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09-10 ciumsa 2020 poky Ha Kadenpi reopernanol ¢izuku JIbBIBCHKOro HAIIOHAJIHLHOTO YHIBEPCUTETY iMe-
ui Isana @panka BigdyBasmcs 24-i Pizasani naykosi auckycii. Tpaguriiitno npeameToM 06roBopeHHs OyJin
pobJieMy KBAHTOBOI MEXaHIKM, (ha30BUX IEPEXOIiB, CTATUCTUIHOI (hi3uKu, acTpOdi3nKu, KOCMOJIOTI], Te-
opil crJtaHUX cucTeM, (PI3UKKA TBEPIOTO Tija, MaTeMaTHKN Ta icTOpil Hayku. Yci JOMOBiII BUKJIMKAJIN
3aIiKaB/IeHHs ayauTopil i cupuunuamin akTuBHi guckycil. Huxxae momaemo anorarii BUTOJIOMIEHUX JTOTIO-
Bijteit.

SPACE OF PERSISTENCE DIAGRAMS IN TOPOLOGICAL DATA ANALYSIS

Mykhailo Zarichnyi
Ivan Franko National University of Lviv

Topological Data Analysis (TDA) provides metric and topological structures for analyzing big data
represented as a 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 [1]. 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 [3]. 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 an object of consideration in numerous publications (see,
e.g., [2, 4, 5]). 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).

ACTPOHOMIS B YKPATHCHbKOMY CEPEJOBUIIII JIbBOBA XIX TA IIEPIIOI IIOJIOBUHHA
XX CTOJIITTA
0. Ilempyx

TacruryT npukinagaux npobiaem mexaniku i maremarnku HAH Ykpaiuu, JIbsis

Posnosimo 1po Te, #K yKpaiHCbKI HAYKOBII, JAyXOBHI ocobm Ta MuTii JIpBOBa pPO3BUBAIN, HABYAJIN
Ta TOIYJISPU3yBaId aCTPOHOMIIO B OKpecseHnit mepion. Itumernes mpo mpodecopiB yHiBepcuTeTy # mo-
JITEXHIKM, SKi BUKJIQJAJIN aCTPOHOMIIO Ta MaJid, BipOriJiHO, YKpalHChbKe ITOXOJI2KEHHS; NP0 JIisIbHICTD
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HaykoBoro ToBapucrsa imeni IlleBuenka B mapuni Hayku npo HeH60, crarti y “30ipHUKY MaTeMaTUIHO-
IPUPOIONUCHO-TIKapCchKOl cekriii”’ ToBapucTBa; mpo Jekmil 3 acTpoHoMmil, siki opraxizoByBaso ToBapucTso
HaykoBux BukJjaiB iMeni [lerpa Moruian ta fgisibHicTh YKPAIHCHKOIO aCTPOHOMIYHOIO KPY2KKa IIPHU I1HO-
My ToBapucTsi; Ipo HAYKOBO-IOIYJISIPHI KHUKKOBI BUJIAHHSI ACTPOHOMIUHOT TeMaTHKH (30KpeMa i mepii
YKPATHCHLKOIO MOBOIO) Ta IyOJiKaIil B PI3HOMAHITHUX NEePIOJANYHAX BUJAHHAX; [IPO 3yCUJLIA OKPEMUX OCi0,
CIIPSIMOBAHI HA CTBOPEHHS HiJPYYIHUKIB Ta MOMYJISPU3AINIO Ii€]l HAyKN; TPO ACTPOHOMIYHI MOTHBHU YU CIO-
2KETU y TBOPYOCT1 BIJIOMUX YKPAIHCHKUX MUTIIIB; TIPO HECIIOJIIBAHY TPUYETHITH JI0 ACTPOHOMII TaJIUIbKIX
murponosutis I'puropist Axumosnyua (1792-1863) ta Augpest Hlentunpkoro (1865-1944).

MACHINE LEARNING AND NETWORK ANALYSIS IN STUDYING A LARGE SCALE
STRUCTURE

M. Tsizh
Ivan Franko National University of Lviv

We provide a short review of the 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, restoration
and prediction of matter distribution and others. We will also take a look at a new application of complex
network analysis in this field.

As an example, we will show the results we have obtained in exploring topological structures in simulated
ACDM, which was performed by the authors of [1]. We used a set of network metrics computed for
a considered Cosmic Web as a feature variable of the machine learning model. This set includes: (a
node degree, an average neighbour degree, Katz, betweenness, closeness, harmonic and eigen centralities,
triangles, a clustering coefficient and squares of node). We used the extreme gradient boosting decision
trees method (also known as xgboost [3]) of machine learning to restore the topological index of each halo,
which was initially computed using CLASSIC topology classifier [2]. We heve restored the topology with
a moderate success with these tools, having the prediction score of 70 %. We discuss its possible further
application for the study of large scale structures of the 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/06102
80astro-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.

JNHAMIYHI KOPEJIAIIL ¥V BIAKPUTNX KBAHTOBUX CUCTEMAX:
MOJEJIb I3 PO3®A3YBAHHAM

B. Ienamiox
TacruryT disukn xkoumencoBanux cucrem HAH Vkpainu

KsanToBe kepytoue piBHsiHHs (quantum master equation) OTPUMAHO METOIOM HEPIBHOBaXKHOT'O CTATHU-
cTUYHOrO oneparopa [1], Ko 10 cKiaay TMHAMIYHEX 3MIHHAX CKOPOYEHOTO OIUCY PA30M 3 OllepaTOPaMu
Xonn = |m)(n|, mo xapakTepusyorb craH Kybira (S), BBeIeHO olepaTrop Vine eHeprii szaemosii Mixk
KybiToMm Ta fioro orouenusiM (E). Take piBHSHHs HeJOKaJbHe B Yaci Ta MICTHTH KOPeJAIiiHy “KBasiTeM-
neparypy” 1/6(t), dka € HepIBHOBAyKHUM IAPAMETPOM CTaHY, TEPMOJMHAMIYHO CHPSIZKEHUM JI0 CEPEIHbOI
eneprii B3aemozii moBHOI (S + F) cucremu. 3 BUKOPUCTAHHSIM 3aKOHIB 30epeyKeHHS] OTPUMAHO DIBHSHHSI
Jutst B(t), sike Ma€ BUIVIs)[ HEPIBHOBAXKHOTO PIBHSHHSI CTaHY, Jie POJIb y3arajbHEeHOI IITOMOI TeNIOEMHOCT]
Bifirpaiors Kopessmiiiai GyHKI “eHepris—eHepris’.

st Bepudikarii 3aponoHOBAHOTO METOLY BUOPAHO MOJIENH i3 poddasyBaHHAM (2], sKa TOyCKae TOIH]
PO3B’SI3KN JJIs1 11101 HU3KH MIOYATKOBUX YMOB [3-5], 110 peai3yoThes B MeXKaxX TOTO UM iHIOro KBAHTOBO-
ro BuMiproBanHsi. OTpUMAaHO HEMAPKIBCHKI KIHETUYHI PIBHSIHHS JJIsI y3arajbHEHOI KOT€PEHTHOCTI CUCTEMU
Ta KBa3iTeMIepaTypH, siKi J03BOJISIOTH e(DEeKTUBHO OMUCyBaTh AuHaMidHi Kopessmnil. Ockiabku Taki piB-
HAHHS € CUJIBHO HEeJIHINHUMHI 38 CIIOCTEPE:KYBAHUMHI BEeJUINHAMU, 3IiHCHEHO JiaroHajabHe HAaOIMKEeHHS
3a MHOKHHKaMmu Jlarpamxa.

Orpumano [6] anasituusi (y MapKiBCbKOMY HaOJIMZKEHHI) Ta YMCJIOBI PO3B’sI3KM KIHETWYHUX DIBHSHb,
aKi go3Bosmiin: 1) garu (izudny iHTeprpeTanio KsaziTeMmieparypi dK HEepIBHOBAXKHII MOIPABIi JI0 TeM-
neparypu TepMmocrara; ii) IoKa3aTH, 10 BpaXyBaHHsS JMHAMIYHUX KOPEJISiil He MiHsE€ MOyJis KOrepeH-
THOCTI, & NPUBOJUTH JIUIIIE JI0 TIEPO3IIO/ILY KOMIIOHEHT BeKTOpa Biioxa B ropu3oHTaIbHIl miomuHi (oTKe,
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JUHAMIYHI KOPEJIsIIlil CHPUIMHSIOTH IIEPEHOPMYBAHHs BJIACHOI YacToru Ky6iTa); iil) mpoBecTr 11eBHi anaio-
ril 3 KBAHTOBOIO KIHETHKOIO 6araTo4acTMHKOBUX cucreM [7,8] Ta npoanasiizyBaTu IpupoLy BiiaMiHHOCTEH,
crierudiIHuX 718 BIAKPUTUX KBAHTOBHUX CHCTEM.

Kpim TOrO, pO3TISHYTO MOXKJIUBICTH BBEJAEHHST HOBOT'O KPUTEPII0 HEMAPKOBOCTI BIIKPUTHX KBAHTOBUX
CHCTEM Ha OCHOBI y3arajbHEHOl T€PMOJINHAMIKU.

[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).

[6] 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).

PEJIATNBICTCBKA 3ANAYA KEILUIEPA B ITPOCTOPI 3 MIHIMAJIBHOIO ZIOB2KWUHOIO

M. Camap
Kadeapa Teoperutnoi ¢dizukn,
JIbBiBCHKUMIT HaIliOHAJIGHUI yHiBepcuTeT iMeHi [Bana Ppanka

3amporoHoBaHO JIOPEHI-KOBapiaHTHY JedopMoOBaHy aiaredpy 3 MiHIMAJBHOIO JOBXKUHOIO, K& B HEpe-
JISTUBICTCHKII I'paHuiii mpsimMye j10 HejpedopMoBaHOI airebpu. PosrmisinyTo 3amauy Kerrepa B mpocropi
3 nedOopMOBAHUME JTy’KKaMu 1lyaccoHa, 110 BUHUKAIOTH y KJIACHYHIM I'DAHUI JIOPEHI-KOBAPIAHTHOI Jie-
dopmosanoil anredbpu. K BUABUIOCS, CTAOKII TPUHITUI €KBIBAJEHTHOCTI OPYIITYETHCS B IILOMY BUIIAIKY,
OCKIJIBKN KyT Tperiecii KeriepiBCbKol opOiTH 3a/IeyKUTh BiJl MacH YaCTHHKH. 3HANEHO yMOBY Ha Hapa-
MeTp JaedopMariii, 1o BiIHOBIIIOE CIAOKMWIA MPUHITAIT eKBiBaJeHTHOCTI. Ha 0CHOBI MOPIBHSIHHS OTPUMAHNIX
pe3y/IbTaTIB 3 €KCIePUMEHTAJbHIME JaHUMU JJIs KyTa mperiecii opbitu Mepkypito oTpuMaHO OIHKY MJis
MiHIMaJIBHOI JOBXKIUHU.

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 the search for it both in the Galaxy and the deep space have been undertaken since the
70s of the last century. Unfortunately, the HeH™' detection was 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™ played a significant role in the emerging of first stars at the end
of the Dark Ages since it is one of the first molecules to appear in the early Universe along with Hs, 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 causing the proto-star clouds of gas to cool and keep collapsing to allow for the creation
of first stars at the end of the Dark Ages. In particular, molecules HeH™ should be effectively cooled by
emitting 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 the Dark Ages is defined by the 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 the collisions with neutral hydrogen.

The potential energy surface (PES) for H-HeH™ collisions in analytical and numerical approximations
is obtained. The state-to-state integral cross sections for rotational transitions during H-HeH™ collisions
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are obtained and corresponding rate coefficients are calculated. The role of the collisional excitations of
the low-lying rotational levels of HeH' in the Dark Ages is discussed 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 the diffusion of macromolecules under crowding conditions akin to living cells. I 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 an optimal scheduli-
ng 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 a negligible
computational cost in comparison to parallel grid approaches.

This leads to shorter training times and improved resistance to overfitting and shows 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
2L* 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 the double helix into two separate strands) by analogy with
the temperature-induced phase transition [1]. It has been shown that the order of such transition is
determined by an exponent ¢ that describes the 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 a solvent and take into account the solvent quality as well as possible effects of self-
and mutual interactions within DNA strands. These scaling exponents are usually identified through
parametric expansions in the renormalization group method. In this work we analyze ¢ = (4—d)-expansion
for the scaling exponents describing the thermal denaturation of DNA in d = 3 dimensions [2]. To enhance
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the 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 [3]. Our results show that the
phase transition of the thermal denaturation of DNA is indeed of the first order. Moreover, the 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'-TPEBIHKA JIPAKA

0. I I'pueopuax, B. C. Ilacmyzxos
Kadeapa Teoperutnoi ¢dizukm,
JIbBiBChKUMIT HaIiOHAJIBHUN yHiBepcuTeT iMeHi IBana Ppanka

IMuranus poss’ssKy pisasHHEs [Ipemuarepa 3 §’-IOTEHIIATIOM TUCKYTYEThCS JOBOJI TABHO, 30KPEMA, Te-
P€3 HASBHICTH PI3HUX MOHATH, AKi “XOBaIOTHCA 3a CJIOBOCHOIydeHHAM ¢ -morenmial. Lle, cBoero weproio,
TIOPOJIKYE Pi3HI MPOIEypPH Peryasapu3aliil, 1o TPUBOJIUTD 0 PI3HUX 3HAUEHD (DIZUTHO CIIOCTEPEIKYBAHNX
BeJIUYMH. BHECTH SACHICTD y III0 CUTYAIIO JO3BOJUB IJIXiJ, B IKOMY O3HAYEHHs d'-IOTEHIAJy OB A3ye-
ThCS 3 TPAHUYHUMEI YMOBAMU B TOYUIl CHHIYJISPHOCTI, a HE 3 TPOIELypoto peryisipusarii. Ouupamodncs Ha
neft miaxiz, Mu posrIsHyIn Mojesb d—0'-rpebinku [ipaka 3i cKiH4eHHOIO KibKicTio “3y61iB”, 0OMerKeHol
3 000X 60KiB ToTeH I aI0M cTas0l BesmauHu. JI1st Takol cucTeMu My 3HAUIILIN JTUCIIEPCiliHE CITiBBiIHOIIEH-
HsI, & TAKOXK 3aJIE2KHICTH T'PAHUITH 30H 1 BEJIMUNHU €HEPril MOBEPXHEBUX PiBHIB Bij MapaMeTpiB, AKi CTOATD
nepen 0 1 0’-byakniayvm y pisranni pegunrepa.

ELECTRICAL DOUBLE LAYERS CLOSE TO IONIC LIQUID-SOLVENT DEMIXING

S. Kondrat
Institute of Physical Chemistry, Warsaw, Poland

There is growing interest in 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 an 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.

XBIJIbOBA OINITHKA Y IPOCTOPI KEPPA 3 YPAXYBAHHAM CIIH-CIITPAJIbHOI
B3AEMO/I1

B. O. Heauz', FO. B. Taticmpa'?
HTgcruTyT npukIagaux mpobiaem Mexaniku i maremaruku iv. . C. ITimerpuraua HAHY, JIbsis
?Hamionansnuit yaisepcurer “JIbBiBcbKa nosmirexnika’, JIbpin

Mu 3acTocoByeMoO aJirebpaidHo-creriaapbuuil Buxiguuit y cenci Yamapacekapa po3B’si3oK piBHSIHb Ma-
KcBesta y pocropi Keppa, orpuMyeMo BUpa3u XBUJIbOBUX BEKTOPIB IIPABO- Ta JIIBOTIOJISIPI30BAHUX XBUJIb
1 IOBOJMMO, IO 3 YMOBHU 130TPOITHOCTI SIK YMOBHU PIBHOCTI HyJI€BI iHBapiaHTIB MOJIS HE BUIJIUBAE i30TPO-
ITHICTh XBUJIBOBUX BEKTOPIB, & TAKOXK, IO IHTEerpaJbHAa KOHI'PYEHIlid XBUJIbOBOIO BEKTOPHOI'O TOJIsI HE
reojiesiiiHa. My BCTaHOBJIFOEMO 3B’SI30K OTPUMaHUX pe3ysbTariB 3 ymoBow Crapobinckkoro ta Ilpecca—
TrokoBbCHKOrO iICHYBaHHSI CYIIEpBUIIPOMiHIOBaHHS B mTpocTopi—daci Keppa.
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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 Lviv

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 have not been investigated enough. The
mechanism of ionic conductivity and the migration paths of the likely mobile ions in the AM Q4 crystals
are not ascertained problems.

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

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

In the paper, we considered a sizeable amount of the published X-ray structural data on AM Q4 and our
previous X-ray results. We consider the W-migration ways and a temperature change of the characteristic
elementary parameters of the cationic transference, specifically the length of elementary channels. The
calculated migration channels were analyzed with the variation of unit cell parameters of compounds and
cation substitutions influence on 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 esexmponeperocy 6 kpucmanar ckaaonuz okucaie (JIHY im. I. @panka, JIbBis,
2018).

[4] V. N. Shevchuk, I. V. Kayun, in Proc. Int. Conf. Ozide Materials for Electronic Engineering—fabrication,
properties and applications OMEE-2014 (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 Technologi-
es ELIT-2019 (Ivan Franko National University of Lviv, 2019), p. 238.

[7] M. O. Filsoe, E. Eikeland, B. B. Iversen, AIP Conf. Proc. 1765, 020010 (2016).

[8] M. O. Filsoe et al., Chem. Europ. J. 19, 15535 (2013).

[9] V. A. Blatov, IUCr Comp. Comm. Newslett. 7, 4 (2006).

KPUBI BJINCKY B TAMA-ATAIIA30OHI MOJIOJAUX 3AJUINKIB HAJHOBUX

B. Bewuaet', O. Hempyx', B. Mapuenxo®, M. IHampit®
HncruryT npukiaaamux mpobiem Mexamiku i maremarukn HAH Vkpainu, JIbsis,
2 AcrpoHomiuna obcepparopis dresonchKoro yHiBepcutery, Kpakis,
3@izwunnit paxynprer JIHY imeni Isana @panka, JIbsis

2008 poky 6yJ10 3aIyIneHo KOCMidHy raMMma-oocepBaTopito iM. Pepwmi, sTka movaJia BECTU CIIOCTEPEIKEHH T
B mianaszoni enepriii keautiB Bix 0.1 mo 300 ['eB, mo g03BosIsie poOuTH BaKJIMBI BUCHOBKH PO YMOBHU
BUIIPOMIHIOBAHHST KOCMIYHUX ITPOMEHIB BUCOKHX eHepriit. OcobauBicTio 1iel obcepBaTopii € Te, Mo BOHA
[IPOBOJINTH MOHITOPUHT YCHOrO HeDa, a He CIOCTepIrae JIuiie KOHKPETHE T2KEPEJIO.

Meroro Hamoi poboTn € TMOIyK YacoBUX Bapiariit morokiB 'eB-moro BumpowmimioBaHHS Bij MOJIOINX
sanumkis HagHOBUX (3H). A came: Mu aHaJi3yeMo, BUKOPUCTOBYIOUM €xuHuil minxin, T'eB-#e sumpowmi-
HoBanng Bizg icropmunux 3H Bikom 10 Tmesdi pokis, a came: SN1987A, G1.9+0.3, Kaccionea A, 3H
Kemnepa, 3H Tuxo Bpare, ra SN1006. Hac mikaBuTh BUIIPOMIHIOBAHHS €JIEMEHTAPHUX YACTOK, IPUCKOPE-
HUX Ha YIAPHUX XBUJISX, TOMY MU pO3IJIsgaaTuMeMo Jiniie 0b6ooaKoBi 3H, a e Ti icropuuni 3H, B sikux
JIoMiHy€e BUIIPOMiHIOBaHHA Iy/ibcapa (Kpabosuana Tymannicts Ta 3C58).
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Y poboti mobymoBano kpusi 6sincky B I'eB-HOMY miamasoni Bij 90THpPBOX 3aJIMAINKIB HAJHOBUX 3ip, a
came: SN1987A, Kaccioness A, 3H Tuxo Bpare ta SN1006. ITpoanaiizyemo TakoxK BHIPOMIHIOBAHHS i3
3o G1.9+0.3 ta 3H Kenepa, mpore kocmiuna ramma-obcepBaropist im. @epmi He J1eTeKTyBaJIa iX.

PAJIIAIIIHE TAJIbBMYBAHHSA B CEPEJIOBHIII ®OHOBOI'O BUIIPOMIHIOBAHHSI

A. Jlysipax
IacruryT disukn xkongencopanux cucrem HAH Ykpainu, JIbsis

Sapsi/iKeHa TaCTUHKA, 1110 PYXAETHCS 3 IIPUCKOPEHHSIM, BUITPOMIHIOE €JIEKTPOMArHITHE ToJIe i BimayBae
peaxItiro 11poro noJisd. I[IpuYnHOI0 NPUCKOPEHHS MOXKe OyTH B3a€MO/Iis i3 30BHIIMHIMY €JIeKTPOMarHeTHUMU
XBWJIAMH. PO3IVISHYTO cnity, IO BUHUKAE BHACTIIIOK PO3CIAHHS 3aps/IOM €JIeKTPOMArHITHUX XBHUJIb TEILJIO-
Boro domy. Ii Tpeba BpaxoByBaTH MOPsI/T 3 PEAKITIEI0 BJIACHOr0 BUIPOMIHIOBaHHS acTurK. JlTs imocTpartii
ITPOAHAJII30BAHO PYX PEIATUBICTCHKOI 3apsA/PKEHOT YACTUHKHU Y CTAJIOMY MArHiTHOMY IIOJI 3 ypaxXyBaHHAM
000X CHJI TaJbMyBaHHs. 3aJlady PO3B’sI3aHO y KBaJjparypax. [lokazaHo, 110 JaCTUHKA JIOKAJI3YETHCS Y
CKIHYEHHIN JIJIsTHIT.

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) compatible
with the canonical linear Poisson bracket and containing the Sokolov family. Possibilities of the generali-
zation to other Lie algebras and quantization matters will be also touched upon in this talk.

PO KIHETUKY PEJAKCAIIIi CHCTEMHA TOYKOBUX JE®EKTIB
Y KPICTAJIAX

B. Hlesuyx
QPakyIbTET €TEKTPOHIKN Ta KOMIT IOTEPHUX TEXHOJIOTI,
JIbBiBCHKMIT HaIiOHAJIGHUN yHiBepcuTeT iMeHi IBana Ppanka

VY mparii 3 morisay JOCTIiKEeHHsT BJIACHOAEMEKTHOTO PO3YIOPSIKYBaHHs I'DATKU Ta HOrO BILUIMBY Ha
dizuuni BIACTUBOCTI KPUCTAJIB €KCIIEPUMEHTAJIbHO BHBYEHO TEMIIEPATYPHI 3MiHU €JEKTPUIHAX Ta Ii-
€JIEKTPUIHUX HapaMeTpis Bosbdpamaris gsopaientHux Merauais (Ca, Pb, Cd, Zn) sk Bigomux Jiomi-
HECIIEHTHUX MaTepiaiB 3 KOPOTKOYACOBUM BHUITPOMIHIOBAHHSIM. YKa3aHO 3MiHU, 3a MPUIIYIIEHHAM, 3y-
MOBJIEH]I BapiallisiMu CIiBBiHOIIIEHb KOHIIEHTPAII eJIeKTPUIHO aKTUBHUX JedeKTiB abo IX ePeTBOPEHbD:
IPYILyBaHHs /PO3aJ, KOMIUIEKCIB j1edeKTiB, 3MiHA 3aps/0BOrO CTaHy TOYKOBHUX JeeKTIB, iX JoKaJi3a-
1iist / mesokastizalis Tomo. PO3IISTHYTO TakoXK 9acoBl 3aJIE2KHOCTI BIACTHBOCTEl 3a (PIKCOBAHUX TeMIepa-
TYp 3pa3Ka sIK [POsIB CaMOOpTraHizalil B cucreMi JiedpeKTiB 1 mepexoiy 11 y KBa3ipiBHOBaXKHUI CTaH.

IMokasano, mo aiesextpuani Baacrusocti Kpuctaais PbWO, (cTpyKTypHHUii THIT 1I€€IT) TPOSIBISIOTH
[IEBHY II€PIOJUYHICTD BiATBOPIOBAHOCTI YMC/IOBUX 3HadYeHb (nepion 6imsbko 24 rox 3a 290 K). Ipoanasi-
30BAHO 3B’4130K TAKUX $BHUIIL IIEPIOIUYHOCTI 3 AUHAMIKOIO I'DATKOBUX JedeKTiB (TOYKOBUX Ta JiHIAHUX —
JUcJIoKaniil — HOCIIB 3apsy) Ta Ix B3aemozieio. CrocrepiraloTbest mBHK (Iicss 3HATTS 30y12KY BAJILHOTO
YUHHUKA) Ta TPUBAJI pesliakcaliitii mporecu. Yepiie 11 epeKTH CTOCOBHO JieJIEKTPUIHUX BJIACTUBOCTE
onmcani B parsx [1, 2. Bonrouac kpucran CAWO, (crpykTypHuii T BojbdpaMiT) 3a yMOB J0CIiZKEeHb
(remueparypu mo 600 K) Takol BjacTuBOCTI EPIOIUYHOrO MOBTOPEHHS 3HAYEHb HA KPUBUX 3aJI€2KHOCTI
JliesIeKTPUIHOT TIPOHUKHOCTI Bif wacy He Mae. TepmomienekTpuannii edekr, sk me y sunaaky PbWOy [3],
TaKOXK BiJCYTHIM.

O6ropopioBani pesakcariiiii 3MiHH MalOTh MEPIIOPsIIHE 3HAYEHHs y POIECAaX BiIIHOBJIEHHS] BUXITHUX
rmapamMeTpiB KpucTaja Ta HOro MiJITOTOBKH JI0 HACTYITHOTO akTy 30y/KeHHs. BusBieHi kBazinepioguti
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siumma y Kpucragax PbWO, MoxKHa 3a710B1abHO onmcary [1, 4] B Mexkax MaTeMaTHIHOI MOJIeN, Ky BIIep-
e 3anpononosas 0. T'ipusk [5] ananizyroun kinernuni nponecu B XiMIYHUX peakIigx Ta 0OrPyHTOBYIOUU
nepioguYHnil 3aKOH 3MiHM KOHIIEHTPAIIiil pearenTiB. 3a3HaunMO, M0 MIPOIECH CAMOOPraHizaIlil y TBepIo-
My Tijli, CyIpPOBOJIKYBaHI IEPIOJWYHICTIO 3MIHM BJIACTUBOCTEH, JIUIIE OCTAHHIM YacOM CTaJH I[IKaABUTH
JoCiHUKIB (quB., Haup., [6]), Xoua MalOTh BaXK/IMBE 3HAUEHHS JJis 3aCTOCY BAHHI.

[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. Illesuyk, FOaian Iipnax - yxpaincokut suenud, sidomut y ceims i 3abymudti na bamovkisuunizastro.ln
u.edu.ua/wp-content/uploads/2017/.../Julian-Hirniak-UKU.pdf.

[5] TO. I'ipusik, 3an. mar.-npupogonuc.-aik. cek. HTII 12, 1 (1908).

[6] V. S. Khmelevskaya, Soros Educ. J. 6, 85 (2000).

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 the Dark Ages halos (protogalaxies) in the lines of transitions between the lowest
rotational levels of hydrogen (Hs) and hydrogen deuteride (HD) molecules is analyzed. It is assumed that
the molecules are excited by the cosmic microwave background (CMB), the 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 the 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 the thermal luminescence of forming protogalaxies and resonant
scattering of CMB radiation by moving ones with peculiar velocity defined by cosmological perturbations.
The results show that the expected maximal values of the differential brightness temperature of warm
halos (Tx ~200-800 K) are at the level of nanokelvins, are comparable for both phenomena, and are below
the sensitivity of modern sub-millimeter radio telescopes. For hot halos (T ~ 2000-5000 K), the thermal
emission of Hs-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 the radiation from the first sources of light
reaches a thousandth of the density of CMB. They can be detectable with telescopes of a new generation.

BEPXHA ME2KA OJId MIHIMAJIBHOTO IMIIVJIBCY TA IIPOBJIEMA ®YTBOJBHOI'O
M’A49A Y KBAHTOBAHOMY ITPOCTOPI

X. I'mamenxo
Kadenpa Teopernyanoi dizuku, JIbBiBchKuUil Hamionaabauil yaiBepcuteT iMeni IBana Ppanka

Posp’szamo npobiaemy omnucy pyxy MaKpOCKOIYHOTO Tijla, BijoMy sK mpobsemy (yTOOTBHOTO M’sHa
[1,2], y Mexkax cdepuaHO-CHMeTPUYHOI Ta IHBapiaHTHOI MO0 iHBepcil Yacy HeKoMyTaTuBHOI asnrebpu [3].
YCTaHOBJIEHO, MO AOCTIYKEHHST PYXy MaKPOCKOINYHAX TiJ y KBAHTOBAHOMY (ha30BOMY IIPOCTOPI JO3BO-
JIIOTh OTPUMATH TOYHI OIIHKU JiJIs MIHIMAJILHOTO iMIrysbey [4].

3HaiiieHo PO3B’sI30K TPOOIEMI MAKPOCKOIIYHHAX TiJ y KBAHTOBAHOMY ITPOCTOPI 3 1eOPMOBAHUMU KO-
MYTAITHUMU CITiBBIIHOIIIEHHSIMHY J1JIsi KOOPIWHAT Ta IMILyJIbCiB JOBLIBHOI DyHKINT gedopmariii. [Tokasano,
0 y BCiX mOpsiiKax 3a mapaMerpamu fedopmaliil KOOpAWHATH Ta IMITYJIbCH [IEHTPA Mac 33 0BOJIbHAIOTH
nedopmoBany anrebpy, 30epiraloTbCsl BAACTUBOCTI KiHETWIHOI eHeprii Ta cjaaOKWii MPWHITAIT €KBiBajeH-
THOCTI, KOs mapameTp nedopMaril € 06epHeHO NPONoOpIHiHNi 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, preprint (arXiv:1909.06295).

[5] Kh. P. Gnatenko, V. M. Tkachuk, preprint (arxiv:1907.07057) (to appear in Mod. Phys. Lett. A 2020).
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EJIEKTPUYHUN AUII0JIb B EJJEKTPOMATHITHOMY IIOJII

10. fpemxo

[acTruryT disuku KonjencoBanux cucrem HAH Ykpaluu, JIbBiB

HocmimKeHo nuHaMIKy HEPEJIATHBICTCHKOTO €JIeKTPUIHOrO JUIOJsI B OMHOPITHOMY CTATHIHOMY eJie-
kTpoMaruiTHoMy moai [1]. 3 mepmux npuHIMNiB (36eperkeHHst eHEprii, IMIysIbCy Ta GaJaHC MOMEHTY iM-
[yJIbCY) OTPUMAHO DIBHSAHHS PyXy. IloKa3aHO, 10 BOHU YTBOPIOKOTH IaMIJIBTOHOBY CHCTEMY 3 II'SITbMAa
CTYHEHSIMU BLIBHOCTI (TPhOMa TPAHCIANIHHUMY Ta, IBOMa 0OEPTAILHIME) Ta 3 BUPOZKEHOIO I1yaCCOHOBOIO
CTPYKTYPOIO. 3arajioM BUMAJIKY JMHAMIKA XaO0THYHA. 38 JOMOMOTOI0 YUCEIHHUX AJITOPUTMIB, 32CTOCOBA-
HUX JI0 PO3B’sI3aHHS HEMIHINHUX PIBHAHB PYyXy, MOOYI0BAHO TPAECKTOPIl JUIOJS JJIsT HU3KU MOIATKOBUX
yMmoB. [Tokazano, mo Ha GHopMy TpaeKTOpil eHTpa MaCc YaCTUHKU CYyTTEBO BILUIMBAE i1 OOEpTAHHSI, CIIPHU-
YUHEHE B3aEMOJIIEI0 3-BEKTOPA JIUTIOJIHHOTO MOMEHTY 3 €JICKTPUIHUM ITOJIEM.

[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
!'Ukrainian 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 statistical
analysis when dealing with a complex system of many interacting agents of non-physical origin [1]. 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 topological features and
operational stability [2, 3]. We apply a multi-disciplinary approach by integrating methods in both data
processing and statistical physics to investigate the correlation between the public transportation network
topological features and their operational stability. We review some of the previously obtained results [2]
together with the new data, mainly for PTNs of Lviv and Bristol [3]. 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. J. 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.

MEPE2KA HAYKOBUX 3B’43KIB ®I3UYHOI'O ®PAKVJIBTETY JIHY IMEHI IBAHA ®PAHKA

C. B. Cmepenuncoxut, C. B. Andpyxosuw, M. . Cmocap
Kadenpa acrpodiszuku, JIsBiBchkuit Hamionaabamit yaHiBepcurer imeni Isana Ppamnka

Y mammiit mparii Mu crpobyBaJid MOOyIyBaTH Ta JOCTIIUTH MEPEXKYy HayKOBHUX 3B’S3KiB BUKJIaJIATiB (i-
3ugHOTO (pakysbreTy. MepeKy CTBOPEHO 3a TAKUM IIPUHIMIIOM: IIPAIliBHUKAM (DAKy/IbTETY BiIIIOBIIA0TH
BY3JIM, & 3B’SI3KU MiXK HAMH — II€ CIJIbHI CTATTI.

3a ocuoBy jy1st 106y mOoBU TpadiB Bukopucrano Google Scholar, ockinbku 1151 6a3a JaHux craTeil, omyoJri-
KOBAHUX Y HAYKOBHUX BUJIAHHSIX, MICTHTBH OLIBIILY KLIbKICTH Ipallb BUKJIAIAYIB, HI2K, HAIIPUKJIA, SCOPUS.
Yepes 11e BBazkaeMo, 10 rpad, CTBOPeHUIT Ha OCHOBI 0OpaHOl 0a3W JaHUX, Kpallle BiToOpaxKae MepexKy
HaYKOBUX 3B’SI3KiB MiXK CTPYKTYPHUMHU OJUHUIIAMEI, X09Ia, MOXKJINBO, IIPH IILOMY BTPATIAETHCA iHPOpMAITis
PO sIKiCTh HayKOBOI criBmparii. Kpim 1mporo, B Harriit poboTi Mu mpoaHaIi3yBaJjIu JuIie HayKOBi myOmiKartii
[PAIiBHUAKIB 3a OCTaHHI II'ITh POKIB.
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Mu noby/roBasn MeperKi HayKOBUX 3B'#3KiB K diznvdHOro GaxysabreTy B IIJIOMY, Tak i JjIsd KOXKHOI i3
mectu Kadeap daxymapreTy 30KpemMa. 3 OmHOro OOKy, Ie /a0 3MOrY MMPOAHAI3YBATH HAYKOBI 3B A3KH
dakyibTeTy 3 IHIIIMEU CTPYKTYPHAME OAuHUIgMA JIbBIBChKOrO HalliOHAJIBHOIO yHiBepcuTery imeni Isana
Opanka Ta HAYKOBUMHU yCTaHOBaMHU YKpalnu i 3akop/iony. A 3 inmoro 60Ky, orpuMaTi iHGOPMAILIO PO
Te, K PO3IIO/IijieHa HayKoBa poboTa B MekaxX Kadespw, a TaKoK IPO ICHYBaHHSI HAYKOBHUX I'PYIl AK Ha
okpewmiit kadenpi, Tak i MizKKadeIPATHHIX.

COSMOLOGICAL PERTURBATIONS IN DYNAMIC NON-MINIMALLY COUPLED DARK
ENERGY

R. Neomenko
Ivan Franko National University of Lviv

We study the evolution of cosmological perturbations in the model of the Universe with the presence of a
non-gravitational interaction between a dynamic dark energy and a cold dark matter. Such model of dark
energy in comparison with the dark energy with the constant equation of state parameter w = pge/pde 18
more general and allows us also to avoid non-adiabatic large-scale instabilities in the radiation dominated
epoch. For DE-DM interactions, linearly dependant on the energy densities of dark components, the
conditions for the arising of these instabilities were derived. Using the numerical solutions of the equations
for the evolution of cosmological perturbations, the behaviour of these perturbations are studied for
different values of the interaction parameter.

VISUALIZATIONS OF THREE-DIMENSIONAL 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 us 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 makes them a great field
for the application of variuos visualization scenarios.

INVERSE SCATTERING FOR REFLECTIONLESS SCHRODINGER OPERATORS AND
GENERALIZED KDV SOLITONS

Rostyslav Hryniv'?
!Ukrainian Catholic University, Lviv, Ukraine,
2Tvan Franko National University of Lviv

In this talk, we discuss Schrodinger operators on the line with real-valued integrable reflectionless
potentials ¢,

d2
Sq = e +q.
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 potenti-
als, thus completely solving the related direct and inverse scattering problems. Using the inverse scattering
transform approach [1], we then describe all solutions of the Korteweg—de Vries (KdV) equation whose
initial profile is an integrable reflectionless potential. Such solutions remain integrable and reflectionless
for all ¢ > 0 and can be called generalized soliton solutions of the KdV.
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This research extends and specifies in several ways the previous work on reflectionless potentials [3, 4]
and generalized soliton solutions of the KAV equation [2, 4]. 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] I. 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.

PO3MIPHI XAPAKTEPUCTUKHN CKJIAJHOTAJIY2KEHUX ITIOJIIMEPIB

X. Tatidyxiscora, B. Baasayvra
TacTuryT disuku konHgencoBanux cucrem HAH Ykpalau, JIbBiB

VY niit mpari 30cepe/yKEHO yBary Ha OIKCI yHIBEPCAJIBHUX PO3MIPHUX XapaKTEPUCTUK CKJIATHOTAJIYKe-
HAX MaKpPOMOJIEKYJI i3 BUKOPHUCTAHHSAM MOJEJ HeNepepBHOTO JIAHITIOXKKA. [IOHATTS CcKIagHOraryKeHmx
moJTiMepiB BKIIOUaE 00’€KTH, siKi MAIOTh OL/IbIE HiXK OJUH TEHTP TajyKeHHsi. Po3MipHi CIiBBigHOIIEHHS,
110 JTO3BOJISIIOTH O HUTH OCOOJIUBOCTI po3Mipy Ta (POPMU CKIAIHIX MaKPOMOJIEKY/T TOPIBHAHO 3 JIiHITHUMK
JIAHITIOZKKaMU, PO3PAXOBAHO JIJIsT KLIHLKOX CTPYKTYP: IOM-TIOM TIOJIIMEPY, CTPYKTYPHU 3 KiJIbKOX 3’€THAHUX
3IpOK Ta HOPIIMKOBOTO mojiMepy. B rayccoBomy Hab/m>KeHH]I pO3paxoBaHO pajiiycu riparil Ta rigpoanHami-
9HI PaJIiyCH 3aIIPOIIOHOBAHNX CKJIAHOTAJIYKEHIX MaKpoMoJieKyst. KinbpkicHo onncano KoMmakTudikario
PO3Mipy TaKuX CTPYKTYP IOPIBHSHO 3 JIHINHUMU.

BU3HAYEHHS 3AINIYTAHOCTI CUCTEMU KYBITIB HA KBAHTOBOMY KOMII'IOTEPI
IBMQ-OURENSE

A. Kysvmax
Kadenpa teopernunoi disuku, JIsBiBchkuit Hamionaapamit yHiBepcurer imeni IBana Ppamka

3amporoHOBaHO AJTOPUTM JJIsi BU3HAYEHHs 3AILUIYTAHOCTI CTAHy OIHOrO KybiTa 3 pernToro KyOiTiB cu-
CTeMH, M0 TPUTOTOBAHUI HA KBAHTOBOMY KOMIT IOTEpi. 3a JOMOMOTOIO I[HOr0 AJI'OPUTMY 3HANICHO 3aILTy-
TanicTh ctaniB Bepuepa i xkota Illpenunrepa, mpuroroBaHnx Ha KBaHTOBOMY KOMIT'oTepi ibmg-ourense,
1o po3pobiiennii kommaniero IBM. Takoxk BUBHAYAETHCS 3aIIy TAHICTD 3MIIIAHOTO CTAHY, IO CKJIAIAEThCS
i3 nBox cranis Bemta [®1) Ta [®7).

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

B. V. Padlyak"?, R. Lisiecki®, T. B. Padlyak?®, V. T. Adamiv®
!University of Zielona Géra, Institute of Physics, Division of Spectroscopy of Functional Materials,
Zielona Goéra, 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 excitation)
spectra as well as luminescence kinetics of the Nd3* centres in a series of borate glasses with LizB4O7:Nd,
LiCaBO3:Nd, and CaB4O7:Nd compositions containing 0.5 and 1.0 mol. % Nd3O3 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 Nd3T (43,41, /2) ions, exclusively. All observed f — f electronic
transitions of the Nd3T centres in the optical absorption and luminescence spectra of the investigated
glasses were identified. The local structure of the Nd3+ luminescence centres in the borate glasses network
is proposed [1]. Theoretical and experimental oscillator strengths (fiheor and fexp) and phenomenological
intensity parameters (2, Q4, Q) for observed Nd3*+ absorption transitions containing 1.0 mol. % Nd»O3
have been determined using the standard Judd—Ofelt theory. The spectroscopic parameters of relevance to
laser applications such as the radiative transitions rate (W;), luminescence branching ratio (3), radiative
lifetime (7;aq), and emission cross-section (oep) for Nd3T centres in the LipB,O7:Nd, LiCaBO3:Nd, and
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CaB,07:Nd glasses have been calculated. Luminescence decay curves of the Nd3* centres from the 4Fj /2
emitting level for all investigated glasses were satisfactory described by a single exponential decay. The
obtained experimental lifetimes were compared with those calculated and the quantum efficiency (n) of
the 4F; /2 = 44 /2 transition for Nd3* centres in the investigated glasses was estimated. The presented
results show that the LiCaBO3:Nd and Li;B4O7:Nd glasses can be promising materials for Nd3* solid-
state lasers with LED pumping. The 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).

BIA KJJACUYHOT'O BITA 1O KBAHTOBOI'O

I Jla6a', B. Trawyx?
!Hamionannuuii yaiBepcurer “JIbBiBchbKa mosiTexmika”’, JILBiB
2Kadenpa Teopernanol dizuxu, JIpBiBchbKHit HamionanpHnit yaiBepcuTer iMeni IBana ®panka
)

[Mounnaroun 3 kyacuaHOrO OiTa Oy/e BBEIEHO MOHATTS KBAHTOBOTO OiTa Ta XBmIKOBOI (dyHKIHI. Byme
POBIVISHYTO CHCTEMH KJIACHIHUX Ta KBAHTOBHUX OITiB, 3pO0JIEHO TX MOPIBHAHHSA, TPOAHAIIZ0BAHO X MO~
6uicTh Ta BiaMminHicTh. Takox Oy/ie 3po0JIeHO KOPOTKHIT OIVIs/T Cy4acHUX IIPoOsIeM KBaHTOBOI iHdopMartii.
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