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ABC

cos a= cos b cos c+ sin b sin c cosA,
cos b= cos c cos a+ sin c sin a cosB,
cos c= cos a cos b+ sin a sin b cosC.
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〉

= cos b cos c
〈−→
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∣∣∣
−→
OA

〉
+ sin b cos c

〈−→
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∣∣∣
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〉
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+ cos b sin c
〈−−→
OB′

∣∣∣
−→
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〉
+ sin b sin c

〈−−→
OB′

∣∣∣
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〉

= cos b cos c+ sin b sin c sinA.
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ABC A cos a =
cos b cos c

c
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A = π/2

ABC

sin a

sinA
=

sin b

sinB
=

sin c

sinC
.
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CC ′D C ′

cosCD = cosCC ′ cosC ′D =

= cos
(
π
2 − b

)
cos

(
π
2 −A

)
= sin b sinA.

D
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cosCD = sin a sinB.
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sin a

sinA
=

sin b
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.

u⃗ v⃗ w⃗

∥(u⃗ ∧ v⃗) ∧ (u⃗ ∧ w⃗)∥ = ∥(v⃗ ∧ w⃗) ∧ (v⃗ ∧ u⃗)∥ =

= ∥(w⃗ ∧ u⃗) ∧ (w⃗ ∧ v⃗)∥ .

(u⃗ ∧ v⃗) ∧ (u⃗ ∧ w⃗) = ⟨u⃗|u⃗ ∧ w⃗⟩ v⃗ − ⟨v⃗|u⃗ ∧ w⃗⟩ u⃗ =

= ⟨v⃗|w⃗ ∧ u⃗⟩ u⃗,

u⃗ ⊥ u⃗ ∧ w⃗ ∥u⃗∥ = 1

∥(u⃗ ∧ v⃗) ∧ (u⃗ ∧ w⃗)∥ = | ⟨v⃗|w⃗ ∧ u⃗⟩ |.

∥(v⃗ ∧ w⃗) ∧ (v⃗ ∧ u⃗)∥ = | ⟨w⃗|u⃗ ∧ v⃗⟩ |

∥(w⃗ ∧ u⃗) ∧ (w⃗ ∧ v⃗)∥ = | ⟨u⃗|v⃗ ∧ w⃗⟩ |.

⟨v⃗|w⃗ ∧ u⃗⟩ = ⟨w⃗|u⃗ ∧ v⃗⟩ = ⟨u⃗|v⃗ ∧ w⃗⟩ .
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(−→
OA ∧ −−→

OB
)
∧
(−→
OA ∧ −−→

OC
)
,

∥∥∥
−→
OA ∧ −−→

OB
∥∥∥ =

∥∥∥
−→
OA

∥∥∥
∥∥∥
−−→
OB

∥∥∥ sin ÂOB = sin c

∥∥∥
−→
OA ∧ −−→

OC
∥∥∥ = sin b.

−→
OA ∧ −−→

OB
−−→
OD

−→
OA ∧ −−→

OB−−→
OE(−→

OA,
−−→
OC ′,

−−→
OE

)

!
(−→
OA ∧ −−→

OB,
−→
OA ∧ −−→

OC
)
= !

(−−→
OD,

−−→
OE

)
=

= !
(−−→
OB′,

−−→
OC ′

)
= A.

∥∥∥
(−→
OA ∧ −−→

OB
)
∧
(−→
OA ∧ −−→

OC
)∥∥∥ = sin c sin b sinA

∥∥∥
(−−→
OB ∧ −−→

OC
)
∧
(−−→
OB ∧ −→

OA
)∥∥∥ = sin a sin c sinB

∥∥∥
(−−→
OC ∧ −→

OA
)
∧
(−−→
OC ∧ −−→

OB
)∥∥∥ = sin b sin a sinC.

sin c sin b sinA = sin a sin c sinB = sin b sin a sinC,

sin a sin b sin c

1

a b c
A B C

a b c

1

T1 sin = X

sin a

sinA
=

sin b

sinB
=

sin c

sinC

a

sinA
=

b

sinB
=

c

sinC
.

T1 cos = 1 T2 cos = 1 − 1
2X

2

cos a = cos b cos c+ sin b sin c cosA,

n

n

a b c
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n 1

T1(cos a) = T1(cos b cos c+ sin b sin c cosA) ⇔
⇔ 1 = T1(1× 1 + bc cosA)

⇔ 1 = 1.

2

T2(cos a) = T2(cos b cos c+ sin b sin c cosA) ⇔
⇔ 1− 1

2a
2 = T2

((
1− 1

2b
2
) (

1− 1
2c

2
)
+ bc cosA

)

⇔ 1− 1
2a

2 = T2
(
1− 1

2b
2− 1

2c
2+ 1

4b
2c2+ bc cosA

)

⇔ 1− 1
2a

2 = 1− 1
2b

2 − 1
2c

2 + bc cosA

⇔ a2 = b2 + c2 − 2bc cosA,

A

cos a = cos b cos c,

T2(cos a) = T2(cos b cos c) ⇔
⇔ 1− 1

2a
2 = T2
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1− 1
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2
) (

1− 1
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2
))
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2a
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(
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2b
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2c
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4b
2c2

)

⇔ 1− 1
2a

2 = 1− 1
2b

2 − 1
2c

2

⇔ a2 = b2 + c2,
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