❊✡❖ Ô ❂ ❀ ❂⑦➄ ✽ ❄❇❲❳❂ ❀✬✽ ✐♠■❘❄P♥ ✿ ■ Ö ✽❋✿ Ö ■❭❊ ❯ ■➊❊ ✽ ➴☞➴ ➁☞➸❽➵ ●➠❂❋◆❇◆ Ô ❲ ❖ ✽ ❲ ✽➃❀✡✽ ◆ ❀ ■❭◆ Ö✾Ô ✽ ◆ ❀✡✽ ✐s❂❋◆P◆ ✽➃❀ ❂
❉ ❙ ✿ Ô ❖❭■ ➈ ❒⑨➄❃❂ ❯ ✽✴r ▼✬■③■❭◆ ❯ ■❭◆❜✐s❂❋❄ ❶ ❲❧■ ❯ ❄ ✽ ◆☞✐✡❄❇■❭❖ Ô ◆q❂❋❲➟◆P■❘❄✩❆✧■❭❲➟❖ ✽ ❊ ❯ ❄ ✽✍✿ ❂ ❀✡✽ ◆✩❊s❂♣➄❃❂❅❆✡❄ Ô ❖◗❂❋❨❘❩ ✽ ■③❂❋✐ ✿ Ô ❖❘❂❋❨◗❩ ✽♣❀ ❂❅◆
■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆✈✐s❂❋❄❇❂✉✐✧■❭❄❇❲ Ô⑤❯❩Ô ❄✟▼✬❲➂❆ ✽ ❲ ❀ ■❘◆❇■❭❲❳✐♠■❘❊ ❉✡✽❤❀ ■❘◆ ❯ ■❘◆❽❖ ✽ ❲❳✐ ✽ ❊✡■❭❊ ❯ ■❘◆ r ▼s❂❅❊ ❯ ✽ ❂ ✽ ❊✡➻ Ö ■ ✿✓❀ ■✾❄❇▼✡➻ ❀✡✽ ➈

Õ ➎ ✌



✃③❲❳❂ r ▼✡■❘◆ ❯ ❩ ✽ Ô ❲❳✐ ✽ ❄ ❯ ❂❋❊ ❯ ■ ✿ ■ Ö ❂❋❊ ❯ ❂ ❀ ❂➅❂➅✐s❂❋❄ ❯❩Ô ❄ ❀ ❂❺❂❅❊st ✿ Ô ◆❇■ ❀ ■➊◆P■❘❊✡◆ Ô ❆ Ô ✿ Ô ❀ ❂ ❀ ■❤■ r ▼✡■ ❀ ■ Ö ■❶◆P■❘❄ Ö✾Ô ❄
❖ ✽ ❲ ✽ ▼✡❲÷❂ ✿ ■❘❄ ❯ ❂✘✐s❂❋❄❇❂ r ▼✡■ ✽ ◆➌✐✡❄ ✽ ❖❭■ ❀ Ô ❲❳■❭❊ ❯ ✽ ◆➌✐✡❂❋❄q❂✾❂❋◆➾■❘◆❇✐♠■❘❖ Ô ♥s❖❘❂❋❨❘➺✁■❘◆ ❀ ■✈■❭❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆✇◆P■✑➼❇❂❋❲÷❄❇■ Ö✾Ô ◆ ❯ ✽ ◆
❙ r ▼✡❂❋❊ ❯ ✽ ✌ ◆ Ô ❲❳■ ❯ ❄ Ô ❂ ❀ ❂❋◆ ❯ ✽✍✿ ■❘❄ ❶ ❊✡❖ Ô ❂❋◆ ❀ ■⑦➄❃❂❋❆✡❄ Ô ❖◗❂❋❨❘❩ ✽ ➈ ➽➙❂❅❊st ✿ Ô ◆❇■ ❀ ■❑◆❇■❭❊✡◆ Ô ❆ Ô ✿ Ô ❀ ❂ ❀ ■❶❲ ✽ ◆ ❯ ❄❇❂ r ▼✡■ ✽
❖ ✽ ❲❳✐ ✽ ❄ ❯ ❂❋❲❧■❘❊ ❯ ✽❶❀ ❂❶❄P■❘◆❇✐ ✽ ◆ ❯ ❂ ❀✡✽ ■❭❄❇❄ ✽❑❀ ■ ❯ ❄q❂❋❊✬◆❇❲ Ô ◆❇◆❇❩ ✽ ❊s❩ ✽ ❙❤◆ Ô ❲❳❙ ❯ ❄ Ô ❖ ✽ ■❭❲ ❄❇■ ✿ ❂❋❨❘❩ ✽ ✌àÖ ❂❋❄ Ô ❂❋❨◗❩ ✽❶❀ ■
❖❘■❭❄ ❯ ✽ ◆✇✐s❂❋❄ ❶ ❲❳■ ❯ ❄ ✽ ◆ ➈✥✆ ■❘◆ ❯ ❂✲➄ ✽ ❄❇❲❳❂✬●❅❊ ✽ ✐✡❄ ✽ ➼P■ ❯ ✽✾❀ ■ Ö ■❭❄✦❈❫◆❇■④❈ Ô ❂✲■❭◆❇✐♠■❘❖ Ô ♥s❖◗❂❅❄ ✿ Ô ❲ Ô⑤❯ ■❘◆✚◆❇▼✡✐♠■❘❄ Ô ✽ ❄P■❘◆➌■ Ô ❊✬➄✕■❭❄ Ô ✽ ❄❇■❘◆
❀ Ô ◆ ❯❩Ô ❊ ❯ ✽ ◆❳■❘❲ ❯ ✽ ❄P❊ ✽⑨❀ ❂❅◆ ❀ Ô ❲❧■❘❊✬◆❇➺✁■❘◆♦❊ ✽ ❲ Ô ❊s❂ Ô ◆ ➈ ➽ ❂❋❊✡t ✿ Ô ◆❇■ ❀ ■❺◆❇■❭❊✡◆ Ô ❆ Ô ✿ Ô ❀ ❂ ❀ ■⑦❲ ✽ ◆ ❯ ❄ ✽ ▼ ❯ ❂❅❲✉❆✧❙❭❲ ✽
✐ ✽ ❯ ■❭❊✡❖ Ô ❂ ✿✥❀ ■♣❄❇■ ❀ ▼✡❨❘❩ ✽❳❀✬✽ ➴☞➴ ➁✇➸❽➵ ❂❤✐✡❂❋❄ ❯❝Ô ❄ ❀ ❂❅◆❦❲ ✽✁❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆ ❀✬✽ ✐♠■❘❄✦♥ ✿ ■ Ö ✽✍✿ Ö ■❘❊ ❯ ■ ➈

➴➾❂❋❄❇❂ r ▼✡■ ✽ ✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽❧❀ ■ ✽ ❯❩Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ✐✡▼ ❀ ■❭◆❇◆P■ ✽ ❆ ❯ ■❘❄❽❄❇■❭◆❇▼ ✿ ❯ ❂ ❀✬✽ ◆ Ö t ✿ Ô ❀✡✽ ◆ ❀✡✽ ✐ ✽ ❊ ❯ ✽❤❀ ■ Ö❦Ô ◆ ❯ ❂
❀ ■✲◆ ✽✍✿ ▼✬❨◗❩ ✽✴❀ ■✲✐✡❄ ✽ ➼P■ ❯ ✽ ● ✽ ✐✡❄ ✽ ❖❭■ ❀ Ô ❲❳■❭❊ ❯ ✽❸❀ ■③❖◗t ✿ ❖❘▼ ✿⑤✽❸❀✡✽ ■❘❄P❄ ✽✉❀ ■ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆q❩ ✽②❀ ■ Ö ■❘❄ Ô ❂❸❄P■❘✐✡❄P■❘◆❇■❭❊ ❯ ❂❋❄ ❀ ■
➄ ✽ ❄P❲♦❂✴◆q❂ ❯❝Ô ◆P➄❃❂ ❯ õ✍❄ Ô ❂ ✽ ➄✕■❘❊ ✎ ❲❳■❭❊ ✽ ➄✕➻⑤◆ Ô ❖ ✽ ➈ ➴➾❂❋❄❇❂✉❂❋◆❇◆P■ ❣ ▼✬❄q❂❋❄ Ô ◆ ❯ ✽ ●✵❖ ✽ ❲❧✐s❂❋❄ ✽ ▼✝❈★◆P■✘❊ ✽ ❖◗❂❋✐✬➻ ❯ ▼ ✿❁✽ ➑ ❄❇■❭◆❇▼ ✿ ❯ ❂ ❀✡✽ ◆
❀✡✽ ■❘❄P❄ ✽❷❀ ■ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆q❩ ✽ ❖❘❂ ✿ ❖❭▼ ✿ ❂ ❀✡✽ ◆➊❖ ✽ ❲ ✽ ✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽ ✐✬❄ ✽ ✐ ✽ ◆ ❯ ✽ ❖ ✽ ❲ ❲❳■ ❀ Ô ❨❭➺✝■❭◆ ❀✡✽ ■❭❄❇❄ ✽➜❀ ■
❯ ❄❇❂❋❊✡◆P❲ Ô ◆❇◆q❩ ✽ ✐s❂❋❄❇❂③▼✡❲➋✐s❂❅❄ ❀ ■✟■❘❊ ❣ ❄❇■❘❊✡❂ ❣ ■❘❊✬◆ ❉ ■ ✿ Ô ❖ ✽ Ô ❀ ❂ Ô ◆✥◆ ✽ ❆ ❀ Ô ➄✕■❘❄❇■❭❊ ❯ ■❘◆ ❯ ✽ ❄ r ▼✡■❘◆ ➈ ❹③■❭◆ ❯ ❂❅◆➌❖ ✽ ❲❧✐s❂❋❄❇❂❋❨❘➺✁■❘◆
❖ ✽ ❊✡◆ ❯ ❂ ❯ ✽ ▼✁❈★◆❇■ r ▼✡■ ✽ ◆✲❄❇■❭◆❇▼ ✿ ❯ ❂ ❀✬✽ ◆✲❖◗❂ ✿ ❖❘▼ ✿ ❂ ❀✡✽ ◆✘✐s❂❋❄❇❂ ✽ ➴☞➴ ➁✇➸❽➵ ❂❋✐✡❄P■❘◆❇■❭❊ ❯ ❂❋❲➙▼✡❲♦❂ ❯ ■❘❊ ❀ Ð ❊✡❖ Ô ❂➊✐✡❄Põ ❥ Ô ❲♦❂
❀ ❂ r ▼✡■ ✿ ❂ ✽ ❆✬◆❇■❘❄ Ö ❂ ❀ ❂✲❊ ✽ ◆✇❄P■❘◆P▼ ✿ ❯ ❂ ❀✡✽ ◆ ❀✬✽ ➴☞➴ ➁✇➸❽➵ ✽ ❆ ❯❩Ô ❀✡✽ ◆➾❊✡❂❋◆➌❲❧■ ❀ Ô ❨❘➺✁■❘◆ ➈➌ð ❖◗❂❋✐✡➻ ❯ ▼ ✿⑤✽ ➑ ❲ ✽ ◆ ❯ ❄ ✽ ▼✉❂ Ô ❊ ❀ ❂
❂✘❖ ✽ ❲❳✐✡❂❋❄q❂❋❨❘❩ ✽ ■❘❊ ❯ ❄P■ ✽ ➴☞➴ ➁✇➸❽➵ ■✟❲❳■ ❀ Ô ❨❭➺✝■❭◆ ❀ ■❏❄❇▼✬➻ ❀✡✽ ❣ ■❘❄❇❂ ❀✡✽ ✐✧■ ✿❁✽ ✐✡❂❋❄ ❀ ■❏■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆❘● ✽ ❊ ❀ ■❏◆P■❏✐ ✽✝❀ ■
✽ ❆✡◆P■❘❄ Ö ❂❅❄❸❂❶➄ ✽ ❄ ❯ ■❤❄❇■ ✿ ❂❋❨◗❩ ✽❑r ▼✡■❧■ ❥ Ô ◆ ❯ ■❧■❘❊ ❯ ❄❇■❧■ ✿ ■❭◆ ➈ ù★◆ ❯ ✽ ❄❇■④➄ ✽ ❄❇❨❘❂➃❂ Ô ❲❧✐ ✽ ❄ ❯❩❶ ❊✡❖ Ô ❂ ❀✡✽ ■❘◆ ❯ ▼ ❀✡✽ ❄❇■❘❂ ✿ Ô❚ø ❂ ❀✡✽
✐s❂❋❄❇❂❧❲ Ô ❊ Ô ❲ Ô❨ø ❂❅❄ ✽ ➴☞➴ ➁✇➸❽➵ ❖ ✽ ❲ ✽ ➄ ✽ ❄❇❲❳❂ ❀ ■♣❄❇■ ❀ ▼ ø▼Ô ❄ ✽ ❄P▼✡➻ ❀✬✽❚❀✡✽ ◆❽✐s❂❋❄P■❘◆❦■❘❊ ❣ ❄P■❘❊s❂ ❀✡✽ ◆ ➈

ð ❲❳❙ ❯ ✽✁❀✡✽ ✐✡❂❋❄q❂ ❀ ■ ❯ ■❘❄❇❲ Ô ❊✡❂❋❄❧❂❋◆❳❲ ✽✁❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆ ❀ ❂❅◆♦◆❇▼✬✐✧■❭❄P➄✕➻❁❖ Ô ■❭◆ ❀✡✽ ◆ ❀ ■❭❊ ❯ ■❘◆ r ▼✡■➃❲ Ô ❊ Ô ❲ Ô❨ø ❂❋❲ ✽
➴☞➴ ➁☞➸❽➵ ➄ ✽ Ô ■❘❊ ❯ ❩ ✽➃❀ ■❭◆❇■❭❊ Ö ✽✍✿ Ö✾Ô ❀✡✽ ■ Ô ❲❳✐ ✿ ■❘❲❧■❘❊ ❯ ❂ ❀✡✽ ▼✡◆❇❂❋❊ ❀✡✽❑✽ ✐✡❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽❑❀ ■❧❖❘t ✿ ❖❭▼ ✿❁✽♦❀✡✽ ■❭❄❇❄ ✽❑❀ ■
❯ ❄❇❂❋❊✡◆P❲ Ô ◆❇◆q❩ ✽ ê Ö ■❭❄❦❖❘❂❋✐✡➻ ❯ ▼ ✿⑤✽❚➎ ì ➈ ➁ ◆ ❯ ■✴❲❳❙ ❯ ✽✁❀✡✽ ✐✡❄ ✽ ✐ ✽ ◆ ❯ ✽ ❙✾❆s❂❋◆P■◗❂ ❀✬✽ ❊ ✽ ❖❭❄ Ô⑤❯ ❙❘❄ Ô ✽❚❀ ■♣õ ❯❝Ô ❲ ✽ ❂❚✐s❂❋❄ ❯❝Ô ❄ ❀ ■▼✡❲❳❂✉❂❋❆ ✽ ❄ ❀ ❂ ❣ ■❘❲ Ô ❊ ❯ ▼ Ô⑤❯❝Ô➃Ö ❂✴■ ❀✡✽ ❖ ✽ ❊ ❉ ■❘❖ Ô ❲❧■❘❊ ❯ ✽ ➄✕➻⑤◆ Ô ❖ ✽❸❀✡✽ ✐✬❄ ✽ ❆ ✿ ■❘❲❳❂ ➈ ➽③◆❜❲ ✽✝❀ Ô ♥s❖◗❂❅❨❘➺✁■❘◆❏❖ ✽ ❊✡◆ Ô ❀ ■❭❄q❂ ❀ ❂❅◆
Ô ❀ ■◗❂ Ô ◆❘● r ▼✡■❤◆q❩ ✽❑✽ ❆ ❯❩Ô ❀ ❂❋◆ Ô ❊ Ô ❖ Ô ❂ ✿ ❲❳■❭❊ ❯ ■❋●♠◆q❩ ✽ ❂❋✐✬❄ ✽◗❥ Ô ❲❳❂ ❀ ❂❋◆ ❀ ❂ r ▼✡■ ✿ ❂❋◆ ❀ ■❘◆P❖❘❄ Ô⑤❯ ❂❅◆✴✐ ✽ ❄✘➄✕▼✬❊✡❨❘➺✁■❘◆✴❂❅♥s❊✬◆ ✽ ▼
r ▼s❂ ❀ ❄❇t ❯❩Ô ❖◗❂❋◆♣❂ ❯ ❄q❂ Ö ❙❘◆ ❀ ❂❶◆ ✽✍✿ ▼✡❨◗❩ ✽❶❀ ■❤▼✡❲➓✐✡❄ ✽ ❆ ✿ ■❘❲❳❂ ❀ ■❧❂➥➼P▼✡◆ ❯ ■ ❀ ■❤❖❘▼✬❄ Ö ❂ ➈ ➽③◆ Ö ❂❅❄ Ô t Ö ■ Ô ◆ ❀ ❂❋◆✾➄✕▼✡❊✡❨❭➺✝■❭◆
❂❅♥s❊✬◆ ✽ ▼ r ▼s❂ ❀ ❄qt ❯❝Ô ❖◗❂❅◆✇◆q❩ ✽♣✽ ❆ ❯❝Ô ❀ ❂❅◆☞❂ ❯ ❄❇❂ Ö ❙❘◆ ❀ ❂✾❲ Ô ❊ Ô ❲ Ô❨ø ❂❋❨◗❩ ✽③❀✡✽ ❄❇■❭◆❇➻ ❀ ▼ ✽ ■❘❊ ❯ ❄P■❦❂❋◆☞❲ ✽✁❀ Ô ♥✡❖◗❂❋❨❭➺✝■❭◆ Ô ❀ ■❘❂ Ô ◆
■✈❂❋◆➠❲ ✽✁❀ Ô ♥s❖◗❂❋❨❭➺✝■❭◆➾❂❅✐✡❄ ✽◗❥ Ô ❲❳❂ ❀ ❂❋◆✚✐♠■ ✿ ❂❅◆✚➄✕▼✡❊✬❨❘➺✁■❘◆ ➈✇ð ✐✬❄ ✽ ❆ ✿ ■❘❲❳❂ ❀ ■✟❲ Ô ❊ Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ❙❏❄❇■❭◆ ✽✍✿ Ö✾Ô ❀✡✽ ▼✡◆q❂❋❊ ❀✡✽ ❈★◆P■
▼✡❲➓❂ ✿ ❣ ✽ ❄ Ô⑤❯ ❲ ✽❤❀ ■❸✐✡❄ ✽ ❣ ❄q❂❋❲❳❂❋❨◗❩ ✽ ◆❇■ r ➉ ■❘❊✡❖ Ô ❂ ✿✇r ▼s❂ ❀ ❄qt ❯❝Ô ❖❘❂ ➈✴ð ❲❳❙ ❯ ✽✁❀✡✽ ✐✡❄ ✽ ✐ ✽ ◆ ❯ ✽ ❙❸◆ Ô ❲❧✐ ✿ ■❘◆ ❀✬✽ ✐ ✽ ❊ ❯ ✽
❀ ■ Ö✾Ô ◆ ❯ ❂❳❲♦❂ ❯ ■❘❲❳t ❯❩Ô ❖ ✽ ■✉◆❇■❸❲ ✽ ◆ ❯ ❄ ✽ ▼➅■④♥s❖ Ô ■❘❊ ❯ ■❚❊ ✽ ◆✘■ ❥ ■❭❲❳✐ ✿⑤✽ ◆✘❊✵▼✡❲❧❙❘❄ Ô ❖ ✽ ◆✲■❘◆ ❯ ▼ ❀ ❂ ❀✡✽ ◆ ➈ ❹ ✽ ■❭❊ ❯ ❂❋❊ ❯ ✽ ●✥❂
❂❋✐ ✿ Ô ❖❘❂❋❨◗❩ ✽⑦❀✡✽ ❲❳❙ ❯ ✽✁❀✡✽ ❙❳❄P■❘◆ ❯ ❄ Ô❱❯ ❂➃❂ ✽ ✐✬❄ ✽ ❆ ✿ ■❘❲❳❂❶✐s❂❋❄q❂ ✽➅r ▼s❂ ✿ ■ ✿ ■❚➄ ✽ Ô ❀ ■❭◆❇■❘❊ Ö ✽✍✿ Ö✾Ô ❀✬✽ ● ✽ ▼❼◆❇■★➼❇❂✬●➠✐✡❂❋❄q❂➃❂

Õ ➎✍➲



❀ ■ ❯ ■❘❄P❲ Ô ❊s❂❋❨❘❩ ✽❚❀ ❂❋◆❽❲ ✽✝❀ Ô ♥s❖◗❂❅❨❘➺✁■❘◆ ❀ ❂❋◆❽◆P▼✡✐✧■❭❄P➄✕➻⑤❖ Ô ■❭◆ ❀✡✽ ◆ ❀ ■❭❊ ❯ ■❘◆ r ▼✡■②❲ Ô ❊ Ô ❲ Ô❨ø ❂❅❲ ✽ ➴☞➴ ➁✇➸❽➵ ➈
❹✘❂ Ô ❲❧✐ ✿ ■❭❲❳■❭❊ ❯ ❂❋❨❘❩ ✽❸❀✡✽ ❲❧❙ ❯ ✽✁❀✡✽❚❀ ■❭◆❇■❭❊ Ö ✽✍✿ Ö✾Ô ❀✡✽ ❂ ❀✡✽ ❯ ✽ ▼✝❈★◆P■ ❯ ❄q❂❋❆✡❂ ✿❁❉ ❂❅❄❏❖ ✽ ❲➝❲ ✽✁❀ Ô ♥s❖◗❂❋❨❭➺✝■❭◆❜◆ ✽ ❲❳■❭❊ ❯ ■

❊ ✽ ✐✧■❭❄P♥ ✿☞❀✡✽ ◆ ❀ ■❭❊ ❯ ■❘◆②■ ❀ ■❤➄❃t❋❖ Ô ✿✇✽ ❆ ❯ ■❘❊✡❨❘❩ ✽ ❂ ❯ ❄q❂ Ö ❙❘◆ ❀✬✽ ◆②✐✬❄ ✽ ❖❘■❘◆P◆ ✽ ◆②❖ ✽ ❊ Ö ■❘❊✡❖ Ô ✽ ❊s❂ Ô ◆ ❀ ■❧➄❃❂❅❆✡❄ Ô ❖◗❂❋❨❘❩ ✽⑦❀ ■
■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆ ➈ ❹ ✽ ■❘❊ ❯ ❂❅❊ ❯ ✽ ● ✽ ❲❧❙ ❯ ✽✁❀✡✽ ❙ ✕ ■ ❥ ➻ Ö ■ ✿ ❊✡■❭◆ ❯ ■❧❂❋◆P✐✧■❭❖ ❯ ✽ ●Ù■ ✽ ▼ ❯ ❄q❂❋◆✘➄✕▼✬❊✡❨❘➺✁■❘◆✾✐s❂❅❄q❂⑦❂❋◆✲❲ ✽✝❀ Ô ♥✬❈
❖◗❂❅❨❘➺✁■❘◆✲✐ ✽✝❀ ■❘❲➉◆❇■❭❄ Ô ❲❧✐ ✿ ■❭❲❳■❭❊ ❯ ❂ ❀ ❂❅◆❘● ❯ ❂ Ô ◆③❖ ✽ ❲ ✽ ●✧❲ ✽✁❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆ ❀✡✽ ✐♠■❘❄✦♥ ✿ ✐ ✽ ❄❽➄✕▼✡❊✡❨❭➺✝■❭◆✲✐ ✽❋✿ Ô ❊ ✽ ❲ Ô ❂ Ô ◆❏■
❲ ✽✝❀ Ô ♥s❖◗❂❅❨❘➺✁■❘◆❜❊ ✽ ✐s❂❋◆P◆ ✽❧❀ ❂ ❉ ❙ ✿ Ô ❖❘■ ➈

➴➾❂❋❄❇❂♦❂ Ö ■❭❄ Ô ♥✡❖◗❂❋❨❘❩ ✽❳❀✬✽ ❲❧❙ ❯ ✽✝❀✡✽ ✐✡❄ ✽ ✐ ✽ ◆ ❯ ✽ ❊✡■❭◆ ❯ ■ ❯ ❄❇❂❋❆s❂ ✿⑤❉✡✽ ● Ô ❲❳✐ ✿ ■❘❲❧■❘❊ ❯ ✽ ▼✝❈★◆P■ ✽ ✐✬❄ ✽ ❖❘■ ❀ Ô ❲❧■❘❊ ❯ ✽ ■❘❲
➄ ✽ ❄P❲♦❂ ❀ ■♣✐✡❄ ✽ ❣ ❄❇❂❋❲♦❂✉❖ ✽ ❲❧✐✡▼ ❯ ❂❅❖ Ô ✽ ❊s❂ ✿ ■❭❲ ✿ Ô ❊ ❣ ▼s❂ ❣ ■❘❲➂×➃➽ ➸❽➵ ➽✝☞ ö ➎ ✯ ÷✄●s■♣■ ❥ ■❭❖❘▼ ❯ ✽ ▼✝❈❫◆❇■ ✽ ✐✡❄ ✽ ❣ ❄❇❂❋❲♦❂ ❀ ■
✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽ ✐s❂❋❄q❂ ❯ ❄ Ð ◆✇✐✡❂❋❄❇■❭◆ ❀ ■✈■❘❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆ ❉ ■ ✿ Ô ❖ ✽ Ô ❀ ❂ Ô ◆➠❖ ✽ ❲÷❖◗❂❋❄❇❂❋❖ ❯ ■❘❄P➻❁◆ ❯❝Ô ❖❘❂❋◆ ❣ ■ ✽ ❲❳❙ ❯ ❄ Ô ❖◗❂❋◆ ❀ Ô ◆ ❯❩Ô ❊ ❯ ❂❋◆ ➈
➁ ❊ ❯ ❄❇■❳■❘◆ ❯ ❂❋◆✉❖❘❂❋❄q❂❅❖ ❯ ■❭❄❇➻⑤◆ ❯❩Ô ❖◗❂❋◆ ❀ ■❭◆ ❯ ❂❅❖◗❂❋❲❚❈★◆P■ ✽ ❶ ❊ ❣ ▼ ✿⑤✽➃❀ ■ ❉ ❙ ✿ Ô ❖❭■❋● ✽➅r ▼s❂ ✿ Ö ❂❋❄ Ô ✽ ▼❼■❭❊ ❯ ❄❇■

33.55◦
✐s❂❋❄q❂ ✽

✐✡❄ Ô ❲❧■ Ô ❄ ✽ ■❘◆ ❯ ▼ ❀✡✽❶❀ ■②❖◗❂❋◆ ✽ ●✓■
15◦

✐✡❂❋❄q❂ ✽ ❯ ■❭❄❇❖❘■ Ô ❄ ✽ ■❘◆ ❯ ▼ ❀✬✽❶❀ ■❸❖❘❂❋◆ ✽ ● ❯ ❂❋❲❸❆✧❙❭❲ r ▼✡❂❋❊ ❯ ✽ ❂ ✽ ❲❳õ ❀ ▼ ✿⑤✽❳❀✡✽ ◆
❯ ❄ Ð ◆❽✐s❂❋❄P■❘◆ ❀ ■♣■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆❘●

4.3
●
2.7

■
1.9mm

➈ ➁ ◆ ❯ ■❘◆❦■❘◆ ❯ ▼ ❀✡✽ ◆❽➄ ✽ ❄❇❂❋❲➂❄P■ ✿ ❂ ❯ ❂ ❀✡✽ ◆✈❊ ✽ ❖◗❂❋✐✡➻ ❯ ▼ ✿⑤✽ ✌ ➈
ð ✐✡❄ ✽ ❣ ❄q❂❋❲❳❂ ❀ ■ ✽ ❯❩Ô ❲ Ô❚ø ❂❋❨❘❩ ✽ ❲ ✽ ◆ ❯ ❄ ✽ ▼✝❈❫◆❇■✩■❘◆ ❯ t Ö ■ ✿ ■✟❖ ✽ ❊✡◆ Ô ◆ ❯ ■❘❊ ❯ ■✟✐s❂❋❄❇❂❦■ ❥ ■❭❲❳✐ ✿❁✽ ◆✚❊✵▼✡❲❳❙❭❄ Ô ❖ ✽ ◆✚■❘◆ ❯ ▼ ❀ ❂➥❈

❀✡✽ ◆ ➈ ❹ ✽ ◆ ❯ ❄ Ð ◆➌❖❘❂❋◆ ✽ ◆ ✽ ✐✡❄ ✽ ❣ ❄❇❂❋❲♦❂ ✽ ❆ ❯ ■ Ö ■❜❂✘❖ ✽ ❊ Ö ■❘❄ ❣❋Ð ❊✡❖ Ô ❂✲✐s❂❋❄❇❂✲❂✘◆ ✽✍✿ ▼✡❨❘❩ ✽ ■❭❲÷▼✬❲➛❊✵ø✡❲❧■❘❄ ✽ ◆q❂ ❯❩Ô ◆✦➄❃❂ ❯ õ❋❄ Ô ✽
❀ ■ Ô⑤❯ ■❘❄q❂❅❨❘➺✁■❘◆ ➈ ➽✘◆✴❄❇■ ❀ ▼✡❨❘➺✁■❘◆ ✽ ❆ ❯❝Ô ❀ ❂❋◆✾❊ ✽ ➴☞➴ ➁☞➸❽➵ ➄ ✽ ❄❇❂❋❲ ◆ Ô❁❣ ❊ Ô ♥s❖◗❂ ❯❩Ô➃Ö ❂❋◆❭● ❀ ❂ ✽ ❄ ❀ ■❭❲ ❀ ■

6
❂

25
Ö ■ ø ■❘◆

❲❧■❘❊ ✽ ❄P■❘◆✇■❭❲✜❄❇■ ✿ ❂❋❨❘❩ ✽ ❂ ✽ ◆ Ö ❂ ✿❁✽ ❄P■❘◆ Ô ❊ Ô ❖ Ô ❂ Ô ◆ ➈➠ð ◆ ❯ ■❘❲❧✐ ✽ ◆➌❖ ✽ ❲❳✐✡▼ ❯ ❂❋❖ Ô ✽ ❊s❂ Ô ◆ ❣ ❂❋◆ ❯ ✽ ◆✇✐s❂❋❄❇❂✾❂✲◆ ✽✍✿ ▼✡❨◗❩ ✽ ➄ ✽ ❄q❂❋❲
■❘❊ ❯ ❄❇■

8
❂

18
❲ Ô ❊✵▼ ❯ ✽ ◆✘▼✡◆❇❂❋❊ ❀✡✽ ❈★◆❇■❤▼✡❲➙❲ Ô ❖❘❄ ✽ ❖ ✽ ❲❳✐✬▼ ❯ ❂ ❀✬✽ ❄③❖ ✽ ❲➓✐✬❄ ✽ ❖❘■❘◆P◆q❂ ❀✬✽ ❄♣➴➠■❭❊ ❯❝Ô ▼✡❲ûù★❊ ❯ ■ ✿➌Õ ■ ✽❶❀ ■

Ù ➈ ➲❢✼♣Ö ø ■❽❖ ✽ ❲✏Ù ➈ Õ ✼ ☞ ❀ ■❽❲❧■❘❲❧õ✍❄ Ô ❂✉ê ① ➽✲× ì ➈ å❏✽ ❊✬◆ Ô ❀ ■❘❄q❂➥❈★◆❇■ r ▼✡■❽■❘◆ ❯ ■❭◆ ❯ ■❘❲❧✐ ✽ ◆ ❀ ■❦✐✬❄ ✽ ❖❘■❘◆P◆q❂❋❲❧■❘❊ ❯ ✽ ◆❇❩ ✽❂❋❖❭■ Ô⑤❯ t Ö ■ Ô ◆ ❀✡✽ ✐ ✽ ❊ ❯ ✽❧❀ ■ Ö✾Ô ◆ ❯ ❂❚✐✡❄❇t ❯❩Ô ❖ ✽❚❀ ■♣✐✡❄ ✽ ➼P■ ❯ ✽ ➈
å❏✽ ❲❧✐s❂❋❄ ✽ ▼✝❈★◆P■⑦❂ Ô ❊ ❀ ❂❺❂❺◆ ✽✍✿ ▼✡❨◗❩ ✽⑧✽ ❆ ❯❩Ô ❀ ❂❺❖ ✽ ❲ ✽ ✐✡❄ ✽ ❣ ❄q❂❅❲♦❂ ❀ ■ ✽ ❯❩Ô ❲ Ô❚ø ❂❋❨❘❩ ✽ ❖ ✽ ❲➒❂❺◆P▼✡✐✧■❭❄P➄✕➻⑤❖ Ô ■ ❀ ■

❄❇■❭◆❇✐ ✽ ◆ ❯ ❂ ❀✡✽ ✐✡❄ ✽ ❆ ✿ ■❘❲❳❂ ✽ ❆ ❯❩Ô ❀ ❂❚❂ ❯ ❄❇❂ Ö ❙❘◆ ❀ ❂❚❄❇■❭✐✧■ ❯❩Ô ❨◗❩ ✽❚❀✡✽ ◆✈❖◗t ✿ ❖❘▼ ✿⑤✽ ◆❜✐s❂❋❄❇❂ Ö ❂ ✿❁✽ ❄P■❘◆ ❀ Ô ◆❇❖❭❄❇■ ❯ ✽ ◆ ❀✡✽ ◆✈✐✡❂❋❄ ❶ ❈
❲❧■ ❯ ❄ ✽ ◆ ❀✡✽ ✐✡❄ ✽ ❆ ✿ ■❭❲♦❂❜❊ ✽❦❀✡✽ ❲❧➻❁❊ Ô ✽❜❀ ❂❽◆ ✽❋✿ ▼✡❨❘❩ ✽ ➈ å❏✽ ❊✡◆ ❯ ❂ ❯ ✽ ▼✝❈★◆P■ r ▼✡■✟❂❋◆⑥◆ ✽❋✿ ▼✡❨❭➺✝■❭◆ ✽ ❆ ❯❩Ô ❀ ❂❋◆Ù✐♠■ ✿❁✽ ✐✡❄ ✽ ❣ ❄❇❂❋❲♦❂
❀ ■ ✽ ❯❝Ô ❲ Ô❨ø ❂❅❨◗❩ ✽✉✿⑤✽ ❖❘❂ ✿ Ô❚ø ❂❋❲❚❈★◆P■③❊✡❂❤❄P■ ❣❳Ô ❩ ✽❚❀ ■♣❲❧➻❁❊ Ô ❲ ✽ ❣ ✿❁✽ ❆s❂ ✿✓❀✡✽ ✐✡❄ ✽ ❆ ✿ ■❭❲♦❂ ➈

➴➠■ ✿❁✽ ◆❤❄❇■❭◆❇▼ ✿ ❯ ❂ ❀✬✽ ◆ ✽ ❆ ❯❩Ô ❀✡✽ ◆✉❖ ✽ ❲ ✽ ✐✡❄ ✽ ❣ ❄q❂❅❲♦❂ ❀ ■ ✽ ❯❝Ô ❲ Ô❨ø ❂❋❨◗❩ ✽ ❂ ❯ ❄❇❂ Ö ❙❘◆ ❀✡✽ ◆❤■ ❥ ■❭❲❳✐ ✿❁✽ ◆❚❊✵▼✡❲❧❙❘❄ Ô ❖ ✽ ◆
❂❋❊s❂ ✿ Ô ◆❇❂ ❀✡✽ ◆❭●✡❖ ✽ ❊✡◆ Ô ❀ ■❘❄❇❂➏❈★◆P■ r ▼✡■ ✽ ❲❧❙ ❯ ✽✝❀✬✽ ✐✬❄ ✽ ✐ ✽ ◆ ❯ ✽ ✐✡❂❋❄q❂❧❂ ❀ ■ ❯ ■❭❄❇❲ Ô ❊s❂❅❨◗❩ ✽❤❀ ❂❋◆❦❲ ✽✝❀ Ô ♥s❖◗❂❅❨❘➺✁■❘◆ ❀ ❂❋◆❦◆❇▼✁❈
✐♠■❘❄P➄✕➻⑤❖ Ô ■❘◆ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❭◆☞❙❽❂ ❀ ■ r ▼s❂ ❀✡✽ ✐✡❂❋❄q❂✲◆P■❘❄✇▼✡◆❇❂ ❀✡✽ ❖ ✽ ❲ ✽ ➄✕■❘❄P❄q❂❋❲❧■❘❊ ❯ ❂ ❀ ■✈✐✡❄ ✽ ➼P■ ❯ ✽✾❀ ■❽✐s❂❅❄❇■❘◆✇■❭❊ ❣ ❄P■❘❊s❂ ❀✬✽ ◆
❀ ■ ❀ ■❭❊ ❯ ■❘◆ ❉ ■ ✿ Ô ❖ ✽ Ô ❀ ❂ Ô ◆ ➈

Õ ➎✍➳



å❏✽ ❲ ❂❼❂❅✐ ✿ Ô ❖◗❂❋❨❘❩ ✽▲❀✡✽ ❲❧❙ ❯ ✽✝❀✡✽ ✐✡❄ ✽ ✐ ✽ ◆ ❯ ✽ ❊✡■❭◆ ❯ ■ ❯ ❄❇❂❋❆s❂ ✿⑤❉✡✽ ● ✽ ✐✡❄ ✽ ➼P■ ❯❝Ô ◆ ❯ ❂▲✐ ✽✁❀ ■❘❄❇t ❀ ■ ❯ ■❭❄❇❲ Ô ❊s❂❅❄ ✽ ◆
✐s❂❋❄ ❶ ❲❧■ ❯ ❄ ✽ ◆❦õ ❯❩Ô ❲ ✽ ◆✈✐✡❂❋❄q❂ ✽ ◆✘❂ ✿ ➻ Ö✾Ô ✽ ◆ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❘◆✲✐s❂❅❄q❂❤❖◗❂ ❀ ❂❧✐✡❄ ✽ ➼P■ ❯ ✽❳❀ ■❸■❭❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆ ➈ ➹ ▼✡❆✡◆ ❯❝Ô⑤❯ ▼ Ô ❊ ❀✬✽
❂❳✐✬❄qt ❯❝Ô ❖◗❂❚▼✡◆P▼s❂ ✿✚❀ ■✴■❘◆❇✐♠■❘❖ Ô ♥s❖❘❂❋❄ ✽ ◆✘❂ ✿ ➻ Ö✾Ô ✽ ◆❽❂ ❯ ❄❇❂ Ö ❙❘◆ ❀ ■②❲❳❙ ❯ ✽✁❀✡✽ ◆ ❀ ■ ❯ ■❘❊ ❯ ❂ ❯❩ÔÛÖ ❂❤■✴■❘❄❇❄ ✽ ● ✽ ▼❑❆s❂❋◆❇■❘❂ ❀✡✽ ❊s❂
■ ❥ ✐♠■❘❄ Ô❁Ð ❊✬❖ Ô ❂❧✐s❂❋◆P◆q❂ ❀ ❂ ✽ ▼❑✐✡❄ ✽ ➼P■ ❯ ✽ ◆ Ô ❲ Ô ✿ ❂❋❄ ➈ ❹ ✽ ■❭❊ ❯ ❂❋❊ ❯ ✽ ● ❀ ■②❊✡■❭❊ ❉ ▼✡❲❳❂❧➄ ✽ ❄P❲♦❂ ❯ ■❭❲❤❈❫◆❇■✴❂❤✐✡❄❇■ ❯ ■❘❊✬◆q❩ ✽➊❀ ■
◆❇▼✬❆✡◆ ❯❝Ô⑤❯ ▼ Ô ❄❘●♠❂ ❯ ❄q❂ Ö ❙❭◆ ❀✬✽ ❲❧❙ ❯ ✽✁❀✡✽❤❀ ■❭◆❇■❘❊ Ö ✽✍✿ Ö✾Ô ❀✬✽ ●✓❂❤■ ❥ ✐♠■❘❄ Ô❁Ð ❊✬❖ Ô ❂ ❀✡✽ ✐✡❄ ✽ ➼P■ ❯❩Ô ◆ ❯ ❂ ➈ ➽ Ô ❊ ❯ ■❭❊✡❨◗❩ ✽ ❙♣➄ ✽ ❄❇❊✡■❭❖❘■❭❄
❂ ✽ ✐✡❄ ✽ ➼P■ ❯❩Ô ◆ ❯ ❂❬▼✡❲❳❂❬➄✕■❘❄P❄q❂❋❲❧■❘❊ ❯ ❂⑨❂ ❀ Ô ❖ Ô ✽ ❊s❂ ✿ ✐s❂❅❄q❂⑨❂❅▼ ❥ Ô ✿ Ô t➏❈ ✿⑤✽ ❊s❂ ✽ ❆ ❯ ■❭❊✡❨◗❩ ✽⑨❀ ■➅✐✡❄ ✽ ➼P■ ❯ ✽ ◆ ✽ ❯❩Ô ❲ Ô❨ø ❂ ❀✡✽ ◆ ➈
Ö ❂✻➼❇❂ Ö✾Ô ◆ ❯ ❂ r ▼✡■ ✽ ✐✡❄ ✽ ➼P■ ❯ ✽❳❀ ■✴■❭❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆③❙✴▼✬❲➝✐✡❄ ✽ ❖❘■❭◆❇◆ ✽ ❖ ✽ ❲❳✐ ✿ ■ ❥✝✽❤r ▼✡■②❊✡❩ ✽ ◆❇■ ✿ Ô ❲ Ô⑤❯ ❂②◆ ✽ ❲❳■❭❊ ❯ ■ ✌
❂❋❊st ✿ Ô ◆P■ ❀✬✽ ■❘❄P❄ ✽②❀ ■ ❯ ❄q❂❋❊✡◆P❲ Ô ◆❇◆❇❩ ✽ ➈ ➁ ❥ Ô ◆ ❯ ■❘❲ ✽ ▼ ❯ ❄ ✽ ◆❏❖ ✽ ❲❳✐✡❄ ✽ ❲ Ô ◆❇◆ ✽ ◆ Ô ❲❧✐ ✽ ❄ ❯ ❂❅❊ ❯ ■❘◆ r ▼s❂❋❊ ❯ ✽ ✌ ❄❇■❭◆ Ô ◆ ❯qÐ ❊✡❖ Ô ❂
■ ✌ ❀ ▼✡❄q❂❋❆ Ô ✿ Ô ❀ ❂ ❀ ■ ❀ ■❘◆ ❯ ■❭◆③❖ ✽ ❲❳✐ ✽ ❊✡■❭❊ ❯ ■❘◆❭●♠❂ ✿ ❙❭❲ ❀ ■♣✐s❂❋❄ ❯❩Ô ❖❘▼ ✿ ❂❋❄ Ô ❀ ❂ ❀ ■❭◆ ❀ ■♣❖◗❂ ❀ ❂❳❂❅✐ ✿ Ô ❖◗❂❋❨❘❩ ✽ ➈

➽✈❖❘❄❇■ ❀ Ô⑤❯ ❂➏❈★◆P■ r ▼✡■❚❂❳❖ ✽ ❊✡❖ ✿ ▼✡◆❇❩ ✽➊❀ ■❭◆ ❯ ■ ❯ ❄❇❂❋❆s❂ ✿⑤❉✡✽ ❯ ❄q❂ ø ▼✡❲♦❂❧❖ ✽ ❊ ❯ ❄ Ô ❆✬▼ Ô ❨❘❩ ✽ ✐s❂❅❄q❂ ✽ ❯ ■❘❲❳❂♦✐♠■❘◆ r ▼ Ô ◆q❂ ❀✡✽
❄❇■ ✿ ❂ ❯❝Ô➃Ö ✽ ❂ ✽ ✐✬❄ ✽ ➼P■ ❯ ✽✴❀ ■③■❭❊ ❣ ❄P■❘❊s❂ ❣ ■❘❊✡◆ ✌ ❲❳■ ❀ Ô ❀ ❂ r ▼✡■❽➄ ✽ ❄❇❊✬■❘❖❘■❽▼✡❲➟❲❧❙ ❯ ✽✝❀✬✽✾❀ ■③❖❭■❘❄ ❯ ❂♣◆ Ô ❲❧✐ ✿ Ô ❖ Ô ❀ ❂ ❀ ■✟✐s❂❋❄❇❂
✽ ❖◗t ✿ ❖❘▼ ✿⑤✽➊❀ ❂❋◆♣❲ ✽✝❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆ ❀ ❂❋◆♣◆❇▼✡✐♠■❘❄✦➄✕➻❁❖ Ô ■❘◆ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❘◆ r ▼✡■❤❲ Ô ❊ Ô ❲ Ô❨ø ❂❋❲→❂❶■ ❥ ❖ Ô❱❯ ❂❋❨❘❩ ✽ ❣ ■❘❄❇❂ ❀ ❂➊✐♠■ ✿⑤✽
■❘❄P❄ ✽✾❀ ■ ❯ ❄q❂❋❊✬◆❇❲ Ô ◆❇◆❇❩ ✽ ➈ ×➅❂❋◆ ❀ ■❜➄ ✽ ❄❇❲❳❂✘❂ ✿ ❣ ▼✡❲❳❂③■❘◆ ❣ ✽ ❯ ❂ ✽ ❖ ✽ ❊ ❉ ■❘❖ Ô ❲❳■❭❊ ❯ ✽ ❊✡■❘◆ ❯ ❂ ✿ Ô ❊ ❉ ❂ ❀ ■✈✐✧■❭◆ r ▼ Ô ◆q❂ ➈ ➴➠■ ✿⑤✽
❖ ✽ ❊ ❯ ❄qt❋❄ Ô ✽ ● ✿ ■ Ö ❂❋❊ ❯ ❂❤❊ ✽ Ö ✽ ◆ r ▼✬■❘◆ ❯❝Ô ✽ ❊✡❂❋❲❳■❭❊ ❯ ✽ ◆❽■♣❂❋❆✡❄P■♣❊ ✽ Ö ❂❅◆❦✐ ✽ ◆P◆ Ô ❆ Ô ✿ Ô ❀ ❂ ❀ ■❭◆ ❀ ■♣✐♠■❘◆ r ▼ Ô ◆q❂ ➈

å❏✽ ❲ ✽ ❯ ❄q❂❋❆s❂ ✿❁❉✡✽ ◆✲➄✕▼ ❯ ▼✡❄ ✽ ◆♣❊✡■❘◆ ❯ ❂ ✿ Ô ❊ ❉ ❂ ❀ ■❳✐♠■❘◆ r ▼ Ô ◆❇❂✬●➾❂❅❖❘❄❇■ ❀ Ô⑤❯ ❂➏❈★◆P■ r ▼✬■❳◆P■❘❄ Ô ❂ Ô ❲❧✐ ✽ ❄ ❯ ❂❋❊ ❯ ■❤❂ Ö ❂ ✿ Ô ❂❋❄❭●
❂ ❯ ❄q❂ Ö ❙❭◆ ❀✡✽ ❲❧❙ ❯ ✽✝❀✬✽③❀ ■❭◆❇■❭❊ Ö ✽✍✿ Ö✾Ô ❀✡✽ ● ✽ ▼ ❯ ❄q❂❅◆➠❲ ✽✝❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆ ❀ ❂❋◆✚◆❇▼✬✐✧■❭❄P➄✕➻❁❖ Ô ■❭◆ ❀✡✽ ◆ ❀ ■❭❊ ❯ ■❘◆❭●✵❂ ✿ ❙❭❲ ❀✡✽ ◆➾❂ ✿ ➻ Ö❦Ô ✽ ◆
❀✡✽ ✐♠■❘❄P♥ ✿ ■❘◆ ❯ ▼ ❀ ❂ ❀✡✽ ◆✈❊✡■❭◆ ❯ ■ ❯ ❄q❂❋❆s❂ ✿❁❉✡✽ ➈ ➴☞❄ Ô ❊✡❖ Ô ✐s❂ ✿ ❲❧■❘❊ ❯ ■❦✐s❂❋❄❇❂❚❂❋◆❽❂❋✐ ✿ Ô ❖◗❂❅❨❘➺✁■❘◆ ❀ ■✾✐s❂❋❄❇■❭◆ ❀ ■✾■❘❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆
r ▼✡■ ✽ ✐✧■❭❄q❂❋❲➓■❘❲ ◆ Ô ◆ ❯ ■❘❲❳❂❋◆♣❖ ✽ ❲➓■❘❄❇❄ ✽ ◆♣◆ Ô⑤❣ ❊ Ô ♥✡❖◗❂ ❯❝Ô➃Ö ✽ ◆ ❀ ■❧❂ ✿ Ô ❊ ❉ ❂❋❲❧■❘❊ ❯ ✽ ■❭❊ ❯ ❄❇■ ✽ ◆♣■ Ô ❥✝✽ ◆❘●✚✐ ✽ ❄✾■ ❥ ■❘❲❧✐ ✿⑤✽
❂ r ▼✡■ ✿ ■❘◆❦❖◗❂❅▼✡◆q❂ ❀✬✽ ◆❽✐✧■ ✿ ❂ ❀ ■ ✕ ■ ❥ ❩ ✽❧❀ ■♣■ Ô ❥✝✽ ◆ ➈

✆ ✽ Ô ◆✈■❭◆ ❯ ▼ ❀✡✽ ◆❽■❘❊ Ö ✽✍✿ Ö ■❘❊ ❀✡✽❳✽ ◆✈■❘❄P❄ ✽ ◆ ❀ ■✾➄❃❂❋❆✬❄ Ô ❖❘❂❋❨◗❩ ✽ ◆❇■❘❄ Ô ❂❋❲ ❯ ❂❋❲❸❆✧❙❭❲➂❆s❂❋◆ ❯ ❂❋❊ ❯ ■ Ô ❊ ❯ ■❘❄P■❘◆P◆q❂❋❊ ❯ ■❭◆ ➈ ✃③❲
❀ ■ ✿ ■❘◆✟❄❇■ ✿ ❂❋❖ Ô ✽ ❊s❂ ❀✡✽ ❂ ✽ ■❭◆ ❯ ▼ ❀✡✽✉❀✡✽ ■❭➄✕■ Ô❱❯ ✽②❀ ❂❋◆ ❯ ✽✍✿ ■❘❄ ❶ ❊✡❖ Ô ❂❋◆ ❀ ■③➄❃❂❋❆✬❄ Ô ❖❘❂❋❨◗❩ ✽②❀ ❂❅◆✟■❭❊ ❣ ❄❇■❭❊s❂ ❣ ■❭❊✡◆❜❊s❂ Ö ❂❋❄ Ô ❂❋❨◗❩ ✽
❀✡✽ ■❭❄❇❄ ✽⑧❀ ■ ❯ ❄q❂❋❊✡◆P❲ Ô ◆❇◆❇❩ ✽ ➈ ➁ ▼✡❲ ✽ ▼ ❯ ❄ ✽➃r ▼✡❂❋❊ ❯ ✽ ❂ ✽ ■❭◆ ❯ ▼ ❀✡✽⑧❀ ■➊▼✬❲ ❲❧❙ ❯ ✽✝❀✬✽ ✐s❂❋❄❇❂ ❀ ■ ❯ ■❘❄P❲ Ô ❊s❂❋❄✴▼✡❲❳❂
◆ ✽❋✿ ▼✡❨❘❩ ✽ õ ❯❩Ô ❲❳❂ r ▼✡■②❲ Ô ❊ Ô ❲ Ô❨ø ❂❸❂ Ö ❂❋❄ Ô ❂❋❨◗❩ ✽❧❀✬✽ ■❭❄❇❄ ✽❳❀ ■ ❯ ❄q❂❅❊✡◆❇❲ Ô ◆P◆q❩ ✽ ■ r ▼✡■✴◆❇■★➼❇❂❳❄ ✽ ❆✡▼✡◆ ❯ ❂♦❂ ✽ ◆③■❭❄❇❄ ✽ ◆ ❀ ■
➄❃❂❋❆✡❄ Ô ❖❘❂❋❨◗❩ ✽ ➈

➽ Ô ❊ Ö ■❘◆ ❯❩Ô⑤❣ ❂❋❨◗❩ ✽Ó❀ ❂❷❄❇■ ✿ ❂❋❨❘❩ ✽ ■❘❊ ❯ ❄P■⑨❂❷◆ ✽✍✿ ▼✡❨◗❩ ✽ õ ❯❝Ô ❲❳❂➇✐s❂❋❄❇❂➜❲ Ô ❊ Ô ❲ Ô❚ø ❂❋❄❳❂ Ö ❂❅❄ Ô ❂❅❨◗❩ ✽❷❀✡✽ ■❘❄❇❄ ✽Ó❀ ■
❯ ❄❇❂❋❊✡◆P❲ Ô ◆❇◆q❩ ✽ ■❬❂❷❄❇■❘◆ Ô ◆ ❯qÐ ❊✬❖ Ô ❂ ❀✡✽ ✐s❂❋❄⑦■❘❊ ❣ ❄❇■❭❊s❂ ❀✡✽ ❯ ❂❋❲❸❆✧❙❭❲ ◆❇■❭❄ Ô ❂❷▼✡❲ Ô ❲❳✐ ✽ ❄ ❯ ❂❋❊ ❯ ■ ❯ ❄q❂❋❆✡❂ ✿❁❉✡✽ ❂❷◆❇■❭❄
➄✕■ Ô❱❯ ✽ ➈ å❏✽ ❊✬◆ Ô ❀ ■❘❄q❂➥❈★◆❇■ ❯ ❂❋❲❸❆✧❙❭❲ Ô ❲❧✐ ✽ ❄ ❯ ❂❋❊ ❯ ■❧❖ ✽ ❲ ✽ ▼✡❲ ❯ ❄q❂❋❆s❂ ✿❁❉✡✽ ➄✕▼ ❯ ▼✬❄ ✽ ❂ Ö ■❘❄ Ô ♥s❖❘❂❋❨◗❩ ✽ ■ ❥ ✐♠■❘❄ Ô ❲❧■❘❊ ❯ ❂ ✿

Õ➥✌ ✯



❀✡✽ ◆❽❄P■❘◆❇▼ ✿ ❯ ❂ ❀✡✽ ◆ ✽ ❆ ❯❝Ô ❀✡✽ ◆❏❊✡■❘◆ ❯ ■ ❯ ❄q❂❅❆s❂ ✿❁❉✬✽ ➈

Õ➥✌❦Õ



Õ➥✌❳Ù



✦ ➞➳➸➅➞➟➝★✧➳➢➔➨❍➡✽➋➍➥ ✩ ➡✪✜➏➓✽➡r→✫✖➍➝✭✬ ➧➩➨❍➋➍➥

ö Õ❙÷②× ➈ ➽☞➼P❲ Ô ❂❋❊ ❀ ➴ ➈✯✮ ■ ✿ ■ ❥ ➈ ➽➍❲ ✽✁❀ ■ ✿ ➄ ✽ ❄✘◆ Ô ❲✉▼ ✿ ❂ ❯❩Ô ❊ ❣❤❯ ❉ ■ r ▼s❂❋◆ Ô ❈❫◆ ❯ ❂ ❯❩Ô ❖❸❂❋❊ ❀⑧❀ ✺ ❊s❂❅❲ Ô ❖❸❆♠■ ❉ ❂ Ö✾Ô ✽ ▼✬❄
✽ ➄➠◆ ✽❋✿ Ô ❀✱✰ Ô ❀ ■④❈✄➄❃❂❋❖❘■ ❀ ◆❇✐✡▼✡❄❦❂❋❊ ❀➃❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■◗❂❋❄P◆ ➈✳✲✵✴✷✶ ✂✹✸✻✺✽✼✿✾④✸❀✸✻✺❂❁ ✲ ✸ ✶ ✂❃✼❄✺ ✴❆❅ ✂ ✴✷❇❉❈✌❊ ●✬➭ ✯ ÒÛÕ➥✌ Ø✒❋ Õ ➳ ✯ ●
Ù ✯❋✯ ➑✝➈

ö Ù✗÷✇ú ➈ ➽ ✿❁✿●✰❏✽✁✽✁❀ ➈ ➹ ▼✡❄ Ö ■ ✺ ❂❅❊ ❀ ✐♠■❘❄P➄ ✽ ❄❇❲❳❂❋❊✡❖❘■♦❂❋◆❇◆P■❘◆P◆❇❲❧■❘❊ ❯ ✽ ➄❽◆ ✽❋✿ ▼ ❯❝Ô ✽ ❊❼❲❳■ ❯ ❉✡✽✁❀ ◆②➄ ✽ ❄❸■ ✿ ❂❋◆ ❯❝Ô ❖❧❄ ✽ ▼ ❣ ❉
❖ ✽ ❊ ❯ ❂❋❖ ❯ ✐✬❄ ✽ ❆ ✿ ■❘❲❧◆ ➈ ✑■❍ ✲★❏▲❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸ ❅✹❈ ✼P❖ ❇ ◆ ❇❘◗✻❊ ●⑦Õ✦Ù✍✌✡ê✛Õ ì ÒÛÕ ✯✒❋ Ù Ø ●✎ú✍❂❅❊ Ù ✯❋✯ ➑✝➈

ö Ø ÷✇ú ➈ ➽ ✿❁✿●✰❏✽✁✽✁❀ ❂❋❊ ❀▲Ö ➈ å Ô ➄ ❯ ❖ Ô ➈ ➽③❊ Ô ❊✡❖❭❄❇■❘❲❧■❘❊ ❯ ❂ ✿ ◆ ✽✍✿ ▼ ❯❝Ô ✽ ❊➃❲❳■ ❯ ❉✡✽✁❀ ➄ ✽ ❄③❄ ✽ ▼ ❣ ❉ ❖ ✽ ❊ ❯ ❂❋❖ ❯ ✐✬❄ ✽ ❆ ✿ ■❘❲❧◆ ➈
❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸❚❙ ✴ ✸ ❈ ●✠Ù ➑ ➲ ÒÛÕ ➎ ✯ Õ ❋ Õ ➎ Õ ➑ ●❦Ù ✯❋✯ ➑✝➈

ö ➭✱÷♣➽ ➈ ☞❏❂➥➼P✐s❂ Ô ➈ ➸ ❉ ■✘■❱❯✓■❭❖ ❯ ✽ ➄ ❣ ■❘❂❋❄ ❣ ■ ✽ ❲❳■ ❯ ❄ ✺ ❂❅❊ ❀ ◆P▼✡❄P➄❃❂❋❖❭■③♥s❊ Ô ◆ ❉❳✽ ❊❧❲❳■❘❂❋◆❇▼✡❄P■ ❀ ❯ ❄q❂❋❊✬◆❇❲ Ô ◆❇◆ Ô ✽ ❊❤■❭❄❇❄ ✽ ❄
❂❋❊ ❀ ❊ ✽ Ô ◆P■❏➄ ✽ ❄➌◆P■ Ö ■❘❄q❂ ✿ ❣ ■◗❂❅❄➌◆❇■ ❯ ◆ ➈❂✆ Ô ◆❇◆P■❘❄ ❯ ❂❋❨◗❩ ✽✾❀ ■✈❲❳■❭◆ ❯ ❄q❂ ❀✡✽ ● ➸ ❉ ■ ð ❉ Ô ✽❰➹ ❯ ❂ ❯ ■✸✃③❊ Ô➃Ö ■❭❄❇◆ Ô⑤❯★✺ ●✾Ù ✯✍✯ ➭ ➈

ö ➑ ÷ ✆❸➈ ✱ ➈ ☞❜❂❋❄❇❊✬■ ❯❇❯ ➈ ✼ ❈❫❊ ✽ Ô ◆P■✟❈✚❂❋❊❧❂❋❊✡❂ ✿ ✺✵❯❩Ô ❖◗❂ ✿ ❂❋✐✡✐✬❄ ✽ ❂❋❖ ❉ ❯ ✽ ❣ ■◗❂❋❄✇✐✡❄ ✽ ♥ ✿ ■ ✽ ✐ ❯❝Ô ❲ Ô ◆q❂ ❯❩Ô ✽ ❊✴➄ ✽ ❄ ✿⑤✽❲✰ ❊ ✽ Ô ◆P■
■❭❲ Ô ◆❇◆ Ô ✽ ❊✡◆ ➈ ù★❊✢☞❏❄ Ô⑤❯ ◆ ❉➃✼ ■❘❂❋❄✈➽✘◆P◆ ✽ ❖ Ô ❂ ❯❩Ô ✽ ❊✥●✬■ ❀ Ô⑤❯ ✽ ❄❘●✻✑❳✺✽✺ ▼ ✸✻◆✯❨❬❩➅✑❪❭ ❇ ✺✳❸ ✴❱❈❫✴ ✺ ✶✷✴ ●üÕ ➳✍➳ ✯ ➈

ö ➎ ÷ ➁ ➈ ☞❜❂❋❄ ✽ ❊✥●✠☞ ➈ ü ❂ Ö ❄P■❋●♠❂❋❊ ❀ ➴ ➈ ×➅❂ Ô ❄❇■❘◆P◆❇■ ➈ ➽✘❊s❂ ✿ ✺ ◆ Ô ◆ ✽ ➄➌❄❇■ ✿ ❂ ❯❝Ô ✽ ❊⑦❆♠■ ❯ ✰ ■❘■❭❊ ❣ ■◗❂❋❄❽❊ ✽ Ô ◆❇■✴❂❋❊ ❀ ❯ ❄❇❂❋❊✡◆✑❈
❲ Ô ◆P◆ Ô ✽ ❊❶■❘❄❇❄ ✽ ❄ ➈ ù★❊✉ù★❊ ❯ ■❭❄❇❊ ✽ Ô ◆❇■❅●s■ ❀ Ô❱❯ ✽ ❄❭●❵❴❱✺✽❛ ✴❱❈ ✺ ❇ ✼✿✾ ✴❝❜❞❜ ●✡✐s❂ ❣ ■❘◆ ➎ Õ❳Õ ❋ ➎ Õ◗➭✡●⑦Õ ➳✍➲✍➲ ➈

ö ✌✗÷ ➹ ➈ ☞❜❂❋▼ ❀ ❂❅❊ ❀ ➴ ➈✞✮ ■ ✿ ■ ❥ ➈ ➹ ❯ ❂ ❯❝Ô ❖➅❂❋❊ ❀ ❀ ✺ ❊s❂❋❲ Ô ❖ ❯ ✽✁✽ ❯ ❉æ✿❁✽ ❂ ❀ Ô ❊ ❣çÔ ❊ ◆P✐✡▼✡❄❶❂❋❊ ❀ ❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■❘❂❋❄❇■ ❀
◆ ✺ ◆ ❯ ■❭❲❳◆✑❈★■ ❥ ✐♠■❘❄ Ô ❲❧■❘❊ ❯ ◆✈❂❅❊ ❀ ❲ ✽✝❀ ■ ✿ Ö ❂ ✿ Ô ❀ ❂ ❯❩Ô ✽ ❊ ➈✤❑✽❇❉▼❡❈ ✺❂✸✻◆ ❇ ❸ ✲✝✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆❣❢ ✴ ✾❱✼ ◗ ✺❆❤ ❅❣❈ ✸✻✺✹✾✐✸ ✶ ❛P✼ ❇ ✺✹✾
❇ ❸❬❛ß✂ ✴ ✑❥❍ ✲✙❏ ●✽Õ✦Ù❅➭✡Ò Ø❳Ø ➭ ❋❦Ø ➭ ➎ ●✑ú❋▼✡❊✢Ù ✯✍✯ Ù ➈

ö ➲ ÷②× ➈ ➹ ➈ ☞❜❂ ø ❂❋❄❇❂✍❂✬● Ö ➈❦✆❸➈ ➹✝❉ ■❘❄q❂ ✿ Ô ●➌❂❋❊ ❀Óå ➈ × ➈ ➹✝❉ ■ ❯P❯★✺ ➈♠❧♥❇ ✺✽◆♦✼❄✺ ✴ ✸ ❈ � ❈✷❇❘◗✻❈ ✸❋✸❚✸♣✼❄✺ ◗❞q ❛ß✂ ✴✷❇❉❈✌❊ ✸✻✺❂❁
✸✻◆ ◗❃❇❉❈ ✼❄❛ß✂✁✸r✾ ➈ ✱ Ô ✿ ■ ✺ ●⑦Õ ➳✍➳ Ø ➈

Õ➥✌ Ø



ö ➳ ÷❸× ➈ ① ➈ ☞❏■◗❂❅❖ ❉ ❂❋❲ ■ ❯ ❂ ✿ ➈s✆ ■ Ö ■ ✿⑤✽ ✐✡❲❧■❘❊ ❯ ✽ ➄ ❯ ❄q❂❋❊✡◆P❲ Ô ◆❇◆ Ô ✽ ❊ ✰❽❉ Ô ❊✡■❤✐✡❄❇■ ❀ Ô ❖ ❯❩Ô ✽ ❊ ❯ ✽✁✽✍✿ ◆ ➈✱❑❵❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸
❍ ❇❲✶ ✼ ✴ ❛ ❊❆❇ ❸Ý✑ ▼ ❛ ❇ ✸ ❇ ❛t✼ ✟ ✴■❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✾④●✡✐s❂ ❣ ■❘◆ ➲✍➲ ✌ ❋ ➲✍➳ ✌✝●⑦Õ ➳✍➳✍➳ ➈

ö Õ ✯ ÷❸× ➈ ☞❏■ ❣ ❉ Ô ❊ Ô ● ü ➈ ➴☞❄P■❘◆ Ô ❖❘❖❭■❋●✧❂❋❊ ❀➅å ➈ ➹ ❂❋❊ ❯ ▼✡◆ ➈ ➽➛❲❳■ ❯ ❉✡✽✁❀ ❯ ✽❧❀ ■❭♥✡❊✡■❸✐✡❄ ✽ ♥ ✿ ■✾❲ ✽✁❀ Ô ♥✡❖◗❂ ❯❝Ô ✽ ❊ ✽ ➄➾◆❇✐✡▼✬❄
❣ ■❘❂❋❄❽❂❋❊ ❀ ❲ Ô ❊ Ô ❲ Ô❚ø ■ ❯ ❉ ■ ❯ ❄❇❂❋❊✡◆P❲ Ô ◆❇◆ Ô ✽ ❊❶■❘❄P❄ ✽ ❄ ➈ ù★❊➃➽ ✼ ×➃➽②●✡■ ❀ Ô❱❯ ✽ ❄❭●✯✉ ❈❫❇❲✶✷✴✷✴ ❁✻✼❄✺ ◗ ✾ ❇ ❸➱✑✈❩ ✲ ✑①✇✤✸✻◆❄◆
❅✯✴✷✶ ✂❃✺✽✼ ✶ ✸✻◆ ✲✵✴✷✴ ❛t✼❄✺ ◗ ●s✐s❂ ❣ ■❘◆✹Õ ❋ ➳ ●➔× Ô ✿●✰ ❂❅▼ é ■❭■❋● ð ❖ ❯ Ù ✯✍✯ ➭ ➈

ö Õ❳Õ❙÷ å ➈ ✳ ➈ å❏❉ ■❭❊✥● ➹ ➈ ➸ ➈ å❏❉ Ô ✽ ▼✓●③② ➈ Ö ➈ ü ✽ ❊ ❣ ● å ➈ ✳ ➈ ➵ ■❭■❋●✥❂❅❊ ❀▲å ➈ Ö ➈ å❏❉ ■❘❊ ➈ ×➅❂ ❯ ❉ ■❘❲❳❂ ❯❩Ô ❖◗❂ ✿ ❲ ✽✁❀ ■ ✿
✽ ➄Ù❖❭▼✡❄ Ö ❂ ❯ ▼✡❄❇■✲❂❋❊s❂ ✿ ✺ ◆ Ô ◆✩➄ ✽ ❄❏❖ ✽ ❊➏➼P▼ ❣ ❂ ❯ ■✘◆P▼✡❄P➄❃❂❅❖❘■❘◆ ✰ Ô❱❯ ❉ ❣ ■❘❊✡■❭❄q❂ ✿ Ô❨ø ■ ❀ ❲ ✽ ❯❩Ô ✽ ❊ Ô ❊ ❯ ❉ ❄❇■❭■ ❀ Ô ❲❧■❘❊✬◆ Ô ✽ ❊✡◆ ➈
✉ ❈❫❇❲✶✐④✞❇ ❸❥❛❹✂ ✴ ❴ ✲✝✴✷✶ ✂ ❏⑥⑤ ✉⑦✸ ❈ ❛■❭⑧❤ ❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸ ✲✵✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆ ❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗ ❍ ✶ ✼ ✴ ✺ ✶✷✴ ●♦Ù❦Õ ➑ Ò ➭ ➲ ✌ ❋ ➑ ✯ Ù✝●
Ù ✯✍✯ Õ ➈

ö Õ✦Ù✗÷❥⑨ ➈ å ➈ å❏❉ ■❭❊⑩❂❋❊ ❀⑨å ➈ ☞ ➈ ➸ ◆❇❂ ✺ ➈ ☞❏■◗❂❅❄ Ô ❊ ❣ ❖ ✽ ❊ ❯ ❂❋❖ ❯ ✽ ➄✈❂ ❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■❘❂❋❄♣✐s❂ Ô ❄ ✰ Ô❱❯ ❉ Ô ❊ Ö ✽❋✿ ▼ ❯ ■ ❯ ■❘■ ❯ ❉
✐ Ô ❊ Ô ✽ ❊❬❂❋❊ ❀ ❲ ✽✁❀ Ô ♥s■ ❀ ❖ Ô ❄❇❖❭▼ ✿ ❂❋❄✑❈✑❂❋❄P❖ ❯ ■❘■ ❯ ❉ ❣ ■◗❂❋❄ ➈ ✉ ❈❫❇❲✶✐④⑩❇ ❸❶❛ß✂ ✴ ❴ ✲✝✴✷✶ ✂ ❏⑥⑤ ✉⑦✸ ❈ ❛✈❭❷❤ ❑✽❇❉▼❡❈ ✺❂✸✻◆ ❇ ❸
✲✵✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆ ❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗ ❍ ✶ ✼ ✴ ✺ ✶✷✴ ●✻Ù❦Õ ➑ Ò➃Õ✔Õ➥✌ ➑ ❋ Õ✔Õ ➲ ✌✝●✒Ù ✯✍✯ Õ ➈

ö Õ Ø ÷❥⑨ ➈ å ➈ å❏❉ ■❭❊ ❂❋❊ ❀æå ➈ ☞ ➈ ➸ ◆❇❂ ✺ ➈ å❏✽ ❊ ❯ ❂❋❖ ❯ ❄q❂ ❯❝Ô ✽ ◆❧❂❋❊ ❀ ❯ ❄q❂❋❊✡◆P❲ Ô ◆❇◆ Ô ✽ ❊❷■❘❄P❄ ✽ ❄P◆ ✽ ➄✾❂ ❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■◗❂❋❄
◆❇■ ❯ ✰ Ô❱❯ ❉ Ô ❊ Ö ✽✍✿ ▼ ❯ ■✹❈ ❯ ■❘■ ❯ ❉ ✐ Ô ❊ Ô ✽ ❊➅❂❋❊ ❀ ❲ ✽✝❀ Ô ♥s■ ❀ ❈★❖ Ô ❄❇❖❭▼ ✿ ❂❋❄✑❈✑❂❋❄P❖④❈ ❯ ■❘■ ❯ ❉ ❣ ■❘❂❋❄ ➈■❑ ❍ ✲✙❏ ❴✌✺✽❛ ✴❱❈ ✺❂✸✻❛P✼ ❇ ✺❂✸✻◆
❑✽❇❉▼❡❈ ✺❂✸✻◆✪❤⑦❍ ✴❱❈ ✼ ✴ ✾❶❭➌●✬➭✍➭➔ê Ø ì Ò ➲✍➎ ✌ ❋ ➲ ✌❅➭✡●✻Ù ✯✍✯ Õ ➈

ö Õ◗➭✱÷ å ➈ Ö ➈ å❏❉ ▼✡❊ ❣ ● ✼ ➈ ➹ ❯ ■ ✺ ■❭❄❘● ➸ ➈ ➽✘❆♠■❋●✩× ➈ å❏✿ ❂❅✐✡✐✧■❭❄❘●✇❂❅❊ ❀➜å ➈ ➹✝❉ ❂ ❉ ➈ ✼ ■◗❂❋❄②❊ ✽ Ô ◆P■♦❄P■ ❀ ▼✡❖ ❯❩Ô ✽ ❊ ❯ ❉ ❈
❄ ✽ ▼ ❣ ❉ ❯ ❄q❂❅❊✡◆❇❲ Ô ◆P◆ Ô ✽ ❊❑■❭❄❇❄ ✽ ❄❽❖ ✽ ❊ ❯ ❄ ✽✍✿ ❂❋❊ ❀ ❣ ■◗❂❅❄❦❆ ✿ ❂❋❊ é ❀ ✺ ❊s❂❋❲ Ô ❖ ❯ ▼✡❊ Ô ❊ ❣ ➈ ❍ ❇❲✶ ✼ ✴ ❛ ❊❚❇ ❸❼✑ ▼ ❛ ❇ ✸ ❇ ❛P✼ ✟ ✴
❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✾④●üÕ ➳✍➳❋➳ ➈

ö Õ ➑ ÷❸× ➈ ② ➈ å❏✽✍❉ ❊ ➈ ➸ ❉ ■ ✽ ❄ ✺ ❂❋❊ ❀ ✐✡❄q❂❅❖ ❯❩Ô ❖❘■ ✽ ➄❜◆ ❯ ❄❇▼✬❖ ❯ ▼✬❄q❂ ✿✟✽ ✐ ❯❩Ô ❲ Ô❚ø ❂ ❯❝Ô ✽ ❊ ➈ ❍❵❛ ❈✌▼❵✶ ❛ ▼❡❈ ✸✻◆⑩❸ � ❛P✼Û✸♣✼●❹❲✸✻❛t✼ ❇ ✺s●
✌✝Ò❉Ù ✯✒❋❦Ø Õ✍●üÕ ➳❋➳ ➭ ➈

ö Õ ➎ ÷ ➸ ➈ ü ➈ å❏✽ ❊✡❄ ✺ ❂❋❊ ❀ ➽ ➈ ➹ ■ Ô ❄P■ ❣ ➈ ➽➟❲♦❂ ❯ ❉ ■❭❲♦❂ ❯❝Ô ❖❘❂ ✿ ✐✡❄ ✽ ❣ ❄q❂❋❲❧❲ Ô ❊ ❣ ❲❧■ ❯ ❉✡✽✁❀ ➄ ✽ ❄ ❀ ■❘◆ Ô❁❣ ❊ ✽ ➄✩■ ✿ ❂❋◆ ❯❩Ô ❖
❆ ✽✝❀ Ô ■❘◆ Ô ❊❤❖ ✽ ❊ ❯ ❂❋❖ ❯ ➈✥❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸❋✑ �✞� ◆♦✼ ✴ ❁ ✲✵✴✷✶ ✂✹✸✻✺✽✼ ✶ ✾⑩❤ ❅❣❈ ✸✻✺✹✾✐✸ ✶ ❛P✼ ❇ ✺✹✾ ❇ ❸⑩❛❹✂ ✴ ✑■❍ ✲★❏ ● Ø ➲ ê❄Ù ì Ò Ø ➲ ✌ ❋
Ø ➳ Ù✁●rÕ ➳ ✌❦Õ ➈

ö Õ➥✌✗÷ ➸ ➈ ü ➈ å❏✽ ❊✡❄ ✺ ❂❋❊ ❀ ➽ ➈ ➹ ■ Ô ❄❇■ ❣ ➈ ➽➟❲♦❂ ❯ ❉ ■❭❲♦❂ ❯❝Ô ❖❘❂ ✿ ✐✡❄ ✽ ❣ ❄q❂❋❲❧❲ Ô ❊ ❣❤❯ ■❘❖ ❉ ❊ Ô r ▼✡■❚➄ ✽ ❄ ❯ ❉ ■❚■ Ö ❂ ✿ ▼s❂ ❯❝Ô ✽ ❊
✽ ➄ ✿❁✽ ❂ ❀❑❀ Ô ◆ ❯ ❄ Ô ❆✡▼ ❯❩Ô ✽ ❊➅❂❋❊ ❀➅✽ ✐ ❯❝Ô ❲❳❂ ✿ ❲ ✽✝❀ Ô ♥s❖❘❂ ❯❩Ô ✽ ❊✡◆❜➄ ✽ ❄ ❣ ■◗❂❅❄③◆ ✺ ◆ ❯ ■❭❲❳◆ ➈❬❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸ ❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗
❸ ❇❉❈ ❴❱✺❂❁ ▼ ✾❱❛ ❈❱❊ ❤ ❅❣❈ ✸✻✺✹✾✐✸ ✶ ❛P✼ ❇ ✺✹✾ ❇ ❸❥❛ß✂ ✴ ✑■❍ ✲★❏ ● ➳ ➑ ÒÛÕ❳Õ❳Õ ➑ ❋ Õ❳Õ✦Ù✔Ù✝●✬❹ ✽ Ö Õ ➳ ✌ Ø ➈

Õ➥✌❅➭



ö Õ ➲ ÷ ① ➈ ✱ ➈ å❏✽ ❄❇❊✬■ ✿❁✿ ➈ å❏✽ ❲❳✐ ✿ Ô ❂❅❊✡❖❘■✾❂❅❊ ❀ ◆ ❯ ❄P■❘◆❇◆③◆❇■❭❊✡◆ Ô❱❯❩Ô➃Ö✾Ô❱❯★✺ ✽ ❊❑◆❇✐✡▼✡❄ ❣ ■❘❂❋❄ ❯ ■❭■ ❯ ❉ ➈⑩❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸ ✲✵✴✷✶ ✂✹✸✻❤
✺✽✼ ✶ ✸✻◆✯❢ ✴ ✾❱✼ ◗ ✺❺❤ ❅❣❈ ✸✻✺✹✾✐✸ ✶ ❛P✼ ❇ ✺✹✾ ❇ ❸❥❛ß✂ ✴ ✑❥❍ ✲✙❏ ●✽Õ ✯❳Ø Ò ➭✍➭✵✌ ❋ ➭ ➑ ➳ ●✁➽✘✐✬❄✐Õ ➳✍➲ Õ ➈

ö Õ ➳ ÷②× ➈ å ➈ å ➈ å ▼✬❊ ❉ ❂ ➈⑦✲✵❻ ❛ ❇ ❁ ❇ ✾❝✺ ▼ ✸ ❻❱❈ ✼ ✶✷❇ ✾ ➈ ➁ ❀ Ô⑤❯ ✽ ❄q❂ ❀ ❂Þ✃③❊ Ô ❖◗❂❅❲❳✐✥●✻Ù ✯✍✯❳Ø ➈
ö Ù ✯ ÷ ➹ ➈ å ▼✡❄ ❯❩Ô ◆❭●❻ú ➈ ➴✚■◗❂❋❄P◆❘● ✆②➈ ➴➠❂ ✿ ❲❧■❘❄❭●✧× ➈ ➁ ❖❭❖ ✿ ■❭◆❘●♠➽ ➈ ➴ ✽✁✽ ❊✥●✓× ➈ ✼ ➈ ✳❰Ô ❲❑● ✼ ➈ ⑨ ➈ ú❋■ ✽ ❊✥●Òú ➈ ✳ ➈ ✳❰Ô ❲❑●

❂❋❊ ❀②➹ ➈ Ö ➈ ú ✽✝✽ ➈ ➽③❊⑩❂❋❊s❂ ✿ ✺✵❯❩Ô ❖◗❂ ✿ ❲❧■ ❯ ❉✡✽✝❀ ❯ ✽ ❄❇■ ❀ ▼✡❖❘■ ❣ ■◗❂❋❄ ✰❽❉ Ô ❊✬■♦❊ ✽ Ô ◆❇■❅● Ô ❊✬❖ ✿ ▼ ❀ Ô ❊ ❣↕Ö ❂ ✿ Ô ❀ ❂ ❯❝Ô ✽ ❊
✰ Ô❱❯ ❉ ❯ ■❘◆ ❯ ❀ ❂ ❯ ❂ ➈ ù★❊ ➹ ➽ ➁ ●❅■ ❀ Ô❱❯ ✽ ❄❭●✹❼✹❽❞❽✻❾❬❍❦✑ ❏ ❙ ❇❉❈ ◆●❁❿❭ ❇ ✺ ◗✻❈❫✴ ✾✷✾✳❤ ❅✹❈ ✸✻✺✹✾④✸♣✼✿✾✷✾❱✼ ❇ ✺✹✾⑦✸✻✺❂❁■❢ ❈ ✼ ✟ ✴ ◆♦✼❄✺ ✴ ✾
❍ ❊ ✸ � ❇ ✾❱✼ ▼ ✸➀❤➂➁✞❙✱❢⑦➃✒✑❝❙➄❢♣●✡➽✘✐✬❄❼Ù ✯✍✯ ➑✝➈

ö Ù❦Õ❙÷✇ú ➈ × ➈ ❀ ■❚×➃▼ ✿ ●Òú ➈ ú ➈ ✳ ❂ ✿ é ■❘❄❭●✓❂❋❊ ❀ ☞ ➈ ü ❄P■ ❀ ❄ Ô×é ◆❇◆ ✽ ❊ ➈ ➸ ❉ ■✉❖ ✽ ❊ ❯ ❂❋❖ ❯ ❆♠■ ❯ ✰ ■❘■❭❊❼❂❅❄❇❆ Ô❱❯ ❄q❂❅❄ Ô ✿ ✺ ❖❭▼✡❄ Ö ■ ❀
❆ ✽✝❀ Ô ■❘◆ ✽ ➄➠♥s❊ Ô⑤❯ ■ ❀ Ô ❲❳■❭❊✡◆ Ô ✽ ❊✡◆ ➈ ✑❥❍ ✲✙❏▲❑✽❇❉▼❡❈ ✺❂✸✻◆ ❇ ❸ ❅❣❈ ✼P❖ ❇ ◆ ❇❘◗✻❊ ●üÕ◗➭ ✯ ê ➲ ì Ò➃Õ❘➭ ✯✒❋ Õ◗➭ ➲ ●✎ú✍❂❅❊äÕ ➳✍➲✍➎ ➈

ö Ù❳Ù✗÷ ✆ ù✑❹ Ø ➳✍➎ ✯ ➈ ❭ ❇ ✺ ✶✷✴ � ❛❄✾❬✸✻✺❂❁ � ✸ ❈ ✸❋✸ ✴ ❛ ✴❱❈ ✾❬✸❉✾✷✾ ❇❲✶ ✼P✸✻❛ ✴ ❁♣➅➂✼❄❛❹✂ ✶❱❊ ◆♦✼❄✺❂❁ ❈ ✼ ✶ ✸✻◆ ◗❃✴ ✸ ❈ ✾❥✸✻✺❂❁ ✶❱❊ ◆♦✼❄✺❂❁ ❈ ✼ ✶ ✸✻◆ ◗❃✴ ✸ ❈
� ✸✻✼ ❈ ✾❝➅➂✼❄❛ß✂❚✼❄✺ ✟ ❇ ◆ ▼ ❛ ✴ ❛ ✴✷✴ ❛❹✂ ➈⑥✆ ■❭▼ ❯ ◆P❖ ❉ ■✉❹ ✽ ❄❇❲❧■❘❊✓●✽Õ ➳✍➲ ✌ ➈

ö Ù Ø ÷ ✆ ù✑❹ Ø ➳✍➎ Ù ➈✈❅✯❇ ◆ ✴❱❈ ✸✻✺ ✶✷✴ ✾✁❸ ❇❉❈✈✶❱❊ ◆♦✼❄✺❂❁ ❈ ✼ ✶ ✸✻◆ ◗❃✴ ✸ ❈ ❛ ✴✷✴ ❛ß✂ ➈✞✆ ■❘▼ ❯ ◆❇❖ ❉ ■❸❹ ✽ ❄P❲❳■❭❊✥●rÕ ➳ ✌ ➲ ➈
ö Ù❅➭✱÷ ✆ ù✑❹ Ø ➳✍➎ ➭ ➈ ❢ ✴ ✟ ✼P✸✻❛P✼ ❇ ✺✹✾ ❇ ❸♣✾✄✂✹✸✪❸✌❛ ✶✷✴ ✺✽❛ ❈❫✴ ❁✻✼✿✾❱❛➆✸✻✺ ✶✷✴ ✾➄✸✻✺❂❁✙✾✄✂✹✸✪❸✌❛❄✾ � ❇ ✾❱✼❄❛t✼ ❇ ✺♠❛ ❇ ◆ ✴❱❈ ✸✻✺ ✶✷✴ ✾ ❇ ❸ ✶ ✸❉✾❱✼❄✺ ◗ ✾

❸ ❇❉❈✈✶❱❊ ◆♦✼❄✺❂❁ ❈ ✼ ✶ ✸✻◆ ◗❃✴ ✸ ❈ ✾ ➈❦✆ ■❘▼ ❯ ◆❇❖ ❉ ■✉❹ ✽ ❄P❲❳■❭❊✥●rÕ ➳✍➲ ✯ ➈
ö Ù ➑ ÷ ➁ ➈❋ð❚➈✄✆ ✽ ■❘❆♠■ ✿ Ô ❊ ➈ ❍ ❊ ✾❱❛ ✴ ✸➛✸ ❇ ❁ ✴ ◆♦✼❄✺ ◗ ✸✻✺❂❁ ❈❫✴ ✾ � ❇ ✺✹✾ ✴ ❤ ❅ ✂ ✴✷❇❉❈❫✴ ❛P✼ ✶ ✸✻◆❣✸✻✺❂❁ ✴✠➇ � ✴❱❈ ✼Û✸ ✴ ✺✽❛➈✸✻◆✹✸ �✞� ❈❫❇ ✸ ✶ ✂ ✴ ✾ ➈

ú ✽✍❉ ❊ ✱ Ô ✿ ■ ✺ ❂❋❊ ❀➒➹✝✽ ❊✬◆❘●➭ù★❊✡❖ ➈ ●✽Õ ➳✍➲ ✯ ➈
ö Ù ➎ ÷ ✆❸➈ ✱ ➈❵✆ ▼ ❀✡✿ ■ ✺ ➈⑦➉ ✸✻✺❂❁❞❖ ❇❲❇❲➊✱❇ ❸ � ❈ ✸ ✶ ❛t✼ ✶ ✸✻◆ ◗❃✴ ✸ ❈ ❁ ✴ ✾❱✼ ◗ ✺ ➈ å ① å ●❵Õ ➳✍➲ ➭ ➈
ö Ù✍✌✗÷ ð✉➈❦✆ ▼ Ö ■❭❄ ❣ ■❭❄❘●✟➴ ➈➋✮ ■ ✿ ■ ❥ ● ➵ ➈➌✮ ■ ❀ ❲❳❂❋❄❘●➌❂❋❊ ❀ ➴ ➈ ➹ ❂ Ô ❊✡◆ ✽ ❯ ➈ ➽➂❲ ✽✝❀ ■ ✿❏✽ ➄ ❯ ❉ ■ ❀ ✺ ❊✡❂❋❲ Ô ❖♦❆♠■ ❉ ❂ Ö✾Ô ✽ ❄

✽ ➄✩◆P✐✡▼✡❄ ❣ ■❘❂❋❄❇◆ ✰ Ô❱❯ ❉ ❖ ✽ ❊✡◆ Ô ❀ ■❘❄❇❂ ❯❩Ô ✽ ❊ ✽ ➄ ✽ ❯ ✿ Ô ❊✡■④❈ ✽ ➄ ❈✑❂❋❖ ❯❩Ô ✽ ❊➃❖ ✽ ❊ ❯ ❂❋❖ ❯ ◆ ➈ ù★❊▲➽ ➹ × ➁ ●✥■ ❀ Ô❱❯ ✽ ❄❭●✽✑■❍ ✲★❏
❼✹❽❞❽✄➍❶❢ ✴ ✾❱✼ ◗ ✺ ❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗➎❅✯✴✷✶ ✂❃✺✽✼ ✶ ✸✻◆✥❭ ❇ ✺✳❸ ✴❱❈❫✴ ✺ ✶✷✴ ✾❬✸✻✺❂❁✭❭ ❇ ✸ � ▼ ❛ ✴❱❈ ✾❝✸✻✺❂❁✈❴❱✺✳❸ ❇❉❈ ✸❶✸✻❛P✼ ❇ ✺✭✼❄✺ ❏ ✺✽❤
◗ ✼❄✺ ✴✷✴❱❈t◗ ✼❄✺ ◗ ❭ ❇ ✺✳❸ ✴❱❈❫✴ ✺ ✶✷✴ ●✬✐✡❂ ❣ ■❘◆✹Õ ❋ ➲ ● å❏❉ Ô ❖◗❂ ❣ ✽ ●✎ù ➵ ●♦Ù ✯✍✯❳Ø ➈

ö Ù ➲ ÷②× ➈ ù ➈ ü ❄ Ô ◆ ✰ ■ ✿⑤✿ ❂❋❊ ❀ ú ➈ ➁ ➈ × ✽ ❯❇❯ ■❘❄P◆ ❉ ■❘❂ ❀ ➈ ✇➂✼❄✺✽✼❄❛ ✴✈✴ ◆ ✴ ✸ ✴ ✺✽❛✩✸ ❇ ❁❞✸✻◆ ▼ � ❁❞✸✻❛t✼❄✺ ◗ ✼❄✺✙✾❱❛ ❈✌▼✽✶ ❛ ▼❃❈ ✸✻◆✥❁ ❊ ✺❂✸✻❤
✸♣✼ ✶ ✾ ➈ ✳ ✿ ▼ ✰ ■❘❄❽➽✈❖◗❂ ❀ ■❘❲ Ô ❖♣➴✇▼✡❆ ✿ Ô ◆ ❉ ■❘❄P◆❘●✽Õ ➳✍➳❋➎ ➈

ö Ù ➳ ÷ ① ➈ ✱ ➈ ✼ ❄P■ ❣ ✽ ❄ ✺ ● ➹ ➈ ➵ ➈ Ö ❂❅❄❇❄ Ô ◆❘●✝❂❋❊ ❀ ① ➈ ✼ ➈ ×➃▼✡❊✡❄ ✽ ➈➋✆ ✺ ❊s❂❋❲ Ô ❖❘◆✟❆✧■ ❉ ❂ Ö✾Ô ✽ ▼✡❄ ✽ ➄⑥◆❇✐✬▼✡❄ ❣ ■❘❂❋❄❇◆ ➈ ✉ ❈❫❇❲✶✐④
❇ ❸❬❛ß✂ ✴ ❴ ✲✵✴✷✶ ✂ ❏ ●rÕ➥✌ ➲ ê✛Õ ì Ò❉Ù ✯ ✌ ❋ Ù❳Ù ➎ ●✠Õ ➳✍➎ Ø ➈

Õ➥✌ ➑



ö Ø✍✯ ÷ ① ➈ ➸ ➈ Ö ❂❅➄ ❯❩é ❂❤❂❋❊ ❀ ② ➈ ✼ ➉ ❄ ❀ ❂ ✿ ➈ ➁ ✿ ■❘❲❧■❘❊ ❯ ◆ ✽ ➄✚◆ ❯ ❄P▼✡❖ ❯ ▼✡❄q❂ ✿Ù✽ ✐ ❯❩Ô ❲ Ô❚ø ❂ ❯❝Ô ✽ ❊ ➈ ù★❊ ✼ ➈ × ➈ ➵ ➈ ✼♣✿ ❂ ❀✹✰ ■ ✿⑤✿ ●
■ ❀ Ô⑤❯ ✽ ❄❘●➏❍ ❇ ◆♦✼P❁✾✸ ✴✷✶ ✂✹✸✻✺✽✼ ✶ ✾⑦✸✻✺❂❁■✼❄❛❄✾⑩✸ �✞� ◆♦✼ ✶ ✸✻❛P✼ ❇ ✺✹✾④●➏✐✡❂ ❣ ■❏➭ ➲ Õ ➈ ✳ ✿ ▼ ✰ ■❘❄➾➽✈❖❘❂ ❀ ■❭❲ Ô ❖❏➴✇▼✡❆ ✿ Ô ◆ ❉ ■❘❄P◆❘●✒Õ ➳✍➳✍➳ ➈

ö Ø Õ❙÷ ➹ ➈ ➵ ➈ Ö ❂❋❄❇❄ Ô ◆ ➈➌✆ ✺ ❊s❂❅❲ Ô ❖❘◆ ✿⑤✽ ❂ ❀ ◆ ✽ ❊ ❯ ❉ ■ ❯ ■❘■ ❯ ❉➊✽ ➄⑥◆P✐✡▼✡❄ ❣ ■❘❂❋❄❇◆ ➈ ✉ ❈❫❇❲✶✐④❦❇ ❸❳❛ß✂ ✴ ❴ ✲✝✴✷✶ ✂ ❏ ●✠Õ➥✌❳Ù✡ê❄Ù ì Ò ➲ ✌ ❋
Õ❳Õ✦Ù✁●rÕ ➳ ➑ ➲ ➈

ö Ø Ù✗÷❞ú ➈ Ö ■❘❄❇◆ é ✽ Ö✾Ô⑤❯ ◆❘●✵➽ ➈ ➵ ■ ✽ ❊ ❯❩Ô ■ Ö ● ✼ ➈❞✆ Ô ❂❋◆❭●✵❂❋❊ ❀❧✼ ➈ ➹ ❂❋❊ ❯ ✽ ◆ ➈ å❏✽ ❊ ❯ ❂❋❖ ❯ ◆ ❉ ❂❋✐♠■ ✽ ✐ ❯❝Ô ❲ Ô❨ø ❂ ❯❩Ô ✽ ❊✥ÒÙ❂✲❆ Ô ✿ ■ Ö ■ ✿
✐✡❄ ✽ ❣ ❄q❂❅❲❳❲ Ô ❊ ❣ ❂❋✐✡✐✡❄ ✽ ❂❋❖ ❉ ➈ ❍❵❛ ❈✌▼❵✶ ❛ ✲❺▼ ◆♦❛P✼P❁✻✼✿✾ ✶ ❸ � ❛t✼Û✸❚●♦Ù ✯ Ò◆Ù✾Õ◗➭ ❋ Ù❳Ù✾Õ✍●✻Ù ✯❋✯✍✯ ➈

ö Ø❳Ø ÷ ➹ ➈ Ö③✽ ❊ ❀ ❂ ➈ ① ✽ ❯ ❂ ❯❩Ô ✽ ❊s❂ ✿ Ö✾Ô ❆✡❄❇❂ ❯❩Ô ✽ ❊ ✽ ➄♠❂ ❉ ■ ✿ Ô ❖❘❂ ✿ ❣ ■◗❂❋❄➠✐s❂ Ô ❄ ✰ Ô⑤❯ ❉ ❲ ✽✝❀ Ô ♥s■ ❀ ❯ ✽✁✽ ❯ ❉ ◆❇▼✡❄✦➄❃❂❋❖❘■❭◆❦ê❙Ù❅❊ ❀ ❄❇■④❈
✐ ✽ ❄ ❯ ì ➈➋❑ ❍ ✲✙❏ ❴✌✺✽❛ ✴❱❈ ✺❂✸✻❛P✼ ❇ ✺❂✸✻◆ ❑✽❇❉▼❡❈ ✺❂✸✻◆❣❍ ✴❱❈ ✼ ✴ ✾r❭ q ❢ ❊ ✺❂✸❋✸♣✼ ✶✷⑤ ❭ ❇ ✺✽❛ ❈❫❇ ◆❂✸✻✺❂❁❝➐ ❇ ❖ ❇ ❛P✼ ✶ ✾④● Ø ➎ ê Ø ì Ò Ø ✌ ➑ ❋
Ø ➲ ➭✬●rÕ ➳✍➳ Ø ➈

ö Ø ➭✱÷ ➹ ➈ Ö③✽ ❊ ❀ ❂ ➈ ① ✽ ❯ ❂ ❯❩Ô ✽ ❊s❂ ✿ Ö✾Ô ❆✬❄q❂ ❯❝Ô ✽ ❊ ✽ ➄⑥❂ ❉ ■ ✿ Ô ❖❘❂ ✿ ❣ ■❘❂❋❄✟✐✡❂ Ô ❄ ✰ Ô⑤❯ ❉ ❲ ✽✝❀ Ô ♥s■ ❀ ❯ ✽✝✽ ❯ ❉ ◆P▼✡❄P➄❃❂❅❖❘■❘◆✲ê❃❲ ✽✝❀ Ô ❈
♥s■ ❀ ❯ ✽✁✽ ❯ ❉ ◆❇▼✬❄P➄❃❂❋❖❭■❘◆✾❂❋❊ ❀ Ô⑤❯ ◆③■ r ▼ Ô➃Ö ❂ ✿ ■❘❊ ❯③❯ ✽✝✽ ❯ ❉ ✐✡❄ ✽ ♥ ✿ ■ ì ➈■❑ ❍ ✲★❏ ❴❱✺✽❛ ✴❱❈ ✺❂✸✻❛P✼ ❇ ✺❂✸✻◆ ❑✽❇❉▼❡❈ ✺❂✸✻◆✤❍ ✴❱❈ ✼ ✴ ✾
❭ q ❢ ❊ ✺❂✸❋✸♣✼ ✶✷⑤ ❭ ❇ ✺✽❛ ❈❫❇ ◆➑✸✻✺❂❁s➐ ❇ ❖ ❇ ❛t✼ ✶ ✾④● Ø ➎ ê❃Õ ì ÒÛÕ✦Ù ➑ ❋ Õ Ø ➭✡●✠Õ ➳✍➳ Ø ➈

ö Ø ➑ ÷ ➹ ➈ Ö❦✽ ❊ ❀ ❂ ➈ ① ✽ ❯ ❂ ❯❝Ô ✽ ❊s❂ ✿ Ö✾Ô ❆✡❄❇❂ ❯❩Ô ✽ ❊ ✽ ➄✬❂ ❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■❘❂❋❄Ù✐s❂ Ô ❄ ✰ Ô⑤❯ ❉ ❲ ✽✝❀ Ô ♥s■ ❀ ❯ ✽✁✽ ❯ ❉ ◆❇▼✬❄P➄❃❂❋❖❭■❘◆✟ê Ö ■❘❄ Ô ♥s❖◗❂➥❈
❯❩Ô ✽ ❊ ✽ ➄ ❯ ❉ ■✩❊✡■ ✰ ❯ ❉ ■ ✽ ❄ ✺ ❆ ✺ ■ ❥ ✐✧■❭❄ Ô ❲❧■❘❊ ❯ ❂❋❊ ❀ ❂③❊✡■ ✰⑩❀ ■❭◆ Ô❁❣ ❊❸❲❧■ ❯ ❉✬✽✝❀ ➄ ✽ ❄ ❀ ✺ ❊s❂❋❲ Ô ❖☞✐♠■❘❄P➄ ✽ ❄❇❲❳❂❋❊✡❖❘■ ì ➈
❑ ❍ ✲★❏ ❴❱✺✽❛ ✴❱❈ ✺❂✸✻❛P✼ ❇ ✺❂✸✻◆ ❑✽❇❉▼❡❈ ✺❂✸✻◆➒❍ ✴❱❈ ✼ ✴ ✾❺❭ q ❢ ❊ ✺❂✸❋✸♣✼ ✶✷⑤ ❭ ❇ ✺✽❛ ❈❫❇ ◆⑦✸✻✺❂❁✭➐ ❇ ❖ ❇ ❛t✼ ✶ ✾④● Ø ➲ ê❃Õ ì Ò➃Õ✔Õ✦Ù ❋ Õ✦Ù✾Õ✍●
Õ ➳✍➳ ➑✝➈

ö Ø ➎ ÷ ✆❸➈ ① ➈ Ö③✽ ▼✡◆P■❘❄ ➈ ① ■❭◆❇■❘❂❋❄❇❖ ❉ Ô ❊ ❯ ❉ ■ ❣ ■◗❂❋❄ ❀ ✺ ❊s❂❅❲ Ô ❖❘◆✩❂❋❊ ❀ ❣ ■◗❂❅❄✟❊ ✽ Ô ◆❇■❽❄P■❘◆❇■❘❂❋❄❇❖ ❉♦✿ ❂❋❆ ✽ ❄q❂ ❯ ✽ ❄ ✺ ➈➑❑❵❇❉▼❃❈ ✺❂✸✻◆
❇ ❸❥❛ß✂ ✴ ❍ ❇❲✶ ✼ ✴ ❛ ❊❆❇ ❸➱✑ ▼ ❛ ❇ ✸ ❇ ❛P✼ ✟ ✴❥❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✾④●✬✐s❂ ❣ ■❘◆✹Õ ➑ ❋ Ù Ø ●rÕ ➳✍➲ Ù ➈

ö Ø ✌✗÷ ✆❸➈ ① ➈ Ö❦✽ ▼✡◆❇■❭❄ ➈ ❩ ✴ ✸ ❈ ❁ ✴ ✾❱✼ ◗ ✺❼✸❶✸✻✺ ▼ ❸➓✸ ✶ ❛ ▼❡❈ ✼❄✺ ◗ ✸✻✺❂❁❚✼❄✺✹✾ � ✴✷✶ ❛t✼ ❇ ✺❼✸❶✸✻✺ ▼ ✸✻◆r✑ ❏ ❤→➔❞❾❋●⑥❖ ❉ ❂❋✐ ❯ ■❘❄ ✼ ■◗❂❋❄
❊ ✽ Ô ◆❇■✉◆ ✽ ▼✡❄P❖❘■❘◆♣❂❅❊ ❀ ❯ ❉ ■ Ô ❄✲✐✬❄❇■ ❀ Ô ❖ ❯❝Ô ✽ ❊➅▼✡◆ Ô ❊ ❣ ❲♦❂ ❯ ❉ ■❭❲♦❂ ❯❝Ô ❖❘❂ ✿ ❲ ✽✁❀ ■ ✿ ◆❘●✧✐s❂ ❣ ■❭◆✹Ù❦Õ Ø✒❋ Ù❳Ù❳Ù ➈ ➹ ➽ ➁ ù★❊✁❈
❯ ■❭❄❇❊s❂ ❯❩Ô ✽ ❊s❂ ✿ ●✠Õ ➳✍➳ ✯ ➈

ö Ø ➲ ÷ ✆❸➈ ① ➈ Ö③✽ ▼✡◆❇■❭❄ ➈ ❢ ▼ ❁✹◆ ✴❱❊➑➣ ✾s❩ ✴ ✸ ❈❥➉ ✸✻✺❂❁❞❖ ❇❲❇❲➊ ●✬❖ ❉ ❂❋✐ ❯ ■❭❄ ✼ ■◗❂❅❄❜❊ ✽ Ô ◆❇■❋●s✐✡❂ ❣ ■❘◆✹Õ◗➭ ➈ Õ ❋ Õ◗➭ ➈ Ø Ù ➈ ×❑❖ ✼ ❄q❂ ✿⑤✿ ❈
Ö Ô ✿❁✿ ●⑦Õ ➳❋➳ Õ ➈

ö Ø ➳ ÷ ✆❸➈ ① ➈ Ö❦✽ ▼✡◆P■❘❄✉❂❅❊ ❀⑩✼ ➈ ✱ ➈ ☞ ✿ ❂❋❊ é ■❘❊✡◆ ❉ Ô ✐ ➈ ×❑■ ❯ ❉✬✽✝❀ ◆✴➄ ✽ ❄✴❲❳■❘❂❋◆❇▼✡❄ Ô ❊ ❣❑❣ ■❘❂❋❄ ❯ ❄q❂❋❊✬◆❇❲ Ô ◆❇◆ Ô ✽ ❊▲■❭❄❇❄ ✽ ❄
▼✡❊ ❀ ■❘❄ ✿❁✽ ❂ ❀ ❂❋❊ ❀ ❂ ❯ ✽ ✐♠■❘❄❇❂ ❯❩Ô ❊ ❣ ◆❇✐♠■❘■ ❀ ◆ ➈ ù★❊ ➹ ➽ ➁ ●✈■ ❀ Ô⑤❯ ✽ ❄❘●❳❴❱✺✽❛ ✴❱❈ ✺❂✸✻❛t✼ ❇ ✺❂✸✻◆♥❸③↔☎❤ ➉ ✼ ◗ ✂❃➅✞✸ ❊ ✸✻✺❂❁
✉ ❇ ➅ ✴❱❈ ❛ ❈ ✸✻✼❄✺♠❭ ❇ ✺ ◗✻❈❫✴ ✾✷✾♥✸✻✺❂❁ ❏✥➇ � ❇ ✾❱✼❄❛P✼ ❇ ✺s●✬✐s❂ ❣ ■❘◆✹Õ ❋ ➲ ● ➹ ■❘✐çÕ ➳✍➲✍➳ ➈

Õ➥✌ ➎



ö ➭ ✯ ÷ ✆❸➈ ① ➈ Ö❦✽ ▼✡◆P■❘❄❘● ✮✉➈ × ➈ ☞ ✽✍✿ ø ■❋●➾❂❋❊ ❀ ú ➈ × ➈ ✼ ❄❇❂❋❆♠■❘❄ ➈ ➹ ❯ ❂ ❯❝Ô ❖❧❂❋❊ ❀➇❀ ✺ ❊✡❂❋❲ Ô ❖ ❯ ❄q❂❅❊✡◆❇❲ Ô ◆P◆ Ô ✽ ❊❼■❭❄❇❄ ✽ ❄
❲❧■◗❂❋◆P▼✡❄❇■❭❲❳■❭❊ ❯ ◆✾❂❋❊ ❀ ✐✡❄❇■ ❀ Ô ❖ ❯❩Ô ✽ ❊✡◆❽➄ ✽ ❄✘◆P✐✡▼✡❄✲❂❅❊ ❀❺❉ ■ ✿ Ô ❖❘❂ ✿ ❣ ■◗❂❅❄✘◆❇■ ❯ ◆ ➈ ù★❊❺➽ ➹ × ➁ ●✓■ ❀ Ô⑤❯ ✽ ❄❘● ❅ ✂ ✴✱↕ ❛ß✂
❴✌✺✽❛ ✴❱❈ ✺❂✸✻❛P✼ ❇ ✺❂✸✻◆✯✉ ❇ ➅ ✴❱❈✱❅❣❈ ✸✻✺✹✾④✸♣✼✿✾✷✾❱✼ ❇ ✺➙✸✻✺❂❁✭❩ ✴ ✸ ❈ ✼❄✺ ◗ ❭ ❇ ✺✳❸ ✴❱❈❫✴ ✺ ✶✷✴ ●✝✐s❂ ❣ ■❭◆ Ø ➎ ➑ ❋❦Ø ✌✔Ù✝● ð ❖ ❯ Õ ➳❋➳✍➎ ➈

ö ➭❭Õ❙÷ ✆❸➈ ① ➈ Ö③✽ ▼✬◆❇■❘❄❭●❢ú ➈ Ö ❂❅❄ Ô ❂❅❊ ❯ ✽ ●❽❹ ➈ ù ✺ ■❭❄❘●✝ú ➈ ú ✽ ◆P■❘✐ ❉ ◆ ✽ ❊✥●③❂❋❊ ❀ ☞ ➈ å❏❉ ❂❋❊ ❀ ❄q❂❋◆P■ é ❂❋❄P■❘❊ ➈ ➽ ❲❸▼ ✿ ❯❝Ô ❈
Ö ❂❋❄ Ô ❂❋❆ ✿ ■❸❂❅✐✡✐✡❄ ✽ ❂❋❖ ❉ ❯ ✽➊❀ ■ ❯ ■❭❄❇❲ Ô ❊ Ô ❊ ❣❳❯ ❉ ■❆➛ ❆♠■❘◆ ❯ ➛ ❣ ■◗❂❋❄ ❀ ■❘◆ Ô❁❣ ❊ ➈ ù★❊⑧➽ ➹ × ➁ ●✥■ ❀ Ô⑤❯ ✽ ❄❘●➋❼✹❽❞❽❞❽Þ✑■❍ ✲★❏
✉ ❇ ➅ ✴❱❈❆❅❣❈ ✸✻✺✹✾④✸♣✼✿✾✷✾❱✼ ❇ ✺✭✸✻✺❂❁✭❩ ✴ ✸ ❈ ✼❄✺ ◗ ❭ ❇ ✺✳❸ ✴❱❈✷✴ ✺ ✶✷✴ ●✝✐s❂ ❣ ■❭◆✹Õ ❋ ➲ ● ➹ ■❘✐✢Ù ✯✍✯✍✯ ➈

ö ➭❜Ù✗÷♥② ➈ Ö ▼✓● Ö ➈ ② ❉ ❂❋❊ ❣ ● ✆❸➈ ⑨✟❂❋❊✥●✝❂❋❊ ❀à➹ ➈ ⑨✟❂❅❊ ➈ × Ô ❊ Ô ❲ Ô❨ø ❂ ❯❩Ô ✽ ❊ ✽ ➄ ❣ ■◗❂❋❄ ❯ ✽✁✽ ❯ ❉ ✐✡❄ ✽ ♥ ✿ ■❦❲ ✽✝❀ Ô ♥s❖◗❂ ❯❩Ô ✽ ❊ ✽ ❊
❯ ❉ ■♣❄❇■❘✐ ✽ ❊✡◆P■ ✽ ➄➾❊ ✽ Ô ◆❇■✾❄P■ ❀ ▼✬❖ ❯❩Ô ✽ ❊ ➈ ù★❊✭❴❱✺✽❛ ✴❱❈ ✺ ❇ ✼✿✾ ✴ ●✡✐s❂ ❣ ■❭◆③✌ ➑ ❋ ✌ ➲ ●üÕ ➳✍➲ ✌ ➈

ö ➭ Ø ÷■⑨ ➈ ù ✰ ❂❋◆❇■♣❂❋❊ ❀ ✳ ➈ × Ô❱✺ ❂❋◆❇❂ é ❂ ➈ ➴✇❄ ✽ ✐ ✽ ◆q❂ ✿✧✽ ➄⑥❲ ✽✁❀ Ô ♥s■ ❀ ❯ ✽✁✽ ❯ ❉ ◆P▼✡❄P➄❃❂❅❖❘■ ✰ Ô❱❯ ❉ ❲ Ô ❊ Ô ❲ Ô❚ø ■ ❀ ❯ ❄q❂❋❊✬◆❇❲ Ô ◆✦❈
◆ Ô ✽ ❊⑦■❘❄P❄ ✽ ❄ ✽ ➄ ❉ ■ ✿ Ô ❖❘❂ ✿ ❣ ■◗❂❋❄P◆ ➈➜❑ ❍❦✑ ❏ ➐ ✴ ✟ ✼ ✴ ➅✇●rÕ➥✌✝ÒÛÕ ➳ Õ ❋ Ù❦Õ✦Ù✝●✠Õ ➳✍➳❋➎ ➈

ö ➭✍➭✱÷ ✳ ➈ ➵ ➈ ú ✽✍❉ ❊✬◆ ✽ ❊ ➈ ❭ ❇ ✺✽❛➈✸ ✶ ❛✟✸ ✴✷✶ ✂✹✸✻✺✽✼ ✶ ✾ ➈ å ❂❋❲✉❆✡❄ Ô ❀ ❣ ■✹✃③❊ ÔÛÖ ➈ ➴✇❄P■❘◆❇◆❭●❵Õ ➳✍➲ ➑✝➈
ö ➭ ➑ ÷ ➹ ➈ ✳ ❂ ✰ ❂❋❲ ✽ ❯ ✽ ■ ❯ ❂ ✿ ➈ ➽Ñ◆ ❯ ▼ ❀ ✺ ✽ ❊ ❣ ■◗❂❋❄✇❊ ✽ Ô ◆P■✈❄❇■ ❀ ▼✡❖ ❯❝Ô ✽ ❊❧❆s❂❋◆P■ ❀❧✽ ❊ ❉ ■ ✿ Ô ❖◗❂ ✿ ❈ ❣ ■◗❂❋❄ ❯ ✽✁✽ ❯ ❉ ❂❋❖❭❖❘▼✡❄❇❂❋❖ ✺ ➈

❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸■❛❹✂ ✴ ❍ ❇❲✶ ✼ ✴ ❛ ❊❚❇ ❸Ý✑ ▼ ❛ ❇ ✸ ❇ ❛t✼ ✟ ✴■❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✾④●✡✐s❂ ❣ ■❘◆ ➎ ✌ ❋ ✌❳Ù✝●üÕ ➳✍➳ Õ ➈
ö ➭ ➎ ÷✐✃ ➈ ✳❰Ô ❄❇◆❇❖ ❉ ➈ ❸ � ❛P✼Û✸ ▼ ✸➝✾❱❛ ❈✌▼❵✶ ❛ ▼❡❈ ✸✻◆❣❁ ✴ ✾❱✼ ◗ ✺♣❤✳❭ ❇ ✺ ✶✷✴ � ❛❄✾ ⑤ ✸ ✴ ❛ß✂ ❇ ❁❉✾⑦✸✻✺❂❁♥✸ �✞� ◆♦✼ ✶ ✸✻❛P✼ ❇ ✺✹✾ ➈ ×➃❖ ✼ ❄❇❂ ✰ ❈ Ö Ô ✿❁✿

☞ ✽✁✽ é å❏✽ ❲❳✐s❂❅❊ ✺ ●rÕ ➳✍➲ Õ ➈
ö ➭✵✌✗÷✐✃ ➈ ✳❰Ô ❄❇◆❇❖ ❉ ❂❋❊ ❀æ✼ ➈ ù ➈ ❹ ➈ ① ✽ ø✘Ö ❂❅❊ ✺ ➈ ➽ ✿ ❯ ■❭❄❇❊s❂ ❯❝Ô➃Ö ■⑦➄ ✽ ❄❇❲✉▼ ✿ ❂ ❯❩Ô ✽ ❊✡◆ ✽ ➄✲◆ ❯ ❄❇▼✡❖ ❯ ▼✡❄❇❂ ✿❽✽ ✐ ❯❝Ô ❲ Ô❨ø ❂ ❯❩Ô ✽ ❊ ➈

❍❵❛ ❈✌▼❵✶ ❛ ▼❡❈ ✸✻◆✞❸ � ❛P✼Û✸♣✼●❹❲✸✻❛t✼ ❇ ✺s●✡✌✝Ò Ø Ù ❋ ➭❭Õ✍●üÕ ➳✍➳ ➭ ➈
ö ➭ ➲ ÷✇ú ➈ ✼ ➈ ✳❰Ô ◆ ❉ ❂❅❊ ❀❚å ➈ ù★◆q❂❅❆✧■ ✿❁✿ ■ ➈ ✼ ■❘❂❋❄ ❯ ✽✝✽ ❯ ❉ ❯ ✽ ✐ ✽✍✿❁✽ ❣❳Ô ❖❘❂ ✿ ❲ ✽✝❀ Ô ♥s❖❘❂ ❯❩Ô ✽ ❊ ➈ ➴➠❂ ❯ ■❭❊ ❯ ❊✵▼✡❲✉❆♠■❘❄ ➑ ● Ø Õ ➑ ●✶✌ ➳ ✯ ●

✃❦❊ Ô⑤❯ ■ ❀✢➹ ❯ ❂ ❯ ■♣➴➾❂ ❯ ■❘❊ ❯ ●✧×➅❂ ✺ Õ ➳✍➳ ➭ ➈
ö ➭ ➳ ÷ Ö ➈ ✳ ✽❋❉✡✿ ■❭❄ ➈ ✼ ■◗❂❅❄ ❀ ✺ ❊s❂❋❲ Ô ❖❭◆❘●✇❊ ✽ Ô ◆❇■♦❂❋❊ ❀ Ö✾Ô ❆✡❄q❂ ❯❝Ô ✽ ❊ ➈ ① ■ ✿ ❂ ❯ õ✍❄ Ô ✽ ◆♣❄✷➞ ❀ ❈ ✯✍✯ Ù❑■➊❄❫➞ ❀ ❈ ✯❋✯❳Ø ●✁☞✟❄ Ô⑤❯❝Ô ◆ ❉

✼ ■◗❂❋❄✈➽③◆❇◆ ✽ ❖ Ô ❂ ❯❝Ô ✽ ❊✥●üÕ ➳✍➲✍➲ ➈
ö ➑ ✯ ÷✇ú ➈ Ö ➈ ✳ ▼s❂❋❊ ❣ ❂❅❊ ❀ ⑨ ➈ ➸ ➈ ⑨✟❂❋❊ ❣ ➈ ➽✘❊➇■❭◆ ❯❝Ô ❲❳❂ ❯ ■ ✽ ➄❽❲❧■❘◆ ❉ ◆ ❯❩Ô ❯✓❊✬■❘◆❇◆❸❂❋❊ ❀➇✿⑤✽ ❂ ❀ ◆ ❉ ❂❋❄ Ô ❊ ❣ ❄q❂ ❯❝Ô ✽❑✽ ➄

❂⑦◆❇✐✡▼✬❄ ❣ ■❘❂❋❄♣✐s❂ Ô ❄ ➈ ù★❊⑨➽ ➹ × ➁ ●⑥■ ❀ Ô❱❯ ✽ ❄❭● ❅ ✂ ✴ ✑❥❍ ✲✙❏ ❴❱✺✽❛ ✴❱❈ ✺❂✸✻❛t✼ ❇ ✺❂✸✻◆➋✉ ❇ ➅ ✴❱❈❺❅✹❈ ✸✻✺✹✾④✸♣✼✿✾✷✾❱✼ ❇ ✺➟✸✻✺❂❁
❩ ✴ ✸ ❈ ✼❄✺ ◗ ❭ ❇ ✺✳❸ ✴❱❈❫✴ ✺ ✶✷✴ ●✬✐s❂ ❣ ■❘◆✹Õ ❋ ➳ ●rÕ ➳✍➳ Ù ➈

Õ➥✌✍✌



ö ➑ Õ❙÷ ➹ ➈ ✳ ▼✡❄ ✽ é ❂ ✰ ❂✬●✻⑨ ➈ ➽✘❄ Ô ▼✡❄❇❂✬●❢❂❋❊ ❀ × ➈✁ð ❉ ❯ ❂ ❉ ❂❋❄q❂ ➈ ➸ ❄q❂❅❊✡◆❇❲ Ô ◆P◆ Ô ✽ ❊❚■❘❄❇❄ ✽ ❄❇◆ ✽ ➄✓❖ ✺ ✿ Ô ❊ ❀ ❄ Ô ❖❘❂ ✿ ❣ ■◗❂❋❄P◆☞▼✡❊ ❀ ■❭❄
✿❁✽ ❂ ❀ ❈ Ô ❊ ✕ ▼✬■❘❊✡❖❭■ ✽ ➄ ❯ ✽✁✽ ❯ ❉ ✐✡❄ ✽ ♥ ✿ ■✈❲ ✽✁❀ Ô ♥✡❖◗❂ ❯❝Ô ✽ ❊❤❂❋❊ ❀ ❯ ✽✝✽ ❯ ❉❤❀ ■ ✕ ■❭❖ ❯❝Ô ✽ ❊✡◆ ➈ ù★❊♦➽ ➹ × ➁ ●✵■ ❀ Ô❱❯ ✽ ❄❭● ❅ ✂ ✴
↕ ❛ß✂✵✑■❍ ✲✙❏ ❴❱✺✽❛ ✴❱❈ ✺❂✸✻❛t✼ ❇ ✺❂✸✻◆✹✉ ❇ ➅ ✴❱❈ ✸✻✺❂❁❆❩ ✴ ✸ ❈ ✼❄✺ ◗ ❭ ❇ ✺✳❸ ✴❱❈❫✴ ✺ ✶✷✴ ●✁✐✡❂ ❣ ■❘◆❈Ù❦Õ Ø✒❋ Ù❦Õ➥✌✝● ➹ ❂❅❊ ✆ Ô ■ ❣ ✽ ● å ➽❸●
ð ❖ ❯ Õ ➳❋➳✍➎ ➈

ö ➑ Ù✗÷ ➹ ➈ ➵✽Ô ➈ ✼ ■◗❂❅❄✇❖ ✽ ❊ ❯ ❂❅❖ ❯ ❲ ✽✁❀ ■ ✿ ❂❋❊ ❀❧✿❁✽ ❂ ❀ ■ ❀ ❯ ✽✁✽ ❯ ❉ ❖ ✽ ❊ ❯ ❂❅❖ ❯ ❂❋❊s❂ ✿ ✺ ◆ Ô ◆ ✽ ➄✥❂ ❯ ❉ ❄❇■❘■✹❈ ❀ Ô ❲❳■❭❊✡◆ Ô ✽ ❊s❂ ✿ ● ❯ ❉ Ô ❊✝❈
❄ Ô ❲❳❲❧■ ❀ ❣ ■◗❂❅❄ ➈♣❑✽❇❉▼❡❈ ✺❂✸✻◆ ❇ ❸ ✲✝✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆✤❢ ✴ ✾❱✼ ◗ ✺✵❤ ❅✹❈ ✸✻✺✹✾✐✸ ✶ ❛P✼ ❇ ✺✹✾ ❇ ❸✈❛ß✂ ✴ ✑■❍ ✲★❏ ●✁Õ✦Ù➏➭✡Ò ➑ Õ❳Õ ❋ ➑ Õ✻✌✝●
➹ ■❭✐ Ù ✯❋✯ Ù ➈

ö ➑ Ø ÷ ü ➈ ➵ ➈ ➵✽Ô❱❯❝Ö✾Ô ❊ ➈ ❩ ✴ ✸ ❈❳◗❃✴✷❇ ✸ ✴ ❛ ❈✌❊ ✸✻✺❂❁➄✸ �✞� ◆♦✼ ✴ ❁❿❛❹✂ ✴✷❇❉❈✌❊➏➈ ➴ ➸❽① ➴✇❄P■❘❊ ❯❩Ô ❖❘■ Ö ❂ ✿⑤✿ ●✠Õ ➳✍➳ ➭ ➈
ö ➑ ➭✱÷ ü ➈ ➵ ➈ ➵✽Ô⑤❯✪Ö❦Ô ❊✥●✵ú ➈ ➹ ➈ å❏❉ ■❘❊✥●➔❂❋❊ ❀ ① ➈ ü ➈ Ö ❂❋❊ ❀ ◆P❖ ❉ ▼ ❉ ➈ ➽✘✐✡✐ ✿ Ô ❖❘❂ ❯❩Ô ✽ ❊ ✽ ➄⑥♥s❊ Ô⑤❯ ■✲■ ✿ ■❘❲❧■❘❊ ❯ ❂❋❊✡❂ ✿ ✺ ◆ Ô ◆✟➄ ✽ ❄

❀ ■ ❯ ■❘❄P❲ Ô ❊s❂ ❯❝Ô ✽ ❊ ✽ ➄ ✿❁✽ ❂ ❀ ◆ ❉ ❂❋❄❇■❅●✥❄❇■❘❂ ✿ ❖ ✽ ❊ ❯ ❂❋❖ ❯ ❄q❂ ❯❝Ô ✽ ●♠✐✡❄P■❘❖ Ô ◆ Ô ✽ ❊ ✽ ➄☞❲ ✽ ❯❩Ô ✽ ❊✥●✧❂❋❊ ❀ ◆ ❯ ❄❇■❭◆❇◆♣❂❋❊✡❂ ✿ ✺ ◆ Ô ◆ ➈
❑✽❇❉▼❡❈ ✺❂✸✻◆ ❇ ❸ ✲✵✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆❂❢ ✴ ✾❱✼ ◗ ✺❺❤ ❅❣❈ ✸✻✺✹✾✐✸ ✶ ❛P✼ ❇ ✺✹✾ ❇ ❸❥❛ß✂ ✴ ✑❥❍ ✲✙❏ ●✽Õ❳Õ ➲ Ò ➑ ➎ Õ ❋ ➑ ➎ ✌✝● ✆ ■❘❖ÞÕ ➳❋➳✍➎ ➈

ö ➑✍➑ ÷ ü ➈ ➵ ➈ ➵❵Ô❱❯❝Ö✾Ô ❊✓●✬❹ ➈ Õ ➈ å❏❉ ■❘❊✥● å ➈ ➵ ➈ Ö ◆ Ô ❂ ✽ ●✬❂❋❊ ❀ ① ➈ ü ➈ Ö ❂❋❊ ❀ ◆P❖ ❉ ▼ ❉ ➈ ✼ ■❭❊✡■❘❄❇❂ ❯❩Ô ✽ ❊ ✽ ➄ ❉ ■ ✿ Ô ❖❘❂ ✿ ❣ ■◗❂❋❄P◆
✰ Ô⑤❯ ❉ ❊✡■ ✰ ◆❇▼✬❄P➄❃❂❋❖❭■❘◆ ❯ ✽ ✐ ✽✍✿⑤✽ ❣❋✺ ❆ ✺ ❂❋✐✡✐ ✿ Ô ❖❘❂ ❯❩Ô ✽ ❊ ✽ ➄✩❖❭❊✡❖❚❲♦❂❅❖ ❉ Ô ❊✡■❭◆ ➈ ❩ ✴ ✸ ❈✭❅✯✴✷✶ ✂❃✺ ❇ ◆ ❇❘◗✻❊ ❤ ❑❵❇❉▼❃❈ ✺❂✸✻◆
❇ ❸s❩ ✴ ✸ ❈■✲ ✸✻✺ ▼ ❸➓✸ ✶ ❛ ▼❡❈ ✼❄✺ ◗ ●s✐s❂ ❣ ■❘◆ Ø✍✯✒❋✾Ø❳Ø ●✵ú✍❂❅❊❵➞ ü ■❘❆ Õ ➳✍➳ ➭ ➈

ö ➑ ➎ ÷ ü ➈ ➵ ➈ ➵✽Ô❱❯❝Ö✾Ô ❊✥●✧❹ ➈ Õ ➈ å❏❉ ■❭❊✥●✚ú ➈ ➵ ▼✓●✥❂❋❊ ❀ ① ➈ ü ➈ Ö ❂❋❊ ❀ ◆❇❖ ❉ ▼ ❉ ➈ å❏✽ ❲❧✐✡▼ ❯ ■❘❄ Ô❨ø ■ ❀❺❀ ■❭◆ Ô❁❣ ❊⑧❂❋❊ ❀ ❣ ■❘❊✡■✹❈
❄q❂ ❯❩Ô ✽ ❊ ✽ ➄ ✿⑤✽❲✰ ❈★❊ ✽ Ô ◆❇■ ❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■◗❂❋❄P◆ ✰ Ô⑤❯ ❉ ❲ ✽✝❀ Ô ♥s■ ❀ ◆P▼✡❄P➄❃❂❅❖❘■ ❯ ✽ ✐ ✽✍✿⑤✽ ❣❋✺ ➈❿❑❵❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸ ✲✵✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆
❢ ✴ ✾❱✼ ◗ ✺★❤ ❅❣❈ ✸✻✺✹✾✐✸ ✶ ❛t✼ ❇ ✺✹✾ ❇ ❸❥❛ß✂ ✴ ✑❥❍ ✲✙❏ ●✽Õ❳Õ➥✌✝Ò❉Ù ➑ ➭ ❋ Ù ➎ Õ✍●✎ú❋▼✡❊çÕ ➳✍➳ ➑✝➈

ö ➑ ✌✗÷ ü ➈ ➵ ➈ ➵✽Ô⑤❯✪Ö❦Ô ❊✥●✵➴ ➈ Ö ➈ ü ■❭❊ ❣ ● ➹ ➈ ➽ ➈ ➵ ❂ ❣ ▼ ❯❩Ô ❊✓● ✆❸➈ ➴ ➈ ➸ ✽❲✰ ❊✡◆P■❘❊ ❀ ●✡❂❋❊ ❀ ➸ ➈ × ➈ ➹ ■❘✐ ➈ Ö ■ ✿ Ô ❖❘❂ ✿ ❂❋❊ ❀ ◆❇✐✡▼✬❄
❣ ■❘❂❋❄ ❀ ❄ ÔÛÖ ■ ✰ Ô⑤❯ ❉❤❀✡✽ ▼✡❆ ✿ ■✈❖❘❄ ✽✒✰ ❊✬■ ❀ ✐ Ô ❊ Ô ✽ ❊ ❯ ✽✁✽ ❯ ❉ ◆P▼✡❄P➄❃❂❅❖❘■❘◆✟❂❋❊ ❀ ❖ ✽ ❊➏➼P▼ ❣ ❂ ❯ ■ ❀ ❣ ■❘❂❋❄ ❯ ✽✁✽ ❯ ❉ ◆P▼✡❄P➄❃❂❋❖❭■❘◆ ➈
➴➾❂ ❯ ■❘❊ ❯ ❊✵▼✡❲✉❆♠■❘❄ ➎ ●❉Ù ✯ ➑ ● ➲ ✌ ➳ ●❭✃③❊ Ô⑤❯ ■ ❀ ➹ ❯ ❂ ❯ ■♣➴➾❂ ❯ ■❘❊ ❯ ●✧×➅❂❋❄➱Ù ✯✍✯ Õ ➈

ö ➑ ➲ ÷ ð✉➈ ➵ ▼✡❊ ❀ Ö ❂ ✿⑤✿ ●s❹ ➈ ➹ ❯ ❄✠➠✍❲✉❆♠■❘❄ ❣ ●s❂❋❊ ❀ ➽ ➈ ✳ ✿ ❂❋❄❇❆✡❄ Ô ❊ ❣ ➈ ➽ ✕ ■ ❥ Ô ❆ ✿ ■♣❲✉▼ ✿ ❯❩Ô ❈❫❆ ✽✁❀ ✺ ❂❋✐✡✐✬❄ ✽ ❂❋❖ ❉ ➄ ✽ ❄✈➄✕❄ Ô ❖ ❯❝Ô ❈
✽ ❊s❂ ✿ ❖ ✽ ❊ ❯ ❂❋❖ ❯➱Ô ❊⑦◆P✐✡▼✡❄ ❣ ■◗❂❅❄❇◆ ➈➜❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸❥❍ ❇❉▼ ✺❂❁✱✸✻✺❂❁➢➡➑✼P❖ ❈ ✸✻❛P✼ ❇ ✺s●✠Ù✍✌ ➲ Ò ➭✵✌ ➳ ❋ ➭ ➳✍➳ ●✒Ù ✯✍✯ ➭ ➈

ö ➑ ➳ ÷ Ö ➈ ×➅❂ é❜Ô ➈ ✼ ■❘❂❋❄ ✰ Ô⑤❯ ❉ ❲ ✽✁❀ Ô ♥s■ ❀ ❯ ✽✝✽ ❯ ❉ ◆❇▼✬❄P➄❃❂❋❖❭■②❂❅❊ ❀ ❣ ■◗❂❅❄ ❯ ✽✁✽ ❯ ❉ ◆P▼✡❄P➄❃❂❋❖❭■✾❲ ✽✁❀ Ô ♥s❖◗❂ ❯❝Ô ✽ ❊❳❲❳■ ❯ ❉✡✽✁❀ ➈
➴➾❂ ❯ ■❘❊ ❯ ❊✵▼✡❲✉❆♠■❘❄ ➎ ●ÛÕ❳Õ✦Ù✝● ➎ Õ❳Õ❋●❭✃③❊ Ô⑤❯ ■ ❀ ➹ ❯ ❂ ❯ ■♣➴➾❂ ❯ ■❘❊ ❯ ● ➹ ■❭✐ Ù ✯❋✯✍✯ ➈

ö ➎ ✯ ÷❸×➅❂ ❯ ❉❞✰❏✽ ❄ é ◆❘●♥ù★❊✡❖❅● ❉ ❯P❯ ✐✥Ò➤➞ ✰➜✰➜✰ ➈ ❲♦❂ ❯ ❉❞✰❏✽ ❄ é ◆ ➈ ❖ ✽ ❲ ➈➥✲ ✑ ❅✪➦ ✑■❨➧❤✈❛ß✂ ✴✱✲ ✸✻❛ß✂ ✴ ✸❶✸✻❛P✼ ✶ ✸✻◆❥❭ ❇ ✸ � ▼ ❛ ✴❱❈
➦ ✸✻✺ ◗✻▼ ✸ ◗❃✴ ●❭Ù ✯✍✯ ➑✁➈

Õ➥✌ ➲



ö ➎ Õ❙÷ ① ➈ ×❑■❘◆ é ■❋●❳ú ➈ ➹ ❂❋▼ ❯ ■❘❄❭●✇❂❋❊ ❀ ➁ ➈ ➹ ❖ ❉ ❊s❂❅❖ é ➈ ❹ ✽ ❊✡✐✡❂❋❄q❂❋❲❧■ ❯ ❄ Ô ❖ ❣ ❄q❂ ❀ Ô ■❘❊ ❯ ❈ ✿ ■❭◆❇◆✴◆ ❉ ❂❋✐♠■ ✽ ✐ ❯❩Ô ❲ Ô❨ø ❂ ❯❩Ô ✽ ❊
➄ ✽ ❄✈❄P■◗❂ ✿ ❈ ✰✟✽ ❄ ✿⑤❀ ❂❋✐✡✐ ✿ Ô ❖❘❂ ❯❩Ô ✽ ❊✡◆ ➈ ❍❵❛ ❈✌▼✽✶ ❛ ✲✭▼ ◆♦❛P✼P❁✻✼✿✾ ✶ ❸ � ❛P✼Û✸❚● Ø✍✯ Ò❉Ù ✯ Õ ❋ Ù❦Õ ➲ ●✒Ù ✯✍✯ ➑✁➈

ö ➎ Ù✗÷ ① ➈ ✼ ➈ ×❑▼✡❊✡❄ ✽ ➈ ➽↕❄❇■ Ö✾Ô ■ ✰➟✽ ➄ ❯ ❉ ■ ❯ ❉ ■ ✽ ❄ ✺ ❂❋❊ ❀ ❲❳■❘❂❋◆❇▼✡❄P■❘❲❧■❘❊ ❯ ✽ ➄ ❣ ■❘❂❋❄ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆ Ô ✽ ❊▲■❘❄❇❄ ✽ ❄ ➈ ù★❊
ù✦×➃■❭❖ ❉ ➁ ●❏■ ❀ Ô⑤❯ ✽ ❄❘●❳➔❉✾❱❛■❴ ✲✝✴✷✶ ✂ ❏ ❭ ❇ ✺✳❸ ✴❱❈❫✴ ✺ ✶✷✴★❇ ✺➨❩ ✴ ✸ ❈ ❖ ❇➓➇➎❧♥❇ ✼✿✾ ✴ ✸✻✺❂❁➝➡✤✼P❖ ❈ ✸✻❛t✼ ❇ ✺s●✟✐s❂ ❣ ■❭◆ Ø❲❋ Õ ✯ ●
Õ ➳❋➳ ✯ ➈

ö ➎ Ø ÷ ① ➈ ✼ ➈ ×❑▼✡❊✡❄ ✽ ● ✆❸➈ ➴➾❂ ✿ ❲❧■❘❄❘●✟❂❋❊ ❀ ➵ ➈ × ✽ ❄P❄ Ô ◆ ❉ ➈ ➽✘❊➜■ ❥ ✐✧■❭❄ Ô ❲❳■❭❊ ❯ ❂ ✿ ❲❧■ ❯ ❉✬✽✝❀ ❯ ✽ ❲❳■❘❂❋◆❇▼✬❄❇■ ❣ ■◗❂❅❄
❯ ✽✝✽ ❯ ❉ ◆ ❯❝Ô ❯✧❊✡■❘◆P◆ ❯ ❉ ❄ ✽ ▼ ❣ ❉✡✽ ▼ ❯ ❂❋❊ ❀ ❆♠■ ✺ ✽ ❊ ❀ ❯ ❉ ■✾✐s❂ ❯ ❉❶✽ ➄➠❖ ✽ ❊ ❯ ❂❅❖ ❯ ➈ ✉ ❈❫❇❲✶✐④⑥❇ ❸❳❛❹✂ ✴ ❴ ✲✝✴✷✶ ✂ ❏⑥⑤ ✉➜✸ ❈ ❛⑩❭
❤ ❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸ ✲✝✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆ ❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗ ❍ ✶ ✼ ✴ ✺ ✶✷✴ ●✻Ù❦Õ ➑ Ò✶✌ ➳ Ø✒❋ ➲ ✯❳Ø ●✒Ù ✯✍✯ Õ ➈

ö ➎ ➭✱÷②× ➈ ➽ ➈ ❹ Ô ■ ✿ ◆❇■❘❊✓● ✱ ➈ ú ➈ ➴✚■◗❂❋❄P❖❘■❋●✓❂❋❊ ❀ ✱ ➈ ➹ ➈ ① ✽ ▼ Ö ■❭❄ ✽✍✿ ➈ × Ô ❊ Ô ❲ Ô❨ø✖Ô ❊ ❣❚❣ ■◗❂❋❄③❊ ✽ Ô ◆P■❸■ ❥ ❖ Ô⑤❯ ❂ ❯❩Ô ✽ ❊ ➈ ù★❊
➽ ✼ ×➃➽❸●s■ ❀ Ô⑤❯ ✽ ❄❘●✻✑✈❩ ✲ ✑➩✇➑✸✻◆❄◆ ❅❂✴✷✶ ✂❃✺✽✼ ✶ ✸✻◆ ✲✵✴✷✴ ❛P✼❄✺ ◗ ●s✐s❂ ❣ ■✵Õ➥✌➏✐ ➈ ● ➹ ❂❋❊ ü ❄❇❂❋❊✡❖ Ô ◆❇❖ ✽ ●rÕ ➳❋➲ ➑✝➈

ö ➎ ➑ ÷②× ➈ ➁ ➈ ❹ ✽ ❄P❲♦❂❅❊ ➈ ➽➍❊✡■ ✰✜❀ ■❘◆ Ô⑤❣ ❊ ❯ ✽✁✽✍✿ ➄ ✽ ❄ ✽ ✐ ❯❩Ô ❲ Ô ◆ Ô ❊ ❣❳❣ ■❘❂❋❄ ❣ ■ ✽ ❲❧■ ❯ ❄ ✺ ➄ ✽ ❄ ✿⑤✽✒✰ ❊ ✽ Ô ◆❇■ ➈ ✉ ❈✷❇❲✶✐④✳❇ ❸
❛ß✂ ✴ ❴ ✲✵✴✷✶ ✂ ❏⑥⑤ ✉⑦✸ ❈ ❛➫❭⑧❤ ❑✽❇❉▼❡❈ ✺❂✸✻◆ ❇ ❸ ✲✵✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆ ❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗ ❍ ✶ ✼ ✴ ✺ ✶✷✴ ●✝✐s❂ ❣ ■❭◆❼Ù Ø Õ ❋ Ù❅➭❋➭✡●üÕ ➳❋➳ ➑✝➈

ö ➎✍➎ ÷ ü ➈ ☞ ➈✓ð ◆ Ö ❂ ✿❁❀ ●✧➽ ➈ ü ➈ ➹ ■ ✺ ❆✧■❭❄ ❯ ● ➸ ➈ ✱ ➈ ✱ ▼✓●✥❂❋❊ ❀ ✱ ➈ ➽ ❯ ❉ ■❘❄ ❯ ✽ ❊ ➈ å❏✽ ❲❧✐s❂❋❄ Ô ◆ ✽ ❊ ✽ ➄✩❂❋❊✡❂ ✿ ✺ ◆ Ô ◆✘❂❅❊ ❀
■ ❥ ✐♠■❘❄ Ô ❲❧■❘❊ ❯ ➄ ✽ ❄ ❣ ■❘❂❋❄❇❆ ✽◗❥ ❊ ✽ Ô ◆❇■ ➈ ➸ ■❘❖ ❉ ❊ Ô ❖❘❂ ✿ ❲❳■❭❲ ✽ ❄q❂❋❊ ❀ ▼✡❲ Õ ✯ ➑ Ø❳Ø✍✯ ●✬❹③➽ ➹ ➽❸●✽Õ ➳❋➳ Ù ➈

ö ➎ ✌✗÷ Ö ➈ ❹ ➈❢ð ø❭❣ ▼ Ö ■❘❊❧❂❋❊ ❀ ✆❸➈ ① ➈ Ö③✽ ▼✡◆P■❘❄ ➈ ×➅❂ ❯ ❉ ■❘❲❳❂ ❯❩Ô ❖◗❂ ✿ ❲ ✽✁❀ ■ ✿ ◆➾▼✬◆❇■ ❀ Ô ❊ ❣ ■◗❂❅❄ ❀ ✺ ❊s❂❋❲ Ô ❖❭◆➠❈⑥❂✲❄P■ Ö✾Ô ■ ✰ ➈
❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸❳❍ ❇❉▼ ✺❂❁❆✸✻✺❂❁➟➡✤✼P❖ ❈ ✸✻❛t✼ ❇ ✺s●üÕ✦Ù❦Õ✵ê Ø ì Ò Ø ➲ Ø✒❋ ➭❭Õ❳Õ✍●✠Õ ➳✍➲✍➲ ➈

ö ➎✍➲ ÷ ✆❸➈ ➴➠❂ ✿ ❲❧■❘❄ ➈ ➸ ❉ ■✴■➓❯✧■❘❖ ❯ ◆ ✽ ➄✇✐✡❄ ✽ ♥ ✿ ■♣❄❇■ ✿ Ô ■❭➄ ✽ ❊➃❊✡❂❋❄❇❄ ✽✒✰ ➄❃❂❋❖❘■ ✰ Ô ❀ ❯ ❉ ✐✡❂❋❄q❂ ✿⑤✿ ■ ✿ ❂ ❥ Ô ◆ ❣ ■◗❂❅❄❇◆ ➈ ➸ ■❭◆❇■ ❀ ■
❀✡✽ ▼ ❯ ✽ ❄❇❂ ❀✡✽ ●❭✃③❊ ÔÛÖ ■❘❄P◆ Ô ❀ ❂ ❀ ■ ❀ ■ Ö ▼ ❀✡❀ ■❘❄P◆P♥s■ ✿❁❀ ❈✾ù★❊ ❣ ✿ ❂ ❯ ■❘❄P❄q❂✬●⑦Õ ➳✍➳✍➳ ➈

ö ➎✍➳ ÷ å ➈ ➴➠❂❋❄ é ❂❋❊ ❀ ú ➈ × ➈ ➵ ■❘■ ➈ ➸ ❉ ■ ✿⑤✽ ❂ ❀ ❯ ❄q❂❋❊✬◆❇❲ Ô ◆❇◆ Ô ✽ ❊❤❂❅❊ ❀ Ö❦Ô ❆✡❄q❂ ❯❩Ô ✽ ❊✉❖ ❉ ❂❋❄❇❂❋❖ ❯ ■❘❄ Ô ◆ ❯❝Ô ❖❘◆ ✽ ➄✥❂❋▼ ❯ ✽ ❲ ✽ ❆ Ô ✿ ■
❣ ■❘❂❋❄ ➈⑦❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸❬❛❹✂ ✴ ❍ ❇❲✶ ✼ ✴ ❛ ❊❆❇ ❸Ý✑ ▼ ❛ ❇ ✸ ❇ ❛t✼ ✟ ✴❳❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✾④●✡✐✡❂ ❣ ■❘◆✹Õ ❋ Õ❳Õ✍●üÕ ➳✍➳ Ø ➈

ö ✌ ✯ ÷②× ➈ ➴ Ô ❲❳◆❇❂❋❄❇❊Ñ❂❋❊ ❀ ✳ ➈ ✳ ❂ ø ■❭❄ ✽ ▼✬❊ Ô ❂❋❊ ➈ ➁➂➭ ❖ Ô ■❘❊ ❯ ■ Ö ❂ ✿ ▼s❂ ❯❝Ô ✽ ❊ ✽ ➄②◆❇✐✬▼✡❄ ❣ ■◗❂❋❄ ❯ ✽✝✽ ❯ ❉ ❲❳■❭◆ ❉Ñ✿❁✽ ❂ ❀
▼✡◆ Ô ❊ ❣ ✐✡◆P■❘▼ ❀✬✽ ❈ Ô ❊ ❯ ■❘❄✦➄✕■❘❄❇■❭❊✡❖❘■✴◆ ❯❝Ô ❯✧❊✡■❘◆P◆❽■❘◆ ❯❝Ô ❲❳❂ ❯❩Ô ✽ ❊➊❲❧■ ❯ ❉✡✽✝❀ ➈➒✲✝✴✷✶ ✂✹✸✻✺✽✼✿✾④✸➧✸✻✺❂❁ ✲ ✸ ✶ ✂❃✼❄✺ ✴✱❅ ✂ ✴✷❇❉❈✌❊ ●
Ø ✌✁Ò✷✌ ➎❋➳ ❋ ✌ ➲✍➎ ●✻Ù ✯✍✯ Ù ➈

ö ✌❦Õ❙÷②× ➈ ➴ Ô ❲❧◆q❂❅❄❇❊❼❂❋❊ ❀ ✳ ➈ ✳ ❂ ø ■❭❄ ✽ ▼✬❊ Ô ❂❋❊ ➈ ➴✇◆❇■❭▼ ❀✡✽ ❈ Ô ❊ ❯ ■❭❄P➄✕■❘❄P■❘❊✡❖❭■➊◆ ❯❝Ô ❯✧❊✡■❘◆P◆②■❭◆ ❯❝Ô ❲❳❂ ❯❩Ô ✽ ❊✥●⑥❂ ❉ Ô❁❣ ❉✡✿ ✺ ■④➄ ❈
♥s❖ Ô ■❭❊ ❯ ❊✵▼✡❲❧■❘❄ Ô ❖◗❂ ✿ ❲❳■ ❯ ❉✡✽✁❀ ➄ ✽ ❄➊➄ ✽ ❄❇❖❭■❬■ Ö ❂ ✿ ▼s❂ ❯❩Ô ✽ ❊ Ô ❊ ❖ ✽ ❊ ❯ ❂❅❖ ❯ ✐✡❄ ✽ ❆ ✿ ■❘❲❧◆ ➈➀❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗ ➅➂✼❄❛ß✂
❭ ❇ ✸ � ▼ ❛ ✴❱❈ ✾④●rÕ ➳ Ò ➲ ➑ ❋ ➳ Õ✍●❭Ù ✯✍✯❳Ø ➈

Õ➥✌ ➳



ö ✌❳Ù✗÷➏ù ➈ ➽ ➈ ➴ ✽✍✿⑤✽ ❊✡◆ é❢✺ ❂❅❊ ❀ ➵ ➈ × ➈ ✳ ■❘■❘❄ ➈ ➽➐❊✁▼✬❲❳■❭❄ Ô ❖❘❂ ✿ ❲❧■ ❯ ❉✡✽✝❀ ➄ ✽ ❄✈◆ ✽✍✿ Ö❦Ô ❊ ❣ ❄ ✽ ▼ ❣ ❉ ❖ ✽ ❊ ❯ ❂❋❖ ❯ ✐✡❄ ✽ ❆ ✿ ■❭❲❳◆
❆s❂❋◆P■ ❀❶✽ ❊ ❯ ❉ ■✲❲❸▼ ✿ ❯❝Ô ❈ ✿ ■ Ö ■ ✿ ❲✉▼ ✿ ❯❩Ô ❈❫◆❇▼✡❲❧❲❳❂ ❯❩Ô ✽ ❊❚❂❋❊ ❀ ❖ ✽ ❊➏➼P▼ ❣ ❂ ❯ ■ ❣ ❄q❂ ❀ Ô ■❘❊ ❯✟❯ ■❘❖ ❉ ❊ Ô r ▼✡■❭◆ ➈✳❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸
❙ ✴ ✸ ❈ ●♦Ù Ø Õ❋Ò◆Ù ✯ ➎ ❋ Ù❦Õ ➳ ●⑦Õ ➳❋➳✍➳ ➈

ö ✌ Ø ÷❞ú ➈ ➴ ➈ ① ❂❅❖ ✿❁✽ ❯ ❂❅❊ ❀ ➴ ➈❃✮ ■ ✿ ■ ❥ ➈ ➹ Ô ❲✉▼ ✿ ❂ ❯❩Ô ✽ ❊ ✽ ➄ ❯ ❉ ■ ❀ ✺ ❊s❂❅❲ Ô ❖③❆♠■ ❉ ❂ Ö✾Ô ✽ ▼✡❄ ✽ ➄Ù◆ Ô ❊ ❣ ✿ ■❦❂❋❊ ❀ ❲✉▼ ✿ ❯❩Ô ❈❫◆ ❯ ❂ ❣ ■
❣ ■❘❂❋❄❇■ ❀ ◆ ✺ ◆ ❯ ■❘❲❧◆ ✰ Ô⑤❯ ❉ ◆ ❉ ❂❋✐♠■ ❀ ■ Ö❦Ô ❂ ❯❩Ô ✽ ❊✡◆✘❂❋❊ ❀ ❲ ✽ ▼✡❊ ❯❩Ô ❊ ❣ ■❭❄❇❄ ✽ ❄❇◆✾❆ ✺ ▼✬◆ Ô ❊ ❣ ❂♦◆❇✐♠■❘❖ ❯ ❄q❂ ✿ ❲❳■ ❯ ❉✡✽✁❀ ➈
❑✽❇❉▼❡❈ ✺❂✸✻◆ ❇ ❸❥❍ ❇❉▼ ✺❂❁✱✸✻✺❂❁➟➡✤✼P❖ ❈ ✸✻❛t✼ ❇ ✺s●✠Ù✔Ù ✯ ê ➑ ì Ò ➲✍➎ Õ ❋ ➳ ✯❳Ø ●✠Õ ➳✍➳✍➳ ➈

ö ✌❅➭✱÷ ➹ ➈ ➹ ➈ ① ❂ ✽ ❂❋❊ ❀ ✳ ➈ ⑨ ➈ ⑨ ✽✝✽ ❊ ➈ × Ô ❊ Ô ❲ Ô❨ø ❂ ❯❩Ô ✽ ❊ ✽ ➄ ❯ ❄q❂❋❊✡◆P❲ Ô ◆❇◆ Ô ❊❤■❘❄P❄ ✽ ❄ Ô ❊ ❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■◗❂❋❄P◆ ➈ ✉ ❈✷❇❲✶✐④➌❇ ❸☎❛ß✂ ✴
❴ ✲✵✴✷✶ ✂ ❏⑥⑤ ✉⑦✸ ❈ ❛❳❭⑧❤ ❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸ ✲✝✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆ ❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗ ❍ ✶ ✼ ✴ ✺ ✶✷✴ ●❭Ù❦Õ ➑ ê å ➭ ì Ò ➭✍➭✵✌ ❋ ➭ ➑ ➳ ●✒Ù ✯✍✯ Õ ➈

ö ✌ ➑ ÷ ➁ ➈ ➴ ➈ ① ■❘❲❧❲❳■❭❄❇◆ ➈ ✼ ■❘❂❋❄✾❲❳■❭◆ ❉ ■ ❥ ❖ Ô❱❯ ❂ ❯❝Ô ✽ ❊▲◆P✐✧■❭❖ ❯ ❄❇❂⑦➄ ✽ ❄♣❂❋❄❇❆ Ô❱❯ ❄❇❂❋❄ ✺➃❯ ✽✁✽ ❯ ❉ ◆❇✐✡❂❋❖ Ô ❊ ❣ ■❭❄❇❄ ✽ ❄❇◆❭● ✿⑤✽ ❂ ❀ ◆
❂❋❊ ❀❷❀ ■❭◆ Ô⑤❣ ❊⑩❖ ✽ ❊ ❯ ❂❋❖ ❯ ❄q❂ ❯❩Ô ✽ ➈➯❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸ ✲✵✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆➂❢ ✴ ✾❱✼ ◗ ✺✛❤ ❅❣❈ ✸✻✺✹✾✐✸ ✶ ❛t✼ ❇ ✺✹✾ ❇ ❸➄❛❹✂ ✴ ✑■❍ ✲✙❏ ●
Õ ✯✍✯ Ò✷✌❦Õ ➑ ❋ ✌❳Ù ✯ ●⑦Õ ➳ ✌ ➲ ➈

ö ✌ ➎ ÷ ✱ ➈ ➹ ➈ ① ✽ ▼ Ö ■❘❄ ✽✍✿ ➈ ②✓■❘❄ ✽ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆ Ô ✽ ❊❳■❭❄❇❄ ✽ ❄ ❣ ■❘❂❋❄ Ô ❊ ❣ ➈ ➴➾❂ ❯ ■❘❊ ❯ ❊✵▼✡❲✉❆♠■❘❄ ➑ ● ✯ ➲ Ø ● ➭✵✌❅➭✡●✾✃❦❊ Ô⑤❯ ■ ❀➵➹ ❯ ❂ ❯ ■
➴➾❂ ❯ ■❘❊ ❯ ●➎ú✍❂❋❊çÕ ➳✍➳ Ù ➈

ö ✌✍✌✗÷ ✱ ➈ ➹ ➈ ① ✽ ▼ Ö ■❭❄ ✽✍✿ ➈ ②✓■❘❄ ✽✲❀ ✺ ❊s❂❋❲ Ô ❖ Ô ❊✡❖❭❄❇■❘❲❧■❘❊ ❯➾❣ ■◗❂❋❄ Ô ❊ ❣ ➈ ➴➾❂ ❯ ■❘❊ ❯ ❊✵▼✡❲✉❆♠■❘❄ ➑ ● Ø ➭✒Õ✍● ➎❋➳✍➳ ●❳✃❦❊ Ô⑤❯ ■ ❀Þ➹ ❯ ❂ ❯ ■
➴➾❂ ❯ ■❘❊ ❯ ●s➽✘▼ ❣ Õ ➳✍➳ ➭ ➈

ö ✌ ➲ ÷ ✱ ➈ ➹ ➈ ① ✽ ▼ Ö ■❘❄ ✽❋✿ ➈ ✆ Ô ❯✧■❘❄P■❘❊ ❯❩Ô ❂ ✿ ❖❭❄ ✽❲✰ ❊ Ô ❊ ❣ ❈➙❂ ❊✡■ ✰ ✰ ■❘❂❋✐ ✽ ❊ ❂ ❣ ❂ Ô ❊✡◆ ❯ë❣ ■◗❂❋❄Ø❊ ✽ Ô ◆P■
❂❋❊ ❀ ❀ ✺ ❊✡❂❋❲ Ô ❖ ✿⑤✽ ❂ ❀ ➈ ➴➠t ❣❳Ô ❊s❂ ❊s❂ Ô ❊ ❯ ■❘❄P❊✡■ ❯ ● ➽ ❥ Ô ❖ ✽ ❊ ➸ ■❭❖ ❉ ❊ ✽✍✿⑤✽ ❣❳Ô ■❘◆❘● ➽✘❆✡❄ Õ ➳✍➳✍➎ ➈
❉ ❯❇❯ ✐✥Ò➲➞✻➞ ✰➜✰➜✰ ➈ ❂ ❥ Ô ❖ ✽ ❊ ❯ ■❘❖ ❉ ❊ ✽❋✿❁✽ ❣❳Ô ■❘◆ ➈ ❖ ✽ ❲ ➈

ö ✌ ➳ ÷ ✱ ➈ ➹ ➈ ① ✽ ▼ Ö ■❘❄ ✽✍✿ ❂❋❊ ❀ ✱ ➈ ú ➈ ➴➠■❘❂❋❄❇❖❭■ ➈ ➸ ❉ ■➅❄❇■ ❀ ▼✡❖ ❯❝Ô ✽ ❊ ✽ ➄ ❣ ■◗❂❋❄❳✐s❂ Ô ❄ ❯ ❄q❂❋❊✡◆P❲ Ô ◆❇◆ Ô ✽ ❊➜■❘❄P❄ ✽ ❄❳❆ ✺
❲ Ô ❊ Ô ❲ Ô❚ø▼Ô ❊ ❣ ❲❧■❘◆ ❉ ◆ ❯❩Ô ❯✧❊✡■❭◆❇◆ Ö ❂❅❄ Ô ❂ ❯❩Ô ✽ ❊ ➈ ù★❊⑨➽ ✼ ×➃➽②●Ù■ ❀ Ô❱❯ ✽ ❄❭●ã✑✈❩ ✲ ✑➳✇✤✸✻◆❄◆ ❅❂✴✷✶ ✂❃✺✽✼ ✶ ✸✻◆ ✲✵✴✷✴ ❛t✼❄✺ ◗ ●
Õ ➳✍➲❋➲ ➈

ö ➲ ✯ ÷②➴ ➈ ➹ ❂ Ô ❊✡◆ ✽ ❯ ❂❋❊ ❀ ➴ ➈➏✮ ■ ✿ ■ ❥ ➈ å❏✽ ❊ ❯ ❄ Ô ❆✬▼ ❯❩Ô ✽ ❊ ✽ ➄ ❣ ■◗❂❋❄✟❆ ✽✁❀ ✺❤❯ ✽ ❯ ✽✁✽ ❯ ❉❳❀ ■ ✕ ■❭❖ ❯❝Ô ✽ ❊✡◆✩❈☞❂②❊✬■ ✰ ❆ Ô ❀ Ô ❲❧■❘❊✝❈
◆ Ô ✽ ❊s❂ ✿ ❂❋❊s❂ ✿ ✺✵❯❩Ô ❖◗❂ ✿ ➄ ✽ ❄❇❲❸▼ ✿ ❂ ➈✝❑❵❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸ ✲✝✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆➂❢ ✴ ✾❱✼ ◗ ✺➵❤ ❅✹❈ ✸✻✺✹✾✐✸ ✶ ❛t✼ ❇ ✺✹✾ ❇ ❸✱❛ß✂ ✴ ✑■❍ ✲✙❏ ●
Õ✦Ù ➎ Ò✷✌❅➭ ➲ ❋ ✌ ➑ Ù✁●✎ú❋▼ ✿ Ù ✯✍✯ ➭ ➈

Õ ➲ ✯



ö ➲ Õ❙÷ å ➈ ➹ ❂❋❊ ❯ ▼✡◆❭● ü ➈ ➴✇❄P■❘◆ Ô ❖❘❖❭■❋●✩❂❋❊ ❀ × ➈ ☞❏■ ❣ ❉ Ô ❊ Ô ➈ ➴✇❄ ✽ ✐ ✽ ◆q❂ ✿ ➄ ✽ ❄ ❯❝Ô ✐➇❄P■ ✿ Ô ■❭➄✈❲ ✽✁❀ Ô ♥s❖❘❂ ❯❩Ô ✽ ❊ ❯ ✽ ❄P■ ❀ ▼✡❖❭■
❊ ✽ Ô ◆❇■❤❂❅❊ ❀ ◆P■❘❊✡◆ Ô⑤❯❝Ô➃Ö✾Ô⑤❯★✺➃❯ ✽ ❲❳■❭◆ ❉ Ô ❊ ❣ ❖ ✽ ❊ ❀ Ô⑤❯❝Ô ✽ ❊✬◆ Ô ❊⑧◆❇✐✬▼✡❄ ❣ ■◗❂❋❄ ➈ ❩ ✴ ✸ ❈➙❅✯✴✷✶ ✂❃✺ ❇ ◆ ❇❘◗✻❊ ❤ ❑❵❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸
❩ ✴ ✸ ❈■✲ ✸✻✺ ▼ ❸➓✸ ✶ ❛ ▼❡❈ ✼❄✺ ◗ ●s✐s❂ ❣ ■❘◆ Ø ➭ ❋ ➭ ✯ ●s×➃❂❋❄✷➞❅➽③✐✡❄ÝÙ ✯✍✯ ➎ ➈

ö ➲ Ù✗÷✇ú ➈❂✆❸➈ ➹ ❲ Ô⑤❯ ❉ ➈ ➸ ❉ ■✴▼✡◆❇■❭◆✾❂❋❊ ❀❑✿ Ô ❲ Ô❱❯ ❂ ❯❝Ô ✽ ❊✬◆ ✽ ➄ ❯ ❄q❂❅❊✡◆❇❲ Ô ◆P◆ Ô ✽ ❊➃■❭❄❇❄ ✽ ❄ ➈ ❩ ✴ ✸ ❈❚❅✯✴✷✶ ✂❃✺ ❇ ◆ ❇❘◗✻❊ ❤ ❑✽❇❉▼❡❈ ✺❂✸✻◆
❇ ❸❶❩ ✴ ✸ ❈■✲ ✸✻✺ ▼ ❸➓✸ ✶ ❛ ▼❡❈ ✼❄✺ ◗ ●✡✐✡❂ ❣ ■❘◆ Ø ➭ ❋❦Ø ➳ ●➭ú❋▼ ✿ ➞❅➽③▼ ❣ Õ ➳✍➲✍➲ ➈

ö ➲ Ø ÷✇ú ➈✯✆❸➈ ➹ ❲ Ô❱❯ ❉ ➈ Ö ■ ✿ Ô ❖◗❂ ✿ ❣ ■❘❂❋❄ Ö✾Ô ❆✬❄q❂ ❯❝Ô ✽ ❊❑■ ❥ ❖ Ô❱❯ ❂ ❯❝Ô ✽ ❊ ✰ Ô⑤❯ ❉ ❲ Ô ◆q❂ ✿ Ô❁❣ ❊✬❲❳■❭❊ ❯ ➈ ✉ ❈❫❇❲✶✐④⑦❇ ❸♥❛❹✂ ✴ ❴ ✲✵✴✷✶ ✂ ❏⑥⑤
✉⑦✸ ❈ ❛❳❭⑧❤ ❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸ ✲✝✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆ ❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗ ❍ ✶ ✼ ✴ ✺ ✶✷✴ ●✻Ù ✯ ➲ Ò✷✌❦Õ ❋ ✌ ➳ ●⑦Õ ➳✍➳ ➭ ➈

ö ➲ ➭✱÷✇ú ➈③✆❸➈ ➹ ❲ Ô❱❯ ❉ ➈ ➁ ◆ ❯❩Ô ❲♦❂ ❯❩Ô ✽ ❊ ✽ ➄ ❯ ❉ ■✉◆ ❯ ❂ ❯❝Ô ❖ ✿⑤✽ ❂ ❀➃❀ Ô ◆ ❯ ❄ Ô ❆✡▼ ❯❝Ô ✽ ❊⑦➄❃❂❋❖ ❯ ✽ ❄③➄ ✽ ❄ ❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■◗❂❅❄❇◆ ➈ ✉ ❈✷❇❲✶✐④✳❇ ❸
❛ß✂ ✴ ❴ ✲✵✴✷✶ ✂ ❏⑥⑤ ✉⑦✸ ❈ ❛➫❭⑧❤ ❑✽❇❉▼❡❈ ✺❂✸✻◆ ❇ ❸ ✲✵✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆ ❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗ ❍ ✶ ✼ ✴ ✺ ✶✷✴ ●❭Ù ✯ ➳ ÒÛÕ ➳ Ø✒❋ Õ ➳✍➳ ●⑦Õ ➳✍➳ ➑✝➈

ö ➲ ➑ ÷✇ú ➈❵✆❸➈ ➹ ❲ Ô❱❯ ❉ ➈ ❩ ✴ ✸ ❈ ✺ ❇ ✼✿✾ ✴ ✸✻✺❂❁ ✟ ✼P❖ ❈ ✸✻❛P✼ ❇ ✺ ➈ ×➅❂❋❄P❖❘■ ✿ ✆ ■ é❜é ■❭❄❘●➎ù★❊✡❖ ➈ ●✠Ù ✯✍✯✔Ø ➈
ö ➲✍➎ ÷ ① ➈ ➁ ➈ ➹ ❲ Ô❱❯ ❉ ➈ ➸ ❉ ■➃❄❇■ ✿ ❂ ❯❝Ô ✽ ❊✡◆ ❉ Ô ✐ ✽ ➄✘❲❧■◗❂❋◆P▼✡❄❇■ ❀ ❣ ■❘❂❋❄❤❊ ✽ Ô ◆❇■ ❯ ✽ ❲❳■❘❂❋◆❇▼✬❄❇■ ❀ ❣ ■❘❂❋❄ ❯ ❄q❂❅❊✡◆❇❲ Ô ◆P◆ Ô ✽ ❊

■❭❄❇❄ ✽ ❄❇◆ ➈ ✑✘✸ ✴❱❈ ✼ ✶ ✸✻✺♠❩ ✴ ✸ ❈■✲ ✸✻✺ ▼ ❸➓✸ ✶ ❛ ▼❡❈❫✴❱❈ ✾❼✑❳✾✷✾ ❇❲✶ ✼P✸✻❛t✼ ❇ ✺s●✝✐s❂ ❣ ■❭◆➮Õ ❋ Õ ✯ ● ð ❖ ❯ Õ ➳✍➲ ✌ ➈
ö ➲ ✌✗÷ Ö ➈ ú ➈ ➹ ❯ ❂ ❀ ❯ ➄✕■ ✿⑤❀ ➈ ✼✾✽✁✽✝❀ ❆s❂❋◆ Ô ❖ ❀ ■❭◆ Ô⑤❣ ❊ ✽ ❄➠◆ ✽ ✐ ❉ Ô ◆ ❯❝Ô ❖❘❂ ❯ ■ ❀ ✕ ❂❋❊ é ✽ ✐ ❯❝Ô ❲ Ô❨ø ❂ ❯❩Ô ✽ ❊✡◆➌➸❶■◗❂❋❖ ❉ ❂ ❯➠❯ ❉ ■❏❄ Ô❁❣ ❉ ❯

❯❝Ô ❲❧■ ➈ ❩ ✴ ✸ ❈❆❅✯✴✷✶ ✂❃✺ ❇ ◆ ❇❘◗✻❊ ❤ ❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸s❩ ✴ ✸ ❈■✲ ✸✻✺ ▼ ❸➓✸ ✶ ❛ ▼❃❈ ✼❄✺ ◗ ●s✐s❂ ❣ ■❭◆ÝÙ ✯✒❋ Ù Ø ●✵ú✍❂❋❊❵➞ ü ■❭❆➒Ù ✯✍✯ ➑✝➈
ö ➲✍➲ ÷✇ú ➈ Ö ➈ ➹ ❯ ■ ✰ ❂❋❄ ❀ ➈ ➸ ❉ ■➊❖ ✽ ❲❧✐ ✿ Ô ❂❋❊✡❖❭■ ✽ ➄❽◆ ✽✍✿ Ô ❀➢✰ Ô ❀ ■④❈❫➄❃❂❅❖❘■ ❀ ◆❇✐✡▼✡❄ ❣ ■◗❂❋❄P◆ ➈♠❑✽❇❉▼❡❈ ✺❂✸✻◆ ❇ ❸ ✲✵✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆

❢ ✴ ✾❱✼ ◗ ✺✭❤ ❅❣❈ ✸✻✺✹✾✐✸ ✶ ❛t✼ ❇ ✺✹✾ ❇ ❸❬❛ß✂ ✴ ✑❥❍ ✲✙❏ ●✽Õ❳Õ✦Ù✝Ò ➑ ➳ ✯✒❋ ➑ ➳ ➑ ●✠Õ ➳✍➳ ✯ ➈
ö ➲✍➳ ÷ ✼ ➈ ➹ ❯ ❄q❂❋❊ ❣ ➈✳➦ ✼❄✺ ✴ ✸ ❈ ✸✻◆ ◗❃✴ ❖ ❈ ✸✱✸✻✺❂❁❿✼❄❛❄✾r✸ �✞� ◆♦✼ ✶ ✸✻❛P✼ ❇ ✺✹✾ ➈ Ö ❂❋❄P❖ ✽ ▼✬❄ ❯ ☞❏❄❇❂❋❖❘■✇ú ✽ Ö ❂❋❊ ✽ Ö✾Ô ❖ ❉ ●✽Õ ➳❋➲✍➲ ➈
ö ➳ ✯ ÷ ➹ ➈ ➹ ▼✬❊ ❀ ❂❋❄P■❘◆q❂❅❊✥● ✳ ➈ ù★◆ ❉ Ô×Ô ●❜❂❋❊ ❀ ✆❸➈ ① ➈ Ö③✽ ▼✡◆P■❘❄ ➈➥✆ ■❘◆ Ô❁❣ ❊ ✽ ✐ ❯❩Ô ❲ Ô❚ø ❂ ❯❝Ô ✽ ❊❼➄ ✽ ❄❳❄ ✽ ❆✡▼✡◆ ❯ ❊✡■❭◆❇◆❳▼✡◆ Ô ❊ ❣

✐♠■❘❄✦➄ ✽ ❄❇❲❳❂❋❊✡❖❭■➃◆ Ô ❲✉▼ ✿ ❂ ❯❩Ô ✽ ❊❷✐✡❄ ✽ ❣ ❄q❂❋❲❧◆ ➈ ù★❊ ➽ ➹ × ➁ ●✩■ ❀ Ô❱❯ ✽ ❄❭●❬➔ ↕ ❛❹✂❥✑■❍ ✲★❏ ❢ ✴ ✾❱✼ ◗ ✺②✑ ▼ ❛ ❇ ✸❶✸✻❛P✼ ❇ ✺
❭ ❇ ✺✳❸ ✴❱❈❫✴ ✺ ✶✷✴ ●✬✐✡❂ ❣ ■❘◆ÝÙ❅➭ ➳ ❋ Ù ➑ ➎ ● ð ❖ ❯ Õ ➳✍➳ Õ ➈

ö ➳ Õ❙÷②× ➈ ➹ ➈ ➸ ❂ Ö ❂ é ✽✍✿ Ô ❂❋❊ ❀ ✆❸➈ ① ➈ Ö③✽ ▼✡◆P■❘❄ ➈➊ð ✐ ❯❝Ô ❲✉▼✡❲➙✐✡❄ ✽ ♥ ✿ ■❚❲ ✽✝❀ Ô ♥s❖❘❂ ❯❩Ô ✽ ❊✡◆✘➄ ✽ ❄ ❯ ❉ ■❤❲ Ô ❊ Ô ❲ Ô❨ø ❂ ❯❩Ô ✽ ❊
✽ ➄✚◆ ❯ ❂ ❯❝Ô ❖ ❯ ❄q❂❋❊✡◆P❲ Ô ◆❇◆ Ô ✽ ❊❳■❘❄❇❄ ✽ ◆ ✽ ➄✚◆❇✐✬▼✡❄ ❣ ■◗❂❅❄ ➈ ù★❊❑➽ ➹ × ➁ ●✡■ ❀ Ô⑤❯ ✽ ❄❘●❭✑❥❍ ✲✙❏ ❭ ❇ ✺✳❸ ✴❱❈❫✴ ✺ ✶✷✴♥❇ ✺❚❢ ✴ ✾❱✼ ◗ ✺
❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗ ●✬✐s❂ ❣ ■❘◆✹Õ ❋ ➳ ● ð ❖ ❯ Õ ➳✍➲ ➭ ➈

ö ➳ Ù✗÷ ① ➈ ➸ ➈ ➸ ◆❇■❘❊ ❣ ❂❋❊ ❀➅å ➈ ☞ ➈ ➸ ◆q❂ ✺ ➈ å❏✽ ❊ ❯ ❂❅❖ ❯ ❖ ❉ ❂❋❄❇❂❋❖ ❯ ■❘❄ Ô ◆ ❯❝Ô ❖❭◆ ✽ ➄➠❖ ✺ ✿ Ô ❊ ❀ ❄ Ô ❖◗❂ ✿ ❣ ■◗❂❋❄P◆ ✰ Ô⑤❯ ❉ ❖❭▼✡❄ Ö✾Ô ✿ Ô ❊✬■◗❂❋❄
◆ ❉ ❂❋✐♠■ ❀ ❯ ■❘■ ❯ ❉ ➈⑦✲ ✸ ✶ ✂✹✸✻✺✽✼✿✾④✸➳✸✻✺❂❁ ✲ ✸ ✶ ✂❃✼❄✺ ✴❚❅ ✂ ✴✷❇❉❈✌❊ ● Ø ➳ Ò ➳ ✯ ➑ ❋ ➳ Õ ➳ ●❭Ù ✯✍✯ ➭ ➈

Õ ➲ Õ



ö ➳ Ø ÷❸× ➈ ✃③❲❧■ ✺ ❂❋❲♦❂✝●❽× ➈ ✳ ❂ ❯ ✽ ●✈❂❅❊ ❀ ✳ ➈ ù★❊ ✽ ▼✡■ ➈ ➁ ❯✧■❘❖ ❯ ◆ ✽ ➄ ❣ ■◗❂❋❄ ❀ Ô ❲❧■❘❊✬◆ Ô ✽ ❊✡◆♦❂❅❊ ❀ ❯ ✽✁✽ ❯ ❉ ◆❇▼✬❄P➄❃❂❋❖❭■
❲ ✽✝❀ Ô ♥s❖◗❂ ❯❩Ô ✽ ❊✡◆ ✽ ❊ ❯ ❉ ■ ✿❁✽ ❂ ❀ ■ ❀ ❯ ❄q❂❋❊✬◆❇❲ Ô ◆❇◆ Ô ✽ ❊✾■❭❄❇❄ ✽ ❄ ✽ ➄✝❂ ❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■❘❂❋❄Ù✐s❂ Ô ❄ ➈➏❑✽❇❉▼❡❈ ✺❂✸✻◆ ❇ ❸ ✲✵✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆
❢ ✴ ✾❱✼ ◗ ✺★❤ ❅❣❈ ✸✻✺✹✾✐✸ ✶ ❛t✼ ❇ ✺✹✾ ❇ ❸❥❛ß✂ ✴ ✑❥❍ ✲✙❏ ●✽Õ✦Ù ✯ ê✛Õ ì ÒÛÕ❳Õ ➳ ❋ Õ✦Ù ➑ ●✬×➅❂❋❄✹Õ ➳✍➳❋➲ ➈

ö ➳ ➭✱÷ ✳ ➈ ✃③❲❧■ ø ❂ ✰ ❂ ➈ ➸ ❉ ■✘❲❧■❘◆ ❉ Ô ❊ ❣✴❯ ■❭◆ ❯ ✽ ❊ ❉ ■ ✿ Ô ❖❘❂ ✿ ❣ ■◗❂❋❄P◆❏▼✡❊ ❀ ■❘❄ ✿❁✽ ❂ ❀ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆ Ô ✽ ❊❤❈❋Õ◗◆ ❯ ❄❇■❭✐ ✽ ❄ ❯ ● ❯ ❉ ■
❂❋✐✡✐✬❄ ✽◗❥ Ô ❲❳❂ ❯ ■✉➄ ✽ ❄P❲✉▼ ✿ ❂❶➄ ✽ ❄ ❀ ■ ✕ ■❘❖ ❯❩Ô ✽ ❊✡◆ ✽ ➄ ❣ ■❘❂❋❄ ❯ ✽✁✽ ❯ ❉ ➈ ❨ ▼ ◆❄◆ ✴ ❛P✼❄✺ ❇ ❸❶❛❹✂ ✴s❑ ❍ ✲✙❏ ●✮Õ ➑ ê ➳ ✯ ì Ò➃Õ ➎ Ø Ù ❋
Õ ➎ Ø ➳ ●üÕ ➳ ✌❳Ù ➈

ö ➳ ➑ ÷ ✳ ➈ ✃③❲❧■ ø ❂ ✰ ❂ ➈ ➵ ✽❲✰ Ö✾Ô ❆✡❄❇❂ ❯❩Ô ✽ ❊ ❀ ■❘◆ Ô❁❣ ❊ ✽ ❊➃❂ ❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■◗❂❅❄❦✐✡❂ Ô ❄ ➈ ❩ ✴ ✸ ❈❚❅❂✴✷✶ ✂❃✺ ❇ ◆ ❇❘◗✻❊ ❤ ❑❵❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸
❩ ✴ ✸ ❈■✲ ✸✻✺ ▼ ❸➓✸ ✶ ❛ ▼❡❈ ✼❄✺ ◗ ●rÕ➥✌✬ê❃Õ ì Ò➃Õ ➲ ❋ Ù ➑ ●✎ú✍❂❋❊❵➞ ü ■❘❆➒Ù ✯❋✯✍✯ ➈

ö ➳✍➎ ÷ ✳ ➈ ✃③❲❧■ ø ❂ ✰ ❂❑❂❋❊ ❀ ú ➈ ù★◆ ❉ Ô×é ❂ ✰ ❂ ➈❶✆ ■ ✕ ■❘❖ ❯❩Ô ✽ ❊ ❀ ▼✡■ ❯ ✽ ❖ ✽ ❊ ❯ ❂❋❖ ❯ ❆♠■ ❯ ✰ ■❘■❘❊ ❣ ■◗❂❅❄ ❯ ■❘■ ❯ ❉✵✰ Ô⑤❯ ❉ ♥s❊ Ô⑤❯ ■
✰ Ô ❀ ❯ ❉ ➈ ❨ ▼ ◆❄◆ ✴ ❛P✼❄✺ ❇ ❸❬❛❹✂ ✴❬❑ ❍ ✲✙❏ ●rÕ ➎ ê ➳ ✌ ì ÒÛÕ ✯ ➲ ➑ ❋ Õ ✯ ➳ Ø ●⑦Õ ➳ ✌ Ø ➈

ö ➳ ✌✗÷ ① ➈ ú ➈✄✮ ❂❅❊ ❀ ■❘❄P❆✧■ Ô ➈✯➦ ✼❄✺ ✴ ✸ ❈ ✉ ❈❫❇❘◗✻❈ ✸❋✸❚✸♣✼❄✺ ◗❞q ✇ ❇❉▼ ✺❂❁❞✸✻❛t✼ ❇ ✺✹✾➜✸✻✺❂❁ ❏✥➇ ❛ ✴ ✺✹✾❱✼ ❇ ✺✹✾✹✎➺❴❱✺✽❛ ✴❱❈ ✺❂✸✻❛t✼ ❇ ✺❂✸✻◆➏❍ ✴❱❈ ✼ ✴ ✾
✼❄✺♠❸ � ✴❱❈ ✸✻❛P✼ ❇ ✺✹✾■➐ ✴ ✾ ✴ ✸ ❈✷✶ ✂✙✸✻✺❂❁ ✲ ✸✻✺❂✸ ◗❃✴ ✸ ✴ ✺✽❛➂❍ ✶ ✼ ✴ ✺ ✶✷✴ ✓ ➈ ✳ ✿ ▼ ✰ ■❘❄❽➽✈❖❘❂ ❀ ■❘❲ Ô ❖♣➴✇▼✡❆ ✿ Ô ◆ ❉ ■❘❄P◆❘●✽Õ ➳❋➳ ✌ ➈

ö ➳✍➲ ÷②➴ ➈➒✮ ■ ✿ ■ ❥ ❂❋❊ ❀ × ➈ ➽☞➼P❲ Ô ➈✢✆ ✺ ❊s❂❋❲ Ô ❖ ❯ ✽✝✽ ❯ ❉ ✿❁✽ ❂ ❀ ◆❶❂❋❊ ❀ r ▼s❂❋◆ Ô ❈★◆ ❯ ❂ ❯❝Ô ❖ ❯ ❄q❂❋❊✬◆❇❲ Ô ◆❇◆ Ô ✽ ❊ ■❭❄❇❄ ✽ ❄❇◆ Ô ❊
❉ ■ ✿ Ô ❖❘❂ ✿ ❣ ■◗❂❋❄P◆✘❈❦❂❋✐✡✐✬❄ ✽◗❥ Ô ❲❳❂ ❯ ■ ❀ ✺ ❊✡❂❋❲ Ô ❖②➄❃❂❋❖ ❯ ✽ ❄✲➄ ✽ ❄❇❲✉▼ ✿ ❂❋■ ➈r✲✵✴✷✶ ✂✹✸✻✺✽✼✿✾④✸☛✸✻✺❂❁ ✲ ✸ ✶ ✂❃✼❄✺ ✴✭❅ ✂ ✴✷❇❉❈✌❊ ●
➁ ❲➝✐✡▼✡❆ ✿ Ô ❖❘❂❋❨◗❩ ✽ ê ❀✡✽ Ô ÒÛÕ ✯ ➈ Õ ✯ Õ ➎ ➞q➼ ➈ ❲❧■❘❖ ❉ ❲❳❂❋❖ ❉ ❯ ❉ ■ ✽ ❄ ✺ ➈ Ù ✯✍✯ ➎ ➈ Õ✦Ù ➈ ✯✍✯ ➳ ì ●✾Ù ✯✍✯ ✌ ➈

ö ➳✍➳ ÷②➴ ➈➑✮ ■ ✿ ■ ❥ ❂❋❊ ❀ ✮❸➈ å ❂ ❉✡✽ ▼✡■ ❯ ➈ ➁ ❥ ✐✧■❭❄ Ô ❲❳■❭❊ ❯ ❂ ✿ ❂❋❊ ❀ ❊✵▼✡❲❧■❘❄ Ô ❖◗❂ ✿ Ô ❊ Ö ■❘◆ ❯❩Ô❁❣ ❂ ❯❩Ô ✽ ❊✡◆ ✽ ❊ ❯ ❉ ■ Ô ❊ ✕ ▼✡■❘❊✡❖❭■
✽ ➄ ❯ ✽✁✽ ❯ ❉ ➄✕❄ Ô ❖ ❯❩Ô ✽ ❊ Ô ❊ ◆P✐✡▼✡❄⑦❂❋❊ ❀Ñ❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■❘❂❋❄ ❀ ✺ ❊s❂❋❲ Ô ❖❭◆ ➈➻❑❵❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸ ✲✝✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆➜❢ ✴ ✾❱✼ ◗ ✺➥❤
❅❣❈ ✸✻✺✹✾✐✸ ✶ ❛P✼ ❇ ✺✹✾ ❇ ❸❥❛ß✂ ✴ ✑■❍ ✲★❏ ●✽Õ✦Ù❳Ù✁Ò ➑ Õ ➑ ❋ ➑ Ù❳Ù✁● ✆ ■❭❖✍Ù ✯✍✯✍✯ ➈

ö Õ ✯✍✯ ÷②➴ ➈❉✮ ■ ✿ ■ ❥ ❂❋❊ ❀ × ➈ ×➅❂✍❂ ❯ ❂❋❄ ➈ ➽æ❲❳❂ ❯ ❉ ■❭❲♦❂ ❯❩Ô ❖❘❂ ✿ ❲ ✽✁❀ ■ ✿ ➄ ✽ ❄➾❂❋❊s❂ ✿ ✺✔ø▼Ô ❊ ❣③❯ ❉ ■ Ô ❊ ✕ ▼✡■❘❊✡❖❭■ ✽ ➄♠◆ ❉ ❂❋✐✧■ ❀ ■ Ö✾Ô ❈
❂ ❯❝Ô ✽ ❊✡◆✩❂❋❊ ❀ ❲ ✽ ▼✡❊ ❯❩Ô ❊ ❣ ■❘❄❇❄ ✽ ❄❇◆ ✽ ❊ ❣ ■◗❂❋❄ ❀ ✺ ❊s❂❋❲ Ô ❖❽❆♠■ ❉ ❂ Ö✾Ô ✽ ▼✡❄ ➈✥❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸⑩❍ ❇❉▼ ✺❂❁❶✸✻✺❂❁➙➡✤✼P❖ ❈ ✸✻❛t✼ ❇ ✺s●
Õ ➳ Õ❢ê ➑ ì Ò ➎ Ù ➳ ❋ ➎✍➎ ✯ ●⑦Õ ➳❋➳✍➎ ➈

ö Õ ✯ Õ❙÷ ➹ ➈❥✮ Ô ➼❇❂ ✺ ❂ é ❂❋❄ ➈ ➽ ❖ ✽ ❲✉❆ Ô ❊✡■ ❀ ◆P▼✡❄P➄❃❂❋❖❭■ Ô ❊ ❯ ■ ❣ ❄❇❂ ✿ ❂❋❊ ❀ ♥s❊ Ô❱❯ ■❷■ ✿ ■❘❲❧■❘❊ ❯ ◆ ✽✍✿ ▼ ❯❩Ô ✽ ❊➋➄ ✽ ❄⑨❂ ❯ ❉ ❄P■❘■✹❈
❀ Ô ❲❳■❭❊✡◆ Ô ✽ ❊s❂ ✿ ❖ ✽ ❊ ❯ ❂❋❖ ❯ ✐✡❄ ✽ ❆ ✿ ■❭❲ ➈ ❴❱✺✽❛ ✴❱❈ ✺❂✸✻❛t✼ ❇ ✺❂✸✻◆ ❑✽❇❉▼❡❈ ✺❂✸✻◆☛❸ ❇❉❈✙❧■▼ ✸ ✴❱❈ ✼ ✶ ✸✻◆ ✲✵✴ ❛❹✂ ❇ ❁❉✾❺✼❄✺ ❏ ✺ ◗ ✼❄❤
✺ ✴✷✴❱❈ ✼❄✺ ◗ ● Ø Õ❋Ò ➑ Ù ➑ ❋ ➑ ➭ ➑ ●üÕ ➳✍➳ Õ ➈

Õ ➲ Ù



ö Õ ✯ Ù✗÷ Ö ➈❂✮ Ô ❊s❂ ✺ ❂ é ●⑦☞ ➈❂✆❸➈ Ö ❂❋❊✬◆❇■❘❊✓● ➁ ➈ ú ➈ ✳ ❂❋❄P■ ❀ ■❭◆❘● å ➈❂✮❸➈ å❏✽✁✽ ✐♠■❘❄❘●♠❂❋❊ ❀ ➵ ➈ × ➈ ②✓▼✬❊✡◆ é❜Ô ➈ ✼ ■◗❂❋❄ ❯ ✽✁✽ ❯ ❉
❯ ✽ ✐ ✽❋✿❁✽ ❣❳Ô ❖◗❂ ✿ ❲ ✽✝❀ Ô ♥s❖◗❂ ❯❩Ô ✽ ❊②➄ ✽ ❄✇❄P■ ❀ ▼✡❖ Ô ❊ ❣ ❊ ✽ Ô ◆❇■❽❂❅❊ ❀ Ö✾Ô ❆✡❄q❂ ❯❝Ô ✽ ❊ Ô ❊ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆ Ô ✽ ❊❚◆ ✺ ◆ ❯ ■❘❲❧◆ ➈ ➴➾❂ ❯ ■❘❊ ❯
❊✵▼✡❲✉❆♠■❘❄ ➎ ● ➳ Õ ➲ ●➃Õ ➲ Õ✍●❭✃❦❊ Ô⑤❯ ■ ❀✢➹ ❯ ❂ ❯ ■♣➴➾❂ ❯ ■❘❊ ❯ ●❻ú❋▼ ✿ Ù ✯✍✯ ➑✝➈

ö Õ ✯❳Ø ÷ Ö ➈❡✮ Ô ❊s❂ ✺ ❂ é ❂❋❊ ❀ ✆②➈ ① ➈ Ö❦✽ ▼✡◆❇■❭❄ ➈ ➽➣❖ ✽ ❲❧✐s❂❋❄ Ô ◆ ✽ ❊ ✽ ➄✚❂❅❊s❂ ✿ ✺✵❯❝Ô ❖◗❂ ✿ ✐✬❄❇■ ❀ Ô ❖ ❯❝Ô ✽ ❊✬◆ ✰ Ô⑤❯ ❉ ■ ❥ ✐♠■❘❄ Ô ❲❧■❘❊ ❯ ❂ ✿
❲❧■◗❂❋◆P▼✡❄❇■❭❲❳■❭❊ ❯ ◆ ✽ ➄ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆ Ô ✽ ❊▲■❘❄❇❄ ✽ ❄ ✽ ➄✈❲ Ô ◆q❂ ✿ Ô❁❣ ❊✡■ ❀⑧✿⑤✽ ❂ ❀ ■ ❀ ❣ ■❘❂❋❄❇◆ ➈ ù★❊➇➽ ➹ × ➁ ●➠■ ❀ Ô⑤❯ ✽ ❄❘● ❅ ✂ ✴
➔❞➼❞➼✻❼❮✑■❍ ✲★❏ ❴❱✺✽❛ ✴❱❈ ✺❂✸✻❛t✼ ❇ ✺❂✸✻◆❂✉ ❇ ➅ ✴❱❈ ✸✻✺❂❁❺❩ ✴ ✸ ❈ ✼❄✺ ◗ ❭ ❇ ✺✳❸ ✴❱❈❫✴ ✺ ✶✷✴ ●✡✐s❂ ❣ ■❘◆✐Õ❳Õ ❋ Õ ➲ ● ➹ ❖ ✽ ❯❇❯ ◆ ❀ ❂ ✿ ■❋●s➽❥②➾●
➹ ■❭✐çÕ ➳✍➳ Ù ➈

ö Õ ✯ ➭✱÷✴➴ ➈ ✱ ❂ ❣ ❂➥➼✲❂❋❊ ❀ ➽ ➈ ✳ ❂ ❉ ❄q❂❅❲♦❂❋❊ ➈ ù★❲❧✐s❂❋❖ ❯ ✽ ➄ ❯ ✽✁✽ ❯ ❉ ✐✡❄ ✽ ♥ ✿ ■✉❲ ✽✁❀ Ô ♥s❖❘❂ ❯❩Ô ✽ ❊✡◆ ✽ ❊ ❯ ❉ ■ ❯ ❄q❂❅❊✡◆❇❲ Ô ◆P◆ Ô ✽ ❊
■❭❄❇❄ ✽ ❄✩■ ❥ ❖ Ô⑤❯ ❂ ❯❩Ô ✽ ❊ ✽ ➄ ❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■◗❂❅❄✩✐✡❂ Ô ❄P◆ ➈ ù★❊➙➽❉❛ß✂❶❨➜✼ ✴ ✺✽✺✽✺✽✼P✸✻◆✪❭ ❇ ✺✳❸ ✴❱❈❫✴ ✺ ✶✷✴✷❇ ✺ ❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗ ❍ ❊ ✾❱❛ ✴ ✸r✾
❢ ✴ ✾❱✼ ◗ ✺➙✸✻✺❂❁✍✑❳✺❂✸✻◆ ❊ ✾❱✼✿✾④●✑ù★◆ ❯ ❂❅❊✁❆✬▼ ✿ ● ➸ ▼✡❄ é ■ ✺ ●Òú❋▼ ✿ ✺ Ù ✯❋✯ Ù ➈

ö Õ ✯ ➑ ÷✴➴ ➈ ✱ ❂ ❣ ❂➥➼✲❂❋❊ ❀ ➽ ➈ ✳ ❂ ❉ ❄q❂❅❲♦❂❋❊ ➈ ù★❊ ✕ ▼✡■❭❊✡❖❘■ ✽ ➄ ❯ ✽✁✽ ❯ ❉ ✐✡❄ ✽ ♥ ✿ ■✉❲ ✽✁❀ Ô ♥s❖❘❂ ❯❩Ô ✽ ❊ ✽ ❊ ❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■❘❂❋❄ ❀ ▼✁❈
❄❇❂❋❆ Ô ✿ Ô⑤❯★✺ ➈➎❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸ ✲✝✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆✥❢ ✴ ✾❱✼ ◗ ✺➵❤ ❅❣❈ ✸✻✺✹✾✐✸ ✶ ❛P✼ ❇ ✺✹✾ ❇ ❸❶❛❹✂ ✴ ✑❥❍ ✲✙❏ ●❋Õ✦Ù➏➭✡Ò ➑ ✯ Õ ❋ ➑ Õ ✯ ● ➹ ■❘✐
Ù ✯❋✯ Ù ➈

ö Õ ✯ ➎ ÷ Ö ➈ ✱ ❂ ✿ é ■❭❄ ➈ ✼ ■◗❂❋❄ ❯ ✽✁✽ ❯ ❉✉❀ ■ ✕ ■❭❖ ❯❩Ô ✽ ❊❧❂❋❊ ❀ ✐✡❄ ✽ ♥ ✿ ■❜❲ ✽✁❀ Ô ♥s❖◗❂ ❯❝Ô ✽ ❊ ➈✞❅ ✂ ✴⑦❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ●❭Õ✵ê✛Õ ➎✍➎ ì Ò ➭✒Õ ✯✒❋ ➭ Ø ➑ ●ð ❖ ❯ Õ ➳ Ø ➲ ➈
ö Õ ✯ ✌✗÷②× ➈ ✱ ■❭❖ é ❂❋❊ ❀❬✼ ➈ ×➅❂❅▼✡■❘❄ ➈❚ð ✐ ❯❩Ô ❲✉▼✡❲ ❯ ✽✁✽ ❯ ❉ ✕ ❂❋❊ é ❖ ✽ ❄P❄❇■❘❖ ❯❩Ô ✽ ❊✡◆✘➄ ✽ ❄ ❉ ■ ✿ Ô ❖◗❂ ✿ ❣ ■❘❂❋❄❇◆ ➈❶❑✽❇❉▼❃❈ ✺❂✸✻◆ ❇ ❸

✲✵✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆✯❢ ✴ ✾❱✼ ◗ ✺★❤ ❅❣❈ ✸✻✺✹✾✐✸ ✶ ❛t✼ ❇ ✺✹✾ ❇ ❸❬❛❹✂ ✴ ✑■❍ ✲✙❏ ●✽Õ✔Õ✦Ù✝Ò ➑ ➲ ➭ ❋ ➑ ➲✍➳ ● ✆ ■❘❖❮Õ ➳✍➳ ✯ ➈
ö Õ ✯ ➲ ÷ ✆❸➈ ☞ ➈ ✱ ■ ✿ ❆ ✽ ▼✡❄❇❊ ➈ ✼ ■❘❂❋❄➾■❭❄❇❄ ✽ ❄❇◆➾❂❋❊ ❀ ❯ ❉ ■ Ô ❄✚❄❇■❭◆❇▼ ✿ ❯ ❂❋❊ ❯ ❊ ✽ Ô ◆P■❏◆❇✐♠■❘❖ ❯ ❄❇❂ ➈ ù★❊rù✦×➃■❭❖ ❉ ➁ ●✍■ ❀ Ô❱❯ ✽ ❄❭●➏❴ ✲✵✴✷✶ ✂ ❏

❭ ❇ ✺✳❸ ✴❱❈❫✴ ✺ ✶✷✴r❇ ✺➯❩ ✴ ✸ ❈ ✼❄✺ ◗ ●✡✐✡❂ ❣ ■❘◆✹Õ Ø Õ ❋ Õ Ø ➳ ●üÕ ➳ ✌ ✯ ➈
ö Õ ✯ ➳ ÷ ✆❸➈ ☞ ➈ ✱ ■ ✿ ❆ ✽ ▼✡❄P❊ ➈ ü ▼✡❊ ❀ ❂❋❲❧■❘❊ ❯ ❂ ✿ é ❊ ✽✒✰❽✿ ■ ❀ ❣ ■ ✽ ➄ ❣ ■◗❂❋❄✴❊ ✽ Ô ◆❇■❧❈✘❂➅◆P▼✡❄ Ö ■ ✺ ➈ ù★❊▲ù✦×❑■❘❖ ❉ ➁ ●➌■ ❀ Ô⑤❯ ✽ ❄❘●

❴ ✲✝✴✷✶ ✂ ❏ ❭ ❇ ✺✳❸ ✴❱❈❫✴ ✺ ✶✷✴r❇ ✺ ❧♥❇ ✼✿✾ ✴ ✸✻✺❂❁➟➡➑✼P❖ ❈ ✸✻❛P✼ ❇ ✺✹✾ ❇ ❸ ❏ ✺ ◗ ✼❄✺ ✴ ✾❝✸✻✺❂❁ ❅❣❈ ✸✻✺✹✾④✸♣✼✿✾✷✾❱✼ ❇ ✺✹✾④●✵✐s❂ ❣ ■❭◆ ➳ ❋ Õ◗➭✡●
å ❄❇❂❋❊✬♥s■ ✿❁❀ ●➎ú❋▼ ✿ Õ ➳ ✌ ➳ ➈

ö Õ❳Õ ✯ ÷ ➵ ➈ ✱ Ô ✿ ❖ ✽◗❥ ❂❋❊ ❀ ✱ ➈ å❏✽❋✿ ■❘❲❳❂❋❊ ➈ ➽✘✐✡✐ ✿ Ô ❖❘❂ ❯❩Ô ✽ ❊ ✽ ➄➾♥s❊ Ô⑤❯ ■✴■ ✿ ■❘❲❧■❘❊ ❯ ◆ ❯ ✽ ❯ ❉ ■❸❂❋❊s❂ ✿ ✺ ◆ Ô ◆ ✽ ➄ ❣ ■◗❂❋❄ ❯ ✽✁✽ ❯ ❉
◆ ❯ ❄❇■❭◆❇◆P■❘◆ ➈ ✑❥❍ ✲✙❏▲❑✽❇❉▼❡❈ ✺❂✸✻◆ ❇ ❸ ❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗ ❸ ❇❉❈ ❴❱✺❂❁ ▼ ✾❱❛ ❈✌❊ ● ➳ ➑ ê✕➭ ì ÒÛÕ❳Õ Ø ➳ ❋ Õ❳Õ◗➭ ➲ ●⑦Õ ➳ ✌ Ø ➈

Õ ➲ Ø



ö Õ❳Õ❳Õ❙÷ å ➈ Ö ➈ ✱ Ô ❊ é ➈ å t ✿ ❖❭▼ ✿❁✽❶❀✬✽ ■❭❄❇❄ ✽⑦❀ ■ ❯ ❄q❂❋❊✡◆P❲ Ô ◆❇◆❇❩ ✽⑦❀ ■❤✐s❂❋❄❇■❭◆♣■❘❊ ❣ ❄P■❘❊s❂ ❀✡✽ ◆✴❖ ✽ ❲ ❲ ✽✁❀ Ô ♥s❖❘❂❋❨❘➺✁■❘◆✘❊s❂
❲ Ô ❖❘❄ ✽ ❣ ■ ✽ ❲❳■ ❯ ❄ Ô ❂ ❀✡✽ ◆ ❀ ■❘❊ ❯ ■❘◆ ➈❣✆ Ô ◆P◆❇■❘❄ ❯ ❂❋❨❘❩ ✽✲❀ ■❏❲❳■❭◆ ❯ ❄❇❂ ❀✡✽ ● ü ❂❋❖❘▼ ✿⑤❀ ❂ ❀ ■ ❀ ■ ➁ ❊ ❣ ■❘❊ ❉ ❂❋❄ Ô ❂✲×➃■❭❖ ❶ ❊ Ô ❖◗❂✬●
✃✘❹❵ù å ➽✾×➅➴✚● ➹ ■ ❯ ■❘❲✉❆✡❄ ✽ Ù ✯✍✯ Ù ➈

ö Õ❳Õ✦Ù✗÷ å ➈ Ö ➈ ✱ Ô ❊ é ❂❋❊ ❀ ➽ ➈ ➵ ➈ ➹ ■❘❄P✐s❂ ➈ ➁➂➭ ❖ Ô ■❘❊ ❯ ✐✡❄ ✽ ❖❘■ ❀ ▼✡❄P■ ❯ ✽ ❖❘❂ ✿ ❖❭▼ ✿ ❂ ❯ ■ ❯ ❄q❂❅❊✡◆❇❲ Ô ◆P◆ Ô ✽ ❊Ñ■❭❄❇❄ ✽ ❄ ✽ ➄
❉ ■ ✿ Ô ❖❘❂ ✿ ❣ ■◗❂❋❄➾✐s❂ Ô ❄P◆ ✰ Ô⑤❯ ❉ ❣ ✿❁✽ ❆s❂ ✿ ❯ ✽✁✽ ❯ ❉ ❖ ✽ ❊ ❯ ❂❋❖ ❯ ❂❋❊s❂ ✿ ✺ ◆ Ô ◆➠▼✡◆ Ô ❊ ❣ ❂✾❖ ✽ ❲✉❆ Ô ❊✡■ ❀ ✐✡◆❇■❭▼ ❀✡✽ ❈ Ô ❊ ❯ ■❭❄P➄✕■❘❄P■❘❊✡❖❭■
❂❋❊ ❀ ✿ Ô ❊✡■❘❂❋❄♦✐✬❄ ✽ ❣ ❄❇❂❋❲❧❲ Ô ❊ ❣ ◆ ✽✍✿ ▼ ❯❝Ô ✽ ❊ ➈ ù★❊ ❅ ✂ ✴ ➔ ❜ ❛❹✂♠❴❱✺✽❛ ✴❱❈ ✺❂✸✻❛t✼ ❇ ✺❂✸✻◆♥❭ ❇ ✺ ◗✻❈❫✴ ✾✷✾ ❇ ❸ ✲✵✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆
❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗ ● ð ▼✡❄ ✽ ➴✇❄❇■ ❯ ✽ ●♠× ✼ ●s❹ ✽ Ö Ù ✯✍✯ ➑✝➈

ö Õ❳Õ Ø ÷ å ➈ Ö ➈ ✱ Ô ❊ é ❂❋❊ ❀ ➽ ➈ ➵ ➈ ➹ ■❭❄❇✐s❂ ➈ ù★❊ Ö ■❘◆ ❯❩Ô❁❣ ❂ ❯❩Ô ✽ ❊ ✽ ➄ ❯ ✽✁✽ ❯ ❉ ❖ ✽ ❊ ❯ ❂❋❖ ❯ ❀ ■ Ö✾Ô❱❯ ❂ ❯❝Ô ✽ ❊✡◆✇➄✕❄ ✽ ❲ ❯ ❉ ■❦✐ ✿ ❂❋❊✡■ ✽ ➄
❂❋❖ ❯❩Ô ✽ ❊❤❂❋❊ ❀ ❯ ❉ ■ Ô ❄➌■❱❯✓■❭❖ ❯ ◆ ✽ ❊ ❣ ■◗❂❋❄ ❯ ❄q❂❋❊✡◆P❲ Ô ◆❇◆ Ô ✽ ❊❚■❭❄❇❄ ✽ ❄ ➈ ✉ ❈✷❇❲✶✐④✤❇ ❸☎❛❹✂ ✴ ❴ ✲✝✴✷✶ ✂ ❏⑥⑤ ✉⑦✸ ❈ ❛➒❭➟❤ ❑❵❇❉▼❃❈ ✺❂✸✻◆
❇ ❸ ✲✵✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆ ❏ ✺ ◗ ✼❄✺ ✴✷✴❱❈ ✼❄✺ ◗ ❍ ✶ ✼ ✴ ✺ ✶✷✴ ●♦Ù❦Õ ➳ ê ➑ ì Ò ➑ ✯ Õ ❋ ➑ ✯ ➳ ●❭Ù ✯✍✯ ➑✝➈

ö Õ❳Õ◗➭✱÷❥⑨ ➈ ② ❉ ❂❋❊ ❣ ❂❅❊ ❀ ② ➈ ü ❂❋❊ ❣ ➈ ➽✘❊s❂ ✿ ✺ ◆ Ô ◆ ✽ ➄ ❯ ❄❇❂❋❊✡◆❇❲ Ô ◆P◆ Ô ✽ ❊❺■❘❄P❄ ✽ ❄P◆✾▼✡❊ ❀ ■❭❄ ✿❁✽ ❂ ❀❺✽ ➄ ❉ ■ ✿ Ô ❖❘❂ ✿ ❣ ■◗❂❋❄P◆ ✰ Ô⑤❯ ❉
❲ ✽✝❀ Ô ♥s■ ❀ ❯ ✽✁✽ ❯ ❉ ◆❇▼✡❄✦➄❃❂❋❖❘■❭◆ ➈➩❑✽❇❉▼❡❈ ✺❂✸✻◆ ❇ ❸ ✲✝✴✷✶ ✂✹✸✻✺✽✼ ✶ ✸✻◆⑦❢ ✴ ✾❱✼ ◗ ✺➥❤ ❅❣❈ ✸✻✺✹✾✐✸ ✶ ❛P✼ ❇ ✺✹✾ ❇ ❸✭❛ß✂ ✴ ✑■❍ ✲✙❏ ●
Õ❳Õ ➳ ê❃Õ ì Ò➃Õ✦Ù ✯✒❋ Õ✦Ù ➎ ●✡×➅❂❅❄❰Õ ➳✍➳ ✌ ➈

Õ ➲ ➭



➾ ➚ ✧✛➪☛➶☛➹✤➘➯➴ ➾

➷ ➬➧➴➵➮➱➘➯➹✪➴✛➪➻✃✙➴⑧❐ ➶✗➴ ➹✤➪❮❒➱❰✗✧⑧➪☛➘➯➹✤Ï

Ð ù✐Ñ ú÷ûsÒ ☞★Ó✳Ô Ò☎ÕsÖ➑Ò �➧×⑦ý × Ò ✃ Ò✳Ø✱Ù✴û ×⑦ý þ Ò ❮♥Ô Ù♣û × Ò Ó û♥ÕsÖ ý Ö⑥û

➽ÛÚ✹Ü➓Ý✽Ü✌Þ❣ß✄à❺Ú❣Ü❶á✐àãâ❞ä✷å❉ä❫à✭æ❂à❃Ú❣Üsç❘Ü✐è♥Ü❱Þ❡æ❣è✠Ü✐ç❘ç❘å➙å✄ä❫è❘åêéãë✐ç♥Ú❣à✙æ❣è❘à❃Ú❣ì✹ä❘à✭Ú❣Ü❶ì❣í☛á✐à❃Ü➓î❣á✐ï✿Ü➓â❞ä❫Ü➄Ü❶Ú✽å❆ð➺àãè❘ñ✐å
å✻æ❣òóï✿á✐å✻Ú✽å★â✹àãç♣æ✯à✻â➏ä❘àãç✈Ú❣ïóç❘á➓è❘Ü➓ä❘àãç♣Ü✐íôá✐à✻â➏ä❫å✄ä❫à✹õ✞á➓àãâ✹ð➺àãè✠í❿Ü❶ð➺àãï⑦å✄æ❣è❘Ü➓ç❘Ü✐â❞ä❫å✻Ú❣à➎â✽å❺Ü✐ö➏ì✽å✄ñêß✻àÓêt÷❡ø➲ù ì â✽å❺ç❘Ü✌ú
ñêß✄à❿÷❡ø➤÷✹ø●ûãø

➽▲ð➺à✻è❘ñêå♥å✻æ❣òóï✿áêå✄Ú✽å❬å♥ì❣í❿å❝Ú❣å✻Ú✽å❬Ú❣ï✿ç→ä✷ü✻â❣á➓ïýå❬Ú❣àrá➓Ü✐â❞ä❫è✠à✈Ú✽å❝Ü✐â❣þãè✠Ü✐â✽å✄þãÜ✐í①í❶à✻ä❫à✻è❫å❬ë➫Ü➓ö❃ì✹ïóé✄å✻ò✿Ü➓â❞ä❫Ü➫å♥ì❣í
ä❫à✻è❘ö➏ì❣Ü

t1
ä❘àãí❿å✻Ú❣à♣â✽åsÜ✐â❣þ✻è❘Ü✐â❣å✻þãÜ✐í➀í❿à✻ä❘àãè❫å❡ø

p =
t1
r1

× 103 ,
ê❃➽♥øóû ì

àãâ❣Ú✹Ü
p
ë❳å♥ð➺àãè❘ñ✐å♥ä✷å✄â❣þãÜ✐â✹á✐ïýå✄ò

(N)
õ
t1
ë❳àrä❘àãè❘ö➏ì❣Ü

(Nm)
è❘Ü➓ð➺Ü➓è❘Ü➓â➏ä❘Ü❥årÜ➓â❣þãè❘Ü➓â✽å✻þãÜ➓íÛí❶à✻ä❘àãè❫å❝ö❃ì✹Ü■ë■ì❣í❿å

æ✽å✻è✠á✐Ü➓òýåsÚ❣à❿ä❘àãè❘ö➏ì❣Ü❬ä❫à✻ä❫å✻ò✤Ú❣Ü♥å✻â✽ÿ✻òóï✿ç✠Ü
T
ê➺é❃ï✿Ú❣Ü❝Ü✐ö➏ì✽å✄ñêß✻à❺êt÷✹ø●ûãû ì â✽å❶ç❘Ü✐ñ✐ß✻à✱÷❡ø✁� ì õ❵Ü r1

ë♥à❶è❫å✄ï✿à❶è❘Ü➓ð➺Ü➓è❘Ü➓â➏ä❘Ü
å✻àsæ❂àãâ❞ä❫àsÚ❣ï✿ç✠á✐è✠Ü➓ä❫à❶Ü✐í➀á✐àãâ❞ä✷å❉ä❫à❶â✽å♣Ü✐â❣þãè✠Ü✐â✽å✄þãÜ✐í➧í❶à✻ä❘àãè❫å

(mm)
ø

➽➀ð➺àãè✠ñêå❺å✻æ✹ò✿ï✿á✐å✻Ú✽å✙â❣àãè❘í❿å✻ò✄✂✻ç✈ç✠ì❣æ✯Ü➓è✠ð✕➻óá✐ï✿Ü➓çrâ❣à✻ç✈æ✯à✻â➏ä❘àãç✈Ü➓í➱á➓àãâ❞ä✷å✄ä❘à➜ê➺é❃ï✿Ú❣Ü➄Ü✐ö➏ì✽å✻ñ✐ß✻à➜êt÷✹ø ÷ ì â✽å❺ç❘Ü✌ú
ñêß✄à➎÷✹ø➤÷❡øóû ì æ✯à❃Ú❣Ü✱ç✠Ü✐è♣Ü✌Þ✹æ✹è❘Ü✐ç✠ç❫å➙Ü✐íôð➺ì❣â❣ñ✐ß✻à➙Ú❣à❺ä❫à✻è❘ö➏ì❣Ü✱â✽å❺Ü➓â❣þãè✠Ü✐â✽å✻þ✻Ü✐í í❶à✻ä❘àãè❫å✙ì❣ç❫å✻â✹Ú❣à✵å✭Ü✐ö➏ì✽å✻ñ✐ß✻à
ê❃➽♥øóû ì õ

pN j =
t1
r1

rj

rg j

(

1 + tan2βg

) 1
2

× 103 ,
ê❃➽♥ø➲ù ì

û ➲ �



àãâ❣Ú✹Ü
j = 1, 2

ç❘Ü✐â✹Ú❣à
j = 1

æ✽å✻è❘å❶åsÜ✐â✹þãè❘Ü➓â✽å✻þãÜ➓í➧í❿à✄ä❫àãè❘å✈Ü
j = 2

æ✽å✻è❘åså❶Ü➓â❣þãè❘Ü➓â✽å✻þãÜ➓í➧í❶à✒é❃ïóÚ✽å✹ø

➽❪Ü➓ö➏ì✽å✻ñêß✄à ê❃➽♥ø➲ù ì æ✯à❃Ú❣Ü❚ç❘Ü➓è❿ç✠ì✆☎❣ç✠ä❘ïóä❘ì✡➻✿Ú✽å➎â✽å➎Ü✐ö➏ì✽å✻ñ✐ß✻àæêt÷✹ø ÷ ì Ú✽å➎ç❘Ü✐ñ✐ß✻à➟÷❡ø➤÷✹ø●û❚æ✽å✻è❘å✵ö➏ì❣Ü★å✵Ú✹Ü➓Ý✽Ü✌ú
Þ✹ß✻à✭òóà❡á✐å✻ò➂Ú❣Ü❶á✐àãâ❞ä❫å✄ä❫à★ç❘Ü✑➼❘å✙áêå✻òóá✐ì❣ò✿å✻Ú✽å❚Ü✐í✗ð➺ì❣â✹ñêß✻à★Ú❣à★ä❘àãè❘ö➏ì❣Ü

t1
æ✽å✻è❘å✙à✻ç♥æ❂àãâ❞ä❫àãç♥Ú❣Ü❶áêå✻Ú✽å✙ì❣í❿å✙Ú✽å✄ç

Ü✐â✹þãè❘Ü➓â✽å✻þãÜ➓â❣ç✐ø

wH j =
12.5 (1 − ν2)

πE
c(ζ̂) c(η̂)

t1
r1

rj

rg j

(

1 + tan2βg

) 1
2

× 103 .
ê❃➽♥ø➤÷ ì

✝ ï✿â✽å✄ò✿í❶Ü✐â❞ä❫Ü♥ç❘ì✆☎❣ç→ä❫ï●ä❫ì❣ïóâ❣Ú❣à✙å✙Ü➓ö➏ì✽å✻ñêß✄à➇ê✟✞rø ÷ ì â✽å❚Ü✐ö➏ì✽å✻ñ✐ß✻à➇êP÷✹ø✡✠ ì Ú✽å❆ç❘Ü➓ñêß✻à★÷✹ø ÷✹øóûsæ❂à❡Ú✹Ü❱ú✔ç✠Üsà☛☎✹ä❫Ü➓è❝å
Ú❣Ü❱Ý✽Ü❱Þ✹ß✻à❿ò✿à❃áêå✻ò✯â✽åsð➺à✻è❘í❿å♣å✻â❣þãì❣ò✿å✻è⑦Ü➓í➀ð➺ì❣â❣ñ✐ß✻à❿Ú✹à❶á➓à❡Ü❱î✽á✐ïóÜ✐â❞ä❫Ü❬Ú❣Ü❬Ú❣Ü❱Ý✽Ü❱Þ✹ß✻à

ac

ø

∆wHs j = ac j t1 ,
ê☞✞♥ø✌✠ ì

àãâ❣Ú✹Ü❋Ò
ac j =

12.5 (1 − ν2)

πE
c(ζ̂) c(η̂)

rj

r1

cosβp j

r2
g j

(

1 + tan2βg

) 1
2

× 103 ,
ê☞✞♥ø✁� ì

∆wHs j

ë✈å❿Ú❣Ü➓Ý✽Ü✌Þ✹ß✻à❆ò✿à❃áêå✻ò✤â❣å❿ð➺àãè❘í❿å❶å✻â❣þãì❣ò✿å✻è⑩â✽å❿Ü➓â❣þãè❘Ü➓â✽å✻þãÜ➓í
j
Ú❣Ü❱é❃ï✿Ú❣à❆å✄à➄á✐à✻â➏ä❫å✄ä❫à

(rad)
õ
ac j

ërà
á✐à❃Ü➓î❣á✐ï✿Ü➓â❞ä❫Ü➜Ú✽å■Ú❣Ü❱Ý✽Ü❱Þ✹ß✻à❬òóà❡á✐å✻ò➏Ú❣Ü⑦á✐à✻â➏ä❫å✄ä❫à❥â❣å■Ü✐â❣þãè✠Ü✐â✽å✄þãÜ✐í

j
õ
t1
ë⑦à■ä❫àãè✠ö➏ì❣Ü⑦è❘Ü❱ð➺Ü✐è✠Ü✐â❞ä❫Ü☎å❳ð➺àãè✠ñêå■å✄æ❣ò✿ïóáêå✻Ú✽å

â❣à❶æ✯à✻â➏ä❘àsÜ✐í➧á➓àãâ❞ä✷å✄ä❘à
(Nm)

ø

å àãí❿à✍å✻ç✙Ú❣Ü➓Ý❣Ü❱Þ✎✍❡Ü➓ç❺ò✿à❃áêå✄ï✿ç❆Ú❣Ü✵á✐àãâ❞ä❫å✄ä❫à✍ç❫ß✻à✍á✐àãâ❣ç✠ï✿Ú❣Ü➓è❫å✻Ú❣å✻ç★ç✠àãí❶Ü✐â❞ä❫Ü✵â❣àãç★æ✯àãâ❞ä❘àãç★Ü➓í á✐àãâ❞ä❫å✄ä❫à❣õ
Ú❣Ü➓ç❘æ❣è✠Ü✑✏êå✄â❣Ú❣à✄ú➆ç❘Ü✵å➟ï✿â✹Ý❣ì Ð â❣á➓ïýå➢Ú❣å➟Ú❣Ü➓Ý✽Ü✌Þ✹ß✻à➯áêå✻ì❣ç❘å✻Ú✽å➟Ü➓í ì❣í àãì✹ä❘è❘à➟æ❂àãâ❞ä❫à♠Ú✽å✝ç❘ì❣æ❂Ü✐è→ð✟✒✿á✐ïóÜ✻õ☎æ❂à❡Ú❣Ü✌ú✔ç✠Ü
í❶àãâ❞ä✷å✻è❝ì❣í❿å★í❿å✄ä❫è✠ï✓✏♣Ú❣ï✿å✻þãàãâ✽å✄ò➂á✐àãí✁àãç♥á✐à❃Ü➓î✽á➓ï✿Ü✐â❞ä❘Ü✐ç✈Ú✽å✙Ú❣Ü➓Ý❣Ü❱Þ✹ß✻à❺òóà❡á✐å✻ò⑥Ú❣Ü➄á➓àãâ❞ä✷å✄ä❘à✭ç❘à✻í➄å✻â✹Ú❣à✄ú✔ç✠Ü❿à✻ç
á✐à❃Ü➓î❣á✐ï✿Ü➓â❞ä❫Ü✐ç⑩Ú✽å✻ç☎Ú❣ì❣å✻ç☎Ü✐â❣þãè✠Ü✐â✽å✄þãÜ✐â❣ç➓ø

✔ àãè➋á✐àãâ❞éãÜ➓â❣ï Ð â❣á✐ï✿å✹õ➏å❳Ú❣Ü❱Ý✽Ü❱Þ✹ß✻à❬Ú✽å➫Ü✐â❣þãè✠Ü✐â✽å✄þãÜ✐í í❿à❲é❃ï✿Ú❣å❳ë➒ä❘è❫å✻â❣ç→ð➺Ü✐è✠ï✿Ú✽å❳æ❣å✻è❫å■å➫è❘Ü➓ð➺Ü➓è Ð â❣á✐ï✿å■Ú✽å❳Ü✐â✹þãè❘Ü✌ú
â✽å✻þ✻Ü✐í➀í❶à✻ä❘àãè❫å✈å❉ä❫è❫åêé✻ë✐ç☎Ú✽å✈è❫å✕✏êß✻àsÚ❣àãç✳è❫å✻ïóàãç⑦Ú❣àãç➜æ❂àãâ❞ä❫à✻ç➜Ü✐í➀á➓àãâ❞ä✷å✄ä❘à♣â✽å✻ç➜Ú❣ì❣å✻ç☎Ü✐â❣þãè✠Ü✐â✽å✄þãÜ✐â❣ç➓ø✖✞❳ç❘ç✠ï✿í
åsç❘àãí❿å✄äqõ✻è❘ïýå♥Ú❣àãç☎á✐à❃Ü➓î✽á➓ï✿Ü➓â➏ä❘Ü✐ç⑩Ú✽å♣Ú❣Ü➓Ý❣Ü❱Þ✹ß✻à➄òóà❡á✐å✻ò③æ❂à❃Ú❣Ü❥ç❘Ü➓è➫Ü✌Þ✹æ✹è❘Ü✐ç✠ç❫å❶á✐àãí❶à✡Ò

ac = ac 1 + ac 2
r2

r1
,

ê☞✞♥ø✘✗ ì
àãâ❣Ú✹Ü

ac

ë♣à❆á➓à❡Ü❱î✽á✐ïóÜ✐â❞ä❫Ü♣Ú✽å✱Ú✹Ü➓Ý✽Ü✌Þ❣ß✄à✙òóà❡á✐å✻ò➌Ú✽å✻ç■Ú❣ì❣å✻ç❥Ü✐â❣þ✻è❘Ü✐â❣å✻þãÜ✐â✹ç❝á➓àãí❪è❘Ü➓ð➺Ü➓è Ð â❣á✐ï✿å✱â✽å✱Ü✐â❣þ✻è❘Ü✐â❣å✻þãÜ✐í
í❶à✻ä❫àãè❘å✹ø

û✚✙☛✗



Ð ù✜✛ ú÷ûsÒ ☞★Ó✳Ô Ò☎ÕsÖ➑Ò �➧×⑦ý × Ò✣✢✙Ò✳Ø✱Ù✴û × û × Ò☎Õ♣Ö➑Ò

✞➝Ú❣Ü❱Ý✽Ü❱Þ✹ß✻àsÚ❣à♣Ú❣Ü➓â❞ä❫Ü❥á✐à✻í❿à✈ì✹í ä❘à❡Ú❣àræ✯à❃Ú❣Ü■ç✠Ü✐è⑦Ü✌Þ✹æ✹è❘Ü✐ç✠ç❫å❶å✄ä❫è❘åêéãë✐ç➜Ú✹àãç⑦á✐à❃Ü➓î❣á✐ï✿Ü➓â❞ä❫Ü✐ç➜Ú✹Ü❥ï✿â✹Ý✽ì✥✤✐â❣á➓ïýå✹õ
ä❫Ü➓â❣Ú❣à❶á✐àãí❶à✦☎✽å✻ç✠Ü♥å♣Ü➓ö❃ì❣å✻ñêß✻à➅êt÷❡ø✁� ì â❣å❶ç✠Ü✐ñêß✄à➄÷✹ø ÷✹ø➤ù❡ø

✞✫ð➺àãè✠ñêå❆å➄ç✠Ü✐è❥á✐à✻â❣ç❘ïóÚ❣Ü✐è❘å✻Ú✽å✱æ✽å✻è❘å➄à❆áêÿ✄ò✿á✐ì✹ò✿à➄Ú❣å✱Ú❣Ü➓Ý✽Ü✌Þ✹ß✻à❚Ú❣à❆Ú❣Ü✐â❞ä❘Üså✄ä❫è❘å❲é✻ë✐ç❥Ú❣à❆í❶à❃Ú❣Ü✐òóà❿Ú❣Ü♣æ✹òýå✻á✐å
Ü✐â✹þ❞å✻ç✠ä❫å✻Ú✽å✹õ

p ′
õ✳ë✙å✻æ✹ò✿ï✿á✐å✻Ú✽å➙æ❂Ü✐è❘æ❂Ü✐â✹Ú❣ï✿á➓ì❣òýå✻è✠í❿Ü➓â❞ä❫Ü❚å✻à✵æ❣òýå✄â❣à➎â❣Ü✐ì✹ä❘è❘à✵Ú✽å✝æ✹òýå✻á✐å✹õ➒á➓àãí❶à✵í❶àãç→ä❫è❫å✄Ú❣à➎â✽å

Ü✐ö➏ì✽å✄ñêß✻à➅êt÷✹ø✘✧ ì ê❄é❡ïóÚ❣Ü❬ç❘Ü➓ñêß✻à❿÷✹ø ÷✹ø➲ù ì ø✖★➂ç✠ä❫åsð➺àãè✠ñêå♣æ❂à❡Ú❣Ü❬å✄ï✿â❣Ú✽å♣ç✠Ü✐è☎Ü✐ç✠á✐è❘ï●ä✷å♣á✐à✻í❿à✆✩

p ′
j =

p

cosβp j

=
t1

r1 cosβp j

× 103 ,
ê☞✞♥ø✁✧ ì

àãâ❣Ú✹Ü
p ′

j

ë❬å♣ð➺à✻è❘ñêå✈â✹àãè❘í❿å✻ò✪å✄à❶æ✹òýå✻â❣à♣â✹Ü✐ì✹ä❘è❘àsÚ✽å♣æ❣òýå✄áêå
(N)

õ
p
ë❬å✈ð➺àãè✠ñêå✈ä✷å✄â❣þãÜ✐â✹á✐ïýå✄ò

(N)
õ
r1

ë❬à♣è❫å✻ïóà
è❘Ü❱ð➺Ü✐è✠Ü✐â❞ä❫Üså✻à❆æ❂àãâ❞ä❫à➄Ú❣ï✿ç✠á✐è❘Ü❱ä❫à❆Ü➓í á✐à✻â➏ä❫å✄ä❫à

(mm)
õ
t1
ërì❣í❮ä❘àãè❘ö➏ì❣Ü✈è✠Ü➓ð➺Ü➓è❘Ü✐â❞ä❘Üså✱Ü✐â❣þãè✠Ü✐â✽å✄þãÜ✐í❮í❿à✻ä❘àãè❫å

(N)
ê➺é❃ïóÚ❣ÜsÜ✐ö➏ì✽å✻ñ✐ß✻à❼êt÷✹ø●ûãû ì â✽å❆ç✠Ü✐ñêß✄à✭÷✹ø✘� ì õ βp j

ësà✙ü✻â❣þ✻ì❣ò✿à❆Ú❣Ü✫✪✹ë✐ò✿ïóá✐Ü♣â❣à❚Ú❣ï✿ü✻í❶Ü➓ä❫è✠à✱á✐à✻è❘è❘Ü➓ç❘æ❂àãâ❣Ú❣Ü➓â❞ä❫Ü
å✻à✱æ❂àãâ❞ä❫à➄Ü✐í❪á✐àãâ❞ä✷å❉ä❫à

(rad)
õ③Ü

j = 1, 2
ç❘Ü➓â❣Ú❣à

j = 1
æ✽å✄è❫å✱å✱Ü➓â❣þãè❘Ü➓â✽å✻þãÜ➓í❮í❶à✻ä❘àãè❫å❶Ü

j = 2
æ✽å✻è❘å✱å

Ü✐â✹þãè❘Ü➓â✽å✻þãÜ➓í➧í❿à❲é❃ï✿Ú❣å✹ø

✞➨Ü✐ö➏ì✽å✻ñ✐ß✻à❺êP÷✹ø✘� ì ê➺é❃ï✿Ú✹Ü❝ç✠Ü✐ñ✐ß✻à➄÷❡ø➤÷✹ø➤ù ì æ❂à❡Ú✹Ü❥ç❘Ü✐è☎è✠Ü✐Ü✐ç✠á✐è✠ïóä✷åsá✐à✻í❿à✆✩

wB i =
n
∑

j∈
❴
c

ab (i−j) t1 j ,
ê☞✞♥ø✘✙ ì

àãâ❣Ú✹Ü
ab (i−j)

ë➫à♥á✐à❃Ü➓î✽á➓ï✿Ü➓â➏ä❘Ü➫Ú✹Ü❳ï✿â❡Ý✽ì✆✤✐â✹á✐ïýå❬Ú✽å❬Ú❣Ü➓Ý❣Ü❱Þ✹ß✻à✈â❣à♥æ✯à✻â➏ä❘à
i
áêå✄ì❣ç❫å✻Ú❣å♥æ❂àãè➒ì✹í➄å■ð➺àãè✠ñêårå✄æ❣ò✿ïóáêå✻Ú✽å

â❣àsæ❂àãâ❞ä❫à
j
õ✹Ü❝ë❬Ú✽å✄Ú❣àsæ✯àãè✬✩

ab (i−j) =
U

MP

v(r̄)

f(λ|x̄′ − ζ̄ ′|) g(|ȳ′ − η̄′|)

1

r1 j cosβj
f(λ x̄

′

) g(ȳ
′

) f(λ ζ̄
′

) g(η̄
′

) ,
ê☞✞♥ø✘✭ ì

àãâ❣Ú✹Ü
(ζ, η)

ë■à♥æ✯àãâ❞ä❘à✈Ú❣ï✿ç✠á✐è✠Ü➓ä❫àrâ✽å♥æ❣ò✿å✻áêå♥å✻â✽ÿ✻òóàãþ❞å❬á✐àãè✠è❘Ü➓ç❘æ❂àãâ❣Ú❣Ü➓â➏ä❘Ü❬å✻àræ❂àãâ❞ä❫àrÚ❣ï✿ç✠á✐è❘Ü❱ä❫à
j
â❣à✈Ú❣Ü➓â➏ä❘Ü■Ú✽å

Ü✐â✹þãè❘Ü➓â✽å✻þãÜ➓í★õ
(x′, y′)

ë⑦à❥æ✯à✻â➏ä❘à❥Ú❣ï✿ç✠á✐è✠Ü➓ä❫à❥â❣å❳æ❣òýå✄áêå❳á➓àãè❘è✠Ü✐ç❘æ❂àãâ❣Ú✹Ü✐â❞ä❫Ü⑩å✻à❥æ❂àãâ❞ä❫à■Ú✹ï✿ç❘á➓è❘Ü❱ä❫à
i
â✽å❳ç✠ì❣æ❂Ü✐è✠ð✟✒óá✐ïóÜ

Ú❣àsÚ❣Ü➓â➏ä❘Ü♥Ú❣å❶Ü➓â❣þãè❘Ü➓â✽å✻þãÜ➓í★ø

✞➳Ú❣Ü➓Ý❣Ü❱Þ✹ß✻à➎ò✿àãâ✹þãïóä❘ì❣Ú❣ï✿â❣å✻ò⑥áêå✻òóá✐ì❣ò✿å✻Ú✽å✭â✽å➙Ü➓ö❃ì❣å✻ñêß✻àÓê✟✞rø✌✙ ì æ❂à❡Ú❣Ü❆ç✠Ü✐è✈ä❘è❫å✻â❣ç→ð➺àãè❘í❿å✻Ú✽å★æ✽å✻è❫å➙å✭ð➺à✻è❘í❿å
û✚✙✮✧



å✻â❣þ✻ì❣òýå✻è⑩å✄ä❘è❫åêéãë➓ç➫Ú❣å❿Ü✐ö➏ì✽å✄ñêß✻à❺êt÷✹ø✌✙ ì Ú✽åsç❘Ü✐ñ✐ß✻à✱÷❡ø➤÷✹ø➤ù❡ø ✔ àãè→ä✷å✻â❞ä❫à✹õ✯å❶Ú❣Ü➓Ý❣Ü❱Þ✹ß✻à➄Ú✹à➄Ú❣Ü➓â➏ä❘Ü♥á➓àãí❶à❿ì❣í➧ä❘à❡Ú✹à
â✽å♣ð➺àãè❘í❿å♣å✻â❣þ✻ì❣òýå✻è✳ë❝Ú❣å✻Ú✽å♣æ✯à✻è✑✩

∆wBs i =
cosβij

rij

n
∑

j∈
❴
c

ab (i−j) t1 j .
ê☞✞rø●û✚✯ ì

★⑥ç→ä✷åsÜ✐ö➏ì✽å✻ñ✐ß✻à❶ë❬é✄ÿ✻òóï✿Ú✽årå✻ç❘ç✠ì❣í❿ïóâ❣Ú❣à✄ú➆ç❘Ü❥ö➏ì❣Ü✕✩
wB i cosβi ≪ ri

ê➺é❃ï✿Ú✹Ü ö ûãû✻û✻õ✽æ✪ø✌✗ã÷❉ú✰✗✱✠✱✲ ì ø
✔ àãè⑦á➓àãâ❞éãÜ➓â❣ï✓✤➓â❣á✐ï✿å✹õ❵å✈Ú❣Ü➓Ý❣Ü❱Þ✹ß✻à❶å✻â❣þãì✹òýå✻è➒Ú✽å✈Ü✐â❣þ✻è❘Ü✐â❣å✻þãÜ✐íÛí❿à❲é❃ï✿Ú❣årë■ä❫è❘å✻â❣ç✠ð➺Ü➓è❘ïóÚ✽åræ✽å✻è❘å♣å✈è❘Ü❱ð➺Ü✐è✳✤➓â❣á✐ï✿å

Ú✽å❬Ü✐â❣þ✻è❘Ü✐â❣å✻þãÜ✐í✫í❿à✻ä❘àãè❫å❳å✄ä❫è❘å❲é✻ë✐ç✞Ú✽å❥è❫å✱✏✐ß✻à❬Ú❣àãç➂è❘å✻ï✿àãç✥Ú❣àãç⑥æ✯à✻â➏ä❘àãç⑥Ü✐í✢á✐àãâ❞ä✷å❉ä❫à❝â✽å✻ç➂Ú❣ì✽å✄ç✞Ü➓â❣þãè✠Ü✐â✽å✻þ✻Ü✐â❣ç➓ø
✞❳ç✠ç❘ïóí å➯ç✠àãí❿å✄äqõãè✠ïýå➟Ú✽å✄ç✙Ú✹Ü➓Ý✽Ü✌Þ✥✍❃Ü✐ç★Ú❣àãç❚Ú❣Ü➓â➏ä❘Ü✐ç★Ú✽å✻ç❚Ú❣ì✽å✻ç✙Ü✐â✹þãè❘Ü➓â✽å✻þãÜ➓â❣ç✙ä❘àãí❿å✻Ú✽å♠â✽å♠Ü✐â❣þ✻è❘Ü✐â❣å✻þãÜ✐í
í❶à✻ä❫àãè❘å✈æ✯à❃Ú❣Ü❬ç❘Ü➓è☎Ü❱Þ❡æ❣è❘Ü➓ç❘ç❘å❿á✐à✻í❿à✆✩

∆wBs i = ∆wBs1 i + ∆wBs2 i
r2 i

r1 i
,

ê☞✞rø●ûãû ì
àãâ❣Ú✹Ü

∆wBs i

ë❳å❬Ú❣Ü➓Ý❣Ü❱Þ✹ß✻à♥ä❘à✻ä✷å✄ò✽Ú❣à♥Ú✹Ü✐â❞ä❫Ü➫á✐àãí❶à❬ì❣í➩ä❫à❃Ú❣à❝â✽å❬ð➺à✻è❘í❿å❝å✄â❣þãì❣ò✿å✻è➂Ü☎â❣à♥æ❂àãâ❞ä❫à❝Ü✐í①á➓àãâ❞ä✷å✄ä❘à
i
ø

Ð ù✵✴ ✶ ý Ö þ✥Ô✸✷ × û �➀Ó ûsÒ ☞★Ó✳Ô Ò☎ÕsÖ➑Ò �➀× Ò Ô Õ✹✢✻✺✹✼☎Õ Ó✳Ô❭ý
✞❳ç❘ç✠ì❣í❶Ü❱ú✔ç✠Ü★â✹Ü✐ç✠ä❘Ü★ä❘è❫å✱☎✽å✄ò✓✪❣à➎ö➏ì❣Ü★å✵Ú❣Ü❱Ý✽Ü❱Þ✹ß✻à✵ä❫à✻ä❫å✻ò➜Ü✐í á✐å✻Ú✽å➎æ✯à✻â➏ä❘à➢Ú❣ïóç❘á➓è❘Ü➓ä❘à✝â❣å✵ç✠ì❣æ✯Ü➓è✠ð✟✒óá✐ï✿Ü❚Ú❣à✻ç

Ú❣Ü➓â➏ä❘Ü✐ç☎ë❥ï✿þ✻ì✽å✻ò✯å✈ç❘àãí❿å✄äqõ✻è❘ïýå♥Ú✽å✻ç⑦á➓àãí❿æ❂àãâ❣Ü➓â❞ä❫Ü✐ç➜Ú❣å✻ç➜Ú❣Ü➓Ý❣Ü❱Þ✎✍❡Ü➓ç☎Ú✽å✻ç➜Ú❣ì✽å✄ç➜Ü✐â❣þãè✠Ü✐â✽å✄þãÜ✐â❣ç➓ø ✆ Ü✐ç→ä✷å♣ð➺àãè❘í❿å✹õ
å■í❿å✄ä❫è✠ï✓✏⑥Ú❣àãç❦á➓à❡Ü❱î✽á✐ïóÜ✐â❞ä❫Ü➓ç➂Ú❣Ü⑦ïóâ✹Ý✽ì✆✤➓â❣á✐ï✿å❳æ✯à❃Ú❣Ü⑦ç✠Ü✐è❦Ú✹Ü➓î✽â❣ïóÚ✽å❳ç✠àãí➄å✄â❣Ú❣à✄ú➆ç❘Ü✳à✻ç❦á✐à❃Ü➓î✽á➓ï✿Ü➓â➏ä❘Ü✐ç➂Ú✽å✄ç❦Ü✐ö➏ì✽å✻ñ✬✍❡Ü➓ç
✽ ✞♥ø✘✗☛✾➜Ü ✽ ✞rø●ûãû✿✾❱ø

A(k) =





















a11 a12 · · · a1n

a21 a22 · · · a2nøøø øøø ø ø ø øøø
an1 an2 · · · ann





















,
✽ ✞rø●û✒ù☛✾

àãâ❣Ú✹Ü✱✩

∀ i = j : aij = ac i +
cosβ1 i

r1 i
ab1 (i−j) +

cosβ2 ij

r1 i
ab2 (i−j) ,

✽ ✞rø●û❲÷✮✾

û✚✙☛✙



∀ i 6= j : aij =
cosβ1 i

r1 i
ab1 (i−j) +

cosβ2 i

r1 i
ab2 (i−j) ,

A(k)
ë❥årí❿å✄ä❫è✠ï✓✏☎á✐àãí àãç➒á✐à❃Ü➓î✽á➓ï✿Ü✐â❞ä❘Ü✐ç➜Ú❣Ü➫ï✿â✹Ý✽ì✥✤✐â❣á➓ïýårè✠Ü➓ð➺Ü✐è✠Ü✐â❞ä❫Ü❬å✄àræ✽å✻è➒Ú❣Ü■Ú❣Ü➓â❞ä❫Ü✐ç➜Ü➓â❣þãè✠Ü✐â✽å✻Ú✹àãç

k
â➏ì❣í❿å

Ú✽å✻Ú❣åsæ❂àãç✠ï✿ñêß✄à❶Ú✹à❶á➓ï✿á➓ò✿àsÚ❣Ü❬Ü✐â❣þ✻è❘Ü✐â❣å✻í❿Ü➓â❞ä❫à❣ø

ð ç♥æ✽å✄è❘Ü✐ç❝Ú❣Ü❶Ü✐â❣þ✻è❘Ü✐â❣å✻þãÜ✐â✹ç❀✪❣Ü➓ò✿ï✿á➓àãï✿Ú❣å✻ï✿ç❥å✄æ❣è❘Ü➓ç❘Ü✐â❞ä❫å✻í☛é✻ÿ✄è❘ï✿à✻ç❥æ✽å✻è❘Ü➓ç♥Ú✹Ü❿Ú❣Ü➓â❞ä❫Ü✐çrÜ✐â❣þãè✠Ü✐â✽å✄Ú❣àãç❝ç❘ï✿írì❣ò●ú
ä✷å✄â❣Üêå✻í❶Ü✐â❞ä❘Ü❆Ü✐í á✐å✻Ú✽å➙æ✯à✻ç❘ï✿ñ✐ß✻à➎Ú❣à➎á✐ïóá✐ò✿à✭Ú❣Ü❚Ü✐â❣þãè✠Ü✐â✽å✄í❿Ü➓â➏ä❘à❣ø❁✞❳ç✠ç❘ïóí å➙í➄å❉ä❫è❘ï❂✏➄Ú❣à✻ç❶á➓à❡Ü❱î✽á✐ïóÜ✐â❞ä❫Ü➓çsÚ❣Ü
ï✿â❡Ý✽ì✆✤✐â✹á✐ïýå♣Ú❣Ü❱éãÜ❝ò✿Ü❱é✻å✄è➜Ü✐í➧á➓àãâ❞ä✷åsàãç➜æ✯à✻â➏ä❘àãç☎Ú❣ï✿ç✠á✐è✠Ü➓ä❫à✻ç⑩Ú✹Ü❬ä❘à❡Ú✹àãç☎àãç➜Ú❣Ü✐â❞ä❘Ü✐ç❳Ü➓í➧á✐à✻â➏ä❫å✄ä❫à✹õ

A =





















A(1) 0 · · · 0

0 A(2) · · · 0øøø øøø ø ø ø øøø
0 0 · · · A(K)





















,
✽ ✞♥øóû❃✠✮✾

àãâ❣Ú✹Ü
A
ë❳å❝í❿å✄ä❘è❘ï✓✏☎Ú❣ï✿å✻þãàãâ❣å✻ò❣á✐à✻í à✻ç➒á➓à❡Ü❱î✽á✐ïóÜ✐â❞ä❫Ü➓ç✳Ú❣Ü➫ï✿â✹Ý✽ì✥✤✐â❣á➓ïýå❬Ú❣àãç

K
æ✽å✻è❘Ü➓ç✳Ú❣Ü⑩Ú❣Ü➓â➏ä❘Ü✐ç⑦Ü➓â❣þãè✠Ü✐â✽å✻Ú✹àãç

â➏ì❣í❿åsÚ❣å✻Ú✽åsæ✯àãç✠ï✿ñ✐ß✻à♣Ú❣à❶á✐ï✿á➓ò✿à♣Ú❣Ü❬Ü➓â❣þãè❘Ü➓â✽å✻í❶Ü✐â❞ä❫à✹ø

✞①í➄å❉ä❫è❘ï❂✏
A
Ú✽å❆Ü✐ö➏ì✽å✻ñ✐ß✻à ✽ ✞♥øóû❃✠✮✾❳æ✯à❃Ú❣Ü♣ç❘Ü➓è❥á✐àãâ✹ç✠ä❫è✠ì✆✒✿Ú❣å❚æ❣å✻è❫å✱á✐å✻Ú✽å❆ì❣í❿å✱Ú✽å✻ç❬æ✯à✻ç❘ï✿ñ✬✍❡Ü➓ç■Ú❣ïóç❘á✐è✠Ü➓ä❫å✻ç
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