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Àííîòàöèÿ. Â íàñòîÿùåé ñòàòüå, ñëåäóÿ â îñíîâíîì ñõåìå èñïîëüçîâàííîé â ðà-
áîòàõ [1-3], ìû èçó÷èì çàäà÷ó î òî÷å÷íîì âçàèìîäåéñòâèè äâóõ ïðîèçâîëüíûõ ÷àñòèö.
Äîêàçàíî, ÷òî ðàñøèðåíèå Ñêîðíÿêîâà-Òåð-Ìàðòèðîñÿíà îïåðàòîðà Ëàïëàñà, îïðåäå-
ëåííîãî íà îáëàñòè ôóíêöèé äâóõ ïåðåìåííûõ x1, x2 ∈ R2, îáðàùàþùèõñÿ â íóëü ïðè
ñîâïàäåíèè ïåðåìåííûõ, ò.å. ïðè x1 = x2, ÿâëÿåòñÿ ñàìîñîïðÿæåííûì. Äîêàçàíî, ÷òî
ñóùåñòâåííûé ñïåêòð ðàññìàòðèâàåìîãî ðàñøèðåíèÿ ñîâïàäàåò ñ ïîëóîñüþ [0,∞) è ïðè
ëþáîì çíà÷åíèÿ ε, ε ∈ (−∞; +∞), îíî èìååò îäíî îòðèöàòåëüíîå ñîáñòâåííîå çíà÷åíèå.
Îñíîâíûå ðåçóëüòàòû ðàáîòû îñíîâûâàþòñÿ íà èçó÷åíèå ñïåêòðà ðàñøèðåíèÿ îïåðàòî-
ðà hε, çàâèñÿùåãî îò ïàðàìåòðà ðàñøèðåíèÿ ε.
Ãàìèëüòîíèàí (îïåðàòîð ýíåðãèè) ðàññìàòðèâàåìîé äâóõ÷àñòè÷íîé ñèñòåìû çàäàåòñÿ
êàê íåêîòîðîå ðàñøèðåíèå H̃ ñëåäóþùåãî ñèììåòðè÷åñêîãî îïåðàòîðà H̃0, äåéñòâóþùå-
ãî â ãèëüáåðòîâîì ïðîñòðàíñòâå L2((R2)2) ≡ L2 ïî ôîðìóëå

H̃0 =

(
− 1

2m1

∆x1 −
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2m2

∆x2

)
ϕ (x1, x2)

è îïðåäåëåííîãî íà ìíîæåñòâå ôóíêöèé

D(H̃0) = {ϕ ∈ L2 : (∆x1 + ∆x2)ϕ ∈ L2, ϕ(x, x) = 0}

ãäå ∆Ei
-îïåðàòîð Ëàïëàñà ïî ïåðåìåííîé xi ∈ R2, mi-ìàññà i-é ÷àñòèöû, i = 1, 2. Ïîñëå

ñîîòâåòñòâóþùåãî ïðåîáðàçîâàíèÿ Ôóðüå îïåðàòîð H̃ ïåðåéäåò â îïåðàòîð

H0f(p1, p2) = (
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2)f(p1, p2),

îïðåäåëåííûé íà ìíîæåñòâå D(H0) ⊂ L2 ôóíêöèé f(p1, p2), óäîâëåòâîðÿþùèõ óñëîâè-
ÿì: ∫

(R2)2
(p4

1 + p4
2) |f(p1, p2)|2 dp1dp2 <∞,∫

Γp

f(p1, p2)dνp = 0,

ãäå îáîçíà÷åíèå p2, p ∈ R2 îçíà÷àåò p2 =
(
p(1)
)2

+
(
p(2)
)2
.

Çäåñü Γp = {(p1, p2) ∈ (R2)2 : p1 + p2 = p, p ∈ R2}- ñåìåéñòâî òðåõìåðíûõ ìíîãîîáðàçèé
ñ åñòåñòâåííîé Ëåáåãîâîé ìåðîé dνp. Â äàëüíåéøåì èíòåãðàë áåç óêàçàíèÿ ïðåäåëîâ
ïîíèìàåòñÿ êàê èíòåãðèðîâàíèå ïî âñåìó ïðîñòðàíñòâó R2.
Ëåììà 1. Äëÿ ëþáîãî z ∈ Π0 = C1\[0,∞) äåôåêòíîå ïîäïðîñòðàíñòâî <z ⊂ L2(R2)
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îïåðàòîðà h0 ñîñòîèò èç ôóíêöèé âèäà u(p) = c
p2−z̄

, c ∈ C1.

Ëåììà 2. Îáëàñòü îïðåäåëåíèÿ D(h∗0) îïåðàòîðà h∗0 ñîñòîèò èç ôóíêöèé âèäà

g(p) = f(p) +
c1

p2 + 1
+

c2

(p2 + 1)2
, (1)

ãäå f ∈ D(h0), c1, c2 ∈ C1. Îïåðàòîð h∗0 äåéñòâóåò íà ôóíêöèþ g âèäà (1) ïî ôîðìóëå
h∗0g(p) = p2g(p)− c1, ãäå c1- êîíñòàíòà âçÿòàÿ èç ðàçëîæåíèè (1) ôóíêöèè g.
Òåïåðü âûáåðåì ðàñøèðåíèå îïåðàòîðà h0. Äëÿ ëþáîãî ε ∈ R ñòàâèì â ñîîòâåòñòâèå
ìíîæåñòâî D(hε), D(h0) ⊂ D(hε) ⊂ D(h∗0), ñëåäóþùèì îáðàçîì:

D(hε) =

{
g ∈ D(h∗0) : g(p) = f(p) +

c

p2 + 1
+

(ε− 1)c

(p2 + 1)2
, f ∈ D(h0)

}
Ñóæåíèå îïåðàòîðà h∗0 íà îáëàñòü D(hε) îáîçíà÷èì ÷åðåç hε. Ïî îïðåäåëåíèþ hε ÿâëÿ-
åòñÿ ðàñøèðåíèåì îïåðàòîðà h0.
Òåðåîìà 1. Äëÿ ëþáîãî ε ∈ R ðàñøèðåíèå hε ÿâëÿåòñÿ ñàìîñîïðÿæåííûì îïåðàòî-
ðîì.
Îñíîâíûì ðåçóëüòàòîì ýòîé ðàáîòû ÿâëÿåòñÿ ñëåäóþùàÿ òåîðåìà.
Òåîðåìà 2. Äëÿ ëþáîãî ε ∈ R ñóùåñòâåííûé ñïåêòð îïåðàòîðà hε ñîâïàäàåò ñ ïî-
ëóîñúþ [0,∞). Ïðè ëþáîì çíà÷åíèå ε, hε èìååò îäíî ïðîñòîå ñîáñòâåííîå çíà÷åíèå
z = − 1

eε , ñîîòâåòñòâóþùàÿ ñîáñòâåííàÿ ôóíêöèÿ ñ òî÷íîñòúþ äî ïîñòîÿííîãî ìíî-
æèòåëÿ èìååò âèä

gε(p) =
1

p2 + 1
eε

.
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