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Department of Applied Mathematics has almost 70 years

of collective experience in scientific studies in the field

of mathematics and mechanics.

We invite scientific and industrial organizations to

carry out cooperation in the field of development and

introduction of new numerical and analytical methods

of investigation of regular and chaotic dynamics of

non-linear systems, investigation of nonlinear effects

in dynamics of thin-walled elements of modern

constructions, using composite and functionally-

graded materials.



Our scientific results are reflected in a large number of papers and

monographs. Some of them are listed here:
Å Y.V. Mikhlin, K.V. Avramov. Review of applicationsof nonlinear normal modes for vibrating

mechanicalsystems. AppliedMechanicsReviews65 (2), 2015, 020801.

Å K.Y. Plaksiy, Y.V. Mikhlin . Resonancebehaviorof the limited power-supplysystemcoupledwith the

nonlinearabsorber. Mathematicsin Engineering,Science& Aerospace(MESA)6 (3), 2015.

Å K.Y. Plaksiy, Y.V. Mikhlin . Dynamicsof nonlineardissipativesystemsin the vicinity of resonance.

Journalof SoundandVibration334, 2015, 319-337.

Å NV Perepelkin, YV Mikhlin, C Pierre. Non-linear normal forced vibration modesin systemswith

internalresonance. Int. Journalof Non-LinearMechanics57, 2013, 102-115.

Å YV Mikhlin, KV Avramov. Nonlinear normal modesfor vibrating mechanicalsystems. Review of

theoretical developments. Applied Mechanics Reviews 63 (6), 2010, 060802.

Å J. Awrejcewicz, L.Kurpa, O. Mazur. Dynamicalinstability of laminatedplateswith external cutout.

Int. Journalof Non-linear Mechanics81, 2016, 103-114.

Å J. Awrejcewicz, L. Kurpa, T. Shmatko. Investigatinggeometricallynonlinearvibrationsof laminated

shallowshellswith layersof variablethicknessvia the R-functionstheory. CompositeStructures, 125,

2015, 575ï585.

Å J. Awrejcewicz, L. Kurpa, and A. Osetrov. Investigationof the stress-strain stateof the laminated

shallowshellsby R-functionsmethodcombinedwith spline-approximation. ZAMM Z. Angew. Math.

Mech., 1ï10, 2011. DOI 10.1002/zamm.201000164.

Å J.Awrejcewicz, L.Kurpa, O.Mazur. On the parametricvibrations and meshlessdiscretizationof

orthotropic plateswith complex shape. Int. J. of Nonlinear Science& Numerical Simulation11(5),

2010, 371ï386

Å LV.Kurpa,TV.Shmatko,GN.Timchenko. Free vibration analysis of laminated shallow shells with

complexshapeusingtheR-functionsmethod// CompositeStructures93, 2010, 225-233.

Å LV.Kurpa, OS.Mazur. Method of R-functions for investigatingparametricvibrations of orthotropic

plateswith complexshape. Journalof MathematicalSciences, 171(4), 2010, 1-14.



Å Burlayenko V.N., SadowskiT. Simulationsof post-impactskin/coredebondgrowthin sandwichplates

underimpulsiveloading. Journalof AppliedNonlinearDynamics3(4), 2014, 369ï379.

Å Burlayenko V.N., Sadowski T. Transientdynamic responseof debondedsandwichplatespredicted

with finite elementanalysis. Meccanica49(11), 2014, 2617-2633.

Å Burlayenko V.N., Sadowski T. Nonlinear dynamic analysis of harmonically excited debonded

sandwichplatesusingfinite elementmodelling. CompositeStructures108, 2014, 354ï366.

Å Burlayenko V.N., Sadowski T. Finite elementnonlineardynamic analysisof sandwichplateswith

partiallydetachedfacesheetandcore. Finite Elementsin Analysis& Design62, 2012, 49-64.

Å Burlayenko V.N., SadowskiT. A numericalstudyof thedynamicresponseof sandwichplatesinitially

damaged by low velocity impact. Computational Materials Science 52(1), 2012, 212-216.

Å J. Awrejcewicz, L. Dzyubak. Chaoscausedby hysteresisand saturationphenomenonin 2-DOF

vibrations of the rotor supportedby the magneto-hydrodynamicbearing, International Journal of

BifurcationandChaos, 21(10), 2011, 2801-2823.

Å J. Awrejcewicz and L.P. Dzyubak. 2-dof nonlineardynamicsof a rotor suspendedin the magneto-

hydrodynamicfield in thecaseof soft andrigid magneticmaterials,Int. J. of Non-Linear Mechanics45,

2010, 919ï930.

Å J. Awrejcewicz, L. Dzyubak, C.-H. Lamarque. Modelling of hysteresisusing MasingïBouc-Wen's

frameworkandsearchof conditionsfor the chaoticresponses,Communicationsin NonlinearSciences

andNumericalSimulation13, 2008, 939-958.



Proposal 1:

Scientific advisor - Professor Yu.Mikhlin

It is expected to describe interaction of vibration modes, the effect of

localization of vibration energy, loss of vibration mode stability and

appearanceof newvibrationregimesasa resultof bifurcationsetc.

It is expected to determinethe systemôsparameterregions where strong

reduction of the vibration amplitudes can be obtained. Results of the

investigation of resonancedynamics and vibration absorptionduring large

amplituderesonancedynamicsin such systemscan be used in engineering

practice.

It is planed to investigatedynamicsof the non-ideal systems(systemswith

limited power supply) containing some kinds of nonlinear absorbers,in

particular, the pendulumabsorber,the snap-through truss (Mises truss) etc.

Both n-DOF anddistributednon-ideal systemscanbe considered. In the latter

casethe Bubnov-Galerkin discretizationprocedurepermitsone to obtain the

approximatefinite-DOF model. Then the multiple scale method and the

conceptof nonlinearnormalmodescanbe usedin the investigation. Behavior

of dissipativenon-ideal systemswith nonlinear absorberin vicinity of the

resonancewill beconsidered.

Studies in the field of regular and chaotic dynamics of non-linear

systems. In particular, problems of vibration damping by means of

nonlinear absorbers,problems of stability of motion, problems of

vibro-impact oscillations, nonlinear dynamicsof systemswith limited

powersupply: analysisof resonancebehavioretc.



Scientific advisor - Professor L.Kurpa

The goal of the project is creationof the universalnumerically - analytical

methodfor solving geometricallynonlinearstaticanddynamicproblemsof the

laminatedshallowshellstheorywith complexplan form and different typesof

the boundaryconditions. The proposedmethodwill be basedon the application

of theR-functionstheoryandvariationalmethods,in particularmethodsby Ritz

and Bubnov-Galerkin. This method will be the most competitive with FEM

becauseallows to solvethe whole classesof problemsandto presentunknown

solutionin analyticalform.

More specific tasksof this project are reducedto the following:

1. Within the frameworkof theclassicalandrefinedtheoriesof thefirst orderto

developalgorithmsin orderto solvegeometricallynonlinearbendingproblems,

to find natural frequenciesand forms of vibrations of multilayered and

functionally-gradedshallowshellsof arbitraryform in plan.

2. To developa methodof researchof geometricallynonlinearvibrations of

laminatedshallowshellswith complexplan-form, usingsingleandmanymodes

approximationof unknownfunctions.

3. On the basisof the R-functions theory and variationalmethodsto develop

numerically - analytical method of researchof parametrical vibration of

laminated and functionally-graded plates with various kinds of boundary

conditionsanddifferentgeometricforms.

Proposal 2:
Investigationof geometricallynonlinear bending,free and parametric

vibration of the laminated and functionally-gradedshallow shells by

meshlessmethods,basedon R-functions theory



Scientific advisor - Associate Professor V. Burlaenko

The goal of the proposedresearchactivity is the developmentof efficient methods

and techniques to predict and analyze accurately and realistically fracture of

compositelaminatedand sandwichbeams,platesand shellswith damagedmaterial

interfaceunderstaticanddynamicloads

Innovative aspectsof the proposal
Åa new mathematicalbackgroundfor modelingthe crackgrowth phenomenonusing

adequatefracture criteria associatedwith mixed-mode fracturing in composite

laminatedandsandwichpanels;

Åinnovative finite elements models of three-dimensional delaminated/debonded

compositelaminatedand sandwichpanelstaking into accountcontact conditions,

friction phenomenonandcrackpropagation;

Åadvancedfinite elementmodelingtechniquesto simulatecompositelaminatedand

sandwichbeams,platesandshellscontaininga damagedmaterialinterfaceusinguser-

definedprogrammingfacilitiesof theABAQUS code.

Possibleimplementation of proposal results
Ånewaccurateandeffectivesimulationswill increasescientificknowledgein thefield

of reliablemethodsfor strengthanddurability assessmentof compositelaminatedand

sandwichpanels for real-life engineeringapplications,particularly, in aero-space,

automotiveandbuildingmanufacturers;

Åadvancedknowledgeof the overall responseof compositelaminatedandsandwich

structureswith partiallydamagedmaterialinterfaceshasapotentialto beimplemented

into innovativetechnologiesfor designingreal-life compositepanels;

Åan advancedunderstandingof fracturemodesacquiredfrom the resultsof research

can lead to improvementsin design of experimentaltesting standsfor composite

materials.

Proposal 3:
Investigation of reliability of material interfaces in laminated and

sandwichcompositesunderstaticanddynamicloads



Scientific advisor - Associate Professor L. Dzyubak

In theframeworkof theproposedprojectwe intendto study:

Ådynamics of impacting beamswith clearancenonlinearity : analyticalsolutions,

describing the transient dynamics of impacting beams with tips separatedby

clearance,should be obtained. The systemsof impacting beamsreveal complex

dynamics,including chaoticbehaviour. It is expectedto analysetransientdynamics

surfaces,time historiesof beamsdeflections,impactingforcesandphaseplanesas

well asconditionsfor chaoticbehaviourdependingontheparametersof thesystems;

Å2-dof nonlinear dynamics of the rotor suspendedin a magneto-hydrodynamic

field in the caseof soft and rigid magneticmaterials: in thecaseof soft magnetic

materialsthe analyticalsolutionsareobtainedby meansof the methodof multiple

scales. The non-resonantcase,the casesof primary resonanceswith andwithout an

internalresonanceareinvestigated. Chaoticregionsandtheamplitudelevel contours

of therotorvibrationsareobtainedin variouscontrolparameterplanes.

Åmodeling of hysteresis by means of additional state variables: the analytical

modelsconstructedfor different types of hysteresisloops allow major and minor

loops reproducingand provide a high degreeof correspondencewith experimental

data. Substantialinfluenceof a hystereticdissipationvalueon the form andlocation

of thechaoticregions,restrainingandgeneratingeffectsof thehystereticdissipation

onchaosoccurrenceareascertained.

Åquantifying regular and chaotic dynamics: numerousexamplesof searchof

conditionsfor chaoticresponsesarepresented: chaosin theñsmoothòtestmodelsï

Duffing equationand Lorenz system,chaosin the three-well potential oscillator,

chaos in the ñnon-smoothòsystemsïstick-slip chaotic oscillations in a quasi-

autonomousmechanical system with Coulomb and viscous friction, chaos in

hystereticsystems,evolution of chaotic regionsof the coupledMasing hysteretic

oscillatorson the increaseof the hystereticdissipation,chaosin the coupledBouc-

Wenandhybridhystereticoscillatorsunderslidingfriction etc.

Proposal 4:
Regularand chaoticdynamicsof smooth/discontinuousnonlinear systems
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