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Improvement of master-level education
in the field of physical sciences
in Belarusian universities

WP2 Development and modernizing of curricula

Belarusian State University
Grodno State University
Gomel State University
Belarusian State Technological University
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WP2 objectives

 to upgrade curricula in physical sciences in four
universities of Belarus according to Bologna practices,

e to enhance the quality and relevance of education
by modernising study programs, through the enhanced

use of ICT and networking activities to the labour market
needs.
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WP2 tasks
in the 1-st year of the project

e Development/modernizing of new master-level
curricula in 4 Belarusian universities;

o Accreditation of new master-level curricula in the
Ministry of Education of RB (MERB)/internal
accreditation in Belarusian universities;

e 5 e-Books preparation;
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WP2 tasks
in the 1-st and 2-nd years of the project

e Development of study programs and lecture
courses;

e Development of laboratory practices and didactic
materials for them;

e One-year testing.
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BELI
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FIRST DEGREE of
HIGHER EDUCATION (4 year)

Specialities:

Functional nanomaterials
Fotonics

Fundamental physics
Computer simulation physics

Qualifications:
- «Physicist. Engineer»
- «Physicist. Managers»

Holder of Diploma “Diplomaed

specialist™

SECOND DEGREE of
HIGHER EDUCATION (2 year)

Functional nanomaterials
Fotonics

Fundamental physics
Computer simulation physics

Holder of a master's degree

Since academic year 2013-2014 the

most have reformed

plans) from

Universities

curricula (educational

the system
54+ 1+ 37

to the system

!

PhD STUDENTSHIP (3 years)

Branches of Science:
01.04 - Physics and Nathematics
(in specialities)

Holder of PhDD degree in physics
and mathemartics

4+ 2+ 37

The flowchart for some specialities in Physics
in BSU since 2013-2014 educational year 5
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FIRST DEGREE of
HIGHER EDUCATION (4 year)

Specialities:

Functional nanomaterials
Fotonics

Fundamental physics
Computer simulation physics

Qualifications:
- «Physicist. Engineer»
- «Physicist. Managers»

Holder of Diploma “Diplomaed

specialist™

SECOND DEGREE of
HIGHER EDUCATION (2 year)

Functional nanomaterials
Fotonics

Fundamental physics
Computer simulation physics

Holder of a master's degree

!

PhD STUDENTSHIP (3 years)

Branches of Science:
01.04 - Physics and Nathematics
(in specialities)

Holder of PhDD degree in physics
and mathemartics

As to the master-level education,
according to system

l[4+2+3”

in BSU, GrSU, GSU and BSTU we
shall work by the following curricula:

1. Functional nanomaterials
2. Photonics

3. Production and processing of
polymers and composites

The flowchart for some specialities in Physics
in BSU since 2013-2014 educational year
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Structure of curricula “Functional Nanomaterials”
(BSU, GrSU, GomSU, BSTU)

List of courses for the two-year master-level education
by all SPECIALTIES

4 semesters
4536 hours = 1098 (aud.) + 3438 (independent work)
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Structure of curricula “Functional Nanomaterials”
(BSU, GrSU, GomSU)

“ State component ‘

1 sem: 284 h
Philosophy of physics
and technosphere

2 sem: 158 h
Nanostructured materials
and methods of their study

1 sem: 84 h

Pedagogics and
psychology of high
school
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Curricula
“FUNCTIONAL NANOMATERIALS”
in BSU, GrSU and GSU

10
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Structure of curricula “Functional Nanomaterials”

1 sem: 538 h

(BSU)

| University component |

2 sem: 404 h

Modern concepts of the
structure of matter

Problems of Applied
Physics

Additional chapters of
quantum mechanics

Physics of wave

processes

Condensed Matter
Physics

Nonlinear physics

Group theory

Physics and chemistry
of surface

3.sem: 320 h

Low dimensional
systems

Optics of
nanostructures

Theory of transfer

10
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Structure of curricula “Functional Nanomaterials”

1 sem: 538 h

(BSU)

| University component

2 sem: 404 h

Modern concepts of the
structure of matter

Problems of Applied
Physics

Additional chapters of
quantum mechanics

Physics of wave

processes

Condensed Matter
Physics

Nonlinear physics

Group theory

Physics and chemistry
of surface

3.sem: 320h\

Low dimensional

systems

Optics of
nanostructures

Theory of transfer

\_

J

10
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Structure of curricula “Functional Nanomaterials”

(GrSU)

1 sem e =, 3sem
Modern concepts of the Methods of vibrational Low dimensional
structure of matter i systems
Additional chapters of e ——— Optics of
quantum mechanics | T nanostructures
Spectroscopy of ‘ i
Condensed Matter electronic transitions Ol_jtwal and probe
Ph}rsics microscopy
Physics and chemistry
Group theory | of surface

11
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Structure of curricula “Functional Nanomaterials”

(GrSU)

1 sem ___—— —_ . 3 Sem \
Modern concepts of the Methods of vibrational Low dimensional
structure of matter b systems
Additional chapters of e ——— Optics of
quantum mechanics | T nanostructures
Spectroscopy of ‘ i
CDHdEﬂSEd Matter electronic transitions OI.Jtlcal and prnbe
Ph}rsics microscopy
Physics and chemistry \ /
Group theory of surface

11
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Structure of curricula “Functional nanomaterials”

(BSU)

684 h = 252 (aud.)+ 432 (independent work)

| Elective courses /Courses on choice ‘

1 sem m 3 sem

Synthesis of
nanomaterials/Nanotech-
nology in electronics

Spectra and structure of
molecules/Technique of
microcontroller systems

Low Dimensial Systems
(Special chapters)

Bionanomaterials/

Physics of liquid
crystals processing

Laboratory
practices
(Energy effective
materials/Materials
in electronics)

Laser physics/
Polymer physics

12
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Curricula
“PHOTONICS”
in BSU, GrSU, GomSU
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Structure of curricula “Photonics” (BSU)

|| State component H

1 sem: 284 h

2 sem: 158 h

| Nanophotonics

1 sem: 84 h

17
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Structure of curricula “Photonics” (BSU)

| University component |

1 sem: 538 h 2 sem: 404 h sem: 320 h

Modern concepts of the
structure of matter

Problems of Applied
Physics

Physics

Additional chapters of Physics of wave
quantum mechanics processes
Condensed Matter Nonlinear physics

Laser Physics

Group theory

I Nonlinear optics

Lasers and laser
systems

Quantum optics

15
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% BSU

=

Structure of curricula “Photonics” (BSU)

| University component

1 sem: 538 h 2 sem: 404 h sem: 320h\

Modern concepts of the
structure of matter

Problems of Applied
Physics

Physics

Additional chapters of Physics of wave
quantum mechanics processes
Condensed Matter Nonlinear physics

Laser Physics

Group theory

I Nonlinear optics |

Lasers and laser
systems

Quantum optics

. >

15
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Structure of curricula “Photonics”

(GrSU)
| Umvermty compo nent l

1 sem .
Modern concepts of the Methods of vibrational | Nonlinear optics ]

structure of matter spectroscopy

i | . Lasers and laser

Additional chapters of Plasmonics _

quantum mechanics systems

Condensed Matter Spectroscopy of electronic Quantum optics “

Physics

transitions

Group theory

16
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Structure of curricula “Photonics”

(GrSU)
| Umvermty compo nent l

1 sem .
Modern concepts of the Methods of vibrational | Nonlinear optics ]

structure of matter spectroscopy

i | . Lasers and laser

Additional chapters of Plasmonics _

quantum mechanics systems

Condensed Matter Spectroscopy of electronic Quantum optics “

Physics

transitions

Group theory

o

~/

16
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Structure of curricula “Photonics” (BSU)

684 h = 252 (aud.)+ 432 (independent work)

| Elective courses /Courses on choice ‘

2 sem m 1-3 sem

Nanophotonics /

Laser technology

Laser spectroscopy /

Optics of Anisotropic
Media

Lasers in Medicine and
Laser Technology/
Waveguide optics

Coherent Optics and
Holography /Optical
information processing

Laboratory
practices

(Materials in
nanophotonics/

Laser
technologies

Optics of liquid crystal
and polymers /
Photonic crystals

17
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Structure of curricula “Photonics”
(GrSU)

| Elective courses /Courses on choice |

2 sem 2 sem - . 1-3sem
Gl yenorte ot &ﬂg@matisaﬁot% of Laboratory
L technolo feamrents) ractices
Aser BY Technicue of Microconroller E
t s
s (Materials in
i > ] . nanophotonics
Data analysis / Coherent Optics and P /
tum-chemical 3
L e Holography /Optical Mualecular
calculation : . < spectroscopy
information processing

Nanometrology /
Modern technics of

spectroscopy
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Curricula in BSTU

24
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Structure of curricula “Production and processing of
polymers and composites” (BSTU)

|| State Component H

Theoretical and
experimental research
methods in chemical
technology

25
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Structure of curricula “Production and processing of
polymers and composites” (BSTU)

| University component |

<%\\> _

Chemistry and physics of Basis of information Compounding
polymers: theory and technologies formulation of
practice — polymer materials
Investigation methods , =
of bolvmers and Foreign Language
Mass. trans.fer processes poly . e
with solids phases composites Technology
 Theory and technology . Polymer

of composite materials modification

21
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Structure of curricula “Production and processing of
polymers and composites” (BSTU)

| Elective courses /Courses on choice ‘

1 sem m 3 sem

Synthesis of Using nanoadditives in Laboratory practices
nanomaterials / (Technology of
Nanofibers: synthesis Ui aemesdehifves i polymers and

and properties . composites / Technology
films and coatings of films and coatings)

polymers and composites /

27
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The current state of curricula preparation:

« we are waiting the approval of Educational
Standards,

after this approval:

 Ministry of Education/Universities validate curricula
* Universities validate study programs of courses

» Course Lectures and Laboratory Practices with
appropriate Guides will be developed

28
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-1 BsuU

To provide lecture courses and laboratory sessions in the framework

of the modernized curricula,
developed in English/Russian languages to provide

the following 5 e-Books are

Course title Lider Participants
Applied Physics KU Leuven (Belgium) RTU, BSU, BSTU,
Prof. R. De-Craemer GrSuU, GoSU
Applied Informatics Riga Technical University (Latvia) RTU, UCY,
Prof. N. Kunicina KU Leuven, BSU
Photonics Belarusian State University (Belarus) | BSU, RTU, GRSU,
Prof. A. Tolstik GoSU,
Functional nanomaterials | Belarusian State University (Belarus) | GoSU, GrSU, BSTU,
Prof. A. Fedotov KU Leuven
Research towards master | University of Cyprus (Cyprus) KU Leuven, RTU,
thesis/management of Prof. E. Kyriakides BSU, GrSU, GoSU

scientific projects

29
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Progress of e-Book “Functional nanomaterials”

Version: 24.01.2017
The course leader: Alexander FEDOTOV - BSU
http://dl.bsu.by/course/view.php?id=849

Chapters/Papers University | Contributors Current state
. A. Fedotov, In progress
Executive summary BSU V. Odzhaev
. A. Fedotov, In progress
Introduction BSU V. Odzhaev
Chapter 1: Concepts of Low-Dimensional Effects BSU A. Fedotov In progress
Chapter 2: Introduction to Physics of BSU A. Fedotov Uploaded, Chapter 2-rus
Surface/Interface
Chapter 3: Thermal Properties of Nanomaterials BSU M. Tivanov In progress
Chapter 4: Chemistry of Nanomaterials BSU A. Mazanik Abstract-rus, Abstract-eng,
In progress
Chapter 5: Physics of Carbon Low-dimensional BSU N. Poklonski Uploaded, Chapter 5-eng

Systems and Device Structures

30
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rogress or e-nooo

Version: 23.10.2016
The course leader: Alexander FEDOTOV - BSU
http://dl.bsu.by/course/view.php?id=849

unctional nanomaterials

Chapters/Papers University | Contributors Current state

Chal.)ter. 6: Arrays o.f carbon nal.lost.ructures: BSU V. Ksenevich Abstract-rus, Abstract-eng,
fabrication, properties and applications In progress
Chapter 7: Conductive Polymers BSU V. Odzhaev Uploaded, Chapter 7-rus
Chapter 8: Electrically conductive nano- N. Gorbachuk, Abstract-rus, Abstract-eng,

. BSU
composites A. Fedotov In progress
Chapter 9: Magnetotransport and Magnetism in BSU J. Fedotova, Abstract-rus, Abstract-eng,
Nanocomposite and Multilayered Materials J. Kasiuk In progress
Chapt.er 10: .Nanoscale Materials and Structures BSU M.Lukashevich Uploaded, Chapter 10-eng
for Spintronics
ChaPter %1: Nanomaterials for Power BSU A. Mazanik Abstract-rus, Abstract-eng,
Engineering In progress
Chapter 13: Fluorescent quantum dots for GrSU N. Strekal Uploaded, Chapter 13-eng

bioimaging

31
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Progress of e-Book “Functional nanomaterials”

Version: 23.10.2016
The course leader: Alexander FEDOTOV - BSU
http://dl.bsu.by/course/view.php?id=849

Chapters/Papers University Contributors Current state
Chapte.r 14:.Plasm(3nic nanomaterials for GrSU N. Strekal Uploaded, Chapter 14-eng
photonics, biochemistry and quantum technology
. . . . Uploaded,
Chapter 15: Nanofibers: synthesis, properties and BSTU N.R. Prokopchuk, Ch 1
applications Zh.S. Shashok apter 15-rus, eng
Chapter 16: Elastomeric compositions with carbon BSTU K.V. Vishnevskii, Ch Upl(;%;ded,
nanomaterials Zh.S. Shashok apter 16-rus, eng
Chapter 17: Paints and coatings, modified carbon BSTU N.R. Prokopchuk, Uploaded,
nanomaterials A.L. Shutova Chapter 17-rus, eng
. ] A.V. Rogacheyv.
E;l;pte;l& }:lasn;a;lclh:mlzztl_lnsysnthesm of GSU A.A. Rogach ev: Abstract-rus, Abstract-eng,
ocomposite polymer coating M. Yarmolenko In progress
A.V. Rogachey,
Chapter 19: Carbon coatings doped with metals GSU D.Pilipcov, Uploaded,

N. Fedosenko

Chapter 19-rus, eng

32
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Progress of e-Book “Functional nanomaterials”

Version: 23.10.2016
The course leader: Alexander FEDOTOV - BSU

http://dl.bsu.by/course/view.php?id=849

Chapters/Papers University Contributors Current state
D. Kovalenko
Chapter 20: Sol-gel synthesis of functional materials GSU V. Gaishun Uploaded,
A. Semchenko Chapter 20-rus
Chapter 21: Micro- and nanosensors KU Leuven | Joan Peuteman Uploaded,
Chapter 21-eng
References BSU In progress

33
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Progress of e-Book “Photonics”

Version: 23.10.2016
The course leader: Alexey TOLSTIK — BSU
http://dl.bsu.by/course/view.php?id=850

Chapters/Papers University | Contributors Current state
Executive summary BSU A.Tolstik In progress
Introduction BSU A.Tolstik In progress
Uploaded,
Chapter 1: Laser physics BSU A.Tolstik Chapter 1-eng
Chapter 2: Laser physics and nonlinear optics BSU A.Tolstik Uploaded draft
In progress
. . . Uploaded,
Chapter 3: Coherent Optics and Holography BSU A. Melnikova

Chapter 1-eng

28
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Progress of e-Book “Photonics”

Version: 23.10.2016
The course leader: Alexey TOLSTIK - BSU

Chapters/Papers University Contributors Current state
Chapter 4: Optoelectronics BSU A.Tolstik
4.1. Physics of Condensed Matter BSU A. Fedotov Uploaded,
Chapter 4.2-rus, eng
4.2. Semiconductor optical detectors KU Loven J. Peuteman Uploaded, Chapter 4.2-eng
4.3. Solar cells BSU M. Tivanov Abstract-rus,
In progress
.. . Uploaded,
4.4. Applications of photovoltaic systems KU Loven J. Peuteman Chapter 4.4-eng
Chapter 5: Optical waveguides BSU D. Gorbach Uploaded

Chapter 5-rus,

235
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Progress of e-Book “Photonics”

Version: 23.10.2016
The course leader: Alexey TOLSTIK - BSU

Chapters/Papers University | Contributors Current state
Chapter 6: Nanophotonics GrSU N. Strekal
6.1. Quantun and classical confainment effect GrSU N. Strekal Uploaded,
Chapter 6.1-eng
6.2. Density of stat d modified density of stat
. ensity of s é es at? m9 ified density of states GrSU N. Strekal Uploaded,
in system of low dimensionality Chapter 6.2-eng
6.3. Breaking through the difraction limit and -
re?l ing through the difraction limit and near GrSU N. Strekal Uploaded,
field optics Chapter 6.3-eng
6.4. tum dots and basic id f hotni
'Quan um dots and basic i1deas of nanophotnic GrSU N. Strekal Uploaded,
devices Chapter 6.4-eng
: : . . Uploaded,
6.5. Molecular electronics and photonics devices GrSU G. Vasilyuk Chapter 6.5-rus, eng
: Uploaded,
6.6 Metamaterials GSU I. Semchenko Chapter 6.6-rus
References GrSU N. Strekal In progress

30
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Problems

1. Delay of the tender procedure due to late approval of the
Project by Government (October 27, 2016) and validation of
the list of equipment purchasing by Ministry of Economics
(December 30, 20106).

2. We had problems with the paying of visits for the team of
Ministry of Education

3. We have uncertain situation with the changes in
master-level education system in close future

31



Problems

SPECIALTIES FOR PREVIOS TWO-STAGE EDUCATIONAL SYSTEM “5 +1”

(since 2008)
15t stage (5 year)
1-31 04 01-01 Physics (scientific-research activity)

1-31 04 01-02 Physics (engineering activity)

1-31 04 01-03 Physics (teaching activity)
1-31 04 01-04 Physics (management activity)

1-31 04 01-05 Physics (nuclear physics and technologies)

1-31 04 01-06 Physics (physics of nanomaterials and
nanotechnologies)

2" year (1 year)

1-31 80 05 Physics

1-31 81 01 Physics of
condensed state

1-31 81 02 Photonics

1-31 81 03 Functional
nanomaterials

1-31 81 04 Contem-

porary methods and
devices for physical

measurements

32



Problems

SPECIALTIES FOR 2-STAGE EDUCATIONAL SYSTEM with differentiated
terms of study” “5 +1” and “4 + 2” (since 2013)

15t stage (4 years) 2nd stage (2 years)
1-31 04 01-01 Physics (scientific-research 1-31 80 05 Physics
activity) 1-31 81 01 Physics of condensed state

1-31 04 01-03 Physics (teaching activity) 1-31 81 02 Photonics

1-31 81 03 Functional nanomaterials

1-31 81 04 Contemporary methods and

1-31 04 01-04 Physics (management activity)
devices for physical measurements

15t stage (5 or 5,5 years) 2nd stage (1 year)

1-31 80 05 Physics

1-31 04 01-01 Physics (scientific-research activity) i
1-31 81 01 Physics of condensed

state
1-31 04 01-05 Physics (nuclear physics and 1-31 81 02 Photonics
technologies) )
1-31 81 03 Functional
nanomaterials

1-31 04 01-06 Physics (physics of nanomaterials and

nanotechnologies
gies) 1-31 81 04 Contemporary

methods and devices for

1-31 04 08 Computer physics physical measurements 33



-Er‘asmu5+ 561525-EPP-1-2015-1-LV-EPPKA2-CBHE-JP r% S

We are waiting the validation of
EDUCATIONAL ACT (STATUT)

by Belarusian Parliament

35



Abiturients

Problems

SPECIALTIES FOR 2-STAGE EDUCATIONAL SYSTEM with differentiated
terms of study: “6” and “4 + 2” (since 2018)

1 stage 2" stage
6-05-0533-01 Physics 7-06-0533-01 Physics
/ 6-05-0533-02 Applied Physics 7-06-0533-02 Applied Physics
— 4 years study -> Bachelor (Physics) — 2 years study —> Master (Physics)

Continuous Education Program

\ 7-07-0533-01 Fundamental Physics

6 years study ——> Master in Physics

7-07-0533-02 Nuclear Physics and Technologies

6 years study —> Master in Engineering Physics

34
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The last type of curricula will be based on
principles:

Dependence on education protfile
Modular structure

Principle of single competence for every
Module

35
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Education profiles for specialty “PHYSICS”:
* Bio-physics and bio-engineering
* Photonics
 Computer physics

* Physics of condensed state

35
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Education profiles for specialty
“APPLIED PHYSICS”:
* Energy effective technologies and materials
* Physics of nanomaterials and nanotechnologies

* Laser physics

35
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Demands to the curricula:

1.The maximum amount of classroom time - not
more than 32 hours a week

2. The maximum amount of teaching load - no
more than 54 hours of work per week

3. The amount of independent work in each
academic discipline - at least 50 % of study time

35
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Demands to the curricula:

4. The educational process is built on a modular
principle.

S. The complexity of each discipline/module should
be at least 3/6 credits.

6. The module is studied for 1 semester (in the
extreme case — 2 semesters)

7. The curriculum provides courses on choice in the
amount of not less than 15 % of the total volume of

theoretical (lecture) training.
35



- Frasmus+  561525-EPP-1-2015-1-\-EPPKA-CBHE-JP ficg

This reconstruction of educational process
results in the following:

 More long continuation of transition state of
our Educational Systems

 We shall be forced to tune our testing
procedures in close future

35
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Next steps

1. Reviewing of curricula by non-governmetal and
associated Partners (BPS, RANI, RI for NP, Lotis)

2. Development of study programs by curricula
disciplines (courses) — template of programs was
developed and sent to the teams

3. Reviewing of study programs by non-
govrenmetal and associated Partners (BPS, RANI, RI
for NP, Lotis)

36
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Template of study programs

Belaruzian State University Faculty of Physics Belamsian Stat: University ? Faculty of Paysics
<. . i . i o F_The actual sarface. el
BSTU Master Courze "Physics and Chemiztry of Surface’ Physical adsorption. The thermodynames approach. The firces acting upon adsarption. The smplest of the adsorprion isotherms
Faculty of Plveics [Lam=nur adsorpton sotherm Isotem poivmolecular adsorption Adsorption from the hond phase The chames in the properies
- = i salids due fo adsorption. imhofndmdmsmmemmniam!srm ‘Electropic strachure of suriaces with
Gemeral daty Vibmarions of adsorbed atoms. E: l method: for the study of
ICods IChenssorption on metds and santicondnrtors. The struchime of the surface at the crvssal dus to chemisomton. Phass 7 [
Course e 5iCs 3nd Chenmismy of Turiace  inmact of external influences on phase ransiions at the surface. The elecmonic structore of the arce o metals and
Course stans o e prosmme B onchuctors due to chermisorption. Schotdy barmier and band shifts.
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Next steps

4. Development of lectures, their synopsises and
presentations to provide the testing procedure

5. Signing of the partner's agreements with EU and
Belarusian universities

6. Claim of tender for purchasing of equipment and
hardware/software

7. Development of laboratory practices on the base
of purchased equipment

8. Development guides for laboratory sessions to

provide the testing procedure -
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Resume

Thus, as a result of the project implementation,
we should create an integrated, logically-
connected system of complementary educational
approaches and tools, allowing

to carry out training of the teaching/technical
staff of Belarusian universities, and

* to improve the training of master-students

in the physical sciences by practice-oriented

master-level programme.
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Thank you for attention

Prof. Alexander K. Fedotov (BSU)

fedotov@bsu.by
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