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Ðåãóëÿðèçàöèÿ çàäà÷è ñ âîçìóùåíèÿìè ëèíåéíîãî

óðàâíåíèÿ ìàëûìè ëèíåéíûìè ñëàãàåìûìè

c⃝ Á. Â. Ëîãèíîâ1, Â. Å. Ïîñïååâ2

Àííîòàöèÿ. Âûïîëíåíà ðåãóëÿðèçàöèè çàäà÷è î âîçìóùåíèè ëèíåéíîãî óðàâíåíèÿ ìàëûìè
ëèíåéíûìè ñëàãàåìûìè â óñëîâèÿõ çàäàíèÿ δ -ïðèáëèæåíèé ïî íîðìå îïåðàòîðîâ è ïðàâîé
÷àñòè.
Êëþ÷åâûå ñëîâà: ëèíåéíîå óðàâíåíèå, âîçìóùåíèå, ðåãóëÿðèçàöèÿ.

Ðàññìàòðèâàåòñÿ óðàâíåíèå By = h + A(ε)y (1), ãäå B ∈ L(E1 → E2) îïåðàòîð ñ
íåçàìêíóòîé îáëàñòüþ çíà÷åíèé, dimN(B) = dimN⋆(B) = n , 0 ≤ n <∞ , E1 è E2 áàíà-
õîâû ïðîñòðàíñòâà. Ðåøåíèå çàäà÷è (1) ñ ôðåäãîëüìîâûì îïåðàòîðîì B ñîäåðæèòñÿ â [1].
Çäåñü äëÿ ïðîñòîòû èçëîæåíèÿ ðàññìàòðèâàåòñÿ ñëó÷àé n = 1 è A(ε) = εA , îáîáùåíèÿ
íå âûçûâàþò ïðèíöèïèàëüíûõ çàòðóäíåíèé. Èñïîëüçóþòñÿ òåðìèíîëîãèÿ è îáîçíà÷åíèÿ
[1]. Òðåáóåòñÿ ïîñòðîèòü ðåøåíèå óðàâíåíèÿ (1) ïî çàäàííûì δ -ïðèáëèæåíèÿì B̃ , Ã , h̃ ,
φ̃ , ψ̃ , γ̃ , z̃ (N(B) = {φ} , N⋆ = {ψ} , (γ, φ) , (ψ, z) = 1 ). Ïðåäïîëàãàåòñÿ, ÷òî îïåðàòîð
A ïîä÷èíÿåò ñåáå íåîãðàíè÷åííûé îïåðàòîð Γ = B̂−1 , B̂ = B + (γ, ·)z .

Åñëè p äëèíà æîðäàíîâîé öåïî÷êè (φ(i), i = 1, p) ýëåìåíòà φ = φ(1) , òî äëÿ åå ïî-

ñòðîåíèÿ èñïîëüçóþòñÿ óðàâíåíèÿ (
˜̂
B + αjC)φ̃

(j) = Ãφ̃(j−1) , αj = δ2
−(j−1)

, ãäå îïåðàòîð C

òàêîé, ÷òî (ψ(1), Cφ(1)) ̸= 0 , ò.å. ∥B + αC∥ = O(α−1) . Òîãäà [2] ∥φ(j) − φ̃(j)∥ = O(δ2
−(j−1)

)

è |(ψ̃(1), Ãφ̃(p))| = 1 + O(δ2
−(p−1)

) . Ñîãëàñíî [1] y =
q∑

i=−p
yiε

i + u(ε) . Êîýôôèöèåíòû

ỹi àñèìïòîòèêè ðåøåíèÿ (1) îïðåäåëÿþòñÿ â âèäå ỹ−p = ξ̃1φ̃
(1), . . . , ỹ−1 =

p∑
j=1

ξ̃jφ̃
(j) ,

ỹs =
s+1∑
j=1

ξ̃jφ̃
(j) + b̃s , φ̃(i) = φ̃(i−[ i

p
]p) , 0 ≤ s ≤ q ; (

˜̂
B + αsC)b̃s = Ãb̃s−1 , Ãb̃−1 = h̃ ;

ξ̃j(ψ̃
(1), Ãφ̃(p))+(ψ̃(1), Ãb̃j−2) = 0 åñëè j ≤ p , è (ξ̃j+. . .+ξ̃p+k+ξ̃k)(ψ̃

(1), Ãφ̃(p))+(ψ̃(1), Ãb̃j−2) =

0 ïðè j = [
j

p
]p + k , ò.å. ξ̃j âû÷èñëÿþòñÿ ñ çàïàçäûâàíèåì â p øàãîâ. Ïî èíäóêöèè äî-

êàçûâàåòñÿ, ÷òî ∥ỹ0 − y0∥ = O(δ2
−p
), . . . , ∥ỹq − yq∥ = O(δ2

−(p+q)
) . ×èñëî q îïðåäåëÿåòñÿ

óñëîâèåì |(ψ̃(1), Ãb̃q−1)| = const+O(δ2
−q
) .

Ïîñòðîèòü ðåøåíèå (1) ïîñëåäîâàòåëüíûì îïðåäåëåíèåì êîýôôèöèåíòîâ ỹi , i =
−p, . . . , íåâîçìîæíî èç-çà ðîñòà ïîãðåøíîñòè âìåñòå ñ i . Ïîýòîìó, êàê è â [2] äëÿ îá-
ùåé çàäà÷è òåîðèè âåòâëåíèÿ, îñòàòîê ũ(ε) ïðè ρ0 ≤ |ε| ≤ ρ îïðåäåëÿåòñÿ ðàâíîìåðíûì
ïî ε ðåãóëÿðèçèðîâàííûì ïðîöåññîì ïîñëåäîâàòåëüíûõ ïðèáëèæåíèé.
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Regularization of the problem about perturbations of

linear equation by small linear terms.

c⃝ B. V. Loginov3, V. E. Pospeev4

Abstract. The regularization of the problem about perturbation of linear equation by small linear
terns under the conditions of given δ -approximations by norm of operators and right-hand side is
made.
Key Words: linear equation, perturbation, regularization.
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