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KBanToBi ¢da3oBi nepexonm i mapajgurma Jlangay—I'in3doypra

Ounee epotcko
Iacturyr disukn xkoumencoranux cucrem HAH VYkpalau, JIsBiB

Posryisinyro J — J' kBanToBuit antudepomarneruk laiisenbepra Ha KBajparHiil rpaTii. Y Mojesi
€ kBaHTOBHI (bazoBuii nepexin, koau J'/J npubausno mopisaioe 2.5. [Tokaszano sk 36y/yBaTn T€0pio
Jlammay—T'in30ypra s mporo nepexoiy. O6roBopeHo KijibKa y3araJbHeHb TAKOTO i IXO/TY.

Self-similar idempotent measures revisited

Mykhailo Zarichnyi*?
Department for Geometry and Topology, Ivan Franko National University of Lviv,
2Faculty of Mathematics and Natural Sciences, University of Rzeszéw,

The idempotent mathematics is a part of mathematics in which arithmetic operations on the reals
are replaced by idempotent operations (e.g., max, min; see [2]). According to an informal correspondence
principle, every substantial notion of the (ordinary) mathematics has its counterpart in the idempotent
mathematics. In this way we obtain the notion of idempotent measure, which is an idempotent analogue
of that of probability measure.

The notion of invariant (self-similar) measure for an iterated function system (IFS) of contractions
on a complete metric space is introduced in [1]. The existence of invariant measures is proved by using
Banach’s contraction principle for suitable metrization of the set of probability measures on a metric
space. The invariant measures impose an additional structure on the invariant set for the given IF'S.

The aim of this talk is to introduce the invariant idempotent measures for given IFS. In the case
of idempotent measure, we use the weak® convergence for proving the existence of invariant element.
This approach seems to be fairly general and we anticipate new results in this direction, e.g., for the
max-min measures.

Note that Taras Banakh constructed a metrization of the spaces of idempotent measures which
allows for applying Banach’s contraction principle in the proof of existence of invariant idempotent
measures.

Note also that the invariant idempotent mrasures on the ultrametric spaces were considered in [3].

[1] J.E. Hutchinson, Fractals and self similarity, Indiana University Mathematics Journal 30, 713-747 (1981).

[2] V.P. Maslov, S.N. Samborskii, Idempotent Analysis, Adv. Soviet Math. 13 (Amer. Math. Soc., Providence,
1992).

[3] N. Mazurenko, M. Zarichnyi, Idempotent ultrametric fractals, Visnyk of the Lviv Univ. Series Mech. Math.
79, 111-118 (2014).



Micra i 3akoHn

IO. Tonosau!?
neruryT disuxkn xongencosanux cucrem HAH Vkpainn, JIbsis,
2 L* Collaboration & Doctoral College for the Statistical Physics of Complex Systems,
Leipzig-Lorraine-Lviv-Coventry

Y miit JoMoBijII He UTUMEThCA PO IOPUCIPYIAEHIIIIO 1 MpaBo. ITuMme MoBa PO yHiBepcasibHI 3aKOHH,
AKUM HIJJIAraloTh TATOMI BJIACTUBOCTI MicTa fK IIIJIOr0, HOro opraHizaliil, po3BUTKY, KOPeJdIiil MixK
PIBHUMU TIPOIIECAMHU, 0 BU3HAYAIOTH MiChbKe KUTTd. AHaJII3 1 pO3yMiHHS 1IUX 3aKOHIB € OJHUM i3 3aB-
JIaHb HayKW PO CKJIAJIHI CUCTEMU — HOBOI JIMCITUILIIHU, IO 3HAXOIUTLCA Ha NepeTuHi (izukm, OGioJroril,
€KOHOMIKH, COITIOJIOriT 1 TyMaHITapHUX HayK.

Cepes1 iHIUX MPUKJIAIIB 4 IJIAHYIO PO3TJIAHYTH /10 3aKOHIB aJOMETPUIHOTO CKEMJIIry B POCTi MicT
1 )KUBHUX Oprai3mis, dpaKTaabHi BJIACTHBOCTI MICT i IX TPAHCIIOPTHUX CTPYKTYDP, 3aKOHU TI'paBiTaril i
BUITPOMIHIOBAHHS y CIIJIKyBaHHI Ta MOOibHOCTI Hacesaenus. 11 i momiOHi 3aKOHU CIIBHI JIjIs MicT, 1110
pi3HATBCA 3a reorpadivHuM pPO3TAITYBAHHAM, PIBHEM €KOHOMIYHOTO PO3BUTKY, ICTOPUYHOIO Ta KYJIb-
TypHOIO Tpajurieo. Ha BinMiny BiJi 3aKOHIB, BCTAHOBJIEHUX JIIOJIMHOIO, 11 3aKOHU HE MOXKHa 00iiiTH, a
iX HE3HAHHsI He 1M030aBJisie HEMUHYYIOCTI 1X BUKOHAHHS :)

[1] Yu. Holovatch, R. Kenna, S. Thurner. Complex systems: physics beyond physics. Preprint arXiv:1610.01002
(2016).

Kocmostoriuna crasia, TeMHa eHepris i BeJIuKi NOpoXXKHUHN — ‘“Dararo rajiacy 3 Hi4oro*?

B. Hosocadauii
Actponomiuna obcepBaTopis Ta Kadeapa acTpodizuku,
JIbBiBCHbKMIT HaIioHaIbHUI yHIBepcuTeT iMeni IBana ®panka

Cro pokiB Tomy A. ARHIITAH T0TKCAB y PIBHIHHS 3arajibHOI Teopil BIIHOCHOCTI JOJaHOK 13 KOCMO-
JIOTIYHOIO CTAJIOI0 3 METOI0 OTPUMATHU CTATUYHY MOJIEJIb CBITY. Yepes miicTiaecaT pokiB iHmuM (izukam
BOHA JIOIIOMOTIJIa PO3BUHYTH iHQJIATINHY MOJe/ b paHHBOTO BeecBiTy, a uepes J1eB’stHOCTO YCIIITHO OIu-
caTu MPUCKOpPEHe PO3IIUPEHHsd Mi3HbOro BceecBiTy, BCTaHOB/IEHE 38 JIONMOMOTOI0 KOCMOJIOTIYHOI'O TECTY
BUJIMIMAa 30PsiHA BEJUYINHA — 9€PBOHE 3MIIeHHs 11 HaaHoBux Tuiy la. OaHak 3a10BiabHOT BisnaHOT
inTepuperartiil Bona He mae i joci. Ile mopojmio ajgbrepHaTuBHI rinore3u (pisUIHUX CyTHOCTEH IIiJ1 3a-
raJIbHOIO Ha3BOIO TEMHAa €HepTis, fKi 3a CBOIM BIIMBOM Ha JUHAMIKY PO3MUpeHHs BcecBiTy K 1171070
IMITYIOTH KOCMOJIOTTYHY cTaly B piBHsHHAX AfiHiraiina. CrocrepexkyBaHi jiafi, KUIBKICTh 1 TOYHICTH
JKUX CTPIMKO 3pOCJIa B OCTAHHE JIECATUIIITTA, JIEMIO 3BY3UIN YUCJIO IPETEH/IEHTIB, O/ITHAK BCTAHOBJIEHHS
Gi3uvHOT TPUPOIN ITiET CKIIAI0BOI 3aUIIAETHCS IIIe JAJeKO IMepPCIeKTUBoK. B momnoBiai mpegcrasiie-
HI pe3y/JbTaT! aHaJi3y BUKOPHUCTAHHS BJIACTUBOCTEIl BEJMKUX IOPOKHUH B IIPOCTOPOBOMY PO3IIOMLI
raJIakTHK JIjIsi PO3Pi3HEHHsI TUITY TEMHOI eHepril - Y1 BOHA € KBiHTECeHIIIiTHO0, (haHTOMHOIO, 91 KOCMO-
JIOTIYHOIO CTAJIO0.



Galaxy distribution structure analysis by complex network approach

S. Apunevych', R. de Regt>?, C. von Ferber®®, Yu. Holovatch*3, B. Novosyadlyj
Astronomical Observatory, Ivan Franko National University of Lviv,
18, Kyrylo i Methodiy Str., Lviv, 79005, Ukraine,
2Applied Mathematics Research Centre, Coventry University, Coventry
3 L* Collaboration & Doctoral College for the Statistical Physics of Complex Systems,
4Institute for Condensed Matter Physics, National Acad. Sci. of Ukraine

The number of observational facilities and sky surveys have provided us with a bulk of new data on
the observed distribution of galaxies. It is often referred as the large-scale structure of the Universe, also
this web-like structure is called the Cosmic Web [1]. What makes this structure and how to describe
it is still open question. The methods based on 2-point correlational functions have been proven to be
effective in detecting structure, however they are unable to discriminate different topologies of such
distribution.

To address the problem of the large-scale structure topology we apply new methods for treating
these data. Following the pioneering paper [2] we model the COSMOS galaxy field as a complex network
and obtain various network characteristics. They allow us to describe not only the order of distribution
but also its topology and determine “shapes” within it, like walls, filaments etc.

[1] J. R. Bond, L. Kofman, D. Pogosyan, Nature 380, 603 (1996).
2] S. Hong & A. Dey, MNRAS 450, 1999 (2015).

l'eomeTpiss MHOTOBUIIB, 3reHEepOBaHUX oneparopaMu rpymnu Jli

A. Kyszvmax
Kadeapa Teopernuanol ¢dizuku,
JIbBiBCHKMIT HalioHa abHUI yHIBepcuTeT iMeHi IBana @panka

JlocitiKeHo 3a/1e2KHICTh METPUKHA MHOTOBU/LY, IO I'€HEPYETHCS YHITADHUM MEPETBOPEHHIM

U= 6—1‘((9A-&-<]§B)7 (1)

Biji KomyTaropa MixK onepatopamu A i B. Tyt 6 i ¢ — nosinehi aiiicai mapamerpu. [lokasano, 1mo y
BUITAJIKY, KOJIH IIi OIepaTopy KOMYTYIOTh MizK c06010, MHOTOBH/T Oyie miocknM [1]. Busdeno reomerpiro
MHOTOBH/LY, IO I'eHepyeThcs oneparopamu A i B, gKi 3a/I0BOJIBHSIOTH TOTOXKHICTH Beitrsa. OTpumano
MEeTPUKY, IO I'€HEPYEThCA OllepaTopaMu, dKi 3a7afoTh aarebpy JIi. Ak mpukian, oTpuMaHO METPUKY
JIJIsl MHOTOBUJLY, SIKUii T€HEPYEThCsI OllepaTOpaMu MOMEHTY KiTbKocTi pyxy [2].

[1] A. R. Kuzmak, arXiv:1605.01590 [quant-ph].
[2] A. R. Kuzmak, V. M. Tkachuk, Phys. Lett. A 379, 1233 (2015).



EdekTnBHa Maca JOMIIIIKOBOro aToMa B pPO3pijizkeHoMy 003e-rasi

1. O. Baxapuyx, I I[lanouxo
Kadenpa Teopernanoi ¢izuku,
JIbBiBCHKUIT Harionaabuuil yaiBepcurer imeni [Bana @panka

PosriigayTo pyx goMimiku 3 iMIyJIbcoM Aq B CepeIOBHINI B3aeMO/Ii0ounX 0030HIB. B3aemomito mix
0030HAME Ta JIOMIIIKOBUM aTOMOM MU OIIMCYEMO MOJIE/JILHUM HoTeHIiagoMm, Pyp’e obpas3 ssIKOro BU3HA-
JaeThCs JOBXKHUHOIO S-PO3CISIHHS JIOMIIIKOBOI'O aToMa Ha 0Oo3e-dacTuHI. B pamkax Teopil Bpimoena-
Birnepa 3mnaiijieno BjacHy eHepriio Ta epeKTHBHY Macy JOMINIKOBOIO aTOMa B 3aJIE2KHOCTI BiJI THITY
B3aeMoIil (IpUTATAIbHA YH BiIIITOBXYBAIbHA) Ta TA30BOTO MapamMeTpa.

Monte Carlo study of anisotropic scaling generated by a disorder

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

The talk concerns the critical properties of the three-dimensional Ising model with linear parallel
defects. Such a form of disorder produces two distinct correlation lengths: &, in the direction along
defects, and £, in the direction perpendicular to the lines. Both §| and £, diverge algebraically in the
vicinity of the critical point, but with different critical exponents 1| and v, . This property is specific
for anisotropic scaling and the ratio /v, defines the anisotropy exponent §. Estimates of quantitative
characteristics of the critical behaviour for such systems were only obtained up to now within the
renormalization group approach. Here I report a study of the anisotropic scaling in this system via
Monte Carlo simulation of the three-dimensional system with Ising spins and non-magnetic impurities
arranged into randomly distributed parallel lines. Several independent estimates for the anisotropy
exponent # of the system are obtained, as well as an estimate of the susceptibility exponent . Obtained
results corroborate the renormalization group predictions obtained earlier.

ITpuHIMn eKBiBaJIEHTHOCTI y HEKOMYyTaTUBHOMY (pa30BOMY HPOCTOPi

X. II. I'namenxo
Kadeapa Teopernanol ¢dizuku,
JIbBiBCHKUiT HalionaabHUi yHiBepcuTeT iMeHi [Bana Opanka

Posriisaiaerbesa 1BoBUMIpHIIT HEKOMYTATUBHIH (ha30BUil TPOCTIP, AKUIl XapaKTePU3YEThCT TAKUMU
CITIBBITHOTIIEHHSAMU )T KOOP/IMHAT Ta IMITYJIbCIiB

X, Y] = ihf,
(X, Pj] = ihé;;,
[Pl“? Py] = me»

ne 6, n — mapamerpu HekomyTaTuBHOCTI. Mu mocikyeMo pyX MakKpOCKOIIIYHOTO Tijia y rpasiTarriii-
HOMY IIOJIi Y TakoMy mpoctopi. Beranosjieno, 1mo cjadKuii TPUHIAIT €KBiBAJECHTHOCT] MOPYIIYETHCA Y
HEKOMYTaTUBHOMY azoBoMy IpocTopi. Mu 3ampornonyBa i yMOBH Ha MapMeTPU HEKOMYTATHBHOCTI,
SIK1 JIO3BOJISIOTH BITHOBUTH IIPWHIIUAII €KBIBAJEHTHOCTI. A came, OKA3aHO, MO KOJIA ITapaMeTpPu HEeKO-
MYTaTUBHOCTI, $IKi BIJIIOBIIAIOTH TIJTy MAcOO M, 3aJI0BOJILHAIOTEH TaKi CIiBBITHOIITEHHS

Om = ~ = const,

n/m = n = const,
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TPaeKTOPis Tijla y rpaBiTamitHoMy 1MoJIi y HeKOMYyTaTUBHOMY (ha30BOMY IIPOCTOPI HE 3aJI€KUTDH BiJl 1Oro
macu. OTKe, BiTHOB/IIOETHCS IPUHIIAII €KBIBAJIEHTHOCTI ¥ HEKOMYTATUBHOMY (ha30BOMY ITPOCTOPI.

BaxknmBo 3ayBazkKuTu, 110 3aIIPOTIOHOBAaHI YMOBH Ha ITapaMeTPH HEKOMYTATHUBHOCTI TOPsAJL 31 30e-
peKeHHAM IPUHIUILY €KBIBaJE€HTHOCTI JI03BOJISIIOTH OTPUMAaTH PsJ BayKJIMBUX PE3YIbTaTIB Y HEKOMY-
TaTUBHOMY (Da30BOMY IIPOCTOPI, cepes HUX: 30epeKeHHs BJIACTUBOCTI aJIUTUBHOCTI KIHETUYIHOI eHepril,
He3aJIe2KHICTh KIHETUIHOI €eHepril CUCTEMHW YaCTUHOK BiJT 11 KOMITO3HIIII.

BnimB KopesibOBaHOTO IIEPEHOCY HA TEPMOEJEKTPUYHI BJIACTUBOCTI B MOeJIi
danikoBa—Kimbasia

. Hobywoscoruti, A. Hlsatixa
IacturyT disukn konmencorannx cucrem HAH Ykpalau, JIsBiB

MetoioM Teopil AMHAMIYHOIO cepeHbOro MoJIsI BUBYaEThCst Mogesb Parikoa—KiMmbasa i3 Kopesbo-
BaHUM IIepeHOCOM Ha rpatii Bere. 3okpema, 10ciizkeHo mepedy 0By I'YCTUHU CTaHIB Ta TPAHCIIOPTHOT
dyHKIIT B MUPOKOMY Jlialia30Hi mapaMeTpiB KOpeJIboBaHOrO mepeHocy. BusiBjiieno obsacti mapamerpis
KOPEJIbOBAHOI'O TIEPEHOCY, JI€ CIOCTEPIra€Thcd PE30HAHCHUN MK Ha TPAHCIOPTHIN (YHKIIT Ta 06/1acTh
JIOKaJTi3ar1il KOJIEKTUBI30BaHUX d €JIEKTPOHIB Ha KJjlacTepax 3 JokaizoBannmu f erekrponamu. [lokasa-
HO, IO JIaHI OCOOIMBOCTI CHPUYUHSAIOTH CYTTEBE MOKPAIEHHS TeMITEPATyPHUX 3aJIeXKHOCTEN eJIEKTPO-
Ta TEIJIONPOBIIHOCTI 1 TEPMO €.p.C.

Aggregation of amphiphilic star-like polymers in water

0. Y. Kalyuzhnyr, J.M. Ilnytskyi, C. von Ferber
Institute for Condensed Matter Physics of NAS of Ukraine, Lviv,
Applied Mathematics Research Centre, Coventry University, Coventry,
Heinrich-Heine Universitat Diisseldorf, Germany,
Doctoral College for the Statistical Physics of Complex Systems, Leipzig-Lorraine-Lviv-Coventry,
Leipzig, Germany

We study the influence of molecular architecture of the amphiphilic star polymers on the type
of aggregates they form in water. Three types of stars, the miktoarm star and two different diblock
stars are considered and compared against the case of unchained star represented by equivalent set
of linear diblock copolymers. The molecular weight and the fraction of the hydrophilic monomers are
chosen the same in all cases. Both solute and a solvent are considered on a coarse-grained level by using
the dissipative particle dynamics simulations. In this work we force formation of a single aggregate by
starting the simulation from a tightly packed bunch of N,s molecules and allowing them to equilibrate
into a stable aggregate. Upon changing the aggregation number N,, three types of aggregates are
observed: spherical micelle, rod-like micelle and spherical vesicle. The “phase boundaries” between them
in respect with N, dependent on the molecular architecture. Sharp transition between the rod-like
micelle and a vesicle is found and is examined by using histogram technique.



Marginal dimensions of the Potts model with invisible states

M. Krasnytska'*, P. Sarkanych'3*, B. Berche**, Yu. Holovatch'*, R. Kenna®*
nstitute for Condensed Matter Physics, NAS of Ukraine, Lviv,
2Institut Jean Lamour, CNRS/UMR 7198, Groupe de Physique Statistique, Université de Lorraine,
Vandceuvre-les-Nancy Cedex, France,
3Applied Mathematics Research Centre, Coventry University, Coventry, United Kingdom,
“Doctoral College for the Statistical Physics of Complex Systems, Leipzig-Lorraine-Lviv-Coventry
(L*), Leipzig, Germany

We reconsider the mean-field Potts model with ¢ interacting and r non-interacting (invisible) states.
The model was recently introduced to explain discrepancies between theoretical predictions and experi-
mental observations of phase transitions in some systems where the Z,-symmetry is spontaneously
broken. We analyse the marginal dimensions of the model, i.e., the value of r at which the order of
the phase transition changes. In the ¢ = 2 case, we determine that value to be r. = 3.65(5); there is a
second-order phase transition there when r < r, and a first-order one at r > r.. We also analyse the
region 1 < ¢ < 2 and show that the change from second to first order there is manifest through a new
mechanism involving two marginal values of . The ¢ = 1 limit gives bond percolation. Above the lower
value 7.1, the order parameters exhibit discontinuities at temperature ¢ below a critical value .. The
larger value 7., marks the point at which the phase transition at t. changes from second to first order.
Thus, for rs < r < 7e, the transition at ¢, remains second order while at ¢ the system undergoes a
first order phase transition. As r increases further, ¢ increases, bringing the discontinuity closer to t,.
Finally, when 7 exceeds 7. t coincides with ¢, and the phase transition becomes first order. This new
mechanism indicates how the discontinuity characteristic of first order phase transitions emerges.

ITorennian —v/r? y npocTopi 3i CliHOBOIO HEKOMYTATHBHICTIO KOODJMWHAT

B. M. Bacroma
Kadempa teoperuanol ¢izukn
JIbBiBCHKMIT Hamionaabauil yHiBepcureT imeni [Bana @panka

ObGepHeHO KBaJIpaTUYIHUN TOTEHIHA JIOCTIKYBABCS B JITEpAaTypi 3 PI3HUX TOYOK 30py. [HTEpec
JI0 HOT'O BUKJIMKAHWIT 3 OJTHIE] CTOPOHM peasIi3alfie€io TAKOro MOTEHIAJY B PI3HUX CHCTEMax, 30KpeMa:
edexkT €dimMoBa, HeHTpaJbHI ATOMH B IMOJI 3aps/?KEHOI HUTKM, MArHITHHII MOMEHT B TOJIi TOHKOT'O
COJIEHO1J1a, peYOBUHA 01/ TOPU30HTY YOPHOI JipH, €JIEKTPOH B IOJI JUIIOJBHOI MOJIEKYJIH, TOIIO.

3 iHI101 cTopoHu, 00EPHEHO KBaIPATUYHUN TTOTEHIIA I JIOIYCKAE MMa iHHS YACTUHKU Ha PUTATAb-
Huit nenTp. B KBaHTOBOMY BHUIJIKY, MOXKHA [OKA3aTH, MO cepeHe (r?) eBoJIOIIOHYE 3a 3aKOHOM

<7,2> — <T2>0 4 <rp + pr> 2<H>

m

t+ t2,

i mpu (H) < 0 3a feskuii cKimdenHuii 9ac ty JacTHHKA Blaje Ha neHTp (r°),, = 0 [1].

[ikaBo jocsiuT BILIKB eDEKTIB KBAHTOBOIO IIPOCTOPY Ha MaJiiHHS KBAHTOBOI YACTUHKH HA [IPU-
TaraabHuil 1eHTp. PeHOMEHOIOrIYHO eheKTH KBAHTYBAHHS IPOCTOPY MOYKHA BPAXyBaTH 3& JONOMOTOIO
HEKOMYTATUBHUX KoopjauHat |2, 3|.

Hamu joctiikeno norentiaa —v/r? y IpocTopi 3i CiHOBOIO HEKOMYTaTHBHICTIO KOOpAMHAT |4]

o 2 o o
(Xi, Xj] = i0%cijpsp, [ Xi, 85] = ibeinse,  [Xi, Pj] = 165,
[Pia P]] = Oa [Pla Sj] = 07 [Si7 Sj] = Zeijk8k7
Jie s — CIiHOBI onepaTopu, f — mapamerp HekoMyTaTuBHOCTI. [TokazaHo, 1m0 edekTrBHA TOTEHIIaIbHA

eHeprisi, a OTKe 1 eHeprisi OCHOBHOTO cTaHy, oOMexKeHa 3Hu3y. 3 iHII0I CTOPOHH, BUKOPUCTOBYIOUHN Ba-
piamiitauit MeTo Teopil 30ypeHb, 3HAIEHO BEPXHIO OIIHKY eHeprii ocHoBHOro cramy. [ljst jgocTaTHbOo
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BEJINKUX 7y BEPXHs OIiHKA €Hepril OCHOBHOrO cTaHy € Bij'eMHOM0. TakuM YUHOM IPOJIEMOHCTPOBAHO
HasIBHICTH 3B’93aHOI0 CTaHYy 31 CKIHYEHHOIO BiJI'€MHOIO €HEPTI€I0 JJIsi IPUTATaJIbHOI0 OOEPHEHO KBaJIpa-
TUYHOTO TIOTEHITIAJy B MPOCTOPi 31 CIIIHOBOIO HEKOMYTATHBHICTIO 1 BIJICYTHICTH MaJliHHA Ha TEHTP Ha
[IPOTHUBAT'Y JI0 KOMYTATUBHOI'O BUIIAJIKY.

[1] V.M. Vasyuta, V.M. Tkachuk, Eur. Phys. J. D 70, 267 (2016).

[2] H.S. Snyder, Phys. Rev. 71, 38 (1947); Phys. Rev. 72, 68 (1947).

[3] S. Doplicher, K. Fredenhagen, and J. E. Roberts, Phys. Lett. B 331, 39 (1994).
[4] H. Falomir, et al., Phys. Lett. B 680, 384 (2009).

EBoutortisi yHiBepcasbHOro npodijifo TyCTUHU KOCMiYHUX BOM/IiB

M. Iioc, B. Hosocadauti
Acrponomiuna obcepBaTopist Ta Kadeapa acTpodi3uK,
JIpBIBCHKUIT HaIllOHAIBbHMIT yHIBepcuTeT iMeHi [Bana Ppanka

OcranHI POKH XapaKTepu3yIThCs BHOYXOMOMIOHNM 301IbIIEeHHIM KiJIbKOCTI IIyOJriKaIliil IpucBade-
HUX TeMi TOPOKHUH (KOCMIYHUX BOIIB) y BeauKoMaciTabHOMY posmofia Marepil y Beecsiti. Jdocii-
JIKYIOTbCA PE3YIbTATH TK KOCMOJIOTTYHUX N-TLIBHUX CUMYJIAIN Tak 1 criocTpexkHuii y BeecBiTi po3mo/iin
raJlaAKTUK, y SKUX 3 JOIMOMOIOI0 aJTOPUTMY BOJIOPO3/ILITY BUJLIAIOTHCH BOiau. CTATUCTUYIHO BUBYAIO-
ThCd 1XHI BJIACTUBOCTI - 1podijib rycTuHU MaTepil i mBUIKOCTEH Bcepe/inHi BOHIB 3a rajakTHKaMU-
Tpeiicepamu, ixHs hopma, TUIIH, OCOOUBOCTI €BOJIIONIT, CXUJILHICTD JI0 KOJIAIICY, 3/IMTTS YU TOTJTUHAHHS
OJIHe ONHOTO. BaxK/imBoro BIXOIO, Ha HAITy JyMKY, € BHJIJIEHHS ITEBHOT'O YHIBEPCAJIBLHOTO MPOMIIIO Iy-
CTUHHU JIJI BOW/IIB 3 HAOOPOM MAIICTabYIOUNX HapaMeTpiB, sikuil 3ampononysasa rpymna asropis [1] (N.
Hamaus, P. M. Sutter, Benjamin D. Wandelt) B 2014 porii Ha 0cHOBI ycepeiHEeHHsT PO3IOLITY I'YCTHHU B
JlecsITKaxX TUCSY BOiaiB. B HamIiil 10m0BiII MU PO3IIOBIMO PO CTaH AOCJIIXKEHD IINX BEJTMKOMACIITAOHIX
cTpyKTyp BcecBiTy, a Takox, mokaxkeMo dK IapaMeTpu yHiBepcaJbHOro Mpoiiio, 3raJaHoro BUIILE,
€BOJIIOIIOHYIOTDh 3 YaCOM, BUKOPUCTOBYIOUH HAII YUCEIbHI PO3B’I3KU PIBHAHL €BOJIIONIT KOCMOJIOTTIHUX

aJliabaTuIHuX 30ypEeHb T'YCTUHU Ta IIBUIKOCTi, fKi MOXKHA BBarKaTH 3apOJIKAMK BOWIIB B PAHHBOMY
BeecsiTi.

[1] N. Hamaus, P. M. Sutter, B. D. Wandelt. Universal Density Profile for Cosmic Voids, Phys. Rev. Lett.
112:251302, 1-5 (2014).

CIriHOBi CTPYKTypH Ha rekcaroHaJIbHiil IpaTii 3 TPUKYTHUX JIPAOMHOK Yy MOJIeJIi 3 /IBOMa
COpTaMM CHiHiB: “TPUKYTHI CTPYKTypu”’

FO. Jlybaenuy

[acturyT disukn KoujgencoBanux cucreM HAH Ykpainu, JIbBiB

Tax 3Bani y3arayibaeni [3unrosi Mmosest, abo K KJIacTepHi PO3KJIAIH, K 1X Ille HA3UBAIOTh MaTepia-
JIO3HABIT, 3HAUIILIN MMUPOKE 3aCTOCYBAHHS B OaraTbox rajay3aX CydacHOl (pi3MKU: TePMOINHAMIIIL CTOIIIB,
Teopil (ha30BUX MEePexo/iiB, Teopil MarHeTu3My, MeXaHili IJIMHIB Tomo. BaxkimBa 3ajada, dKa 0 TOTO
’K Ma€ TOYHI PO3B’g3KHU, — IIe 3ajiavda PO OCHOBHI cTaHn Takux Mojiesneil. [Tonpu Te, mo i HamaraoTbes
pPO3B’3aTH BKe MPOTATOM IMOHAJ] MIBCTOJITTS, 3araJIbHUN AJTOPUTM 3HAIIEHO TIIHKH MUHYJIOTO POKY
[1]. Asropurm neit — uuc/ioBuii i BUMarae 3ajiaHHs KOHKPETHUX 3HAYEHDb [APAMETPIB MaMiJIbTOHISIHY.
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Mu >x po3poOu/in HOBHil METOJ, IO JIa€ 3MOT'Y 3HAXOUTH OCHOBHI CTAHU y BCbOMY IIPOCTOPI ITapaMeTpiB
raMiJIbTOHISIHY — TaK 3BaHUI METOJ OCHOBHUX ITPOMEHIB 1 OCHOBHUX MHOXKHMH KOHQIryparliiii Kjiacrepa
i Kaacrepis |2, 3, 4. BukopucroByroun meit MeTo/ 1, MU IPOTSTOM OCTAHHBOTO JECSTHIITTS PO3B’ A3a/m
KLJIbKa 3a/1a4 PO OCHOBHI CTAHHU MoJIeJieil [3MHroBoro Tuiry, dKi B:Ke JaBHO Oysiu cchopMyThOBaHi, OJTHAK
He po3B’g3aHi, ado K Po3B’d3aHi He MOBHiCTIO. [[bOTO pa3y, po3BUBaIOYUM i BJOCKOHAIOIOYNA METOJ, MU
Maiixke (X0 imme He J10 KiHIlsl) po3B’d3a/u 3a/a9y PO OCHOBHI cTaHu MoJie/Ii [3MHroBOro THITy 31 B3a€MO-
JIi€T0 HAMOJIMKYIUX CYCIJTiB 1 3 JIBOMa, COPTAMU CIIHIB Ha MeKCArOHAJILHIN I'PATI 3 TPUKYTHUX JIPAOUHOK.
[l Mozenb jiyzKe akTyasbHa, 60 MOXKe OIMCATH MarHeTHY IMOBEIIHKY 0araTboX CIOJIYK, Y AKUX MarHe-
THI aTOMH YTBOPIOIOTH Taky rpartky. ®@pycTpoBaHi MarHeTHKH I[bOTO THITY JIEMOHCTPYIOTH OGaraTcTBO
BaacTuBocreil 1 dpasz, ToMy X JyKe aKTUBHO JIOCJKYIOTH ekciiepuMentarop [5]. Y Buresraganiii Mo-
JieJli MU 3HAUIILIN BEJIUKY KiJIbKICTh (ha3 — MOHA/I MBTOPHU COTHI, — sIKi, OJIHAK, BPAXOBYIOUU CUMETPiI0
3a/a4i, MOXKHA 3BECTH JIO JBOX-TPbOX JAeCATKIB. BinbimicTh ¢da3 9acTKOBO XaOTH30BaHI 1 caMe TaKoro
TUIy (Pa3u BUABJICH] Yy IIUX CIIOJYKAX €KCIEPUMEHTAJILHO.
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Puc. 1: I'ekcaronajibHa rpaTka 3 TPUKYTHUX Jpa0OMHOK 1 JBOMa copTramMu By3/iB. Ha pucyHKy BKaszaHO
TaKOK IIapaMeTpu I'aMiJIbTOHIaHY.

[1] W. Huang, D.A. Kitchaev, S.T. Dacek, Z. Rong, A. Urban, S. Cao, C. Luo, and G. Ceder, Finding and
proving the exact ground state of a generalized Ising model by convex optimization and MAX-SAT, Phys.
Rev. B 94, 134424 (2016).

[2] Yu.l. Dublenych, Ground states of the lattice-gas model on the triangular lattice with nearest- and next-
nearest-neighbor pairwise interactions and with three-particle interaction: Full-dimensional ground states,
Phys. Rev. E 84, 011106 (2011).

[3] Yu.l. Dublenych, Ground states of the lattice-gas model on the triangular lattice with nearest- and next-
nearest-neighbor pairwise interactions and with three-particle interaction: Ground states at boundaries of
full-dimensional regions, Phys. Rev. E 84, 061102 (2011).

[4] Yu.I. Dublenych, Ground States of the Ising Model on the Shastry-Sutherland Lattice and the Origin of the
Fractional Magnetization Plateaus in Rare-Earth-Metal Tetraborides, Phys. Rev. Lett. 109, 167202 (2012).

[5] O.A. Petrenko, Low-temperature magnetism in the honeycomb systems SrLngOy, Fiz. Nizk. Temp. 40, 139
(2014).
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TonoJioriuHi da3u y nepiogndHo 30ypOBAaHUX CHUCTEMaX

Muxona Maxcumenro
[acturyT disuku xkongencorannx cucrem HAH Vkpaiau, JIbBis,
[ncruryT im. Baiinvana, Perosor, I3painn

[lepioguuna 3MiHa y 4Yaci mapMeTpiB IpaTKOBOI MOJIE/I J03BOJIs€ TeHepyBaTu (hasm, sKi € BarKKO
Jiocsizkii, abo i B3araji HEMOXKJIUBI y CTATUYHOMY BUIAJKY. B 3arajbHOMY BUNAJIKY Iepioguyne 30y-
PEeHHs IIBUJIKO HATPIBAE CUCTEMY 1 IiKaBl BJIACTHBOCTI IMIBUKO BTPAYAlOTh CeHC. AJie 3a JIesIKUX yMOB
HarpiBaHHs MOKe OyTH eKCIIOHEHIIIITHO JIOBI'uM, abo i B3araJi BijicyTHIM. B 1mpoMy BHIAJIKy €K30TH-
YHI JuHaMivH] ha3u MOKYTb OYTH CIIOCTEPEXKHI B TBEP/IOTIIbHIX €KCIIEPUMEHTaX, CUCTEMAaX XOJIOTHUX
aTOMIB Ta (DOTOHHUX CHCTEMAaX.

¢ po3moBiM PO JIOCTIKEHHS JIMHAMITHUX aHAJIOTIB Tonojoriaaux ¢az. TyT dacTuna mapaMerpin
IPATKOBOI MOJIe/Ii 3MIHIOEThCA B 4aci 1 pe3ysbTyioda edeKTUBHA MOJIEJIb MOXKe IepedyBaTh y HeTpHu-
BlasibHUX TOmOJIOTTYHUX (hazax. HacTuHa 3 1uxX TOMOJJIOTIYHUX (ha3 i BHOPSIKYBAHHL € aHAJJIOTTIHIMEI
JI0 BITOMHUX CTATHYHUX CHCTEM (TOIIOJIOTiYHI 13019TOPH, CIIHOBI pijuHm), aje jesi 3 HIX MalOTh [IPHH-
IIATIOBO HOBY TpUpoLy. Mu 3Haiinm crnocidé po3pi3HATH HOBI JMHAMIYHI TOMOJIOTIYHI (ha3u, JTOCIi T
HeTPUBiaIbHI JPOOOBI 30Y/KEHHS JJI JeIKUX B3aEMOJIIOUNX CUCTEM, ILJIOCKI 30HU 1 ePeKTH CUJIILHOTO
Oe3/1a/y B HUX, a TAKOXK MEXaHi3M MOPYIIEHHS TPAHCI[IINHOT cuMeTpil y 1gaci.

®izuvHi npolilecu B CylepKOHAeHCATOpax Ta IIpodJjemMa MiJIBUMIEHHSA e(PeKTUBHOCTI
€MHICHOT'O Ta NCEBJIOEMHICHOTO HAKONMWYEHHS €JIEKTPUYHOI eHepril

b. Bewnepun, I. I'puzopuax
Kadeapa npukinaanol ¢pisuku i HaHOMaTepiaI03HABCTBA,
Hamionampuuit yaiepcurer “J/IbBiBCchKa mosriTexnika”

[Ipobisiema migBuiieHHst ePeKTUBHOCTI €EMHICHOTO Ta IICEBJIIOEMHICHOIO HAKOIIUYIEHHSI €JIeKTPUIHOL
eHeprii OyJa i 3a/IMIIAETHCA HA3BUYANHO aKTYAJHLHOIO 1 OB’ sd3aHa 3 MUPOKUM PO3ITOBCIOJIZKEHHAM MO-
OlmbHUX esleKTpoHHUX mpucTpoiB. [Ilopas mmpire BUKOpucTaHHA MOOLIBHUX €JIEKTPOHHUX IPUCTPOIB
aKTyaJIi3ye po3pobJieHHs] HOBUX THINB €HEPrOHAKOIMNYIYBaILHUX CUCTEM i, BiJIITOBI/IHO, HOBUX THUIIIB aB-
TOHOMHUX HAKOIMYIYBaYiB €JIEKTPUIHOI eHepril Ha ixHiit ocHoBi. [0 ocTaHHIX BITHOCATHCS MOJIEKYJISPHI
HAKOIMIyBadl eHepril (cymepKoHIeHCATOpH) 3 IMOPUCTUMHU €JeKTPOJaMi Ha OCHOBI aKTHBOBAHUX BY-
DJIeNeBUX MaTepiasiB IPUPOHOIO MOXO/zKeHHsI (GIOBYIJIENiB) 3 BIAMOBIIHUME XapaKTePUCTUKAME, sTKi
JOCSATAIOThCS MIJIAXOM IXHBOI akTuBaIiiinol moaudikarii. EdekTuBHicTh HaKOIMYIeHHs eHepril BU3HavIa-
€ThCst PIBUKO-XIMIYHIMU [TPOIECAMH, K1 MPOTIKAIOTH B CHCTEMI TOPUCTHIA €JIEKTPOJL/ €JICKTPOJIIT.

st migBuiends epeKTUBHOCTI HAKOIMUYEHHS €JIeKTPUYIHOI eHeprii HaMu Oy/I0 BUKOPUCTAHO YJIb-
TPa3BYKOBY Ta iHTepKaJsliitny mojudikarii. Mera poboru moJidraia y BCTaHOBJIEHH] (DI3UYHUX 3aKO-
HOMIPHOCTEH BILUIMBY YJIBTPa3ByKOBOI'O OIPOMIHEHHS Ta iHTepKaJsIiitHOT Momudikalil HAHOIIOPUCTUX
BYIVIEIIEBUX MaTepiajiiB Ha XapaKTEPUCTUKHU IOJIBIITHOIO €JIEKTPUYHOro mapy chOpMOBAHOIO Ha Me-
K1 IXHBOTO PO3JIIY 3 €JEKTPOJITOM Ta 3'sdcyBaHHdA (PI3MIHUX MEXaHi3MIB ITiABUIIEHHA €(EKTUBHOCTI
€MHICHOI'O 1 IICeB/IOEMHICHOI'O HAKOIMYEHHS €Hepril B MOJIEKY/IPHUX HAKOIIM4YyBadax eHeprii Ha IXHii
OCHOBI.

3’sicyBaJsIocs, Mo BUKOPUCTAHHS YIBTPA3BYKOBOI Ta iHTEpKAJIATIIHHOT Mo indiKariiil 103B0s1€ 3a0e3-
[IEYNTH, B IPOIecax CUHTe3Y, Halle(heKTUBHIIIE CIIPSAZKEHHS eJIEKTPOHHOI OY0BH Ta TIOPUCTOI CTPYKTYPH
AKTUBOBAHUX BYIVIEIEBUX MATEPIasiB JIJI MOJIEKYJISIPHUX HAKOIUIyBadiB €eHepril HOBOI'O TTOKOJIIHHS.
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BinbHi enionu y rpanungx 6o3e- tTa dpepMi-CTAaTUCTUKHA

4. Bacioma, A. Posenuax
Kadenpa Teoperuanoi ¢izuku,
JIbBiBCHKUiT Haliona abHuil yHiBepcuTeT iMeni IBana @panka

3aInponoHOBaHO BUPa3 I (DYHKIIT PO3IOILITY, AKHI JTO3BOJISE MOIETIOBATH BipiaabHi KoedimieHTn
BLIBHUX €HIOHIB y I'PAHUIX, IO BiAMOBIMal0Th cratnctukaM Bose ta @epmi. OTpuMano 3HATEHHS T1a-
paMeTpiB Takol (PYHKIIT PO3ITOIIIY, Kl BiJITBOPIOIOTH BipiaabHi KOeIIli€HTH JI0 YeTBEPTOrO Ta, II' ATOTO
BKJIIOYHO 3 TOYHICTIO /IO BHECKIB, KBaJIDATUIHUX 38 €HIOHHUM IIapaMeTPOM.

TepMonHaMiyHiI BEJIMYNHU Ta3y HU3BKOI I'YCTUHU Y CJIAOOHEPiBHOBAXKHOMY
TeIJIONPOBITHOMY CTAIliOHAPHOMY CTaHi B IMWJIIHAPUYHIN Ta cepudHiii KoHirypaiisgx

n. A. Iymerox
Iacturyr disukn konmencopannx cucrem HAH Ykpalau, JIsBiB

TepmogunamivHi BJACTUBOCTI PIBHOBaXKHUX Ta3y UM PIAUHU, MOMIMEHUX Y HOCYAUMHY MaKPOCKOITi-
YHAX PO3MIpiB, 3a3BHYail 3aJjiexkaTh Bif 11 00’emy i He 3asexkarh Bix 11 ¢popmu. Terronposiani cranm
TaKUX CUCTEM MEHIIIe BUBYEH] y MOPIBHSIHHI 3 PIBHOBArOM. 3aB/IsIKU MIPOCTOPOBIl HEOTHOPITHOCTI 1HX
CTaHIB MAaKPOCKOIIYHI TEPMOIMHAMIYUHI XapaKTEPUCTUKN MAalOTh SKICHO 3aJ/ie¥KaTh BiJI T€OMETPUIHOL
dopMu TTOCYIMHH.

[I1o6 MaTu ysiBJIeHHS PO Tieii 3B 30K, MU PO3PAXOBYEMO THUCK, BHYTPIIIHIO €HEPTii0 Ta €HTPOIIO
cJ1a00HEPIBHOBAKHOIO TEILJIOIPOBIIHOIO CTAIIOHAPHOTO CTaHy JIJIs Ta3y HU3bKOI I'yCTHHU, IIOMIIIEHOTO
MizK JIBOMa CIIBBICHUMHU IHUIIHJIpaMu ab0 MiXK JIBOMa KOHIIEHTPUYIHUMU cepaMu, Ha MOBEPXHIX TKUX
HiITPUMYIOTECsI pi3HI Temueparypu. K i pasrime [1|, po3paxyHOK IUX HEPIBHOBAYKHUX TEPMOJITHAMI-
YHUX BEJIMINH ITPOBOIUTHCA HA OCHOBI IMIXOY CYILJIBHOTO CepeIOBUIIA.

Bupasu /11 HuX oTpuMaHO y BUTVIS/I PO3KJIAJIB 38 KOMOIHAIIAMU I'PAJIE€HTIB TeMIIepaTypu J10 4-10
MOPSJIKY BKJIIOYHO. 3’SICOBAHO, IO ACUMETPis 30BHINHUX YMOB IPOSBJISIETHCS K y HEllapHUX, Tak i B
napuux nopgiakax. s cpepuanol koudiryparii 1eit npogs cuibhimmii. [lokazano, mo pospaxoBana
c1abOHepiBHOBaKHa eHTPOIid 3a/10BoIbH:A€E [I Havamo TepMouHaMiKy 1 HEPIBHOBAXKHHUX MPOIIECIB.

[1] Y. A. Humenyuk, Ukr. J. Phys. 61, 400 (2016).

dopMmyBaHHS NEPHIMX MOJIEKYJ y paHHbomy BcecsiTi

0. Cepeienko, @. Kapacenxo, B. Hosocadauii
Acrponomiuna obcepBaTopist Ta Kadeapa acTpodi3uK,
JIpBIBCHKUIT HaIllOHATBbHMIT yHIBepcuTeT iMeHi [Bana Ppanka

Mu BuBuaemMo hopMyBaHHS IIEPIINX MOJIEKYJI, BiI €MHIX 10HIB BOJIHIO Ta MOJIEKYJIAPHUX i0HIB B MO-
Jiesii BeecBiTy 3 KOCMOJIOTIMHOIO CTAJ IO Ta XOJIOIHOI0 TeMHOI0 MaTepieo. Kocmostoriuna pekombinaris
OTHUCYETHCA B PaMKax MOJIM(MIKOBAHOI MOJie/i e(heKTUBHOTO 3-PIBHEBOTO aToOMa, a KiHEeTHKA XIMiTHUX
peakIiiii B paMkax MiHIMaJIbHOI MOJIel JIJIsi BOJIHIO, JeiiTepito Ta rejio. BeTaHOBIIEHO, M0 BUKJINKaHI
HETOYHOCTSIMH B PO3PAXYHKY KOCMOJIOTIIHOI peKOMOiHAIT OXUOKHU 3HAYEHb BiTHOCHMX KOHIIEHTPAIIiil
MOJIEKYJT caraioTh 2-3%. Herounocti 3Hauenh KOCMOJIONYHUX [IapaMeTpiB BILIMBAIOTH Ha BIIHOCHI KOH-
HeHTpallil MOJIeKyJ/I, BiJI'€MHUX 1OHIB BOJHIO Ta MOJIEKY/IApHuX ioHiB Ha pisHi g0 2%. 3a BigcyrHocTi
peionizarii Ha YepBoHOMY 3MimmeHH] 2 = 10 BMicTH cTanoBaATh 3.076 X 10712 aua H—, 2.370 x 107° q1a
H,, 1.260 x 10713 nna Hj, 4.268 x 107° maa HD Ta 1.036 x 1072 naa HeH™. Mu Takox JOCTiKye-
MO BILIAB BiaxuseHb Kocmosioriaunol mozesi Bix ACDM Ha eBOJIIONio BiIHOCHIUX KOHIIEHTPAIIIA TEPITIX
MOJIEKY/I.
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TBepzae Tijio sIK Jiig Ha BijicTaHi

A. Hysipsax
Iacturyt disukn konmencorannx cucrem HAH VYkpalau, JIsBiB

Bapianiitaunit npuamun y Teopil il Ha BijacraHi — egekTpogumHamini Biepa—®eitnmana — MOXKHA
OTPUMATH MUJIAXOM PEIyKIlil eJeKTPOMarHeTHOTO MOTEeHIIaly y BUXIIHIN /111 cucTeMu 3apsi/IzKeHUX TO-
YKOBUX YaCTHHOK Ta €JIeKTPOMArHETHOIO TOJid. ¥ JiaHiil POOOTI pO3IJIAIAETHCI CUCTEMA 3apaIzKEeHUX
TOYKOBUX OCITUJIATOPIB K MOJIE/Ib TBEPJIOTO Tijia B eJleKTpoMarnerHomy mnosti. Ha BinMiny Bij eekTpo-
muHaMikn Binepa-QPeiitnmana, TyT 3/ifICHEHO PEIYKINIO OCIUIATOPHAX 3MIHHAX Ta OTPUMAHO YaCTKOBO
peIlyKOBaHUT HEJIOKAJILHUI JIarpaHKiaH Teopil, 1o eeKTUBHO BPAXOBYE B3a€MO/IIIO €JIEKTPOMATHETHO-
r'0 TIOJIA 3 TBEPUM TLJIOM — JTieIeKTPUKOM. BapiamiitHuii mpuHIINIT JOITyCKa€e IHTErPAIN PYyXY €Hepril Ta
IMITYyJIBCY €JIEKTPOMAarHeTHOTO TI0JIsl B /TIEJIEKTHUKY.

HocaimkenHsa OIJIKIiB METOAOM KOMIT IOTEPHUX CUMYJISAIIii

A. Baymxemmep
Iacturyr ¢isukn konmencopannx cucrem HAH Ykpalau, JIbBiB

Binkun — 1e oani 3 KJ0490BUX OiojoriyHux MoJsiekysa. B jomosigi Oyie mpejcraBieHO HUBKY pe-
3yJIBTATIB IO JEMOHCTPYIOTH CIEKTP MPOOJIEM dKi MOXKHA JIOCTIIKYBaTH JJisi OLJKIB 3a JIOIIOMOTI'OIO
KOMI'IoTepHUX cuMyJIdriii[1]. Byae posrigHyTo jekiibka TeopeTudHuX Mojeseil Jyisi GLIKIB, 30peMa
MOJIJI IO JIO3BOJIAIOTH JOCTIIUTH 3rOPTaHHsl OLIKIB B IIPUCYTHOCTI MOJIeKyJI-aeponis |2, 3]. Takox
Oy/1e peCcTaB/IeHO iIX0/MH J10 TTpobemu arperariii 6i1kiB. B gxkocti npuk/iaay Oylie mpejictaBieHa po-
6oTa 110 JIOCIIJIZKY€E BILIUB 30BHINTHHOTO MO/ HA YTBOPEHHST aMUJIOLTHUX (DiOPU B ITPOCTUX TENTHTHUX
JAHIIOKKaAX|[4].

[1] Shea, J.E., M. Friedel, and A. Baumketner, Simulations of protein folding. Rev. Comp. Chem, 2006. 22: p.
169.

[2] Friedel, M., A. Baumketner, and J.-E. Shea, Effects of surface tethering on protein folding mechanisms.
Proceedings of the National Academy of Sciences of the United States of America, 2006. 103: p. 8396.

[3] Jewett, A., A. Baumketner, and J.E. Shea, Accelerated folding in the weak hydrophobic environment of a
chaperonin cavity: Creation of an alternate fast folding pathway. Proc. Natl. Acad. Sci. USA, 2004. 101: p.
13192-13197.

[4] Baumketner, A., Electric Field as a Disaggregating Agent for Amyloid Fibrils. Journal of Physical Chemistry
B, 2014. 118(50): p. 14578-14589.
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Spectroscopy of new effective materials for UV—Vis converters of the Sun radiation
based on Sm-doped borate glasses

B. V. Padlyak'?, I. I. Kindrat?
nstitute of Physical Optics, Sector of Spectroscopy, Lviv, Ukraine
2University of Zielona Goéra, Institute of Physics, Division of Spectroscopy of Functional Materials,
Zielona Gora, Poland

This report presents the review of our recent articles devoted to producing technology, spectroscopic
investigations and potential applications of the Sm-doped borate glasses. A series of borate glasses with
LiyB4O7:Sm, LiKB4O7:Sm, CaB4O7:Sm, and LiCaBOj3:Sm compositions containing 0.5 and 1.0 mol.
% Smy0O3 were obtained from corresponding polycrystalline compounds according to standard glass
synthesis described in [1,2|. The X-ray diffraction (XRD) patterns of the obtained materials confirm
their disordered glassy structure. The spectroscopic and luminescent properties of the Sm-doped borate
glasses of high chemical purity and optical quality have been investigated using electron paramagnetic
resonance (EPR), optical spectroscopy (absorption, photoluminescence, decay kinetics), and Judd—Ofelt
analysis. The EPR spectroscopy of the obtained borate glasses at liquid helium temperatures clearly
show broad resonance signals with geg = 9.7 and geg2.1——2.2, which belong to the Sm3* single (isolated)
and Sm3+-Sm3+ pair centres, respectively [2]. Optical absorption spectra of the Sm-doped glasses at
room temperature consist of several narrow bands in the visible and infrared spectral range, which
are characteristic for Sm3+ (4f°, Hy /2) ions. The phenomenological Judd-Ofelt intensity parameters
(22, Q4, and Q) have been calculated using the spectral intensities of the experimental Sm3+ optical
absorption bands and least-square approximation [3|. The photoluminescence spectra of LisB4O7:Sm,
LiKB4O7:Sm, CaB4O7:Sm, and LiCaBOj3:Sm glasses registered at room temperature under excitation
with Agxe = 402 nm (6H5 /2 —6P, /2 absorption transition) are closely similar and consist of characteristic
emission bands peaked at 562, 598, 645, and 704 nm, which correspond to the *Gj 5 —°Hs 2, “H7 /2, °Hyg )2,
and °Hy; /o transitions of the Sm** ions. Upon the UV excitation all investigated borate glasses exhibit
also broad intrinsic luminescence emission band with maximum in the 470-500 nm spectral range.
Excitation spectra show that the intrinsic luminescence is efficiently excited in the 260-270 nm and
350-370 nm regions. The presence of intense Sm3* emission bands under UV excitation of the intrinsic
luminescence confirms energy transfer from the intrinsic luminescence centres to the Sm?** impurity
centres in the borate glass network. The luminescence decay curves for the Sm3* centres (“Gs /2 —5H, /2
transition) in all investigated glasses are slightly non-exponential and can be satisfactory described by
average lifetime values, which lie in the 1.91-2.09 ms range. The obtained lifetimes depend on the Sm
impurity concentration due to cross-relaxation processes between the Sm3*-Sm?3* pair centres as well
as depend on the basic glass composition due to some differences in the local structure of the Sm3*
centres. Peculiarities of local structure of the Sm®" centres in the network of investigated borate glasses
have been discussed based on obtained spectroscopic results and XRD structural data.

The radiative parameters of the investigated borate glasses such as transition probabilities (A;aq),
branching ratios (fex, and ?faq), stimulated emission cross-sections (o), radiative lifetimes (7yaq),
and quantum efficiencies (v) were estimated for observed emission transitions of the Sm* luminescence
centres in the LiyB;O7:Sm, CaB,O7:Sm, and LiCaBOj3:Sm glasses containing 1.0 mol. % Sm»O3 [3]. Besi-
des this, the external quantum yields of the Sm3" luminescence in the obtained glasses were measured
experimentally. The calculated quantum efficiencies (v > 70%) and measured external quantum yi-
elds (~ 14 — 20%) of the Sm*" luminescence in the Li;B4O7:Sm, CaB,O7:Sm, and LiCaBO3:Sm
glasses are higher than the corresponding values, obtained for other Sm-doped glasses with different
compositions reported in [4,5]. The results of spectroscopic investigations, high quantum efficiency, and
external quantum yield of the Sm®* luminescence clearly show that the Li;B4O7:Sm, CaB4O7:Sm, and
LiCaBO3:Sm glasses are very promising luminescent materials for application in the Si-based solar cells
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as UV—Vis converters of the sun radiation [6]. The thin layer of the Sm-doped borate glass placed on
the front side of solar cell could convert the UV high energy photons into the visible light, where the

Si-based solar cells typically exhibit a better spectral response that lead to essential increasing of their
efficiency.
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The influence of Planck-scale effects on macroscopic body motions
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Studies in quantum gravity and string theory suggest existence of minimal length or quantum of
space. The space with minimal length can be obtained in the frame of deformed Heisenberg algebra.
On the macroscopic level this leads to the deformed Poisson brackets. The influence of minimal length

on the motion of macroscopic bodies is discussed. In particular, circular motion in gravitational field is
considered.
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