Ś.Ť.Čĺń£ğőć, Ć.Ć.Ůěřŋżľ ŘĚČŞŃ§ŘĹĞĹŘŞđŹĹĽ ŇĚŠŐĎ ŔŘŐĚŁŰĹĹ

ŚŐŔŘ§ĘĚŊŊŻŢ ČŘĂĎĹĚŊŠŐĆ^1

Abstract

Ďőłăğăŋă śńăąă£ ĺ śĺńĳŋă£ śţőďĺňőśšĳ řěčşń£řĺğĺřş¿źěčő ăńčőřĺšňă ŋă őśŋőćě ĺšěřăűĺőŋŋőčő ňěšőďă ŕřőěłűĺĺ śőŕř£ęěŋŋżţ čřăďĺěŋšőć ďń£ řěÿěŋĺ£ ŋěńĺŋěľŋżţ ŋěłőřřřěłšŋżţ őŕěřăšőřŋżţ şřăćŋěŋĺľ ŕěřćőčő řőďă, řěÿěŋĺě łőšőřżţ ŕřĺŋăďńěęĺš ćżŕşłńőňş ğăňłŋşšőňş ňŋőęěśšćş.

1. Ňěšőď ŕřőěłűĺĺ śőŕř£ęěŋŋżţ čřăďĺěŋšőć

ďń£ šőůŋżţ ďăŋŋżţ

1. Řăśśňőšřĺň ğăďăůş ŕřĺąńĺęěŋŋőčő řěÿěŋĺ£ őŕěřăšőřŋőčő şřăćŋě-

ŋĺ£ I řőďă A(u) = f, (1)

čďě A(u) : D(A) → F | ŋěńĺŋěľŋżľ őŕěřăšőř, őŕřěďěńěŋŋżľ ŋă ňŋőęěśšćě D(A), ŕřőśšřăŋśšćă U, F | čĺńĳąěřšőćż. Ňż ŕřěďŕőńăčăěň, ůšő şřăćŋěŋĺě (1) ĺňěěš ďń£ ğăďăŋŋőčő f ∈ F ěďĺŋśšćěŋŋőě řěÿěŋĺě ^u ∈ M ⊂ U, čďě M | ğăďăŋŋőě ŋěŕşśšőě ćżŕşłńőě ğăňłŋşšőě ňŋőęěśšćő.

Ąşďěň ŕřěďŕőńăčăšĳ, ůšő őŕěřăšőř A (u) ďĺťťěřěŋűĺřşěň ŕő Ťřěÿě, ŕřĺůěň ŕřőĺğćőďŋă£ Ťřěÿě A^′(u) şďőćńěšćőř£ěš şśńőćĺ¿ Ńĺŕÿĺűă: ‖A^′(u) − A^′(v)‖ ≤ L ‖u − v‖ , u, v ∈ D (A) . Ďń£ ŕřĺąńĺęěŋŋőčő řěÿěŋĺ£ şřăćŋěŋĺ£ (1) ĺśŕőńĳğşěň ĺšěřăűĺőŋŋżľ ňěšőď ŕřőěłűĺĺ śőŕř£ęěŋŋżţ čřăďĺěŋšőć:

u_{k+1} = P_M(u_k − τ_kp_k), p_0 = g_0, p_{k+1} = g_{k+1} + β_kp_k, k = 0, 1, . . ., (2) g_k = [A^′(u_k)]^∗ r_k, r_k = A(u_k) − f,

čďě u_0 ∈ M | ğăďăŋŋżľ ŋăůăńĳŋżľ ¡ńěňěŋš, τ_k > 0, β_k > 0.

1Řăąőšă ćżŕőńŋěŋă ŕřĺ ťĺŋăŋśőćőľ ŕőďďěřęłě ŘŤŤĹ (čřăŋš 98{01{00345ă) ĺ ŤŊŔ "Şŋĺćěřśĺšěšż Řőśśĺĺ{ťşŋďăňěŋšăńĳŋżě ĺśśńěďőćăŋĺ£" (čřăŋš 8854)

Ŕřĺňěř 1. Ŕşśšĳ ĺŋšěčřăńĳŋőě şřăćŋěŋĺě b∫ a K(x, y, u(y))dy = f(x), c ≤ x ≤ d, ĺňěěš ďń£ ğăďăŋŋőľ ťşŋłűĺĺ f(x) ěďĺŋśšćěŋŋőě řěÿěŋĺě ^u(y) ≥ 0. Šőčďă ć łăůěśšćě ňŋőęěśšćă M ňőęŋő ćğ£šĳ ňŋőęěśšćő ŋěőšřĺűăšěńĳŋżţ ťşŋłűĺľ, őŕřěďěńěŋŋżţ ŋă [a, b].

Ŕřĺňěř 2. Ŕşśšĳ řěÿěŋĺě şřăćŋěŋĺ£ (1) ĺğ ăŕřĺőřŋżţ śőőąřăęě-

ŋĺľ ďőńęŋő şďőćńěšćőř£šĳ şśńőćĺ¿^{b∫}_a ^u^2 (y) dy < R^2. Šőčďă ć łăůěśšćě ňŋőęěśšćă M ňőęŋő ćğ£šĳ ňŋőęěśšćő ťşŋłűĺľ w šăłĺţ, ůšő b∫ a w^2 (y) dy ≤ R^2.

2. Şśšăŋőćĺň şśńőćĺ£ śńăąőľ śţőďĺňőśšĺ ňěšőďă ŕřőěłűĺĺ śőŕř£ęěŋ-

ŋżţ čřăďĺěŋšőć ł řěÿěŋĺ¿ şřăćŋěŋĺ£ (1).

Šěőřěňă 1 Ŕşśšĳ őŕěřăšőř A(u) śńăąő ŋěŕřěřżćěŋ ŋă M ĺ ďń£ ćś£łőčő

u, ŕřĺŋăďńěęăźěčő ňŋőęěśšćş M ∩ {u : ‖u − ^u‖ ≤ ‖u_0 − ^u‖}, ćżŕőńŋěŋő ŋěřăćěŋśšćő ( [A^′(u)]^∗ [A(u) − f] , u − ^u^) ≥ 0.5 ‖A(u) − f‖^2 . (3)

Ěśńĺ ć ňěšőďě (2) ŕăřăňěšřż τ_k şďőćńěšćőř£¿š ŋěřăćěŋśšćăň^{‖rk‖2}_{2‖pk‖}2 ≥ τ_k > τ_∗ > 0, šő ŕőśńěďőćăšěńĳŋőśšĳ {u_k}, őŕřěďěń£ěňă£ śőőšŋőÿěŋĺ- £ňĺ (2), śńăąő śţőďĺšś£ ł řěÿěŋĺ¿ şřăćŋěŋĺ£ (1), ŕřĺůěň ‖u_{k+1} − ^u‖ ≤ ‖u_k − ^u‖. Ďőłăğăšěńĳśšćő. Ďń£ şďőąśšćă őąőğŋăůěŋĺľ ŕőńőęĺň zk = uk − ^u

ĺ őűěŋĺň śŋĺğş řăğŋőśšĳ ‖z_{k−1}‖^2 − ‖z_k‖^2. Ĺśŕőńĳğş£ śćőľśšćő őŕěřăšőřă ŕřőěłšĺřőćăŋĺ£ ‖P_M(u) − P_M(v)‖ ≤ ‖u − v‖ [1, śšř. 194], ŕőńşůăěň ‖z_{k−1}‖^2 − ‖z_k‖^2 = ‖z_{k−1}‖^2 − ‖P_M(u_{k−1} − τ_{k−1}p_{k−1}) − ^u‖^2 ≥ ≥ ‖z_{k−1}‖^2 − ‖z_{k−1} − τ_{k−1}p_{k−1}‖^2 = = 2τ_{k−1}^[(z_{k−1}, p_{k−1}) − τ_{k−1} ‖p_{k−1}‖^{2]} + τ^2_{k−1} ‖p_{k−1}‖^2 . (4) Őűěŋĺň śŋĺğş ćżřăęěŋĺě (z_{k−1}, p_{k−1}) − τ_{k−1} ‖p_{k−1}‖^2. Ŕřĺ k = 1 ĺňěěň (z_0, p_0) − τ_0 ‖p_0‖^2 = (z_0, g_0) − τ_0 ‖g_0‖^2 . (5) Ŕřĺ k > 1 ĺğ ťőřňşńż ďń£ ŕőŕřăćłĺ p_{k−1} śńěďşěš řăćěŋśšćő (z_{k−1}, p_{k−1}) − τ_{k−1} ‖p_{k−1}‖^2 = (z_{k−1}, g_{k−1}) − τ_{k−1} ‖p_{k−1}‖^2 + +β_{k−2}(z_{k−1}, p_{k−2}). (6)

Ŕřěőąřăğşěň ć řăćěŋśšćě (6) śłăń£řŋőě ŕřőĺğćěďěŋĺě ŕřĺ β_{k−2}:

(z_{k−1}, p_{k−2}) =^1_{τk�2} (u_{k−1} − u_{k−2} + τ_{k−2}p_{k−2}, τ_{k−2}p_{k−2})+ +(z_{k−2} − τ_{k−2}p_{k−2}, p_{k−2}) = =^1_{τk�2} ‖τ_{k−2}p_{k−2} + u_{k−1} − u_{k−2}‖^2 + +^1_{τk�2} (u_{k−1} − u_{k−2} + τ_{k−2}p_{k−2}, u_{k−2} − u_{k−1})+ +(z_{k−2}, p_{k−2}) − τ_{k−2} ‖p_{k−2}‖^2 . (7)

Ĺśŕőńĳğş£ śćőľśšćő őŕěřăšőřă ŕřőěłšĺřőćăŋĺ£ (śň. [1, śšř. 194]) (P_M(u) − u, y − P_M(u)) ≥ 0, y ∈ U, ŕřěőąřăğşěň śłăń£řŋőě ŕřőĺğćěďěŋĺě ŕřĺ^1_{τk�2} (u_{k−1} − u_{k−2} + τ_{k−2}p_{k−2}, u_{k−2} − u_{k−1}) = = (P_M(u_{k−2} − τ_{k−2}p_{k−2}) − u_{k−2} + τ_{k−2}p_{k−2}, u_{k−2} − P_M(u_{k−2} − τ_{k−2}p_{k−2})), őšłşďă ŕőńşůăěň (u_{k−1} − u_{k−2} + τ_{k−2}p_{k−2}, u_{k−2} − u_{k−1}) ≥ 0. Őšąřăśżćă£ ć ŕřăćőľ ůăśšĺ řăćěŋśšćă (7) ŋěőšřĺűăšěńĳŋżě śńăčăěňżě, ŕőńşůăěň ŋěřăćěŋśšćő (z_{k−1}, p_{k−2}) ≥ (z_{k−2}, p_{k−2}) − τ_{k−2} ‖p_{k−2}‖^2 . (8) Őąžěďĺŋ££ ŕőśńěďŋěě ŋěřăćěŋśšćő ś (6), ŕőńşůăěň (z_{k−1}, p_{k−1}) − τ_{k−1} ‖p_{k−1}‖^2 ≥ (z_{k−1}, g_{k−1}) − τ_{k−1} ‖p_{k−1}‖^2 + +β_{k−2}[(z_{k−2}, p_{k−2}) − τ_{k−2} ‖p_{k−2}‖^2]. Ĺśŕőńĳğş£ ŕřĺŋűĺŕ ňăšěňăšĺůěśłőľ ĺŋďşłűĺĺ, ďőłăęěň ŋěřăćěŋśšćő (z_{k−1}, p_{k−1}) − τ_{k−1} ‖p_{k−1}‖^2 ≥^{k−1∑}_{i=0}^[(z_i, g_i) − τ_i ‖p_i‖^{2] k−2∏}_{j=i} β_j. (9) Ŕřĺ k = 1 ŋěřăćěŋśšćő (9) ćżŕőńŋěŋő ć śĺńş (5). Ŕřěďŕőńőęĺň, ůšő ćżŕőńŋěŋő ŋěřăćěŋśšćő (z_{k−2}, p_{k−2}) − τ_{k−2} ‖p_{k−2}‖^2 ≥^{k−2∑}_{i=0}^{k−3∏}_{j=i} β_j^[(z_i, g_i) − τ_i ‖p_i‖^{2]} ĺ ďőłăęěň, ůšő őšś¿ďă śńěďşěš (9). Ć śăňőň ďěńě, ć śĺńş (8) ĺ ŕřěďŕőńőęěŋĺ£ ĺŋďşłűĺĺ

(z_{k−1}, p_{k−1}) − τ_{k−1} ‖p_{k−1}‖^2 = (z_{k−1}, g_{k−1}) − τ_{k−1} ‖p_{k−1}‖^2 + +β_{k−2}^[(z_{k−2}, p_{k−2}) − τ_{k−2}‖p_{k−2}‖^{2]} ≥ ≥ (z_{k−1}, g_{k−1}) − τ_{k−1} ‖p_{k−1}‖^2 + +β_{k−2}^{k−2∑}_{i=0}^[(z_i, g_i) − τ_i ‖p_i‖^{2] k−3∏}_{j=i} β_j = = (z_{k−1}, g_{k−1}) − τ_{k−1} ‖p_{k−1}‖^2 + +^{k−2∑}_{i=0}^[(z_i, g_i) − τ_i ‖p_i‖^{2] k−2∏}_{j=i} β_j.

(10)

Šăł łăł, ŕő őŕřěďěńěŋĺ¿,^{k−2∏}_{j=k−1} β_j = 1, šő ĺğ (10) śńěďşěš ŋěřăćěŋśšćő (9). Şňŋőęă£ (9) ŋă 2τ_{k−1} ĺ ŕőďśšăćń££ ŕőńşůěŋŋőě ŋěřăćěŋśšćő ć (4), ŕőńşůăěň

‖z_{k−1}‖^2 − ‖z_k‖^2 ≥ 2τ_{k−1}^{k−1∑}_{i=0}^{k−2∏}_{j=i} β_j^[(z_i, g_i) − τ_i ‖p_i‖^{2]} + τ^2_{k−1} ‖p_{k−1}‖^2 . (11)

Şůĺšżćă£, ůšő ŕő őŕřěďěńěŋĺ¿ ŕăřăňěšřă τ_k ĺ ć śĺńş ŋěřăćěŋśšćă (3) ćżŕőńŋěŋő ŋěřăćěŋśšćő (z_i, g_i) − τ_i‖p_i‖^2 ≥ 0.5‖r_i‖^2 − τ_i‖p_i‖^2 ≥ 0, i ≥ 0, ŕőńşůăěň

‖z_{k−1}‖^2 − ‖z_k‖^2 ≥ τ_{k−1} ‖r_{k−1}‖^2 − 2τ^2_{k−1} ‖p_{k−1}‖^2 + τ^2_{k−1} ‖p_{k−1}‖^2 ≥ ≥ 0.5τ_{k−1} ‖r_{k−1}‖^2 > 0.5τ_∗ ‖r_{k−1}‖^2 . (12)

Ĺğ ŋěřăćěŋśšćă (12) śńěďşěš őčřăŋĺůěŋŋőśšĳ ŕőśńěďőćăšěńĳŋőśšĺ {u_k}, ŕřĺ ¡šőň lim_{k→∞} ‖A(u_k) − f‖ = 0. Ďń£ ğăćěřÿěŋĺ£ ďőłăğăšěńĳśšćă šěőřěňż őśšăńőśĳ ŕřĺňěŋĺšĳ ńěňňş 3 ĺğ [2].

Šěőřěňă ďőłăğăŋă.

3. Şłăęěň şśńőćĺ£ ŋă őŕěřăšőř A(u), ŕřĺ łőšőřżţ ćżŕőńŋěŋő ŋěřăćěŋ-

śšćő (3).

1) Ŕşśšĳ ŕřőĺğćőďŋă£ Ťřěÿě A^′(u) ŕřěďśšăćĺňă ć ŋěłőšőřőľ őłřěśšŋőśšĺ B_ρ (^u) ć ćĺďě A^′(u) = R_uA^′(^u). (13) Ğďěśĳ R_u : F → F | ńĺŋěľŋżľ őčřăŋĺůěŋŋżľ őŕěřăšőř, ŕřĺ łăęďőň ťĺłśĺřőćăŋŋőň u ∈ B_ρ (^u) šăłőľ, ůšő ‖R_u − E‖ ≤ C ‖u − ^u‖ , C > 0. (14)

Ĺğ šěőřěňż 3 ć [3] ŕřĺ ζ = 0 ĺ Cρ < 0.5 śńěďşěš ŋěřăćěŋśšćő 2(1−2Cρ) (2−Cρ) ‖A(u) − f‖ 2 ≤ ([A^′(u)]^∗ [A(u) − f] , u − ^u) , őšłşďă ŕřĺ Cρ <^2_7 ŕőńşůăěň 0.5 ‖A(u) − f‖^2 ≤ ([A^′(u)]^∗ [A(u) − f] , u − ^u) , u ∈ B_ρ (^u) . 2) Ěśńĺ ťşŋłűĺőŋăń ‖A(u) − f‖^2 ćżŕşłńżľ, šő ŋěřăćěŋśšćő (3) śńěďşěš ĺğ śćőľśšć čřăďĺěŋšă ćżŕşłńőčő ťşŋłűĺőŋăńă [1, śšř. 170].

4. Ćżćěďěň őűěŋłĺ śłőřőśšĺ śţőďĺňőśšĺ ďń£ ŋěć£ğłĺ.

Šěőřěňă 2 Ŕşśšĳ ďń£ ćś£łőčő u, ŕřĺŋăďńěęăźěčő ňŋőęěśšćş M∩{u : ‖u − ^u‖ ≤ ‖u0 − ^u‖},

ćżŕőńŋěŋő ŋěřăćěŋśšćő ([A^′(u)]^∗ [A(u) − f] , u − ^u) ≥ 0.5 ‖A(u) − f‖^2 , (15) ĺ ŕşśšĳ ć ňěšőďě (2) ŕăřăňěšřż τ_k ćżąřăŋż šăł, ůšő ďń£ ŋěłőšőřőčő ťĺłśĺřőćăŋŋőčő γ ∈ (0, 1) γ^{‖rk‖2}_{2‖pk‖}2 ≥ τ_k > 0, (16) ‖r_k‖ ≥ ‖r_{k+1}‖ . Šőčďă ćěřŋă őűěŋłă ‖r_{k−1}‖^2 < ω_k ‖u_0 − ^u‖^2 1 − γ , čďě ω^{−1}_k =^{k−1∑}_{l=0} τ_l^{l∑}_{i=0}^{l−1∏}_{j=i} β_j.

Ďőłăğăšěńĳśšćő. Ĺğ ŋěřăćěŋśšć (11) ĺ şśńőćĺľ (15), (16) śńěďşěš

őűěŋłă ‖z_{k−1}‖^2 − ‖z_k‖^2 ≥ 2τ_{k−1}^{k−1∑}_{i=0}^{k−2∏}_{j=i} β_j^[(z_i, g_i) − τ_i ‖p_i‖^{2]} + τ^2_{k−1} ‖p_{k−1}‖^2 ≥ ≥ 2τ_{k−1}^{k−1∑}_{i=0}^{k−2∏}_{j=i} β_j^[0.5 (1 − γ) ‖r_i‖^2 + 0.5γ ‖r_i‖^2 − τ_i ‖p_i‖^{2]} + +τ^2_{k−1} ‖p_{k−1}‖^2 ≥ τ_{k−1}^{k−1∑}_{i=0}^{k−2∏}_{j=i} β_j (1 − γ) ‖r_i‖^2 . (17)

Šăł łăł ŕő şśńőćĺ¿ šěőřěňż ŋőřňă ŋěć£ğłĺ ‖r_k‖ ŋě ćőğřăśšăěš, šő ĺğ (17) ŕőńşůăěň

‖z_{k−1}‖^2 − ‖z_k‖^2 ≥ τ_{k−1}^{k−1∑}_{i=0}^{k−2∏}_{j=i} β_j ‖r_{k−1}‖^2 . (18)

Ŕřőśşňňĺřşěň ŋěřăćěŋśšćă (18) őš 0 ďő k −1, šőčďă ć śĺńş ŋěćőğřăśšăŋĺ£ ‖r_k‖ ĺňěěň

‖z_0‖^2 − ‖z_k‖^2 ≥ (1 − γ)^{k−1∑}_{l=0} τ_l^{l∑}_{i=0}^{l−1∏}_{j=i} β_j ‖r_l‖^2 ≥ (1 − γ) ω^{−1}_k ‖r_{k−1}‖^2 .

Šěőřěňă ďőłăğăŋă.

5. Ŕřěďŕőńőęĺň, ůšő řěÿěŋĺě şřăćŋěŋĺ£ (1) ŕřěďśšăćĺňő ć ćĺďě ^u =

B^v, čďě B : V → U | ńĺŋěľŋżľ ćŕőńŋě ŋěŕřěřżćŋżľ őŕěřăšőř, ćğăĺňŋő őďŋőğŋăůŋő ďěľśšćş¿źĺľ ĺğ čĺńĳąěřšőćă ŕřőśšřăŋśšćă V ć U. Ŕşśšĳ ğăďăŋő ćżŕşłńőě ğăňłŋşšőě ňŋőęěśšćő N ⊂ V : B (N) ⊂ M.

Ŕřĺňěř 3. Ŕşśšĳ ňŋőęěśšćő N ğăďăŋő łăł N = {v ∈ V : (v, c) ≤ γ}.

Ěśńĺ c = B^∗d, d ∈ U, šő ŋěřăćěŋśšćő γ ≥ (v, c) ňőęŋő ğăŕĺśăšĳ łăł γ ≥ (Bv, d), ĺ šőčďă Bv ąşďěš ŕřĺŋăďńěęăšĳ ňŋőęěśšćş M = {u ∈ U : (u, d) ≤ γ}.

Řăśśňőšřĺň őŕěřăšőřŋőě şřăćŋěŋĺě A(Bv) = f. (19) Őůěćĺďŋő, şřăćŋěŋĺě (19) ĺňěěš ěďĺŋśšćěŋŋőě řěÿěŋĺě ^v, ść£ğăŋŋőě ś řěÿěŋĺěň şřăćŋěŋĺ£ (19) śőőšŋőÿěŋĺěň ^u = B^v.

Ććěďěň őŕěřăšőř G (v) ≡ A(Bv). Ďń£ ŕřĺąńĺęěŋŋőčő řěÿěŋĺ£ (19) ĺśŕőńĳğşěň ňěšőď ŕřőěłűĺĺ śőŕř£ęěŋŋżţ čřăďĺěŋšőć

v_{k+1} = P_N (v_k − τ_kp_k), p_0 = g_0, p_{k+1} = g_{k+1} + β_kp_k, k = 0, 1, . . . , (20) g_k = [G^′(v_k)]^∗ r_k, r_k = G(v_k) − f,

čďě v_0 ∈ N | ğăďăŋŋőě ŋăůăńĳŋőě ŕřĺąńĺęěŋĺě, τ_k > 0, β_k > 0.

Šěőřěňă 3 Ŕşśšĳ őŕěřăšőř G(v) śńăąő ŋěŕřżřżćěŋ ŋă N ĺ ďń£ ćś£łőčő

u, ŕřĺŋăďńěęăźěčő ňŋőęěśšćş M ∩ {u : ‖u − ^u‖ ≤ ‖u_0 − ^u‖}, ćżŕőńŋěŋő ŋěřăćěŋśšćő ( [G^′(v)]^∗ [G(v) − f] , v − ^v^) ≥ 0.5 ‖G(v) − f‖^2 .

Ěśńĺ ć ňěšőďě (20) ŕăřăňěšřż τ_k şďőćńěšćőř£¿š ŋěřăćěŋśšćăň ‖r_k‖^2 2 ‖p_k‖^2 ≥ τ_k > τ_∗ > 0, šő ŕőśńěďőćăšěńĳŋőśšĳ {Bv_k}, čďě {v_k} őŕřěďěń£ěšś£ śőőšŋőÿěŋĺ£ňĺ (20), śţőďĺšś£ ł řěÿěŋĺ¿ şřăćŋěŋĺ£ (19) ć ŋőřňě ŕřőśšřăŋśšćă U.

Ďőłăğăšěńĳśšćő. Ć śĺńş šěőřěňż 1 ŕřĺ k → ∞ vk śţőďĺšś£ śńăąő ł

^v. Šăł łăł őŕěřăšőř B ćŕőńŋě ŋěŕřěřżćěŋ, šő lim_{k→∞} ‖Bv_k − ^u‖ = 0.

Šěőřěňă ďőłăğăŋă.

2. Ňěšőď ŕřőěłűĺĺ śőŕř£ęěŋŋżţ čřăďĺěŋšőć

ďń£ ŕřĺąńĺęěŋŋżţ ďăŋŋżţ

1. Ŕşśšĳ ĺśţőďŋżě ďăŋŋżě ďń£ şřăćŋěŋĺ£ (1) ğăďăŋż ś ŕőčřěÿŋőśšĳ¿,

ă ĺňěŋŋő ĺğćěśšŋż őŕěřăšőř ~A(u) : D (A) → F , ¡ńěňěŋš ~f, ă šăłęě ůĺśńă σ > 0, δ > 0 šăłĺě, ůšő ďń£ ŕřőĺğćőńĳŋőčő u ∈ D (A) ćżŕőńŋěŋż şśńőćĺ£ ăŕŕřőłśĺňăűĺĺ ‖ ‖ ‖ ~A(u) − A(u)^‖ ≤ η˙ (u) ,^‖ ~f − f^‖ ≤ δ. (21) Ğďěśĳ ťşŋłűĺőŋăń ˙ (u) őčřăŋĺůěŋ ŋă ń¿ąőň őčřăŋĺůěŋŋőň ňŋőęěśšćě ĺğ D (A), ˙ (0) = 0.

Ąşďěň ŕřěďŕőńăčăšĳ, ůšő őŕěřăšőř ~A(u) ďĺťťěřěŋűĺřşěň ŕő Ťřěÿě ŋă D (A), ŕřĺůěň ŕřőĺğćőďŋă£ ~A^′(u) ďń£ ŕřőĺğćőńĳŋżţ u, v ∈ D (A) şďőćńěšćőř£ěš şśńőćĺ¿ ăŕŕřőłśĺňăűĺĺ ‖ ‖ ‖ ~A^′(u) − A^′(u)^‖ ≤ ζ ‖u‖ ĺ şśńőćĺ¿ Ńĺŕÿĺűă ‖ ‖ ‖ ~A^′(u) − ~A^′(v)^‖ ≤ L_1 ‖u − v‖ ś łőŋśšăŋšőľ L_1, ŋě ğăćĺś£źěľ őš ζ, η, δ.

Ďń£ ŕřĺąńĺęěŋŋőčő řěÿěŋĺ£ şřăćŋěŋĺ£ (1) ĺśŕőńĳğşěň ĺšěřăűĺőŋŋżľ ňěšőď ŕřőěłűĺĺ śőŕř£ęěŋŋżţ čřăďĺěŋšőć:

~u_{k+1} = P_M(~u_k − ~τ_k ~p_k), ~p_0 = ~g_0, ~p_{k+1} = ~g_{k+1} + ~β_k ~p_k, k = 0, 1, . . . , (22) ~g_k =^[ ~A^′(u_k)^{]∗} ~r_k, ~r_k = ~A(~u_k) − ~f, čďě ~β_k > 0, ~τ_k > 0, u_0 ∈ M | ğăďăŋŋżľ ŋăůăńĳŋżľ ¡ńěňěŋš, ŋě ğăćĺś£źĺľ őš σ, ζ.

Ć őąźěň śńşůăě ăŕŕřőłśĺňăűĺ£ řěÿěŋĺ£ ^u ¡ńěňěŋšăňĺ ~u_k ňőęěš ążšĳ őśşźěśšćńěŋă ńĺÿĳ ŕřĺ şśńőćĺĺ śőčńăśőćăŋĺ£ ŋőňěřă ĺšěřăűĺĺ ś şřőćŋěň ćőğňşźěŋĺ£ ĺśţőďŋżţ ďăŋŋżţ ğăďăůĺ.

2. Ćżćěďěň şśńőćĺ£ śőčńăśőćăŋĺ£, őąěśŕěůĺćă¿źĺě śńăąş¿ śţőďĺňőśšĳ

~u_k ł ^u. Łăł ĺ ć řăğďěńě 1, őŕřěďěńĺň ćěńĺůĺŋş

~ω^{−1}_k =^{k−1∑}_{n=0} ~τ_n n∑ i=0 n−1∏ j=i ~β_j . Šěőřěňă 4 Ŕşśšĳ őŕěřăšőř A(u) śńăąő ŋěŕřěřżćěŋ ŋă M ĺ ďń£ ŕřő-

ĺğćőńĳŋőčő w ĺğ ňŋőęěśšćă M ∩ {w : ‖w − ^u‖ ≤ 2 ‖u_0 − ^u‖} ćżŕőńŋěŋő ŋěřăćěŋśšćő 1 8 ‖ ‖ ‖ ~A(u) − ~f^‖^2 ≤^{([} ~A′(u)^{]∗ [} ~A(u) − ~f^] , u − ^u^) + C_1 |σ|^2 , (23)

čďě C_1 > 0 ŋě ğăćĺśĺš őš σ. Ŕşśšĳ ć ňěšőďě (22) ŕăřăňěšřż ~τ_k ćżąřăŋż šăł, ůšő_{‖r̃k‖2} 8‖p̃k‖2 ≥ ~τk > τ∗ > 0, (24) ‖~r_k‖ ≥ ‖~r_{k+1}‖ . Ěśńĺ ŋőňěř k = k(σ) şďőćńěšćőř£ěš şśńőćĺ£ň śőčńăśőćăŋĺ£

lim_{σ→0} k(σ) = ∞, lim_{σ→0} |σ|^2 ω^{−1}_{k(σ)} = 0,

šő ~u_{k(σ)} śţőďĺšś£ śńăąő ł ^u ŕřĺ σ → 0.

Ďőłăğăšěńĳśšćő. Ďń£ şďőąśšćă őąőğŋăůěŋĺľ ŕőńőęĺň ~zk = ~uk − ^u.

Ďőłăęěň, ůšő ŕřĺ ćżŕőńŋěŋĺĺ şśńőćĺľ śőčńăśőćăŋĺ£ ~u_k ŕřĺ ćśěţ k ≤ k (σ) şďőćńěšćőř£ěš ŋěřăćěŋśšćş

‖~z_k‖ ≤ 2 ‖u_0 − ^u‖ . (25)

Őůěćĺďŋő, ŋěřăćěŋśšćő (25) ćżŕőńŋěŋő ďń£ k = 0. Ŕřěďŕőńőęĺň, ůšő ďőłăğăŋő ŋěřăćěŋśšćő ‖~z_{k−1}‖ ≤ 2 ‖z_0‖ , (26)

ĺ ďőłăęěň, ůšő ‖~z_k‖ ≤ 2 ‖z_0‖ . (27)

Ŕőćšőř££ řăśśşęďěŋĺ£ ć ďőłăğăšěńĳśšćě šěőřěňż 1, ňőęŋő ďőłăğăšĳ ďń£ ŕřĺąńĺęěŋŋżţ ďăŋŋżţ ŋěřăćěŋśšćő

‖~z_{k−1}‖^2 − ‖~z_k‖^2 ≥ 2~τ_{k−1}^{k−1∑}_{i=0}^{k−2∏}_{j=i} ~β_j^[(~z_i, ~g_i) − ~τ_i ‖~p_i‖^{2]} + ~τ^2_{k−1} ‖~p_{k−1}‖^2 . (28)

Šăł łăł ĺňěěš ňěśšő (26), šő ŋěřăćěŋśšćő (23) śŕřăćěďńĺćő ďń£ u = ~u_i, 0 ≤ i ≤ k − 1. Šőčďă ĺğ (28) ś ĺśŕőńĳğőćăŋĺěň ŋěřăćěŋśšćă (24) ŕőńşůăěň

‖~z_{k−1}‖^2 − ‖~z_k‖^2 ≥ 2~τ_{k−1}^{k−2∑}_{i=0}^{k−2∏}_{j=i} ~β_j^{[1}_8 ‖~r_i‖^2 − ~τ_i ‖~p_i‖^2 − C_1 |σ|^{2]} + +~τ_{k−1}^{[ 1}_4 ‖~r_{k−1}‖^2 − ~τ_{k−1} ‖~p_{k−1}‖^2 − 2C_1 |σ|^{2]} ≥ ≥^1_8 ~τ_{k−1} ‖~r_{k−1}‖^2 − 2C_1 |σ|^2 ~τ_{k−1}^{k−1∑}_{i=0}^{k−2∏}_{j=i} ~β_j.

(29)

Śłńăďżćă£ ŋěřăćěŋśšćă (29) ďń£ ćśěţ k ≤ k (σ) ĺ ŕěřěčřşŕŕĺřőćżćă£ śńăčăěňżě, ŕőńşůăěň

‖z_0‖^2 + 2C_1 |σ|^{2 k−1∑}_{l=0} ~τ_l^{l∑}_{i=0}^{l−1∏}_{j=i} ~β_j ≥^1_8^{k−1∑}_{l=0} ~τ_l ‖~r_l‖^2 + ‖~z_k‖^2 > ‖~z_k‖^2 . (30)

Ć śĺńş şśńőćĺľ śőčńăśőćăŋĺ£ ŕřĺ ďőśšăšőůŋő ňăńżţ |σ| ćěřŋă őűěŋłă

2C_1 |σ|^{2 k−1∑}_{l=0} ~τ_l^{l∑}_{i=0}^{l−1∏}_{j=i} ~β_j ≤ 3 ‖z_0‖^2 ,

ĺśŕőńĳğş£ łőšőřş¿, ŕőńşůăěň (27).

Ć śĺńş (27) śěňěľśšćő^{~u_{k(σ)}^} śńăąő łőňŕăłšŋő. Ĺśŕőńĳğş£ şążćăŋĺě ŕőśńěďőćăšěńĳŋőśšĺ ‖~r_k‖, ĺğ (30) ŕőńşůăěň

‖z_0‖^2 + 2C_1 |σ|^{2 k−1∑}_{l=0} ~τ_l^{l∑}_{i=0}^{l−1∏}_{j=i} ~β_j >^1_8^{k−1∑}_{l=0} ~τ_l ‖~r_l‖^2 >^τ�^{k(σ)}_8^‖~r_{k(σ)}^‖^2 ,

őšłşďă śńěďşěš ŕřěďěńĳŋőě śőőšŋőÿěŋĺě lim_{σ→0}^‖~r_{k(σ)}^‖ = 0. Ĺśŕőńĳğş£ ŋěřăćěŋśšćő šřěşčőńĳŋĺłă ĺ şśńőćĺ£ ăŕŕřőłśĺňăűĺĺ (21), ĺňěěň ‖ ‖ ‖A(~u_{k(σ)}) − f^‖ ≤ η˙^(~u_{k(σ)}^) + δ +^‖~r_{k(σ)}^‖ . (31) Ŕěřěţőď£ ć (31) ł ŕřěďěńş ŕřĺ σ → 0, ŕőńşůăěň lim_{σ→0}^‖A(~u_{k(σ)}) − f^‖ = 0. Ďń£ ğăćěřÿěŋĺ£ ďőłăğăšěńĳśšćă šěőřěňż őśšăńőśĳ ŕřĺňěŋĺšĳ ńěňňş 3 ĺğ [2].

Šěőřěňă ďőłăğăŋă.

3. Şłăęěň şśńőćĺ£ ŋă őŕěřăšőř ~A(u), ŕřĺ łőšőřżţ ćżŕőńŋěŋő ŋěřăćěŋ-

śšćő (23).

1) Ŕşśšĳ ćżŕőńŋěŋż şśńőćĺ£ (13){(14) ŋă őŕěřăšőř A(u).

Šěőřěňă 5 Ŕşśšĳ Cρ <^2_7, šőčďă ďń£ ń¿ąőčő u ∈ Bρ (^u) ćżŕőńŋěŋő ŋěřă-

ćěŋśšćő (23).

Ďőłăğăšěńĳśšćő. Ĺğ šěőřěňż 1, a ĺ šěőřěňż 2, b ć [3] śńěďşěš ŋěřă-

ćěŋśšćő ‖ ‖ ‖ ~A(u) − ~A(^u) − ~A′(u) (u − ^u)^‖ ≤^{3Cρ}_{2−Cρ}^‖ ~A(u) − ~A(^u)^‖ + ζK (ρ, ^u) . (32) Ććěďěň őąőğŋăůěŋĺ£ ~r_u = ~A(u) − ~f, z = u − ^u. Ĺśŕőńĳğş£ ŋěřăćěŋśšćő šřěşčőńĳŋĺłă ĺ őűěŋłş (32), őűěŋĺň ŋőřňş ~r_u − ~A^′(u)z: ‖ ‖ ‖~r_u − ~A^′(u)z^‖ ≤^{3Cρ}_{2−Cρ} ‖~r_u‖ + ´_ρ, (33) čďě ´_ρ =^{2(1+Cρ)}_{2−Cρ} ´ + ζK (ρ, ^u), ´ = η˙(^u) + δ, K (ρ, ^u) | ŕőśšő£ŋŋă£ ćěńĺůĺŋă, ŋě ğăćĺś£źă£ őš şřőćŋ£ ćőğňşźěŋĺ£ ĺśţőďŋżţ ďăŋŋżţ.

Ćőğćěďěň ć łćăďřăš őąě ůăśšĺ (33), šőčďă [ 1 −^{( 3Cρ}_{2−Cρ}^{)2} ] ‖~r_u‖^2 +^‖ ~A^′(u)z^‖^2 ≤ 2 ([ ~A′(u)^{]∗} ~r_u, z^) + ´2_ρ + 2´_ρ^{3Cρ}_{2−Cρ} ‖~r_u‖ . (34) Ĺśŕőńĳğş£ šěőřěňş 3, a ĺğ [3], ĺňěěň ďń£ Cρ <^1_2 2(1−2Cρ) 2−Cρ ‖~ru‖ − 2(1−2Cρ) 2−Cρ ´ − ζK (ρ, ^u) ≤ ‖ ‖ ~A′(u)z^‖ . (35) Ćőğćěďěň őąě ůăśšĺ (35) ć łćăďřăš ( 2(1−2Cρ) 2−Cρ )2 ‖~r_u‖^2 + [ 2(1−2Cρ) 2−Cρ ´ + ζK (ρ, ^u) ]2 − −2^{2(1−2Cρ)} 2−Cρ [ 2(1−2Cρ) 2−Cρ ´ + ζK (ρ, ^u) ] ‖~r_u‖ ≤^‖ ~A^′(u)z^‖^2 . (36)

Śłńăďżćă£ ŋěřăćěŋśšća (34), (36) ĺ ŕřĺćőď£ ŕőďőąŋżě ůńěŋż, ś šőůŋőśšĳ¿ ďő ŕőśšő£ŋŋżţ C_2, C_3 ŕőńşůăěň 2(1−2Cρ) 2−Cρ ‖~ru‖ 2 − C_2|σ|^2 ≤ 2 ([ ~A′(u)^{]∗} ~r_u, z^) + 2C_3|σ| ‖~r_u‖ . (37)

Šăł łăł ŕřĺ Cρ <^2_7 śŕřăćěďńĺćő ŋěřăćěŋśšćő^{2(1−2Cρ)}_{2−Cρ} >^1_2 , šő, ĺśŕőńĳğş£ ŋěřăćěŋśšćő ňěęďş śřěďŋĺň ăřĺťňěšĺůěśłĺň ĺ śřěďŋĺň čěőňěšřĺůěśłĺň, ĺğ (37) ŕőńşůăěň

0.5 ‖~r_u‖^2 − C_2|σ|^2 ≤ 2^{([} ~A^′(u)^{]∗} ~r_u, z^) + 0.25 ‖~r_u‖^2 + 4C^2_3 |σ|^2. (38)

Ďń£ ğăćěřÿěŋĺ£ ďőłăğăšěńĳśšćă ďőśšăšőůŋő ŕřĺćěśšĺ ć (38) ŕőďőąŋżě ůńěŋż ĺ řăğďěńĺšĳ ŋă 2.

Šěőřěňă ďőłăğăŋă.

2) Ěśńĺ ťşŋłűĺőŋăń^‖ ~A(u) − ~f^‖^2 ćżŕşłńżľ, šő ŋěřăćěŋśšćő (23) śńěďşěš ĺğ śćőľśšć čřăďĺěŋšă ćżŕşłńőčő ťşŋłűĺőŋăńă [1, śšř. 170].

4. Ŕşśšĳ řěÿěŋĺě şřăćŋěŋĺ£ (1) ŕřěďśšăćĺňő ć ćĺďě ^u = B^v, čďě

B : V → U | ńĺŋěľŋżľ ćŕőńŋě ŋěŕřěřżćŋżľ őŕěřăšőř, ćğăĺňŋő őďŋőğŋăůŋő ďěľśšćş¿źĺľ ĺğ čĺńĳąěřšőćă ŕřőśšřăŋśšćă V ć čĺńĳąěřšőćő ŕřőśšřăŋśšćő U. Ŕşśšĳ ğăďăŋő ćżŕşłńőě ğăňłŋşšőě ňŋőęěśšćő N ⊂ V : B (N ) ⊂ M. Ąşďěň ŕřěďŕőńăčăšĳ, ůšő őŕěřăšőř B ğăďăŋ ś ŕőčřěÿŋőśšĳ¿: ğăďăŋż ńĺŋěľŋżľ őŕěřăšőř ~B : V → U ĺ ŕőńőęĺšěńĳŋőě ůĺśńő ξ šăłőě, ůšő ‖ ‖ ~B − B^‖ ≤ ξ. Ććěďěň őŕěřăšőř ~G (v) ≡ ~A( ~Bv). Ďń£ ŕřĺąńĺęěŋŋőčő řěÿěŋĺ£ şřăćŋěŋĺ£ (1) ĺśŕőńĳğşěň ňěšőď ŕřőěłűĺĺ śőŕř£ęěŋŋżţ čřăďĺěŋšőć ~v_{k+1} = P_N (~v_k − ~τ_k ~p_k), ~p_0 = ~g_0, ~p_{k+1} = ~g_{k+1} + ~β_k ~p_k, k = 0, 1, . . . , (39) ~g_k =^[ ~G^′(~v_k)^{]∗} ~r_k, ~r_k = ~G(~v_k) − ~f,

čďě v_0 ∈ N | ğăďăŋŋőě ŋăůăńĳŋőě ŕřĺąńĺęěŋĺě, ~τ_k > 0, ~β_k > 0.

Šěőřěňă 6 Ŕşśšĳ őŕěřăšőř G(v) śńăąő ŋěŕřěřżćěŋ ŋă N ĺ ďń£ ćś£łőčő

w ĺğ ňŋőęěśšćă N ∩ {w : ‖w − ^v‖ ≤ 2 ‖v_0 − ^v‖} ćżŕőńŋěŋő ŋěřăćěŋśšćő 1 8 ‖ ‖ ‖ ~G(v) − f^‖^2 ≤^{([} ~G′(v)^{]∗ [} ~G(v) − f^] , v − ^v^) + C_1^(|σ|^2 + ξ2^) ,

čďě C_1 > 0 ŋě ğăćĺśĺš őš σ, ξ. Ŕşśšĳ ć ňěšőďě (39) ŕăřăňěšřż ~τ_k ćżąřăŋż šăł, ůšő_{‖r̃k‖2} 8‖p̃k‖2 ≥ ~τk > τ∗ > 0, ‖~r_k‖ ≥ ‖~r_{k+1}‖ . Ěśńĺ k = k(σ, ξ) şďőćńěšćőř£ěš şśńőćĺ£ň śőčńăśőćăŋĺ£: lim_{σ,ξ→0} k(σ, ξ) = ∞, lim_{σ,ξ→0}^(|σ|^2 + ξ^{2)} ~ω^{−1}_{k(σ,ξ)} < +∞, šő ~B~v_{k(σ,ξ)} śţőďĺšś£ ł ^u ŕřĺ σ, ξ → 0 ć ŋőřňě ŕřőśšřăŋśšćă U.

Ďőłăğăšěńĳśšćő. Ć śĺńş šěőřěňż 4 ~v_{k(σ,ξ)} śţőďĺšś£ śńăąő ł ^v ŕřĺ

σ, ξ → 0. Ĺśŕőńĳğş£ ŋěřăćěŋśšćő šřěşčőńĳŋĺłă ĺ ŕőńŋş¿ ŋěŕřěřżćŋőśšĳ őŕěřăšőřă B, ĺňěěň_‖ ‖ ‖ ~B~v_{k(σ,ξ)} − ^u^‖ ≤ ξ^‖~v_{k(σ,ξ)}^‖ +^‖B~v_{k(σ,ξ)} − ^u^‖ → 0 ŕřĺ σ, ξ → 0. Šěőřěňă ďőłăğăŋă.

3. Ňěšőď ŕřőěłűĺĺ śőŕř£ęěŋŋżţ čřăďĺěŋšőć ďń£ śŕěűĺăńĳŋőčő ňŋőęěśšćă őčřăŋĺůěŋĺľ | ÿăřă

1. Ŕşśšĳ ňŋőęěśšćő őčřăŋĺůěŋĺľ M | ÿăř: M = {u ∈ U : ‖u − u^∗‖ ≤

ρ}. Ć ¡šőň śńşůăě ŕőśńěďőćăšěńĳŋőśšĳ ňěšőďă ŕřőěłűĺĺ śőŕř£ęěŋŋżţ ŋăŕřăćńěŋĺľ £ćń£ěšś£ őčřăŋĺůěŋŋőľ ŕő ŕőśšřőěŋĺ¿, ă śńěďőćăšěńĳŋő, śńăąő łőňŕăłšŋőľ.

Ěśńĺ őŕěřăšőř A | ńĺŋěľŋżľ őčřăŋĺůěŋŋżľ, ňőęŋő şłăğăšĳ ďőśšăšőůŋżě şśńőćĺ£ śĺńĳŋőľ śţőďĺňőśšĺ ňěšőďă ŕřőěłűĺĺ śőŕř£ęěŋŋżţ čřăďĺěŋšőć.

Řăśśňőšřĺň ŕőśńěďőćăšěńĳŋőśšĳ {u_k}, őŕřěďěń£ěňş¿ śőőšŋőÿěŋĺ£ňĺ

u_{k+1} = P_M(u_k − τ_kp_k), p_0 = g_0,

p_{k+1} = g_{k+1} + β_kp_k, k = 0, 1, . . ., (40) g_k = A^∗r_k, r_k = Au_k − f, γ^{‖rk‖2}_{‖pk‖}2 ≥ τ_k > τ_∗ > 0, β_k > 0, (41)

čďě u_0 ∈ M | ğăďăŋŋżľ ŋăůăńĳŋżľ ¡ńěňěŋš, γ şďőćńěšćőř£ěš şśńőćĺ£ň 1 > γ > 0.

2. Ďń£ şďőąśšćă őąőğŋăůěŋĺľ śŋőćă ććěďěň ćěńĺůĺŋş

ω^{−1}_k =^{k−1∑}_{n=0} τ_n^{n∑}_{i=0}^{n−1∏}_{j=i} β_j.

Śŕřăćěďńĺćă śńěďş¿źă£

Šěőřěňă 7 Ŕşśšĳ M = {u ∈ U : ‖u − u^∗‖ ≤ ρ} | ÿăř řăďĺşśă ρ ś

űěŋšřőň ć šőůłě u^∗, őŕěřăšőř A | ńĺŋěľŋżľ őčřăŋĺůěŋŋżľ, {u_k} őŕřěďěń£ěšś£ śőőšŋőÿěŋĺ£ňĺ (40), (41) ďń£ ŕřőĺğćőńĳŋőčő u_0 ∈ M.

Šőčďă ĺğ ŕřěďěńĳŋőčő śőőšŋőÿěŋĺ£

lim_{k→∞} ‖r_k‖ ω^{−1/2}_k = 0 (42)

śńěďşěš śĺńĳŋă£ śţőďĺňőśšĳ lim_{k→∞} ‖u_k − ^u‖ = 0.

Ďőłăğăšěńĳśšćő. Šăł łăł ‖uk − ^u‖ ≤ ρ + ‖u^∗ − ^u‖, šő ĺğ şśńőćĺ£ (42)

ĺ ńěňňż 2 ĺğ [2] śńěďşěš śńăąă£ śţőďĺňőśšĳ u_k ⇀ ^u.

Ć śőőšćěšśšćĺĺ ś őŕřěďěńěŋĺěň őŕěřăűĺĺ ŕřőěłšĺřőćăŋĺ£ ŋă ÿăř [1, śšř. 195] ěśńĺ u_{k−1} − τ_{k−1}p_{k−1} ∉ M, šő

u_k = u^∗ + ρ ‖u_{k−1} − τ_{k−1}p_{k−1} − u^∗‖ (u_{k−1} − τ_{k−1}p_{k−1} − u^∗). (43)

Ěśńĺ ęě u_{k−1} − τ_{k−1}p_{k−1} ∈ M, šő ŕő őŕřěďěńěŋĺ¿ ŕřőěłűĺĺ u_k = u_{k−1} − τ_{k−1}p_{k−1}. (44) Ŕőńőęĺň γ_{k−1} = max^{1,^1_ρ ‖u_{k−1} − τ_{k−1}p_{k−1} − u^∗‖^} ĺ ğăňěšĺň, ůšő ŕő őŕřěďěńěŋĺ¿ γ_{k−1} ≥ 1. Ĺśŕőńĳğş£ ććěďěŋŋőě őąőğŋăůěŋĺě, ğăŕĺÿěň (43) ĺ (44) őďŋőľ ťőřňşńőľ u_k = (1 − γ^{−1}_{k−1})u^∗ + γ^{−1}_{k−1}(u_{k−1} − τ_{k−1}p_{k−1}).

Šăłĺň őąřăğőň, őŕěřăűĺ£ ŕřőěłšĺřőćăŋĺ£ ŋă ÿăř śćőďĺšś£ ł şňŋőęěŋĺ¿ ŕřőěłšĺřşěňőčő ¡ńěňěŋšă ŋă ůĺśńő. Őůěćĺďŋő ćżŕőńŋěŋĺě řăćěŋśšćă z_k = (1 − γ^{−1}_{k−1})z^{(1)} + γ^{−1}_{k−1}(z_{k−1} − τ_{k−1}p_{k−1}), z^{(1)} = u^∗ − ^u. (45) Ĺśŕőńĳğşěň ŕřĺŋűĺŕ ňăšěňăšĺůěśłőľ ĺŋďşłűĺĺ ďń£ ćżćőďă őąźěľ ťőřňż őÿĺąłĺ z_n ŕőśńě n ĺšěřăűĺľ. Ŕřĺ k = 0 ŕőńşůăěň řăćěŋśšćő z_1 = (1 − γ^{−1}_0 )z^{(1)} + γ^{−1}_0 (z_0 − τ_0p_0). Ŕřěďŕőńőęĺň šěŕěřĳ, ůšő ďń£ ćśěţ n < k ćěřŋő řăćěŋśšćő

z_n =^{n−1∑}_{i=0} (1 − γ^{−1}_i )^{n−1∏}_{j=i+1} γ^{−1}_j z^{(1)} +^{n−1∏}_{j=0} γ^{−1}_j z_0 −^{n−1∑}_{i=0} τ_i^{n−1∏}_{j=i+1} γ^{−1}_j p_i, (46) ĺ ďőłăęěň ťőřňşńş (46) ďń£ n = k. Ŕőďśšăćĺň ťőřňşńş (46) ďń£ n = k−1 ć (45)

z_k = (1 − γ^{−1}_{k−1})z^{(1)} + γ^{−1}_{k−1}^{k−2∑}_{i=0} (1 − γ^{−1}_i )^{k−2∏}_{j=i+1} γ^{−1}_j z^{(1)}+ + γ^{−1}_{k−1}^{k−2∏}_{j=0} γ^{−1}_j z_0 − γ^{−1}_{k−1}^{k−2∑}_{i=0} τ_i^{k−2∏}_{j=i+1} γ^{−1}_j p_i − τ_{k−1}γ^{−1}_{k−1}p_{k−1} = =^{k−1∑}_{i=0} (1 − γ^{−1}_i )z^{(1) k−1∏}_{j=i+1} γ^{−1}_j +^{k−1∏}_{j=0} γ^{−1}_j z_0 −^{k−1∑}_{i=0} τ_ip_i^{k−1∏}_{j=i+1} γ^{−1}_j .

Šăłĺň őąřăğőň, ťőřňşńă (46) śŕřăćěďńĺćă ďń£ ćśěţ n. Ğăňěšĺň, ůšő k−1∑ i=0 (1 − γ^{−1}_i )^{k−1∏}_{j=i+1} γ^{−1}_j = 1 −^{k−1∏}_{j=0} γ^{−1}_j . (47) Ĺśŕőńĳğş£ (47) ĺ ćżřăęěŋĺě ŕőŕřăćłĺ ůěřěğ čřăďĺěŋšż ŋă ćśěţ ĺšěřăűĺ£ţ p_i =^{i∑}_{s=0} g_i^{i−1∏}_{n=s} β_n, ŕřěőąřăğşěň ťőřňşńş (46)

z_k = ( 1 −^{k−1∏}_{j=0} γ^{−1}_j ) z^{(1)} +^{k−1∏}_{j=0} γ^{−1}_j z_0 −^{k−1∑}_{i=0} τ_i^{k−1∏}_{j=i+1} γ^{−1}_j^{i∑}_{s=0} A^∗r_s^{i−1∏}_{n=s} β_n = = z^{(1)} +^{k−1∏}_{j=0} γ^{−1}_j (u_0 − u^∗) −^{k−1∑}_{i=0} τ_i^{k−1∏}_{j=i+1} γ^{−1}_j^{i∑}_{s=0} A^∗r_s^{i−1∏}_{n=s} β_n.

(48)

Ĺśŕőńĳğş£ śćőľśšćă śłăń£řŋőčő ŕřőĺğćěďěŋĺ£ ĺ ŕőńăčă£ z^{(2)} = u_0 − u^∗, ŕőńşůăěň ĺğ (48)

‖z_k‖^2 = (z^{(1)}, z_k) +^{k−1∏}_{j=0} γ^{−1}_j (z^{(2)}, z_k) −^{k−1∑}_{i=0} τ_i^{k−1∏}_{j=i+1} γ^{−1}_j^{i∑}_{s=0}^{i−1∏}_{n=s} β_n(r_s, r_k). (49) Őűěŋĺň ŕőśńěďŋěě śńăčăěňőě ć ŕřăćőľ ůăśšĺ (49), ĺśŕőńĳğş£ ŋěřăćěŋśšćő šřěşčőńĳŋĺłă, őůěćĺďŋőě ŋěřăćěŋśšćő^{k−1∏}_{j=i+1} γ^{−1}_j ≤ 1 ĺ ŋěřăćěŋśšćő Łőÿĺ{Ąşŋ£łőćśłőčő:

−^{k−1∑}_{i=0} τ_i^{k−1∏}_{j=i+1} γ^{−1}_j^{i∑}_{s=0}^{i−1∏}_{n=s} β_n(r_s, r_k) ≤ | | | | k−1∑ i=0 τ_i^{k−1∏}_{j=i+1} γ^{−1}_j^{i∑}_{s=0}^{i−1∏}_{n=s} β_n(−r_s, r_k) | | | | ≤ ≤^{k−1∑}_{i=0} τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} β_n |(−r_s, r_k)| ≤ ≤ ‖r_k‖^{k−1∑}_{i=0} τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} β_n ‖r_s‖ . (50) Ňěŋ££ ŕőř£ďőł śşňňĺřőćăŋĺ£, ĺňěěň k−1∑ i=0 τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} β_n ‖r_s‖ =^{k−1∑}_{i=0} ‖r_i‖ ( k−1∑ l=i τ_l^{l−1∏}_{j=i} β_j ) = =^{k−1∑}_{i=0} ‖r_i‖ ( k−1∑ l=i τ_l^{l−1∏}_{j=i} β_j )1/2 ( k−1∑ l=i τ_l^{l−1∏}_{j=i} β_j )1/2 , őšłşďă, ŕřĺňěŋ££ ŋěřăćěŋśšćő Łőÿĺ{Ąşŋ£łőćśłőčő, ŕőńşůăěň őűěŋłş k−1∑ i=0 τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} β_n ‖r_s‖ ≤ k−1∑ i=0 k−1∑ l=i τ_l^{l−1∏}_{j=i} β_j k−1∑ i=0 k−1∑ l=i τ_l^{l−1∏}_{j=i} β_j ‖r_i‖^2. (51) Ňěŋ££ ŕőř£ďőł śşňňĺřőćăŋĺ£, ńěčłő şąěďĺšĳś£ ć śŕřăćěďńĺćőśšĺ řăćěŋśšćă^{k−1∑}_{i=0} ( k−1∑ l=i τ_l^{l−1∏}_{j=i} β_j ) =^{k−1∑}_{i=0} τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} β_n = ω^{−1}_k , ś şůěšőň łőšőřőčő ŋěřăćěŋśšćő (51) ŕřĺŋĺňăěš ćĺď k−1∑ i=0 τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} β_n ‖r_s‖ ≤ ω^{−1/2}_k k−1∑ i=0 k−1∑ l=i τ_l^{l−1∏}_{j=i} β_j ‖r_i‖^2. (52) Ŕőćšőř££ řăśśşęďěŋĺ£ ć ďőłăğăšěńĳśšćě šěőřěňż 1, ć śőőšćěšśšćĺĺ ś śőőšŋőÿěŋĺěň (11) ĺ řăćěŋśšćőň ďń£ łćăďřăšĺůŋőčő ťşŋłűĺőŋăńă (g_i, z_i) = ‖r_i‖^2 ŕőńşůăěň

‖z_k‖^2 − ‖z_{k+1}‖^2 ≥ 2τ_k^{k−1∑}_{i=0}^{k−2∏}_{j=i} β_j^[‖r_i‖^2 − τ_i ‖p_i‖^{2]} + τ^2_k ‖p_k‖^2 . (53)

Śşňňĺřşěň (53) ŕő k őš 0 ďő n ĺ ĺśŕőńĳğşěň şśńőćĺ£ (41) ŋă ŕăřăňěšř τ_k, šőčďă ‖z_0‖^2 − ‖z_{n+1}‖^2 > 2(1 − γ)^{n∑}_{k=0} τ_k^{k∑}_{i=0}^{k−1∏}_{j=i} β_j ‖r_i‖^2 .

Őšś¿ďă ć śĺńş ŋěřăćěŋśšćă 1 − γ > 0 ŕőńşůăěň n∑ k=0 τ_k^{k∑}_{i=0}^{k−1∏}_{j=i} β_j ‖r_i‖^2 <^{‖z0‖2}_{2(1−γ)} .

Ŕőďśšăćĺň ŕőńşůěŋŋőě ŋěřăćěŋśšćő ć (52), šőčďă k−1∑ i=0 τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} β_n ‖r_s‖ ≤^{‖z0‖}√_{2(1−γ)} ω^{−1/2}_k , ĺ ŋěřăćěŋśšćő (50) ŕřĺŋĺňăěš ćĺď −^{k−1∑}_{i=0} τ_i^{k−1∏}_{j=i+1} γ^{−1}_j^{i∑}_{s=0}^{i−1∏}_{n=s} β_n(r_s, r_k) ≤^{‖z0‖}√_{2(1−γ)} ‖r_k‖ ω^{−1/2}_k . (54) Ĺśŕőńĳğş£ ŋěřăćěŋśšćő (54), ćěřŋěňś£ ł őűěŋłě ďń£ ‖z_k‖ (49):

‖z_k‖^2 <^|(z^{(1)}, z_k)^| +^|(z^{(2)}, z_k)^| +^{‖z0‖}√_{2(1−γ)} ‖r_k‖ ω^{−1/2}_k . (55) Ć śĺńş şśńőćĺ£ šěőřěňż lim_{k→∞} ‖r_k‖ω^{−1/2}_k = 0 ĺğ (55) śńěďşěš śĺńĳŋă£ śţőďĺňőśšĳ u_k ł ^u. Šěőřěňă ďőłăğăŋă.

3. Ąşďěň ŕřěďŕőńăčăšĳ, ůšő ĺśţőďŋżě ďăŋŋżě ğăďăŋż ś ŕőčřěÿŋőśšĳ¿,

ă ĺňěŋŋő ğăďăŋ ńĺŋěľŋżľ őčřăŋĺůěŋŋżľ őŕěřăšőř ~A : U → F ĺ ¡ńěňěŋš ~f ∈ F šăłĺě, ůšő_‖ ‖ ~A − A^‖ ≤ η,^‖ ~f − f^‖ ≤ δ. Ďń£ şďőąśšćă őąőğŋăůěŋĺľ ććěďěň ćěńĺůĺŋş σ = (η, δ). Řăśśňőšřĺň ŕőśńěďőćăšěńĳŋőśšĳ {~u_k}, őŕřěďěń£ěňş¿ śőőšŋőÿěŋĺ£ňĺ ~u_{k+1} = P_M(~u_k − ~τ_k ~p_k), ~p_0 = ~g_0, ~p_{k+1} = ~g_{k+1} + ~β_k ~p_k, k = 0, 1, . . . , (56) ~g_k = ~A^∗~r_k, ~r_k = ~A~u_k − ~f, γ^{‖r̃k‖2}_{‖p̃k‖}2 ≥ ~τ_k > τ_∗ > 0, ~β_k > 0. (57) čďě u_0 | ğăďăŋŋżľ ŋăůăńĳŋżľ ¡ńěňěŋš, ŋě ğăćĺś£źĺľ őš η, δ, ă ŕőśšő£ŋŋă£ γ şďőćńěšćőř£ěš şśńőćĺ¿ γ ∈ (0, 1).

4. Śŕřăćěďńĺćă śńěďş¿źă£

Šěőřěňă 8 Ŕşśšĳ ğăćĺśĺňőśšĳ k(σ) ďń£ ŕőśńěďőćăšěńĳŋőśšĺ (56), (57)

ćżąřăŋă šăł, ůšő ćżŕőńŋěŋż şśńőćĺ£

lim_{σ→0} ~ω_{k(σ)} = 0, lim_{σ→0}^‖ ~A~u_{k(σ)} − ~f^‖ ~ω^{−1/2}_{k(σ)} = 0, lim_{σ→0} |σ| ~ω^{−1/2}_{k(σ)} = 0. čďě ~ω^{−1}_k =^{k−1∑}_{n=0} ~τ_n n∑ i=0 n−1∏ j=i ~β_j . Šőčďă lim_{σ→0}^‖~u_{k(σ)} − ^u^‖ = 0.

Ďőłăğăšěńĳśšćő. Ŕőśńěďőćăšěńĳŋőśšĳ {~uk} őčřăŋĺůěŋă, šăł łăł őčřă-

ŋĺůěŋő ňŋőęěśšćő M: ‖~u_k‖ ≤ ‖u^∗‖ + ρ. Ĺśŕőńĳğş£ ŋěřăćěŋśšćő šřěşčőńĳŋĺłă, ŕőńşůăěň ‖A~u_k − f‖ ≤^‖ ~A − A^‖ ‖~u_k‖ + ‖~r_k‖ +^‖f − ~f^‖ ≤ ≤ η (‖u^∗‖ + ρ) + ‖~r_k‖ + δ. (58) Ŕşśšĳ ğăćĺśĺňőśšĳ k(σ) ćżąřăŋă ć śőőšćěšśšćĺĺ ś şśńőćĺěň šěőřěňż. İńěňěŋšăřŋżňĺ ŕřěőąřăğőćăŋĺ£ňĺ ĺğ (58) ŕőńşůăěň őűěŋłş ‖ ‖ ‖A~u_{k(η,δ)} − f^‖ ≤ η (‖u^∗‖ + ρ) + (‖ ‖ ‖~r_{k(η,δ)}^‖ ~ω^{−1/2}_{k(η,δ)}^) ~ω^{1/2}_{k(η,δ)} + δ, ĺğ łőšőřőľ śńěďşěš řăćěŋśšćő lim_{σ→0}^‖A~u_{k(η,δ)} − f^‖ = 0. Ć śĺńş ńěňňż 3 ĺğ [2] śěňěľśšćő ~u_{k(σ)} śţőďĺšś£ śńăąő ł ^u ŕřĺ σ → 0. Ďőłăęěň šěŕěřĳ śĺńĳŋş¿ śţőďĺňőśšĳ ~u_{k(σ)} → ^u.

Ŕőćšőř££ řăśśşęďěŋĺ£ ć ďőłăğăšěńĳśšćě šěőřěňż 7, ğăŕĺÿěň śőőšŋőÿěŋĺě (48) ďń£ ŕřĺąńĺęěŋŋżţ ďăŋŋżţ

~z_k = z^{(1)} +^{k−1∏}_{j=0} ~γ^{−1}_j z^{(2)} −^{k−1∑}_{i=0} ~τ_i^{k−1∏}_{j=i+1} ~γ^{−1}_j^{i∑}_{s=0}^{i−1∏}_{n=s} ~β_n ~A^∗~r_s. (59)

Ĺğ (59) śńěďşěš ćżřăęěŋĺě ďń£ ‖~z_k‖^2:

‖~z_k‖^2 = (z^{(1)}, ~z_k) +^{k−1∏}_{j=0} ~γ^{−1}_j (z^{(2)}, ~z_k) −^{k−1∑}_{i=0} ~τ_i^{k−1∏}_{j=i+1} ~γ^{−1}_j^{i∑}_{s=0}^{i−1∏}_{n=s} ~β_n(~r_s, ~A~z_k) = = (z^{(1)}, ~z_k) +^{k−1∏}_{j=0} ~γ^{−1}_j (z^{(2)}, ~z_k) −^{k−1∑}_{i=0} ~τ_i^{k−1∏}_{j=i+1} ~γ^{−1}_j^{i∑}_{s=0}^{i−1∏}_{n=s} ~β_n(~r_s, ~r_k + ~f − ~A^u). Ğăňěšĺň, ůšő^‖ ~A^u − ~f^‖ ≤ η ‖^u‖ + δ = ´. Ĺśŕőńĳğş£ ŋěřăćěŋśšćő Łőÿĺ{ Ąşŋ£łőćśłőčő, őůěćĺďŋőě ŋěřăćěŋśšćő^{k−1∏}_{j=i+1} ~γ^{−1}_j ≤ 1 ĺ ŋěřăćěŋśšćő šřěşčőńĳŋĺłă, ŕőńşůăěň ‖~z_k‖^2 <^|(z^{(1)}, ~z_k)^| +^|(z^{(2)}, ~z_k)^| + +^{k−1∑}_{i=0} ~τ_i^{k−1∏}_{j=i+1} ~γ^{−1}_j^{i∑}_{s=0}^{i−1∏}_{n=s} ~β_n ‖~r_s‖ (‖~r_k‖ + ´) ≤ ≤^|(z^{(1)}, ~z_k)^| +^|(z^{(2)}, ~z_k)^| +

+~ω^{−1/2}_k (‖~r_k‖ + ´) k−1∑ i=0 ~τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} ~β_n ‖~r_s‖^2.

(60)

Ŕěřćżě ďćă śńăčăěňżţ ć ŕřăćőľ ůăśšĺ őűěŋłĺ (60) śšřěň£šś£ ł ŋşń¿ ŕřĺ σ → 0 ć śĺńş śńăąőľ śţőďĺňőśšĺ u_{k(σ)} ⇀ ^u. Ďń£ ğăćěřÿěŋĺ£ ďőłăğăšěńĳśšćă őśšăńőśĳ ŕőńşůĺšĳ őűěŋłş šřěšĳěčő śńăčăěňőčő.

Ŋă śńşůăľ ćőğňşźěŋŋżţ ďăŋŋżţ ŕěřěŋőś£šś£ ŋěłőšőřżě ťőřňşńż ĺğ ďőłăğăšěńĳśšćă šěőřěňż 1, śńěďş¿źĺě ĺğ őąźĺţ śćőľśšć ňěšőďă. Šăł, ŋěřăćěŋśšćő (11) ć şśńőćĺ£ţ ďőłăğżćăěňőľ šěőřěňż ĺňěěš ćĺď

‖~z_n‖^2 − ‖~z_{n+1}‖^2 ≥ 2~τ_n^{n∑}_{i=0}^{n−1∏}_{j=i} ~β_j^[(~z_i, ~A^∗~r_i) − ~τ_i ‖~p_i‖^{2]} + ~τ^2_n ‖~p_n‖^2 = = 2~τ_n^{n−1∑}_{i=0}^{n−1∏}_{j=i} ~β_j^[‖~r_i‖^2 − ~τ_i ‖~p_i‖^2 − ( ~A^u − ~f, ~r_i)^] + +~τ_n^[2 ‖~r_n‖^2 − ~τ_n ‖~p_n‖^2 − ( ~A^u − ~f, ~r_n)^] .

(61)

Ĺğ şśńőćĺ£ ŋă ŕăřăňěšř τ_k (57) γ‖~r_k‖^2 − ~τ_k‖~p_k‖^2 > 0 śńěďşěš ŋěřăćěŋśšćő (1 − γ)‖~r_k‖^2 + γ‖~r_k‖^2 − ~τ_i‖~p_i‖^2 > (1 − γ)‖~r_k‖^2, ĺśŕőńĳğş£ łőšőřőě śőćňěśšŋő ś ŋěřăćěŋśšćőň Łőÿĺ{Ąşŋ£łőćśłőčő, ĺğ (61) ŕőńşůăěň

‖~z_n‖^2 − ‖~z_{n+1}‖^2 ≥ 2~τ_n^{n−1∑}_{i=0}^{n−1∏}_{j=i} ~β_j^[(1 − γ) ‖~r_i‖^2 − ( ~A^u − ~f, ~r_i)^] + +~τ_n^[(2 − γ) ‖~r_n‖^2 − ( ~A^u − ~f, ~r_n)^] > > 2(1 − γ)~τ_n^{n∑}_{i=0}^{n−1∏}_{j=i} ~β_j ‖~r_i‖^2 − 2´~τ_n^{n∑}_{i=0}^{n−1∏}_{j=i} ~β_j ‖~r_i‖ .

(62)

Ŕřőśşňňĺřşěň ŋěřăćěŋśšćă (62) ŕő n őš 0 ďő k − 1, šőčďă

‖z_0‖^2 − ‖~z_k‖^2 > 2(1 − γ)^{k−1∑}_{i=0} ~τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} ~β_n ‖~r_s‖^2 − −2´^{k−1∑}_{i=0} ~τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} ~β_n ‖~r_s‖ .

(63)

Ŕőśńěďőćăšěńĳŋő ŕřĺňěŋ££ łő ćšőřőňş śńăčăěňőňş ć ŕřăćőľ ůăśšĺ (63) ŋěřăćěŋśšćő Łőÿĺ{Ąşŋ£łőćśłőčő ĺ ŋěřăćěŋśšćő ňěęďş śřěďŋĺň ăřĺťňěšĺůěśłĺň ĺ śřěďŋĺň čěőňěšřĺůěśłĺň 2^{√ 1}_ϵ aϵb ≤^1_{ϵ2} a + ϵ^2b, ŕřěőąřăğşěň ćšőřőě śńăčăěňőě ć ŕřăćőľ ůăśšĺ (63), šőčďă

‖z_0‖^2 − ‖~z_k‖^2 > 2(1 − γ)^{k−1∑}_{i=0} ~τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} ~β_n ‖~r_s‖^2 − −2´~ω^{−1/2}_k k−1∑ i=0 ~τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} ~β_n ‖~r_s‖^2 ≥ ≥ 2(1 − γ)^{k−1∑}_{i=0} ~τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} ~β_n ‖~r_s‖^2 −^1_{1−γ} ´^2 ~ω^{−1}_k − −(1 − γ)^{k−1∑}_{i=0} ~τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} ~β_n ‖~r_s‖^2 = = (1 − γ)^{k−1∑}_{i=0} ~τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} ~β_n ‖~r_s‖^2 −^1_{1−γ} ´^2 ~ω^{−1}_k .

Őšś¿ďă śńěďşěš őűěŋłă ćěńĺůĺŋż ŕőď ğŋăłőň łőřŋ£ ć ŕřăćőľ ůăśšĺ (60) k−1∑ i=0 ~τ_i^{i∑}_{s=0}^{i−1∏}_{n=s} ~β_n ‖~r_s‖^2 <^{‖z0‖2}_{1−γ} +^1_{(1−γ)2} ´^2 ~ω^{−1}_k . (64) Ŕőďśšăćĺň (64) ć (60), šőčďă ś şůěšőň ŋěřăćěŋśšćă √ a^2 + b^2 ≤ a + b, a ≥ 0, b ≥ 0 ŕőńşůăěň ‖~z_k‖^2 <^|(z^{(1)}, ~z_k)^| +^|(z^{(2)}, ~z_k)^| + +~ω^{−1/2}_k (‖~r_k‖ + ´) √ ‖z_0‖^2

1−γ +^1_{(1−γ)2} ´^2 ~ω^{−1}_k ≤ ≤^|(z^{(1)}, ~z_k)^| +^|(z^{(2)}, ~z_k)^| +

+~ω^{−1/2}_k (‖~r_k‖ + ´)^{( ‖z0‖√}_{1−γ} +^1_{1−γ} ´~ω^{−1/2}_k^) .

(65)

Ěśńĺ ğăćĺśĺňőśšĳ k(σ) ćżąřăŋă ć śőőšćěšśšćĺĺ ś şśńőćĺěň šěőřěňż, šő ć śĺńş śńăąőľ śţőďĺňőśšĺ ~u_{k(σ)} ŕřăćă£ ůăśšĳ (65) śšřěňĺšś£ ł ŋşń¿ ĺ lim_{σ→0}^‖~u_{k(σ)} − ^u^‖ = 0. Šěőřěňă ďőłăğăŋă.

Ńĺšěřăšşřă [1] Ćăśĺńĳěć Ť. Ŕ. Ůĺśńěŋŋżě ňěšőďż řěÿěŋĺ£ ¡łśšřěňăńĳŋżţ ğăďăů.

Ň.: Ŋăşłă, 1980.

[2] Čĺń£ğőć Ś.Ť., Ůěřŋżľ Ć.Ć. Řěčşń£řĺğĺřş¿źĺľ ňěšőď śőŕř£ęěŋ-

ŋżţ čřăďĺěŋšőć ďń£ řěÿěŋĺ£ ńĺŋěľŋżţ őŕěřăšőřŋżţ şřăćŋěŋĺľ ś śăňőśőŕř£ęěŋŋżň őŕěřăšőřőň. Śň. ŋăśšő£źĺľ śąőřŋĺł.

[3] Čĺń£ğőć Ś.Ť., Ůěřŋżľ Ć.Ć. Ő ŋěłőšőřżţ śćőľśšćăţ ŋěńĺŋěľŋżţ

őšőąřăęěŋĺľ // Ůĺśńěŋŋżľ ăŋăńĺğ: ňěšőďż ĺ ăńčőřĺšňż. Ň.: Ĺğď-ćő Ňőśł. şŋ-šă, 1998. Ś.19-23.