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Çàäàíèå �1

Íàéòè îáùèé èíòåãðàë äèôôåðåíöèàëüíîãî óðàâíåíèÿ ñ îòäå-
ëÿþùèìèñÿ ïåðåìåííûìè.

1.1. y2dx− 2xy dy = 4y dy − dx.
1.2.

√
9− y2dx− 4 dy = x2dy.

1.3. y dy +
√
y2 + 4 dx = 2x2y dy.

1.4. y2dx− x dy = 2 dy − 4 dx.
1.5. x2dy = 2x

√
y2 + 4 dx− dy.

1.6.
√
9− y2 dx− 2 dy = x dy.

1.7. 2xy2dx− dy = x2dy − 8x dx.
1.8. dy =

√
y2 + 4 dx− x dy.

1.9. 2x
√
4− y2 dx− dy = x2dy.

1.10. x2dy =
√
y2 + 1 dx− 4 dy.

1.11. y2dx− 2y dy = 2xy dy − 4 dx.
1.12. 9 dy =

√
4− y2 dx− x2dy.

1.13. 2x2y dy =
√
y2 + 1 dx+ 8y dy.

1.14. 9 dx− x dy = dy − y2dx.
1.15. 2x

√
y2 + 1 dx− x2dy = 4 dy.

1.16. dy =
√
4− y2 dx− x dy.

1.17. 18x dx− x2dy = 4 dy − 2xy2dx.
1.18.

√
y2 + 1 dx− 2 dy = x dy.

1.19. 4 dy = 2x
√

9− y2 dx− x2dy.
1.20.

√
y2 + 4 dx− 9 dy = x2dy.

1.21. dy − 2xy dx = 4x dx− x2dy.
1.22. 4 dx =

√
9− x2 dy − y2dx.

1.23. 2xy2dx =
√
x2 + 4 dy + x dx.

1.24. 4 dy − y dx = 2 dx− x2dy.
1.25. dx = 2y

√
x2 + 4 dy − y2dx.

1.26. 2 dx =
√
9− x2 dy − y dx.

1.27. 8y dy − dx = y2dx− 2x2y dy.
1.28.

√
x2 + 4 dy − dx = y dx.

1.29. dx = 2y
√
4− x2 dy − y2dx.

1.30. −y2dx+
√
x2 + 1 dy = 4 dx.
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Çàäàíèå �2

Íàéòè îáùèé èíòåãðàë äèôôåðåíöèàëüíîãî îäíîðîäíîãî óðàâ-
íåíèÿ.

2.1. (2x− y)dy = (4x+ 2y)dx.
2.2.

(
x2 + 2xy + 3y2

)
dx = 2x(x+ y)dy.

2.3.
(
6y3 + 2x2y

)
dx =

(
5xy2 + x3

)
dy.

2.4. 2xy′ = 2y + x tg
2y

x
.

2.5. (x+ 3y)dx = (3x− y)dy.
2.6.

(
4x2 + 4xy + 3y2

)
dx =

(
4x2 + 2xy

)
dy.

2.7.
(
6y3 + 4x2y

)
dx =

(
5xy2 + 2x3

)
dy.

2.8. xy′ = y + (2x+ y)
(
ln(2x+ y)− lnx

)
.

2.9. (6x− y)dy = (9x+ 6y)dx.
2.10.

(
2x2 + 4xy

)
dy =

(
x2 + 2xy + 5y2

)
dx.

2.11. 6y
(
x2 + y2

)
dx =

(
5xy2 + 3x3

)
dy.

2.12. xy′ =
√
9x2 − y2 + y.

2.13. (5x− y)dy = (x+ 5y)dx.
2.14.

(
4x2 + 6xy + 3y2

)
dx =

(
6x2 + 2xy

)
dy.

2.15. 2x2y′ = y2 + 5xy + 2x2.
2.16. (4x+ 4y)dx = (4x− y)dy.
2.17.

(
3x2 + 2xy

)
dy =

(
x2 + 3xy + 3y2

)
dx.

2.18. x
(
3y2 + x2

)
dy =

(
4y3 + 2x2y

)
dx.

2.19. 3xy′ = 3y + x tg
3y

x
.

2.20. (6x− y)dy = (x+ 6y)dx.
2.21.

(
4x2 + 4xy + 5y2

)
dx = 4x(x+ y)dy.

2.22. x
(
3y2 + 2x2

)
dy = 4y

(
y2 + x2

)
dx.

2.23. xy′ = y + (x+ 2y)
(
ln(x+ 2y)− lnx

)
.

2.24. (9x+ 3y)dx = (3x− y)dy.
2.25.

(
3x2 + 4xy

)
dy =

(
x2 + 3xy + 5y2

)
dx.

2.26. 3x
(
y2 + x2

)
dy =

(
4y3 + 6x2y

)
dx.

2.27. xy′ =
√
4x2 − y2 + y.

2.28. (4x− y)dy = (x+ 4y)dx.
2.29.

(
4x2 + 6xy + 5y2

)
dx =

(
6x2 + 4xy

)
dy.

2.30. 4x2y′ = y2 + 9xy + 6x2.
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Çàäàíèå �3

Íàéòè îáùèé èíòåãðàë äèôôåðåíöèàëüíîãî óðàâíåíèÿ.
Óêàçàíèå: ñäåëàòü çàìåíó íåèçâåñòíîé ôóíêöèè y(x) = xz(x).

3.1.
(
x2 + 4

)
(x dy − y dx) = x

√
y2 + x2dx.

3.2. (1 + x)(x dy − y dx) = x
√
y2 + 4x2 dx.

3.3.
(
9 + x2

)
(x dy − y dx)x

√
4x2 − y2 dx.

3.4. x(2x+ y)dx =
√
9− x2(x dy − y dx).

3.5. x
√
9x2 − y2 dx =

(
4 + x2

)
(x dy − y dx).

3.6. x
√
y2 + 4x2 dx =

(
x2 + 9

)
(x dy − y dx).

3.7. (1 + x)(x dy − y dx) = x
√
4x2 − y2 dx.

3.8. 2x2
(
4x2 − y2

)
dx =

(
x2 + 1

)
(x dy − y dx).

3.9. 2x2
√
y2 + x2 dx =

(
4 + x2

)
(x dy − y dx).

3.10.
(
9x2 + y2

)
dx = (x+ 1)(x dy − y dx).

3.11.
(
4 + x2

)
(x dy − y dx) = 2x2

√
9x2 − y2.

3.12. 2x
(
y2 + 4x2

)
dx =

(
x2 + 1

)
(x dy − y dx).

3.13. x2
√
y2 + 4x2 dx = y

(
2x2 − 1

)
(x dy − y dx).

3.14.
(
4x2 + y2

)
dx =

√
9− x2(x dy − y dx).

3.15. x
(
y2 + 4x2

)
dx = 2y(x+ 1)(x dy − y dx).

3.16.
(
4 + x2

)
(x dy − y dx) = x(2x+ y)dx.

3.17.
(
1 + x2

)
(x dy − y dx) = 2x2(2x+ y)dx.

3.18. 2y
(
x2 − 4

)
(x dy − y dx)x2

√
y2 + x2dx.

3.19. x
(
x2 + y2

)
dx = 2y

√
x2 + 4(x dy − y dx).

3.20.
√
x2 + 1(x dy − y dx) =

(
4x2 + y2

)
dx.

3.21. 2x
(
x2 + y2

)
dx =

(
4 + x2

)
(x dy − y dx).

3.22.
(
1 + x2

)
(x dy − y dx) = 2x2

√
y2 + 4x2 dx.

3.23. x
√
y2 + x2 dx = (x+ 2)(x dy − y dx).

3.24. x
(
x2 + y2

)
dx = 2y

√
4− x2(x dy − y dx).

3.25. x
(
x2 + y2

)
dx = 2y(x+ 2)(x dy − y dx).

3.26. 2y
(
4 + x2

)
(x dy − y dx) = x

(
x2 + y2

)
dx.

3.27. x
√
9x2 − y2 dx = (x+ 2)(x dy − y dx).

3.28.
(
y2 + 4x2

)
dx = (x+ 2)(x dy − y dx).

3.29.
√
x2 + 4(x dy − y dx) = x(x+ y)dx.

3.30. x
(
2y2 − x2

)
dx =

√
x2 + 4(x dy − y dx).
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Çàäàíèå �4

Äëÿ ëèíåéíîãî äèôôåðåðåíöèàëüíîãî óðàâíåíèÿ íàéòè ðåøåíèå
çàäà÷è ñ íà÷àëüíûì óñëîâèåì.

4.1. y′ − 1

x
y = xex, y(1) = e.

4.2. y′ − ctg x · y = sinx · cosx, y
(
π
4

)
= 1.

4.3. y′ − 4

x
y = x4 cosx, y

(
π
2

)
= π4

16 .

4.4. y′ − 1

x lnx
y =

lnx

x
, y(e) = 0.

4.5. y′ − 1

2
√
9− x2 arcsin x

3

y =
1

2
√
9− x2

, y
(
3
2

)
= π

3 .

4.6. y′ − 1

x
y = 2xe2x, y(1) = e2.

4.7. y′ − 3 tg x · y = 3 tg2 x, y
(
π
4

)
= 1.

4.8. y′ − 3

x
y = x3 cosx, y

(
π
2

)
= π3

8 .

4.9. y′ − 1

x lnx
y =

2 ln2 x

x
, y(e) = 0.

4.10. y′ − 1

2
√
16− x2 arcsin x

4

y =
1

2
√
16− x2

, y(2) = π
3 .

4.11. y′ − 1

x
y = 3xe3x, y(1) = e3.

4.12. y′ − ctg x · y = 2 sin2 x · cosx, y
(
π
4

)
= 1.

4.13. y′ − 1

x
y = x, y(1) = 1.

4.14. y′ − 1

x lnx
y =

3

x
, y(e) = 0.

4.15. y′ − 1

2 (1 + x2) arctg x
y =

1

2 (1 + x2)
, y(1) = π

4 .

4.16. y′ − 1

x
y = x2ex, y(1) = e.

4.17. y′ − ctg x · y = 3 sin3 x · cosx, y
(
π
4

)
= 1.

4.18. y′ − 2

x
y = x2 cosx, y

(
π
2

)
= π2

4 .

4.19. y′ − 1

x lnx
y =

4 ln4 x

x
, y(e) = 0.

4.20. y′ − 1

(4 + x2) arctg x
2

y =
1

4 + x2
, y(2) = π

4 .

4.21. y′ − 1

x
y = 2x2e2x, y(1) = e2.

6



4.22. y′ − 2 tg x · y = 2 tg x, y
(
π
4

)
= 1.

4.23. y′ − 1

x
y = x cosx, y

(
π
2

)
= π

2 .

4.24. y′ − 1

2
√
1− x2 arcsinx

y =
1

2
√
1− x2

, y
(
1
2

)
= π

3 .

4.25. y′ − 3

2 (9 + x2) arctg x
3

y =
3

2 (9 + x2)
, y(3) = π

4 .

4.26. y′ − 1

x
y = 3x2e3x, y(1) = e3.

4.27. y′ − ctg x · y = 4 sin4 x · cosx, y
(
π
4

)
= 1.

4.28. y′ − 1

x
y = 2x2, y(1) = 1.

4.29. y′ − 1

2
√
4− x2 arcsin x

2

y =
1

2
√
4− x2

, y(1) = π
3 .

4.30. y′ − 2

(16 + x2) arctg x
4

y =
2

16 + x2
, y(4) = π

4 .

Çàäàíèå �5

Íàéòè îáùåå ðåøåíèå äèôôåðåíöèàëüíîãî óðàâíåíèÿ Áåðíóëëè.
5.1. y′ − y tg x = y−2 tg2 x.
5.2. xy′ − y = x3e2xy−1.
5.3. y′ tg x− y = y−1 sin4 x.
5.4. xy′ − 4y = x−3y ctg x · cosecx.
5.5. y′x lnx− y = y−1 ln4 x.
5.6. y′ − 2y tg x = 2y−2 tg5 x.
5.7. xy′ − y = 2x3e4xy−1.
5.8. y′ − 3y tg x = 3y3 ctg7 x.
5.9. xy′ − 3y = x−2y2 ctg x · cosecx.
5.10. y′x lnx− y = 2y−1 ln6 x.
5.11. y′ − 3y tg x = 3y−2 tg8 x.
5.12. xy′ − y = 3x3e6xy−1.
5.13. y′ tg x− y = 2y−1 sin6 x.
5.14. xy′ − y = x6y−2.
5.15. y′x lnx− y = 3y−1 ln8 x.
5.16. y′ − 5y tg x = 5y3 ctg11 x.
5.17. xy′ − y = x5e2xy−1.
5.18. y′ tg x− y = 3y−1 sin8 x.
5.19. xy′ − 2y = x−1y2 ctg x · cosecx.
5.20. y′x lnx− y = 4y−1 ln10 x.
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5.21. y′ − 4y tg x = 4y2 ctg5 x.
5.22. xy′ − y = 2x5e4xy−1.
5.23. y′ − 2y tg x = 2y3 ctg5 x.
5.24. xy′ − y = y2 ctg x · cosecx.
5.25. y′x lnx− y = 5y2 ln−6 x.
5.26. y′ − y tg x = y3 ctg3 x.
5.27. xy′ − y = 3x5e6xy−1.
5.28. y′ tg x− y = 4y−1 sin10 x.
5.29. xy′ − y = 2x9y−2.
5.30. y′x lnx− y = 6y2 ln−7 x.

Çàäàíèå �6

Íàéòè îáùèé èíòåãðàë äèôôåðåíöèàëüíîãî óðàâíåíèÿ ïîëíîãî
äèôôåðåíöèàëà.

6.1.
(
3x2 + 2xy6

)
dx+

(
3y2 + 6x2y5

)
dy = 0.

6.2.
(
3x2 + y2 + 3x2y5

)
dx+

(
2xy + 5x3y4

)
dy = 0.

6.3.
(
2xy + y2 + 4x3y4

)
dx+

(
x2 + 2xy + 4x4y3

)
dy = 0.

6.4.
(
y2 + 5x4y3

)
dx+

(
2xy + 3y2 + 3x5y2

)
dy = 0.

6.5.
(
2xy + 6x5y2

)
dx+

(
x2 + 3y2 + 2x6y

)
dy = 0.

6.6.
(
3x2 + y2 + 2xy6

)
dx+

(
2xy + 6x2y5

)
dy = 0.

6.7.
(
3x2 + 2xy + 3x2y5

)
dx+

(
x2 + 5x3y4

)
dy = 0.

6.8.
(
2xy + 4x3y4

)
dx+

(
x2 + 3y2 + 4x4y3

)
dy = 0.

6.9.
(
3x2 + 5x4y3

)
dx+

(
3y2 + 3x5y2

)
dy = 0.

6.10.
(
y2 + 6x5y2

)
dx+

(
2xy + 3y2 + 2x6y

)
dy = 0.

6.11.
(
3x2 + 2xy + 2xy6

)
dx+

(
x2 + 6x2y5

)
dy = 0.

6.12.
(
2xy + y2 + 3x2y5

)
dx+

(
x2 + 2xy + 5x3y4

)
dy = 0.

6.13.
(
y2 + 4x3y4

)
dx+

(
2xy + 3y2 + 4x4y3

)
dy = 0.

6.14.
(
3x2 + y2 + 5x4y3

)
dx+

(
2xy + 3x5y2

)
dy = 0.

6.15.
(
3x2 + 2xy + 6x5y2

)
dx+

(
x2 + 2x6y

)
dy = 0.

6.16.
(
2xy + y2 + 2xy6

)
dx+

(
x2 + 2xy + 6x2y5

)
dy = 0.

6.17.
(
2xy + 3x2y5

)
dx+

(
x2 + 3y2 + 5x3y4

)
dy = 0.

6.18.
(
3x2 + 4x3y4

)
dx+

(
3y2 + 4x4y3

)
dy = 0.

6.19.
(
3x2 + 2xy + 5x4y3

)
dx+

(
x2 + 3x5y2

)
dy = 0.

6.20.
(
2xy + y2 + 6x5y2

)
dx+

(
x2 + 2xy + 2x6y

)
dy = 0.

6.21. 2
(
xy + xy6

)
dx+

(
x2 + 3y2 + 6x2y5

)
dy = 0.

6.22.
(
y2 + 3x2y5

)
dx+

(
2xy + 3y2 + 5x3y4

)
dy = 0.
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6.23.
(
3x2 + y2 + 4x3y4

)
dx+

(
2xy + 4x4y3

)
dy = 0.

6.24.
(
2xy + y2 + 5x4y3

)
dx+

(
x2 + 2xy + 3x5y2

)
dy = 0.

6.25.
(
3x2 + 6x5y2

)
dx+

(
3y2 + 2x6y

)
dy = 0.

6.26.
(
y2 + 2xy6

)
dx+

(
2xy + 3y2 + 6x2y5

)
dy = 0.

6.27. 3x2
(
1 + y5

)
dx+ y2

(
3 + 5x3y2

)
dy = 0.

6.28.
(
3x2 + 2xy + 4x3y4

)
dx+

(
x2 + 4x4y3

)
dy = 0.

6.29.
(
2xy + 5x4y3

)
dx+

(
x2 + 3y2 + 3x5y2

)
dy = 0.

6.30.
(
3x2 + y2 + 6x5y2

)
dx+

(
2xy + 2x6y

)
dy = 0.

Çàäàíèå �7

Íàéòè îáùèé èíòåãðàë äèôôåðåíöèàëüíîãî óðàâíåíèÿ ïîëíîãî
äèôôåðåíöèàëà.

7.1.

(
x√

x2 + y2
+

3x2

y

)
dx+

(
y√

x2 + y2
− x3

y2

)
dy = 0.

7.2.
(
tg y + cos(x+ y)

)
dx+

(
x

cos2 y
+ cos(x+ y)

)
dy = 0.

7.3.
(2x− y)dx+ (2y + x)dy

x2 + y2
= 0.

7.4.
(
2x+ ex/y

)
dx+ ex/y

(
1− x

y

)
dy = 0.

7.5.

(
y cosx+

1

x

)
dx+

(
sinx+

1

y

)
dy = 0.

7.6. (sin y + y sinx)dx+ (x cos y − cosx)dy = 0.

7.7.

(
y

cos2(xy)
− 2x

y

)
dx+

(
x

cos2(xy)
+
x2

y2

)
dy = 0.

7.8.

(
x√

x2 + y4
+

2

x

)
dx+

(
2y3√
x2 + y4

− 2

y

)
dy = 0.

7.9.

(
− y

x2
cos

y

x
+

1

y
sin

x

y

)
dx+

(
1

x
cos

y

x
− x

y2
sin

x

y

)
dy = 0.

7.10.
(
ln
(
1 + y2

)
− sin(x+ y)

)
dx+

(
2xy

1 + y2
− sin(x+ y)

)
dy = 0.

7.11.

(
x√

x2 + y2
+

1

y

)
dx+

(
y√

x2 + y2
− x

y2

)
dy = 0.

7.12.
(
3x2 tg y + cos(x+ y)

)
dx+

(
x3

cos2 y
+ cos(x+ y)

)
dy = 0.
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7.13.
(2x− 3y)dx+ (3x+ 2y)dy

x2 + y2
= 0.

7.14.
(
4x3 + ex/y

)
dx+ ex/y

(
1− x

y

)
dy = 0.

7.15.

(
3y sin2 x cosx+

1

x

)
dx+

(
sin3 x+

1

y

)
dy = 0.

7.16.
(
3x2 sin y + y sinx

)
dx+

(
x3 cos y − cosx

)
dy = 0.

7.17.

(
y

cos2(xy)
− 6x5

y

)
dx+

(
x

cos2(xy)
+

2x6

y2

)
dy = 0.

7.18.

(
x

(x2 + y4)
5/6

+
6

x

)
dx+

(
2y3

(x2 + y4)
5/6
− 2

y

)
dy = 0.

7.19.

(
−3y

x2
cos

3y

x
+

1

y
sin

x

y

)
dx+

(
3

x
cos

3y

x
− x

y2
sin

x

y

)
dy = 0.

7.20.
(
ln
(
1 + y6

)
− sin(x+ y)

)
dx+

(
6xy5

1 + y6
− sin(x+ y)

)
dy = 0.

7.21.

(
x√

x2 + y2
+

1

y2

)
dx+

(
y√

x2 + y2
− 2x

y3

)
dy = 0.

7.22.
(
tg y + 2 cos(2x+ y)

)
dx+

(
x

cos2 y
+ cos(2x+ y)

)
dy = 0.

7.23.
(4x− y)dx+ (x+ 4y)dy

x2 + y2
= 0.

7.24.
(
2x+ yex/y

)
dx+ ex/y(2y − x)dy = 0.

7.25.

(
y2 cosx+

1

x

)
dx+

(
2y sinx+

1

y

)
dy = 0.

7.26.
(
sin y + y2 sinx

)
dx+ (x cos y − 2y cosx)dy = 0.

7.27.

(
y2

cos2 (xy2)
− 2x

y

)
dx+

(
2xy

cos2 (xy2)
+

2x2

y2

)
dy = 0.

7.28.

(
x√

x2 + y6
+

2

x

)
dx+

(
3y5√
x2 + y6

− 4

y

)
dy = 0.

7.29.

(
− y

x2
cos

y

x
+

2

y
sin

2x

y

)
dx+

(
1

x
cos

y

x
− 2x

y2
sin

2x

y

)
dy = 0.

7.30.
(
ln
(
1 + y2

)
−2 sin(2x+ y)

)
dx+

(
2xy

1 + y2
− sin(2x+ y)

)
dy = 0.
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Çàäàíèå �8

Ïðîèíòåãðèðîâàòü äèôôåðåíöèàëüíîå óðàâíåíèå Êëåðî.
8.1. y = xy′ − ey′ + y′.
8.2. 3y = 3xy′ − (y′)

3
+ 3y′.

8.3. y = xy′ − ln y′ + 2y′.
8.4. 2y = 2xy′ − (y′)

2
+ 6y′.

8.5. y = xy′ − e3y′ + 2y′.
8.6. y = xy′ − e2y′ + y′.
8.7. 3y = 3xy′ − 4 (y′)

3
+ 3y′.

8.8. y = xy′ − 2 ln y′ + 2y′.
8.9. y = xy′ − (y′)

2
+ 3y′.

8.10. y = xy′ − e4y′ + 2y′.
8.11. y = xy′ − ey′ + 2y′.
8.12. 3y = 3xy′ − (y′)

3
+ 6y′.

8.13. y = xy′ − ln y′ + y′.
8.14. 2y = 2xy′ − (y′)

2
+ 4y′.

8.15. y = xy′ − e3y′ + y′.
8.16. y = xy′ − e2y′ + 2y′.
8.17. 3y = 3xy′ − 4 (y′)

3
+ 6y′.

8.18. y = xy′ − 2 ln y′ + y′.
8.19. y = xy′ − (y′)

2
+ 2y′.

8.20. y = xy′ − e4y′ + y′.
8.21. y = xy′ − ey′ + 3y′.
8.22. 3y = 3xy′ − (y′)

3
+ 9y′.

8.23. y = xy′ − ln y′ + 3y′.
8.24. 2y = 2xy′ − (y′)

2
+ 2y′.

8.25. y = xy′ − e3y′ + 3y′.
8.26. y = xy′ − e2y′ + 3y′.
8.27. 3y = 3xy′ − 4 (y′)

3
+ 9y′.

8.28. y = xy′ − 2 ln y′ + 3y′.
8.29. y = xy′ − (y′)

2
+ y′.

8.30. y = xy′ − e4y′ + 3y′.

Çàäàíèå �9

Ïðîèíòåãðèðîâàòü äèôôåðåíöèàëüíîå óðàâíåíèå Ëàãðàíæà.
9.1. y = x (y′)

2
+ (y′)

3
+ 3 (y′)

2
.

9.2. y = 2xy′ + (y′)
4
.
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9.3. y = x
(
(y′)

2
+ y′

)
+

3

y′
.

9.4. y = 3xy′ + (y′)
5
.

9.5. y = x
(
(y′)

2
+ 2y′

)
+ 2 (y′)

3
+ 3 (y′)

2
.

9.6. 2y = xy′ + 2 (y′)
5/2

.

9.7. y = x
(
2 (y′)

2 − y′
)
+ 2 (y′)

3/2
.

9.8. y =
x

y′
+
(
(y′)

2 − 1
)5/2

.

9.9. y = x
(
2 (y′)

2
+ y′

)
+

4

y′
.

9.10. y =
4x

y′
+
(
(y′)

2 − 4
)3/2

.

9.11. y = x
(
(y′)

2
+ y′

)
+

2

y′
.

9.12. y = 3xy′ + (y′)
4
+ (y′)

2
.

9.13. y = x
(
(y′)

2
+ 2y′

)
+ 4 (y′)

3
+ 6 (y′)

2
.

9.14. 2y = xy′ + 2 (y′)
5/2

+ (y′)
3/2

.

9.15. y = x
(
2 (y′)

2 − y′
)
+ 4 (y′)

3/2
.

9.16. y =
x

y′
+
(
(y′)

2 − 1
)3/2

.

9.17. y = x
(
2 (y′)

2
+ y′

)
+

5

y′
.

9.18. y =
4x

y′
+

√
(y′)

2 − 4.

9.19. y = x (y′)
2
+ (y′)

3
+ 2 (y′)

2
.

9.20. y = 2xy′ + (y′)
5
+ (y′)

3
.

9.21. y = x
(
(y′)

2
+ 2y′

)
+ 6 (y′)

3
+ 9 (y′)

2
.

9.22. 2y = xy′ + 4 (y′)
5/2

+ 2 (y′)
3/2

.

9.23. y = x
(
2 (y′)

2 − y′
)
+ 4 (y′ − 1)

3/2
.

9.24. y =
x

y′
+

√
(y′)

2 − 1.

9.25. y = x
(
2 (y′)

2
+ y′

)
+

6

y′
.

9.26. y =
4x

y′
+
(
(y′)

2 − 4
)5/2

.

9.27. y = x (y′)
2
+ 2 (y′)

3
+ (y′)

2
.
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9.28. y = 2xy′ + 2 (y′)
4
+ 3 (y′)

2
.

9.29. y = x
(
(y′)

2
+ y′

)
+

1

y′
.

9.30. y = 3xy′ + 5 (y′)
3
+ 2 (y′)

2
.

Çàäàíèå �10

Íàéòè îáùåå ðåøåíèå äèôôåðåíöèàëüíîãî óðàâíåíèÿ, íå ñîäåð-
æàùåãî y è y′, èñïîëüçóÿ çàìåíó y′′ = z(x).

10.1. xy′′′ = y′′ + 2.
10.2. x3y′′′ + 3x2y′′ = 2 cos lnx.
10.3.

(
x2 − x

)
y′′′ = (2− x)y′′.

10.4. xy′′′ − 2y′′ = 4.
10.5. y′′′(2 lnx+ 3)x = 2y′′.
10.6. tg x · y′′′ + 2y′′ = 0.

10.7. y′′′ =
3

x
· y′′ + 12x.

10.8. y′′′ + 3 (y′′)
2√

1− 2x = 0.
10.9. tg 3x · y′′′ = 6y′′.
10.10. x3y′′′ + 3x2y′′ = 8 sin lnx.
10.11. xy′′′ − y′′ = 12x2.
10.12. y′′′ = 6 (y′′)

2√
x+ 1.

10.13.
(
2x2 − x

)
y′′′ = 2(1− x)y′′.

10.14. y′′′ − 2

x
y′′ = 6.

10.15. tg x · y′′′ = y′′.
10.16. y′′′ = (y′′)

2√
6x+ 5.

10.17. xy′′′ − 3y′′ = 12x.
10.18. tg 3x · y′′′ = 3y′′.
10.19. x3y′′′ + 3x2y′′ = 4 cos lnx.
10.20. tg 2x · y′′′ + 4y′′ = 0.

10.21. y′′′ =
y′′

x
+ 40x2.

10.22. y′′′ = 3 (y′′)
2√

2x+ 7.
10.23.

(
x2 − 2x

)
y′′′ = (4− x)y′′.

10.24. xy′′′ = 2y′′ + 20x3.
10.25. tg 3x · y′′′ + 6y′′ = 0.
10.26. y′′′ = 2 (y′′)

2√
3x+ 4.

10.27. xy′′′ − 6 = 3y′′.
10.28. x3y′′′ + 3x2y′′ = 6 sin lnx.
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10.29. tg 2x · y′′′ = 4y′′.
10.30. y′′′ + (y′′)

2√
1− x = 0.

Çàäàíèå �11

Äëÿ äèôôåðåðåíöèàëüíîãî óðàâíåíèÿ, íå ñîäåðæàùåãî íåçàâè-
ñèìîé ïåðåìåííîé, èñïîëüçóÿ çàìåíó y′ = z(x), íàéòè ðåøåíèå çà-
äà÷è ñ íà÷àëüíûìè óñëîâèÿìè.

11.1. y′′ = 8(1 + 3y)(1 + y), y(0) = 1, y′(0) = 8.

11.2. y′′ + y′
2
= 2e−y, y(0) = 0, y′(0) = 2.

11.3. y′′ =
sin y

cos3 y
, y(0) = 0, y′(0) = 1.

11.4. 2yy′′ ln y = y′
2
(1 + 2 ln y), y(0) = e, y′(0) = e.

11.5. y′′ = 16y(y − 1)(2y − 1), y(0) = 1
2 , y′(0) = 1.

11.6. y2y′′ + y′ = 0, y(0) = 1, y′(0) = 1.
11.7. 4y′′ = sin 4y, y(0) = π

4 , y′(0) = 1
2 .

11.8. y6y′′ + 5y′ = 0, y(0) = 2, y′(0) = 1
32 .

11.9. y′′ = 2
(
1 + 4y + 3y2

)
, y(0) = 0, y′(0) = 0.

11.10. y′′ + y′
2
= 8e−y, y(0) = 2 ln 2, y′(0) = 2.

11.11. y′′ =
4 sin y

cos3 y
, y(0) = π

6 , y′(0) = 4√
3
.

11.12. 3yy′′ ln y = y′
2
(2 + 3 ln y), y(0) = e, y′(0) = e.

11.13. y′′ = 81y(2y − 1)(4y − 1), y(0) = 1
3 , y′(0) = 1.

11.14. y3y′′ + 2y′ = 0, y(0) = 1, y′(0) = 1.
11.15. y′′ = sin 4y, y(0) = π

4 , y′(0) = 1.
11.16. y8y′′ + 7y′ = 0, y(0) = 2, y′(0) = 1

128 .

11.17. y′′ = 8
(
1 + 4y + 3y2

)
, y(0) = 3, y′(0) = 16

√
3.

11.18. y′′ + y′
2
= 8e−y, y(0) = 0, y′(0) = 4.

11.19. y′′ =
9 sin y

cos3 y
, y(0) = 0, y′(0) = 3.

11.20. 2yy′′ ln y = y′
2
(1 + 2 ln y), y(1) = e, y′(1) = e.

11.21. y′′ = 256y(3y − 1)(6y − 1), y(0) = 1
4 , y′(0) = 1.

11.22. y4y′′ + 3y′ = 0, y(0) = 1, y′(0) = 1.
11.23. y′′ = 4 sin 4y, y(0) = π

4 , y′(0) = 2.
11.24. y7y′′ + 6y′ = 0, y(0) = 2, y′(0) = 1

64 .
11.25. y′′ = 2(1 + y)(1 + 3y), y(0) = 1, y′(0) = 4.

11.26. y′′ + y′
2
= 2e−y, y(0) = 2 ln 2, y′(0) = 1.

14



11.27. y′′ =
sin y

cos3 y
, y(0) =

π

6
, y′(0) =

2√
3
.

11.28. 3yy′′ ln y = y′
2
(2 + 3 ln y), y(1) = e, y′(1) = e.

11.29. y′′ = 64y(y − 1)(2y − 1), y(0) = 1
2 , y′(0) = 2.

11.30. y5y′′ + 4y′ = 0, y(0) = 1, y′(0) = 1.

Çàäàíèå �12

Íàéòè îáùåå ðåøåíèå äèôôåðåíöèàëüíîãî óðàâíåíèÿ îäíîðîä-
íîãî îòíîñèòåëüíî íåèçâåñòíîé ôóíêöèè è åå ïðîèçâîäíûõ, èñïîëü-

çóÿ çàìåíó y′

y = z(x).

12.1. xyy′′ − 2xy′
2
= 3yy′.

12.2. x2y′
2
+ y2 = x2yy′′ + 2xyy′.

12.3. e2x (2yy′ + yy′′) = 8 sin 2x · y2 + e2xy′
2
.

12.4. xyy′′ + 3xy′
2
= 4yy′.

12.5. 3xyy′ + x2yy′′ = 2y2 + x2y′
2
.

12.6. 5xy′
2
= 7yy′ − xyy′′.

12.7. x2y′
2
= x2yy′′ − xyy′ + 2y2.

12.8. exyy′′ − 30 cos 3x · y2 = ex(y′
2 − yy′).

12.9. 2yy′ + xyy′′ = 4xy′
2
.

12.10. x2yy′′ + 3y2 = x2y′
2
+ 2xyy′.

12.11. xyy′′ = 2xy′
2
+ 2yy′.

12.12. x2y′
2 − 2xyy′ = x2yy′′ − 3y2.

12.13. e2x(2yy′ − y′2) = 145 sin 5x · y2 − e2xyy′′.
12.14. 3xy′

2
= 5yy′ − xyy′′.

12.15. x2yy′′ = x2y′
2 − 3xyy′ + 4y2.

12.16. xyy′′ + 5xy′
2
= 8yy′.

12.17. x2yy′′ + 4y2 = xyy′ + x2y′
2
.

12.18. exyy′ − 10 cos 2x · y2 = ex(y′
2 − yy′′).

12.19. xyy′′ − 4xy′
2
= −3yy′.

12.20. x2y′
2 − 6y2 = x2yy′′ − 2xyy′.

12.21. 2xy′
2
= yy′ + xyy′′.

12.22. 2xyy′ + x2yy′′ = 5y2 + x2y′
2
.

12.23. e2x(yy′′ − y′2) = 39 sin 3x · y2 − 2e2xyy′.

12.24. xyy′′ = 6yy′ − 3xy′
2
.

12.25. x2y′
2
+ 6y2 = 3xyy′ + x2yy′′.

12.26. 9yy′ = 5xy′
2
+ xyy′′.
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12.27. x2yy′′ − xyy′ = x2y′
2 − 8y2.

12.28. 130 cos 5x · y2 + exy′
2
= ex (yy′′ + yy′).

12.29. 4xy′
2
= 4yy′ + xyy′′.

12.30. 2xyy′ + x2y′
2
= 9y2 + x2yy′′.

Çàäàíèå �13

Íàéòè îáùåå ðåøåíèå ëèíåéíîãî îäíîðîäíîãî äèôôåðåðåíöè-
àëüíîãî óðàâíåíèÿ ñ ïîñòîÿííûìè êîýôôèöèåíòàìè.

13.1. y′′ − 4y′ + 3y = 0.
13.2. y′′ − 4y′ + 4y = 0.
13.3. y′′ + 4y = 0.
13.4. y′′ − y′ − 2y = 0.
13.5. y′′ − 2y′ = 0.
13.6. y′′ − 2y′ + 2y = 0.
13.7. y′′ + 5y′ + 4y = 0.
13.8. y′′ + 6y′ + 9y = 0.
13.9. y′′ + 25y = 0.
13.10. y′′ − 2y′ − 3y = 0.
13.11. y′′ + 3y′ = 0.
13.12. y′′ + 6y′ + 10y = 0.
13.13. y′′ − 5y′ + 4y = 0.
13.14. y′′ − 8y′ + 16y = 0.
13.15. y′′ + 16y = 0.
13.16. y′′ + 2y′ − 3y = 0.
13.17. y′′ − 3y′ = 0.
13.18. y′′ − 4y′ + 5y = 0.
13.19. y′′ + 4y′ + 3y = 0.
13.20. y′′ + 4y′ + 4y = 0.
13.21. y′′ + 9y = 0.
13.22. y′′ + y′ − 2y = 0.
13.23. y′′ + 2y′ = 0.
13.24. y′′ + 2y′ + 2y = 0.
13.25. y′′ − 5y′ + 6y = 0.
13.26. y′′ − 4y = 0.
13.27. y′′ − 6y′ + 10y = 0.
13.28. y′′ + 2y′ + y = 0.
13.29. y′′ + 3y′ − 4y = 0.
13.30. y′′ + 2y′ + 6y = 0.
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Çàäàíèå �14

Íàïèñàòü âèä ÷àñòíîãî ðåøåíèÿ ñ íåîïðåäåëåííûìè êîýôôèöè-
åíòàìè (íå íàõîäÿ èõ ÷èñëîâûõ çíà÷åíèé) äëÿ ëèíåéíîãî íåîäíî-
ðîäíîãî äèôôåðåðåíöèàëüíîãî óðàâíåíèÿ ñ ïîñòîÿííûìè êîýôôè-
öèåíòàìè.

14.1. y′′ − 5y′ + 4y = xe4x + sin 4x+ cosx.
14.2. y′′ − 6y′ + 10y = e3x sinx+ e3x + cosx.
14.3. y′′ + 25y = x5e5x + sin 5x+ cos 25x.
14.4. y′′ + 3y′ = x3e−3x + x3 + sin 3x.
14.5. y′′ − y′ − 2y = x2e2x + sinx+ cos 2x.
14.6. y′′ + y′ − 2y = xe2x + sin 2x+ cosx.
14.7. y′′ − 4y′ = x4e4x + x4 + sin 4x.
14.8. y′′ + 16y = x4e4x + sin 4x+ cos 16x.
14.9. y′′ + 5y′ + 4y = xe−x + sin 4x+ cosx.
14.10. y′′ + 9y = x3e3x + sin 9x+ cos 3x.
14.11. y′′ − 2y′ + 2y = ex sinx+ ex + cosx.
14.12. y′′ − 4y′ + 3y = x3ex + sinx+ cos 3x.
14.13. y′′ + 6y′ + 9y = x2e−3x + sin 3x+ e3x.
14.14. y′′ + 2y′ + 2y = e−x sinx+ e−x + cosx.
14.15. y′′ + 2y′ + y = x2e−x + sinx+ ex.
14.16. y′′ − 2y′ + 5y = ex cos 2x+ ex + sin 2x.
14.17. y′′ − 2y′ − 3y = x3e3x + sin 3x+ cosx.
14.18. y′′ − 5y′ + 6y = x3e2x + sin 2x+ cos 3x.
14.19. y′′ + 2y′ = x2e−2x + x2 + sin 2x.
14.20. y′′ + 6y′ + 10y = e−3x cosx+ e−3x + sinx.
14.21. y′′ + 4y′ + 3y = x2e−x + sinx+ cos 3x.
14.22. y′′ + 2y′ − 3y = xex + sin 3x+ cosx.
14.23. y′′ − 4y′ + 4y = x2e2x + sin 2x+ cosx.
14.24. y′′ − 2y′ = x2e2x + x2 + sin 2x.
14.25. y′′ + 3y′ − 4y = xex + sinx+ cos 4x.
14.26. y′′ − 4y′ + 5y = e2x cosx+ e2x + sinx.
14.27. y′′ + 4y′ + 4y = xe−2x + cos 2x+ e2x.
14.28. y′′ − 3y′ = x3e3x + x3 + sin 3x.
14.29. y′′ − 8y′ + 16y = x4e4x + sinx+ cos 4x.
14.30. y′′ + 4y = x2e2x + sin 4x+ cos 2x.
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Çàäàíèå �15

Íàéòè îáùåå ðåøåíèå ëèíåéíîãî íåîäíîðîäíîãî äèôôåðåðåíöè-
àëüíîãî óðàâíåíèÿ ñ ïîñòîÿííûìè êîýôôèöèåíòàìè, èñïîëüçóÿ ìå-
òîä íåîïðåäåëåííûõ êîýôôèöèåíòîâ.

15.1. y′′ − 10y′ + 26y = ex(8 cosx+ 24 sinx).
15.2. y′′ + 8y′ + 17y = ex(60 cosx+ 5 sinx).
15.3. y′′ − 8y′ + 25y = ex(45 cosx+ 35 sinx).
15.4. y′′ + 6y′ + 10y = ex(72 cosx− 16 sinx).
15.5. y′′ − 6y′ + 18y = ex(56 cosx+ 32 sinx).
15.6. y′′ + 4y′ + 5y = ex(60 cosx− 27 sinx).
15.7. y′′ − 4y′ + 20y = ex(110 cosx+ 30 sinx).
15.8. y′′ + 2y′ + 2y = ex(36 cosx− 28 sinx).
15.9. y′′ + 10y′ + 29y = ex(363 cosx− 69 sinx).
15.10. y′′ − 10y′ + 34y = ex(232 cosx+ 104 sinx).
15.11. y′′ + 8y′ + 20y = ex(318 cosx− 82 sinx).
15.12. y′′ − 8y′ + 17y = ex(102 cosx+ 81 sinx).
15.13. y′′ + 6y′ + 13y = ex(255 cosx− 85 sinx).
15.14. y′′ − 6y′ + 10y = ex(52 cosx+ 60 sinx).
15.15. y′′ + 4y′ + 8y = ex(186 cosx− 78 sinx).
15.16. y′′ − 4y′ + 13y = ex(142 cosx+ 41 sinx).
15.17. y′′ + 2y′ + 5y = ex(123 cosx− 61 sinx).
15.18. y′′ + 10y′ + 34y = ex(804 cosx− 172 sinx).
15.19. y′′ − 10y′ + 29y = ex(353 cosx+ 171 sinx).
15.20. y′′ + 8y′ + 25y = ex(670 cosx− 167 sinx).
15.21. y′′ − 8y′ + 20y = ex(246 cosx+ 138 sinx).
15.22. y′′ + 6y′ + 18y = ex(536 cosx− 152 sinx).
15.23. y′′ − 6y′ + 13y = ex(157 cosx+ 99 sinx).
15.24. y′′ + 4y′ + 13y = ex(414 cosx− 127 sinx).
15.25. y′′ − 4y′ + 8y = ex(98 cosx+ 54 sinx).
15.26. y′′ + 2y′ + 10y = ex(316 cosx− 92 sinx).
15.27. y′′ + 10y′ + 26y = ex(984 cosx− 288 sinx).
15.28. y′′ − 4y′ + 5y = ex(26 cosx+ 57 sinx).
15.29. y′′ + 4y′ + 20y = ex(702 cosx− 150 sinx).
15.30. y′′ − 6y′ + 25y = ex(566 cosx+ 139 sinx).

Çàäàíèå �16

Íàéòè îáùåå ðåøåíèå ëèíåéíîãî íåîäíîðîäíîãî äèôôåðåðåíöè-
àëüíîãî óðàâíåíèÿ ñ ïîñòîÿííûìè êîýôôèöèåíòàìè, èñïîëüçóÿ ìå-
òîä íåîïðåäåëåííûõ êîýôôèöèåíòîâ.
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16.1. y′′ + 4y = 4 cos 2x− 16 sin 2x.
16.2. y′′ + 9y = 12 cos 3x− 24 sin 3x.
16.3. y′′ + 16y = 24 cos 4x− 32 sin 4x.
16.4. y′′ + 25y = 40 cos 5x− 40 sin 5x.
16.5. y′′ + 36y = 60 cos 6x− 48 sin 6x.
16.6. y′′ + 49y = 84 cos 7x− 56 sin 7x.
16.7. y′′ + 64y = 112 cos 8x− 64 sin 8x.
16.8. y′′ + 81y = 144 cos 9x− 72 sin 9x.
16.9. y′′ + 4y = 36 cos 2x− 16 sin 2x.
16.10. y′′ + 9y = 60 cos 3x− 6 sin 3x.
16.11. y′′ + 16y = 8 cos 4x− 8 sin 4x.
16.12. y′′ + 25y = 20 cos 5x− 10 sin 5x.
16.13. y′′ + 36y = 36 cos 6x− 12 sin 6x.
16.14. y′′ + 49y = 56 cos 7x− 14 sin 7x.
16.15. y′′ + 64y = 80 cos 8x− 16 sin 8x.
16.16. y′′ + 81y = 108 cos 9x− 18 sin 9x.
16.17. y′′ + 4y = 28 cos 2x− 4 sin 2x.
16.18. y′′ + 9y = 48 cos 3x− 6 sin 3x.
16.19. y′′ + 16y = 72 cos 4x− 8 sin 4x.
16.20. y′′ + 25y = 100 cos 5x− 20 sin 5x.
16.21. y′′ + 36y = 12 cos 6x− 24 sin 6x.
16.22. y′′ + 49y = 28 cos 7x− 28 sin 7x.
16.23. y′′ + 64y = 48 cos 8x− 32 sin 8x.
16.24. y′′ + 81y = 72 cos 9x− 36 sin 9x.
16.25. y′′ + 4y = 20 cos 2x− 8 sin 2x.
16.26. y′′ + 9y = 36 cos 3x− 12 sin 3x.
16.27. y′′ + 16y = 56 cos 4x− 16 sin 4x.
16.28. y′′ + 25y = 80 cos 5x− 20 sin 5x.
16.29. y′′ + 36y = 108 cos 6x− 24 sin 6x.
16.30. y′′ + 49y = 140 cos 7x− 42 sin 7x.

Çàäàíèå �17

Íàéòè îáùåå ðåøåíèå ëèíåéíîãî íåîäíîðîäíîãî äèôôåðåðåíöè-
àëüíîãî óðàâíåíèÿ ñ ïîñòîÿííûìè êîýôôèöèåíòàìè, èñïîëüçóÿ ìå-
òîä èçìåíåíèÿ ïðîèçâîëüíûõ ïîñòîÿííûõ Ëàãðàíæà.

17.1. y′′ − 4y′ + 5y = e2x cosecx.
17.2. y′′ + 100y = 10 tg 5x.

17.3. y′′ − 4y′ + 4y =
e2x

x
.

17.4. y′′ + 9y = 6 tg 3x.

19



17.5. y′′ + 2y′ + 10y =
sec 3x

ex
.

17.6. y′′ + 36y = 36 sec 6x.

17.7. y′′ + 9y′ + 18y =
9

1 + e3x
.

17.8. y′′ − y′ − 6y =
1 + 2x+ 24x2√

x3
.

17.9. y′′ + 64y = 8 tg 4x.

17.10. y′′ − 2y′ + y =
ex

x2
.

17.11. y′′ + 4y′ =
16

1 + e−4x
.

17.12. y′′ + 4y′ + 8y =
sec 2x

e2x
.

17.13. y′′ + 16y = 32 ctg 4x.

17.14. y′′ − 12y′ + 32y =
16e8x

1 + e4x
.

17.15. y′′ + 4y =
4x2 + 12

x5
.

17.16. y′′ − 2y′ + 2y = ex cosecx.
17.17. y′′ + 36y = 6 tg 3x.

17.18. y′′ − 4y′ + 4y =
e2x

x2
.

17.19. y′′ + 4y = 6 tg 2x.

17.20. y′′ + 4y′ + 5y =
secx

e2x
.

17.21. y′′ + 64y = 64 sec 8x.

17.22. y′′ + 9y′ + 18y =
9

e3x (1 + e3x)
.

17.23. y′′ + y′ − 2y =
1− 2x+ 8x2√

x3
.

17.24. y′′ + 16y = 4 tg 2x.

17.25. y′′ − 2y′ + y =
ex

x3
.

17.26. y′′ − 5y′ =
25

1 + e5x
.

17.27. y′′ + 2y′ + 17y =
sec 4x

ex
.

17.28. y′′ + 9y = 18 ctg 3x.

17.29. y′′ − 12y′ + 32y =
16

1 + e−4x
.

17.30. y′′ + y =
x2 + 6

x4
.
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Çàäàíèå �18

Íàéòè îáùåå ðåøåíèå ëèíåéíîãî íåîäíîðîäíîãî äèôôåðåðåíöè-
àëüíîãî óðàâíåíèÿ ñ ïîñòîÿííûìè êîýôôèöèåíòàìè, èñïîëüçóÿ ìå-
òîä íåîïðåäåëåííûõ êîýôôèöèåíòîâ.

18.1. y′′′ − 4y′′ − 5y′ = −15x2 − 44x− 15.
18.2. y′′′ − 9y′′ + 20y′ = 60x2 + 26x+ 10.
18.3. y′′′ − 7y′′ + 12y′ = 36x2 − 66x+ 56.
18.4. y′′′ − 5y′′ + 6y′ = 18x2 − 42x+ 40.
18.5. y′′′ − 3y′′ + 2y′ = −6x2 + 26x− 8.
18.6. y′′′ − 3y′′ − 10y′ = 30x2 − 22x− 78.
18.7. y′′′ − 2y′′ − 8y′ = 24x2 + 28x− 58.
18.8. y′′′ − y′′ − 6y′ = 18x2 + 18x− 52.
18.9. y′′′ + y′′ − 2y′ = −6x2 − 2x+ 8.
18.10. y′′′ − 3y′′ − 4y′ = −12x2 − 34x− 14.
18.11. y′′′ − 2y′′ − 3y′ = −9x2 − 6x+ 1.
18.12. y′′′ − y′′ − 2y′ = −6x2 − 2x.
18.13. y′′′ − 8y′′ + 15y′ = −45x2 + 108x+ 37.
18.14. y′′′ − 7y′′ + 10y′ = −30x2 + 82x+ 26.
18.15. y′′′ − 6y′′ + 5y′ = −15x2 + 26x+ 41.
18.16. y′′′ − 5y′′ + 4y′ = −12x2 + 22x+ 36.
18.17. y′′′ − 6y′′ + 8y′ = 24x2 − 4x− 10.
18.18. y′′′ − 4y′′ + 3y′ = 9x2 − 12x− 4.
18.19. y′′′ − 2y′′ − 15y′ = −45x2 + 18x− 35.
18.20. y′′′ − y′′ − 12y′ = −36x2 + 18x− 40.
18.21. y′′′ + y′′ − 6y′ = 18x2 − 30x− 32.
18.22. y′′′ + 2y′′ − 3y′ = 9x2 − 24x− 16.
18.23. y′′′ + 3y′′ − 4y′ = 12x2 − 10x− 40.
18.24. y′′′ + 2y′′ − 8y′ = 24x2 + 4x− 74.
18.25. y′′′ + y′′ − 12y′ = −36x2 − 42x− 2.
18.26. y′′′ − y′′ − 20y′ = −60x2 − 86x− 38.
18.27. y′′′ + 4y′′ − 5y′ = −15x2 + 34x− 17.
18.28. y′′′ + 3y′′ − 10y′ = −30x2 + 38x− 40.
18.29. y′′′ + 2y′′ − 15y′ = 45x2 − 72x− 73.
18.30. y′′′ + y′′ − 20y′ = 60x2 − 86x− 122.

Çàäàíèå �19

Íàéòè îáùåå ðåøåíèå ëèíåéíîãî íåîäíîðîäíîãî äèôôåðåðåí-
öèàëüíîãî óðàâíåíèÿ ñ ïîñòîÿííûìè êîýôôèöèåíòàìè, èñïîëüçóÿ
ìåòîä íåîïðåäåëåííûõ êîýôôèöèåíòîâ.
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19.1. y′′′ + 5y′′ − y′ − 5y = e2x(21x+ 52).
19.2. y′′′ + 4y′′ − 7y′ − 10y = ex(−12x− 20).
19.3. y′′′ + 3y′′ − 13y′ − 15y = ex(−24x− 76).
19.4. y′′′ + 2y′′ − 18y′ − 20y = ex(−35x− 151).
19.5. y′′′ − 3y′′ − 9y′ − 5y = ex(−16x− 92).
19.6. y′′′ − 8y′′ + 11y′ + 20y = ex(24x+ 142).
19.7. y′′′ − 6y′′ + 5y′ + 12y = ex(12x+ 80).
19.8. y′′′ − 4y′′ + y′ + 6y = ex(4x+ 28).
19.9. y′′′ − 3y′′ − y′ + 3y = e2x(−3x− 4).
19.10. y′′′ − 2y′′ − 13y′ − 10y = ex(−24x− 62).
19.11. y′′′ − y′′ − 10y′ − 8y = ex(−18x− 63).
19.12. y′′′ − 7y′ − 6y = ex(−12x− 52).
19.13. y′′′ + 2y′′ − y′ − 2y = e2x(12x+ 79).
19.14. y′′′ − 2y′′ − 7y′ − 4y = ex(−12x− 80).
19.15. y′′′ − y′′ − 5y′ − 3y = ex(−8x− 60).
19.16. y′′′ − 3y′ − 2y = ex(−4x− 32).
19.17. y′′′ − 7y′′ + 7y′ + 15y = ex(16x+ 12).
19.18. y′′′ − 6y′′ + 3y′ + 10y = ex(8x+ 10).
19.19. y′′′ − 5y′′ − y′ + 5y = e2x(−9x− 36).
19.20. y′′′ − 4y′′ − y′ + 4y = e2x(−6x− 29).
19.21. y′′′ − 5y′′ + 2y′ + 8y = ex(6x+ 25).
19.22. y′′′ − 3y′′ − y′ + 3y = e2x(−3x− 19).
19.23. y′′′ − y′′ − 17y′ − 15y = ex(−32x− 240).
19.24. y′′′ − 13y′ − 12y = ex(−24x− 202).
19.25. y′′′ + 2y′′ − 5y′ − 6y = ex(−8x− 6).
19.26. y′′′ + 3y′′ − y′ − 3y = e2x(15x+ 53).
19.27. y′′′ + 4y′′ − y′ − 4y = e2x(18x+ 81).
19.28. y′′′ + 3y′′ − 6y′ − 8y = ex(−10x− 37).
19.29. y′′′ + 2y′′ − 11y′ − 12y = ex(−20x− 104).
19.30. y′′′ − 21y′ − 20y = ex(−40x− 258).

Çàäàíèå �20

Íàéòè îáùåå ðåøåíèå äèôôåðåíöèàëüíîãî óðàâíåíèÿ Ýéëåðà.

20.1. x3y′′′ − x2y′′ − 4xy′ + 4y = x2(−6 lnx− 29).
20.2. x3y′′′ + 2x2y′′ − 5xy′ − 3y = x(−8 lnx− 60).
20.3. x3y′′′ + x2y′′ − 14xy′ − 10y = x(−24 lnx− 62).
20.4. x3y′′′ − 11xy′ − 5y = x(−16 lnx− 92).
20.5. x3y′′′ + 3x2y′′ − 12xy′ − 12y = x(−24 lnx− 202).
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20.6. x3y′′′ − 2x2y′′ − 5xy′ + 5y = x2(−9 lnx− 36).
20.7. x3y′′′ + x2y′′ − 8xy′ − 4y = x(−12 lnx− 80).
20.8. x3y′′′ − 3xy′ + 3y = x2(−3 lnx− 4).
20.9. x3y′′′ + 5x2y′′ − 15xy′ − 20y = x(−35 lnx− 151).
20.10. x3y′′′ + 7x2y′′ + 4xy′ − 4y = x2(18 lnx+ 81).
20.11. x3y′′′ + 2x2y′′ − 17xy′ − 15y = x(−32 lnx− 240).
20.12. x3y′′′ − 3x2y′′ − 2xy′ + 10y = x(8 lnx+ 10).
20.13. x3y′′′ + 5x2y′′ + 2xy′ − 2y = x2(12 lnx+ 79).
20.14. x3y′′′ − x2y′′ − 2xy′ + 6y = x(4 lnx+ 28).
20.15. x3y′′′ + 6x2y′′ − 9xy′ − 15y = x(−24 lnx− 76).
20.16. x3y′′′ + 5x2y′′ − 8xy′ − 12y = x(−20 lnx− 104).
20.17. x3y′′′ + 6x2y′′ + 3xy′ − 3y = x2(15 lnx+ 53).
20.18. x3y′′′ − 3xy′ + 3y = x2(−3 lnx− 19).
20.19. x3y′′′ − 4x2y′′ + xy′ + 15y = x(16 lnx+ 12).
20.20. x3y′′′ + 3x2y′′ − 6xy′ − 6y = x(−12 lnx− 52).
20.21. x3y′′′ − 3x2y′′ + 12y = x(12 lnx+ 80).
20.22. x3y′′′ + 7x2y′′ − 2xy′ − 10y = x(−12 lnx− 20).
20.23. x3y′′′ + 3x2y′′ − 20xy′ + 20y = x(−40 lnx− 158).
20.24. x3y′′′ + 6x2y′′ − 2xy′ − 8y = x(−10 lnx− 37).
20.25. x3y′′′ + 5x2y′′ − 2xy′ − 6y = x(−8 lnx− 6).
20.26. x3y′′′ − 2x2y′′ − 2xy′ + 8y = x(6 lnx+ 25).
20.27. x3y′′′ + 3x2y′′ − 2xy′ − 2y = x(−4 lnx− 32).
20.28. x3y′′′ + 2x2y′′ − 10xy′ − 8y = x(−18 lnx− 63).
20.29. x3y′′′ − 5x2y′′ + 4xy′ + 20y = x(24 lnx+ 142).
20.30. x3y′′′ + 8x2y′′ + 5xy′ − 5y = x2(21 lnx+ 52).

Çàäàíèå �21

Ðåøèòü ñèñòåìó äèôôåðåíöèàëüíûõ óðàâíåíèé ìåòîäîì èñêëþ-
÷åíèÿ.

21.1.

{
y′ = 3y + 2z,

z′ = 3y + 4z.
21.2.

{
y′ = 3y − 4z,

z′ = y − 2z.
21.3.

{
y′ = 2y − z,
z′ = 5y − 2z.

21.4.

{
y′ = y − 2z,

z′ = 7y − 8z.
21.5.

{
y′ = 3y − 2z,

z′ = 2y − z.
21.6.

{
y′ = 4y − 2z,

z′ = y + 2z.

21.7.

{
y′ = 5y + 3z,

z′ = y + 3z.
21.8.

{
y′ = 2y − z,
z′ = 5y − 4z.

21.9.

{
y′ = 3y − z,
z′ = 13y − 3z.
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21.10.

{
y′ = y − 3z,

z′ = 7y − 9z.
21.11.

{
y′ = 5y − 3z,

z′ = 3y − z.
21.12.

{
y′ = y − 9z,

z′ = y + z.

21.13.

{
y′ = 4y + z,

z′ = 2y + 5z.
21.14.

{
y′ = 5y − 3z,

z′ = 4y − 3z.
21.15.

{
y′ = y − 2z,

z′ = 13y − z.

21.16.

{
y′ = −5y + z,

z′ = 2y − 4z.
21.17.

{
y′ = 6y − z,
z′ = y + 4z.

21.18.

{
y′ = y − 2z,

z′ = y + 3z.

21.19.

{
y′ = y − 3z,

z′ = 5y + 9z.
21.20.

{
y′ = 2y − z,
z′ = 4y − 3z.

21.21.

{
y′ = 4y − 5z,

z′ = 5y − 4z.

21.22.

{
y′ = −7y + 3z,

z′ = −y − 3z.
21.23.

{
y′ = 9y − 5z,

z′ = 5y − z.
21.24.

{
y′ = y − 2z,

z′ = 2y + z.

21.25.

{
y′ = 8y − 3z,

z′ = 2y + 3z.
21.26.

{
y′ = 2y + z,

z′ = 4y − z.
21.27.

{
y′ = 2y − 5z,

z′ = 4y − 2z.

21.28.

{
y′ = −2y − 3z,

z′ = 4y − 9z.
21.29.

{
y′ = 7y − 4z,

z′ = 4y − z.
21.30.

{
y′ = y − z,
z′ = y + z.

Çàäàíèå �22

Ïîñòðîèòü ôàçîâûå òðàåêòîðèè äëÿ äèôôåðåíöèàëüíîãî óðàâ-
íåíèÿ ýòîãî æå âàðèàíòà èç çàäàíèÿ �13.

Çàäàíèå �23

Èññëåäîâàòü ïîëîæåíèå ðàâíîâåñèÿ äàííîé ñèñòåìû äèôôåðåí-
öèàëüíûõ óðàâíåíèé è èçîáðàçèòü åå ôàçîâûå òðàåêòîðèè íà ïëîñ-
êîñòè Oyz.

23.1.

{
y′ = 3y − z,
z′ = 13y − 3z.

23.2.

{
y′ = y − 3z,

z′ = 7y − 9z.
23.3.

{
y′ = 5y − 3z,

z′ = 3y − z.

23.4.

{
y′ = y − 9z,

z′ = y + z.
23.5.

{
y′ = 4y + z,

z′ = 2y + 5z.
23.6.

{
y′ = 5y − 3z,

z′ = 4y − 3z.

23.7.

{
y′ = y − 2z,

z′ = 13y − z.
23.8.

{
y′ = −5y + z,

z′ = 2y − 4z.
23.9.

{
y′ = 6y − z,
z′ = y + 4z.

24



23.10.

{
y′ = y − 2z,

z′ = y + 3z.
23.11.

{
y′ = y − 3z,

z′ = 5y + 9z.
23.12.

{
y′ = 2y − z,
z′ = 4y − 3z.

23.13.

{
y′ = 4y − 5z,

z′ = 5y − 4z.
23.14.

{
y′ = −7y + 3z,

z′ = −y − 3z.
23.15.

{
y′ = 9y − 5z,

z′ = 5y − z.

23.16.

{
y′ = y − 2z,

z′ = 2y + z.
23.17.

{
y′ = 8y − 3z,

z′ = 2y + 3z.
23.18.

{
y′ = 2y + z,

z′ = 4y − z.

23.19.

{
y′ = 2y − 5z,

z′ = 4y − 2z.
23.20.

{
y′ = −2y − 3z,

z′ = 4y − 9z.
23.21.

{
y′ = 7y − 4z,

z′ = 4y − z.

23.22.

{
y′ = y − z,
z′ = y + z.

23.23.

{
y′ = 3y + 2z,

z′ = 3y + 4z.
23.24.

{
y′ = 3y − 4z,

z′ = y − 2z.

23.25.

{
y′ = 2y − z,
z′ = 5y − 2z.

23.26.

{
y′ = y − 2z,

z′ = 7y − 8z.
23.27.

{
y′ = 3y − 2z,

z′ = 2y − z.

23.28.

{
y′ = 4y − 2z,

z′ = y + 2z.
23.29.

{
y′ = 5y + 3z,

z′ = y + 3z.
23.30.

{
y′ = 2y − z,
z′ = 5y − 4z.

Çàäàíèå �24

Íàéòè âñå ïîëîæåíèÿ ðàâíîâåñèÿ äàííîé ñèñòåìû äèôôåðåíöè-
àëüíûõ óðàâíåíèé è êàæäîå èç íèõ èññëåäîâàòü íà óñòîé÷èâîñòü.

24.1.

{
y′ = 6y + y2 − z,
z′ = y + y2 + 4z.

24.2.

{
y′ = y + y2 − 2z,

z′ = y − y2 + 3z.

24.3.

{
y′ = y − 3z + z2,

z′ = 5y + 9z + z2.
24.4.

{
y′ = 2y − y2 − z,
z′ = 4y − y2 − 3z.

24.5.

{
y′ = 4y − 5z + yz,

z′ = 5y − 4z + yz.
24.6.

{
y′ = −7y + 3z − z2,
z′ = −y − 3z − z2.

24.7.

{
y′ = 2y − 5z − yz,
z′ = 5y − z − yz.

24.8.

{
y′ = y − y2 − 2z,

z′ = 2y + y2 + z.
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24.9.

{
y′ = 8y − 3z − 7yz,

z′ = 2y + 3z + 2yz.
24.10.

{
y′ = 2y + z − z2,
z′ = 4y − z + z2.

24.11.

{
y′ = 2y − 5z + 3yz,

z′ = 4y − 2z − 2yz.
24.12.

{
y′ = −2y − 3z + z2,

z′ = 4y − 9z − z2.

24.13.

{
y′ = 7y + y2 − 4z,

z′ = 4y + y2 − z.
24.14.

{
y′ = y − z + 2yz,

z′ = y + z.

24.15.

{
y′ = 3y − y2 + 2z,

z′ = 3y + y2 + 4z.
24.16.

{
y′ = 3y − 4z + z2,

z′ = y − 2z + z2.

24.17.

{
y′ = 2y − z + yz,

z′ = 5y − 2z + 3yz.
24.18.

{
y′ = y − 2z − z2,
z′ = 7y − 8z + z2.

24.19.

{
y′ = 3y − y2 − 2z,

z′ = 2y − y2 − z.
24.20.

{
y′ = 4y − 2z + z2,

z′ = y + 2z − z2.

24.21.

{
y′ = 5y + y2 + 3z,

z′ = y − y2 + 3z.
24.22.

{
y′ = 2y − z − yz,
z′ = 5y − 4z − yz.

24.23.

{
y′ = 3y − z + yz,

z′ = 13y − 3z + 5yz.
24.24.

{
y′ = y − 3z − z2,
z′ = 7y − 9z − z2.

24.25.

{
y′ = 5y + y2 − 3z,

z′ = 3y + y2 − z.
24.26.

{
y′ = y − 9z + z2,

z′ = y + z − z2.

24.27.

{
y′ = 4y − y2 + z,

z′ = 2y + y2 + 5z.
24.28.

{
y′ = 5y − 3z + z2,

z′ = 4y − 3z + z2.

24.29.

{
y′ = y − y2 − 2z,

z′ = 13y − y2 − z.
24.30.

{
y′ = −5y + z − yz,
z′ = 2y − 4z + yz.

Çàäàíèå �25

Ðåøèòü çàäà÷ó ïðè îïðåäåëåííûõ çíà÷åíèÿõ ïàðàìåòðîâ.

Âàðèàíòû �1�5

Ñêîðîñòü èçìåíåíèÿ êîíöåíòðàöèè c(t) íåêîòîðîãî âåùåñòâà â
ìîìåíò t ðàâíà 2−t, ãäå t � âðåìÿ â ÷àñàõ. Íàéòè êîíöåíòðàöèþ
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âåùåñòâà â ìîìåíò t = t1, åñëè íà÷àëüíàÿ êîíöåíòðàöèÿ c0 ðàâ-
íà 1 ã/ë.

� âàðèàíòà t1, ÷
1 3
2 2
3 1
4 4
5 5

Âàðèàíòû �6�9

Â ñîñóä, ñîäåðæàùèé 10 ë âîäû, ñî ñêîðîñòüþ 2 ë/ìèí ïîñòóïà-
åò ðàñòâîð, â êàæäîì ëèòðå êîòîðîãî ñîäåðæèòñÿ 0.3 êã ñîëè. Ýòîò
ðàñòâîð ïåðåìåøèâàåòñÿ ñ âîäîé, è íîâûé ðàñòâîð âûòåêàåò èç ñî-
ñóäà ñ òîé æå ñêîðîñòüþ. Íàéòè, ñêîëüêî ñîëè áóäåò â ñîñóäå ïî
èñòå÷åíèè âðåìåíè t = t1.

� âàðèàíòà t1, ìèí
6 10
7 20
8 30
9 40

Âàðèàíòû �10�13

Â áàêå íàõîäèòñÿ 100 ë ðàñòâîðà, ñîäåðæàùåãî 10 êã ñîëè. Â áàê
ñî ñêîðîñòüþ 5 ë/ìèí íåïðåðûâíî ïîñòóïàåò âîäà, ïåðåìåøèâàþ-
ùàÿñÿ ñ ðàñòâîðîì. Ïîëó÷åííûé íîâûé ðàñòâîð âûòåêàåò èç áàêà ñ
òîé æå ñêîðîñòüþ. Íàéòè, ñêîëüêî ñîëè îñòàíåòñÿ â áàêå ïî èñòå÷å-
íèè âðåìåíè t = t1.

� âàðèàíòà t1, ÷
10 1
11 2
12 3
13 4

Âàðèàíòû �14�16

Â ðåçåðâóàðå íàõîäèòñÿ 100 ë ðàñòâîðà, ñîäåðæàùåãî 10 êã ñîëè.
Â ðåçåðâóàð âëèâàåòñÿ âîäà ñî ñêîðîñòüþ 3 ë/ìèí, è â ðåçóëüòàòå

27



òùàòåëüíîãî ïåðåìåøèâàíèÿ ïîëó÷àåòñÿ íîâûé ðàñòâîð, êîòîðûé
âûòåêàåò èç ðåçåðâóàðà ñî ñêîðîñòüþ 2 ë/ìèí. Íàéòè, ñêîëüêî ñîëè
îñòàíåòñÿ â ðåçåðâóàðå ïî èñòå÷åíèè âðåìåíè t = t1.

� âàðèàíòà t1, ÷
14 1
15 2
16 3

Âàðèàíòû �17, 18

Â ðåçåðâóàðå âìåñòèìîñòüþ 100 ë íàõîäèòñÿ ðàñòâîð, ñîäåðæà-
ùèé 10 êã ñîëè. Â ðåçåðâóàð âëèâàåòñÿ âîäà ñî ñêîðîñòüþ 3 ë/ìèí,
è â ðåçóëüòàòå òùàòåëüíîãî ïåðåìåøèâàíèÿ ïîëó÷àåòñÿ íîâûé ðàñ-
òâîð, êîòîðûé âûòåêàåò èç ðåçåðâóàðà ñ òàêîé æå ñêîðîñòüþ. Íàé-
òè, ñêîëüêî ñîëè îñòàíåòñÿ â ðåçåðâóàðå ïî èñòå÷åíèè âðåìåíè
t = t1.

� âàðèàíòà t1, ÷
17 5
18 6

Âàðèàíò �19

Íåêîòîðîå âåùåñòâî, íà÷àëüíàÿ êîíöåíòðàöèÿ êîòîðîãî ðàâ-
íà c0, âñòóïàåò â õèìè÷åñêóþ ðåàêöèþ. Ñî âðåìåíåì êîíöåíòðà-
öèÿ ýòîãî âåùåñòâà óáûâàåò; îáîçíà÷èì ÷åðåç c(t) åãî êîíöåíòðà-
öèþ â ìîìåíò t, îòñ÷èòûâàåìûé îò íà÷àëà ðåàêöèè. Ñêîðîñòü èç-
ìåíåíèÿ êîíöåíòðàöèè ïðîïîðöèîíàëüíà c(t). Íàéòè çàâèñèìîñòü
êîíöåíòðàöèè c(t) âåùåñòâà îò âðåìåíè.

Âàðèàíòû �20, 21

Çàäà÷à î ðàñïàäå ðàäèÿ. Ñêîðîñòü ðàñïàäà ðàäèÿ ïðîïîð-
öèîíàëüíà åãî ìàññå. Íàéòè çàêîí ðàñïàäà ðàäèÿ, åñëè èçâåñòíà
åãî ïåðâîíà÷àëüíàÿ ìàññà m0 è ïåðèîä ïîëóðàñïàäà T , ò. å. âðåìÿ,
â òå÷åíèå êîòîðîãî ðàñïàäàåòñÿ ïîëîâèíà ïåðâîíà÷àëüíîé ìàññû
ðàäèÿ. Íàéòè, êàêîé ïðîöåíò ïåðâîíà÷àëüíîé ìàññû ðàäèÿ ðàñïà-
äåòñÿ ïî èñòå÷åíèè âðåìåíè t = t1, åñëè T = 1590 ëåò.

� âàðèàíòà t1, ëåò
20 100
21 200
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Âàðèàíò �22

Ñêîðîñòü ðàñïàäà íåêîòîðîãî ðàäèîàêòèâíîãî âåùåñòâà ïðîïîð-
öèîíàëüíà åãî ìàññå. Çà 30 äíåé ðàñïàëîñü 25% ïåðâîíà÷àëüíîé
ìàññû m0 ýòîãî âåùåñòâà. Íàéòè: 1) çàêîí ðàñïàäà âåùåñòâà; 2) âðå-
ìÿ T , â òå÷åíèå êîòîðîãî ïåðâîíà÷àëüíàÿ ìàññà âåùåñòâà óìåíü-
øèòñÿ âäâîå; 3) ÷åðåç ñêîëüêî âðåìåíè îñòàíåòñÿ 1% ïåðâîíà÷àëü-
íîé ìàññû âåùåñòâà.

Âàðèàíò �23

Íåêîòîðîå ðàäèîàêòèâíîå âåùåñòâî ñ èçâåñòíîé ïåðâîíà÷àëüíîé
ìàññîé m0 èìååò ïåðèîä ïîëóðàñïàäà 100 äíåé (ïåðèîä ïîëóðàñïà-
äà � âðåìÿ, â òå÷åíèå êîòîðîãî ðàñïàäåòñÿ ïîëîâèíà ïåðâîíà÷àëü-
íîé ìàññû). Ñêîðîñòü ðàñïàäà ýòîãî âåùåñòâà â êàæäûé ìîìåíò t
ïðîïîðöèîíàëüíà åãî ìàññå â ýòîò ìîìåíò (êîýôôèöèåíò ïðîïîð-
öèîíàëüíîñòè k íàçûâàåòñÿ êîíñòàíòîé ñêîðîñòè ðàñïàäà). Íàéòè
çàêîí ðàñïàäà âåùåñòâà è çíà÷åíèå êîíñòàíòû ñêîðîñòè ðàñïàäà.

Âàðèàíò �24

Àêòèâíîñòü íåêîòîðîãî ðàäèîàêòèâíîãî îòëîæåíèÿ ïðîïîðöèî-
íàëüíà ñêîðîñòè ñâîåãî óìåíüøåíèÿ. Íàéòè çàâèñèìîñòü ýòîé àê-
òèâíîñòè îò âðåìåíè, åñëè èçâåñòíî, ÷òî â òå÷åíèå ÷åòûðåõ äíåé
îíà óìåíüøèëàñü âäâîå.

Óê à ç à í è å. Îáîçíà÷èì ÷åðåç I(t) àêòèâíîñòü ðàäèîàêòèâíîãî
îòëîæåíèÿ â ìîìåíò t, îòñ÷èòûâàåìûé îò íà÷àëà ïðîöåññà. Â íà-
÷àëüíûé ìîìåíò t = 0 ïóñòü I(0) = I0. Ñêîðîñòü óìåíüøåíèÿ ýòîé
àêòèâíîñòè dI

dt ïðîïîðöèîíàëüíà I(t):

dI

dt
= kI

ãäå k < 0 � êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè. Ýòî óðàâíåíèå åñòü
äèôôåðåíöèàëüíîå óðàâíåíèå, îïèñûâàþùåå ïðîöåññ èçìåíåíèÿ ñî
âðåìåíåì àêòèâíîñòè ðàäèîàêòèâíîãî îòëîæåíèÿ.

Âàðèàíò �25

Ïåðèîä ïîëóðàñïàäà ðàäèÿ 1590 ëåò (ïåðèîä ïîëóðàñïàäà � âðå-
ìÿ, â òå÷åíèå êîòîðîãî ðàñïàäåòñÿ ïîëîâèíà ïåðâîíà÷àëüíîé ìàñ-
ñû). Â íàñòîÿùåå âðåìÿ èìååòñÿ m0 = 500 ìã ðàäèÿ. Ñêîðîñòü åãî
ðàñïàäà ïðîïîðöèîíàëüíà åãî ìàññå. Íàéòè, êàêîå êîëè÷åñòâî ðà-
äèÿ îñòàíåòñÿ ÷åðåç 250 ëåò.
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Âàðèàíò �26

Âåùåñòâî A ïðåâðàùàåòñÿ â âåùåñòâî B. Ñïóñòÿ 1 ÷ ïîñëå íà÷àëà
ðåàêöèè îñòàëîñü 44.8 ã âåùåñòâà A, à ïîñëå 3 ÷ � 11.2 ã âåùåñòâà.
Îïðåäåëèòü ïåðâîíà÷àëüíîå êîëè÷åñòâî a âåùåñòâà A è âðåìÿ, êî-
ãäà îñòàíåòñÿ 1

64 ÷àñòü ýòîãî âåùåñòâà.
Óê à ç à í è å. Îáîçíà÷èì x ìàññó âåùåñòâà A, âñòóïèâøåãî â ðå-

àêöèþ ê ìîìåíòó t, îòñ÷èòûâàåìîìó îò íà÷àëà ðåàêöèè. Ñêîðîñòü
èçìåíåíèÿ x(t) ñî âðåìåíåì t, ò. å. dxdt , ïðîïîðöèîíàëüíà îñòàâøåéñÿ
ìàññå âåùåñòâà A ê ýòîìó ìîìåíòó, à èìåííî,

dx

dt
= k(a− x),

ãäå k � êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè (êîíñòàíòà ñêîðîñòè ðå-
àêöèè). Ýòî óðàâíåíèå åñòü äèôôåðåíöèàëüíîå óðàâíåíèå, îïèñû-
âàþùåå ïðîöåññ èçìåíåíèÿ ìàññû âåùåñòâà A, âñòóïèâøåãî â ðåàê-
öèþ.

Âàðèàíò �27, 28

Âåùåñòâî Y îáðàçóåòñÿ â ðåçóëüòàòå õèìè÷åñêîé ðåàêöèè ìåæäó
âåùåñòâàìè A è B. Â ýòîé ðåàêöèè îäèí ãðàìì âåùåñòâà Y âîçíè-
êàåò ïðè ñîåäèíåíèè p ãðàììîâ âåùåñòâà A è q = 1 − p ãðàììîâ
âåùåñòâà B. Ñêîðîñòü îáðàçîâàíèÿ Y â ëþáîé ìîìåíò t ðàâíà ïðî-
èçâåäåíèþ ìàññ A è B, íå âñòóïèâøèõ åùå ê ýòîìó ìîìåíòó â ðåàê-
öèþ. Ïîêàçàòü, ÷òî åñëè â ìîìåíò t = 0 ñîåäèíèòü a ãðàììîâ A è b
ãðàììîâ B, òî ìàññà x(t) âåùåñòâà Y ïðè t > 0 áóäåò óäîâëåòâîðÿòü
óðàâíåíèþ

dx

dt
= (a− px)(b− qx).

Âàðèàíò �27: Íàéòè çàêîí èçìåíåíèÿ ìàññû x(t) âåùåñòâà Y
â çàâèñèìîñòè îò âðåìåíè t, åñëè ê íà÷àëó ðåàêöèè (ò. å. â ìîìåíò
t = 0) x = 0.

Âàðèàíò �28: Êàêîâà íàèáîëüøàÿ ìàññà âåùåñòâà Y, âîçíèêà-
þùàÿ â ðåçóëüòàòå ýòîãî ýêñïåðèìåíòà, ïðè óñëîâèè, ÷òî a

p >
b
q .

Âàðèàíò �29

Íåðàñòâîðèìîå âåùåñòâî ñîäåðæèò â ñâîèõ ïîðàõ 20 êã ðàñòâî-
ðèìîé ñîëè. Ïîäâåðãíóâ åãî äåéñòâèþ 80 ë âîäû, óñòàíîâèëè, ÷òî
÷åðåç 1 ÷ ðàñòâîðèëàñü ïîëîâèíà ñîäåðæàâøåéñÿ â íåì ñîëè. Ñ÷è-
òàÿ êîíöåíòðàöèþ íàñûùåííîãî ðàñòâîðà ñîëè ðàâíîé 0.3 êã/ë,
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íàéòè, ñêîëüêî ñîëè ðàñòâîðèòñÿ â òå÷åíèè òîãî æå âðåìåíè, åñ-
ëè îáúåì âîäû óäâîèòü.

Óê à ç à í è å. Èñïîëüçîâàòü õèìè÷åñêèé çàêîí ðàñòâîðåíèÿ òâåð-
äîãî âåùåñòâà â æèäêîñòè: ñêîðîñòü ðàñòâîðåíèÿ ïðè ïîñòîÿííîé
òåìïåðàòóðå ïðîïîðöèîíàëüíà ìàññå íåðàñòâîðåííîãî âåùåñòâà è
ðàçíîñòè ìåæäó êîíöåíòðàöèåé c íàñûùåííîãî ðàñòâîðà è êîíöåí-
òðàöèåé ðàñòâîðà â äàííûé ìîìåíò, ò. å.

dm

dt
= −km

(
c− m0 −m

V

)
,

ãäå m = m(t) � ìàññà íåðàñòâîðåííîãî âåùåñòâà â ìîìåíò t,
m0 � ïåðâîíà÷àëüíàÿ ìàññà âåùåñòâà, V � îáúåì ðàñòâîðèòåëÿ,
k > 0 � êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè. Çíàê ìèíóñ âçÿò ïîòî-
ìó, ÷òî ìàññà íåðàñòâîðåííîãî âåùåñòâà óáûâàåò ñ òå÷åíèåì âðåìå-
íè, à ñëåäîâàòåëüíî, dmdt < 0 .

Âàðèàíò �30

Íåðàñòâîðèìîå âåùåñòâî, ñîäåðæàùåå â ñâîèõ ïîðàõ 2 êã ðàñòâî-
ðèìîé ñîëè, ïîäâåðãàåòñÿ äåéñòâèþ 30 ë âîäû. ×åðåç 5 ìèí 1 êã
ñîëè ðàñòâîðÿåòñÿ. Íàéòè, ÷åðåç ñêîëüêî âðåìåíè ðàñòâîðèòñÿ 99%
ïåðâîíà÷àëüíîé ìàññû ñîëè, åñëè êîíöåíòðàöèÿ íàñûùåííîãî ðàñ-
òâîðà ñîëè ðàâíà 0.3 êã/ë.

Óê à ç à í è å. Ñì. óêàçàíèå ê âàðèàíòó �29.

Çàäàíèå �26

Â êàæäîì âàðèàíòå ðåøèòü çàäà÷ó ïðè îïðåäåëåííûõ çíà÷åíèÿõ
ïàðàìåòðîâ.

Âàðèàíòû �1�5

Ñêîðîñòü ðàçìíîæåíèÿ áàêòåðèé â ïèòàòåëüíîé ñðåäå ïðîïîð-
öèîíàëüíà èõ êîëè÷åñòâó. Â íà÷àëüíûé ìîìåíò t = 0 èìåëîñü n0
áàêòåðèé, à â òå÷åíèå âðåìåíè t = t1 èõ êîëè÷åñòâî n(t) óâåëè÷è-
ëîñü â m ðàç. Íàéòè çàâèñèìîñòü êîëè÷åñòâà áàêòåðèé îò âðåìåíè.
Âî ñêîëüêî ðàç óâåëè÷èòñÿ êîëè÷åñòâî áàêòåðèé â òå÷åíèå âðåìåíè
t = t2?

� âàðèàíòà n0, ÷ t1 m t2, ÷
1 100 3 2 9
2 200 5 3 10
3 300 6 4 8
4 400 7 2.5 12
5 500 2 1.5 4
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Âàðèàíòû �6�8

Äðîææè â ðàñòâîðå ñàõàðà ðàñòóò òàêèì îáðàçîì, ÷òî èõ ìàñ-
ñà óâåëè÷èâàåòñÿ ñî ñêîðîñòüþ 1.03t ln 1.03, ãäå t � âðåìÿ â ÷àñàõ.
Ïóñòü íà÷àëüíàÿ ìàññà äðîææåé ðàâíà 1 ã. Ñîñòàâèòü ìàòåìàòè÷å-
ñêóþ ìîäåëü ïðîöåññà è íàéòè ìàññó äðîææåé ïî èñòå÷åíèè âðåìå-
íè t = t1.

� âàðèàíòà t1, ÷
6 0.1
7 0.2
8 0.3

Âàðèàíòû �9�11

Ñêîðîñòü ðîñòà ïîïóëÿöèè íàñåêîìûõ â ìîìåíò âðåìåíè t (âðåìÿ
âûðàæåíî â äíÿõ) çàäàåòñÿ âåëè÷èíîé 9000

(1+t)2 . Ñîñòàâèòü ìàòåìàòè-

÷åñêóþ ìîäåëü ïðîöåññà. Íàéòè ÷èñëåííîñòü ïîïóëÿöèè íàñåêîìûõ
â ìîìåíò t = t1, åñëè íà÷àëüíàÿ ïîïóëÿöèÿ ñîñòîÿëà èç 1000 íàñå-
êîìûõ.

� âàðèàíòà t1, äåíü
9 1
10 2
11 3

Âàðèàíòû �12�14

Ñêîðîñòü ðîñòà ïîïóëÿöèè áàêòåðèé â ìîìåíò âðåìåíè t ðàâíà
(10000 − 2000t), ãäå t � âðåìÿ â ÷àñàõ. Â íà÷àëüíûé ìîìåíò ÷èñ-
ëåííîñòü ïîïóëÿöèè ðàâíà 106. Íàéòè ÷èñëåííîñòü ïîïóëÿöèè ïî
èñòå÷åíèè âðåìåíè t = t1.

� âàðèàíòà t1, ÷
12 1
13 5
14 10

Âàðèàíòû �15, 16

Â ïèòàòåëüíóþ ñðåäó âíîñÿò ïîïóëÿöèþ èç 1000 áàêòåðèé. ×èñ-
ëåííîñòü ïîïóëÿöèè âîçðàñòàåò ñî ñêîðîñòüþ

1000
100 + 3t2

(100 + t2)
2 ,

ãäå t � âðåìÿ â ÷àñàõ. Íàéòè ðàçìåð ýòîé ïîïóëÿöèè
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à) â ìîìåíò t = t1;
á) ìàêñèìàëüíûé.

� âàðèàíòà t1, ÷
15 1
16 2

Âàðèàíòû �17�19

Â êóëüòóðå ïèâíûõ äðîææåé áûñòðîòà ïðèðîñòà äåéñòâóþùåãî
ôåðìåíòà ïðîïîðöèîíàëüíà åãî ìàññå. Íàéòè, âî ñêîëüêî ðàç óâå-
ëè÷èòñÿ ýòà ìàññà â òå÷åíèå âðåìåíè t = t1, åñëè îíà óäâàèâàåòñÿ â
òå÷åíèå îäíîãî ÷àñà.

� âàðèàíòà t1, ÷
17 2
18 2 1

2
19 3

Óê à ç à í è å. Ïðèìåì çà àðãóìåíò âðåìÿ t, à çà èñêîìóþ ôóíê-
öèþ N(t) � ìàññó äåéñòâóþùåãî ôåðìåíòà â ìîìåíò âðåìåíè t.
Ïóñòü N(0) = N0. Áûñòðîòà ïðèðîñòà äåéñòâóþùåãî ôåðìåíòà
ïðåäñòàâëÿåò ñîáîé ñêîðîñòü èçìåíåíèÿ ôóíêöèè N = N(t) ñî âðå-
ìåíåì t. Ñ äðóãîé ñòîðîíû, ïî óñëîâèþ çàäà÷è ñêîðîñòü èçìåíå-
íèÿ N(t), ò. å. dNdt , ïðîïîðöèîíàëüíà ìàññå äåéñòâóþùåãî ôåðìåíòà,
à èìåííî,

dN

dt
= kN,

ãäå k > 0 � êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè. Òàêèì ñïîñîáîì ïî-
ëó÷àåòñÿ äèôôåðåíöèàëüíîå óðàâíåíèå, îïèñûâàþùåå ïðîöåññ.

Âàðèàíò �20

Ïîïóëÿöèÿ æèâîòíûõ îáèòàåò â áëàãîïðèÿòíûõ óñëîâèÿõ (äî-
ñòàòî÷íûå ðåñóðñû ïèòàíèÿ, íåîãðàíè÷åííàÿ òåððèòîðèÿ ïîñåëå-
íèÿ, îòñóòñòâèå ïîäàâëåíèÿ äðóãèìè âèäàìè è ÷åëîâåêîì). Áóäåì
ñ÷èòàòü, ÷òî ïðè ýòèõ óñëîâèÿõ ÷èñëåííîñòü æèâîòíûõ íåïðåðûâíî
óâåëè÷èâàåòñÿ ñî ñêîðîñòüþ, ïðîïîðöèîíàëüíîé ÷èñëó îñîáåé (êî-
ýôôèöèåíò ïðîïîðöèîíàëüíîñòè k > 0 íàçûâàåòñÿ êîýôôèöèåí-
òîì åñòåñòâåííîãî ïðèðîñòà ÷èñëåííîñòè æèâîòíûõ). Ïóñòü x(t) �
÷èñëåííîñòü æèâîòíûõ â ìîìåíò t, x(0) = x0, ãäå t = 0 � âðåìÿ
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íà÷àëà íàáëþäåíèÿ çà ïîïóëÿöèåé, x(0) � ÷èñëî æèâîòíûõ â ïîïó-
ëÿöèè â íà÷àëüíûé ìîìåíò t = 0. ×èñëåííîñòü ýòîé ïîïóëÿöèè x(t)
óäâàèâàåòñÿ â òå÷åíèå 50 äíåé. Íàéòè çàêîí èçìåíåíèÿ ÷èñëåííîñòè
ïîïóëÿöèè. ×åðåç ñêîëüêî äíåé åå ÷èñëåííîñòü óòðîèòñÿ?

Âàðèàíò �21

Îïðåäåëèòü ðàâíîâåñíûé ðàçìåð ïîïóëÿöèè, åñëè íà 1000 îñî-
áåé â åäèíèöó âðåìåíè 100 îñîáåé ðîæäàåòñÿ, à ãèáíåò îäíà. Ïðåä-
ïîëàãàåòñÿ ïðè ýòîì, ÷òî íà÷àëüíàÿ ÷èñëåííîñòü ïîïóëÿöèè ðàâ-
íà 10 îñîáÿì. Ïîñòðîèòü ãðàôèê ëîãèñòè÷åñêîé êðèâîé.

Âàðèàíò �22

Äëÿ ïîïóëÿöèè x(t), èçìåíÿþùåéñÿ ñîãëàñíî óðàâíåíèþ ëîãè-
ñòè÷åñêîãî ðîñòà, äîêàçàòü, ÷òî ñêîðîñòü ðîñòà ìàêñèìàëüíà òîãäà,
êîãäà ïîïóëÿöèÿ äîñòèãàåò ÷èñëåííîñòè, ðàâíîé ïîëîâèíå ðàâíî-
âåñíîãî çíà÷åíèÿ.

Âàðèàíò �23

Ïîïóëÿöèÿ áàêòåðèé âîçðàñòàåò îò íà÷àëüíîãî ðàçìåðà â 100 åäè-
íèö äî ðàâíîâåñíîãî ðàçìåðà â 100 000 åäèíèö. Ïðåäïîëàãàåòñÿ, ÷òî
â òå÷åíèå ïåðâîãî ÷àñà îíà óâåëè÷èëàñü äî 120 åäèíèö. Ñ÷èòàÿ, ÷òî
ðîñò ïîïóëÿöèè ïîä÷èíÿåòñÿ ëîãèñòè÷åñêîìó óðàâíåíèþ, îïðåäå-
ëèòü åå ðàçìåð â ìîìåíò t.

Âàðèàíò �24

Ðîñò, âûæèâàíèå è äåëåíèå êëåòîê îïðåäåëÿþòñÿ ïîòîêîì ïè-
òàòåëüíûõ âåùåñòâ ÷åðåç îáîëî÷êó êëåòêè. Ýòî îçíà÷àåò, ÷òî íà
ðàííèõ ñòàäèÿõ êëåòî÷íîãî ðîñòà óâåëè÷åíèå ìàññû êëåòêè â ìî-
ìåíò âðåìåíè t ïðîïîðöèîíàëüíî êâàäðàòó ðàäèóñà êëåòêè, à ìàñ-
ñà êëåòêè ïðîïîðöèîíàëüíà åãî êóáó. Âûâåñòè äèôôåðåíöèàëüíîå
óðàâíåíèå, îïèñûâàþùåå èçìåíåíèå ìàññû êëåòêè â çàâèñèìîñòè îò
âðåìåíè t, åñëè íà÷àëüíàÿ ìàññà êëåòêè ðàâíà a.

Âàðèàíòû �25�30

Ïðîèíòåãðèðîâàòü ìîäèôèöèðîâàííîå ëîãèñòè÷åñêîå óðàâíåíèå

dx

dt
= x(β − δx)

(
1− m

x

)
.
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Ïîñòðîèòü ãðàôèêè x(t) äëÿ t > 0 ïðè x(0) = 20 è x(0) = 5.

� âàðèàíòà β δ m
25 100 1 10
26 50 2 10
27 100 2 10
28 50 1 10
29 200 4 10
30 200 2 10

Çàäàíèå �27

Ðåøèòü çàäà÷ó ïðè îïðåäåëåííûõ çíà÷åíèÿõ ïàðàìåòðîâ.

Âàðèàíòû �1�4

Ìàòåðèàëüíàÿ òî÷êà äâèæåòñÿ ïðÿìîëèíåéíî ñ ïîñòîÿííûì
óñêîðåíèåì a. Íàéòè çàêîí åå äâèæåíèÿ, åñëè åå íà÷àëüíàÿ ñêî-
ðîñòü ðàâíà v0, à ïóòü, ïðîéäåííûé ê íà÷àëüíîìó ìîìåíòó t = 0,
ðàâåí s0.

� âàðèàíòà a, ì/ñ2 v0, ì/ñ s0, ì
1 2 6 10
2 4 7 20
3 3 10 30
4 6 48 91

Âàðèàíòû �5�8

Íàéòè çàêîí äâèæåíèÿ ìàòåðèàëüíîé òî÷êè ïðè ñâîáîäíîì ïà-
äåíèè ñ çàäàííîé âûñîòû h0 ñ íà÷àëüíîé ñêîðîñòüþ v0. Óñêîðåíèå
ñâîáîäíîãî ïàäåíèÿ g = 9.8 ì/ñ2.

� âàðèàíòà h0, ì v0, ì/ñ
5 2 3
6 10 0
7 20 2
8 15 9

Âàðèàíòû �9�12

Ìàòåðèàëüíàÿ òî÷êà ñâîáîäíî ïàäàåò ñ çàäàííîé âûñîòû h0 ñ
íà÷àëüíîé ñêîðîñòüþ v0 = 0. Íàéòè ïðîìåæóòîê âðåìåíè T , ïî
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èñòå÷åíèè êîòîðîãî òî÷êà óïàäåò íà çåìëþ. Óñêîðåíèå ñâîáîäíîãî
ïàäåíèÿ g = 9.8 ì/ñ2.

� âàðèàíòà h0, ì
9 1
10 2
11 3
12 7

Âàðèàíòû �13�16

Ìàòåðèàëüíàÿ òî÷êà ñâîáîäíî ïàäàåò ñ çàäàííîé âûñîòû h0 ñ
íà÷àëüíîé ñêîðîñòüþ v0 = 0. Íàéòè ïðîìåæóòîê âðåìåíè T , ïî
èñòå÷åíèè êîòîðîãî òî÷êà óïàäåò íà ïàðàëëåëüíóþ Çåìëå ïîâåðõ-
íîñòü, íàõîäÿùóþñÿ íà âûñîòå h1 (h1 < h0). Óñêîðåíèå ñâîáîäíîãî
ïàäåíèÿ g = 9.8 ì/ñ2.

� âàðèàíòà h0, ì h1, ì
13 3 2
14 2 1
15 4 3
16 8 6

Âàðèàíòû �17�20

Íàéòè çàêîí äâèæåíèÿ ìàòåðèàëüíîé òî÷êè, ïîäáðîøåííîé ñ
âûñîòû h0 âåðòèêàëüíî ââåðõ ñ íà÷àëüíîé ñêîðîñòüþ v0. Óñêîðå-
íèå ñâîáîäíîãî ïàäåíèÿ g = 9.8 ì/ñ2.

� âàðèàíòà h0, ì v0, ì/ñ
17 0 2
18 1 3
19 2 6
20 3 5

Âàðèàíò �21

Ìàòåðèàëüíàÿ òî÷êà íà÷èíàåò äâèãàòüñÿ ïî ïðÿìîé ñ óñêîðåíè-
åì, ðàâíûì a0

(τ+t)2 (a0 = 5 ì, τ = 1 ñ), èç ñîñòîÿíèÿ ïîêîÿ ïðè t = 0.

Íàéòè çàêîí åå äâèæåíèÿ.
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Âàðèàíò �22

Ìàòåðèàëüíàÿ òî÷êà äâèæåòñÿ ïðÿìîëèíåéíî ñ óñêîðåíèåì a =
bt + c, ãäå b = 6 ì/ñ3, c = −12 ì/ñ2. Â ìîìåíò t = 0 íà÷àëüíàÿ
ñêîðîñòü v0 = 9 ì/ñ, ðàññòîÿíèå îò íà÷àëà îòñ÷åòà s0 = 10 ì. Íàé-
òè: 1) çàêîíû èçìåíåíèÿ ñêîðîñòè è ïóòè îò âðåìåíè; 2) çíà÷åíèÿ
óñêîðåíèÿ, ñêîðîñòè è ïóòè â ìîìåíò t1 = 2 ñ; 3) ìîìåíò âðåìåíè,
êîãäà ñêîðîñòü áóäåò íàèìåíüøåé.

Âàðèàíò �23

Ìàòåðèàëüíàÿ òî÷êà äâèæåòñÿ ïðÿìîëèíåéíî ñ óñêîðåíèåì a =
bt + c, ãäå b = −6 ì/ñ3, c = 18 ì/ñ2. Â ìîìåíò t = 0 íà÷àëüíàÿ
ñêîðîñòü v0 = 24 ì/ñ, ðàññòîÿíèå îò íà÷àëà îòñ÷åòà s0 = 15 ì. Íàé-
òè: 1) çàêîíû èçìåíåíèÿ ñêîðîñòè è ïóòè îò âðåìåíè; 2) çíà÷åíèÿ
óñêîðåíèÿ, ñêîðîñòè è ïóòè â ìîìåíò âðåìåíè t1 = 2 ñ; 3) ìîìåíò
âðåìåíè, êîãäà ñêîðîñòü áóäåò íàèáîëüøåé.

Âàðèàíò �24

Âû÷èñëèòü ïóòü, ïðîéäåííûé ïîåçäîì, è âðåìÿ åãî äâèæåíèÿ äî
ïîëíîé îñòàíîâêè, åñëè çàìåäëÿþùàÿ ñèëà åñòü ëèíåéíàÿ ôóíêöèÿ
ñêîðîñòè, ò. å. F = kv + b, ãäå k è b � ïîñòîÿííûå âåëè÷èíû. Ïîåçä
ñ÷èòàåòñÿ ìàòåðèàëüíîé òî÷êîé ñ ìàññîé m.

Âàðèàíò �25

Ìàòåðèàëüíàÿ òî÷êà ñ ìàññîé m ïàäàåò â ñðåäå (g � óñêîðå-
íèå ñâîáîäíîãî ïàäåíèÿ), ñîïðîòèâëåíèå êîòîðîé ïðîïîðöèîíàëüíî
ïåðâîé ñòåïåíè ñêîðîñòè (k � êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè,
k > 0). Íàéòè çàêîíû èçìåíåíèÿ ñêîðîñòè è ïóòè îò âðåìåíè, à
òàêæå ïðåäåëüíóþ ñêîðîñòü ïàäåíèÿ.

Âàðèàíò �26

Ìàòåðèàëüíîé òî÷êå, íàõîäÿùåéñÿ íà ïîâåðõíîñòè Çåìëè (ðà-
äèóñ Çåìëè ðàâåí R), ñîîáùåíà íà÷àëüíàÿ âåðòèêàëüíàÿ ñêîðîñòü
v0 =

√
2gR, ãäå g � óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ. Îïðåäåëèòü çà-

êîí åå äâèæåíèÿ (ñèëîé ñîïðîòèâëåíèÿ âîçäóõà ïðåíåáðå÷ü).
Ó ê à ç à í è å. Ñèëà çåìíîãî ïðèòÿæåíèÿ, äåéñòâóþùàÿ íà ìàòå-

ðèàëüíóþ òî÷êó ñ ìàññîé m ðàâíà −mgR
2

x2 , ãäå x � ðàññòîÿíèå îò
öåíòðà Çåìëè, à g � óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ íà ïîâåðõíî-
ñòè Çåìëè. Ïðè èíòåãðèðîâàíèè óðàâíåíèÿ ñëåäóåò âîñïîëüçîâàòü-
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ñÿ òåì, ÷òî
d2s

dt2
= v

dv

ds
.

Âàðèàíò �27

Ìàòåðèàëüíàÿ òî÷êà ñ ìàññîé m äâèæåòñÿ ïî ïðÿìîé ëèíèè ê
öåíòðó O, îò êîòîðîãî îíà îòòàëêèâàåòñÿ ñ ñèëîé, îáðàòíî ïðîïîð-
öèîíàëüíîé òðåòüåé ñòåïåíè ðàññòîÿíèÿ äî öåíòðà O, ò. å. F = k

x3

(k � ïîñòîÿííûé êîýôôèöèåíò, k > 0). Â íà÷àëüíûé ìîìåíò (t = 0)
ìàòåðèàëüíàÿ òî÷êà íàõîäèòñÿ îò öåíòðà O íà ðàññòîÿíèè b è èìååò
ñêîðîñòü v0, íàïðàâëåííóþ ê öåíòðó O. Íàéòè çàêîí åå äâèæåíèÿ.

Âàðèàíò �28

Ìàòåðèàëüíàÿ òî÷êà ñ ìàññîé m äâèæåòñÿ ïî ïðÿìîé ëèíèè ê
öåíòðó, ïðèòÿãèâàþùåìó åå ñ ñèëîé F = mk

r3 , ãäå r � ðàññòîÿíèå
îò öåíòðà äî ìàòåðèàëüíîé òî÷êè, k � ïîñòîÿííûé ïîëîæèòåëüíûé
êîýôôèöèåíò. Â íà÷àëüíûé ìîìåíò (t = 0) ìàòåðèàëüíàÿ òî÷êà
íàõîäèëàñü â ñîñòîÿíèè ïîêîÿ íà ðàññòîÿíèè b îò öåíòðà. Íàéòè
âðåìÿ äîñòèæåíèÿ åþ öåíòðà.

Âàðèàíò �29

Ìàòåðèàëüíàÿ òî÷êà ñ ìàññîé m äâèæåòñÿ ïî ïðÿìîé ëèíèè ê
öåíòðó O, îò êîòîðîãî îíà îòòàëêèâàåòñÿ ñ ñèëîé, ïðîïîðöèîíàëü-
íîé ðàññòîÿíèþ äî öåíòðà O, ò. å. F = kx (k � ïîñòîÿííûé êî-
ýôôèöèåíò, k > 0). Â íà÷àëüíûé ìîìåíò (t = 0) ìàòåðèàëüíàÿ
òî÷êà íàõîäèòñÿ íà ðàññòîÿíèè c îò öåíòðà O è èìååò ñêîðîñòü v0,
íàïðàâëåííóþ ê öåíòðó O. Íàéòè çàêîí åå äâèæåíèÿ. Ïðè êàêîì
óñëîâèè íà ïàðàìåòðû m, k, c è v0 ìàòåðèàëüíàÿ òî÷êà íå ïîïàäåò
â öåíòð O?

Âàðèàíò �30

Ïóëÿ, äâèãàÿñü ñî ñêîðîñòüþ v0 = 400 ì/ñ, ïðîáèâàåò ñòåíó òîë-
ùèíîé h = 0.2 ì è âûëåòàåò èç íåå ñî ñêîðîñòüþ v1 = 100 ì/ñ. Ïî-
ëàãàÿ ñèëó ñîïðîòèâëåíèÿ ñòåíû ïðîïîðöèîíàëüíîé êâàäðàòó ñêî-
ðîñòè äâèæåíèÿ ïóëè, íàéòè âðåìÿ T äâèæåíèÿ ïóëè â ñòåíå. Ïóëþ
ñ÷èòàòü ìàòåðèàëüíîé òî÷êîé.
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Çàäàíèå �28

Íà óêàçàííîì îòðåçêå ïðèáëèæåííî ðåøèòü çàäà÷ó Êîøè ñ ïî-
ìîùüþ ÷èñëåííîãî ìåòîäà Ðóíãå�Êóòòû ÷åòâåðòîãî ïîðÿäêà, èñ-
ïîëüçîâàâ ãîòîâóþ êîìïüþòåðíóþ ïðîãðàììó (èëè íàïèñàâ ñîá-
ñòâåííóþ). Øàã h âçÿòü ±0.01. Ïîñòðîèòü ãðàôèê çàâèñèìîñòè y(x).

28.1. y′ = sin cos y2 ; y(0) = 0, x ∈ [−8, 8].
28.2. y′ =

2x− 1

y + 1
+

1

y2 + 1
; y(0) = 0, x ∈ [−4, 5].

28.3. y′ =
5x

1 + y2
+ ln

(
1 + x2

)
; y(2) = 2, x ∈ [−3, 3].

28.4. y′ = x+ y ln
(
x2 + y2

)
; y(1) = 3, x ∈ [−8, 1].

28.5. y′ = 1 + y2 + cos y + sinx ; y(0) = −1, x ∈ [0, 1].

28.6. y′ = arctg x− y2

x2 + 1
; y(0) = 0, x ∈ [−3, 7].

28.7. y′ = ecos y − x2 ; y(1) = 0, x ∈ [−2, 2].
28.8. y′ = arctg x2 ; y(0) = 1, x ∈ [−5, 4].

28.9. y′ =
sin y · sin y2

y
; y(0) = 1, x ∈ [−8, 8].

28.10. y′ = ln y ; y(0) = 2, x ∈ [−8, 3].
28.11. y′ = ex

2

; y(0) = 1, x ∈ [−1, 1].
28.12. y′ =

arctg x

4 + y2
− y ; y(−2) = −1, x ∈ [−3, 8].

28.13. y′ =
sin sinx

y
; y(2) = 3, x ∈ [−8, 8].

28.14. y′ = x cos y2 ; y(1) = 1, x ∈ [−8, 8].
28.15. y′ =

sin cosx√
x2 + y2

; y(0) = 2, x ∈ [−8, 8].

28.16. y′ = (x+ y)(2 arctg x+ arctg y) ; y(1) = −1, x ∈ [0, 1].
28.17. y′ =

(
x+ y2

)
sinx · arctg x ; y(−1) = 1, x ∈ [−3, 0].

28.18. y′ =
x+ y2

x2 + y2
; y(1) = 0, x ∈ [−8, 8].

28.19. y′ =
1 + x

1 + y2
+

arctg x

1 + x2
; y(0) = 0, x ∈ [−8, 6].

28.20. y′ =
cos(x+ y)

1 + y4
+ x ; y(0) = −1, x ∈ [−2, 2].

28.21. y′ = (x+ y) cos y ; y(0) = 1, x ∈ [−8, 8].

28.22. y′ =
ln
(
x2 + y2

)
x2 + y2

+ x− 1 ; y(0) = −2, x ∈ [−1, 2].
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28.23. y′ =
x+ 3

y
cos(y + 2x) ; y(2) = 2, x ∈ [−8, 3].

28.24. y′ = xex ln y ; y(0) = 2, x ∈ [−8, 1].

28.25. y′ =
1 + y2

2
− arctg

x2

2
; y(0) = 1, x ∈ [−8, 0].

28.26. y′ = xy sinx+ cos y ; y(0) = −1, x ∈ [−3, 2].
28.27. y′ = cos y2 ; y(0) = 1, x ∈ [−8, 8].

28.28. y′ =

(
1 +

1

1 + x2

)
arctg(x+ y) ; y(0) = −1, x ∈ [−7, 3].

28.29. y′ = arctg(xy) + x+ y − 5 ; y(2) = 2, x ∈ [0, 2].
28.30. y′ = earctg x − cos y ; y(0) = 0, x ∈ [−8, 1].

Çàäàíèå �29

Ïðåäñòàâèòü äèôôåðåíöèàëüíîå óðàâíåíèå â âèäå ñèñòåìû â
íîðìàëüíîé ôîðìå, è íà óêàçàííîì îòðåçêå ïðèáëèæåííî ðåøèòü
çàäà÷ó Êîøè ñ ïîìîùüþ ÷èñëåííîãî ìåòîäà Ðóíãå�Êóòòû ÷åòâåð-
òîãî ïîðÿäêà, èñïîëüçîâàâ ãîòîâóþ êîìïüþòåðíóþ ïðîãðàììó (èëè
íàïèñàâ ñîáñòâåííóþ). Øàã h âçÿòü ±0.01. Ïîñòðîèòü ãðàôèê çà-
âèñèìîñòè y(x).

29.1. y′′ =
yex

1 + 2ey′
; y(0) = 1 , y′(0) = 0, x ∈ [−8, 2].

29.2. y′′ =
x+ y + y′

2

x2 + y3 + y′4
; y(0) = 1 , y′(0) = 0, x ∈ [−8, 3].

29.3. y′′ = x sin y · arctg y′ ; y(0) = 0 , y′(0) = 1, x ∈ [−8, 1].
29.4. y′′ = y′

2
cosx ; y(0) = 0 , y′(0) = 1, x ∈ [−3, 0].

29.5. y′′ =
1

x2 + y2 + y′3
; y(1) = −2 , y′(1) = 0, x ∈ [−2, 7].

29.6. y′′ = x tg y + y′ ; y(0) = 1 , y′(0) = 1, x ∈ [−5, 0].
29.7. y′′ = esin x ; y(0) = 1 , y′(0) = 0, x ∈ [−2, 0].
29.8. y′′ = 1 + cos (xyy′) ; y(−1) = 0 , y′(−1) = 2; x ∈ [−3,−1].
29.9. y′′ = y′(x+ y) + yex ; y(1) = 1 , y′(1) = 1, x ∈ [−4, 1].
29.10. y′′ = (2x+ 1)(3x+ 2) + yy′ ; y(0) = 0 , y′(0) = 0;

x ∈ [−1, 0].
29.11. y′′ = cos2 y − sin

(
x2
)
; y(0) = 0 , y′(0) = 0, x ∈ [−3, 3].

29.12. y′′ =
y

x2 + 3
+ sin y ; y(−1) = 0 , y′(−1) = −1;

x ∈ [−2, 0].
29.13. y′′ = 2− tg y + cos

(
xy′

2
)
; y(−2) = 0 , y′(−2) = 1;

x ∈ [−3,−1].
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29.14. y′′ =
5xy

x2 + 1
+ y′ ; y(0) = 2 , y′(0) = 1, x ∈ [−8, 0].

29.15. y′′ = cos 3x+ sin 3y − arctg y′ ; y(0) = 0 , y′(0) = 0;
x ∈ [−2, 8].

29.16. y′′ = x cos y · sin cos y′ ; y(0) = 0 , y′(0) = 1, x ∈ [−8, 8].
29.17. y′′ = (y − 1)(y − 2) + xy′ ; y(0) = 0 , y′(0) = 0;

x ∈ [−1, 1].
29.18. y′′ =

cosx+ arctg x− 1

sin y
; y(0) = −1 , y′(0) = 1; x ∈ [0, 2].

29.19. y′′ =
√
x2 + y2 + y′2 ; y(−1) = −2 , y′(−1) = 0;

x ∈ [−2, 0].
29.20. y′′ =

ex + cos y

y
; y(−2) = 1 , y′(−2) = −1, x ∈ [−8, 0].

29.21. y′′ = y2y′ + cos sinx ; y(0) = 0 , y′(0) = 1, x ∈ [−8, 0].
29.22. y′′ = x2 sin (x+ y′) ; y(0) = 0 , y′(0) = 1, x ∈ [−1, 4].
29.23. y′′ = arctg

(
x2 + 2

)
; y(0) = 0 , y′(0) = 1, x ∈ [−2, 0].

29.24. y′′ =
sinx

arctg y
+ y ; y(−1) = −1 , y′(−1) = 0, x ∈ [−4, 0].

29.25. y′′ = x tg x+ y′ cos y ; y(0) = 1 , y′(0) = 1, x ∈ [−1, 0].
29.26. y′′ =

y

x2 + y′2
; y(0) = 1 , y′(0) = 1, x ∈ [−5, 0].

29.27. y′′ =
x

y2 + y′2
; y(0) = 1 , y′(0) = −1, x ∈ [−6, 6].

29.28. y′′ =
x

x4 + y4
+ y ; y(−3) = −1 , y′(−3) = −1;

x ∈ [−7,−3].

29.29. y′′ =
y′

2

y − x
+ y′ ; y(0) = 1 , y′(0) = 1, x ∈ [−3, 0].

29.30. y′′ =
cosx

y(1 + y)
; y(1) = 1 , y′(1) = 1, x ∈ [−1, 1].

Çàäàíèå �30

Íà óêàçàííîì îòðåçêå ïðèáëèæåííî ðåøèòü çàäà÷ó Êîøè äëÿ
ñèñòåìû äèôôåðåíöèàëüíûõ óðàâíåíèé ñ ïîìîùüþ ÷èñëåííîãî ìå-
òîäà Ðóíãå�Êóòòû ÷åòâåðòîãî ïîðÿäêà, èñïîëüçîâàâ ãîòîâóþ êîì-
ïüþòåðíóþ ïðîãðàììó (èëè íàïèñàâ ñîáñòâåííóþ), è ïîñòðîèòü ñî-
îòâåòñòâóþùóþ ÷àñòü ôàçîâîé òðàåêòîðèè. Øàã h âçÿòü ±0.01.

30.1.

{
x′ = sin t+ cosx,

y′ = x2 + y cos t;
x(0) = −1 , y(0) = 0, t ∈ [−1, 4].
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30.2.

{
x′ = xt2 + arctg y,

y′ = t− y − x2;
x(0) = −1 , y(0) = −1; t ∈ [−2, 0]

30.3.

{
x′ = t+ 2x+ e1/x

2

,

y′ = x+ y − t;
x(0) = −1 , y(0) = 1, t ∈ [−7, 0].

30.4.

{
x′ = 7 + y − 5x2,

y′ = 2t+ x+ y;
x(0) = −1 , y(0) = −1, t ∈ [−2, 0].

30.5.

{
x′ = t+ 2x+ y + x2,

y′ = arctg(t+ x+ y);
x(0) = −1 , y(0) = −1; t ∈ [−8, 3]

30.6.


x′ = tyx2 +

1

y
,

y′ =
1

x2 + y2
+ arctg x;

x(1) = 0 , y(1) = −1; t ∈ [−8, 1]

30.7.

{
x′ = x+ y + 2x2,

y′ = t+ sin(x cos y);
x(0) = 0 , y(0) = 0, t ∈ [−2, 1].

30.8.

{
x′ = sin(5− xy + t) ,

y′ = x− 2y;
x(1) = 0 , y(1) = −1, t ∈ [1, 7].

30.9.

{
x′ = 2t+ arctg x,

y′ = y cosx+ sinx;
x(0) = 1 , y(0) = 1, t ∈ [−1, 0].

30.10.

{
x′ = tey,

y′ = t2 + yx2;
x(1) = 1 , y(1) = 0, t ∈ [−4, 1].

30.11.

{
x′ = t2 − x− y,
y′ = t− x− y − y2;

x(0) = 0 , y(0) = 0, t ∈ [−1, 1].

30.12.

{
x′ = yx2 + t arctg t,

y′ = t+ x+ y cosx;
x(0) = 1 , y(0) = 0, t ∈ [−1, 0].

30.13.

{
x′ = t+ sinx+ cos y,

y′ = 3t+ x− 2y;
x(0) = 1 , y(0) = 1, t ∈ [0, 1].

30.14.

{
x′ = t+ sin(x− y),
y′ = t+ 2x+ 3y;

x(0) = 1 , y(0) = −1; t ∈ [−2, 0]
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30.15.

{
x′ = y + sinx,

y′ = x+ y + t2;
x(0) = −1 , y(0) = −1, t ∈ [−1, 0].

30.16.

{
x′ = t+ x+ y2,

y′ = x+ t2 + y3;
x(0) = 1 , y(0) = 1, t ∈ [−1, 0].

30.17.

{
x′ = x2 − t3,
y′ = y − 5t+ x2;

x(0) = −1 , y(0) = 2, t ∈ [0, 1].

30.18.

x′ = x+ t2 +
1

y
,

y′ = x+ y + t2;

x(0) = 1 , y(0) = −1, t ∈ [−1, 1].

30.19.

{
x′ = x+ arctg y,

y′ = t+ e−x;
x(0) = 2 , y(0) = 0, t ∈ [−2, 0].

30.20.

{
x′ = x+ y + cos t,

y′ = x2 + y2 + sin t;
x(0) = 0 , y(0) = 0, t ∈ [−4, 0].

30.21.


x′ = ln(x+ y)− t,

y′ =
t

x+ y
;

x(0) = 3 , y(0) = 1, t ∈ [0, 3].

30.22.

{
x′ = x2,

y′ = t+ x+ y + x3;
x(1) = 1 , y(1) = 0, t ∈ [−6, 1].

30.23.

{
x′ = y + x cos t,

y′ = 2 + arctg x;
x(0) = 0 , y(0) = 1, t ∈ [−1, 0].

30.24.

{
x′ = sin(xy)− 1,

y′ = t+ x+ y2;
x(0) = 0 , y(0) = −1, t ∈ [0, 2].

30.25.

{
x′ = arctg

(
y2
)
,

y′ = t+ x;
x(1) = 0 , y(1) = 0, t ∈ [−1, 1].

30.26.

{
x′ = y + cos sinx,

y′ = t+ x+ y;
x(0) = 0 , y(0) = 1, t ∈ [−1, 0].

30.27.

x′ = 5t+ y − x2 − t3,

y′ = sin tg
x

y
;

x(0) = 2 , y(0) = 2, t ∈ [0, 2].
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30.28.

{
x′ = 1 + y + x2,

y′ = 2t− x+ y2;
x(0) = 1 , y(0) = −1, t ∈ [−1, 0].

30.29.

{
x′ = y + 2,

y′ = t+ x cos y;
x(0) = −3 , y(0) = −3, t ∈ [−3, 2].

30.30.

{
x′ = y + t2,

y′ = 2t+ cosx;
x(0) = −2 , y(0) = −2, t ∈ [−1, 1].

Çàäàíèå �31

Ñ ïîìîùüþ ìåòîäà Àäàìñà ÷åòâåðòîãî ïîðÿäêà ïðèáëèæåííî
ðåøèòü çàäà÷ó ñîîòâåòñòâóþùåãî âàðèàíòà çàäàíèÿ �28.

Çàäàíèå �32

Íà îòðåçêå, îïðåäåëÿåìîì ãðàíè÷íûìè óñëîâèÿìè, ñ ïîìîùüþ
ìåòîäà ïðîãîíêè, èñïîëüçîâàâ ãîòîâóþ êîìïüþòåðíóþ ïðîãðàììó
(èëè íàïèñàâ ñîáñòâåííóþ), íàéòè ïðèáëèæåííîå ðåøåíèå êðàåâîé
çàäà÷è äëÿ ëèíåéíîãî äèôôåðåíöèàëüíîãî óðàâíåíèÿ âòîðîãî ïî-
ðÿäêà è ïîñòðîèòü åãî ãðàôèê (âçÿòü n òàêèì, ÷òîáû øàã h ïîëó-
÷èëñÿ 0.01).

32.1. y′′ − ln(x+ 1)y′ + cosx · y = 2 ; y(1) = 1 , y(3) = 0.

32.2. y′′ +
x

x3 + 2
y′ + y = 5x+ 2 ; y(−1) = 0 , y(1) = 2.

32.3. y′′ + exy′ − (cosx+ sinx)y = 5 ; y(0) = 0 , y(1) = 0.

32.4. y′′ − 1

lnx
y′ − cosx

ex
y = arctg x ; y(2) = 1 , y(3) = 1.

32.5. y′′ − (5x+ 3)y′ − 8 sin cosx · y = 4 ; y(−2) = 0 , y(1) = 1.
32.6. y′′ − xy′ + 5x3y = arctg x ; y(−1) = 1 , y(1) = −1.
32.7. y′′ − cos 3x · y′ + ex

2

y = 2 cosx ; y(−1) = −1 , y(1) = 1.

32.8. y′′ +
17x

1 + x2
y′ + ln(1− x)y = 6x ; y(−3) = 1 , y(−1) = −1.

32.9. y′′ +
15x

e2x
y′ = x3 ; y(−1) = 0 , y(0) = 2.

32.10. y′′ − x cosx · y′ + x

lnx
y = x ; y(2) = 0 , y(3) = 1.

32.11. y′′ − 1

x2
y′ + x sinx · y = 1 ; y(1) = 3 , y(3) = −1.

32.12. y′′ + xexy′ + y = lnx ; y(1) = 1 , y(2) = 0.
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32.13. y′′ − sin
√
x · y′ + exy =

1

x2
; y(1) = 1 , y(3) = 1.

32.14. y′′ − x

ex
y′ − x

e2x
y = x2 ; y(−1) = 0 , y(1) = 1.

32.15. y′′ + x2y′ − sinx

x
y = x3 ; y(1) = 0 , y(2) = 1.

32.16. y′′ + 2xy′ − x

ln (1 + x2)
y = ex ; y(1) = 2 , y(3) = −2.

32.17. y′′ − 2y′ + x sinx · cos sinx · y = ln (1 + ex) ; y(−3) = 0 ,
y(1) = 1.

32.18. y′′ + x cosx · y′ − xy = 0 ; y(0) = 0 , y(2) = 1.

32.19. y′′ − xy′ + x2

1 + x2
y = x lnx ; y(1) = 0 , y(3) = 2.

32.20. y′′ +
sinx

x
y′ +

cosx

x
y =

ex

x
; y(1) = 0 , y(2) = 1.

32.21. y′′ − cos ex · y′ + sinx · y = 1− x ; y(−1) = 0 , y(1) = 0.

32.22. y′′ + 2y′ +
arctg 2x

x
y = 5x sinx ; y(−2) = 0 , y(−1) = 3.

32.23. y′′ − x2 sin6 x · y′ + y = 8x+ 5 ; y(1) = 0 , y(2) = −1.
32.24. y′′ + sin2 x · y = arctg 2x ; y(0) = 2 , y(3) = 0.

32.25. y′′ + y′ +
x2 lnx

ex
y =

1

x
; y(1) = 0 , y(5) = 2.

32.26. y′′ + x sinx · y′ +
(
1 + cos2 x

)
y = 1 ; y(−1) = −1 , y(1) = 1.

32.27. y′′ +
1

x
y′ + x7y = 18 sin ex ; y(1) = 0 , y(2) = 0.

32.28. y′′ − ctg
1

x
· y′ + y =

1

x2
; y(1) = 1 , y(5) = 1.

32.29. y′′ − arctg x · y′ + sinx · y = 0 ; y(−1) = −1 , y(1) = 1.
32.30. y′′ − x cosx · y′ + exy = cosx · sinx ; y(−2) = 0 , y(2) = 0.

Çàäàíèå �33

Èñïîëüçóÿ êàêîé-ëèáî ïàêåò ïðîãðàìì (íàïðèìåð, Maple,
Matlab, Matcad, Mathematica), íàéòè ðåøåíèå çàäà÷è Êîøè äëÿ
óðàâíåíèÿ

d3y(x)

dx3
+ 2x

d2y(x)

dx2
+ 15 cos(5x)

dy(x)

dx
−
√
xy(x) = αxe−βx sin γx

íà ïðîìåæóòêå [0; 8.1] ïðè çàäàííûõ íèæå íà÷àëüíûõ çíà÷åíèÿõ

y(0),
dy(0)

dx
,
d2y(0)

dx2
; âûâåñòè íà ýêðàí ãðàôèêè è òàáëèöû çíà÷åíèé

ôóíêöèè � ðåøåíèÿ y(x) è åå ïðîèçâîäíûõ
dy(x)

dx
,
d2y(x)

dx2
. Øàã èç-
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ìåíåíèÿ àðãóìåíòà x â òàáëèöàõ ðàâåí 0.1. Èñïîëüçîâàòü ìåòîä
Ðóíãå�Êóòòû. Äëÿ êîíòðîëÿ òî÷íîñòè ðåøåíèÿ ïðîâåñòè âû÷èñ-
ëåíèÿ è ñ ïîëîâèííûì øàãîì.

�
âàðèàíòà

α β γ y(0) dy(0)
dx

d2y(0)
dx2

1 4.1 2.3 12.6 1.23 8.5 −5.7
2 ¿ ¿ ¿ ¿ −8.21 ¿
3 ¿ ¿ ¿ -9.3 ¿ ¿
4 ¿ ¿ ¿ ¿ ¿ 6.81
5 ¿ ¿ ¿ 4.72 ¿ ¿
6 ¿ 2.3 12.6 1.23 8.5 −4.72
7 ¿ ¿ 8.32 ¿ ¿ ¿
8 ¿ ¿ ¿ ¿ ¿ −8.41
9 ¿ ¿ ¿ −6.48 ¿ ¿
10 ¿ ¿ ¿ ¿ 7.32 ¿
11 ¿ ¿ ¿ ¿ −3.58 ¿
12 ¿ ¿ ¿ 5.41 ¿ ¿
13 ¿ −0.21 ¿ ¿ ¿ ¿
14 −18.2 ¿ ¿ ¿ ¿ ¿
15 ¿ −0.47 ¿ ¿ ¿ ¿
16 ¿ 0.53 ¿ ¿ ¿ ¿
17 ¿ ¿ −9.74 ¿ ¿ ¿
18 ¿ ¿ ¿ 9.63 ¿ ¿
19 ¿ ¿ ¿ ¿ 8.76 ¿
20 ¿ ¿ ¿ ¿ ¿ −20.4
21 16.4 ¿ ¿ ¿ ¿ ¿
22 ¿ 0.15 ¿ ¿ ¿ ¿
23 ¿ 0.65 ¿ ¿ ¿ ¿
24 ¿ ¿ 9.21 ¿ ¿ ¿
25 ¿ ¿ 18.3 ¿ ¿ ¿
26 3.71 0.65 ¿ ¿ ¿ ¿
27 ¿ ¿ ¿ ¿ −4.76 ¿
28 ¿ ¿ ¿ 13.2 ¿ ¿
29 ¿ ¿ ¿ ¿ −10.31 −12.7
30 ¿ ¿ ¿ ¿ ¿ −20.82
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