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ÑÂÎÁÎÄÍÎÉ ÀËÃÅÁÐÛ ËÈ

Â ñòàòüå àâòîðà [1] îïèñûâàëîñü ñòðîåíèå ãèïåðöåíòðàëüíîé
ñåðèè ïîäãðóïïû óíèòðåóãîëüíûõ àâòîìîðôèçìîâ, âûäåëÿåìîé â
ãðóïïå âñåõ àâòîìîðôèçìîâ ñâîáîäíîé ìåòàáåëåâîé àëãåáðû Ëè. Â
ñòàòüå àâòîðà [2] îïèñûâàëîñü ñòðîåíèå öåíòðà àíàëîãè÷íîé ïîä-
ãðóïïû ñâîáîäíîé àëãåáðû Ëè. Â äàííîé ðàáîòå ïðåäñòàâëåíî îïè-
ñàíèå âñåé ãèïåðöåíòðàëüíîé ñåðèè.

Ïóñòü Ln � ñâîáîäíàÿ àëãåáðà Ëè ñ ìíîæåñòâîì ñâîáîäíûõ ïî-
ðîæäàþùèõXn = {x1, ..., xn}. Îïðåäåëèì ëåâîíîðìèðîâàííûé êîì-
ìóòàòîð [xi1 , xi2 , ..., xik ], ïîëàãàÿ ïðè k > 1

[xi1 , xi2 , ..., xik ] = [[...[xi1 , xi2 ], ...], xik ].

Ïðè k = 1 èìååì [xi1 ] = xi1 . Áîëåå òîãî, ïîëàãàåì

[xi1 , xi2 , ..., xi2︸ ︷︷ ︸
m

] = [xi1 , x
m
i2 ].

Â äàëüíåéøåì áóäåì ðàññìàòðèâàòü òîëüêî ýëåìåíòû ñ ëåâîíîðìè-
ðîâàííîé ðàññòàíîâêîé ñêîáîê.

Âûäåëèì â ãðóïïå Aut Ln âñåõ àâòîìîðôèçìîâ àëãåáðû Ln ïîä-
ãðóïïó Un, ïîðîæäåííóþ àâòîìîðôèçìàìè âèäà:

τi(yi) :

{
xi → xi + yi,
xj → xj , j 6= i,

ãäå yi ïðèíàäëåæèò ïîäàëãåáðå, ïîðîæäåííîé xi+1, ..., xn. Òàêàÿ
ïîäãðóïïà íàçûâàåòñÿ ãðóïïîé óíèòðåóãîëüíûõ àâòîìîðôèçìîâ

àëãåáðû Ln.
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Äëÿ êðàòêîñòè áóäåì çàïèñûâàòü ïðîèçâîëüíûé àâòîìîðôèçì
ϕ àëãåáðû Ln ñ ìíîæåñòâîì ñâîáîäíûõ ïîðîæäàþùèõ Xn êàê ϕ =
(f1, f2, ..., fn), ãäå ϕ(xi) = fi, i = 1, ..., n.

Ïðîèçâîëüíîå îòîáðàæåíèå âèäà:

ϕ = (x1 + f1(x2, ..., xn), ..., xi + fi(xi+1, ..., xn), ..., xn) (1)

ãäå äëÿ ëþáîãî i ìíîãî÷ëåí fi(xi+1, ..., xn) ∈ Ln, îïðåäåëÿåò àâòî-
ìîðôèçì èç Un. Ãðóïïà Un ñîñòîèò èç âñåõ òàêèõ àâòîìîðôèçìîâ.

Áóäåì ñ÷èòàòü, ÷òî íà Xn îïðåäåëåíà ëèíåéíàÿ óïîðÿäî÷åí-
íîñòü: x1 < x2 < ... < xn. Ïóñòü îäíî÷ëåí h ∈ Ln èìååò âèä

h = [xn−s, xn−t, x
pn−s

n−s , x
pn−s+1

n−s+1 , ..., x
pn
n ], (2)

ãäå xn−s < xn−t, xn−s ≤ xn−s+1 ≤ ... ≤ xn, pn−s, ..., pn ∈
Z, pn−s, ..., pn ≥ 0. Ââåäåì íà àëãåáðå Ln ôóíêöèþ µ : Ln → Z,
ïîëàãàÿ µ(h) = s. Èçâåñòíî (íàïðèìåð, [1]), ÷òî ëþáîé ìíîãî-
÷ëåí f ∈ Ln ìîæíî ïðåäñòàâèòü â âèäå ñóììû èëè ïðîèçâåäå-
íèÿ îäíî÷ëåíîâ èç Ln â ôîðìå 2. Â ýòîì ñëó÷àå áóäåì ãîâîðèòü,
÷òî ìíîãî÷ëåí f çàïèñàí ÷åðåç ïîðîæäàþùèå îäíî÷ëåíû. Åñëè
f = g1g2 ∈ Ln, ãäå µ(g1) = µ1, µ(g2) = µ2, òî µ(f) = max(µ1, µ2). Â
ñëó÷àå f = g1 + g2 ∈ Ln òàêæå µ(f) = max(µ1, µ2).

Êðîìå òîãî, ââåäåì ôóíêöèþ λ : Mn → Z, ïîëîæèâ äëÿ îäíî-
÷ëåíà óêàçàííîãî âèäà λ(h) = s+t+s(pn−s)+ ...+pn−1. Àíàëîãè÷íî
λ-ïîêàçàòåëåì ìíîãî÷ëåíà, çàïèñàííîãî ÷åðåç ïîðîæäàþùèå îäíî-
÷ëåíû, áóäåì íàçûâàòü ìàêñèìóì λ-ïîêàçàòåëåé åãî ïîðîæäàþùèõ
îäíî÷ëåíîâ.

Âûäåëèì â ãðóïïå Un ñëåäóþùèå ïîäãðóïïû:

Z1 = {ϕ = (x1 + f1, x2, ..., xn)|µ(f1) ≤ 1, λ(f1) ≤ 1, µ(l(f1)) = 0},

Zα = {ϕ = (x1 + f1, x2, ..., xn)|µ(f1) ≤ 1, λ(f1) ≤ α}, 1 < α < ω,

Zω = {ϕ = (x1 + f1, x2, ..., xn)|µ(f1) ≤ 1},

Z(k−1)ω = {ϕ = (x1 + f1, ..., xk−1 + fk−1, xk, ..., xn)|µ(fi) ≤ k − i,

l(fj) = 0, 1 ≤ i ≤ k − 1, j > 1}, 1 < k ≤ n− 2,

Z(k−1)ω+α = {ϕ = (x1 + f1, ..., xk + fk, xk+1, ..., xn)|µ(fi) ≤ k − i+ 1,

λk−i+1(fi) ≤ k−i+α, l(fj) = 0, 1 ≤ i ≤ k−1, j > 1}, 1 < k ≤ n−2,

Z(n−2)ω = {ϕ = (x1 + f1, ..., xn−2 + fn−2, xn−1, xn)|l(fj) = 0, j > 1},
101



Z(n−2)ω+α = {ϕ = (x1+f1, ..., xn−2+fn−2, xn−1, xn)|µ(l(fi)) ≤ α+1−i,

l(fj) = 0, 1 < i < α+ 2, j ≥ α+ 2}, 1 ≤ α ≤ n− 2,

ãäå fi � ïðîèçâîëüíûå ìíîãî÷ëåíû àëãåáðû Ln îò óêàçàííûõ ïåðå-
ìåííûõ, l(f) � ëèíåéíàÿ ÷àñòü ìíîãî÷ëåíà f .
Òåîðåìà. Ïðè n ≥ 3 ãðóïïà óíèòðåóãîëüíûõ àâòîìîðôèçìîâ

Un ñâîáîäíîé àëãåáðû Ëè ãèïåðöåíòðàëüíà äëèíû (n−2)ω+n−2 è
÷ëåíû åå ãèïåðöåíòðàëüíîãî ðÿäà ζα(Un) ñîâïàäàþò ñ ïîäãðóïïàìè
Zα, 1 ≤ α ≤ (n− 2)ω + n− 2.
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