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ÏÐÀÊÒÈ×ÍÀ ÑÒIÉÊIÑÒÜ ËIÍIÉÍÈÕ ÑÈÑÒÅÌ ÇI ÇÌIÍÎÞ
ÂÈÌIÐÍÎÑÒI ÔÀÇÎÂÎÃÎ ÏÐÎÑÒÎÐÓ

Âñòàíîâëåíî äîñòàòíi óìîâè ïðàêòè÷íî¨ ñòiéêîñòi ëiíiéíèõ ñèñòåì, âèìiðíiñòü ôàçîâî-
ãî ïðîñòîðó ÿêèõ çìiíþ¹òüñÿ â çàäàíi ìîìåíòè ÷àñó. Íà îñíîâi äîâåäåíèõ òåîðåì îäåðæàíî
êðèòåði¨ ïðàêòè÷íî¨ ñòiéêîñòi é ðîçðîáëåíî àëãîðèòìè äëÿ êîìï'þòåðíî¨ ðåàëiçàöi¨ êðèòåði¨â

It was obtained the su�cient conditions of the practical stability of linear systems the phase
space measurability of linear which are changing in the indicated moments of the time. On the
basis of proved theorem it was obtained the criteria of the practical stability and it was developed
the algorithms for the computer criteria realization

Ó äàíié ðîáîòi äîñëiäæó¹òüñÿ ïðàêòè÷íà
ñòiéêiñòü [1] ëiíiéíèõ ñèñòåì çi çìiíîþ âè-
ìiðíîñòi ôàçîâîãî ïðîñòîðó [2]. Òóò äîâåäå-
íi òåîðåìè ïðî ïðàêòè÷íó ñòiéêiñòü, à òà-
êîæ óñòàíîâëåíi êðèòåði¨, ÿêi ïðèäàòíi äëÿ
áåçïîñåðåäíüîãî âèêîðèñòàííÿ ÿê àëãîðè-
òìè ÷èñëîâîãî âèçíà÷åííÿ îáëàñòåé ñòiéêî-
ñòi. Îäåðæàíi ðåçóëüòàòè îá ðóíòîâàíi íà
îñíîâi çàãàëüíî¨ òåîði¨ ñòiéêîñòi À.Ì. Ëÿ-
ïóíîâà òà ïðîáëåìàõ äîñëiäæåííÿ ñòiéêîñòi
íà ñêií÷åííîìó iíòåðâàëi ÷àñó Í.Ã. ×åòà¹-
âèì. Ðîçãëÿíóòi ïðîáëåìè ïðàêòè÷íî¨ ñòié-
êîñòi äèíàìi÷íèõ ñèñòåì çi çìiíîþ âèìiðíî-
ñòi ôàçîâîãî ïðîñòîðó ïðè ïîñòiéíî äiþ÷èõ
çáóðåííÿõ.

Ïîñòàíîâêà çàäà÷i. Íåõàé τ1, τ2, ..., τN

äåÿêå ðîçáèòòÿ âiäðiçêà [T0, T1], äå τj = {t :
t ∈ [tj−1, tj)}, j = 1, 2, ..., N − 1, τN = {t :
t ∈ [tN−1, tN ]}, t0 = T0 < t1 < ... < tN−1 <
tN = T1. Ïðèïóñòèìî, ùî íà öüîìó âiäðiçêó
äèíàìiêà ñèñòåìè çàäàíà ó âèãëÿäi

dx(j)

dt
= Aj(t)x

(j)(t), t ∈ τj, (1)

çà óìîâ çìiíè âèìiðíîñòi ôàçîâîãî ïðîñòîðó

x(j)(tj−1) = Cjx
(j−1)(tj−1−), (2)

äå Aj(t) - êâàäðàòíi ìàòðèöi ïîðÿäêó nj ç
òàêèìè åëåìåíòàìè, ùî ðîçâ'ÿçîê ñèñòåìè
(1) iñíó¹ òà ¹äèíèé ïðè t ∈ τj, x(j)(t) - nj-
âèìiðíèé âåêòîð ôàçîâîãî ñòàíó, Cj - ïðÿ-
ìîêóòíi ñòàëi ìàòðèöi ðîçìiðíîñòi nj ×nj−1,

j = 1, N , ïðè÷îìó ïðè j = 1 ââàæàòèìåìî,
ùî C1 = E1 - îäèíè÷íà ìàòðèöÿ ïîðÿäêó n1,
x(0)(t0−) = x

(1)
0 - ïî÷àòêîâèé ñòàí ñèñòåìè

(1).
Îçíà÷åííÿ 1. Íåçáóðåíèé ðóõ x(j)(t) =

0, t ∈ τj, j = 1, N , ñèñòåìè (1) çà óìîâ
(2) íàçâåìî {λ, Γ

(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1}-

ñòiéêèì, ÿêùî x(j)(t) ∈ Γ
(j)
t äëÿ âñiõ t ∈ τj,

j = 1, N , ÿê òiëüêè x(1)(t0) ∈ G0 = {x(1) :

x(1)T x(1) < λ2}, äå Γ
(j)
t = {x(j) : |l(j)Tsj (t)x(j)| ≤

1, sj = 1, 2, ..., Mj}, äå l
(j)
sj (t) - íåïåðåðâ-

íi âåêòîð-ôóíêöi¨ ðîçìiðíîñòi nj, t ∈ τj,
j = 1, N .

Îçíà÷åííÿ 2. Íåçáóðåíèé ðóõ x(j)(t) =
0, t ∈ τj, j = 1, N , ñèñòåìè (1) çà óìîâ
(2) íàçâåìî {c, B, Γ

(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1}-

ñòiéêèì, ÿêùî x(j)(t) ∈ Γ
(j)
t äëÿ âñiõ t ∈ τj,

j = 1, N , ÿê òiëüêè x(1)(t0) ∈ G10 = {x(1) :
x(1)T Bx(1) < c2}, äå c - ñòàëà âåëè÷èíà, B -
âiäîìà äîäàòíî âèçíà÷åíà ìàòðèöÿ, Γ

(j)
t =

{x(j) : |l(j)Tsj (t)x(j)| ≤ 1, sj = 1, 2, ..., Mj},
l
(j)
sj (t) - çàäàíi íåïåðåðâíi âåêòîð-ôóíêöi¨
ðîçìiðíîñòi nj, t ∈ τj, j = 1, N .

Çàäà÷à 1. Çíàéòè óìîâè, ïðè ÿêèõ
ðîçâ'ÿçîê ñèñòåìè (1) çà óìîâ çìi-
íè âèìiðíîñòi ôàçîâîãî ïðîñòîðó (2)
{λ, Γ

(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1}-ñòiéêèé.

Çàäà÷à 1. Çíàéòè óìîâè, ïðè ÿêèõ
ðîçâ'ÿçîê ñèñòåìè (1) çà óìîâ çìi-
íè âèìiðíîñòi ôàçîâîãî ïðîñòîðó (2)
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{c, B, Γ
(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1}-ñòiéêèé.

Çàïðîâàäèìî ïîçíà÷åííÿ: Xj(t, τ) ìàòðè-
÷íèé ðîçâ'ÿçîê çàäà÷i Êîøi

dX(j)(t, τ)

dt
= Aj(t)X

(j)(t, τ), (3)

X(j)(τ, τ) = Ej, t < τj, τ ∈ τj,
t ∈ τj, äå Ej - îäèíè÷íi ìàòðèöi ïîðÿä-
êó nj; l

(j)

sj
(t) = CT

2 XT
2 (t2−, t1)C

T
3 XT

3 (t3−, t2)...

...CT
j XT

j (tj−, tj−1)l
(j)
sj (t); µ2

1 = ρ1maxλ
2, µ2

2 =

ρ2maxλ
2, ..., µ2

N = ρNmaxλ
2, äå ρjmax - íàé-

áiëüøå âëàñíå çíà÷åííÿ ìàòðèöi ψT
j ψj, ψj =

CjXj−1(tj−1−, tj−2)Cj−1...X1(t1−, t0)C1; µ2
1 =

ρ1maxc
2, µ2

2 = ρ2maxc
2, ..., µ2

N = ρNmaxc
2,

äå ρjmax - íàéáiëüøå âëàñíå çíà÷åííÿ ìà-
òðèöi ψT

1jψ1j, ψ1j = ψjB
− 1

2 , Qj(tj−1, t) =

XT
j (tj−1, t)Xj(tj−1, t), t ∈ τj, j = 1, N ,

Q1(t0, t) = XT
1 (t0, t)BX1(t0, t), t ∈ τ .

Òåîðåìà 1. Äëÿ {λ, Γ
(1)
t , Γ

(2)
t , ...,

Γ
(N)
t , T0, T1}-ñòiéêîñòi ñèñòåìè (1) çà óìîâ

(2) äîñòàòíüî, ùîá ñïðàâäæóâàëèñÿ óìîâè:

λ2 ≤ min(λ1, λ2, ..., λN), (4)
x(j−1)(tj−1−)(Ej−1 − CT

j Cj)x
(j−1)(tj−1) ≥ 0,

(5)
äå

λj = min
1≤sj≤Mj

(inf
t∈τj

(l
(j)T

sj
(t)Q−1

1 (t0, t1−)l
(j)

sj
(t))−1),

(6)
x(j−1)(t), t ∈ τj, j = 1, N ðîçâ'ÿçîê (1) çà
óìîâ (2), ÿêèé çàäîâîëüíÿ¹ ïî÷àòêîâó óìîâó
x(1)(t0) = x

(1)
0 ∈ G0.

Äîâåäåííÿ ïðîâåäåìî çà äîïîìîãîþ ìå-
òîäó ôóíêöié Ëÿïóíîâà. Âèáåðåìî ôóíêöi¨
Ëÿïóíîâà Vj(x

(j), t), t ∈ τj, j = 1, N ó âèãëÿ-
äi

Vj(x
(j), t) = 1

µ2 x
(j)T Qj(tj−1, t)x

(j),
äå µ2 = max(µ2

1, µ
2
2, ..., µ

2
N).

Íåõàé x(j)(t), t ∈ τj, j = 1, N , ðîçâ'ÿçîê
ñèñòåìè (1) çà óìîâ (2), ÿêèé çàäîâîëüíÿ¹
ïî÷àòêîâó óìîâó x(1)(t0) = x

(1)
0 , x

(1)
0 ∈ G0.

ßêùî âèêîíóþòüñÿ óìîâè (4), (5), òî äëÿ
ôóíêöié Vj(x

(j)(t), t) íà ðîçâ'ÿçêàõ ñèñòåìè
(1) ñïðàâäæóþòüñÿ íåðiâíîñòi

Vj(x
(j)(t), t) < 1, t ∈ τj, j = 1, N

Êðiì öüîãî, ëåãêî ïåðåâiðèòè, ùî {x(j)(t) :

Vj(x
(j)(t), t) < 1} ⊂ Γ

(j)
t . Äiéñíî,

|l(j)Tsj (t)x(j)(t)|2 ≤
(l

(j)T

sj
(t)Q−1

1 (t0, t1−)l
(j)

sj
(t))x

(1)T
0 x

(1)
0 ≤

(l
(j)T

sj
(t)Q−1

1 (t0, t1−)l
(j)

sj
(t))λ2

Çâiäñè, âðàõîâóþ÷è óìîâó (4), îäåðæó¹ìî
|l(j)Tsj (t)x(j)(t)|2 ≤ 1, t ∈ τj, sj = 1, 2, ...,Mj,
j = 1, N . Îñêiëüêè dVj(x

(j)(t),t)

dt
= 0 ïðè

x(j)(t) ∈ {x(j)(t) : Vj(x
(j)(t), t) < 1}, t ∈ τj,

j = 1, N , òî ñïðàâäæóþòüñÿ óñi óìîâè òåî-
ðåìè 1 [3], ùî çàâåðøó¹ äîâåäåííÿ òåîðåìè.

Çàóâàæåííÿ 1. Ìàòðèöþ Q−1
1 (t0, t1−)

ìîæíà çíàéòè çà ôîðìóëîþ Q−1
1 (t0, t1−) =

X1(t1−, t0)X
T
1 (t1−, t0).

Çàóâàæåííÿ 2. ßêùî â ñèñòåìi äèôå-
ðåíöiàëüíèõ ðiâíÿíü (1) ìàòðèöÿ Aj ñòàëà,
òî â óìîâi ñòiéêîñòi (4) λj ìîæíà çíàéòè çà
ôîðìóëîþ

λj = min
1≤sj≤Mj

inf
t∈τj

(l
(j)T

sj
(t)e(Aj+AT

j )(t1−t0)l
(j)

sj
(t))−1.

(7)
Òåîðåìà 2. Äëÿ {c, B, Γ

(1)
t , Γ

(2)
t , ...,

Γ
(N)
t , T0, T1}-ñòiéêîñòi ñèñòåìè (1) çà óìîâ

(2) äîñòàòíüî, ùîá ñïðàâäæóâàëàñÿ óìîâà

c2 ≤ min(λ1, λ2, ..., λN), (8)
òà óìîâà (4), äå

λj = min
1≤sj≤Mj

(inf
t∈τj

(l
(j)T

sj
(t)Q

−1

1 (t0, t1−)l
(j)

sj
(t))−1),

(9)
x(j−1)(t), t ∈ τj, j = 1, N ðîçâ'ÿçîê (1) çà
óìîâ (2), ÿêèé çàäîâîëüíÿ¹ ïî÷àòêîâó óìîâó
x(1)(t0) = x

(1)
0 ∈ G10.

Äîâåäåííÿ.Ôóíêöi¨ Ëÿïóíîâà âèáåðåìî
ó âèãëÿäi

V1(x
(1), t) = 1/µ2x(1)T Q1(t0, t)x

(1),
Vj(x

(j), t) = 1/µ2x(j)T Q1(tj−1, t)x
(j), j = 2, N ,

äå µ2 = max(µ2
1, µ

2
2, ..., µ

2
N).

Òåïåð äîâåäåííÿ òåîðåìè 2 ìîæíà ïðîâå-
ñòè çà ñõåìîþ äîâåäåííÿ òåîðåìè 1. Òåîðåìà
äîâåäåíà.
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Çàóâàæåííÿ 3. Äîäàòíî-âèçíà÷åíó ñè-
ìåòðè÷íó ìàòðèöþ Q1(t0, t) ðîçìiðíîñòi n1×
n1 ìîæíà çíàéòè ÿê ìàòðè÷íèé ðîçâ'ÿçîê
äèôåðåíöiàëüíîãî ðiâíÿííÿ dQ1(t0, t)/dt =
−AT

1 (t)Q1(t0, t) − Q1(t0, t)A1(t), Q1(t0, t0) =
B, t ∈ τ1.

Çàóâàæåííÿ 4. Äëÿ îá÷èñëåííÿ λj çà
ôîðìóëîþ (9) îáåðíåíó ìàòðèöþ Q

−1

1 (t0, t),
t ∈ τ1, ìîæíà çíàéòè ðîçâ'ÿçóþ÷è ìà-
òðè÷íó çàäà÷ó Êîøi dQ

−1

1 (t0, t)/dt =

Q
−1

1 (t0, t)A
T
1 (t) + A1(t)Q

−1

1 (t0, t) = B−1

Äàëi ðîçãëÿíåìî íà âiäðiçêó [T0, T1] ç ðîç-
áèòòÿì τ1, τ2, ..., τN ñèñòåìó ç ïîñòiéíî äiþ-
÷èìè çáóðåííÿìè

dx(j)

dt
= Aj(t)x

(j)(t) + f (j)(t), t ∈ τj, (10)

çà óìîâ çìiíè âèìiðíîñòi ôàçîâîãî ïðîñòîðó
(2), äå Aj(t) - êâàäðàòíi ìàòðèöi, ÿêi çàäî-
âîëüíÿþòü âèùåâêàçàíi óìîâè, f (j)(t) - äå-
ÿêà nj -âèìiðíà ôóíêöiÿ, ÿêà çàäîâîëüíÿ¹
óìîâè òåîðåìè ïðî iñíóâàííÿ òà ¹äèíiñòü
ðîçâ'ÿçêó ñèñòåìè (10) ïðè t ∈ τj. Ïðèïó-
ñòèìî, ùî ôóíêöi¨ f (j)(t), t ∈ τj, àáî âiäîìi
âåêòîð ôóíêöi¨ ÷àñó, àáî âîíè íåâiäîìi, àëå
çàäîâîëüíÿþòü óìîâó

‖ f (j)(t) ‖= (

tj∫

tj−1

nj∑
i=1

(|f (j)(τ)|qj)q1j/qjdτ)1/q1j ≤

(11)

≤ R
(j),

1 ≤ qj ≤ ∞, 1 ≤ q1j ≤ ∞, R(j) - äåÿêi äîäàòíi
ñòàëi, j = 1, N

Îçíà÷åííÿ 3. Ñèñòåìó (10) çà
óìîâ (2) íàçèâàòèìåìî âíóòðiøíüî
{c, B, Γ

(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1} -ñòiéêîþ

ïðè ñòàëî äiþ÷èõ çáóðåííÿõ, ÿêi ìîæóòü
áóòè âiäîìèìè àáî æ íåâiäîìèìè i çàäî-
âîëüíÿòè óìîâó (11), ÿêùî x(j)(t) ∈ Γ

(j)
t

ïðè âñiõ t ∈ τj, j = 1, N , ÿê òiëüêè
x(1)(t0) ∈ {x(1) : x(1)T Bx(1) < c2}.

Äëÿ ñèñòåìè (10) çà óìîâ
(2) ðîçãëÿíåìî òàêîæ çîâíiøíþ
{c, B, Γ

(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1}-ñòiéêiñòü ÿê

óçàãàëüíåííÿ âiäïîâiäíî¨ çàäà÷i ïðî ïðà-
êòè÷íó ñòiéêiñòü [4] äëÿ ñèñòåì áåç çìiíè
âèìiðíîñòi ôàçîâîãî ïðîñòîðó. Ïðèïóñòèìî,
ùî îáëàñòü ïî÷àòêîâèõ óìîâ i ìíîæèíà Γ

(1)
t0

çàäîâîëüíÿþòü óìîâó

{x(1) : x(1)T Bx(1) < c2} ∩ Γ
(1)

t0
6= ∅, (12)

äå Γ
(1)

t0
- äîïîâíåííÿ äî ìíîæèíè Γ

(1)
t0 , ∅ - ïî-

ðîæíÿ ìíîæèíà.
Îçíà÷åííÿ 4. Ñèñòåìó (10) çà

óìîâ (2) íàçèâàòèìåìî çîâíiøíüî
{c, B, Γ

(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1}-ñòiéêîþ ïðè

ïîñòiéíî äiþ÷èõ çáóðåííÿõ, ÿêi ìîæóòü
áóòè âiäîìèìè àáî æ íåâiäîìèìè i çàäî-
âîëüíÿòè óìîâó (11), ÿêùî äëÿ áóäü ÿêèõ
ïî÷àòêîâèõ óìîâ x(1)(t0) = x

(1)
0 ç îáëàñòi

x(1) ∈ {x(1) : x(1)T Bx(1) < c2} çíàéäåòüñÿ
òàêèé iíäåêñ j0 ∈ {1, 2, ..., N} i çíà÷åííÿ
t ∈ τj0 , ùî x(j0)(t) ∈ Γ

(j0)

t
.

Àíàëîãi÷íî ìîæíà ââåñòè [4] ïî-
íÿòòÿ çîâíiøíüî¨ i âíóòðiøíüî¨
{λ, Γ

(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1}-ñòiéêîñòi.

Íåõàé f (j)(t) - âiäîìi ôóíêöi¨ ïàðàìå-
òðà t, t ∈ τj, j = 1, N . Ðîçâ'ÿçîê (10) çà
óìîâ (2), ÿêèé çàäîâîëüíÿ¹ ïî÷àòêîâó óìîâó
x(1)(t0) = x

(1)
0 , ìà¹ âèãëÿä

x(1)(t) = Wj(t, t0)x
(1)
0 +

+

j−1∑

k=1

tk∫

tk−1

Wjk(t, τ)f (k)(τ)dτ+ (13)

+
∫ t

tj−1
Xj(t, τ)f (j)(τ)dτ ,

äå Wj(t, t0) = Xj(t, tj−1)Cj...X1(t1, t0)C1,
Wjk(t, τ) = Xj(t, tj−1)Cj...Ck+1Xk(tk, τ).

Çàïèøåìî óìîâó òîãî, ùî òðàåêòîði¨ ñè-
ñòåìè (10) çà óìîâ (2) íàëåæàòü ìíîæèíi
Γ

(j)
t , t ∈ τj, â íàñòóïíîìó âèãëÿäi:

z(j)(t) ∈ {z(j) : −1− l
(j)T
sj (t)a(j)(t) ≤

≤ l(j)Tsj
(t)z(j)(t) ≤ (14)

≤ 1− l
(j)T
sj (t)a(j)(t), sj = 1, 2, ...,Mj, t ∈ τj},
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äå

z(j)(t) = Wj(t, t0)x
(1)(t0),

a(j) =
∑j−1

k=1

∫ tk
tk−1

Wjk(t, τ)f (k)(τ)dτ +

+
∫ t

tj−1
Xj(t, τ)f (j)(τ)dτ ,

t ∈ τj, j = 1, N
Ïîçíà÷èìî:

µ1 = inf
t∈τ1

min
s1=1,...,M1

(1− |l(1)T
s1 (t)a(1)(t)|)2

l
(1)T
s1 (t)Q

−1

1 (t0, t)l
(1)
s1 (t)

,

(15)

µj = inf
t∈τj

min
s1=1,...,Mj

(1− |l(j)Tsj (t)a(j)(t)|)2

l
(j)T

sj
(t)Q

−1

1 (t0, t1−)l
(j)

sj
(t)

,

(16)

V1(z
(1), t) = 1

c2
z(1)T XT

1 (t0, t)z
(1), t ∈ τ1,

Vj(z
(j), t) = 1

c2
z(j)T XT

j (tj−1, t)z
(j), j = 2, N ,

Òåîðåìà 3. Äëÿ òîãî, ùîá ñèñòå-
ìà (10) çà óìîâ (2) áóëà âíóòðiøíüî
{c, B, Γ

(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1}-ñòiéêîþ ïðè

âiäîìèõ ïîñòiéíî äiþ÷èõ çáóðåííÿõ äîñòà-
òíüî, ùîá ñïðàâäæóâàëèñÿ óìîâè:

c2 ≤ min{µ1, µ2, ..., µN}, |l(j)Tsj
(t)a(j)(t)| < 1,

t ∈ τj, sj = 1, 2, ..., Mj, j = 1, N,

âëàñíi çíà÷åííÿ ìàòðèöü
XT

j (tj−, tj−1)C
T
j+1Cj+1Xj(tj−, tj−1), j =

1, ..., N − 1, ìåíøi íiæ îäèíèöÿ.
Äîâåäåííÿ. Î÷åâèäíî, ùî óìîâè (12)

äîñÿãàþòüñÿ, ÿêùî ñïðàâäæóþòüñÿ ñïiââiä-
íîøåííÿ:

max
z(j)∈{z(j):z(j)T Qj(tj−1,t)z(j)<c2}

l(j)Tsj
(t)z(j) ≤ (17)

≤ 1− l
(j)T
sj (t)a(j)(t),

min
z(j)∈{z(j):z(j)T Qj(tj−1,t)z(j)<c2}

l(j)Tsj
(t)z(j) ≥ (18)

≥ −1− l
(j)T
sj (t)a(j)(t),

t ∈ τj, sj = 1, 2, ..., Mj, j = 1, N , ÿêi ëåãêî
îäåðæàòè çà óìîâ òåîðåìè 3. Òåîðåìà äîâå-
äåíà.

Òåîðåìà 4. Äëÿ òîãî, ùîá ñèñòå-
ìà (8) çà óìîâ (2) áóëà âíóòðiøíüî
{λ, Γ

(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1}-ñòiéêà ïðè âiäî-

ìèõ ñòàëî äiþ÷èõ çáóðåííÿõ äîñòàòíüî, ùîá
ñïðàâäæóâàëèñÿ óìîâè:

λ2 ≤ min{µ1ρ1max, µ2ρ2max ..., µNρNmax}
|l(j)Tsj (t)a(j)(t)| < 1, t ∈ τj, sj = 1, 2, ..., Mj,

j = 1, N ,
Q−1

1 (t0, t) = X1(t, t0)X
T
1 (t, t0), Q−1

1 (t0, t1−) =
X1(t1−, t0)X

T
1 (t1−, t0), âëàñíi çíà÷åííÿ ìà-

òðèöü XT
j (tj−, tj−1)C

T
j+1Cj+1Xj(tj−, tj−1),

j = 1, ..., N − 1, ìåíøi îäèíèöi.
Âðàõîâóþ÷è ðåçóëüòàòè òà ìåòîäè

äîâåäåííÿ òåîðåìè 3 i òåîðåìè 4 ìî-
æíà îäåðæàòè òàêîæ óìîâè çîâíiøíüî¨
{λ, Γ

(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1}-ñòiéêîñòi i

çîâíiøíüî¨ {c, B, Γ
(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1}-

ñòiéêîñòi.
ßêùî çîâíiøíi ñòàëî äiþ÷i çáóðåííÿ

f (j)(t), j = 1, N íåâiäîìi, àëå íàëåæàòü
äåÿêié îáëàñòi âèäó (9), òî âèêîðèñòîâóþ-
÷è êîíñòðóêòèâíi äîâåäåííÿ íàâåäåíèõ âè-
ùå òåîðåì, ìîæíà ïîáóäóâàòè îöiíêè îáëà-
ñòåé {λ, Γ

(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1}-ñòiéêîñòi òà

{c, B, Γ
(1)
t , Γ

(2)
t , ..., Γ

(N)
t , T0, T1}-ñòiéêîñòi, ùî

äîçâîëÿ¹ ðîçðîáèòè åôåêòèâíi ÷èñëîâi àëãî-
ðèòìè i ïðîöåäóðè äîñëiäæåííÿ ïðàêòè÷íî¨
ñòiéêîñòi ñèñòåì çi çìiíîþ âèìiðíîñòi ôàçî-
âîãî ïðîñòîðó.
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