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Short-range order and critical fluctuations

O. Bakai
National Science Center “Kharkov Institute of Physics and Technology”

Usually short-range order (SRO) is ignored or averaged out at consideration of
critical phenomena because it is believed that SRO does not impact the criticality
which is controlled by the long-range correlations. Meanwhile SRO is responsible for
the small-scale dynamic and kinetic events. By a way it determines the system critical
behavior.

In the presentation SRO effects in the vicinity of gas-liquid critical point are
considered within the framework of a model of heterophase fluctuations.

Unusual properties of liquid metals at high pressures

T. Bryk,! F. Gorelli**, M. Santoro®*, T. Scopigno®*

!Institute for Condensed Matter Physics of the National Academy of Sciences of Ukraine,
European Laboratory for Non Linear Spectroscopy, Sesto Fiorentino, Firenze, Italy
3Dipartimento di Fisica, Universita' di Roma “La Sapienza”, Italy
*IPCF-CNR, c/o Universita'di Roma “La Sapienza”, Italy

Simple alkali metals reveal interesting features of structural, electronic and
dynamic properties connected with their rich phase diagrams at high pressures.
Liquid alkali metals were studied much less experimentally and mainly ab initio
computer simulations can shed light on connection between their structural,
electronic and dynamic properties at high pressures. We report an ab initio molecular
dynamics study of structural and dynamic properties of liquid Li and Rb along
isothermal lines in wide pressure ranges: ambient-185GPa and 1.2GPa—33GPa,
respectively.

The most interesting feature of liquid Li at high pressures is the metal-nonmetal
transition that takes place when mainly electronic p-states form the ground state
instead of s-electrons. We will discuss the pressure dependence of electronic density
of states, pair and bond-angle correlation functions as well as spectra of collective
excitations.

The most less-known phase diagram of alkali metals is for the case of Rb. Only
the approximate location of the bcc-fce-liquid triple point is more or less known. We
analyze the sructural properties of high-pressure liquid Rb via pair and bond-angle
distribution functions, electronic properties via density of states and ion-electron
structure factors, calculated from ab initio simulations. We show, that in the region of
pressures 9—12 GPa the changes in structural, electronic and dynamic properties give
evidence of a structural transformation in liquid Rb.



HoBuii BapiaHT KOJIEKTUBHOTO ONKUCY MOJeJI
CUJIbHOHEI1eaIbHOI eJIEKTPOHHOI PIAMHHA

M. Baspyx, C. Cmepeuuncoruii, H. Tuwixo

Kadenpa acTpodizuxku
JIbBiBCHKOI0 HALlIOHAIBLHOIO YHiBepcuTeTy iMeHi IBana ®dpanka

Teopis xomogHux KapiukiB Oyma cTBopeHa YaHapacekrapoMm Yy MepIiiid
MOJIOBUHI MUHYJIOTO CTOJITTS.

CrnocrepexeHHsI KapJIMKIB KOCMIYHUMU arapaTaMy 3a OCTaHHI JBa JIE€CSITUIITTS
BUSIBUJIM BEJIMKE PI3HOMAHITTS BJIACTUBOCTEH IMX O0'€KTIB 1 CTBOPUJIIN MOKJIUBICTh
KOPEKTHOTO OIUCY iX BHYTPIlIHbOI OynoBHU. Ll 3amadya BUMarae CTBOpEHHS OUIBII
PEATICTUYHUX MOJINIEH 1 TEOPETUYHUX PO3PAXYHKIB XapaKTEPUCTHK KApJIUKIB Ha 1X
OCHOBI.

Hamu 3amporioHoBaHO MOCHIOBHICTE Mojene [1,2], mo y3araabHIOIOThH
CTaHAApTHY Mojenb YaHJpacekrapa B Teopli BHPOJKEHHUX KapiHKIB. 3HAHAEHO
HaIllBaHAJIITUYHI  PO3B'SI3KM  pPIBHSAHHA MEXaHIYHOI pIBHOBaru y  0a3oBid
JIBONAPAMETPUYHINA MOJEII XOJIOAHUX KapJIMKIB, y SKId QIrypyrOTh HapameTp pes-
TUBI3MY B IICHTPI 30pi X 1 MapaMeTp yCepeIHEHOr0 XIMIYHOTO CKIany W, = <A/Z>.
s Moxenb y3arajdbHEHAa Ha BHUMAJOK HEOJHOPIAHOTO XIMIYHOTO CKJIATy B3JA0BXK
paniyca 3o0pi. HemnoBHe BHUPOJKEHHSI €JIEKTPOHHOI TIJCUCTEMH BpPaxOBaHO Y
4-mapamMeTpUYHIN MOJENl A ONUCY HU3bKOTEMIIEpAaTypHUX KapJIUKiB, 1110 BPaXxOBY€
HAsSBHICTh 130TEPMIYHOIO s7pa 1 MICTUTh J0JaTKOBI nmapametpu (R, — paziyc snpa,
To — ioro Ttemneparypa). 3aleXHICTh TeMIepaTypud BIJ KOOPAMHATH Y
nepudepiiiHiii obmacTi MouenoeTbea. Bukopucrtano posknaau 3ommepdenbaa y
PIBHSIHHI CTaHy BUPOJKEHOI'O PENSITUBICTCHKOTO 1€aIbHOTO €JIEKTPOHHOIO Trasy, y
SAKOMY TE€MIIEpaTypHY HOIpPaBKy 3aCepeHEHO Mo 00'eMy 30p1 3 BaroBOK (PYHKIII€LO,
PIBHOIO TYCTHHI YacTUHOK. OnepxkaHe peayKoBaHe PIBHAHHS CTaHy J03BOJISIE 3BECTH
PIBHSIHHSI MEXaHIYHOI pIBHOBAaru y Wi MOJENl 0 PIBHSHHSA B MOJEJ XOJOTHUX
KapaukiB. [Ipu nboMy paziyc 130T€pMIYHOTO Spa BBAXKAETHCS BUIBHUM MapaMeTpOM,
OnM3pkUM 10 pajiyca kapauka. HoBuii BapiaHT 4-mapaMeTpu4HOi MOJENi
MPUCTOCOBAHUI 10 OMUCY BUPOKEHUX KapJIMKIB 13 JOBUIBHOK TEMIIEPATYpOIO siapa
(1 CBITHICTIO), 30KpeMa JUIsl “rapsaunx’ KapJuKiB, CBITHICTh SIKUX MOXE €pPEBUILYBATH
cBiTHICTb CoHI. TyT BUKOPHUCTaHO PIBHSHHS CTaHy Oe€3 3aCTOCYBaHHS PO3KJIAIIB
3ommMmepdenbaa, a paliyc sapa BU3HAYAETHCS CTPOTO, 3 YMOBH PIBHOCTI HYJIIO
XIMIYHOTO TIOTEHINaTy eJIeKTPOoHIB. Po3risiHyTO nBa BapiaHTH omucy nepudepiiHoi
oOnacTi Kapiuka. Y TEepIioMy 3 HUX HAOMUKEHO PO3B'S3YEThCS CHCTEMa DPIBHSHb
BHYTPIIIHBOI CTPYKTYpH cdepuyHoro mapy, y npyromy nepudepiiina o06yactb
OMHCYETHCA noiTponoro Tuny Jlena—Emaena.

VY pamkax 1ux Mojeneu 3A1CHEHO PO3paxyHOK €JIEMEHTIB BHYTPIIITHBOI Oy10BH
(po3moniIM TYCTUHH, TEMIIEpaTypu Ta XIMIYHOTO CKJIaay B3JIOBXK pajiyca) 1
XapaKTEepUCTUK KapJMKiB (Maca, pajiyc, eHepris). Ha oOCHOBI JaHMX NOpo MacH,
pamiycu Ta epeKTHUBHI TeMmIiepaTypu sl BUOIpOK (IuB. Hamp. [3]), 110 MICTITh
TUCSY1l 1TUX OO0'€KTIB creKkTpaiabHOro Kiacy DA, po3B's3aHa oOepHeHa 3ajaya —
3HaXOJKEHHsI TapaMeTpiB MoOJeed Il CIOCTepeKyBaHUX KapJyukiB. Ha ocHOBI
PO3paxyHKy 3aJIe)KHOCTI BiJ] mapaMeTpiB MoOJieJll MOBHOI €Heprii (3 BpaxyBaHHSIM
€HEprii CIIOKOI €JIEKTPOHIB) BCTAHOBJIIEHO €HEPreTUYHY 3aJIEKHICTh XapaKTEPUCTHK
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KapJIMKiB, IO Y3TO/DKYETHCS 31 CIOCTEPEKYBAaHHUMH PO3MOIiIaMH KapiHKiB 3a
MacamH (pajiycaMH) 1 Ja€ iX TEOpPETUYHY IHTepHpeTaiio. 3HalJIeHO 00J1acTh
ICHYBaHHS BHUPO/DKEHMX KapJjWKiB Ha IUIOIIMHI TapameTpiB Xo, To. Pesymbraru
PO3paxyHKy TeMmrepaTypu 130T€PMIUYHOIO sipa CIIBCTABJICHO 3 OILIHKAMH 1HIIHMX
aBTOpIB, BUKOHAHUX y paMKax €BOJIOLIHHOTO MiIX0y.

YTouHeHO 00JIaCTh CTIMKOCTI TIMOTETUYHUX KapJWKIB BEJIMKHUX Mac BIJHOCHO
edeKTiB 3arajabHOi Teopii BITHOCHOCTI.

Jlirepatypa

[1] M. B. Baspyx, C. B. Cmepeunnckuii, H. JI. Teimiko, Actpos. sxypH. 88, Ne 6, 1 (2011).
[2] M. B. Baepyx, C. B. Cmepeunnckuii, Actpon. xxypH. 89, Ne 5, 1 (2012).

[3] P.-E. Tremblay, P. Bergeron, A. Gianninas, Ap. J. 730, 2 (2011).

VRI photometric study of near-contact binary W corvi

N. Virnina', M. Radionova®
'Odessa National Maritime University, Ukraine,
’Mariinskaya Grammar School, Odessa, Ukraine

The close binary system W Crv was recognized as one of the few binaries in or
near physical contact, but far from thermal contact. This fact attracts the attention of
many investigators since this star was classified as a close binary with short period,
but at the same time with significant difference in depths of minima.

The depths of minima could be achieved not only by the difference between
the temperatures of the components or the mass ratio, but also by the presence of
spots. Thus, the spectral mass ratio is required for correct model. We applied the
mass ratio g =0.682 +0.016 determined by Rucinski and Lu in 2000 to our VRI
photometric observations of this binary system, collected during 2011 on the
telescope TOA-150 of Tzec Maun Observatory. On our phase curves a slight
O'Connell effect is noticable: the first maximum is brighter than the second one.

As has been demonstrated by observations since 1954, W Crv exhibits
changing O'Connell effect, which is usually caused by spots. We computed several
models with hot and cool spots using Wilson—-Devinney code (Wilson 1993), which
was deployed along with a Monte Carlo search procedure by Zola et al. (1997) to find
the best solution. We found out that the most probable solutions contain either a cool
spot on the hotter (first) component, or a hot spot on the colder one. Seasonal
variability in asymmetry of the phase curves suggests that the spot (or more likely a
group of spots) changes its position and probably temperature factor.

We also analysed the O-C diagram of this binary, which covers the period
from 1935 till 2011. Our analysis confirmed that the period is increasing. The
parabolic trend yields the period change of 1.86-10°8 days/year. Using the masses of
the components determined by Rucinski and Lu in 2000 we calculated that this value

of period change corresponds to M=3.42-10My/year.



Cuia creneneBux 3akoHiB — power of the power laws
IO. I'onosau

Incruryt Qizukn kongencopanunx cucrem HAH Ykpainu, M. JIbBiB

CremneHeBe 3aracaHHs po3noaily #MoBipHOCTI P(X) meBHOI BHITagKOBOI
BHUMIPIOBAHOT BEJIMYUHH X:

P(x) ~x™* 1)
CHOCTCpiFaCTBCH B 0aratpbox IMPUPOOAHUX 1 CTBOPCHUX JIFOAUHOIO CHCTCMaAX.
HpHKJIa,ZII/I TaKuX CUCTCM — LII/ICJ'IGHHi,, 1 BOHH CTaHOBIIITH npcaMeT BHUBYCHHA K

MPUPOJTHNYMX TaK 1 CYCHUIBHUX HayK. BimmoBigHo, creneHeBuil 3akoH (1) Bimomwuii
sk 3akoH [lapero B exonowmitli, nporec FOmns B Giosorii, 3akoH 3inda B KiIbKICHIH
JiHTBICTHUII Ta Aemorpadii, 3akoH [Ipaiica B HaykomeTpii, 1, BpELITI-pEeIIT, K 3aKOH
CKEWIIHTY y OLnbIIocTi pyHAaMEHTaIbHUX AUCIMILIIH [1].

Boke moHa cTOMTTS TpUBAIOTH 1e0aTH MPO MPUUWHU YACTOI MOSIBA CTETICHEBUX
pPO3MOAUIIB Ta MPO MEXaHI3MHU iX reHepauii. PoOnsTecs cnpoOu 3amponoHyBaTH
M1JICTAaBOBI MOJIE]l BUHUKHEHHS TaKUX PO3MOIUTIB 1 3TPyMyBaTH Pi3HI SBHIIA, IO
OMUCYIOThCS cTerneHeBUMHU (yHkIisiMa (1) B Okpemi Kiach, Ha 3pa3oK KJaciB
YHIBEPCAIBHOCTI B TEOP1l KPUTUUHUX SBUIIL [2].

Mera 1i€i gomoBijai, TPUCBSYEHOI 65-piudto Moro Buwrtens, mnpod. IBana
Bakapuyka — 3poOWUTH KOpPOTKHUW OIS TPOOJEMHU BHSBICHHS Ta aHami3y
CTeNeHeBUX 3aKoHIB (1) I acUMNTOTUK PO3MOJLITY HMOBIPHOCTI BHITaJKOBHX
BEJIMYMH Ta MPOLTIOCTPYBATH IO IIUX 3aKOHIB Ha MPUKJIAA1 HEJJaBHIX poOIT B Teopii
dazoBux nepexoxiB [3], ekoHodizumi [4], HaykomeTpii [5], Teopii ckiITagHUX Mepex

[6].

Jliteparypa
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232 (2005); D. Sornette, Critical Phenomena in Natural Sciences (Springer-Verlag Berlin
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[2] Order, Disorder and Criticality. Advanced Problems of Phase Transition Theory, Yu.
Holovatch (editor). World Scientific, Singapore, 2007, V.1 — 2004; V.2 — 2007; V. 3 —
under preparation.

[3] C. von Ferber, R. Folk, Yu. Holovatch, R. Kenna, V. Palchykov, Phys. Rev. E 83, 061114
(2011).

[4] G. Oshanin, Yu. Holovatch, G. Schehr, Physica A 390, 4340 (2011).
[5] O. Mryglod, Yu. Holovatch, 1. Mryglod, Scientometrics (2012), to appear (arXiv:1109.6211).

[6] B. Berche, C. von Ferber, T. Holovatch, Yu. Holovatch, Adv. Comp. Syst. (2012), submitted
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Fluids in Disordered Porous Media: Scaled Particle Theory

M. Holovko', T. Patsahan®, V. Shmotolokha', W. Dong?
YInstitute for Condensed Matter Physics, 1 Svientsitskii St., 79011, Lviv, Ukraine
2Ecole Normale Supérieure de Lyon, 46 Allée d’Italie, 69364 Lyon Cedex 07, France

In this report we review our recent results of the theoretical investigations of
thermodynamic properties of fluids confined in random porous media. Three different
types of porous media depicted by the corresponding models known in literature a
hard sphere, overlapping hard sphere and sponge matrices are considered. We
consider also the porous materials created by non-spherical matrix particles. The
extension of the scaled particle theory (SPT) that allows us to obtain analytical
expressions of both chemical potential and equation of state for a hard sphere fluid
confined in considered random porous media are presented. The developed approach
is based on a combination of the exact treatment of point scaled particle in the system
of a hard sphere fluid confined in matrix and the thermodynamic consideration of a
finite-size scaled particle. Based on such formulation of the SPT theory for a fluid in
porous media a series of new analytical approximations were proposed. It is observed
that some of them lead to highly accurate expressions for the fluid chemical potential
over the whole density range with errors comparable to computer simulation results.
In the one from such approximation the excess of chemical potential of fluid is
presented in the form

1

ex _ _ _ * 771/¢0 = (771/¢0)2 E (771/¢0)3 771(¢* _¢)
A =g g ) G At A e 1y T3 W ig) G o-mis)

which includes three different types of porosities, namely the geometrical porosity
¢, , the specific probe porosity ¢ and the porosity ¢~ defined by the maximal packing
fraction of fluid in porous media. In one-dimensional case ¢ = ¢,¢/(4, —P)In(4, / P) .
Bis the inverse temperature, », is the fluid packing fraction. The constants A and B
depend from the type of porous materials.

The possibility of mapping of the thermodynamic properties of fluid in random
porous media of different types are discussed using the obtained results. As is shown,
the adsorption isotherms of fluid in the different matrices trend to be equivalent if
porosities and specific surface pore areas of these matrices are identical. The results
obtained in our study can be used as a reference systems for the description of more
realistic models of fluid. As a example, we consider the extension of the van der
Waals equation of state for a simple fluid in random porous media.

References:

[1] M. Holovko, W. Dong, J. Phys. Chem. B 133, 6360 (2009).

[2] T. Patsahan, M. Holovko, W. Dong, J. Chem. Phys. 134, 074503 (2011).

[3] M. Holovko, V. Shmotolokha, W. Dong, Cond. Matter Phys. 13, 23607 (2010).
[4] M. Holovko, T. Patsahan, W. Dong, Cond. Matter Phys. 15 (2012).



IIpo oguH MexaHi3M BUHUKHEHHS (pepOMArHEeTU3MY
0. Jlepoicko

Incruryr pizukn kongencopanunx cucreM HAH Ykpainun

Posrnsmaerbcss  cranmaptHa  mojaenb  [ab0appa, B sAKiM  HalHWK4YA
OJIHOCJIEKTPOHHA 30Ha € Oe3nucriepciiiHoo. OJIHOENEKTPOHHI CTaHW 3 I€l 30HU
BI3yaJi3ylOThCS SIK JIOKadi30BaHi y MajoMmy d¢parMeHTi TpaTku (macrtmi). 3a
BIJICYTHOCTI Ta00apIiBChKOTO OAHOBY30BOro BimmroBxyBaHHA (U = 0) Oynb-skuit
OaraToeneKTpOHHUHN cTaH, 30y/lOBaHUI 3 OJHOENEKTPOHHUX CTaHIB 3 Oe3xucrep-
CIIiHO1 O/THOEJIEKTPOHHOI 30HU, € OCHOBHUM.

[Tpu “BBiMkHeHHI” U >0 BHpPOIKEHHS OCHOBHOTO CTaHy 3HIMA€TbCS JIMIIE
4acTKOBO: yepe3 mpuHuun [layni enekTpoHH 3alMIIaroThCsi B OCHOBHOMY CTaHi,
HaBITh Nepe0yBarouM y macTkax, 10 MAalOTh CHUIbHI BY3JH, KWO 1l €IEKTPOHU € Y
CUMETPUYHOMY CIIHOBOMY CTaH1 (yTBOPIOIOTH (pepOMarHiTHUU Kjactep). SKmo x
MpU [IbOMY KOHIIGHTpallis €JIEKTPOHIB Ha TPaTIl € JOCTATHBOK JUIsi BUHUKHEHHS
“riraHTchbkoro” ((epoMarHiTHOTO) KiiacTepa, 0 MICTUTh HEHYJIbOBY (DpaKilito BCiX
€JICKTPOHIB, TO CTAETHCS Mepexi B (hepoMarHiTHUN (OCHOBHUM) CTaH.

[le#t MexaHi3M BUHMKHEHHS ()epOMarHeTu3My 3anpornoHyBanu AHjapeac Misbke
1 ['anp Tacaki aBaamsaTh pokiB ToMy [1]. OgHak, He3BaXKar4M Ha ps cipob [2], goci
HEMa€e EKCIIEPUMEHTAIILHOT pealtizallil TaKol CXeMH MOSBH (PepOMarHEeTU3MY.

Jlireparypa

[1] A. Mielke, J. Phys. A 24, L73 (1991); 24, 3311 (1991); 25, 4335 (1992); Phys. Lett. A 174, 443
(1993); H. Tasaki, Phys. Rev. Lett. 69, 1608 (1992); A. Mielke, H. Tasaki, Commun. Math.
Phys. 168, 341 (1993).

[2] R. Arita, K. Kuroki, H. Aoki, A.Yajima, M. Tsukada, Phys. Rev. B 57, R6854 (1998);
T. Kimura, H. Tamura, K. Shiraishi, H. Takayanagi, Phys. Rev. B 65, 081307(R) (2002);
H. Tamura, K. Shiraishi, T. Kimura, H. Takayanagi, Phys. Rev. B 65, 085324 (2002); R. Arita,
Y. Suwa, K. Kuroki, H. Aoki, Phys. Rev. Lett. 88, 127202 (2002); Z. Gulacsi, A.Kampf,
D. Vollhardt, Phys. Rev. Lett. 105, 266403 (2010).

Modeling of the polymer transport through biological membranes

A. Drzewinski

Institute of Physics, University of Zielona Gora,
ul. Prof. Z. Szafrana 4a, 65-516 Zielona Géra, Poland

Voltage-driven polymer translocation is studied by means of a stochastic lattice
model. The model incorporates the voltage drop over the membrane as a bias in the
hopping rate through the pore and exhibits the two main ingredients of the
translocation process: the driven motion through the pore and the diffusive supply of
chain length towards the pore on the cis-side and the drift away from the pore on the
trans-side. The translocation time is either bias limited or diffusion limited. In the
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bias-limited regime the translocation time is inverse proportional to the voltage drop
over the membrane. In the diffusion-limited regime the translocation time is
independent of the applied voltage, but it is rather sensitive to the motion rules of the
model. We find that the whole regime is well described by a single curve determined
by the initial slope and the saturation value. The dependence of these parameters on
the length of the chain, the motion rules and the repton statistics are established.
Repulsion of reptons as well as increase of chain length decrease the throughput of
the polymer through the pore. As for free polymers, inclusion of a mechanism for
hernia creations/annihilations leads to cross-over from Rouse-like behaviour to
reptation. For the experimentally most relevant case (Rouse dynamics) the bimodal
power-law dependence of the translocation time on the chain length is found.
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Interquark interactions in a reformulated chromodynamics

J. W. Darewych®, A. Duviryak®
YYork University (Toronto), *Institute for Condensed Matter Physics of NAS of Ukraine

We have found an approximate, iterative solution of the non-linear classical
equations of motion of QCD with quark field source. This solution is used to
reformulate the Lagrangian of QCD. We derive expressions for the interaction terms
corresponding to the non-Abelian terms of the QCD action. In first iterative order,
these turn out to be expressions involving convolutions of three and four one-gluon
exchange Green functions, corresponding to three- and four-gluon interaction
vertices.

We have examined these non-Abelian terms in the static, non-relativistic limit
and found them to be a vector three- and a scalar four-point static potentials that
depend on the inter point coordinates only. We express these potentials in terms of
quadratures and calculate them explicitly for some restricted sections. An analysis
indicates that both the potentials are Coulomb-like in general.

The derived three- and four-point cluster corrections together with the one-gluon
exchange interaction could be used as a short-range contribution in potential models
of baryons, tetra-quarks etc.
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Po3paxyHok Ta pociixxeHHs ¢gpa3oBoi giarpamMu piiuHa-ras
MOJIIUCIIEPCHOI CYMillli JMMOJbHUX TBepaux chep

1O. Kanworcnuu

Incruryr Qiznku kongencopanux cucrem, HAH Ykpainu, M. JIbBiB

Ha ocHOBi paHilie 3ampONOHOBAHOTO y3araJlbHEHHs TEPMOJUHAMIYHOI Teopii
30ypeHb s acOoIifOBaHMX PIAMH 3 ILEHTPAIbHUM XapakTepoOM acOoIiaTHBHOI
B3a€MOJII TPOBEJACHUIN pO3paxyHOK Ta aHami3 (a3oBoi JiarpamMu piavdHa-Tas3
MOJIIUCTIEPCHOT CyMIIIl JAWMONBHUX TBEpAUX cdep. 3 METOI0 MOJAETIOBAHHS
ocobmmBocTe (Pa3oBOi MOBEMIHKK (EPOKOJOITHUX IJUCHEPCI MH BBaXKaJH, IO
TUTIOJIBHUA MOMEHT KOKHOI YAaCTHMHKH € TPOMOpIiiiHui KyOy i1 miamerpy. Mmu
Mpe/ICTaBWIN TOBHY (a30oBy JliarpaMy Takoi CHCTEMH, SIKa BKJIIOYA€ KPUBI “XMapu’
Ta “TiHi”, O1HOAAMN Ta (QYHKII pO3MOALTY CHIBICHYIOUMX (a3 mpH Pi3HUX CTYMEHSIX
MOJIITUCTIEPCHOCT] CUCTEMH.

EnexTpoHHi cTanu chepuuHOi KBAHTOBOI TOUKH
B CAMOY3I0/I’KEHOMY MOTeHIiaJxi

M. Knanuyxk, I'. [lonedinox

Hauionaabuuii yniBepcuter “JIbBiBcbka nmosirexnika”

Posrnsgaerbess 3amaya Mpo 3HAXOKEHHS CHEKTpa Ta XBWIBOBHX (DYHKIIH
eleKTpoHa B cdepuuHiii KBaHTOBIM Toulll. EjekTpoHeWTpalibHa KBAaHTOBA TOYKa
MOJCIIIOEThCSL  SIK CUCTeMa Z HEB3AEMOJIIOYMX EJIEKTPOHIB y CPEepUUHO-
CUMETPUYHOMY JojaaTHoMy ‘“xene”. IloTeHIlanbHa €Hepris eJeKTpoHa y Takii
KBAHTOBIM TOYI[l Ma€ BUTJISI

Z e?

W(7'2—3R2), <R

Vo(r) =
—(,—l 72 R,
ne R — paniyc nanochepu, Vo, o > 0 — nmonmatni koHcTaHTH. OOpaHul MOTEHITIAT
Mae Ty NepeBary, L0 JO03BOJIAE€ 3IMCHIOBATH HEMEpPEpBHUI Mepexia Bij HOro
KYJIOHIBCBKOI YaCTUHU [JI0 TapMOHIYHOI 3MIHIOIOUM JIMIIE BEJIUYUHY pajiyca
HaHocgepu R.

IIpoBeneHo OIIHKY €Heprii OCHOBHOT'O CTaHY 3a TEOpi€ld 30ypeHb Yy IBOX
BUIIAJIKaX: JUIsl TOUKOBOI KBAHTOBOi TOUKH, € HYJbOBUM HAOIMKEHHSM BBaXKA€THCS
pPO3B'I30K BOJHEBOI 3a7adi Ta [Uisi O€3MEXHO MPOTSHKHOIO —OCIHHISTOPHOTO
NOTEHLIany, Je 30ypeHHSM BBAXA€TbCA PI3HULS MDK KYJIOHIBCBKMM  Ta
OCIIJIATOPHUM TIOTEHI[IaJIOM 30BHI HaHochepu. Mopaenb MOCTIIKYEThCS TaKOX
BapialiifHUM METOJIOM.

TounimuM € po3B'sI30k  paxaianbHoro piBHsSHHSA IIpeninrepa cnocobom
3IIMBAHHS XBUJIBOBUX (PYHKIIH Ha Mexl HaHocepu. OTprmaHe TpaHCIECHACHTHE
PIBHSIHHS 11 CTIEKTpa €JIEeKTPOHIB, BUPA3H VIS BIMOBIIHUX BIACHUX (PYHKIIIH yepes
KOMOIHaLli BUPOJKEHUX TiNepreoMeTpuyHuX (QyHKIiA. BiiacHi 3HaYeHHs eHeprii
3HAXOJIATHCS YHCETFHUM PO3B'SI3KOM ITMX PiBHSIHb.
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JIOCIDKEHO 3aJIeKHICTh CHEKTpa OJAHOCJIICKTPOHHOI 3a7adi BiJ €(EeKTHBHOTO
pO3Mipy KBaHTOBOi TOYKHM Ta IHINUX MapaMmeTpiB MOJEIBHOrO moTeHriamy. [
JTOCIDKeHHST 30y/PKEHUX CTaHIB TMOOYJI0BaHO padiadbHy TYCTHHY PO3MOALTY
IMOBIPHOCTI TOJIO)KEHHS €JIEKTpOHA B craiioHapuux cranax (N, l). ITokazano, 1o npu
30UIBIIeHH] pajiiyca HaHOC(hEpH, PO3MIPH €IEKTPOHHOT XMapu 30UIBIIYIOTHCS, TOII
SK SHeprisi OCHOBHOTO Ta 30Y/DKCHHX CTAaHIB 3MEHIIYEThCS. Takok MOKa3aHo, IO
BIUTUB pPO3MipiB Ta ¢GopMU HaHOCPEepu OCOONMBO CHUIBHO TIO3HAYAETHCS Ha
MOJIOKEHHI EHEPreTHYHUX piBHIB mpu 3poctanHl Z. Ll mapameTpu mMOTeHLialy
MOXYTh CJIYTyBaTH KEPYIOUHMH TapaMeTpaMyd JUIsl ONTHMI3allli eHepreTHYHOl
CTPYKTYpH CEpHIHOT KBAHTOBOI TOYKH 3 METOI0 OTPUMAHHS peajbHUX CTPYKTYp i3
Hanepes 3aaHUMU (PI3UKO-XIMIYHUMH BIACTUBOCTSIMH.

Stochastic processes in Quantum Optics
Cao Long Van, Doan Quoc Khoa, Nguyen Thanh Vinh

Institute of Physics, University of Zielona Gora

A typical problem of Quantum Optics is the resonance interaction of several
lasers with an atomic (molecular) system, where laser lights are fluctuating in
amplitude and phase, and collisions between the elements of the system are
frequently taken into account. Because of the very complicated (or even obscure)
microscopic nature of all relevant relaxation mechanisms, they are modelled by
classical time-dependent random processes. Thus, the dynamical equations describing
the problem become stochastic differential equations. Except in certain specific cases,
as in the case of the chaotic white noise, these equations cannot be solved in finite
terms. When the coherence time of the noise (laser light or collisions) is comparable
to the intrinsic time scale of the atomic system, obtaining an exact solution of such
stochastic equations is very difficult. One of the most useful stochastic models has
been proposed by Wodkiewicz and co-workers [1-4] and is based on the so-called
pre-Gaussian process. It is composed of a finite number of independent two-step
random telegraph signals. The strength of the pre-Gaussian formalism derives from
the exact solubility of wide classes of stochastic equations. Even in the case of one
random telegraph signal one can obtain several interesting results concerning various
phenomena in Quantum Optics. In our talk we would like to present some of them.
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On the dipole glass parameter in the mixed
ferro-antiferroelectric systems

N. A. Korynevskii**®, V. B. Solovyan®

Institute for Condensed Matter Physics, Natl. Acad. Sci. Ukraine,
bNational University “Lviv Polytechnic”,
“Institute of Physics, University of Szczecin, Poland

The problem of microscopic origin of dipole glass parameter in mixed
ferroelectric-antiferroelectric compounds is now intensively studied. Due to
numerous experimental investigations [1-3] it was founded that fragments of dipole
glass state in mixed ferroelectric-antiferroelectric hydrogen bonded crystals appears
at rather high (~100K) temperature whereas usually this phase are observed at
relatively low temperatures (below 50K). So, the idea of precursors of the dipole
glass phase is now topical. Our theoretical approach is directed to found the
microscopic mechanism of investigated phenomenon and to calculate a dipole glass
parameter in a wide regions of temperature and concentration.

For dipole glass parameter calculation we use a pair correlation functions of
nearest neighbours dipole particles. Applying the Edwards and Anderson replica
method [4] to the Hamiltonian of mixed system with two binomial random variables
(for z- and x-oriented dipole momenta in ferro-antiferroelectric mixture of
RDb, (NH4)1.,H,ASO, — type) in the quasi-spin representation, the free energy of the
system has been obtained. On it’s basis the single and pair correlation functions was
calculated. The phase diagram of mixed system demonstrate the existence of pure
ferroelectric and antiferroelectric phases, the mixtures of those phases with dipole-
glass phase, as well the pure dipole-glass phase for intermediate concentration. The
most interesting is the possibility to distinguish a precursors of dipole glass area
where a slight dipole glass phase take place.

It was shown [5,6] that in investigated compounds at low temperatures and for
intermediate concentration due to the system frustration long range ordering
disappears and only short range correlations between nearest particles remains. Those
correlations are characterized by a non-stochastic distribution. So, a corresponding
state of mixed compound (the dipole-glass phase) must be interpreted as a set of non-
uniform nearest neighbours arrangements with non-stochastic distributions for
corresponding correlation functions. The dipole glass parameter is constructed on the
base of those correlation functions and it takes into account the numerous solutions
for them too.

References
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Tepmoannamika i pesakcaniina IMHAMIKA KBa310HOBUMIPHUX
CEerHETOAKTHBHUX CIOJIYK 3 BOJHEBUMH 3B'SI3KAMH

P.P.ﬂeeut;bkuﬁl, I.P.3aqei<2, A.C.Boosuy’

1IHCTnTyT ¢izuxku konaencopannx cucrem HAH Ykpaiun, m. JIbBiB
’Hanionanbuuii yHiBepcuTeT “JIbBiBCcbKa MoJliTexHiKka”

3anponoHoBaHO MOU(pIKOBaHY MOJENb MPOTOHHOTO BIOPSIKYBaHHS KBas3i-
OJTHOBUMIPHUX CErHETOAKTUBHUX CIOJYK 3 BOJHEBHUMH 3B'S3KaMU 3 BpaxyBaHHSIM
JTHIAHUX 32 nedopMallissMHU € Ta €5 BHECKIB B €HEpril0 MpPOTOHHOI cuctemu. Ha
OCHOBI 3aIlpOIIOHOBAHOT MOJIeli B HAOJIMKEHHI JBOYACTHHKOBOTO KJIacTepa 3 Bpaxy-
BaHHSM KOPOTKOCSKHUX 1 JTAJEKOCSKHUX B3a€MOJIIH, MO3OBXHBOTO €JIEKTPUYHOIO
MOJIA Ta T1IPOCTATUYHOIO TUCKY P = —Gj pO3paxOBaHO TEPMOJUHAMIYHUMN MOTEHILIAM,
3 YMOBU MIHIMyMY SIKOTO OTPUMAaHO CHUCTEMY DPIBHSHB 17 Jnedopmaliidl G; 1 Gs Ta
napameTpy MOpsAKy. BUKOPHUCTOBYIOUM IIi PIBHSHHS, PO3PAaXOBAHO MO3JOBKHIO
CTaTUYHY J1€JIEKTPUYHY TPOHUKHICTh MEXAHIYHO BUJILHOTO 1 MEXaHIYHO 3aTUCHYTOTO
KpUcTany, Koedili€HTH IM'€30€IeKTPUYHOI HAMPYTH 1 AeopMallii Ta MPYy>KHY CTalTy
MIpU TOCTIMHOMY TI0J1i. MOJISIpHY €HTpOIIiI0 Ta TEIUIOEMHICTh, 00YMOBJIEHY MPOTOH-
HOIO CHUCTEMOI0, 00UMCIIEHO Oe3MocepeIHbO TU(EePEHITIFOBAaHHSIM TEPMOJIUHAMIYHOTO
MOTEHLIAJTy 32 TEMIEPATYPOIO.

B pamkax meToly HepIBHOBaXKHOTO cTaTUCTHUHOTrO oneparopa . M. 3ybapena 3
BpaxyBaHHSAM JUHAMIKH J1e(hOpMaLIMHUX MPOLECIB PO3PAXOBAHO JUHAMIYHI MPOHUK-
HOCTI MEXaHIYHO BUTLHOTO 1 MEXaHIYHO 3aTUCHYTOTO KPUCTaTy Ta YacH pejlaKcallii.

[IpoBeneHO IPYHTOBHMI YHMCIOBUIN aHaji3 3aJI€KHOCTI PO3PAXOBAHUX XapaKTe-
PUCTUK BiJ TmapamMeTpiB Teopli Ta JAepopMaliiHMX NapaMmeTpiB. 3HANWIEHO
ONTHUMaJIbHI HAO0OpPW LUX 1 3aTPaBOYHUX MApaMETPiB JJIsi YACTKOBO JEHTEPOBAHMX
CErHETOCTIEKTPHUKIB, K1 J1aJi MOXJIMBICTh Ha HaJICKHOMY PIBHI ONMUCATU HASIBHI JUIS
HUX €KCTIEPUMEHTAJIbHI JIaHI.

JlociKeHOo BIUIMB TiAPOCTAaTUYHOTO Ta OJHOBICHMX THUCKIB Ha (Pi3UYHI Xapak-
TEPUCTUKU YACTKOBO JEHTEpOBaHUX KpuCTaliB. OTprUMaHO 3aJ0BUIHHHUI KITbKICHHIM
OTHC 3aIIPOIIOHOBAHOIO TEOPIEIO BIATIOBIIHUX €KCIIEPUMEHTAIBLHUX JIAHUX.

Bcranosneno, mo monudikaiiis Mojesni KBa3ioJHOMIPHUX CETHETOEIEKTPHKIB
MPAKTUYHO HE BIUIMBAE HA 1X COHTAHHY MOJISIPU3AILII0, TEMJIOEMHICTD Ta MO3/I0OBXKHIO
CTaTUYHY AICIEKTPUYHY MPOHHUKHICTH, @ MPUBOAUTH 10 TMOSBU M'€30€TEKTPHUHUX 1
MPY)KHUX XapaKTEPUCTUK X KPUCTATIB.

Application of kinetic Monte Carlo simulation to protonic conductivity

T. Mastowski®, A. Drzewiriski*, J. Ulner?, J. Wojtkiewicz®

YInstitute of Physics, University of Zielona Géra,
?Institute of Low Temperature and Structure Research PAN, Wroclaw, Poland
$Department of Mathematical Methods in Physics, University of Warsaw

The properties of protonic conductivity in acid crystals where quasi-free protons
move inside the network of rotating tetrahedra are simulated with the help of the
Kinetic Monte Carlo method applied to the model of 1-dim chain of rigid rods and 2-
dim lattice of rigid squares. The two-step mechanism (the Grotthuss mechanism)
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consisting of rotations of tetrahedra and of proton tunneling in Hydrogen bonds is
assumed as the mechanism of charge diffusion. The Hydrogen bond is approximated
by the double-Morse potential which parameters are used to calculate tunneling rates.
The increase of the current with temperature and the saturation of the polarization
with time is observed.

CriaaHa JMHaAMiKa NPOCTHX IVIMHIB: MPOSABH 1 MogeJi
1. M. Mpuenoo

Incturyr Qizukn kongencosanunx cucrem HAH Ykpainu, M. JIbBiB

Pinxuii ctan € HpOMi)KHI/IM M1XK KpI/ICTaJIi‘-IHI/IM Ta Ta30BUM 1 BHHUKAaE uepe3
BCTAHOBJICHHS CBoepmHoro 0amaHCy MIXK €HEpri€lo Ta €HTPOMIEI0, MK JOKAJIbHUM
BIIOPSAKYBAHHAM 1 TEIUIOBUM PYXOM YacTHHOK. BiICyTHICTP MaKpOCKOMIYHOTO
CTPYKTYPHOTO TIOPSZIKY 1 SBHOTO Majoro mapaMmeTrpa y piauHax TPH3BOAUTH 0
CYTTEBUX YCKIAIHEHb Yy CTATUCTUYHOMY OIKCI TaKUX CHUCTEM, IO TOSCHIOE,
30KpeMa, T€, YOMy Ha BIIMIHY BiJI KPHCTaJiB Ta Ta3iB, JIe OCHOBHI TEOPETHYHI
KOHIIETIii Oyiu 100pe pO3BUHYTI BKE BCEPEIMHI MUHYJIOTO CTOJITTS, TEOPIS PIIUH Y
TOM 4Yac moyaya juiie (opMyBaTUCS, a PEAIbHUN MPOTPEC CTaB MOKIUBUM JIUIIIE
TOAl, KOJIM CTald MOXJIMBUMHU EKCIEPUMEHTH 13 PO3CISHHS, sKi 3a0e3medmiu
JeTaNbHY 1H(POPMAILIiIO TIPO CTPYKTYPY, 1 BaXKJIUBE Miclie y (i3ulli MoYaB BiAIrpaBaTu
KOMIT FOTEpHUN €KCTIEPUMEHT.

Jlo piivH BIOJHOCSTHCS HAI3BUYANHO PI13HOIUIAHOBI 00 €KTU. 3 OJHOTO Kparo,
1I€ TaK 3BaHl MPOCTI PIAUHU — OAraTOYaCTHMHKOBI CHUCTEMH, y SIKUX BPaXOBYIOTHCS
TOJIOBHO TPAHCIIALINHI CTyneHl BUIbHOCTI. Jlami MayTh MOJEKYJspHI, MarHiTHI Ta
aHI30TPOIHI PIIUHY, Y SKUX BAXKIUBY POJib BIAIPAIOTh TAKOK O00EPTOBI Ta KOJUBHI
pyxu. | Ha 1HIIOMY Kpar MaeMoO CKJIaIHI PIIUHU (UM M SIKYy PEUOBUHY), ISl SIKUX
TUMOBUM € (OpPMYBaHHS CTIMKUX AacoIliaTiB Ta ICHYBaHHS ME30CKOIIYHUX
MPOCTOPOBUX 1 YACOBUX XapaKTEPHUX MAcCIITa0iB, 10 POOUTH iX OMUC HAA3BUYAITHO
CKJIQHUM SIK Y Teopii, Tak 1 B KOMIT IOTEpHOMY eKcnepuMmeHTi. BoaHouac, yxke
HaBITh JIJI1 HAUMIPOCTIIMIUX MOJIENICH PIAMHN BAXXIMBUM € BpaXyBaHHs THX IMPOIIECIB B
iX auHAaMIIl, SKI TUIOBI JUIS PIIKOTO CTaHy 3arajioM, a came €(eKTiB OJMKHBOTO
nopsiiky (4u 1HIIMMH CJIOBAaMU JUHAMIYHOI KOMIPKH), IO TPOSBISIOTHCA Yy
cnenudini  AUGy3IMHUX ~ TPOIECiB, TOSABI  €JaCTUYHUX  BIIACTHBOCTEH  Ha
ME30CKOITIYHUX MacITadax, MepeHocl Terja 4Yd Macu 1 BUHHMKHEHHI TpaoOpasy
(OHOHHMX KOJEKTUBHUX pyxXiB. CaMe Taki epeKTH poOisaTh AMHAMIKY IPOCTUX PIJIUH
CKJIaJHOIO0, a 0e3 iX BpaxyBaHHS HEpPIBHOBKHA TEOPisl PIAMH HE MOXE BBaXKATUCSH
JOBEPIICHOIO.

3aBnaHHs I11€i JTOMOBIJII MOJIATAE, 3 OJHOTO OOKY, B MPEICTABJICHHS JESIKUX
OCHOBHHX 116l HEpPIBHOBaXXHO1 CTaTUCTUYHOI TEOpii KOJEKTUBHOI AMHAMIKH PIiJHH,
110 0azyeTbcst Ha popMalti3Mi y3araabHEHHX KOJEKTUBHUX 30Y/KEHb, 1 PO3BUTKY Ha
I OCHOBI MPOCTUX IWHAMIYHUX MOJEJEeH piIUH, a 3 1HIIOTO — y JEMOHCTpaIlii
pE3yNbTaTiB BUKOPUCTAHHS ITI€] TEOpii, M0 OTPUMAaH1 JJis HAUIPOCTIIMINX MOJIEIEH
PIIUH Ta CyMilIeH 1 TOKa3ylOTh CKJIQJIHICTh IMHAMIKH, KA BIACTUBA PITUHAM.
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daHTOMHE CKAJIIPHE MO0JIe K TEMHA eHePris, 0 MPUCKOPIOE
po3mnpenHsi BcecBity

b. Hosocsonuu, O. Cepeienko

AcTpoHOoMiuHa 00cepBaToOpist
JIbBiBCHKOI0 HALIIOHAIBLHOIO YHiBepcuTeTy iMeHi IBana ®dpanka

CnocrepexxyBaHi JaHl Npo JHWHaMIKy po3imupeHHsi BcecBity, iioro Benmkomac-
mTaOHy CTPYKTYpY Ta KYTOBHM CHEKTp MOTYKHOCTI (UIIOKTyalidi TemIiepaTypu
PETIKTOBOTO BHUIIPOMIHIOBAHHS JIONMYCKAaIOTh ICHYBaHHS (PAaHTOMHOI TeMHOi eHeprii
(Wge<—1, Pge = Wdeczpde) 3 JIOMIHAHTHOIO CEPEIHBOIO TYCTHHOIO Pge~ (0.70+ 0.04)p (o1
AHaI3YIOThCS MOJIMBOCTI peajizaliii Takoro TUITy TEMHOI €Heprii y BHUIJISIL
CKaJIIPHOTO TIOJIS, SIKe Maike OJHOPIIHO 3amoBHIOE BcCecBIT Ta mpuCKOproe Horo
PO3UIMPEHHS B Cy4acHY enoxy. Po3risgaerbes kiac Mozeneid paHTOMHOTO MOJIs, SKe
B PaHHIO €MOXy eBOJIIOIT BcecBiTy 3a CBOIMU MHAMIYHMMHU BJIACTHUBOCTSIMU OYyI10
MoAI0HUM J10 BaKyyMHOTO T0Jis (Wge = —1) aGo KocMoJI0T14HO1 cTanoi AiHiTaiHa A.
He nuBnsiunch Ha OJIU3BKICTH BJIACTUBOCTEN Takoro ()aHTOMHOTO CKaJSIPHOTO MOJIst
10 A-mojaeneil B MUHYJIOMY, MO0 JWHaMIKa y BiJJaJleHOMY MalOyTHbOMY LIIJIKOM
B1JIMIHHA: 3pOCTAHHS TYCTUHHU TAKOTO MOJIS 32 CKIHUEHUH MTPOMIDKOK 4acy MPUBOIUTD
710 CUHTYJISIpHOCTI Tuity Benukuii Po3puB - pyliHyBaHHS CTPYKTYpH MaTepii Ha BCiX
PIBHSX BIJI CKYIMY€Hb TaJaKTHUK JO aToOMIB Ta 1iX sjaep. I[HIIOW BiAMIHHOIO
OCOOJIMBICTIO KOCMOJIOTIYHOT MOJIEN 3 TAKUM IIOJIEM € HAsIBHICTh TOPU3OHTY MOAIH,
paziyc sSIKOoro mpsiMye 110 HyJia npu HaOImxkeHH1 70 Benukoro Po3puBy. OmiHIOIOTHCS
rnapaMeTpu KOCMOJIOTIYHOI Mojedi Ta ()aHTOMHOIO CKaJSIPHOTO IOJsi Ha OCHOBI
CHIBCTaBJICHHS TEOPETUYHUX PO3PaXyHKIB 13 CIIOCTEPEKYBAHHUMH JAHUMHU METOAOM
MapkiBchKHX JaHIIOKKIB MoHTe Kapio, BiATBOPIOEThCA MOTEHIIAN MOJS Ta MOro
€BOJIIOLISl MPU 3aJaHOMY JIarpaH)KiaHl CKaJISpHOro mnojisi. OOTOBOPIOIOTHCS TAKOX
mpoOJeMu IHTEpIpeTallii TakuxX TOJIB B paMKaxX CydyacHUX (I3WYHUX Teopid Ta
mozenei [lyxxe panaboro BeecBiTy.

Ferromagnetic Resonance and Static Magnetic Properties
of the Magnetic Nanoparticles in Porous Glasses

B. V. Padlyak™? , M. R. Dudek’, N. Gouskos**,

Yu. K. GorelenkoP

"Institute of Physics, University of Zielona Géra, Poland
2Sector of Spectroscopy, Institute of Physical Optics, Ukraine
3Solid State Section, Department of Physics, University of Athens, Greece
*Institute of Physics, West Pomeranian University of Technology, Szczecin, Poland
*Department of Chemistry, lvan Franko National University

The experimental technique, equipment as well as theoretical background and
possibilities of the ferromagnetic resonance (FMR) spectroscopy for study of the
nanostructured magnetic materials are considered. The X-band FMR spectra of the Ni
face-centered cubic (fcc) phase covered by carbon (Ni/C), the Fe;O, oxide covered
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by boric acid derivatives, the Ni-Al and Mg-Zn ferrites nanopowders and their
parameters are presented and analyzed.

The X-band FMR spectra and static magnetic susceptibility of the Ni/C
nanoparticles, embedded in diamagnetic matrix of the sodium borosilicate porous
glasses have been investigated. The Ni/C nanoparticles with different average size
were obtained through decomposition of ethylene on nanocrystalline Ni at 700°C
according to [1]. Two glass samples (B and D types) were obtained from one sodium
borosilicate glass with the 92 % SiO, — 7 % B,03; — 1 % Na,O basic composition
according to special technology, described in [2]. The texture parameters of porous
glasses of the B and D types were essentially different. Particularly, the average pore
diameter was 45 and 320 nm in glasses of B and D types, respectively. The
rectangular porous glass plates sized of 10x10x0.5 mm® were filled with Ni/C
nanoparticles, which were introduced from the water suspension, according to
technological conditions, developed by authors of this work.

The static magnetic susceptibility was measured by standard Faraday balance
technique in the 80-1000 K temperature range. Pure porous glasses of both (B and D)
types show diamagnetic susceptibility, which were independent of magnetic field and
temperature. The same porous glasses with lower and higher concentration of the
Ni/C nanoparticles show a linear dependence of static magnetic susceptibility on
reciprocal values of the magnetic field that is an evidence of their superparamagnetic
properties. Temperature dependence of the magnetic susceptibility for both samples
Is similar to the corresponding temperature dependence, characteristic for bulk Ni
sample.

The X-band FMR spectra of the porous glasses, containing Ni/C nanoparticles
consist of symmetrical signals centered at H, = 3000(3) Gs (peak-to-peak derivative
linewidth, AH,, = 615 Gs) and H, = 2978(3) Gs (AHp, = 721 Gs) at T = 300 K in
samples with lower (glass of B type) and higher (glass of D type) Ni/C concentration,
respectively. The observed FMR line intensities for both samples decreased with
decreasing temperature and below T = 90 K they disappear as a result of broadening
processes. The position of ferromagnetic resonance line (H,), peak-to-peak derivative
linewidth (AHp), and amplitude (A,) as function of temperature for Ni/C
nanoparticles in the matrix of porous glasses are investigated and analyzed.

A simple theoretical model, based on the Landau-Lifshits equation for
magnetization of N magnetic nanoparticles, dispersed in a porous diamagnetic matrix
[3], was used for explaining the observed features in the temperature dependencies of
FMR spectra. The perspectives of future investigations by FMR technique of the
magnetic nanoparticles, embedded in porous glasses and other porous media with
well-defined size, shape and geometry of pores have been discussed.
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Diffraction and the Aharonov-Bohm effect

Yu. A. Sitenko, N. D. Vlasii
Bogolyubov Institute for Theoretical Physics, Natl. Acad. Sci., Ukraine

Quantum-mechanical scattering of nonrelativistic charged particles by a
magnetic vortex of nonzero transverse size is considered. The limit of short, as
compared to the vortex transverse size, wavelengths of a scattered particle
corresponds to the quasiclassical limit, and, since the Aharonov-Bohm effect is the
purely quantum effect that is alien to classical physics, its persistence in this limit
seems to be hardly possible. Nevertheless, we show that the scattering Aharonov-
Bohm effect does persist in the quasiclassical limit owing to the Fraunhofer
diffraction persisting in the short-wavelength limit. Therefore, the flux of the vortex
serves as a gate for the propagation of short-wavelength particles in the forward
direction. The issue of the experimental detection of the Fraunhofer diffraction peak
and the scattering Aharonov—Bohm effect is discussed.

KopeasuiiiHi edpekTH y KBAHTOBOMY IPATKOBOMY 003e-rasi

1. B. Cmacrok

Incruryr Qizukn kongencosannx cucrem HAH Ykpainn

[IpoTsirOM OCTaHHIX POKIB CUCTEMHU 003€-4aCTHHOK 3 CHUJIbHUMH JIOKAJIbHUMH
KOPEJSLIAMU € 00’€KTOM IHTEHCUBHMX TEOPETHUHHUX Ta €KCIEPUMEHTAJIbHHUX JOCIHi-
mkeHb. J1o iX uncia BIAHOCATHCS, 30KpeMa, 003e-aTOMHU y ONTUYHUX I'paTKax, /1€ MpH
HAJ3BUYAIIHO HU3BKUX TeEMIlepaTypax BiIOyBaeThCs (Pa3oBHIl mepexia 3 MOSBOIO
0o3e-konaeHcary. Mogenp boze—Xabbapaa, 3anmponoHoBaHa MJii ONHUCY TaKHX
CUCTEM, 3HaXOJUTh 3aCTOCYBAHHS 1 B TEOpIi SIBUIL, MOB’SI3aHUX 3 KBAHTOBOKO JEJIO-
KaJTi3aIli€l0 aTOMIB BOJIHIO, aJICOPOOBAHMX Ha MOBEPXHI METANIB, Ta TOBEPXHEBOIO 1
00’eMHOI0 U(DY31€I0 JETKUX YaCTUHOK, a TaKOX MPHU BUBYEHHI TEPMOJMHAMIKU
THTEpKaJIALIi JOMIIIKOBUX 10HIB Y HAllIBIPOBIJHUKOBUX CTPYKTYypax.

VY nomoBiji 1a€ThCs OIS CTaHy JTOCHIIKEHb, 110 MPOBOASATHCS aHATITUYHUMHU 1
YUCIOBUMHU METOAaMH B paMmkax Moneni bo3e—Xab0apaa Ta ii y3arajibHEHb 1 PUCBS-
YeHl pOo3risAy TEepMOAMHAMIKM (Pa30BUX NEpeXoliB 1 0coOIMBOCTEd OO30HHOTO
CHEKTpPY MpHU BpaxyBaHHI €(EKTIB HEEProJAUYHOCTI, MOSBU BIOPSAAKYBaHb TUITY XBUJIb
T'YCTUHH, MOXJIMBOCTI 3MiHU POy (pa3oBoro nepexoay Ta (a3oBoro po3iiapyBaHHS.

JiarHocTuka XBUWJILOBHUX npoueciB B porocepi Conus
M. Cmoodinka

AcTpoHoMiuHa o0cepBaTopis
JIbBIBCHKOI0 HALLIOHAIBLHOIO YHiBepcuTeTy iMeHi IBana dpanka

Y dorochepi CoHust cepen pi3HUX TUITIB KOJIMBaHb MEPEBAKAIOTh aKyCTHKO-
rpaBiTalliiiHl XBUJI, CHEKTP SKUX OXOIUIKOE XBWJII, IO MOIIMPIOIOTHCS, Ta €BaHE-
CUEHTH1 XBWII. BepxHsl 4acTHHA CHEKTPY MNpEJCTaBIs€ aKyCTU4HI XBuIl (P-MOIu),
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BHYTpiH1 XBuii rpasitarii (BXI', g-M0a1) OXOIUTIOIOTh HMXKHIO YaCTHUHY CHIEKTPY
aKyCTUKO-TPaBITAIlIHHUX XBUJIb.

AKYCTHUYHI OCHWJIAIII BUSBJISIIOTH TPU  JOCHIIKEHHI TIOJNS  IIBUIKOCTEH,
IHTEHCMBHOCTI BHUIPOMIHIOBAaHHS, TeMIlepaTypu, TUCKYy raszy tomio. I[lpaBna, moci
Ba)KKO BIJIIIOBICTH - IO 5K CIIOCTEPIrarOTh B IIMCHOCTI: YM €BAHECIICHTHI 3aJIUIIKH BiJI
dhoTochepHUX KOJIUBaHb, K1 30y/HKYIOThCS OIS BEPIIMHM KOHBEKTHUBHOI 30HU, UM
pe3ynbTaT TEHepallli aKyCTHYHHUX KOJMBaHb B KOHBEKTHBHO CTiiKiid o00macTi
MPOHUKAIOUOT KOHBEKIIii, YU, MOXJIHMBO, €(EeKT MOAYJAIIl XBWJIb aTMOCHEPHUMHU
HEOHOP1AHOCTSMH.

XBuii TrpaBitalii MOXYTh €()EKTHBHO MEPEHOCUTH MEXaHIYHUN IMITyIIbC
30psIHOiI PEYOBHHM, TOMY cama iX HasBHICTb HPU3BOJIUTH 10 OUIBII OJHOPIAHOTO
oOepTaHHA 30pi; XBWIII TpaBiTalll 3ady4yaroTh JUIsl MOSACHEHHS BMICTY JITIIO 3ip, IO
BOKJIMBO M1 po3yMiHHS ix eBomorlii. BXI', ki BUHUKAIOT, B IMapax I
KOHBEKTHUBHOIO 30HOI0, MOXYTh HecTH 1H(opmanito npo craH Haap Conug. €
CydacHi JlaHi, III0 XBWJII TpaBiTallil MEPEHOCATh y BEPXHI IIapu 3HAYHO OiJIbIIe
MEXaHIYHOi €Heprii, Hi’>K BUCOKOYACTOTHI aKyCTUYHI XBWJII, [0 BUMArae meperisiay
POJIi TIAPOAMHAMIYHUX XBUJIb IIPU HArpiBaHHI COHSYHOI XpoMochepHu.

JIJist 1IarHOCTUKY XBWJIOBHUX IpoiieciB B atMocdepi COHISE MU BUKOPUCTAIH
BJIOCKOHQJICHMH HaMH 1HBEPCHUH TMIAXIJA, IO Ja€ MOXJIUBICTh, BHUXOASYH 3
CIOCTEPEKYBAaHUX JIaHUX, OTPUMYBaTH HANIBEMIIIPUYHI MOJENl, a 3a HUMHU
A0CIIUTH (13MYHI YMOBH 1 IPOLIECH, 110 B110yBaroThes B atMocepax CoHus 1 31p.

3a pe3ynbTaTaMHU CHEKTPAIbHUX CIOCTEPEKEHb 3 BHUCOKHM PO3AICHHSIM
IUIIXOM PO3B'SI3Ky OOEpHEHOI 3a/a4l MEePEeHOCY BUIIPOMIHIOBAHHS BIJIITBOPEHA CITKA
Mozeleld coHsuHOi arMoc(epu Ta BualaeH! akyctuuHi xBwi ta BXI'. IIpoeaeHo
AOCTIKEHHST 30y/KCHHsI, TOIIMPEHHS, MPOCTOPOBOI CTPYKTYpPH XBWJIb Ta iX
€HEPreTUKH B YMOBAX peasibHoi aTMocepu COHIl, OTpUMaH1 MOJEN! P- Ta §-MO/I.

BiaacTtuBocTi KBa3icTalliOHAPHUX CTAaHIB CHCTEMHU €JICKTPOHIB,
B32€EMOIIOYNX 3 €JIEKTPOMATHITHIUM I0JIEM
Y P€30HAHCHO-TYHEJIbHUX CTPYKTYpax

M. B. Tkau, IO. O. Cemi

Kadenpa reopernunoi diznkn,
YepuiBeubknii HanioHaabLHNH yHiBepcuTeT iM. FO. ®eapkoBnua

Teopiss TpaHCHOPTY E€NEKTPOHIB Kpi3b PE30HAHCHO-TYHENIbHI HAaHOCTPYKTYPH
po3po0Isnacs AJig CUCTEM, IO 3HAXOAATHCS B CIAOKOMY €JIEKTPOMArHiTHOMY IOJI.
OpHak 3pO3yMUIO, 11O B CHJIBHOMY IMOJI TPAaHCHOPTHI BIACTUBOCTI PE30HAHCHO-
TYHEIBHUX CTPYKTYpP MOXYTh CYTTE€BO 3MiHUTHCS. 7 po3B’si3aHHA Takoi 3amadi
MOTPi1OHO 3HATH BIJIMOBIIHY XBUJIOBY (DYHKIIIIO JOCUTh CKIIAHOI CUCTEMH.

VY npornoHoBaHi# poOOTI PO3TISIAETHCS CUMETPUYHA TBOOAP’ €pHA PE30HAHCHO-
TyHenmbHa cTpykTypa ([ABPTC) B oOnmHOpimHOMY €JIEKTPOMArHiTHOMY TOJI
€(t) =2€ cosat nOBiNBHOI BEJIMYMHN HAIPYXKEHOCTI € EJIEKTPUYHOI CKJIAZI0BOI Ta

YaCTOTH o. BBa)kaeTbcs, 1110 MOHOEHEPIEeTUYHUMN IMOTIK €JIEKTPOHIB 3 eHepriew E
naznae 31iBa Ha JIBPTC (y3m0Bx oci Z), nepneHAUuKYJISIpPHO A0 ii mapis.
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Y 1pOMy BHWIIAJKy CHCTEMa OIMCYEThCS TOBHUM OJHOMIPHMM DPIiBHSHHSIM
HIpeninrepa, sike, 3 ypaxyBaHHSIM BiJIOMHX BHUpa3iB JJIs Oleparopa iMIyJIbCy Ta
BEKTOPHOTO MOTEHITany (y KyJIOHIBChKIM KaaiOpOBIl), HA0y1€ BUTIISITY

. 0¥(z,t n* o 2i€en 0 2e€

|ha(t) { S HUA(() + (- 2)- 2 sin(a) ( ) 2€) gin (a;t)}\y(z t), (1)
7e €, M — 3apsn Ta Maca ejekTpoHa; U, A — BHCOTa Ta IIUPHHA MOTCHIIATEHUX
6ap’epiB IBPTC; a — mpuHa noTeHI1aIbHOL SIMH.

Piusuns (1) y Bcix 001acTsAX HAHOCHCTEMH Mae, SIK BIIEpIE BHSBIICHO, JIBa
TOYHUX JIIHIHHO HE3aJICKHUX PO3B’SI3KU

—%[E N (e€)2 (1- sin(2a)t))]t} ©

20t

. . .. -1
SIK1 OITMCYIOTH IIPSAMY Ta o6epHeHy XBHWJI1 3 KBAa311MITYJIbCOM kO = h 2mE .

Po3knaa 3HaiineHnx XBUWIbOBUX (QYHKIIHN (2) y psau Dyp’e H03BOJIsiE€ 3HANTH
MOBHY XBWIbOBY ¢yHKII0 enekTpoHa B JIBPTC 3 ypaxyBaHHSM yciX MOJBOBHX
rapmoHik. Lle, y cBoro yepry, 103BOJIsi€ TOCHIAUTH TPAHCIOPTHI BJIACTUBOCTI YCIX
KaHaJliB enekTpoHHoi nmpo3opocti JIBPTC.

®Di3u4Hi cucTeMH y mpocropi—vaci 3 1e(popMOBaAHOIO
aareoporo I'aiizenOepra

Tkauyx B. M.

Kadenpa teoperuunoi dizukn,

JIbBiBCcbKHMH HaLiOHAJBLHUI YHiBepcuTeT iMeHi IBana @panka

Bnepme nedpopmoBana anrebpa [aiizeHOepra, ska omucye KBaHTOBAHHI
npocTtip—yac, Oyna 3anpornonoBana Chaiigepom y 1947 poui. Ili3Hime gociimkeHHs
B Teopli CTpyH 1 KBAaHTOBIM IpaBiTaIlli MOKa3aiu, 10 ICHYE HEHYJIhOBA MiHIMalIbHA
JOBXKHHA TOPSAKY IJIAHKIBCHKOI, TaK IO YaCTHHKY HE MOKHa JIOKaJi3yBaTh B
00J1acTi MEHIIOTO po3Mipy. BusBuiiocs, 1o MiHiMaabHy JOBKHHY MOKHAa OTPUMATH
B pamkax jgedopmoBaHoi anreOpu [aiizenOepra. JlocmimkeHHS BIUIMBY IIHX
nedopmaitiii Ha (I3UYHI BIACTHUBOCTI SK KBAHTOBUX, TaK 1 KIACHYHUX CHCTEM
OCTaHHIM YacOM BUKJIMKA€ 3HAYHUN 1HTEpec. S miaHyr 3poOUTH KOPOTKHM OTJIS
i€l JUITHKY JOCIIKEHb.

A novel concept for augmented van der Waals theory of liquid state
A. Trokhymchuk®, R. Melnyk®, I. Nezbeda®, D. Henderson®
Institute for Condensed Matter Physics, Natl. Acad. Sci. Ukraine
Department of Physics, J. E. Purkyn& University, Czech Republic
*Department of Chemistry and Biochemistry, Brigham Young University, Provo, UT, USA

The commonly used augmented van der Waals equations are based on the hard-
core primary contribution to the properties of fluids. Nonetheless, this choice of the
so-called reference contribution suffers from density and temperature limitations
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where theory might be applied. As an attempt to remove these drawbacks we have
recently formulated [1,2] an augmented van der Waals theory based on a reference
system that incorporates also the attractive interaction at short separations. In this
lecture the methodology of approach will be formulated and then its implementation
for some representative classes of simple liquids will be demonstrated.
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Specific features of diffusion processes in nanoscale
and bulk liquid systems

O. Chalyi
Medical and Biological Physics Dept., O. O. Bohomolets National Medical University, Kyiv

The presentation is devoted to recent studies of diffusion phenomena in finite-
size mesoscale (micro- or nanoscale) and infinite (bulk) liquid systems for wide
intervals of thermodynamical parameters including the critical region. Main problems
to be discussed are as follows:

1. Effects of spatial limitation on diffusion processes in mesoscale individual and
binary liquid systems.
2. Dependences of self-diffusion, thermodiffusion and barodiffusion properties on
temperature, pressure, density, concentration.
Theoretical results versus experimental data for diffusion properties.
4. Peculiarities of diffusion phenomena in 2D liquid systems (biomembranes, thin
surface layers, etc.).
5. Nonlinear kinetic models of cell-to-cell communication (synaptic transmission)
with diffusion effects taking into account.

w

Many-body dynamics and x-ray spectroscopy of strongly
correlated electron systems

A. M. Shvaika
Institute for Condensed Matter Physics, Natl. Acad. Sci. Ukraine

Some aspects of the theoretical many-body description of the interaction of x-
rays with strongly correlated electronic system are considered. For the simple model
of Mott insulator an exact solutions for the core-hole propagator, which determines
the x-ray photoelectron emission spectrum (PES), and two-particle response function
core-hole—valence electron, which determines the x-ray absorption spectrum (XAS),
are obtained. The groups of peaks which correspond to the absorption edge are
separated and their behaviour for different temperatures and values of the Coulomb
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interaction is studied. The crossover from the Lorentzian peak at finite temperatures
to the power law singularity or 6-peak at zero temperature is investigated. Besides,
the resonant inelastic x-ray scattering (RIXS) response functions are analysed for
different values of the transferred momentum and incident photon energies (below
and above the edge). The influence of the non-radiation mechanisms of the core-hole
relaxation, e.g. Auger or fluorescence processes, on the PES, XAS, and RIXS spectra
damping and reconstruction is investigated.

KoaexkTuBHa nunamika pinkux Ca i Mg

1I. M. Axibuyk, B.P. Ilayazan

Kadenpa ¢izuxku merauiB JIbBIiBCbKOro HAllIOHAJILHOTO YHiBepcuTeTy iMeHi IBana ®dpanka

HocmipkeHo auHaMIuHI BiacTUBOCTI piakux Ca 1 M@ mnoGau3y TOYKH
MJIaBJICHHS. 3 I[1€F0 METOI0 BUKOPUCTAHO MAPHUN MIKIOHHUM MOTEHI1aJl OTPUMAaHUN
Ha OCHOBI mncepaonoteHiary ®dionxaica ta iH. [1]. Byno nokasano, 1o s Mozenb
7A€ JIOCTaTHHO PEATICTUYHUNA OMHC MIXKATOMHOI B3a€EMOJIi PIAKO-3€METbHUX
MetaniB [2]. Panime Bxke HaMu OyJi0 JOCHIKEHO CTPYKTYPHI Ta OJHOYACTHUHKOBI
JMHAMIYH1 BJIACTUBOCTI JJIA JIaHUX METATIB 3a JOMOMOTOI0 METOJY MOJEKYISPHOT
nuHaMikd [3]. Llporo pa3zy mMu 30cepennin CBOK yBary Ha BUBYEHHI KOJEKTHUBHOI
nuHaMmikd. TakuM 4YWHOM, HaMu TMPOBEJACHO KOMIT IOTEPHE MOJICIIOBAHHS IS
PO3paxyHKy TaKMX XapaKTEPUCTHK, K JUHAMIYHHUUI (aKTOp, MOB3A0BXKHI 1 TONEPEUH1
KOpeJsiiiHl (yHKIII MOTOKY I'yCTUHU. AHani3 @yp’e neperBOpeHb KOPENALiHIX
(GyHKL1 T03BOJIMB HaM NOOYAYBaTH IUCIIEPCIHHI 3aJIEKHOCTI (POHOHHHMX CIIEKTPIB Ta
3p00JICHO OIIHKY IMIBUAKOCTI 3BYKY B PO3TJIIHYTHX MeTasax. [lapanensHo nmpoBeaeHo
TEOPETUYHI PO3PAaXYHKH BIAMOBIIHUX TUCIEPCIHHUX 3aJICKHOCTEH BUKOPUCTOBYIOUHU
criBgignomenns Takeno Ta Toga [4], i3 KOTpUX Takoxk OYJIO MOPAXOBAHO IIBUIKOCTI
3BYKY. 3ayBa)KCHO, IO IOB3JOBXKHS JUCIIEPCIs JTOOpE Y3TOJKYETHCA 13 KOMII FO-
TEPHUM MOJICTIOBAHHIM MPAKTHUYHO JIJISi BCIX METAJIB, y TOW 4ac, K MOIMEpevHa J1ae
ripme criBnaginHsg. [TokazaHo, 10 mMopaxoBaHi MIBUIKOCTI 3BYKY B JOCHIIKYBaHUX
MeTajax BUXOSTH JCIIO MEPEOIIHEeHI MOPIBHAHO 13 €KCIEPUMEHTATHBHIUMU JTaHUMHU.
Ha puc. 300paxkeno nuHamiuHi cTpykTypHi (aktopu mns Mg i1 Ca mpu pi3Hux
3HAUYEHHAX XBWJIBOBOI'O BEKTOpa, rpadiku [g00pe UIIOCTPYIOTh BEIUYUHY 1
po3MileHHs1 PeneeBcbkux 1 BpumtoeHIBChKUX MMIKIB, TPOBEACHUMN iX aHaMI3.
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Self-action problem for a massless charged particle

Yu. Yaremko
Institute for Condensed Matter Physics, Natl. Acad. Sci. Ukraine

A renormalization scheme which relies on energy-momentum and angular
momentum balance equations is applied to the derivation of effective equation of
motion for a massless point-like charge. It is shown that the singularities of Noether
guantities carried by electromagnetic field of a point-like charge moving with speed
of light can not be interpreted as the manifestation of the self-energy. The effective
equation of motion is the equation on eigenvalues and eigenvectors of the
electromagnetic tensor. The massless charges move along base line determined by the
eigenvectors when the effective equation of motion possesses uniform solutions. It is
of very importance that Rylov's model of magnetosphere of a rapidly rotating neutron
star (pulsar) is based on the same solution. The equation on eigenvalues and
eigenvectors of the electromagnetic tensor arises in this model as the ultrarelativistic
limit of the well-known Lorentz—Dirac equation.
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