KADEJIPA TEOPETUYHOI ®I3UKU
JIbBIBCHKOT'O HAIIOHAJIBHOI'O YHIBEPCUTETY IMEHI IBAHA ®PAHKA

PI3/IBAHI INCKYCII 2018

[TPOI'PAMA 1 TE3UW JOIIOBLIEN

JIbBiB, 11-12 ciunsg 2018 poky
Ayn. 10 (Byn. dparomanosa, 12)



PI3/IBAHI INCKVCII 2018

11 ciuaga 2018 poky

lonoByrounii: B. Tkauyk
10:00-10:30 [O. Apemxo, CynepcumMeTpudIHnl KBAHTOBUI ociiuyigTop B nacTii Ilenninra

10:30—11:00 V. Pelykh, A class of exact solutions of the Maxwell equations in the Kerr field and their
use for describing new effects

11:00-11:30 A. Kysvmax, 3amiyTaHicTb i reoMeTpisi KBAHTOBUX CTAHIB CUCTEMU CIIHIB i3 JAJIEKOJIIEI0
11:30-12:00 Kasa
12:00-12:30 B. Nowosyadlyj, Light from Dark Ages

12:30-13:00 M. Dudka, Critical behavior of two-dimensional models with Ising spins in the presence
of long-range correlated disorder

13:00-13:30 M. Krasnytska, Ising model with a power-law spin length distribution
lonoByrounit: B. Ileaux

15:00-15:30 O. Ilempyx, 3anosuenns nporajnau Mizk HagpoBumu ta Sanumkamu Hagnosux. Tpu-
BUMIipHE MarHiTO-TiIPO/IMHAMIYHE MO/IeTIOBAaHHS

15:30-16:00 M. Samar, Exact solutions for two-body problems in 1D deformed space with minimal
length

16:00-16:30 O. Beauuko, Bose-KoHieHcarllis Ta/abo MoyJisiiiist “3Mitens” y aBocTanoBiil Mojeni Bose—
Xabbap/ia

16:30-17:00 Kasga

17:00-17:20 D. Shapoval, On the cross-over between diffusion-limited and reaction-limited particle
systems

17:20-17:40 [I. Capranuy, Tounuit poss’sizok 1D mogeni [lorrca 3 HeBujuMuMU cTaHaMu: aHAJII3
HYJIB CTATUCTUYIHOI CyMH

17:40-18:00 A. I[Ipucaschud, Crifikuit MeTo BUSHAYEHHST HAIIPYZKEHOCTI MarHiTHOrO TOJIsT B (DOTO-
cdepi Conris

18:00-18:20 I Ilanourxo, PyHKITIOHAbHE iHTErpyBaHHA B Teopil Boze nossgpona



12 ciunsa 2018 poky

lonosyrounit: FO. Apemko

10:00-10:30 O. Mpueaod, Ipamnsars pokis zKypuasy disuannx jgociimkensb. Crnpoda KypHaaome-
TPUYHOT'O aHAJII3Y

10:30-11:00 Yu. Kulinich, The dark energy hydrodynamics

11:00-11:30 T. Maaud, JTiominecnenTsi siactusocti nanouacTunok Y VO,: Bi*t, orpumani muisaxom
riIpoTEPMaILHOINO CHHTE3Y

11:30—-12:00 Kasa
12:00-12:30 M. Cmodiaka, PotocdepHi jizKeTH B criokiiiniit armocdepi Conrisg

12:30-13:00 X. I'namenxo, EK30THYHI aToMU y KBAHTOBAHOMY IIPOCTOPI 3 HEKOMYTATHUBHICTIO KOOP-
JMHAT Ta HEKOMYTATUBHICTIO IMITYJIbCIB

13:00-13:30 M. Tsizh, Network metrics of cosmic web of GADGET?2 cosmological N-body simulation
lonosytounii: B. HoBocsaaawmii

15:00-15:30 [O. Tonrosamud, Oneparopu [llpenuarepa i3 CHHTYISIPHUMHA TTOTEHITIATAMA Ta TOYKOBI
B3a€MOIT

15:30-16:00 B. Padlyak, Sensibilisation of the Gd** luminescence in borate glasses by silver impurity

16:00-16:30 I' Ilonedisox, EnekTpocraTntdHa B3a€MO/Iisl JIBOATOMHIX MOJISIPHIX MOJIEKYJT 3 MeTaJIe-
BUMHI KJIaCTePaMu
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CYVIIEPCUMETPUYHNIN KBAHTOBUN OCIIUJIATOP B ITACTIII IEHHIHTA

IO. Apemxro
Iacturyt disukn konmencoranunx cucrem HAH Ykpalau, JIsBiB

Hocnimkena kBaHTOBa JuHaMiKa 3apsijy 3i cruinom 1/2 B imeasbhiit macrmi Ilenninra. Yacrunka
YTPUMY€ETbCs B poDOOUiil KaMepi HMPUCTPOIO €JCKTPUIHUM TIOJIEM, IO € T'PAJIEHTOM KBaJIPYIOJIHHOTO
ITIOTEHTTIATY

M 1
0(p.2) = (—§p2 " ) ,

Ta, OJJHOPIIHUM MarHiTHUM mojeM B = [V X A], opieHToBaHUM B3JI0BXK OCI 2:

ZA = —%ch (—y,x,0).
Akcianbia yacTora, w,, Ta IUKJIOTPOHHA YaCTOTA, We, 33/I0BLILHSIOTL YMOBY yTpUMaHHs: 2w? /w? < 1.
BaBigKn akciajbHil cuMeTpil TpeTsi KOMIIOHEHTa ITOBHOTO MOMEHTY KiTbKOCTI pyxy Js = L3 4+ S3 Ta
ramisibronian [lipaka komyryiorsh. 11106 po3s’szatu HepeaaTuBicTChbKy (OcHOBaHy Ha piBHsHHI [laysi)
3aja4y Ha BJacHi PYHKINI Ta BJIaCHI 3HAYEHHsI KOMYTYIOUNX ePMITOBHX OIIEPATOPIB 3aCTOCOBAHA CyIIEp-
cuMeTpHYHa KBaHTOBa MexaHika Birrena [1]. XBusaboBy (yHKIO IIIyKaeMO y BUIVIsII

~ x(2) [ eTimThe R, (p)
(o, 2) = \/ﬁ{ &= Ry (p) }

ne x(z) — mosinom Epwmira. Pajgianbii yactunu cynepcuMeTpudHuX napTHEPIB haKTOPHU30BaHi CXOMH-
KOBHUMU OIlepaTOpaMHU 13 CyIepIOTEHIIaI0M

m+1/2

Wi(pim) =p—
(p;m) P

3Hail/IeH] CIIeKTPHU CYIepCUMeTPUIHUX ITapTHEPIB. 3a J0MOMOI0I0 CTaHIAPTHOI Teopil 30ypeHb 3HaliieHi
HOIIPABKH JI0 HEPEJISITUBICTCHKOTO CHEKTPY [2].

[1] E. Witten, J. Differential Geometry 17, 661 (1982).

[2] Yu. Yaremko, M. Przybylska, A. J. Maciejewski, Int. J. Mass Spectrom. 422, 13 (2017).

A CLASS OF EXACT SOLUTIONS OF THE MAXWELL EQUATIONS IN THE
KERR FIELD AND THEIR USE FOR DESCRIBING NEW EFFECTS

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

The problem of evolution of test fields in Kerr space-time background had been substantially
solved by Teukolsky, but the Teukolsky radial equation and the Teukolsky angular equation still contai-
ns mathematical difficulties of theoretical and computational character: until recently, solving those
equations analytically was considered impossible in terms of known functions, so approximations with
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
fractions, Heun functions were used for computing, but all 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 prediction of superradiance.

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

3ATIJIYTAHICTD I TEOMETPISI KBAHTOBUX CTAHIB CUCTEMMU CITTHIB
I3 JTAJIEKOJIIEIO

A. Kysvmax
Kadenpa Teopernanoi ¢izuku,
JIbBiBCHKUiT HalionaabHUi yHiBepcuTeT iMeni [Bana Opanka

Hocnimzxkeno eposmonito cucremu N CHiHIB, sIKi BCl MizK c00010 B3a€MOJIIIOTH. OTPUMAHO BUPA3 JIsI
€BOJIIOINIT 3aIlJIyTa0CT1 OJIHOT'O CIIHY 3 PEeIITOIO CIIHIB B 3aJIE2KHOCT1 BJ] IPOEKIN] ITOYATKOBOI'O CTaHY.
[Touncieno meTpuky MHOrOBULY, sKuUil MicTuTh 1i cranu. [lokazano, mo BiH Mae TomoJOTII0 chepu.
Takoxk 3Hal/IeH0 3a/1€KHICTh 3AILIYTAHOCTI CTaHy BiJl KDUBU3HU MHOTOBHLY.

LIGHT FROM DARK AGES

B. Novosyadlyj*?, 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 structure and composition of the Universe at different
scales and epochs, the search for new precise tests for them are the important part of modern cosmology.
We analyse the formation of first objects at the end of cosmological Dark Ages in the multicomponent
Universe (dark matter, dark energy, baryonic matter and thermal radiation) and their possible observati-
onal manifastations. Before the appeareance of first luminous objects (Population III stars, quasars and
first galaxies) the baryonic gas with some primordial molecules content in dark matter halos can either
absorb the background thermal (relic) radiation or radiate in the rotational-vibrational molecular lines
[1]. We discuss the possibility of observing them using the advanced low frequency radiotelescopes.

We also show that the abundances of different molecules at the end of Dark Ages depend 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 Galaxies, 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 BEHAVIOR 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 behavior of two-dimensional Ising model and N-"color’ Ashkin-Teller model
in a presence of random defects whose correlations decay with the distance r as a power-law r~.
Mapping the problems onto two-dimensional Dirac fermions with correlated disorder we study the
critical properties within renormalization group approach. Using two-loop approximation for Ising model
with 0.995 < a < 2 we find 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 N-"color’ Ashkin-Teller model within one-loop order we show that a “weakly universal” scaling
behavior 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 previously considered model.

ISING MODEL WITH A POWER-LAW SPIN LENGTH DISTRIBUTION

B. Berche'?, Yu. Holovatch®3, M. Krasnytska*?
! Institut Jean Lamour, CNRS/UMR 7198, Groupe de Physique Statistique,
Université de Lorraine, France
2 IL* 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 behavior on networks, special attention had been paid to the 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 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 two power laws present in the system. To this end, we consider
the Ising model with power-law spin length distribution on a scale free network. As we show in our
study, an interplay of two power laws governing systems statistics leads to 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. Barabdsi, 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).



SAIIOBHEHHA{ ITPOTAJIMHU MI2K HA/THOBUMMUN TA 3AJINIITKAMUN
HA/JTHOBUX. TPUBUMIPHE MATHITO-TTIPOJVMHAMIYHE MOJAEJITOBAHHAA

O. Iempyx', C. Opaardo®
ucruryT npukiamamx mpobieM MexaHiku i Maremaruku, JIbBis
2 Acrporomivna obcepsaropis, Ilamepmo

Saumku HaHOBUX — ndy3HI 00'€KTH, SIKi yTBOPUINCS BHACJIIOK BHOYXY 3ip Ha KiHIEBi# cTa/iil
eBoJTIOMIT. BOHN ITepeBazkKHO MalOTh JIOCUTH CKJIaIHY MOPQOJIOTio, HEOHOPIIHUI PO3IOIIT ACKPABOCTI
Ta HEFOMOT'€HHY CTPYKTYDPY 30PsiHOIO BUKHUJLY. 3araJbHUil KOHCEHCYC MOJIsiTa€ B TOMY, IO Taka MOPdo-
JIOTis 3a/IMIIKIB MOXKe OYTH HAC/IIKOM, 3 OJTHOIO OOKY, CTPYKTYPH 30pPi-TIOIePeHUIl Ta 0coOJIMBOCTEN
i1 BuOyxy abo K, 3 iHioro 60Ky, GopMyeThcsa BHACIIIOK B3aeMoyiil yrapHol xsusti HagrHoBol 3 HeoHOpi-
JIHUM OTOYYIOUUM CEPEJIOBUIIEM, KUl OyB cOPMOBaHMIT Ha OCTAHHIX CTA/IIAX €BOJIIOII] TOIIePe THUII.
OTOXK, BCEXBUJIBOBI CIIOCTEPEKEHHS 3a/IUINKIB HAITHOBUX MICTSTh 3aKOJI0BaHy iH(OpMAaIlio mpo ¢izndsi
BJIACTUBOCTI CHIaJIaxy 30pi i 11 eBOJIIOIIO B JIOBKOJIUIITHLOMY ITpocTopi. PosmudpoBka criocrepezkennb Ta
MOJIe/TIOBaHHs €BOJIIOI1 00’€KTa, sike Ha HUX I'PYHTYEThCH, BiJIKPUBAE MOXKJ/IUBICTb PEKOHCTPYIOBATH OY-
JIOBY 30PSIHOT'O BUKU/LY OJIpa3y IiC/is BUOYXY, & TAKOXK CTPYKTYPY CEPEJIOBUIIA Ta F€OMETPII0 MArHITHOTO
1oJId JIOBKOJIa 30pi-niorepegautli. Mu nmokaxkemo, K TPUBUMIPHI MarHiTO-TiIPOIMHAMIYHI MOJIE €BO-
JIFOITIT 30pi BiJI criajiaxy HaJIHOBOI JI0 3aJIMIIKY HaIHOBOI POSKPHUBAIOTH TAEMHUII JIBOX IIKABUX 00 €KTiB
Cassiopeia A i SN198TA.

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

Main results of this report were published in | M. I. Samar, V. M. Tkachuk, J. Math. Phys. 58, No.
12, 122108 (2017) |.

BO3E-KOHJIEHCAIIISI TA/ABO MOAYJILIIIL “3MIIITEHL” ¥ IBOCTAHOBIN
MOAEJITI BOBE-XABBAPJIA

I. B. Cmaciox, O. B. Beauuxo
Iacruryr disukn konmencoranux cucrem HAH Vkpalau, JIsBiB

BusuatoTbest HeCTIKOCTI y cucTeMi KBAHTOBUX YACTHUHOK, siKi OIMUCYIOTHCA JIBOCTAHOBOIO MOJIEJITIO
Boze-Xabbapa, BijHOCHO 0siBI 603€e-KOHIeHcaTy Ta,/abo Mosyssiiil “3mimiens’. [lokazano, mo y cucre-
Mi 3aJIe?KHO BiJI CITIBBIJIHOINIEHHS MiXK €HEepriero 30y/:KEHOro CTaHy Ta IlapaMeTpPOM B3a€MO/Iil 3MiIleHb
BUHUKAE CTaH 3 MOJIYJILOBAHUM (3 TIOJIBOEHHAM MepPiofy rpaTku) abo OJHOPITHIM 3MIMEHHIM YacTHHOK.

[IpoanasrizoBano ymoBu BUHMKHEHHs hasu 3 603e-KoHIeHcaTOM. JLOC/II2KEHO MOBEIIHKY Hapame-
TPiB mopsiKy i mobyjpoBano (a3oBi Jiarpamu CHCTEMHU K aHAJITHYHO (JIJIs OCHOBHOIO CTaHy), Tak i
YUCJIOBUMU MeTosaMu (Ipu HEeHyJIboBii Temmeparypi). Beranosieno, mo ¢asza cynepcoti € ogHumM 3

7



MOXKJIMBUX MeTacTablIbHUX CTaHiB, ajie BOHA HE € TePMOJAMHAMIYHO cTiiikoo. HaroMicTh peasizyroTbes
daz30Bi nepexo/m MizK HOpMAaJILHOIO 1 MOJTYJILOBAHOIO (ha3aMu, siKi MOXKYTh OyTH gK 1-ro Tak i 2-ro pojy.
Paza 3 603e-KOHJIEHCATOM, TP 11 OB, € TPOMIKHOIO MizK HUMH.

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, si-
nce 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 latti-
ce and upon encounter undergo a reaction A + A — A. Describing this process at the mean-field level,
which is adequate for reaction-limited case, one finds p(t) ~ ¢! at long times. However, in spatial
dimensions d < 2, where diffusion-limited character of reactions occurs, the kinetics of the process is
anomalous, since the decay behaviour is different from the mean-field behaviour and rather becomes
p(t) ~t=42 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 diffusion-limited and reaction-limited cooperative behaviour in 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).

CTIMKNI METO/, BUSHAYEHHSA HAIIPY>KEHOCTI MATHITHOT'O I10JISI B
®OTOCP®EPI COHIIA

A. Ipucaoscnut, M. Cmodiaka
Actponomiuna obcepBaTopis, JIbBiBChKHUIT HaliOHAIbHIIT yHiIBepcuTeT iMeHi [Bana Ppanka

3anporroHoBaHO MOAUMIKAIIIO KJIACHIHOTO METOJLY BU3HAYEHHS HAIPY?KEHOCTI MATHITHOTO TIOJIs 38
BijicTanHio A\, MiXK TTOJIOKEHHSIMU MMKIiB cMHBOTO b 1 uepBoHOro 1 Kpuit V-mpodinie CTokca MaruitTody-
TJIMBOI CIIEKTPAJIbHOI JIiHil. J[719 3MEeHITIeHHs BILTUBY TIYMiB Ta OLIBINT KOPEKTHOTO BUSHAYCHHS BEJTUIMHI
A\, criocrepexkyBaHi 1podiii Oy/10 alrpoKCHMOBAHO KPHUBOIO, STKa OMUCYETHCS MOM(MDIKOBAHOI 6a30-
Boio dyHkIieo Wave-geiiBaera. Koedimientn ampokcuMariiitnol pyHKILT Oy/10 BUBHAYEHO ILISIXOM Oa-
raroBuMipHoi onrrumizarii. /[yis TectyBannsa meroty 6ys10 Bukopuctano cuaresonani V-mpodiiai Crokca
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CIIEKTpaJIbHOI JIiHIT HefiTpabHOro 3asi3a Fel 15648 A. Ilpodini 6y10 po3paxoBaHO MIISXOM PO3B’si3aHHST
PSIMOT 33J1a41 IIePEHOCY BUIPOMIHIOBAHHSI. 3aIIPOIIOHOBAHUI TIi/IX11 € O1/IBI CTIHKUM 10 BILIUBY IIIyMiB,
HI’K METO/T IIPSIMOTO BUMipIOBaHHs BeJimanHE A\, Ta JI03BOJIsIE KOPEKTHIIIE BUZHAYATH HAIPYZKEHICThH
MAarHiTHOTO TOJISA JIJIsI BUIA/IKIB CUTHAJIB 3 BUCOKUM PIBHEM IITyMY.

TOYHUN PO3B’S30K 1D MOJEJII IIOTTCA 3 HEBUJANMUMU CTAHAMU:
AHAJII3 HYJIIB CTATUCTUYHOI CYMU

II. Capranunt?3, IO. Torosau'3, P. Kenna®>
! IncruryT disukn konnencopanux cucrem HAH Vkpainn JIbsis, Ykpaina
2 JTocmimHumpKuit IenTp IPHUKJIAIHOI MaTeMaTHKy, YHisepenter KosenTpi, BesmkobpuTanis
3 LA-cniBnparg i JIOKTOPCHKHI KOJIEIZK CTATUCTHYIHO! (Bi3HKHU CKJIaIHUX CHCTEM,
JLstitnmir-Jlopen-JIbBiB-KoBenTpi

Monens [lorrca 3 HeBmamMuMu ctanamu OyJia 3alPOITOHOBAHA KLJIbKA POKIB TOMY JIJIsl TIOSCHEHHS
HEY3TOJ/IZKEHOCTEl MizK TEOPI€Io 1 eKCIIepUMEeHTATbHIM CIIOCTEPEKEeHHAIM (pa30BOI0 MEPeXo/Ty 3i CIIOHTaH-
HUM TIOpyIeHHsIM Z3 cuMmerpil [1,2]. Bona Binpisusierses Bin 3Budvaiinoi mogeni Ilorrca momarkoBumm
HEBUJIMMUMU CTAHAMU, Y AKUX CIIHHU HE B3AEMOJIIOTH 13 OTOYEHHSIM. MU PO3IJIgHY/IN TOBEIIHKY JTaHOl
MOJIeJTi Ha, OJTHOBUMIPHOMY JIAHITIOXKKY. 3a JOIMTOMOTOI0 MeTO/Iy Tpancdep MATPUIl MU 3HANIIIN TOTHUIT
PO3B’430K 1 IpoaHaJizyBaJ/n Hy/ CTATUCTHYIHOT cyMu. /o/1aTHs KIIBKICTh HEBUJIUMEUX CTAHIB HE 3MIHIOE
dazoBoro nepexo;ry rnpu nysii remieparyp. HatomicTs, Mu 3anpornonyBaJin JiBa METO/IM 3CYBY KPUTUIHOL
temrepatypu B obsiacts 1T > 0. OfuH 3 HEX 3a JIOMOMOIrOI0 KOMILJIEKCHOTO MArHITHOTO IOJIs, a iHITuit
upu Bif eMHill KIBKOCTI HEBUAMMEX 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).

®VYHKITIOHAJIBHE IHTETPYBAHHS B TEOPII BO3E ITOJIIPOHA

I. Baxapuyx', I Harouro®
'Kadempa Teopermanoi diznkn, JIbBiBchbKHiT Hariona sl yHiBepcuTeT iMeni Isana Opanka,
2[Ipuponnuunii Kouae ek, JIbBiBchbKuil Haniona bHuil yHiBepcuTeT iMeni IBana @pamka

PosriisinemMo cyKymnHiCTh CIIH-TIOJIIPU30BAHIX HEB3AEMO/III0UNX (DEPMIOHIB B I'PAHUIL 3HUKAIOYE Ma-
JIOI TYCTHHU, 10 3HAXOAATHCA B CEPEJIOBUII B3ae€MOIiI0UNX 0030HIB. Taka MOIesb /1a€ 3MOTY BUBYATH
BJIACTUBOCTI OJHIET JIOMIIIKH, 1110 3aHypeHa B PIJAKUI rejiiil, MeTojgaMu Teopil mosist. BukopucroByodn
migxin [omosa [V. N. Popov, Functional Integrals and Collective Excitations (Cambridge University
Press, 1987) |, mu o6uucoemo dyHKIioHaIbHI iHTerpamn y 3minnnx dasa-rycruna. 11106 mocaiaurn
CIEKTP JIOMIINKH, MU OJHOYACTHHKOBY (pyHKIIO ['pina (pepmioHiB odUpaeMo y BUIISII:

G(P) = {iv, + 1 —S(P)}

tyT P = (v, p) — YOTHPHUBEKTOD, v, — depMmionHa MarybapiBCbKa 9acToTa, [i — XIMITHH MOTeHIial
depmioni. Beg indopmarliig mpo B3aeMOJIi0 JOMIMKH 3 603e-CUCTEMOIO MICTUTBHCA Y BJIACHOCHEPTeTH-
quiit yacturi X(P). Mu st Hel orpuMasin TOYHe JiiarpaMHe MpeJcTaBieHHs. | B JIpyromy HOPsIKY
Teopil 30ypeHb caMOy3TO/XKEHO po3paxyBaJ/ii eHeprilo 3aHypeHHs Ta edeKTuBHYy Macy Bose nosspona.
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ABAIIATDH POKIB 2KVYPHAJIY ®ISNYHUX JOCJIIJI2KEHBL. CIIPOBA
KYPHAJIOMETPUYHOI'O AHAJII3Y

FO. Tonosadt, M. Kpachuyvka', O. Mpuenrod*, A. Posevar?
! IncturyT disnkn kommencopanux cucreM HAH Vkpainn JIbsis, Ykpaina
2Kadepa Teopernunoi disuxu, JIbBiBchKuil HarionaabHuil yaisepeuter imeni Isana @panka

Ocranti poKu XapaKTepu3yoThCsd BUOYXOMOMIOHNM 301IbIIIEHHAM KiJIbKOCTI yOJHiKaIliil mpucBade-
HEX TeMi TOPOXKHUH (KocMivHuX BoiiB). KinbKicHUIT aHAI3 HAYKOBOT MEPIOJIMKHU € HEBII'EMHOIO YaCTHU-
HOIO HAYKOMETPIl, OCKIJILKYU caMe y MacuBi IyOJIiKalliil BiloOpaKeHo MoTOYHI HayKOBI 37100y TKu. Pe3yib-
TaTH BUBYEHHS JIAHUX ITPO OIYOJIIKOBaHI poOOTH MOXKYTH OyTH BHKOPUCTaHI K JIjI IIOOATBHAX 3a1a9
Ha 3Pa30K OKPEeCJIEHHs CTaHy JMHAMIYHOI CHCTeMM HAyKOBOT'O 3HaHHS, TaK 1 JJIs JIOKAJIbHUX — K OT
MOHITOPUHTY CTaHy KOHKPETHOTO BUJIAHHS, PETPOCIIEKTUBHOTO aHaJi3y MOTo JISIbHOCTI YU MJITPUMKHI
peJlakIiiinux pirensb. [Tpu oMy MOKHA BUKOPHCTOBYBATH BHYTPIITHI peakiiiiai gani (6i6iorpadiuni
JIOBIJIKM TIPO HaJIic/IaHl JI0 JPYKY PYKOIMCH, TePMiHHU 1X ONPAIOBAHHS, TOIIO) Ta iH(MOpMAIo 330BHI
(po oziepzKaHi IUTYBaHHS IHIINX POOIT, AKTUBHICTH KOPUCTYBadiB BeO-pecypceiB, peakIfiio CHIbHOTH, i
r.71.). Ha npuknani “ZKypuasy bisuannx gocaimkens’ (2KP/1) npogeMoHCTpOBaHO JesiKi pe3yJIbTaTi
TaKoro KijbKicHoro anaJizy. lani mpo 962 crarti, ony0O/ikoBaHi y 1bOMYy BHaHHI BIPOoBK 20 POKiB
fforo icHyBaHHSI, BUKOPUCTAHI JIjIsT TOOY/IOBU Ta, JIOC/I?KEHH PsiJly CKJIAHUX Mepek. KapTuny Hayko-
BOI CIIBIpaIli BijIoOpakKeHo y BUIJIS MepexKi CIiBaBTOPCTBA: IIPOAHAJIZ0BAHO CTPYKTYPY aBTOPCHKUX
KOJICKTHUBIB, 11 JIMHAMIKY B Yaci, BUABJIECHO HAMOLIBIT BIJIMBOBUX aBTOPIB KypHasy. [leTajbno BuBUe-
HO reorpadiio BUeHHX, 1m0 Hajcuiaaan crarti 1o apyky y 2K®J, gk Ha piBHI okpemux wmicT (Juiie
JIUIsl aBTOPIB 3 YKpainu), Tak i Ha piBHI Kpaln (aHauai3 MixkHapomaHol crisrnpart). Temaruanuii npodinb
BUJIAHHS TIPEJICTABIeHO 1depe3 Mepexy iHgekciB PACS, 1m0 BUKOpHUCTOBYIOTHCS [T XapaKTEPUCTUKH
HAIPAMKY KOYKHOI poboTu. KopoTko 00roBopioioThest PO3MO/IIN IUTYBaHb, JaHi PO fKi OJep:KaHo i3
HayKOMeTpuIHUX cepBiciB Scopus Ta Web of Science.

[1] FO. Tososau, M. Kpacuuupbka, O. Mpurion, A. Posenuak, 2ZKypu. bis. moci. 21, 4001 (2017).

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 described by 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 next parameters: i. Energy perturbations — energy density perturbation é = (p—p)/p
and pressure perturbation m = (p — p)/p; ii. State parameters — state of matter w = p/p and dynamic
state of matter ¢2 = p/p; iii. Perturbative parameters — effective speed of sound ¢ = Ap/Ap and its
background dependence parameter n = p(9c?(p)/dp). All of these parameters appears in Euler equations
and therefore their quantities must be specified within dark energy model.

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

ds® = "™ dr? — "M (1) [dR? — R?dQ?] . (0)
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The equation of momentum conservation and the equation of energy density conservation in the
background reference frame and in the nonrelativistic approximation are follows:

, 1, 1 0., 1 0. , 9
P+ 5 (04 D)+ oola o+ p)e] + o= [R¥p+ )] =0, Q

a ,_ a, . _ 1. 11 0
E(P5)+35(P5+pﬂ)+(P+p)§ﬂ+aﬁ@

where we have taken into account that energy density and pressure density are perturbed as follows:
p=p(1+9)and p=p(1+ 7) = wp(1l + 20 /w) respectively.

For more clear physical meaning we rewrited equation () by taking into account () in the approxi-
mation of first-order perturbations for static Universe (i.e. a =1, a =0, r = R):

[(p+ p)R*v] =0, (0)

g / 1 / 1
U+ VU + p =
p+p ptp

(“Fgrv + fjet)a (0)

where F,,., = —(p+ p)v//2 — is gravity force, and Fj = —(p + p)(Ariv/ Am)v = cZ(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 (v = 0) and static (v = 0) solutions of Eq. in the static gravity fields of
Schwarzschild black hole and spherical dark matter halo.

JIIOMIHECITEHTHI BJIACTUBOCTI HAHOYACTUHOK YVO,: Bi**, OTPUMAHI
MJIAXOM I'r IJPOTEPMAJIBHOI'O CUHTE3Y

T. Maauti, B. L[rompa
Kadenpa ekcriepumentanbuoi dizuku, JIbBiBcbKmit Hamiona bHuil yHisepcureT imeni [Bana @panka

Ha croroaui jyis posmniznaBanns i cemapariil Oiosiorigamx 06’€KTiB B OCHOBHOMY BUKOPUCTOBYIO-
ThCsl OIOMITKI Ha OCHOBI JIIOMIHECIIEHTHUX HAHOKOMIIO3UTIB, SIKi 6a3yI0ThCs Ha MOXiTHUX (hJIyopecIeiny,
abo ioro amasori. Opranivhi JTIOMIHECIIEHTHI MapKepyu XapaKTepU3yKThCsl BUCOKOK IHTEHCHBHICTIO
CBIYEHHS, TIPOTE BOJIOJIIIOTH 3HAYHUM (poTOBUTOpaHHAM. TOMY BeJleThbCsl pO3pOOKa MapKepiB Ha OCHOBI
HEOPTraHIYHUX CIOJYK, AKi XapaKTepu3ylThCd 3HAYHOI (POTOCTAOIIBHICTIO Ta CIHUHTHIAIIAHUMEA T1a-
pamerpamu. B januit 4ac akTUBHO PO3POOJISIOTHCS HOBITHI ITiJIXOIU KOHTPOJIHOBAHOI HYKJICAIIIT JTIOMi-
HECIIEHTHUX HEOPTaHIUHUX CoJieil, OKCHJIIB HAHOYACTUHOK 1 KOJIOIIIB, JIerOBAHUX i0HAMU JIAHTAHIJIIB, Ha
ocHoBi 6opatiB i Baramari Y, La, Lu i Gd, jeropannx ioHamMu JIaHTaHIIIB, JIOMIHECIIEHIST STKUX ede-
KTUBHO 30y/KyeThcd B Jriarta3oni 250-370 uMm. Taki 0coOJMBOCTI JI03BOJIATH MPOBOIUTH JTOC/TIIZKEHHS
biostorigHux 00’€KTIB MeTOIaMM JIIOMIHECIIEHTHOI CIIEKTPOCKOIII] i3 BUKOPUCTAHHSAM CKJISIHOI OITHKI.

Tax gk, BUIIPOMIHIOIOUI MaTepiajn Ha OCHOBI PIAKICHO-3eMeJIbHUX OPTOBAHA/IATIB ITMPOKO BUKOPH-
CTOBYIOTBHCH /Il PI3HUX HAYKOBO-TEXHIYHUX IijIeil, TO MIJBUINEHHS IXHIX CHUHTUIAIINHUX XapaKTepu-
CTUK JI/Id BUKOPUCTAHHS B OlOMapKyBaHHI BUMAra€ BUBYEHHS PI3HUX METOJIUK CHHTE3Y, & TAKOXK BILIUBY
KOHIIEHTPAIIi{l JOMIIIIOK Ha BJIACTHBOCTI moMiHecnentii. 3pasku YVO,:Bi*t 3 pisnuvum xornenTpariaym
JIOMIIIIOK OYJIM OTPUMAaHi 3a JIONOMOTOIO Ti/IpOTEPMAJILHOTO METO/1Y, 3 BUKOPUCTAHHAM PI3HUX ITOJIIMEPiB
K TEMIUIATIB 1 cuuTe3y. MikpocTyKTypa i Mopdooris oep:KannX HAHOYACTUHOK JTOCJIIJIZKYBaJIACh
3a JIOIIOMOTOI0 €JIEKTPOHHOI MiKpockorrii, peHTreHiBebkol audpakiiii Ta DLS. Cepemniit po3mip 3epen
JJIS OJIep2KaHuX HAHOYACTUHOK CTAHOBUTDH 10-20HM.
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JToctiizKeHo JIIOMiHeCIIeHTHI BJIACTHBOCTI HAHOYACTHHOK B 3aJIesKHOCTI BiJl KonmenTparii ionis Bidt,
a TAKOXK BILJIUB IOJIIMEpPY Ha JIIOMIHECIIEHTHI BJIACTUBOCTI HAHOYACTUHOK. BBejiennd i0HiB BicMyTy mpu-
3BOJIUTH JI0 3CYBY Kpalo 30Y/KEHHs B JIOBIOXBHUJIBOBY 00/1aCTh, & MOAUMIKAIlis TTOBEPXHI JI0 3pOCTaHHS
iHTeHCHBHOCTI Jitominectenniil. [losicHerHsT 0cobIMBOCTEl TPOBOAUTHCS B paMKaxX €KCUTOHHOT MOJIEJI JIJIst
HeHTpiB, mo BuHUKaOTh B LiYP,015:Bi*T [1]. IIpunyckaerbes, mo kpait byH1aMeHTaIbHOTO HOTIMHA-
HHA (POPMYETHCS IOTJIMHAHHAM €KCHUTOHA JIOKAJII30BAHOIO IMOOIU3Y 10HIB BICMyTY, a 30V/KEHi CTaHH
BICMYTY pO3TaIllOBaHi B 30HI TPOBITHOCTI. TaKe MOJIO2KEHHS eHePreTUIHUX PIBHIB I ITBEP/IKYETHCA PO3-
paxyHKaMHI 30HHOI eHepreTmaHoi crpykrypu kpuctaiis YVO,, YVO,:Bi*T ta BiVO, Ta nonepemmivu
MOJIC/IbHUME BUCHOBKaMU IMIOJI0 cTPyKTypH Bi+ - 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).

®OTOC®EPHI /I2KETU B CIIOKINHIN ATMOC®EPI COHIII

M. Cmodirka
Actponomiuna obcepBaTopis, JIbBIBChKIIT HallioHAIbHMI yHiBepcuTeT iMeHi IBarna Ppanka

Crocrepexxkents 3 ucoknM mpocroposuM possiternsM (IMaX/SUNRISE ta HINODE) nokazasu
HAsJBHICTD JKETIB B JIeIKUX I'PaHy/Iax Ta MiXKrpaHyaax B crokiiaiit armocdepi Conrs. Jloci He 37s-
CcOBaHa IPUYMHA TAKUX SBUIN — HEBIJOMO, YU Il € PyX PEYOBUHU BCEPeINHI MarHiTHUX IeTesb, 9I
pe3yJIbTaT Iepe3aMUKaHHs MarHITHUX IOJIiB, Y1 KOHBEKTUBHUII KOJIJIATIC.

st nocoikenast Takux JpibHOMAacTabHUX AKTUBHUX MEHTPIB B croOKilHiil armocdepi Conrig mu
Bukopucraan gani 2D crnocreperxkers COHIE 3 BUCOKIM IIPOCTOPOBUM PO3/ILJIEHHSAM, OTPUMAaHI Ha TOJI-
nangcekomy DOT Teneckoni B siniax Fel: AB576A (mimis memarmerodyTimBa) Ta B MArHETOUY TINBHX
minisx A6301.5A ta A6302.5A. ['ubuan yTBOpPEHHS IMUX JIHIA OXOILTIOITE hoTocdepHi mapn arMocde-
pu Conng. [lnsxom po3B’si3Ky 0bepHEHOT 3a/ati epeHoCy BUIIPOMIHIOBAHHS 3 BUKOPUCTAHHSIM JTAHUX
CIIOCTEPEXKEHb B HEMAIHETOUYT/INBIi JiHIT My BiaTBOpmIn (bizudHi yMOBH (TeMIlepaTypa, THUCK, IYCTH-
Ha, IIPOMEHEBA MBUJIKICTD) B HEOHOPIIHIH arMocdepi CoHI; oJIe TOPU30HTAIBHUX MIBUIKOCTEl 610
BIJITBOPEHO NMIJIAXOM TOJIAJIBITIOT0 BUKOPUCTAHHA PIBHAHD TiIPOINHAMIKN, MarHiTHE TOJe — 3a JIAHUMUA
B siHigx A6301.5A ta A6302.5A.

PesynbraTn BinrBopenHs izudaamx yMoB B croKiitHiit (poTocdepi CoHIls BUSABIAIOTH B Mi?KI'DAHYJ/Ib-
HUX 00JIACTSIX KOMIIAKTHI JIpibHOMAcCIHITaOHI yTBOPEHHS MiJIBUINEHOI TEMIIEPATYPH, PEUYOBUHA B SIKUX
OIYCKA€EThCSI BHU3, 000 K MiJHIMAETHCS Bropy, MPUYOMY MIBUJIKOCTI PYyXy PEUYOBHHU 3HAYHO IEPEBU-
IIyIOTh THUIIOBI IIBUJIKOCTI JIJIs Mi2KI'DaHyJ; 3 BUCOTOIO IMIBUJIKICTH criajae. [lenTpu eneproButiieHHs
dorocdepHUX JIZKETIB JIOKaJIi30BaHl B mapax cepegaabol gorocdepu. [lag 1mux meHTpIiB XapaKTepHi:
3MiHa 3HAKYy ITPOMEHEBOI IIBUIKOCTI, 301/bIIIeHHS I'YCTUHU PEYOBUHU, Pi3Ke 3POCTaHHs HA JIUITKOBOTO
TUCKY Ta TeMIiepaTypu. BeepeauHi JKeTiB JIoKaji30BaHe CUjbHe MaruiTHe nosie (lepeBaykHO BepTHU-
KaJIbHE), B OKOJI JIZKETIB — cJiabKe MarHiTHe 1oJie Takol K nojgpHocti. B okosi dorocdeprux jrkerin
MarHiTHUX BKPAILJIEHb TPOTUIEXKHOI TTOJISTPHOCTI HE BUSIB/IEHO. 3 1aCOM BHAC/IIIOK MTepe3aMUKAHHS CHUIO-
BUX JIHIN OJMHAKOBOI MOJISTPHOCTI CTPYKTYPa MArHITHOTO TOJIA 3MIHIOETHCH, MO CIPUINHIAE BUJIIJIEHHST
eHeprii 1 yTBOpeHHs IHTEHCUBHUX BEPTUKAIBLHUX MOTOKIB PEUYOBUHE. 3POOJICHO aHA I3 TOPU30HTATBHUAX
IIBUJIKOCTEl 100Ny TaKUX aKTUBHUX IIEHTPIB - MOKA3aHO, MO JIKETU BUHUKAIOTH B MICISIX CTHKAHHS
IHTEHCUBHUX I'OPU30HTAIBLHUAX MTOTOKIB 3aMartiuenol miaasmu. [IpoBegeHo J1ocaiizKeHHs BIJIMBY MarHi-
THOTO 110J1 Ha (pizudHi ymMoBH B jKetax. [loOymoBano Mojesi crocrepeKyBaHUX JIpiOHOMACIIITAOHUX
AKTUBHUX TEHTPIB crokiitHol dporocdepn CoHrs.
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EK3OTUYHI ATOMU ¥ KBAHTOBAHOMY IIPOCTOPI 3
HEKOMVYTATUBHICTIO KOOPIMHAT TA HEKOMYTATUBHICTIO IMITVJIBCIB

X. I'mamenxo
Kadeapa Teopernanol ¢izuku,
JIbBiBCHKUIT HalioHa bHUI yHiBepcuTeT iMeHi [Bana @panka

JlociKyeTbess KBAHTOBAHUM ITPOCTIP 3 HEKOMYTATUBHICTIO KOOP/JMHAT Ta HEKOMYTATUBHICTIO 1M-
IIyJIbCIB

[Xi,Xj] = 1h0;;,
(X, Pj] = ihdyj,
[P, Pj] = ihn;,
ne 65, mi; — TEH30pH HEKOMyTaTHBHOCTI. Mu posmisaemo ifero moGymIoBH TEH30pIiB HEKOMYTaTHB-

HOCTi 3a JIOIIOMOTOIO JIOJIATKOBUX KOODJMHAT Ta JOJATKOBUX IMITYJIbCIB, sIKi ONMHUCYIOThCA CHEpUTHO-
CHMETPUYHOIO CHCTeMOIO [1].

Busdaernhcsa npobisiema onmcy pyxy IMEHTpPa Mac CUCTEMU YaCTUHOK y CHEepPUIHO-CUMETPUTHOMY
HEKOMYTaTUBHOMY hazoBoMy mpocTopi. Mu 3HaxomuMo Ta TOCTKYEMO BUPa3u i e(DeKTUBHIX TEH-
30p1B KOOP/IMHATHOI Ta IMILYJIbCHOI HEKOMYTATUBHOCTI, AKI1 BIJIIIOBL/IAIOTH 3a PYX CUCTEMHU YaCTUHOK Y
KBaHTOBAHOMY IIPOCTOPI 3i 30eperKeHoi0 chepruIHO CHMETPIEIO.

PosriistaeTbes BB KBAHTOBAHOCTI IIPOCTOPY HA CHEKTP €K30TUYIHUX aTOMIB, CepeJi HUX MIOOHHUIA
BOJIEHDb, aHTUNIPOTOHHMI Temiil. [lokaszyeTbes, Mo HEKOMYyTATUBHICTH KOOPJIUHAT Ta HEKOMYTATUBHICTH
iMITYJIbCIB Ma€ OLIbIHUil epeKT Ha eHEepPreTUIHi PiBHI €K30TUYHUX aTOMIB Y TOPIBHSHHI i3 BILIMBOM Ha
CIIEKTD aTOMa BOJIHIO. 3BaXKaI04M Ha I1e, MU IPUNATILIN 10 BUCHOBKY, OKPAIIEHHS TOYHOCTI BUMiPIOBAHHS
CIIEKTPY €K30THYHUX ATOMIB JIO3BOJISIE OTPUMATH CUJIbHE OOMEXKEHHS Ha BEJIMYMHY KBAHTA IIPOCTOPY

12].

[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.

NETWORK METRICS OF 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 GADGET2 cosmological N—body simulation with methods
of complex network theory. The simulation contained 5122 identical particles which represented dark
matter in an volume of 200° h® Mpc?, the cosmological parameters of this simulated universe are
following: the normalized Hubble parameter h = 0.68, the density parameters §2,,, = 0.31 and 2, = 0.69,
the power spectrum index n, = 0.96, and og = 0.82. This data was generated and used by authors of
[?] to compare 12 different methods of large-scale structures defining algorithms, that are applied to
halo distribution data. These algorithms categorize each of halos (which are the nodes in our network)
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to one of four type of structures: voids, filaments, sheets or knots (superclusters). I used the results of
CLASSIC and Multi-Stream Web Analysis (MSWA) classification algorithms.

When building the network two halo are said to be connected when the distance between them is
smaller than specified linking length (1...2 Mpc in my case). It was taken only part of all volume where
number of nodes is up to 10 000.

After computing the network metrics for each node (degree centrality, betweeness centrality, closeness
centrality and clustering coefficient) I've found Pearson correlation parameters of each of kind of network
metric with type of structure the node belongs. The results have shown that the some network metrics
(degree of node for example) are correlated with the type of structure to which the halo belongs. I also
study how values of these network metrics are distributed for populations of halo of different type of
structures. The obtained network metrics distributions of halo populations of different type of structures
are considerably dissimilar.

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

OIIEPATOPU IIIPEJAVHI EPA I3 CUHI'V/ISIPHUMU ITIOTEHIIIAJIAMU
TA TOUYKOBI B3AEMO/III

FO. JI. Toarosamudi
Kadenpa audepeniiaibHux piBHSIHD,
JIbBiBCHKUT Haliona abHuil yHiBepcuTeT iMeni IBana @Opanka

Omneparopu [lIpeunrepa 3 norenmiagaMu, siki € y3araJbHeHUMI (PYHKITIIMU 3 TOYKOBUMU HOCISIMH,
AKTUBHO BUBYAIOTH 3 CEPEJIMHM MHUHYJIOTO CTOMITTA. Taki onepaTropm 4acTo HA3UBAIOTH OMEPATOPAME
3 TOYKOBUMHU B3aeMojigmu. Mojesi, o onupaloThcsd Ha KOHIIEIII0 TOYKOBUX B3a€MOJIiN, BUSIBUIACS
JIOCUTH e(PEeKTUBHUMHU, OO aJeKBATHO OIKICYIOTHh KBAHTOBOMEXAHIYHI ITPOIECH 1 OJIHOYACHO JIO3BOJIAIOTH
cyTTeBO cupoctuTn obunciennd. [Ipore ne Koxne nudepeniiagbae PiBHAHHSA 3 y3arajJbHeHUMH (DyH-
KIlissMu y KoedirienTax Mae MaremaTuydnuii cerc. [lepronpuanoio 110ro € mpobsiema MHOKEHHS y3a-
rasibHenux dpyukiii. Hanpukiiam, pisusaasa —y” + (a5’ (x) + 5o (:E))y = k?y, B aKOMY cTaja v BiIMiHHA
BiJI HyJIsI, He Ma€ YKOJ[HOTO PO3B 513Ky Ha JiificHiii oci (B cenci y3aragbHeHUX (DYHKIIH), OKPIM HYJIBOBOTO.
Tyt 6 — dpyskmiza lipaka.

Y jomnoBiji druMerbesd mpo JiBi cim’T orteparopis [Ipeaunrepa i3 JIOKAJIbHUMEI CHHTYJISIPHUME 30Yy-
PEHHSAMU, KOXKHA 3 IKUX IOB’S3aHa 3 PEryJisipU3AIN€i0 3raJIlaHoro BUllle PiBHAHHA. MU 10CIiKyBaIH
PIBHOMIpHY PE30JIbBEHTHY 3012KHICTb, KOJIU JI0JIATHI MapaMeTpH £ Ta V MPIMYIOTh JI0 HYJIs, JIBOIapaMe-
TpuvHOI ciMm’1 onteparopis [lIpeaunrepa

d’ —24(—1 ~1 -1 2
Sey = 0 +e 0 x)+v Y(v z), domS., =W5(R),
jge ® 1 U — gificHi inTerpoBHi (DyHKIT 3 KOMIAKTHUMEU HOCigMu. TakoK BUBYAIN MUTAHHSA 3012KHOCTI
cim’T onteparopiB IIpenunrepa 3i 30ypeHHsaMu panry 2:
d? 3 1 1 2
Tg:—@—l—f Q- +e qlex), dom T, = W5 (R),

Je omeparop Q. jie B mpocropi Lo(R) i Mae Bursy
(Qua) = £ 0) [ gl pule)dt+ gl ) [ f(e ooty
R R
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Oyukril f ta g nHamexarb Lo(R), Marors KoMnakTHI HOCIT Ta € JIHITHO He3aIEKHUMHU.
Amnaniz onepatopis S, , Ta T, nae JgekigbKa AKiCHO PI3HUX BUIIAJIKIB 'DAHUTHOIO MOBEIIHKH B 3aJIe-
JKHOCTI Bij BiaactuBocreit dyukiiit W, @, f, g ta ¢, gki hopMyoTs 30ypeHHs.

[1] Yu. Golovaty, R. Hryniv, J. Phys. A: Math. Theor. 43, 155204 (2010).
[2] Yu. Golovaty, Methods Funct. Anal. Topology 18, No 3, 243 (2012).
[3] Yu. Golovaty, IEOT 75, Iss. 3, 341 (2013).

[4] Yu. Golovaty, R. Hryniv, Proc. R. Soc. Edinb. A. 143, 791 (2013).

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

B.V. Padlyak™?, T.B. Padlyak*, A. Drzewiecki*, V.T. Adamiv*
YUniversity of Zielona G?ra, Institute of Physics, Division of Spectroscopy of Functional Materials,
Zielona G7ra, Poland 2Vlokh Institute of Physical Optics, Department of Optical Materials, Lviv

The Li;B,07:Gd CaB40O7:Gd, LiCaBO3:Gd, and LisB;O7:Gd,Ag glasses of high optical quality,
obtained 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 GdyO3 in amounts 0.5 and 1.0 mol. %. The Ag impurity was introduced into the LiysB,O7
glass composition as AgNOjz and as highly dispersed metallic Ag in amount 2.0 mol. %. In all Gd-doped
glasses was observed EPR U-spectrum of the Gd** (3S7/,, 4 f7) ions that is typical for glasses and
practically independent of the basic glass composition. In the Li;B4O7:Ag glass at RT was observed
broad complex signal that is a superposition of paramagnetic Ag?* (4d°) and Ag® (4d'° 5s') centres. In
Gd-doped glasses under excitation at 273 nm is observed weak UV emission line at 311 nm that was
attributed to the P75 — 8S;/5 intraconfiguration 4f —4f transition of the Gd** ions. In luminescence
excitation spectrum of the CaB,O7:Gd glass are observed characteristic groups of lines, which correspond
to the 8S7 /o — °Iy, °D; transitions of the Gd** ions. Significant (~ 100 times) increasing of peak intensity
of the Gd3* emission line at 311 nm in the Li,B4;O07:Gd,Ag glass has been explained by energy transfer
from Ag* (4d'°) to GA®" (4f7) upon excitation at 273 nm that is resonant for 4d'® — 4d°5s' (1Sy —
'D,) and *S;/s — °I; transitions of the Ag" and Gd*" ions, respectively. Luminescence kinetics of the
Gd?T emission line at 311 nm in the CaB4O7:Gd (GdyO3 — 1.0 mol. %) and Li;B4O07:Gd,Ag (Gd,03
— 1.0 mol. %, AgNO3 — 2.0 mol. %) glasses are satisfactory described by single exponential decay with
lifetimes ~ 3.2 ms and ~ 4.1 ms, respectively. Obtained results show that the co-activated by Gd3* and
Ag™ borate glasses can be promising materials for effective UVB light sources (working wavelength 311
nm, °P7/5 — 8S7/2 channel) for biomedical applications (phototherapy lamps).

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