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edexTn

11:20-12:00 Kasa

lomosytounit: FO. I'ostoBau
12:00-12:20 A. Trokhymchuk, Heterophase fluctuations in hard disks confined to a narrow pore
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16:20-16:40 O. Ilempyx, EBomtoriisi moJispu30BAHOTO PAIOBUIIPOMIHIOBAHHS BiJl 3a/JUINKY HATHOBOI
SN1987A
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JULIAN HIRNIAK, AN EARLY PROPONENT OF PERIODIC CHEMICAL
REACTIONS

Niklas Manz', Yurij Holovatch®>*%°, John Tyson®
!College of Wooster, Department of Physics, USA

2Institute for Condensed Matter Physics NASU, Lviv

3IL* Collaboration & Doctoral College for the Statistical Physics of Complex Systems,
Leipzig-Lorraine-Lviv-Coventry
“Centre for Fluid and Complex Systems, Coventry University, United Kingdom

>Complexity Science Hub Vienna, Vienna, Austria

%Virginia Polytechnic Institute and State University,

Department of Biological Sciences, Blacksburg, USA

We present and discuss the work and scientific legacy of JULIAN HIRNIAK, the Ukrainian chemi-
st and physicist who published two articles in 1908 [1] and 1911 [2] about periodic chemical reacti-
ons. Over the last 110+ years, his theoretical work has often been cited favorably in connection with
ALFRED LOTKA’s theoretical model of an oscillating reaction system. Other authors have pointed out
thermodynamic problems in HIRNIAK’s reaction scheme. Based on English translations of his 1908
Ukrainian and 1911 German articles, we show that HIRNIAK’s claim (that a cycle of inter-conversions
of three chemical isomers in a closed reaction vessel can show damped periodic behavior) violates the
Principle of Detailed Balance (i.e., the Second Law of Thermodynamics), and that HIRNIAK was aware
of this Principle. We also discuss his results in relation to LOTKA’s first model of damped oscillations in
an open system of chemical reactions involving an auto-catalytic reaction operating far from equilibrium
|3]. Finally, we examine historical and factual misunderstandings related to JULIAN HIRNIAK and his
publications [4].

[1] O. lipagk. (J. Hirniak), IIpo nepioduuni zemiuni peaxyui. (About periodic chemical reactions), 36ipHux
Maremarunano-ITpupogonucuo-Jlikapcekol Cexnui Haykosoro Tosapucrsa imenu Illesuenka, (Proceedings
of the Mathematical-Natural Sciences-Medical Section of the Shevchenko Scientific Society in Lviv) 12, 1
(1910) .

[2] J. Hirniak, Zur Frage der periodischen Reaktionen (On the question of periodic reactions), Z. Phys. Chem.
75U 675 (1911).

[3] A.J. Lotka, Zur Theorie der periodischen Reaktionen (On the theory of periodic reactions), 7. Phys. Chem.
72U, 508 (1910).

[4] N. Manz, Yu. Holovatch, J. Tyson, Julian Hirniak, an early proponent of periodic chemical reactions, React.
Kinet. Mech. Catal. 37 2507 (2024).

AHAJII3 CTIMKOCTI MEPEK BIPYC-TOCIIOJAP 3A JJOIIOMOTOIO
MEPE2KEBUX XAPAKTEPUCTUK I TEPMOJAMNHAMIKU

A. Posenuax, M. I'yces
Kadeapa Teopernunoi ¢izuku imeni npodecopa Isana Bakapuyka,
JIpBiBCHKUI HalllOHAJIbHUN yHIBepcuTeT iMeHi IBana ®@panka, YKpaiHna

Posywminnst B3aemoiii Bipyc—Tocogap Ma€ BazKJIUBe 3HAYCHHS JIJISI MPOTHO3YBAHHS CTabLILHOCTI
MeperKi 3a PI3HUX BILTUBIB. Y IHOMY JIOCJTIIZKEHHI MU ITPOIMOHYEMO aHAJI3 MepeK BipycCiB JIIsd KLIBKOX
oprauizmis (Homo sapiens, Mus musculus, Gallus gallus), 1o mMicTsTh sSIK cipsiMoBaHi, Tak i HeHAIIPaBIe-
Hi 38’13ku. Mu po3paxoByeMO HU3KY MepezKeBUX MapaMeTpiB, 30KpeMa MOB g3aHUX i3 TePMOINHAMIKOIO,
o0 OTPUMATH YABJICHHS PO CTPYKTYPHY CTIfIKiCTh 1 AuHaMidHy MOoBeIiHKY MepexK. 11106 ominuTu cTiii-
KICTh, MU MOJIEJTIOEMO JIBa Pi3HI cIleHapil BUIaJIeHHs BY3JIiB: HAILUTIOBaHHS Ha HAWBILJIMBOBIII 3 HUX Ta



BHUIAIKOBHI Bubip. Hamr BUCHOBKH CHPHATUMYTH 3’SICYBAHHIO MOXKJIHBOCTEH TEPMOIUHAMIUHOIO TIi-
XO/ly JI0 BUBYEHHS MepezK THUILYy BipyC—TOCIOJAP 1 IJIUOIIOMY PO3YMIHHIO TXHLOT JIMHAMIKY.

COLLECTIVE DECISION-MAKING WITH HETEROGENEOUS BIASES: ROLE OF
NETWORK TOPOLOGY AND SUSCEPTIBILITY

Yunus Sevinchan'?, Petro Sarkanych®*, Abi Tenenbaum °, Yurij Holovatch 3467
"nstitute for Theoretical Biology, Humboldt Universitiit zu Berlin, Germany
2Research Cluster of Excellence “Science of Intelligence”, Berlin, Germany
3Institute for Condensed Matter Physics NASU, Lviv
41L* Collaboration & Doctoral College for the Statistical Physics of Complex Systems,
Leipzig-Lorraine-Lviv-Coventry
®Yale University, Department of Physics, New Haven, Connecticut, USA
6Centre for Fluid and Complex Systems, Coventry University, United Kingdom
"Complexity Science Hub Vienna, Vienna, Austria

The effect of prior information and biases on collective decision making has become a popular
research topic in recent years. In 2016 Hartnett et.al.[1] proposed a model that takes into account
heterogeneous preferences of individuals, i.e. biases. However, the effect these biases have on the decision
making was only analysed in the case of lattice topology and complete graph[2, 3]. On the other hand,
social structures often have a topology of a random network. In this work, we aim to investigate how
network topology affects collective decision making in cases when each individual has bias.

[1] A. T. Hartnett, E. Schertzer, S. A. Levin, I. D. Couzin, Phys. Rev. Lett. 116, 038701 (2016).

[2] P.Sarkanych, M. Krasnytska, L. Gémez-Nava, P. Romanczuk, Yu. Holovatch, Phys. Biol. 20, 045005 (2023).

[3] P. Sarkanych, Y. Sevinchan, M. Krasnytska, P. Romanczuk, Yu. Holovatch, Condens. Matter Phys. 27,
33801 (2024).

[4] Y. Sevinchan, P. Sarkanych, A. Tenenbaum, Yu. Holovatch, P. Romanczuk, preprint arXiv:2411.19829
(2024).

STUDYING 1D SEMI-INFINITE PERIODIC STRUCTURES USING QUANTUM
MECHANICAL IMPEDANCE

Orest Hryhorchak
Professor Ivan Vakarchuk Department for Theoretical Physics,
Ivan Franko National University of Lviv, Ukraine
e-mail: Orest.Hryhorchak@Ilnu.edu.ua

The concept of allowed and forbidden energy bands can be readily understood through the study
of infinite, perfectly periodic systems, making them widely used models for simulating real crystals.
However, these models neglect the influence of surfaces and internal inhomogeneities on a crystal’s
energy structure. Addressing this challenge requires breaking the ideal lattice periodicity, which is
known to cause the emergence of energy levels within forbidden zones. When these levels arise due to
the presence of a surface, they are referred to as surface levels.

In this work, we examine one of the simplest cases of periodicity violation: the presence of a single
side edge, representing a class of semi-infinite systems. We reformulate the analysis of such systems
within the framework of quantum wave impedance. Using this approach, we investigate the semi-infinite
Dirac comb and derive the conditions for the existence of surface states.



MO/IEJIb I3BNMHTA ¥V CTATUCTUIII PEHI: EHTPOIIINHI ®A30BI IIEPEXO/IU
TA POSMIPHI E®EKTU

B. B. Ienamiox™?, A. II. Moina®
HCTUTYT (DI3UKU KOHJICHCOBAHUX CUCTEM kpainu, JIbBiB, YKpain
Tnernt 3 OHJIEHCOBA, cucrem HAH Vkpaiun, JI , YKpaina
2Kadenpa Teopermunoi ¢isukn imeni npod. Isana Bakapuyka, JIbBiBCbKIil HAIIOHATLHMII
yHuiBepcuret imeni [Bana @panka, YKpaina

Ocuorai 3acaau craructuku Peni [1] 3actocoBano yist omucy edbekTiB CKIHYEHOr0 PO3MIPY Y OJHO-
MipHi#i Mogeni [3unra. Ha BinMiny Bif Tpamgumiiinoro miaxomy [2-3|, Koou crucreMa 3HAXOIUTHCS B Ha-
mepejl BU3HadeHoMY (hiKCOBAHOMY OTOYEHHI CKIHIEHOTO PO3Mipy, MU PO3IISIAEMO B AKOCTI pe3epByapa
[IEBHY YaCTHUHY CaMOI JIOC/IIJIZKYBAHOI cUCTeMH. BHYTPIlllHS €Hepris Ta TeMIepaTypa CUCTeMH POXPaxo-
BaHa 3 BUKOPUCTAHHSIM PO3Moiay PeHi Ta BBayKarOThCs PIBHIMH aHAJOTTIHUM BEJIMYIHHAM, OOIUCTIEHIM
y MikpokaHouiuomy ancamOi. e mo3Bosisie camoys3rozkeHo po3paxyBarH iHjgekc Peni g Ta mapamerp
Jlarpamzka 7', mop’da3aru Ix 3 (i3u4HO cHocTeperKyBaHOI TeMIepaTypolo Tpy 1 MoKa3aTH, 10 y IUPO-
KOMY Jiama30Hi TeMIepaTyp y CHcTeMi MOXKJIUBI eHTpomiiini (dhazosi mepexonn [4]. Bokpema nokasamno,
1o 1110 obuasa napamerpu (¢ Ta T') MaoTh cTpubOK 1pu 30LIbIIeHH] pO3MIpY HijgcucTemu L, micsst 40ro
eatporis Peni Sg crae meanntuHOo dyHKHicn L. Bognodac, ouikyBaHO BiJACYTHIH TemmeparypHuil
dazoBuii nepexi.

[TepeBipeHO YHCIOBAM YMHOM, IO HAII MiJIX1J1 3a/10BOJIbHsE criBBiaHOmeH s ¢ ~ 1+kp/Cyp y Beiit
obsacti L 3miBa Bij ToukH ¢azoBoro nepexoiy, jge Cy g 03HaAUAE TEIIOEMHICTD pe3epByapy. Cupasa Bif
TOUKM 1LIEPexojy y By3bkiil obsacri L peasizyerbes inme Bijgome cuiBsignomenus ¢ ~ 1 — kg/Cyp
[1]. Kpim Toro, B Toumni mepexosy cupapBizKyeTbes Bimoma 3 GuyKTyaniiiHol TepMOIHHAMIKN TDaHUIIS
lim, 0 0Sr/0n = 1/2Cy, ne n = 1—q Binirpae poss “napamerpa nopsaaky”, a Cy 03HAYAE TEIIOEMHICTB
T ICUCTEMU.

Takok 1OCIIIZKeHO TeMIlepaTypHY 3asexKHicTb BHYTpintHbol eneprii U(T},) npu dbikcoBanomy ¢
Ta BILTUB e(DeKTiB CKIHYEHOTO pO3Mipy Ha TepMoAnHAMIKy cucTeMu. CJif 3ayBazKHTH, IO HA BiAMIHY
Bi Tpaauniiinol repmocraructuku Peni [3], Mu Moxkemo onmcyBaTH HOBEJIHKY CHCTeMHU B yciit obacti
3HAYEHb NapaMerpa ¢: Bij g — 1, 1o BignoBinae kanonigaomy posnojiity ['i60ca, 10 ¢ — 0, 1o Bigmo-
BiJla€ MiKpOKAHOHIYHOMY PO3MOLTY. [HIMIMHA cJoBaMu, caMOY3TO/IZKEHIM YUHOM MOYKHA, JIOCTLIZKYBaTH
y3araJbHeHy TepMOJMHAMIKY 00’€KTiB “cKiHdYeHa IiJcucTeMa siK YacTHHA Ti€l »K caMol IMOBHOI CUCTEMHU
CKIHYEeHHOTO po3Mipy’.

[1] A. G. Bashkirov, in: Chaos, Nonlinearity, Complexity: The Dynamical Paradigm of Nature (Springer-
Verlag, Berlin, Heidelberg, 2006), p. 114.

[2] E. Ruthotto. Physical temperature and the meaning of the ¢ parameter in Tsallis statistics, preprint arXiv:
cond-mat/0310413v1 (2003).

[3] A.S. Parvan, T. S. Bir6, Phys. Lett. 374, 1951 (2010).

[4] V. V. Ignatyuk, A. P. Moina, Condens. Matter Phys. 27, 43603 (2024).

HETEROPHASE FLUCTUATIONS IN HARD DISKS CONFINED TO A NARROW
PORE
Andrij Trokhymchuk?

Faculty of Chemistry and Chemical Technology, University of Ljubljana, Slovenia
Institute for Condensed Matter Physics, NASU, Lviv, Ukraine

By a combination of computer simulations [1] and a unit cell model approach [2]|, we study the
apparent bimodality of local structural ordering in a two-dimensional (2D) array of hard disks bei-
ng confined laterally within a quasi-1D hard wall channel of the width commensurate with the bulk



2D triangular lattice at disk close packing [3]. It is shown that such a system possesses heterophase
fluctuations that have not yet been observed for the 2D bulk or confined hard disks. The heterophase
fluctuations occur in the range of packing densities associated with the freezing-melting transition in
bulk 2D hard disks. In the literature this phenomenon is physically unexpected for confined quasi-1D
hard disks [4,5].

[1] A. Huerta, T. Bryk, V.M. Pergamenshchik, A. Trokhymchuk, Phys. Rev. Res. 2, 033351 (2020) .

]
[2] A. Huerta, D. Henderson, A. Trokhymchuk, Phys. Rev. E 74, 061106 (2006).
[3] A. Huerta, T. Bryk, V.M. Pergamenshchik, A. Trokhymchuk, Front. Phys. 9, 636052 (2021).
[4] Y. Hu, P. Charbonneau, Phys. Rev. Res. 3, 038001 (2021).
[5] A. Trokhymchuk, V. M. Pergamenshchik, A. Huerta, T. Bryk, Phys. Rev. Res. 3, 038002 (2021).

MULTIMODAL NON-CONTACT LUMINESCENCE THERMOMETRY USING
OXIDES DOPED WITH TRANSITION METAL IONS

V. B. Mykhaylyk
Diamond Light Source, Harwell Campus, UK

Luminescence thermometry is a non-contact technique that utilises the temperature-dependent
variation of emission characteristics in selected luminescence materials for temperature monitoring. This
approach is particularly valuable in harsh environments where physical contact is impractical due to
isolation requirements, shielding, or the non-stationary nature of the object. Expanding the applicability
of luminescence thermometry to cryogenic temperatures necessitates the discovery of materials with
luminescence properties optimized for such extreme conditions. Materials doped with transition metal
(TM) ions are especially promising for thermometric applications due to their luminescence properties’
high sensitivity to temperature changes. In this presentation, I will share the results of systematic
studies examining the temperature-dependent luminescence behaviour of oxides doped with Cr3* and
Mn** ions, across the 4.5-300 K temperature range. The responsivity of the luminescence characteristics
that can be used for the non-contact measurements of temperature i.e. luminescence intensity ratio,
wavelength shift and decay time constant is evaluated. Additionally, the primary features influencing
the performance of luminescence thermometry at cryogenic temperatures are identified and discussed.

THE ANALYSIS OF EJECTA STRUCTURE IN TYCHO’S AND KEPLER’S SNRS

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

High-resolution observational data of Galactic supernova remnants (SNRs) offer detailed insights
into the morphology of such objects. In particular, thermal X-ray maps of SNRs serve as important
resources for investigating the structure and spatial distribution of supernova ejecta, which hold the
imprints of explosion dynamics and subsequent SNR, evolution.

From observations we can see significant differences between individual SNR morphologies, so
analyzing the maps from observational data we can obtain some quantitative characteristics that would
describe such differences. This information would allow us to make conclustions about conditions in the
supernova during the explosion and formation of inhomogenuity in its ejecta.

By bridging the gap between observations and theoretical models, we hope to improve our understandi-
ng of physical processes in supernova remnants and their impact on the interstellar medium.



QUANTIFYING THE ENTANGLEMENT OF QUANTUM HYPERGRAPH STATES
GENERATED BY RZZY GATES

N. A. Susulovska, Kh. P. Gnatenko
Professor Ivan Vakarchuk Department for Theoretical Physics,
Ivan Franko National University of Lviv, Ukraine

Quantum hypergraph states have garnered a lot of interest in recent years due to their wide appli-
cability as a computational resource in various quantum schemes and algorithms (for instance, see [1]).
These states can be uniquely described by mathematical hypergraph structures with hypergraph verti-
ces representing qubits and hyperedges indicating interactions in multi-qubit clusters, thus generalizing
the well-established notion of graph sates, where only bipartite interactions are permitted. Studying
physical properties of hypergraph states such as entanglement presents an important research task both
fundamentally and in the light of practical quantum computing.

We consider 3-uniform hypergraph states generated by the action of parameterized gates
RZ ZYji(0i1) = exp(—ibynofoioy /2) acting on subsets of qubits {i, j, k} of the multi-qubit system ini-
tialized in state |4+ +...4). Given the structure of utilized three-qubit operators, such states are mapped
to weighted directed hypergraphs. To quantify the entanglement of hypergraph states we leverage
the geometric measure of entanglement and its explicit relation to mean spin [2]. Quantum states
corresponding to hypergraphs of specific structures including chains, stars, regular lattices and binary
trees are investigated in detail. We obtain an expression for the geometric measure of entanglement of
an arbitrary qubit with other qubits in such states represented by arbitrarily weighted hypergraphs and
establish its dependency on state parameters. In the case when all the hyperedges are assigned equal wei-
ghts, we show that the geometric measure of entanglement of a qubit is determined by the degree of its
corresponding hypergraph vertex. Additionally, we prepare special cases of hypergraph states of investi-
gated structures on IBM’s quantum simulator Qiskit Aer [3| and estimate their entanglement based on
mean spin measurements. The obtained result of quantum computations and theoretical calculations
are in a close agreement.

[1] M. Rossi, M. Huber, D. Bruf}, C. Macchiavello, New J. Phys. 15, 113022 (2013).
[2] A. M. Frydryszak, M. I. Samar, V. M. Tkachuk, Eur. Phys. J. D 71, 233 (2017).
[3] Qiskit Aer Documentation; https://qiskit.github.io/qiskit-aer/getting_started.html.

MO2KJINBICTH KOJIMBHINX KBASIITEPIO/INYHUX ITPOIIECIB ¥ KPUCTAJII
3 TOYKOBUMUM JEPEKTAMU

B. H. lllesuyx
QaxyabTeT eJeKTPOHIKH Ta KOMII IOTEPHUX TeXHOJIOTiH,
JIbBiBCHbKUMi HalioHabHUI yHiBepcuTer iMeni IBana ®@panka, Ykpaina
e-mail: shevchukvololymyr236@gmail.com

Y MezKax MpUIYIIEHb BJIACHOAe(DEKTHOrO pO3yHOPHAJIKYBAHH KPUCTAJTIYHOI I'PATKH, B3aEMO/IIl TO-
YKOBUX JIePEKTIB Ta KBa3iXIMIYHUX TIEPETBOPEHD JIEKTPUYHO AKTHBHUX eJIeMEeHTapHUX JIeDEeKTIB Y Mpo-
Iecax IX acorialiii Ta 3B0pOTHBOI'O — JIUCOIIAI] PO3IIIIA€THCI MOKANBICTD IPOTIKAHHS KOJTUBHAX 3MiH
KOHIIEHTpAII# 7; BKa3aHUX —TO COPTY JedeKTiB KpHcTaJiB 3 4acoM t. Ilpm mpoMy Kpucras 3araaiom
nepebyBae 0IU3bKO OLIST TOYKU TEPMOJUHAMIYHOI PIBHOBATH 3 IIEBHUM HE3HAUHUM BiaxuieHHAM. Tem-
nepaTypa KpUcTaJy CJIYKUTh YUHHUKOM BIJIXUJIEHHS KOHIEHTPAIX n; Bi/l PIBHOBaXXKHUX TXHIX 3HAYEHbD,
30KpeMa, B CHIY 3a/€KHOCTI eHeprii 3B 93Ky CKJIaIHUKIB acormiata Bij Temmeparypu. Aupiopi BBaxKa-
TUMEMO, 1O B MOJIEeJIi MPOIEeCiB MepIioro MOPSAKY TIBUAKICTh 3MIHM BEJWIUHHA N,; Y HARTPOCTIITOMY
BHUIJISIIL 3/11HCHIOEThCA 3a AudepeHIiaJIbHIM 3aKOHOM:
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Y meprioMmy HaOam:KeHHI k; — KoedillieHT TpOMOPIiifHOCTI, 3HaK IKOTO BKa3ye HAIPAM KBa3iXiMiuHO-
ro neperBopenHst (30LibInenHst a0 3MeHIIeHHsI BiIOBITHUX KOHIEHTpaIiii), a cucrema piBHsHb (1)
YMOZKJIUBJIIOE BU3HAYEHH BeJIMYNH KOHIeHTpaliit. Tiy ¢Boio depry BIjiMBaTUMYTh Ha (Hi3UUHI BIACTHU-
BOCTI KpHCTaJa, 30KpeMa Ha 3HaYeHHd 3araJbHOI eJeKTPOIPOBITHOCTI CepeJIOBHINA, V¥ SKOMY peasTi3y-
IOTHCS TIPOIECH ePEeTBOPEHD 3 KOJUBHUM XapaKTepoOM 3MiHU CIIBBITHONIEHHS KOHIEHTpAIIl v cucTemi
@JIEKTPUYHO AKTUBHUX (3apSJZKeHUX) Ta 3 HYJBOBUM 3apsIoM TOUKOBUX JedeKTiB. BUKOpUCTOBYOUN
cumBoutiky Kperepa-Binka, po3rigaioTbes pi3Hi TUIIM 3MIHA 3aps/I0BOTO CTany JieeKTiB Ha ITPUKJIAIl
KPHUCTAJIB CTPYKTYPHOTO THITY TITEETITY Ta IHIMAX CKJIATHUX OKCHJIB.

ExcriepuMenTaabHO BUBYAIOTHCS KIHETUYHI XapaKTEPUCTUKHU TTPH (DIKCOBAHUX TEMITepaTypax 3pas3-
Ka K IPOsAB caMoopranisaril y cucremi jedekTiB i mepexoay i1 y kBasipiBHoBaxkuuit ctan. [leski kBasi-
eplONYHI SIBUIA Y KPUCTATAX PO3IISIAIACS HOMepeTHbo HaMu 1] Ta iHmmyu aBropamu (1uB., HAID.,
|2]). [IpuitmaeTbest 3a10BUILHEAT OIKC CHOCTEPEKYBAHUX MEPIOJANIHUX TIPOIECIB B pAMKAX MaTeMaTHIHOT
mozesi, Brepire 3anponoroanoi FO. Tipagkom [3] npu anasisi KiHeTnkn mpOTIKAHHS T. 3B. KUIBIEBAX
XIMIYHUX peakIliil mepIroro MopsJKy B OJHOPITHOMY cepeJIOBHIN 0e3 KaTaji3aropa Ta OOrpYyHTYBaHHI
HUM TIE€PIOIMTHOTO 3aKOHY 3MiHM KOHIIEHTPAaIiif y BUIAJAKy TPhOX peareHTiB. /leTaabHO O3HatOMUTHCA
3 1CTOPI€IO MBOr0 MUTAHHA MOXKHA ¥y mybmikarmii [4] 3 BuBuenus nocrari FO. Liprska.

[1] V. Shevchuk, J. Phys. Stud. 24, 1998 (2020).

[2] M. R. Rijnders, in Periodic layer formation during solid state reactions. TU/E |[Phd Thesis 1, Chemical
Engineering and Chemistry| (Technische Universiteit Eindhoven, 1996), Ch. 3.

[3] FO. lipusk, 3anuckun Maremaruano-ITpupogonucuo-Jlikapeskoi Cekuii HTTIT (/Ibsis) 12, 1 (1908).

[4] B. Illepuyk, Ilpami HTII. ®is3. 36ipu. 10, 261 (2020).

POSSIBLE SMART MATERIALS BASED ON COMPOUNDS WITH VALENCE
UNSTABLE RARE EARTH ELEMENTS

Tvan Shcherba', Henrik Noga®, Lev Bekenov®
'Faculty of Physics, Ivan Franko National University of Lviv, Ukraine
Institute of Technical Sciences, University of the NEC, Krakow, Poland
3G. V. Kurdyumov Institute for Metal Physics, NASU, Kyiv, Ukraine

Despite the impressive number of publications on smart materials, no attempt has yet been made
to classify compounds with a valence unstable rare earth element (R.E.) as smart materials. Our studies
demonstrate that in some compounds the value of the valence of the R.E. can be changed by external
and internal factors. The examples include the external pressure- or temperature-induced change in
the valence value (YbInAus, EuCusSiy), the dependence of the valence on the structural type of a
compound (YbNiyIn and YbNilny), the dependence of the valence on the second component of ternary
intermetallic compounds [YbTCu4 (7" = Au and Mg) and YbyT3Sn; (7" = Pt and Pd)]|, the effect of
d- and f-level occupancy on the valence state of Ce and Yb in compounds with the ThMn12 structure
(Ce and Yb in RM4Alg), the dependence of the valence on the occupation of d-levels. Changing the
value of the R.E. may significantly alter the electrical and magnetic properties of compounds. Based on
our studies and the review of a considerable number of research papers on the physics of compounds
with intermediate valence, we argue that such compounds may be attributed to such a wide class of
materials that are commonly referred to as smart materials. The most difficult part of creating smart
materials and systems based on them is to provide feedback between the external impact and the
object’s response. Materials become smart when the sensing and actuating elements built on their basis
are combined into a smart structure to achieve the required advanced functionality.



HIROTA DISPERSIONLESS SYSTEM AND HIDDEN SYMMETRIES OF
HEAVENLY EQUATION

Andriy Panasyuk
Cardinal Stefan Wyszyriski University, Warsaw, Poland

Joint work with Adam Szereszewski.

In 2021 Konopelchenko, Schief and Szereszewski observed that that solutions of 4D dispersionless
Hirota system also solve the general heavenly equation describing self-dual vacuum Einstein metrics
in neutral signature. They also noticed that the symmetry f — ¢(f) of the Hirota system essentially
changes the properties of the corresponding metric.

In this talk we shall restate these observations in the context of II Plebaiiski heavenly equation
(ITPHE). Namely, we first extend the hierarchy for this equation found by Dunajski and Mason in 2000
to odd dimensions. We then consider the corresponding 5D system from this hierarchy with a special
type of symmetry generalizing the triholomorphic symmetry of ITPHE. The reduction with respect
to this symmetry (which in a sense imitate the reduction of self-dual vacuum Einstein metrics with
respect to a tri-holomorphic symmetry ending in special Einstein-Weyl structures) gives an analogue
of the dispersionless Hirota system for IIPHE. Such a point of view allows to reinterpret the symmetry
f — &(f) mentioned and obtain explicit formulas for the metric depending on ¢ and for its Weyl spinor.
We present some examples showing that this last changes essentially along with ¢.

0 IINTAHHA TTPO PEJIATUBICTUNYHY BPAXICTOXPOHY
IOpit Hpemxo
IacruryT dizukn kongencoBanux cucreM HAH Vkpainum, JIbeiB, YKpaina

Byze posristHyTo psini Mojiesiell B MPOCTOpaxX 3 PI3HUME TpyHaMu i30MeTpiil (eBKJIiI0BOMY, MCeB-
noeBkIioBomy, e Citrepa), siki po3B’si3ylOTbCsl B TepMiHAX 3HAMEHHUTOI KPHBOI, BIepIIe OTPUMAHOL
Norarnom beprymt B 1696 p.

MAIN PECULIARITIES OF RELAXED OPTICS

Petro P. Trokhimchuck
Lesya Ukrainka Volyn National University, Lutsk, Ukraine
e-mails: Trokhimchuck.Petro@vnu.edu.ua, tropel650Qgmail.com

Relaxed Optics (RO) is a branch of physics that was created to describe the processes of interaction
of laser radiation from the point of view of relaxation of the primary optical excitations of the medium
[1-6]. The need for its creation is due to the development of laser technologies. Roughly speaking, RO is
a synthesis of solid state radiation physics, physical chemistry, physics of critical phenomena, physical
optics, including Nonlinear Optics, and quantum electronics into a single system [1-3].

The main concepts of RO are kinetic-dynamic, electromagnetic and coherent have a complex
(cascade) structure |3]. Because of this, the main theories and models of Relaxed Optics have a cascade
(chain) structure. Moreover, the elements of the cascade themselves can belong to different branches of
physics, which are included in RO. The photoeffect model adapted in this way includes photoionization
processes and thermodynamic relaxation [1].

To explain the microscopic nature of the formation of stable donor centers in antimonite and
indium arsenide [1], a cascade model of the step-by-step excitation of the corresponding chemical bonds
in the excitation saturation regime was constructed. The calculations were based on the two-dimensional
lattice of sphalerite [1, 3]. A phenomenological chain of relaxation times was also constructed [1-3].
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A cascade model of excitation of the corresponding number of coordination numbers was used for
silicon and germanium [1-3]. The basis was the phase diagrams of silicon and germanium. This made
it possible to explain the reason for the emergence of hedgehog-like laser-induced structures for these
and other materials.

Cascade processes of a slightly different type lead to the optical breakdown of a substance when it
is irradiated with focused pulsed laser radiation [5, 6]. In this case, next chain process takes place: di-
ffraction stratification of focused radiation; generation of optically-induced Cherenkov radiation, whose
generating cones are perpendicular to the generating cones of focusing; generation of Cherenkov radiati-
on in each cone; interference of Cherenkov radiation; the interference maxima of the short-wavelength
part of Cherenkov radiation correspond to the observed cascade pattern of optical breakdown [5, 6].
Corresponding models are represented too.

[1] P. P. Trokhimchuck, Foundations of Relazed Optics. 2-nd ed. (Lesya Ukrainka Volyn University Press
“Vezha”, Lutsk, 2011).

[2] P.P. Trokhimchuck, Nonlinear and Relaxed Optical Processes. Problems of interactions (Vezha-Print, Lutsk,
2013).

[3] P. P. Trokhimchuck, Relazed Optics: Realities and Perspectives (Lambert Academic Press, Saarbrukken,
2020).

[4] P. P. Trokhimchuck, Relaxed Optics: Modelling and Discussions 2 (AkiNik Publications, New Delhi, 2022).

[5] P. P. Trokhimchuck, Relazed Optics: Modelling and Discussions 3 (AkiNik Publications, New Delhi, 2024).

MODELLING PHYSICAL SYSTEMS IN QUANTIZED SPACE ON A QUANTUM
COMPUTER

M. I Samar
Professor Ivan Vakarchuk Department for Theoretical Physics,
Ivan Franko National University of Lviv, Ukraine

We apply a method for detecting energy levels in a spin system to the harmonic oscillator in a
deformed space with minimal length and minimal momentum, utilizing a truncated matrix approach.
A quantum algorithm is presented that successfully identifies the first few energy levels of the harmonic
oscillator in quantized space, yielding results that closely match analytical predictions. Additionally, we
demonstrate the potential for studying anharmonic oscillators using the same spin model and algorithm.

PROPERTIES OF WEIGHTED QUANTUM GRAPH STATES AND THEIR
QUANTIFICATION ON A QUANTUM COMPUTER

Kh. P. Gnatenko
Professor Ivan Vakarchuk Department for Theoretical Physics,
Ivan Franko National University of Lviv, Ukraine

We examine quantum graph states that can be associated with directed and weighted graphs. For
quantum states corresponding to graphs of arbitrary structure, we compute the geometric measure
of entanglement [1] as well as geometric properties such as curvature and torsion [2|. The calculations
were performed both analytically and using quantum computing (specifically, IBM’s quantum computer
Sherbrooke and the AerSimulator). We found relationships between the properties of quantum states
and the characteristics of the corresponding graphs, namely the weights of the incoming and outgoing
arcs, the outdegree and indegree of vertices, and the sum of the products of edge weights forming
triangles and squares within the graph [1,2].

[1] Kh. P. Gnatenko, Phys. Lett. A 521, 129815 (2024).
[2] Kh. P. Gnatenko, preprint arXiv:2408.01511 (2024).
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ON GEOMETRIC PROPERTIES OF SPACES OF IDEMPOTENT MEASURES

Turie Marko, Mykhailo Zarichny:
Department of Mechanics and Mathematics, Iavn Franko Lviv National University, Ukraine
e-mails: markol3ua@gmail.com, zarichnyi@yahoo.com

The idempotent mathematics is a part of mathematics in which the field operations are replaced
by an idempotent semi-ring operations, e.g., max and +. If we define x +, y = (2" 4+ 4")"/", for positive
x,y, and r > 1, then max{z,y} = lim, ,( +, y), i.e., the idempotent mathematics can be regarded
as an asymptotic version of the ordinary mathematics. Another speculation is that the idempotent
mathematics is a result of dequantization of the ordinary mathematics.

Applications of the idempotent mathematics include mathematical physics, economic theory, opti-
mization etc.

To the notion of probability measure in ordinary mathematics there corresponds the notion of
idempotent measure in the idempotent mathematics. Informally, instead of additivity of probability
measures one has the property u(AU B) = max{u(A), u(B)}, for any idempotent measure .

Identifying any idempotent measure with the subgraph of its density fuctions, one obtains the
definition of the space of idempotent measures on a topological space X as a subspace of the hyperspace
X x [0, 1] satisfying certain natural properties. This allows us to consider various topologizations of the
spaces of idempotent measures which are induced by the hyperspace topologies.

For compact metrizable X, the topology of the space of idempotent measures on X (denoted by
I(X)) is completely described [1]. If X is infinite, then 7(X) is homeomorphic to the Hilbert cube
Q = {(z;)2, € £? | |z;] <1/i}. As for noncompact case, the property of being an absolute retract (AR)
for the class of metric spaces is established |2]. In |3] this result is applied to characterization of metric
spaces X such that I(X) is homeomorphic to the space o of eventually zero sequences in £

The aim of the present talk is to find spaces of idempotent measures which are homeomorphic to

the space
S = {(wi))fil €] (iz) < oo}
i=1

(note that this space can be realized as the pseudoboundary of the Hilbert cube Q) as well as another
model spaces of infinite-dimensional topology.

[1] L. Bazylevych, D. Repov§, M. Zarichnyi, Topology Appl. 157, 136 (2010).

[2] Tu. Marko, Visnyk Lviv. Univ. Ser. Mech.-Mat. 92, 86 (2021); https://doi.org/10.30970/vmm.2021.92.
086-092.

[3] Tu. Marko, M. Zarichnyi, Visnyk Lviv Univ. Series Mech. Math. 94, 72 (2022).

MOOEJIFOBAHHA CBITJIOBOT'O 3ABPYAHEHHA ATMOC®EPU

Jhobos Anxie-Bimxoscoka
Hamnionaspuuii yuipepcurer “JIbBiBcbKa moJriTexHika’, YKpaina
e-mail: luba_y@Qukr.net

CsityioBe 3a0pyaHeHHs — OCBITJIE€HHA HIYHOrO Heba IMTYYHHMH JI2KepeJaMH CBITJIa, CBITJIO SKHX
PO3CIIOETHCA B HUXKHIX mapax arMmocdepu. OCHOBHUMHE JIzKepeaMH CBITJIOBOTO 3a0pYIHEHHs € BeJTHKi
MicTa Ta MOTYKHI TpoMuc/I0Bi KoMiiekcu. Cepes, HazeMHUX 00CepBaTOPiil HANCIPUAT/IUBIIIE /I CIIO-
crepekenb HeOO B obcepBaropii Mayna—Kea na l'apaiicbkux ocrpoBax. [lg obcepBaropis po3rarioBana
na Bucoti 4700 M, Je gckpasicTb Heba cTaHoBuTb 5.8 X 107° k1/M2. YV GiabmocTi npaioouux obcep-
BaTOpiil AcKkpaBicTh Heba cTamoBuTh 10~4 Ka/M? i Taki YMOBH Il CHOCTEPE;KEHHS BBAasKAIOTHCA JIy7Ke

0O
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[MITy4ne ocBiTIeHHS He MOBUHHO 301MbINYBATH SICKPaBiCTh (DOHY, 9K BUMIPIOETHCA Ha BHCOTI 450
M, Giabir mizk #Ha 10%. Oxun i3 HacaiakiB HAAMIPHOrO BUKOPUCTAHHS HITYYHOIO OCBITJIEHHS CBITI0 —
e Brpara eHeprii. “MixkHapojaHa acorialliss TeMHOTO Heba  CTBEPJKYE, IO JJIs HIYHOTO OCBITJIEHHS
IMOPOKY V CBiTi BuTpadaeTbes monasd 1.5 migbapaa mosapis CIIA, yrBoproeTbes monas 12 MijibitoHIB
TouH Byrjaekucaoro razy (COsg), M0 TpU3BOJAMTE JI0 MTAPHUKOBHX Ta3iB.

CaityioBe 3a0pyIHEHHST — IIe He JIMIIe acTPOHOMIUHA Y €KOJIOTivHa MpobdaeMa, a it rocTpa mpobdJie-
Ma eHeproedeKTuBHOCTI. NKOHOMIYHI BUTPATH HA OCBITJIEHHS IMIBHIYHOI MIBKYJ1 KOCMOCY CTAHOBJIATH
MUTBSIPIN €BPO IMOPIiYHO. 3rigHo 3 gocaigKenaamu Bimomol dipmu Philips, aumre 3amina s3actapianx
KOHCTPYKIIi# CBITJIONIONIB 1 jzKepes cBiTia moxe ckoporutu Bukuan COy Ha 3.5 MiAbOHM TOHH Ha
pik. ¥ jpamiit pobOTi HpoaHa Ii30BaHO OCHOBHI MApaMeTPH, IO XapaKTePU3YIOTh IIPO30PICTh aTMOChEpH;
HaBEeJIEHO 3aKOHOJIABYI 0OMEKEeHHsI MO0 CBITJIOBOI'O 3a0PYAHEHHS Ta 3aIIPOINOHOBAHO CYYaCHI HAYKOBI
i JIXOIM 10 PO3B’sI3aHHS MPOOJIEMHU CBITJIOBOTO 3a0pyaHeHHs arMocdepu. 3podaeHo crupody MO I0BaH-
H¢l CBITJIOBOTO 3a0PY/IHEHHS 3 YPaXyBaHHAM YCiX (PAaKTOPiB: METEOPOJIOTIYHUX YMOB, CTPYKTYPH JZKepeJt
CBITJIA MICT, aHAJTI3 3aCTOCYBAHHS ICHYIOUNX OJIMHUIIL BUMIDIOBAHHSI SICKPABOCTi. 3aponoHoBaHo iHGOP-
MaIidHIE MK 0 po3poOKH MapaMeTpiB MaTreMaTHIHOI MOJIEJ i PO3PaXYHKY e€(PeKTHBHOCTI CHCTEM
ACTPOHOMIUHHUX CIHOCTEPEKeHb IIPU CBITJIOBOMY 3a0pyaHeHHI aTMocdepH, OIHIOBaHHS e(heKTUBHOCTI
CHUCTEM aCTPOHOMIYHUX CIIOCTEPEKEHb Ta IIPEJICTABACHO MaTeMaTUIHUi anapar Jiid 11 BU3HAYEHHSI.

VISCOSITY AND PHASE BEHAVIOR OF BI-SPECIFIC ANTIBODIES IN
AQUEOUS SOLUTION

Y. Kalyuzhnyi*, T. Hvozd?, V. Vlachy'
'Faculty of Chemistry and Chemical Technology, University of Ljubljana, Slovenia,
Institute for Condensed Matter Physics, NASU, Lviv, Ukraine

This study presents theoretical results for physico-chemical properties of system of molecules
modeling bi-specific antibodies, such as, dual-variable-domain monoclonal antibodies (DVD-Ig) and
Fabs-In-Tandem Immunoglobulin (FIT-Ig). These molecules are representatives of the engineered protei-
ns that combine the function and specificity of two monoclonal antibodies. Individual molecules are here
depicted as an assembly of nine (or in case of the Fit-Ig eleven) hard spheres, organized to resemble the
Y-shaped object. The effects of the increased size, asymmetry, and flexibility of individual molecules
on measurable properties of such systems of molecules are investigated. We examined the liquid-liquid
phase separation, the second virial coefficient B2, and viscosity under various experimental conditions.
The calculations are compared with the data for regular monoclonal antibodies and discussed in view
of the experimental results for DVD-Ig solutions available in literature.

SCANNING ELECTRON MICROSCOPY STUDY OF MODEL LIPOSOMES AND
CIRCULATING (METASTATIC) TUMOR CELLS

G. Monastyrskyit, O. Gnatyuk', M. Olenchuk', D. Kolesnik?, G.Solyanik*, G. Dovbeshko'
nstitute of Physics NASU, Kyiv, Ukraine
’R. E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology,
NASU, Kyiv, Ukraine

Model liposomes, serving as model systems for biological membranes, play an important role in
understanding a cell membrane morphology and interaction with environment including fusion and
permeability. In turn, knowledge about metastatic cells from which more than 90% of cancer patients die,
is very important too. Here, a scanning electron microscopy (SEM) was used to develop a new method for
preparation and futher study of structural characteristics of liposomes and their interaction mechanisms,
as well to obtain new data about model circulating tumor cells (CTC) of different nature- adhesive and
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de-adhesive. To the best of our knowledge, no microscopic images of these cells were published in
literature so far. SEM images were obtained with a TESCAN MIRA LMU electron microscope in two
modes: secondary electrons and back-scattering electrons. Sample preparation included fixation on the
conductive silicon wafer, dry air and vacuum drying, and magnetron sputtering of 20 nm conducting
gold layer. SEM images of liposomes prepared with nanoparticles of different nature such as MoS2, WS2,
diamond and carbon nanotubes, revealed the nanoparticles inserted into the liposomes and covering the
liposome surface. Average size of liposomes with nanoparticles increases by about 7-15%, and their
surface changes, too. SEM images of CTC cells showing morphology of adhesive and de-adhesivs cells
with different contacts and peculiarities, can be used as a basis of biological knowledge on CTC. Model
liposomes is one of the steps to understanding the cells communication. These data can be efficiently
used in the treatment of metastatic cancers.

Acknowledgement Authors acknowledge NRFU project No 2021.01/0229 “Biophysical characteri-
stics of circulating metastatic cells as potential targets of antimetastatic therapy”.

X-RAY SPECTRAL ANALYSIS OF Si-, S- AND Fe-REACH EJECTA COMPONENTS
IN THE REMNANT OF KEPLER SUPERNOVA

M. Patriit, O. Petruk?
'Faculty of Physics, Ivan Franko National University of Lviv, Ukraine
2Pidstryhach Institute for Applied Problems of Mechanics and Mathematics, NAS of Ukraine, Lviv,
Ukraine

Supernova remnants (SNRs) are valuable astrophysical laboratories, providing unique insights into
the final stages of stellar evolution, the mechanisms of their explosions, and the interactions between
their shocks and surrounding medium. The remnant of Kepler’s supernova, which exploded in the fall of
1604, is one of the most interesting and well-studied young SNRs in our Galaxy. We present results from
the spatially resolved spectral analysis of Chandra’s X-ray Observatory data. The maps of key spectral
characteristics, in particular the Doppler shift maps allow us to derive the distribution of line-of-sight
plasma velocities for the most prominent X-ray emission lines of Si-Hea (1.6-2.1 keV), S-Hea (2.3-
2.6 keV) and Fe K-shell (6.0-7.0 keV) in the X-ray spectrum of Kepler SNR. The Doppler velocities,
determined in the SNR’s reference frame, give us important clues about the progenitor’s initial internal
structure and the anisotropic nature of the ejecta expansion.

DO BULK PROPERTIES OF A SOLID DEPEND ON ITS FORM?

Oleg Derzhko
Institute for Condensed Matter Physics, NASU, Lviv, Ukraine

Usually, the bulk properties of a macroscopically large many-particle system with short-range
interparticle interactions do not depend on its shape. In the present talk, I discuss a specific frustrated
quantum spin-lattice system which being placed into a magnetic field at low temperatures should provi-
de a counterexample to that general statement. In the example under consideration, the degeneracy of
the states which dominate thermodynamics, rather than their energy, appears to be shape-dependent.

More specifically, consider N=2A spins S=1/2 on a kagome-bilayer lattice which interact through
antiferromagnetic Heisenberg interactions in the presence of external magnetic field h. The nearest-
neighbor interlayer interaction Jy should exceed a critical value Jo.=J14J,, J1=Jy=J, where J; is the
nearest-neighbor intralayer interaction and J, is the next-nearest-neighbor interlayer interaction. Under
such conditions, the ground states in the subspaces with S*=N/2, ... N/3 are the singlet-product states
with singlets located on the J; bonds and obeying a hard-rhombi rule: No neighboring J; bonds can
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be occupied. As a result, the low-temperature thermodynamics around the saturation hg,=.Js+4J is
governed by the states which can be visualized as hard-core rhombi on a kagome lattice or, equivalently,
as dimers on a hexagonal lattice. Here the crunch comes: 40 years ago Veit Elser solved exactly the
dimer problem for a hexagonal lattice with general boundary and showed that the entropy of the full
covering sy depends on the shape of the boundary [1]|. In other words, the residual ground-state entropy
so=s(T=0) just below the saturation hg,, depends on a specific hexagonal shape. But s(7=0)=s, enters
the sum rule for the specific heat:

[T
/dT%zln2—so.
0

And therefore the (bulk) specific heat per site ¢(T") depends on the shape of the boundary, too. Besides,
in contrast to Ref. [2], the frustrated kagome-lattice quantum Heisenberg bilayer does not exhibit an
order-disorder phase transition. More details about this study will appear soon [3].

My talk is based on ongoing research of a team, which includes Dmytro Yaremchuk, Taras Hutak,
Vasyl Baliha, Taras Krokhmalskii, Oleg Derzhko (Lviv), Jiirgen Schnack (Bielefeld), and Johannes
Richter (Magdeburg). T. H., T. K., and O. D. are supported by the EURIZON project (Project No. 3025
“Frustrated quantum spin models to explain the properties of magnets over wide temperature range”),
which is funded by the European Union under Grant No. 871072.

[1] V. Elser, J. Phys. A 17, 1509 (1984).
2] J. Richter et al., Phys. Rev. B 97, 024405 (2018).
[3] D. Yaremchuk et al., in preparation.

LOCAL STRUCTURE AND SPECTROSCOPY OF THE Li;,B,0;:Cu,Sm GLASSES

B. V. Padlyak', I. I. Kindrat?, Y. O. Kulyk®
Wlokh Institute of Physical Optics, Lviv, Ukraine,
2Institute of Physics, University of Zielona Géra, Poland,
3Faculty of Physics, Ivan Franko National University of Lviv, Ukraine

The Cu-Sm co-doped LiyB,O; glass (LisB4O7:Cu,Sm) has been obtained by high-temperature
melting technique and studied in details by X-ray diffraction (XRD), electron paramagnetic resonance
(EPR), UV-Vis-NIR absorption and photoluminescence (PL) [1|. The obtained results are compared
with corresponding data obtained by us for Li;B,O7:Cu [2] and LisB4O7:Sm [3] glasses. The local
structure parameters (average interatomic distances and coordination numbers) are derived from XRD
data analysis. It was shown that the LisB4O7:Cu,Sm glass network consists of the BO3 (triangles) and
BO, (tetrahedra) glass-forming units, and LiO,, (n = 4 — 6) polyhedra as modifiers. The EPR, optical
absorption, photoluminescence emission and excitation show that Cu and Sm dopants are incorporated
into the Li;B,O7:Cu,Sm glass network as Cu™ (3d'?), Cu?* (3d°), and Sm3* (4/°) ions. The Cu®" ions
(electron spin S = 1/2) in the LiyB4O7:Cu,Sm glass show an EPR spectrum of axial symmetry with
characteristic 4-component hyperfine structure, caused by nuclei of Cu (natural abundance — 69.1%,
nuclear spin, I = 3/2) and ®Cu (30.83%, I = 3/2) isotopes. Precise spin Hamiltonian parameters
(91, 91, Ay, A1) and peak-to-peak first derivative linewidths of the hyperfine components (AHlﬂp and
AHpr) for Cu?" ions at T = 295 K in the Li;B4,O7:Cu,Sm glass were obtained by best fitting of the
simulated EPR spectrum to the experimental spectrum [1]. The Cu?* cations and O% anions compose
the elongated octahedrons in the network of Li;B4O7:Cu,Sm glass. The optical absorption spectrum
shows a very broad intense band ascribed to the ?By, —? Ay, ?Bs,, 2E, transitions of Cu*" ions
and a lot of weaker narrow bands assigned to the SHyjo —% Prjo, SP30, “Ig0 152, Fy/2, *Fr o, F5 )

15



transitions of Sm3* ions. The PL emission and PL excitation spectra as well as PL decay kinetics of
the Sm®** and Cu™ ions in the Li;B,O7:Cu,Sm glass were registered, analyzed, and discussed. In parti-
cular, the PL emission spectra exhibit a very broad band in the blue spectral range ascribed to the
3d%4s' — 3d'° transition of Cu™ ions and four narrow bands in the yellow-red spectral range assigned
to the *G5/s —% H; (J = 5/2—11/2) transitions of Sm*" ions. The PL decay kinetics of Sm** and Cu*
ions in the Li;B,O7:Cu,Sm glass are non-single exponential and characterized by a mean lifetime in the
millisecond and microsecond time ranges, respectively. Quenching of the Sm3* PL intensity, shortening
of the Sm3* decay time and prolongation of the Cu™ decay time were observed in the Li;B,O7:Cu,Sm
glass in comparison with the Li;B4O7:Cu [2] and LioB4O7:Sm [3] glasses. The excitation energy transfer
and re-absorption processes from Sm3* ions to Cu* and Cu?* ions have been discussed. A wide range
of emission colors from blue to yellow can be achieved in the LiyB4O7:Cu,Sm glass by varying of the
luminescence excitation wavelength that is important for practical application.

[1] B. V. Padlyak, I. I. Kindrat, V. T. Adamiv, A. Drzewiecki, B. Cieniek, I. Stefaniuk, Phys. Chem. Chem.
Phys. 26, 22006 (2024); https://doi.org/10.1039/d4cp01633e.

[2] B. Padlyak, W. Ryba-Romanowski, R. Lisiecki, O. Smyrnov, A. Drzewiecki, Y. Burak, V. Adamiv,
I. Teslyuk, J. Non-Cryst. Solids 356, 2033 (2010); https://doi.org/10.1016/j.jnoncrysol.2010.05.
027.

[3] I. I. Kindrat, B. V. Padlyak, B. Kukliiski, A. Drzewiecki, V. T. Adamiv, J. Lumin. 213, 290 (2019);
https://doi.org/10.1016/j.jlumin.2019.05.045.

THE CORRELATION BETWEEN THE LOCALIZATION AND OUTWARD
LEAKAGE OF SURFACE PLASMON POLARITONS DURING THEIR
SCATTERING BY RANDOM INHOMOGENEITIES OF METAL BOUNDARIES

Yu. V. Tarasov, O. M. Stadnyk
O. Ya. Usikov Institute for Radiophysics and Electronics NASU, Kharkiv

We examine the problem of scattering of TM-polarized surface plasmon polariton wave (SPP) by
the finite segment of metalgB“vacuum interface with either a random impedance or with a random
corrugation of the metal surface. We analyze in detail the solution to the integral equation connecting
the scattered field and the incident SPP, which is valid for any strength of the scattering and dissipative
properties of the conducting half-space. For random surface impedance, we show that the norm of
the intermode scattering operator is not only determined by the parameters of the random impedance
(the variance, correlation radius, the length of the heterogeneous section of the interface), but depends
crucially on the metal conductivity [1].

For a small norm of the integral operator, the incident SPP mostly radiates into vacuum, and the
intensity of this leaking field is expressed in terms of the pair correlation function of the impedance.
Under strong scattering regime, the radiation into the upper half-space is highly suppressed and the
SPP is mainly backscattered from the heterogeneous surface segment. Such a mirroring should also take
place at small norm of the scattering operator, yet in this case it is related to Andersons®™s localization
of the SPP within the disordered segment, the effect which results from the multiple backscattering of
the SPP [2].

Similar behaviour of the plasmon polariton propagating along the metal interface is discovered
provided the imperfection of the metal surface results from its purely geometrical corrugation. By
using the proper coordinate transformation, we reduce the problem of SPP scattering from a rough
interface region to the problem of its scattering from a flattened region with effective 1D random
impedance. The latter problem is then solved converting the impedance perturbation to the effective
potentials in the Schrodinger-like equation. We calculate the radiation pattern for the model of one-
dimensional interface roughness and demonstrate its pronounced anisotropy arising due to the interplay
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between different geometrical parameters of the interface roughness [3]. The 1D nature of the interface
disturbance results in pronounced Anderson localization of the SPP penetrating a rough segment, which
most significantly manifests itself in the reflection of the incident surface wave.

[1] Yu.V. Tarasov, O.M. Stadnyk, N. Kvitka, Ann. Phys. 455, 169378 (2023).
[2] A.V. Shchegrov, A. A. Maradudin, E. R. Mendez, Prog. Opt. 46, 117 (2004).
[3] Yu.V. Tarasov, O.M. Stadnyk, Phys. Rev. B 108, 214202 (2023).

CONFORMATIONAL TRANSITIONS IN STIMULI RESPONSIVE COPOLYMER
BOTTLEBRUSHES: A MOLECULAR DYNAMICS STUDY

Kristine Haydukivska>?, Jarostaw Paturej'?
nstitute of Physics, University of Silesia, Chorzéw, Poland
2Institute for Condensed Matter Physics, NASU, Lviv, Ukraine
3Leibniz-Institut fiir Polymerforschung Dresden, Germany
e-mail: wjadeslawa@icmp.lviv.ua

Stimuli responsive polymers present an intriguing field of research due to their wide range of
possible applications and among these macromolecules are bottlebrushes with different types of side
chain or diblock copolymer side chains. Developments in synthesis techniques allow to create finely
tuned macromolecular architectures. As a result in recent years, a number of different bottlebrushes
with different types of side chains have been created. Those structures are particularly interesting as
under the influence of stimuli (pH [1, 2, 3|, temperature [4, 5, 2] or light [6]) they undergo a reversible
conformational transition from worm-like to coil-like state. In addition, a collapse of this type was
observed before recent developments produced macromolecules that do not clump together to form
aggregates |4, 2|. This makes them interesting for a number of applications, including targeted drug
delivery, bioimaging, tissue engineering, bioadhesives, etc.

In this work, we consider a bottlebrush with two chains grafted to each bead of the backbone with
two different types of side chains grafted in alternating order. The modeling is done in three-dimensional
space using a bead-spring coarse-grained model |7] with beads of size ¢ and equal mass m. We consider
the depth of the potential for yellow to be half that of the other beads regarding all interactions.

We aim to study the influence of architecture on shape crossovers in copolymer bottle brushes
in particular length of the backbone by keeping side chains length fixed at Ny, = 20 beads and
backbones N, = 50, 100, 150, 200; as well as considering a constant ratio N,/N; = 5 and backbones
N, = 50, 100, 200, 300. We acknowledge that in this work the transition from bad to good solvent
occurs with the temperature increase not decrease as in the experimentally available cases. However
since bead spring model is not only simple but also well studied we chose it as a first step to study these
conformational phenomena.

[1] E. W. Kent, E. M. Lewoczko, B. Zhao, Polym. Chem. 12, 265 (2021); https://doi.org/10.1039/
DOPY01466D.

[2] M. T. Kelly, E. W. Kent, B. Zhao, Macromolecules 55, 1629 (2022); https://doi.org/10.1021/acs.
macromol.1c02662.

[3] E. W. Kent, D. M. Henn, B. Zhao, Polym. Chem. 9, 5133 (2018); https://doi.org/10.1039/C8PY01137K.

[4] D. M. Henn, W. Fu, S. Mei, C. Y. Li, B. Zhao, Macromolecules 50, 1645 (2017); https://doi.org/10.
1021/acs.macromol . 7b00150.

[5] D. M. Henn, J. A. Holmes, E. W. Kent, B. Zhao, J. Phys. Chem. B 122, 7015 (2018); https://doi.org/
10.1021/acs. jpcb.8b04767.

[6] D. M. Henn, C. M. Lau, C. Y. Li, B. Zhao, Polym. Chem. 8, 2702 (2017); https://doi.org/10.1039/
C7PY00279C.
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[7] G. S. Grest, K. Kremer, T. A. Witten, Macromolecules 20, 1376 (1987); https://doi.org/10.1021/
ma00172a035.

SPECTROSCOPY OF THE LITHIUM TETRABORATE GLASS CO-DOPED WITH
Mn AND Eu

I. I. Kindrat', B. V. Padlyak"?, A. Drzewiecki*
"nstitute of Physics, University of Zielona Géra, Poland
2Vlokh Institute of Physical Optics, Lviv, Ukraine

The lithium tetraborate glass co-doped with MnOj (1.0 mol.%) and EusO3 (1.0 mol.%) (LioB4O7:Mn,Eu)
was obtained by melt quenching method and characterised by XRD, EPR, optical absorption and
photoluminescence (emission, excitation, decay kinetics) techniques [1]. The obtained results were
compared with corresponding data for Mn-doped and Eu-doped LisB;,O7 glasses.

The smooth XRD curve was registered and analysed to obtain the local structure details. It
was found that the BOj triangles, BO, tetrahedra and LiO, (n = 4 — 7) units are present in the
Li;B4O7:Mn,Eu glass network. The experimental X-band EPR spectra show Mn?**(1) signal at gis,
= 4.29 without resolved hyperfine structure, Mn?"(2) signal at gi, = 2.01 with six components of
hyperfine structure resulting from the *Mn isotope nuclei (nuclear spin I = 5/2, natural abundance
— 100%), and broad Mn?*"-Mn?" signal around g = 2.0. The manganese impurity is incorporated into
the LiyB,O7:Mn,Eu glass network as isolated Mn?** (3d®) ions in the strongly distorted and weakly
distorted octahedral and/or tetrahedral sites as well as Mn*" pairs and small clusters.

The optical absorption spectrum shows a broad intense band at 464 nm attributed to the °E,(D)
— Ty (D) transition of Mn** (3d*) ions and weak narrow bands attributed to the "Fy — °Lg and "F
— Dy transitions of Eu®" (4/9) ions. The photoluminescence emission spectra show five narrow bands
assigned to the 5Dy — "Fy (J = 0 — 4) transitions of Eu®" ions and one broad band assigned to the
1T15(G) — A14(S) transition of Mn*" ions. The emission of Eu** and Mn?* ions is observed in the
orange-red spectral range. The photoluminescence excitation spectra show many narrow bands in the
UV-green spectral range belonging to Eu®™ and Mn?* ions. The photoluminescence decay times of Eu™
and Mn?* ions are in the millisecond time range. The energy transfer processes Eu?™ «+ Mn?t, Eu3*
— Mn3?*, and Mn?*t — Mn3* in the Li,B,O7:Mn,Eu glass are noticed and discussed.

[1] B. V. Padlyak, I. I. Kindrat, V. T. Adamiv, I. M. Teslyuk, A. Drzewiecki, Opt. Mater. 154, 115782 (2024).

TOMOI'PA®IYA TEMHINIX BIKIB I KOCMIYHOI'O CBITAHKY B JITHIAX
TTIPOTEHY I HEPIINUX MOJIEKVYJI AK TECT KOCMOJIOTTYHUX MOJEJIEN

B. Hosocadautit, FO. Kyainivt, B. Menex?, M. Ilioc?,
A. Pydaxoscoxui®, JI. Kosaav?, II. Konav?
L Acrponomiuna obcepsaropis, JIbBiBehbKHIt HamioHaaLanil yHiBepcuTeT iMeni Iana ®panka, YKpaina
2Kadenpa actpodisnkn, JIbBiBchbKuil Haniona bl yHiBepcuTeT iMeni Iparma @pamka, YKpaina
3IncTuryT Teopernunoi dpizuku imeni M. Boromo6osa HAH Vkpainu

Y jonoBiai 6y/ie BUCBITIIEHO aKTYATbHICTh, METY Ta OCHOBHI 3aBaanus npoekty 2023.03/0098 “Tomorpa-
dig Temuux BikiB i KocMivHOTO CBITAHKY B JIHISX T'JIPOTeHY 1 IEPIIMX MOJIEKYJ 9K T€CT KOCMOJIOTTYHUX
Mojesieit”, siknit pinancyerbess Harionaabaum OHIOM TOCTIAKEHb Y KpalHi, & TaKOoK OCHOBHI Pe3yJib-
Tatu 1-ro etamny fiOro BUKOHAHHSI.
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JlocmiaKeHHsI peJIKTOBOTO BUIMPOMIHIOBAHHS Ta TAJaKTHIHI OIJISAN HeOa 3a JOTOMOIOI0 CYyYaCHUX
TEJIeCKOIIB CBITY Jla/n yHIKaJabHY iHdopMaliio 1ogo riodajipbHnx napamerpis Bceecsity Ta i#ioro Be-
JIMKOMACIITAOHOI CTPYKTYPH, ajieé Pa30oM 3 THM BKa3a/d Ha OOMEXKEHICTh MOXKJIHBOCTEH CTaHIapTHOI
KOCMOJIOTT9HOT MojIesi 3 A-cTasior Ta X0JI0MHOK TeMHOI MaTepiero, Tak 3Banoi ACDM mosmeti, Hecyie-
PEWINBO iHTEPIIPETYBATH YCIO CYKYIIHICTD CIIOCTePEKHUX JaHUX. BUHUK/Ia HeoOX1THICTD 11 pO3IIHpPeHHs
CKJIATHITITUMEI MOIEIIME (DI3UIHOI IPUPOIN TIPUXOBAHUX KOMIIOHEHT — TeMHOI MaTepii 1 TeMHOI eHepril
Ta crenapiio dopmysBannsd 3ip 1 rajaktuk. [le B cBOIO 4epry BUMara€ ImoOIIyKy HOBUX CIIOCTEPEXKHUX
TectiB. Takumu, 30KpeMa MOXKYTh OyTH cUTHAJIU B JiHil 21 cM rijgporeny Ta B JiHIAX TEPITUX MOJIe-
KyJI 3 panaboro Beecsity — enox Temunx BikiB, Kocmiunoro citarky Ta Peionizamii. MeToo npoekTy €
JOCTIINTH (POPMYBAHHS TVIOOATBHUX CUTHAJIB 1 CHIEKTPIB IMOTY2KHOCT1 IPOCTOPOBUX (DJIIOKTYaIIi#l iHTeH-
cuBHOCTe#t y JriHil 21 cM rizporeny Ta 06epTOBO-KOJMBHUX JIHISAX IIEPITUX MOJIEKYJ Y paHHbOMY BeecsiTi
Ha 6 < z < 300 y piznux kocMoJioriuHux mojesisax. [TobyyBaTtu Mojesl ClieKTpajabHOI0 €HEPreTHYHOTO
PO3MOMAITY BUITPOMIHIOBAHHS TEPITNX JKepes CBIT/a B Taa0 Ta MiK HUMH 1 OMIHATH JIOKaJbHI Bapia-
il curraJiB 3 ernoxu KocMigHOTO CBITaHKY Ta 1X CTATUCTUYHI PO3MOALIN 1O HeOy Ha OCHOBI Mojeseit
YTBODEHHsI TePIHX Kepest cBitiaa. OCHOBHUMH 3aBJIaHHSME MPOEKTY €: 1) po3paxyBarTu TOMOTpadito
panHBOTO BeecBiTy B JTiHIT 21 ¢M TiZiporeny Ta B JiHIAX TEPITAX MOJEKYJI B Jiala30HI 9ePBOHUX 3MIIMEeHD
6-300 su1s1 PI3HUX KOCMOJIONTYHUX MOJIEJIEH, 1i) 3MO/IeII0BATH CLHEKTPAJIbHY IYCTHHY €HePTil HePIIIX J2Ke-
peJi CBITyIa B peayicTHIHUX crieHapiax ix dhopmyBaHHs, iii) po3paxyBaTu KapTH Ta CIIEKTPH IOTYZKHOCTI
G oK TYaIiit iIHTeHCUBHOCTI /I CHEKTPAJIbLHUX TYCTUH eHeprii Ha pi3HuX eTarmax (pOpMyBaHHS TEPITUX
3ip 1 raJakTUK, ONIHUTH CTATUCTHYHI XapaKTePHCTUKH IIPOCTOPOBUX Bapiallil cHTHAJIB IJId po3pi3He-
HOCTI Pi3HUX KOCMOJIOTIYHUX Mojesiei i cieHapiiB (hopMyBaHHs IepmnuXx 00’ €KTiB.

PesynbraTom 1-ro eramy BUKOHAHHS ITPOEKTY € po3paXyHOK Tomorpadil panuboro BeecBiTy B JriHil
21 cm rigporeny Ta B JIHISX HEpIIMX MOJIEKYJ B Jilama3oHi 4epBoHUX 3Mmimenb 6 < z < 300 mna
KOCMOJIOPIYHHUX MOJIeIeil 3 J0JaTKOBAM HArDIBAHHSIM BHACJIIOK a) CAMOAHIPIIsIi 9aCTHHOK TEeMHOI
Marepii, 6) po3majy YacTHHOK TeMHOI MaTepii, B) 3aracaHHs EPBHHHOTO MATHITHOTO MOJIS.

Aptopu Basuni Hamionaasaomy GoHIAY TOCTiIKeHb Y KpalHu 3a (PiHAHCOBY HMIATPUMKY IBOIO IIPO-
€KTY.

RESONANCES IN TWO-DIMENSIONAL QUANTUM SYSTEMS WITH
PERTURBED WAVEGUIDES

Sylwia Kondej
Institute of Physics, University of Zielona Géra, Poland

This talk addresses a two-dimensional quantum system characterized by an infinite waveguide of
width d and a transversally invariant profile. At a distance p, the system is perturbed by a potential
defined through the Kato measure. Under specific conditions, we establish the presence of a second-sheet
pole in the Hamiltonian’s resolvent, corresponding to a resonance at z(p).

The resonance exhibits the asymptotic behavior

exXp(—/2|Esnlp)
p

2(p) = Epn + O

for large p, where &g, denotes the resonant energy. Additionally, we demonstrate that the imaginary
part of z(p) satisfies to Fermi’s golden rule, which we explicitly derive.

These results provide insight into the resonance phenomena induced by local perturbations in
waveguide systems.
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QUANTUM MECHANICAL MODELING OF THE INTERACTION OF
CARBON-CONTAINING NANOMATERIAL PARTICLES WITH NICKEL IONS

V. V. Tytarenko
Dnipro University of Technology, Dnipro, Ukraine

Nowadays carbon nanomaterials are widely used in material science as fillers for composite materi-
als. The unique physicochemical properties of electrodeposited composite metal films largely depend
on the concentration of CNPs in the metal matrix [1, 2]. In order to investigate an electrodepositi-
on mechanism, we have proposed a set of quantum chemical models for formation metal complexes
of fullerene (Cyp), single-wall carbon nanotubes (SWNTs) (Cys) and ultra-dispersed diamond particles
(UDD) with Ni** (Fig. 1).

Figure 1. Location of the adsorbed metal ions on the surface of fullerene (Cgp) (a),
SWNT (Cus) (b) and UDD (¢)

Number of adsorbed ions (ion charge)
AW, Puv 1(+2¢) | 2(+4e) 3(+6¢)
Fullerene (Cgp) | 1.907 | 1.582 0.240
SWNT (Cys) 2.234 | 1.909 0.567
UDD 0.200 0.126 —0.114

Table 1. The binding energy of the complex particle UDD-Ni ion depending on the amount of adsorbed ions

Comparison of calculated binding energies of the metal-CNP complexes (Table 1) with the energies
of thermal motion has shown that in aqueous solutions of electrolytes, adsorption of Ni ions on the
surface of fullerene (Cg), SWNT (Cys) and UDD is possible with the formation of stable composite
carbon metal complexes. Complexes 3Ni?* with the UDD have shown the weakest binding energies,
thus these complexes are suggested to be not stable.

[1] G. K. Burkat, T. Fujimura, V. Yu. Dolmatov, E. A. Orlova, M. V. Veretennikova, Diam. Relat. Mater. 14,
1761 (2005); https://doi.org/10.1016/j.diamond.2005.08.004.

[2] V. V. Tytarenko, V. A. Zabludovsky, E. Ph. Shtapenko, Metallogr. Microstruct. Anal. 9(5), 651 (2020);
https://doi.org/10.1007/513632-020-00679-6.
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JNMHAMIKA MAJINX ®JIVKTYAIIIN B KIHETUIII BOJIBIIMAHA

0. Coxonoscovruti, C. Jlaeywun
Jluinposchkuit Hamionaabamit yHiBepcuTer imeni Outecs [oruapa, Ykpaina
e-mail: alexander.i.sokolovsky@gmail.com

B kineruni BogbnMana cucremMa OJHAKOBHX YaCTHHOK OMUCYETHCSI CEPEIHIMU 3HATCHHAME UYHCET
3alOBHEHHS N, = 71,(p — CYKyHHICTH IMITYJIbCY 9acTHHKY i 11 BHYTDIITTHIX KBaHTOBMX qHCe). Onfe—
parop l'aMiIbTOHA CHCTEMH CKJIAJAEThCA 3 OCHOBHOI JacTHHU Hy = Zp ephny 1 Masiol B3aemonii My
(M = 1y = a;;ap — omeparop uucia 3anoBHents). Oaykryamnil B cucremi 6ygeMO ONHCYBATH Cepe-
JHIMHE 3HAU9C€HHSAMH 17)2, OIE€PATOPA Ty = ﬁf,. HepiBHoBa)kHi cTaHu cUCTEMH MOXKHA JOCJILJIZKYBaTH B
MeTosi cKopodenoro onucy Boromotosa na ocrosi mogei [leserminbkoro—fnenka [1]. Hepisnosazkumit
crarucruannit oneparop (CO) kinernku Boabrmana p°(1;) B ocHOBHOMY HaOJIHKEHHI 32 B3AEMOJIEI0 €
KBa3ipiBHOBaKHUI, TOOTO Ma€ BUIJISA

pg — %, 2
HepisroBazkuuit CO kinernku Boasmvana CO 3 ypaxyBanmsaM 3a3uadennx GayKTyariit p(n;, 72) B ToMy
’K HaOJIMZKeHH] € TaKOXK KBa31PiBHOBAYKHUH 1 MA€ BULJISII
Py = 2, (Ziphp+Zapng)

ITpn npoMy crpaBeauBi TOUHI cHiBBiIHOIIEHHS Spp, = 1, Sppg = 1, SppeTop = M2ps SPPeTHp = Tps
SPPYIp = Nip, AKi BusHawaors Bei Besmanan B CO p), pg. Tlosui CO pO(n1), p(n1,72) BupazkaoTbCs

. . . O . ves en
uepes kpasipisnosaxui CO py, p, Bigommyn 3 Teopii [esermuncproro—flnenka [1] dbopmynamu B Teopii
30ypenb 3a B3aemoyieio Hy. Bei cepeani 3nadenns, crocoBHi KiHeTukn bBosbiimana, 009U II0I0THCS 3 ,02
upasuiaMi Bika. [lofionux npasus 1/1s p, HeMa€e OCKIJIBKE B HOr0 eKCIIOHEeHTi CTOITh popMa deTBepTo-
TO TIOPAJIKY TIO ONepaTopax ay,a,; . Hamm jia mogomanns miel mpobiemMn 3amponoHOBaHO 0OMeKHTHCH
PO3MIAIOM KiHeTuKH BonbiMana 3 ypaxyBaHHAM AUHAMIKE MaauX (IYKTYaIliil, KOJIH BeJIUUYNHA

Tap — SPPul2p = SP(pg — P)Tizp = 612y

mami. Ha miit ocnoBi CO p, 3HaiineHo y Teopil 30ypeHb 3a cTemeHAMU 07)y,. [licaa mporo obuncieHHsa
cepennix 3 CO p, 3B0auTHCS 10 064nCIeHDb cepenix 3 CO ,02 3 BUKOPUCTaHHAM 1paBu Bika. Y nijicyMKy
3 ypaxyBauHsaM pe3yabraris [lenermincbkoro—fuenka [1] Teopii 30ypenp 3a Manon0 B3a€MOITIE0 H,
OTPUMAHO PiBHSIHHS JuHaMiku Maaux duykryaniit B kineruri Bonsivana; 01, = Lip(n1, 012), 0pdna, =
L2p(7717 5772)'

[1] A.I. Akhiezer, S. V. Peletminsky, Methods of Statistical Physics (Pergamon Press, Oxford, 1981).

EBOJIIOLIIS ITOJIIPMI30BAHOT'O PAJIIOBUIIPOMIHIOBAHHS BI, 3AJINIIIKY
HAJJHOBOI SN1987A

0. Ilempyx, B. Bewnet, C. Opaando, M. Miueni, @. Boxkino
TacturyT npuknagaux npobaem mexariku i matemaruku HAH Vkpaiuu, JIbsiB, Ykpaina
Acrporomiuna obcepBaropia Hamionanbaoro iHcturyry acrpodisukn Itastii, [Tagepmo, Itamia

Baumok #HaHOBOT SN1987A peryisipHO CIIOCTEPITAETHCA y PI3HUX TIAMA30HAX eJIEKTPO-MATHITHOTO
CHEKTPY. 3aB/IFAKH W00 BiJIHOCHO OJIU3bKOMY PO3TAIIyBaHHIO MOYXKHA IIPOBOJIUTH JIeTaJbHUI IIPOCTOPO-
BHUil aHAI3 KapT gcKpaBocTi. Moot Bik 3aUIITKa Ta 11l TOCTIHHI CIOCTepeXKeHHS HAJAal0Th YHIKAJIBHY
MOZKJIMBICTH JIOCJLIUTH MArHITHE TOJie HaBKOJIO 30pi-TIOMePeTHNTl HATHOBOI. Y HAIIOMY IOCTiIKeHH]
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BHKOPHUCTAHO MACIITA0OHI TPUBUMIpHI MArHITO-TiAPOIUHAMIYUHI CUMYJISIIT, STKi BiATBOPIOIOTH €BOIIOIIIO
SN1987A Bia mouarkoBoro BUOYXy /10 cy4dacHoro crany. i cumy/isitii 3 BHCOKOIO TOTHICTIO BiITBOPIOIOTH
KPUBY OJIMCKY, TECATUJIITTS 3MiH pa/io300pazxKenb Ta Kapry nojagpusaiiii yepe3 30 pokiB micjisg BHOYXY,
O IeTaTbHO Y3TOMZKYEThCS 3 TAaHUMU cliocTepezkeHb. OTOXK, Hallla TPUBUMIDHA YHCETbHA MOJETb CTAE
IHCTPYMEHTOM JOCJIi/IZKEHHST €BOJIIONIT 3aJIUIIKY. 30KPeMa, MU JTOCTIKYEMO 3MIHHA ¥ CTPYKTYPax BEKTO-
piB mosgpusarii 3 gacoMm. B 1ieil croci6 BusiBIsieMo Kodirypalio MarHiTHOTO TOJIS BCepeIrHI 3aIUIIKy
Ta JOCHIIZKYEMO HOT0 PO3MOALT ¥ HABKOJO30PSHOMY CEDEJIOBUIII /10 CHajdaxy HaJHOBOI, 10 HAKIAIA€
0OMezKeHHS Ha eBOJIIOIIIO 3ip Ha Mi3HIX CTaJigX mnepeji BUOYXOM.

QUANTUM COMPUTATION OF THE GROUND STATE OF THE ISING MODEL

V. M. Tkachuk', H. P. Laba®
van Franko National University of Lviv, Ukraine
2Lviv Polytechnic National University, Ukraine

We propose a method for studying the ground state of spin systems, specifically the Ising model, on a
quantum computer. The method utilizes the Boltzmann operator, which is implemented as a trace over
ancillary spins of a certain evolution operator. By applying the Boltzmann operator to a superposition
of all possible eigenstates of the spin system in the zero-temperature limit, we obtain the ground state.
The method and the corresponding quantum algorithm have been demonstrated for the Ising model.
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