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×èñëåííÿ Âåéëÿ i çiðêîâèé äîáóòîê Ìîéàëà âiäiãðàþòü öåíòðàëüíó
ðîëü ó êâàíòîâié ìåõàíiöi íà ôàçîâèõ ïðîñòîðàõ. Çàêîí êîìïîçèöi¨ ôóíê-
öié íà ôàçîâîìó ïðîñòîði, ùî âiäïîâiäà¹ äîáóòêó îïåðàòîðiâ ó ãiëüáåð-
òîâîìó ïðîñòîði, áóâ çàïèñàíèé ùå ôîí Íåéìàíîì (1931 ð.) â òåðìiíàõ
ñïëåòåíî¨ çãîðòêè. Ìîäåëi íåêîìóòàòèâíî¨ òåîði¨ ïîëÿ êîíñòðóþþòüñÿ çà-
ìiíîþ çâè÷àéíèõ äîáóòêiâ ïîëiâ ó ôóíêöiîíàëüíi îïåðàöi¨ iç çiðêîâèìè
äîáóòêàìè. Äîñëiäæåííÿì ó öüîìó íàïðÿìêó ïðèñâÿ÷åíî ðîáîòè, çîêðåìà,
Neerven J.V., Portal P. Iíøi äîñëiäæåííÿ, ùî ñòîñóþòüñÿ òåìàòèêè ðîáîòè,
ìîæíà çíàéòè ó Ëîïóøàíñüêîãî Î.Â., Øàðèíà Ñ.Â. [1], [2].

Íåõàé Sα,β ¹ áàíàõîâèì ïðîñòîðîì êîìïëåêñíèõ ôóíêöié φ íà R çi
ñêií÷åííîþ íîðìîþ

∥φ∥Sα,β = max
0≤m≤α, 0≤n≤β

sup
t∈R

∣∣tm∂nφ(t)
∣∣, α, β ∈ Z+,

äå ∂n := dn/dtn (n ∈ N). Êîæíå âêëþ÷åííÿ Sα,β ↬ Sα1,β1 ¹ êîìïàêòíèì,
äå α1 < α i β1 < β. Ðîçãëÿíåìî ïðîñòið Øâàðöà S :=

⋂
α,β∈Z+

Sα,β îñíîâ-

íèõ ôóíêöié, íàäiëåíèé òîïîëîãi¹þ ïðîåêòèâíî¨ ãðàíèöi lim←−Sα,β âiäíîñíî
öèõ âêëþ÷åíü. Ñïðÿæåíèé äî S ïðîñòið S′ íàçèâàþòü ïðîñòîðîì ðîçïîäi-
ëiâ (óçàãàëüíåíèõ ôóíêöié) ïîâiëüíîãî ðîñòó. Âiäîìî [3, IV], ùî S i S′ �
ìîíòåëåâi ÿäåðíi ïðîñòîðè. Áiëüøå òîãî, S ¹ òàê çâàíèì FS-ïðîñòîðîì, à
S′ � DFS-ïðîñòîðîì. Íåõàé S′(R+)� çàìêíåíèé ïiäïðîñòið S′ òèõ ðîçïî-
äiëiâ, íîñi¨ ÿêèõ ìiñòÿòüñÿ â [0,∞). S′(R+) ¹ ìîíòåëåâèì ÿäåðíèì DFS-
ïðîñòîðîì.

Íåõàé P,Q ¹ ãåíåðàòîðàìè àíàëiòè÷íèõ ïiâãðóï e−iξP i eiηQ ó áàíà-
õîâîìó ïðîñòîði E. ×èñëåííÿ Âåéëÿ ¹ âiäîáðàæåííÿì

f(x, y)→ f(P,Q) =
1

(2π)2

∫
f̃(ζ)Tζdζ,

Tζ := ei(ηQ−ξP) = e−iηξ/2eiηPe−iξQ, ζ = (ξ, η) ∈ R+ × R+,
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äå f(x, y) íàëåæèòü äî S′(R+ × R+). f̃(ξ, η) := f̂(η,−ξ) i

f̂(ζ) :=
1

(2π)2

∫
f(x, y)e−i(ηy−ξx) dx dy, (x, y) ∈ R+ × R+

¹ ñèìïëåêòè÷íèì ïåðåòâîðåíííÿì Ôóð'¹-Ëàïëàñà. Äëÿ ñïëåòåíî¨ çãðîòêè
ìà¹ìî:

f̃ ∗ℏ g̃ → 1

(2π)4

∫
f̃(ζ ′) g̃(ζ ′′)Tζ′Tζ′′ dζ ′ dζ ′′ = f(P,Q) · g(P,Q),

äå · � îïåðàòîðíå ìíîæåííÿ â êîìóòàòèâíié ïiäàëãåáði â L (AP × AQ, E) ,
AP := lim←−D(Pα),AQ := lim←−D(Qα).

Äëÿ ñòàíäàðòíî¨ ñèìïëåêòè÷íî¨ ñòðóêòóðè θ(ζ, ζ ′) = ζ · Jζ ′ = ηξ′ −

ξη′, J =

(
0 1
−1 0

)
, ùî âèçíà÷åíà íà R+ × R+, âèêîíó¹òüñÿ TζTζ′ =

e−iζ·Jζ′/2Tζ+ζ′ = e−i(ηξ′−ξη′)/2Tζ+ζ′ .
Äëÿ âñiõ α ∈ Z+ êîðåêòíî âèçíà÷åíèìè ¹ ñòåïåíi îïåðàòîðiâ P±α i

Q±α iç âiäïîâiäíèìè ùiëüíèìè îáëàñòÿìè âèçíà÷åííÿ D(P±α) i D(Q±α).
Âèçíà÷èìî ïðîñòið

Dα
A := D(Aα) ∩D(A−α), ∥w∥Dα :=

α∑
m=−α

∥Amw∥, äå Aα =

{
P±α,
Q±α.

Iç çàìêíåíîñòi îïåðàòîðiâ P±α and Q±α ñëiäó¹, ùî ïðîñòîðè Dα
P and Dα

Q

¹ ïîâíèìè äëÿ äîâiëüíèõ α ∈ Z+. Âêëþ÷åííÿ

Dα
P ↬ Dβ

P ↬ E, Dα
Q ↬ Dβ

Q ↬ E, 0 < β < α, (1)

¹ íåïåðåðâíèìè i ùiëüíèìè. Ïðîåêòèâíi ãðàíèöi

AP := lim←−Dα
P =

⋂{
Dα

P : α ∈ Z+

}
, AQ := lim←−Dα

Q =
⋂{

Dα
Q : α ∈ Z+

}
¹ ïðîñòîðàìè Ôðåøå âiäíîñíî âêëþ÷åíü (1).
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WEYL CALCULUS OF ANALYTIC SEMIGROUPS

We use the symplectic Fourier-Laplace transform of tempered distributions whose

supports are located in R+ to construct a Weyl calculus for generators of analytic

semigroups.
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