CONTENTS

Introduction . . ...... ... . ... . . . . . e e 1
1 Dynamical system ............ ... ... ... .. . . ..., 5
2 Fluid outflow fromavessel ............................... 29

3 Equilibrium and auto-oscillations of fluid level in the vessel
with simultaneous inflow and outflow. . . ... .................. 47

4 Transitive processes, equilibrium states and auto-oscillations. . . . . . 53

5 Dynamics of the water surface level in a reservoired hydropower

station . . ... ... 57

6 Energetic model of theheart ... ........................... 65
7 Soiling a water reservoir with a bay and the Caspian Sea puzzles. . . 69
8 Exponential Processes . . ..................ueueiinnnaii. 83
9 Dynamics in coexistence of populations .. .................... 97
10 Flow biologicalreactor. ... ............... ... ..., 111

11 Mathematical model for the immune response of a living organism
to aninfectiousinvasion. . . ........ ... .. ... ... . L 117

12 Mathematical model for the community

“Producers —Products — Managers”......................... 127
13 Linearoscillators . . . ... ... ... ... ... ... . . 141
14 Electromechanical analogies. Lagrange-Maxwell equations . . . . . . . 159

15 Galileo-Huygenselock . .. ......... ... ... ... ... ... .. ....... 173




X  Contents

16 Generator of electric oscillations . . . ......................... 189
17 Soft and hard regimes of exciting auto-oscillations . ............. 197
18 Stochastic oscillator (the "contrary elock').................... 205
19 Instability and auto-oscillations caused by friction .............. 217
20 Forced oscillations of a linear oscillator. . . . . .................. 229
21 Parametric excitation and stabilization. . .. ....... ... ... ..... 243
22 Normal oscillations and beatings. . . . ........................ 253
23 Stabilizing an inverted pendulum .......................... 261
24 Controllable pendulum and a two-legged pacing . .............. 275
25 Dynamical models for games, teaching and rational behaviour. . . . . 287
26 Perception and pattern recognition. . ... ............ ... e 309
27 Kepler laws and the two-body problem solved by Newton. . ....... 319
28 Distributed dynamical models in mechanics and physies. ......... 337
29 Fundamental solution of the thermal conductivity equation . . ... .. 349
30 Running Waves and the dispersion equation . . .............. ... 363

31 Faraday-Maxwell theory of electromagnetism and

the Maxwell-Hertz electromagneticwaves. . . .................. 375
32 Wave reflection and refraction . . . .......................... 381
33 Standing waves and oscillations of a bounded string. . ........... 387
34 Microparticles. . ......... ... . . ... e 395
34.1 Mathematical formalism in quantum mechanics . ............. 400
34.2 Freemicroparticle. . . ... ... .. 409
34.3 Microparticle inapotentialwell. . .. ...................... 410
34.4 Diffusion of a microparticle through a potential barrier . . .. ... .. 414
34.5 Atomofhydrogen. .. ... ... . . 417
34.6 Quantum linear oscillator . ...................... ... .... 419

34.7 Newton quantum equation. . . . . ......c.uueennnennnunenn.. 421

|




Contents  XI

35 Spaceandtime........ ... ... ... . ... e 423

36 Speeding up relativistic microparticles in a cyclotron............ 441

37 Mathematics as a language and as an operating system and models . 447

38 Geometrical, physical, analogous, mathematical and imitative

typesof modelling. . . .......... ... .. ... ... L. 455
38.1 Physical modelling. . . ........ .. ... . . .. i, 456
38.2 Imitative modelling . . ... ... .o i 463
39 General scheme of mathematical modelling. . . . ............... 467
40 Models of vibratory piledriving. . . ......................... 471
41 The fundamental mathematical model of the modern science and
the theory of oscillations. . . ............................ ... 479
41.1 A dynamical system as a basic mathematical model of
the contemporary SCIeNCe . . . . v v oot v v it i e e 479
41.2 A.A. Andronov and the theory of oscillations. ... ............ 484

42 Mathematical model as a fruitful idea of research. The D-partition . 501

43 Idealization, mathematical correctness and reality . . .. .......... 511
43.1 Frictional regulator of rotating velocity . ................... 511
43.2 Panleve paradox and auto-oscillations

under Coulomb friction . ........... ... ... ... ... 515

44 Dynamical interpretation of the least-square method and

global search optimization with use of an adaptive model. .. ... ... 531
44.1 A universal recurrent form of the LSQ method .............. 531
44.2 Searching global optimization with an adaptive model . ....... . 534
45 Theoretical game model of the humansociety . ................ 539
45.1 Game-like perception of life and
a theoretical game model of the society ... ................. 544
45.2 Organizational and management principles of the society. . ... .. 547
453 Anidealpublicgame .......... ... ... ... . ... 550
45.3.1 Conditions to obtain successful individual
searches for the largest wins . ..................... 552
45.3.2 Admissibility of small time delays . ................. 554
45.3.3 When does the individual wins maximizing
strategy bring to the global maximum of the general win .. 554

45.3.4 The basic principle of the joint ideal game in the society . . 556
45.3.5 Onexpedient organization and self-organization
of economic games in the society . . . ................ 557




XII  Contents

45.4 A problem of involving managers and authorities into a
general playing interaction . ................. . ... . ... ... 558
455 Conclusion. . . ... 559




