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Â. Ì. Áîíäàðåíêî, Ì. Þ. Áîðòîø (Iíñòèòóò ìàòåìàòèêè ÍÀÍ Óêðà¨íè)

ÎÏÈÑ ÄÅßÊÈÕ ÊÀÒÅÃÎÐIÉ ÍÅÇÂIÄÍÈÕ ÌÀÒÐÈÖÜ ÌÀËÈÕ
ÏÎÐßÄÊIÂ ÍÀÄ ËÎÊÀËÜÍÈÌÈ ÊIËÜÖßÌÈ

One describes the categories of irreducible t-monomial matrices of order n < 7 over a commutative
local ring K with radical R = tK,R2 = 0.

Îïèñóþòüñÿ êàòåãîði¨ íåçâiäíèõ t-ìîíîìiàëüíèõ ìàòðèöü ïîðÿäêó n < 7 íàä êîìóòàòèâíèì
ëîêàëüíèì êiëüöåì K ç ðàäèêàëîì R = tK,R2 = 0.

1. Âñòóï. Íåõàé K � êîìóòàòèâíå êiëüöå ç îäèíèöåþ. Ïiä ìîíîìiàëüíîþ
ìàòðèöåþ M = (mij) íàä K áóäåìî ðîçóìiòè êâàäðàòíó ìàòðèöþ ïîðÿäêó
n ≥ 1, â êîæíîìó ðÿäêó i â êîæíîìó ñòîâïöi ÿêî¨ ñòî¨òü ðiâíî îäèí íåíóëüîâèé
åëåìåíò. Òàêié ìàòðèöi ìîæíà ïðèðîäíiì ÷èíîì çiñòàâèòè íåçîði¹íòîâàíèé ãðàô
Γ(M) ç n âåðøèíàìè, çàíóìåðîâàíèìè ÷èñëàìè 1, . . . , n, i ðåáðàìè i� j äëÿ âñiõ
mij ̸= 0. Î÷åâèäíî, ùî Γ(M) ¹ íåïåðåòèííèì îá'¹äíàííÿì öèêëiâ. ßêùî öèêë
ëèøå îäèí, òî ìîíîìiàëüíó ìàòðèöþ áóäåìî íàçèâàòè öèêëi÷íîþ. Öèêëi÷íó
ìàòðèöþ âèãëÿäó

M =


0 . . . 0 m1n

m21 . . . 0 0
...

. . .
...

...
0 . . . mn,n−1 0

 (1)

áóäåìî íàçèâàòè êàíîíi÷íî öèêëi÷íîþ. Çàóâàæèìî, ùî áóäü-ÿêà öèêëi÷íà ìàò-
ðèöÿ ïåðåñòàíîâî÷íî ïîäiáíà êàíîíi÷íî öèêëi÷íié ìàòðèöi.

Ó âèïàäêó, êîëè âñi íåíóëüîâi åëåìåíòèmij ìîíîìiàëüíî¨ (âiäïîâiäíî öèêëi÷-
íî¨, êàíîíi÷íî öèêëi÷íî¨) ìàòðèöi M ìàþòü âèãëÿä tsij (t ∈ K), äå sij ≥ 0, ìàò-
ðèöþ M áóäåìî íàçèâàòè t-ìîíîìiàëüíîþ (âiäïîâiäíî t-öèêëi÷íîþ, êàíîíi÷íî
t-öèêëi÷íîþ); î÷åâèäíî, ùî òîäi tsi ̸= 0 äëÿ âñiõ i.

Íàéáiëüø öiêàâèì âèïàäêîì ¹, î÷åâèäíî, âèïàäîê, êîëè t � íåîáîðîòíèé
åëåìåíò.

Ñòàòòÿ ïðèñâÿ÷åíà âèâ÷åííþ ç êàòåãîðíî¨ òî÷êè çîðó ìîíîìiàëüíèõ ìàòðèöü
ìàëèõ ïîðÿäêiâ íàä êîìóòàòèâíèìè ëîêàëüíèìè êiëüöÿìè.

Ïåðåõîäèìî äî ïîñòàíîâêè çàäà÷i òà îñíîâíèõ ðåçóëüòàòiâ.
Ìíîæèíó âñiõ ìàòðèöü ïîðÿäêó n íàä êiëüöåì K (ÿêà ¹ K-àëãåáðîþ) ïîçíà-

÷èìî ÷åðåç Mn(K) i ïîêëàäåìî M(K) = ∪n∈NMn(K). Ìíîæèíó M(K) ìîæíà
ðîçãëÿäàòè ÿê êàòåãîðiþ, ÿêùî äëÿ äîâiëüíèõ ìàòðèöü A,B ∈M(K) ïîêëàñòè

Hom(A,B) = {X ∈M(K) |AX = XB}.

Ïîçíà÷èìî öþ êàòåãîðiþ ÷åðåçM(K); âîíà ¹, î÷åâèäíî, K-êàòåãîði¹þ, òîáòî âñi
ìíîæèíè ìîðôiçìiâ ¹ K-ìîäóëÿìè i ìíîæåííÿ ìîðôiçìiâ K-áiëiíiéíå. Ïîâíó
ïiäêàòåãîðiþ êàòåãîði¨ M(K) ç ìíîæèíîþ îá'¹êòiâ X áóäåìî ïîçíà÷àòè ÷åðåç
M(K,X).

Íàãàäà¹ìî, ùî ìàòðèöÿ M ∈M(K) íàçèâà¹òüñÿ çâiäíîþ, ÿêùî

X−1MX =

(
N11 N12

0 N22

)
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äëÿ äåÿêî¨ îáîðîòíî¨ ìàòðèöi X, i ðîçêëàäíîþ, ÿêùî

Y −1MY =

(
N11 0
0 N22

)
äëÿ äåÿêî¨ îáîðîòíî¨ ìàòðèöi Y (X i Y � ìàòðèöi íàä K). Â iíøîìó ðàçi M
íàçèâà¹òüñÿ âiäïîâiäíî íåçâiäíîþ ìàòðèöåþ i íåðîçêëàäíîþ ìàòðèöåþ. Öi îçíà-
÷åííÿ ëåãêî ïåðåôîðìóëþâàòè â òåðìiíàõ êàòåãîði¨ M(K).

Íàäàëi áóäåìî ââàæàòè, ùî K � êîìóòàòèâíå ëîêàëüíå êiëüöå ç ðàäèêàëîì
R = tK ̸= 0, R2 = 0.

Ââåäåìî òàêi ïiäìíîæèíè â Mn(K): Mt,n = Mt,n(K), Ct,n = Ct,n(K) i C◦
t,n =

C◦
t,n(K) � âiäïîâiäíî ìíîæèíè âñiõ t-ìîíîìiàëüíèõ, t-öèêëi÷íèõ i êàíîíi÷íî

t-öèêëi÷íèõ ìàòðèöü; IRDt,n = IRDt,n(K), Irdt,n = Irdt,n(K) i Ird ◦
t,n = Ird ◦

t,n(K)
� âiäïîâiäíî ìíîæèíè âñiõ íåçâiäíèõ ìàòðèöü içMt,n, Ct,n i C◦

t,n. Òîäi, î÷åâèäíî,
M(K, IRDt,n) = M(K, Irdt,n) (ÿê ïiäêàòåãîði¨ âM(K)) i öÿ êàòåãîðiÿ åêâiâàëåíò-
íà ñâî¨é ïiäêàòåãîði¨ M(K, Ird ◦

t,n) (áî êîæíèé îá'¹êò ïåðøî¨ êàòåãîði¨ içîìîðô-
íèé, i íàâiòü ïåðåñòàíîâî÷íî içîìîðôíèé, äåÿêîìó îá'¹êòó äðóãî¨ êàòåãîði¨).

P -îñòîâîì êàòåãîði¨ M(K,X) äëÿ êîæíî¨ iç âèùå ââåäåíèõ ìíîæèí X áóäå-
ìî íàçèâàòè ïîâíó ii ïiäêàòåãiþ, îá'¹êòàìè ÿêî¨ ¹ ïðåäñòàâíèêè êëàñiâ åêâiâà-
ëåíòíîñòi âiäíîñíî ïåðåñòàíîâî÷íèõ içîìîðôiçìiâ (iç êîæíîãî êëàñó ïî îäíîìó
ïðåäñòàâíèêó); ïåðåñòàíîâî÷íèé içîìîðôiçì � öå 1-ìîíîìiàëüíà ìàòðèöÿ (äèâ.
âèùå). P -îñòîâ íå çàëåæèòü âiä âèáîðó ïðåäñòàâíèêiâ ó òîìó ñåíñi, ùî â ðiçíèõ
âèïàäêàõ áóäåìî îòðèìóâàòè içîìîðôíi êàòåãîði¨. P -îñòîâ êàòåãîði¨ M(K,X)
áóäåìî ïîçíà÷àòè ÷åðåç PSM(K,X).

Iç ðåçóëüòàòiâ ðîáîòè [1] òà âèùå ââåäåíèõ ïîíÿòü i ïîçíà÷åíü âèïëèâà¹ íàñ-
òóïíà òåîðåìà.

Òåîðåìà 1. ßêùî îá'¹êò êàòåãîði¨ M(K,Ct,n) íåçâiäíèé, òî ÷èñëî éîãî
åëåìåíòiâ t âçà¹ìíî ïðîñòå ç n. Ó âèïàäêó n < 7 âiðíå i îáåðíåíå òâåðäæåííÿ.

Îñíîâíà öiëü öi¹¨ ñòàòòi � îïèñ êàòåãîði¨ M(K, IRDt,n) íåçâiäíèõ t-ìîíîìi-
àëüíèõ ìàòðèöü ïîðÿäêó n < 7 íàä êiëüöåì K. Ïiä îïèñîì êàòåãîði¨ ìà¹òüñÿ
íà óâàçi îïèñ ¨¨ îá'¹êòiâ i ìîðôiçìiâ. Îñêiëüêè (ÿê áóëî ñêàçàíî âèùå) êîæíèé
îá'¹êò êàòåãîði¨ M(K, IRDt,n) ïåðåñòàíîâî÷íî içîìîðôíèé äåÿêîìó îá'¹êòó ¨¨
ïiäêàòåãîði¨ M(K, Ird ◦

t,n) (äî òîãî æ öåé îá'¹êò, ÿê i âiäïîâiäíèé içîìîðôiçì
ëåãêî âêàçàòè), òî äîñòàòíüî îïèñàòè êàòåãîðiþ M(K, Ird ◦

t,n). Áiëüø òîãî, ïî
àíàëîãi÷íié ïðè÷èíi äîñòàòíüî îïèñàòè êàòåãîðiþ PSM(K, Ird ◦

t,n). Ñàìå îñòàí-
íþ êàòåãîðiþ ìè i áóäåìî îïèñóâàòè. Âèïàäêè n ≤ 4, n = 5 i n = 6 ðîçãëÿäà-
þòüñÿ âiäïîâiäíî â ïàðàãðàôàõ 3, 4 i 5, à â ïàðàãðàôi 2 áóäå âêàçàíà íåîáõiäíà
i äîñòàòíÿ óìîâà ïåðåñòàíîâî÷íî¨ ïîäiáíîñòi êàíîíi÷íî öèêëi÷íèõ (à çíà÷èòü i
êàíîíi÷íî t-öèêëi÷íèõ) ìàòðèöü. Îäíå çàóâàæåííÿ äî òåîðåìè 1 ðîçãëÿäà¹òüñÿ
â ïàðàãðàôi 6.

2. Ïåðåñòàíîâî÷íà ïîäiáíiñòü êàíîíi÷íî öèêëi÷íèõ ìàòðèöü. Íåõàé
x1, x2, . . . , xm � äåÿêà ïîñëiäîâíiñòü; (+)-öèêëi÷íîþ ïåðåñòàíîâêîþ ¨¨ ÷ëåíiâ
íàçâåìî ïîñëiäîâíiñòü âèãëÿäó

xi, xi+1, . . . , xm, x1, x2, . . . , xi−1,

à (−)-öèêëi÷íîþ ïåðåñòàíîâêîþ � ïîñëiäîâíiñòü âèãëÿäó

xi, xi−1, . . . , x1, xm, xm−1, . . . , xi+1.
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Î÷åâèäíî, ùî äîáóòîê äâîõ (+)-öèêëi÷íèõ ÷è (−)-öèêëi÷íèõ ïåðåñòàíîâîê ¹
(+)-öèêëi÷íîþ ïåðåñòàíîâêîþ, à äîáóòîê (+)-öèêëi÷íî¨ i (−)-öèêëè÷íî¨ ïåðå-
ñòàíîâîê (â äîâiëüíîìó ïîðÿäêó) ¹ (−)-öèêëi÷íîþ ïåðåñòàíîâêîþ.

Äâi ìàòðèöi íàçâåìî (+)-öèêëi÷íî ïîäiáíèìè (âiäïîâiäíî (−)-öèêëi÷íî ïîäi-
áíèìè), ÿêùî îäíó iç íèõ ìîæíà îòðèìàòè iç iíøî¨ çà äîïîìîãîþ (+)-öèêëi÷íî¨
(âiäïîâiäíî (−)-öèêëè÷íî¨) ïåðåñòàíîâêè ¨¨ ðÿäêiâ i ñòîâïöiâ.

Ìà¹ ìiñöå íàñòóïíå ïðîñòå òâåðäæåííÿ.

Òåîðåìà 2. Äâi êàíîíi÷íî öèêëi÷íi ìàòðèöi (íàä áóäü-ÿêèì êiëüöåì) ïå-
ðåñòàíîâî÷íî ïîäiáíi òîäi i ëèøå òîäi, êîëè âîíè (+)-öèêëi÷íî ïîäiáíi.

ßêùî âçÿòè äîâiëüíó êàíîíi÷íî öèêëi÷íó ìàòðèöþ i òðàíñïîíîâàíó äî íå¨,
òî âîíè áóäóòü (−)-öèêëi÷íî ïîäiáíèìè.

3. Îïèñ êàòåãîði¨ íåçâiäíèõ t-ìîíîìiàëüíèõ ìàòðèöü ïîðÿäêó n ≤ 4.
Âèïàäîê n = 1 î÷åâèäíèé: ìà¹ìî 2 íåçâiäíèõ îá'¹êòà A1 = (1), A2 = (t) i

Hom(A1, A1) = K, Hom(A2, A2) = K/R, Hom(A1, A2) = Hom(A2, A1) = 0.

Âèïàäîê n = 2. Iç òåîðåì 1 i 2 âèïëèâà¹, ùî êàòåãîðiÿ PSM(K, Ird ◦
t,2) ìà¹

îäèí îá'¹êò. Áóäåìî ââàæàòè, ùî öå ìàòðèöÿ

A1 =

(
0 t
1 0

)
.

Iç ðiâíîñòi A1X = XA1 àáî, â ðîçãîðíóòîìó âèãëÿäi,(
0 t
1 0

)(
x11 x12
x21 x22

)
=

(
x11 x12
x21 x22

)(
0 t
1 0

)
ìà¹ìî tx21 = x12, tx22 = x11t, x11 = x22, x12 = x21t.

Îòæå, Hom(A1, A1) ñêëàäà¹òüñÿ iç óñiõ ìàòðèöü âèãëÿäó(
x1 y1t
y1 x1

)
.

Âèïàäîê n = 3. Iç òåîðåì 1 i 2 âèïëèâà¹, ùî çà îá'¹êòè êàòåãîði¨ PSM(K, Ird ◦
t,3)

ìîæíà âçÿòè òàêi ìàòðèöi:

A1 =

 0 0 t
1 0 0
0 1 0

 , A2 =

 0 0 1
t 0 0
0 t 0

 .

Ðîçãëÿíåìî 4 âèïàäêè: A1X = XA1, A2Y = Y A2, A1Z = ZA2, A2V = V A1,
äå

X =

 x11 x12 x13
x21 x22 x23
x31 x32 x33

 , Y =

 y11 y12 y13
y21 y22 y23
y31 y32 y33

 ,

Z =

 z11 z12 z13
z21 z22 z23
z31 z32 z33

 , V =

 v11 v12 v13
v21 v22 v23
v31 v32 v33

 .

Ðîçãëÿíåìî ñïî÷àòêó âèïàäîê A1X = XA1.

Íàóê. âiñíèê Óæãîðîä óí-òó, 2016, âèï. �1 (28)



ÎÏÈÑ ÄÅßÊÈÕ ÊÀÒÅÃÎÐIÉ ÍÅÇÂIÄÍÈÕ ÌÀÒÐÈÖÜ ÌÀËÈÕ ÏÎÐßÄÊIÂ . . . 21

Â ðîçãîðíóòîìó âèãëÿäi öÿ ðiâíiñòü ìà¹ íàñòóïíèé âèãëÿä: 0 0 t
1 0 0
0 1 0

 x11 x12 x13
x21 x22 x23
x31 x32 x33

 =

 x11 x12 x13
x21 x22 x23
x31 x32 x33

 0 0 t
1 0 0
0 1 0

 .

Çâiäñè  tx31 tx32 tx33
x11 x12 x13
x21 x22 x23

 =

 x12 x13 x11t
x22 x23 x21t
x32 x33 x31t

 .

Âèïèøåìî âiäïîâiäíi ñêàëÿðíi ðiâíîñòi, ïîçíà÷àþ÷è ÷åðåç (i, j) ðiâíiñòü åëåìåí-
òiâ ëiâî¨ òà ïðàâî¨ ìàòðèöü, ùî ñòîÿòü íà ïåðåòèíi i-ãî ðÿäêà i j-ãî ñòîâïöÿ:

(1, 1) : tx31 = x12, (1, 2) : tx32 = x13, (1, 3) : tx33 = x11t;
(2, 1) : x11 = x22, (2, 2) : x12 = x23, (2, 3) : x13 = x21t;
(3, 1) : x21 = x32, (3, 2) : x22 = x33, (3, 3) : x23 = x31t.

Îòæå, ìàòðèöÿ X áóäå ìàòè, ÿê ëåãêî áà÷èòè, íàñòóïíèé âèãëÿä:

X =

 x1 y1t z1t
z1 x1 y1t
y1 z1 x1

 .

Iç óñiõ ìàòðèöü òàêîãî âèãëÿäó i ñêëàäà¹òüñÿ ìíîæèíà ìîðôiçìiâ iç îá'¹êòà
A1 â ñåáå, òîáòî

Hom(A1, A1) =


 x1 y1t z1t

z1 x1 y1t
y1 z1 x1

 .

Ïî òàêié ñõåìi ðîçãëÿäàþòüñÿ âñi ïîäàëüøi âèïàäêè (i íå ëèøå öüîãî ïàðà-
ãðàôà).

Ðîçãëÿíåìî âèïàäîê A2Y = Y A2. 0 0 1
t 0 0
0 t 0

 y11 y12 y13
y21 y22 y23
y31 y32 y33

 =

 y11 y12 y13
y21 y22 y23
y31 y32 y33

 0 0 1
t 0 0
0 t 0

 ,

 y31 y32 y33
ty11 ty12 ty13
ty21 ty22 ty23

 =

 y12t y13t y11
y22t y23t y21
y32t y33t y31

 ,

(1, 1) : y31 = y12t, (1, 2) : y32 = y13t, (1, 3) : y33 = y11;
(2, 1) : ty11 = y22t, (2, 2) : ty12 = y23t, (2, 3) : ty13 = y21;
(3, 1) : ty21 = y32t, (3, 2) : ty22 = y33t, (3, 3) : ty23 = y31.

Îòæå,

Hom(A2, A2) =


 x1 y1 z1

z1t x1 + x2t y1 + y2t
y1t z1t x1

 .
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Ðîçãëÿíåìî âèïàäîê A1Z = ZA2. 0 0 t
1 0 0
0 1 0

 z11 z12 z13
z21 z22 z23
z31 z32 z33

 =

 z11 z12 z13
z21 z22 z23
z31 z32 z33

 0 0 1
t 0 0
0 t 0

 ,

 tz31 tz32 tz33
z11 z12 z13
z21 z22 z23

 =

 z12t z13t z11
z22t z23t z21
z32t z33t z31

 ,

(1, 1) : tz31 = z12t, (1, 2) : tz32 = z13t, (1, 3) : tz33 = z11;
(2, 1) : z11 = z22t, (2, 2) : z12 = z23t, (2, 3) : z13 = z21;
(3, 1) : z21 = z32t, (3, 2) : z22 = z33t, (3, 3) : z23 = z31.

Îòæå,

Hom(A1, A2) =


 0 0 0

0 0 y1t
y1t z1t x1t

 .

Ðîçãëÿíåìî âèïàäîê A2V = V A1. 0 0 1
t 0 0
0 t 0

 v11 v12 v13
v21 v22 v23
v31 v32 v33

 =

 v11 v12 v13
v21 v22 v23
v31 v32 v33

 0 0 t
1 0 0
0 1 0

 ,

 v31 v32 v33
tv11 tv12 tv13
tv21 tv22 tv23

 =

 v12 v13 v11t
v22 v23 v21t
v32 v33 v31t

 ,

(1, 1) : v31 = v12, (1, 2) : v32 = v13, (1, 3) : v33 = v11t;
(2, 1) : tv11 = v22, (2, 2) : tv12 = v23, (2, 3) : tv13 = v21t;
(3, 1) : tv21 = v32, (3, 2) : tv22 = v33, (3, 3) : tv23 = v31t.

Îòæå,

Hom(A2, A1) =


 x1t y1t 0

z1t 0 0
y1t 0 0

 .

Âèïàäîê n = 4. Iç òåîðåì 1 i 2 âèïëèâà¹, ùî çà îá'¹êòè êàòåãîði¨ PSM(K, Ird ◦
t,4)

ìîæíà âçÿòè òàêi ìàòðèöi:

A1 =


0 0 0 t
1 0 0 0
0 1 0 0
0 0 1 0

 , A2 =


0 0 0 1
t 0 0 0
0 t 0 0
0 0 t 0

 .

Ðîçãëÿíåìî 4 âèïàäêè: A1X = XA1, A2Y = Y A2, A1Z = ZA2, A2V = V A1.
äå

X =


x11 x12 x13 x14
x21 x22 x23 x24
x31 x32 x33 x34
x41 x42 x43 x44

 , Y =


y11 y12 y13 y14
y21 y22 y23 y24
y31 y32 y33 y34
y41 y42 y43 y44

 ,
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Z =


z11 z12 z13 z14
z21 z22 z23 z24
z31 z32 z33 z34
z41 z42 z43 z44

 , V =


v11 v12 v13 v14
v21 v22 v23 v24
v31 v32 v33 v34
v41 v42 v43 v44

 .

Ðîçãëÿíåìî ñïî÷àòêó âèïàäîê A1X = XA1.
0 0 0 t
1 0 0 0
0 1 0 0
0 0 1 0



x11 x12 x13 x14
x21 x22 x23 x24
x31 x32 x33 x34
x41 x42 x43 x44

 =


x11 x12 x13 x14
x21 x22 x23 x24
x31 x32 x33 x34
x41 x42 x43 x44




0 0 0 t
1 0 0 0
0 1 0 0
0 0 1 0

 ,


tx41 tx42 tx43 tx44
x11 x12 x13 x14
x21 x22 x23 x24
x31 x32 x33 x34

 =


x12 x13 x14 x11t
x22 x23 x24 x21t
x32 x33 x34 x31t
x42 x43 x44 x41t

 ,

(1, 1) : tx41 = x12, (1, 2) : tx42 = x13, (1, 3) : tx43 = x14, (1, 4) : tx44 = x11t;
(2, 1) : x11 = x22, (2, 2) : x12 = x23, (2, 3) : x13 = x24, (2, 4) : x14 = x21t;
(3, 1) : x21 = x32, (3, 2) : x22 = x33, (3, 3) : x23 = x34, (3, 4) : x24 = x31t;
(4, 1) : x31 = x42, (4, 2) : x32 = x43, (4, 3) : x33 = x44, (4, 4) : x34 = x41t.

Îòæå,

Hom(A1, A1) =




x1 y1t z1t u1t
u1 x1 y1t z1t
z1 u1 x1 y1t
y1 z1 u1 x1


 .

Ðîçãëÿíåìî âèïàäîê A2Y = Y A2.
0 0 0 1
t 0 0 0
0 t 0 0
0 0 t 0



y11 y12 y13 y14
y21 y22 y23 y24
y31 y32 y33 y34
y41 y42 y43 y44

 =


y11 y12 y13 y14
y21 y22 y23 y24
y31 y32 y33 y34
y41 y42 y43 y44




0 0 0 1
t 0 0 0
0 t 0 0
0 0 t 0

 ,


y41 y42 y43 y44
ty11 ty12 ty13 ty14
ty21 ty22 ty23 ty24
ty31 ty32 ty33 ty34

 =


y12t y13t y14t y11
y22t y23t y24 y21
y32t y33t y34t y31
y42t y43t y44t y41

 ,

(1, 1) : y41 = y12t, (1, 2) : y42 = y13t, (1, 3) : y43 = y14t, (1, 4) : y44 = y11;
(2, 1) : ty11 = y22t, (2, 2) : ty12 = y23t, (2, 3) : ty13 = y24t, (2, 4) : ty14 = y21;
(3, 1) : ty21 = y32t, (3, 2) : ty22 = y33t, (3, 3) : ty23 = y34t, (3, 4) : ty24 = y31;
(4, 1) : ty31 = y42t, (4, 2) : ty32 = y43t, (4, 3) : ty33 = y44t, (4, 4) : ty34 = y41.

Îòæå,

Hom(A2, A2) =




x1 y1 z1 u1
u1t x1 + x2t y1 + y2t z1 + z2t
z1t u2t x1 + x3t y1 + y3t
y1t z1t u1t x1


 .
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Ðîçãëÿíåìî âèïàäîê A1Z = ZA2.
0 0 0 t
1 0 0 0
0 1 0 0
0 0 1 0



z11 z12 z13 z14
z21 z22 z23 z24
z31 z32 z33 z34
z41 z42 z43 z44

 =


z11 z12 z13 z14
z21 z22 z23 z24
z31 z32 z33 z34
z41 z42 z43 z44




0 0 0 1
t 0 0 0
0 t 0 0
0 0 t 0

 ,


tz41 tz42 tz43 tz44
z11 z12 z13 z14
z21 z22 z23 z24
z31 z32 z33 z34

 =


z12t z13t z14t z11
z22t z23t z24t z21
z32t z33t z34t z31
z42t z43t z44t z41

 ,

(1, 1) : tz41 = z12t, (1, 2) : tz42 = z13t, (1, 3) : tz43 = z14t, (1, 4) : tz44 = z11;
(2, 1) : z11 = z22t, (2, 2) : z12 = z23t, (2, 3) : z13 = z24t, (2, 4) : z14 = z21;
(3, 1) : z21 = z32t, (3, 2) : z22 = z33t, (3, 3) : z23 = z34t, (3, 4) : z24 = z31;
(4, 1) : z31 = z42t, (4, 2) : z32 = z43t, (4, 3) : z33 = z44t, (4, 4) : z34 = z41.

Îòæå,

Hom(A1, A2) =




0 0 0 0
0 0 0 0
0 0 0 y1t
y1t z1t u1t x1t


 .

Ðîçãëÿíåìî âèïàäîê A2V = V A1.
0 0 0 1
t 0 0 0
0 t 0 0
0 0 t 0



v11 v12 v13 v14
v21 v22 v23 v24
v31 v32 v33 v34
v41 v42 v43 v44

 =


v11 v12 v13 v14
v21 v22 v23 v24
v31 v32 v33 v34
v41 v42 v43 v44




0 0 0 t
1 0 0 0
0 1 0 0
0 0 1 0

 ,


v41 v42 v43 v44
tv11 tv12 tv13 tv14
tv21 tv22 tv23 tv24
tv31 tv32 tv33 tv34

 =


v12 v13 v14 v11t
v22 v23 v24 v21t
v32 v33 v34 v31t
v42 v43 v44 v41t

 ,

(1, 1) : v41 = v12, (1, 2) : v42 = v13, (1, 3) : v43 = v14, (1, 4) : v44 = v11t;
(2, 1) : tv11 = v22, (2, 2) : tv12 = v23, (2, 3) : tv13 = v24, (2, 4) : tv14 = v21t;
(3, 1) : tv21 = v32, (3, 2) : tv22 = v33, (3, 3) : tv23 = v34, (3, 4) : tv24 = v31t;
(4, 1) : tv31 = v42, (4, 2) : tv32 = v43, (4, 3) : tv33 = v44, (4, 4) : tv34 = v41t.

Îòæå,

Hom(A2, A1) =




x1t y1t 0 0
u1t 0 0 0
z1t 0 0 0
y1t 0 0 0


 .

4. Îïèñ êàòåãîði¨ íåçâiäíèõ t-ìîíîìiàëüíèõ ìàòðèöü ïîðÿäêó n = 5.
Iç òåîðåì 1 i 2 âèïëèâà¹, ùî çà îá'¹êòè êàòåãîði¨ PSM(K, Ird ◦

t,5) ìîæíà âçÿòè
òàêi ìàòðèöi:

A1 =


0 0 0 0 t
1 0 0 0 0
0 t 0 0 0
0 0 t 0 0
0 0 0 t 0

 , A2 =


0 0 0 0 t
1 0 0 0 0
0 1 0 0 0
0 0 t 0 0
0 0 0 t 0

 ,
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A3 =


0 0 0 0 t
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 t 0

 , A4 =


0 0 0 0 t
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0

 ,

A5 =


0 0 0 0 1
t 0 0 0 0
0 1 0 0 0
0 0 t 0 0
0 0 0 t 0

 , A6 =


0 0 0 0 t
1 0 0 0 0
0 t 0 0 0
0 0 1 0 0
0 0 0 1 0

 .

Òîäi

Hom(A1, A1) =




x1 y1t z1t u1t v1t
v1 x1 y1 z1 u1

u1 + u2t v1t x1 + x2t y1 + y2t z1 + z2t
z1 + z3t u1t v2t x1 + x3t y1 + y3t
y1 + y4t z1t u3t v3t x1 + x4t


 ,

Hom(A2, A2) =




x1 y1t 0 0 v1t
v1 x1 y1t z1t u1t
u1 v1 x1 y1 z1

z1 + z2t u1t v1t x1 + x2t y1 + y2t
y1 + y3t z1t 0 v2t x1 + x3t


 ,

Hom(A3, A3) =




x1 y1t 0 0 v1t
v1 x1 y1t 0 u1t
u1 v1 x1 y1t z1t
z1 u1 v1 x1 y1

y1 + y2t z1t u1t v1t x1 + x2t


 ,

Hom(A4, A4) =




x1 y1t z1t u1t v1t
v1 x1 y1t z1t u1t
u1 v1 x1 y1t z1t
z1 u1 v1 x1 y1t
y1 z1 u1 v1 x1


 ,

Hom(A5, A5) =




x1 y1 z1t u1 v1
v1t x1 + x2t y1t z2t u1 + u2t

u1 + u2t v1 + v2t x1 + x2t y1 + y2t z2 + z3t
z2t u1 + u3t v1t x1 + x3t y1 + y3t
y1t z1t u1t v1t x1


 ,

Hom(A6, A6) =




x1 y1t z1 u1t v1t
v1 x1 y1 z1 u1t
u1t v1t x1 + x2t y1t z1t

z1 + z2t u1t v1 + v2t x1 + x2t y1t
y1 + y2t z1 + z2t u1 v1 + v2t x1 + x2t


 ,
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Hom(A1, A2) =




x1t 0 0 u1t v1t
v1 x1t 0 z1t u1

u1 + u2t v1t 0 y1t z3t
z2t u1t 0 x3t y3t
y2t 0 0 v2t x2t


 ,

Hom(A2, A1) =




0 0 0 0 0
v1t 0 0 z1t u1t
u1 v1t x1t y1t z1

z1 + z2t u1t v3t x3t y3t
y2t z1t u2t v2t x2t


 ,

Hom(A1, A3) =




x1t 0 0 0 v1t
v1 x1t 0 0 u1t
u2t v1t 0 0 z1t
z2t 0 0 0 y1t
y2t 0 0 0 x2t


 ,

Hom(A3, A1) =




0 0 0 0 0
0 0 0 0 0
u1t 0 0 0 z1t
z1 u1t v1t x1t y1t
y2t z1t u2t v2t x2t


 ,

Hom(A1, A4) =




x1t 0 0 0 0
v1t x1t 0 0 0
u1t 0 0 0 0
z1t 0 0 0 0
y1t 0 0 0 0


 ,

Hom(A4, A1) =




0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
z1t 0 0 0 0
y1t z1t u1t v1t x1t


 ,

Hom(A1, A5) =




0 y1t 0 u1t v1t
v1t x1t y1t z1t u1
u1t v3t 0 y3t z3t
0 u2t 0 x3t y2t
0 z2t 0 v2t x2t


 ,

Hom(A5, A1) =




x1t y1t z1t u1t v1t
v3t 0 0 0 u2t

u2 + u3t v3t x3t y3t z3t
z2t u2t v2t x2t y2t
y1t 0 0 0 0


 ,

Hom(A1, A6) =




x1t 0 z1t 0 0
v1t x1t y1t z1t 0
u1t 0 x2t 0 0
z2t 0 v2t 0 0
y2t 0 u2t 0 0


 ,
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Hom(A6, A1) =




x1t 0 0 0 0
v1t x1t y1t z1t u1t
0 0 0 0 0
z2t 0 0 0 0
y2t z2t u2t v2t x2t


 ,

Hom(A2, A3) =




x1t 0 0 0 v1t
v1 x1t 0 0 u1t
u1 v1 x1t 0 z1t
z2t u1t v1t 0 y1t
y2t 0 0 0 x2t


 ,

Hom(A3, A2) =




0 0 0 0 0
v1t 0 0 0 u1t
u1 v1t 0 0 z1t
z1 u1 v1t x1t y1t
y2t z1t u1t v2t x2t


 ,

Hom(A2, A4) =




x1t 0 0 0 0
v1t x1t 0 0 0
u1t v1t x1t 0 0
z1t 0 0 0 0
y1t 0 0 0 0


 ,

Hom(A4, A2) =




0 0 0 0 0
0 0 0 0 0
u1t 0 0 0 0
z1t u1t 0 0 0
y1t z1t u1t v1t x1t


 ,

Hom(A2, A5) =




x1t y1t 0 u1t v1t
v1t x1 y1t z1t u1
u1 v1 x1 y1 z1
z1t u1 + u2t v1t x1 + x2t y1 + y2t
y1t z2t u1t v2t x1 + x3t


 ,

Hom(A5, A2) =




x1 y1 z1t u1t v1

v1 + v2t x1t y1t z1t u2t
u2 + u3t v1 + v2t x1t y1 + y2t z1
z1 + z2t u2t v1t x2t y1 + y3t
y1 z1t 0 v1t x1t


 ,

Hom(A2, A6) =




x1t 0 z1t 0 0
v1t x1t y1t z1t 0
u1t v1t x1 y1t z1t
z2t 0 v2t x1t 0
y2t 0 u2t 0 0


 ,

Hom(A6, A2) =




x1t y1t 0 0 0
v1t x1t y1t z1t u1t
u2t 0 0 0 0
z2t u2t 0 0 y1t
y1 z2t u2t v2t x2t


 ,
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Hom(A3, A4) =




x1t 0 0 0 0
v1t x1t 0 0 0
u1t v1t x1t 0 0
z1t u1t v1t x1t 0
y1t 0 0 0 0


 ,

Hom(A4, A3) =




0 0 0 0 0
v1t 0 0 0 0
u1t v1t 0 0 0
z1t u1t v1t 0 0
y1t z1t u1t v1t x1t


 ,

Hom(A3, A5) =




0 0 0 0 0
0 0 0 0 u1t
u1t v1t 0 y1t z1t
z1t u1 v1t x1t y1
y1t z2t u1t v2t x2t


 ,

Hom(A5, A3) =




x1 y1t 0 0 v1t
v2t x1t 0 0 u1t
u1 v2t x1t 0 z1t
z2t u1t 0 0 y2t
y1t 0 0 0 x1t


 ,

Hom(A3, A6) =




x1t y1t z1t u1t 0
v1t x1t y1 z1t u1t
u1 v1t x1 y1 z1t
z1 u1 v1 x1 y1

y1 + y2t z1t u1 + u2t v1t x1t


 ,

Hom(A6, A3) =




x1 y1t z1t u1t v1t
v1 x1 y1t z1t u1

u1 + u2t v1t x1t 0 z1t
z1 u1 + u2t v1t x1t y1t
y1 z1 u1 + u2t v1t x1 + x2t


 ,

Hom(A4, A5) =




0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 u1t 0 0 y1t
y1t z1t u1t v1t x1t


 ,

Hom(A5, A4) =




x1t y1t 0 0 0
v1t 0 0 0 0
u1t v1t 0 0 0
z1t 0 0 0 0
y1t 0 0 0 0


 ,

Hom(A4, A6) =




0 0 0 0 0
0 0 0 0 0
0 0 x1t 0 0
z1t 0 v1t x1t 0
y1t z1t u1t v1t x1t


 ,
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Hom(A6, A4) =




x1t 0 0 0 0
v1t x1t 0 0 0
u1t 0 0 0 0
z1t u1t 0 0 0
y1t z1t u1t 0 0


 ,

Hom(A5, A6) =




x1t y1t z1t u1t 0
v1t 0 y2t 0 0
u2t v1t x2t y2t 0
z2t 0 v2t 0 0
y1t 0 u1t 0 0


 ,

Hom(A6, A5) =




0 y1t 0 0 v1t
v1t x1t y1t z1t u1t
0 0 0 0 0
0 u2t 0 0 y2t
y2t z2t u2t v2t x2t


 .

Äîâåäåííÿ ëåãêî ïðîâåñòè ïî âêàçàíié âèùå ñõåìi, ÿêùî ñêîðèñòàòèñÿ íàñ-
òóïíèìè ðiâíîñòÿìè:

A1X =


0 0 0 0 t
1 0 0 0 0
0 t 0 0 0
0 0 t 0 0
0 0 0 t 0



x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45
x51 x52 x53 x54 x55

 =


tx51 tx52 tx53 tx54 tx55
x11 x12 x13 x14 x15
tx21 tx22 tx23 tx24 tx25
tx31 tx32 tx33 tx34 tx35
tx41 tx42 tx43 tx44 tx45

 ,

A2X =


0 0 0 0 t
1 0 0 0 0
0 1 0 0 0
0 0 t 0 0
0 0 0 t 0



x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45
x51 x52 x53 x54 x55

 =


tx51 tx52 tx53 tx54 tx55
x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
tx31 tx32 tx33 tx34 tx35
tx41 tx42 tx43 tx44 tx45

 ,

A3X =


0 0 0 0 t
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 t 0



x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45
x51 x52 x53 x54 x55

 =


tx51 tx52 tx53 tx54 tx55
x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
tx41 tx42 tx43 tx44 tx45

 ,

A4X =


0 0 0 0 t
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0



x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45
x51 x52 x53 x54 x55

 =


tx51 tx52 tx53 tx54 tx55
x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45

 ,

A5X =


0 0 0 0 1
t 0 0 0 0
0 1 0 0 0
0 0 t 0 0
0 0 0 t 0



x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45
x51 x52 x53 x54 x55

 =


x51 x52 x53 x54 x55
tx11 tx12 tx13 tx14 tx15
x21 x22 x23 x24 x25
tx31 tx32 tx33 tx34 tx35
tx41 tx42 tx43 tx44 tx45

 ,
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A6X =


0 0 0 0 t
1 0 0 0 0
0 t 0 0 0
0 0 1 0 0
0 0 0 1 0



x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45
x51 x52 x53 x54 x55

 =


tx51 tx52 tx53 tx54 tx55
x11 x12 x13 x14 x15
tx21 tx22 tx23 tx24 tx25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45

 ,

XA1 =


x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45
x51 x52 x53 x54 x55




0 0 0 0 t
1 0 0 0 0
0 t 0 0 0
0 0 t 0 0
0 0 0 t 0

 =


x12 x13t x14t x15t x11t
x22 x23t x24t x25t x21t
x32 x33t x34t x35t x31t
x42 x43t x44t x45t x41t
x52 x53t x54t x55t x51t

 ,

XA2 =


x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45
x51 x52 x53 x54 x55




0 0 0 0 t
1 0 0 0 0
0 1 0 0 0
0 0 t 0 0
0 0 0 t 0

 =


x12 x13 x14t x15t x11t
x22 x23 x24t x25t x21t
x32 x33 x34t x35t x31t
x42 x43 x44t x45t x41t
x52 x53 x54t x55t x51t

 ,

XA3 =


x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45
x51 x52 x53 x54 x55




0 0 0 0 t
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 t 0

 =


x12 x13 x14 x15t x11t
x22 x23 x24 x25t x21t
x32 x33 x34 x35t x31t
x42 x43 x44 x45t x41t
x52 x53 x54 x55t x51t

 ,

XA4 =


x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45
x51 x52 x53 x54 x55




0 0 0 0 t
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0

 =


x12 x13 x14 x15 x11t
x22 x23 x24 x25 x21t
x32 x33 x34 x35 x31t
x42 x43 x44 x45 x41t
x52 x53 x54 x55 x51t

 ,

XA5 =


x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45
x51 x52 x53 x54 x55




0 0 0 0 1
t 0 0 0 0
0 1 0 0 0
0 0 t 0 0
0 0 0 t 0

 =


x12t x13 x14t x15t x11
x22t x23 x24t x25t x21
x32t x33 x34t x35t x31
x42t x43 x44t x45t x41
x52t x53 x54t x55t x51

 ,

XA6 =


x11 x12 x13 x14 x15
x21 x22 x23 x24 x25
x31 x32 x33 x34 x35
x41 x42 x43 x44 x45
x51 x52 x53 x54 x55




0 0 0 0 t
1 0 0 0 0
0 t 0 0 0
0 0 1 0 0
0 0 0 1 0

 =


x12 x13t x14 x15 x11t
x22 x23t x24 x25 x21t
x32 x33t x34 x35 x31t
x42 x43t x44 x45 x41t
x52 x53t x54 x55 x51t

 .

5. Îïèñ êàòåãîði¨ íåçâiäíèõ t-ìîíîìiàëüíèõ ìàòðèöü ïîðÿäêó n =
6. Öåé âèïàäîê àíàëîãi÷íèé âèïàäêó n = 4. Ïðîâåäåìî äîâåäåííÿ â òðîõè
ñêîðî÷åíîìó âèãëÿäi.

Iç òåîðåì 1 i 2 âèïëèâà¹, ùî çà îá'¹êòè êàòåãîði¨ PSM(K, Ird ◦
t,6) ìîæíà âçÿòè
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òàêi ìàòðèöi:

A1 =


0 0 0 0 0 t
1 0 0 0 0 0
0 1 0 0 0 0
0 0 1 0 0 0
0 0 0 1 0 0
0 0 0 0 1 0

 , A2 =


0 0 0 0 0 1
t 0 0 0 0 0
0 t 0 0 0 0
0 0 t 0 0 0
0 0 0 t 0 0
0 0 0 0 t 0

 .

Ðîçãëÿíåìî 4 âèïàäêè: A1X = XA1, A2Y = Y A2, A1Z = ZA2, A2V = V A1,
äå

X =


x11 x12 x13 x14 x15 x16
x21 x22 x23 x24 x25 x26
x31 x32 x33 x34 x35 x36
x41 x42 x43 x44 x45 x46
x51 x52 x53 x54 x55 x56
x61 x62 x63 x64 x65 x66

 , Y =


y11 y12 y13 y14 y15 y16
y21 y22 y23 y24 y25 y26
y31 y32 y33 y34 y35 y36
y41 y42 y43 y44 y45 y46
y51 y52 y53 y54 y55 y56
y61 y62 y63 y64 y65 y66

 ,

Z =


z11 z12 z13 z14 z15 z16
z21 z22 z23 z24 z25 z26
z31 z32 z33 z34 z35 z36
z41 z42 z43 z44 z45 z46
z51 z52 z53 z54 z55 z56
z61 z62 z63 z64 z65 z66

 , V =


v11 v12 v13 v14 v15 v16
v21 v22 v23 v24 v25 v26
v31 v32 v33 v34 v35 v36
v41 v42 v43 v44 v45 v46
v51 v52 v53 v54 v55 v56
v61 v62 v63 v64 v65 v66

 .

Ðîçãëÿíåìî ñïî÷àòêó âèïàäîê A1X = XA1.
tx61 tx62 tx63 tx64 tx65 tx66
x11 x12 x13 x14 x15 x16
x21 x22 x23 x24 x25 x26
x31 x32 x33 x34 x35 x36
x41 x42 x43 x44 x45 x46
x51 x52 x53 x54 x55 x56

 =


x12 x13 x14 x15 x16 x11t
x22 x23 x24 x25 x26 x21t
x32 x33 x34 x35 x36 x31t
x42 x43 x44 x45 x46 x41t
x52 x53 x54 x55 x56 x51t
x62 x63 x64 x65 x66 x61t

 ,

(1, 1) : tx61 = x12, (1, 2) : tx62 = x13, (1, 3) : tx63 = x14,
(2, 1) : x11 = x22, (2, 2) : x12 = x23, (2, 3) : x13 = x24,
(3, 1) : x21 = x32, (3, 2) : x22 = x33, (3, 3) : x23 = x34,
(4, 1) : x31 = x42, (4, 2) : x32 = x43, (4, 3) : x33 = x44,
(5, 1) : x41 = x52, (5, 2) : x42 = x53, (5, 3) : x43 = x54,
(6, 1) : x51 = x62, (6, 2) : x52 = x63, (6, 3) : x53 = x64,
(1, 4) : tx64 = x15, (1, 5) : tx65 = x16, (1, 6) : tx66 = x11t;
(2, 4) : x14 = x25, (2, 5) : x15 = x26, (2, 6) : x16 = x21t;
(3, 4) : x24 = x35, (3, 5) : x25 = x36, (3, 6) : x26 = x31t;
(4, 4) : x34 = x45, (4, 5) : x35 = x46, (4, 6) : x36 = x41t;
(5, 4) : x44 = x55, (5, 5) : x45 = x56, (5, 6) : x46 = x51t;
(6, 4) : x54 = x65, (6, 5) : x55 = x66, (6, 6) : x56 = x61t.

.
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Îòæå,

Hom(A1, A1) =




x1 y1t z1t u1t v1t w1t
w1 x1 y1t z1t u1t v1t
v1 w1 x1 y1t z1t u1t
u1 v1 w1 x1 y1t z1t
z1 u1 v1 w1 x1 y1t
y1 z1 u1 v1 w1 x1




.

Ðîçãëÿíåìî âèïàäîê A2Y = Y A2.
y61 y62 y63 y64 y65 y66
ty11 ty12 ty13 ty14 ty15 ty16
ty21 ty22 ty23 ty24 ty25 ty26
ty31 ty32 ty33 ty34 ty35 ty36
ty41 ty42 ty43 ty44 ty45 ty46
ty51 ty52 ty53 ty54 ty55 ty56

 =


y12t y13t y14t y15t y16t y11
y22t y23t y24t y25t y26t y21
y32t y33t y34t y35t y36t y31
y42t y43t y44t y45t y46t y41
y52t y53t y54t y55t y56t y51
y62t y63t y64t y65t y66t y61

 ,

(1, 1) : y61 = y12t, (1, 2) : y62 = y13t, (1, 3) : y63 = y14t,
(2, 1) : ty11 = y22t, (2, 2) : ty12 = y23t, (2, 3) : ty13 = y24t,
(3, 1) : ty21 = y32t, (3, 2) : ty22 = y33t, (3, 3) : ty23 = y34t,
(4, 1) : ty31 = y42t, (4, 2) : ty32 = y43t, (4, 3) : ty33 = y44t,
(5, 1) : ty41 = y52t, (5, 2) : ty42 = y53t, (5, 3) : ty43 = y54t,
(6, 1) : ty51 = y62t, (6, 2) : ty52 = y63t, (6, 3) : ty53 = y64t,
(1, 4) : y64 = y15t, (1, 5) : y65 = y16t, (1, 6) : y66 = y11;
(2, 4) : ty14 = y25t, (2, 5) : ty15 = y26t, (2, 6) : ty16 = y21;
(3, 4) : ty24 = y35t, (3, 5) : ty25 = y36t, (3, 6) : ty26 = y31;
(4, 4) : ty34 = y45t, (4, 5) : ty35 = y46t, (4, 6) : ty36 = y41;
(5, 4) : ty44 = y55t, (5, 5) : ty45 = y56t, (5, 6) : ty46 = y51;
(6, 4) : ty54 = y65t, (6, 5) : ty55 = y66t, (6, 6) : ty56 = y61.

Îòæå,

Hom(A2, A2) =




x1 y1 z1 u1 v1 w1

w1t x1 + x2t y1 + y2t z1 + z2t u1 + u2t v1 + v2t
v1t w2t x1 + x3t y1 + y3t z1 + z3t u1 + u3t
u1t v3t w3t x1 + x4t y1 + y4t z1 + z4t
z1t u4t v4t w4t x1 + x5t y1 + y5t
y1t z1t u1t v1t w1t x1




.

Ðîçãëÿíåìî âèïàäîê A1Z = ZA2.
tz61 tz62 tz63 tz64 tz65 tz66
z11 z12 z13 z14 z15 z16
z21 z22 z23 z24 z25 z26
z31 z32 z33 z34 z35 z36
z41 z42 z43 z44 z45 z46
z51 z52 z53 z54 z55 z56

 =


z12t z13t z14t z15t z16t z11
z22t z23t z24t z25t z26t z21
z32t z33t z34t z35t z36t z31
z42t z43t z44t z45t z46t z41
z52t z53t z54t z55t z56t z51
z62t z63t z64t z65t z66t z61

 ,
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(1, 1) : tz61 = z12t, (1, 2) : tz62 = z13t, (1, 3) : tz63 = z14t,
(2, 1) : z11 = z22t, (2, 2) : z12 = z23t, (2, 3) : z13 = z24t,
(3, 1) : z21 = z32t, (3, 2) : z22 = z33t, (3, 3) : z23 = z34t,
(4, 1) : z31 = z42t, (4, 2) : z32 = z43t, (4, 3) : z33 = z44t,
(5, 1) : z41 = z52t, (5, 2) : z42 = z53t, (5, 3) : z43 = z54t,
(6, 1) : z51 = z62t, (6, 2) : z52 = z63t, (6, 3) : z53 = z64t,
(1, 4) : tz64 = z15t, (1, 5) : tz65 = z16t, (1, 6) : tz66 = z11;
(2, 4) : z14 = z25t, (2, 5) : z15 = z26t, (2, 6) : z16 = z21;
(3, 4) : z24 = z35t, (3, 5) : z25 = z36t, (3, 6) : z26 = z31;
(4, 4) : z34 = z45t, (4, 5) : z35 = z46t, (4, 6) : z36 = z41;
(5, 4) : z44 = z55t, (5, 5) : z45 = z56t, (5, 6) : z46 = z51;
(6, 4) : z54 = z65t, (6, 5) : z55 = z66t, (6, 6) : z56 = z61.

Îòæå,

Hom(A1, A2) =




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 y1t
y1t z1t u1t v1t w1t x1t




.

Ðîçãëÿíåìî âèïàäîê A2V = V A1.
v61 v62 v63 v64 v65 v66
tv11 tv12 tv13 tv14 tv15 tv16
tv21 tv22 tv23 tv24 tv25 tv26
tv31 tv32 tv33 tv34 tv35 tv36
tv41 tv42 tv43 tv44 tv45 tv46
tv51 tv52 tv53 tv54 tv55 tv56

 =


v12 v13 v14 v15 v16 v11t
v22 v23 v24 v25 v26 v21t
v32 v33 v34 v35 v36 v31t
v42 v43 v44 v45 v46 v41t
v52 v53 v54 v55 v56 v51t
v62 v63 v64 v65 v66 v61t

 ,

(1, 1) : v61 = v12, (1, 2) : v62 = v13, (1, 3) : v63 = v14,
(2, 1) : tv11 = v22, (2, 2) : tv12 = v23, (2, 3) : tv13 = v24,
(3, 1) : tv21 = v32, (3, 2) : tv22 = v33, (3, 3) : tv23 = v34,
(4, 1) : tv31 = v42, (4, 2) : tv32 = v43, (4, 3) : tv33 = v44,
(5, 1) : tv41 = v52, (5, 2) : tv42 = v53, (5, 3) : tv43 = v54,
(6, 1) : tv51 = v62, (6, 2) : tv52 = v63, (6, 3) : tv53 = v64,
(1, 4) : v64 = v15, (1, 5) : v65 = v16, (1, 6) : v66 = v11t;
(2, 4) : tv14 = v25, (2, 5) : tv15 = v26, (2, 6) : tv16 = v21t;
(3, 4) : tv24 = v35, (3, 5) : tv25 = v36, (3, 6) : tv26 = v31t;
(4, 4) : tv34 = v45, (4, 5) : tv35 = v46, (4, 6) : tv36 = v41t;
(5, 4) : tv44 = v55, (5, 5) : tv45 = v56, (5, 6) : tv46 = v51t;
(6, 4) : tv54 = v65, (6, 5) : tv55 = v66, (6, 6) : tv56 = v61t.

Îòæå,

Hom(A2, A1) =




x1t y1t 0 0 0 0
w1t 0 0 0 0 0
v1t 0 0 0 0 0
u1t 0 0 0 0 0
z1t 0 0 0 0 0
y1t 0 0 0 0 0




.
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6. Çàóâàæåííÿ. Äëÿ n ≥ 7 ìîðôiçìè ìiæ êàíîíi÷íî t-öèêëi÷íèìè ìàò-
ðèöÿìè, çâè÷àéíî æ, ìîæíà îá÷èñëþâàòè ïî çàïðîïîíîâàíié ñõåìi, àëå, ÿêùî
ãîâîðèòè ïðî íåçâiäíi ìàòðèöi, òî äðóãà ÷àñòèíà òåîðåìè 1 âæå íå âèêîíó¹òüñÿ.
ßê êîíòðïðèêëàä ìîæíà ïðèâåñòè íàñòóïíó ìàòðèöþ:

0 0 1 0 0 0 t
t 0 0 1 0 0 0
0 1 0 0 1 0 0
0 0 1 0 0 0 0
0 0 0 1 0 0 0
0 0 0 0 1 0 0
0 0 0 0 0 t 0


�¨ çâiäíiñòü äîâåäåíà â îñòàííüîìó ïàðàãðàôi ðîáîòè [1].
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