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θ > 0
N N0 = N

⋃

0.

Σθ n(·) : R+ → N

n(·)
n((t+ 0) − n(t) #= 0, n(τ) − n(t) = 0 τ ∈ [t, t+ θ].

n(·) ∈ Σθ R+

Ii = [ti, ti+1), i = 0, 1, ...
R+ =

⋃

i

Ii Ii
⋂

Ij = ∅, i #= j, n(t) − n(ti) = 0 t ∈ Ii.

©



Mn

n(·) ∈ Σθ

M(t) (n(t − 0) × n(t));

M(t) =

{

E, n(t) − n(t − 0) = 0
M(t), n(t) − n(t − 0) #= 0

M(0) = E.

n(·) ∈ Σθ M(·) ∈ Mn.

x(·, n,M)
(n,M),

x(t, n,M) ∈ Rn(t) t ≥ 0;
x(t, n,M) = M(t)x(t − 0, n,M) t > 0.

x(·, n,M)
(t′, t′′) ⊂ R+, t ∈ (t′, t′′), n(t)−n(t−

−0) = 0 t ∈ (t′, t′′), n(t) − n(t − 0) #= 0.

x(·, n,M)
[t′, t′′] ⊂ R+, (t′, t′′)

[τ ′, τ ′′] ⊂ [t′, t′′], n(t) − n(t − 0) = 0
t ∈ [τ ′, τ ′′].

x(·, n,M).

F (·, n)
F (t, n) ⊂ Rn(t) t ∈ R+.

F (·, n)
(t′, t′′) ⊂ R+, t ∈ (t′, t′′),

n(t)−n(t−0) = 0 t ∈ (t′, t′′), n(t)−n(t−0) #=
0.

F (·, n)
[t′, t′′] ⊂ R+ L > 0,

(t′, t′′)
L [τ ′, τ ′′] ⊂ [t′, t′′], n(t) − n(t − 0) = 0 t ∈ [τ ′, τ ′′].

ẋ ∈ F (t, x, n), x(0, n,M) = x0, (1)

t ∈ R+ n(·) ∈ Σθ; M(·) ∈ Mn; x(t, n,M)
F (t, x, n) : R+ × Rn(t) → comp(Rn(t))

n(t) ≡ n,

n(·) n > 0 t ≥ 0.



Qi = { (t, x) : t ∈ Ii, x ∈ Rn(t)}, Ii

x(·, n,M)
[0, T ],

ẋ(t, n,M) ∈ F (t, x(t, n,M), n) t ∈ (0, T ),
x(0, n,M) = x0.

F (t, x, n)

F (·, x, n) t R+;
F (t, ·, n) L x Qi, i = 0, 1, ...;

K > 0, ‖F (t, x, n)‖ ≤ K(1+‖x‖)
(t, x) ∈ Qi, i = 0, 1, ...

θ > 0 n(·) ∈ Σθ, M(·) ∈ Mn F (t, x, n)
[0, T ]

x(·, n,M).

(0, x0) ∈ Q0 ⊂ R+ × Rn(0).

F (t, x, n(0)) R+×Rn(0)

M0(t) = E

t ∈ R+. r0 > 0 [0, r0]

ẋ(t, n(0),M0(t)) ∈ F (t, x(t, n(0),M0(t)), n(0)), x(0, n(0),M0(0)) = x0.

t ∈ [0, r0] n(t) − n(0) = 0.
T = r0.

t1 ∈ (θ, r0) n(τ) − n(0) = 0
τ ∈ [0, t1) n(t1 − 0) − n(t1) #= 0. x1 = M(t1)x(t1−
−0, n(0),M0(t1)). (t1, x1) ∈ Q1 ⊂ [t1,= ∞) × Rn(t1).

F (t, x, n(t1)) [t1,=
∞)×Rn(t1)

M1(t) =

{

M(t1), t = t1
E, t > t1

r1 > 0

[t1, t1 + r1]

ẋ(t, n(t1),M
1(t)) ∈ F (t, x(t, n(t1),M

1(t)), n(t1)), x(t1, n(t1),M
1(t1)) = x1.

[0, T ] R+.

X(t, n,M)
t ≥ 0.



θ > 0 n(·) ∈ Σθ, M(·) ∈ Mn F (t, x, n)

F (t, x, n) : R+ × Rn(t) → conv(Rn(t)) X(t, n,M) ∈ comp(Rn(t)) t ∈
∈ [0, T ].

[0, T.

ẋ ∈ x+ St(0), x(0, n,M) = 0, (2)

t ∈ [0, 3π4 ], n(t) =
[

1 + |
√
2sin(t)|

]

,

M(t) =

{

E, n(t − 0) − n(t) = 0
mij =

1
n(t) , n(t − 0) − n(t) #= 0

t > 0, M(0) = E, [·]

n(t) =







1, t ∈ [0, π4 ),
2, t ∈ [π4 + πi, 3π4 + πi),
1, t ∈ [ 3π4 + πi, 5π4 + πi),

i = 0, 1, ... .

M(t) =



































1, t ∈ (0, π4 ) ∪⋃
i

( 3π4 + πi, 5π4 + πi),
(

1 0
0 1

)

, t ∈ (π4 + πi, 3π4 + πi),

(1, 1), t = 3π
4 + 2πi,

(

1
2
1
2

)

, t = π
4 + 2πi,

i = 0, 1, ... ,

S(t) =







[−t, t] ⊂ R, t ∈ [0, π4 ) ∪
⋃

i

( 3π4 + πi, 5π4 + πi),

{(s1, s2) ∈ R2 :
√

s21 + s22 ≤ t}, t ∈
⋃

i

(π4 + πi, 3π4 + πi),

i = 0, 1, ... .

X(t, n,M) = [t+ 1 − et, et − t − 1], t ∈ [0,
π

4
),

X(
π

4
, n,M) =

(

1
2
1
2

)

X(
π

4
− 0, n,M) =

=

{

(x1(α), x2(α)) : xi(α) =

(

π

8
+

1

2
− 1

2
e
π

4

)

α, α ∈ [−1, 1], i = 1, 2

}

,

X(t, n,M) = et−
π

4 X(
π

4
, n,M) + S

e
−

π

4 (1+π

4
)et−t−1

(0), t ∈ [
π

4
,
3π

4
),

X(
3π

4
, n,M) = (1, 1)X(

3π

4
− 0) =



=

[

−
(

π

8
+

1

2

)

e
π

2 +
e
3π

4

2
−

√
2

(

e
π

2

(

1 +
π

4

)

− 3π

4
− 1

)

,

(

π

8
+

1

2

)

e
π

2 − e
3π

4

2
+

√
2

(

e
π

2

(

1 +
π

4

)

− 3π

4
− 1

)

]

.

t ∈
∈
[

0,
3π

4

]

.

ẋ ∈ F (t, x, n), x(0, n(0), ϕ(0)) = x0, (3)

n(·) ∈ Σθ; x(t, n, ϕ) F (t, x, n) : R+ × Rn(t) → comp(Rn(t))
ϕ(x) : Rn(t−0) → Rn(t)

ϕ(x) = x, n(t − 0) − n(t) = 0 ϕ(x) = y, n(t − 0) − n(t) #= 0
t > 0




