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Ktoré zahrani¢né
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zhriujuce vysledky
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(uvedte i publikacie prijaté
do tlace):

Uvadzajte maximalne pat’
najvyznamnejsich
publikacii.
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V ¢om vidite uplatnenie
vysledkov projektu:

Boli vyvinuté efektivne numerické metddy zaloZené na bezprvkovej formulacii, ktoré
umoZziuju vyvoj a modelovanie su€asnych bionickych konstrukcii v inzinierskom
stavitel'stve.(Aréna Brezno, Stary most cez Dunaj v Bratislava, VDG Gabcikovo, atd).
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Charakteristika vysledkov

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu (max. 20 riadkov) - slovensky:

V poslednych rokoch mnoho usilia smerovalo do vyskumu a vyvoja novych progresivnych materialov a inovativnych
technologii pre extrémne namahané a dokonalé konstrukcie. Vyvoj sofistikovanych technologii je stimulovany a
limitovany vlastnostami novych materialov. Nedavny progres v materidlovom vyskume ponuka navrharom tzv.
funkcionalne gradientné materialy (FGM), ktoré sii z mikro- a mezoskopického hl'adiska viaczlozkové kompozitné
materialy, ale v makro- $trukture ich mézeme modelovat’ ako spojite nehomogénne kontinuum. Vo FGM premenlivost’
materidlovych vlastnosti moéze byt programovo riadend priestorovym rozloZzenim objemovych podielov prisad
kompozitu. Atraktivnost’ tychto materidlov je dand moznost'ou vyuzitia idealnych vlastnosti jeho zloziek, napr. mat’
vysoku odolnost’ voci teplu a koro6zii keramiky na jednej strane a vysoku pevnost’ resp. hiizevnatost’ kovu na strane
druhej. Fyzikdlne modelovanie uloh optimalizacie a vyvoja bionickych konstrukcii resp. ich inteligentnych prvkov
vedie k matematicky naro¢nym uloham, na rieSenie ktorych je potrebné mat’ k dispozicii efektivny aparat, pouzitelny
na rieSenie okrajovych a pociatocnych uloh pre parcidlne diferencidlne rovnice s premenlivymi koeficientmi.
Pozadované progresivne vypoctové metody taktiez musia umozinovat’ modelovanie nelinearnych vlastnosti materialu,
casové priebehy dynamickych zat'azeni ako aj interakcie poli v multifyzikalnych problémoch. Najmi nové bezprvkové
formulacie sa ukazuju byt vel'mi perspektivne na splnenie tychto poziadaviek, vd’aka ich vysokej adaptabilite. Tieto
formulacie umoziiuju nepravidelné rozdelenie uzlovych bodov a hlavne nevyzaduji néakladné generovanie siete.
Okrem toho derivacie primarnych poli s v tejto metdde vypocitané s vys$Sou presnost'ou ako je tomu v klasickych
diskretizacnych metodach. Metddy priamej numerickej integracie pohybovych rovnic v ase v kombinacii s paralel-
procesorovymi algoritmami umoznili vyvoj neuronovych sietovych modelov numerickej analyzy modernych
bionickych a kompzitnych konstrukcii a materidlov v inZinierskom stavitel'stve.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - anglicky:

In recent years much effort has been directed to the research and the development of novel advanced materials and
innovative technologies for structural applications. Development of sophisticated technologies is stimulated and limited
by utilization of new properties of materials. Recent progress in material research offers to designers the so called
Functionally Graded Materials (FGMs) which are from the micro and meso-scopic point of view multi-component
composite materials, but in macroscale structures their material properties can be modeled as continuously non-
homogeneous. Thus, in FGMs the variation of material properties can be pre-determined by controlling the spatial
distribution of the composition and the volume fraction of their constituents. These materials are attractive because of
the possibility to benefit from the ideal performance of its constituents, e.g., high heat and corrosion resistance of
ceramics on one side and large mechanical strength and toughness of metals on the other side. Physical modeling in
optimization problems of bionics structures and/or its intelligent elements gives rice to mathematically hard problems.
The goal of the project was to give a reliable, efficient and accurate computational method to solve initial and boundary
value problems for partial differential equations with variable coefficients. Advanced computational methods have to
be applicable to problems with nonlinear behavior of materials and transient dynamic loads as well as to multi-field
problems. New meshless approximation techniques seem to be promising for these purposes due to their high
adaptability. Meshless methods can treat irregular distribution of points and do not require costly mesh generation.
Moreover, since meshless methods use a functional basis and allow arbitrary placement of points, the solution and its
derivatives may be found directly where they are needed and with higher accuracy than with using conventional
discretization methods. The methods of direct time integration of equations of motion adopted in combination with
parallel-processing algorithms allowed the development of neural mesh models for numerical analysis of modern
bionics and composite structures and materials in present structural engineering.

Podpisom zaverecnej karty rieSitel vyjadruje svoj suhlas so zverejnenim udajov v nej uvedenych.
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