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ÐÅÇÞÌÅ

Â ðàáîòå èññëåäóåòñÿ àëãåáðû íèæíåãî óðîâíÿ, à èìåííî êëàññèôèöèðîâàíû
êîíå÷íîìåðíûå íèëüïîòåíòíûå àëãåáðû Ëåéáíèöà óðîâíÿ äâà.
Êëþ÷åâûå ñëîâà: àëãåáðà Ëåéáíèöà, âûðîæäåíèå, óðîâåíü àëãåáðû,
íèëüïîòåíòíûå àëãåáðû.

Ïîíÿòèÿ âûðîæäåíèÿ, ñæàòèÿ è äåôîðìàöèè àëãåáðû ïîÿâèëèñü èç ôèçèêè.
Íàïðèìåð, âûðîæäåíèå â àëãåáðå Ëè ñ ôèçè÷åñêîé òî÷êè çðåíèÿ îçíà÷àåò ïðîöåññ,
ïðè êîòîðîì îäíà ôèçè÷åñêàÿ ìîäåëü ïîëó÷àåòñÿ èç äðóãîé ïðåäåëîì ïðè âîçäåéñòâèè
ãðóïïû èíâàðèàíòîâ, â òî âðåìÿ êàê äåôîðìàöèè õàðàêòåðèçóþòñÿ ëîêàëüíûì
ïîâåäåíèåì â ìàëîé îêðåñòíîñòè ìíîãîîáðàçèÿ îáúåêòîâ çàäàííîãî òèïà. Äàííàÿ ðàáîòà
ïîñâÿùåíà ãåîìåòðè÷åñêîìó ïîäõîäó ê èññëåäîâàíèþ êîíå÷íîìåðíûõ íèëüïîòåíòíûõ
àëãåáð Ëåéáíèöà íàä ïîëåì êîìïëåêñíûõ ÷èñåë. Ïîä ãåîìåòðè÷åñêèì îïèñàíèåì
ïîäðàçóìåâàåòñÿ îïèñàíèå îðáèò ìíîãîîáðàçèÿ àëãåáð. Ïðè ýòîì ïîëíàÿ ãåîìåòðè÷åñêàÿ
êàðòèíà èñïîëüçóåò àëãåáðàè÷åñêóþ êëàññèôèêàöèþ äàííîãî ìíîãîîáðàçèÿ, òî åñòü,
îïèñàíèå âñåõ àëãåáð äàííîãî ìíîãîîáðàçèÿ ñ òî÷íîñòüþ äî èçîìîðôèçìà. Íàäî îòìåòèòü,
÷òî îäíèì èç óíèêàëüíûõ ïîäõîäîâ â ãåîìåòðè÷åñêîì îïèñàíèè ìíîãîîáðàçèé àëãåáð
ÿâëÿåòñÿ ðàáîòà Â.Â.Ãîðáàöåâè÷à, ãäå âïåðâûå áûëè èçó÷åíû àëãåáðû íèæíåãî óðîâíÿ
íà äåðåâå âûðîæäåíèé [1]. Äàëåå â ðàáîòå [2] ïîëó÷åíî ïîëíîå îïèñàíèå àëãåáð óðîâíÿ
îäèí â ìíîãîîáðàçèè âñåõ êîíå÷íîìåðíûõ àëãåáð. Áîëåå òîãî, â [3] êëàññèôèöèðîâàíû
àëãåáðû âòîðîãî óðîâíÿ â ìíîãîîáðàçèÿõ êîìïëåêñíûõ êîíå÷íîìåðíûõ éîðäàíîâûõ,
ëèåâûõ è àññîöèàòèâíûõ àëãåáð. Â äàííîé ðàáîòå ïîëó÷åíî îïèñàíèå àëãåáð óðîâíÿ äâà â
ìíîãîîáðàçèè êîìïëåêñíûõ êîíå÷íîìåðíûõ íèëüïîòåíòíûõ àëãåáð Ëåéáíèöà.

Îïðåäåëåíèå 1. Àëãåáðà L íàä ïîëåì F íàçûâàåòñÿ àëãåáðîé Ëåéáíèöà, åñëè äëÿ
ëþáûõ ýëåìåíòîâ x, y, z ∈ L âûïîëíÿåòñÿ òîæäåñòâî Ëåéáíèöà:

[x, [y, z]] = [[x, y], z]− [[x, z], y],

ãäå [−,−] óìíîæåíèå â L.

Äëÿ ïðîèçâîëüíîé àëãåáðû Ëåéáíèöà L îïðåäåëèì ñëåäóþùèé ðÿä:

L1 = L, Ln+1 = [Ln, L1].

Îïðåäåëåíèå 2. Àëãåáðà Ëåéáíèöà L íàçûâàåòñÿ íèëüïîòåíòíîé, åñëè ñóùåñòâóåò
s ∈ N òàêîå, ÷òî Ls = 0. Ìèíèìàëüíîå ÷èñëî s, îáëàäàþùåå òàêèì ñâîéñòâîì, íàçûâàåòñÿ
èíäåêñîì íèëüïîòåíòíîñòè (íèëüèíäåêñîì) àëãåáðû L, ò.å. Ls−1 6= 0 è Ls = 0.

Îáîçíà÷èì ÷åðåç Leibn(F ) � ìíîæåñòâî âñåõ n-ìåðíûõ àëãåáð Ëåéáíèöà íàä ïîëåì
F .

*Íàöèîíàëüíûé óíèâåðñèòåò Óçáåêèñòàíà èìåíè Ìèðçî Óëóãáåêà, khabror@mail.ru, abdura-

sulov0505@mail.ru, saloberdi90@mail.ru
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Îïðåäåëåíèå 3. Îïðåäåëèì äåéñòâèå ãðóïïû GLn(F ) íà ìíîæåñòâå Leibn(F )
ñëåäóþùèì îáðàçîì:

[x, y]g := g
(
[g−1x, g−1y]

)
,

ãäå g ∈ GLn(F ) è x, y ∈ L.

×åðåç Orb(L) îáîçíà÷èì îðáèòó àëãåáðû L ïðè ýòîì äåéñòâèè.

Îïðåäåëåíèå 4. Áóäåì ãîâîðèòü, ÷òî àëãåáðà Ëåéáíèöà L âûðîæäàåòñÿ â àëãåáðó
M , åñëè M ëåæèò â çàìûêàíèè îðáèòû àëãåáðû L (â òîïîëîãèè Çàðèñêîãî). Â ýòîì ñëó÷àå
ìû áóäåì îáîçíà÷àòü L → M .

Íàäî îòìåòèòü, ÷òî åñëè ∃ gt ∈ GLn(Ñ(0, 1]), òàêîé, ÷òî

[x, y]2 = lim
t→0

gt([g
−1
t x, g−1

t y]1),

òî àëãåáðà (L, [−,−]1) âûðîæäàåòñÿ â àëãåáðó (M, [−,−]2).

Ñëåäóþùèé ïðèìåð ïîêàçûâàåò, ÷òî ïðîèçâîëüíàÿ n-ìåðíàÿ àëãåáðà âûðîæäàåòñÿ â
n-ìåðíóþ àáåëåâóþ àëãåáðó an.

Ïðèìåð 1. Ïóñòü L � ïðîèçâîëüíàÿ n-ìåðíàÿ àëãåáðà ñ áàçèñîì {e1, e2, . . . , en}.
Âçÿâ âûðîæäåíèå gt : gt(ei) = t−1ei, 1 ≤ i ≤ n, íåòðóäíî ïðîâåðèòü, ÷òî ïðîèçâîëüíàÿ
àëãåáðà âûðîæäàåòñÿ â n-ìåðíóþ àáåëåâóþ àëãåáðó an.

Âûðîæäåíèå L → M íàçîâåì òðèâèàëüíûì, åñëè L è M èçîìîðôíû. Íåòðèâèàëüíîå
âûðîæäåíèå íàçûâàåòñÿ íåïîñðåäñòâåííûì, åñëè îíî íå èìååò íå òðèâèàëüíûõ
ïðîìåæóòî÷íûõ âûðîæäåíèé, ò.å. íå ñóùåñòâóåò öåïî÷êè íåòðèâèàëüíûõ âûðîæäåíèé
L → N → M .

Îïðåäåëåíèå 5. Óðîâíåì àëãåáðû L íàçûâàåòñÿ ìàêñèìàëüíàÿ äëèíà öåïî÷êè
íåïîñðåäñòâåííûõ âûðîæäåíèé L → L1 → L2 → ... → an.

Â ñëåäóþùåé òåîðåìå ïîëó÷åíî îïèñàíèå àëãåáð óðîâíÿ îäèí â ìíîãîîáðàçèÿõ
êîìïëåêñíûõ n-ìåðíûõ àëãåáð.

Òåîðåìà 1. [2] n-ìåðíàÿ (n ≥ 3) àëãåáðà ÿâëÿåòñÿ àëãåáðîé óðîâíÿ îäèí òîãäà è
òîëüêî òîãäà, êîãäà îíà èçîìîðôíà îäíîé èç ñëåäóþùèõ ïîïàðíî íåèçîìîðôíûõ àëãåáð:

p−n : e1ei = ei, eie1 = −ei, 2 ≤ i ≤ n;
n−3 ⊕ an−3 : e1e2 = e3, e2e1 = −e3;
λ2 ⊕ an−2 : e1e1 = e2;

νn(α) : e1e1 = e1, e1ei = αei, eie1 = (1− α)ei, 2 ≤ i ≤ n, α ∈ C.

Íàäî îòìåòèòü, ÷òî àëãåáðà λ2 ÿâëÿåòñÿ äâóìåðíîé íèëüïîòåíòíîé àëãåáðîé Ëåéáíèöà.

Â ðàáîòå [4] ïîëó÷åíî ïîëíîå ãåîìåòðè÷åñêîå îïèñàíèå ìíîãîîáðàçèé íèëüïîòåíòíûõ
àëãåáð Ëåéáíèöà ðàçìåðíîñòè ≤ 4 è äîêàçàíî, ÷òî â ìíîãîîáðàçèè òðåõìåðíûõ
íèëüïîòåíòíûõ àëãåáð Ëåéáíèöà ñëåäóþùèå àëãåáðû ÿâëÿþòñÿ àëãåáðàìè óðîâíÿ äâà

L4(α) : [e1, e1] = e3, [e2, e1] = e3, [e2, e2] = αe3, α ∈ C;

L5 : [e1, e1] = e3, [e1, e2] = e3, [e2, e1] = e3.

Åñòåñòâåííî âîçíèêàåò âîïðîñ: áóäåò ëè àëãåáðîé óðîâíÿ äâà ïðÿìàÿ ñóììà äâóõ
àëãåáð óðîâíÿ îäèí. Ñëåäóþùèå ïðèìåðû ïîêàçûâàþò, ÷òî îòâåò íà ýòîò âîïðîñ
îòðèöàòåëüíûé.
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Ïðèìåð 2. Àëãåáðà n−3 ⊕ λ2 = {x1, x2, x3, x4, x5} ñ óìíîæåíèåì

x1 · x1 = x2, x3x4 = −x4x3 = x5,

ïîñðåäñòâîì ñåìåéñòâà 
gt(x1) = t−2x4,
gt(x2) = t−2x3,
gt(x3) = t−1x1 − t−2x4,
gt(x4) = 2t−1x2 − t−2x4,
gt(x5) = t−1x5 − t−2x3,

âûðîæäàåòñÿ â àëãåáðó L4(
1
4
)⊕ a2.

Ïðèìåð 3. Àëãåáðà λ2 ⊕ λ2 = {x1, x2, x3, x4} ñ óìíîæåíèåì x1x1 = x2, x3x3 = x4,
ïîñðåäñòâîì ñåìåéñòâà 

gt(x1) = t−1x1,
gt(x2) = t−2x3,
gt(x3) = t−1x2 − t−1x1,
gt(x4) = t−1x4 − t−2x3,

âûðîæäàåòñÿ â àëãåáðó L5 ⊕ a1.

Â ñèëó òîãî, ÷òî L5 íå ÿâëÿåòñÿ àëãåáðîé óðîâíÿ îäèí, ìû çàêëþ÷àåì, ÷òî óðîâåíü
àëãåáðû n−3 ⊕ λ2 è λ2 ⊕ λ2 áîëüøå äâóõ.

Â ñëåäóþùåé òåîðåìå ïîëó÷åíî ïîëíîå îïèñàíèå àëãåáð óðîâíÿ äâà â ìíîãîîáðàçèè
êîíå÷íîìåðíûõ íèëüïîòåíòíûõ àëãåáð Ëåéáíèöà.

Òåîðåìà 2. n-ìåðíàÿ íèëüïîòåíòíàÿ íå Ëèåâàÿ àëãåáðà Ëåéáíèöà L ÿâëÿåòñÿ
àëãåáðîé óðîâíÿ äâà òîãäà è òîëüêî òîãäà, êîãäà îíà èçîìîðôíà îäíî èç ñëåäóþùèõ
ïîïàðíî íåèçîìîðôíûõ àëãåáð:

L4(α)⊕ an−3 : [e1, e1] = e3, [e2, e1] = e3, [e2, e2] = αe3, α ∈ C;

L5 ⊕ an−3 : [e1, e1] = e3, [e1, e2] = e3, [e2, e1] = e3.

Äîêàçàòåëüñòâî. Ïóñòü L � n-ìåðíàÿ íèëüïîòåíòíàÿ íå Ëèåâàÿ àëãåáðà Ëåéáíèöà
è ïóñòü {x1, x2, . . . , xn} � áàçèñ â àëãåáðû L. Òàê êàê âñÿêàÿ íå Ëèåâàÿ àëãåáðà Ëåéáíèöà
èìååò ýëåìåíò x òàêîé, ÷òî [x, x] 6= 0, òî, íå îãðàíè÷èâàÿ îáùíîñòè, ìîæíî ïîëàãàòü, ÷òî
[x1, x1] = xn.

Ðàññìîòðèì ñëåäóþùèå ñëó÷àè.

Ñëó÷àé 1. Ïóñòü dimL2 = 1 , òîãäà ìîæåì ïðåäïîëàãàòü, ÷òî

[x1, x1] = xn, [xi, xj] = αijxn.

Ñëó÷àé 1.1 Ïðåäïîëîæèì, ÷òî ñóøåñòâóåò j òàêîé, ÷òî |α1,j − αj,1| + |α1,1αj,j −
α1,jαj,1| 6= 0, òîãäà, íå îãðàíè÷èâàÿ îáøíîñòè, ìîæíî ïîëàãàòü j = 2.

Âçÿâ ñåìåéñòâî ïðåîáðàçîâàíèé{
gt(x1) = x1, gt(x2) = x2, gt(xn) = xn,
gt(xk) = t−1xk, 3 ≤ k ≤ n− 1,

ïîëó÷èì, ÷òî àëãåáðà L âûðîæäàåòñÿ â àëãåáðó ñ óìíîæåíèåì:

[x1, x1] = xn, [x1, x2] = α1,2xn, [x2, x1] = α2,1xn, [x2, x2] = α2,2xn.
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Èç óñëîâèÿ |α1,j − αj,1|+ |α1,1αj,j − α1,jαj,1| 6= 0 è èç ðåçóëüòàòîâ [1] ìû ïîëó÷èì, ÷òî
äàííàÿ àëãåáðà èçîìîðôíà ëèáî àëãåáðå L4(α)⊕ an−3 ëèáî L5 ⊕ an−3.

Ñëó÷àé 1.2. Ïóñòü α1,j = αj,1 è α1,1αj,j = α1,jαj,1 äëÿ âñåõ j. Åñëè αj,j 6= 0, òîãäà
âçÿâ çàìåíó x

′
j = 1√

αj,j
xj ìîæíî ïîëàãàòü αj,j = 1. Ñëåäîâàòåëüíî, ñóùåñòâóåò íàòóðàëüíîå

÷èñëî k òàêîå, ÷òî

αj,j = 1, α1,j = αj,1, α2
1,j = 1, 1 ≤ j ≤ k,

αj,j = α1,j = αj,1 = 0, k + 1 ≤ j ≤ n− 1.

Ñäåëàâ çàìåíó

x′1 = x1, x′i = xi + α1,jx1, 2 ≤ i ≤ k,

x
′
i = xi, k + 1 ≤ i ≤ n,

ïîëó÷èì, ÷òî
[x1, x1] = xn, [xi, xj] = αi,jxn, 2 ≤ i, j ≤ n− 1.

Íàäî îòìåòèòü, ÷òî ïîäàëãåáðà M = {x2, x3, . . . , xn} äàííîé àëãåáðû íå ÿâëÿåòñÿ
àáåëåâîé, èíà÷å, ìû ïîëó÷èì àëãåáðó óðîâíÿ îäèí.

Åñëè ïîäàëãåáðà M íå ÿâëÿåòñÿ àëãåáðîé Ëè, òî âñåãäà ìîæíî ïîëàãàòü, ÷òî α2,2 6= 0.
Òîãäà âçÿâ âûðîæäåíèå

gt(x1) = x1, gt(x2) = x2, gt(xn) = xn, gt(xk) = t−1xk, 3 ≤ k ≤ n− 1,

èìååì àëãåáðó ñ óìíîæåíèåì [x1, x1] = xn, [x2, x2] = xn.

Èçâåñòíî, ÷òî äàííàÿ àëãåáðà èçîìîðôíà àëãåáðå L5 ⊕ an−3.

Åñëè ïîäàëãåáðà M ÿâëÿåòñÿ àëãåáðîé Ëè, òî

αi,i = 0, 2 ≤ i ≤ n− 1,

αi,j = −αi,j, 2 ≤ i, j ≤ n− 1.

Òàê êàê M = {x2, x3, . . . , xn} íå ÿâëÿåòñÿ àáåëåâîé, òî, íåîãðàíè÷èâàÿ îáùíîñòè,
ìîæíî ïîëàãàòü α2,3 = 1.

Âçÿâ âûðîæäåíèå

gt(x1) = t−2xn, gt(x2) = 2t−1x2 − t−2xn, gt(x3) = t−1x1 − t−2xn,

gt(xn) = t−2x3, gt(xi) = t−2xi, 4 ≤ i ≤ n− 1.

èìååì, ÷òî äàííàÿ àëãåáðà âûðîæäàåòñÿ â àëãåáðó L4(
1
4
)⊕ an−3 .

Ñëó÷àé 2. Ïóñòü dimL2 ≥ 2. Ïðåäïîëîæèì, ÷òî x1, x2, . . . , xk ∈ L\L2 è
xk+1, xk+2, . . . , xn ∈ L2. Êàê è â Ñëó÷àå 1, ìîæåì ñ÷èòàòü [x1, x1] = xk+1.

Ðàññìîòðèì ñëåäóþùèé ïîäñëó÷àé.

Ñëó÷àé 2.1. Ïóñòü ñóùåñòâóåò i0 òàêîå, ÷òî [xi0 , x1] 6∈ Span{xk+1}. Òîãäà, íå
îãðàíè÷èâàÿ îáùíîñòè, ìîæíî ïîëàãàòü i0 = 2 è [x2, x1] = xk+2.

Òàêèì îáðàçîì, èìååì

[x1, x1] = xk+1, [x2, x1] = xk+2,
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[x1, x2] =
n∑

i=k+1

αixi, [x2, x2] =
n∑

i=k+1

βixi, ,

[xi, xj] =
n∑

t=k+1

γt
ijxt, 3 ≤ i, j ≤ k.

Âçÿâ âûðîæäåíèå

gt(x1) = t−2x1, gt(x2) = t−2x2, gt(xk+1) = t−4x3,

gt(xk+2) = t−4x4, gt(xi) = t−3xi, 3 ≤ i ≤ n, i 6= k + 1, k + 2,

èìååì, ÷òî äàííàÿ àëãåáðà âûðîæäàåòñÿ â àëãåáðó:

[x1, x1] = x3, [x2, x1] = x4, [x1, x2] = α1x3 + α2x4, [x1, x2] = β1x3 + β2x4.

Åñëè (α1, β1) 6= (0, 0), òî, âçÿâ âûðîæäåíèå

gt(x1) = t−1x1, gt(x2) = t−1x2, gt(x3) = t−2x3, gt(x4) = t−1x4

èìååì àëãåáðó
[x1, x1] = x3, [x1, x2] = αx3, [x2, x2] = βx3.

Òàê êàê (α, β) 6= (0, 0), òî äàííàÿ àëãåáðà èçîìîðôíà L4(α)⊕ an−3 èëè L5 ⊕ an−3.

Åñëè (α1, β1) = (0, 0), òî, âçÿâ âûðîæäåíèå

gt(x1) = t−1x1, gt(x2) = t−1x2, gt(x3) = t−1x4, gt(x4) = t−2x3

èìååì àëãåáðó ñ óìíîæåíèåì

[x2, x1] = x3, [x1, x2] = αx3, [x2, x2] = βx3,

êîòîðàÿ èçîìîðôíà ëèáî L4(α)⊕ an−3 ëèáî L5 ⊕ an−3.

Ñëó÷àé 2.2. Ïóñòü [xi, x1] ∈ Span{xk+1}, 1 ≤ i ≤ k è ïóñòü ñóùåñòâóåò i0 òàêîå, ÷òî
[x1, xi0 ] 6∈ Span{xk+1}. Ïîëîæèâ x′2 = xi0 , ïîëó÷èì:

[x1, x1] = xk+1, [xi, x1] = αixi, 2 ≤ i ≤ k,

[x1, x2] = xk+1, [x2, x2] =
n∑

i=k+1

βixi,

[xi, xj] =
n∑

t=k+1

γt
ijxt, 3 ≤ i, j ≤ k.

Âçÿâ âûðîæäåíèå

gt(x1) = t−2x1, gt(x2) = t−2x2, gt(xk+1) = t−4xk+1,

gt(xk+2) = t−4xk+2, gt(xi) = t−3xi, 3 ≤ i ≤ n, i 6= k + 1, k + 2,

èìååì, ÷òî äàííàÿ àëãåáðà âûðîæäàåòñÿ â àëãåáðó:

[x1, x1] = xk+1, [x2, x1] = αxk+1, [x1, x2] = xk+2, [x2, x2] = β1xk+1 + β2xk+2.
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Àíàëîãè÷íî Ñëó÷àþ 2.1., íåòðóäíî ïîêàçàòü, ÷òî äàííàÿ àëãåáðà âûðîæäàåòñÿ â îäíó
èç àëãåáð L4(α)⊕ an−3 è L5 ⊕ an−3

Ñëó÷àé 2.3. Ïóñòü [xi, x1], [x1, xi] ∈ Span{xk+1}, 1 ≤ i ≤ k è ïóñòü ñóùåñòâóåò i0
òàêîå, ÷òî [xi0 , xi0 ] 6∈ Span{xk+1}. Ïîëîæèâ x′2 = xi0 , èìååì:

[x1, x1] = xk+1, [xi, x1] = αixk+1, [x1, xi] = βixk+1, 2 ≤ i ≤ k,

[x2, x2] = xk+2, [xi, xj] =
n∑

t=k+1

γt
ijxt, 3 ≤ i, j ≤ k.

Ïîñðåäñòâîì ñåìåéñòâî ìàòðèö{
gt(x1) = t−2x1, gt(x2) = t−2x2, gt(xk+1) = t−4x3, gt(xk+2) = t−4x4,
gt(x3) = t−3xk+1, gt(x4) = t−3xk+2, gt(xi) = t−3xi 4 ≤ i ≤ n,

ïîëó÷èì, ÷òî äàííàÿ àëãåáðà âûðîæäàåòñÿ â àëãåáðó

[x1, x1] = x3, [x2, x1] = αx3, [x1, x2] = βx3, [x2, x2] = x4.

Åñëè (α, β) 6= (0, 0), òî âçÿâ âûðîæäåíèå

gt(x1) = t−1x1, gt(x2) = t−1x2, gt(x3) = t−2x3, gt(x4) = t−1x4

èìååì, ÷òî äàííàÿ àëãåáðà âûðîæäàåòñÿ â àëãåáðó L4(α)⊕ an−3 èëè â àëãåáðó L5 ⊕ an−3.

Åñëè (α, β) = (0, 0), òî èìååì àëãåáðó λ2 ⊕ λ2. Â ñèëó Ïðèìåðà 3, äàííàÿ àëãåáðà
âûðîæäàåòñÿ â àëãåáðó L5 ⊕ an−3 .

Ñëó÷àé 2.4. Ïóñòü [xi, x1], [x1, xi], [xi, xi] ∈ Span{xk+1}, 1 ≤ i ≤ k è ïóñòü
ñóùåñòâóò i0, j0 òàêèå, ÷òî [xi0 , xj0 ] 6∈ Span{xk+1}. . Åñëè xi0xj0 6= −xj0xi0 , òî, ñäåëàâ çàìåíó
x′i0 = xi0 + xj0 , ìû ïîëó÷èì x′i0x

′
j0
6= 0 è ïîïàäåì â ñëó÷àé 2.3.

Ïîýòîìó, èìååì xi0xj0 = xk+1, xj0xi0 = −xk+2.

Âçÿâ âûðîæäåíèå
gt(x1) = t−2x1, gt(xi0) = t−3x3, gt(xj0) = t−3x4, gt(xk+1) = t−4x2,
gt(xk+2) = t−6x5, gt(x2) = t−4xk+1, gt(x3) = t−4xi0 , gt(x4) = t−4xj0 ,
gt(x5) = t−4xk+2, gt(xi) = t−4xi, 6 ≤ i ≤ n,

èìååì, ÷òî äàííàÿ àëãåáðà âûðîæäàåòñÿ â àëãåáðó:

λ2 ⊕ n−3 : [x1, x1] = x2, [x3, x4] = x5, [x4, x3] = −x5.

Â ñèëó Ïðèìåðà 2, ìû èìååì, ÷òî äàííàÿ àëãåáðà âûðîæäàåòñÿ â àëãåáðó L4(
1
4
)⊕ a2.

Òåîðåìà äîêàçàíà.
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