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 1 –    =  

 

 

 

 

, ,

.

α

, α, .

=  

  =  
= −  

= 𝜋 , ∈  

ȁ ȁ >  

= − 𝑛  + 𝜋 , ∈  

ȁ ȁ < , ≠  

 =  

= 𝜋 + 𝜋 , ∈  

= − 𝜋 + 𝜋 , ∈  
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 2 –    =  

 

 

 

 

 

 

 

 

 

 

 

 

 3 –    =  

 

 

, ,

, .

  =  

= + 𝜋 , ∈  

  

 =  

= 𝜋 , ∈  

=  

= 𝜋 , ∈  

= 𝜋 + 𝜋 , ∈  

ȁ ȁ >  

= −  

 

 =  

ȁ ȁ < , ≠  

= ± a + 𝜋 ,  ∈  

  

=  = 𝜋 + 𝜋 , ∈  
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 4  –    =  

 

       

  [36]. 

 

 

 

 

≤ , – , − 𝜋 ; 𝜋
,

.

≤ , = ⟹ ൝ =− 𝜋 ≤ ≤ 𝜋,− = − , ≤ ≤ .≤ , s = ,

:= + 𝜋 , 𝜖 ,= 𝜋 − + 𝜋 , 𝜖 ,= − 𝑛 + 𝜋 , 𝜖

  =  

= + 𝜋 , ∈  

  

 =  

= 𝜋 + 𝜋 , ∈  
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            + = ,  

−+ = ,   =   . 

≤ , – ; 𝜋 ,

.

≤ , = ⟹ ቊ =≤ ≤ 𝜋 ,− = 𝜋 − , ≤ ≤ ,cos = , e , ≤ , =+ 𝜋 , 𝜖 .
- , (− 𝜋 ; 𝜋

,

.

= ⟹ ൝ =− 𝜋 < < 𝜋,− = −= = + 𝜋 , 𝜖 .


: [30]

-

(

, , );

-

;

- ,

, :
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ξ  

1 ξ
 

− ξ
 

-1 

 −ξ  
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 7 –    

      

 (  1, 2). 

 1 –     

 

 

 2 –     

 

.

. ,

cos(π − α), , π − α

cos . cos(π − α) = − cos α.

, . π

180º,
𝜋
, , 90º.

0 

 

 

 

 −ξ             -1      − ξ
                        

ξ
           1          
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 ,  –     

  𝜋: 
 sin + 𝜋 = , + 𝜋 = , ∈ , 
 

 ,  –     

  𝜋: 
 tg + 𝜋 = , + 𝜋 = , ∈ .  

 

   ,  

  : 

 

,

[34].

: –

, cos − = ;
, , : sin − =− ; − = − ; − = − .

,

- ,

( ).

( , , , )

.
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 ,      : 

                            

 

1.2      

     : 

+ =
:= ± − ,= ± − ,

: = ;= 𝑡𝑔𝛼+𝑡𝑔2𝛼;= − ;
= − .

sin ± = ± ;± = ∓ ;
+ = + − ;
− = − + ;
+ = + − ;
+ = + − ;= cos − − cos + ;= cos − + cos + ;= − + + .
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       . 

1.   (     ) 

 

2.    

 

1.1.  ;

2.2.   ;

3.3.    ;

4.4.    ;

5.5.   ;

6.6.    ;

7.7.  .

1. + 𝜋 − sin 𝜋 − + = ,

: , :+ 𝜋 − cos + 𝜋 + = ,
: cos + 𝜋 = , − + = ,

: 𝐷 = − ; 𝐷 = − − ∗ ∗ = − = ,= ; = , :cos + 𝜋 = , cos + 𝜋 = ,+ 𝜋 = 𝜋 ,      + 𝜋 = ± arccos + 𝜋 , ∈ ,= − 𝜋 + 𝜋 , ∈ , = ± 𝜋 − 𝜋 + 𝜋 , ∈ ,
: = − 𝜋 + 𝜋 ; = ± 𝜋 − 𝜋 + 𝜋 .

=∗ ∗ ⋯ ∗ 𝑛 .
: = , = ,𝑛 = . ,

:
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3.     

  +  =    

      ,          

        . 

 

,

, .

 2.   + ∗ = ,
:    , : + ∗ − − = ,∗ − = ,∗ − = ,

: 1) = ; = 𝜋 ,− = ; = ; = 𝜋 + 𝜋 , ∈ ,
: 𝜋 , 𝜋 + 𝜋 .

, [18]:

1.1. ;

2.2. ;

3.3. ;

4.4. , ,

, ;

5.5. .
3. + ∗ + = ,

: + ∗ + = + ,+ ∗ + = ,+ + + = , = ,+ + = ,
 : 𝐷 = + ; 𝐷 = − ∗ ∗ = − = = ,
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 𝑥 = ,  − + = , 𝐷 = − ∗ ∗ = − = − ⟹   

:   

 

5.    

    —   +  = . 

    ξ + ; 

 

                         ξ 2+ 2 + ξ 2+ 2 = ξ 2+ 2 ;                                  (1) 

, = − ± 𝐷 ; = − + = − ; = − − = − ,
1) = − ,= − 𝜋 + 𝜋 . ∈ ,= − ,= − + 𝜋 , ∈ ,

: − 𝜋 + 𝜋 , − + 𝜋
4.    

   := ;= − ;= − ;= − ;
 4.   − = ,

:    :𝑥 ∗ cos 𝑥 − 𝑥 + 𝑥 = 𝑥 + 𝑥
,𝑥 − sin 𝑥 ∗ 𝑥 + 𝑥 = ,− + = ,
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     ? ё    

    .  ,     

 :  

ξ 2+ 2 + ξ 2+ 2 = ;                                           (2) 

 

 o a ae ,  a e o       

o o  a 𝜑.   

ξ + = 𝜑; ξ + = 𝜑; 
 

 (1)   :  𝜑 + 𝜑 = ξ + ; 
cos − 𝜑 = ξ + ; 

 

 5.   ξ − = , 

: = ξ ; = − , э      ξ + = , ξ ∗ − ( ) ∗ = , 𝜋 ∗ − 𝜋 ∗ = , 
sin − 𝜋 = , 

 : = − 𝑘 ∗ 𝜋 + 𝜋 + 𝜋𝑘 , ∈ , 
: − 𝑘 ∗ 𝜋 + 𝜋 + 𝜋𝑘

. 

6.     

   :  

. ,

.𝜑.
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= cos − − cos + ; = cos − + cos + ; = cos − + cos + ; 
 6.  ∗ = , 

:     : 

cos4x-cos8x = cos4x, 

cos8x = 0, 

8x = 
𝜋
  +   k, 

x=
𝜋 + 𝜋𝑘

, k∈Z, 

: 
𝜋 + 𝜋𝑘

. 

7.   

 

, ( )

, 𝐹 = ,𝐹 -- . ,= = . :𝐹 = .

= . .

7: 3 sin x-4 cos x = 3,

:   : 1) ≠ + 𝜋,

+ − −+ = ,
− + = + ,
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2 -     
    

2.1       

 

𝑥 + 𝑥 − = ,

:  𝑥 = ; + − = ,= − ; = ,
1:

𝑥 = − , = − + 𝜋 ,
= , = 𝜋 + 𝜋 , ∈ ,

2: = + 𝜋; sin + 𝜋 − cos + 𝜋 = ≠ ,
: :

𝑥 = − ; = − + 𝜋 ;
𝑥 = ; = 𝜋 ,

C e cpa e

10-11 .

:

, . . . 10 .

2 : ( ) / . . , . . . –

: , 2020;

, . . . 10-11

: . : / . .

, . . , . . . – : , 2010;

, . . , . .

. 10 . / . . , . . . –

: , 2019.
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A a o o :

1. , .

2. .

3. «

», .

. ., ё . ., «

», 10-11 [26].

(3 aca ), e o

e e e e « » e 10

ac . « »

. e o

a o e o 15 .

a « »

« »,

« ».

a a « », « oo a a », «

». a e e a e », 11

, .

« »

.

cos x = a; a

sin x = a; a tg x =

a; ctg x = a.

:

1. e e o o e e o ;

2. o e a o e .

3. .
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« ». o a e e

o e e

: ,

, ,

.

.

.

: « - -

». ,

.

ё ё ,

ё , ,

.

К . ., . ., Ю. ., И . .,

Ш . И., « », 10-11 . [19]

(3 ) 14

«

» 14 .

« ».

3 .

, ,

.

« »

, ё

4 .
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,

. , sin x, cos x, tg x, ctg x

.

ё .

, ,

, ,

. ,

,

arcsin, arcos, arctg .

. « » . .

.

,

( ,

, , )

. ,

a sin x

+ b cos x = c.

.

,

,

.

« – – »

:

“

”.

,

.
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« » ,

,

,

.

.К. . .

. 10 . - .К., . .

, -2019 . [28]

( 1 3 )

, «

» 38 .

4 . 15

: 4

, , , ,

.

, ,

,

.

. cos x

= a; a sin x = a; a

tg x = a; ctg x = a.

:

1. ;

2. .

3. .

,

, .

,

.
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2.2    

 

  ,      11-  

  ,      . . .  

  -        

  . 

    : 

 

,

. .

, ,

.

, ,

« » ,

.

, ,

« »

–

( ),

.

,

.

, ,

.

1. : − + = ,

2. : + = ,

3. : + − = ,
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   :   1  100% 

,   2 – 94,4%,   3 – 77,7%,    4 – 54%    

 5 – 33,3% .  

 

 

 – 8.    

 

   ,      

   .  5   33,3% 

,  4  – 50% ,  3  – 70% 

,  2  – 90%    1   - 100% 

. 

4. : − = ,

5. − = .

0%

20%

40%

60%

80%

100%

Зада е Зада е Зада е Зада е Зада е 

Ре ул тат  в пол е  ада

В пол е е ада я
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 9 –    

 

 

2.3        
  «  »  

 

   -   ,   

       

.    . 

33%

50%

70%

90%

100%

О е к

 етодов  етода  етода  етода  етод

:

1. ( 1);

2. ( 2);

3. ( 3);

4. ( 4);

5. ( 5).

: ,

.
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1.

,

, :

, . .

.

1. : + = .
 : + = ;= − ;= .

: ,

, ,

.

2. : 𝜋 + = cos − 𝜋
.

: 𝜋 + = − ;
− + = ;

− + = ;− + = ;= ; = ;= 𝜋 , ∈ . = ;= ;
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= 𝜋 + 𝜋 , ∈
: 𝜋 + = − ;

− + = ;
− + = ;− + = ;= ; = ;= 𝜋 , ∈ . = ;

= ± ;
= ± 𝜋 + 𝜋 , ∈ .

: = 𝜋 , ∈ , = ± 𝜋 + 𝜋 , ∈ .
2. .

3. 𝜋 + = cos − 𝜋 .
, − 𝜋 ; − 𝜋

.

: 𝜋 + = − ;
− + = /∗ − ;− + = ;= = ;= 𝜋 , ∈ = ;= ± ;= ± 𝜋 + 𝜋 , ∈ .
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: ) = ± 𝜋 + 𝜋 , ∈ , ) − 𝜋
, − 𝜋, − 𝜋

: 𝜋 + = − ;− + = /∗ − ;− + = ;= ; = ;= 𝜋 , ∈ . = ;= ± ;= ± 𝜋 + 𝜋 , ∈ .

Ответ = ± 𝜋 + 𝜋 , ∈ , − 𝜋
; − 𝜋; − 𝜋

; − 𝜋
; − 𝜋 − 𝜋

.

3. , ,

( ).

4. + + + + =
( ).

4. ,

, ,

. ,

.

− 𝜋     − 𝜋
 

 

− 𝜋
 

− 𝜋 

− 𝜋
 

− 𝜋
 

− 𝜋 − 𝜋 

− 𝜋
 

− 𝜋   − 𝜋
 

− 𝜋
 − 𝜋

 

− 𝜋
 

− 𝜋
 

 



30 

 

 

 

 

5. − = .
. − = ;= ;= 𝜋 + 𝜋 , ∈ ; = 𝜋 + 𝜋 , ∈ .

: = 𝜋 + 𝜋 , ∈ .

 . − − =− − = ;− = ;= , = = 𝜋 + 𝜋 , ∈ ;− = , = ,= 𝜋 + 𝜋 , ∈ , = 𝜋 + 𝜋 , ∈ .
5. –

. ,

.

, ,

:

1. ,

.

;

2. ( . . .);

3.

. ,

, ;

4. 𝑥 = -

.
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2.4       

 

 ч я   

 :   . 

 :   .  

 :  

- :     

 :   ,   

     𝛼  ,    , 

   ,      

   . 

          - :  ,    

 

          - :      ,  

   ,    

      . 

 : -  

: :   ,   

   ; 

:       ; 

:      , 

    .  

:    

:  ,  , , . . 

    . 10 .  2 .  

(  ) / . . , . .  –   : 

, 2020 ,   

 : 

1.  .  . 

2.  . 
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3.   .  . 

4.   . 

5.  . . 

 : 

1.  .  . 

 . .     . 

2.  . 

    ?  ? (4, , 

, , ) 

  , , , ? 

3.   .  . 

    . 

 

                                   + =                                                        (*) 

 

I .   : 

     ξ : 
 

 

II :       𝛼  : 

+ = /: .+ = ,
𝜋 + 𝜋 = ,

sin + 𝜋 = ,
+ 𝜋 = − 𝑛 arcsin + 𝜋 , ∈ , . .= − 𝜋 + − 𝑛 𝜋 + 𝜋 , ∈ .

: = − 𝜋 + − 𝑛 𝜋 + 𝜋 , ∈
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                      = 𝑡𝑔𝛼2+𝑡𝑔2𝛼2 , = −𝑡𝑔2𝛼2+𝑡𝑔2𝛼2                                          (1) 

 

   𝛼 ,  cos 𝑥 ≠ , . . ≠ 𝜋 +𝜋 , ∈ .    (1)    (*) : 

 

 

III : ., 1 :sin 𝑥 cos 𝑥 + 𝑥 − 𝑥 = 𝑥 + 𝑥
,𝑥 𝑥 − 𝑥 = /: 𝑥

,

𝑥 − 𝑥 = , 𝑥 − 𝑥 = ,

 𝜋 = ,  𝑥 = 𝜋 , ∈ ,
 𝜋 = ,  𝑥 = 𝜋 + 𝜋 , ∈ .

: = 𝜋 , ∈ , = 𝜋 + 𝜋 , ∈ .
IV . .sin 𝜋 − :

+ + −+ = .
:

𝑥 + − 𝑥 = + 𝑥
− = /: ,

− = ,
= = .
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𝑥 = ,
𝑥 = 𝜋 , ∈ = 𝜋 , ∈ .𝑥 = ,
𝑥 = 𝜋 + 𝜋 , ∈ = 𝜋 + 𝜋 , ∈ .

: = 𝜋 , ∈ , = 𝜋 + 𝜋 , ∈ .+ 𝜋 − = ,+ 𝜋 − ∗ + 𝜋 + = ,𝜋 cos − 𝜋 = , cos − 𝜋 = .
− 𝜋 = − 𝜋 = ± + 𝜋 , ∈ ,= 𝜋 + 𝜋 , ∈ .

: = 𝜋 , = 𝜋 + 𝜋 , ∈ = 𝜋 + 𝜋 , ∈ .

V :  + = + 𝜋 ,n + 𝜋 = /:+ 𝜋 = ,
+ 𝜋 = − 𝑛 + 𝜋 , ∈ .

: = − 𝜋 + − 𝑛 𝜋 + 𝜋 , ∈ .𝑉𝐼 :В х я ∗ .+ = ,+ = ,= /: ,= = ,
 = ,  = 𝜋 , ∈ .
 = ,  = ± 𝜋 + 𝜋 , ∈ .
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 я ч   

 :  . 

 :   . 

 :  

- :     

 :  ,    

,      . 

          - :  ,    

. 

          - :      ,  

   ,    

      . 

 :  . 

: :   ,   

   ; 

:       ; 

    .

   = 𝜋    = 𝜋 , ∈ –  

. ± − = ,± − = − ,− = − ,− + − + = ,− = ,= = .
 = ,  = 𝜋 + 𝜋 , ∈ .

 = ,  = 𝜋 , ∈ .
  = 𝜋    = 𝜋 .

: = 𝜋 + 𝜋 , ∈ , = 𝜋 , ∈ .
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:      , 

    . 

:   . 

     :  ,  , , . . 

    . 10 .  2 .  

(  ) -  . .,  . . —   : 

, 2020 ,  

 

 : 

1.  . 

 . .     . 

2.  . 

 

3.  . 

     ,      

 25 . 

1. :

2.1. . .

3.2. .

4.3. .

5.4. .

6.5. . .

? (sin a, cos a, tg a, ctg a).

?
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1. ) + sin = . )

, − 𝜋 ; − 𝜋
.

: + = , ∗ ,+ = + ,+ − − ,− + − = , /:− + − = ,= ,− + − = ,− + = ,𝐷 = − ∗ = = ,= =
= , = ,

= 𝜋 + 𝜋 , ∈ ,          = + 𝜋 , ∈ .

: ) = 𝜋 + 𝜋 , ∈ , =, ) − 𝜋
, − 𝜋

− 𝜋
 

 

− 𝜋
 

− 𝜋
 

− 𝜋
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 3 -   

 1  2 

 

 

 

 

2. ) + + = . )

, − 𝜋; − 𝜋
.= ,+ + = ,𝐷 = + ∗ = = ,= − + = , = − − = − ,= , = − ,= 𝜋 + 𝜋 , ∈ . = − + 𝜋 , ∈ .

: = 𝜋 + 𝜋 , ∈ , = − + 𝜋 , ∈
1. ) ++ = .

) ,𝜋 ; 𝜋 .

2. ) +sin 𝜋 + + = .
) ,− 𝜋; − 𝜋

.

3.+ + = .; 𝜋 .

1. ) +cos 𝜋 − = .
) ,−𝜋; 𝜋 .

2. )sin 𝜋 + + = − .
) ,𝜋 ; 𝜋 .

3. + =𝜋 ; 𝜋 .

− 𝜋 

− 𝜋
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Ч  

 

 

,

. «

» .

.

« »,

10 12. 12

.

« »,

. . , . . . .

,

.

, .

,

,

,

.

,

,

.

,

. , ,
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1. : + = .
2. : + − = .

3. : sin = .

4.
𝜋 𝑥+ = − .

.

5. : sin = .
6.

𝜋𝑥 = .
.

7. + sin + 𝜋
=0.

8. + = .
9. : + = + .
10. : + + + = .
11. :

𝜋 + = − .

, − 𝜋 ; −𝜋 .

12. : = .
13. : + + = .
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14. : + + + + = .
15. − − =−𝜋; 𝜋 .

16. + =𝜋 ; 𝜋
.

17. : + = .
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 1 –    

1.  : + =  

 

2.  : + = +  

 = , 

:  − ,     

  = − , = − ,− + − = ,− = ,− = ,
     := , − = ,= 𝜋 + 𝜋 , ∈ , − = ,= 𝜋 + 𝜋𝑘 , ∈ . = ,= ,= ± 𝜋 + 𝜋 , ∈ ,= ± 𝜋 + 𝜋 , ∈ .

: = 𝜋 + 𝜋𝑘 , ∈ , = ± 𝜋 + 𝜋 , ∈
:       

 , :− − + = − ,+ = + ,= ,− = ,− − = ,= ,= ,
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= , = 𝜋 , ∈ . 
: = 𝜋 , ∈  

3.  : + + + =   

:  = ,  + + = , 
 sin   ,        :    + + + = , + ∗ + = , + = ,     + = , = − ,    = − , = − ,           = − , = 𝜋 + 𝜋 , ∈ .        = 𝜋 + 𝜋 , ∈ . 

                           = 𝜋 + 𝜋 , ∈ .  

: = 𝜋 + 𝜋 , ∈ ;  = 𝜋 + 𝜋 , ∈ ; = 𝜋 + 𝜋 , ∈  

4.  : + + + + =  

: : ≠ , ≠ 𝜋 , ∈   ≠ , ≠ 𝜋 + 𝜋 , ∈  + + + + = , + + + + = , 

 + = , − + + = , + − = , 𝐷 = − = − ∗ ∗ − = + = =  = − + = ,          = − − = − , 
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5.  : + − =   

 

6.  : sin =   

:   ,  ,   

 =   = 𝜋 + 𝜋 , ∈ , 

+ = , + = − ,+ − =  = 𝑡𝑔𝑥 , + + = ,+ 𝑡𝑔𝑥 − = , + 𝑡𝑔𝑥 + = ,𝑡𝑔2𝑥+ − 𝑡𝑔𝑥𝑡𝑔𝑥 = , 𝑡𝑔2𝑥++ 𝑡𝑔𝑥𝑡𝑔𝑥 = ,− + = , + + = ,
  → − + = ,   → + + =,𝐷 = − ⟹ , я 𝐷 = − = − ∗ ∗ = ,= ,= 𝜋 , ∈ .

:  

: + − = /: ,+ − = ,− + + = ,/∗ −
  t, − − = ,𝐷 = − = + ∗ = = ,= +− = − , = −− = ,= − , = ,= − + 𝜋 , ∈ , = 𝜋 + 𝜋 , ∈ .= − + 𝜋 , ∈ .

: = − + 𝜋 , ∈ , = 𝜋 + 𝜋 , ∈ .



50 

 

= , 
: =  

7.   𝜋 𝑥+ = − ξ  .     

 . 

Решение:                         𝜋 𝑥+ = 𝜋 ,              𝜋 𝑥+ = 𝜋, 𝜋 + = 𝜋,               𝜋 + = 𝜋, = + , ∈ ,              = + , ∈ , 
: 2 

8.  : sin =   

:   ,  ,   

 = , = 𝜋 + 𝜋 , ∈ , = 𝜋 + 𝜋𝑛 , ∈ , 

: = 𝜋 + 𝜋𝑛 , ∈  

9.   𝜋 + = − .    , 

  [− 𝜋 ; −𝜋].  

 

 

:    : 𝜋 + = ;  = − , + = ,+ = ,= , + = ,= 𝜋 + 𝜋 , = − ,
) = ± 𝜋 + 𝜋 , ∈ .
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)− 𝜋 ;  − 𝜋
 

 

:        

 −  

 

 

 

 
 
 

: 3 

: ) = ± 𝜋 + 𝜋 , ∈ , б)− 𝜋 ; − 𝜋
10.     − − =  

 −𝜋; 𝜋 .

− − − = ,− − − = ,− − + = /*(-1),+ − = ,= ,+ − = ,𝐷 = − = + ∗ ∗ = = ,= + = = , = − = − = − ,= > ет кор е = − ,= ± 𝜋 + 𝜋 , ∈ ,
−𝜋 𝜋 

 

𝜋  

− 𝜋 − 𝜋
 

 

− 𝜋
 

− 𝜋
 

− 𝜋
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11.     + =   

 𝜋 ;  
𝜋

.  

 

 

 

 

 

 

: = 𝜋 + 𝜋 , ∈ , 𝜋 ;  𝜋 ;  𝜋 ; 𝜋 

 

12.   𝜋𝑥 = .     

  . 

: ≠ , ∈ . 𝜋 = 𝜋, = + , ∈ . 
: = + , ∈ . 

13.   ȁ ȁ + = .  
: ȁ ȁ + = − , ȁ ȁ + = − , ȁ ȁ + − + = , 

 

: + − = ,
   : + − = ,

 = , + − = ,𝐷 = + ∗ = = ,= − + = , = − − = − ,= , = − ,= 𝜋 + 𝜋 , ∈ .     = − + 𝜋 , ∈𝜋
 

𝜋
 

𝜋
 

𝜋 

𝜋
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: − ±ξ
 

14.   + √sin + 𝜋
=0 

: + =   √sin + 𝜋 = , = − ,   = − ,      + 𝜋 = , = ± 𝜋 + 𝜋 , ∈ .      = − 𝜋 + 𝜋 , ∈ . 
: = ± 𝜋 + 𝜋 , ∈ , = − 𝜋 + 𝜋 , ∈  

15.   ȁ ȁ + =  

 

− + = ,+ − = ,= ,+ − = ,𝐷 = + ∗ ∗ = = ,
, = − ± = − ±

: + − = ,+ − − = ,+ − = ,− − = ,− + − = ,= ,− + − = ,𝐷 = − = ,= , = − ,
= , = − ,
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= 𝜋 + 𝜋 , ∈ ,   = 𝜋 + 𝜋 , ∈ , = 𝜋 + 𝜋 , ∈ ,  = 𝜋 + 𝜋 , ∈ , 
: = 𝜋 + 𝜋 , ∈ ,   = 𝜋 + 𝜋 , ∈ ,    = 𝜋 + 𝜋 , ∈ , =𝜋 + 𝜋 , ∈  

 



 


	Рисунок 6 – Тригонометрический круг тангенса
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