INTAS–UKRAINE Workshop on Condensed Matter Physics (21.05.1998 - 24.05.1998, Lviv, Ukraine)

Responsible organizer

Institute for Condensed Matter Physics of the National Academy of Sciences of Ukraine

Supported by INTAS, Ministry of Science and Technology of Ukraine

Goals The Workshop aims in promoting and strengthening existing collaboration between physicists working in the field of condensed matter physics. During the Workshop recent studies performed in the frames of INTAS projects will be reported and discussed with the participation of leading scientists from different countries

Main topics

• soft condensed matter (ionic and molecular liquids, disordered systems, polymers);

• plasma physics; • critical phenomena;

• solid state physics (ferromagnets, metals and alloys, ferroelectrics, semiconductors, hydrogen bonded systems, high–T_c superconductors)

Local Organizing Committee

R.Folk I.M.Mryglod Yu.Holovatch I.A.Protsykevych O.L.Ivankiv I.V.Stasyuk

Home page http://www.icmp.lviv.ua/icmp/ukr-aus.html

INTAS-UKRAINE WORKSHOP on Condensed Matter Physics

Programme

21.05.1998 – 24.05.1998, Lviv, Ukraine

INTAS-UKRAINE WORKSHOP on Condensed Matter Physics

Thursday, May, 21, 1998 Institute for Condensed Matter Physics,

4 Kozelnyts’ka Str., Conference Hall

9.30 – 9.45 Opening I.R.Yukhnovskii, R.Vardapetian, A.P.Shpak

Session Chairman: O.G. Sytenko

9.45 – 10.20 M.F.Holovko, Lviv The multidensity integral equation approach in the theory of ionic and complex liquids

10.20 – 10.55 K.Heinzinger, Mainz On the hydration of ions

10.55 – 11.30 I.R.Yukhnovskii, M.V.Tokarchuk, Lviv Physical processes in the fuel containing masses interacting with aqueous solutions in the “Shelter” object

11.30 – 11.50 Coffee Break

Session Chairman: A.Kosevich

11.50 – 12.25 E.Krotscheck, K.Schoerkhuber, Linz Single particle and Fermi liquid properties of^3He–^4He mixtures: microscopic approach

12.25 – 13.00 I.O.Vakarchuk, Lviv On the Bose–Einstein condensation in superfluid He^4

13.00 – 13.35 J.F.Reading, Texas The role of dynamic correlation in a time developing system

13.40 – 14.30 Lunch

21.05.1998 – 24.05.1998, Lviv, Ukraine

Session Chairman: Z.O.Gurskii

14.30 – 15.05 I.F.Goutych, A.G.Sitenko, A.G.Zagorodny, Kyiv P.P.J.-M.Schram, Eindhoven Magnetic field fluctuation spectra in a plasma with fluid–like random motions

15.05 – 15.40 P.P.J.-M.Schram, Eindhoven Dynamics of colloidal crystals

15.40 – 16.15 M.Cieplak, Warsaw Kinetics of protein folding

16.15 – 16.35 Coffee Break

Session Chairman: P.P.J.-M.Schram

16.35 – 16.55 S.Katletz, U.M.Titulaer, Linz A statistical model for antibody–antigen binding

16.55 – 17.15 V.M.Tkachuk, Lviv Quasi–exactly solvable potentials with two known eigenstates

17.15 – 17.35 A.Shimkevich, Obninsk Fluctuation theory for non-homogeneous melts

17.35 – 17.55 I.P.Omelyan, M.V.Tokarchuk, Lviv Generalized dipolar modes of a Stockmayer fluid

17.55 – 18.15 O.I.Gerasimov, A.N.Kilyan, Odesa P.P.J.-M.Schram, Eindhoven Kinetic model of ordered colloidal suspensions

18.20 – 19.00 Dinner

19.00 – 21.00 Poster Session:

• Soft condensed matter, plasma physics (P1–P27) Chairmen: K.Heinzinger, A.Zagorodny • Critical phenomena (P28–P43)

Chairmen: R.Folk, Yu.Vysochanskii • Solid state physics (P44–P74)

Chairmen: M.Kharchenko, E.Schachinger

INTAS-UKRAINE WORKSHOP on Condensed Matter Physics

Friday, May, 22, 1998 Institute for Condensed Matter Physics,

1 Svientsitskii Str., Conference Hall

Session Chairman: I.R.Yukhnovskii

9.30 – 10.05 H.W.Diehl, Essen Critical behaviour at interfaces 10.05 – 10.40 C. von Ferber, Tel Aviv Collapse of polyampholytes 10.40 – 11.15 M.P.Kozlovskii, I.R.Yukhnovskii, Lviv Microscopic approach for description of the critical behaviour of 3D systems 11.15 – 11.35 Coffee Break

Session Chairman: J.F.Reading

11.35 – 12.10 R.Folk, G.Moser, Linz Critical sound in fluids and mixtures 12.10 – 12.45 Yu.Vysochanskii, Uzhgorod Critical behaviour and relaxation effects at the phase transitions in ferroelectrics with semiconductor and ionic conductivity 12.45 – 13.20 T.Dietl, Warsaw Ferromagnetic transition in diluted magnetic semiconductors 13.25 – 14.25 Lunch

Session Chairman: U.M.Titulaer

14.30 – 15.05 A.Kosevich, Kharkiv Soliton complex dynamics in nonlinear dispersive media

21.05.1998 – 24.05.1998, Lviv, Ukraine

15.05 – 15.40 O.V.Bystrenko, A.G.Zagorodny, Kyiv Critical phenomena in strongly coupled plasmas and dusty crystal formation

15.40 – 16.05 I.V.Baryakhtar, Kharkiv Kinetic equations for solitons in Sine–Gordon and nonlinear Schrödinger equations

16.05 – 16.35 Coffee Break

Session Chairman: H.W.Diehl

16.35 – 16.55 F.Schinagl, R.Folk, H.Iro, Linz Multicritical behaviour in magnetic fluids

16.55 – 17.15 I.M.Mryglod, S.Dubyk, Yu.K.Rudavskii, Lviv R.Folk, Linz Hydrodynamic time correlation functions of a Heisenberg model ferrofluid

17.15 – 17.35 C. von Ferber, Tel Aviv Yu.Holovatch, Lviv Scaling exponents for copolymer networks and stars

17.35 – 17.55 M.Shpot, Lviv A.Drewitz, Essen Real–space propagator and layer susceptibility at the extraordinary transition

17.55 – 18.15 O.Myshchyshyn, B.Andriyevsky, M.O.Romaniuk, Lviv Critical indices of the ferroelectric phase transition in TGS crystals

19.15 – 21.30 Get–together party

INTAS-UKRAINE WORKSHOP on Condensed Matter Physics

Saturday, May, 23, 1998

Institute for Condensed Matter Physics,

1 Svientsitskii Str., Conference Hall

Session Chairman: V.Litovchenko

9.30 – 10.05 I.V.Stasyuk, Lviv Local anharmonic effects in high–T_c superconductors

10.05 – 10.40 E.Schachinger, Graz Optical conductivity in superconductors with mixed symmetry order parameter

10.40 – 11.15 E.A.Pashitskii, Kyiv Charge density fluctuations and gap symmetry in high–T_c superconductors with extended saddle–point features in the electron spectrum

11.15 – 11.35 Coffee Break

Session Chairman: S.Ryabchenko

11.35 – 12.10 M.S.Brodyn, S.G.Shevel, V.V.Tyshchenko, Kyiv Experimental studies of the dynamics of excitons in II–VI semiconductors (bulk crystals and epilayers)

12.10 – 12.45 M.F.Kharchenko, Kharkiv Magnetic field induced structural transformations in the paramagnetic Jahn–Teller crystals of the double alkali rare–earth molybdates

12.45 – 13.20 V.G.Litovchenko, A.A.Efremov, Kyiv The enhanced catalytic dissociation of adsorbed hydrogen containing molecules

13.25 – 14.25 Lunch

21.05.1998 – 24.05.1998, Lviv, Ukraine

Session Chairman: T.Dietl

14.25 – 15.00 S.M.Ryabchenko, Kyiv Magnetooptical investigation of quantum–dimensional structures on the basis of semimagnetic semiconductors

15.00 – 15.35 M.V.Tkach, Chernivtsi Quasiparticles in complicated quantum well of nanosizes

15.35 – 15.55 Coffee Break

Session Chairman: I.V.Stasyuk

15.55 – 16.15 R.R.Levitskii, R.O.Sokolovskii, Lviv Relaxation dynamics of disordered Ising–like models

16.15 – 16.35 I.V.Brovchenko, Kyiv Doped molecular crystals as erasable optical information storage

16.35 – 16.55 V.T.Shvets, Odesa Hall effect in disordered transition metals

16.55 – 17.15 Z.O.Gurskii, Lviv J.Krawczyk, Opole How does one extract many–body interatomic potentials from ab–initio band structure calculations?

17.15 – 17.40 Closing Session

INTAS-UKRAINE WORKSHOP on Condensed Matter Physics

Lectures

21.05.1998 – 24.05.1998, Lviv, Ukraine

The multidensity integral equation approach in the theory of ionic and complex liquids

M.F. Holovko

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

Recent progress in the integral equation theory of ionic and complex liquids will be reviewed. Particular emphasis is focused on a recent development of the multidensity integral equation approach and its application to the statistical mechanical modelling of a different type of association and clusterisation in liquids. The effects of dimerization, polymerization, solvation, formation of the network bonds and formation of self–assembling systems will be discussed. New application of the integral equation approach for the treatment of the percolation phenomena, the adsorption of fluids in porous media and the description of electronic structure of associative fluids will be illustrated.

The multidensity integral equation approach will be used for the description of adsorption of polymers and network forming fluids on the attractive surfaces. It is demonstrated that cooperative adsorption of the polymeric systems can take place under the conditions of strongly diluted case. This effect recently is verified by the contact–angle measurements of the polymer adsorption. For the network forming systems new type of the cooperative adsorption is discovered which is related to a bridging due to tree–like clusters adsorption. The connectivity properties of the interface are studied and an interfacial percolation threshold is predicted to exist.

Finally the effects of cation hydrolysis and polynuclear ion formation in aqueous solutions of metal salts will be discussed (project INTAS– UA95–133). The theory predicts a significant influence of the polynuclear ion formation on the properties of electrolyte solutions in a wide range of concentrations including very dilute ecological important concentration region.

L 2 Thursday, May 21

On the hydration of ions

K. Heinzinger

Max-Planck-Institut fuer Chemie (Otto-Hahn-Institut), P.O.B. 3060, 55020 Mainz, Germany

The report will concentrate on ions which are produced in nuclear power reactors and/or which are of special interest because of their small radius and/or their high charges. Mainly the results of Molecular Dynamics (MD) simulations will be discussed as they are able to provide a comprehensive and consistent description of the structural and dynamical properties of the water molecules in the hydration shells of the ions. Decisive for the reliability of the results derived from these simulations are the potentials employed. The fact is stressed that they can be tested only by comparison with experimental data which have been derived unambiguously from measurements.

In almost all simulations of alkali halide solutions the ion-water interactions can be described sufficiently accurately by pair potentials. In other cases, like e.g. Be^{+2} or Al^{+3}, three–body interactions have to to be included in the potentials. The effect of the three–body contributions on the structural and dynamical properties of the hydration shell water molecules will be discussed. Whenever reactions between the ions and the water molecules can occur, it will be necessary to employ ab initio simulations such as the Car–Parinello method.

The structural properties of the solutions are discussed on the basis of various radial distribution functions, the orientations of the water molecules and their geometrical arrangement in the hydration shells of the ions. Dynamical properties of the solutions — like self–diffusion coefficients, spectral densities of the hindered translations, librations, and internal vibrations — are derived from the simulations with the help of various autocorrelation functions. They are calculated separately for the three water subsystems — bulk water, hydration water of the cation and the anion. Finally, the effect of metal surfaces on the hydration of ions are mentioned shortly.

Physical processes in the fuel containing masses interacting with aqueous solutions in the “Shelter” object

I.R. Yukhnovskii and M. Tokarchuk

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

The main forms of nuclear fuel remaining inside the “Shelter” object and the main interrelated factors of nuclear and ecological danger are considered. Processes of interaction of fuel containing masses with water are analysed on the basis of experimental data. A statistical model for the description of radioactive elements is proposed. The pair structure distribution functions for ions UO^{2+}_2 , Cs^+ and Sr^{2+} in aqueous solutions use this model. Chemical reactions of complex formations with the participation of UO^{2+}_2 and PuO^{2+}_2 as well as reactions of radiolysis in aqueous solutions of radioactive elements are analysed. Nonuniform equations for the description of UO^{2+}_2 , Cs^+ and Sr^{2+} ions diffusion from glassy-like fuel containing masses into water and equations of chemical kinetics of radiolysis processes are obtained as well. The shear viscosity and mutual diffusion coefficients of ions UO^{2+}_2 , PuO^{2+}_2 , Cs^+ and Sr^{2+} in aqueous solutions are calculated numerically for concentrations which are typical of the “Shelter” object.

Presented work has been supported by INTAS (grant INTAS–Ukraine–95–0133).

L 4 Thursday, May 21

Single particle and Fermi liquid properties of^3He–^4He mixtures: microscopic approach E. Krotscheck and K. Schoerkhuber Institut für Theoretische Physik, 69 Altenberger Strasse, Linz, Austria, E–mail: kro@grizzly.tphys.uni-linz.ac.at

Abstract was not available at printing time.

On the Bose–Einstein condensation in superfluid He^4 I.O. Vakarchuk Chair for Theoretical Physics, Ivan Franko Lviv State University, 12 Drahomanov Str., 290005 Lviv, Ukraine

Abstract was not available at printing time.

L 6 Thursday, May 21

The role of dynamic correlation in a time developing system

J.F. Reading

Department of Physics, Texas A&M University, College Station, Texas, USA The Response Theorem states that when a quantum eigenstate is perturbed by an external probe it responds initially as if the individual particles were free of all forces, including the interparticle interaction, V_{ij} . Thus for a short time the system can be accurately described by the time development of any convenient independent particle model. By chopping the actual interaction time into segments one can force this impulsive approximation to be accurate: the forced impulse method, FIM^1. At the end of each segment the system collapses onto a fully correlated set of eigenstates. The length of the segments at convergence contains information about the role of V_{ij} . In a first example of the use of this method we have studied the interaction of fast ions with the correlated electrons in a helium atom^2. We report the discovery of a new action called pliability which appears to be a characteristic of the helium atom describing the fluidity of the electrons under the influence of the projectile probe. The pliability decreases linearly as the charge of the projectile increases from negative to positive, indicating that the induced change in the density of electrons increases the role of V_{ij} .

1. Reading J F, Ford A L, Smith J S and Becker R L 1984 in Electronic and Atomic Collisions edited by Eichler J, Hertel L V and Stolterfoht N, Elsevier, New York, 201-11 2. Reading J F, Bronk T and Ford A L, 1997 a) J. Phys.Rev.Lett.78 749; b) J.Phys.B.30 L189-95; c) Nucl.Instr.Meth. B 132 231-235.

Magnetic field fluctuation spectra in a plasma with fluid-like random motions

I.F. Goutych^a, A.G. Sitenko^a, A.G. Zagorodny^a, and P.P.J.-M. Schram^b

aBogolyubov Institute for Theoretical Physics, 14B Metrologichna Str., 252143 Kiev, Ukraine bEindhoven University of Technology, P.O.Box 513, MB Eindhoven, The Netherlands

The theory of electromagnetic fluctuations in stable stationary plasmas is generalized to the case of plasmas with fluid-like random motions (turbulent plasmas). To provide such generalization the kinetic equation of the Fokker-Planck type is introduced to take into account the influence of large-scale random perturbations on microscopic fluctuations. The probability of particle transitions in the phase space (Green’s function) is calculated with regard for turbulent perturbation influence on plasma particle motion.

Dielectric permittivity tensor and correlation functions of the Langevin sources for turbulent plasma are found and general relations for electromagnetic field fluctuation spectra are derived.

Detailed numerical analysis of magnetic field fluctuation spectra distributions is carried out and peculiarities of spectra associated with collective fluctuations in magnetoactive plasmas are found. In particular, it is shown that magnetic field fluctuation spectra in the low-frequency domain (at frequencies much less than ionic cyclotron frequency) have incoherent part (near zero frequency) and collective maxima due to Alfen and magnetosound wave excitation. The influence of thermal effects on collective fluctuations is studied in detail.

L 8 Thursday, May 21

Dynamics of colloidal crystals

P.P.J.-M. Schram

Eindhoven University of Technology, Department of Technical Physics, Bldg. W.&S. P.O. Box 513, 5600 MB Eindhoven, The Netherlands, E–mail: pschram@tnl.phys.tue.nl

The dynamic behaviour of colloidal crystals is characterized by excitation of waves due to Brownian motion and strong damping by fluid friction. Colloidal systems with 3 components (macroions, counterions and electrons) and large charge asymmetry are considered. Both kinetic and visco-elastic theory are used for the derivation of dispersion relations for longitudinal and transverse modes. The visco-elastic approximation is valid in the case of long wavelengths. In literature there is some confusion about the influences of counterionic diffusion, other plasma phenomena and finite crystal sizes. In our theory these effects are all consistently taken into account. The finite size effects are very pronounced. The results are compared with recent experiments in our own group and the (considerable) discrepancies between theoretical and experimental results are discussed.

Kinetics of protein folding

Marek Cieplak Institute of Physics, Polish Academy of Sciences, Al. Lotnikow 32/46, 02-668 Warsaw, Poland

Functionally useful proteins are sequences of aminoacids that fold rapidly under appropriate conditions into their native states. It is believed that the phase space of conformations for rapid folders has the structure of a folding funnel. While there are many experimentally accessible predictions pertaining to the existence of such funnels there have been relatively few studies in the controlled setting of well-characterized lattice models. The authors work on the kinetics of folding in the lattice models of proteins explores comparisons to glasses and spin glasses. In particular, by using the steepest descent landscape mapping techniques of Stillinger and Weber, employed originally in the context of supercooled liquids, one may provide an operational definition of the folding funnel and study its properties. The funnel is identified through a coarse grained mapping of the states of the system into maximally compact conformations and obtaining significant connectivities between them. In order to identify kinetic traps in the folding process, an exact master equation approach to folding in a 12 monomer sequence is used. A structure-based design of sequences which have a target structure as the native state along with thermodynamic stability and kinetic accessibility is proposed.

1. Lattice model for rapidly folding protein-like heteropolymers, I. Shrivastava, S. Vishveshwara, M. Cieplak, A. Maritan, and J. Banavar, Proc. Natl. Acad. Sci. 92, 9206 (1995) 2. Cell dynamics of model proteins, M. Cieplak, S. Vishveshwara, and J. R. Banavar, Phys. Rev. Lett. 77, 3681 (1996) 3. Cell dynamics of model proteins, M. Cieplak and J. R. Banavar, Folding and Design 2, 235 (1997) 4. Structure-based design of model proteins, J. R. Banavar, M. Cieplak, A. Maritan, G. Nadig, F. Seno, and S. Vishveshwara, Protein: Structrure, Function and Genetics (in press) 5. M. Cieplak, M. Henkel, J. Karbowski, and J. R. Banavar, Master equation approach to protein folding and kinetic traps (in final preparation for Phys. Rev. Lett.)

L 10 Friday, May 22

Critical behaviour at interfaces

H.W. Diehl

Fachbereich Physik, Universität-Gesamthochschule Essen, D-45117 Essen

A survey of recent results on critical behaviour at interfaces is given, with emphasis on the surface critical behaviour at continuous disorderorder transitions of bcc binary alloys such as FeCo. For such systems the universality class describing the surface critical behaviour depends in general on the orientation of the surface plane with respect to the crystal axes [1,2].

1. A. Drewitz, R. Leidl, T. W. Burkhardt, and H. W. Diehl, Phys. Rev. Lett. 78, 1090 (1997).

2. R. Leidl and H. W. Diehl, Phys. Rev. A 57, 1908 (1998).

Collapse of polyampholytes C. von Ferber School of Physics, Tel Aviv University, IL-69978 Tel Aviv, E–mail: cerbo@theo-phys.uni-essen.de

The main motivation for studying the conformations of randomly charged polymers (polyampholytes - PA) is the interest in understanding protein folding. Due to the long-range electrostatic interactions the low temperature conformations of a PA are very sensitive to its total excess charge Q. While randomly charged PA’s with Q = 0 collapse at low temperature T, the size of PA’s above a critical charge Q > Q_c increases for low T. The PA finds the following preferred configurations: Segments of the chain, which have an overall vanishing charge collapse to globules, while highly charged segments stretch out in between. Monte Carlo (MC) simulation and exact enumeration [2] support this ‘necklace’ picture of a typical PA configuration. An important question concerns the size distribution of the globules along the chain, especially the distribution of the largest globule. More generally the answer is given by the distribution of the largest segment of charge Q found on a randomly charged chain. This distribution has been determined by MC simulations [3]. It appears to attain a universal shape for long chains while displaying an unexpectedly rich structure.

Here we approach the problem by a self-avoiding walk model with a specially adapted interaction. The zero charge segments of the chain are modelled as loops in a random walk. We exclude all configurations with loops larger than a given L. The conformation statistics of this model, yields the size distribution of the largest Q segments. We have calculated the perturbation theory for this model. In the small coupling limit the results compare well to corresponding MC simulations, which have been performed recently It may be shown that the interaction introduced here renormalizes in the same way as the interaction between mutually avoiding walks studied earlier [4]. Apparent singularities in the distribution of neutral segments are explained and their respective asymptotic behaviour is calculated by renormalization group methods.

1. Y.Kantor, H.Li, and M.Kardar. PRL 69:61, 1992. PRE 49:1383, 1994. 2. Y.Kantor and M.Kardar. PRE 52:835, 1995. 3. L.Schäfer, U.Lehr, and C.Kappeler. J Phys. I, 1:211, 1991.

4. D.Ertas, Y.Kantor PRE 53:846, 1996; C. von Ferber, Y.Holovatch EPL 39:31, 1997.

L 12 Friday, May 22

Microscopic approach for description of the critical behaviour of 3D systems

M.P. Kozlovskii and I.R. Yukhnovskii

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

Analytical method for the description at a phase transition in a three– dimensional spin system is suggested. The method is based on the use of non-Gaussian distribution for fluctuations of spin moment densities and enables to represent the critical behaviour near a phase functions of an Ising–like system with exponentially decreasing interparticle potential are obtained. Their dependence on the temperature is researched as well as that on microscopic parameters of a model (lattice constant, parameters of an interaction potential).

Critical sound in fluids and mixtures

R. Folk^a and G. Moser^b

aInstitute for Theoretical Physics, Johannes Kepler University, Linz, Austria bInstitute for Physics and Biophysics, Paris Lodron University, Salzburg, Austria

The behaviour of sound is explained within the dynamical renormalization group theory. Non asymptotic effects are due to the deviation of renormalized couplings from their fixed point values. We calculate the temperature and frequency dependence of the sound velocity and absorption near the consolute point and the gas liquid critical point in pure fluids and mixtures. The critical non asymptotic time scale in mixtures is different from the pure fluid case and set by an effective order parameter Onsager coefficient containing the dynamical parameter related to the enhancement of the thermal conductivity. We discuss the relation to the phenomenological theory of Ferrell and Bhattacharjee for the consolute point and compare with experiments in^3He-^4He mixtures near the plait point. For pure fluids we present the comparison with Xe, CO_2, and He.

This work is supported by the Fonds zur Förderung der wissenschaftlichen Forschung (Project 12422-TPH)

L 14 Friday, May 22

Critical behaviour and relaxation effects at the phase transitions in ferroelectrics with semiconductor and ionic conductivity

Yu.M. Vysochanskii

Institute for Solid State Physics and Chemistry, Uzhgorod University, 46 Pidgirna Str., 294000 Uzhgorod, Ukraine, E–mail: yulian@vy.univ.uzhgorod.ua

The crystals of complex chalcogenides M^′M^{′′}P_2S(Se)_6 with a threedimensional lattice or with layered structure and with cations in different charge state have different types of dipole ordering in presence of semiconductor or ionic conductivity.

For the crystals like Sn_2P_2S(Se)_6 with a three- dimensional lattice mainly displacive phase transitions occur but also order-disorder effects are observed. Here on the inelastic neutron scattering and Raman spectroscopy data the interaction between the soft optic mode and acoustic phonons is at the origin of the incommensurate phase formation. The fluctuation effects appearance near the phase transitions temperatures is in agreement with conclusions of the renormalization-group theory for the Lifshitz point in proper uniaxial ferroelectrics with one direction of modulation at taking into account its closeness to tricritical point on the state diagram. For these ferroelectrics-semiconductors the relaxation of an electron subsystem determines the Lifshitz point shift on the phase diagram and the pinning of the order parameter wave (memory effect) in the incommensurate phase. The freezing of the relaxation dynamics of the incommensurate modulation is observed at low temperatures. The amorphous dielectric behaviour of the incommensurate phase in region 0,01 - 7K is described in the two-level system model.

The layered crystals CuInP_2S_6, CuCrP_2S_6 undergo order- disorder type transitions to ferroelectric or antiferroelectric phases. Here the critical relaxation dynamics of Cu+ ions is connected with the thermal “throw” of Cu+ ions into interlayer space and also with the ionic conductivity.

Ferromagnetic transition in diluted magnetic semiconductors T. Dietl Institute of Physics and College of Science, Polish Academy of Sciences, al. Lotników 32/46, PL-02668 Warszawa, Poland E–mail: dietl@ifpan.edu.pl

It has been known for a long time that the compensation of antiferromagnetic interactions between the localized spins by a ferromagnetic coupling would result in a dramatic enhancement of the sensitivity of diluted magnetic semiconductors (DMS) to temperature and magnetic field. Search for the ferromagnetic transition has so far been successful in the case of Mn-based IV-VI [1] and III-V compounds [2].

Recent progress in epitaxial doping of II-VI wide gap semiconductors by substitutional impurities has stimulated a detail analysis of the nature and strength of the carrier-mediated spin-spin interactions in bulk, layered, and nanostructured II-VI compounds [3]. It has been found that the p-type doping may constitute an efficient tool to enlarge the magnetic effects in wide gap II-VI DMS and their quantum structures.

Indeed, the presence of a ferromagnetic transition in single, modulationdoped, 8 nm quantum well of Cd1−xMnxTe/Cd1−y−z Mgy ZnzTe:N is put into the evidence by observing colossal Zeeman splittings of interband optical transitions, probed by means of photoluminescence and its excitation spectra [4]. The transition occurs at 1.8 K for x = 0.024, and is driven by long range Ruderman-Kittel-Kasuya-Yosida interactions between Mn spins, mediated by 2 × 10^{11} holes per cm^2. A quantitative description of the findings confirms predictions of the model [3] on the free carrier-induced ferromagnetism in structures of doped DMS. It makes also possible to evaluate the strength of many body effects for the case of two-dimensional hole gas. At the same time, the data provide important information on critical phenomena in the disordered magnetic systems of reduced dimensionality illustrating, in particular, how long range spin-spin interactions stabilize an ordered phase and make fluctuations of magnetization irrelevant.

1. P. Łazarczyk, T. Story, M. Arciszewska, and R.R. Gała̧zka, J. Magn. Magn. Materials 169 (1997) 151, and reference therein.

2. See, S. Koshihara et al., Phys. Rev. Lett. 78 (1997) 4617; Jing Shi, S. Gider, K. Babcock, and D.D. Awschalom, Science 271, 937 (1996), and references therein.

3. T. Dietl, A. Haury, and Y. Merle d’Aubigné, Phys. Rev. B 55 (1997) R3347. 4. A. Haury, A. Wasiela, A. Arnoult, J. Cibert, S. Tatarenko, T. Dietl, and Y. Merle d’Aubigné, Phys. Rev. Lett. 79 (1997) 511.

L 16 Friday, May 22

Soliton complex dynamics in nonlinear dispersive media

A.M. Kosevich

B.I.Verkin Institute for Low Temperature Physics and Engineering of National Academy of Sciences of Ukraine, 47 Lenin Ave., 310164 Kharkov, Ukraine, E–mail: kosevich@ilt.kharkov.ua

Dynamical properties of topological solitons in strongly dispersive medium are investigated. It is shown that the solitons possess an internal structure and their interaction depends on intrinsic properties such as the flexibility. As a result identical solitons can attract each other and form the bound soliton complex. The complex can move without any radiation in strongly dispersive media.

It is also shown that this phenomenon belongs to class of the universal dispersive effects which can be realized in both discrete and continuous media. We present a number of physical models bearing the soliton complexes. The models are described by partial differential nonlinear equations with fourth and higher spatial or mixed derivatives. Solutions of the equations can be obtained numerically and analytically. We found exact analytical solutions for several variants of the dispersive sine-Gordon (dSGE) and double sine-Gordon equations (dDSGE).

It is found that soliton complexes can be also realized as a discrete set of solitonic configurations with internal radiation-like structures. We propose the classification of these “excited states” of soliton complexes, constructing them explicitly in the framework of the double piecewise dispersive model. The two soliton ansatz approximation is used to find analytically the existence condition for the soliton complex in the dSGE and dDSGE. We find numerical solutions of these equations for twosoliton complexes and its “excited states” and their dependences of energies, momenta and velocities on the model parameters. As a result we have formulated the concept of the topological soliton complex and developed the theory of the radiationless dynamics of this coherent solitonic structures as a universal effect in strongly dispersive medium.

Critical phenomena in strongly coupled plasmas and dusty crystal formation

O.V. Bystrenko and A.G. Zagorodny

Bogolyubov Institute for Theoretical Physics, 252143 Kiev, Ukraine

Critical phenomena in strongly coupled plasmas are studied by means of analytical model description and Monte-Carlo simulations.

The effective potentials in many component charged hard sphere mixture are calculated within the model integral equations derived in HNC-approximation. Critical behaviour of such potential which could be interpreted as a spatial ordering tendency is discussed.

Monte-Carlo simulations of strongly coupled Coulombic systems are performed in attempt to describe dusty crystal formation. Dusty plasma is treated as a set of two sorts of hard spheres of the opposite charge interacting with Coulombic forces. Simulations were carried out for NVTensemble. Three following types of the model were studied:

i) finite system consisting of several immobile grains in neutralizing background;

ii) infinite system with periodic boundary conditions with various charge asymmetry (ratio of grain charge to background particle charge);

iii) one component system of highly charged hard spheres in neutralizing background.

As a result of simulations critical behaviour of the systems under consideration is studied and critical values of plasma parameters were found. It is shown that the phase transition associated with the plasma particle condensation on grains can be observed. The lattice formation is predicted for high charge asymmetry (grain charge number greater than 30).

L 18 Saturday, May 23

Local anharmonic effects in high–T_c superconductors

I.V. Stasyuk

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: ista@icmp.lviv.ua

Interaction of electrons with locally anharmonic lattice modes is the one of possible mechanisms of the increasing of the effective electron attraction constant and raising of the transition temperature into superconducting state. In high–T_c superconductors with YBa_2Cu_3O_{7−δ} structure the sublattice of apex oxygen O_4 ions plays the role of the subsystem for which the local anharmonicity is the characteristic feature. The evidence of that is the existence of two equilibrium positions for O_4 ions. Their occupancy changes with temperature and oxygen stoichiometry δ. The influence of local anharmonicity on the electron spectrum and thermodynamics of the system is studied mainly in the framework of pseudospin–electron model, where the O_4 ion motion is described by pseudospin formalism and electron correlation is taken into account in the spirit of Hubbard model.

We consider in this lecture a number of effects occurs in this model: • phase transitions connected with the reorientation of pseudospins; • ferroelectric type instabilities and conditions of the noncentrosymmetric phases appearance;

• possibility of formation of the charge ordered states with spatial modulation;

• phase separation effects in pseudospin as well as electron subsystems;

• bistability phenomena in pseudospin sublattice under the influence of oxygen vacancies random field;

• peculiar behaviour of the transverse dielectric susceptibility and charge–charge correlation function in the regions of the above mentioned instabilities.

The comparison of the results obtained in the different approximations (including GRPA, static and dynamic (in the limit d = ∞) MFA) and for the various model parameters values is given. The experimental manifestation of the effects under consideration is discussed.

Optical conductivity in superconductors with mixed symmetry order parameter

E. Schachinger

Institut für Theoretische Physik, TU–Graz, A–8010 Graz, Austria, E–mail: Schachinger@itp.tu-graz.ac.at

The large anisotropies observed in the in-plane transport properties of untwined single crystals of YBa_2Cu_3O_{6.95} reside in the orthorhombic nature of its band structure which includes CuO chains as well as CuO_2 planes. An infinite band model with distinct effective mass in a and b-direction is used to study the a.c. conductivity of a d-wave BCS superconductor. A subdominant s-wave admixture is also included in the gap because both symmetries belong to the same irreducible representation in an orthorhombic system. Theoretical predictions are compared to experiment. The pronounced differences in the real and imaginary part of the optical conductivity and the derived scattering rate of superconductors with mixed s + d or s + id symmetry order parameter are discussed for different mixing and for moderate impurity concentrations in the two limiting cases, namely the Born (weak) and the resonant scattering (unitary) limit. Adding unitary impurities to a system with an s + d symmetry order parameter should, in some cases, allow one to determine the amount of a subdominant s-wave component by measuring the frequency dependence of the optical scattering rate.

L 20 Saturday, May 23

Charge density fluctuations and gap symmetry in high T_c superconductors with extended saddle-point features in the electron spectrum

E.A. Pashitskii

Institute of Physics, Ukrainian National Academy of Sciences, 252650 Kiev, Ukraine

This talk is devoted to the topic of superconducting order parameter symmetry in high-temperature superconductors. Both experimental and theoretical aspects of this problem are considered, with the emphasis on the role of the extended saddle-point features (ESPF) observed in the electronic spectrum of cuprates in the angular resolved photoemission spectroscopy (ARPES) experiments. The ESPF strongly effect the spectrum of the collective electron-density excitations, the screened Coulomb interaction, and also the superconducting gap symmetry. Their existence leads, in particular, to the appearance of a low-frequency peak in the spectral function of the charge density fluctuations due to the presence of acoustic plasmon branch in the collective electron spectrum. The retarded anisotropic electron-plasmon interaction brings about the suppression of the static screened Coulomb repulsion for small transferred momenta and, consequently, the effective attraction between electrons in the d_x2_{−y}2 -wave channel of the Cooper pairing of current carriers. Violation of C_{4v} symmetry in BSCCO and YBCO crystals leads to a possibility of a change of d_x2_{−y}2 -wave symmetry of the gap to mixed s − d gap symmetry for singlet Cooper pairs or to p-wave gap symmetry for triplet pairs.

Experimental studies of the dynamics of excitons in II-VI semiconductors (bulk crystals and epilayers): collaborative INTAS project

M.S. Brodyn, S.G. Shevel, and V.V. Tyshchenko

Institute of Physics, National Academy of Sciences of Ukraine, prospekt Nauky 46, 252022 Kyiv, Ukraine, E–mail: shevel@marion.iop.kiev.ua

The experimental studies of the properties of luminescence have been performed with the aim to get better understanding of the dynamical behaviour of carries (excitons) in II-VI semiconductors. Two classes of objects were under study: first, CdS bulk (platelet) crystals and few μ thick crystalline epilayers and, second, ZnSe quantum wells (of 1.1 nm thickness) with ZnS barriers grown by photo-assisted vapour phase epitaxy.

For CdS bulk crystals and epilayers the effect of the broad-scale variation of an excitation level I_{exc} has been studied not only for excitonic but also for the donor- acceptor pair (DAP) luminescence. In bulk crystals DAP luminescence is found to exhibit more complicated behaviour with the increase of I_{exc} up to damage threshold than the simple saturation commonly assumed earlier without the experimental verification. In contrast, in epilayers such saturation does occur. The qualitative explanation is suggested that takes into account the role of the (non)diffusive transport of carriers (excitons) beyond the active near-surface region under a single-photon excitation.

In the spectra of ZnSe quantum well the evidences of interface disorder are found. The observed dependences of the excitonic luminescence spectra on excitation power and temperature are interpreted by a model involving exciton localization by random potential caused by well thickness fluctuations. The mobility edge is measured for these samples to be 6 meV below the free exciton energy in the ideal quantum well.

L 22 Saturday, May 23

Magnetic field induced structural transformations in the paramagnetic Jahn-Teller crystals of the double alkali rare-earth molybdates

M.F. Kharchenko

B.Verkin Institute for Low Temperature Physics and Engineering, National Academy of Sciences of Ukraine, 47 Lenin Av., 310164 Kharkiv, Ukraine, E–mail: kharchenko@ilt.kharkov.ua

Experimental investigations on the influence of a magnetic field on the lattice structure transformations in the magnetically unordered paramagnetic crystal were undertaken with the layered mica-like crystals of the double alkali rare-earth molybdates that have very strongly anisotropic magnetic Jahn-Teller centres.

The subjects of investigations were the KDy- and KEr- molybdates. As result of carried out investigations the new spontaneous and magnetic field induced intermediate crystalline phase in the KDy-molybdate has been revealed. It has been experimentally found that the intermediate phase can be induced by magnetic field applied along direction over a wide range of angles. Those facts that the low-field transition is accompanied by a hysteresis with its tails penetrating deeply in the intermediate and low-field phases whereas the high-field transition occurs without a hysteresis together with the peculiar behaviour of the linear birefringence in the intermediate temperature region suggest that the intermediate crystalline state is the magnetically sensitive incommensurate modulated phase.

In the KEr-molybdate the microwave field induced regular and chaotic motions of the crystal lattice have been observed in the vicinity of the critical point of the structural instability caused by the external magnetic field applied along the certain direction. The features of the relaxation absorption, which have a threshold character with respect to the microwave power pumping, have been revealed. It has been assumed that observed bifurcations of the microwave absorption are induced by occurrence of the dynamic dissipative structures of the crystal lattice vibrations.

This work was supported, in part, by Grant INTAS 94-935.

The enhanced catalytic dissociation of adsorbed hydrogen containing molecules

V.G. Litovchenko and A.A. Efremov

Inst. of Semiconductor Physics NANU, 45 Nauky, 252028 Kyiv, Ukraine, E–mail: Lvg@div9.semicond.kiev.ua

The incorporation into the surface of such classical catalysts as Pt or Pd some impurities allows us to variate in large degree its activity as to dissociation of hydrogen containing molecules. The same effect is often observed in the case when the respective impurity atoms are not incorporated but only adsorbed on the surface. Such influence, in general case, may be treated as a modification of a shape of potential curve (the change of the first barrier height, appearance of additional pre-chemisorption states etc.) for interaction between molecule and substrate.

There are several reasons for such transformations. For transition metals it may be, e.g. the reorientation or reattachment of surface chemical bonds, electronic transfer between the substrate atom and the impurity. Another important point is connected with an appearance of the long range Coulomb interaction in the system. Empirical data show that the electropositive (in respect to the Pd substrate) impurities (K, Cu, Fe, Ni) act as the promoters for catalytic reactions. On the other hand electronegative impurities (P, S or O) act as catalytic poisons. The most accepted explanation of this phenomena is the increase (or decrease) of the residence time of the molecule in the pre-chemisorbed state due to electrostatic effects. For hydrogen containing molecules the pre-chemisorbed state is controlled, as a rule, by hydrogen bonding. So, the doping of the surface of the substrate by electropositive atoms or coadsorption of them together with hydrogen containing molecules may give a good tool for study of the role of hydrogen bonding in surface reactions.

We shall present here the experimental data showing the promotion of dissociative adsorption of hydrogen on Pd surface in the present of Cu (case of CuPd surface alloy), or water molecules (the case co-adsorption on Pd surface). The respective calculations for surface reactions kinetics will be made also.

L 24 Saturday, May 23

Magnetooptical investigation of quantum-dimensional structures on the basis of semimagnetic semiconductors

S.M. Ryabchenko Institute of Physics of National Acad. of Sci. of Ukraine, 46 prospect Nauki, 252028 Kiev, Ukraine, E–mail: ryabch@iop.kiev.ua

It is proposed the short review of possibilities for obtaining of information about a confinement states of charge carriers, about a interfaces quality and other peculiarities of quantum wells (QW) in semiconductors by using of semimagnetic materials. In particularly, some results of INTAS grant #93-3657 will be discussed.

Semimagnetic (or diluted magnetic) semiconductors are the heteropolar solid solution of semiconductors with substitution of part of cation positions on the isovalence magnetic ions. One of typical representation of it is, for instance, the Cd_{1−x}Mn_xTe. In combination with other solid solution of semiconductors it may be used for creation of different heterostructures. The semimagnetic materials are used both for QW and for barriers, or one part of heterostructure components is a usual semiconductor and other is a semimagnetic one.

The main effects in semimagnetic materials are connected with carrier-ions exchange interaction and, in part, with antiferromagnetic exchange interaction between the magnetic ions. In the heterostructures with semimagnetic materials new possibilities for stabilisation of 2D magnetic polarons and for controlling of confinement potential by the external magnetic field arise.

The first of discussed effects is the paramagnetic enhancement of the giant spin splitting (GSS) of confinement excitons in nonmagnetic QW with semimagnetic barriers. As have been established, it is connected with two reasons: i) decreasing of possibilities to form an antiferromagnet spin complexes in nearest to interface monolayers of barrier, and ii) partial intermixing of QW and barrier materials in neighbourhood of interface.

The second of discussed effects is connected with asymmetry of QW in the real growth process. It leads to asymmetry in paramagnetic enhancement of the GSS in systems with different barriers in dependence on growing direction and remove the forbidding of the optical transition between the valence and conducting bands confinement states with different parity quantum number of states.

The information about interface quality, which may be obtained on the base of mentioned effects is discussed.

Quasiparticles in complicated quantum well of nanosizes M.V. Tkach Chernivtsi State University, 2 Kotsubinsky Str., 274012 Chernivtsi, Ukraine, E–mail: teormyk@chsu.cv.ua

Abstract was not available at printing time.

L 26 Saturday, May 23

Phase transitions in ferroelectrics

Yu.L. Klimontovich

Department of Physics, M.V. Lomonosov State University, Vorob’evy Gory, 119899 Moscow, Russia, Tel. (7-095) 939-38-25, Fax (7-095) 143-85-47, E–mail: yulklim@hklim.phys.msu.su

For the Ginsburg-Devonshir model of ferroelectrics the theory of second order phase transition on the basis of kinetic equation for the distribution function of a relative displacement values for sublattices (“order parameter”), coordinates and time is developed. The account of ferroelectric characteristics is carried out for all values of temperature in the critical region for the one-domain as well as for polydomain states.

The account of the fluctuations of “order parameter” is also carried out. It is shown that the Orstein-Zernike formula is valid not for the space correlator of fluctuations, but only for the spectral density of the space correlator at zero frequency. This explains the observed by the experiment the dependence of the spectral line halfwidth on the correlation radius and the wave number. The smallness of the correlation parameter for all values of temperature serves for the justification of adopted approximations.

Correlation entropy of nonequilibrium quantum gases

V.G. Morozov

Moscow Institute of Radioengineering, Electronics and Automation, 78 Vernadsky Prospect, 117454 Moscow, Russia, Fax 007 095 4348665, E–mail: vmorozov@orc.ru

The nonequilibrium thermodynamic entropy is calculated for quantum systems described by the single-particle, f_1, and two-particle, f_2, density matrices. The thermodynamic entropy S[f_1, f_2] is defined as the entropy in the generalized Gibbsian ensemble (the relevant ensemble) in which the single-particle and two-particle density matrices coincide with the true nonequilibrium density matrices. The corresponding consistency conditions may be considered as nonequilibrium equations of state [1].

Using perturbation expansions of the nonequilibrium equations of state, explicit expressions for S[f_1, f_2] are obtained in two limiting cases — for systems of weakly interacting quasiparticles and low-density gases. In both cases, the nonequilibrium entropy can be represented in the form S[f_1, f_2] = S_0[f_1] + S_{corr}[f_1, g_2], where S_0[f_1] is the entropy of an ideal gas, and S_{corr}[f_1, g_2] is the correlation entropy which depends on the two-particle correlation matrix g_2.

The correlation entropy of nonequilibrium low-density gases involve the leading density corrections and contributions associated with bound states of the particles. In the classical limit, the density corrections coincide with the correlation entropy of nonequilibrium classical gases [2].

1. D.N. Zubarev, V.G. Morozov, G. Röpke, Statistical Mechanics of Nonequilibrium Processes. Volume 2. – Berlin: Akademie Verlag, 1997. 2. D.N. Zubarev, M.Yu. Novikov, Fortschr. Phys. 21, 703 (1973).

L 28 Saturday, May 23

Critical behaviour of 2D weakly disordered anisotropic spin systems

B.N. Shalaev

A.F.Ioffe Physical and Technical Institute, 26 Polytechnicheskaya Str., St. Petersburg, Russia, E–mail: shalaev@izing.ioffe.rssi.ru

The critical behaviour of two-dimensional (2D) anisotropic systems with weak quenched disorder described by the so-called generalized Ashkin-Teller model (GATM), including the Ising model (IM) with random bonds, the dilute Baxter model, the impure N-colour Ashkin-Teller model, and minimal conformal field theory models (MCFTM) with c < 1 (c is the central charge) perturbed by randomness is discussed. It turns out that near criticality the GATM is equivalent to a finite set of Ising planes coupled together through their local energy densities. Using the Grassmann path integral representation for the partition function of the 2D IM and the replica trick the effective action may be rewritten in terms of a 2D multifermion field theory similar to the Gross-Neveu model with a few independent quartic coupling constants [1,2]. All the above models except MCFTM were found to belong to the Ising model universality class. The critical exponents of disordered MCFTM are calculated in the framework of perturbation theory in powers of ϵ = c − 1/2. The numerical values of critical exponents for dilute MCFTM are very close to those of the pure 2D Ising model [2]. This result supports the conjecture (valid only approximately for the MCFTM) of a superuniversality for the 2D disordered models with discrete symmetries. Renormalization group flows exhibit rounding the fluctuation-driven first-order phase transitions by randomness [3].

1. B.N.Shalaev, Phys.Rep. 237 (1994) 129.

2. G.Jug, and B.N.Shalaev, Phys.Rev. B 54 (1996) 3442. 3. P.Pujol, Europhys. Lett., 35 (1996) 283.

INTAS-UKRAINE WORKSHOP on Condensed Matter Physics

Short Communications

21.05.1998 – 24.05.1998, Lviv, Ukraine

A statistical model for antibody-antigen binding

S. Katletz and U.M. Titulaer

Institute for Theoretical Physics, Johannes Kepler University, Altenbergerstraße 69, Linz, Austria, E–mail: stefan.katletz@jk.uni-linz.ac.at

We discuss a statistical model for antibody-antigen binding. The two macromolecules are assumed to be linked by a number of relatively weak bonds (or groups of correlated bonds) that are assumed to open and close statistically. We use the model to analyze experiments performed in the Institute of Biophysics at the Johannes Kepler University. In these experiments the two molecules are brought into contact using an atomic force microscope; then a prescribed time dependent force is applied to the bond and the distribution of times needed to pull the molecules completely apart is measured. This quantity is calculated with our model; its dependence on the model parameters (binding free energies, number of elementary bonds, force dependence of the binding free energy) is determined.

S 2 Thursday, May 21

Quasi-exactly solvable potentials with two known eigenstates

V.M. Tkachuk

Chair for Theoretical Physics, Ivan Franko Lviv State University, 12 Drahomanova Str., 290005 Lviv, Ukraine

A new supersymmetry method for the generation of the quasi-exactly solvable (QES) potentials with two known eigenstates is proposed. Using this method we obtained new QES potentials for which we found in explicit form the energy levels and wave functions of the ground state and first excited state.

Fluctuation theory for non-homogeneous melts A.L. Shimkevich Institute of Physics & Power Engineering, 1 Bondarenko Sq., 249020 Obninsk, Kaluga Region, Russia, E–mail: ppshall@awecs.obninsk.su Abstract was not available at printing time.

S 4 Thursday, May 21

Generalized dipolar modes of a Stockmayer fluid

I.P. Omelyan and M. Tokarchuk

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

Dielectric relaxation in polar fluids was the subject of many investigations in theory, computer simulation and pure experiment. Despite such intensive studies, some key problems still remain unsolved even in the simplest case of a point dipole system. Recently, the concept of generalized collective modes, proposed initially to investigate simple fluids, has been applied to a dipolar system. However, the dielectric quantities have been calculated here with the help of a fitting procedure, because higher-order correlation functions were not known.

In the present study, the generalized dipolar mode spectra of a Stockmayer fluid are evaluated over a wide scale of wavelengths within up to the five-order description without involving any adjustable parameters. In the framework of the proposed approach, the frequency dependence of dielectric quantities is determined by extended continued fractions to which the Markovian approximation is applied. As a result, it is shown that the three-variable theory reproduces qualitatively the wavevectorand frequency-dependent dielectric constant, whereas starting from the five-order description one can talk about the quantitatively reproducing over the whole range of varying wavenumbers and frequencies. Moreover, we demonstrate that within the same approximation all times constants of memory kernels can be expressed in terms of static correlation functions, so that the dynamic properties of the system are described using static fluctuations exclusively. A relationship of the theory proposed with existing approaches is established.

Kinetic model of ordered colloidal suspensions

O.I. Gerasimov^a, P.P.J.-M. Schram^b, and A.N. Kilyan^a

aDepartment of General Physics, Odessa State Hydrometeorological Institute, 15 Lvivska Str., 270016 Odessa, Ukraine, E–mail: ogerasimov@paco.net bLaboratory of Fluid Dynamics and Heat Transfer, Faculty of Applied Physics, Eindhoven University of Technology, P.O.Box 513, 5600 MB Eindhoven, Netherlands

Physics of an assembly of spheres has been a subject of intensive interest for a long period of time because of importance of many areas of condensed matter physics. In particular in [1] the critical mode analysis in the case of model colloidal system with the ordering have been carried out on a basis of an integral equation’s method from the liquid matter theory. The model of complex multicomponent colloidal systems which consist of charged and neutral hard spheres (which have also a permanent dipole moments) was studied in details. Within the present paper the influence of the internal model parameters on the structural parameters of ordered state is investigated. On an example of water suspension of polystyrene a positive role of the detalisation mentioned v.s. in description of colloidal systems (especially - multicomponent character) with respect to possibility to give a more realistic estimates for the structural parameters of ordered state will be clearly demonstrated. Namely, three-component compound model which includes macroions, counterions and water matrix will be discussed in comparison with a two- and one-component models for such a systems. The better agreement between the theory and experiment is observed in the case of detailed three-component model.

1. O.I. Gerasimov, P.P.J.-M. Schram, A.G. Sitenko, A.G. Zagorodny // Physica B, V.228, P.40, 1996.

S 6 Friday, May 22

Kinetic equations for solitons in Sine-Gordon and nonlinear Schrödinger equations

I.V. Baryakhtar

Institute for Low Temperature Physics and Engineering National Academy of Sciences of Ukraine, 310164 Kharkov, Ukraine

The investigations of solitons has been started in 1965 when N. J. Zabusky and M.D. Kruskal discovered unusual property of solitary waves: they interact without changing forms and velocities in simple plasma model. It means that there is no thermalization in the system of solitons. Since then, soliton problem is the matter of concern. In the present report kinetic equations have been constructed for different types of localized excitations in Sine-Gordon equation and for envelope solitons in nonlinear Schrödinger equation. Transport equation has been derived from kinetic equation following the standard way and kinetic coefficients have been calculated. The influence of the interactions which destroy the integrability of the model has been considered. It has been shown that the relaxation of soliton gas in the model closed to the integrable has two steps. First step deals with shifts of solitons positions and second one - with momentum exchange. Diffusion coefficient in this case is the sum of two terms. That means that corresponding relaxation processes are increased comparing with the absence of one of the processes. The possibility to apply the proposed theory for kinetic effects analysis in plasma and solids are considered.

This work has been supported by INTAS grants N93-1324 and N94- 3754 and by International Atomic Energy Agency, contract N 7996.

Multicritical behaviour in magnetic fluids

F. Schinagl^a, R. Folk^b, and H. Iro^b

aInstitute for Semiconductor Physics, Johannes Kepler University, Linz, Austria, bInstitute for Theoretical Physics, Johannes Kepler University, Linz, Austria,

The phases of a magnetic fluid in an external field are considered. As model systems we take an ideal (hard core) gas with Ising interaction and a van der Waals gas with additional Heisenberg interaction. In mean field approximation various phases and critical points are identified. For appropriate values of the ratio of the magnetic and non-magnetic interactions multicritical points like tricritical points and critical end points exist. For the ideal Ising fluid we calculate the line of wing critical points analytically and prove classical tricritical behaviour. In the van der Waals case wing critical points and the gas-liquid critical point may coexist. The corresponding phase diagrams in (p, t, h)-space are shown.

Supported by the Fonds zur Förderung der wissenschaftlichen Forschung, F.S. under contract 11557, R. F. and H. I. under project 12422-TPH

S 8 Friday, May 22

Hydrodynamic time correlation functions of a Heisenberg model ferrofluid

I. Mryglod^{a,b}, R. Folk^b, S. Dubyk^c, and Yu. Rudavskii^c

aInstitute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine bInstitute for Theoretical Physics, University Linz, A-4040 Linz, Austria cState University “Lvivska Politekhnika”, 12 Bandera St, UA-290013 Lviv, Ukraine

For a Heisenberg model ferrofluid, using the results obtained previously [1], we derived the analytical expressions for all the hydrodynamic time correlation functions (HTCFs) constructed on the set of conserved dynamic variables (the densities of particles number, momentum, energy and magnetic momentum). In the hydrodynamic limit the obtained results are asymptotically exact. The weight coefficients describing the contributions fron each of the hydrodynamic modes are calculated by the perturbation theory taking into account the terms of the second order with respect to a small parameter k, where k is a wavenumber. It is shown, that in case of zero external magnetic field h = 0, the HTCFs of a fluid subsystem can be written in the form known for a simple liquid [2] and the “spin-spin” HTCF is given by a single term related to the spin diffusion mode. When h is nonzero an additional coupling between subsystems appear and all the modes contribute to the “density-density” and “spin-spin” HTCFs. An expression for the Landau-Placzek ratio of the integrated intensities of the central Reyleigh line to the shifted Brillouin lines is derived.

This study is supported in part by the Fonds für Förderung der wissenschaftlichen Forschung under Project P 12422 TPH. 1. I.M.Mryglod, M.V.Tokarchuk, R.Folk, Physica A 220 (1995) 235; I.M.Mryglod, R.Folk, Physica A 234 (1996) 129.

2. J.P.Boon, S.Yip, Molecular Hydrodynamics McGraw-Hill, 1980; I.M.Mryglod, I.P.Omelyan, Molecular Physics 91 (1997) 1005.

Scaling exponents for copolymer networks and stars

C. von Ferber^a and Yu. Holovatch^b

aSchool of Physics and Astronomy, University, IL-69978 Tel Aviv, E–mail: cerbo@next13.theo-phys.uni-essen.de bInstitute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: hol@icmp.lviv.ua

We explore and calculate the rich scaling behaviour of copolymer networks in solution by renormalization group methods. We establish a field theoretic description in terms of composite operators. Our 3rd order resummation of the spectrum of scaling dimensions brings about remarkable features: The special convexity properties of the spectra allow for a multifractal interpretation while preserving stability of the theory. This behaviour could not be found for power of field operators of usual ϕ^4 field theory. The 2D limit of the mutually avoiding walk star apparently corresponds to results of a conformal Kac series. Such a classification seems not possible for the 2D limit of other copolymer stars. We furthermore provide a consistency check of two complementary renormalization schemes: epsilon expansion and renormalization at fixed dimension, calculating a large collection of independent exponents in both approaches.

1. C. von Ferber, Yu. Holovatch. Phys. Rev. E 56, 6370 (1997)

S 10 Friday, May 22

Real-space propagator and layer susceptibility at the extraordinary transition

M. Shpot^a and A. Drewitz^b

aInstitute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: shpot@icmp.lviv.ua bFachbereich Physik, Universität Essen, D-45117 Essen, Federal Republic of Germany, E–mail: anja@theo-phys.uni-essen.de

The experimentally observed phenomenon of critical adsorption occurring close to the demixing point in liquid binary mixtures confined by a plane hard wall or interface provides a prominent example of the extraordinary phase transition. The important characteristic feature of this transition is that the surface is ordered both above and below the critical temperature and a non-vanishing order-parameter profile is present in both phases. We present a theoretical study of the critical behaviour of the order-parameter correlation function at the extraordinary transition in semi-infinite systems. Using methods of conformal field theory we have obtained the real-space representation for the free mean-field propagator at criticality in arbitrary spatial dimensions d ≤ 4. We succeeded in revealing a simple algebraic structure of the propagator which provides practical possibility of higher-order calculations. Employing this representation we have calculated the explicit expression for the layer susceptibility at the extraordinary transition in the one-loop approximation. Our result holds for arbitrary width of the layer and its position in the half-space.

Critical indices of the ferroelectric phase transition in TGS crystals

O. Myshchyshyn, B. Andriyevsky, and M.O. Romanyuk

The Ivan Franko State University of L’viv, 8 Kyrylo and Mefodij Street, 290005 L’viv, Ukraine, E–mail: andri@prima.franko.lviv.ua

Temperature dependences of relative changes of geometric thickness Δl/l and susceptibility Δη/η of ferroelectric triglycine sulphate crystal (TGS) are investigated in the range of 39 . . . 80^∘C on the basis of original laser interferometer technique for measuring the temperature induced change of optical path differences of transparent sample.

The critical indices β have been calculated on the basis of spontaneous increases of the values ΔY_s(T )/ΔY_s(T_{min}) experimentally measured. Here T < T_c=49^∘C and T_{min}=39^∘C. The values of Y are optical retardation (Y = Δ), geometric thickness (Y = l), and susceptibility (Y = η).

Deviation of the critical indices β of TGS from the unity (β = 0.87 . . . 0.95) has been explained by significant temperature dependence of coefficients of the electrostriction and the inverse piezooptic effects of maximum-like character in the temperature range around T_c of the crystal.

Various relations between the critical indices on linear deformations β^{(l)} and on susceptibility β^{(η)} for the direction of spontaneous polarization [010], β^{(l)}_2 (η), and for two other less symmetric directions [100] and [001], β^{(l)}_{1,3}(l)> β^{(n)}_{1,3} , testify for various rates of temperature changes of different subsystems, taking place in ferroelectric ordering of the crystal in the temperature range (ΔT ~ 10^∘C) below the PT point. Different β-values lead to the temperature dependences of the relative changes of ΔY_s(T )/ΔY_s(T_{min}), which can be characterized by different derivatives at different temperatures.

S 12 Saturday, May 23

Relaxation dynamics of disordered Ising-like models

R.R. Levitskii and R.O. Sokolovskii

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: ccc@icmp.lviv.ua

Two-site cluster approximation to Glauber’s master equation is developed for lattice spin systems with substitutional chaos. Quenched and annealed types of disorder are considered. The order parameters and the dynamic pair correlation functions of disordered Ising and Mitsui models are calculated. The agreement between the theory and results of the dielectric measurements in the ferroelectric crystals Cs(H_{1−x}D_x)_2P O_4, Rs_{1−x}dRs_x (Rochelle salt) is remarkably good. The theory suggests the strong tendency to alternation of protons and deuterons to exist in the H-bond chains of Cs(H_{1−x}D_x)_2P O_4 crystals. Since the isotope effects in the Rochelle salt are much less pronounced and few measurements in the partially deuterated crystals have been performed, we can not currently detect the type of disorder in Rs_{1−x}dRs_x.

Doped molecular crystals as erasable optical information storage

I.V. Brovchenko

Institute of Physics, Prospekt Nauki 46, Kiev-22, Ukraine, E–mail: alla@molphys.ups.kiev.ua

Possibility of the hydrogen bonding between impurity and host molecules promotes variety of the different positions and orientations of the impurity molecule. This effect is especially pronounced for aromatic host molecules which act as planar and extended proton acceptor. Light irradiation causes reorientation of the impurity molecule and breakdown of the hydrogen bonds [1]. It leads to the complete and long-lived changes of the impurity absorption spectrum. In order to restore initial impurity spectrum the long-term annealing is necessary. The parameters of the observed phototransformations (temperature and exposure, which are necessary for the complete changes) depend on the molecular structure of the impurity and host molecules [2].

In order to find mechanism of these phototransformations the possible structures of the impurity centers in the ground and excited states were calculated using method of the atom-atom potentials. In the ground state the set of the possible impurity sites, with and without hydrogen bonds, was found. If the impurity contains aminogroup, the sites with one or two hydrogen bonds are possible. Usually the sites with hydrogen bonds are energetically preferable. It was found that optical excitation of the states with charge transfer between impurity and host molecules causes breakdown of the hydrogen bonds [3]. This effect takes place if the ionization potential of the impurity is lower in comparison with host molecule. The efficiency of the phototransformations increases with the decrease of the impurity size.

The obtained results allow to propose the doped molecular crystals with hydrogen bonds as promising media for the erasable optical information storage. From a knowledge of the mechanism of the observed phototransformations their parameters can be varied purposefully by the change of the molecular structure of the components. 1. I.V.Brovchenko, J.Chem.Phys., 1995, v.102, N15, P.5942-5951. 2. I.V.Brovchenko, J.Mol.Struct., 1996, v.381, P.95-100. 3. I.V.Brovchenko, Chem.Phys.Lett, 1997 (accepted).

S 14 Saturday, May 23

Hall effect in disordered transition metals V.T. Shvets Odesa State Academy of Refrigeration, 1/3 Dvorianskaia Str., 270100 Odesa, Ukraine, E–mail: valtar@paco.net

Abstract was not available at printing time.

How does one extract many-body interatomic potentials from ab-initio band structure calculations?

Z. Gurskii^{a,b} and J. Krawczyk^b

aInstitute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: zog@icmp.lviv.ua bInstitute for Mathematics, Opole University, ul. Oleska 48, 45-052 Opole, Poland, E–mail: jekra@math.uni.opole.pl

An original method to treat the kinetic and exchange-correlation energy functionals in terms of many-particle interactions has been developed. It is based on utilizing of the local density approximation. The total electron density, extracted from the ab initio band structure calculations, is expressed as a linear superposition of contributions from the individual pseudoions embedded in the uniform background. The general form for the part of effective interatomic interactions caused by the kinetic and exchange-correlation effects is obtained. Relationship between the developing approach and the perturbation theory in pseudopotential is analysed. Unlike the perturbation theory, the presenting method allows one to work out in a general form a procedure for renormalization of the n-particle irreducible interactions by the (n + 1)-, (n + 2)- etc. reducible ones. Such a renormalization of the pair interatomic potential is given.

Contribution of the electron-nonlocal pseudopotential interactions to the pair interatomic potential is considered within the concept of the full separable pseudopotentials. The explicit expression for the three-particle interatomic interactions is also presented.

S 16 Saturday, May 23

Influence of ions on the critical behaviour in liquid mixtures near critical solution point

A. Oleinikova

Physical Faculty, Kyiv Taras Shevchenko University, Kyiv, Ukraine

Recent investigations of the critical behaviour in ionic mixtures rose a problem of the connection of the critical parameters (critical temperature, concentration) and the critical properties (their critical exponents and amplitudes) with the solution structure and intermolecular interaction in the solution. The ionic impurities strongly influence on the molecular structure of aqueous solutions of organic molecules and shift the upper and lower critical solution temperatures. The sensitivity of the critical temperatures to ions depends on the anions and cations as well as on the organic solute. The recent experimental results on the influence of ions on the critical properties, i.e. on critical exponents, nonuniversal critical amplitudes, asymptotic and crossover ranges are analysed. The interpretation of experimental results based on the clustering in solution is proposed.

INTAS-UKRAINE WORKSHOP on Condensed Matter Physics

Posters

21.05.1998 – 24.05.1998, Lviv, Ukraine

BBGKY–hierarchies for equilibrium state of the weakly relativistic systems of the charged particles

L.F. Blazhievsky and H.B. Hil’

Department for Theoretical Physics, Ivan Franko Lviv State University, 12 Drahomanov Str., 290005 Lviv, Ukraine, E–mail: vasya@ktf.franko.lviv.ua

The charges system with Coulomb and electromagnetic interactions, described by Darwin’s Lagrangian is considered. On the basis of Lagrange’s and Hamilton’s approaches the equilibrium Gibbs distribution, BBGKY–hierarchies as well as one–body and two–body distributions are obtained. The influence of external stationary electromagnetic field and many-particle character of electromagnetic interaction are taken into account. This allowed to regularize atoms of relativistic long–range divergencies in natural way. The existence of collective self–action effects of charges provides the obtaining of correct quantitative results and is connected with peculiarities of regularization procedure in relativistic statistical theory of charged particles systems. It is shown that these effects lead to the renormalization of many particle distribution functions, that can be considered in weakly uniform case as the result of the appearance of the effective mass of particles. In this case the essentially manyparticles character of the electromagnetic interaction displayed itself in the form of relativistic screening effects too.

P 2 Thursday, May 21

Multipole expansions and relativistic long–range effects in statistical theory of many atom systems

L.F. Blazhievsky, H.B. Hil’, and V.V. Kovalchuk

Department for Theoretical Physics, Ivan Franko Lviv State University, 12 Drahomanov Str., 290005 Lviv, Ukraine, E–mail: vasya@ktf.franko.lviv.ua

The system of atoms with taking into account the retardation interaction effects is considered. On the basis of generalization of Breit Hamiltonian in the case of dynamical polarization of medium, the Hamilton’s operator, describing multipole interactions of atoms with taking into account the relativistic long–range corrections is constructed. Because of this generalization it turns out to describe correctly the interaction of atoms as well as large and not very small distances.

The influence of relativistic corrections on dipole and van der Waals interactions of atoms is considered in details. It is shown that in some cases these corrections can be commensurable or even more essential then the main nonrelativistic contributions.

Tensor of dielectric permittivity of weakly relativistic plasma

L.F. Blazhievsky and Yu. Krynytskyi

Chair of Theoretical Physics, Ivan Franko Lviv State University, 12 Drahomanov Str., UA–290005 Lviv, Ukraine, E–mail: yuri@ktf.franko.lviv.ua

The weakly relativistic system of charged particles with spins in the external electromagnetic field is considered. Besides Coulomb and magnetic interactions, the spin–spin, spin–orbital and contact interactions are also taken into account. “Mixed” representation of statistical operator in the form of regularized path integral for coordinate degrees of freedom and simple exponent operator for spin degrees of freedom is proposed. The weakly relativistic Hamilton function is obtained in random phase approximation. The screening of the interaction of charges with magnetic field is proved. The thermodynamical potential of the system and temperature Green functions for correlations “density–density” and “current–current” are calculated. Obtained results are used for finding of dielectric permittivity tensor of relativistic electron gas. Numerical calculations of static dielectric and magnetic permittivities of completely degenerated and high–temperature electron gas are carried out. The contributions of certain relativistic effects like kinematic corrections, corrections to Coulomb and spin interactions are analysed. Separately, for dielectric permittivity it is shown that for big values of wave vector the contributions of relativistic kinematic and spin effects mutually reduce. For long range the intensity of spin interactions decreases and kinematic effects predominate. In general, the accounting of spin interactions drives to decreasing of total relativistic correction for thermodynamical functions, as well.

1. L. Blazhievsky, Yu. Krynytskyi. Journal of Physical Studies, v. 1, No 2, 1997, p. 191–200 2. L. Blazhievsky, H. Hil’, Yu. Krynytskyi. Condensed Matter Physics, No 10, 1997, p. 3–8

P 4 Thursday, May 21

The dielectric permittivity of non-polar system in the Random Phase Approximation

Yu.L. Blazhyevskyi

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: yura@icmp.lviv.ua

The dielectric properties of non-polar condensed matter are investigated. To find a polarization of the system, the dipole moments of particles, induced by non-uniform electrostatics field are obtained. The effects caused by the long-range dipole interaction are taken into account in the Random Phase Approximation (RPA). It is shown that the effects of the long-range interaction can be taken into account by renormalizing the polarization of separated particles (α). The vector of the polarization is defined by functional differentiation of grand partition function (Q_N ) of dielectrics. To calculate Q_N the expansion

Q_N = 3DQ^N_1 (1 + Nb_2 + N^2b_3 + . . .)^N

is used, where N is number of particles and b_2, b_3, . . . are defined via virial coefficients. For dielectric permittivity we have obtained the analogue of Clausius-Mossotti’s formula with renormalized polarization (α^∗), which is defined by relationship

α^∗ = 3Dα { 1 + 2ρ^∗ α^2 (1 − η)(1 + 2η) ∫ d^3x x^6 e^{−Φ(x)/Θ}, }

ρ^∗ = 3Dρ

1 + 2π N V ∞∫ 0 dxx^2(e^{−β=20Φ(x)} − 1) −1 , η = 3D 4π 3 ρα

where ρ is the density, Φ(x) is the energy of interaction in absence of external field and Θ is statistical temperature.

The effectiveness of the results obtained is illustrated on the example of the system of particles with Lennard-Jones interaction and different values of density, polarization and temperature. A comparison with the Molecular Dynamic (MD) results and other works is carried out.

The generalization of reference system approach to the case of relativistic Fermi-systems

M. Vavrukh^a, V. Solovyan^b, and N. Tyshko^a aIvan Franko Lviv State University, 8 Kyrylo and Mephodiy Str., UA-290005 Lviv, Ukraine bInstitute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

The extended before statistical reference system approach for the non-relativistic quantum systems [1, 2] is generalized to the case of relativistic Fermi-systems. The peculiarities of n-particle dynamical corrrelation functions of the reference system (ideal degenerated Fermi-system) are studied. It was done for the case of low temperatures and arbitrary value of relativistic parameter γ_F = v_F /c (v_F is the velocity of the particle on the Fermi surface, c is the light velocity)

μ^0_n(x_1, ..., x_n|γ_F , β) = β^{−1}⟨T {ρ̂_{x1}ρ̂_{x2} ...ρ̂_{xn} }⟩_0,

ρ̂_x = ∑ k,s,ν^∗

a^+_{k+q}(ν^∗ + ν)a_{k,s}(ν^∗), (1)

a_{k,s}(ν^∗) = β^{−1/2}

∫_β 0 dβ^′ exp(iν^∗β^′ )a_{k,s}(β^′ ).

Here x ≡ (q, ν), q and k are the wave-vectors, s is the spin variable, ν and ν^∗ are Bose-Matsubara and Fermi-Matsubara frequencies, respectively, T is the symbol of chronological ordering, β is the reciprocal temperature, symbol ⟨...⟩_0 means the statistical averaging over the reference system states, a_{k,s}(β^′ ) is the secondary quantization operator in the plane waves basis in the interaction representation.

The pattern of integral equations of the second order Fredgolm-like type for the local field correction function of relativistic Fermi-system was obtained. The solutions for the electron system at the weak nonideality over the parameter γ_F were investigated. On this basis thermodynamical and structural functions for the relativistic electron system with Coulomb interaction at the small values of Vigner-Brueckner parameter r_s and arbitrary values of γ_F were calculated.

1. M.Vavrukh and T.Krokhmalskii, Phys. stat. sol. (b) 168, 519-532 (1991); 169, 451-462 (1992).

2. M.Vavrukh, Low Temp. Phys. 22, 767-775 (1996).

P 6 Thursday, May 21

The modificated displacements method in the Fermi-liquid and metals theories M. Vavrukh^a, Ya. Kushtai^b, and V. Solovyan^c aAstrophysic Department, Franko Lviv State University, 8 Kyrylo and Methodii Str., 290005 Lviv, Ukraine bLviv Economics and Business College, 8 Mentsinskii Str., 290000, Lviv, Ukraine cInstitute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

For the investigation of strong coupled Fermi-systems a new version of displacements representation for statistical operator R̂ = exp [−β(Ĥ_0 + V̂ − μN̂)] = {exp Û} σ̂, (1) is proposed. Here Ĥ_0 is the kinetic energy operator, V is the interaction operator, N̂ is the number of particles operator, μ is the chemical potential variable. It was proved that for the low temperatures the displacements representation is equivalent to cyclic transformation of partition function:

Z = Sp {R̂} = Sp {exp [−βe^{−Û} (Ĥ_0 + V̂ − μN̂)e^Û ]}. (2) Different choice variants of displacements operator Û correspond to different renormalized perturbation theories, in which a weak effective interaction potentials is present. It makes possible the natural way accountment of screening and local field effects. For the calculated ground state energy of electron liquid model in the wide region of coupling parameter (10^{−2} ≤ r_s ≤ 10) a good agreement with the results of Monte-Carlo method are obtained. For this model the pair distribution function and the local field correction were calculated too.

The displacements representation was generalized on the case of electron-ionic metal model as with local as with unlocal electron-ionic interaction potentials. Two different variants of theory are proposed. In the first one the displacements representation was adopted for the reference system description (electron liquid model). In the second variant the displacements representation is used for the description of collectivized electron subsystem in the ionic field. The calculated potentials of effective ion-ion interaction are in good agreement with the results obtained in the local field approximation and the bonding energy of metal – with the experimental data.

Investigation of the electron liquid model at nonzero temperatures

M. Vavrukh^a and V. Paslavs’kii^b

aIvan Franko L’viv State University, 8 Kyrylo and Mephodiy Str., UA-290005 L’viv, Ukraine bInstitute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

Calculation of the thermodynamical characteristics for the systems of interacted fermions at nonzero temperatures is vital problem of the statistical physics.

In this paper we investigate characteristics for the electron liquid model at nonzero temperatures. All calculations were carried out in the frame of a reference system approach - the renormalized perturbation theory, which is formulated in terms of n-particle correlation functions μ^0_n(x_1, . . . , x_n|μ) (x_i ≡ (q̄_i, ν_i) ) of some simpler model system, called the reference system. Model of the free electron gas was chosen as a reference system.

For the first time, the n-particle dynamic correlation functions μ^0_n(x_1, . . . , x_n|μ) at T^∗ ≡ T (k_B ϵ_F )^{−1} = 0 were investigated in [1].

We propose the method for calculation of the temperature correction δμ^0_n(x_1, . . . , x_n|β, μ) to n-particle dynamic correlation functions μ^0_n(x_1, . . . , x_n|μ), and study features of δμ^0_n(x_1, . . . , x_n|β, μ) for the case n = 2, 3.

On this basis thermodynamical characteristics of the electron liquid model at nonzero temperatures have been calculated in the weak and medium nonideality region. Results for free energy, chemical potential, heat capacity were compared in the different approximations.

[1] M.Vavrukh and T.Krokhmalskii, phys. stat. sol. (b) 168, 519 (1991).

P 8 Thursday, May 21

Fluctuational dynamics and structure factor of nonlinear reactive systems on a 1D lattice

O.I. Gerasimov^a, G. Nicolis^b, and N.N. Khudyntsev^a

aDepartment of General Physics, Odessa State Hydrometeorological Institute, 15 Lvivska str., 270016 Odessa, Ukraine, E–mail: ogerasimov@paco.net bCenter of Nonlinear Phenomena and Complex Systems, Free University of Brussels (U.L.B.), C.P.231, Campus Plaine Boul., du Triomphe, Brussel, Belgium

Within the investigated model of one-dimensional bi- and tri-mole-cular chemically reacted crystal the asymptotic behaviour of amplitude of two-particle static structure factor (as a function of crystal length) has been discovered. The nonlinear fluctuational scenario which is mentioned gives rise to conclusion of the principle possibility of existence of the asymptotic metastable cluster fragmentation within the initially homogeneous 1D systems. There was obtained an experimental indications of the existence of the metastable states in form of clusterisation in rare gas cluster ions initiated by eximer decay [1,2]. Because of the important role of size and dimensionality in the development of nonlinear chemical dynamic scenario within the chemically reacting systems and due to intensive experimental investigation of the clusters from the small number of particles new specific effects in scattering are also reported [1-3]. The connection between some possible effects and the properties of the fluctuations in the above reacting systems and reactive dynamics in a partially filled lattice is also performed.

1. N. Schwentner, E.E. Koch, J. Jortner Electronic Excitations in Condenced Rare Gases // Springer Tracts in Mod.Phys., V.107, 1987, Springer, Berlin. 2. M. Foltin, G. Walder, T.D. Mark Metastable Fragmentation of Rare Gas Ionsinitiated by Eximer Decay // Phys.and Chem.Finite Systems, V.2, 1992, Kruwer Academic Pub., P.1089.

3. M. Toppien and oth. Observation of Cluster Specific Excitations in Rare Gases // Ibid, P.949.

Tamm’s resonances and minibands within the model one-dimensional potential O.I. Gerasimov and N.N. Khudyntsev Department of General Physics, Odessa State Hydrometeorological Institute, 15 Lvivska Str., 270016 Odessa, Ukraine, E–mail: ogerasimov@paco.net

The modelling of low-dimensional atom-molecular complexes, adatomic clusters, chains, lattices and superlattices belong to a number of traditionally and actively considered problems of the solid state theory [1,2]. The urgency of that exploring is limited by the essentiality and the difficulties of direct microscopic description of the synthesized in the recent time low-dimensional atom-molecular complexes and other physical objects with the symmetry. On this way, in particular, in [3] one-dimensional Kronig-Penny superlattice with the regular intrinsic structure determined by the combination of zero-radius potentials [4] was studied. Then the simple analytical model permitting to explore some general properties of superlattices and separate contacts (interfaces) being the model elements for the description of semiconductor and metallic films, quasicrystalls and other same objects is suggested [2,5]. Such a model can be used in the construction of more common theories. In this paper with the help of transfer-matrix formalism the problem about regular superlattice’s spectrum is considered and a simple method of description of the contact in the superlattice’s structure is suggested. It is shown the existence of the single contact induce of the separate pair resonances in the chain’s spectrum (which are distributed in the permitted and the forbidden zones, respectively). Also it is demonstrated the eroding of noted minizones after making connection between the separate regular segments in the superlattice. The similar resonances and minizones can be called the Tamm’s ones being useful elements for the description of the surface states and zone-band structure of real low-dimensional systems.

1. Highlights in Condensed Matter Physics and Future Prospects. (Ed. by L. Esaki) // NATO ASI Series. Series B: Phys.V.285. New York, Plenum, 1991.

2. C.W.J. Beenakker Random-matrix theory of quantum transport // Rev. Mod. Phys. V.69, N3, 1997, P.731.

3. Tikhodeev S.G.// Pisma v GETF (Letters to JETP) V.99, N6, 1991, P.1871. 4. Demkov Yu.N., Ostrovsky V.N. “Metod potentcialov nulevogo radiusa deystviya v fizike” Pub. Leningrad State University, 1975.

5. The Physics and Fabrication of Microstructures and Microdevices. (Ed. by M.J. Kelly and C. Weisbush) Berlin, 1986.

P 10 Thursday, May 21

Screening potentials and cluster expansions of ionic-molecular systems adsorbed in dielectric disordered matrices. Application of replica Ornstein-Zernike equations

M.F. Holovko and Z. Polishchuk

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

A. Given and G.R. Stell [1] have proposed the replica Ornstein- Zernike equations for fluids in porous medium. In [2] this techniques was used for description of screening of ion-ion correlations in electrolyte solutions adsorbed in electroneutral disordered matrices of charged particles. Recently, we applied it to calculation of screening potentials of ion-molecular systems adsorbed in dielectric disordered matrices. We show that screening by the dielectric disordered matrix introduces a dielectric constant ε_0 to screening potentials interactions between particles of fluid and particles of matrix. Connected part of ion-ion of screening potential is independent from matrix, whereas blocking part of ion-ion screening potential includes the parameter (1 − ε_0)/ε_0. We have analysed in details screening potentials for three type of fluids adsorbed in dielectric disordered matrix (1. ionic fluid, 2. dipole fluid, 3. ion-dipole fluid) [3]. The obtained screening potentials are used for the construction of the cluster expansions of the correlation functions.

1. J. A. Given, G. R. Stell; Physica A 209 (1994), 495.

2. B. Hribar, A. Trokhymchuk, V. Vlachy, O. Pizio; J. Chem. Phys. 107 (1997), 6335.

3. M. F. Holovko, Z. Polishchuk (in preparation).

Some aspects of applying the associative theory to the self-ensemble system

M.F. Holovko and S. Kondrat

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

The system which consists of water and amphiphiles (surfase–active particles) is considered. The aggregates of different size and form (called as micelles), which are the simplest example of the self–ensemble system, can start to create at the certain concentration of amphiphiles. This concentration is called as the certain (or critical) micell concentration (CMC). Usually the CMC can be found from the mass action law by thermodynamical methods (in assumption of ideal gas mixture of micelles created).

In contrast to the above approach we propose the model of the system with associative interaction between the amphiphiles. We use this model to describe the system in which only one–dimensional (e.g. spherocylindrical) micelles appear. The grand partition function can be written as lnZ = lnZ_1 + ∑ G F_G,

where G is the geometrical factor of micelles created. Taking into account only the chain form of micelles G = C and using ρ = z V ∂lnZ ∂z , the expression for amphiphile concentration (X = N_a/N_{tot}) can be expressed as

X = X_1 +

2JX_1 − (JX_1)^2 ρ_{tot}(1 − JX_1)^2 , where J depends on ρ_{tot}, size, interaction and correlation functions. The concentration X_1 = 1/J is treated as the CMC.

The structural properties of the system studied can be found by using Ornstein–Zernike equation. The attempt to generalize our method to many–componet systems has been done.

P 12 Thursday, May 21

On the effects of association in the statistical theory of ion-dipole systems

V.I. Kapko

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

We discuss our recent results [1] in the statistical theory of association effects in ion-dipole systems. We believe that associations can occur due to strong electrostatic interactions and by the chemical association mechanism is which the a true chemical bond is formed. The associative mean spherical approximation (AMSA) for a mixture of polar hard spheres and charged hard spheres is solved in the multidensity formalism. Analytical results for thermodynamic quantities (the Helmholz free energy, chemical potential and pressure) and dielectric constant are expressed in terms of the excess internal energies, which follow from the solution of a set of algebraic equations. The method of derivation is based on the extension of Hoye-Stell scheme [2] in the frames of the multidensity formalism and exponential approximation proposed by Bernard and Blum [3]. This technique was recently suggested by Kalyuzhnyi and Holovko [4]. We investigate the influence of ion-ion, ion-dipole and dipole-dipole associative interactions upon the thermodynamic and dielectric properties. It is shown that the dielectric constant increases with the increase of the ion-ion association strength parameter. The ion-ion, ion-dipole and dipole-dipole pair correlation functions are obtained by the iteration scheme of Perram [5].

1. M.F.Holovko and V.I.Kapko, J.Mol.Liq. 75 (1998) 2. J.S.Hoye and G.Stell, J.Chem.Phys. 67, 439 (1977) 3. O.Bernard and L.Blum, J.Chem.Phys. 104, 4746 (1996) 4. Yu.V.Kalyuzhnyi, M.F.Holovko, J.Chem.Phys. 75 (1998) 5. J.W.Perram, Mol.Phys. 30, 1505 (1975)

Critical phenomena in ionic ferrocolloidal model

R. Mudry

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

Ionic ferrocolloids are aqueous dispersions of the magnetic particles with surface charge which ensure their stability. We consider the model in which the particles are represented by the polyions with the additional magnetic dipole moment. In order to satisfy the electroneutrality conditions the ions of the opposite sign (counterious) are also taken into account. Both kind of the ions are chosen to be the hard spheres with strong asymmetry in sizes and charges. In addition it is assumed that pair potential acting between ions includes also van der Waals type of interaction. Free energy is presented as a sum of four terms: hard spheres contribution, which is described using Carnahan-Starling approach; contribution of the van der Waals attractive interaction, which is described in the frames of the molecular field approach; ionic contribution which is calculated by means of random phase approximations. Description of bonding effects between counterious and polyions is carried out in the multidensity associative formalism. Dipole-dipole interaction is divided into long- and short-range parts. The long-range part of the dipole-dipole interaction is calculated using Pade approximation method. For calculation of the short-range part of dipole-dipole interaction all chain diagrams are summed and treated in the two-density associative formalism. The influence of different interactions on the critical behaviour of the gas-liquid like phase transition is discussed.

[1] Yu.V.Kalyuzhnyi, L.Blum, M.F.Holovko, I.A.Protsykevytch, Physica A 236, p.85-96 (1997).

P 14 Thursday, May 21

Dipolar hard spheres with orientationally-dependent association interaction

I.A. Protsykevich

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

The multicomponent dipole model with arbitrary sizes and dipole moments of particles is considered. All the species present in the mixture may have associative interactions with dipolar symmetry. For the description of this model we (together with Prof. M.Holovko) have studied the associative mean spherical approximation. For the solution of the problem a Baxter factorized version of the Wertheim-Ornstein-Zernike equations and the technique of Blum and co-workers were used. The description of the orientational dependence in the interparticle potential was carried out using expansions in terms of generalized spherical functions. The expressions for the factor correlation functions are presented.

Investigation of triple K + K^{+0.5} + O^{−1} system by MD method and statistical geometry

I.Yu. Shimkevich, A.L. Shimkevich, and V.V. Kuzin

Institute of Physics and Power Engineering, 1 Bondarenko Sq., 249020 Obninsk, Kaluga Region, Russia

The molecular-dynamic simulation of potassium/oxygen system evolution was made for investigation the impurity influence. The liquid potassium/oxygen system was considered as model of triple system K + K^{+0.5} + O^{−1} in condition of total neutral of system. Potassium particles ionized as the twofold concentration of oxygen in mixture. Oxygen was as oxide microinclusions with mass density ρ_{K2O} = 2320 kg/m^3 at a given oxygen atomic concentration of 8.5%. The mass density of liquid potassium is ρ_K = 777 kg/m^3. The simulation has been fulfilled at temperature 550K in the frame of NVT ensemble for the model of N=3456 particles including 294 oxygen ions O^{−1}, 588 potassium ions K^{+0.5} and the rest of neutral potassium atoms. The generalised form of interatomic pair potential (Lennard-Jones n-m potential) is used for (K,K) and (K,K^+) interaction and Born-Mayer potential without dispersion terms is used for (K^+, O^−), (O^−, O^−) and (K,O^−) interactions.

The evolution of characteristics of potassium/oxygen system such as the partial radial distribution functions, g_{α β}(r), structure factors, S_{α β}(k), velocity autocorrelation functions, Ψ_{α β} (t), frequency spectra, f^n_{α β} (w), and self-diffusion coefficients, D_{α β} , has been examined up to 5.7 · 10^{−11}s. The addition analysis of atomic configuration in time t_i has been performed upon the basic of Voronoi-Delaunay division of space into polyhedra. The observed structural and dynamic changes of potassium/oxygen unordered system reflect the process of admixture behaviour and in particular the process of atomic clusterization in liquid alkaline metals.

P 16 Thursday, May 21

Exactly solvable models of anisotropic fluids with long-range pair potentials

T. Sokolovska

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

It is generally accepted that the Onsager system of long hard spherocylinders is the only exactly solvable model of anisotropic fluids. But the excluded volume models (including the Onsager model) is of little value for thermotropic liquid crystals. Therefore, the search of exactly solvable models with long-range pair potentials is of great importance. We consider models of anisotropic fluids with the pair potential containing contributions from a hard core and a long-range interaction of type γ^3f(γR_{12})P_l(cos ω_{12}), P_l(cos ω_{12}) is the lth order Legendre polynomial of the relative molecule orientation, γ^3f(γR_{12}) is a Kac potential. On the basis of the collective variables and the integral equation methods the existence of thermodynamic limit for the model free energy in the anisotropic phase is proven. The exact and finite series are written for the free energies of such models with hard core interactions in the form of the Onsager spherocylinders or the hard spheres. In contrast to the well-known Onsager model these exactly solvable models describe the orientational phase transitions that are dependent on temperature. The phase diagrams of such models are shown.

Model description of the H–bonded transuranium complexes

I.V. Stasyuk, O.L. Ivankiv, O.V. Velychko, and T.V. Holubets’

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

Presented report includes the part of results obtained in the framework of INTAS–Ukraine–95–0133 project “Investigation of the complex formation and ionic transport processes in water, aqueous solutions and H–bonded systems for the development of environmental protection solutions connected with water pollution”.

The approach based on the pseudospin formalism for the description of the molecular and ionic complexes as well as chain–like H–bonded structures with highly valent transuranium elements is presented.

Model of the polymerization of ionic groups UO_4 into chain structure via hydrogen bonds is proposed. The conditions of the thermodynamic stability of such formation are investigated in dependence on number of links at different temperatures and pH values of solution.

The process of formation of hydroxocomplexes in such systems is considered. For the investigation of equilibrium between H–bonded transuranium oxide complexes and hydroxocomplexes the thermodynamics of repolarization due to the proton transfer in the hydrogen bonds is described. The expression for equilibrium constant is obtained.

Microscopic consideration of the complex formation of actinide group ions in the aqueous solution is carried out on the base of configurational description. The calculation of the creation probability of complexes [M(OH)_nH_m]^{(Z−n+m)} is performed in dependence on the configuration energy, temperature and chemical potential of groups (OH)^− and ions H^+ in solution with small values of pH. The attention is paid on the saturation effects at increasing of concentration as well as on the transformation processes between equilibrium configurations of complexes.

The reduced basis model for H–bonded one–dimensional molecular systems [1] is generalized for the charged systems.

The possibility of application of the orientational–tunnelling model [2] for the description of the tritium migration mechanism is discussed.

1. I.V.Stasyuk, A.L.Ivankiv. Mod. Phys. Lett. B, 1992, 6, 85. 2. I.V.Stasyuk, A.L.Ivankiv, N.I.Pavlenko. J. Phys. Stud., 1997, 1, 418.

P 18 Thursday, May 21

Investigation of the electronic properties of the hydrogen bond

R.Ya. Stetsiv and Yu.V. Sizonenko

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: szw@icmp.lviv.ua

The properties of the hydrogen bond are investigated on the basis of the simplest object with hydrogen bond, the ionic complex O-H-O. The electron energy spectrum of the O-H-O complex with account of Coulomb and exchange interactions as well as an electron transfer is obtained. The formation of the two-minima adiabatic proton potential as a function of the hydrogen bond length R_{OO} , R_{OH} distance, electron number N on complex is investigated. It is shown that the decrease of the number of electrons on the cluster leads to the increase of the critical value R^{cr}_{OO}, at which the double minima potential well transforms into single minimum one. The electron density maps and the distribution of the electron charge along the complex axis are obtained. We investigate also the change of the electron charge density and the occupancy of the atomic orbitals of the initial basis connected with proton shift along hydrogen bond. Proton shift on a bond is accompanied by the increase of the total electron density in the region where the proton is moved to; however, the occupancy of the 2p-orbitals of the corresponding oxygen ion is decreased. Occupancy of 1s-orbital of hydrogen ion changes weakly and possesses maximum at the location of proton in the middle of the bond. That is in agreement with the experimentally obtained results.

Such calculations for the cluster with few hydrogen bonds allow to investigate the connection between electron density changes and protonproton short range interaction. Describing systems with hydrogen bonds using different models one should take into account these interactions. More detailed study of this problem will give an opportunity to formulate more realistic models for description of such objects.

Correction of finite-size effects in molecular-dynamics simulation of liquid alloys

A. Baumketner and Ya. Chushak

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

The fixed number of particles in computer simulations produces systematic and random statistical errors in the long-range region of the pair distribution functions. These in turn lead to significant uncertainties in the static structure factor in low-Q region.

We present a method for a finite-size correction in the calculation of the partial pair distribution functions and static structure factor of binary liquids from MD simulation data. The method is based on the combined using of a theoretical O(1/N) correction of g^N_{ij} (r) for a Nparticle system and MHNC integral theory. The proposed method is used for the analysis of MD simulation data for a liquid Na_{0.7}K_{0.3} alloy. The simulations were performed for two system sizes N=500 and N=2048 particles. It is found a good agreement between the g^N_{ij} (r) and S(Q) obtained from MD simulations with the predictions of MHNC theory. In addition we have calculated the bridge functions B_{ij} (r) from g^N_{ij} (r).

P 20 Thursday, May 21

Single-particle motion in liquid and supercooled Mg_{70}Zn_{30} alloy

Ya. Chushak^a and G. Kahl^b

aInstitute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: ych@icmp.lviv.ua bInstitut für Theoretische Physik, TU Wien, Wiedner Hauptstraße 8-10, Wien A-1040, Austria

We report the results of a self-consistent mode-coupling (MC) calculations of the velocity autocorrelation functions (VAF) of both species and the corresponding memory functions for liquid and supercooled Mg_{70}Zn_{30} alloy. The static structure required for the theoretical study have been obtained by combined using of molecular-dynamic simulation and integral-equation technique.

In the framework of MC theory the memory function for the VAF is split into two contributions: a short-time part is described as the effect of single uncorrelated binary collisions and a long-time ’mode-coupling’ contribution is represented in terms of non-linear couplings of slowly varying collective variables. In present calculations we used a simple Gaussian ansatz for the ’binary’ part of the memory function and coupling with density fluctuations for the mode-coupling component. The intermediate scattering functions, involved into the mode-coupling integral, are calculated in the viscoelastic approximation whereas the incoherent scattering functions are calculated self-consistently, from the obtained VAF.

We compare the results of MC calculations with those directly obtained from MD-simulation.

Spectra of transverse excitations and reduction of hydrodynamic region in glassforming metallic liquid alloy Mg_{70} − Zn_{30} by approaching the transition temperature

T. Bryk^a and I. Mryglod^b aDepartment of Physics, University of Texas, Austin, TX 78712, USA, E–mail: taras@matter3.ph.utexas.edu bInstitute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: mryglod@icmp.lviv.ua

The method of generalized collective modes (GCM) has been applied for the investigation of dynamical properties of glassforming metallic system Mg_{70} −Zn_{30} in three different liquid states. This approach allows to solve the generalized Langevin equation in Markovian approximation and to decompose time correlation functions derived in molecular dynamics into partial contributions associated with eigenmodes of system investigated. In our calculations the Markovian transverse ‘current-current’ time correlation functions have been obtained within the four-variables approximation and satisfied the sum rules up to the frequency moment of sixth order.

Applying the approach of GCM to dense metallic binary system Mg_{70} − Zn_{30} we were able to obtain without any fitting parameters the spectra of transverse collective excitations and to estimate the boundary of hydrodynamic region k_H (T ), in which the lowest-lying pair of propagating modes disappeared transforming into two relaxing modes. For k > k_H those propagating modes described transverse shear waves observable in the behaviour of ‘current-current’ time correlation function. When k < k_H one of the relaxing modes in the hydrodynamic limit had the eigenvalue proportional to k^2 with the coefficient η(T )/ρ (η and ρ were shear viscosity and mass-density, respectively), while the second one was the relaxing kinetic mode. The width of hydrodynamic region became narrower by decreasing the temperature and at approximately 80K above the experimental eutectic temperature we found it to be extremely small.

The generalized shear viscosity as a function of wave-vector for a liquid metallic binary system has been calculated for three temperatures: from a ’good’ liquid system to a system close to the glass transition. Obtained values of shear viscosity at those temperatures could be compared with experimental data.

P 22 Thursday, May 21

A new approximate procedure for memory function calculations: generalized shear viscosity and the “shoulder” problem for a simple fluid

A.M. Hachkevych

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: nep@icmp.lviv.ua

For approximate calculations of memory functions in a wide range of wavenumbers k and frequencies ω a new iteration scheme based on recurrent relations for higher order memory functions is developed. Within this scheme memory functions can be presented in an analytical form and their k-dependence is formed only by higher order static correlation functions which are the main input of the theory. As an illustration we consider the application of the scheme for the study of generalized shear viscosity η(k, ω) of a Lennard-Jones fluid where traditional approaches have shown a systematic deviation from molecular dynamics (MD) data, in particular, in the range of intermediate values of k, where some peculiarities in k-behaviour of η(k), known in the literature as “shoulder” problem, were found.

By the numerical calculations it is shown that the iteration scheme has a tendency for the convergence of the results when the order of approximations increases, but even the first approximations describe well the generalized shear viscosity for all the wavenumbers considered herein, starting from the hydrodynamic values and up to so-called Gaussian limit. The obtained results are in a good agreement with MD data. The proposed approach can be also used for the study of other physical systems.

Statistical hydrodynamics of a multi-component mixture: Generalized mode approach

I. Mryglod, T. Bryk, and V. Ignatyuk

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: mryglod@icmp.lviv.ua

Using Zubarev’s non-equilibrium statistical operator the statistical theory of a weakly non-equilibrium multi-component, chemically nonreactive mixture of simple liquids is developed in the most general form. The basic equations of generalized hydrodynamics are derived. We find the explicit expressions for the generalized thermodynamic quantities and the generalized transport coefficients and show that in the hydrodynamic limit the results known previously in the literature are reproduced. For an extended set of dynamic variables, including in addition to the operators of conserved quantities their higher order time derivatives, the recurrent relations for the memory functions are derived. All the results are presented in the form allowed directly to apply the generalized mode approach for the subsequent calculations of generalized collective modes spectrum, time correlation functions and generalized transport coefficients as well. We illustrate our theoretical study by the numerical results obtained for binary mixtures of He-Ne and He-Ar. Particular emphasis will be placed on a discussion of generalized propagating kinetic modes to be observed experimentally.

The support of the Fonds für Förderung der wissenschaftlichen Forschung under Project P 12422 TPH is gratefully acknowledged.

P 24 Thursday, May 21

A new approach to the numerical integration of the rigid-body equations of motion

I.P. Omelyan

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

The method of molecular dynamics plays a prominent role in study of molecular liquids. Existing techniques appropriate to simulate such systems can be categorized in dependence on what type of parameters are chosen to represent the rotational degrees of freedom and what kind of numerical algorithm is applied to integrate the corresponding equations of motion. There is a group of stable algorithms to integrate numerically the equations of motion on rigid polyatomics. However, in these approaches to reproduce the rigid molecular structure it is necessary to solve by iteration complicated systems of nonlinear equations at each time step of the integration.

In the present investigation we propose a new algorithm for numerical integration of the rigid-body equations of motion. The main idea consists in involving angular velocities, instead of angular momenta, into the integration. The orientational variables are expressed in terms of either principal axes or quaternions. This leads to a very powerful technique, because the orthonormality and unit norms of orientational variables appear to be integrals of motion, despite an approximate character of the produced trajectories. Therefore, no additional efforts are needed to preserve the rigidity of molecules. Moreover, no iterative solutions are necessary in our scheme at all.

The algorithm introduced might become popular because of its excellent stability, simplicity to implement for arbitrary rigid bodies and its intrinsic conservation of rigid structures.

Statistical hydrodynamics of a binary ferromagnetic mixture

Yu. Rudavskii and O. Batsevych

State University “Lvivska Politekhnika”, 12 Bandera St, UA-290013 Lviv, Ukraine

In this report the generalized hydrodynamics of mixture of magnetic and nonmagnetic liquids is studied. Using the nonequilibrium statistical operator method, the equations of generalized hydrodynamics for conserved quantities, namely, for the densities of energy, total momentum, particles’ numbers for magnetic and nonmagnetic subsystems, and magnetization, are derived. The magnetic subsystem is described by a Heisenberg-like model. The microscopic expressions for the generalized k-dependent thermodynamic quantities and the generalized (k, ω)- dependent transport coefficients are found.

In the hydrodynamic limit the collective mode spectrum is obtained. We find two complex-cojugated sound modes and three (heat, diffusion and spin diffusion) relaxing hydrodynamic modes. The hydrodynamic time correlation functions, constructed on conserved variables, as well as the weight coefficients describing a partial contribution of each from the modes to all the hydrodynamic time correlation functions, are calculated by the means of matrix perturbation theory for the hydrodynamic operator.

This study is supported in part by the Fonds für Förderung der wissenschaftlichen Forschung under Project P 12422 TPH.

P 26 Thursday, May 21

Study of nonlinear hydrodynamic fluctuations of super dense plasma

M. Tokarchuk and A.E. Kobryn

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

We investigate nonlinear hydrodynamic fluctuations of super dense electron plasma (n_e ∼ 10^{21} ÷ 10^{22} cm^{−3}, n ∼ 10^{25} ÷ 10^{26} cm^{−3}), which is created at laser nuclear fusion of D-D, D-T, D-^3He mixtures [1,2]. Electron and ion densities in processes of action of powerful spherical short-wave laser irradiation as well as target ablation and implosion enlarge ten up to thousand times. Such densities correspond to liquid and super hard core ones. It is obvious, that gas dynamics methods of description of transport processes, where the one-particle nonequilibrium distribution function is a basic parameter of enshortened description, is rough and very approximate and can not be applied in principle. Moreover, in super dense plasma the influence of a potential interaction energy is considerably larger than the kinetic one. It reflects essentially on thermal conductivity processes of both electron (corona) and ion (core) subsystems. Considering these facts, generalized equations of nonlinear hydrodynamics for super dense electron-ion plasma have been obtained using the nonequilibrium statistical operator method [3,4] with taking into account a self electromagnetic field generation. During the synthesis in the centre of nuclear fuel to be compressed up to ignition temperature interaction potentials of ions D, T,^3He have a nuclear quark-gluon nature of proton and neutron interactions.

1. H.Hora. Physics of laser driven plasma. John Wiley and Sons, New York, 1981.

2. J.J.Duderstadt, G.A.Moses. Inertial confinement fusion. John Wiley and Sons, New York, 1982.

3. D.N.Zubarev, V.G.Morozov, G.Röpke. Statistical mechanics of nonequilibrium processes. Vol. 1: Basic concepts and kinetic theory. Academie Verlag, Berlin, 1996. Vol. 2: Relaxation and hydrodynamic processes. Academie Verlag, Berlin, 1997.

4. M.V.Tokarchuk. Teor. Mat. Fiz., 1993, vol. 97, No 1, p. 27-43 (in Russian).

A model for radionuclide migration with ground water

R.I. Zhelem

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

The object “Shelter” at Chernobyl nuclear power plant contains a lot of radioactive materials. Aqueous medium increases their mobility so dangerous elements are persistently penetrating into environment with ground water. Recent measurements show there are above 3000 m^3 of water at the object, only 1000 m^3 being under control. The egress is supposed to have a diffusion nature.

The model for diffusion treatment of active elements migration with ground water is proposed on the basis of two phase system “aqueous radioactive solution-clayey ground”. Within this model active elements particles (UO^{2+}_2 , Cs^+, Sr^{2+}) are considered as charged hard spheres having the overall charge to be compensated according to the electroneutrality condition by negative OH^−-groups in a continuous medium with the dielectric constant ε_p = 81 (water). The second phase is a continuous medium with the dielectric constant ε_c = 1 ÷ 15 (clay). Effects of electrostatic images are taken into account.

Diffusion coefficients are derived from the nonequilibrium statistical mechanics. They are expressed through singlet and pair equilibrium distribution functions to be evaluated for radioactive particles in the above mentioned model at various concentrations. Expressions for diffusion coefficients reduce to those obtained by other authors earlier for the homogeneous case.

Presented work has been supported by INTAS (grant INTAS–Ukraine–95–0133).

P 28 Thursday, May 21

Transverse dynamics of spin-^1_2 XX chain in transverse field with correlated Lorentzian disorder O. Derzhko and T. Krokhmalskii Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

We consider spin-^1_2 XX chain in transverse field governed by the Hamiltonian H = N∑ n=1 Ω_ns^z_n +

N−1∑ n=1 J_n(s^x_ns^x_{n+1} + s^y_ns^y_{n+1})

with random independent Lorentzian exchange couplings centered at J_0 with the strength of disorder Γ and transverse fields that depend linearly on the neighbouring couplings

Ω_n − Ω_0 = a ( J_{n−1} − J_0 2 + J_n − J_0 2 ) . Thermodynamic properties of the model can be obtained analytically for | a |≥ 1 [1]. We studied transverse dynamics of the model computing numerically [2] the correlation functions ⟨s^z_j (t)s^z_{j+n}(0)⟩ and therefore the dynamic structure factor S_{zz}(κ, ω) and susceptibility χ_{zz} (κ, ω). We discussed in detail the effects of correlated disorder comparing the results with the corresponding ones for the model with independent Lorentzian exchange couplings and transverse fields. 1. Derzhko O., Richter J. Phys.Rev.B 55 (1997) 14298. 2. Derzhko O., Krokhmalskii T. Phys.Rev.B 56 (1997) 11659.

Thermodynamic properties of nonuniform spin-^1_2 XX chain in transverse field

O. Derzhko and O. Zaburannyi

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: derzhko@icmp.lviv.ua

We consider a nonuniform spin-^1_2 XX chain in transverse field that due to the Jordan-Wigner transformation can be viewed as one-dimen-sional nonuniform system of noninteracting fermions. For any periodic configuration of exchange couplings J_n and transverse fields Ω_n the temperature double-time Green functions can be found exactly with the help of continued fractions. This immediately yields thermodynamic functions for the spin model considered. The introduced periodic nonuniformity leads to splitting of the magnon band into subbands that, in turns, yields the step-like dependence of the transverse magnetization on the transverse field, the well-pronounced changes in the temperature behaviour of entropy and specific heat etc. All these effects caused by periodic nonuniformity are discussed in detail.

P 30 Thursday, May 21

Light scattering in one-dimensional molecular aggregates

O. Derzhko and T. Verkholyak

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: derzhko@icmp.lviv.ua

We consider a linear aggregate consisting of N two-level molecules with transition frequency Ω and nearest-neighbour only dipole-dipole coupling J within the frames of pseudospin formalism. In a result we deal with the well-known quantum spin system, spin-^1_2 XX chain in a transverse field. Light-scattering experiments can be described with the help of the emission spectrum that in the pseudospin formalism can be written as

I(ω) = N∑ n,m=1

∫_∞ −∞ dte^{iωt}⟨s^+_n (t)s^−_m(0)⟩.

We calculate correlation functions of the quantum spin chain obtaining in a result I(ω). We analyse and discuss the derived frequency shapes at different values of model parameters and temperature.

Nucleation phenomena in atomic fluid in the electrical field

V.M. Myhal

Chair of Theoretical Physics, Ivan Franko Lviv State University, 12 Drahomanov Str., 290005 Lviv, Ukraine

We have suggested the density functional of grand thermodynamical potential for a fluid of two-level atoms in external electrical field. On the basis of this functional we have studied the appearance of new phases in supersaturated vapour and expanded liquid. We have examined the influence of the field on nucleation and cavitation barriers for that phase transformations and discussed what can be observed in corresponding experimental studies. Some of the presented results were already announced in Refs. [1, 2].

1. O.V. Derzhko, V. M. Myhal, Journal of Physical Studies 1 (1997) 402 (in Ukrainian).

2. O. V. Derzhko, V. M. Myhal, submitted to Journal of Physical Studies (in Ukrainian).

P 32 Thursday, May 21

Critical exponents of the diluted Ising model between dimensions 2 and 4

Yu. Holovatch^a and T. Yavors’kii^b

aInstitute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine bChair for Theoretical Physics, Ivan Franko Lviv State University, 12 Drahomanov Str., UA–290005 Lviv, Ukraine

We study the ferromagnetic ordering in the diluted Ising model in the region of dilution far from the percolation point. We are interested in the universal characteristics of the critical behaviour of the model with quenched disorder. The calculation are done within the fixed dimension massive field theoretical renormalization group approach, where the asymptotical critical behaviour of the model corresponds to the field Lagrangian with two couplings at ϕ^4-terms of different symmetry.

We obtain the expressions for the β- and γ-functions of the anisotropic mn-vector model in three-loop approximation for general space dimension d. The resulting series of the RG-functions appear to be divergent and we apply resummational procedures in order to extract reliable data on their basis. In particular, special attention is devoted to the effectiveness of different resummation techniques. Finally, the critical exponents for the weakly diluted quenched Ising model (m = 1, n = 0), as well as estimates for the marginal order parameter component number m_c of the weakly diluted quenched m-vector model are calculated as functions of d in the region 2 ≤ d < 4.

1. Holovatch Yu., Shpot M., J. Stat. Phys., 1992, vol. 66, No 3/4, p. 867-883 2. Holovatch Yu., Yavors’kii T., Cond. Matt. Phys., 1997, No 11, p. 87-108 3. Holovatch Yu., Yavors’kii T., J. Stat. Phys. 1998 (submitted)

A study of the nematic-isotropic phase transition in liquid crystals by Monte Carlo simulations of lattice models

Ja.M. Ilnytskyi

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: iln@icmp.lviv.ua

A new lattice model of the elongated molecules is proposed to describe the nematic to isotropic (NI) phase transition in liquid crystals. The nearest neighbours interaction via the Berne-Pechukas [1] anisotropic potential is considered. In contrast to widely used Lebwohl-Lasher [2] model an additional parameter of the molecular elongation is introduced.

Monte Carlo simulations of a lattice system of 20^3 molecules are performed. We investigate the temperature behaviour of the internal energy, heat capacity and the scalar order parameter near the NI transition. Particular attention was paid to the influence of the molecular elongation on the transition. The essentially higher values for the latent heat and for the jump of the order parameter at the transition are observed for more elongated molecules, which shows that the NI transition is stronger first order for more elongated molecules [3]. This result is in agreement both with the simulations of hard particles systems near the NI transition and with the simulations of lattice models considered higher order Legendre polynomials in the interaction potential.

The comparison with the experimental data [4] indicate that the behaviour of many real nematics in the vicinity of the NI transition can be described by this model concerning the elongation ratio of molecules from 3 to 5.

1. B. J. Berne, P. Pechukas, J. Chem. Phys. 56, 4213 (1972). 2. P. A. Lebwohl, G. Lasher, Phys. Rev. A 6, 426 (1972), U. Fabbri, C. Zannoni, Mol. Phys. 58, 763 (1986), Zh. Zhang, O. G. Mouritsen, M. J. Zuckermann, Phys. Rev. Lett. 69, 2803 (1992).

3. Ja.M.Ilnytskyi, Journ. of Phys. Stud. 1, 232 (1997). 4. I.Haller, Progr. Sol.-St. Chem. 10, 103 (1975).

P 34 Thursday, May 21

On the description of thermodynamic characteristics of quantum Heisenberg-type cluster systems

N.A. Korynevskii

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: koryn@icmp.lviv.ua

For investigation of critical behaviour of the order-disorder type system containing strongly correlated groups of atoms (clusters) the functional collective variables method is developed. Due to using of recently introduced generalized transition operators [1] (like well-known Hubbard-Stasyuk operators) the compact form of partition function functional is found. Intracluster interactions are described by exchange Heisenberg-type Hamiltonian. The statistic and thermodynamic properties of reference system (non-interacting clusters) are investigated. The method of calculation is developed and the coefficients of non-Gaussian basic distribution of collective variables on generalized transition operators are found.

The critical part of free energy of system is calculated in the frames of layer-by-layer integration method [2]. The recursion relations for the coefficients of block Hamiltonians with dipole-dipole interclusters interactions are found and solved. Due to rigorous treatment of external magnetic field ⃗h the equation of state is obtained in explicit form. The behaviour of average moment with h and τ =^{T −Tc}_{Tc} in the phase transition point neighbourhood is investigated.

1. Korynevskii N.A. Teor. Mat. Fiz. - 1983. - v.55, p.291-304. 2. Yukhnovskii I.R., Korynevskii N.A. phys. stat. sol. (b). - 1989. - v.154, p.519-534.

Quantum effects in anharmonic lattice models

Yuri Kozitsky

Institute of Mathematics, Marie Curie–Sklodowska University, Lublin Poland Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: jkozi@golem.umcs.lublin.pl

The model of interacting quantum particles performing anharmonic oscillations around their unstable equilibrium positions, which form the d–dimensional simple cubic lattice, is considered. It is shown that the critical point fluctuations of the displacements of particles may be suppressed for all temperatures and in all dimensions if the model is “strongly quantum”. A parameter describing the latter property quantitatively is proposed, it is shown that this parameter infinitely grows when the mass of the particle tends to zero. A sufficient condition for the uniqueness of Gibbs states at given temperature in such a model is established as a restriction of the particle’s mass to be less than a quantity, which may depend on temperature.

P 36 Thursday, May 21

The gas-liquid critical point of the binary symmetrical mixture

M.P. Kozlovskii, O.V. Patsahan, and R.S. Melnyk

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: romanr@icmp.lviv.ua

The collective variables method with a reference system is applied to the study of the binary symmetrical mixture behaviour in the vicinity of the gas-liquid critical point. The basic density measure (model ρ^4) is constructed in ρ_{⃗k}- variable phase space which contains the variable ρ_0 connected with the order parameter of the system.

The corrections ΔM_n to the basic cumulants in the transition Jacobian arising after integration over unessential collective variables are calculated. It is shown that the problem can be reduced to the calculation of the grand statistical sum functional of 3D Ising model in an external field. The explicit expressions for the critical temperature and critical density are derived and their dependence on microscopic parameters is studied.

Gas-gas equilibrium in binary fluid mixtures

O.V. Patsahan and I.R. Yukhnovskii

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: oksana@icmp.lviv.ua

Microscopic approach to the description of critical phenomena in binary fluid mixtures is proposed. It is based on the method of collective variables with a reference system (I.R. Yukhnovskii, Phase Transitions of the Second Order: Collective Variables Method, World Sci.Publ.Co.Ltd., Singapore 1987; I.R. Yukhnovskii and O.V. Patsahan, J.Stat.Phys., v. 81: 647(1995)). The functional of the grand partition function of the binary mixture is examined in the framework of parameters containing the gas-gas separation point. The physical nature of the relevant order parameter is discussed. The basic density measure is constructed in the collective variable phase space which contains the variable connected with the order parameter of the system. It is shown that the problem can be reduced to the 3D Ising model in an external field. For the symmetrical mixture the explicit expressions for the thermodynamic functions in the vicinity of the gas-gas separation point are obtained.

P 38 Thursday, May 21

Description of 3D Ising-like system thermodynamics on the basis of non-Gaussian sixth power measure density

I.V. Pylyuk and V.V. Dukhovii

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: piv@icmp.lviv.ua

On the basis of the collective variables method [1], the explicit expressions for the free energy, entropy, internal energy, specific heat and susceptibility as the functions of temperature and microscopic parameters of the system are obtained for the three-dimensional Ising model. The calculations are illustrated by the consideration of simple cubic lattice case and the exponentially decreasing interaction potential. The microscopic parameters are the potential parameters (the radius of effective interaction, the Fourier transform of the potential at zero wave vector value) and the lattice constant. Thermodynamic characteristics of the Ising ferromagnet near the phase transition temperature are determined in the approximation of the non-Gaussian sextic distribution of the spin density oscillation modes (ρ^6 model)^2.

The peculiarity of the microscopic calculation of the expression for the free energy of the system consists in the separation of the contributions from the short- and long-wave modes of the spin moment density fluctuations. The short-wave modes are described by a non-Gaussian measure density and are characterized by the presence of renormalization group symmetry. The calculation of the contribution of the long-wave modes to the free energy is based on the use of the Gaussian measure density as a basic one. Here a direct way of calculation is developed. The results obtained by allowing for the short-wave modes are taken as the initial data. The obtained expression for the free energy in the critical region allows to find other thermodynamic functions of the system. 1. I.R. Yukhnovskii, Phase Transitions of the Second Order. Collective Variables Method, World Scientific, Singapore 1987.

2. M.P. Kozlovskii, I.V. Pylyuk, V.V. Dukhovii, Cond. Matt. Phys. 11, 17 (1997).

Description of the critical behaviour of the lattice systems with n-component order parameter

Z.E. Usatenko and M.P. Kozlovskii

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

The method of calculation of the free energy of the lattice systems with n-component order parameter in three dimensions at the microscopic level is proposed. Mathematical description is produced using method, suggested in [1]. General recursion relations are obtained and the analysis of their approximate solutions in the critical temperature region is performed. Explicit analytical expressions for entropy, internal energy, specific heat, susceptibility near the phase transition point as functions of the temperature are obtained. The dependence of the thermodynamic characteristics of the system and the phase transition temperature on the microscopic parameters of interaction potential is analyzed. As the interaction potential we use an exponentially decreasing function of the distance between the particles situated at the N sites of a simple cubic lattice. Calculations were performed in the framework of the mathematically explicit problem formulation [2]. The equation of state of such systems with n-component order parameter using non- Gaussian measure density is obtained.

1. Yukhnovskii I.R. Phase Transitions of the Second Order. Collective Variables Method, Word Scientific Publ. Co. Pte. Ltd., Singapore 1987, p.327. 2. Vakarchuk I.A.,Rudavskii Yu.K.,Yukhnovskii I.R. Theor.Math.Phys., 1982, v.50, No 2, p.313-320 (in Russian).

P 40 Thursday, May 21

Phase transition of quadrupolar reorientation on magnetodielectrics with tensor interactions

I.P. Shapovalov

I.I.Mechnikov Odessa State University, 2 Dvoryanskaya Str., 270100 Odessa, Ukraine

We study magnetodielectrics with single-ion anisotropy and biquadratic exchange at low temperatures. By means of the local coordinates formalism for systems with tensor interactions, we determine all possible types of uniform ordering.

The transition between quadrupole and quadrupole-angle phases is studied; analytical expression for the temperature of this transition is obtained θ = −Dμ (μ − 1) ln[1 −^{3D}

4K_0(μ−1)+2D ]

where θ is the absolute temperature, D is the single-ion anisotropy constant, K_0 is the biquadratic exchange constant, and μ is the constant of biquadratic exchange anisotropy.

The θ − D phase diagram is constructed for different values of μ.

Phase transition in ferroelectrics Sn_2P_2S_6 under the high pressure

A.G. Slivka, P.P. Guranich, V.S. Shusta, and E.I. Gersanich

Physics department, Uzhgorod State University, Voloshina Str., 294000 Uzhgorod, Ukraine

The pressure dependences of isothermal volume compressibility for Sn_2P_2S_6 ferroelectrics have been investigated in the vicinity of phase transition. The pressure behaviour of critical index was examined as well as the coefficients values were defined in the expansion of thermodynamic potential density in terms of the order parameter power series and their change along the p,T-diagram. Our investigations demonstrated that as we approach to polycritical point (p=0,18 GPa,T=295K) along the phase diagram the coefficients in thermodynamic potential expansion increase occurs. Hence if follows from isothermal volume compressibility along the phase p,T-diagram that with increase in pressure PT for Sn_2P_2S_6 crystal drifts apart from a tricritical point, which evidently exists in negative pressures range, approaching to Lifshitz point.

P 42 Thursday, May 21

Large supersymmetry breaking for the motion of the electron in a magnetic field

V.M. Tkachuk^a and S.I. Vakarchuk^b

Lviv State University, 12 Dragomanova Str., 290005 Lviv, Ukraine aE–mail: tkachuk@ktf.franko.lviv.ua bE–mail: slavko@ktf.franko.lviv.ua

The motion of electrons in the magnetic field is one of the quantummechanical problems, where supersymmetry can be realized as a physical symmetry. It is well known that the N = 2 SUSY (supersymmetry) occurs in an arbitrary two-dimensional magnetic field B_x = B_y = 0, B_z = B(x, y) and a three-dimensional magnetic field B(−r) = ±B(r). Recently we have found new classes of three-dimensional magnetic fields in which the motion of the electron possesses the N=2,3,4 SUSY [1]. These are the fields which have some spatial symmetry with respect to the inversion of coordinates.

The question of broken and exact supersymmetry in these fields was studied. Witten introduced an index which can be the criterium of the existence of exact or broken SUSY. It is defined as a difference between bosonic and fermionic ground states with E = 0

Δ = n_B^{E=0} − n_F^{E=0}.

If Δ ≠ 0 then SUSY must be exact, if Δ = 0 —the question remains opened.

We calculated the Witten index for the Pauli Hamiltonian with the vector potentials mentioned above. The conditions for the vector potentials which lead to exact SUSY in the Pauli Hamiltonian were found. We have also derived the results of Aharonov-Casher theorem about degeneracy of the ground state in the two-dimensional magnetic field by supersymmetric methods.

1. V. M. Tkachuk, S. I. Vakarchuk, Phys. Lett. A 228 (1997) 141-145.

Gaussian approximation for Ising model. Variational approach

V.S. Yanishevsky

Drohobych I. Franko State Pedagogical Institute, 24 I.Franko Str., 293720 Drohobych, Ukraine, tel.: (03244) 3-33-32

It is known [1] that selfconsistent treatment of the order parameter fluctuations in Ising model possess certain difficulties. For instance, such approximations of diagrammatic technique as expansions in the loops order number, summation of the two-tail diagrams for ⟨S⟩, ⟨S_1S_2⟩ gives incorrect description of the order of phase transition in the vicinity of the critical point (i. e. first order phase transition instead of the second order one for the three dimensional systems). To solve these difficulty a method of the decomposition of the chain of equations for the spin correlation functions up to the third order was proposed in [2] where it was shown that the proposed decomposition gives correct description of the system behaviour in the vicinity of the critical point.

In this work the variational approach is applied within the functional integrational method. This approach is based on the known Bogoliubov inequality for free energy. In the functional integrational method the hamiltonian is function of the variables ρ_k(k ≠ 0) which describe fluctuations of the order parameter ρ_0. Trial Hamiltonian includes also dependence on the variational parameters α_k which are Fourier-transforms of the effective exchange interaction. Selection of the trial Hamiltonian is performed from the condition that for α_k → I_k (I_k are Fourier transforms of the exchange interaction) the results equivalent to the one obtained by the summation of the two-tail diagrams are obtained. Finally, a selfconsistent system of four equations is obtained and on its basis it is shown that equation for order parameter gives correct description of the phase transition order.

1. Yukhnovskii I.R., Levitskii R.R., Sorokov S.I. // Cond. Mat. Phys. – 1993. – 1. – P.43-62.

2. Popov M. A. // Theor. Math. Phys. – 1990. – 83, 3. – P. 455-461.

P 44 Thursday, May 21

Comprehensive investigation of geometric disorder of GaAs surfaces by complementary methods

J. Auleytner^a, T Barlas^b, I. Dmitruk^c, N. Dmitruk^b, O. Yastrubchak^b, and D. Zymierska^a

aInstitute of Physics of PAS, Warsaw, Poland bInstitute for Physics of Semiconductors of NASU, Kyiv, Ukraine cPhysical Faculty, Kyiv Taras Shevchenko University, Kyiv, Ukraine

This paper presents the results of experimental investigation of the influence of the geometric disorder, one of the most ubiquitous examples of which is surface roughness, on the scattering of the electromagnetic waves within wide spectral region from X-ray to infrared light. Randomly rough (microrelief) surfaces prepared with wet chemical anisotropic etching have been used because they have the certain geometric disorder without having damaged subsurface layers and even the improved electronic properties. The X-ray grazing incidence reflectivity, optical specular reflection and profilometry are used for characterization of the surface roughness. The optical and profilometry measurements relate to the macrorelief of the surface which defines a type of a surface (Gaussian, exponential or fractal one). The X-ray specular grazing scattering measurements compared with the computer simulations based on Fresnel theory give average micro-roughness. The influence of microand macro-irregularities on data of both Raman scattering and surface phonon spectroscopy are studied. The existence of Raman scattering lines from LO- and TO-optical phonon modes, their spectral position and the additional broadening observed are caused mainly by geometric disorder of the surface. These results are compared with both the dispersion and the damping of surface phonon polaritons excited by attenuated total reflection (ATR) method. The crystal structure perfection of anisotropically etched GaAs surfaces are confirmed by complementary methods based on the electromagnetic waves scattering. An anomalous small damping of surface modes on the some microrelief of GaAs have been observed by both ATR and Raman scattering methods.

Temperature-induced metal-insulator transition in a narrow-band model with non-equivalent Hubbard sub-bands at half-filling

L. Didukh and V. Hankevych Ternopil State Technical University, Department of Physics, 56 Rus’ka Str., UA–282001 Ternopil, Ukraine, E–mail: didukh@sci.politech.ternopil.ua

In present paper metal-insulator transition is studied in the model of narrow-band material with non-equivalent Hubbard sub-bands. The model is defined by intra-atomic Coulomb repulsion U and hopping integrals t, t̃, t^′; t, t̃ describe “translational” hoppings of holes and doublons respectively, t^′ describes a process of paired creation and annihilation of holes and doublons. A distinction of these hopping integrals is caused by taking into account of correlated hopping of electrons.

Quasiparticle energy spectrum is computed with the help of Green function method using a generalized mean-field approximation [1]. With the help of electron energy spectrum we obtain the energy gap width ΔE as the function of the concentration of polar states c (holes or doublons), the half-width of hole band w, the half-width of doublon band w̃, hopping integral t^′, the number of nearest neighbours to a site z, intra-atomic Coulomb repulsion U

ΔE = −(1 − 2c)(w + w̃) + 1 2 (Q1 + Q2),

Q1 = √ [B(w − w̃) − U]^2 + (4czt^′)^2,

Q2 = √ [B(w − w̃) + U]^2 + (4czt^′)^2, B = 1 − 2c + 4c^2 .

Concentration-dependence of energy gap leads to the fact that with increase of temperature the energy gap width is decreased. Thus narrow-band system can turn from a metallic state into an insulating state with increase of temperature.

For some values of U and w0 (w0 is half-width of band without taking into account of correlated hopping of electrons) we find the values of temperature when narrow-band material turns from a metallic state into an insulating state. We show that at given U/w0 metal-insulator transition in model with non-equivalent Hubbard sub-bands can take place at smaller temperature than in the Hubbard model. It testifies on the fact that taking into account of correlated hopping is important for a consideration of metal-insulator transition problem.

The obtained results are applied to the interpretation of the experimental data.

1. L. Didukh, Journal of Physical Studies (ISSN 1027-4642) 1, 241 (1997) (in ukrainian).

P 46 Thursday, May 21

Mott-Hubbard transition in a model with a doubly degenerated band

L. Didukh and Yu. Dovhopyaty

Ternopil State Technical University, Department of Physics, 56 Rus’ka Str., UA–282001 Ternopil, Ukraine, E–mail: didukh@sci.politech.ternopil.ua

In present paper the method developed in [1] for the Hubbard model is generalized with taking into account of twofold orbital degeneration which is characteristic for transition metal disulphides. The microscopic model is constructed to describe the electron subsystem of magnetic (ferromagnetic in saturated magnetic state, paramagnetic) with narrow energy bands.

The quasiparticle energy spectrum which allows to study initiated by external influences metal-insulator transition is calculated. We obtain the chemical potential, concentration of current carriers and energy gap width as a functions of model parameters and temperature. In the case of strong Hund’s-rule coupling (U ≫ U − J, U ≫ t, where U is the intra-atomic Coulomb repulsion, J is the intra-atomic exchange energy, t is the electron hopping integral) the energy gap width is

ΔE = −2w(0.75 − 1.5c) + 1 2 { [(U − J) + 0.5w)]^2 + 8c^2w^2

}_{1/2} + + 1 2 { [(U − J) − 0.5w]^2 + 8c^2w^2

}_{1/2} . where c is the hole concentration, 2w is the bandwidth without taking into account of the correlation effects.

The conditions of metallic and insulating states are determined. The obtained results allow to interpretate the observing peculiarities of physical properties of narrow-band materials and to predict the changes of such properties under the action of external influences (pressure, temperature, magnetic field, photoeffect). In particular, this model allows to explain metal-insulator transition which is observed in NiS_2, (V_{1−x}Cr_x)_2O_3.

Specific narrow-band effects and possibilities of its observation and application are discussed.

1. L. Didukh, Journal of Physical Studies (ISSN 1027-4642) 1, 241 (1997) (in ukrainian).

The semiconductor microcrystals embedded in solid matrices of the natural zeolite

A. Franiv^a, R. Peleshchyshyn^a, and M. Bublyk^b

aExperimental Physics Dept. of Lviv State University, 50 Dragomanova Str., UA-290005 Lviv, Ukraine bLviv Institute of Management, 57 700-richchya Lvova Str., UA-290601 Lviv, Ukraine

The paper deals with the problems of creating and investigating new materials on the base substitutive solid solutions of the semiconductor crystals incorporated into zeolite matrix. In_xTl_{1−x}I (0.2 < x < 0.95) semiconducting substitutive solid solutions and Na_8[Al_8Si_{40}O_{96}]÷24H_2O zeolite of the mordenite type (Na-MOR) in the matrice role have been used. The method of preparing the In_xTl_{1−x}I clusters is based on the thermovacuum processing. The one-dimensional emptiness of Na-MOR is little bit smaller than NaX or NaY synthetic zeolite. However, the higher characteristic energy compensates a few little bulk of the micropores. Na-MOR samples were powdered finely and dehydrated in vacuum. It is determined that Na-MOR gives back about 10% of water at the temperature 363 ÷ 633 K and the all water at the 823 ÷ 873 K during 3-6 hours without crushing of the space structure of the zeolite framework. In_xTl_{1−x}I molecules were incorporated into the zeolite supercages by physical absorption. Optimal temperature regime is within 653 ÷ 713 K respectively to In/Tl ratio. The absorption infrared spectra and luminescent spectra of the pure Na-MOR-matrices are investigated. A few models are proposed for In_xTl_{1−x}I microcrystals embedded in zeolite solid matrice.

P 48 Thursday, May 21

Theory of X-ray (neutron) diffuse scattering from binary alloys

Z. Gurskii and Yu. Khokhlov

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: zog@icmp.lviv.ua

As is well known a knowledge of atomic static displacement (ASD) amplitudes and the short-range order (SRO) parameters is required to calculate the diffuse scattering intensity theoretically. The problem, “reverse” to the stated above, has been solved ordinary: the SRO parameters are searched on the basis of experimental data on the X-ray diffuse scattering intensity and values of the ASD amplitudes, determined phenomenologically. It means that the ASD and the binary correlation function Fourier components are treated as independent parameters of a theory.

A microscopic approach to calculate the X-ray diffuse scattering intensity from disordered binary alloys is advanced in the paper given. It is a feature of the approach proposed that:

1. The ASD and the SRO effects are considered within the same collective variables method [1] and their mutual influence on each other is investigated for the first time.

2. The explicit expression for the Debye-Waller factor, which contains thermal and static terms, is obtained.

Equation for the X-ray (neutron) diffuse scattering intensity I(q) is derived and analysed. Original moments of the theory are emphasized. Theoretical results are illustrated by I(q) calculations performed for disordered alloys of K −Cs and Ca−Ba systems. It is shown that the SRO and the ASD contributions to the I(q) could not be treated separately. The ASD has drastic effect on the binary correlation function Fourier transform behaviour in the Brillouin zone. Dependence of I(q) on temperature and alloy concentration is investigated.

1. I.R. Yukhnovskii and Z.A. Gurskii Quantum-Statistical Theory of Disordered Systems, Naukova Dumka, Kyiv, 1991 (in Russian).

Model calculation of the influence of the nonhomogeneous semiconductor surface layer on the reflection and phase spectra in the resonance region

Petro Kosoboutski

Department of Physics, The University “Lvivska Polytechnica”, 12 Bandery Str., UA–290646 Lviv–13 Ukraine, E–mail: petkosob@polynet.lviv.ua

The presented work contains the theoretical analysis and model calculation of the effect of the surface state on the amplitude and phase spectra forming in the resonant dispersion region of the dielectric function, which is strong, especially in wide bandgap semiconductors due to their large exciton radius and oscillator strengths. The model calculations of the reflection spectra are based on the non-resonance layer at the semiconductor surface. Data analysis shows that:

1. The spectral position of the reflection minimum oscillates in the range of the longitudinal-transverse splitting of energy E_{lt} when the thickness d of the surface layer and damping factor γ are changed.

2. If the hodograph of the reflection complex amplitude r̃ passes through its common reference point, the phase spectra changes as “S”←→“N” independently from the nature of dispersion ε̃(ω). “S” type of phase contour was observed in the range ρ_{12} < ρ_{23}, where indexes 12 and 23 correspond to the vacuum-layer and the layer-bulk crystal interfaces r_{ij} = ρ_{ij} exp(iφ_{ij} ). When the condition ρ_{12} > ρ_{23} is satisfied then the phase spectra have the “N” type form.

3. It is suggested that multy-oscillations of the reflection spectra change when the resonance frequency changes in the near-surface region.

P 50 Thursday, May 21

Magnetic properties of dilute alloys: equations for magnetization and its structural fluctuations

T.V. Kuliy

Chair for Theoretical Physics, The Ivan Franko State University of Lviv, 12 Drahomanova Str., UA-290005 Lviv, Ukraine, E–mail: Kuliy@KTF.Franko.Lviv.UA

The dilute Heisenberg ferromagnet is studied taking into account fluctuations of magnetization caused by disorder. A self–consistent system of equations for magnetization and its mean quadratic fluctuations is derived within the configurationally averaged two–time temperature Green’s function method. This system of equations is analysed at low concentration of non–magnetic impurities. Mean relative quadratic fluctuations of magnetization are revealed to be proportional to the square of concentration of impurities.

External pressure effects in deuterated crystals of KH_2PO_4 family

R.R. Levitskii, I.R. Zachek, and A.P. Moina

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: alla@icmp.lviv.ua

We propose a unified approach to the description of deformed by the non-lowering the crystals symmetry pressures – hydrostatic and uniaxial p = −σ_3 – state of deuterated ferroelectrics and antiferroelectrics of KH_2PO_4 family. The calculations are performed in the framework of the proton ordering model, using the four-particle cluster approximation for the short-range deuteron correlations and the mean field approximation for the long range interactions. Within the Glauber approach, the relaxational dynamics of the crystals is considered in the approximation of the time-independent strains. A fair agreement with the available experimental data for the pressure dependences of the transition temperature and static dielectric characteristics of the MeD_2XO_4 (Me = K, Rb, ND_4, X = P, As) crystals is obtained. Possible pressure dependences of other characteristics of these crystals are stated, if those have not been studied experimentally yet. The crucial role of the pressure changes in the hydrogen bond geometry (the D-site distances) in the pressure dependences of the transition temperature and dielectric response of these crystals is shown. Effects of hydrostatic and uniaxial pressures are compared, and the possible changes in the D-site distances with the uniaxial pressure are discussed. Some peculiarities of dipole moment formation in the hydrogen bonded crystals are elucidated.

P 52 Thursday, May 21

Influence of hydrostatic and uniaxial σ_3 pressures on phase transition and dielectric properties of KH_2PO_4 type ferroelectrics and NH_4H_2PO_4 type antiferroelectrics

A.P. Moina and B.M. Lisnii

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: alla@icmp.lviv.ua

On the basis of the proposed earlier model [1], we study the influence of hydrostatic and uniaxial p = −σ_3 pressure on the phase transition and dielectric properties of KH_2PO_4 type ferroelectrics and NH_4H_2PO_4 type antiferroelectrics. In the four-particle cluster approximation, the free energies, thermodynamic potentials, and specific heats of these crystals are calculated; the equation for the order parameter and lattice strains is obtained, and the equation for the transition temperature is found. For the first time, the components of the dielectric permittivities of KH_2PO_4 type ferroelectrics and NH_4H_2PO_4 type antiferroelectrics are calculated. Variation of the tunnelling integral of a proton, moving in the double Morse potential, with the hydrostatic pressure is studied, taking into account the experimental linear pressure dependences of the H-bond length and the H-site distance.

1. I.V.Stasyuk, R.R.Levitskii, I.R.Zachek, A.P.Moina, A.S.Duda Cond. Matt. Phys., 1996, No 8., p.129-156.

Influence of uniaxial stress σ_1 − σ_2 on phase transition, thermodynamic and dynamic properties of deuterated ferroelectric orthophosphates

I.R. Zachek and A.S. Duda

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: alla@icmp.lviv.ua

We propose an approach for the description of the uniaxial stress influence σ_1 −σ_2 on hydrogen bonded ferroelectrics and antiferroelectrics of KH_2PO_4 family. In the four-particle cluster approximation, we calculate the free energy, thermodynamic potential, thermodynamic and dynamic characteristics of the crystals as functions of external stress and temperature. A thorough numerical analysis of the uniaxial stress influence on the phase transitions in KD_2PO_4 and ND_4D_2PO_4 crystals is performed. The pressure induced phase transitions are studied.

P 54 Thursday, May 21

Correlated effective field approximation for Ising model with arbitrary interaction

S.I. Sorokov and T. Verkholyak

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: werch@icmp.lviv.ua

Correlated effective field approximations are widely used in the theory of Ising systems with the nearest neighbour interaction [1,2]. On the basis of the approximate solution of the Callen identity

⟨S_k⟩ = ⟨tanh(β ∑ i≠k

J(R_i − R_k)S_i + βh_k)⟩

these methods give quite satisfactory results not only for the most thermodynamic functions but also for the inelastic neutron scattering cross section [3]. We apply the correlated effective field approximation proposed in Ref.1 to the model with arbitrary interaction. We analyze the thermodynamic functions of the model with different interactions and study the caused by the long range character of the interaction finite line width of the inelastic neutron scattering cross section. 1. T. Kaneyoshi, I. P. Fittipaldi, R. Honmura and T. Manabe, Phys. Rev. B, 24, 481 (1981).

2. A. Probak, M. Jaseur, JMMM, 136, 105 (1994).

3. M. Thomsen, M. F. Thorpe, T. C. Choy and D. Sherrington, Phys. Rev. B, 30, 250 (1984).

Dynamics and thermodynamics of pseudospin models. Two-particle cluster approximation

S.I. Sorokov, R.R. Levitskii, and O.R. Baran

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: ostb@icmp.lviv.ua

For quantum pseudospin models, the consistent formulation of the cluster expansion method is proposed for the first time. This method allows one to obtain the Ornstein-Zernike type equation for the temperature cumulant Green functions of any order. In the two-particle cluster approximation, an explicit expression is obtained for the pair cumulant Green function. In the random phase approximation, we calculate and study the free energy, entropy, specific heat, longitudinal susceptibility, static correlation functions ⟨S^x_nS^x_0 ⟩ and ⟨S^z_nS^z_0 ⟩, and spectra of elementary excitations and their integral intensities for the quasi-one-dimensional Ising model in transverse field. We show, that in the vicinity of the transition point, an essential suppression of the soft mode by the short-range correlations takes place. The obtained results are used for description of experimental data for quasi-one-dimensional ferroelectrics with hydrogen bonds.

P 56 Thursday, May 21

Van Hove singularity and D-wave pairing in disordered superconductors

G. Litak^a, A.M. Martin^b, B.L. Györffy^b, J.F. Annett^b, and K.I. Wysokiński^c

aDepartment of Mechanics, Technical University of Lublin, Poland bH.H. Wills Physics Laboratory, University of Bristol, UK cInstitute of Physics, Maria Curie-Sklodowska University, Lublin, Poland

We apply the coherent potential approximation (CPA) to a simple model for disordered superconductors with d-wave pairing and demonstrate that whilst the effectiveness of an electronic Van Hove singularity to enhance the transition temperature T_c is reduced by disorder it is not eliminated. In fact we give a qualitative account of changes in the T_c vs. doping curve with increasing disorder and compare our results with experiments on the Y_{0.8}Ca_{0.2}Ba_2(Cu_{1−c}Zn_c)_3O_{7−δ} alloys.

AC magnetic susceptibility of the granular Hg-containing HTSC

I.I. Gabriel, M.V. Matviyiv, and L.Y. Tkachuk

Chair of Materials for the Radioelectronics, L’viv State University, 50 Dragomanov Str., 290005 L’viv, Ukraine

Results of the experimental and calculated from the critical state models temperature and fields dependences of the dynamical magnetic susceptibility χn = χ^′_n − iχ^{′′}_n for the Hg-containing HTSC-samples are discussed.

Samples of Hg-1212 and Hg-1223 with the nominal contents Hg0.8Pb0.2Ba2Ca1 Cu2O_{6+δ} and Hg0.8Pb0.2Ba2Ca2 Cu3O_{8+δ}, respectively, are prepared using the solid/vapour phase reaction with the use of Hg-source [1].

Measuring of the χ^′_n and χ^{′′}_n are carried out using the inductive Khartshorne bridge with the direct writing down of the uptake signal by computer and the following programme processing of the gathered data.

Applying such methodics gave us the possibility to simplify distinguishing process of the in-phase χ^′ and quadratic χ^{′′} components and simultaneously to receive the information about the behaviour of some magnetic susceptibility harmonics. Critical state model [2] and modified one [3] were used for the calculation of the theoretical dependences of the magnetic susceptibility versus temperature. Critical parameters Hc1j , Hc2j and fn obtained from the field dependences of the magnetic susceptibility have been used for the calculations. Parameters which were closer defined are London depth penetration λg , pinning forces αj (0) and αg (0). Initial means λg (0) have been obtained as overall λ^{ab}_g (0) and λ^c_g (0) (4). The best coordination with the experiment have been obtained for the quadratic dependence αj versus T (αj ∼ (1 − T /Tc)^2) what means the formation of the SNS links between granules.

Parameters of the critical state are shown in the table and they have been obtained from the comparing of the experimental data and the model.

Compound ⟨Rg ⟩ ⟨λg ⟩ αj (0) αg (0) jcj (0) jcg (0) Link μm μm ATm^{−2} ATm^{−2} Amm^{−2} Amm^{−2} type (Hg,Pb)-1212 10 0.4 1.3 · 10^4 1.1 · 10^7 5.2 · 10^3 8.5 · 10^6 SNS (Hg,Pb)-1223 10 0.3 1.79 · 10^3 1.78 · 10^7 3.2 ˙10^2 1.4 · 10^7 SNS Table 1. Parameters of Hg-containing samples closer defined corresponding to the models.

1. R.V.Lutciv, I.I.Gabriel, I.V.Lazaryuk, M.V.Matviyiv, Journal of Physical Studies, to be published.

2. T. Ishida and R.B. Goldfarb, Phys. Rev. B 41, 13, 8937 (1990) 3. K.-H. Muller, Physica C 168, 585 (1990)

P 58 Thursday, May 21

Extra oxygen and carrier distribution in CuO_2 layers in HgBa_2Ca_{n−1}Cu_nO_{2n+2+δ} compounds (n=1,2,4)

R.V. Lutciv and Ya.V. Boyko Chair of Radio-electronic Material Sciences, Physical Department, Lviv State University, 50 Dragomanova Str., UA-290005 Lviv, Ukraine, E–mail: krem@wups.lviv.ua

The numerous investigations have shown, that in high-T_c La-, Y-, Bi-, Tl-based compounds the electrostatic interactions is the key factor in the charge distribution between the CuO_2 layers. The determination of the equilibrium state of the crystal lattice by minimization of the total energy E_{tot} is proposed to elucidate role of the electrostatic interactions in Hg-HTCS. E_{tot} contains the electrostatic (Madelung) and band energy E_b [1]. The approximation of non-interacting holes (U=0, where U is parameter of Coulomb repulsion on the same site) is used to evaluate E_b. The intralayer transfer integral was defined within the framework of the Cyrot’s model [2]. Finally the following expression was obtained for E_b:

E_b = πT_c δ ∑ i p^2_{hi},

where T_c is the superconducting critical temperature, δ is the number of holes, p_{hi} is the charge carrier density of the i-th CuO_2 layer. We assume that the holes distribute between the CuO2 layers uniformly for compounds with n=2. The inequivalency of the inner and outer layers is accounted for n=4. The minimization of total energy was performed with respect to contents of extra oxygen. The structure data of the series of the samples with different contents of the extra oxygen is used for the analysis [3]. The parameter which determine the distribution of holes between Cu and O sites during the calculation was selected to coincide δ_{min} and experimental data for one sample of the series. The calculations for the other samples satisfactory describe the changes of δ and indicate the prefered localization of the holes on the oxygen site according to the data for other classes of HTSC.

1. D. Tristan Jover et al. Phys. Rev. B 54, 4265 (1996). 2. M. Cyrot. Sol. St. Commun. 62, 821 (1987).

3. S.M. Loureiro et al. (to be published in “Studies of High Temperature Superconductors”, Nova Science Publisher, 1998).

The dependence of ferromagnetic ordering temperature of many-component amorphous magnets on the concentration

I.F. Margolych

Lviv State Medical University, 69 Pekarska Str., 290010 Lviv, Ukraine

The many component amorphous magnetic atoms system with Heisenberg exchange interaction was investigated with the help of functional integral approach. The magnetic part of the free energy for this system was obtained within random phase approximation (RPA). Using the expansion of the free energy in powers of order parameter, the Curie temperature of two-component amorphous ferromagnet is found taking into account the topological disorder and magnetic fluctuations. The explicit expression for the ferromagnetic ordering temperature as a function of concentration of magnetic atoms was calculated. When the atoms are considered to be hard spheres with the liquid-type disorder, the numerical calculations of the concentration dependence of the Curie temperature for two-sort amorphous magnets showed that there exists the critical concentration x_c of one of magnetic components (T_c(x_c) = 0) (it corresponds to decrease of effective radius of exchange interaction in the model exchange integral).

The dependence of concentration of nonmagnetic atoms on the expression of Curie temperature of many-component magnetic amorphous system is also obtained and discussed.

P 60 Thursday, May 21

Mechanism of forming of the electret state of porous silicon by hydrogen defects

L. Monastyrskii, O. Gal’chynskii, and I. Chegill Department of Physics, Lviv State University, 50 Dragomanov Str., 290005 Lviv, Ukraine

The perspective of porous silicon application for dielectric electronics and optoelectronics is connected with unsufficient stability of electrical and light emitting properties at different temperatures that may be conditioned with electrical activity ions drift in this material.

In this connection we have consider our aim to investigate thermoelectret condition of porous silicon. For this research we have used the thermostimulated discharge currents (TSDC) analysis, which ordinary is applied for electrets studying.

The heterostructures — porous silicon-silicon substrate at first was polarised at 177-450K and voltage 100V for obtaining of TSDC spectrum. Samples were isolated from copper electrodes with thin dielectric films. Thermostimulated polarisation was conducted by linear with time heating and cooling applying of the constant electrical field to specimen. Specimen was linear heated at 195K - 520K for obtaining TDSC condition. Values of depolarisation current about 10^{−13}A were measured in this process. The dependence of TSD current from temperature had some peaks, which we classified into two bands at 300–425K and 450– 525K temperatures. We have obtained energy distribution function of ions and their activation energy according to experimental dependence TDS current from temperature. For that we have solved numerically Fredholm’s integral equation, that described TSDC process in disordered structures. Our calculations witness about existence of the two types of ionised defects in PS with activation energies near 0.8 and 1.0 eV.

We have explained existence of TSDC phenomena in porous silicon and experimental character of TSDC spectra: on the surfaces of porous silicon the thin natural film of amorphous SiO_xC_y, exists, and covers huge area of pores. These films may be responsible for dielectric properties of porous silicon. Separately, for amorphous SIO_x TSDC band at 360–410K temperatures was explained by H^+ ions migration in SiO_x and second band at 450-525K temperatures was explained by alkali ions migration. So electret state of porous silicon exist due hydrogen defects and alkali ions migration on the surface of porous silicon.

Raman scattering in crystals with order-disorder type phase-transitions

Ya.L. Ivankiv

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine

A microscopic approach to the description of phonon and electron Raman scattering in the dielectric crystals with order-disorder type phase transitions is developed. The theory is based on the “operator” two-time Green functions formalism which is applied for the construction of the polarizability operators entering the general expression for the effective cross-section of Raman scattering. An equations of motion method and a perturbation series expansion over the electron and phonon variables are used. In the case of crystals with ordering structure units the procedure of averaging over their various configurations is elaborated.

The developed microscopic scheme is applied to the investigation of the Raman scattering in the ferroelectrics with hydrogen bonds and in the crystals with the structural phase transitions of Jahn-Teller type accompanied by the ordering of localized electron quadrupole momenta. The problems of the configurational splitting in spectra of scattering on the internal vibrations of ionic groups as well as of the additional (caused by the redistribution of mean occupancies of the low lying energy levels) temperature dependences of the electron and phonon Raman lines intensities are investigated more detailly.

The ferroelectrics of KDP family and the crystals with structural phase transitions of RXO_4–type (R are rare-earth ions) are taken as an object of study. The possibilities of direct experimental manifestation of the considered effects are discussed.

P 62 Thursday, May 21

Polarizability operator and Raman scattering intensity for systems with Hubbard interaction

T.S. Mysakovych

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: mtaras@icmp.lviv.ua

The aim of this investigation is to study nonphonon contributions to Raman light scattering in the systems with the Hubbard type interaction between electrons. This problem remains a subject of interest in spite of the success achieved in the description of the magnetic or electron Raman scattering as well as in the investigation of more complicated scattering mechanisms in the cases of partial filling of electron bands (P.Fleury, R.Loudon, 1968; B.S.Shastry, B.I.Shraiman, 1990).

We start from the general expression for the Raman scattering tensor in terms of the time correlation function calculated on polarizability operators

P̂^{βα}_{⃗k′⃗k}(ω, t) = − +∞∫ −∞ ds e^{iω(t−s)} {{ M̂^β(⃗k′, t)|M̂^α(⃗k, s) }}

(M̂^α(⃗k) is a dipole momentum operator of a crystal in the ⃗k–representation). To construct the P̂ operator, the equation of motion method for “unaveraged Green functions” {{A(t)|B(t^′)}} = −iΘ(t − t^′) [A(t), B(t^′)] is used (I.V.Stasyuk, Ya.L.Ivankiv, 1987). The solutions of these equations are built in the form of operator series.

This approach is applied to the cases of the Hubbard and the t − J models when the caused by interaction with light dipole transitions into the upper Hubbard subband as well as into situated at higher energies electron states are taken into account. The electron transfer parameter t_{i,j} and the effective exchange constant J_{ef f} are used as formal expansion parameters at the construction of the P̂ operator. The expressions for the Raman scattering tensor in terms of the correlation functions calculated on the Hubbard operators are obtained. For the case of the t − J model the possibility of the description of deviations from the pure magnon scattering at the some hole doping level is analysed.

Thermodynamics of system with strong short–range electron correlations in generalized random–phase approximation O.D. Danyliv Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: danyliv@icmp.lviv.ua

The generalized random phase approximation (GRPA) was proposed recently as a method of investigation of pair spin and charge correlations in systems with strong short–range Hubbard interaction. Due to the inclusion of interaction terms into zero–order Hamiltonian the diagrammatic technique for Hubbard operators was used. On this basis for the Hubbard model with local anharmonicity (pseudospin–electron model) the dielectric response function was investigated [1]. It was found that there are the regions of model parameters where dielectric instability and instability with respect to the charge separation take place but the problem of evaluation of thermodynamic functions in this approximation remained unsolved.

In this work the self–consistent generalization of GRPA scheme which allows to calculate thermodynamical potential and other characteristics of models with strong short–range electron interaction is proposed. Firstly, all diagrams with one–tailed loop–like inclusions into one–site cumulants are summarized what corresponds to the extended mean field approximation. Secondary, the additional renormalization of electron Green functions due to the shifts of energy levels as well as renormalization of their end parts are performed. The constructed within this approach loop–like diagrams are taken into account at the calculation of thermodynamical potential.

This approach is used for the investigation of thermodynamical properties of the two–sublattice Hubbard model with described by pseudospins local anharmonicity. The influence of electron subsystem on the possible ordering of pseudospins is studied. The phase diagrams of the model are built. The anomalies in the temperature and local field asymmetry dependence of dielectric susceptibility of the system are investigated. The obtained results are applied for the description of the anharmonic apex oxygen subsystem behaviour in the layered high–T_c superconductors.

1. Stasyuk I.V., Shvaika A.M. and Danyliv O.D. Molecular Physics Reports, 1995, vol. 9, p. 61-75.

P 64 Thursday, May 21

Pseudospin–electron model of high-T_c superconductors in large dimensions

A.M. Shvaika

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: ashv@icmp.lviv.ua

Energy spectrum and thermodynamics of the pseudospin–electron model introduced at the consideration of the anharmonicity effects in high–T_c superconductors are investigated in the dynamical mean field approximation developed for the description of the strongly correlated electron systems in the limit of infinite space dimension d = ∞. In the limit of zero electron correlation U → 0 this model is analytically exactly soluble within this approach: in the μ = const regime the first order phase transition with the jump of the pseudospin mean value ⟨S^z⟩ and reconstruction of the electron spectrum can realize, while in the n = const regime the phase separation in electron subsystem can take place for certain values of the model parameters.

On the basis of the obtained results the applicability of the approximate schemes previously used for the investigation of the pseudospin– electron model are discussed.

Phase transitions in pseudospin-electron model with direct interaction of pseudospins

I.V. Stasyuk and Yu. Havrylyuk Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: ista@icmp.lviv.ua

Pseudospin–electron model is one of the basic models for consideration of phenomena caused by anharmonic structure components in high-T_c superconductors. The model is also used for the description of proton-electron interactions in crystals with hydrogen bonds. If the direct pseudospin interaction − ∑ ij J_{ij} S^z_i S^z_j is taken into consideration the pseudospin part of the Hamiltonian of the model has the form of Ising’s Hamiltonian in the external field −h ∑ i S^z_i . The electron part corresponds to the Hubbard model. The coupling between two subsystems is given by contact interaction ∑ iσ n_{iσ} S^z_i .

The analysis of thermodynamic properties of the model in the case of zero electron transfer is performed. The interaction J_{ij} is assumed to be of ferroelectric type and is taken into account in the mean field approximation. At the exact treatment of the pseudospin-electron interaction the thermodynamic potential Ω and free energy F are derived. A set of equations based on the equilibrium conditions in the regimes n = const and μ = const are written for the order parameter η = ⟨S^z⟩ and chemical potential μ. The solution of the mentioned set of equations is performed using numerical methods. The dependencies of η(h), Ω(h) and F (h) for various values of n(or μ), T , g and J were analyzed. The analytic analysis for the limit case of T = 0 was performed.

It is shown that the interaction with electrons leads to the splitting of the transition in Ising model into two or three (depending on the value of U) phase transitions taking place at different values of h. The first order phase transitions at the change of temperature with a jumplike behaviour of ⟨S^z⟩ are possible. The phase diagrams (U, h; T = 0), (n, h; T = 0) and (T, h) are built. In addition to phases which correspond to η(T = 0) = ±^1_2 the phases with intermediate values η(T = 0) = 1 2 − n,^{1−n}_2 and^3_2 − n appear. The μ(n) dependencies at various values of the model parameters are investigated. The instability of phases with intermediate values of η with respect to phase separation is established.

The interpretation of the anomalies of thermodynamic characteristics which have been found in the case of nonzero electron transfer is given.

P 66 Thursday, May 21

Vacancy induced rearrangement phase transitions in apex oxygen subsystem of HTSC with YBaCuO-type structure

O.V. Velychko

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: velychko@icmp.lviv.ua

Thermodynamics of apex oxygen rearrangement processes in the YBa_2Cu_3O_{7−x} high–T_c superconductors affected by oxygen vacancies in CuO chains is studied in the framework of Mitsui model where two possible localizations of an apex oxygen are described by the pseudospin formalism. The influence of vacancies is modelled by the acting on the pseudospins longitudinal bimodal random field (with values h and h_{vac}) for both cases of nonequilibrium and equilibrium vacancy distributions. Thermodynamic functions of the model are calculated in the mean field approximation for long–range interactions with an exact treatment of the intracell interaction of pseudospins which belong to different sublattices.

The system can have various possible phases which correspond to possible arrangements of apex oxygens in different sublattices: nonequivalent nonpolar phases with the preferably antiphase localization and the polar phase with the partially synphase one. Results of calculations show that for the strong enough negative value of the intracell interaction parameter j or for the intercell interaction parameter a < −1 the polar phase is suppressed and the direct phase transition between nonpolar phases is possible (bistable behaviour). The dielectric susceptibility has an abrupt jump in the region of this phase transition.

For certain values of the system parameters there are three nonequivalent nonpolar phases in the low–temperature region which transform one to another at the variation of the vacancy concentration. In the case of the equilibrium vacancy distribution the intermediate phase could become unstable with respect to a phase separation.

Influence of an external pressure on the system is investigated in the conjecture that it leads only to the change of the asymmetry fields h and h_{vac}. Increase of the pressure has the effect similar to increase of the concentration but there is only one phase transition region at the pressure variation.

Orientational-tunneling kinetics of proton transport along the hydrogen-bonded chains

N. Pavlenko

Institute for Condensed Matter Physics, 1 Svientsitskii Str., UA–290011 Lviv, Ukraine, E–mail: natalie@icmp.lviv.ua

Various kinds of physical and biological objects contain the hydrogenbonded molecular systems in which the hydrogen bonds network plays a dominant role in their properties. In particular, the theoretical and experimental investigations of the proton mobility in water, proteins, at the surfaces and inside of the solid-state materials have received much attention recently.

In this work the problem of proton dynamics along the hydrogenbonded chains is considered. The proton transport process is described in the frame of the Grotthuss mechanism which involves the proton movement within the hydrogen bond with the further interbond hopping caused by librational “tumbling” of the neighbouring ionic group. The latter effect leads to the appearance of the so-called Bjerrum defects. The mobility of these defects of D- and L-type determines the protonic conductivity coefficients. On this basis the theoretical model is proposed which includes additionally the interaction between protons and the vibrational modes of the ionic groups that results in the strong polaronic effect.

Protonic conductivity and diffusion are studied in the frame of Kubo linear response theory. The temperature and frequency dependence of the kinetic coefficients is evaluated numerically. The influence of the strong intrabond proton coupling ad well as the polaronic effect on the proton transport is analysed additionally.

P 68 Thursday, May 21

Influence of the square-root Van Hove singularity on the critical temperature of high-temperature superconductors

E.A. Pashitskii and V.I. Pentegov

Institute of Physics, Ukrainian National Academy of Sciences, 252650 Kiev, Ukraine

It is shown that the square-root Van Hove singularity in the density of states ν (E_F ) ∼ (E_F − E_0)^{−1/2}, associated with the extended saddlepoint features (ESPF) in the electron spectra of the cuprate metal-oxide compounds with hole-type conductivity [1,2], leads to the nonmonotonic dependence of the critical temperature T_c of the superconducting transition on the concentration n_h of the doped holes. The effect of the square-root singularities on superconducting properties was considered earlier in [3,4] with the weak coupling approximation, giving a finite (and close to maximal) value of T_c for sufficiently high values of n_h, when the Fermi level E_F touches the bottom of the saddle E_0 in the energy spectrum. Such an approach however is unapplicable in this limit as the coupling constant λ ∼ ν (E_F ) diverges with the density of states. In the present report the concentrational dependence of the critical temperature is investigated in the strong coupling approximation. The account of the strong coupling effects leads to the renormalization of the coupling constant ~λ = λ/ (1 + λ) resulting in cancellation of the square-root divergency and, eventually, in the linear dependence of T_c ∼ (E_F − E_0) on the Fermi energy on ESPF, i.e. T_c approaches zero in the limit E_F → E_0. The ensuing concentrational dependence of T_c agrees qualitatively with the experimental data for the overdoped cuprates.

1. D. M. King, Z.-X. Shen, D. S. Dessau. Phys. Rev. Lett. 73, 3298 (1994). 2. V. Gofron, J. C. Campuzano, A. A. Abrikosov et al. Phys. Rev. Lett. 73, 3302 (1994).

3. A. A. Abrikosov, J. C. Campuzano, V. Gofron. Physica C 214, 73 (1993). 4. A. A. Abrikosov. Physica C 214, 107 (1993); 222, 191 (1994); 244, 243 (1995).

Two-ray laser spectroscopy of deep local centers in ZnSiP_2

I. Patskun and A. Rybalko

M.Dragomanov National Pedagogical University, Kyiv, Ukraine

The experimental optical method for determination of band structure and energy of local centers is developed. The method is based on using of two laser rays - one with high intensity and small intensity probe ray. In the paper this method has been applied for ZnSiP_2 single crystals grown from tin. ZnSiP_2 crystals have the structure of halcopyrit and hole type of conductivity. Measurements were taken at 293K by above-mentioned laser amplitude - modulated spectroscopy method. We have carried out the analysis of relaxation kinetics of occupancy density of deep dopant centers at high and at low levels of generations electrons and holes in bands by laser impulse. The impulse neodime laser (15 nsec) and impulse xenon lamp (150 nsec) have been used as modulating source and as probe source, respectively. These two sources were synchronized.Three types of deep levels 0,P and R have been discovered. The photoionization crosssections for the electron transitions from O or P centers into c-band are obtained - 0.6 × 10^{−17}cm^2 and 1.3 × 10^{−17}cm^2, respectively. The energy diagram of deep levels of impurity origin and the scheme of optical and recombination transitions have been built.

P 70 Thursday, May 21

The influence of heterointerface onto band gap value of epitaxial structures Ga_xIn_{1−x}As_yP_{1−x}/InP

R.M. Peleshchak and V.P. Yatsyshyn Drohobych I. Franko State Pedagogical Institute, 24 I.Franko Str., 293720 Drohobych, Ukraine

The heterointerface in low-dimensional structures with a large lattice constant mismatch (f = Δa/a ≥ 2%) should significantly change the band structure and main characteristics of pseudomorphical lowdimensional systems. The aim of this communication is to propose the method for estimating of heterointerface strain influence in quaternary solid solution Ga_xIn_{1−x}As_yP_{1−x}/InP on the band gap value. The method is based on the model of deformation mismatch on the heterointerface is accommodated by planar elastic deformation.

For investigated heterostructure the deformation dependence of band gap can be expressed an follows:

~Eg ≈ Eg(0) + 5 4 [ S_⊥ − S_‖

C_{11} + 2C_{12} + 4C_{44} 3(C_{11} + 2C_{12}) ] ε_⊥, (1)

where Eg(0) is a bandgap value without deformation, S_⊥ is a constant of deformation potential normally to the heterointerface plane, S_‖ is a deformation potential constant parallel to the heterointerface, C_{ij} are the elasticity modules of solid solution, ε_⊥ is a deformation tensor normally to the heterointerface plane. The dependence of ε_⊥ from molar parts x and y is

ε_⊥ = 1 a_{InP}

3(C_{11} + 2C_{12}) C_{11} + 2C_{12} + 4C_{44}

[a_{GaAs}xy + a_{InAs}(1 − x)y+ (2)

+a_{GaP} x(1 − y) + a_{InP} (1 − x)(1 − y) − a_{InP} ] .

The estimation of Eg_1 (1) accounting (2) in dependence of solid solution composition x, y correlates with experimental results [1]. Besides that we have estimated the coefficient^d ~^{Eg}_{∂σ} of epitaxial structure based on expressions (1), (2) and σ = −2C_{44}ε_⊥.

1. Lozovsky V.N., Lunin L.S., Ratushny V.I., Razumovsky P.I., Budanov V.A., Lunina D.L. IIM’97 proceedings, Gdańsk, 1997, Sept. 10-13. - Politechnika Lubelska, 1997. - P.165-169.

Radiation induced effects in ternary amorphous chalcogenides

O.I. Shpotyuk, M.M. Vakiv, A.P. Kovalskiy, T.S. Kavetsky, and R.Ya. Golovchak

Lviv Scientific Research Institute of Materials of SRC “Carat”, 202 Stryjska Str., UA-290031 Lviv, Ukraine, E–mail: granat@carat.lviv.ua

A new experimental results concerning optical studies of radiation– induced effects in vitreous chalcogenide semiconductors (VChS) at the range of fundamental absorbtion edge are discussed. The ternary systems of VChS, such as As-S-Sb, As-S-Ge, As-S-Tl, As-Se-Sb, As-Se-Ge, Sb-S-Ge, have been investigated over a wide range of compositions including ones with topological phase transitions, structural and chemical transitions, as well as nontransitional quasibinary substitutions. All investigated samples have been prepared by direct synthesis in evacuated quartz ampoules using high purity initial components. They have been irradiated by gamma–quanta with 1,25 MeV average energy at the power of exposure doses over 20 Gy/sec. It is obtained that radiation treatment leads to the long–wave shift of the fundamental absorption edge for VChS samples. These radiation–induced changes of absorption spectra are unstable. They restore to some residual value after the period of 2–3 months. The other way to partial restoration of the radiation–induced spectra is thermal annealing at the temperatures just below softening point Tg. It testifies to the existence of two components of this effect: statical and dynamical ones. Above mentioned results are recalculated in the form of spectral dependences of the absorption coefficients difference (before and after gamma-irradiation). This curve for each VChS sample has a well expressed maximum, which shifts to the low-energy part of spectra with increasing of average coordination number. Compositional– , time– and temperature–related dependences of these radiation–induced changes are studied. Obtained results are explained in a framework of the model of coordination defects formation in the VChS structural network.

P 72 Thursday, May 21

The baric changes of optical properties of KDP crystals

V.Y. Stadnyk, M.O. Romanyuk, and V.Y. Kurljak

Lviv Ivan Franko State University, 8 Kyrylo and Mefodij Str., 290005 Lviv, Ukraine

Influence of the uniaxial mechanical pressure σ_m (m=1,2,3) on the temperature (77-300K) and spectral (400-700nm) dependence of the birefringence Δn_i and phase transition (PT) temperature T_c of KDP and DKDP crystals is investigated.

In paraphase of KDP and DKDP crystals uniaxial pressures σ_3 and σ_1 leads to the increase and to the decrease of Δn_2, respectively, and |δΔn_2(σ_1)| > |δΔn_2(σ_3)|. The sample compression does not practically influence its dispersion and leads to the reduction of the temperature dependence of Δn_2. In the polar phase of KDP crystal the following changes of Δn_i are observed: pressure σ_1 leads to the decrease of Δn_2 and to the increase of Δn_3; pressure σ_2 decreases Δn_1 and Δn_3 and pressure σ_3 increases Δn_1 and Δn_2. The analogous baric changes of the birefringence Δn_i of DKDP crystals in polar phase are investigated. When temperature approaches T_c from the polar phase the temperature sensitivity of the baric changes of Δn_i for KDP grows and for DKDP crystals decrease, respectively.

Uniaxial pressure σ_1 and σ_3 shifts PT points of KDP and DKDP crystals to the low temperatures region with different speeds: dT/dσ_1 = −0.003 (KDP) and −0.007 (DKDP) K/bar; dT/dσ_3 = −0.007 (KDP) and −0.012 (DKDP) K/bar. Uniaxial pressure σ_2 shifts PT points to the high temperature region: dT/dσ_2 = 0.008 (KDP) and 0.011 (DKDP) K/bar.

The “resulting” (hydrostatic) pressure: dT_c/dp = ∑ dT_c/dσ_i = −0.002 (KDP) and −0.008 (DKDP) K/bar shifts the PT points to the low temperature region.

On the basis of the experimental data the temperature changes of the combined piezooptic constants π^0_{12}, π^0_{13}, π^0_{31} and π^0_{32} of KDP and DKDP crystals are studied. When temperature increases from the depth of the ferroelectric phase the constants π^0_{im} for KDP crystal increase and achieve maximum at T_c, while for DKDP crystal the opposite behaviour is observed.

Local magnetic structure of the as implanted ferrit-garnet films

O.M. Tkachuk and Valeriy Tkachuk

Precarpathian Vasyl Stefanyk University, Chair of Solid State Physics 57 Shevchenko Str., Ivano-Frankivsk, UA-284025, Ukraine

The magnetic field distribution function on the iron nuclei after different doses of As ion implantation has been obtained. The magnetic fields distribution forms evidences about dominant role of thermal peaks in the implanted layer structure information.

P 74 Thursday, May 21

Energy spectrum and density of states of electrons with diagonal disorder on two-dimensional lattice in magnetic field

O.M. Woznjak

Chair of Solid State Physics, Precarpathian Vasyl Stefanyk University, 57 Shevchenko Str., UA-284025 Ivano-Frankivsk, Ukraine

The expression for Green functions of electrons on two-dimensional lattice sites has been obtained. The energy spectrum and its damping and the density of states have been calculated in the case when the system consists of two chains of N sites.

Swelling and shrinking of polymer chains in the homopolymer blends

A. Aksimentyev and R. Hołyst

Institute of Physical Chemistry and College of Science, Department III, Kasprzaka 44/52, 01-224 Warsaw, Poland, E–mail: alek@saka.ichf.edu.pl

The radius of gyration, R, of polymer chain in homopolymer blends is studied in the framework of a self-consistent one-loop approximation. We show that polymer chains can shrink or swell in comparison to the Gaussian chain. The swelling of polymer chains in a region far away from the critical point is caused by the steric repulsive forces that were included in the model as constraint of incompressibility. The chains shrink progressively, as we approach the critical region passing through the Gaussian limit, R_0 =

√_N 6 l (N - polymerization index, l - length of monomer), far away from the critical point. The correction responsible for swelling and shrinking is small when concentrations of components ϕ̄ are comparable (N = 1000, ϕ̄ = 0.5,^{R20 −R2}_{R20} = ±0.02%). This effect, although small, leads to local demixing (sharp shrinking of chains in both component accompanied by strong change of global inter-monomer distance) which should be experimentally observable. When local demixing occurs there is a sudden increase in the scattering intensity (of the order of 30% for N = 1000, and ϕ̄_A = 0.2). The increase of the polymerization index of one component leads to increase of swelling-shrinking effect for this component. In addition, the critical concentration in such system changes towards the smaller value of shorter chains component concentration in comparison to the value obtained in the Flory-Huggins theory. The self-consistent determination of the radius of gyration and the upper wave-vector cutoff makes our model free from any divergences. In the limit of N → ∞ this theory reduces to the RPA of de Gennes.

P 76 Thursday, May 21

Gas-liquid phase transition. Van der Waals model

Yu.L. Klimontovich

Department of Physics, M.V. Lomonosov State University, Vorob’evy Gory, 119899 Moscow, Russia, Tel. (7-095) 939-38-25, Fax (7-095) 143-85-47, E–mail: yulklim@hklim.phys.msu.su

For the Van der Waals model the kinetic theory of critical phenomena is developed. This approach differs radically from the traditional phenomenological one which is based on the scale-invariance hypothesis and on the renormalization group method. By the analysis of the kinetic equation the account of dynamic and fluctuational characteristics is carried out and on this basis the explanation of some experimental date is given. The dynamical processes is described in the self-consistent approach for the first and the second moments. For the description of fluctuational processes the corresponding Langevin equations are used. The intensity of Langevin sources by the structure of the dissipative terms in the kinetic equation is defined.

The analysis of experimental date on temperature dependence of the thermal capacity and for spectra of molecular scattering of light confirms the theoretical result of the kinetic theory.

Wall-induced lamellar order in microemulsions

M. Tasinkiewicz and A. Ciach

Institute of Physical Chemistry, Polish Academy of Sciences, 01-224 Warszawa, Poland, E–mail: miko@saka.ichf.edu.pl, aciach@saka.ichf.edu.pl

A structure of microemulsion near a planar wall is studied (1) within a lattice model in which the orientations of amphiphiles are taken into account [1] (2) within a Landau-Ginzburg model based on a new order - parameter for lamellar ordering.

In the bulk the second- and the first - order transitions between microemulsion and the lamellar phase occur in both models and the wetting of the solid wall by the lamellar phase at coexistence with microemulsion can be studied.

We find:

(a) near the wall the concentration distribution is different from the corresponding correlation function in the bulk.

(b) the closer to the coexistence with the lamellar phase, the more structured the near-surface fluid, i.e. the larger the number of lamella near the surface.

(c) continuous wetting transition by the lamellar phase at coexistence with microemulsion occurs.

Our results are in conformity with recent experimental findings [2,3].

1. A.Ciach, J.Chem.Phys. 93(1990)5322 2. R.Steitz, C.Braun, P.Lang, G.Reiss and G.H.Findenegg, Physica B, 234 (1997) 377 3. D.D.Lee, S.H.Chen, C.F.Majkrzak and S.K.Satija, Phys. Rev. E, 52 (1995) R29

P 78 Thursday, May 21

On the subthreshold defect formation in semiconductor crystals

H.N. Yeritsian, A.A. Sahakyan, and S.K. Nikogosyan

Yerevan Physics Institute, 2 Alikhanian Brothers Str., 375036 Yerevan, Armenia, E–mail: grant@uniphi.yerphi.am

The radiation defect formation in solids emerges from the atom displacement and the vacancy-interstitial pair production, which mostly moves over the volume and forms stable secondary defects with impurities and other imperfections. Several mechanisms of radiation defect production have been proposed. The simplest one is the elastic collision, when the energy of atom E_a, transferred from the irradiation is greater than E_d (threshold for adiabatic displacement of the lattice atom).

Under certain condition, a structural defect production and even subthreshold processes will occur. Among several theories in this field the impurity-ionization mechanism (IIM) proposed by Karpov and Klinger should be of vital importance for defect production in non-metallic crystals, particularly in semiconductors and ion crystals. The IIM may be efficient when the energy E_c of the Coulomb interaction between the host atom and impurity atom ions be greater than E_d. The second term which is necessary for IIM is that the time of positive charge localization at the ionized atom is greater than the atom displacement time.

Thus, the realization of the IIM requires adherence of two conditions: 1. The concentration of impurities taking part in defect production is high enough (for example in Ge and Si the donor concentration of P atoms will be more than 5 · 10^{17} per cm^{−3}) providing the energy transform via Coulomb interaction.

2. The localization time of the charge at a free ion is larger than atom displacement time.

So, the point is to determine the displacement of different kind of atoms distributed over a single set of sights in the vicinity of ionized atoms.

These conditions are analyzed in detail.

Author’s Index

Aksimentyev A., 135 Andriyevsky B., 53 Annett J.F., 116 Auleytner J., 104

Baran O.R., 115 Barlas T, 104 Baryakhtar I.V., 48 Batsevych O., 85 Baumketner A., 79 Blazhievsky L.F., 61–63 Blazhyevskyi Yu.L., 64 Boyko Ya.V., 118 Brodyn M.S., 33 Brovchenko I.V., 55 Bryk T., 81, 83 Bublyk M., 107 Bystrenko O.V., 29

Chegill I., 120 Chushak Ya., 79, 80 Ciach A., 137 Cieplak Marek, 21

Danyliv O.D., 123 Derzhko O., 88–90 Didukh L., 105, 106 Diehl H.W., 22 Dietl T., 27 Dmitruk I., 104 Dmitruk N., 104 Dovhopyaty Yu., 106 Drewitz A., 52 Dubyk S., 50 Duda A.S., 113 Dukhovii V.V., 98

Efremov A.A., 35

Ferber C. von, 23, 51 Folk R., 25, 49, 50 Franiv A., 107

Gabriel I.I., 117 Gal’chynskii O., 120 Gerasimov O.I., 47, 68, 69 Gersanich E.I., 101 Golovchak R.Ya., 131 Goutych I.F., 19 Guranich P.P., 101 Gurskii Z., 57, 108 Györffy B.L., 116

Hachkevych A.M., 82 Hankevych V., 105 Havrylyuk Yu., 125 Heinzinger K., 14 Hil’ H.B., 61, 62 Hołyst R., 135 Holovatch Yu., 51, 92 Holovko M.F., 13, 70, 71 Holubets’ T.V., 77

Ignatyuk V., 83 Ilnytskyi Ja.M., 93 Iro H., 49 Ivankiv O.L., 77 Ivankiv Ya.L., 121

Kahl G., 80 Kapko V.I., 72 Katletz S., 43 Kavetsky T.S., 131

Kharchenko M.F., 34 Khokhlov Yu., 108 Khudyntsev N.N., 68, 69 Kilyan A.N., 47 Klimontovich Yu.L., 38, 136 Kobryn A.E., 86 Kondrat S., 71 Korynevskii N.A., 94 Kosevich A.M., 28 Kosoboutski Petro, 109 Kovalchuk V.V., 62 Kovalskiy A.P., 131 Kozitsky Yuri, 95 Kozlovskii M.P., 24, 96, 99 Krawczyk J., 57 Krokhmalskii T., 88 Krotscheck E., 16 Krynytskyi Yu., 63 Kuliy T.V., 110 Kurljak V.Y., 132 Kushtai Ya., 66 Kuzin V.V., 75

Levitskii R.R., 54, 111, 115 Lisnii B.M., 112 Litak G., 116 Litovchenko V.G., 35 Lutciv R.V., 118

Margolych I.F., 119 Martin A.M., 116 Matviyiv M.V., 117 Melnyk R.S., 96 Moina A.P., 111, 112 Monastyrskii L., 120 Morozov V.G., 39 Moser G., 25 Mryglod I., 50, 81, 83

Mudry R., 73 Myhal V.M., 91 Mysakovych T.S., 122 Myshchyshyn O., 53

Nicolis G., 68 Nikogosyan S.K., 138

Oleinikova A., 58 Omelyan I.P., 46, 84

Pashitskii E.A., 32, 128 Paslavs’kii V., 67 Patsahan O.V., 96, 97 Patskun I., 129 Pavlenko N., 127 Peleshchak R.M., 130 Peleshchyshyn R., 107 Pentegov V.I., 128 Polishchuk Z., 70 Protsykevich I.A., 74 Pylyuk I.V., 98

Reading J.F., 18 Romanyuk M.O., 53, 132 Rudavskii Yu., 50, 85 Ryabchenko S.M., 36 Rybalko A., 129

Sahakyan A.A., 138 Schachinger E., 31 Schinagl F., 49 Schoerkhuber K., 16 Schram P.P.J.-M., 19, 20, 47 Shalaev B.N., 40 Shapovalov I.P., 100 Shevel S.G., 33 Shimkevich A.L., 45, 75 Shimkevich I.Yu., 75

Shpot M., 52 Shpotyuk O.I., 131 Shusta V.S., 101 Shvaika A.M., 124 Shvets V.T., 56 Sitenko A.G., 19 Sizonenko Yu.V., 78 Slivka A.G., 101 Sokolovska T., 76 Sokolovskii R.O., 54 Solovyan V., 65, 66 Sorokov S.I., 114, 115 Stadnyk V.Y., 132 Stasyuk I.V., 30, 77, 125 Stetsiv R.Ya., 78

Tasinkiewicz M., 137 Titulaer U.M., 43 Tkach M.V., 37 Tkachuk L.Y., 117 Tkachuk O.M., 133 Tkachuk V.M., 44, 102 Tkachuk Valeriy, 133 Tokarchuk M., 15, 46, 86 Tyshchenko V.V., 33 Tyshko N., 65

Usatenko Z.E., 99

Vakarchuk I.O., 17 Vakarchuk S.I., 102 Vakiv M.M., 131 Vavrukh M., 65–67 Velychko O.V., 77, 126 Verkholyak T., 90, 114 Vysochanskii Yu.M., 26

Woznjak O.M., 134 Wysokiński K.I., 116

Yanishevsky V.S., 103 Yastrubchak O., 104 Yatsyshyn V.P., 130 Yavors’kii T., 92 Yeritsian H.N., 138 Yukhnovskii I.R., 15, 24, 97

Zaburannyi O., 89 Zachek I.R., 111, 113 Zagorodny A.G., 19, 29 Zhelem R.I., 87 Zymierska D., 104

List of INTAS Projects presented on the Workshop

93-1324 Exactly solvable 3D models of statistical

mechanics

I.Baryakhtar

93-1662 Theoretical investigations of linear and nonlinear excitation at surfaces, interface and thin films

A.M.Kosevich

93-2651 High temperature devices fabricated on silicon

carbide and solid solution of silicon carbidealuminium nitride

V.Litovchenko

93-3230 Comparative study of the disorder crystal with

phase transitions, the dielectric glasses and the ferroelectric ceramics

Y.Vysochanskii

93-3657 -ext

II-VI semiconductor quantum wells and superlattices

S.Ryabchenko

94-0324 Non-linear optics, lasing, dynamics and localization of excitons in II-VI epilayers and superlattices

M.Brodyn, S.G.Shevel

94-0870 Non-linear phenomena in microphysics of

collisionless plasmas, space and laboratory applications

A.Sitenko

94-0935 Magnetoelectric and related physical properties

of insulating multiferroic crystals in magnetic fields up to 30 Tesla

N.F.Kharchenko

94-1720 Tunneling of magnetization and electron tunneling that depends upon magnetization in mesoscopic objects

M.Tkach

94-2940 Plasma crystal studies: plasma crystal laser A.Zagorodny

94-2959 Statistical physics of complex fluids and

plasmas

A.Sitenko, A.Zagorodny, Yu.Klimontovich 94-3754 Non-linear modes in quasi-one-dimensional

polymers and high-temperature superconductors

I.Baryakhtar

95-0133 Investigation of the complex formation and

ionic transport processes in water, aqueous solutions and H-bonded systems for the development of environmental protection solutions connected with water pollution

M.Rasmussen, M.Holovko, I.Stasyuk, M.Tokarchuk, K.Heinzinger, I.Protsykevich, O.Ivankiv, A.Zagorodny 96-0617 Physics and applications of colloidal and dusty

plasmas

O.I.Gerasimov, A.Zagorodny

INTAS – the International Association for the promotion of co– operation with scientists from the New Independent States of the former Soviet Union

58, Avenue des Arts, Box 8, B–1000 Brussels, Belgium

Phone: + 32 254901 11 Fax: + 32 2549 01 56

e–mail: INTAS@INFOBOARD.BE http://www.cordis.lu/intas/home.html http://www.ib.be/intas

INTAS, the International Association for the promotion of co-operation with scientists from the New Independent States of the former Soviet Union (NIS) was established in June 1993 as a European initiative to support research projects and networks of scientific excellence for the mutual benefit of teams from the INTAS members and the NIS. Scientific research projects and networks are selected on the basis of a peer review system from proposals submitted to INTAS in the framework of regularly launched calls, some jointly with other organisations from both NIS and INTAS members. In all cases, INTAS abstains from financing military research and from any political and commercial activities.

INTAS members: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Israel, Italy, Luxembourg, The Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, the United Kingdom and the European Community.

The National Academy of Sciences of Ukraine

54 Volodymyrska Str., UA–252601 Kyiv Ukraine

Fax + 380 442243243

The National academy of sciences of Ukraine is the highest scientific institution of the country and a one of leading centers of science in the world. The Ukrainian academy of sciences was founded in 1918.

The Academy is a community consisting of nearly 38 thousands of scientists working in more than 130 scientific institutions. It unites more than 13 thousands researchers, among them 2406 doctors and 8207 candidates of sciences.

70% fundamental researches in Ukraine are performed by the Academy’s institutions.

The Academy is organised in 13 Divisions devoted to: - mathematics; - informatics; - mechanics;

- physics and astronomy; - Earth sciences; - new materials; - energetics; - chemistry;

- molecular biology, biochemistry, experimental and clinical physiology; - general biology; - economics;

- history, philosophy and law; - literature, language and art.

The Division of physics and astronomy is one of the largest divisions and posesses the largest intellectual potential. The Division encircles 19 scientific institutions in Kyiv, Kharkiv, Lviv, Donetsk, Uzhgorod and Sumy. 522 doctors and 1434 candidates of sciences work in them.

The Academy coordinates scientific studies via regional scientific centers: Innovative (Kyiv), Western (Lviv), Southern (Odesa), South-Eastern (Kharkiv), Dniprean (Dnipropetrovsk), Crimean (Simferopol) and Donetsk centers.

Ministry of Ukraine for Science and Technology

16 Shevchenko Blv., 252030 Kyiv, Ukraine

Phone/Fax: + 380 44 246 3896

+ 380 44 246 3909

Ministry of Ukraine for Science and Technology is a central body of executive power that is providing implementation of state policy in the sphere of scientific and technological activities of the bodies which are administering in scientific and technological spheres; is responsible for development of scientific and technological potential of Ukraine; inspecting an effectiveness of making use of financial and material means assigned by the state for development of science and technology. Objectives of the ministry • Establishing principles of scientific and technical development; • Securing development of scientific and technical potential of Ukraine, taking measures to improve the network of scientific research establishments and organizations:

• Organizing and co-ordinating innovative activities;

• Co-ordinating the development of the national scientific and technical information system;

• Making arrangements for protecting rights to industrial property; • Managing the activities of the system of scientific and technical expert examination;

• Exercising state supervision and control in the sphere of scientific and technical activities;

• Ensuring integration of the science of our country into world’s scientific expanse while preserving and protecting the national priorities.

THE FUNDAMENTAL RESEARCHES STATE FUND

16 T.Shevchenko blvd., room 404 UA–252030 Kyiv-30, Ukraine

Phones: +380 (44) 2463927; 2216756; 2216789 Fax: +380 (44) 2463929

The Fund celebrated in March, 1998 its 6th anniversary. The most important aim of the Fund – to be the active constituent of the whole innovation cycle (fundamental scientific project – scientific technological project – accomplished innovation) which is carrying out under the guidance of the Ministry of Ukraine for science and technology.

During the time of existence of the Fund 5 competitions of the scientific projects have been carried out. The projects were refereed by about 2000 experts from more than 300 institutions. The grants have been awarded to nearly 10000 winners from all the regions throughout Ukraine.

The list of the works selected in the 4th competition of the Fund includes 728 grant projects involving participants from 231 institutions in Ukraine. It was planned, for 1997, that the means of the Fund reach 9007 thousands hrn., which would constitute 1.3% of the whole amount aimed for the science. The distribution of the costs over the scientific directions of the Fund is as follows: mathematics, mechanics, informatics – 11%, physics and astronomy – 23%, chemistry – 13%, scientific Funds of contemporary technologies – 16%, biology – 13%, earth sciences, cosmology, and environment problems – 11%, fundamental aspects of humanities – 4%, fundamental social–economic problems – 6%, forecasting the development of the science and education – 3%. There is the following departmental distribution of the grants: National Academy of Sciences – 64.2%, Ministry of Education – 21.6%, Ministry of Health Protection – 1.4%, Ukrainian Academy of Agricultural Sciences – 1.3%, other organizations – 11.5%.

To obtain more detailed informations on scientific activities, their participants, and addresses of basic institutions please contact the Ukrainian Ministry of science. We would be glad to meet you in the Fund.

RESEARCH ASSISTANCE FOUNDATION

1 Svientsitskii Str., UA–290011 Lviv, Ukraine

Phone/fax: + 380 322 760908 e-mail: mpk@icmp.lviv.ua

Research Assistance Foundation was established in 1996 on the initiative of the Western Scientific Center bureau of the National Academy of the Sciences of Ukraine, Lviv regional administration, under the approval of the President of Ukraine, the Head of the Parliament of Ukraine.

The President of Research Assistance Foundation is Academician, Prof. Ihor Yukhnovskii, a well-known scientist and politician.

The Foundation main goal is to preserve the existing scientific schools, to support the fundamental researches of the main scientific fields, to enlist youth intensively to scientific researches. Objectives of the Foundation • To draw institutions and organizations of different forms of property, people for supporting scientific researches of the vital importance.

• To assist the forming of new approaches based on the co-responsibility of state, financial, business structures and citizens for the development and outcomes of fundamental scientific researches.

• To accumulate the financial, material and other resources in order to direct them at the research and realization of the actual and principal scientific and scientific-and-technical projects and programs.

• To carry out the charitable and sponsoring activities on the legal, open and voluntary basis.

The Advisory group of consultants of the Foundation defines the list of prospective scientific spheres, gives the final estimation as to expediency of projects implementation. It consists of distinguished scholars and experts in different scientific spheres.

The funds of the Foundation are formed of entrance fees of its members voluntary pecuniary payments and assignments from the institutions, enterprises, state and public organizations, as well as citizen and other receipts

The journal is founded in 1993 by the Institute for Condensed Matter Physics of the National Academy of Sciences of Ukraine

Editor in Chief Ihor Yukhnovskii

Institute for Condensed Matter Physics of the National Academy of Sciences of Ukraine 1 Svientsitskii Str., 290011 Lviv, Ukraine

Tel/Fax: +38 (0322) 761978 E-mail: cmp@icmp.lviv.ua

Condensed Matter Physics contains original and review articles in the field of statistical mechanics and thermodynamics of equilibrium and nonequilibrium processes, relativistic mechanics of interacting particle systems. Papers are published in English. They are abstracted and indexed in the journals ”Physics Abstracts” and ”Chemical Abstracts”.

You will find a more detailed description on

http://www.icmp.lviv.ua/icmp/journal/

Journal

of Physical Studies

Founded by Ivan Franko Lviv State University West Ukrainian Physical Society

Editor-in-Chief Ivan Vakarchuk

The scope of the journal covers various fields of physics including condensed matter physics, nuclear physics, atomic and molecular physics, physics of elementary particles, astrophysics, physics of plasma. We publish both review and research articles devoted (but not restricted) to the above mentioned subjects. We also report on the scientific meetings and publish reviews of books, as well as personalia. Papers are abstracted and indexed in the journals “Physics Abstracts”, “Chemical Abstracts” and “Referativnyj Zhurnal” (Moscow). We are striving at presenting an integral picture of the development of physics in Ukraine. We are also inviting contributors from abroad to publish their research in this journal.

Rules for submission of the manuscripts and subscription order forms available at the following addresses:

12 Drahomanov Str., Lviv, UA–290005, Ukraine

Tel: +380 (322) 74-01-13 Fax: +380 (322) 72-79-81 E-mail: editor@JPS.Franko.Lviv.UA http://www.KTF.Franko.Lviv.UA/JPS/