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Ïîñòàíîâêà çàäà÷è

Ðàññìàòðèâàåòñÿ îäíîìåðíûé îïåðàòîð Øð¼äèíãåðà âèäà

Hu(x) = −u′′(x) +
+∞∑
k=1

akδ(x − xk)u(x) â L2([0,+∞))
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Ïîñòàíîâêà çàäà÷è

Ðàññìàòðèâàåòñÿ îäíîìåðíûé îïåðàòîð Øð¼äèíãåðà âèäà

Hu(x) = −u′′(x) +
+∞∑
k=1

akδ(x − xk)u(x) â L2([0,+∞))

Îáëàñòü îïðåäåëåíèÿ:

u ∈W 2
2 ([0,+∞) \ {xk , k ∈ N}) ∩ C ([0,+∞))
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Ïîñòàíîâêà çàäà÷è

Ðàññìàòðèâàåòñÿ îäíîìåðíûé îïåðàòîð Øð¼äèíãåðà âèäà

Hu(x) = −u′′(x) +
+∞∑
k=1

akδ(x − xk)u(x) â L2([0,+∞))

Îáëàñòü îïðåäåëåíèÿ:

u ∈W 2
2 ([0,+∞) \ {xk , k ∈ N}) ∩ C ([0,+∞))

Êðàåâîå óñëîâèå: (D) u(0) = 0 ÈËÈ (N) u′(0+) = 0

Agafonkin G. Âòîðàÿ êîíôåðåíöèÿ ìàò.öåíòðîâ Ðîññèè



Ïîñòàíîâêà çàäà÷è

Ðàññìàòðèâàåòñÿ îäíîìåðíûé îïåðàòîð Øð¼äèíãåðà âèäà

Hu(x) = −u′′(x) +
+∞∑
k=1

akδ(x − xk)u(x) â L2([0,+∞))

Îáëàñòü îïðåäåëåíèÿ:

u ∈W 2
2 ([0,+∞) \ {xk , k ∈ N}) ∩ C ([0,+∞))

Êðàåâîå óñëîâèå: (D) u(0) = 0 ÈËÈ (N) u′(0+) = 0

Îñíîâíàÿ çàäà÷à

Ïî çàäàííîìó (çàìêíóòîìó) îãðàíè÷åííîìó ñíèçó ìíîæåñòâó

S ⊂ R íàéòè çíà÷åíèÿ xk è ak òàêèå, ÷òî σess(H) = S .
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Îáîçíà÷åíèÿ

Ìû ðàçáèâàåì ïîñëåäîâàòåëüíîñòü {xk} íà 2 ÷àñòè:

0 x1 x2 x3 x4 x5 x6
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Îáîçíà÷åíèÿ

Ìû ðàçáèâàåì ïîñëåäîâàòåëüíîñòü {xk} íà 2 ÷àñòè:

0 y1 y2 y3 y4

m1 m2 m3 m4
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Îáîçíà÷åíèÿ

Ìû ðàçáèâàåì ïîñëåäîâàòåëüíîñòü {xk} íà 2 ÷àñòè:

0 y1 y2 y3 y4

m1 m2 m3 m4

yk � ïîäïîñë-òü ñ dk := yk − yk−1 → 0 ïðè k → +∞ è

+∞∑
k=1

dk = +∞
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Îáîçíà÷åíèÿ

Ìû ðàçáèâàåì ïîñëåäîâàòåëüíîñòü {xk} íà 2 ÷àñòè:

0 y1 y2 y3 y4

m1 m2 m3 m4

yk � ïîäïîñë-òü ñ dk := yk − yk−1 → 0 ïðè k → +∞ è

+∞∑
k=1

dk = +∞

mk � ñåðåäèíà Ik := [yk−1, yk ]
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Îáîçíà÷åíèÿ

Ìû ðàçáèâàåì ïîñëåäîâàòåëüíîñòü {xk} íà 2 ÷àñòè:

0 y1 y2 y3 y4

m1 m2 m3 m4

yk � ïîäïîñë-òü ñ dk := yk − yk−1 → 0 ïðè k → +∞ è

+∞∑
k=1

dk = +∞

mk � ñåðåäèíà Ik := [yk−1, yk ]

Íàêîíåö, îáîçíà÷èì ak =

{
µk â mk

νk â yk
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Âñïîìîãàòåëüíûé îïåðàòîð

Â ýòèõ îáîçíà÷åíèÿõ

Hu(x) = −u′′(x) +
+∞∑
k=1

(µkδ(x −mk) + νkδ(x − yk)) u(x)
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Âñïîìîãàòåëüíûé îïåðàòîð

Â ýòèõ îáîçíà÷åíèÿõ

Hu(x) = −u′′(x) +
+∞∑
k=1

(µkδ(x −mk) + νkδ(x − yk)) u(x)

Ïóñòü νk = +∞ ïðè âñåõ k :
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Âñïîìîãàòåëüíûé îïåðàòîð

Â ýòèõ îáîçíà÷åíèÿõ

Hu(x) = −u′′(x) +
+∞∑
k=1

(µkδ(x −mk) + νkδ(x − yk)) u(x)

Ïóñòü νk = +∞ ïðè âñåõ k :

Ĥ ∼=
+∞⊕
k=1

Ĥk â L2([0,+∞)) ∼=
+∞⊕
k=1

L2(Ik)
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Âñïîìîãàòåëüíûé îïåðàòîð

Â ýòèõ îáîçíà÷åíèÿõ

Hu(x) = −u′′(x) +
+∞∑
k=1

(µkδ(x −mk) + νkδ(x − yk)) u(x)

Ïóñòü νk = +∞ ïðè âñåõ k :

Ĥ ∼=
+∞⊕
k=1

Ĥk â L2([0,+∞)) ∼=
+∞⊕
k=1

L2(Ik)

u ←→ (u1, u2, . . .) : uk = u
∣∣
Ik
∈ L2(Ik) è

+∞∑
k=1

‖uk‖2 < +∞
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Âñïîìîãàòåëüíûé îïåðàòîð

Â ýòèõ îáîçíà÷åíèÿõ

Hu(x) = −u′′(x) +
+∞∑
k=1

(µkδ(x −mk) + νkδ(x − yk)) u(x)

Ïóñòü νk = +∞ ïðè âñåõ k :

Ĥ ∼=
+∞⊕
k=1

Ĥk â L2([0,+∞)) ∼=
+∞⊕
k=1

L2(Ik)

u ←→ (u1, u2, . . .) : uk = u
∣∣
Ik
∈ L2(Ik) è

+∞∑
k=1

‖uk‖2 < +∞

Ĥkuk(x) = −u′′k (x) + µkδ(x −mk)uk(x)
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Âñïîìîãàòåëüíûé îïåðàòîð

Ĥ ∼=
+∞⊕
k=1

Ĥk â L2([0,+∞)) ∼=
+∞⊕
k=1

L2(Ik)

Ĥkuk(x) = −u′′k (x) + µkδ(x −mk)uk(x)

Îáëàñòü îïðåäåëåíèÿ:

uk ∈W 2
2 (Ik \ {mk}) ∩ C (Ik) : u(yk−1) = u(yk) = 0
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Âñïîìîãàòåëüíûé îïåðàòîð

Ĥ ∼=
+∞⊕
k=1

Ĥk â L2([0,+∞)) ∼=
+∞⊕
k=1

L2(Ik)

Ĥkuk(x) = −u′′k (x) + µkδ(x −mk)uk(x)

Îáëàñòü îïðåäåëåíèÿ:

uk ∈W 2
2 (Ik \ {mk}) ∩ C (Ik) : u(yk−1) = u(yk) = 0

Ïåðâûé ýòàï

Íàéòè µk òàêèå, ÷òî σess(Ĥ) = S
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Âñïîìîãàòåëüíàÿ çàäà÷à

Èçâåñòíî, ÷òî ñïåêòðû âñåõ Ĥk ÷èñòî äèñêðåòíû. Ïðîíóìåðóåì

èõ ýëåìåíòû:

λjk � j-å ñ.ç. Ĥk .
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Âñïîìîãàòåëüíàÿ çàäà÷à

Èçâåñòíî, ÷òî ñïåêòðû âñåõ Ĥk ÷èñòî äèñêðåòíû. Ïðîíóìåðóåì

èõ ýëåìåíòû:

λjk � j-å ñ.ç. Ĥk .

Ìû èñïîëüçóåì ñëåäóþùèå ëåììû:
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Âñïîìîãàòåëüíàÿ çàäà÷à

Èçâåñòíî, ÷òî ñïåêòðû âñåõ Ĥk ÷èñòî äèñêðåòíû. Ïðîíóìåðóåì

èõ ýëåìåíòû:

λjk � j-å ñ.ç. Ĥk .

Ìû èñïîëüçóåì ñëåäóþùèå ëåììû:

Ëåììà 1

dim Ker(Ĥ − λI ) = #{(j , k) : λjk = λ}
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Âñïîìîãàòåëüíàÿ çàäà÷à

Èçâåñòíî, ÷òî ñïåêòðû âñåõ Ĥk ÷èñòî äèñêðåòíû. Ïðîíóìåðóåì

èõ ýëåìåíòû:

λjk � j-å ñ.ç. Ĥk .

Ìû èñïîëüçóåì ñëåäóþùèå ëåììû:

Ëåììà 1

dim Ker(Ĥ − λI ) = #{(j , k) : λjk = λ}

Ëåììà 2

σ(Ĥ) = {λjk}
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Âñïîìîãàòåëüíàÿ çàäà÷à

Èçâåñòíî, ÷òî ñïåêòðû âñåõ Ĥk ÷èñòî äèñêðåòíû. Ïðîíóìåðóåì

èõ ýëåìåíòû:

λjk � j-å ñ.ç. Ĥk .

Ìû èñïîëüçóåì ñëåäóþùèå ëåììû:

Ëåììà 1

dim Ker(Ĥ − λI ) = #{(j , k) : λjk = λ}

Ëåììà 2

σ(Ĥ) = {λjk}

Â ÷àñòíîñòè, èìååì σess(Ĥ) = ò.íàêîïë. {λjk}.

Agafonkin G. Âòîðàÿ êîíôåðåíöèÿ ìàò.öåíòðîâ Ðîññèè



Ñïåêòð Ĥk

Äëÿ óäîáñòâà èñïîëüçóåì áåçûíäåêñîâóþ çàïèñü.
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Ñïåêòð Ĥk

Äëÿ óäîáñòâà èñïîëüçóåì áåçûíäåêñîâóþ çàïèñü.

Ðàññìàòðèâàåòñÿ ñïåêòðàëüíàÿ çàäà÷à

−u′′(x) + µδ(x −m)u(x) = λu(x), x ∈ I = [α, β], d := β − α

u ∈W 2
2 (I \ {m}) ∩ C (I ), u(α) = u(β) = 0
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Ñïåêòð Ĥk

Äëÿ óäîáñòâà èñïîëüçóåì áåçûíäåêñîâóþ çàïèñü.

Ðàññìàòðèâàåòñÿ ñïåêòðàëüíàÿ çàäà÷à

−u′′(x) + µδ(x −m)u(x) = λu(x), x ∈ I = [α, β], d := β − α

u ∈W 2
2 (I \ {m}) ∩ C (I ), u(α) = u(β) = 0

Ðåøàÿ õàð.óðàâíåíèå, ïîëó÷àåì:

Λ =

{(
2πk

d

)2

, k ∈ N

}
∪ {λ : Fd(λ) = µ} ,

ãäå Λ � íàáîð ñ.ç. λ.

Agafonkin G. Âòîðàÿ êîíôåðåíöèÿ ìàò.öåíòðîâ Ðîññèè



Ôóíêöèÿ Fd è åå ñâîéñòâà

Fd(λ) =


− 4
d
· ctg

(
d
√
λ

2

)
, λ > 0

− 4
d
· cth

(
d
√
−λ
2

)
, λ < 0

,

ãäå f (x) := xf (x).
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Ôóíêöèÿ Fd è åå ñâîéñòâà

Óðàâíåíèå Fd(λ) = µ èìååò åäèíñòâåííîå ðåøåíèå íà êàæäîé

êîìïîíåíòå ñâÿçíîñòè îáë.îïðåä. Fd . Ïîýòîìó

Λ =

{
λ1 <

(
2π

d

)2

< λ3 <

(
4π

d

)2

< . . .

}
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Ñïåêòð Ĥ

Èìååì:

σ(Ĥk) =

{
λ1,k <

(
2π

dk

)2

< λ3,k <

(
4π

dk

)2

< . . .

}
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Ñïåêòð Ĥ

Èìååì:

σ(Ĥk) =

{
λ1,k <

(
2π

dk

)2

< λ3,k <

(
4π

dk

)2

< . . .

}

Ïîñêîëüêó dk → 0 ïðè k →∞,

ò.íàêîïë. {λjk , j ≥ 2} = {+∞}
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Ñïåêòð Ĥ

Èìååì:

σ(Ĥk) =

{
λ1,k <

(
2π

dk

)2

< λ3,k <

(
4π

dk

)2

< . . .

}

Ïîñêîëüêó dk → 0 ïðè k →∞,

ò.íàêîïë. {λjk , j ≥ 2} = {+∞}

Ïîýòîìó

σess(Ĥ) = ò.íàêîïë.{λ1,k}.
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Ñïåêòð Ĥ

Ïóñòü S � çàìêíóòîå îãðàíè÷åííîå ñíèçó ìíîæåñòâî. Âûáåðåì

ïîñëåäîâàòåëüíîñòü {sk , k ∈ N} òàê, ÷òî:
◦ S = ò.íàêîïë.{sk}

◦ sk <

(
π

dk

)2
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Ñïåêòð Ĥ

Ïóñòü S � çàìêíóòîå îãðàíè÷åííîå ñíèçó ìíîæåñòâî. Âûáåðåì

ïîñëåäîâàòåëüíîñòü {sk , k ∈ N} òàê, ÷òî:
◦ S = ò.íàêîïë.{sk}

◦ sk <

(
π

dk

)2

Îïðåäåëèì µk = Fdk (sk). Òîãäà µk < 0 ïðè âñåõ k è

λ1,k = sk =⇒ σess(Ĥ) = S
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Ñïåêòð Ĥ

Ïóñòü S � çàìêíóòîå îãðàíè÷åííîå ñíèçó ìíîæåñòâî. Âûáåðåì

ïîñëåäîâàòåëüíîñòü {sk , k ∈ N} òàê, ÷òî:
◦ S = ò.íàêîïë.{sk}

◦ sk <

(
π

dk

)2

Îïðåäåëèì µk = Fdk (sk). Òîãäà µk < 0 ïðè âñåõ k è

λ1,k = sk =⇒ σess(Ĥ) = S

Çàìå÷àíèå

Ïîñòðîåííûé îïåðàòîð Ĥ îãðàíè÷åí ñíèçó êîíñòàíòîé c = minS
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Äàëüíåéøåå ïîñòðîåíèå

H ∼=
+∞⊕
k=1

Hk â L2([0,+∞)) ∼=
+∞⊕
k=1

L2(Ik)

Agafonkin G. Âòîðàÿ êîíôåðåíöèÿ ìàò.öåíòðîâ Ðîññèè



Äàëüíåéøåå ïîñòðîåíèå

H ∼=
+∞⊕
k=1

Hk â L2([0,+∞)) ∼=
+∞⊕
k=1

L2(Ik)

Hkuk(x) = −u′′k (x) + µkδ(x −mk)uk(x)
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Äàëüíåéøåå ïîñòðîåíèå

H ∼=
+∞⊕
k=1

Hk â L2([0,+∞)) ∼=
+∞⊕
k=1

L2(Ik)

Hkuk(x) = −u′′k (x) + µkδ(x −mk)uk(x)

Îáëàñòü îïðåäåëåíèÿ:

uk ∈W 2
2 (Ik \ {mk}) ∩ C (Ik)

Êðàåâîå óñëîâèå:

u′(xk−1) =
νk−1
2

u(xk−1),

u′(xk) = −νk
2
u(xk),
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Äàëüíåéøåå ïîñòðîåíèå

H ∼=
+∞⊕
k=1

Hk â L2([0,+∞)) ∼=
+∞⊕
k=1

L2(Ik)

Hkuk(x) = −u′′k (x) + µkδ(x −mk)uk(x)

Îáëàñòü îïðåäåëåíèÿ:

uk ∈W 2
2 (Ik \ {mk}) ∩ C (Ik)

Êðàåâîå óñëîâèå:

u′(xk−1) =
νk−1
2

u(xk−1),

u′(xk) = −νk
2
u(xk),

Âòîðîé ýòàï

Ïîäîáðàòü νk òàê, ÷òî σess(H) = σess(Ĥ) (= S)
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Ïîëóîãðàíè÷åííîñòü H

Ìû èñïîëüçóåì ñëåäóþùóþ ëåììó:
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Ïîëóîãðàíè÷åííîñòü H

Ìû èñïîëüçóåì ñëåäóþùóþ ëåììó:

Ëåììà 3

λj(Hk)↗ λjk ïðè min{νk−1, νk} → +∞
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Ïîëóîãðàíè÷åííîñòü H

Ìû èñïîëüçóåì ñëåäóþùóþ ëåììó:

Ëåììà 3

λj(Hk)↗ λjk ïðè min{νk−1, νk} → +∞

Çàôèêñèðóåì ïîñëåäîâàòåëüíîñòü {ν̃k}, ÷òî λj(Hk) ≥ λjk − 1.

Òîãäà ïðè âñåõ {νk ≥ ν̃k} èìååì

H ≥ min S − 1
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Âûáîð yk

Ïóñòü {Mk , k ∈ N} � âîçðàñòàþùàÿ ïîñëåäîâàòåëüíîñòü ò.÷òî:
◦ Mk > 0 è Mk = o(xε) äëÿ âñåõ ε > 0

◦ S ∩ (−∞,M1) 6= ∅
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Âûáîð yk

Ïóñòü {Mk , k ∈ N} � âîçðàñòàþùàÿ ïîñëåäîâàòåëüíîñòü ò.÷òî:
◦ Mk > 0 è Mk = o(xε) äëÿ âñåõ ε > 0

◦ S ∩ (−∞,M1) 6= ∅

Ïîëîæèì y0 = 0 è yn =
n∑

k=1

π

k
√
Mk

ïðè n ≥ 1.
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Âûáîð yk

Ïóñòü {Mk , k ∈ N} � âîçðàñòàþùàÿ ïîñëåäîâàòåëüíîñòü ò.÷òî:
◦ Mk > 0 è Mk = o(xε) äëÿ âñåõ ε > 0

◦ S ∩ (−∞,M1) 6= ∅

Ïîëîæèì y0 = 0 è yn =
n∑

k=1

π

k
√
Mk

ïðè n ≥ 1.

Óñëîâèÿ íà sk :

◦ S = ò.íàêîïë. {sk}
◦ sk < Mkk

2
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Âûáîð yk

Ïóñòü {Mk , k ∈ N} � âîçðàñòàþùàÿ ïîñëåäîâàòåëüíîñòü ò.÷òî:
◦ Mk > 0 è Mk = o(xε) äëÿ âñåõ ε > 0

◦ S ∩ (−∞,M1) 6= ∅

Ïîëîæèì y0 = 0 è yn =
n∑

k=1

π

k
√
Mk

ïðè n ≥ 1.

Óñëîâèÿ íà sk :

◦ S = ò.íàêîïë. {sk}
◦ sk < Mkk

2

Íàïîìíèì, ÷òî µk = Fdk (sk) < 0, ãäå dk =
π

k
√
Mk

.
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Âûáîð νk

Ìû ãîòîâû ñôîðìóëèðîâàòü îñíîâíîé ðåçóëüòàò.
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Âûáîð νk

Ìû ãîòîâû ñôîðìóëèðîâàòü îñíîâíîé ðåçóëüòàò.

Òåîðåìà 1

Ïóñòü yk , mk , µk è ν̃k âûáðàíû ðàíåå.

Åñëè νk óäîâëåòâîðÿåò îáîèì íåðàâåíñòâàì νk ≥ ν̃k è

νk ≥ M
3/2
k+1(k + 1)5+ε äëÿ íåêîòîðîãî ε > 0, òî ðåçîëüâåíòíàÿ

ðàçíîñòü

T = Rλ(H)− Rλ(Ĥ)

êîìïàêòíà, è ïîýòîìó σess(H) = σess(Ĥ) = S .
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Âûáîð νk

Ìû ãîòîâû ñôîðìóëèðîâàòü îñíîâíîé ðåçóëüòàò.

Òåîðåìà 1

Ïóñòü yk , mk , µk è ν̃k âûáðàíû ðàíåå.

Åñëè νk óäîâëåòâîðÿåò îáîèì íåðàâåíñòâàì νk ≥ ν̃k è

νk ≥ M
3/2
k+1(k + 1)5+ε äëÿ íåêîòîðîãî ε > 0, òî ðåçîëüâåíòíàÿ

ðàçíîñòü

T = Rλ(H)− Rλ(Ĥ)

êîìïàêòíà, è ïîýòîìó σess(H) = σess(Ĥ) = S .

Çàìå÷àíèå

Âûðàæåíèå äëÿ îïåðàòîðà T íå ìåíÿåòñÿ ïðè çàìåíå êðàåâîãî

óñëîâèÿ â 0 ñ (D) íà (N).
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Ñìåæíàÿ çàäà÷à

Ïðèìåíèì ýòîò æå ìåòîä ê çàäà÷å äëÿ îïåðàòîðà

Lu(x) = −u′′(x) +
+∞∑
k=1

akχ[xk−1,xk ]u(x) â L2([0,+∞))
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Ñìåæíàÿ çàäà÷à

Ïðèìåíèì ýòîò æå ìåòîä ê çàäà÷å äëÿ îïåðàòîðà

Lu(x) = −u′′(x) +
+∞∑
k=1

akχ[xk−1,xk ]u(x) â L2([0,+∞))

Îáëàñòü îïðåäåëåíèÿ:

u ∈W 2
2 ([0,+∞))

Êðàåâîå óñëîâèå: (D) u(0) = 0 ÈËÈ (N) u′(0+) = 0
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Ñìåæíàÿ çàäà÷à

Ïðèìåíèì ýòîò æå ìåòîä ê çàäà÷å äëÿ îïåðàòîðà

Lu(x) = −u′′(x) +
+∞∑
k=1

akχ[xk−1,xk ]u(x) â L2([0,+∞))

Îáëàñòü îïðåäåëåíèÿ:

u ∈W 2
2 ([0,+∞))

Êðàåâîå óñëîâèå: (D) u(0) = 0 ÈËÈ (N) u′(0+) = 0

Âñïîìîãàòåëüíûé îïåðàòîð L̂ � ñóæåíèå L íà{
u ∈W 2

2 ([0,+∞)) : u(xk) = 0 äëÿ âñåõ k
}
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Ñìåæíàÿ çàäà÷à

Ëåììà 4

Rλ(L) = Rλ(L̂)
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Ñìåæíàÿ çàäà÷à

Ëåììà 4

Rλ(L) = Rλ(L̂)

Îñòàåòñÿ ïîäîáðàòü xk è ak òàê, ÷òî σess(L̂) = S .
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Ñìåæíàÿ çàäà÷à

Ëåììà 4

Rλ(L) = Rλ(L̂)

Îñòàåòñÿ ïîäîáðàòü xk è ak òàê, ÷òî σess(L̂) = S .

L̂ ∼=
+∞⊕
k=1

L̂k â L2([0,+∞)) ∼=
+∞⊕
k=1

L2([xk−1, xk ])

L̂kuk(x) = −u′′k (x) + akuk(x)

uk ∈ W̊ 2
2 ([xk−1, xk ])
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Ñìåæíàÿ çàäà÷à

Ëåììà 4

Rλ(L) = Rλ(L̂)

Îñòàåòñÿ ïîäîáðàòü xk è ak òàê, ÷òî σess(L̂) = S .

L̂ ∼=
+∞⊕
k=1

L̂k â L2([0,+∞)) ∼=
+∞⊕
k=1

L2([xk−1, xk ])

L̂kuk(x) = −u′′k (x) + akuk(x)

uk ∈ W̊ 2
2 ([xk−1, xk ])

λj(L̂k) = ak +

(
πj

dk

)2

, ãäå dk = xk − xk−1.
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Ñìåæíàÿ çàäà÷à

Ïóñòü

{ak} = {bk} ∪ {ck},

ãäå bk = ank < 0 è ck = amk
≥ 0 äëÿ âñåõ k .

Agafonkin G. Âòîðàÿ êîíôåðåíöèÿ ìàò.öåíòðîâ Ðîññèè



Ñìåæíàÿ çàäà÷à

Ïóñòü

{ak} = {bk} ∪ {ck},

ãäå bk = ank < 0 è ck = amk
≥ 0 äëÿ âñåõ k .

Ïîñêîëüêó dk → 0, èìååì

ò.íàêîïë.

{
ck +

(
πj

dmk

)2
}

= {+∞}
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Ñìåæíàÿ çàäà÷à

Ïóñòü

{ak} = {bk} ∪ {ck},

ãäå bk = ank < 0 è ck = amk
≥ 0 äëÿ âñåõ k .

Ïîñêîëüêó dk → 0, èìååì

ò.íàêîïë.

{
ck +

(
πj

dmk

)2
}

= {+∞}

Ïîýòîìó

σess(L̂) = ò.íàêîïë.

{
bk +

(
πj

dnk

)2
}
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Ñìåæíàÿ çàäà÷à

Âûáèðàåì {sk , k ∈ N}, òàê ÷òî:
◦ S = ò.íàêîïë. {sk}

◦ sk <

(
π

dnk

)2

è sk = o

(
1

d2nk

)
è îïðåäåëÿåì bk = −

(
π

dnk

)2

+ sk < 0.
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Ñìåæíàÿ çàäà÷à

Âûáèðàåì {sk , k ∈ N}, òàê ÷òî:
◦ S = ò.íàêîïë. {sk}

◦ sk <

(
π

dnk

)2

è sk = o

(
1

d2nk

)
è îïðåäåëÿåì bk = −

(
π

dnk

)2

+ sk < 0.

Òîãäà{
bk +

(
πj

dnk

)2
}

= {sk} ∪

{
π2(j2 − 1) + skd

2
nk

d2nk
, j ≥ 2

}

Îñòàåòñÿ çàìåòèòü, ÷òî åäèíñòâåííîé òî÷êîé íàêîïëåíèÿ

âòîðîãî ìíîæåñòâà ÿâëÿåòñÿ +∞.

Agafonkin G. Âòîðàÿ êîíôåðåíöèÿ ìàò.öåíòðîâ Ðîññèè



Âîññòàíîâëåíèå îïåðàòîðà Øð¼äèíãåðà ñ

ñèíãóëÿðíûì ïîòåíöèàëîì íà ïîëóïðÿìîé ïî

íàïåð¼ä çàäàííîìó ñóùåñòâåííîìó ñïåêòðó
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