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Äîñëiäæåíà ñõåìà àïðîêñèìàöi¨ ñèñòåì íåëiíiéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü iç áàãàòüìà
çàïiçíåííÿìè. Ðîçãëÿíóòî ¨¨ çàñòîñóâàííÿ äëÿ äîñëiäæåííÿ ñòiéêîñòi ëiíiéíèõ ñèñòåì iç çàïi-
çíåííÿì.

An approximation scheme of systems of nonlinear di�erential equations with several delay is
investigated. We consider its application to the study of stability of linear systems with delay.

Âñòóï. Äëÿ äèôåðåíöiàëüíî-
ôóíêöiîíàëüíèõ ðiâíÿíü âàæëèâîþ çàäà÷åþ
¹ ïîáóäîâà òà îá ðóíòóâàííÿ ìåòîäiâ çíàõî-
äæåííÿ ðîçâ'ÿçêiâ ïî÷àòêîâèõ i êðàéîâèõ
çàäà÷, îñêiëüêè íà äàíèé ÷àñ íåìà¹ óíiâåð-
ñàëüíèõ ìåòîäiâ ¨õ ðîçâ'ÿçàííÿ. Îñîáëèâèé
iíòåðåñ âèêëèêàþòü äîñëiäæåííÿ, â ÿêèõ
ìåòîäè òåîði¨ çâè÷àéíèõ äèôåðåíöiàëüíèõ
ðiâíÿíü çàñòîñîâàíî äëÿ ÿêiñíîãî àíàëiçó
äèôåðåíöiàëüíî-ôóíêöiîíàëüíèõ ðiâíÿíü.

Ñõåìà àïðîêñèìàöi¨ ëiíiéíèõ
äèôåðåíöiàëüíî-ðiçíèöåâèõ ðiâíÿíü ïîñëi-
äîâíiñòþ ñèñòåì çâè÷àéíèõ äèôåðåíöiàëü-
íèõ ðiâíÿíü óïåðøå çàïðîïîíîâàíà Ì. Ì.
Êðàñîâñüêèì [1] ïðè äîñëiäæåííi çàäà÷i ïðî
ñèíòåç îïòèìàëüíîãî ðåãóëÿòîðà â ñèñòå-
ìàõ iç çàïiçíåííÿì. Òî÷íiñòü àïðîêñèìàöi¨
íåëiíiéíèõ äèôåðåíöiàëüíî-ðiçíèöåâèõ
ðiâíÿíü iç çàïiçíåííÿì äîñëiäæåíà Þ. Ì.
Ð¹ïiíèì [2], ÿêèé óïåðøå ðîçãëÿíóâ àïðî-
êñèìàöiþ ñêàëÿðíîãî åëåìåíòà çàïiçíåííÿ
ó âèïàäêó, êîëè éîãî âõiäíà ôóíêöiÿ ¹
äèôåðåíöiéîâàíîþ àáî çàäîâîëüíÿ¹ óìî-
âó Ëiïøèöÿ. Ïîäàëüøå âèâ÷åííÿ ñõåì
àïðîêñèìàöi¨ äèôåðåíöiàëüíî-ðiçíèöåâèõ
ðiâíÿíü â ïðîñòîðàõ íåïåðåðâíèõ ôóíêöié
íà ñêií÷åííîìó iíòåðâàëi çäiéñíåíî ó ïðà-
öÿõ I. Ì. ×åðåâêà òà Ë. À. Ïiääóáíî¨ [3-4].
Àíàëiç òî÷íîñòi àïðîêñèìàöi¨ âåêòîðíîãî
åëåìåíòà çàïiçíåííÿ äëÿ ðiçíèõ âõiäíèõ
ôóíêöié òà óçàãàëüíåííÿ ñõåì àïðîêñèìàöi¨
äëÿ ñèñòåì äèôåðåíöiàëüíî-ðiçíèöåâèõ
ðiâíÿíü çàïiçíþþ÷îãî i íåéòðàëüíîãî òèïiâ
ðîçãëÿíóòî â ðîáîòàõ I. Ì. ×åðåâêà òà Î.
Â. Ìàòâiÿ [5,6]. Ïîáóäîâà òà îáãðóíòóâàííÿ

ñõåì àïðîêñèìàöi¨ ëiíiéíèõ òà êâàçiëiíiéíèõ
äèôåðåíöiàëüíî-ôóíêöiîíàëüíèõ ðiâíÿíü
ïîñëiäîâíiñòþ ñèñòåì çâè÷àéíèõ äèôåðåí-
öiàëüíèõ ðiâíÿíü äîñëiäæåíî â ðîáîòàõ I.Ì.
×åðåâêà òà Ñ.À. Iëiêè [7,8].

Âèâ÷åííÿ çâ'ÿçêiâ ìiæ äèôåðåíöiàëüíî-
ðiçíèöåâèìè ðiâíÿííÿìè i âiäïîâiäíèìè
àïðîêñèìóþ÷èìè ñèñòåìàìè çâè÷àéíèõ äè-
ôåðåíöiàëüíèõ ðiâíÿíü äîçâîëèëè çàïðîïî-
íóâàòè àëãîðèòìè ðîçâ'ÿçàííÿ ðÿäó ïðè-
êëàäíèõ çàäà÷. Ó ðîáîòàõ [3-5] çàïðî-
ïîíîâàíî ñõåìè àïðîêñèìàöi¨ íåàñèìïòî-
òè÷íèõ êîðåíiâ êâàçiïîëiíîìiâ ëiíiéíèõ
äèôåðåíöiàëüíî-ðiçíèöåâèõ ðiâíÿíü, à ìåòî-
äèêà äîñëiäæåííÿ ñòiéêîñòi ðîçâ'ÿçêiâ òàêèõ
ðiâíÿíü íàâåäåíà â ðîáîòàõ [5,8]. Êîíñòðó-
êòèâíi àëãîðèòìè ïîáóäîâè îáëàñòåé ñòiéêî-
ñòi ëiíiéíèõ ñèñòåì iç áàãàòüìà çàïiçíåííÿìè
îäåðæàíi â [9].

Ó äàíié ðîáîòi äîñëiäæåíî ñõåìó àïðî-
êñèìàöi¨ íåëiíiéíèõ ñèñòåì äèôåðåíöiàëüíî-
ðiçíèöåâèõ ðiâíÿíü iç áàãàòüìà çàïiçíåííÿ-
ìè òà íàâåäåíî àëãîðèòì çíàõîäæåííÿ âåðõ-
íüî¨ ìåæi çàïiçíåííÿ ïðè ÿêié çáåðiãà¹òüñÿ
ñòiéêiñòü ëiíiéíèõ ñèñòåì iç çàïiçíåííÿì.
1. Ñõåìà àïðîêñèìàöi¨ ñèñòåìè

äèôåðåíöiàëüíî-ðiçíèöåâèõ ðiâíÿíü iç
áàãàòüìà çàïiçíåííÿìè

Íåõàé n, p � äåÿêi íàòóðàëüíi ÷èñëà, t0,
T � çàäàíi äiéñíi ÷èñëà, t0 < T . Ðîçãëÿíåìî
ñèñòåìó äèôåðåíöiàëüíî-ðiçíèöåâèõ ðiâíÿíü

dx(t)

dt
= f(t, x(t), x(t− τ1), . . . , x(t− τp)), (1)

t ∈ [t0, T ], p ≥ 1,
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äå x ∈ Rn, τk, k = 1, p, � çàïiçíåííÿ, 0 <
τ1 < . . . < τp = τ ; f(t, u0, . . . , up) � íåïåðåðâ-
íà âåêòîð-ôóíêöiÿ, âèçíà÷åíà äëÿ t ∈ [t0, T ],
uk ∈ Rn, k = 0, p.

Áóäåìî ðîçãëÿäàòè äëÿ x ∈ Rn íîðìó

||x|| =
n∑
i=1

|xi|.

Ïðèïóñòèìî, ùî ôóíêöiÿ f çàäîâîëüíÿ¹
óìîâó Ëiïøèöà

||f(t, u′0, . . . , u′p)− f(t, u′′0, . . . , u′′p)|| ≤
p∑

k=0

Li||u′k − u′′k||, (2)

äå Lk > 0, u′k, u
′′
k ∈ Rn, k = 0, p,

||f(t, u0, ..., up)|| = max
t

n∑
i=1

|fi(t, u0, ..., up)|.

Íåõàé φ(t) � çàäàíà íà [t0− τ, t0] íåïåðåðâíà
ôóíêöiÿ. Ðîçâ'ÿçêîì ïî÷àòêîâî¨ çàäà÷i äëÿ
ñèñòåìè (1) áóäåìî íàçèâàòè ôóíêöiþ x(t),
ÿêà ñïiâïàäà¹ ç φ(t) íà [t0− τ, t0] i çàäîâîëü-
íÿ¹ ñèñòåìó (1) íà [t0, T ].

Íåõàé m ∈ N . Âèçíà÷èìî ôóíêöi¨ zj(t) ∈
Rn, j = 0,m ÿê ðîçâ'ÿçêè ñèñòåìè çâè÷àé-
íèõ äèôåðåíöiàëüíèõ ðiâíÿíü

dz0(t)

dt
= f(t, z0(t), zl1(t), . . . , zlp(t)),

dzj(t)

dt
=
m

τ
(zj−1(t)− zj(t)), j = 1,m, (3)

t ∈ [t0, T ],

ç ïî÷àòêîâèìè óìîâàìè

zj(t0) = φ(t0 −
τj

m
), j = 0,m, (4)

äå iíäåêñè lj îäíîçíà÷íî âèçíà÷àþòüñÿ íå-
ðiâíîñòÿìè

τ lj
m
≤ τj <

τ(lj + 1)

m
.

Áóäåìî ãîâîðèòè, ùî ñèñòåìà çâè÷àéíèõ
äèôåðåíöiàëüíèõ ðiâíÿíü (3) àïðîêñèìó¹
ñèñòåìó ðiâíÿíü iç çàïiçíåííÿì (1), ÿêùî
ñïðàâäæóþòüñÿ ñïiââiäíîøåííÿ

||x(t− τj

m
)− zj(t)|| → 0, j = 0,m,

t ∈ [t0, T ] ïðè m→∞.
Íåõàé x(t) = (x1(t), . . . , xn(t)), zj(t) =

(zj1(t), . . . , zjn(t)), j = 1,m,

Nj(t) = max
t0≤s≤t

n∑
i=1

|xi(s−
τj

m
)− zji(s)|, (5)

j = 0,m, t ∈ [t0, T ].

Ïðåäñòàâèìî zji(t) j = 1,m, i = 1, n ó âè-
ãëÿäi ñóìè z(1)ji (t)+ z

(2)
ji (t), äå z

(1)
ji (t) i z

(2)
ji (t) ¹

ðîçâ'ÿçêàìè òàêèõ çàäà÷ Êîøi

τ

m

dz
(1)
1i (t)

dt
+ z

(1)
1i (t) = xi(t),

τ

m

dz
(1)
ji (t)

dt
+ z

(1)
ji (t) = z

(1)
j,i−1(t), (6)

j = 2,m, i = 1, n,

z
(1)
ji (t0) = xi(t0 −

jτ

m
), j = 1,m, i = 1, n. (7)

τ

m

dz
(2)
1i (t)

dt
+ z

(2)
1i (t) = z0i(t)− xi(t),

τ

m

dz
(2)
ji (t)

dt
+ z

(2)
ji (t) = z

(2)
j,i−1(t), (8)

j = 2,m, i = 1, n,

z
(2)
ji (t0) = 0, j = 1,m, i = 1, n. (9)

Îöiíèìî ðiçíèöi
n∑
i=1

|xi(t − τj
m
) − zji(t)|,

âðàõîâóþ÷è âèãëÿä ñèñòåì (6)-(7) òà (8)-(9).
Ìà¹ìî

n∑
i=1

|xi(t−
jτ

m
)− zji(t)| =

n∑
i=1

|xi(t−
jτ

m
)− (z

(1)
ji (t) + z

(2)
ji (t))| ≤

≤
n∑
i=1

|xi(t−
jτ

m
)−z(1)ji (t)|+

n∑
i=1

|z(2)ji (t)|. (10)

Äëÿ äðóãîãî äîäàíêà ó ïðàâié ÷àñòèíi
(10) ìåòîäîì ìàòåìàòè÷íî¨ iíäóêöi¨ íåâàæ-
êî ïåðåêîíàòèñÿ ó ñïðàâåäëèâîñòi îöiíêè

n∑
i=1

|z(2)ji (s)| ≤ N0(t), j = 1,m, t ∈ [t0, T ].

(11)
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Âðàõîâóþ÷è âëàñòèâîñòi ðîçâ'ÿçêiâ ïî÷à-
òêîâî¨ çàäà÷i äëÿ ðiâíÿííÿ iç çàïiçíåííÿì
ìà¹ìî, ùî ôóíêöi¨ xi(t) ∈ C[t0 − τ, T ], i =
1, n � òîìó äëÿ îöiíêè âåëè÷èíè |xi(t− jτ

m
)−

z
(1)
ji (t))| ìîæíà çàñòîñóâàòè íåðiâíiñòü [4]

|xi(t−
jτ

m
)− z(1)ji (t))| ≤ β1i(

τ√
m
), t ∈ [t0, T ],

j = 1,m, i = 1, n,

äå β1i( τ√
m
) = 4Ki

τ√
m
+2ω(xi,

τ√
m
), Ki � ñòàëà

Ëiïøèöà ôóíêöi¨ x(1)i , ω
(
xi,

τ√
m

)
� ìîäóëü

íåïåðåðâíîñòi ôóíêöi¨ xi(t) íà [t0, T ]. Îòæå,

n∑
i=1

|xi(t−
jτ

m
)− z(1)ji (t)| ≤

≤
n∑
i=1

β1i(
τ√
m
) = β1(

τ

m
). (12)

Iç âëàñòèâîñòåé ôóíêöié β1i(
τ√
m
) ìà¹ìî, ùî

lim
δ→0

β1(δ) = 0. Íåðiâíiñòü (12) ñïðàâåäëèâà

äëÿ âñiõ t ∈ [t0, T ], òîìó âðàõîâóþ÷è ïîçíà-
÷åííÿ (5), ìà¹ìî

Nj(t) ≤ β1(
τ

m
) +N0(t), j = 1,m. (13)

Äëÿ îöiíêè ðiçíèöi ||x(t) − z0(t)||, ïîäà-
ìî ðiâíÿííÿ (1) òà (3) â åêâiâàëåíòíié iíòå-
ãðàëüíié ôîðìi

x(t)− x(t0) =

=

t∫
t0

f(s, x(s), x(s− τ1), . . . , x(s− τp))ds,

t ∈ [t0, T ],

z0(t)− z0(t0) =

=

t∫
t0

f(s, z0(s), zl1(s), . . . , zlp(s))ds,

t ∈ [t0, T ].

Îöiíèìî |x(s− τj)− zlj(s)| :

||x(s− τj)− zlj(s)|| = ||x(s− τj)− x(s− τlj)+

+x(s− τlj)− zlj(s)|| ≤
≤ ||x(s− τj)− x(s− τlj)||+

+||x(s− τlj)− zlj(s)|| ≤ Nlj(t) + nω(
τ

m
) ≤

≤ β1(
τ

m
) +N0(t) + nω(

τ

m
) = β2(

τ

m
) +N0(t),

(14)
äå

β2(
τ

m
) = β1(

τ

m
) + nω(

τ

m
),

ω(
τ

m
) = max

i=1,n
ω
(
xi,

τ√
m

)
.

Íåâàæêî ïåðåêîíàòèñÿ,ùî lim
δ→0

β2(δ) = 0.

Âèêîðèñòîâóþ÷è íåðiâíîñòi (2), (13) òà
(14), äëÿ t ∈ [t0, T ] ìà¹ìî îöiíêó

||x(t)− z0(t)|| ≤
t∫

t0

||f(s, x(s), x(s− τ1), . . . ,

x(s− τp))− f(s, z0(s), zl1(s), . . . , zlp(s))||ds ≤

≤
t∫

t0

[
L0||x(s)− z0(s)||+

p∑
k=0

(Lk||x(s− τk)−

−zlk(s)||)
]
ds ≤

≤
t∫

t0

[
L0N0(s) +

p∑
i=k

Lk(N0(s) + β2(
τ

m
))
]
ds ≤

≤ p(T − t0)β2(
τ

m
)

p∑
i=k

Lk +

p∑
k=0

Lk

t∫
t0

N0(s)ds.

Âðàõîâóþ÷è ïîçíà÷åííÿ (5), äiñòà¹ìî

N0(t) ≤ p(T − t0)β2(
τ

m
)

p∑
k=1

Lk+

+

p∑
k=0

Lk

t∫
t0

N0(s)ds t ∈ [t0, T ].

Çàñòîñîâóþ÷è íåðiâíiñòü Ãðîíóîëëà-
Áåëëìàíà, äiñòà¹ìî

N0(t) ≤ p(T − t0)β2(
τ

m
)

p∑
k=1

Lke
(T−t0)

p∑
k=0

Lk
,
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t ∈ [t0, T ].

Òåïåð iç íåðiâíîñòi (13) ìà¹ìî

Nj(t) ≤ p(T − t0)β2(
τ

m
)

p∑
k=1

Lke
(T−t0)

p∑
k=0

Lk
+

+β1(
τ

m
) = β3(

τ

m
), (15)

j = 1,m, t ∈ [t0, T ]. Êðiì òîãî, lim
δ→0

β3(δ) = 0.

Çâiäñè äiñòà¹ìî íàñòóïíå òâåðäæåííÿ.
Òåîðåìà 1. Íåõàé äëÿ ñèñòåìè (1)

ñïðàâäæó¹òüñÿ íåðiâíiñòü (2). Òîäi ðîçâ'ÿ-
çîê çàäà÷i Êîøi äëÿ ñèñòåìè çâè÷àéíèõ äè-
ôåðåíöiàëüíèõ ðiâíÿíü (3)-(4) àïðîêñèìó¹
ðîçâ'ÿçîê ïî÷àòêîâî¨ çàäà÷i äëÿ ñèñòåìè
äèôåðåíöiàëüíî-ðiçíèöåâèõ ðiâíÿíü (1) ïðè
m→∞ i t ∈ [t0, T ].
2. Ñòiéêiñòü ëiíiéíèõ ñèñòåì iç çàïi-

çíåííÿì
Ðîçãëÿíåìî ñèñòåìó äèôåðåíöiàëüíèõ

ðiâíÿíü iç çàïiçíåííÿì

x′(t) = Ax(t) +
k∑
i=1

Bix(t− τi), (16)

äå A, Bi, i = 1, k, � ñòàëi ìàòðèöi ðîçìiðíîñòi
n× n, x ∈ Rn, 0 < τ1 < τ2 < · · · < τk .

Òåîðiÿ ñòiéêîñòi ñèñòåì iç çàïiçíåííÿì
(16) íà äàíèé ÷àñ ¹ îäíèì iç íàéáiëüø âà-
æëèâèõ òà äîñòàòíüî ïîâíî äîñëiäæåíèõ
ðîçäiëiâ äèôåðåíöiàëüíèõ ðiâíÿíü iç àðãó-
ìåíòîì, ùî âiäõèëÿ¹òüñÿ.
Òåîðåìà 2 [10]. Äëÿ òîãî, ùîá òðè-

âiàëüíèé ðîçâ'ÿçîê ñèñòåìè (16) áóâ åêñ-
ïîíåíöiàëüíî ñòiéêèì, íåîáõiäíî i äîñèòü,
ùîá âñi êîðåíi éîãî õàðàêòåðèñòè÷íîãî ðiâ-
íÿííÿ

D(λ) = det
(
λE−A−

k∑
i=1

Bie
−λτi

)
= 0, (17)

ëåæàëè ó ïiâïëîùèíi Reλ < 0.
Îòæå, äîñëiäæåííÿ ñòiéêîñòi ðîçâ'ÿçêiâ

ëiíiéíèõ ñòàöiîíàðíèõÄÐÐ çâîäèòüñÿ äî
çíàõîäæåííÿ óìîâ âiä'¹ìíîñòi äiéñíèõ ÷à-
ñòèí âñiõ íóëiâ êâàçiïîëiíîìiâ. Ïåðåâiðêà
öüîãî êðèòåðiþ íà ïðàêòèöi ¹ äîñòàòíüî
ñêëàäíîþ.

Êîíñòðóêòèâíi àëãîðèòìè äîñëiäæåííÿ
ñòiéêîñòi ëiíiéíèõ ñòàöiîíàðíèõ ñèñòåì iç çà-
ïiçíåííÿì íà îñíîâi àíàëiçó âëàñòèâîñòåé
íóëüîâîãî ðîçâ'ÿçêó àïðîêñèìóþ÷î¨ ñèñòåìè
çâè÷àéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü íàâåäå-
íî â [5].

Ïîñòàâèìî ó âiäïîâiäíiñòü ñèñòåìi (16) çà
ñõåìîþ, ùî íàâåäåíî â ï. 1, ñèñòåìó çâè÷àé-
íèõ äèôåðåíöiàëüíèõ ðiâíÿíü

dz

dt
= Az0(t)+

k∑
i=1

Bizi(t), li =
[τim
τ

]
, (18)

dzi
dt

= µ(zi−1 − zi), i = 1,m, µ =
m

τ
.

Õàðàêòåðèñòè÷íèé ìíîãî÷ëåí ñèñòåìè
(18) ìà¹ âèãëÿä

Ψm(λ) =

= det



λE −A 0 . . . −B1 . . . −Bk

−µE (µ+ λ)E. . . 0 . . . 0
0 −µE . . . 0 . . . 0
. . . . . . . . . . . . . . . . . .
0 0 . . .(µ+ λ)E. . . 0
. . . . . . . . . . . . . . . . . .
0 0 . . . 0 . . .(µ+ λ)E


(19)

Åëåìåíòè âèçíà÷íèêà (19) � ìàòðèöi ðîç-
ìiðíîñòi n×n. Ó ïåðøîìó ðÿäêó âèçíà÷íèêà
íåíóëüîâi áëîêè çíàõîäÿòüñÿ íà ïîçèöiÿõ li,
i = 0, k.
Òåîðåìà 3[5]. ßêùî íóëüîâèé ðîçâ'ÿçîê

ñèñòåìè (16) åêñïîíåíöiàëüíî ñòiéêèé (íå-
ñòiéêèé), òî iñíó¹ m0 > 0 òàêå, ùî ïðè
âñiõ m > m0 íóëüîâèé ðîçâ'ÿçîê ñèñòåìè
(18) åêñïîíåíöiàëüíî ñòiéêèé (íåñòiéêèé).
ßêùî äëÿ âñiõ m > m0 íóëüîâèé ðîçâ'ÿ-
çîê àïðîêñèìóþ÷î¨ ñèñòåìè (18) åêñïîíåí-
öiàëüíî ñòiéêèé (íåñòiéêèé), òî é íóëüî-
âèé ðîçâ'ÿçîê ñèñòåìè (16) åêñïîíåíöiàëü-
íî ñòiéêèé (íåñòiéêèé).

Çàñòîñîâóþ÷è òåîðåìè 2 i 3, ìîæíà îäåð-
æàòè åôåêòèâíèé àëãîðèòì äîñëiäæåííÿ ñè-
ñòåìè

dx

dt
= Ax(t) + Bx(t− τ), (20)

äå x ∈ Rn, A,B � n×n � ñòàëi ìàòðèöi, τ > 0,
íà åêñïîíåíöiàëüíó ñòiéêiñòü.
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Îá÷èñëþþ÷è íóëi õàðàêòåðèñòè÷íîãî
ðiâíÿííÿ àïðîêñèìóþ÷î¨ äëÿ (20) ñèñòåìè
çâè÷àéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü ïðè
ðiçíèõ çíà÷åííÿõ τ , äëÿ ÿêèõ çáåðiãà¹òüñÿ
ñòiéêiñòü íóëüîâîãî ðîçâ'ÿçêó àïðîêñèìó-
þ÷î¨ ñèñòåìè, çíàõîäèìî îáëàñòü çíà÷åíü
çàïiçíåííÿ τ , äëÿ ÿêèõ ñèñòåìà (20) ¹
åêñïîíåíöiàëüíî ñòiéêîþ.

Ó âèïàäêó, êîëè ñèñòåìà iç çàïiçíåííÿì
(20) äðóãîãî ïîðÿäêó, òàêèé àëãîðèòì íå-
ñêëàäíî ðåàëiçóâàòè. ×èñëîâi åêñïåðèìåíòè
ïîêàçóþòü, ùî ñèñòåìà (20) iç ìàòðèöÿìè

A =

(
−0.9 −6.5
4.8 −0.9

)
, B =

(
−1.39 −0.65
0.48 −1.39

)
áóäå àñèìïòîòè÷íî ñòiéêîþ òîäi, êîëè τ ∈
(0, τ1) ∪ (τ2, τ3), äå τ1 = 0.2862, τ2 = 0.7141,
τ3 = 1.2142.

Îäåðæàíi ðåçóëüòàòè äîáðå óçãîäæóþ-
òüñÿ iç äîñëiäæåííÿì ñòiéêîñòi ëiíiéíèõ äè-
ôåðåíöiàëüíèõ ðiâíÿíü iç çàïiçíåííÿì â ðî-
áîòi [11].
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