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Preface

Dear Reader,

in this book you will �nd the Proceedings of the Summer School � Conference �Advanced Problems
in Mechanics (APM) 2016�. The conference had been started in 1971. The �rst Summer School
was organized by Prof. Ya.G. Panovko and his colleagues. In the early years the main focus of
the School was on nonlinear oscillations of mechanical systems with a �nite number of degrees of
freedom. Since 1994 the Institute for Problems in Mechanical Engineering of the Russian Academy
of Sciences organizes the Summer School. The traditional name of �Summer School � has been kept,
but the topics covered by the School have been much widened, and the School has been transformed
into an international conference. Now it is held under the patronage of the Russian Academy of
Sciences. The topics of the conference cover now almost all �elds of mechanics, being concentrated
around the following main scienti�c directions:

� aerospace mechanics;
� computational mechanics;
� dynamics of rigid bodies and multibody dynamics;
� �uid and gas;
� mechanical and civil engineering applications;
� mechanics of media with microstructure;
� mechanics of granular media;
� nanomechanics;
� nonlinear dynamics, chaos and vibration;
� molecular and particle dynamics;
� phase transitions;
� solids and structures;
� wave motion.

The Summer School � Conference has two main purposes: to gather specialists from di�erent
branches of mechanics to provide a platform for cross-fertilization of ideas, and to give the young
scientists a possibility to learn from their colleagues and to present their work. Thus the Scienti�c
Committee encouraged the participation of young researchers, and did its best to gather at the
conference leading scientists belonging to various scienti�c schools of the world.

We believe that the signi�cance of Mechanics as of fundamental and applied science should much
increase in the eyes of the world scienti�c community, and we hope that APM conference makes
its contribution into this process.

We are happy to express our sincere gratitude for a partial �nancial support to Russian Founda-
tion for Basic Research, Russian Academy of Sciences, and St. Petersburg Scienti�c Center. This
support has helped substantially to organize the conference and to increase the participation of
young researchers.

We hope that you will �nd the materials of the conference interesting, and we cordially invite
you to participate in the coming APM conferences. You may �nd the information on the future
�Advanced Problems in Mechanics� Schools � Conferences at our website:

http://apm-conf.spb.ru

With kind regards,

Co-Chairmen of APM 2016

Dmitri A. Indeitsev, Anton M. Krivtsov



CONTENTS

Contents

B.E. Abali, W.H. M�uller. Comparison of di�erent methodolo-
gies leading to a generalized elasticity theory for modeling
of the size e�ect 10

E.L. Aero, A.N. Bulygin, Yu.V. Pavlov. Functionally invariant
solutions of the nonlinear nonautonomic Klein-Fock-Gordon
equation 20

A.R. Arutyunyan, R.A. Arutyunyan. Mechanical model of dam-
age and fracture of aging polymer materials 28

A.R. Arutyunyan, R.A. Arutyunyan, R.R. Saitova. The problem
of damage and high-temperature creep fracture of metals 34

S.A. Atroshenko. E�ect of electron beam processing on the
characteristics of tool steels 41

V.A. Babeshko, O.V. Evdokimova, O.M. Babeshko, A.S. Muhin,
I.B. Gladskoi, E.M. Gorshkova. Block element forms and fac-
torization methods in cylindrical coordinate systems 46

N.V. Banichuk, S.Yu. Ivanova. Deformation and divergence of
the moving beams made from thermoelastic materials 54

S.P. Bautin, I.Yu. Krutova, A.G. Obukhov. Mathematical and
Experimental Simulation of the Ascending Twisting Flows 59

V.V. Eliseev, E.A. Oborin. Statics and harmonic oscillatoins
of springs as rods of arbitrary spatial shape 63

A. Evgrafova, A. Sukhanovskii, E. Popova. The characteristics of
steady-state convective cyclonic vortex 69

A.N. Fedorova, M.G. Zeitlin. Invariant calculations in beam
physics: dynamics on semi-direct products and CWT 76

5



CONTENTS

A.N. Fedorova, M.G. Zeitlin. Symplectic framework, discrete
variational approach and Harten's multiresolution scheme
in beam dynamics 88

S.I. Ezhenkova, S.A. Chivilikhin. Finding the distribution den-
sity of settling nanoparticles in a liquid with regard to their
Brownian di�usion using the boundary layer theory 103

A.V. Fedotov. Biomorphic approach in application to vibra-
tion control of continuous systems 107

G.V. Filippenko. Energy aspects of axisymmetric wave prop-
agation in an in�nite cylindrical shell �lled with the liquid.119

K.P. Frolova, E.N. Vilchevskaya, W.H. M�uller, W. Weiss. Compar-
ison of numerical approaches for inverse Laplace transform
by the example of intraocular pressure determination 126

M.P. Galanin, P.V. Gliznutsina, V.V. Lukin, A.S. Rodin. Lagrange
multiplier method implementations for two-dimensional
contact problems 139

G. Ganzosch, W.H. M�uller. Experimental techniques applied to
generalized continuum theories: A state-of-the-art report 149

O.K. Garishin, S.N. Lebedev. Determination of nanoscale me-
chanical properties of rubbers under uniaxial stretching by
means atomic force microscopy 162

O.K. Garishin, V.V. Shadrin, V.A. Gerasin, M.A. Guseva. Experi-
mental research and computer modeling of the mechanical
behavior of polymer/clay nanocomposites under large de-
formations 169

I. Golovin, S. Palis, A. Timoschenko, V. Klepikov. Damping of
friction-induced vibrations applying parallel compensator 177

M. Grehn, A. Fau, U. Nackenhorst. A Stochastic Finite Element

6



CONTENTS

Approach on Creep of Rock Salt 188

R.V. Guchinsky, S.V. Petinov, V.G. Sidorenko. Damage Accumulation-
based and FEA-aided Fatigue Life Evaluation of Tubular
Structures 199

A. Hakem, A. Hakem, Y. Boua�a. In�uence of the treatments on
the behavior and the damage in tensile and with the shock
of the recovery alloy AlSi12: application to the recycling of
waste 206

A.V. Ivanov. On homoclinics and heteroclinics of Lagrangian
systems in a non-stationary force �eld 212

V.M. Kolykhalin. Investigation of the noise reduction e�ect
of ventilating systems 224

S.S. Kostyrko, G.M. Shuvalov. Morphological stability of thin
�lm materials during annealing 230

N.A. Krylov, M.A. Skotnikova. Phase transitions in titanium
alloys at high-speed mechanical e�ect 238

V.A. Levin, T.A. Zhuravskaya. Detonation combustion in a
supersonic gas �ow in a plane channel 247

C. Liebold, W.H. M�uller, F.A. Reich. Modi�ed strain gradient
theory and Timoshenko beam assumptions�A direct ap-
proach 256

S.A. Lurie, Qi Chengzhi, P.A. Belov. On correctness of gradient
plasticity theory 266

B. Markert, S.P. Patil. Linking molecular and continuum me-
chanics with application to biomimetic nanomaterials and
brittle fracture 280

7



CONTENTS

T.M. Michelitsch, B.A. Collet, A.P. Riascos, A.F. Nowakowski,
F.C.G.A. Nicolleau. Fractional Lattice Dynamics: Nonlocal
constitutive behavior generated by power law matrix func-
tions and their fractional continuum limit kernels 294

I.A. Morozov. Structural-mechanical AFM mapping of over-
stressed zones in stretched �lled natural rubber 310

E.A. Mosheva, A.I. Mizev, K.G. Kostarev. Chemoconvective
structures driven by a neutralization reaction 316

W.H. M�uller, W. Weiss, E.N. Vilchevskaya. Assessing Deforma-
tion due to Self-Gravitation - Treacherous Pathways of Con-
tinuum Mechanics 324

A.Yu. Nikonov, A.I. Dmitriev, W. �Osterle. Molecular dynam-
ics study of the relative sliding mechanisms in amorphous
silica 337

A.Yu. Nikonov, A.I. Dmitriev, Y.P. Sharkeev. Molecular dynam-
ics study of the in�uence of the parameters of the crys-
tallization process during selective laser sintering of alloy
Ti-Nb 345

E.V. Prozorova. E�ects of dispersion and structure molecules
on time relaxation 352

A.V. Pyatkova, A.S. Semenova. Acoustic streaming in a rect-
angular cavity 358

S.H. Sargsyan, M.V. Khachatryan. Mathematical model of
static deformation of micropolar elastic circular thin bar 367

M.V. Shamolin. Cases of integrability corresponding to the
motion of a pendulum in the three-dimensional space 375

A.K. Sokolov, A.L. Svistkov, L.A. Komar, V.V. Shadrin, V.N. Ter-
pugov. Features of simulation of the tire under conditions of

8



CONTENTS

movement of the car with acceleration 388

A.D. Stepanov, A.M. Linkov. On increasing e�ciency of hy-
draulic fracture simulation by using dynamic approach of
modi�ed theory 393

A.K. Tiwari, N. Kumar. A Neural Network Model to Investi-
gate the E�ect of Frequency and Time on Loading Induced
Osteogenesis 404

V.N. Zakcharov, O.N. Malinnikova, V.A. Tro�mov. Formation and
propagation of methane seepage wave in stressed coal 413

M.G. Zhuchkova. Scattering of �exural�gravitational waves
by a periodic array of obstacles in an elastic plate �oating
on a thin �uid layer 423

9


