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tg 50◦ + tg 60◦ + tg 70◦ = tg 80◦.
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tg 50◦ + tg 60◦ + tg 70◦ = tg 80◦

�
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tg 70◦ + tg 60◦ − (tg 80◦ − tg 50◦) = 0. (1)

-��� Q�� � � � �� 2=4�-����� � � 	���� �

tg70◦ + tg 60◦ − (tg 80◦ − tg 50◦)

=
(

���, tg x =
sin x

cos x

)

=
sin 70◦

cos 70◦
+

sin 60◦

cos 60◦
−

(

sin 80◦

cos 80◦
− sin 50◦

cos 50◦

)

=
sin 70◦ cos 60◦ + cos 70◦ sin 60◦

cos 70◦ cos 60◦

− sin 80◦ cos 50◦ − cos 80◦ sin 50◦

cos 80◦ cos 50◦

= (���, sin x cos y ± cos x sin y = sin(x ± y))

��� ������ ���	
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=
sin 130◦

cos 60◦ cos 70◦
− sin 30◦

cos 50◦ cos 80◦

=

(

���, sin x = sin(180◦ − x), cos 60◦ =
1

2

�sin 30◦ =
1

2

)

=
2 sin 50◦

cos 70◦
− 1

2 cos 50◦ cos 80◦

=
4 sin 50◦ cos 50◦ cos 80◦ − cos 70◦

2 cos 50◦ cos 70◦ cos 80◦
= 0.

#	��� �� �� �� � �� ���� Q�� � �� �� 2���,

2 cos 50◦ cos 70◦ cos 80◦ �= 04�

4 sin 50◦ cos 50◦ cos 80◦ − cos 70◦ = 0.

6� � � � �� ���

4 sin 50◦ cos 50◦ cos 80◦ − cos 70◦

= 2 · 2 sin 50◦ cos 50◦ cos 80◦ − cos 70◦

= (���, 2 sin x cos x = sin 2x)

= 2 sin 100◦ cos 80◦ − cos 70◦

= (���, sin x = sin(180◦ − x))

= 2 sin 80◦ cos 80◦ − cos 70◦

= sin 160◦ − cos 70◦

= (���, cos(90◦ − x) = sin x)

= sin 20◦ − sin 20◦ = 0.
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tg50◦ + tg 60◦ + tg 70◦

=
sin 50◦

cos 50◦
+

sin 60◦

cos 60◦
+ tg 70◦

=
sin 50◦ cos 60◦ + sin 60◦ cos 50◦

cos 50◦ cos 60◦
+ tg 70◦

= (���, tg(90◦ − x) = ctg x)

=
sin 110◦

1

2
cos 50◦

+ ctg 20◦ =
2 sin 70◦

cos 50◦
+ ctg 20◦

=
(

sin(180◦−x) = sin x, sin(90◦−x) = cos x,

cos(90◦−x) = sin x �ctg x =
cos x

sin x

)

=
2 cos 20◦

sin 40◦
+

cos 20◦

sin 20◦

=
2 cos 20◦

2 sin 20◦ cos 20◦
+

cos 20◦

sin 20◦

=
1

sin 20◦
+

cos 20◦

sin 20◦
=

1 + cos 20◦

sin 20◦

=
(

���,
1 + cos x

sin x
= ctg

x

2

)

= ctg 10◦

= (���, ctg(90◦ − x) = tg x) = tg 80◦.
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tg50◦ + tg 60◦ + tg 70◦

= tg(60◦ − 10◦) + tg 60◦ + tg(60◦ + 10◦)

=
(

���, tg(x − y) =
tg x − tg y

1 + tg x tg y
;

tg(x + y) =
tg x + tg y

1 − tg x tg y
, tg 60◦ =

√
3
)

=

√
3 − tg 10◦

1 +
√

3 · tg 10◦
+
√

3 +

√
3 + tg 10◦

1 −
√

3 · tg 10◦

= (� �� �
�� ��N��� �� tg 10◦ = a)

=

√
3 − a

1 + a
√

3
+
√

3 +

√
3 + a

1 − a
√

3

= (�� ���� 	����� ��� )

=
√

3 · 3 − a2

1 − 3a2
. (2)

6� tg 3x =
3 tg x − tg3 x

1 − 3 tg2 x
�
������� �� tg 30◦

= tg(3 · 10◦) =
3 · tg 10◦ − tg3 10◦

1 − 3 · tg2 10◦
� ������,

tg 30◦ =
1√
3
�tg 10◦ = a�

1√
3

=
3a − a3

1 − 3a2
= a · 3 − a2

1 − 3a2

���� ����

a =
1 − 3a2

√
3 (3 − a2)

,

��������
1

a
=

√
3 · 3 − a2

1 − 3a2
, (3)

� � �� 2<4 �2E4 ������ � ��

tg 50◦ + tg 60◦ + tg 70◦ =
1

a
=

1

tg 10◦

= ctg 10◦ = tg 80◦.
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'!(�! �& "��� �� �	���� EFA � 	� ������ ��

<)F = 90◦�<)FEA = 50◦� |EF| = 1 ����� ��

<)AEB = <)BEC = <)CED = 10◦ 2�
��� =�4�

� � �� �� |FA| = tg 50◦� |FB| = tg 60◦� |FC| =
tg 70◦ �|FD| = tg 80◦�-� �
��� ��	��� � � ���� +

�� ���� �� |FA|+ |FB|+ |FC| = |FD|�#	�� � �
��

=��� � � � �� �� |FD| = |FA|+|AB|+|BC|+|CD|�

-� �
��

|FD|=|FA|+|FB|+|FC|=|FA|+|AB|+|BC|+|CD|
⇐⇒ |AB| + |BC| + |CD| = |FB| + |FC|
⇐⇒ |AB|+|BC|+|CD|=|FA|+|AB|+|FB|+|BC|
⇐⇒ |CD| = |FA| + |FB|
⇐⇒ |CD| = |FA| + |FA| + |AB|
⇐⇒ |CD| = 2|FA| + |AB|
⇐⇒ (��	 �� |FA|=|AE| sin 50◦, �� �	����� EFA)

⇐⇒ |CD| = 2|AE| sin 50◦ + |AB|.

� ��	�� � ������� � � 	�� ��������� �	����ABE �� ���

|AE|
sin <)ABE

=
|BE|

sin <)EAB
=

|AB|
sin 10◦

,

��������

|AE|
sin 30◦

=
|BE|

sin 140◦
=

|AB|
sin 10◦

���� ��� �� ���, sin x = sin(180◦ − x)�

|AE|= |BE| sin 30◦

sin 140◦
=

|BE|
2 sin 40◦

�|AB|= |BE| sin 10◦

sin 40◦
,

� � ���

|CD| = 2
|BE| sin 50◦

2 sin 40◦
+

|BE| sin 10◦

sin 40◦

= |BE| sin 50◦ + sin 10◦

sin 40◦
.

� ��	�� � ������� � � 	�� ��������� �	����BCE �� ���

|BE|
sin 20◦

=
|CE|

sin 150◦

⇐⇒ |BE| =
|CE| sin 20◦

sin 30◦
= 2|CE| sin 20◦

�� � �� ���

|CD| = 2|CE| sin 20◦
sin 50◦ + sin 10◦

sin 40◦

= 2|CE| sin 20◦
2 sin 30◦ cos 20◦

2 sin 20◦ cos 20◦

= 2|CE| sin 30◦ = 2|CE|1
2

= |CE|,

� �� �� ��P�� ��	 �� �	����CDE ����� ���	� P� �� �

�� ��P�� ������� 
����� ����� ��� � |FD| = |FA| +
|FB|+ |FC|����tg 80◦ = tg 50◦ + tg 60◦ + tg 70◦�
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� � � 	����� ��� � ��P��O ����� �� ��P�� K � 	�����+

�� ��P�� O �� ��	� ��� AB �� 	� ���	����P��, �	�����

OAB 2���� <�4� (������ �� 	� ���	����P��� �	���+

�� �� <)AOB = 40◦�<)OAB = <)OBA = 70◦�

<)OAK = 20◦ �|AK| = |KB| = 1� -� +


�� �� <)AFO = 10◦ 2�� � �� ��� ����� �� � ���+

�� 	���� ����� <)AOK = 20◦4 ��� �� �� �	����

AOF ����� ���	� P� ���� �� �<)OAF = 10◦ � � ��

<)BAF = <)BAO + <)OAF = 70◦ + 10◦ = 80◦

����, |AK| = 1 �
������� �� tg 80◦ = |FK| 2����
�	����AFK4�

9 �	����� OAK �� tg 70◦ = |OK|� -� 
�� ��

<)OFC = 30◦ 2�� � �� ��� ������� � ����� 	���� ��+

��� <)KOC = 20◦ + 40◦ = 60◦4� � �P�� � 	��+

���� ��Q��� |OE| �|CF| ���� P�� � � L� � �������
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���� FLE� ���<)FLE = 70◦ � � ���, <)FEL =
70◦ �
������� �� �	���� FLE ����� ���	� P� �� ���

|FL| = |FE| = 2� � 	����MLF �� � 	� ������ �

� � ���, <)MFL = 30◦ �|FL| = 2 �
������� ��

|ML| = 1 ����� ��,� �� ���<)FLM = 60◦��� ��

�� tg 60◦ = |FM|�

9 �	����� OLM �� ���<)MOL = 40◦�<)OML =
90◦� � � �� ���<)OLM = 50◦ ��� �� �� tg 50◦ =
|OM|�(��� P�� �� |FK| = |OM| + |FM| + |OK|�
���tg 80◦ = tg 50◦ + tg 60◦ + tg 70◦�
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BCF � ����� �� ���<)BCF = <)BFC = 40◦�

� � �� �� ���<)FBC = 100◦ 2�
��� E�4�(����	��	� �+

� � ���<)CBA = 30◦ 2�� � �� �
��E�4 ����� ��

��P�� D � 	������� ��P�� A �� ��	� ��� BC �	�����

BCF ����� �� |AD| = 1�� � �� �� |AB| = 2�9 ��P��

E ���� �� � 	���O�� ��Q���AB �����	��	� � � ���� ��

EF ����<)FBG = 10◦�,��� �� ��P�� G � ���O��

���� �� EF ������, �	� �� ���� <)FBG� � ��� 
�

�������� � �� � ��	� �� � �� �
��E�

&� �� �� � � ��

tg 80◦ = |GE| = |GF| + |FE| = |FB| + |FE|
= |CB| + |FE| = |CD| + |DB| + |FE|
= tg 50◦ + tg 60◦ + tg 70◦.
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