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PRIRODOVEDECKA FAKULTA UPJS

Studijny program: Biofyzika

Garant UEF SAV: MUDr. Andrey Musatov, DrSc.

Téma: Stabilita a agregdcia proteinov v prostredi biokompatibilnych organickych solventov
Skolitel: RNDr. Diana Fedunova, PhD.
Forma Studia: dennd - SAV

Anotacia: Identifikdcia ucinnych solventov schopnych modulovat’ stabilitu a agregaciu
proteinov mé velky vyznam pre rozmanité aplikacie v biotechnoldgiach alebo v medicine.
Vyroba a dlhodobé skladovanie proteinov vyzaduje nastavit vhodné podmienky prostredia
uchovavajice nativnu Struktiru proteinov a zabranujuce ich agregacii. Podobne, tvorba
Specidlneho typu usporiadanych agregidtov — amyloidnych fibril, je podmienena vonkajS$imi
podmienkami. Amyloidné agregaty predstavuji nové potencialne biomaterialy vd’aka ich
unikdtnym vlastnostiam (pevnost’, stabilita, elasticita, odolnost’ vo¢i degradacii). Najdenie
podmienok schopnych indukovat’ tvorbu definovanych amyloidnych agregatov je preto v centre
zaujmu. Cielom prace je Studovat’ vplyv Specidlnych solventov - idnovych kvapalin a hlboko
eutektickych zmesi - na stabilitu, kinetiku amyloidnej agregacie a morfologiu amyloidnych fibril
réznych proteinov (lyzozym, inzulin). Zamerom je zistit vztah medzi zloZzenim a fyzikalno-
chemickymi vlastnostami solventov a ich schopnostou stabilizovat/destabilizovat Struktiru
proteinov a inhibovat/urychl'ovat’ tvorbu amyloidnch agregatov s cielom najst’ solventy schopné
stabilizovat’ Studované proteiny ako aj indukovat’ tvorbu amyloidnych agregatov s definovanou
morfologiou. Vyuzivat sa budu spektroskopické (UV-VIS, CD, FTIR) a kalorimetrické (DSC,
ITC) metody ako aj atobmova silova mikroskopia (AFM) a metddy pocitacovej analyzy obrazkov.

Title: Protein stability and aggregation in biocompatible organic solvents
Supervisor: Dr. Diana Fedunova
Form of study: Internal - Slovak Academy of Sciences

Annotation: The identification of effective solvents capable of modulating protein stability and
aggregation is of great importance for various applications in biotechnology or medicine. The
production and long-term storage of proteins require setting appropriate environmental
conditions that preserve the native structure of the proteins and prevent their aggregation.
Similarly, the formation of a special type of ordered aggregates - amyloid fibrils, is conditioned
by external conditions. Amyloid aggregates represent new potential biomaterials due to their
unique properties (strength, stability, elasticity, resistance to degradation). Therefore, finding
conditions capable of inducing the formation of defined amyloid aggregates is of interest. This
work aims to study the effect of special solvents - ionic liquids and deep eutectic mixtures - on
the stability, kinetics of amyloid aggregation, and morphology of amyloid fibrils of various
proteins (lysozyme, insulin). The objective is to determine the relationship between the
composition and physicochemical properties of solvents and their ability to stabilize/destabilize
protein structure and inhibit/accelerate amyloid aggregation to find solvents capable of
stabilizing studied proteins or inducing amyloid aggregate formation with defined morphology.
Spectroscopic (UV-VIS, CD, FTIR) and calorimetric (DSC, ITC) methods, as well as atomic
force microscopy (AFM) and computer image analysis methods, will be used.
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Téma: Moduldacia amyloidnej agregdcie proteinov — objasnenie molekularnych mechanizmov
tvorby amyloidov a ich inhibicie

Skolitel: Doc. RNDr. Zuzana GaZov4, CSc.

Konzultant: RNDr. Andrea AntoSova, PhD.

Forma $tudia: denna - SAV

Anotacia: Amyloidné Struktiry poly/peptidov st spajané s ochoreniami ako Parkinsonova
choroba, syst¢tmové amyloidozy, diabetes mellitus a d’alSie. V poslednom obdobi sa zistilo, ze su
nevyhnutnou sucast’ou aj mnohych Zivotne ddlezitych pochodov v organizmoch - od baktérii az
po ludi. Cielom prace je prispiet k lepSiemu poznaniu mechanizmov tvorby a inhibicie
amyloidnej agregicie proteinov prostrednictvom jej modulacie pomocou roéznych latok
(anorganické a organické molekuly, biomolekuly, nanocastice). Na zaklade toho je mozné lepSie
pochopit’ patologicky a fyziologicky ucinok amyloidnych Struktir na molekularnej urovni.
Vyuzivat' sa budu rozne fyzikdlno-chemické metody, hlavne spektroskopické, kalorimetricke,
chromatografické techniky a atomova silova mikroskopia.

Title: Modulation of protein amyloid aggregation — insight into molecular mechanisms of
amyloid formation and inhibition

Supervisor: Assoc. Prof. Zuzana GaZova

Co-supervisor: Dr. Andrea Anto$ova

Form of study: Internal - Slovak Academy of Sciences

Annotation: Amyloid structures of poly/peptides have been associated with diseases such as
Parkinson's disease, systematic amyloidoses, diabetes mellitus and others. Recently, it has been
found that amyloids are important for many essential processes in organisms - from bacteria to
humans. The aim of this work is to contribute to a better understanding of the mechanisms of the
formation and inhibition of protein amyloid aggregation through their modulation by various
substances (inorganic and organic molecules, biomolecules, nanoparticles). Based on this, it is
possible to better understand the pathological and physiological effects of amyloid structures at
the molecular level. Various physico-chemical methods will be used, mainly spectroscopic,
calorimetric, chromatographic techniques and atomic force microscopy.
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Téma: Nesprdvne zbal’ovanie proteinov v amyloidnych ochoreniach a ich prevencia/terapia
Skolitel: Doc. RNDr. Zuzana GaZova, CSc.

Konzultant: RNDr. Zuzana Bednarikova, PhD.

Forma stadia: dennd - SAV

Anotacia: S predlzujucou sa dizkou nasho Zivota sa zvySuje aj pravdepodobnost’ vyskytu
ochoreni ako Alzheimerova a choroba alebo cukrovka. Jednou =z pri¢in vzniku tychto
amyloidnych ochoreni je naruSenie masinérie syntézy funkénych molekul proteinov
a nedostato¢nd degradacia nefunkénych, nespravne zbalenych proteinovych molekul. V dosledku
toho dochadza ku akumulécii nespravne zbalenych proteinov vo forme amyloidnych agregatov
s vysokym obsahom B-skladanych listov v roznych tkanivach l'udského organizmu. V sucasnosti
chyba detailné poznanie pri¢in tvorby amyloidov a neexistuje liecba pre Ziadne zo zndmych
amyloidnych ochoreni. S vyuzitim modernych biofyzikalnych metdd sa zameriame na $tadium
mechanizmov tvorby amyloidnych agregatov globuldrnych a prirodzene rozbalenych proteinov,
ktoré stvisia s amyloidnymi ochoreniami, konkrétne s Alzheimerovou chorobou, diabetom a
systémovou lyzozymovou amyloidézou. Zaroven sa budeme venovat’ systematickému hl'adaniu
interakénych partnerov, ktoré by mali potencial zabranit’ vzniku tychto ochoreni, resp. ich lie€it’.

Title: Misfolding proteins in amyloid diseases and their prevention/therapy
Supervisor: Assoc. Prof. Zuzana GaZova

Co-supervisor: Dr. Zuzana Bednarikova

Form of study: Internal - Slovak Academy of Sciences

Annotation: As our life expectancy increases, so does the likelihood of diseases such as
Alzheimer's disease or diabetes. One of the causes of these amyloid diseases is an impaired
synthesis of functional protein molecules and insufficient degradation of non-functional,
misfolded protein molecules. As a result, misfolded proteins accumulate in the form of amyloid
aggregates with a high content of B-sheets in various human body tissues. There is currently a
lack of detailed knowledge of the causes of amyloid formation and no treatment for any known
amyloid diseases. We will use modern biophysical methods to study the mechanisms of amyloid
aggregates formation of globular and intrinsically disordered proteins associated with diseases
such as AD, diabetes or systemic lysozyme amyloidosis. At the same time, we will focus on the
systematic search for interaction partners to prevent these diseases, respectively treat them.
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Téma: Nanomateridaly na baze proteinov: biochemické a biofyzikdalne Studium
Skolitel: RNDr. Ing. Katarina SipoSova, CSc.

Konzultant: Doc. RNDr. Erik Sedlak, DrSc. (PF UPJS)

Forma $tudia: denna - SAV

Anotacia: Amyloidné fibrily tvorené chirdlnymi proteinmi vznikaji procesom samozbal'ovania
sa do agregatov bohatych na B-skladané listy zvycajne stoCenych do Spirdly. Je vSeobecne
akceptované, ze vSetky peptidy a proteiny moézu za vhodnych podmienok tvorit amyloidné
vldkna. NavySe, amyloidné Struktiry maju velky potencidl vyuZitia v priprave molekularnych
nanomateridlov (napr. nanokablov, nanovrstiev, gélov, roznych implantitov a Sablon,
kvapalnych krystalov) stratégiou ,,zdola nahor vdaka ich Struktirnej kompatibilite, ,,nano*
rozmerom, kontrolovateI'nému usporiadaniu, relativne 'ahkej vyrobe a nizkym nakladom.

PhD praca je zamerand na detailné Stuidium a stanovenie podmienok vedicich ku
kontrolovatel'nej tvorbe amyloidnych fibril principom ,zdola nahor, opis mechanizmu
samousporiadania a morfologie tvorenych Struktir. KontrolovateIné samousporiadanie
amyloidnogénnych proteinov bude vyuzité pri dizajne metoddy pripravy nanokompozitov na baze
amyloidnych Struktar. Hlavnou ulohou bude: (1) zavedenie metddy pripravy produkcie
amyloidnych fibril v miernych podmienkach; (2) imobilizicia proteinov na/v amyloidnych
Strukturach; (3) charakterizacia nanonosicov na baze amyloidov na kontrolovany transport lieciv;
(4) wvyuzitie biochemickych a biofyzikdlnych metéd na charakterizaciu vlastnosti
imobilizovanych proteinov a amyloidnych nanokompozitov.

Title: Protein-based Nanobiomaterials: biochemical and biophysical evaluation
Supervisor: Dr. Katarina SipoSova

Co-supervisor: Assoc. Prof. Erik Sedlik (FS UPJS)

Form of study: Internal - Slovak Academy of Sciences

Annotation: Amyloid fibrils are chiral protein-based systems, formed through the self-assembly
of B-sheet aggregates into twisted or helical ribbons. It is generally accepted that all peptides and
proteins could be transferred into the amyloid state, if appropriate conditions are applied. In
addition, amyloid structures hold great potential to be used for the preparation of molecular
nanomaterials (e.g. nanowires, nanolayers, gels, scaffolds, templates, and liquid crystals) using
the “bottom-up” strategy due to their structural compatibility, nanoscale dimensions, efficient
assembly into well-defined ultrastructures, ease of production, and low cost.

To reveal their potential, the proposed PhD thesis is aimed at the determination of the conditions
leading to the controllable "bottom-up™ formation of amyloid fibrils, describing the mechanism
of amyloid formation and morphology of the formed fibrils. Utilization of the controllable self-
assembly of amyloidogenic proteins is planned to establish a reliable method for the preparation
of amyloid-based nanocomposites. The main task will be: (1) establishing of robust production
of amyloid fibrils at mild conditions, (2) immobilization of proteins on/in amyloid assemblies;
(3) characterization of amyloid-based nanocarriers for controlled drug delivery; (4) utilization of
biochemical and biophysical methods to characterize properties of immobilized proteins and
amyloid-nanocomposites as a whole.
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Téma: Biomedicinske ,,lab-on-chip“ aplikdcie s vyuZitim polymerizovanych mikroStruktur
a ich automatizdacia pomocou analyzy obrazu a strojového ucenia

Skolitel: Doc. Ing. Zoltan Tomori, CSc.

Konzultant: Doc. RNDr. Gregor Bané, PhD. (PF UPJS)

Forma Studia: dennd - SAV

Anotacia: Trend miniaturizdcie smeruje k transformdcii biomedicinskych experimentalnych
technik do podoby ,,lab-on-chip* (LOC) aplikacii. Tieto ¢asto vyuzivaju princip optickej pinzety,
kde laserové Iluce ovladaji mechanické mikrostruktiry pripravené dvojfotonovou
polymerizaciou a integrované do mikrofluidného LOC prostredia.

Hlavnym cielom PhD prace je automatizacia LOC aplikécii, pri ktorych inteligentny algoritmus
s autonomnym spravanim ovlada trajektorie manipulujucich laserovych lucov a to na zéklade
analyzy obrazu okolit¢ho prostredia. Z hladiska experimentalnych cielov bude pozornost
zamerana na dve oblasti LOC aplikacii a to mikroreologiu (meranie viskozity okolitého
kvapalného prostredia na zdklade deformécie elastickych mikro-pruzinieck) a na
mikromanipulaciu s Casticami (zachytenie, transport a uvolnenie jednotlivych Castic pomocou
svetlom riadenych elastickych mikrorobotov).

Title: Biomedical lab-on-chip applications based on polymerized microstructures and their
automation based on image analysis and machine learning principles

Supervisor: Assoc. Prof. Zoltan Tomori

Co-supervisor: Assoc. Prof. Gregor Bané (FS UPJS)

Form of study: Internal - Slovak Academy of Sciences

Annotation: The trend of miniaturization aims to transform biomedical experimental techniques
into “lab-on-chip” (LOC) applications. They often exploit the optical tweezers principle, where
the laser beams drive the mechanical microstructures fabricated by two-photon polymerization
and integrated into a microfluidic LOC environment.

The main goal of PhD work is to automate LOC applications, where an intelligent autonomous
algorithm controls the trajectories of manipulating laser beams according to the image analysis
of the surrounding environment. In terms of experimental objectives, attention will be focused on
two areas of LOC applications, namely microreology (measurement of the viscosity of the
surrounding fluid environment based on deformation of elastic micro-springs) and the
micromanipulation with particles (grabbing, transporting and releasing of the individual particles
using the light-driven elastic micro-robots).
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Studijny program: Vieobecna fyzika a matematicka fyzika

Garant UEF SAV: RNDr. Pavol Farkasovsky, DrSc.

Téma: Stiidium elektronovych viastnosti grafénovych oniénov s reaktivnym atémom vniitri
Skolitel: RNDr. Richard Piné¢ak, PhD.
Forma Studia: dennd - SAV

Anotacia: Metodami kvantovej tedrie a Statistickej fyziky budu Studované rozne druhy
grafénovych onidénov. Konkrétne oniony C20@C80, C60@C240 a C240@C540 buda vybrané
ako predmety zédkladného Stiidia, pretoze patria k najstabilnej$im onionom. Ale aj tieto fullerény
maju rézne priemery, naboje a tiez elektronové vlastnosti, takze na ich priklade mézeme urobit’
viac zaverov pre oniony s podobnym vnutornym a vonkajSim plastom. Jednotlivé reaktivne
atomy ako Ni, Fe a Co su zabudované do vnutra kazdého z tychto fullerénov (Obrazok). Cielom
tohto Studia je najst’ nové stabilné onidonové Struktiry s vhodnymi elektronovymi vlastnostami,
ktoré vyzaduje nanopriemysel. Zakladne teorie a pristupy k rieSeniu danej témy bez reaktivneho
atdbmu vnutri st publikované v pracach [1-3].

Title: The study of the electronic properties of graphene onions with a reactive atom inside
Supervisor: Dr. Richard Pinc¢ak
Form of study: Internal - Slovak Academy of Sciences

Annotation: Different types of graphene onions will be studied by methods of quantum theory
and statistical physics. In particular, the C20 @ C80, C60 @ C240 and C240 @ C540 onions
will be selected as subjects of the basic study because they are among the most stable ions. But
even these fullerenes have different diameters, charges and also electron properties, so we can
draw more conclusions for them with examples of similar inner and outer shells. Individual
reactive atoms such as Ni, Fe and Co are incorporated inside each of these fullerenes (Figure).
The aim of this study is to find new stable onion structures with suitable electronic properties
required by the nano-industry. Basic theories and approaches to solving a given topic without a
reactive atom inside are published in the works [1-3].

Literatura / Literature:

1. R. Pincak, M. Pudlak, Chapter in book Progress in Fullerene Research, with title Electronic
structure of spheroidal fullerenes, ed. F. Columbus, Nova Science Publishers, New York,
2007, ISBN: 1-60021-841-5.

2. M. Pudlak, R. Pincak, Energy gap between highest occupied molecular orbital and lowest
unoccupied molecular orbital in multiwalled fullerenes, Physical Review A 79 (2009)
033202.

3. R. Pincak, V.V. Shunaev, J. Smotlacha, M.M. Slepchenkov, O.E. Glukhova, Electronic
properties of Bilayer Fullerene onions, Fullerenes, Nanotubes and Carbon Nanostructures 25
(2017) 607-612.
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Atomova Struktura onionov: a) C20@C80+Ni; b) C60@C240+Fe; ¢) C240@C540+Co.
Atomic structure of onions: a) C20@C80+Ni; b) C60@C240+Fe; c) C240@C540+Co.
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Studijny program: Fyzika kondenzovanych litok

Garant UEF SAV: Prof. RNDr. Peter Samuely, DrSc.

Téma: Fazové diagramy substitucnych systémov RA;.,CryOs; (R = vzdcnozeminny kov; A =
Mn,Fe)

Skolitel: RNDr. Mat§ Mihalik, PhD.

Konzultant: RNDr. Marian Mihalik, CSc.

Forma stadia: dennd - SAV

Anotacia: Oxidy tranzitivnych kovov su intenzivne Studované a to z dovodu vysokého
aplikacného potencialu ako katdédy pre palivové ¢lanky, senzory pre detekciu roznych plynov
(CO,, metanol, etanol ...) a v neposlednom rade ako komponenty zo silnou magneto-elektrickou
vizbou pre elektroniku. Skoliace pracovisko sa danej tematike venuje dlhodobo a to hlavne
zluc¢enindm typu RMn;.4Fe,O3 (R = vzacnozeminny kov). Predbezné vysledky ukazuju, ze RA;.
«CrOs (A = Mn,Fe) systtmy mozu takisto vykazovat velmi zaujimavé vlastnosti s
potencialnym aplikacnym pouzitim. Cielom doktorandského stadia bude syntetizovanie novych
materialov s chemickym zloZzenim RMn;4CryOs, $tidium ich vlastnosti s doérazom na
magnetizmus, magneto-elektrickii vdzbu a optimalizaciu tychto materialov pre praktické
vyuzitie. Student bude prevedeny cez pripravu a charakterizaciu vzoriek, experimenty, analyzu
dat a prezentaciu dosiahnutych vysledkov. To zaisti, ze ¢lovek, ktory ukonci toto stidium bude
mat’ Siroky rozhl'ad na poli experimentalnej fyziky a bude schopny pokracovat’ vo svojej kariére
v zékladnom, alebo aplikovanom vyskume.

Title: Phase diagrams of RA;.xCr O3 (R = rare earth metal, A = Mn,Fe) substitutional systems
Supervisor: Dr. Matas§ Mihalik

Co-supervisor: Dr. Marian Mihalik

Form of study: Internal - Slovak Academy of Sciences

Annotation: Transition metal oxides are intensively studied due to their high application
potential as cathodes for fuel cells, sensors for the detection of various gases (CO,, methanol,
ethanol ...) and, last but not least, as components with strong magneto-electrical coupling for
electronics. Our laboratory has been dealing with this topic for a long time, mainly with
compounds of the RMny4FexOs-type (R = rare earth metal). Preliminary results show that RA;-
«CrxOs3 (A = Mn, Fe) systems can also exhibit very interesting properties with high application
potential. The aim of the PhD. study will be the synthesis of new materials with the chemical
composition RMny,Cr,O3, the study of their properties with emphasis on magnetism, magneto-
electrical coupling and the optimization of these materials for practical use. The student will be
guided through the preparation and characterization of samples, experiments, data analysis and
presentation of the results. This will ensure that the person who completes this study will have a
broad view in the field of experimental physics and will be able to pursue a career in basic or
applied research.

Literat(ra / Literature:

1. M. Mihalik jr. et al., Magnetic phase diagram of the TbMnjFe,O3 solid solution system,
Physica B 506 (2017) 163-167.
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Studijny program: Progresivne materialy

Garant UEF SAV: RNDr. Ivan Skorvéanek, CSc.

Téma: Stidium atomdrnej Struktiiry materidlov s vysokym stupiiom neusporiadania
Skolitel: RNDr. Jozef Bednarcik, PhD.
Forma Studia: dennd - SAV

Anotacia: Kovové skld a nanokrystalické materidly pripravené ich tepelnym spracovanim maju
rad zaujimavych mechanickych a magnetickych vlastnosti. Ich vynikajuce vlastnosti maji povod
v jedine¢nej atomarnej Struktare, ktora je charakterizovana kratkodosahovym usporiadanim.
Rozptyl RTG ziarenia predstavuje efektivnu metodiku na kvalitativny a kvantitativny popis
atomarnej Struktury. Zaroveil umoznuje identifikovat’ korelacie medzi vybranymi vlastnost'ami a
odpovedajicimi zmenamy v ich Struktare. V stcasnej dobe sa stavaju Coraz viac popularnymi
postupy modelovania atomarnej Struktury amorfnych latok pomocou simulaénych technik typu
Monte Carlo. V ramci navrhovanej témy bude pozornost’ venovana identifikacii korelacii medzi
vybranymi  vlastnostami  (magnetickymi  a/alebo  mechanickymi) a  Struktdrnymi
charakteristikami Studovanych materidlov, majicich vysoky stupeii vnutorného neusporiadania.
Jednym z hlavnych cielov bude modelovanie ich atomarnej Struktury pomocou metdédy Monte
Carlo, s vyuzitim experimentalnych dat ziskanych rozptylom vysokoenergetickych fotonov.

Title: Study of the atomic structure of materials with a high degree of disorder
Supervisor: Dr. Jozef Bednarcik
Form of study: Internal - Slovak Academy of Sciences

Annotation: Metallic glasses and nanocrystalline materials prepared by their heat treatment
have a number of interesting mechanical and magnetic properties. Their excellent properties
have originate in their unique atomic structure, which is characterized by a short-range atomic
arrangement. X-ray scattering is an effective methodology for qualitative and quantitative
description of atomic structure. At the same time, it allows to identify correlations between
selected properties and corresponding changes in their structure. Nowadays, methods for
modeling the atomic structure of amorphous substances using Monte Carlo-type simulation
techniques are becoming increasingly popular. Within the proposed topic, attention will be paid
to the identification of correlations between selected properties (magnetic and / or mechanical)
and structural characteristics of the studied materials, having a high degree of internal atomic
disorder. One of the main goals will be to model their atomic structure using the Monte Carlo
method, using experimental data obtained by scattering of high-energy photons.

Literatara / Literature:

1. S. Michalik, J. Bednarcik, P. Jovari, V. Honkimaeki, A. Webb, H. Franz, E. Fazakas, and L.
K. Varga, Modelling the atomic structure of AlI92U8 metallic glass, Journal of Physics-
Condensed Matter 22 (2010) 40.
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Téma: Stisdium Struktitry a supravodivych viastnosti LREBCO masivnych supravodicov
Skolitel’: Ing. Pavel Diko, DrSc.

Konzultant: Mgr. Vitaliy Antal, PhD.

Forma stadia: dennd - SAV

Anotacia: Masivne monokrystalické supravodi¢e (MMS) typu REBa2Cu30x (REBCO, RE: Y
alebo vzacna zemina) na baze lahkych vzicnych zemin (LRE) vykazuji rekordné hodnoty
zachytené¢ho magnetického pola (17,6 T pri 26 K pre GABCO MMS legované platinou) pri
znizenej krehkosti vd’aka pridavku striebra. V sucasnosti sa vyskum zaoberd systémami, v
ktorych je pridavok platiny nahradeny lacnejSimi legiirami. V rdmci navrhovanej témy bude
pozornost venovana priprave masivnych LREBCO monokryStadlov s vybranymi leglirami,
analyze ich mikroStruktary a charakterizaciii ich lokdlnych a makroskolickych supravodivych
vlastnosti. Budu pritom pouzit¢ metodiky Struktirnej a fazovej analyzy eletrébnovou
mikroskopiou, EDS a EBSD analyza, RTG gifrakcna analyza, termicka analyza, magnetiza¢né
merania, merania zachyteného magnetického pola a levitacnej sily.

Title: Study of the structure and superconducting properties of LREBCO bulk
superconductors

Supervisor: Dr. Pavel Diko

Co-supervisor: Dr. Vitaliy Antal

Form of study: Internal - Slovak Academy of Sciences

Annotation: REBa2Cu30x (REBCO, RE: Y or rare earth) bulk single grain superconductors
(BSS) based on light rare earth (LRE) show record values of trapped magnetic field (17.6 T at 26
K for GABCO BSS platinum alloyed) at reduced brittleness due to addition of silver. Research is
currently looking at systems in which the addition of platinum is replaced by cheaper elements.
Within the proposed topic, attention will be paid to the preparation of bulk LREBCO single
crystals with selected alloying elements, analysis of their microstructure and characterization of
their local and macroscopic superconducting properties. The methods of structural and phase
analysis by electron microscopy, EDS and EBSD analysis, X-ray diffraction analysis, thermal
analysis, magnetization measurements, measurements of the traped magnetic field and levitation
force will be used.



i ‘ ) Ustav experimentalnej fyziky Slovenskej akadémie vied
‘*’ '; verejna vyskumna institucia

v Watsonova 47, 040 01 Kosice

ICO: 00166812, tel.: +421 55 7922 201, e-mail: sekr@saske.sk, https://uef.saske.sk

Téma: Magneticky mikké nanokrystalické czliatiny na bdaze 3-d kovov pripravené
nekonvencénymi technikami tepelného spracovania

Skolitel': RNDr. Ivan Skorvanek, CSc.

Konzultant: Ing. Branislav Kunca, PhD.

Forma Studia: dennd - SAV

Anotacia: PhD prica je zamerand na cielené ovplyviiovanie Struktiry a magnetickych vlastnosti
nanokrystalickych zliatin na baze 3-d kovov pomocou nekonvencnych technik tepelného
spracovania. Pldnujeme pri tom pouzit aparatiru na ultra-rychle Zihanie tenkych kovovych
pasok skonstruovana na UEF SAV, ktora na rychly ohrev vyuziva vopred predhriate masivne
medené bloky pricom typické ¢asy zihania su v rozsahu niekolkych sekind. V porovnani s
klasickymi technikami tepelného spracovania umoziuje vysokd rychlost ohrevu v tomto
zariadeni rozsirit’ rozsah kompozi¢nych zlozeni, ktoré st este schopné vytvarat’ nanokrystalicku
Struktaru. DalSou nekonvenénou technikou tepelného spracovania bude Zihanie vo vysokom
magnetickom poli (do 14 T). Vo vybranych systémoch zliatin sa zameriame na $tidium zmien
ich Struktirnych a magnetickych vlastnosti, ku ktorym dochadza po aplikacii uvedeného
tepelného spracovania.

Title: Soft magnetic nanocrystalline alloys based on 3-d metals prepared by unconventional
thermal processing techniques

Supervisor: Dr. Ivan Skorvianek

Co-supervisor: Dr. Branislav Kunca

Form of study: Internal - Slovak Academy of Sciences

Annotation: The PhD thesis is focused on the employment of unconventional techniques of
thermal processing in order to tailor the structural and magnetic properties of nanocrystalline
alloys based on 3-d metals. We plan to use facility for ultra-rapid annealing of thin metallic
ribbons constructed recently at IEP SAS. In this facility, the annealed samples are clamped
between pair of the pre-heated massive Cu-blocks and typical annealing times take few seconds.
High heating rates and much shorter processing times as compared to conventional annealing
allow extend the composition interval where the annealed samples are still capable to form
nanocrystalline structure. The other technique of thermal processing in this work is the annealing
in a presence of high magnetic fields (up to 14 T). We plan to perform a detailed study of the
corresponding changes of structural and magnetic properties caused by application of the above
mentioned thermal processing to selected alloy systems.
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Téma: Multifunkcéné magnetické nanomaterialy pre vyuZitie v medicine
Skolitel: Ing. Vlasta ZaviSova, PhD.

Konzultant: RNDr. Martina Kubov¢ikova, PhD.

Forma stadia: dennd - SAV

Anotacia: Vacsina biologickych procesov prebieha v nanorozmeroch a to ndm ddva moznost
vd’aka technickému pokroku porozumiet’ tymto procesom a vytvarat' nové materialy. Magnetické
nanomateridly maji znaény potencial vyuZitia v oblasti mediciny napr. v distribtcii lieiva na
postihnuté miesta, v zobrazovani ale aj v terapii. Hlavnym cielom dizertacnej prace je nielen
priprava novych magnetickych nanomateridlov, naviazanie biologicky aktivnych latok a §tidium
ich fyzikalnochemickych vlastnosti ako si rozmer, tvar, Struktira, povrchovy ndboj, magnetické
vlastnosti, ale aj skimanie vhodnosti ich pouzitia napr. v oblasti diagnostiky pre magneticka
rezonanciu a liecbu ochoreni napr. magnetickou hypertermiou.

Title: Multifunctional magnetic nanomaterials for use in medicine
Supervisor: Dr. Vlasta ZaviSova

Co-supervisor: Dr. Martina Kubovcikova

Form of study: Internal - Slovak Academy of Sciences

Annotation: Most biological processes take place at the nanoscale, and this gives us the
opportunity to understand these processes and create new materials thanks to technical progress.
Magnetic nanomaterials have considerable potential for use in medicine, e.g. in the distribution
of the drug to the affected areas, in imaging but also in therapy. The main goal of the dissertation
is not only the preparation of new magnetic nanomaterials, the binding of biologically active
substances and the study of their physicochemical properties such as size, shape, structure,
surface charge, magnetic properties, but also the investigation of their suitability for use. in the
field of magnetic resonance diagnostics and the treatment of diseases e.g. by magnetic
hyperthermia.
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Studijny program: Jadrova a subjadrova fyzika

Garant UEF SAV: Prof. RNDr. Peter Samuely, DrSc.

Téma: Stidium produkcie podivnosti v podmienkach experimentu ALICE v zrdzkach
vysokoenergetickych ionov urychlenych na vel’kom hadrénovom zraiaci (LHC) v Zeneve
Skolitel: RNDr. Peter Kalifiak, PhD.

Forma $tudia: denna - SAV

Anoticia: Stidia sa zameriava na meranie spektier prieénej hybnosti a vytazkov podivnych
Castic v jednotlivych triedach multiplicity (centrality) zrazky. Metoda v sebe zahfiia identifikaciu
podivnych castic na zdklade ich topoldgie rozpadu. Z rekonsStruovanych drédh nabitych cCastic
prechadzajicich detektorom ALICE sa urCuji kandidati — dvojice dcerskych drah, ktore
vyhovuju stanovenym selekénym kritériam. Z rozdelenia invariantnej hmotnosti vypocitanych z
kinematiky rozpadu sa extrahuje signal z oblasti piku. K stanoveniu vytazkov a spektier je
potrebné vediet’ akceptanciu detektora, ucinnost’ rekonstrukcie, pochopit’ jeho efekt na meranie a
vykonat potrebné korekcie, resp. extrapolacie v oblastiach kde meranie nieje mozné. K vypoctu
tychto korekcii sa vyuzivaju aj Monte Carlo simuldcie zrazok. K vyslednym hodnotdm je
potrebné urcit’ akou chybou su zat'azené, ¢o vedie k Studiu systematickych chyb.

Title: Study of a strangeness production in collisions of high-energy ions in ALICE
experiment at LHC

Supervisor: Dr. Peter Kalinak

Form of study: Internal - Slovak Academy of Sciences

Annotation: The study is focusing on measurement of transverse momenta spectra and yields of
the strange particles in particular classes of the multiplicity (centrality) of the collision. The
method includes the identification of strange particles based on the topology of the decay. Using
the reconstructed trajectories of the charged particles traveling through the ALICE detector, the
candidates — the couples of trajectories which pass the selection criteria are used to compute the
distributions of invariant masses. The signal is extracted from under the peak area of this
distribution. In order to acquire final yields and spectra of the strange particles it is necessary to
know the acceptance of the detector, efficiency of the reconstruction and to understand how the
detector affects the measurement. Then it is necessary to perform the corrections for each effect
and to perform the extrapolation to the areas where the measurement isn’t possible. Some of the
corrections are possible to acquire by using Monte Carlo simulations. The final results carry
systematical errors, which needs to be studied and understood.
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FAKULTA ELEKTROTECHNIKY A INFORMATIKY TUKE

Studijny program: Fyzikalne inZinierstvo progresivnych materiilov

Garant UEF SAV: Doc. RNDr. Karol Flachbart, DrSc.

Téma: Struktiirne prechody v nanokompozitoch na bdze kvapalnych krystdloy
Skolitel: RNDr. Natalia Tomasovi¢ova, CSc.

Konzultant: RNDr. Veronika Lackova, PhD.

Forma stadia: dennd - SAV

Anotacia: Kvapalné  krystaly predstavuju  triedu  mikkych kondenzovanych latok.
Ich charakteristickou vlastnostou je kombinacia tekutych vlastnosti klasickych kvapalin
a anizotropnych elektrickych, magnetickych a optickych vlastnosti tuhych krystalickych latok.
Dnes st zname hlavne vd’aka ich vyuzitiu ako displejov v pocitacoch, notebookoch, telefonoch
a televizoroch.  Kvapalné kryStaly maja vysoky potencial vyuzitia v mnohych oblastiach
Hi-Tech priemyslu ako st biotechnologie, telekomunikacie a optické spracovanie. Nové
aplikacie si vyzaduji nové materidly, Casto s dost’ exotickymi vlastnost'ami, a nové technologie.
Vo vSeobecnosti, experimentalne vysledky potvrdili, Ze dopovanie kvapalnych kryStdlov malym
mnozstvom roznych typov nanocCastic vyrazne modifikuje vlastnosti takychto kompozitov.
Hlavnym cielom d’alSieho vyskumu v tejto oblasti je optimalizacia tychto kompozitov vzhl'adom
na kvapalno-krystalicki matricu, typ Castic a ich koncentraciu s cielom prispiet’ k novym
aplikéaciam.

Title: Structural transitions in nanocomposites based on liquid crystals
Supervisor: Dr. Natalia TomaSovi¢ova

Co-supervisor: Dr. Veronika Lackova

Form of study: Internal - Slovak Academy of Sciences

Annotation: Liquid crystals (LCs) belong to a class of soft condensed matter that is
characterized by the combination of the fluidity of ordinary liquids with the anisotropy of
electric, magnetic and optical properties of crystalline solid materials. Nowadays LCs are the
best known for their successful applications in computer, notebook, phone and TV displays.
There are many sectors of hi-tech industry where LCs have great potentials, such as biotech,
telecommunication, and optical processing. The new applications require new materials,
sometimes with rather exotic properties, and new technologies. In general, experimental results
evidence that doping the LC with a small amount of the different kind of nanoparticles affects
the properties of the composite material considerably. The most important for further research in
this direction is the optimization of these composites with respect to the liquid crystal matrix, to
the type and concentration of nanoparticles, in order to contribute to possible applications.
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Téma: Fazové diagramy substitucnych systémov RA;.,CryOs; (R = vzdcnozeminny kov; A =
Mn,Fe)

Skolitel: RNDr. Matds Mihalik, PhD.

Konzultant: RNDr. Marian Mihalik, CSc.

Forma $tudia: denna - SAV

Anotacia: Oxidy tranzitivnych kovov st intenzivne S$tudované a to z dovodu vysokého
aplikacného potencidlu ako katdédy pre palivové ¢lanky, senzory pre detekciu roznych plynov
(CO,, metanol, etanol ...) a v neposlednom rade ako komponenty zo silnou magneto-elektrickou
vizbou pre elektroniku. Skoliace pracovisko sa danej tematike venuje dlhodobo a to hlavne
zluc¢enindm typu RMnj.4Fe,O3 (R = vzacnozeminny kov). Predbezné vysledky ukazuju, ze RA;-
xCrOs (A = Mn,Fe) systtmy mozu takisto vykazovat' velmi zaujimavé vlastnosti s
potencialnym aplikaénym pouzitim.

Cielom doktorandského S$tadia bude syntetizovanie novych materidlov s chemickym zloZenim
RMn;.4CryOs, Studium ich vlastnosti s dérazom na magnetizmus, magneto-elektricki vizbu a
optimalizaciu tychto materialov pre praktické vyuZitie. Student bude prevedeny cez pripravu a
charakterizaciu vzoriek, experimenty, analyzu dat a prezentaciu dosiahnutych vysledkov. To
zaisti, ze Clovek, ktory ukonci toto stidium bude mat’ Siroky rozhl'ad na poli experimentélnej
fyziky a bude schopny pokracovat’ vo svojej kariére v zakladnom, alebo aplikovanom vyskume.

Title: Phase diagrams of RA;.xCrO3 (R = rare earth metal, A = Mn,Fe) substitutional systems
Supervisor: Dr. Mata§ Mihalik

Co-supervisor: Dr. Marian Mihalik

Form of study: Internal - Slovak Academy of Sciences

Annotation: Transition metal oxides are intensively studied due to their high application
potential as cathodes for fuel cells, sensors for the detection of various gases (CO,, methanol,
ethanol ...) and, last but not least, as components with strong magneto-electrical coupling for
electronics. Our laboratory has been dealing with this topic for a long time, mainly with
compounds of the RMny4FexOs-type (R = rare earth metal). Preliminary results show that RA;-
«CrOs3 (A = Mn, Fe) systems can also exhibit very interesting properties with high application
potential.

The aim of the PhD. study will be the synthesis of new materials with the chemical composition
RMny.CryOs, the study of their properties with emphasis on magnetism, magneto-electrical
coupling and the optimization of these materials for practical use. The student will be guided
through the preparation and characterization of samples, experiments, data analysis and
presentation of the results. This will ensure that the person who completes this study will have a
broad view in the field of experimental physics and will be able to pursue a career in basic or
applied research.

Literatara / Literature:

M. Mihalik jr. et al., Magnetic phase diagram of the ThMn;.Fe O3 solid solution system,
Physica B 506 (2017) 163-167.
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FAKULTA MATERIALOV, METALURGIE a RECYKLACIE TUKE

Studijny program: Materiily

Garant UEF SAV: RNDr. Marian Mihalik, CSc.

Téma: Vplyv obsahu kyslika na funkcionalitu RMnQO3; materidlov s perovskitovou Struktiirou
Skolitel: RNDr. Marian Mihalik, CSc.
Forma Studia: denna — SAV

Anotacia: Energetickd naro¢nost’ dnesnej modernej spolocnosti sa zvySuje z niekolkych
dévodov, akymi st napr. rast zivotnej trovne a populécie. Tento dopyt je ¢iastocne uspokojeny
pouzivanim fosilnych paliv, ktoré generuju CO,. Moznou alternativou st ekologicky vhodnejsie
paliva akym je vodik. Vysledkom spalovania vodika je iba Cista energia a voda. Skladovanie
vodika vyznamne ovplyviluje pouzitie tohto paliva. Okrem skladovania vtuhom stave,
kvapalnom a vo forme hydridov patria klasické RMnO3 materialy s perovskitovou Struktrou
k jednej zo znamych alternativ. V praci ,,Mihalik jr. M., Csach K., Kavecansky K., Mihalik M.:
Cooperative Jahn-Teller effect in NdMnyFeOs.5 (0 < x < 0.2), Journal of Alloys and
Compounds, 857 (2021) 157612“ sme ukazali moznost vytvorenia vakancii v kyslikovych
krystalovych polohach. Témou doktorandského Studia je zistit’ do akej miery je takto vytvorena
defektna Struktira vhodnd na uskladnenie vodika a zaroven do akej miery obsah kyslika
ovplyviiuje funkcionalitu tychto materidlov z pohl'adu magnetickych a elektrickych vlastnosti.
Uspesné absolvovanie doktorandského §tadia predpokladd zvladnutie pripravy vhodnych
materidlov vo forme nanopraskov, keramik a krystalov ako aj ich charakterizaciu z pohl'adu
Struktary, magnetickych a elektrickych vlastnosti.

Title: Influence of oxygen content on the functionality of RMnO3; materials with
perovskite structure

Supervisor: Dr. Marian Mihalik

Form of study: Internal - Slovak Academy of Sciences

Anotation: The energy intensity of today's modern society is increasing for several reasons,
which are e.g. growth of living standards and population. This demand is partly met by the use of
fossil fuels that generate CO,. A possible alternative is more environmentally friendly fuels as
hydrogen. Together burning hydrogen is only pure energy and water. Hydrogen storage
significantly affects the use of this fuel. In addition to storage in solid state, liquid and in the
form of hydrides, classical RMnO3; materials with a perovskite structure belong to one of the
known alternatives. In the work “Mihalik Jr. M., Csach K., Kavecansky K., Mihalik M.:
Cooperative Jahn-Teller effect in NdMnyFeOs.5 (0 < x < 0,2), Journal of Alloys and
Compounds, 857 (2021) 157612 ,,we followed the possibility of creating vacancies in oxygen
crystal positions. The topic of the doctoral study is determined to what extent the defective
structure created in this way is suitable for hydrogen storage and at the same time to what extent
the oxygen content affects the functionality of these materials in terms of magnetic and electrical
properties. Successful completion of doctoral studies requires mastering the preparation of some
materials in the form of nanopowders, ceramics and crystals, as well as their characterization in
terms of structures, magnetic and electrical properties.
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Téma: Optimalizdacia magnetickych vlastnosti nanocastic pre bioaplikacie
Skolitel: RNDr. Maria Zentkova, CSc.

Konzultant: RNDr. Marian Mihalik, CSc, RNDr. Martin Vavra, PhD.
Forma studia: dennd — SAV

Anotacia: Magnetické nanocCastice na bdze magnetickych oxidov patria medzi materidly
S potencidlom vyuzitia v biomedicine pre cieleny transport lieciv ¢i hypertermiu. Predmetom
dizertacnej prace je optimalizacia magnetickych vlastnosti v procese syntézy magnetickych
nanocastic. K tomuto ciel'u bude pouzitych viacero stratégii vratane mechanického ¢i tepelného
spracovania. Pripravené¢ magnetické nanocastice buda charakterizované metodami RTG
difrakcie, elektronovej mikroskopie a prostrednictvom magnetickych merani.

Title: Optimalization of magnetic properties of magnetic nanoparticles for biomedicine
Supervisor: Dr. Maria Zentkova

Co-supervisor: Dr. Marian Mihalik, Dr. Martin Vavra

Form of study: Internal - Slovak Academy of Sciences

Anotation: Magnetic oxide based magnetic nanoparticles belong to materials with application
potential in biomedicine for targeted drug delivery and hyperthermia. The thesis will be focused
to optimalization of magnetic properties in the process of synthesis by means of mechanical and
heat treatment. Prepared magnetic nanoparticles will be characterized by means of X ray
diffraction, electron microscopy and magnetic measurements.



