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ÒÅÍÇÎÐÍI ÄÎÁÓÒÊÈ ÍÅÇÂIÄÍÈÕ ÏÐÎÅÊÒÈÂÍÈÕ
ÖIËÎ×ÈÑËÎÂÈÕ 2-ÀÄÈ×ÍÈÕ ÇÎÁÐÀÆÅÍÜ ÖÈÊËI×ÍÎ�
2-ÃÐÓÏÈ

The paper deals with a subalgebra of the algebra of projective integer 2-adic images of a cyclic
2-group, generated by irreducible projective integers of 2-adic representations.

Â ðîáîòi âèâ÷à¹òüñÿ ïiäàëãåáðà àëãåáðè ïðîåêòèâíèõ öiëî÷èñëîâèõ 2-àäè÷íèõ çîáðàæåíü öè-
êëi÷íî¨ 2-ãðóïè, ïîðîäæåíà íåçâiäíèìè ïðîåêòèâíèìè öiëî÷èñëîâèìè 2-àäè÷íèìè çîáðàæåí-
íÿìè.

ÍåõàéG � ñêií÷åííà ãðóïà, e� îäèíè÷íèé åëåìåíòG,K � êîìóòàòèâíå êiëü-
öå ç îäèíèöåþ, K∗ � ìóëüòèïëiêàòèâíà ãðóïà êiëüöÿ K, GL(n,K) � ãðóïà âñiõ
îáîðîòíèõ ìàòðèöü ïîðÿäêó n íàä K i E � îäèíè÷íà ìàòðèöÿ ïîðÿäêó n. Ïðî-
åêòèâíèì çîáðàæåííÿì ãðóïè G ñòåïåíÿ n íàä K íàçèâà¹òüñÿ âiäîáðàæåííÿ Γ
ãðóïè G â ãðóïó GL(n,K), ÿêå çàäîâîëüíÿ¹ óìîâè: Γ(e)=E, Γ(a)Γ(b)=λa,bΓ(ab)
(λa,b ∈ K∗; a, b ∈ G). Âiäîáðàæåííÿ λ : G×G→ K∗, λ : (a, b) → λa,b íàçèâà¹òüñÿ
ñèñòåìîþ K∗-ôàêòîðiâ ãðóïè G. ßêùî λ, µ � ñèñòåìà K∗-ôàêòîðiâ ãðóïè G, òî
âiäîáðàæåííÿ λ×µ : G×G→ K∗, (λ×µ)(a, b) = λa,b ·µa,b íàçèâà¹òüñÿ äîáóòêîì
ñèñòåì ôàêòîðiâ λ i µ. Äâà ïðîåêòèâíi çîáðàæåííÿ Γ1 i Γ2 íàçèâàþòüñÿ åêâiâà-
ëåíòíèìè, ÿêùî iñíó¹ òàêà ìàòðèöÿ S ∈ GL(n,K) i òàêi åëåìåíòè αg ∈ K∗, ùî
S−1Γ1(g)S = αgΓ2(g) (g ∈ G).

Íåõàé K = Zp � êiëüöå öiëèõ ðàöiîíàëüíèõ p-àäè÷íèõ ÷èñåë. Êîæíîìó êëà-
ñó åêâiâàëåíòíèõ íàä Zp íåðîçêëàäíèõ ïðîåêòèâíèõ Zp-çîáðàæåíü ãðóïè G ïî-
ñòàâèìî ó âiäïîâiäíiñòü ñèìâîë [Γ] (Γ � íåðîçêëàäíå ïðîåêòèâíå Zp-çîáðàæåííÿ
ãðóïè G). Ïîçíà÷èìî ÷åðåç A1(G,Zp) Q-ìîäóëü (Q � ïîëå ðàöiîíàëüíèõ ÷èñåë)
ç áàçèñîì W ′ = {[Γi]}, äå W = {Γi} � ìíîæèíà âñiõ ïîïàðíî íååêâiâàëåíòíèõ
íåðîçêëàäíèõ ïðîåêòèâíèõ Zp-çîáðàæåíü ãðóïè G. Ââåäåìî íàñòóïíèì ÷èíîì
â A1(G,Zp) îïåðàöiþ ìíîæåííÿ. Íåõàé Γi,Γj ∈ W . Î÷åâèäíî, âiäîáðàæåííÿ
Γ : g → Γi(g) ⊗ Γj(g) (g ∈ G) ¹ ïðîåêòèâíèì Zp-çîáðàæåííÿì ãðóïè G. Çîáðà-
æåííÿ Γ Zp-åêâiâàëåíòíå çîáðàæåííþ Γ′ : g → diag[Γr1(g), . . . ,Γrm(g)] (g ∈ G),
äå Γrt ∈ W (t = 1, . . . ,m). Çàäàìî äîáóòîê [Γi], [Γj] íàñòóïíèì ÷èíîì:

[Γi][Γj] = [Γr1 ] + · · ·+ [Γrm ]. (1)

Íåõàé (G,Zp, λ) � ñõðåùåíå ãðóïîâå êiëüöå ãðóïè G i êiëüöÿ Zp ïðè ñèñòåìi
ôàêòîðiâ λa,b, λa,b ∈ Z∗

p; a, b ∈ G. Âðàõîâóþ÷è, ùî äëÿ (G,Zp, λ)-ìîäóëiâ ñïðà-
âåäëèâà òåîðåìà Êðóëëÿ�Øìiäòà (äèâ. [1]), ëåãêî ïîêàçàòè, ùî îçíà÷åííÿ (1)
êîðåêòíå. Òàêèì ÷èíîì, ìè îäåðæàëè, ùî A1(G,Zp) ¹ àëãåáðîþ íàä Q.

Íåõàé V = {∆i} � ìíîæèíà âñiõ íåçâiäíèõ ïðîåêòèâíèõ Zp-çîáðàæåíü ãðó-
ïè G. Ïîçíà÷èìî ÷åðåç B1(G,Zp) ïiäàëãåáðó àëãåáðè A1(G,Zp), ïîðîäæåíó ìíî-
æèíîþ V ′ = {[∆i]}. Íåõàé A(ZpG) � ïiäàëãåáðà àëãåáðè A1(G,Zp), ïîðîäæåíà
ìíîæèíîþ {[Γ′

i]}, äå {Γ′
i} � ìíîæèíà âñiõ íåðîçêëàäíèõ ëiíiéíèõ Zp-çîáðàæåíü

ãðóïè G. Àíàëîãi÷íî ââîäèòüñÿ ïiäàëãåáðà B(ZpG) àëãåáðè B1(G,Zp).
Àëãåáðè A(RG) i A1(G,R), äå R � êiëüöå âñiõ öiëèõ âåëè÷èí ñêií÷åííî-

ãî ðîçøèðåííÿ ïîëÿ ðàöiîíàëüíèõ p-àäè÷íèõ ÷èñåë Qp, âèâ÷àëèñÿ â [2�7]. Â
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ðîáîòàõ [2�7] ðîçâ'ÿçàíà çàäà÷à ïðî íàïiâïðîñòîòó (â ðîçóìiííi Äæåêîáñîíà)
àëãåáð A(RG) i A1(G,R). Ïèòàííÿ ïðî íàïiâïðîñòîòó àëãåáðè B(ZpG) ðîçâ'ÿ-
çàíå â [8�10]. Àëãåáðà B1(G,Zp), äå G � öèêëi÷íà ãðóïà ïîðÿäêó pn (p ̸= 2), Zp
� êiëüöå öiëèõ p-àäè÷íèõ ÷èñåë, âèâ÷àëàñÿ â [11]. Ïèòàííÿ ïðî íàïiâïðîñòîòó
àëãåáðè B1(G,R), äå R � êiëüöå âñiõ öiëèõ âåëè÷èí ñêií÷åííîãî íåðîçãàëóæå-
íîãî ðîçøèðåííÿ F ïîëÿ ðàöiîíàëüíèõ p-àäè÷íèõ ÷èñåë Qp (p ̸= 2), ðîçâ'ÿçàíå
â [12].

Â äàíié ðîáîòi âèâ÷à¹òüñÿ ïèòàííÿ ïðî ñêií÷åííîâèìiðíiñòü òà íàïiâïðîñòî-
òó àëãåáðè B1(H,Z2), äå H � öèêëi÷íà ãðóïà ïîðÿäêó 2n, Z2 � êiëüöå öiëèõ
2-àäè÷íèõ ÷èñåë.

Íåõàé K = Z2[x], äå Z2 � êiëüöå öiëèõ 2-àäè÷íèõ ÷èñåë, α = ±1, t ∈ Z, äå Z
� êiëüöå öiëèõ ðàöiîíàëüíèõ ÷èñåë. Ïîêëàäåìî Γ(n, t, α) = K/ < x2

n − α · 5t >.
K-ìîäóëi Γ(n, t, α), Γ(n′, t′, α′) içîìîðôíi òîäi i òiëüêè òîäi, êîëè n=n′, α=α′,

t≡ t′(mod 2n). Â äàëüíiéøîìó áóäåìî ââàæàòè, ùî â Γ(n, t, α) t ∈ Z2n =Z/2nZ.
Î÷åâèäíî, K-ìîäóëü Γ(n, t, α) íåçâiäíèé òîäi i òiëüêè òîäi, êîëè α = −1 àáî
t ∈ Z∗

2n , äå Z∗
2n � ìóëüòèïëiêàòèâíà ãðóïà êiëüöÿ Z2n .

Íåõàé ue, ua, . . . , u2
n−1
a � Z2-áàçèñ ñõðåùåíîãî ãðóïîâîãî êiëüöÿ Λ = (H,Z2, λ),

äå u2
n

a = γ2
k
ue (γ = 5s, s ̸≡ 0(mod 2), s · 2k < 2n). Äëÿ 0 ≤ m < 2n−k−1 ââåäåìî â

ðîçãëÿä K-ïiäìîäóëi â K-ìîäóëi Γ(n− k, t, 1):

Γm(n− k, t) = (x− 1)mΓ(n− k, t, 1) + 2Γ(n− k, t, 1).

ßêùî t∈Z∗
2n , òîK-ìîäóëü Γ(n−k,t,1) íåçâiäíèé, Γm(n−k,t,1)∼=Γ2n−k−m(n−k,t,1),

Γ0(n−k, t, 1)∼=Γ2n−k(n−k, t, 1)∼=Γ(n−k, t, 1). Ìîäóëi Γm(n−k, t) (0 ≤ m < 2n−k−1)
ïîïàðíî íåiçîìîðôíi.

ßêùî t∈Z2n , òî K-ìîäóëi Γm(n− k,t,1) çâiäíi, àëå íåðîçêëàäíi, çà âèíÿòêîì
âèïàäêó m = 2n−k−1 − 1:

Γ2n−k−1−1
∼= Γ

(
n− k − 1,

t

2
, 1

)
⊕ Γ

(
n− k − 1,

t

2
,−1

)
.

Äëÿ K-ìîäóëÿ M ÷åðåç M áóäåìî ïîçíà÷àòè K-ìîäóëü M = M/2M . Òîäi
M -ìîäóëü íàä ïîëåì Z2 ç äâîõ åëåìåíòiâ, â ÿêîìó äi¹ ëiíiéíèé îïåðàòîð x.

Íåõàé Vm = Z2[x] / ⟨(x− 1)m⟩. Î÷åâèäíî,

Γ(n− k, t, α) = V2n−k ,

Γm(n− k, t) = Vm+1 ⊕ V2n−k−m−1.

Ìàþòü ìiñöå íàñòóïíi òî÷íi ïîñëiäîâíîñòi K-ìîäóëiâ:

0 → 2Γ(n− k, t, α) → Γ(n− k, t, α) → V2n−k → 0,

0 → 2Γm(n− k, t) → Γ(n− k, t, 1) → Vm → 0 (0 ≤ m < 2n−k−1).

Ëåìà [13]. Íåõàé 1 ≤ r ≤ m ≤ 2n i

Vr ⊗ Vm ∼= Vα1 ⊕ . . .⊕ Vαr (1 ≤ α1 ≤ . . . ≤ αr ≤ 2n).

Òîäi
Vr ⊗ (Vm ⊕ V2n−m) ∼= (Vα1 ⊕ V2n−α1)⊕ . . .⊕ (Vαr ⊕ V2n−αr).
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Ìà¹ ìiñöå òî÷íà ïîñëiäîâíiñòü K-ìîäóëiâ

0 → Γ(n− k − 1, t, α) → Γ(n− k, 2t, 1) → Γ(n− k, t,−α) → 0.

ßêùî k ≥ k′, t ∈ Z2n , t′ ∈ Z2n , α = ±1, α′ = ∓1, òî

Γ(n− k, t, α)⊕ Γ(n− k′, t′, α′) ∼= 2n−kΓ(n− k′, 2k−k
′
t+ t′, αα′).

Î÷åâèäíî,

Γm(n− k, t)⊗ Γ(n− k, t′, α) ∼= 2n−kΓ(n− k, t+ t′, α).

Ëåìà 1. Íåõàé 1 ≤ r ≤ m ≤ 2n−k−1. Òîäi

Γm(n− k, t)⊗ Γr(n− k, t′) ∼=
l∑

i=1

(Γαi(n− k, t+ t′)⊕ Γ2n−k−αi(n− k, t+ t′))+

+
(
2n−k − 2l

)
Γ(n− k, t+ t′, 1)

(
Vr ⊕ Vm ∼= ⊕

l∑
i=1

Vαi

)
.

Äîâåäåííÿ. Ðîçãëÿíåìî òî÷íó ïîñëiäîâíiñòü

0 → Γm(n− k, t) → Γ(n− k, t, 1) → Vm → 0.

Ïîìíîæèìî äàíó ïîñëiäîâíiñòü òåíçîðíî íà Γr(n− k, t):

0→Γm(n−k, t)⊗Γr(n−k, t′)→2n−kΓ(n−k, t+t′, 1)→Vm⊗(Vr+1 ⊕ V2n−k−r−1)→0. (2)

Òî÷íó ïîñëiäîâíiñòü (2) ìîæíà çàïèñàòè ó âèãëÿäi

0→Γm(n−k, t)⊗Γr(n−k, t′)→2n−kΓ(n−k, t+t′, 1)→⊕
l∑

i=1

(Vαi ⊕ V2n−k−αi)→0, (3)

äå Vr+1 ⊗ Vm ∼= ⊕
l∑

i=1

Vαi .

Ðîçãëÿíåìî òî÷íó ïîñëiäîâíiñòü

0 →
l∑

i=1

(Γαi(n− k, t+ t′))⊗ Γ2n−k−αi(n− k, t+ t′) →

→ 2lΓ(n− k, t+ t′, 1)→⊕
l∑

i=1

(Vi ⊕ V2n−k−i)→0. (4)

Ç (2) i (3) âèïëèâà¹, ùî

Γm(n− k, t)⊗ Γr(n− k, t′) ∼= ⊕
l∑

i=1

(
Γαi(n− k′, 2k−k

′
t+ t′, 1)⊕

⊕Γ2n−k−αi(n− k, t+ t′))⊕ (2n−k − 2l)Γ(n− k, t+ t′, 1).

Ëåìà äîâåäåíà.
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Ëåìà 2. Íåõàé k ≥ k′, t ∈ Z2n−k , t
′ ∈ Z2n−k′ , r ≤ m. Òîäi

Γm(n− k, t)⊗ Γr(n− k′, t′) ∼= ⊕
l∑

i=1

(
Γαi(n− k′, 2k−k

′
t+ t′, 1)⊕

⊕Γ2n−k−αi(n− k′, 2k−k
′
t+ t′, 1)

)
⊕ (2n−k − 2l)Γ(n− k′, 2k−k

′
t+ t′, 1). (5)

Äîâåäåííÿ. Ðîçãëÿíåìî òî÷íó ïîñëiäîâíiñòü

0 → Γm(n− k, t) → Γ(n− k, t, 1) → Vm → 0.

Òîäi

0→Γm(n−k, t)⊗Γr(n−k′, t′)→2n−kΓ(n−k, 2k−k′t+t′, 1)→Vm⊕(Vr+1 ⊕ V2n−k−r−1)→0.

Íåõàé Vm ⊗ Vr+1
∼= ⊗

l∑
i=1

Vαi . Òîäi

0 → Γm(n−k, t)⊗ Γr(n− k′, t′) → 2n−kΓ(n− k′, 2k−k
′
t+ t′, 1) →

→ ⊕
l∑

i=1

(Vαi ⊕ V2n−k−αi) → 0. (6)

Ðîçãëÿíåìî òî÷íó ïîñëiäîâíiñòü

0 →
l∑

i=1

(
Γαi(n− k′, 2k−k

′
t+ t′, 1)⊕ Γ2n−k−αi(n− k′, 2k−k

′
t+ t′, 1)

)
→

→ 2l
(
Γ(n− k′, 2k−k

′
t+ t′, 1

)
→ ⊕

l∑
i=1

(Vαi ⊕ V2n−k−αi) → 0. (7)

Ïîðiâíþþ÷è (6) i (7) îäåðæèìî ôîðìóëó (5). Ëåìà äîâåäåíà.

Ëåìà 3. Íåõàé k ≥ k′, t ∈ Z2n, t
′ ∈ Z2n. Òîäi

Γm(n− k, t)⊗ Γ(n− k′, t′, α) ∼= 2n−kΓ(n− k′, 2k−k
′
t+ t′, α).

Äîâåäåííÿ. Íåõàé a→A� íåçâiäíå Z2-çîáðàæåííÿ öèêëi÷íî¨ ãðóïè H ïî-
ðÿäêó 2n−k, ÿêå ðåàëiçó¹òüñÿ â ìîäóëi Γm(n−k, t). Òîäi â Γm(n−k, t)⊗Γ(n−k′, t′, α)
ðåàëiçó¹òüñÿ Z2-çîáðàæåííÿ

a→


0 · · · · · · A(α · 5t)
A · · · · · · 0
...

. . . · · · ...
0 · · · A 0

 = Γ(a).

Íåõàé

C =


A · · · · · · 0
... A2 · · · ...
... · · · . . .

...
0 · · · · · · A2n−k

 .
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Òîäi

C−1Γ(a)C =


0 · · · 0 A2n−k

′
(α5t

′
)

E · · · · · · 0
...

. . . · · · ...
0 · · · E 0

 .

Îñêiëüêè A2n−k
′
=
(
A2n−k

)2k−k′
=(5t)2

k−k′
E (E � îäèíè÷íà ìàòðèöÿ ïîðÿäêó 2n−k),

òî Γm(n− k, t)⊗ Γ(n− k′, t′, α) ∼= 2n−kΓ(n− k′, 2k−k
′
t+ t′, α). Ëåìà äîâåäåíà.

Íåõàé ωm(n − k, t) = Γm(n − k, t) − Γ2n−k−m(n − k, t) (0 ≤ m < 2n−k−1). Ïðè
t ∈ Z2n ωm(n− k, t) = 0.

Ëåìà 4. Ïðè 0≤m < 2n−k−1, t ∈ 2Z2n âèêîíó¹òüñÿ ðiâíiñòü ω
2
m(n−k, t) = 0.

Äîâåäåííÿ. Äîâåäåìî, ùî Γm(n − k, t)⊗ Γm(n − k, t) ∼= Γm(n − k, t)⊗
⊗Γ2n−k−m(n− k, t) ∼= Γ2n−k−m(n− k, t)⊗ Γ2n−k−m(n− k, t).

Ðîçãëÿíåìî òî÷íó ïîñëiäîâíiñòü 0 → Γm(n− k, t) → Γ(n− k, t, 1) → Vm → 0.

Íåõàé Vm ⊗ Vm ∼=
l∑

i=1

Vαi . Òîäi Vm ⊗ V2n−k−m ∼= ⊕
l∑

i=1

V2n−k−αi .

Ìàþòü ìiñöå íàñòóïíi òî÷íi ïîñëiäîâíîñòi:

0 → Γm(n− k, t)⊗ Γm(n− k, t) → 2n−kΓ(n− k, 2t, 1) → Vm⊗ (Vm⊕ V2n−k−m) → 0,

0 → Γm(n− k, t)⊗ Γ2n−k−m(n− k, t) → 2n−kΓ(n− k, 2t, 1) → Vm ⊗ (V2n−k−m) → 0.

Çâiäñè îäåðæèìî, ùî Γm(n−k, t)⊗Γm(n−k, t) ∼= Γm(n−k, t)⊗Γ2n−k−m(n−k, t).
Àíàëîãi÷íî äîâîäèìî, ùî

Γm(n− k, t)⊗ Γm(n− k, t) ∼= Γ2n−k−m(n− k, t)⊗ Γ2n−k−m(n− k, t).
Òàêèì ÷èíîì, ω2

m(n− k, t) = 0. Ëåìà äîâåäåíà.
Ëåìà 5. Åëåìåíòè [Γm(n − k, t)] − [Γ2n−k−m(n − k, t)], äå 0 ≤ m < 2n−k−1

(t ∈ 2Z2n−k) êiëüöÿ a′(Z2H) Z2-çîáðàæåíü H (H � öèêëi÷íà 2-ãðóïà ïîðÿäêó
2n) óòâîðþþòü Z2-áàçèñ íiëüïîòåíòíîãî iäåàëó

V = {[Γm(n− k, t)]− [Γ2n−k−m(n− k, t)] | 0 ≤ m < 2n−k−1}
êiëüöÿ a′(Z2H) i ïðè öüîìó V 2 = 0.

Äîâåäåííÿ. Î÷åâèäíî, åëåìåíòè

[Γm(n− k, t)]− [Γ2n−k−m(n− k, t)] (0 ≤ m < 2n−k−1, t ∈ 2Z2n−k)

ëiíiéíî íåçàëåæíi íàä Z. Íà îñíîâi äîâåäåíèõ ôîðìóë òåíçîðíèõ äîáóòêiâ ìî-

æíà ïåðåâiðèòè, ùî ÿêùî ν ∈ a′(Z2H), òî ν
(
[Γm(n−k, t)]−[Γ2n−k−m(n−k, t)]

)
∈V

i ω
(
[Γm(n−k, t)]−[Γ2n−k−m(n−k, t)]

)
= 0 äëÿ ω ∈ V (0 ≤ m < 2n−k−1, t ∈ 2Z2n−k).

Ëåìà äîâåäåíà.

Òåîðåìà 1. Àëãåáðà B1(H,Z2)=B1(H,Z2)/V ñêií÷åííîâèìiðíà i íàïiâïðîñòà

dimQB1(H,Z2) =
n−1∑
k=1

(2n − 2n−k − k)2n−k−1 +
n−1∑
k=0

(2n−k−1 + 1 + k)2n−k−1.

Äîâåäåííÿ. Íåõàé M = {[λ]
∣∣λ ∈ Z∗

2} � ãðóïà êëàñiâ åêâiâàëåíòíèõ ñèñòåì
Z2-ôàêòîðiâ ãðóïè H (ìóëüòèïëiêàòîð) i Z2 = Z2/2Z2. Ðîçãëÿíåìî ëiíiéíå âiä-
îáðàæåííÿ ψ àëãåáðè B1(H,Z2) â àëãåáðó QM ⊗Q A(Z2H) : ψ([Γ]) = [λ] ⊗ [Γ],
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äå Γ � ïðîåêòèâíå Z2-çîáðàæåííÿ ãðóïè H ç ñèñòåìîþ Z2-ôàêòîðiâ λa,b ∈ [λ]
(a, b ∈ H), Γ � Z2-çîáðàæåííÿ ãðóïè H = ⟨a⟩, îäåðæàíå ç Z2-çîáðàæåííÿ
Γ : a→ Γ(a) ãðóïè H çâåäåííÿì åëåìåíòiâ ìàòðèöi Γ(a) çà ìîäóëåì 2Z2. Ëåãêî
áà÷èòè, ùî ψ � ãîìîìîðôiçì àëãåáðè B1(H,Z2) â àëãåáðó QM ⊗Q A(Z2H). Ç
òî÷íiñòþ äî Z2-åêâiâàëåíòíîñòi ìàþòü ìiñöå ôîðìóëè:

Γ(n− k, t, α) ∼= V2n−k ,

Γm(n− k, t, α) ∼= Vm ⊕ V2n−k−m.
(8)

Íåõàé ∆1, . . . ,∆l � âñi ðiçíi íåðîçêëàäíi ïðîåêòèâíi Z2-çîáðàæåííÿ ãðóïè
H = ⟨a⟩, ÿêi âõîäÿòü â ìíîæèíó, ùî ñêëàäà¹òüñÿ ç âñiõ çîáðàæåíü âèãëÿäó
Γm(n−k, t), Γ(n−k, t,±1). Çãiäíî ïîïåðåäíiõ ëåì∆1, . . . ,∆l ¹ Q-áàçèñîì àëãåáðè

B1(H,Z2) i l =
n−1∑
k=1

(2n − 2n−k − k)2n−k−1 +
n−1∑
k=0

(2n−k−1 + 1 + k)2n−k−1.

Ç (8) âèïëèâà¹, ùî ∆i i ∆j (i ̸= j) Z2-åêâiâàëåíòíi òîäi i òiëüêè òîäi, êîëè
ñòåïåíi çîáðàæåíü ∆i i ∆j ñïiâïàäàþòü. Äàëi, ÿêùî ñòåïåíi çîáðàæåíü ∆i i ∆j

ñïiâïàäàþòü (i ̸= j), òî â íèõ íå åêâiâàëåíòíi ñèñòåìè ôàêòîðiâ. Çâiäñè îäåð-
æó¹ìî, ùî kerψ = 0. ßê âiäîìî [13], àëãåáðà A(Z2H) íàïiâïðîñòà. Îñêiëüêè
àëãåáðà QM ñåïàðàáåëüíà, òî àëãåáðà QM ⊗QA(Z2H) íàïiâïðîñòà. Ç âèùåñêà-
çàíîãî âèïëèâà¹, ùî àëãåáðà B1(H,Z2) íàïiâïðîîñòà. Òåîðåìà äîâåäåíà.
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