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Îòñòóïëåíèå: äðóãèå äâîéñòâåííîñòè

k ∈∈ FLD

Î êàòåãîðèè k-VECT fin.dim 33 V,W, . . . Î÷åâèäíî
k-VECT fin.dim

∼=∼=dim N.
Îïåðàöèÿì â N ñîîòâåòñòâóþò ⊕,⊗. Ñ ïðÿìîé ñóììîé âñ¼ ÿñíî, î òåíçîðíîì

ïðîèçâåäåíèè ïîãîâîðèì.

Îòñòóïëåíèå î Fun . Îäíà èç èäåé

Fun-VECT ≈ SET .
Îáîçíà÷åíèå Ì.Ì. Ïîñòíèêîâà.

V tW := Mork-VECT (V,W ).

Òåíçîðíîå ïðîèçâåäåíèå íåñòàíäàðòíî.

V ⊗W := V ∗ tW ∼=W ∗ t V.

Èñïîëüçîâàíî X t Y ∼= Y ∗ t X∗,
ãäå äëÿ α : X → Y

α∗ : Y ∗ → X∗ : λ 7→ λ
(
α(x)

)
.

Îáîáù¼ííûå ñëåäû. Äëÿ òåíçîðíîé àëãåáðû åù¼ íóæíî

(V ⊗W )∗ =?

Âû÷èñëÿåì
(V ⊗W )∗ = . . .

Êàíîíè÷åñêèé èçîìîðôèçì

(V ⊗W )∗ = V ∗ ⊗W ∗

âûòåêàåò èç íàëè÷èÿ íåâûðîæäåííîãî ñïàðèâàíèÿ

(X t Y )× (Y t X) −→ k.
Ýòî ñïàðèâàíèå èìååò âèä

(α, β) 7→ tr(α ◦ β) = tr(β ◦ α) .

Îòìå÷åííàÿ �êîììóòàòèâíîñòü�, êàê è íåâûðîæäåííîñòü ñïàðèâàíèÿ, òðåáóþò
äîêàçàòåëüñòâ, ñì. çàäà÷ó 2.3.

Íåêîòîðûå îáñóæä¼ííûå ïàðàëëåëè ìîæíî ñîïîñòàâèòü ñ èäåÿìè ðàáîòû
[Girard1987], íà êîòîðóþ ìíå ëþáåçíî óêàçàë Ë.Ä. Áåêëåìèøåâ.
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Òàáëèöà àíàëîãèé.

k-VECT fin.dim LCAB Âûñêàçûâàíèÿ

V 7→7→ V ∗ G 7→7→ Ĝ A 7→ A
V ∗∗ ∼= V

̂̂
G ∼= G A = A

V tW ? A =⇒ B
V tW ∼=W ∗ t V ∗

(
?
)

(A =⇒ B) ≡
(
B =⇒ A

)
V ⊗W ? A ∨ B

(V ⊗W )∗ ∼= V ∗ ⊗W ∗
(
?
)

A ∨ B = A ∧ B

***

Îò ïàð äâîéñòâåííûõ ïî Ïîíòðÿãèíó ãðóïï ê ôóíêöèÿì íà íèõ.
Ïåðâûå ïðèìåðû. Ïîëüçóåìñÿ èíòóèöèåé ðàçëîæåíèÿ ïî îðòîíîðìèðîâàí-
íîìó áàçèñó â åâêëèäîâûõ ïðîñòðàíñòâàõ.

Â ðÿäû Ôóðüå ñ êîýôôèöèåíòàìè, çàäàâàåìûå ïðîñòûìè ôîðìóëàìè, ðàç-
ëàãàþòñÿ è ðàçðûâíûå ôóíêöèè, íàïðèìåð, ïðîñòåéøàÿ �ïîëóïîñòîÿííàÿ.�

Ïåðâûì ðàçëîæåíèÿì ïåðèîäè÷åñêèõ ôóíêöèé â ðÿäû Ôóðüå ïîñâÿùåíû
çàäà÷è 4.4 è 4.5.

Ñïèñîê ëèòåðàòóðû

[Girard1987] Gean-Yves Girard, Linear Logic. Theoretical Computer Science 50 (1987), 1-102.


