Frontiers in Mathematics

Stability of Vector Differential Delay Equations

Bearbeitet von
Michael I. Gil’

1. Auflage 2013. Taschenbuch. x, 259 S. Paperback
ISBN 978 3 0348 0576 6
Format (B x L): 16,8 x 24 cm
Gewicht: 466 g

Weitere Fachgebiete > Mathematik > Mathematische Analysis >
Differentialrechnungen und -gleichungen

schnell und portofrei erhaltlich bei
o®0

beck-shop.de

DIE FACHBUCHHANDLUNG

Die Online-Fachbuchhandlung beck-shop.de ist speziaisiert auf Fachbiicher, insbesondere Recht, Steuern und Wirtschaft.

Im Sortiment finden Sie alle Medien (Blicher, Zeitschriften, CDs, eBooks, etc.) aller Verlage. Erganzt wird das Programm

durch Services wie Neuerscheinungsdienst oder Zusammenstellungen von Biichern zu Sonderpreisen. Der Shop fihrt mehr
als 8 Millionen Produkte.


http://www.beck-shop.de/Gil-Stability-of-Vector-Differential-Delay-Equations/productview.aspx?product=11692400&utm_source=pdf&utm_medium=clickthru_ihv&utm_campaign=pdf_11692400&campaign=pdf/11692400
http://www.beck-shop.de/trefferliste.aspx?toc=8344
http://www.beck-shop.de/trefferliste.aspx?toc=8344

Contents

Preface . . . . . . . . . . . ix

1 Preliminaries
1.1 Banach and Hilbert spaces . . . . .. ... ... .. ........ 1
1.2 Examples of normed spaces . . . . . . . ... ... L. 3
1.3  Linear operators . . . . . . . . . . ... e 4
1.4  Ordered spaces and Banach lattices . . . .. ... ... ... ... 7
1.5  The abstract Gronwall lemma, . . . . .. .. ... ......... 8
1.6 Integral inequalities . . . . . . . ... ... ... ... 10
1.7 Generalized norms . . . . . . . ... Lo 11
1.8 Causal mappings . . . . . . . .. ... 12
1.9 Compact operators in a Hilbert space . . . . . ... ... ... .. 14
1.10 Regularized determinants . . . . . . .. .. ... ... ... 16
1.11 Perturbations of determinants . . . . .. .. ... ... ...... 17
1.12 Matrix functions of bounded variations . . .. ... ... ... .. 19
1.13 Comments . . . . . . . . . . e 24

2  Some Results of the Matrix Theory
2.1 Notations . . . . . . . . . .. 25
2.2 Representations of matrix functions . . . . . ... ... ... ... 26
2.3  Norm estimates for resolvents. . . . . . . ... ... ... ..... 30
2.4 Spectrum perturbations . . . . . . ... 32
2.5 Norm estimates for matrix functions . . . . . . . ... ... . ... 36
2.6 Absolute values of entries of matrix functions . . . . . . .. .. .. 39
2.7 Diagonalizable matrices . . . . . . ... L oL 42
2.8 Matrix exponential . . . ... ..o 48
2.9  Matrices with non-negative off-diagonals . . . . . . ... ... .. 51
2.10 Comments . . . . . . . . . . e 52



vi Contents

3 General Linear Systems

3.1 Description of the problem . . . . . . .. .. ... ... .. .... 53
3.2 Existence of solutions . . . . ... ... L oL 55
3.3 Fundamental solutions . . . . . . . .. .. ... .. L. 57
3.4  The generalized Bohl-Perron principle . . . . . .. .. ... .. .. 58
3.5 LP-version of the Bohl-Perron principle . . . . . ... .. ... .. 60
3.6  Equations with infinite delays . . . . .. ... ..o 63
3.7  Proof of Theorem 3.6.1 . . . .. ... ... ... ... ....... 64
3.8 Equations with continuous infinite delay . . . . . . . . .. ... .. 66
3.9 Comments . . . . ... ... .. e 68
4 Time-invariant Linear Systems with Delay
4.1 Statement of the problem . . . . . . . .. ... ... ... ... 69
4.2 Application of the Laplace transform . . . . . ... ... ... .. 72
4.3 Norms of characteristic matrix functions . . . .. .. ... .. .. 74
4.4  Norms of fundamental solutions of time-invariant systems . . . . . 76
4.5  Systems with scalar delay-distributions . . . . ... ... ... .. 82
4.6  Scalar first-order autonomous equations . . . . . . .. ... ... 83
4.7  Systems with one distributed delay . . . .. . ... ... ... 89
4.8 Estimates via determinants . . . . . . .. .. ... L. 92
4.9 Stability of diagonally dominant systems . . . . . .. ... .. .. 94
4.10 Comments . . . . .. L. 94
5 Properties of Characteristic Values
5.1  Sums of moduli of characteristic values . . . . ... ... ... .. 95
5.2 Identities for characteristic values . . . . . . ... ... ... ... 99
5.3  Multiplicative representations of characteristic functions . . . . . . 101
5.4  Perturbations of characteristic values . . . . ... ... ... ... 103
5.5  Perturbations of characteristic determinants . . . . . ... .. .. 105
5.6  Approximations by polynomial pencils . . . . . . .. ... ... .. 109
5.7  Convex functions of characteristic values . . . . . .. ... .. .. 109
5.8 Comments . . . . . . . ... e e 111
6 Equations Close to Autonomous and Ordinary Differential Ones
6.1 Equations “close” to ordinary differential ones . . . . .. ... .. 113
6.2 Equations with small delays . . . .. .. ... ... ... .. ... 117
6.3 Nonautomomous systems “close” to autonomous ones . . . . . . . 120
6.4 Equations with constant coefficients and variable delays . . . . . . 123
6.5 Proof of Theorem 6.4.1 . . . . . . . ... ... ... ... .... 125
6.6  The fundamental solution of equation (4.1) . . .. ... ... ... 127
6.7 Proof of Theorem 6.6.1 . . . . .. ... ... ... .. ....... 129

6.8 Comments . . . . . . . .. 130



Contents

7

10

11

Periodic Systems

7.1 Preliminary results. . . . . . .. .. ... L oL
7.2 Themainresult . .. ... ... .. ... .. ... ... ...,
7.3 Norm estimates for block matrices . . . . .. ... .. ... ....
7.4 Equations with one distributed delay . . . . ... .. ... .. ..
7.5 Applications of regularized determinants . . . . . .. ... .. ..
7.6 Comments . .. ... .. .. .. ...

Linear Equations with Oscillating Coefficients

8.1  Vector equations with oscillating coefficients . . . . . .. ... ..
8.2 Proof of Theorem 8.1.1 . . . . . .. ... .. ... ........
8.3  Scalar equations with several delays . . . . . ... ... ... ...
8.4 Proof of Theorem 83.1 . . . . . . .. .. .. ... ... ....
8.5 Comments . . . . . . . . . . ..

Linear Equations with Slowly Varying Coefficients

9.1 The “freezing” method . . . ... .. ... ... .. ... ...
9.2  Proof of Theorem 9.1.1 . . . . . . .. ... ... ... ... ....
9.3  Perturbations of certain ordinary differential equations . . . . . .
9.4  Proof of Theorems 9.3.1 . . . . . . . . ... ... ... ... ....
9.5  Comments . . . . . . . ...

Nonlinear Vector Equations

10.1 Definitions and preliminaries . . . . . . . . . ... ... ... ...
10.2 Stability of quasilinear equations . . . . . . . ... ... ... ..
10.3 Absolute LP-stability . . . . ... ... ... ... ... ... ..
10.4 Mappings defined on Q(o)NL% . . . . . . ... . ... ... .. ..
10.5 Exponential stability . . . ... ... ... 000,
10.6 Nonlinear equations “close” to ordinary differential ones . . . . . .
10.7 Applications of the generalized norm . . . . ... ... ... ...
10.8 Systems with positive fundamental solutions . . . . . ... .. ..
10.9 The Nicholson-type system . . . . . . . ... .. ... .......
10.10 Input-to-state stability of general systems . . . . . . . ... .. ..
10.11 Input-to-state stability of systems with one delay in linear parts
10.12 Comments . . . . . . L.

Scalar Nonlinear Equations

11.1 Preliminary results. . . . . . . . . . ... . ... ... ...
11.2 Absolute stability . . . . .. ... ... ... ... ... ... ...
11.3 The Aizerman—Myshkis problem . . . . . .. ... ... ... ...
11.4 Proofs of Lemmas 11.3.2 and 11.3.4 . . . . . . .. .. .. .. ...
11.5 First-order nonlinear non-autonomous equations . . . . . . . . . .

vii



viii

12

13

14

Contents

11.6 Comparison of Green’s functions to second-order equations . . . .
11.7 Comments . . . . . . . . . . e e

Forced Oscillations in Vector Semi-Linear Equations

12.1 Introduction and statement of the main result . . .. ... .. ..
12.2 Proof of Theorem 12.1.1. . . . . . . . . . ... ... ... .....
12.3 Applications of matrix functions . . . . . .. ... ...
12.4 Comments . . . . .. .. . . ...

Steady States of Differential Delay Equations

13.1 Systems of semilinear equations . . . . ... ... ... ... ...
13.2 Essentially nonlinear systems . . . . . . .. .. ... ... ..
13.3 Nontrivial steady states . . . . . . ... ... ... L.
13.4 Positive steady states . . . . . .. ... Lo
13.5 Systems with differentiable entries . . . . . . . ... ... .. ...
13.6 Comments . . . . . . . . . . . e

Multiplicative Representations of Solutions

14.1 Preliminary results. . . . . . . . ... L Lo
14.2 Volterra equations . . . . . . . . . .. ... L
14.3 Differential delay equations . . . . .. .. .. ...
14.4 Comments . . . . . . .. ...

Appendix A. The General Form of Causal Operators . . . . . . .. ... ..

Appendix B. Infinite Block Matrices

B.1 Definitions . . . . . ...
B.2 Properties of w-Volterra operators . . . . . . . ... ... ... ..
B.3  Resolvents of m-triangular operators . . . . . . . .. ... ... ..
B.4 Perturbations of block triangular matrices . . . ... ... .. ..
B.5 Block matrices close to triangular ones . . . . .. ... oL
B.6 Diagonally dominant block matrices . . . . . . .. .. ... ...

B.7 Examples . . . . . ..o
Bibliography . . . . . . . ... ..
Index . . . . . . . . .

208
209



