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11-12 ciung 2018 poky Ha Kadeapi Teopernynol pizuku JIbBIBCHKOro HAIlIOHAJIBHOIO YHIBEPCUTETY iMe-
ui [Bana @panka BigOyBammcs 22-1 Pizgssaui naykosi puckycii. Tpamuriitao npeamerom o0roBopeHHs OyJim
mpobemMn (pi3UKU TBEPIOTO Tijla, KBAHTOBOI MeXaHiKM, (pa30BUX MEPEXOMIiB, CTATUCTAUIHOI (Di3uKM, act-
podisuku, KocMosIoTil. Yci T0noBiIi BUKINKAIN 3AI[KABACHH ayIuTOPil 1 COPUYMHUIN aKTUBHI JUCKYCil.
Huxue mogaemo aHoTtaril BUTOJIONIEHUX TOTOBIIE.

CYIIEPCUMETPUYHUIA KBAHTOBU OCIMJIATOP B IIACTIII IEHHIHT A

0. fpemxo
IacruryT disukn kougencosanux cucrem HAH Ykpaiuu, JIbsis

Jlocuti/zKeHO KBAaHTOBY JIMHAMIK 3apsity 31 cinoM 1/2 B ineanshiit nacrii Ienninra. Yactuaka yrpumy-
€ThC B poOOUiil KaMepi MPUCTPOIO eJIEKTPUIHNM ITOJIEM, IO € TPAJIEHTOM KBaIPYIIOJILHOTO MTOTEHITATY

M 1
e®(p, 2) = 7@3 (—2p2 + zQ) ;

Ta, ofiHOPiHIM MarHiTHMM nosleM B = [V x A], opieHTOBaHUM B3JI0BXK OCi 2:

1
ZA = —§ch (—y,z,0).

AxkciampHa 9acToTa, W, Ta MEKIOTPOHHA YACTOTA, We, 380BLILHAIOTH YMOBY yTpUMaHHS: 2w2/w? < 1.
3aBJIgKN aKCiajibHiil cuMeTpil TpeTss KOMIIOHEHTa, IIOBHOIO MOMEHTY KiJlbKOCTi pyXy J3 = L3+ S3 Ta rami-
abronian Jlipaka koMmyTytoTh. 1106 po3s’s3aTu HepessiTuBicTChbKy (OCHOBaHY Ha piBHsiHHI Ilayui) sagady
Ha BJIacHI (DyHKIIT Ta BJIACHI 3HAYEHHST KOMYTYIOUYNX €PMITOBUX OIEPATOPIB 3aCTOCOBAHO CyTIEPCUMETPUI-
Hy KBaHTOBY MexaHiky Birrena [1]. XBuiboBy DyHKIIIO IIyKAEMO Yy BULJIsII]

—i(m+1)¢
x(z) | © Rilp)
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ne x(z) — noainom Epmira. Pajiaibii yacTuHU CyllepCUMeTPHYHIX IapTHEPIB (haKTOpU30BaHi CXOIUHKO-
BUMH OIIEPATOPAMH i3 CYIMEPIIOTEHITIAJIOM

m+1/2

Wip;m)=p—
(p;m) =p 5

3HaiiJIeHO CIEKTPU CYIIEPCUMETPUIHUX HapTHEPIB. 3a JOMOMOTOI0 CTaHIAPTHOI Teopil 30ypeHsb 3HaleHO
HONIPABKHU JI0 HEPEJISITUBICTCHKOTO crieKTpa [2].

[1] E. Witten, J. Diff. Geom. 17, 661 (1982).
[2] Yu. Yaremko, M. Przybylska, A. J. Maciejewski, Int. J. Mass Spectrom. 422, 13 (2017).
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A CLASS OF EXACT SOLUTIONS OF THE MAXWELL EQUATIONS IN THE KERR FIELD AND
THEIR USE FOR DESCRIBING NEW EFFECTS

V. Pelykh, Yu. Tuistra
Pidstryhach Institute for Applied Problems of Mechanics and Mathematics,
NAS of Ukraine

The problem of the evolution of test fields in the Kerr space-time background had been substantially
solved by Teukolsky, but the Teukolsky radial equation and the Teukolsky angular equation still contain
mathematical difficulties of a theoretical and computational character: until recently, solving those equa-
tions analytically was considered impossible in terms of known functions, so approximations with a more
simple function — spin-weighted spherical harmonics which generalize spheroidal wave functions (when
spin is zero) and spin-weighted spherical harmonics (when aw = 0), Jacobi polynomials, continued frac-
tions, Heun functions were used for the computing, but all the approaches were faced with computational
difficulties. As a result, there are quite a few physical consequences of these equations, the most famous
of which is Starobinski’s prediction of superradiance.

By using the Newman-Penrose method in the spinor form we have found (simultaneously with Jezierski
and Smolka but in a different analytical form) an exact general solution and a solution with separated
variables which describes a null one-way Maxwell field on the Kerr space-time background in a class
of algebraically special solutions and have investigated some of their properties and extracted physical
consequences. This general solution generalizes the known solution of Torres in the Minkowski space-time.
From the solution with separated variables we deduce the exact formula for the rotation of the plane
of polarization (a gravitational analog of the Faraday effect) and a conclusion about the suppression of
right- handed electromagnetic waves for all frequencies as well as the expression for phase shift. The latter
contains 11 as a partial case I the known result in the Schwarzschild case.

3AILTYTAHICTD I TEOMETPII KBAHTOBHUX CTAHIB CUCTEMMU CIITHIB
I3 JIAJTEKO/IIEIO

A. Kysvmax
Kadenpa teoperutunoi ¢dizukn,
JIbBiBCHKMIT HaITiOHAJLHUIT yHiBepcuTeT iMeHi [Bana Ppanka

Hocutimxeno epodtoriito cucremu N CIIiHIB, M0 BCi B3aeMomitoTb. OTpuMaHo BUpa3 JJIsd €BOJIIOII] 3aILIy-
TAHOCT] OJ[HOTO CIIHY 3 PEINTOIO CINHIB 3aJIeXKHO Bij MPOeKIiii moyaTkoBoro crany. OOUHCIEHO METPUKY
MHOI'OBHLY, AKHi MicTuTh 11i cranu. I[lokazano, mo BiH Mae Tonosorito ccdepu. Takok 3HANIEHO 3aJI€XK-
HICTh 3aIJIyTAHOCTi CTaHy BiJ KPUBU3HN MHOTOBH/LY.

ISING MODEL WITH A POWER-LAW SPIN LENGTH DISTRIBUTION

B. Berche'2, Yu. Holovatch®3, M. Krasnytska®3
! Institut Jean Lamour, CNRS/UMR 7198, Groupe de Physique Statistique,
Université de Lorraine, France
2 L* Collaboration & Doctoral College for the Statistical Physics of Complex Systems,
Leipzig—Lorraine-Lviv—Coventry
3 Institute for Condensed Matter Physics, NAS of Ukraine

Considering the critical behaviour on networks, special attention has been paid to the case of scale-
free networks, which are characterized by a power law decay of the node degree distribution [1]. It is
well established by now that the fundamental features of criticality, scaling and universality have to be
reconsidered when a system resides on a scale-free network, see e.g. [2]. In our study we decided to further
analyse the combined impact of the two power laws present in the system. To this end, we consider the
Ising model with a power-law spin length distribution on a scale-free network. As we show in our study,
an interplay of the two power laws governing the systems statistics leads to a rich phase diagram with
a variety of phase transitions in different universality classes [3]. We discuss possible applications of the
model considered.

[1] R. Albert, A.-L. Barabasi, Rev. Mod. Phys. 74, 47 (2002).

[2] M. Krasnytska, B. Berche, Yu. Holovatch, R. Kenna, J. Phys. A 49, 135001 (2016).
[3] B. Berche, Yu. Holovatch, M. Krasnytska (unpublished).
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LIGHT FROM DARK AGES

B. Novosyadlyj'2, O. Sergijenko', V. Shulga®?
! Astronomical Observatory of Ivan Franko National University of Lviv
2International Center of Future Science of Jilin University, Changchun, P. R. China,
3Institute of Radio Astronomy, NAS of Ukraine, Kharkov

The observational and theoretical studies of the structure and composition of the Universe at different
scales and epochs, the search for new precise tests for them are an important part of modern cosmology.
We analyse the formation of first objects at the end of the cosmological Dark Ages in the multicomponent
Universe (dark matter, dark energy, baryonic matter and thermal radiation) and their possible observa-
tional manifestations. Before the appearance of the first luminous objects (Population IIT stars, quasars
and first galaxies), the baryonic gas with some primordial molecules content in the dark matter halos can
either absorb the background thermal (relic) radiation or radiate in the rotationalllvibrational molecular
lines [1]. We discuss the possibility of observing them using advanced low frequency radio telescopes.

We also show that the abundance of different molecules at the end of Dark Ages depends on the nature
of dark components, especially on the type of dark matter [2]. If the dark matter is warm and consists
of decaying or self-annihilating particles, the formation/dissociation of molecules depends on its nature.
We discuss the possibility of constraining the warm dark matter parameters (density, mass and lifetime
of particles) using the radioastronomical observational data.

[1] S. Lepp, P. C. Stancil, in The Molecular Astrophysics of Stars and Galazies, edited by Thomas W. Hartquist
and David A. Williams (Clarendon Press, Oxford, 1998), p. 37.
[2] B. Novosyadlyj, O. Sergijenko, V. Shulga, Kinem. Phys. Celest. Bodies 33, 3 (2017).

CRITICAL BEHAVIUOR OF TWO-DIMENSIONAL MODELS WITH ISING SPINS
IN THE PRESENCE OF LONG-RANGE CORRELATED DISORDER

M. Dudka
Institute for Condensed Matter Physics, NAS of Ukraine, Lviv

We consider the critical behaviour of the two-dimensional Ising model and the N-‘colour’ Ashkin—Teller
model in the presence of random defects whose correlations decay with the distance r as the power-law
r~% Mapping the problems onto two-dimensional Dirac fermions with a correlated disorder we study
the critical properties within the renormalization group approach. Using the two-loop approximation for
the Ising model with 0.995 < a < 2 we find a new critical behaviour characterized by the correlation
length exponent v &~ 2/a. Applying bosonization, we also calculate the averaged square of the spin-spin
correlation function and find the corresponding critical exponent 7.

For the N-‘colour’ Ashkin-Teller model within one-loop order we show that the “weakly universal”
scaling behaviour for N = 2 as well as the first-order phase transition for N > 2 are transformed by
the correlated disorder into a continuous phase transition sharing universality class with the previously
considered model.

EXACT SOLUTIONS FOR TWO-BODY PROBLEMS IN 1D DEFORMED SPACE WITH MINIMAL
LENGTH

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

We reduced the two-body problem to the one-body problem in the general case of deformed Heisenberg
algebra leading to a minimal length. The two-body problems with delta and Coulomb-like interactions
were solved exactly. We obtained an analytical expression for the energy spectrum for partial cases of
the deformation function. The dependence of the energy spectrum on the center-of-mass momentum was
found. For the special case of the deformation function, which correspondes to the cut-off procedure in the
momentum space it was shown that this dependence is more likely to be observed for identical particles.

The main results of this report were published in [M. I. Samar, V. M. Tkachuk, J. Math. Phys. 58,
122108 (2017)].
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ON THE CROSS-OVER BETWEEN DIFFUSION-LIMITED AND REACTION-LIMITED PARTICLE
SYSTEMS

D. Shapoval®, M. Dudka®, X. Durang®, M. Henkel?
@ Institute of Condensed Matter Physics, NAS of Ukraine, Lviv
b Department of Physics, University of Seoul, Republic of Korea
¢ Laboratoire de Physique et Chimie Théoriques (CNRS UMR),
Université de Lorraine Nancy, France
dCentro de Fisica Teérica e Computacional, Universidade de Lisboa, Portugal

Relaxation phenomena far from equilibrium continue to raise important questions in fundamental and
applied research. Diffusion-limited chemical reactions provide test cases of particular interest, since their
evolution is dominated by fluctuations on all time and length scales [1]. We consider the coagulation-
diffusion process of a single species of particles A, which can diffuse on an underlying lattice and upon
encounter undergo a reaction A+ A — A. Describing this process at the mean-field level, which is adequate
for a reaction-limited case, one finds p(t) ~ t~! at long times. However, in spatial dimensions d < 2, where
the reactions are diffusion-limited, the kinetics of the process is anomalous, since the decay behaviour is
different from the mean-field behaviour and rather becomes p(t) ~ t=%2 for d < 2 and p(t) ~ t~*Int for
d=2.

We are interested in the cross-over between the diffusion-limited and reaction-limited extreme cases
of simple kinetic models, especially as this cross-over has already been observed experimentally [2]. The
change between the diffusion-limited and reaction-limited cooperative behaviour in a reaction-diffusion
system is studied through the cross-over of the coagulation-diffusion process between a chain and the
Bethe lattice. This model is exactly solvable through the empty-interval method, which can be extended
from the chain to the Bethe lattice in the ben-Avraham-Glasser approximation [3]. On the Bethe lattice,
the model’s behaviour turns out to be equivalent to the behaviour that is expected at the upper critical
dimension.

[1] D. C. Mattis, M. L. Glasser, Rev. Mod. Phys. 70, 979 (1998); D. ben Avraham, S. Havlin, Diffusion and
Reactions in Fractals and Disordered Systems (Cambridge University Press, Cambridge, 2000).

[2] J. Allam et al., Phys. Rev. Lett. 111, 197401 (2013).

[3] D. ben Avraham, M. L. Glasser, J. Phys. Condens. Matter 19, 065107 (2006).

3AIIOBHEHHA ITPOTAJIMHN MIZK HAJTHOBMMU TA 3AJINIITKAMI HAJHOBUX.
TPUBUMIPHE MATHITO-TTAPOAMHAMIYHE MOJEJIOBAHHA

0. Hempyx', C. Oprando®
THeTHTY T IpEKIATHEX TPO6IEM MEXaHiKW i MAaTeMaTHKH, JILBiB
2 AcrpoHoMiuHa obcepsaropist, Ilaszepmo

Sanuimkn HaTHOBUX — judy3HI 06’€KTH, MO YTBOPUJINCS BHACTIIOK BHOYXY 3ip Ha KiHIEBil crail
eBoJTIOTIi1. BoHM TIepeBakHO MAIOTh JTOCUTH CKJIAIHY MOPQOJIOTiI0, HEOTHOPIAHUN PO3IOIIT ICKPABOCTI Ta
HEIOMOI'€HHY CTPYKTYPY 30PsIHOTO BHKHJIy. 3araJibHUIl KOHCEHCYC, sikuii OyB cpopMOBaHUIl Ha OCTAHHIX
CTAJIIsIX €BOJIIOIIT TOTIEPEIHULIL, TIOJISITAE B TOMY, IO Taka MOPQOJIOTis 3aJIMINKIB MOXKe OyTH HACTIIKOM, 3
BHACJIIOK B3aeMOJil yuapHoi xBujii HaiHOBOT 3 HEOIHOPIAHMM HaBKOJIMINHIM cepejgoBuiieM. OToxK, Beex-
BUJIBOBI CIIOCTEPEXKEHHSI 3a/IMINKIB HAJHOBUX MICTSTh 3aKO/I0BaHy iH(OpMAaIliio npo ¢Ghi3udHi BJIaCTUBOCTI
criajiaxy 30pi Ta i1 eBOJIOIII0 B JOBKOJIUITHBOMY IPOCTOPi. Po3mmdpoBka criocreperkeHb Ta MOJIETIOBaH-
Hs eBOJTIONIT 00’€KTa, STKe Ha HUX TPYHTYETHCHA, BIIKPUBAE MOXKJINBICTH PEKOHCTPYIOBATH OYI0BY 30PSTHOTO
BUKHJY OJ[pa3y IicJjs BUOYXY, & TAKOXK CTPYKTYPY CEPEJIOBHINA Ta I€OMETPII0 MarHiTHOrO IMOJIA JOBKO-
Jia 3opi-nionepeiaUIi. My Mmokaxkemo, sk TPUBUMIPHI MarHiTO-TiApoguHaMiuHI MOJeJi eBOJIIOIT 30pi BiJ
craJiaxy HaJHOBOI O 3aJMIIKY HAIHOBOI PO3KPHUBAIOTHL TAEMHUIN ABOX Iikaux 00’¢kTiB Cassiopeia A

i SN1987A.
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BO3E-KOHJEHCAIIISI TA/ABO MOIYJISIIS “3MIIIIEHDL” ¥V TBOCTAHOBII MOJIEJI
BO3E-XABBAPIIA

I. B. Cmaciox, O. B. Beauwko

IacruryT disukn xkongencopanux cucrem HAH Ykpainu, JIbBis

Busueno omucysani gBoctramoBoio mozmestio bose-I'abbapa HecTiiKOCTI B cucTeMi KBAHTOBUX UaCTH-
HOK MIOJI0 MOsiBU 603e-KOHIeHcaTy Ta/abo Momyssiil “3mimens’. Tlokazano, mo B cucreMi, 3a/1€:KHO Bif
CITIIBBITHOIIIEHHS MiK €Heprier 30y/?KEHOI'0 CTaHy Ta MapaMeTPOM B3a€MO/Iil 3MillleHb, BUHUKAE CTaH i3
MOZYJILOBAHUM (3 IOIBOEHHSIM IIepioiy rparku) abo OJHOPIIHUM 3MIIIEHHIM YaCTUHOK.

IIpoamamnizoBano ymMoBu BHHUKHEHHS (a3u 3 603e-KoHgaeHcaToM. JlocimKeno moBeIiHKy mapamMeTpiB
nopsiAKy # mobymosano bas30Bi giarpamMm cUCTeMHU SIK AHAJIITHIHO (JJIs1 OCHOBHOTO CTaHy ), TaK 1 UNCI0BH-
MU MeTOJaMu (32 HEHYJIbOBOI TEeMIIEPATYPH). YCTAHOBJIEHO, MO (a3a CyHepcosiij] € OJHUM i3 MOMKJIUBUX
MeTacTabiIbHUX CTaHIB, ajie BOHA TepMOAnHaMiTHO He crifika. HaTtomicTs peasizytorbest dhas3oBi mepexonn
Mi’K HOPMAJILHOIO I MOIY/ThOBAHOIO ha3amu, SKi MOXKYTb OyTu K 1-To, Tak i 2-ro pomy. Paza 3 603e-
KOH/JIEHCATOM, 3a 11 HOsIBU, € TIPOMI’KHOIO Mi>K HUMH.

®YHKIIIOHAJILHE IHTETPYBAHHSA B TEOPII BO3E-IIOJITPOHA

I. Baxapuyx', I Ilanouxo®

'Kadenpa Teopernunoi diznkn,
JIbBiBChKUl HalioHAMBbHMI yHiBepcuTeT iMeni IBana Pparnka,
Ipupoanmanit Komemxk, JIbBiBCchKHil HamioHAIBHMI yHIBepcuTeT iMeni Ipana ®panka

PosrisgabpMo CyKyIIHICTD CHIH-TIOIIPU30BAHNX HEB3AEMOIIOUNX (PEPMIOHIB Y TPAHUI 3HUKAIOYE MAJIOL
I'YCTHHH, 110 11epedyBaloTh y CEPEIIOBUIIl DO30HIB, SKi B3a€MO/Iit0Th. Taka MOJe/b A€ 3MOI'y BHBYATU
BJIACTUBOCTI OJHIET, 3aHYPEHOI B PIAKUHI TeIiil JOMIMKN MeTOJaMu Teopil mojisd. BUKOPUCTOBYIOUIN i IXisT
[Tonosa [V. N. Popov, Functional Integrals and Collective Excitations (Cambridge University Press, 1987)
|, Mu o6uncroemo dyHKIiOHATBHI iHTerpamy y 3MinEuX dasza-rycruna. 11106 mocmiauTu cekTp moMinKy,
MH OJIHOYACTHHKOBY (byHKILO Ipina dbepMioHiB 06HpaeMo y BUIIIsi L

G(P) = {ivp + i = X(P)} ™"

, TyT P = (v, p) — 4oTHpH-BEKTOD, v, — (epMioHHa MalybapiBcbKa dacToTa, i — XiMidHMIA moTeHIia
depwmioniB. Yes indopMariis Tpo B3AEMOIIO JOMIMKH 3 603e-CHCTEMOIO MICTUTBCS Y BJIACHOCHEPI € TUIHIN
vactuni X (P). Mu qyis zel orpumasiu Togse giarpaMbe 300pazkenss. 1 B ApyroMy mopsiziky Teopii 36ypeHnb
CaMOYy3TO/[2KEHO PO3paxyBaJii €Hepriio 3aHypeHHs Ta eeKTUBHY Macy 003e-II0JISpPOoHA.

ABAJIATD POKIB 2KYPHAJIY ®ISUYHNX JOCJIIA2KEHD. CIIPOBA
KYPHAJIOMETPUYHOI'O AHAJII3Y

I0. T'oaosant, M. Kpacnuuvka', O. Mpuzaod', A. Posenuax?
! IncruryT disuku xonmencosannx cucrem HAH Ykpainn JIbsis, Ykpaina
2Kadenpa Teoperndnol bizuxu,
JIbBiBCHKMIT HaIioOHAJIBGHUN yHiBepcuTeT iMeHi IBana Ppanka

Kinbkicuuit anasiz HayKoBOI IIepiOIUKN € HEBi/I'€MHOIO YaCTUHOIO HAYKOMETPil, OCKIJIbKI caMe B MaCU-
Bl myGutikariiii BizloOparkeHo 1moTouHi HayKOBi 3700yTKu. Pe3ysibraTi BUBUEHHS JTaHUX PO OILyOJiKOBaHI
poboTn MOXKyTh OyTH BHKOPHUCTaHI #K s [JI0DAJBHUAX 337189 Ha 3PA30K OKPECJIEHHsI CTAHY IAHAMIY-
HOI CHCTEMU HAYKOBOI'O 3HAHHSA, TaK 1 /s JIOKAJbHHUX, SK-OT: MOHITOPUHI'Y CTAaHYy KOHKPETHOI'O BH/IaH-
HsI, PETPOCIIEKTUBHOTO aHAaJ i3y HOro JISIBHOCTI UM MiITPUMKHU PEJAKIIHHUX pimenb. [Ipn mboMy MoxKHA
BUKODPHUCTOBYBATH BHYTpimmHi pefaxiiiini nani (6i6iorpadiuni goBiaku mpo HaJicjaani 10 APYKY PYKO-
[CH, TEPMIiHU iX OIIpAIfOBAHHS TOLIO) Ta iHMOPMAIo 330BHI (IPO Ofep:KaHi IUTYBAHHs IHIIUX POOIT,
AKTHBHICTH KOPUCTYBadiB BeG-pecypciB, peakiiio cuiabaoTu 1 T.a1.). Ha npukian “ZKyprany disuanux
npociikens” (K@) mpogeMOHCTPOBAHO AesKi pe3ysIbTaTh TaKoro KuIbKicHoro anasisy. lami mpo 962
crarTi, omy0JiikoBaHI B I[bOMY BUaHHI BIpomoBK 20 POKiB #Oro icHyBaHHSI, BUKOPUCTaHI Jjis MOOYI0BA
Ta JOCTIZKEHHST HU3KHU CKJIQTHUX Mepexk. KapTuHy HayKoBOI chiBIparl BigoOparkeHo y BUIVISI MepexKi
CIIIBABTOPCTBA: IIPOAHAJIZ0BAHO CTPYKTYPY aBTOPCHKHMX KOJIEKTHUBIB, 11 JUHAMIKy B 4aci, BUSBJIEHO Haii-
O1JIbIN BIIMBOBHUX aBTOPIB KypHaJty. /lerajpHO BUBYeHO reorpadiio BUEHHX, IO HAJCHIAIU CTATTI 0
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npyky B 2K®JI, sik Ha piBHI OKpemux MicT (mmime st aBropiB 3 YKpainm), Tak i Ha piHi Kpain (aHa-
ni3 mixkHapozHol crisupani). Temaruanuii npodins BUmaHHs MOKa3aHO vYepe3 Mepexy injekcis PACS,
[0 BUKOPUCTOBYIOTHCS JJIs XAPAKTEPUCTUKU HAMPAMKY KOXKHOI poborn. Koporko 06roBopeno posmo/tiin
[IUTYBaHb, JIaHI PO sIKi OJIEPXKAHO 3 HayKOMeTpUIHUX cepBiciB Scopus ta Web of Science.

[1] FO. T'onosaa, M. Kpacuunpka, O. Mpuriozn, A. Posenuak, 2Kypa. &dis. goca. 21, 4001 (2017).

CTIIKMII METO/J, BUSHAYEHHS HAIIPYKEHOCTI MATHITHOTO IOJII B ®OTOC®EPI
COHIII

A. Ilpucsaochut, M. Cmodiaka
Acrponomiuna obcepBaTopis,
JIpBiBCHKUIT HaIiOHAIBbHMIT yHiBepcuTeT iMeHi IBana @panka

3anpornoHoBaHO MOIUMIKAIII0 KJIACUIHOTO METO/Y BU3HAYEHHSI HAIIPY?KEHOCTI MarHiTHOTO TIOJIst 38 Bijl-
cTanHio A\, MiXK TTOJIOXKEHHSIME TKIB CMHBOTO b i yepBonoro r kpui V-npodinis Crokca Mar€iToqyT-
JINBOI CIIEKTPaJIbHOI JiiHil. [Ij1s1 3MeHIIIeHHsT BIUIMBY IIYyMiB Ta KOPEKTHIIIOIO0 BU3HAYEHHS BEJIUIUHU AN,
criocrepexKyBaHi podiji AIPOKCUMOBAHO KPUBOI, $IK& OIUCYETHCsl MOJMMIKOBAHOK 0a30BOK (DyHKITI-
eto Wave-geiiBnera. KoedirieaTn anpokcumariitiol QyHKIT BU3HATIEHO DATATOBUMIPHOK OMTUMIBAIIE0.
st TecTyBaHHS METOJy BUKOPHUCTAHO cuHTe30BaHi V-podini CTokca crekTpabHOl JIiHIT HERTPATHHOTO
zastiza Fell15648A. Tlpodini pospaxoBaHO pO3B’si3aHHSM IPSIMOI 3a/1a9i [IEPEHOCY BUIIPOMIHIOBaHHs. 3a-
[IPOTIOHOBAHMIA IT1/1X1JT CTIKINIHI O BIUIMBY IIyMiB, Hi?K METOJI, IPSIMOTO BUMIPIOBAHHSI BEJIUIUHU A\,p, Ta
JI03BOJISIE KOPEKTHIIIE BU3HAYATH HAIIPY2KEHICTHh MArHITHOTO TOJIA JJIsl CUTHAJIB 3 BUCOKAM PIiBHEM IIIYMY.

THE DARK ENERGY HYDRODYNAMICS

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

We consider dark energy as a continous medium that is described by the barotropic equation of state
p = p(p). The main features of that component in the dynamical and locally non-homogeneous Universe
can be described by the following parameters: i. Energy perturbations — energy density perturbation
d = (p—p)/p and pressure perturbation m = (p—p)/p; ii. State parameters — state of matter w = p/p and
dynamic state of matter ¢ = p/p; iii. Perturbative parameters — effective speed of sound ¢ = Ap/Ap
and its background dependence parameter n = p(9c2(p)/dp). All of these parameters appear in Euler
equations and therefore their quantities must be specified within the dark energy model.

For simplicity we consider the dark energy perturbation on the background of a spherically perturbed
spacetime metric

ds® = "™ ar? — et (™R o?(1) [dR? — R2d0?]. (1)

The equation of momentum conservation and the equation of energy density conservation in the back-
ground reference frame and in the nonrelativistic approximation are as follows:

i L0 00 e
Pt 5V (p+p) + 5 o0’ (p +p)ol + 5 5 B[R (p + p)o7] = 0, (2)
N S 1, 110 _—
5(P5)+3E(P5+Pﬂ)+(0+p)§ﬂ+Eﬁ@[(ﬂ‘ﬂ?)fi v] =0, (3)

where we have taken into account that energy density and pressure density are perturbed as follows:
p=p(1+0d) and p =p(1 + ) = Wp(1 + 26 /w) respectively.

For a clearer physical meaning we rewrote equation (2) taking into account (3) in the approximation of
first-order perturbations for a static Universe (i.e. a=1, @ =0, r = R):

1 1
O+ + ———p = ———(Farv + Fict), 4
p+pp p+p( g j t) (4)
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where Fyry = —(p + p)v' /2 — is gravity force, and Fiee = —(p + p)(Arn/Am)v = c2(p + p)vr—2 2 (r?v)

— is jet force, the presence of which tells us that the inertial mass Am = (p + p)AV, where AV is the
comoving volume, is not conserved.

We considered stationary (0 = 0) and static (v = 0) solutions of Eq. 4 in the static gravity fields of the
Schwarzschild black hole and a spherical dark matter halo.

TOYHUI PO3B’I30K 1D MOJEJI IIOTTCA 3 HEBUANMUMNI CTAHAMU: AHAJII3 HYJIIB
CTATUCTNYHOI CYMNI

II. Capxanu'?3, I0. Torosaut3, P. Kenna®3
! IncruryT disukn xonmencosannx cucrem HAH Ykpaitn JIbsis, Ykpaina
2 TocmimauubKuil IeHTp IPUK/IaTHOI MaTeMATHKY, YHiBepcuTer KosenTpi, Beukobpuramis
3 L*-cniBnpang i JIOKTOPCHKHIT KOJIEK CTATHCTHYHOT (DI3UKH CKJIAHIX CHCTEM,
JLsitnir—JIopen—JIbBiB—KoBenTpi

Mogens [lorTca 3 HeBuguMuMu cTaHaMu OyJia 3allPOIIOHOBAHA, KIJIbKA POKIB TOMY JIJisl IOSICHEHHS HEY3-
TO/I?KEHOCTEH MiXK TEeOpi€ro #i eKCIepUMEHTAJTBHIM CITOCTEPEXKEHHAM (Pa30BOTO MEPEXOAY 31 CIIOHTAHHUM
nopymieHHsiM Z3 cumetpil [1,2]. Bora BinpisasaeTses Bin 3pmuaiiaoi momesi IloTTca H0MATKOBIMEI HEBU W~
MHUMHI CTaHAMU, Y AKUX CIIHU HEe B3aEMOJIIOTH 3 OTOUYeHHSAM. MU pO3TJISHYIN TOBEIIHKY TaKOl MOJEi Ha
OJTHOBUMIPHOMY JIAHITIOXKKY. 38 JIOTIOMOTOK METOy TPaHC(EP-MATPHUII MU 3HAUIIIN TOYHUN PO3B’sI30K
i mpoaHaTi3yBa u HyJi cTATUCTUYIHOI cyMmu. /logaTHa KiJbKiCTh HEBUANMHUX CTAHIB HE 3MIiHIOE (Ha30BOTO
nepexo/iy B HyJsi Temmeparyp. HaromicTh Mu 3ampomnonyBaJin JIBA METOIN 3CYyBY KPUTHUIHOI TEMIIEPATYPH
B ginsaky T > 0. OauH i3 HEX — 3a JOMOMOIOK KOMILJIEKCHOI'O MAarHiTHOTO IOJIs, a IHIMUH — 3a Bijx eMHOT
KIJIBKOCT] HEBHIUMUX CTaHIB [3].

[1] R. Tamura, S. Tanaka, N. Kawashima, Progress Theor. Phys. 124, 381 (2010).
[2] S. Tanaka, R. Tamura, J. Phys.: Conf. Ser. 320, 012025 (2011).
[3] P. Sarkanych, Yu. Holovatch, R. Kenna, Phys. Lett. A 381, 3589 (2017).

JIIOMIHECHEHTHI BJIACTUBOCTI HAHOYACTUHOK YVO,: Bi**, OTPUMAHI
ITAPOTEPMAJIBHUM CUHTE30M

T. Masudi, B. ITrompa
Kadeapa ekcrepumeHTa bHOl Pi3uKH,
JIbBiBCHKUMIT HaIioOHAJIGHUIN yHiBepcuTeT iMeHi IBana Ppanka

Ha cporoani mjs posmisnaBanns # cemapaiiil 6i0/0rigHnX 00’€KTIB B OCHOBHOMY BHUKOPHCTOBYIOTEH 0i0-
MIiTKJ Ha OCHOBI JIIOMiHECIIEHTHUX HAHOKOMIIO3UTIB, IO 0A3yIOTHCs Ha MOXiIHUX (JIyopecrieiny abo #oro
anaJjioriB. OpraHivHi JIFOMIHECIIEHTHI MapPKEPU XapaKTepU3yIThCsl BUCOKOK IHTEHCUBHICTIO CBIY€HHSI, IIPO-
Te MAalTh 3HAaYHE (DOTOBUTOPaHHSA. 1OMY pPO3POOJIAIOTH MapKepyW Ha OCHOBI HEOPTaHIYHUX CIIOJIYK, SKi
XapaKTePU3YIOThCs 3HAYHOIO (DOTOCTAOIIBHICTIO Ta CIUHTUIANIRHIMEI TapaMerpamu. Choro/iHi aKTHBHO
PO3POOJIAIOTH HOBITHI MiIXOM KOHTPOJILOBAHOI HYKJIEAIlil JIOMiHECIIEHTHUX HEOPTaHIIHUX coJjieil, OKCHUJIiB
HAHOYACTUHOK 1 KOJIOIIiB, JIErOBAHUX MOHAMU JIAHTAHIAIB, Ha OCHOBI OoparTis i BamamaTis Y, La, Lu i Gd,
JIETOBAHUX HOHAMU JIAHTAHIJIB, JIIOMIHECIIEHITiS SKUX eDEKTUBHO 30yMKyeThcst B miama3oni 250-370 M.
Taxki ocobmBOCTI Ay Th 3MOTY JOC/IIKYBATH Oi00TidHI 00’€KTH METOJAMU JIIOMIHECIIEHTHOI CIIEKTPO-
CKOIIil 3 BUKOPUCTAHHAM CKJISTHOI OIITUKH.

OCKiZIbKYM BUIIPOMIHIOBAJIbHI MaTepiaJu Ha OCHOBI PiIKICHO-3eMEIbHUX OPTOBAHAIATIB IIMPOKO BUKO-
PHUCTOBYIOTH 3 PI3HOIO HAYKOBO-TEXHITHOIO METOIO, TO TOJININIEHHS IXHIX CIUHTHISIINHAX XapaKTepHuc-
THK J[JIsi BUKOPDUCTaHHs B 6iOMapKyBaHHI BUMAara€ BUBYEHHS PI3HUX METOJIMK CHHTE3Y, a TAKOXK BILJIUBY
KOHIIEHTpAIIil JTOMIIIOK Ha BiracTHBOCTI soMinectentil. 3paskn YVO4:Bi3T 3 pisHuMmu koHmIenTparisMu
JOMIIIOK Oy/IM OTPUMAaHI 3a JOTOMOTOI0 TiIpOTepMAaJIbHOIO METO/Y, 3 BUKOPUCTAHHSM PI3HUX MOJIIMEpIB
K TeMILIATIB [y cuHTe3y. MiKpocTyKTypy # MOp@OIorito ofepKaHnX HAHOIACTUHOK JTOCJIIIKYBaIN 34
JIOIIOMOI'OI0 €JIEKTPOHHOI MIKPOCKOIIT, peHTreHiBchbKOl audpaxiil ta DLS. Cepeuniii po3mip 3epeH s
OJIEP>KAHNX HAHOYACTUHOK CTaHOBUTH 10—20HM.

BuBu4eHO JIIOMIiHECIIEHTHI BJIACTUBOCTI HAHOYACTHHOK 3aJI€XKHO BiJ KoHIleHTpawil ionis Bi*t, a Taxkoxk
BIJIUB TIOJIIMEPY Ha JIIOMIHECIIEHTHI BJIACTUBOCTI HAHOYACTUHOK. Y BEJ€HHS MOHIB BiCMYyTy IPU3BOAUTD 0
3CyBY Kparo 30y/KeHHs B JOBIOXBUJIBOBY JUISHKY, & MOJUMIKAIlisl MOBEPXHI — 0 3POCTAHHS IHTEHCUB-
HocTi Jmominectientiii. IToscHIOI0TE 0COBIMBOCTI B MexKaxX €KCUTOHHOI MOJIEJI JIJIsT IIEHTPIB, 0 BUHUKAIOTh
B LiYP,012:Bi?" [1]. [Ipumyckaernes, mo Kpait byHIaMeHTaIbHOTO HOTTHHAHHSA (DOPMYETHCA TTOTTMHAH-
HAM €KCUTOHY, JIOKaJIi30BAHOTO MOOJIM3Y HOHIB BicMyTy, a 30y/I2KeHi cTaHW BiCMyTy pPO3TAINOBAaHI B 30HI
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nposigHocTi. Take MOIOKEHHsT €HEPTeTUIHUX PiBHIB MiITBEP/KYETHCS PO3PAXyHKAMU 30HHOI €HEPIreTH -
HOT cTpykTypu Kpucraiais YVO,, YVO,:Bi?t ta BiVO, Ta nmonepemsiMu MOIEIbHIMHI BECHOBKAME OO
crpykTypu Bid+-nentpis |2, 3].

[1] V. Babin et al., J. Lumin. 176, 324 (2016) .
[2] P. Boutinaud, Inorg. Chem. 52 (10), 6028 (2013).
[3] R. H. P. Awater, P. Dorenbos, J. Lumin. 184, 221 (2017).

EK30TINYHI ATOMHI Y KBAHTOBAHOMY ITPOCTOPI 3 HEKOMYTATUBHICTIO
KOOPAMHAT TA HEKOMYTATHUBHICTIO IMIIVJ/IBCIB

X. I'namewnxo
Kadenpa teoperutunoi ¢dizukn,
JIpBiBCHKMIT HalliOHAIBHMI yHiBepcuTeT iMeHi IBana dpanka

Hocmimkeno KBAHTOBAHUH MPOCTIP 3 HEKOMYTATUBHICTIO KOOPJINHAT Ta HEKOMYTATHBHICTIO IMITY/IBCIB

(X, X;] = ihb;j,
(X5, Pj| = ihdyj,
[P;, P;] = ihn;j,
qe 0;5, m;; — Temzopm HeKoMyTaTmBHOCTi. PosrmamyTo imero mobymoBm TeH30piB HEKOMYyTATHBHOCTI 32

JIOIIOMOT'OIO JIOJIATKOBUX KOODJIMHAT Ta JIOJIATKOBHUX IMITYJIBCIB, IKi ONUCYIOTHCH CHEPUIHO-CUMETPUIHOIO
cucreMomo [1].

Busueno npobsiemy onmcy pyxy IEHTPa MaC CHCTEMHU YaCTUHOK y CHEPUIHO-CUMETPUIHOMY HEKOMYTa~
TUBHOMY (Da30BOMY IIPOCTOPi. SHAWIEHO Ta JOCIIIZKEHO BUPa3u It e(DeKTUBHIX TEH30PIB KOOPINHATHOT
Ta IMILYJIbCHOl HEKOMYTaTHUBHOCTI, AKi BIIIIOBIJAIOTH 38 PyX CUCTEMU YACTUHOK y KBAHTOBAHOMY IIPOCTOPI1
31 36epexKeHO0I0 ChPepUIHOIO CUMETPIEIO.

PosrisHyTo BILUINB KBAHTOBAHOCTI IPOCTOPY HA CHEKTP €K30TUYIHUX ATOMIB, CEpes HUX MIOOHHUIT BO-
JIeHb, AaHTUTIPOTOHHMIT reJiit. [lokazano, Mo HeKOMYyTaTUBHICTH KOOPAUHAT Ta HEKOMYTATUBHICTH IMITYJILCIB
MalOTh OLIbINI eeKT Ha eHepreTHYHi PiBHI eK30TUYHUX aTOMIB IOPIBHSHO 3 BIUIMBOM Ha CIEKTD aTo-
Ma BOJHIO. 3BayKalouu Ha Iie, MM JIHNUIA BUCHOBKY, IO IOJIIIIEHHSI TOYHOCTI BUMIDIOBAHHS CIIEKTPA
€K30TUYHUX ATOMIB JIO3BOJISIE OTPUMATH CUJIbHE OOMEXKEHHsI HA BEJIMYUHY KBAHTA IIPOCTODY [2].

[1] Kh. P. Gnatenko, V. M. Tkachuk, Int. J. Mod. Phys. A 32, 1750161 (2017).
[2] Kh. P. Gnatenko, V. M. Tkachuk, arXiv:1711.04527.

®OTOCPEPHI JI>KETHU B CIIOKINHIA ATMOC®EPI COHIIS

M. Cmodiaxa
Acrponomiuna obcepsaropis, JIbBiBCbKMi HarioHaabHUI yHIBepcuTer iMeni Iana Ppanka

Crocrepezkenns 3 BucokuM npocroposuM poziiiernsiM (IMaX/SUNRISE ta HINODE) nokasasnu Ha-
SBHICTD JI2KETIB y JedKNX ['PaHy/iaX Ta MiKIpaHy/iaax y cuokiituiit armocdepi Conrng. doci me 3’sicoBana
IpUYUHA TAKUX SBUI — HEBIJOMO, 9M Il € PyX PEYOBUHU BCEPE/INHI MATHITHUX HETEJIb, YU PE3yJIbTaT
[IepEMUKAHHY MArHITHUX IIOJIB, YU KOHBEKTHUBHUII Kosutanc. Jljns mociipkenns Takux IApibHOMACIITAO-
HUX aKTUBHUX IEHTPIB y crokiitHiii armocdepi Conrg Mmu Bukopucrasn masi 2D -crocrepexkers CoHIls 3
BHCOKUM TIPOCTOPOBUM PO3JJIEHHSIM, OTpuMani Ha rojutanacbkomy DOT-reneckoni B jiinisx Fel: A5576A
(y1iHist HEMarHeTOUY TIIMBA) Ta B MarHeTouyTauBux Jinisx A6301.5A ta A6302.5A. [uinbunn yTBOpEeHHS 11UX
JIiHIN oxorutoTh (gorocdepri mapu armocdepu Comilg. Po3s’s3koM 00epHEHOT 3a/1a4i IIepeHOCY BUIIPO-
MIHIOBAHHSI 3 BUKOPUCTAHHSIM JIAHUX CIIOCTEPEXKEHb y HEMATrHETOUYT/IUBIN JIHIT MU BigTBOPWIN (Pi3uvHi
yMOBH (TeMIleparypa, THCK, T'yCTHHA, IIPOMEHEeBa MIBUIKICTH) y HeomHopiguiit armocdepi Conns; mose
TOPU30HTAJIBHUX MIBUIKOCTEN BiJITBOPEHO MOJAIBITIM BUKOPUCTAHHAM PiBHSHDb TiJIPOJIMHAMIKY, MAarHiTHE
rnoJie — 3a JganuMn B Jinigx A6301.5A Ta A6302.5A.

PesynbraTu BijrBOpeHHs (pisnyHuX YMOB y Criokiitiit dporocdepi CoHIlsl BUSIBIISIIOTD ¥ MiXKI'PaHYJIbHIX
JISTHKAaX KOMITAKTHI ApiOHOMACIITAOH] yTBOPEHHS IIiBUINEHOI TEMIIEPATYPH, PEIOBUHA B SIKUX OILYCKAE-
ThCs BHU3 a00 2K MiTHIMAETHCS BrOPY, IPUYOMY IIBUJIKOCTI PyXy PEYOBHHM 3HAYHO MEPEBUILYIOTH TUIIOBI
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MIBUIKOCTI JIJIsT MizKT'paHyJI; 3 BUCOTOIO MIBUAKICTE crajiae. [lerTpu eneprosuiients ¢poTochepHux JTKe-
TiB JIOKAJII30BaHI B mapax cepeaabol porocdepu. st nux mMeHTPiB XapaKTepHi: 3MiHa 3HaKa IPOMEHEeBOL
MIBUIKOCT], 301/IbIIEHHSI TYCTUHA PEYOBUHU, Pi3Ke 3POCTAHHS HAJJIUINIKOBOIO TUCKY Ta TEMIIEpaTypu. yce-
peluHi JPKeTiB JIoKali30BaHe CHJIbHEe MArHiTHe 11o0Je ([lepeBaXkKHO BePTUKAJbHE), B OKOJI JKeTiB — ciabke
MarfiTHe moJjie Taxkol XK mnossgpHocTi. B okousi dorocdepHux mKeTiB MarHiTHUX YKpAIJIeHb IPOTHIIEHK-
HOI TOJISIDHOCTI He BUSIBJIEHO. 3 YaCOM YHAC/IJIOK MEPEMUKAHHsI CUJIOBUX JIHIM OJHAKOBOI IMOJISIPHOCTI
CTPYKTYpa MarHITHOTO TOJIsI 3MIHIOETHCH, MO CIPUINHIAE BUJIIEHHS e€Heprii # yTBOpeHHs IHTEHCHUBHUX
BEPTUKAJIbHUX TOTOKIB pedoBmHH. [IpoaHaizoBaH0 TOPU30HTAIBHI MIBUIKOCTI MOOIU3Y TAKUX aKTHBHUX
IIEHTPIB — MOKA3aHO, IO JKETH BUHUKAIOTH y MICIFIX CTHKAHHS iHTEHCUBHUX TOPU30OHTAJILHUX MOTOKIB
3aMarHiveHol mjaaszmu. J[oc/imKeHo BIIMB MAarHITHOrO mOJist Ha izuuHi ymoBu B jkerax. [lobymoBaHO
MOJIEJIi CIIOCTEPEKYyBaHUX JPIOHOMACIITAOHNX aKTUBHUX IEHTPIB CrIoKiitHOI (poTocdhepu Conrig.

NETWORK METRICS OF THE COSMIC WEB OF GADGET2 COSMOLOGICAL N-BODY
SIMULATION

M. Tsizh
Astronomical Observatory, Ivan Franko National University of Lviv

In my work I explore the results of GADGET?2 cosmological N—body simulation using the methods of
complex network theory. The simulation contained 5123 identical particles which represented dark matter
in the volume of 2003 h? Mpc?; the cosmological parameters of this simulated universe are as follows: the
normalized Hubble parameter h = 0.68, the density parameters 2, = 0.31 and 25 = 0.69, the power
spectrum index ny, = 0.96, and og = 0.82. This data was generated and used by the authors of [?] to
compare 12 different algorithms for defining large-scale structures, that are applied to halo distribution
data. These algorithms categorize each of the halos (which are the nodes in our network) as one of the four
types of structures: voids, filaments, sheets or knots (superclusters). I used the results of the CLASSIC
and Multi-Stream Web Analysis (MSWA) classification algorithms.

When building the network, two halos are said to be connected when the distance between them is
smaller than the specified linking length (1...2 Mpc in my case). Only part of the entire volume was
taken, where the number of nodes is up to 10 000. After computing the network metrics for each node
(degree centrality, betweenness centrality, closeness centrality and the clustering coefficient) I've found
Pearson’s correlation parameters for each type of the network metric with the type of structure that the
node belongs to. The results have shown that some network metrics (the degree of node for example) are
correlated with the type of structure to which the halo belongs. I have also studied how the values of these
network metrics are distributed for the populations of halos of different types of structures. The obtained
network metrics distributions of the halo populations of different types of structures are considerably
dissimilar.

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

SENSIBILISATION OF THE Gd** LUMINESCENCE IN BORATE GLASSES
BY SILVER IMPURITY

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

The LisB4O7:Gd CaB40O7:Gd, LiCaBO3:Gd, and Li;B4O7:Gd,Ag glasses of high optical quality, ob-
tained by standard glass technology, have been investigated by electron paramagnetic resonance (EPR)
and optical spectroscopy at room temperature (RT). The Gd impurity was added in the raw materials as
Gd,0O3 in the amounts 0.5 and 1.0 mol. %. The Ag impurity was introduced into the LioB4O7 glass com-
position as AgNOj3 and as highly dispersed metallic Ag in the amount 2.0 mol. %. In all Gd-doped glasses
EPR U-spectrum of the Gd**+ (8S; /2, 4 f7) ions was observed that is typical for glasses and practically
independent of the basic glass composition. In the LisB4O7:Ag glass at RT a broad complex signal was
observed that is a superposition of paramagnetic Ag?t (4d”) and Ag® (4d'°5s') centres. In Gd-doped
glasses under excitation at 273 nm a weak UV emission line at 311 nm was observed that was attributed
to the 5P 2 = 83, /2 intraconfiguration 4f — 4f transition of the Gd37 ions. In the luminescence excita-
tion spectrum of the CaB,O7:Gd glass, characteristic groups of lines were observed, which correspond to
the 8S7/5 — °I;, ®Dj transitions of the Gd®* ions. The significant (~ 100 times) increasing of the peak
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intensity of the Gd®* emission line at 311 nm in the Li;B;4O7:Gd,Ag glass has been explained by energy
transfer from Ag® (4d'°) to Gd3* (4f7) upon excitation at 273 nm that is resonant for 4d'° — 4d° 5s!
('So — 'D3) and ®S;/5 — °I; transitions of the Ag™ and Gd** ions, respectively. The luminescence ki-
netics of the Gd®>* emission line at 311 nm in the CaB;O7:Gd (Gd203 — 1.0 mol. %) and Li;B4;O7:Gd,Ag
(Gd203 — 1.0 mol. %, AgNO3 — 2.0 mol. %) glasses is satisfactorily described by the single exponential
decay with lifetimes ~ 3.2 ms and ~ 4.1 ms, respectively. The obtained results show that the borate glass-
es co-activated by Gd3* and Agt can be promising materials for effective UVB light sources (working
wavelength 311 nm, P /2 = 83, /2 channel) for biomedical applications (phototherapy lamps).

EJJEKTPOCTATUYHA B3A€MOJIA ABOATOMHUX ITOJIAPHUX MOJIEKYJI
I3 METAJIEBUMUI KJJACTEPAMMN

I'. Ilonedinox
Harionansuuit yaisepcurer “JIbBiBcbKa momiTexnika”

JloCJTiIZKEHO BHECKU KJIACHMYHUX €JIEKTPOCTATHIHUX e(DEeKTIB y 3aadi Mpo B3aEMOJII0 JUMOJIBHIX HEl-
TPAJbHUX MOJIEKYJI 3 IJIOCKUMU IIOBEPXHSMHU IIPOCTAX METAJIB Ta METAJeBUMU KJacTepaMu CHepuIHOl
dopmu. 3acTOCOBAHO METOJT J3ePKAJIBLHOrO 300parkeHHsI. Po3paxoBaHOo TOYHI BUpA3U JJIsl CUIH €JIEKTPO-
CTATUIHOI B3AEMOJIIl Mi2K MOJIEKYJIOIO Ta METAJIEBOIO IIOBEPXHEIO JIjIsI JOBIIBHUX BiJICTaHEl MOJIEKYJIN BiT
MeTaJjeBol MOBEPXHI Ta AOBUIBHUX MPOCTOPOBUX OPIEHTAIN AUMOJBHOIO MOMEHTY IIO/0 MOBepxHi. 3Haii-
JIEHO TOYHI aHAJITUIHI BUPA3HU U MOTEHITAJILHOI eHePTil JUIT0JIsI TOOIN3Y II0CKO] TOBEPXHI Ta MPOBiIHOT
cdepu. Y HaGIMKeHHI TOIKOBOTO JUIONsI (JIaieki BijcTaHi [EHTPa JUIIOJIBHOI MOJIEKYJIU BiJl TOBEPXHI )
BiJITBOpEHO BijjoMi Bupas3u. Po3paxoBaHO TaK0:K BHECKU BiJ| €JIEKTPOCTATUYHUX B3AEMOJi B edekTus-
HYy OIIOCEPEIKOBAHY €HEPIril0 B3a€MOJil [BOX JIUIOJBHUX MOJIEKYJ, PO3TAIIOBAHUX MOOJU3Y ILIOCKOI abo
ceputHOl TPOBITHNX TOBEPXOHbD.

EXACT SOLUTION OF THE GENERALIZED DIRAC OSCILLATOR

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

We study a charged generalized Dirac oscillator in a scalar potential. Conditions for an exact solution of
the eigenvalue problem are found. The eigenvalue equation for a generalized Dirac oscillator is reduced to
supersymmetric quantum mechanics (SUSY QM). Using SUSY QM the eigenvalue problem can be solved
exactly. Examples of eigenvalue problems are presented.

OIIEPATOPM IIPEANHT EPA I3 CHHfYJI?IPHI/I_MI/I ITIOTEHIIAJIAMMN
TA TOYKOBI B3AEMO/II

0. JI. T'oaosamuti
Kadenpa mudepeHiiaabunx piBHIHbD,
JIpBiBCHK Uil HalioHAAbHMIT yHiBepcuTeT iMeni [Bana @panka

Omneparopu Illpenuurepa 3 moTeHIiagaMu, fKi € y3araJbHeHUME (DYHKIIAMHA 3 TOYKOBUMH HOCISIMHU,
AKTUBHO BUBYAIOTDH BiJ[ CEPEIMHU MUHYJIOTO CTOJITTS. Taki omeparopn 4acTo HA3UBAIOTH ONEPATOPAME 3
TOYKOBUMU B3aeMoissMu. Mojiesi, omepTi Ha KOHIENINI0 TOYKOBUX B3AEMO/Iil, BUABUINCSI JTOCUTH e(heK-
TUBHUMU, OO aJIeKBATHO OIUCYIOTh KBAHTOBOMEXaHIUHI IIPOIECH I OJITHOYACHO JO3BOJISIFOTH CYTTEBO CIIPOC-
tuTn obumncienns. [Ipore He KOXKHE MudepeHIiajIbHe PIBHIHHS 3 y3arajJbHeHUME (DYHKIIAMEA B Koedirmi-
€HTaxX Ma€ MaTeMaTHIHuii cernc. llepronpuyannomo nporo € npobseMa MHOXKEHHS y3araJbHEeHUX (DYHKITIN.
Hanpukna, pisusans —y” + (b’ (z)+86(x))y = k?y, y sikomy crasa o BigMiHHA Bijl HyJIst, He Ma€ JKOHO-
ro po3B’a3Ky Ha JiiicHiit oci (y cenci yzaranbaenux dbyHKIi), okpim HyasoBoro. Tyt § — dyuknia dipaka.
Y monoBizi fitumernbes mpo 1Bl cim’T orepaTopis Illpeaunrepa 3 ToKaIbHUMU CHHTYJISIPHUMA 30y PEHHSIMU,
KOXKHA 3 JKUX TOB’si3aHa 3 PEryIIpHU3alli€io 3ralaHoro BUIE PiBHAHHA. MU JOCTiIKyBaJ M piIBHOMIpHY
pe30JIbBEHTHY 30i2KHiCTB JiBOonapamMeTpudHoi ciM’l onepartopiB Illpennnrepa, Koim HoAaTHI mapaMeTpu €
Ta V OPAMYIOTH JI0 HYJS,

d2
Sey = 0 +e2®(e ) + v U (v l2), dom Sey = WZ(R),
x
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e ® i U — niicHi imTerpoBHi dyHKINT 3 KOMIaKTHUMEA HOCigMu. TakoK BUBYAIN MUTAHHS 30i2KHOCTI
ciM’T onteparopis [llpenuarepa 3i 30ypeHHAME PaHTY 2:

2

d
=+ +e7lq(ea),  domTL = Wi(R),

zie ouneparop Q. aie B upocropi Lo(R) i mae Burssig

(Qev)(2) = f(= ') /

gle H)yv(t) dt + g(e ') / f(e )v(t) dt.
R R
Qyukuil f ta g Hasexarb Lo(R), MaoTh KOMIAKTHI HOCIT Ta € JiHIHO He3aJIeKHUMU.
Amnaniz oneparopis S., Ta T, nae Jexinbka dAKiCHO PI3HEX BHIAJKIB I'DAHHYHOIO IIOBEIIHKH 3aJI€XKHO
Biz Baacrusocreir dyukuin ¥, &, f, g Ta ¢, mo GopMyoTh 30ypeHHS.
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