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Ïðîãðàìà äëÿ çâåäåííÿ ìàòðèöi
äî íîðìàëüíî¨ ôîðìè Àðíîëüäà
âiäíîñíî ãëàäêèõ ïåðåòâîðåíü
ïîäiáíîñòi

V. I. Arnold (1971) constructed a miniversal deformation of each Jordan
matrix J ; that is, a simple normal form to which all matrices A close to J
can be reduced by similarity transformations that smoothly depend on the
entries of A. We describe a software for reducing a matrix in an neighbor-
hood of J to Arnold’s normal form by smooth similarity transformations
and calculating the transforming matrix.

Íåõàé J = Jλ1 ⊕ · · · ⊕ Jλt �æîðäàíîâà ìàòðèöÿ, â ÿêié

Jλi := Jmi1(λi)⊕ · · · ⊕ Jmiri
(λi), mi1 ≥ mi2 ≥ · · · ≥ miri , (1)

Jmij (λi)�êëiòêà Æîðäàíà ðîçìiðó mij×mij ç âëàñíèì ÷èñëîì
λi òà îäèíèöÿìè íàä äiàãîíàëëþ, λi 6= λj ÿêùî i 6= j.
Â. I. Àðíîëüä [1] äîâiâ, ùî âñi ìàòðèöi J + X, ùî ¹ äîñòà-

òíüî áëèçüêèìè äî J , ìîæóòü áóòè îäíî÷àñíî çâåäåíi äåÿêèìè
ïåðåòâîðåííÿìè

J +X 7→ S(X)−1(J +X)S(X),
S(X) àíàëiòè÷íà
â 0 òà S(0) = I,

(2)
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äî ôîðìè J + D :=

t⊕
i=1



Jmi1(λi) + 0↓ 0↓ . . . 0↓

0← Jmi2(λi) + 0↓ · · ·
...

... · · · · · · 0↓

0← . . . 0← Jmiri
(λi) + 0↓


, (3)

0← :=

∗ 0 . . . 0
...

...
...

∗ 0 . . . 0

 òà 0↓ :=


0 · · · 0
...

...
0 · · · 0
∗ · · · ∗

 ,
äå çiðî÷êè çàìiíþþòüñÿ êîìïëåêñíèìè ÷èñëàìè, ùî çàëåæàòü
àíàëiòè÷íî âiä åëåìåíòiâ X. Êiëüêiñòü çiðî÷îê�ìiíiìàëüíà,
ÿêà ìîæå áóòè îòðèìàíà ïåðåòâîðåííÿìè ôîðìè (2), âîíà äî-
ðiâíþ¹ êîðîçìiðíîñòi êëàñó ïîäiáíîñòi ìàòðèöi J .
Ìàòðèöÿ (3) ç íåçàëåæíèìè ïàðàìåòðàìè çàìiñòü çiðî÷îê

íàçèâà¹òüñÿ ìiíiâåðñàëüíîþ äåôîðìàöi¹þ ìàòðèöi J .
Î. Ì. Êëèìåíêî òà Â. Â. Ñåðãåé÷óê [2] ïîáóäóâàëè àëãîðèòì,

ÿêèé çâîäèòü ñiì'þ ìàòðèöü äî íîðìàëüíî¨ ôîðìè Àðíîëüäà
âiäíîñíî ïîäiáíîñòi i áóäó¹ ïåðåòâîðþþ÷ó ìàòðèöþ S(X). Íà-
ìè áóëî ðåàëiçîâàíî öåé àëãîðèòì çà äîïîìîãîþ ìîâè ïðîãðà-
ìóâàííÿ C++.
Íàøà êîìï'þòåðíà ïðîãðàìà ñêëàäà¹òüñÿ ç äâîõ ïiäïðîãðàì.

Â ïåðøié ïiäïðîãðàìi ìè çâîäèìî çàäà÷ó äî âèïàäêó ìàòðèöi
J ç ¹äèíèì âëàñíèì ÷èñëîì i â äðóãié ïiäïðîãðàìi ðîçãëÿäà¹ìî
öåé âèïàäîê. Ìè îïèøåìî òiëüêè ïåðøó ïiäïðîãðàìó, áî âîíà
ðåàëiçó¹ àëãîðèòì, ÿêèé âiäðiçíÿ¹òüñÿ âiä àëãîðèòìó ç [2].
1) Âõiäíèìè äàíèìè ïiäïðîãðàìè ¹:

• n�íàòóðàëüíå ÷èñëî;
• J = Jλ1⊕· · ·⊕Jλt (t ≥ 2, äèâ. (1)) i X �ìàòðèöi ðîçìiðó
n× n;
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• ε�ìàëå äiéñíå ÷èñëî äëÿ êîíòðîëþ çíà÷åíü ìàòðèöiX,
åëåìåíòè ÿêî¨ íå ìîæóòü ïåðåâèùóâàòè ε;
• µ � ìàëå äiéñíå ÷èñëî, ùî çàäà¹ òî÷íiñòü îá÷èñëåíü.

2) Ïåðåâiðÿ¹ìî, ÷è äiéñíî åëåìåíòè ìàòðèöi X íå ïåðåâèùó-
þòü ε.
3) Çîáðàæó¹ìî ìàòðèöþ J +X ó âèãëÿäi

J +X =

[
A1 C1

C2 A2

]
,

äå A1 := Jλ1 +X1 (äèâ. (1)).
4) Ðîçâ'ÿçó¹ìî ðiâíÿííÿ Ñèëüâåñòðà A1Z + ZA2 = C1 çà äî-

ïîìîãîþ MatLab. Íåõàé éîãî ðiøåííÿì áóäå Z1. Áóäó¹ìî ìà-
òðèöþ

S1 = In +

[
0 Z1

0 0

]
.

5) Çíàõîäèìî ìàòðèöþ

J +X1 := S−1
1 (J +X)S1 =

[
A′1 C ′1
C2 A′2

]
.

Ïåðåâiðÿ¹ìî, ÷è áóäóòü åëåìåíòè ìàòðèöi C ′1 ìåíøèìè çà çà-
äàíå µ. ßêùî íi, òî ïðîâîäèìî öi iòåðàöi¨ äî òèõ ïið, ïîêè íå
äîñÿãíåìî çàäàíî¨ òî÷íîñòi µ. Â ðåçóëüòàòi îòðèìà¹ìî

J +X ′ =

[
B1 0
C2 B2

]
.

6) Ðîçâ'ÿçó¹ìî ðiâíÿííÿ Ñèëüâåñòðà B2Z+ZB1 = C2. Íåõàé
éîãî ðiøåííÿì áóäå Z2. Áóäó¹ìî ìàòðèöþ

S2 = In +

[
0 0
Z2 0

]
.

7) Çíàõîäèìî ìàòðèöþ

J +X ′1 := S−1
2 (J +X ′)S2 =

[
B1 0
C ′2 B2

]
.
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Ïåðåâiðÿ¹ìî, ÷è áóäóòü åëåìåíòè ìàòðèöi C ′2 ìåíøèìè çà çà-
äàíå µ. ßêùî íi, òî ïðîâîäèìî öi iòåðàöi¨ äî òèõ ïið ïîêè íå
äîñÿãíåìî çàäàíî¨ òî÷íîñòi µ. Â ðåçóëüòàòi îòðèìà¹ìî

J +X ′′ =

[
B1 0
0 B2

]
.

8) ßêùî t ≥ 3, òî òàêèì æå ÷èíîì ïðèâîäèìî B2 i òàê äàëi,
ïîêè íå îòðèìà¹ìî áëî÷íî-äiàãîíàëüíó ìàòðèöþ

J + Y = (Jλ1 + Y1)⊕ · · · ⊕ (Jλt + Yt).
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