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★✁✛ ✌ ✪✢✩ ✛✫✭ ❅✸✸✢✜✜ ✼★ ✴✤ ✣★ ✶

☛ ✟✛ ✌ ✌✢✤❉★✣✡ ☞✴✤✢ ✣✟✥✸✢ ✼✥✣✩

✑ ✕✏★ ✌ ❈ ✣✤✵★✯★ ✴✥ ✶ ✻✣✢✾✫✢✴✸☞ ✚✛✺ ✛✜ ✛★ ✴ ✪✫✶✤ ✛✽ ✶✢✍ ✛✴✯
✑✍ ✟ ✌ ❈✽✢✴ ❋☞✜✤✢✭✜ ☞✴✤✢ ✣✸★ ✴✢✸✤ ✛★ ✴
✩✛✍ ✌ ✮✢ ✣✜★ ✴✥ ✶ ✼★✭✭✫✴✛✸✥✤ ✛★ ✴ ❋✢ ✣✺ ✛✸✢✜

�☞✍ ✌ ✁ ✫✥ ✶✛✤☞ ★ ✟ ❋✢ ✣✺ ✛✸✢

�✩✍✏ ✌ ✁ ✫✥✩ ✣✥✤✫✣✢ ✮✵✥✜✢ ❋✵✛✟✤ ✲✢☞ ✛✴✯
✍☛✔ ✌ ❊✢ ✶✥✦✧★ ❋ ✛✴✥ ✶✱ ❊✫❁✩★

✖✏★✁ ✌ ✏ ✛✭✢ ✚✛✺ ✛✜ ✛★ ✴ ✪✫✶✤ ✛✽ ✶✢✍ ❅✸✸✢✜✜

✁✗✕ ✌ ✹✶✤ ✣✥ ✫ ✛✯ ✵ ✻✣✢✾✫✢✴✸☞

✂✗✕ ✌ ☛✢ ✣☞ ✫ ✛✯ ✵ ✻✣✢✾✫✢✴✸☞

✄ ✂✛✁ ✌ ☛ ✛✣✢ ✶✢✜✜ ✳✤✵✢ ✣✴✢✤ ✼★✭✽✥✤ ✛✬✛✶✛✤☞ ❅ ✶✶✛✥✴✸✢

✄ ✙✒✤ ✌ ☛ ✛✣✢ ✶✢✜✜ ✻✛✩✢ ✶✛✤☞

✄ ✎✁☛ ✌ ☛ ✛✣✢ ✶✢✜✜ ✎★ ✸✥ ✶ ❅ ✣✢✥ ✌✢✤❉★✣✡

✑✏✍✎ ✌ ✟✥✭❁✶✛✥ ✩✢ ✤✢✸✴★ ✶★✯ ✛✥✜ ✚❋ ✎

✍ ✛✛



�✁✂✄✄ ✝☎ �✄✞☎ ✟✄✂

● ❂✄ ✮✥✩ ✣✌ ✢✜ ✩✢ ✏✢ ✶✢✟★ ✴✛✥ ✼✢ ✶✫ ✶✥✣ ❅ ✴✥ ✶✰✯ ✛✸✥ ✩✢ ✥ ✶✯ ✫✴✜ ✽✥❁✜✢✜ ✮✁ ✂✄☎✆✁ ✝ ❇ ✄✬✬✂✬✯ ❂ ❂ ■
● ❂● ✮✥✩ ✣✌ ✢✜ ✩✢ ✏✢ ✶✢✟★ ✴✛✥ ✼✢ ✶✫ ✶✥✣ ✚✛✯ ✛✤✥ ✶ ✩✢ ✥ ✶✯ ✫✴✜ ✽✥❁✜✢✜ ✮✁ ✂✄☎✆✁ ✝ ❇ ✄✬✬✂✬✯ ❂ ❂ ❂ ❂ ✰
✒ ❂✄ ✼★✴✩ ✛✦✌ ✢✜ ✽✥✩ ✣✧★ ✢ ✟✥✤★✣✢✜ ✩✢ ✸★✣✣✢✦✧★ ✮

∗
✽✥✣☎✭✢✤ ✣★✜ ✩✥ ✴★✺✥ ✸★✴✩ ✛✦✧★ ✯ ❂ ❂ ❂ ❂ ✦❍

✭ ❂✄ ✼✥✣✥✸✤✢ ✣❁✜✤ ✛✸✥✜ ✩✥ ✥✴✤✢ ✴✥ ✣✢✸✢✽✤★✣✥ ✮✝✞✟✠✄ ❇ ●❍❍✦✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✦✂
✭ ❂● ✼✥✣✥✸✤✢ ✣❁✜✤ ✛✸✥✜ ✩★ ✸✥✣✤✧★ ✮✼✪✼ ☞❅ ✮✡✝✞☛ ☞✌ ❇ ●❍❍■✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ■●

✦ ❂✄ ✚✥✩★✜ ✯✢ ✣✥ ✛✜ ✩✥✜ ✸ ✛✩✥✩✢✜ ★ ✴✩✢ ✟★✣✥✭ ✣✢✥ ✶✛✠✥✩✥✜ ✥✜ ✭✢✩ ✛✦✌ ✢✜ ❂ ✮ ☞✍✎✄ ❇ ●❍❍✦✯ ❂ ❂ ❂ ■✰
✦ ❂● ✼✥✣✥✸✤✢ ✣❁✜✤ ✛✸✥✜ ✩✥ ✥✴✤✢ ✴✥ ★✭✴✛ ✩ ✛✣✢✸ ✛★ ✴✥ ✶ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ■✂
✦ ❂✒ ✚✥✩★✜ ★ ✬✤ ✛✩★✜ ✴★ ✶★ ✸✥ ✶ ✩✥ ✳❊❆ ✮✳✜✽✢ ✣✥ ✴✦✥✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰✒
✦ ❂✭ ✼✥✣✥✸✤✢ ✣❁✜✤ ✛✸✥✜ ✩✥ ✥✴✤✢ ✴✥ ✸★✭ ✣✢✏✢✤★ ✣ ✤ ✛✽★ ✯ ✣✥✩✢ ✫✤ ✛✶✛✠✥✩★ ✴✥✜ ✭✢✩ ✛✦✌ ✢✜ ✴★✜ ✸ ✶✛✢ ✴✤✢✜ ✰✭
✦ ❂✦ ✚✥✩★✜ ✸★ ✶✢✤✥✩★✜ ✴★✜ ✫✜✫✿✣✛★✜ ✩✢ ✄ ✥ ✭ ❂ ✚✢✭✥ ✛✜ ✏✥✬✢ ✶✥✜ ✴★ ✥✴✢✍★ ✼ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰✦
✦ ❂■ ✚✥✩★✜ ★ ✬✤ ✛✩★✜ ✴✥ ✳❊❆ ✮❅ ✣✢ ✛✥ ✶✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰✰
✦ ❂✰ ✼✥✣✥✸✤✢ ✣❁✜✤ ✛✸✥✜ ✩✥ ✥✴✤✢ ✴✥ ★✭✴✛✩ ✛✣✢✸ ✛★ ✴✥ ✶ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰✬
✦ ❂✂ ✚✥✩★✜ ★ ✬✤ ✛✩★✜ ✴✥ ❊✢✽✢✤ ✛✩★✣✥ ❅ ✣✢ ✛✥ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✂❍
✦ ❂✬ ✚✥✩★✜ ★ ✬✤ ✛✩★✜ ✴✥ ❊✢✽✢✤ ✛✩★✣✥ ✳✜✽✢ ✣✥✴✦✥ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✂❍
✦ ❂✄❍ ✼✥✣✥✸✤✢ ✣❁✜✤ ✛✸✥✜ ✩✥ ✥✴✤✢ ✴✥ ✽✥ ✛✴✢ ✶ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✂ ✄
✦ ❂✄✄ ✚✥✩★✜ ★ ✬✤ ✛✩★✜ ✢✭ ✣✢✽✢✤ ✛✩★✣✥ ✎✥✯★✥ ❋✢✸✥ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✂✒
✦ ❂✄● ✚✥✩★✜ ★ ✬✤ ✛✩★✜ ✴✥ ✳❊❆ ✢✭ ✼✥✭✽✛✴✥ ✲ ✣✥✴✩✢ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✂✒
■ ❂✄ ✚✥✩★✜ ★ ✬✤ ✛✩★✜ ✽✥✣✥ ✥ ✳❊❆ ✮✳✜✽✢ ✣✥✴✦✥✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✂■
■ ❂● ✚✥✩★✜ ✸★ ✴✺✢ ✣✤ ✛✩★✜ ✩★✜ ✫✜✫✿✣✛★✜ ✱ ✚✥✩★✜ ✸★✭✽✶✢✭✢✴✤✥✣✢✜ ✴★ ❅ ✴✢✍★ ✳❂ ❂ ❂ ❂ ❂ ❂ ❂ ✂✰
■ ❂✒ ✼★✭✽★✜ ✛✦✧★ ✩★ ✺✥ ✶★✣ ✩✢

Gt

❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✂✬
■ ❂✭ ✚✥✩★✜ ★ ✬✤ ✛✩★✜ ✽✥✣✥ ✥ ✳❊❆ ✮✳✜✽✢ ✣✥✴✦✥✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄● ✄
■ ❂✦ ✚✥✩★✜ ★ ✬✤ ✛✩★✜ ✴✥ ✳❊❆ ✮❅ ✣✢ ✛✥ ✶✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄●●
■ ❂■ ✚✥✩★✜ ✤★ ✽★✯ ✣✿✑ ✸★✜ ★ ✬✤ ✛✩★✜ ✴★ ✢✴✶✥✸✢ ✳❊❆ ✳✜✽✢ ✣✥ ✴✦✥ ✱ ✳❊❆ ❅ ✣✢ ✛✥ ✶ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄●✒
■ ❂✰ ✼★✭✽★✜ ✛✦✧★ ✩★ ✺✥ ✶★✣ ✩✢

Gt

✽✥✣✥ ★ ✢✴✶✥✸✢ ✳✜✽✱❅ ✣✢ ✛✥ ✶ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄●✭
■ ❂✂ ✼★✴✩ ✛✦✌ ✢✜ ✽✥✩ ✣✧★ ✢ ✟✥✤★✣✢✜ ✩✢ ✸★✣✣✢✦✧★ ✮

∗
✽✥✣☎✭✢✤ ✣★✜ ✩✥ ✴★✺✥ ✸★✴✩ ✛✦✧★ ✯ ❂ ❂ ❂ ❂ ✄✒❍

■ ❂✬ ❊✢✜✫✶✤✥✩★✜ ★✬✤ ✛✩★✜ ✴★ ✢✴✶✥✸✢ ✳❊❆ ✳✜✽✢ ✣✥✴✦✥ ✱ ✳❊❆ ❅ ✣✢ ✛✥ ✶ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✒ ✄
✍ ✛✛✛



■ ❂✄❍ ✚✥✩★✜ ★ ✬✤ ✛✩★✜ ✴✥ ✣✢✽✢✤ ✛✩★✣✥ ✳✜✽✢ ✣✥✴✦✥ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✒●
■ ❂✄✄ ✚✥✩★✜ ★ ✬✤ ✛✩★✜ ✴✥ ✣✢✽✢✤ ✛✩★✣✥ ❅ ✣✢ ✛✥ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✒✒
■ ❂✄● ✼★✭✽★✜ ✛✦✧★ ✩★ ✺✥ ✶★✣ ✩✢

Gt

✽✥✣✥ ★ ✢✴✶✥✸✢ ✣✢ ✽✢✤ ✛✩★✣✥ ✳✜✽✢ ✣✥ ✴✦✥ ✱ ✣✢ ✽✢✤ ✛✩★ ✣✥ ❅ ✣✢ ✛✥ ✄✒✭
■ ❂✄✒ ✼★✴✩ ✛✦✌ ✢✜ ✽✥✩ ✣✧★ ✢ ✟✥✤★✣✢✜ ✩✢ ✸★✣✣✢✦✧★ ✮

∗
✽✥✣☎✭✢✤ ✣★✜ ✩✥ ✴★✺✥ ✸★✴✩ ✛✦✧★ ✯ ❂ ❂ ❂ ❂ ✄✭❍

■ ❂✄✭ ❊✢✜✫✶✤✥✩★✜ ★✬✤ ✛✩★✜ ✴★ ✢✴✶✥✸✢ ✣✢ ✽✢✤ ✛✩★ ✣✥ ✳✜✽✢ ✣✥✴✦✥ ✱ ✣✢✽✢✤ ✛✩★✣✥ ❅ ✣✢ ✛✥ ❂ ❂ ❂ ❂ ❂ ❂ ✄✭ ✄
■ ❂✄✦ ✚✥✩★✜ ★ ✬✤ ✛✩★✜ ✴✥ ✳❊❆ ✢✭ ✼✥✭✽✛✴✥ ✲ ✣✥✴✩✢ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✭●
■ ❂✄■ ✚✥✩★✜ ★ ✬✤ ✛✩★✜ ✴✥ ✳❊❆ ✮❅ ✣✢ ✛✥ ✶✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✭✒
■ ❂✄✰ ✚✥✩★✜ ✤★✽★✯ ✣✿✑✸★✜ ★ ✬✤ ✛✩★✜ ✴★ ✢✴✶✥✸✢ ✳❊❆ ✼✥✭✽✛✴✥ ✲ ✣✥✴✩✢ ✱ ✣✢✽✢✤ ✛✩★✣✥ ✎✥✯★✥

❋✢✸✥ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✭✭
■ ❂✄✂ ✼★✭✽★✜ ✛✦✧★ ✩★ ✺✥ ✶★✣ ✩✢

Gt

✽✥✣✥ ★ ✢✴✶✥✸✢ ✼✥✭✽✛✴✥ ✲ ✣✥✴✩✢ ✱ ✎✥✯★✥ ❋✢✸✥ ❂ ❂ ❂ ❂ ✄✭✦
■ ❂✄✬ ✼★✴✩ ✛✦✌ ✢✜ ✽✥✩ ✣✧★ ✢ ✟✥✤★✣✢✜ ✩✢ ✸★✣✣✢✦✧★ ✮

∗
✽✥✣☎✭✢✤ ✣★✜ ✩✥ ✴★✺✥ ✸★✴✩ ✛✦✧★ ✯ ❂ ❂ ❂ ❂ ✄✭✬

■ ❂●❍ ❊✢✜✫✶✤✥✩★✜ ★✬✤ ✛✩★✜ ✴★ ✢✴✶✥✸✢ ✳❊❆ ✼✥✭✽✛✴✥ ✲ ✣✥✴✩✢ ✱ ✣✢ ✽✢✤ ✛✩★✣✥ ✎✥✯★✥ ❋✢✸✥ ❂ ❂ ✄✦✒
✼ ❂✄ ✚✥✩★✜ ✸★ ✶✢✤✥✩★✜ ✱ ✸★✴✤ ✛✴✫✥✦✧★ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✂❍
✼ ❂● ✚✥✩★✜ ✸★ ✶✢✤✥✩★✜ ✱ ✸★✴✤ ✛✴✫✥✦✧★ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✂ ✄
✼ ❂✒ ✚✥✩★✜ ✸★ ✶✢✤✥✩★✜ ✱ ✸★✴✤ ✛✴✫✥✦✧★ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✂●
✼ ❂✭ ✚✥✩★✜ ✸★ ✶✢✤✥✩★✜ ✱ ✸★✴✤ ✛✴✫✥✦✧★ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✂✒
✳❂✄ ✚✥✩★✜ ✸★ ✴✺✢ ✣✤ ✛✩★✜ ✩★✜ ✩✢✭✥ ✛✜ ✫✜✫✿✣✛★✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✂✂
✳❂● ✚✥✩★✜ ✸★ ✴✺✢ ✣✤ ✛✩★✜ ✩★✜ ✩✢✭✥ ✛✜ ✫✜✫✿✣✛★✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✂✬
✳❂✒ ✚✥✩★✜ ✸★ ✴✺✢ ✣✤ ✛✩★✜ ✩★✜ ✩✢✭✥ ✛✜ ✫✜✫✿✣✛★✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✬❍
✳❂✭ ✚✥✩★✜ ✸★ ✴✺✢ ✣✤ ✛✩★✜ ✩★✜ ✩✢✭✥ ✛✜ ✫✜✫✿✣✛★✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✬ ✄
✳❂✦ ✚✥✩★✜ ✸★ ✴✺✢ ✣✤ ✛✩★✜ ✩★✜ ✩✢✭✥ ✛✜ ✫✜✫✿✣✛★✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✬●
✳❂■ ✚✥✩★✜ ✸★ ✴✺✢ ✣✤ ✛✩★✜ ✩★✜ ✩✢✭✥ ✛✜ ✫✜✫✿✣✛★✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✬✒
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● ❂✄ ✚✛✜✤☎✴✸ ✛✥ ✩✢ ✣✢✫✜★ ✽✥✣✥ ✫✭ ✸ ✶✫✜✤✢ ✣ ✩✢ ❄ ✮✥✯ ✭ ✸✷ ✶✫ ✶✥✜ ✢ ✮✬✯ ✰ ✸✷ ✶✫ ✶✥✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰
● ❂● ❈ ✽✥✩ ✣✧★ ✂❍● ❂✄✄ ✢ ★ ✪★✩✢ ✶★ ☞❋❈✂❈❋ ☞ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✬
● ❂✒ ✪★✩★ ✩✢ ★ ✽✢ ✣✥✦✧★ ❄ ☞✴✟ ✣✥✱ ✳✜✤ ✣✫✤✫✣✥ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄❍
● ❂✭ ✪★✩★ ✩✢ ★ ✽✢ ✣✥✦✧★ ❄ ✄☎✆✝✞✟ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✄
● ❂✦ ✼✥✴✥ ✛✜ ✫✤ ✛✶✛✠✥✩★✜ ✴✥ ✤✢ ✶✢✟★ ✴✛✥ ✭✰✺✢ ✶ ✸✢ ✶✫ ✶✥✣ ✥✴✥ ✶✰✯ ✛✸✥ ✢✍ ✛✬ ✛✩★✜ ✜✢ ✽✥✣✥✩✥✭✢✴✤✢

✽✥✣✥ ✸★✭✫✴✛✸✥✦✧★ ❄ ✮✥✯ ❋✢✴✤ ✛✩★ ✼✢ ✶✫ ✶✥✣ ✠✡ ✳❊❆ ✢ ✮✬✯ ❋✢✴✤ ✛✩★ ✳❊❆ ✠✡ ✼✢ ✶✫✶✥✣ ✄●
● ❂■ ✚✢✤✥ ✶✵✥✭✢✴✤★ ✩★✜ ✸✥✴✥ ✛✜ ✩★ ✜ ✛✜✤✢✭✥ ❅✪✮❋ ❇ ★ ✴✩✢ ✢✭ ✮✥✯ ✤✢✭★✜ ✥✜ ✬✥✴✩✥✜ ❅ ✢

❆ ✶✥✩★ ✥ ✶✥✩★ ❇ ✢✍ ✽✶✛✸ ✛✤✥ ✴✩★ ★✜ ✸✥✴✥ ✛✜ ✩✢ ✺★✠ ✢ ✩✢ ✸★✴✤ ✣★ ✶✢ ✽✥✣✥ ✸✥✩✥ ✬✥✴✩✥ ✢ ✢✭
✮✬✯ ✜✢ ★ ✬✜✢ ✣✺✥ ★✜ ✸✥✴✥ ✛✜ ✩✢ ✸★✭✫✴✛✸✥✦✌ ✢✜ ✩✢ ✢✴✤ ✣✥✩✥ ✢ ✜✥❁✩✥ ✩✥ ✳❊❆ ❂ ❂ ❂ ❂ ❂ ❂ ✄✒

● ❂✰ ✹✤ ✛✶✛✠✥✦✧★ ✩★ ✸✥✴✥ ✶ ✴★ ✜ ✛✜✤✢✭✥ ❉ ✛✣✢ ✶✢✜✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✭
✒ ❂✄ ✪★✩✢ ✶★ ✩✢ ☛ ✥ ✶✑✜✸✵✱ ❆✢ ✣✤★ ✴✛ ✮☛✁ ✂☞ ☞✌✆✟ ✍ ✍✄✝✎✞☎☞❇ ✄✬✂✂✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ●●
✒ ❂● ✪★✩✢ ✶★ ✩✢ ☛ ✥ ✶✑✜✸✵✱ ❆✢ ✣✤★ ✴✛ ✴✥ ✜ ✛✤ ✫✥✦✧★ ✩✢✜✤✢ ✤ ✣✥ ✬✥ ✶✵★ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ●✒
✒ ❂✒ ✪★✩✢ ✶★ ✩✢ ☛ ✥ ✶✑✜✸✵✱ ☞✡✢✯✥✭ ✛ ✢ ✜✢ ✫✜ ✽✥✣☎✭✢✤ ✣★✜ ✮ ☞✏✄✎✁✌ ☞✍ ✑✞✌✟☞✠✁ ❇ ✄✬✂❍✯ ❂ ❂ ●✰
✒ ❂✭ ✮✢ ✣✩✥✜ ✽★✣ ★✣✛✢ ✴✤✥✦✧★ ✮☞✏✄✎✁✌☞✍ ✑✞✌✟☞✠✁ ❇ ✄✬✂❍✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ●✬
✒ ❂✦ ✪★✩✢ ✶★ ✩✢ ✪✥✸ ✛✢ ✶✱ ❆✢ ✣✤★ ✴✛✱✱ ✛✥ ✮☛ ☞✁ ✍ ✍✄✝✎✞☎☞❇ ✄✬✬●✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✒●
✒ ❂■ ✪★✩✢ ✶★ ✩✢ ✪✥✸ ✛✢ ✶✱ ❆✢ ✣✤★ ✴✛✱✱ ✛✥ ✱ ✳✜✤✥✦✧★ ❊✿✩ ✛★ ❆✥✜✢ ✥✸ ✛✭✥ ✩★ ✴❁✺✢ ✶ ✩✥✜ ✢✩ ✛✑✸✥✱

✦✌ ✢✜ ✮✆✁✒✁ ✂✆✁☎✎ ✄ ❇ ✄✬✬✬✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✒✒
✒ ❂✰ ✪★✩✢ ✶★ ✩✢ ✪✥✸ ✛✢ ✶✱ ❆✢ ✣✤★ ✴✛✱✱ ✛✥ ✱ ✳✜✤✥✦✧★ ❊✿✩ ✛★ ❆✥✜✢ ✥✬✥ ✛✍★ ✩★ ✴❁✺✢ ✶ ✩✥✜ ✢✩ ✛✑✸✥✱

✦✌ ✢✜ ✮✆✁✒✁ ✂✆✁☎✎ ✄ ❇ ✄✬✬✬✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✒✒
✒ ❂✂ ✪★✩✢ ✶★ ✩✢ ✪✥✸ ✛✢ ✶✱ ❆✢ ✣✤★ ✴✛✱✱ ✛✥ ✱ ✲✢★✭✢✤ ✣✛✥ ✽✥✣✥ ★ ✸✥ ✶✸✫✶★ ✩✢

Le1

✮✆✁✒✁ ✂✆✁☎✎ ✄ ❇
✄✬✬✬✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✒✭

✒ ❂✬ ✪★✩✢ ✶★ ✩✢ ✩★ ✛✜ ✣✥ ✛★✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✭✦
✒ ❂✄❍ ❊✢✯ ✛✧★ ✩★ ✳✶✛✽✜✰ ✛✩✢ ✩✢ ✻✣✢✜✴✢ ✶ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✭■
✒ ❂✄✄ ❋ ✛✤✫✥✦✌ ✢✜ ✩✢ ✻★ ✶✯✥ ✢ ❈ ✬✜✤ ✣✫✦✧★ ✩✥ ✄✓ ✳★ ✴✥ ✩✢ ✻✣✢✜✴✢ ✶ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✭✰
✒ ❂✄● ☛✥✣✛✥✦✌ ✢✜ ✩★ ✽✥✣☎✭✢✤ ✣★ ✫ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✭✰
✒ ❂✄✒ ✼✥ ✶✸✫✶★ ✩★ ✣✥ ✛★ ✩★ ★ ✬✜✤✿✸✫✶★ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✭✬
✒ ❂✄✭ ✮✥✣☎✭✢✤ ✣★✜ ✩★ ✭★✩✢ ✶★ ✩✢ ✎✢✢ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✦●
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✒ ❂✄✦ ✮✥✣☎✭✢✤ ✣★✜ ✩★ ✭★✩✢ ✶★ ✩✢ ✎✢✢ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✦✒
✭ ❂✄ ✪★✴✤✥✯✢✭ ✩★ ✜ ✛✜✤✢✭✥ ✩✢ ✣✢✟✢ ✣❀ ✴✸ ✛✥ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✦■
✭ ❂● ❅ ✴✤✢ ✴✥ ❊✢✸✢✽✤★✣✥ ✢ ★ ✜✫✽★✣✤✢ ✫✤ ✛✶✛✠✥✩★✜ ✮✝✞✟✠✄ ❇ ●❍❍✦✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✦✂
✭ ❂✒ ❅ ✴✥ ✶✛✜✥✩★✣ ✩✢ ✢✜✽✢✸✤ ✣★ ❊�❋ ✻❋✫✒ ✮✝✞✟✠✄ ❇ ●❍❍✦✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✦✬
✭ ❂✭ ✏✢ ✶✥ ✸✥✽✤✫✣✥✩✥ ✽✢ ✶★ ✻❋✫ ☛ ✛✢❉ ✱ ✳✜✽✢✸✤ ✣★ ✩✢ ✻✣✢✾✁❀✴✸ ✛✥ ✽✥✣✥ ★ ✸✥✴✥ ✶ ✄ ✮●✭ ✄●

✪✫✠✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ■❍
✭ ❂✦ ✮✣★ ✸✢✜✜★ ✩✢ ✜★ ✬✣✢✽★✜ ✛✦✧★ ✽✥✣✥ ★ ✬✤✢✴✦✧★ ✩✥✜ ✸✫✣✺✥✜ ✭★✜✤ ✣✥✩✥✜ ✽✢ ✶★ ✥✴✥ ✶✛✜✥✩★✣ ✩✢

✢✜✽✢✸✤ ✣★ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ■ ✄
✭ ❂■ ✳✜✽✥ ✶✵✥✭✢✴✤★ ✩★ ✜ ✛✴✥ ✶ ✴★ ✤✢✭✽★ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ■ ✄
✭ ❂✰ ✪★✴✤✥✯✢✭ ✩★ ✜ ✛✜✤✢✭✥ ✽✣★ ✽★✜✤★ ✽✥✣✥ ✭✢✩ ✛✩✥✜ ✢✍ ✤✢ ✣✴✥✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ■✒
✭ ❂✂ ❊✢✜✫✶✤✥✩★ ★✬✤ ✛✩★ ✫✤ ✛✶✛✠✥✴✩★ ✥ ✭★✴✤✥✯✢✭ ✩★ ✜ ✛✜✤✢✭✥ ✽✣★ ✽★✜✤★ ✽✥✣✥ ★ ✸✥✴✥ ✶ ✄

✮●✭ ✄● ✪✫✠✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ■✒
✦ ❂✄ ☞✴✟ ✣✥✱✢✜✤ ✣✫✤✫✣✥ ✽✥✣✥ ✩ ✛✜✤ ✣✛✬✫✛✦✧★ ✢✭ ✥✭✬✛✢✴✤✢ ✫✣✬✥✴★ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ■✰
✦ ❂● ❅ ✴✤✢ ✴✥ ❈✭✴✛ ✚✛✣✢✸ ✛★ ✴✥ ✶ ✫✤ ✛✶✛✠✥✩✥ ✴✥ ✳❊❆ ✢ ✜✢✫ ✩ ✛✥✯ ✣✥✭✥ ✩✢ ✛✣✣✥✩ ✛✥✦✧★ ❂ ❂ ❂ ❂ ❂ ■✬
✦ ❂✒ ✼✥✬★ ❊✲✼ ●✄✒ ✫✤ ✛✶✛✠✥✩★ ✴✥ ✳❊❆ ✢ ✴✥✜ ✸★ ✴✢✍✌ ✢✜ ✩✥✜ ✥✴✤✢✴✥✜ ✸ ✶✛✢ ✴✤✢✜ ❂ ✮★✜✜✫✛

✽✢ ✣✩✥ ✩✢ ●✦ ❇●✩❆✂✄❍❍✭ ✴✥ ✟✥ ✛✍✥ ✩✢ ✟ ✣✢✾✁❀ ✴✸ ✛✥ ✩✢ ●✭❍❍ ✱ ●✦❍❍ ✪✫✠ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ■✬
✦ ❂✭ ✮★✴✤★ ✩✢ ✥✸✢✜✜★ ❅ ✮✱●❍❍❍ ✮✡✝✞☛ ☞✌ ❇ ●❍❍■✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ■✬
✦ ❂✦ ✼★✴✢✸✤★✣✢✜ ❊✠ ✭✦ ✢ ✸✥✬★ ✩★ ✤ ✛✽★ ✽✥✣ ✤ ✣✥✴✦✥✩★ ✫✤ ✛✶✛✠✥✩★✜ ✽✥✣✥ ✸★✴✢✸✤✥✣ ✥ ✳❊❆ ✥★

✜✢ ✣✺ ✛✩★ ✣ ✽✣✛✴✸ ✛✽✥ ✶ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰❍
✦ ❂■ ☛ ✛✜✤✥ ✥✷ ✣✢✥ ✴✥✜ ✩ ✛✣✢✦✌ ✢✜ ✥ ✽✥✣✤ ✛✣ ✩✥ ✳❊❆ ✢✭ ✳✜✽✢ ✣✥✴✦✥ ✮✎✢✜✤✢✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰❍
✦ ❂✰ ☛ ✛✜✤✥ ✥✷ ✣✢✥ ✴✥✜ ✩ ✛✣✢✦✌ ✢✜ ✥ ✽✥✣✤ ✛✣ ✩✥ ✳❊❆ ✢✭ ✳✜✽✢ ✣✥✴✦✥ ✮❈✢✜✤✢✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰ ✄
✦ ❂✂ ☛ ✛✜✤✥ ✥✷ ✣✢✥ ✴✥✜ ✩ ✛✣✢✦✌ ✢✜ ✥ ✽✥✣✤ ✛✣ ✩✥ ✳❊❆ ✢✭ ✳✜✽✢ ✣✥✴✦✥ ✮❋✫✶✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰ ✄
✦ ❂✬ ☛ ✛✜✤✥ ✥✷ ✣✢✥ ✴✥✜ ✩ ✛✣✢✦✌ ✢✜ ✥ ✽✥✣✤ ✛✣ ✩✥ ✳❊❆ ✢✭ ✳✜✽✢ ✣✥✴✦✥ ✮✌★✣✤✢✯ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰●
✦ ❂✄❍ ✲✮❋ ✲✥✣✭ ✛✴ ✫✤ ✛✶✛✠✥✩★ ✴✥✜ ✭✢✩ ✛✩✥✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰●
✦ ❂✄✄ ✳✾✫✛✽✥✭✢✴✤★✜ ✫✤ ✛✶✛✠✥✩★✜ ✴✥✜ ✭✢✩ ✛✦✌ ✢✜ ✢✭ ✸✥✩✥ ✸ ✶✛✢ ✴✤✢ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰✭
✦ ❂✄● ✳✴✶✥✸✢ ✳✜✽✢ ✣✥ ✴✦✥ ✱ ❅ ✣✢ ✛✥ ✶ ✱ ✳✾✫✛✽✥✭✢✴✤★✜ ✫✤ ✛✶✛✠✥✩★✜ ✴✥✜ ✭✢✩ ✛✦✌ ✢✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰✰
✦ ❂✄✒ ✳✴✶✥✸✢ ✳✜✽✢ ✣✥ ✴✦✥ ✱ ❅ ✣✢ ✛✥ ✱ ✳✾✫✛✽✥✭✢✴✤★✜ ✫✤ ✛✶✛✠✥✩★✜ ✴✥✜ ✭✢✩ ✛✦✌ ✢✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰✂
✦ ❂✄✭ ❅✭✽✶✛✑✸✥✩★✣ ✩✢ ✄ ☛ ✥✤✤ ✫✤ ✛✶✛✠✥✩★ ✴★ ✢✴✶✥✸✢ ❂ ✝ ✢✜✾✫✢ ✣✩✥ ✺❀✱✜✢ ★ ✩ ✛✜✽★✜ ✛✤ ✛✺★ ✥ ✶✛✱

✭✢✴✤✥✩★✣❂ ✝ ✩ ✛✣✢ ✛✤✥ ✢ ✴✸★✴✤ ✣✥✱✜✢ ✥ ✫✴✛✩✥✩✢ ✥✭✽✶✛✑✸✥✩★✣✥ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✰✬
✦ ❂✄✦ ✳✴✶✥✸✢ ✳❊❆ ✼✥✭✽✛✴✥ ✲ ✣✥✴✩✢ ✱ ❊✢✽✢✤ ✛✩★✣✥ ✎✥✯★✥ ❋✢✸✥ ✱ ✳✾✫✛✽✥✭✢✴✤★✜ ✫✤ ✛✶✛✠✥✩★✜

✴✥✜ ✭✢✩ ✛✦✌ ✢✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✂●
✦ ❂✄■ ❅ ✴✤✢✴✥ ✤ ✛✽★ ✽✥ ✛✴✢ ✶ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✂●

■ ❂✄ ✼★★✣✩✢✴✥✩✥✜ ✳✜✟✷ ✣✛✸✥✜ ✢ ✼★★✣✩✢✴✥✩✥✜ ✲✢★✯ ✣✿✑ ✸✥✜ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✂✦

✍✺ ✛



■ ❂● ✌ ❁✺✢ ✶ ✩✢ ❋ ✛✴✥ ✶ ✍ ✚✛✜✤☎✴✸ ✛✥ ✱ ❈ ✬✤ ✛✩★✜ ✴✥✜ ✭✢✩ ✛✦✌ ✢✜ ✩★✜ ✺ ✛✴✤✢ ✫✜✫✿✣✛★✜ ✴✥ ✸ ✛✩✥✩✢
✩✢ ✳✜✽✢ ✣✥ ✴✦✥ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✂✂

■ ❂✒ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩✢ ❈ ✡✫✭✫✣✥✱✫✥✤✥ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✬ ✄
■ ❂✭ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩★ ✼✼ ☞❊ ✽✥✣✥

B1 = 5%
❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✬✒

■ ❂✦ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩★ ✼✼ ☞❊ ✽✥✣✥
B1 = 10%

❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✬✭
■ ❂■ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩★ ✼✼ ☞❊ ✽✥✣✥

B1 = 15%
❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✬✦

■ ❂✰ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩★ ✼✼ ☞❊ ✽✥✣✥
B1 = 20%

❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✬■
■ ❂✂ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩✢ ✫✥✤✥ ✳✜✤✢ ✴✩ ✛✩★ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✬✂
■ ❂✬ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩✢ ✫✥✤✥ ✪★✩ ✛✑ ✸✥✩★ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄❍ ✄
■ ❂✄❍ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩✢ ☛ ✥ ✶✑ ✜✸✵✱❆✢ ✣✤★ ✴✛ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄❍✒
■ ❂✄✄ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩✢ ✼❈❋✏ ●✒✄ ✢✭ ✎❈❋ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄❍✦
■ ❂✄● ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩✢ ✼❈❋✏ ●✒✄ ✢✭ ✌✎❈❋ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄❍■
■ ❂✄✒ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩✢ ✪✥✣✸ ✛✢ ✶✱ ❆✢ ✣✤★ ✴✛✱✱ ✛✥

hm = 3m
❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄❍✂

■ ❂✄✭ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩✢ ✪✥✣✸ ✛✢ ✶✱ ❆✢ ✣✤★ ✴✛✱✱ ✛✥ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄❍✬
■ ❂✄✦ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✜ ✛✭ ✽✶✛✑✸✥✩★ ✩✢ ✱ ✛✥ ✽✂ ✩ ✠ ✦✭ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✄✄
■ ❂✄■ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✜ ✛✭ ✽✶✛✑✸✥✩★ ✩✢ ✱ ✛✥ ✽✂ ✩ ✠ ✄❍✭ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✄●
■ ❂✄✰ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩✢ ❆✢ ✣✤★✴✛ ✥✩✥✽✤✥✩★ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✄✭
■ ❂✄✂ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩✢ ✼ ✣★✜✬☞ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✄■
■ ❂✄✬ ✼✫✣✺✥✜ ★ ✬✤ ✛✩✥✜ ✴★ ✪★✩✢ ✶★ ✩✢ ✲ ✛✤✥★✱ ☞✸✵✛✤✜✫✬★ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ❂ ✄✄✰
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✜ ✛✤ ✫✥✦✌ ✢✜ ✢ ✥✭✬✛✢✴✤✢✜ ❂
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• ✻✥ ✛✍✥ ✩✢ ✟ ✣✢✾✁❀ ✴✸ ✛✥ ✩✢ ✄❍❍ ✱ ✄✦❍❍ ✪✫✠ ✞

• ✚✛✜✤☎✴✸ ✛✥ ✄✱●❍ ✡✭ ✞

• ❅ ✶✤✫✣✥ ✩✥ ✥✴✤✢ ✴✥ ✩✥ ✢✜✤✥✦✧★ ✣✿✩ ✛★ ✬✥✜✢ ✒❍ ✱ ●❍❍ ✭ ✞

• ❅ ✥ ✶✤✫✣✥ ✩✥ ✥✴✤✢✴✥ ✩✥ ✳✪ ✄ ✱ ✄❍ ✭✢✤ ✣★✜ ❂

❅ ✽✥✣✤ ✛✣ ✩✥❁ ❇ ✫✥✤✥ ★ ✬✜✢ ✣✺★ ✫ ✾✫✢ ✭✫✛✤★✜ ✥✫✤★✣✢✜ ✵✥✺ ✛✥✭ ✩✢✜✢✴✺★ ✶✺ ✛✩★ ✭✷✤★✩★✜ ✾✫✢ ✽✢ ✣✭ ✛✤ ✛✥✭
✸✥ ✶✸✫✶✥✣ ★ ✜ ✛✴✥ ✶ ✾ ✫✢ ✜✢ ✣✛✥ ✣✢✸✢ ✬✛✩★ ✩✢ ✫✭ ✩✢✤✢ ✣✭ ✛✴✥✩★ ✤ ✣✥✴✜✭ ✛✜✜★✣ ✢ ✾✫✢ ✥✜ ✽✢ ✣✩✥✜ ✴✥ ✽✣★ ✽✥✯✥✦✧★
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✼★✭ ✛✜✜★ ✟★✣✥✭ ✟✢ ✛✤✥✜ ✥ ✶✯ ✫✭✥✜ ✸★ ✴✜ ✛✩✢ ✣✥✦✌ ✢✜ ✴★ ✭★✩✢ ✶★ ✩✢ ❈ ✡✫✭✫✣✥ ✮✟✁✎✁ ❇ ✄✬✂❍✯ ❇ ✸ ✛✤✥✩✥✜
✥✬✥ ✛✍★ ❄
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• ❈ ✤✢ ✣✣✢✴★ ✸★ ✴✜ ✛✩✢ ✣✥✩★ ✷ ★ ✾✫✥✜✢✱✽✶✥✴★ ✞
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✸★ ✣✣✢✦✧★ ✷ ✫✤ ✛✶✛✠✥✩★ ✽✥✣✥ ✥✜ ✩✢✭✥ ✛✜ ✿✣✢✥✜ ❂

❅ ✜ ✢✾✫✥✦✌ ✢✜ ✩✢ ✽✢ ✣✩✥✜ ★ ✬✤ ✛✩✥✜ ✢✭ ✮✟✁✎✁ ❇ ✄✬✂❍✯ ✜✧★ ❇ ✸★✴✟★✣✭✢ ✥ ✣✢✯ ✛✧★ ❄

✄ ❂ ❃ ✣✢✥ ✫✣✬✥✴✥

Lp = 69, 55 + 26, 16 log fc − 13, 82 loghb − a∗ + (44, 9− 6, 55 log hb) log R
✮✒ ❂✄✯

❈✴✩✢ ❄

• fc =
✻✣✢✾✁❀ ✴✸ ✛✥ ✄✦❍ ✱ ✄✦❍❍ ✮✪✫✠✯

• hb =
❅ ✶✤✫✣✥ ✢✟✢✤ ✛✺✥ ✩✥ ✥✴✤✢ ✴✥ ✩✥ ✢✜✤✥✦✧★ ✣✿✩ ✛★ ✬✥✜✢ ✒❍ ✱ ●❍❍ ✮✭ ✯

• hm =
❅ ✶✤✫✣✥ ✩✥ ✥✴✤✢✴✥ ✩✥ ✢✜✤✥✦✧★ ✭✰✺✢ ✶ ✄ ✱ ✄❍ ✮✭ ✯

• R =
✚✛✜✤☎✴✸ ✛✥ ✄ ✱ ●❍ ✮✡✭ ✯

• a∗ =
✻✥✤★✣ ✩✢ ✸★✣✣✢✦✧★ ✾✫✢ ✥✜✜✫✭✢ ✺✥ ✶★✣✢✜ ✸✥✣✥✸✤✢ ✣❁✜✤ ✛✸★✜ ✸★✴✟★✣✭✢ ✥ ✩ ✛✭✢✴✜✧★ ✩✥

✿✣✢✥ ❂

∗
✌✢✜✤✢ ✸✥✜★ ✩✢✜✤✥✸✥✱✜✢ ✾✫✢ ★ ✟✥✤★ ✣ ✓ ✷ ✫✭✥ ✟✫✴✦✧★ ✩✥ ✥ ✶✤ ✫✣✥ ✩★ ✭✰✺✢ ✶❂ ✳✜✤✢ ✻✥✤★✣ ✩✢

✸★ ✣✣✢✦✧★ ✽✥✣✥ ✥ ✥ ✶✤ ✫✣✥ ✩✥ ✢✜✤✥✦✧★ ✭✰✺✢ ✶ ✷ ✭★✜✤ ✣✥✩★ ✥✬✥ ✛✍★ ✽✥✣✥ ✸✥✩✥ ✤ ✛✽★ ✩✢ ✥✭✬✛✢ ✴✤✢
✫✣✬✥✴★ ❄

✮✥✯ ✼✛✩✥✩✢ ✽✢✾✫✢✴✥ ✱ ✭✷✩ ✛✥

a = (1, 1 log fc − 0, 7)hm − (1, 56 log fc − 0, 8)
✮✒ ❂●✯

✮✬✯ ✼✛✩✥✩✢ ✯ ✣✥✴✩✢

a = 8, 29(log 1, 54hm)2 − 1, 1 para fc ≤ 200MHz
✮✒ ❂✒✯

✢

a = 3, 2(log 11, 75hm)2 − 4, 97 para fc ≥ 400MHz
✮✒ ❂✭✯
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● ❂ ❃ ✣✢✥ ❋ ✫✬✫✣✬✥✴✥

Lps = Lp{AreaUrbana} − 2{log(
fc

28
)}2 − 5, 4

✮✒ ❂✦✯

✒ ❂ ❃ ✣✢✥ ✥✬✢ ✣✤✥

Lop = Lp{AreaUrbana} − 4, 78(log fc)
2 − 18, 33 log fc − 40, 94

✮✒ ❂■✯

❅✜ ✢✾✫✥✦✌ ✢✜ ✥✸ ✛✭✥ ✜✧★ ✩★ ✭★✩✢ ✶★ ✸★ ✴✵✢✸ ✛✩★ ✸★✭★ ✭★✩✢ ✶★ ✩✢ ❈ ✡✫✭✫✣✥✱✫✥✤✥ ❂ ✻✥✠✢ ✴✩★ ✫✭✥
✬✣✢✺✢ ✥✴✿ ✶✛✜✢ ✽✥✣✥ ✥ ✜ ✛✤ ✫✥✦✧★ ✩✢✜✤✢ ✤ ✣✥✬✥ ✶✵★ ❇ ✥ ✽✣★ ✽✥✯✥✦✧★ ✩✢ ✣✢✩✢✜ ✩✢ ✸★✭✽✫✤✥✩★✣✢✜ ✜✢✭ ✑★
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✮✞✏✡✌✡✝✁ ❇ ✄✬■✂✯ ✮✥✽✣★✍ ✛✭✥✩✥✭✢✴✤✢ ✦❍❍ ✪✫✠ ✥✸ ✛✭✥✯ ❂ ✌✥✜ ✩✢✭✥ ✛✜ ✸★✴✩ ✛✦✌ ✢✜ ❇ ✥ ✶✤ ✫✣✥ ✩✥ ✥✴✤✢✴✥
✩✥ ✳❊❆❇ ✥ ✶✤ ✫✣✥ ✩✥ ✥✴✤✢ ✴✥ ✩✥ ✳✪ ✮✳✜✤✥✦✧★ ✪✰✺✢ ✶✯ ❇ ✾ ✫✢ ✴★ ✴★✜✜★ ✸✥✜★ ✷ ✑✍✥ ✢ ✥ ✩ ✛✜✤☎✴✸ ✛✥ ✳❊❆
✱ ✳✪ ❇ ★ ✭★✩✢ ✶★ ✽★✩✢ ✣✛✥ ✜✢ ✣ ✫✤ ✛✶✛✠✥✩★ ✜✢✭ ✾✫✥ ✶✾ ✫✢ ✣ ✤ ✛✽★ ✩✢ ✥ ✶✤✢ ✣✥✦✧★ ❂

✌★ ✢✴✤✥✴✤★ ❇ ✭✢✜✭★ ✥ ✟ ✣✢✾✁❀✴✸ ✛✥ ✫✤ ✛✶✛✠✥✩✥ ✢✜✤✥✴✩★ ✥✸ ✛✭✥ ✩★ ✭★✩✢ ✶★ ✽✣★ ✽★✜✤★ ✢✭ ✮✟✁✎✁ ❇
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✸★✭✭✫✴✛✸✥✤ ✛★ ✴ ❋✢✸✤★✣✯ ✮✂✄✄ ✍ ✌☞✂✂✄✝ ❇ ✄✬✬✂✯ ✢ ✷ ✩✥✩★ ✽★✣❄

L = 69, 55 + 26, 16 log fc − 13, 82 loghb − a + (44, 9− 6, 55 log hb) log R− B
✮✒ ❂✰✯



�✓✁ ✂✎✕✟✞ � ☎ ✁ ✞ ☎✡✟✞☞ ☎✡ ✂ ✏✞✁✓✒ ✓✝✞✞ ✄✬

❈✴✩✢ ★ ✤✢ ✣✭★ ✓ ✷ ★ ✭✢✜✭★ ✩✥ ✢✾✫✥✦✧★ ✒ ❂✄
❅✜ ✢✾✫✥✦✌ ✢✜ ✒ ❂✄ ✢ ✒ ❂✰ ✜✧★ ✥✜ ✭✢✜✭✥✜ ✸★✭ ✢✍ ✸✢✦✧★ ✩★ ✤✢ ✣✭★ ❆❇ ✥✸ ✣✢✜✸✢✴✤✥✩★ ✴★ ✑✭ ✩✥

✢✾✫✥✦✧★ ✒ ❂✰ ❂ ✳✜✤✢ ✤✢ ✣✭★ ❇ ❆ ❇ ✷ ✫✭ ✟✥✤★✣ ✩✢ ✸★✣✣✢✦✧★ ❇ ✽★✣✸✢ ✴✤✥✯✢✭ ✩✢ ✽✣✷✩ ✛★✜ ✜★ ✬✣✢ ★ ✤✢ ✣✣✢ ✴★
❆✄ ❇ ✩✥✩★ ✽★✣❄

B = 30− 25 log B1
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Lxhata = 46, 33 + (44, 9− 6, 55 loghb) log R + 33, 9 log fc − a− 13, 82 loghb + C
✮✒ ❂✬✯
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● ❂ ✼ ✠ ✒ ❇ ✽✥✣✥ ✯ ✣✥✴✩✢✜ ✸✢ ✴✤ ✣★✜ ✫✣✬✥✴★✜ ❂



�✓✁ ✂✎✕✟✞ � ☎ ✁ ✞ ☎✡✟✞☞ ☎✡ ✂ ✏✞✁✓✒ ✓✝✞✞ ●❍

❈ ✤✢ ✣✭★ ✓ ✷ ★ ✭✢✜✭★ ✫✤ ✛✶✛✠✥✩★ ✴✥✜ ✢✾✫✥✦✌ ✢✜ ✒ ❂● ✥ ✒ ❂✭ ✢ ✥✬✣✥✴✯✢ ★✜ ✩★ ✛✜ ✤ ✛✽★✜ ✩✢ ✿✣✢✥ ❄
✫✣✬✥✴✥ ★ ✫ ✜✫✬✫✣✬✥✴✥ ❂

❅ ✺✥ ✶✛✩✥✩✢ ✜✢ ✩✿ ✩✢✴✤ ✣★ ✩✥✜ ✣✢✜✤ ✣✛✦✌ ✢✜ ✥✬✥ ✛✍★ ❄

1500 ≤ fc ≤ 2000MHz
✮✒ ❂✄❍✯

1 ≤ R ≤ 10km
✮✒ ❂✄✄✯

30 ≤ hb ≤ 200m
✮✒ ❂✄●✯

1 ≤ hm ≤ 10m
✮✒ ❂✄✒✯

✳✜✤✢ ✭★✩✢ ✶★ ✢ ★ ✥✽✣✢✜✢ ✴✤✥✩★ ✥ ✜✢✯ ✫✛✣ ✜✧★ ✬✥✜✢✥✩★✜ ✴★ ✩✢ ❈ ✡✫✭✫✣✥✱✫✥✤✥ ✮✞✏✡✌✡✝✁ ❇
✄✬■✂✯ ❂ ✳ ✴✢✜✤✢ ✸✥✜★ ✜✧★ ✟✢ ✛✤★✜ ✥✑ ✫✜✤✢✜ ✽✥✣✥ ✩ ✛✭ ✛✴✫✛✣ ★ ✢ ✣✣★ ✸★✭✢✤ ✛✩★ ❂ ✳✭ ✥✭✬★✜ ❇ ★ ✬✜✢ ✣✺✥✱✜✢ ✫✭
✥✫✭✢✴✤★ ✩✥ ✟✥ ✛✍✥ ✩✢ ✟ ✣✢✾✁❀ ✴✸ ✛✥ ✩✢ ✺✥ ✶✛✩✥✩✢ ✩★ ✭★✩✢ ✶★ ❂ ☞✜✜★ ✟✥✠ ✸★✭ ✾✫✢ ★ ✢ ✣✣★ ✾✫✢ ✸★✭✢✤ ✛✩★
✫✤ ✛✶✛✠✥✴✩★ ✢✜✤✢ ✭★✩✢ ✶★ ✩ ✛✭ ✛✴✫✥ ❂ ❈ ✭★✩✢ ✶★ ❇ ✥ ✜✢✯✫✛✣❇ ✽✢ ✣✭ ✛✤✢ ✥ ✫✤ ✛✶✛✠✥✦✧★ ✜✢✭ ✥ ✣✢✜✤ ✣✛✦✧★ ✩✢
✟ ✣✢✾✁❀ ✴✸ ✛✥ ❂

✡ ✍
�

✁ ✂✟� ✟✞✔✄ ☎✔✑✔ �✏✝ ✒✂ � ✔✝✏

❅ ✽✣✢✜✢✴✤✥✭★✜ ✥✯★✣✥ ❇ ★ ✫✤ ✣★ ✭★✩✢ ✶★ ✛✭ ✽★✣✤✥✴✤✢ ✣✢✟✢ ✣✢ ✴✸ ✛✥✩★ ✽★✣ ✩ ✛✺✢ ✣✜★✜ ✤✢✍ ✤★✜ ✜★ ✬✣✢ ★ ✥✜✜✫✴✤★
✮✆✁✒✁ ✂✆✁☎✎ ✄ ❇ ✄✬✬✬✯ ✢ ✾✫✢ ✜✢✯ ✫✢ ✥ ✭✢✜✭✥ ✶✛✴✵✥ ✩✢ ✣✥✸ ✛★ ✸❁✴✛★ ✩★✜ ✩★ ✛✜ ✆ ✶✤ ✛✭★✜ ✥✽✣✢✜✢ ✴✤✥✩★✜ ❂
✌★✺✥✭✢✴✤✢ ❇ ✜✧★ ✟✢ ✛✤✥✜ ✭★✩ ✛✑ ✸✥✦✌ ✢✜ ✴✥✜ ✢✾✫✥✦✌ ✢✜ ✩✢ ✫✥✤✥ ✮✟✁✎✁ ❇ ✄✬✂❍✯ ✥✤ ✣✥✺✷✜ ✩✥ ✛✴✸★ ✣✽★✣✥✦✧★
✩✢ ✴★✺★✜ ✟✥✤★✣✢✜ ✮✆✁✒✁ ✂✆✁☎✎ ✄ ❇ ✄✬✬✬✯ ❇ ✥ ✽✣✢✜✢✴✤✥✩★✜ ✥✬✥ ✛✍★ ❇ ✾✫✢ ✽✢ ✣✭ ✛✤✢ ✾✫✢ ✥ ✽✣✢✸ ✛✜✧★ ✩✥✜
✟✰✣✭✫✶✥✜ ✩✢ ✫✥✤✥ ✽★✜✜✥✭ ✜✢ ✣ ✢ ✶✢✺✥✩✥✜ ✩✢✴✤ ✣★ ✩✥ ✟✥ ✛✍✥ ✤★✤✥ ✶ ✩✢ ✺✥ ✶✛✩✥✩✢ ✩✥✜ ✸✫✣✺✥✜ ✩✢ ❈ ✡✫✭✫✣✥ ❂

❅✜ ✢✾✫✥✦✌ ✢✜ ✭★✩ ✛✑ ✸✥✩✥✜ ✩✢ ✫✥✤✥ ✜✧★ ✭★✜✤ ✣✥✩✥✜ ✥✬✥ ✛✍★ ❄
✄ ❂ ✻✫✴✦✌ ✢✜ ✩✢ ✤ ✣✥✴✜ ✛✦✧★ ❄

F1 =
3004

f 4
c + 3004

✮✒ ❂✄✭✯

F2 =
f 4

c

3004 + f 4
c

✮✒ ❂✄✦✯



�✓✁ ✂✎✕✟✞ � ☎ ✁ ✞ ☎✡✟✞☞ ☎✡ ✂ ✏✞✁✓✒ ✓✝✞✞ ● ✄

● ❂ ✻✥✤★✣ ✩✢ ✸★✣✣✢✦✧★ ✩✥ ✸✫✣✺✥✤✫✣✥ ✩✥ ✤✢ ✣✣✥ ❄

Sks = [27 +
fc

230
] log[

17.(hb + 20)

17(hb + 20) + R2
] + 1, 3− |fc − 55|

750

✮✒ ❂✄■✯

❈✴✩✢ ❄

fc =
✻✣✢✾✁❀ ✴✸ ✛✥ ✄❍❍ ✱ ✒❍❍❍ ✮✪✫✠✯

hb =
❅ ✶✤✫✣✥ ✢✟✢✤ ✛✺✥ ✩✥ ✥✴✤✢ ✴✥ ✩✥ ✢✜✤✥✦✧★ ✣✥✩ ✛★ ✬✥✜✢ ✒❍ ✱ ✒❍❍ ✮✭ ✯

hm =
❅ ✶✤✫✣✥ ✩✥ ✥✴✤✢✴✥ ✩✥ ✢✜✤✥✦✧★ ✭✰✺✢ ✶ ✄ ✱ ✄❍ ✮✭ ✯

R =
✚✛✜✤☎✴✸ ✛✥ ✄ ✱ ✄❍❍ ✮✡✭ ✯

✒ ❂ ❈ ✻✥✤★✣ ✩✢ ✸★✣✣✢✦✧★ ✽✥✣✥ ✿✣✢✥✜ ✫✣✬✥✴✥✜ ✂ ✜✫✬✫✣✬✥✴✥✜ ✽★✩✢ ✜✢ ✣ ✢✴✸★ ✴✤ ✣✥✩★ ✩✢ ❄

So = (1− Ur)[(1− 2Ur)Lpo + 4UrLps]
✮✒ ❂✄✰✯

✹ ❄ ❍ ★ ✫ ✄ ✂ ✺✥ ✶✢ ✠✢ ✣★ ✽✥✣✥ ✸ ✛✩✥✩✢ ✽✢✾✫✢✴✥ ★ ✫ ✭✷✩ ✛✥ ✢ ✫✭ ✽✥✣✥ ✸✢✴✤ ✣★✜ ✫✣✬✥✴★✜

Ur =
❃ ✣✢✥ ✥✬✢ ✣✤✥ ✜✢ ✫ ✺✥ ✶★✣ ✷ ✠✢ ✣★ ✞ ❋✫✬✫✣✬✥✴✥✜ ✜✢ ✫ ✺✥ ✶★✣ ✷ ❍ ❇✦ ✢ ✄ ✽✥✣✥ ✿✣✢✥✜ ✫✣✬✥✴✥✜ ❂

Lpo

✢
Lps

✜✧★ ★ ✬✤ ✛✩★✜ ✥ ✽✥✣✤ ✛✣ ✩✥✜ ✢✾✫✥✦✌ ✢✜ ✒ ❂✦ ✢ ✒ ❂■ ❂
✭ ❂ ✻✥✤★✣ ✯✢ ✣✥ ✶ ✩✢ ✸★ ✣✣✢✦✧★ ✩✥ ✥ ✶✤ ✫✣✥ ✩✥ ✥✴✤✢ ✴✥ ✭✰✺✢ ✶❄

ax = (1− U)a + U [a2F1 + a4F2]
✮✒ ❂✄✂✯

❅✾✫✛ ★ ✤✢ ✣✭★ ✓ ✷ ✥ ✢✾✫✥✦✧★ ✒ ❂● ✢ ★✜ ✤✢ ✣✭★✜
a2

✢
a4

✜✢ ✣✢✟✢ ✣✢✭ ✆✜ ✢✾✫✥✦✌ ✢✜ ✒ ❂✒ ✢ ✒ ❂✭ ❇
✣✢✜✽✢✸✤ ✛✺✥✭✢✴✤✢ ❂

✦ ❂ ❈ ✻✥✤★✣ ✩✥ ✽★✣✸✢✴✤✥✯✢✭ ✩✢ ✽✣✷✩ ✛★✜ ✜★ ✬✣✢ ★ ✤✢ ✣✣✢ ✴★ ❇ ✷ ★ ✭✢✜✭★ ✩✥ ✢✾✫✥✦✧★ ✒ ❂✂ ❄

Bo = 25. log(B1)− 30
✮✒ ❂✄✬✯

❈✴✩✢ ❄

B1

✤✢✭ ✺✥ ✶★✣ ✩✢ ❍ ❇✦ ✽✥✣✥ ✿✣✢✥✜ ✜✫✬✫✣✬✥✴✥✜ ✢ ✄ ✽✥✣✥ ✿✣✢✥✜ ✫✣✬✥✴✥✜ ❂
❅ ✜✜ ✛✭ ❇ ✥ ✽✢ ✣✩✥ ✭✷✩ ✛✥ ✩✢ ✽✣★ ✽✥✯✥✦✧★ ✷ ✩✥✩✥ ✽★✣❄

Lmh = −(Lp + So + ax + Sks + Bo)
✮✒ ❂●❍✯
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✌✢ ✶✢ ✟★ ✛ ✥ ✽✣✢✜✢✴✤✥✩★ ✫✭ ✭★✩✢ ✶★ ✟ ❁✜ ✛✸★ ✩★ ✽✣★ ✸✢✜✜★ ✩✢ ✽✣★✽✥✯✥✦✧★ ✢✭ ✫✭ ✥✭✬✛✢✴✤✢ ✫✣✬✥✴★ ❇
✢✍ ✽✶✛✸✥ ✴✩★ ✥ ✛✴✏ ✫❀✴✸ ✛✥ ✩✥✜ ✢✩ ✛✑ ✸✥✦✌ ✢✜ ✣✢✜ ✛✩❀✴✸ ✛✥✜ ❇ ✽✣✷✩ ✛★✜ ✸★✭✢ ✣✸ ✛✥ ✛✜ ✢ ✛✴✩✫✜✤ ✣✛✥ ✛✜ ❂

✌✢✜✤✢ ✭★✩✢ ✶★ ✷ ✸★ ✴✜ ✛✩✢ ✣✥✩✥ ✫✭✥ ✥✴✤✢ ✴✥ ❇ ✣✿✩ ✛★ ✬✥✜✢ ❇ ✢ ✶✢✺✥✩✥ ✛✣✣✥✩ ✛✥ ✴✩★ ✸✥✭✽★✜ ✾✫✢ ✜✢
✽✣★ ✽✥✯✥✭ ✜★ ✬✣✢ ★✜ ✤★ ✽★✜ ✩✥✜ ✢✩ ✛✑ ✸✥✦✌ ✢✜ ✢✭ ✫✭ ✽✣★ ✸✢✜✜★ ✩✢ ✭✆ ✶✤ ✛✽ ✶✥✜ ✩ ✛✟ ✣✥✦✌ ✢✜ ✥✤ ✣✥✺✷✜ ✩✢
✸★ ✶✫✴✥✜ ✩✢ ✢✜✤ ✣✫✤✫✣✥✜ ❇ ✾ ✫✢ ✥✯✢✭ ✸★✭★ ✸ ✛✶✛✴✩ ✣★✜ ✩✢ ★ ✬✜✤✿✸✫✶★✜ ❇ ✸★✭ ✩ ✛✭✢✴✜✌ ✢✜ ✭✥ ✛★✣✢✜ ✾✫✢ ★
✸★✭✽✣✛✭✢✴✤★ ✩✢ ★✴✩✥ ❂ ❅ ✜ ✛✤ ✫✥✦✧★ ✩★ ✭★✩✢ ✶★ ✽★ ✩✢ ✜✢ ✣ ✬✢✭ ✺ ✛✜✫✥ ✶✛✠✥✩✥ ★ ✬✜✢ ✣✺✥✴✩★ ✥ ✻✛✯ ✫✣✥ ✒ ❂✄ ❂

✻✛✯ ✫✣✥ ✒ ❂✄ ❄ ✪★✩✢ ✶★ ✩✢ ☛ ✥ ✶✑✜✸✵✱ ❆✢ ✣✤★ ✴✛ ✮☛✁ ✂☞ ☞✌✆✟ ✍ ✍✄✝✎✞☎☞❇ ✄✬✂✂✯

✳✭ ✜✫✥✜ ✽✫✬✶✛✸✥✦✌ ✢✜ ☛ ✥ ✶✑✜✸✵✱ ❆✢ ✣✤★ ✴✛ ✮☛✁ ✂☞ ☞✌✆✟ ✍ ✍✄✝✎✞☎☞❇ ✄✬✂✂✯ ✮✍✄✝✎✞☎☞❇ ●❍❍❍✯
✩✢✜✸ ✣✢✺✢ ✸★ ✴✩ ✛✦✌ ✢✜ ✢ ✜✫✽★✜ ✛✦✌ ✢✜ ✢✭ ✾✫✢ ★ ✭★✩✢ ✶★ ✷ ✺✿ ✶✛✩★ ❂ ✌★ ✤ ✣✥✬✥ ✶✵★ ✣✢✥ ✶✛✠✥✩★ ✥✾✫✛❇ ✷
✫✤ ✛✶✛✠✥✩★ ★ ✭★✩✢ ✶★ ✩✢✜✸ ✣✛✤★ ✢✭ ✮☛✁ ✂☞ ☞✌✆✟ ✍ ✍✄✝✎✞☎☞❇ ✄✬✂✂✯ ✸★✭ ✥ ✶✯ ✫✭✥✜ ✭★✩ ✛✑✸✥✦✌ ✢✜ ✽✥✣✥
✫✭✥ ✜ ✛✤ ✫✥✦✧★ ✭✥ ✛✜ ✽✣✰✍ ✛✭✥ ✥★ ✸✥✜★ ✥✾✫✛ ✩✢✜✸ ✣✛✤★ ❂

❅ ✜ ✛✤ ✫✥✦✧★ ★✣✥ ✥✴✥ ✶✛✜✥✩✥ ✩ ✛✟✢ ✣✢ ✫✭ ✽★✫✸★ ✩★ ✭★✩✢ ✶★ ✛✴✛✸ ✛✥ ✶✭✢✴✤✢ ✩✢✜✸ ✣✛✤★ ❂ ✪✥✜ ✑ ✿ ✟★ ✛ ✜✫✯✢ ✣✛✩★
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Lo = 32, 4 + 20 log fc + 20 logR
✮✒ ❂● ✄✯

❈✴✩✢ ❄
fc

✷ ✥ ✟ ✣✢✾✁❀✴✸ ✛✥ ✢✭ ✪✫✠ ❂
R

✷ ✥ ✩ ✛✜✤☎✴✸ ✛✥ ✢ ✴✤ ✣✢ ✥✴✤✢ ✴✥ ✤ ✣✥ ✴✜✭ ✛✜✜★✣✥ ✢ ✥ ✥✴✤✢ ✴✥ ✣✢✸✢✽✤★✣✥ ✢✭ ✡✭ ❂
✌✥✜ ✢✾✫✥✦✌ ✢✜ ✢ ✴✸★ ✴✤ ✣✥✩✥✜ ✽★✣ ❆✢ ✣✤★ ✴✛ ✮☛✁ ✂☞ ☞✌✆✟ ✍ ✍✄✝✎✞☎☞❇ ✄✬✂✂✯ ❇ ✤✢✭★✜ ❄

Q ∼= 0, 1[
α
√

d
λ

0, 03
]
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❈ ✤✢ ✣✭★ ✩ ❇ ✥✸ ✛✭✥ ❇ ✷ ✥ ✩ ✛✜✤☎✴✸ ✛✥ ✭✷✩ ✛✥ ✩✢ ✜✢ ✽✥✣✥✦✧★ ✢✴✤ ✣✢ ★✜ ✽✣✷✩ ✛★✜ ❂
❋✢

gp = α

√

d

λ
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Q ∼= 2, 35g0,9
p para 0, 01 < gp < 0, 4

✮✒ ❂●✭✯

❈✴✩✢ ❄
❈ ☎✴✯✫✶★

α
❇ ✢✭ ✣✥✩ ✛✥✴★✜ ❇ ✺✢ ✣ ✻✛✯ ✫✣✥ ✒ ❂✄ ❇ ✷ ✩✥✩★ ✽★✣❄

α =
H

R
− R

2Re

✮✒ ❂●✦✯

✢ ✽★✩✢ ✜✢ ✣ ✥✽✣★✍ ✛✭✥✩★ ✽✢ ✶✥ ✢✾✫✥✦✧★ ❄

α ∼= H

R

✮✒ ❂●■✯

Re

✷ ★ ✣✥ ✛★ ✢✟✢✤ ✛✺★ ✩✥ ✤✢ ✣✣✥ ✢ ✺✥ ✶✢ ✥ ✽✣★✍ ✛✭✥✩✥✭✢✴✤✢
8, 5.103

✡✭ ❂
✝ ✷ ✥ ✶✤ ✫✣✥ ❇ ✩✥ ✥✴✤✢ ✴✥ ✤ ✣✥ ✴✜✭ ✛✜✜★✣✥ ❇ ✥✸ ✛✭✥ ✩✥ ✥ ✶✤ ✫✣✥ ✭✷✩ ✛✥ ✩✥✜ ✢✩ ✛✑✸✥✦✌ ✢✜ ❇ � ❂
❈ ✩✢✜✢ ✴✺★ ✶✺ ✛✭✢✴✤★ ✫✤ ✛✶✛✠✥✩★ ✽✥✣✥ ✜✢ ★ ✬✤✢ ✣ ✥✜ ✢✾✫✥✦✌ ✢✜ ✥✸ ✛✭✥ ✽★✩✢ ✜✢ ✣ ✺ ✛✜✤★ ✢✭ ✮☛✁ ✂☞ ☞✌✆✟ ✍

✍✄✝✎✞☎☞❇ ✄✬✂✂✯ ✢ ✮✍✄✝✎✞☎☞❇ ●❍❍❍✯ ❂ ❅✾✫✛ ✭★✜✤ ✣✥✭✱✜✢ ✥✽✢✴✥✜ ★✜ ✣✢✜✫✶✤✥✩★✜ ★ ✬✤ ✛✩★✜ ✽✥✣✥ ✥✜
✽✢ ✣✩✥✜ ✢✍ ✸✢✩✢✴✤✢✜

(Lex)
✴✥ ✽✣★ ✽✥✯✥✦✧★ ✢✴✤ ✣✢ ✥ ✥✴✤✢✴✥ ✤ ✣✥✴✜✭ ✛✜✜★✣✥ ✢ ✥ ✥✴✤✢✴✥ ✣✢✸✢✽✤★ ✣✥ ✴★

✴❁✺✢ ✶ ✩★ ✜★ ✶★ ❄

Lex = 57, 1 + A + log fc + 18 log R− 18 log H − 18 log[1− R2

17H
]

✮✒ ❂●✰✯

❈ ✆ ✶✤ ✛✭★ ✤✢ ✣✭★ ✷ ✥ ✽✥✣✸✢ ✶✥ ✥ ✩✥ ✸✫✣✺✥✤✫✣✥ ✩✥ ✤✢ ✣✣✥ ✢ ★ ✺✥ ✶★✣ ✩✢ ✄ ✷ ✩✥✩★ ✽★✣❄

A = 5 log[(
d

2
)2 + (h− hm)2]− 9 log d + 20 log{arctan[

2(h− hm)

d
]} ✮✒ ❂●✂✯

✳✶✢ ✣✢✽✣✢✜✢ ✴✤✥ ✥ ✛✴✏ ✫❀✴✸ ✛✥ ✩✥ ✯✢★✭✢✤ ✣✛✥ ✩✥✜ ✢✩ ✛✑✸✥✦✌ ✢✜ ✜★✬✣✢ ★ ✴❁✺✢ ✶ ✩✢ ✜ ✛✴✥ ✶ ✾ ✫✢ ✸✵✢✯✥ ✥★
✭✰✺✢ ✶ ✜ ✛✤ ✫✥✩★ ✽✢ ✣✤★ ✩★ ✜★ ✶★ ❂

✌✥ ✢✾✫✥✦✧★ ✥✸ ✛✭✥ ❄

• � ✷ ✥ ✶✤ ✫✣✥ ✭✷✩ ✛✥ ❇ ✸★ ✴✜ ✛✩✢ ✣✥✩✥ ❇ ✩✥✜ ✢✩ ✛✑ ✸✥✦✌ ✢✜ ❂

• hm

✷ ✥ ✶✤ ✫✣✥ ✣✢✸✢ ✽✤★✣ ✭✰✺✢ ✶❂

✮✥✣✥ ★ ✬✤✢ ✣✱✜✢ ★ ✴❁✺✢ ✶ ✩★ ✜ ✛✴✥ ✶ ✾ ✫✢ ✸✵✢✯✥ ✴★ ✣✢✸✢✽✤★✣ ✽✣✢✸ ✛✜✥✱✜✢ ✜★✭✥✣ ✥ ✽★✤❀ ✴✸ ✛✥ ✤ ✣✥✴✜✭ ✛✤ ✛✩✥
✸★✭ ★✜ ✯✥✴✵★✜ ✩✥✜ ✥✴✤✢ ✴✥✜ ✤ ✣✥ ✴✜✭ ✛✜✜★✣✥ ✢ ✣✢✸✢ ✽✤★✣✥ ✢ ✢✭ ✜✢✯ ✫✛✩✥ ✜✫✬✤ ✣✥ ✛✣ ★✜ ✣✢✜✫✶✤✥✩★✜ ★ ✬✤ ✛✩★✜
✩✢

Lo

✮✒ ❂● ✄✯ ✢
Lex

✮✒ ❂●✰✯ ❂
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☞✡✢✯✥✭ ✛ ✭★✜✤ ✣✥ ❇ ✢✭ ✤✥✬✢ ✶✥✜ ❇ ✾ ✫✢ ★✜ ✺✥ ✶★✣✢✜ ✸✥ ✶✸✫✶✥✩★✜ ✟★✣✥✭ ★✬✤ ✛✩★✜ ✸★✴✜ ✛✩✢ ✣✥✴✩★ ✫✭✥ ✥✤✢✱
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❅ ✛✴✤✢ ✣✟✢ ✣❀ ✴✸ ✛✥ ✴✥ ✽✣★✽✥✯✥✦✧★ ✺ ✛✥ ✣✿✩ ✛★ ✢✭ ✿✣✢✥✜ ✫✣✬✥✴✥✜ ✟★ ✛ ✸★ ✴✜ ✛✩✢ ✣✥✩✥ ✸★✭★ ✫✭ ✟✢✴✡✭✢✴★
✥ ✶✢✥✤✰✣✛★ ❂ ☞✜✜★ ✽★✣✾✫✢ ★ ✤✢ ✣✣✢ ✴★ ✜★ ✬✣✢ ★ ✾✫✥ ✶ ★ ✸★✣✣✢ ✥ ✽✣★ ✽✥✯✥✦✧★ ✷ ✸✥✣✥✸✤✢ ✣✛✠✥✩★ ✽★✣ ✢✜✤ ✣✫✤✫✣✥✜
✥✣✤ ✛✑✸ ✛✥ ✛✜ ❇ ✢✩ ✛✑ ✸✥✦✌ ✢✜ ✢ ✤★✣✣✢✜ ❇ ✾ ✫✢ ✽★✜✜✫✢✭ ✤✥✭✥✴✵★✜ ❇ ✟★✣✭✥✜ ✢ ✭✥✤✢ ✣✛✥ ✛✜ ✭ ✫✛✤★ ✩ ✛✺✢ ✣✜ ✛✑✸✥✩★✜ ❂
✪✫✛✤✥✜ ✩✥✜ ★ ✴✩✥✜ ✾✫✢ ✸✵✢✯✥✭ ✥★ ✣✢✸✢✽✤★✣ ✢✭ ✥✭✬✛✢ ✴✤✢ ✫✣✬✥✴★✜ ✤❀✭ ✩ ✛✣✢✦✌ ✢✜ ✺✥✣✛✥✩✥✜ ❂ ❈
✴✆✭✢ ✣★ ✩✢ ★ ✴✩✥✜ ✽✣✛✴✸ ✛✽✥ ✛✜ ✷ ✶✛✭ ✛✤✥✩★ ✥ ✤ ✣❀✜ ★ ✫ ✾✫✥✤ ✣★ ❂ ✹✭✥ ★✴✩✥ ✽★✩✢ ✜✢ ✣ ✸★✴✜ ✛✩✢ ✣✥✩✥ ✸★✭★
✝✽✣✛✴✸ ✛✽✥ ✶✝ ✾✫✥✴✩★ ✜✢✫ ✴❁✺✢ ✶ ✩✢ ✜ ✛✴✥ ✶ ✷ ✜✫✑✸ ✛✢ ✴✤✢✭✢✴✤✢ ✟★✣✤✢ ✢ ✴✧★ ✸★ ✴✤✢ ✸★✭ ✸★✭✽★✴✢✴✤✢✜ ✩✢
✥✤ ✣✥✜★ ✭✫✛✤★ ✶★ ✴✯★ ❂

✌✥ ✳✫✣★ ✽✥ ❇ ✫✭ ✯ ✣✫✽★ ✩✢ ✽✢✜✾✫✛✜✥ ✸✵✥✭✥✩★ ✮✼❈❋✏ ✯ ✬✫✜✸★ ✫ ✩✢✜✢✴✺★ ✶✺✢ ✣ ✭★✩✢ ✶★✜ ✢✭✽❁✣✛✸★✜
✢ ✜✢✭ ✛✱✢✭✽❁✣✛✸★✜ ✾✫✢ ✩✢✜✸ ✣✢✺✢✜✜✢✭ ✥ ✽✣★ ✽✥✯✥✦✧★ ✣✿✩ ✛★ ✭✰✺✢ ✶❂

✳✭ ✽✥✣✤ ✛✸✫ ✶✥✣❇ ★ ✽✣★✑ ✢✤★ ●✒ ✄ ✮✼❈❋✏ ●✒ ✄✯ ✮✂✄✄ ✍ ✌☞✂✂✄✝ ❇ ✄✬✬✂✯ ❇ ✮✆✞✌✎ ✁✂ ✄ ❇ ●❍❍✦✯ ❇ ✮✆✞✌✎ ❇
✄✬✬✄✯ ❇ ✮☞✏✄✎✁✌ ☞✍ ✑✞✌✟☞✠✁ ❇ ✄✬✂❍✯ ❇ ✮ ☞✏✄✎✁✌ ☞ ✌ ☎ ✑✞✌✟☞✠✁ ✍ ✡✌✄✟☞✝✁ ❇ ✄✬✂✭✯ ✢ ✮ ☞✏✄✎✁✌ ☞✍
✑✞✌✟☞✠✁ ❇ ✄✬✬✄✯ ✛✴✤ ✛✤ ✫ ✶✥✩★ �✳✺★ ✶✫✤ ✛★ ✴ ★✟ ✎✥✴✩ ✪✰✬✛✶✢ ❊✿✩ ✛★ ✼★✭✭✫✴✛✸✥✤ ✛★ ✴ �❇ ✣✢✜✫ ✶✤★ ✫ ✴✥ ✣✢✱
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✽✢ ✶✥ ☞✏ ✹ ✮ ☞✴✤✢ ✣✴✥✤ ✛★ ✴✥ ✶ ✏✢ ✶✢✸★✭✭✫✴✛✸✥✤ ✛★ ✴✜ ✹✴✛★ ✴✯ ❂ ✳✜✤✢ ✭★✩✢ ✶★ ✜✢✭ ✛✱✩✢✤✢ ✣✭ ✛✴✛✜✤ ✛✸★ ✽✥✣✥ ✸✷✱
✶✫ ✶✥✜ ✩✢ ✤✥✭✥✴✵★ ✭✷✩ ✛★ ✥ ✯ ✣✥✴✩✢ ❇ ✤✥✭✬✷✭ ✷ ✸✵✥✭✥✩★ ✩✢ ✭★✩✢ ✶★ ☛ ✥ ✶✑✜✵✱ ☞✡✢✯✥✭ ✛❇ ✽★ ✛✜ ✤✢✭



�✓✁ ✂✎✕✟✞ � ☎ ✁ ✞ ☎✡✟✞☞ ☎✡ ✂ ✏✞✁✓✒ ✓✝✞✞ ●✰

✸★✭★ ✣✢✟✢ ✣✢✴✸ ✛✥ ★✜ ✤ ✣✥ ✬✥ ✶✵★✜ ✟✢ ✛✤★✜ ☛ ✥ ✶✑ ✜✸✵✱❆✢ ✣✤★ ✴✛ ✮☛✁ ✂☞ ☞✌✆✟ ✍ ✍✄✝✎✞☎☞❇ ✄✬✂✂✯ ✢ ☞✡✢✯✥✭ ✛
✮ ☞✏✄✎✁✌ ☞✍ ✑✞✌✟☞✠✁ ❇ ✄✬✂❍✯ ❇ ✮ ☞✏✄✎✁✌ ☞ ✌ ☎ ✑✞✌✟☞✠✁ ✍ ✡✌✄✟☞✝✁ ❇ ✄✬✂✭✯ ❂

❅ ✻✛✯ ✫✣✥ ✒ ❂✒ ❇ ✥ ✬✥ ✛✍★ ❇ ✛✶✫✜✤ ✣✥ ★✜ ✩ ✛✺✢ ✣✜★✜ ✽✥✣☎✭✢✤ ✣★✜ ✫✤ ✛✶✛✠✥✩★✜ ✴★ ✭★✩✢ ✶★ ❂

✻✛✯ ✫✣✥ ✒ ❂✒ ❄ ✪★✩✢ ✶★ ✩✢ ☛ ✥ ✶✑✜✸✵✱ ☞✡✢✯✥✭ ✛ ✢ ✜✢✫✜ ✽✥✣☎✭✢✤ ✣★✜ ✮ ☞✏✄✎✁✌ ☞✍ ✑✞✌✟☞✠✁ ❇ ✄✬✂❍✯

❈✴✩✢ ❄
fc =

✻✣✢✾✁❀✴✸ ✛✥ ✩✢ ★ ✽✢ ✣✥✦✧★ ✴✥ ✟✥ ✛✍✥ ✩✢ ✂❍❍ ✥ ●❍❍❍ ✪✫✠
R =

✚✛✜✤☎✴✸ ✛✥ ✳❊❆✱ ✳✪ ✩✢ ❍ ❇❍● ✥ ✦ ✡✭ ❂
hb =

❅ ✶✤✫✣✥ ✩✥ ✢✜✤✥✦✧★ ✣✿✩ ✛★ ✬✥✜✢ ✜★ ✬✣✢ ★ ✴❁✺✢ ✶ ✩✥ ✣✫✥ ❇ ✢✴✤ ✣✢ ✭ ✢ ✦❍ ✭✢✤ ✣★✜ ❂
hm =

❅ ✶✤✫✣✥ ✩✥ ✥✴✤✢ ✴✥ ✩✥ ✢✜✤✥✦✧★ ✭✰✺✢ ✶ ✢ ✴✤ ✣✢ ✄ ✢ ✒ ✭✢✤ ✣★✜ ❂
h =

❅ ✶✤✫✣✥ ✭✷✩ ✛✥ ✩✥✜ ✢✩ ✛✑✸✥✦✌ ✢✜ ✮✭✢✤ ✣★✜✯ ❂
H = ∆hb =hb − h

❇ ❅ ✶✤ ✫✣✥ ✩✥ ✥✴✤✢✴✥ ✩✥ ✳❊❆ ✥✸ ✛✭✥ ✩✥✜ ✢✩ ✛✑✸✥✦✌ ✢✜ ❂
∆hm =h− hm

❇ ❅ ✶✤ ✫✣✥ ✩✥ ✥✴✤✢✴✥ ✩✥ ✳✪ ✥✬✥ ✛✍★ ✩✥✜ ✢✩ ✛✑✸✥✦✌ ✢✜ ❂
d =

❋✢✽✥✣✥✦✧★ ✢✴✤ ✣✢ ✢✩ ✛✑✸✥✦✌ ✢✜ ❇ ✴✥ ✟✥ ✛✍✥ ✩✢ ●❍ ✥ ✦❍ ✭ ❇ ✜✢ ✴✧★ ✵★✫✺✢ ✣ ✛✴✟★✣✭✥✦✌ ✢✜ ❂
w =

✎✥✣✯ ✫✣✥ ✩✥ ✣✫✥ ✮✹✤ ✛✶✛✠✥✱✜✢ ✩✂● ✜✢ ✴✧★ ✵★ ✫✺✢ ✣ ✛✴✟★✣✭✥✦✌ ✢✜✯ ❂
φ = � ✴✯ ✫✶★ ✩✢ ✛✴✸ ✛✩❀✴✸ ✛✥ ✩✥ ★ ✴✩✥ ✢✭ ✩ ✛✣✢✦✧★ ✥★ ✴❁✺✢ ✶ ✩✥ ✣✫✥ ❂ ✹✜✥✱✜✢ ✬❍

◦
✜✢ ✴✧★ ✵★ ✫✺✢ ✣

✛✴✟★✣✭✥✦✌ ✢✜ ❂
✌✥ ✜ ✛✤ ✫✥✦✧★ ✢✭ ✾✫✢ ✥ ✥ ✶✤ ✫✣✥ ✩✥ ✥✴✤✢ ✴✥ ✩✥ ✢✜✤✥✦✧★ ✣✿✩ ✛★ ✬✥✜✢ ✷ ✭✥ ✛★✣ ★ ✫ ✛✯ ✫✥ ✶ ✥ ✒❍ ✭✢✤ ✣★✜ ❇

✯✥✣✥ ✴✤ ✛✴✩★ ✥ ✎❈❋ ✮✎ ✛✴✢ ★ ✟ ❋ ✛✯✵✤✯ ✢ ✾✫✢ ✥ ✄✓ ✠★ ✴✥ ✩✢ ✻✣✢✜✴✢ ✶ ✤✢ ✴✵✥ ★ ✭✢✴★✣ ✯ ✣✥✫ ✩✢ ★ ✬✜✤ ✣✫✦✧★ ❇
✥✜ ✽✢ ✣✩✥✜ ✴★ ✸✥✭ ✛✴✵★ ✩✢ ✽✣★ ✽✥✯✥✦✧★ ✜✧★ ✩✥✩✥✜ ✽★✣❄

LLOS = Lfs + 10, 19 + 6 log R
✮✒ ❂●✬✯

★ ✴✩✢ ❄



�✓✁ ✂✎✕✟✞ � ☎ ✁ ✞ ☎✡✟✞☞ ☎✡ ✂ ✏✞✁✓✒ ✓✝✞✞ ●✂

Lfs = 32, 45 + 20 log R + 20 log fc

✮✒ ❂✒❍✯

✷ ✥ ✽✢ ✣✩✥ ✴★ ✢✜✽✥✦★ ✶✛✺ ✣✢ ❇ ✣✢✽✢✤ ✛✩★ ✥✾✫✛ ✽★ ✣ ✸★ ✴✺✢✴✛❀ ✴✸ ✛✥ ❂
✌✥ ✟✥ ✶✤✥ ✩✢ ✛✴✟★✣✭✥✦✌ ✢✜ ✜★✬✣✢ ✥ ✥ ✶✤ ✫✣✥ ✭✷✩ ✛✥ ✩✥✜ ✢✩ ✛✑ ✸✥✦✌ ✢✜ ❇ ✽★✩✢✱✜✢ ✢✜✤ ✛✭✥✣ ✥ ✥ ✶✤ ✫✣✥ ✢✭

✭✢✤ ✣★✜ ✸★✭★ ✤ ✣❀✜ ✺✢✠✢✜ ★ ✴✆✭✢ ✣★ ✩✢ ✥✴✩✥✣✢✜ ✭✥ ✛✜ ✤ ✣❀✜ ✭✢✤ ✣★✜ ✜✢ ★ ✤✢ ✶✵✥✩★ ✴✧★ ✟★✣ ✽✶✥✴★ ❂
✌✥ ✜ ✛✤ ✫✥✦✧★ ✢✭ ✾✫✢ ✥ ✽✣★✽✥✯✥✦✧★ ✜✢✑ ✥ ✌✎❈❋ ✮✌★ ✴ ✎ ✛✴✢ ★✟ ❋ ✛✯ ✵✤✯ ❇ ★ ✭★✩✢ ✶★ ✜✫✯✢ ✣✢ ✥ ✜✢✯✫✛✴✤✢

✢✾✫✥✦✧★ ✽✥✣✥ ✥✜ ✽✢ ✣✩✥✜ ❄

LNLOS = Lfs + Lrts + Lmds para Lrts + Lmds ≥ 0
✮✒ ❂✒ ✄✯

★ ✫

LNLOS = Lfs para Lrts + Lmds < 0
✮✒ ❂✒●✯

❈✴✩✢ ❄
Lrts

✷ ✥ ✽✢ ✣✩✥✜ ✩✥ ✆ ✶✤ ✛✭✥ ✩ ✛✟ ✣✥✦✧★ ✥★ ✴❁✺✢ ✶ ✩★ ✜★ ✶★ ❂
Lmds

✷ ✥ ✽✢ ✣✩✥✜ ✽★✣ ✭ ✆ ✶✤ ✛✽ ✶✥✜ ✩ ✛✟ ✣✥✦✌ ✢✜ ❂
❈

Lrts

✽★✩✢ ✜✢ ✣ ✸✥ ✶✸✫✶✥✩★ ✽★✣❄

Lrts = −16, 9− 10 log w + 10 log fc + 20 log ∆hm + Lori

✮✒ ❂✒✒✯

★ ✴✩✢
Lori

❇ ✽✢ ✣✩✥✜ ✩✢ ★✣✛✢ ✴✤✥✦✧★ ❇ ✷ ❄

Lori = −10 + 0, 345φ para 0 ≤ φ < 35
� ✮✒ ❂✒✭✯

Lori = 2, 5 + 0, 075(φ− 35
�

) para 35
� ≤ φ < 55

� ✮✒ ❂✒✦✯

Lori = 4, 0− 0, 114(φ− 55
�

) para 55
� ≤ φ < 90

� ✮✒ ❂✒■✯

✌✥ ✻✛✯ ✫✣✥ ✒ ❂✭ ✥ ✜✢✯ ✫✛✣❇ ★✜ ✤ ✣❀✜ ✸✥✜★✜ ✥✸ ✛✭✥ ❇ ✢ ✴✺★ ✶✺✢ ✴✩★ ✩ ✛✟✢ ✣✢✴✤✢✜ ✥✴✯ ✫✶✥✦✌ ✢✜ ❇ ✜✧★ ✺ ✛✜✫✥ ✶✛✠✥✱
✩★✜ ❂
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✻✛✯ ✫✣✥ ✒ ❂✭ ❄ ✮✢ ✣✩✥✜ ✽★✣ ★✣✛✢✴✤✥✦✧★ ✮ ☞✏✄✎✁✌ ☞✍ ✑✞✌✟☞✠✁ ❇ ✄✬✂❍✯

❅✜ ✽✢ ✣✩✥✜ ✽★✣ ✭ ✆ ✶✤ ✛✽ ✶✥✜ ✩ ✛✟ ✣✥✦✌ ✢✜ ✜✧★ ✩✥✩✥✜ ✽★✣❄

Lmsd = Lbsh + ka + kd log R + kf log fc − 9 log d
✮✒ ❂✒✰✯

★ ✴✩✢ ❄
Lbsh

✷ ✥ ✽✢ ✣✩✥ ✽★✣ ✜★✭✬✣✢✥✭✢✴✤★ ❇ ✩✥✩✥ ✽✢ ✶✥✜ ✢✾✫✥✦✌ ✢✜ ❄
✄ ❂

Lbsh = −18 log(1 + ∆hb) para ∆hb > 0
✮✒ ❂✒✂✯

● ❂

Lbsh = 0 para ∆hb ≤ 0
✮✒ ❂✒✬✯

Lmsd

✩✢✽✢✴✩✢ ❇ ✥ ✶✷✭ ✩✥ ✶✥✣✯ ✫✣✥ ✭✷✩ ✛✥ ✩✥✜ ✢✩ ✛✑✸✥✦✌ ✢✜ ❇
d
❇ ✩✥ ✥ ✶✤ ✫✣✥ ✭✷✩ ✛✥ ✩✥ ✳❊❆❇

H
✮
∆hb

✯ ❇
✩✥ ✩ ✛✜✤☎✴✸ ✛✥ ✢ ✴✤ ✣✢ ✥ ✳❊❆ ✢ ★ ✸ ✶✛✢ ✴✤✢ ❇

R
✮✡✭ ✯ ❇ ✢ ✩✥✜ ✾✫✥✴✤ ✛✩✥✩✢✜

ka

❇
kd

✢
kf

✩✢✜✸ ✣✛✤✥✜ ✥ ✜✢✯ ✫✛✣❂
ka

✷ ✩✢✑ ✴✛✩★ ✜✢✯ ✫✴✩★ ✥✜ ✤ ✣❀✜ ✜ ✛✤ ✫✥✦✌ ✢✜ ✥✬✥ ✛✍★ ❄
✄ ❂

ka = 54 para ∆hb > 0
✮✒ ❂✭❍✯
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● ❂

ka = 54 + 0, 8|∆hb| para ∆hb ≤ 0 e R ≥ 0, 5
✮✒ ❂✭ ✄✯

✒ ❂

ka = 54 + 0, 8|∆hb|(
R

0, 5
) para ∆hb ≤ 0 e R < 0, 5

✮✒ ❂✭●✯

☛✢ ✣✛✑ ✸✥✱✜✢ ✾✫✢ ✴★ ✸✥✜★ ✄ ❇ ✥ ✸★ ✴✩ ✛✦✧★ ✩✢✤✢ ✣✭ ✛✴✥✴✤✢ ✷ ✥ ✺✥✣✛✥✦✧★ ✽★✜ ✛✤ ✛✺✥ ✩✥ ✥ ✶✤ ✫✣✥ ✩✥ ✳❊❆❂
✌★✜ ✸✥✜★✜ ❇ ● ✢ ✒ ✥ ✥ ✶✤ ✫✣✥ ✩✥ ✳❊❆ ✷ ✴★ ✭✿✍ ✛✭★ ✠✢ ✣★ ✢ ★ ✸★✣✣✢ ✥ ✛✴✩✥ ✥ ✛✴✏ ✫❀✴✸ ✛✥ ✩✥ ✩ ✛✜✤☎✴✸ ✛✥
✢ ✴✤ ✣✢ ✥ ✳❊❆ ✢ ★ ✸ ✶✛✢ ✴✤✢ ❂

❈ ✟✥✤★✣ ✩✥ ✩ ✛✜✤☎✴✸ ✛✥ ❇
kd

❇ ✷ ✩✢✤✢ ✣✭ ✛✴✥✩★ ✽★✣❄

✄ ❂

kd = 18
✮✒ ❂✭✒✯

● ❂

kd = 18 + 15(
|∆hb|
hB

)
✮✒ ❂✭✭✯

✌✢✜✤✢✜ ✸✥✜★✜ ❇ ✾ ✫✥✴✩★ ✥ ✥ ✶✤ ✫✣✥ ✩✥ ✳❊❆ ✷ ✭✥ ✛★✣ ✾✫✢ ✥ ✶✤ ✫✣✥ ✭✷✩ ✛✥ ✩✥✜ ✢✩ ✛✑ ✸✥✦✌ ✢✜ ✢✴✤✧★
kd

✷
✸★✴✜✤✥✴✤✢ ❇ ✸✥✜★ ✄ ❂ ✼✥✜★ ✸★ ✴✤ ✣✿✣✛★ ❇ ● ❇

kd

✺✥✣✛✥ ✢✭ ✟✫✴✦✧★ ✩✥ ✩ ✛✟✢ ✣✢✴✦✥ ✩✢ ✥ ✶✤ ✫✣✥✜ ✢ ✩✥ ✽✣✰ ✽✣✛✥
✥ ✶✤ ✫✣✥ ✩✥ ✳❊❆❂

❈ ✟✥✤★✣ ✩✥ ✟ ✣✢✾✁❀✴✸ ✛✥ ❇
kf

❇ ✷ ✩✢✑ ✴✛✩★ ❇ ✜✢✯ ✫✴✩★ ✥ ✩✢✴✜ ✛✩✥✩✢ ✩✢ ★ ✸✫✽✥✦✧★ ✮✽★ ✽✫✶✥✦✧★ ✢✂★ ✫
✢✩ ✛✑ ✸✥✦✌ ✢✜✯ ❇ ✸★✭★ ✥✬✥ ✛✍★ ❄

✄ ❂

kf = −4 + 0, 7(
fc

925
− 1)

✮✒ ❂✭✦✯

✽✥✣✥ ✸ ✛✩✥✩✢✜ ✭✷✩ ✛✥✜ ★ ✫ ✿✣✢✥✜ ✜✫✬✫✣✬✥✴✥✜ ❂

● ❂

kf = −4 + 1, 5(
fc

925
− 1)

✮✒ ❂✭■✯

✽✥✣✥ ✿✣✢✥✜ ✭✢✤ ✣★ ✽★ ✶✛✤✥ ✴✥✜ ❂
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Lo

❇ ✸★✭ ✥✜
✽✢ ✣✩✥✜ ✢✭ ✢✍ ✸✢✜✜★ ❇

Lex

❂
☞✯ ✫✥ ✶ ✥★ ✭★✩✢ ✶★ ✥✴✤✢ ✣✛★ ✣ ✥ ✽✢ ✣✩✥ ✴★ ✢✜✽✥✦★ ✶✛✺ ✣✢ ❇ ✢✭ ✩❆❇ ✽★✩✢ ✜✢ ✣ ✢✍ ✽✣✢✜✜✥ ✽★✣❄

Lo = −10 log[(
λ

4πR
)2]

✮✒ ❂✭✰✯

✳✭ ✾✫✢ ❄
✶✥✭✬✩✥ ✷ ★ ✸★✭✽✣✛✭✢✴✤★ ✩✢ ★✴✩✥ ✢

R
✷ ✥ ✩ ✛✜✤☎✴✸ ✛✥ ✢ ✴✤ ✣✢ ✥ ✳❊❆ ✢ ✥ ✳✪ ❂

❅ ✽✢ ✣✩✥ ✢✭ ✢✍ ✸✢✜✜★ ❇
Lex
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Lex = Le1 + Le2

✮✒ ❂✭✂✯

❈ ✽✣✛✭✢ ✛✣★ ✤✢ ✣✭★ ❇
Le1
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❈ ✜✢✯ ✫✴✩★ ❇
Le2
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Le1

✢
Le2

❂
Le1
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Le1 = −10 log[
G1

πkr
(
1

φ
− 1

2π + φ
)2]

✮✒ ❂✭✬✯

❈✴✩✢ ❄
G1

✷ ★ ✯✥✴✵★ ✩✥ ✥✴✤✢ ✴✥ ✩★ ✣✢✸✢✽✤★✣ ✴✥ ✩ ✛✣✢✦✧★ �

k
✷ ★ ✴✆✭✢ ✣★ ✩✢ ★ ✴✩✥ ✩✥✩★ ✽★✣

2.π/λ

φ = arctan(
h− hm

x
)

✮✒ ❂✦❍✯

r =
√

(h− hm)2 − x2
✮✒ ❂✦ ✄✯

Le2

✷ ✸✥ ✶✸✫✶✥✩★ ✩✢ ✮✌✁✆☞✄✂ ✍ ☛ ☞✁ ❇ ✄✬✬✒✯ ❄

Le2 = −10 log(G2Q
2)

✮✒ ❂✦●✯
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Le1

✮✆✁✒✁ ✂✆✁☎✎ ✄ ❇
✄✬✬✬✯

Le2
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G2
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Le2
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hb

❇ ✢ ✸★✭ ★
✢✜✽✥✦✥✭✢✴✤★ ✢✴✤ ✣✢ ★✜ ✽✣✷✩ ✛★✜ ❇ ✩ ❂ ❋✢✫ ✺✥ ✶★ ✣ ✷ ✩✥✩★ ✽✢ ✶✥✜ ✢✾✫✥✦✌ ✢✜ ✥ ✜✢✯✫✛✣ ✜✢✯ ✫✴✩★ ★ ✭★✩✢ ✶★
✩✢ ✪✥✣✸ ✛✢ ✶✱ ❆✢ ✣✤★ ✴✛✱✱ ✛✥ ❂

gp = α

√

d

λ

✮✒ ❂✦✒✯

★ ✴✩✢

α = arctan
hb − h

R
≈ hb − h

R

✮✒ ❂✦✭✯

❅✜✜ ✛✭ ❇

Q = 3, 50gp − 3, 327g2

p + 0, 962g3

p para 0, 01 < gp < 1
✮✒ ❂✦✦✯
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L = Lfs + Lrts + Lmd
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Lfs = −10 log(
λ

4πR
)2

✮✒ ❂■❍✯

λ
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Lrts = −10 log[
λ

2π2r
(
1

φ
− 1

2π + φ
)]

✮✒ ❂■ ✄✯
✳✭ ✾✫✢ ❄

φ = arctan(
∆hm

x
)

✮✒ ❂■●✯

r =
√

(∆hm)2 + x2
✮✒ ❂■✒✯

∆hm
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Lmd = −10 log(Q2)
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Q =
1

M
=

d

R

✲✹ ✺✻✼✷
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L = −10 log(
λ

2
√

2πR
)2 − 10 log[

λ

2π2r
(
1

φ
− 1

2π + φ
)2]− 10 log(

d

R
)2
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Q = 2, 35(
gp

M
)0,9 ≈ 2, 35(

∆hb

R

√

d

λ
)0,9 ✲✹ ✺✻✶✷
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L = − log[(
λ

4πR
)2]− 10 log[

λ

2π2r
(
1

φ
− 1

2π + φ
)]− 10 log[(2, 35)2(

∆hb

R

√

d

λ
)1,8]
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Q = [
d

2π(R− d)
]2

λ
√

(∆hb)2 + d2
(
1

φ
− 1

2π + φ
)2

✲✹ ✺✻✵✷
✯

L = −10.Log(
λ

2
√

2πR
)2 − 10 log[(

λ

2π2r
)(

1

φ
− 1

2π + φ
)]

−10 log{[ d

2π(R− d)
]2(

λ
√

(∆hb)2 + (d)2
)(

1

φ
− 1

2π + φ
)}
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✿ ★✦✱✳✾✬ ★✧ ✯ ✿❅ ❇✧✾❏❅ ❅ ❃ ✤✯ ❄✿✧ ✾❅ ✾❍■✯ ✪ ✿❅ ✱❅ ✤❅ ✿✧✦ ✯✿ ★✫✬✧✭✮✯✦ ✺ ✽ ✿✯✦■ ★❅ ✤✧✿ ❄❉❅ ✰❅❄✾✯✬✯ ❅
✿✯✦■✧✾✯✬ ★✩✯✾✱❅ ✯✾✱ ❄✯ ✧✦ ✪❅ ✬✧ ✪★✿✧✿✯✦ ✺ ✣ ✤❄❅✤✧❇✧✭❉❅ ❁ ❂❃✧✾✿❅ ❃✩✧ ✧✾✱✯✾✧ ✱ ❄✧✾✦✩ ★✦✦❅ ❄✧ ✯ ✪✯■✧✿✧
✯✩ ★✱✯ ✤✧❄✧ ✧✾✱✯ ✾✧✦ ❄✯✬✯✤✱❅❄✧✦ ✳ ✫✬✧✦ ✯ ✬❅ ✪❅ ✬✧✿✧ ✾❅✦ ✱❅ ✤❅✦ ✿❅✦ ✱✯ ✪❏✧✿❅✦ ✤✧❄✧ ✦✯ ❄■ ★✭❅✦ ✫✬❅✦ ✿✯
❄✯✿✯ ✦✯✩ ✫❅ ✲❲❳✥❴✦ ❨ ❩❬❭❪❫❴❯✳ ✴✵✵✹✷ ✺

✴✧❄✧ ❃✩✧ ✧■✧ ✪★✧✭❉❅ ✾❃✩❁ ❄★✬✧ ✿❅ ✬✧✩✤❅ ❂❃✯ ✬❏✯❇✧ ✾✧✦ ✧✾✱✯ ✾✧✦ ❄✯✬✯✤✱❅ ❄✧✦ ✳ ✧✦ ✬❅ ✪❃✾✧✦ ✿✯
✯✦✱ ❄❃✱❃❄✧✦ ✰❅ ❄✧✩ ✦❃❋✦✱ ★✱ ❃❍✿✧✦ ✤❅❄ ❃✩✧ ✦✯ ❄★✯ ✿✯ ✯✦✱ ❄❃✱❃❄✧✦ ✧✱✯✾❃✧✾✱✯✦ ✿✯ ✰✧✦✯ ✯ ✧ ✪✱ ❃❄✧✦ ✧ ✪✯✧✱✥❄★✧✦ ✯
✧ ★✾✿✧ ✬❅✩ ✯✦✤✧✭✧✩✯✾✱❅ ❃✾★✰❅❄✩✯ ✳

d
✺ ✣ ✦ ✧ ✪✱ ❃❄✧✦ ✧ ✪✯✧✱✥❄★✧✦ ✿✧✦ ✯✦✱ ❄❃✱❃❄✧✦ ✰❅❄✧✩ ❃✾★✰❅❄✩✯✩✯✾✱✯

✿ ★✦✱ ❄★❋❃❍✿✧✦ ✯✾✱ ❄✯
hmax

✯
hmin

✳ ✯ ✬❅✩ ❃✩✧ ✧ ✪✱ ❃❄✧ ✩❁✿ ★✧
havg

✺ ✣ ✦ ✬❅ ✾✿ ★✭✮ ✯✦ ✯✦✬❅ ✪❏★✿✧✦ ✯
✬❅✾✦ ★✿✯ ❄✧✭✮✯✦ ✤✧❄✧ ✧✤✪★✬✧✭❉❅ ✿❅ ✩❁✱❅ ✿❅ ✦❉❅ ✧✦ ✦✯❇ ❃★✾✱✯✦ ✸

• ✣✦ ✧ ✪✱ ❃❄✧✦ ✧ ✪✯✧✱✥❄★✧✦ ❃✾★✰❅❄✩✯✩✯✾✱✯ ✿ ★✦✱ ❄★❋❃❍✿✧✦ ✯✾✱ ❄✯ ✻ ✯ ✴✯ ✩✯✱ ❄❅✦ ✯ ✯✦✤✧✭✧✿✧✦ ✿✯ ✿ ✵
✼❛ ✩✯✱ ❄❅✦ ✮

• ✤✩ ✧ ✪✱✧✦ ✰ ❄✯❂✧★✾✬ ★✧✦ ✳ ✧ ❇ ❄✧ ✾✿✯ ✧✱✯✾❃✧✭❉❅ ✪★✩ ★✱✧ ✧ ★✾✲ ❃✯✾✬ ★✧ ✿✯ ✰✧✦✯ ✾✧✦ ❅ ✾✿✧✦ ❂❃✯ ✧✱ ❄✧P
■✯✦✦✧✩ ✧✦ ✯✦✱ ❄❃✱❃❄✧✦ ✮

• ✶❉❅ ✬❅ ✾✦ ★✿✯ ❄✧✿✧✦ ✧✾✱✯ ✾✧✦ ❄✯✬✯✤✱❅ ❄✧✦ ✫✬✧✦ ✾❅ ✾❍■✯ ✪ ✿❅ ✱❅ ✤❅ ✿✧✦ ✯✿ ★✫✬✧✭✮✯✦ ✺
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❖ ❃✧✾✿❅ ✯✦✱❃✿✧✩❅✦ ✤❄❅ ✤✧❇✧✭❉❅ ✿✧ ❅ ✾✿✧ ✤✪✧✾✧ ✦❅ ❋❄✯ ✧✦ ✯✿ ★✫✬✧✭✮✯✦ ✬❅✩ ✧ ✪✱❃❄✧ ❃✾★✰❅ ❄✩✯ ✾✧
❋✧✾✿✧ ✿✯ ✄✩☎ ✳ ✰❅ ★ ✯ ✾✬❅ ✾✱ ❄✧✿❅ ❃✩✧ ✿✯✤✯✾✿★✾✬ ★✧ ✿❅ ✬✧✩✤❅ ✬❅✩ ✧ ✰ ❄✯❂✧★✾✬ ★✧

fc

✳ ✬❅✩ ❅ ✳✾❇ ❃✪❅
✿✯ ★✾✬ ★✿★✾✬ ★✧

α
✳ ✯ ✬❅✩ ✧ ✿ ★✦✱✳✾✬ ★✧ ✿✯ ✦✯ ✤✧❄✧✭❉❅

d
✺ ✤✦✦✧ ✿✯✤✯✾✿★✾✬ ★✧ ❁ ✿✧✿✧ ✤❅❄✳

gp

✸

gp = sin α

√

d

λ

✲✹ ✺✶ ✴✷

✆✧✩❋❁✩ ✰❅ ★ ✯✾✬❅ ✾✱ ❄✧✿❅ ❂❃✯ ✧ ✧✩✤✪★✱ ❃✿✯ ✿❅ ✦ ★✾✧ ✪ ✦❅✰ ❄✯ ❃✩✧ ❄✯✿❃✭❉❅ ✹ ✺●✯ ✿✯■ ★✿✧ ✧ ✧ ✪✱ ❃❄✧
❃✾★✰❅❄✩✯ ✿✧✦ ✯✿ ★✫✬✧✭✮✯✦ ✳

Quni

✳ ✯ ❂ ❃✯ ✤❅✿✯ ✦✯ ❄ ✧ ✤❄❅✬ ★✩✧✿❅ ✤✯ ✪❅ ✤❅ ✪★✾✝✩★❅ ✸

Quni = 3, 50gp − 3, 327g2

p + 0, 962g3

p

✲✹ ✺✶●✷

✤✩ ✲❲❳✥❴✦ ❨ ❩❬❭❪❫❴❯✳ ✴✵✵✹✷ ✰❅ ★ ❅ ❋✦✯ ❄■✧✿❅ ❂❃✯ ✯✩ ✱❅ ✿✧✦ ✧✦ ✦ ★✩❃✪✧✭✮✯✦ ✧✦ ✧ ✪✱ ❃❄✧✦ ✿✧✦
✯✿ ★✫ ✬✧✭✮ ✯✦ ✰❅❄✧✩ ✬❅✾✦ ★✿✯ ❄✧✿✧✦ ❃✾★✰❅❄✩✯✦ ✯ ✿ ★✦✱ ❄★❋❃❍✿✧✦ ✯ ✾✱ ❄✯ ✻ ✩ ✯ ✴✯ ✩ ✳ ✯ ✿ ✰❅ ★ ✬❅✾✦ ★✿✯ ❄✧✿❅
✼❛ ✩ ✺

✣✦ ✯✿ ★✫✬✧✭✮✯✦ ✰❅❄✧✩ ✬❅✾✦ ★✿✯ ❄✧✿✧✦ ✞✧❋✦❅ ❄■✯ ✾✱✯✦ ✞✤✧❄✧ ✰ ❄✯❂✧★✾✬ ★✧✦ ★❇ ❃✧ ★✦ ❅ ❃ ✦❃✤✯ ❄★❅ ❄✯✦ ✧ ✵❛❛
❀✩◆ ✺

✄✩ ✾❅■❅ ✤❅ ✪★✾✝✩★❅ ✰❅ ★ ✯ ✾✬❅ ✾✱ ❄✧✿❅ ✾✧✦ ✦ ★✩❃✪✧✭✮✯✦ ✲❲❳✥❴✦ ❨ ❩❬❭❪❫❴❯✳ ✴✵✵✹✷ ✤✧❄✧ ✧ ✪✱ ❃❄✧✦
✧ ✪✯✧✱✥❄★✧✦ ✳

QRan

✯✾✱ ❄✯ ✻✩ ✯ ✴✯ ✩ ✺

QRan = 2, 616gp − 2, 313g2

p + 0, 605g3

p

✲✹ ✺✶✹✷

❀✯✿ ★✿✧✦ ✯✬ ✱✯✾✦ ★■✧✦ ✿❅ ✾❍■✯ ✪ ✿❅ ✦ ★✾✧ ✪ ✰❅ ❄✧✩ ✰✯ ★✱✧✦ ✯✩ ✵❛❛ ❀✩◆ ✯ ✴✳❵ ✪✩◆ ✲❲❳✥❴✦ ❨ ❩❬❭❪❫❴❯✳
✴✵✵✹✷ ✺ ✽ ✩❅✿✯ ✪❅ ✿✯ ✤❄❅ ✤✧❇✧✭❉❅ ✦❅ ❋❄✯ ✯✿ ★✫ ✬✧✭✮ ✯✦ ❅ ❋✱✯■✯ ❋❅ ✾✦ ❄✯✦❃✪✱✧✿❅✦ ✯ ✬❅✩ ❃✩✧ ❋❅✧ ✤❄✯✬ ★✦❉❅
✬❅✩ ✧✦ ✩✯✿ ★✿✧✦ ❄✯✧ ✪★◆✧✿✧✦ ✺

✴✧❄✧ ✧✾✱✯✾✧✦ ★✦❅✱ ❄✥ ✤★✬✧✦ ❅ ✞❇✧✾❏❅ ✾❅ ✤✯ ❄✬❃❄✦❅ ✞❁ ✿✧✿❅ ✤❅❄✸

PG =
PRx

PTx

= (
λ

4πR
)2Q2

✲✹ ✺✶✯✷

R = ✟ ★✦✱✳✾✬ ★✧ ❄❊✿ ★❅ ❋✧✦✯ ✯ ✬ ✪★✯ ✾✱✯
✴✧❄✧ ✿✯✱✯ ❄✩ ★✾✧❄ ❖ ✳ ✰❅ ★ ✰✯ ★✱❅ ❃✦❅ ✿❅ ✳✾❇❃✪❅ ✪❅ ✬✧ ✪ ✿✯ ★✾✬ ★✿★✾✬ ★✧ ✧ ✤✧❄✧ ❅ ❄✧ ★❅ ✿ ★❄✯✱❅ ✿❅ ✱ ❄✧✾✦✩ ★✦P

✦❅ ❄ ✧❅ ✤✪✧✾❅ ❏❅❄★◆❅ ✾✱✧ ✪ ✿❅ ❄✯✬✯ ✤✱❅❄ ✾❅ ✾❍■✯ ✪ ✿❅ ✱❅✤❅ ✿✧✦ ✯✿ ★✫✬✧✭✮✯✦ ✺ ❆✯■✧✾✿❅P✦✯ ✯✩ ✬❅✾✦ ★✿✯ ❄✧✭❉❅
✧ ✬❃❄■✧✱❃❄✧ ✿✧ ✱✯ ❄❄✧ ✸

α(R) = arctan(
hTx

R
)− R

2Re

✲✹ ✺✶✼✷
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✽ ✾✿✯ ✸

Re = 8490 �✩ ✳ ❄✧ ★❅ ✯✰✯✱ ★■❅ ✿✧ ✱✯ ❄❄✧ ✳
hb

❁ ✧ ✧ ✪✱ ❃❄✧ ✿✧ ✧✾✱✯ ✾✧ ✱ ❄✧ ✾✦✩ ★✦✦❅❄✧ ✺
✣ ✯❂❃✧✭❉❅ ✧✬ ★✩✧ ✾❉❅ ❁ ■✧ ✪★✿✧ ✤✧❄✧ ✿ ★✦✱✳✾✬ ★✧✦ ✩❃★✱❅ ✤❄✥✬ ★✩✧✦ ❅ ❃ ✧ ✪❁✩ ✿✧ ✪★✾❏✧ ✿❅ ❏❅❄★◆❅ ✾✱✯ ✳

α = 0
✺

✏ ✑✁✂ ✓✔✕✖ ✗✔ ✕✖ ✄ ✙✔☎✆✝

✤✩ ✲❲❭❫❱❩✞ ❨ ❳❫✟✟❬❭✳ ✷ ❁ ✯✬✧✩ ★✾✧✾✿❅ ❅ ✯✰✯ ★✱❅ ✿✧ ■✧❄★✧✭❉❅ ✧ ✪✯✧✱✥❄★✧ ✾✧ ✧ ✪✱ ❃❄✧ ✿✧✦ ✯✿ ★✫ ✬✧✭✮ ✯✦
✾✧ ✤✯ ❄✿✧ ✿✯ ✤❄❅✤✧❇✧✭❉❅ ✤❅❄ ✩✠ ✪✱ ★✤ ✪✧✦ ✿ ★✰ ❄✧✭✮✯✦ ✦❅ ❋❄✯ ✧✦ ✯✿ ★✫ ✬✧✭✮ ✯✦ ✾❅ ✩❅✿✯ ✪❅ ✿✯ ✡ ✧ ✪✫✦✬❏P
✫✯ ❄✱❅ ✾★✺ ▼✯ ✪✯ ✧ ✤✯ ❄✿✧ ✾✧ ✤❄❅ ✤✧❇✧✭❉❅ ❁ ✿✧✿✧ ✤✯ ✪✧ ✦❅✩✧ ✿✧✦ ✤✯ ❄✿✧✦ ✿✯ ✿❅ ★✦ ✰✧✱❅❄✯✦ ✸ ✣ ✤✯ ❄✿✧ ✤❅❄
✩✠ ✪✱ ★✤ ✪✧✦ ✿ ★✰ ❄✧✭✮✯✦ ✲

Lmd

✷ ✯ ✧ ✤✯ ❄✿✧ ✤❅❄ ✿ ★✰ ❄✧✭❉❅ ✿❅ ✠ ✪✱ ★✩❅ ✱✯✱❅ ✧✱❁ ❅ ❄✯✬✯ ✤✱❅❄ ✲
Lrtr

✷

L = Lmd + Lrtr

✲✹ ✺✶✻✷

✣ ✧✾❊ ✪★✦✯ ❅❄★❇ ★✾✧ ✪ ✿✯ ✡ ✧ ✪✫✦✬❏ ✦❃✤❅ ✾✿❅ ❂❃✯ ✧ ✿ ★✦✱✳✾✬ ★✧ ✯✾✱ ❄✯ ❅ ✱ ❄✧ ✾✦✩ ★✦✦❅❄ ✯ ❅ ❄✯✬✯ ✤✱❅❄ ❁
✦❃✫✬ ★✯ ✾✱✯✩✯✾✱✯ ❇ ❄✧✾✿✯ ✤✧❄✧ ✧✤❄❅✬ ★✩✧❄ ✧✦ ❅ ✾✿✧✦ ✯✦✰❁ ❄★✬✧✦ ✤❄❅ ✤✧❇✧✿✧✦ ✤✯ ✪✧ ✧✾✱✯ ✾✧ ✱ ❄✧✾✦✩ ★✦✦❅ ❄✧
✤❅❄ ❅✾✿✧✦ ✬❅✩ ✳✾❇ ❃✪❅✦ ✿✯ ★✾✬ ★✿★✾✬ ★✧

α = arctan( H
R−x

) ≈ H
R

✳ ❅ ✾✿✯ ☛ ❁ ✧ ✿ ★✦✱✳✾✬ ★✧ ✯✾✱ ❄✯ ❅
✱ ❄✧✾✦✩ ★✦✦❅❄ ✯ ❅ ❄✯✬✯ ✤✱❅❄ ✯ ✬ ☞ ☛ ✲✾❅ ✬✧✦❅ ✿✯✦✱✯ ✱ ❄✧ ❋✧ ✪❏❅ ✬ ✵ ❛ ✳ ✿ ★✦✱✳✾✬ ★✧ ✯ ✾✱ ❄✯ ❅ ❃✪✱ ★✩❅ ✤❄❁✿ ★❅
✯ ❅ ❄✯✬✯ ✤✱❅❄✷ ✺
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Lmd ≈

−20. log Q)
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Q = 2, 35g0,9
p para 0, 01 < gp < 0, 4

✲✹ ✺✶✶✷

✯

gp =

√

α2
d

λ

✲✹ ✺✶❵✷
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h1

✳
h2

✳✺✺✺✳
hn−1

✳ ✦❉❅ ✧ ✪✯✧✱❅❄★✧✩✯✾✱✯
✿ ★✦✱ ❄★❋❃❍✿✧✦ ✬❅✩ ✩❁✿ ★✧

hb

✯ ■✧❄★✳✾✬ ★✧
σ2

k

✺
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✱ ❄❃✱❃❄✧✦ ✺

✣ ✦✦ ★✩ ✳

Lmd = −20 log Q
✲✹ ✺✶✵✷

✤✩ ❂❃✯ ✸

Q = 3, 50(g′

p)− 3, 327(g′

p)
2 + 0, 962(g′

p)
3

✲✹ ✺❵❛✷

❈❅✩ ❅ ✤✧❄✳✩✯✱ ❄❅ ✧✿ ★✩✯✾✦ ★❅ ✾✧ ✪ ✲
g′

p

✷ ✿✧✿❅ ✤❅❄

(gp)
′ =

α

(1 + 4, 88γ + 2, 88γ2)0,556

√

d

λ

✲✹ ✺❵ ✴✷

γ =
σ2

h

λd

✲✹ ✺❵●✷

σh =
∆h√
12

✲✹ ✺❵✹✷

∆h =
❛ ✳ ✴✳ ✹ ✳ ✼ ✳ ✶ ✯ ✵✩ ✮ ✣ ✪✱❃❄✧ ✿❅ ✱ ❄✧✾✦✩ ★✦✦❅❄ ✯ ✾✱ ❄✯ ✴❛ ✯ ✯❛ ✩ ✮ ✿✵ ✼❛

λ
✧✱❁ ✴❛❛❛

λ
✺
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✿✯ ✤❄❅ ✤✧❇✧✭❉❅ ✳
L

✲✿✫✷ ✳ ✬❅✩ ✧ ✰ ❄✯❂✧★✾✬ ★✧
fc

✲✪✩◆✷ ✳ ✬❅✩ ✧ ✿ ★✦✱✳✾✬ ★✧
R

✲✩✷ ✳ ✬❅✩ ✧ ✧ ✪✱ ❃❄✧ ✿✧
✧✾✱✯ ✾✧ ✿✧ ✯✦✱✧✭❉❅ ❄❊✿ ★❅ ❋✧✦✯

hb

✲✩✷ ✳ ✯ ✧ ✪✧❄❇ ❃❄✧ ✿✧ ❄❃✧
w

✲✩✷ ✯ ✦❃✧ ★✾✬ ✪★✾✧✭❉❅ � ✲
◦
✷ ✺
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L = 43, 9 logR− 32, 2 loghb + 20, 41 log fc − 10, 3 logw

+13, 4 cos(1, 37φ− 76) + 52, 5
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φ

✯
w
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φ
✯

w
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L = 42, 7 log R− 32, 7 log hb + 20, 7 log fc + 55, 4
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✤☛✫ ✺ ✤✦✱✧✦ ✬✧❄✧✬✱✯ ❄❍✦✱ ★✬✧✦ ✯✩✤❍❄★✬✧✦ ✰❅❄✧✩ ✯✬ ✱ ❄✧❍✿✧✦ ✿✯ ✩✯✿ ★✿✧✦ ❄✯✧ ✪★◆✧✿✧✦ ✾✧ ✬ ★✿✧✿✯ ✿✯ ❆❅ ✾✿ ❄✯✦ ✳
❄✧◆❉❅ ✤✯ ✪✧ ❂❃✧ ✪✳ ✯✦✦✯ ✩❅✿✯ ✪❅ ✱✧✩❋❁✩ ❁ ✬❅ ✾❏✯✬ ★✿❅ ✬❅✩❅ ✞❀❅✿✯ ✪❅ ❆❅ ✾✿ ❄★✾❅ ✞ ✲❲❘✝❘ ❙❲❘❴❪ ❬✳
✴✵✵✵✷ ✺

✤✩ ✲❯❩❭❘❳ ❯✞ ❨ ✟❘ ❭❱❫❴❱ ✳ ✴✵❵✹✷ ✯ ✲✟❘ ❭❱❫❴❱ ✳ ✴✵✵●✷ ✌❋❄✧❏★✩ ✯ ✴✧❄✦❅✾✦ ✿✯✦✬ ❄✯■✯✩ ❅ ✧✩P
❋★✯✾✱✯ ❃❄❋✧✾❅ ❂❃✧✾✱ ★✱✧✱ ★■✧✩✯✾✱✯ ✳ ✿✯✱✯ ❄✩ ★✾✧✾✿❅ ✧ ✿✯✤✯✾✿★✾✬ ★✧ ✿✧ ✤✯ ❄✿✧ ✿✯ ✤✯ ❄✬❃❄✦❅ ✬❅✩ ✧
✿ ★✦✱✳✾✬ ★✧ ✯ ✬❅✩ ✧ ✰ ❄✯❂✧★✾✬ ★✧ ✿✯ ✱ ❄✧✾✦✩ ★✦✦❉❅ ✳ ❃✱ ★✪★◆✧✾✿❅ ❅✦ ✰✧✱❅❄✯✦ ✰ ❊ ✩✯✾✬ ★❅ ✾✧✿❅✦ ✺
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✽ ✩✯ ✪❏❅❄ ✧✰ ❃✦✱✯ ✿❅✦ ✿✧✿❅✦ ❅ ❋✱ ★✿❅✦ ✾✧ ✬ ★✿✧✿✯ ✿✯ ❆❅ ✾✿ ❄✯✦ ❁ ✩❅✦✱ ❄✧✿❅ ✾✧ ✯❂❃✧✭❉❅ ✧❋✧ ★✬❅ ✳
❄✯✦✦✧ ✪✱✧✾✿❅ ❂❃✯ ✧ ✯❂❃✧✭❉❅ ✰❅ ★ ✩❅✿ ★✫✬✧✿✧ ✿✯■ ★✿❅ ✱ ✤❄✯✦✯ ✾✭✧ ✿✯ ❃✩ ✯ ❄❄❅ ✾✧ ✯❂❃✧✭❉❅ ❅❄★❇ ★✾✧ ✪
✲❲❘✝❘ ❙❲❘❴❪ ❬✳ ✴✵✵✵✷ ✺

L = −20 log(0, 7hb)− 8 log(hm) +
fc

40
+ 26 log(

fc

40
)− 86 log(

fc + 100

156
)

+[40 + 14, 15 log(
fc + 100

156
)] log(1000R) + 0, 256(62, 4− 2, 2R)

−(
0, 37(−7, 475R2 + 85, 225R− 91, 55)

7
)

✲✹ ✺❵✻✷

✽ ✾✿✯ ✸

fc =
☎❄✯❂✧★✾✬ ★✧ ✿✯ ❅ ✤✯ ❄✧✭❉❅ ✾✧ ✰✧ ★✬✧ ✯✩ ❀✩◆

R = ✟ ★✦✱✳✾✬ ★✧ ✤☛✫P✤❀ ✯✩ �✩

hb =
✣ ✪✱❃❄✧ ✿✧ ✯✦✱✧✭❉❅ ❄❊✿ ★❅ ❋✧✦✯ ✦❅ ❋❄✯ ❅ ✾❍■✯ ✪ ✿✧ ❄❃✧ ✳ ✯✾✱ ❄✯ ✯ ✯ ✼❛ ✩✯✱ ❄❅✦ ✺

hm =
✣ ✪✱❃❄✧ ✿✧ ✧✾✱✯ ✾✧ ✿✧ ✯✦✱✧✭❉❅ ✩✥■✯ ✪ ✯✩ ✩✯✱ ❄❅✦ ✺

✏ ✑✁✏ ✓✔✕✖ ✗✔ ✕✖ �✔ ✜☎ ✁✢ ✜✔☎ ✖ ✢
1
a ✂✔ ✛✢ ✕✖ ✄✙✖☎✛✖ ✗

▼✯✦✱✧ ✦✯✭❉❅ ❁ ✰✯ ★✱✧ ❃✩✧ ❋❄✯■✯ ❄✯■ ★✦❉❅ ✿✧ ✱✯❅❄★✧ ✿❅ ✩❅✿✯ ✪❅ ✿✯ ✿❅ ★✦ ❄✧ ★❅✦ ✯ ✿✧ ✴☎ ✆❅✾✧ ✿✯ ☎❄✯✦✾✯ ✪
✲❲❘✝❘ ❙❲❘❴❪ ❬✳ ✴✵✵✵✷ ✲✝❘ ❙❙❬✳ ●❛❛❛✷ ✳ ✤❅❄ ✬✧❃✦✧ ✿✧ ★✩✤❅❄✱✳✾✬ ★✧ ✿✯✦✱✯✦ ✾❅ ✩❅✿✯ ✪✧✩✯✾✱❅ ✿❅✦
✯ ✾✪✧✬✯✦ ✯ ✾✱ ❄✯ ✧✦ ✬ ★✿✧✿✯✦ ✺

• ✁ ✞✠✡✝✞ ✠✡ ✠✞ ✝☛ ✞✁ ✝✞☛
✄✩ ✬✧✦❅ ✿✯ ✤❄❅ ✤✧❇✧✭❉❅ ✦❅ ❋❄✯ ✦❃✤✯ ❄✰❍✬ ★✯ ❄✯✲✯✱❅❄✧ ❁ ✩❅✦✱ ❄✧✿❅ ✾✧ ☎ ★❇ ❃❄✧ ✹ ✺✵ ✺ ✽ ✾❍■✯ ✪ ✿✯
✦ ★✾✧ ✪ ✱❅✱✧ ✪ ✾✧ ✧✾✱✯ ✾✧ ❄✯✬✯ ✤✱❅❄✧ ❁ ✰❅ ❄✩✧✿❅ ✤❅❄ ✿❃✧✦ ✬❅✩✤❅✾✯✾✱✯✦ ✸ ✧ ❅ ✾✿✧ ✿ ★❄✯✱✧ ✯ ✧ ❅✾✿✧
❄✯✲✯✱ ★✿✧ ✾✧ ✦❃✤✯ ❄✰❍✬ ★✯ ✺ ✣ ✧✱✯ ✾❃✧✭❉❅ ✾✯✦✱✯✦ ✤✯ ❄✬❃❄✦❅✦ ★✾✿ ★■ ★✿ ❃✧ ★✦ ❁ ✿✧✿✧ ✤✯ ✪✧ ✯❂❃✧✭❉❅
✿✯ ✯✦✤✧✭❅ ✪★■ ❄✯ ✯❂ ✺ ✹ ✺● ✴✳ ✯ ❅ ✾❍■✯ ✪ ✿✯ ✤❅✱★✾✬ ★✧ ❄✯✦❃✪✱✧✾✱✯ ★❄❊ ✿✯✤✯✾✿✯ ❄ ✿✧ ✿ ★✰✯ ❄✯ ✾✭✧ ✾❅
✬❅✩✤❄★✩✯✾✱❅ ✿❅✦ ✤✯ ❄✬❃❄✦❅✦ ✯ ✿❅ ✬❅✯✫✬ ★✯ ✾✱✯ ✿✯ ❄✯✲✯✬❉❅ ✿✧ ✦❃✤✯ ❄✰❍✬ ★✯ ✺
✄✩✧ ✦ ★✱ ❃✧✭❉❅ ✿✯ ★✾✱✯ ❄✯✦✦✯ ✾✧✦ ✬❅✩❃✾★✬✧✭✮✯✦ ✩✥■✯ ★✦ ✧✬❅ ✾✱✯✬✯ ❂❃✧✾✿❅ ✧✦ ✧ ✪✱ ❃❄✧✦ ✿✧✦ ✧✾✱✯P
✾✧✦ ✦❉❅ ✤✯❂❃✯✾✧✦ ✯✩ ❄✯ ✪✧✭❉❅ ✱ ✿ ★✦✱✳✾✬ ★✧ ✯✾✱ ❄✯ ✯ ✪✧✦ ✺ ▼✯✦✱✯ ✬✧✦❅ ✳ ✯✩ ❄✯ ✪✧✭❉❅ ✧ ✧✱✯✾❃✧✭❉❅ ✳
✧✦✦❃✩✯P✦✯ ❂❃✯ ✧ ✿ ★✰✯ ❄✯ ✾✭✧ ✿❅ ✬❅✩✤❄★✩✯✾✱❅ ✿❅ ✤✯ ❄✬❃❄✦❅ ❁ ✿✯✦✤❄✯◆❍■✯ ✪✺ ▼❅ ✯✾✱✧✾✱❅ ✳ ✯✩
❄✯ ✪✧✭❉❅ ✧ ✰✧✦✯ ✿✧✦ ❅ ✾✿✧✦ ❄✯✬✯❋★✿✧✦ ✳ ✯✦✱✧ ✿ ★✰✯ ❄✯ ✾✭✧ ✾❉❅ ✤❅✿✯ ✦✯ ❄ ✿✯✦✤❄✯◆✧✿✧ ✺ ✴✧❄✧

h1

✳
h2

✟ ✿ ✳ ❅ ✬❅ ✯✫✬ ★✯ ✾✱✯ ✿✯ ❄✯✲✯✬❉❅
Γ
✳ ❂ ❃✯ ✿✯✤✯✾✿✯ ✿✧✦ ✬❅ ✾✦✱✧ ✾✱✯✦ ✿❅ ✦❅ ✪❅ ✲✤✯ ❄✩ ★✦✦ ★■ ★✿✧✿✯ ✯

✬❅ ✾✿❃✱ ★■ ★✿✧✿✯✷ ✤❅ ✿✯ ✦✯ ❄ ✬❅ ✾✦ ★✿✯ ❄✧✿❅ ★❇ ❃✧ ✪ ✧ P ✴ ✺
✽ ✩❅✿✯ ✪❅ ✿✯ ✿❅ ★✦ ❄✧ ★❅✦ ❁ ❋✧✦✯✧✿❅ ✾❅ ✿ ★✧❇ ❄✧✩✧ ✿✧ ☎ ★❇ ❃❄✧ ✹ ✺✵ ✯ ✧ ✤❅✱★✾✬ ★✧ ✿❅ ✦ ★✾✧ ✪ ❄✯✬✯❋★✿❅
✤❅ ✿✯ ✦✯ ❄ ❅ ❋✱ ★✿❅ ❃✦✧✾✿❅ ✧ ✯❂❃✧✭❉❅ ✧ ✧❋✧ ★✬❅ ✸
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☎ ★❇ ❃❄✧ ✹ ✺✵ ✸ ❀❅✿✯ ✪❅ ✿✯ ✿❅ ★✦ ❄✧ ★❅✦

Lp = −20 log(h1)− 20 log(h2) + 40 log(d)
✲✹ ✺❵✶✷

✴✧❄✧ ✦✯ ❅ ❋✱✯ ❄ ✧ ✯❂❃✧✭❉❅ ✹ ✺❵✶ ✬❅ ✾✦ ★✿✯ ❄❅ ❃P✦✯
Γ
✵ P ✴✳ h1+h2

d

☞✴ ✯ ✧✤✥✦ ✧ ✪❇ ❃✩✧✦ ✦ ★✩✤✪★✫ ✬✧✭✮ ✯✦
✲✝ �❱✁✥❬✂ ✳ ✴✵✵✻✷ ✲❘ ❙❬❴❲❘ ❭✳ ●❛❛ ✴✷ ✧✦ ✤✯ ❄✿✧✦ ✾❅ ✩❅✿✯ ✪❅ ✿✯ ✿❅ ★✦ ❄✧ ★❅✦ ❁ ✯✬ ✤❄✯✦✦✧ ✤✯ ✪✧
✯❂❃✧✭❉❅ ✧✬ ★✩✧ ✯✩ ✦❃✧ ✰❅❄✩✧ ✦ ★✩✤✪★✫✬✧✿✧ ✺

• ✂ ☞ ✝✄ ✡ ✝☞✁ ☎ ✞✆✁ ✠✡ ✝☞✡☛✆✡✝
❖❃✧✾✿❅ ❅ ✤✯ ❄✬❃❄✦❅ ✿✯ ✤❄❅ ✤✧❇✧✭❉❅ ✱✯✩ ✧ ✤❄★✩✯ ★❄✧ ◆❅ ✾✧ ✿✯ ☎❄✯✦✾✯ ✪ ✪★■ ❄✯ ✳ ✧ ✧✱✯ ✾❃✧✭❉❅ ✿❅ ✦ ★✾✧ ✪
✦✯ ✿❊ ❋✧✦ ★✬✧✩✯✾✱✯ ✤✯ ✪✧ ✿ ★✦✤✯ ❄✦❉❅ ✿✧ ✰ ❄✯ ✾✱✯ ✿✯ ❅ ✾✿✧✦ ✺ ✴❅❄❁✩ ✳ ❂❃✧✾✿❅ ✧ ✤❄★✩✯ ★❄✧ ◆❅ ✾✧ ✿✯
☎❄✯✦✾✯ ✪ ✬❅✩✯✭✧ ✧ ✦✯ ❄ ❅ ❋✦✱ ❄❃❍✿✧ ✳ ❅ ✬❅❄❄✯ ❃✩✧ ❂❃✯✿✧ ✧✬✯✾✱❃✧✿✧ ✿✯■ ★✿❅ ✱ ✧ ✪✱✧ ✬❅ ✾✬✯✾✱ ❄✧✭❉❅
✿✯ ✯✾✯ ❄❇ ★✧ ✿✯ ✞ ❄❊✿ ★❅✞ ✿✯✾✱ ❄❅ ✿✯✦✱✧ ❄✯❇ ★❉❅ ✺ ✴❅❄ ★✦✦❅ ✧ ✦❃✧ ★✩✤❅❄✱✳✾✬ ★✧ ✾✧ ✿✯✦✬ ❄★✭❉❅ ✾❅
✯✾✪✧✬✯✦ ✿✯ ✬❅✩❃✾★✬✧✭✮✯✦ ✺ ✣ ❋✧ ★✬❅ ❁ ✿✯✦✬ ❄★✱❅ ✿✯ ✰❅❄✩✧ ❄✯✦❃✩ ★✿✧ ✧ ✱✯❅❄★✧ ❋❊✦ ★✬✧ ✿✧ ✴☎ ✆❅ ✾✧
✿✯ ☎❄✯✦✾✯ ✪✺
✽ ❄✧ ★❅ ✿✧ ✴☎ ◆❅✾✧ ✿✯ ☎❄✯✦✾✯ ✪ ✤❅ ✿✯ ✦✯ ❄ ✬✧ ✪✬❃✪✧✿❅ ✧✱ ❄✧■❁✦ ✿✧ ✯✬ ✤❄✯✦✦❉❅ ✸

R = 17, 3

√

d1d2

fd

✲✹ ✺❵❵✷

✽ ✾✿✯ ✸

R
❁ ❅ ❄✧ ★❅ ✿✧ ✤❄★✩✯ ★❄✧ ◆❅✾✧ ✿✯ ☎❄✯✦✾✯ ✪ ✲✩✷

d1

❁ ✧ ✿ ★✦✱✳✾✬ ★✧ ✿❅ ✤❅ ✾✱❅ ✬❅ ✾✦ ★✿✯ ❄✧✿❅ ✧
Tx

❅ ❃
Rx

✲�✩✷

d2

❁ ★❇ ❃✧ ✪ ✧ ✿ P
d1

f
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✱❃❄✧ ★❇ ❃✧ ✪ ✧ ◆✯ ❄❅ ✳ ✯ ✯✩ ✬❅✾✦✯❂✧★✾✬ ★✧

α
✵❛ ✺

✽ ❋✦✯ ❄■✧P✦✯ ✾❅ ❇ ❄❊✫✬❅ ❂❃✯ ✯✦✦✯ ❅ ❋✦✱❊✬❃✪❅ ❁ ❅ ❂❃✯ ✧✤❄✯✦✯ ✾✱✧ ✧ ✩✯✾❅❄ ✧✱✯✾❃✧✭❉❅ ✳ ❅ ❃✳ ✿ ★✱❅
✿✯ ❅ ❃✱ ❄✧ ✰❅❄✩✧ ✳ ❂❃✧✾✱❅ ✩✧ ★❅❄ ❅ ❄✧ ★❅ ✿✯ ✬❃❄■✧✱❃❄✧ ✾❅ ✱❅ ✤❅ ✿❅ ❅❋✦✱❊✬❃✪❅ ✩✧ ★❅❄ ✧ ✧✱✯ ✾❃✧✭❉❅
❂❃✯ ❅ ✩✯✦✩❅ ✬✧❃✦✧ ✾✧ ✤❄❅✤✧❇✧✭❉❅ ✿✧✦ ❅✾✿✧✦ ✺
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☎ ★❇ ❃❄✧ ✹ ✺✴✹ ✸ ❈✧ ✪✬❃✪❅ ✿❅ ❄✧ ★❅ ✿❅ ❅❋✦✱❊✬❃✪❅

✏ ✑✁� ✓✔✕✖ ✗✔ ✕✖ ✁✂ ✗✜

✣ ✤✥✦ ❃✩✧ ✦❁ ❄★✯ ✿✯ ✩✯✿ ★✿✧✦ ✯✩ ✱✯ ❄❄✯ ✾❅✦ ★❄❄✯❇ ❃✪✧❄✯✦ ✯ ✯✩ ✰ ❄✯❂✧★✾✬ ★✧✦ ✯ ✾✱ ❄✯ ✵❛ ✯ ✴❛❛❛ ❀✩◆ ✳ ✤❇ ✪★
✲❬✦❙❯✳ ✴✵✼✶✷ ✤❄❅ ✤✮✯ ❃✩ ✩❅✿✯ ✪❅ ✯✩✤❍❄★✬❅ ❂❃✯ ✦✯❇ ❃✯ ❃✩✧ ✿✯✤✯✾✿★✾✬ ★✧ ✬❅✩ ❅ ★✾■✯ ❄✦❅ ✿✧ ❂❃✧❄✱✧
✤❅✱★✾✬ ★✧ ✿✧ ✿ ★✦✱✳✾✬ ★✧ ✯ ✾✱ ❄✯ ❅ ✱ ❄✧ ✾✦✩ ★✦✦❅❄ ✯ ❄✯✬✯ ✤✱❅❄✺ ✤✦✱✯ ✩❅✿✯ ✪❅ ❃✦✧ ✧ ✯❂❃✧✭❉❅ ✿✯ ✱✯ ❄❄✧ ✤✪✧✾✧ ✳
✬❅✩ ❃✩ ✰✧✱❅ ❄ ✿✯ ✬❅❄❄✯✭❉❅

β
✺ ✤✦✱✯ ✰✧✱❅❄ ✦✯ ✿✯■✯ ✧ ❅❋✦✯ ❄■✧✭✮✯✦ ✿✯ ❂❃✯ ✯✬ ★✦✱✯✩ ■✧❄★✧✭✮✯✦ ✯✩ ✱❅❄✾❅

✿❅ ■✧ ✪❅❄ ❇✯ ❄✧✿❅ ✤✯ ✪❅ ✩❅✿✯ ✪❅ ✿✯ ✱✯ ❄❄✧ ✤✪✧✾✧ ✯ ❂❃✯ ✯ ✪✧✦ ✿✯✤✯✾✿✯✩ ✿✧ ✰ ❄✯❂✧★✾✬ ★✧ ✲❲❘✝❘ ❙❲❘❴❪ ❬✳
✴✵✵✵✷ ✲✝ �❱✁✥❬✂ ✳ ✴✵✵✻✷ ✺

✣ ✤✯ ❄✿✧ ✩✯✿ ★✧✾✧ ✿❅ ✩❅✿✯ ✪❅ ✿✯ ✤❇ ✪★ ✫✬✧ ✦✯ ✾✿❅ ✸

L = GbGm(
hbhm

d2
)2β

✲✹ ✺✵●✷

✬❅✩

β = (
40

f
)2

✲✹ ✺✵✹✷

✽ ✾✿✯ ✸

Gb

✳
Gm

✦❉❅ ❅✦ ❇✧✾❏❅✦ ✿✧✦ ✧✾✱✯✾✧✦ ❋✧✦✯ ✯ ✩✥■✯ ✪✮
hb

✳
hm

✦❉❅ ✧✦ ✧ ✪✱ ❃❄✧✦ ✳ ✯✩ ✩✯✱ ❄❅✦ ✳ ✿✧✦ ✧✾✱✯✾✧✦ ❋✧✦✯ ✯ ✩✥■✯ ✪✮
d

❁ ✧ ✿ ★✦✱✳✾✬ ★✧ ✳ ✯✩ ✩✯✱ ❄❅✦ ✳ ✯ ✾✱ ❄✯ ✱ ❄✧✾✦✩ ★✦✦❅❄ ✯ ❄✯✬✯✤✱❅ ❄✮
f

❁ ✧ ✰ ❄✯❂✧★✾✬ ★✧ ✯✩ ❀✩◆ ✺

✏ ✑✁✄ ✓✔✕✖ ✗✔ ✕✖ ✘✗✔✄☎ ☎ ✜☎✚☎✆✢✕✖ ✗✗

✤✦✱✯ ✩❅✿✯ ✪❅ ✲❩❙❫✞✁✥ ❯❱❪ ❨ ❙❘✝❬❙❙✳ ✴✵✶✯ ✷ ✳ ❁ ❋✧✦✯✧✿❅ ✾❅ ✩❅✿✯ ✪❅ ✝☛❈ ✲✝❅ ★✾✱ ☛✧✿ ★❅ ❈❅✩✩ ★✱✯✯✷ ✳
✯ ✬❅ ✾✦ ★✿✯ ❄✧ ❅✦ ✩✯✦✩❅✦ ✱ ★✤❅✦ ✿✯ ✤✯ ❄✿✧✦ ✬❅ ✾✦ ★✿✯ ❄✧✿✧✦ ✯✩ ✲❬✝◗❘❭✝❱ ❨ ✝✥❭✆ ❯❴ ✳ ✴✵✻✵✷ ✳ ✤❅❄❁✩
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✬❅✩❋★✾✧✿❅✦ ✿✯ ❅ ❃✱ ❄✧ ✩✧✾✯ ★❄✧ ✳ ✿✯ ✩❅✿❅ ✧ ✦✯ ❅ ❋✱✯ ❄ ❃✩✧ ✱ ❄✧ ✾✦ ★✭❉❅ ✩✧ ★✦ ✦❃✧■✯ ✯✾✱ ❄✯ ✤❅ ✾✱❅✦ ❅ ✾✿✯
✧ ✤❄✯■ ★✦❉❅ ✦✯ ❋✧✦✯ ★✧ ✯✩ ✤✯ ❄✿✧✦ ✾❅ ✯✦✤✧✭❅ ✪★■ ❄✯

(Lo)
✯ ✧❂❃✯ ✪✯✦ ✯✩ ❂❃✯ ✦✯ ❃✦✧ ✧ ✤✯ ❄✿✧ ✿✯ ✱✯ ❄❄✧

✤✪✧✾✧
(Lp)

✲❲❘✝❘ ❙❲❘❴❪ ❬✳ ✴✵✵✵✷ ✺
✣ ✯❂❃✧✭❉❅ ❋❊✦ ★✬✧ ✤✧❄✧ ✧ ✤✯ ❄✿✧ ✾❅ ✤✯ ❄✬❃❄✦❅ ✯✩ ✿✫ ❁ ✸

L = Lo + [(L
′

p − Lo)
2 + L2

D]
1

2

✲✹ ✺✵✯✷
✽ ✾✿✯ ✸

LD

❁ ✧ ✤✯ ❄✿✧ ✿✯■ ★✿❅ ✱ ✿ ★✰ ❄✧✭❉❅ ❂❃✯ ❅ ✬❅❄❄✯ ✾❅ ✤✯ ❄✬❃❄✦❅ ✺

L
′

p

❁ ✧ ✤✯ ❄✿✧ ✿✯ ✱✯ ❄❄✧ ✤✪✧ ✾✧ ✩❅✿ ★✫✬✧✿✧ ✿✯■ ★✿❅ ✧❅✦ ✯✰✯ ★✱❅✦ ✿✧ ✬❃❄■✧✱❃❄✧ ✿✧ ✱✯ ❄❄✧ ✯ ✿✧ ✱ ❄❅ ✤❅✦P
✰✯ ❄✧ ✺

❖ ❃✧✾✿❅
LD

✱✯✾✿✯ ✧ ◆✯ ❄❅ ✳ ❅ ❃ ✦✯✰ ✧ ✳ ❃✩ ✤✯ ❄✬❃❄✦❅ ✾❉❅ ❅ ❋✦✱ ❄❃❍✿❅ ✳ ✧ ✤✯ ❄✿✧ ✱❅✱✧ ✪ ❁ ✿✧✿✧ ✤❅❄✸

L = L
′

p

✏ ✑✁� ✓✔✕✖ ✗✔ ✕✖ ✆✖✖
✁ ✿✯✦✬ ❄★✱❅ ✧ ✦✯❇❃★❄ ❅ ✩❅✿✯ ✪❅ ✿✯ ❆✯✯ ✲❙❬❬ ✂✳ ✴✵❵✵✷ ✲❙❬❬❨ ✞ ❯❙❙❬❭✳ ✴✵✵❵✷ ✳ ✤❅ ✾✱❅P✧P ✤❅ ✾✱❅ ✳ ✿✯
✤❄❅ ✤✧❇✧✭❉❅ ✺ ✴✧❄✧ ★✦✦❅ ✦❉❅ ✾✯✬✯✦✦❊❄★✧✦ ✱ ❄★✦ ✯✱✧ ✤✧✦ ✸

✴ ✺ ✣ ✤❄★✩✯ ★❄✧ ✯✱✧✤✧ ❁ ✧ ✬ ❄★✧✭❉❅ ✿✯ ❃✩✧ ✬❅ ✾✿ ★✭❉❅ ✿ ★✱✧ ✤✧✿ ❄❉❅ ✺ ✴✧❄✧ ❇✯ ❄✧❄ ✧ ✬❅ ✾✿ ★✭❉❅ ✤✧✿ ❄❉❅ ✯
✰❅❄✾✯✬✯ ❄ ✰✧✱❅❄✯✦ ✿✯ ✬❅ ❄❄✯✭❉❅ ✳ ❃✦✧✩P✦✯ ✧✦ ✬❅ ✾✿ ★✭✮✯✦ ✩❅✦✱ ❄✧✿✧✦ ✾❅ ✪✧✿❅ ✯✦❂❃✯ ❄✿❅ ✯ ❅✦ ✰✧✱❅❄✯✦
✿✯ ✬❅❄❄✯✭❉❅ ✿❅ ✪✧✿❅ ✿ ★❄✯ ★✱❅ ✿✧ ✱✧❋✯ ✪✧ ✧ ✦✯❇ ❃★❄ ✹ ✺✴ ✺

❈❅✾✿ ★✭❉❅ ✴✧✿ ❄❉❅ ☎✧✱❅❄✯✦ ✿✯ ❈❅❄❄✯✭❉❅
✤☛✫

✴❅✱★✾✬ ★✧ ✱ ❄✧✾✦✩ ★✱ ★✿✧ ✸
Pt

✵ ✴❛ ✡
α1 = 10. log(P ∗

t /10)
✣ ✪✱❃❄✧ ✿✧ ✧✾✱✯ ✾✧ ✸

h1

✵ ✹❛ ✩
α2 = 20. log(h∗

1/h1)✪✧✾❏❅ ✿✧ ✧✾✱✯ ✾✧ ✸
gt

✵ ✻ ✿✫
α3 = g∗

t − 6✤❀
✣ ✪✱❃❄✧ ✿✧ ✧✾✱✯ ✾✧ ✸

h2

✵ ✹ ✩
α4 = 20. log(h∗

2/h2)✪✧✾❏❅ ✿✧ ✧✾✱✯✾✧ ✸
gm

✵ ❛ ✿✫
α5 = g∗

m

✆✧❋✯ ✪✧ ✹ ✺✴ ✸ ❈❅ ✾✿ ★✭✮✯✦ ✤✧✿ ❄❉❅ ✯ ✰✧✱❅❄✯✦ ✿✯ ✬❅ ❄❄✯✭❉❅ ✲
∗

✤✧❄✳✩✯✱ ❄❅✦ ✿✧ ✾❅■✧ ✬❅ ✾✿ ★✭❉❅✷

● ✺ ✣ ✦✯❇ ❃✾✿✧ ✯✱✧✤✧ ❁ ✧ ❅❋✱✯ ✾✭❉❅ ✿✧ ✤❄✯■ ★✦❉❅ ✤❅✾✱❅P❊❄✯✧ ✺ ▼✧ ✤❄✯■ ★✦❉❅ ✤❅ ✾✱❅P❊❄✯✧ ✦❉❅ ✬❅ ✾P
✦ ★✿✯ ❄✧✿❅✦ ✿❅ ★✦ ✤✧❄✳✩✯✱ ❄❅✦ ❂❃✯ ❄✯✤❄✯✦✯ ✾✱✧✩ ❃✩ ✿✯✱✯ ❄✩ ★✾✧✿❅ ✩❅✿✯ ✪❅ ✿✯ ✤❄✯■ ★✦❉❅ ✳ ❂ ❃✯ ✦❉❅ ✸
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✣ ✤✯ ❄✿✧ ✩❁✿ ★✧ ✿✯ ✱ ❄✧✾✦✩ ★✦✦❉❅ ✤✧❄✧ ❃✩✧ ✿ ★✦✱✳✾✬ ★✧ ✤✧✿ ❄❉❅ ✿✯ ✴ �✩ ✲❅❃ ✿✯ ✴ ✩ ★✪❏✧✷ ✿✧
✯✦✱✧✭❉❅ ✱ ❄✧✾✦✩ ★✦✦❅ ❄✧

(L0)
✳ ✯ ✧ ★✾✬ ✪★✾✧✭❉❅ ✿✧ ✬❃❄■✧ ✿✧ ✤✯ ❄✿✧ ✿✯ ✤✯ ❄✬❃❄✦❅

(γ)
✺ ▼✧ ☎ ★❇ ❃❄✧

✹ ✺✴✯ ✳ ✧ ✦✯❇ ❃★❄✳ ✯✦✱✯✦ ✤✧❄✳✩✯✱ ❄❅✦ ✦❉❅ ✧✤❄✯✦✯✾✱✧✿❅✦ ✤✧❄✧ ■❊❄★❅✦ ✧✩❋★✯ ✾✱✯✦ ✺
✣ ✦ ✬❃❄■✧✦ ✧✤❄✯✦✯ ✾✱✧✿✧✦ ✦❉❅ ✿ ★✦✱ ★✾✱✧✦ ✤✧❄✧ ✿ ★✰✯ ❄✯✾✱✯✦ ❄✯❇ ★✮ ✯✦ ✺ ▼✧ ✤❄✯■ ★✦❉❅ ✤❅✾✱❅P❊❄✯✧ ✳ ✱❅ ✿✧✦
✧✦ ❊❄✯✧✦ ✦❉❅ ✬❅ ✾✦ ★✿✯ ❄✧✿✧✦ ✤✪✧ ✾✧✦ ✩✯✦✩❅ ❂❃✯ ❅✦ ✿✧✿❅✦ ✤❅✦✦✧✩ ✦✯ ❄ ❅ ❋✱ ★✿❅✦ ✯✩ ❊❄✯✧✦ ✾❉❅
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• ✤❂❃✧✭❉❅ ✤✧❄✧ ✤✯ ❄✬❃❄✦❅ ✾❉❅ ❅ ❋✦✱ ❄❃❍✿❅ ✸

P = P0 + γ log(
d

d0

) + 20Log(
he

h
) + α

✲✹ ✺✵✻✷

• ✤❂❃✧✭❉❅ ✤✧❄✧ ✤✯ ❄✬❃❄✦❅ ❅ ❋✦✱ ❄❃❍✿❅

P = P0 + γ log(
d

d0

) + L + α
✲✹ ✺✵✶✷

✽ ✾✿✯ ✸

P =
✴❅✱★✾✬ ★✧ ❄✯✬✯ ❋★✿✧ ✧ ❃✩✧ ✿ ★✦✱✳✾✬ ★✧ ❄ ✿❅ ✱ ❄✧✾✦✩ ★✦✦❅❄ ✯✩

dBm

P0 =
✴❅✱★✾✬ ★✧ ❄✯✬✯ ❋★✿✧ ✧ ❃✩✧ ✿ ★✦✱✳✾✬ ★✧

d0

✿❅ ✱ ❄✧✾✦✩ ★✦✦❅❄✺

γ =
✌✾✬ ✪★✾✧✭❉❅ ✿✧ ✤✯ ❄✿✧ ✿✯ ✤✯ ❄✬❃❄✦❅ ✯✩ ✿✫✭✦❁✬ ✮

d = ✟ ★✦✱✳✾✬ ★✧ ✯ ✾✱ ❄✯ ✱ ❄✧ ✾✦✩ ★✦✦❅❄ ✯ ❄✯✬✯✤✱❅❄ ✯✩ �✩ ✲✩ ★✪❏✧✷ ✮
d0 =

✴ �✩ ✲✴ ✩ ★✪❏✧✷ ✮
he =

✣ ✪✱❃❄✧ ✯✰✯✱ ★■✧ ✿✧ ✧✾✱✯ ✾✧ ❋✧✦✯ ✯✩ ✩✯✱ ❄❅✦ ✮
h =

✣ ✪✱❃❄✧ ❄✯✧ ✪ ✿✧ ✧✾✱✯✾✧ ❋✧✦✯ ✯✩ ✩✯✱ ❄❅✦ ✮
α =

☎✧✱❅❄ ✿✯ ✬❅❄❄✯✭❉❅ ✿✧ ✬❅ ✾✿ ★✭❉❅ ✤✧✿ ❄❉❅ ✳ ✱✧ ❋✯ ✪✧ ✹ ✺✴✳ ✯✩ ✿✫✮
L =

✴✯ ❄✿✧ ✤❅❄ ✿ ★✰ ❄✧✭❉❅ ✯✩ ✿✫ ✺
▼✯✦✱✯ ✬✧✤❍✱ ❃ ✪❅ ✤❄❅ ✬❃❄❅ ❃P✦✯ ★✪❃✦✱ ❄✧❄ ✿✯ ✰❅❄✩✧ ❄✯✦❃✩ ★✿✧ ✧ ✪❇ ❃✾✦ ✿❅✦ ✤❄★✾✬ ★✤✧ ★✦ ✩❅✿✯ ✪❅✦ ✿✯✦✱ ★✾✧P
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✖❁✦✥ ✔❁ ❃✤ ✕✔✕◆✒✦❁ ✭❁ ✕ ❁ ✦✒ ✔✕★☛✒ ✦✥ ✭✒☞❀✕✪✒✧✌❁ ✦✒ ✟P ✔✕★� ✩✝✍❙❯❴✆ ✬ ✠❛❛❅✫ ✬ ❄ ❃✥ ✭❃★✪ ✕❁ ★✒ ★✒ ✭✒ ✕✬✒ ✦✥
✭ ❀✥❄✧★★✪ ✕✒ ✌✶✝ ✦✥ ✠✯ ✣✠ ✒ ✠✯☎✠ ✝✩◆ ✥ ❃✤ ✕✔✕◆✒ ✒ ✤❂✪★✕✪✒ ✦✥ ✥✓✗✒ ✔☛✒✖✥★✤❁ ✥✓✗✥✪✤ ❀✒ ✔ ✗❁❀ ✓✥❄✧★★✪ ✕✒
✦ ✕❀✥✤✒ ✩✟✶✶✶ ✫ ✦✥ ✒✪❁❀✦❁ ✪❁✖ ❁✓ ✗✒✦ ❀✮✥✓ ✦❁ ✌✤✤✤ ❵❛✠ ✢✣✣☞ ✩ ❯❬❬❬ ✬ ✣✎✎✎✒✫ ✩ ❯❬❬❬ ✬ ✣✎✎✎☞✫ ✥
✓✥✆❃★✦❁ ✒✓ ★❁❀✖✒✓ ✦❁✓ ✘❀✆✌❁✓ ❀✥✆❃✔✒✦❁❀✥✓ ✩❘❴❘❪ ❬❙ ✬ ✠❛❛☎✒✫ ✩❚❲❲ ✬ ✠❛❛❅✫ ✢ ✙ ✒★✤✥ ★✒ ❃✤ ✕✔✕◆✒✦✒
✭❁ ✕ ✒ ❁✖★✕✦ ✕❀✥✪ ✕❁ ★✒ ✔ ✦✥ ✠ ✬❅ ✦✫ ✬ ✪❁✖ ✪❁★✥✪✤❁❀ ✶✝✙ ❀✥✏✥ ❀✓❁ ✦✥✓✤✒✪✑✏✥ ✔✬ ✦ ✕✓ ✗❁ ★✟✏✥ ✔ ✪❁✖ ❁ ✗❀✘✗❀✕❁
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✥ ✣✒ ✦✫✖✫✢ ☎❁ ✕ ✥✓✪❁ ✔☛ ✕✦✒ ✒ ✗❁✤★★✪ ✕✒ ✦✥ ✣✒ ✦✫✖ ✢ ✙ ✤✒✬✒ ✦✥ ✤ ❀✒★✓✖ ✕✓✓✌❁ ★✒ ❄❃✒ ✔ ❁ ✙ ✴ ✤ ❀✒☞✒ ✔☛✒
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✦✥✖✒ ✕✓ ✗✒❀✳✖✥✤ ❀❁✓ ✦✥ ✪❁★✓✆ ❃❀✒✧✌❁ ✦❁ ✥❄❃✕✗✒✖✥★✤❁ ❄❃✥ ✗❁✦✥✖ ✓✥ ❀ ✒✪✥✓✓✒✦❁✓ ✥ ✖❁✦ ✕✓ ✪✒✦❁✓ ✏ ✕✒
★✒✏✥✆✒✦❁❀ ✦✥ ✗✑✆ ✕★✒✓ ✡ ✤✫ ✬ ✗✥ ✔✒ ✗❁❀✤✒ ✦✥ ❀✥✦✥ ✤✤☛✥ ❀★✥✤ ✬ ✭❁ ❀✒✖ ✦✥ ✕✬✒✦❁✓ ✪❁✖ ❁✓ ✏✒ ✔❁❀✥✓ ✗✒✦ ❀✮ ✥✓
✦❁ ✗❀✘ ✗❀✕❁ ✥❄❃✕✗✒✖✥★✤❁ ✢

✲ ✳✴ ✳❑ ✔ ✹✶✾✹✸ ✷✾✕✾✖✶✽✷✸ ✗ ✕✸▲✽ ✘✾ ✕✽✹✾✙✚✽ ✾ ✸✹✸ ✛✼✺✸✘✽✷ ✘✾ ✾✺✖✾✕✶ ✷✽
✜❁ ✔✒☞❁❀✒✤✘❀✕❁ ✬ ✪❁ ✔❁ ✪✒✖❁✓ ❁ ✙ ✴ ✦✥ ✤✥✓✤✥ ✔✕✆✒✦❁ ✥ ✗❁✓ ✕✪ ✕❁ ★✒✦❁ ✒ ❃✖✒ ✦ ✕✓✤✳★✪ ✕✒ ✦✥ ✣✬❵❛ ✖✥✤ ❀❁✓ ✦✒
✒★✤✥ ★✒ ❀✥✪✥✗✤❁❀✒ ✪❁✖❁ ❂ ✕✔❃✓✤ ❀✒✦❁ ★✒ ☎ ✕✆❃❀✒ ✯ ✢✣ ✢ ✄✤ ✕✔✕✢✒★✦❁ ✒ ✥❄❃✒✧✌❁ ✒✗❀✥✓✥ ★✤✒✦✒ ✥✖ ✩✝❘ ❙❙❬ ✬
✠❛❛❛✫ ✥ ✖❁✓✤ ❀✒✦✒ ✒☞✒ ✕✬❁ ✬ ✤✥✖❁✓ ✰
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λ
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Dant

❂ ✒ ✖✒ ✕❁ ❀ ✦ ✕✖✥★✓✌❁ ✦✒ ✒★✤✥★✒ ✢
λ

❂ ❁ ✪❁✖✗❀✕✖✥★✤❁ ✦✥ ❁ ★✦✒ ✢
✤✓✤✒ ✥❄❃✒✧✌❁ ✖❁✓✤ ❀✒ ✒ ✦ ✕✓✤✳★✪ ✕✒ ✖ ✟★✕✖✒ ✒✗❀❁✬ ✕✖✒✦✒ ✗✒❀✒ ✤ ❀✒☞✒ ✔☛✒❀✖❁✓ ★✒ ❀✥✆ ✕✌❁ ✦✥ ✪✒✖✗❁✓

✦ ✕✓✤✒★✤✥✓ ✢
�❁✆❁ ✬ ✗✒❀✒ ❁ ✪✒★✒ ✔ ✣✬ ✓✥ ✒ ✭ ❀✥❄✧★★✪ ✕✒ ✪✥★✤ ❀✒ ✔ ❂ ✠✯ ✣✠ ✝✩✢ ✥ ✪ ❂ ✒ ✏✥ ✔❁ ✪ ✕✦✒✦✥ ✦✒ ✔❃✢ ★❁ ✏✑✪❃❁ ✬

❁ ✏✒ ✔❁❀ ✦✥
λ

❂ ✰

λ =
c

f
= 0, 124378m

✩✯ ✢✠✫

Dant = 0, 087m
✩✯ ✢✡✫

✞❁✖☞ ✕★✒★✦❁ ❁✓ ❀✥✓❃✔✤✒✦❁✓ ✯ ✢✠ ✥ ✯ ✢✡ ★✒ ✥❄❃✒✧✌❁ ✯ ✢✣ ❁☞✤✥✖❁✓ ✰

d > 0, 1217m
✩✯ ✢✯✫

✙✓✓ ✕✖ ✬ ✒ ✦ ✕✓✤✳★✪ ✕✒ ❄❃✥ ❃✤ ✕✔✕✢✒✖❁✓ ✭❁ ✕ ✦✥ ✣✬❵ ✖✥✤ ❀❁✓ ✬ ☞✥✖ ✖✒✕❁❀ ❄❃✥ ❛ ✬✣✠ ✣✒ ✖ ✬ ❁ ❄❃✥ ★❁✓
✆✒❀✒★✤✥ ❄❃✥ ✒✓ ✖✥✦ ✕✦✒✓ ❀✥✒ ✔✕✢✒✦✒✓ ★❁ ✔✒☞❁❀✒✤✘❀✕❁ ✥✓✤✌❁ ★✒ ❀✥✆ ✕✌❁ ✦✥ ✪✒✖✗❁✓ ✦ ✕✓✤✒ ★✤✥✓ ✩❀✥✆ ✕✌❁
✦✥ ☎❀✒❃★☛❁ ❃✭✥ ❀✫ ✢ ✤✓✓✒ ✦ ✕✓✤✳★✪ ✕✒ ✥ ★✤ ❀✥ ✤ ❀✒ ★✓✖ ✕✓✓❁❀ ✥ ❀✥✪✥✗✤❁❀ ❂ ✒ ✕★✦✒ ✓❃✓ ✪ ✕✥★✤✥ ✗✒❀✒ ✆✒❀✒★✤ ✕❀ ✒
❀✥✆ ✕✌❁ ✦✥ ✪✒✖✗❁✓ ✦ ✕✓✤✒ ★✤✥✓ ✖✥✓✖❁ ❄❃✒★✦❁ ❃✤ ✕✔✕✢✒✖❁✓ ❁ ✪✒★✒ ✔ ✣✣✬ ✭ ✵ ✠✯☎✠ ✝✩✢ ✢

✙ ✒★✤✥★✒ ❃✤ ✕✔✕✢✒✦✒ ✭❁ ✕ ❁ ✖❁✦✥ ✔❁ ✩�❛✯❛ ✬ ☎ ✕✆❃❀✒ ✯ ✢✠ ✩❭❫❳✝❬ ✬ ✠❛❛❅✫ ✬ ✥ ✓❃✒✓ ✪✒❀✒✪✤✥ ❀✟✓✤ ✕✪✒✓
✥✓✤✌❁ ★✒ ✆✒☞✥ ✔✒ ✯ ✢✣ ✢ ✤✓✓✒ ✒★✤✥★✒ ✭❁ ✕ ✔✕✆✒✦✒ ✒❁ ✒★✒ ✔✕✓✒✦❁❀ ✦✥ ✥✓✗✥✪✤ ❀❁ ☛✁✶ ☎✶✩✡ ✩❭❫❳✝❬ ✬
✠❛❛❅✫ ✬ ☎ ✕✆❃❀✒ ✯ ✢✠ ✬ ✒✤ ❀✒✏❂✓ ✦✥ ❃✖ ✪✒☞❁ ✦✥ ✣✬❵ ✖✥✤ ❀❁✓ ✥ ❁✓ ✦✒✦❁✓ ✭❁❀✒✖ ✪❁ ✔✥✤✒✦❁✓ ❃✤ ✕✔✕✢✒★✦❁
❁ ✓❁✭✤✱✒❀✥ ☎✶✩ ✁ ✕✥✱ ❵ ✢❛ ✩❭❫❳✝❬ ✬ ✠❛❛❅✫ ✢ ✯✓ ✦✒✦❁✓ ✭❁❀✒✖ ✪❁ ✔✥✤✒✦❁✓ ✥ ✆ ❀✒✏✒✦❁✓ ✥✖ ❃✖
✪❁✖✗❃✤✒✦❁❀ ✗❁❀✤✑✤ ✕✔ ✩❯❩✞ ✬ ✠❛❛❅✫ ✢

✲ ✳✴ ✳✂ ✔✄✿✼✺ ✼☎✚✽ ✘✽✺ ✘✸✘✽✺
✯ ✒★✒ ✔✕✓✒✦❁❀ ✦✥ ✥✓✗✥✪✤ ❀❁ ✭❁ ✕ ✒✰ ❃✓✤✒✦❁ ✗✒❀✒ ✪✒✦✒ ✭✒ ✕✬✒ ✦✥ ✭ ❀✥❄✧★★✪ ✕✒ ❃✤ ✕✔✕✢✒✦✒ ✩✪✒★✒ ✕✓ ✦✥ ✣ ✒ ✣✣✫ ✢
✙ ✗✘✓ ❅ ✖ ✕★❃✤❁✓ ✬ ✒ ✤✥ ✔✒ ✦❁ ✒★✒ ✔✕✓✒✦❁❀ ✦✥ ✥✓✗✥✪✤ ❀❁ ✖❁✓✤ ❀❁ ❃ ❃✖ ✆ ❀✑✓ ✪❁ ❀✥✗❀❁ ✦❃✢ ✕✦❁ ★✒ ☎ ✕✆❃❀✒ ✯ ✢✯ ✢
✄✤ ✕✔✕✢✒❀✒✖✆✓✥ ❁✓ ❀✥✪❃❀✓❁✓ ✦❁ ✓❁✭✤✱✒❀✥ ☎✶✩ ✁ ✕✥✱ ✝© ❵ ✢❛ ✗✒❀✒ ❀✥✒ ✔✕✢✒❀ ✒ ✪✒✗✤❃❀✒ ✦✒✓ ✕★✭❁❀✖✒✧✮ ✥✓
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✪❁★✓✆ ❃❀✒✧✮ ✥✓ ✦❁✓ ✥❄❃✕✗✒✖✥★✤❁✓ ✭❁ ❀✒✖ ✖✒★✤ ✕✦✒✓ ✪❁ ★✓✤✒★✤✥✓ ✢

✞✒❀✤✌❁ ✴✞✝✞ ✌✙
☎✒ ✕✬✒ ✦✥ ☎❀✥❄✧★★✪ ✕✒ ✠✯❛❛ ✒ ✠✯❵✡ ✬❅ ✝✩✢

✆ ❂✪★✕✪✒ ✦✥ ✝❁ ✦❃✔✒✧✌❁ ✶✥❄✧★★✪ ✕✒ ✟ ✕❀✥✤✒ ✗❁❀ ✤✓✗✒ ✔☛✒✖✥★✤❁ ✤✓✗✥✪✤ ❀✒ ✔
✩✞✞✟ ✬ ✟� ✴✶✟ ✬ ✟✫✴✶✟✫

✆ ✕✗❁ ✦✥ ✙✪✥✓✓❁ ✒❁ ✝✥ ✕❁ ✞✶✝✙✭✞✙ ✩✞❁ ✔✔✕✓ ✕❁ ★ ✙✏❁ ✕✦✒★✪✥✫ ✱ ✕✤☛ ✙✞✟
✫ ✕✤ ✤ ❀❀❁❀ ☛✒✤✥ ✩✫✤☛✫ ✝✥ ✔☛❁❀ ❄❃✥
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✴❁✤★★✪ ✕✒ ✦✥ ✶✒ ✟✦✒ ✣❅ ✦✫✖ ✁ ✭✆ ✠ ✦✫✖
✪✒★☛❁ ✠ ✬❅ ✦✫

✶✥ ★✓ ✕☞ ✕✔✕✦✒✦✥ ★✒ ❀✥✪✥ ✗✧✌❁ ✦✫✖ ✆ ✎✯ ✦✫✖ ✭ ✣ ✝☞✗✓
✆ ✎ ✣ ✦✫✖ ✭ ✠ ✝☞✗✓

✆ ❵✒ ✦✫✖ ✭ ❅ ✬❅ ✝☞✗✓
✆ ❵✠ ✦✫✖ ✭ ✣✣ ✝☞✗✓

✴❁✤★★✪ ✕✒ ✞❁ ★✓❃✖❁ ✦❁ ✪✒❀✤✌❁ ✟❁✢✥ ✝❁ ✦✥ ✆ ✎ ✖✙
☛✥✪✥ ✕✏✥✦ ✝❁✦✥ ✆ ✣❵❅ ✖✙
✆❀✒★✓✖ ✕✤ ✝❁ ✦✥ ✆ ✠❵❅ ✖✙

✞❁ ★✥✪✤❁ ❀ ✴✞✝✞ ✌✙ ✞✙ ☛✟ ✶ ✔❁✤ ✆✠✗✥ ✌
✆✥✖✗✥ ❀✒✤❃❀✒ ✦✥ ❁ ✗✥ ❀✒✧✌❁ ❛ ✒ ✁❅❅

◦
✞

✟ ✕✖✥★✓✮✥✓ ✩✩ ✬ ✡ ✬ �✫ ✣✣✒ ✢❵ ✖✖ ✬ ❅✡ ✬✎❅ ✖✖ ✬ ❵ ✬✒ ✖✖
✴✥✓❁ ❅❅ ✆

✆✒☞✥ ✔✒ ✯ ✢✠ ✰ ✞✒❀✒✪✤✥ ❀✟✓✤ ✕✪✒✓ ✦❁ ✪✒❀✤✌❁ ✴✞✝✞ ✌✙ ✩✟❭❫✁ ❯✞ ✬ ✠❛❛☎✫
☛✥ ✗✥✤ ✕✖❁✓ ✒✓ ✖✥✓✖✒✓ ✖✥✦ ✕✦✒✓ ✭✥ ✕✤✒✓ ✪❁✖ ❁ ✒★✒ ✔✕✓✒✦❁❀ ✦✥ ✥✓✗✥✪✤ ❀❁ ✢ ✯✓ ❀✥✓❃✔✤✒✦❁✓ ✦❁✓ ★✟✏✥ ✕✓

✦✥ ✗❁✤★★✪ ✕✒ ❁☞✤ ✕✦❁✓ ✗✒❀✒ ✪✒✦✒ ✪✒★✒ ✔ ❃✤ ✕✔✕✢✒★✦❁ ★✥✓✓✒ ★❁✏✒ ✪❁★✓✆❃❀✒✧✌❁ ✓✌❁ ✕✔❃✓✤ ❀✒✦❁✓ ★✒✓ ☎ ✕✆❃❀✒✓
✯ ✢❵ ✥ ✫ ✢✣ ✒✤❂ ✫ ✢✣❛ ★❁ ✙ ★✥✬❁ ✫ ✢ ✜✒ ☎ ✕✆❃❀✒ ✯ ✢❵ ✬ ✥✖ ✏✥ ❀✖✥ ✔☛❁ ✬ ❁☞✓✥ ❀✏✒✖❁✓ ❁ ★✟✏✥ ✔ ✦✥ ❀❃✟✦❁ ✗❀✥✓✥ ★✤✥
✦❃❀✒★✤✥ ✒ ❀✥✒ ✔✕✢✒✧✌❁ ✦✒✓ ✖✥✦ ✕✦✒✓ ✢ ✤✖ ✏✥ ❀✦✥ ✬ ✤✥✖❁✓ ❁ ★✟✏✥ ✔ ✦✥ ✓ ✕★✒ ✔ ❀✥✪✥☞ ✕✦❁ ✢ ✙ ❀✥ ✔✒✧✌❁ ✶ ✕★✒ ✔
✆ ☛❃✟✦❁ ❂ ✏ ✕✓ ❃✒ ✔✖✥★✤✥ ✭✑✪ ✕✔ ✦✥ ✕✦✥★✤ ✕✓✪✒❀ ✗✥ ✔✒ ✦ ✕✭✥ ❀✥ ★✧✒ ✥★✤ ❀✥ ✒ ✗❁✤★★✪ ✕✒ ✦❁ ✓ ✕★✒ ✔ ❀✥✪✥☞ ✕✦❁ ✬ ✥✖
✏✥ ❀✦✥ ✬ ✥ ❁ ❀❃✟✦❁ ✬ ✥✖ ✏✥ ❀✖✥ ✔☛❁ ✢

✯ ☞✓✥ ❀✏✒★✦❁ ✒✓ ☎ ✕✆❃❀✒✓ ✯ ✢❅ ✥ ✯ ✢☎ ✗✥ ❀✪✥☞✥✖❁✓ ❄❃✥ ✗✒❀✒ ❃✖ ❀✥✪✥✗✤❁❀ ★✌❁ ✞✒❃✤❁❀✕✢✒✦❁✞ ✬ ❁ ❃ ✓✥✰ ✒ ✬
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☎ ✕✆❃❀✒ ✯ ✢✒ ✰ ✝❁ ★✤✒✆✥✖ ✦❁ ✓ ✕✓✤✥✖✒ ✗❀❁ ✗❁✓✤❁ ✗✒❀✒ ✖✥✦ ✕✦✒✓ ✥✬ ✤✥ ❀★✒✓

☎ ✕✆❃❀✒ ✯ ✢❵ ✰ ☛✥✓❃✔✤✒✦❁ ❁☞✤ ✕✦❁ ❃✤ ✕✔✕✢✒★✦❁ ✒ ✖❁★✤✒✆✥✖ ✦❁ ✓ ✕✓✤✥✖✒ ✗❀❁ ✗❁✓✤❁ ✗✒❀✒ ❁ ✪✒★✒ ✔ ✣ ✩✠✯ ✣✠
✝✩✢✫



�✁✂ ✄☎✆✝✞ � ✟ ✁✂ ✆☛ ☎✡☛ ✂ ✁☞✁ ✁ ✡✠ ✝✍✄ ✡☛ ☎✯

✓✥✖ ❁ ✪✘✦ ✕✆❁ ❄❃✥ ✆✥ ❀❁ ❃ ❁ ✥✓✗✒ ✔☛✒✖✥★✤❁ ✬ ❁ ✓ ✕★✒ ✔ ✓✥ ❀✕✒ ✪❁ ★✭❃★✦ ✕✦❁ ✪❁✖ ❀❃✟✦❁ ✢ ✤✓✓✒ ✪✒❀✒✪✤✥ ❀✟✓✤ ✕✪✒
✭❁ ✕ ❁ ❄❃✥ ✖✒ ✕✓ ✪☛✒✖❁❃ ✒✤✥ ★✧✌❁ ★✥✓✤✒ ✤❂✪★✕✪✒ ✦✥ ✖❁✦❃✔✒✧✌❁ ✬ ✭✒✢✥ ★✦❁ ✪❁✖ ❄❃✥ ✒ ❃✤ ✕✔✕✢✒✧✌❁ ✦❁
✥✓✗✒ ✔☛✒✖✥★✤❁ ✥✓✗✥✪✤ ❀✒ ✔ ✗❁❀ ✓✥❄✧★★✪ ✕✒ ✦ ✕❀✥✤✒ ✩✟✶✶✶✫ ❁ ❃ ✗❁❀ ✓✒ ✔✤❁ ✥✖ ✭ ❀✥❄✧★★✪ ✕✒ ✩☎✩✶✶ ✫ ✭❁✓✓✥✖
❀✥✓✤ ❀✕✤✒✓ ✒✓ ✒✗✔✕✪✒✧✮✥✓ ✖ ✕✔✕✤✒❀✥✓ ✢

✩❁✰ ✥ ✕✓✓❁ ❂ ☞✥✖ ✦ ✕✭✥ ❀✥ ★✤✥ ✥ ❁ ✥✓✗✒ ✔☛✒✖✥★✤❁ ✥✓✗✥✪✤ ❀✒ ✔ ✥✓✤✒ ✓✥★✦❁ ❃✤ ✕✔✕✢✒✦❁ ✥✖ ✏✑ ❀✕❁✓ ✦ ✕✓✗❁✆
✓ ✕✤ ✕✏❁✓ ✪❁✖✥ ❀✪ ✕✒ ✕✓ ✥ ❀✥✓ ✕✦✥ ★✪ ✕✒ ✕✓ ✢ ✙ ✗✔✒✪✒ ✦✥ ❀✥✦✥ ✓✥✖ ✓❁ ❃✤ ✕✔✕✢✒✦✒ ★✥✓✤✥ ✤ ❀✒☞✒ ✔☛❁ ❂ ❃✖ ✦✥✓✤✥✓
✦ ✕✓✗❁✓ ✕✤ ✕✏❁✓ ✢

✯ ✗❀❁ ✪✥✓✓❁ ✬ ✦✥✓✪ ❀✕✤❁ ✒✪ ✕✖✒ ✬ ✕✔❃✓✤ ❀✒ ✦✥ ✭❁❀✖✒ ✓ ✕✖✗✔✥✓ ✪❁✖❁ ✒ ✗✔✒✪✒ ✦✥ ❀✥✦✥ ✓✥✖ ✓❁ ❃✤ ✕✔✕✢✒✦✒
★✥✓✤✥ ✤ ❀✒☞✒ ✔☛❁ ✭❃★✪ ✕❁ ★✒ ✢

✙✓ ☎ ✕✆❃❀✒✓ ❁☞✤ ✕✦✒✓ ✬ ✯ ✢❵ ✥ ✫ ✢✣ ✒✤❂ ✫ ✢✣❛ ✬ ✕✔❃✓✤ ❀✒ ❁✓ ❀✥✓❃✔✤✒✦❁✓ ✗✒❀✒ ✪✒✦✒ ❃✖ ✦❁✓ ✪✒★✒ ✕✓ ✗❁✓✓ ✟✏✥ ✕✓ ✢
✙ ✓ ✦ ✕✓✪ ❀✥✗✳★✪ ✕✒✓ ✥ ★✤ ❀✥ ❁✓ ★✟✏✥ ✕✓ ✦✥ ✗❁✤★★✪ ✕✒ ✖❁✓✤ ❀✒✦❁ ★✒ ☎ ✕✆❃❀✒ ✯ ✢✯ ✥ ★✒ ☎ ✕✆❃❀✒ ✯ ✢❵ ✬ ✓✥ ✦✥✏✥✖

✒❁ ✭✒✤❁ ❄❃✥ ❁ ✪✒❀✤✌❁ ✴✞✝✞ ✌✙ ✗❁✓✓❃✕ ❃✖✒ ✒★✤✥★✒ ✪❁✖ ✆✒★☛❁ ✦✥ ✠ ✬❅ ✦✫ ✬ ✆✒☞✥ ✔✒ ✯ ✢✠ ✢ ✤✓✓✥ ✆✒★☛❁
✒✦ ✕✪ ✕❁ ★✒ ✔ ✓✥ ❀✥✲✥✤✥ ★✒ ❁☞✤✥ ★✧✌❁ ✦✥ ★✟✏✥ ✕✓ ❃✖ ✗❁❃✪❁ ✖✒ ✕✓ ✒ ✔✤❁✓ ✬ ☎ ✕✆❃❀✒ ✯ ✢❵ ✬ ❄ ❃✥ ❁✓ ❁☞✤ ✕✦❁✓ ❃✓✒★✦❁
❁ ✒★✒ ✔✕✓✒✦❁❀ ✦✥ ✥✓✗✥✪✤ ❀❁ ✬ ☎ ✕✆❃❀✒ ✯ ✢✯ ✢ ✙ ✓ ✥✬ ✤ ❀✥✖ ✕✦✒✦✥✓ ✒✗❀✥✓✥ ★✤✒✖ ★✟✏✥ ✕✓ ✦✥ ✗❁✤★★✪ ✕✒ ✖✥★❁❀ ❄❃✥
★✒ ❀✥✆ ✕✌❁ ✪✥★✤ ❀✒ ✔✬ ✗✒❀✒ ✖ ✕★✕✖ ✕✢✒❀ ✒ ✓❁ ☞❀✥ ✗❁✓ ✕✧✌❁ ✪❁✖ ❁✓ ✪✒★✒ ✕✓ ✏ ✕✢ ✕★☛❁✓ ✢ ✴✒❀✒ ✪❁✖✗✥★✓✒❀ ✕✓✓❁ ✬
❁ ✤ ❀✒ ★✓✖ ✕✓✓❁❀ ✥ ★✏ ✕✒ ✖✒ ✕✓ ✦✥ ❃✖ ✕✖✗❃✔✓❁ ✬ ✪❁✖ ❃✖✒ ✒✖✗✔✕✤ ❃✦✥ ✖✥★❁❀✬ ✥✖ ✗✥❄❃✥★❁✓ ✕★✤✥ ❀✏✒ ✔❁✓ ✦✥
✤✥✖✗❁ ✬ ✦✥ ✭❁❀✖✒ ❄❃✥ ✒ ✓❁✖✒ ✦✒✓ ✒✖✗✔✕✤ ❃✦✥✓ ✦❁✓ ✕✖✗❃✔✓❁✓ ✓✥✰ ✒ ✓✥✖✥ ✔☛✒★✤✥ ✱ ✓ ✕✤ ❃✒✧✌❁ ❄❃✒★✦❁ ✓✥
✤ ❀✒★✓✖ ✕✤✥ ❃✖ ✕✖✗❃✔✓❁ ★✒ ❀✥✆ ✕✌❁ ✪✥★✤ ❀✒ ✔✢

✯✓ ★✟✏✥ ✕✓ ✦✥ ✗❁✤★★✪ ✕✒ ✒✗❀✥✓✥★✤✒✦❁✓ ★✒✓ ☎ ✕✆❃❀✒✓ ✯ ✢❵ ✥ ✫ ✢✣ ✒✤❂ ✫ ✢✣❛ ✬ ✰ ✑ ✓✌❁ ★✟✏✥ ✕✓ ✦✥ ✗❁✤★★✪ ✕✒
✦ ✕✓✗❁★✟✏✥ ✕✓ ✗✒❀✒ ✤ ❀✒ ★✓✖ ✕✓✓✌❁ ✥ ✗❁✓✓❃✥✖ ❃✖ ✆✒★☛❁ ✒✦ ✕✪ ✕❁ ★✒ ✔✬ ✪❁✖❁ ✰ ✑ ✪ ✕✤✒✦❁ ✬ ✦✥✏ ✕✦❁ ✒ ✒★✤✥★✒
✗❀✥✓✥ ★✤✥ ★❁ ✪✒❀✤✌❁ ✴✞✝✞ ✌✙ ✢

✯✓ ★✟✏✥ ✕✓ ✦✥ ✗❁✤★★✪ ✕✒ ❁☞✤ ✕✦❁✓ ✪❁✖ ✒★✒ ✔✕✓✒✦❁❀ ✦✥ ✥✓✗✥✪✤ ❀❁ ✬ ☎ ✕✆❃❀✒ ✯ ✥ ✙ ✢✣ ✒✤❂ ✙ ✢✣❛ ✬ ★✒ ❀✥✆ ✕✌❁
✪✥★✤ ❀✒ ✔✬ ✗❁✓✓❃✥✖ ★✟✏✥ ✕✓ ✥ ★✤ ❀✥ ✆✯❛✦✫ ✥ ✆✯❅✦✫ ✢ ✯✓ ★✟✏✥ ✕✓ ✦✥ ✗❁✤★★✪ ✕✒ ❁☞✤ ✕✦❁✓ ✪❁✖ ✒ ❃✤ ✕✔✕✢✒✧✌❁
✦❁ ✓❁✭✤✱✒❀✥ ✜✥✤✶✤ ❃✖☞ ✔✥ ❀ ✥ ✦❁ ✪✒❀✤✌❁ ✴✞✝✞ ✌✙ ✓✪✒❀✒✖ ✥★✤ ❀✥ ✆✡❵✦✫ ✥ ✆✯✡✦✫ ✢ ✟✥✏✥✖❁✓ ✔✥✖ ☞❀✒❀✬
✤✒✖ ☞❂✖ ✬ ❄❃✥ ✭❁ ✕ ❃✤ ✕✔✕✢✒✦❁✓ ❃✖ ✪✒☞❁ ✗✥❄❃✥★❁ ✩❭❚❱ ✬ ✠❛❛❅✫ ✦✥ ❛ ✬✡☎ ✖✥✤ ❀❁✓ ✪❁✖ ✦❁ ✕✓ ✪❁ ★✥✪✤❁❀✥✓ ✬
✒ ✔❂✖ ✦❁ ✗✕✆✤✒ ✕✔ ✪❁✖ ✓✥❃ ✪❁✖✗❀✕✖✥★✤❁ ✦✥ ❛ ✬✠❛ ✖ ✥ ✦❁ ✕✓ ✪❁ ★✥✪✤❁ ❀✥✓ ✒✦ ✕✪ ✕❁ ★✒ ✕✓ ❃✤ ✕✔✕✢✒✦❁✓ ✗✒❀✒
✗✥ ❀✖ ✕✤ ✕❀ ✒ ✪❁★✥✬✌❁ ✦❁ ✪✒❀✤✌❁ ✴✞✝✞ ✌✙ ✒❁ ✪✒☞❁ ✪❁ ★✥✪✤✒✦❁ ✒ ✒★✤✥ ★✒ ❃✤ ✕✔✕✢✒✦✒ ★✒✓ ✖✥✦ ✕✧✮ ✥✓ ★❁
✔✒☞❁❀✒✤✘❀✕❁ ✢

✶✥ ★✦❁ ✒✓✓ ✕✖ ✬ ✓✥ ❃✤ ✕✔✕✢✒❀✖❁✓ ❃✖ ✏✒ ✔❁❀ ✖❂✦ ✕❁ ✦✥ ✆✯❛✦✫ ❁☞✤ ✕✦❁ ✗✥ ✔❁ ✓❁✭✤✱✒❀✥ ✜✥✤✶✤ ❃✖☞ ✔✥ ❀✢ ✤
✒✦ ✕✪ ✕❁ ★✒❀✖❁✓ ✰
• ✪✒★☛❁ ✦❁ ✪✒❀✤✌❁ ✵ ✠ ✬❅ ✦✫✮

• ✴✥ ❀✦✒✓ ★❁ ✪✒☞❁ ✩✆❛ ✬❛✎❛✒✠✦✫✫ ✁ ✞❁ ★✥✪✤❁ ❀✥✓ ✩✆✣✦✫✫ ✵ ✆✣✬❛✎❛✒✠ ✦✫✮

• ✴✥ ❀✦✒✓ ★❁ ✪✒☞❁ ✩✆❛ ✬✠✡✠ ✦✫✫ ✁ ✞❁ ★✥✪✤❁ ❀✥✓ ✩✆✣✦✫✫✵ ✆ ✣✬✠✡✠ ✦✫ ✢
✙ ✓✓ ✕✖ ✬ ✤✥ ❀✥✖❁✓ ✰ ✴ ✵ ✆✯❛ ✁ ✠ ✬❅ ✆ ✣✬❛✎❛✒✠ ✆ ✣✬✠✡✠ ✵ ✆✡✎ ✬❵✠✠✒✠ ✦✫✖ ✢



�✁✂ ✄☎✆✝✞ � ✟ ✁✂ ✆☛ ☎✡☛ ✂ ✁☞✁ ✁ ✡✠ ✝✍✄ ✡☛ ☎❅
✤✓✓✥ ✏✒ ✔❁❀ ✥✓✤✒ ✗❀✒✤ ✕✪✒✖✥★✤✥ ✦✥★✤ ❀❁ ✦✒ ✭✒ ✕✬✒ ✦✥ ✗❁✤★★✪ ✕✒ ❁☞✤ ✕✦✒ ❃✤ ✕✔✕✢✒★✦❁ ❁ ✒★✒ ✔✕✓✒✦❁❀ ✦✥

✥✓✗✥✪✤ ❀❁ ✢ ✤✓✓✥✓ ❀✥✓❃✔✤✒✦❁✓ ✗❁✓✓ ✕☞ ✕✔✕✤✒✖ ✒ ❃✤ ✕✔✕✢✒✧✌❁ ✦❁ ✖❂✤❁✦❁ ✦✥ ✪❁ ✔✥✤✒ ✦✥ ✦✒✦❁✓ ✗❀❁ ✗❁✓✤❁
✤✒★✤❁ ✗✒❀✒ ✒★✒ ✔✕✓✥✓ ❄❃✒ ✔✕✤✒✤ ✕✏✒✓ ❄❃✒★✤❁ ✗✒❀✒ ✒ ✒★✒ ✔✕✓✥ ❄❃✒★✤ ✕✤✒✤ ✕✏✒✓ ✢ ✟✥✏✥✖❁✓ ✔✥✖ ☞❀✒❀ ❄ ❃✥
❃✖✒ ✒★✒ ✔✕✓✥ ❄❃✒★✤ ✕✤✒✤ ✕✏✒ ✖✒ ✕✓ ✗❀✥✪ ✕✓✒ ✥ ✪❁ ★✓✑✏✥ ✔ ✓✥ ❀✕✒ ★✥✪✥✓✓✑ ❀✕❁ ✱ ❃✤ ✕✔✕✢✒✧✌❁ ✦❁ ✒★✒ ✔✕✓✒✦❁❀
✦✥ ✥✓✗✥✪✤ ❀❁ ✥✖ ✤❁✦✒✓ ✒✓ ✖✥✦ ✕✧✮✥✓ ❀✥✒ ✔✕✢✒✦✒✓ ✢ ✜❁ ✥★✤✒★✤❁ ✬ ✗✒❀✒ ❁✓ ❁☞✰ ✥✤ ✕✏❁✓ ✗❀❁ ✗❁✓✤❁✓ ★✥✓✤✥
✤ ❀✒☞✒ ✔☛❁ ✬ ✦✥★✤ ❀❁ ✦✒✓ ✔✕✖ ✕✤✒✧✮✥✓ ✥★✪❁ ★✤ ❀✒✦✒✓ ✬ ❁✓ ❀✥✓❃✔✤✒✦❁✓ ✓✌❁ ✏✒ ✔✕✦❁✓ ✥ ✓❃✓ ✪ ✕✥★✤✥✓ ✗✒❀✒ ✓✥ ❀✥✖
✪❁★✓ ✕✦✥ ❀✒✦❁✓ ✗✥ ❀✭✥ ✕✤✒✖✥★✤✥ ✓✒✤ ✕✓✭✒✤✘❀✕❁✓ ✢
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☞ ✍ ✎✏✑ ☞ ☛ ✁☞ ✁ ✝✎✂✁ ✍ ✁☛

✙✓ ✖✥✦ ✕✧✮✥✓ ❀✥✒ ✔✕✢✒✦✒✓ ★❁ ✔✒☞❁❀✒✤✘❀✕❁ ✬ ✦✥✓✪ ❀✕✤✒✓ ★❁ ✪✒✗✕✤ ❃ ✔❁ ✒★✤✥ ❀✕❁ ❀✬ ✓✥ ❀✏ ✕❀✒✖ ✗✒❀✒ ✏✒ ✔✕✦✒❀ ❁
✖❂✤❁✦❁ ✦✥ ✖✥✦ ✕✧✌❁ ❃✤ ✕✔✕✢✒★✦❁ ❁ ✪❁✖✗❃✤✒✦❁❀ ✗❁❀✤✑✤ ✕✔ ✪❁✖ ❁ ✓❁✭✤✱✒❀✥ ✦✥ ✒❄❃✕✓ ✕✧✌❁ ✢ ✙ ✗✒❀✤ ✕❀
✦✥✓✓✥ ✗❁ ★✤❁ ✬ ✭❁❀✒✖ ❀✥✒ ✔✕✢✒✦✒✓ ✒✓ ✖✥✦ ✕✧✮✥✓ ✥✬ ✤✥ ❀★✒✓ ★✥✪✥✓✓✑ ❀✕✒✓ ✗✒❀✒ ✓✥ ✪☛✥✆✒❀ ✒❁✓ ❁☞✰ ✥✤ ✕✏❁✓
✦✥✓✥✰ ✒✦❁✓ ✢ ✙ ✪❁ ✔✥✤✒ ✦✥ ✦✒✦❁✓ ✦✥✓✪ ❀✕✤✒ ✒☞✒ ✕✬❁ ✓✥ ✦ ✕✏ ✕✦✥ ✥✖ ✰ ✖✥✦ ✕✦✒✓ ✥✬ ✤✥ ❀★✒✓ ✥✖ ✒✖ ☞ ✕✥ ★✤✥
❃❀☞✒★❁ ✥ ✖✥✦ ✕✦✒✓ ✦❁✓ ✥ ★✔✒✪✥✓ ✦✥ ✦✒✦❁✓ ✥ ★✤ ❀✥ ✪ ✕✦✒✦✥✓ ✢

✙ ✓ ✖✥✦ ✕✦✒✓ ✥✬ ✤✥ ❀★✒✓ ✥✖ ✒✖☞ ✕✥ ★✤✥ ❃❀☞✒★❁ ✓✌❁ ❃✖ ✪❁★✰ ❃★✤❁ ✦✥ ✦✒✦❁✓ ✪❁ ✔✥✤✒✦❁✓ ✥✖ ❃✖✒ ✓ ✕✤ ❃✒✆
✧✌❁ ✥✖ ❄❃✥ ✒ ✒★✤✥ ★✒ ✦✒ ✥✓✤✒✧✌❁ ❀✑✦ ✕❁ ☞✒✓✥ ✬ ✦✥ ❃✖✒ ❀✥✦✥ ✓✥✖ ✓❁ ✬ ✤ ❀✒★✓✖ ✕✤✥ ✗✒❀✒ ✦ ✕✏✥ ❀✓✒✓ ✒★✤✥ ★✒✓
✪ ✔✕✥ ★✤✥✓ ✬ ✒ ✔✥✒✤❁❀✕✒✖✥★✤✥ ✦ ✕✓✤ ❀✕☞❃✟✦✒✓ ✬ ★❃✖✒ ✪❁ ★✓✆❃❀✒✧✌❁ ✪❁ ★☛✥✪ ✕✦✒ ✪❁✖❁ ✗❁★✤❁✆✖❃✔✤ ✕✗❁ ★✤❁ ✢

✙✓ ✖✥✦ ✕✧✮✥✓ ✦❁✓ ✥ ★✔✒✪✥✓ ✦✥ ✦✒✦❁✓ ✓✌❁ ❃✖ ✪❁★✰ ❃★✤❁ ✦✥ ✦✒✦❁✓ ❁☞✤ ✕✦❁✓ ✥✖ ✓ ✕✤ ❃✒✧✮✥✓ ✦✥ ✪❁✖❃✆
★✕✪✒✧✌❁ ✗❁ ★✤❁✆✒✆✗❁ ★✤❁ ✥★✤ ❀✥ ✪ ✕✦✒✦✥✓ ✢

✄ ✑✁ ✓✖✕ ✜✕✢☎ ✖�✚✖ ✙✛✢☎ ✖✄ ✢✄ ✆ ✜✖ ✛✚✖ ☎✙✆✢✛✔

✙✓ ✖✥✦ ✕✦✒✓ ❁☞✤ ✕✦✒✒ ✦✥ ✖✥✦ ✕✧✮✥✓ ✥✬ ✤✥ ❀★✒✓ ✥✖ ✒✖☞ ✕✥ ★✤✥ ❃❀☞✒★❁ ✭❁❀✒✖ ❀✥✒ ✔✕✢✒✦✒✓ ★✒ ✪ ✕✦✒✦✥ ✦✥
✤✓✗✥ ❀✒★✧✒ ✬ ✕★✤✥ ❀✕❁ ❀ ✦❁ ✥✓✤✒✦❁ ✦✒ ✴✒❀✒ ✟☞✒ ✬ ✫ ❀✒✓ ✕✔✬ ✏✥✰ ✒ ✆✒☞✥ ✔✒ ❅ ✢✣ ✢

✙ ✪ ✕✦✒✦✥ ✦✥ ✤✓✗✥ ❀✒★✧✒ ✭❁ ✕ ✥✓✪❁ ✔☛ ✕✦✒ ✗❁❀ ✰ ✑ ✗❁✓✓❃✕❀✬ ✦✥✓✦✥ ✰ ❃★☛❁ ✦✥ ✠❛❛✡ ✬ ✤❁ ✦✒ ✕★✭ ❀✒✆✥✓✤ ❀❃✤❃❀✒
✕★✓✤✒ ✔✒✦✒ ✪❁✖ ✒ ✤✥✪★❁ ✔❁✆ ✕✒ ✠ ✝✡✝ ✝ ✥ ✗✥ ✔✒ ✭✒✪ ✕✔✕✦✒✦✥ ✥✖ ❀✥✒ ✔✕✢✒❀ ✒✓ ✖✥✦ ✕✦✒✓ ★✥✪✥✓✓✑ ❀✕✒✓ ✢

✙ ✕★✭ ❀✒✆✥✓✤ ❀❃✤❃❀✒ ✬ ✦✥✓✪ ❀✕✤✒ ★✒ ☎ ✕✆❃❀✒ ❅ ✢✣✬ ✕★✓✤✒ ✔✒✦✒ ✗✒❀✒ ✦ ✕✓✤ ❀✕☞❃✕✧✌❁ ✓✥✖ ✓❁ ✦❁ ✒✪✥✓✓❁ ✒
✌★✤✥ ❀★✥✤ ✬ ★❁ ✒✖☞ ✕✥ ★✤✥ ❃❀☞✒★❁ ✬ ✪❁ ★✓ ✕✓✤✥ ✥✖ ✰ ❀❁✤✥✒✦❁❀✬ ✓✥ ❀✏ ✕✦❁❀✬ ✥ ✙ ✴ ✩✤☛✫✫ ✢

✯ ❀❁✤✥✒✦❁❀ ✩❲ ❯❱❲❫ ✬ ✠❛❛☎✫ ✓✥ ❀✏✥ ✦✥ ✕★✤✥ ❀✭✒✪✥ ✥★✤ ❀✥ ❁ ✓✥ ❀✏ ✕✦❁ ❀ ✗❀✕★✪ ✕✗✒ ✔ ✥ ❁ ✖❁✦✥✖ ✦✥ ✒✪✥✓✓❁
✒ ✌★✤✥ ❀★✥✤ ✭❁❀★✥✪ ✕✦❁ ✗✥ ✔✒ ✪❁✖✗✒★☛ ✕✒ ✤✥ ✔✥✭✝★✕✪✒ ✩✦❘ ❭✞ ❯❴ ✬ ✠❛❛☎✫ ✩✶✥ ❀✏ ✕✧❁ ✦✥ ✒✪✥✓✓❁ ✦✥✦ ✕✪✒✦❁ ✒
✌★✤✥ ❀★✥✤✫ ✢

✯ ✓✥ ❀✏ ✕✦❁❀✬ ✪❁ ★✥✪✤✒✦❁ ✒❁ ❀❁✤✥✒✦❁❀✬ ❂ ❀✥✓✗❁ ★✓✑✏✥ ✔ ✗❁❀ ✤❁ ✦❁ ❁ ✆✥ ❀✥★✪ ✕✒✖✥★✤❁ ✦❁ ✲ ❃✬❁ ✦✥
✦✒✦❁✓ ✥★✤ ❀✥ ✒ ❀✥✦✥ ✓✥✖ ✓❁ ✥ ✒ ✌★✤✥ ❀★✥✤ ✬ ❃✤ ✕✔✕✢✒★✦❁ ❁ ✓ ✕✓✤✥✖✒ ❁✗✥ ❀✒✪ ✕❁ ★✒ ✔ � ✕★❃✬ ✩✓❁✭✤✱✒❀✥ ✔✕✏ ❀✥✫

☎☎
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✞ ✕✦✒✦✥ ✰ ✤✓✗✥ ❀✒★✧✒ ✙ ❀✥ ✕✒ ✔ ✙ ❀✥ ✕✒ �✒✆❁✒ ✶✥✪✒ ✞✒✖✗✕★✒
✪ ❀✒★✦✥

☎❃★✦✒✧✌❁ ✰ ✣✎✠❅ ✣✎☎ ✣ ✣❵ ✣❅ ✣✎☎✯ ✣✒❵❵
✙ ✔✤ ✕✤ ❃✦✥
✩✖✫ ✰ ☎✯✎ ✒✠✠ ☎✡❛ ☎❵❅ ❅❅❅

✴❁ ✗❃✔✒✧✌❁
✩✜ ☛✒☞ ✕✤✒★✤✥✓✫ ✰ ✠❵❅✠✯ ☎❛ ✣☎ ✠✯❵✒✎ ✠❅✒✣✒ ✡✒☎ ✣✡✠
✁ ❀✥✒ ✆❁✤✒ ✔

✩
km2✫ ✰ ✣☎❅ ✬✣✎ ✡✡ ✬✎✯ ✠☎✎ ✬✯✠ ✣❛✎ ✬✡✯ ☎✠❛ ✬☎✡
✟✥ ★✓ ✢

✟✥✖❁✆ ❀✑✓✪✒ ✣✒✠ ✬☎✒ ✣✒✒ ✬✠❅ ✎✠ ✬✡✯ ✠✡❅ ✬✠❛ ☎❛☎ ✬❛❅
✩☛✒☞✭

km2✫ ✰
✞❁❁❀✦✥★✒✦✒✓ ✶ ❛✒

◦
❛✣✢✠✣✠ ✂ ✶ ❛✒

◦
❛✡ ✢✣✣✣ ✂ ✶ ❛☎

◦
❅✒ ✢✎✯☎ ✂ ✶ ❛✒

◦
❛✎ ✢✒✠✣ ✂ ✶ ❛✒

◦
✣✠ ✢☎✯✎ ✂

✪✥❁✆ ❀✑✓ ✪✒✓ ✰ ✡ ✡❅
◦
❅ ✣✢❅❛✒ ✂ ✡ ✡❅

◦
❅❅ ✢✯✒❅ ✂ ✡ ✡❅

◦
✯✠ ✢✣❅❅ ✂ ✡ ✡❅

◦
❅ ✣✢✣☎☎ ✂ ✡ ✡❅

◦
❅✠ ✢❅☎✠ ✂

✟ ✕✓✤✳★✪ ✕✒ ✦✒
✞✒✗✕✤✒ ✔ ✩�✖✫ ✰ ≈ 145 ≈ 152 ≈ 135 ≈ 127 ≈ 120

✆✒☞✥ ✔✒ ❅ ✢✣ ✰ ✟✒✦❁✓ ✆✥ ❀✒ ✕✓ ✦✒✓ ✪ ✕✦✒✦✥✓ ❁ ★✦✥ ✭❁❀✒✖ ❀✥✒ ✔✕✢✒✦✒✓ ✒✓ ✖✥✦ ✕✧✮ ✥✓ ✢ ✩ ❯❩✦❬ ✬ ✠❛❛❅✫

☎ ✕✆❃❀✒ ❅ ✢✣ ✰ ✌★✭ ❀✒✆✥✓✤ ❀❃✤❃❀✒ ✗✒❀✒ ✦ ✕✓✤ ❀✕☞❃✕✧✌❁ ✥✖ ✒✖☞ ✕✥ ★✤✥ ❃❀☞✒★❁



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✡✠ ✝✍✄ ✡☛ ✞✡✁ ✝✝✁✁✠✁☛ ☎❵

✦✥✏ ✕✦✒✖✥★✤✥ ✪❁ ★✓✆❃❀✒✦❁ ✗✒❀✒ ❀✥✒ ✔✕✢✒❀ ✤✒ ✔ ✤✒❀✥✭✒ ✢ ✜✥✓✓✥ ✓✥ ❀✏ ✕✦❁ ❀ ✤✒✖☞❂✖ ✭❁ ✕ ✪❁ ✔❁ ✪✒✦❁ ❃✖ ✓ ✕✓✤✥✖✒
✦✥ �❁✶ ✩� ❃✒ ✔✕✦✒✦✥ ✦❁ ✶✥ ❀✏ ✕✧❁ ✫ ✩✝❘ ✟❬❴✦ ❨ ❴❬✦ ❯✬ ✠❛❛✡✫✆ ✩✆ ❯✞ ❨ �❘✞❘ ❙❯✟❫✥❭ ✬ ✠❛❛✣✫ ✗✒❀✒ ✖✥ ✔☛❁❀
✒✗❀❁✏✥ ✕✤✒✖✥★✤❁ ✦❁✓ ❀✥✪❃❀✓❁✓ ✦ ✕✓ ✗❁ ★✟✏✥ ✕✓ ✢

✙ ✥✓✤✒✧✌❁ ❀✒✦ ✕❁ ☞✒✓✥ ✬ ✓ ✕✤ ❃✒✦✒ ✥✖ ✪✕✖✒ ✦✥ ❃✖ ✥✦ ✕✭ ✟✪ ✕❁ ✦✥ ✤ ❀★✓ ✒★✦✒❀✥✓ ✬ ✪❁ ★✓ ✕✓✤✥ ✦✥ ✰
• ✙ ★✤✥★✒ ✯✖★✕ ✟ ✕❀✥✪ ✕❁ ★✒ ✔ ✦✥ ✣❅ ✦✫ ✕ ✩☎ ✕✆❃❀✒ ❅ ✢✠ ✥ ✆✒☞✥ ✔✒ ❅ ✢✠✫ ✮
• ✆❃☞❁ ✦✥ ✒✧❁ ✆✒ ✔✏✒★✕✢✒✦❁ ✬ ✪❁✖ ❃✖✒ ✗❁ ✔✥✆✒✦✒ ✦✥ ✦ ✕✳✖✥✤ ❀❁ ✥ ❅ ✖✥✤ ❀❁✓ ✦✥ ✪❁✖✗❀✕✖✥★✤❁ ✬

✗✒❀✒ ✓❃✓✤✥★✤✒✧✌❁ ✦✒ ✒★✤✥★✒ ❁✖★✕✮
• ✞✒☞❁ ✪❁✖ ☎ ✖✥✤ ❀❁✓ ✦✥ ✪❁✖✗❀✕✖✥★✤❁ ✩☎ ✕✆❃❀✒ ❅ ✢✡✫ ✮
• ✞❁ ★✥✪✤❁❀✥✓ ✮
• ✞✒❀✤✌❁ ✴✞✝✞ ✌✙ ✡ ✕❀✥ ✔✥✓✓ ✩✟❭❫✁ ❯✞ ✬ ✠❛❛☎✫ ✮
• ✴❁★✤❁ ✦✥ ✒✪✥✓✓❁ ✆ ✩✟❭❫✁ ❯✞ ✬ ✠❛❛☎✫ ✩☎ ✕✆❃❀✒ ❅ ✢✯ ✫ ✮
• ✞✒☞❁ ✗✒❀ ✤ ❀✒★✧✒✦❁ ✪❁✖ ✠❛ ✖✥✤ ❀❁✓ ✩☎ ✕✆❃❀✒ ❅ ✢❅✫ ✮
• ✞❁ ★✥✪✤❁❀✥✓ ☛✝ ✯❅ ✩☎ ✕✆❃❀✒ ❅ ✢❅✫ ✢

�✘☞❃✔❁ ✦✥ ✌❀❀✒✦ ✕✒✧✌❁ ✰ ✁✥ ❀✤ ✕✪✒ ✔
✴✥✓❁ ❛ ✬❵✠❛ �✆

✞❁✖✗❀✕✖✥★✤❁ ✣✬❅☎ ✖
✝✒✤✥ ❀✕✒ ✔ ✦❁ ☛✒✦❁✖✥ ☎ ✕☞✥ ❀✆ ✔✒✓✓
☛✥✓ ✕✓✤★★✪ ✕✒ ✒❁ ✏✥ ★✤❁ ✣❛❛ �✖✭☛

✞❁ ★✥✪✤❁❀✕✢✒✧✌❁ ✞✜ ✞☎★✖✥✒
☎❀✥❄✧★★✪ ✕✒ ✠ ✢✯❛❛ ✆ ✠ ✢❅❛❛ ✝✩✢
✪✒★☛❁ ✣❅ ✦✫ ✕

✌✖✗✥✦✳★✪ ✕✒ ❅❛ ✯ ☛✖
✝✑✬ ✕✖✒ ✗❁✤★★✪ ✕✒ ✦✥ ✥★✤ ❀✒✦✒ ✭

✄✤ ✕✔✕✢✒✦✒ ★✒ ✤☛✫ ✣❛❛ ✡ ✭ ✣ ✡
✁✶✡ ☛ ✣ ✰ ✣ ✢❅ ✖✒✬

✴❁ ✔✒❀✕✢✒✧✌❁ ✁✥ ❀✤ ✕✪✒ ✔

✆✒☞✥ ✔✒ ❅ ✢✠ ✰ ✞✒❀✒✪✤✥ ❀✟✓✤ ✕✪✒✓ ✦✒ ✒★✤✥ ★✒ ❁✖★✕ ✦ ✕❀✥✪ ✕❁ ★✒ ✔
✙ ✒★✤✥★✒ ❁✖★✕✆✦ ✕❀✥✪ ✕❁ ★✒ ✔ ✦✒ ✤☛✫ ✬ ★❁ ✔❁ ✪✒ ✔ ❁ ★✦✥ ✭❁ ✕ ✪❁ ✔❁ ✪✒✦✒ ✬ ✗❁✓✓❃✕ ✏ ✕✓ ✕☞ ✕✔✕✦✒✦✥ ✦✥ ✒✗❀❁✬ ✕✖✒✆

✦✒✖✥★✤✥ ✎❛� ✦✒ ✑ ❀✥✒ ❃❀☞✒★✒ ✦✒ ✪ ✕✦✒✦✥ ✦✥ ✤✓✗✥ ❀✒★✧✒ ✮ ✏✥✰ ✒ ✭❁✤❁✓ ✤ ✕❀✒✦✒✓ ★❁ ✔❁ ✪✒ ✔ ★✒✓ ☎ ✕✆❃❀✒✓ ❅ ✢☎



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✡✠ ✝✍✄ ✡☛ ✞✡✁ ✝✝✁✁✠✁☛ ☎✎

☎ ✕✆❃❀✒ ❅ ✢✠ ✰ ✙ ★✤✥ ★✒ ✯✖★✕ ✟ ✕❀✥✪ ✕❁ ★✒ ✔ ❃✤ ✕✔✕✢✒✦✒ ★✒ ✤☛✫ ✥ ✓✥❃ ✦ ✕✒✆ ❀✒✖✒ ✦✥ ✕❀❀✒✦ ✕✒✧✌❁

☎ ✕✆❃❀✒ ❅ ✢✡ ✰ ✞✒☞❁ ☛✪✞ ✠✣✡ ❃✤ ✕✔✕✢✒✦❁ ★✒ ✤☛✫ ✥ ★✒✓ ✪❁ ★✥✬✮ ✥✓ ✦✒✓ ✒★✤✥★✒✓ ✪ ✔✕✥ ★✤✥✓ ✢ ✴❁✓✓❃✕ ✗✥ ❀✦✒
✦✥ ✠❅ ✬✠✦✫✭✣❛❛✖ ★✒ ✭✒ ✕✬✒ ✦✥ ✭ ❀✥❄✧★★✪ ✕✒ ✦✥ ✠✯❛❛ ✆ ✠❅❛❛ ✝✩✢

☎ ✕✆❃❀✒ ❅ ✢✯ ✰ ✴❁ ★✤❁ ✦✥ ✒✪✥✓✓❁ ✙ ✴✆✠❛❛❛ ✩✟❭❫✁ ❯✞ ✬ ✠❛❛☎✫



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✡✠ ✝✍✄ ✡☛ ✞✡✁ ✝✝✁✁✠✁☛ ✒❛

☎ ✕✆❃❀✒ ❅ ✢❅ ✰ ✞❁ ★✥✪✤❁❀✥✓ ☛✝ ✯❅ ✥ ✪✒☞❁ ✦❁ ✤ ✕✗❁ ✗✒❀ ✤ ❀✒ ★✧✒✦❁ ❃✤ ✕✔✕✢✒✦❁✓ ✗✒❀✒ ✪❁ ★✥✪✤✒❀ ✒ ✤☛✫ ✒❁
✓✥ ❀✏ ✕✦❁❀ ✗❀✕★✪ ✕✗✒ ✔

✒ ❅ ✢✎ ✢ ✙ ✑❀✥✒ ❃❀☞✒★✒ ❀✥✓✤✒★✤✥ ✬ ✣❛� ✬ ✥✓✤✑ ✥✖ ✑ ❀✥✒ ✦✥ ✓❁✖ ☞❀✒ ✦✥✏ ✕✦❁ ✒ ✥✦ ✕✭ ✟✪ ✕❁✓ ✦✥ ✖✥✓✖✒ ✒ ✔✤ ❃❀✒ ✬
✆ ❀✒ ★✦✥✓ ✑ ❀✏❁❀✥✓ ✬ ✕✆ ❀✥✰ ✒✓ ✥ ✦✥✗❀✥✓✓✌❁ ✒✪✥★✤❃✒✦✒ ✦❁ ❀✥ ✔✥✏❁ ✢ ✴✒❀✒ ❁ ✭❃★✪ ✕❁ ★✒✖✥★✤❁ ✒✦✥❄❃✒✦❁ ✥✖
✒✖ ☞ ✕✥ ★✤✥ ❃❀☞✒★❁ ✬ ✭✒✤❁ ✏✥ ❀✕✓ ✪✒✦❁ ★✒ ✗❀✑✤ ✕✪✒ ✬ ❂ ★✥✪✥✓✓✑ ❀✕❁ ❄❃✥ ✒ ✔✕★☛✒ ✦✥ ✏ ✕✓✒✦✒ ✦ ✕❀✥✤✒ ✥★✤ ❀✥ ✒✓
✒★✤✥ ★✒✓ ✥✓✤✥✰ ✒ ✤❁✤✒ ✔✖✥★✤✥ ✦✥✓❁ ☞✓✤ ❀❃✟✦✒ ✢

☎ ✕✆❃❀✒ ❅ ✢☎ ✰ ✁ ✕✓✤✒ ✒❂ ❀✥✒ ★✒✓ ✦ ✕❀✥✧✮✥✓ ✒ ✗✒❀✤ ✕❀ ✦✒ ✤☛✫ ✥✖ ✤✓✗✥ ❀✒★✧✒ ✩�✥✓✤✥✫

✯✓ ✦✒✦❁✓ ✦✥ ✗❁✓ ✕✧✌❁ ✩✪❁❁❀✦✥★✒✦✒✓ ✆✥❁✆ ❀✑✓✪✒✓ ✬ ✒ ✔✤ ❃❀✒ ✥ ✗❀✥✪ ✕✓✌❁ ✦✒✓ ✖✥✦ ✕✦✒✓✫ ✭❁❀✒✖ ❁☞✤ ✕✦❁✓
✪❁✖ ❃✖ ✪✴✶ ✩✪ ✔❁☞✒ ✔ ✴❁✓ ✕✤ ✕❁ ★ ✶✠✓✤✥✖✫ ✩✦❘ ❭✞ ❯❴ ✬ ✠❛❛☎✫ ✬ ☎ ✕✆❃❀✒ ❅ ✢✣❛ ✢ ✤✓✓✥ ✖❁✦✥ ✔❁ ✦✥ ✪✴✶✰ ✑ ✏✥✖ ✪❁✖ ❁ ✪✒☞❁ ✦✥ ✕★✤✥ ❀✭✒✪✥ ✓✥ ❀✕✒ ✔ ✗✒❀✒ ✪❁ ★✥✬✌❁ ✪❁✖ ❁ �✞ ☎✡✞✞✞✟ ✥ ✒❄❃✕✓ ✕✧✌❁ ✦❁✓ ✦✒✦❁✓
✦✥ ✗❁✓ ✕✧✌❁ ✗✥ ✔❁ ✓❁✭✤✱✒❀✥ �✡ ☎✁ ☎✆✄✞ ✝✡☞ ✢ ✟❃❀✒★✤✥ ❁ ✗✥ ❀✟❁✦❁ ✦✥ ✒❄❃✕✓ ✕✧✌❁ ✦✥ ✦✒✦❁✓ ✦✥ ✗❁✓ ✕✧✌❁ ✬
❁☞✓✥ ❀✏❁ ❃✆✓✥ ❄❃✥ ✒ ✗❀✥✪ ✕✓✌❁ ✦❁ ✪✴✶ ✓✪✒✏✒ ✥★✤ ❀✥ ☎ ✬✯ ✖ ✥ ✣✡ ✬❅ ✖ ✦✥✗✥★✦✥★✦❁ ✦❁ ★✟✏✥ ✔ ✦✥ ✓ ✕★✒ ✔ ✥
✦❁ ★✠✖✥❀❁ ✦✥ ✓✒✤❂ ✔✕✤✥✓ ✪✒✗✤✒✦❁✓ ✗✥ ✔❁ ✥❄❃✕✗✒✖✥★✤❁ ✢

✜✒ ✆✒☞✥ ✔✒ ❅ ✢✡ ✬ ✥✓✤✌❁ ❁✓ ✦✒✦❁✓ ❀✥✭✥ ❀✥★✤✥✓ ✱ ✗❁✓ ✕✧✌❁ ✦✒ ✤☛✫ ✥ ❄❃✥ ✪❁ ★✓ ✕✦✥ ❀✒✖❁✓ ✬ ✒❄❃✕✬ ✪❁✖❁
✗❁★✤❁ ✦✥ ❀✥✭✥ ❀★★✪ ✕✒ ✬ ✗❁ ✕✓ ✤❁ ✦✒✓ ✒✓ ✒★✤✥★✒✓ ✥✓✤✌❁ ✒✗❁★✤✒✦✒✓ ✗✒❀✒ ✥✓✤✒ ✤☛✫ ✢
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✓❁✭✤✱✒❀✥ ✦✥ ✒❄❃✕✓ ✕✧✌❁ ✦✥ ✦✒✦❁✓ ✗✥ ❀✖ ✕✤ ✕❃ ✆ ❀✒✏✒❀ ✥ ✥✬ ✗❁❀✤✒❀✬ ❁✓ ✦✒✦❁✓ ✪❁ ✔✥✤✒✦❁✓ ✗✒❀✒ ❃✖✒ ✗✔✒★✕✔☛✒
✦❁ ✤✬ ✪✥ ✔✢ ✞❁✖ ✕✓✓❁ ✭❁ ✕ ✗❁✓✓ ✟✏✥ ✔ ❃✓✒❀ ✒✓ ✗❀✘ ✗❀✕✒✓ ✭✥ ❀❀✒✖✥★✤✒✓ ✦✒ ✗✔✒ ★✕✔☛✒ ✗✒❀✒ ❁☞✤✥ ❀✖❁✓ ❁✓ ✏✒ ✔❁❀✥✓
✖❂✦ ✕❁✓ ✥ ✦✥✓✏ ✕❁ ✗✒✦ ❀✌❁ ✦✒✓ ✖✥✦ ✕✦✒✓ ✦✥✓✥✰ ✒✦✒✓ ✢ ✙ ✆✒☞✥ ✔✒ ❅ ✢❅ ✕✔❃✓✤ ❀✒ ❁✓ ❀✥✓❃✔✤✒✦❁✓ ✖❂✦ ✕❁✓ ❁☞✤ ✕✦❁✓ ✢

✄✓❃✑ ❀✕❁ ✣ ✠ ✡ ✯
✶ ✩✓❃✔✫ ✶ ✒ ✬❛✠❵✡☎☎☎

◦ ✶ ✒ ✬❛ ✣❅❵✡✠✯✠✯
◦ ✶ ✒ ✬❛✠✠✒☎❛❛✠✒☎

◦ ✶ ✒ ✬❛✠ ✣✒❵❅✯✠ ✣
◦

✡ ✩❁ ✥✓✤✥✫ ✡ ✡❅ ✬❵❅☎❵❛❛
◦

✡ ✡❅ ✬❵❅❅❵❵☎❵✡
◦

✡ ✡❅ ✬❵☎✠❵❛✎☎❵
◦

✡ ✡❅ ✬❵❅✎✯❵❛✡✯
◦

✙ ✔✤❃❀✒ ✩✖✫ ☎✡❵ ✬❅ ☎✯✠ ✬✠ ☎❅❛ ✬✒ ☎✡❵ ✬✣
✴ ❀✥✪ ✕✓✌❁ ✎ ✬✠ ✖ ✒ ✬❵ ✖ ✎ ✬✠ ✖ ✣❛ ✬✠ ✖
✦❁ ✪✴✶✩✡✟✫

✶✜☛ ✩✦✫✫ ✎ ✬✒✠✡✒✒☎ ✠✠ ✬✎✯ ✣✎✯ ☎ ✬✯❛❵ ✣☎✡ ✣✎ ✬✯✎❛✡✠
✜✟✏✥ ✔ ✦✥ ✆✒ ✣✬✒✯ ✣✠☎ ✆✒❅ ✬❅✯ ✣✎✯ ✆❵ ✣✬✯✠❵❅✒ ✆✒☎ ✬❅☎✒✒✯

✶ ✕★✒ ✔ ✩✦✫✖✫
✜✟✏✥ ✔ ✦✥ ✆❵✣✬✯☎❅❛✡☎ ✆✎❵ ✬✯❵✡❵❵ ✆❵✒ ✬❵✡☎✒✡✡ ✆✎☎ ✬❛❅❵❛☎

☛❃✟✦❁ ✩✦✫✖✫
✜ ✦✥ ✠❵❅ ✣☎❛ ✣✯☎ ✣❅✯

✝✥✦ ✕✦✒✓
✆✒✖✒★☛❁ ✦❁ ❅ ❅ ❵ ☎

✞✒☞❁
✟✥ ✔✤✒ ✩ ✩✖✫ ✡ ✯ ❅ ✡

✆✒☞✥ ✔✒ ❅ ✢❅ ✰ ✟✒✦❁✓ ✪❁ ✔✥✤✒✦❁✓ ★❁✓ ❃✓❃✑❀✕❁✓ ✦✥ ✣ ✒ ✯ ✢ ✟✥✖✒ ✕✓ ✆✒☞✥ ✔✒✓ ★❁ ✒★✥✬❁ ✞ ✢



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✡✠ ✝✍✄ ✡☛ ✞✡✁ ✝✝✁✁✠✁☛ ✒☎

✄ ✑✂ ✓✖✕ ✜✕✢☎ ✕✔☎ ✖✛✗✢✂✖☎ ✕✖ ✕✢✕✔☎ ✖✛✚ ✙✖ ✂ ✜✕✢✕✖☎

✯✓ ✗❀❁ ✪✥✦ ✕✖✥★✤❁✓ ✓✥✆❃✕★✤✥✓ ✬ ✪❁✖❁ ✗❀✥✏ ✕✓✤❁✓ ★❁ ✕★✕✪ ✕❁ ✦✥✓✤✥ ✤ ❀✒☞✒ ✔☛❁ ✬ ✭❁❀✒✖ ✒ ❀✥✒ ✔✕✢✒✧✌❁ ✦✒✓
✖✥✦ ✕✦✒✓ ✦❁✓ ✥ ★✔✒✪✥✓ ✦✥ ✦✒✦❁✓ ✥ ★✤ ❀✥ ✪ ✕✦✒✦✥✓ ✢ ✯✓ ✥★✔✒✪✥✓ ✦✥ ✦✒✦❁✓ ✥✓✪❁ ✔☛ ✕✦❁✓ ✭✒✢✥✖ ✗✒❀✤✥ ✦❁
✓ ✕✓✤✥✖✒ ✦✥ ✕★✤✥✆ ❀✒✧✌❁ ✦✒ ❀✥✦✥ ✦✥ ✦✒✦❁✓ ✦❁ ✗❀❁✏✥✦❁❀ ✦✥ ✒✪✥✓✓❁ ✒ ✌★✤✥ ❀★✥✤ ✬ �✶✜✤✆ ✬ ✥ ✭❁❀✒✖ ❁✓
✓✥✆❃✕★✤✥✓ ✰

• ✤★✔✒✪✥✓ ✦✥ ✦✒✦❁✓ ✣ ✆ ✤✓✗✥ ❀✒★✧✒ ✆ ✙ ❀✥ ✕✒ ✔✮
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✓ ✕✓✤✥✖✒ ✦✥ ✪❁❁❀✦✥★✒✦✒✓ ✥✓✭❂ ❀✕✪✒✓ ✢

✙ ☎ ✕✆❃❀✒ ☎ ✢✣ ✬ ✕✔❃✓✤ ❀✒ ❁✓ ✦❁ ✕✓ ✓ ✕✓✤✥✖✒✓ ✬ ✪❁❁ ❀✦✥★✒✦✒✓ ✆✥❁✆ ❀✑✓✪✒✓ ✥ ✪❁❁❀✦✥★✒✦✒✓ ✥✓✭❂ ❀✕✪✒✓ ✒
✓✥ ❀✥✖ ❃✤ ✕✔✕✢✒✦❁✓ ✢

✜❁ ✪✑ ✔✪ ❃ ✔❁ ✦✒ ✦ ✕✓✤✳★✪ ✕✒ ✥★✤ ❀✥ ✦❁ ✕✓ ✗❁★✤❁✓ ✬ ✗❁❀ ✥✬✥✖✗✔❁ ✬ ✥ ★✤ ❀✥ ✒ ✤☛✫ ✥ ❃✖✒ ✒★✤✥ ★✒ ✪ ✔✕✥ ★✤✥ ✬
✗❀✥✪ ✕✓✒✆✓✥ ✦✒ ✪❁★✏✥ ❀✓✌❁ ✒✦✥❄❃✒✦✒ ✦❁✓ ✦✒✦❁✓ ✢ ✴✒❀✒ ✕✓✓❁ ✬ ✒ ✔✥ ✕✤ ❃❀✒ ✦❁ ✳★✆❃✔❁ ✶ ✩✓❃✔✫ ✦❁ ✪✴✶ ✪❁❀❀✥✓✆
✗❁★✦✥ ✒❁ ✳★✆❃✔❁ ✭❁❀✖✒✦❁ ✥★✤ ❀✥ ✒ ✔✕★☛✒ ✦❁ ✥❄❃✒✦❁❀ ✥ ❁ ✗❁ ★✤❁ ✖✥✦ ✕✦❁ ✢ ✙✓✓ ✕✖ ✬ ✗✒❀✒ ✪❁ ★✏✥ ❀✤✥ ❀✖❁✓
❁ ✳★✆❃✔❁

θ
✥✖ ✪❁❁❀✦✥★✒✦✒✓ ✪✴✶ ✗✒❀✒ ✪❁❁❀✦✥★✒✦✒✓ ✥✓✭❂ ❀✕✪✒✓ ✬ ✗❀✥✪ ✕✓✒✖❁✓ ✓❁✖✒❀ ❁ ✏✒ ✔❁❀ ✖✥✦ ✕✦❁

✪❁✖ ❃✖ ✳★✆❃✔❁ ✦✥ ✎✁ ✆ ❀✒ ❃✓ ✢ ✝✑ ✗✒❀✒ ❁☞✤✥ ❀✖❁✓ ❁ ✳★✆❃✔❁ � ✬ ✗❀✥✪ ✕✓✒✖❁✓ ✒✗✥★✒✓ ❃✓✒❀ ❁ ✏✒ ✔❁❀
★✥✆✒✤ ✕✏❁ ✦❁ ✳★✆❃✔❁ ✖✥✦ ✕✦❁ ✡ ✩❁ ✥✓✤✥✫ ✗✥ ✔❁ ✪✴✶ ✢ ✌✓✓❁ ❂ ✭✥ ✕✤❁ ✗❁❀❄❃✥ ✥✖ ✪❁❁❀✦✥★✒✦✒✓ ✆✥❁✆ ❀✑✓✪✒✓
❁ ✳★✆❃✔❁ ✦✒ ✔❁ ★✆ ✕✤ ❃✦✥ ✖✥✦ ✕✦❁ ✥✓✤✑ ★❁ ✓✥ ★✤ ✕✦❁ ❁ ✗❁✓✤❁ ✒❁ ✳★✆❃✔❁ � ❃✤ ✕✔✕✢✒✦❁ ✥✖ ✪❁❁❀✦✥★✒✦✒✓
✥✓✭❂ ❀✕✪✒✓ ✢

✯ ✏✒ ✔❁ ❀ ✦✥ ✞❀✞✬ ✥✖ ✪❁❁❀✦✥★✒✦✒✓ ✥✓✭❂ ❀✕✪✒✓ ✬ ❂ ❁☞✤ ✕✦❁ ✓❁✖✒★✦❁✆✓✥ ❁ ✏✒ ✔❁❀ ✦✒ ✒ ✔✤ ❃❀✒ ✪❁ ✔✥✤✒✦❁
✗✥ ✔❁ ✪✴✶ ✬ ❁ ✏✒ ✔❁❀ ✖❂✦ ✕❁ ✦❁ ❀✒ ✕❁ ✦✒ ✤✥ ❀❀✒ ✥ ✒ ✔✤ ❃❀✒ ✦✒ ✒★✤✥★✒ ✒✪ ✕✖✒ ✦❁ ✪✴✶ ✢ ✟✥✏✥✖❁✓ ✔✥✖ ☞❀✒❀
❄ ❃✥ ✕✓✓❁ ❂ ✭✥ ✕✤❁ ✬ ✗❁ ✕✓ ❁ ✪✴✶ ✪❁ ★✓ ✕✦✥ ❀✒ ❁ ★✟✏✥ ✔ ✦❁ ✖✒❀ ✪❁✖❁ ★✟✏✥ ✔ ✢✥ ❀❁ ✢ ✤ ❁ ✔❁ ✪✒ ✔ ✦✥ ✔✥ ✕✤ ❃❀✒ ✬ ★✒
✖✒ ✕❁ ❀✕✒ ✦✒✓ ✏✥✢✥✓ ✥✓✤✑ ❃✖ ✗❁❃✪❁ ✒☞✒ ✕✬❁ ✦❁ ✔❁ ✪✒ ✔ ❁ ★✦✥ ✒ ✒★✤✥★✒ ✥✓✤✑ ✕★✓✤✒ ✔✒✦✒ ✢

✂✯
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☎ ✕✆❃❀✒ ☎ ✢✣ ✰ ✞❁❁❀✦✥★✒✦✒✓ ✤✓✭❂ ❀✕✪✒✓ ✥ ✞❁❁❀✦✥★✒✦✒✓ ✪✥❁✆ ❀✑✓✪✒✓

✙ ☞✒ ✕✬❁ ✥✓✤✌❁ ✒✓ ✥❄❃✒✧✮✥✓ ❃✤ ✕✔✕✢✒✦✒✓ ★✒✓ ✪❁ ★✏✥ ❀✓✮ ✥✓ ✦✒✓ ✖✥✦ ✕✦✒✓ ✰

θ = 90◦ + ANGs

✩☎ ✢✣✫
✯ ★✦✥ ✰
ANGs

✵ ✁ ★✆❃✔❁ ✶ ✩✓❃✔✫ ✖✒❀✪✒✦❁ ✗✥ ✔❁ ✪✴✶

φ = (−1).ANGw

✩☎ ✢✠✫
ANGw

✵ ✁ ★✆❃✔❁ ✡ ✩❁ ✥✓✤✥✫ ✖✒❀✪✒✦❁ ✗✥ ✔❁ ✪✴✶

r = Re + hGPS + hant

✩☎ ✢✡✫
✯ ★✦✥ ✰
Re

✵ ✯ ❀✒ ✕❁ ✖❂✦ ✕❁ ✦✒ ✤✥ ❀❀✒ ❂ ✦✒✦❁ ✗❁❀ ☎✡✒✂ �✖ ✢
hGPS

✵ ✙ ✔✤❃❀✒ ✖✒❀✪✒✦✒ ✗✥ ✔❁ ✪✴✶ ✢
hant

✵ ✙ ✔✤❃❀✒ ✦✒ ✒★✤✥ ★✒ ✢
✙ ✗✒❀✤ ✕❀ ✦✒ ✟ ✬ ✗✒❀✒ ✪✒ ✔✪❃✔✒❀✖❁✓ ✒ ✦ ✕✓✤✳★✪ ✕✒ ✥ ★✤ ❀✥ ✦❁ ✕✓ ✗❁ ★✤❁✓ ❃✓✒✖❁✓ ✒ ✥❄❃✒✧✌❁ ✖❁✓✤ ❀✒✦✒

✒☞✒ ✕✬❁ ✩✂✄✞☎ ✬ ✣✎✎✯ ✫ ✰



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✂☎

d =
√

(XERB −Xc)2 + (YERB − Yc)2 + (ZERB − Zc)2
✩☎ ✢✯✫

✯ ★✦✥ ✬ ✗✒❀✒ ✒ ✤☛✫ ✤✥✖❁✓ ✰

XERB = rERB.SenθERB.CosφERB

YERB = rERB.SenθERB .SenφERB

ZERB = rERB.CosθERB

✩☎ ✢❅✫

✤ ✗✒❀✒ ❁✓ ✦✒✦❁✓ ✦❁✓ ✪ ✔✕✥ ★✤✥✓ ✰

Xc = rc.Senθc.Cosφc

Yc = rc.Senθc.Senφc

Zc = rc.Cosθc

✩☎ ✢☎✫

✄✤ ✕✔✕✢✒★✦❁ ✒ ✆✒☞✥ ✔✒ ❅ ✢✡ ✬ ✪✒✗✟✤ ❃ ✔❁ ✒★✤✥ ❀✕❁ ❀✬ ❄ ❃✥ ✖❁✓✤ ❀✒ ❁✓ ✦✒✦❁✓ ✗✒❀✒ ✒ ✤☛✫ ✥ ✒✓ ✥❄❃✒✧✮ ✥✓
☎ ✢✣ ✬ ☎ ✢✠ ✬ ☎ ✢✡ ✥ ☎ ✢❅ ✬ ✪☛✥✆✒✖❁✓ ✒ ✆✒☞✥ ✔✒ ☎ ✢✣✬ ✦✒✦❁✓ ✪❁ ✔✥✤✒✦❁✓ ✬ ✪❁★✏✥ ❀✤ ✕✦❁✓ ✬ ✦✒ ✤☛✫ ✦✒ ✪ ✕✦✒✦✥ ✦✥
✤✓✗✥ ❀✒★✧✒ ✰

✁ ★✆❃✔❁✓ ✶ ✁✒
◦
✁ ✣✢✠ ✣✠ ✂

✡ ✡❅
◦

❅ ✣✢❅✁✒ ✂

✙ ✔✤❃❀✒ ❀✥✆ ✕✓✤ ❀✒✦✒ ✗✥ ✔❁ ✪✴✶ ☎❅✁ ✬✒ ✖
✴ ❀✥✪ ✕✓✌❁ ✦❁ ✪✴✶ ★❁ ✕★✓✤✒★✤✥ ✦✒ ✖✥✦ ✕✧✌❁ ☎ ✬☎ ✖

✙ ✔✤❃❀✒ ✦✒ ✒★✤✥ ★✒ ✒✪ ✕✖✒ ✦❁ ✪✴✶ ✯ ✖
✞❁✖✗❀✕✖✥★✤❁ ✒✗❀❁✬ ✕✖✒✦❁ ☎ ✖
✦❁ ✪✒☞❁ ✆ ✙ ★✤✥★✒ ✭ ✙ ✴

☛✒ ✕❁ ✤❁✤✒ ✔ ☎ ✢✡✒✂ ✢☎❅✯ ✬✒ ✖
XERB

❅ ✢✣✡✁ ✢✎✡✁ ✬✯✡✎☎✠ ✖
YERB

✆ ✡ ✢✒✁✂ ✢❅✁☎ ✬❅✒✂☎✯ ✖
ZERB

✆ ✒✒✎ ✢❅✎✯ ✬✯✂❅✯✂✒ ✖

✆✒☞✥ ✔✒ ☎ ✢✣ ✰ ✟✒✦❁✓ ❁☞✤ ✕✦❁✓ ✗✒❀✒ ✒ ✤☛✫ ✩✤✓✗✥ ❀✒★✧✒✫
☛✥✒ ✔✕✢✒★✦❁ ❃✖ ✗❀❁ ✪✥✦ ✕✖✥★✤❁ ✓✥✖✥ ✔☛✒★✤✥ ✒❁ ❀✥✒ ✔✕✢✒✦❁ ✒✪ ✕✖✒ ✬ ✒ ✗✔✕✪✒✦❁ ✒✆❁❀✒ ✒❁✓ ✦✒✦❁✓ ✦❁✓

❃✓❃✑ ❀✕❁✓ ✬ ✪☛✥✆✒❀✥✖❁✓ ✒❁✓ ✏✒ ✔❁❀✥✓ ✒✗❀✥✓✥ ★✤✒✦❁✓ ★✒ ✆✒☞✥ ✔✒ ☎ ✢✠ ✥ ★❁ ✙ ★✥✬❁ ✤ ✢ ✤✓✤✥ ✒ ★✥✬❁ ❀✥✭✥ ❀✥✆✓✥
✒ ✦✒✦❁✓ ✪❁❀❀✥✓✗❁★✦✥★✤✥✓ ✒ ❁ ❃✤ ❀❁✓ ❃✓❃✑ ❀✕❁✓ ✥ ❄❃✥ ✥✓✤✌❁ ✦ ✕✓✗❁ ★✟✏✥ ✕✓ ✗✒❀✒ ✗❀❁✏✑✏✥ ✕✓ ✕★✤✥ ❀✥✓✓✒✦❁✓ ✢
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✜✒ ✤✒☞✥ ✔✒ ☎ ✢✠ ✬ ✥ ★✒✓ ✤✒☞✥ ✔✒✓ ✒✗❀✥✓✥ ★✤✒✦✒✓ ★❁ ✙ ★✥✬❁ ✤ ✬ ✒ ✗✒❀✥✪✥ ❃ ❃✖✒ ★❁✏✒ ✔✕★☛✒ ✬ ✠ ✔✤ ✕✖✒ ✬ ❄❃✥
✓✥ ❀✥✭✥ ❀✥ ✒ ✦ ✕✓✤✳★✪ ✕✒ ✥★✤ ❀✥ ✒ ✤☛✫ ✥ ❁ ✪ ✔✕✥ ★✤✥ ✢ ✤✓✓✒ ✦ ✕✓✤✳★✪ ✕✒ ✭❁ ✕ ❁☞✤ ✕✦✒ ❃✤ ✕✔✕✢✒★✦❁ ❁✓ ✏✒ ✔❁ ❀✥✓ ✦✥
� ✬✞ ✥ ✆ ✦✒ ✤☛✫ ✥ ✦❁✓ ✪ ✔✕✥ ★✤✥✓ ★✒ ✥❄❃✒✧✌❁ ☎ ✢✯ ✢

✜✒ ☎ ✕✆❃❀✒ ☎ ✢✠ ✓✌❁ ✕✔❃✓✤ ❀✒✦❁✓ ❁✓ ✏✒ ✔❁❀✥✓ ✦✥ ✗❁✤★★✪ ✕✒ ✦❁ ✓ ✕★✒ ✔ ❀✥✪✥☞ ✕✦❁ ✗✥ ✔❁ ✪ ✔✕✥ ★✤✥ ✏✥ ❀✓❃✓
✦ ✕✓✤✳★✪ ✕✒ ✥ ★✤ ❀✥ ❁ ✪ ✔✕✥ ★✤✥ ✥ ✒ ✤☛✫ ✢ ✤✓✓✥✓ ✦✒✦❁✓ ✭❁ ❀✒✖ ❁☞✤ ✕✦❁✓ ✦✒✓ ✆✒☞✥ ✔✒ ☎ ✢✠ ✥ ✦✒✓ ✆✒☞✥ ✔✒✓ ✦❁
✙ ★✥✬❁ ✤ ✢ ✯ ✆ ❀✑✓✪❁ ✬ ✗❁❀ ✓❃✒ ✏✥✢ ✬ ✭❁ ✕ ❁☞✤ ✕✦❁ ✪❁✖ ❁ ✒❃✬ ✕✔✕❁ ✦❁ ✓❁✭✤✱✒❀✥ ✝✙✆ �✙✫ ✒ ✢✁ ✥ ❃✓✒★✦❁ ✒
✭❃★✧✌❁ ✗✔❁✤ ✬ ☎ ✕✆❃❀✒ ☎ ✢✠ ✢

✄✓❃✑ ❀✕❁ ✣ ✠ ✡
✙ ✔✤❃❀✒ ❀✥✆ ✕✓✤ ❀✒✦✒ ☎✡✂ ✬❅ ☎✯✠ ✬✠ ☎❅✁ ✬✒
✗✥ ✔❁ ✪✴✶ ✩✖✫
✟✥ ✔✤✒ ✩ ✩✖✫ ✡ ✬✁✁ ✯ ✬✁✁ ❅ ✬✁✁

✩✙ ✔✤ ❃❀✒ ✦✒ ✒★✤✥★✒
✒✪ ✕✖✒ ✦❁ ✪✴✶✫

✜✟✏✥ ✔ ✦✥ ✆✒✣✬✒✯ ✣✠☎ ✆✒❅ ✬❅✯ ✣✎✯ ✆✂ ✣✬✯✠✂❅✒
✶ ✕★✒ ✔ ✩✦✫✖✫

✁ ★✆❃✔❁
θ

✩❀✒✦✫ ✣✬☎✎✡✯☎✯❅ ✣✬☎✎✡✠✯❅✒ ✣✬☎✎✡✡☎☎☎
✁ ★✆❃✔❁

φ
✩❀✒✦✫ ❅ ✬☎❅✒✡☎☎✣ ❅ ✬☎❅✒✡✂✠✁ ❅ ✬☎❅✒✠☎ ✣✠

☛✒ ✕❁ ✤❁✤✒ ✔ ✩✖✫ ☎ ✢✡✒✂ ✢☎✯ ✣✬❅✁ ☎ ✢✡✒✂ ✢☎✯☎ ✬✠✁ ☎ ✢✡✒✂ ✢☎❅❅ ✬✒✁
XC

✩✖✫ ❅ ✢✣✡✁ ✢✎✡☎ ✬❅✁✯✒✠✒✁ ❅ ✢✣✡ ✣✢✣✡✒ ✬☎❅✁✠✡✂✯ ❅ ✢✣✡✁ ✢☎✠✁ ✬✂ ✣✣✡✎✡✁
YC

✩✖✫ ✆✡ ✢✒✁✂ ✢✠✂☎ ✬✁ ✣☎✠✒❅✯ ✆✡ ✢✒✁✂ ✢✡✁☎ ✬✂✎☎✁✎ ✣✣ ✆✡ ✢✒✁✂ ✢✂✒✒ ✬✣❅❅✡✂✒✂
ZC

✩✖✫ ✆✒✂✁ ✢✯✎❅ ✬✠✠ ✣✎✯✯❅ ✆✒✒✎ ✢✣✣✁ ✬✂❅✯✯✠❅✯ ✆✒✒✎ ✢✂✒✒ ✬✯✒✯✯✁☎✠
✟ ✕✓✤✳★✪ ✕✒ ✤☛✫ ✎✠✒ ✬✡☎✒☎✠✠✎ ❅☎✠ ✬✒☎✂✯✂✠✣ ❅❅✎ ✬✒ ✣✡✒☎✁ ✣
✞ ✔✕✥ ★✤✥ ✩✖✫

✆✒☞✥ ✔✒ ☎ ✢✠ ✰ ✟✒✦❁✓ ✪❁ ★✏✥ ❀✤ ✕✦❁✓ ✦❁✓ ❃✓❃✑ ❀✕❁✓ ✆ ✟✒✦❁✓ ✪❁✖✗✔✥✖✥★✤✒❀✥✓ ★❁ ✙ ★✥✬❁ ✤ ✢
✤✖ ✓✥✆❃✕✦✒ ✬ ❂ ✭✥ ✕✤✒ ❃✖✒ ✪❁✖✗✒❀✒✧✌❁ ✦❁✓ ❀✥✓❃✔✤✒✦❁✓ ✦✒ ☎ ✕✆❃❀✒ ☎ ✢✠ ✪❁✖ ❁✓ ❀✥✓❃✔✤✒✦❁✓ ✗❀✥✏ ✕✓✤❁✓

✥✖ ✒ ✔✆❃★✓ ✖❁✦✥ ✔❁✓ ✦✥ ✗✥ ❀✦✒✓ ✦✥ ✗❀❁✗✒✆✒✧✌❁ ✥✖ ✒✖ ☞ ✕✥ ★✤✥ ❃❀☞✒★❁ ✢ ✙✓ ✥❄❃✒✧✮ ✥✓ ✒✗❀✥✓✥★✤✒✦✒✓
★❁✓ ✖❁✦✥ ✔❁✓ ✒ ✓✥✆❃✕❀ ✤★✖ ✓✥❃✓ ✗✒❀✳✖✥✤ ❀❁✓ ✬ ❄ ❃✒★✦❁ ✗❁✓✓ ✟✏✥ ✔✬ ✒✰ ❃✓✤✒✦❁✓ ✦✥ ✒✪❁❀✦❁ ✪❁✖ ❁✓ ✦✒✦❁✓
❁☞✤ ✕✦❁✓ ✥ ❄❃✥ ✖✥ ✔☛❁❀ ✓✥ ✒✦✒✗✤✥✖ ✒✓ ✪❁★✦ ✕✧✮✥✓ ✥★✪❁ ★✤ ❀✒✦✒✓ ✢ ☎❁❀✒✖ ✒✪ ❀✥✓✪✥ ★✤✒✦❁✓ ✥✖ ✤❁ ✦❁✓ ❁✓
✖❁✦✥ ✔❁✓ ✦✥ ✗✥ ❀✦✒✓ ✦✥ ✗❀❁✗✒✆✒✧✌❁ ❃✖ ✏✒ ✔❁❀

Gt

✩✪✒★☛❁ ✤❁✤✒ ✔✫ ❀✥✭✥ ❀✥ ★✤✥ ✒❁✓ ✆✒★☛❁✓ ✦✒✓ ✒★✤✥ ★✒✓ ✥
✦❁✓ ✦❁ ✕✓ ✪✒❀✤✮ ✥✓ ✴✞✝✞ ✌✙ ✓❁✖✒✦❁ ✒ ✔✆✥☞❀✕✪✒✖✥★✤✥ ✪❁✖ ✒✓ ✗✥ ❀✦✒✓ ✦❁✓ ✪✒☞❁✓ ✬ ✪❁ ★✥✪✤❁❀✥✓ ✥ ✗✕✆✤✒ ✕✔
✗❀✥✓✥ ★✤✥✓ ★✒ ✤☛✫ ✥ ★❁✓ ✗❁ ★✤❁✓ ✦✥ ✖✥✦ ✕✧✌❁ ✢ ✙ ✪❁✖✗❁✓ ✕✧✌❁ ✦❁ ✏✒ ✔❁❀ ✦✥

Gt

✭❁ ✕ ❁☞✤ ✕✦✒ ✗✥ ✔✒ ✓❁✖✒
✦❁✓ ✏✒ ✔❁❀✥✓ ✒ ✗❀✥✓✥★✤✒✦❁✓ ★✒ ✆✒☞✥ ✔✒ ☎ ✕✆❃❀✒ ☎ ✢✡ ✢



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✂✂

☎ ✕✆❃❀✒ ☎ ✢✠ ✰ ✜✟✏✥ ✔ ✦✥ ✶ ✕★✒ ✔ ✬ ✟ ✕✓✤✳★✪ ✕✒ ✆ ✯ ☞✤ ✕✦❁✓ ★✒✓ ✖✥✦ ✕✧✮ ✥✓ ✦❁✓ ✏ ✕★✤✥ ❃✓❃✑ ❀✕❁✓ ★✒ ✪ ✕✦✒✦✥ ✦✥
✤✓✗✥ ❀✒★✧✒



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✂✎

✆❀✒★✓✖ ✕✓✓❁ ❀ ✪✒★☛❁ ✭ ✴✥ ❀✦✒
✪✒★☛❁ ✦✒ ✙ ★✤✥★✒ ✯✖★✕✦ ✕❀✥✪ ✕❁ ★✒ ✔ ✩✤☛✫✫ ✣❅ ✦✫
✴✥ ❀✦✒✓ ★❁✓ ✪❁ ★✥✪✤❁❀✥✓ ✦✒ ✤☛✫ ✩✠ ❃★✕✦ ✢✫ ✆ ✣ ✦✫

✴✥ ❀✦✒ ★❁ ✗✕✆✤✒ ✕✔ ✦✒ ✤☛✫ ✩✣ ❃★✕✦ ✢✫ ✆ ✁ ✬❅ ✦✫
✴✥ ❀✦✒✓ ★❁ ✪✒☞❁ ✦✒ ✤☛✫ ✩☎✖ ✬ ✆✁ ✬✠❅✠✦✫✫ ✆ ✣✬❅ ✣✠ ✦✫

✪✒★☛❁ ✦❁ ✞✒❀✤✌❁ ✴✞✝ ✌✞ ✌✙ ❃✓✒✦❁ ★❁ ✙ ✴ ✩✤☛✫✫ ✠ ✬❅ ✦✫
✴❁✤★★✪ ✕✒ ✆❀✒★✓✖ ✕✤ ✕✦✒ ✣❅ ✦✫✖ ✩✁ ✭✆ ✠ ✦✫✫

☛✥✪✥ ✗✤❁❀ ✪✒★☛❁ ✭ ✴✥ ❀✦✒
✪✒★☛❁ ✦✒ ✙ ★✤✥★✒ ✪❁✖ ❀✥✲✥✤❁❀ ✤ ✕✗❁ ✆ ❀✒✦✥ ✩✪ ✔✕✥ ★✤✥✫ ✠✯ ✦✫

✴✥ ❀✦✒✓ ★❁✓ ✪❁★✥✪✤❁❀✥✓ ✦❁ ✥❄❃✕✗✒✖✥★✤❁ ✆ ✠ ✦✫
✦✥ ✖✥✦ ✕✧✌❁ ✩✯ ❃★✕✦ ✢✫

✴✥ ❀✦✒ ★❁ ✗✕✆✤✒ ✕✔ ✩✣ ❃★✕✦ ✢✫ ✆ ✁ ✬❅ ✦✫
✴✥ ❀✦✒✓ ★❁ ✪✒☞❁ ✩✒✗❀❁✬ ✢ ✣✁✖ ✬ ✆✁ ✬✠❅✠✦✫✫ ✆ ✠ ✬❅✠ ✦✫

✪✒★☛❁ ✦❁ ✞✒❀✤✌❁ ✴✞✝ ✌✞ ✌✙ ❃✓✒✦❁ ★✒ ✖✥✦ ✕✧✌❁ ✠ ✬❅ ✦✫

✆❁✤✒ ✔ ✩
Gt

✫ ❅✁ ✬✎☎✂ ✦✫

✆✒☞✥ ✔✒ ☎ ✢✡ ✰ ✞❁✖✗❁✓ ✕✧✌❁ ✦❁ ✏✒ ✔❁❀ ✦✥
Gt



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✎✁

� ✳✴ ✳✴ ✂✽✻✖✸✷✸☎✚✽ ✕✽✻ ✽ ✁✽✘✾ ✛✽ ✘✾ ✵ ✂✿✻ ✿✷✸✄✄✸✶✸
✜✥✓✓✥ ✖❁✦✥ ✔❁ ✭❁❀✒✖ ❃✤ ✕✔✕✢✒✦✒✓ ✒✓ ✥❄❃✒✧✮✥✓ ✡ ✢✣ ✬ ✡ ✢✠ ✥ ✡ ✢❅ ✬ ✒ ✗❀✥✓✥★✤✒✦✒✓ ★❁ ✪✒✗✟✤ ❃ ✔❁ ✓❁☞❀✥ ✖❁✦✥ ✔❁✓
✥ ❀✥✗✥✤ ✕✦✒✓ ✒❄❃✕ ✗❁❀ ✪❁★✏✥ ★✕★★✪ ✕✒ ✢

Lp = 69, 55 + 26, 16 log fc − 13, 82 loghb − a∗ + (44, 9− 6, 55 log hb) log R
✩☎ ✢✒✫

❁ ★✦✥

a = (1, 1 log fc − 0, 7)hm − (1, 56 log fc − 0, 8)
✩☎ ✢✂✫

�❁✆❁

Lps = Lp{AreaUrbana} − 2{log(
fc

28
)}2 − 5, 4

✩☎ ✢✎✫
✜✒✓ ✖✥✦ ✕✧✮ ✥✓ ❀✥✒ ✔✕✢✒✦✒✓ ✭❁ ✕ ❃✤ ✕✔✕✢✒✦❁ ❁ ✪✒★✒ ✔ ❃✖ ✬ ★✒ ✥✓✤✒✧✌❁ ❀✑✦ ✕❁ ☞✒✓✥ ✬ ❁ ❃ ✓✥✰ ✒ ✬ ✒ ✭ ❀✥❄✧★★✪ ✕✒

✪✥★✤ ❀✒ ✔ ✦✥ ✤ ❀✒☞✒ ✔☛❁ ✭❁ ✕ ✦✥ ✠✯ ✣✠ ✝✩✢ ✢ ✙ ✒ ✔✤ ❃❀✒ ✦✒ ✤☛✫ ✒★✒ ✔✕✓✒✦✒ ✭❁ ✕ ✦✥ ✣✂ ✖✥✤ ❀❁✓ ✬ ✓ ✕✤ ❃✒✦✒ ★❁
✤❁ ✗❁ ✦✥ ❃✖ ✗❀❂✦ ✕❁ ✦✥ ✤ ❀★✓ ✒★✦✒❀✥✓ ✢ ✌ ✦ ✕✓✤✳★✪ ✕✒ ✞☛✞ ✩�✖✫✬ ✤☛✫ ←→ ✞ ✔✕✥ ★✤✥ ✬ ✭❁ ✕ ✕★✤ ❀❁ ✦❃✢ ✕✦✒
✪❁★✓ ✕✦✥ ❀✒★✦❁ ❃✖✒ ✏✒❀✕✒✧✌❁ ✥★✤ ❀✥ ✣✁✁ ✖✥✤ ❀❁✓ ✩✁ ✢✣ �✖✫ ✥ ✣✁✁✁ ✖✥✤ ❀❁✓ ✩✣ �✖✫ ✪❁✖ ✕★✪ ❀✥✖✥★✤❁✓
✦✥ ✣✁ ✥✖ ✣✁ ✖✥✤ ❀❁✓ ✩✁ ✢✁ ✣ �✖✫✢

✜✒ ☎ ✕✆❃❀✒ ☎ ✢✡ ✓✌❁ ✕✔❃✓✤ ❀✒✦❁✓ ❁✓ ❀✥✓❃✔✤✒✦❁✓ ❁☞✤ ✕✦❁✓ ❄❃✒★✦❁ ✕★✓✥ ❀✕✖❁✓ ★❁ ✖✥✓✖❁ ✆ ❀✑✓ ✪❁✓ ✒✓
✖✥✦ ✕✦✒✓ ❀✥✒ ✔✕✢✒✦✒✓ ✥ ✒✓ ✪❃❀✏✒✓ ✆✥ ❀✒✦✒✓ ★❁ ✝✙✆ �✙ ✫ ✗✒❀✒ ❁ ✖❁✦✥ ✔❁ ✦✥ ✯ �❃✖❃❀✒ ✢ ✯✓ ✏✒ ✔❁❀✥✓
✡✖ ✬ ✯✖ ✬ ❅✖ ✥ ☎✖ ❀✥✗❀✥✓✥ ★✤✒✖ ✒ ✒ ✔✤ ❃❀✒ ✖❂✦ ✕✒ ✦✒ ✒★✤✥ ★✒ ✪ ✔✕✥ ★✤✥

(hm)
❃✤ ✕✔✕✢✒✦✒ ★✒✓ ✥❄❃✒✧✮ ✥✓ ✢

✙ ✓ ✪❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ✗✥ ✔❁ ✖❁✦✥ ✔❁ ✦✥ ✯ �❃✖❃❀✒ ✒✗❀✥✓✥★✤✒✖ ✏✒ ✔❁❀✥✓ ✦✥ ✗✥ ❀✦✒✓ ✦✥ ✗❀❁ ✗✒✆✒✧✌❁
✖✥★❁❀✥✓ ❄❃✥ ❁✓ ✏✒ ✔❁❀✥✓ ✥★✪❁ ★✤ ❀✒✦❁✓ ★✒✓ ✖✥✦ ✕✧✮ ✥✓ ❀✥✒ ✔✕✢✒✦✒✓ ✢ ✤✓✓✒ ✦ ✕✭✥ ❀✥ ★✧✒ ✓ ✪❁ ❃ ☞✥✖ ✥✏ ✕✦✥ ★✤✥
✥✖ ✤❁✦✒ ✭✒ ✕✬✒ ✦✥ ✦ ✕✓✤✳★✪ ✕✒ ✒✏✒ ✔✕✒✦✒ ✢ ✝✥✦ ✕✦✒✓ ✦✥ ✦ ✕✓✤✳★✪ ✕✒ ❃✤ ✕✔✕✢✒✦✒✓ ★✥✓✓✥ ✪✒✓❁ ✓✌❁ ✪❁ ★✓ ✕✦✥ ❀✒✦✒✓
✗✥❄❃✥★✒✓ ✓✥ ✪❁✖✗✒❀✒✦✒✓ ✒ ✭✒ ✕✬✒ ✦✥ ✏✒ ✔✕✦✒✦✥ ✦❁ ✖❁✦✥ ✔❁ ✬ ✣ ✒ ✠✁ �✖ ✢

✯ ❃✤ ❀❁✓ ✭✒✤❁ ❀✥✓ ❀✥ ✔✥✏✒★✤✥✓ ✓✌❁ ✰

• ✙ ✭❀✥❄✧★★✪ ✕✒ ❃✤ ✕✔✕✢✒✦✒ ✬ ✠✯ ✣✠ ✝✩✢ ✬ ✥✓✤✑ ☞✥✖ ✒✪ ✕✖✒ ✦✒ ✭✒ ✕✬✒ ✦✥ ✭ ❀✥❄✧★★✪ ✕✒ ✦✥ ✏✒ ✔✕✦✒✦✥ ✦❁
✖❁✦✥ ✔❁ ❄❃✥ ✏✒ ✕ ✒✤❂ ✣❅✁✁ ✝✩✢ ✢

• ✙ ✒ ✔✤❃❀✒ ✦✒ ✤☛✫ ✥✓✤✑ ✒☞✒ ✕✬❁ ✦✒✓ ✖✥✦ ✕✦✒✓ ✏✑ ✔✕✦✒✓ ✗✒❀✒ ❁ ✖❁✦✥ ✔❁ ✢ ✙ ✒ ✔✤ ❃❀✒ ❂ ❁ ❃✤ ❀❁ ✭✒✤❁❀
✕✖ ✗❁❀✤✒ ★✤✥ ★✒✓ ✥❄❃✒✧✮✥✓ ✥ ★❁✏✒✖✥★✤✥ ❁ ✓ ✕✓✤✥✖✒ ✒✏✒ ✔✕✒✦❁ ★✌❁ ✓✥ ✥ ★❄❃✒✦ ❀✒ ★✒ ✭✒ ✕✬✒ ✦✥
✏✒ ✔✕✦✒✦✥ ✦❁ ✖❁✦✥ ✔❁ ✦✥ ✯ �❃✖❃❀✒ ✢



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✎ ✣

☎ ✕✆❃❀✒ ☎ ✢✡ ✰ ✞❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ★❁ ✝❁✦✥ ✔❁ ✦✥ ✯ �❃✖❃❀✒✆✩✒✤✒



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✎✠

✯ ✖❁✦✥ ✔❁ ✥ ❁ ✤ ❀✒☞✒ ✔☛❁ ✥✖ ❄❃✥✓✤✌❁ ✩✯ �❃✖❃❀✒✆✩✒✤✒✫ ❂ ❃✤ ✕✔✕✢✒✦❁ ✪❁✖❁ ❀✥✭✥ ❀★★✪ ✕✒ ✥✖ ✖❃✕✤❁✓
❁ ❃✤ ❀❁✓ ✖❁✦✥ ✔❁✓ ✦✥ ✗✥ ❀✦✒✓ ✦✥ ✗❀❁ ✗✒✆✒✧✌❁ ✥✖ ✒✖☞ ✕✥ ★✤✥ ❃❀☞✒★❁ ✬ ✰ ❃✓✤ ✕✓✪✒★✦❁ ✒✓✓ ✕✖ ✒ ✕✖✗❁❀✤✳★✪ ✕✒
✦✒ ✪❁✖✗✒❀✒✧✌❁ ✒❄❃✕ ❀✥✒ ✔✕✢✒✦✒ ✢

✙ ✗✥✓✒❀ ✦❁✓ ✭✒✤❁❀✥✓ ✦✥✓✭✒✏❁❀✑✏✥ ✕✓ ✪ ✕✤✒✦❁✓ ✒✪ ✕✖✒ ✬ ✓✥ ✪❁ ★✓ ✕✦✥ ❀✒✖❁✓ ✒ ✖✒❀✆✥✖ ✦✥ ✗❀✥✪ ✕✓✌❁ ✦❁
✪✴✶ ✬ ✪❁✖ ✖❂✦ ✕✒ ✦✥ ✎ ✬✣✠ ✖✥✤ ❀❁✓ ✥ ✏✒❀✕✒✧✌❁ ✥★✤ ❀✥ ☎ ✬✎✁ ✥ ✣✯ ✬✠ ✖✥✤ ❀❁✓ ✬ ❁ ✖❁✦✥ ✔❁ ✒✗❀✥✓✥ ★✤❁ ❃
❀✥✓❃✔✤✒✦❁✓ ✪❁✥ ❀✥ ★✤✥✓ ✬ ✒✗❀✥✓✥ ★✤✒★✦❁ ❁ ✖✥✓✖❁ ✪❁✖✗❁❀✤✒✖✥★✤❁ ✦✥ ✦✥✪✒ ✕✖✥★✤❁ ✦❁ ★✟✏✥ ✔ ✦✥ ✓ ✕★✒ ✔
✪❁✖ ✒ ✦ ✕✓✤✳★✪ ✕✒ ✢

� ✳✴ ✳✁ ✂✽✻✖✸✷✸☎✚✽ ✕✽✻ ✽ ✁✽✘✾ ✛✽ ✘✽ ✂✂ ��

✯ ✖❁✦✥ ✔❁ ✦❁ ✞✞ ✌☛ ☞✒✓✥ ✕✒✆✓✥ ★❁ ✦✥ ✯ �❃✖❃❀✒✆✩✒✤✒ ✢ ✶❃✒✓ ✥❄❃✒✧✮✥✓ ✓✌❁ ❄❃✒✓✥ ✕✦★★✤ ✕✪✒✓ ✬ ✥✬ ✪✥✤❁
✗✥ ✔❁ ✒✪ ❀❂✓✪ ✕✖❁ ✦❁ ✭✒✤❁❀ ✦✥ ✪❁ ❀❀✥✧✌❁ ✫ ✬ ✗✒❀✒ ❁ ✪✑ ✔✪ ❃ ✔❁ ✦✒✓ ✗✥ ❀✦✒✓ ✥ ❄❃✥ ✓✥ ❀✥✭✥ ❀✥ ✱ ✗❁❀✪✥★✤✒✆✥✖
✦✥ ✗❀❂✦ ✕❁✓ ✓❁☞❀✥ ❁ ✤✥ ❀❀✥★❁ ✬

B1

✥ ❄❃✥ ❂ ❁☞✤ ✕✦❁ ✒✤ ❀✒✏❂✓ ✦✒ ✥❄❃✒✧✌❁ ✡ ✢✂ ✬ ✪✒ ✗✟✤ ❃ ✔❁ ✡ ✢

L = 69, 55 + 26, 16 log fc − 13, 82 loghb − a + (44, 9− 6, 55 log hb) log R− B
✩☎ ✢✣✁✫

✯ ★✦✥ ✰
✯ ✤✥ ❀✖❁ ✞ ✁✞ ❂ ❁ ✖✥✓✖❁ ✦✒ ✥❄❃✒✧✌❁ ☎ ✢✂
✤

B = 30− 25 log B1✞❁✖
B1

✓ ✕✆★✕✓✪✒★✦❁ ✒ ✗❁❀✪✥★✤✒✆✥✖ ✦✥ ✗❀❂✦ ✕❁✓ ✓❁☞❀✥ ❁ ✤✥ ❀❀✥★❁ ❄❃✥ ✏✒❀✕✒ ✦✥ ✡ ✒ ❅✁� ✢
✜❁✓ ❀✥✓❃✔✤✒✦❁✓ ✒✗❀✥✓✥ ★✤✒✦❁✓ ★✒✓ ✓✆❃❀✒✓ ☎ ✕✆❃❀✒ ☎ ✢✯ ✒ ☎ ✕✆❃❀✒ ☎ ✢✒ ✬ ✭❁ ❀✒✖ ✪❁★✓ ✕✦✥ ❀✒✦❁✓ ✏✒ ✔❁✆

❀✥✓ ✗✒❀✒ ❁ ✤✥ ❀✖❁
B1

✪❁✖❁ ✓✥★✦❁ ❅� ✬ ✣✁� ✬ ✣❅� ✥ ✠✁� ✢ ✙❄❃✕ ✭❁ ✕ ✓❃✗❁✓✤❁ ❄❃✥ ❁ ✤✥ ❀✖❁
B1

✬
✗❁❀✪✥ ★✤✒✆✥✖ ✦✥ ✞✗❀❂✦ ✕❁✓ ✓❁ ☞❀✥ ❁ ✤✥ ❀❀✥★❁✞ ✤✒✖ ☞❂✖ ✓✥ ❀✏ ✕❀✕✒ ✗✒❀✒ ✒ ✗❁❀✪✥ ★✤✒✆✥✖ ✦✥ ✞✥✦ ✕✓ ✪✒✧✮ ✥✓
✓❁ ☞❀✥ ❁ ✤✥ ❀❀✥ ★❁✞ ✩✪✒✓✒✓ ✥ ✗✥❄❃✥★❁✓ ✥✦ ✕✭ ✟✪ ✕❁✓✫ ✢ ✤✓✓✒ ✓ ✕✤ ❃✒✧✌❁ ✥✓✤✑ ✖✒✕✓ ✗❀✘✬ ✕✖✒ ✦✒ ❀✥✒ ✔✕✦✒✦✥ ✦✒✓
✖✥✦ ✕✧✮ ✥✓ ❀✥✒ ✔✕✢✒✦✒✓ ✢

✙ ✥✬✥✖✗✔❁ ✦✒✓ ✪❁✖✗✒❀✒✧✮✥✓ ✒★✤✥ ❀✕❁ ❀✥✓ ✤✒✖ ☞❂✖ ✓✌❁ ✒✗❀✥✓✥★✤✒✦✒✓ ✪❃❀✏✒✓ ✗✒❀✒ ✤ ❀★✓ ✏✒ ✔❁❀✥✓
✦✥

hm

✩✡ ✬ ❅ ✥ ☎ ✖✥✤ ❀❁✓✫ ✢ ✤✓✓✒ ✏✒❀✕✒✧✌❁ ★✒ ✒ ✔✤ ❃❀✒ ✦✒ ✒★✤✥★✒ ✪ ✔✕✥ ★✤✥ ✤✥ ★✤✒ ✖❁✓✤ ❀✒❀ ✒ ✕★✲ ❃★★✪ ✕✒
✦✒❄❃✥ ✔✥ ✗✒❀✳✖✥✤ ❀❁ ★❁ ✖❁✦✥ ✔❁ ✦✥ ✗❀❁ ✗✒✆✒✧✌❁ ✬ ✒ ✔❂✖ ✦✥ ✤✥ ★✤✒❀ ✒✗❀❁✬ ✕✖✒❀ ✖✒ ✕✓ ❁ ✖❁✦✥ ✔❁ ✦❁✓
✏✒ ✔❁❀✥✓ ✪❁ ✔✥✤✒✦❁✓ ✢

✯ ☞✓✥ ❀✏✒✆✓✥ ❄❃✥ ❁ ✒❃✖✥★✤❁ ★❁ ★✠✖✥ ❀❁ ✦✥ ✥✦ ✕✓ ✪✒✧✮ ✥✓ ★❁ ✤✥ ❀❀✥ ★❁ ✬ ✦✥ ❅� ✗✒❀✒ ✠✁� ✬ ✭✒✢ ✪❁✖
❄❃✥ ❁ ✖❁✦✥ ✔❁ ✓✥ ✒✗❀❁✬ ✕✖✥ ✖✒ ✕✓ ✦✒✓ ✖✥✦ ✕✦✒✓ ❀✥✒ ✔✕✢✒✦✒✓ ✬ ✗❀✕★✪ ✕✗✒ ✔✖✥★✤✥ ✗✒❀✒ ❁✓ ✗❁ ★✤❁✓ ✦ ✕✓✤✒ ★✤✥✓
✦✒ ✥✓✤✒✧✌❁ ❀✑✦ ✕❁ ☞✒✓✥ ✢ ✜❁✓ ✗❁★✤❁✓ ✗❀✘✬ ✕✖❁✓ ✒ ✤☛✫ ✬ ✒ ✆ ❀✒ ★✦✥ ✦ ✕✓✪ ❀✥✗✳★✪ ✕✒ ✓✥ ❀✥ ✗✥✤ ✕❃ ✢ ✯✓
✖❁✤ ✕✏❁✓ ✦✒✓ ✦ ✕✭✥ ❀✥ ★✧✒✓ ✪ ✕✤✒✦❁✓ ★❁ ✖❁✦✥ ✔❁ ✒★✤✥ ❀✕❁ ❀✬ ✤✒✖☞❂✖ ✓✌❁ ✏✑ ✔✕✦❁✓ ✒❄❃✕✬ ✗✥ ✔❁ ✭✒✤❁ ✦✒✓
✥❄❃✒✧✮✥✓ ✓✥ ❀✥✖ ☞✒✓ ✕✪✒✖✥★✤✥ ✒✓ ✖✥✓✖✒✓ ✦✥ ✯ �❃✖❃❀✒ ✪❁✖ ✥✬ ✪✥✧✌❁ ✦❁ ✤✥ ❀✖❁ ✫ ✢

✙ ✓ ✪❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ✓❃✆✥ ❀✥✖ ❄❃✥ ✓✥ ✪❁ ★✓ ✕✦✥ ❀✒❀✖❁✓ ❁ ✭✒✤❁❀
B1

✪❁✖❁ ✗❁❀✪✥ ★✤✒✆✥✖ ✦✥ ✥✦ ✕✓ ✪✒✧✮ ✥✓
✓❁ ☞❀✥ ❁ ✤✥ ❀❀✥★❁ ✬ ✕★✪ ✔❃✕★✦❁ ✪✒✓✒✓ ✥ ★✌❁ ✓❁✖✥★✤✥ ✦✥ ✥✦ ✕✭ ✟✪ ✕❁✓ ✪❁✖ ✖✒ ✕✓ ✦✥ ❃✖ ✗✒✏ ✕✖✥★✤❁ ✪❁✖❁



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✎✡

☎ ✕✆❃❀✒ ☎ ✢✯ ✰ ✞❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ★❁ ✝❁ ✦✥ ✔❁ ✦❁ ✞✞ ✌☛ ✗✒❀✒
B1 = 5%



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✎✯

☎ ✕✆❃❀✒ ☎ ✢❅ ✰ ✞❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ★❁ ✝❁ ✦✥ ✔❁ ✦❁ ✞✞ ✌☛ ✗✒❀✒
B1 = 10%



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✎❅

☎ ✕✆❃❀✒ ☎ ✢☎ ✰ ✞❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ★❁ ✝❁ ✦✥ ✔❁ ✦❁ ✞✞ ✌☛ ✗✒❀✒
B1 = 15%



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✎☎

☎ ✕✆❃❀✒ ☎ ✢✒ ✰ ✞❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ★❁ ✝❁ ✦✥ ✔❁ ✦❁ ✞✞ ✌☛ ✗✒❀✒
B1 = 20%



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✎✒

❁❀✕✆ ✕★✒ ✔✖✥★✤✥ ✗❀❁ ✗❁✓✤❁ ✬ ❂ ✗❁✓✓ ✟✏✥ ✔ ✪☛✥✆✒❀ ✒ ☞❁ ★✓ ❀✥✓❃✔✤✒✦❁✓ ✢ ✜❁ ✥★✤✒★✤❁ ✬ ✓✥ ✦ ✕✓✗❃✓❂✓✓✥✖❁✓ ✦✥
✦✒✦❁✓ ✖✒ ✕✓ ✪❁★✪ ❀✥✤❁✓ ✓❁☞❀✥ ✒ ✦✥★✓ ✕✦✒✦✥ ✦✥ ✥✦ ✕✓ ✪✒✧✮ ✥✓ ★✒ ✪ ✕✦✒✦✥ ✬ ✥✖ ✏✥✢ ✦✥ ✒✗✥★✒✓ ✓❃✗❁❀ ❁✓
✏✒ ✔❁❀✥✓ ✗✒❀✒ ✒ ✓ ✕✤ ❃✒✧✌❁ ✒✏✒ ✔✕✒✦✒ ✬ ❁✓ ✏✒ ✔❁ ❀✥✓ ✦✒✓ ✓ ✕✖❃✔✒✧✮✥✓ ✓✥ ❀✕✒✖ ✖✒✕✓ ✥✬✒✤❁✓ ✢

� ✳✴ ✳✂ ✂✽✻✖✸✷✸☎✚✽ ✕✽✻ ✽ ✁✽✘✾ ✛✽ ✘✾ ✄✸✶✸✄ ✂✺✶✾✹✘ ✼✘✽
✯ ✖❁✦✥ ✔❁ ✦✥ ✩✒✤✒✆✤✓✤✥ ★✦ ✕✦❁ ❂ ☞✒✓✥✒✦❁ ★❁ ✦✥ ✩✒✤✒ ✒ ✔✤✥ ❀✒✦❁ ✗✒❀✒ ✒☞❀✒★✆✥ ❀ ❃✖✒ ✭✒ ✕✬✒ ✦✥ ✭ ❀✥❄✧★★✆
✪ ✕✒ ✖✒ ✕❁ ❀✢ ✙ ✥❄❃✒✧✌❁ ❃✤ ✕✔✕✢✒✦✒ ✥ ❁ ❀✥✓❃✔✤✒✦❁✓ ❁☞✤ ✕✦❁✓ ✓✌❁ ✕✔❃✓✤ ❀✒✦❁✓ ✓✥✆❃✕❀✢ ✙❄❃✕ ✒ ✭ ❀✥❄✧★★✪ ✕✒
❃✤ ✕✔✕✢✒✦✒ ★✒✓ ✖✥✦ ✕✦✒✓ ✓✥ ✒✗❀❁✬ ✕✖✒ ✦✒ ✭ ❀✥❄✧★★✪ ✕✒ ✗❀❁ ✗❁✓✤✒ ★❁ ✖❁✦✥ ✔❁ ✢

Lxhata = 46, 33 + (44, 9− 6, 55 loghb) log R + 33, 9 log fc − a− 13, 82 loghb + C
✩☎ ✢✣✣✫

✯ ★✦✥ ✬ ✞ ❂ ❃✖ ✗✒❀✳✖✥✤ ❀❁ ✦✥ ✒✰ ❃✓✤✥ ✪❁✖✗❀✥✥★✦✥★✦❁ ✓✥ ✗❁✓✓ ✟✏✥ ✔ ✱✓ ✓ ✕✤ ❃✒✧✮ ✥✓ ✓✥✆❃✕★✤✥✓ ✰
✣ ✢ ✞ ✵ ✁ ✬ ✗✒❀✒ ✪ ✕✦✒✦✥✓ ✦✥ ✗❁❀✤✥ ✖❂✦ ✕❁ ✥ ✑❀✥✒✓ ✓❃☞❃❀☞✒★✒✓ ✢
✠ ✢ ✞ ✵ ✡ ✬ ✗✒❀✒ ✆ ❀✒★✦✥✓ ✪✥ ★✤ ❀❁✓ ❃❀☞✒★❁✓ ✢
✯ ✤✥ ❀✖❁ ✞ ✁✞ ❂ ❁ ✖✥✓✖❁ ❃✤ ✕✔✕✢✒✦❁ ★✒✓ ✥❄❃✒✧✮✥✓ ✡ ✢✠ ✒ ✡ ✢✯ ✥ ✒☞❀✒ ★✆✥ ❁✓ ✤ ✕✗❁✓ ✦✥ ✑ ❀✥✒ ❃❀☞✒★✒

❁ ❃ ✓❃☞❃❀☞✒★✒ ✗❁✓✓ ✟✏✥ ✕✓ ✢
✜✒ ✥❄❃✒✧✌❁ ☎ ✢✣✣ ❃✤ ✕✔✕✢✒✦✒ ✒✗✒❀✥✪✥ ❃✖ ✭✒✤❁❀ ✦✥ ✒✰ ❃✓✤✥ ✞✞✞ ❄❃✥ ❂ ❃✖ ✗✒❀✳✖✥✤ ❀❁ ✦✥ ✒✰ ❃✓✤✥

❀✥✭✥ ❀✥ ★✤✥ ✒❁ ✤✒✖✒★☛❁ ✦✒ ✑ ❀✥✒ ✦✥ ❃❀☞✒★✕✢✒✧✌❁ ✒✏✒ ✔✕✒✦✒ ✢ ✴✒❀✒ ❁ ★❁✓✓❁ ✪✒✓❁ ✓✥ ❃ ✏✒ ✔❁❀ ❂ ✢✥ ❀❁ ✢ ✯✓
❀✥✓❃✔✤✒✦❁✓ ❁☞✤ ✕✦❁✓ ✓✌❁ ☞✥✖ ✗❀✘✬ ✕✖❁✓ ✒❁✓ ❁☞✤ ✕✦❁✓ ✪❁✖ ❁ ✖❁✦✥ ✔❁ ✦❁ ✞✞ ✌☛ ✥ ✪❁✖ ✒ ✏✒★✤✒✆✥✖
✦✒ ★✌❁ ✦✥✗✥★✦★★✪ ✕✒ ✦❁ ✗✒❀✳✖✥✤ ❀❁ ✓❃☞✰ ✥✤ ✕✏❁

B1

✬ ✗✥ ❀✪✥★✤✒✆✥✖ ✦✥ ✥✦ ✕✓✪✒✧✮✥✓ ✓❁☞❀✥ ❁ ✤✥ ❀❀✥★❁ ✬
✕★✭❁❀✖✒✧✌❁ ✥✓✓✒ ❄❃✥ ★✌❁ ❂ ✤✌❁ ✓ ✕✖✗✔✥✓ ✦✥ ✓✥ ❁☞✤✥ ❀ ★✒ ✗❀✑✤ ✕✪✒ ✢

✙ ✗✥✓✒❀ ✦✥ ❁☞✤✥ ❀✖❁✓ ❀✥✓❃✔✤✒✦❁✓ ✪❁ ✥ ❀✥ ★✤✥✓ ✒ ✗✒❀✤ ✕❀ ✦✥ ✦ ✕✓✤✳★✪ ✕✒✓ ✦✥ ✠❅✁ ✖✥✤ ❀❁✓ ✬ ✏✒ ✔❁ ❀✥✓ ✖✥★❁❀✥✓
✦✥ ✦ ✕✓✤✳★✪ ✕✒ ✪❁★✤ ✕★❃✒✖ ✒✗❀✥✓✥ ★✤✒★✦❁ ❀✥✓❃✔✤✒✦❁✓ ✖❃✕✤❁ ✦ ✕✭✥ ❀✥★✤✥✓ ✦❁✓ ✥✓✗✥ ❀✒✦❁✓ ★❁ ✖❁✦✥ ✔❁ ✦✥
✗❀❁ ✗✒✆✒✧✌❁ ✒✏✒ ✔✕✒✦❁ ✢ ✆✒★✤❁ ★❁✓ ✖❁✦✥ ✔❁✓ ✒★✤✥ ❀✕❁ ❀✥✓ ✪❁✖❁ ★✥✓✓✥ ✬ ❁✓ ✗❀❁☞ ✔✥✖✒✓ ✦✥ ✪❁ ★✦ ✕✧✮✥✓ ✦✥
✭ ❀✥❄✧★★✪ ✕✒ ✬ ✦ ✕✓✤✳★✪ ✕✒ ✤☛✫ ←→ ✞ ✔✕✥ ★✤✥ ✥ ✒ ✔✤ ❃❀✒ ✦✒ ✒★✤✥★✒ ✤☛✫ ✥✓✤✌❁ ✭❁ ❀✒ ✦❁✓ ✏✒ ✔❁❀✥✓ ✗❀❁ ✗❁✓✤❁✓
★❁ ✖❁✦✥ ✔❁ ✢ ✌✓✓❁ ❀✥✭❁❀✧✒ ✒ ✰ ❃✓✤ ✕✓✪✒✤ ✕✏✒ ✒ ★✥✪✥✓✓ ✕✦✒✦✥ ✦✥ ❃✖ ✖❁✦✥ ✔❁ ✥✓✗✥✪ ✕✓✪❁ ✗✒❀✒ ✒ ❀✥✦✥ ✓✥✖
✓❁ ✦✥ ✪❁✖✗❃✤✒✦❁❀✥✓ ✢

� ✳✴ ✳✲ ✂✽✻✖✸✷✸☎✚✽ ✕✽✻ ✽ ✵ ✂✿✻ ✿✷✸✄✄✸✶✸ ✻✽✘ ✼�✕✸✘✽
✯ ✖❁✦✥ ✔❁ ✦✥ ✯ �❃✖❃❀✒✆✩✒✤✒ ✖❁✦ ✕✓ ✪✒✦❁ ✒✪ ❀✥✓✪✥★✤✒ ✦ ✕✏✥ ❀✓❁✓ ✗✒❀✳✖✥✤ ❀❁✓ ✦✥ ✪❁ ❀❀✥✧✌❁ ✗✒❀✒ ❁
✖❁✦✥ ✔❁ ✦✥ ✯ �❃✖❃❀✒✆✩✒✤✒ ✏ ✕✓✒★✦❁ ✖✥ ✔☛❁❀✒❀ ✒ ✓❃✒ ✥✬✒✤ ✕✦✌❁ ✥ ✒✖✗✔✕✒❀ ✒ ✭✒ ✕✬✒ ✦✥ ✏✒ ✔✕✦✒✦✥ ✦❁
✖❁✦✥ ✔❁ ✩✟ ✕✓✤✳★✪ ✕✒ ✦✒ ✤☛✫ ✬ ☎❀✥❄✧★★✪ ✕✒ ✬ ✥✤✪✫ ✢ ✜✒ ☎ ✕✆❃❀✒ ☎ ✢✎ ✓✌❁ ✖❁✓✤ ❀✒✦❁✓ ❁✓ ✏✒ ✔❁❀✥✓ ❁☞✤ ✕✦❁✓ ✢
✙ ✗✥✓✒❀ ✦✒✓ ✖❁✦ ✕✓✪✒✧✮✥✓ ✦✥ ✒✰ ❃✓✤✥ ✦❁ ✖❁✦✥ ✔❁ ✬ ✭✒✢✥★✦❁ ✪❁✖ ❄❃✥ ❁ ✪✒✓❁ ✒✏✒ ✔✕✒✦❁ ★✥✓✤✥ ✤ ❀✒☞✒ ✔☛❁



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✎✂

☎ ✕✆❃❀✒ ☎ ✢✂ ✰ ✞❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ★❁ ✝❁✦✥ ✔❁ ✦✥ ✩✒✤✒ ✤✓✤✥★✦ ✕✦❁



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✎✎

✥✓✤✥✰ ✒ ✦✥★✤ ❀❁ ✦✒ ✭✒ ✕✬✒ ✦✥ ✏✒ ✔✕✦✒✦✥ ✦✥ ✭ ❀✥❄✧★★✪ ✕✒ ✬ ❁✓ ❀✥✓❃✔✤✒✦❁✓ ✓ ✕✖ ❃✔✒✦❁✓ ✓✌❁ ✥✬ ✪✥✓✓ ✕✏✒✖✥★✤✥
☞✒ ✕✬❁✓ ✪❁✖✗✒❀✒✦❁✓ ✒❁✓ ✏✒ ✔❁❀✥✓ ✖✥✦ ✕✦❁✓ ✢ ✜❁ ✥★✤✒★✤❁ ✬ ✥✓✓✥ ✭✒✤❁ ❁ ✪❁❀❀✥ ✦✥✏ ✕✦❁ ✒❁✓ ✭✒✤❁❀✥✓ ✦✥
✪❁❀❀✥✧✌❁ ✦✥✗✥★✦✥★✤✥✓ ✦✒ ✭ ❀✥❄✧★★✪ ✕✒ ✬

a2

✥
a4

❀✥✭✥ ❀✥ ★✤✥ ✱✓ ✥❄❃✒✧✮✥✓ ✡ ✢✡ ✥ ✡ ✢✯ ✬ ❀✥✓✗✥✪✤ ✕✏✒✖✥★✤✥ ✢
✤✓✓✒✓ ✦❃✒✓ ✥❄❃✒✧✮ ✥✓ ❃✤ ✕✔✕✢✒✖ ✒✗❀❁✬ ✕✖✒✦✒✖✥★✤✥ ✠✁✁ ✥ ✯✁✁ ✝✩✢ ✢ ✜✒ ✓ ✕✤ ❃✒✧✌❁ ✦✥✓✤✥ ✤ ❀✒☞✒ ✔☛❁
❃✤ ✕✔✕✢❁ ❃✆✓✥ ✠✯ ✣✠ ✝✩✢ ✢ ✙ ✔❂✖ ✦ ✕✓✓❁ ✬ ✒✓ ✏✒❀✕✒✧✮✥✓ ★✒ ✦ ✕✓✤✳★✪ ✕✒ ✥ ✒ ✔✤ ❃❀✒ ✦✒ ✤☛✫ ✒ ✕★✦✒ ✥✓✤✌❁ ✭❁❀✒
✦✒ ✭✒ ✕✬✒ ✦✥ ✏✒ ✔✕✦✒✦✥ ✦❁ ✖❁✦✥ ✔❁ ✦✥ ✩✒✤✒ ✖❁✦ ✕✓✪✒✦❁ ✢

✙✓ ✥❄❃✒✧✮✥✓ ✖❁✦ ✕✓ ✪✒✦✒✓ ✦✥ ✩✒✤✒ ✓✌❁ ✖❁✓✤ ❀✒✦✒✓ ✒☞✒ ✕✬❁ ✰
✣ ✢ ☎❃★✧✮✥✓ ✦✥ ✤ ❀✒★✓ ✕✧✌❁ ✰

F1 =
3004

f 4
c + 3004

✩☎ ✢✣✠✫

F2 =
f 4

c

3004 + f 4
c

✩☎ ✢✣✡✫
✠ ✢ ☎✒✤❁❀ ✦✥ ✪❁❀❀✥✧✌❁ ✦✒ ✪❃❀✏✒✤❃❀✒ ✦✒ ✤✥ ❀❀✒ ✰

Sks = [27 +
fc

230
] log[

17(hb + 20)

17(hb + 20) + R2
] + 1, 3− |fc − 55|

750

✩☎ ✢✣✯✫
✯ ★✦✥ ✰
fc =

☎❀✥❄✧★★✪ ✕✒ ✣✁✁ ✆ ✡✁✁✁ ✩✝✩✢✫
hb =

✙ ✔✤❃❀✒ ✥✭✥✤ ✕✏✒ ✦✒ ✒★✤✥ ★✒ ✦✒ ✥✓✤✒✧✌❁ ❀✒✦ ✕❁ ☞✒✓✥ ✡✁ ✆ ✡✁✁ ✩✖✫
hm =

✙ ✔✤❃❀✒ ✦✒ ✒★✤✥★✒ ✦✒ ✥✓✤✒✧✌❁ ✖✘✏✥ ✔ ✣ ✆ ✣✁ ✩✖✫
R = ✟ ✕✓✤✳★✪ ✕✒ ✣ ✆ ✣✁✁ ✩�✖✫

✡ ✢ ✯ ☎✒✤❁❀ ✦✥ ✪❁❀❀✥✧✌❁ ✗✒❀✒ ✑ ❀✥✒✓ ❃❀☞✒★✒✓ ✭ ✓❃☞❃❀☞✒★✒✓ ✗❁✦✥ ✓✥ ❀ ✥★✪❁ ★✤ ❀✒✦❁ ✦✥ ✰

So = (1− Ur)[(1− 2Ur)Lpo + 4UrLps]
✩☎ ✢✣❅✫

✄ ✰ ✁ ❁ ❃ ✣ ✭ ✏✒ ✔✥ ✢✥ ❀❁ ✗✒❀✒ ✪ ✕✦✒✦✥ ✗✥❄❃✥★✒ ❁ ❃ ✖❂✦ ✕✒ ✥ ❃✖ ✗✒❀✒ ✪✥★✤ ❀❁✓ ❃❀☞✒★❁✓
Ur =

✁ ❀✥✒ ✒☞✥ ❀✤✒ ✓✥ ❃ ✏✒ ✔❁❀ ❂ ✢✥ ❀❁ ✮ ✶❃☞❃❀☞✒★✒✓ ✓✥ ❃ ✏✒ ✔❁❀ ❂ ✁ ✬❅ ✥ ✣ ✗✒❀✒ ✑❀✥✒✓ ❃❀☞✒★✒✓ ✢
Lpo

✥
Lps

✓✌❁ ❁☞✤ ✕✦❁✓ ✒ ✗✒❀✤ ✕❀ ✦✒✓ ✥❄❃✒✧✮✥✓ ✡ ✢❅ ✥ ✡ ✢☎ ✢



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✣✁✁
✯ ✢ ☎✒✤❁❀ ✆✥ ❀✒ ✔ ✦✥ ✪❁ ❀❀✥✧✌❁ ✦✒ ✒ ✔✤ ❃❀✒ ✦✒ ✒★✤✥ ★✒ ✖✘✏✥ ✔✰

ax = (1− U)a + U [a2F1 + a4F2]
✩☎ ✢✣☎✫

✙❄❃✕ ❁ ✤✥ ❀✖❁ ✁ ❂ ✒ ✥❄❃✒✧✌❁ ✡ ✢✠ ✥ ❁✓ ✤✥ ❀✖❁✓
a2

✥
a4

✓✥ ❀✥✭✥ ❀✥✖ ✱✓ ✥❄❃✒✧✮✥✓ ✡ ✢✡ ✥ ✡ ✢✯ ✬
❀✥✓✗✥✪✤ ✕✏✒✖✥★✤✥ ✢

❅ ✢ ✯ ☎✒✤❁❀ ✦✒ ✗❁❀✪✥★✤✒✆✥✖ ✦✥ ✗❀❂✦ ✕❁✓ ✓❁☞❀✥ ❁ ✤✥ ❀❀✥ ★❁ ✬ ❂ ❁ ✖✥✓✖❁ ✦✒ ✥❄❃✒✧✌❁ ☎ ✢✂ ✰

Bo = 25 log(B1)− 30
✩☎ ✢✣✒✫

✯ ★✦✥ ✰
B1

✤✥✖ ✏✒ ✔❁❀ ✦✥ ✁ ✬❅ ✗✒❀✒ ✑ ❀✥✒✓ ✓❃☞❃❀☞✒★✒✓ ✥ ✣ ✗✒❀✒ ✑❀✥✒✓ ❃❀☞✒★✒✓ ✢
✙ ✓✓ ✕✖ ✬ ✒ ✗✥ ❀✦✒ ✖❂✦ ✕✒ ✦✥ ✗❀❁ ✗✒✆✒✧✌❁ ❂ ✦✒✦✒ ✗❁❀✰

Lmh = −(Lp + So + ax + Sks + Bo)
✩☎ ✢✣✂✫
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✙✓ ✥❄❃✒✧✮✥✓ ✦❁ ✖❁✦✥ ✔❁ ✦✥ ✡ ✒ ✔✓✓✪☛✆✫✥ ❀✤❁ ★✕ ✓✌❁ ✖❁✓✤ ❀✒✦✒✓ ✒ ✓✥✆❃✕❀ ✥ ✒✓ ✗✥ ❀✦✒✓ ✤❁✤✒ ✕✓ ✭❁❀✒✖
❁☞✤ ✕✦✒✓ ✗✥ ✔✒ ✓❁✖✒ ✦✥

L0

✩✗✥ ❀✦✒✓ ★❁ ✥✓✗✒✧❁ ✔✕✏ ❀✥✫ ✬
Lex

✩✗✥ ❀✦✒✓ ✥✬ ✪✥✦✥★✤✥✓ ★❁ ✪✒✖ ✕★☛❁ ✦✥ ✗❀❁✆
✗✒✆✒✧✌❁✫ ✥

Gt

✩✆✒★☛❁✓ ✦✒✓ ✒★✤✥ ★✒✓ ✥ ✗✥ ❀✦✒✓ ★❁✓ ✪✒☞❁✓ ✥ ✪❁★✥✪✤❁❀✥✓✫ ✢

Lo = 32, 4 + 20 log fc + 20 logR
✩☎ ✢✣✎✫

✥

Lex = 57, 1 + A + log fc + 18 log R− 18 log H − 18 log[1− R2

17H
]

✩☎ ✢✠✁✫
✯ ✠ ✔✤ ✕✖❁ ✤✥ ❀✖❁ ❂ ✒ ✗✒❀✪✥ ✔✒ ✒ ✦✒ ✪❃❀✏✒✤❃❀✒ ✦✒ ✤✥ ❀❀✒ ✥ ❁ ✏✒ ✔❁❀ ✦✥ ✁ ❂ ✦✒✦❁ ✗❁❀✰

A = 5 log[(
d

2
)2 + (h− hm)2]− 9 log d + 20 log{arctan[

2(h− hm)

d
]} ✩☎ ✢✠ ✣✫
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✙ ✒ ✔✤ ❃❀✒ ✦✒✓ ✒★✤✥★✒✓ ✦❁✓ ✪ ✔✕✥ ★✤✥✓ ✭❁ ✕ ✪❁ ★✓ ✕✦✥ ❀✒✦✒ ✪❁✖ ✏✒ ✔❁❀✥✓ ✦✥ ✰ ✡ ✬ ✯ ✬ ✯ ✢✎ ✥ ☎ ✖✥✤ ❀❁✓ ✢
✜✒ ☎ ✕✆❃❀✒ ☎ ✢✣✁ ✓✌❁ ✕✔❃✓✤ ❀✒✦❁✓ ❁✓ ❀✥✓❃✔✤✒✦❁✓ ✗✒❀✒ ❁ ✖❁✦✥ ✔❁ ✦✥ ✫✥ ❀✤❁ ★✕✢ ✴✒❀✒

hm

✵ ✡ ✬ ✯ ✥
✯ ✬✎ ❁✓ ✏✒ ✔❁❀✥✓ ✦❁ ✗✒❀✳✖✥✤ ❀❁ ✞✙ ✞ ✭❁ ❀✒✖ ✆✯ ✬☎❅✯✯ ✬ ✆✣✁ ✬✡✂ ✣ ✥ ✆✡✁ ✬✠✒ ✣✠ ❀✥✓✗✥✪✤ ✕✏✒✖✥★✤✥ ✢ ✯ ✠ ✔✤ ✕✖❁
✤✥ ❀✖❁ ✦✒ ✥❄❃✒✧✌❁ ✩✩☎ ✢✠ ✣✫ ❄❃✥ ✦✥✤✥ ❀✖ ✕★✒ ❁ ✗✒❀✳✖✥✤ ❀❁ ✞✙ ✞ ✬ ✗❁✓✓❃✕ ❃✖✒ ✦ ✕✭✥ ❀✥★✧✒

(h − hm)
❄❃✥

✓ ✕✆★✕✓ ✪✒ ✒ ✦ ✕✭✥ ❀✥ ★✧✒ ✥★✤ ❀✥ ✒ ✒ ✔✤ ❃❀✒ ✖❂✦ ✕✒ ✦✒✓ ✥✦ ✕✓ ✪✒✧✮ ✥✓ ✩✒❄❃✕ ✪❁ ★✓ ✕✦✥ ❀✒✦✒✓ ✪❁✖❁ ❅ ✖✥✤ ❀❁✓✫ ✥
✒ ✒ ✔✤ ❃❀✒ ✦✒ ✒★✤✥★✒ ✪ ✔✕✥ ★✤✥ ✢ ✙ ✓✓ ✕✖ ❁ ✤✥ ❀✖❁ ✪ ✕✤✒✦❁ ✓✥ ✒✗❀❁✬ ✕✖✒ ✦✥ ✢✥ ❀❁ ❄❃✒★✦❁ ❃✓✒✖❁✓ ✏✒ ✔❁❀✥✓
✗❀✘✬ ✕✖❁✓ ✦✥ ❅ ✖✥✤ ❀❁✓ ✢ ✜❁ ✪✒✓❁ ✬ ❃✤ ✕✔✕✢✒✖❁✓ ❃✖ ✏✒ ✔❁❀ ✦✥ ✯ ✬✎ ✖✥✤ ❀❁✓ ✗✒❀✒

hm

✥ ✪❁✖ ✕✓✓❁ ❁ ✏✒ ✔❁❀ ✦❁
✒❀✪❁✆✤✒ ★✆✥★✤✥ ✤✒✖ ☞❂✖ ✓✥ ✒✗❀❁✬ ✕✖❁ ❃ ✦✥ ✢✥ ❀❁ ✢ ✌✓✓❁ ✭✒✢ ✪❁✖ ❄❃✥ ❁ ✔❁✆✒❀✕✤✖❁ ✬ ✤✒✖☞❂✖ ✗❀✥✓✥★✤✥ ✬
✤✥ ★☛✒ ✓✥ ❃ ✏✒ ✔❁❀ ✤✥ ★✦✥★✦❁ ✗✒❀✒

+∞ ✢ ✴❁❀ ✕✓✓❁ ★❁ ✆ ❀✑✓ ✪❁ ❁☞✤ ✕✦❁ ❁ ✏✒ ✔❁❀ ✗✒❀✒ ✒ ✒ ✔✤ ❃❀✒ ✦✒ ✒★✤✥★✒
✪ ✔✕✥ ★✤✥ ✦✥ ✯ ✬✎ ✖✥✤ ❀❁✓ ✤✥✖ ❃✖ ✏✒ ✔❁ ❀ ✤✌❁ ✦ ✕✓✪ ❀✥✗✒★✤✥ ✦❁✓ ❁ ❃✤ ❀❁✓ ✏✒ ✔❁❀✥✓ ✢ ✴✒❀✒

hm

✵ ☎ ✖✥✤ ❀❁✓ ✬ ❁
✏✒ ✔❁❀ ✦❁ ✒❀✪❁✆✤✒ ★✆✥ ★✤✥ ❂ ❃✖ ✏✒ ✔❁❀ ★✥✆✒✤ ✕✏❁ ✥ ❁ ❀✥✓❃✔✤✒✦❁ ✦❁ ✔❁✆✒❀✕✤✖❁ ❂ ❃✖ ★❃✖✥❀❁ ✪❁✖✗✔✥✬❁ ✢
✙✓✓ ✕✖ ✬ ✪❁ ★✓ ✕✦✥ ❀✒✖❁✓ ✬ ★✥✓✓✥ ✪✒✓❁ ✬ ❁ ✏✒ ✔❁❀ ✦❁ ✗✒❀✳✖✥✤ ❀❁ ✙ ✪❁✖❁ ✓✥★✦❁ ✕✆❃✒ ✔ ✒ ✢✥ ❀❁ ✢ ✟✥✓✗❀✥✢✒❀
❁ ✏✒ ✔❁❀ ✦✥ ✙ ❂ ✒ ✔✆❁ ✗❁✓✓ ✟✏✥ ✔ ✥ ✪❁ ✥ ❀✥ ★✤✥ ★✒ ★❁✓✓✒ ✓ ✕✤ ❃✒✧✌❁ ✗❁❀❄❃✥ ✥✓✤✥ ✗✒❀✳✖✥✤ ❀❁ ✦✥✤✥ ❀✖ ✕★✒ ✒
✪❁✖✗❁★✥★✤✥ ✦✥ ✗✥ ❀✦✒ ✦❁ ✓ ✕★✒ ✔ ✥★✤ ❀✥ ❁ ✤❁ ✗❁ ✦❁ ✥✦ ✕✭ ✟✪ ✕❁ ✥ ✒ ❀✥✆ ✕✌❁ ✗❀✘✬ ✕✖✒ ✒❁ ✓❁ ✔❁ ✢ ✤✓✓✒ ✓ ✕✤ ❃✒✧✌❁
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LLOS = Lfs + 10, 19 + 6 log R
✩☎ ✢✠✠✫

❁ ★✦✥ ✰

Lfs = 32, 45 + 20 log R + 20 log fc

✩☎ ✢✠✡✫
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LNLOS = Lfs + Lrts + Lmds

✩☎ ✢✠✯✫
✤✖ ❄❃✥ ✰

Lrts = −16, 9− 10 log w + 10 log fc + 20 log ∆hm + Lori

✩☎ ✢✠❅✫
✥

Lmsd = Lbsh + ka + kd log R + kf log fc − 9 log d
✩☎ ✢✠☎✫

❁ ★✦✥ ✰
✯ ✤✥ ❀✖❁

Lbsh

❂ ✒ ✗✥ ❀✦✒ ✗❁❀ ✓❁✖ ☞❀✥✒✖✥★✤❁ ✬ ✦✒✦✒ ✗✥ ✔✒ ✥❄❃✒✧✌❁ ✰

Lbsh = −18 log(1 + ∆hb) para ∆hb > 0
✩☎ ✢✠✒✫

✗✒❀✒

ka = 54
✩☎ ✢✠✂✫

✥

kd = 18
✩☎ ✢✠✎✫

✯ ✭✒✤❁❀ ✦✒ ✭ ❀✥❄✧★★✪ ✕✒ ✬
kf

✬ ❂ ✦✥✓ ★✕✦❁ ✬ ✓✥✆❃★✦❁ ✒ ✦✥★✓ ✕✦✒✦✥ ✦✥ ❁ ✪❃✗✒✧✌❁ ✩✗❁ ✗❃✔✒✧✌❁ ✥✭❁ ❃
✥✦ ✕✓ ✪✒✧✮ ✥✓✫ ✬ ✪❁✖❁ ✒ ✓✥✆❃✕❀✰

kf = −4 + 0, 7(
fc

925
− 1)

✩☎ ✢✡✁✫
✯✓ ✦❁ ✕✓ ✠ ✔✤ ✕✖❁✓ ✤✥ ❀✖❁✓ ✦✒ ✥❄❃✒✧✌❁ ☎ ✢✠❅ ✓✌❁ ✕✆❃✒ ✔✒✦❁✓ ✒ ✢✥ ❀❁ ✢ ✯

Lori

✓✥ ❀✥✭✥ ❀✥ ✱ ✪❁✖✗❁★✥★✤✥
✦✥ ✗✥ ❀✦✒✓ ✥★✤ ❀✥ ❁ ✤❁ ✗❁ ✦❁ ✥✦ ✕✭ ✟✪ ✕❁ ✥ ❁ ★✟✏✥ ✔ ✦❁ ✓❁ ✔❁ ❄❃✥ ★✌❁ ❂ ✒ ✓ ✕✤ ❃✒✧✌❁ ✦✥✓✤✥ ✤ ❀✒☞✒ ✔☛❁ ✢ ✯
✗✥★✠ ✔✤ ✕✖❁ ✤✥ ❀✖❁ ✬

∆hm
✒ ✔✤ ❃❀✒ ✦✒ ✤☛✫ ✒☞✒ ✕✬❁ ✦❁ ★✟✏✥ ✔ ✖❂✦ ✕❁ ✦✒✓ ✥✦ ✕✓ ✪✒✧✮ ✥✓ ✬ ✤✒✖ ☞❂✖ ✥✓✤✑ ✭❁ ❀✒

✦❁ ✪✒✓❁ ✥✓✤❃✦✒✦❁ ★✥✓✤✥ ✤ ❀✒☞✒ ✔☛❁ ✢
✜✒ ☎ ✕✆❃❀✒ ☎ ✢✣✠ ✓✌❁ ✒✗❀✥✓✥ ★✤✒✦✒✓ ✪❃❀✏✒✓ ✪❁✖ ✏✒ ✔❁❀✥✓ ❁☞✤ ✕✦❁✓ ✪❁✖ ✒ ✓✥✗✒❀✒✧✌❁ ✥★✤ ❀✥ ✥✦ ✕✓ ✪✒✧✮ ✥✓

✦✵ ✩
d1

✬
d2

✬
d3

✬
d4

✫ ✵ ✩✡❅ ✬ ✡✁ ✬ ✠❅ ✬ ✠✁✫ ✖✥✤ ❀❁✓ ✢ ✜✒ ✔✒❀✆❃❀✒ ✦✒ ❀❃✒ ❃✤ ✕✔✕✢❁❃✆✓✥ ❁✓ ✏✒ ✔❁ ❀✥✓ ✱ ✵ ✩
w1

✬
w2

✬
w3

✬
w4

✫ ✵ ✩✣✒ ✬ ✣❅ ✬ ✣✠ ✢❅ ✬ ✣✁✫ ✖✥✤ ❀❁✓ ✢
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☎ ✕✆❃❀✒ ☎ ✢✣✣✰ ✞❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ★❁ ✝❁✦✥ ✔❁ ✦✥ ✞✯✶✆ ✠✡ ✣ ✥✖ �✯✶



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✣✁☎
✯✓ ❀✥✓❃✔✤✒✦❁✓ ★✒ ✓ ✕✤ ❃✒✧✌❁ ✦✥ ✜�✯✶ ✭❁ ❀✒✖ ✖✥ ✔☛❁❀✥✓ ❄❃✥ ★✒ ✓ ✕✤ ❃✒✧✌❁ ✦✥ �✯✶ ✢ ✴✒❀✒ ✦ ✕✓✤✳★✪ ✕✒✓

✖❃✕✤❁ ✗✥❄❃✥★✒ ✩✖✥★❁❀ ❄❃✥ ✠✁✁ ✖✥✤ ❀❁✓✫ ❁✓ ❀✥✓❃✔✤✒✦❁✓ ✭❁❀✒✖ ✗❁❃✪❁✓ ✓✒✤ ✕✓✭✒✤✘❀✕❁✓ ✢ ✴✒❀✒ ✦ ✕✓✤✳★✪ ✕✒✓
✒✪ ✕✖✒ ✦✥✓✓✥ ✏✒ ✔❁❀ ✥ ✪❁✖

d4

✵ ✠✁ ✖✥✤ ❀❁✓ ✥
w4

✵ ✣✁ ✖✥✤ ❀❁✓ ❁✓ ✏✒ ✔❁❀✥✓ ❁☞✤ ✕✦❁✓ ★✒ ✓ ✕✖ ❃✔✒✧✌❁ ✬
✒✗❀✥✓✥ ★✤✒✖ ❁ ✖✥✓✖❁ ✪❁✖✗❁❀✤✒✖✥★✤❁ ✦✥ ✦✥✪✒ ✕✖✥★✤❁ ✪❁✖ ✒ ✦ ✕✓✤✳★✪ ✕✒ ❄❃✥ ❁✓ ✦✒✦❁✓ ❁☞✤ ✕✦❁✓ ✢
✟✥✏✥✆✓✥ ✔✥✖☞❀✒❀ ❄ ❃✥ ✒ ✗❀✥✪ ✕✓✌❁ ✦❁ ✪✴✶ ✥ ✒ ✭✒ ✔✤✒ ✦✥ ✦✒✦❁✓ ✖✒ ✕✓ ✪❁ ★✪ ❀✥✤❁✓ ✓❁☞❀✥ ✒ ✔✒❀✆❃❀✒ ✦✒ ❀❃✒
✥ ✓✥✗✒❀✒✧✌❁ ✦❁✓ ✥✦ ✕✓ ✪✒✧✮ ✥✓ ✦ ✕✓✪❃✔✤✒ ✒ ❁☞✤✥ ★✧✌❁ ✦✥ ✦✒✦❁✓ ✖✒ ✕✓ ✥✬✒✤❁✓ ✢

☎ ✕✆❃❀✒ ☎ ✢✣✠ ✰ ✞❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ★❁ ✝❁✦✥ ✔❁ ✦✥ ✞✯✶✆ ✠✡ ✣ ✥✖ ✜�✯✶

� ✳✴ ✳� ✂✽✻✖✸✷✸☎✚✽ ✕✽✻ ✽ ✁✽✘✾ ✛✽ ✁✸✕ ✼✾ ✛✄✁✾ ✷✶✽ ✹✼✄✁ ✼✸
✯ ✖❁✦✥ ✔❁ ✦✥ ✝✒❀✪ ✕✥ ✔✆✫✥ ❀✤❁ ★✕✆� ✕✒ ❂ ❁ ✗❀✘✬ ✕✖❁ ✖❁✦✥ ✔❁ ✒ ✓✥ ❀ ✒★✒ ✔✕✓✒✦❁ ✥ ✪❁✖✗✒❀✒✦❁ ✪❁✖ ❁✓
❀✥✓❃✔✤✒✦❁✓ ✦✒✓ ✖✥✦ ✕✧✮✥✓ ✢ ✙ ✓ ✗✥ ❀✦✒✓ ✦✥ ✗❀❁ ✗✒✆✒✧✌❁ ✓✌❁ ✥★✪❁ ★✤ ❀✒✦✒✓ ✗✥ ✔✒ ✓❁✖✒ ✦✒✓ ✗✥ ❀✦✒✓ ★❁
✥✓✗✒✧❁ ✔✕✏ ❀✥ ✬

Lo

✬ ✦✒✓ ✗✥ ❀✦✒✓ ✥✬ ✪✥✦✥★✤✥✓
Lex

✥ ✦❁ ✆✒★☛❁
Gt

✢ ✙ ✓ ✥❄❃✒✧✮✥✓ ❃✤ ✕✔✕✢✒✦✒✓ ★✥✓✤✥ ✖❁✦✥ ✔❁
✥✓✤✌❁ ✖❁✓✤ ❀✒✦✒✓ ✒☞✒ ✕✬❁ ✢

Lo = −10 log[(
λ

4πR
)2]

✩☎ ✢✡ ✣✫
✥



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✣✁✒

Lex = Le1 + Le2

✩☎ ✢✡✠✫
✯ ✤✥ ❀✖❁

Lex

❂ ✪❁✖✗❁✓✤❁ ✗✥ ✔✒ ✓❁✖✒ ✦✥
Le2

✥
Le1

✢ ✜❁ ✥★✤✒★✤❁
Le1

❂ ✒ ✗✒❀✪✥ ✔✒ ❀✥✭✥ ❀✥★✤✥ ✱
❄❃✥✦✒ ★❁ ★✟✏✥ ✔ ✦✥ ✓ ✕★✒ ✔ ✥★✤ ❀✥ ❁ ✤❁✗❁ ✦✒ ✥✦ ✕✓ ✪✒✧✌❁ ✥ ❁ ★✟✏✥ ✔ ✦❁ ✓❁ ✔❁ ✢ ✴❁❀ ✕✓✓❁ ✬ ★✒ ✓ ✕✤ ❃✒✧✌❁ ✦✥✓✤✥
✤ ❀✒☞✒ ✔☛❁ ✬ ✥✓✓✥ ✤✥ ❀✖❁ ✤✥ ❀✑ ✏✒ ✔❁❀ ✢✥ ❀❁ ✢

Le2

❂ ✦✒✦❁ ✗✥ ✔✒ ✥❄❃✒✧✌❁ ✒ ✓✥✆❃✕❀✰

Le2 = −10. log(G2Q
2)

✩☎ ✢✡✡✫
✪❁✖

gp = α

√

d

λ

✩☎ ✢✡✯✫
❁ ★✦✥

α = arctan
hb − h

R
≈ hb − h

R

✩☎ ✢✡❅✫
✜❁ ✖❁✦✥ ✔❁ ✦✥ ✝✒✪ ✕✥ ✔✆✫✥ ❀✤❁ ★✕✆� ✕✒ ✬ � ✗❁ ✦✥ ✓✥ ❀ ✥ ★✪❁ ★✤ ❀✒✦❁ ✗❁❀✰

Q = 3, 50gp − 3, 327g2

p + 0, 962g3

p para 0, 01 < gp < 1
✩☎ ✢✡☎✫

✜✒ ☎ ✕✆❃❀✒ ☎ ✢✣✡ ✤✥✖❁✓ ❁ ❀✥✓❃✔✤✒✦❁ ✦✒ ✓ ✕✖❃✔✒✧✌❁ ✗✒❀✒ ❃✖✒ ✒ ✔✤ ❃❀✒ ✦✒ ✒★✤✥ ★✒ ✪ ✔✕✥ ★✤✥ ✦✥ ✡
✖✥✤ ❀❁✓ ✢ ✙ ✪❃❀✏✒ ❄❃✥ ❀✥ ✗❀✥✓✥★✤✒ ❁ ❀✥✓❃✔✤✒✦❁ ✦✒✓ ✗✥ ❀✦✒✓ ✤✥✖ ❃✖✒ ✕★✪ ✔✕★✒✧✌❁ ✦✥✪ ❀✥✓✪✥ ★✤✥ ✥ ✕✓✓❁
✒✗❀✥✓✥ ★✤✒ ❃✖✒ ❀✑✗✕✦✒ ❄❃✥✦✒ ✪❁✖ ✒ ✦ ✕✓✤✳★✪ ✕✒ ✢ ✯ ☞✓✥ ❀✏✒★✦❁ ✒ ✓✆❃❀✒ ☎ ✢✣✡ ✒✗✥★✒✓ ★✒ ❀✥✆ ✕✌❁ ✥★✤ ❀✥
✯✎✁ ✥ ✒❅✁ ✖✥✤ ❀❁✓ ✥ ✓❁✖✥★✤✥ ✒ ✔✆❃★✓ ✏✒ ✔❁❀✥✓ ❂ ❄❃✥ ❁ ✖❁✦✥ ✔❁ ✒✗✒❀✥★✤✒ ✒ ✔✆❃✖✒ ✪❁✥ ❀★★✪ ✕✒ ✪❁✖ ✒✓
✖✥✦ ✕✧✮ ✥✓ ✢ ✜❁ ✥★✤✒★✤❁ ✬ ❁ ✪❁✖✗❁❀✤✒✖✥★✤❁ ✦✒ ✪❃❀✏✒ ✬ ✪❁✖❁ ❃✖ ✤❁✦❁ ✬ ✕★✦ ✕✪✒ ❃✖ ✦✥✪✒ ✕✖✥★✤❁ ✦❁
★✟✏✥ ✔ ✦❁ ✓ ✕★✒ ✔ ☞✥✖ ✦ ✕✭✥ ❀✥ ★✤✥ ✦❁✓ ✦✒✦❁✓ ✪❁ ✔✥✤✒✦❁✓ ✢

✙ ☎ ✕✆❃❀✒ ☎ ✢✣✯ ✒✗❀✥✓✥ ★✤✒ ❁✓ ❀✥✓❃✔✤✒✦❁✓ ✦✒✓ ✪❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ✗✒❀✒ ✒ ✔✤ ❃❀✒✓ ✦✒✓ ✒★✤✥★✒✓ ✪ ✔✕✥ ★✤✥✓ ✦✥
✡ ✬ ✯ ✥ ❅ ✖✥✤ ❀❁✓ ✢ ✞❁ ✕★✪ ✕✦✥ ★✤✥✖✥★✤✥ ✬ ✒✓ ✪❃❀✏✒✓ ✓✌❁ ✖❃✕✤❁ ✗❀✘✬ ✕✖✒✓ ❃✖✒ ✦✒✓ ❁❃✤ ❀✒✓ ✥ ✓✪✒ ✗❁❃✪❁
✗✥ ❀✪✥ ✗✤ ✟✏✥ ✔ ✦✥ ✦ ✕✓✤ ✕★✧✌❁ ★✒ ✥✓✪✒ ✔✒ ❃✤ ✕✔✕✢✒✦✒ ✢ ✜❁ ❀✥✓✤✒★✤✥ ❁ ✆ ❀✑✓ ✪❁ ✒✗❀✥✓✥ ★✤❁❃ ✪❁✖✗❁❀✤✒✖✥★✤❁
✓✥✖✥ ✔☛✒★✤✥ ✒❁ ✆ ❀✑✓✪❁ ✒★✤✥ ❀✕❁ ❀✢ ☛✥✓✓✒ ✔✤✒✖❁✓ ✖✒ ✕✓ ❃✖✒ ✏✥✢ ❄❃✥ ❁ ✖❁✦✥ ✔❁ ★✌❁ ✓✥ ✒✗✔✕✪✒ ✒ ✦ ✕✓✤✳★✪ ✕✒✓
✖✥★❁❀✥✓ ❄❃✥ ✣ �✖ ✢
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☎ ✕✆❃❀✒ ☎ ✢✣✡ ✰ ✞❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ★❁ ✝❁ ✦✥ ✔❁ ✦✥ ✝✒❀✪ ✕✥ ✔✆✫✥ ❀✤❁ ★✕✆� ✕✒
hm = 3m
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L = Lfs + Lrts + Lmd

✩☎ ✢✡✒✫
✯ ★✦✥ ✰

Lfs = −10 log(
λ

4πR
)2

✩☎ ✢✡✂✫
λ

❂ ❁ ✪❁✖✗❀✕✖✥★✤❁ ✦✥ ❁ ★✦✒ ✥ ☛ ✒ ✦ ✕✓✤✳★✪ ✕✒ ✥ ★✤ ❀✥ ✤ ❀✒★✓✖ ✕✓✓❁❀ ✥ ❀✥✪✥ ✗✤❁❀

Lrts = −10 log[
λ

2π2r
(
1

φ
− 1

2π + φ
)]

✩☎ ✢✡✎✫
✤✖ ❄❃✥ ✰

φ = arctan(
∆hm

x
)

✩☎ ✢✯✁✫
✥

r =
√

(∆hm)2 + x2
✩☎ ✢✯ ✣✫

∆hm

❂ ✒ ✦ ✕✭✥ ❀✥ ★✧✒ ✦✥ ✒ ✔✤ ❃❀✒✓ ✥★✤ ❀✥ ❁ ★✟✏✥ ✔ ✖❂✦ ✕❁ ✦✒✓ ✥✦ ✕✓ ✪✒✧✮ ✥✓ ✥ ✒ ✥✓✤✒✧✌❁ ✖✘✏✥ ✔✢
✱ ❂ ✒ ✔✒❀✆❃❀✒ ✦✒ ❀❃✒ ✢
✬ ✥✖ ✆✥ ❀✒ ✔ ❂ ✱ ✭✠ ✢
✤

Lmd = −10 log(Q2)
✩☎ ✢✯✠✫

✯ ★✦✥ ❁ ✏✒ ✔❁❀ ✦✥ � ✏✒ ✔✥ ✰

Q = 2, 35(
gp

M
)0,9 ≈ 2, 35(

∆hb

R

√

d

λ
)0,9 ✩☎ ✢✯✡✫

✙✓✓ ✕✖ ✬ ✒ ✗✥ ❀✦✒ ✤❁✤✒ ✔ ❂ ✦✒✦✒ ✗❁❀✰
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L = − log[(
λ

4πR
)2]− 10 log[

λ

2π2r
(
1

φ
− 1

2π + φ
)]− 10 log[(2, 35)2(

∆hb

R

√

d

λ
)1,8]

✩☎ ✢✯✯✫
✯ ✤✥ ❀✖❁

Lrts
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✬ ✓✥ ✪❁ ★✓ ✕✦✥ ❀✒✦✒ ✦✥ ✭❁❀✖✒ ✖✒ ✕✓ ❀✥✒ ✔✕✓✤✒ ✬ ✓✥ ❀✕✒ ✦ ✕✭✥ ❀✥★✤✥ ✬ ✗❁ ✕✓ ✪✒✦✒
❃✓❃✑ ❀✕❁ ✗❁✓✓❃✕ ❃✖ ✪❁✖✗❀✕✖✥★✤❁ ✦✥ ✪✒☞❁ ✦ ✕✭✥ ❀✥★✤✥ ✢
� ✳✴ ✳� ✂✽✻✖✸✷✸☎✚✽ ✕✽✻ ✽ ✁✽✘✾ ✛✽ ✘✾ ✁✾ ✷✶✽ ✹✼ ✸✘✸✖✶✸✘✽
✯ ✖❁✦✥ ✔❁ ✦✥ ✫✥ ❀✤❁ ★✕ ✒✦✒✗✤✒✦❁ ❂ ☞✒✓✥✒✦❁ ★❁ ✖❁✦✥ ✔❁ ✦✥ ✫✥ ❀✤❁ ★✕ ✪❁✖ ✒ ✖❁✦ ✕✓✪✒✧✌❁ ✦❁ ✤✥ ❀✖❁
� ✩✒✖✗✔✕✤ ❃✦✥ ✦❁ ✓ ✕★✒ ✔✫ ✢ ✌✓✓❁ ✭❁ ✕ ✭✥ ✕✤❁ ✪❁✖ ❁ ❁☞✰ ✥✤ ✕✏❁ ✦✥ ✓✥ ✕★✤ ❀❁ ✦❃✢ ✕❀ ✒✓ ✗✥ ❀✦✒✓ ❁❀✕✆ ✕★✒✦✒✓ ✗✥ ✔✒
✒ ✔✥✒✤❁❀✕✥✦✒✦✥ ✦✒✓ ✒ ✔✤ ❃❀✒✓ ✦✒✓ ✥✦ ✕✓✪✒✧✮✥✓ ★❁ ✪✒✖ ✕★☛❁ ✦✥ ✗❀❁✗✒✆✒✧✌❁ ✢ ✙✓ ✥❄❃✒✧✮ ✥✓ ❃✤ ✕✔✕✢✒✦✒✓ ✓✌❁
❀✥✒✗❀✥✓✥★✤✒✦✒✓ ✒ ✓✥✆❃✕❀ ✗✒❀✒ ✖✒ ✕❁ ❀ ✭✒✪ ✕✔✕✦✒✦✥ ✢

✴✒❀✒ ❃✖
gp

✦✒✦❁ ✗✥ ✔✒ ✥❄❃✒✧✌❁ ✒ ✓✥✆❃✕❀✰

gp = sin α

√

d

λ

✩☎ ✢✯❅✫
✆✥✖❁✓ ❄❃✥ ✰

QRan = 2, 616gp − 2, 313g2

p + 0, 605g3

p

✩☎ ✢✯☎✫
✯ ✟★✦ ✕✪✥ ✩☛✒★✫ ❀✥✭❁❀✧✒ ❄❃✥ ✭❁❀✒✖ ❃✤ ✕✔✕✢✒✦✒✓ ✒ ✔✤ ❃❀✒✓ ✒ ✔✥✒✤✘❀✕✒✓ ★✒✓ ✥✦ ✕✓✪✒✧✮✥✓ ✥★✤ ❀✥ ☎✖ ✥ ✣✯

✖ ✢
✴✒❀✒ ✒★✤✥★✒✓ ✕✓❁✤ ❀✘ ✗✕✪✒✓ ❁ ✞✆✒★☛❁ ★❁ ✗✥ ❀✪❃❀✓❁ ✞❂ ✦✒✦❁ ✗❁❀✰

PG =
PRx

PTx

= (
λ

4πR
)2Q2

✩☎ ✢✯✒✫



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✣✣✯
✤✖ ❄❃✥ ✰
☛ ❂ ✒ ✦ ✕✓✤✳★✪ ✕✒ ✥ ★✤ ❀✥ ✤☛✫ ✥ ✪ ✔✕✥ ★✤✥ ✢

α = arctan(
hTx

R
)− R

2Re

✩☎ ✢✯✂✫
✯ ★✦✥ ✰
Re = 8490 �✖ ✬ ❀✒ ✕❁ ✥✭✥✤ ✕✏❁ ✦✒ ✤✥ ❀❀✒ ✬

hb

❂ ✒ ✒ ✔✤ ❃❀✒ ✦✒ ✒★✤✥ ★✒ ✤ ❀✒ ★✓✖ ✕✓✓❁❀✒ ✢
✙ ✥❄❃✒✧✌❁ ☎ ✢✯✂ ★✌❁ ❂ ✏✒ ✔✕✦✒ ✗✒❀✒ ✦ ✕✓✤✳★✪ ✕✒✓ ✖❃✕✤❁ ✗❀✘✬ ✕✖✒✓ ❁ ❃ ✒ ✔❂✖ ✦✒ ✔✕★☛✒ ✦❁ ☛❁❀✕✢❁ ★✤✥ ✬

α
✵✁ ✢
✙ ✒ ✔✤ ❃❀✒ ✖❂✦ ✕✒ ✦✒✓ ✥✦ ✕✓✪✒✧✮✥✓ ✭❁ ✕ ✒✦❁✤✒✦✒ ✪❁✖❁ ✓✥★✦❁ ❅ ✖✥✤ ❀❁✓ ✢ ✤ ✒✓ ✦ ✕✓✤✳★✪ ✕✒✓ ✖❂✦ ✕✒✓

✥ ★✤ ❀✥ ✒✓ ✥✦ ✕✓✪✒✧✮✥✓ ✭❁❀✒✖ ❅ ✖ ✬ ✒ ✖ ✥ ✣❅ ✖✥✤ ❀❁✓ ✢ ✯✓ ❀✥✓❃✔✤✒✦❁✓ ✥✓✤✌❁ ★✒ ☎ ✕✆❃❀✒ ☎ ✢✣✒ ✢
✯ ✓ ❀✥✓❃✔✤✒✦❁✓ ❁☞✤ ✕✦❁✓ ★❁ ✖❁✦✥ ✔❁ ✭❁ ❀✒✖ ☞✥✖ ✒☞✒ ✕✬❁ ✦❁✓ ✏✒ ✔❁❀✥✓ ✖✥✦ ✕✦❁✓ ✬ ✪❁✖ ✥✬ ✪✥✧✌❁ ✦❁✓

✏✒ ✔❁❀✥✓ ✕★✕✪ ✕✒ ✕✓ ✢ ✄✖✒ ☞❁✒ ✰ ❃✓✤ ✕✓✪✒✤ ✕✏✒ ✗✒❀✒ ✥✓✓✒ ✦ ✕✭✥ ❀✥★✧✒ ✓✥ ❀✕✒ ✒ ✖❃✦✒★✧✒ ✦❁ ✗✒❀✳✖✥✤ ❀❁ � ✬
✗❀❁ ✗❁✓✤❁ ✗✒❀✒ ✦ ✕✭✥ ❀✥ ★✧✒✓ ✒ ✔✥✒✤✘❀✕✒✓ ★✒✓ ✒ ✔✤ ❃❀✒✓ ✦✒✓ ✥✦ ✕✓ ✪✒✧✮ ✥✓ ✢ ✜✒ ✓ ✕✤ ❃✒✧✌❁ ✦❁ ✖❁✦✥ ✔❁ ✤✥✖❁✓
✗❀❂✦ ✕❁✓ ✦✥ ✗❁ ❃✪❁✓ ✒ ✏✑ ❀✕❁✓ ✒★✦✒❀✥✓ ✬ ✭✒✤❁ ❄❃✥ ★✌❁ ❁ ✪❁❀❀✥ ★✒ ✪ ✕✦✒✦✥ ❁★✦✥ ✓✥ ❀✥✒ ✔✕✢✒❀✒✖ ✒✓ ✖✥✦ ✕✧✮✥✓ ✢

☎ ✕✆❃❀✒ ☎ ✢✣✒ ✰ ✞❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ★❁ ✝❁✦✥ ✔❁ ✦✥ ✫✥ ❀✤❁ ★✕ ✒✦✒✗✤✒✦❁



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✣✣❅
� ✳✴ ✳✴� ✂✽✻✖✸✷✸☎✚✽ ✕✽✻ ✽ ✁✽✘✾ ✛✽ ✘✾ ✂ ✷✽✺✁✂
✯ ✖❁✦✥ ✔❁ ✦✥ ✞ ❀❁✓☞✠ ✪❁ ★✓ ✕✓✤✥ ★✒ ✖❁✦ ✕✓✪✒✧✌❁ ✦❁ ✗✒❀✳✖✥✤ ❀❁

gp

❄❃✥ ✗✒✓✓✒ ✒ ✓✥ ❀ ✦✥✓✪ ❀✕✤❁ ✪❁✖❁
g

′

p✗✒❀✒ ❃✖✒ ✭❃★✧✌❁ ✦✥✗✥★✦✥★✤✥ ✦✥ ❁ ❃✤ ❀❁ ✗✒❀✳✖✥✤ ❀❁
γ

❄❃✥ ❂ ✭❃★✧✌❁ ✦❁ ✪❁✖✗❀✕✖✥★✤❁ ✦✥ ❁ ★✦✒ ✬ ✦✒
✦ ✕✓✤✳★✪ ✕✒ ✥★✤ ❀✥ ✥✦ ✕✓ ✪✒✧✮ ✥✓ ✥ ✦❁ ✦✥✓✏ ✕❁ ✗✒✦ ❀✌❁ ✦✒✓ ✒ ✔✤ ❃❀✒✓ ✦✒✓ ✥✦ ✕✓ ✪✒✧✮ ✥✓ ✢

✙ ✓ ✥❄❃✒✧✮✥✓ ❃✤ ✕✔✕✢✒✦✒✓ ✥ ❁✓ ❀✥✓❃✔✤✒✦❁✓ ✓✌❁ ✖❁✓✤ ❀✒✦❁✓ ✔❁✆❁ ✒ ✓✥✆❃✕❀✰

Lmd = −20 log Q
✩☎ ✢✯✎✫

✤✖ ❄❃✥ ✰

Q = 3, 50(g′

p)− 3, 327(g′

p)
2 + 0, 962(g′

p)
3

✩☎ ✢❅✁✫
✞❁✖ ❁ ✗✒❀✳✖✥✤ ❀❁ ✒✦ ✕✖✥★✓ ✕❁ ★✒ ✔ ✩

g′

p

✫ ✦✒✦❁ ✗❁❀

(g′

p) =
α

(1 + 4, 88γ + 2, 88γ2)0,556

√

d

λ

✩☎ ✢❅ ✣✫
✥✖ ❄❃✥

γ =
σ2

h

λd

✩☎ ✢❅✠✫
✥

σh =
∆h√
12

✩☎ ✢❅✡✫
✯ ★✦✥ ✰
∆h =

✁ ✬ ✣✬ ✡ ✬ ❅ ✬ ✒ ✥ ✎✖ ✮
✙ ✔✤❃❀✒ ✦❁ ✤ ❀✒ ★✓✖ ✕✓✓❁❀ ✥ ★✤ ❀✥ ✣✁ ✥ ✯✁ ✖ ✮
✦✵ ❅✁

λ
✒✤❂ ✣✁✁✁

λ
✢

✜✒ ✦ ✕✓✤✳★✪ ✕✒ ✦✥ ✓✥✗✒❀✒✧✌❁ ✖❂✦ ✕✒ ✥★✤ ❀✥ ✒✓ ✥✦ ✕✓ ✪✒✧✮ ✥✓ ✭❁ ✕ ❃✤ ✕✔✕✢✒✦✒ ❅ ✖✥✤ ❀❁✓ ✢ ✜✒✓ ✦❃✒✓ ✪❃❀✏✒✓
✦❁ ✆ ❀✑✓ ✪❁ ✦✒ ☎ ✕✆❃❀✒ ☎ ✢✣✂ ✓✌❁ ❀✥ ✗❀✥✓✥★✤✒✦❁✓ ✦❁ ✕✓ ✏✒ ✔❁❀✥✓ ✦ ✕✭✥ ❀✥ ★✤✥✓ ✗✒❀✒

∆hm

✩✡ ✥ ❅✫ ✬ ✏✒❀✕✒✧✌❁
✥★✤ ❀✥ ✒ ✒ ✔✤ ❃❀✒ ✖✑✬ ✕✖✒ ✥ ✖ ✟★✕✖✒ ✦✒✓ ✒★✤✥ ★✒✓ ✪ ✔✕✥ ★✤✥✓ ✢

✯ ❀✥✓❃✔✤✒✦❁ ✒✗❀✥✓✥ ★✤✒✦❁ ✭❁ ✕ ☞✒✓✤✒ ★✤✥ ✪❁ ✥ ❀✥★✤✥ ✗✒❀✒ ☞❁✒ ✗✒❀✤✥ ✦❁✓ ✗❁★✤❁✓ ❁☞✤ ✕✦❁✓ ✬ ★✒ ✓ ✕✤ ❃✆
✒✧✌❁ ✗✒❀✒

∆hm = 3
✬ ✒✗✥✓✒❀ ✦❁✓ ✏✒ ✔❁❀✥✓ ✥✓✤✒❀✥✖ ✭❁ ❀✒ ✦✒ ✪❃❀✏✒ ✦✥✓✪ ❀✕✤✒ ✗✥ ✔❁ ✖❁✦✥ ✔❁ ✦✥✏ ✕✦❁ ✒

✒ ✔✥✒✤❁❀✕✥✦✒✦✥ ✦✒✓ ✖✥✦ ✕✧✮ ✥✓ ✢ ✜✌❁ ✗❁ ✦✥✖❁✓ ✥✓❄❃✥✪✥ ❀✬ ✪❁✖❁ ✰ ✑ ✦✥✓✪ ❀✕✤❁ ★❁ ✖❁✦✥ ✔❁ ✓ ✕✖✗✔✕✓✪✒✦❁



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✣✣☎
✦✥ � ✕✒ ✬ ❄ ❃✥ ✥✬ ✕✓✤✥ ✒ ✗❀✥✪ ✕✓✌❁ ✦❁ ✪✴✶ ✦✥ ✎ ✬✣✠ ✖ ✢ ✯✓ ✏✒ ✔❁❀✥✓ ✦❁ ✪❁✖✗❀✕✖✥★✤❁ ✦❁ ✪✒☞❁ ❄❃✥ ✭❁ ✕
✪❁★✓ ✕✦✥ ❀✒✦❁ ✪❁✖ ❃✖ ✤✒✖✒★☛❁ ✖❂✦ ✕❁ ✦✥ ✣✁ ✖✥✤ ❀❁✓ ✩✒★✤✥ ★✒ ✒❁ ✥❄❃✕✗✒✖✥★✤❁ ✦✥ ✖✥✦ ✕✦✒✫ ❄❃✒★✦❁
★✒ ❀✥✒ ✔✕✦✒✦✥ ❁✓ ✤✒✖✒★☛❁✓ ❀✥✒ ✕✓ ★✌❁ ✭❁ ❀✒✖ ❁✓ ✖✥✓✖❁✓ ✢ ✙ ✒ ✔✤ ❃❀✒ ✦✒ ✒★✤✥ ★✒ ✪ ✔✕✥ ★✤✥ ❄❃✥ ✒✗❀✥✓✥★✤✒
✏✒ ✔❁❀✥✓ ✒✗❀❁✬ ✕✖✒✦❁✓ ✢ ✤ ✒ ✓✥ ✗✒❀✒✧✌❁ ✖❂✦ ✕✒ ✥ ★✤ ❀✥ ✒✓ ✥✦ ✕✓✪✒✧✮✥✓ ✦✥ ❅ ✖✥✤ ❀❁✓ ❄❃✥ ✤✒✖☞❂✖ ★✥✪✥✓✓ ✕✤✒
✦✥ ❃✖✒ ✒✏✒ ✔✕✒✧✌❁ ✖✒ ✕✓ ✥✬✒✤✒ ✢

✙✓ ✪❃❀✏✒✓ ✦❁ ✖❁✦✥ ✔❁ ✦✥ ✞ ❀❁✓☞✠ ✓❃✆✥ ❀✥✖ ✒ ✗❁✓✓ ✕☞ ✕✔✕✦✒✦✥ ✦✒ ❃✤ ✕✔✕✢✒✧✌❁ ✦❁ ✖❁✦✥ ✔❁ ✗✒❀✒ ✦✥✓✆
✪ ❀✥✏✥ ❀ ❁ ✪❁✖✗❁❀✤✒✖✥★✤❁ ✦✒✓ ✗✥ ❀✦✒✓ ✦✥ ✗❀❁ ✗✒✆✒✧✌❁ ✪❁✖ ✒ ✦ ✕✓✤✳★✪ ✕✒ ✢ ✤✓✓✥ ✖❁✦✥ ✔❁ ✓✥ ❀✕✒ ❃✖✒
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L = 42, 7 log(R)− 32, 7 log(hb) + 20, 7 log(fc) + 55, 4
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✥✖ ❄❃✥ ✒ ✔✒❀✆❃❀✒ ✦✒ ❀❃✒ ✩✱ ✫ ✗❁✓✓❃✕ ✏✒ ✔❁❀✥✓ ✦✥ ❅ ✖ ✥ ✣✁ ✖ ✥ ❁ ✏✒ ✔❁ ❀ ✗✒❀✒

φ
❂ ✢✥ ❀❁ ★❁✓ ✦❁ ✕✓ ✪✒✓❁✓ ✢

L = 42, 7 log(R)− 32, 7 log(hb) + 20, 7 log(fc)− 10, 3 log(w) + 13, 4 cos(1, 37φ− 76)

+52, 5

✩☎ ✢❅❅✫
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φ = 0
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L = −20 log(0, 7hb)− 8 log(hm) +
fc

40
+ 26 log(

fc

40
)− 86 log(

fc + 100

156
)

+[40 + 14, 15 log(
fc + 100

156
)] log(1000R) + 0, 256(62, 4− 2, 2R)

−(
0, 37(−7, 475R2 + 85, 225R− 91, 55)

7
)

✩☎ ✢❅☎✫

✯ ★✦✥ ✰
fc =

☎❀✥❄✧★★✪ ✕✒ ✦✥ ❁ ✗✥ ❀✒✧✌❁ ★✒ ✭✒ ✕✬✒ ✥✖ ✝✩✢
R = ✟ ✕✓✤✳★✪ ✕✒ ✤☛✫✆✤✝ ✥✖ �✖
hb =
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✦✥ ✦✒✦❁✓ ✥ ★✤ ❀✥ ✒✓ ✪ ✕✦✒✦✥✓ ✢ ✤✖ ✓✥✆❃✕✦✒ ❂ ✭✥ ✕✤✒ ✒ ✪❁✖✗✒❀✒✧✌❁ ✥★✤ ❀✥ ❁✓ ❀✥✓❃✔✤✒✦❁✓ ✗❀✥✏ ✕✓✤❁✓
✗✥ ✔❁✓ ✖❁✦✥ ✔❁✓ ✦✥ ✗❀❁✗✒✆✒✧✌❁ ✥ ❁✓ ✦✒✦❁✓ ❁☞✤ ✕✦❁✓ ✢ ✯✓ ✖❁✦✥ ✔❁✓ ✤✥✘❀✕✪❁✓ ✗❁ ★✤❁✆✒✆✗❁ ★✤❁ ✬ ✒ ✔❂✖
✦✥ ✪❁ ★✓ ✕✦✥ ❀✒❀✥✖ ✒ ✦ ✕✓✤✳★✪ ✕✒ ✥ ❁ ✆ ❀✒❃ ✦✥ ❃❀☞✒★✕✢✒✧✌❁ ✬ ✦✥✏✥✖ ✪❁★✓ ✕✦✥ ❀✒❀ ❁ ❀✥ ✔✥✏❁ ✦❁ ✤✥ ❀❀✥ ★❁ ✒
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☎ ✕✆❃❀✒ ☎ ✢✠ ✣✰ ✞❃❀✏✒✓ ❁☞✤ ✕✦✒✓ ★❁ ✝❁✦✥ ✔❁ ✦✥ ✌☞❀✒☛ ✕✖✆✴✒❀✓❁ ★✓



�✁✂ ✄☎✆✝✞ � ✟ ✁ ✆✁✝✝☞✁✆✡✞ ✞☞ ✞✠☞✆✝☎✁✡✞☞ ✣✠ ✣
✓✥ ❀ ✥✓✤❃✦✒✦❁ ✢ ✯✓ ✖❁✦✥ ✔❁✓ ✪❁ ★✓ ✕✦✥ ❀✒✦❁✓ ✓✌❁ ✰ ✝❁ ✦✥ ✔❁ ✦✥ ✦❁ ✕✓ ❀✒ ✕❁✓ ✬ ✝❁ ✦✥ ✔❁ ✦✥ ✤✆ ✔✕✬ ✝❁✦✥ ✔❁ ✦✥
✫ ✔❁✖❄❃✕✓✤✆ �✒✦✥ ✔✔ ✥ ❁ ✝❁✦✥ ✔❁ ✦✥ �✥✥ ✢

✯✓ ✥★✔✒✪✥✓ ✥★✏❁ ✔✏ ✕✦❁✓ ✬ ★✥✓✤✒ ✗✒❀✤✥ ✓✌❁ ✰
• ✤☛✫ ✤✓✗✥ ❀✒ ★✧✒ ✆ ✤☛✫ ✙ ❀✥ ✕✒ ✔✢
• ☛✥ ✗✥✤ ✕✦❁❀✒ ✤✓✗✥ ❀✒ ★✧✒ ✆ ❀✥ ✗✥✤ ✕✦❁ ❀✒ ✙ ❀✥ ✕✒ ✢
• ✤☛✫ ✞✒✖✗✕★✒ ✪ ❀✒★✦✥ ✆ ❀✥✗✥✤ ✕✦❁❀✒ �✒✆❁✒ ✶✥✪✒ ✢
✞✒✦✒ ❃✖ ✦✥✓✓✥✓ ✥ ★✔✒✪✥✓ ✥✓✤✑ ✦✥✓✪ ❀✕✤❁ ★❁ ✪✒✗✟✤ ❃ ✔❁ ✒★✤✥ ❀✕❁ ❀✢

� ✳✁ ✳✴ ✂✹ ✛✸✕✾ ✂�✁ ✂✺✖✾ ✷✸✹☎✸ ✄ ✂�✁ ✔ ✷✾ ✼✸ ✛

✞❁❁✦✥★✒✦✒✓ ✶ ✁✒ ✬✁✠✁✠✁✁
◦

✡ ✡❅ ✬✂❅✂✯❅
◦

✁ ★✆❃✔❁✓
θ

✩❀✒✦✫ ✣✬☎✎✡✡✠ ✣✎✡✁✎✯
✩✪ ❀✒ ❃✓✫ ✎✒ ✬✁✠✁✠✁✁

◦

φ
✩❀✒✦✫ ❅ ✬☎❅✒✡✡✒✠✎✁✁✠

✩✪ ❀✒ ❃✓✫ ✆✡❅ ✬✂❅✂✯❅
◦

✙ ✔✤❃❀✒ ❀✥✆ ✕✓✤ ❀✒✦✒ ✗✥ ✔❁ ✪✴✶ ☎❅✁ ✬✒ ✖
✴ ❀✥✪ ✕✓✌❁ ✦❁ ✪✴✶ ★❁ ✕★✓✤✒★✤✥ ✦✒ ✖✥✦ ✕✧✌❁ ☎ ✬☎ ✖

✙ ✔✤❃❀✒ ✦✒ ✒★✤✥ ★✒ ✒✪ ✕✖✒ ✦❁ ✪✴✶ ✯ ✖
✞❁✖✗❀✕✖✥★✤❁ ✒✗❀❁✬ ✕✖✒✦❁ ☎ ✖
✦❁ ✪✒☞❁ ✆ ✙ ★✤✥★✒ ✭ ✙ ✴

☛✒ ✕❁ ✤❁✤✒ ✔ ☎ ✢✡✒✂ ✢☎❅✯ ✬✒ ✖
XERB

❅ ✢✣✡✁ ✢✎✡✁ ✬✯✡✎☎✠ ✖
YERB

✆ ✡ ✢✒✁✂ ✢❅✁☎ ✬❅✒✂☎✯ ✖
ZERB

✆ ✒✒✎ ✢❅✎✯ ✬✯✂❅✯✂✒ ✖

✆✒☞✥ ✔✒ ☎ ✢✯ ✰ ✟✒✦❁✓ ❁☞✤ ✕✦❁✓ ✗✒❀✒ ✒ ✤☛✫ ✩✤✓✗✥ ❀✒★✧✒✫
✜❁ ✙ ★✥✬❁ ☎ ✩✓✆ ❃❀✒ ✦❁ ✥★✔✒✪✥ ✤✓✗✆✙ ❀✥ ✕✒ ✔✫ ✥✓✤✑ ✤ ❀✒✧✒✦❁ ❁ ✗✥ ❀✓ ✔ ✦❁ ✤✥ ❀❀✥★❁ ★❁ ✥★✔✒✪✥ ✤☛✫

✤✓✗✥ ❀✒★✧✒ ✆ ✤☛✫ ✙ ❀✥ ✕✒ ✔✢ ✤ ✔✥ ✓✥ ❀✑ ❃✤ ✕✔✕✢✒✦❁ ✗✒❀✒ ✒❃✬ ✕✔✕✒❀ ❁ ✪✑ ✔✪ ❃ ✔❁ ✦✒✓ ✗✥ ❀✦✒✓ ✦✥ ✗❀❁ ✗✒✆✒✧✌❁ ✥✖
✪✒✦✒ ❃✖ ✦❁✓ ✖❁✦✥ ✔❁✓ ✦✥ ✗❀✥✦ ✕✧✌❁ ✤✥✓✤✒✦❁✓ ✢ ✯ ✤ ❀✒✧✒✦❁ ✦❁ ✗✥ ❀✓ ✔ ✦❁ ✤✥ ❀❀✥ ★❁ ✭❁ ✕ ❀✥✒ ✔✕✢✒✦❁ ✥✖ ✗✒✗✥ ✔
✥✓✗✥✪ ✕✒ ✔ ✩✰ ✑ ✪❁ ★✓ ✕✦✥ ❀✒★✦❁ ❁ ✏✒ ✔❁❀ ✦❁ ✭✒✤❁❀ ✦✥ ✪❁❀❀✥✧✌❁ ✦✒ ✤✥ ❀❀✒ ✬ ✒❄❃✕✬ ✯✭✡✫ ✢ ✪✥ ❀✒ ✔✖✥★✤✥ ✗✒❀✒ ✓✥
✤ ❀✒✧✒❀ ❁ ✗✥ ❀✓ ✔ ✦❁ ✤✥ ❀❀✥ ★❁ ✬ ❃✤ ✕✔✕✢✒✆✓✥ ✒ ✪✒❀✤✒ ✤❁ ✗❁✆ ❀✑✓✪✒ ✦✒ ❀✥✆ ✕✌❁ ✢ ✜❁ ✥★✤✒★✤❁ ✬ ✏✥ ❀✕✓✪❁ ❃✆✓✥ ❄❃✥
✒✓ ✪✒❀✤✒✓ ✭❁ ❀★✥✪ ✕✦✒✓ ✗✥ ✔✒ ✙✟✤✜✤ ✒✗❀✥✓✥★✤✒✏✒✖ ✦ ✕✓✪ ❀✥✗✳★✪ ✕✒✓ ✥★✤ ❀✥ ✓✥❃✓ ✏✒ ✔❁❀✥✓ ✥ ❁✓ ✏✒ ✔❁❀✥✓
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✞❁❁✦✥★✒✦✒✓ ✶ ✁✒ ✬✁❅ ✣✒✒☎✯✡✠
◦

✡ ✡❅ ✬✎✠✯☎✒✠✒
◦

✁ ★✆❃✔❁✓
θ

✩❀✒✦✫ ✣✬☎✎✡✂✒✡✁✯✡☎❅
✩✪ ❀✒ ❃✓✫ ✎✒ ✬✁❅ ✣✒✒☎✯✡✠

◦

φ
✩❀✒✦✫ ❅ ✬☎❅☎✣✂ ✣✯✂❅✂☎

✩✪ ❀✒ ❃✓✫ ✆✡❅ ✬✂❅✂✯❅
◦

✙ ✔✤❃❀✒ ❀✥✆ ✕✓✤ ❀✒✦✒ ✗✥ ✔❁ ✪✴✶ ✒ ✣✒ ✬✂ ✖
✴ ❀✥✪ ✕✓✌❁ ✦❁ ✪✴✶ ★❁ ✕★✓✤✒ ★✤✥ ✦✒ ✖✥✦ ✕✧✌❁ ✒ ✬✂ ✖

✙ ✔✤❃❀✒ ✦✒ ✒★✤✥ ★✒ ✒✪ ✕✖✒ ✦❁ ✪✴✶ ☎ ✖
✞❁✖✗❀✕✖✥★✤❁ ✒✗❀❁✬ ✕✖✒✦❁ ✣✠ ✖
✦❁ ✪✒☞❁ ✆ ✙ ★✤✥★✒ ✭ ✙ ✴
✞❁ ★✥✪✤❁❀✥✓ ✜ ✆ ✝✒✪☛❁ ✁

✞❁ ★✥✪✤❁❀✥✓ ✜ ✆ ☎★✖✥✒ ✠

✶✜☛ ✣✯ ✬✣✁✎❅✎ ✦✫
✜✟✏✥ ✔ ✦✥ ✶ ✕★✒ ✔ ✆ ✂ ✣✬❅✂✎✁✯ ✦✫✖
✜✟✏✥ ✔ ✦✥ ☛❃✟✦❁ ✆ ✎❅ ✬☎✎✂☎✡ ✦✫✖
☛✒ ✕❁ ✤❁✤✒ ✔ ☎ ✢✡✒✂ ✢✒✠✡ ✬✂✁ ✖

XERB

❅ ✢✣✠☎ ✢✡✯✒ ✬❅✡✎✡☎ ✖
YERB

✆✡ ✢✒ ✣✯ ✢✠✠✠ ✬✁✯ ✣✠ ✣ ✖
ZERB

✆✒✂✡ ✢✁✎ ✣✬✂❅✡❅✠✡ ✖
✟ ✕✓✤✳★✪ ✕✒ ✂ ✣✣✒ ✬✎✯✯✒ ✖

✆✒☞✥ ✔✒ ☎ ✢❅ ✰ ✟✒✦❁✓ ❁☞✤ ✕✦❁✓ ★✒ ✤☛✫ ✩✙ ❀✥ ✕✒ ✔✫
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✞❁❁❀✦✥★✒✦✒✓ ✙ ✔✤ ❃❀✒ ✴ ❀✥✪ ✕✓✌❁ ✟ ✕✓✤✳★✪ ✕✒
✪✥❁✆ ❀✑✓✪✒✓ ✩✪✴✶ ✫ ✗✒❀✒ ✤☛✫
✶ ✁✒ ✬✁✠✁✯ ✣

◦
☎✯❅ ✬✂ ✖ ✂ ✬✎ ✖ ✡❅ ✬✣✣ ✖

✡ ✡❅ ✬✂❅✂☎✎
◦

✶ ✁✒ ✬✁✠✯✡✎
◦

☎✯✂ ✬✒ ✖ ✣✁ ✬✣ ✖ ☎❅✁ ✖
✡ ✡❅ ✬✂☎✠❅❅

◦

✶ ✁✒ ✬✁✡✡✁❅
◦

☎☎ ✣✬✂ ✖ ✒ ✬❅ ✖ ✣☎❅✁ ✖
✡ ✡❅ ✬✂☎❅✂❅

◦

✶ ✁✒ ✬✁✡✎ ✣✁
◦

☎✯✡ ✬❅ ✖ ✒ ✬✁ ✖ ✠✂✂✁ ✖
✡ ✡❅ ✬✂✒☎✠✯

◦

✶ ✁✒ ✬✁✯ ✣❅✁
◦

☎☎✒ ✬✒ ✖ ☎ ✬✂ ✖ ✡✂ ✣✁ ✖
✡ ✡❅ ✬✂✂❅✯✡

◦

✶ ✁✒ ✬✁✯❅ ✣☎
◦

☎☎✁ ✬✠ ✖ ☎ ✬✂ ✖ ❅✣✁✁ ✖
✡ ✡❅ ✬✂✎✒✠✁

◦

✶ ✁✒ ✬✁✯✒✂✯
◦

☎✂✯ ✬✯ ✖ ☎ ✬✂ ✖ ✒ ✣✁✁ ✖
✡ ✡❅ ✬✎✣☎✯ ✣

◦

✶ ✁✒ ✬✁✯✂☎✒
◦

✒✁ ✣✬✒ ✖ ☎ ✬✂ ✖ ✒✂✒✁ ✖
✡ ✡❅ ✬✎✠✡☎✎

◦

✆✒☞✥ ✔✒ ☎ ✢☎ ✰ ✟✒✦❁✓ ✤❁ ✗❁✆ ❀✑✓✪❁✓ ❁☞✤ ✕✦❁✓ ★❁ ✥★✔✒✪✥ ✤☛✫ ✤✓✗✥ ❀✒★✧✒ ✆ ✤☛✫ ✙ ❀✥ ✕✒ ✔
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✆❀✒★✓✖ ✕✓✓❁ ❀ ✪✒★☛❁ ✭ ✴✥ ❀✦✒
✪✒★☛❁ ✦✒ ✒★✤✥ ★✒ ✥✖ ✆ ❀✒✦✥ ✩✤☛✫ ✤✶✴✫ ✠✯ ✦✫
✴✥ ❀✦✒✓ ★❁✓ ✪❁ ★✥✪✤❁❀✥✓ ✦✒ ✤☛✫ ✩✠ ❃★✕✦ ✢✫ ✆ ✣ ✦✫

✴✥ ❀✦✒ ★❁ ✗✕✆✤✒ ✕✔ ✦✒ ✤☛✫ ✩✣ ❃★✕✦ ✢✫ ✆ ✁ ✬❅ ✦✫
✴✥ ❀✦✒✓ ★❁ ✪✒☞❁ ✦✒ ✤☛✫ ✩☎✖ ✬ ✆✁ ✬✠❅✠✦✫✫ ✆ ✣✬❅ ✣✠ ✦✫

✪✒★☛❁ ✦❁ ✞✒❀✤✌❁ ✴✞✝ ✌✞ ✌✙ ❃✓✒✦❁ ★❁ ✙ ✴ ✩✤☛✫✫ ✠ ✬❅ ✦✫
✴❁✤★★✪ ✕✒ ✆❀✒★✓✖ ✕✤ ✕✦✒ ✣❅ ✦✫✖ ✩✁ ✭✆ ✠ ✦✫✫

☛✥✪✥ ✗✤❁❀ ✪✒★☛❁ ✭ ✴✥ ❀✦✒
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✆❁✤✒ ✔ ✩
Gt

✫ ☎✁ ✬✠✁✯ ✦✫

✆✒☞✥ ✔✒ ☎ ✢✒ ✰ ✞❁✖✗❁✓ ✕✧✌❁ ✦❁ ✏✒ ✔❁❀ ✦✥
Gt
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✪❁✖ ✒✤✥★✧✌❁ ✦✥✏ ✕✦❁ ✱ ✕✖✗❁❀✤✳★✪ ✕✒ ✦✒

1a
✆❁ ★✒ ✦✥ ☎❀✥✓★✥ ✔✢

✁�✁✂✄☎✄✆✝� ✞�✁ � ✂�✟✠ ✡� ✟✠ ☛� ☞✌ ✍✄ ☞�✌ ✠ ✄ � ☎☞✁✠ ☞☎✄ ✎�✏✄ ✟✠ ✑☎✠✌✏✠ ✡
✜✥✓✤✥ ✖❁✦✥ ✔❁ ❂ ★✥✪✥✓✓✑ ❀✕❁ ✪❁ ★✓ ✕✦✥ ❀✒❀ ❁ ✤✥ ❀❀✥ ★❁ ✪❁✖❁ ✓✥★✦❁ ✗✔✒ ★❁ ★✒ ❀✥✆ ✕✌❁ ✦❁ ✥★✔✒✪✥ ✢ ✒✓✓✒
✪❁★✓ ✕✦✥ ❀✒✧✌❁ ❂ ✏✑ ✔✕✦✒ ✥ ✪❁✥ ❀✥★✤✥ ✢ ✓✓✓❁ ✗❁❀❄❃✥ ✒ ✪❃❀✏✒✤❃❀✒ ✦✒ ✤✥ ❀❀✒ ✬ ✥✖ ❃✖ ✥★✔✒✪✥ ✦✥ ✦✒✦❁✓ ✪❁✖
✥✓✓✒ ✦ ✕✓✤✔★✪ ✕✒ ✬ ✕❀✑ ✦✥✓✪ ❀✥✏✥ ❀ ❃✖✒ ✪❁❀✦✒ ✦✥ ✪❃❀✏✒✤❃❀✒ ✦✒ ✤✥ ❀❀✒ ✦✥ ✒✗❀❁✕ ✕✖✒✦✒✖✥★✤✥ ✁ ✢☎✡✁ ✖✥✤ ❀❁✓ ✬
✪❁✖❁ ✖❁✓✤ ❀✒ ❁ ✪✑ ✔✪ ❃ ✔❁ ✒ ✓✥✆❃✕❀ ✩✖✗✘✝✂✄✙� ✚ ✂✘✗✞✛☎✂ ✬ ✣✎✂✣✫ ✢

ht =
d1d2

12, 74K

✩☎ ✢❅✒✫
✯ ★✦✥ ✰
ht ✜ ✞❁❀✦✒ ✦✒ ✪❃❀✏✒✤❃❀✒ ✦✒ ✤✥ ❀❀✒ ✩✖✫ ✢
d1 ✜ ✣ ✕✓✤✔★✪ ✕✒ ✦✒ ✔❁ ✪✒ ✔✕✦✒✦✥ ✙ ✒✤❂ ❁ ✗❁ ★✤❁ ✖✒ ✕✓ ✒ ✔✤❁ ✩✤✖✫ ✢
d2 ✜ ✣ ✕✓✤✔★✪ ✕✒ ✦✒ ✔❁ ✪✒ ✔✕✦✒✦✥ ✥ ✒✤❂ ❁ ✗❁ ★✤❁ ✖✒ ✕✓ ✒ ✔✤❁ ✩✤✖✫ ✢
✦ ✜ ✧✒✤❁❀ ✦✥ ✪❁❀❀✥✧✌❁ ✦❁ ❀✒ ✕❁ ✥✭✥✤ ✕✏❁ ✦✒ ✤✥ ❀❀✒ ✢
�❁✆❁ ✬
d1 ✜ ✣✬☎❅ ✤✖
d2 ✜ ☎ ✬★☎✂ ✤✖
✦ ✜ ★✩✡

ht =
1, 65 6, 468

12, 74 4

3

= 0, 63009 m
✩☎ ✢❅✂✫

✙ ✗✘✓ ✒ ✪❁ ★✓ ✕✦✥ ❀✒✧✌❁ ✦✒ ✪❃❀✏✒✤❃❀✒ ✦✒ ✤✥ ❀❀✒ ❂ ✭✥ ✕✤✒ ❃✖✒ ✓✥✆❃★✦✒ ❀✥✭✥ ❀✥ ★✤✥ ✪✓ ✒ ✔✤ ❃❀✒✓ ✦✒✓
✒★✤✥ ★✒✓

h1

✥
h2

✢ ✞❁ ★✓ ✕✦✥ ❀✒★✦❁ ❁ ✤✥ ❀❀✥★❁ ✪❁✖❁ ✗✔✒ ★❁ ✥ ✪❁✖ ★✟✏✥ ✔ ✦✥ ❀✥✭✥ ❀✫★✪ ✕✒ ✥✖ ☎★❅ ✖ ✬ ✒✓
✒ ✔✤ ❃❀✒✓ ✥✭✥✤ ✕✏✒✓ ✦✒✓ ✒★✤✥★✒✓ ✥✖ ✒✓✗✥ ❀✒ ★✧✒ ✥ ✙ ❀✥ ✕✒ ✔ ✓✥ ❀✌❁ ✎ ✬✒ ✖ ✥ ✒✂ ✬✂ ✖ ✬ ❀✥✓✗✥✪✤ ✕✏✒✖✥★✤✥ ✢

✙ ✓✓ ✕✖ ✬ ❃✤ ✕✔✕✢✒★✦❁ ✒ ✥❄❃✒✧✌❁ ✰

Lp = −20 log(h1)− 20 log(h2) + 40 log(d)
✩☎ ✢❅✎✫
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Lp = 98, 7119 (dB)
✩☎ ✢☎✁✫

✁✓✒★✦❁ ✒ ✥❄❃✒✧✌❁ ✗✒❀✒ ❁ ✪✑ ✔✪ ❃ ✔❁ ✦❁ ❀✒ ✕❁ ✦✒ ✣☎ ✢❁ ★✒ ✦✥ ✧❀✥✓★✥ ✔ ✥❄ ✢ ✡ ✢✂✂ ✬ ✖❁✓✤ ❀✒✦❁ ✒ ☞✒ ✕✕❁ ✬
❁☞✤❂✖✆✓✥ ✒ ✧ ✕✆❃❀✒ ☎ ✢✠✠ ✒ ✓✥✆❃✕❀✢

R = 17, 3

√

d1d2

fd

✩☎ ✢☎ ✣✫
✯ ★✦✥ ✰
d ✜ ✂ ✬✣✣✒✎★ ✤✖
d1 ✜ ✣✬☎❅✁ ✤✖
d2 ✜ ✂ ✬✣✣✒✎★ ✆ ✣✬☎❅✁ ✜ ☎ ✬★☎✒✎★ ✤✖

✧ ✕✆❃❀✒ ☎ ✢✠✠ ✰ ✂✒ ✕❁ ✦✒
1a ✄❁ ★✒ ✦✥ ✧❀✥✓★✥ ✔ ✥✖ ✭❃★✧✌❁ ✦✒ ✭ ❀✥❄☎✫★✪ ✕✒ ✗✒❀✒ ❁ ✗❁ ★✤❁ ✪ ❀✟✤ ✕✪❁ ✦❁ ✥★✔✒✪✥

✒✓✗✥ ❀✒★✧✒ ✆ ✙ ❀✥ ✕✒ ✔
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✝ ✢✣✫ ✦✥ ★ ✖✥✤ ❀❁✓ ✢
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λ/10
✩✁ ✬✁ ✣✠ ✣✂ ✖✫ ✢

✝✒❀✒ ❁ ✪✑ ✔✪ ❃ ✔❁ ✦✒✓ ✗✥ ❀✦✒✓ ❃✤ ✕✔✕✢✒✆✓✥ ✪ ✥❄❃✒✧✌❁ ✩✡ ✢✂✎✫ ❀✥ ✗✥✤ ✕✦✒ ✒☞✒ ✕✕❁ ✬ ✥❄❃✒✧✌❁ ✩☎ ✢☎✠✫ ✰

α =
λ

2

3 r
1

3

R

✩☎ ✢☎✠✫
✯ ★✦✥ ✰
λ

❂ ❁ ✪❁✖✗❀✕✖✥★✤❁ ✦✥ ❁ ★✦✒ ✥ ✤✥✖ ✏✒ ✔❁❀ ✁ ✬✣✠ ✣✂✖
✂ ✜ ✣✠ ✬☎★ ✖
❀ ❂ ✪✒ ✔✪❃✔✒✦❁ ❃✤ ✕✔✕✢✒★✦❁ ✒✓ ✥❄❃✒✧✮✥✓ ✩✡ ✢✎✁✫ ✥ ✩✡ ✢✎ ✣✫ ✬ ❀✥✗✥✤ ✕✦✒✓ ✒☞✒ ✕✕❁ ✬ ✥ ✪❁✖❁ ✕✔❃✓✤ ❀✒✦❁ ★❁

✗❀❁ ✪✥✦ ✕✖✥★✤❁ ✦✒ ✧ ✕✆❃❀✒ ✩✡ ✢✣✡✫ ✦❁ ✪✑✗✕✤ ❃ ✔❁ ✡ ✢

ri =
1

2

(Xi)
2

Yi

✩☎ ✢☎✡✫

r =
1

n

n
∑

i=1

ri

✩☎ ✢☎★✫

X1 ✜ ✆❅✁ ✖
X2 ✜ ✣❅✁ ✖

X3 ✜ ✆ ✣❅✁ ✖
X4 ✜ ✆✡❅✁ ✖

Y1 ✜ ✣✬✂ ✖
Y2 ✜ ✣✬✂ ✖

Y3 ✜ ★ ✬✂ ✖
Y4 ✜ ★ ✬✂ ✖

�❁✆❁ ✬ ✦✒✓ ✥❄❃✒✧✮✥✓ ✩☎ ✢☎✡✫ ✥ ✩☎ ✢☎★ ✫ ✪☛✥✆✒✆✓✥ ✒ ❀ ✜ ❅❅ ✣✠ ✬✣❅ ✖ ✢
✙✓✓ ✕✖ ✬

α ✜ ✁ ✬✡★✡ ✢
✁✤ ✕✔✕✢✒★✦❁ ✒✓ ✪❃❀✏✒✓ ✦❁ ✙ ★✥✕❁ ✝ ✩✪❃❀✏✒✓ ✦✥ ✗✥ ❀✦✒✓ ✗✒❀✒ ❁☞✓✤✑✪❃✔❁✓ ✪❁ ★✏✥✕❁✫ ✬ ✤✥✖❁✓ ❄❃✥ ✒

✗✥ ❀✦✒ ✬ ✒ ✗❀❁✕ ✕✖✒✦✒ ✬ ✦✒ ❁☞✓✤ ❀❃✧✌❁ ❂ ✆✣☎ ✦✥ ✢
✙ ✓✓ ✕✖ ✒ ✗✥ ❀✦✒ ✤❁✤✒ ✔ ✗❀✥✏ ✕✓✤✒ ✗✒❀✒ ❁ ✥★✔✒✪✥ ❂ ✰
Lt ✜ ✆✣☎ ✁ ☎✁ ✬✠✁★ ✆ ✎✂ ✬✒✣✣✎ ✜ ✆❅★ ✬❅✁✒✎ ✦✥
✯✓ ✦✒✦❁✓ ❁☞✤ ✕✦❁✓ ★✥✓✓✥ ✥ ★✔✒✪✥ ❂ ✒✗❀✥✓✥ ★✤✒✦❁ ★✒ �✒☞✥ ✔✒ ☎ ✢❅ ✢ ✯ ★✟✏✥ ✔ ✦✥ ✓ ✕★✒ ✔ ✖✥✦ ✕✦❁ ✭❁ ✕ ✦✥

✆ ✂ ✣✬❅✂✎✁★ ✦✥✖ ✢ ✯ ✥ ❀❀❁ ✥★✤ ❀✥ ✒ ✗❀✥✦ ✕✧✌❁ ✥ ❁ ✏✒ ✔❁❀ ✖✥✦ ✕✦❁ ✭❁ ✕ ✦✥ ★✎ ✬☎✂✞ ✩✠✒ ✬✁✂✦✥✫ ✢
✁�✁✂✄☎✄✆✝� ✞�✁ � ✂�✟✠ ✡� ✟✠ ✟✠ ✡☞
✂✥✗✥✤ ✕★✦❁ ✒✓ ✖✥✓✖✒✓ ✪❁ ★✓ ✕✦✥ ❀✒✧✮✥✓ ❀✥✒ ✔✕✢✒✦✒✓ ★❁ ✖❁✦✥ ✔❁ ✒★✤✥ ❀✕❁ ❀✬ ✖✒✓ ❃✤ ✕✔✕✢✒★✦❁ ❁ ✖❁✦✥ ✔❁ ✦✥
✒✆ ✔✕ ✗✒❀✒ ❁ ✪✑ ✔✪ ❃ ✔❁ ✦✒✓ ✗✥ ❀✦✒✓ ✤✥✖❁✓ ✰

✝ ❀✕✖✥ ✕❀❁ ✪✒ ✔✪❃✔✒✖❁✓ ❁ ✏✒ ✔❁❀ ✦✥
β

❃✤ ✕✔✕✢✒★✦❁



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣✠✂

β = (
40

f
)2

✩☎ ✢☎❅✫
✯ ★✦✥ ❁ ✏✒ ✔❁ ❀ ✦✒ ✭ ❀✥❄☎✫★✪ ✕✒ ✏✒❀✕✒ ✥★✤ ❀✥ ✠★✁✠ ✥ ✠★✂✡ ✝✆✢ ✥✖ ✕★✤✥ ❀✏✒ ✔❁✓ ✦✥ ❅ ✥✖ ❅ ✝✆✢ ✬

✓✥✆❃✕★✦❁ ❁ ✗❀❁ ✪✥✦ ✕✖✥★✤❁ ✓✥✖✥ ✔☛✒★✤✥ ✒❁ ❃✤ ✕✔✕✢✒✦❁ ★❁ ✖❁✦✥ ✔❁ ✒★✤✥ ❀✕❁ ❀✢ ✞❁✖ ✕✓✓❁ ✪❁ ☞❀✕✖❁✓ ✤❁ ✦❁✓
❁✓ ❁ ★✢✥ ✪✒★✒ ✕✓ ❃✤ ✕✔✕✢✒✦❁✓ ✗✥ ✔❁ ✗✒✦ ❀✌❁ ✱ ✕✆✓ ✢

✒✖ ✓✥✆❃✕✦✒ ❃✤ ✕✔✕✢✒✖❁✓ ✒ ✥❄❃✒✧✌❁ ✩✡ ✢✎✠✫ ✓✥✖ ❁✓ ✗✒❀✔✖✥✤ ❀❁✓ ✝☞ ✥ ✝✖ ✢ ✒✓✓✥✓ ✓✌❁ ✕★✪❁❀✗❁ ❀✒✦❁✓
❄❃✒★✦❁ ✒✦ ✕✪ ✕❁ ★✒✖❁✓ ❁ ✤✥ ❀✖❁ ✝✤ ★❁ ☞✒ ✔✒★✧❁ ✦✥ ✗❁✤✫★✪ ✕✒ ✤❁✤✒ ✔ ✦❁ ✥★✔✒✪✥ ✢ ✜✒ ✧ ✕✆❃❀✒ ☎ ✢✠✡ ❁☞✓✥ ❀✏✒✆
✓✥ ❁ ❀✥✓❃✔✤✒✦❁ ❁☞✤ ✕✦❁ ✪❁✖ ❁ ✖❁✦✥ ✔❁ ✦✥ ✒✆ ✔✕✢

✧ ✕✆❃❀✒ ☎ ✢✠✡ ✰ ✂✥✓❃✔✤✒✦❁✓ ✗✒❀✒ ❁ ✝❁✦✥ ✔❁ ✦✥ ✒✆ ✔✕ ★❁ ✥★✔✒✪✥ ✒✓✗✥ ❀✒ ★✧✒ ✆ ✙ ❀✥ ✕✒ ✔

✯ ✥ ❀❀❁ ✪❁✖✥✤ ✕✦❁ ❃✤ ✕✔✕✢✒★✦❁ ❁ ✝❁✦✥ ✔❁ ✦✥ ✒✆ ✔✕ ★✒✓ ✗✥ ❀✦✒✓ ✦✥ ✗❀❁ ✗✒✆✒✧✌❁ ✭❁ ✕ ✦✥ ✎ ✬✂✡✞ ✩✒ ✢✠✎☎☎
✦✥✫ ✢
✁�✁✂✄☎✄✆✝� ✞�✁ � ✂�✟✠ ✡� ✟✠ � ✡�✁✁✂ ☞✌✄☎ ✆✄✟✠ ✡✡
✙ ✥❄❃✒✧✌❁ ☞✑✓ ✕✪✒ ✗✒❀✒ ✒ ✗✥ ❀✦✒ ★❁ ✗✥ ❀✪❃❀✓❁ ❂ ❀✥ ✗✥✤ ✕✦✒ ✒ ✓✥✆❃✕❀ ✗❁❀ ✪❁★✏✥ ★✕✫★✪ ✕✒ ✥ ❂ ✦✒✦✒ ✗❁❀✰

L = Lo + [(L
′

p − Lo)
2 + L2

D]
1

2

✩☎ ✢☎☎✫



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣✠✎
✯★✦✥ ✰
LD

❂ ✒ ✗✥ ❀✦✒ ✦✥✏ ✕✦❁ ✪ ✦ ✕✭ ❀✒✧✌❁ ❄❃✥ ❁ ✪❁❀❀✥ ★❁ ✗✥ ❀✪❃❀✓❁ ✢
L

′

p

❂ ✒ ✗✥ ❀✦✒ ✦✥ ✤✥ ❀❀✒ ✗✔✒ ★✒ ✖❁✦ ✕✓ ✪✒✦✒ ✦✥✏ ✕✦❁ ✒❁✓ ✥✭✥ ✕✤❁✓ ✦✒ ✪❃❀✏✒✤❃❀✒ ✦✒ ✤✥ ❀❀✒ ✥ ✦✒ ✤ ❀❁ ✗❁✓✆
✭✥ ❀✒ ✢

✝✒❀✒ ❁ ✤✥ ❀✖❁
LD

✓✥ ❀✑ ❃✤ ✕✔✕✢✒✦❁ ❁ ✏✒ ✔❁❀ ✦✥ ✆ ✣☎ ✦✥ ✪✒ ✔✪❃✔✒✦❁ ★❁ ✖❁✦✥ ✔❁ ✦✥ ✦❁ ✕✓ ❀✒ ✕❁✓ ✗✒❀✒
❁ ✗❁★✤❁ ✪ ❀✕✤ ✕✪❁ ✢ ✒✓✤✥ ❂ ❁ ✗❁ ★✤❁ ✖✒ ✕✓ ✗❀❁✏✑✏✥ ✔ ✗✒❀✒ ✒ ❁ ✪❁❀❀✫★✪ ✕✒ ✦✒ ✦ ✕✭ ❀✒✧✌❁ ✢ ✒ ❁ ✤✥ ❀✖❁

L
′

p✗❁✦✥ ❀✑ ✓✥ ❀ ❁☞✤ ✕✦❁ ❃✤ ✕✔✕✢✒★✦❁ ✒ ✥❄❃✒✧✌❁ ✦✥ ✤✥ ❀❀✒ ✗✔✒★✒ ✩✡ ✢✂✒✫ ✤✥★✦❁ ✥✖ ✏ ✕✓✤✒ ❄❃✥ ✒ ✕★� ❃✫★✪ ✕✒ ✦✒
✪❃❀✏✒✤❃❀✒ ✦✒ ✤✥ ❀❀✒ ✥ ✦✒ ✤ ❀❁ ✗❁✓✭✥ ❀✒ ★✌❁ ✓✥ ❀✑ ✪❁ ★✓ ✕✦✥ ❀✒✦✒ ✢

✧ ✕✆❃❀✒ ☎ ✢✠★ ✰ ✂✥✓❃✔✤✒✦❁✓ ✗✒❀✒ ❁ ✝❁✦✥ ✔❁ ✦✥ ✥ ✔❁✖❄❃✕✓✤✆ �✒✦✥ ✔✔ ★❁ ✥★✔✒✪✥ ✒✓✗✥ ❀✒★✧✒ ✆ ✙ ❀✥ ✕✒ ✔

✯ ✥ ❀❀❁ ✪❁✖✥✤ ✕✦❁ ❃✤ ✕✔✕✢✒★✦❁ ❁ ✝❁✦✥ ✔❁ ✦✥ ✥ ✔❁✖❄❃✕✓✤✆ �✒✦✥ ✔✔ ★✒ ✓ ✕✤ ❃✒✧✌❁ ✦✥✓✤✥ ✥ ★✔✒✪✥ ✭❁ ✕ ✦✥ ✆
✠ ✬✡✎✞ ✩✆✠ ✢✁✁✠✂ ✦✥✫ ✢
✁�✁✂✄☎✄✆✝� ✞�✁ � ✂�✟✠ ✡� ✟✠ ✆✠✠
✜❁ ✖❁✦✥ ✔❁ ✦✥ �✥✥ ✗❀✕✖✥ ✕❀✒✖✥★✤✥ ✪✒ ✔✪❃✔✒✆✓✥ ✒ ✪❁ ★✦ ✕✧✌❁ ✗✒✦ ❀✌❁ ✒✤ ❀✒✏❂✓ ✦❁ ❃✓❁ ✦❁✓ ✤✥ ❀✖❁✓ ✦✒
�✒☞✥ ✔✒ ☎ ✢✂ ✬ ✒✓✓ ✕✖ ✰

✙✓✓ ✕✖ ✬



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣✡✁

✞❁ ★✦ ✕✧✌❁ ✝✒✦ ❀✌❁ ✧✒✤❁❀✥✓ ✦✥ ✞❁❀❀✥✧✌❁
✒✂✥

✝❁✤✫★✪ ✕✒ ✤ ❀✒ ★✓✖ ✕✤ ✕✦✒ ✰
P ∗

t = 17dBm = α1 = 10. log(50, 11872.10−3/10) = −23

50, 11872mW =

50, 11872.10−3W✙ ✔✤❃❀✒ ✦✒ ✒★✤✥ ★✒ ✰
h∗

1 ✜ ✒✂ ✬✂ ✖
α2 = 20. log(78, 8/30) = 8, 388

✝✒★☛❁ ✦✒ ✒★✤✥★✒ ✰
g∗

t ✜ ✠★ ✦✥
α3 = 24− 6 = 18

✒✝
✙ ✔✤❃❀✒ ✦✒ ✒★✤✥ ★✒ ✰

h∗

2 ✜ ✎ ✬✒ ✖
α4 = 20. log(9, 7/3) = 10, 193

✝✒★☛❁ ✦✒ ✒★✤✥ ★✒ ✰
g∗

m ✜ ✠★ ✦✥
α5 = 24

�✒☞✥ ✔✒ ☎ ✢✂ ✰ ✞❁ ★✦ ✕✧✮✥✓ ✗✒✦ ❀✌❁ ✥ ✭✒✤❁❀✥✓ ✦✥ ✪❁ ❀❀✥✧✌❁ ✩
∗

✗✒❀✔✖✥✤ ❀❁✓ ✦✒ ★❁✏✒ ✪❁ ★✦ ✕✧✌❁✫

α = α1 + α2 + α3 + α4 + α5 = 37, 581
✢

✜✒ ✤✒☞✥ ✔✒ ✬ ★❁ ✪✑ ✔✪ ❃ ✔❁ ✦✒ ✪❁ ★✦ ✕✧✌❁ ✗✒✦ ❀✌❁ ✦✥ �✥✥ ✆ ✑ ✭❁ ❀✒✖ ✕★✪ ✔❃✟✦❁✓ ✒ ✔✆❃★✓ ✗✒❀✔✖✥✤ ❀❁✓ ❄❃✥
✪❁✖✗✮✥✖ ❁ ✏✒ ✔❁❀ ✦✥

Gt

✢ ✙ ✓✓ ✕✖ ✬ ★❁ ✪✑ ✔✪❃ ✔❁ ✓ ★✒ ✔ ✦✒✓ ✗✥ ❀✦✒✓ ✬ ❁ ✏✒ ✔❁❀ ✦✥
Gt

✓✥ ❀✑ ✕✆❃✒ ✔ ✒ ✆★ ✬✒✎☎
✦✥ ✢ ✒✓✓✥ ✏✒ ✔❁❀ ✪❁ ❀❀✥✓✗❁ ★✦✥ ✪✓ ✗✥ ❀✦✒✓ ✦✥ ✪✒☞❁✓ ✥ ✪❁ ★✥✪✤❁ ❀✥✓ ✥ ❁ ✆✒★☛❁ ✦❁ ✦❁ ✕✓ ✪✒❀✤✮ ✥✓ ✝✞✝✞ ✓✙
❄❃✥ ★✌❁ ✥★✤ ❀✒❀✒✖ ★✒ ✪❁✖✗❁✓ ✕✧✌❁ ✦❁ ✏✒ ✔❁ ❀ ✗✒✦ ❀✌❁ ★✒ ✤✒☞✥ ✔✒ ✦❁ ✪✑ ✔✪ ❃ ✔❁ ✦✥

α
✢ ✞❁ ★✓ ✕✦✥ ❀❁ ❃✆✓✥ ❁

✤✥ ❀❀✥★❁ ✪❁✖❁ ✗✔✒★❁ ✥ ✪❁✖ ★✟✏✥ ✔ ✦✥ ❀✥✭✥ ❀✫★✪ ✕✒ ✥✖ ☎★❅ ✖ ✬ ✒✓✓ ✕✖ ✒✓ ✒ ✔✤ ❃❀✒✓ ✥✭✥✤ ✕✏✒✓ ✦✒✓ ✒★✤✥ ★✒✓
✥✖ ✒✓✗✥ ❀✒ ★✧✒ ✥ ✙ ❀✥ ✕✒ ✔ ✓✥ ❀✌❁ ✎ ✬✒ ✖ ✥ ✒✂ ✬✂ ✖ ❀✥✓✗✥✪✤ ✕✏✒✖✥★✤✥ ✢

✙ ✓✥✆❃★✦✒ ✥✤✒✗✒ ❂ ✒ ❁☞✤✥★✧✌❁ ✦✒ ✗❀✥✏ ✕✓✌❁ ✗❁ ★✤❁✆✑❀✥✒ ✢ ✄✥ ✪❁ ★✓ ✕✦✥ ❀✒❀✖❁✓ ✒ ✑ ❀✥✒ ✦❁ ✥★✔✒✪✥
✪❁✖❁ ✓✥★✦❁ ✑❀✥✒ ✒☞✥ ❀✤✒ ✬ ✗✥ ✔✒ ✧ ✕✆❃❀✒ ✡ ✢✣★ ✬ ✤✥✖❁✓

P0 ✜ ✆☎ ✣✬✒ ✦✥✖ ✥
γ ✜ ✡✂ ✬★ ✦✥✩✦✥✪ ✢

✯ ✏✒ ✔❁❀ ✦✒ ✦ ✕✓✤✔★✪ ✕✒ ✦❁ ✥★✔✒✪✥ ✭❁ ✕ ✪❁★✏✥ ❀✤ ✕✦❁ ✦✥ ✤✖ ✗✒❀✒ ✖ ✕✔☛✒✓ ✬ ✗❁ ✕✓ ❁✓ ✗✒❀✔✖✥✤ ❀❁✓
P0

✥
γ✓✌❁ ✏✒ ✔❁❀✥✓ ❁☞✤ ✕✦❁✓ ✗✒❀✒

do ✜ ✣ ✖ ✕✔☛✒ ✢ �✥✆ ✒ ✧ ✕✆❃❀✒ ✡ ✢✣★ ✬ ✪✒ ✗✟✤ ❃ ✔❁ ❄❃✥ ✦✥✓✪ ❀✥✏✥ ❁✓ ✖❁✦✥ ✔❁✓ ✦✥
✗❀❁ ✗✒✆✒✧✌❁ ✢

✜✒ ✓ ✕✤ ❃✒✧✌❁ ✦❁ ✥★✔✒✪✥ ✬ ✒❄❃✕ ✒ ★✒ ✔✕✓✒✦❁ ✬ ✤✥✖✆✓✥ ❃✖ ✗✥ ❀✪❃❀✓❁ ✪❁ ★✓ ✕✦✥ ❀✒✦❁ ❁☞✓✤ ❀❃✟✦❁ ✢ ✓✓✓❁
✗❁❀❄❃✥ ★❁ ✗❁ ★✤❁ ✪ ❀✕✤ ✕✪❁ ✦❁ ✥★✔✒✪✥ ✒

1a
✢❁ ★✒ ✦✥ ✧❀✥✓★✥ ✔ ★✌❁ ✥✓✤✑ ✤❁✤✒ ✔✖✥★✤✥ ✔✕✏ ❀✥ ★✥✖ ✪❁✖ ❁✓

☎✁✞ ✖ ✟★✕✖❁✓ ✥✕ ✕✆ ✕✦❁✓ ✗✒❀✒ ❃✖ ✥★✔✒✪✥ ✓✥ ❀ ✪❁ ★✓ ✕✦✥ ❀✒✦❁ ✦✥✓❁☞✓✤ ❀❃✟✦❁ ✢ �❁✆❁ ✒ ✥❄❃✒✧✌❁ ✦❁ ✖❁✦✥ ✔❁
✦✥ �✥✥ ✒ ✓✥ ❀ ❃✤ ✕✔✕✢✒✦✒ ❂ ✒ ✩✡ ✢✎✒✫ ✬ ❀✥✥✓✪ ❀✕✤✒ ✒ ✓✥✆❃✕❀✢

P = P0 + γ. log(
d

d0

) + L + α
✩☎ ✢☎✒✫

✯ ★✦✥ ✰
P =

✝❁✤✫★✪ ✕✒ ❀✥✪✥☞ ✕✦✒ ✒ ❃✖✒ ✦ ✕✓✤✔★✪ ✕✒ ❀ ✦❁ ✤ ❀✒★✓✖ ✕✓✓❁❀ ✥✖
dBm

P0 =
✝❁✤✫★✪ ✕✒ ❀✥✪✥☞ ✕✦✒ ✒ ❃✖✒ ✦ ✕✓✤✔★✪ ✕✒

d0

✦❁ ✤ ❀✒★✓✖ ✕✓✓❁❀✢



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣✡ ✣

γ =
✓★✪ ✔✕★✒✧✌❁ ✦✒ ✗✥ ❀✦✒ ✦✥ ✗✥ ❀✪❃❀✓❁ ✥✖ ✦✥✩✓❂✪ ✢

d = ✣ ✕✓✤✔★✪ ✕✒ ✥ ★✤ ❀✥ ✤ ❀✒ ★✓✖ ✕✓✓❁❀ ✥ ❀✥✪✥✗✤❁❀ ✥✖ ✤✖ ✩✖ ✕✔☛✒✫ ✢
d0 =

✣ ✤✖ ✩✣ ✖ ✕✔☛✒✫ ✢
he =

✙ ✔✤❃❀✒ ✥✭✥✤ ✕✏✒ ✦✒ ✒★✤✥ ★✒ ☞✒✓✥ ✥✖ ✖✥✤ ❀❁✓ ✢
h =

✙ ✔✤❃❀✒ ❀✥✒ ✔ ✦✒ ✒★✤✥★✒ ☞✒✓✥ ✥✖ ✖✥✤ ❀❁✓ ✢
α = ✧✒✤❁❀ ✦✥ ✪❁❀❀✥✧✌❁ ✦✒ ✪❁ ★✦ ✕✧✌❁ ✗✒✦ ❀✌❁ ✬ ✤✒☞✥ ✔✒ ☎ ✢✂ ✬ ✥✖ ✦✥✢
L =

✝✥ ❀✦✒ ✗❁❀ ✦ ✕✭ ❀✒✧✌❁ ✥✖ ✦✥ ✢
✯ ❀✥✓❃✔✤✒✦❁ ❁☞✤ ✕✦❁ ❃✤ ✕✔✕✢✒★✦❁ ✒ ✥❄❃✒✧✌❁ ☎ ✢☎✒ ❂ ✰
✝ ✜ ✆☎✒ ✢✣✁☎★ ✦✥
✙✪❀✥✓✪✥ ★✤✒★✦❁✆✓✥ ❁ ✏✒ ✔❁❀ ✦✥

Gt

✤✥✖❁✓ ❃✖✒ ✗✥ ❀✦✒ ✤❁✤✒ ✔ ★❁ ✥★✔✒✪✥ ✦✥ ✰
Lt ✜ ✆✒ ✣✢✎✁✠★ ✦✥✖
✙✓✓ ✕✖ ✬ ❁ ✥ ❀❀❁ ✪❁✖✥✤ ✕✦❁ ❃✤ ✕✔✕✢✒★✦❁ ❁ ✝❁✦✥ ✔❁ ✦✥ �✥✥ ★✒ ✗❀✥✦ ✕✧✌❁ ✦✒✓ ✗✥ ❀✦✒✓ ✦❁ ✥★✔✒✪✥ ✭❁ ✕ ✦✥

✣✡ ✬★✒✞ ✩✎ ✬☎✂☎☎ ✦✥✫ ✢
✙ �✒☞✥ ✔✒ ☎ ✢✎ ✪❁ ★✤❂✖ ❁ ❀✥✓❃✖❁ ✦❁✓ ❀✥✓❃✔✤✒✦❁✓ ✦❁ ✥★✔✒✪✥ ✥ ★✤ ❀✥ ✒ ✒✂✥ ✒✓✗✥ ❀✒ ★✧✒ ✥ ✒ ✒✂✥

✙ ❀✥ ✕✒ ✔✢ ✯✓ ✖❁✦✥ ✔❁✓ ✦✥ ✒✆ ✔✕ ✥ ✦✥ ✥ ✔❁✖❄❃✕✓✤✆ �✒✦✥ ✔✔ ✒ ✗❀✥✓✥★✤✒❀✒✖ ✥ ❀❀❁✓ ✖✥★❁❀✥✓ ❄❃✥ ✣✁✞ ✥ ❄❃✥
✥✓✤✌❁ ✦✥★✤ ❀❁ ✦❁✓ ✔✕✖ ✕✤✥✓ ✦✥ ✥ ❀❀❁ ✥ ✥✕✒✤ ✕✦✌❁ ✦❁✓ ✥❄❃✕✗✒✖✥★✤❁✓ ❃✤ ✕✔✕✢✒✦❁✓ ✢ ✞❁✖ ✕✓✓❁ ✪❁✖✗❀❁✏✒✆✓✥
✒ ✏✒ ✔✕✦✒✦✥ ✦✥ ✒✖☞❁✓ ★✒ ✓ ✕✤ ❃✒✧✌❁ ✒✏✒ ✔✕✒✦✒ ✢ ✯ ✖❁✦✥ ✔❁ ✦✥ �✥✥ ✓✪❁ ❃ ❃✖ ✗❁❃✪❁ ✒✪ ✕✖✒ ✦✥ ✣✡✞
✥ ❁ ✖❁✦✥ ✔❁ ✦✥ ✦❁ ✕✓ ❀✒ ✕❁✓ ✒ ✗❀✥✓✥★✤❁ ❃ ❃✖ ✥ ❀❀❁ ✦✥ ❄❃✒✓✥ ❅✁✞ ✢ ✒✓✓✥ ✒ ✔✤❁ ✥ ❀❀❁ ❁☞✤ ✕✦❁ ✓✥ ✦✥✏✥ ✒
❁☞✓✤ ❀❃✧✌❁ ✗❁❀ ✥✦ ✕✓✪✒✧✮✥✓ ★❁ ✗❁ ★✤❁ ✪ ❀✕✤ ✕✪❁ ✦✥✓✓✥ ✥★✔✒✪✥ ✢ ✜✥✓✓✒ ❀✥✆ ✕✌❁ ❁ ✪❁❀❀✥ ❁☞✓✤ ❀❃✧✌❁ ✦✥ ✗✒❀✤✥
✦✒ ✗❀✕✖✥ ✕❀✒ ✢❁ ★✒ ✦✥ ✧❀✥✓★✥ ✔✢ ✒✓✓✒ ❀✥✆ ✕✌❁ ✪❁ ★✪✥★✤ ❀✒ ✒ ✖✒ ✕❁❀ ✗✒❀✤✥ ✦✒ ✥★✥ ❀✆ ✕✒ ✦❁ ❀✒✦ ✕❁ ✥ ★✔✒✪✥ ✥
✗❁✓✓ ✟✏✥ ✕✓ ❁☞✓✤ ❀❃✧✮ ✥✓ ✒✪✒❀❀✥✤✒✖ ✗✥ ❀✦✒✓ ✪❁ ★✓ ✕✦✥ ❀✑✏✥ ✕✓ ★❁ ✖❁✦✥ ✔❁ ✦✥ ✦❁ ✕✓ ❀✒ ✕❁✓ ✢

�✒ ✔❁❀ ✖✥✦ ✕✦❁ �✒ ✔❁❀ ✤✥✘❀✕✪❁ ✒ ❀❀❁ ✒ ❀❀❁
✩✦☞✖✫ ✩✦☞✖✫ ✩✦✥✫ ✩✞ ✫

✝❁ ✦✥ ✔❁ ✦✥ ✆✂✣✬❅✂✎✁ ✆❅★ ✬❅✁✒✎ ✠✒ ✬✁✂ ✣✣ ★✎ ✬☎✂
✦❁ ✕✓ ✂✒ ✕❁✓
✝❁✦✥ ✔❁ ✆✂✣✬❅✂✎✁ ✆✒★ ✬✠✂✠★ ✒ ✬✠✎☎☎★ ✎ ✬✂✡
✦✥ ✒✆ ✔✕

✝❁ ✦✥ ✔❁ ✦✥ ✆✂✣✬❅✂✎✁ ✆✂✡ ✬❅✎ ✣✂ ✆✠ ✬✁✁✠✂ ✆ ✠ ✬✡✎
✥ ✔❁✖❄❃✕✓✤ ✆ �✒✦✥ ✔✔
✝❁ ✦✥ ✔❁ ✦✥ �✥✥ ✆✂✣✬❅✂✎✁ ✆✒✣✬✎✁✠★ ✎ ✬☎✂☎☎ ✣✡ ✬★✒

�✒☞✥ ✔✒ ☎ ✢✎ ✰ ✂✥✓❃✔✤✒✦❁✓ ❁☞✤ ✕✦❁✓ ★❁ ✥★✔✒✪✥ ✒✂✥ ✒✓✗✥ ❀✒★✧✒ ✆ ✒✂✥ ✙ ❀✥ ✕✒ ✔



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣✡✠

✞❁❁✦✥★✒✦✒✓ ✄ ✁✒ ✬✁ ✣✂❅ ✣✁★ ✣☎
◦

� ✡❅ ✬✂★✒✣☎✂✡★
◦

✁ ★✆❃✔❁✓
θ

✩❀✒✦✫ ✣✬☎✎✡✠✎✠★★✠ ✣★
✩✝ ❀✒ ❃✓✫ ✎✒ ✬✁ ✣✂❅ ✣✁★ ✣☎

◦

φ
✩❀✒✦✫ ❅ ✬☎❅✒❅✡★ ✣✎✠ ✣✠

✩✝ ❀✒ ❃✓✫ ✆✡❅ ✬✂★✒✣☎✂✡★
◦

✙ ✔✤❃❀✒ ❀✥✆ ✕✓✤ ❀✒✦✒ ✗✥ ✔❁ ✝✝✄ ☎★✠ ✖
✝ ❀✥✪ ✕✓✌❁ ✦❁ ✝✝✄ ★❁ ✕★✓✤✒ ★✤✥ ✦✒ ✖✥✦ ✕✧✌❁ ✒ ✬☎ ✖

✙ ✔✤❃❀✒ ✦✒ ✒★✤✥ ★✒ ✒✪ ✕✖✒ ✦❁ ✝✝✄ ✠❅ ✖
✞❁✖✗❀✕✖✥★✤❁ ✒✗❀❁✕ ✕✖✒✦❁ ✡❅ ✖
✦❁ ✪✒☞❁ ✆ ✙ ★✤✥★✒ ✩ ✙ ✝

✞❁ ★✥✪✤❁❀✥✓ ✜ ✆ ✝✒✪☛❁ ✣
✞❁ ★✥✪✤❁❀✥✓ ✜ ✆ ✧✫✖✥✒ ✣

✂✒ ✕❁ ✤❁✤✒ ✔ ☎ ✢✡✒✂ ✢☎☎✒ ✬✁ ✖
XERB

❅ ✢✣✡ ✣✢☎✂✎ ✬✁✂✁✂✡ ✖
YERB

✆✡ ✢✒✁✒ ✢❅ ✣☎ ✬✂✠☎★✂ ✖
ZERB

✆✒✒✎ ✢★✁✎ ✬✠✎✎✡★✠ ✖

�✒☞✥ ✔✒ ☎ ✢✣✁ ✰ ✣✒✦❁✓ ❁☞✤ ✕✦❁✓ ★✒ ❀✥ ✗✥✤ ✕✦❁❀✒ ✒✓✗✥ ❀✒ ★✧✒



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣✡✡

✞❁❁✦✥★✒✦✒✓ ✄ ✁☎ ✬✎☎❅✒☎☎☎☎✒
◦

� ✡❅ ✬✒✁✠❅✂✡✡✡
◦

✁ ★✆❃✔❁✓
θ

✩❀✒✦✫ ✣✬☎✎✠✡✒ ✣✂✎✁✁☎
✩✝ ❀✒❃✓✫ ✎☎ ✬✎☎❅✒☎☎☎☎✒

◦

φ
✩❀✒✦✫ ❅ ✬☎☎✁✁❅✒☎✒☎❅✎

✩✝ ❀✒❃✓✫ ✆✡❅ ✬✒✁✠❅✂✡✡✡
◦

✙ ✔✤❃❀✒ ❀✥✆ ✕✓✤ ❀✒✦✒ ✗✥ ✔❁ ✝✝✄ ☎✡✁ ✬❅ ✖
✝ ❀✥✪ ✕✓✌❁ ✦❁ ✝✝✄ ★❁ ✕★✓✤✒ ★✤✥ ✦✒ ✖✥✦ ✕✧✌❁ ✣✠ ✬❅ ✖

✙ ✔✤❃❀✒ ✦✒ ✒★✤✥ ★✒ ✒✪ ✕✖✒ ✦❁ ✝✝✄ ✒ ✖
✞❁✖✗❀✕✖✥★✤❁ ✒✗❀❁✕ ✕✖✒✦❁ ✣✁ ✖
✦❁ ✪✒☞❁ ✆ ✙ ★✤✥★✒ ✩ ✙ ✝

✞❁ ★✥✪✤❁❀✥✓ ✜ ✆ ✝✒✪☛❁ ✣
✞❁ ★✥✪✤❁❀✥✓ ✜ ✆ ✧✫✖✥✒ ✣

✄✜✂ ★✒ ✬☎✠✁✁ ✦✥
✜✟✏✥ ✔ ✦✥ ✄ ✕★✒ ✔ ✆ ★✎ ✬❅✁✁✁ ✦✥✖
✜✟✏✥ ✔ ✦✥ ✂❃✟✦❁ ✆ ✎✒ ✬✣✠✁✁ ✦✥✖
✂✒ ✕❁ ✤❁✤✒ ✔ ☎ ✢✡✒✂ ✢☎✡✒ ✬❅✁ ✖

XERB

❅ ✢✣★ ✣✢❅✂❅ ✬✠✒❅✎★☎ ✖
YERB

✆✡ ✢☎✎★ ✢✎❅❅ ✬✡❅✡✡ ✣✎ ✖
ZERB

✆✒✒✡ ✢❅✒✒ ✬★✎☎✂ ✣✣ ✖
✣ ✕✓✤✔★✪ ✕✒ ✣✒✁✠ ✣✬☎✁✎✎ ✖

�✒☞✥ ✔✒ ☎ ✢✣✣ ✰ ✣✒✦❁✓ ❁☞✤ ✕✦❁✓ ★✒ ❀✥ ✗✥✤ ✕✦❁❀✒ ✙ ❀✥ ✕✒



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣✡★

�❀✒★✓✖ ✕✓✓❁ ❀ ✝✒★☛❁ ✩ ✝✥ ❀✦✒
✝✒★☛❁ ✦✒ ✒★✤✥ ★✒ ✥✖ ✆ ❀✒✦✥ ✩✒✂✥ ✒✄✝✫ ✠★ ✦✥

✝✒★☛❁ ✦❁ ✒✖✗✔✕✓✪✒✦❁❀ ✩�✕ ✫ ✡✁ ✦✥✖
✝✥ ❀✦✒✓ ★❁✓ ✪❁ ★✥✪✤❁❀✥✓ ✦✒ ✒✂✥ ✩✠ ❃★✕✦ ✢✫ ✆ ✣ ✦✥

✝✥ ❀✦✒ ★❁ ✗✕✆✤✒ ✕✔ ✦✒ ✒✂✥ ✩✣ ❃★✕✦ ✢✫ ✆ ✁ ✬❅ ✦✥
✝✥ ❀✦✒✓ ★❁ ✪✒☞❁ ✦✒ ✒✂✥ ✩✡❅✖ ✕ ✆✁ ✬✠❅✠✦✥✫ ✆ ✂ ✬✂✠ ✦✥

✝❁✤✫★✪ ✕✒ �❀✒★✓✖ ✕✤ ✕✦✒ ✣❅ ✦✥✖ ✩✁ ✩✆ ✠ ✦✥✫
✂✥✪✥ ✗✤❁❀ ✝✒★☛❁ ✩ ✝✥ ❀✦✒

✝✒★☛❁ ✦✒ ✙ ★✤✥★✒ ✥✖ ✆ ❀✒✦✥ ✩✪ ✔✕✥ ★✤✥✫ ✠★ ✦✥
✝✒★☛❁ ✦❁ ✒✖✗✔✕✓ ✪✒✦❁❀ ✩✂✕ ✫ ✣✒ ✦✥

✝✥ ❀✦✒✓ ★❁✓ ✪❁★✥✪✤❁❀✥✓ ✦❁ ✥❄❃✕✗✒✖✥★✤❁ ✆ ✠ ✦✥
✦✥ ✖✥✦ ✕✧✌❁ ✩★ ❃★✕✦ ✢✫

✝✥ ❀✦✒ ★❁ ✗✕✆✤✒ ✕✔ ✩✣ ❃★✕✦ ✢✫ ✆ ✁ ✬❅ ✦✥
✝✥ ❀✦✒✓ ★❁ ✪✒☞❁ ✩✒✗❀❁✕ ✢ ✣❅✖ ✕ ✆✁ ✬✠❅✠✦✥✫ ✆ ✡ ✬✒✂ ✦✥

✝✒★☛❁ ✦❁ ✞✒❀✤✌❁ ✝✞✝ ✓✞ ✓✙ ❃✓✒✦❁ ★✒ ✖✥✦ ✕✧✌❁ ✠ ✬❅ ✦✥

�❁✤✒ ✔ ✩
Gt

✫ ✎✒ ✬✎ ✦✥

�✒☞✥ ✔✒ ☎ ✢✣✠ ✰ ✞❁✖✗❁✓ ✕✧✌❁ ✦❁ ✏✒ ✔❁❀ ✦✥
Gt

✗✒❀✒ ❁ ✥★✔✒✪✥ ❀✥✗✥✤ ✕✦❁❀✒ ✒✓✗✥ ❀✒★✧✒ ✆ ❀✥ ✗✥✤ ✕✦❁❀✒ ✙ ❀✥ ✕✒



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣✡❅
� ✳✁ ✳✁ ✂✹ ✛✸✕✾ �✾✖✾✶ ✼✘✽✷✸ ✂✺✖✾ ✷✸✹☎✸ ✄ �✾✖✾✶ ✼✘✽✷✸ ✔ ✷✾ ✼✸
✁�✁✂✄☎✄✆✝� ✞�✁ � ✂�✟✠ ✡� ✟✠ ☛� ☞✌ ✍✄ ☞�✌ ✠ ✄ � ☎☞✁✠ ☞☎✄ ✎�✏✄ ✟✠ ✑☎✠✌✏✠ ✡
✄✥✆❃✕★✦❁ ❁ ✖✥✓✖❁ ✗❀❁ ✪✥✦ ✕✖✥★✤❁ ✦❁ ✥★✔✒✪✥ ✒★✤✥ ❀✕❁ ❀✬ ✪❁✖✥✧✒✖❁✓ ✪✒ ✔✪❃✔✒★✦❁ ✒ ✪❁❀✦✒ ✦✒ ✪❃❀✏✒✤❃❀✒
✦✒ ✤✥ ❀❀✒ ✢

ht =
d1d2

12, 74K

✩☎ ✢☎✂✫
✯ ★✦✥ ✰
d1 ✜ ✠ ✬✂✠✣☎ ✤✖
d2 ✜ ✣★ ✬✠ ✤✖
✦ ✜ ★✩✡

ht =
2, 8216 . 14, 2

12, 74 . 4

3

= 2, 3587 m
✩☎ ✢☎✎✫

✞❁✖❁ ★❁ ✪✒✓❁ ✒★✤✥ ❀✕❁ ❀ ✪❁ ★✓ ✕✦✥ ❀✒✆✓✥ ❁ ✤✥ ❀❀✥★❁ ★❁ ✥★✔✒✪✥ ✪❁✖❁ ✓✥★✦❁ ✗✔✒ ★❁ ✬ ✗❁❀ ✪✒❃✓✒ ✦❁
☞✒ ✕✕❁ ✏✒ ✔❁❀ ✦✥

ht

✢ ✒✖ ✓✥✆❃✕✦✒ ✓✌❁ ✪✒ ✔✪❃✔✒✦❁✓ ✒✓ ✒ ✔✤ ❃❀✒✓ ✦✒✓ ✒★✤✥★✒✓ ✥✭✥✤ ✕✏✒✓
h1

✥
h2

✢ ✝✒❀✒ ✕✓✓❁
✪❁★✓ ✕✦✥ ❀✒✆✓✥ ❁ ✤✥ ❀❀✥ ★❁ ✪❁✖❁ ✗✔✒ ★❁ ✥ ✪❁✖ ★✟✏✥ ✔ ✦✥ ❀✥✭✥ ❀✫★✪ ✕✒ ✥✖ ☎✡✁ ✖ ✬ ✒✓ ✒ ✔✤ ❃❀✒✓ ✥✭✥✤ ✕✏✒✓ ✦✒✓
✒★✤✥ ★✒✓ ✥✖ ✒✓✗✥ ❀✒★✧✒ ✥ ✙ ❀✥ ✕✒ ✓✥ ❀✌❁ ✡✒ ✖ ✥ ✒ ✬❅ ✖ ❀✥✓✗✥✪✤ ✕✏✒✖✥★✤✥ ✢

✙ ✓✓ ✕✖ ✬ ❃✤ ✕✔✕✢✒★✦❁ ✒ ✥❄❃✒✧✌❁ ✰

Lp = −20. log(h1)− 20. log(h2) + 40. log(d)
✩☎ ✢✒✁✫

�✥ ❀✥✖❁✓ ❃✖✒ ✗✥ ❀✦✒ ★❁ ✥★✔✒✪✥ ✦✥ ✰

Lp = 120, 3748 (dB)
✩☎ ✢✒ ✣✫

✁✓✒★✦❁ ✒ ✥❄❃✒✧✌❁ ✗✒❀✒ ❁ ✪✑ ✔✪ ❃ ✔❁ ✦❁ ❀✒ ✕❁ ✦✒ ✣� ✢❁★✒ ✦✥ ✧❀✥✓★✥ ✔

R = 17, 3.

√

d1d2

fd

✩☎ ✢✒✠✫
✯ ★✦✥ ✰
d ✜ ✣✒ ✬✁✠ ✣☎ ✣ ✤✖
d1 ✜ ✣★ ✬✠ ✤✖



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣✡☎

✧ ✕✆❃❀✒ ☎ ✢✠❅ ✰ ✂✒ ✕❁ ✦✒
1a ✄❁ ★✒ ✦✥ ✧❀✥✓★✥ ✔ ✥✖ ✭❃★✧✌❁ ✦✒ ✭ ❀✥❄☎✫★✪ ✕✒ ✗✒❀✒ ❁ ✗❁ ★✤❁ ✪ ❀✕✤ ✕✪❁ ✦❁ ✥★✔✒✪✥

✒✓✗✥ ❀✒★✧✒ ✆ ✙ ❀✥ ✕✒



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣✡✒

d2 ✜ ✠ ✬✂✠✣☎ ✤✖
✯ ☞✓✥ ❀✏✒★✦❁ ❁ ✥★✔✒✪✥ ✦✥✓✥★☛✒✦❁ ★❁ ✙ ★✥✕❁ ✧ ✢✠ ✬ ✤✥ ❀✥✖❁✓ ❃✖ ✏✒ ✔❁❀ ✒ ✗❀❁✕ ✕✖✒✦❁ ✗✒❀✒ ✆ ✩✧ ✕✆❃❀✒

✝ ✢✣✫ ✦✥ ❅ ✬☎ ✖✥✤ ❀❁✓ ✢ � ✕✖ ✗❁❀✤✒★✤✥ ✔✥✖ ☞❀✒❀ ★❁✏✒✖✥★✤✥ ❄❃✥ ★❁ ✥★✔✒✪✥ ✥★✤ ❀✥ ✒ ❀✥✗✥✤ ✕✦❁❀✒ ✒✓✗✥ ❀✒ ★✧✒
✥ ✒ ❀✥✗✥✤ ✕✦❁❀✒ ✦✥ ✙ ❀✥ ✕✒ ★✌❁ ✭❁ ✕ ✗❁✓✓ ✟✏✥ ✔ ❁☞✤✥ ❀ ✦✒✦❁✓ ❀✥✒ ✕✓ ✦✒ ✤❁ ✗❁✆ ❀✒✓✒ ✦❁ ✤✥ ❀❀✥ ★❁ ✢ ✯✓ ✗❁ ★✤❁✓
✥✕ ✤ ❀✥✖❁✓ ✓✌❁ ✦✒✦❁✓ ✖✥✦ ✕✦❁✓ ✪❁✖ ❁ ✝✝✄ ✢ ✯ ✦✥✓✥ ★☛❁ ✦❁ ✤✥ ❀❀✥★❁ ✭❁ ✕ ✭✥ ✕✤❁ ✪❁✖ ☞✒✓✥ ★❁ ✒✓✗✥✪✤❁
✏ ✕✓❃✒ ✔ ✦✒ ✤❁ ✗❁✆ ❀✒✓✒ ✏ ✕✓✤✒ ★❁✓ ✦❁ ✕✓ ✗❁ ★✤❁✓ ✦❁ ✥★✔✒✪✥ ✢ ✙✓✓ ✕✖ ✤❁✦❁✓ ❁✓ ✦✒✦❁✓ ❁☞✤ ✕✦❁✓ ✒❄❃✕ ✓✥ ❀✏✥✖
✒✗✥★✒✓ ✗✒❀✒ ❃✖✒ ✒★✑ ✔✕✓✥ ❄ ❃✒ ✔✕✤✒✤ ✕✏✒ ✢

✄✒☞✥ ★✦❁ ❄❃✥ ★❁ ✥★✔✒✪✥ ✒★✒ ✔✕✓✒✦❁ ❁ ✪✒★✒ ✔ ❃✤ ✕✔✕✢✒✦❁ ✭❁ ✕ ❁ ✣ ✩✭ ✜ ✠ ✬★ ✣✠ ✝✆✢ ✥ ✂ ✜ ✣✒ ✬✁✎ ✖✫✢
�❁✆❁ ✬ ✒ ❀✥ ✔✒✧✌❁ ✆✩✂ ✓✥ ❀✑ ✕✆❃✒ ✔ ✒ ✁ ✢✡✠✒ ✖✥✤ ❀❁✓ ✢ ✙ ✓✓ ✕✖ ✪❁✖❁ ✆✩✂ ☎ ✁ ✢☎ ✤✥✖✆✓✥ ❃✖✒ ❁☞✓✤ ❀❃✧✌❁ ✢
✝✥ ✔✒ ✓✆❃❀✒ ✦❁ ✥★✔✒✪✥ ✬ ✙ ★✥✕❁ ✧ ✢✠ ✬ ✤✥✖❁✓ ❃✖✒ ❁☞✓✤ ❀❃✧✌❁ ✤ ✕✗❁ ☞❁❀✦✒✓ ✒❀❀✥✦❁ ★✦✒✦✒✓ ✬ ✪❃✆ ✒ ✥✓✗✥✓✓❃❀✒
❂ ✖✒ ✕❁❀ ❄❃✥

λ/10
✩✁ ✬✁ ✣✠★✡✒✂ ✖✫✢ ✒✓✓✥ ✗❁ ★✤❁ ✬ ✏ ✕✓❃✒ ✔✖✥★✤✥ ✬ ❂ ✭✑✪ ✕✔ ✦✥ ✓✥ ❀ ✔❁ ✪✒ ✔✕✢✒✦❁ ✥✖ ✪ ✕✖✒ ✦✒

❀✥✗✥✤ ✕✦❁❀✒ ✦✥ ✙ ❀✥ ✕✒ ✢ ✓★✭✥ ✔✕✢✖✥★✤✥ ✗❁❀ ✓✥ ❀ ❃✖ ✗❁★✤❁ ✦✥ ✦ ✕✭ ✟✪ ✕✔ ✒✪✥✓✓❁ ★✌❁ ✭❁ ✕ ✗❁✓✓ ✟✏✥ ✔ ✪❁ ✔✥✤✒❀ ❁✓
✦✒✦❁✓ ✦✥ ✗❁✓ ✕✧✌❁ ✦✥✓✤✥ ✗❁ ★✤❁ ✪ ❀✟✤ ✕✪❁ ✢

✝✒❀✒ ❁ ✪✑ ✔✪ ❃ ✔❁ ✦✒✓ ✗✥ ❀✦✒✓ ❃✤ ✕✔✕✢✒✆✓✥ ✪ ✥❄❃✒✧✌❁ ✩✡ ✢✂✎✫ ❀✥ ✗✥✤ ✕✦✒ ✒☞✒ ✕✕❁ ✰

α =
λ

2

3 r
1

3

R

✩☎ ✢✒✡✫
✯ ★✦✥ ✰
λ

❂ ❁ ✪❁✖✗❀✕✖✥★✤❁ ✦✥ ❁ ★✦✒ ✥ ✤✥✖ ✏✒ ✔❁❀ ✁ ✬✣✠★✡✒✂ ✖
✂ ✜ ✣✒ ✬✁✎ ✖
r

❂ ✪✒ ✔✪❃✔✒✦❁ ❃✤ ✕✔✕✢✒★✦❁ ✒✓ ✥❄❃✒✧✮✥✓ ✩✡ ✢✎✁✫ ✥ ✩✡ ✢✎ ✣✫ ❃✤ ✕✔✕✢✒★✦❁ ❁✓ ✏✒ ✔❁❀✥✓ ✒☞✒ ✕✕❁ ✢
X1 ✜ ✠✁✁ ✖

X2 ✜ ✆✠✁✁ ✖
X3 ✜ ★✁✁ ✖

X4 ✜ ✆★✁✁ ✖
Y1 ✜ ✁ ✬❅ ✖

Y2 ✜ ✁ ✬❅ ✖
Y3 ✜ ✣ ✖

Y4 ✜ ✣ ✖
�❁✆❁ ✬ ✦✒✓ ✥❄❃✒✧✮✥✓ ✩✡ ✢✎✁✫ ✥ ✩✡ ✢✎ ✣✫ ✤✥✖❁✓ ❄❃✥

r = 60000m
✢

✙ ✓✓ ✕✖ ✬
α ✜ ✁ ✬❅✒✁✒✂ ✢

✁✤ ✕✔✕✢✒★✦❁ ✒✓ ✪❃❀✏✒✓ ✦❁ ✙ ★✥✕❁ ✝ ✬ ✤✥✖❁✓ ❄❃✥ ✒ ✗✥ ❀✦✒ ✬ ✒✗❀❁✕ ✕✖✒✦✒ ✬ ✦✒ ❁☞✓✤ ❀❃✧✌❁ ❂ ✆✣✒ ✬❅ ✦✥ ✢
✯ ❃ ✓✥✆ ✒ ✬ ✒ ✗✥ ❀✦✒ ✤❁✤✒ ✔ ✗❀✥✏ ✕✓✤✒ ✗✒❀✒ ❁ ✥★✔✒✪✥ ❂ ✰
Lt ✜ ✆✣✒ ✬❅ ✁ ✎✒ ✬✎ ✆ ✣✠✁ ✬✡✒★✂ ✜ ✆✡✎ ✬✎✒★✂ ✦✥
✙ ✗✥ ❀✦✒ ✖❂✦ ✕✒ ✖✥✦ ✕✦✒ ★✥✓✤✥ ✥ ★✔✒✪✥ ✬ ✥ ✒✗❀✥✓✥ ★✤✒✦✒ ★✒ �✒☞✥ ✔✒ ☎ ✢✣✣✬ ✭❁ ✕ ✦✥ ✆ ★✎ ✬❅ ✦✥✖ ✢ ✯

✥ ❀❀❁ ✥ ★✤ ❀✥ ✒ ✗❀✥✦ ✕✧✌❁ ✥ ❁ ✏✒ ✔❁❀ ✖✥✦ ✕✦❁ ✭❁ ✕ ✦✥ ✠✡ ✬✂✠✞ ✩✎ ✬❅✠ ✦✥✫ ✢
✁�✁✂✄☎✄✆✝� ✞�✁ � ✂�✟✠ ✡� ✟✠ ✟✠ ✡☞
✂✥✗✥✤ ✕★✦❁ ❁ ✗❀❁ ✪✥✦ ✕✖✥★✤❁ ✦❁ ✪✒✓❁ ✒★✤✥ ❀✕❁ ❀ ✤✥✖❁✓ ✰

β = (
40

f
)2

✩☎ ✢✒★✫



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣✡✂
✒✖ ✓✥✆❃✕✦✒ ✬ ❃✤ ✕✔✕✢✒✖❁✓ ★❁✏✒✖✥★✤✥ ✒ ✥❄❃✒✧✌❁ ✩✡ ✢✎✠✫ ✓✥✖ ❁✓ ✗✒❀✔✖✥✤ ❀❁✓

Gb

✥
Gm

✢ ✜✒ ✧ ✕✆❃❀✒✩☎ ✢✠☎✫ ✬ ❁☞✓✥ ❀✏✒✆✓✥ ❁ ❀✥✓❃✔✤✒✦❁ ❁☞✤ ✕✦❁ ✪❁✖ ❁ ✖❁✦✥ ✔❁ ✦✥ ✒✆ ✔✕✢

✧ ✕✆❃❀✒ ☎ ✢✠☎ ✰ ✂✥✓❃✔✤✒✦❁✓ ❁☞✤ ✕✦❁✓ ★❁ ✥★✔✒✪✥ ✒✓✗✥ ❀✒ ★✧✒ ✆ ✙ ❀✥ ✕✒ ✗✒❀✒ ❁ ✝❁✦✥ ✔❁ ✦✥ ✒✆ ✔✕

✯ ✥ ❀❀❁ ✥ ★✪❁★✤ ❀✒✦❁ ❃✤ ✕✔✕✢✒★✦❁ ❁ ✝❁✦✥ ✔❁ ✦✥ ✒✆ ✔✕ ✭❁ ✕ ✦✥ ✡❅ ✬✎✠✞ ✩✣✡ ✬✁✂ ✣✂ ✦✥✫ ✢
✁�✁✂✄☎✄✆✝� ✞�✁ � ✂�✟✠ ✡� ✟✠ � ✡�✁✁✂ ☞✌✄☎ ✆✄✟✠ ✡✡
✝✒❀✒ ❁ ✖❁✦✥ ✔❁ ✦✥ ✥ ✔❁✖❄❃✕✓✤✆ �✒✦✥ ✔✔ ✒✓ ✥❄❃✒✧✮✥✓ ✥ ✪❁ ★✓ ✕✦✥ ❀✒✧✮✥✓ ✓✌❁ ❀✥ ✗✥✤ ✕✦✒✓ ✤✒✖☞❂✖ ★✥✓✤✥
✥ ★✔✒✪✥ ✢

✯ ✤✥ ❀✖❁
LD

✤✥ ❀✑ ✏✒ ✔❁❀ ✕✆❃✒ ✔ ✪ ✆ ✣✒ ✬❅ ✦✥ ✪❁✖❁ ✪✒ ✔✪❃✔✒✦❁ ★❁ ✖❁✦✥ ✔❁ ✦✥ ✦❁ ✕✓ ❀✒ ✕❁✓ ✗✒❀✒ ❁ ✗❁ ★✤❁
✪ ❀✟✤ ✕✪❁ ✢ ✒ ❁ ✤✥ ❀✖❁

L
′

p

✗❁✦✥ ✓✥ ❀ ❁☞✤ ✕✦❁ ❃✤ ✕✔✕✢✒★✦❁ ✒ ✥❄❃✒✧✌❁ ✦✥ ✤✥ ❀❀✒ ✗✔✒ ★✒ ✩✡ ✢✂✒✫ ✤✥★✦❁ ✥✖ ✏ ✕✓✤✒
❄❃✥ ✒ ✕★� ❃✫★✪ ✕✒ ✦✒ ✪❃❀✏✒✤❃❀✒ ✦✒ ✤✥ ❀❀✒ ✥ ✦✒ ✤ ❀❁ ✗❁✓✭✥ ❀✒ ✬ ✒❄❃✕✬ ✤✒✖ ☞❂✖ ★✌❁ ✓✥ ❀✌❁ ✪❁★✓ ✕✦✥ ❀✒✦✒✓ ✢

✯ ❀✥✓❃✔✤✒✦❁ ❁☞✤ ✕✦❁ ❂ ✒✗❀✥✓✥ ★✤✒✦❁ ★✒ ✓✆❃❀✒ ✒ ✓✥✆❃✕❀✢
✙❄❃✕✬ ❁ ✥ ❀❀❁ ✥★✪❁ ★✤ ❀✒✦❁ ❄❃✒★✦❁ ❃✤ ✕✔✕✢✒✆✓✥ ❁ ✝❁ ✦✥ ✔❁ ✦✥ ✥ ✔❁✖❄❃✕✓✤✆ �✒✦✥ ✔✔ ✭❁ ✕ ✦✥ ✣✁ ✬❅✠✞

✩★ ✬✒ ✣✡☎ ✦✥✫ ✢



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣✡✎

✧ ✕✆❃❀✒ ☎ ✢✠✒ ✰ ✂✥✓❃✔✤✒✦❁✓ ❁☞✤ ✕✦❁✓ ★❁ ✥★✔✒✪✥ ✒✓✗✥ ❀✒ ★✧✒ ✆ ✙ ❀✥ ✕✒ ✗✒❀✒ ❁ ✝❁ ✦✥ ✔❁ ✦✥ ✥ ✔❁✖❄❃✕✓✤✆ �✒✦✥ ✔✔



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣★✁
✁�✁✂✄☎✄✆✝� ✞�✁ � ✂�✟✠ ✡� ✟✠ ✆✠✠
✯ ✗❀❁ ✪✥✦ ✕✖✥★✤❁ ✗✒❀✒ ❁ ✖❁✦✥ ✔❁ ✦✥ �✥✥ ✓✥ ❀✑ ❁ ✖✥✓✖❁ ✢ ✝ ❀✕✖✥ ✕❀❁ ✪✒ ✔✪❃✔✒✆✓✥ ✒ ✪❁ ★✦ ✕✧✌❁ ✗✒✦ ❀✌❁
✒✤ ❀✒✏❂✓ ✦❁ ❃✓❁ ✦❁✓ ✤✥ ❀✖❁✓ ✦✒ �✒☞✥ ✔✒ ☎ ✢✣✡ ✰

✞❁★✦ ✕✧✌❁ ✝✒✦ ❀✌❁ ✧✒✤❁❀✥✓ ✦✥ ✞❁❀❀✥✧✌❁
✒✂✥

✝❁✤✫★✪ ✕✒ ✤ ❀✒★✓✖ ✕✤ ✕✦✒ ✰
P ∗

t = 1W α1 = 10. log(1/10) = −10✙ ✔✤❃❀✒ ✦✒ ✒★✤✥ ★✒ ✰
h∗

1 ✜ ✡✒ ✖
α2 = 20. log(37/30) = 1, 8216

✝✒★☛❁ ✦✒ ✒★✤✥ ★✒ ✰
g∗

t ✜ ✠★ ✦✥
α3 = 24− 6 = 18

✒✝
✙ ✔✤❃❀✒ ✦✒ ✒★✤✥★✒ ✰

h∗

2 ✜ ✒ ✬❅ ✖
α4 = 20. log(7, 5/3) = 7, 9588

✝✒★☛❁ ✦✒ ✒★✤✥★✒ ✰
g∗

m ✜ ✠★ ✦✥
α5 = 24

�✒☞✥ ✔✒ ☎ ✢✣✡ ✰ ✞❁ ★✦ ✕✧✮✥✓ ✗✒✦ ❀✌❁ ✥ ✭✒✤❁❀✥✓ ✦✥ ✪❁❀❀✥✧✌❁ ✩
∗

✗✒❀✔✖✥✤ ❀❁✓ ✦✒ ★❁✏✒ ✪❁ ★✦ ✕✧✌❁✫
✙✓✓ ✕✖ ✬
α = α1 + α2 + α3 + α4 + α5 =

★ ✣✬✒✂✁★
✜✒ ✤✒☞✥ ✔✒ ☎ ✢✣✡ ✬ ❁ ✪✑ ✔✪ ❃ ✔❁ ✦✒ ✪❁★✦ ✕✧✌❁ ✗✒✦ ❀✌❁ ✦✥ �✥✥ ✆ ✑ ✭❁ ✕ ✕★✪ ✔❃✟✦❁ ✒ ✔✆❃★✓ ✗✒❀✔✖✥✤ ❀❁✓ ❄❃✥

✪❁✖✗✮✥✖ ❁ ✏✒ ✔❁ ❀ ✦✥
Gt

✢ ✞❁✖❁ ★❁ ✪✒✓❁ ✒★✤✥ ❀✕❁ ❀ ❁ ✏✒ ✔❁❀ ✦✥
Gt

✓✥ ❀✑ ✖✥★❁❀ ✥ ✒❄❃✕ ❂ ✕✆❃✒ ✔ ✒ ✠ ✬✎
✦✥ ✢ ✞❁★✓ ✕✦✥ ❀❁ ❃✆✓✥ ✤✒✖ ☞❂✖ ❁ ✤✥ ❀❀✥★❁ ✪❁✖❁ ✗✔✒ ★❁ ✥ ✪❁✖ ★✟✏✥ ✔ ✦✥ ❀✥✭✥ ❀✫★✪ ✕✒ ✥✖ ☎✡✁ ✖ ✢ ✒✓✓ ✕✖
✒ ✔✤ ❃❀✒✓ ✥✭✥✤ ✕✏✒✓ ✦✒✓ ✒★✤✥ ★✒✓ ✥✖ ✒✓✗✥ ❀✒★✧✒ ✥ ✙ ❀✥ ✕✒ ✓✥ ❀✌❁ ✡✒ ✖ ✥ ✒ ✬❅ ✖ ✢ ✙ ✓✥✆❃★✦✒ ✥✤✒✗✒ ❂ ✒
❁☞✤✥★✧✌❁ ✦✒ ✗❀✥✏ ✕✓✌❁ ✗❁ ★✤❁✆✑ ❀✥✒ ✢ ✄✥ ✪❁ ★✓ ✕✦✥ ❀✒❀✖❁✓ ✒ ✑ ❀✥✒ ✦❁ ✥★✔✒✪✥ ✪❁✖❁ ✓✥★✦❁ ✑ ❀✥✒ ✒☞✥ ❀✤✒ ✬
✗✥ ✔✒ ✧ ✕✆❃❀✒ ✡ ✢✣★ ✬ ✤✥✖❁✓

P0 = −61, 7
✦✥✖ ✥

γ = 38, 4
✦✥✩✦✥✪ ✢

✯ ✏✒ ✔❁❀ ✦✒ ✦ ✕✓✤✔★✪ ✕✒ ✦❁ ✥★✔✒✪✥ ✭❁ ✕ ✪❁★✏✥ ❀✤ ✕✦❁ ✦✥ ✤✖ ✗✒❀✒ ✖ ✕✔☛✒✓ ✬ ✗❁ ✕✓ ❁✓ ✗✒❀✔✖✥✤ ❀❁✓
P0

✥
γ

✜ ✡✂ ✬★ ✓✌❁ ✏✒ ✔❁❀✥✓ ❁☞✤ ✕✦❁✓ ✗✒❀✒
do ✜ ✣ ✖ ✕✔☛✒ ✢ �✥✆ ✒ ✧ ✕✆❃❀✒ ✡ ✢✣★ ✢

✜✒ ✓ ✕✤ ❃✒✧✌❁ ✦❁ ✥★✔✒✪✥ ✬ ✒❄❃✕ ✒ ★✒ ✔✕✓✒✦❁ ✬ ✤✥✖✆✓✥ ❃✖ ✗✥ ❀✪❃❀✓❁ ✪❁ ★✓ ✕✦✥ ❀✒✦❁ ❁☞✓✤ ❀❃✟✦❁ ✢ ✓✓✓❁
✗❁❀❄❃✥ ★❁ ✗❁ ★✤❁ ✪ ❀✟✤ ✕✪❁ ✦❁ ✥★✔✒✪✥ ✒

1a
✢❁ ★✒ ✦✥ ✧❀✥✓★✥ ✔ ★✌❁ ✥✓✤✑ ✤❁✤✒ ✔✖✥★✤✥ ✔✕✏ ❀✥ ★✥✖ ✪❁✖ ❁✓

☎✁✞ ✖ ✟★✕✖❁✓ ✥✕ ✕✆ ✕✦❁✓ ✗✒❀✒ ❃✖ ✥★✔✒✪✥ ✓✥ ❀ ✪❁ ★✓ ✕✦✥ ❀✒✦❁ ✦✥✓❁☞✓✤ ❀❃✟✦❁ ✢ �❁✆❁ ✒ ✥❄❃✒✧✌❁ ✦❁ ✖❁✦✥ ✔❁
✦✥ �✥✥ ✒ ✓✥ ❀ ❃✤ ✕✔✕✢✒✦✒ ❂ ✒ ✩✡ ✢✎✒✫ ✬ ❀✥✥✓✪ ❀✕✤✒ ✒ ✓✥✆❃✕❀✢

P = P0 + γ log(
d

d0

) + L + α
✩☎ ✢✒❅✫

✯ ❀✥✓❃✔✤✒✦❁ ❁☞✤ ✕✦❁ ❃✤ ✕✔✕✢✒★✦❁ ✒ ✥❄❃✒✧✌❁ ✒✪ ✕✖✒ ❂ ✰
✝ ✜ ✆✒☎ ✬✒❅★☎ ✦✥ ✢
✙✪ ❀✥✓✪✥ ★✤✒★✦❁✆✓✥ ❁ ✏✒ ✔❁❀ ✦✥

Gt

✤✥✖❁✓ ❃✖✒ ✗✥ ❀✦✒ ✤❁✤✒ ✔ ★❁ ✥★✔✒✪✥ ✦✥ ✰
Lt ✜ ✆✒✡ ✬✂❅★☎ ✦✥



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣★ ✣
✯ ✥ ❀❀❁ ✪❁✖✥✤ ✕✦❁ ❃✤ ✕✔✕✢✒★✦❁ ❁ ✝❁✦✥ ✔❁ ✦✥ �✥✥ ✭❁ ✕ ✦✥ ✡✠ ✬✎✒ ✞ ✩✆✠★ ✬✡❅★☎ ✦✥✫ ✢
✞❁✖❁ ✒ ✤❁ ✗❁✆ ❀✑✓✪✒ ✦❁ ✤✥ ❀❀✥ ★❁ ❃✤ ✕✔✕✢✒✦✒ ★✥✓✤✥✓ ✪✑ ✔✪ ❃ ✔❁✓ ★✌❁ ❂ ❃✖ ✏✒ ✔❁ ❀ ✥✕✒✤❁ ✗❁✦✥✆✓✥ ✏✥ ❀✕✓ ✪✒❀

❁ ❃✤ ❀✒ ✓ ✕✤ ❃✒✧✌❁ ✢ ✄✥ ✭❁✓✓✥ ✪❁ ★✓ ✕✦✥ ❀✒✦❁ ❁ ✗✥ ❀✪❃❀✓❁ ✓✥✖ ❁☞✓✤ ❀❃✧✌❁ ✒ ✥❄❃✒✧✌❁ ❃✤ ✕✔✕✢✒✦✒ ✓✥ ❀✕✒ ✒ ✩✡ ✢✎☎✫
✥ ❁✓ ❀✥✓❃✔✤✒✦❁✓ ✰

✝ ✜ ✆❅❅ ✬✂★✎★ ✦✥
✒✖ ✓✥✆❃✕✦✒ ✓❁✖✒✆✓✥ ❁ ✏✒ ✔❁❀ ✦✥

Gt

✰
Lt✜ ✆❅✠ ✬✎★✎★ ✦✥
�❁✆❁ ✬ ❁ ✥ ❀❀❁ ✪❁✖✥✤ ✕✦❁ ❃✤ ✕✔✕✢✒★✦❁ ❁ ✝❁✦✥ ✔❁ ✦✥ �✥✥ ✗✒❀✒ ✥✓✤✒ ❁ ❃✤ ❀✒ ✓ ✕✤ ❃✒✧✌❁ ✓✥ ❀✕✒ ✦✥ ☎ ✬❅ ✣✞

✩✡ ✬★★✎★ ✦✥✫ ✢
✜✒ �✒☞✥ ✔✒ ☎ ✢✣★ ✥★✪❁ ★✤ ❀✒✖✆✓✥ ❁✓ ✏✒ ✔❁ ❀✥✓ ✗✒❀✒ ❁ ✥★✔✒✪✥ ✥ ★✤ ❀✥ ✒ ❀✥ ✗✥✤ ✕✦❁❀✒ ✦✥ ✒✓✗✥ ❀✒★✧✒ ✥ ✒

❀✥✗✥✤ ✕✦❁❀✒ ✦✥ ✙ ❀✥ ✕✒ ✢ ✯ ✖❁✦✥ ✔❁ ✦✥ ✥ ✔❁✖❄❃✕✓✤✆ �✒✦✥ ✔✔ ✒ ✗❀✥✓✥★✤✒ ✥ ❀❀❁ ☞✥✖ ✗❀✘✕ ✕✖❁ ✦❁✓ ✣✁✞ ✥ ❄❃✥
❂ ❃✖ ✔✕✖ ✕✤✥ ✤❁ ✔✥ ❀✑✏✥ ✔ ✗✒❀✒ ✒ ✓ ✕✤ ❃✒✧✌❁ ✒★✒ ✔✕✓✒✦✒ ✒❄❃✕✢ ✯✓ ✦✥✖✒ ✕✓ ✖❁✦✥ ✔❁✓ ✒✗❀✥✓✥ ★✤✒❀✒✖ ✤✒✕✒✓ ✦✥
✥ ❀❀❁✓ ☞✥✖ ✥ ✔✥✏✒✦✒✓ ✢ ✜❁ ✖❁✦✥ ✔❁ ✦❁ �✥✥ ✒ ✔❂✖ ✭❁❀✒✖ ✪❁★✓ ✕✦✥ ❀✒✦✒✓ ✦❃✒✓ ✓ ✕✤ ❃✒✧✮✥✓ ✰ ✞❁✖ ❁☞✓✤ ❀❃✧✌❁
✥ ✓✥✖ ❁☞✓✤ ❀❃✧✌❁ ✢ ✒✓✓✥✓ ✦❁ ✕✓ ✪✒✓❁✓ ✭❁❀✒✖ ✪❁★✓ ✕✦✥ ❀✒✦❁✓ ✗❁❀❄❃✥ ★✌❁ ☛❁ ❃✏✥ ✒ ✗❁✓✓ ✕☞ ✕✔✕✦✒✦✥ ✦✥ ✓✥
❁☞✤✥ ❀ ✦✒✦❁✓ ✖✒ ✕✓ ✗❀✥✪ ✕✓❁✓ ✓❁☞❀✥ ✒ ❀✥✆ ✕✌❁ ✪❁✖✗❀✥✥★✦ ✕✦✒ ★❁ ✥★✔✒✪✥ ✖✥ ❄❃✥✓✤✌❁ ✢ ✄✥ ★✦❁ ✒✓✓ ✕✖ ✬
✪❁★✓ ✕✦✥ ❀❁ ❃✆✓✥ ✪❁✖❁ ✗❁✓✓ ✟✏✥ ✔ ✒✓ ✦❃✒✓ ✓ ✕✤ ❃✒✧✮✥✓ ✢ ✄❃✗❁★✦❁ ❁ ✥★✔✒✪✥ ✪❁✖ ❁☞✓✤ ❀❃✧✌❁ ❁ ✥ ❀❀❁ ❁☞✤ ✕✦❁
✓✪❁ ❃ ✗✥ ❀✤❁ ✦❁✓ ✡✡✞ ✢ ✜❁ ✥★✤✒★✤❁ ✬ ★❁ ✪✒✓❁ ✦✥ ★✌❁ ❁☞✓✤ ❀❃✧✌❁ ✬ ✖✒✓ ✗❀✘✕ ✕✖❁ ✦✒ ❀✥✒ ✔✕✦✒✦✥ ✬ ✗❁ ✕✓
✒✖ ☞✒✓ ✒✓ ✒★✤✥★✒✓ ✥✓✤✌❁ ✥✖ ✔✕★☛✒ ✦✥ ✏ ✕✓✒✦✒ ✦ ✕❀✥✤✒ ✬ ❁☞✤✥✏✥✆✓✥ ❃✖ ✥ ❀❀❁ ✒☞✒ ✕✕❁ ✦❁ ✒✞ ✪❁✖✗❀❁✏✒★✦❁
✥ ✒ ✗❁✓✓ ✕☞ ✕✔✕✦✒✦✥ ✦✥ ★✌❁ ❁☞✓✤ ❀❃✧✌❁ ✪❁✖❁ ✖✒ ✕✓ ✗❀✘✕ ✕✖✒ ✦❁✓ ✏✒ ✔❁ ❀✥✓ ✖✥✦ ✕✦❁✓

�✒ ✔❁❀ ✖✥✦ ✕✦❁ �✒ ✔❁❀ ✤✥✘❀✕✪❁ ✒ ❀❀❁ ✒ ❀❀❁
✩✦☞✖✫ ✩✦☞✖✫ ✩✦✥✫ ✩✞ ✫

✝❁✦✥ ✔❁ ✦✥ ✆★✎ ✬❅✁ ✆✡✎ ✬✎✒★✂ ✎ ✬❅✠❅✠ ✠✡ ✬✂✠
✦❁ ✕✓ ✂✒ ✕❁✓
✝❁ ✦✥ ✔❁ ✆★✎ ✬❅✁ ✆✡☎ ✬★ ✣✂✠ ✣✡ ✬✁✂ ✣✂ ✡❅ ✬✎✠
✦✥ ✒✆ ✔✕

✝❁✦✥ ✔❁ ✦✥ ✆★✎ ✬❅✁ ✆★★ ✬✒✂☎★ ★ ✬✒ ✣✡☎ ✣✁ ✬❅✠
✥ ✔❁✖❄❃✕✓✤ ✆ �✒✦✥ ✔✔
✝❁✦✥ ✔❁ ✦✥ �✥✥ ✆★✎ ✬❅✁ ✆✒✡ ✬✂❅★☎ ✆✠★ ✬✡❅★☎ ✡✠ ✬✎✒

✆❅✠ ✬✎★✎★ ✡ ✬★★✎★ ☎ ✬❅ ✣

�✒☞✥ ✔✒ ☎ ✢✣★ ✰ ✂✥✓❃✔✤✒✦❁✓ ❁☞✤ ✕✦❁✓ ★❁ ✥★✔✒✪✥ ❀✥✗✥✤ ✕✦❁❀✒ ✒✓✗✥ ❀✒★✧✒ ✆ ❀✥ ✗✥✤ ✕✦❁❀✒ ✙ ❀✥ ✕✒



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣★✠

✞❁❁✦✥★✒✦✒✓ ✄ ✁✒ ✬✠ ✣✁✂ ✣☎☎☎✒
◦

� ✡❅ ✬✂✒☎✁✡✡✡✡
◦

✁ ★✆❃✔❁✓
θ

✩❀✒✦✫ ✣✬☎✎☎☎★✂✂ ✣✎✡✎
✩✝ ❀✒❃✓✫ ✎✒ ✬✠ ✣✁✂ ✣☎☎☎✒

◦

φ
✩❀✒✦✫ ❅ ✬☎❅✒✁✡✁★✁✡

✩✝ ❀✒❃✓✫ ✆✡❅ ✬✂✒☎✁✡✡✡✡
◦

✙ ✔✤❃❀✒ ❀✥✆ ✕✓✤ ❀✒✦✒ ✗✥ ✔❁ ✝✝✄ ❅❅❅ ✬✠ ✖
✝ ❀✥✪ ✕✓✌❁ ✦❁ ✝✝✄ ★❁ ✕★✓✤✒ ★✤✥ ✦✒ ✖✥✦ ✕✧✌❁ ☎ ✬✎ ✖

✙ ✔✤❃❀✒ ✦✒ ✒★✤✥ ★✒ ✒✪ ✕✖✒ ✦❁ ✝✝✄ ❅ ✖
✞❁✖✗❀✕✖✥★✤❁ ✒✗❀❁✕ ✕✖✒✦❁ ✒ ✖
✦❁ ✪✒☞❁ ✆ ✙ ★✤✥★✒ ✩ ✙ ✝

✞❁ ★✥✪✤❁❀✥✓ ✜ ✆ ✝✒✪☛❁ ✣
✞❁ ★✥✪✤❁❀✥✓ ✜ ✆ ✧✫✖✥✒ ✣

✂✒ ✕❁ ✤❁✤✒ ✔ ☎ ✢✡✒✂ ✢❅☎✁ ✬✠ ✖
XERB

❅ ✢✣✠✒ ✢❅✂☎ ✬✣✒★✂✡✡ ✖
YERB

✆✡ ✢✒✁✂ ✢★✂❅ ✬❅✎✂✠★☎ ✖
ZERB

✆✂✁✁ ✢☎★✁ ✬✠❅ ✣❅ ✖

�✒☞✥ ✔✒ ☎ ✢✣❅ ✰ ✣✒✦❁✓ ❁☞✤ ✕✦❁✓ ★✒ ✒✂✥ ✥✖ ✞✒✖✗✕★✒ ✝ ❀✒ ★✦✥



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣★✡

✞❁❁ ✦✥★✒✦✒✓ ✄ ✁✒ ✬✣☎✠✁❅✎ ✣✡✂
◦

� ✡❅ ✬✂❅✠✂❅✒✎✎
◦

✁ ★✆❃✔❁✓
θ

✩❀✒✦✫ ✣✬☎✎❅✒✎✒✂✡✎✎✒
✩✝ ❀✒❃✓✫ ✎✒ ✬✣☎✠✁❅✎ ✣✡✂

◦

φ
✩❀✒✦✫ ❅ ✬☎❅✒★✡★✂✂✂✎✎

✩✝ ❀✒❃✓✫ ✆✡❅ ✬✂❅✠✂❅✒✎✎
◦

✙ ✔✤❃❀✒ ❀✥✆ ✕✓✤ ❀✒✦✒ ✗✥ ✔❁ ✝✝✄ ☎✂✒ ✬❅ ✖
✝ ❀✥✪ ✕✓✌❁ ✦❁ ✝✝✄ ★❁ ✕★✓✤✒★✤✥ ✦✒ ✖✥✦ ✕✧✌❁ ✣✣✬✡ ✖

✙ ✔✤❃❀✒ ✦✒ ✒★✤✥★✒ ✒✪ ✕✖✒ ✦❁ ✝✝✄ ✁ ✬✣❅ ✖
✞❁✖✗❀✕✖✥★✤❁ ✒✗❀❁✕ ✕✖✒✦❁ ✡ ✖
✦❁ ✪✒☞❁ ✆ ✙★✤✥★✒ ✩ ✙ ✝

✞❁ ★✥✪✤❁ ❀✥✓ ✜ ✆ ✝✒✪☛❁ ✣
✞❁ ★✥✪✤❁❀✥✓ ✜ ✆ ✧✫✖✥✒ ✣

✄✜✂ ✣☎ ✬★★✎✠✠ ✦✥
✜✟✏✥ ✔ ✦✥ ✄ ✕★✒ ✔ ✆ ☎☎ ✬☎✁✎✡✂ ✦✥✖
✜✟✏✥ ✔ ✦✥ ✂❃✟✦❁ ✆ ✂✡ ✬✁❅✂❅✎ ✦✥✖
✂✒ ✕❁ ✤❁✤✒ ✔ ☎ ✢✡✒✂ ✢☎✂✒ ✬☎❅ ✖

XERB

❅ ✢✣✠✎ ✢✒✡✂ ✬☎❅☎✒ ✣✠ ✖
YERB

✆✡ ✢✒✁☎ ✢✂✂✡ ✬✁✡✎✒✠ ✖
ZERB

✆✒✎❅ ✢✠✒✁ ✬✒❅✂✎ ✖
✣ ✕✓✤✔★✪ ✕✒ ☎✁✁✠ ✬✒✡★☎ ✖

�✒☞✥ ✔✒ ☎ ✢✣☎ ✰ ✣✒✦❁✓ ❁☞✤ ✕✦❁✓ ★✒ ✒✂✥ ✩✙ ❀✥ ✕✒ ✔✫



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣★★

✞❁❁❀✦✥★✒✦✒✓ ✙ ✔✤ ❃❀✒ ✝ ❀✥✪ ✕✓✌❁ ✣ ✕✓✤✔★✪ ✕✒
✝✥❁✆ ❀✑✓✪✒✓ ✩✝✝✄ ✫ ✗✒❀✒ ✒✂✥
✄ ✁✒ ✬✁✠✒★✒

◦
❅☎ ✣✬★ ✖ ✒ ✬✂ ✖ ✡✂✁ ✬✒ ✖

� ✡❅ ✬✂✒❅✡ ✣
◦

✄ ✁✒ ✬✠✁✠✡✡
◦

❅✒✁ ✬✣ ✖ ✒ ✬★ ✖ ✎✒✂ ✬✠ ✖
� ✡❅ ✬✂✒✡✒✡

◦

✄ ✁✒ ✬✣✎✡✎❅
◦

❅✒✡ ✬✂ ✖ ✒ ✬❅ ✖ ✠✠★✁ ✖
� ✡❅ ✬✂☎❅✁❅

◦

✄ ✁✒ ✬✣✂❅ ✣★
◦

❅✒✡ ✬✂ ✖ ✒ ✬✁ ✖ ✡✠✡✁ ✖
� ✡❅ ✬✂☎✠✡❅

◦

✄ ✁✒ ✬✣☎✎★✂
◦

☎★✠ ✬❅ ✖ ☎ ✬✎ ✖ ❅✣❅✁ ✖
� ✡❅ ✬✂❅❅ ✣❅

◦

✄ ✁✒ ✬✣☎★✂✎
◦

☎❅✁ ✬✒ ✖ ☎ ✬✎ ✖ ❅✒★✁ ✖
� ✡❅ ✬✂❅✠✡❅

◦

�✒☞✥ ✔✒ ☎ ✢✣✒ ✰ ✣✒✦❁✓ ✤❁ ✗❁✆ ❀✑✓ ✪❁✓ ❁☞✤ ✕✦❁✓ ★❁ ✥★✔✒✪✥ ✒✂✥ ✞✒✖✗✕★✒ ✝ ❀✒ ★✦✥ ✆ ❀✥ ✗✥✤ ✕✦❁❀✒ �✒✆❁✒
✄✥✪✒
� ✳✁ ✳✂ ✂✹ ✛✸✕✾ ✂�✁ ✂✸✻✖ ✼✹✸ ✄ ✷✸✹✘✾ ✄ �✾✖✾✶ ✼✘✽✷✸ ☎✸✆✽✸ ✝✾✕✸
✯ ✗❀❁ ✪✥✦ ✕✖✥★✤❁ ✗✒❀✒ ✪❁ ★✏✥ ❀✓✌❁ ✦❁✓ ✦✒✦❁✓ ✦✥ ✪❁❁❀✦✥★✒✦✒✓ ✆✥❁✆ ❀✑✓✪✒✓ ✗✒❀✒ ✥✓✭❂ ❀✕✪✒✓ ✓✌❁ ❁✓
✖✥✓✖❁✓ ✆ ✑ ✖✥★✪ ✕❁ ★✒✦❁✓ ★✒ ✗❀✕✖✥ ✕❀✒ ✗✒❀✤✥ ✢ ✯✓ ✏✒ ✔❁❀✥✓ ✦✥ ✦ ✬ ✕ ✬ � ✥ ✢ ✗❀✥✓✥ ★✤✥✓ ★✒✓ ✤✒☞✥ ✔✒✓ ☎ ✢✣❅
✥ ☎ ✢✣☎ ✓✌❁ ❁☞✤ ✕✦❁✓ ❃✤ ✕✔✕✢✒★✦❁ ✒✓ ✥❄❃✒✧✮ ✥✓ ✦✥ ✩☎ ✢✣✫ ✒ ✩☎ ✢☎✫ ✢
✁�✁✂✄☎✄✆✝� ✞�✁ � ✂�✟✠ ✡� ✟✠ ☛� ☞✌ ✍✄ ☞�✌ ✠ ✄ � ☎☞✁✠ ☞☎✄ ✎�✏✄ ✟✠ ✑☎✠✌✏✠ ✡
✂✥✒ ✔✕✢✒★✦❁ ★❁✏✒✖✥★✤✥ ❁ ✖✥✓✖❁ ✗❀❁ ✪✥✦ ✕✖✥★✤❁ ✦❁✓ ✦❁ ✕✓ ✥ ★✔✒✪✥✓ ✒★✤✥ ❀✕❁ ❀✥✓ ✬ ✤✥✖❁✓ ✰

✝✒❀✒ ✒ ✪❃❀✏✒✤❃❀✒ ✦✒ ✤✥ ❀❀✒ ✬
d1 ✜ ✁ ✬✡✂✁✒ ✤✖
d2 ✜ ❅ ✬☎✠✠ ✤✖
✦ ✜ ★✩✡

ht =
0, 3807 . 5, 622

12, 74 . 4

3

= 0, 126 m
✩☎ ✢✒☎✫

✯ ✏✒ ✔❁❀ ❁☞✤ ✕✦❁ ✗✒❀✒
ht

✩�✥✕✒ ✪❃❀✏✒✤❃❀✒ ✦✒ ✤✥ ❀❀✒✫ ❂ ✖❃✕✤❁ ✗✥❄❃✥★❁ ✬ ✗❁✓✓ ✕☞ ✕✔✕✤✒★✦❁ ✒ ✪❁ ★✓ ✕✦✥✆
❀✒✧✌❁ ✦✒ ✤✥ ❀❀✒ ✗✔✒★✒ ★✒ ❀✥✆ ✕✌❁ ✦❁ ✥★✔✒✪✥ ✢ ✒✖ ✓✥✆❃✕✦✒ ❂ ✭✥ ✕✤✒ ✒ ✓✥✆❃★✦✒ ✪❁★✓ ✕✦✥ ❀✒✧✌❁ ❀✥✭✥ ❀✥ ★✤✥
✪✓ ✒ ✔✤ ❃❀✒✓ ✦✒✓ ✒★✤✥★✒✓

h1

✥
h2

✢ ✞❁★✓ ✕✦✥ ❀✒★✦❁ ❁ ✤✥ ❀❀✥ ★❁ ✪❁✖❁ ✗✔✒★❁ ✥ ✪❁✖ ★✟✏✥ ✔ ✦✥ ❀✥✭✥ ❀✫★✪ ✕✒
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✝✥ ❀✦✒✓ ★❁ ✪✒☞❁ ✦✒ ✒✂✥ ✩✒✖ ✕ ✆✁ ✬✠❅✠✦✥✫ ✆ ✣✬✒☎★ ✦✥

✝❁✤✫★✪ ✕✒ �❀✒★✓✖ ✕✤ ✕✦✒ ✣❅ ✦✥✖ ✩✁ ✩✆ ✠ ✦✥✫
✂✥✪✥ ✗✤❁❀ ✝✒★☛❁ ✩ ✝✥ ❀✦✒

✝✒★☛❁ ✦✒ ✙ ★✤✥★✒ ✥✖ ✗✒ ✕★✥ ✔ ✩✪ ✔✕✥ ★✤✥✫ ✣✠ ✦✥
✝✒★☛❁ ✦❁ ✒✖✗✔✕✓ ✪✒✦❁❀ ✩✂✕ ✫ ✣✒ ✦✥

✝✥ ❀✦✒✓ ★❁✓ ✪❁★✥✪✤❁❀✥✓ ✦❁ ✥❄❃✕✗✒✖✥★✤❁ ✆ ✠ ✦✥
✦✥ ✖✥✦ ✕✧✌❁ ✩★ ❃★✕✦ ✢✫

✝✥ ❀✦✒ ★❁ ✗✕✆✤✒ ✕✔ ✩✣ ❃★✕✦ ✢✫ ✆ ✁ ✬❅ ✦✥
✝✥ ❀✦✒✓ ★❁ ✪✒☞❁ ✩✒✗❀❁✕ ✢ ✂✖ ✕ ✆✁ ✬✠❅✠✦✥✫ ✆ ✠ ✬✁ ✣☎ ✦✥

✝✒★☛❁ ✦❁ ✞✒❀✤✌❁ ✝✞✝ ✓✞ ✓✙ ❃✓✒✦❁ ★✒ ✖✥✦ ✕✧✌❁ ✠ ✬❅ ✦✥

�❁✤✒ ✔ ✩
Gt

✫ ✂❅ ✬✒✠ ✦✥

�✒☞✥ ✔✒ ☎ ✢✣✂ ✰ ✞❁✖✗❁✓ ✕✧✌❁ ✦❁ ✏✒ ✔❁❀ ✦✥
Gt

✗✒❀✒ ❁ ✥★✔✒✪✥ ✞✒✖✗✕★✒ ✝ ❀✒ ★✦✥ ✆ �✒✆❁✒ ✄✥✪✒
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✥✖ ❅❅✁ ✖ ✬ ✒✓ ✒ ✔✤ ❃❀✒✓ ✥✭✥✤ ✕✏✒✓ ✦✒✓ ✒★✤✥ ★✒✓ ✥✖ ✞✒✖✗✕★✒ ✝ ❀✒★✦✥ ✥ �✒✆❁✒ ✄✥✪✒ ✓✥ ❀✌❁ ✣✁ ✬✠ ✖ ✥
✣✡✒ ✬☎❅ ✖ ❀✥✓✗✥✪✤ ✕✏✒✖✥★✤✥ ✢

✙ ✓✓ ✕✖ ✬ ❃✤ ✕✔✕✢✒★✦❁ ✒ ✥❄❃✒✧✌❁ ✰

Lp = −20. log(h1)− 20. log(h2) + 40. log(d)
✩☎ ✢✒✒✫

�✥ ❀✥✖❁✓ ❃✖✒ ✗✥ ❀✦✒ ★❁ ✥★✔✒✪✥ ✦✥ ✰

Lp = 88, 1863 (dB)
✩☎ ✢✒✂✫

✁✓✒★✦❁ ✒ ✥❄❃✒✧✌❁ ✗✒❀✒ ❁ ✪✑ ✔✪ ❃ ✔❁ ✦❁ ❀✒ ✕❁ ✦✒
1a

✢❁ ★✒ ✦✥ ✧❀✥✓★✥ ✔✢

R = 17, 3.

√

d1d2

fd

✩☎ ✢✒✎✫
✯ ★✦✥ ✰
d ✜ ☎ ✬✁✁✠✒ ✤✖
d1 ✜ ❅ ✬☎✠✠ ✤✖
d2 ✜ ☎ ✬✁✁✠✒ ✆ ❅ ✬☎✠✠ ✜ ✁ ✬✡✂✁✒ ✤✖
✯ ☞✓✥ ❀✏✒★✦❁ ❁ ✥★✔✒✪✥ ✦✥✓✥★☛✒✦❁ ★❁ ✙ ★✥✕❁ ✧ ✢✡ ✬ ✤✥ ❀✥✖❁✓ ❃✖ ✏✒ ✔❁❀ ✒ ✗❀❁✕ ✕✖✒✦❁ ✗✒❀✒ ✆ ✩✧ ✕✆❃❀✒

✝ ✢✣✫ ✦✥ ❅ ✖✥✤ ❀❁✓ ✢ ✄✒☞✥★✦❁ ❄❃✥ ★❁ ✥★✔✒✪✥ ✒★✒ ✔✕✓✒✦❁ ❁ ✪✒★✒ ✔ ❃✤ ✕✔✕✢✒✦❁ ✭❁ ✕ ❁ ✠ ✤✥✖❁✓ ✭ ✜ ✠ ✬★ ✣✒
✝✆✢ ✥ ✂ ✜ ☎ ✬☎★★☎✖ ✢ �❁✆❁ ✬ ✒ ❀✥ ✔✒✧✌❁ ✆✩✂ ✓✥ ❀✑ ✕✆❃✒ ✔ ✒ ✁ ✢✒❅✠★ ✖✥✤ ❀❁✓ ✢ ✙ ✓✓ ✕✖ ✪❁✖ ✆✩✂ � ✁ ✢☎
★✌❁ ❁ ✪❁❀❀✥ ❁☞✓✤ ❀❃✧✌❁ ✢

✙✓✓ ✕✖ ✒ ✗✥ ❀✦✒ ✤❁✤✒ ✔ ✤✥✘❀✕✪✒ ✗❀✥✏ ✕✓✤✒ ✗✒❀✒ ❁ ✥★✔✒✪✥ ❂ ✰
Lt ✜ ✆ ✂✂ ✬✣✂☎✡ ✁ ✂❅ ✬✒✠ ✜ ✆✠ ✬★☎☎✡ ✦✥
✙ ✗✥ ❀✦✒ ✖❂✦ ✕✒ ★✥✓✤✥ ✥ ★✔✒✪✥ ✬ ✥ ✒✗❀✥✓✥ ★✤✒✦✒ ★✒ �✒☞✥ ✔✒ ☎ ✢✣☎ ✬ ✭❁ ✕ ✦✥ ✆ ☎☎ ✬☎✁✎ ✦✥✖ ✢ ✯ ✥ ❀❀❁

✥ ★✤ ❀✥ ✒ ✗❀✥✦ ✕✧✌❁ ✥ ❁ ✏✒ ✔❁ ❀ ✖✥✦ ✕✦❁ ✭❁ ✕ ✦✥ ✠☎✁✁ ✞ ✩☎★ ✬✣★✠✒ ✦✥✫ ✢
✜❁ ✥★✤✒★✤❁ ✬ ❁ ✗❁★✤❁ ✥✖ ❄❃✥✓✤✌❁ ✤✥✏✥ ✓❃✒ ✖✥✦ ✕✧✌❁ ❀✥✒ ✔✕✢✒✦✒ ✒❁ ★✟✏✥ ✔ ✦❁ ✓❁ ✔❁ ✥ ✥✓✤✥ ✗❁ ★✤❁

✗❁✓✓❃✕ ✥✦ ✕✓✪✒✧✮✥✓ ✢ ✙✓✓ ✕✖ ✓✥ ✒✓ ✪❁★✓ ✕✦✥ ❀✒❀✖❁✓ ✪❁✖ ❃✖✒ ✒ ✔✤ ❃❀✒ ✖❂✦ ✕✒ ✦✥ ❅ ✖✥✤ ❀❁✓ ✥ ❄❃✥ ✥ ✔✒✓
✪❁★✤ ❀✕☞❃✥✖ ★✥✆✒✤ ✕✏✒✖✥★✤✥ ✪❁✖ ❁ ✏✒ ✔❁❀ ✦✥ ✆ ✬ ✤✥ ❀✟✒✖❁✓ ❃✖ ★❁✏❁ ✏✒ ✔❁❀ ✗✒❀✒ ✆ ✩✁ ✖✫✢ ✝✥ ✔✒ ✓✆❃❀✒
✦❁ ✥★✔✒✪✥ ✬ ✙ ★✥✕❁ ✝ ✬ ✤✥✖❁✓ ❃✖✒ ❁☞✓✤ ❀❃✧✌❁ ✤ ✕✗❁ ☞❁❀✦✒✓ ✒❀❀✥✦❁ ★✦✒✦✒✓ ✬ ✪❃✆ ✒ ✥✓✗✥✓✓❃❀✒ ❂ ✖✒ ✕❁❀ ❄❃✥
λ/10

✩✁ ✬✁ ✣✠✣✂ ✖✫✢
✝✒❀✒ ❁ ✪✑ ✔✪ ❃ ✔❁ ✦✒✓ ✗✥ ❀✦✒✓ ❃✤ ✕✔✕✢✒✆✓✥ ✒ ✥❄❃✒✧✌❁ ✩✡ ✢✂✎✫ ❀✥ ✗✥✤ ✕✦✒ ✒☞✒ ✕✕❁ ✰

α =
λ

2

3 r
1

3

R

✩☎ ✢✂✁✫
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✧ ✕✆❃❀✒ ☎ ✢✠✂ ✰ ✂✒ ✕❁ ✦✒
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λ

❂ ❁ ✪❁✖✗❀✕✖✥★✤❁ ✦✥ ❁ ★✦✒ ✥ ✤✥✖ ✏✒ ✔❁❀ ✁ ✬✣✠ ✣✂ ✖
✂ ✜ ✣✠ ✬☎★ ✖
❀ ❂ ✪✒ ✔✪❃✔✒✦❁ ❃✤ ✕✔✕✢✒★✦❁ ✒✓ ✥❄❃✒✧✮✥✓ ✩✡ ✢✎✁✫ ✥ ✩✡ ✢✎ ✣✫ ✪❁✖❁ ✕✔❃✓✤ ❀✒✦❁ ★✒ ✧ ✕✆❃❀✒ ✣✁ ✦❁ ✪✑✗✕✤ ❃ ✔❁

✒★✤✥ ❀✕❁ ❀✢
X1 ✜ ✆❅✁ ✖

X2 ✜ ✣❅✁ ✖
X3 ✜ ✆ ✣❅✁ ✖

X4 ✜ ✆✡❅✁ ✖
Y1 ✜ ✣✬✂ ✖

Y2 ✜ ✣✬✂ ✖
Y3 ✜ ★ ✬✂ ✖

Y4 ✜ ★ ✬✂ ✖
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✥ ★✤ ❀✥ ✒ ✗❀✥✦ ✕✧✌❁ ✥ ❁ ✏✒ ✔❁ ❀ ✖✥✦ ✕✦❁ ✭❁ ✕ ✦✥ ★✡ ✬✠✠ ✞ ✩✠✁ ✬✣✁✣✣ ✦✥✫ ✢ ✒✓✤✥ ❀✥✓❃✔✤✒✦❁ ❂ ☞✥✖ ✖✥ ✔☛❁❀
❄❃✥ ★✒ ✪❁★✓ ✕✦✥ ❀✒✧✌❁ ✒★✤✥ ❀✕❁ ❀✢
✁�✁✂✄☎✄✆✝� ✞�✁ � ✂�✟✠ ✡� ✟✠ ✟✠ ✡☞
✂✥✒ ✔✕✢✒★✦❁ ❁ ✖✥✓✖❁ ✗❀❁ ✪✥✦ ✕✖✥★✤❁ ✦❁✓ ✦❁ ✕✓ ✪✒✓❁✓ ✒★✤✥ ❀✕❁ ❀✥✓ ✤✥✖❁✓ ✰

✯ ✥ ❀❀❁ ✪❁✖✥✤ ✕✦❁ ★✒ ✗❀✥✦ ✕✧✌❁ ✦✒✓ ✗✥ ❀✦✒✓ ✦❁ ✥★✔✒✪✥ ❃✤ ✕✔✕✢✒★✦❁ ❁ ✝❁✦✥ ✔❁ ✦✥ ✒✆ ✔✕ ✭❁ ✕ ✦✥ ✒★ ✬✂✒✞
✩✠✂ ✬❅ ✣✂✒ ✦✥✫ ✢
✁�✁✂✄☎✄✆✝� ✞�✁ � ✂�✟✠ ✡� ✟✠ � ✡�✁✁✂ ☞✌✄☎ ✆✄✟✠ ✡✡
✂✥✗✥✤ ✕★✦❁ ✒✓ ✥❄❃✒✧✮ ✥✓ ✥ ✪❁ ★✓ ✕✦✥ ❀✒✧✮✥✓ ✭✥ ✕✤✒✓ ★❁✓ ✦❁ ✕✓ ✥★✔✒✪✥✓ ✒★✤✥ ❀✕❁ ❀✥✓ ✬ ✪☛✥✆✒✆✓✥ ✒ ✰

✯ ✥ ❀❀❁ ✪❁✖✥✤ ✕✦❁ ❃✤ ✕✔✕✢✒★✦❁ ❁ ✝❁ ✦✥ ✔❁ ✦✥ ✥ ✔❁✖❄❃✕✓✤✆ �✒✦✥ ✔✔ ✭❁ ✕ ✦✥ ✣☎ ✬✣✠✞ ✩✎ ✬✠❅✁★ ✦✥✫ ✪❁✖
�✣ ✜ ✁ ✢

✯ ✥ ❀❀❁ ✪❁✖✥✤ ✕✦❁ ❃✤ ✕✔✕✢✒★✦❁ ❁ ✝❁ ✦✥ ✔❁ ✦✥ ✥ ✔❁✖❄❃✕✓✤✆ �✒✦✥ ✔✔ ✭❁ ✕ ✦✥ ✣✡ ✬✂☎✞ ✩✂ ✬✣✁✂✡ ✦✥✫ ✪❁✖
�✣ ✜ ✆✂ ✢
✁�✁✂✄☎✄✆✝� ✞�✁ � ✂�✟✠ ✡� ✟✠ ✆✠✠
✯ ✗❀❁ ✪✥✦ ✕✖✥★✤❁ ✗✒❀✒ ❁ ✖❁✦✥ ✔❁ ✦✥ �✥✥ ✓✥ ❀✑ ✕✆❃✒ ✔ ✒❁✓ ✦❁ ✕✓ ✥ ★✔✒✪✥✓ ✒★✤✥ ❀✕❁ ❀✥✓ ✢ ✝ ❀✕✖✥ ✕❀❁ ✪✒ ✔✪❃✔✒✆✓✥
✒ ✪❁ ★✦ ✕✧✌❁ ✗✒✦ ❀✌❁ ✒✤ ❀✒✏❂✓ ✦❁ ❃✓❁ ✦❁✓ ✤✥ ❀✖❁✓ ✦✒ �✒☞✥ ✔✒ ☎ ✢✣✎ ✰

✙ ✓✓ ✕✖ ✬
α = α1 + α2 + α3 + α4 + α5 =

✡★ ✬✂☎✠ ✢
✞❁✖❁ ★❁✓ ✦❁ ✕✓ ✪✒✓❁✓ ✒★✤✥ ❀✕❁ ❀✥✓ ✬ ❁ ✏✒ ✔❁❀ ✦✥

Gt

✤✥ ❀✑ ✓✥ ❃ ✏✒ ✔❁❀ ✖❁✦ ✕✓ ✪✒✦❁ ✦✥✏ ✕✦❁ ✒ ✒ ✔✆❃★✓ ✦❁✓
✭✒✤❁ ❀✥✓ ✦✥ ✪❁✖✗❁✓ ✕✧✌❁ ✦❁ ✤✥ ❀✖❁ ✆ ✑ ✥✓✤✒❀✥✖ ✕★✪ ✔❃✟✦❁✓ ★❁ ✗❀✘ ✗❀✕❁ ✖❁✦✥ ✔❁ ✢ �❁✆❁

Gt ✜ ✣✣✬✒✠ ✦✥ ✢



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣★✎

✧ ✕✆❃❀✒ ☎ ✢✠✎ ✰ ✂✥✓❃✔✤✒✦❁✓ ❁☞✤ ✕✦❁✓ ✗✒❀✒ ❁ ✖❁✦✥ ✔❁ ✦✥ ✒✆ ✔✕ ★❁ ✥ ★✔✒✪✥ ✞✒✖✗✕★✒ ✝ ❀✒★✦✥ ✆ �✒✆❁✒ ✄✥✪✒

✞❁ ★✦ ✕✧✌❁ ✝✒✦ ❀✌❁ ✧✒✤❁❀✥✓ ✦✥ ✞❁❀❀✥✧✌❁
✒✂✥

✝❁✤✫★✪ ✕✒ ✤ ❀✒★✓✖ ✕✤ ✕✦✒ ✰
P ∗

t = 1W α1 = 10. log(1/10) = −10✙ ✔✤❃❀✒ ✦✒ ✒★✤✥★✒ ✰
h∗

1 ✜ ✣✡✒ ✬☎❅ ✖
α2 = 20. log(137, 5/30) = 13, 223

✝✒★☛❁ ✦✒ ✒★✤✥★✒ ✰
g∗

t ✜ ✣✠ ✦✥
α3 = 12− 6 = 6

✒✝
✙ ✔✤❃❀✒ ✦✒ ✒★✤✥★✒ ✰

h∗

2 ✜ ✣✁ ✬✠ ✖
α4 = 20. log(10, 2/3) = 10, 63

✝✒★☛❁ ✦✒ ✒★✤✥ ★✒ ✰
g∗

m ✜ ✣❅ ✦✥
α5 = 15

�✒☞✥ ✔✒ ☎ ✢✣✎ ✰ ✞❁ ★✦ ✕✧✮✥✓ ✗✒✦ ❀✌❁ ✥ ✭✒✤❁❀✥✓ ✦✥ ✪❁❀❀✥✧✌❁ ✩
∗

✗✒❀✔✖✥✤ ❀❁✓ ✦✒ ★❁✏✒ ✪❁ ★✦ ✕✧✌❁✫



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣❅✁

✧ ✕✆❃❀✒ ☎ ✢✡✁ ✰ ✂✥✓❃✔✤✒✦❁✓ ❁☞✤ ✕✦❁✓ ✗✒❀✒ ❁ ✖❁✦✥ ✔❁ ✦✥ ✥ ✔❁✖❄❃✕✓✤✆ �✒✦✥ ✔✔ ★❁ ✥★✔✒✪✥ ✞✒✖✗✕★✒ ✝ ❀✒★✦✥
✆ �✒✆❁✒ ✄✥✪✒ ✓✥✖ ✗✥ ❀✦✒✓ ✗❁❀ ✦ ✕✭ ❀✒✧✌❁



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣❅ ✣

✧ ✕✆❃❀✒ ☎ ✢✡ ✣✰ ✂✥✓❃✔✤✒✦❁✓ ❁☞✤ ✕✦❁✓ ✗✒❀✒ ❁ ✖❁✦✥ ✔❁ ✦✥ ✥ ✔❁✖❄❃✕✓✤✆ �✒✦✥ ✔✔ ★❁ ✥★✔✒✪✥ ✞✒✖✗✕★✒ ✝ ❀✒★✦✥
✆ �✒✆❁✒ ✄✥✪✒ ✪❁✖ ✗✥ ❀✦✒✓ ✗❁❀ ✦ ✕✭ ❀✒✧✌❁



�✁✂ ✄☎✆✝✞ � ✟ ✁ �✁✝✁☞✁�✡✞ ✞☞ ✂✠☞✆✝☎✁✡✞☞ ✣❅✠

✧❁ ✕ ✪❁★✓ ✕✦✥ ❀✒✦❁ ✤✒✖ ☞❂✖ ❁ ✤✥ ❀❀✥★❁ ✪❁✖❁ ✗✔✒★❁ ✥ ✪❁✖ ★✟✏✥ ✔ ✦✥ ❀✥✭✥ ❀✫★✪ ✕✒ ✥✖ ❅❅✁ ✖ ✥ ✒✓✓ ✕✖ ✒✓
✒ ✔✤ ❃❀✒✓ ✥✭✥✤ ✕✏✒✓ ✦✒✓ ✒★✤✥★✒✓ ✥✖ ✞✒✖✗✕★✒ ✝ ❀✒★✦✥ ✥ �✒✆❁✒ ✄✥✪✒ ✓✥ ❀✌❁ ✣✁ ✬✠ ✖ ✥ ✣✡✒ ✬☎❅ ✖ ✢

✜✒ ✓✥✆❃★✦✒ ✥✤✒✗✒ ✬ ❂ ❁☞✤ ✕✦✒ ✒ ✗❀✥✏ ✕✓✌❁ ✗❁ ★✤❁✆✑ ❀✥✒ ✢ ✞❁ ★✓ ✕✦✥ ❀✒ ★✦❁ ✒ ✑ ❀✥✒ ✦❁ ✥★✔✒✪✥ ✪❁✖❁
✓✥★✦❁ ✑ ❀✥✒ ✒☞✥ ❀✤✒ ✬ ✗✥ ✔✒ ✧ ✕✆❃❀✒ ✡ ✢✣★ ✬ ✤✥✖❁✓

P0 ✜ ✆☎ ✣✬✒ ✦✥✖ ✥
γ ✜ ✡✂ ✬★ ✦✥✩✦✥✪ ✢

✯ ★✦✥ ❁ ✏✒ ✔❁❀ ✦✒ ✦ ✕✓✤✔★✪ ✕✒ ✦❁ ✥★✔✒✪✥ ✭❁ ✕ ✪❁★✏✥ ❀✤ ✕✦❁ ✦✥ ✤✖ ✗✒❀✒ ✖ ✕✔☛✒✓ ✬ ✗❁ ✕✓ ❁✓ ✗✒❀✔✖✥✤ ❀❁✓
P0✥

γ
✓✌❁ ✏✒ ✔❁❀✥✓ ❁☞✤ ✕✦❁✓ ✗✒❀✒

do ✜ ✣ ✖ ✕✔☛✒ ✢ �✥✆ ✒ ✧ ✕✆❃❀✒ ✡ ✢✣★ ✢
✜✒ ✓ ✕✤ ❃✒✧✌❁ ✦❁ ✥★✔✒✪✥ ✬ ✒❄❃✕ ✒ ★✒ ✔✕✓✒✦❁ ✬ ✤✥✖✆✓✥ ❃✖ ✗✥ ❀✪❃❀✓❁ ✪❁ ★✓ ✕✦✥ ❀✒✦❁ ❁☞✓✤ ❀❃✟✦❁ ✢ ✓✓✓❁

✗❁❀❄❃✥ ★❁ ✗❁ ★✤❁ ✪ ❀✟✤ ✕✪❁ ✦❁ ✥★✔✒✪✥ ✒
1a

✢❁ ★✒ ✦✥ ✧❀✥✓★✥ ✔ ★✌❁ ✥✓✤✑ ✤❁✤✒ ✔✖✥★✤✥ ✔✕✏ ❀✥ ★✥✖ ✪❁✖ ❁✓
☎✁✞ ✖ ✟★✕✖❁✓ ✥✕ ✕✆ ✕✦❁✓ ✗✒❀✒ ❃✖ ✥★✔✒✪✥ ✓✥ ❀ ✪❁ ★✓ ✕✦✥ ❀✒✦❁ ✦✥✓❁☞✓✤ ❀❃✟✦❁ ✢ �❁✆❁ ✒ ✥❄❃✒✧✌❁ ✦❁ ✖❁✦✥ ✔❁
✦✥ �✥✥ ✒ ✓✥ ❀ ❃✤ ✕✔✕✢✒✦✒ ❂ ✒ ✡ ✢✎✒ ✬ ❀✥✥✓✪ ❀✕✤✒ ✒ ✓✥✆❃✕❀✢

P = P0 + γ log(
d

d0

) + L + α
✩☎ ✢✂ ✣✫

✯ ❀✥✓❃✔✤✒✦❁ ❁☞✤ ✕✦❁ ❃✤ ✕✔✕✢✒★✦❁ ✒ ✥❄❃✒✧✌❁ ✒✪ ✕✖✒ ❂ ✰
✝ ✜ ✆☎★ ✬✒✎ ✣☎ ✦✥✖ ✢
✙✪❀✥✓✪✥ ★✤✒★✦❁✆✓✥ ❁ ✏✒ ✔❁❀ ✦✥ ✝✤ ✤✥✖❁✓ ❃✖✒ ✗✥ ❀✦✒ ✤❁✤✒ ✔ ★❁ ✥★✔✒✪✥ ✦✥ ✰
Lt ✜ ✆❅✡ ✬✁✒ ✣☎ ✦✥
✯ ✥ ❀❀❁ ✪❁✖✥✤ ✕✦❁ ✭❁ ✕ ✦✥ ✠❅ ✬❅✁✞ ✩✣✡ ✬❅✡✒★ ✦✥✫ ✥✖ ❀✥ ✔✒✧✌❁ ✒❁ ✏✒ ✔❁❀ ✖✥✦ ✕✦❁ ✢
✯ ✤✥ ❀✪✥ ✕❀❁ ✥ � ✔✤ ✕✖❁ ✥★✔✒✪✥ ✒✏✒ ✔✕✒✦❁ ✤ ✕✏✥ ✓✥ ❃✓ ❀✥✓❃✔✤✒✦❁✓ ✪❁ ★✦✥★✓✒✦❁✓ ★✒ �✒☞✥ ✔✒ ☎ ✢✠✁ ✢ ✒✓✓✥

✥ ★✔✒✪✥ ✬ ✕★✤✥ ❀✔✕✆✒★✦❁ ✒✓ ✪ ✕✦✒✦✥✓ ✦✥ ✞✒✖✗✕★✒ ✝ ❀✒★✦✥ ✥ �✒✆❁✒ ✄✥✪✒ ✭❁ ✕ ❁ ❄❃✥ ✒✗❀✥✓✥★✤❁ ❃ ✖✒ ✕❁❀
✦ ✕✓✪ ❀✥ ✗✔★✪ ✕✒ ✥★✤ ❀✥ ❁✓ ✏✒ ✔❁ ❀✥✓ ✖✥✦ ✕✦❁✓ ✥ ❁✓ ✏✒ ✔❁❀✥✓ ✤✥✘❀✕✪❁✓ ✢ ✜❁ ✥★✤✒★✤❁ ✬ ❁ ✖❁✦✥ ✔❁ ✦✥ ✥ ✔❁✖❄❃✕✓✤✆
�✒✦✥ ✔✔ ✖❁✓✤ ❀❁ ❃✆✓✥ ✒ ✕★✦✒ ☞✥✖ ✥✓✪ ✕✥ ★✤✥ ✢ ✞❁✖ ✥ ❀❀❁ ✦✥ ✒✗❀❁✕ ✕✖✒✦✒✖✥★✤✥ ✣☎✞ ✪❁ ★✓ ✕✦✥ ❀✒ ★✦❁ ✒ ✗✥ ❀✦✒
✗❁❀ ✦ ✕✭ ❀✒✧✌❁ ★❁ ✗❁ ★✤❁ ✪ ❀✕✤ ✟✪❁ ✦❁ ✥★✔✒✪✥ ✪❁✖❁ ✓✥★✦❁ ✕✆❃✒ ✔ ✒ ✢✥ ❀❁ ✥ ✦✥ ✣✡ ✬✂☎ ✞ ❄❃✒★✦❁ ✒ ✗✥ ❀✦✒
✗❁❀ ✦ ✕✭ ❀✒✧✌❁ ✭❁ ✕ ✪❁ ★✓ ✕✦✥ ❀✒✦✒ ✕✆❃✒ ✔ ✒ ✆✂ ✦✥ ✢ ✙ ✓ ✗✥ ❀✦✒✓ ✗❁❀ ✦ ✕✭ ❀✒✧✌❁ ✭❁❀✒✖ ✪✒ ✔✪❃✔✒✦✒✓ ❃✤ ✕✔✕✢✒★✦❁
❁ ✖❂✤❁ ✦❁ ✦✥✓✪ ❀✕✤❁ ✥✖ ✩☎ �✁�✖✗✄✂ ✬ ✣✎✂✠✫ ✥ ✭❁ ✕ ❃✤ ✕✔✕✢✒✦✒ ✤✒✖ ☞❂✖ ★❁ ✖❁✦✥ ✔❁ ✦✥ ✦❁ ✕✓ ❀✒ ✕❁✓ ★❁
✖✥✓✖❁ ✥★✔✒✪✥ ✢ ✯ ✥★✔✒✪✥ ✞✒✖✗✕★✒ ✝ ❀✒★✦✥ ✆ �✒✆❁✒ ✗❁✓✓❃✕ ✗✒❀✤ ✕✪❃ ✔✒❀✕✦✒✦✥✓ ❄❃✥ ✕★� ❃✥★✪ ✕✒❀✒✖
★❁✓ ❀✥✓❃✔✤✒✦❁✓ ✪❁✖❁ ✰ ✒ ✦ ✕✓✤✔★✪ ✕✒ ✩✒ ✖✥★❁❀ ✦❁✓ ✤ ❀✫✓ ✪✒✓❁✓ ✒✏✒ ✔✕✒✦❁✓✫ ✬ ✑ ❀✥✒ ❃❀☞✒★✒ ✖✒ ✕✓ ✦✥★✓✒ ✥
✪❁✖ ✥✦ ✕✓ ✪✒✧✮ ✥✓ ✪❁✖ ✖✒✕❁❀ ✒ ✔✤ ❃❀✒ ✖❂✦ ✕✒ ✬ ✕★� ❃✫★✪ ✕✒ ★❁ ✗❁ ★✤❁ ✪ ❀✕✤ ✟✪❁ ★✌❁ ✭❁ ✕ ✪❁ ★✓ ✕✦✥ ❀✒✦✒ ✬ ✤ ✕✗❁✓
✦✥ ✒★✤✥★✒✓ ❃✤ ✕✔✕✢✒✦✒✓ ★❁ ✥★✔✒✪✥ ✩❁✖★✕✦ ✕❀✥✪ ✕❁ ★✒ ✔ ✥ ✗✒ ✕★✥ ✔ ✒❁ ✕★✏❂✓ ✦✥ ✒★✤✥ ★✒✓ ✦ ✕❀✥✪ ✕❁ ★✒ ✕✓ ✪❁✖❁
★❁✓ ✦❁ ✕✓ ✪✒✓❁✓ ✒★✤✥ ❀✕❁ ❀✥✓✫ ✥ ✗❁❀ ✓✖ ✒ ❄❃✒★✤ ✕✦✒✦✥ ✦✥ ❀❃✟✦❁ ✗❀❁✏✥ ★✕✥ ★✤✥ ✦✥ ❁ ❃✤ ❀✒✓ ✭❁ ★✤✥✓ ✢ ✙
✓❃☞✓✤ ✕✤ ❃✕✧✌❁ ✦✒ ✒★✤✥ ★✒ ✤ ✕✗❁ ✗✒ ✕★✥ ✔ ✗❁ ❀ ❃✖✒ ✥✖ ✆ ❀✒✦✥ ✒❃✖✥★✤❁ ❃ ❁ ★✟✏✥ ✔ ✦✥ ✓ ✕★✒ ✔ ✖✥✦ ✕✦❁ ✥✖ ✪✥ ❀✪✒
✦✥ ✣✁ ✦✥ ✢ ✓✓✓❁ ❁ ✪✒✓ ✕❁ ★✒ ❃✖✒ ✦ ✕✖ ✕★❃✕✧✌❁ ✦❁✓ ✥ ❀❀❁✓ ❁☞✤ ✕✦❁✓ ✗✒❀✒ ✤❁ ✦❁✓ ✖❁✦✥ ✔❁✓ ✢
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�✒ ✔❁ ❀ ✖✥✦ ✕✦❁ �✒ ✔❁ ❀ ✤✥✘ ❀✕✪❁ ✒ ❀❀❁ ✒ ❀❀❁
✩✦☞✖✫ ✩✦☞✖✫ ✩✦✥✫ ✩✞ ✫

✝❁✦✥ ✔❁ ✦✥ ✆☎☎ ✬☎✁✎ ✆✠ ✬★☎☎✡ ☎★ ✬✣★✠✒ ✠☎✁✁
✦❁ ✕✓ ✂✒ ✕❁✓ ✆★☎ ✬❅✁✒✎ ✠✁ ✬✣✁ ✣✣ ★✡ ✬✠✠
✝❁✦✥ ✔❁ ✆☎☎ ✬☎✁✎ ✆✡✂ ✬✁✎✁✡ ✠✂ ✬❅ ✣✂✒ ✒★ ✬✂✒
✦✥ ✒✆ ✔✕

✝❁✦✥ ✔❁ ✦✥ ✆☎☎ ✬☎✁✎ ✆❅✒ ✬✡❅✂☎ ✎ ✬✠❅✁★ ✣☎ ✬✣✠
✥ ✔❁✖❄❃✕✓✤ ✆ �✒✦✥ ✔✔ ✆❅✂ ✬❅✁✁✒ ✂ ✬✣✁✂✡ ✣✡ ✬✂☎
✝❁✦✥ ✔❁ ✦✥ �✥✥ ✆☎☎ ✬☎✁✎ ✆❅✡ ✬✁✒ ✣☎ ✣✡ ✬❅✡✒★ ✠❅ ✬❅✁

�✒☞✥ ✔✒ ☎ ✢✠✁ ✰ ✂✥✓❃✔✤✒✦❁✓ ❁☞✤ ✕✦❁✓ ★❁ ✥★✔✒✪✥ ✒✂✥ ✞✒✖✗✕★✒ ✝ ❀✒ ★✦✥ ✆ ❀✥✗✥✤ ✕✦❁❀✒ �✒✆❁✒ ✄✥✪✒



� ✁ ✂✄☎ ✆ ✝✞ ✟

� ✞ ✁✠ ✝✆✡☛ ☞ ✡

✜✥✌✤✥ ✤ ❀✍☞✍ ✎☛❁ ✭❁ ❀✍✏ ❀✥✍ ✎✑✢✍✦✍✌ ✬ ✪❁✏✒✍ ❀✍✧✮ ✥✌ ✦✍ ✍✒✎✑✪✍✧✌❁ ✦✥ ✍ ✎✆❃★✌ ✏❁ ✦✥ ✎❁✌ ✦✥ ✒❀✥✦ ✑✧✌❁ ✦✍✌
✒✥ ❀✦✍✌ ✦✥ ✒❀❁✒✍✆✍✧✌❁ ✥✏ ❃✏✍ ❀✥✦✥ ✦✥ ✪❁✏✒❃✤✍✦❁❀✥✌ ✌✥✏ ✓❁ ✭❃★✪ ✑❁ ★✍★✦❁ ❃✏ ✍✏ ☞ ✑✥ ★✤✥ ❃❀☞✍★❁ ✢
✝✍ ❀✍ ✑✌✌❁ ✭❁❀✍✏ ✥✌✪❁ ✎☛ ✑✦❁✌ ❁✌ ✏❁✦✥ ✎❁✌ ✦✥ ✏✍✑❁❀ ✦✥✌✤✍❄❃✥ ★✍ ☞ ✑☞ ✎✑❁✆ ❀✍✓✍ ✒✥✌❄❃ ✑✌✍✦✍ ✢ � ✑✏✒❁❀✤✍★✤✥
❀✥✌✌✍ ✎✤✍ ❀ ❄ ❃✥ ❁✌ ✏❁ ✦✥ ✎❁✌ ✭❁ ❀✍✏ ❁❀✑✆ ✑★✍ ✎✏✥ ★✤✥ ✪ ❀✑✍✦❁✌ ✒✍ ❀✍ ✍ ✍★✑ ✎✑✌✥ ★✍ ✤✥ ✎✥✭❁ ★ ✑✍ ✏✓✏✥ ✎ ✪✥ ✎❃ ✎✍ ❀✢
✝❁❀ ✑✌✌❁ ✬ ✍ ✌ ✑✤ ❃✍✧✌❁ ✥✌✒✥✪ ✟✓ ✪✍ ✥✌✤ ❃✦✍✦✍ ✍❄❃ ✑✬ ✥✌✤✑ ✭❁ ❀✍ ✦✍ ☛ ✑❁ ✑✤✥✌✥✌ ✦✥ ✏✍ ✎✑✦✍✦✥ ✦✥ ✏❃ ✑✤❁✌ ✦❁✌
✏❁ ✦✥ ✎❁✌ ❃✤ ✑✎✑✢✍✦❁✌ ★✍✌ ✪❁✏✒✍ ❀✍✧✮ ✥✌ ✢ ✄✥★✦❁ ✍✌✌ ✑✏ ✬ ✍ ✭✍ ✎✤✍ ✦✥ ❃✏ ✏❁✦✥ ✎❁ ✥✌✒✥✪ ✟✓✪❁ ★✍ ✦✥✌✪ ❀✑✧✌❁
✦✍✌ ✒✥ ❀✦✍✌ ✦✥ ✒❀❁✒✍✆✍✧✌❁ ✦✥ ❃✏✍ ❀✥✦✥ ✦✥ ✪❁✏✒❃✤✍✦❁❀✥✌ ✌✥✏ ✓❁ ✏❁✤ ✑✏❁ ❃ ✍ ❀✥✍ ✎✑✢✍✧✌❁ ✦✥✌✤✥
✤ ❀✍☞✍ ✎☛❁ ✢ ✔ ✒✍ ❀✕ ✑❀ ✖✗✌✌✍ ✘❁✙✌✕✍✕✍✚✌❁ ✛ ✑✙✑✘ ✑✍ ✎✏✗✙✕✗ ✖✗✌✒❀✗✢✍ ❀✍✏✆✌✗ ✍✌ ☛ ✑✒❁✕✗✌✗✌ ✖✗ ✏✍ ✎✑✖✍✖✗ ✖❁✌
✏❁✖✗ ✎❁✌ ✗ ✏✗ ❀✑✓✘❁ ❃✆✌✗ ❄❃✗ ✜

• ✔ ✎❁ ✘✍ ✎✑✢✍✚✌❁ ✖✍ ✍✙✕✗ ✙✍ ✘ ✎✑✗ ✙✕✗ ✛ ✙❁ ✕❁✒❁ ✖✍✌ ✗✖ ✑✓✘✍✚✢✗✌ ✗ ✙✌❁ ✙❁ ✙✟✏✗ ✎ ✖❁ ✌❁ ✎❁ ✘❁✏❁ ✙✍
✕✗ ✎✗✣❁✙✑✍ ✘✗ ✎❃ ✎✍ ❀✛ ✕✗✏ ☞✍✌✕✍✙✕✗ ✑✙� ❃✫✙✘ ✑✍ ✙❁✌ ❀✗✌❃ ✎✕✍✖❁✌ ✖✍ ✍✒✎✑✘✍✚✌❁ ✖✗ ✏✑ ❀✑❁✌ ✏❁✖✗ ✎❁✌ ✤
✓✌✌❁ ❁ ✘❁❀❀✗ ✒❁❀❄❃✗ ✍✌ ✗❄❃✍✚✢ ✗✌ ✍✒❀✗✌✗ ✙✕✍✏ ❃✏✍ ✘❁✏✒❁✙✗✙✕✗ ✖✗ ✒✗ ❀✖✍ ✖✗ ✒❀❁✒✍✆✍✚✌❁ ❄❃✗
✎✗✏✍ ✗✏ ✘❁✙✌ ✑✖✗ ❀✍✚✌❁ ✍ ✍✕✗✙❃✍✚✌❁ ✖❁ ✙✟✏✗ ✎ ✖❁ ✌ ✑✙✍ ✎ ✗✙✕ ❀✗ ❁ ✕❁✒❁ ✖✍ ✗✖ ✑✓✘✍✚✌❁ ✗ ❁ ✙✟✏✗ ✎ ✖❁
✌❁ ✎❁ ✥✎✦ ✘✍ ✎ ✖✦ ✧✗✘✗ ✒✕✦✧ ✏✓✏✗ ✎★ ✤ ✒✌✌✗ ✣✍✕✦ ✙✌✦ ✦ ✘✦✧✧✗ ✙✍ ✌ ✑✕ ✩✍✚✌✦ ✖✗✌✕✗ ✕ ✧✍☞✍ ✎☛✦ ✤ ✔✌✌ ✑✏ ✛
✗✌✌✗ ✕✗ ✧✏✦ ✛ ✪✩✍✙✖✦ ✒✧✗✌✗✙✕✗ ✙✦ ✏✦✖✗ ✎✦ ✛ ✣✦ ✑ ✑✆✩✍ ✎✍✖✦ ✍ ✢✗ ✧✦ ✒✦✧ ✙✌✦ ✕✗ ✧ ✌ ✑✆✙✑✓✘✍✖✦ ✙✍
✌ ✑✕ ✩✍✚✌✦ ✍✙✍ ✎✑✌✍✖✍ ✤

• ✔ ✕✍☞✗ ✎✍ ✠ ✤✠ ✍✒✧✗✌✗✙✕✍ ✍✌ ✣✍ ✑✕✍✌ ✖✗ ✦ ✒✗ ✧✍✚✢✗✌ ✖✗ ✖ ✑✏✗ ✧✌✦✌ ✌ ✑✌✕✗✏✍✌ ✘✗ ✎✩ ✎✍✧✗✌ ✥✙✍ ✣✍ ✑✕✍ ✖✗
✂✁✁ ✗ ✎✁✁ ✝✆✢★ ✤ ✔ ✘✦✙✘✗✒✚✌✦ ✖✍ ✏✍ ✑✦✧✑✍ ✖✦✌ ✏✦✖✗ ✎✦✌ ✌✌✦ ✒✍✧✍ ✗✌✌✍✌ ✣✍ ✑✕✍✌ ✖✗ ✣ ✧✗✪☎✫✙✘ ✑✍✌
✗ ✍ ✩✕ ✑✎✑✢✍✚✌✦ ✖✗ ✏✍ ✎✦✧✗✌ ✗ ✙✕ ✧✗ ✠★✁✁ ✗ ✠★✂✡ ✝✆✢ ✛ ✦ ✘✍✌ ✑✦ ✙✍ ✍ ✎✕✗ ✧✍✚✢ ✗✌ ✙✦✌ ✧✗✌✩✎✕✍✖✦✌ ✤ ✓✌✌✦
✒✦✧✪✩✗ ✦✌ ✏✦✖✗ ✎✦✌ ✒✦✌✌✩✗✏ ✩✏✍ ✣✦✧✕✗ ✖✗✒✗✙✖✫✙✘ ✑✍ ✖✍ ✣ ✧✗✪☎✫✙✘ ✑✍ ✖✗ ✦ ✒✗ ✧✍✚✌✦ ✤

• ✔ ✍ ✎✕✩✧✍ ✖✍ ✍✙✕✗ ✙✍ ✘ ✎✑✗ ✙✕✗ ✍✘ ✑✏✍ ✖✍✌ ✗✖ ✑✓✘✍✚✢✗✌ ✛ ✘✦✏ ✎✑✙☛✍ ✖✗ ✏ ✑✌✍✖✍ ✛ ✫ ✦ ✩✕ ✧✦ ✣✍✕✦✧
✧✗ ✎✗✏✍✙✕✗ ✤

✬✭★
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• �✗ ✧✑✓✘✦ ✩✆✌✗ ✪✩✗ ✦ ✏✫✕✦ ✖✦ ✛ ✙✍✌ ✏✗✖ ✑✚✢✗✌ ✩✕ ✑✎✑✢✍✖✦ ✍✒✧✗✌✗ ✙✕✦ ✩ ✏✍ ✎✦✧✗✌ ✘✦✗ ✧✗ ✙✕✗✌ ✗ ✘✦✏ ✩✏✍
☞✦✍ ✗✕✍✕ ✑✖✌✦ ✒✍✧✍ ✦✌ ✦☞✆ ✗✕ ✑✏✦✌ ✖✦ ✕ ✧✍☞✍ ✎☛✦ ✛ ✗✌✕✗ ✣✍✕✦ ✣✦ ✑ ✏✗ ✧✑✓ ✘✍✖✦ ✙✦ ✘✍✒✟✕ ✩ ✎✦ ✖✦✌ ✍✆ ✩✌✕✗✌
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✔ ✒✂✥ ✔ ✧✗ ✑✍ ✎✛ ✂✗✒✗✕ ✑✖✦✧✍ ✒✌✒✗ ✧✍ ✙✚✍ ✔ ✂✗✒✗✕ ✑✖✦✧✍ ✔ ✧✗ ✑✍ ✗ ✒✂✥ ✠✍✏✒✑✙✍ ✝ ✧✍✙✖✗ ✔ ✂✗ ✒✗✕ ✑✖✦✧✍
✓✍✡✦✍ ✄✗✘✍ ✧✗✌✒✗✘✕ ✑☎✍✏✗✙✕✗ ✤

�✗ ✧✑✏ ✘✦ ✩✔✌✗ ✪✩✗ ✦ ✏✦✖✗ ✎✦ ✖✗ ✥ ✎✦✏✪✩✑✌✕✔ ✓✍✖✗ ✎✎ ✣✦ ✑ ✦ ✪✩✗ ✍✒✧✗✌✗ ✙✕✦ ✩ ✏✗✙✦✧✗✌ ✗ ✧✧✦✌ ✒✗ ✧✘✗✙✕✩✍ ✑✌
✙✦✌ ✕ ✧✫✌ ✗ ✙✎✍✘✗✌ ✤ ✓✌✌✦ ✘✦✏✒✧✦☎✍ ✍ ✟✦✍ ✍✒✧✦✕ ✑✏✍✚✄✦ ✦✟✕ ✑✖✍ ✘✦✏ ✦ ✏✦✖✗ ✎✦ ✙✦✌ ✒✧✦✆ ✗✕✦✌ ✖✗
✧☞✖ ✑✦ ✗ ✙✎✍✘✗ ✤ ✔ ✎✫✏ ✖ ✑✌✌✦ ✛ ✫ ✑✏✒✦✧✕✍✙✕✗ ✖✗✌✕✍✘✍✧ ✪✩✗ ✦ ✧✗✌✩✎✕✍✖✦✌ ✣✦✧✍✏ ✦✟✕ ✑✖✦✌ ✗✏ ✌ ✑✕ ✩✍✚✢ ✗✌
✧✗✍ ✑✌ ✘✦✏ ✗✙✎✍✘✗✌ ✗✏ ✒✎✗ ✙✦ ✣✩✙✘ ✑✦ ✙✍✏✗✙✕✦ ✘✦✏ ✩✏✍ ✣✩✙✚✄✦ ✟✗✏ ✗✌✒✗✘ ✑✏✘✍ ✖✗ ✒✧✦☎✗ ✧ ✍✘✗✌✌✦
✍ ✓✙✕✗ ✧✙✗✕ ✗✏ ✟✍✙✖✍ ✎✍✧✡✍ ✒✍✧✍ ✎✦ ✘✍ ✎✑✖✍✖✗ ✖✗✌✒✧✦☎ ✑✖✍✌ ✖✗ ✕✍ ✎ ✟✗ ✙✗✏✘ ✑✦ ✤ ✂ ✌ ✖✗✏✍ ✑✌ ✏✦✖✗ ✎✦✌ ✖✗
✒✧✦ ✒✍✡✍✚✄✦ ✍✒✧✗✌✗ ✙✕✍✧✍✏ ✧✗✌✩✎✕✍✖✦✌ ✘✦✗ ✧✗✙✕✗✌ ✍✒✗✙✍✌ ✌✦✟✧✗ ✌ ✑✕ ✩✍✚✢✗✌ ✒✍✧✕ ✑✘✩ ✎✍✧✗✌ ✗ ✘✦✏ ☎✍✧✑✍✌
✘✦✙✌ ✑✖✗ ✧✍✚✢✗✌ ✛ ✙✗✘✗✌✌ ✑✕✍✙✖✦ ✖✗ ✩✏✍ ✍✙✍ ✎✑✌✗ ✏✍ ✑✌ ✖✗✕✍ ✎✎✍✖✍ ✒✧✑✙✘ ✑✒✍ ✎✏✗✙✕✗ ✙✍✌ ✧✗✡ ✑✢ ✗✌ ✦ ✙✖✗
✦ ✘✦✧✧✗ ✦✟✌✕ ✧✩✚✄✦ ✖✍ ✒✧✑✏✗ ✑✧✍ ✌✦ ✙✍ ✖✗ ✧✧✗✌✙✗ ✎✤

� ✂✁ ✂✄☎ ✆☎✝✞✟✝ ✠✡ ✞ ✄✟☛✟ ☞✌☎✝ ✍✎✞ ✎✄☎✝

✝✦✖✗✏ ✌✗ ✧ ✍✒✦ ✙✕✍✖✍✌ ✍✌ ✌✗✡✩✑✙✕✗✌ ✒✧✦ ✒✦✌✕✍✌ ✖✗ ✘✦✙✕ ✑✙✩✍✚✄✦ ✖✦ ✕ ✧✍✟✍ ✎✎✦ ✜

• ✂✗✍ ✎✑✌✍✚✄✦ ✖✦✌ ✏✗✌✏✦✌ ✒✧✦ ✘✗✖ ✑✏✗✙✕✦✌ ✧✗✍ ✎✑✌✍✖✦✌ ✍✪✩✑✛ ✏✍✌ ✩✕ ✑✎✑✌✍✙✖✦ ✩✏ ✍✙✍ ✎✑✌✍✖✦✧ ✖✗
✗✌✒✗✘✕ ✧✦ ✗ ✩✏ ✝✝✄ ✖✗ ✏✗ ✎✎✦✧ ✗✕✍✕ ✑✖✄✦ ✒✍✧✍ ✧✗✍ ✎✑✌✍✚✄✦ ✖✍✌ ✏✗✖ ✑✚✢✗✌ ✤

• ✔ ✩✏✗✙✕✍✧ ✍ ✪✩✍✙✕ ✑✖✍✖✗ ✖✗ ✩✌✩☞ ✧✑✦✌ ✛ ✒✦✙✕✦✌ ✖✗ ✏✗✖ ✑✚✄✦ ✤

• ✓✙✘ ✎✩✑✧ ✖ ✑✌✕✔✙✘ ✑✍ ✏✍ ✑✦✧✗✌ ✗ ✏✗✙✦✧✗✌ ✪✩✗ ✍✌ ✍✙✍ ✎✑✌✍✖✍✌ ✍✪✩✑✤

• ✧✍✌✗ ✧ ✩✏ ✎✗☎✍✙✕✍✏✗✙✕✦ ✏✍ ✑✌ ✖✗✕✍ ✎✎✍✖✦ ✖✦✌ ✒✍✧✔✏✗✕ ✧✦✌ ✖✗ ✕✦ ✒✦✡ ✧✍✏✍ ✖✍ ✘ ✑✖✍✖✗ ✛ ✎✍✧✡✩✧✍
✖✗ ✧✩✍ ✗ ✖ ✑✌✕✔✙✘ ✑✍✌ ✗✙✕ ✧✗ ✗✖ ✑✏✘✍✚✢✗✌ ✛ ✗ ✌✩✍✌ ✍ ✎✕ ✩✧✍✌ ✏✫✖ ✑✍✌ ✤ ✒✌✌✗ ✒✧✦ ✘✗✌✌✦ ✌✗ ✧✑✍ ☎ ✑☞☎✗ ✎ ✒✦✧
✌✗ ✕ ✧✍✕✍✧ ✖✗ ✩✏✍ ✘ ✑✖✍✖✗ ✖✗ ✒✗✪✩✗✙✦ ✒✦✧✕✗ ✤



�✁✂ ✄☎✆✝✞ �✟ �✞�✁ ✝✆☞� ✠☞ ✬✭✂

• ✂✗✍ ✎✑✌✍✧ ✕✗✌✕✗✌ ✗✏ ✩✏✍ ✕✦✧✧✗ ✖✗ ✩✏✍ ✒✂✥ ✘✗ ✎✩ ✎✍✧ ✘✦✏ ✗✪✩✑✒✍✏✗✙✕✦✌ ✖✗ ✧✗✖✗ ✌✗✏ ✏✦ ✖✗
✘✦✏✒✩✕✍✖✦✧✗✌ ✑✙✌✕✍ ✎✍✖✦✌ ✤ ✒✌✌✗ ✌✗ ✧✑✍ ✩✏ ✕ ✧✍✟✍ ✎✎✦ ✑✙✕✗ ✧✗✌✌✍✙✕✗ ✖✗☎ ✑✖✦ ✍ ✘✦ ✙☎✗ ✧✡✫✙✘ ✑✍ ✘✍✖✍
☎✗✌ ✏✍✑✦✧ ✖✗ ✏ ✞✖ ✑✍✌ ✗ ✕✗✘✙✦ ✎✦✡ ✑✍✌ ✙✦✌ ✘✗ ✎✩ ✎✍✧✗✌ ✤

• ✂✗✍ ✎✑✌✍✧ ✏✗✖ ✑✚✢ ✗✌ ✘✦✏ ✩✏✍ ✩✙✑✖✍✖✗ ✏✓☎✗ ✎✛ ✒✦ ✧ ✗✕✗✏✒✎✦ ✩✏ ✙✦✕✗✟✦✦ ✤ ✖✗✙✕ ✧✦ ✖✗ ✩✏✍
✘✍✧✧✦ ✤

• ✂✗✍ ✎✑✌✍✧ ✏✗✖ ✑✚✢ ✗✌ ✗✏ ✍✏ ✟ ✑✗ ✙✕✗✌ ✩✧✟✍✙✦✌ ✘✦✏ ✩✏✍ ✘ ✑✖✍✖✗ ✘✦✏ ✖✗✙✌ ✑✖✍✖✗ ✒✦ ✒✩✎✍✘ ✑✦ ✙✍ ✎
✏✍ ✑✦✧✤

• ✒✌✕ ✩✖✦ ✏✍✕✗✏☞✕ ✑✘✦ ✏✍ ✑✌ ✍ ✒✧✦✣✩✙✖✍✖✦ ✖✦✌ ✏✦✖✗ ✎✦✌ ✛ ✒✍✧✍ ✦✟✕✗ ✙✚✄✦ ✖✗ ✩✏ ✏✦✖✗ ✎✦ ✪✩✗
✏✗ ✎✎✦✧ ✌✗ ✍✆ ✩✌✕✗ ✍✌ ✘✦ ✙✖ ✑✚✢ ✗✌ ✖✗ ✕ ✧✍✙✌✏ ✑✌✌✄✦ ✖✗ ✖✍✖✦✌ ✖✗ ✩✏✍ ✧✗✖✗ ✖✗ ✘✦✏✒✩✕✍✖✦✧✗✌ ✌✗✏
✏✦ ✤



� ✂✁ ✂✄ ☎✠☞ �

✆✡✂☞✠☎ ✝✞ ✄☞ ✞ ✝☞✟ ✠✁✂✠ ☎✁ ✄✞✡ ✠✁✂✁ ☎✡ ✄✁

✝☞✄☞ ✡☞✡ ☛✞ ☞✌ ✍ ✎✎✏

✬✭✝



�✁ ✂�✄ ✁✁☎ � ✆ ✝✞✁ ☎✁✟✠✡ ✄☎ ☛✠☎☞✌✂�✁ ✁✍ ✄✡✞ ✁✍�✍ ✁✞ ✄✍ ✠☎✄☎ ✞☎✎ ✏✡ ✑✒ ✓ ✔✔✕ ✬✆✖

✧ ✑✡✩✧✍ ✔ ✤✬ ✜ �✗ ✎✍ ✘✍✒✕✩✧✍✖✍ ✒✗ ✎✦ ✧✄✆ � ✑✗✗ ✔ ✘✌✒✗✘✕ ✧✦ ✖✗ ✧✧✗✪☎✫✙✘ ✑✍ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✍ ✥✍★ ✬☛ ✑✆✌★



�✁ ✂�✄ ✁✁☎ � ✆ ✝✞✁ ☎✁✟✠✡ ✄☎ ☛✠☎☞✌✂�✁ ✁✍ ✄✡✞ ✁✍�✍ ✁✞ ✄✍ ✠☎✄☎ ✞☎✎ ✏✡ ✑✒ ✓ ✔✔✕ ✬✆ ✬

✧ ✑✡✩✧✍ ✔ ✤✍ ✜ �✗ ✎✍ ✘✍✒✕✩✧✍✖✍ ✒✗ ✎✦ ✧✄✆ � ✑✗✗ ✔ ✘✌✒✗✘✕ ✧✦ ✖✗ ✧✧✗✪☎✫✙✘ ✑✍ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✝ ✥✍★✍✍ ✑✆✌★



�✁ ✂�✄ ✁✁☎ � ✆ ✝✞✁ ☎✁✟✠✡ ✄☎ ☛✠☎☞✌✂�✁ ✁✍ ✄✡✞ ✁✍�✍ ✁✞ ✄✍ ✠☎✄☎ ✞☎✎ ✏✡ ✑✒ ✓ ✔✔✕ ✬✆✍

✧ ✑✡✩✧✍ ✔ ✤✝ ✜ �✗ ✎✍ ✘✍✒✕✩✧✍✖✍ ✒✗ ✎✦ ✧✄✆ � ✑✗✗ ✔ ✘✌✒✗✘✕ ✧✦ ✖✗ ✧✧✗✪☎✫✙✘ ✑✍ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ★ ✥✍★✍☛ ✑✆✌★



�✁ ✂�✄ ✁✁☎ � ✆ ✝✞✁ ☎✁✟✠✡ ✄☎ ☛✠☎☞✌✂�✁ ✁✍ ✄✡✞ ✁✍�✍ ✁✞ ✄✍ ✠☎✄☎ ✞☎✎ ✏✡ ✑✒ ✓ ✔✔✕ ✬✆✝

✧ ✑✡✩✧✍ ✔ ✤★ ✜ �✗ ✎✍ ✘✍✒✕✩✧✍✖✍ ✒✗ ✎✦ ✧✄✆ � ✑✗✗ ✔ ✘✌✒✗✘✕ ✧✦ ✖✗ ✧✧✗✪☎✫✙✘ ✑✍ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✭ ✥✍★✝✍ ✑✆✌★



�✁ ✂�✄ ✁✁☎ � ✆ ✝✞✁ ☎✁✟✠✡ ✄☎ ☛✠☎☞✌✂�✁ ✁✍ ✄✡✞ ✁✍�✍ ✁✞ ✄✍ ✠☎✄☎ ✞☎✎ ✏✡ ✑✒ ✓ ✔✔✕ ✬✆★

✧ ✑✡✩✧✍ ✔ ✤✭ ✜ �✗ ✎✍ ✘✍✒✕✩✧✍✖✍ ✒✗ ✎✦ ✧✄✆ � ✑✗✗ ✔ ✘✌✒✗✘✕ ✧✦ ✖✗ ✧✧✗✪☎✫✙✘ ✑✍ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✆ ✥✍★✝☛ ✑✆✌★



�✁ ✂�✄ ✁✁☎ � ✆ ✝✞✁ ☎✁✟✠✡ ✄☎ ☛✠☎☞✌✂�✁ ✁✍ ✄✡✞ ✁✍�✍ ✁✞ ✄✍ ✠☎✄☎ ✞☎✎ ✏✡ ✑✒ ✓ ✔✔✕ ✬✆✭

✧ ✑✡✩✧✍ ✔ ✤✆ ✜ �✗ ✎✍ ✘✍✒✕✩✧✍✖✍ ✒✗ ✎✦ ✧✄✆ � ✑✗✗ ✔ ✘✌✒✗✘✕ ✧✦ ✖✗ ✧✧✗✪☎✫✙✘ ✑✍ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ☛ ✥✍★★✍ ✑✆✌★



�✁ ✂�✄ ✁✁☎ � ✆ ✝✞✁ ☎✁✟✠✡ ✄☎ ☛✠☎☞✌✂�✁ ✁✍ ✄✡✞ ✁✍�✍ ✁✞ ✄✍ ✠☎✄☎ ✞☎✎ ✏✡ ✑✒ ✓ ✔✔✕ ✬✆✆

✧ ✑✡✩✧✍ ✔ ✤☛ ✜ �✗ ✎✍ ✘✍✒✕✩✧✍✖✍ ✒✗ ✎✦ ✧✄✆ � ✑✗✗ ✔ ✘✌✒✗✘✕ ✧✦ ✖✗ ✧✧✗✪☎✫✙✘ ✑✍ ✒✍✧✍ ✦ ✘✍✙✍ ✎ � ✥✍★★☛ ✑✆✌★



�✁ ✂�✄ ✁✁☎ � ✆ ✝✞✁ ☎✁✟✠✡ ✄☎ ☛✠☎☞✌✂�✁ ✁✍ ✄✡✞ ✁✍�✍ ✁✞ ✄✍ ✠☎✄☎ ✞☎✎ ✏✡ ✑✒ ✓ ✔✔✕ ✬✆☛

✧ ✑✡✩✧✍ ✔ ✤� ✜ �✗ ✎✍ ✘✍✒✕✩✧✍✖✍ ✒✗ ✎✦ ✧✄✆ � ✑✗✗ ✔ ✘✌✒✗✘✕ ✧✦ ✖✗ ✧✧✗✪☎✫✙✘ ✑✍ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✝ ✥✍★✭✍ ✑✆✌★



�✁ ✂�✄ ✁✁☎ � ✆ ✝✞✁ ☎✁✟✠✡ ✄☎ ☛✠☎☞✌✂�✁ ✁✍ ✄✡✞ ✁✍�✍ ✁✞ ✄✍ ✠☎✄☎ ✞☎✎ ✏✡ ✑✒ ✓ ✔✔✕ ✬✆�

✧ ✑✡✩✧✍ ✔ ✤✝ ✜ �✗ ✎✍ ✘✍✒✕✩✧✍✖✍ ✒✗ ✎✦ ✧✄✆ � ✑✗✗ ✔ ✘✌✒✗✘✕ ✧✦ ✖✗ ✧✧✗✪☎✫✙✘ ✑✍ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✬✖ ✥✍★✭☛
✑✆✌★



�✁ ✂�✄ ✁✁☎ � ✆ ✝✞✁ ☎✁✟✠✡ ✄☎ ☛✠☎☞✌✂�✁ ✁✍ ✄✡✞ ✁✍�✍ ✁✞ ✄✍ ✠☎✄☎ ✞☎✎ ✏✡ ✑✒ ✓ ✔✔✕ ✬✆✝

✧ ✑✡✩✧✍ ✔ ✤✬✖ ✜ �✗ ✎✍ ✘✍✒✕✩✧✍✖✍ ✒✗ ✎✦ ✧✄✆ � ✑✗✗ ✔ ✘✌✒✗✘✕ ✧✦ ✖✗ ✧✧✗✪☎✫✙✘ ✑✍ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✬✬ ✥✍★✆✍
✑✆✌★



� ✂✁ ✂✄ ☎✠ ☞ �

✁✄✂☞ ☎✡ ✄☞ ✂ ✞ ☎✁✂✠ ☎✁ ✂✁ ✝✁ ✞ ✡ ✠ ✁✂✁ ☎✡ ✌ ✁

✎✎

✧ ✑✡✩✧✍ ✄ ✤✬ ✜ ☎✗✌✩✎✕✍✖✦ ✦✟✕ ✑✖✦ ✩✕ ✑✎✑✌✍✙✖✦ ✍ ✏✦✙✕✍✡✗✏ ✖✦ ✌ ✑✌✕✗✏✍ ✒✧✦ ✒✦✌✕✦ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✍ ✥✍✆ ✬☛
✑✆✌★

✬☛✖



�✁ ✂�✄ ✁✁☎ � ✆ ✁✂✄☎ ☎✞ ✄☎ ✁ ✡✟✂✆✁ ☎✍ ✁✍✠✍ ✡✞ ✁✍✆✍ ☎✞ ✒ ✍ ✔✔ ✬☛ ✬

✧ ✑✡✩✧✍ ✄ ✤✍ ✜ ☎✗✌✩✎✕✍✖✦ ✦✟✕ ✑✖✦ ✩✕ ✑✎✑✌✍✙✖✦ ✍ ✏✦✙✕✍✡✗✏ ✖✦ ✌ ✑✌✕✗✏✍ ✒✧✦ ✒✦✌✕✦ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✝ ✥✍✆✍✍
✑✝✌★



�✁ ✂✆✄ ☎✁☎ � ✆ ✁✂✄☎ ☎✞ ✄☎ ✁ ✡✟✂✆✁ ☎✍ ✁✍✠✍ ✡✞ ✁✍✆✍ ☎✞ ✒ ✍ ✔✔ ✬☛✍

✧ ✑✡✩✧✍ ✄ ✤✝ ✜ ☎✗✌✩✎✕✍✖✦ ✦✟✕ ✑✖✦ ✩✕ ✑✎✑✌✍✙✖✦ ✍ ✏✦✙✕✍✡✗✏ ✖✦ ✌ ✑✌✕✗✏✍ ✒✧✦ ✒✦✌✕✦ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✆ ✥✍✆✍☛
✑✝✌★



�✁ ✂✆✄ ☎✁☎ � ✆ ✁✂✄☎ ☎✞ ✄☎ ✁ ✡✟✂✆✁ ☎✍ ✁✍✠✍ ✡✞ ✁✍✆✍ ☎✞ ✒ ✍ ✔✔ ✬☛✝

✧ ✑✡✩✧✍ ✄ ✤✆ ✜ ☎✗✌✩✎✕✍✖✦ ✦✟✕ ✑✖✦ ✩✕ ✑✎✑✌✍✙✖✦ ✍ ✏✦✙✕✍✡✗✏ ✖✦ ✌ ✑✌✕✗✏✍ ✒✧✦ ✒✦✌✕✦ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✭ ✥✍✆✝✍
✑✝✌★



�✁ ✂✆✄ ☎✁☎ � ✆ ✁✂✄☎ ☎✞ ✄☎ ✁ ✡✟✂✆✁ ☎✍ ✁✍✠✍ ✡✞ ✁✍✆✍ ☎✞ ✒ ✍ ✔✔ ✬☛✆

✧ ✑✡✩✧✍ ✄ ✤✭ ✜ ☎✗✌✩✎✕✍✖✦ ✦✟✕ ✑✖✦ ✩✕ ✑✎✑✌✍✙✖✦ ✍ ✏✦✙✕✍✡✗✏ ✖✦ ✌ ✑✌✕✗✏✍ ✒✧✦ ✒✦✌✕✦ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✆ ✥✍✆✝☛
✑✝✌★



�✁ ✂✆✄ ☎✁☎ � ✆ ✁✂✄☎ ☎✞ ✄☎ ✁ ✡✟✂✆✁ ☎✍ ✁✍✠✍ ✡✞ ✁✍✆✍ ☎✞ ✒ ✍ ✔✔ ✬☛✭

✧ ✑✡✩✧✍ ✄ ✤✆ ✜ ☎✗✌✩✎✕✍✖✦ ✦✟✕ ✑✖✦ ✩✕ ✑✎✑✌✍✙✖✦ ✍ ✏✦✙✕✍✡✗✏ ✖✦ ✌ ✑✌✕✗✏✍ ✒✧✦ ✒✦✌✕✦ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ☛ ✥✍✆✆✍
✑✝✌★



�✁ ✂✆✄ ☎✁☎ � ✆ ✁✂✄☎ ☎✞ ✄☎ ✁ ✡✟✂✆✁ ☎✍ ✁✍✠✍ ✡✞ ✁✍✆✍ ☎✞ ✒ ✍ ✔✔ ✬☛✆

✧ ✑✡✩✧✍ ✄ ✤☛ ✜ ☎✗✌✩✎✕✍✖✦ ✦✟✕ ✑✖✦ ✩✕ ✑✎✑✌✍✙✖✦ ✍ ✏✦✙✕✍✡✗✏ ✖✦ ✌ ✑✌✕✗✏✍ ✒✧✦ ✒✦✌✕✦ ✒✍✧✍ ✦ ✘✍✙✍ ✎ � ✥✍✆✆☛
✑✝✌★



�✁ ✂✆✄ ☎✁☎ � ✆ ✁✂✄☎ ☎✞ ✄☎ ✁ ✡✟✂✆✁ ☎✍ ✁✍✠✍ ✡✞ ✁✍✆✍ ☎✞ ✒ ✍ ✔✔ ✬☛☛

✧ ✑✡✩✧✍ ✄ ✤� ✜ ☎✗✌✩✎✕✍✖✦ ✦✟✕ ✑✖✦ ✩✕ ✑✎✑✌✍✙✖✦ ✍ ✏✦✙✕✍✡✗✏ ✖✦ ✌ ✑✌✕✗✏✍ ✒✧✦ ✒✦✌✕✦ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✝ ✥✍✆✭✍
✑✝✌★



�✁ ✂✆✄ ☎✁☎ � ✆ ✁✂✄☎ ☎✞ ✄☎ ✁ ✡✟✂✆✁ ☎✍ ✁✍✠✍ ✡✞ ✁✍✆✍ ☎✞ ✒ ✍ ✔✔ ✬☛�

✧ ✑✡✩✧✍ ✄ ✤✝ ✜ ☎✗✌✩✎✕✍✖✦ ✦✟✕ ✑✖✦ ✩✕ ✑✎✑✌✍✙✖✦ ✍ ✏✦✙✕✍✡✗✏ ✖✦ ✌ ✑✌✕✗✏✍ ✒✧✦ ✒✦✌✕✦ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✬✖ ✥✍✆✭☛
✑✝✌★



�✁ ✂✆✄ ☎✁☎ � ✆ ✁✂✄☎ ☎✞ ✄☎ ✁ ✡✟✂✆✁ ☎✍ ✁✍✠✍ ✡✞ ✁✍✆✍ ☎✞ ✒ ✍ ✔✔ ✬☛✝

✧ ✑✡✩✧✍ ✄ ✤✬✖ ✜ ☎✗✌✩✎✕✍✖✦ ✦✟✕ ✑✖✦ ✩✕ ✑✎✑✌✍✙✖✦ ✍ ✏✦✙✕✍✡✗✏ ✖✦ ✌ ✑✌✕✗✏✍ ✒✧✦ ✒✦✌✕✦ ✒✍✧✍ ✦ ✘✍✙✍ ✎ ✬✬ ✥✍✆✆✍
✑✝✌★



� ✂✁ ✂✄ ☎✠ ☞ �

� ✞ ✂☎ ☎✂✆✁�✁✞ ✄✞ ✡ ✄✁✄✞ ✡ ✠ ✞ ✝☞☎ ✁✄✞ ✡ ✂✞ ✡

✆✡ ✆✂ ✝☎✞ ✡

✄✌✩☞✧✑✦ ✭ ✆ ☛ �

☎ ✥✌✩✎★ ☎ ☛ ✛✖ ✬✆✝�✆✖✖✍
◦

☎ ☛ ✛✖ ✬�✆✝✝✝
◦

☎ ☛ ✛✖ ✬☛✝✆✆✆ ✬�
◦

☎ ☛ ✛✖✬☛✆✝✖✆✝✝
◦

✆ ✥✦ ✗✌✕✗★ ✆ ✝✭ ✛�✆✖☛✍✆✆ ✬
◦

✆ ✝✭ ✛�✭☛�✝
◦

✆ ✝✭ ✛�✆✍✝✍✆✍ ✬
◦

✆ ✝✭ ✛�✆ ✬✆☛✆�✆
◦

✔ ✎✕✩✧✍ ✥✏★ ✆✭✭ ✛✝ ✆✝✆ ✛✬✖ ✆✝ ✬✛✍ ✆✆✖ ✛✝✖
✝ ✧✗✘ ✑✌✄✦ ✝ ✛✝ ✏ ☛ ✛✍ ✏ ✬✆ ✛✍ ✏ ✬✬✛✝ ✏
✖✦ ✞✝☎

✥✝✟★
☎✒☎ ✥✖✄★ ✬✝ ✛✆� ✬✝✝ � ✛✆✝✬✆ ✬ ✍✭ ✛✍✭✍✭✝ ✬� ✛✭�✆✍ ✬
✒✞☎✗ ✎ ✖✗ ✔☛✝ ✛�✭✭✆✍ ✔☛� ✛✆�☛✬� ✔✆✝ ✛�✖�✖� ✔☛☛ ✛�✍✆✝✍

☎ ✑✙✍ ✎ ✥✖✄✏★
✒✞☎✗ ✎ ✖✗ ✔�☛ ✛✝✝☛✝✆✝ ✔�☛ ✛✬✬�✭✝ ✔✝✭ ✛✖✆✖✆✬ ✔✝✆ ✛✆ ✬✖✭✝

☎✩✞✖✦ ✥✖✄✏★
✒ ✖✗ ✬✆✭ ✝ ✬✬ ✬✝☛ ✬�✝

✑✗✖ ✑✖✍✌
✠✍✏✍✙✎✦ ✖✦ ✝ ✍✖ ✭ ✆

✠✍✟✦
✟✗ ✎✕✍ ✝ ✥✏★ ✆ ✬✍ ✆ ✭

✠✍✟✗ ✎✍ ✠ ✤✬ ✜ ✟✍✖✦✌ ✘✦ ✎✗✕✍✖✦✌ ✔ ✘✦ ✙✕ ✑✙✩✍✚✄✦

✬�✖



�✁ ✂✆✄ ☎✁☎ �✆ �✡✆ ✟☎✆✁✍✂✄✡ ✄✡✞ ✄✍✄✡✞ ✁✡ ☎☎ ✟✍✄✡✞ ✆✡✞ ✁✞✁✆✠ ☎✡✞ ✬� ✬

✄✌✩☞ ✧✑✦ ✝ ✬✖ ✬✬ ✬✍
☎ ✥✌✩✎★ ☎ ☛ ✛✖ ✬✝✆�✝✝

◦
☎ ☛ ✛✖✍✍✍✝✭✭✆✝

◦
☎ ☛ ✛✖ ✬✆☛ ✬✆✝✍✆

◦
☎ ☛ ✛✖✍✖✭ ✬✬✬✝✍

◦

✆ ✥✦ ✗✌✕✗★ ✆ ✝✭ ✛�✭�✆✝✝
◦

✆ ✝✭ ✛�✭✍✆☛✍☛✬
◦

✆ ✝✭ ✛�✭✭☛✆☛✭✆
◦

✆ ✝✭ ✛�✭☛✝✖✆ ✬✆
◦

✔ ✎✕✩✧✍ ✥✏★ ✆✭ ✬✛✍ ✆✆ ✬✛✝ ✆✝� ✛✝ ✆✝✭ ✛✍
✝ ✧✗✘ ✑✌✄✦ ✬✖ ✛✍ ✏ ✬✖ ✛✝ ✏ ☛ ✛☛ ✏ � ✛� ✏
✖✦ ✞✝☎
✥✝✟★

☎✒☎ ✥✖✄★ ✝ ✬✛✆✆✭✝✝ ✬✆ ✛�☛�✍ ✬ ✍✬✛✝✆✍ ✬✬ ✍ ✬✛✝✝✝✖✆
✒✞☎✗ ✎ ✖✗ ✔✭✭ ✛✝✖✆✍� ✔� ✬✛✆✆☛✆✆ ✔☛✝ ✛✍�✆✍ ✬ ✔☛✝ ✛☛✝☛✆✝

☎ ✑✙✍ ✎ ✥✖✄✏★
✒✞☎✗ ✎ ✖✗ ✔�☛ ✛✝☛✖✍☛ ✔✝✆ ✛✭✍✭✆✭ ✔✝✆ ✛✆✍✆✝✍ ✔✝✭ ✛✬✝✖☛✭

☎✩✞✖✦ ✥✖✄✏★
✒ ✖✗ ✝✝✆ ✬✭✭ ✬�✝ ✬☛✍

✑✗✖ ✑✖✍✌
✠✍✏✍✙✎✦ ✖✦ ✭ ✬✖ ✍ ✆

✠✍✟✦
✟✗ ✎✕✍ ✝ ✥✏★ ✆ ✆ ✝ ✭

✠✍✟✗ ✎✍ ✠ ✤✍ ✜ ✟✍✖✦✌ ✘✦ ✎✗✕✍✖✦✌ ✔ ✘✦ ✙✕ ✑✙✩✍✚✄✦



�✁ ✂✆✄ ☎✁☎ �✆ �✡✆ ✟☎✆✁✍✂✄✡ ✄✡✞ ✄✍✄✡✞ ✁✡ ☎☎ ✟✍✄✡✞ ✆✡✞ ✁✞✁✆✠ ☎✡✞ ✬�✍

✄✌✩☞ ✧✑✦ ✬✝ ✬✆ ✬✭ ✬✆
☎ ✥✌✩✎★ ☎ ☛ ✛✖ ✬✆☛✝ ✬✍✝✝

◦
☎ ☛ ✛✖ ✬✝✖☛�✭✍☛

◦
☎ ☛ ✛✖ ✬✆✖✭✖✖✖

◦
☎ ☛ ✛✖✍✍✝✝✍✭✆✭

◦

✆ ✥✦ ✗✌✕✗★ ✆ ✝✭ ✛�✭�✍✭✍✬✍
◦

✆ ✝✭ ✛�✭�✆✖�✝
◦

✆ ✝✭ ✛�✆✖✭✖✖✖
◦

✆ ✝✭ ✛�✭✝☛☛✝✍✍
◦

✔ ✎✕✩✧✍ ✥✏★ ✆✝✆ ✛☛ ✆✝☛ ✛✭ ✆✆✝ ✛✬ ✆✝✆ ✛✆
✝ ✧✗✘ ✑✌✄✦ � ✛✍ ✏ ✝ ✛✍ ✏ � ✛✬ ✏ ☛ ✛✆ ✏
✖✦ ✞✝☎
✥✝✟★

☎✒☎ ✥✖✄★ ✬✝ ✛✖☛✆✍✝ ✬✝ ✛✍�✆✭✭ ☛ ✛✆✝�✖✝✝ ✬✝ ✛☛ ✬✍✭
✒✞☎✗ ✎ ✖✗ ✔☛� ✛�✖✭☛✬ ✔� ✬✛✆✍✍☛✆ ✔☛✝ ✛✭✆✆✭✆ ✔☛ ✬✛✝✍✭

☎ ✑✙✍ ✎ ✥✖✄✏★
✒✞☎✗ ✎ ✖✗ ✔✝☛ ✛�� ✔✝✆ ✛☛✖☛✝ ✬ ✔�☛ ✛✖✆✆✆✝✝ ✔✝ ✬✛✆✝☛✭

☎✩✞✖✦ ✥✖✄✏★
✒ ✖✗ ✬☛✍ ✬✍✭ ✍✆✍ ✍✝✝

✑✗✖ ✑✖✍✌
✠✍✏✍✙✎✦ ✖✦ ✬✖ � ✆ ✭

✠✍✟✦
✟✗ ✎✕✍ ✝ ✥✏★ ✆ ✭ ☛ ✝

✠✍✟✗ ✎✍ ✠ ✤✝ ✜ ✟✍✖✦✌ ✘✦ ✎✗✕✍✖✦✌ ✔ ✘✦ ✙✕ ✑✙✩✍✚✄✦



�✁ ✂✆✄ ☎✁☎ �✆ �✡✆ ✟☎✆✁✍✂✄✡ ✄✡✞ ✄✍✄✡✞ ✁✡ ☎☎ ✟✍✄✡✞ ✆✡✞ ✁✞✁✆✠ ☎✡✞ ✬�✝

✄✌✩☞ ✧✑✦ ✬☛ ✬� ✬✝ ✍✖
☎ ✥✌✩✎★ ☎ ☛ ✛✖ ✬✝✝�✝✝✝✝

◦
☎ ☛ ✛✖ ✬�✝✭☛✆✖☛

◦
☎ ☛ ✛✖✬�✆✖✝✍✝✭

◦
☎ ☛ ✛✖✍✆✝☛✖ ✬✍✆

◦

✆ ✥✦ ✗✌✕✗★ ✆ ✝✭ ✛�✭�☛✝✝✝✝
◦

✆ ✝✭ ✛�✭✝✆�✬✝✍
◦

✆ ✝✭ ✛�✭✝✬✆✖ ✬
◦

✆ ✝✭ ✛�✆✝✭✖✆✆✆
◦

✔ ✎✕✩✧✍ ✥✏★ ✆✆✝ ✛✍ ✆✝✆ ✛✍ ✆✝✭✖ ✛✭ ✆✆✆ ✛✍
✝ ✧✗✘ ✑✌✄✦ ✬✖ ✛✝ ✏ � ✛✍ ✏ ☛ ✛� ✏ ✆ ✛✝ ✏
✖✦ ✞✝☎
✥✝✟★

☎✒☎ ✥✖✄★ ✬✭ ✛✆✝ ✬✆✍ ✝✖ ✛✝�✖✆✝ ✍✭ ✛✝ ✬☛�☛ ✬✝ ✛�✍✆✝✍
✒✞☎✗ ✎ ✖✗ ✔✆✝ ✛✆ ✬✝✝ ✔✆✭ ✛�✆✝✭☛ ✔✆� ✛✝✍☛✭✆ ✔� ✬✛�☛�✍ ✬

☎ ✑✙✍ ✎ ✥✖✄✏★
✒✞☎✗ ✎ ✖✗ ✔�✭ ✛✖✆✭✝✍ ✔✝✆ ✛✍✭✖✖ ✔✝✆ ✛�✆✭✆ ✬ ✔✝✭ ✛☛✖✭ ✬✝

☎✩✞✖✦ ✥✖✄✏★
✒ ✖✗ ✝✝✖ ✬�✝ ✍✖✆ ✬✭✭

✑✗✖ ✑✖✍✌
✠✍✏✍✙✎✦ ✖✦ ✆ ✭ ✭ �

✠✍✟✦
✟✗ ✎✕✍ ✝ ✥✏★ ✆ ✆ ✆ ☛

✠✍✟✗ ✎✍ ✠ ✤✆ ✜ ✟✍✖✦✌ ✘✦ ✎✗✕✍✖✦✌ ✔ ✘✦ ✙✕ ✑✙✩✍✚✄✦



� ✂✁ ✂✄ ☎✠☞ �

� ✂☞✁✞ ✂ ✄☎ ✝☎☎✡ ✆✞ ✝✞✞ ✝✂☛✟☎✠

✬�✆



�✁ ✂✆✄ ☎✁☎ � ✆ � ✆☎✁ ✡ ✂ �✍✠✟✍✞ ✄✡✁ ✡☎ ✠✆✏✁✍✞ ✬�✭

✧ ✆✡✩✧✝ ✟ ✤✬ ✜ ✝✝ ✧✕✗ ✖✝ ✘✝ ✧✕✝ ✕✦✞✦✡ ✧☞✏ ✘✝ ☎✄ ✤✍✭✔✟ ✔✠✔ ✠ ✑ ✠✔✬✍ ✬✍ ✛ ✧✗✡ ✆✄✦ ✖✦ ✗✙ ✡✝✘✗ ✘☛✞✗ ✧✝✙✚✝ ✔
✔ ✧✗ ✆✝ ✡



�✁ ✂✆✄ ☎✁☎ � ✆ � ✆☎✁ ✡ ✂ �✍✠✟✍✞ ✄✡✁ ✡☎ ✠✆✏✁✍✞ ✬�✆

✧ ✆✡✩✧✝ ✟ ✤✍ ✜ ✝✝ ✧✕✗ ✖✝ ✘✝✧✕✝ ✕✦✞✦✡ ✧☞✏✘✝ ☎✄ ✤✍✭✔✟ ✔✠✔ ✠ ✑ ✠✔✬✍ ✬✍ ✛ ✧✗✡ ✆✄✦ ✖✦ ✗✙ ✡✝✘✗ ☎✗✞✗✕ ✆✖✦✧✝✘☛✞✗ ✧✝✙✚✝ ✔ ☎✗✞✗✕ ✆✖✦✧✝ ✔ ✧✗ ✆✝



�✁ ✂✆✄ ☎✁☎ � ✆ � ✆☎✁ ✡ ✂ �✍✠✟✍✞ ✄✡✁ ✡☎ ✠✆✏✁✍✞ ✬�☛

✧ ✆✡✩✧✝ ✟ ✤✝ ✜ ✝✝✧✕✗ ✖✝ ✘✝✧✕✝ ✕✦✞✦✡ ✧☞✏✘✝ ☎✄ ✤✍✭✔✟ ✔✠✔ ✠ ✑ ✠✔✬✍ ✬✍ ✛ ✧✗✡ ✆✄✦ ✖✦ ✗✙ ✡✝✘✗ ✠✝� ✞✆✙✝ ✞ ✧✝✙✖✗
✔ ✓✝✡✦✝ ☎✗✘✝



� ✝✁ ✂✄ ☎✟� ✆

�☎✄✁✠ ✟✁ ✂✂� ✝✂ ☎✄✁✠ ✄✁✠ ✄�✡☎ ☎✠
✄✠✄✂ ✝☎✁✠ ✄☎ ✆☎☎� ✆☎ ✝ ✞✌

✄☛✟☞ ✠✆✡ ✆ ☛ ✆
☞ ✡✌ ✟✠✝ ✠✍✡ ✆☛✌ ✠✝✎✝ ✆✝� ✏✑✖ ✆☛☛ ✏✝✖ ✆✝✆ ✏✑✖

✞✍ ✡✡ ✞✝☎ ✒� ✓
✟✍ ✡✌✝ ✝ ✒� ✓ ✝ ✏✖✖ ✆ ✏✖✖ ✑✍ ✏✖✖

✒☞ ✡✌ ✟✠✝ ✎✝ ✝✔✌✍✔✝
✝✕ ✆�✝ ✎✡ ✞✝☎✓

✒✞☎✍ ✡ ✎✍ ✔☛✆ ✏☛✆☛☛✆ ✔☛✝ ✏�☛☛✆✍ ✔☛� ✏✆�☛✑�
☎ ✆✔✝ ✡ ✒✎✄� ✓

✖ ✔✗✟ ✡✡ θ
✒✠✝✎✓ ✑✏✘✝✙✙✆✝✘ ✑✏✘✝✙✍☛☛✙ ✑✏✘✝✙✍✝ ✑✑

✖ ✔✗✟ ✡✡ φ
✒✠✝✎✓ ☛ ✏✘☛✚✙ ✑✝✙ ☛ ✏✘☛✚✍✝✚✘ ☛ ✏✘☛✚✙✆� ✑

☎✝ ✆✡ ✌✡✌✝ ✡ ✒� ✓ ✘ ✛✙✚� ✛✘✆ ✑✏✑✖ ✘ ✛✙✚� ✛✘☛✝ ✏✙✖ ✘ ✛✙✚� ✛✘✆✘ ✏✑✖
XC

✒� ✓ ☛ ✛✑✙✖ ✛�✙☛ ✏✙✍✆✘✆✘✝ ☛ ✛✑✙✖ ✛�✍� ✏✝✝ ✑✚✍☛✙ ☛ ✛✑✙✖ ✛✝�✙ ✏✑✙ ✑☛✍✍ ✑
YC

✒� ✓ ✔✙ ✛✚✖� ✛☛✚� ✏✙✖✑✙✍☛� ✔✙ ✛✚✖� ✛✚✆✙ ✏✙✙✘✍✆✝✖ ✔✙ ✛✚✖� ✛✆✘✖ ✏✑✙✘✖✍✖✍
ZC

✒� ✓ ✔✚✚✝ ✛✚✘� ✏✖✖ ✑✝✚✍✚ ✔✚✚✝ ✛✑✚✙ ✏✆✖ ✑✖✝✘✆ ✔✚✚✝ ✛✙✝� ✏✍✍✆✘✚✘�
✟ ✆☛✌✜✔✕ ✆✝ ✘☎✄ ✍ ✑✖ ✏✆✚✙✍✑✑ ✆✝✙ ✏✘ ✑✚ ✑✘✆ ✑ ✍✖� ✏✆☛✖✘ ✑☛☛
✢ ✡✆✍ ✔✌✍ ✒� ✓

✠✝✣✍ ✡✝ ✘ ✛✑ ✤ ✟✝✎✡☛ ✕✡✔✥✍ ✠✌ ✆✎✡☛ ✎✡☛ ✎✍�✝ ✆☛ ✟☛✟✦✠✆✡☛

✑��



�✁ ✂✆✄ ☎�☎ ✝ ✆ �✍✄✡✞ �✡✆ ✄☎✠✟☎✄✡✞ ✄✡✞ ✄☎✎✍ ☎✞ ✁✞✁✆✠ ☎✡✞ ✄✍ ✄✍✁ ☎ ☎✍ ✂ ✆✒ ✑�✝

✄☛✟✦✠✆✡ ✚ � ✝

☞ ✡✌ ✟✠✝ ✠✍✗ ✆☛✌ ✠✝✎✝ ✘✙ ✑✏✄✖ ✘✆✖ ✏✙✖ ✘☛ ✑✏✄✖
✞✍ ✡✡ ✞✝☎ ✒� ✓
✟✍ ✡✌✝ ✝ ✒� ✓ ✆ ✏✖✖ ☛ ✏✖✖ ✆ ✏✖✖

✒☞ ✡✌ ✟✠✝ ✎✝ ✝✔✌✍✔✝
✝✕ ✆�✝ ✎✡ ✞✝☎✓

✒ ☎✥✍ ✡ ✎✍ ✔✘✝ ✏�✖�✖� ✔✚✚ ✏�✄✘✙✄ ✔☛☛ ✏✝✖✆✄�
☎ ✆✔✝ ✡ ✒✎✄� ✓

✖ ✔✗✟ ✡✡ θ
✒✠✝✎✓ ✑✏✘✝✙✄�✄✝ ✑✏✘✝✙✄✚� ✑ ✑✏✘✝✙✙ ✑✄✝

✖ ✔✗✟ ✡✡ φ
✒✠✝✎✓ ☛ ✏✘☛✚✄✘✝✘ ☛ ✏✘☛✚✄� ✑✖ ☛ ✏✘☛✚✙✙✚✘

☎✝ ✆✡ ✌✡✌✝ ✡ ✒� ✓ ✘ ✛✙✚� ✛✘✙☛ ✏✄✖ ✘ ✛✙✚� ✛✘✆☛ ✏✙✖ ✘ ✛✙✚� ✛✘☛☛ ✏✄✖
XC

✒� ✓ ☛ ✛✑✙✖ ✛✝✙✘ ✏☛✖✆✚✄✚✖ ☛ ✛✑✙ ✑✛✑✙✚ ✏✘☛✖✄✙�✆ ☛ ✛✑✙✖ ✛✘✄✖ ✏� ✑✑✙✝✙✖
YC

✒� ✓ ✔✙ ✛✚✖� ✛�✘✖ ✏✑☛✆✆ ✑✝� ✔✙ ✛✚✖� ✛� ✑✖ ✏✖✚✚� ✑✄✆ ✔✙ ✛✚✖� ✛☛✖✝ ✏✆✘☛✄✄✖✄
ZC

✒� ✓ ✔✚✚✝ ✛✙✆☛ ✏✙✖☛ ✑✙�✘ ✔✚✚✝ ✛✙ ✑✘ ✏✖☛ ✑✖ ✑✝✚ ✔✚✚✝ ✛☛✙✚ ✏✆☛✆✙✙ ✑✑
✟ ✆☛✌✜✔✕ ✆✝ ✘☎✄ ✆✝☛ ✏✘✙✄✚ ✑✙✝ ✆☛✙ ✏✖✘☛✚✘✚☛ ☛✚ ✏☛☛✘✙✖✚�✝
✢ ✡✆✍ ✔✌✍ ✒� ✓

✠✝✣✍ ✡✝ ✘ ✛✄ ✤ ✟✝✎✡☛ ✕✡✔✥✍ ✠✌ ✆✎✡☛ ✎✡☛ ✎✍�✝ ✆☛ ✟☛✟✦✠✆✡☛



�✁ ✂✆✄ ☎�☎ ✝ ✆ �✍✄✡✞ �✡✆ ✄☎✠✟☎✄✡✞ ✄✡✞ ✄☎✎✍ ☎✞ ✁✞✁✆✠ ☎✡✞ ✄✍ ✄✍✁ ☎ ☎✍ ✂ ✆✒ ✑✝✖

✄☛✟✦✠✆✡ ✑✖ ✑✑ ✑✄
☞ ✡✌ ✟✠✝ ✠✍✗ ✆☛✌ ✠✝✎✝ ✘✆ ✑✏✙✖ ✘✙� ✏✝✖ ✘✙☛ ✏✄✖
✞✍ ✡✡ ✞✝☎ ✒� ✓
✟✍ ✡✌✝ ✝ ✒� ✓ ✘ ✏✖✖ ✙ ✏✖✖ ☛ ✏✖✖

✒☞ ✡✌ ✟✠✝ ✎✝ ✝✔✌✍✔✝
✝✕ ✆�✝ ✎✡ ✞✝☎✓

✒ ☎✥✍ ✡ ✎✍ ✔�✑✏✘✆✚✆✆ ✔✚✙ ✏✄�✆✄ ✑ ✔✚✙ ✏✚✝✚✘✝
☎ ✆✔✝ ✡ ✒✎✄� ✓

✖ ✔✗✟ ✡✡ θ
✒✠✝✎✓ ✑✏✘✝✙✙☛�☛ ✑✏✘✝✙✄✘ ✑✑ ✑✏✘✝✙✙✄✚✆

✖ ✔✗✟ ✡✡ φ
✒✠✝✎✓ ☛ ✏✘☛✚✆✙�✑ ☛ ✏✘☛✚✙�✆☛ ☛ ✏✘☛✚✙✆✘�

☎✝ ✆✡ ✌✡✌✝ ✡ ✒� ✓ ✘ ✛✙✚� ✛✘✆✚ ✏✙✖ ✘ ✛✙✚� ✛✘✆ ✑✏✝✖ ✘ ✛✙✚� ✛✘✆✖ ✏✄✖
XC

✒� ✓ ☛ ✛✑✙✑✛✄✚☛ ✏✄�☛✄ ✑✆✝ ☛ ✛✑✙ ✑✛✑✙✙ ✏✆☛✘✄✄✄✙ ☛ ✛✑✙✖ ✛✝☛✖ ✏✘✚✆✙ ✑✑✙
YC

✒� ✓ ✔✙ ✛✚✖✚ ✛✝✘� ✏✑�✝✘✖ ✑✆ ✔✙ ✛✚✖� ✛✄�✆ ✏�✚�✙✘✆✝ ✔✙ ✛✚✖� ✛✆✆✘ ✏✚�✚✚✖✄✘
ZC

✒� ✓ ✔✚✚✝ ✛�✄☛ ✏✑✄✚�✘ ✑✙ ✔✚✚✝ ✛✄✖� ✏✖✘ ✑✝✄✖✘ ✔✚✚✝ ✛✘✄✚ ✏✖✝ ✑✙�✙✙
✟ ✆☛✌✜✔✕ ✆✝ ✘☎✄ ✘✚✝ ✏✘�✝✖✖✘� ✆�✝ ✏☛� ✑✙✚✚✚ ✚ ✑✏✖✆✘✖✘☛✙☛
✢ ✡✆✍ ✔✌✍ ✒� ✓

✠✝✣✍ ✡✝ ✘ ✛✙ ✤ ✟✝✎✡☛ ✕✡✔✥✍ ✠✌ ✆✎✡☛ ✎✡☛ ✎✍�✝ ✆☛ ✟☛✟✦✠✆✡☛
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✄☛✟✦✠✆✡ ✑✙ ✑✆ ✑☛
☞ ✡✌ ✟✠✝ ✠✍✗ ✆☛✌ ✠✝✎✝ ✘✙✘ ✏✚✖ ✘✙✚ ✏☛✖ ✘✆✝ ✏✑✖
✞✍ ✡✡ ✞✝☎ ✒� ✓
✟✍ ✡✌✝ ✝ ✒� ✓ ✘ ✏✖✖ ☛ ✏✖✖ ✚ ✏✖✖

✒☞ ✡✌ ✟✠✝ ✎✝ ✝✔✌✍✔✝
✝✕ ✆�✝ ✎✡ ✞✝☎✓

✒ ☎✥✍ ✡ ✎✍ ✔✚� ✏�✖☛✚ ✑ ✔� ✑✏✆✄✄✚✘ ✔✚✝ ✏☛✘✘☛✆
☎ ✆✔✝ ✡ ✒✎✄� ✓

✖ ✔✗✟ ✡✡ θ
✒✠✝✎✓ ✑✏✘✝✙✄✘ ✑✆ ✑✏✘✝✙✙✖✄✆ ✑✏✘✝✙✄✆✝☛

✖ ✔✗✟ ✡✡ φ
✒✠✝✎✓ ☛ ✏✘☛✚✙✆✖✚ ☛ ✏✘☛✚✙✙�✖ ☛ ✏✘☛✚✙✖ ✑☛

☎✝ ✆✡ ✌✡✌✝ ✡ ✒� ✓ ✘ ✛✙✚� ✛✘✆✄ ✏✚✖ ✘ ✛✙✚� ✛✘✆✄ ✏☛✖ ✘ ✛✙✚� ✛✘☛✘ ✏✑✖
XC

✒� ✓ ☛ ✛✑✙✖ ✛✝✚ ✑✏�✙✚☛✘✑☛ ☛ ✛✑✙✖ ✛✝✙☛ ✏✘✝ ✑✄✄✙☛ ☛ ✛✑✙✖ ✛�✆✆ ✏✘✄✆✚✘✖�
YC

✒� ✓ ✔✙ ✛✚✖� ✛☛✖✝ ✏☛✄✄✄✘☛✘ ✔✙ ✛✚✖� ✛☛✖✆ ✏✘�✝✙☛ ✑✄ ✔✙ ✛✚✖� ✛✚✄✆ ✏✖✆✖☛☛☛✖
ZC

✒� ✓ ✔✚✚✝ ✛✄✖✝ ✏✚✆✖✆✝✙✖ ✔✚✚✝ ✛✆✘✝ ✏✖✚�☛✙✘✚ ✔✚✚✝ ✛✑✙✘ ✏✑✖✆✘✝☛✆
✟ ✆☛✌✜✔✕ ✆✝ ✘☎✄ ✙�✘ ✏✝✚✘✝☛✘✘ ✑✄☛ ✏☛✙ ✑✖✚✝☛ ☛ ✑✆ ✏☛☛✆✝✚✚✙
✢ ✡✆✍ ✔✌✍ ✒� ✓
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✄☛✟✦✠✆✡ ✑✘ ✑✚ ✑�
☞ ✡✌ ✟✠✝ ✠✍✗ ✆☛✌ ✠✝✎✝ ✘✙✆ ✏✘✖ ✘✆✙ ✏✄✖ ✘✙✘ ✏✄✖
✞✍ ✡✡ ✞✝☎ ✒� ✓
✟✍ ✡✌✝ ✝ ✒� ✓ ✙ ✏✖✖ ✘ ✏✖✖ ✘ ✏✖✖

✒☞ ✡✌ ✟✠✝ ✎✝ ✝✔✌✍✔✝
✝✕ ✆�✝ ✎✡ ✞✝☎✓

✒ ☎✥✍ ✡ ✎✍ ✔✚ ✑✏✝✄☛✖ ✔✘✝ ✏✆ ✑✙✝ ✔✘☛ ✏�✘✝☛✚
☎ ✆✔✝ ✡ ✒✎✄� ✓

✖ ✔✗✟ ✡✡ θ
✒✠✝✎✓ ✑✏✘✝✙✙✘✖✄ ✑✏✘✝✙✙✖✚✚ ✑✏✘✝✙✄�✝�

✖ ✔✗✟ ✡✡ φ
✒✠✝✎✓ ☛ ✏✘☛✚✙ ✑✆✄ ☛ ✏✘☛✚✙✙✄✙ ☛ ✏✘☛✚✙ ✑✝✙

☎✝ ✆✡ ✌✡✌✝ ✡ ✒� ✓ ✘ ✛✙✚� ✛✘✙✚ ✏✘✖ ✘ ✛✙✚� ✛✘✆✝ ✏✄✖ ✘ ✛✙✚� ✛✘✆✄ ✏✄✖
XC

✒� ✓ ☛ ✛✑✙✖ ✛�✖✘ ✏�☛☛✄✘✘☛ ☛ ✛✑✙✖ ✛✝ ✑✘ ✏✘� ✑✝�✖� ☛ ✛✑✙✖ ✛�✚✙ ✏✝✆✚☛✘☛✝
YC

✒� ✓ ✔✙ ✛✚✖� ✛☛✝✚ ✏✘☛✙✄✙✆✄ ✔✙ ✛✚✖� ✛☛✙☛ ✏✄✘✄☛✄�� ✔✙ ✛✚✖� ✛✘✖✘ ✏✙☛ ✑✘☛✝✝
ZC

✒� ✓ ✔✚✚✝ ✛�✙✆ ✏✘☛✚ ✑✘ ✑✚ ✔✚✚✝ ✛☛✖✙ ✏☛✚✘☛✄✙☛ ✔✚✚✝ ✛✙�✝ ✏✙✘✄✆ ✑✖✘
✟ ✆☛✌✜✔✕ ✆✝ ✘☎✄ ✄�☛ ✏✖✆✆✖✆✆� ✝✘ ✏✙ ✑✆✆✚✙✄✄ ✄✙✆ ✏✝✝✄☛ ✑✝✙
✢ ✡✆✍ ✔✌✍ ✒� ✓

✠✝✣✍ ✡✝ ✘ ✛☛ ✤ ✟✝✎✡☛ ✕✡✔✥✍ ✠✌ ✆✎✡☛ ✎✡☛ ✎✍�✝ ✆☛ ✟☛✟✦✠✆✡☛
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✄☛✟✦✠✆✡ ✑✝ ✄✖
☞ ✡✌ ✟✠✝ ✠✍✗ ✆☛✌ ✠✝✎✝ ✘✙☛ ✏☛ ✘✆✘ ✏✄
✞✍ ✡✡ ✞✝☎ ✒� ✓
✟✍ ✡✌✝ ✝ ✒� ✓ ✘ ✏✖✖ ✚ ✏✖✖

✒☞ ✡✌ ✟✠✝ ✎✝ ✝✔✌✍ ✔✝
✝✕ ✆�✝ ✎✡ ✞✝☎ ✓

✒☎✥✍ ✡ ✎✍ ✔✘� ✏✝✄✚☛✆ ✔� ✑✏�✚�✄ ✑
☎ ✆✔✝ ✡ ✒✎✄� ✓

✖ ✔✗ ✟ ✡✡ θ
✒✠✝✎✓ ✑✏✘✝✙✄✝✖✚ ✑✏✘✝✙✙✝✆✚

✖ ✔✗✟ ✡✡ φ
✒✠✝✎✓ ☛ ✏✘☛✚✙✄✆✝ ☛ ✏✘☛✚✙�✄✖

☎✝ ✆✡ ✌✡✌✝ ✡ ✒� ✓ ✘ ✛✙✚� ✛✘✆ ✑✏☛✖ ✘ ✛✙✚� ✛✘☛✙ ✏✄✖
XC

✒� ✓ ☛ ✛✑✙✖ ✛�✝✙ ✏✘✖✆✚✘ ✑✝ ☛ ✛✑✙✖ ✛☛☛✘ ✏✖✘✆✖✄�☛
YC

✒� ✓ ✔✙ ✛✚✖� ✛☛✚✘ ✏✚✘✘ ✑✘✘✙ ✔✙ ✛✚✖� ✛✝✄☛ ✏✖✚✙✘✘✆�
ZC

✒� ✓ ✔✚�✖ ✛✆✝☛ ✏✄✄✑✝✆✆☛ ✔✚✚✝ ✛✑✑✖ ✏�☛✆✆✄☛✆
✟ ✆☛✌✜ ✔✕ ✆✝ ✘☎✄ ✄ ✑✆ ✏✘☛✙☛ ✑☛ ✚✄✘ ✏✄✆�✄✑�✄
✢ ✡✆✍✔✌✍ ✒� ✓
✠✝✣✍ ✡✝ ✘ ✛✘ ✤ ✟✝✎✡☛ ✕✡✔✥✍ ✠✌ ✆✎✡☛ ✎✡☛ ✎✍�✝ ✆☛ ✟☛✟✦✠✆✡☛
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☞ �✘�✢☞ ☎ ✏ ✝ ✛ ☎ ✛ ✎✍ ✛ ✄☎ ☎☎☛✡✆☎✍ � ☎☎ ☎✟✍ ☎✛ ✑☞ ✍✎ ✆✄☎✡ ✛ ✍✎ ✛ ✄ ✠✝☛ ✆✡✤ ✘✎ ✆✌✡✠✝ ✌ ✠✆✕✝ ✏ ✑✂✂� ✛
☞ �✘�✢☞ ☎ ✏ ✝ ✛ ☎ ✛ ✎✍ ✛ ✄☎ ☎☎☛✡✆☎✍ �☎ ☎✁☎✍✠ � ☎☎ ☎✟✍ ☎✛ ✑☞ ✍✎ ✆✄☎✡ ✛ ✍✎ ✛ ✄ ✠✝☛ ✆✡✤ ✘✎ ✆✌✡✠✝ ✌✠✆✕✝ ✏ ✄✖✖✆ ✛
☞�☞✠ ✘� ✛ �☎ ✂✆� ☎✍ ✁✍� ☎✡✆✍ ☎ ✄☎ ✄☎ ☎☎�✡✎ ✁✆☎�✍✂✡ ☎✞ ✂ �✁�✄✝✍ ✛ ✟ ✆☛✞✡✔☎✥✍ ✡ ✍�
✄✌✌✞ ✤✆✆✗✗✗ ✛✝✔✝✌✍ ✡✛✗✡✥ ✛✣✠✏ ✝✕✍☛☛✝✎✡ ✍� ☎ ✝✔✍ ✆✠✡ ✎✍ ✏ ✄✖✖✘ ✛
☞�☞✠ ✘� ✛ � ✆☎✁ ✡ ✓ ✄✝✁ ✎✍✂✏✑✎ ✁✒ ✒✓✒ �✝ ✒✔ �✝ ✁✎✕✝☛�✄✎ �✝ ✒ ✖✖✔ ✛ ✟ ✆☛ ✞✡ ✔☎✥✍ ✡ ✍�
✄✌✌✞ ✤✆✆✗✗✗ ✛✝✔✝✌✍ ✡✛✗✡✥ ✛✣✠✏ ✝✕✍☛☛✝✎✡ ✍� ☎ ✝✔✍ ✆✠✡ ✎✍ ✏ ✄✖✖✘ ✛
☞�☞✠ ✘� ✛ ✄✝✁ ✎✍✂✏✑✎ ✁✒ ✒✓✒ �✝ ✒✔ �✝ ✁✎✕✝☛�✄✎ �✝ ✒ ✖✖✔ ✛ ✟ ✆☛ ✞✡ ✔☎✥✍ ✡ ✍�
✄✌✌✞ ✤✆✆✗✗✗ ✛✝✔✝✌✍ ✡✛✗✡✥ ✛✣✠✏ ✝✕✍☛☛✝✎✡ ✍� ☎ ✝✔✍ ✆✠✡ ✎✍ ✏ ✄✖✖✘ ✛
✄✘☎✠✗� ✠✏ ✝ ✛ � ✛ ✄✍✄ ☎✡ ✁ ✠✡✁ ✍☎ ✍ ✟☎✡✆ ☛✡✠ ☛ ✡✄☎✠✆ ✘ ☎✠☎ ☎☎✞✞ ✁✙ ✞ ✟☎✎✞ ✛ ✑☞ ✍✎ ✆✄☎✡ ✛ ✍✎ ✛ ✝ ✠✍ ✔✌ ✆✕✍ ✝✝ ✡✡✏
✄✞✞✍ ✠ ☎✝✎✎ ✡✍ ☎ ✆✥✍ ✠✏ � ✛✚ ✛✤ ✛☛ ✛✔ ✛✜ ✏ ✄✖✖✖ ✛
✄�✗✝✢✄ ✠☎✠ ✏ ☞ ✛✣ �☞✟✘�� ✏ � ✛ ✤✝ ✠✍✎ ✆✕✌ ✆✡ ✔ ✝✔✎ ✢✝ ✡✕✟ ✡✝✌ ✆✡ ✔ ✡✝ ✠✠✝✔☛� ✆☛☛✡ ✔ �✡☛☛ ✆✔ ✟ ✆✥ ✍ ✠✍ ✔✌✠✦✞✍☛ ✡✝ ✠✍ ✠✠✝ ✆✔✧ ✛ ✁✍ ✟✡ �☎ ✍✠✄ �✡✆ ☛✆ ✁✁✁ ☎✆ �✁✂✔★★ ✄☎✞ ✆ ✩✆✞ ✟✆ ✁✍ ✟✆ �☎☛☎✆✞☎ �☎✁ ✟ ✪✫ ✁ ✆✔✖★✬ ✖✫
✁ ✟✡ �✭✟✡ ☎✎ ✏ ✥ ✛ �✖ ✏ ✞ ✛ ✙✄✆✑✮✙✄✆✑✚ ✏ ✑✂✚✆ ✛
✄☎✗✟✝☞✞✘ ✏ ✝ ✛✣ ✝✗ ☎✝✄✠ ✝ ✏ ✆ ✛ ✁ ☎✍✆☎✯ ✍✎☎✆ ✟✡ ☎ �✆☎�✁☎✡ ✄☎ ✄✍✄ ☎✡☎✆ ☎✍�☎✞ ✛ ✄☞ ✍✎ ✆✄☎✡ ✛ ✍✎ ✛ ☎☎✡✝✝✟ ✡✡ ☎ ☎✝ ✤ ☎ ✆✍�✍✔☛ ✏ ✘✎ ✆✌✡✠✝ ✝✍✎✝✗✰✗ ✆✕✝ ✍ ✄✔ ✆✥✍ ✠☛ ✆✌✦✠✆✝ �✌✎✝ ✏ ✑✂�✑✛
✄☎✠ ✄☎✄✗ ✛ ✁ ✠✡ ✄✁ ✟✡ ��✁✍ ✄✍ ✡✁ ☎✠✍✄✡✠✍ � ✠✍✞ ☎☎ ✄☎ ☎☎�✡✎ ✛ ✟ ✆☛✞✡✔☎✥✍ ✡ ✍�
✄✌✌✞ ✤✆✆✗✗✗ ✛✣✠✌ ✟✠✣✡ ✛✕✡� ✛✣✠✏ ✝✕✍☛☛✝✎✡ ✍� ✚✟ ✡✄✡ ✎✍ ✏ ✄✖✖☛ ✛
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✢☞�☞ �✢☞�✠ ✘ ✏ ✞ ✛ ✝✛ ☎ ✛ �✍✆✍ ☎ ✄☎ ✁✠✡✁✍☎ ✍✂✄✡ ✠✆✄ ☎✡ ✎ ✞ ✄☎ ☎✛ ✄✧✝☞ ✏ ✄✁ ✡✍�☎✝☞ ✤ ✠✍✂ ✌✡ ✣✝☛✍ ✎✡✢✟✠☛✡ ✎✝ ✎☛ ✆✕ ✆✞ ✡✆✔✝ ✝ ✠✡✞✝✗✝✄☎✡ ✎✝ ✝✰☛☎✞ ✠✝✎✟✝✄☎✡ ✍� ✘✔✗✍✔✄✝ ✠✆✝ ✘ ✡✁✌ ✠✆✕✝ ✏ ✑✂✂✂ ✛
✢✝☎✟☎☞�✠✝✗✄ ✏ ✢ ✛✣ ✄✘☎✠✗� ✠✏ ✝ ✛ ✤�✝ ✠✆✝✣ ✆✡✆✌✦ ✡✝ ☛✍✕✌✡ ✠ ✝✥✍ ✠✝✗✍✎ ☛ ✆✗ ✔✝ ✡☛ ✝✡✠ ✄✝✧ ✞✠✡✞✝✗✝✌ ✆✡ ✔
✆✔ ✕ ✆✌ ✆✍☛✧ ✛ ✩✝✝✝ ✄✠✍✆✞ ✆ ✕☎✟ ☎� ✆ ✄☎�✟ ✆✏ ✥ ✛ ✙✂ ✏ ✞ ✛ ✙☛✄✮✙☛� ✏ ✑✂✂✖ ✛
✢✝✄�✞ ✏ ✝ ✛✣ ✄✘☎✠✗� ✠✏ ✝ ✛ ✤☎✝✔✗✍☎✎✍✞✍✔✎✍✔✌ ✞✝✌✄☎ ✡✡☛☛ �✡ ✎✍ ✡ ✆✔ ✠✍☛ ✆✎✍✔✌ ✆✝ ✡ ✝ ✠✍✝☛ ✝✡✠ ✌✄✍ � ✝✧✝✔✎ ✄✝✧ ✣✝✔✎☛✧ ✛ ✩✝✝✝ ✄✠✍✆✞ ✆ � ✆ ✟☎✆✍✞ ✁ ✠✡✁ ✍☎ ✍ ✟✆✏ ✥ ✛ ☛✖ ✏ ✞ ✛ ✑✮ ✑✑✏ ✑✂✂✙ ✛
✢ ✠☎✢✗ ✛ ✟ ✆☛✞✡ ✔☎✥✍ ✡ ✍� ✄✌✌✞ ✤✆✆✗✗✗ ✛✕ ✆☛✕✡ ✛✕✡� ✏ ✝✕✍☛☛✝✎✡ ✍� ✝✍✥✍ ✠✍ ✆✠✡ ✎✍ ✏ ✄✖✖✘ ✛
✢✗☎✠ ✛ ✂✠✁✍✆ ✄✠✍✆✞✎ ☎✞✞✡✆ ☎✡✞✞ ✎✡✄☎ ☎✞ ☛✡✠ ✎ ✄☎ 1

2

☎☎☎ ✠✍✄ ☎✡ ☎✆ ✟✟☎ ✔✖✖ ✍✆✄ ✔✓✖✖ ☛✁✆ ✁✍✆✄✞ ✫ �✎✁ ✄
✒✪✔ ✄� ✑✔✖✕ ✔✔✔ ✄☎ ✄✆ ✔ ✛ ✛☎ ✛✡✛✜ ✏ ✑✂✂ ✑✛
✢✗☎✠✄✙ ✑✛ �✎✁ ✄✒✪✔✂ � ☎✆✍ ☎ ✄☎✁ ✡✠✟ �✡ �✁✎☎✆ ✟✛ ✟ ✆☛✞✡ ✔☎✥✍ ✡ ✍� ✄✌✌✞ ✤✆✆✗✗✗ ✛✡✂ ✛✆✌ ✛✞✌✆✕✡☛✌✄✙ ✑✆ ✏✝✕✍☛☛✝✎✡ ✍� ✚✟ ✡✄✡ ✎✍ ✏ ✄✖✖☛ ✛
✢☎✗☎✄✟ ✏ ☎ ✛ ✞ ✛ ✟ ✛✣ ✝✗ ✝✝✘☎ ✏ ☞ ✛ ✤✠ ✄✍ ✍✥✍✕✌ ✡✝ ✣✟ ✆✡✎ ✆✔✗ ✄✍ ✆✗✄✌ ✥✝ ✠✆✝✌ ✆✡ ✔ ✡ ✔ ✌✄✍ � ✟ ✡✌ ✆✞ ✡✍ ✎ ✆✝☎
✝ ✠✝✕✌ ✆✡ ✔ ✡✡☛☛ ✕✡� ✞✡ ✔✍✔✌ ✡ ✝ ✌✄✍ ✆ ✝ ✡✂☛✕✄☎✄✍ ✠✌✡ ✔ ✆ �✡✎✍ ✡✧ ✛ ✍�✝✫ �☎✁ ✟✆ ✡ ☛ ✝✆☎ ☎✆☎☎✠ ☎✆☎ ✫ ✂✆☎✄☎✠✞ ☎✟✙
✡ ☛ �✍✎✁✠☎✄☎ ☎ ✛
✟☎ � ✠�✝ ✛ ✟ ✆☛✞✡ ✔☎✥✍ ✡ ✍� ✄✌✌✞ ✤✆✆✗✗✗ ✛✎ ✡✆✔✞ ✛✕✡� ✏ ✝✕✍☛☛✝✎✡ ✍� ✔✡✥✍�✣✠✡ ✎✍ ✏ ✄✖✖☛ ✛
✟☞ ✝✘�✞ ✏ ✆ ✛✣ �✘✞ ✠✏ ☎ ✛ ✤✘✥✍✕✌ ✆✥✍ ✢✝✞✝✕ ✆✌✦ ✤ ☞ ✆ ✆✠✍ ✡✍☛☛ � ✆✔✞ ✝✡✎✍ ✡ ✝✡✠ ☎✟✞✞✡✠✌ ✡✝ ✢ ✟✝ ✡✆✌✦ ✡✝☎✍ ✠✥ ✆✕✍✧ ✛ ✩✝✝✝ ✄✠✍✆✞ ✆ ✎✆ ✘ ☎✠☎ ☎☎✞✞ �✡✎✎ ✁✆☎� ✆✏ ✥ ✛ ✄ ✏ ✞ ✛ ✘✙✖✮✘✆✙ ✏ ✚✟ ✡✦ ✄✖✖✙ ✛
✟✝✘ ✛ ✟ ✆☛ ✞✡ ✔☎✥✍ ✡ ✍� ✄✌✌✞ ✤✆✆✗✗✗ ✛✎�✍ ✛✕✡� ✛✣✠✏ ✝✕✍☛☛✝✎✡ ✍� ✡✟✌✟✣✠✡ ✎✍ ✏ ✄✖✖✘ ✛
✟✗✟✟ ✏ ☞ ✛ ✎ ☎ ✁ ☎✍ ☎✞✞☎✆� ☎✍ ☎ ✁✍✠✍ ✄☎ ☎☎�✡✎ ✁✆☎�✍✂✡ ☎✞ ✛ ✄☞ ✍✎ ✆✄☎✡ ✛ ✍✎ ✛ ☎☎✡ ✝✝✟ ✡✡ ☎ ☎✝ ✤ ✘✎ ✆✌✡✠✝✢✝�✞✟☛ ✏ ✄✖✖✖ ✛
✘✟✆☞ ☎✟☎ ✏ ☎ ✛✣ ✟✄☎✝ ✠� ✏ ✚ ✛ ✤✢✡�✞✟✌✍ ✠ ✝ ✠✍✎ ✆✕✌ ✆✡✔ ✡✝ ☎✍ ✠✥ ✆✕✍ ☞ ✠✍✝ ✝✡✠ � ✝✧ ✝✡ ✣ ✆✡✍ ☎✝✎ ✆✡�✍✌✗✡✠✞☛✧ ✛ ✁ ✠✡ � ✆ ✩✝✝ ✏ ✥ ✛ ✑✑✘ ✏ ✔ ✛ ✂ ✏ ✞ ✛ ✑✂✆✙✮ ✑☛✖✖ ✏ ✑✂✘✂ ✛
✘✞ � ✠✏ ✚ ✛ ✚ ✛ ✤☎✝✎ ✆✡ ✝ ✠✡✞✝✗✝✌ ✆✡ ✔ ☞ ✣✡✥✍ ✆✖ ✝✕ ✗✥✍ ✠ ✠✠✠✍✗ ✟ ✡✝ ✠ ✠✍ ✠✠✝ ✆✔✧ ✛ ✁ ✠✡ � ✆ ✩✄✝ ✏ ✥ ✛ ✆☛ ✏ ✔ ✛ ✑✖ ✏
✞ ✛ ✑✙�✙✮ ✑✙✂✑✏ ✑✂☛✚ ✛
✘✝✄☎☞✠ ✘� ✛ ✎✁ ☎✠✍✄✡✠✍ ✄☎ ✄☎ ☎☎ ☛✡✆☎✍ � ☎✁ ✍ ✛ ✟ ✆☛ ✞✡ ✔☎✥✍ ✡ ✍� ✄✌✌✞ ✤✆✆✗✗✗ ✛✍� ✣✠✝✌✍ ✡✛✕✡� ✛✣✠✏ ✝✕✍☛☎
☛✝✎✡ ✍� ✚✟ ✡✄✡ ✎✍ ✏ ✄✖✖☛ ✛
✧✢✢ ✛ �☎✄☎✠✍ ☎ �✡✎✎ ✁✆☎�✍ ✟☎✡✆✞ �✡✎✎ ☎✞✞ ☎✡✆ ✂ ��� ✛ ✟ ✆☛✞✡✔☎✥✍ ✡ ✍� ✄✌✌✞ ✤✆✆✗✗✗ ✛✝✕✕ ✛✗✡✥ ✏ ✝✕✍☛☛✝✎✡✍� ✔✡✥✍�✣✠✡ ✎✍ ✏ ✄✖✖☛ ✛
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✧✘✄☎☞ ✄☞� ✛ �☎✄☎✠✍✂✄✡ � ✠✍✞ ☎☎☎ ☎✠✍ ✄☎ �✍✆�✡✞ ✂ �☎✁✠✍✁✍✆ ✛
✄✌✌✞ ✤✆✆✗✗✗ ✛✝✍ ✣✠✝✣✝✔ ✛✡✠✗ ✛✣✠✆☞ ✠�✟ ✆✥✡✆✎✍☛✌✝�✟✍☛✆✎✍☛✌✝�✟✍☎ ✆✔✡✥✝✕✝✡✁✌✍✕✔✡ ✡✡✗ ✆✝ ✛✝☛✞ ✏ ✝✕✍☛☎
☛✝✎✡ ✍� ☎ ✟ ✡✄✡ ✎✍ ✏ ✄✖✖☛ ✛
✞☞ ☎✝ ✠� ✛ ✟ ✆☛✞✡ ✔☎✥✍ ✡ ✍� ✄✌✌✞ ✤✆✆✗✗✗ ✛✗✝ ✠� ✆✔ ✛✕✡� ✏ ✝✕✍☛☛✝✎✡ ✍� ☎ ✝✔✍ ✆✠✡ ✎✍ ✏ ✄✖✖✘ ✛
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