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PI3IBAHI JMCKVYCII 2019

10 ciumsa 2019 poky

lonosyrounit: B. Tkauyk
10:00-10:30 FO. I'onosau, @isuka i ¢izuku 8 HTI y JIsBosi
10:30—-11:00 Yu. Sitenko, Field-theoretical formalism for quantum systems in extremal conditions

11:00-11:30 Kh. Gnatenko, Parameters of noncommutative algebra and fundamental problems in
quantum space

11:30-12:00 Kasa
12:00-12:30 B. Nowosyadlyj, Emission of dark ages halos in 21-cm hyperfine line of atomic hydrogen

12:30-13:00 A. Posenuax, Ilpo aBi 3amati 3 gajiekoro nmorpannads (pisuku Ta eHTPOII0 K PO3pi-
3HIOBAJIbHUI I1apaMeTp

Tosoytounit: FO. I'osoBau

14:30-15:00 [O. /[ybaeruy, YIOPsiIKOBAHHS B CUCTEMI KJIACHIHUX CINHIB HA aCHMETPUIHIN TPUKY THIi
rparii Ta mpobiema criHoBol pianan y crnoaykax NiGagS, 1 FeGasSy

15:00-15:30 S. Kondrat, Accelerating charge-discharge in nanoporous supercapacitors
15:30-16:00 N. Korynevskii, Spin nanoclusters in the phase transition point neighborhood
16:00-16:30 Kasa

16:30-17:00 T. I'6030v, Brius nopucroro cepejiopuiiia Ha ha3oBy MOBEIHKY MOJIIUCIEPCHUX KOJIO-
IIHUX 1 TTOJIIMEPHUX CUCTEM

17:00-17:30 D. Shapowval, An influence of a local anisotropy axis distribution on the critical properties
of random anisotropy magnets

17:30-18:00 A. Bdosuu, ledopmariiiiti i moib0Bi eeKkTn B ceraeroeieKTpuky docdit riinuny



11 ciuag 2019 poky

losnoByrounit: b. HoBocaaiumii

10:00-10:30 O. Ilempyx, Temmeparypu KOMIIOHEHT ILIa3MH 3a (PPOHTOM YAAPHOI XBUJIH. SaIUIIKN
Hannosux sk acrpodizuuni jrabopaTopil

10:30-11:00 B. lenamrox, Y3araabHene Kepyiode PiBHAHHs ITPU BpaxyBaHHI JUHAMIYHUX KOPEJISIIiif
?
y BiIKpuUTiit KBaHTOBi# cucTemi Ta/ab0 BJIACHOT JUHAMIKE TEPMOCTATY

11:00-11:30 V. Palchykov, Modeling innovations and scientific discoveries through novel combinations
of ideas

11:30-12:00 Kasa

12:00-12:30 [O. I'oaosamudi, OxnoBumiphi oneparopu [Ipegunrepa 3 morenmiaaamu tuny Kymnona
12:30-13:00 M. Samar, Singular potential in general case of deformed space with minimal length
lonosyrounit: FO. Curenko

14:30-15:00 [O. Kpunuuvkrut, KBazictarnane HaOJINKEHHS Y €/T€KTPOIHAMIII

15:00-15:30 A. Kysvmax, Hocmimxenns nymis JIi-fHra i3iHriBcbKoro pepoMarieTuka depes3 B3aeMo-
JIif0 i3 JIBOCIIIHOBOIO IIPOOHOIO CHCTEMOIO

15:30-16:00 [O. Tadicmpa, Ionspusarniiini edpextn y mosi Keppa
16:00-16:30 Kasa

16:30-17:00 A. /[ysipax, Paniatiiine rajbMyBaHHs TOYKOBOTO 3apsJly Ta Jis Ha BiJCTaHI B IPOCTOPI
ne Cirrepa

17:00-17:30 B. Padlyak, EPR and optical spectroscopy of the V-doped borate glasses
17:30-18:00 V. Tkachuk, Simulation of qubits by classical harmonic oscillators

18:00—... 3axkpurrsa



DIBUKA I ®ISVKU B HTIIT ¥ JIbBBOBI

IO. Tonosax?3, I0. Tonwap*, M. Kpacnuuyvka*2, M. Jyoxa?
ucruryT disuxu xongencosannx cuctem HAH Vkpainu, JIbsis
'Crisnpama LL* i mizkmapoanmit Komemx gokTopanTis “CraTncTiana (disnKa CKIaIHIX cucTeM’,
JLainmir—/lorapuaris—/IsBiB—KoBenTpi, €sporra
3Vuisepcurer Kosenrpi, Bemika Bpuranist
‘Hamnjonambuuit yaisepcurer“Kueso-Moruiancbka akajemis’”

Baificaeno oryisijt JTistabHOCTI pisukiB — jificnux 4ieHiB Haykosoro ToBapuctsa im. IlleBuenka y
JIbBosi [1]. 3arasom, y niepion 1899 — 1940 pp. cepes aiiicaux wienis HTII 1o dhisuku MaB cTOCYHOK
21 Buennit. [IyOmikariil y rasy3i ¢isuku peryaspHo 3’gB/IAI0OTbCS HA CTOPIHKAaX 30ipHUKA MATEeMaTUTHO-
pUPOJIOUCHO-TIKapCchKol cekIril HaykoBoro Toapuctsa imeni IlleBuenka - 3arajom oryOJikoBano 74
cTtaTTi Ha (Pi3MYHY TeMaTuky, 3 HUX 3 Tepminosoriunoro i 10 6Gibsiiorpadignoro xapakrepy. Buewni-
disnkn G6epyTh aKTHBHY y4YacTbh B OpraHizariii i JisJIbHOCTI TAEMHOTO YKPalHCHKOIO YHIBEDPCHTETY Y
JIbBOBI, sikmit mianiibHO JisiB y 1921-1925 pokax it 3a/I0BOJIEHHsT OCBITHIX 1TOTped yKpalHIliB, 11030aB-
JIEHUX MOXKJIMBOCTI JierajibHO 3/100yBaTu BuIly ocsiTy B [lobebKiil ieprkaBi micist moIbChKO-yKPaiHChKOT
BiitHu 1918-1919 pokiB. ¥V J0MOBiII TaKOXK PO3IVIAIAETHCA CTAHOBJIEHHSA, PO3BUTOK Ta 3aracaHHd yHi-
BEPCHUTETY, a TAKOXK YKPalHCbKOI BICOKOI MOJITEXHITHOI KON, sTKa BUHUKJIA TIOPsT] 3 HUM [2].

Po6oru unenis HTII 3’aBisiioTbes Ha cTOpiHKAaX MPOBIIHUX €BPOIEHCHKUX (DIBUYHUX YKYpPHAJIIB.
[[Tupoko MpaKTUKYEThCA CTayKyBaHHS Yy MPOBIIHUX €BPOIENCchKUX TeHTpax dizuanoi gymku. [lounna-
1oun 3 1920-x pokiB no ckiasy mgificanx wienis HTII obupatorbes dizuku 3 inmmux kpain. Cepesr HuX
— Maxc Ilnank, Ansbept Aitamraitn, Crenan Tumorrenko, Mukosa Kpuos, Imutrpo Poxancokuii,

A6panm Hodde.

[1] FO. T'osmosau, 0. 'onwap, M. Kpacuuipka, B ku.: Leopolis Scientifica, 3a pex. O. Ilerpyk, A. Tpoxumuayk
(JIeBiB, 2019) (momamo g0 apyky); 2Kypn. dis. moca. 22, 4003 (2018).

[2] M. dyaka, FO. Tososay, B kH.: Leopolis Scientifica, 3a pea. O. Ilerpyxk, A. Tpoxumuyk (JIssis, 2019) (nogano
10 apyky); upenpunt IGKC-18-02U.

FIELD-THEORETICAL FORMALISM FOR QUANTUM SYSTEMS IN EXTREMAL
CONDITIONS

Yu. Sitenko
Bogolyubov Institute for Theoretical Physics, NAS of Ukraine, Kyiv

Recent studies of relativistic quantized fermionic matter in extremal conditions (high densities
and temperatures, presence of strong magnetic fields) have drawn the attention of researchers in di-
verse areas of contemporary physics, ranging from cosmology, high-energy and astroparticle physics
to condensed matter physics. Relativistic heavy-ion collisions, compact astrophysical objects (neutron
stars and magnetars), the early universe, novel materials known as the Dirac and Weyl semimetals are
the main physical systems where these studies are relevant. We plan to give a systematic introduction
to the basic field-theoretical formalism, that is necessary for a fruitful research in this fast-developing
area. A particular emphasis will be on the issue of finite-size effects and the role of boundaries. The
following issues will be discussed:

1) Matsubara formalism. QFT at nonzero temperature and chemical potential.

2) Chiral symmetry and topological currents in hot dense matter in strong magnetic field.

3) QFT in bounded space. Self-adjointness, confinement and boundary conditions.

4) Impact of boundaries on chiral effects in hot dense magnetized matter.



PARAMETERS OF NONCOMMUTATIVE ALGEBRA AND FUNDAMENTAL
PROBLEMS IN QUANTUM SPACE

Kh. Gnatenko
Department for Theoretical Physics, Ivan Franko National University of Lviv

We consider the problem of description of composite system’s motion which is known as "soccer-ball
problem"in the space with Lie-algebraic noncommutativity [1,2]

[Xi, X;] = ih(0%t + 0%, X},), (1)

(X, Py) = ih(6;; + 05X, + 05 Py), (2)

[P, Pj] =0, (3)

here 6%, 6% OF. @ are antisymmetric to lower indexes parameters of noncommutativity, 7,7,k =

ij iJ i iJ
(1,2,3)) and in the twist-deformed space-time [2]
) t
[(Xi, X;] = ihfy (;) Osj, (5)

(here 7 is a time-scale parameter, parameters 6,; are considered to be constants). We find that the
problem can be solved due to assumption that coordinates and momenta of different particles satisfy
noncommutative algebra with different parameters which are related to their masses. Besides due to this
assumption the weak equivalence principle is recovered in the space with Lie-algebraic noncommutativity
and in twist-deformed space-time [4,5].

Also, the problem of time-reversal symmetry breaking is studied in noncommutative phase space
of canonical type. We propose definition for tensors of noncommutativity on which the symmetry is
recovered [6].

[1] M. Daszkiewicz, C. J. Walczyk, Phys. Rev. D 77, 105008 (2008).

[2] Yan-Gang Miao, Xu-Dong Wang, Shao-Jie Yu, Ann. Phys. 326, 2091, (2011).

[3] M. Daszkiewicz, Phys. Scripta 93, 085202 (2018).

[4] Kh. P. Gnatenko, arXiv:1811.00419 (to appear in Phys. Rev. D).

[5] Kh. P. Gnatenko, arXiv:1901.00391 (to appear in Mod. Phys. Lett. A).

[6] Kh. P. Gnatenko, M. I. Samar, V. M. Tkachuk, arXiv:1811.00372 (to appear in Phys. Rev. A).

ITPO ABI 3AZAYI 3 JAJIEKOI'O IIOTPAHNYY A PISNUKU TA EHTPOIIIIO
K PO3PI3SHIOBAJIbHUI IIAPAMETP

A. Posenvax
Kadeapa teoperntnoi dizukn, JIbBiBchkuit Hamionaapumii yHiBepcurer imeni Isana Opanka

[Tigxomu craTucTu4dHol (Di3UKU € TMOIMYAIPHAM IHCTPYMEHTOM JIOCJIPKEHHS CKJIAIHUX CHCTEMY 0io-
JIOT1, CyCIJIbHUX HayKax, JiHrsictui Tomo. [Ipukiagamu € nommperHs iHeKIiil, picT KIiTUH, MO
roJIOCyBaHHsI, PO3IOIII OararcTBa, 3aKOHOMIPpHOCTI MOBHU i TeKcTy Ta Oararo inmoro. OmgHiel 3 miKaBux
33124 € Kyracudikarlisi CKJIaJHUX CHCTEM 3a MEBHUMU MapaMeTpPaMU.



Ha mincrasi mijaxomy 3 nmorpanudds (pisuku, JIHTBICTUKH Ta 010JI0TIT 3alIPOIIOHOBAHO CIIOCIO KJI1ach-
dikarii opranismis 3a posmnojiioM HykIeoTHAiB y MiToxonapiaaphii JTHK [1], mag woro 6yn0 Bukopu-
CTAHO HOBWI THUII TIOCJIIOBHOCTEH HYKJIEOTHJIIB, O3HAYEHUI 3a JIHIBiCTHYHOWO aHasorien [2|. Bussuiio-
cd, O 3a JIONMOMOT'OI0 TaKMX IapaMeTpiB, sIK CepeiHd JTOBXKUHA ITOC/IIJOBHOCTI Ta €HTPOIIisd, MOXKHA 3
J06POI0 TOUHICTIO BIZIOKPEMUTH JIBI POJMHE XMKHUX ccaBIiB, Felidae (kotoBi) Ta Ursidae (Bemmeiesi).

JIpyroro 3ajadero OyB IOIIYK IIapaMeTpiB, SKUMU MOXKHa KIJIbKICHO XapaKTepu3yBaTH CKJIaIHICTb
CUpuiiHATTS TekcTy. /s aHaizy BUKOPUCTAHO PIi3JIBAHI Ta BEJUKOJHI OC/JTaHHS I'PEKO-KATOJIUIBKUX
iepapxis [3]. Exrpomnist it TyT BusiBUIACA TTApAMETDPOM, KUl JIO3BOJISAE [IEBHUM YHHOM BiJIPI3HUTH IIPO-
CTIII TEKCTU BiJ CKJIQIHIIINX.

JIuckyciitHUM MOMEHTOM € BUKOPHUCTAHHS €HTPOINI YU CIOPIIHEHUX BEJUYUH B 3a/la9aX TaKor'o
THILY: 3 OJTHOIO OOKY, I1e MOYKe OyTH IIPOCTO 3PYIHUM MaTEeMATUIHUM IHCTPYMEHTOM, 1110 TPYHTYETHCA Ha,
3aCTOCYBaHHI 3HAWNOMUX MOHATH, & 3 1HIIIOr0 — MOXKe MAaTH 1 IJIUOIINi 3MICT Ta repedadaTy BiIIIOBIIHY
IHTepIpeTAaIlio.

[1] A. Rovenchak, Mod. Phys. Lett. B 32, 1850057 (2018).
[2] A. Rovenchak, S. Buk, J. Quant. Ling. 25, 1 (2018).
[3] A. Rovenchak, O. Rovenchak, Glottometrics 41, 57 (2018).

EMISSION OF DARK AGES HALOS IN 21-cm HYPERFINE LINE
OF ATOMIC HYDROGEN

B. Novosyadlyj'?, V. Shulga®3, Yu. Kulinich*, W. Han?
Tvan Franko National University of Lviv, Ukraine,
Institute of Radio Astronomy of NAS of Ukraine, Ukraine,
3International Center of Future Science of Jilin University, P. R. China

The emissivity of the dark ages halos with mass 108 — 10'° M, in the hyperfine structure line of
atomic hydrogen is analyzed. It is supposed that they are formed from the Gaussian density peaks
of cosmological curvature perturbations at 10 < z < 40. The semi-analytical modeling of formation of
individual spherical halos in multicomponent models shows that gas in them has the kinetic temperature
in the range 60 — 600 K due to adiabatic compression during the collapse and the temperature of each
halo depends on the time of virialization. It is shown also that inelastic collisions between neutral atoms
of hydrogen are dominant excitation of hyperfine structure levels, which pull the spin temperature to
the kinetic one. The brightness temperature of individual halos is in the range 1-10 K and depends
on mass of halo and redshift of its virialization: increases with increasing of both. The visible angular
radius of such halos are in the range 0.25-1.25 arc-seconds, their number density exponentially decreases
from Nj, ~ 0.1 — 10 Mpc=3 at z ~ 10 to ~ 1077 — 1076 Mpc~2 at 30 < z < 40. Assuming the 1 MHz
frequency band of their detection by a radio telescope the surface number density of halos at different
redshifts is estimated as well as the antenna temperatures caused by halos of different mass. The results
are compared with the measurements of the power spectrum of the 21-cm signal of neutral hydrogen
given by Murchison Widefield Array (Ewall-Wice et al., MNRAS, 460, 4320 (2016)) and the LOw
Frequency ARray (Gehlot et al., arXiv:1809.01421 (2018)): they are below of the observational upper
limits. Increasing the durations of observations in ten or more times maybe will lead to a long-awaited
detection of signal from dark ages, cosmic dawn or epoch of re-ionization.



VIIOPIJIKOBAHHSY B CUCTEMI KJIACUYHUX CIIIHIB HA ACUMETPUYHIN
TPUKYTHIN I'PATIII TA IIPOBJIEMA CIIIHOBOI PIIMHU ¥V CIIOJIVKAX
NiGaQS4 I FeGaQS4

FO. Jlybaenuy

Inemumym gisurxu xKonderncosanuxr cucmem HAH Yxpainu, Jlveis

Jlerko mokasaru, 1o OCHOBHUIA CTaH CUCTEMHU KJIACUYHUX CITIHIB HA ACUMETPUIHIN TPUKYTHIN I'PaTIIi
31 B3AEMOJIISIMM B MezKaxX €JIEMEHTAapHOI TPUKYTHOI IIAKETKM MOYKHA MOOYyBaTH, MiHIMIZyI0un (QyH-
KI[IIO TYCTHHU eHepril /it ojfHiel Takol makeTku. [likaBo, 1o HaBiTh y TOMY pasi, KOJU BCi TpU KyTHU
MiK [apaMu CIiHIB Ha IJIAKeTI Pi3Hi (a 1e MOXKJIMBO TOJI, KOJIHM, KpiM OiTiHIAHOL, € e i GikBajpa-
TUYIHA B3a€MOJIis MK CyCiHIME cIiiHaMn), iCHy€e ayK I1'siTh THIIB [JI00aJIbHUX KOHMDIrypaliiii o0CHOBHOIO
crany. Haitckiaaimmii i3 HuX — cruipaJibHe YOTUPUITII PATKOBE yHopsaKoBaHHsd. [le — BakiuBuit pe-
3yJIbTaT, 60 BiH BIIKpHUBAE MLIAX JI0 HOsICHEHHS CIIIHOBOIrO 0Oe3ya iy y cronykax NiGaoS, 1 FeGaygSy, axmuii
CrocTepirajn eKCIepuMeHTAIBHO 1 KJIacU(IKyBaJIN 9K CIIHOBY PiJIMHY.

Puc. 1: [lpuksiaj 90TUPHUITIIPATKOBOIO YIIOPSIKOBAHHSA CINHIB Ha aCUMETPUYHINl TPUKYTHINH I'DaTIL.
KyTu mix cycijaiMu criiHaMu y TPhOX pi3HHX HalpaMmkax — «, (1 . Konycn 71 pisHEX miarpaTok
300parkKeHo Pi3HUMHU KOJbopaMu. B Merkax KO:KHOI OKpeMoOl IiJAIpaTKH CIIHOBa CTPYKTypa € IPOCTOI0
CHipaJIbHOIO KOHIYHOIO cTPpYyKTypoto. Oci ycix KOHyCIB mapaJieibhi

[1] S. E. Korshunov, F. Mila, K. Penc, Phys. Rev. B 85, 174420 (2012).
[2] S. Wenzel, S. E. Korshunov, K. Penc, F. Mila, Phys. Rev. B 88, 094404 (2013).
[3] Yu.I. Dublenych, Phys. Rev. B 96, 140401(R) (2017).

ACCELERATING CHARGE-DISCHARGE IN NANOPOROUS SUPERCAPACITORS

S. Kondrat'?
nstitute of Physical Chemistry, Warsaw, Poland
2Institute of Computational Physics, Stuttgart University, Germany

Supercapacitors attract much attention as green energy storage devices with remarkable cyclability
and high power and energy densities. However, their use in high frequency applications is limited by
relatively slow charging processes. In this talk, I will focus on the physics and optimization of charge-
discharge for supercapacitors with nanoporous electrodes, which provide the highest possible capacitance
and stored energy. I will scrutinize the charging regimes of a constant-potential charging and explain
why such charging is slow and how to optimize it.



SPIN NANOCLUSTERS IN THE PHASE TRANSITION POINT NEIGHBORHOOD

N.A. Korynevskii*?3
nstitute for Condensed Matter Physics, NAS of Ukraine, Lviv
2Lviv Polytechnic National University
3Institute of Physics, University of Szczecin, Poland

Problem of finite-size magnetic nanoclusters formation in an infinite system near phase transiti-
on point is formulated on the base of the Ising-like Hamiltonian and the lattice-gas model. The only
short-range interparticle exchange interactions within the cluster and with the external environment
are taken into account. The number if nearest neighbors in bulk and on surfaces of nanocluster determi-
nes the difference in intensity of those interactions. The corresponding formula is found. The Grand
thermodynamic potential of the investigated system is calculated in the self-consistent field approxi-
mation.

The set of first order differential equations with partial derivatives for parameters: concentration,
magnetization, radius of the cluster are solved exactly. The statement about decisive role of structural
or fluctuation inhomogeneity of infinite size system for core of the new phase appearance is formulated.
Normal low for size distribution of nanoclusters takes into account a chaotic character of order parameter
fluctuations in the infinite system The nanocluster mean size, its magnetic moment and the conditions
of stability with changes in temperature are discussed.

It was shown that in a global system arise nanoclusters with opposite orientation of magnetization
(like magnetic domains). Their mean size, dispersion, relative concentration and magnetic moment
are calculated and discussed. Those results are obtained using Gibbs distribution because relative
nanocluster energy (compare with the energy of identical number of particles in infinite size system)
depends on radius and magnetization of nanocluster.

[1] N. A. Korynevskii, V. B. Solovyan, Physica B 436, 111 (2014).

BIIJINB ITIOPNCTOI'O CEPEJOBUIITA HA ®A30BY ITIOBE/JIIHKY
IIOJIIAMCIIEPCHUX KOJIOITHUX I ITIOJIIMEPHINX CUCTEM

T. B. I's030v, FO. B. Kanootcnuii
Iacturyt disukn konmencorannx cucrem HAH Ykpalau, JIsBiB

BukopucroByioun BucokoTeMIepaTypHe HabJIMKEHHS 1 TEOPito MacIITabHOT YaCTUHKHY, JTOCJIiIZKEHO
¢az30By TOBEJIHKY MO IUCIIEPCHOT KOJIOLIHOT Pi/INHMA, 110 TIPEJICTaBIeHa TBEPIUME chepamMu 3 JI0IaTKO-
BOIO B3aeMmoJiielo FOkaBu B HEBIOPSIKOBAHOMY ITOPUCTOMY CEDEJIOBUII, siKe MPeJICTaBIeHe MATPUIIEIO
BUIIAJIKOBO PO3MIIIEHUX TBEPIOCchEpHUX JacTHHOK |1]. 3amporoHoBano opuriHaj bHUI METOJ| aHAJIITH-
YHOTO PO3PAXYHKY paJiiaabHOl (DYHKINT pO3MOIiIy TBepaocdepHol pijinau B TBepaocdepHiit Mmarpuri. 3a
PaxXyHOK MATPHII iCTOTHO 301IbITYeThCA edeKT mnoJtipuctepcHocti. [Ipu cepeabomy 3HadeHH] 1TOJTiIHAC-
IIEPCHOCTI 1 IpK MaJIiif TYCTUHI MATPHUIll CIIOCTEPIraeThes ABOdgr a3He CIIBICHYBAHHS 3 JIBOMA KPUTUIHUMHI
TOYKAMU, & TaKOXK KPUBUMH XMapH Ta TiHi, gKi yTBOPIOIOTH 3aMKHEHY IETJII0 eJHIICOIIaaIbHOI (hOpMHU.
31 3pocTaHHdAM I'yCTUHU MATPUII Ta TOJIIIUCIEPCHOCTI Il JBI KPUTUYHI TOUYKM 3’€/IHYIOTHCA Ta 3HUKA-
I0Th, & [IPU HU3bKUX TeMIlepaTypax cucreMa (ppakifionye B Tpu cuiBicuytodi daszu. Anajoriuna gaszosa
MOBE/IIHKA, CIIOCTEpiraaacsd 3a BiJICYTHOCTI TOPUCTOTO CEPEJIOBUINA, dKa Oysia 3yMOBJICHA 3POCTAHHSIM
nostimenepcHocti |2, 3.



Takoxk OyJio TIPOBEJIEHO JOC/IPKeHHS (PAa30BOI MOBEJIIHKYM 'Ta3-pijauHa’ MOJIIMCIEPCHOI MMOJIiMep-
HOI DiWHM, fKa IMpeJCcTaBIeHa TBEPAOCHEPHNMH JIAHITIOTOBIMHI MOJIEKYJIaMU 3 JOJATKOBOIO B3a€MO-
JUEI0 KBAJIPATHOI SIMU B HEBIIOPSAJIKOBAHOMY mHopucromy cepejosuini [4]. Tnsg pospaxyHky dazoBux
JiiarpaM 3aIrpoIlOHOBAHO 1 3aCTOCOBAHO y3arasjbHEeHHsl TepMOJIMHAMIYHOI Teopil 30ypenb Beprxeiima Ta
T moeiHAHHSA 3 TEOpi€ MacmTaOHOI YaCTUHKU. TepMOguHAMIUHI BJIACTUBOCTI OA3MCHOI CUCTEMU, SIKa
IIpeJicTaB/IeHa PIIMHOIO TBEPIUX chep 3 J0/IaTKOBOIO B3aEMO/IIEI0 KBAIPATHOI IMU B TIOPUCTOMY CEepeJIo-
BUIIIi, [TOPAXOBAHO 3 BUKOPUCTAHHSIM TE€PMOJMHAMIYHOI Teopil 30yperb Bapkepa-XeHepcona Jpyroro
nopsaKy. JLoc/rizKeHo BIUIMB TOJIIUCIIEPCHOCT] Ta IIOPUCTOrO CEPEJIOBUINA Ha (PA30BY HMOBEJIIHKY TAaKOT
cucremu. Busisernes, 1o $hazoBa MOBeIIHKA CUCTEMH BU3HAYAETHCH KOHKYPEHINEIO MiXK IIUMH JIBOMA
BJIACTUBOCTAMU. Y TOI Yac K IMOJIUCIEPCHICTh 3yMOBJIIOE PO3IIUPEHHs 00s1acTi (pa3oBOro CriBicHy-
BaHHS 3a PAXyHOK MIJIBUINEHHS KPUTUIHOI TeMIepaTypH, IOPUCTE CEPETOBUIIE 3MEHITyE 3HAUEHHS K
KPUTUYHOI TEeMIIEpaTypH, TaK i KPUTUIHOI I'yCTUHU, POOJIAIN 00JIACTb (pa30BOTO CIIBICHYBaHHS BYK-
1010. 31 301/IBITIEHHSIM BiTHOIIEHHST PO3MIPiB YaCTUHOK PIJIMHM JIO PO3MIPIB 9aCTUHOK MaTPHUIIL el edekT
[TOCUJTIOETHCS.

[1] T. V. Hvozd, Y. V. Kalyuzhnyi, Soft Matter 13, 1405 (2017).

[2] T. V. Hvozd, Y. V. Kalyuzhnyi, Condens. Matter Phys. 18, 13605 ( 2015).

[3] T. V. Hvozd, Y. V. Kalyuzhnyi, Condens. Matter Phys. 19, 23603 (2016).

[4] T. V. Hvozd, Y. V. Kalyuzhnyi, P. T. Cummings, J. Phys. Chem. B, 122, 5458 (2018).

AN INFLUENCE OF A LOCAL ANISOTROPY AXIS DISTRIBUTION ON THE
CRITICAL PROPERTIES OF RANDOM ANISOTROPY MAGNETS

D. Shapoval?, M. Dudka*?, Yu. Holovach"*?3
nstitute of Condensed Matter Physics, NAS of Ukraine, Lviv
2IL* Collaboration & Doctoral College for the Statistical Physics of Complex Systems,
Leipzig-Lorraine-Lviv—Coventry, Europe
3Centre for Fluid and Complex Systems, Coventry University, Coventry, United Kingdom

Among structurally disordered magnetic materials the magnets with disorder in form of random
anisotropy are less studied [1]. We are interested in the possible critical properties of such magnets which
are described by the random anisotropy model (RAM) [2]. For this model an distribution of quenched
local anisotropy axis is important [3]. We consider the cases in which the local anisotropy axis obeys
complex distributions leading after disorder configurational averaging to an effective ¢*-theory with five
terms of different symmetry. Working within two different schemes of field-theoretical renormalization
group (RG) theory we have calculated corresponding two-loop RG functions [4]. Completed them by
of Padé-Borel resummation technique we have analysed fixed points of RG transformations and their
stability [5]. Our results give no evidence of continuous phase transition into ferromagnetic state.

[1] M. Dudka, R. Folk, Yu. Holovatch, J. Magn. Magn. Mater. 294, 305 (2005).
[2] R. Harris, M. Plishke, M. J. Zuckermann, Phys. Rev. Lett. 31, 160 (1973).
[3] Aharony A., Phys. Rev. B 12, 1038 (1975) .

[4] D. J. Amit, V. Martin-Mayor, Field Theory, the Renormalization Group, and Critical Phenomena (World
Scientific, 2005).

[5] G. Baker, B. Nickel, D. Meiron, Phys. Rev. B 17, 1365 (1978).



JE®OPMAIIINHI I IIOJIBOBI EOEKTU B CETHETOEJIEKTPUKY ®OC®IT
JIIHNMHY

P. P. Jlesuuyprutit, A. C. Bdosuu', I. P. Bauex?
Tneruryr dbisukn kongencosanux cucreM HAH Vkpainn, JIbis
?Hanionanbuuit yaisepeuter “JIbpiebka nositexnika”, JIbbis

Kpucrasn docdir rninuny (GPI) Hasmekurh j10 cerHeToe/IeKTpUKIB 3 BOJIHEBUME 3B’ si3KaMu. B HBO-
My HHUZKYe BiJl TemiiepaTypu (a3oBoro nepexojy 7. BUHUKa€ CIIOHTaHHa IoJdpusalia Py, a B IJIONIHI
X7 BUHWKAE aHTUCETHETOEJIEKTPUIHE BIOPsAIKYBaHHA. J[J1s1 po3paxyHKy Horo pismaHuX XapaKTePUCTHK
BUKOPHUCTAHO MOudikoBaHy mpoToHHY Mojesb GPI muisixom BpaxyBaHHS IT'€30€/I€KTPUTHOTO 3B’ 13Ky
[ICEBJIOCIIIHOBOI (IIPOTOHHOI) 1 TparKoBoil mijgcucTeM. B HaOIMKeHHI JBOYACTHHKOBOTO KJjacTepa po3-
paxoBaHO KOMIIOHEHTH BEKTOpa TOJIAPU3AIlil Ta T€H30pa CTATUYHOI JIeJIEKTPUIHOI KPUCTAJIA, & TAKOXK
HOro 11'€30€/IEKTPUYHI Ta TEIIOBI XapakKTepucTuku. Jloc/IizKeHo BIUIUB 3CyBHUX HAIIPYT, IiJIpOCTATH-
YHOI'O Ta OJTHOBICHUX THCKIB, IO3JI0OBXKHBOI'O Ta TOIEPEYHOro MOJIB Ha (has3oBmil mepexiyi Ta ¢izmdHi
XapaKTePUCTUKU KpucTasa. BecTaHOBIEHO, 0 MiIPOCTATUIHUN 1 OHOBICHI TUCKU IPU3BOAAT JI0 JIiHIl-
HOT'O 3HI2KEHHs TeMIrepaTypu (a3oBoro nepexofy 1., a 3cyBHA HAIIPYTa 0, — J0 JIHIHHOTO i ABUIIECHHS
T, ajie Ipu 1bOMY SIKICHO He 3MIHIOIOThCS TEMIIEPATYPHI 3a/1e2KHOCT] hi3MIHIX XapakTepucTuk (puc. 1).
3cyBHI HAIPpYTH 0y, 1 04y, HE3aJIE2KHO BiJ 3HAKY, IPU3BOAATE 10 KBaIPATHIHOIO IIi/IBUIICHHS TeMIepa-
typu 1. [Ipu nbomy Hik4e 7T, B mtomuHi X7 BUHUKAIOTH IMOMEPEYHI KOMIIOHEHTH ToJigpusariii P, i P,
a IOIepeyH] IPOHUKHOCTI €, 1 €., po30iraioTbes B TouI 1, MOAIOHO 10 MO3/I0BXKHIX €,,. [lonepeuni
KoMIoHenTH 1o E, 1 E, nonnxyiors Temneparypy T, nponopuiitao jo E2 i E?) a m03/10BKHE T10/1€
E, posmuBae dazosnii nepexijy. OgH0oUacHe IPUKIIAJIAHHA IIONEPEIHNAX OB 1 3CYyBHUX HAIPYT TaKOXK
[PU3BOJIUTD JI0 POSMUTTS (DA30BOIO MIEPEXOILY.

400
350t
300
2507
200
150
100

50

O L L L L
160 180 200 220 240 T,K

Puc. 1: Temmneparypni 3ajiekHoCTi JiesieKTpudHOl HTPOHUKHOCTI €33 Kpucraiay GPI npwm BigcyraocTi
tuckiB ta Hanpyr (0), mpu rigpocrarmanomy Tucky (h), onHoBicHHX THCKax (p; — 1, po — 2, p3 — 3) i
pisHEX 3CyBHUX Hampyrax (o4 — 4, 05 — 5, 06 — 6) [1]. Beamunna Tuckis i manpyr — 2 x6ap. A — [2].

[1] 1. R. Zachek, R. R. Levitskii, A. S. Vdovych, Condens. Matter Phys 21, 33702 (2018).
[2] S. Dacko, Z. Czapla, J. Baran, M. Drozd, Phys. Lett. A 223, 217 (1996).
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TEMIIEPATYPU KOMIIOHEHT IIJIA3MUI 3A ®POHTOM YJIAPHOI XBIJII.
BAJINIIIKN HAJTHOBUX AK ACTPO®IZMYHI JIABOPATOPII

O. Hempyx', M. Miuea?, C. Opaardo?
Tnernryr npuknagnux npobiem Mexamiku i maremarukun HAH Vkpainn, JIbsis
2 Acrponomiuna obcepsaropida, [Tasepmo, Irais

Bamumkn HajiHoBux — crnajiaxiB 3ip Ha (iHAJBHUX CTAJIAX X €BOJIONII — € UyJIOBUMH acTPO-
dizmannMu 1adbopaTopisiMu g BUBYEHHs (DI3UKM CUJIBHUX YJIapHUX XBUJIb. MU PO3MOBiMO 1mpo Te,
sK HOBITHI METOJIM aHAJI3Y JAHUX CyYACHUX acTPOMIZUYHUX CIIOCTEPEXKEHb JI03BOJISIOTH OTPUMYBATHU
indopmariiro mpo (izudHi BJIACTUBOCTI KOMIIOHEHT HEPIBHOBAXKHOI IIJIA3MHU, & Came PO TeMIepaTypH
€JIEKTPOHIB, IIPOTOHIB Ta BayKKUX 10HIB IMC/Is MPOXO/2KEHHST (DPOHTY YIapPHOI XBUJII.

V3ATAJIbBHEHE KEPYIOUYE PIBHSIHHS IIP11 BPAXYBAHHI JUHAMIUYHNX
KOPEJILIIN ¥V BIIKPUTIN KBAHTOBIN CUCTEMI TA/ABO BJIACHOI
JMHAMIKU TEPMOCTATY

B. Ienamiox
Iacturyt disukn konmencopannx cucrem HAH Ykpalau, JIsBiB

BanporoHoBaHo y3arajbHeHHs Hpoekiiiinoi cxemu Hakaspxkumvu-Ilannura [1,2] npu orpumvanui
KBAHTOBOI'O KEPYIOUOro PiBHsIHHS (master equation) 3 BpaxXyBaHHSM BJIACHOI JIMHAMIKH TEPMOCTATY.
[Tokazano, 10 Ha BiAMIHY BiJI TPaJUIIINHOTO IIiJIXO/Y, KepyioUue PIBHAHHS JIjIs CTATUCTUTHOTO OIlepa-
TOpa BIIKPUTOI KBAHTOBOI cucTeMU pg(t) v 2-My HOPSJIKY 38 B3a€MOJIEI0 MICTHTH JIOJIAHOK, sIKUii 1) €
HeHIHIM 3a pg(1); il) 3aHyIsIeThCsT Y MapKIiBCbKIiii rpaHuIi; iii) TepeHOPMOBYE BJIACHY YacTOTy (-0iTa.
Jlanuit popMasIisM BUKOPUCTOBYETbCS IIPHU JIOC/IIJIZKEHHI acOBOI €BOJIIONIT y3araJbHEeHOI KOrepeHTHOCTI
y Mojiesni 3 posdasysanusM [3].

[umumit TUIr KBAHTOBOI'O KEPYIOUOT'O PIBHAHHS OTPUMAHO METOJIOM HEPIBHOBAXKHOI'O CTATUCTHYIHO-
ro omeparopa [4|, Komm 10 cKiagy AMHAMIYHAX 3MIHHAX CKOPOYEHOIO ONHUCY PAa30M 3 OlepaTopaMu
Xon = |m)(n], mo XapakrepusyioTh cTan (-6iTa, BKIIOUYAETLCH ONEPATOP Vin eHeprii B3aeMoii Mizk
q-6irom (S) ra itoro orouennsim (F). Jlane Kepytode DiBHSIHHSI € HEJIOKAJIBHUM y 9aci Ta MiCTUTH KOpe-
iy “ksasiremneparypy” 1/5(t), ska € HEPIBHOBAYKHUM [APAMETPOM CTAHY, TEPMOJUHAMIYHO CIIPsi-
JKEHIM JI0 CepeJIHbOI eHepril B3aeMo/Iil moBHoi (S + F) cucremu. 3 BUKOPUCTAHHSIM 3aKOHIB 30€peKEeHHsI
OTPUMAaHO PiBHSHH:A Jist (1), siKe Mae BUIJIsI)T HePIBHOBAazKHOTO PIBHSIHHSI CTaHy, /1€ POJIb y3araabHeHO!
MIATOMOI TEIIOEMHOCTI BiIrpaioTh Kopesdriiiini (pyHkIil “eneprig-enepriga’. Takum duHOM, JUHAMIYHI
KOPEJIAIIl, 10 MOB’si3aHi 3 3aKOHAMU 30eperKeHHs Ta AKi BiIirpaloTh BayKJIMBY POJIb Y BCTAHOBJICHHI
MapKiBCHKOT'O PEXKUMY Ta MOJAJBIIIOMY MPAMYBaHHI CHCTEMHU JI0 PIBHOBAru, MPaBUILHO BPaXOBAIOTHCS
y paMKax 3aIlpOIIOHOBAHOTO TiIXOJTY.

[1] S. Nakajima, Progr. Theor. Phys. 20, 948 (1958).

[2] R. Zwanzig, J. Chem. Phys. 33, 1338 (1960).

[3] V.G. Morozov, S. Mathey, G. Ropke, Phys. Rev. A 85, 022101 (2012).
[4] V. Morozov, V. Ignatyuk, Particles 1(1), 285 (2018).
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MODELING INNOVATIONS AND SCIENTIFIC DISCOVERIES THROUGH NOVEL
COMBINATIONS OF IDEAS

V. Palchykov*2, Yu. Holovatch'??3
nstitute of Condensed Matter Physics, NAS of Ukraine, Lviv
2IL* Collaboration & Doctoral College for the Statistical Physics of Complex Systems,
Leipzig—Lorraine-Lviv—Coventry, Europe
3Centre for Fluid and Complex Systems, Coventry University, Coventry, United Kingdom

There exist different ways to model emergence of an innovation or scientific discovery. To give
an example, one may think of the innovation as an emergence of a new idea [1|. On the other side,
an innovation or scientific discovery may be seen as an atypical combination of existing ideas |[2].
Scientific records as results of scientific creativity that are recorded in text formats and published as
articles provide a good source to investigate such processes (giving access to their validation, openness,
authorship, etc.). Our analysis relies on an assumption that scientific ideas or concepts are reflected
by scientific terms. Thus, the latter may serve as an ideal database to investigate knowledge structure,
innovations and discoveries. In our study, we use data extracted from research publications (arXiv
preprints) that give an access both to the sources of scientific information (papers) and concepts used in
knowledge description [3]. We are interested in investigation of the global picture of concept (knowledge)
network. As a case study we consider scientific knowledge, which is represented as a complex bipartite
network of articles and related concepts [4]. We present a thorough analysis of this network and suggest
a model that correctly reproduces its principal features.

[1] I. Tacopini, S. Milojevic, V. Latora, Phys. Rev. Lett. 120, 048301 (2018).
[2] B. Uzzi, S. Mukherjee, M. Stringer, B. Jones, Science 342, 468 (2013).
[3] V. Palchykov, V. Gemmetto, A. Boyarsky, D. Garlaschelli, EPJ Data Science 5, 28 (2016).

[4] V. Palchykov, Yu. Holovatch, IEEE Second International Conference on Data Stream Mining & Processing
(Dsmp2018), p. 84 (2018).

OJHOBUMIPHI OIIEPATOPU INIPEJIVUHI EPA 3 IIOTEHIIIAJTAMUI TUITY
KVYJIOHA

O. Torosamudi
Kadenpa mudepenmiaabunx piBHgHb, JIbBiBChbKMil Harionaabuuil yaiBepcuteT iMeni [Bana @panka

Omneparopu HIpepunrepa Ha npsMiii 3 norenmiagamu sursyty |z ! ra 27! gk ognosumipni Mozeni
aTOMYy BOJIHIO CTaJIM IIPEJIMETOM HAYKOBHUX JIOC/II?KEHb, MOYNHa04IN 3 60-X POKiB MUHYJIOIO CTOPIYYS
[1-4]. OcHoBHUM TUTAHHSIM, sTKe BUKJIMKAJIO AKTHBHI JUCKYCil, OyJI0 UTaHHS PO MPOHUKHICTH YaCTH-
HOK depe3 Taki MOTeHIa . 3 MaTeMaTHIHOrO IMOTJIsITy BIJIOBI/III0 Ha MUTAHHS € MPaBUJILHUN BUOIp
KpafloBUX YMOB JIjIsI XBUJIbOBOI (DYHKIIT y TTOYATKY KOOP/IUHAT.
Y nomnosiji fitumersbes 1po ciM’io onepatopis Ilpeaunrepa Burismy
d? —277( 1 —1y/(—1
H. = 0 +Q(x)+eU(e 'x)+e V(e x),

e U 1V — nificui inTerpoBHi (GyHKIIT 3 KOMIIAKTHUME HOCiAMU, a (). — Jlesika pery/sipu3allisi HeiHTe-
IPOBHOT'O B HYJII ITOTEHIia/Ia KYJIOHIBCHKOT'O THILY

Q) = {q?, if <0,

if x> 0.
x
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Becnh norentiiag oneparopa H. MOKHa TAKOXK BBaXKaTU PEryJISPU3AIIEIO B IPOCTOPI y3arajabHeHuX (yH-
kit ncesmonorenmiana Q(x) + ad’(x) + B(x). Tyr q_ i q. — niticui crami, § — dbyuxuia Jipaka. Mu
JIOCJIJIZKYBaJIM PIBHOMIPHY Pe30JibBeHTHY 30i:KHICTh onepatopiB H,. npu € — 0. llum onepaTopam Bjia-
CTUBI JBa SKICHO PI3HUX BUIAIKU I'PAHUYHOIO HMOBEIIHKU B 3aJI€2KHOCTI Bij Toro, um Mae ¢'-momibHuii
norentian U pe3onanc HysboBOI eHepril. ['panuvni oreparopu onmcaHi B TepMiHax KpaloBUX YMOB y
HOYATKY KOODJIMHAT, SKi MU OTPUMAJN METOJaMI aCHMIITOTHIHOTO aHaisy [5].

[1] R. Loudon, Am. J. Phys. 27(9), 649 (1959).

[2] M. Moshinsky, J. Phys. A: Math. Gen. 26, 2445 (1993).

[3] P. Kurasov, J. Phys. A: Math. Gen. 29, 1767 (1996).

[4] B. Bodenstorfer, A. Dijksma, H. Langer, Proc. Roy. Soc. Edinburgh Sec. A: Mathematics 130, 1237 (2000).
[5] Y. Golovaty, Integr. Equ. Oper. Theory 90:57, (2018), 24 p.

SINGULAR POTENTIAL IN GENERAL CASE OF DEFORMED SPACE WITH
MINIMAL LENGTH

M. 1. Samar, V. M. Tkachuk
Department for Theoretical Physics, Ivan Franko National University of Lviv

We study deformed Heisenberg algebra leading to nonzero minimal uncertainty in position (minimal
length) in the general case of deformation function. Because of minimal length coordinate representation
does not exist. Due to this fact, it is especially interesting to study the effect of the minimal length on
systems with singular potentials, since such systems are expected to have the nontrivial sensitivity to
minimal length.

We consider a particle in 1D Coulomb-like potential and a particle in attractive inverse square
potential. We solve analytically bound states equation and discuss in detail the bound states spectrum
for a specific cases of the generalized uncertainty relation for both systems.

KBASICTATUYHE HABJIN2KEHHA ¥V EJIEKTPOJIVHAMIIITI

FO. Kpunuuyvkud
Kadempa teopermanol dizuku, JIbBiBcbKuUil Hamionaabuuii yaisepcurer imeni Isana Opanka

PosriisinyTo cTpore o3nadeHns Ta BUBEJIEHHA PIBHAHL KBA31CTATUYIHOIO HAOJIUKEHHS Y €JIEKTPO/IH-
HaMiIll — TaK 3BaHy KBa3iCTATUYHY €JeKTPOJAMHaMIKY. /loc/Ii/izKeHo yMOBM 3aCTOCYBaHHs Ta 3arajibHi
BJIACTUBOCTI, IO BiJIPI3HAIOTH KBa3iCTATUYIHY €JIeKTPOINHAMIKY BijJ TOYHOI MaKCBe/LTBCHKOI. OTpuma-

HO TaKOzK MyJIbTI/IHOJIbHi PO3BUHEHHA KOMIIOHEHTIB KBa3iCTaTUYHUX IOJIB JJI ITIPOCTOPOBO 0OMEZKEeHUX
CHUCTEM.
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JOCJITI2KEHHSA HYJIIB JII-AHT'A ISIHTTBCBKOI'O PEPOMATHETUKA YEPE3
B3A€EMO/IITO I3 AIBOCIIIHOBOIO ITPOBHOIO CUCTEMOIO

A. Kysvmax
Kadenpa teopernanol ¢izuku,
JIbBiBCHKUIT Halionaabuuil yHiBepcuTeT imeni [Bana @panka

HocmimKyerbess €BOTIONIS JIBOX CIIHIB, 10 B3a€MO/IIOTH i3 (hepOMATHITHOIO BAHHOIO, SKa OIHUCY-
€ThCsl JIOBLIBHOIO MOJie/uTio [3iHra. 3HaxouThes 3B'130K Hy B Jli-fHra 1iel Banau i3 BUMiproBaHUME
BEeJTMINHAMU TTPOOHOT CUCTEMU, TAKUMHU sIK, KOMIIOHEHTH HaMarHideHoCTi. TaKkoxK, OTPUMYETHCA 3B’ 130K
Mipu 3aruryTaHocTi (y3rojpkenocti) npobuoi cucremu i3 wyiis Jli-fura sannun. Orpumani pesyabraru
3aCTOCOBYIOTHCS JIJIsT BAHHU, IO OMHUCYETHCS MOJIELIIO 13 JTAJIEKOJIIEIO.

IIOJIAPU3AIINHI EOEKTHU V I10JII KEPPA

B. Ileauz, FO. Taticmpa
[acTuryT npukiagaux npobiem mexaniku i matemaruku im. Z. C. [ligcrpurasa HAH Vkpaiau, JIsBiB

Enexrpomaruitae moste y npoctopi Keppa posrisaemo y crinopuomy tmiaxosi. Crainop Makcsesia
BUOUPAEMO OPIEHTOBAHUM B3JIOBK OJIHOI'O 3 KPATHUX TI'OJIOBHUX 130TPOITHUX HAINPIMKIB I'PaBiTAIITHOTO
nosig. Takwuit BUOIp criHopa 3MeHIy€e KiJIbKICTh HEBIIOMUX KOMILIEKCHUX (PYHKIHH 3 TPHOX JI0 OJHIET
Ta JI03BOJIS€ MOOY/IyBaTH 3arajbHuil po3B’d30K y KoopiauHaTax boitepa-JliHjgkBicTa B aHaaiTUIHOMY
Bursi. Po3B’sa30K 3 BiZIOKpeMJIEHUMHU 3MIHHUME OTPUMYEMO y BUTIs [1]

ezw(t—?’)-l-zm(ﬁ e—aw cos (1 — COS 9) m
) )

P2 = (1)

sin O(r — ia cos 0 sin 0
- 2 _ _ .
ner =r+MIn A+ \/J\%—(ﬂ In | 7=+ ooz In —=+ |, w € R—uacrora xBui, m € Z — a3uMyTajbHe

qncio, M — mMaca 9OPHOI JipH, @ — MUTOMUIT KyTOBHiT MOMeHT YopHOi gipu (a < M), A = r>—2Mr+a?,
ry =M+VM?—a? r_=M—+/M?—a? C — 10BlLIbHA KOMILIEKCHA CTAJIA.

Po3B’a30K onmcye BUXiHY MPaBOMOJIAPU30BAHY XBUJIIO ITPU w > () Ta JIBOMOJSPU30BaHy — IIpU
w < 0. Ha itoro ocnoBi mu orpumyemo cdopmysy g rpasitariiinoro anajory edekry Papajes y
XBUJIBOBOMY ITiJIXO/Ii, (DOPMYJIH JIIsT KyTa eJIITUIHOCTI Ta KyTa opieHTaril Ta napamerpu CTokca.

OTpumanuii pe3yabTaT JOBOJUTH MPABUILHICTH OTPUMAHOTO METOJIaMU NeOMETPUIHOI ONTHKHU BH-
cuoBky Jlumuikosol i [rejtina [2] npo BesmvuHy MOBOPOTY KyTa MOJIApU3AIiil Y HOPIBHAHHAME 3 PE3YJlb-
TaTaMM IHITUX aBTOPIB Ta BI/ICYTHICTh YaCTOTHOI JUCIIEPCil KyTa IIOBOPOTY Y BChOMY Jlialla30Hi 4aCTOT.
3 dopmys s KyTa OpieHTAIil Ta eJINTUIHOCTI OTPUMYEMO BHUCHOBKHU IIPO BILIMB KYTOBOIO MOMEH-
Ty yopHol jJipn Keppa Ha mosgpu3aliiio BUIIPOMIHIOBAHHS y BCHOMY Jlialla30Hi 9acTOT Ha BiJIMIHY Bif
orpumanux Bap6’epi, I'saganbini Ta JosanoM acuMoToTHYHUX BUPasis [3,4].

[1] B. O. ITenux, ¥O. B. Taiictpa Ykp. ¢is. xypu. 62, 1000 (2017).
[2] H. }O. 'meaun, . T'. Ipimaukosa, 2Kyph. skei. Teop. dus. 94, 26 (1988).
[3] A. Barbieri, E. Guadagnini, Nucl. Phys. B 703, 3919, (2004).

[4] L. Leite, S. Dolan, L. Crispino, arXiv:1707.01144v1|gr-qc| (2017).
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PAIIAITIITHE TAJIbMYBAHHSI TOYKOBOTO 3APSIY TA IS HA BIJICTAHI
B IIPOCTOPI JIE CITTEPA

A. Jlysipax, FO. Hpemro
IacturyT disukn koujencoBanux cucreM HAH Ykpainu, JIbBiB

Posrnsiaernbes Mmexanika TOYKOBUX 9acTUHOK y 1pocTopi-daci jie Citrepa. B kondopMmuo-ruiackiii
rapamMeTpusarliil 1boro MpocTOpy-4acy Ho0y/I0BAaHO peasii3alliio Ipynu Horo cuMeTpii, Jil0 TOYKOBOI Ya-
CTUHKH, 11 JIarpaHKiB Ta ramijbToHiB onuc. B pamkax dbopmastizmy inrerpadis jil Tuny Pokkepa Oy-
JIYETHCST KJTACMTHA MeXaHIKa CHCTeMU B3aEMOJIIIOUNX YaCTHHOK y mpocTopi-daci jie Citrepa. OTpumano
zarajbuuit Burssay je Cirrep-inBapianTaoro interpasy Pokkepa. Ilokazano, 1o BijoMi B JiiTepaTypi
NPUKJIQ/IA CKAJSIPHOI Ta €JIeKTPOMArHeTHOI B3a€MOJII Y3rOKYIOThCA 3 OTPUMAHUMU Pe3yIbTaTaMu.
3aIporioHOBAHO PIBHSHHS PYXy TOYKOBOI'O 3apsi/ly B 30BHIITHBLOMY €JIEKTPOMATHITHOMY IIOJ 3 Bpaxy-
BaHHSAM peakIlil BUITPOMIHIOBAHHSI.

EPR AND OPTICAL SPECTROSCOPY OF THE V-DOPED BORATE GLASSES

B. V. Padlyak"?, T. B. Padlyak?, V. T. Adamiv?, A. Drzewiecki!
YUniversity of Zielona Géra, Institute of Physics, Division of Spectroscopy of Functional Materials,
Zielona Gora, Poland
2Vlokh Institute of Physical Optics, Department of Optical Materials, Lviv

A series of V-doped glasses with Li;B,0,, LIKB,O7, CaB407, and LiCaBO3 compositions containing
0.5 and 1.0 mol. % V305 oxide were obtained by standard glass synthesis according to technological
conditions, which have been described in [1]. The vanadium (V) impurity was added to the raw materials
as V205 compound in amounts 0.5 and 1.0 mol. %. The X-band electron paramagnetic resonance (EPR)
and optical absorption spectra of obtained borate glasses were registered at room temperature (7" =
300 K) and analysed. The EPR spectroscopy clearly show that the V impurity is incorporated into
the network of investigated glasses, mainly, as isolated vanadyl (VO?') molecular complex centres with
characteristic EPR spectra of the axial symmetry. The spin Hamiltonian parameters (g, g1, Aj, A1) of
the VO?* centres in glasses with LisB4O7:V, LiKB,O7:V, CaB,07:V, and LiCaBOs3:V compositions have
been determined from their experimental EPR spectra. The obtained spin Hamiltonian parameters as
well as peak-to-peak derivative linewidths and lineshapes were used for simulation of EPR spectra of the
VO?* centres (electron spin S = 1/2, nuclear spin of the *'V isotope I = 7/2) with usage the WINEPR
“SIMFONTA” program (Bruker Corporation). Simulated EPR spectra of the VO?T axial centres in
the investigated glasses good coincides with corresponding experimental spectra. An additional broad
asymmetric EPR signals, observed in the LisB4O7:V, LIKB,O7:V, and LiCaBO3:V glasses, were assigned
to the superposition of different combinations of paired centres (V4T—V4+ VAT—Fe3t and Fe3t-Fe3t),
which coupled by magnetic dipolar and exchange interactions. The local structure of the VO?T isolated
and different pair centres in the network of borate glasses is proposed.

Weak optical absorption bands, which are observed in the investigated V-doped glasses have been
identified and interpreted in the framework of crystal field theory for the VO?T molecular complex
centres. The crystal field parameters and molecular bonding coefficients for VO?** centres in the investi-
gated glasses were calculated and compared with corresponding referenced data for other V-doped
borate glasses with similar compositions.

[1] B. V. Padlyak et al., Mater. Sci. Pol. 30, 264 (2012).
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SIMULATION OF QUBITS BY CLASSICAL HARMONIC OSCILLATORS

H. P. Laba', V. M. Tkachuk?
'Lviv Polytechnic National University,
2Department for Theoretical Physics, Ivan Franko National University of Lviv

The classical analogy of quantum bits (qubits) is studied. We show that the evolution of qubits
can be simulated by the evolution of classical oscillators. Decoherence of the qubits represented by
spins-1/2 in a flutuating magnetic field has the corresponding classical analogy. We also show that the
entanglement of two qubits and their evolution have analogy in the evolution of a two-dimensional
classical oscillator.
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