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GENERAL INFORMATION

APM 2006 is the thirty four in a series of annual summer schools held by Russian Academy of Sciences. The
Summer school “Advanced Problems in Mechanics 2006” is organized by the Institute for Problems in Mechanical
Engineering of the Russian Academy of Sciences (IPME RAS) under the patronage of the Russian Academy of
Sciences (RAS).The main purpose of the meeting is to gather specialists from different branches of mechanics to
provide a platform for cross-fertilisation of ideas.

HISTORY OF THESCHOOL

The first Summer School was organized by Ya.G. Panovko and hiscolleagues in 1971. In the early years the
main focus of the School was on nonlinear oscillations of mechanical systems with a finite number of degrees
of freedom. The School specialized in this way because at that time in Russia (USSR) there were held regular
National Meetings on Theoretical and Applied Mechanics, and also there were many conferences on mechanics
with a more particular specialization. After 1985 many conferences and schools on mechanics in Russia were
terminated due to financial problems. In 1994 the Institute for Problems in Mechanical Engineering of the Russian
Academy of Sciences restarted 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. The topics of the conference cover now all fields of mechanics and associated into
interdisciplinary problems.

SCIENTIFIC COMMITTEE

• V.V. Beletsky(Keldysh Institute of Applied Mathematics RAS, Moscow, Russia)

• A.K. Belyaev(St. Petersburg State Polytechnical University, IPME RAS,Russia)

• I.I. Blekhman (IPME RAS, Mekhanobr-tekhnika Corp., St. Petersburg, Russia)

• M. Cartmell (University of Glasgow, UK)

• A. Castellanos(University of Seville, Spain)

• V.A. Eremeyev(Southern Scientific Center of RAS, Rostov State University, Rostov-on-Don, Russia)

• A.B. Freidin (IPME RAS, St. Petersburg, Russia)

• S.N. Gavrilov (IPME RAS, St. Petersburg, Russia)

• I.G. Goryacheva(Institute for Problems in Mechanics RAS, Moscow, Russia)

• E.F. Grekova (IPME RAS, St. Petersburg, Russia)

• D.Harris (UMIST, Manchester, UK)

• D.A. Indeitsev (IPME RAS, St. Petersburg, Russia) —Co-Chairman

• E.A. Ivanova (St. Petersburg State Polytechnical University, IPME RAS,Russia)

• A.M. Krivtsov (St. Petersburg State Polytechnical University, IPME RAS,Russia) —Co-Chairman

• G.A. Leonov (IPME RAS, St. Petersburg State University, Russia)

• E.V. Lomakin (Moscow State Lomonosov University, Russia)

• A. Metrikine (TU Delft, The Netherlands)

• N.F. Morozov (IPME RAS, St. Petersburg State University, Russia)

• V.A. Palmov (St. Petersburg State Polytechnical University, Russia) —Co-Chairman

• E. Vilchevskaya, IPME RAS, St.Petersburg State Polytechnical University —Scientific Secretary

• M. Wiercigroch (University of Aberdeen, UK) —Co-Chairman

• P. A. Zhilin (St. Petersburg State Polytechnical University, IPME RAS,Russia)
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LOCAL ORGANIZING COMMITTEE

• I. Alexandrov, St.Petersburg State University of Aerospace Instrumentation

• K. Aristovich , St.Petersburg State Polytechnical University, IPME RAS

• I. Berinsky, St.Petersburg State Polytechnical University, IPME RAS

• A. Firsova, IPME RAS

• A. Krivtsov , St.Petersburg State Polytechnical University, IPME RAS

• O. Loboda, St.Petersburg State Polytechnical University, IPME RAS

• A. Sergeyev, IPME RAS

• E. Serogo, IPME RAS

• P. Tkachev, St.Petersburg State Polytechnical University, IPME RAS

• S. Vasiliev, St.Petersburg State Polytechnical University

• E. Vilchevskaya, IPME RAS, St.Petersburg State Polytechnical University —Scientific Secretary

The conference is organized with help of our service agency “Monomax” (find the information further).

SCIENTIFIC PROGRAM Presentations devoted to fundamental aspects of mechanics, or spreading the field

of applications of mechanics, are invited. We are particularly keen to receive contributions thatshow new effects
and phenomena or develop new mathematical models. The topics of the conference cover all fields of mechanics,
including, but not restricted, to

• mechanics of generalized continua (polar and micromorphiccontinua, mixtures, porous media, electromagnetic
continua, grains, powders etc)

• solids and structures
• phase transitions
• nonlinear dynamics, chaos and vibration
• fluid and gas
• computational mechanics
• mechanical and civil engineering applications

M INISYMPOSIA AND CHAIRS

[MS1] Nonlinear Dynamics of Engineering Systems
M. Wiercigroch , E. Pavlovskaya (Aberdeen, UK)

[MS2] Fatigue of Engineering Structures
W. Eichlseder (Leoben, Austria), B.Unger (Steyr, Austria), S.V.Petinov, A.K.Belyaev (St.Petersburg, Russia)

[MS3] Nonlinear Waves in Mechanical Systems
A.V. Porubov (Saint-Petersburg, Russia), V.I. Erofeev (Nizhny Novgorod, Russia)

[MS4] Aerospace Minisymposium
M. Cartmell (Glasgow, UK)

[MS5] Stochastic Methods in Mechanics
S. Fedotov (Manchester, UK)

[MS6] Advances in Nanomechanics
A. M. Krivtsov , N. F. Morozov (Saint-Petersburg, Russia)

Four different forms of presentations are offered, namely,plenary lectures (40 minutes), presentations at min-
isymposia (30 minutes), short communications (20 minutes), and posters. The working language for oral presen-
tations is English. Regrettably we can not provide simultaneous translation, and due to the international nature of
the conference all the oral presentations must be in English. The working languages for poster sessions are English
and Russian.

Attention: each participant may only give ONE oral presentation. The number of posters for each participant
is not limited.
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REGISTRATION FEE

The conference fee is:

• for participants giving a presentation: 300 EUR

• for participants not giving a presentation: 220 EUR

• for students: 220 EUR

The fee covers invitation costs, postage, book of abstracts, proceedings, social program (excursion, get-together
party), and organizational costs.

• The fee for accompanying persons is 100 EUR and covers the invitation costs, postage, and social program.

• There is a reduced conference fee of 50 EUR for participants having permanent position in NIS countries
(Armenia, Azerbaijan, Belarus, Georgia, Kazakhstan, Kyrgystan, Moldova, Russia, Tajikistan, Turkmenistan,
Ukraine, Uzbekistan), which partially covers the postage and book of abstracts.

• There is a reduced conference fee of 25 EUR for students from NIS countries.

TIME-TABLE SCHEME

Abbreviations: Zh is session devoted to memory of P.A. Zhilin, O is the opening ceremony, PL are the
plenary lectures, MS is a minisymposium, S is an oral session, PS is a poster session, C is the closing ceremony.

DATE 25 26 27 28 29 30 1
Sun Mon Tue Wen Thu Fri Sat

Room A
morning Zh O | PL | MS1 PL | MS2 PL | MS4 PL | MS6 PL | S PL | S | C
evening Zh MS1 MS2 PL | MS5 PL | S

Room B
morning | S | MS3 | S | S
evening S S | S PS1| PS2

ACKNOWLEDGEMENTS

The APM 2006 organizers gratefully acknowledge financial support from Russian Foundation for Basic Re-
search (project 05-01-10046), Branch of Power Engineering, Mechanical Engineering, Mechanics and Control of
RAS, Commission on the Youths Problems of RAS and St.Petersburg’s Government (Science Committee). We are
very thankful to the University of Aberdeen for the technical support.
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License N 0009465; CertificateN POCC RU Y062.Y01614
Member of St. Petersburg Chamber of Commerce and Industry
(N 88.872)
Member of St. Petersburg Chamber of Trade and Industry
Member of the Russian Association of Travel Agencies (RATA)
Member of Exhibition Association of SPbCCI
Member of ICCA (Inter. Congress & Convention Association, ref.
CA/5788)

Monomax Ltd.
professional congress organizer

in Saint Petersburg and Northwest Russia

Monomax Ltd is a fully licensed professional travel and business cooperation company with 14 years of practical experience in
destination management. Our activity past 14 years helped us to gain the reputation of a reliable partner in Russia and abroad.
Company’s staff of highly trained professionals always offers its fullassistance.
Monomax Ltd provided services for about 100 international and more than 700 localevents held in St. Petersburg in 1997-
2005.
Monomax Ltd offers from A to Z services to the major international conferences, congresses, symposia, festivals and exhibi-
tions as well as to incentive and educational tourism groups.
We plan all events imaginatively and organize them efficiently and economically to the last detail.

Services we offer include:

• consulting on congress planning & management

• participants registration and administration, database developing and on-line registration

• financial management of the event budget, developing of bid, preliminary budget, accumulation of registration fees,
fundraising

• highly skilled congress secretariat, informative work on event, originalsoft ware for congress management

• congress venue selection, all kinds of presentation equipment, includingsimultaneous translation equipment

• interpreter services, simultaneous translation, guides-interpreters, individual and group guidance, written translation

• exhibitions and poster sessions facilities, exposition project, fitting, technical assistance

• handling and printing all kinds of congress materials, including programs, announcements, abstracts, proceedings,
brochures, etc.

• participant packets, congress bags

• hotel accommodation & visa support

• catering & meal services: coffee breaks, lunches, dinners, fourchettes, banquets, receptions

• transportation services, transfers, shuttle buses

• concert and special programs, theater events

• social and cultural programs, excursions, post-congress tours

• special programs for VIP, corporative clients

• presentations

Address for correspondence: PO box 168, 195112 Saint Petersburg, Russia
tel. +7 (812) 445 0159, fax +7 (812) 324 7322

E-mail: feedback@monomax.org Web site: http://www.monomax.ru
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List of posters
June 29

Session PS1

1. D. Abrarov. The Canonical Model of the Hamiltonian Systems Category

2. A. R. Arutyunyan, Z. A. Valisheva, B. A. Zimin, Yu. V. Sudenkov. Investigation of materials structure rear-
rangements during cyclic experiments

3. M. A. Antimonov, A. B. Freidin. On equilibrium new phase cylindrical nuclei in an uniform field of strains

4. A. Boudjada, N. Benchiheb, L. Hamdellou, S. Ghanemi,J. Meinnel, O. Hernandez, A. Boucekkine. Proton
disorder and molecular conformation in Triiodomesitylene

5. A. A. Bukhanko, A. Yu. Loshmanov. Problems of technological plasticity theory

6. O. V. Charkina, M. M. Bogdan. Coupling of translation and internal modes of solitons in highly-dispersive near-
discrete media

7. A. G. Chernov, O. E. Poloukhina, A. A. Kurkin. Dynamics of two-dimensional long internal gravity waves in a
three-layer fluid

8. P. Dyatlova, I. Vulfson. Criterion of dynamic optimization of mechanisms with nonlinear characteristics under
complex excitation

9. E. Polyakova, P. Dyatlova, V. Chaikin. Impact of an inert body into a soft shell

10. A. V. Popov. Plain and spatial instability of a compound elastic cylinder containing initial strain.

11. V. A. Eremeyev, A. B. Freidin, V. N. Pavlyuchenko, S. S. Ivanchev. Deformation and instability of hollow
polymer particles under swelling

12. F. A. Gilabert, J.-N. Roux, A. Castellanos. Compaction of fine powders: discrete element method simulations

13. V. A. Kuz’kin. Microscopic derivation of equation of state for perfect crystals

14. I. Neygebauer, V. Tsaplin. Insulin fibrils interaction modeling and investigating.

15. V. A. Kucher. The second variation of the energy functional that allows for phase transition and instability of phase
boundaries.

16. O. Loboda. Scale effect in elastic properties of nanostructures with complex crystal lattices

17. A. V. Morozov. The wear of viscoelastic bodies in rolling/sliding contact

18. M. A. Potapenko. Effect of the additional degrees of freedom of the system on self-synchronization of mechanical
vibro-exciters

19. A. D. Sergeyev. Analytical Simulating of the Trolley-and-Wire Dynamics for High-Speed Railways Applications

20. L. Sharipova. Edge waves in a prestressed incompressible elastic plate

21. P. V. Tkachev. Particle dynamic simulation of 2D dynamic fracture

22. V. V. Moshev, S. E. Evlampieva. Some peculiarities of elastomer reinforcement by nanoparticles

23. Gakashev, Tarunin. Thermal convection models in a bees beehive

24. I. V. Gnevanov. Plane layer inclination influence on the internal heat sources convection

25. L. A. Golotina, L. L. Kozhevnikova. Numerical prediction of effective viscoelastic properties of granular com-
posites

26. M. Gorokhov, B. Melnikov, A. Semenov. A variant of mortar element for three-dimensional contact problem
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27. G. A. Sedelnikov, F. H. Busse, D. V. Lyubimov. Convection in a rotating cubical cavity

28. S. Hamamda. Dilatometric Study of Graphite Pressed along the Direction of Strong Binding

29. V. A. Il’in. Nonlinear electroconvective regimes of poorly conducting liquid in a horizontal capacitor

30. I. B. Polishchuk, V. A. Tolok, S. I. Gomenyuk. Objectoriented models and methods of solving contact mechanics
problems in elasticity-plastic statement

31. O. Khvostova, A. Kurkin, N. Samarina. Numerical simulation of possible landslide tsunamis in the Black Sea

32. M. A. Kokarovtseva. Oscillatory Marangoni instability evolution under the influence of finite-frequency vibrations

33. A. L. Svistkov, L. A. Komar, B. Lauke, G. Heinrich. Modeling of behavior of polymeric chains near filler
particles of polymeric nanocomposites

34. D. V. Konovalov, S. V. Smirnov. The methods of the definition of a metal hardening curve under the experimental
data of introduction

35. V. S. Khoroshilov, A. P. Kovalenko, A. E. Zakrzhevskij. Dynamics of the pantograph design in orbit

36. N. Kovaleva, L. Manevitch. Energy exchange in DNA double helix

37. A. Kozlov. Rayleigh-Benard Convection Subject to Translational Vibration of Circular Polarization

38. M. A. Kulesh, M. Holschneider, I. N. Shardakov. Surface waves propagation in Cosserat continuum: construction
of solution and analysis using wavelet transform

39. N. F. Kurilskaya. On vibrations of conductive beam with mobile load in magnetic field.

40. A. K. Lekanov, A. S. Kozelkov, A. A. Kurkin, N. M. Samarina. Estimation of tsunami hazard of Guadelupe on
a basis of numerical modeling

41. A. K. Lekanov, A. S. Kozelkov, A. A. Kurkin, N. M. Samarina. Volcanic tsunami in the Caribbean sea: the
analysis and modeling

42. D. H. Mheryan, V. M. Belubekyan. On the problem of propagation of surfase waves in transversally isotropic
medium

43. V. S. Minaev. Modeling of polydisperse gas suspension by ”particle in cell” method

44. I. A. Morozov, A. L. Svistkov, B. Lauke. Examination of Network-Structure of Carbon Black Reinforced Rubber

45. E. L. Tarunin, O. N. Alikina, N. S. Barabash. Computational experiments for Ranque-Hilschs vortex tube

46. E. Pelinovsky, N. Zahibo, A. Kurkin, I. Nikolkina. Tsunamis in French West Indies (Lesser Antilles)

47. V. A. Romanova, R. R. Balokhonov. Mesomechanical analysis of deformation and fracture in heterogeneous
materials with explicit consideration for 3d mesoscale structure

48. V. G. Kozlov, N. V. Selin. Heat vibrational convection in plane layer subjected oscillations of spatial pendulum

49. Y. Stefanov. Numerical investigation of crack dynamic and strain localization in geological medium

50. E. L. Tarunin. Asymmetrical gravity force modulation influence upon the convective equilibrium stability in a
layer
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Session PS2

1. A. A. Alabuzhev, D. V. Lyubimov. The collapse of a non-equilibrium vapour bubble under the linear - polarized
vibrations

2. E. B. Azarov, S. A. Rumyantsev. Mathematical model of non-stationary dynamics of ”Primevibration machine -
electric motors” system by application of asynchronous motor drives with raised starting properties

3. L. I. Blekhman. Problem of dynamics of the apparatus for separating solid particles according to their size, density
and shape

4. A. Chubinskiy. Wave propagation in a elastic cylindrical shell loaded by a viscous fluid

5. V. V. Vasilkov, A. V. Chubinsky, K. S. Yakimova. Effect of the additional degrees of freedom of the pendulum
with a vibrating axis of suspension on the stability of its equilibrium positions

6. N. Clauvelin, S. Neukirch, B. Audoly. Analytical results for the plectonemic response of supercoiled DNA

7. V. N. Demidov. On the calculation of dislocation kinetics parameters of plastic deformation using the results of
dynamic testing of metals

8. T. N. Dragunov, S. A. Korolev, A. D. Morozov. Pendulum equations with non-monotonic twist

9. V. V. Kirichevsky, S. N. Grebenyuk, E. S. Reshevskaya, V. M. Tarhova. The decision of a contact task by a
method of final elements

10. G. D. Fedorovsky. Generalization of technical theories of nonlinear creep on an endochronic concept

11. S. N. Grebenyuk, Val. V. Kirichevsky, E. L. Mizernaya. Modeling of features is stressdeformed states of designs
from composite materials

12. O. C. Garishin, A. L. Svistkov. The differential model describing elastic-plastic behaviour of materials at final
deformations

13. O. C. Garishin, S. N. Lebedev. Numerical Analysis of Structural stresses in Particulate Elastomeric Nano-
composites

14. E. A. Gerasimenko. Approximate solutions of boundary problems including shock waves in nonlinear-elastic
mediums

15. S. V. Gusev. The relativistically-invariant form of boundary conditions in electrodynamics of the moving continuum

16. A. O. Ivantsov, D. V. Lyubimov, T. P. Lyubimova. Numerical modeling of flows during detached Bridgman
crystal growth under axial vibrations

17. M. Karyakin. On The Stability Loss Of Compressible Bodies At Stretching Stresses

18. A. A. Khaldjigitov, U. I. Adambaev. Numerical aspects of the strain space plasticity theories

19. Y. E. Kolpakov. A micro-polar theory for non-polar piezoelectric materials

20. A. A. Ivanova, V. G. Kozlov, A. F. Kuzaev. Behaviour of solids in the cavity filled with liquid and subject to
translational vibrations tilted to the horizon

21. G. I. Likhachev, Y. V. Petrov, A. V. Kastanov. The influence initial damaging of a material and unloading waves

22. I. Lokteva, A. Loktev. Elastoplastic Model of Impact Cylindrical Indenter on an Uflyand-Mindlin Plate

23. V. I. Kolesnikov, A. V. Nasedkin, M. I. Chebakov. Analysis of contact tribomechanical systems with hetero-
geneities and defects applied to a pair wheel - rail

24. A. V. Nasedkin. Finite element modelling of piezoelectric devices with temperature effects

25. M. Karyakin, O. Pustovalova. On The Microstructure Account In the Problems of Holes Formation near Defects
in Nonlinear Elastic Bodies
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26. R. Cianci. A note on an analytical solutions for two-dimensional convection-cispersion equatio

27. R. Sburlati. Effects of the substrate in the elastic response of a thin film in indentation tests

28. P. S. Gusev, M. Yu. Gutkin, A. G. Sheinerman and M. A. Smirnov. Boundary-value problems of linear elasticity
for screw dislocations near cylindrical surfaces of nanovoids and nanotubes

29. E. I. Mogilevsky, V. Ya. Shkadov. Nonlinear waves in liquid films on spinning disk

30. L. V. Stepanova. Eigenspectra and eigensolutions of stress fields near the crack tip for power-law media

31. V. P. Shneider, Yu. A. Chernyakov. Development of the Novozhilov approach to the description of low-cycle
fatigue

32. A. S. Smirnov, A. V. Konovalov. Experimental study and simulation of rheology of metals under high-temperature
plastic deformation

33. A. V. Sokolov. The problem of spatial bending of the non-linear elastic tube and its applications in biomechanics

34. E. Sviageninov. Analogies in Electro, Magnetostatic and Electroconductivity Problems

35. A. Gambin, A. Gaka, S. Tokarzewski. Damage tensor based on homogenization

36. D. A. Tushkanov, V. Ya. Shkadov. Waves in falling films with small incline of supporting surface from horizont

37. S. I. Gomenyuk, R. V. Kirichevsky, V. V. Kirichevsky. Automation of the analysis of problems of the mechanics
of elastomers with the help of the software -computer complex mirela +

38. V. E. Wildemann, A. V. Ilinikh, M. V. Polyakov. Deformation weakening and failure processes in deformable
systems, methods of survivability and safety analysis

39. N. P. Yaroshevich. Simulation of synchronization of mechanical vibro-exciters in oscillatory system with three
degree of freedom

40. G. Amanbaeva, D. Kitaeva, Ya. Rudaev . Termokinetics fluctuating parameters of dynamic superplasticity

41. V. Dovgan, Ya. Rudaev, A. Zemlyanskiy. About one problem dynamics massive constructions

42. S. Kojobaeva, S. Pazylov, M. Perepletova. About boundary problems volumetric forming in conditions of super-
plasticity

43. V. O. Buchin. Regions of Possible Motions for a Non-symmetrical Dumb-bell in the Central Attraction Force Field

44. N. V. Derendyayev, I. N. Soldatov. al waves in a rotating cylinder partially filled with a viscous fluid and stability
of rotor system

45. V. I. Erofeyev, N. V. Kluyeva, I. N. Soldatov. Spectra of surface displacements and H/V ratio in problems of
selection of wave modes

46. B. A. Zimin, Y. V. Sudenkov, A. I. Suslikov. Shock pulse spectrum influence on character and threshold of
cleavage in PMMA.

47. V. Synorov, Y. A. Rossihin, M. V. Shitikova. The impact of two thermoelastic rods

48. S. A. Rumyantsev, D. Y. Tarasov. Mathematical model of transported particle - vibrotransporting machine inter-
action

49. G. V. Vasilyeva, S. A. Rumyantsev. Transient dynamic processes in two-mass vibrational transport machine

50. I. N. Wasserman. Dynamic behavior of some elastic mechanical systems with set-valued nonmonotonic boundary
conditions

51. I. Yu. Zoubko, P. V. Trusov, S. A. Oglezneva, A. V. Permyakov. Modelling of mechanical alloying process on
the macro- and microlevel
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CANONICAL MODEL OF THE HAMILTONIAN
SYSTEMS CATEGORY

D. L. ABRAROV

abrarov@ccas.ru

Basing on the constructive modification of the Liouville-
Arnold theorem the effective and canonical description of the
whole set of analytical Hamiltonian systems (taking into account
the integrable systems and their analytical perturbations) is pro-
posed. The analytical sense of the modified perturbation theory is
in the canonical generalisation of the property of the modularity
for elliptic curves over the set of rational numbers. The mechan-
ical, geometrical and physical sense of the proposed canonical
model is discussed.
Abrarov Dmitry Leonardovich, Vavilova, 40, Moscow, 119991,
Russia

A MICROSCOPIC NONLINEAR THEORY OF
DRASTICALLY CHANGING LATTICE STRUCTURE

AND PROPERTIES DEGRADATION UNDER
TEMPERATURE AND STRESS FIELDS.

E. L. AERO A. N. BULIGUIN

Many complex processes of deformation are known to be ac-
companied by deep phenomena of change in the structure that is
not introduced in the continuum theory of elasticity. This lim-
itation of the latter theory overcomes by introducing additional
model tunings and complex rheological relationships. The micro-
scopic potential of such theories is not considerable and one has
to restrict oneself only by phenomenological description of phe-
nomena. For example, these phenomena are the degradation un-
der irreversible deformations and temperature. The second diffi-
culty of treating is related to the necessity of analysis of nonlinear
phenomena responsible for the irreversible changes in the body.
An essentially nonlinear theory of elastic and nonelastic microde-
formations is developed with the help of model of mutually pen-
etrating sublattices. A generalisation of the theory of acousti-
cal and optical vibrations on the case of nonlinear interaction of
sublattices is suggested. This interaction is introduced with ac-
count of internal translational symmetry of complex lattice, that
is, the structure and energy of lattice are invariant under mutual
displacement of sublattices on an integer number of periods.This
principle suggests that the structure and energy of the complex
lattice must also be invariant under mutual displacement of sub-
lattices on one or more periods. This allows one to consider the
force of interaction of lattices as periodic (e.g. sinusoidal) func-
tions of the relative displacement of sublattices. In the classical
Karman-Born-Huang theory these forces are linear with respect
to displacements of the sublattices. The function of microdensity
of the energy which is invariant with respect to mutual transla-
tions of sublattices is constructed. This enables consideration of
large displacement of atoms (caused, say, critical deformation)
and account of such phenomena as bond switching, change in the
symmetry class of lattice, appearance defects, damage and other
bifurcations; phenomena resulting in irreversible deformations.
Along with macroscopic displacementU we introduced micro-
scopic displacement of adjacent atomsu, as well as temperature

field T . This allows one to account for interaction of fields of
three quantities (striction, thermostriction and thermal stresses).
The dynamical and kinetic equations for microscopic fields of
displacements and temperature are derived. In one-dimensional
case we can obtain a closed form expression for strain energy
in terms of external stresses, temperature and microdisplacement
on the boundary with the help of first integral. However in this
simple case the theory predicts nontrivial effects of decreasing
interatomic barriers at expenses of stresses and temperature. The
presence of parameter of rearrangement of internal structure u al-
lows one to model, without further complication of the model,
the process of rearrangement of microstructure with overcoming
internal potential barriers and describe such complex phenom-
ena as creep, deformational aging and fatigue. This description
is known to require account of accumulation of damage, which
presents a problem to be tackled. For solving these problems a
more detailed analysis of derived equations and generalization of
the theory on two- and three-dimensional cases are needed Note,
that dynamical variant of the microstructure of the evolution has
also interest solution. In particularly there is a solution which de-
scribes a crack opening and moving. In a two dimensional case
the developed theory predicts also the nucleation of other singular
defects (dislocations, sliding, etc).
Istvan Godor, Franz Josef Strasse 18, Leoben, 8700, Austria

THE COLLAPSE OF A NON-EQUILIBRIUM VAPOUR
BUBBLE UNDER THE LINEAR - POLARIZED

VIBRATIONS

ALEKSEY A. A LABUZHEV DMITRIY V. LYUBIMOV

alabuzhev@mail.ru

The behaviour of hydrodynamic systems with interfaces under
the action of vibrations is a subject of a lot of papers. This at-
tention is paid not only due to the fundamental interest, but it is
also concerned with the requirements of applied researches and
technologies. In particularly, the study of oscillations of bubbles
[1] and drops [2] is of interest within the framework of this topic.

Both the oscillations and the collapse of a non-equilibrium
(gas-) vapour bubble in an incompressible liquid under the lin-
ear - polarized vibrations are considered in present work. As it
was shown in [3-4], the motion of the vapour (or gas) inside a
bubble does not influence essentially neither the bubble dynam-
ics nor the processes of cavitation or sonoluminescence. Both the
presence of inert gas inside the bubble and the phase transition at
the interface liquids - vapour become essential in this case. We
take into account the kinetics of phase transition and apply the
perfect gas law to describe the thermodynamics of both the gas
and the vapour. The fluid viscosity and the heat conductivity of
both fluid and gas are neglected. Interaction of a radial oscilla-
tion mode, caused by the uniform in space but time-dependent
pressure, and the translation mode, generated by linear-polarized
vibrations, is taken into account. The amplitude of translation
motion is assumed to be small in comparison with the amplitude
of radial oscillations. The dynamics of vapour inside the bubble
is not considered. Such an interaction between radial and transla-
tion motions of the bubble was studied in [5] without accounting
for the phase transition.

By virtue of the perturbation theory both the nonlinear equa-
tion describing the radial oscillations and linear equation, which
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govern the translation motion, are obtained. These equations are
solved numerically. The stability of the forced oscillations with
respect to the small perturbations is investigated.

This work supported by CRDF (grant Y3-MP-09-01) and grant
NSh-7690.2006.1.
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ADVANCED ENGINEERING CREEP ANALYSIS OF
THIN-WALLED STRUCTURAL ELEMENTS

HOLM ALTENBACH

holm.altenbach@iw.uni-halle.de

The research in engineering creep mechanics is focussed on
the description of time-dependent microstructural changes and
the phenomenological behavior of various materials. The equa-
tions allowing the description of the material behavior and the
analysis of structural elements should be useful in the case of
uniaxial and multi-axial stress states. In addition, they have to re-
flect that the stress states can be inhomogeneous and anisotropic.
Up to now one gets significant disagreements between the results
of the simplified (engineering) analysis and the improved esti-
mations [1, 2]. The performed numerical calculations show ef-
fects which cannot be described by the classical theory of Euler-
Bernoulli beams or Kirchhoff plates. In addition, the calculations
based on 2D finite elements are in a significant disagreement with
3D calculations. The reasons are the thickness integration, the 3D
constitutive and evolution equations and the 2D structural me-
chanics equations [3, 4] among others. The explanation of these
disagreements is the aim of the lecture.
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TERMOKINETICS FLUCTUATING PARAMETERS OF
DYNAMIC SUPERPLASTICITY

G. AMANBAEVA D. K ITAEVA YA . RUDAEV

rudaev36@mail.ru

The problem the determination of the particularities the devel-
opment syn phase transition observed in condition dynamic su-
perplasticity aluminum alloy, research the functions specific heat
with use. In the framework developed modelling representations
with use of the equation Focker-Plank are analysed mechanisms
to deformation typical for superplasticity and border metastabil-
ity state. It is shown that under superplasticity main is a mecha-
nism grain-boundary sliding, but in metastability state are added
diffusive processes. The influence of the specified processes out-
side of conditions superplasticity becomes prevailling.
Ya. Rudaev, Bishkek, Kyrgyzstan, 720000, 44 Kievskaya

ON EQUILIBRIUM NEW PHASE CYLINDRICAL
NUCLEI IN AN UNIFORM FIELD OF STRAINS

M IKHAIL A. A NTIMONOV ALEXANDER B. FREIDIN

amike@mail.ru freidin@mecanics.ipme.ru

We study an equilibrium cylindrical nucleus of an anisotropic
phase embedded into an isotropic linear elastic parent phase un-
der an uniform external strain field. We prove that the tensor
being defined by the transformation self-strain tensor, the jump
in elasticity tensor and the strain tensor inside the inclusion is ax-
ially symmetric, and the axis coincides with the eigenvector of
the external strain tensor. Strains inside the equilibrium nucleus
must satisfy this characteristic property. We specify to the case
of isotropic phases and construct the surfaces of the nucleus exis-
tence in the space of the external strains and determine the shape
of the base of cylinder in dependence on external strain. We com-
pare the cylinders nucleation surfaces with the surfaces of layers
and ellipsoids nucleation. We demonstrate that the type of the
new phase nucleus depends on the deformation path and material
parameters.

This work is supported by the Program for Fundamental Re-
search of RAS and RFBR (Grant No. 04-01-00431).
Mikhail A. Antimonov, Polytechnicheskaya, 29, Saint Petersburg,
195251, Russia
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INVESTIGATION OF MATERIALS STRUCTURE
REARRANGEMENTS DURING CYCLIC

EXPERIMENTS

A. R. ARUTYUNYAN Z. A. VALISHEVA
B. A. ZIMIN Y U. V. SUD’ENKOV

Robert Arutyunyan@paloma.spbu.ru
sudenkov@niimm.spbu.ru

In article the investigation of the changes of mechanical prop-
erties of materials due to rearrangements of structure during
cyclic loading on bending of specimens made of tool steel and
PMMA is presented. Using the method of optical-acoustic spec-
troscopy the frequency dependence of sound velocity and attenu-
ation of probe acoustic pulses of tested specimens are measured.
Then the evolution of the spectral characteristics of specimens
was analyzed.

Sheets made of tool steel and PMMA were loaded with fre-
quency equal to 15 Hz. The number of cycles to fracture were
equal to∼ 106 and∼ 2.5 · 106 correspondingly for steel and
PMMA. The acoustic diagnostics of specimens were carried out
approximately at every5 · 104 cycles of loading.

It is shown that the changes of mechanical properties of mate-
rials due to rearrangements of structure during cyclic tests have
no monotonous character. So the model of linear damage accu-
mulation is a roughly approximation of fatigue fracture process.

It is assumed that the method of optical-acoustic spectroscopy
of materials and structural elements allow to determine the limit
of endurance of materials with a greater accuracy and predict the
resource of constructions with high probability.
A.R. Arutyunyan, Z.A. Valisheva, B.A. Zimin, Yu.V. Sud’enkov,
St.-Petersburg State University, Institute for Mathematics
and Mechanics, Sankt-Petersburg, Petrodvoretz, Universytetskii
prospect, 28, 198504, Russia

THE DESCRIPTION OF DEFORMATION AGING OF
POLIMERS BY MEANS OF MODIFIED MAXWELL

AND KELVIN-VOIGHT MATERIALS

R. A. ARUTYUNYAN N. V. BRAZHNIKOVA

Robert.Arutyunyan@paloma.spbu.ru

Numerous publications, including monograph [1], are devoted
to the experimental investigations of thermal and climatic aging
of polymers. For example, in [1] the results of creep experi-
ments on quenched and aged (4 years) specimens made of dif-
ferent polymer materials (40 types) in amorphous state are pre-
sented. To describe these experiments generally the principle of
time temperature superposition is applied. This principle leads
to the horizontal shifting of the compliance curves and describes
the behavior of rheologically simple materials. To model the be-
havior of complex materials and deformation aging materials it is
necessary to operate with the principles capable to consider both
horizontal and vertical shifting. For this purpose the parameter
of effective time [2] is being used. As shown in our presentation
there is a principle opportunity to describe the behavior of ag-
ing materials within the limits of simple elastic-viscous models
of Maxwell and Kelvin-Voight expressed through the effective
time. The parameter of effective time is defined so that at in-

stant, active loading it corresponds to the deformation time. In a
condition of unloading and stabilization the parameter is reduced
to the real time and considers chemical processes. Thus, in a
scale of effective time the behavior of quenched and deformation
aged materials are described. The elastic-viscous equations ex-
pressed in term of real time are analyzed in detail. The known
physical relation between elasticity modulus, viscous coefficient
and relaxation time is used and the analytical relations for the
elasticity modulus and viscous coefficient with accordance to the
experiments are defined. At such approach the basic experimen-
tal effects caused by factors of thermal and climatic aging are
described. Taking into account the processes of deformation ag-
ing a specific differential relation for the parameter of effective
time is suggested and the analytical solutions of creep and stress
relaxation problems for Maxwell and Kelvin-Voight models are
received. Comparison of theoretical creep and aging curves with
the experimental curves of the specimens made of polyethylene
films is given. It is shown, that the equation of aged Maxwell
model on accuracy of description of experimental curves gives in
the corresponding Kelvin-Voight equation. As to description of
the stress relaxation process, only the qualitative analysis of the
received solutions is presented. For a quantitative estimation ad-
ditional experimental results of stress relaxation curves, received
in aging experiments, are required.
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MATHEMATICAL MODEL OF NON-STATIONARY
DYNAMICS OF ”VIBRATION MACHINE - ELECTRIC

MOTORS” SYSTEM BY APPLICATION OF
ASYNCHRONOUS MOTOR DRIVES WITH RAISED

STARTING PROPERTIES

E. B. AZAROV S. A. RUMYANTSEV

The principle of the asynchronous engines with raised starting
properties is based on the current displacement effect in the bars
of rotor winding. This report provides description of mathemati-
cal model of vibratory conveyer machine with self-synchronized
vibration exciters asynchronous drive motors system, which al-
lows to represent transient dynamic processes, accompanying the
start-up of machine and impact loads phenomenon. There are
given the differential equations for movement of vibratory ma-
chine electric motors” system in case of an asynchronous motor
drive with account of the current displacement effect. This allows
to model transient dynamic processes both in the machine, and in
the electric motors, taking into account their mutual interaction
by application of different modifications of asynchronous motors.
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Results of numerical modeling of transient and steady-state dy-
namics are represented. The information is submitted in graphic
form which enables to analyze transient dynamic processes both
in the electric motors and in the machine.

Eugene B. Azarov, Kolmogorov st., 66, Ekaterinburg, 620034,
Russia

DAMAGE ACCUMULATION AND CRACK GROWTH IN
METALS UNDER HYDROGEN EMBRITTLEMENT

V. I. A STAFIEV

vlast@ssu.samara.ru

The process of hydrogen embrittlement (HE) in metals is not
completely understood yet in despite of intense experimental in-
vestigation over the world. HE is manifested in time degradation
of various mechanics parameters of materials such as elongation
to failure, yield and tensile strength, fracture toughness, etc.

HE may change also the mode of fracture from ductile trans-
granular to brittle intergranular. HE in metals is usually caused
by corrosive reaction in wet H2S containing environments. It is
assumed that hydrogen enters metal continuously and interacts
with defects of microstructure (dislocations, microcracks, inclu-
sion). This is the basis of the damaging effect by HE.

The exact description of that process is represented a meaning-
less task. Instead of trying to describe fine details of that process
we suppose more reasonable to introduce some internal variable
reflecting only the main features of the damage accumulation un-
der HE.

The objective of this paper is to establish constitutive equa-
tions with internal variables for elastic-plastic behavior of metals
under HE conditions and to analyze from this point of view some
features of failure both in uniaxial and multiaxial stress state.

Scalar damage parameter and damage evolution equation is
proposed for description of damage accumulation process in cor-
rosive environment. Elastic-perfectly plastic constitutive equa-
tions with yield strength and ultimate tensile strain depending
on damage parameter are considered. The proposed governing
equations describe such experimentally observed features of HE
process as

1) the existence of threshold stress below which no failure oc-
curs;

2) the embrittlement of material in wet corrosive environment
that is referred to the loss of its ductility increasing with the in-
crease of material strength level;

3) the change of failure mode during HE process that is re-
flected in changing the threshold surface in stress space;

4) the delayed bechavior of cracking that means the presence
of some time to crack initiation depending on initial stress level;

5) the existence of threshold stress intensity factor K1th for
macrocrack created under HE conditions.

The results obtained show that experimentally obtained value
of threshold stress isn’t sufficient to decide - whether or not the
material tested is resisted to HE process. Only the whole ex-
perimental procedure involving both strain- and stress-controlled
tests can adequately solve this problem.

V.I. Astafiev, Mechanics and Mathematics Faculty, Samara State
University, 1, Pavlov Str., Samara 443011, Russia

THE DERIVATION OF GENERAL EQUATION FOR
SOLID-ELEKTROCONDUCTING FLUID MEDIA AND

WAVES INTHEM

A. G. BAGDOEV A. V. SHEKOYAN

For two-phase solid-elektroconducting fluid media equations
of motion in Langrange coordinates are derived and are solved
in connection with Maxwell equations. Linear and nonlinear dis-
persion relations are derived and its shoun that wave propagates
with dispersion,and nonlinear phase velosity is depended from
amplitude of wave. Onedimensional nonlinear waves are inves-
tigated. It is shoun that shear deformations can lead to variation
of porousity. Non linear theedimensional equation of evoulution
and Shrodinger equation are derived. Exact solution of last in
form of narrow brams on account of nonlinear absorbsion is ob-
tained. Soliton-like solution of evolutionary equation is found.
Alexsander G. Bagdoev, Marshal Baghramyan 24b, Yerevan,
374019, Armenia

THE WAVE IN GAS-FLUID MIXTUE

A. G. BAGDOEV A. V. SHEKOYAN

ashotshek@mechin.sci.am

In propagation of wave in two-phase media consisting from
gas drops of fluid, they, under action of acoustic wave, are vi-
brated and influe on dispersion equation. This process is accom-
panied by condesation of vapor on drops, coagulation of drops,
viskousity effekts. The linear dispersion equation is derived and
examined. It is shoun that wave can be acculated. Graphs of dis-
sipation coefficient frequency are construted. The formulae and
graphs of variation of drops concrentation on their sizes as funk-
tions from various parameters charcteristing wave and media are
brought.
Ashot Shekoyan, Baghramyan 24b, Yerevan, 375019, Armenia

HOW TO INVESTIGATE THE STABILITY OF
PERIODIC ORBITS IN NONSMOOTH MECHANICAL

SYSTEMS?

SOUMITRO BANERJEE YUE MA

MARIAN WIERCIGROCH

soumitro@iitkgp.ac.in coolger@gmail.com
M.Wiercigroch@eng.abdn.ac.uk

There are many systems widely used in engineering, in which
the vector field is nonsmooth. All switching circuits used in elec-
trical engineering fall into this category. In mechanical engineer-
ing, systems involving impacting or stick-slip motion are essen-
tially nonsmooth in nature.

It has been shown that in such systems as some parameter is
varied, the dynamics may undergo abrupt and atypical bifurca-
tion phenomena. It has also been shown that such systems give
rise to piecewise smooth maps in discrete-time, and the atypical
transitions are in general caused by border collision bifurcations.
But in order to investigate these bifurcations in detail, it is nec-
essary to locate periodic orbits and to estimate their stability. In
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systems that switch between two or more subsystems, this is no
trivial matter.

There are two methods now available that achieve this end.
The first is the Filippov’s approach of differential inclusions by
which one can construct the saltation matrix and the monodromy
matrix. The second was developed by researchers at the Univer-
sity of Tokushima, Japan, by which one can obtain the Jacobian
matrix of the Poincaŕe map and can follow the periodic orbits ir-
respective of their stability. This method has been applied very
productively in analysing electrical switching systems, but is gen-
erally unknown to the mechanical engineering community even
though it is quite applicable to the analysis of impacting systems
and stick-slip oscillation problems.

In this talk we shall present the two approaches side by side,
and will highlight their relative advantages and disadvantages
in handling specific types of problems. We shall lay the math-
odological framework with which the dynamics of any switching
system can be investigated.
Soumitro Banerjee, Dept. of Electrical Engineering, Kharagpur,
721302, India

A BENCHMARK STUDY OF THREE APPROACHES TO
WAVES IN RANDOMLY HETEROGENEOUS ELASTIC

MEDIA

ALEXANDER K. BELYAEV

Three approaches to the problem of one-dimensional wave
propagation in media with random elastic and mass properties
are studied: (i) method of integral spectral decomposition, (ii)
the Fokker-Planck-Kolmogorov equation and (iii) the Dyson in-
tegral equation. A benchmark study is performed, and merits and
shortcomings of each approach are discussed. It is shown that the
approaches cover actually all possible problems of the harmonic
wave propagation in heterogeneous or stochastic media. Hence,
by means of a preliminary analysis of a particular problem and
bearing in mind the strong and weak sides of each approach, one
can choose an appropriate strategy of solving the problem.
Alexander K. Belyaev, Institute for Problems in Mechanical Engi-
neering of Russian Academy of Sciences, Bolshoy pr.V.O.,61, St.
Petersburg, 199178, Russia

PROBLEM OF DYNAMICS OF THE APPARATUS FOR
SEPARATING SOLID PARTICLES ACCORDING TO

THEIR SIZE, DENSITY AND SHAPE

LEONID ILICH BLEKHMAN

Consideration is being given to a number of problems which
appear when creating and calculating the classifiers, i.e. the sep-
arators, used to classify the solid particles according to their size,
density and shape: 1. Effect of the outer force fields on the rotat-
ing streams of liquid (as applied to the apparatus of a hydro-cyclic
type). A possibility of the appearance of peculiar resonance phe-
nomena has been discovered. 2. The flow of a layer of liquid on
a vibrating plane (the generalization of Stokes second problem
as applied to the vibrational apparatus for the gravitational con-
centration of ores). 3. Separation of particles according to their
shape at the impacts with an obstacle, which provides the basis

for the creation of a ballistic separator. 4. Calculation of the pa-
rameters of a rotating stream of small thickness (as applied to the
centrifugal vibrational concentrators for the extraction of small
particles of rare and noble metals). 5. Improvements in hydraulic
characteristics of a pulp feed-line, working in the conditions of
an unstable composition of suspension. Introduction of the rec-
ommendations made it possible almost to double the capacity of
the ore concentrating factory of the Kaliningrad amber industrial
complex.

The work has been performed with the financial support of
RFFI (grants 04-01-00053 and 05-08-01500).
Leonid I. Blekhman, V.O., Bolshoj 61, Saint-Petersburg, 199178,
Russia

RIDDLES OF THE THEORY OF DYNAMIC SYSTEMS:
ON THE BORDERLINE OF MECHANICS,

PHILOSOPHY, AND THEOLOGY (DEDICATED TO THE
MEMORY OF PROFESSOR P.A.ZHILIN)

ILIYA IZRAILEVICH BLEKHMAN

alex chub@mail.ru

Certain fundamental regularities of the behavior of dynamic
systems are discussed here. With respect to most of them it is pos-
sible to answer the question How?, but it is difficult to answer the
question Why? In particular, there is a question on the universal
prevalence and basic importance of the oscillatory phenomena, of
the reflection of the properties of stability in the main regularities
of the real world, of the extreme properties of many of those reg-
ularities, of the phenomena of self-synchronization, and etc. A
belief is stated that no perfect clue to these riddles can be found
within the frames of mechanics or natural sciences. This is the
field of philosophy and of religion, which, from the standpoint of
the natural sciences, can be regarded as an additional hypothetical
global models of the Universe. The author dedicates his reflec-
tions to the fond memory of Professor Pavel Andreevich Zhilin
whose creative work combined his fidelity to the mathematical
rigor, his wish to comprehend the nature of things and also his
conviction of the basic role of mechanics in the construction of
the physical picture of the world.
Iliya I. Blekhman, V.O., Bolshoj 61, Saint-Petersburg, 199178,
Russia

NUCLEATION AND EVOLUTION OF NANOVOIDS IN
POLYSILICON AT QUASISTATIC AND FATIGUE LOAD

REGIMES

S. V. BOBYLEV N. F. MOROZOV I. A. OVID ’ KO

A. G. SHEINERMAN

ovidko@def.ipme.ru

This presentation deals with theoretical models describing
nucleation and evolution of nanovoids (nanoscale cracks and
pores) in polycrystalline silicon at quasistatic and fatigue load
regimes. In particular, a theoretical model is suggested which
describes nucleation of nanoscale cracks at triple junctions of
grain boundaries in polycrystalline silicon at quasistatic and fa-
tigue load regimes. The nucleation is intiated by intergrain slid-
ing which is hampered/suppressed at triple junctions. Also, a
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theoretical model is suggested describing dislocation emission
from nanoscale pores in polycrystalline silicon at quasistatic and
fatigue load regimes. It is shown that the dislocation emission
events crucially influence evolution of nanoscale pores.

INSTABILITIES, INTERNAL MOTION AND RADIATION
EFFECTS IN DYNAMICS OF BOUND SOLITON

COMPLEXES IN HIGHLY DISPERSIVE SYSTEMS

M. M. BOGDAN O. V. CHARKINA

bogdan@ilt.kharkov.ua
charkina@ilt.kharkov.ua

Dynamical properties of nonlinear excitations in condensed
matter are strongly influenced by spatial dispersion. In crystals
and microstructured solids dispersion originates from lattice dis-
creteness. The same situation is observed in macroscopic dis-
crete systems, e.g. arrays of Josephson junctions, systems with
nonlocal interactions, nonlinear transmission lines, etc. One of
universal effects, which occur in highly dispersive continuous
and discrete systems, is an existence of bound multisoliton com-
plexes. Such a soliton complex can move radiationlessly. This
phenomenon can be described theoretically in the framework of
partial differential equations with higher order spatial or mixed
derivatives. In this contribution a stability of the soliton com-
plex is investigated analytically and numerically in the dispersive
sine-Gordon and double sine-Gordon systems. Soliton dynamics
of these models can be described by the sine-Gordon and dou-
ble sine-Gordon equations with additional fourth spatio-temporal
mixed derivatives. A peculiarity of the continuum wave spectrum
of the dispersive models consists in its single band structure. As
a result of the consideration, exact static kink and wobbler solu-
tions are found for the sine-Gordon and double sine-Gordon sys-
tems, respectively. It is shown analytically that these nonlinear
excitations are stable. Solutions for moving soliton complexes
are also found exactly and they have definite values of velocities.
It is shown numerically that the soliton complex can be formed
as a result of interaction of two fast moving kinks. These kinks
radiate and loose the kinetic energy until they form the complex,
which moves further with stationary shape and velocity. Vice
versa, if an initial velocity of the soliton complex is less than crit-
ical one then the bound state is unstable and is dissociated into
two kinks. A separately moving kink exhibits a complex dynam-
ical behavior. At the first stage the kink with a large velocity can
cause a breather creation on its wake. Translational and internal
modes of the kink appear to be bound therefore its shape oscil-
lates slightly according to a velocity oscillation. The kink emits
backward a small radiation and its velocity decreases slowly. It
would be finally noted that the stability properties and propaga-
tion of a soliton complex in the dispersive double sine-Gordon
system exhibit similar features but its internal dynamics demon-
strates a more complex behavior including resonant phenomena
under composite wobbler interactions.

Mikhail M. Bogdan, 47 Lenin Ave., Kharkov, 61103, Ukraine

NEW APPROACH IN THE MECHANICS OF PERIODIC
COMPOSITES

A. I. BOROVKOV, V. A. PALMOV

We consider inhomogeneous elastic body. We suppose that it
represents so called periodic composite. It means that this body
is composed from very many similar periodical cells with dimen-
sionsa, b, c in directions of coordinate0x, 0y and0z respectively.
We suppose that all cells have similar complex structure. At last
we suppose that all cells have full contact with their neighbours,
so that displacements and stresses are continuous on the bounds
of cells. Bodies of this so type - periodic composites are the sub-
ject of investigations in huge papers and books. This paper is
devoted to the new technology of analysis of periodic compos-
ites. This technology is based on using of so called ”basic so-
lutions” for one cell. We formulate mixed boundary conditions
for six basic problems. We prove that their solutions are periodic
ones. This periodicity permute to construct six basic solutions
for whole composite. At last we make up linear combinations of
all basic solutions. Due to the linearity of equations of elastic-
ity theory, they satisfy to all of them identically. We call these
combinations by the name - regular expansions. For simplifica-
tion of motivations and in order to get simple results we confine
ourselves by consideration of the case when any cell has three
planes of symmetry, which are parallel to the coordinate planes.
Now we enumerate new result which can be got using new ap-
proach and corresponding way of motivation. We use regular
expansions for getting effective solutions for three fundamental
problems of the mechanics of composites. Firstly, we use them
for getting of effective moduli of elasticity for composite. For
example, we present simple formulae for these moduli. We con-
vince reader that we get exact values of these moduli for uniform
averaged stresses and strains. Secondly, we present new moti-
vation, which leads to the homogenized problem. We prove that
”regular expansion” represents effective solution of all equations
of elasticity theory for initial nonhomogenized composite if av-
eraged stresses and strains satisfy to the homogenized equation.
Thirdly, regular expansions and the boundary layer concept are
applied for such formulation of force boundary conditions for ho-
mogenized problem which permits to satisfy boundary condition
for initial nonhomogenized problem.
St. Petersburg State Polytechnical University

PROTON DISORDER AND MOLECULAR
CONFORMATION IN TRIIODOMESITYLENE

A. BOUDJADA N. BENCHIHEB L. HAMDELLOU

S. GHANEMI J. MEINNEL O. HERNANDEZ

A. BOUCEKKINE

shamamda@yahoo.com

This work is a part of the study undertaken on poly-substituted
halogeno-methylbenzenes [1-4] to determine more precisely the
correlation between the dynamical properties of the quantum
methyl rotor and variations in the methyl protons localisation
of the rotor hindering potential. The conformation of aromatic
molecules containing a methyl group in ortho to halogen (Br, I,
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Cl) substitution. The triiodomesitylene (TIM) may be consid-
ered as three times di-ortho-substitued. Our calculations of the
TIM conformation using density functional theory (DFT) meth-
ods with extended basis sets show that C3h and Cs symmetry
are almost equally probable for an isolated molecule. They in-
dicate that a CH bond in CH3 group is in pseudo trans position
relatively to the halogen with an increase of the exocyclic CC
angle. The hindering potential of each methyl group is small
with V 3 = 25cm−1 andV 6 = 28cm−1. The molecular ge-
ometry found by neutron diffraction at 14 K, has a distoreted
Cs symmetry close to C2v. The DFT calculations done with a
model fixing this methyl orientation and relaxing all others vari-
ables has given a geometry very close to that found by neutron
diffraction. The inelastic neutron scattering (INS) experiments
has also found three different tunnelling excitations for CH3. Us-
ing these observables we have proposed potentials and calculed
proton density probabilities that are in good agreement with the
crystallographic results. Thus it seems that crystals effects are
responsible for the existence of the observed distorted geometry
of TIM, so that this compound is an example of a gas phase tran-
sition state, trapped in the solid state. It is a clear example of
crystalline influence on a molecular conformation.
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ELASTICITY AND INTERNAL FRICTION OF AL7SIMG
HYPOEUTECTIC ALLOY

M. BOURNANE Y. SADAOUI M. NEDJAR

bournane@yahoo.fr youcef1961@yahoo.fr
mhnedjar@yahoo.fr

The elastic properties study of solid materials is very important
for scientists and industrialists. In order to determine the elastic
characteristics of various solid materials, the Impulse Excitation
Technique is very and often used. The aims of this work con-
sist to follow the elastic characteristics evolution of the Al7SiMg
hypoeutectic alloy for three states: cast, quenched and quench-
annealed. The shear and Young moduli were determined by
two modes of vibration: longitudinal and automatic flexion. It
was shown that these moduli decrease continuously but slowly
while going from the cast - quenched - annealed states. Dur-
ing the homogenisation (quenched state), the atoms of solid so-
lution probably migrate towards the dislocations and the grain

boundaries which constitute favourable seats for the reception of
points defects. This diffusion is accentuated during the annealing.
This phenomenon of displacement of the atoms towards the grain
boundaries causes an impoverishment of the element of solid so-
lution inside the grains. It is known that the shear and Young
moduli are closely related to the interaction energy creates by the
whole of the atoms in the material. The diminution of Si atoms in
the grains involves a decrease of this interaction energy. Conse-
quently the elastic characteristics decrease of the homogenisation
to the annealing.

Bournane Mohamed, BP 416 RP, Tizi Ouzou, 15000, Algeria

FLEXIBLE MECHANISM DYNAMICS

HARTMUT BREMER

hartmut.bremer@jku.at

Flexible mechanisms, also referred to as “Elastic Multi Body
Systems”; (EMBS), consist of interconnected elastic and rigid
bodies undergoing fast relative motions (“rigid body motions”)
with superimposed small elastic deviations. Due to the gross
rigid body motions, a linearization of the elastic deformations
yields some special problems to be solved. The first is the so-
called “dynamical stiffening”; problem which yields an addi-
tional symmetric restoring matrix in which the zero order forces
and torques enter description (acceleration reactions, centrifugal
effects, gravity forces etc.). The second one results from the fact
that the directional derivatives (e.g. kinetic energy w.r.t. angular
velocity) may yield non-orthogonal momentum directions which
makes the application of analytical methods at least uncomfort-
able (besides the fact that its calculation formulti body systems
is cumbersome anyway). The proposed procedure is therefore
based on theProjection Equationin terms of subsystems, along
with nonholonomic variables for the general case. Applied to
rigid multibody systems one obtains a recursive [order(n)-] solu-
tion scheme which is best suited for high accuracy and for real
time applications (see APM2000). One may therefore think of
to omit partial linearization and to use a “Finite-Segmentation-
Model” (elastic body discretization in form of finite rigid bodies).
However, such kind of modeling can not really be recommended
due to the immense requested number of degrees of freedom (as
will be demonstrated inspecting a chain). Considering the links
elastic leads to a straight-on procedure with the aid of spatial
operators. The interconnected ordinary and partial differential
equations along with the corresponding boundary conditions are
determined with almost vanishing effort (when compared to an-
alytical approaches). These represent the minimal form of the
dynamical problem. As for the time being there is obviously no
procedure available for a direct solution, we proceed to a RITZ

approach once more leading to an [order(n)-] solution scheme
which is easy to implement. The drawback here is the requested
number of shape functions (which, however, in case of actively
controlled systems can be kept small). Nevertheless, the question
on how to operate the minimal form of state equations without
series expansion approximation still remains challenging.

Hartmut Bremer, Altenbergerstrasse 69, Linz, A-4040, Austria
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COMPUTER SIMULATION OF SANDWICH SHEET
METAL FORMING

IGOR BRIGADNOV

Stamping of sheet metal parts by means of hard punches and
dies is a standard manufacturing process. Despite its broad appli-
cation in car-industry, however, sheet metal stamping technology
is still an art rather than a science. Thus the design of stamp-
ing process and the selection of sheet materials for a practical
product are largely done on a trial-and-error basis. In computer
simulation of sheet metal forming, several finite element meth-
ods such as membrane, shell and solid model are proposed. The
membrane model is the simplest one. However, the membrane
model is not applicable where the bending of sheets becomes
significant, for example, in drawing operations. In general, the
processes where the bending effect is significant are simulated by
the solid model or the shell model. For the solid model, more el-
ements are needed to describe these shell-type structures to pre-
vent numerical difficulty so that a large ill conditioned system
of equations must be solved. The shell model is more effec-
tive than the solid one although integration in the thickness di-
rection is still needed. The paper is presented in the following
order. First, we present the results of uniaxial stretch experi-
ments for aluminium-polypropylene-aluminium sandwich sheets
named as Hylites. After that, within the framework of the shell
theory, we describe the elastic-plastic 2D constitutive relation for
transversely anisotropic sandwich sheet taking into account the
Bauschinger effect and present a brief description of axisymmet-
ric stamping experiments for Hylites. At the end, the punch force
for Hylites is numerically investigated under the hemispherical
punch stretching operation by the LS-DYNA code.
Igor A. Brigadnov, Millionnaya 5, St. Petersburg, 191186, Russia

TESTING OF VISCOELASTIC CONSTRUCTIONS:
MODELING BY FEM

M. BRIGANTE A. V. NASEDKIN M. A. SUMBATYAN

brigante@unina.it nasedkin@math.rsu.ru
sumbat@math.rsu.ru

It is well known that the acoustical methods of non-destructive
testing can successfully be applied to analyze the strength and
completeness of various objects. Thus most part of civil engi-
neering constructions may be considered as elastic and viscoelas-
tic materials, and its state can be evaluated by the change of some
acoustic characteristics of the generated acoustic wave fields, as
well as such integral characteristics as natural frequencies and
absorption coefficients on resonance modes. In order to gener-
ate and measure the acoustic fields there are applied piezoelectric
transducers. Such devices may be considered both as actuators
and as sensors in a system generating and evaluating the char-
acteristics of acoustic fields. The piezoelectric transducers can
easily be included in electric circuits, putted on constructions,
and so they are very convenient to test the strength of such civil
engineering objects as colons, balconies, roofs, etc.

In the present work we construct a mathematical model, which
consists of a system of piezoelectric transducers and a viscoelas-

tic structure under consideration. We give a complete finite el-
ement model of piezoelectric devices, taking into account the
damping properties by original principles accepted in the soft-
ware package ACELAN. We also formulate a finite element
model of the analyzable viscoelastic structures. Further, we dis-
cuss the compound models of piezoelectric and viscoelastic me-
dia, and we give a separate analysis to the case of steady-state
oscillations. The final part of the work contains some results of
finite element simulations for piezoelectric – viscoelastic struc-
tures. In the first example we consider the cantilever viscoelastic
layer with piezoelectric actuator and sensor. For Voight’s model
we find the viscoelastic moduli, starting from the data on a moni-
toring of the impedance characteristics of the piezoelectric trans-
ducers. In the next example, again for Voight’s model, we moni-
tor by piezoelectric emitter the reinforced concrete pile with pre-
stress effects. In the last example we give the transient analysis
for viscoelastic plate with a crack, when the viscoelastic mate-
rial properties are expressed in the integral form using the kernel
function of the generalized Maxwell elements.
Michele Brigante, via Claudio 21, Naples, 80125, Italy

REGIONS OF POSSIBLE MOTIONS FOR A
NON-SYMMETRICAL DUMB-BELL IN THE CENTRAL

ATTRACTION FORCE FIELD

V. O. BUCHIN

buchin@ccas.ru

For a couple of two point masses moving in the central New-
tonian attraction force field the topological classification of the
regions of possible plane motions is given. This classification
is based on Smale’s method with using the diagram of the first
integrals constants of area and energy. The obtained results are
represented as atlases of the typical regions of possible motions
and of the regions of stability. This material is based upon work
supported by the Russian Foundation for Basic Research under
grant No. 05-01-00454.
Vadim O. Buchin, Vavilova 40, Moscow, 119991, Russia

PROBLEMS OF TECHNOLOGICAL PLASTICITY
THEORY

BUKHANKO A. A. L OSHMANOV A. Y U.

bukhanko@imim.ru loshmanov@kmscom.ru

The purpose of the paper are rigid-plastic analysis of strain
fields in the neighbourhood of the features of displacement ve-
locities field by the example of problems about the flow of rigid-
plastic material on the canal with an angular point and about
pressing of rigid-plastic flat bar through an oblique die.

In the problem about canal the relations defining strain field
distribution in the neighbourhood of the angular point were ob-
tained. Calculations for cases when the angular point is at rest
and moving are made. The offered approach allows to describe
the residual strain field in sheet details at their straightening by
an angle die.

In the problem about pressing of rigid-plastic bar were inves-
tigated strain field in the neighbourhood of rigid-plastic bound-
aries, they are lines of discontinuity for displacement velocities
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field. Were shown, that these lines has considerable influence on
the changes of deformations fields of particles crossing it. Resid-
ual strain field distribution in the neighbourhood of the features
of displacement velocities field were obtained.
Anastasia Bukhanko, Str. Metallurgov, 1, Komsomolsk-on-Amur,
681005, Russia

CLOSED EQUATION FOR TWO-POINT PDF IN
MECHANICS OF TURBULENCE

ALEXEY A. BURLUKA

This work is devoted to a formulation of a closed transport
equation for a two-point probability density function of velocity
and scalar variables with a special emphasis on reactive flows.
The need for such an approach is demonstrated using premixed
turbulent combustion as an example. Since the early works of
Damkohler, Sommerfield, Schelkin, Wohl and Sokolik it became
clear that that there exist at least two different regimes in tur-
bulent premixed combustion and these regimes are characterised
with different dependencies on the turbulence rms velocityu and
the integral scalelt. Laminar flame speedun and thicknessδn

were parameters in this description This idea was further devel-
oped by Borghi with discerning multiple flame structures with
the transition between them in terms of Reynolds and Damkohler
number defined also in terms ofun andδn. Identification of vari-
ous regimes later became some kind of a fashion and several sim-
ilar diagrams had since then been proposed in terms of the same
variables. At the same time, the determination of rate of com-
bustion was and still is quite often reduced to models describing
the turbulent flame speed, or similar to it mass burning rateut,
solely in terms ofun andu. Again, similar descriptions became
fashionable which can be seen from the fact that recent review of
predictive capabilities of models forut by Lipatnikov & Chomiak
contains 350 references. (This review emphasises the dependence
ut uponδn, or related to the latter molecular thermal diffusivity
κ, and also suggests that there exists a self-similar regime of tur-
bulent flame propagation).

This presentation will commence with analysis of experimen-
tal data obtained in the fan-stirred bomb and SI engine in order
to assess what parameters define the turbulent combustion rate.
Di-tert-butile peroxide (DTBP) thermal decomposition flame is
studied in the fan-stirred bomb, this flame, unlike any other reac-
tive medium, is characterised with a single-step chemical kinet-
ics. Unsteady flameut measured for this flame for varyingu are
compared with the literature data for the lean ethane-air mixtures
having the sameun and Lewis number. This comparison indi-
cates that, firstly the values ofut measured in fan-stirred bombs
differ from the values in a steady-state burner, secondly the de-
tails of chemical kinetics may be important for elevatedu and
thirdly there exists large temporal variability from explosion to
another similar to cyclic variability in IC engines.

It is argued that any model of turbulent combustion aimed at
industrial application should include molecular transport proper-
ties as well asun. Methods of doing this are discussed, using two
probabilistic models, Linear-Eddy-Model developed by Kerstein
and Reference Scalar Field model by Burluka, Gorokhovski and
Borghi as examples. It is shown that the latter model is capable of
describing qualitatively the transition between various regimes of

combustion, however, it fails to predict quantitatively the burning
rates around this transition. It is conjectured that a similar draw-
back would be shared by any theory limited to a single-point sta-
tistical description because of difficulty of introducing molecular
transport in a way valid for different combustion regimes.

Finally, it is shown that it is possible to obtain a closed equa-
tion for two-point single-time probability density function for ve-
locity and scalars using only formal constraints such as reduction
and separation properties following the ideas proposed by Ievlev.
It is shown that application of this constraints results in a very
simple splitting of conditionally averaged accelerations and dif-
fusion rates. The resulting integro-differential pdf equation has
non-local terms arising from pressure field while the molecular
transport coefficients are contained explicitly in the local terms.
School of Mechanical Engineering, The University of Leeds,
Leeds LS2 9JT UK

APPROXIMATE ANALYTICAL SOLUTION FOR A
MOTORISED MOMENTUM EXCHANGE TETHER ON A

CIRCULAR EARTH ORBIT

M. P. CARTMELL M. C. D’A RRIGO

D. J. MCKENZIE Y. WANG

matthewc@mech.gla.ac.uk

This paper discusses the mathematical transformations neces-
sary to convert the nonlinear equation of motion for a dumb-bell
motorised momentum exchange tether on a circular Earth orbit
to a form suitable for approximat analytical solution. A perturba-
tion parameter is introduced in an algebraically consistent manner
so that the equation can be solved using the method of multiple
scales. The method is applied by means of symbolic solver soft-
ware cowritten by one of the authors, and the solution structure
is discussed, particularly with regard to the governing differential
equation and the physical system upon which the model is based.
Some numerical results are given in addition.
Matthew P. Cartmell, James Watt Building, Glasgow, G12 8QQ,
United Kingdom

FLUIDIZATION REGIMES OF FINE AND ULTRAFINE
POWDERS

ANTONIO CASTELLANOS JOSEMANUEL VALVERDE

Some years ago we demonstrated that gas-fluidized powders
may transit from solidlike to fluidlike fluidization prior to bub-
bling, shedding light on a long standing controversy on the na-
ture of ”homogeneous” fluidization. We show here that fine and
ultrafine powders may also transit from the fluidlike state to elu-
triation, with full suppression of the bubbling regime. We provide
a unifying description of the different fluidization regimes based
on simple phenomenological equations in which particle agglom-
eration due to attractive forces is a key ingredient. This analysis
is also applicable to the important case of liquid-fluidized beds of
large beads.
Antonio Castellanos Mata, Avenida Reina Mercedes s/n, Sevilla,
41012, Spain
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COMPACTION OF FINE POWDERS: DISCRETE
ELEMENT METHOD SIMULATIONS

FRANCISCOANTONIO GILABERT JEAN-NOEL ROUX

ANTONIO CASTELLANOS

Discrete element (or molecular dynamics) simulations are
used to investigate the structure and mechanical properties of a
simple two-dimensional model of a cohesive granular material.
Intergranular forces involve elasticity, Coulomb friction and a
short range attraction akin to the van der Waals force in powders.
The effects of rolling resistance at intergranular contacts are also
studied. The microstructure of the cohesive packing is shown to
depend sensitively on the assembling procedure which is applied
to the initially isolated particles of a granular gas. While a di-
rect compression produces a final equilibrated configuration with
a similar density to that of cohesionless systems, the formation of
large aggregates prior to the application of an external pressure
results in loose packings, with a structure similar to that of ballis-
tic aggregation clusters. Specific features of force networks, co-
ordination number, and density heterogeneities due to cohesion,
and their change as function of loadind and unloading paths, are
characterized.
Antonio Castellanos Mata, Avenida Reina Mercedes s/n, Sevilla,
41012, Spain

ON THE STABILITY OF SOLITARY WAVES

CHARDARD DIAS BRIDGES

dias@cmla.ens-cachan.fr

The Maslov index is a topological property of orbits of finite-
dimensional Hamiltonian systems. In this talk, a numerical
scheme is developed to compute the Maslov index in the exterior
algebra representation. The theory is illustrated by application
to an eigenvalue problem associated with the stability of solitary
waves.
Frederic Dias, 61 avenue du President Wilson, 94235 Cachan
cedex, 94235, France

COUPLING OF TRANSLATION AND INTERNAL
MODES OF SOLITONS IN HIGHLY-DISPERSIVE

NEAR-DISCRETE MEDIA

O. V. CHARKINA M. M. BOGDAN

charkina@ilt.kharkov.ua
bogdan@ilt.kharkov.ua

The strong spatial dispersion in crystals can change drastically
dynamic properties of nonlinear excitations. A typical example
of the excitations in an imperfect lattice is a dislocation, which
can be considered as a soliton (kink) of the Frenkel-Kontorova
model. In the system with the strong dispersion solitons ex-
hibit a complex intrinsic structure with internal degrees of free-
dom. To succeed in analytical description of the novel effect a
fourth-order spatio-temporal derivative is added to the usual sine-
Gordon equation. This approach allows us to find exactly a total

spectrum of linear excitations of the kink. It consists of a discrete
set of frequencies of internal modes and a single band spectrum
of continuum waves. It is shown analytically and numerically
that a translational motion of a single soliton in the dispersive
system is accompanied by exciting its internal dynamics and cre-
ation of the breather state, and by generation of the radiation. It is
demonstrated that a fast motion of two identical solitons leads to a
formation of the bound soliton complex, which is stable and can
move radiationlessly in the highly dispersive sine-Gordon sys-
tem.
Oksana V. Charkina, 47 Lenin Ave., Kharkov, 61103, Ukraine

STABILITY OF ELASTIC FILMS IN PROXIMITY TO A
RIGID PLATE

Y I-CHAO CHEN

chen@uh.edu

Thin films have revolutionized the electronics industry, allow-
ing for the development of magnetic and optical memory de-
vices, improved integrated circuits, flat-panel displays, and a host
of other inventions. With the ability to pattern substances such
as silicon and polymers on the nanometer scale, thin films are
now being harnessed for nano and micro-scale applications in the
fields of electronics, chemistry, biology, and biophysics.

Due to the wealth of applications, the stability of thin films is
important. In photolithography and coatings, for example, it is
necessary to be able to deposit a stable film with uniform thick-
ness. For such a system, instability occurs as a result of competi-
tion between the stabilizing bulk and superficial energies and the
destabilizing interaction energy between the film and contactor.
In general, surface instabilities are undesirable. However, such
instabilities are now being used to advantage in the techniques
of soft lithography and atomic force microscopy-assisted electro-
static lithography to generate precise, micrometer-sized patterns
in polymers.

In this paper, we study the stability of a thin elastic film bonded
on a rigid substrate, when it is brought to the proximity of a rigid
plate. The attractive van der Waals forces between the rigid plate
and the film surface tend to destabilize the film, giving rise to film
deformations of highly complex form. We formulate the problem
as the minimization of total system energy, which consists of the
strain energy in the film, the surface tension potential, and the
van der Waals interaction potential. The first variation condition
of this minimization problem leads to the equilibrium equations
for the film. The equilibrium equations have a trivial solution
branch, which corresponds to homogeneous deformations. When
the rigid plate is sufficiently close to the film surface, the van der
Waals forces are large enough to destabilize the homogeneous
deformations, and a non-trivial solution branch, corresponding to
non-homogeneous deformation, bifurcates off the trivial solution
branch. Such a bifurcation solution branch is studied by solving
the linearized equilibrium equations. The critical value of the gap
length between the plate and film surface, at which the non-trivial
solution first emerges, gives the bifurcation point. Moreover,
the structure of the non-trivial solution of the linearized equilib-
rium equations reveals the possible deformation patterns of the
film when the homogeneous deformations become unstable. It is
found that both two-dimensional solutions and three-dimensional
solutions are possible, depending on the material properties and
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geometry. Finally, when multiple solutions exist, a detailed sta-
bility analysis is carried out to compare the energies associated
with these solutions. The solution with lowest energy is deemed
to be most stable, and thus most likely to be observed in the ex-
periment.
Yi Chen, 4800 Calhoun Road, Houston, 77204-4006, USA

DYNAMICS OF TWO-DIMENSIONAL LONG
INTERNAL GRAVITY WAVES IN A THREE-LAYER

FLUID

CHERNOV A. G. POLOUKHINA O. E.
KURKIN A. A.

tme-nn@yandex.ru poloukhin@mail.ru
aakurkin@mail.ru

Three-layer stratification is proved to be proper approximation
of sea water density profile in some basins in the World Ocean
with specific hydrological conditions. Such a medium is interest-
ing from the point of view of internal gravity wave dynamics, be-
cause in the symmetric case it leads to disappearing of quadratic
nonlinearity when described in the framework of weakly nonlin-
ear evolutionary models, that are derived through the asymptotic
expansion in small parameters of nonlinearity and dispersion. In
this situation the nonlinear transformation of the internal wave
disturbances is determined mainly by the influence of the next
order cubic nonlinear term in asymptotic series, and the cu-
bic nonlinearity coefficient can have either sign depending on the
layer depths (in contrast to traditional two-layer approximation,
for which cubic nonlinearity is always negative). And therefore
new physical effects in the wave dynamics are possible.

In the this study the analysis is presented of the dynamics of
long internal gravity waves propagating in a three-layer medium,
for which the Boussinesq approximation is valid. The investiga-
tion is carried out in the framework of improved mathematical
model describing the transformation of internal wave fields gen-
erated by an initial disturbance or by an external forcing. The
model is based on the program complex for the numerical simula-
tion of the full two-dimensional (vertical plane) governing equa-
tions for incompressible stratified fluid; it includes nonlinearity,
effect of Earth rotation and inhomogeneous bottom relief, as well
as the influence of barotropic tidal flow.

One of the preliminary objectives of the present study was
the modernization of the computational algorithms to make the
complex possible to use on cluster consisting of multiprocessor
(SMP) nodes. To solve this problem we used the hybrid pro-
gramming approach: MPI technology is used for inter-node com-
munication and OpenMP for parallelization inside of each SMP
node.

In the framework of modified program complex the evolu-
tion of internal localized initial disturbances (of different polar-
ities) is studied. Qualitatively different nonlinear wave regimes
are shown. The processes of developing of long-living nonlin-
ear localized quasi-stationary (solitary waves) and non-stationary
(breathers, or oscillatory wave packets) waveforms are demon-
strated. The results are compared to those following from the
weakly nonlinear evolutionary models (Korteweg de Vries and
Gardner equations).

The research was supported by RFBR (grant 05-05-64333) and
by President of RF (grant MK-1358.2005.1 for young candidates

of science).

Anton G. Chernov, 24 Minin street, Nizhny Novgorod, 603600,
Russia

WAVE PROPAGATION IN A ELASTIC CYLINDRICAL
SHELL LOADED BY A VISCOUS FLUID

ALEXANDER CHUBINSKIY

Analysis of wave propagation in an elastic cylindrical shell
filled with a fluid is a classic problem in stationary structural
acoustics. In the most publications on this subject, a classic thin
shell theory and a standard model of a compressible fluid (an
acoustic medium) are used. However, in some technical appli-
cations, the viscous effects in a fluid may be pronounced. The
research reported in this paper is aimed to study the influence of
viscosity on wave propagation in an elastic cylindrical shell. The
theory of elastic cylindrical shells suggested in reference [1] is
used for the analysis of relatively low-frequency vibrations. The
theory proposed by A.N. Guz (ref. [2]) is used for description of
behaviour of a viscous fluid. Unlike the standard modelling of
an acoustic medium by a scalar potential, the vector potential is
introduced in this theory. Therefore, dynamics of a viscous fluid
is described by equations for a scalar and a vector potential. The
dispersion equation is derived. The efficient numerical technique
of solving this equation is developed, in which viscosity param-
eter is used as a small perturbation parameter. Dispersion curves
are thoroughly analyzed and compared with those obtained for a
duct, bounded with a Kirchhoff plate wall and a rigid one (these
results are presented in [3]) as well as with those for a shell filled
in with an acoustic medium. Several similarities and differences
between locations of dispersion curves in various cases are iden-
tified and explained in the course of analysis. The detailed para-
metric study of the influence of several parameters, e.g., fluids
viscosity and the parameters of elastic shell, on location of dis-
persion curves is performed.

REFERENCES

[1] Novozhilov V.V. The Theory of Thin Shells, ed. 2, SUD-
PROM GIZ, Leningrad, 1962 (In Russian).

[2] Guz, A.N. Mechanics of the Brittle Fracture of Materials
with Initial Stresses, Naukova Dumka, Kiev, 1983 (in Rus-
sian).

[3] Chubinskiy A.V. Wave Propagation in a Composite Plate
Loaded by a Viscous Fluid, APM 2005, Book of Abstracts,
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Petersburg (Repino), Russia, p. 34.

Alexander V. Chubinskiy, Locmanskaja, 3, Saint-Petersburg,
190008, Russia
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A NOTE ON AN ANALYTICAL SOLUTIONS FOR
TWO-DIMENSIONAL CONVECTION-CISPERSION

EQUATIO

ROBERTOCIANCI

cianci@diptem.unige.it

Introduction
We study contaminant transport which has become impor-

tant for scientist working in environmental engineering. Ana-
lytical solutions of the mathematical models describing pollu-
tant transport are rarely possible if important hydraulic/chemical
processes are considered together; solutions taking into account
nonlinear adsorption/desorption have been found only for a one-
dimensional advection-dispersion problem.

Analytical solutions, if they are possible, are preferable to nu-
merical ones since the latter often need correcting schemes to
avoid truncation errors, which is not negligible in case of the
advection-dispersion equation with reactive contaminants. In this
note we give analytical solutions for the transport equation in
cylindrical geometry.

The model proposed in this paper is able to predict the concen-
tration profile without assuming infinitely large column or box
and furthermore computes solute concentration in all the domain
even in non-stationary case.

Problem formulation
A soluble pollutant can be transported in the groundwater sys-

tem by fluid motion through the void space and dispersed by two
processes mainly: molecular diffusion and hydrodynamic disper-
sion. Considering a chemical reaction represented by first-order
kinetics, and a solute undergoing linear-sorption we have:
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+
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∂2C
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Boundaries and initial conditions are necessary to uniquely solve
the problem. We assume the impermeability of the column wall.
We shall formulate three different problems for the remaining ini-
tial and boundary conditions and describing the pollutant release,
in order to cover different possible experimental configurations:

Case 1C(r, z, 0) = σ(r)
n

δ(z)

Case 2C(r, 0, t) = C0(r)H(t), C(r, z, 0) = 0

Case 3C(r, 0, t) = C0(r)[H(t)−H(t−t0)], C(r, z, 0) = 0.

σ(r) is the superficial mass distribution,n is the macro-
porosity of the soil column andC0 is the concentration of con-
taminant in the inlet section.

To solve this partial differential equation, we consider a partic-
ular Dini-Bessel series expansion of the concentration function:
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∞
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1: Impulsive Pollutant Release
The concentration function in terms of the coordinates(r, z, t)

is:
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The zero order term, represents the well known result of an
equivalent one-dimensional problem.

2: Continuous Pollutant release
We analyze the effect on the solution due to a continuous

inlet of contaminant into the top of the column:C(r, 0, t) =
C0(r)H(t).

The solution is :

C(r, z, t) =
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3: Finite-Pulse Pollutant Release
We study the influence on the solution due to a pulse injection

of contaminant in the top of the column.
By the superposition property of linear PDEs, we get:

C(r, z, t) = C̃(r, z, t) for t < t0,

C(r, z, t) = C̃(r, z, t) − C̃(r, z, t − t0) for t ≥ t0

Roberto Cianci, Ple. J. F. Kennedy, pad D, Genova, 16100, Italy

ANALYTICAL RESULTS FOR THE PLECTONEMIC
RESPONSE OF SUPERCOILED DNA

NICOLAS CLAUVELIN SEBASTIEN NEUKIRCH

BASILE AUDOLY

clauvein@lmm.jussieu.fr
neukirch@lmm.jussieu.fr k91d@lmm.jussieu.fr

Mechanical properties of the DNA molecule play an important
role in the biology of cell. Using various nanotechnologies, it is
now possible to apply tensile [1] and torsional stresses [2] onto
an isolated DNA molecule. We model the DNA molecule as an
elastic rod with bending and twist rigidities, subjected to external
tension and moment applied at its two clamped ends. We study
the equilibrium of such a rod taking into account the impenetra-
bility constraint, and focus on plectonemic geometries.

Numerical solutions [3] of this boundary value problem have
shown that purely elastic models can reproduce the supercoiling
response of the DNA molecule. Using a variational approach, we
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derive analytical formulae for the elastic response of the plec-
tonemes, which extend the former numerical results and pro-
vide in addition the value of the repulsion force between the two
coiled molecules. We compare this calculated repulsion force to
that predicted by classical electrostatic potentials, such as Debye-
Huckel’s.

This variational formulation provides a natural framework to
study the influence of thermal fluctuations on the behaviour of
the molecule: a statistical mechanics treatment of our model al-
lows us to reproduce the entire experimental response curve, from
worm-like to supercoiled configurations.
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REFLECTION OF INTERNAL WAVES: THEORY AND
EXPERIMENTS

THIERRY DAUXOIS

One often refers to the reflection of internal gravity waves on
sloping topography to explain mixing phenomenon in the oceanic
interior. When the incident angle corresponds to the angle of the
slope, the linear theory predicts that the reflected beam has an
infinite amplitude. We show analytically how this singularity can
be healed when nonlinearity, dissipation and transience are taken
into account.

Moreover, we will present results of several laboratory exper-
iments to make quantitative comparisons with theoretical predic-
tions. These experiments (standard and synthetic Schlieren or
PIV) conducted either in our laboratory or in the Coriolis plate-
form in Grenoble allow to exhibit quantitatively the role of non-
linearities during the reflection process.
Thierry Dauxois, 46 alle d’Italie, Lyon, 69007, France

ON THE CALCULATION OF DISLOCATION KINETICS
PARAMETERS OF PLASTIC DEFORMATION USING
THE RESULTS OF DYNAMIC TESTING OF METALS

DEMIDOV V. N.

vn demidov@mail.ru

The problem on the calculation of microstructure parameters
of dislocation kinetics is examined for plastic deformation of met-
als using results of macroscopic experiments. The diagrams of

dynamic deformation of metals corresponding to various load-
ing rates are used as initial experimental information. The tests
on the attenuation of elastic precursor at the shock wave load-
ing of plane specimens have serve as second information, which
is used to control the adequacy of model constructions. The re-
verse approach is possible, when the first and the second exper-
iments change the roles, but such way is more labour-intensive.
The known Orowans correlation serves connecting-link between
the characteristics of the dislocation motion and reproduction in
the micro level and the macroscopic approach. The problem on
the kinetic parameters calculation is scrutinized for two differ-
ent formulations: with the using of (1) the Prandtl-Reuss model
of elastic plastic medium and (2) the Godunov-Romenskii model
of nonlinear Maxwell medium. In the first case, the unknown
parameters of dislocation kinetics are included immediately into
the equation for the plastic deformation rate, and their calcula-
tion problem is solved enough simple. In the second case, the
connection between unknown parameters and the process of ir-
reversible deformation is more complex and mediate: known pa-
rameters are included into the interpolation formula for the relax-
ation time of tangent stresses (or into the formula for nonlinear
Maxwell viscosity), and the relaxation time appears in the coef-
ficients of the differential equation system. In the bother cases,
the way of the kinetic parameter determination is reverse problem
and comes to the iteration sequence of direct problems. During
each step of iteration procedure, firstly the numerical experiment
of the dynamic loading of uniform roods is carried out. At the
same time the tough testing machine, when the deformation his-
tory with constant rate is specified, and the loading is traceable
variable. The calculation deformation curve is constructed us-
ing the results of numerical experiment and is compared with the
corresponding curve obtained from physical experiment. Then in
accordance with the certain algorithm, the choice is realized for
new values of kinetics parameters ensuring the calculation and
experimental deformation diagrams coincidence. The described
process is repeated until the best meansquare approximation will
be found. The globality of found extreme is controlled when vari-
ous initial approximations for kinetic parameters are chosen. The
comparison the numerical values of the kinetic parameters with
their theoretical evaluations for some metals shows that they can
differs in several order. At the same time, the calculation dia-
grams describe corresponding experimental curves entirely sat-
isfactorily. Furthermore, obtained results demonstrate that the
plastic deformation kinetics model accurate on the base of the
first experimental data reflect far from always adequately the sec-
ond experimental information.
Valerii N. Demidov, pr.Academicheskii, 2/1, Tomsk, 634021, Rus-
sia

AL WAVES IN A ROTATING CYLINDER PARTIALLY
FILLED WITH A VISCOUS FLUID AND STABILITY OF

ROTOR SYSTEM

DERENDYAYEV N. V. SOLDATOV I. N.

erfv@newmail.ru

It is well known that rotors and spin-stabilized projectiles car-
rying liquid payloads can suffer dy-namical instability (Stewart-
son K., 1959; Rumyantsev V.V., 1964 ). A rotating body of fluid
is capable of supporting a unique type of wave motion through the
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action of the Coliolis force. Such waves are usually called iner-
tial waves or gyroscopic waves. They are found in many contexts,
including the oceans and atmosphere. We conduct a theoretical
analysis of wave processes in rotating layer of fluid and influence
of resonant excitation of waves on stability of rotor system. The
mathematical problem for flow in rotating right circular cylinder
admits solution contained auto-model solution and solution as a
superposition of wave modes. The wave mode can be represented
as a sum of six screw harmonic: the two forms central core of
flow, other forms viscous boundary layers. Dispersion relations
of inertial waves in layer are studied in details. The obtained so-
lution is used in problem of stability of a rotor with fixed point.
The rotor, which angular velocity is main-tained constant by a
special drive, is partially filled viscous fluid. D-curve dividing
the parameters plane into domains with different degree of insta-
bility is plotted. The work was supported by the RFBR (project
No. 06-01-00270).
Igor N. Soldatov, Beliskogo, 85, N. Novgorod, 603024, Russia

ABOUT ONE PROBLEM DYNAMICS MASSIVE
CONSTRUCTIONS

V. DOVGAN, YA . RUDAEV, A. ZEMLYANSKIY

rudaev36@mail.ru

It is offered decision problem of the making and analysis phase
portrait massive constructions, executed from concrete. Under
the known incrementation displacement dependency amplitudes
of the oscillations from frequency with use Fourier-analysis in
condition initiated seismicity is fixed. It is shown that correla-
tion between incrementation of the displacement and his strain
has opening and closing area. Herewith opening part is condi-
tioned elastic deformation, but opening - a deformation creep,
fixing with use of the theory inherited creep solid. The calculat-
ing procedure are realized on example Toktogul hydroscheme.
V. Dovgan, Ya. Rudaev, A. Zemlyanskiy, Bishkek, Kyrgyzstan,
720000, 44 Kievskaya

PENDULUM EQUATIONS WITH NON-MONOTONIC
TWIST

T.N. DRAGUNOV S. A. KOROLEV A. D. MOROZOV

For dynamical systems with one degree of freedom which have
nonlinear terms in the form of trigonometric polynomial of de-
green > 1, periodT of motion along closed phase curves may
be a non-monotonic function of energyE. In this case there are
energy levels for which first derivative of functionT (E) is equal
to zero. These levels are called degenerate. Let us call the order
of the first non-zero derivative ofT (E) as the order of degener-
acyj, j > 1. For maximal order of degeneracyjmax it is shown
thatjmax = n, n > 1.

For polynomials of degree 2 to 5 the values of coefficients are
presented for whichT (E) is a non-monotonic function and also
values for whichT (E) has extremum of the maximal order of
degeneracy.

When dynamical system of this type is under time-periodic
perturbation, such extrema cause the existence of degenerate res-
onances. The question of the structure of degenerate resonance

zones is considered theoretically using analysis of averaged sys-
tems. Numerical study of Poincaré map gives a good compliance
with theoretical analysis of bifurcations.

This research is supported by CRDF grant No RU-M1-2583-
MO-04 and by RFBR grant No 06-01-00270.
Timofey N. Dragunov, Vaneeva, 82 - 61, Nizhny Novgorod,
603106, Russia

STABILITY OF PLAIN 4-ATOMIC SYSTEM.

NIKOLAY DVAS

dvas@dvas.ru

The equilibrium configurations of plain rhombic 4-atomic sys-
tem are considered in the presented work. Interaction of two
atoms is described by Morse potential. The dependences of the
quantity of equilibrium positions and their stability on the dimen-
sionless parameter of the interatomic potential were determined.
The dependence of the force, applied to one pair of particles on
the distance between them was obtained. The value of the pa-
rameter, in view of which the bifurcation occurs, was determined
both theoretically and with the help of the numerical experiment.
The graph, showing the relation between the dimensionless pa-
rameter and the energy, required to convert the system from one
equilibrium position to another, was obtained. The values of the
parameter required to stabilize the square equilibrium configu-
ration were determined both theoretically and numerically. The
coincidence of the point, where the square equilibrium configura-
tion loses its stability, and the point of bifurcation was ascertained
and explained.
Nikolay G. Dvas, none, Saint-Petersburg, 199000, Russia

CRITERION OF DYNAMIC OPTIMIZATION OF
MECHANISMS WITH NONLINEAR

CHARACTERISTICS UNDER COMPLEX EXCITATION

POLINA DYATLOVA IOSIF VULFSON

dyatlovaspb@hotbox.ru

One of ways of decrease of dynamic loadings drive mecha-
nisms which are carrying out periodic movement of output link,
is dynamic unloading with the help of the elastic elements estab-
lished between a target part and the frame of the machine [1]. In
development of work [2] in given work the problem of a choice
of parameters dynamic unloader is solved optimization at the ac-
count of the vibrations arising because of kinematic excitation,
technological loadings and impacts at impact in clearances.

To the accepted dynamic model the following nonlinear differ-
ential equation is given in dimensionless kind:

q′′1 + p2 [

ϑ/(πp)q′1 + q1 − 0.5∆1signq1

]

× (1)

×η (|q1| − 0.5∆1) = W (t),

whereq1 = q/r; p = k/ω; ∆1 = ∆/r; W = Q/
(

mrω2
)

;
q is the coordinate of input link, a stroke corresponds to dif-
ferentiation on a angular of turn of the main shaft (q̇1 = q′1ω,
q̈1 = q′′1 ω2), η is step function.

Then functionW (ϕ), proportional to the generalized force,
can be submitted as
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W (ϕ) = −(cos ϕ + λ cos 2ϕ) + g/(rω2) − f(ϕ)− (2)

−p2
0(s0 + 1 + 0.25λ − cos ϕ − 0.25λ cos 2ϕ),

wherep2
0 = c0/m, s0 = y0/r, f(ϕ) = F (ϕ)/(mrω2), y0 is

size of preliminary deformation of an elastic element of unloader,
F (ϕ) is external force,g is acceleration of free falling, pulse in-
dignation from external force we shall accept in the form of a
half wave of a sinusoidf(ϕ) = f∗ sin[π(ϕ − ϕ1)/(ϕ2 − ϕ1)],
atϕ1 ≤ ϕ ≤ ϕ2, whereϕ1, ϕ2 are corresponds to the beginning
and the end of a puncture;f∗ = Fmax/(mrω2).

For check of efficiency of the developed technique of decrease
of vibroactivity the drive of needle table computer modeling was
carried out on the basis of the decision of the differential equation
(1) numerical method.

Optimize dynamic synthesis of unloader is multi-criterion
problem. For comparison of dynamic characteristics of modes
the following criteria are offered: 1) the criterion describing root-
mean-square value of dynamic reaction, enclosed to needle table;
2) the criterion describing root-mean-square value of the moment,
transmitted on the main shaft of the machine; 3) the criterion de-
scribing root-mean-square value additional acceleration, caused
by vibrations; 4) the criterion describing relative total duration of
sites of break of kinematic contact because of clearances.
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CONSTITUTIVE EQUATIONS FOR SOFT SHELLS
WITH NETWORK MICROSTRUCTURES

P. DYATLOVA E. POLYAKOVA V. CHAIKIN

dyatlovaspb@hotbox.ru katyapol@eu.spb.ru

The network shells made of quite flexible elastic filaments are
the subject of studying in the present work. The Lagrangian co-
ordinates on the shell are introduced by means of two sets of the
curves determined by cellular structure of the shell. As a strain
measures of the shell the relative elongations of these curves and
also changing of a corner between them are chosen. For various
kinds of the cells typical for products of the textile industry, the
density of potential energy of the appropriate shell is expressed
as function of their deformations. The required constitutive equa-
tions are received from a condition of equality of work of interior
stresses of the shell, on the one hand, and variations of its poten-
tial energy, on the other hand, at any virtual moving of the shell.

P. Dyatlova, E. Polyakova, V. Chaikin, St-Petersburg State Uni-
versity of Technology and Design, Bolshaya Morskaya St., 18,
St.-Petersburg, Russia

DEFORMATION AND INSTABILITY OF HOLLOW
POLYMER PARTICLES UNDER SWELLING

V ICTOR A. EREMEYEV ALEXANDR B. FREIDIN

VALERY N. PAVLYUCHENKO SERGEY S. IVANCHEV

eremeyev@math.rsu.ru;
freidin@mechanics.ipme.ru;
pavlyuch@sm2270.spb.edu;
ivanchev@mail.wplus.net

The benefits of using hollow spheres in different fields, for
example, as aqueous dispersions are discussed in [1]. One of
the perspective methods of producing such particles is based on
a core-shell technology. The procedure includes a stage which
can be modeled as a swelling an elastic sphere under internal
pressure. We present the results on modeling the deformation
of hollow polymer particles at this stage. We study the infinitesi-
mal instability of a thick spherical shell within the framework of
three-dimensional nonlinear elasticity. The critical values of in-
ternal pressure are evaluated and corresponding buckling modes
are obtained. We show that the instability depends on the pres-
ence of descending part on the tension-extension diagram of the
material from which the particle is made. We discuss the mecha-
nisms of collapse (fracture) of the hollow particle at the stage of
swelling, depending on material properties.

This work was particularly supported by the Russian Founda-
tion of Basic Research and the Russian Science Support Founda-
tion.
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THE THEORY OF SHELLS AND MICROPOLAR
BODIES: DEVELOPMENT OF P.A.ZHILIN’S IDEAS

V ICTOR A. EREMEYEV LEONID M. ZUBOV

eremeyev@math.rsu.ru

We present some recent results on the theory of shells and the
3D micropolar elasticity that are based on the papers by Zhilin [1,
2, 4], Altenbach and Zhilin [3, 5], and Altenbach et al [6]. In the
work by Zhilin and his coauthors various problems of linear and
nonlinear shell theories were discussed as well as some problems
of the tensor calculus. One of the problems is the formulation of
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constructive definition of local symmetry group for a shell with
regard for the different nature of strain measures of a shell. A
closely related problem is the development of tensor invariants
theory for the axial and polar tensors.

We present some results on the local symmetry group for a
shell and3D micropolar body as well as results in the shell theory
based on the works [2, 3].

A new definition of the local symmetry group is introduced for
the micropolar shell. It is based on the invariance of the elastic
strain energy function with respect to such transformations of the
reference configuration which are indistinguishable in terms of
response during experiments. We consider only those diffeomor-
phisms that preserve the location of a common point of the shell
and its tangent plane at this point. The relations can be written in
terms of four tensors and these quadruples form a local symmetry
group. The response function should be invariant with respect to
such local transformations of the reference configuration that are
formed by the elements of the local symmetry group. The defini-
tions of surface isotropic and orthotropic shells are given and the
constitutive equations are presented.

Another alternative definition of the local symmetry group is
given for a shell where we take into account the dependence of
the strain energy surface density on the structure curvature tensor.
Here the local symmetry group is formed by triplets of tensors.

The3D micropolar elasticity is also considered and the local
symmetry group is constructed. Now we take into account that
the bending measure of pseudotensor and its transformations dif-
fers from the strain measure. Note these results closely relate to
the modified theory of tensor invariants developed in [4].

The universal deformations of micropolar shell are introduced.
The universal deformations are solutions of a static problem
which satisfy the equilibrium equations for any constitutive equa-
tion of orthotrophic or isotropic shells.

Zhilin’s work [2] on the nonlinear theory of shells was pre-
ceded by his paper [1] in which a geometrically linear variant of
the theory of Cosserat shells has been developed. We generalize
the model [1] to the case of a shell with continuously distributed
dislocations and disclinations. For this problem of mechanics of
shells with defects, the statics-geometrical analogy for a case of
a shell with defects is obtained and a principle of duality is for-
mulated that establishes mathematical equivalence of two com-
pletely different in physical formulation static problems of shells.

This paper is based in part on the results [7, 8, 9].
This research was partially supported by the Russian Founda-

tion of Basic Research and the Russian Science Support Founda-
tion.
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ON THE FEM MODELLING OF NANOFILM HELICAL
COIL

V ICTOR A. EREMEYEV SERGEY E. STROCHKOV

eremeyev@math.rsu.ru hunky-dory@inbox.ru

We present some recent results on the finite element modelling
of of the semiconductor nanofilms, nanotubes and springs made
of semiconductor nanofilms. One of the perspective method of
producing such nanostructures was proposed by Prinz. One of the
produced nanostructures (helical coil) is perspective for mechan-
ical experiments. The aim of this paper is to propose several sim-
ple mechanical models for helical coil and compare these models
with the results of FEM modelling by using ANSYS package.
Natural frequencies of a micro-sized helical coil were investi-
gated. The applications of proposed numerical experiment to the
predictions of the mechanical properties of nanofilm is discussed.
Sergey E. Strochkov, Obukhovskiy 3, ap 911, Rostov-on-Don,
344038, Russia

ELASTIC SHEAR WAVES IN BIMODAL MATERIALS

V. I. EROFEYEV AND A. V. SHARABANOVA
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Equations that describe dynamic processes in materials differ-
ently resistant to dilatation and pressure were obtained. It was
shown that presence of damages causes quadratic nonlinearity to
appear during shear wave propagation in the medium (in the case
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of shear wave propagation in ideally elastic medium the small-
est nonlinearity for the shear oscillations would be of the third
order). It was shown that bimodality of the material makes gen-
eration of second harmonic of shear wave possible. The basics
of generation of second harmonic mechanism were discovered.
Dependencies between amplitudes of waves that propagate with
main and doubled frequencies on the parameters of material dam-
age were established. Typical length on which energy swaps from
the main wave to the second harmonic was obtained, which gives
a possibility to evaluate the parameters of material damage. On
the basis of the constructed mathematical model with the help
of experimental researches dependence between the parameter
of damage and plastic deformation was obtained. On the ba-
sis of research of the profile of Riemannian wave an analysis of
plane shear wave propagation in damaged and undamaged mate-
rials was conducted. It was shown that the profile of Riemannian
wave is being distorted during propagation. This phenomenon
can be observed both in the medium with quadratic nonlinearity
and with cubic nonlinearities. Parameters of wave turnover point
for damaged and undamaged materials were found. Comparison
of these parameters permits the conclusion that the damage of the
material significantly contributes for the values of parameter of
damage being in the range . For the values of parameter of dam-
age less than damaged material behaves like undamaged. It was
shown that in a nonlinear approximation the equation of dynam-
ics of damaged medium with couple stresses admits solution in
the form of stationary wave of deformation periodic and solitary
(soliton), parameters of which greatly depend on the coefficient
of material damage. Dependencies between the parameters of
stationary waves on the parameters of material damage were an-
alyzed. These discovered dependencies can be put at the basis of
acoustical method of diagnostics of damaged material.
Vladimir I. Erofeyev, Belinskogo str., 85, Nizhny Novgorod,
603024, Russia

SPECTRA OF SURFACE DISPLACEMENTS AND H/V
RATIO IN PROBLEMS OF SELECTION OF WAVE

MODES

EROFEYEV V. I. K LUYEVA N. V. SOLDATOV I. N.

The structures of the wave field, amplitude-frequency charac-
teristics, which are an important in nondestructive testing, are
studied. Also information characterizing the structure of the wave
field is useful for vibroprotection design. We consider time-
harmonic wave motion generated by surface load. In simple cases
such as a load applied to the faces of the free elastic layer the
boundary-value problem are solved by an application of the Han-
kel transform technique, and an evaluation of the in-verse trans-
form by contour integration and residue calculus. The wave field
in elas-tic layer in far zone can be expressed as a sum of nor-
mal modes. In the present pa-per, an investigation of the influ-
ence of elastic and interfacial properties upon the spectrum of
surface displacements and H/V ratio is presented. The effects
of some parameters upon amplitude-frequency curves of surface
displacements are analysed. Practical implications of the use of
the horizontal to vertical component ratio (H/V-ratio) to study the
subsurface structure and to select the mode are discussed. The
energy balance (the energy distribution between different propa-

gating modes) is considered in details. The work was supported
by the RFBR (project No. 06-01-00270).
Natal Kluyeva, Belinskogo 85, Nizhny Novgorod, 603024, Russia

SPATIO-TEMPORAL DYNAMICS OF BOUND STATES
IN FARADAY RIPPLES: EXPERIMENTS AND

NUMERICAL SIMULATIONS

A. B. EZERSKY V. O. AFENCHENKO

S. V. KIYASHKO A. V. NAZAROVSKY
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It was found in experiment that topological defects arising in a
tetragonal lattice formed by orthogonal standing waves paramet-
rically excited on the surface of a viscous liquid (Faraday ripples)
can form bound states. It was shown that there exist two types of
such bound states: a bound state of two topological charges hav-
ing the same sign (type 1) and having opposite signs (type 2).
Type 1 bound states appear at side walls and disappear either at
side walls or as a result of annihilation with defects of opposite
sign. Type 2 bound states arise when a bound state of type 1 in-
duces in an orthogonal wave two defects having opposite charges.
Bound states of type 2 are formed far from the boundaries and
have limited life time. Processes occurring in the course of for-
mation of bound states were modeled numerically by two coupled
Ginzburg-Landau equations. It was found, for example, that in
type 1 bound state the distance between the topological charges
is determined by group velocity of the waves: with increasing ve-
locity, the size of the bound state grows from zero to the size of
the system. Exactly this dependence was observed in experiment.
It was revealed that, as supercriticality (amplitude of parametric
forcing) is increased, spatio-temporal chaos of bound states of
two types arises in Faraday ripples. Experiments demonstrated
that the number of topological defects far from side walls can be
reduced by periodically modulating the frequency of parametric
forcing. The motion of a single topological defect at pump fre-
quency modulation was studied. It was found that periodic modu-
lation of pump frequency changes the trajectory of defect motion:
small-scale walks arise against the background of smooth motion.
The effect of a reducing number of defects that may appear un-
expected at first sight may be attributed to the fact that, due to
wandering, the defects of opposite topological charges generated
at side walls annihilate effectively and decrease in number in the
central region.
Alexander B. Ezersky, 46 Uljanov Street, Nizhny Novgorod,
603950, Russia

GENERALIZATION OF TECHNICAL THEORIES OF
NONLINEAR CREEP ON AN ENDOCHRONIC

CONCEPT

FEDOROVSKY G. D.

g.fed@pobox.spbu.ru

The basic technical theories of nonlinear creep are analysed
and generalized in an analytical kind on base of endochronic con-
cept: the theory of ageing (time hardening), the theory of fluidity
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and the theory of deformation hardening with degree functions of
creep by Baily and Norton. In a scale of introduced time the mod-
ified equations of creep have a canonical kind of a quasy-linear
integrated equation with a determining function such as Baily.
The scale (measure) of generalized time has a ”simple” (not de-
pendent on current time) degree kind with an exponent expressed
through exponents of functions by Baily and Norton. Such equa-
tions give an opportunity of more full and unified description of
nonlinear processes. Generalization of scale is executed by its
representation as a linear integrated functional, hierarchically de-
pendent on degree scale - function. The given generalization al-
lows to describe the creep of media with accelerated or slowed
down responses - hardening and dishardening, and, in general,
enables us to describe multiphasic behaviour of media with non
trivial memory.
Georgy D. Fedorovsky, University pr. 28, St.-Petersburg, Peter-
hof, 198504, Russia

STOCHASTIC NON-NORMAL DYNAMICAL SYSTEM
FOR SUBCRITICAL TRANSITION

SERGEI FEDOTOV IRINA BASHKIRTSEVA

LEV RYASHKO
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The effects of stochastic perturbations on a non-normal dy-
namical system near bifurcation point are investigated. By us-
ing the transformation of variables we identify a “slow” variable
that determines the global evolution of the non-normal dynami-
cal system with two variables in the subcritical case. We apply an
adiabatic elimination procedure to derive a closed stochastic dif-
ferential equation for the “slow” variable which dynamics is de-
termined along one of the eigenvectors of full system. We obtain
the stationary solution of the corresponding Fokker-Planck equa-
tion and show that an increase in the intensity of the multiplica-
tive noise leads to qualitative changes in the stationary probability
density function. The later can be interpreted as a noise-induced
phase transition. We illustrate our results by using the model for a
stochastic galactic dynamo. By a numerical simulation of the dy-
namical system with two variables, we show that the qualitative
behavior of the “empiric” stationary pdf of “slow” variable to be
accurately predicted by the stationary pdf of the reduced system.
Sergei Fedotov, Sackville Street, Manchester, M60 1QD, United
Kingdom

SOLVING TWO- AND THREE-DIMENSIONAL ELASTIC
PROBLEMS BY MODIFIED BOUNDARY ELEMENT

METHOD

V. P. FEDOTOV L. F. SPEVAK V. V. PRIVALOVA

V. B. TRUKHIN

fedotov@imach.uran.ru lfs@imach.uran.ru
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A modification of the boundary element method is proposed,
with the technology of paralleling primordially built in on the al-
gorithmic level. The main difference from the classical technique
[1, 2] is as follows. In the boundary element method an influence
point is fixed, and then the effect of each boundary element on

the variation of the physical or mechanical characteristics at this
point is determined by the numerical integration of the influence
functions components. In the approach proposed, the influence
point is taken arbitrary, and fixed is the most convenient special
element over which analytical integration of the influence func-
tion components is made one time resulting in the functions of
the coordinates of an arbitrary influence point. It has been ev-
idenced that, for any boundary element and any influence point
there is a point for which the integrals over the special element
have a simple relation with the integrals for the initial element
and the initial point. Thus, instead of going over all boundary el-
ements with numerical integration around a fixed influence point,
here one goes around influence points for the fixed special el-
ement, which are determined by the found transformation. For
two-dimensional problems most convenient special element is the
line segment lying on a coordinate axes with one end at the ori-
gin, and for three-dimensional problem the triangle lying on a
coordinale plane with one apex at the origin. For these special
elements elementary analytical formulae common for any me-
chanical or physical properties and for any problem have been
derived as integration results. The formation of the matrix of the
resolving system and then the finding of displacements, strains
and stresses in the interior region is made simply by substituting
different coordinates of influence points into the elementary func-
tions obtained. These operations admit absolute paralleling. As
the solutions have been obtained in the form of analytical expres-
sions satisfying the principal equations of mathematical physics,
one can correctly calculate physical and mechanical characteris-
tics determined in terms of the derivatives of desired solutions
(strains, stresses, stress gradients, heat flows etc.). A comparison
was drawn between problem solutions obtained by the technique
proposed and those obtained by the classical boundary element
method. The computational speed proves to be much higher in
the former case. By the example of elementary test problems,
quick convergence of numerical solutions to the analytical one
in terms of the number of boundary elements has been demon-
strated.
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ON THE FREE VIBRATION OF THE CYLINDER SHELL
PARTIALLY PROTRUDING ABOVE THE SURFACE OF

THE LIQUID

GEORGEFILIPPENKO
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The problem of free oscillations of the cylinder shell partially
protruding above the surface of the liquid is considered in the
rigorous mathematical statement. The exact analytical solution
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of the problem is constructed. The dispersion equation basing on
the exact solution is obtained. The representation for the eigen
functions is obtained.
George Filippenko, Vasilievsky Ostrov, Bolshoy Prospect 61, St.-
Petersburg, 199178, Russia

NEW PHASE NUCLEATION AT THE INITIAL STAGE
OF STRESS-INDUCED PHASE TRANSFORMATIONS
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We describe an initial stage of stress-induced phase transfor-
mations due to the multiple appearance of new phase nuclei. We
derive the relationships for the determination of the shape, ori-
entation and volume concentration of the interacted nuclei. We
show that even in a case of isotropic phases there is a variety of
behaviors. Depending on a deformation path and material pa-
rameters, the nuclei of different shapes may appear. We consider
multiple appearance of new phase ellipsoids, plane layers, and
cylinders. We construct resultant transformation surfaces in strain
space and average strain-stress diagrams on the path of the phase
transformation. We study how the shape of the transformation
surface and the type of the nuclei depend on material parameters.
We relate both local and average strains in two-phase structures
with phase transition zones formed in strain space by all defor-
mations which can exist on the equilibrium interface in a body.

This work is supported by the RFBR (Grant No. 04-01-0431)
and RAS Programs for Fundamental Research.
Alexander B. Freidin, Elena N. Vilchevskaya, Leah L. Sharipova,
Mikhail A. Antimonov, Institute of Mechanical Engineering Prob-
lems of RAS, Bolshoy Pr. 61, V.O., St.Petersburg 199178, Russia

RESEARCH OF NATURAL CONVECTION IN
BEEHIVES

A. I. GAKASHEV E. L. TARUNIN
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The impact of natural convection on survival of bees in winter
repeatedly was discussed in magazines ”Beekeepings”. However
concrete computation wasnt executed. The first computation of
natural convection showed that effects of convection are greatly
[1]. The natural convection, calling calorification of bees, leads to
big area with static stratification of consistense of air. There were
realized enumeration of parameters and tested different models
of natural convection. Computations of natural convection were
executed for beehive with typical size. The sphere of bees was
approximated with ball with radius 10-14 cm. The heat excretes
with given consistense. Frames divide the area of beehive. The
small distance between frames helps to describe flow of inter-
frames area with model of Hele-Show. We used such approach.
Area of bees naturally gives additional opposition to flow of air.
This effect was taken approximately by decreasing of distance
between frames. In this work flow in area of bees computes by
two models. The first model uses cell of Hele-Show. Second
model is model of porous environment.

REFERENCES

[1] E.L. Tarunin, S.S. Kruglikov. Thermal convection in bee-
hives. Proceedings. International Conference. Advanced
problems in thermal convection. Perm, 24-27 November,
2003. p.79-83.

Arsen I. Gakashev, Vlasova 17 - 204, Perm, 614065, Russia

DAMAGE TENSOR BASED ON HOMOGENIZATION
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The notion of damage tensor based on the theory of mathe-
matical homogenization is defined. The theoretical considera-
tions are not restricted to periodic microstructure but numerical
calculations are performed only for special periodic geometry
of microstructure. The theory of mathematical homogenization
is used in modeling different properties of composite materials,
e.g. thermal, dielectric, magnetic conductivity, elastic stiffness,
piezoelectric properties and others linear ones, cf. [1]. In the
case, when one phase is approximated by vacuum, then the ef-
fective, homogenized properties exists (as the H-limit), but ex-
cept multilayered structure only some bounds on the properties
could be calculated. The aim of the paper is twofold. Firstly,
the definition of damage tensor T is given, cf. [2]. Secondly, the
numerical calculations of the tensor T are the base of the anal-
ysis of macroscopic anisotropy induced by different geometries
of porous structures. The work was supported by the Ministry of
Science and Information Society Technologies (Poland) through
the Grant Nr 4 T07A 053 28.
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NUMERICAL ANALYSIS OF STRUCTURAL STRESSES
IN PARTICULATE ELASTOMERIC

NANO-COMPOSITES

O.C. GARISHIN S.N. LEBEDEV
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Particulate-filled elastomers (rubbers) refer to a class of com-
posite materials consisting of a mix of a highly elastic polymeric
matrix and rigid granular particles of the filler (technical carbon,
silicates, etc.) which size changes from hundreds micron up to
tens nanometers.

One of basic distinctions between conventional and nano-
composites is the different role that play the layers of polymer
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with specific features (distinct from that of matrix material) exist-
ing around carbon filler particles. The assumptions known from
the literature [1] suggest that in such near surface zones it is
possible to differentiate two layers of the polymer with dissim-
ilar mechanical properties. In the first layer with the thickness
about 2 nanometers (close to a particle) polymer is in condition
close to a glassy state. The second layer (with thickness about
10 nanometers), containing long poorly cross-linked molecular
chains, and, accordingly, softer, than the basic part of a matrix.
In conventional composites the volume fraction of these layers
is very small, but in nano-systems it becomes comparable to the
filler concentration, and its influence must be taken into account.

The main objective of this study is numerical computer in-
vestigation of stress-strain state around filler nano-particles, sur-
rounded by softer layers of polymer to answer the question
of whether such system promotes leveling of stress gradients
over the whole composite volume and, as consequence, mate-
rial strengthening. In modeling the stress-strain state in nano-
composite, it was considered that the matrix and layers represent
highly elastic polymeric grids consisting of freely-jointed molec-
ular chains. That is, materials of the matrix and layers consist of
the same polymer, but differ in the mechanical properties due to a
different cross-link density of polymeric grid. Viscous properties
of layers in the first approximation were neglected.

The uniaxial axisymmetric stretching of a chain of rigid iden-
tical spheres located in a highly elastic polymeric matrix was ex-
amined. The initial distances between them were varied so, that
layers around particles could both intersect or not.

The fields of stresses and their invariants have been investi-
gated during increase in external tensile loading, and the corre-
sponding deformation curves of these invariants have been con-
structed at specially chosen points in the gap (near to a pole of a
particle) and in area of sphere equator.

The investigations have revealed an interesting effect, possible
only in essentially heterogeneous systems consisting of materials
with well expressed nonlinear elastic properties. As the tensile
load increases the maximum of the greatest principle stress can
transfer from a gap between particles to the area close to particle
equators. For this purpose it is necessary, that the gap be small
enough, layers should intersect, and the cross-link density of the
layer material should be much less, than that of the matrix. This
is expected to facilitate leveling of distribution of elastic response
over the volume of a composite and, finally, increase of macro-
strength of a composite material.

Work was executed at support of the Russian foundation of
basic research and Department of industry and science of Perm
region (Grants r2004urals 04-01-96058 and 04-01-96038).

REFERENCES

[1] Fukahori Y. The mechanics and mechanism of the carbon
black reinforcement of elastomers // Rub. Chem. Technol.
2003. V.76. P.548-565.

Oleg C. Garishin, 1 Academic Korolyev str., Perm, 614013, Rus-
sia

THE DIFFERENTIAL MODEL DESCRIBING
ELASTIC-PLASTIC BEHAVIOUR OF MATERIALS AT

FINAL DEFORMATIONS

O. C. GARISHIN A. L. SVISTKOV
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The phenomenological model of the macro-isotropic medium
describing its mechanical behavior at nonlinear elastic-plastic fi-
nal deformations is constructed. To obtain the constitutive equa-
tions the differential approach based on interpretation of mechan-
ical behavior of a material with the help of symbolical circuits is
used. The principal advantages of such approach are the phys-
ical clarity of each of the used mathematical expressions, the
convenience of constructing the mathematical model of contin-
uum with various complicated behavior, the absence of objective
derivatives of stress tensors in the constitutive equations. The ad-
ditive decomposition of the rate of deformation tensor in elastic
and plastic parts is taken instead of multiplicative decomposition
of a deformation gradient commonly used in the literature.

One of the evident merits of the given technique is the ability to
describe not only hardening of a material at plastic flow, but also
its softening (that is a descending branch of a stress-strain curve).
Mathematical expressions used in the model can be essentially
nonlinear, which is a necessary condition for constructing the
system of constitutive equations because the considered model is
aimed at describing an appreciably complicated mechanical be-
havior of composite materials. Such a behavior is caused by joint
influence of different structural factors that show themselves at
various scale levels of internal material heterogeneity.

The computational scheme of this model consists of two el-
ements: elastic and plastic. The properties of the elastic ele-
ment are defined be the expression of free energy, which can
be received from the structural equilibrium models of nano-
composites or from comparison of the results of phenomenolog-
ical modeling with experimental data. Description of the plas-
tic element properties provides for the possibility of taking into
account the features of continuum plastic flow in relation to the
maximal deformation level during the total time elapsed from the
start of the material loading. This should help to reflect a degree
of structural damage accumulation.

The given approach was used for concrete applications for de-
scription of mechanical properties of polymeric nano-composites
consisting of a mix of filler particles of laminated clay minerals
(smectites) and a polyolefine matrix. Nano-composites of this
type present new perspective technical materials combining such
valuable qualities, as the improved operational properties, the
ecological safety and the cheapness of manufacture. The received
results have shown adequacy and effectiveness of the proposed
model that opens good perspectives for its further development.

Work is executed at financial support of the Russian founda-
tion of basic researches (Grants 05-08-33361 and 06-03-32461).
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ON THE EXTENSION OF A BAR CAPABLE TO
UNDERGO PHASE TRANSITIONS

SERGEN. GAVRILOV EKATERINA V. SHISHKINA
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The problem concerning extension of a bar capable to undergo
phase transitions due to an external force is investigated. The in-
finite bar with variable cross-section is considered. The problem
is solved by means of both kinetic and full dynamic approaches.
The results obtained by means of these two approaches are com-
pared.

The authors are grateful to RFBR (project 05-01-00785) and
Programs for basic research RAS for financial support.
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Russia

APPROXIMATE SOLUTIONS OF BOUNDARY
PROBLEMS INCLUDING SHOCK WAVES IN

NONLINEAR-ELASTIC MEDIUMS

E. A. GERASIMENKO

ekaterina gerasi@mail.ru

In this report approximate analytical solutions of some one-
dimensional boundary problems including cylindrical and spher-
ical surfaces of displacement gradient discontinuities (shock
waves). For these wave processes possible types and shock waves
velocities have been determined.

The velocities of shock wave propagation have been shown
to be influenced by both discontinuity intensity and type of pre-
deformations. According to type the waves may be classified un-
der quasi-longitudinal wave and two quasi-transverse ones. On
each wave there are both longitudinal and transverse discontinu-
ity components, one of them predominating. It’s convenient to
describe such wave processes in curvilinear coordinate system.
It necessitates presenting geometrical and kinematics derivatives
discontinuities compatibility conditions, as well as recurrence re-
lations for discontinuities of arbitrary order derivatives in arbi-
trary curvilinear coordinate system. The theory of moving dis-
continuity surfaces was based by Adamar, Tomas, G.I. Bykovt-
sev, however they confined to case of Cartesian coordinate sys-
tem. The recurrence relations obtained by us [1] are necessary
when forming approximate solutions of boundary problems by
ray method when the motion is initially studied in curvilinear
coordinate system. This report considers solutions of follow-
ing problems: normal blow on inside of cylindrical and spheri-
cal hole in space, antiplane and twisting deformation in incom-
pressible medium. The solution has form like Taylor’s series but
behind discontinuity surface. The series is developed with re-
spect to either time or spatial coordinate, the latter being the dis-
tance from discontinuity surface to given space point along the
ray corresponding to this point. This method is usually used for
solving problems with weak waves, however in 80th last century
A.A. Burenin proposed method modification which allows apply-
ing it for processes of shock deformation.
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FINITE ELEMENT INVESTIGATION OF
UNREINFORCED WELDED TUBULAR JOINTS
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Offshore structures consist of a large number of tubular mem-
bers connected to one another by special joints. Tubular mem-
bers are jointed together at their intersections in a variety of geo-
metrical forms. These joints represent structural discontinuities,
which incur a large amount of stress concentration. The stress
concentration can produce a maximum stress at the intersection
as high as thirty times the nominal stress acting in the members.
The combination of high stress concentration with dynamic loads
makes fatigue damage almost unavoidable.

In offshore tubular structures, a typical tubular joint may be
subjected to three different types of basic loadings namely, axial
(AX), in-plane bending (IPB) and out-of-plane bending (OPB)
through its brace members. Each type will cause a different stress
distribution at the joint intersection of structures. Moreover, the
actual load condition of a tubular joint can be any combination
of the above three basic load cases, for this reason, a combined
loading case (Com) was investigated in this paper in addition to
these three basic load cases. This load is composed of an axial
loading combined with a continuation of rotational bending load-
ing obtained while rotate center of the brace around a circle. In
the paper, different types of planar joints with braces subjected to
combined loading; were numerically analyzed to study the effect
of those different cases of loading and different types of joints,
on the stress concentration zone and values.
Mohamad F. GHANAMEH, le du saulcy, Metz Cedex 01, 57045,
France

TREFFTZ BOUNDARY METHOD FOR THICK PLATE
BENDING PROBLEMS

GHANNADI -ASL AMIN NOORZAD ASADOLLAH
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These days, numerical approach to research and design is
widely employed and is firmly recognized as a powerful tool.
Reissner, Hencky, Mindlin and Ambartsumyan have formulated
several first orders, shear deformation theories for thick plates.
The method proposed by Reissner has become the standard to
which all other theories. In contrast to the Kirchhoff’s thin plate
theory, the transverse shear deformation effect of the plate is
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taken into account in the thick plate theory, so that the govern-
ing equation is a sixthorder boundary value problem and in this
case three boundary conditions are considered for each boundary.
The aim of this paper is to present the Trefftz method for analyz-
ing thick plate bending problems based on Reissner’s plate the-
ory. The Trefftz method can be classified into the category of the
boundarytype solution procedures. The problem can be solved
by the boundary discretization alone when the object is governed
by and linear and homogeneous differential equation. Therefore,
input data generation is much easier than the domain-type solu-
tion procedures. More over, the Trefftz formulation is regular and
thus, easier than the boundary element method of singular prop-
erty. In this paper, both the Trefftz direct and the Trefftz indirect
methods are discussed and the results show that the present meth-
ods are effective for both thin and thick plates.

Keywords: Trefftz Boundary Method, Reissner’s plate theory,
Trefftz direct and Trefftz indirect methods and thick plate
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PLANE LAYER INCLINATION INFLUENCE ON THE
INTERNAL HEAT SOURCES CONVECTION

I. V. GNEVANOV

Fluids with internal heat sources appear in a large amount of
applications and are investigated for a long time [1, 2]. This work
continues the examination of the fluid motion stability in inclined
plane layer with the heat source on the axis. The extreme cases
of vertical and horizontal layers were examined earlier [3, 4] and
compared with the uniform heat sources case. Here the influence
of the inclination angle was under examination.

Stability maps for various parameter sets, instability parame-
ters to angle dependencies were found. Overcritical modes nu-
merical research was conducted.
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A GENERAL THEORY FOR THE VISCOPLASTICITY
OF DRY AND FLUID-SATURATED GRANULAR MEDIA

J. D. GODDARD
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This paper revisits the ”purely dissipative” model proposed
several years ago [1] as a general continuum model for the
history-dependent viscoplasticity of non-colloidal particle disper-
sions. Essential to the model is a positive-definite fourth-rank
viscosity tensorη depending on the history of deformation. In
the reduced form considered here,η is an isotropic function of a
history-dependent 2nd-rank ”texture” or ”fabric” tensorA, which
gives stress as a tensor-valued function of fabric and strain-rate
tensors. This paper considers several special cases appropriate
to systems ranging from Stokesian suspensions to dry granular
media.

For Stokesian suspensions, a formula forη(A) given by the
analogous theory of linear elasticity, together with a corotational
memory integral forA, provides a compelling model of tran-
sient viscosity and normal stresss evolution in simple shear [5, 3].
However, one extremely rapid mode of relaxation is required to
mimic the incomplete reversal of stress on abrupt reversal of
shearing. This suggests that non-hydrodynamic effects are im-
plicated, and it establishes a kinship to liquid-saturated granular
media with sustained particle contact.

In the case of granular media, the isotropic version of the above
model reduces to the Reiner-Rivlin form proposed previously [2],
which encompasses a quasi-linear model proposed recently for
dense rapid granular flow [4].

Since isotropic models cannot represent the effect of flow-
induced anisotropy on yield surfaces and viscometric normal
stresses, attention is given here to a more general forms, involv-
ing nonlinear dependence on both fabric and strain rate. Two
important time scales are highlighted, a grain-inertia time scale
for dry granular media [2, 4], and a viscous-frictional time scale
that appears to be implicated in recent experiments on completely
saturated granular media.
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CHARACTERISATION OF THE TRIBOLOGICAL
PROPERTIES OF PTFE-BZ COMPOUNDS
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Within this project the tribological behavior of PTFE as well
as of various PTFE-Bronze (PTFE-Bz) compounds was inves-
tigated. Based on the results on a component test system two
compounds were selected for further detailed investigations. Fail-
ure analysis of worn surfaces as well as analysis of material mi-
crostructure allowed establishing relationships between tribolog-
ical behavior and microstructure (i.e., formation of transfer film,
debris, etc.). For the determination of tribological relevant ma-
terial properties, a novel linear tribometer was developed and
implemented. To perform a comprehensive investigation on the
wear behavior of the materials, a multitude of specimens was
tested and analyzed. A novel model for the description of the fail-
ure behavior was developed. The overall objective of this study
was to develop a fundamental understanding of the microstruc-
ture and tribological behaviour of heterogeneous polymeric ma-
terials used as pressurized seals by applying tribological as well
as thermo-physical analysis methods for both material develop-
ment and component design efforts.
Istvan Godor, Franz Josef Strasse 18, Leoben, 8700, Austria

DEVELOPMENT OF A TRIBOLOGICAL FUNCTIONAL
AND FAILURE MODEL FOR PTFE-BZ COMPOUNDS
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Due to their high chemical and thermal resistance PTFE com-
pounds are frequently used for seals and gaskets in various en-
gineering applications. The thermo-mechanical properties of the
PTFE (low strength and wear resistance, not sufficient heat con-
ductivity) for tribological applications can be improved by var-
ious fillers. However, significant differences in the service life-
time and in the tribological behavior of these compounds were
observed. Hence, the objective of this paper was to perform a
comprehensive characterization of the tribological behaviour of
dif-ferent PTFE-Bronze compounds (PTFE-Bz) and to establish
a model for further simu-lation. In the first phase of this project
several PTFE-Bz compounds were investigated on component
level (seal) using an ASTM-standardized seal component test sys-
tem. The results of the component tests and the results of the
additional thermo-mechanical material characterization on spec-
imen level (i.e., monotonic and cyclic compression tests from 20
to 200C, nano-indentation, and analysis of the micro-structure)
revealed similar tendencies. Hence, based on these results several
new materials were produced and provided for detailed investiga-
tions by the company partner. In the second phase, in addition to
the methods mentioned above, laboratory friction and wear tests
were performed using different test set-ups on various bronze

filled PTFE compounds exhibiting differences in formulation and
composition. To support this characterization, a novel linear tri-
bometer was developed, implemented and ap-plied. The friction
and wear coefficients, the specimen surface temperature change
during the test have shown significant differences between the
materials investigated. Moreover, failure analysis investigations
were performed and both the compound and the counterpart sur-
faces were analyzed using various microscopy methods. Special
emphasis was devoted to the formation and development of trans-
fer film on the coun-terpart and on the structure of the worn debris
particles. Finally, based on the results of the above investigations,
a novel functional and fail-ure model was developed. The model
was successfully implemented in a thermo-mechanical finite el-
ement simulation. The results of the simulations performed re-
vealed good agreement with both the theoretical considerations
and the experiences from service field applications.
Istvan Godor, Franz Josef Strasse 18, Leoben, 8700, Austria

NUMERICAL PREDICTION OF EFFECTIVE
VISCOELASTIC PROPERTIES OF GRANULAR

COMPOSITES

L. A. GOLOTINA L. L. K OZHEVNIKOVA

The investigation is concerned with elastomer-base compos-
ite materials of granular type with filler particles of size greater
than 10 micron. Numerical simulation of viscoelstic properties of
the composite was carried out using a structural cell in the form
of elastomer cylinder filled at the center with rigid spherical in-
clusions. The height and diameter of the cylinder were equal in
magnitude.

Viscoelastic properties of the matrix were described based on
the creep test data. The solution of the boundary value prob-
lems of the linear viscoelasticity was constructed by applying
the method of variable parameters of elasticity. The applicabil-
ity of this particular method to the problem under consideration
was dictated by a weak heredity of the matrix. Deformation of
the cells was examined at such boundary conditions that ensured
preservation of their close packing.

Investigation of the mechanical evolution of the structural cells
showed that it is related to initiation and development of micro-
damage involving nucleation and growth of a vacuole. The relax-
ation functions for the composite were derived. The performed
calculation allowed us to describe qualitatively the mechanisms
revealed in experiments.

Acknowledgments This work was supported by the RFBR
grant 04-01-96038 of the regional contest ”Urals”.
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AUTOMATION OF THE ANALYSIS OF PROBLEMS OF
THE MECHANICS OF ELASTOMERS WITH THE HELP
OF THE SOFTWARE -COMPUTER COMPLEX MIRELA

S. I. GOMENYUK R. V. KIRICHEVSKY
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serega@zsu.zp.ua

One of major problems arising at designing of complex en-
gineering designs and structures, is the analysis them strength-
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ening characteristics. Therefore is necessary to build stressde-
formed states of engineering objects. Without reliable and ef-
fective automation of the decision of such problems the devel-
opment of modern mechanical engineering and constructions is
impossible. Now for automation of various aspects of numerical
account of problems of the mechanics the plenty various univer-
sal CAD in mechanical engineering and construction, such, for
example is developed, as LIRA [1], ANSYS [2], COSMOS [3]
etc. However, at accounts of complex designs from elastomers,
at use of universal systems can arise a number of essential com-
puting problems [4]. For their overcoming the universal software-
computer complex + was developed [5]. The software architec-
ture architecture MIRELA +, as well as logic structure of the ma-
jority others modern CAD, basing on application FEM, consists
of three interconnected subsystems: of front-end processor, of
processor and of postprocessor front-end processor of MIRELA
+ allows to automate a stage of preparation of the initial data,
which consists in the description of topological model projected
a construction of elastomer and discretization it on the given type
of final elements. In system MIRELA + for the task of topol-
ogy entrance parametrical language FORTU-3 is used [6]. The
processor MIRELA + its body. Structure of the processor in-
cludes the problem-oriented program modules for the decision of
linear and nonlinear problems of the theory of elasticity and vis-
cous elasticity, problems of the mechanics of destruction, ther-
mal conductivity, dynamics, mechanics of composites etc. Post-
processor MIRELA + allows to automate process of the analysis
of the received results of account and generation of the neces-
sary outgoing documentation on developed technical object. The
important distinctive feature of system MIRELA + is its open
architecture, that allows if necessary how to add modules of ac-
count of new classes of problems, and to modify already existing.
Such approach allows essentially to raise a general efficiency and
mobility CAD MIRELA +. The system MIRELA + has passed
successful approbation at the decision of a plenty practically of
important problems of the mechanics of elastomers.
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A VARIANT OF MORTAR FINITE ELEMENT FOR
THREE-DIMENSIONAL CONTACT PROBLEM
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At present there are widely used algorithms for the finite el-
ement solution of contact problem. These algorithms are based
on penalty method and Lagrange multipliers method. There are
various variants of these approaches for the kinematically linear
and non-linear cases. For these algorithms there is no substan-
tial meaning of the material constitutive equations. Practically
all implementations of algorithms works with assumed contact
surfaces, which represents the parts of boundaries of finite el-
ement mesh. As a rule these boundaries are non-smoothness
(there is no tangential continuity on the bounds of adjacent fi-
nite elements). This circumstance generates many computational
problems, main of which are essential decreasing convergence
rate or appearing divergence of Newton-Raphson solution pro-
cedure. Especially this concerns a case of contact with large
relative slip displacements. The solution of these problems is
one of the central themes in modern computational contact me-
chanics and it is a complex unsolved up to the end problem. In
the literature it is possible to observe two main approaches to
the solution of the present problem. The first approach is con-
nected to construction of smooth contact surfaces. The second
approach is connected with development of special mortar con-
tact element. For the three-dimensional case the development of
the first approach comes across the many essential barriers both in
the mathematical and algorithmic aspects. Therefore recently at-
tention displaces aside the second approach. In present work the
simple variant of the mortar contact element being logical gener-
alization of classic contact element in the master-slave approach
is proposed for the three-dimensional case. Main advantage of
the proposed element is the accounting of the non-uniformity of
the contact stresses distribution within the domain of one contact
element that is reached by correct application of the numerical
integration procedure on Gaussian points. With usage of the reg-
ularization of contact constraints by penalty function method the
stiffness matrixes and nodal forces vectors for the geometrically
and physically non-linear cases are constructed. On the basis of
the proposed mathematical formulation the algorithms and soft-
ware for the solution of contact problems with friction at large
relative slip are developed. For the lot of numerical tests the ad-
vantages of the proposed mortar element in contrast to classic
contact element are demonstrated.

Mikhail Gorokhov, Polytechnicheskaya 29, St. Petersburg,
195251, Russia
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FRICTION IN ROLLING CONTACT OF DEFORMABLE
BODIES

IRINA G. GORYACHEVA

goryache@ipmnet.ru

The main sources of energy dissipation in rolling are friction
due to the relative slip of surfaces within the contact region aris-
ing from the differences of the curvature of the contacting bodies,
and their different mechanical properties; imperfect elasticity of
contacting bodies; adhesion of contacting surfaces.

The contact problems for elastic and viscoelastic bodies are
considered to study the friction resistance in rolling and to ana-
lyze the contribution of each process to rolling friction for differ-
ent operating conditions.

To analyze the simultaneous effect of partial sliding in contact
zone and imperfect elasticity affecting the resistance to rolling the
2-D contact problems for viscoelastic (elastic) cylinder and vis-
coelastic (elastic) half space are investigated under the assump-
tion that the contact region consists of two parts (slip and stick
subregions) or three parts (stick subregion surrounded by two
slip subregions). The dependence of the normal and tangential
contact stress distribution and the friction coefficient on veloc-
ity, loading conditions, and viscoelastic properties of contacting
bodies is investigated.

The approach is developed to calculate the adhesive compo-
nent of friction force in rolling contact of elastic bodies with
rough surfaces. It is based on calculation of the energy dissi-
pation in an approach-separation cycle for the interaction of an
asperity with the elastic foundation in the presence of capillary or
molecular adhesion. The dependence of the rolling resistance on
the surface energy of the interacting bodies, their elastic proper-
ties and microgeometry of the surfaces is established.

The research was carried out under the financial support of the
Russian Foundation for Basic Research (grant No 04-01-00766)
and of the President’s Program for the Leading Scientific Schools
(grant No -1245.2006.1).
Irina G. Goryacheva, Institute for Problems in Mechanics, Rus-
sian Academy of Sciences Pr. Vernagskogo, 101 bld.1; Moscow,
119526, Russia

COSSERAT MODELLING OF FLEXIBLE RING
STRUCTURES

TIM GOULD CHARLES WANG DAVID COMBES
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A new technique is developed for the modelling of anisotropic,
flexible ring structures. The resulting equations are presented at a
number of different levels of complexity, ranging from full sets of
coupled ODEs to simplified equations under specific conditions.
This technique is found to agree well with selected anisotropies of
particular relevance to MEMS ring gyroscopes where the phys-
ical behaviour is known or easy to predict. One important re-
sult shown is that the effect of overetching will be negligible and
easily accounted for in most devices due to its symmetry. Over-
all, the versatility of this technique should enable application to a
wide number of problems ranging from very small ring structures
such as those involved in MEMS devices or molecules through to

very large structures.
Charles Wang, King’s College, Aberdeen, AB24 3UE, Great
Britain

MODELING OF FEATURES IS STRESSDEFORMED
STATES OF DESIGNS FROM COMPOSITE MATERIALS

S. N. GREBENYUK VAL . V. K IRICHEVSKY

E. L. MIZERNAYA
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The tendencies of development of modern science both engi-
neering require creation and development of effective methods
and strengthening receptions of accounts of designs. In a basis
anyone strengthening account the necessity of definition is stress-
deformed statuses of a design or its components lays. As a rule,
the majority of designs has the complex geometrical form and
while in service is in conditions to a complex is stressdeformed
status. These factors interfere with use of analytical methods at
accounts. Therefore wide circulation was received by numerical
methods, which application does not restrain by features of geom-
etry and complexity is stressdeformed statuses of a design. The
effective utilization of numerical methods is impossible without
modern computer engineering. Therefore, recently, the creation
of program complexes for account of designs is carried out on the
basis of various numerical methods. Among such methods have
received distribution the following: variationally - differential,
certainlydifferential, method of boundary elements, method of fi-
nal elements. The additional difficulties at account of a design
are connected to features of structure of a material and its vari-
ous imperfections. So, anisotropic property of a material result
in significant complication of mathematical model. The presence
of imperfections as pore, cracks, cuts(sections) requires updating
model and introduction in it of features connected to these imper-
fections. The program complex MIRELA+ allows on the basis
of a method of final elements to expect designs from composite
materials, which have anisotropic properties [1, 3]. At model-
ing the composite is represented homogeneous anisotropic ma-
terial with elastic constant, dependent from elastic properties of
components and from their volumetric share [4]. Then, the de-
pendence between pressure and deformations will be described
by the generalized law of Gook. The large enough classes of
materials have linear properties only at small deformations. For
the description is stressdeformed states of such materials use the
nonlinear laws. So, for description viscoelastic properties is con-
venient to use hereditary theory of BoltzmannVolterra [2]. To
materials with brightly expressed viscoelastic properties concern
elastomers. And to composite materials, where the account vis-
coelastic of properties is necessary, concern rubber-cord materi-
als. The presence of a crack in a design from a composite ma-
terial results in necessity of modeling of its feature about top of
this crack. It can be made by two ways: by a condensation of a
grid of final elements or use of singular final elements.
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TRIBOLOGICAL STUDIES ON SLIDING BEARINGS ON
THE BASIS OF DAMAGE ANALYSIS

FLORIAN GRÜN, ISTVÁN GÓDOR, WILFRIED EICHLSEDER
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Hydrodynamic sliding bearings are typical tribologically
loaded components. They turn comparatively high dry friction
into fluid friction in order to guarantee high efficiency and to en-
sure the operational safety of machines. Although these machine
elements have been used for hundreds of years, their exact failure
mechanism remain still unclear. For selective material design,
however, these damage mechanism are of special interest. The
tribological system of hydrodynamic sliding bearing consists out
of the sliding bearing, the rotating shaft and the lubricant film.
The different desired material properties of bearing-material can-
not be fulfilled by a homogeneous material. Subsequently, ma-
terials for sliding bearings normally consist of multi-phase com-
pounds, which allow a split up of the different requirements on
each specific material. To design new materials, the damage pro-
cess of sliding bearings has to be investigated. In this paper it is
shown that the damage mechanism of sliding bearings can only
be hardly accessed by component testing. In normal operation,
the sliding surfaces of the shaft and the bearing are separated
by a thin lubricant film. If this lubricant film fails, the coeffi-
cient of friction rises significantly. Subsequently, the tribosystem
sliding bearing fails due to a thermo-mechanical overload. This
failure process is called scuffing. Because of the high energy in-
put the failure process happens within a flash of a second. The
bearing cannot be meaningfully investigated by damage analy-
sis techniques and the failure process cannot be accessed by this
”post-mortem” analysis. Alternatively, tribological model tests
can be used. These test models have to be designed carefully to
lead to test results, that are analogue to component tests. Pos-
sible criteria to determine the quality of analogous models are
the damage mechanisms, which must be identical to the dam-
age mechanisms of components. In this paper a tribological test
model based on the standard ASTM D 3702 (ring-on-disc) is pre-
sented. Compared with sliding bearings, the observed tribologi-
cal damages are mostly the same. The advantage of this adapted
test model ring-on-disc is, that, due to the lower energy input dur-
ing scuffing, the failure process of the tribosystem runs in ”slow

motion” compared to real sliding bearings. At different chrono-
logical steps analyses of the surfaces being at different conditions
can be performed. Subsequently, an operating-model of the tribo-
material can be deduced. In this article, this damage-based anal-
ysis technique and a simulation model for a basic tribomaterial
design are presented.
Florian Grün, Christian Doppler-Laboratory for Fatigue Analy-
sis, University of Leoben, Franz-Josef-Strabe 18, 8700 Leoben,
Austria

THE RELATIVISTICALLY-INVARIANT FORM OF
BOUNDARY CONDITIONS IN ELECTRODYNAMICS OF

THE MOVING CONTINUUM

SERGEY V. GUSEV
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It is known, that the Maxwell’s theory of electromagnetic field
essentially relativistic theory. It means, that the Maxwell’s equa-
tions of electrodynamics of material continuum invariance un-
der Lorentz’s transformations group or relativistically-invariance.
Mathematical expression of this invariance is four-dimensional
tensor form of record of Maxwell’s equations, for the first time
obtained by Minkowski. Record the material equations for
the linear electromagnetic continuum in four-dimensional tensor
form also are obtained by him.

On an interface of various media or on a surface of medium
and vacuum there are certain ratios. These ratios connect the
gapes of electromagnetic field, of induction field and density of
charge and current. These ratios follow from Maxwell’s equa-
tions. For the moving continuum they for the first time have been
obtained by Einstein and Laub in the three-dimensional vector
form.

For full statement of a problem of definition of electromag-
netic field in the moving continuum in invariant four-dimensional
tensor form, it is necessary to have and corresponding record of
boundary conditions. In the report the conclusion of the form of
record of boundary conditions for fields and currents in invariant
tensor form is stated.
Sergey V. Gusev, Bolshoy pr. V.O. 61, St. Petersburg, 199178,
Russia

BOUNDARY-VALUE PROBLEMS OF LINEAR
ELASTICITY FOR SCREW DISLOCATIONS NEAR
CYLINDRICAL SURFACES OF NANOVOIDS AND

NANOTUBES

P. S. GUSEV M. Y U. GUTKIN A. G. SHEINERMAN
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The fabrication of many advanced materials is accompanied
by the appearance of free cylindrical surfaces. The examples
of such materials are nanowires, hollow carbon and non-carbon
nanotubes, and porous crystals containing nanoscale cylindrical
voids, referred to as nanopipes. All these materials often contain
screw dislocations, whose formation and dynamics are strongly
affected by their interaction with free cylindrical surfaces. Be-
sides individual screw dislocations, crystals with pipes frequently
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contain elongated inclusions of second phase, whose elastic prop-
erties may be modeled through continuous distributions of virtual
screw dislocations. In particular, an analysis of the interaction of
dislocated nanopipes near second-phase inclusions and flat crys-
tal surfaces may be reduced to the analysis of their interaction
with free surfaces of two cylindrical nanovoids.

To investigate the elastic interaction of screw dislocations with
free surfaces of hollow nanotubes and multiple nanovoids, we
have rigorously solved two boundary-value problems. The first
problem concerns the stress field of a screw dislocation lying in
the wall of a hollow cylindrical nanotube. The second one deals
with the stress field of a screw dislocation located near two cylin-
drical voids in an infinite elastic solid. Despite the cylindrical
shape of the voids, both the problems are characterized by the
absence of cylindrical symmetry. However, their solutions may
be obtained using the technique of infinite arrays of image dislo-
cations.

In this approach, the exact solution for the stress field of a dis-
location in a solid with two cylindrical surfaces is found using
the following iteration process. As a first approximation for the
dislocation stress field, one chooses the stress field of such a dis-
location in an infinite medium. This dislocation creates a traction
at both the cylindrical surfaces. At the second step, the traction
at one cylindrical surface is eliminated through the introduction
of two image dislocations of opposite sign into a void. The total
stress field after the second step is given by the sum of the infinite-
medium stress fields of the real and two image dislocations. At
the third step, one eliminates the traction created by the real and
two image dislocations at another cylindrical surface through the
introduction of other two image dislocations in the same void (for
the case of a hollow nanotube) or in the other void (in the case
of a medium with two cylindrical voids). Then, at every sub-
sequent step, two new image dislocations are introduced inside
a void. These image dislocations are located so that their stress
fields would eliminate the traction created by the previous dislo-
cations at one of the cylindrical surfaces. The total stress field
after any step follows as the sum of the infinite-medium stress
fields of all the dislocations introduced at this and previous steps.
With an increase in the number of iterations, the approximate so-
lution approaches the exact one. Thus, the exact stress field of
a screw dislocation near two free cylindrical surfaces consists of
the infinite-medium stress fields of the dislocation, introduced at
the first step, and those of the infinite array of the image disloca-
tion dipoles introduced at the subsequent steps.

As a limiting case of the solution for the stress field of a
screw dislocation in an infinite medium containing two cylindri-
cal voids, we have derived the stress field of a screw dislocation
in a half-space containing a cylindrical void. The solutions ob-
tained may be used for an analysis of the formation and dynamics
of cylindrical voids in crystals as well as for a study of dislocation
nucleation and behavior in hollow nanotubes.

This research is supported by the Russian Fund of Basic Re-
search (grant 04-01-00211) and Russian Science Support Foun-
dation.
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DILATOMETRIC STUDY OF GRAPHITE PRESSED
ALONG THE DIRECTION OF STRONG BINDING

SMAIL HAMAMDA
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This work is a dilatometric study of thermallydilated graphite,
hereafter referred to as graphite foam. The sample was pressed
along the direction of strong binding. The results of this study
show that the thermal expansion coefficientαz, measured, along
the directionOz of weak binding, over the temperature range 25-
500C, is significantly different from the coefficientsαx andαy

measured in the basal plane, along directionsOx and Oy, re-
spectively.αz values are positive throughout the whole tempera-
ture range studied. At25C, αz is 20 × 10−6C−1 and reaches a
maximum of the order of110 − 120 × 10−6C−1 at 230C, then
decreases slightly down to100 × 10−6C−1. This peak can be
directly linked to a strongly amplified membrane effect.αx and
αy vary monotonically over the temperature range25 − 500C.
They coincide closely up to400C, their values being comprised
between−10 × 10−6C−1 and−8 × 10−6C−1. Starting from
400C, αy increases slightly to reach−5 × 10−6C−1 at 500C.
While there is no anisotropy under400C, the values measured
for αx andαy are significantly lower than those reported in the
literature. Pressing is only responsible fro the change in value
of the expansion coefficient, which is not the case when sample
is pressed along directionOz. However, there is a very marked
anisotropy between the expansion coefficient measured alongOz

and those measured alongOx andOy. Moreover, the values of
αz for graphite foam are several times greater than those of ordi-
nary graphite.
Smail Hamamda, Dpartement de Physique, Universit Mentouri,
Algiers, 25000, Algeria

TWO-PHASE FAST GRANULAR FLOW: SOME ISSUES
AND PROBLEMS

DAVID HARRIS
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The flow and deformation of granular materials in the terres-
trial environment is inseparable from that of the ambient fluid
(water or air) in which the material finds itself. If the material
is confined or if gravity provides the dominant loading then the
granular material is densely packed, behaving in a solid-like way
(the so-called slow flow regime) with the fluid flowing through
the interstices relative to the solid skeleton. On the other hand,
if the material is unconfined and the fluid flow sufficiently strong
the material becomes fluidised and dispersed in the fluid (the so-
called fast flow regime). The granular material may be modelled
in various ways, e.g. discretely, as a continuum or using statisti-
cal mechanics. Continuum models of the granular material in the
slow flow-regime often assume an elastic-plastic or hypo-plastic
response, while in the fast flow regime a fluid response is pos-
tulated. A commonly used constitutive framework for fast flow
is a two-fluid model comprising a system of first order partial
differential equations in which the solid and fluid volume frac-
tions plays a prominent role. Two seemingly ubiquitous issues
in granular flow are (a) the conditions required for hyperbolicity
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and its loss (and, through this, the issue of well- or ill-posedness
of initial value problems); (b) the appearance in the governing
equations of some terms in conservation form and some not in
conservation form. These issues have a profound significance for
the numerical approximation of solutions of the equations gov-
erning the model, particularly in view of the fact that the equa-
tions are sufficiently complicated to prevent easy construction of
analytic solutions - for all but the most trivial problems recourse
must be had to numerical methods of solution. The complexity of
the behaviour of granular materials and their inadequate, to date,
mathematical modelling entails an interactive approach between
the modelling and numerical solution. In this lecture we discuss
various modelling and numerical issues that have arisen recently
in a research project on the numerical solution of the equations in
both the fast and slow flow regimes.

David Harris, Sackville Street, Manchester, M60 1QD, United
Kingdom

NONLINEAR ELECTROCONVECTIVE REGIMES OF
POORLY CONDUCTING LIQUID IN A HORIZONTAL

CAPACITOR
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The nonlinear electroconvective supercritical regimes of
poorly conducting liquid are investigated in the electric field of
the horizontal capacitor. The electrohydrodynamic approxima-
tion is used. It is supposed that electroconductive mechanism of
charge formation plays significant role. The charge arising in a
liquid interacts with an external electric field therefore the liquid
can come into the movement.

The nonlinear evolution of convective system is analyzed with
help of low mode models and method of finite differences. Low
mode models are obtained by the Galerkin-Kantorovich method
for the stress-free and hard boundary conditions. The time evo-
lution of the solutions is investigated with help of Fourier analy-
sis. The direct numerical integration of the amplitude equations
demonstrates complex dynamic behavior, including monotonic
and oscillatory regimes. The dependence of the Nusselt number
on magnitude of supercriticality is obtained. It is determined that
transition to chaotic oscillations occurred via subharmonic cas-
cade. Map of electroconvective regimes are constructed.

On the base of method of finite differences it is determined
that an electric field suppress the monotonic convection at in-
termediate value field, and at too large electric field (number
Rayleigh) are born rigidly electroconvective oscillations of liq-
uid. It is founded that fourth types of oscillating regimes with
different spatio-temporal behaviors exist.

This research was supported by the Russian Foundation for
Basic Researches (Grant No 05-01-00789) and by Civilian Re-
search Development Foundation (Award No PE-009-0).
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TRANSITION FROM QUANTUM TO CLASSICAL
TRANSPORT THROUGH CHAOTIC OPEN CAVITIES

HIROMU ISHIO

The system of our interest is a chaotic open cavity where the
motion of coherent free electrons is ballistic with specular reflec-
tions from the Dirichlet boundaries. In such a system, classical
dynamics shows rich fine structures in transport coefficients re-
flecting chaotic scattering in the cavity. On the other hand, quan-
tum dynamics shows ample fluctuations in transport coefficients
as a result of overlapping resonances. Our numerical investiga-
tion by solving genuine wave equations with increasing energy of
scattering electrons demonstrates quantum-classical transition for
electric transport through such chaotic open cavities. This gives a
first numerical proof of the correspondence principle in quantum
scattering problems in the chaotic open systems.
Hiromu Ishio, Cantoblanco, Madrid, 28049, Spain

A SIGHT AT MULTILEVEL MODELS FOR THE
DESIGN OF COMPOSITE LAMINATE STRUCTURES

IVANOV S. G.
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Various multilevel models for composite laminate structure
analysis are developed for a long time by many researchers.
Composite structures are considered on several scale levels:
macrolevel and structural levels unidirectional layer (mesolevel);
fibers and matrix (microlevel).

Can the methods and results of structural composite mechan-
ics be used now in engineering design practice? Can one predict
deformation and failure of composite laminate structures using
the properties of unidirectional layers or the properties of fibers
and matrices, forming the unidirectional layer? The unique for
composites community project known as the ’World Wide Failure
Exercise (WWFE) or as the Failure Olimpics has been devoted to
such questions. The objective of the project was to establish the
capabilities of modern theories. The papers of organizers and par-
ticipants of the project published in 1998, 2002, 2004 constituted
the backbone of the book [1].

The participants of the project were suggested to plot failure
envelopes for unidirectional layers and glass- and carbon- fiber
reinforced composite laminates of various structure as well as
stress strain curves for some cases of uniaxial and biaxial load-
ing. At the first stage, were not provided with any experimental
results. At the second stage the participants compared the ob-
tained theoretical results with experimental data provided by the
organizers. The majority of these test results were obtained from
experiments on tubes subjected to internal or external pressure
combined with axial tension or compression or torsion. The high-
est ranked theories were able to predict the experimental results
to an accuracy of better than 50

Some aspects that have a significant influence on the predic-
tions are whether the theory assumes linear or non-linear mate-
rial behaviour and whether or to what extent the effects of ther-
mal stresses and fibre realignment due to shear deformation are
included. The most important is the way in which laminate be-
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haviour is treated after initial failure has taken place.
It seems to be very useful to begin to study the experience ob-

tained in WWFE and to correct the directions of further research
in composite micromechanics. The methodology of the WWFE
project can be used for estimation of capabilities of those theo-
ries, that were not presented in the project.

Note that the majority of the project participants took the prop-
erties of laminate layers as the basic building blocks, but only
a few started from constituent matrix and fiber properties and
used micromechanics to predict the layer properties, and then the
properties of composite laminates. One can analyze if the meth-
ods of statistical description and modeling of structure and prop-
erties of the unidirectional composites could be useful for engi-
neers now. What additional information about structure is needed
for calculations and what it can give for engineering prediction of
composite structure failure?
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BEHAVIOUR OF SOLIDS IN THE CAVITY FILLED
WITH LIQUID AND SUBJECT TO TRANSLATIONAL

VIBRATIONS TILTED TO THE HORIZON

A. A. I VANOVA V. G. KOZLOV A. F. KUZAEV

The lift force of vibrational nature acting the solid body which
makes oscillations in a viscous liquid near to solid border is ex-
perimentally studied. The body oscillations occur under the ac-
tion of inertial forces; the cavity filled with liquid (the straight
closed channel) makes longitudinal translational vibrations un-
der some angle to the horizon. The behavior of spherical and
cylindrical bodies different in density from the liquid is consid-
ered. It is revealed that in case of inclined axis of vibrations the
lift force acting the body contains a tangential component. The
heavy body at some critical vibrations intensity moves upwards
along the channel. It is shown that the tangential component of
lift force is connected to breaking of symmetry of body oscilla-
tions. The last occur under some angle to the solid border. The
lift force is formed as a result of viscous interaction of the body
with the border. In case of longitudinal oscillations of the body
near to the border [1] the lift force has only normal component;
the body repulses from the border.

The work was supported by Russian foundation for basic re-
search through the grant RFBR-Ural 04-01-96055.
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NUMERICAL MODELING OF FLOWS DURING
DETACHED BRIDGMAN CRYSTAL GROWTH UNDER
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This work deals with numerical simulations of flows during
detached Bridgman crystal growth in the presence of axial vibra-
tions of the crystal. The study is related to the experiment planned
for 2007. The mathematical model should take into account the
detachment of the crystal from the ampoule wall and the presence
of the additional (technological) channel in the upper part of the
ampoule. The size of the meniscus near the crystal-melt interface
is to be rather small (80-200 mm).

The influence of the vibrations is described using time-average
approach. All hydrodynamic fields are decomposed into the
quickly oscillating (pulsating) and slowly varying (average) com-
ponents. Pulsating flow can be described as potential (inviscid)
all over the melt volume except for the viscous boundary layers
near the ampoule wall. To account for the detachment influence,
we implement a simple model based on the assumption that in
the absence of vibrations the meniscus is flat and horizontal. Av-
erage deformations of the meniscus and upper free surface are
neglected.

Pulsating flow is calculated using collocation method. Aver-
age fields are obtained numerically by finite-difference method.
Several mechanisms of average flow generation are taken into ac-
count: thermal vibrational convection, thermocapillary convec-
tion, Schlichting generation and generation of average vorticity
near free surface.

The influence of vibration frequency and amplitude on average
flows intensity and structure and meniscus shape is studied. The
resonance frequencies of the free surface oscillations are calcu-
lated. The contribution of different mechanisms of average flow
generation is clarified.
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FINITE ELEMENT ANALYSIS OF OPEN ISOGRID
STRUCTURES

JAYANTHI G. ALAGUSUNDARAMOORTHY P.
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Open Isogrids are used in launch vehicle payload fairings,
interstage rings, and engine ducting and space station modules
in Aerospace Engineering. The design of Isogrids using ad-
vanced composite materials is gaining momentum in space appli-
cations since the space structures are stiffness driven with strin-
gent weight limits. Advanced composites materials are partic-
ularly suited for Isogrids as the typical stresses in the ribs are
highly directional along the longitudinal axis of members. The
main objective of this study is to develop a finite element model
of vented interstage open Isogrid structure and to study the be-
haviour upto failure. Two types of materials like the conventional
aluminum alloy and carbon/epoxy composite were considered in
the analysis. An open Isogrid model was developed using the FE
software ANSYS and static stress analysis was performed for the
given design loads. The analysis was done for both aluminum al-
loy and carbon/epoxy material Isogrids and the structural safety
requirements were checked. Characterization of carbon/epoxy
composite was carried out in the laboratory and that were used
as input in FE analysis. The collapse load of the interstage struc-
ture was also predicted using the stress analysis. Based on the
factor of safety requirements, the optimization of grid elements
was carried out by varying the cross sectional dimensions. Based
on this study it is concluded that Isogrids made using aluminum
alloy is having a low factor of safety of 1.27 on UTS, while the
carbon/epoxy composite Isogrid is having a factor of safety of
1.58 on UTS.
Paramasivan Alagusundaramoorthy, Composites Technology
Centre, Chennai, 600 036, INDIA

ANALYSIS FOR FATIGUE IN TURBINES
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High Cycle Fatigue of turbo machinery blades is a significant
design problem because one of the turbine stages may operates
very close to the resonant condition& this could lead to the fa-
tigue failures. In order to assess the crack initiation life of the
turbine blade, it is essential to correlate vibration to fatigue be-
cause crack initiates from the material imperfections under the
combination of steady stresses and fluctuating stresses in high
cycle fatigue phenomena. This work models an untwisted, non
tapered cantilever beam with asymmetric cross section of turbine
blade. The natural frequencies of the turbine blade were deter-
mined by using modal analysis in ANSYS. Nozzle excitation fre-
quencies and forces were determined from the analysis of flow
path field between stator and rotor blades. The critical condition
at which natural frequencies are coincident with nozzle excitation
frequencies were spotted from the Campbell diagram. Steady
stresses and dynamic stresses were calculated in ANSYS using
harmonic forces corresponding to the resonance conditions. The
stress results obtained were compared with those from the ana-

lytical approach. The true stresses in the vicinity of the defect
were calculated by Neubers rule with dynamic stresses as input.
Local strain around defect was calculated through the formulae
given by Martin et al. Crack initiation life was predicted by solv-
ing strain life equation. Finally, the turbine disc with blades is
modeled and effect of twisting angle, tapered angle, the interfa-
cial frictional forces between disc and blade and clearance in the
fir tree region are considered for prediction of the crack initiation
life of the turbine blade.

Flow chart for prediction of crack initiation life of turbine
blade
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ON THE STABILITY LOSS OF COMPRESSIBLE
BODIES AT STRETCHING STRESSES

M. K ARYAKIN
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By means of analysis of the extreme points at the plot of de-
pendence of the load applied upon the resulting strain the appear-
ance of stability loss at stretching stresses is investigated for com-
pressible nonlinearly elastic materials. Comparatively the case of
incompressible materials the main obstacle at this way is the ne-
cessity of solving nonlinear boundary-value problem for the or-
dinary second order differential equation even for the canonical
deformations. This means that for the initial state other than the
affine one even the equations of neutral equilibrium can’t be writ-
ten in the explicit form.

The results of comparative analysis of the problems of uni-
axial stretching of a rectangle, parallelepiped and solid circular
cylinder are presented. For the general case of three-parameter
model of Blatz and Ko material for the mentioned above prob-
lems the regions of material parameters where the dependence
of load upon stretching is non-monotonic are constructed. These
are the regions that allow stability loss at stretching. Despite their
qualitative similarity they appreciably differ quantitatively.

As an example of non-affine initial states Lame problems for
hollow cylinder and spherical shell were considered. The calcu-
lations showed that the shape of the structure under deformation
essentially influenced upon critical strains. Moreover the region
of material parameters where such strains exist was sharply ex-
tended with comparison to the uniaxial stretching.

The stability loss at stretching stresses can appear in the form
of instability of numerical schemes applying to the analysis of
some problems on the deformation of nonlinearly elastic struc-
tures. The possibility of such effect was illustrated by an analysis
of the problem of constrained (plane) torsion of a ring made from
compressible material. It was shown that the reason of numeri-
cal instability was connected with achievement of critical value
at the stretching diagram and did not depend upon the method of
numerical investigation or semi-inverse presentation of deforma-
tion.

This work was supported by Russian Foundation of Basic Re-
searches (project 05-01-00638).
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ON THE MICROSTRUCTURE ACCOUNT IN THE
PROBLEMS OF HOLES FORMATION NEAR DEFECTS

IN NONLINEAR ELASTIC BODIES
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The account of material structure seems to be very important
for any problem on singular behavior especially for the holes for-
mation. The simplest way of microstructure accounting within
the framework of continuum mechanics is usage of Cosserat
model of elastic media. The purpose of present paper is an analy-
sis of influence of couple stresses upon the radius of forming hole
and even the possibility of such hole formation. Two reasons of
the holes formation were investigated, both connected with iso-
lated linear defect in nonlinearly elastic cylinder.

The equilibrium of nonlinear elastic cylinder containing wedge
disclination was considered. Necessary and sufficient conditions
of applicability of the proposed form of semi-inverse presentation
of the deformation for this problem analysis were formulated. For
different types of non-compressible Cosserat pseudo-continuum
potentials the account of couple stresses was found to be of no
influence upon holes formation near disclination line. In the case
of disclination in the classical Cosserat media the deformation
was coincided with that of pseudo-continuum case, meaning that
micro-rotation of the grain is identical to its macro-rotation due
to elastic deformation.

The problem on screw dislocation in circular solid cylinder
was much more complicated. Even in the simplest case of in-
compressible material it required to solve nonlinear boundary
value problem to derive the field of micro-rotation. It didn’t con-
cern, naturally, the incompressible pseudo-continuum where this
micro-rotation could be easy obtained analytically. The account
for the couple stresses lead to the substantial decrease of the ra-
dius of the hole formed due to screw dislocation up to total dis-
appearance of the hole.
Olga G. Pustovalova, Zorge, 5, Rostov-on-Don, 344090, Russia

NUMERICAL ASPECTS OF THE STRAIN SPACE
PLASTICITY THEORIES
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As a rule the deformation theory or the flow theory are used
when elastic-plastic problems are formulated. In case of clas-
sic flow theory , when the general strain considered as a sum of
elastic and plastic parts, as a rule it is necessary to solve con-
stitutive relationships for increment of the stress tensor. But in
that case the right part of the relationship depends on the stress
tensor and increment of the strain tensor. Dependence of the
modeling equation and loading conditions of stress tensor leads
to some difficulties in numerical solution of elastic-plastic prob-
lems in displacements. It is connected with the satisfaction of
the loading and flow conditions for loading surface considered in
stress space. Usually, difficulties are eliminated by introducing
an additional parameter allowing approximately satisfaction the
flow and loading conditions at the any increment of the external

load. But, the restrictions on the value of the increments of the
external loadings are imposed. This article is devoted to the a
new type of constitutive relationships without above mentioned
shortcomings. Relationships of such type can be constructed
considering the loading surface in the strain-space. In case of
strain-space plasticity theory the constitutive equations, flow and
loading conditions depends only of the strain and its increments.
This dependence allows to describe uniquely not only hardening,
but also softening materials. Strain-space plasticity theories al-
lows to propose a new modifications of the numerical methods
of the plasticity problems. An initial stress method and initial
strain method are the basic numerical methods for elastic plas-
tic boundary problems. It is well known, that the initial stress
method, as against to initial strain method which loses conver-
gence at small hardenings, is converging not only at small hard-
enings and ideal plasticity, but also for softening materials. Let’s
remind that the initial stress method is based on the constitutive
relationships of flow theory solved concerning of the increment of
the stress tensor in a combination to the Hooks law. Thus a plas-
ticity matrix and the loading conditions depends on a stress tensor
and stress tensor increments and the satisfaction of the flow crite-
rias according to the every increments of external loading arises
the certain computing difficulties. If the constitutive equations
of the plasticity theory, as against the classical theories consid-
ering in the frame of Drukers plasticity postulate, to formulate
on the basis of a Iliushins plasticity postulate with a loading sur-
face in the strain space the constitutive relationship and loading
conditions depend only strain tensor and its increments and satis-
faction of flow criterias does not cause difficulty, that much more
facilitates numerical realization of the plasticity problems on the
initial stress method. The various stress space and strain space
theories of plasticity and thermoplasticity for isotropic and trans-
versely isotropic materials are offered. Are shown their validity
on the basis of comparison theoretical and experimental curve for
fibrous composites. The test examples about equilibrium of elas-
tic plastic parallelepipeds and rectangular based on the various
plasticity theories and numerical methods are solved.
Abduvali A. Khaldjigitov, Vuzgorodok, NUUz, Tashkent, 700095,
Uzbekistan

NUMERICAL SIMULATION OF POSSIBLE LANDSLIDE
TSUNAMIS IN THE BLACK SEA

O. KHVOSTOVA A. K URKIN N. SAMARINA

Most tsunamis are generated by sea floor displacement by
large undersea earthquakes. But also landslides, volcanic erup-
tion, explosions, and even the impact of cosmic bodies, such as
meteorites, can generate tsunamis. Although studies of landslide-
generated tsunamis have a long history, events themselves are
generally considered to be relatively rare. The July 17, 1998,
Papua New Guinea tsunami, one of the most catastrophic tsunami
in the 20th century (about 2300 casualties), appears to have been
initiated not by the comparatively modest earthquake ofMs =
6, 9 − 7, 3, but by a local landslide triggered by the earthquake.
Tsunami waves with heights reaching 26 m associated with the
1992 Flores Island Earthquake (Ms = 7.5) in Indonesia were ap-
parently induced by local submarine landslides. Local submarine
sliding and slumping also contributed to formation of destructive
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tsunami waves during the 1999 Kocaeli Earthquake, Turkey. All
three events demonstrated that submarine slides play a substan-
tially more important role in tsunami generation than previously
thought. Though the total number of tsunami in the Black sea is
insignificant (28 events), however only in the twentieth century
six tsunamis were fixed, that testified to high frequency of recur-
rence of tsunami in this region (less than 20 years). All these
tsunamis had a local character. There is no high seismic activity
in this region. But it is known that landslides are often occurred
here. Therefore the submarine landslides are the most probably
source of tsunami in this region. Tsunami generation from sub-
marine landslides depends mainly on the volume of the slide ma-
terial and also on other factors which include: angle of the slide,
water depth, density of the slide material, the speed with which
the material moves, duration of the slide, etc. The results of nu-
merical simulation of possible landslide tsunami in the basin of
the Black Sea are compared. As mathematical model of tsunami
generation by the underwater landslide we select two-layer hy-
drodynamic model, based on non-linear shallow water equations.
Two events were modelled in this paper. The fist one is when
the center of landslide is placed nearby the cape of Idokopas (in
the region of tsunami center of April 8, 1909). And the second
one is when the source of the tsunami is placed near Sochi city
(in the region of tsunami center of December 4, 1970). The spa-
tial distribution of altitudes of waves and oscillations of a sea
level in fixed points are designed. Snapshots of the slide and as-
sociated tsunami waves from numerical simulations for different
times after the initial slide failure for both events are performed.
The results of calculations of theses events are compared to the
known eye-witness data of these tsunamis. The distribution of
wave heights of tsunami along coasts of the Black Sea, designed
within the framework of the nonlinear theory of shallow water, is
shown. Also maximum and minimum amplitude distribution of
designed tsunamis is plotted. It is shown that the logarithmically
normal distribution is good approximation of distribution of wave
heights along the coast.
Olga E. Khvostova, Minina, 24, Nizhny Novgorod, 603600, Rus-
sia

THE DECISION OF A CONTACT TASK BY A METHOD
OF FINAL ELEMENTS
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The phenomena of contact meet in daily life and play the very
important role in work of designs and mechanisms. The knowl-
edge of pressure - deformed state at contact is necessary for defi-
nition of durability and stability of details of machines and struc-
tures in places of their interaction. One of the important problem
in mechanical engineering and construction is well stated math-
ematical theory, which can predict development of contact pro-
cess and based on fundamental physical principles. Therefore the
research of contact problems, the development of algorithms of
account of pressure and deformations in contacting bodies rep-
resents a actual problem. There are many set of methods of the
decision of contact problems now. The analytical methods al-
low to receive the decision in the exact closed form for the very
much limited number of designs and for the simplified circuits of

weighting. Therefore there is a necessity for application of nu-
merical methods, among which most popular and universal is the
method of final elements (FEM) [1, 2]. There is a number of al-
gorithms of the decision of contact problems on a basis of FEM.
One of them is the way, in which the conditions of interaction
between bodies are simulated with the help of ratio of physically
nonlinear tasks of the mechanics of a solid body [3]. The second
way is method based on a method of Shvartz [4]. The algorithm
of a buffer layer in FEM for contact problems allows to simulate
contact break as a zone of the large gradients of the required de-
cision, and is based on introduction between contacting bodies of
a fictitious buffer contact layer (of contact pseudo-environment)
[5]. In the work is considered the interaction of solid body with
the elastic shock-absorber of elastomer. The contact interaction is
simulated with help of a vector of additional loading. The given
vector returns points of an elastic body, which penetrated in other
body, on a general surface of contact. For different conditions
of contact the vector of additional loading is various. The vec-
tor returns a points, which penetrated on a surface of contact till
a straight line, which connects old and new nodes of a design,
at contact to absolute coupling The vector returns points, which
have penetrated, on a direct perpendicular surface of contact, at
contact with slippage. Constructions of elastomers have unique
properties. The classical methods of final elements do not al-
low to take into account these properties. Therefore was used
the moment scheme of a method of final elements which takes
into account rigid displacement, effect of false shift, weak con-
densability of elastomers. This method consists in threefold ap-
proximation of movings, deformations and function of change of
volume.
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INTERACTION OF THE STEADY FLOW OF A VISCOUS
LIQUID WITH A MULTILAYERED VISCOELASTIC

WALL

K IZILOVA N.
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Nature gives us excellent examples of the optimal solutions
and evolutionary optimized mechanical systems that can be used
in practice and technology. The very first investigations of unique
damping properties of the dolphin skin have inspired the series
of theoretical and experimental work of the shear stress decrease
and delay in transition to turbulence flow and stimulated develop-
ment the special coating for technical applications. In the same
way the steady flow stability and wave propagation in the blood
vessels as multilayered anisotropic tubes with defined set of the
material parameter and thicknesses of the layers gives some im-
portant decisions that can be applied to liquid flows in the tubes
and channels of the technical devices and mass-exchange appa-
ratus with distensible ducts [1]. Here the wave propagation in
the multi-layered viscoelastic tube filled with a viscous incom-
pressible liquid is considered. Navier-Stokes equations for the
fluid and momentum equations for the solid layers are consid-
ered. The modified Kelvin-Voight model for the layers with dif-
ferent rheological parameters is used. The continuity conditions
for the velocities and normal and tangential stresses at the fluid-
solid and solid-solid interfaces are considered. The ratio of the
radial displacement of the wall to the undisturbed inner radius of
the tube is supposed to be small and solution of the coupled sys-
tem is sought as power series in the small parameter. The expres-
sions for the amplitudes of the pressures, fluid velocity and wall
displacement components for the zero- and first-order approxi-
mations are obtained in analytical form. Basing on the boundary
conditions the dispersion equation is calculated. Numerical in-
vestigation of the phase velocity and spatial amplification rate as
the frequency functions at different material parameters is carried
out. The parameters corresponding to normal and pathological ar-
terial vessel walls as well as to some technical plastics and gels
have been used for computations. The volumetric flow rate and
wall shear stress are calculated. The fluid- and solid-based modes
are distinguished. It is shown that Young modules, viscosities and
thicknesses of the layers significantly influence the flow parame-
ters, which is determined by the fluid-solid energy flux.
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COUPLING MODEL OF SURFACE ADMIXTURE
REDISTRIBUTION AT THE CONDITION OF ONE-AXIS

MECHANICAL LOADING
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The effects accompanying the solid-phase diffusion were ana-
lyzed in [1-3] etc. It was shown there that mass transfer mecha-
nism under stress action is analogous to barodiffusion in gases
and liquids. Interrelation between the diffusion and stresses
should play essential role in the mechanical behavior of mate-
rials. As a rule, the diffusion problems in deformable media are
analyzed in quasi static formulations, when ones are studying the
surface modification of materials. And what is more, the most of
known models are restricted by the calculation of stress fields ac-
companied the diffusion. If it is correct in some particular prob-
lems to estimate the stresses in the diffusion zone during reac-
tion diffusion and to investigate the internal stress influence on
the new phase center growth, so the quasi static approximation is
no proper, when the mass transfer is modeled at the conditions
of diffusion welding, acoustic or shock-wave actions and dur-
ing material treatment using intensive particle beams of various
types. The notions of effective diffusion coefficient are nonsen-
sical here. Analysis shown that the items proportional to stress
gradient will be prevail at the condition of external mechanical
action depending on time or at the condition of essential no uni-
form stress field. The problem on the treatment of the material
containing the alloying elements in thin surface layer by high
frequency action could be regarded as the example where mass
transfer under stress action will be defining. In this case, it is
correct to investigate the mass elasticity equations presented in
stresses in the approximation of ideal or non ideal solution with
corresponding boundary conditions. In this paper, the simplest
one-dimensional model, including the motion equation and dif-
fusion equation connecting with stresses is studied numerically.
It is shown that the stresses lead to diffusion zone increase essen-
tially.
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ABOUT BOUNDARY PROBLEMS VOLUMETRIC
FORMING IN CONDITIONS OF SUPERPLASTICITY

S. KOJOBAEVA, S. PAZYLOV, M. PEREPLETOVA

rudaev36@mail.ru

In the framework of the theory elastoplastic processes of small
curvature and the developed modelling representations some
problems volumetric forming with use of superplasticity are con-
sidered. At the certain assumptions concerning a field rates dis-
placement, fields of stresses and rates strain, and also working
strength are established. From conditions of maximization of vol-
ume area of superplasticity as parts of the center deformation and
minimization strengthes are constructed functions controlling by
processes which optimization is caused by qualitative structural
parameters of a final product. The concrete data are received for
cases of manufacturing under the circuit of return expression of
the thin-walled cylinder with the bottom and undraw plate draw-
ings.
S. Kojobaeva, S. Pazylov, M. Perepletova, Bishkek, Kyrgyzstan,
720000, 44 Kievskaya

OSCILLATORY MARANGONI INSTABILITY
EVOLUTION UNDER THE INFLUENCE OF

FINITE-FREQUENCY VIBRATIONS

M. A. K OKAROVTSEVA
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The influence of thermocapillary effect on the thereshold of
parametric waves generation at the interface between two liquids
by the horizontal vibrations was considered in [1]. The inter-
action of parametric and thermocapillary mechanisms of surface
waves generation was also examined in [2-3]. In the present
research opposite problem on finite-frequency vibrations influ-
ence on the thermocapillary oscillatory instability evolution of
two-layer system of non-mixing incompressible liquids is con-
sidered. Two-layer system of non-mixing liquids, contained in
the vessel accomplishing horizontal vibrations in the present of
vertical temperature gradient is investigated. As thermocapillary
convection is of prime interest, the interface is supposed non-
deformable, capillary-gravity waves are not examined. In this
case solution with flat velocity profile, temperature gradient cor-
responding heat-conducting regime is possible, at that the inter-
face remains non-deformable. Investigating the problem in the
absence of vibrations it was found that Marangoni instability has
monotonic character, if thermal conductivity coefficient of colder
liquid is less than the hotter one. In the opposite case of ther-
mal conductivity ratio and in the absence of vibrations perturba-
tions reduce by an oscillatory character; therefore it is possible
to assume that the horizontal vibrations can result in develop-
ment of oscillatory instability. In the model problem we assumed
viscosity and thermal conductivity coefficients to be equal. The
problem on main flow stability was solved analytically by series
expansion in a smallness parameter, which is proportional to the
vibration amplitude with application of multiscale method. Cal-
culations showed that in this problem waves with frequency equal
to the driving frequency are generated. Amplitude equations for
disturbances were obtained, on their basis neutral curves were

plotted, and dependence of vibration critical amplitude on ther-
mal conductivity ratio of fluids was determined.

The research has been supported by grant NSh-7690.2006.1
and Civilian Research and Development Foundation (PE-009-
0/B2M409).
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ANALYSIS OF CONTACT TRIBOMECHANICAL
SYSTEMS WITH HETEROGENEITIES AND DEFECTS

APPLIED TO A PAIR WHEEL - RAIL
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The results of the finite element and analytical solutions of the
contact interaction problems for various tribomechanical systems
are described. The investigations are focused on the definition of
the deflected mode of the complicated bodies with non-uniform
properties and defects in the near-surface layers under normal
and tangential forces. The specific applied problem is the esti-
mation of the stress-strain behavior of the rail wheel with inho-
mogeneities and defects in the near-surface layers.

Solid models with material properties are developed in view of
opportunities of subsequent condensation of finite element mesh
in contact zones, assignment of inhomogeneities and defects, ap-
plication of submodeling method and creation of finite element
grids for modeling problems. Methods of the automated updating
of material properties of finite elements for giving non-uniform
material properties for the set functional dependences are devel-
oped.

For testing the numerical approaches proposed the new ana-
lytical solutions of plane and axisymmetric contact problems are
constructed at presence of friction forces in initially unknown
contact area and in view of the boundary effects arising on irreg-
ular areas of contacting surfaces. For these modeling problems
the finite element programs are established and necessary calcu-
lations are performed. Comparison of the finite element results
received with numerical - analytical results for modeling prob-
lems is carried out. For all the problems considered sufficient
agreement of analytical and numerical results is obtained.

This work is partially supported by grants of the Russian Foun-
dation of Basic Researches (No 05-08-18270).
Andrey V. Nasedkin, Stachki str., 200/1, Rostov-on-Don, 344090,
Russia
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A MICRO-POLAR THEORY FOR NON-POLAR
PIEZOELECTRIC MATERIALS

YAROSLAV E. KOLPAKOV

jacey@inbox.ru

The equation for micro-polar theory of the piezoelectric phe-
nomenon in polar mediums had been presented recently. How-
ever, the materials with non-polar structures remain uncovered.
One of the most important materials of that class isα-quartz. This
material has very wide sphere of application due to its unique
properties. This paper consider mechanism of interaction be-
tween electric field and non-polar piezoelectric medium from
point of view of micro-polar theory. The obtained equations are
fitted to materials with symmetry class32. As an exampleα-
quartz structure is considered.
Yaroslav E. Kolpakov, 13a, Kima Avenue, St.-Petersburg, 199155,
Russia

THE INVESTIGATION OF THE IRREVERSIBLE
STRAIN IN THE BRITTLE FRACTURE MATERIALS

KONCHAKOVA NATALIA

kontchakova@yandex.ru

It is well known that compound composite materials, such as
soils and rocks, while under strain, form a quasi material, where
plastic deformation is realized due to fragmentation of a solid into
separate parts, their displacement along the sliding surfaces and
rotation so as to originate a quasi-continuum. This concept is the
key idea for the synthetic theory of strength and is developed in
the present work. The present research is based on the notion of
irreversible strain of solids due to shear localization and forma-
tion of real sliding surfaces. Brittle fracture mechanics and the
modern theory of strength formulate fracture criteria as invariant
connections of critical values of strain macro parameters, and,
nowadays, are more and more founded on physical methods of
solids and modern branches of mechanics, which take into ac-
count material microstructure. When principal shear attains its
critical value, the zone of irreversible strains starts to grow on
condition that maximum tangential stress remains constant. The
very moment of fracture takes place when stresses and strains
achieve their critical values, while preparation to fracture (pre-
fracture) happens near the zone of stress concentration, which is
a classical region of plastic flow. Primary invariant connections
serve as the fracture criterion at the moment of fracture. In case
of brittle fracture, which is observed in problems on geomechan-
ics and strain of rocks, the state of fragmentation of a solid into
parts, replacing the state of plasticity, is modeled by the quadratic
plasticity criterion for the stresses and strength criterion for shear
strains. The issue, concerning the origin of irreversible strain
in the material surrounding an excavation, is considered for an
elastoplastic model in the case of excavation of a circular cross-
section. Stress and strain behaviour near the elastoplastic bound-
ary is analyzed; dependence of the position of the elastoplastic
boundary on the given force values on the excavation contours is
established; the strain values in the plastic region are calculated;
the behaviour peculiarities of the inclination angle of the strain
tensor principal directions in the prefracture zone are revealed.

The issue of plasticity growth, referring to the process of addi-
tional loading and environmental stress variation while the state
of material plasticity is originated, is considered as well. The au-
thor is sincerely grateful to E.I. Shemyakin, Academician of the
Russian Academy of Sciences, for the formulation of the prob-
lem and assistance in work. The research is accomplished in the
framework of the RFBR (Grant No. 05-01-00749).

Natalia A. Konchakova, University Sq.1, Voronezh, 394006, Rus-
sia

THE METHODS OF THE DEFINITION OF A METAL
HARDENING CURVE UNDER THE EXPERIMENTAL

DATA OF INTRODUCTION

DMITRIY V. KONOVALOV SERGEY V. SMIRNOV

satterkein@yandex.ru svs@imach.uran.ru

The curve of hardening is the important characteristic of the
metal properties. This curve allows to find the mechanical char-
acteristics of a material and to give an estimation of stress-strain
state during the modeling of the process of detail manufacturing.
There are standard tests for definition of a metal hardening curve:
a tensile or a compression of specimens. However, for designs
taking place in operation, for example, bridges, shell of rockets
etc., it is impossible to use these methods for identification of the
properties of the metal. In this case it is necessary to apply not de-
stroying methods of experiments. It is offered to use a method of
introduction of conic indenter to the surface of a product. In this
test it is received the diagram of the indentation, which expresses
the dependence of the effort of indenter introduction from the
depth of the introduction. The curve of hardening can be found
by comparing the experimental diagram of indentation with the
diagram received at computer modeling of indenter introduction
by the finite elements method. In finite-element model the elastic-
plastic isotropic hardening medium submitting to the Hook law
and the plasticity condition of von Mises has been used. Within
the framework of this model the yield stress uniquely determined
on a hardening curve is the unknown parameter. The curve of
hardening has been defined by cubic spline approximation of the
parameters. The diagrams of the indentation for specimens from
Steel 3 have been received by the testing machine Instron 8801
for conic indenters with a corner at top 90 and 120 degrees for
the effort of indentation equals 5 kH. The values of spline param-
eters were determined by minimizing of the discrepancy between
the designed and experimentally received diagrams of indenta-
tion. The curve hardenings which were found from the experi-
mental data for two corners of the indenter have coincided with
high accuracy, and also have shown good concurrence from the
hardening curve received for the given mark of steel from the ex-
periments to compression of the cylindrical specimens.

Dmitriy A. Konovalov, Komsomolskaya 34, Ekaterinburg,
620219, Russia
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MODELING AN INTERACTION BETWEEN A PHASE
TRANSFORMING INCLUSION AND A FATIGUE

CRACK

IGOR K. KOROLEV, ALEXANDER B. FREIDIN

ELENA N. V ILCHEVSKAYA

morolt@yandex.ru;
freidin@mechanics.ipme.ru; ven@itcwin.com

We study the interaction between fracture processes and lo-
calized structural transformations. Materials may contain inclu-
sions which can suffer stress induced phase transformations un-
der the process of the deformation of a body. Favorably oriented
anisotropic grains in polycrystalline materials or inhomogeneities
of technological nature are examples of such inclusions. Phase
transformations change elasticity modules of a material and pro-
duce self-strains of a transformation. As a result, local stresses
change. This in turn can initiate or block fracture processes.

This work presents the investigations of the interaction be-
tween the inclusion enduring phase transformations and a fatigue
crack. We study phase transitions in a cylindrical inclusion un-
der an external stress field transmitted by a linear elastic matrix.
The possibility of phase transition in the inclusion is determined
by the principle of the energy preference. We develop the finite
element algorithm for the determination of the phase state of the
inclusion in arbitrary stress fields. The calculations are verified
by the comparison with the analytical results obtained for the case
of uniform external fields.

Then we study phase transformations of the inclusion due to
the stresses induced by the crack. The study is based on the cal-
culation of the stress intensity factors. We show that the crack
growth can initiate phase transitions in the inclusion. We also
show that, in dependence of material parameters, the inclusion at-
tracts or repels the crack if the phase transformation takes place.
We study how this effect depends on material parameters. We
mention that the effects take place when the distance between the
tip of the crack and the center of the inclusion is comparable with
the diameter of the inclusion, at the reasonable choice of the ma-
terial parameters. We also demonstrate the competition between
the external stress field and stresses induced by the phase trans-
formations, namely, we show that increasing external stress may
suppress or intensify the action of the phase transformation on
the crack trajectory.

This work is supported by the Sandia National Laboratory
(USA) and the Program for Fundamental Research (RAS).
Igor K. Korolev, Alexander B. Freidin, Elena N. Vilchevskaya,
Institute of Mechanical Engineering Problems of RAS, Bolshoy
Pr. 61, V.O., St.Petersburg 199178, Russia

HYPERBOLIC INTERFACES IN COMPOSITE SHELLS
UNDER FRONT IMPACTS

L. Y U. KOSSOVICH I. V. K IRILLOVA

kossovichly@yandex.ru

The paper is devoted to mathematical modeling of non-
stationary wave distribution in composite shell structures. Longi-
tudinal impacts of tangential and bending types as well as the
normal impact are discussed in the paper. Asymptotic model

of wave propagation in the semi-infinite shell of revolution is
used. Two-dimensional Kirchhoff-Love components (tangential
and bending), solutions for quasi-planar problem of the theory of
elasticity, parabolic interface at the quasi front neighborhood, in-
terface at the Raleigh wave front neighborhood and hyperbolic in-
terfaces in the neighborhoods of expansion and shear wave fronts
are applied. Boundary contact problems for incident, reflected
and transmitted waves are formulated and solved on base of cor-
responding components. Quasi-static interface (quasi-symmetric
and quasi-anti-symmetric) that satisfies the boundary conditions
together with two-dimensional component is built in order to
satisfy boundary conditions on the end surface in exact three-
dimensional form and in the small neighborhood of the end sur-
face contact zone. Problems for semi-infinite shell were taken
as basis while investigating the problem of wave propagation in
the composite shell. The first problem describes waves that are
caused by the front impact. The proof of solution matching for
hyperbolic interfaces and quasi-plane problem solution of the the-
ory of elasticity is conducted in the stage of problem analyzing.
The area of theory applications is also defined here. The sec-
ond basic problem describes the influence of pack of waves on
the joint of two semi-infinite shells and formation of the packs
of reflected and transmitted waves. Contact problem for hyper-
bolic interfaces is solved using Laplace time and Fourier longitu-
dinal coordinate integral transformations, method of front asymp-
totic and an assumption that the solution for the interface changes
slightly with the normal coordinate in the scale of the contact
thickness.
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TIME OPTIMAL CONTROL OF MECHANICAL
SYSTEMS WITH DRY FRICTION UNDER HARMONIC

DISTURBANCES

G. V. KOSTIN

kostin@ipmnet.ru

The controlled motions of a mechanical system under dry and
viscous friction and harmonic disturbances are investigated. The
dry friction function of velocity is supposed symmetric piece-
wise constant. The time optimal control for the undisturbed
point-to-point problem is applied to the system subject to a har-
monic force with given amplitude, frequency, and phase. The
resulted phase trajectories and periodic limiting motions for dif-
ferent system parameters are investigated. It was shown that the
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phase point of the system can reach zero position in some fixed
time or tend to a limit cycle. Starting at the origin the point can
return back periodically or perform an irregular bounded motion.
The emergence and stability conditions of simple cycles are an-
alyzed. For the disturbed system the synthesis and program law
of time optimal control were derived. It was proved for each ac-
ceptable set of parameters that there exists a piecewise constant
optimal control with no more than one switch.
Georgii V. Kostin, Vernadskogo 101-1, Moscow, 119526, Russia

DYNAMICS OF THE PANTOGRAPH DESIGN IN ORBIT

V. S. KHOROSHILOV A. P. KOVALENKO
A. E. ZAKRZHEVSKIJ

skh@dp.ukrtel.net alzakr@alzakr.kiev.ua
alzakr@alzakr.kiev.ua

The object of research is transformable in orbit an elastic pan-
tograph design. It is a component of a space vehicle and is a
gravitational stabilizer and a support of solar arrays. For taking
into account the elasticity of elements of the many-tier design
each of them was modelled by two rigid rods connected by an
elastic hinge. Elasticity of the hinge was estimated proceeding
from equality of potential energy of initial and equivalent ele-
ments at identical configurations of characteristic points of the
element in the deformed condition. Dynamics of relative motion
of pantograph design is described by Lagrange equations. Values
of rhombuses semi-diagonals, which are parallel to a centerline of
all design, are chosen as the generalized coordinates. At research
of such design, stabilization of a space vehicle in inertial refer-
ence frame was assumed ideal, at least during time of change of
a configuration of the design. It has essentially simplified state-
ment of a problem as in this case it is possible to consider that the
centerline of a design remains straight-line. At the same time, it
allows full enough to investigate dynamic behaviour of the sys-
tem at various laws of program change of a configuration of the
first tier, which results in deployment or retrieval of all design.
The laws of a deployment are considered that varied not only un-
der the shape, but also on duration. It is shown that depending on
character of these laws the design may be either underdeployed,
or opened on larger length than it would be made with absolutely
rigid design.
Anatoly P. Kovalenko, 3, Petra Nesterova Street, Kiev, 03057,
Ukraine

ENERGY EXCHANGE IN DNA DOUBLE HELIX

NATALYA KOVALEVA LEONID MANEVITCH

natkov@polymer.chph.ras.ru
lmanev@center.chph.ras.ru

We describe nonlinear localized excitation in the macro-
molecule DNA within the framework of the mechanical model.
The model consists of two discrete oscillatory chains coupled by
nonlinear springs. We take into account only one type of inter-
nal motions of DNA, namely rotations of the bases about sugar-
phosphate chains, thus each base is considered as a twist pen-
dulum and a chain as a line of connected nonlinear pendulums.
After transition to complex variables [1-3] we use the multiple-

scale expansions, the ratio of distance between pendulums rel-
ative to characteristic wavelength being a small parameter. As
a result, we have obtained two coupled nonlinear Schrodinger
equations (NSE) in principal asymptotic approximation. These
equations describe, in particular, energy transfer between two os-
cillatory chains. It is shown that the transfer can be actually re-
alized by nonlinear soliton-type excitation (breather) and by non-
linear cooperative waves if parameter of nonlinearity is not too
large. There is some critical value of this parameter correspond-
ing to appearance of strong energy localization on the chain (if
the energy was initially concentrated on it).
Natalya A. Kovaleva, ul. Kosygina, 4, Moscow, 119991, Russia

RAYLEIGH-BENARD CONVECTION SUBJECT TO
TRANSLATIONAL VIBRATION OF CIRCULAR

POLARIZATION

KOZLOV ALEKSANDER

The strengthened attention to studying convective processes in
non-stationary force fields with reference to conditions of orbital
flight is caused by development of various space technologies.
The analysis of real conditions of weightlessness on space vehi-
cles has shown necessity to consider influence on technological
processes not only the gravitational mechanism convection, but
also inertial accelerations varying in due course. Convection in
conditions of variable external influences now is a subject of nu-
merous researches. The knowledge of a picture of current and his
dynamics are require for the decision of many hydro dynamical
problems and is actual in connection with a wide variety of tech-
nological appendices. Performance of necessary researches on
space vehicles is interfaced to complexity and dearness of exper-
iments. Therefore it is expedient to spend laboratory modeling
of the phenomena in ground conditions before first-hand experi-
ences on space vehicles. Considering the reasons resulted above,
it has been decided to lead experiments on supervision over sta-
bility and structures arising convective currents in the flat hori-
zontal layer of a liquid which are being a field of inertial accel-
erations of circular polarization. The results of experiments pre-
sented in the present work, are important for understanding of in-
teraction of the vibrating mechanism with thermogravity and also
operating influence of vibrations on convective flows. Threshold
curve stability concern to those in coordinates of number Rag and
his vibrating analogue Rav, and also in terms of dimensionless
vibrating speed a and gravity Rayleigh number at different orien-
tation of a gradient of temperature. Results of experiment speak
that the inertial accelerations polarized on a circle render desta-
bilizing influence on stability mechanical quasi-equilibrium to a
liquid at Rag > 0. Besides the given vibrations excite currents
at heating from above, and position of threshold lines depends on
frequency of external influences. Dependence of a dimensionless
thermal stream - numbers Nu depending on intensity of vibra-
tions and conditions of heating are investigated. In researched
area of parameters experimental values, within the limits of an
error, well lay down on one curve. The specified behaviour will
well be agreed with the root dependenceNu Rag1/2 which is
taking place in many convection problems. It is necessary to no-
tice also that, number at supercriticality equal 4 accepts value
1,4. For comparison, at convection in a static gravity field the
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number Nuselt forRag/Rag∗ = 4 accepts value 1. It testifies
to substantial growth heat transfer caused by the vibrating mech-
anism of convection in comparison with a heat transfer caused by
the gravitational mechanism. Work is executed at partial financial
support of the Russian fund of basic researches and Department
of education and a science of Perm area Administration (grant
04-02-96038) and Fund of the USA of civil researches and devel-
opment for the independent states of former Soviet Union CRDF
(grant PE–009-0).
Aleksander A. Kozlov, 15, Bukirev St., Perm, 614990, Russia

HEAT VIBRATIONAL CONVECTION IN PLANE LAYER
SUBJECTED OSCILLATIONS OF SPATIAL PENDULUM

V ICTOR G. KOZLOV NIKOLAY V. SELIN

kozlov@pspu.ac.ru selin@pspu.ru

Thermal vibrational convection of liquid with a homogeneous
internal thermal emission in a cavity subject to oscillations of
spherical pendulum is studied experimentally and theoretically.
The cavity has the form of a parallelepiped and models a flat
layer. The layer boundaries are perpendicular to the pendulum
shoulder; the rotation of the cavity concerning the shoulder is ab-
sent. The center of the pendulum is located above the layer. Dur-
ing the oscillation the pendulum shoulder draws the conic sur-
face, the center of the layer moves along the circular trajectory.
The lower layer boundary is isothermal; its temperature is kept
constant. The top boundary - adiabatic, its temperature is deter-
mined by the intensity of internal thermal emission. This temper-
ature distribution corresponds to stable stratification of liquid in
the gravity field. Experiments find out two thresholds of critical
growth of heat transfer with increase of vibrations intensity. The
first (under conditions of the experiment) threshold is connected
with the instability of Stokes boundary layer and manifests it-
self in the occurrence of three-dimensional vortical structure lo-
cated in the boundary layer. It is revealed that the given instability
can be found in isothermal liquid as well at the presence of den-
sity heterogeneity connected, for example, with the presence of
fine firm inclusions with different from the liquid density. The
second threshold is connected with the development of thermal
vibrational convection itself. Convection occupies all the layer
volume and is determined by the combined action of various ther-
movibrational mechanisms [1]. In theoretical part of the work the
conditions of excitation of pendular vibrational convection in flat
layer with an internal thermal emission are examined on the basis
of the equations [1]. The equations are received by the method
of averaging in approximation of high dimensionless frequencies
(negligibly thin Stokes boundary layers). The results of theoreti-
cal analysis are in good agreement with experimental ones.

The study is supported by the Russian Foundation for Basic
Research (grant RFBR-Ural 04-01-96055) and administration of
PSPU (grant 01-06).
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MD MODELING OF LOW-CYCLE HIGH-AMPLITUDE
LOADING

OF MONOCRYSTAL MATERIAL WITH DEFECTS

ANTON M. K RIVTSOV

krivtsov@nm.ru

Fracture under low-cycle high-amplitude loading of 2D
monocrystal material with predefined distribution of defects is
studied using molecular dynamics technique. Influence of den-
sity of vacancies, lattice orientation, loading amplitude, loading
period, thermal motion and interaction characteristics on the ma-
terial strength, fracture process and crack topology are analyzed.
Anton M. Krivtsov, Institute for Problems in Mechanical Engi-
neering of Russian Academy of Sciences, Bolshoy pr.V.O.,61, St.
Petersburg, 199178, Russia

THE SECOND VARIATION OF THE ENERGY
FUNCTIONAL THAT ALLOWS FOR PHASE
TRANSITION AND INSTABILITY OF PHASE

BOUNDARIES.

VLADISLAV A. K UCHER

vladislavk@rambler.ru

Phase boundaries in the Continuum Mechanics are tradition-
ally modeled as the surfaces of the jump discontinuities of strain.
It is well-known that the continuity of traction and the Maxwell
rule at the interface are the necessary conditions for its stability.
In this work we apply a variational procedure, which takes into
account a variation of the interface, and calculate the second vari-
ation of the energy functional. From its positivity we derive new
necessary algebraic conditions of stability involving the deriva-
tives of the potential up to the second order. In contrast with the
previous works on stability based on additional physical assump-
tions, our results follow directly from the variational formulation
of the problem.

RAYLEIGH WAVES IN THE ISOTROPIC AND LINEAR,
REDUCED COSSERAT CONTINUUM

M. A. K ULESH E. F. GREKOVA I. N. SHARDAKOV

mkulesh@math.uni-potsdam.de
elgreco@pdmi.ras.ru

We continue in this paper the work on the modeling of rocks
and soils in terms of the linear, elastic, reduced Cosserat con-
tinuum. The reduced Cosserat continuum is a continuum where
each point possesses rotational degrees of freedom. Furthermore,
the medium resists to rotation as well as to translation, while the
couple stress is zero. The stress tensor is asymmetric. The ob-
jective of the model is to take into account the mictrostructure of
rocks and soils which influences wave propagation. It was first
suggested by Shwartz, Johnson, and Feng in 1984 to describe
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granular materials. Wave propagation in an unbounded 3D re-
duced Cosserat continuum was investigated by Grekova and Her-
man (2003–2005). In this work, we consider the Rayleigh wave
for the isotropic case, using analytical and numerical methods.
Instead of a straight line in the classical medium, we obtain two
dispersion curves. The polarization differs both from the case of
the classical medium and the case of a Cosserat continuum with
couple stresses. For some frequency range, we observe a strong
frequency dependence. There is a forbidden band of frequen-
cies, lying below the analogous forbidden band for an unbounded
medium. It indicates the possibility of localization phenomena.
For the upper branch of the dispersion relation, there is also a for-
bidden domain of wave numbers: long waves may propagate only
with one frequency. Far from the domain of frequencies where
the microstructure influences the wave propagation, the medium
behaves analogously to the classical one (as expected). We make
a comparison with the classical medium and the Cosserat medium
with couple stress for which the Rayleigh wave was investigated
by Kulesh et al.

Elena Grekova would like to thank Gerard Herman for valu-
able discussions, and Shell InterntionalE&P . for the financial
support of this research in the frame of the project “Waves in
complex media”.
Elena F. Grekova, Bolshoy pr. V.O., 61, St. Petersburg, 199178,
Russia

SURFACE WAVES PROPAGATION IN COSSERAT
CONTINUUM: CONSTRUCTION OF SOLUTION AND

ANALYSIS USING WAVELET TRANSFORM

M. A. K ULESH M. HOLSCHNEIDER

I. N. SHARDAKOV
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The problem of the surface elastic wave propagation in a half-
space and in a thin layer within the framework of the Cosserat
medium has been considered. Medium deformation in this model
is described not only by the displacement vector, but also by kine-
matically independent rotation vector. This model can be used
for the description of the media with microstructure, for example
concrete, sand, sandy-gravel mixture, soil etc.

At the same time the applications of these models almost do
not exist in praxis, since there are no reliable data about the ma-
terial properties in nonsymmetrical elasticity theory and in fact
there are no experiments which can demonstrate the effects of
couple-stress behavior in solid under deformation.

Main models of elastic waves propagation in medium with mi-
crostructure have been proposed in 50-60th. At that time many
significant theoretical results have been obtained, for example the
fact of Rayleigh waves dispersion. But the classical elasticity the-
ory does not describe this effect.

The main result of presented work consists in fact, that within
the framework of the Cosserat medium in the half-space besides
elliptical Rayleigh wave can be in existence a shear surface wave
with only transversal component. Geometrically such wave is
equal to Love wave, but the existence of the Love wave as shear
elastic wave is defined by presence of a layer on a half-space in
classical elasticity theory, and while a layer thickness vanish the
Love wave is transformed to a plane wave. The same situation

we can observe in case of thin layer while besides Lamb wave
can be in existence a dispersive shear wave with only transver-
sal displacement component. Thus, in the Cosserat medium the
new wave modes are found out, and there is no analogue of it in
classical elasticity theory.

As a second result of presented work the method of the
displacement seismogram inversion has been proposed. This
method is based on continues wavelet transform and allows to
restore the wave number, phase and group velocities from exper-
imental displacement seismograms.

These results can be effectively used in possible experiments
which are aimed at the detection of couple-stress effects in
medium and further at the identification of material constants of
nonsymmetrical elasticity theory.

This work was supported by U.S. Civilian Research & De-
velopment Foundation (Post-Doctoral Fellowship Program Y2-
P-09-04) and by the Deutsche Forschungsgemeinschaft (DFG)
within the framework of the priority program SPP 1114, ”Math-
ematical methods for time series analysis and digital image pro-
cessing”.

Mikhail Kulesh, Am neuen Palais 10, Potsdam, 14469, Germany

ON A VARIOUS MATHEMATICAL MODELS OF A
SKATEBOARD MOTION

ALEXANDER S. KULESHOV

kuleshov@mech.math.msu.su

In our presentation we propose several mathematical models
describing the motion of the rider on a skateboard. The motion
of all models is considered in assumption, that the rider control
is absent. The equations of motion of each of models are derived
in the form of Gibbs - Appell equations and the analysis of these
equations is fulfilled. In particular, the effect of varying vehicle
parameters on stability of its motion for each of models is studied.

In the present time skateboarding - the art of riding on a skate-
board - is one of the most popular recreational sports. Millions of
people take a great interest in a skateboarding. Nevertheless, the
serious researches concerning dynamics and stability of a skate-
board motion are almost absent. At the late 70th - early 80th of
the last century Mont Hubbard in his papers [1,2] proposed sev-
eral mathematical models describing the motion of a rider on a
skateboard. However these works are written very briefly (in par-
ticular, the derivation of the equations of motion is omitted, the
detailed analysis of the obtained equations is not fulfilled), that
does not allow to understand the basic mathematical principles of
a skateboard dynamics. In our presentation we give the further
development of models offered by Hubbard.

Besides the investigations by Hubbard it is necessary to men-
tion also the paper by Yu.G. Ispolov and B.A. Smolnikov [3] and
the recent paper by M. Wisse and A.L. Schwab [4], devoted to
study a various mathematical models of a skateboard motion.
However the model, proposed in [3], is two-dimensional while
in the papers [1,2] a more realistic three-dimensional models are
studied. As regards the paper [4], it contains only the brief review
of the main results obtained in [1,2]. Thus, we can consider the
papers [1,2] as a keyworks on a skateboard dynamics.
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ON VIBRATIONS OF CONDUCTIVE BEAM WITH
MOBILE LOAD IN MAGNETIC FIELD.

KURILSKAYA N. F.
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It is considered integro-differential equation of conductive
beams vibrations in homogeneous stationary magnetic field tak-
ing into account external function of excitation from given dis-
placement of mobile load on the beam. By modified method of
division of variables some partial solutions of the problem is ob-
tained in analytical form as series under complementary restric-
tions for sizes of active part of the beam. For different cases of
fixation of the ends of beam it is shown that action of mobile load
can appear only for separate frequencies of the beam. The results
are compared with solution of the problem of natural vibrations
of conductive beam in magnetic field. Conditions of damping of
such perturbed action of mobile load by external magnetic field
were found.
Natalya F. Kurilskaya, 46, Lenin Street, Barnaul, 656000, Russia

HYDROMECHANICS OF MULTICOMPONENT
MULTIPHASE COMPRESSIBLE MEDIA

V. F. KUROPATENKO

Dynamic effects on muticomponent media take them out of
equilibrium state and lead to relaxation processes when compo-
nents interact and interchange by momentum, energy and mass
if chemical reactions take place. Usually the well-known models
consider the interchange processes in the frames of pair compo-
nent interactions taking into account their special features (par-
ticle size, surface purity, adhesion properties, etc.). The work
proves that the wide-used expression for intensity of momentum
interchange between components violates the invariance of en-
ergy equation respecting to the Galilean transformation. In this
place a tensor of strains external forith component is proposed

and its dependence on component velocities is determined. Mul-
ticomponent medium is considered as a continuum medium with
averaged values and a new type of mixture effect on each compo-
nent so called cluster interaction is proposed. The conditions are
studied when averaged valuesP , ρ, E, U satisfy the system of
conservation laws as well as how these conservation laws corre-
spond to the component conservation laws. Not only new forces
Fsi occur in the process of cluster interaction betweenith com-
ponent and mixture but energy fluxesQsi acting on each com-
ponent with velocity not eaqual to equilibrium one. The force
Fs and the energy fluxQs acting on continuum medium are con-
nected withFsi andQsi by the equations

Fs = −

N
∑

i=1

σiFsi (1)

Qs = −

N
∑

i=1

σiQsi (2)

To eliminate the violence inFs, Qs, Fsi, Qsi determination they
supposed to be invariant to the Galilean transformation. It is
shown that after introducing new forces and fluxes the system
of mixture conservation laws is obtained as a sum of component
conservation laws. A conception of component non-equilibrium
kinetic energy is introduced and additional equation for volume
fractions is proposed which closes the system of conservation
laws and equation of state ofith component and does not restrict
the mixture properties.

The work is performed under financial support of RFBR,
Project No 04-01-00050

Russian Federal Nuclear Center - VNIITF, Snezhinsk, 456770
Russia

MICROSCOPIC DERIVATION OF EQUATION OF STATE
FOR PERFECT CRYSTALS

V ITALIY ANDREEVICH KUZKIN

kuzkinva86@mail.ru

This paper is devoted to obtaining of thermodynamic equa-
tion of state for perfect crystals. The approach based on particles
dynamics method is considered. According to this approach it
is proposed to analyze the simple discrete systems as models of
materials behavior. Microscopic analogues of the macroscopic
quantities as stress tensor, pressure, volume and thermal energy
are introduced. Averaging of such quantities is conducted. In
this way the desired equation of state in Mi-Gruneisens form
is obtained. Analytical and numerical solutions are considered
and compared. In a case of small deformations the value of the
Gruneisens parameter is found. It is shown that in a case of large
deformations the Gruneisens parameter depends on the thermal
energy and the Gruneisens equation of state is loosing sense.

Vitaliy A. Kuzkin, Polytechnicheskaya, 29, St.-Petersburg,
195251, Russia
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INTERACTION BETWEEN SURFACE CONDITION AND
FATIGUE LIFE

H. LEITNER W. EICHLSEDER

It is well known that the surface condition influences signif-
icantly the fatigue behaviour of components. Therefore a large
number of surface treatments based on mechanical, thermal or
chemo-thermal effects were developed in the past. This paper
focuses on the evaluation of mechanical surface treatments. Al-
though mechanical surface treatments are commonly used in en-
gineering practice for their beneficial effect on fatigue life, only
few quantitative data is available from literature. This contribu-
tion presents results of a long-term program that aims at develop-
ing quantitative de-sign guidelines for the influence of mechan-
ical surface treatment on fatigue life of compo-nents. For this
purpose, experimental work and numerical simulations are per-
formed in paral-lel, giving a detailed understanding of the effects
of mechanical surface treatments on surface roughness, residual
stress distribution, and resulting fatigue strength.

Florian Gruen, Franz Josef Strasse 18, Leoben, 8700, Austria

VOLCANIC TSUNAMI IN THE CARIBBEAN SEA: THE
ANALYSIS AND MODELING

LEKANOV A. K. K OZELKOV A. S. KURKIN A. A.
SAMARINA N. M.

lekanov@pochta.ru klmnat@yandex.ru

Soufriere Hills Volcano is located in a southern part of
Montserrat Island. The height of a crater above a sea level about
1000 (it changes in view of activity of a volcano). This volcano
represents stratovolcano with the broken central crater and crater-
ing cupola. A diameter of a crater English 731 m, depth of 152
m. The active life of Soufriere Hills Volcano began from erup-
tion of July 18, 1995 and proceeds till now. The eruptions of a
volcano have resulted in catastrophic consequences for islands:
is completely destroyed and city of Plymouth; about 8000 men
have left an island, having lost habitation and work; the economy
of an island is in a crisis condition.

In this work the results of field researches of traces of tsunami
on Montserrat, Guadeloupe and Antigua Islands, caused by pro-
ceeding eruption of volcano on an island Montserrat in 1997-
2003 years are presented. The main result of expedition is the
proof that the volcanic eruption on Montserrat Island, which has
happened in 12-13 July 2003, in night, has caused tsunami reg-
istered on Montserrat and Guadeloupe Islands. Height of wave
on Montserrat Island makes 4 m, and on Guadeloupe Island 1 m.
The chronicle of volcanic eruptions on Montserrat Island is given
also, the special attention is given to eruptions in 1997 and 2003
which have brought in generation of tsunami.

For an estimation of parameters of tsunami arising at such
eruptions, the mathematical modeling of distribution of tsunami
is executed in the context of the nonlinear-dispersion theory. The
complete system of the nonlinear equations Boussinesque, which
we used for modeling of tsunami looks like:

ηt + ∇((h + η)(ua + (za +
1

2
(h − η))∇(∇(hua))+

+ (
1

2
z2

a −

1

6
(h2

− hη + η2))∇(ua)))) = 0

uat +(ua∇)ua +g∇η+za(
1

2
za∇(∇uat)+∇(∇(huat)))+

+ ∇(
1

2
(z2

a − η2)(ua∇)(∇ua) +
1

2
(∇(hua) + η∇ua)2)+

+∇((za−η)(ua∇)(∇(hua))−η(
1

2
h∇uat+∇(huat))) = 0

whereη displacement of water surface; t time; h unperturbed
depth of basin; g gravitational acceleration;ua horizontal vector
of speed on depthz = za = −0, 531h,∇ = ( ∂

∂x
, ∂

∂y
) horizontal

operator of gradient. Conservation laws for mass and angular
momentum are valid for this system accordingly.

It is used for precomputations of the characteristics of tsunami
at various coasts necessary for optimum planning for expedition
on inspection of traces of tsunami. The data of inspections are in
the consent with predictions of theoretical model. The distribu-
tion of heights of waves along coast Guadeloupe also is proved by
the numerical accounts, executed by us. The detailed description
of results of expedition and modeling can be found [1].
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ESTIMATION OF TSUNAMI HAZARD OF GUADELUPE
ON A BASIS OF NUMERICAL MODELING

LEKANOV A. K. K OZELKOV A. S. KURKIN A. A.
SAMARINA N. M.
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From the point of view tsunami hazard the basin of the
Caribbean sea is one of the most dangerous places in all Atlantic.
The prognosis of tsunami risk of this region is extremely nec-
essary not only in connection with high seismic activity of the
given region, but also with a probable opportunity of eruption of
volcanos, that, in turn, can become the reason of occurrence of
tsunami, and such cases were marked in the literature.

Guadelupe Island with Maria Galanta, Desirade and Sintes Is-
lands enter into archipelago Windward Island and are location in
epicentre of the center of strong underwater earthquakes. The
Guadelupe Island is located at the centre of one of the most seis-
mically active zones of Atlantic. The tsunami on this island was
registered each ten years in the past fiftieth anniversary, therefore
it is extremely important in details to investigate and to estimate
danger of waves of tsunami to its coast.
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In the submitted work is studied tsunami danger of Guadelupe.
The method of the synthetic catalogue basing on numerical mod-
eling is applied for an estimation of risk of tsunami and tsunami
zoning. The numerical modeling was carried out within the
framework of the nonlinear theory of shallow water described by
the system:

∂M

∂t
+

∂

∂y

(

MN

D

)

+
∂

∂x

(

M2

D

)

+ (1)
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∂η
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+

∂M
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+

∂N

∂y
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whereη - displacement of water surface,t - time, x - latitudinal
and y - longitudinal coordinates,D = h(x, y) + η - general
depth of water,h - unperturbed depth of basin,g - gravitational
acceleration,m = 0.0025 coefficient of roughness of bottom,M
andN - components of the charge of water (integrated on depth)
lengthways of latitudinal and longitudinal directions accordingly:
M = u(h + η), N = v(h + η) , whereu andv - components of
horizontal speeds of particles of water.

For modeling waves of tsunami was used batimetry of the
Caribbean sea, with a step two angular minutes on breadth both
longitude and including1001 × 568 (568568) points. Given
batimetry was given by the National Geophysical Centre of the
Data (NGDC) - ETOPE2. For the account of heights of tsunami,
along coast of an Guadelupe Islands, in everyone last sea point
fixed maximal height of wave. Proceeding from a step of a grid
distance between ”basic” points, made three kilometers, and the
depth was no more than 350 meters. Boundary conditions of dis-
tribution of a wave, is the wall on depth of 20 m. As the meanings
of heights of waves strongly vary for various sources, owing to
initial meanings and trajectory of distribution, the spatial distri-
bution of heights of waves for each case was normalized on the
maximal meaning overwash for the appropriate event.

Comparing the received results, it is possible to allocate unique
area of an Guadelupe Island, not dangerous from the point of
view of tsunami, is an area from 10 up to 20 tide-gauge, i.e. from
cities Veuks Burg up to cities Santa Rose. This area of coast
(between the specified cities along northern coast of ”isthmus”)
are in relative safety from waves of tsunami, due to the large coral
reef, which covers almost all area of a gulf Grand Cool de sak
Martin. The waves of the large amplitude, lose the most part of
the energy, falling on reeves by way of 2-3 kilometers from a
coastal line.

In the upshot, the results of accounts show, that practically all
coast of Guadelupe Island is subject to influence of tsunami be-
hind exception only of one site, which, really, it is possible to
rating to a class not dangerous - is western area of a gulf Grand
Cool de Sak Martin.

Anton K. Lekanov, Minina St. 24, Nizhny Novgorod, 603000,
Russia

PARTICLE SIMULATION OF GRAVITATIONAL
COLLIDING SYSTEM ON PARALLEL COMPUTER

ALEXANDER A. L E-ZAKHAROV ILYA B. VOLKOVETS

lezah@mail.ru, volk ilia@mail.ru

The work is devoted to computational aspects of simulation
of gravitational systems using method of particle dynamics. In
addition to long-range gravitational forces the short-range inter-
action forces for modeling of particle collisions are considered.
The algorithms of integration of equations of motion and approx-
imate force calculations are analysed. As a result of the compar-
ison of different methods for solvingN -body problem a paral-
lel hierarchical method based on Barnes-Hut algorithm has been
developed. This method has been implemented to run on su-
percomputer MBC-15000 which is multiprocessor system with
the Message-Passing-Interface (MPI). The performance tests give
satisfactory results in comparison with other Barnes-Hut algo-
rithm implementations.

Application of the computational algorithms to the problem of
planet formation is considered. In particular, problem of Earth-
Moon formation as a result of rotational collapse of a dust cloud
is being modeled. The area of initial conditions in which the
system evolution is in agreement with the geophysical model of
Earth-Moon formation has been founded.
Alexander A. Le-Zakharov, Polytechnicheskaya 29, St. Peters-
burg, 195251, Russia

THE INFLUENCE INITIAL DAMAGING OF A
MATERIAL AND UNLOADING WAVES

L IKHACHEV G. I. PETROV Y. V. K ASTANOV A. V.
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The influence initial damaging of a material on dependence of
parameter damaging from time is investigated. The experimen-
tal data for various constructional materials are considered and
is shown, that the account initial damaging allows correctly de-
scribe experiments on long durability when the dependence be-
tween time before destruction and loading in logarithmic coordi-
nates is not linear. The constant equations of Kachanov - Rabot-
nov for such materials are determined. Unloading waves and
process of accumulation damages are shown. Process of accu-
mulation damages connect with creation unloading waves. Ap-
propriate wave problems are solved. Possible wave profiles are
determined.
Grigory Likhachev, no, Sankt-Peterburg, no, Russia

SCALE EFFECT IN ELASTIC PROPERTIES OF
NANOSTRUCTURES WITH COMPLEX CRYSTAL

LATTICES

OLGA LOBODA

loboda o@mail.ru

Discrete mechanical model for nanocrystals with complex
crystal lattices is considered. The complex lattices are typical for
some metals and crystals with covalent bonds, such as diamond
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and graphite. Traditionally for description this kind of lattices
many-particle potentials are used. In the current paper the alter-
native approach is used. In this approach the rotational degrees
of freedom are taken into account and the moment contribution in
interatomic interaction is allowed. In the paper the nanocrystals
with different number of atomic layers is considered and scale
effect in elastic properties of nanostructures is investigated.
Olga Loboda, Institute for Problems in Mechanical Engineering
of Russian Academy of Sciences, Bolshoy pr.V.O.,61, St. Peters-
burg, 199178, Russia

ELASTOPLASTIC MODEL OF IMPACT CYLINDRICAL
INDENTER ON AN UFLYAND-MINDLIN PLATE

IRINA LOKTEVA ALEXEY LOKTEV

The present paper is devoted to mathematical modeling of the
low velocity impact of a sphere on a thin elastic isotropic plate,
whose dynamic behaviour is described by the Uflyand-Mindlin
equations taking the rotary inertia and shear deformations into
account and, therefore, these equations are wave equations. They
allow to assume that in a plate the transient wave of transverse
shear, because of which there is a deformation of a plate material
outside of the contact area, is generated with final velocity.

As a method of the decision the ray method and method of
splicing asymptotic expansion received for small times in the
contact area and outside of it are used. In the present work, the
procedure similar to the one proposed in [1] for the analysis of
transverse impact of a solid sphere upon an elastic buffer posi-
tioned on an elastic orthotropic plate, is used to the case of shock
interaction of a solid body in view of a rod with a elastic isotropic
plate. The local deformations in the contact region are taken into
account in terms of two elastoplastic models, the Hertzs theory
and the rigidplactic model.

During the interaction of the indenter with the plate, a qua-
sitransverse waves representing the surfaces of strong discontinu-
ity begin to propagate, and the reflected wave has not had time to
return to the boundary of the contact disk before the impact pro-
cess completion. In the plate of the surface of strong discontinuity
represent cylindrical surfaces strip, whose generators are paral-
lel to the normal to the median surfaces and guides locating in
the median surface are circumferences extending with the normal
velocities. Behind the wave fronts, the solution is constructed in
terms of one-term ray expansions [2] whose coefficients are the
discontinuities in time-derivatives of the required functions. To
determine the desired values inside contact area the equations of
motion the impactor and the region of bars contact with the plate
are used. The dynamic characteristics are determined at splicing
on border of the contact area of the solution for required function
inside a contact disk and outside of it. As a result, we are led
to a system of two linear differential equations in the dynamic
displacements of plate and the quasi-static strain of the plate ma-
terial in the contact region. The solution of these equations is
found numerically by iteration Timoshenko scheme on computer,
and the time-dependence of the contact force is obtained.

The carried out numerical researches allow to make the con-
clusion about influence of parameters of a construction, including
plates elastoplastic properties in the contact region, on dynamic
characteristics of interaction. One-term ray series for the desired

functions have allowed one to calculate with the given accuracy
the stresses in the contact area of the plate and the dynamic safety
margin of the thin plate.
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DEFORMATION AND LIMIT STATE OF SOLIDS WITH
STRESS STATE DEPENDENT PLASTIC PROPERTIES

EVGENY V. L OMAKIN BORIS N. FEDULOV
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The plastic deformation of many materials involves not only
the slip of structural elements but the growth of existing micro-
defects and the formation of new ones which cause the plastic
dilatation of the materials. Since the behaviour of micro-damages
depends on the type of external forces, the dilatation process is
not of purely kinematic nature but depends on the type of stress
state in solids, which can be characterized, on average, by the
ratio of hydrostatic component of stresses to the stress intensity
named the triaxiality of stress.

A possible approach to describe the plastic deformation of the
materials under consideration is proposed. The plasticity con-
dition is accepted in corresponding generalized form which in-
cludes, as particular cases, many of the known plasticity condi-
tions but it gives the possibility to take into account more wide
variety of material properties. The conditions for the unique so-
lution of boundary value problem are determined. On the base of
the associated flow rule, it is shown that the irreversible volumet-
ric deformation is proportional to the intensity of the strain rate
but the coefficient is dependent on the stress state type parameter.
This coefficient has different values which are dependent on the
correlation between normal and shear stresses in solids.

The system of the equations for the determination of the
stresses and the velocities in plastic regions is obtained for the
case of plane strain. The problems of the punch indentation and
the tension of notched strips are considered. The dependence of
the limit state characteristics on the sensitivity of material proper-
ties to the variation of the stress state type is studied. The method
for the determination of continuous velocity fields characterizing
the medium dilatation is proposed. The strain rates are defined
completely by kinematic conditions on the boundary of a solid
and they are consistent with the stress field in plastic regions.

This work was supported by RFBR (Grant No 05-01-00416)
Evgeny V. Lomakin, Faculty of Mechanics and Mathematics,
Lomonosov Moscow State University, Vorobjovy Gory, Moscow,
119992, Russia
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Lomonosov Moscow State University, Vorobjovy Gory, Moscow,
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FUZZY GENETIC ALGORITHMS FOR DESIGN OF
COLD-FORMED STEEL SHEETING

WEI LU PENTTI MAKELAINEN
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Because of the high strength-to-weight ratio and ease of as-
sembly, the profiled sheeting has been widely used for roofing,
cladding and extended to floor systems in building constructions.
Due to the variety of profiles available in the market, finding the
optimum shapes is necessary. In this paper, genetic algorithms
are applied to optimize dimensions of cold-formed steel sheeting.
The objective of the optimization is to obtain the optimum dimen-
sions of trapezoidal profiled steel sheeting that has the minimum
weight subjected to the given constraints. In traditional optimiza-
tion, these constraints are defined with crisp number. However, in
practical engineering, constraints with a small certain percentage
of violation can be acceptable. At the same time, for a genetic al-
gorithm, variety is its innate nature. If some candidate solutions
are thrown out because they violate one or more constraints dur-
ing the early optimization process, the important information that
eventually could lead to the optimal solution may also be thrown
out. Although a feasible solution point should fall inside the fea-
sible region, there can be a significant difference between the far
and near solution points from the region boundary. Thus, in this
research, steel sheeting is optimized to satisfy the constraints in
accordance with Eurocode 3, Part 1.3 considering the fuzziness
in the constraints so that the optimization is more practical from
the engineering point of view.
Wei Lu, Rakentajanaukio 4 A, Espoo, FIN-02150, Finland

THEORY OF THE INTERFACIAL INTERACTIONS AS
PARTICULAR VARIANT OF THE THEORY FOR

CONTINUOUS MEDIA WITH KEPT DISLOCATIONS.
APPLICATIONS IN MECHANICS OF MATERIALS.

SERGEY LURIE DMITRII VOLKOV-BOGORODSKII

PETR BELOV NATALIA TUCKOVA
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In the present research work the interphase layer an advanced
continuum model is developed as a continuum media with field of
kept dislocations [1]. In framework of the interphase layer model
the local cohesion and adhesion effects between nanoparticle and
matrix are described as the length scale effects. By the model
it was found that these effects could help to understand/predict
macro/micro mechanics of the material, if the boundary condi-
tions and interphase interactions are modeled across the length
scales. This approach describes the kinematics of continuum me-
dia, the formulation of governing equations (fundamentals) and
the statement of boundary conditions for multi-scale modeling
of the material. The general mathematical formulation of cor-
responding boundary-condition problem was determined by La-
granges functional and corresponding Eulers equations based on
the boundary conditions. An approach and the model has been
validated to predict some basic mechanical properties of a poly-
meric matrix reinforced with nanoscale particles/fibres/tubes (in-
cluding carbon nanotubes) as a function of size and also disper-
sion of nanoparticles. Presented mathematical model of an inter-

phase layer allows estimating an interaction around and nearby
interfaces of nanoparticle and material matrix. It is worth noting
that the local interface effects are particularly important at high
defect concentrations in the material and large size of surface-to-
volume ratio that increase area of contact between nanoparticle
and matrix. Using these approaches the prediction methodology
and modeling tools have been developed by numerical simula-
tions and analysis of the mechanical properties across the length
scales. So, the generalized Eshelbys solution is given and asymp-
totical averaging technique of homogenization is extended on
the higher-order continuum theory of the mediums, which al-
low to take into account the specific properties of the interphase
layer at modelling of the composites with micro- and nano- in-
clusions. An important aspect of the model is also investiga-
tion of multi-scale cohesion and adhesion effects at the interfaces
of nanoparticle-reinforced materials that are important for stress-
strain relation between material phases. The model has been suc-
cessfully applied to modeling of mechanical properties (Young
modulus) of nanoparticle-reinforced polymeric composites tak-
ing into account cohesion type interactions (see [2],[3]) and both
cohesion and adhesion superficial interactions [4], [5]. An advan-
tage of proposed approach is computationally effective methodol-
ogy based on a fundamental theory of continuum mechanics. Us-
ing this research the prediction methodology and modeling tools
have been developed by numerical simulations and analysis of the
stress-strain-stress and mechanical properties across the length
scales. In present work three approaches are developed: i) the
integral Eshelby formula is received for matrix with isolated in-
clusion; ii) the generalized Eshelby solution for isolated inclusion
in matrix is found and generalized Eshelby matrix is established;
iii) the exact asymptotic average solution is also obtained on the
base of the procedure of asymptotic homogenization (Bakhvalov,
and Panasenko) for composite materials with periodic structure
in framework of the gradient model of interphase layer. For the
solution of auxiliary problems arising here and for numerical sim-
ulation of the stress-state in framework of the model of interphase
layer the block analytical numerical method[ref5] is used. This
method allows to calculate effectively auxiliary characteristics
(components of stress tensor, energy in a cell, etc.).
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COUPLED DYNAMIC INSTABILITY OF COMPRESSED
THIN-WALLED STRUCTURES

A. I. M ANEVICH

Dynamic instability of various thin-walled structures under
harmonic axial force has been well investigated for one-modal
buckling. But in thin-walled compressed structures the spec-
trum of shortwave local modes is usually rather dense, and
natural frequencies for overall and some local modes can be
commensurable- their ratio in certain ranges of the compressive
force can be close to 1:1, 2:1 and so on. Therefore the exter-
nal parametrical resonance may take place simultaneously with
internal resonances of various types - one-to-one resonance, au-
toparametrical or combination resonance.

In the paper the instability of a thin-walled bar under action
of axial forceP (t) = P0 + P1 cosΩt is considered with tak-
ing into account the interaction of overall and local modes. It
is assumed that the bar has one axis of symmetry, and the natu-
ral frequencies for the overall mode and certain local mode are
close. Equations of motion are derived with using assumption
that the natural modes of oscillations coincide with the buckling
modes (it is the case, in particular, for simply supported bars).
The dynamic displacements field is expanded in a series in nat-
ural buckling modes (the Koiter’s type expansion for the static
buckling problem). The equations of motion in the first nonlinear
approximation comprise quadratic nonlinearities due to the inter-
action of the modes. These equations have been solved by the
multiple scale method. Equations of amplitude-frequency modu-
lation have been obtained and analysed.

It is shown that the interaction of the external parametric and
internal resonances gives rise to complex nonlinear phenomena.
The energy exchange between different modes can lead to appear-
ance of new steady-state coupled oscillations (which can be re-
garded as synchronized vibrations in the overall and local modes),
and to the nonstationary oscillations. Such a complicated behav-
ior can cause loss of stability in certain mode because of accumu-
lation of energy on this mode.
Department of Computational Mechanics and Strength of Struc-
tures, Dniepropetrovsk National University, Ukraine

DISCRETE BREATHERS IN NONLINEAR DYNAMICS
OF PLANAR ZIGZAG OSCILLATORY CHAIN AND

CARBON NANOTUBE

L. I. M ANEVITCH V. V. SMIRNOV

N. N. BALABAEV M. A. M AZO K. Y U. KOSEVICH

We present analytical and numerical study of short wavelength

nonlinear excitations in planar zigzag chain and arm-chair carbon
nanotube. Contrary to common approaches dealing with one-
dimensional models, full analytic dynamical description is con-
sidered with taking into account of geometric nonlinearity. In the
course of numerical study both sources of nonlinearity (geometric
and physical) were present. First of all, the dispersion curves have
been calculated on the basis of linearized equations of motion.
The characteristic points of these curves (more definitely - of
their optic branches) were selected to construct continuum equa-
tions describing slow modulation of corresponding periodic oscil-
lations and waves. We derive three types of such equations two
of which describe predominantly longitudinal and predominantly
transversal displacements, third one being corresponded to more
complicated coupled motions. In all cases transition to complex
variables with following use of multiple scale expansions leads in
the main asymptotic approach to Nonlinear Schrodinger Equation
or two coupled equation of similar type. The localized envelope
solitons (breathers) are particular solutions of these equations and
their implicit description is presented. The obtained analytic re-
sults were confirmed by the data of computer simulation on the
basis of Molecular Dynamics procedure. Besides, we studied the
interaction of the breathers with thermal fluctuations. The effect
of physical nonlinearity in different thermal conditions was also
estimated.
Leonid I. Manevitch, Kosygin, 4, Moscow, 119991, Russia

ELASTIC PROPERTIES OF CLAY NANOPARTICLES
VIA MOLECULAR DYNAMICS SIMULATION

MAZO M. A. SHAMAEV M. Y U. GUSAROVA E. B.
MANEVITCH L. I. BERLIN A. A. BALABAEV N. K.

RUTLEDGE G.

mazo@polymer.chph.ras.ru
mshamaev@polymer.chph.ras.ru
gusar@polymer.chph.ras.ru
lmanev@center.chph.ras.ru

berlin@chph.ras.ru balabaev@impb.psn.ru
rutledge@mit.edu

We present the results of detailed molecular dynamics study
of full elasticity tensor of clay nanoparticles in wide temperature
range. The calculations were carried out with single nanoplate
of pyrophyllite 2:1 clay mineral consisting of two tetrahedral
sheetsSiO4 and the intervening octahedral sheetAlO6. Con-
sidered model contains of one crystallographic cell in Z-direction
and 45 similar cells in the XY-plane. Full number of atoms in the
calculation cell with periodic boundary was 1800 atoms. Simu-
lations were performed in temperature interval 100-700 K using
ionic-type potentials [1]. The mechanical properties of nanoplate
were calculated from force-displacement curve obtained at rela-
tively slow rates of deformation. The influence of temperature
on structural parameters (interatomic distances and angles) was
analized. A special attention was paid to analysis of the struc-
ture of the tetrahedral and octahedral sheets [2]. The results are
compared with data obtained with using other types of force field
(but obtained for room temperature only) [3]. We have shown
that calculated data are in good enough accordance with the re-
sults of the paper [3] in which the hypothesis of orthotropy was
accepted. Besides, we estimated the components of elasticity ten-
sor caused by the deflection of clay nanoplate from orthotropic

60



crystal. Comparison of external (boundary) stresses and internal
stresses and calculated with using Virial theorem in the condi-
tions of shear loading has allowed to estimate an effective thick-
ness of nanoplate. This result enables to obtain the explicit values
of elastic modulus as well as those of elastic compliances. We
studied also the structural transformations caused by loading and
thermal fluctuations to distinguish the molecular mechanisms of
deformation (in particular the contributions of tetrahedrons and
octahedrons in the structural changes and accumulation of elastic
energy).

The study was sponsored by the CRDF (project RUC2-2626-
MO-04).
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DYNAMICS OF ORBITAL SPACE TETHERS

DAVID MCKENZIE MATTHEW CARTMELL

d.mckenzie@mech.gla.ac.uk
matthewc@mech.gla.ac.uk

Large structures in space are an essential milestone in the path
of many projects, from solar power collectors to space stations.
In space, as on Earth, these large projects may be split in to more
manageable sections, dividing the task into multiple replicable
parts. Specially constructed spider robots could assemble these
structures piece by piece over a membrane or space-web, giving
a method for building a structure.

The dynamics of the space web with the spider robots crawling
over the membrane are investigated, in an attempt to quantify the
perturbations that the robots will impart on the structure. The
equations of motion of the system will be numerically simulated
to give the forces and position of membrane.

Control and stability of the space web will be critical to many
applications, such as solar power generation, and this will be af-
fected by the moving spider robots. Control strategies will be
investigated to give limits on the robot motion and to find if it is
possible to coordinate the robots to counteract the external forces
on the space web.

David J. McKenzie, Room 429, James Watt South Building, Uni-
versity Avenue, Glasgow, G12 8QQ, United Kingdom

MODELING OF FATIGUE CRACK PROPAGATION ON
THE BASE OF CONTINUUM DAMAGE MECHANICS

AND NON-LOCAL CRITERIA

BORIS E. MELNIKOV ARTEM S. SEMENOV

Simulation of fatigue crack propagation is considered within
the framework of non-local continuum damage concept. In the
developed crack growth model both rate and orientation of crack
propagation are governed by an evolution of one scalar damage
variable. Non-local (integral or gradient) criteria of damage ac-
cumulation allow to take into account sensitivity of crack propa-
gation rate to the material microstructure, that is especially actual
for the short crack propagation analysis. Different variants of
weight functions introduced in non-local criteria are considered.
The comparison of 1D and 2D averaging for damage has been
performed. The problems of fatigue crack growth at semiplane
and at sharp-notched specimen are analyzed. The possibility of
zigzag-like crack propagation at sharp notches is explained on the
base of developed model. Comparison of numerical results and
experimental data has been presented and discussed.
Boris E. Melnikov, Artem S. Semenov, St.-Petersburg State Poly-
technical University

FRONT PROPAGATION IN REACTION-RANDOM
WALKS PROCESSES

V ICENTE MENDEZ SERGEI FEDOTOV

vmendez@csc.unica.edu
sergei.fedotov@manchester.ac.uk

We consider a system with a large number of individuals which
react and disperse according to a random walk. The dynamical
evolution of the system is described by traveling wave front prop-
agating with a constant speed. By using the Hamilton-Jacobi for-
malism, we show how to obtain the front speed in terms of the
parameters related to the reaction and dispersal processes. Some
biological applications are also discussed.
Vicente Mendez, Josep Trueta s/n, Sant Cugat del Valles, 08190,
Spain

WAVE MECHANICS OF STRUCTURES AND
STRUCTURAL MATERIALS

ANDREI V. M ETRIKINE

A.Metrikine@tudelft.nl

Wave phenomena play an increasingly important role in rail-
way engineering, offshore engineering and material science. The
high-speed railway lines allow the trains to move as fast as the
waves propagate in the ground and in the overhead power lines.
In this situation, such phenomena as wave resonance and wave-
induced instability are the factors that govern the railway system
dynamics. The offshore oil/gas exploration platforms move to
extremely deep waters and to the arctic environment. This en-
hances the importance of such phenomena as the flow-induced
instabilities of flexible pipes that rise the hydrocarbons and water
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from below the see level to the platforms. These instabilities can
be due to the flow through the pipes, or due to marine currents.
The latter may cause the virtually unavoidable vortex-induced vi-
brations, which for deep-water pipes turn into the vortex-induced
waves. Also, design of offshore units capable of withstanding
the arctic environment is a huge challenge, a part of which is
a correct prediction of the dynamic ice-platform interaction. The
new structural materials, such as on-cite compacting concrete and
fiber-reinforced concrete are often subject to damaging dynamic
excitations from the nearby traffic, landing planes, high-speed
trains, etc. The damage can be enhanced either by external res-
onances or structural resonances in these highly-heterogeneous
materials.

In this presentation, an overview of recent projects and results
are presented of the Wave Mechanics group of TU Delft. The talk
touches upon dynamics of high-speed railway lines, flow induced
vibrations of flexible structures in water and modeling wave prop-
agation in heterogeneous materials. The focus is placed on the
recent achievements and challenges, namely on: (1) 3D mod-
eling of the dynamic response of high-speed railway lines ac-
counting for spatially discontinuous sleeper-ground contact; (2)
wave induced parametric resonance of a moving current collec-
tor as it interacts with a periodically suspended contact wire; (3)
early unobserved aperiodic unstable behavior of a free-hanging
submerged pipe aspirating water; (4) modeling of vortex-induced
vibrations of and waves in flexible structures in currents; (5) de-
velopment of a dynamically consistent causal model of heteroge-
neous materials.
Andrei. Metrikine, Delft University of Technology, Faculty of
Civil Engineering and Geosciences, Stevinweg 1, 2628 CN Delft,
The Netherlands

ON THE PROBLEM OF PROPAGATION OF SURFASE
WAVES IN TRANSVERSALLY ISOTROPIC MEDIUM

D. H. MHERYAN V. M. BELUBEKYAN

davidmher@mail.ru

The problems of propagation of elastic surface waves in a
transversally isotropic half space with two variants of conditions
at the boundary of half space are considered. The investiga-
tion of problems is simplified by introducing potential functions,
which are analogous to the problems of plane deformations [1].
In the case when all three stress components at the boundary of
half space are equal to zero the conditions of existence of sur-
face waves are obtained. For example for Ti(Titan) the surface
wave does not exist and for Be(Berilium), cd(Cadmium), the sur-
face wave exists. Particularly, in the case of isotropic medium the
known generalization of Rayleight plane deformation problem is
obtained [2]. When at the boundary the normal component of
stresses, one of tangential stresses and one of tangential displace-
ments are equal to zero the new dispersion equation is obtained .
When ratio of wave numbers is equal to zero the equation of first
problem is obtained. Particularly, in the case of isotropic medium
the equations from [2,3] are obtained.
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MODELING OF POLYDISPERSE GAS SUSPENSION BY
”PARTICLE IN CELL” METHOD

M INAEV V. S.

VS Minayev@fccc.edu

The paper is concentrated on modeling the gas suspension flow
in atmosphere that describes explosive volcano eruption. We
come from the premise that the products of volcano eruption are
the gas suspension of polydisperse particles of dust which are
spherical in shape and have heat capacity similar to solid products
of volcano eruption. Accordingly gas and dust behavior in atmo-
sphere and upper part of volcano canal during explosive eruption
were modeled. Volcano eruption is examined in instantaneous
destruction approximation of a partition, which divides gas sus-
pension located in crater and heated to magma temperature from
unperturbed atmosphere. Mathematical model is described by
mechanics equation of polydisperse gas suspension. Unlike the
models considered earlier, where gas suspension was constituted
by the particles of one and the same radius (monosidperse), we
take into account that particle mixture is consisted of several sorts
of particles with different radius and various macrocharacteris-
tics, such as speed and energy. At the same time we assume that
density is equal for all dust particles, because the particles are
consisted of one and the same material. To do a sum of non-
stationary equation system we used particle-in-cell method that
is widely applied to solve problems in dynamics of gases. The
main point of particle-in-cell method is that it allows to split the
initial nonstationary equation system into physical processes. At
the same time the whole calculated field is divided into a sys-
tem of large particles coincided at the prescribed time with Eiler
grid cells. The calculation of every time step is divided into three
stages. At Eiler stage we assume that there is no mass flow over
the border, but take into account the effects determined by the
forces of pressure, interface and gravity. At Lagrange stage the
effects connected with mass transfer between cells are calculated.
At the third, the last stage, the equation with laws of conservation
of mass, impulse, and inner energy of gas and dust particles is
solved. At this stage the final value of gas-dynamic parameters
of flow are determined. The problem was modeled for three dif-
ferent cases: when gas suspension is consisted of particles with
similar radius, a mixture of particles with two and three differ-
ent radius. It should be noted that in the first case the equation
system includes eight equations, in the second case it is consisted
of 12 equations, and in the third case it contains 16 ones. Un-
dertaken calculations demonstrate the dynamic of spreading the
pressure blast over the surface of Earth depending on the distance
to the place of volcano eruption. It is a common knowledge that
the blast formed by eruption is the main struck reason. We deter-
mined that the form of the surface of spreading pressure blast is
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close to hemispheric. It allows to predict the possible destructions
from the blast formed by explosive volcano eruption. The calcu-
lation shows that the turbulences are formed during the develop-
ment of gas suspension flow. The comparison of three concerned
cases was also made. The dependence of the main characteristics
on the initial boundary conditions of volumetric concentration of
particles with different radius is observed.
Vladimir S. Minaev, Kashirskoe highway 31, Moscow, 115409,
Russia

NONLINEAR WAVES IN LIQUID FILMS ON SPINNING
DISK

E. I. MOGILEVSKY V. YA . SHKADOV

euginemog@mail.ru shkadov@mech.math.msu.su

Nonlinear waves caused by hydrodynamic instability of a liq-
uid film on a spinning disk are considered. The liquid is fed near
the center of the disk with a constant flow rate.

The problem is reduced to a system of evolution equations.
Structures of nonlinear waves and conditions of their appearance
are interpreted in terms of the systems solutions. The basic set
of dimensionless parameters governing the formation of the main
flow and the waves is stated. The method developed can be used
to find the radial coordinate of the instability origin, waves fre-
quency and phase velocity. By this approach the nonlinear waves
formation from small initial disturbance can be simulated numer-
ically. The supporting surface shapes influence on the waves dy-
namics is investigated. Numerical calculations have been pro-
vided. The experimental data for wave front shapes and ampli-
tudes and the corresponding numerical results have been com-
pared with well enough agreement.

The research was supported by the Russian Foundation for Ba-
sic Research (06-01-00778)
Victor Y. Shkadov, Vorobjevy gory, 1, Moscow, 119992, Russia

THE WEAR OF VISCOELASTIC BODIES IN
ROLLING/SLIDING CONTACT

ALEXEY MOROZOV

morozovalexei@yandex.ru

The wear of viscoelastic bodies modelled by a body of Kelvin
is considered using analytical methods of investigation. It is sup-
posed, that the wear process is caused by the fatigue, so the de-
pendence of the intensity of the wear process on contact pressure
P is given by the relation:dh

dL
= Kpα whereK andα parameters

of frictional fatigue of material,h linear wear,L a way of slid-
ing. In this work two cases of contact interaction rubbing body
are considered. The first case is the sliding contact of the rigid
cylinder and the viscoelastic substrate. The pressure distribution
and the contact area, which is the zone of the viscoelastic body
wear, are obtained. The influence of sliding velocity on pressure
distribution is analyzed. The wear of the viscoelastic substrate
is calculated. The second case is the rolling contact of the vis-
coelastic cylinder and the rigid substrate. It is considered, that
wear process is caused by the slip phenomenon, which occurs
in rolling contact, so the wear takes place only in slip zones of
contact area. Two-dementional contact problem is solved to find

stick and slip zones of the contact area. This investigation was
supported by Russian foundational for basic research (grant No
04-01-00766 No 05-08-18204).
Alexey Morozov, prospect Vernadskogo 101 bilding 1, Moscow,
119526, Russia

EXAMINATION OF NETWORK-STRUCTURE OF
CARBON BLACK REINFORCED RUBBER

I. A. M OROZOV A. L. SVISTKOV B. LAUKE

ilya.morozov@gmail.com svistkov@icmm.ru
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This work presents a computer model of rigid filler frame-
work in rubber. Structural characteristics of the obtained material
are examined. Algorithm of constructing single fractal carbon
black aggregates and connecting them into a rigid framework,
which determines the mechanical properties of the material was
described. Using different filler fractions, bound rubber layer,
trapped rubber and filler volumes were obtained. These results
were compared with experimental data from different authors. It
was shown that bound rubber layer with a thickness of 7 nanome-
ters and more begins to play a decisive role in the mechanical
properties of the material. Using uniaxial deformation of a hexag-
onal material cell, the minimal bound rubber volume which is
drawn off to provide fourth and more ratio of elongation was es-
timated. It was shown that when large elongations take place,
structure of filler-network in the reinforced elastomer changes
greatly. The research was supported by the Russian Foundation
for Fundamental Research and Perm Regional Department of In-
dustry and Science (grant 04-01-96058).
Ilya A. Morozov, Academ. Koroleva str. 1, Perm, 614013, Russia

ADVANCES IN NANOMECHANICS AT THE RUSSIAN
ACADEMY OF SCIENCES (MECHANICAL DIVISION)

2004-2005

N. F. MOROZOV R. V. GOLDSHTEIN
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In the lecture an analysis of application of solid mechanics
to the problems of nanotechnology is presented. A new actual
aspects for research is proposed.
N.F. Morozov, St. Petersburg State University, IPME RAS, St.
Petersburg, Russia

STABILITY ANALYSIS OF THE HELMHOLTZ
OSCILLATOR WITH TIME VARYING MASS

RICHARD A. M ORRISON

The Helmholtz oscillator

ẍ + βẋ + x − x2 = F sin ωt,

known to Naval Architects as the Helmholtz-Thompson equation,
provides a simple archetype to study the phenomena of escape
from a potential well. Following the work of Thompson [1] it
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has been much discussed in the Naval-Architecture literature as a
phenomenological model of ship capsize in beam seas, see [2].

Motivated by the problem of a progressively flooding ship,
we consider periodic time varying mass as a simple first case in
progressing towards the more general problem of mass variation.
In the linearised system the dynamics are equivalent to those of
Ince’s equation and we demonstrate that the system exhibits co-
existence, see [3] and map the regions of parametric resonance.

In the nonlinear system we use the Melnikov function to pro-
vide conditions on the parameter space for homoclinic tangling
and the associated phenomena of basin erosion. We show that
the linear parametric instability does not have any effect on the
nonlinear stability. Further we show that the frequency of mass
variation is critical in determining the effect on basin erosion.
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SOME PECULIARITIES OF ELASTOMER
REINFORCEMENT BY NANOPARTICLES

V. V. M OSHEV S. E. EVLAMPIEVA

The structural model of elastomeric nanoparticle-reinforced
composite is offered. The basis for modeling is the assump-
tion that the attachment between the elastomeric matrix and the
filler is not absolutely rigid, and the matrix, subjected to inter-
phase shear loading, is able to overcome the adsorption adhesion
and move over the filler surface without being fractured. The
proposed approach allows reverse structural rearrangement at un-
loading and provides an explanation of experimental observations
unclear up to date: recovery of primary properties after cyclic
tests at large hysteresis losses, extremely high initial elasticity
moduli, and some other problems.

Mechanical peculiarities of the model are represented by: 1)
an elastic spring simulating the nonlinear enthropic resistance of
elastomeric molecules, and 2) effective interphase friction mod-
eling adsorption adhesion between rubber and the surface of filler
particles.

Applying the tensile force to substrates simulating the parti-
cle surface causes the elastic extension of the spring in the gap
between substrates and its step-by-step sliding in the gap. The
mathematical model, describing such a mechanism, allows for
the structural reversibility of hysteresis and makes it possible to
clarify experimental results that are still obscure.

The model indicates the availability of two mechanisms re-
sponsible for reinforcement of rubber: initial and final. The first

is caused by high rigidity of short chains of macromolecules link-
ing the neighboring particles, and the second by elastic prefrac-
ture reinforcement of elastomer macromolecules.

The three-dimensional variant of the model is developed to cal-
culate the dependence of mechanical properties of composites on
filler concentration. Numerical results are in qualitative agree-
ment with experimental observations.

This work is supported by RFBR and the Department of In-
dustry and Science of Perm Region under grant ”Urals - 2004”
No. 04-01-96038.
Svetlana E. Evlampieva, Korolev Str., 1, Perm, 614013, Russia

IMAGING OF STRUCTURAL PHASE TRANSITIONS IN
MONOCRYSTALS OF CU-AL-NI WITH SHAPE

MEMORY EFFECT BY PHOTOACOUSTIC
THERMOELASTIC MICROSCOPY

KYRILL L. M URATIKOV ALEXEI L. GLAZOV

VLADIMIR I. N IKOLAEV SERGEI A. PUL’ NEV

klm.holo@mail.ioffe.ru

During the last decade a great attention has been paid to inves-
tigation of materials with the shape memory effect. The interest
to these materials is concerned with their unique mechanical and
physical properties which gives an opportunity for a great veriaty
of practical of practical applications of these materials. One of the
most important mechanical properties of materials with the shape
memory effect is their capability to large reversible deformations.
Large reversible deformations are coupled with the spatial phase
transitions of the martensite phase in these materials. Therefore,
the essential efforts have been directed on investigations of struc-
tural phase transitions in materials of this type.

Optical methods are widely used at present for visualization
of structural phase transitions and different phases of materials at
microscopic and mesoscopic scales. To increase the contrast of
these images to different phases optical methods are usually used
in combination with the preliminary etching of the surface of a
sample. Additionally digital processing of the obtained optical
images is necessary for improvement of their contrast.

In this work the possibility to use photoacoustic thermoelastic
microscopy for visualization of the martensite structure in Cu-
Al-Ni crystals has been investigated. Some preliminary results in
this field have been presented by us in the article [1]. In our work
we had an opportunity to obtain photoacoustic images of inves-
tigated objects directly under external loading. Modifications of
the martensite structure in the Cu-Al-Ni alloy were detected and
imaged by photoacoustic microscopy at different external load-
ing. It was demonstrated that photoacoustic microscopy is able
to detect structural modifications in the Cu-Al-Ni alloy with the
high spatial resolution. It was also shown that photoacoustic im-
ages provides better contrast in comparison with the optical ones
especially at the initial stage of the phase transformations.

This research was supported by the Russian Foundation for
Basic Research.
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FINITE ELEMENT MODELLING OF PIEZOELECTRIC
DEVICES WITH TEMPERATURE EFFECTS

ANDREW V. NASEDKIN
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The thermopiezoelectric problems are considered for analy-
sis of piezoelectric transformers and smart-devices with temper-
ature effects. In classical coupled system of thermopiezoelectric
equations the damping components are added. The finite element
formulation of coupled thermopiezoelectric problems in general
case and in the case of partial relatedness is obtained.

For finite element analysis of piezoelectric devices with tem-
perature effects in computer package ANSYS we propose the
special techniques. As it was mentioned, ANSYS piezoelectric
finite elements do not have properties, which are necessary for
carrying out coupled thermopiezoelectric analysis. Meanwhile,
in ANSYS it is possible to solve successfully the static piezoelec-
tric problems with thermal stresses using coupled-field analysis
technique.

In more complicated way using additional macros in ANSYS
it is possible to solve practically important problem about dis-
sipative initial heating of piezoelectric devices under harmonic
vibration. In particular, having solved in ANSYS the harmonic
piezoelectric problem by standard way one can find the displace-
ment field. Using this field we calculate averaged dissipative
function. This dissipative function is further considered as ad-
ditional thermal source in heat flow problem, which is solved in
ANSYS/Thermal.

This work is partially supported by grants of the Russian Foun-
dation of Basic Researches (No 05-01-00752).
Andrey V. Nasedkin, Stachki str., 200/1, Rostov-on-Don, 344090,
Russia

THE ROTATION-UNCOILING-TWIST ENERGY
STORAGE MECHANISM OF MUSCLE CONTRACTION

SUNIL NATH

Considerable effort has been spent during the last 100 years to
understand the physicochemical basis of energy conversion and
force generation in muscle; yet the molecular mechanism of mus-
cle contraction remains an enigma. Here I propose a novel, com-
prehensive molecular mechanism (The Rotation-Uncoiling-Tilt
Energy Storage Mechanism of Muscle Contraction) that explains
all the biological and mechanical data to date without exception,
and is in consonance with all the known laws and principles of
mechanics and dynamics. These insights elucidate the function-
ing of this amazing acin-myosin nanomachine. It is also shown
that currently believed mechanisms (e.g. the lever arm model)
contradicts the known principles of mechanics and hence needs
revision. The proposed mechanism is a step in this direction.
Sunil Nath, DBEB, IIT Campus, Hauz Khas, New Delhi, 110016,
India

INSULIN FIBRILS INTERACTION MODELING AND
INVESTIGATING.

IRINA NEYGEBAUER VADIM TSAPLIN

In the current work insulin fibrils behavior and possible ways
of fibrils organizing are modeled and investigated. The aim of the
present study is to determine whether any forms of fibrils orga-
nizing are possible and what these forms may look like.

In the current work standard methods of molecular dynamics
are used. We represent fibrils as thin stiff beams with weight
concentrated in their ends. Computer simulation in C++ is used
to model interaction between ”fibril beams”. We apply in turn
two different types of potential functions to represent Van der
Waals interactions between fibrils endings. By putting our objects
of investigation into electrical field (fibrils dipole moment given)
we are taking into account electrostatic interactions as well.

Having subject of investigation biological objects (which fib-
rils no doubt are), their modeling is supposed to involve many
different aspects. But due to their complexity we should choose
to highlight not all aspects at the same time, but only some of
them, so our modeling cannot pretend to give complete picture
of the situation. By trying different approaches we’re aiming to
come nearer to our goal - finding any forms of fibrils organizing.
Irina I. Neygebauer, Polytechnicheskaya str. 29, Saint Petersburg,
195251, Russia

DIRECT NUMERICAL SIMULATION OF TURBULENT
WALL-BOUNDED FLOWS: APPROACHES, METHODS

AND RESULTS.

N. NIKITIN

During the last decades, direct numerical simulation (DNS)
has been recognized as a powerful and reliable tool for studying
turbulent flows. Numerous studies showed that results obtained
by DNS are in excellent agreement with experimental findings,
if the latter are reliable. DNS-based studies are advantageous to
experimental methods in that a practically unrestrained, far more
detailed study of the flow field structure can be achieved. An-
other, perhaps even more important advantage is that DNS allows
exposure of new important physical mechanisms of turbulence
production and self-sustainability. However one major difficulty
that arises with a numerical investigation of turbulent flow is the
presence of a vast, continuous range of excited scales of mo-
tion, which must be correctly resolved by numerical simulation.
DNS of turbulent wall-bounded flows requires order Re7/2 work
to resolve dynamically significant velocity fluctuations at large
Reynolds numbers. That is why most of direct simulations are
restricted to low-Reynolds-number and simple-geometry flows.
Existing approaches and methods for turbulent flow simulations
in ducts of different cross-section are discussed in present paper.
A brief overview of numerical algorithms developed by the au-
thor is presented. The results of several particular simulations are
analyzed. The mechanism of near-wall turbulence sustenance is
explained as well as the reason of turbulent secondary flow ap-
pearance in the ducts with noncircular cross-section. The work
was supported by RFBR under the grant No 05-01-00607.
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INVESTIGATION OF STRESSED STATES OF
PIPELINES BY ACOUSTOELASTIC METHOD

NADEZHDA YE. NIKITINA

wvs@dynamo.nnov.ru

In time revealing of weak high-stressed parts of engineering
constructions provides the earlier prediction of their destruction
and elimination of further damage. It is strongly important for
such objects as ships, submarines, airplanes, railways and trains
and other multielement structures. Some problems of relevant
prevision of dangerous stressed states of large-sized engineer-
ing constructions may be successfully solved on a base of pre-
cise ultrasonic measurements of materials acoustoelastic proper-
ties [1]. The great importance of nondestructive evaluation of
stressed states of bridges, power stations, gas and oil pipelines is
evident, because the failure of those civil engineering construc-
tions leads to great amount of human victims and deterioration of
environment.

The reliability of acoustoelastic manner for applied biaxial
stress evaluation in magistral pipelines of large (820 1420 mm)
diameter was proved experimentally. So, the diameter of steel
pipes used in our experiments was 1020 mm and thickness from
9 to 14 mm. The pipes were closed by special steel bottoms and
were exposed to inner pressure of water with additional control
by ultrasonic method. The precise measurements of time-of flight
of shear and longitudinal waves propagated across the plane of
stress acting were made before and during the loading.

Special compact device IN-5101 produced by ENCOTES en-
gineering company was using in the experiments. IN-5101 real-
izes the acoustoelastic effect, e.g. linear dependencies between
elastic wave velocity and mechanical stresses, and provides re-
liable measurements of uniaxial and biaxial stresses in different
engineering materials under long-term load and different climate
environments. The operation of IN-5101A is user-friendly in
comparison to devices based on other physical principles (e.g.
X-rays). The advanced technology for nondestructive testing of
mechanical stresses in engineering materials and pipelines was
used in our investigations.

The values of stresses acting along and across the pipe axes
(axial and circumferential stresses, correspondingly) were au-
tomatically evaluated in real time by the special computational
block, based on the theoretical studying [1] and placed inside the
experimental equipment. The elasticity theory predicts for the
thin pipe walls that the normal stresses are essentially smaller
than axial and circumferential stresses. So, the stressed state of a
small part of a thin envelope of the pipe is performed as in-plane
stress. The results of our investigations show that the observed
data are quite closed to the results of the solution of a problem
which was founded by Habriel Lame in 19th century. The differ-
ence between stresses evaluated by ultrasound and by theoretical
computations, is not exceed 5-10
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BROWNIAN DYNAMICS OF CONTINUOUS
DEFORMABLE MACROMOLECULAR MODELS IN

SHEAR FLOW

JOHANNES M. N ITSCHE

nitsche@eng.buffalo.edu

This talk addresses the manner in which non-simple (non-
spherical, deformable) models of dissolved macromolecules ro-
tate and deform in shear flow of the suspending solvent. To
date, the element of deformation has been modeled using dumb-
bell and other bead-spring models that arbitrarily and artificially
discretize the molecular mass. We apply a new kinetic theory
of continuous deformational Brownian motion to study the more
realistic problem of a sphere that can stretch through a contin-
uous family spheroidal shapes and bend through a continuous
family of kidney shapes. Hydrodynamic and energetic calcula-
tions respectively determine the deformational diffusion coeffi-
cient and macromolecular self-energy as a function of configu-
ration, and define the orientational-deformational diffusion equa-
tion. Asymptotic and numerical procedures are applied to solve
this transport equation, and thereby determine the distribution
over angular and deformational coordinates, at arbitrary values
of the Ṕeclet number. Average rheological stress coefficients are
also computed. Although the elongational component of shear
flow especially excites the stretching mode, interesting analysis
is also presented for a bending mode.
Johannes Nitsche, Department of Chemical and Biological Engi-
neering, Furnas Hall, University at Buffalo, State University of
New York, Buffalo, 14260-4200, USA

ESTIMATION OF TENSILE PROPERTIES USING
FINITE ELEMENT SIMULATION OF MINIATURE TEST

G. PARTHEEPAN D.K. SEHGAL R.K. PANDEY
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The present paper is aimed at determining the mechanical
properties such as elastic modulus, yield strength and the post
yield or flow behaviour of the material in a virtually non-
destructive fashion. Generally these properties are obtained by
conducting the tensile test on the required materials as per the
standard specifications. However to assess the present healthi-
ness and condition of a in-service component, large size sam-
ples for carrying out the standard test cannot be taken out without
destroying the component. In order to overcome this situation
miniature specimen test technique has been evolved. The minia-
ture specimen test techniques provides a way of obtaining these
mechanical properties of components by consuming very small
amount of material than that required for a conventional test. This
has attracted the attention of many researchers in sub-size and
miniature test techniques such as tensile, Microhardness, small
punch, bend, fracture toughness, impact and fatigue etc. [1] In
the present study a new dumb-bell shaped miniature specimen
has been designed. The proposed miniature specimen is very
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easy to fabricate. It also has additional advantage in finite ele-
ment modeling with respect to computational time and memory
space. The miniature specimen is designed such that it experi-
ences in-plane tensile load through the loading pins. A simple
experimental setup is also designed to perform the test on the
miniature specimen.

Finite element simulation of the miniature test is also carried
out for a specimen made from a die steel. Finite element anal-
ysis was performed by using commercially available ABAQUS
implicit code [2]. The comparison of load-elongation diagrams
obtained from the finite element and from the miniature test is
also done. It is observed that there exist a good agreement be-
tween the finite element and miniature test results. Like wise
finite element analysis is carried out on number of materials hav-
ing different material properties and a data base is created using
different input parameters (tensile properties) and the correspond-
ing output load-elongation diagrams obtained from finite element
analysis. Now for an unknown material, miniature test is con-
ducted on miniature specimen is fabricated from the unknown
material using the developed test setup. The resulting miniature
test load-elongation diagram is obtained. Now by comparing the
miniature test load-elongation curve with the finite element data
base the mechanical properties of the unknown material is ob-
tained.

The proposed scheme for prediction of material properties
could be very useful where the amount of available sample vol-
ume is less or at locations where adverse condition prevails or at
situations where the standard testing technique is not feasible.

REFERENCES

[1] G.E. Lucas, Review of Small Specimen Test Techniques
for Irradiation Testing, Metallurgical Transactions A, 21A,
1990, 1105-1119.

[2] K. Hibbit, and Sorensen Inc. ABAQUS STANDARD, ver-
sion 6.4, USA, 2003.

D. Sehgal, Department of Applied Mechanics, IIT Delhi, New
Delhi, 110016, INDIA

CYLINDRICAL PRECESSIONS OF AN UNBALANCED
FLEXIBLE ROTOR SUPPORTED IN NONLINEAR

ELASTIC BEARINGS

INNA PASYNKOVA
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The forward synchronous whirling motion of a statically and
dynamically unbalanced rotor supported in non-linear elastic
bearings has been studied. The rotor is assumed to be a four-
degrees-of-freedom Jeffcott model, i.e. a rigid body with axial
symmetry carried by a flexible massless shaft. Rotation occurs at
constant spin speed. The behaviour of the shaft is assumed to be
linear. The elastic bearings are isotropic and the Hertz’s contact
is considered. Viscous external and internal damping are taken
into account. Self-centring effect has been confirmed and lim-
iting radii for the shaft ends and mass centre’s orbits have been
computed. It has been shown that for a special set of parameters
the forward whirling motion could be cylindrical, as the surface
traced by the ”non-deformed” shaft is a cylinder. The amplitude

frequency response has been obtained and ranges of stability and
instability have been found out.

The problem of stability loss of a cylindrical whirling moion
has been investigated, too. It has been shown that different sce-
narios of stability loss could take place. For some range of
the spin speed, jump phenomena and bi-stability occur, but the
steady-state motion remains to be the forward synchronous cylin-
drical precession. For some other values of the angular velocity
stability loss is accompanied by inducing hyperboloidal preces-
sion, when the surface traced by the ”non-deformed” shaft is one-
sheet hyperboloid. The threshold angular speed for autovibration
has been found. By computational modeling the limit cycles have
been built. It has been shown that the chaotification of the limit
cycles could take place. The results of numerical integration re-
veal the transition ”chaos to chaos”.
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REDUCTION OF MULTIDIMENSIONAL FLOW TO
LOW DIMENSIONAL MAP FOR PIECEWISE SMOOTH

OSCILLATORS
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Dynamics of the piecewise smooth nonlinear oscillators is
considered, for which, general methodology of reducing multi-
dimensional flows to low dimensional maps is proposed. This
includes a definition of piecewise smooth oscillator and creation
of a global iterative map providing an exact solution. The global
map is comprised of local maps, which are constructed in the
smooth sub-regions of phase space. To construct the low dimen-
sional map, it is proposed to monitor the points of intersections
of a chosen boundary between smooth sub-spaces by a trajectory.
The dimension reduction is directly related to the dimension of
the chosen boundary, and the lower its dimension is, the larger di-
mension reduction can be achieved. Full details are given for two
systems: a drifting impact oscillator, where the five-dimensional
flow is reduced to one dimensional (1D) approximate analytical
map, and a piecewise linear oscillator with symmetrical ampli-
tude constraints, where 2D map is constructed and verified ex-
perimentally.
Ekaterina E. Pavlovskaia, King’s College, Aberdeen University,
Aberdeen, AB24 3UE, Great Britain
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TSUNAMIS IN FRENCH WEST INDIES (LESSER
ANTILLES)

EFIM PELINOVSKY NARCISSEZAHIBO

ANDREY KURKIN IRINA NIKOLKINA

aakurkin@mail.ru inikolkina@mail.ru

The historical data of tsunami manifestation in the French
West Indies is collected, analyzed and discussed. The data of
tsunami in French West Indies can be found in various literature
sources [1] [4].In total, more than 50 events were recorded in
this area for the last 300 years; seventeen (17) events of tectonic
origin, seven (7) events of volcanic origin, two (2) teletsunamis
and more than 20 meteotsunamis. Highest values of the tsunami
heights have been recorded in the northern Guadeloupe (Basse-
Terra Island). This study constitutes a preliminary analysis of
tsunami risk in the French West Indies.
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FATIGUE ANALYSIS OF SHIP STRUCTURES:
APPLICATION OF ”STRAIN-LIFE” CRITERION

S.V. PETINOV
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The Strain-Life criterion is applied to assess fatigue life of a
fast ship hull structural details of the family frequently affected
by fatigue. The criterion-based approach operates with fatigue
life measured by initiation of fatigue crack at a stress concen-
tration, with the local stress flow intensity characterized by the
scale factor of the long-term statistical distribution of an arbitrary
(nominal) stress, and with theoretical stress concentration factor
representative for the geometry and local modes of loading. For
convenience of analysis, a ”AS - Kt - N/No” diagram is devel-
oped. Key words: Fatigue crack initiation, Local strain approach,
Strain-Life fatigue failure criterion, Hull structural details, Fa-
tigue design
S.V. Petinov St.Petersburg Polytechnic University, Politechnich-
eskaya St.29, St.Petersburg, Mechanical Engineering Research
Institute of Russian Academy of Science, Bolshoy Pr.61, V.O.,
St.Petersburg, Russia

INTERCONNECTED SPATIAL VIBRATIONS OF
HELICAL SPRINGS

ANDREI POLISHCHUK

Interconnected spatial vibrations of helical springs are ana-
lyzed on the basis of Kirhhoff-Klebshs equations by small vi-
bration superposition on terminal displacements. The features of
thin helical beam allowed constructing the fundamental solution
matrix for all three characteristic equation roots variation ranges.
Two types of end conditions are realized: the fixed ends and the
pivot ends that corresponds to sinusoidal vibrations. The prelim-
inary compression and spin of a spring are taken into account. To
find the natural frequency the characteristic and boundary equa-
tions must simultaneously be inversed into zero. The calculation
of frequency spectrum and its analysis is fulfilled by using 5 prob-
lems: frequency spectrum at sinusoidal vibration type (generat-
ing solution), the calculation of local extreme points of charac-
teristic equation (they correspond to nonpropagating modes that
have zero group velocity), the calculation of frequency spec-
trum for fixed restraint at symmetric and antisymmetric vibra-
tions, construction of mode forms. All types of special vibra-
tions can be achieved on the basis of two elastic deformation
waves which correspond to two branches of characteristic equa-
tion. The low branch of characteristic equation corresponds to
spatial longitudinal vibrations. The presence of two fundamental
mode forms couples are found at the place of characteristic equa-
tion local maximum overbending (along upper and low branches)
their mode forms envelopes are half-waves; the first harmonics
modes by forms can be found below their following fundamental
modes by forms. Nearly coinciding natural frequencies have been
analyzed, e.g. transverse and longitudinal. The cases of two and
three close frequencies are given. The hypothesis of resonance
problem forming at nearly coinciding of special vibration funda-
mental frequencies. The author calls this phenomenon resonance
interruption. This phenomenon was found during testing the front
wheel suspension unit spring of car Izh-2126 whith close funda-
mental frequencies of transverse and torque vibrations. During
testing for resonance (in March 1985, Renoult company) reso-
nances at the range of1 − 50Hz were not detected. The com-
parison of frequency calculations made by the author with the
experiments of other authors was done. It is shown that at the
range higher the lower fundamental frequency and lower the char-
acteristic equation local maximum of upper branch the multiple
resonances are not formed. The transition of Euler buckling fail-
ure into the local one with regard to preliminary spring spin was
achieved by dynamic method.
Andrei D. Polishchuk, Studencheskaya, 7, Izhevsk, 426069, Rus-
sia

OBJECTORIENTED MODELS AND METHODS OF
SOLVING CONTACT MECHANICS PROBLEMS IN

ELASTICITY-PLASTIC STATEMENT

POLISHCHUK I. B. TOLOK V. A. GOMENYUK S. I.
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Developing technologies bring to the foreground one of the
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main problems of modern Mechanics of Deformable Solid Body,
being the one of contact interaction. Complexity of these prob-
lems stands for the variety of approaches and mathematical meth-
ods used to solve them [1, 3, 4]. When designing complicated
engineering constructions a number of different computer-aided
design complexes are used. System FORTU-FEM is a univer-
sal computing system of computer-aided design (CAD) of com-
plex engineering constructions and installations which enables
computerization of all design stages [2]. The analysis of con-
tact bodies interaction including plasticity phenomenon specifies
the research, thus making it substantially different form the one
aimed at researching bodies interaction including other phenom-
ena. The main aspect of solving contact problems in elasticity-
plastic statement is the necessity of calculating nonlinear corre-
lations. FORTU-FEM system enables effective solving contact
problems of solid body mechanics both in linear and physically
nonlinear statement. The solution is reached by way of substi-
tuting initial physically nonlinear statement with iterative succes-
sion of linear problems. Moreover, iteration is organized both for
zone precision as well as defining the zones of plasticity. The
research describes the object-oriented model of numeric calcu-
lations of mechanics contact problems in elasticity-plastic state-
ment using finite element method, that is implemented basing on
FORTU-FEM, a universal computer-aided design system in ma-
chine building and construction industries.
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IMPACT OF AN INERT BODY INTO A SOFT SHELL
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Motion of an inert flying body after its impact in a soft en-
vironment, and also calculations of deformations and the stresses
arising in the shell are considered. It is supposed, that in an initial
condition the environment has the spherical form and the body,
further, moves along its radius. It is supposed also, that the shell is
indefinitely thin and does not resist to bending. The body is con-
sidered as a inert point. As a result of the body moving the shell in
its vicinity becomes covered by axially symmetric wrinkles. The
number of these wrinkles is indefinitely great, while their depth
is negligibly small. It allows taking into account only meridional
stresses of the shell and simplifies calculations. Rather simple

analytical results are received in a case when inertness of an en-
vironment is not taken into consideration.

E. Polyakova, P. Dyatlova, V. Chaikin, St-Petersburg State Uni-
versity of Technology and Design, Bolshaya Morskaya St., 18,
St.-Petersburg, Russia

Ekaterina V. Polyakova, Bolshaya Morskaya St., 18, St.-
Petersburg, 191186, Russia

STUDY OF CHANGES IN THE BOND ENERGY OF
HYDROGEN IN METALS UNDER THERMOMECHANIC

LOADING

A. M. POLYANSKIY V. A. POLYANSKIY

A method for analysis of experimental dynamical curves of
high-temperature vacuum-extraction is developed, which allows
determining the binding energy and diffusion constants of hydro-
gen in the probe under study. The experimental data have been
obtained using the measuring complex, which allows conduct-
ing the absolute measurements of the dynamical curves of high-
temperature vacuum-extraction of hydrogen from a solid probe.
The measuring complex was applied for studying the defect struc-
ture of materials undergoing fatigue cracking and uniaxial ten-
sion.

A. M. POLYANSKIY, V. A. POLYANSKIY, ”NPK Electron &
Beam Technology” Ltd., 198188 st Bronevaya, 6, St.-Petersburg,
Russia, St.-Petersburg State Polytechnical University , 195259
Polytekhnicheskaya, 29 .St.-Petersburg, Russia

PLAIN AND SPATIAL INSTABILITY OF A COMPOUND
ELASTIC CYLINDER CONTAINING INITIAL STRAIN.

A.V. POPOV
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The problem of stability of a compound pipe-in-pipe cylinder
under external pressure is investigated within spatial theory of
elasticiy. The cylinder contains initial strain due to the difference
between outer radius of the inner pipe and inner radius of the
outer pipe.

The equations of neutral balance, linearised boundary condi-
tions and conditions at the border of two pipes are derived using
the model of an isotropic incompressible material. The subcrit-
ical state solution is obtained from the exact solution of a non-
linear Lame’s problem for such a compound cylinder. Both plain
and spatial instability of the cylinder are studied. The problem of
finding the critical values of external pressure yields homogenius
boundary-value problem for ODE-system.

For a number of popular material models in a wide range of
geometrical parameters the numerical results are obtained. These
results make it possible to conclude on the influence of initial
strain values on the critical values of external pressure.

Alexander V. Popov, 5 Zorge st., Rostov-on-Don, 344090, Russia
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ON DERIVATION OF MODEL EQUATIONS FOR
NONLINEAR STRAIN WAVES IN WAVE GUIDES

A.V. PORUBOV
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An approach is developed to obtain the model equations for
nonlinear strain waves using the boundary conditions on the lat-
eral surfaces of the wave guides. It allows us to reduce the di-
mension of an initial statement of the problem without use of
any ”physical” hypothesis. As a result the governing equations
are obtained with required precision. The approach may be em-
ployed to describe both the longitudinal and shear waves.

Instructive examples are considered, including free lateral sur-
face rod and the rod interacting with an external medium. Also
the equation for the rod with a microstructure is studied. Two
dimensional problems are considered on an example of a plate
interacting with an external medium.

More information about the approach may be found in the
book [1].
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EFFECT OF THE ADDITIONAL DEGREES OF
FREEDOM OF THE SYSTEM ON

SELF-SYNCHRONIZATION OF MECHANICAL
VIBRO-EXCITERS

MARY A. POTAPENKO

Consideration is being given to self-synchronization of two
similar mechanical vibro-exciters, placed symmetrically on a
softly-vibro-isolated platform. It is known that in the case the
platform is a flatly-oscillating solid body, at Mr2/J (M being the
mass of all the bodies of the system, r being the shift of the center
of mass of the rotors from the axis of rotation, J being the mo-
ment of inertia) it is only the counterphase synchronous rotation
of the rotors of the exciters that is stable. Consideration is given
to the possibilities of providing a cophase synchronous rotation
by means of introducing additional degrees of freedom either to
the rotors of the exciters or by changing the number of the degrees
of freedom of the platform.

The problem was solved by means of numerical simulation. As
a result, conditions have been obtained, under which the synchro-
cophase rotation of the rotors is stable. The simulation specifi-
cally confirmed the result, obtained by means of analytic solution:
the stability of the indicated regime is of the type of a temporary
stability.

Institute of Problems of Mechanical Engineering, RAS

SPACECRAFT FORMATION CONTROL AT
SUN-EARTH L2 POINT

GIANMARCO RADICE

The coordination and control of a constellation of spacecraft,
flying a few meters from one another, dictates several interest-
ing design requirements. During formation deployment, re-sizing
and re-orientation the spacecraft must reach their desired posi-
tions without incurring in collisions or interfering with each other.
The method presented here, based on Lyapunov’s second theorem
on stability, hinges on defining a potential function from the geo-
metric configuration of the constellation together with any colli-
sion avoidance requirement. Large angle slews have been incor-
porated into the control algorithm as well as plume impingement
avoidance. Reduction of fuel consumption, while taking into ac-
count the attitude and position constraints will be demonstrated.
Gianmarco Radice, Department of Aerospace Engineering,
GLASGOW, G12 8QQ, United Kingdom

DIFFUSIONAL AND MAGNETIC ROTARY
MICRORHEOLOGY OF COMPLEX FLUIDS

YU. L. RAIKHER AND V. V. RUSAKOV
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Recent years are marked by bursting interest towards mi-
crorheology (MR) as a tool to explore complex fluids at the meso-
scopic scale. In a MR experiment, small (micron or nanometric)
solid particles (tracers) are embedded in a tested sample and then
the info on their dynamic behavior is collected and analyzed.
If the external forces are absent, the only mechanism inducing
the tracer motion is its Brownian diffusion. Sometimes, MR is
termed as ”rheologic microscope”. Temperature-driven diffusion
MR is being developed in both translational and rotational vari-
ants. In the latter, one needs: (i) that the center of mass of the
observed probing particle should be kept in place and (ii) that the
particle should have an orientation-dependent ”identificator” to
monitor its rotation. Both conditions are exhaustively fit if polar-
ized laser tweezers technique is used with disk-like micron-size
particles, see [1], for example. The light reflected from the disc
edge is employed to register the chaotic rotation of the tracer.
Correlation analysis of this signal contains information on the
complex elasticity modulus of the tested fluid. However, to ex-
tract correct material data from the signal processing one needs
an adequate theory of the particle rotary motion. In the present
work we describe a new model for MR of a Brownian particle in
a viscoelastic fluid. The model takes into account the two essen-
tial factors: the particle inertia and the impediment of its rotations
imposed by the orientation-dependent potential of the tweezers.
For illustration we use the real data of Ref.[1]. Application of
an external force considerably modifies the tracer motion, and
one may easily benefit from that. One of the prospects is to use
the probes made of a ferromagnetic or superparamagnetic sub-
stance. Then a regular motion is imposed on a nanoparticle con-
tactlessly via an AC magnetic field, the response to analyze is the
dynamic magnetization of the tested sample. In a natural way
the task of interpretation of these data virtually coincides with
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the theory of dynamic magnetization of ferrofluids at high dilu-
tion. We note that for the linearly viscous matrices the problem
is already solved. Meanwhile, a ubiquitous interest for physics,
material science and biophysics is the rheology of complex me-
dia, e.g. those possessing a dynamic memory (polymeric solu-
tions) and/or equilibrium elasticity (gels). Here the experiment
as well as theoretical investigations are yet at the start. In the talk
an overview is given of the state-of-art in theoretical magneto-
microrheology. In the set of appropriate models we distinguish
two main classes. For the tracers of micron size the particle in-
ertia is essential. Here a number of strong and surprising effects
challenging experimentalists are predicted, see Refs. 2,3. For
smaller particles applicable is the inertialess limit, where strong
simplifications making the consideration very clear are possible
[4]. We present the viscoelastic analogues of the magnetic re-
laxation times, linear and quadratic dynamic susceptibilities, and
field-dependent rotary magnetoviscosity coefficients. Financial
support on the part of RFBR (grants No 04-02-96034 and No
05-02-16949) and CRDF (Award No PE-009-0) is gratefully ac-
knowledged.
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MESOMECHANICAL ANALYSIS OF DEFORMATION
AND FRACTURE IN HETEROGENEOUS MATERIALS

WITH EXPLICIT CONSIDERATION FOR 3D
MESOSCALE STRUCTURE

ROMANOVA V. A. BALOKHONOV R. R.
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In this contribution, a mesomechanical approach to simulate
the mechanical behavior with explicit consideration of the three-
dimensional structure is applied to study the elasto-plastic re-
sponse of polycrystalline and composite materials under loading
(tension, compression, and shock wave loading). A procedure of
a step-by-step packing (SSP) of a finite volume with structural el-
ements has been used to design the composite structure consisting
of an Al(6061)-matrix with Al2O3-inclusions and polycrystalline
aluminum structure. A three-dimensional mechanical problem
of structure behavior under quasistatic and dynamic loading has
been solved numerically, using an explicit finite-difference code.
Stress-strain evolution during loading has been investigated, with
a comparison of meso- and macro-scale processes. The analy-
sis of stress and strain distribution in the bulk of the specimen
has been provided on the base of the mesomechanical concept,

with special attention paid to the quantitative estimation of lo-
cal characteristics on the mesoscale level. Deformation patterns
in planes oriented parallel and perpendicular to the axis of ten-
sion have been studied. Particular emphasis has been paid on the
investigation of individual contributions from different compo-
nents of the stress and strain tensors to local and global response
of the material. It has been shown that, due to its structural het-
erogeneity, material on the mesoscale level exhibits a complex
stress-strain behavior, with the stresses and strains in local ar-
eas (e.g. in the vicinity of interfaces) deviating from their aver-
age level by several orders of magnitude. The question how far
two-dimensional models can be used for the description of het-
erogeneous material behavior on the meso-scale level has been
studied, using the metal matrix composite material as an exam-
ple. The computational analysis has shown that in the case under
study there is no reasonable qualitative and quantitative agree-
ment between 2D and 3D stress-strain distributions on the meso-
scale level. The main reason of the difference between three-
and two-dimensional results is a complex deformation behavior
observed in the vicinity of interfaces in the 3D-case so that all
components of stress and strain tensors deviate widely from zero,
and, thus, make their contribution to the local values of the stress
and strain tensors.
Varvara A. Romanova, pr. Academicheskii 2/1, Tomsk, 634021,
Russia

MATHEMATICAL MODEL OF TRANSPORTED
PARTICLE - VIBROTRANSPORTING MACHINE

INTERACTION

S. A. RUMYANTSEV D. Y. TARASOV

dmt1@rambler.ru

Mathematical model of mechanical system including vibration
transport machine with self-synchronised vibration exciters and
material particle moving on its working surface is considered.
The model describes steady movement and transient dynamic
processes caused by machine start and impact loading. The dif-
ferential equations of this mechanical system movement are de-
rived. The results of numerical simulation of transient and steady
processes of particle are presented as plots that allow to analyse
transient dynamic processes in machine and their influence on
dynamic parameters of particle.
Dmitry Y. Tarasov, Kolmogorov st., 66, Ekaterinburg, 620034,
Russia

DYNAMIC PROBLEM OF THIN PLATES ON THE BASIS
OF ASYMMETRIC THEORY OF ELASTICITY

SAMVEL SARGSYAN

slusin@yahoo.com

Lately, in connection with the modern problems of mechan-
ics of bodies with the microstructure micro and nanomechanics,
the interest in momental mechanics of solid spheres and in the
construction of simplified models on their basis grows signifi-
cantly. The problem of the construction of the general theory
of elastic thin bars, plates and shells on the basis of asymmet-
ric (momental, micropolar) theory of elasticity plays a particular
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role. One of the main methods of the construction of the general
theory of thin bars, plates and shells on the basis of the classi-
cal theory of elasticity is asymptotic method. The present work
is on the construction of the general dynamic theory of micropo-
lar plates on the basis of asymptotic method [1] of integration of
the initial-boundary problem of asymmetric theory of elasticity
in thin three-dimensional sphere of the plate. Three- dimensional
equations, boundary and initial conditions of the linear dynamic
theory of asymmetric elasticity with the independent fields of dis-
placements and rotation in three- dimensional thin sphere of plate
are considered. Dimensionless coordinates and time are entered.
Dimensionless parameters characterizing elastic momental prop-
erties of micropolar body are entered too (these dimensionless
parameters are of the type of physical-geometrical parameters as
they contain one of the geometrical sizes of the plate). The main
small parameter is the relative thickness of the plate. Depending
on the values of the mentioned dimensionless physical parame-
ters of the defined dynamic problem of the asymmetric theory
of elasticity three different asymptotes are stated on the basis of
which three different applied two-dimensional dynamic theories
of micropolar plate (with the corresponding quasi-static bound-
ary theory) are constructed. The first of these theories is the
general applied two-dimensional dynamic theory of micropolar
plates with free rotation, the second is the general applied two-
dimensional dynamic theory of micropolar plates with the con-
straint rotation, and the third is off-beat force-shear theory (with a
small shear-momental rigidity) of the micropolar plates. The cor-
responding quasi-static boundary value problems of micropolar
plates are constructed and studied. The problem of matching of
the applied two-dimensional theories and boundary layers of mi-
cropolar plates is studied. The boundary and initial conditions of
the constructed applied two-dimensional dynamic theories of mi-
cropolar plates are stated. The spheres of applicability of each of
the constructed theories of micropolar dynamic theories of plates
are defined.
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EFFECTS OF THE SUBSTRATE IN THE ELASTIC
RESPONSE OF A THIN FILM IN INDENTATION TESTS

ROBERTA SBURLATI

sburlati@diseg.unige.it

In thin-film technology the study of the effect of the substrate
in film elastic response is important to determine the elastic prop-
erties of the film by indentation tests; recently, the growing im-
portance of the nano-microscale materials studies has rekindled
the interest about this topics. When a solid thin film is deposited
over the substrate, the indentation problem become more com-
plex with respect to the homogeneous semi-space problem and

the elastic response of the film can be categorized according to
film/substrate material properties. If the film is soft in compari-
son with the substrate stiffness (soft-film), usually the substrate is
approximated as rigid and the analysis may be simplified. On the
contrary, if the film and the substrate elastic properties are compa-
rable or the thin film properties are stiffer respect to the substrate
(hard-film), a correct evaluation of the mechanical behavior of the
indentation problem requires knowledge of the effects of elas-
tic properties of both the film and the substrate (Maugis 1999)
. In the present report an elastic tridimensional solution for an
isotropic film coated on an isotropic elastic substrate subjected to
an axisymmetric loading condition which simulates the presence
of an indenter of assigned form in a quasi-static indentation test is
proposed. To find the solution in explicit way, two main assump-
tions are introduced; firstly, in view of the local character of the
indentation problem, we introduce a suitable parameter b repre-
senting the radius in which the contact phenomenon is contained.
In such a way, we write the components of the displacement field
by means of Dini and FourierBessel expansions, so avoiding the
use of the Hankel integral transforms and, consequently, the prob-
lem of their inversions (Yu, Sanday and Rath 1990). It is possi-
ble to show, from a numerical point of view, that, under suitable
conditions, the specific value assumed for the parameter b is not
relevant. Further, since the original mixed boundary value in-
dentation problem leads to dual integral equations which, due to
their complexity, can be solved only numerically by means of
a Fredholm integral technique, we have changed the boundary
conditions by assuming a pre-assigned distribution of traction on
the free surface; this assumption is also introduced in the paper
of Li and Chou (1997) within the framework of the Hankel in-
tegral transform technique (Watson 1944). So doing, we solve
the elastic problem of a thin film coating/substrate systems under
prescribed axisymmetric load by using a Dini and Fourier-Bessel
expansions for the radial and the vertical component of the dis-
placement field respectively. The elastic response of the film is
analyzed with two different interface conditions between the sub-
strate and the film to bound the real case: frictionless contact and
perfectly bonded. We get an explicit analytical form for the dis-
placement and stress fields in terms of Fourier-Bessel expansions
depending by some coefficients related to the form of the inden-
ter and to the pre-assigned pressure distribution suitable to model
the interaction film-indenter. Acknowledgements. This work was
supported by MIUR Cofin Prin 2005: Models for interfacial prob-
lems in multi-layer structures.
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CONVECTION IN A ROTATING CUBICAL CAVITY

G. A. SEDELNIKOV F. H. BUSSE D. V. LYUBIMOV

sedelnikov@psu.ru lyubimov@psu.ru

Convection in rotating systems has received much attention in
recent years because of its unusual properties. An important dis-
covery has been made by [1] who demonstrated that the onset of
convection in a horizontal layer heated from below and rotating
about a vertical axis occurs at much lower Rayleigh numbers in
the presence of side walls than in their absence provided the rota-
tion rate is sufficiently high. This property contrasts with the case
of a non-rotating convection layer enclosed by side walls where
the critical value of the Rayleigh number is always larger than in
an infinitely extended layer.

A characteristic property of side wall supported convection is
its propagation as a wave. The direction of propagation is given
by Ω × ~n where~n is the normal of the vertical side wall point-
ing into the fluid. The convection pattern travels uniformly as
a sinusoidal wave along a circular side wall as assumed in the
analysis of [1] or along a straight wall as assumed in the bound-
ary layer analyses of [2]. But the question of the propagation
of waves along inhomogeneous side walls has not been analyzed
until now. Convection in a cubical box has become a standard
configuration for the investigation of the dynamics of convection
in the presence of inhomogeneous side walls. Numerous studies
have been performed on convection in cubes in the absence of
rotation ([3]; [4]).

In the present paper we are focussing on this question by con-
sidering the onset of convection and its nonlinear evolution in a
cubical box heated (cooled) on its lower (upper) horizontal side
and rotating about a vertical axis. The detailed numerical study
of the natural convection in a rotating cubical enclosure at mod-
erate Rayleigh numbers has revealed the existence of three dif-
ferent flow structures with their intrinsic behaviour depending on
the values of the governing parameters. The critical Rayleigh
numbers for the onset of convection in the cubical cavity and the
associated frequencies have been determined. Of particular inter-
est are the transitions from the oscillatory regimes of convection
to the steady regimes. It should be possible to observe these in
laboratory experiments.
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AN INVESTIGATION OF THE PROCESS OF
PERCUSSIVE IMPULSE FORMATION AND

TRANSFERENCE IN THE THREE BODIES SYSTEM
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The results of experimental research and theoretical analysis
of the impact process in the three bodies system (shank-striker-
percussive piston) are given in this work. The results of exper-
imental research of the collision process between two and three
bodies at an average speed of 5-15 m/s are shown. The experi-
mental method allowed us to register with high time resolution
the shock-wave processes at the block and to then analyze them.
Also the method provided data about spectral and integral char-
acteristics of the impulse processes, which are produced during
the complex impact. It is shown, that in such an impact system
the efficiency of impulse transmitting from the shank to the ore
body is much higher ( 30The results of research are proved by
the theoretical analysis of the solid bodies impact process taking
into account the contact interaction according to the Hertz theory
and the results of finite element modeling using the ANSYS/LS-
DYNA programme. We also note that the full-scale investigation
of such a system, applied at a standard perforator, proved the re-
sults of scientific investigations and gave almost twice as high an
ore drilling speed (170
Yuri V. Sud’enkov, Univercity pr.28, Petershof,St.-Petersburg,
1980904, Russia

ANALYTICAL SIMULATING OF THE
TROLLEY-AND-WIRE DYNAMICS FOR HIGH-SPEED

RAILWAYS APPLICATIONS

SERGEYEV A. D.

We study theoretically a traditional engineering problem how
to achieve the optimal combinations of contact net parameters for
a reliable contact between a high-speed current collector and con-
tact wire. Today semi-empiric standard-looking discreate models
are used for that. They allow solving some special questions for
operative devices, but if one need to vary the properties of a de-
vice purposefully, it is very difficult, because of the necessity to
work up and analyze a lot of data.
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We propose a model to solve this problem in analytical style.
Ignoring some small terms in the strict mathematical description
of the system “contact wire–trolley” the introduced model we ob-
tain important analytical integrals. It allows to describe the mo-
tion of the system by the equation of the Mathieu type equation.
The most important coefficients, responsible for the contact net
properties in the model, do not require an experimental correc-
tion. It is well known that such equations have self-oscillationg
solutions. So the new model gives a possibility to study dynamics
of the Trolley-and-Wire system by semianalitical methods.
Alexander D. Sergeyev, Bolshoy 61, V.O., St. Petersburg, 178199,
Russia

ON CLASSICAL PARAMETRIC RESONANCE
PROBLEMS

ALEXANDER P. SEYRANIAN

seyran@imec.msu.ru

In the paper several classical stability problems are considered:
the problem of a swing, the problem of a system with varying
moment of inertia, and the problem of stability of an inverted
pendulum with vibrating support. These problems have been dis-
cussed in the well-known book on stability and vibrations [1].
In all problems the periodic excitation function is assumed to be
arbitrary and small damping is taken into account. New analyt-
ical formulae for stability and instability (parametric resonance)
regions are obtained in three-parameter space. For some exam-
ples it is shown that analytical and numerical results are in a good
agreement between each other.
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EDGE WAVES IN A PRESTRESSED INCOMPRESSIBLE
ELASTIC PLATE

LEAH SHARIPOVA

leah@mechanics.ipme.ru

We study flexural edge waves propagating along the free edge
of a semi-infinite, homogenously prestressed, incompressible
elastic plate. This waves are localized near the edge, i.e. they
decay exponential in the direction normal to the free edge. They
have similar properties to Rayleigh surface waves that are travel-
ling waves propagating along the surface of an elastic half-space.

Investigations in this area are often devoted to two problems.
The first one is the existence and uniqueness of the waves, and
the second one is derivation of explicit secular equations for the
wave speed and efficient computation of the wave speed.

Existence of edge waves was first noted by Konenkov (1960)
for a homogenous isotropic semi-infinite thin plate, and later
confirmed by many authors, see, e.g., Thutston and McKenna

(1974), Sihna (1974), Lagasse and Oliner (1976), and Kaufmann
(1998) for isotropic plates, and Norris (1994) for orthotropic
plates. Thompson et al (2002) considered edge waves on a thin
orthotropic plate where the edge is inclined at arbitrary angle to a
principal direction of the material and demonstrated numerically
that a unique edge wave existed for all values of angles and ma-
terial parameters.

In the case of general anisotropy, and when the mid-plane of
the plate is a plane of material symmetry, Fu (2003) with the aid
of a Stroh-like formalism proved the uniqueness of edge waves
and suggested an algorithm to test its existence and to compute
the edge-wave speed. Application of a Stroh-like formalism in
this work makes it possible to use ideas developed for the surface-
wave problem (Fu and Mielke 2002, Mielke and Fu 2003). The
Stroh formalism is a powerful tool in solving two-dimensional
anisotropic elasticity problems. The foundation for the theory
was laid down by Stroh in his papers in 1958 and 1968, a good
description and development of the theory can be found in Ting’s
book (1996).

In our paper, we return to the assumption of isotropy but ad-
dress an aspect of edge wave propagation that does not seem to
have been discussed previously, namely the effects of prestress
on the edge wave speed. We assume that the prestress is a state
of plane stress and that the wavelength of edge waves is large
comparing with the plate thickness. As a result, we find with the
aid of a standard asymptotic expansion procedure that the flexu-
ral motion is decoupled from the in-plane motion and the former
can be described by the Kirchhoff hypothesis.

As an application of the theory, the edge-wave speed is com-
puted for a plate composed of a Mooney-Rivlin material that
is subjected to a combined pure homogenous strain and simple
shear. It is shown that there are strain states that made the edge
wave speed vanish that corresponds to the bifurcation condition
and edge wrinkling of the plate.

Acknowledgements.I would like to thank Yibin Fu for intro-
ducing me to the area of the Stroh Formalism’ methods and for
helpful discussions throughout the progress of this research. The
work is supported by the RFBR grant (04-01-0431) and the grant
of the President of the Russian Federation for young scientists
(MK-826.2006.1).
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ON THE BEHAVIOUR OF ELASTIC PLATES UNDER
VIBRATIONAL EXCITATION

EKATERINA V. SHISHKINA MATTHEW P. CARTMELL

shishkina k@mail.ru,
m.cartmell@mech.gla.ac.uk

The problem concerning the influence of longitudinal vibra-
tional excitations on the stability of transversal oscillation within
a rectangular plate is under consideration. The plate is pre-
compressed with constant force applied to two parallel edges.
The problem is solved by means of the method of direct sepa-
ration of motions. This is one of the most powerful approaches
for the investigation of the behaviour of mechanical systems sub-
jected to high frequency vibrational excitation. As a result of
the treatment the generalized formula is derived for vibrational
correction to the critical load. The formula is valid for certain
types of boundary conditions, when the loaded sides of the plate
are simply supported and other edges are clamped, simply sup-
ported, free, etc. The influence of boundary conditions on the
resonant effects in vibrationally excited plates is also discussed.
The results that are obtained allow one to control the stability of
the system by choosing appropriate excitation parameters.
Ekaterina V. Shishkina, Bolshoy pr.,61, St.Petersburg, 199178,
Russia

DEVELOPMENT OF THE NOVOZHILOV APPROACH
TO THE DESCRIPTION OF LOW-CYCLE FATIGUE

V. P. SHNEIDER YU. A. CHERNYAKOV
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In V.V.Novozhilov and O.G.Rybakina’s work [1] the opportu-
nity of creation of criterion of durability on the basis of the infor-
mation about plastic loosening for the first time has been proved.

This criterion has received the development in a lot of works basi-
cally for cases of uniaxial cyclic loading. The formulation of this
criterion supposes invariant representation that gives the basis for
application of the given criterion and for cases of complex cyclic
loading. For this purpose the exact description of all effects ap-
pearing at such loading is necessary. In the present work on the
basis of the theory of the plasticity considering microdeforma-
tions [2], the variant of the theory which due to updating the local
law of deformation is capable to describe complex cyclic defor-
mation, including a relaxation of internal microstresses (ratchet-
ing) is offered. It, in turn, has allowed to distribute criterion of
Novozhilov low-cicle fatigue strength to any processes of com-
plex cyclic loading.
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VAPORISATION RATE IN TURBULENT TWO-PHASE
FLOW.

MANDEEP S. SIDHU A. A. BURLUKA

Average vaporisation rate is modelled for turbulent two phase
flow over a range of pressure and temperature conditions. Experi-
mental data from a premix duct with a flat-bed atomiser is used, in
which turbulent intensities and scales is a common feature. Based
on Eulerian model, it is assumed that small-scale turbulence is re-
sponsible for vaporisation. In place of droplet diameter, average
liquid surface area is considered in this expression. This alterna-
tive formula, to classic Spalding-Godsave theory, predicts vapori-
sation and Sauter Mean diameter in agreement with experimental
results.
Mandeep Sidhu, Woodhouse Lane, Leeds, LS2 9JT, United King-
dom

EXPERIMENTAL STUDY AND SIMULATION OF
RHEOLOGY OF METALS UNDER

HIGH-TEMPERATURE PLASTIC DEFORMATION

ALEXANDER S. SMIRNOV ANATOLIY V. KONOVALOV

smirnov@imach.uran.ru avk@imach.uran.ru

Metals under high-temperature plastic deformation are pre-
sented as elasticviscoplastic medium, witch harden under effect
of plastic deformation and soften under recrystallization and re-
covery. In literature for the medium are presented constitutive
relations which including kinetic equations and they describe
recovery and recrystallization in different forms. Analysis has
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shown that appropriate describing of rheology of metals under
complicated and wide range of change of speed of deformation
it is necessary to improve the received earlier constitutive rela-
tions. The installation for experimental definition of dependence
of resistance to deformation from history of development of de-
formation is created in the Institute of Engineering science of the
Ural Branch of the RAS. The installation allows deforming spec-
imens up to1200◦C. The experiments on compression or tens-
ing of specimens are carried out in the installation. In the first
case specimens are heated up in the chamber electric furnace, in
second - contact electro heating. method of realization of ex-
periments and computer program of processing of experimental
data has been developed. elasticviscoplastic model of resistance
to metal under large high-temperature plastic deformations with
reference to processes of metal forming has been constructed. It
was suppose that elastic deformations are small and the Hooke’s
law realize and plastic deformation - large takes place. The metal
is plastically incompressible and the plastic strain rate is submit-
ted to the associated plastic-flow law having a loading surface that
meets the condition for the von Mises criterion. A required func-
tional in constitutive relations for the von Mises criterion is yield
stress. The speed of change of yield stress is assembled of speed
of hardening and softening. For these components have been of-
fered differential equations describing of rheology medium. The
hardening, static and dynamic recovery and dynamic recrystal-
lization is simulated. The viscous properties have described by
nonlinear dependence from strain rate. The experimental data
for some steel and aluminum alloys in a wide range of change
of strange rate have been received. On these data the identifica-
tion offered of rheological model of medium has been executed.
The influence of a deformation history on structure of alloys after
deformation has been investigated.
Alexander S. Smirnov, Komsomolskaya 34, Ekaterinburg,
620219, Russia

THE PROBLEM OF SPATIAL BENDING OF THE
NON-LINEAR ELASTIC TUBE AND ITS

APPLICATIONS IN BIOMECHANICS

ARCADY V. SOKOLOV

arcady sokolov@mail.ru

Within the framework of the large deformation theory the
problem of spatial bending the tube, which is loaded by the in-
ner pressure, is developed. The material is assumed to be incom-
pressible and transversally isotropic with the curvilinear axis of
the material symmetry. The hypothesis of the additive decompo-
sition of the strain energy function to isotropic and anisotropic
parts is employed. Spatial bending deformation is specified in
the form of the two-parameter class of deformation, proposed
by Professor L.M. Zubov. It is proved, that the achievement of
mentioned deformation of the elastic tube under inner pressure
requires presence of outside force and outside torque on the faces
of the tube. Directing vectors of this force and torque is orthog-
onal to the axis of the tube in the undeformed state. The task
being investigated is reduced to the system of PDEs with respect
to three functions on two independent variables. The solution of
this problem is of interest in connection with description of the
mechanical behavior of human large arterial vessels in the physi-
ological range. The hypothesis of the elastic potential additional

decomposition leads to the certain simplification of the material
parameters identification process for the large blood vessels in
the specified range of deformation. This research was supported
by RFBR (05-01-00638).
Arcady V. Sokolov, 5 Zorge str., Rostov-on-Don, 344090, Russia

MODELLING ELASTIC BANDS: FROM AN
ANISOTROPIC ROD TO A DEVELOPABLE SHELL

E. L. STAROSTIN

e.starostin@ucl.ac.uk

A thin and narrow elastic band in equilibrium is modelled as
a solution to a variational problem with a functional which only
depends on the shape of the axial curve. The equilibrium equa-
tions are presented for a general form of the geometric functional
which involves the curvature and torsion of the axial curve as well
as their derivatives with respect to the arc length. The model is
then specified to the case of a thin anisotropic rod and asymptotic
equations are obtained by letting one of the two bending stiff-
ness coefficients go to infinity. This corresponds to identification
of the principal axes of bending and torsion of the material with
the Frenet frame of the axis. While the arc length is conserved
along the axial curve, the rest of the band’s ruled surface can be
stretched or contracted. In the other model, the band is assumed
to be an isometric embedding of a rectangle into 3D space. It
means that the band is a piece of a developable surface. A lim-
iting case of an infinitesimally narrow strip is analysed first and
then the band of finite width is discussed. Results of numerical
solution of the boundary value problem are presented for a range
of parameters and comparison of the models is performed.
Eugene Starostin, Chadwick Building - Gower Street, London,
WC1E 6BT, United Kingdom

NUMERICAL INVESTIGATION OF CRACK DYNAMIC
AND STRAIN LOCALIZATION IN GEOLOGICAL

MEDIUM

YURII STEFANOV
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In this work the development of bands of localized defor-
mation and the formation of cracks in geomaterials under vari-
ous quasistatic and dynamic loading conditions have been simu-
lated numerically. Patterns have been obtained on the formation
of systems of cracks around a fractured inclusion. The emer-
gence of Riedel bands of localized shear in a medium layer has
been modeled. The sandstone specimen fracture in compres-
sion were study. Interaction of a tensile, shear and incline com-
press waves with the surface and tips of the crack and emission
of elastic waves accompanying the crack growth are simulated.
Wave effects on the crack behaviour and stress state at the tip are
shown. Supershear crack growth are obtained. To describe in-
elastic behavior of pressure-sensitive materials, the concepts of
plasticity theory were employed. In the computations the Niko-
laevskii model with a non-associated flow rule is used. In the
course of plastic deformation damages are accumulated and vol-
ume changes. Macrocrack opening and material fracture are de-
scribed explicitly. For this purpose the node-splitting technique
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is used and the free-surface conditions are given on newly formed
boundaries.
Yurii P. Stefanov, Akademicheskii, 2/1, Tomsk, 634021, Russia

EIGENSPECTRA AND EIGENSOLUTIONS OF STRESS
FIELDS NEAR THE CRACK TIP FOR POWER-LAW

MEDIA

STEPANOVA L.V.

lst@ssu.samara.ru

Hutchinson [1], Rice and Rosengren [2] have derived the well
known HRR stress field in the vicinity of Mode I and Mode II
crack tips in a power-law harderning material. They solved the
governing nonlinear ordinary differential equations for the stress
function by a numerical procedure. Now the investigation of the
damage creep, damage elasticity, damage plasticity coupled
boundary value problems requires the thorough analysis of the
whole set of the eigenvalues of the stress field in the neighbor-
hood of the crack tip in non linear power-law materials. Up to
now the eigenvalues for Mode I and Mode II crack problems are
not known in the literature in an analytical form. It is obvious
that the antiplane shear crack problem can shed light on the more
difficult and important from a practical point of view Mode I and
Mode II problems. In this contribution singular fields and higher
order fields near a crack tip in power-law media under antiplane
shear are studied. Using the hodograph transformation [3] and
the perturbation method [4] the whole set of eigenvalues is de-
termined. Here the comparison of the techniques considered is
given. It is shown that these approaches allow to obtain the an-
alytical formulae for all the eigenvalues of the stress field near
the crack tip in power-law materials. Moreover, the perturbation
method allows to find the eigenvalue for an arbitrary hardening
exponent value if the eigenvalue for the linear material is spec-
ified. It is also demonstrated that the numerical integration of
the governing nonlinear differential equation by the Runge-Kutta
method and the shooting procedure gives us the same eigenvalue
set. One can conclude that unlike the hodograph transformation
the perturbation technique can be used for estimation of eiqenval-
ues of Mode I and Mode II crack problems.
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MATHEMATICAL MODELS OF SOUND GENERATION
MECHANISMS IN GRAND PIANO

ANATOLI STULOV

stulov@ioc.ee

The sound of the grand piano depends mostly on the sound-
board vibration energized through piano bridges by detailed mo-
tion of strings excited by the impact of the hammers. There-
fore, the creation of good theoretical models of the hammer,
the hammer-string interaction, and the proper description of the
conditions of string termination on the bridge are the important
problems for determining the sound produced by a piano. Start-
ing from physical models describing the piano hammer, string,
and bridge, this presentation is focused on the numerical simu-
lation of interplay of those parts of the piano. Based upon the
large number of experimental data obtained using a special piano
hammer testing device, it has been shown that all the present-
day piano hammers have as a quality the hysteretic type of the
force-compression characteristics. Two mathematical hysteretic
models were derived to describe the dynamical behavior of piano
hammer. The both models are based on an assumption that the
hammer felt made of wool is a nonlinear microstructural mate-
rial possessing history-dependent properties. The experimental
examination of the waves traveling along the string, and mod-
eling the string excitation by nonlinear hammer with memory
demonstrate that the real piano string is an almost ideal string,
and can be considered as a perfectly flexible. The observed phe-
nomenon of the wave dispersion can be explained by the influ-
ence of the frequency-dependent characteristics of the bridge ad-
mittance. The effect of the duplex scale and its tuning on the
treble bridge admittance was also investigated. It was found that
the amplitude of the longitudinal motion of the treble bridge de-
pends on the lengths of the parts of the strings passing the bridge
and attached to the hitch-pin rail of the frame. The mechanism
caused the transformation of the transversal string vibrations to
the longitudinal bridge motion has been also considered. This
project was supported by Estonian Science Foundation through
grant No. 5566, and Tallinn Grand Piano Factory.

Anatoli Stulov, Centre for Nonlinear Studies, Institute of Cy-
bernetics at Tallinn University of Technology, Akadeemia tee 21,
12618 Tallinn, Estonia
Anatoli Stulov, Akadeemia 21, Tallinn, 12618, Estonia

ANALOGIES IN ELECTRO, MAGNETOSTATIC AND
ELECTROCONDUCTIVITY PROBLEMS

E. SVIAGENINOV

sviage@mail.ru

There exist the close analogies between the problems of elec-
tro, magnetostatics and electroconductivity. All of them let to
the similar equations about unknown field functions expressed
through potentials. Meanwhile the certain differences exist at the
terms of electro and magnetomotive force. The usage of perma-
nent magnets in magnetic circuits lets to difficulties in modeling,
while the practical importance demands simple and reliable cal-
culating models. The technique for handy account of the perma-
nent magnet properties is proposed. It is shown how both mag-

77



netic and electric complex problems can be easily simulated with
the usage of electroconductivity theory.

Eugene D. Sviageninov, Bolshoy pr., 61, St.Petersburg, 199178,
Russia

STRUCTURAL - PHENOMENOLOGICAL MODEL OF
HETEROGENEOUS MEDIUM

SVISTKOV A. L.

svistkov@icmm.ru

The algorithm based on use the scheme of mechanical be-
havior of continuum for constructing a system of constitutive
equations is applied to model mechanical properties of polymeric
nano-composites at finite deformations. The circuit consists of
horizontally located elastic, viscous and plastic elements. For
construction of the circuit one can also possible use transitive
elements. Their physical meaning is consists in the establish-
ment of interrelation between structural and macroscopic defor-
mations of continuous medium. The use of transitive elements
allows us to model more precisely the mechanical behavior of
materials, taking into account the processes at the structural level
of nano-composites (such, as movement of polymeric chains in
layers around filler nano-particles, etc.).

The condition is adopted according to which the performed
work is independent of the type of stresses and strains (macro-
scopic or structural) in material elements used in calculation. For
elastic and viscous elements the equations of the classical theory
of nonlinear elasticity and viscous liquid are used. The theory of
plastic flow is applied to the description of properties of plastic
elements and proportional dependence between the rate of defor-
mation tensor of the plastic element and the rate of deformation
tensor of medium is postulated.

Each of mathematical expressions in system of the constitutive
equations is responsible for quite specific mechanism of nano-
composite properties formation at the structural level of material.
It can be selected by a phenomenological way from the condition
of the best agreement with experimental data or be determined
from the structural models of the examined material.

The capabilities of the proposed approach have been illustrated
for the case of description of filled polymer mechanical behavior
at cyclic loading under finite deformations. The following pro-
posals form the basis of this model: the hypothesis about the
existence of glassy and viscous layers around the particles, the
information about structure of particle and the hypothesis of for-
mation of uniaxially oriented fibers of high durability in gaps be-
tween the particles under deformation.

Universalization of this model on the case of a mixture of de-
formable and liquid continuums is developed for investigation of
mass transfer processes in complex medium under final deforma-
tions.

Work is supported by the Russian Federal Foundation for basic
research (Grant 05-08-18277).

Alexander L. Svistkov, Academic Korolev Str., Perm, 614013,
Russia

MODELING OF BEHAVIOR OF POLYMERIC CHAINS
NEAR FILLER PARTICLES OF POLYMERIC

NANOCOMPOSITES

ALEXANDER L. SVISTKOV LYUDMILA A. KOMAR

BERND LAUKE GERT HEINRICH

komar@icmm.ru

In polymeric materials, the regions, in which polymeric chains
exist in the oriented state (have well-defined orientation) play
an essential role in the development of mechanical properties of
the composites. These regions may occur near the filler parti-
cles forming the layers with specific properties, or exist in the
form of supramolecular structures in the bulk of the polymer. In
nanocomposites the volumes of polymeric material involved in
the layers near the filler particles are comparable with the volume
of the filler itself or even greater. The oriented regions of a crys-
talline polymer are rigid inclusions, which, in themselves, play
the role of the material filler. Therefore, the analysis of mecha-
nisms responsible for the formation of the oriented regions in the
bulk of the polymer due to introduction of the filling agents, vari-
ation of temperature and deformation is an important problem of
the materials science.

The problem on modeling the layer formation near filler parti-
cles due to potential interaction of the filler surface with the links
of the polymeric chains was considered. It was shown that thick-
ness of such layers could be greater than 1 nanometer.

A hypothesis was made suggesting that the appearance of lay-
ers near the filler particles as large as 5 nanometers and more is
the sequel of the orientation effects. This phenomenon can be
explained by the fact that owing to the interaction of the poly-
meric chains, the orientation of the polymeric chain links can be
transferred from the oriented regions of the material to the neigh-
boring regions. A mathematical model was developed to describe
this phenomenon. It was based on the assumption that time vari-
ation of the orientation tensor is determined by three factors: mu-
tual orientation influence of the polymeric chain links locating
in neighboring regions, thermofluctuation growth of the chaos in
the orientation and preservation of part of already existing ori-
entation. The analogous mechanism may control the growth of
lamellae in spherulites of polyolefins.

The work was supported by the Russian Foundation for Basic
Research and the Department of Industry and Science of Perm
Region under grant No 04-01-96058, No 06-03-32461.
Lyudmila A. Komar, Korolev Str, 1, Perm, 614013, Russia

THE IMPACT OF TWO THERMOELASTIC RODS

SYNOROV V. ROSSIHIN Y.A. SHITIKOVA M.V.

Synorov@mail.ru shitikova@vmail.ru

The problem on collinear collision of two thermoelastic rods
possessing the same rheological parameters but of different
length and temperature is considered, in so doing before the im-
pact the rods move unidirectionally along a common longitudinal
axis with distinct constant velocities. Lateral surfaces and free
ends of both rods are heat insulated, and free heat exchange be-
tween the rods occurs within contacting ends. The rods’ thermoe-
lastic behavior is described by the Green-Naghdy theory [1]. The

78



ray method [2] is used as the method of solution allowing one to
obtain the longitudinal coordinate dependence of the desired val-
ues at each fixed instant of the time beginning from the moment
of rods’ collision up to the moment of their rebound. It is shown
that the duration of rods’ contact depends not only on the initial
velocities of the impact, but also on the initial temperatures of the
rods. The findings for the problem of the longitudinal impact of
two elastic rods made of the same material with plane ends and of
equal cross-section are presented in detail in [3]. To the authors
knowledge, similar investigation for two colliding thermoelastic
rods has not been carried out, although the problem of impact of
a thermoelastic rod against a rigid heated barrier was considered
repeatedly using different theories of thermoelasticity [4-6].
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ASYMMETRICAL GRAVITY FORCE MODULATION
INFLUENCE UPON THE CONVECTIVE EQUILIBRIUM

STABILITY IN A LAYER

E. L. TARUNIN

The first calculations of natural convection in a closed cavity
heated from below with an asymmetrical modulation of gravity
force are showed complex features of branching [1]. The next
steps were fulfilled for discovery of the situation. A similar mod-
ulation was tested for mechanical systems with one degree of
freedom. Review of these investigations was made in the paper
[2].

In the article a stability of convective equilibrium state of fluid
heated from below in a layer (Rayleighs problem) was investi-
gated for the case a asymmetrical modulation of gravity force.
The modulation was created by oscillations of the layer along the
gravity force. The asymmetry of the modulations was caused by
different intervals of moving the layer up and down. A relation

of this intervals gives a value of the asymmetry parameterAc.
Influence of modulation withAc = 1 (absent of the asymmetry)
was investigated properly in [3].

Maps of stability were constructed for different values of the
asymmetry parameter, an amplitude of modulation and a constant
part of gravity force. It was found that the asymmetry parameter
gives a vital reduction of a critical Rayleigh number which deter-
mines a threshold of stability of the equilibrium state. Non linear
regimes of unsteady convection were investigated by means of a
mesh method for the case of the Rayleigh number grater a critical
one. Integral properties of solutions (a middle value of the Nus-
selt number, a kinetic energy) were found for different values of
the asymmetry parameter, the amplitude of modulation and the
Rayleigh number.
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COMPUTATIONAL EXPERIMENTS FOR
RANQUE-HILSCHS VORTEX TUBE

TARUNIN E. L. ALIKINA O. N. BARABASH N. S.

Ranques effect is a separation of rotated flux to two, one of
them has lower temperature, than entering flux, and the other
higher. Processes in vertex tubes are difficult to study, because
complete description is based on movement and heat transfer of
compressible liquid.

The flow is considered laminar and axisymmetric. The solu-
tion is obtained from evaluation of Stocks equations. Calcula-
tions were made in terms of velocity components, pressure and
temperature. The variable mesh is used to obtain steady solution.
Barabash Nikolay, Shvecova 41-8, Perm, 614039, Russia

PARTICLE DYNAMIC SIMULATION OF 2D DYNAMIC
FRACTURE

P. V. TKACHEV

pavel tkachev@mail.ru

Spall fracture experiments allow obtaining high dynamical
tension and fracture for various materials. The particle dynamic
method is convenient to analyze kinetic processes in the frac-
ture zone. This analysis is very difficult to perform using con-
tinuum methods. In the presentation a 2D problem of a plate
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impact interaction is solved using the particle dynamic method.
An ideal single-crystal particle packing with Lennard-Jones and
Morse pair potential is used. Dependence of the deformation ve-
locity on the system geometry for computer and real materials is
investigated.
Institute of Problems in Mechanical Engineering RAS

BOUNDS ON EFFECTIVE TRANSPORT
COEFFICIENTS FROM COMPLEX INPUT DATA

S. TOKARZEWSKI, B. GAMBIN , J. GILEWICZ

stokarz@ippt.gov.pl, bgambin@ippt.gov.pl,
Jacek.Gilewicz@cpt.univ-mrs.fr

Composites are prevalent in both nature and amongst engi-
neered materials. Common metals, reinforced concretes, fiber
glasses, colloidal suspensions, ceramics, bones et cetera are ex-
amples of natural and man-made composite media. Hence, the
prediction of a macroscopic behavior of composites, if proper-
ties and microstructures of their constituents are known, is one
of the most important problems of classical physics. The aim of
this paper is to predict the effective dielectric constantf1(z(ω))
of a two-phase medium with coefficientsλ1(ω) andλ2(ω) as a
function of a frequencyω, wherez(ω) = λ2(ω)/λ1(ω) − 1.
By starting from truncated power expansions of an effective di-
electric constant of two-phase composite we establish the best
bounds on it as a function of frequency. To this end we use the
new C-continued fraction technique developed by us. Numerical
evaluations of the C-estimates of the effective dielectric constants
of checkerboard composite are provided.

The work was supported by the Ministry of Science and In-
formation Society Technologies (Poland) through the Grant Nr 4
T07A 053 28.
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MATHEMATICAL MODELING BLOOD MOTION IN
THE ARTERIAL MUSCLE VESSELS

YU. A. USTINOV

The vessels in which muscular tissue as helical spiral is pre-
dominant are called muscle type vessels. Helical spiral of the
mechanical property is created by spiral position of the muscular
fibers. This fact provides a number of features in blood motion

and in the wall of arterials deformation. Within the bounds of
suggesting mathematical model problem of the pulse wave trans-
mission is considered. And new features which illustrated by cal-
culations are obtained.
Rostov state university

NON-EQUILIBRIUM PROCESSES INFLUENCE ON
DYNAMIC RESPONSE IN METALS

Z. A. VALISHEVA N. B. VOVNENKO B. A. ZIMIN

U. B. SUDENKOV
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Experimental results and theoretical analysis of dynamic dis-
placement of metal surfaces as well as acoustic driven pulse
forms by short pulse heating of laser are presented here. Anal-
ysis of two thermo-elasticity problems has been carried out. The
semi-space surface was affected originally by a pulse in the form
of heat current in the first case and by temperature pulse in
the second one. It should be noticed that characteristic feature
of these problems solution structure is function delay. Conse-
quently, transition time of stress compression to stress extension
coincides with heating time, i.e. laser impact at the distance from
semi-space surface. Laser affected displacement reaches its max-
imum value during pulse heating time. In contract to the problem
solutions, on practice significant inertia of thermomechanical re-
sponse both for stress and strain was found. The transition pro-
cess time found experimentally is evaluated as s. Comparing
theoretical and experimental results it can be suggested that in
case of sub-microsecond heating rate we face a non-equilibrium
process in which thermalization absorbed energy time period ex-
ceeds standard values and its parameters cant be framed within a
linear problem of thermo-elasticity.
Boris Zimin, Univercity pr.28, Petershof, St.-Petersburg, 198904,
Russia

EFFECT OF THE ADDITIONAL DEGREES OF
FREEDOM OF THE PENDULUM WITH A VIBRATING

AXIS OF SUSPENSION ON THE STABILITY OF ITS
EQUILIBRIUM POSITIONS

VLADISLAV V. VASILKOV ALEXANDER V. CHUBINSKY

K IRA S. YAKIMOVA

We consider here the behavior of a pendulum with a vibrat-
ing axis of suspension which differs from the classical one by
the additional degrees of freedom: the pendulum contains a cer-
tain mass, fixed on a spring, which can transfer with respect to the
main mass in two mutually perpendicular directions. The analytic
solution of the problem in the special case of the purely longitu-
dinal oscillations of the additional mass had been obtained before
by I.I.Blekhman and L. Sperling by method of direct separation
of motions, i.e. on the basis of considering the so called equations
of slow motions of the system. Unlike that, here, along with the
indicated approximate equations, we have also solved the numer-
ically initial (”exact”) equations of the system, believing that the
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additional mass can transfer not only in the longitudinal direc-
tion, but in the transverse one as well. Besides, an experimental
investigation has been made of the model of the pendulum on a
vibrating stand, and in this case we have also studied a model with
a double-sided catch of the course of the longitudinal oscillations
of the additional mass, i.e. a system with impacts. The results
of the investigation displayed a good agreement with the numer-
ical solution, and both of them - with the solution, obtained by
method of direct separation of motions. In particular, it has been
confirmed that the presence of an additional degree of freedom of
the pendulum leads, under certain conditions, to the instability of
the equilibrium positions which had been stable before, and vice
versa. It has also been confirmed that the stability region of the
upper vertical position can be essentially widened.

The work has been carried out with the support of the Russian
Foundation for Basic Research (project 04-01-00053).
Alexander V. Chubinskiy, Locmanskaja, 3, Saint-Petersburg,
190008, Russia

TRANSIENT DYNAMIC PROCESSES IN TWO-MASS
VIBRATIONAL TRANSPORT MACHINE

G. V. VASILYEVA S. A. RUMYANTSEV

Transient dynamic processes in two-mass vibration transport
machine G.V. Vasilyeva, S.A. Rumyantsev

The system of differential equations describing the transient
processes of movement of two-mass vibration transport machine
with self-synchronized vibration exciters is considered. The re-
sults of numerical simulation (modeling) of transient processes
of machine movable and damping parts are obtained. The de-
pendence of transient processes on the ratio of forced and natural
oscillation frequencies and on the correlation movable and damp-
ing parts masses are shown. The effectiveness of machine vibra-
tion isolation is evaluated. The results are illustrated as plots for
analysis of transient dynamic processes.
Sergey A. Rumyantsev, Kolmogorov st., 66, Ekaterinburg,
620034, Russia

THE INVERSE COEFFICIENT PROBLEMS IN THE
THEORY OF ELASTICITY

VATULYAN SOLOVIEV

Statements and research methods for the inverse coefficient
problems of definition of elasticity modules as functions of co-
ordinates (including prestress) in the theory of elasticity within
the framework of stationary vibrations are discussed. As initial
data are components of a vector of the displacements, measured
on a part of a boundary in some range of frequencies variaition,
are taken. The basic problems coming on at research of these
problems are discussed:

1) the formulation of the operational formulas binding given
and unknown functions; 2) development of numerical techniques
for solution of occurring operational equations with compact op-
erators on the basis of a combination of modern computational
technologies (finite-element and boundary-element) and regular-

ization methods; 3) the formulation of the conditions providing
uniqueness of the solution of the problems being investigated.

The considered type of problems demands the approaches
based on iterative procedure of the solution of some direct prob-
lems with variable modules of elasticity. So, a way of construc-
tion of the linear operational equations for which both a method
of the integrated equations and finite-element technology can be
used for kernels determination is proposed. Examples of recon-
struction of various types of discontinuities (inhomogeneities )
such as cavities and cracks and examples of identification of the
module of elasticity and prestress for canonical domains are con-
sidered.
Aleksander Vatulyan, Zorge street 5, Rostov on Don, 344090,
Russia

DYNAMIC BEHAVIOR OF SOME ELASTIC
MECHANICAL SYSTEMS WITH SET-VALUED
NONMONOTONIC BOUNDARY CONDITIONS

IGOR N. WASSERMAN
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The study of the systems, undergoing the loads, described by
the set-vaued relations, is one of the actual and intensively de-
veloping fields of mechanics. In these problems zero value of
velocity is mapped on the set of the force values. The structures
which undergo dry friction forces and some pump systems, can
be considered as examples of these problems. In the simplest
case , such as Coulomb friction law, the force value during the
sliding phase is constant. In this case (and also for monotonic
velocity-force relations) we come to the solution of the dynami-
cal variational inequality. The solution of this inequality can be
reduced to minimization of convex nonsmooth functional on each
time step. However, for the actual friction law tangential force de-
pends on sliding velocity. As a rule, this velocity-force relation is
nonmonotonic. The nonmonotonicity of the friction law leads to
additional computational difficulties. In this case, inequality to be
solved is hemivariational, and functional to be minimized in each
time step is non-smooth and non-convex. In this work hemivaria-
tional inequality is solved by sequential iterative solution of vari-
ational inequalities. The algorithm developed is used for study of
longitudional vibrations of sucker rod string. The results show,
that nonmonotonicity of friction law leads to amplification of vi-
bration. The case of dragging this structure with a constant veloc-
ity is also considered. In the last case nonmonotonicity of friction
law leads to the stick-slip oscillations at the low velocity of drug-
ging. This work was supported by Russian Foundation for Basic
Research under grant 04-01-96048, regional program ”Ural”.
Igor N. Wasserman, Acad.Korolev Str 1,, Perm, 614013, Russia

DEFORMATION WEAKENING AND FAILURE
PROCESSES IN DEFORMABLE SYSTEMS, METHODS

OF SURVIVABILITY AND SAFETY ANALYSIS

V. E. WILDEMANN A. V. I LINIKH M. V. POLYAKOV

wildemann@pstu.ac.ru

The statements of mechanics of stable post-critical deforma-
tion and failure in damaged solids with weakening zones and
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items of formulation and substantiation of appropriate boundary
value problems are analysed. The importance of taking into ac-
count the properties of loading systems is marked. Information
about these properties is introduced to the problem formulation
owing to use of special boundary contact conditions. The appro-
priateness of non-local failure criteria use is substantiated using
the post-critical deformation stability conditions of medium that
are written with regard for properties of a surrounding material
as a loading system. The questions of competence of the descrip-
tion of a final stage of deformation and failure of inhomogeneous
media with the help of effective characteristics have been consid-
ered on the basis of solution of model boundary value problems.
The obtained results testify to connection of weakening charac-
teristics with length dimension parameters that permit to describe
strength scale effects. Problems for rod systems illustrating the
behaviour on post-critical deformation stage as a result of indi-
vidual element failure are presented. The stabilizing role of load-
ing systems with sufficient rigidity and the possibility of realiza-
tion of load-bearing capacity reserves in deformable systems due
to formation of the stable deformation weakening conditions for
individual elements has been demonstrated. Problems of com-
plex advanced strength analysis including load-bearing structure
safety estimation based on the analysis of factors that influence
the character of processes of initiation and evolution of defects
are considered. The estimation procedures of deformation and
strength reserves, the results of survivability and reliability anal-
ysis, the results of investigation of failure processes control po-
tential have been illustrated on the basis of numerical modeling
of main-line crack formation and development processes in de-
formable solids at plane stress state. The scale effect of strength
caused by change of hardness of loading system has been demon-
strated. The work is supported by Russian Fund of Basic Re-
search (grants RFBR-Urals 04-01-97503, and 04-01-96067).
Valeriy E. Wildemann, 29a, Komsomolsky Ave., Perm, 614600,
Russia

DYNAMICS OF PARAMETRIC PENDULUM FOR WAVE
ENERGY EXTRACTION

XU XU MARIAN WIERCIGROCH

EKATERINA PAVLOVSKAIA STEFANO LENCI
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In this study a new concept for the extraction of energy from
sea waves for the purpose of generating electrical power is exam-
ined. The concept is based on the conversion of vertical motion
of sea waves into rotational motion of a parametric pendulum
rigidly mounted above a floating structure, where the generated
pendulum’s rotational motion will provide the driving torque for
an electrical generator. As a first approximation of such system
a parametric pendulum driven by an electrodynamic shaker was
considered. Detailed experimental investigations and mathemat-
ical modelling and analysis of this system have been carried out
and they will be presented during the lecture. In particular, the
influence of the dynamics of an electro-dynamic shaker on the
behaviour of a parametric pendulum will be shown and accurate

predication of rotational orbits will be given. Finally, the investi-
gations from a newly built experimental rig operating in a wave
tank will be presented to validate the original concept.
Marian Wiercigroch, King’s College, Aberdeen University, Ab-
erdeen, AB24 3UE, United Kingdom

SIMULATION OF SYNCHRONIZATION OF
MECHANICAL VIBRO-EXCITERS IN OSCILLATORY

SYSTEM WITH THREE DEGREE OF FREEDOM

N. P. YAROSHEVICH
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The problem of self-synchronization of unbalanced vibro-
exciters placed on carrying moving body with one or three degree
of freedom. Numerical integration of nonlinear differential equa-
tions was carried out by means of standard package of computer
programs Maple 9.

The results of solving the equations are presented in the form
of plots of change of integrated coordinates, carrying body dis-
placement, phase difference between exciters and plots of syn-
chronous and partial angular velocities of exciters during the pe-
riod in question (40sec) and during one period of oscillations.
Mechanical trajectories of centres of mass of carrying bodies are
obtained.

Numerical simulation of the problems on self-synchronization
of two and four unbalanced vibro-exciters placed on rigid body
with linear oscillations, the problems on self-synchronization of
two, three and four exciters placed on rigid body performing
plane oscillations was carried out.

The simulation of problems on double and triple synchroniza-
tion was carried out. It is shown that in spite of existence of vi-
bration link between exciters the practical realization of multiple
synchronization effect is rather difficult since vibration moments
of multiple synchronization are small compared with correspond-
ing moments of simple synchronization. At the same time using
the devices providing elastic connection of exciters with the ob-
ject to which vibration is imparted or between each other enables
to increase vibration moment. The possibility of increasing mod-
uli of vibration moments by means of using the mechanism of
universal joint is shown.

The carried out numerical simulation of self-synchronization
of vibro-exciters shows the accordance between numerical and
the obtained before analytical and experimental results and en-
ables to investigate the influence of the parameters of oscillatory
system on self-synchronization as well as to determine parame-
ters of devices recommended for intensification of multiple self-
synchronization effect.
Nicolay P. Yaroshevich, Lutsk state technical university, Lvivska
Str., 75, Lutsk, 43018, Ukraine

PROBABILISTIC METHODS FOR THE ANALYSIS OF
RANDOM-STRUCTURED FIBRE-REINFORCED

COMPOSITES
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Prediction of the effective elastic modules and definition of
the statistical characteristics of random stress and strain fields
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at the components of fibre- and particle-reinforced composites
are connected to finding the solutions of stochastically nonlin-
ear boundary-value problems. The conditional and unconditional
correlation functions (CF) of the second, third, fourth and fifth
orders for elastic modules, which characterized collective mul-
tiparticle interaction in the ensemble of inclusions, are required
for construction of approximate solutions (the total correlation
approximation, for instance) of these problems. CF are deter-
mined by the central moments of the corresponding orders for
the random indicator takes value 1 or 0 depending on belonging
to reinforcement elements or matrix consequently.

Calculation of the conditional and unconditional multipoint
CF of different orders for the random-structured composites fol-
low the ’traditional’ algorithms used to plot these functions ex-
perimentally by employing microsections of fibreglass plastics.
Realization of the algorithms is supposed to usage of an addi-
tional co-ordinate net and definition of belonging each point of
the net to one of the phases and required significant hardware
and software cast even in the case of reduction of the calcula-
tion the CF to the problem of finding geometric probabilities as
well. Application of parallel computational procedures could be
solved this problem partially. The results for plotting CF of the
second order (which carried out on the multiprocessing system
MVS–1000) have shown, that usage of 10 processors is reduced
the total solution cast up to 5 times and further increasing the
number of processors is inappropriate.

The analytical relationships in the form of finite number se-
ries for conditional and unconditional multipoint CF of the differ-
ent orders for the random-structured fibre- and particle-reinforced
composites are obtained on the basis of the new approach to
defining geometric probabilities. The detailed convergence anal-
ysis of these series allows to investigate such regularities of com-
posite structures as localization and the presence of the order pa-
rameters, i.e. periodic terms in the random fields.

The analytical relationships for the derivatives of uncondi-
tional CF of the second and third order at the points correspond-
ing to zero values of the arguments, which are defined by the
ration of the measures for the interphase surface and for the frag-
ment, are obtained. It is shown, that the derivatives for the corre-
lation moment of the second order with any void fractions have
a negative sign. But the derivation for the CF of the third order
takes always negative or positive values if void fractions of in-
clusions are smaller or greater than 2/3 consequently. Lack of
the relation for the derivatives on angle co-ordinates proves a lo-
cal statistical isotropy of random fields of composite structures
under approximation of the ’small distances’.

The work was made possible by Award MK–3903.2005.8 of
the President of Russian Federation for the State support of young
Russian post-doctoral researches.
Alexey V. Zaitsev, Komsomolsky ave. 29, Perm, 614000, Russia

MODELING OF THERMOMECHANICAL BEHAVIOR
AND FATIGUE OF SHAPE MEMORY MATERIALS
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In this paper, we propose a unified thermomechanical model
and a low-cycle fatigue criterion for shape memory materials.
The model is capable of simulating all major aspects of the ma-

terial behavior under general three-dimensional thermomechani-
cal loading conditions. Typical examples include superelasticity,
orientation of martensite, thermoelasticity, and one-way shape
memory effect. A generalized version of the same model ad-
dresses the training of shape memory materials, and the two-way
shape memory effect.

Based on experimental results, we establish a low-cycle fa-
tigue criterion in the superelastic case by showing that a relation
exists between the number of fatigue cycles to failure of the ma-
terial and the amount of dissipated energy per cycle represented
by the area of the stabilized superelastic hysteresis loop of the
stress–strain curve. The dissipated energy, and as a consequence
the number of cycles to failure, can be numerically estimated by
the present model.
Wael ZAKI, Ecole Nationale Suprieure de Techniques Avances,
Unit de Mcanique, Chemin de la Hunire, Palaiseau, 91761,
France

NUMERICAL SIMULATION OF PHASE TRANSITION
IN NI-BASED ALLOYS

H. ZAPOLSKY N. LECOQ R. PATTE

An important feature of the current study is to analyze coarsen-
ing data in ternary Ni-based alloys. The morphological evolution
and coarsening kinetics of ordered intermetallic precipitates with
coherency stress in Ni-Al and Ni-V alloys were studied using the
diffusion equations and three dimensional atom probe (3DAP)
analyses. The emphasis is on the effects of precipitate volume
fraction. Specifically, we predict the variation of the rate con-
stants of coarsening with precipitate volume fraction in Ni-Al al-
loys and the suppression of two from three orientational variants
in Ni-V systems. Comparison of numerical simulation results
with experiments shows good quantitative agreement.
Zapolsky H́elène, UMR 6634, GPM, av de l’Université, BP 12,
Saint-Etienne du Rouvray, Cedex, 76801, France

SHOCK PULSE SPECTRUM INFLUENCE ON
CHARACTER AND THRESHOLD OF CLEAVAGE IN

PMMA.
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Shock pulse spectrum influence on character and threshold of
cleavage in PMMA.

Experimental researches of cleavage in PMMA at microsec-
ond shock loadings have found out temporal structure of a shock
pulse influence on character and threshold destructions. Exper-
iments were spent on electric explosion installation with char-
acteristic duration of shock loading about 1-2 micro seconds.
The plane shock wave was initiated by explosion of aluminum
foils, Shock loading was delivered to a sample through PMMA a
waveguide. Sizes and a time structure of shock loading were reg-
istered either with the laser interferometer or piezosensor. Thus
the form of shock loading could change due to change of a
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mechanical impedance of a thin layer located between a wave-
conductor and a sample. It is found out that character and a
threshold of cleavage considerably differ for different time forms
of shock loading. The Conclusion: apparently this dependence is
caused by correlation of scales of a mesa structure with spatially
time spectrum of shock loading.
Aleksandr I. Suslikov, Stariy Petergof, Universitetskiy 28, Sankt-
Petersburg, 198904, Russia
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Mechanical alloying is a way to produce a solid solution of
many crystal materials and their compounds as an ultra fine pow-
der. A method of the process is high energy action on powders
of initial components by milling balls in special devices (a plan-
etary mill or an attritor). It is very far from equilibrium pro-
cess which is accompanied by dissipation of supplying energy
on three scales: macroscale over complex vortical motion of the
milling balls, mesoscale over repeating process of fracture and
welding of the powder particles, microscale over evolution of
defect structure of particles including solid diffusion of compo-
nents. For many materials mechanical alloying is the only way
to produce their solid solution. The main problem is to find out
meanings of the process parameters (frequencies, sizes of devices
and balls, temperature conditions) that allow obtaining new ma-
terials with prescribed properties.

Interactions in the balls-powder system on macrolevel include
repeating collisions and long-continued contacts with friction be-
tween balls. The last is a motion with non-holonomic constraints
and its description for a system of more than two bodies is rather
hard to solve problem. In present work we used a method like
hard sphere dynamics, in which all types of balls interactions
are reduced to sequences of pair nonelastic collisions with fric-
tion. Such approach is applicable to simulation of motion of any
granular media. Here the method has been used to describing
of milling balls dynamics in a planetary mill. Analytical solution
for nonelastic collision with friction was obtained for pair of balls
with different masses. For changing of normal component of the
relative velocity was used Newton relation with constant restor-
ing coefficient. For changing of tangent component was obtained
analytical solution takes into account possible stopping of rela-
tive sliding of the balls during the collision. A powder motion is
not explicitly described, but its presence is taken into account by
additional restoring and friction coefficients. This method was
shown to describe rolling of a ball along with any moving or
immovable surface with arbitrary approximation to an analytical
solution with decreasing of time intervals in a sequence of col-
lisions. The method of dimensional analysis was used to write a
common form of dependence of kinetic energy dissipation rate on
parameters of the process for a planetary mill. Coefficients of this
dependence are improving by numerical experiments. Statistics
of balls actions on a powder is obtained from simulation as dis-

tribution of proportion between normal and tangent components
of collision impulses and distribution of their quantities.

The problems of solid diffusion between two micro-blocks of
a powder particle and gas diffusion from pore to a bulk of ma-
terial with presence of dislocations are solving by use of local
equilibrium thermodynamics approach. External impact action is
corresponded to distributions obtained on a macroscale. Here dif-
fusion along with dislocation lines is modeling by setting of very
large diffusion coefficient on a dislocation line in compare with
bulk diffusion coefficient. Solutions of these problems allow find-
ing answers on the following questions: 1) how deep may pene-
trate solute atoms in a bulk of material in dependence on external
loading parameters, 2) in which conditions is possible a process
of gas diffusion from pore and an inverse process.
Ivan Y. Zoubko, Komsomolsky ave., Perm, 614600, Russia
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