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LOI NOI DRU

Giåi tich dang phåt tridn mgnh, déc biét Iå phdng SD, p/uran@
phåp song song, xdp xi bång spline vå söng nhc; (wavelet) dang phåt tridn
rat mgnh cüng våi sq phåt tridn ki nhanh ctia tin hec, tnåy vi tinh.

Trtc&c däy khöng låu, dji våi mét sc ngånh li thuyé't nhlt (Igi sa trihl
titgng, hinh hec vi phän, hinh hec dgi so' v.v... titång chüng nhlt khöng the;'
c6 thum toån, chuang trinh dddlta våo måy tinh, nhltng bäy gib cåc ngånh
dy dä cé thum toån, chitang trinh tinh toån trén måy vi tinh r6i
(xem [81 , 120, 881). Däy lå mét trong cåc xu thé'lån Clia toån hec hi?n dgi.

Nhå båc hec ndi titng S.L. Sobolev måi 30 tubi dä lå Vien si V /lån
läm khoa hec Lién XO (cü), dä xäy dtgng ditgc mét khöng gian phié'tn him
trüu tug-ng mang tén öng. Khöng gian nåy ctrc ki quan treng vå cån thié't
cho gån hit cåc ngånh khoa hec vå cong nghé, dä, dang vå sé ditgc phåt
tridn khöng ngüng. Ong dä dånh nt'ta ngtt&i cho toån hec tinh toån.
Nhiéu nhå toån hec c6 tén tudi, trong db cd cd Vien sr. cd n/1t7ng nhå båc
hec dä dltgc giåi thitång Fields, Nobel, cüng dä vié•t nhidu cong trinh våi
nhan dé titång cluing khöng thuéc ngånh giåi tich sc, n/lttng rat gån våi
ngånh nåy, nhtt O.V. Besov, G.H. Hardy våi cåc khöng gian phié;n him
mang tén minh, H. Brezis(*), L. Nirenberg båi båo "L' thuyét béc vå
dao déng trung binh bi chän", B.P. Maslov såch "Cåc phltcng p/låp
tiém cen cho phltang trinh giå vi phün", PJ.Lious(**) vÜi såch
suy réng cia phltcng trinh Hamilton - Jacobi", L. V.

Kantorovich (vå G.P. Akilov) v&i såch "Giåi tich him" (1984) v.v...
Nhiéu nhå toån hec khåc dä quan täm déh rat nhiéu Iinh vtgc cüng dä

(*) dang Ii Giåm d6c Phöng Giåi tfch s6, DHTH Marie Curie, Paris
(**) Giåi thtr&ng Fields dang cing v6i b6, Vien si J.J. Lions, trong Ban bien top
top chi "MO phöng toån hoc vå giåi tich s6", 1 trong 4 top chi 16n nhåt vé giii tich
s6 tren thé gi6i.
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d6 mang tin öng, O.A. Ladyjons Kaicı [III, O.A. Oleinik [22, 1021,

elli' Cho gidi tich sö mû c/11İng töi k/1Öng t11Ö liç;t ke? d dûy. Ch17ng tÖİ ('h/xin litu j râng ngay trong Iînh vıgc tlıj trıcöng chüng khoün dang diangay gdt trong nen kinli tllj IrıcÖng, cüng plidi nghİe;n cûu n/liöu phWngtrinh vi tich phün ngâu nhiğn, trong dö cö phıtung trinh Black-Scholes, vûicüc bâi todn biün pili tuyan mû khöng sü dıyıg gidi tich vil müy vi linhthİ khÖng t/1Ö gidi dugc.

IVIIIC vğy gidi tich sÖlâ cıgc ki quan treng vû cdn thİğ't Cho khoa hec vâ cöngng/ıe. Do dö dû trong nıt8c dü cö n/1İâu süch vişt hâng tiğhg Viğt, chûng löİcüng dltgc Nhâ xuüt bön Gido vü, höÎ th1İc viİt quyen süch nüy.
Quyan sdch göm hai phân.
Phân MQt göm sdu chltmıg gibi thİğu cüc kişn thltc cÜ bön va gidi tichsö Cho sinh viün cüc truöng Deyi hec trong nhüng nüm ddu cüng nilü Ö

nhüng nüm cuÖİ. Cüc kiÖn thüc trong plldn nây cüa quyan süch dugc chpn
İçc dâ thİch lıgp vÖİ tüt c'i cüc dö'İ titgng

Chüng töİ cö güng vişt dâ dQc gid tiÖp c•ğn dugc vÖi gidi tich sö hiğn hi-
Bân cqnh cdc biiu bdng, Iltqc M, chlâng töİ cüng dü sû dgng chumıg trinh
MAPLE V ö mQt s6ch6. Cum m6i chumıg cıza plldn nây dâu cö bâi tğp.

Phân Hai göm nüm chltmıg. Phân nây nhâm dua dQc gid din met hüÖng
hiğn dqİ trong gidi tich sÖ, dğc biğt dâ dQc gid lâm quen vÖi mot sö küt qud
nghİğn cüll gün dây cıza cüc tüc gid vâ cüc d6ng nghiğp. Phân nây cûng vÖi mQt
sö tâİ liğu dltgc liet kâ trong mıgc tâi liğu Iham khdo Ö cuöÎ sâch cö giüp Cho
sinh viân chucİn b!' luğn vün thqc sî, luğn ün tişn sîvâ xa han.

Tişp theo Chitung M lâ phdn düp sö vâ hıcöng dân gidi cdc bâi tğp.
Nhlt ta dü thüy gidi tich lâ nığt ngânh rüt rQng, nen chüng töİ Chi dâ
cğp mç5t sö van dâ nhıc tren. Ngay câ döÎ vöi cdc vin dâ dıtgc dâ cğp, vöi
khuön kh6 quyan sdch. chüng töi cüng khöng thâdi sâu vâ rQng hm. Song
dâ khdc phıgc hqn ây, chüng töi cö güng dua vâo nh17ng tâi liğu gün
dây va gidi tich sö trong mıgc tâi liğu tham khdo, dû râng nhüng tâi liğu
nây cön xa möi ddy dit.

Chüng töi trân treng câm mı Nhâ xuüt hân Gido dgc dü vü vâ tgo
diâu kiğn dâ quyan sdch dıcqc ra döi phıgc söm, dğc biğt lâ T.S Nguyân
Huy Doan dü giüp cüc tüc gid rüt nhiâu trong qud trinh lâm süch.

Hâ Nöi, Xuân 2000

cÂc TÂc GIÂ

4



MUC LUC

Chrcng I :

Chrong ll.

Löi nÖi däu

Phån möt

CO Sd cÜA GIÅI TfCH SO

MOT SO KHÅI NIEM Md DÅU

51. Khöng gian métric

52. Khöng gian Banach

53. Khöng gian Hilbert

54. Phuong trinh vi phån

55. S6 gån düng vå sai s6

Båi top

GIÅI T[CH SO TRONG GIÅI T(CH

I. Lfthuy6t suy

fl. Da th(rc néi sw Lagrange

52. Da thüc néi suy Newton

53. Da thüc néi suyyermttre

54. Spline da thÜc

//. Xip xid6u vå phoøng phäp binh phtmng t67 th/6u

55. x5p déu

56. Phuong phåp binh Phuong t6i thiéu

1/1. Wphån vå ffch phån s6

57. Tinh gån düng håm

58. Tinh gån düng tich phån,

Phuong phåp Monte - Carlo

IV. Vål v/dgffnh toån trén MAPLE V

Båi tåp

Chuang Ill. GIÅI TfCH S6 TRONG SO

I. Giåi ffch s6trong Dpi s6tuy6n ffnh

M. dåu
52.

9. Phuong phåp phån rä

54. Phuong phåp truc giao

E. Phån tich sai s6

7

7

14

23

28

32

38

40

40

41

47

56

58

61

61

68

77

78

81

90

93

96

96

96

97

99

103

104

453



S6. Phtong phåp löp don

S7. Phtong phåjSéidel

van dé tim ma tran nghich dåo

S9. Båi toån giå tri riéng

SIO. Våi vi du tinh toån Dei s6 tuyén tinh trén MAPLE V

Giåigån dång phffngtrinh phi tuy6n

Chumg tv.

Chu•cng V.

Chitcng VI.

Sit. M&dåu
*12. Phtcng phåp löp don

St3. Phtcng phåp dåy cung

S14. Phtrcng phåp Newton

*15. HQ phi tuyén

SIG. Phuong trinh dai s6 béc cao.

Båi tap

GIÅI GÅN DUNG cÅc PHUONG TRINH VI PHAN THUdNG
SI. Phuong phåp lap don

Phuong phåp Eulervå Euler cåi tién

0. Phtcng phåp Runge - Kutta.
54. Phuong phåp Adams.

sS5. Giåi he phtrong trinh vi phån.

9. Phuong phåp sai phån giåi båi toån bién

57. Phuong phåp Galerkin

sS8. Phuong phåp Collocation

59. Giåi phucng trinh vi phån thudng bång Chuang trinh MAPLE V

Båi tep

GIÅI GÅN DUNG cÅc PHUONG TRINH DAO HAM RIÉNG

51. Phuong phåp ltråi

52. Sv dn dinh cüa lugc d6 sai phån

N. Phuong phåp dtrdng thång

Båi tep

GIÅI GÅN DUNG PHUONG TRiNH T[CH PHAN
51. Phuong phåp 10 don
p. Phuong phåp Newton - Kantorovich.
N. Phuong phåp hach suy bién

Phuong phåp momen va Phuong phåp binh Phuong t6i thiéu.

55. Phuong trinh tich phån tuyén tinh Volterra - Fredholm.

Båi tap

107

111

114

117

126

128

128

130

133

136

137

140

147

151

152

156

160

165

168

175

178

180

183

188

191

191

210

214

224

230

.230

234

236

242

246

250

454



Phån ha/

MOT SO vÅN DÉ HIÉN DAI

Chtrcng Vll. MOT SO KHÅI NIEM Md DÅU( ti6p theo)

Khöng gian töpö 16i dia Phuong

p. Khöng gian métric. Khång gian Banach

53. Khöng gian Sobolev.

Chwng Vill. PHUONG TRINH VOLTERRA - FREDHOLM
51. Mét s6 khåi niem.

52. Phuong phåp löp tdng quåt.

B. Phuong phåp xåp xi hai phia.

Chmg1X. PHUONG PHÅP SAI PHAN DOI vdl PHUONG TRINH VI PHÅN

THUOc LON ELLIPTIC
I. sc db sai phän dö7 vdiphWng trinh viphån thuéc lopi elliptic

trongkhönggian H2m vå C.

51. Sv xåp xi va sv héi tv

52. Häm riéng vå giå tri riéng cüa toån tir sai phån Laplace A

53. Tucng tv sai phån dinh Ii nhüng Sobolev

54. Ung dung

Il. Sd d6 saiphån dö/ vdiphWng trinh viphån thuéc lopi

elliptic trong khöngglan H 2m•p vå C

55. Khöng gian Cp(Wh) vå

9. Lién he giüa Khöng gian LP(G) vå Khöng gian Lp(Wh)

57. IJng dung : Lugc d6 sai phån chinh xåc bäc b6n d6i vdi

phuong trinh Poisson.

Chrong X : xÅp xi BÅNG SPLINE vÅ SONG NHÖ.

I. xibång Sp/ine

51. Phuong phåp spline collocation d6i v6i Phuong trinh vi phän,

Phuong trinh vi tich phån.

252

252

258

263

272

272

273

279

283

283

283

290

295

304

313

314

319

326

333

333

333

p. Phuong phåp spline collocation d6i v6i he phucng trinh tich phån

phi tuyén Fredholm - Volterra.

53. Cåc thuåt toån giåi Phuong trinh spline collocation.

g. Håm spline v6i phi-rang trinh giå vi phån

55. xi khöng gian Sobolev bång L - spline.

339

342

349

352

455



ll. Xip xibång söng nhd

56. song nhö
sr. Phép bién d6i song nhå tfch phån
9. Xåp xi song nhå d6i vdi Phuong trinh giå vi phån.

ChwngX1: GIÅI xÅp xi PHUONG TRINH TOÅN TIY
Sl. Phép läp an, toån tir co döc (condensing).

S2. Phuong phåp diéu chinh. Båi toån bién phån da tri phi tuy6n

53. Phuong phåp khöng khdp trong khöng gian töpå Idi dia phtfdng

Dåp s6 vå hU6ng dån giåi cåc båi top.

Tåi liéu tham khåo.

CONTENTS

Chapter I.

Chapter Il.

Foreword

Part one

BASIC OF NUMERICAL ANALYSIS

BACKGROUND MATERIALS

51. Metric spaces

52. Banach spaces

53. Hilbert spaces

54. Differential equations

55. Approximation numbers and errors.

Exercices

NUMERICAL ANALYSIS IN MATHEMATICAL ANALYSIS

I. Interpolation theory

51. Lagrangian interpolates

52. Newtonian interpolates

53. Hermitian interpolates

54. Polynomial spline

ll. Uniform approximation and least square methods

55. Uniform approximation

56. Least square methods

1/1. Numerical differentiation and integration

57. Number differentiation

58. Number integration. Monte-Carlo method.

IV. Computation examples on MAPLE V

Exercices.

36b

390

390

399

414

433

446

7

7

14

23

28

32

38

40

40

41

47

56

58

61

61

68

77

78

81

90

93

456



Chapter Ill. NUMERICAL ANALYSIS IN ALGEBRA. 96

I. Numerical analysis in linear algebra. 96

51. Introduction 96

52. Gauss method 97
53. Splitting method 99
S4. Orthogonal method 103
55. Error analysis 104
56. Simple iteration method. 107
57. Seidel method 111
58. Problems on inverse matrix 114
59. Eigenvalue problem 117
510. Examples on computing linear algebra on MAPLE V 126

Il. Numerical analysis of nonlinear equations 128

Chapter IV.

Chapter V.

Sli . Introduction 128
512. Simple iteration method 130

513. Cord method 133

514. Newton method 136

515. Nonlinear systems 137

516. Algebraic equations of high degree. 140

Exercices 147

NUMERICAL ANALYSIS OF ORDINARY DIFFERENTIAL EQUATIONS 151

51. Sinple iteration method. 152

52. Euler and modified Euler method 156

53. Runge - Kutta method 160

54. Adams method. 165

55. Systems of differential equations 168

56. Difference method for boundary value problems 175

57. Galerkin method 178

58. Collocation method 180

59. Computation on MAPLE V. 183

Exercices 188

NUMERICAL ANALYSIS OF PARTIAL DIFFERENTIAL EQUATIONS. 191

51. Net method

52. Stability of difference scheme

53. Line method.

Exercices

191

210

214

224

457



Chapter VI

Chapter Vll.

Chapter Vlll.

NUMERICAL ANALISIS Of INTERGRAL EQUATIONS

Simplo iteration method.

Newton - Kantorovich method

Dogonorate kernel method

Moment method and least square method

Linear integral equations Volterra - Fredholm

Exercices

Part two

SOME MODERN PROBLEMS

BACKGROUND MATERIALS (CONTINUED)
SSI. Uniformly convex topological spaces

52. Metric spaces. Banach spaces

53. Sobolev spaces

VOLTERRA - FREDHOLM INTEGRAL EQUATIONS
51. Some definitions

V. Ganeral iteration method.

N. Two sides approximation :

230

230

234

236

242

246

250

252

252

258

263

272

272

273

279

Ctnmc. DIFFERENCEMETHODFORDIFFERENTIALEQUATIONSOF ELLIPTICTYPE 283

L Difference schemes for differentia/ equations of elliptic type in

spaces H2m and C. 283

51. Approximation and Convergence. 283

V. Eigenvectors and eigenvalues of Laplace difference operator A 290

53. Difference analog of Sobolev imbedding theorems 295

54. Applications. 304

//. Difference schemes for differentia/ equations ofe//pftic type in spam H2m'P

and C 313

55. The spaces qwh) and A 2mP(Wh) 314

56. Relation between the spaces Lp(G) and 319

57. Applications : Difference scheme with accuracy of order 4 for

Poisson equation. 326

458



Chapter X. SPLINE AND WAVELET APPROXIMATION

L Spline approximation

S Il Spline collocation metthods for differential equations. integro -

differential equations.

52. Spline collocation methods for systems of nonlinear equations.
53. Algorithms for spline collocation equations

54. Splines and pseudo—differential equations
55. L - Spline approximation

Il. Wavelet approximation

Chapter XI.

S6. Wavelets
S7. Integral wavelet transform.

58. Wavelet approximation of pseudo—differential equations.

APPROXIMATE SOLUTION OF OPERATOR EQUATIONS.

V. Implicit iteration method. Condensing operators.

58. Regularization methods. Nonlinear set -valued variational problems.

9. Discrepancy method in uniformly convex topologiæl vector spaces.

Answers and hints to exercices

References.

333

333

333

339

342

349

352

357

357

365

375

390

390

399

414

433

446

459


