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áƵůĂ Ϭϭ͗ TĞŽƌĞŵĂ ĚĞ TĂůĞƐ Ğ ĚĂƐ ďŝƐƐĞƚƌŝǌĞƐ͘
RĞůĂĕƁĞƐ ŵĠƚƌŝĐĂƐ ŶŽ ƚƌŝąŶŐƵůŽ ƌĞƚąŶŐƵůŽ͘

PŽůşŐŽŶŽƐ͘

SƵŵĄƌŝŽ

ϭ TĞŽƌĞŵĂƐ ĂƵǆŝůŝĂƌĞƐ ϰ

ϭ͘ϭ TĞŽƌĞŵĂ ĚĞ TĂůĞƐ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ϰ

Ϯ RĞůĂĕƁĞƐ ŵĠƚƌŝĐĂƐ Ğŵ ƚƌŝąŶŐƵůŽƐ ƌĞƚąŶŐƵůŽƐ ϭϭ

Ϯ͘ϭ NŽŵĞŶĐůĂƚƵƌĂƐ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ϭϭ

Ϯ͘Ϯ RĞůĂĕƁĞƐ ŵĠƚƌŝĐĂƐ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ϭϯ

ϯ PŽůşŐŽŶŽƐ ϯϲ

ϯ͘ϭ EůĞŵĞŶƚŽƐ Ğ ĚĞĮŶŝĕĆŽ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ϯϲ

ϯ͘Ϯ PƌŽƉƌŝĞĚĂĚĞƐ Ğ ĐŽŶƚĂŐĞŶƐ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ϯϴ

ϯ͘ϯ PŽůşŐŽŶŽƐ ƌĞŐƵůĂƌĞƐ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ͘ ϰϯ

OůĄ ĞƐƟŵĂĚŽ ĂůƵŶŽ͘ É Ƶŵ ƉƌĂǌĞƌ ƚġͲůŽ ĐŽŶŽƐĐŽ ŶĞƐƚĞ ŶŽǀŽ ƚƌĂũĞƚŽ ƉĂƌĂ Ž ĂƉƌĞŶĚŝǌĂĚŽ ĚĂ ŵĂͲ
ƚĞŵĄƟĐĂ͊ SŽƵ Ž ƉƌŽĨĞƐƐŽƌ IƚĂůŽ MĂƌŝŶŚŽ͕ ĨŽƌŵĂĚŽ Ğŵ ŵĂƚĞŵĄƟĐĂ ƉĞůĂ UERJ͖ ĂƚƵŽ ŶŽ ĞŶƐŝŶŽ ĚĞ
ŵĂƚĞŵĄƟĐĂ Ğ İƐŝĐĂ ŶŽ ĞƐƚĂĚŽ ĚŽ RŝŽ ĚĞ JĂŶĞŝƌŽ ŚĄ ϭϮ ĂŶŽƐ ĐŽŵ ĞŶĨŽƋƵĞ Ğŵ ĐŽŶĐƵƌƐŽƐ ŵŝůŝƚĂƌĞƐ͘ MĞ
ĞƐƉĞĐŝĂůŝǌĞŝ ŶĂ ƉƌŽĚƵĕĆŽ ĚĞ ŵĂƚĞƌŝĂŝƐ ĚŝĚĄƟĐŽƐ ĚĞŶƚƌŽ ĚŽ ŵĞƐŵŽ ĞŶĨŽƋƵĞ͘

áŵĂƚĞŵĄƟĐĂ Ġ ƵŵĂ ĐŝġŶĐŝĂ ĐŽŶƐƚĂŶƚĞ͘ GĂůĞƌĂ͕ ĞůĂ ŶĆŽŵƵĚĂ͘ É ƐĞŵƉƌĞ ĂŵĞƐŵĂ͘ SĂďĞŵŽƋƵĞ͕ ĚĞ
ĨĂƚŽ͕ ŵƵĚĂ͍ NŽƐƐĂ ƉĞƌƐƉĞĐƟǀĂ͘ NŽƐƐŽ ŽďũĞƟǀŽ ĂƋƵŝ Ġ ĨĂǌĞƌ ǀŽĐġŵƵĚĂƌ Ă ĨŽƌŵĂ ĚĞ ǀĞƌ ĂŵĂƚĞŵĄƟĐĂ͘
PŽĚĞ ƚĞƌ Ă ĐĞƌƚĞǌĂ ĚĞ ƋƵĞ Ă ĂďŽƌĚĂŐĞŵĂ ƐĞƌ ƚŽŵĂĚĂ ĂƋƵŝ Ġ ĚŝĨĞƌĞŶƚĞ ĚĞ ƋƵĂůƋƵĞƌ ĞǆƉĞƌŝġŶĐŝĂ ŶĞŐĂƟǀĂ
ƋƵĞ ǀŽĐġ͕ ĞƐƚƵĚĂŶƚĞ͕ ƉŽƐƐĂ ƚĞƌ ǀŝŶĚŽ Ă ƚĞƌ ŶŽ ĚĞĐŽƌƌĞƌ ĚĞ ƐƵĂ ǀŝĚĂ ĚĞ ĞƐƚƵĚŽƐ͘ á ĂĞƌŽŶĄƵƟĐĂ ĐŽďƌĂ
ĞůĞŵĞŶƚŽƐ ƉĂĚƌŽŶŝǌĂĚŽƐ Ğŵ ƐƵĂƐ ƉƌŽǀĂƐ͘ PƌĞƚĞŶĚŽ ĨĂǌĞƌ ǀŽĐġ ǀŝƐƵĂůŝǌĂƌ ĞƐƐĞ ƉĂĚƌĆŽ Ğ͕ Ă ƉĂƌƟƌ ĚĞ
ŵƵŝƚĂ ƉƌĄƟĐĂ͕ ĂůĐĂŶĕĂƌ ƐĞƵƐ ŽďũĞƟǀŽƐ͘ SĞŵ ŵĂŝƐ ĚĞůŽŶŐĂƐ͕ ǀĂŵŽƐ ĂŽ ƋƵĞ ŝŶƚĞƌĞƐƐĂ͊
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FŝǌĞŵŽƐ ƵŵĂ ĚŝǀŝƐĆŽ ďĂƐƚĂŶƚĞ ƉƌĞĐŝƐĂ ĚĞ ĞĚŝƚĂů ƉĂƌĂ ǀŽĐġ͕ ĂůƵŶŽ͘ SĞƉĂƌĂŵŽƐ ĂŵĂƚĞŵĄƟĐĂ Ğŵ ƚƌġƐ
ŐƌĂŶĚĞƐ ƉĂƌƚĞƐ͘ á ŵĂƚĞŵĄƟĐĂ I͕ Ă ŵĂƚĞŵĄƟĐĂ II Ğ Ă ŵĂƚĞŵĄƟĐĂ III ;Ă ƚŽĚĂ ůŝŶĚĂ Ğ ďĞůĂ ŐĞŽŵĞƚƌŝĂͿ͘
EƐƐĞ ůŝǀƌŽ ĞůĞƚƌƀŶŝĐŽ ƚƌĂƚĂƌĄ͕ ĐůĂƌŽ͕ ĚĞ ŐĞŽŵĞƚƌŝĂ͘ MĂƐ ĚĞ ŐĞŽŵĞƚƌŝĂ ƉĂƌĂ ĐŽŶĐƵƌƐŽƐŵŝůŝƚĂƌĞƐ͕ ƋƵĞ ƚĞŵ
ƵŵĞŶĨŽƋƵĞ ďĂƐƚĂŶƚĞ ĞƐƉĞĐşĮĐŽ͘ áŶƚĞƐ ĚĞ ǀŽĐġ ĐŽŵĞĕĂƌ Ă ůĞƌ ĞƐƐĞŵĂƚĞƌŝĂů͕ ŐŽƐƚĂƌŝĂ ĚĞ ĨĂǌĞƌ ĂůŐƵŵĂƐ
ƌĞƐƐĂůǀĂƐ͘ EƐƐĞ ŵĂƚĞƌŝĂů ũĄ ĐŽŶƚĞŵƉůĂƌĄ ŵĂŝƐ ƋƵĞƐƚƁĞƐ ĚĂ ESá͕ ŵĂƐ ůĞŵďƌĞͲƐĞ ĚŽ ƋƵĞ ƐĞŵƉƌĞ ƚĞ ĚŝŐŽ͗
ŶĆŽ ĮƋƵĞ ƐĞ ĨŽĐĂŶĚŽ ŶĂƐ ƋƵĞƐƚƁĞƐ ĚŽ ƐĞƵ ĐŽŶĐƵƌƐŽ͘ NĆŽ ŚĄ ŵƵŝƚĂƐ͕ Ğ ĚĞǀĞŵŽƐ Ɛŝŵ ĚĞƐĞŶǀŽůǀĞƌ
ŶŽƐƐĂƐ ƚĠĐŶŝĐĂƐ ŐĞŽŵĠƚƌŝĐĂƐ Ğŵ ƚĞƌŵŽƐ ĚĞ ŽƵƚƌĂƐ ďĂŶĐĂƐ͘ EŶƚĆŽ͕ ĐĂďĞ Ă ǀŽĐġ͕ ĞƐƚƵĚĂŶƚĞ͕ ĐŽŶĮĂƌ ŶĂƐ
ƌĞƵŶŝƁĞƐ ĨĞŝƚĂƐ ĂƋƵŝ Ğ ĂĐƌĞĚŝƚĂƌ ŶĂ ĞǆƉĞƌŝġŶĐŝĂ ƋƵĞ ƚĞŶŚŽ Ğŵ ƐĂůĂ ĚĞ ĂƵůĂ ƉĂƌĂ ŝĚĞŶƟĮĐĂƌ ŽƐ ƉŽŶƚŽƐ
ŵĂŝƐ ďĂŝǆŽƐ ĚĞ ƵŵĂůƵŶŽ ƋƵĞ ĂůŵĞũĂ Ă ĐĂƌƌĞŝƌĂŵŝůŝƚĂƌ͘ FĂĕĂ ƚŽĚŽƐ ŽƐ ĞǆĞƌĐşĐŝŽƐ ŝŶĚĞƉĞŶĚĞŶƚĞ ĚĞ ƐĞƌ ŽƵ
ŶĆŽ ĚĂ ESá͘ GĞŽŵĞƚƌŝĂ ƐĞ ĂƉƌĞŶĚĞ ĂƐƐŝŵ͘ CŽůŽƋƵĞŝ ŝŶŝĐŝĂůŵĞŶƚĞ ĂůŐƵŵĂƐ ƋƵĞƐƚƁĞƐ ĚĞ ĐŽŶĐƵƌƐŽƐŵĂŝƐ
ĐŽŵƉůŝĐĂĚŽƐ͕ ĚĞǀŝĚŽ ă ĐŽŵƉůĞǆŝĚĂĚĞ ƋƵĞ ƐĞ ƉŽĚĞ ƚŽŵĂƌ ĚŽ ĂƐƐƵŶƚŽ͘ MĂƐ͕ ĚĞŝǆĞŵŽƐ ĚĞ ĐŽŶǀĞƌƐĂ͘
EŶƚĆŽ͕ ǀĂŵŽƐ ůĄ͊
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SŽŵĂ ĚŽƐ ąŶŐƵůŽƐ ĞǆƚĞƌŶŽƐ

CŽŶƐŝĚĞƌĞ Ƶŵ ƉŽůşŐŽŶŽ ĐŽŶǀĞǆŽ ĚĞ ŐġŶĞƌŽ n͘ SĂďĞŵŽƐ ƋƵĞ ĞƐƐĞ ƉŽůşŐŽŶŽ ƚĞŵ n ąŶŐƵůŽƐ ĞǆƚĞƌŶŽƐ͕
ĐŽƌƌĞƚŽ͍ E ƐĂďĞŵŽƐ ƚĂŵďĠŵ ƋƵĞ Ž ąŶŐƵůŽ ĞǆƚĞƌŶŽ Ğ Ž ąŶŐƵůŽ ŝŶƚĞƌŶŽ ƐĆŽ ƐƵƉůĞŵĞŶƚĂƌĞƐ͘

BŽŵ͕ ĐŽŶƐŝĚĞƌĞŵŽƐ ƋƵĞ α1, α2, α3, . . . , αn ƐĞũĂŵ ŽƐ ƐĞƵƐ ąŶŐƵůŽƐ ŝŶƚĞƌŶŽƐ͕ Ğ β1, β2, β3, . . . , βn

ƐĞũĂŵ ŽƐ ƐĞƵƐ ĞǆƚĞƌŶŽƐ͘ FĂĕĂŵŽƐ ĞŶƚĆŽ Ă ƐƵĂ ƐŽŵĂ͗

Se β1 + β2 + β3 + . . .+ βn

β1
︸︷︷︸

180◦−α1

+ β2
︸︷︷︸

180◦−α2

+ β3
︸︷︷︸

180◦−α3

+ . . .+ βn
︸︷︷︸

180◦−αn

180◦ − α1 + 180◦ − α2 + 180◦ − α3 + . . .+ 180◦ − αn

180◦ + . . .+ 180◦
︸ ︷︷ ︸

n ƉĂƌĐĞůĂƐ

− (α1 + α2 + . . .+ αn
︸ ︷︷ ︸

180◦·(n−2)

)

180◦ · n− 180◦ · (n− 2)

180◦ · n− 180◦ · n+ 360◦

360◦.

EŶƚĆŽ͕ Ɛŝŵ͕ ŝŶĐƌŝǀĞůŵĞŶƚĞ͕ Ă ƐŽŵĂ ĚŽƐ ąŶŐƵůŽƐ ĞǆƚĞƌŶŽƐ ĚĞ Ƶŵ ƉŽůşŐŽŶŽ ĐŽŶǀĞǆŽ ƋƵĂůƋƵĞƌ ƐĞŵƉƌĞ
ƌĞƐƵůƚĂƌĄ Ğŵ 360◦͘

QƵĂŶƟĚĂĚĞ ĚĞ ĚŝĂŐŽŶĂŝƐ

áƋƵŝ ŝŶĨĞůŝǌŵĞŶƚĞ ĞƵ ŶĆŽ ƉŽĚĞƌĞŝ ĚĞŵŽŶƐƚƌĂƌ Ă ĨſƌŵƵůĂ ƉĂƌĂ ǀŽĐġƐ͘ PƌĞĐŝƐĂƌşĂŵŽƐ ƐĂďĞƌ Ƶŵ ƉŽƵĐŽ
ƐŽďƌĞ Ž ƉƌŝŶĐşƉŝŽ ĨƵŶĚĂŵĞŶƚĂů ĚĂ ĐŽŶƚĂŐĞŵ ĚĂ ĨĂŵŽƐĂ ĂŶĄůŝƐĞ ĐŽŵďŝŶĂƚſƌŝĂ͕ ƚĞŵĂ ĚĞ MáT II͘

MĂƐ ĚĞ ƋƵĂůƋƵĞƌ ĨŽƌŵĂ͕ ƐĞŐƵĞ Ă ĞǆƉƌĞƐƐĆŽ ƉĂƌĂ Ă ƌĞƐŽůƵĕĆŽ ĚĞ ƐĞƵƐ ĞǆĞƌĐşĐŝŽƐ͘
DĂĚŽ Ƶŵ ƉŽůşŐŽŶŽ ƋƵĂůƋƵĞƌ ĚĞ ŐġŶĞƌŽ n͕ ƉŽĚĞŵŽƐ ĐĂůĐƵůĂƌ Ă ƋƵĂŶƟĚĂĚĞ ĚĞ ĚŝĂŐŽŶĂŝƐ Ğŵ ƐĞƵ

ŝŶƚĞƌŝŽƌ ƉĞůĂ ƐĞŐƵŝŶƚĞ ĨſƌŵƵůĂ͗ d n(n− 3)

2
͘

MĂŝƐ Ƶŵ ĚĞƚĂůŚĞ͘ VĞƌĞŵŽƐ Ă ƐĞŐƵŝƌ Ă ĚĞĮŶŝĕĆŽ ĚĞ ƉŽůşŐŽŶŽƐ ƌĞŐƵůĂƌĞƐ͖ ƋƵĂŶĚŽ Ƶŵ ƉŽůşŐŽŶŽ Ġ
ƌĞŐƵůĂƌ͕ ĞǆŝƐƚĞŵ ŵĂŝƐ ĚƵĂƐ ƉĞƌŐƵŶƚĂƐ ƋƵĞ ƉŽĚĞŵ ƐĞƌ ĨĞŝƚĂƐ Ğŵ ƌĞůĂĕĆŽ ă ƋƵĂŶƟĚĂĚĞ ĚĞ ĚŝĂŐŽŶĂŝƐ͗
ƋƵĂŶƚĂƐ ĚĞƐƐĂƐ ĚŝĂŐŽŶĂŝƐ ƉĂƐƐĂŵ ƉĞůŽ ƐĞƵ ĐĞŶƚƌŽ͕ Ğ ƋƵĂŶƚĂƐ ŶĆŽ ƉĂƐƐĂŵ͍ ĞŶƚĆŽ͕ ŝƐƐŽ Ġ ďĞŵ ĨĄĐŝů͘
FƵŶĐŝŽŶĂ ĚĂ ƐĞŐƵŝŶƚĞ ĨŽƌŵĂ͗ ƐĞ Ž ƉŽůşŐŽŶŽ ƟǀĞƌ ŐġŶĞƌŽn ƉĂƌ͕ Ă ƋƵĂŶƟĚĂĚĞ ĚĞ ĚŝĂŐŽŶĂŝƐ ƋƵĞ ƉĂƐƐĂŵ
ƉĞůŽ ƐĞƵ ĐĞŶƚƌŽ Ġ n

2
͖ ƉŽƌĠŵ͕ ĐĂƐŽ Ž ƉŽůşŐŽŶŽ ƚĞŶŚĂ ŐġŶĞƌŽ şŵƉĂƌ͕ ŶĞŶŚƵŵĂ ĚŝĂŐŽŶĂů ƉĂƐƐĂƌĄ ƉĞůŽ

ƐĞƵ ĐĞŶƚƌŽ͘ IƐƐŽ ƐĞƌĄ ŵĞůŚŽƌ ĞŶƚĞŶĚŝĚŽ ŶĂ ƌĞƐŽůƵĕĆŽ ĚŽƐ ĞǆĞƌĐşĐŝŽƐ͘
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ƋƵĞ Ž ŽĐƚſŐŽŶŽ ƚĞŵ 8 ůĂĚŽƐ͕ ďĂƐƚĂ ĚŝǀŝĚŝƌ 360◦ ƉŽƌ 8͗ 360
◦

8
45◦͘

EŶƚĆŽ͕ ƉĂƌĂ ĚĞƐĐŽďƌŝƌŵŽƐ Ž ǀĂůŽƌ ĚŽ ąŶŐƵůŽ ĐĞŶƚƌĂů ĚĞ ƵŵƉŽůşŐŽŶŽ ĚĞ ŐġŶĞƌŽn͕ ďĂƐƚĂ ĨĂǌĞƌ͗ 360
◦

n
͘

ÂŶŐƵůŽ ŝŶƚĞƌŶŽ Ğ ąŶŐƵůŽ ĞǆƚĞƌŶŽ

VŝƐƚŽ ƋƵĞ ƚŽĚŽƐ ŽƐ ąŶŐƵůŽƐ ŝŶƚĞƌŶŽƐ ƐĆŽ ŝŐƵĂŝƐ͕ ƉŽĚĞŵŽƐ ĐĂůĐƵůĂƌ Ž ǀĂůŽƌ ĚĞ ĐĂĚĂ Ƶŵ ĐĂůĐƵůĂŶĚŽ Ă
ƐŽŵĂ ĚŽƐ ąŶŐƵůŽƐ Ğ ĚŝǀŝĚŝŶĚŽ ƉĞůĂ ƋƵĂŶƟĚĂĚĞ ĚĞ ąŶŐƵůŽƐ ŝŶƚĞƌŶŽƐ ;ŐġŶĞƌŽ ĚŽ ƉŽůşŐŽŶŽ ƌĞŐƵůĂƌͿ͘ O
ŵĞƐŵŽ ƉŽĚĞ ƐĞƌ ĨĞŝƚŽ ƉĂƌĂ ąŶŐƵůŽƐ ĞǆƚĞƌŶŽƐ͘ ƉŽƌƚĂŶƚŽ͕ ƉĂƌĂ ƉŽůşŐŽŶŽƐ ƌĞŐƵůĂƌĞƐ͕ Ž ąŶŐƵůŽ ŝŶƚĞƌŶŽ α

Ğ Ž ąŶŐƵůŽ ĞǆƚĞƌŶŽ β ƉŽĚĞŵ ƐĞƌ ĐĂůĐƵůĂĚŽƐ ƉŽƌ͗ α 180◦ · (n− 2)

n
Ğ β 360◦

n
͘ PĞƌĐĞďĂ ĐŽŵ ŝƐƐŽ

ƋƵĞ Ž ąŶŐƵůŽ ĞǆƚĞƌŶŽ ƚĞƌĄ Ă ŵĞƐŵĂ ŵĞĚŝĚĂ ƋƵĞ Ž ąŶŐƵůŽ ĐĞŶƚƌĂů͘
VĂŵŽƐ ůĄ ĞŶƚĆŽ ĨĂǌĞƌ ĞǆĞƌĐşĐŝŽƐ͍ ĞƐƉĞƌŽ ƋƵĞ ƐĞƵ ƚƌĂũĞƚŽ ĂƚĠ ĂƋƵŝ ĞƐƚĞũĂ ƐĞŶĚŽ ƉƌŽĚƵƟǀŽ͕ ĞƐƉĞƌŽ

ƋƵĞ ĐĂĚĂ ǀĞǌ ŵĂŝƐ ǀŽĐġ ĂǀĂŶĐĞ ƌƵŵŽ ă ƐƵĂ ĂƉƌŽǀĂĕĆŽ͘ EƐƚŽƵ ĐŽŶƟŐŽ͊ PĂƌƟƵ ƉĂƉŝƌĂƌ͊
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���;ESSáͲϮϬϬϳͿ QUESTÃO ϮϬ

SĞ Ƶŵ ƉŽůşŐŽŶŽ ƌĞŐƵůĂƌ Ġ ƚĂů ƋƵĞ Ă ŵĞĚŝĚĂ ĚĞ Ƶŵ ąŶŐƵůŽ ŝŶƚĞƌŶŽ Ġ Ž ƚƌŝƉůŽ ĚĂ ŵĞĚŝĚĂ ĚŽ ąŶŐƵůŽ
ĞǆƚĞƌŶŽ͕ Ž ŶƷŵĞƌŽ ĚĞ ůĂĚŽƐ ĚĞƐƐĞ ƉŽůşŐŽŶŽ Ġ͗

;ĂͿ 12
;ďͿ 9
;ĐͿ 6
;ĚͿ 4
;ĞͿ 8

R͗ Eŵ Ƶŵ ƉŽůşŐŽŶŽ ĐŽŶǀĞǆŽ ;Ğ ĂƋƵŝ ĞƐƚŽƵ ƐƵƉŽŶĚŽ ƋƵĞ Ž ƉŽůşŐŽŶŽ Ğŵ ƋƵĞƐƚĆŽ Ž ƐĞũĂͿ͕ Ă ƐŽŵĂ ĚĂ
ŵĞĚŝĚĂ ĚĞ Ƶŵ ąŶŐƵůŽ ŝŶƚĞƌŶŽ ƋƵĂůƋƵĞƌ ĐŽŵ Ž ƐĞƵ ąŶŐƵůŽ ĞǆƚĞƌŶŽ Ġ 180◦͘ MĂƐ Ž ƉƌŽďůĞŵĂ ƚĂŵďĠŵ
ĂĮƌŵĂ ƋƵĞ αi 3αe͘ EŶƚĆŽ͕ ƚĞŵŽƐ͗

αi + αe 180◦

3αe + αe 180◦

4αe 180◦

αe 45◦.

CŽŵŽ Ž ƉŽůşŐŽŶŽ Ġ ƌĞŐƵůĂƌ ĐŽŵ n ůĂĚŽƐ͕ ƐĂďĞŵŽƐ ƋƵĞ ŽƐ ąŶŐƵůŽƐ ĞǆƚĞƌŶŽƐ ƐĆŽ ƚŽĚŽƐ ŝŐƵĂŝƐ͖ ůŽŐŽ͗

αe
360◦

n

45◦
360◦

n

n
360◦

45◦

n 8.
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ϯ͘ϯ ÍÄ�®�� R�Ã®ÝÝ®6Ê

DŝĂŐŽŶĂů͕ ϯϴ

GġŶĞƌŽ ĚĞ Ƶŵ ƉŽůşŐŽŶŽ͕ ϯϴ

LĂĚŽ ĚĞ Ƶŵ ƉŽůşŐŽŶŽ͕ ϯϳ

NŽŵĞŶĐůĂƚƵƌĂƐ ĚĞ ƉŽůşŐŽŶŽƐ͕ ϯϵ
NƷŵĞƌŽ ĚĞ ĚŝĂŐŽŶĂŝƐ͕ ϰϮ
NƷŵĞƌŽ ĚĞ ĚŝĂŐŽŶĂŝƐ ƋƵĞ ƉĂƐƐĂŵ ƉĞůŽ ĐĞŶƚƌŽ͕ ϰϮ

PŽůşŐŽŶŽ͕ ϯϲ
PŽůşŐŽŶŽ ĐŽŶǀĞǆŽ͕ ϯϳ
PŽůşŐŽŶŽ ĐƀŶĐĂǀŽ͕ ϯϳ
PƌŽũĞĕĆŽ͕ ϭϮ

SŽŵĂ ĚŽƐ ąŶŐƵůŽƐ ĞǆƚĞƌŶŽƐ͕ ϰϮ
SŽŵĂ ĚŽƐ ąŶŐƵůŽƐ ŝŶƚĞƌŶŽƐ ĚĞ Ƶŵ ƉŽůşŐŽŶŽ͕ ϰϭ

TĞŽƌĞŵĂ ĚĞ TĂůĞƐ͕ ϰ
TƌŝąŶŐƵůŽ ƌĞƚąŶŐƵůŽ͕ ϭϭ

VĠƌƟĐĞ͕ ϯϴ
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