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10-11 ciunra 2019 poky Ha Kadeapi Teopernanol diznkn JIbBIBCHKOTO HAIIOHAIBLHOTO YHIBEPCUTETY iMe-
ui Isana @panka BifgdyBasucs 23-i Pizasauni maykosi aquckycii. Tpauriiitno mpeameToM 06roBopeHHs 0yn
pobseMu (pi3uKM TBEPJIOrO Tijla, KBAHTOBOI MeXaHiKM, (Ppa30BUX IIEPEXOJIiB, CTATUCTUIHOI (pi3uKu, acT-
podizukm, KOCMOJIOTIT. YCi TOTOBiIl BUKIMKAIN 3AIlIKABICHHS ayINTOPIl 1 CIPUYIMHUIN AKTABHI JTUCKYCl.
Huzxdae momaemo anoTarrii BUTOJIONIEHNX JOTOBI €.

PI3NKA I ®I3VKN B HTII ¥V JIbBOBI

FO. Tonosau'?3, I0. Tonuap*, M. Kpacnuuwvka*?, M. Jyoxa?
acTuT i HAH VYxkpaiuu, JIpsi
VT PI3UKNA KOHJIEHCOBAHUX CUCTEM kpainu, JIbBiB
!Cuismpang L* i mizkmapoauuit Koseazx mokTopantis “Crarucruuna dbi3nKa CKIaIHux cucrem”,
JLsitmmir—Jlorapunris—JIeBiB—Koentpi, €Bpoma
3VuiBepcurer Kosenrpi, Besmka Bpuranis
4Hamjonaspauit yuiBepcuTer “Kuepo-MormisHCbKa, aKa,eMis’

3iiicHeHo orJisiy JAistibHOCTI (pi3uKiB — mificHux 4ieHiB Haykosoro Topapucrsa iM. IlleBuenka y JIbBo-
Bi [1]. Baramom, y mepiox 1899 — 1940 pp. cepen mificanx unenis HTHI mo disukm mas crocyHOK 21
Buenwuit. [lyOmikamii B ramysi isuku perysisipHO 3’SBISAIOTBCS HA CTOPIHKAX 30ipHMKA MaTeMaTHIHO-
IPUPOIOIUCHO-TiKapchKol ceknii HaykoBoro ToBapucrBa imeni IIleBuenka — ycworo omybsikoBano 74
cTarTi Ha QIBUYHY TeMAaTuKy, 3 HUX 3 Tepminosoriaaoro i 10 6i6iorpaditnoro xapakrepy. Bueni-dizukn
06epyTh aKTUBHY y9aCTh B OpPTaHi3allil #i JisIbHOCTI TAEMHOTO YKpPalHCHLKOTO yHiBepcuTeTy y JIbBOBI, saKwmit
miamiibpHO misiB y 1921-1925 pokax mjst 3a0BOJIEHHS OCBITHIX TOTPed YKPATHIIIB, T030aBIEHNX MOXKJIHBOC-
Ti JrerasibHO 37100yBaTH BuILy OcBiTY B Il0o/IBCHKIii MepKaBi miciis moabChbKO-yKpalHehKol Bittau 1918-1919
POKiB. ¥ JIOMOBii TaKOXK PO3IJISHYTO CTAHOBJIEHHS, PO3BUTOK Ta 3aracaHHsl yHIBEPCUTETi Y KpaTHCHKOI
BHCOKOI MOJTITEXHIYHOI KON, K& ITOCTaJIa Hopsi| 3 HuM [2].

[Ipami wnenis HTIII 3’sBasitoTbes Ha CTOPiHKAaX TPOBIAHIX €BpoONeiichbKuX (izuunux kypHatis. [[Iupoko
MIPAKTUKYETHCS CTaKyBAHHS Y MIPOBITHUX €BPOIEHCHKUX TeHTpax dizuunoi gymku. [lounnatoun Bix 1920-
ro poky jio ckianay gificaux wieHiB HTII obupators ¢isukis 3 inmmx kpain. Cepen aux — Makc [LiaHk,
Ans6epr Aitamraitn, Creman Tuvomenko, Muxora Kpuos, JImurpo Poxkancexmit, A6pan Hodde.

[1] FO. Tososau, FO. Tonuap, M. Kpacuunpka, B kH.: Leopolis Scientifica, 3a pex. O. Ilerpyk, A. Tpoxumuyx
(/IbsiB, 2019) (nmomano no apyky); 2ZKyps. dis. moci. 22, 4003 (2018).

[2] M. dynka, FO. Tonosau, B ku.: Leopolis Scientifica, 3a pen. O. Ilerpyk, A. Tpoxumuyk (JIssis, 2019) (mogano
210 1pyKy); upenpunt IOKC-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 diverse 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
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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 a strong magnetic field.

3) QFT in a 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 the description of a composite system’s motion which is known as the
“soccer-ball proble” in the space with Lie-algebraic noncommutativity [1,2]

(X5, X;] = ih(0%;t + 05, Xx), (0.1)
(X3, Pj] = ih(8i5 + 05 Xy, + 05, Py), (0.2)

(here 69., 0%, OF.

iis 00 05 éf] are parameters of noncommutativity antisymmetric to lower indexes, i, j, k = (1,2, 3))
and in the twist-deformed space-time [2]

[t, Xi] =0, (0.4)
[Xi, Xj] = ihfs (;) 0ij, (0.5)

(here 7 is a time-scale parameter, parameters 6;; are considered to be constants). We find that the
problem can be solved under the assumption that the 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 a noncommutative phase space of
a canonical type. We propose a 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, Phys. Rev. D 99, 026009 (2019).

[5] Kh. P. Gnatenko, Mod. Phys. Lett. A 33, 1950071 (2019).

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

PO ABI 3AJIAYI 3 JAJIEKOT'O IIOTPAHNYY A ®IBUKI TA EHTPOIIIIO
4K PO3PIBHIOBAJIbHUU ITAPAMETP

A. Posenuak
Kadenpa reopernanoi dizuku, JIpBiBCcbKMit HamioHaAbHUIE yHiBepcuTer iMeni [Barna @pamnka

[Tigxomn cratucTranol Gi3UKM — MNOMYJISPHUN IHCTPYMEHT [IOC/II2KEHHST CKJIAIHAX CHUCTEM 0i0JI0ril,
CyCHITbHUX HayKax, JIHTBicTHUIN Tormo. [IpukiamamMu € momupenHs iHMEKIH, picT KIiTUH, MOJEi TOJI0-
CyBaHHSsI, PO3IOIiI H6araTcTBa, 3aKOHOMIPHOCTI MOBH # TeKcTy Ta 6araro inmoro. OjHa 3 mMiKaBuxX 3aa4
— kyacudikalis CKIaIHAX CUCTEM 33 IMEBHUMA apaMeTPaMH.

Ha migcrasi minxomay 3 norparmads izuku, JIHCBICTHKE Ta 610/10Ti1 3aIIpOIIOHOBAHO COCIO Kiaacudika-
il oprani3MiB 3a posnomioM HyKIeoTuaiB y MitToxoHapiasnbHift JTHK [1], mas woro BukopucTano HOBUA
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TUI TOCJIIOBHOCTE HYKJIEOTH/IB, O3HAYEHNIT 38 JIHIBiCTHYHOIO aHaJorieo [2|. Bussumiocs, o 3a moro-
MOTOIO TAKUX MapaMeTpiB, K CEPEJIHs JOBXKWHA MOCITIOBHOCTI Ta €HTPOIIisl, MOXKHA 3 JTOOPOIO TOYUHICTIO
BiZIOKpeMUTH JIBI pofmHN XMKux ccabiis, Felidae (korosi) Ta Ursidae (Bemnenesi).

Hpyrum 3aBmaHHsSM OyB IOIIYK [TapaMeTpiB, SKMMH MOXKHA KIJbKICHO XapaKTepu3yBaTU CKJIATHICTDH
CIpUAHATTS TeKcTy. s anasizy BUKOPUCTAHO PI3JIBAHI Ta BEJMKOIHI MOCJTAHHS IPEKO-KATOJUIBKIX i€-
papxis [3]. Exrpomnist # TyT BusBUIIACS ITApaMeTPOM, IO JIO3BOJISIE TIEBHUM YHHOM BiJIPI3HATH OpOCTimi
TEKCTH BiJl CKJIAJIHIIINIX.

JuckyciiHIM MOMEHTOM € BUKOPHCTAHHS €HTPOIIl 9X CIIOPITHEHNX BEJIMYWH y 33a9aX TAKOTO THUILY:
3 OmHOTO OOKY, Ile MOXKe OyTH HPOCTO 3PYIHUM MATEMATHIHUM IHCTPYMEHTOM, IO I'DYHTYETHCS HA 3a-
CTOCYBaHHI 3HAHOMUX IOHATH, & 3 IHIIIONO — MOXKEe MaTH i TVIHOMUI 3MIiCT Ta mepeadavaTH BiIOBiIHY
IHTEPIIPETAITIIO.

[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 assumed that they are formed of the Gaussian density peaks of cosmological
curvature perturbations at 10 < z < 40. The semi-analytical modeling of the formation of individual
spherical halos in multicomponent models shows that the 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 also shown that inelastic collisions between the neutral atoms
of hydrogen are the 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 the
mass of the halo and the redshift of its virialization: increases with an increase in both. The visible angular
radii 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~3 at 30 < z < 40. Assuming that 1 MHz
frequency band of their detection by a radio telescope, the surface number density of the halos at different
redshifts is calculated as well as the antenna temperatures caused by halos of different mass are estimated.
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 the observational upper limits.
Increasing the durations of the observations in ten or more times may lead to the long-awaited detection
of a signal from dark ages, cosmic dawn or the epoch of re-ionization.

YIHOPAAKOBAHHSA B CUCTEMI KJIACUYHUX CIIIHIB HA ACUMETPUYHIA TPUKYTHII
IPATIII TA TIPOBJIEMA CHTHOBOI PIIVNHMN ¥V CIIOJIYKAX NiGasS, I FeGayS,

0. JIybarenun

Inemumym gisuru xondencosarnux cucmem HAH Yxpainu, JIveie

JIerko mokaszaTu, IO OCHOBHHUI CTAH CUCTEMH KJIACUIHUX CINHIB HA aCUMETPHUUHIN TPUKYTHINl rparTii
31 B3aEMOIIME B M€XKaX €JIEMEHTAPHOI TPUKYTHOI IUTAKETKN MOXKHA IOOYAyBaTH, MiHIMI3y0un (DyHKIO
TYCTUHU eHepTil 1ysa oxniel Takol miakerku. IlikaBo, 1m0 HaBiTH y TOMY pasi, KOJIU BCi TpU KyTH MixK
napaMu CIiHIB Ha IUIakeTIl PisHi (a 1e MOXKJIMBO TOJ, KoM, KpiM OiniHiiiHOI, € me # GikBajpaTndHA
B3aEMO/id MK cycinHiMu criHamMm), iCHye axK II'saTh THUIB [J100aIbHUX KOHMIrypamiii OCHOBHOIO CTaHy.
Haiickmagnimmii i3 HUX — croipaJibHe 90THPUIIIIPATKOBE BIOPsiaAKoBaHHs. 1le — BakauBwmit pe3ysbrar, 60
BiH BIJIKPHUBAE IIJISIX JI0 IMOSICHEHHsI CIIIHOBOTO 6e3y1a1y y criostykax NiGaqSy 1 FeGasSy, sikuii criocrepirasiu
€KCIIEPUMEHTAJIbHO i KiIacudiKyBaJl SIK CIIIHOBY DiJMHY.
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Puc. 1. Ilpukiag qoTupumiarpaTkoBOro BIOPSIKOBAHHS CIIIHIB Ha acCHMeTPUYHii TpukyTHi#i rparmi. Kyt mix
cyciHiMu criiHaMy y TPhOX PI3HMX HaupsiMKax — «, [ 1 . Konycu juis pisaux miarpatok 306pakeHo pisHHME KO-
JBOpaMu. ¥ MeXKaX KOXKHOI OKPeMOl MiATPATKH CIIIHOBA CTPYKTYPa € MPOCTOIO CIIPAIIBLHOI0 KOHITHOIO CTPYKTYPOIO.
Oci Bcix KoHyCIB napaJsesbHi

[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.Il. Dublenych, Phys. Rev. B 96, 140401(R) (2017).

ACCELERATING CHARGE-DISCHARGE IN NANOPOROUS SUPERCAPACITORS

S. Kondrat'»?
Institute 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! 23
nstitute for Condensed Matter Physics, NAS of Ukraine, Lviv
2Lviv Polytechnic National University
3Institute of Physics, University of Szczecin, Poland

The problem of finite-size magnetic nanoclusters’ formation in an infinite system near a phase transi-
tion point is formulated on the basis 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 of the nearest neighbors in bulk and on the surfaces of the nanoclus-
ter determines the difference in the intensity of those interactions. The corresponding formula is found.
The Grand thermodynamic potential of the investigated system is calculated in the self-consistent field
approximation.

The set of first order differential equations with partial derivatives for such parameters as concentration,
magnetization, the radius of the cluster are solved exactly. The statement about the decisive role of the
structural or fluctuation inhomogeneity of an infinite-size system for the core of the new phase appearance
is formulated. The normal law for the size distribution of nanoclusters takes into account the 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, nanoclusters with the opposite orientation of magnetization
(like magnetic domains) arise. Their mean size, dispersion, relative concentration and magnetic moment
are calculated and discussed. Those results are obtained using the Gibbs distribution because relative
nanocluster energy (compared with the energy of the identical number of particles in an infinite-size
system) depends on the radius and magnetization of the nanocluster.

[1] N. A. Korynevskii, V. B. Solovyan, Physica B 436, 111 (2014).
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BILJINB IOPUCTOI'O0 CEPEJOBUINA HA ®A30BY IIOBEAIHKY IIOJIIAUCIIEPCHUX
KOJIOIAHUX I HOJIMEPHUX CUCTEM

T. B. I's03dv, IO. B. Kanooicrud

TacTuryT disuku konjgencopanux cucrem HAH Ykpaiuu, JIbsiB

BukopucroByoun BucokoTeMIrepaTypHe HADJIMKEHHS I TEOPif0 MACIITAOHOI YACTHHKH, JTOCTIKEeHO (a-
30BY MOBE/IIHKY TIOJIiIUCIIEPCHOT KOJIOITHOT Pi/IMHY, IO PENPE3eHTOBaHA TBEPINME cepaMu 3 J0/IaTKOBOIO
B3aemoyiiero FOkaBu B HEBIOPSIKOBAHOMY IIOPUCTOMY CEDPEIOBUII, SIKE ITPEJICTABIEHE MATPUIICI0 BUIIAJI-
KOBO pO3Mimienux TeepaocdepHnx 4acTuHok [1]. 3anporoHoBaHo OpuriHaIbHUN METO AHAJITHYHOTO PO3-
paxyHKy pamiaiabHOl (GyHKIT po3momity TBepaocdepHol piguan y TBepaocdepHiit MaTpurii. 3a paxyHOK
MaTPHUIIl ICTOTHO 30LIbIIYETHCsI e(PEKT MOJIIIUCIIEPCHOCTI. 38 CepeIHbOr0 3HAYEHHSI IIOJIiIUCIIEPCHOCTI Ta,
3a, MaJIol TYCTUHU MATPUIIl CIIOCTEPIraeThbcs ABoMAa3He CHiBICHYBAHHS 3 JBOMAa KPUTHIHUMH TOYKAMU, a
TaKOXK KPUBUMH XMapH Ta TiHi, AKi YTBOPIOIOTH 3aMKHEHY METJII0 eJIIColTaabHol hopMu. 31 3pocTaHHIM
TYCTUHU MATPHUI Ta MOJIAUCIEPCHOCT] I ABI KPUTHIHI TOYKM 3’€THYIOTHCS Ta 3HUKAIOTD, a 33 HU3BKUX
TeMIeparyp cucreMa (PpakIfioHye B TPU CIiBicHy04i ¢as3u. AHajoriuny ¢$pasoBy HOBEIIHKY CIOCTEpirajin
3a BIJICYTHOCTI TIOPHCTOTO CepeIoBUINa, sika Oy/1a 3yMOBJIEHa 3POCTAHHSIM O uCIIepcHoCTi [2, 3].

Takoxk mpoBemeHo AOCTiTKeHHs (Pa30BOI MOBEIIHKYN 'Ta3-piauHa’ MO AUCIIepCHOl TOJiMEePHOT PiauHy,
dKa MPEJICTABICHA TBEPIOCHEPHUMHE JIAHITIOTOBUME MOJIEKYJIAMU 3 JIOJATKOBOIO B3AEMO/IIEI0 KBAIPATHOL
SIMU B HEBIIOPsIKOBAHOMY nopucroMmy cepeosuii [4]. st pospaxyHKy (as3oBux JiarpaM 3alpoloHOBa-
HO I 3aCTOCOBAHO y3araJbHEHHS TepMOAMHAMITHOI Teopil 30ypenb Beprxeiima Ta i1 moeHAHHS 3 TEOPIEO
MacmTabHOl JacTUHKA. TepMoanHAMIYHI BIACTHBOCTI OA3MCHOI CHCTEMH, SKa PENpe3eHTOBAHA DPiIMHOIO
TBep/iuX cdep 3 T0TATKOBOIO B3AEMO/TIEI0 KBAIPATHOI IMU B IOPUCTOMY CEPEIOBUII, IIOPAXOBAHO 3 BUKO-
PUCTaHHSIM TEPMOIMHAMITHOI Teopil 30ypenb Bapkepa—Xenepcona Jipyroro nopsaky. Jlocimzkeno Brms
MTOJTIIUCIIEPCHOCT] Ta MOPUCTOTO CEepeIoBUINa Ha (Hba30By MOBEMIHKY TAKOl CHCTeMU. BUSABISE€THCS, IO
dazoBa MOBEIIHKA CUCTEMH BH3HAYAECTHCS KOHKYPEHINEI MiXK ITUMHU JIBOMA BJIACTUBOCTSIMHU. THM dacoMm
K TIOJIi/TUCIIEPCHICTD 3YMOBJIIOE PO3IMIUPEHHS JIITHKA (PA30BOTO CIIBICHYBAaHHS 3a PAaxXyHOK IIiIBUIIEH-
He KPUTUYIHOI TEMIIEPATYPH, TTOPUCTE CEPEJIOBUINE 3MEHINYE 3HAUCHHS K KPUTUIHOI TeMIIepaTypH, TaK
i KpUTUYIHOI TYCTUHU, POOJISTIN TIISHKY (HDa30BOrO CIIBICHYBaHHS BY2KYIOI0. 31 30LIbIIEHHIM BiTHOIIEHHST
PO3MipiB YACTHHOK PiMHM IO PO3MIPIB YACTHHOK MATpUIll Ieil eeKT MOCUITIOETHCS.

[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).

JE®OPMAIIHI 1 IIOJIbOBI EGEKTI B CETHETOEJIEKTPUKY ®OC®IT IJIIIMNHY
P. P. Jlesuyvrutit, A. C. Bdosun', I. P. 3anex?

mcruryT disukn kommencopannx cucteM HAH Vkpainm, JIbBis
?Hamnjonasabauit yHiBepcuter “JIbBiBChKa mostiTexnika”, JIbBiB

Kpucran docdir rainuny (GPI) Hamekurh 10 CErHETOEIEKTPUKIB 3 BOJHEBUMU 3B’s3KaMU. Y HBOMY
HIZKYe BiJ TemuepaTypu ¢dazosoro nepexoiay 1, BUHUKA€E CHOHTaHHA Iogapusaiis Py, a B muomuni X7 —
AHTUCETIHETOEJIEKTPUYIHE BIOPAKyBaHHs. st po3paxyHKy #oro pi3ndHnx XapaKTePUCTUK BUKOPUCTAHO
moaudikoBany nporouny mozesnb GPI BpaxyBaHHAM 11'€30€IEKTPUIHOTO 3B’ 43Ky [ICEBIOCIIIHOBOI (IPOTOH-
HOT) 1 rpaTKoBol mijicucreM. Y HaOIMKEHH] TBOYACTHHKOBOIO KJIACTEPA PO3PAXOBAHO KOMIIOHEHTH BEKTODA
TIOJIIPU3AIlil Ta TeH30pa CTATUIHOI JIIeIEKTPUIHOI KPUCTAJIA, 8 TAKOXK WOTO IT'€30€JIEKTPUIHI Ta TEILTIOBI
xapakTepucTuky. JI0C/IiI2KEHO BIINB 3CyBHUAX HAIPYT, TiIPOCTATHIHOIO Ta OJTHOBICHUX THUCKIB, TO3I0BK-
HBOT'O Ta MOIMEPETHOro MoIiB Ha da30Buit mepexin ta (izudHi XapaKTEePUCTUKU KPUCTAJIA. YCTAHOBJIEHO,
IO TiIPOCTATUIHUHN 1 OJHOBICHI TUCKU MPU3BOJAATH JIO JIHIHHOTO 3HUKEHHST TEMIIEpATypHu (ha30BOTO Iie-
pexony T, a 3cCyBHa HAIIPYTa 04, — JO JiHIAHOTO TiABUIEHH T, aje P HOMY SIKiCHO He 3MiHIOIOTHCS
TeMIepaTypHi 3aleKHOCT] dismannx xapakTepucTuk (puc. 1). 3CyBHI HAPYTH 0y, 1 0gy, HE3ATEIKHO Bif
3HAKa, CIPUINHSAIOTh KBaJIpaTudHe miapuiientst tremmnepatypu 1. [Ipu mpomy mmxk<e Bim T, B mwiomuHi
X 7 BUHUKAIOTH HONEpeYHi KOMIIOHEeHTH moJigpusaiii P, i P,, a monepeddi IPpOHUKHOCTI €4, 1 €,, PO3-
6iratoTbea B Toui 1., NOAIOHO 10 TO3JIOBXKHIX €. ITonepeuni xomnonentn nosa E, i E, TOHMXKYIOTH
temneparypy T, nponopiitno 1o E2 i E2, a N03/10BKHE T10J1€ E, posvmBae dazosnit mepexin. Onnodache
MIPUKJIAJAHHS TOMEPEIHUX OB 1 3CYBHUX HAIPYT TAKOXK BUKJINKAE PO3MUTTS (pa30BOrO IEPEXOIY.
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Puc. 1. Temmneparypni 3amexHocTi JieseKTprudHOl MpoHUKHOCTI £33 Kpucrtaina GPI 3a BigcyrnocTi THCKIB Ta
nanpyr (0), 3a rinpocrarnanoro tucky (h), omHoBicHux Tuckax (p1 — 1, p2 — 2, ps — 3) 1 pi3HUX 3CyBHUX HAIIPYTaxX
(04 — 4, 05 — 5, 06 — 6) [1]. Besmmuuna tuckis i Hanpyr — 2 x6ap. A — [2].

[1] I. 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).

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
2LL* 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 the 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, the distribution of the 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 the field-theoretical renormalization
group (RG) theory, we have calculated corresponding two-loop RG functions [4]. Having completed them
by the Padé—Borel resummation technique, we have analysed the fixed points of RG transformations and
their stability [5]. Our results give no evidence of a continuous phase transition to 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).

TEMIIEPATYP! KOMIIOHEHT IIJIA3SMMU 3A ®POHTOM YIAPHOI XBUJIL. 3AJIAIIKNI
HATHOBUX K ACTPO®I3ZUYHI JIABOPATOPIi

0. Hempyx', M. Miveai?, C. Opaando®
HucruryT npukaagsmx mpobiaem Mexanixu i maremaruxku HAH VYkpainn, JIbsis
2 AcTpoHomiuna obcepsaTopis, Ilanepmo, Iramis

SBasuniku HajiHoBUX — cniasiaxis 3ip Ha (DiHAJIBHUX CTAIisIX IX €BOJIIOIT — € YyJI0BUMU acTPOMIZHIHIMHI
JIabOpaTOPisAME JJIsT BUBYUEHHS (DI3UKHM CHJIBHUX YIapHUX XBUJIb. Mu posmnoBiMo mpo Te, K HOBITHI Me-
TOIU aHAJIZY JAHUX CYJaCHUX aCTPOMI3UIHUX CIOCTEPEXKEHD M03BOJISIOTH OTPUMYBATH 1H(MOPMAITIO PO
dizuuHi BIACTHBOCTI KOMIIOHEHT HEPIBHOBAXKHOI IIJIa3MU, & CaMe: [P0 TEMIIEPATYPH €JIEKTPOHIB, IPOTOHIB
Ta BayKKUX HOHIB TC/IsT TPOXOMKEHHST (DPOHTY YAAPHOI XBUJII.
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Y3ATAJIbHEHE KEPYBAJIbHE PIBHAHHS IIT/T 9YAC BPAXYBAHHS JMHAMITHUAX
KOPEJIAITIN ¥V BIAKPUTIV KBAHTOBIN CUCTEMI TA/ABO BJIACHOI JZMHAMIKW
TEPMOCTATY

B. Ienamiox
IacruryT disukn kougencopanux cucrem HAH Ykpainu, JIbsis

BamnpononoBano yzarajbHenHs mpoekiiiinoi cxemu Hakamxuvu—IIannura [1,2] min gac orpumanis
KBAHTOBOI'O KEPYBAJILHOIO piBHAHHS (master equation) 3 ypaxXyBaHHSM BJIACHOI IUHAMIKH TEPMOCTATY.
Tlokazano, 110 Ha BifMiHY BiJl TPaJUIIHHOTO MiIX0Ty, KEpyBaabHe PiBHSHHS JJIT CTATUCTUYIHOTO OIEpa-
Topa BIKPUTOI KBAHTOBOI cucTeMu pg(t) y 2-My NOPSIKY 3& B3aE€MOJIEI0 MICTHTB JIOJAHOK, AKuil i) €
HesinitHMM 32 pg(t); il) 3anyssieTbca y MapKIBCBKIil rpanurt; iii) nepeHopMOBy€e BJIACHY 9acTOTy (-0ira.
Ileit bopmastizam BUKOPUCTOBYIOTD, JOCJIIIZKYIOUN IACOBY €BOJIIOIIIO y3arajbHEeHOI KOTEPEHTHOCTI B MOJIEJT]
3 posdasysanuaM [3].

Iamuit T KBAHTOBOTO KEPYBaJLHOTO PIBHIHHS OTPUMAHO METOJOM HEPIBHOBAaYKHOTO CTATUCTUIHO-
ro omeparopa [4], Ko 10 CKJajy IUHAMIYHUX 3MIHHUX CKOPOYEHOTO OIIUCY PA30M 3 ONEePATOPAMU
Xpn = |m)(n|, mo xapaxTepusyTh cTaH (-6iTa, BKIIOYAETHCS ONEPATOD Vint eHeprii BaaeMomii MizK
g-6iTom (S) Ta fioro orouennsim (F). Ile piBHsIHHs HeJOKaIbHe B Yaci Ta MiCTUTH KOpeJsIifiHy “KBasiTeM-
nepatypy” 1/0(t), sika € HepIBHOBaXKHUM [APAMETPOM CTAHY, TEPMOJAMHAMITHO CIIPSIZKEHUM JI0 CEPETHBOT
enepril Bzaemouil nosuoi (S + F) cucremu. 3 BUKOPUCTAHHIM 3aKOHIB 30€pEXKEHHsI OTPUMAHO DIBHSIHHS
st (3(t), ke Mae BUIVIsiJ HEPIBHOBAYKHOIO PIBHSAHHS CTaHy, JIe POJIb y3arajJbHEeHOI MUTOMOI TEII0EMHOCTI
BiIrparoTh KopeJsiiiitai GpyHKIIT “eHepris-enepris’. OrKe, qTuHAMIYHI KOPEJISIIl, 110 [TOB’si3aHi 3 3aKO-
HaMu 30eperKeHHs Ta BiIirpaloTh BaXKJIUBY POJIb Y BCTAHOBJIEHHI MAPKIBCHKOTO PEKUMY # TOIAIbIIIOMY
MIPSIMYBaHHI CICTEMH JIO0 PIBHOBArd, MPaBUILHO BPAXOBYIOTHCA B MeXKaX 3aITPOIIOHOBAHOTO MiIXOTY.

[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).

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
2L* Collaboration & Doctoral College for the Statistical Physics of Complex Systems,
Leipzig—Lorraine-Lviv—Coventry, Europe
3Centre for Fluid and Complex Systems, Coventry University, Coventry, United Kingdom

There exist different ways to model the emergence of an innovation or a scientific discovery. To give
an example, one may think of an innovation as the emergence of a new idea [1]. On the other hand, an
innovation or a scientific discovery may be seen as an atypical combination of existing ideas [2]. Scientific
records as the 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 the 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
access both to the sources of scientific information (papers) and concepts used in knowledge description
[3]. We are interested in the 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) (2018), p. 84.
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OJHOBUMIPHI OIIEPATOPH INPEANHIEPA 3 IIOTEHIIAJTAMY TUITY KVJIOHA

0. Tonrosamudi
Kadenpa nudepentianpunx piBHsAHb, JIbBiBChKMIT HamionanbHuit yaHiBepcuTeT iMeni IBana Ppanka

Omnepatopu [lpemunrepa Ha TpsMiit 3 moTenmiagamu sursaay |z| =% ta 7! gk ogmosmMipHi Momesi

ATOMY BOJIHIO CTAJIM IIPEIMETOM HAyKOBUX JOC/I/IZKeHb, HounHarouu Bij 60-X poKiB MuHysioro cropivds [1-
4]. OcHoBHE IMTaHHS, 0 BUKJINKAJIO AKTUBHI IUCKYCIl — IPOHUKHICTH YACTUHOK Yepe3 TaKi MOTEeHIial. 3
MaTEMATUIHOTO TIOTJISIY, Bi/IMOBI/IIO HA i€ TUTAHHS € MPABUILHUI BUOIP KPAtoBUX YMOB JIJIsT XBUJIHOBOL
byHKIT y MOYaTKy KOODIUHAT.

Y momosigi fitumersbes mpo ciM’to onepaTtopiB lpenunarepa Burisiy

d2
H, = —7 +Qc(x) + 72U (e ) + e V(e ),

ne U iV — niitcHi inTerpoBai MYHKINT 3 KOMIAKTHUMHA HOCIAMHA, a (). — Jiesika perysispu3aliisi HeiHTer'poB-
HOI'O B HyJIi HOTEHIiaIy KYJIOHIBCHKOI'O TUILY

Q(z){%, if <0,

L if x> 0.

Becw norentian omepatopa H. MOXKHA TAKOXK BBAXKATU PETYJIAPU3AINEIO B IIPOCTOPI y3arajabHEHUX (DyH-
Kuiit meesmonorenniany Q(x) + ad’(z) + B6(x). Tyt q- i ¢4 — niiicui cramni, § — dynkuis dipaka. Mu
JIOCJTIT2KYBaJIn PIBHOMIPHY Pe30JbBEeHTHY 30i2KHICTH ortepaTopiB H., akmio € — 0. [Tum omepaTopam Biac-
THBI JBa AKICHO pi3HI BHIIAJKM TPAHWYHI IOBEIIHKH 3aJI€XKHO BiIl TOro, 49U Ma€ d'-momioamit morermian U
pe3oHaHC HyJIbOBOI eHeprii. I'pannyni oneparopu ommcaHi B TepMiHaAX KPAOBUX YMOB y MOYATKY KOODJIH-
HAT, $IKI MU OTPUMAJIM METOJ]AMU ACHUMITOTUIHOTO aHami3y [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).
[6] Y. Golovaty, Integr. Equ. Oper. Theory 90:57, (2018), 24 p.

SINGULAR POTENTIAL IN GENERAL CASE OF DEFORMED SPACE WITH MINIMAL LENGTH

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

We study deformed Heisenberg algebra leading to a nonzero minimal uncertainty in position (minimal
length) in the general case of the deformation function. Because of the minimal length, the 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 a nontrivial sensitivity
to the minimal length.

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

KBA3ICTATUYHE HABJIN?>KEHHA B EJIEKTPOJUHAMIIII

0. Kpunuyorud
Kadenpa Teopernanoi disuku, JIbBiBchbKuit Hamionaabuuit yuisepcurer imeni Isana @panka

PosrisayTo cTpore o3uatenHs Ta BUBEIEHHS PIBHIHD KBa3iCTATHIHOTO HAOJMKEHHS B €JIEKTPOIUHAMI-
i — TaK 3BaHy KBa3iCTaTUYIHY eJeKTpoanHaMiky. JIocaizKeHo yMOBH 3aCTOCYBAHHSI Ta 3araJibHi BIACTU-
BOCTI, 110 BiJAPI3HAIOTH KBA3iCTATUYHY €JIEKTPOIMHAMIKY BiJl TOUYHOI MaKCBEJLIIBCHKOI. OTpUMaHO TaKOXK
MYJIBTUIOIbHI PO3BUHEHHSI KOMITOHEHTIB KBa3iCTATHIHUX OB M1 IIPOCTOPOBO OOMEKEHUX CHCTEM.
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JOCJILIZKEHHS HYJIIB JII-IHTA I3IHIIBCbKOTO ®EPOMATHETUKA YEPE3
B3A€MO/IIO 31 ABOCIITHOBOIO ITPOBHOIO CUCTEMOIO

A. Kyszvmax
Kadeapa Teopernunoi ¢dizukn,
JIpBiBCHKUMIT HaiOHAMBHMI yHiBepcuTeT iMeHi IBana Ppanka

JocmiiKeHo €BOJTIOII0 IBOX CIIHIB, IO B3a€MOIIIOTH i3 (hepOMATHITHOIO BAHHOIO, KA OMUCYETHCS 10~
BimbHOIO Mome/utio I3inra. 3Haiigero 38’130k HymiB JIi—fHra 1iel BaHHN 3 BUMIPIOBAHUMHI BEJIMIHHAMI
MIPpOOHOT CHCTEMH, TAKUMU SIK, KOMIIOHEHTH HaMarHideHoCTi. TakoXK OTPUMAHO 3B’sI30K MipH 3allly TAHOCTI
(y3romxkenocti) npo6HOT cucremu 3 Hysasimu Jli-Sara sanau. OTpuMaHi pe3yJbTaT 3aCTOCOBYOTHCS s
BAHHU, 10 OMUCYETHCH MOJIEILIIO 3 JAJIEKOTIEIO0.

MOJISIPU3AIIIHI EGEKTHU B II0JII KEPPA

B. Ileaux, FO. Taticmpa
[HcTuTyT NpukIIagHUX 11pobiiem mMexaHiku 1 maremaruku iM. 9. C. Ilincrpuraya HAH Vkpaiuu, JIbeis

EnekrpomaraiThe mosie y mpocropi Keppa posrisimaemo y crninopromy minxomi. Cainop Maxkceesia
BHOMPAEMO OPIEHTOBAHUM Y30BXK OIHOIO 3 KPATHUX TOJOBHUX 130TPOIHMUX HAIPSIMKIB I'DaBiTAIIHOTO
mossg. Takuit BuOIp criHOpa 3MEHINYE KiTbKICTh HEBIIOMUX KOMILIEKCHUX (DYHKIINH 3 TPHOX J0 OfHiel Ta
JTI03BOJIsIE TTIOOYIYyBaTH 3araJbHUil PO3B’ 30K y KoopnHaTax boitepa—/liHakBicTa B aHATITHIHOMY BUATJISIII.
Po3B’s130K 3 BiIOKpEMIIEHUME 3MIHHUME OTPUMYEMO y Buriiszi [1]

eiw(tff)+im¢ 1—cos@\™
Py = . . e—aw cos O - , (01)
sin O(r — ia cos 6) sin 6
ne 7 =r+MIn A+ \/zv%:ﬁ In |I—+ toip=n —+|,w € R — gacrora XBuji, m € Z — a3uMyTaIbHe

qucsio, M — maca 9opHOT JipH, @ — TUTOMET KyToBuit MoMeHT qopHoi aipu (a < M), A = r? —2Mr +a?,
ro =M+ VM?2—a?% r_ =M —+/M? — a2, C — noBiabHA KOMIUIEKCHA CTAJIA.

Posp’a30k onmcye BuximHy mpaBOMOIApU30BaHy XBWIIO 3a w > ( Ta jgiBomossipm3oBany — 3a w < 0.
Ha tioro ocuoBi Mmu orpumyemo dpopmynay s rpaBiTariiinoro anasora edekty Papajes y XBUIbOBOMY
Mi1X0/1i, (POPMYJIH JIJIst KyTa eJIIITUYHOCT] Ta KyTa opieHTaril Ta mapamerpu Crokca.

Orpumanunii pe3ysIbTaT JOBOIUTH MPABMIBHICTE OTPUMAHOTO METOAAMI T€OMETPUIHOT ONTUKNA BUCHOBKY
Jumuikosoi 1 'aexnina [2] npo BesmynHy HOBOPOTY KyTa HOJIAPU3AIlil Y HOPIBHAHHI 3 PE3yJIbTaTaMu IHIITIX
aBTOPIB Ta BIJICYTHICTH YACTOTHOI JUCIEPCII KyTa IMOBOPOTY B YChOMY JHalla30Hi 4acToT. 3 (OpMYJI JJIst
KyTa Opi€eHTaIll Ta eJIMITHIHOCTI OTPUMYEMO BHCHOBKH ITPO BILIUB KyTOBOIO MOMEHTY |dopHOI Jiipu Kep-
pa Ha TOJISIPU3AIII0 BAIIPOMIHIOBAHHS B YChOMY Jalla30HI 4acTOT Ha BinMiHy Bin orpumanumx Bapb’epi,
I'sBagannini Ta Jo1aHOM aCHMITOTHIHEX BUPa3is [3,4].

[1] B. O. Ilesnnux, 0. B. Taiicrpa Ykp. dis. xxypH. 62, 1000 (2017).

[2] H. }O. 'ueaun, U. I'. Ipimankosa, 2KypH. sxcn. Teop. dhus. 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).

PATAIIIAHE TAJIbBMYBAHHS TOYKOBOI'O 3APSY TA OIS HA BIACTAHI B IIPOCTOPI
JAE CITTEPA

A. Jlysipax, FO. SHpemro
IacruryT disukn kongencoanunx cucrem HAH Ykpainu, JIbsiB

PosrisnyTo mMexaniky TodkoBuX dacTuHOK y mpoctopi-daci ge Citrepa. Y KoHMOPMHO-ILIACKIH mapa-
MEeTPHU3aIlil I[HOr0 MPOCTOPY-YIacy MOOYIOBAHO PeasIi3alio Py HOro CUMETPIl, 110 TOYKOBOI 9aCTUHKH, 11
JIarPaHKiB Ta raMijbTOHIB onuc. ¥ MexKax dopmadsizMy inTerpadis aii Tuiry Pokkepa OyayeThbCs KiIacHd-
HA MeXaHiKa CHCTEeMHU B3AaE€MOJIIOUNX JACTUHOK y mpocTopi-daci me Cirrepa. OTpuMaHO 3arajbHUI BUIJISIT
ne Cirrep-iuBapianTHoro interpana Pokkepa. [lokazano, mo Bimomi B JiTepaTypi IpuKIIAIN CKAJISPHOL
Ta eJIEKTPOMATHITHOT B3AEMOJIiH Y3TO/KYIOTHCS 3 OTPUMAHUMH PE3YIbTATAME. 3AIPOIIOHOBAHO DiBHSIHHS
PYXY TOYKOBOTO 3aps/ly B 30BHIITHBOMY €JIeKTPOMArHITHOMY IIOJI 3 YPaxXyBaHHAM PEaKIlil BUITPOMIHIOBaH-
H.
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EPR AND OPTICAL SPECTROSCOPY OF THE V-DOPED BORATE GLASSES

B. V. Padlyak?, T. B. Padlyak?®, V. T. Adamiv*, A. Drzewiecki'
1University of Zielona Géra, Institute of Physics, Division of Spectroscopy of Functional Materials,
Zielona Goéra, Poland
2Vlokh Institute of Physical Optics, Department of Optical Materials, Lviv

A series of V-doped glasses with Li;B4,O7, LiKB4O7, CaB407, and LiCaBOg3 compositions containing
0.5 and 1.0 mol. % V2035 oxide were obtained by standard glass synthesis according to the technological
conditions which have been described in [1]. The vanadium (V) impurity was added to the raw materials
as the Vo205 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
(T = 300 K) and analysed. The EPR spectroscopy clearly shows that the V impurity is incorporated
into the network of investigated glasses, mainly, as isolated vanadyl (VO?*) molecular complex centres
with the characteristic EPR spectra of the axial symmetry. The spin Hamiltonian parameters (g, g1,
Ay, A1) of the VOt centres in the glasses with Li;B4O7:V, LiKB4O7:V, CaB407:V, and LiCaBO3: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 the simulation of
EPR spectra of the VO2* centres (electron spin S = 1/2, nuclear spin of the °*V isotope I = 7/2) with the
usage of the WINEPR “SIMFONTIA” program (Bruker Corporation). The simulated EPR spectra of the
VO?* axial centres in the investigated glasses coincide well with the corresponding experimental spectra.
The additional broad asymmetric EPR signals, observed in the LisB4O7:V, LiIKB4O7:V, and LiCaBO3:V
glasses, were attributed to the superposition of different combinations of paired centres (VAT—V4+ vi+—
Fe?t, and Fe3t-Fe3T), which couple by magnetic dipolar and exchange interactions. A local structure of
the VO?* isolated and different pair centres in the network of borate glasses is proposed.

The weak optical absorption bands which are observed in the investigated V-doped glasses have been
identified and interpreted in the framework of the crystal field theory for the VO2* molecular complex
centres. The crystal field parameters and molecular bonding coefficients for VO?* centres in the inves-
tigated glasses were calculated and compared with the corresponding referenced data for other V-doped
borate glasses with similar compositions.

[1] B. V. Padlyak et al., Mater. Sci. Pol. 30, 264 (2012).

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 an analogy in the evolution of a two-dimensional classical oscillator.
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