
Âiñíèê Õàðêiâñüêîãî íàöiîíàëüíîãî

óíiâåðñèòåòó iìåíi Â.Í. Êàðàçiíà

Ñåðiÿ "Ìàòåìàòèêà, ïðèêëàäíà

ìàòåìàòèêà i ìåõàíiêà"

Òîì 83, 2016, ñ.10�20

Visnyk of V.N.Karazin Kharkiv National University

Ser. �Mathematics, Applied Mathematics

and Mechanics�

Vol. 83, 2016, p. 10�20

ÓÄÊ 517.9

Î ðåãóëÿðèçàöèè ëèíåéíûõ ìàòðè÷íûõ óðàâíåíèé

Ñ.Ì.×óéêî

Äîíáàññêèé ãîñóäàðñòâåííûé ïåäàãîãè÷åñêèé óíèâåðñèòåò,

84 116 Äîíåöêàÿ îáë., ã.Ñëàâÿíñê, óë. Ãåíåðàëà Áàòþêà, 19, Óêðàèíà

chujko-slav@inbox.ru

Ëèíåéíûå ìàòðè÷íûå óðàâíåíèÿ øèðîêî èñïîëüçóþòñÿ â òåîðèè óñòîé÷è-
âîñòè äâèæåíèÿ, òåîðèè óïðàâëåíèÿ, à òàêæå â çàäà÷àõ âîññòàíîâëåíèÿ
èçîáðàæåíèé. Â ñòàòüå ïðåäëîæåíû îðèãèíàëüíûå óñëîâèÿ ðåãóëÿðèçàöèè,
à òàêæå ñõåìà íàõîæäåíèÿ ðåøåíèé âîçìóùåííîãî ìàòðè÷íîãî óðàâíåíèÿ,
â ÷àñòíîñòè, óðàâíåíèÿ Ñèëüâåñòðà, â îáùåì ñëó÷àå, êîãäà ëèíåéíûé
ìàòðè÷íûé îïåðàòîð L, ñîîòâåòñòâóþùèé îäíîðîäíîé ÷àñòè îáîáùåííîãî
ìàòðè÷íîãî óðàâíåíèÿ, íå èìååò îáðàòíîãî.
Êëþ÷åâûå ñëîâà: ìàòðè÷íîå óðàâíåíèå Ñèëüâåñòðà, ìàòðè÷íîå óðàâíåíèå
Ëÿïóíîâà, óñëîâèÿ ðåãóëÿðèçàöèè, ïñåâäîîáðàòíûå ìàòðèöû.

×óéêîÑ.Ì. Ïðî ðåãóëÿðèçàöiþ ëiíiéíèõ ìàòðè÷íèõ ðiâíÿíü.

Ëiíiéíi ìàòðè÷íi ðiâíÿííÿ øèðîêî âèêîðèñòîâóþòüñÿ â òåîði¨ ñòiéêîñòi
ðóõó, òåîði¨ êåðóâàííÿ, à òàêîæ ó çàäà÷àõ ïðî âiäíîâëåííÿ çîáðàæåíü.
Ó ñòàòòi çàïðîïîíîâàíi îðèãiíàëüíi óìîâè ðåãóëÿðèçàöi¨, à òàêîæ ñõå-
ìà çíàõîäæåííÿ ðîçâ'ÿçêiâ çáóðåíîãî ìàòðè÷íîãî ðiâíÿííÿ, çîêðåìà,
ðiâíÿííÿ Ñiëüâåñòðà, ó âèïàäêó, êîëè ëiíiéíèé ìàòðè÷íèé îïåðàòîð L,
âiäïîâiäíèé äî îäíîðiäíî¨ ÷àñòèíè óçàãàëüíåíîãî ìàòðè÷íîãî ðiâíÿííÿ,
íå ìà¹ îáåðíåíîãî.
Êëþ÷îâi ñëîâà: ìàòðè÷íå ðiâíÿííÿ Ñèëüâåñòðà, ìàòðè÷íå ðiâíÿííÿ Ëÿïó-
íîâà, óìîâè ðåãóëÿðèçàöi¨, ïñåâäîîáåðíåíà ìàòðèöÿ.

S.M.Chuiko. On the Regularization of a linear matrix equations.

Linear matrix equations widely used in the theory of stability of motion, control
theory and signal processing. We suggest an algorithm for regularization of the
inhomogeneous generalized matrix equation and, in particular, the Sylvester
equation in general case when the linear matrix operator L, corresponding to
the homogeneous part of the linear generalized matrix equation, has no inverse.
Keywords: Lyapunov matrix equation, Sylvester matrix equation, conditions of
regularization, pseudoinverse matrix.
2000 Mathematics Subject Classi�cation: 15A24, 34Â15, 34C25.
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Ëèíåéíûå ìàòðè÷íûå óðàâíåíèÿ, â ÷àñòíîñòè, ìàòðè÷íûå óðàâíåíèÿ Ëÿ-
ïóíîâà è Ñèëüâåñòðà [1, 2, 3, 4] øèðîêî èñïîëüçóþòñÿ â òåîðèè óñòîé÷èâîñòè
äâèæåíèÿ [3, 5], à òàêæå ïðè ðåøåíèè êðàåâûõ çàäà÷ äëÿ ñèñòåì äèôôåðåí-
öèàëüíûõ óðàâíåíèé [6, 7, 8, 9]. Â ñòàòüÿõ [9, 10, 11] ïðåäëîæåíû óñëîâèÿ
ðàçðåøèìîñòè, à òàêæå ñõåìà ïîñòðîåíèÿ ÷àñòíîãî ðåøåíèÿ óðàâíåíèÿ Ëÿ-
ïóíîâà. Èñïîëüçóÿ òåõíèêó ïñåâäîîáðàòíûõ ìàòðèö è ïðîåêòîðîâ, íàìè ïðåä-
ëîæåíû îðèãèíàëüíûå óñëîâèÿ ðàçðåøèìîñòè, à òàêæå ñõåìà íàõîæäåíèÿ
ñåìåéñòâà ëèíåéíî íåçàâèñèìûõ ðåøåíèé íåîäíîðîäíîãî îáîáùåííîãî ìàò-
ðè÷íîãî óðàâíåíèÿ è, â ÷àñòíîñòè, óðàâíåíèÿ Ñèëüâåñòðà, â îáùåì ñëó÷àå,
êîãäà ëèíåéíûé ìàòðè÷íûé îïåðàòîð L, ñîîòâåòñòâóþùèé îäíîðîäíîé ÷àñòè
îáîáùåííîãî ìàòðè÷íîãî óðàâíåíèÿ íå èìååò îáðàòíîãî [10, 12].

Ïîñòàíîâêà çàäà÷è

Ïîñòàâèì ñëåäóþùóþ çàäà÷ó: ìîæíî ëè ìàëûìè âîçìóùåíèÿìè îáåñïå-
÷èòü ðàçðåøèìîñòü ëèíåéíîãî ìàòðè÷íîãî óðàâíåíèÿ

LX = A (1)

äëÿ ëþáîé ïðàâîé ÷àñòè A ∈ Rα×δ? Çäåñü L : Rβ×γ → Rα×δ � ëèíåéíûé
îãðàíè÷åííûé ìàòðè÷íûé ôóíêöèîíàë, X ∈ Rβ×γ � íåèçâåñòíàÿ ìàòðèöà.
Îáîçíà÷èì {

Θj

}β·γ
j=1

∈ Rβ×γ

åñòåñòâåííûé áàçèñ [13] ïðîñòðàíñòâà Rβ×γ . Îáùåå ðåøåíèå óðàâíåíèÿ (1)
èùåì â âèäå ñóììû

X =

β·γ∑
j=1

Θjcj , cj ∈ R1.

Ïîñëåäíåå âûðàæåíèå ïðèâîäèò óðàâíåíèå (1) ê âèäó

β·γ∑
j=1

[
LΘj

]
cj = A.

Îïðåäåëèì îïåðàòîð M[A] : Rm×n → Rm·n, êàê îïåðàòîð, êîòîðûé ñòàâèò
â ñîîòâåòñòâèå ìàòðèöå A ∈ Rm×n âåêòîð-ñòîëáåö B :=M[A] ∈ Rm·n, ñîñòàâ-
ëåííûé èç n ñòîëáöîâ ìàòðèöû A, à òàêæå îáðàòíûé îïåðàòîð [12]

M−1

[
B
]

: Rm·n → Rm×n,

êîòîðûé ñòàâèò â ñîîòâåòñòâèå âåêòîðó B ∈ Rm·n ìàòðèöó A ∈ Rm×n.
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Îïðåäåëèì ìàòðèöû

Υ1 := ( 1 ) ∈ R1×1, Υ2 := ( 1 0 0 1 )∗ ∈ R4×1,

Υ3 := ( 1 0 0 0 1 0 0 0 1 )∗ ∈ R9×1, ... .

Âåêòîð Υm ñîñòîèò èç m− 1 öåïî÷êè âèäà

( 1 0 0 ... 0 )∗ ∈ R(m−1)×1

è çàêàí÷èâàåòñÿ åäèíèöåé:

Υm :=

(
1 0 0 ... 0 1 0 0 ... 0 ... 1 0 0 ... 0 1

)∗
∈ Rm

2×1.

Îïðåäåëèì òàêæå ìàòðèöû [12][
Emn

]
j

:=

[
Em1

]
j

⊗ In ∈ Rn×m·n,
[
Em1

]
j

:=

{
δij

}m
i=1

∈ R1×m;

çäåñü δij � ñèìâîë Êðîíåêêåðà [13]. Ñèñòåìà (1) ðàâíîñèëüíà ñëåäóþùåìó
óðàâíåíèþ

Q c =M[A] (2)

îòíîñèòåëüíî âåêòîðà c ∈ Rα·β; çäåñü

Q :=

α·β∑
j=1

{[
Eαβ1

]
j

⊗M[LΘj ]

}
.

Óðàâíåíèå (2) ðàçðåøèìî ïðè óñëîâèè [10]

PQ∗M[A] = 0 (3)

è òîëüêî ïðè íåì. Çäåñü

PQ∗ : Rα·δ → N(Q∗)

� îðòîïðîåêòîð ìàòðèöû Q∗. Ïðè óñëîâèè PQ∗ 6= 0 áóäåì ãîâîðèòü, ÷òî äëÿ
ìàòðè÷íîãî óðàâíåíèÿ (1) èìååò ìåñòî êðèòè÷åñêèé ñëó÷àé, ïðè ýòîì óðàâíå-
íèå (1) ðàçðåøèìî ëèøü äëÿ òåõ íåîäíîðîäíîñòåé A, äëÿ êîòîðûõ âûïîëíåíî
óñëîâèå (3).

Îñíîâíîé ðåçóëüòàò

Òàêèì îáðàçîì, ïîñòàâëåííàÿ çàäà÷à ðàâíîñèëüíà ñëåäóþùåé: ìîæíî ëè
â êðèòè÷åñêîì ñëó÷àå ìàëûìè âîçìóùåíèÿìè ïðèâåñòè ìàòðè÷íîå óðàâíå-
íèå (1) îáùåãî âèäà ê íåêðèòè÷åñêîìó ñëó÷àþ? Ïîñëåäíÿÿ çàäà÷à îòíîñèòñÿ
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ê çàäà÷àì î ðåãóëÿðèçàöèè [6, 14, 16, 17]. Êàê èçâåñòíî [18], ëþáàÿ (m× n)−
ìàòðèöà Q â îïðåäåëåííîì áàçèñå ìîæåò áûòü ïðåäñòàâëåíà â âèäå

Q = Φ · J ·Ψ, rank Q := ρ; (4)

çäåñü Φ ∈ Rm×m è Ψ ∈ Rn×n � íåâûðîæäåííûå ìàòðèöû,

J :=

(
Iρ O
O O

)
.

Ðàçëîæåíèåì (4) ìîæíî âîñïîëüçîâàòüñÿ ïðè ðåøåíèè çàäà÷è î ðåãóëÿðèçà-
öèè ìàòðè÷íîãî óðàâíåíèÿ (1). Âîçìóùåíèå ìàòðèöû Q áóäåì èñêàòü â âèäå

Q := Q+ εR ∈ Rγδ×αβ, 0 < ε� 1.

Ïî îïðåäåëåíèþ àëãåáðàè÷åñêàÿ ñèñòåìà (1) ïðåäñòàâëÿåò íåêðèòè÷åñêèé
ñëó÷àé ïðè óñëîâèè PQ∗ = 0. Î÷åâèäíî, ýòî óñëîâèå ðàâíîñèëüíî óðàâíåíèþ[

Q+ εR

]
·
[
Q+ εR

]+

= Iγδ (5)

îòíîñèòåëüíî (γδ×αβ)− ìàòðèöû R. Çàìåòèì, ÷òî óðàâíåíèå (5) ðàçðåøèìî
ëèøü äëÿ γδ = αβ, ëèáî γδ < αβ. Äåéñòâèòåëüíî, ïðåäïîëîæèì óðàâíåíèå (5)
ïåðåîïðåäåëåííûì: γδ > αβ, ïðè ýòîì

rank

(
Q+ εR

)(
Q+ εR

)+

≤ rank

(
Q+ εR

)
=

= rank

(
Q+ εR

)+

≤ αβ < γδ,

÷òî ïðîòèâîðå÷èò ðàâåíñòâó ðàíãîâ ëåâîé è ïðàâîé ÷àñòè óðàâíåíèÿ (5). Ïðè
óñëîâèè γδ ≤ αβ óðàâíåíèå (5) èìååò ïî ìåíüøåé ìåðå îäíî ñåìåéñòâî ðåøå-
íèé

R := Φ ·ΠJ ·Ψ ∈ Rγδ×αβ, ΠJ :=

(
O O
O C

)
, rank C := γδ − ρ.

Òàêèì îáðàçîì, ïîñòàâëåííàÿ çàäà÷à î ðåãóëÿðèçàöèè àëãåáðàè÷åñêîé ñèñòå-
ìû (2), ðàâíîñèëüíàÿ óðàâíåíèþ (2) ñ (γδ × αβ)− ìàòðèöåé Q, ðàçðåøèìà
ïðè óñëîâèè γδ ≤ αβ â âèäå

Q := Q+ εR, R := Φ ·ΠJ ·Ψ.

Äåéñòâèòåëüíî, â ñèëó íåâûðîæäåííîñòè ìàòðèö Φ ∈ Rγδ×γδ è Ψ ∈ Rαβ×αβ
èìååò ìåñòî ðàâåíñòâî [13, 4.48]

rank Q = rank (J + εΠJ) = m,
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ïðè ýòîì PQ∗ = 0, ñëåäîâàòåëüíî ñèñòåìà (2) ñ ìàòðèöåé Q ðàçðåøèìà äëÿ
ëþáûõ ïðàâûõ ÷àñòåé. Òàêèì îáðàçîì, íàéäåíî ðåøåíèå çàäà÷è î ðåãóëÿðè-
çàöèè àëãåáðàè÷åñêîé ñèñòåìû (2), ïðè ýòîì çàäà÷à î ðåãóëÿðèçàöèè àëãåá-
ðàè÷åñêîé ñèñòåìû (1) ìîæåò áûòü ïîñòàâëåíà äëÿ ëèíåéíîãî ìàòðè÷íîãî
óðàâíåíèÿ

LX = A. (6)

Çäåñü
LX := LX + εUXV;

çäåñü U ∈ Rγ×α � ôèêñèðîâàííàÿ ïîñòîÿííàÿ ìàòðèöà è V ∈ Rβ×δ � íåèç-
âåñòíàÿ ïîñòîÿííàÿ ìàòðèöà. Îáîçíà÷èì{

Ξj

}β·δ
j=1

∈ Rβ×δ

åñòåñòâåííûé áàçèñ [13] ïðîñòðàíñòâà Rβ×δ. Íåèçâåñòíóþ ìàòðèöó V èùåì
â âèäå ñóììû

V =

β·δ∑
j=1

Ξjξj , ξj ∈ R1.

Äëÿ íàõîæäåíèÿ êîíñòàíò ξj , j = 1, 2, ... , β · δ èñïîëüçóåì óðàâíåíèå{
M
[
UΘi

β·δ∑
j=1

Ξjξj

]}α·β
i=1

= R.

Îáîçíà÷èì ìàòðèöû Q(Ξi) ∈ Rγδ×αβ :

Q(Ξi) :=

{
M
[
UΘ1Ξi

]
, ... , M

[
UΘαβΞi

]}
, i = 1, 2, ... αβ.

Âåêòîð ξ ∈ Rβ·δ îïðåäåëÿåò óðàâíåíèå

Ω · ξ =M[R], (7)

ðàçðåøèìîå òîãäà è òîëüêî òîãäà, êîãäà

PΩ∗M[R] = 0; (8)

çäåñü

Ω :=

{
M[Q(Ξi)]

}β·γ
i=1

� ïîñòîÿííàÿ (αβγδ × βγ)− ìàòðèöà, PΩ∗ � îðòîïðîåêòîð:

PΩ∗ : Rαβγδ×αβγδ → N(Ω∗).
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Ïðè óñëîâèè (8) óðàâíåíèå (7) èìååò ïî ìåíüøåé ìåðå îäíî ðåøåíèå

ξ = Ω+ · M[R],

îïðåäåëÿþùåå íåèçâåñòíóþ ìàòðèöó

V =M−1

[
Ω+ · M[R]

]
.

Òàêèì îáðàçîì, äîêàçàíî ñëåäóþùåå óòâåðæäåíèå.

Òåîðåìà 0.1 Ìàòðè÷íîå óðàâíåíèå (1) â êðèòè÷åñêîì ñëó÷àå (PQ∗ 6= 0) íå
ðàçðåøèìî äëÿ ïðîèçâîëüíîé íåîäíîðîäíîñòè A ∈ Rα×δ. Ïðè óñëîâèè (8) è

γδ ≤ αβ äëÿ ôèêñèðîâàííîé ìàòðèöû U ∈ Rγ×α è ïðîèçâîëüíîãî ε ∈ (0, ε0],
ε� 1 âîçìóùåíèå ôóíêöèîíàëà L :

LX := LX + εUXV

ïðèâîäèò ê ìàòðè÷íîìó óðàâíåíèþ (6), ðàçðåøèìîìó äëÿ ëþáûõ ïðàâûõ ÷à-

ñòåé. Çäåñü

V =M−1

[
Ω+ · M[R]

]
.

Â ýòîì ñëó÷àå óðàâíåíèå (6) èìååò r := β−α � ïàðàìåòðè÷åñêîå ñåìåéñòâî

ðåøåíèé

X(ε) = Φ[A](ε) + Ψ[cr], (9)

ãäå

Φ[A](ε) :=M−1

{
Q+M[B]

}
, Ψ[cr] :=M−1

[
PQrcr

]
.

Çäåñü Q+ � ïñåâäîîáðàòíàÿ (ïî Ìóðó-Ïåíðîóçó) ìàòðèöà,

PQ : Rβ·γ×β·γ → N(Q), PQ∗ : Rα·δ×α·δ → N(Q∗)

� îðòîïðîåêòîðû ìàòðèö

Q := Q+ εR, R := Φ ·ΠJ ·Ψ

è Q∗. Ìàòðèöà PQr ñîñòàâëåíà èç r ëèíåéíî íåçàâèñèìûõ ñòîëáöîâ

ìàòðèöû-îðòîïðîåêòîðà PQ.

Òåîðåìà 0.1 ÿâëÿåòñÿ îáîáùåíèåì ñîîòâåòñòâóþùèõ ðåçóëüòàòîâ [19] íà
ñëó÷àé ìàòðè÷íûõ óðàâíåíèé.

Ïðèìåð 0.1 Ìàòðè÷íîå óðàâíåíèå îáùåãî âèäà

LX = A (10)
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íå ðàçðåøèìî äëÿ ïðîèçâîëüíîé íåîäíîðîäíîñòè A ∈ R1×4; çäåñü

L :=

∫ 2π

0
U(t)XV (t)dt, U(t) :=

1

π

(
sin t cos t

)
,

V (t) :=

 sin t cos t sin t cos t
sin t cos t sin t cos t
sin t cos t sin t cos t

 .

Åñòåñòâåííûé áàçèñ ïðîñòðàíñòâà R2×3 ñîñòàâëÿþò ìàòðèöû

Θ1 :=

(
1 0 0
0 0 0

)
, Θ2 :=

(
0 0 0
1 0 0

)
, ... , Θ12 :=

(
0 0 0
0 0 1

)
.

Êëþ÷åâàÿ ïðè èññëåäîâàíèè óðàâíåíèÿ (10) ìàòðèöà

Q =


1 0 1 0 1 0
0 1 0 1 0 1
1 0 1 0 1 0
0 1 0 1 0 1


îïðåäåëÿåò îðòîïðîåêòîð PQ∗ 6= 0, ïðè ýòîì äëÿ óðàâíåíèÿ (10) èìååò ìåñòî
êðèòè÷åñêèé ñëó÷àé, ñëåäîâàòåëüíî óðàâíåíèå (10) íå ðàçðåøèìî äëÿ ïðî-
èçâîëüíîé íåîäíîðîäíîñòè A ∈ R1×4. Ìàòðèöà Q ìîæåò áûòü ïðåäñòàâëåíà
â âèäå

Q = Φ · J ·Ψ, rank Q = 2;

çäåñü

Φ =


1 0 0 0
0 1 1 0
1 0 0 1
0 1 0 0

 , Ψ =



1 0 1 0 1 0
0 1 0 1 0 1
0 1 0 0 0 0
0 0 0 1 0 0
1 0 0 0 0 0
0 0 0 0 1 0

 ,

J :=


1 0 0 0 0 0
0 1 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

 .
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Ïîëîæèì U := ( 1 0 ). Íåèçâåñòíûé ñîìíîæèòåëü V îïðåäåëÿåò ìàòðèöà

Ω :=



1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0



.

Ïîëîæèì

Q := Q+ εR, R := Φ ·ΠJ ·Ψ,

ãäå

ΠJ :=


0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 1 0
0 0 0 0 0 1

 .

Ïðè ýòîì óñëîâèå (8) âûïîëíåíî. Òàêèì îáðàçîì, íàõîäèì ìàòðèöó

V =

 0 1 0 0
0 0 0 0
0 0 1 0

 ,

êîòîðàÿ ïðèâîäèò ê ìàòðè÷íîìó óðàâíåíèþ (6), ðàçðåøèìîìó äëÿ ëþáûõ
ïðàâûõ ÷àñòåé; çäåñü

LX := LX + εUXV,
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äëÿ êîòîðîãî

Q :=


1 0 1 0 1 0
ε 1 0 1 0 1
1 0 1 0 1 + ε 0
0 1 0 1 0 1


� ìàòðèöà ïîëíîãî ðàíãà äëÿ ïðîèçâîëüíîãî ε ∈ (0, ε0], ε� 1. Ïîëîæèì

A :=
(

1 0 1 0
)
, c1, c2 ∈ R1;

ïðè ýòîì ðåøåíèå âîçìóùåííîãî ìàòðè÷íîãî óðàâíåíèÿ (6) èìååò âèä

X =

(
0 1 0

2c1 − c2 −+ 2c2 −c1 − c2

)
.

Äîêàçàííàÿ òåîðåìà ìîæåò áûòü èñïîëüçîâàíà ïðè ðåøåíèè äèôôåðåí-
öèàëüíûõ óðàâíåíèé Ðèêêàòè è Áåðíóëëè [9, 20], ïðè ðåøåíèè ëèíåéíûõ êðà-
åâûõ çàäà÷ äëÿ ìàòðè÷íûõ äèôôåðåíöèàëüíûõ óðàâíåíèé [7, 8, 21], à òàêæå
â òåîðèè óñòîé÷èâîñòè äâèæåíèÿ [3, 4, 5, 22]. Ïîëó÷åííûå ðåçóëüòàòû àíàëî-
ãè÷íî [23, 24] ìîãóò áûòü ïåðåíåñåíû íà îáîáùåííûå óðàâíåíèÿ, ñîäåðæàùèå
íåèçâåñòíûå ìàòðèöû ðàçëè÷íûõ ðàçìåðíîñòåé.

Acknowledgement. Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ãîñó-
äàðñòâåííîãî ôîíäà ôóíäàìåíòàëüíûõ èññëåäîâàíèé. Íîìåð ãîñóäàðñòâåí-
íîé ðåãèñòðàöèè 0115U003182.
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