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Ï Å Ð Â Û É Ñ Å Ì Å Ñ Ò Ð

ÊÎÍÒÐÎËÜÍÎÅ ÄÎÌÀØÍÅÅ ÇÀÄÀÍÈÅ �1

×àñòü 1. Ýëåìåíòàðíûå ïðåîáðàçîâàíèÿ ãðàôèêîâ ôóíêöèé

Çàäàíèÿ 1 � 4. Ñ ïîìîùüþ ýëåìåíòàðíûõ ïðåîáðàçîâàíèé ïîñòðîèòü ãðà-
ôèêè ôóíêöèé.

Âàðèàíò 1. Âàðèàíò 2. Âàðèàíò 3.

1. y = 2x + 3 1. y = log2 (x+ 2) 1. y = log2 (2− x)

2. y =
1

2− x
2. y = e−x − 1 2. y = 2 cos 2x

3. y = 3 sin
(
x+

π

3

)
3. y = − sin (2x+ 1) 3. y =

x

1− x

4. y = x |x| − x+ 2 4. y =
1

|x| − 1
4. y = 2 + |x| − x2

Âàðèàíò 4. Âàðèàíò 5. Âàðèàíò 6.

1. y = 3−x + 1 1. y = tg
x

2
1. y = tg

(
x− π

4

)
2. y =

√
x− 3 2. y = log 1

3
(−x) 2. y = log 1

2
(x+ 1)

3. y = sin (2x− 4) 3. y =
2x

2x+ 1
3. y =

8− x

2x

4. y =
1

1− |x|
4. y = 2x2 − 4 |x| 4. y = x |x| − 4

Âàðèàíò 7. Âàðèàíò 8. Âàðèàíò 9.

1. y = 1− lnx 1. y = 1 + e−x 1. y = log2 4x

2. y = −2 cos
x

2
2. y = cos

(x
2
− 1
)

2. y = 2 cos
(
x− π

3

)
3. y =

∣∣x2 + 6x− 7
∣∣ 3. y =

x

x+ 3
3. y =

x− 2

x+ 2

4. y =
x

2 + x
4. y = x2 − 4 |x| − 5 4. y = x |x|+ 2x− 1

Âàðèàíò 10. Âàðèàíò 11. Âàðèàíò 12.

1. y = log2 (x− 3) 1. y = 1− cos
x

2
1. y = − 1

(x+ 2)2

2. y =
1

2
sin

x

2
2. y = −x2 + 3x+ 4 2. y = 2− 3x

3. y = 3−
√
x 3. y =

x+ 3

x+ 2
3. y = 2 sin

(
x− π

3

)
4. y =

∣∣−x2 + x+ 2
∣∣ 4. y =

∣∣∣log 1
2
x
∣∣∣ 4. y =

∣∣x2 − 5x− 6
∣∣

3



Âàðèàíò 13. Âàðèàíò 14. Âàðèàíò 15.

1. y = ln (x− 3) 1. y = 3x − 5 1. y = 3−
√
x+ 1

2. y = 1− e−x 2. y =
π

2
+ arctg(x− 1) 2. y = ln (−x)

3. y = 2 cos
(
x+

π

6

)
3. y = −x2 + 2x+ 3 3. y = 1− sin

x

2

4. y =
1

|x− 1|
4. y =

|x|
|x|+ 1

4. y =
∣∣x2 + 4x− 12

∣∣
Âàðèàíò 16. Âàðèàíò 17. Âàðèàíò 18.

1. y = log2 (x+ 4) 1. y = 2 tg
x

4
1. y = 2−x + 3

2. y = 2 sin (3x+ 3) 2. y = 1 + log2 (x+ 1) 2. y = −x2 + 6x− 5

3. y =
x

x− 4
3. y =

3x− 1

x+ 3
3. y = −3 sin (x+ 1)

4. y = 2− x |x| 4. y = x2 + 2 |x| − 3 4. y = 2
√
|x|

Âàðèàíò 19. Âàðèàíò 20. Âàðèàíò 21.

1. y = arcsin (−x) 1. y = log2 8x 1. y =
1

(x− 2)2
+ 1

2. y = 1−
√
x− 2 2. y = (2− x)3 2. y = − log3 (x− 1)

3. y = 1 + 3 cos 2x 3. y = 2 cos
x

2
− 2 3. y = 1− sin |x|

4. y =
|x|

x+ 1
4. y = 6 |x| − x2 − 5 4. y =

∣∣x− x2
∣∣

Âàðèàíò 22. Âàðèàíò 23. Âàðèàíò 24.

1. y =
√
x+ 2 1. y = ctg

x

2
1. y = 1− 3 sin (x− 1)

2. y = 3− log2 x 2. y =
x− 1

x+ 2
2. y = x2 − 8x+ 7

3. y = −3 cos (2x− 2) 3. y = x2 − 2 |x| − 3 3. y =
2x

x− 3

4. y =
∣∣4− x2

∣∣ 4. y = |log2 (x+ 1)| 4. y = |2x − 1|

Âàðèàíò 25.

1. y = arctg (−x) 2. y = 6x− x2 3. y =
4− x

x
4. y = |log2 |x||

4



×àñòü 2. Ïðåäåëû

Çàäàíèÿ 5 � 10. Âû÷èñëèòü ïðåäåëû.

Çàäàíèå 11. Íàéòè òî÷êó ðàçðûâà ôóíêöèè. Îïðåäåëèòü õàðàêòåð ðàçðûâà.

Âàðèàíò 1.

5. lim
x→1

2x2 − x− 1

x3 + 2x2 − x− 2
8. lim

x→0

sin2 x− tg2 x

x4
11. y =

2x

2− x

6. lim
x→∞

x4 − x+ 1

x3 + 2x2 + 4
9. lim

x→∞

(
x+ 4

x− 2

)−7x

7. lim
x→8

√
9 + 2x− 5√
2x− 4

10. lim
x→0

3x

ln (1 + 5x)

Âàðèàíò 2.

5. lim
x→− 1

5

15x2 − x− 1

5x2 − 4x− 1
8. lim

x→0

sin 7x

x2 + πx
11. y =

x+ 2

x+ 5

6. lim
x→∞

3x4 − 2√
x8 + 3x+ 4

9. lim
x→∞

(
10x− 3

10x− 1

)5x

7. lim
x→0

√
4 + x− 2

3 arctg x
10. lim

x→0

ln (1 + x)− ln (1− x)

2x

Âàðèàíò 3.

5. lim
x→2

x3 − 3x2 + 4

x4 − 3x2 − 4
8. lim

x→0

1− cosx

cos 3x− cosx
11. y =

5x

x− 3

6. lim
x→∞

√
x3 − 2

4x3 − x
9. lim

x→∞

(
5− x

7− x

)x
2+2

7. lim
x→1

√
x+ 8−

√
8x+ 1√

5− x−
√
7x− 3

10. lim
x→0

x sin 3x

ln(1 + x2)

Âàðèàíò 4.

5. lim
x→5

5x2 − 24x− 5

x3 − 3x2 − 10x
8. lim

x→0

cos 2x− cosx

1− cosx
11. y =

x2 − x− 2

x+ 1

6. lim
x→∞

3x2 − x3 − 2

4x2 − 7
9. lim

x→∞

(
x3 + 4

x3 + 9

) 1
x+2

7. lim
x→1

√
x− 1√

1 + x−
√
2x

10. lim
x→0

e3x − ex

sin 2x

5



Âàðèàíò 5.

5. lim
x→1

x3 − x2 − x+ 1

x3 − 3x+ 2
8. lim

x→0

1

ctg x
2 sin 10x

11. y =
1

x3 + x

6. lim
x→∞

(
3x2 + x− 2

4x2 + 2x+ 7

)3

9. lim
x→∞

(
6x− 7

6x+ 4

)3x+2

7. lim
x→−1

x+ 1√
6x2 + 3 + 3x

10. lim
x→0

e2x − ex

sin 2x− sinx

Âàðèàíò 6.

5. lim
x→−3

x2 + 2x− 3

x3 + 4x2 + 3x
8. lim

x→π
2

tg 3x

tg x
11. y =

cosx

x

6. lim
x→−∞

3x − 2x

3x−1 + 2x
9. lim

x→1
(2x− 1)

3x
x2+2x−3

7. lim
x→−1

x+ 1√
6x2 + 3 + 3x

10. lim
x→+∞

(x+ 2) (ln (2x+ 3)− ln (2x− 1))

Âàðèàíò 7.

5. lim
x→−1

x2 + 3x+ 2

x3 + 2x2 − x− 2
8. lim

x→0

1− cos 6x

cos 3x− cosx
11. y =

x2 + 4x+ 3

x− 1

6. lim
x→∞

3− x3 + x2

x3 − 2x2 − 2
9. lim

x→∞

(
2x− 5

1 + 2x

)2x−1

7. lim
x→0

√
9 + 5x+ 4x2 − 3

x2 − 3x
10. lim

x→+∞
(3x+ 1) (ln (x+ 1)− ln (x− 3))

Âàðèàíò 8.

5. lim
x→1

x2 − 1

2x2 − x− 1
8. lim

x→0

cos 6x− 1

tg 5x sinx
11. y =

2x2 + 5x+ 2

x+ 2

6. lim
x→+∞

2x + 7x

2x − 7x−1
9. lim

x→∞

(
x+ 5

x− 3

)4x+1

7. lim
x→5

√
1 + 3x−

√
2x+ 6√

5x− 5
10. lim

x→0

tg2 5x

ln (1− x2)

Âàðèàíò 9.

5. lim
x→1

x4 − 1

2x4 − x2 − 1
8. lim

x→0

2x sin
x

3
cosx− 1

11. y = 21/x

6. lim
x→∞

2x3 + 13x2 − 3

10x3 + 2x2 + 15x
9. lim

x→∞

(
x− 3

x

)2x

7. lim
x→4

√
1 + 2x− 3√

x− 2
10. lim

x→e

lnx− 1

x− e

6



Âàðèàíò 10.

5. lim
x→−2

x2 + 3x+ 2

x3 + 2x2 − x− 2
8. lim

x→0
x tg 5x ctg2 2x 11. y =

x2 − 3x+ 2√
x+ 2−

√
2x

6. lim
x→∞

x2 − 3x+ 2

x2 + 5x+ 1
9. lim

x→∞

(
x+ 2

x+ 1

)3x+1

7. lim
x→3

√
x+ 13− 2

√
x+ 1

2x2 − 5x− 3
10. lim

x→+∞
3x (ln (x+ 4)− lnx)

Âàðèàíò 11.

5. lim
x→−1

(
x2 + 3x+ 2

)2
x3 + 2x2 − x− 2

8. lim
x→0

x sin 3x

1− cosx
11. y =

x3 + x

2|x|

6. lim
x→−∞

2x − 3x+1

2x+1 + 3x+2
9. lim

x→∞

(
x

3 + x

)2x−1

7. lim
x→3

9− x2√
3x− 3

10. lim
x→0

ln (1 + 5x)

e2x − 1

Âàðèàíò 12.

5. lim
x→−1

x3 − 3x− 2

(x2 − x− 2)2
8. lim

x→0

e2x − e3x

x
11. y =

2x

x+ 3

6. lim
x→∞

(5 + x)x

x− x2 + 3
9. lim

x→∞

(
3x− 2

3x+ 1

)5−2x

7. lim
x→0

x√
1 + x− 1

10. lim
x→0

√
1− tg x−

√
1 + tg x

sin 2x

Âàðèàíò 13.

5. lim
x→1

x4 − 1

2x4 − x2 − 1
8. lim

x→0

1− cosx

x
(√

1 + x− 1
) 11. y =

cosx

x− π

2

6. lim
x→∞

(3 + x)x

2
√
9x4 + 1

9. lim
x→∞

(
2x− 1

2x+ 1

)x+1

7. lim
x→7

2−
√
x− 3

x2 − 49
10. lim

x→0

e3x − 1

sin 2x

Âàðèàíò 14.

5. lim
x→−1

x3 − 3x− 2

x+ x2
8. lim

x→0

√
x+ 4− 2

sin 5x
11. y =

1

2 + 3
1
x

6. lim
x→∞

1− 3x2 + x

2x2 − x+ 12
9. lim

x→∞

(
1 +

4

x

)x+3

7. lim
x→+∞

(√
x2 + 3x− x

)
10. lim

x→0

e−x − 1

x

7



Âàðèàíò 15.

5. lim
x→−1

x3 − 3x− 2

2 + x− x2
8. lim

x→0

sin 3x− sinx

1− ex
11. y =

x3 − x2

2|x− 1|

6. lim
x→∞

2x+1 + 3x+1

2x + 3x
9. lim

x→∞

(
2x+ 3

2x+ 5

)8x+1

7. lim
x→8

√
9 + 2x− 5
√
x−

√
8

10. lim
x→0

1 + x sinx− cos 2x

sin2 x

Âàðèàíò 16.

5. lim
x→0

(1 + x)3 − (1 + 3x)

x+ x5
8. lim

x→−1

x3 + 1

sin (x+ 1)
11. y = 2− |x|

x

6. lim
x→∞

5x2 − 3x+ 2

2x2 + 4x+ 1
9. lim

x→∞

(
x2 + 1

x2

)5x

7. lim
x→0

sin 3x√
x+ 2−

√
2

10. lim
x→3

(
1

x− 3
− 6

x2 − 9

)

Âàðèàíò 17.

5. lim
x→−3

(
x2 + 2x− 3

)2
x3 + 4x2 + 3x

8. lim
x→0

tg2 2x ctg2 6x 11. y = arctg
2

x− 2

6. lim
x→∞

(1 + x)3 + (x− 1)x3

x3 − 3x
9. lim

x→∞

(
x

x− 3

)x
3

7. lim
x→1

sin (1− x)√
x− 1

10. lim
x→0

ln (x+ 2)− ln 2

x

Âàðèàíò 18.

5. lim
x→1

(
2x2 − x− 1

)2
x3 + 2x2 − x− 2

8. lim
x→0

1− cos 2x

cos 7x− cos 3x
11. y =

x2 − 1

|x− 1|

6. lim
x→∞

x3 + x2 + 3

x− x2 + 5x3
9. lim

x→∞

(
2x+ 3

2x+ 1

)3−x

7. lim
x→3

√
x+ 13− 2

√
x+ 1

x2 − 9
10. lim

x→+∞

2x + 3

2x − 3

Âàðèàíò 19.

5. lim
x→1

x3 − 1

2x4 − x2 − 1
8. lim

x→0

√
cosx− 1

sin2 2x
11. y = 5−1/x2

6. lim
x→∞

(1 + 2x)3 − 8x3

(1 + 2x)2 + 4x2
9. lim

x→1
(3− 2x)

x
1−x

7. lim
x→0

√
3 + x−

√
3

sin x
2

10. lim
x→+∞

(3x− 1) (ln (x+ 2)− lnx)

8



Âàðèàíò 20.

5. lim
x→1

x2 + 2x− 3

x3 − 4x2 + 3x
8. lim

x→0

1

2 sin x
5 ctg x

3

11. y = e
x

x+1

6. lim
x→∞

x2 + 5x

1− x− x2
9. lim

x→∞

(
2 + x

3 + x

)1−5x

7. lim
x→0

sin 3x√
x+ 1− 1

10. lim
x→0

1− 5x

1− ex

Âàðèàíò 21.

5. lim
x→1

x3 + x− 2

x3 − x2 − x+ 1
8. lim

x→0

x tg 3x

1− cosx
11. y = arctg

1

x− 2

6. lim
x→∞

x2 + x

x4 − 3x2 + 1
9. lim

x→∞

(
3x− 4

3x+ 2

)6x

7. lim
x→5

√
x− 1− 2

x2 − 4x− 5
10. lim

x→0

5x − 1

x

Âàðèàíò 22.

5. lim
x→ 1

3

15x2 − 2x− 1

3x− 1
8. lim

x→0

cosx− cos3 x

4x sin 5x
11. y =

1− cos 4x

x2

6. lim
x→∞

3
√
x2 + 2x3

x+ 1
9. lim

x→∞

(
2 + x

x

)−3x

7. lim
x→−1

x+ 1

1−
√
1 + x+ x2

10. lim
x→0

sin2 3x

ln2 (1− 2x)

Âàðèàíò 23.

5. lim
x→

√
3

x2 − 3

x4 − x2 − 6
8. lim

x→0

1− cos 5x

7x sin 3x
11. y =

1

lnx

6. lim
x→∞

x3 + 3x+ 1

2x4 − x2 + 5
9. lim

x→∞

(
x− 2

x+ 1

)4x

7. lim
x→4

2−
√
x

3−
√
2x+ 1

10. lim
x→0

sin 3x− sinx

ln (x+ 1)

Âàðèàíò 24.

5. lim
x→5

5x2 − 24x− 5

x2 − 25
8. lim

x→0

sin 4x+ sin 2x

6x
11. y =

√
7 + x− 3

x− 2

6. lim
x→∞

(x+ 1)3 − (x− 1)3

(x+ 1)2 + (x− 1)2
9. lim

x→3
(3x− 8)

2
x−3

7. lim
x→2

x2 − 5x+ 6√
2 + x−

√
2x

10. lim
x→+∞

(x− 4) (ln (3x− 2)− ln (3x+ 5))

9



Âàðèàíò 25.

5. lim
x→− 1

5

15x2 − 2x− 1

5x+ 1
8. lim

x→0

x tg x

sin 5x sin 7x
11. y =

1 + x3

1 + x

6. lim
x→∞

3
√
x3 + 2x− 1

x+ 2
9. lim

x→2
(3x− 5)

2x
x2−4

7. lim
x→0

√
1 + x sinx− 1

x2
10. lim

x→+∞
(x− 5) (ln (x− 3)− lnx)

ÊÎÍÒÐÎËÜÍÎÅ ÄÎÌÀØÍÅÅ ÇÀÄÀÍÈÅ �2

×àñòü 1. Ïðîèçâîäíûå

Çàäàíèÿ 1 � 8. Íàéòè ïðîèçâîäíûå ôóíêöèé.

Çàäàíèå 9. Íàéòè äèôôåðåíöèàë ôóíêöèè.

Çàäàíèå 10. Íàéòè âòîðóþ ïðîèçâîäíóþ ôóíêöèè.

Çàäàíèå 11. Íàéòè ÷àñòíûå ïðîèçâîäíûå
∂z

∂x
è
∂z

∂y
ôóíêöèè.

Âàðèàíò 1.

1. y = ex arccosx 5. y = 2
√
4x+ 3− 3√

x2 + 1
8. y = (sin x)5e

x

2. y =
1− cosx

2x + 3
6. y =

sin 3x

cos2 x
9. y = arccos

√
1− x

3. y = arctg (ln x) 7. y =
2

3

√
(arctg ex)3 10. y = tg2 x

4. y =
√
x ln

(√
x+

√
x+ 3

)
−

√
x+ 3 11. z =

y

x2 − y2

Âàðèàíò 2.

1. y = log3 x arcsinx 5. y = 2
√
x− 4 ln (2 +

√
x) 8. y = (ctg x)2e

x

2. y =
sinx

1 + cos x
6. y = (ecosx + 3)4 9. y = 2cosx

3. y =
√
x3 lnx+

1

x
7. y = 5x+arctg x 10. y = x2ex

4. y =
√
9x2 − 12x+ 5 arctg (3x− 2) 11. z = x arcsin (xy)

10



Âàðèàíò 3.

1. y =
√
x5
(
1− x

2

)
5. y =

1√
2
arctg

4x+ 1√
2

8. y = (ctg x)3
x

2. y =
x3 − 3

arctg x
6. y =

√
1 + x2

1− x
9. y = ln2 x3

3. y = cos3 x 2arcsinx 7. y =
1

tg5 5x
10. y = ln

(
x2 − 1

)
4. y = 2x− ln

(
1 +

√
1− e4x

)
11. z = x2 sin

x

y

Âàðèàíò 4.

1. y =
2

3x2
− x 3

√
x

2
5. y = 3 sin x cos2 x+ sin3 x 8. y =

(
x8 + 2

) 1
x

2. y =
1 + cos x

arccosx
6. y = arcctg

1

x
9. y = 5tg x

3. y = ln3
(
1 + e3x

)
7. y = ln

(
ex +

√
1 + e2x

)
10. y = cos3 x

4. y = x arcsin2 x+ 2
√
1− x2 arcsinx 11. z =

x

x2 + 3y2

Âàðèàíò 5.

1. y = x10 log5 x 5. y =
x4

81
arcsin

3

x
8. y = (arcsin x)e

x

2. y =
2x

cosx+ 5
6. y = e−3x arcsin 2x 9. y = arccos 2x

3. y =
sin4 x

ctg x
7. y = ln

(
x+

√
x2 + 1

)
10. y =

lnx

x

4. y = 2
√
ex + 1 + ln

√
ex + 1− 1√
ex + 1 + 1

11. z = y2 ex
2+y2

Âàðèàíò 6.

1. y =
2x

1 + 2x
5. y = ln arcsin

√
1− e2x 8. y = (x)e

cos x

2. y = 3arcsin
2 x 6. y =

(
1 +

4
√
x3
)
arcsinx 9. y = x3ex

3. y = lg ln ctg x 7. y =
cosx

sin2 x
+ ln (sin x) 10. y = x arctg x

4. y =
x4

81
arcsin

3

x
+
√
x2 − 9 11. z = 3

√
4xy + y2

11



Âàðèàíò 7.

1. y =
7
√
x3 sinx 5. y =

√
1− x2

x
+ arcsinx 8. y = (sin 2x)

ln cos x
4

2. y =
4 + x3

x− ctg x
6. y = e2x ln (1 + x2) 9. y = cos2

1

x2

3. y = tg2 x+
1

cosx
7. y =

√
2x− x2 +

1

3x3
10. y = ln (12 + x)

4. y =
1

2
ln
(
e2x + 1

)
− 2 arctg ex 11. z = exy

(
2x+ y2

)
Âàðèàíò 8.

1. y = log5 x arccosx 5. y = arctg
1

1−
√
x

8. y = (cos x)
2 ln cos x

5

2. y =
ex

1− x2
6. y =

(
x5 + 3x+

1

x

)10

9. y =
1

3x

3. y = 3 sin 2x cos2 x 7. y =
√
ln (x2 + 1) 10. y = cos2 3x

4. y = − 1

3 sin2 x
+

1

2
ln

1 + sinx

1− sinx
11. z =

(
x2 − y2

)
cosxy

Âàðèàíò 9.

1. y = 5
√
x 3x 5. y =

2

3

√
x− 1

x+ 1
8. y = (tg x)4e

x

2. y =
x2 + 5x− 6

lnx
6. y =

1

2 sin2 x
+ ln (tg x) 9. y = e−

1
x2

3. y = e
1

cos x 7. y = arctg
2 tg x

1− tg x
10. y = 5

√
x

4. y = ln
(
e5x +

√
e10x − 1

)
11. z = y ln

(
x2 − y2

)
Âàðèàíò 10.

1. y = 2x 5x 5. y =
2 cos x

sin4 x
+

3 cos x

sin2 x
8. y = (cos 5x)e

x

2. y =
1 + cosx

1− cosx
6. y =

(
x3 + 3x4

)
log3 x 9. y = arcctg x2

3. y = ctg3 x− 1

sinx
7. y =

ln (x2 + 2x)

3x
10. y = xex

4. y =
x3

3
arccosx− 2 + x2

9

√
1− x2 11. z = arctg

y

x

12



Âàðèàíò 11.

1. y =
1

6 (1− x2)
5. y = ln

√
2 + tg x√
2− tg x

8. y = (tg x)4e
x

2. y = 3 3
√
x arccosx 6. y =

1

ln2 x
9. y =

1

3x+ 1

3. y = sin6 x+ cos6 x 7. y =
4

3
4

√
x− 1

x+ 2
10. y = 2 sinx

4. y = (2x+ 3)4 arcsin
1

2x+ 3
11. z = arcsin

x2

y

Âàðèàíò 12.

1. y =
4

x3
+ 5

5
√
x4 + 2 5. y = arctg

1

x
+

√
x2 − 1

x
8. y = (x− 5)ctg 2x

2. y =
arctg x

1 + x2
6. y = esinx cos 2x 9. y = log 1

3
(1− x)

3. y = e
√
1+lnx 7. y = x+ ln

√
1 + x

1− x
10. y = arcsin x

4. y =
√
1− x2 + arcsinx 11. z = x ln

(
3x2 + 2y3

)
Âàðèàíò 13.

1. y =
1 + x2

2
arctg x 5. y = cos2 x− 2 ln cos x 8. y =

(
x3 + 4

)tg x
2. y =

1 +
√
x

1−
√
x

6. y = ln sin
2x+ 4

x+ 1
9. y = log2 (2x− 1)

3. y =
2

3

√
(1 + ln x)3 7. y =

4 + x4

x3
arcctg

x

2
10. y = 2x

2

4. y = e2x (2 sin 2x− cos 2x) 11. z = arccos
x
√
y

Âàðèàíò 14.

1. y = x2
√
x+

1

4x2
−6x 5. y = ln tg

x

2
− x

sinx
8. y = xsin

3 x

2. y =
lnx

sinx
+ x 2x 6. y = 2sinx 9. y = 5

√
1− x3

3. y =
1

3
arctg

x

3
+ esinx 7. y = log16 log5 ctg x 10. y =

(
1 + x2

)
arctg x

4. y = (1 + ln sin 2x)2 11. z =
4x

x3 − y3

13



Âàðèàíò 15.

1. y = 3 3
√
x− 2

√
x3 + 4 5. y = 5e−x2

+
1

arctg x
8. y =

(
x2 − 1

)lnx
2. y =

x

4
(tg x− ctg x) 6. y =

5

√
x2 − 1

x2 + 2
9. y = 3

√
1− x3

3. y =
2

3

√
(1 + ln x)3 7. y = log4 log2 tg x 10. y = ctg 3x

4. y =
arcsinx√
1− x2

+
1

2
ln

1− x

1 + x
11. z = 12 cos2

(x
3
− y

4

)
Âàðèàíò 16.

1. y =

√
x

1 +
√
x

5. y = arccos
1

x2
8. y =

(
x4 + 5

)ctg x
2. y =

(
x2 +

1

x

)
log3 x 6. y = e3x cos 2x 9. y =

x2

1− x

3. y = 2x
2 − e−x2

7. y =
√
ctg x+

1

3

√
tg3 x 10. y = arcctg (−x)

4. y =
x

2
(cos ln x+ sin ln x) 11. z = (2x+ y) e−xy

Âàðèàíò 17.

1. y =
3ex√
x

5. y =
3

2
sin2 x+ ln (tg x) 8. y = (sin x)5

x

2. y =
1

2
tg x arctg x 6. y =

√
3 arctg

x√
3

9. y =
√
tg x

3. y = ln cos
2x+ 3

2x+ 1
7. y = 3ctg

2 x 10. y = (5− 2x)6

4. y = arcsin e−2x + ln
√
e4x − 1 11. z =

√
x sin

y

x

Âàðèàíò 18.

1. y =
2

x2 − 4x+ 5
5. y = x arccosx−

√
1− x2 8. y = xe

ctg x

2. y = x
√
x arcctg x 6. y =

3√
sin2 x+

1

cosx
9. y = sin3 2x

3. y = etg 2x ln
(
1− x3

)
7. y = ln arctg

√
e4x − 1 10. y = tg 5x

4. y = 3arcsin
3

x+ 2
+
√
x2 + 4x− 5 11. z = arctg

x2

y

14



Âàðèàíò 19.

1. y =
lnx

2x+ 1
5. y =

(
1− 2x2

)
arcctg x 8. y = (

√
x)

2x

2. y = 3
√
tg 3x 6. y = x

√
2x+ 1

2x− 1
9. y = sin

√
x

3. y = ln2 x− ln ln x 7. y = log3
1

1− x4
10. y = ex cosx

4. y = arcsin ex −
√
1− e2x 11. z =

√
xy + 2y2

Âàðèàíò 20.

1. y =
2x+ 1

4− x2
5. y = 3 sin x cos2 x+ sin3 x 8. y = (cos 2x)cos 2x

2. y = 3
√
arctg2 x 6. y = ln 5

√
e5x − e−5x 9. y = log3

(
x2 − 1

)
3. y = 5x (tg x+ ctg x) 7. y = e5x − 1

2
tg 4x+

1

4
x4 10. y =

(
7x− 3x2

)5
4. y =

1√
2
ln
(√

2 tg x+
√
1 + 2 tg2 x

)
11. z = ln tg

(x
3
− y

6

)
Âàðèàíò 21.

1. y =
2

x3
+

6√
x
+

3x4

4
5. y = x arctg x+ ln

√
1 + x2 8. y = (sin

√
x)

ex

2. y =
cosx

1 + sin x
6. y = arctg

2x

1− x2
9. y = 3earctg x

3. y = cos3 x 2tg x 7. y = 2ctg
1
x 10. y = x lnx

4. y =
√
1 + x2 arctg x− ln

(
x+

√
1 + x2

)
11. z = 2arcsin

(
x
√
y
)

Âàðèàíò 22.

1. y =
1− 10x

1 + 10x
5. y =

√
lnx+ 1 + ln (

√
x+ 1) 8. y =

(
x2 + 1

)cosx
2. y = 2x arcsinx 6. y = 2e2x sinx cosx 9. y = cos

(
2− 1

x

)
3. y = lg ln ctg x 7. y =

arctg
√
x−

√
x

x
10. y =

1

2
log2

(
3 + x2

)
4. y = arctg

√
x2 − 1− lnx√

x2 − 1
11. z = sin2 (4x+ y)

15



Âàðèàíò 23.

1. y = 3x tg x 5. y = (2x− 1)4 arcsin
1

2x− 1
8. y = xarcsinx

2. y =
2− x

x2 +
√
x

6. y = earctg
√
x 9. y = x2 3

√
lnx

3. y =
(
3 + 2x2

)5
7. y = 3

√
ctg

1

x
10. y = cos2 2x

4. y = arctg
√
x2 − 1− lnx√

x2 − 1
11. z = x2 ex

2−y2

Âàðèàíò 24.

1. y =
3
√
x2 cosx 5. y = arcsin (1− x) +

√
2x− x2 8. y = (3 sin x)cosx

2. y =
x+ ex

x− ex
6. y = 3arctg

x

3
+ earcsinx 9. y = 7 sin2 x

3. y = 3sin
1
x 7. y =

√
1− x2

x
10. y =

√
1− x2

4. y = ln
(
3x− 2 +

√
9x2 − 12x+ 5

)
11. z = y e

y
x

Âàðèàíò 25.

1. y =
1 + ex

1− ex
5. y = − 1

2 sin2 x
+ ln (arcsinx) 8. y = (arctg 2x)x

2. y = arctg x log3 x 6. y =

√
1− x2

x
+ arcsin x 9. y = (2x+ 1)15

3. y =

√
2x+ 1

x
7. y =

1

(2x− 5)5
+

2√
x

10. y = e−x2

4. y = arctg (ln x) + ln (arctg x) 11. z =

(
xy +

x

y

)2

×àñòü 2. Ïðèìåíåíèå ïðîèçâîäíûõ

Çàäàíèÿ 12 � 13. Ïðîâåñòè ïîëíûå èññëåäîâàíèÿ ôóíêöèé è ïîñòðîèòü

ãðàôèêè.

Âàðèàíò 1. 12. y =
x2

4

(
x2 − 8

)
13. y =

x3 + 4

x2

Âàðèàíò 2. 12. y = 3x4 − 4x3 13. y =
x2 − x+ 1

x− 1

16



Âàðèàíò 3. 12. y = −
(
x2 − 4

)2
16

13. y =
2

x2 + 2x

Âàðèàíò 4. 12. y =
x3

27
(x− 4) 13. y =

4x2

x2 + 3

Âàðèàíò 5. 12. y =
x2

64

(
32− x2

)
13. y =

12x

x2 + 9

Âàðèàíò 6. 12. y =
x3

16
(8− 3x) 13. y =

x2 − 3x+ 3

x− 1

Âàðèàíò 7. 12. y =
1

9

(
x2 − 3

)2
13. y =

4− x3

x2

Âàðèàíò 8. 12. y =
x2

27

(
x2 − 18

)
13. y =

x2 − 4x+ 1

x− 4

Âàðèàíò 9. 12. y = 3x5 − 5x3 13. y =
2x3 + 1

x2

Âàðèàíò 10. 12. y =
x4

64
(x− 5) 13. y =

(x− 1)2

x2

Âàðèàíò 11. 12. y = x4 − 8x3 + 16x2 13. y =
x2

(x− 1)2

Âàðèàíò 12. 12. y =
3

2

(
x4 − 2x2

)
13. y =

(
1 +

1

x

)2

Âàðèàíò 13. 12. y = x2 (x− 2)2 13. y =
3− x2

x+ 2

Âàðèàíò 14. 12. y =
x3

9
(x+ 4) 13. y =

x2 + 6x+ 3

x+ 4

Âàðèàíò 15. 12. y =
x3

72
(x− 8) 13. y =

−8x

x2 + 4

Âàðèàíò 16. 12. y = (x+ 1)2 (x− 1)2 13. y =
1

x2 − 1

Âàðèàíò 17. 12. y =
1

8
x2 (x− 4)2 13. y =

3x4 + 1

x3

Âàðèàíò 18. 12. y =
32

27
x2 (2− x) 13. y =

3x− 2

x3

Âàðèàíò 19. 12. y = 3x4 + 4x3 13. y =
x3 − 32

x2

Âàðèàíò 20. 12. y =
x3
(
x2 − 15

)
81

13. y =
1− 2x2

x2

17



Âàðèàíò 21. 12. y =
x3

9
(4− x) 13. y =

4

x2 + 2x− 3

Âàðèàíò 22. 12. y =
x3

27

(
15− x2

)
13. y = −

(
x

x+ 2

)2

Âàðèàíò 23. 12. y =
16

27
(x+ 1) (1− x)3 13. y =

4x

(x+ 1)2

Âàðèàíò 24. 12. y =
3

8
x3 + x2 13. y =

x2 − 1

x2 + 1

Âàðèàíò 25. 12. y =
x4 − 8x2 − 9

5
13. y =

x3

x2 − 1

18



Â Ò Î Ð Î É Ñ Å Ì Å Ñ Ò Ð

ÊÎÍÒÐÎËÜÍÎÅ ÄÎÌÀØÍÅÅ ÇÀÄÀÍÈÅ �1

×àñòü 1. Íåîïðåäåë¼ííûå èíòåãðàëû

Çàäàíèÿ 1 � 8. Âû÷èñëèòü èíòåãðàëû.

Âàðèàíò 1.

1.

∫
(x− 1)2√

x
dx 4.

∫ (
2 sin 6x+ cos

x

4

)
dx 7.

∫
x cos2 x dx

2.

∫
dx√
9x+ 5

5.

∫
earcsinx + x√

1− x2
dx 8.

∫
x4 + 1

x3 − x
dx

3.

∫
(4− 3x) e−3x dx 6.

∫ (
2 + x

4 + x2
− 3√

2− x2

)
dx

Âàðèàíò 2.

1.

∫ (
x2

3
− 3

x
√
x

)
dx 4.

∫
(4x− 1) e4x dx 7.

∫
(x+ 1) ln x dx

2.

∫
e2x dx

e2x + 1
5.

∫ (
6e−3x + 3 cos 2x

)
dx 8.

∫
3x5 + 1

x4 − 1
dx

3.

∫
dx

(1 + 2x)3
6.

∫ √
7− x2 + x

√
7 + x2√

49− x4
dx

Âàðèàíò 3.

1.

∫
cosx dx

3 + sin2 x
4.

∫
x3 − 17

x3 − 4x2 + 3x
dx 7.

∫
ln
(
1 + x2

)
x2

dx

2.

∫ (
6e2x + sin

x

2

)
dx 5.

∫ (
4

5x
− 2

x3
+ 4 3

√
x

)
dx 8.

∫
(2 + 3x) e2x dx

3.

∫
22x+1 dx 6.

∫ (
3x+ 2

x2 − 9
+

3

2
√
9− x2

)
dx

Âàðèàíò 4.

1.

∫
dx

(3 + 4x)2
4.

∫
(4x− 2) cos 2x dx 7.

∫
x ctg2 x dx

2.

∫ (
cos 4x+

1

ex

)
dx 5.

∫ (
3
√
x+

1

x2
− 1

3x

)
dx 8.

∫
8x5 dx

x4 − 16

3.

∫
3

1
x

x2
dx 6.

∫ (
3x+ 1√
1− x2

+
4

x2 + 4

)
dx

19



Âàðèàíò 5.

1.

∫ (
3
3
√
x
+ x

√
x

)
dx 4.

∫ √
x2 + 25 + 8x+ 2

x2 + 25
dx 7.

∫
x tg2 x dx

2.

∫
21−5x dx 5.

∫ (
2 sin 6x+ 4e

x
2

)
dx 8.

∫
2x3 − 1

x3 + x
dx

3.

∫
ex dx√
16− e2x

6.

∫
(4− 16x) sin 4x dx

Âàðèàíò 6.

1.

∫
2x
(
5− 2−x

√
x

)
dx 4.

∫ √
25− x2 − 3x− 1

25− x2
dx 7.

∫
ln
(
x2 + 6

)
dx

2.

∫
x e−5x2

dx 5.

∫ (
2 cos 3x+ e−5x

)
dx 8.

∫
x4 + 1

x3 − x2
dx

3.

∫
sin (4x− 1) dx 6.

∫
(5x− 2) cos 10x dx

Âàðèàíò 7.

1.

∫
54−3x dx 4.

∫ (
4
√
x− 5

2
√
x
+ 1

)
dx 7.

∫
(1− 6x) e2x dx

2.

∫
sinx dx√
2 + cosx

5.

∫ (
4 sin 4x− 3e

x
3

)
dx 8.

∫
x3 + 2x2 + 3

(x− 1)(x− 3)
dx

3.

∫ √
x lnx dx 6.

∫ (
5x+ 2√
x2 + 3

− 1√
3− x2

)
dx

Âàðèàíò 8.

1.

∫
(
√
x− 2)

2

x
dx 4.

∫
1 + 7x+

√
x2 − 4

x2 − 4
dx 7.

∫ (
cos

x

2
+

5

e2x

)
dx

2.

∫
sin (8x+ 3) dx 5.

∫
arcsin5 x+ x√

1− x2
dx 8.

∫
5x4 dx

(x+ 1) (x2 + 4)

3.

∫
lnx√
x
dx 6.

∫
(3x+ 2) cos 3x dx

Âàðèàíò 9.

1.

∫
7x+ x2 −

√
x

x2
dx 4.

∫ (
10 sin

x

2
+

3

ex

)
dx 7.

∫
x arctg 2x dx

2.

∫
(4 + 5x)9 dx 5.

∫
(x− 5) sin 5x dx 8.

∫
6x3 dx

(x2 − 1) (x+ 2)

3.

∫
x+ arctg3 x

1 + x2
dx 6.

∫ √
1− x2 + x

√
1 + x2√

1− x4
dx
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Âàðèàíò 10.

1.

∫
ex
(
e−x

√
x3

− 8

)
dx 4.

∫ (
2 cos 6x− 2e

x
4

)
dx 7.

∫
arctg

√
x− 1 dx

2.

∫
3√

5− 3x
dx 5.
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Çàäàíèÿ 9, 10. Âû÷èñëèòü îïðåäåë¼ííûå èíòåãðàëû.

Çàäàíèÿ 11, 12. Âû÷èñëèòü íåñîáñòâåííûå èíòåãðàëû.

Çàäàíèå 13. Íàéòè ïëîùàäü îáëàñòè, îãðàíè÷åííîé äàííûìè êðèâûìè.

Çàäàíèå 14. Âû÷èñëèòü äëèíó äóãè êðèâîé.

Çàäàíèå 15. Ôèãóðà, îãðàíè÷åííàÿ äàííûìè êðèâûìè, âðàùàåòñÿ âîêðóã
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ÊÎÍÒÐÎËÜÍÎÅ ÄÎÌÀØÍÅÅ ÇÀÄÀÍÈÅ �2

×àñòü 1. Ðÿäû

Çàäàíèÿ 1 � 4. Èññëåäîâàòü ñõîäèìîñòè çíàêîïîëîæèòåëüíûõ ðÿäîâ.

Çàäàíèå 5. Èññëåäîâàòü ñõîäèìîñòü çíàêîïåðåìåííîãî ðÿäà. Åñëè îí ñõî-

äèòñÿ, òî óêàçàòü, àáñîëþòíî èëè óñëîâíî.

Çàäàíèå 6. Íàéòè îáëàñòü ñõîäèìîñòè ñòåïåííîãî ðÿäà.

Çàäàíèå 7. Ðàçëîæèòü ôóíêöèþ â ðÿä Òåéëîðà ïî ñòåïåíÿì x. Óêàçàòü èí-

òåðâàë, â êîòîðîì ýòî ðàçëîæåíèå èìååò ìåñòî.

Çàäàíèå 8. Âû÷èñëèòü èíòåãðàë ñ òî÷íîñòüþ äî 0,001.

Çàäàíèå 9. Ðàçëîæèòü ôóíêöèþ â ðÿä Ôóðüå â çàäàííîì èíòåðâàëå. Ïî-

ñòðîèòü ãðàôèê ôóíêöèè è ãðàôèê ñóììû ðÿäà Ôóðüå.
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√
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∞∑
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∞∑
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∞∑
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3.
∞∑
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6.
∞∑
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4.
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∞∑
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∞∑
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∞∑
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∞∑
n=1

(
n

3n− 1

)2n

6.
∞∑
n=1

(x− 4)n

n3
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Âàðèàíò 5.
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∞∑
n=2

1

n ln2 n
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∞∑
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∞∑
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6.
∞∑
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2, x ∈ (0; π)

Âàðèàíò 6.
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∞∑
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4.

∞∑
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√
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∞∑
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n! 3n
5.

∞∑
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3
√
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8.
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∞∑
n=1

(
2n+ 2

3n+ 1
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Âàðèàíò 7.
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∞∑
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√
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4.
∞∑
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∞∑
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∞∑
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∞∑
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1.
∞∑
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4.

∞∑
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1

n 4
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7. f(x) = ln (1 + x2)
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∞∑
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∞∑
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8.

0,2∫
0

cos
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dx
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∞∑
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∞∑
n=1
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Âàðèàíò 9.

1.
∞∑
n=1
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n3 + 5n+ 1
4.

∞∑
n=1
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n3

7. f(x) =
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1− x4

2.
∞∑
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8n
5.

∞∑
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(−1)n

n 5n
8.

0,4∫
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ln(1 + x2)
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∞∑
n=1

(
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4n+ 3
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6.
∞∑
n=1
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n(x− 4)n 9. f(x) = x, x ∈ (−5; 5)

Âàðèàíò 10.

1.
∞∑
n=1
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4.
∞∑
n=1
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7. f(x) =
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∞∑
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∞∑
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8.
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3.
∞∑
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6.
∞∑
n=1
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n2
9. f(x) =

 2, x ∈ (−π; 0]

−1, x ∈ (0; π)

Âàðèàíò 11.

1.
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∞∑
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∞∑
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∞∑
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∞∑
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∞∑
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∞∑
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∞∑
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√
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∞∑
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∞∑
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∞∑
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×àñòü 2. Äèôôåðåíöèàëüíûå óðàâíåíèÿ

Çàäàíèÿ 10, 12 � 15. Íàéòè îáùèå ðåøåíèÿ äèôôåðåíöèàëüíûõ óðàâíåíèé.

Çàäàíèÿ 11, 16. Ðåøèòü çàäà÷è Êîøè.

Âàðèàíò 1.

10. 6x dx− 2y dy = 2y x2 dy − 3xy2 dx 13.
(
1 + x2

)
y′′ + 2x y′ = 2x

11. y′ + y tg x = cos2 x, y (π) = 0 14. y′′′ + 8y′′ + 15y′ = 0

12. y′′ = 2 sin (5x− 3)− 4x3 + 13 15. y′′ − 2y′ + y = 9e−2x

16. y′′ + y′ = 16x+ 10, y (0) = 0, y′ (0) = 0

Âàðèàíò 2.

10. y′ sinx = y ln y 13. 2xy′y′′ = (y′)2 − 1

11. y′ + y ctg x = cos x, y
(π
2

)
=

1

2
14. y′′′ + 25y′ = 0

12. y′′ = 6x+ 5e2−x + 3
√
3x 15. y′′ + 2y′ + y = 3x+ 5

16. y′′ − 3y′ + 2y = 10 sin x, y (0) = 1, y′ (0) = 0

Âàðèàíò 3.

10. y′ sinx− y cosx = 0 13. y′′ =
y′

x
+ 1

11. y′ − 4xy = 2x ex
2

, y (0) = 1 14. y′′′′ − 7y′′ = 0

12. y′′ = 12å6x−5 +
√
x+ 7 15. y′′ − 9y = 3xå2x

16. y′′ + 4y′ + 5y = 25x, y (0) = 2, y′ (0) = 0
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, y (0) = 0 14. y′′′ − 3y′′ − 4y′ = 0

12. y′′ = 6x5 − 3 e−2x + sin 7x 15. y′′ + 2y′ + 5y = 17 sin 2x

16. y′′ − 6y′ + 9y = 9x2 − 3x− 4, y (0) = 1, y′ (0) = 5

Âàðèàíò 5.
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11. y′ − 3x2 y = x2 ex
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, y (0) = 0 14. y′′′ − 3y′′ − 4y′ = 0

12. y′′ = 3 cos 6x− 5

cos2 x
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12. y′′ =
√
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+ 8x 15. y′′ − y′ − 2y = (1− 2x) ex
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10.
√
4 + x2 dx− 4y dy = x2 y dy 13. x5 y′′ + x4 y′ = 9
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√
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=
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16. y′′ − 2y′ = 2ex, y (0) = 0, y′ (0) = 0
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Âàðèàíò 14.

10. (1 + ex) y y′ = ex 13. x y′′ + y′ + x = 0

11. y′ +
y

x
= ex, y (1) = 0 . 14. y′′′ + 3y′′ − 4y′ = 0

12. y′′ = (2x+ 5)6 − e−x + 4 15. y′′ − 3y′ + 2y = −5ex

16. y′′ − y = 2x, y (0) = 0, y′ (0) = 0

Âàðèàíò 15.

10.
√
5 + y2 dx+ 4

(
x2 y + y

)
dy = 0 13. y′′ tg x = y′

11. y′ +
2xy

1 + x2
=

3x2

1 + x2
, y (0) = 0 14. y′′′ − 9y′′ + 8y′ = 0

12. y′′ =
5

x2
− 2

√
x+ 4− 7 15. y′′ + y′ − 2y = 9ex

16. y′′ + y = 48 cos 5x+ 72 sin 5x, y (0) = 0, y′ (0) = 0

Âàðèàíò 16.

10.
(
e2x + 2

)
dy + y e2x dx = 0 13. x y′′ − y′ +

1

x
= 0

11. y′ +
y

x
= sin x, y (π) = 1 14. y′′′ + 4y′′ − 5y′ = 0

12. y′′ = 3
√
x− 5− 11

cos2 x
+ 3 15. y′′ + y′ = x

16. y′′ − 3y′ + 2y = 24 e−2x, y (0) = −1, y′ (0) = 4

Âàðèàíò 17.

10. x dx− 3y dy = y x2 dy − x y2 dx 13. y′′ ctg x = 2y′

11. y′ − y

x+ 1
= ex (x+ 1), y (0) = 1 14. y′′′ + 3y′′ + 3y′ + y = 0

12. y′′ =
1

(2x− 5)2
+ 9e3x−1 15. y′′ + 3y′ + 2y = 12x2 + 8x

16. y′′ − 5y′ + 4y = 3 e4x, y (0) = 0, y′ (0) = 4

Âàðèàíò 18.

10.
(
x2y + 9y

)
dy +

√
2 + y2 dx = 0 13.

(
1 + x2

)
y′′ + 2x y′ = 2

11. x y′ + y = x5, y (1) = 0 14. y′′′ + 36y′ = 0

12. y′′ = 24 sin (2x) + 3x2 + 1 15. y′′ + 25y = 50 e5x

16. y′′ + y = − sin (2x), y (π) = 1, y′ (π) = 1
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Âàðèàíò 19.

10. x
√
5 + y2 dx+ y

√
4 + x2 dy = 0 13. x y′′ + y′ =

1√
x

11. y′ − y ctg x = 2x sinx, y
(π
2

)
=

π2

4
14. y′′′ + y′′ − 2y′ = 0

12. y′′ = 3 cos (7x− 2)− 5e2x−7 +
√
x 15. y′′ − 3y′ + 2y = −5 ex

16. y′′ − 64y = 128 cos 8x, y (0) = 0, y′ (0) = 0

Âàðèàíò 20.

10. 6x dx− y dy = y x2 dy − 3x y2 dx 13. x4 y′′ + x3 y′ = 1

11. y′ − y

x
= x2, y (1) = 0 14. y′′′ + 6y′′ + 5y′ = 0

12. y′′ = (2x− 1)9 − 1

e3x
+ 11 15. y′′ + y = 2 cos 7x− 3 sin 7x

16. y′′ + 3y′ + 2y = 1− 2x2, y (0) = 0, y′ (0) = 0

Âàðèàíò 21.

10. (2− ex) dy + 3ex tg y dx = 0 13. y′′ x lnx = y′

11. y′ − y tg x = 1, y (0) = 0 14. y′′′ + 6y′′ + 9y′ = 0

12. y′′ = 3
√
x− 8 +

7

x2
− 5 sin (2x− 3) 15. y′′ + y = 16 cos 3x− 24 sin 3x

16. y′′ − y′ = 2x, y (0) = 0, y′ (0) = 0

Âàðèàíò 22.

10. y′ = (2y + 1) ctg x 13. y′′ − y′

x (2 + ln x)
= 2 + ln x

11. y′ − 3y

x
= x, y (1) = 6 14. y′′′ + y′ = 0

12. y′′ = 2x+ 15e1−5x − 1

x
15. y′′ + 4y′ + 4y = 8x2 + 6

16. y′′ + 6y′ + 5y = 84 e2x, y (0) = −1, y′ (0) = 1

Âàðèàíò 23.

10.
√
3 + y2 +

√
1− x2 y y′ = 0 13. x5 y′′ + x4 y′ = 1

11. y′ − y

x
= ln x, y (1) = 0 14. y′′′ − 3y′′ + 2y′ = 0

12. y′′ = 6e2x − x2 + 7 15. y′′ + y′ = 4x− 1

16. y′′ − 2y′ = ex (3x− 1), y (0) = 2, y′ (0) = 0
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Âàðèàíò 24.

10. x
√
1− y2 dx+ y

√
1− x2 dy = 0 13. xy′′ + y′ = 3x+ 2

11. y′ + y cosx = cos x, y (0) = 1 14. y′′′′ − 16y = 0

12. y′′ = 20 sin 2x+ 3x2 + 6 15. y′′ − 2y′ + y = å6õ

16. y′′ − 4y′ + 3y = 10 cos x, y (0) = 1, y′ (0) = 2

Âàðèàíò 25.

10. y (5 + ln y) + x y′ = 0 13. x4 y′′ + x3 y′ = 4

11. y′ − y cosx = cos2 x esinx, y (0) = 0 14. y′′′′ − 9y′′ = 0

12. y′′ =
2

x3
+ 8e4x + 5 15. y′′ − 6y′ + 9y = 4x ex

16. y′′ + 4y = e−2x, y (0) = 0, y′ (0) = 0

41



Ï Ð È Ë Î Æ Å Í È ß

Ïðèëîæåíèå 1.

Òàáëèöà ïðåîáðàçîâàíèé ãðàôèêà ôóíêöèè

Ôóíêöèÿ
Ïðåîáðàçîâàíèå, êîòîðîå ñëåäóåò ïðîâåñòè
ñ ãðàôèêîì ôóíêöèè y = f(x)

f(x) + b, b ̸= 0
b > 0 ⇒ ñäâèã ââåðõ íà b åäèíèö
b < 0 ⇒ ñäâèã âíèç íà |b| åäèíèö

f(x+ a), a ̸= 0
a > 0 ⇒ ñäâèã âëåâî íà a åäèíèö
a < 0 ⇒ ñäâèã âïðàâî íà |a| åäèíèö

kf(x), k > 0, k ̸= 1
k > 1 ⇒ ðàñòÿæåíèå â k ðàç âäîëü îñè Oy
0 < k < 1 ⇒ ñæàòèå â 1

k ðàç âäîëü îñè Oy

f(kx), k > 0, k ̸= 1
k > 1 ⇒ ñæàòèå â 1

k ðàç âäîëü îñè Ox
0 < k < 1 ⇒ ðàñòÿæåíèå â k ðàç âäîëü îñè Ox

f(−x) ñèììåòðè÷íîå îòðàæåíèå îòíîñèòåëüíî îñè Oy

−f(x) ñèììåòðè÷íîå îòðàæåíèå îòíîñèòåëüíî îñè Ox

|f(x)|

1) âñ¼, ÷òî íèæå îñè Ox ñèììåòðè÷íî îòðàæàåòñÿ
íàâåðõ;
2) âñ¼, ÷òî âûøå îñè Ox (âêëþ÷àÿ òî÷êè íà îñè),
îñòà¼òñÿ

f(|x|)

1) âñ¼, ÷òî ëåâåå îñè Oy, èñ÷åçàåò;
2) âñ¼, ÷òî ïðàâåå îñè Oy (âêëþ÷àÿ òî÷êó íà îñè),
îñòà¼òñÿ;
3) ïðàâàÿ ÷àñòü ñèììåòðè÷íî îòíîñèòåëüíî îñè
Oy îòðàæàåòñÿ íàëåâî
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Ïðèëîæåíèå 2.

Íåêîòîðûå ôîðìóëû ýëåìåíòàðíîé ìàòåìàòèêè

(a+ b)2 = a2 + 2ab+ b2 (a− b)2 = a2 − 2ab+ b2 a2 − b2 = (a− b)(a+ b)
1

xn
= x−n n

√
x = x

1
n

n
√
xm = x

m
n

ab · ac = ab+c ac · bc = (ab)c
(
ab
)c

= abc

ab

ac
= ab−c ac

bc
=
(a
b

)c
loga 1 = 0 loga a = 1 loga

1

a
= −1

lg x ≡ log10 x lnx ≡ loge x e ≈ 2, 7

loga(bc) = loga b+ loga c loga
b

c
= loga b− loga c

loga b
p = p loga b logaq b =

1

q
loga b

sin2 x+ cos2 x = 1 tg x =
sinx

cosx
ctg x =

cosx

sinx

tg2 x =
1

cos2 x
− 1 ctg2 x =

1

sin2 x
− 1

cos 2x = cos2 x− sin2 x cos 2x = 2 cos2 x− 1 cos 2x = 1− 2 sin2 x

sinx cos y =
1

2
(sin(x− y) + sin(x+ y)) sin 2x = 2 sinx cosx

cosx cos y =
1

2
(cos(x− y) + cos(x+ y)) cos2 x =

1 + cos 2x

2

sinx sin y =
1

2
(cos(x− y)− cos(x+ y)) sin2 x =

1− cos 2x

2
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Ïðèëîæåíèå 3.

Òàáëèöà ýêâèâàëåíòíîñòåé ïðè x → 0

sinx ∼ x arcsinx ∼ x ex − 1 ∼ x

tg x ∼ x arctg x ∼ x ax − 1 ∼ x ln a

ln (1 + x) ∼ x 1− cosx ∼ x2

2
(1 + x)m − 1 ∼ mx

loga(1 + x) ∼ x

ln a
n
√
1 + x− 1 ∼ x

n

Ïðèëîæåíèå 4.

Òàáëèöà ýêâèâàëåíòíîñòåé ïðè x → a,

lim
x→a

φ(x) = 0 (a � ÷èñëî èëè ñèìâîë ∞)

sinφ(x) ∼ φ(x) arcsinφ(x) ∼ φ(x) eφ(x) − 1 ∼ φ(x)

tgφ(x) ∼ x arctgφ(x) ∼ φ(x) aφ(x) − 1 ∼ φ(x) ln a

ln (1 + φ(x)) ∼ φ(x) 1− cosφ(x) ∼ φ2(x)

2
(1 + φ(x))m − 1 ∼ mφ(x)

loga(1 + φ(x)) ∼ φ(x)

ln a
n
√
1 + φ(x)− 1 ∼ φ(x)

n

Ïðèëîæåíèå 5.

Òàáëèöà ïðîèçâîäíûõ

(c)′ = 0 (c � ÷èñëî) x′ = 1
(
x2
)′
= 2x

(xn)′ = nxn−1 (
√
x)

′
=

1

2
√
x

(
1

x

)′
= − 1

x2

(ex)′ = ex (lnx)′ =
1

x
(sinx)′ = cos x

(ax)′ = ax ln a (loga x)
′ =

1

x ln a
(cosx)′ = − sinx

(tg x)′ =
1

cos2 x
(arcsinx)′ =

1√
1− x2

(arctg x)′ =
1

1 + x2

(ctg x)′ = − 1

sin2 x
(arccosx)′ = − 1√

1− x2
(arcctg x)′ = − 1

1 + x2

(u+ v)′ = u′ + v′ (u− v)′ = u′ − v′ (c u)′ = c u′ (c � ÷èñëî)

(uv)′ = u′v + uv′
(u
v

)′
=

u′v − uv′

v2
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Ïðèëîæåíèå 6.

Òàáëèöà èíòåãðàëîâ

∫
0 dx = C

∫
dx =

∫
1 dx = x+ C∫

xn dx =
xn+1

n+ 1
+ C (n ̸= −1)∫

dx

x
= ln |x|+ C

∫
x dx =

x2

2
+ C∫

dx

x2
= −1

x
+ C

∫
dx√
x
= 2

√
x+ C∫

ex dx = ex + C

∫
ax dx =

ax

ln a
+ C∫

cosx dx = sinx+ C

∫
sinx dx = − cosx+ C∫

dx

cos2 x
= tg x+ C

∫
dx

sin2 x
= − ctg x+ C∫

dx

x2 + a2
=

1

a
arctg

x

a
+ C

∫
dx

x2 − a2
=

1

2a
ln

∣∣∣∣x− a

x+ a

∣∣∣∣+ C∫
dx√
x2 + k

= ln |x+
√
x2 + k|+ C

∫
dx√

a2 − x2
= arcsin

x

a
+ C∫

F ′(x) dx =

∫
d (F (x)) = F (x) + C

∫
u dv = uv −

∫
v du

b∫
a

u dv = uv

∣∣∣∣b
a

−
b∫

a

v du

45



Ïðèëîæåíèå 7.

Òàáëèöà äèôôåðåíöèàëîâ

d(a) = 0 (a � ÷èñëî) dx = d(x+ a) dx = d(x− a)

dx = −d(−x) dx =
1

b
d(b x) dx = b d

(x
b

)
xndx =

1

n+ 1
d(xn+1)

dx

x
= d (lnx)

xdx =
1

2
d(x2)

dx

x2
= −d

(
1

x

)
dx√
x
= 2 d (

√
x)

exdx = d (ex) cosx dx = d(sinx)
dx

cos2 x
= d (tg x)

axdx =
1

ln a
d (ax) sinx dx = −d(cosx)

dx

sin2 x
= −d (ctg x)

dx√
1− x2

= d(arcsinx)
dx

1 + x2
= d(arctg x)

dx√
1− x2

= −d(arccosx)
dx

1 + x2
= −d(arcctg x) d(f(x)) = (f(x))′ dx
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Ïðèëîæåíèå 8.

Òàáëèöà ðàçëîæåíèé ôóíêöèé â ðÿä Òåéëîðà

ex =
∞∑
n=0

xn

n!
= 1 + x+

x2

2!
+

x3

3!
+ . . .+

xn

n!
+ . . . , |x| < ∞,

sinx =
∞∑
n=0

(−1)n
x2n+1

(2n+ 1)!
= x− x3

3!
+

x5

5!
− . . .+ (−1)n

x2n+1

(2n+ 1)!
+ . . . ,

|x| < ∞,

cosx =
∞∑
n=0

(−1)n
x2n

(2n)!
= 1− x2

2!
+

x4

4!
− . . .+ (−1)n

x2n

(2n)!
+ . . . , |x| < ∞,

ln(1 + x) =
∞∑
n=1

(−1)n−1x
n

n
= x− x2

2
+

x3

3
− . . .+ (−1)n−1x

n

n
+ . . . ,

−1 < x 6 1,

ln(1− x) = −
∞∑
n=1

xn

n
= −x− x2

2
− x3

3
− . . .− xn

n
− . . . , −1 6 x < 1,

1

1 + x
=

∞∑
n=0

(−1)nxn = 1− x+ x2 − x3 + . . .+ (−1)nxn + . . . , |x| < 1,

1

1− x
=

∞∑
n=0

xn = 1 + x+ x2 + x3 + . . .+ xn + . . . , |x| < 1,

(1 + x)m = 1 +
∞∑
n=1

m(m− 1)(m− 2) . . . (m− n+ 1)

n!
xn =

= 1 +mx+
m(m− 1)

2!
x2 +

m(m− 1)(m− 2)

3!
x3 + . . .

. . .+
m(m− 1)(m− 2) . . . (m− n+ 1)

n!
xn + . . . , m ∈ R, |x| < 1.
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