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SPACE OF PERSISTENCE DIAGRAMS IN TOPOLOGICAL DATA ANALYSIS

Muykhailo Zarichnyi
Ivan Franko National University of Lviv

Topological Data Analysis (TDA) provides metric and topological structures for analyzing big data
represented as point set in the euclidean spaces or more general metric spaces. This field emerged in
the last decades and now finds numerous applications.

The persistent homology is one of the most important tools in TDA. The notion of persistent
homology was introduced in |?]. To define the persistent homology, the data sets are endowed with
metrics and there are different ways to make them families of simplicial complexes. The persistence
diagrams are used to characterize persistent homology and thus to describe geometric properties of
data. The set of all persistence diagrams can be endowed with different metrics. The most known are
the Wasserstein metric and bottleneck metric.

We remark that the set of persistence diagrams can be naturally identified with the so called infinite
symmetric product in the sense of Dold and Thom [?]. This allows us to introduce the strong topology
on the set of persistence diagrams and show that this space is homeomorphic to the countable direct
limit of euclidean spaces.

The metric spaces of persistence diagrams are object of considerations in numerous publications
(see, e.g., |7, 7, ?]). The aim of the talk is to describe the topology of (completed) spaces of persistence
diagrams by applying the technique from infinite-dimensional topology.

[1] G. Carlsson, Bull. Am. Math. Soc. 46, 255 (2009).

[2] M. Carriere, M. Cuturi, S. Oudot, Sliced Wasserstein Kernel for Persistence Diagrams, Preprint;
arXiv:1706.03358

[3] A. Dold, R. Thom, Ann. Math. Second Ser. 67, 239 (1958).

[4] C. Li, M. Ovsjanikov, F. Chazal, in Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition (2014), p. 1995.

[5] Y. Mileyko, S. Mukherjee, J. Harer, Inv. Probl. 27, 124007 (2011).

ACTPOHOMIY B YKPATHCHhKOMY CEPEJOBUIIII JIBBOBA XIX TA IIEPIIIOI
ITOJIOBUHUN XX CTOJIITTA

0. Ilempyx
[HcTuTyT NpUKIaHUX pobsem Mexanikn i matemaruku HAH Ykpainu, JIpBiB

Poszmosimo 11po Te, K yKpaiHChbKI HAYKOBIIi, JyXOBHI 0coOM Ta MUTII JIbBOBa PO3BUBAJIN, HABUAJIN
Ta TOIYIgPU3yBaIn aCTPOHOMIIO B OKpecyienuil epioj. Mosa ittume 1po mpodecopis yHiBepcuTery Ta
TTOJTITEXHIKM, IKI BUKJIQ/IAIN aCTPOHOMIIO Ta MaJIi BIpOTi/THO YKPalHChbKe MOXO/ZKEHHH; PO MAIbHICTD
Hayxkosoro Tosapucrsa imeni IlleBuenka B mapuHi HayKu 1po HeOO, crarTi y “30ipHUKY MaTeMaTHIHO-
IPUPOJIOTUCHO-TIKapchKol cekilili” ToBapucTBa; 1po JIEKINl 3 acTpoHOMil, siKi opranizoByBaJjio ToBapu-
CTBO HayKoBUX BUKIa/IB iMeni [lerpa Mormmm ta mistibHICTH YKPaiHCHKOIO aCTPOHOMIYHOIO KPYKKa
upu 1poMy ToBapuCTBi; PO HAYKOBO-IOIY/ISPHI KHIZKKOBI BHIAHHST ACTPOHOMIYHOT TeMATUKH (30Kpe-
Ma ii riepri yKpalHChbKOIO MOBOIO) Ta IyOJiKAIll y PI3SHOMAHITHUX TEPIOMIHIX BUIAHHSIX; IPO 3yCHILIIA
OKpeMux 0cib, CIpsiMOBaHI Ha CTBOPEHHS IMiJPYyYHUKIB Ta MOIMYJIAPU3AINI0 €l HAyKU; PO acTPOHO-
MiYHI MOTHUBU YU CIOYKETH Yy TBOPYOCTI BIIOMUX yKPAlHCHKUX MUTIIB; PO HECIO/iBaHe BiTHOIIEHHS

J10 acrporomil [aymunpkux murpornosutis I'puropis Axumosndaa (1792-1863) ta Auapes [lenruiibkoro
(1865-1944).



PEJIASTUBICTCBKA 3AJIAYA KEIIJIEPA B IIPOCTOPI 3 MIHIMAJILHOIO
JTOB2KWHOIO

M. Camap
Kademnpa Teopernanoi ¢izuku,
JIbBIBCHbKMIT HaIioHaILHUI yHIBepcuTeT iMeni IBana Opanka

3amporroHOBaHO JIOPEHIT-KOBapiaHTHY /1ehOopMOBaHy aaredpy 3 MiHIMAJIBHOIO JIOBYKUHOIO, KA B He-
PeJIATUBICTCHKIH IpanuIli mpgamye j10 HejiechopmoBanol aiaredpu. PosriguyTo 3aiady Kerurepa B mpocto-
pi 3 nedopmoBanumu Jykkamu [lyaccona, 1mo BUHHKAIOTh B KJIACUIHIN I'PAHUIN JIOPEHI-KOBapiaHTHOI
JnecdopmoBaHol anredpu. K BUABUIIOCSH, CJIAOKHI IIPUHITUIT €KBIBAJIEHTHOCTI MOPYIIYETHCA B IIbOMY BH-
aJKy, OCKLJIBKI KYT Iperecil KeliepiBCbKol OpOiTH 3a/IesKUTh BiJ Macu YaCTUHKU. SHAWIEHO YMOBY
Ha mapameTp JiecbopMaliil, 10 BiTHOBJ/IIOE CJIAOKUI NPUHIAI eKBiBajeHTHOCTI. Ha OoCHOBI mopiBHSHHS
OTPUMAHMX PE3Y/IbTAaTiB 3 eKCIIEPUMEHTAJILHIME JIAHUMHE JIJIsd KyTa 1mperiecil opbitu Mepkypiro oTpuma-
HO OITHKY JIJT MiHIMAJ/JIbHOI JIOBYKUHM.

MACHINE LEARNING AND NETWORK ANALYSIS IN STUDYING LARGE
SCALE STRUCTURE

M. Tsizh
Ivan Franko National University of Lviv

We provide a short review of application of machine learning methods in cosmology and, in parti-
cular, in large scale structure analysis. The typical problems which are solved by machine learning are:
objects (typically, galaxies) classification, restoration and prediction of objects characteristics, restorati-
on and prediction of matter distribution and others. We will also take a look at arising new application
of complex network analysis in this field.

As example we will show results we’'ve obtained in exploring topological structures in simulated
ACDM, which was performed by authors of [?]. We used a set of network metrics computed for considered
Cosmic Web as feature variable of machine learning model. This set includes: (node degree, average
neighbour degree, Katz, betweenness, closeness, harmonic and eigen centralities, triangles, clustering
coefficient and squares of node). We used extreme gradient boosting decision trees method (also known
as xgboost [?]) of machine learning to restore the topological index of each halo, which was initially
computed using CLASSIC topology classifier [?|. We've restored topology with moderate success with
these tools, having prediction score of 70 %. We discuss its possible further application for study of
large scale structures of Universe.

[1] N. Libeskind, Mon. Not. Roy. Soc. 473, 1195 (2018).

[2] O. Hahn, C. Porciani, C. M. Carollo, A. Dekel, 375, 489 (2007); https://arxiv.org/abs/astro-ph/
0610280astro-ph/0610280.

[3] T. Chen, C. Guestrin, in KDD ’16 Proceedings of the 22nd ACM SIGKDD International Conference on
Knowledge Discovery and Data Mining, (2016), p. 785; https://arxiv.org/abs/1603.02754.



JAMHAMIYHI KOPEJIALIL V BIIKPUTUX KBAHTOBUX CUCTEMAX: MOJEJIb
3 POS®A3ZYBAHHAM

B. Ienamiox
[acturyT disukn konmencorannx cucrem HAH Ykpalan

Ksanroe kepytode piBHsHHs (quantum master equation) OTPEMAHO METOIOM HEPIBHOBAXKHOTO CTa~
TUCTUYHOIO oreparopa |1|, Ko 10 cKialy AuHAMIYHUX 3MIHHUX CKOPOYEHOIO OMHUCY PA30M 3 Olepa-
TOpaM X, = |m)(n|, mo xapakrepusyorh ctan KybiTa (S), BKJIIOYAETHCS OMEPATOD Vit eHeprii
B3aeMozil MizK KybiTom Ta jioro orouenusiM (F). Take piBHAHHS € HEJTOKAIBHUM y daci Ta MICTHTH
Kopestsiniiiny “kBasiremmeparypy” 1/5(t), sika € HepiBHOBazKHUM MapaMeTPOM CTAHY, TEPMOITHAMITHO
CIIPSIZKEHUM JI0 CepeJIHbOI eHeprii B3aemosil moBHOI (S + E) cucremu. 3 BUKODHCTaHHSIM 3aKOHIB 36e-
PEKEHHsI OTPUMAHO piBHsiHHS Jyist ((t), sike Mae BUIJIsJ] HEPIBHOBAsKHOIO DIBHSAHHS CTaHy, Jie POJIb
y3arajbHeHOl MUTOMOI TeIJIOEMHOCTI BiJIIrpaloTh Kopessriitai dbyHKIiil “eneprisi-enepris’.

s Bepudikaril 3aponoHOBAHOIO METO/Ly BHOPAHO MOJIe/Ib 3 po3dasyBaHHsaM [2], sKa J0oIycKae
TOYHI PO3B’SI3KHU JIJIsl IJI01 HU3KH TIOYATKOBUX YMOB [3-5], 110 peasti3yfoThbest B paMKax TOIO 9H 1HITIOrO
KBaHTOBOTO BuMiproBaHHs. OTpuUMaHO HEMapKiBCbKI KIHETHYHI PIBHSHHS I y3arajbHEHOI KOTepeH-
THOCT1 CHCTEMHU Ta KBaziTeMIepaTypH, dKi J03BOJIAIOTH e(DEKTHBHO ONUCYBATH JTUHAMIUHI KOPEJIATIII.
OcKuTbKM Taki PiBHAHHS € CUJIBHO HEJHHIHUME 3a CIIOCTEPEeXKYBAHUMU BeJIUINHAMU, 3/1iCHEHO Jiaro-
HaJIbHEe HaOJIMKEHHS 3a MHOKHUKamu Jlarpamxka.

Otrpumano [6] anamitnani (y MapKiBcbKOMY HaOJIMKEHHI) Ta YUCAOBI PO3B’S3KM KIHETHIHUX PiB-
HSHB, sIKi JI03BOJIAIN: 1) JaTu (DI3UYHY iHTepIIpeTalio KBasireMueparypi K HepiBHOBaXKHIH ITOMpaBIii
JIO TeMIIepaTypH TEPMOCTATa; 1) MOKa3aTH, IO BpaXyBaHHS JAMHAMIYHUX KODEJISIiil He MiHAE MOJyJIs
KOT€PEHTHOCTI, & MIPUBO/IUTH JINUIIIE JIO NIEPO3IO/ILIy KOMIIOHEHT BEKTOpa bBiioxa y ropu3oHTa bHil 1110-
MUHI (TaKUM IHHOM, JIMHAMIYHI KOPEJIAIIT CIPUYIMHSIOTH IEPEHOPMYBaHHSI BJIACHOT 9acTOTH KybiTa); iii)
[IPOBECTH IIEBHI aHAJIOTIT 3 KBAHTOBOIO KIHETHKOIO 0araToIacTHHKOBHUX cucTeM [7,8] Ta mpoanasizyBaTn
NPUPOJTY BiMIHHOCTEH, crierudivHuX Jjid BIIKPUTUX KBAHTOBUX CHUCTEM.

Kpim Toro, posrisgmaerbest MOXKJINBICTD BBEJIEHHSI HOBOI'O KPUTEPi0 HEMapKOBOCTI BiIKPUTUX KBaH-
TOBUX CHUCTEM Ha OCHOBI y3araJbHEHOI TePMO/IMHAMIKH.

[1] V. Morozov, V. Ignatyuk, Particles 1, 285 (2018).

[2] J. Luczka, Physica A 167, 919 (1990).

[3] V.G. Morozov, S. Mathey, and G. Ropke, Phys. Rev. A 85, 022101 (2012).
[4] V. V. Ignatyuk, V. G. Morozov, Phys. Rev. A 91, 052102 (2015).

[5] V. V. Ignatyuk, Phys. Rev. A 92, 062115 (2015).

[6] V.V. Ignatyuk, Open Syst. Inf. Dyn.; submitted.

[7] D. N. Zubarev, V. Morozov, G. Ropke, Statistical Mechanics of Nonequilibrium Processes, Vol. 1, Basic
Concepts, Kinetic Theory, (Akademie Verlag, 1996).

[8] V. G. Morozov, G. Ropke, Journ. Stat. Phys. 102, 285 (2001).



HELIUM HYDRIDE ION IN PROTOGALAXY CLOUDS: THERMAL EMISSION VS.
RESONANT SCATTERING

Yu. Kulinich, B. Novosyadlyj
Astronomical Observatory of Ivan Franko National University of Lviv

In astrophysics, the interest in the helium hydride ion, HeH™, discovered in the lab in 1925, is caused
by its stability in the cosmic isolation and by its composition, since it consists of the most widespread
atoms in the Universe - hydrogen and helium. It is not surprising that numerous discussions about the
formation of this molecule and its search both in the Galaxy and the deep space have been undertaken
since the 70s of the last century. Unfortunately, the HeH" detection has not directly been confirmed
for a long time and only recently the first reliable confirmation of the HeH™, existence towards the
planetary nebula NGC 7027 has been obtained. Molecule HeH™ plays a significant role in the emerging
of first stars at the end of Dark Ages since it is one of the first molecules to appear in the early Universe
among with Hy, HD, LiH, and their ions. Molecules are known to be the only obvious coolants for baryon
matter in the early Universe at temperatures below ~ 8000 K because then there was nothing else to
do that. These molecules can emit radiation away, causing the proto-star clouds of gas to cool and keep
collapsing to allow first stars creation at the end of dark ages. In particular, molecules HeH+ should
be effectively cooled by emitting of radiation due to the large value of their electric dipole moment,
1.722 D, and should be present predominantly in the ground and low-lying rotational excited states.
The population of HeH* by its ground and excited rotational states as well as the flux of its emission
and/or absorption spectrum in the epoch of dark ages is defined by collisions with photons of the
cosmic microwave backgroundl (CMB), free electrons and neutral atoms of hydrogen. Calculations for
rotational and vibrational excitations/de-excitations rates for electron—-HeH™ collisions were performed
by Rabadan et al. (1998); Hamilton et al. (2016); Curik & Greene (2017); Khamesian et al. (2018).
However, up to date, there are no estimates for HeH™ rotational excitations/de-excitations by collisions
with neutral hydrogen.

The potential energy surface (PES) for H-HeH™ collisions in analytical and numerical approxi-
mations is obtained. The state-to-state integral cross sections for rotational transitions during H-HeH™
collisions are obtained and corresponding rate coefficients are calculated. The role of collisional excitati-
ons of low-lying rotational levels of HeH" in Dark Ages is discussed as on the cosmological background
and inside evolutionary proto-halos and virialized halos. The thermal and resonance dark ages halos
brightnesses were obtained in rotational levels of the helium-hydride molecular ion, HeH™.

PHYSICS AND MODELLING OF INTRACELLULAR DIFFUSION

S. Kondrat'?
nstitute of Physical Chemistry, Warsaw, Poland
2Forschungszentrum Jiilich, Germany

Diffusion is a fundamental phenomenon that occurs ubiquitously in nature and remains the subject
of continuous research interest. Understanding diffusion is a key to understanding living systems. In
this lecture, I discuss diffusion of macromolecules under crowding conditions akin of living cells. T will
describe briefly how to characterize, model and measure diffusion properties. The focus will be on
physics and simulations, with a particular emphasis on the effects important for crowded, biologically
relevant systems [1].

[1] S. Kondrat, in Physics of Life, 49th IFF Spring School 2018, Series: Key Technologies, Vol. 158,
(Forschungszentrum Jiilich Publishing); https://arxiv.org/abs/1810.05496v1.



PHYSICS-INSPIRED TRAINING VIA THE PATH IN A HYPERPARAMETER
SPACE

M. Maksymenko
SoftServe

Efficient search for optimal hyperpararneters is essential for training deep architectures and is a
core part of any AutoML pipeline. Typical approaches, however, are far from being optimal and rely
on repeated sampling of hyperparameter space or greedy search for the best set of hyperparameters.
In our approach [1], we train models in a combined weight-hyperparameter space resulting in optimal
scheduling protocol (path) for hyperparameters. Our algorithm is based on the physical intuition of
interpreting hyperpararneters as an effective temperature controlling noise in the system and requires
only negligible computational cost in comparison to parallel grid approaches.

This leads to faster training times and improved resistance to overfitting and show a systematic
decrease in the absolute validation error, improving over benchmark results.

[1] https://arxiv.org/abs/1909.04013.

ON THE ORDER OF DNA THERMAL DENATURATION PHASE TRANSITION

Yulian Honchar*?, Christian von Ferber®?, Yurij Holovatch*?3
nstitute for Condensed Matter Physics, NAS of Ukraine, Lviv
2IL* Collaboration & Doctoral College for the Statistical Physics of Complex Systems,
Leipzig—Lorraine-Lviv—Coventry, Europe
3Centre for Fluid and Complex Systems, Coventry University, Coventry, United Kingdom

The Poland-Sheraga model suggested in mid-sixties of the last century is used to explain the process
of DNA thermal denaturation (unbinding of a double helix into two separate strands) in analogy to
the temperature-induced phase transition |?]. It has been shown that the order of such transition is
determined by an exponent ¢ that describes a part of a macromolecular chain containing an unbounded
loop. The exponent is universal and is expressed in terms of the exponents that govern scaling properties
of polymers in solvent and take into account solvent quality as well as possible affects of self- and mutual
interactions within DNA strands. These scaling exponents are usually identified through parametric
expansions in renormalization group method. In this work we analyze ¢ = (4 — d)-expansion for scaling
exponents describing thermal denaturation of DNA in d = 3 dimensions [?|. To enhance convergence of
the perturbative expansion, we use the resummation procedure based on the conformal mapping of a
plane with a cut along the negative semi-axis onto a disc [?]. Our results show that the phase transition
of thermal denaturation of DNA is indeed of the first order. Moreover, studied effects significantly
influence the strength of the first order transition.

[1] D. Poland, H. A. Sheraga, J. Chem. Phys. 45, 1464 (1966).
[2] V. Schulte-Frohlinde, Yu. Holovatch, C. von Ferber, A. Blumen, Phys. Lett. A 328, 335 (2004).

[3] Yu. Honchar, Scaling Laws for DNA Thermal Denaturation (Master’s Thesis) (National University of
Kyiv-Mohyla Academy, Kyiv, 2019).



0—0'-T'PEBIHKA JIPAKA

O. I. I'puzopuax, B. C. Illacmyxos
Kademnpa Teopernanoi ¢izuku,
JIbBIBCHbKMIT HaIioHaILHUI yHIBepcuTeT iMeni IBana Opanka

[Muranus poss’asky piBusaus [peainrepa 3 0'-1moTeHIIAIOM JIUCKYTYETHCS JIOBOJI JABHO, 30Kpe-
Ma Yepe3 HasBHICTH PISHUX IIOHSATD, AKi “XOBaIOTbCs 3a CJIOBOCIONYYeHHAM ¢-norenmiaj. Lle, y coro
Jepry, MOPOJIZKY€E Pi3HI MPOTIE Yy PH PErY/IsipU3aliil, 1o MPUBOIUTD JI0 PI3HUX 3HAYECHD (PI3UIHO CIIOCTEpe-
JKYBaHUX BeJIMYKMH. BHECTH SICHICTB Y 110 CUTYAIIIO JO3BOJIMB X1/, B SKOMY O3HAUYeHHsI §'-IIOTEHIiary
[IOB’I3Y€THCs 3 TPAHUIHUMU YMOBAMU B TOUI CHHIYJISIPHOCTI, a He 3 IPOIeayPoro peryispusariii. Omuu-
palovrch Ha Tei 1ixijg, MU pO3rIHYIM Mojeab 0—0'-rpebinku Jlipaka 31 CKIHUEHHOIO KiIbKICTIO “3y0-
1iB", 0OMezKeHOo1 3 000X CTOPIH MOTEHIHAJOM CTAJIOl BeudnHu. g Takol cucTeMu MU 3HAMIILIN JIAC-
TepciifHe CIiBBITHOIIEHHS, a TAKOXK 3aJIEKHICTh TPAHUIIh 30H 1 BEJIMUNHU €HePril MOBEPXHEBUX PIiBHIB
BiJI mapaMeTpiB, sKi cToaTh nepe 0 1 ¢'-dyukuismu y pisasguni Hlpeginrepa.

ELECTRICAL DOUBLE LAYERS CLOSE TO IONIC LIQUID-SOLVENT DEMIXING

S. Kondrat
Institute of Physical Chemistry, Warsaw, Poland

There is growing interest to the properties of ionic liquids (ILs) at metallic interfaces. The main
focus so far has been on electrical double layers (EDLs) with ILs far from phase transitions, while EDLs
with ionic liquid-solvent mixtures (ILSMs) in the proximity to their phase separation received virtually
no attention. In this contribution, I describe a simple mean-field model suitable for IL-solvent close
to demixing, in which we took into account dispersion interactions [1], often neglected in theoretical
approaches. I will show the emergence of a ‘bird-shaped’ capacitance, in addition to the extensively
studied camel and bell shapes. Remarkably, the camel-shaped capacitance, which is a signature of
dilute electrolytes, can be obtained also at high concentrations in the vicinity of demixing [2]. We also
find that the energy stored in an EDL increases appreciably as the system approaches demixing, which
can be utilized for generating electricity from waste heat [1, 2|.

[1] C. Cruz, A. Ciach, E. Lomba, S. Kondrat, J. Phys. Chem. C 123, 1596 (2019).

[2] C. Cruz, S. Kondrat, E. Lomba, A. Ciach, Effect of proximity to ionic liquid-solvent demixing on electrical
double layers (2019), submitted.

XBUJIBOBA OIITUKA V¥V ITPOCTOPI KEPPA 3 BPAXYBAHHSIM
CIIIH-CIIIPAJIBHOI B3AEMO/III

B. O. Ileaux', IO. B. Taticmpa'??
UgernryT npukaagamx mpobseM Mexamiku i maremarukn im. 9. C. Ilizcrpuraga HAHY, JIbsis
2Hamnjonasnbuuii yaisepcuter “JIbBiBebKa nositexnika”, JIbBiB

Mpu 3acTocoByeMo ajiredpaidHO-CcHeIiaJ bHnil BUXiTHUN B cenci Yamipacekapa po3B’d30K PiBHAHD
Maxcgesia y mpocropi Keppa, orpuMyeMo Bupasu XBUJIbOBUX BEKTOPIB IIPABO- Ta JIIBOIOJISIPU30BAHUX
XBWJIb 1 JIOBOJUMO, 10 3 YMOBH 130TPOIHOCT] IK YMOBH PIBHOCTI HYyJIeBl iHBapiaHTIB 1I0JISI HE BUILJINBAE
130TPOIHICTh XBUJIBOBUX BEKTOPIB, & TAKOZXK, 10 IHTerpajibHa KOHI'PYEHII1d XBUIHOBOI'O BEKTOPHOT'O IO
He € reojie3iitnon. Mu BCTaHOB/IIOEMO 3B’S30K OTPUMAHUX PE3Y/ILTATIB i3 yMOBOIO CTapobiHCHKOTO Ta
[Ipecca-Troko/ILCHKOTO iCHYBaHHS CYIIEepBUIIPOMIHIOBaHHs B IIpocTopi-dyaci Keppa.



ANALYSIS OF ION MIGRATION IN CRYSTALS WITH SCHEELITE TYPE
STRUCTURE USING THE TOPOS CALCULATION PROGRAM

V. N. Shevchuk, 1. V. Kayun
Department of Electronics and Computer Technologies,
Ivan Franko National University of L'viv

The crystals with scheelite-type structure are important as widely known modern materials science
and as work elements in detector systems. But electrical properties of the AMO, (where A is Ba, Ca,
Pb, or Sr, and M is Mo, or W) crystals with scheelite-type structure are investigated very not enough.
The mechanism of ionic conductivity and the migration paths of the likely mobile ions in the AMO4
crystals are not ascertained problems.

The electrical properties of tungstate crystals of divalent metal ions were investigated in our works
[1-3]. In the calculation papers [4-6] were presented the some first visualization data of migration way
of ions Mo or W by using of the TOPOS program. The visualization of possible migration ways of ionic
charge carriers is important method for the determination of micro-mechanism of theirs move through
crystalline lattice. But the calculation of probable migration way of the ion M in AMO, crystals at this
period are only as first step of such investigation.

For ion migration modeling and for visualization ion pathways in different oxides utilized ab initio
techniques (see e. g. the brief reviews in the ref. [5], [7], and [8]). In the works |7, 8] the procrystal
analysis is presented as a valuable tool for visualization of ion migration pathways in solids. In the
present study, using the program package TOPOS [9] the analysis of microstructure of migration ways
of W ions in the AMO, is devoted to the calculation and construction of the W-migration path.

In the paper were considered a sizeable of the published X-ray structural data on AMO, and our
previous X-ray results. We considered the W-migration ways and a temperature change of characteristic
elementary parameters of the cationic transference specifically the length of elementary channels. The
calculated migration channels were analyzed with variation of unit cell parameters of compounds and
cation substitutions influence to the elementary channel lengths.

[1] V. N. Shevchuk, I. V. Kayun, Acta Phys. Polon. A 117, 150 (2010).
[2] V. N. Shevchuk, I. V. Kayun, Func. Mater. 18, 165 (2011).

[3] B. H. leBuyk, Ocobausocmi eaexmponepenocy 6 kpucmanax cxaaonuz okucais (JIHY im. I. @panka, JIbsis,
2018).

[4] V. N. Shevchuk, I. V. Kayun, in Proc. Int. Conf. Ozide Materials for Electronic Engineering - fabrication,
properties and applications OMEE-201/ (Publ. House of Lviv Politechnic, 2014), p .117.

[5] V. N. Shevchuk, I. V. Kayun, Chem. Metal. Alloys 9, 128 (2016).

[6] V. N. Shevchuk, I. V. Kayun, in Proc. XI-th Int. Scint and Pract. Conf. Electronics and Informattion
Technologies ELIT-2019 (Ivan Franko National University of Lviv, 2019), p. 238.

[7] M. O. Filsoe, E. Eikeland, B. B. Iversen, in Proc. AIP Conf. 1765 (AIP Publ., 2016), p. 020010.
[8] M. O. Filsoe et al., Chem. Europ. J. 19, 15535 (2013).
[9] V. A. Blatov, IUCr Comp. Comm. Newsletter 7, 4 (2006). — Vol. 7. — P. 4-38.
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KPUBI BJINCKY B T'AMA-/ITAITA3OHI MOJIOINX 3AJINIIKIB HA/THOBUX

B. Bewwetit, O. Hempyx', B. Mapuenxo®, M. Ilampii®
UneruryT npuknamamx mpobiaeM Mexamiku i maremarukn HAH Vkpainu, JIbsis,
2 AcTponomivna obcepsaTopis dremoncekoro yHiBepenTery, Kpakis,
3@ismunuit gakyaprer JIHY imeni Isana @panka, JIbBis

2008 poky Oys10 3ammyIieHo KocMidHy rama-obceparopito iM. PepMi, gKa MmovaJjia BECTH CIIOCTEpe-
JKeHHs B miaras3oni exepriit ksantis Bijx 0.1 ;10 300 I'eB, mo mpo3Boisie pobutn BazKJIMBI BUCHOBKHU PO
YMOBH BHUIIPOMIHIOBAHHSA KOCMIUHUX IPOMeHiB BuUCOKHX eHepriii. OcobsmpicTio 1miel obcepBaropii € Te,
110 BOHA IIPOBOJNUTH MOHITOPUHI yChOIO HEDa, a He CIIOCTEPIrae JIMIe KOHKPEeTHE JI2KepPeIo.

Mertoro Harol poboTu € MoIyK 4acoBuX Bapiarliii moTokis ['eB-Horo BurpoMiHoBaHHS Bijl MOJIOIUX
sasmikis HagHoBuX (3H). A came, Mu anamizyemo, B €quHomy migxomi, ['eB-ne BunpominoBaHHs Bij
icropumaanx 3H, BikoM g0 Tmcsdi pokis, a came: SN1987A, G1.9+0.3, Kacciomes A, 3H Kemepa,
3H Twuxo Bpare, ra SN1006. Hac mikaBuTh BUIIPOMIHIOBAHHSI €JIEMEHTAPHUX YaCTOK, IMPUCKOPEHNX Ha
yIapHAX XBUJIAX, TOMY MU PO3rJisiaaTumemo Juiie obosionkoBi 3H, a #e 1i icropuani 3H, B gxux jjoMminye
BunpoMintoBanHs mysbcapy (Kpabosumana tymanuicts Ta 3C58).

Y poboti nmodytoBano Kpusi Osincky B ['eB-HoMy iarmazoni Biji 9OTHPHOX 3a/IMIIKIB HAIHOBUX 3ip,
a came: SN1987A, Kacciones A, 3H Tuxo Bpare ta SN1006. ArasizyBaocs TaKOXK BUITPOMIHIOBAHHS
3 obsiacreit G1.9+0.3 ta 3H Kemrepa, mpore kocmiuna rama-obcepBatopist im. PepMmi He JleTEKTyBasIa
iX.

IMTPO KIHETUKY PEJIAKCAIIII CUCTEMU TOYKOBUX JE®PEKTIB
Y KPUCTAJIAX

B. Illesuyx
QaKy/JIbTeT eJIEKTPOHIKHM Ta KOMIT IOTEPHUX TEXHOJIOT,
JIbBiBCHKUIT Haliona abHuil yHiBepcuTeT iMeni [Bana @panka

Y mpari g KyTOM 30Dy JIOC/IiJIZKEHHS BJIaCHOIEMEKTHOrO pPO3YIIOPSIKYBaHHS T'DATKU Ta HOro
BILJIUBY Ha (DI3UYHI BJIACTHBOCTI KPHUCTAJIB €KCIEPUMEHTAJIHLHO BUBYAIOTHCA TEMIIEPATyPHI 3MiHU eJie-
KTPUYHUX Ta JIeJIEKTPUYHUX MapaMeTpiB Bojbdpamaris noasenTHux Mmetanis (Ca, Pb, Cd, Zn) sax
BIIOMUX JIIOMIHECIIEHTHUX MaTepiaJliB 3 KOPOTKOYACOBUM BHIIPOMiHIOBaHHsSIM. Bkasani 3MiHu, 3a 1Ipu-
IIyIIeHHSAM, 3yMOBJIEH] BapiallisiMy CIiBBIHOIIEHb KOHIIEHTPAIII#l €JIEKTPUYHO aKTUBHUX JedekTiB, abo
X [IepeTBOPEHb: TPYILyBaHHs/PO3MaJ[ KOMILIEKCIB jedeKTiB, 3MiHA 3aps/IOBOIO CTaHy TOYKOBUX Jede-
KTiB, 1X JIOKaJIi3allis/geoKaisanist Tomo. Po3misiiaroThcst TaKOXK YacoBl 3aJIe2KHOCT] BJIACTUBOCTEN
npu (biKCOBAHMX TeMIlepaTypax 3pa3Ka dK IPOodB caMoopraHizariil y cucremi jedekTis i mepexojy iy
KBa3ipiBHOBAXKHUI CTaH.

[Mokazano, mo jiejekrpudni Biaacrusocti Kpucraiais PbWO, (cTpyKrypHuii Tun meesir) mposis-
JISIOTD TI€BHY TE€PIOJINIHICTD BiITBOPIOBAHOCT] YMCIOBUX 3HAUeHb (mepiof] 6um3bko 24 rox mpu 290 K).
Amnajtizyerbes 3B's130K TaKUX SIBUII [IEPIOJMIHOCTI 3 JIMHAMIKOIO I'PATKOBUX JieheKTiB (TOYKOBUX Ta Jii-
HIHUX — JIUCIOKAINH, SKi HeCyTh 3apsiji) Ta 1X B3aemo/iero. CrocTepiraroTbest MBUJKI (ITiC/IsT 3HATTS
30y/[2KYF0U0ro YNHHIKA) Ta TPUBAJIl peJlakcalliiini mporecu. Brepiie 11i eeKTH cTOCOBHO JIieIeKTPUIHUX
BaacTuBocreil onucani B pangx [1, 2|. ¥V roii yac kpucrags CAWO, (cTpyKkTypHEil THIT BOJbbDpaMIT) 32
yMOB gociikens (temmeparypu o 600 K) takoro BiacTUBICTIO MEPIOIUYHOrO MOBTOPEHHST 3HAYEHD HA
KPHUBUX 3aJI€2KHOCTI JIIEeJIEKTPUYIHOI IIPOHUKHOCTI BiJT 9acy He BoJioie. TepMoieeKTpuanuii epexT, K
e y Bunagky PbWOy [3], Takox BimcyTHIi.

ObroBoproBaHi peakcarliiiii 3MiHH MaiOTh HEPIIOPsIHE 3HAYEHHsI y IPOIEecax BiIHOBJIEHHS BH-
XIJIHUX TIapaMeTpiB KpHUCTaJy Ta HOro MiJIrOTOBKU JIO HACTYIIHOTO aKTy 30y/KeHHs. BussiieHi KBasi-
nepioguuni gBuima y kpucrajiax PbWO, moxua 3aj0BiabH0 onucaru |1, 4] B pamMkax mareMaruaHol
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Mmozeni, Brepiie 3arnpononosanol FO.I'ipuaskom [5| nmpu amasizi KiHeTH4HUX MpoIeciB y XiMiYHUX pea-
KIIigX Ta OOIPYHTYBAHHI HUM MEPiOIUIHOrO 3aKOHY 3MiHM KOHIIGHTDPAIlll peareHTiB. 3a3HAYNMO, IO
MIPOTIeCH CaMOOPTaHi3allil B TBEP/IOMY Ti/i, CYIIPOBO/ZKYBaHI MEPIOINIHICTIO 3MiHNA BJIACTUBOCTEN, JIUTITE
OCTAHHIM YaCcOM CTAJIH I[IKABUTH JOCJALHUKIB (1uB., Hamp., [6]), X0ua MAlOTh BarK/IMBE 3HAYEHHS [PU
3aCTOCYBaHHI.

[1] V. N. Shevcuk, I. V. Kayun, Phys. Solid State 47, 632 (2005).
[2] V. N. Shevcuk, I. V. Kayun, Funct. Mater. 18 165 (2011).
[3] V. N. Shevcuk, I. V. Kayun, Radiat. Meas. 42, 847 (2007).

[4] B. H. lesuyk, FOaian ipnax - yxpaincoruts euenut, eidomut y ceimi i 3a6ymudl na 6amuvKieuyuni;astro.
1lnu.edu.ua/wp-content/uploads/2017/.../Julian-Hirniak-UKU. pdf.

[5] FO. Tipnsik, 3an. mar.-upupogonuc.-jiik. cex. HTIII 12, 1 (1908).
[6] V. S. Khmelevskaya, Soros Educ. J. 6, 85 (2000).

PAJITAIIIMHE TAJIBMYBAHHS B CEPEJOBUIIII ®OHOBOT'O
BUITPOMIHIOBAHH#

A. Jlysipsax
Iacturyr disukn konmencoranux cucrem HAH Vkpalau, JI6BiB

BapszKeHa YJaCTHHKA, [0 PYyXAE€ThCS 3 IPUCKOPEHHSIM, BUIIPOMIHIOE €JIEKTPOMAarHeTHe MoJIe 1 BiTay-
Ba€ PEAKIIIO 1bOro 1moJid. [Ipuannoio mpuckopenns Moxke OyTH B3a€MO/Iid 13 30BHIIIHIMU €JIeKTpOMAarie-
THUMU XBWJIAMU. Po3riisaiaeTbes cuiia, Mo BUHUKAE BHACTIIOK PO3CISTHHS 3aps/IOM eJIeKTPOMarHeTHUX
XBHJIb TEILIOBOro (oHy. 11 Tpeba BpaxoByBaT! HOPH/I 3 PEAKIHEIO BIACHOIO BUIPOMIHIOBAHHS YACTUHKIL.
s imocTpaliil po3rIsgIaeTbed PYyX PeIATUBICTUYHOI 3apsi/IXKEHOT YaCTUHKU y CTAJIOMY MarHETHOMY
IIOJIi 3 BpaxXyBaHHSM OOMIBOX CHJI FajibMyBaHHsSI. 3aJady po3B’si3aHO y KBajpaTypax. llokasano, 1mo
YaCTUHKA JIOKATI3YEThCA Y CKIHYEHHI 00J1acTi IPOCTOPY.

ON LINEAR-QUADRATIC POISSON PENCILS ON CENTRAL EXTENSIONS
OF SEMISIMPLE LIE ALGEBRAS

Andriy Panasyuk, Vsevolod Shevchishin
University of Warmia and Mazury, Olsztyn, Poland

In a recent paper Vladimir Sokolov introduces a three-parametric family of quadratic Poisson
structures on gl(3) each of which is compatible with the canonical linear Poisson bracket. The complete
involutive family of polynomial functions related to these bi-Poisson structures contains the Hamiltonian
of the so-called elliptic Calogero-Moser system, the quantum version of which is also discussed in the
same paper.

We show that there exists a 10-parametric family of quadratic Poisson structures on gl(3) compati-
ble with the canonical linear Poisson bracket and containing the Sokolov family. Possibilities of generali-
zation to other Lie algebras and quantization matters will be also touched in this talk.
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HYDROGEN MOLECULES IN PROTOGALAXY CLOUDS: THERMAL EMISSION
VS. RESONANT SCATTERING

B. Novosyadlyj, Yu. Kulinich
Astronomical Observatory of Ivan Franko National University of Lviv

The emission from dark ages halos (protogalaxies) in the lines of transitions between the lowest
rotational levels of hydrogen (Hy) and hydrogen deuteride (HD) molecules is analyzed. It is assumed
that molecules are excited by the cosmic microwave background (CMB), radiation of first sources of
light and collisions with hydrogen atoms. The physical parameters of halos and the number density
of molecules are precalculated in assumption that they are homogeneous top-hat spheres formed from
the cosmological density perturbations in the four-component Universe with post-Planck cosmological
parameters. The differential brightness temperatures and differential spectral fluxes in the rotational
lines of Hy/HD molecules are computed for thermal luminescence of forming protogalaxies and resonant
scattering of CMB radiation by moving ones with peculiar velocity defined by cosmological perturbati-
ons. The results show that expected maximal values of differential brightness temperature of warm halos
(T ~200-800 K) are at the level of nanokelvins, are comparable for both phenomena, and are below
a sensitivity of modern sub-millimeter radio telescopes. For hot halos (T ~2000-5000 K) the thermal
emission of H2-ortho molecules dominates and the differential brightness temperatures are predicted to
be of a few microkelvins at the frequencies 300-600 GHz. All halos become luminous in the lines of HD
molecule in the Cosmic Dawn epoch when the density of radiation from the first sources of light reaches
thousandth of the density of CMB. They can be detectable with telescopes of a new generation.

BEPXHA ME2KA OJI4d MIHIMAJIBHOI'O IMIIVJIBCY TA IIPOBJIEMA
OYTBOJIBHOTI'O M’AYA ¥V KBAHTOBAHOMY ITPOCTOPI

X. I'namenxo
Kadeapa teoperntunoi dizuku, JIbBiBchkuit Halionaabumii yHiBepcuTer imeni Iana Ppanka

Posp’st3an0 11pobiieMy ormcy pyxy MaKpPOCKOIYIHOIO Tijia, BioMy, K 1mpobseMy dbyTOOIHEHOTO M si-
qa [1,2], B pamrax cdepuaHO-CHMETPUIHOI Ta iHBapiaHTHOI BITHOCHO iHBepCil Yacy HEKOMYTATHBHOI
anrebpu [3|. BeraHoBiieHO, M0 JOCIZKEHHST PYXY MaKPOCKOIIYHUX Til y KBAHTOBAHOMY (hasoBOMY
[POCTOPI JIO3BOJISIOTH OTPUMATH CTPOri OIIHKY JIJIs MiHIMAJBLHOTO iMITyJibey [4].

SHail/IeHo po3B’s30K MTPOOIEME MAKPOCKOIIIYHUX T/ Yy KBAHTOBAHOMY IIPOCTOPI 3 JiechopMOBaHUMU
KOMYTAIfTHUMU CIiBBITHOIEHHSIME JIJIsi KOOP/IMHAT Ta IMITYJIbCIB Y BUMAJIKY JIOBLIbHOI (pyHKIIT j1edop-
marii. [Tokazano, 1110 y Bcix mopsjkax 3a IapamMeTpaMu JedopMallil KOOpAuHATH Ta IMIIYJIbCHA IEHTPa
Mac 3aJI0BOJIbHAIOTEH J1e(DOPMOBAHY ajareOpy, 30epiraloTbCs BJIACTHBOCTI KIHETHYIHOI eHeprii Ta c/rabKuit
[PUHIAI eKBIBAJIEHTHOCT, KoM napamerp Jedopmariil € obepHeHo mporopiiiitauii 10 macu [5).

[1] S. Hossenfelder, Phys. Rev. D 75, 105005 (2007).

[2] G. Amelino-Camelia, Symmetry 2, 230 (2010).

[3] Kh. P. Gnatenko, M. I. Samar, V. M. Tkachuk, Phys. Rev. A 99, 012114 (2019).

[4] Kh. P. Gnatenko; arXiv:1909.06295.

[5] Kh. P. Gnatenko, V. M. Tkachuk, arxiv:1907.07057 (to appear in Mod. Phys. Lett. A 2020).
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EJIEKTPUYHUN JUIIOJIb B EJIEKTPOMATHITHOMY ITOJII

0. Apemro
Iacturyr disukn konmencorannx cucrem HAH Ykpalau, JIsBiB

HoctiKena quHaMiKa HEPEJIITHBICTCHKOTO €JIEKTPUYHOTO JIUIIOJIS B OHOPITHOMY CTATUIHOMY €Jie-
KTpoMaruitHomy nosti [1]. 3 mepmumx npunimnis (36epezkeHHst eHeprii, iMITy/Ibcy Ta GaJaHCc MOMEHTY
IMITYJIbCY) OTpUMaHi piBHsAHHS PyXy. [loKa3aHo, 0 BOHU YTBOPIOIOTH MaMiJIBTOHOBY CHCTEMY 3 II'ITbMa
CTYIEHSIMU BIIBHOCTI (TPbOMa TPAHCIISIIHHIME Ta JIBOMa 00epTATBLHIMHI) Ta 3 BUPO/ZKEHOO ITyaCCOHO-
BOIO CTPYKTYPoto. B 3araabHOMY BHITQIKY AMHAMIKA XaOTHIHA. 38 JOIOMOTOI0 YUCEIbHUX AJTOPUTMIB,
3aCTOCOBAHUX JI0 PO3B’A3aHHA HEJIHIHHUX PIBHAHb PYXY, IMOOYJIOBAaHI TPAEKTOPIl JUIOJ JIJId HU3KH
novyaTkoBux yMoB. [lokazamno, 1mo Ha ¢opMy TpaeKTOpil IeHTpa Mac YaCTUHKU CYTTE€BO BILIMBAE 11
obepTaHHs, CIPUINHEHE B3aE€MOJIIEI0 3-BEKTOPA JUIMOJBHOIO MOMEHTY 13 €JIEKTPUIHUM II0JIEM.

[1] M. Przybylska, A. J. Maciejewski, Yu. Yaremko, Proc. R. Soc. A 475, 20190230 (2019).

PUBLIC TRANSPORTATION NETWORKS AS COMPLEX SYSTEMS: BETWEEN
DATA PROCESSING AND STATISTICAL PHYSICS

Yaryna Korduba'?, Robin de Regt>*, Yurij Holovatch*?3
1Ukrainian Catholic University, Lviv, Ukraine,
2IL* Collaboration & Doctoral College for the Statistical Physics of Complex Systems,
Leipzig—Lorraine-Lviv—Coventry, Europe
3Centre for Fluid and Complex Systems, Coventry University, Coventry, United Kingdom *Institute
for Condensed Matter Physics, NAS of Ukraine, Lviv

The objective of our study is to demonstrate how the physical perspective enriches the usual stati-
stical analysis when dealing with a complex system of many interacting agents of non-physical origin [?].
To this end, we discuss the quantitative analysis of some urban public transportation networks (PTNs)
viewed as complex systems. We investigate and compare the PTNs in terms of their main topologi-
cal features and operational stability [?, ?]. We apply a multi-disciplinary approach by integrating
methods in both data processing and statistical physics to investigate the correlation between public
transportation network topological features and their operational stability. We review some of the previ-
ously obtained results |?]| together with the new data, mainly for PTNs of Lviv and Bristol [?]. The
studies incorporate concepts of coarse-graining and clusterization, universality and scaling, stability and
percolation behavior, diffusion, and fractal analysis.

[1] Yu. Holovatch, R. Kenna, S. Thurner, Eur. Journ. Phys. 38, 023002 (2017); arXiv:1610.01002.

[2] R. de Regt, C. von Ferber, Yu, Holovatch, M. Lebovka, Transportmetrica A: Transport Sci. 15, 722 (2019);
arXiv:1705.07266.

[3] Ya. Korduba, R. de Regt, Yu. Holovatch, Ann. UMCS A LXXIV, 65 (2019); arXiv:1911.10858.
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MEPE2KA HAVKOBUX 3B’43KIB ®PIBNUYHOI'O ®AKVJIBTETY JIHY IMEHI
IBAHA ®PAHKA

C. B. Cmepevuncoruti, C. B. Andpyzosuu, M. 5. Carocap
Kadenpa acrpodisuknu, JIbBiBchbkuii Harionaabauil yaHiBepcuTeT iMeni [Bana @panka

B mamiit poboTi Mu crrpoOyBaJ TOOYAYBATH Ta JOCIIINTH MepeyKy HAyKOBHUX 3B S3KiB BUKJIA/Ia4iB
disnunoro dakysnbreTy. Meperka cTBOpIOBaIach 3a HACTYITHUM IPUHITUIIOM: MIPAIiBHUKAM (aKyIbTeTy
BiIIOBIIAIOTH BY3J/IM, & 3B’I3KU MixK HUMH — II€ CIIJIbHI CTaTTi.

3a ocuoBy 151 1o0Oy10Bu rpadis 06ys10 Bukopucrano Google Scholar, ockinbku 15 6a3a jaHux cra-
Teil, onyO/IKOBAHUX y HAYKOBUX BUJAHHAX, MICTUTH OLIbITY KUIBKICTH IyOJHKaIiil BUKIaIaviB, HiXK,
Hamp. Scopus. 3 i€l IPUIMHE BBaXKAEMO, 10 I'pad, CTBOPEHU HA OCHOBI 0OpaHOl 0a3m JaHUX, KPAIIe
BijjoOparkae MepeKy HAyKOBUX 3B’d3KIB MiK CTPYKTYPHUMH OJWHUISAMU, X04a, MOYKIIUBO, IIPU IIHOMY
BTpadaeThcd indopmMaliig npo dKicTb HaykKoBol criBmparii. KpiMm 1poro, B Haliit podoTi Mu mpoaHaJizy-
BaJIN JIMIIIEe HAyKOBi myOJIikallil IpaliBHUKIB 32 OCTAHHI II'SITh POKIB.

Hamu obynoBani Mmepexki HayKOBUX 3B’ g3KiB K (hi3nTHOro (hakyabTeTy B IIJIOMY, TaK 1 I KOKHOT
3 mectu Kadeap GakyabTeTy OKpeMo. 3 OJHOTO DOKY, Iie JaJI0 3MOr'Y IPOaHAII3yBATH HAYKOBI 3B SI3KI
dakybTeTy 3 IHIMUMHU CTPYKTYPHUME OJMHUATIAME JIHBIBCHKOTIO HAIlIOHAJIHLHOTO yHiBepcuTeTY iMeHi [Ba-
Ha OpaHKa Ta HAYKOBUME yCTaHOBaAMU YKpaiH! 1 3aKOpIoHy. A 3 iHIIOro OOKy, OTpuMaTH iHGOPMAIIIO
PO Te, sIK PO3IMOJIijieHa HayKOoBa poboTa B MexKax Kade pH, a TAKOXK PO iICHYBAHHS HAYKOBUX I'DYI TK
Ha OKpeMiit kadepi, Tak i MizKKadepabHIX.

COSMOLOGICAL PERTURBATIONS IN DYNAMICAL NON-MINIMALLY
COUPLED DARK ENERGY

R. Neomenko
Ivan Franko National University of Lviv

We study the evolution of cosmological perturbations in the model of Universe with presence of
non-gravitational interaction between dynamical dark energy and cold dark matter. Such model of dark
energy in comparison with dark energy with constant equation of state parameter w = pge./pge is more
general and allows us also to avoid non-adiabatic large-scale instabilities at radiation dominated epoch.
For DE-DM interactions, linearly depended on energy densities of dark components, the conditions
for arising of these instabilities were derived. Using the numerical solutions of equations for evolution
of cosmological perturbations the behaviour of these perturbations are studied for different values of
interaction parameter.

INVERSE SCATTERING FOR REFLECTIONLESS SCHRODINGER OPERATORS
AND GENERALIZED KDV SOLITONS

Rostyslav Hryniv'?
1Ukrainian Catholic University, Lviv, Ukraine,
2Ivan Franko National University of Lviv

In this talk, we discuss Schrodinger operators on the line with real-valued integrable reflectionless
potentials g,
d2
dx?
In particular, we give a complete characterization of such operators in terms of their scattering data,
sequences of eigenvalues and norming constants, and suggest an explicit formula producing all such

Sq 1= +q.
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potentials, thus completely solving the related direct and inverse scattering problems. Using the inverse
scattering transform approach [?], we then describe all solutions of the Korteweg—de Vries (KdV)
equation whose initial profile is an integrable reflectionless potential. Such solutions stay integrable
and reflectionless for all ¢ > 0 and can be called generalized soliton solutions of the KdV.

This research extends and specifies in several ways the previous work on reflectionless potentials [?,
?] and generalized soliton solutions of the KAV equation [?, ?|. The talk is based on a joint project with
Ya. Mykytyuk (Lviv Franko National University, Ukraine).

[1] C.S. Gardner, J. M. Green, M. D. Kruskal, R. M. Miura, Phys. Rev. Lett. 19, 1095 (1967).
[2] F. Gesztesy, W. Karwowski, Z. Zhao, Duke Math. J. 68, 101 (1992).
[3] 1. Hur, M. McBride, C. Remling, Trans. Am. Math. Soc. 368, 1251 (2016).

[4] V. A. Marchenko, in What is integrability? (Springer Ser. Nonlinear Dynam., Springer, Berlin, 1991), p. 273.

VISUALIZATIONS OF THREE-DIMENSOINAL MHD SIMULATIONS OF
SUPERNOVA REMNANTS

T. Kuzyo, O. Petruk
Pidstryhach Institute for Applied Problems of Mechanics and Mathematics, NAS of Ukraine, Lviv

With the growth of affordable computational power over the last decade it became possible to
perform massive 3D simulations for a wide range of physical and astrophysical phenomena. On the
other hand, the domain of 3D visualization in astrophysical hydrodynamics is not explored to the full
extent yet and needs deeper insights into its data representation capabilities.

We are interested in the evolution of supernova remnants (SNRs) which is described by a system of
magnetic hydrodynamics equations. Our approach allows to track details and features of SNR evolution
across a wide range of spatial and temporal scales. The presence of multiple components (shock wave,
magnetic field, stellar ejecta, interstellar gas) and complex structures in SNRs make them a great filed
for application of variuos visualization scenarios.

PO3SMIPHI XAPAKTEPUCTUKN CKJIATHOTAJIV2KEHUX ITOJITMEPIB

X. Tatidykiscoka, B. Baasauyvka
Iacturyr disukn konmencorannx cucrem HAH Ykpalau, JIsBiB

B naniit poboTi 30cepeKyeThes yBara Ha OINKCI YHIBEPCAJIBHUX PO3MIPHUX XapaKTEPUCTHK CKJIa-
JTHOTAJTYKEHNX MaKPOMOJIEKYJT 3 BUKOPUCTAHHAM MO/ HEllepepBHOIO JIaHIIokKKa. [lonarTa ckiaamno-
raJiy?KeHuX IMoJIiMepiB BKJIIOUa€ B cebe 0OEKTH siKi MalOTh Ol/IbIle HiK OJIUH IEHTD rajyKenns. Po3mipwi
CIIIBBIIHOIIIEHH, IO JIO3BOJISIIOTH OIIHUTH OCOOJIMBOCTI po3Mipy Ta (hOpMH CKJIQJHUX MaKPOMOJIEKYJI
MOPIBHSAHO 3 JHHIWHAMEI JAHIIOXKKaMHU, PO3PAXOBYIOTHCS JJI KIJTBKOX CTPYKTYP: HOM-IIOM ITOJIIMEPY,
CTPYKTYPH 3 KIJIBKOX 3€JIHAHUX 31pOK, Ta HOPIIMKOBOIro nojiMepy. B raycoBomy Hab/mzkeHHi Oyiu po3-
paxoBaH1 paJiiycu riparil Ta riJipoJnHaMigHI PaJilyCcH 3aIlPOIOHOBAHUX CKJIa/IHOTATYKEHNX MaKpPOMOJIe-
kyJ1. KijibkicHO onmcano KoMnakTudikaliio po3Mipy TaKUX CTPYKTYP HOPIBHAHO 3 JIHIHHUMU.
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BUBHAYEHHA SAIINIVTAHOCTI CUCTEMMU KYBITIB HA KBAHTOBOMY
KOMIT'FOTEPI IBMQ-OURENSE

A. Kysvmax
Kadeapa teopernunoi dizuku, JIbBiBchKuit Hanionaabuuii yHisepcurer imeni Isana Opanka

[Iprionyerhest aaropuTsm Jijis BUSHAYCHHS 3aILIyTAHOCTI CTaHy OJHOrO KybiTa i3 permroio KybiTiB cu-
cTeMU, IO MPUTTOBJIEHNN HAa KBAHTOBOMY KOMII'IOTEpi. 3a JOMOMOTOI0 JIAHOTO AJI'OPUTMY 3HAXOIUTHCS
zarIyTanicTb craniB kora [llpesinrepa i Beprepa mpuroToBjieHnx Ha KBaHTOBOMY KOMIT'IoTepi ibmg-
ourense, 1o po3podsennii kommaniero IBM. Takoxk Bu3HaUa€TbCs 3aIIyTaHICTDh 3MIITAHOIO CTaHY, IO
CKJIQJIa€Thes 13 J1Box craniB Besuia [®F) Ta [§7).

BIJ KJIACUYHOTI'O BITA 10 KBAHTOBOTI'O

I Jlaba', B. Trawyx?
'Hamionanbnuit ynisepcurer “JIbpisebKa nositexnika”, JIbbis
2Kadeapa Teopernanoi disuxn, JIbBiBchKHiT HalionaapHMil yHiBepcuTeT iMeHi IBana @panka

[Tounnatoun 3 KjgacuIHOro GiTa Oy/le BBEJIEHO MOHATTA KBAHTOBOI'O OiTa Ta XBUJILOBOI (DYHKIIII.
Byne posryigayTo cucTeMy KJIaCHIHUX Ta KBAHTOBUX OITIB, 3p0O0OJIEHO 1X MOPIBHAHHS, ITPOAHAJI30BaAHO
ix mofibHicTh Ta BigMmiHHICTB. Takoxk Oy/e 3po0JIeHO KOPOTKUI OIVISJ CydacHUX HpobJieM KBaHTOBOI

indopmarrii.

SPECTROSCOPIC PROPERTIES AND POSSIBLE APPLICATION OF THE
Nd-DOPED BORATE GLASSES

B. V. Padlyak"?, R. Lisieck?®, T. B. Padlyak?, V. T. Adami?
University of Zielona Géra, Institute of Physics, Division of Spectroscopy of Functional Materials,
Zielona Gora, Poland
2Vlokh Institute of Physical Optics, Department of Optical Materials, Lviv
3Department of Spectroscopy of Laser Materials, Institute of Low Temperatures and Structure

Research of the PAS

The electron paramagnetic resonance (EPR), optical absorption, luminescence (emission and exci-
tation) spectra as well as luminescence kinetics of the Nd®* centres in a series of borate glasses with
Li;B4O7:Nd, LiCaBO3:Nd, and CaB,O7:Nd compositions containing 0.5 and 1.0 mol. % Nd;O3 have
been investigated and analysed. Using EPR and optical spectroscopy data it was shown that the Nd
impurity is incorporated into the network of investigated glasses as Nd3* (43,41, /2) ions, exclusively.
All observed f — f electronic transitions of the Nd** centres in optical absorption and luminescence
spectra of the investigated glasses were identified. Local structure of the Nd3* luminescence centres in
the borate glasses network is proposed [1|. Theoretical and experimental oscillator strengths (fineor and
fexp) and phenomenological intensity parameters (€2, 4, Q) for observed Nd* absorption transitions
containing 1.0 mol. % Nd5O3 have been determined using standard Judd-Ofelt theory. The spectroscopic
parameters of relevance to laser applications such as the radiative transitions rate (W), luminescence
branching ratio (), radiative lifetime (7.aq), and emission cross-section (0en) for Nd** centres in the
Li;B4O7:Nd, LiCaBO3:Nd, and CaB4O7:Nd glasses have been calculated. Luminescence decay curves
of the Nd** centres from the *F3/» emitting level for all investigated glasses were satisfactory described
by single exponential decay. The obtained experimental lifetimes were compared with those calculated
and quantum efficiency (n) of the “F3 /2 = 1y /2 transition for Nd3* centres in the investigated glasses
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were estimated. Presented results show that the LiCaBO3:Nd and Li;B,O7:Nd glasses can be promising
materials for Nd®* solid-state lasers with LED pumping. Study of the laser generation in the investigated
borate glasses is in progress.

[1] B. V. Padlyak, R. Lisiecki, T. B. Padlyak, V. T. Adamiv, J. Lumin. 198, 183 (2018).
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