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Ãðóïïîâûå ñõåìû

Çàäà÷à 3.1. Âîçüìåì â êà÷åñòâå îïðåäåëåíèÿ ãðóïïîâîé ñõåìû òàêîå: ãðóïïîâàÿ ñõåìà
G = SpecA � ýòî ñïåêòð àëãåáðû Õîïôà A. Äîêàæèòå, ÷òî äëÿ ëþáîé k-àëãåáðû B
ìíîæåñòâî G(B) = Hom(SpecB,G) ÿâëÿåòñÿ ãðóïïîé.

Çàäà÷à 3.2. à) Ãðóïïîâàÿ ñõåìà µpn ïðåäñòàâëÿåò ôóíêòîð B 7→ {b ∈ B|bpn = 1}.
á) Ãðóïïîâàÿ ñõåìà αpn ïðåäñòàâëÿåò ôóíêòîð B 7→ {b ∈ B|bpn = 0}.

Çàäà÷à 3.3. Ãðóïïîâàÿ ñõåìà αp ïðîñòàÿ, òî åñòü íå ñîäåðæèò çàìêíóòûõ ãðóïïîâûõ
ïîäñõåì.

Çàäà÷à 3.4. Äëÿ êîíå÷íîé êîììóòàòèâíîé ãðóïïîâîé ñõåìû G = SpecA ìîæíî îïðå-
äåëèòü ôóíêòîð

B 7→ HomSpecB(G× SpecB,Gm × SpecB),

ãäå ðå÷ü èäåò î ãîìîìîðôèçìàõ ãðóïïîâûõ ñõåì. Äîêàæèòå, ÷òî ýòîò ôóíêòîð ïðåäñòà-
âèì ñõåìîé GD = SpecAD, ãäå AD = Homk(A, k), ïðè ýòîì óìíîæåíèå (êîóìíîæåíèå)
íà A èíäóöèðóåò êîóìíîæåíèå (óìíîæåíèå) íà AD.

Çàäà÷à 3.5. µp
∼= (Z/pZ)D ∼= Spec k[Z/pZ], ãäå k[Z/pZ] � ãðóïïîâàÿ àëãåáðà ãðóïïû

k[Z/pZ].

Çàäà÷à 3.6. à) Âîçüìåì y ∈ αp(B). Îáîçíà÷èì ÷åðåç exp(t) ôîðìàëüíûé ñòåïåííîé ðÿä
äëÿ ýêñïîíåíòû (à òî÷íåå, ïåðâûå åãî p ñëàãàåìûõ). Òîãäà äëÿ êàæäîé B-àëãåáðû B′

îòîáðàæåíèå x 7→ exp(xy) çàäàåò ãîìîìîðôèçì ãðóïï αp(B
′) → Gm(B

′), è, ñîîòâåò-
ñòâåííî, ãðóïïîâûõ ñõåì íàä SpecB:

αp × SpecB → Gm × SpecB.

á) αD
p
∼= αp.


