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Ðàññìîòðèì çàäà÷ó íà ñîáñòâåííûå çíà÷åíèÿ äëÿ íåëè-
íåéíîãî îïåðàòîðà òèïà Õàðòðè â ïðîñòðàíñòâå L2(R3)
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ãäå ∆q � îïåðàòîð Ëàïëàñà, ε > 0�ìàëûé ïàðàìåòð. Çäåñü
ïîòåíöèàë ñàìîäåéñòâèÿ ÿâëÿåòñÿ ýêðàíèðîâàííûì êóëî-
íîâñêèì ïîòåíöèàëîì (èëè ïîòåíöèàëîì Þêàâû)
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e−κ|q|

| q |
,

ãäå κ > 0�êîíñòàíòà.
Óðàâíåíèÿ ñàìîñîãëàñîâàííîãî ïîëÿ Õàðòðè âî âíåøíåì

ïîëå, à òàêæå óðàâíåíèÿ òèïà Õàðòðè, â êîòîðûõ ïîòåíöè-
àë ñàìîäåéñòâèÿ îòëè÷åí îò êóëîíîâñêîãî, âîçíèêàþò â ðÿäå
ìîäåëåé êâàíòîâîé òåîðèè è íåëèíåéíîé îïòèêè. Èçó÷åíèþ
àñèìïòîòè÷åñêèõ ðåøåíèé òàêèõ óðàâíåíèé, ëîêàëèçîâàí-
íûõ âáëèçè ìàëîìåðíûõ èíâàðèàíòíûõ ïîäìíîãîîáðàçèé â
ôàçîâîì ïðîñòðàíñòâå, ïîñâÿùåíî áîëüøîå ÷èñëî ðàáîò íà-
÷èíàÿ ñ ðàáîò Â. Ï. Ìàñëîâà [1] è È. Â. Ñèìåíîãà [2]. Îò-
ìåòèì òàêæå ðàáîòó [3], ãäå áûëè íàéäåíû àñèìïòîòè÷åñêèå
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ñîáñòâåííûå çíà÷åíèÿ îïåðàòîðà Õàðòðè ñ êóëîíîâñêèì âçà-
èìîäåéñòâèåì â ïðîñòðàíñòâå L2(R3) âáëèçè âåðõíèõ ãðàíèö
ñïåêòðàëüíûõ êëàñòåðîâ. Ýòè êëàñòåðû îáðàçóþòñÿ îêîëî
óðîâíåé ýíåðãèè íåâîçìóù¼ííîãî îïåðàòîðà. Ñîîòâåòñòâóþ-
ùèå àñèìïòîòè÷åñêèå ñîáñòâåííûå ôóíêöèè ëîêàëèçîâàíû
âáëèçè îêðóæíîñòè Γ â R3, íà êîòîðîé êóëîíîâñêèé ïîòåí-
öèàë ñàìîäåéñòâèÿ èìååò ëîãàðèôìè÷åñêóþ îñîáåííîñòü. Â
äàííîé ðàáîòå áóäóò ïîñòðîåíû àñèìïòîòè÷åñêèå ñîáñòâåí-
íûå ôóíêöèè çàäà÷è (1), (2) ïðè κ > 0, êîòîðûå òàêæå ëî-
êàëèçîâàíû âáëèçè îêðóæíîñòè Γ.

Ïðè ε = 0 ñîáñòâåííûå çíà÷åíèÿ λ = λn(ε) çàäà÷è (1),
(2) èìåþò âèä

λn(0) = − 1

4n2
, n = 1, 2, . . . ,

ãäå n� ãëàâíîå êâàíòîâîå ÷èñëî. Ïóñòü òåïåðü ε íå ðàâíî
íóëþ. Ðàññìîòðèì ñëó÷àé, êîãäà ÷èñëî n âåëèêî. Äëÿ îïðå-
äåë¼ííîñòè áóäåì ñ÷èòàòü, ÷òî λ èìååò ïîðÿäîê ε. Òîãäà n
èìååò ïîðÿäîê ε−1/2.

Ïóñòü p = n−|m|−1, ãäåm�ìàãíèòíîå êâàíòîâîå ÷èñëî.
Â äàííîé ðàáîòå äëÿ êàæäîãî ôèêñèðîâàííîãî p = 0, 1, 2, . . .
íàéäåíû àñèìïòîòè÷åñêèå ñîáñòâåííûå çíà÷åíèÿ
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âáëèçè âåðõíèõ ãðàíèö ñïåêòðàëüíûõ êëàñòåðîâ. Çäåñü i
ïðèíèìàåò êîíå÷íîå ÷èñëî çíà÷åíèé i = 0, . . . , Ip. Â ÷àñòíî-
ñòè, ïðè p = 0 ñóùåñòâóåò îäíî ÷èñëî α(0)

0 = 4, ïðè p = 1�
äâà ÷èñëà α

(1)
0 = 3, α

(1)
1 = 2, ïðè p = 2�øåñòü ÷èñåë

α
(2)
0 = 2+4/7, α

(2)
1 = 2+1/4, α

(2)
2 = 2, α

(2)
3 = 2−4/13, α

(2)
4 =

2− 7/20, α
(2)
5 = 2− 4/9.

Íàêîíåö, âáëèçè îêðóæíîñòè Γ, ãäå ëîêàëèçîâàíî ðåøå-
íèå (1), (2), ãëàâíûé ÷ëåí åãî àñèìïòîòè÷åñêîãî ðàçëîæåíèÿ
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γ = γ
(p)
i ÿâëÿåòñÿ ðåøåíèåì çàäà÷è î äâóìåðíîì îñöèëëÿòî-

ðå: [4]
Lγ(τ, s) = 0, ‖γ‖L2(R2) = 1.

Çäåñü îïåðàòîð L èìååò âèä

L = −1

2

(
∂2

∂s2
+

∂2

∂τ 2

)
+
s2 + τ 2

2
− (p+ 1).

Îòìåòèì, ÷òî ðàíåå â ðàáîòå [5] äëÿ óðàâíåíèÿ Õàðòðè â
ñëó÷àå íüþòîíîâñêîãî âçàèìîäåéñòâèÿ ñ ýêðàíèðîâêîé áûëà
ïîñòðîåíà êâàçèêëàññè÷åñêàÿ ñåðèÿ ñîáñòâåííûõ çíà÷åíèé è
ñôåðè÷åñêè-ñèììåòðè÷íûõ ñîáñòâåííûõ ôóíêöèé.
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