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s(1—1t), s<t,
k(s t) = (4.2)
t(l—s), s>t

B X =Y =L20,1] B, ¥ K 2E%M, BFEN, 8851 & ye H?[0,1]n H0,1], W77
2 (4.1) Az = —y".

HIELE MR T RE (4.1) BTSSR FRORE B A ity 100

Bl1 y(s) =s*(1—s)5, zt(t) = —4t2(1 — t)>(18t> — 16t + 3), K HIBAE B L, BUE BT
REEH 100.

B2 y(s) =G of(t) = dsin(2nt), K eI EL, U BURE A 100.

PR A ORI o° =y + 75, by = Kaf, e NRABRETEZ 204 N (0, 1) T &
K Morozov 5% ZEH NE NENLZ&AE, B || Ko™ — y0||< rd, BUr = 1.01. IEARE LD
K a FEFMEENBUSRRIE, REW 0 = g IWHXTTRE err A

lz™® — ]|

S P
it Landweber iERIENIE 75108 LW, BaxGEAEMAEL 7728 TM, Crank-Nicolson Bk =X
A C-N.

F1 Bl BUES
LW IM C-N
m err cpus m err cpus m err cpus
107! 2 1.5422e-1  5.92e-5 5 1.7259¢-1 1.681e-4 4 1.5996e-1 3.155e-4
1072 21 1.2903e-1  8.05e-5 22 1.286e-1 6.723e-4 21 1.2912e-1 1.0688e-3
1073 344 4.8135e-2 6.373e-4 344 4.8145e-2 1.2729e-2 344 4.8185e-2 1.8386e-2
107% 1685 1.4031e-2 2.6448e¢-3 1687 1.4028e-2 4.2998¢-2 1686 1.4029¢-2 6.0518e-2
1075 13578 4.971e-3 2.1443e-2 13579 4.971e-3 3.3664e-1 13579 4.971e-3 5.1055e-1

*2 2 Bas
LW IM C-N
m err cpus m err cpus m err cpus
1071 53 4.2763e-2 1.558e-4 56 4.4308e-2 1.94le-3 54 4.3991e-2 3.3797e-3
1072 87 5.820le-3 2.165e-4 92  6.04e-3 3.6449e-3 90 5.8913e-3 4.8953e-3
1073 122 7.0513e-4 2.397e-4 130 7.2475e-4 4.7189e-3 126 7.1499e-4 7.1639e-3
107* 157 8.0942e-5 3.414e-4 167 8.3319e-5 5.2495e-3 162 8.2143e-5 9.7332e-3
107% 192 8.9977e-6 3.685e-4 205 9.2001e-6 7.4168e-3 198 9.1372¢-6 9.4316¢-3

0

R 1ME 2 Rl 1 AE 2 AR T =R E R KRS E AL T, LI R
Crank-Nicolson &5k sCE RANEATHIEL & 20 W ARAT, & 1R WIET7 I LT RAIE B S e iie sk
B, (EL FE TS AR EE T R AR K.
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X FHEFRES Tikhonov 3EARIE N1k 7775 F1725 25K (1) Crank-Nicolson B #Uk& K, FRATHCE
K oa; = ag™, HHa =1, ¢ = 1.1. iLdEFEZ Tikhonov EIEML 7758 NT, 428K

Crank-Nicolson 2 ##& 3~ NC-N.

®3 P11 AP RKEUES R
NT NC-N
m err cpus m err cpus
1071 13 1.772e-1 7.764e-4 12 1.480le-1 6.455e-4
1072 14 1.2682e-1 7.966e-4 14 1.2599e-1 8.041e-4
107% 17 3.5824e-2 9.109¢-4 17 3.1661e-2 8.852¢-4
107% 18 1.1425e-2 9.515e-4 — - -

R4 P2 AP KEHSR
NT NC-N
m err cpus m err cpus
1071 16 9.6352e-2 8.602e-4 16 1.15e-1 8.045¢-4
1072 16 1.0057e-2 1.026e-3 — - -

0

£ 3 ME 4 F, HiRE 6 BRE, NC-N LM NT J5ikrscie gt R, T4 1,
NC-N fEAHXH R ZE M HEHE EART NT ik, (H2 § < 1074 B, NC-N J7 75 HUE s
ANFREL, FERATHH S HE S AHET.

5 R4k

AR B 1E WIAY, J5 %34T Crank-Nicolson B8, WEH] 7 %Ak 2 1E WA 759291 H.
AT DLIA Bt e S, 156 B L IE AL P BE AN Landweber 354X 1F 4L 77— 3. 3 — B BEG
SR, 53EF8% Tikhonov A IEMIA AR, Crank-Nicolson # U AEAR DA HRME T H
A S USSR AR AT, TR — RIS LD KA R IEARB BUE B O(|logd|) Zil, PR T HAE
AL RAE N RIS . H0E 5256 38 81 [ 2 25 K Crank-Nicolson 7% EL A K471 1E A6 %%
RIFSLHLRA R ZE W, (R THEARRT AR By AR L A =y A KT TN R R, T E /N
N 75 B ] BE H BRI, ST — L. 4% 1, Crank-Nicolson & #g 2 — M7 HAA
PR ZE M R AR DE AL J7 v, (AR RCR AR 5K S 7 THIATIAZAE — 52 SR BR.
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CRANK-NICOLSON REGULARIZATION METHOD FOR LINEAR

INVERSE PROBLEMS

GAO Jian-ming , LU Xi-liang
(School of Mathematics and Statistics, Wuhan University, Hubei 430072, China)

Abstract: This paper investigates the Crank-Nicolson regularization method for linear

inverse problems. By discretizing the continuous regularization equation with the Crank-Nicolson
scheme, the method is proven to be a valid regularization strategy achieving optimal convergence
order. Theoretical analysis shows that, under fixed step size, it shares similar regularization
properties with the Landweber method. Under variable step sizes, its convergence condition is
stricter than that of the nonstationary Tikhonov method, and geometric step sequences cannot
achieve logarithmic iteration order. Numerical experiments confirm its regularization effectiveness
and optimal error rate, while revealing the restriction with respect to the nonstationary Tikhonov
method under low-noise conditions.
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