Témy dizertaénych prac 2026/2027

Physics of Condensed Matter and Acoustics
Fyzika kondenzovanych latok a akustika

Téma 1.

Skolitel’/ Supervisor: RNDr. Marek Mihalkovic¢ CSc.
Konzultant/ Consultant: Doc. Ing. Tomas Bucko PhD.

Jazyk zaverecnej prace: EN

Topic title (EN): Search for kinetically blocked or metastable alloys and compounds by
atomistic simulations

Nazov témy (SK): Hladanie kineticky blokovanych a metastabilnych zliatin a zlu¢enin
prostrednictvom atomistickych simul&cii

Goals (EN): Search for new kinetically blocked or metrastable alloy-compound phases by
modelling and atomistic simulations, using a DFT package in machine learning mode, and
replica exchange method.

Ciele (SK): Hladanie doposial’ neobjavenych kineticky zablokovanych faz zliatin a zlu¢enin
metdédou DFT v rezime strojového ucenia silovych poli v kombindcii s metédou zameny

replik.

Annotation (EN): Experimentally known phase may or may not be in state of thermodynam-
ic equilibrium, their apparent “stability” may be just a consequence of kinetically blocked
transformation to a hypothetical truly stable phase. Similarly, variation of kinetic circum-
stances during alloy-compound formation may lead to formation of so far unknown metasta-
ble structure with possibly distinct physical properties compared with the previously known
compound structure. By controlling circumstances furing phase formation during atomistic
simulations based on density functional and machine learning, we will screen existence of so
far unknown minima of potential energy for series of candidate chemical compositions.

Anotécia (SK): Experimentalne zname fazy mézu a nemusia byt v stave termodynamickej
rovnovahy, ich “stabilita” mdze byt vysledkom kinetického zablokovania transformécie na
hypotetickU stabilnt fazu. Podobne, zmena kinetickych okolnosti pri vzniku danej zluc¢eniny
moze viest’ k formovaniu doposial’ neznamej metastabilnej Struktary s potencialne odlisSnymi
fyzikdlnymi vlastnost’ami v porovnani s experimentalne zndmou fazou. Kontrolou parametrov
pri vzniku Struktary daného zlozenia pocas atomistickych simulécii, zaloZenych na metodike
funkcionalu hustoty a strojového ucenia, budeme hl'adat’ doposial’ nezmapované minima
potencialnej energie pre sériu vopred zvolenych chemickych zlozeni.



Téma 2.

Skolitel’/ Supervisor:  RNDr. Robert Turansky, PhD.
Konzultant/ Consultant: RNDr. Kamil Tokar, PhD.

Jazyk zaverecnej prace: EN

Topic title (EN): First-principles simulations of temperature-dependent electronic structure in
semiconductor

Nazov témy (SK): Prvoprincipoveé simulacie teplotne zavislého elektronového systéemu v
polovodici

Goals (EN): Design of First-Principles and statistical models for temperature-dependent
electronic and optical characteristics of semiconductor perovskites with application in
photovoltaics. Methods will be based on a quantum mechanical description of electrons and
lattice vibrational states.

Ciele (SK): Navrh prvoprincipovych a statistickych modelov pre teplotne zavislé elektronické
a optické charakteristiky polovodic¢ovych perovskitov s aplik&ciou vo fotovoltaike. Metody
budu vychadzat’ z kvantovomechanického opisu elektronov a vibracnych stavov mriezky.

Annotation (EN):

The PhD candidate will focus on the modeling of crystal structures using a modern numeric
technique based on the atomic approach and the fundamental principles of quantum
mechanics. The primary method for these simulations will be Density Functional Theory
(DFT), which allows for the efficient solution of complex quantum mechanical problems of
many-electron systems, such as are represented by a real condensed matter. The work will
focus on simulations of lattice dynamics- the phonon system, and its interaction with the
electronic system. Based on this, it will be possible to predict, within the quasi-harmonic
approximation, the region of dynamic stability, thermodynamic properties (e.g., thermal
expansion), and the influence of thermal vibrations of the crystal on its electronic properties
depending on the thermodynamic temperature and external pressure. The computationally
obtained data will be compared with experimental measurements of optical absorption and
photoluminescence, respectively, or to interpret real experiments. The considered substances
under investigation will be perovskite structures grown in the form of films/nanostructures
containing heavy metals (Pb, Cs) and halides (Cl, Br, 1), which are suitable as light absorption
layers in a new class of photovoltaic cells.

Anotacia (SK):

Doktorant sa bude zaoberat’ aktudlnymi modelovacimi technikami krysStalovej Struktury
vychadzajucimi atomistického pristupu a zékladnych principov kvantovej mechaniky.
Zéakladnou vychodiskovou metddou pre simulacie je tedria hustotového funkcionalu (DFT),
ktora umoznuje efektivne riesit’ zlozitt kvantovomechanickt formulaciu mnohoelektronovych
systémov, ako su realne latky kondenzovaneho stavu. Zamerom prace budu simulacie
mriezkovej dynamiky — fononového systému a jeho spriahnutie-kapling s elektronovym
systtmom. Na zaklade toho bude mozné predpovedat’ v kvazi-harmonickej aproximacii



oblast’ dynamickej stability, termodynamické vlastnosti, teplotnii roztaznost, vplyv
termalnych kmitov kryStilu na jeho elektronické vlastnosti v zavislosti od parametra
termodynamickej teploty avonkajSicho tlaku. Vypocétovo ziskané data bude mozné
porovnavat’ s experimentalnymi meraniami optickej absorbcie a fotoluminiscencie, resp.
interpretovat’ redlne experimenty. Predpokladanymi substanciami budt perovskitové Struktary
vo forme filmov/nanos$truktar obsahujtce tazké kovy (Pb, Cs) a halidy (Cl, Br, 1), ktoré su
vhodné ako optické absorbéné vrstvy v novej triede fotovoltaickych ¢lankov.



Téma 3.

Skolitel’/ Supervisor: Ing. Peter Svec, PhD.
Konzultant/ Consultant: Ing. Peter Svec, DrSc.

Jazyk zaverecnej prace: EN

Topic title (EN): Application of the concept of HEA atoms substitution in development of
new materials prepared by different quenching and processing rates

Nazov témy (SK): Aplikacia konceptu substiticie HEA atdbmov pri vyvoji novych materialov
pripravenych roznymi ochladzovacimi a zihacimi rychlost’ami

Goals (EN):

Unambiguous identification of structures and chemical ordering on sub-mm, micro-mm and
atomic scales in systems derived from classical HEAs of the FeCoNiMnAl type by alloying
with selected atoms and systems based on FeNi, FeCo and AIMn prepared by different
guenching rates.

Determination of compositional ranges for preparation of selected systems, of stability,
kinetics and thermodynamics of structural changes and their control mechanisms, correlation
with development of physical properties and optimization of parameters typical for the
specific type of HEA

Generalization of the concept of HEA atoms to wider class of materials (especially magnetics,
ceramics, catalytic surfaces, etc.)

Ciele (SK):

Jednoznacna identifikacia Struktir a chemického usporiadania na sub-mm, mikro aZz po
atomarnu Skalu v systémoch odvodenych z klasickych HEA typu FeCoNiMnAl legovanim
vybranymi atdbmami a systémov na baze FeNi, FeCo a AlIMn pripravenych roznymi rychl.
Chladenia.

UrCenie kompozi¢nych oblasti moZznej pripravy vybr. systémov, stability, kinetiky a
termodyn. Strukt. zmien a ich riadiacich mechanizmov, koreldcia s vyvojom fyzikalnych
vlastnosti a optimalizacia parametrov typickych pre dany typ HEA.

Zobecnenie koncepcie HEA atdmov na SirSiu triedu materialov (najmé magnetika, keramiky,
katalyt. povrchy a pod.)

Annotation (EN):

Focus of the thesis is preparation and implementation of the concept of substitution of
existing equilibrium Wyckoff crystallographic positions in known equilibrium crystalline
lattice by different types of majority metal atoms consisting of a set of 3-5 additional/other
suitable atoms. These atoms, so-called HEA atoms, will be selected in accordance with the
principle of High Entropy Alloys (HEA) or compounds e.g. ceramics, dielectrics or oxides, to
form a similar, mutually shared crystallographic structure with lattice parameters comparable
to those of the original equilibrium unit cell and are inserted for the purpose of controlled



optimization of physical properties of the system. Objects of application of such concept will
be alloys derived from classical known HEA but also systems forming metallic glasses of
metal-metalloid type, porous catalytic materials, selected ceramics based on carbides and
borides or oxides, using possibility to prepare systems in non-equilibrium state via different
cooling rates.

Anotécia (SK):

Praca bude zamerand na implenticiu konceptu substitucie krystalografickych pozicii v
atomarnej mriezke obsadenych majoritnymi atomami kovov v materidli suborom 3-5
d’al’'sich/inych vhodnych atomov. Tieto atomy, tzv. HEA atémy, buda vybrané v sulade s
koncepciou vysokoentropickych zliatin (High Entropy Alloys, HEA) alebo potenciélne
zlicenin v pripade keramik, dielektrik a pod. tak, aby mali podobnu $truktiru a rozmery
elementarnej bunky ako tvoril povodny substituovany atoém za Gcelom riadenej optimalizacie
fyzikalnych vlastnosti skimaného systému. Objektom aplikacie tejto koncepcie budu nielen
zliatiny odvodené od doteraz zndmych klasickych zliatin typu HEA ale tiez systémy tvoriace
kovové skla typu kov-polokov, vybrané keramiky na béaze karbidov a boridov, porézne
katalytick¢é materialy a pod. za sGcasného vyuzitia moznosti pripravy prekurzorov v
termodynamicky nerovnovaznom stave vyuzitim ré6znych rychlosti ochladzovania prekurzora
z vychodiskového (zvycajne roztaveného alebo vysokoteplotného) stavu.



Téma 4.

Skolitel’/ Supervisor: Ing. Peter Svec, PhD.
Konzultant/ Consultant: Ing. Peter Svec, DrSc.

Jazyk zaverecnej prace: EN

Topic title (EN): Development and structure characterization of rare-earth free hard
magnetic systems based on Al-Mn and Fe-Ni prepared by non-conventional solidification
methods

Nazov témy (SK): Vyvoj a charakterizacia $truktur magneticky tvrdych systémov bez obsahu
vzacnych zemin na baze Al-Mn a Fe-Ni pripravenych nekonvenénymi metédami tuhnutia
taveniny

Goals (EN):

Replacement of rare-earth elements in permanent magnets via design of novel compositions
leading to formation of hard magnetic phases.

Correlation between formation of hard magnetic phases and microstructure in Al-Mn and Fe-
Ni systems.

Identification of atomic ordering processes and processing parameters leading to enhanced
figure of merit of designed permanent magnets.

Ciele (SK):

Néhrada prvkov vzacnych zemin v permanentnych magnetoch prostrednictvom navrhu
novych zlozeni veducich k tvorbe tvrdych magnetickych faz.

Korelacia medzi tvorbou tvrdych magnetickych faz a mikroStruktirou v systémoch Al-Mn a
Fe-Ni.

Identifikacia procesov usporiadania atomov a parametrov spracovania veducich k zvySeniu
hodnoty energetického su¢inu navrhnutych permanentnych magnetov.

Annotation (EN):

Establishment of microstructural-magnetic correlation and identification of processing
parameters governing the formation of hard magnetic phases.

Development of preparation and processing routes for maximization of the figure of merit via
fine composition tuning, refinement of processing and structural evolution of hard magnetic
phases . Detailed microstructural and thermodynamic analysis using cutting edge methods and
techniques.

Anotacia (SK):

Stanovenie mikrostruktirno-magnetickej korel&cie a identifikacia parametrov spracovania
riadiaceho tvorbu tvrdych magnetickych faz.



Vyvoj ciest pripravy a spracovania na maximalizaciu hodnoty energetického su¢inu
prostrednictvom optimalizacie zlozenia, metdd spracovania a cieleného vyvoja Struktury
tvrdych magnetickych faz.

Podrobna mikrostrukturalna a termodynamicka analyza vyuzivajuca Spickové metody a
techniky.



Téma b.

Skolitel’/ Supervisor: Ing. Irena Gejdo§ Janotova, PhD.
Konzultant/ Consultant: Ing. Peter Svec, DrSc.

Jazyk zaverecnej prace: EN

Topic title (EN): Development of low-temperature lead free solders based on
multicomponent high-entropy systems

Nazov témy (SK): Vyvoj nizkoteplotnych bezolovnatych spajok na baze viaczlozkovych
vysokoentropickych systémov

Goals (EN): The main objectives of the dissertation will include the following tasks:

1. Design, preparation and characterization of new multicomponent and high-entropy lead-
free alloys for soldering at low and high temperatures.

2. Analysis of microstructure and chemical composition of intermetallic phases and
determination of their role in extending the service life and increasing the mechanical and
chemical reliability of soldered joints.

3. Validation of selected prepared real systems with regard to the properties of solders and
joints and their estimated mechanical and time-temperature behavior in a wider range of
prospective operating temperatures and environments.

Ciele (SK): K hlavnym ciel'om dizerta¢nej prace bude patrit’:

1. Navrh, priprava a charakterizacia novych multikomponentnych a vysokoentropickych
zliatin bez obsahu olova pre spajkovanie pri nizkych a vysokych teplotach.

2. Analyza mikrosStruktiry a chemického zloZenia intermetalickych f4z a urcenie ich tlohy pre
prediZenie Zivotnosti a zvy3enie mechanickej a chemickej spolahlivosti spajkovanych spojov.

3. Validacia vybranych pripravenych realnych systémov s ohl'adom na vlastnosti spajok a
spojov a ich odhadované mechanické a Casovo-teplotné spravanie v SirSom intervale
perspektivnych pracovnych tepl6t a prostredi.

Annotation (EN):

The formation of intermetallic compounds (IMCs) at the substrate-solder interface is needed
for the formation of a reliable solder joint as the IMC layer constitutes a metallurgical bond
between the substrate and the solder. The morphology, composition and thickness of IMC
layers have strong influence on the mechanical and time-temperature behavior of the joints.
Despite the advancements in lead-free solders in the past decades, none of the existing solders
is suitable to completely replace the Sn—Pb alloy. The dissertation thesis is expected to
provide significant advancements of existing state-of-the-art knowledge in the field of lead-
free solders for diverse electronic and mechanical applications. It will focus on the application
of high-entropy alloys as solder basis, exploring the effects of various parameters on the
thermodynamics of formation and growth kinetics of IMCs in a series of solder joints. The



thesis research will start with assessment of conventional Sn-based lead free solders which
will lead to selection and preparation of promising novel solder alloy compositions. Binary,
ternary and multicomponent alloys for low and high temperature joining will be prepared in
bulk or sheet (ribbon) form. The effect of composition and processing conditions
(atmosphere, cooling rate, metal purity) on the alloy phase evolution will be studied.
Microstructure, stability and physical properties of the solder alloys and prepared joints will
be investigated by a combination of optical and electron microscopies, X-ray diffraction,
thermoanalytical and electromechanical methods as well as by indentation techniques and
wetting experiments. Solder joints will be prepared from lead-free solder alloys selected from
a convenient set of high-entropy alloy systems. Long-term reliability, expected lifetime and
performance of soldered joints at elevated temperatures as well as at sub-ambient
temperatures (short-term and long-term) will be integral part of the research. The effects of
temperature, aging time, alloying elements, and solder microstructure together with the role of
IMC chemistry in solder joints quality will be thoroughly investigated.

Anotacia (SK):

Tvorba intermetalickych zlti¢enin (IMC) na rozhrani substrat-spajka je potrebna pre
vytvorenie spol'ahlivého spdjkovaného spoja, pretoze vrstva IMC predstavuje metalurgickt
vizbu medzi substratom a spajkou. Morfoldgia, zloZenie a hribka vrstiev IMC maju silny
vplyv na mechanické a ¢asovo-teplotné spravanie spojov. Napriek pokroku v bezolovnatych
spajkach v poslednych desatro¢iach nie je Ziadna z existujucich spajok vhodna na tplné
nahradenie zliatiny Sn-Pb. Oc¢akava sa, ze dizertaéna praca prinesie vyznamny pokrok v
existujucich najmodernejSich poznatkoch v oblasti bezolovnatych spajok pre rozne
elektronické a mechanické aplikacie. Cielom bude preskiimanie moznosti aplikacie zliatin s
vysokou entropiou ako zakladu spajky a stanovenie vplyvu réznych parametrov na
termodynamiku a kinetiku tvorby a rastu IMC v sérii spajkovanych spojov. Vyskum v
dizerta¢nej praci bude vychadzat’ z poznatkov ziskanych na konvenénych bezolovnatych
spajkach na baze Sn a zameria sa na navrh, vyber a pripravu sl'ubnych novych zloZeni
spajkovacich zliatin. Binarne, ternarne a viaczlozkové zliatiny na spajanie pri nizkych a
vysokych teplotach budd pripravené v objemovej alebo paskovej forme. Stanovi sa vplyv
zlozenia a podmienok spracovania (atmosféra, rychlost’ chladenia, ¢istota kovu) na fazovy
vyvoj zliatiny. MikroStruktura, stabilita a fyzikéalne vlastnosti spajkovanych zliatin a
pripravenych spojov budi skimané kombinéciou optickej a elektronovej mikroskopie, rtg.
difrakcie, termoanalytickych a elektromechanickych metdd, ako aj indentacnymi technikami a
zmacacimi experimentmi. Spajkované spoje budu pripravené z bezolovnatych spajkovanych
zliatin vybranych z vhodnej sady systémov zliatin s vysokou entropiou. Neoddelitenou
sucast’ou vyskumu bude dlhodoba spol'ahlivost, o€akavana zivotnost’ a kvalita spajkovanych
spojov pri zvySenych teplotach, ako aj pri teplotach nizsich ako je okolita teplota (kratkodobo
a dlhodobo). Ddékladne sa preskiimajt vplyvy teploty, ¢asu starnutia, legujtiicich prvkov a
mikroStruktiry spajky spolu s ulohou zloZenia IMC na kvalitu spajkovanych spojov.



Téma 6.

Skolitel’/ Supervisor: Ing. Irena Gejdo§ Janotova, PhD.
Konzultant/ Consultant: Ing. Peter Svec, DrSc.

Jazyk zaverecnej prace: EN

Topic title (EN): Effect of heat extraction gradient and elemental substitution on structure
formation and physical properties of rapidly quenched Fe—Co—Ni—Al-Mn based high-entropy
alloys

Nazov témy (SK): Vplyv gradientu odvodu tepla a substittcie prvkov na formovanie

Struktary a fyzikalne vlastnosti rychlo ochladzovanych vysokoentropickych zliatin na baze
Fe—Co—Ni-Al-Mn

Annotation (EN):

The PhD project focuses on physical mechanisms of structure formation in compositionally
complex metallic systems under strongly non-equilibrium conditions. High-entropy and
medium-entropy alloys based on Fe—Co—Ni—Al-Mn in equiatomic and semi-equiatomic
compositions, modified by substitution with V, Cr, and Cu, will be investigated. Materials
will be prepared using three rapid-quenching techniques with different heat extraction
gradients, enabling control of solidification kinetics, diffusion suppression, and chemical
disorder. The research will address relationships between solidification conditions, phase
constitution and microstructure (FCC, BCC and ordered B2 phases, local short-range
chemical ordering and nanoscale segregation) and their influence on magnetic and electrical
transport properties. Particular attention will be paid to the roles of chemical complexity,
lattice distortion, and defect structure in determining collective physical behavior. The aim is
to provide a physically grounded understanding of how heat extraction gradient and
compositional modification govern phase stability, crystal structure selection, and magnetic
and electronic properties of non-equilibrium high-entropy alloys.

Anotacia (SK):

Dizerta¢na praca je zamerana na fyzikalne mechanizmy formovania Struktury viacprvkovych kovovych
systémov v podmienkach vyraznej termodynamickej nerovnovahy. Studované budu
vysokoentropické a strednoentropické zliatiny na baze Fe—Co—Ni—Al-Mn v ekviatomickych aj
semiekviatomickych kompoziciach, modifikované substituciou prvkov V, Cr a Cu. Materidly budu
pripravované tromi technikami rychleho ochladzovania s rozdielnym gradientom odvodu tepla, ¢o
umozni riadit kinetiku tuhnutia, potlacenie diftizie a mieru chemickej neusporiadanosti.

Vyskum sa zameria na vztah medzi podmienkami tuhnutia, fazovou konstitticiou a mikrostruktirou
(tuhé roztoky typu FCC, BCC a usporiadané B2 Struktury, lokalna kratkodosahova chemicka
usporiadanost a nano-segregacie) a ich vplyvom na magnetické a elektrické transportné vlastnosti.
Osobitna pozornost bude venovana Ulohe chemickej komplexity, mriezkového skreslenia a
defektovej Struktury pri formovani kolektivneho fyzikdlneho sprdvania. Cielom prace je fyzikalne
podloZené pochopenie toho, ako gradient odvodu tepla a kompozi¢na modifikacia urcuju stabilitu
faz, vyber krystalovej Struktury a vysledné magnetické a elektrické vlastnosti nerovnovaine
pripravenych vysokoentropickych zliatin.



