


Contents

PartI.StabilityAnalysisofDifferenceSchemesbytheMethodof

DifferentialApproximation1

1.CertainPropertiesoftheTheoryofLinearDifferentialEquations

andDifferenceSchemes3

1.1Cauchy'sProblem3

1.2One-dimensionalTime-dependentCase4

1.3SystemsofSecond-orderEquations5

1.4BasicConceptsoftheTheoryofDifferenceSchemes....5

2.TheConceptoftheDifferentialApproximationofaDifferenceScheme8

2.1Г-formandП-formoftheDifferentialRepresentationofa

DifferenceScheme8

2.2GeneralFormoftheП-form12

2.3Г-anП-formoftheFirstDifferentialApproximation...13

2.4RemarksonNonlinearDifferentialEquations15

2.5TheRoleoftheFirstDifferentialApproximation15

2.6OntheCorrectnessofGivingtheП-formasanInfinite

DifferentialEquation16

2.7DifferentialRepresentationsofDifferenceSchemesinSpaces

ofGeneralizedFunctions19

2.8AsymptoticExpansionoftheSolutionofaDifferenceScheme30

2.9OntheInjectiveCharacteroftheMappingofDifference

SchemesintheSetofDifferentialRepresentations34

3.StabilityAnalysisofDifferenceSchemeswithConstantCoefficients

byMeansoftheDifferentialRepresentation38

3.1AbsoluteandConditionalApproximation38

3.2Lax'EquivalenceTheorem39

3.3OntheNecessaryStabilityConditionsforDifferenceSchemes40

4.ConnectionBetweenTheStabilityofDifferenceSchemesandthe

PropertiesofTheirFirstDifferentialApproximations45

4.1SimpleDifferenceSchemes45



4.2MajorantDifferenceSchemes47

4.3Fractional-stepMethod49

4.4TheCaseofMulti-dimensionalSchemes51

4.5Two-levelDifferenceSchemes54

4.6RemarksonNonlinearEquations57

5.DissipativeDifferenceSchemesforHyperbolicEquations....58

5.1DifferentDefinitionsofDissipativity58

5.2StabilityTheoremforDissipativeSchemesintheGeneralized

Sense59

5.3StabilityTheoremforDissipativeSchemesintheSenseof

Roshdestvenskii-Yanenko-Richtmyer61

5.4StabilityTheoremforaPartlyDissipativeScheme62

6.AMeansfortheConstructionofDifferenceSchemeswithHigher

OrderofApproximation63

6.1ConvergenceTheorem63

6.2AWeaklyStableDifferenceScheme65

6.3ConstructionofaThird-orderDifferenceScheme66

6.4ApplicationtoNonlinearEquations67

6.5ApplicationoftheMethodtoaBoundaryValueProblem..68

6.6StabilityTheoremsforDissipativeSchemes69

PartII.InvestigationoftheArtificialViscosityofDifferenceSchemes73

7.K-propertyofDifferenceSchemes75

7.1Introduction75

7.2DefinitionofK-property76

7.3SimpleDifferenceSchemes77

7.4Three-pointSchemes80

7.5NecessaryandSufficientConditionsfortheStrong

PropertyK83

7.6Predictor-CorrectorScheme84

7.7ImplicitDifferenceSchemes85

7.8Higher-orderDifferenceSchemes87

7.9ApplicationtoGasDynamics88

7.10ConnectionBetweenPartlyDissipativeDifferenceSchemes

andThosewiththeStrongPropertyK89

7.11ThePropertyP(p,1)89

7.12ThePropertyD(P1)90

8.InvestigationofDissipationandDispersionofDifferenceSchemes91

8.1DissipationandDispersionofDifferenceSchemes91

8.2DissipationandDispersionofDifferentialApproximations..93

8.3RelativeDissipativeErrorandDispersion98

8.4GeometricalIllustrationofDissipativeandDispersiveErrors100



8.5ClassificationofDifferenceSchemesAccordingtoDissipative

Properties101

8.6SomeRemarksonUsingFiniteNumberofTermsofthe

DifferentialApproximation102

8.7ConnectionBetweenDispersion,DissipationandErrorsof

DifferenceSchemes103

9.ApplicationoftheMethodofDifferentialApproximationtothe

InvestigationoftheEffectsofNonlinearTransformations....107

9.1Introduction107

9.2EquivalenceofDifferenceSchemes107

9.3TheFluidEquationsIncludingGravity109

9.4TheEquationsofGasDynamicsIll

10.InvestigationofMonotonicityofDifferenceSchemes115

10.1Introduction115

10.2MovingShockwithConstantVelocity115

11.DifferenceSchemesinanArbitraryCurvilinearCoordinateSystem118

11.1Introduction118

11.2DefinitionofaMesh119

11.3ClosenessofSolutionsofDifferenceSchemesonDifferent

Meshes120

11.4ExampleofConvectiveEquation122

PartIII.InvariantDifferenceSchemes127

12.SomeBasicConceptsoftheTheoryofGroupPropertiesof

DifferentialEquations131

12.1InfinitesimalOperatorofGr131

12.2InvariantSubsetsofGr132

12.3NecessaryandSufficientConditionsfortheInvarianceofthe

First-orderDifferentialEquations133

13.GroupsAdmittedbytheSystemoftheEquationsofGasDynamics134

13.1Lie-AlgebraforTwo-dimensionalGasDynamics134

13.2One-dimensionalGasDynamics135

14.ANecessaryandSufficientConditionforInvarianceofDifference

SchemesontheBasisoftheFirstDifferentialApproximation..136

15.ConditionsfortheInvarianceofDifferenceSchemesfortheOne-

dimensionalEquationsofGasDynamics138

15.1TheClassofTwo-levelDifferenceSchemesfortheEulerian

EquationsofGasDynamics138

15.2ConditionforInvariancefortheDifferenceScheme(15.1).140



15.3PropertyMofaDifferenceScheme144

15.4PropertyK146

15.5WeakSolutionsofDifferenceScheme(15.1),α=β....148

15.6One-dimensionalSystemoftheEquationsofGasDynamics

inLagrangeanCoordinates149

15.7PolytropicGas153

16.InvestigationofPropertiesoftheArtificialViscosityofInvariant

DifferenceSchemesfortheOne-dimensionalEquationsofGas

Dynamics157

16.1r-matricesinEulerianCoordinates157

16.2PropertyK159

16.3PolynomialFormoftheViscosityMatrix161

16.4NumericalExperimentsforEquationsofGasDynamicsin

EulerianCoordinates163

16.5DampingofOscillatoryEffects169

16.6r-matricesinLagrangeanCoordinates170

16.7WidthofShockSmearing174

16.8NumericalExperimentsontheEquationsofGasDynamics

inLagrangeanCoordinates175

16.9ConservativeandFullyConservativeSchemes181

17.ConditionsfortheInvarianceofDifferenceSchemesforthe

Two-dimensionalEquationsofGasDynamics186

17.1Two-levelClassofDifferenceSchemes186

17.2ConditionsfortheInvarianceoftheDifferenceScheme(17.1)188

17.3TheoremonInvariance191

17.4PropertyM191

17.5PropertyK194

17.6SomeRemarksonStability195

17.7r-matrices195

17.8NumericalExperimentsfortheProblemoftheInteraction

ofaShockwithObstacles198

17.9NumericalExperimentsfortheShallowWaterEquations.203

17.10AnalysisofthePropertiesoftheArtificialViscosityfor

DifferenceSchemesofTwo-dimensionalGasFlows....210

17.10.1SchemesofClassJ1210

17.10.2SchemesofClassJ2212

17.10.3TheLax'Scheme213

17.10.4TheRusanov-Scheme215

17.10.5TheLax-Wendroff-Scheme216

17.10.6Two-stepVariantoftheLax-Wendroff-Scheme..217

17.10.7ModificationoftheLax-Wendroff-Scheme....218

17.10.8TheMacCormack-Scheme219

17.10.9ComparisonofNumericalResults220



18.InvestigationofDifferenceSchemeswithTime-splittingUsingthe

TheoryofGroups235

18.1TwoFirst-orderSchemeswithTime-splitting235

18.2GroupPropertiesoftheSchemes(18.1)and(18.2)236

18.3ConditionsforInvarianceforaPolytropicGas238

18.4ComparisonofInvariantandNoninvariantSchemes....239

PartIV.Appendix247

A.IIntroduction249

A.2DifferenceSchemesfortheEquationofPropagation251

A.3DifferenceSchemesfortheEquationsofOne-dimensionalGas

Dynamics267

References279

SubjectIndex293


	page1
	page2
	page3
	page4
	page5
	page6

