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1. (15 points) Prove that for any pair of numbers (t0, y0) a solution to the IVP y′ =
t3 − y3, y(t0) = y0 may be extended to the interval [t0,∞).

2. (15 points) What is the smallest natural number n such that there exists a smooth
function f with the following property: ODE y(n) = f(t, y, . . . , y(n−1)) has solutions y1 =
t− t3/6, and y2 = sin t ?

3. (15 points) Find all values of parameters a, b such that the equation yIV + ay′′′ +
y′′ + by′ + y = 0 is asymptotically stable.

4. (20 points) Find all values of a parameter α such that system y′ = A(t)y is Lyapunov
stable, where

A(t) =

(
0 α
0 0

)
if 0 ≤ t < 2, A(t) =

(
0 0
−α 0

)
if 2 ≤ t < 4, A(t+4) ≡ A(t).

5. (15 points) Assume functions p, q are continuous. Let y1, y2 be linear independent
solutions of equation

y′′ + p(t)y′ + q(t)y = 0.

Show that function y1

y2
has no points of local maximum.

6. (20 points) Find all the parameters a ∈ R for which the equation

y′ = (a + cos2 t)y + 1

has exactly one periodic solution.


