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ÐÎÇÂ'ßÇßÍÍß ÍÅËIÍIÉÍÎÃÎ ÌÀÒÐÈ×ÍÎÃÎ ÐIÂÍßÍÍß ÌÅÒÎ-
ÄÎÌ ÍÜÞÒÎÍÀ

Íåëiíiéíi ìàòðè÷íi ðiâíÿííÿ øèðîêî âèêîðèñòîâóþòüñÿ â ÿêiñíié òåîði¨ çâè÷àéíèõ äèôåðåíöiàëü-
íèõ, ôóíêöiîíàëüíî-äèôåðåíöiàëüíèõ, äèôåðåíöiàëüíî-àëãåáðà¨÷íèõ òà iíòåãðî-äèôåðåíöiàëüíèõ
ðiâíÿíü, ó òåîði¨ ñòiéêîñòi ðóõó, òåîði¨ êåðóâàííÿ, à òàêîæ ó çàäà÷àõ ïðî âiäíîâëåííÿ çîáðàæåíü.

Â ñòàòòi íàìè äîñëiäæåíå íåëiíiéíå ìàòðè÷íå ðiâíÿííÿ âiäíîñíî íåâiäîìî¨ ïðÿìîêóòíî¨ ìàò-
ðèöi. Ó çàãàëüíîìó âèïàäêó ëiíåàðèçàöiÿ íåëiíiéíîãî ìàòðè÷íîãî ðiâíÿííÿ âiäíîñíî íåâiäîìî¨
ïðÿìîêóòíî¨ ìàòðèöi âèçíà÷à¹ ëiíiéíèé ìàòðè÷íèé îïåðàòîð, ÿêèé íå ìà¹ îáåðíåíîãî. Äëÿ òà-
êîãî íåëiíiéíîãî ìàòðè÷íîãî ðiâíÿííÿ íå ìîæëèâå âèêîðèñòàííÿ êëàñè÷íîãî ìåòîäó Íüþòîíà,
ïðîòå çàñòîñîâíèé ìåòîä Íüþòîíà � Êàíòîðîâè÷à.

Ó ñòàòòi çàïðîïîíîâàíi îðèãiíàëüíi óìîâè ðîçâ'ÿçíîñòi, à òàêîæ ñõåìà çíàõîäæåííÿ ðîçâ'ÿçêiâ
íåëiíiéíîãî ìàòðè÷íîãî ðiâíÿííÿ. Äëÿ çíàõîäæåííÿ íàáëèæåíü äî ðîçâ'ÿçêiâ íåëiíiéíèõ ìàòðè÷-
íèõ ðiâíÿíü ó âèïàäêó íåâiäîìî¨ ïðÿìîêóòíî¨ ìàòðèöi òà äëÿ ïåðåâiðêè çáiæíîñòi ïîáóäîâàíî¨
iòåðàöiéíî¨ ñõåìè ó ñòàòòi âèêîðèñòîâó¹òüñÿ ìåòîä Íüþòîíà. Äëÿ ïåðåâiðêè åôåêòèâíîñòi ïîáó-
äîâàíî¨ iòåðàöiéíî¨ ñõåìè çíàéäåíi íåâ'ÿçêè îòðèìàíèõ íàáëèæåíü ó ðîçâ'ÿçêó íåëiíiéíîãî ìàò-
ðè÷íîãî àëãåáðà¨÷íîãî ðiâíÿííÿ.

MSC: 34N05.

Êëþ÷îâi ñëîâà: íåëiíiéíå ìàòðè÷íå ðiâíÿííÿ, ìåòîä Íüþòîíà.

Íàìè äîñëiäæåíå íåëiíiéíå ìàòðè÷íå ðiâíÿííÿ âiäíîñíî íåâiäîìî¨ ïðÿìîêóòíî¨
ìàòðèöi. Âçàãàëi êàæó÷è, ëiíåàðèçàöiÿ òàêîãî ðiâíÿííÿ âèçíà÷à¹ ëiíiéíèé ìàòðè÷-
íèé îïåðàòîð, ÿêèé íå ìà¹ îáåðíåíîãî [1,3]. Ïðèêëàäîì òàêî¨ ñèòóàöi¨ ¹ óçàãàëüíåíå
ìàòðè÷íå ðiâíÿííÿ òèïó Ñiëüâåñòðà [7], íå ðîçâ'ÿçíå äëÿ äîâiëüíî¨ íåîäíîðiäíîñòi.
Êðiì òîãî, ó ðàçi ðîçâ'ÿçíîñòi óçàãàëüíåíå ìàòðè÷íå ðiâíÿííÿ òèïó Ñiëüâåñòðà,
âçàãàëi êàæó÷è, ðîçâ'ÿçíå íåîäíîçíà÷íî [7].

Íàìè äîñëiäæåíå íåëiíiéíå ìàòðè÷íå ðiâíÿííÿ âiäíîñíî íåâiäîìî¨ ïðÿìîêóò-
íî¨ ìàòðèöi, ëiíåàðèçàöiÿ ÿêîãî âèçíà÷à¹ ëiíiéíèé ìàòðè÷íèé îïåðàòîð, ÿêèé ìà¹
îáåðíåíèé [1,3]. Ïðèêëàäîì òàêî¨ ñèòóàöi¨ ¹ ìàòðè÷íå ðiâíÿííÿ Ëÿïóíîâà [8]. Îñîá-
ëèâiñòþ òàêîãî íåëiíiéíîãî ìàòðè÷íîãî ðiâíÿííÿ ¹ ìîæëèâiñòü âèêîðèñòàííÿ êëà-
ñè÷íîãî ìåòîäó Íüþòîíà [9].

Ó çàãàëüíîìó âèïàäêó ëiíåàðèçàöiÿ íåëiíiéíîãî ìàòðè÷íîãî ðiâíÿííÿ âiäíîñíî
íåâiäîìî¨ ïðÿìîêóòíî¨ ìàòðèöi âèçíà÷à¹ ëiíiéíèé ìàòðè÷íèé îïåðàòîð, ÿêèé íå
ìà¹ îáåðíåíîãî [1, 3, 7]. Äëÿ òàêîãî òàêîãî íåëiíiéíîãî ìàòðè÷íîãî ðiâíÿííÿ íå
ìîæëèâå âèêîðèñòàííÿ êëàñè÷íîãî ìåòîäó Íüþòîíà [9], ïðîòå çàñòîñîâíèé ìåòîä
Íüþòîíà � Êàíòîðîâè÷à [10].

1. Ïîñòàíîâêà çàäà÷i.
Äîñëiäæó¹ìî çàäà÷ó ïðî çíàõîäæåííÿ ðîçâ'ÿçêó

Z ∈ Rα×β, α ̸= β
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íåëiíiéíîãî ðiâíÿííÿ
F (Z) = 0. (1)

Ìàòðè÷íó ôóíêöiþ
F (Z) : Rα×β → Rγ×δ

ïðèïóñêà¹ìî âèçíà÷åíîþ ó âiäêðèòié îáëàñòi D ⊂ Rα×β i äâi÷i íåïåðåðâíî äèôå-
ðåíöiéîâíîþ ïî Z íà ìíîæèíi Ω ⊆ D ⊂ Rα×β. Âèçíà÷èìî îïåðàòîð [3, 10]

M[A] : Rm×n → Rm·n,

ÿê òàêèé, ùî ñòàâèòü ó âiäïîâiäíiñòü ìàòðèöi A ∈ Rm×n âåêòîð B := M[A] ∈ Rm·n,
óòâîðåíèé ç n ñòîâïöiâ ìàòðèöi A, à òàêîæ îáåðíåíèé îïåðàòîð [3, 10]

M−1

[
B
]
: Rm·n → Rm×n,

ÿêèé ñòàâèòü ó âiäïîâiäíiñòü âåêòîðó B ∈ Rm·n ìàòðèöþ A ∈ Rm×n.
2. Ïîáóäîâà íàáëèæåíü äî ðîçâ'ÿçêiâ íåëiíiéíèõ ìàòðè÷íèõ ðiâíÿíü

ìåòîäîì Íüþòîíà.
Àêòóàëüíiñòü äîñëiäæåííÿ çàäà÷i ïðî çíàõîäæåííÿ ðîçâ'ÿçêó

Z ∈ Rα×β, α ̸= β

íåëiíiéíîãî ìàòðè÷íîãî ðiâíÿííÿ (1) ïîâ'ÿçàíà ç òèì ôàêòîì, ùî ïåðåâàæíà áiëü-
øiñòü äîñëiäæåíü óìîâ ðîçâ'ÿçíîñòi öüîãî ðiâíÿííÿ [11�16] ïåðåäáà÷à¹ ðiâíiñòü
α = β = γ = δ. Çíà÷íî ìåíøà óâàãà ïðèäiëÿ¹òüñÿ äîñëiäæåííþ ìàòðè÷íèõ ðiâ-
íÿíü ç íåâiäîìîþ ïðÿìîêóòíîþ ìàòðèöåþ [7,17]. Ïîçíà÷èìî âåêòîð-ôóíêöiþ

f(z) := M[F (Z)] : Rα·β → Rγ·δ, z := M[Z].

Ôóíêöiÿ f(z) äâi÷i íåïåðåðâíî äèôåðåíöiéîâíà ïî z ó âiäêðèòié îáëàñòi D̆ ⊂ Rα·β.
Çàäà÷à ïðî çíàõîäæåííÿ ðîçâ'ÿçêó Z ∈ Rα×β íåëiíiéíîãî ìàòðè÷íîãî ðiâíÿííÿ (1)
ïðèâîäèòü äî çàäà÷i ïðî çíàõîäæåííÿ ðîçâ'ÿçêó z ∈ Rα·β ðiâíÿííÿ

f(z) = 0. (2)

Çà óìîâè αβ = γδ äëÿ çíàõîäæåííÿ ðîçâ'ÿçêó íåëiíiéíîãî ðiâíÿííÿ (1) ìîæëèâå
âèêîðèñòàííÿ ìåòîäó Íüþòîíà [9,18]. Ïðèïóñòèìî, ùî ðiâíÿííÿ (1) â îêîëi òî÷êè
z0 ìà¹ êîðiíü z

∗ ∈ Rα·β i â îêîëi íóëüîâîãî íàáëèæåííÿ z0 ìàþòü ìiñöå íåðiâíîñòi [9,
c. 680, 682] ∣∣∣∣∣

∣∣∣∣∣ [f ′(z0)
]−1

∣∣∣∣∣
∣∣∣∣∣ ≤ γ1,

∣∣∣∣∣
∣∣∣∣∣f(z0)

∣∣∣∣∣
∣∣∣∣∣ ≤ γ2,

∣∣∣∣∣
∣∣∣∣∣f ′′(zk)

∣∣∣∣∣
∣∣∣∣∣ ≤ γ3(k), k ∈ N.

Ïðèïóñòèìî òàêîæ, ùî det [f ′(z0)] ̸= 0 òà iñíó¹ êîíñòàíòà

θ = sup
k∈N

{
2 γ1 · γ2 · γ3(k)

}
< 1.
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Çà öèõ óìîâ ðiâíÿííÿ (2) â îêîëi òî÷êè z0 ìà¹ ¹äèíèé êîðiíü z∗ ∈ Rα·β. Äëÿ
çíàõîäæåííÿ ðîçâ'ÿçêó z∗ ðiâíÿííÿ (2) ìîæå áóòè âèêîðèñòàíà iòåðàöiéíà ñõåìà

zk+1 = zk − J−1
k f(zk), Jk := f ′(zk) ∈ Rγ·δ×α·β, k = 0, 1, 2, ... ,

ïðè öüîìó øâèäêiñòü çáiæíîñòi ïîñëiäîâíîñòi {zk} äî ðîçâ'ÿçêó z∗ ðiâíÿííÿ (2)
êâàäðàòè÷íà. Çà óìîâè αβ = γδ, ó âèïàäêó det [f ′(z0)] ̸= 0 äëÿ çíàõîäæåííÿ
ðîçâ'ÿçêó íåëiíiéíîãî ðiâíÿííÿ (1) ìîæå áóòè âèêîðèñòàíà iòåðàöiéíà ñõåìà

Zk+1 = Zk −M−1

[
J−1
k f(zk)

]
, k = 0, 1, 2, ... . (3)

Òàêèì ÷èíîì, äîâåäåíî íàñòóïíå òâåðäæåííÿ.

Òåîðåìà. Ïðèïóñòèìî, ùî äëÿ ðiâíÿííÿ (1) âèêîíàíi íàñòóïíi óìîâè. Ôóíê-

öiÿ

f(z) := M[F (Z)] : Rα·β → Rγ·δ, z := M[Z].

äâi÷i íåïåðåðâíî äèôåðåíöiéîâíà ïî z ó âiäêðèòié îáëàñòi Ď ⊂ Rα·β. Ïðèïóñòèìî

òàêîæ, ùî

det Jk ̸= 0 (4)

òà iñíó¹ êîíñòàíòà

θ = sup
k∈N

{
2 γ1 · γ2 · γ3(k)

}
< 1. (5)

Çà öèõ óìîâ ó âèïàäêó αβ = γδ äëÿ çíàõîäæåííÿ ðîçâ'ÿçêó íåëiíiéíîãî ðiâíÿííÿ

(1) ìîæå áóòè âèêîðèñòàíà iòåðàöiéíà ñõåìà (3).

Çà óìîâè αβ ̸= γδ, âçàãàëi êàæó÷è, íå ìîæíà ãàðàíòóâàòè ðîçâ'ÿçêíiñòü íåëiíié-
íîãî ðiâíÿííÿ (1), à ó âèïàäêó ðîçâ'ÿçíîñòi ðiâíÿííÿ (1), íå ìîæíà ãàðàíòóâàòè
¹äíiñòü ðîçâ'ÿçêó íåëiíiéíîãî ðiâíÿííÿ (1). Ó çàãàëüíîìó âèïàäêó αβ ̸= γδ, âçà-
ãàëi êàæó÷è, ëiíåàðèçàöiÿ íåëiíiéíîãî ìàòðè÷íîãî ðiâíÿííÿ (1) âiäíîñíî íåâiäîìî¨
ïðÿìîêóòíî¨ ìàòðèöi âèçíà÷à¹ ëiíiéíèé ìàòðè÷íèé îïåðàòîð, ÿêèé íå ìà¹ îáåð-
íåíîãî [1, 3, 7]. Äëÿ òàêîãî òàêîãî íåëiíiéíîãî ìàòðè÷íîãî ðiâíÿííÿ íå ìîæëèâå
âèêîðèñòàííÿ êëàñè÷íîãî ìåòîäó Íüþòîíà [9], ïðîòå çàñòîñîâíèé ìåòîä Íüþòîíà
� Êàíòîðîâè÷à [10,19].

Ïðèêëàä. Ïðîäåìîíñòðó¹ìî åôåêòèâíiñòü äîâåäåíî¨ òåîðåìè íà ïðèêëàäi çà-
äà÷i ïðî çíàõîäæåííÿ ðîçâ'ÿçêó

Z ∈ R2×3

íåëiíiéíîãî ìàòðè÷íîãî ðiâíÿííÿ

F (Z) := Z Z∗ Z + Z +A = 0; (6)
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òóò

A := −2

(
1 0 0
0 0 1

)
.

Çàäà÷à ïðî çíàõîäæåííÿ ðîçâ'ÿçêó íåëiíiéíîãî ìàòðè÷íîãî ðiâíÿííÿ (6) ïðèâî-
äèòü äî çàäà÷i ïðî çíàõîäæåííÿ ðîçâ'ÿçêó z ∈ R6 ðiâíÿííÿ (2). Äëÿ çíàõîäæåííÿ
ðîçâ'ÿçêó ìàòðè÷íîãî ðiâíÿííÿ (6) ìîæå áóòè âèêîðèñòàíà iòåðàöiéíà ñõåìà (3).
Äiéñíî, äëÿ öüîãî ðiâíÿííÿ ìà¹ ìiñöå ðiâíiñòü

αβ = γδ = 6.

Ïîêëàäåìî

z0 :=
34

35

(
1 0 0 0 0 1

)∗
,

ïðè öüîìó âèêîíó¹òüñÿ âèìîãà (4)

det J0 ̸= 0.

Ó ïðîñòîði Rn âèêîðèñòîâóâàòèìåìî "êóái÷íó" íîðìó [1,2, 9]

||z||Rn := max
1≤i≤n

|zi|, z ∈ Rn.

Ó ïðîñòîði Rm×n äiéñíèõ (m× n) � ìàòðèöü âèêîðèñòîâóâàòèìåìî íîðìó

||Z||Rm×n := max
1≤i≤m

n∑
k=1

|zik|, Z := {zik} ∈ Rm×n,

ÿê âiäîìî, ïiäïîðÿäêîâàíó "êóái÷íié" íîðìi ó ïðîñòîði Rn. Òàêèì ÷èíîì, îòðèìó¹-
ìî

z1 =
164 358

164 255

(
1 0 0 0 0 1

)∗
,

ïðè öüîìó

F (Z1) =

(
11 120 867 306 912

4 431 551 448 881 375 0 0
0 0 11 120 867 306 912

4 431 551 448 881 375

)
.

Òàêèì ÷èíîì, çíàõîäèìî

J−1
0 =



1225
4693 0 0 0 0 0
0 4 332 825

11 174 033 0 0 − 1 416 100
11 174 033 0

0 0 1225
2381 0 0 0

0 0 0 1225
2381 0 0

0 − 1 416 100
11 174 033 0 0 4 332 825

11 174 033 0
0 0 0 0 0 1225

4693

 , γ1 := ||J−1
0 ||∞ =

1225

2381
.

êðiì òîãî

γ2 := ||f(z0)||∞ =
4796

42 875
.
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Çàäëÿ îöiíêè âåëè÷èíè γ3(0) íà ïåðøîìó êðîöi îá÷èñëþ¹ìî ìàòðèöi Ãåññå [20, 21]
äëÿ ôóíêöi¨ f(z0) :

H1(z0) =



204
35 0 0 0 0 0
0 68

35 0 0 34
35 0

0 0 68
35 0 0 0

0 0 0 0 0 0
0 34

35 0 0 68
35 0

0 0 0 0 0 0

 , H2(z0) =



0 68
35 0 0 34

35 0
68
35 0 0 0 0 68

35
0 0 0 34

35 0 0
0 0 34

35 0 0 0
34
35 0 0 0 0 34

35
0 68

35 0 0 34
35 0

 ,

H3(z0) =



0 0 68
35 0 0 0

0 0 0 34
35 0 0

68
35 0 0 0 0 0
0 34

35 0 0 34
35 0

0 0 0 34
35 0 0

0 0 0 0 0 0

 , H4(z0) =



0 0 0 0 0 0
0 0 34

35 0 0 0
0 34

35 0 0 34
35 0

0 0 0 0 0 68
35

0 0 34
35 0 0 0

0 0 0 68
35 0 0

 ,

êðiì òîãî

H5(z0) =



0 34
35 0 0 68

35 0
34
35 0 0 0 0 34

35
0 0 0 34

35 0 0
0 0 34

35 0 0 0
68
35 0 0 0 0 68

35
0 34

35 0 0 68
35 0

 , H6(z0) =



0 0 0 0 0 0
0 68

35 0 0 34
35 0

0 0 0 0 0 0
0 0 0 68

35 0 0
0 34

35 0 0 68
35 0

0 0 0 0 0 204
35

 .

Âèêîðèñòîâóþ÷è ïiäïîðÿäêîâàíiñòü [1,2,9] íîðìè ó ïðîñòîði Rm×n "êóái÷íié" íîð-
ìi ó ïðîñòîði Rn, îòðèìó¹ìî

γ3(k) :=

∣∣∣∣∣∣∣∣d2f(zk ;h)∣∣∣∣∣∣∣∣
∞

:=

∣∣∣∣∣∣
∣∣∣∣∣∣
 h∗H1(zk)h

.....
h∗H4(zk)h

∣∣∣∣∣∣
∣∣∣∣∣∣
∞

=

∣∣∣∣∣∣
∣∣∣∣∣∣
 h∗H1(zk)

.....
h∗H4(zk)

h

∣∣∣∣∣∣
∣∣∣∣∣∣
∞

=

=

∣∣∣∣∣∣
∣∣∣∣∣∣
 h∗H1

.....
h∗H4

∣∣∣∣∣∣
∣∣∣∣∣∣
∞

=

∣∣∣∣∣∣
∣∣∣∣∣∣h∗

 H1(zk)
.....

H4(zk)

∣∣∣∣∣∣
∣∣∣∣∣∣
∞

=

∣∣∣∣∣∣
∣∣∣∣∣∣
 H1(zk)

.....
H4(zk)

∣∣∣∣∣∣
∣∣∣∣∣∣
∞

= max
1≤j≤6

||Hj(zk)||∞.

Îòæå, äëÿ ðiâíÿííÿ (6) óìîâà çáiæíîñòi (5) iòåðàöiéíî¨ ñõåìè (3) íà ïåðøîìó êðîöi
âèêîíó¹òüñÿ:

θ1 := 2 γ1 · γ2 · γ3(0) =
1 956 768

2 916 725
≈ 0, 670 878 < 1;

òóò

γ3(0) = ||H6(z0)||∞ =
204

35
.
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Íà äðóãîìó êðîöi iòåðàöiéíî¨ ñõåìè (3) âèêîíó¹òüñÿ âèìîãà (4)

det J1 ̸= 0.

Óìîâà çáiæíîñòi (5) iòåðàöiéíî¨ ñõåìè (3) òàêîæ âèêîíó¹òüñÿ:

θ2 := 2 γ1 · γ2 · γ3(1) =
9 459 131 616

13 688 190 425
≈ 0, 691 043 < 1;

òóò

γ3(1) = ||H6(z1)||∞ =
986 148

164 255
,

êðiì òîãî

H1(z1) =



986 148
164 255 0 0 0 0 0

0 328 716
164 255 0 0 164 358

164 255 0
0 0 328 716

164 255 0 0 0
0 0 0 0 0 0
0 164 358

164 255 0 0 328 716
164 255 0

0 0 0 0 0 0

 ,

H2(z1) =



0 328 716
164 255 0 0 164 358

164 255 0
328 716
164 255 0 0 0 0 328 716

164 255
0 0 0 164358

164255 0 0
0 0 164 358

164 255 0 0 0
164 358
164 255 0 0 0 0 164 358

164 255
0 328 716

164 255 0 0 164 358
164 255 0

 ,

H3(z1) =



0 0 328 716
164 255 0 0 0

0 0 0 164 358
164 255 0 0

328 716
164 255 0 0 0 0 0

0 164 358
164 255 0 0 164 358

164 255 0
0 0 0 164 358

164 255 0 0
0 0 0 0 0 0

 ,

à òàêîæ

H4(z1) =



0 0 0 0 0 0
0 0 164 358

164 255 0 0 0
0 164 358

164 255 0 0 164 358
164 255 0

0 0 0 0 0 328 716
164 255

0 0 164 358
164 255 0 0 0

0 0 0 328 716
164 255 0 0

 ,

H5(z1) =



0 164 358
164 255 0 0 328 716

164 255 0
164 358
164 255 0 0 0 0 164 358

164 255
0 0 0 164 358

164 255 0 0
0 0 164 358

164 255 0 0 0
328 716
164 255 0 0 0 0 328 716

164 255
0 164 358

164 255 0 0 328 716
164 255 0

 ,
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H6(z1) =



0 0 0 0 0 0
0 328 716

164 255 0 0 164 358
164 255 0

0 0 0 0 0 0
0 0 0 328 716

164 255 0 0
0 164 358

164 255 0 0 328 716
164 255 0

0 0 0 0 0 986 148
164 255

 .

Òàêèì ÷èíîì, îòðèìó¹ìî

z2 ≈
44 103 381

44 103 368

(
1 0 0 0 0 1

)∗
,

ïðè öüîìó
||F (Z2)||∞ ≈ 1, 17 905× 10−6.

Íà òðåòüîìó êðîöi iòåðàöiéíî¨ ñõåìè (3) òàêîæ âèêîíó¹òüñÿ âèìîãà (4)

det J2 ̸= 0;

òàêèì ÷èíîì, îòðèìó¹ìî

z3 ≈
15 370 647 192 391

15 370 647 192 390

(
1 0 0 0 0 1

)∗
,

ïðè öüîìó
||F (Z3)||∞ ≈ 2, 60 236× 10−13.

Çàäëÿ îöiíêè òî÷íîñòi çíàéäåíèõ çà äîïîìîãîþ iòåðàöiéíî¨ ñõåìè (3) íàáëèæåíü äî
ðîçâ'ÿçêó íåëiíiéíîãî ìàòðè÷íîãî ðiâíÿííÿ (6) ñêîðèñòà¹ìîñü òî÷íèì ðîçâ'ÿçêîì
öüîãî ðiâíÿííÿ

Z =

(
1 0 0
0 0 1

)
.

Òàêèì ÷èíîì, îòðèìó¹ìî

||Z − Z1||∞ ≈ 0, 000 627 074, ||Z − Z2||∞ ≈ 2, 94 762× 10−7,

||Z − Z3||∞ ≈ 6, 50 591× 10−14.

Çàïðîïîíîâàíà ó ñòàòòi ñõåìà ðîçâ'ÿçàííÿ íåëiíiéíèõ ìàòðè÷íèõ ðiâíÿíü ìîæå
áóòè âèêîðèñòàíà äî ðîçâ'ÿàííÿ íåëiíiéíèõ êðàéîâèõ çàäà÷ äëÿ äèôåðåíöiàëüíèõ
ðiâíÿíü ó ÷àñòèííèõ ïîõiäíèõ [22,23].
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S.M. Chuiko, O.V. Nesmelova, K.S. Shevtsova

Solving a nonlinear matrix equation by Newton's method.

Nonlinear matrix equations are often used in the quality theory of ordinary di�erential, functional

di�erential, di�erential-algebraic and integro-di�erential equations, in the theory of motion stability,

control theory, and in image reconstruction problems. In this paper, we study a nonlinear matrix

equation with respect to an unknown rectangular matrix. In general, the linearization of a nonlinear

matrix equation with respect to an unknown rectangular matrix de�nes a linear matrix operator that

has no inverse. For such a nonlinear matrix equation, it is not possible to use the classical Newton

method, but the Newton-Kantorovich method is applicable. The paper proposes original conditions for

solvability and a scheme for �nding solutions to a nonlinear matrix equation. To �nd approximations
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to solutions of nonlinear matrix equations in the case of an unknown rectangular matrix and to verify

the convergence of the constructed iterative scheme, the paper uses the Newton method. To verify

the e�ectiveness of the constructed iterative scheme, we �nd the nonconformities of the obtained

approximations in the solution of a nonlinear matrix algebraic equation.

Keywords: nonlinear matrix equation, Newton's method..
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