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You are holding another publication in the series of the “AGH UST Innovator”, which
presents some selected scientific achievement of researchers at the AGH University
of Science and Technology in the recent years.
A wide scope of conducted research, which you will be able to read about
in this publication, is the best proof of the scientific potential of our university. This
is because behind very achievement stands an interdisciplinary team of experts who
are open to searching for new solutions. It is here, where a number of frequently
remote scientific disciplines meet in one place in order to carry out numerous projects
for the future, including the development of information systems, analysis for the
needs of industry, research into the properties of materials, the design of modern
equipment and innovative materials for medicine, or the examination of physical laws.
The projects often contain an element of risk or the need to find a new method,
and so we are even more pleased when after many-month or even many-year
research a solution finds a commercial or industrial use. This practical aspect of
conducted research mutually motivates us to set even more ambitious goals.
As a result, our multi-directional activity, in which educating students is so important
alongside carrying out scientific research, has been appreciated abroad, which is
evidenced by a number of AGH UST’s successes in international rankings.
AGH UST is a place open to collaboration, and it is a reason why we hope that
this publication will not only be a source of information, but in the long term it will
also become an impulse to launch new research projects with industrial and business
partners, as well as with Polish and international universities, and scientific research
institutions.
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main

research areas
at AGH UST

Faculty of Mining
and Geoengineering

• application of modern methods to special
construction and geotechnical engineering,
• development of innovative technologies
related to the consequences of mining
operations on the basis of geotechnical
studies,
• methods of waste management and
environmental diagnostics,
• solving technological and sozological
problems in the mining industry,
• building and environmental engineering,
• research into the impact of combined
natural hazards on safety in the mining
industry,
• determining the conditions of effective and
innovative exploitation of deposits,
• problems of economics, management, and
modelling of processes in industry,
• restoration of mining wasteland.

www.wgig.agh.edu.pl

Faculty of Electrical
Engineering, Automatics,
Computer Science and
Biomedical Engineering

Faculty of Metals
Engineering and Industrial
Computer Science
materials science,
metal forming,
extractive metallurgy,
heat engineering,
computer modelling in metallurgy and
materials engineering,
• industrial computer science.
•
•
•
•
•

www.metal.agh.edu.pl

automatic control and robotics,
biocybernetics and bioengineering,
electrical power engineering,
computer graphics,
software engineering,
measurement systems,
artificial intelligence,
smart grid technology,
integrated circuits and microelectronics,
electrical equipment and instruments,
production, transmission, processing, and
use of electrical energy,
• application of computer science to power
engineering.

•
•
•
•
•
•
•
•
•
•
•

www.eaiib.agh.edu.pl
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main

research areas
at AGH UST

Faculty of Computer
Science, Electronics
and Telecommunications
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

distributed and mobile computer systems,
high efficiency and agent systems,
computer linguistics,
cloud computing,
Internet of the Future,
micro- and nanoelectronics,
digital signal processing,
thin-film optoelectronics and photovoltaics,
microwave engineering,
detection microsystems,
multilayer magnetic systems,
transmission systems and networks,
cybersecurity,
intelligent monitoring systems,
artificial intelligence,
virtual and augmented reality,
Internet of Things.

www.iet.agh.edu.pl

Faculty of Mechanical
Engineering and Robotics

• construction and testing of machines
at particular stages of their design and
operation,
• production technologies and logistic
processes,
• automation of industrial processes,
metrology, hydraulic drive and hydraulic
control systems,
• automation in mining machinery systems
(for the exploitation and processing of
mineral raw materials, earthworks, and
materials handling),
• mechatronics, robotics, diagnostics of
machines and equipment,
• power engineering and environmental
protection,
• cable transportation,
• vibroacoustics and sound engineering,
• development of theoretical foundations
of science in the area of the strength of
machine parts and structures.

www.imir.agh.edu.pl

Faculty of Geology,
Geophysics
and Environmental
Protection
• diagnostics of mining and geological
conditions for the exploitation of deposits
and geodynamic processes,
• geochemical studies of environmental
components,
• economic use of waste and its utilization in
the construction industry,
• evaluation of the processing of mineral raw
materials, evaluation of the environmental
impact of mining facilities,
• creating research fields, such as
aeromineralogy, agromineralogy,
cosmomineralogy, biomineralogy, and
petroarchaeology,
• evaluation of geothermal energy
resources,
• recognising the geological structure of the
Earth’s crust and the Earth’s interior,
• geological materials in industrial and
environmental applications.

www.wggios.agh.edu.pl

10

main

research areas
at AGH UST

Faculty of Mining
Surveying and
Environmental Engineering

Faculty of Materials
Science and Ceramics

Faculty of Foundry
Engineering

• forecasting and evaluation of the impact of
mining activities on rock mass, the surface
of the ground, and building and engineering
structures,
• geodetic documentation of mining activities,
• use of satellite surveying observations in
construction projects, in the evaluation of
technogenic and geodynamic movements,
and in real property cadastre and records,
• controlling the geometric properties of
technical objects,
• registration and identification of
environmental components by means
of remote sensing techniques, and the
monitoring of engineering objects,
• 3D modelling of technical objects (BIM),
• conducting studies and modelling the state
of environmental pollution,
• reclamation and management of industrial
wasteland,
• studies into the level of anthropopressure
on the natural environment,
• carrying out environmental impact
assessments for construction projects.

• new technologies related to ceramic
materials and glazes,
• designing new ceramic materials,
• new materials and technologies for
biomedical engineering,
• raw materials for ceramics,
• designing corrosion-resistant materials,
• methods of testing the properties of
materials,
• production and testing of construction
materials and coatings,
• chemical and structural analysis of
materials,
• testing of building materials, heat-insulating
materials, and concretes,
• studies and synthesis of silicates and
siloxanes.

• modelling and numerical simulations of
casting processes,
• thermodynamics of casting processes,
• die casting,
• mechanisation and automation of foundries,
• stress-strength analysis and the structure
of castings,
• environmental protection in foundry
engineering,
• optimisation of technological processes for
products made of cast steel, cast iron, and
non-ferrous alloys,
• artistic castings and archaeometallurgy,
• surface engineering,
• heat and thermochemical treatment,
• design and production of cast composites,
• modern methods of testing the properties of
materials,
• research into the theoretical and practical
aspects of making moulds and cores with
the use of moulding sands,
• research into the corrosion mechanisms
of industrial alloys and metal-based
biomedical materials,
• production and testing of nanomaterials.

www.geod.agh.edu.pl

www.ceramika.agh.edu.pl

www.odlewnictwo.agh.edu.pl
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main

research areas
at AGH UST

Faculty of Non-Ferrous
Metals

Faculty of Drilling, Oil
and Gas

Faculty of Management

• high-strength light metal alloys,
• nanocrystalline and sub-microcrystalline
materials,
• materials and structures in electrical energy
transmission systems,
• design and optimisation of plastic forming,
• optimisation and implementation of expert
systems in light and heavy industries,
• extraction of metals from ores and metal-bearing waste materials,
• recycling of metal alloys,
• production and corrosion of protective
coatings.

• well and borehole design,
• drilling parameters optimisation,
• technologies of HDD wells and
microtunnelling,
• drilling fluid recipes,
• selection and composition of sealing
slurries used in drilling and geoengineering,
• technologies of borehole geophysical
logging,
• oil and gas production from conventional
and unconventional reservoirs,
• exploitation of underground gas storage
facilities,
• designing natural gas transmission
networks,
• carbon dioxide sequestration technologies,
• coal bed methane extraction from coal
seams and gobs,
• drilling waste management,
• environmental monitoring,
• extraction and production of underground
water,
• geoengineering and geotechnics,
• geoenergetics.

• management education in Poland and its
transformation in the context of economic
and social changes,
• importance of the human resources function
in the process of developing a stable and
inspiring work environment,
• economic, financial, and environmental
instruments in sustainable economy,
• new marketing and production problems in
network structures,
• business management in the conditions of
global economy,
• computational problems in the optimisation
of supply chains,
• advanced methods and algorithms of
computer data processing in management
and technology,
• econometric methods in the analysis of
economic phenomena and processes,
• financial markets as the primary segment
of the economy and a source of the
stabilisation of business entities.

www.wmn.agh.edu.pl

www.wnig.agh.edu.pl

www.zarz.agh.edu.pl
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main

research areas
at AGH UST

Faculty of Energy and
Fuels

• energy conversion,
• technologies of coal gasification and coal
pyrolysis,
• nuclear energy and coal-nuclear synergy,
• technology of fuels and biofuels, and the
distribution of gaseous fuels,
• fluid-flow machines and power engineering
devices,
• fuel cells and lithium batteries,
• renewable energy sources,
• planning and modelling in the power
industry,
• adsorption and catalysis in industrial
processes and environmental protection,
• environmental analytics.

www.weip.agh.edu.pl

Faculty of Physics and
Applied Computer Science

• condensed matter physics,
• high energy physics, including the
development of detectors and electronics
for the needs of large experiments,
• medical physics and biophysics,
• modern applications of nuclear physics,
including research on functional materials,
and studies into the dynamics of strongly
influencing systems,
• environmental physics: carbon cycle
dynamics and climate changes
(the greenhouse effect),
• applied computer science, numerical
simulations of phenomena, biometrics,
programming of devices and equipment.

www.fis.agh.edu.pl

Faculty of Applied
Mathematics

• graph theory, combinatorics, theoretical
computer science,
• quantum algorithms,
• complexity of continuous problems in
different computational models,
• computer-aided research in the field of
mathematical physics,
• qualitative and numerical research for the
needs of differential equations used in
natural science models,
• discrete and continuous dynamic systems,
• differential geometry,
• general spectral theory of operators and its
applications,
• mathematical statistics,
• financial mathematics and stochastic
control.

www.wms.agh.edu.pl
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main

research areas
at AGH UST

Faculty of Humanities

Academic Centre
for Materials and
Nanotechnology

AGH UST Centre
of Energetics

• humanistic and social aspects of the
development of contemporary technologies,
including the social and cultural
consequences of the use of technological
innovations (for example, the impact of
telework on the development of practices
in professional and family life, the influence
of new media technologies on changes in
public and social activity, the significance of
the Internet in the processes of integration
and disintegration of ethnic groups),
• non-religious spirituality and Polish atheists,
• research into the problems of an ageing
population,
• entrepreneurship and innovativeness in the
socio-economic sphere.

• physical properties in ultra-low
temperatures,
• nature of electron states and conductivity
in the connections topological insulator-graphene and superconductor-graphene,
• physical chemistry of the surface of metals
and semiconductors,
• magnetic admixtures examined with the use
of X-ray and gamma spectroscopy,
• self-organisation at the molecular level in
multicomponent organic systems,
• recombination mechanism of load carriers
generated as a result of light absorption,
• magnetic memory cells, spin logic
nanostructures,
• structures of nanocapsules for controlled
compound release,
• nanosuspensions,
• metal-based materials for particularly hard
service conditions.

• supporting education for the programmes of
study offered by AGH UST faculties in the
field of Energy,
• organising research and development
activities carried out in the Centre’s
laboratories by means of collaboration with
AGH UST scientific research teams,
• direct collaboration with commercial entities
in the area of research and development,
• initiating new areas of research and
development in the field of Energy,
• development and implementation
of innovative solutions,
• alongside educational activity, the Centre
of Energetics carries out projects related
to many aspects of power engineering
in the area of its efficient production,
transformation and storage, as well as in
the field of the development of renewable
energy sources.

www.wh.agh.edu.pl

www.acmin.agh.edu.pl

www.ce.agh.edu.pl
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Modular rescue
for evacuation

Faculty of Mining and Geoengineering

capsule

The Faculty of Mining and Geoengineering co-develops a technology
demonstrator of a modular rescue capsule designed to aid the evacuation
of injured persons in hazardous environments.
The project has been financed by the National
Centre for Research and Development
within the framework of the Applied
Research Programme, and is carried out by
the consortium comprising the Institute of
Mechanised Construction and Rock Mining –
the leader of the project, as well as AGH UST,
the Central Mine Rescue Station, the Warsaw
University of Technology, the Military Institute
of Hygiene and Epidemiology, and the Military
Institute of Aviation Medicine.
The technology demonstrator is designed
for underground hard coal mines, but it
can also be adapted to other dangerous
environments, such as oil platforms,
chemical plants, tunnels, mountain huts
with no access by emergency medical
services, large forests, railways, large public
buildings, caves, caverns, etc.
The technology demonstrator consists of
three modules:
 a carrier of the medical module and the
transportation module (dispenser) with
equipment,
 the transportation module – a monitoring
stretcher,
 the medical and the transportation module
for a mining medical vehicle.

Multi-function
stretcher,
illustrations
by Waldemar
Korzeniowski

The idea of the capsule improves the
transportation of an injured person with
the use of the infrastructure of the mine.
The stretcher enables the adaptation of
any particular transportation system while
improving the comfort (by means of shock
absorption), and makes it possible to monitor
the condition of the injured person during the
process of transportation. During the phase
of transportation by the medical vehicle, the
injured person is looked after by a doctor who
can use the equipment and medical products
available in the vehicle.
The medical module is equipped with
a mechatronic monitoring system measuring
the saturation of haemoglobin with oxygen,
the respiratory rate RR, the activity of the
heart ECG, the blood pressure NIBP, and
the temperature of the injured person.
It also measures the parameters inside the
dispenser, and the technical condition of the
monitoring devices. The module is capable
of forwarding this information to any mobile
device. The innovativeness of the rescue
capsule consists in shortening the time
needed to provide assistance to the injured
person, and improving the scope of medical
activities undertaken before the individual
even leaves the hazardous area.

Mining medical vehicle and view of rescue
capsule with equipment modules, photos by
Ireneusz Baic

Faculty of Mining and Geoengineering
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Application of numerical
The methodology of advanced
numerical modelling in designing
new underground structures and
preserving existing underground
constructions on the example
of salt mines.
Underground salt mining has been present
in Poland for centuries. Due to the irregular
forms of salt deposits, salt mines located
in the deposits require a detailed analysis
related to the creation of new workings,
closing the old ones, as well as the
maintenance and adaptation of the historical
parts of the mines for tourists.
The effective and correct modelling of the
phenomena taking place in the surroundings
of such complex structures as underground
salt mines requires a spatial approach to the
issue. Due to a very complex geometry of
workings in mines (for example, Wieliczka or
Bochnia), laser scanning is currently used for
the purpose of building numerical models.
On the basis of the performed laser
scanning – and using the obtained point
cloud – in the course of further processing,

modelling to design

a spatial model of a chamber or a group
of chambers is created, which is then
reticulated with the use of four-, five- and
six-walled elements. A model prepared in
this way is solved by means of a numerical
method (the finite difference method, the
finite element method).
In order to carry out a numerical
analysis, it is necessary to assume some
suitable constitutive models. The software
that is used by the Faculty of Mining and
Geoengineering makes it possible to use
a number of constitutive models, from the
most basic elastic models, through elastic-plastic models (Mohr-Coulomb, Ubiquitous-Joints, Hoek-Brown), to advanced
rheological-plastic models (Power-Mohr,
WIPP-Salt). An example of using rheological
models for the assessment of the current
condition of a salt mine and the evaluation
of future exploitation in the long term of
several dozen years is the geomechanical
analysis of the “Kłodawa” Salt Mine, as well
as a number of studies related to individual
chambers, sets of chambers, and global
analyses for the “Wieliczka” Salt Mine.

3D numerical
model of the
“Kłodawa” Salt
Mine, illustration
by Marek Cała

A point cloud obtained by laser scanning of a sample
chamber in the “Wieliczka” Salt Mine, illustration by
Daniel Wałach

A reticulated model of the analysed chamber
developed on the basis of laser scanning, illustration
by Mateusz Blajer

A cross section map of
limiting (actual) stress
degree for the “Kłodawa”
Salt Mine obtained in
the process of spatial
analysis, illustration by
Michał Kowalski
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Faculty of Metals Engineering and Industrial Computer Science

Innovative surgical

sutures

Dr Piotr Kustra and professor Andrij Milenin from the Department of Applied
Computer Science and Modelling at the Faculty of Metals Engineering and
Industrial Computer Science have developed a technology for the drawing of
thin wires (ø 0.1 mm) from biocompatible magnesium alloys through heated
drawing dies for use as resorbable sutures.
In the developed technology, the tool, i.e. the
drawing die, is located inside a furnace. The
cold wire is put in the heating zone of the
furnace L0 and then deformed in a drawing die
heated up to a temperature of approx. 350ºC;
after its deformation, it is cooled in the air.
In such deformation conditions, the material
undergoes full recrystallization, which enables
a multi-stage drawing process without the
costly and time-consuming inter-operational
heat treatment process. A schematic diagram
of the prototype device for the drawing process
performed in heated drawing dies is shown
in the picture. In this device, the length of the
preliminary heating chamber is adjusted with
a sliding sleeve and depends on the speed of
drawing. This arrangement leads to possible
dynamic recrystallization after the drawing n,
and before the n+1 drawing there is additional
static recrystallization.
Based on the developed technology, the
drawing process was performed without inter-operational heat treatment on a MgCa0.8
magnesium alloy for the following deformation

pattern: 1.000 –> 0.913 –> 0.833 –> 0.761 –>
0.694 –> 0.634 (a) –> 0.579 –> 0.528 –> 0.482
–> 0.440 –> 0.402 (b) –> 0.367 –> 0.335 –>
0.306 (c) –> 0.279 –> 0.255 –> 0.233 (d) –>
0.212 –> 0.194 –> 0.177 –> 0.162 (c) –> 0.147
–> 0.135 –> 0.123 –> 0.112 –> 0.1 (d).

a

b

c

Wires from a MgCa0.8 magnesium alloy after the
process of drawing in heated drawing dies:
a – 0.634 mm, b – 0.402 mm, c – 0.162 mm,
d – 0.1 mm, photo by Piotr Kustra

Device for the drawing process: L0 – heating zone, L1 – cooling zone, illustration by Piotr Kustra

Installation for the drawing process, photo by Piotr Kustra

d

Faculty of Metals Engineering and Industrial Computer Science
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New alloy for tools working

at high temperatures

The object of the invention is a nickel-based tool alloy that is resistant to
abrasion at high temperatures
(up to 1000°C). It is made by using
a standard technology, and is
intended for the working elements
of tools (e.g. for pressure casting
of metals) which during operation
are exposed to particularly intensive
abrasive wear, high temperatures,
and a highly corrosive environment.
The microstructure of the new tool alloy is
a nickel-based solid solution with γ’ [Ni3(AlTa)]
phase precipitates, 32-35% primary carbides,
and secondary carbides. The alloy is highly
resistant to abrasion, and to a highly corrosive
environment at high temperatures. It has
a stable microstructure and is not susceptible
to fatigue cracking; as a result, tool elements
made of the alloy are very durable.
The new alloy is a unique solution. It fills
the gap between tool steels for hot work and

a

b

sintered molybdenum- and tungsten-based
tool materials. It was tested in laboratory and
industrial conditions with very good results.
The material will enable certain developments
in the future, including the development of
pressure casting of copper alloys, which
has so far faced the problem of the lack of
tool materials. The alloy described here was
designed and tested by professor Piotr Bała,
as a part of his post-doctoral dissertation,
published by the AGH UST Press in the series
“Dissertations. Monographs” defended on
24th June, 2013, at the AGH UST Faculty of
Metals Engineering and Industrial Computer
Science. For his alloy, professor Bała
won a gold medal at the 40th international
exhibition “Geneva Innovations 2012”, and
a bronze medal at the “International Warsaw
Invention Show” in 2012.
The awards and interest on the
part of companies that make tools for
pressure casting of metals are the best
recommendation of the invention.

Microstructures of
the alloy Ni-Ta-Al-C-Cr:
a – light
microscope,
b – SEM-BSE,
illustration by
Piotr Bała

A 3D reconstruction of carbides in the alloy
Ni-Ta-Al-C-Cr: area of analysis performed with a
SEM-BSE microscope (1,000 passages – area
of 28 × 22 × 22 µm), illustration by Piotr Bała

A 3D reconstruction of carbides in the alloy
Ni-Ta-Al-C-Cr: primary and secondary tantalum
and chromium carbides, illustration by Piotr Bała
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Faculty of Metals Engineering and Industrial Computer Science

Computer system for optimization of

metal processing operations
The project was carried out by the
consortium composed of AGH UST
(coordinator), the Silesian University
of Technology, and IMŻ Gliwice.
The key members of the AGH UST
team were professor Jan Kusiak,
professor Maciej Pietrzyk, and
Dr Łukasz Rauch.
An impulse for the development of the
computer system was the result of a market
analysis which demonstrated that the
number of such systems in the sector of
advanced industrial IT solutions is very
small. The functionality of the leading
systems, offered by well-known brands, is
usually limited to the integration of external
software for numerical simulations and
advanced mathematical tools. The most
popular systems on the market are ISight1
and Rescale2; the latter also uses highly
efficient computer architectures of the grid
or cloud type. The purpose of the project
was to develop a solution that would
offer a similar functionality, and would be
suitable for use in the broadly-defined metal
processing industry.
The developed computer system
plays the role of an integrator of external
software for numerical simulations,
a materials database, and a numerical
library of optimization methods. Numerical
simulations are performed by means of
various off-the-shelf software (e.g. Abaqus,
Forge, Marc) and by software developed
at the Department of Applied Computer
Science and Modelling. The values of
1

2

http://www.3ds.com/products-services/simulia/
portfolio/isight-simulia-execution-engine/latest-release
http://www.rescale.com

Graphical User Interface of the ManuOpti system,
illustration by Łukasz Rauch

stresses, deformations, temperatures, etc.,
which are calculated by the software, are
used as a basis for models in the microand nano-scale, which are also included in
the system as separate calculation modules.
The procedures are connected with the
macro scale hierarchically in a semi-coupled
manner, which enables the calculation
of thermomechanical properties in selected
locations in the material at any time of the
production process.
As an alternative to expensive conventional
numerical methods, metamodels are used,
which in the ManuOpti system are created
by using artificial neural networks. The
simulations are connected with the materials
database, and the entire system is covered

by a numerical optimizations library which
contains both procedures for solving single-criterion problems by using deterministic
methods and nature-inspired optimization
techniques, as well as advanced multi-criterion algorithms. The functionality of the
system has been verified by the simulations
of real industrial processes, as well as
laboratory and semi-industrial tests3.
The added value of the ManuOpti
system is the possibility to integrate external
The system for the optimization of production
processes and cycles in metal processing was
created within the framework of the development
project no. NR07–0006–10 under the same name,
which was financed by the National Centre for
Research and Development.

3

Faculty of Metals Engineering and Industrial Computer Science
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Forge
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Server

Remote
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Simulations

Deployment diagram of ManuOpti functional modules with material database and external software for numerical simulations, illustration by Łukasz Rauch

software that works in different operating
systems – both locally and remotely –
through computational clusters or more

advanced high-power hardware architectures.
Consequently, the system can be used both
in education and for solving real industrial

problems with the use of dedicated research
and computational centres, which significantly
increases the number of potential users.
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Faculty of Electrical Engineering, Automatics, Computer Science and Biomedical Engineering

Microelectronics from AGH UST
conquers global markets

Researchers and scientists from AGH UST, taking full advantage of
nanotechnologies, develop new products and solutions that are later used by
large international companies. An example is a long-standing collaboration
between the Faculty of Electrical Engineering, Automatics, Computer Science
and Biomedical Engineering, and the Japanese company Rigaku Corporation.
Rigaku Corporation specializes in
developing equipment for the needs of
diffractometry and X-ray spectrometry.
AGH UST scientists have designed for
Rigaku Corporation several generations of
integrated circuits, for example, the ultrafast
chip RG64 for silicon strip detectors, or
the integrated circuit PXD18k, composed
of over 40 million transistors, meant for
fast X-ray pixel cameras. On the basis
of these and the successive generations
of integrated circuits, several products of
global reach have been developed – they

are currently used in tests and research
on materials, biological structures, the
electronic, pharmaceutical, chemical,
automotive, and extractive industries, crime
analysis, and others.
The examples of such products are:
 D/tex Ultra – fast detector used in
diffractometry,
 Hypix-3000 – X-ray pixel camera,
 Smart-SiteRS – portable analyser of
mechanical stress,
 HyPix600HE – precise X-ray pixel
camera.

a

b

c

d

The coordinator of research projects
at AGH UST is professor Paweł Gryboś
from the Faculty of Electrical Engineering,
Automatics, Computer Science and
Biomedical Engineering.
High-tech projects in the field of
microelectronics accomplished at AGH UST
conquer not only the global markets, but they
are also presented at the most prestigious
international scientific and industrial
conferences. A result of conducted research
projects are also joint patent applications, as
well as regular industrial work placements for
AGH UST students and doctoral students in
Japan.

Examples of global products made
by Rigaku Corporation whose main
components are integrated circuits designed
at AGH UST:
a – D/teX Ultra mounted on diffractometer
arm,
b – HyPix-3000 – new generation pixel
detector,
c – Smart-Site RS – portable analyser of
mechanical stress,
d – HyPix600HE – assembled into products
made by Rigaku Oxford Diffraction Poland,
based in Wrocław.
photo archives of Paweł Gryboś
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Systems for multi-point experiments

in intrinsic brain activity

The faculty conducts interdisciplinary
research at the borderline of
electronics and neuroscience. The
Department of Measurement and
Electronics has developed a new
measurement system for recording
the intrinsic activity of the brain
from an electrode matrix, and it also
works on an implantable system for
electrical stimulation and recording
neuronal activity.
The system is based on a specially-developed
integrated circuit, which is connected with
the measurement electrodes inserted during
the experiment into the place pinpointed
by a neuroscientist. The solution designed
by the scientists is used in research which
aims at finding answers to fundamental
questions concerning the ways of processing
and coding information in neuron systems.
Tests performed in collaboration with
the Department of Neurophysiology and

Chronobiology of the Jagiellonian University
recorded Local Field Potentials from
the structures of a rat’s brain, i.e. from
Nucleus Incertus and from hippocampus.
Currently, the scientists are also carrying out
research into an implantable measurement
system. Such an approach means that the
solutions that have been used so far need
to be located in a single integrated circuit.
Thanks to the circuit, it will be possible to
examine the behaviour of nerve cells under
the nominal conditions of the body. The
initial measurements were carried out in
collaboration with the scientists of the Swiss
Federal Institute of Technology in Lausanne
(EPFL). They consisted in recording the
signals of nerve cells and determining their
speed and propagation. The results of the
measurements are fundamental from the point
of view of understanding the mechanisms
that influence the origins and development of
diseases connected with the human nervous
system.

100-channel integrated circuit for electrical stimulation
and recording neuronal activity, and measurement
electrodes, illustrations by Mirosław Żołądź

System for multi-point
recording of intrinsic brain
activity, and the recorded
signals, illustrations by
Mirosław Żołądź
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Automaton for scarification

and visual assessment of oak nuts
AGH UST scientists collaborate with the University of Agriculture in Krakow,
the Industrial Institute of Agricultural Engineering in Poznań, and the
company Promar in Poznań in order to carry out an interdisciplinary design
and research project financed by the National Centre for Research and
Development. The aim of the project is the automation of the process of acorn
preparation for sowing in container nurseries.

The material model of an automaton for the
scarification and visual assessment of acorns,
photo by Mirosław Jabłoński

The detector of disease-related changes based on
a colour digital camera, photo by Mirosław Jabłoński

In the process of growing the seedlings of
oak, it is important to obtain seeds without
changes which are a result of diseases or the
so-called “mummification”. It turns out that
such properties as density, mass or elasticity
do not enable their identification, and that was
a reason for constructing an automaton with
a computer vision system for the assessment
of acorns prior to sowing. So far the seeds
had been prepared manually, and employees
classified them on the basis of their own visual
assessment.
A team of researchers at the Department of
Automatic Control and Biomedical Engineering
took up the challenge of developing systems
of the automatic control, computer analysis
and image recognition of acorns at the stage of
their mechanical processing.
The result of their work is a material model
of an automaton equipped with a vibrating and
conveyor feeder, a system for the positioning
and setting the orientation of acorns, a rotary
arm with a gripper, a blade (circular knife)
module that cuts off the unwanted part of
nuts (scarification), and a sorting system that
classifies acorns as healthy, slightly spoiled,
or spoiled.
The functional parts of the automatic
control system are operated by means of an

industrial analogue / digital controller, which
records signals from sensors monitoring
the operation of the automaton modules
and visual detectors. An integral part of the
system are machine vision modules equipped
with modern digital cameras. The developed
algorithms of image analysis and image
recognition are performed by an industrial
computer equipped with a touch panel. The
vision module responsible for detecting acorn
orientation makes it possible to measure
the length of the nut and determine where
exactly it should be cut. In the next stage,
an image of the cross section is recorded by
a colour camera. On the basis of revealed
changes, the nuts are automatically classified
as healthy or spoiled, and then placed
accordingly in different containers.
The innovative method of acorn
preparation for sowing in container nurseries
and the related technological solutions
have been submitted to patent offices
and published in scientific journals1,2 and
monographs.
The device attracts a lot of interest and
wins prizes: a gold medal at the International
Warsaw Invention Show IWIS 2017, and
a gold medal at the International Agricultural
Fair POLAGRA-Premiery 2018 in Poznań.

1
Jabłoński M., Tylek P., Walczyk J., Tadeusiewicz R., Piłat A. 2016. Colour-based binary discrimination of
scarified Quercus robur acorns under varying illumination. Sensors, 16(8), 1-13.
2
Przybyło J., Jabłoński M., Pociecha D., Tadeusiewicz R., Piłat A., Walczyk J., Kiełbasa P., Szczepaniak J.,
Adamczyk F. 2017. Application of model-based design in algorithms’ prototyping for experimental acorn
scarification rig. Journal of Research and Applications in Agricultural Engineering, 62(1), 166-170.
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The pre-processing of
an image of a cross
section in the gripper,
photo archives of
Mirosław Jabłoński

The subsequent stages of
image processing, photo
archives of Mirosław
Jabłoński
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Deep neural networks for image analysis
AGH UST develops innovative
architectures of deep neural
networks for visual applications in
the conditions of limited visibility.
The popularisation of deep neural networks
has led to substantial progress in the field
of machine learning, especially computer
vision. A special type of neural networks
(convolutional neural network) has found
its application in such tasks as recognition,
detection, and image processing.
Convolutional neural networks remain,
however, susceptible to factors that make
analysis difficult, such as the low resolution of
images, and the presence of different kinds of
image noise, blur caused by movement, etc.
The team of researchers headed by
professor Bogusław Cyganek conducts
research into the effective use of deep
convolutional networks for the purpose of
image analysis in the difficult conditions
of visual signal acquisition, such as aerial
or underwater systems. The developed
architectures can be used to perform such
tasks as noise reduction, blur removal, super
resolution, and the classification of low
resolution images.
The results of conducted research are
used in practical assignments, especially
in a machine vision system for underwater
investigation, developed by the team.
An example of a low quality image
(top), and after the application
of the developed method of
super resolution based on
a convolutional neural network
(bottom), photo by Bogusław
Cyganek
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New standards of wireless networks IEEE
The AGH UST Department of
Telecommunications has for many
years conducted research into
wireless local area networks based
on IEEE 802.11 standards. A rapid
development of the standard and its
extensions has provided users with
fast, secure, mobile, and reliable
access to the wireless infrastructure
of packet networks at low cost.
The team of employees at the Department of
Telecommunications actively examines the
issues related to designing innovative network
architectures and communication protocols,
modelling the behaviour of wireless stations,
the implementation of developed solutions in
hardware, and the analysis of the efficiency of
wireless local area networks.
A special emphasis is placed on ensuring
the Quality of Service (QoS). In particular,
the following issues are addressed: the
implementation of measurement modules
for WLAN cards (Wireless Local Area
Network cards), designing signalisation
protocols, designing protocols enabling the
differentiation of movement in the MAC layer
(Medium Access Control layer) and their
implementation in WLAN card controllers,
testing the efficiency of MAC layer protocols,
developing software for controlling movement
in the network layer, the optimisation of
MAC layer parameters, designing systems
for the measurement of movement in MAC
and network layers, the implementation of
neighbourhood scanners, the designing and
simulation analysis of multi-rate protocols, as
well as the analysis of the influence of hidden
stations, exposed stations, and stations that

do not behave correctly in the presence of
wireless local area networks.
The team of researchers also works on
the autonomy of WLAN networks and their
virtualisation. Currently, the Department of
Telecommunications carries out research
connected with the latest extensions of IEEE
802.11 standards, such as IEEE 802.11aa,
IEEE 802.11ac, IEEE 802.11ae, and IEEE
802.11ax.

802.11

The developed and built access point
ensuring QoS in the data link layer and the
network layer (on the right, a part of the
configuration interface), illustration by Marek
Natkaniec
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Simulations of
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biological processes

The AGH UST Department of
Computer Science deals with such
issues as the development of
computer algorithms, methods and
tools connected with the simulation
of physical, biological, and social
phenomena.
The AGH UST Department of Computer
Science has for many years conducted
research into simulation methods based on
cellular automata, agent systems, molecular
methods, and others. The research has led
to the development of many applications
that enable the observation of interesting

The interface of the program for cancer
(melanoma) simulation – cross-section through
skin, illustration by Rafał Wcisło

biological processes, for example, blood
coagulation (including the phenomena
resulting in embolism), the growth of mould
on wheat ears, or the development of cancer.
The picture below presents an interface
screenshot of melanoma simulation, which
shows the growth of the tumour while taking
into account the process of angiogenesis (the
development of capillaries). Obtaining reliable
results has been possible thanks to combining
knowledge from several domains of science:
physics, computer science, and biology.
In the process of carrying out simulations,
the researchers use the latest computer
tools – cloud computing, parallel processing,

numerical algorithms, efficient calculations
with the use of graphic processors. This
makes it possible to develop computer
applications that effectively use the available
modern computer infrastructure of the
university, which in consequence enables
to obtain results faster, conduct a higher
number of experiments, and carry out more
and more complex simulations (allowing for
a higher number of parameters, covering
longer periods, or taking into account the
multi-scale nature of the phenomenon).
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ICPCP map for planetary gearbox diagnostics
The ICPCP map is an innovative
method for an early detection of faults
and damages in multi-stage planetary
gearboxes designed for wind turbines
and mining machinery.
A planetary gearbox is an element of the power
transmission system, which is responsible for
adjusting the speed of the machine shafts.
Such gearboxes are used, for example,
in wind turbines and mining machines.
A potential malfunction of such equipment
generates not only losses resulting from the
cost of repair (in the order of several hundred
thousand euros), but also the value of lost
production. It is very important to detect the
fault at an early stage of its development. The
developed method is the first Polish method
for the assessment of the technical condition of
planetary gearboxes that has obtained patent
protection. In the world, there are a dozen
or so solutions related to the diagnostics of
planetary gearboxes, but they deal with simpler
mechanisms, colloquially known as “planetary”,
which generate more repeatable signals.
The developed method is based on making
a 3D map of the strength of vibration signals
in relation to the successive rotations of the
gear, and in relation to consecutive meshes.
For the mapping purposes, the scientists have
developed a method of signal resampling,
which takes into account the kinematic and
kinetostatic properties of the examined
gearbox, which is a completely new scientific
approach. The ICPCP method not only
makes it possible to detect a malfunction of
the gearbox, but it also additionally allows to
determine the location of the fault for each of
its elements at every stage, even for complex
multi-stage gearboxes.
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The success of the method has been
evidenced by many prizes, including the
award of the Foundation for Polish Science,
a scholarship of the Ministry of Science and
Higher Education for outstanding young
scientists, and the Award of the President of
the Council of Ministers for a distinguished
doctoral dissertation. The further practical and
market potential of the method is currently
examined within the framework of the project
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A sample ICPCP map, illustration by
T. Barszcz and A. Jabłoński

EPICLA, financed by the National Centre for
Research and Development. The method has
been developed by Adam Jabłoński, DSc, and
professor Tomasz Barszcz of the Department
of Robotics and Mechatronics.

The cross section of a planetary gearbox,
photo by Tomasz Barszcz and Adam Jabłoński
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Nanostructured multilayer and nanocomposite coatings
for tribological applications
The processes of friction and wear determine energy losses as well as
losing the possibility to fulfil the requirements set for tools and the friction
pairs of machine parts. Conventional materials require lubricants that are
mostly harmful to the natural environment. It is possible to limit or even
eliminate their use by means of the application of thin, several-micrometre
coatings on friction surfaces.
These coatings, which are applied with the use
of vacuum techniques, find more and more
applications. A continuous development of
technology and increasing requirements for
machine parts have made the conventional
single-layer coatings insufficient. That is why
scientists constantly look for new, complex-structure coatings that should have the
properties of an increased carrying capacity,
crack and wear resistance, and a low
coefficient of friction. Research conducted
by the Department of Machine Design and
Technology in collaboration with Polish and
international scientific institutions has led to
the development of new groups of coatings,
which offer substantially better properties than
conventional single-layer coatings.
The first group are multilayer coatings. The
typical material compositions are Ti/TiN,
Cr/CrN and DLC/TiN, for which their deposition
parameters have been optimised. This has
made it possible to develop nanostructured
materials whose thickness of individual layers
is in the order of 10-20 nanometres, and the
entire coating consists of even several dozen
such layers. Their structure makes the coatings

Photos of cracks in a single-layer coating DLC,
and a multilayer coating DLC/TiN,
illustrations by Łukasz Major

The developed multilayer and
nanocomposite coatings can act as self-lubricating materials, that is in places where
the use of lubricants is not possible: food,
chemical, and pharmaceutical industries, as
well as in temperatures of up to 300 °C.

significantly harder, while their crack and wear
resistance remains at a high level.
The second group of advanced-microstructure coatings are nanocomposite
coatings made of a carbon amorphous matrix,
which contains hard particles of the filler such
as TiC or CrC. Many-year research has led to
the development of such materials in which
these ceramic particles are of the size of
several nanometres, and they effectively stop
the propagation of micro-cracks in coatings,
increasing their wear resistance several times.
The results of scientific research related to the
coatings of complex microstructure have been
presented in over 30 publications in journals
listed in Journal Citation Reports.
a

b
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Device for muscle stimulation
and spine rehabilitation
The invention has been awarded a silver medal, a special distinction of
the International Invention Show & Technomart INST – an Honourable
Mention, and a special prize awarded by the World Invention Intellectual
Property Associations in Taipei, as well as the title of Leader of Innovation
at the International Exhibition of Economic and Scientific Innovations
INTARG.
The statistics related to spine disorders
leave no doubt – in the developed countries,
as many as 80% of people will suffer from
spinal pains or aches during their lifetime.
Every year, the figure applies to 5% of
the adult population. Only in the USA, in
2008, over 413,000 operations of spinal
fusion were performed, and in the five
largest countries of the European Union,
in 2005, the figure stood at 150,000. The
problem is addressed by a device for
muscle stimulation and spine rehabilitation,
an idea of professor Jerzy Kwaśniewski of
the Department of Rope Transport at the
Faculty of Mechanical Engineering and
Robotics.
The project concerns a new, computer-controlled device for rehabilitation in
suspension. Currently, simple, manually-operated constructions which consist of
belts, ropes and pulleys are available on
the market. The developed invention offers
a replacement of pulleys with mechanical
winches, whose horizontal position (2D)
above the patient’s bed and its operation
are controlled by a computer. The system
would enable the patient to make suitably-programmed movements in three directions,
which would be of a therapeutic value, but
is currently not available. At the moment,

the market offers conventional, manually-operated systems for rehabilitation in
suspension, which consist of a carrying
frame, ropes, belts for supporting parts of
a patient’s body, and pulleys. The aim of
the systems is to enable a patient to do
exercises without a need to carry the weight
of their own body.
Systems for exercises in suspension are
used for active exercises in the rehabilitation
of spinal disorders, with people after the
injuries of the musculoskeletal system,
a stroke, a joint replacement, and other
conditions. The potential users of the
invention are rehabilitation units in hospitals,
health centres, and nursing homes.
A preliminary analysis of the market has
revealed no offers of computerised devices
for rehabilitation in suspension that would
be comparable with the invention.
In collaboration with rehabilitation specialists,
further work should focus on pinpointing
medical problems that the invention would
be capable of curing, as well as other
benefits following from its use. Developing
a prototype and its software, and conducting
clinical studies will make it possible to offer
the rehabilitation equipment to producers and
distributors, who are present on the global
and local markets in considerable numbers.

A patient in suspension,
and a servomotor
system of the device
model, illustrations by
Jerzy Kwaśniewski
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Remote monitoring system for multistage
gear of bucket wheel excavator

The excavator KWK 1500s with visible the final
drive of the bucket wheel, photo by Witold Cioch

The scientists from the Department
of Mechanics and Vibroacoustics
have developed a monitoring
diagnostic system for the final drive
of the bucket wheel of the bucket
wheel excavator.
Gear trains are used in most systems of
mechanical power transmission. Continuous
monitoring and the assessment of their
technical conditions are especially important
in heavy industry, where costs associated with
unplanned shutdowns exceed the costs of
repairing the monitored object.
Recorded and processed vibroacoustic
signals may be a source of diagnostic
information. A team of employees at the

Department of Mechanics and Vibroacoustics,
composed of professor Wojciech Batko,
Paweł Pawlik, DSc, Witold Cioch, DSc, and
Dariusz Dąbrowski, DSc, within the framework
of the Operational Programme Innovative
Economy, have developed a monitoring
diagnostic system for the bucket wheel gear
of the bucket wheel excavator.
The system acquires vibration signals
from sensors located at the bearing units of
the gear, as well as the parameters obtained
from the controller of the excavator, such as
oil temperature, oil pressure inside the gear,
the rotational speed of the input shaft, clutch
slip, and energy and power consumed by the
bucket wheel drive.

The data processing machine of the
system is the real time controller CompactRio.
It contains an application built in the
development environment LabVIEW, which
performs a superior function in the diagnostic
system. The application integrates devices
and sensors located on the final drive, and
carries out diagnostic analyses, providing
information about the technical condition of
the gear. A multithreading architecture of the
implemented software solution enables the
simultaneous acquisition of vibration signals,
communication with the PLC controllers of the
wheel excavator, as well as the analysis and
storage of the signals. A modular structure of
the data processing machine enables further
extension of the system.
The recorded data and the results of
diagnostic analyses are sent to a computer
with a touch panel, which is used for storing
measurement information, the presentation of
results, and communication with any computer
having access to the Intranet of the mine. The
operation of the system can be supervised
by the mine administrations, and from any
computer authorised by the mine.
The developers of the solution have
obtained the patent “A method and a system
of the monitoring and diagnostics of gears, in
particular the gear of the bucket wheel drive
of the bucket wheel excavator” (granted on:
18.10.2016).

Załącznik 2
Faculty
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przekładni głównej
KPB214-190P
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Załącznik 2

Computer with touch screen
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A research
– the -bevel-planetary
gear KPB214-190P,
Rys. 1subject
Obiekt badań
przekładnia stożkowo-planetarna
KPB214-190P
photo by Witold Cioch

A block diagram of the monitoring system, illustration by Paweł Pawlik
Rys. 3. System monitoringu zainstalowany na koparce KWK 1500s

Rys. 2. Schemat blokowy systemu monitoringu
1

The monitoring system of the final drive KPB214-190P installed
in the control room of the bucket wheel excavator KWK 1500s,
photo by Witold Cioch

The user interface of the panel computer application, illustration by Paweł Pawlik
Rys. 4. Interfejs użytkownika aplikacji komputera panelowego

2

32

Faculty of Geology, Geophysics and Environmental Protection

Hybrid organo-mineral

controlled sorption properties

materials with

The modification of kaolinite-rich
minerals aimed at including their
anion-exchange properties, which
are rarely observed in the world of
minerals.
For this reason, the scientists determined
the optimum conditions of synthesis for
new hybrid kaolinite-rich nanomaterials with
selected groups of chemical compounds.
The analysis of the characteristics of the
synthesis process as well as the structure
and texture of the final mineral materials was
carried out with the use of modern analytical
methods.
The results of the research, which have
been presented in a series of publications,
showed a new, previously undescribed in
the world method for a substantial increase
of the sorption properties of kaolinite-rich
minerals. It involves the formation of new
active centres of a negative or positive
charge as a result of intercalation and/or
grafting.
Moreover, the modification makes the
interlayer space of the minerals available for
ions. Thus the sorption capacity observed
for the received mineral derivatives is
comparable with modified smectite minerals
or zeolites.
The gained and published knowledge
related to the modification of kaolinite-rich
minerals provides a solid foundation for work
on the implementation of theoretical solutions
in several technologies of water purification.
It will also improve the development of
research on the international scale, in
particular, research on the design and
development of mineral hybrids of controlled
properties, for example, sorbents, catalysts,
and drug carriers.

The mechanism of removing anions by a kaolinite sorbent, illustration by Jakub Matusik

The application of hybrid organo-mineral sorbents to water and sewage treatment, illustration by Jakub Matusik
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nuclear
magnetic resonance

Innovative solutions in the field of
The opening of the Laboratory of Nuclear Magnetic Resonance (NMR)
Tomography and Spectroscopy for the purpose of research into geological,
material, and biological porous systems in low and medium fields has
resulted in work and studies on innovative solutions in the field of NMR.
These solutions enable a substantial
increase in the precision of the estimation
of the biophysical parameters of porous
systems in different domains of science and
technology, such as biology, geology, and
materials engineering. Some of the solutions
related to diffusion imaging and the diffusion
tensor have been protected by patent rights.
The scientists have developed a theory
of the new imaging methods of diffusion
coefficients and the components of the
diffusion tensor in DWI and DTI experiments,
as well as assumptions, and they have led to
the development of a new line of anisotropic
phantoms, which are the standards of the

A low-field NMR scanner (2MHz-1H) for object
imaging with very short times TE, 40 us (surface
weighted relaxation) with an additional unit for
pressure simulations of deposit conditions
(up to 6,000 Psi), photo by Michał Michna

diffusion tensor. They have built prototypes
for the application of the BSD-DTI method
in practice, and these prototypes have
been used to conduct experiments on
commercial tomography systems Bruker
9.4T, GE 3T, and Simens 3T. Moreover, they
have implemented in laboratory procedures
the new methods of the estimation of
petrophysical parameters, especially different
types of porosity for sedimentary rocks. The
researchers have also developed a theory
related to the imaging of hydrogen nuclei
for liquid water, surface-bound water, and
hydroxyl groups in mesoporous systems,
and they have verified the theory by means

An NMR scanner (24 MHz-1H) for 1D-3D imaging
of geological and biological objects, photo by
Michał Michna

of experiments. The scientists have obtained
patent protection for the BSD-DTI method in
the United States, Japan, and the European
Patent Office, and they have also submitted
a patent application for the sBSD-DTI method
in Poland, and within the framework of
international proceedings (PCT). The results
of the achievements have been presented in
the form of scientific publications.
Current research projects concentrate
on the implementation and development of
BSD-DTI diffusion imaging methods and
the use of the inverse Laplace transform in
clinical conditions (in vivo) and laboratory
conditions (in vitro), and their main aim is
the development of a method for precise
qualitative and quantitative determination
of stem cells and their influence on the
examined tissue for the needs of clinical
diagnostics and laboratory tests.

An NMR scanner – “NMR Mouse” (20 MHz-1H) for
imaging objects with a strong gradient G = 24 T/m
(diffusion weighted relaxation), photo by Michał
Michna
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"BlueGas"
The aim of the "BlueGas"
programme was to develop
and adapt technologies for the
exploration, recognition, and
exploitation of unconventional
natural gas deposits in source
rocks.
The programme was implemented in two
stages: "BlueGas 1" (2014–2016) and
"BlueGas 2" (2015–2017), through projects
carried out by industrial and scientific
consortia, financed by the National Centre
for Research and Development and
industrial partners.
In the first edition, the Faculty of
Geology, Geophysics and Environmental
Protection took part in six projects, in four
of which it played the role of the scientific
leader. In the second edition, the faculty
was the scientific leader of two projects, and
co-participated in one.
The first edition focused on regional
research on shale horizons. The projects

Data acquisition for
the Wierzbica-3D-AGH
experimental seismic
survey, photo by Andrzej
Pasternacki
tackled the problems of resource estimation,
the structural, lithological and geological
evaluation of Lower Palaeozoic formations,
their seismic imaging, as well as the
application of the methods of microseismic
monitoring of hydraulic fracturing. In two
additional projects, the scientists addressed
the issues of seeking for the so-called
“sweet spots”, and the influence of shale
gas exploitation on the natural environment.

The results of the microseismic monitoring of
hydraulic fracturing (points) of two horizontal
wells drilled in Lower Palaeozoic source rocks,
juxtaposed with reflection seismic imaging,
photo by Andrzej Pasternacki

The second edition was devoted to the
exploration, development and prospect
evaluation of unconventional hydrocarbon
accumulations in the Carpathian Flysch
sediments and in the Miocene strata
of the Carpathian Foredeep. The most
important results of the research have
been: the methodology of the seismic
characterisation of Lower Palaeozoic shales
by means of high resolution 3D images and
the enhanced method of vertical seismic
profiling, as well as the development of the
microseismic monitoring interpretation of
fracturing processes; the recognition of the
mechanical parameters of source rocks with
the use of seismic data and the methods of
comprehensive and integrated interpretation
of geophysical and geological data.
As a result of the programme, a number
of technological solutions have been
developed, including the optimisation of data
acquisition systems, and the methodology of
seismic data processing, which became the
subject of patent applications.
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Separation drain inlet
The innovative design of the separation drain inlet not only aims at
a number of environmental advantages, but it also improves the safety
standards of using communication surfaces.
In urbanised areas, taking care of the
environment encounters many obstacles,
and constant anthropogenic pressure
additionally makes it more difficult for
usually limited green areas to function
properly in cities. The situation is improved
by environmentally-friendly technical
solutions, which add to minimising the
negative influence of urban infrastructure
on the natural environment within its
boundaries.
The main assets of the solution are:
 minimising the outflow of contaminated
precipitation wastewater to surface waters,
 improving the water balance of drainage
basins by means of land and soil water
retention,
 enabling the purification of precipitation
wastewater in natural conditions.
Such environmentally-friendly working
of the drain inlet is possible thanks to its
unique construction, where apart from the
sewage entry located on the side wall,
and the sewage chamber, it also has two
independent outlets, one of which carries
away highly contaminated sewage to the
sewerage system, the other is intended
for less contaminated sewage that can be
carried away out of the sewerage system,
for example, to devices dispersing water
directly to the ground. In this way, the
design of the drain inlet makes it possible
to reduce substantially the volume of
precipitation wastewater carried away to
sewerage systems, which is financially
important for the operation of the systems,
and at the same time, it is beneficial

from the point of view of environmental
protection.
The design and construction of the drain
inlet have been patented (patent:
E. Neverova-Dziopak, D. Słyś, Odwodnieniowy
wpust separacyjny / English: Dehydration
isolating entry), patent description (in Polish):
PL 220677 B1, patent granted on: 17.02.2015),
and due to its innovative approach, the solution

has been awarded many prizes, of which the
important ones have been: a gold medal at the
International Warsaw Invention Show in 2011,
a gold medal at Seoul International Invention
Fair in 2012, a gold medal and a certificate of
the Press in Sevastopol in 2012, an award of
the Ministry of Science and Higher Education
and a statuette for international achievements
in the field of inventions in 2012, a gold medal
at the International Exhibition of Inventions –
“Geneva Inventions 2015”, and recently, an
award of the Ministry of Science and Higher
Education in 2016.

Washing away pollution by precipitation wastewater –
sewage fully carried away as “dirty” sewage
inflow of precipitation
wastewater from
hardscape

separation inlet

removal of pollution

inflow of
precipitation
wastewater from
hardscape

outflow of “dirty” precipitation
wastewater to sewerage system
Washing away pollution by precipitation wastewater –
sewage fully carried away as “clean” sewage
separation inlet

outflow of “clean”
precipitation wastewater

inflow of precipitation
wastewater from
hardscape

outflow of “dirty”
precipitation
wastewater

outflow of “clean”
precipitation
wastewater
A flow diagram of the system,
illustration by Daniel Słyś,
Elena Neverowa-Dziopak
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Measurement works during test loading of
engineering constructions

A team of employees at the Department of Engineering Surveying and
Civil Engineering has carried out work within the framework of the first
in Poland application of the technology of terrestrial radar interferometry
to the examination of the main spans of large bridges, slim engineering
constructions (for example, industrial chimneys), and hydrotechnical
structures with a particular focus on dams and flood banks.
During measurement work that aims at
the experimental checking of construction
properties, it is necessary to ensure a high
reliability of obtained measurement material.
Every experiment of this kind
encompasses a measurement
project
4

carried out with the use of a number of
devices which differ from one another in
a number of measurement properties, hence
it was necessary to design equipment that
would enable a correlation of measured
values. Within the framework of conducted
PL 68 296 Y1
Rysunki

a

PL 68 505 Y1

Rysunki

b

5

Key to diagrams:

a – A portable stand with
a polyhedral microwave
reflector for the assessment
of the accuracy of geodetic
measurements
A – p olyhedral microwave
reflector,
1 – triangular wall,
2 – mast,
3 – lower connector,
4 – internal thread of lower
connector,
5 – clamping pin,
6 – surveyor’s tripod,
7 – upper connector,
8 – external thread of upper
connector,
9 – mandrel,
10 – electro-optical reflector,
11 – G
 NSS receiver antenna,
12 – pin connection,
illustration by Łukasz Ortyl
b – A reflector for measuring
displacements and
deformations,
illustration by Łukasz Ortyl

research, the scientists developed
a reflector for measuring displacements
and deformations (utility model PL 68296),
which enables the examination of long
spans with the use of ATR (automatic target
recognition) and radar technology at the
same time. The device has been used, for
example, in the examination of bridges
under test load.
Another utility model is a portable stand
for the assessment of the accuracy
of geodetic measurements (PL 68505).
It allows to use microwave techniques
in order to verify the constancy of points
measured by means of total stations
or GNSS (global navigation satellite
system). The solution may be used to
signal particularly important measurement
points during monitoring procedures, or
be a reference to precise atmospheric
reductions.
Both solutions were developed by the
team whose members were: professor
Tomasz Owerko, Łukasz Ortyl, DSc,
Przemysław Kuras, DSc, and Rafał Kocierz,
DSc.
The above projects are supplemented
by a patent application of an invention for
a method of testing the construction of an
object, which enables the assessment of
the behaviour of the object during tests
under trial and operational load, especially
the detection of damages or defects during
the test (CTT.662-38/16), whose author is
professor Tomasz Owerko.
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Research on molecular
mechanisms of addiction
In their research work, scientists from the Department of Biochemistry and
Neurobiology at the Faculty of Materials Science and Ceramics focus on
problems at the boundaries of chemistry, biochemistry, and pharmacology.
This is in line with the global trends, according to which natural sciences, in
particular biochemistry, are a bridge connecting problems from the field of
nanotechnology, biomaterials, medical chemistry, and biochemistry.
The research objective of the Department is
to understand the molecular mechanisms of
addictions and ultra-sensitive identification
of endogenous molecules. The results of
the research are also used in many fields of
science, such as materials science, cancer
diagnostics, and analytics.
The scientific activities, performed together
with ERTEC Poland, and a team from the
Wrocław University of Science and Technology,
include the development of pioneering designs
of new ion sources for mass spectrometers
based on low-temperature plasma. They enable
a quick identification of narcotics, which opened
up new opportunities for collaboration with the
Substance Abuse Treatment Clinic of the Ludwik
Rydygier Specialist Hospital in Krakow, and the
Institute of Forensic Research in Krakow.

Other techniques used by the scientists
enable the analysis of the structure of
materials used in medicine, e.g. bone
implants or artificial blood vessels, which
enables an evaluation of their surface, and
the determination of the causes of their
rejection by the body.
A very simple method was also developed
for the generation of the metabolites
of psychoactive substances using
electrochemical processes and titanium
dioxide, which has catalytic properties.
The ability to anticipate the possible
metabolites of narcotics can be used in
the so-called "preventive toxicology" for
the purpose of saving the lives of patients
poisoned with psychoactive substances
purchased on the black market.

An analysis of molecules in the brain
using the DESI imaging method,
illustration by Anna Bodzoń-Kułakowska,
Piotr Suder
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Ceramic implant

materials for medicine

At the Faculty of Materials Science and Ceramics, a team led by professor
Anna Ślósarczyk has for years conducted research on ceramic implant
materials for medicine. The research covers the design, production, and
physico-chemical and biological evaluation of bone grafts for orthopedics,
craniofacial surgery, and stomatology, used for filling bone deffects resulting
from diseases or injuries.
As part of the research, a number of
materials have been developed; they
constitute monophasic and composite
sintered phosphate-calcium bioceramics,
i.e. bioceramics produced in accordance
with standard ceramic processes that
include the formation of porous and dense
implant blocks and granules of various sizes,
followed by their high-temperature thermal
processing. The team is also interested
in chemically bonded biomaterials that
constitute bone cements that are surgically

handy, i.e. easy to prepare and apply in the
conditions of operating rooms.
The results of the research are
23 patents, including two European patents
and the implementation into industrial-scale production of the first Polish implant
materials based on calcium phosphates:
hydroxyapatite (HAp) and tri-calcium
phosphate (βTCP). Other materials
developed within the framework of the
awared project, completed in 2013, which
was a part of the Innovative Economy

Calcium-phosphate
bioceramics
photos by Anna
Ślósarczyk,
Aneta Zima,
Zofia Paszkiewicz

Operational Programme no. POIG.01.03.01-00-005/09, are in the final stages of
research, and are likely to be commercialized
soon. The team conducts its interdisciplinary
research in collaboration with medical
academic centres, including ones from
Krakow, Lublin, and Warsaw.
Currently, the team is focusing on
materials for medicine, including materials
for tissue engineering and regenerative
medicine, which belong to the group of 3rd
generation biomaterials.
For their research on ceramic
preparations for replacing bone losses,
the scientists have received several awards
of the AGH UST Rector, and professor
Anna Ślósarczyk was awarded a prize
at the 4th competition for female inventors,
“Wynalazczyni 2011”. In 2013, together
with the team of scientists from Lublin,
she also won three awards at the World
Exhibition on Inventions, Research, and New
Technologies “Brussels Innova” – Grand Prix
Europe France Inventors, a gold medal with
distinction, and a prestigious award of the
World Intellectual Property Organization for
a female inventor.
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X-ray – 3 months after operation

X-ray – 3 months after operation

Use of HAp-βTCP bioceramics in orthopaedic surgery – operation carried out
by Bogusław Bobrowski, MD, photo archives of Bogusław Bobrowski

Use of HAp-βTCP bioceramics in oral and maxillofacial surgery –
operation carried out by Łukasz Wysieński, MD, photo archives of
Łukasz Wysieński

X-ray – 12 months after operation

Use of HAp-βTCP bioceramics in orthopaedic surgery – collaboration with
professor Jacek Kowalczewski, MD, photo archives of Jacek Kowalczewski

Use of HAp-βTCP bioceramics in oral and maxillofacial surgery – photo archives of the
Department of Ceramics and Refractories, Faculty of Materials Science and Ceramics
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Technology of producing castings ultra-highly
resistant to abrasive wear
A team of researchers at the Faculty of Foundry Engineering has developed
the basis for a technology that will enable the production of castings with
composite zones containing more than 50% of titanium carbide (TiC).
The abrasive wear of materials is the key factor
that determines the replacement interval of
machine parts in many branches of industry.
This applies mainly to the metallurgical, energy,
and mineral industry. Is it currently possible
to produce machine parts whose lifespan will

a

b
SEM microstructure (a), and a sample visualisation
of the tomographic reconstruction of particle
distribution (12 μm × 6,8 μm × 4,9 μm) in a
composite zone reinforced with TiC fabricated in situ
in a steel casting (b), photos by Tomasz Tokarski,
Adam Kruk

increase two or three times? Of course, it is
possible provided that we can use a technology
that enables the development of products
of substantially improved performance and
mechanical properties. What do we gain by
increasing the lifespan of machine parts?
The main advantage for the buyer is lowering
the production costs by means of keeping
to a minimum the shutdowns related to the
replacement of worn-out parts, as well as
lower expenditure on purchasing compatible
replacement products. At the same time, the
excessive exploitation of natural resources
and the emission of pollution are limited
significantly, which contributes to sustainable
development.
The reasons mentioned above have
become the primary motivation for the
development of a technology of producing
cast machine parts and devices that are ultra-highly resistant to abrasive wear.
The idea behind the technology consists in
introducing into the mould pressed compacts
containing the substrates of the reaction of
TiC formation. During the process of casting
into the mould, liquid alloy initiates the
reaction of TiC synthesis in the compact, while
infiltrating the compact at the same time.
As a result of the process, in the selected
location of the casting we obtain a composite
material having the properties of a cermet.
The developed technology has been
patented by AGH UST, and the AGH UST
Centre for Transfer of Technologies has
licensed it to a spin-off company.
The company also became part of the
portfolio of the AGH UST’s special purpose

vehicle – INNOAGH, whose aim is to support
the establishment of innovative companies.
Steps taken in the right direction
enabled the licence buyer to develop the
technology on an industrial scale. For the
time being, operational tests at the 6th level
of technological readiness according to TRL
have demonstrated that the wear resistance
of castings with composite zones is five times
better than their commercial counterparts made
of manganese steel (13% Mn).
It can be expected that with such
performance properties of the products made
with the use of the developed technology
all previously-mentioned advantages are
achievable.

The prototype of a miniature roller for a rollerplate mill with a monolithic composite zone
reinforced with TiC, designed and developed as
part of the project CERCAST no. POIR.04.01.04-00-0067/15 within the framework of Research
and Development Activity, the Operational
Programme Smart Growth, 2014–2020,
co-financed from the European Regional
Development Fund, illustration by Ewa Olejnik
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Reclaimer REGMAS
A system of devices for the
reclamation of spent moulding
sands, and the granulation
and thermal utilization of post-reclamation dusts.
In 2015, the domestic production of castings
for the automotive, engineering, aviation,
military, and machine-building industries
exceeded 1 million tons. The production
of castings is also connected with the
production of a large amount of waste, since
the production of 1 ton of castings generates
about 1 ton of waste in the form of spent
moulding and core sands. The integrated
system of devices, which has been designed
and developed at AGH UST within the
framework of the projects POIG 1.3.1. and
Innotech, encompasses:
 The multipurpose vibratory reclaimer
REGMAS 1.5 – which enables the recovery
of silica sand from waste, which can then
be reused in the casting processes or for
other purposes. The reclaimer is a modern
solution, which combines the majority of
properties of the best, well-known global
solutions for this type of reclaimers.
The device of the output of 1.5 t/h with
a pneumatic cascade classifier designed
for small and medium-size foundries,
which in Poland constitute about 60% of all
foundry plants, is illustrated in photo. The
device is capable of adapting its operating
parameters and reclamation rate to the
requirements of moulding sands that are
hard to reclaim. The device REGMAS 1.5
is protected by patents in the United States
(US9061288B2), the European countries
(EP 2689868), Germany, (60 2013 012
6739), and a patent application in the Polish
Patent Office (PL 400131 A).

 A granulator of post-reclamation dusts
– which are produced in the amounts
of 5-10% compared to the amount
of the processed sand, and require
conversion and consolidation in the form
of a granulated product that eliminates
occupational safety and health risks
related to dustiness during the processes
of management and/or disposal at landfill
sites. The developed prototype of the
bowl granulator with an automatic system
of dosing liquids and wetting substances
is illustrated in the photo. The device is
protected by the Polish patent number
PL 217441 B1, granted to AGH UST.
 A system for the thermal utilization of
dusts produced during the process of

The vibratory reclaimer REGMAS 1.5,
photo by Jacek Siedlecki

the mechanical reclamation of moulding
sands with organic binders – which
enables the thermal processing of the
dusts of high heating value (20-30% of
coal calorific value), combined with heat
recovery for technological or municipal
purposes. The device is protected by
the Polish patent number PL P-407 853,
granted to AGH UST.

The bowl granulator, photo by Jacek Siedlecki
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Continuous casting
and aluminium alloys

of aluminium

AGH UST has developed, tested and implemented the production
technology of aluminium alloys, types EN AW-6060 and EN AW-6082, as
products obtained in the innovative process of continuous casting with
a system of electromagnetic modification of the structure.
The Laboratory of Technologies of Non-Ferrous Metals Processing collaborates with
research centres and production companies
in the area of research into the continuous
casting of aluminium and aluminium alloys.
The laboratory has at its disposal four unique
stands for continuous casting that have been
designed by the research team: a stand for
horizontal casting (of both round and flat
objects), a stand for vertical downwards
casting, a stand for vertical upwards casting,
and a stand for strip casting with the use of
rotating cylindrical moulds (by means of the
twin roll casting method).
Within the framework of collaboration
between the Laboratory of Technologies
of Non-Ferrous Metals Processing and the
company Adamet, the team has recently
developed, tested and implemented the

a

production technology of aluminium alloys,
types EN AW-6060 and EN AW-6082, as
products obtained in the innovative process
of continuous casting with a system of
electromagnetic modification of the structure.
The application of the continuous casting
process with an innovative approach to
modification by means of an electromagnetic
system for stirring liquid metal within the
crystallisation zone, and the use of an
efficient primary cooling system made of
new mould materials has enabled intensive,
ultrafast crystallisation of castings, thus
obtaining products of fine-grained crystalline
structure, which through the process of heat
treatment gain the required performance
characteristics at a lower production cost.
The photos show the process of the
continuous casting of aluminium products

b

in laboratory conditions, which has enabled
the development of the technology and
its transfer to industry, and finally, its
implementation into production.
Moreover, within the framework of
a development project, the Laboratory
of Technologies of Non-Ferrous Metals
Processing has developed the prototypes
of new products in the form of sheet
metal plates with Fe, Si and Mn additives,
whose properties and characteristics are
competitive with conventional technologies.
The subject area and the essence of the
solution focused on the method of the
continuous casting of aluminium alloys
with the use of rotating cylindrical moulds
(the process of twin roll casting) and their
further cold rolling for the purpose of
obtaining products of high performance
characteristics and properties, intended for
the automotive, building, and packaging
industries. The technology is based on
a new, different from the conventional one,
technology of the metallurgical synthesis

The process of the
continuous casting of
aluminium products in
laboratory conditions:
a – a flat bar 45 × 8 mm
b – a round bar of 20 mm
in diameter,
photos by Paweł
Kwaśniewski

Faculty of Non-Ferrous Metals
of strips, obtained by means of the
crystallisation of metal between rotating
cylindrical moulds, where an additional
process of thermal deformation takes
place. The simultaneously cast and rolled
strips are usually 6-12 mm thick, and they
are directly suitable for cold rolling, which
eliminates the need for an expensive
process of the hot rolling of 250-300 mm
sheets, which are typically used in the
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conventional technologies of producing flat
sections made of aluminium alloys. The
prototypes were developed in laboratory
conditions thanks to designing and building
a new, original research installation for the
continuous casting of aluminium and its
alloys with the use of rotating cylindrical
moulds (by means of the twin roll casting
method). The use of the technology of
continuous casting developed within the

framework of the project allows to lower
the number of technological processes
and devices needed for the production of
sheet plates made of aluminium alloys.
This translates into measurable economic
benefits by lowering the cost of processing
as well as decreasing the cost of investment
in production infrastructure. The photo
shows the process of strip casting by means
of TRC in laboratory conditions.

A TRC installation, and the process of the continuous casting of aluminium strips
in laboratory conditions (a strip of 9 mm in thickness and the width of 90 mm),
photos by Wojciech Sciężor
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Copper-silver

alloys

For many years, AGH UST scientists have conducted research into the
development of a technology of obtaining and processing Cu-Ag alloys (with
up to 15% content of silver) for products used by the electrotechnical and
power engineering sectors.
The research encompasses the technologies
of producing castings made of Cu-Ag
alloys with the use of installations designed
for continuous melting and casting, heat
treatment, and cold working combined
with the intermediate process of heat
treatment for the purpose of producing wires,
microwires, and metal plates of very high
mechanical and electrical characteristics and
properties. A right number and sequence
of cold working and hot working processes
makes it possible to obtain a band composite
structure built of elongated Cu and Ag fibres
with the cross section dimensions in the
order of nanometres.

Cu-Ag alloys with a low content of
silver, for example, silver copper CuAg.10
or CuAg0.10 OF, due to high thermal,
tribological, and rheological resistance, find
application in the production of trolley wires
and catenary wires used in rail and tram
overhead contact systems. In comparison
with the conventional wires made of
electrolytic copper, the abrasion resistance
of trolley wires made of silver copper
CuAg0.10 is about four times better, their
thermal resistance is higher by about 200°C,
and they also feature increased rheological
and fatigue resistance while maintaining
high electrical conductivity. This type of

A laboratory stand for testing the properties of trolley wires and the contact tips of
current collectors, photo by Artur Kawecki

trolley wires is currently used in overhead
contact systems with high mechanical and
electrical load, where the voltage is 3 kV
and the electric current exceeds 2.5 kA.
Cu-Ag alloys with a higher content of silver,
once submitted to suitable heat treatment or
thermomechanical processing, thanks to the
nanometric elements of the microstructure,
gain extremely high mechanical and
electrical properties, currently unavailable
in the case of other high-conductivity
copper-based alloys. The optimisation
of technological parameters enables the
production of wires, microwires and metal
plates made of Cu-Ag alloys, whose tensile
strength is 1000÷1500 MPa, electrical
conductivity is very high within the range of
66÷85%, as specified by the IACS standard,
and ones that have high rheological and
fatigue resistance, as well as long thermal

Installation of a new generation overhead contact system, photo by Artur Kawecki
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A coil model and the microstructure of materials used for the coil construction, photos by Artur Kawecki

durability up to about 160°C. Wires and
metal plates made of Cu-Ag alloys are used,
for example, in the production of coils for the
generators of strong impulse magnetic fields.
The wires are used to make the windings of
high-power impulse generators, while the
metal plates are used to make the cores
of Bitter resistive magnets, which require
materials of high mechanical properties and,
at the same time, very high electrical and
thermal conductivity. The developed wires
have a low residual resistivity ratio in liquid

nitrogen temperature, which makes the
structure of the electromagnetic coil suitable
for the flow of an electric current of up to
20,000 A in a time shorter than 0.2 s, as well
as the generation of a very high impulse
magnetic field above 50 T.
Wires made of Cu-Ag alloys can be widely
used by scientific institutions and research
centres conducting fundamental research
into physical phenomena, and the variability
of material properties and behaviour in
the conditions of a strong magnetic field.

The most recent application area of highly
resistant and highly conductive Cu-Ag alloys is
connected with the use of wires by the power
engineering industry, especially in overhead
energy distribution systems. The scientists
conduct research into an industrial technology
of producing castings and converting them
into wires with such mechanical and electrical
properties that enable their use for the
purpose of building modern overhead power
transmission systems with a decreased value
of power distribution losses.

46

Faculty of Non-Ferrous Metals

Modern carrying-conductive accessories for tram
and railway overhead lines
AGH UST scientists have conducted
research into the development of
a new type of carrying-conductive
accessories for tram and railway
overhead contact lines.
A constant development of rail and tram
systems both in Poland and abroad is directly
connected with the need to develop new
types of materials and construction solutions,
which aim at improving the reliability and
usability of these means of transport. Within
the framework of projects run by the Faculty of
Non-Ferrous Metals, the scientists have carried
out research into the development of a new
type of carrying-conductive accessories for
tram and railway overhead contact lines.

In collaboration with the company KUCA,
they developed a new material, the production
technology, and finally, the product of high
performance characteristics and properties.
They designed and made a new type of
carrying-conductive components for tram
and railway overhead contact lines. For their
production, they had to develop a completely
new, original alloy on the basis of brass
CuZn37 with the additives of nickel and silicon,
in the amounts for which they have later
obtained patent protection. In comparison with
most currently-used construction materials,
the developed alloy has better mechanical
and electrical properties, higher corrosion
resistance, and better electrical conductivity.

Sample carrying-conductive components for tram and railway overhead lines made of the new type of alloy
CuZn37Ni1Si0.5, photos by Grzegorz Kiesiewicz

In the following stage of the research
process, knowing the properties of the
target construction material, they designed
from scratch the new geometries of the
particular elements of the accessories, whose
mechanical properties were then verified
by means of numerical calculations, which
constituted the basis for the estimation of stress
fields and the areas that could be particularly
susceptible to defects and damages. The
ultimate aim of the conducted research was
to obtain components that would be reliable,
easy to install, and ones that would ensure
the safety of the construction of the contact
system. For the newly developed models of
the accessories, the scientists carried out
research into a modern technology of their
production, which is based on the dedicated
processes of continuous casting, die forging
with hyper-quenching on the press coasting,
and hot finishing. The accessories obtained
in this way were then used in experiments in
order to test, for example, their slip load and
transition resistance. Furthermore, in the field
conditions of a real overhead contact system,
the researchers performed current tests and
thermographic inspection of the developed
components in terms of their heating during the
normal operation of rail vehicles.
The whole range of theoretical analyses,
experimental laboratory tests and simulations,
and their verification in real conditions has
enabled KUCA to produce and commercialise
a new type of accessories of high performance
characteristics and properties, which are
expected by the owners and operators of tram
and rail infrastructure.
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Optimisation of drilling

parameters

AGH UST researchers have carried out a project concerning the optimisation
of drilling parameters, including the selection of a drilling technology, tools,
drilling fluids, and cementing vertical and horizontal boreholes for the
extraction of shale gas deposits, and they have also worked on designing
devices for extraterrestrial drilling.
In the years 2013–2017, the Department
of Drilling and Geoengineering, in
collaboration with the Polish Petroleum
and Gas Mining Company, the Oil and
Gas Institute, and the Warsaw University
of Technology, carried out a project
within the framework of the programme
Blue Gas – Polish Shale Gas, entitled
“The optimisation of drilling parameters,
including the selection of a drilling
technology, tools, drilling fluids, and
cementing vertical and horizontal boreholes
for the extraction of shale gas deposits” –
OPTIDRILLTEC.
The main aim of the project was to
develop a drilling technology that would
minimise the cost of drilling a borehole,
while maximising the safety of the drilling
process, as well as environmental
protection.
The process of drilling in the Earth’s
crust can be carried out by means of
different mining methods (mechanical,
chemical, hydraulic, thermal, and others).
At the current level of technological
development, for the purpose of hard
rocking mining, it is also possible to use
plasma, electrical impulses, hydraulic
mining methods, rock blasting techniques,
and other methods that use explosives.
Due to a high consumption of energy and,
in some cases, the lack of full control
over the mining process, these methods
may not be considered as optimal in the
process of drilling boreholes in gas shales.

On the basis of many-year experience
and research conducted at the AGH UST
Faculty of Drilling, Oil and Gas in Krakow,
as well as practical solutions used by the
industry in other countries, at the current
level of technological development,
rotary drilling with the use of top drives
and down-the-hole drills (PDM motors,
turbine motors, electric well-drilling
units) is considered to be the optimum
technique. Through the modernisation
and optimisation of the method, the cost
of drilling a borehole can be lowered in
comparison to the other currently-used
technologies. According to the authors of
the project, this aim can be achieved by:
 the design and optimisation of the
construction of boreholes drilled for the
purpose of the first working of shale gas
deposits in the specific conditions of the
Pomerania, Podlasie, and Lublin basins;
 a practical use of the newly-developed
technology for the production of cement
slurries;
 the selection and optimisation of drilling
tools and devices, and drill strings used
for drilling rectilinear and curvilinear
sections, as well as the optimisation of the
technology of drilling processes;
 the modification of the technology of
drilling fluids production;
 the selection and modification of drilling
machines and drilling head systems;
 the optimisation of drilling projects, as
well as the liquidation of boreholes for

The mobile drilling rig during tests,
photo by Wojciech Teper
the purpose of minimising the cost of
borehole drilling.
Within the framework of growing
research into the design of machines for
extraterrestrial drilling, the Department of
Drilling and Geoengineering has carried out
two research projects. The first one was
entitled “Designing a model of an automated
core drilling rig for extreme conditions, in
particular the extraterrestrial environment”
(financed by the National Centre for
Research and Development within the
framework of the Applied Research
Programme). The project was carried out
in collaboration with the Space Research
Centre of the Polish Academy of Sciences
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The drilling module during tests in a vacuum chamber, photo by Wojciech Teper

(project leader), and the AGH UST Faculty
of Mechanical Engineering and Robotics –
Department of Robotics and Mechatronics
(project partner). The aim of the project was
to design, construct, and test a laboratory
model of an automated core drilling rig. The
special requirements related to the available
power and weight, as well as the operation
in vacuum conditions, on the one hand

made the task a difficult and challenging
one, but on the other, it could create
a market niche. The project is particularly
important in the context of the accession of
Poland to the European Space Agency.
The second project, related to
extraterrestrial drilling, was entitled “An
ultralight drilling rig for space exploration”
(financed by the European Space Agency
within the framework of the programme
Plan for European Cooperating States). The
AGH UST Faculty of Drilling, Oil and Gas –

Department of Drilling and Geoengineering
was the project’s main contractor (project
leader), and the Space Research Centre
of the Polish Academy of Sciences was
a partner of the project. The aim of the
project was to develop and present
a laboratory model of an ultralight device
that would be able to retrieve the cores
of regolith / rocks from planets and small
Solar System bodies (for example, natural
satellites and asteroids) in microgravity and
vacuum conditions.
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Integrated model of deposit
engineering for extraction of shale gas
Within the framework of the
programme IRES2, scientists have
developed new effective tools
for the modelling of gas flow in
unconventional natural gas deposits.
Between 2013 and 2017, the Department of
Natural Gas Engineering at the AGH UST
Faculty of Drilling, Oil and Gas was involved in
a consortium composed of LOTOS Petrobaltic,
Orlen Upstream and the Polish Petroleum
and Gas Mining Company (PGNiG), as
well as the Oil and Gas Institute – National
Research Institute, and the Warsaw University
of Technology in order to carry out the
research project Blue Gas – Polish Shale
Gas “Integrated Reservoir Exploration & Gas
Extraction System for Shale Gas – IRES2”.
The research project IRES2 involved the
development of effective NEW RESERVOIR
ENGINEERING TOOLS to UNDERSTAND
FLOW PHENOMENA IN SHALE GAS.
The tools included the new in situ monitoring
of natural gas reservoirs based on Raman
spectroscopy and the "fibre optic" technology.
These technologies enable quick determination
of the composition of natural gas from shale
formations, reservoir fluids characterisation, and
the determination of basic reservoir parameters.

Data obtained with the use of this technology
is helpful in developing classical numerical
models of geological structures.
The novelty of this approach consisted in
the application of mathematical methods to
solve the inverse problem with the statistical
analysis of the reliability of hypotheses. The
developed numerical models of structures
were used to create the exploitation simulation
models of unconventional gas reservoirs.
Due to the characteristics of unconventional
reservoirs, which require new tools for the
modelling and analysis of the exploitation
process and gas field management, a new
methodology was developed to create fast and
accurate surrogate reservoir models (SRM)
in order to facilitate the analysis of uncertainty
and decision-making processes.
The elements of statistical models and
fuzzy logic algorithms were used. A single-well
surrogate reservoir model (SRM model) was
constructed, which enabled to perform a large
number of simulations in a short time.
During the project, the researchers also
developed a model of a possible impact of rocks
and fluids, and the assessment of the extent of
the injected fracturing fluid, and a possibility of
fluid retention in the reservoir as a result of the
reaction with the rock and capillary effects.

A preparation phase for inserting
a Raman probe into the borehole,
photo by Szymon Kuczyński
The developed numerical reservoir models,
the surrogate simulation models of exploitation
(SRM model), and the model of fracturing
fluid impact enabled the development of
effective procedures for the assessment of
the final reservoir exploitation modelling EUR
(Estimated Ultimate Recovery).

A Raman spectrometer, and a system for testing
the samples of natural gas, photos by Szymon
Kuczyński
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Research at the Faculty of Management
Management, management
engineering, production
engineering, information
technology, operational research,
economics, and econometrics
have been the main research
areas of scientists at the Faculty of
Management in the recent years.
The research subjects are closely correlated with the faculty’s fields of study and the
research profiles of the faculty departments.
A characteristic feature of the research teams
is their interdisciplinarity, which combines
narrow disciplines being of interest to the
researchers of the Faculty of Management
with their general technical, economic, and
humanistic knowledge.
Many employees of the faculty are experts in international organisations. Professor
Joanna Kulczycka is an adviser to the European Commission in the programme Horizon
2020 (Societal Challenge 5). Anna Dubel,
PhD, is an expert of the European Commission in the programmes H2020-SMEINST-1,
H2020-SMEINST-2, H2020-FTIPilot,
H2020-DRS, H2020-WATER-One Stage,
H2020-SC5-TwoStage-Second Stage, and
H2020-DRS, and she is also a member of
the Community of Users, established by the
European Commission. In 2013, professor
Bogusław Bieda was an expert in the programme Horizon 2020 (Energy-CHP).
Employees of the faculty are members of the
editorial teams of important international scientific journals. Professor Henryk Gurgul is a member of three editorial teams: Central European
Journal of Operations Research, Managing
Global Transitions, and Management. Professor
Tadeusz Sawik is a member of the editorial
board of the International Journal of Production

Research, and is a representative of Polish
science in this flagship periodical in the field of
production engineering (published for 55 years
by Taylor & Francis in Great Britain). Professor
Sawik is also a member of the editorial team of
Manufacturing Modelling for Management and
Control, as well as the International Journal of
Business Analytics (published by IGI Global).
Professor Oleksandr Petrov is the editor-in-chief
of the Ukrainian Scientific Journal of Information
Security. Professor Dagmara Lewicka is a member of the editorial team of the academic journal
China-USA Business Review.
The scientific position of the faculty has
been confirmed by the individual achievements
of the faculty employees and their prestigious
awards. One of the most significant prizes has
been the award for professor Tadeusz Sawik
as the author of two so-called “highly cited papers” from the elite list of the Essential Science
Indicators database of Thomson Reuters, which
encompasses only the top 1% of the best and
most important papers for the development of
a given scientific discipline (T. Sawik: Selection
of resilient supply portfolio under disruption
risks, published by: Omega. The International
Journal of Management Science, 2013, vol.
41, pp. 259-269, and T. Sawik: Joint supplier
selection and scheduling of customer orders
under disruption risks: Single vs. dual sourcing,
published by: Omega. The International Journal
of Management Science, 2014, vol. 43, pp.
83-95). These publications were categorised
as Business & Economics (Web of Science
TM Core Collection). Polish scientists are the
authors or co-authors of only five highly cited
papers in this field, of which two are the publications that originated at the AGH UST Faculty of
Management. In the paper Selection of optimal
countermeasure portfolio in IT security planning, published in Decision Support Systems,

vol. 55, professor Tadeusz Sawik suggested
a new approach to security planning and risk
management in IT systems. This approach was
singled out by the Department of Information
Management at the National Taiwan University
in Taipei as exemplary in the area of cybersecurity management. In 2013, in the ranking of the
International Journal of Production Research,
professor Sawik was ranked number 17 in the
world in the years 1985–2010, and number 4 in
the years 2006–2010.
On the other hand, research conducted
by professor Henryk Gurgul in the recent
years has focused on very important issues
related to the non-typical factors of economic
growth, which have not been well researched
in the world literature, such as political and
economic freedom, globalisation, and social
and regional inequalities. Research projects
carried out by professor Gurgul have always
been highly regarded by the National Science
Centre, a prove of which was the first place in
the ranking of panel HS4 out of 165 submitted
projects in the competition OPUS 10. In 2015,
professor Henryk Gurgul was honoured for
many years of scientific collaboration with the
highest award of the University of Graz – the
Medal of Honour. In 40 years of the medal
history, the distinction had only been awarded
to Reinhard Selten, a Nobel Prize laureate.
Young faculty researchers have become
laureates of the programme “Top 500 Innovators
– Science, Management, Commercialization”,
organised by the Ministry of Science and Higher
Education, within the framework of which they
completed internships at Stanford University
(Dominik Kowal, DSc) and the University of California (Bartosz Sawik, DSc). Moreover, Łukasz
Lach, PhD, has been granted two scholarships
by the Foundation for Polish Science within the
framework of the programme START.
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Low-cost sorbents of sulphur dioxide
AGH UST has developed a method of zeolite synthesis from fly ashes
based on the analysis of a number of factors influencing the final product.
The developed materials can be effectively used as the low-cost and
environmentally-friendly sorbents of sulphur dioxide.
Environmental protection, especially the
activities that aim at limiting the emissions
of harmful substances from exhaust gases,
is one of the priorities of the contemporary
policy of the European Union, which are in
line with the global ecological trends. Due
to their characteristic structure, zeolites
can be used as sorbents for capturing
gaseous pollutants. One of the production
possibilities of zeolite materials is their
synthesis with the use of the fly ash as a
substrate. With this method, the obtained
material can be used as an adsorbent of
sulphur dioxide.

The activities of the research group at
the Department of Carbon Chemistry and
Environmental Sciences, whose members
are professor Katarzyna Zarębska, Paweł
Baran, DSc, and Natalia Czuma, MSc,
have enabled the development of a suitable
method of zeolite synthesis from fly ashes,
based on the analysis of a number of factors
influencing the final product. The developed
materials can be effectively used as the low-cost and environmentally-friendly sorbents
of sulphur dioxide.
The application of waste material to the
sorbent synthesis of gaseous pollutants

A SEM microphotograph of zeolite material synthesized from the fly
ash (zeolite Na-A), photo by Natalia Czuma

will make it possible to use the fly ash as
a substrate, which on the one hand will
create an alternative method of waste
disposal, and on the other, it will constitute
a low-cost source of obtaining a product for
sorbent synthesis. An important feature of
the obtained materials is their regeneration
ability. An important aspect of the conducted
research is focusing on the application
of the developed materials in smaller
installations, which due to the planned limits
on the emission of harmful substances into
the atmosphere will look for alternative, low-cost sorbents.

A SEM microphotograph of zeolite material synthesized from the fly ash (zeolite Na-X),
photo by Natalia Czuma
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Demonstration system for

removing mercury from flue gases
Within the framework of the project
CoalGas, scientists have developed
a demonstration system for the
monitoring and reduction of mercury
emissions from coal combustion in
pulverised-fuel boilers.
The demonstration system for the removal
of mercury from flue gases was developed
within the framework of the project
CoalGas, financed by the European Institute
of Technology through the Knowledge
and Innovation Community, as part
of the activities of KIC InnoEnergy and
CC Poland Plus. The partners of the project
included the AGH University of Science
and Technology, as well as TAURON
Wytwarzanie and PROMONT (professor
Janusz Gołaś, professor Andrzej Strugała,
professor Leszek Czepirski, Piotr Burmistrz,
DSc, and Krzysztof Kogut, DSc).
The demonstration system for the
monitoring and reduction of mercury
emissions from coal combustion in
pulverised-fuel boilers was built within the
grounds of the Power Station in Łaziska
(TAURON Wytwarzanie). The system is fed
with real flue gases from the boiler in block

a

b

A flow
diagram of the
demonstration
system and
its connection
to a flue gas
cleaning system,
illustration by
Krzysztof Kogut

no. 12, equipped with an SCR installation.
The system consists of a three-zone
electrostatic precipitator, a tank for powder
sorbent, a sorbent-dosing system that
enables the controlled injection of sorbent
into flue gases in the amounts from 0.07 to
6.67 g/mn3 of the flue gas, a fabric filter, and
an induced draught fan ensuring the flow
of flue gases within the range from 3,000
to 7,500 mn3/h. The system is equipped
with control and measurement devices that
enable the measurement of temperature,
pressure, and the flow and composition of
flue gases, including mercury, with the use
of the automated analyser TEKRAN 3300.
The photos show:
a – A portable system
for the analysis of
mercury content in
the gaseous state,
photo by Jerzy
Górecki
b – The view of an
installation on the side
of the electrostatic
precipitator, photo by
Jerzy Górecki

Moreover, the construction and mobile
equipment of the system make it possible
to measure mercury and its speciation, as
well as dustiness in any given point. The
system can also be used for a number of
other research tasks due to its multi-purpose
character and a reliable representation of
practically all methods of flue gas cleaning
used by electric utilities. The system is used
for complex research which aims at:
 choosing the most efficient sorbent for
the removal of mercury from flue gases,
 specifying the optimum conditions for the
process of sorbent injection into flue gases
(the optimum amount of sorbent, the place
of sorbent injection into flue gas),
 determining material and technological
conditions that influence the efficiency of
the removal of mercury from flue gases,
 confirming the effectiveness and
reliability of the developed technology
of mercury removal being a result of
the injection of powder sorbent into flue
gases.
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Electron state engineering as new tool
for designing lithium and sodium cells
An electron model of the intercalation
process, developed by professor
Janina Molenda, allows to predict
and plan the performance properties
of intercalated electrode materials for
reversible lithium and sodium cells.
For many years, professor Janina Molenda
has been conducting research into functional
materials for lithium and sodium cells (Li-ion
and Na-ion batteries). In the suggested model, the change of the electromotive force of
the cell Li/Li+/LixMO2 (M = Mn, Fe, Co, Ni), for
which the anode potential does not change
(the concentration of lithium ions in electrolyte
is constant), corresponds to the change of
electron chemical potential (change of the
Fermi level) in the cathode material.
The change of the chemical potential of
lithium ions in the intercalated structure is small
– of the order of kBT (kBT in room temperature equals ~0,025 eV), and it is significantly
smaller in comparison to the change of the
chemical potential of electrons, which may be
of the order of the bandwidth, i.e. 1 eV or more.
Electrons introduced into the cathode material
during the intercalation process (alongside
the equivalent amount of lithium ions) occupy

available electron states at the Fermi level and
raise it in a way that is dependent on the density function of the states. A high density of the
states at the Fermi level in the cathode material
leads to a weak, beneficial from a usability
point of view, dependence of the changes of
the cathode potential on xLi composition, while
the existence of a discontinuous function of the
density of states leads to a step-like shape of
the discharge curve, which is non-beneficial
from a usability point of view. Additionally, the
location of electron states accompanying the
discontinuous function of the density of states
constitutes a kinetic restriction of the process of
lithium intercalation, which lowers the density
of the current obtained from the cell, and does

The laboratories of lithium and sodium cells at the Department of Hydrogen Energy and the AGH UST Centre
of Energetics, photos by Kamil Kukla

The density of states, the variations of the
Fermi level, and the discharge curve of the cell
Na/Na+/NaxCoO2-y, illustration by Janina Molenda
not allow to make use of the theoretical capacity of the cathode material.
The method developed by professor Janina
Molenda involves examining the potential of
the compound LixMO2 by means of measuring
the electromotive force of the cell Li/Li+/LixMO2.
It is an excellent experimental tool in solid-state
physics, which allows for a direct observation
of the changes of the Fermi level in these systems in relation to the content of lithium. Within
the framework of the research grant Maestro
(2016) "A new tool in designing functional materials for Li-ion cells", it has been unequivocally evidenced that the widely discussed in world
literature step-like character of the discharge
curve in the system NaxCoO2-y, understood as
a result of an arrangement in a sodium sublattice, is strictly electron based, which results
from an anomalous, peak-like density of the
states at the Fermi level, caused by oxygen
nonstoichiometry. The discovery has a universal character and is of great importance in the
process of designing and searching for new
electrode materials for Li-ion and Na-ion cells.
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AGH UST detectors reveal secrets of works
of art and enable to build “ocular prostheses”

The experience of AGH UST
scientists in the area of the most
advanced detectors containing data
processing electronics for single
particle decay at CERN has been
used in the field of cultural heritage
and health protection.
The Faculty of Physics and Applied Computer
Science has developed a non-invasive
imaging method of chemical element
decomposition in the layers of paintings by
means of X-radiation (fluorescence analysis
with the use of a position sensitive X-ray
detector with gas electron multipliers and
specialised integrated circuits). The research
has led, inter alia, to definitive findings

concerning the original background of “Lady
with an Ermine”. The project was carried out
within the framework of the 3rd competition of
the Applied Research Programme financed
by the National Centre for Research and
Development (project leader: Faculty of
Physics and Applied Computer Science,
project partner: National Museum in Krakow).
The scientists have also focused
on retinal diseases that lead to the
degeneration of photosensitive cells.
They work on electronic prostheses in
which camera images are converted into
electrical impulses sent to the retinal
nerve cells, and further to the brain. The
AGH UST researchers have developed
electronic integrated circuits which – as

the only in the world – allow to stimulate
nerve cells by means of a pre-defined
sequence of impulses, and later to record
the response of the cells to their stimulation.
In collaboration with neurobiologists from
Stanford University, the AGH UST scientists
managed to reproduce natural activity in the
retina cells of a macaque that was identical
with the activity of a healthy retina. The
results open up a prospect of developing
further generations of prostheses for blind
people, thus providing artificial eyesight
of high quality – with prompt image and
colour changes. The research was funded
by a grant from the National Science Centre
within the framework of the competition
HARMONIA 4.

A specially painted picture (top right
corner) with background painted over (the
rest of the picture). On the right, a black
and white X-ray photo of the picture with
the background painted over, revealing its
hidden details, illustration and photo by
Tomasz Fiutowski, Bartosz Mindur
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Mobile measurements of suspended particulate

matter concentrations

The main objective of the research project was to estimate the spatial
distribution of the concentration of the atmospheric particulate matter
PM10 in the Małopolska and Upper Silesia region by means of mobile
measurement platforms using air pollution meters made available by the
association Krakowski Alarm Smogowy (Krakow Smog Alert).
In research tasks concerning this type
of particulate matter, mobile dust meters
ensuring a high time resolution of
measurements had so far been used by only
a few research groups in the world.
In Poland, this innovative method was used
for the first time.
The scientists conducted 10 measurement
campaigns whose results (see an example
below) were complemented by the analysis of
weather conditions (Institute of Meteorology
and Water Management) as well as the
time course and dynamics of pollution

concentrations (Voivodeship Inspectorates for
Environmental Protection). The method made
it possible to determine with unparalleled
resolution the levels of pollution with PM10,
to identify a large number of the so-called
“hot spots”, and even to single out a group
of several buildings that were a likely source
of very high local concentration levels of the
particulates.
Moreover, in several cases the scientists
observed a distinctly increased concentration
of particulates emitted by vehicles equipped
with outdated and worn-out motors – usually

The concentration levels of the suspended particulate matter PM10
observed during the measurement campaign on 16-17 December 2015.
Scale of colours consistent with the scale used by the Chief Inspectorate for
Environmental Protection, illustration by Michał Gałkowski, Jakub Bartyzel

diesel engines, but also worn-out petrol
engines.
In the Upper Silesia region, the areas of
increased PM10 concentrations were the
city centres of Zabrze, Gliwice, and Rybnik.
In Podhale, a strong relationship between
particulate concentrations and the altitude
was observed: the range of the recorded
concentrations of PM10 was between 0 and
300 µg/m3 depending on the altitude, and
the particulate concentration at the station
of the Chief Inspectorate for Environmental
Protection at the Krupowa Plain was about
80 µg/m3. The measurements carried out
in the Greater Krakow area showed higher
concentration levels of PM10 in places
surrounding Krakow in comparison to the city
centre. The highest concentration of PM10
exceeded 2,000 µg/m3.

The spatial interpolation of PM10 concentrations in the Greater Krakow area on the
basis of measurements carried out on the night of 6th April 2014. Measurement method:
Inverse Distance Weighting (IDW). Scale of colours consistent with the scale used by the
Chief Inspectorate for Environmental Protection, illustration by Michał Gałkowski, Jakub
Bartyzel
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First direct measurement of range and strength of

strong interaction between
antiprotons

Researchers from the AGH UST Faculty of Physics and Applied Computer
Science participate in the STAR experiment at the Relativistic Heavy Ion
Collider (RHIC) in Brookhaven National Laboratory in the United States.
At the facility, the beams of (polarized) protons or heavy ions are collided
head-on at different centre-of-mass energies.

In the STAR experiment, the identification of
antiprotons is based on the so-called "m^2 method",
STAR Collaboration, Nature 527 (2015), 345-348,

The performed measurements show that the
interaction force between antiprotons is exactly
the same as between protons in atom nuclei,
BNL Press Office

The basic issues studied in experiments at
RHIC include the properties of quark-gluon
plasma (QGP) and the nature of the proton
spin. The existence of QGP was confirmed
experimentally shortly after the accelerator was
launched in 2000. It is assumed that this state
of matter occurred in the very first fractions of
a second after the Big Bang, when the energy
density and temperature were comparable to
those achieved in heavy-ion collisions at RHIC.
In the STAR experiment, the scientists of
the Faculty of Physics and Applied Computer
Science initiated a study on the so-called
“diffractive processes”, starting in 2014 with the
installation of new detectors for the tagging of
protons scattered at very small angles, through
the preparation of triggers, and data analysis.
One of the interesting measurements
obtained recently in the STAR experiment
has been the measurement of the strength
of the strong force between antiprotons.
A large number of antiprotons produced in
the collisions of gold nuclei make it possible
to examine strong interactions between
antiparticles. The two key parameters
describing strong interactions between
antiprotons – the length of the scattering
and the effective range of the force – have

been measured. Information related to the
dependence of distance on the strong force
was obtained by analysing the correlation
between antiprotons in momentum space.
This was the first direct measurement of the
range and strength of the strong force between
antiprotons (publication in the prestigious
magazine Nature 527 (2015), 345-348.
54 institutions from nine countries, mainly
from the USA and China, participate in the
STAR Collaboration, and the participation of
the Faculty of Physics and Applied Computer
Science is financed by the National Science
Centre in Poland. In the years 2015–2017,
the employees of the Faculty of Physics and
Applied Computer Science gave a number
of presentations on behalf of the STAR
Collaboration at 10 international conferences.
In 2016, the Faculty of Physics and Applied
Computer Science also organised a STAR
Regional Meeting in Krakow. By the end of
2017, a result of the research conducted by
the employees and doctoral students of the
Faculty of Physics and Applied Computer
Science within the framework of the STAR
Collaboration included 22 papers published in
Physical Review Letters, and two publications
in the scientific journal Nature.
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Research at the Faculty of Applied Mathematics
The scientists at the Faculty
of Applied Mathematics have
conducted research in several
subject areas. An interesting subject
on the borderline between physics
and mathematics are Newton’s
equations, which constitute
a concise and elegant description
of the dynamical systems of
astronomical objects.
What is surprising is that their solutions may
have very chaotic properties. Moreover,
there is a hypothesis that the solutions of
stable properties may lose them as a result
of even small disturbances. An example of
such a problem is the stability of the Solar
System. Despite many years of intensive
research, so far no answer has been found
to the fundamental question whether the
stability can be damaged as a result of small
perturbations. The interest of the researchers of the Faculty of Applied Mathematics
also includes the lack of stability in the
Sun – Jupiter system, referred to as Arnold
diffusion. It has been demonstrated that the
movements of comets in the system, affected by even small perturbations, can change
their apparently stable characteristics, and
exhibit chaotic behaviour.
Another research area, based on the geometric theory of differential equations, is the
search for the integrable systems of nonlinear
partial differential equations that depend on
a number of spatial variables. It is worth mentioning that the turbulent development of the
theory of integrable systems has recently led
to obtaining a number of fundamental results
in such domains of knowledge as nonlinear
mechanics, the theory of relativity, laser physics, and hydrodynamics.

In collaboration with scientists from Germany and the United States, another important
achievement in terms of possible applications
is the development of the mathematical foundations for PT-symmetric quantum mechanics.
The primary objective of PTQM, established in
1998, is the development of modern physics
with the use of Hamiltonians, which are not
Hermitian, but have certain characteristics of
symmetry. The achievements of PTQM already
include some applications in the field of optical
theory, although the mathematical substantiations of many PTQM hypotheses are definitely
lacking. The use of Krein space methods has
enabled a precise explanation of the phenomenon of the nonuniqueness of unbounded operators in C-symmetry for PTQM Hamiltonians.
The results of the research are described in
a chapter of one of the first books dealing with
PTQM – “Mathematical Aspects of Non-Selfadjoint Operators in Quantum Physics”, published
by Wiley & Sons.
In collaboration with French scientists, combinatorial problems related to graph partitioning
and graph colouring have been studied. These
problems are connected with the management
of computer networks, and combine the elements of discrete mathematics and theoretical
computer science. Graph colouring is one of
the oldest and most fundamental branches of
graph theory or – in a broader sense – discrete
mathematics. Its contemporary use includes,
for example, solving assignment problems,
such as assigning radio frequencies to media
broadcasters (where different colours may
correspond to particular frequencies). It has
also given rise to a rich and dynamically developing branch of graph theory, the so-called
“additive labelling of graphs”, or in a more
general sense, vertex-distinguishing colouring
of graphs. The subject area of these consid-

erations is looking for or proving the existence
of effective colouring functions, which assign
each vertex a certain “code”, which is unique in
its surroundings.
In the search for new possibilities in the
area of the application of mathematics to natural sciences, the scientists of the Faculty of
Applied Mathematics have suggested a new
method for the evaluation of mediastinal lymph
nodes, and tested its quality and suitability in
the diagnosis of lung cancer. In collaboration
with a group of physiologists from the University of Physical Education in Krakow, the
Faculty researchers have demonstrated that
several-week endurance workout programmes
result in the accelerated kinetics of oxygen
consumption in cardiopulmonary exercise tests
without significant changes in mitochondrial
activity and muscle capillarisation. It has been
suggested that this phenomenon should be
explained by means of the so-called “oxidative
phosphorylation through parallel activation”.
The employees of the Faculty of Applied
Mathematics also deal with problems related
to the valuation of financial instruments on the
spot and derivatives market, as well as risk
management. In this field, they collaborate
closely with industry, especially international
and Polish financial institutions (UBS, HSBC,
State Street, Life Insurance Company Open
Life) and the energy sector (clusters). Thanks
to the above, the study programme in the
field of financial mathematics at the Faculty of
Applied Mathematics is to a large extent compatible with the requirements of the investment
adviser examination, as well as the following
international exams: Certificate in Quantitative
Finance (CQF), Professional Risk Manager
(PRM), Financial Risk Manager (FRM), Chartered Financial Analyst (CFA), and Certified
International Investment Analyst (CIIA).
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Research into problems of

ageing population
AGH UST scientists have performed
a multidimensional analysis of the
social situation of elderly people
in changing economic and cultural
conditions.
Since 2013, the Department of Sociology
and Social Anthropology has had in its
structure the Laboratory of Research into
Problems of Aging Societies, headed by
Łukasz Krzyżowski, PhD. The activities
of the Laboratory focus on four areas:
the identification of the needs of elderly
people and the analysis of the spheres
and areas of the social exclusion of senior
citizens; research into the needs, limitations
and usability with regard to the use of

technologies supporting elderly people; the
social analysis of the perception of available
technological solutions; the analysis of the
consequences and social transformations
caused by demographic changes.
Within the framework of several research
projects financed, inter alia, by the National
Science Centre and the Ministry of Science
and Higher Education, the members of the
Laboratory have performed a multi-level
analysis of the social situation of elderly
people under changing social and cultural
conditions.
Innovative research on the so-called “young
pensioners” allowed for the identification
of a strategy for professional deactivation
in the context of the new law on extending

Publications dealing
with a multidimensional
analysis of the social
situation of elderly
people, archive photos
of the Faculty of
Humanities

the retirement age. Furthermore, the model
of transnational intergeneration care,
developed within the framework of the project
“Transnational care and intergeneration
relationships. Contemporary Polish cultures
of migration” (headed by professor Janusz
Mucha), has been applied to designing
technologies that support elderly people in
living a self-contained life. This is because the
migration of adult children poses a potential
threat of lowering elderly parents’ standard
of living, whose social security in Poland is
mainly based on family. A result of the research
was more than a dozen scientific articles and
several books. An international conference
and several themed sessions at science
congresses have also been organised.
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Research into situation and support system for
disabled people in Poland
The project “From a comprehensive diagnosis of the situation of disabled
people in Poland to a new model of the social policy towards disability”,
financed by the State Fund for Rehabilitation of Disabled People (budget of
PLN 1,500,000), was headed by professor Barbara Gąciarz, and carried out
by a team from the AGH UST Faculty of Humanities, the Institute of Sociology
at the Jagiellonian University, and the Institute of Applied Social Sciences at
the University of Warsaw.
The primary aim of the project was to find
a new model of the social policy towards
disability based on a comprehensive
diagnosis of the situation of disabled people
in Poland. The diagnosis included an
evaluation of the socio-economic situation of
disabled people, their educational situation,
employment-related issues, the availability
of public and commercial services, as well
as the level of activity of disabled people and
their representatives in the public domain.
A lot of attention was paid particularly
to a multi-level analysis of the functioning
of public institutions whose role is to
support disabled people, the weak points
of such organisations, and the possibilities

of introducing changes (for this reason,
a number of solutions implemented in the
EU member states were also analysed).
Research into the role of new media in
reducing barriers, as well as the gender
aspects of disability (the overlapping of
disability and gender inequalities) was
unquestionably innovative.
In total, more than a dozen extensive
expert reports were written, and several
dozen publications in scientific journals as
well as several books were published within
the framework of the project. Additionally,
there were also many science seminars,
expert workshops with the participation of
disabled people, as well as a nationwide

A conference where the results of
the studies were presented, photo
by Wojciech Kobylański

scientific conference, participated in by the
representatives of important state institutions,
and key researchers in this field. The results
of the project have been considered as
a compendium of knowledge with regard to
the situation of disabled people in Poland,
and an important step on the path to building
a new support system for disabled people.

Publications being a result of the research conducted within the framework of the project, archive photos of the
Faculty of Humanities
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Interpretation of Veit Stoss work of art
in the context of Krakow theology and
philosophy of the 15th century
The art created by Veit Stoss in
Krakow has so far not been analysed
in the context of the ideas that
were part of Krakow’s intellectual
environment.
Professor Jacek Dębicki showed in his
studies that, for example, Veit Stoss crucifix,
which is an impressive study of human
anatomy, unique in the European art and
culture at that time, had been inspired
by Krakow’s philosophical environment,
which preferred naturalistic concepts
in human philosophy. Chronologically,
Veit Stoss had preceded in Krakow the
anatomical studies carried out by Leonardo
da Vinci. The scientist proved that the
theology of St Mary’s Altar in Krakow,
especially in terms of the main scenes on
the Krakow’s reredos (the scenes of the
Dormition and Assumption of Mary) had
so far been interpreted wrongly, as they
are not apocryphal, but theological and
anti-apocryphal in character, which was
also a result of the inspiration by Krakow’s
theologians, who were some of the first in
Europe to initiate the process of removing
apocryphal elements from theology, liturgy,
and art. The studies were described in the
book “The cognitive functions of art: Gilbert
de la Porrée, Jan Wielki, Veit Stoss, and
Leonardo da Vinci”.

The head of an apostle from the
scene of the “Dormition of Mary”,
illustration by Jacek Dębicki

Veit Stoss, St Mary’s Altar,
1477–1489, photo archives of
Jacek Dębicki
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Building unique system for reservoir

and neuromimetic computing
A research group at the Academic Centre for Materials and Nanotechnology
has for several years conducted research into multi-valued logic and fuzzy
logic, particularly the structure of optoelectronic elements, whose working is
based on logics other than the two-valued logic.
Research on multi-valued logic and
neuromimetic systems is a result of
a continuous search for new electronic devices
that will meet the requirements of modern
civilisation. Currently, processing and storing
information is mainly based on two-valued
logic, where by means of various combinations
of two values, 1 (true) and 0 (false), the
information is processed and passed on.
In their laboratory, the researchers can use
a unique system for reservoir computing, which

may be viewed as an extension of
neural networks. Thanks to a dynamically-changing system based on many randomly-connected non-linear elements (whose mutual
relations need not be known precisely), it is
possible to process information very efficiently,
and in particular, to analyse complex signals
that change over time, including music.
A considerable advantage is the possibility
of adjusting the system to different types of
processed material.

A measurement system for neuromimetic computing, photo by Agnieszka
Podborska

In order to build a reservoir, the scientists use
both photosensitive elements, for which the
photocurrent generated over time is a response
of the system, as well as memristors, whose
non-linear properties result from the electric
charge that has gone through them.
An unconventional method of performing
reservoir computing tasks, using
neuromimetics, memristors, fuzzy logic,
and a combination of these elements is the
team’s focus of interest, a result of which
has been the first prototype devices based
on semiconducting materials and carbon
nanostructures. It is estimated that in the
near future they will improve the operation of
many systems in everyday life.

A stand for reservoir measurements, photo by Agnieszka Podborska
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Magnetic nanoparticles and ferrofluids
Scientists employed at the AGH UST Academic Centre for Materials and
Nanotechnology synthesize magnetic nanoparticles of controlled shape and
chemical composition, explore their physicochemical properties, and make
ferrofluids – the stable dispersions of magnetic nanoparticles.

Some selected microscopic images of magnetic
nanoparticles synthesized at the Academic
Centre for Materials and Nanotechnology,
photos by Angelika Kmita, Aleksandra
Szkudlarek, Marta Gajewska

Magnetic nanoparticles, due to their
extraordinary physical and chemical
properties resulting from the size range,
where both classical and quantum interactions
are present, although very complex, are
particularly interesting objects of research.
Their ability for mutual attraction, magnetic
self-organisation, and the formation of hybrid
systems locate them among the functional
materials that are particularly interesting in
terms of their application to industry, fine
arts, and medicine, for example, as the
components of liquids for vibration damping in
high-class shock absorbers and loudspeakers,
liquid seals, the elements of recycling
installations for noble metals, renovation
paints, and active sculptures, as well as in
localized anticancer therapies and medical
diagnosis, as contrast agents in magnetic
resonance imaging.
The active programme in the field of
the synthesis and characterisation of the
physicochemical properties of magnetic
nanoparticles at the Academic Centre for
Materials and Nanotechnology is possible due
to a multidisciplinary approach to research –
the spontaneously “joined forces” of chemists,
materials engineers, and physicists. At the
Centre, the scientists synthesize nanowires,
nanoparticles, and their solutions by means
of chemical processes, for example, the
co-precipitation or thermal decomposition
of organometallic compounds. Using
these methods, it is possible to produce
nanoparticles of specified dimensions and
shapes in both organic and inorganic solvents.

The heating rate of the solutions of magnetic iron
oxide nanoparticles measured by means of magnetic
hyperthermia, illustration by Angelika Kmita
Nanoparticles and their dispersions undergo
complex characterisation by electron microscopy,
vibrating-sample magnetometry, and X-ray
photolectron spectroscopy, as well as the
Mössbauer effect, and magnetic hyperthermia.
Scientists also carry out regular studies on the
structure and magnetic order of nanoparticles
in solutions and in nanocomposites using
synchrotron radiation sources.
The creative use of ferrofluids was a subject
of the first edition of Scientific Design Workshops,
held at the Academic Centre for Materials and
Nanotechnology within the framework of the
Academy of Curious Minds and Sciences (Polish:
Akademia Ciekawych Myśli i Nauk).
The Mössbauer
spectra of
zinc ferrite
nanoparticles
synthesized in
different chemical
environments,
illustration by Jan
Żukrowski
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New look at phase transitions in

austenitic
stainless steels

Austenitic stainless steels are
a unique combination of such
features as good strength and
plasticity, and excellent corrosion
resistance. Despite being highly
popular, the mechanisms of their
structure formation are not entirely
known, hence they are invariably
in the focus of interest of the
scientific environment.
The current research on austenitic steels
at the Academic Centre for Materials and
Nanotechnology concentrates mainly on
describing the phenomenon of internal
structure change within the framework of the
so-called "martensitic transformation induced
by plastic deformation", and its reverse
transformation.
a

d

b

High corrosion resistance is ensured by
the addition of suitable alloying elements
and the related stabilisation of single-phase
(paramagnetic) austenitic structure in
ambient temperature. This state, however,
is described as metastable – during the
process of the plastic forming of these
materials, their microstructure may change
into deformation-induced martensite,
which causes the loss of high corrosion
resistance, and also a partial change of
their properties towards a ferromagnetic
material.
The loss of corrosion resistance
disqualifies the material from further
use, although temperatures within the
range of 450-700 °C can cause a reverse
transformation, which restores a fully
austenitic microstructure.

Detailed research conducted by the
Academic Centre for Materials and
Nanotechnology with the use of advanced
electron microscopy techniques in the field
of crystallographic orientation analysis
has made it possible to prove that the
initial structure of the material and the one
after a reverse transformation process is
subject to precisely-defined crystallographic
relationships. It is evidenced by the so-called
"diffusionless transformation", which is
a new-quality approach to the phenomenon,
hitherto presented as a diffusion mechanism.
The knowledge that has been acquired
about reverse transformation processes is
also utilitarian, thus allowing a much better
choice of the heat treatment process in
terms of restoring corrosion resistance and
improving the strength of the material.

c

18-8 austenitic steel deformed at temperature -30 °C
and annealed at temperature 600 °C:
a – inverse pole figure,
b – phase map, green – martensite, red – austenite,
c – image quality,
d – pole figures,
photos by Grzegorz Cios, Tomasz Tokarski
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Innowator AGH

The AGH UST logo cut out on an
eyelash with a concentrated Ga+ ion
beam, photo by Adam Gruszczyński
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