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Ìàòðè÷íi ðiâíÿííÿ äîâîëi øèðîêî âèêîðèñòîâóþòüñÿ ó çàäà÷àõ îïòèìiçàöi¨ ñèñòåì

êåðóâàííÿ Îäíàê çàãàëüíîãî ïiäõîäó äî ðîçâ'ÿçóâàííÿ çàäà÷ öüîãî êëàñó íå iñíó¹.

Â îäíié iç ïîïåðåäíiõ ïóáëiêàöié áóëî óçàãàëüíåíî ìåòîä Õîâàíñüêîãî äëÿ ïîáóäîâè

iòåðàöiéíî¨ ñõåìè ðîçâ'ÿçóâàííÿ ïîëiíîìiàëüíèõ ìàòðè÷íèõ ðiâíÿíü. Ó äàíié ïóáëiêà-

öi¨ áóäå çàïðîïîíîâàíî çàñòîñóâàòè ñõîæó îá÷èñëþâàëüíó ñõåìó äî ðîçâ'ÿçóâàííÿ

îäíîái÷íèõ ìàòðè÷íèõ ðiâíÿíü âèãëÿäó XnAn+Xn−1An−1+. . .+X2A2+XA1+A0 =
0. Íàâåäåíà ðåêóðåíòíà ôîðìóëà äëÿ îá÷èñëåííÿ íàáëèæåíîãî ðîçâ'ÿçêó ðiâíÿíü

ó âèãëÿäi ëàíöþãîâîãî ìàòðè÷íîãî äðîáó. Äîñëiäæåíî çáiæíiñòü çàïðîïîíîâàíîãî

ìåòîäó. Ïîäàíî ðåçóëüòàòè ÷èñåëüíèõ åêñïåðèìåíòiâ, ùî ïiäòâåðäæóþòü òåîðåòè÷íi

âèêëàäåííÿ òà åôåêòèâíiñòü çàïðîïîíîâàíî¨ ñõåìè.

Êëþ÷îâi ñëîâà: iòåðàöiéíèé ìåòîä, ìàòðè÷íi ðiâíÿííÿ, îäíîái÷íi ïîëiíîìiàëüíi ìàò-

ðè÷íi ðiâíÿííÿ, ìåòîä Õîâàíñüêîãî.

1. Âñòóï

Áàãàòî âèäàòíèõ ìàòåìàòèêiâ ìèíóëîãî øèðîêî âèêîðèñòîâóâàëè àïàðàò íåïå-
ðåðâíèõ ëàíöþãîâèõ äðîáiâ ó ñâî¨õ äîñëiäæåííÿõ i äîêëàëè ÷èìàëî çóñèëü äëÿ
éîãî ðîçâèòêó i âäîñêîíàëåííÿ. Ùå íà ïî÷àòêó äâàäöÿòîãî ñòîëiòòÿ öåé ðîçäië
àíàëiçó â òié ÷è iíøié ôîðìi âõîäèâ ó íàâ÷àëüíi ïðîãðàìè ìàòåìàòè÷íèõ ñïåöiàëü-
íîñòåé ôàêòè÷íî âñiõ óíiâåðñèòåòiâ [8]. Â îñòàííi äåñÿòèëiòòÿ öåé åôåêòèâíèé
ìåòîä àíàëiòè÷íèõ äîñëiäæåíü çíîâó ïðèâåðíóâ óâàãó ñïåöiàëiñòiâ ãîëîâíî òèì, ùî ç
äîïîìîãîþ ëàíöþãîâèõ äðîáiâ âäà¹òüñÿ îòðèìàòè õîðîøå íàáëèæåííÿ àíàëiòè÷íèõ
ôóíêöié. Ïîïðè òå, íåïåðåðâíi ëàíöþãîâi äðîáè çíàéøëè ñâî¹ çàñòîñóâàííÿ i äëÿ
ðîçâ'ÿçóâàííÿ àëãåáðè÷íèõ çàäà÷ [3].

Ðîçãëÿíåìî ïîëiíîìiàëüíå ìàòðè÷íå ðiâíÿííÿ

XnAn +Xn−1An−1 +Xn−2An−2 + . . .+X2A2 +XA1 +A0 = 0 (1)

i çàñòîñó¹ìî äî íüîãî ñõåìó çàïðîïîíîâàíó ó [3]. Òóò ìàòðèöi A0, A1, A2, . . . , An−2,
An−1, An ∈ Rm×m � çàäàíi êîåôiöi¹íòè ðiâíÿííÿ (1), à ìàòðèöÿ X ∈ Rm×m �
íåâiäîìèé ðîçâ'ÿçîê.

2. Îá÷èñëþâàëüíà ñõåìà ìåòîäó

Íåõàé X � íåâèðîäæåíà m × m ìàòðèöÿ. Ââåäåìî ïîçíà÷åíííÿ Y0 = X−1.
Ðiâíiñòü (1) ïîìíîæèìî çëiâà íà X−1 i îòðèìà¹ìî

Xn−1An +Xn−2An−1 +Xn−3An−2 + . . .+XA2 +A1 + Y0A0 = 0. (2)
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Ïîçíà÷èìî òåïåð Y1 = X−1Y0 =
(
X−1

)2
i ïîìíîæèìî ðiâíÿííÿ (2) çëiâà íà X−1

Xn−2An +Xn−3An−1 +Xn−4An−2 + . . .+A2 + Y0A1 + Y1A0 = 0.

Âiäïîâiäíî, ïiñëÿ (n− 2) ìíîæåíü çëiâà íà X−1 ðiâíÿííÿ (1) îòðèìà¹ìî

X2An +XAn−1 +An−2 + Y0An−3 + . . .+ Yn−5A2 + Yn−4A1 + Yn−3A0 = 0, (3)

äå
Y0 =

(
X−1

)1
, Y1 =

(
X−1

)2
, . . . , Yn−3 =

(
X−1

)n−2
.

Ââåäåìî ïàðàìåòð, � äåÿêó íåâèðîäæåíó ìàòðèöþ L ∈ Rm×m i ïîìíîæèìî
ñïðàâà ðiâíÿííÿ (3) íà öåé ïàðàìåòð L

X2AnL+XAn−1L+An−2L+Y0An−3L+ . . .+Yn−5A2L+Yn−4A1L+Yn−3A0L = 0 (4)

Î÷åâèäíî, ùî ðiâíÿííÿ (4) åêâiâàëåíòíå

X2AnL+XAn−1L+XK −XK +An−2L+ Y0An−3L+ . . .+ Yn−5A2L+
+Yn−4A1L+ Yn−3A0L = 0.

Òóò K ∈ ℜm×m � íåâèðîäæåíà ìàòðèöÿ.
Ëåãêî áà÷èòè, ùî

X2AnL+XK = XK −XAn−1L−An−2L− Y0An−3L− . . .− Yn−4A1L− Yn−3A0L

àáî

X (XAnL+K) = X (K −An−1L)−An−2L− . . .− Yn−4A1L− Yn−3A0L.

Òîäi, ïðèïóñêàþ÷è, ùî det (XAnL+K) ̸= 0, îòðèìó¹ìî

X = [X (K −An−1L)−An−2L− . . .− Yn−4A1L− Yn−3A0L] (XAnL+K)
−1
. (5)

Ðîçãëÿíåìî òàêó òîòîæíiñòü

X−1 (XAnL+K) = AnL+ Y0K.

Çâiäñè
X−1XAnL+X−1K = AnL+ Y0K. (6)

Òîäi ç (6) îòðèìà¹ìî
Y0 (XAnL+K) = AnL+ Y0K

àáî
Y0 = (AnL+ Y0K) (XAnL+K)

−1
. (7)

Çàñòîñîâóþ÷è ñõîæi ïåðåòâîðåííÿ, îòðèìó¹ìî ôîðìóëè äëÿ îá÷èñëåííÿ Y1,
Y2, . . . , Yn−3

Y1 = (Y0AnL+ Y1K) (XAnL+K)
−1

;

Y2 = (Y1AnL+ Y2K) (XAnL+K)
−1

;
...
Yn−3 = (Yn−2AnL+ Yn−3K) (XAnL+K)

−1
.

(8)

Äàëi, âèêîðèñòîâóþ÷è ôîðìóëè (5),(7) i (8), îòðèìó¹ìî àëãîðèòì äëÿ îá÷èñëåííÿ
ðîçâ'ÿçêiâ ïîëiíîìiàëüíîãî ìàòðè÷íîãî ðiâíÿííÿ (1).
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1. Çàäàòè ïîõèáêó ε > 0.

2. Çàäàòè ïî÷àòêîâå íàáëèæåííÿ, íåâèðîäæåíó ìàòðèöþ X(0) ∈ Rm×m.

3. Âèçíà÷èòè ëi÷èëüíèê n = 1.

4. Îá÷èñëèòè

Y
(0)
0 =

(
X(0)−1

)1
, Y

(0)
1 =

(
X(0)−1

)2
,

Y
(0)
2 =

(
X(0)−1

)3
, . . . , Y

(0)
n−3 =

(
X(0)−1

)n−2

.

5. Îá÷èñëèòè

Y
(n)
0 =

(
AnL+ Y

(n−1)
0 K

) (
X(n−1)AnL+K

)−1
;

Y
(n)
1 =

(
Y

(n)
0 AnL+ Y

(n−1)
1 K

) (
X(n−1)AnL+K

)−1
;

Y
(n)
2 =

(
Y

(n)
1 AnL+ Y

(n−1)
2 K

) (
X(n−1)AnL+K

)−1
;

...

Y
(n)
n−3 =

(
Y

(n)
n−2AnL+ Y

(n−1)
n−3 K

) (
X(n−1)AnL+K

)−1
.

(9)

6. Îá÷èñëèòè Ã0 = An−2 + Y0An−3 + . . .+ Yn−5A2 + Yn−4A1 + Yn−3A0.

7. Íåõàé Ã2 = An, Ã1 = An−1, òîäi

X(n) =
(
X(n−1)K − Ã0L

)(
X(n−1)Ã2L+ Ã1L+K

)−1

(n = 1, 2, . . .) . (10)

8. Ïåðåâiðèòè óìîâó
∥∥X(n) −X(n−1)

∥∥ < ε. ßêùî óìîâà íå çàäîâîëüíÿ¹òüñÿ, òî
âèçíà÷èòè ëi÷èëüíèê n = n+ 1 i ïåðåéòè íà êðîê 5, iíàêøå ïîâåðíóòè X(n).

3. Çáiæíiñòü ñõåìè ðîçâ'ÿçóâàííÿ îäíîái÷íèõ ïîëiíî-

ìiàëüíèõ ìàòðè÷íèõ ðiâíÿíü

Ðîçãëÿíåìî ðiâíÿííÿ
X2A2 +XA1 +A0 = 0. (11)

ßê i ó âèïàäêó ðiâíÿííÿ (3), ïîìíîæèìî ðiâíÿííÿ (11) ñïðàâà íà äåÿêó íåâèðî-
äæåíó äiàãîíàëüíó ìàòðèöþ L = l · E,L ∈ Rm×m

X2A2L+X (A1L+K −K) +A0L = 0

X (XA2L+A1L+K) = XK −A0L. (12)

Òóò K = k · E,K ∈ Rm×m � íåâèðîäæåíà äiàãîíàëüíà ìàòðèöÿ.
Íåõàé det (XA2L+A1L+K) ̸= 0, òîäi ç (12) îòðèìó¹ìî

X = (XK −A0L) (XA2L+A1L+K)
−1

àáî ó âèãëÿäi ðåêóðåíòíî¨ ôîðìóëè

X(n) =
(
X(n−1)K −A0L

)(
X(n−1)A2L+A1L+K

)−1

(n = 1, 2, . . .) . (13)



ÍåäàøêîâñüêàA.

ISSN 2078�5097. Âiñí. Ëüâiâ. óí-òó. Ñåð. ïðèêë. ìàòåì. òà iíô. 2022. Âèï. 30 63

Íåõàé A i B � äiéñíi ìàòðèöi ðîçìiðíîñòi m × m, ïðè÷îìó detB ̸= 0. Íàäàëi
îïåðàöiþ ìíîæåííÿ B−1A áóäåìî çàïèñóâàòè ó âèãëÿäi ìàòðè÷íîãî äiëåííÿ A

B .
Òîäi

X =
XK −A0L

XA2L+A1L+K
=

kX − lA0

lXA2 + lA1 + kE
=

X − l
kA0

l
kXA2 +

l
kA1 + E

=

=
X − l

kA0(
X +A1A

−1
2 + k

l A
−1
2

)
l
kA2

=
X ±A1A

−1
2 ± k

l A
−1
2 − l

kA0(
X +A1A

−1
2 + k

l A
−1
2

)
l
kA2

=

=
k

l
A−1

2 −
A1A

−1
2 + k

l A
−1
2 + l

kA0(
X +A1A

−1
2 + k

l A
−1
2

)
l
kA2

=
k

l
A−1

2 −
A1A

−1
2 + k

l A
−1
2 + l

kA0(
X +A1A

−1
2 + k

l A
−1
2

)
l
kA2

=

=

(
E −

A1A
−1
2 + k

l A
−1
2 + l

kA0

X +A1A
−1
2 + k

l A
−1
2

)
k

l
A−1

2 .

Íåõàé P := A1A
−1
2 + k

l A
−1
2 , à Q := l

kA0, òîäi

X =

(
E − P +Q

X + P

)
k

l
A−1

2 ,

àáî ó âèãëÿäi íåñêií÷åííîãî ìàòðè÷íîãî äðîáó

X =

(
E − P +Q

P + E − P+Q
P+E−...

)
k

l
A−1

2 . (14)

Ìàòðè÷íèé ëàíöþãîâèé äðiá (14) òàêîæ ìîæíà ïîäàòè ó êîìïàêòíié ôîðìi Ïðiíñ-
ãåéìà

X =

(
E − P +Q|

|P + E
− P +Q|

|P + E
− P +Q|

|P + E
− . . .

)
k

l
A−1

2 . (15)

Ðîçãëÿíåìî ëàíöþãîâèé äðiá iç äiéñíèìè åëåìåíòàìè. Ëåãêî áà÷èòè, ùî

a1|
|b1 + a2|

|b2 + a3|
|b3 +. . .+ an|

|bn +. . .=
a1
b1

∣∣∣
|1 +

a2
b1

∣∣∣
|b2 + a3|

|b3 +. . .+ an|
|bn +. . .

=
a1
b1

∣∣∣
|1 +

a2
b1b2

∣∣∣
|1 +

a3
b2b3

∣∣∣
|1 + . . .+

an
bn−1bn

∣∣∣
|1 + . . .

(16)

Ïðèïóñòèìî, ùî ìàòðèöÿ (P + E) ¹ íåâèðîäæåíîþ i äî (15) çàñòîñó¹ìî, ñõîæi äî
(16) ïåðåòâîðåííÿ

X =
(
E − P+Q|

|P+E − P+Q|
|P+E − P+Q|

|P+E − . . .− P+Q|
|P+E − . . .

)
k
l A

−1
2 =

=
(
E − (P+E)−1(P+Q)|

|E − (P+E)−1(P+Q)|
|P+E −

− P+Q|
|P+E − . . .− P+Q|

|P+E − . . .
)

k
l A

−1
2 =

=

(
E − (P+E)−1(P+Q)|

|E − (P+E)−2(P+Q)|
|E − (P+E)−2(P+Q)|

|E − . . .−

− (P+E)−2(P+Q)|
|E − . . .

)
k
l A

−1
2 .

(17)
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Â [7] óçàãàëüíåíî äîñòàòíþ óìîâó çáiæíîñòi Âîðïiöüêîãî. �¨ ìîæíà çàñòîñóâàòè
äëÿ àíàëiçó çáiæíîñòi ìàòðè÷íèõ ëàíöþãîâèõ äðîáiâ ó ôîðìi (17).
Òåîðåìà 1. Ìàòðè÷íèé ãiëëÿñòèé ëàíöþãîâèé äðiá

n∑
k1=1

Ak1
|

|E
+

n∑
k2=1

Ak1k2
|

|E
+ . . .+

n∑
k1=1

Ak1k2...kl
|

|E
+ . . .

¹ àáñîëþòíî çáiæíèì, ÿêùî çàäîâîëüíÿ¹òüñÿ óìîâà

∥Ak1k2...ki
∥ ≤ 1

4n
(i = 1, 2, 3, . . . ; ki = 1, 2, . . . , n) .

Çàñòîñó¹ìî Òåîðåìó 1 äî ëàíöþãîâîãî äðîáó (17). Ëåãêî áà÷èòè, ùî ãiëëÿñòèé
ëàíöþãîâèé äðiá (17) áóäå çáiãàòèñÿ, ÿêùî âèêîíó¹òüñÿ óìîâà∥∥∥∥(P + E)−2(P +Q)

k

l
A−1

2

∥∥∥∥ ≤ 1

4
. (18)

Ïiäñòàâëÿþ÷è çíà÷åííÿ P i Q â ôîðìóëè (18), îòðèìà¹ìî äîñòàòíþ óìîâó çáiæ-
íîñòi ìàòðè÷íîãî ëàíöþãîâîãî äðîáó (17)∥∥∥∥∥

(
A1A

−1
2 +

k

l
A−1

2 + E

)−2(
A1A

−1
2 +

k

l
A−1

2 +
l

k
A0

)
k

l
A−1

2

∥∥∥∥∥ ≤ 1

4

àáî ∥∥∥∥∥
(
A1A

−1
2 +

k

l
A−1

2 + E

)−2(
k

l
A1A

−2
2 +

k2

l2
A−2

2 +A0A
−1
2

)∥∥∥∥∥ ≤ 1

4
.

Òîáòî, ó âèïàäêó îäíîái÷íîãî ìàòðè÷íîãî ðiâíÿííÿ (1)

XnAn +Xn−1An−1 +Xn−2An−2 + . . .+X2A2 +XA1 +A0 = 0,

ÿêùî iñíóþòü

Y0 =
(
X−1

)1
, Y1 =

(
X−1

)2
, . . . , Yn−3 =

(
X−1

)n−2
,

òî äîñòàòíüîþ óìîâîþ çáiæíîñòi iòåðàöiéíîãî ïðîöåñó (10) áóäå∥∥∥∥∥
(
Ã1Ã

−1
2 +

k

l
Ã−1

2 + E

)−2(
k

l
Ã1Ã

−2
2 +

k2

l2
Ã−2

2 + Ã0Ã
−1
2

)∥∥∥∥∥ ≤ 1

4
.

Òóò

Ã0 = An−2 + Y0An−3 + . . .+ Yn−5A2 + Yn−4A1 + Yn−3A0, à Ã2 = An, Ã1 = An−1.

4. ×èñåëüíi åêñïåðèìåíòè

Äëÿ ïðàêòè÷íî¨ ïåðåâiðêè åôåêòèâíîñòi çàñòîñóâàííÿ ðåêóðåíòíî¨ ôîðìóëè (13)
áóëî ïðîâåäåíî îá÷èñëþâàëüíi åêñïåðèìåíòè â ñåðåäîâèùi FreeMat.
Ïðèêëàä 1. Ðîçãëÿíåìî ïîëiíîìiàëüíå ìàòðè÷íå ðiâíÿííÿ

X2A2 +XA1 +A0 = 0, (19)
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äå

A2 =

(
2 1
1 2

)
, A1 =

(
4 1
0 4

)
, A0 =

(
14 −2
17 9

)
.

Îäíèì iç òî÷íèõ ðîçâ'ÿçêiâ ðiâíÿííÿ (19) ¹

X =

(
−1 2
−3 1

)
.

Íåõàé l = 1, k = 1, à ïî÷àòêîâå çíà÷åííÿ

X0 =

(
1 0
0 1

)
.

Òîäi, âèêîðèñòîâóþ÷è ôîðìóëó (13), îá÷èñëþ¹ìî ðåçóëüòàòè íàâåäåíi ó òàáë. 1.

Òàáëèöÿ 1

Ðåçóëüòàòè íàáëèæåíîãî îá÷èñëåííÿ ìàòðè÷íîãî ðiâíÿííÿ (19)

ε Êiëüêiñòü iòåðàöié, n Íàáëèæåíèé ðîçâ'ÿçîê, X(n) Ïîõèáêà

0.1 22 X(n) =

(
−1.0039 1.9978
−2.9943 0.9964

)
0.0929

0.01 30 X(n) =

(
−1.0001 2.0002
−3.0007 1.0001

)
0.0071

0.001 37 X(n) =

(
−1.0000 2.0000
−3.0001 1.0000

)
0.0007

0.0001 44 X(n) =

(
−1.0000 2.0000
−3.0001 1.0000

)
0.0001

Öi ðåçóëüòàòè ïiäòâåðäæóþòü çáiæíiñòü iòåðàöiéíîãî ïðîöåñó (13) äî ðîçâ'ÿçêó
ðiâíÿííÿ (19)

X =

(
−1 2
−3 1

)
iç ïîõèáêîþ ε.
Ïðèêëàä 2. Ðîçãëÿíåìî ïîëiíîìiàëüíå ìàòðè÷íå ðiâíÿííÿ

X2A2 +XA1 +A0 = 0, (20)

äå

A2 =

 2 1 0
1 2 0
0 0 1

, A1 =

 4 1 0
0 4 0
0 0 1

, A0 =

 −6 −2 2
−1 2 6
0 0 −6

 .

Îäíèì iç òî÷íèõ ðîçâ'ÿçêiâ ðiâíÿííÿ (20) ¹

X =

 1 0 −0.5
0 −1 −3
0 0 2

.
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Íåõàé l = 1, k = 1, à ïî÷àòêîâå çíà÷åííÿ

X0 =

 1 0 0
0 1 0
0 0 1

 .

Òîäi, âèêîðèñòîâóþ÷è ôîðìóëó (21), îá÷èñëþ¹ìî ðåçóëüòàòè íàâåäåíi ó òàáë. 2.

Òàáëèöÿ 2

Ðåçóëüòàòè íàáëèæåíîãî îá÷èñëåííÿ ìàòðè÷íîãî ðiâíÿííÿ (20)

ε Êiëüêiñòü Íàáëèæåíèé ðîçâ'ÿçîê, X(n) Ïîõèáêà
iòåðàöié, n

0.1 11 X(n) =

 1.0000 0 −0.5000
0.0338 −0.9452 −2.8880

0 0 2.0000

 0.0915

0.01 23 X(n) =

 1.0000 0 −0.5000
0.0043 −0.9932 −2.9863

0 0 2.0000

 0.0088

0.001 37 X(n) =

 1.0000 0 −0.5000
0.0004 −0.9993 −2.9986

0 0 2.0000

 0.0009

0.0001 51 X(n) =

 1.0000 0 −0.5000
0.0000 −0.9999 −2.9998

0 0 2.0000

 0.0001

Öi ðåçóëüòàòè ïiäòâåðäæóþòü çáiæíiñòü iòåðàöiéíîãî ïðîöåñó (13) äî ðîçâ'ÿçêó
ðiâíÿííÿ (20)

X =

 1 0 −0.5
0 −1 −3
0 0 2

.
iç ïîõèáêîþ ε.
Ïðèêëàä 3. Ðîçãëÿíåìî ïîëiíîìiàëüíå ìàòðè÷íå ðiâíÿííÿ

X4A4 +X3A3 +X2A2 +XA1 +A0 = 0, (21)

äå

A4 =

(
3 1

−3 4

)
, A3 =

(
2 1
1 2

)
, A2 =

(
−2 3
3 1

)
,

A1 =

(
−2 0
0 −1

)
, A0 =

(
−1 −6
−1 −6

)
.

Íåõàé l = 0.1, k = 1, à ïî÷àòêîâå çíà÷åííÿ

X0 =

(
1 0
0 1

)
.

Òîäi, âèêîðèñòîâóþ÷è ôîðìóëè (9)�(10), îá÷èñëþ¹ìî ðåçóëüòàòè íàâåäåíi ó òàáë. 3.
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Òàáëèöÿ 3

Ðåçóëüòàòè íàáëèæåíîãî îá÷èñëåííÿ ìàòðè÷íîãî ðiâíÿííÿ (21)

ε Êiëüêiñòü iòåðàöié, n Íàáëèæåíèé ðîçâ'ÿçîê, X(n) Ïîõèáêà

0.1 8 X(n) =

(
1.0095 0.0377

0 1.0016

)
0.0916

0.01 11 X(n) =

(
1.0096 0.0376
0.0000 0.9999

)
0.0069

0.001 14 X(n) =

(
1.0096 0.0375
0.0000 1.0000

)
0.0006

0.0001 17 X(n) =

(
1.0096 0.0375
0.0000 1.0000

)
0.0001

5. Âèñíîâêè

Ðîçãëÿíóòî îäíîái÷íi ìàòðè÷íi ðiâíÿííÿ íàä êiëüöåì íåêîìóòóþ÷èõ ìàòðèöü.
Çàïðîïîíîâàíî îá÷èñëþâàëüíó ñõåìó ðîçâ'ÿçóâàííÿ öèõ ðiâíÿíü òà îòðèìàíî ðåêó-
ðåíòíi ñïiââiäíîøåííÿ äëÿ çíàõîäæåííÿ ¨õ íàáëèæåíèõ ðîçâ'ÿçêiâ. Äîñëiäæåíî
çáiæíiñòü ëàíöþãîâèõ äðîáiâ, ÿêi âèêîðèñòîâóþòü â îá÷èñëþâàëüíié ñõåìi. Ïðîâåäå-
íî ÷èñåëüíi åêñïåðèìåíòè, ùî ïiäòâåðäæóþòü çàñòîñîâíiñòü i åôåêòèâíiñòü çàïðî-
ïîíîâàíîãî ïiäõîäó.
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Matrix equations and systems of matrix equations are widely used in some applied

disciplines, in particular, in optimization problems of control systems. However, there

is no universal approach to solving all problems of this class: only methods of solving

the most popular matrix equations, such as the Sylvester, Riccati, and Lyapunov equa-

tions, have been developed. In one of the previous publications, Khovansky's method

for constructing an iterative scheme for solving polynomial matrix equations was con-

sidered and generalized. In this paper, the previously considered approach is general-

ized, and an approximate solution scheme of one-sided matrix equations of the form

XnAn+Xn−1An−1+ ! . . .+X2A2+XA1+A0 = 0 is presented. The recurrent formula

for calculating the approximate solution of equations in the form of a continued matrix

fraction is also given. The convergence of the proposed method is investigated using the

generalized Vorpitsky su�cient condition of convergence. The proposed scheme was tried

and tested for approximate solving of one-sided matrix equations of the second and fourth

degrees. The given results of numerical experiments con�rm the theoretical calculations

and the e�ectiveness of the scheme for the approximate solution of matrix equations.

Key words: iterative method, matrix equations, unilateral polynomial matrix equations,

Khovansky's method.


