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The Institute of Solid State Physics (ISSP RAS) entering the Noginsk Research Center in Chernogolovka as long as thirty years is one of the leading institutes. According to the concepts taken as the principles of the formation of the Institute by its organizers-leaders: G.V. Kurdyumov, Yu.A. Ossipyan, and Ch.V. Kopetskii, ISSP combines fundamental and applied investigations in the fields of 

condensed-matter physics,

materials science,

high technologies.

There is a really operating complete set of modern performance capabilities for conduction of investigations which includes:

preparation of unique specimens,

growth of crystals

comprehensive certification of materials,

measurements under extreme conditions

vacuum down to 10-12 Torr

temperature down to 25 mK

pressure up to 400 kbar

magnetic fields up to 16 T

ISSP is the famous research-education center which has a many-year successful experience on the training of specialists of a high qualification which actively work now at the Institute, as well in the laboratories of Germany, Holland, France, Great Britain, USA, Japan and other countries as permanent residents or visiting scientists.

	We are glad to introduce you to the capabilities of the Institute in our violently developed field of science and modern technology.



ISSP by figures



Name�Institute of Solid State Physics��Department�Russian Academy of Sciences��Scientific staff�207 researchers including

141 Candidates of Sciences

46 Doctors of Sciences 

2 Corresponding members of RAS

2 Academicians of RAS��Post-graduate students,�48��students for the last five years:�136��Grants for the last five years�the Russian Foundation for Basic Research and the Ministry of Science - 473

International grants - 51

Fellowships for forward scientists - 32

Fellowships for young scientists - 6

International fellowships - 2��Scientific publications for the last five years�987 papers in scientific journals

564 reports on the conferences��Conferences held by the Institute for the last five years�11��

Fundamental directions of the scientific activities of ISSP



ISSP in its activities joins together the directions called in the world scientific literature as “Solid State Physics”, “Materials Science”, “Materials High Tech”. Theses investigations belong to the limited number of the areas of the modern science and technology which are most claimed and active with respect to the dynamics of development. Persistently reproducible phenomenon of an abrupt hitch in a theory or experiment followed by the surge in scientific and technological developments was a specific feature and character of a youth of this enhanced branch of the area of knowledge in twenty century.

Discoveries of the following new phenomena and materials are the examples of sign events of the newest period in this science:

high-temperature superconductivity,

fullerenes,

aperiodic crystals - modulated phases and quasicrystals,

amorphous and nanocrystalline states,

surface, quasi-two-dimensional, mesoscopic phenomena and structures etc.

An experience of work has shown that the organizing-scientific structure of our Institute corresponds well to such strongly non-monotonous rhythm of modern science. The laboratories of the block presented below actively and fruitfully have begun to participate in the development of new directions of modern materials science.

One of the most important organizing principles which are successfully embodied at ISSP is the development, in the framework of the academic institution, of research sections which should realize the results of experimental and theoretical investigations in latest technologies and production of unique materials. The materials and structures obtained at ISSP are used or have the prospect of the usage in techniques and electronics, in the investigations conducted at the Institute, other research and technological centers in Russia and abroad. We represent here only the principal technologies of the most modern and prospective materials, which include single crystals of transition metals, semiconductors, dielectric, ferroelectric, non-linear, superconducting materials, scintillation, ferromagnetic crystals, fullerenes, composite materials.

As to the methodical aspect, the Institute is a unique center of experimental investigations in which virtually a complete set of modern possibilities is presented, from certification of materials to a wide complex of precision measurements. A special emphasis has been made on the development and support of external actions on the material under conditions of the experiment. The methodical principle to a certain extent is built into the organizing structure of the Institute. It promotes to a great extent the creative and efficient interaction of allied specialists and assures a required level of self-sufficiency of the Institute and its capabilities to interact with other research groups in Russia and abroad.



Education system of students and post-graduate students. Basic departments. Training of brainpower of a high qualification. 



Comprehensive modern approach to the problems of education of students and young specialists in research laboratories is a successful development of ISSP as the leading academic center in its area. The laboratory staff includes usually different-level young specialists: from students of 3-4 courses to undergraduates, trainees and post-graduate students. Performance of the undergraduate work and the further research activity to be examined on PhD thesis are an important and permanent component of the research work of the laboratory. The day-to-day working relation between beginners and experienced participants of research, the developed system of scientific seminars, mutual enrichment in ideas in this “hierarchy of knowledge” - all this has determined a successful activity of the Institute in the framework of the system of research schools as an alternative of the modern pragmatic construction of individual grants. Organizing implementation of such the system bears on the basic departments of leading Moscow institutions.

Currently, the Institute has the following departments:

The department of solid state physics of Moscow Physical-Technical Institute which has such the scientific subjects as physics of crystals, physics of metals, physics of semiconductors, optics and spectroscopy, interaction of electrons in normal metals.

The subdivision of the department of physical chemistry of the Moscow Institute of Steel and Alloys the teachers of which give lectures and practical training on the structure and physical properties of crystalline and disordered materials.

The physical branch of the Subdivision of Moscow State University in Chernogolovka having the following departments: physics of condensed matters (lectures on physics of metals, superconductors and semiconductors), materials science (lectures and practical training on the real structure and physical properties of new materials, methods of their investigation).

The permanent function of the Institute in the area of education is also an organization of pre-undergraduate practical training and performance of undergraduate works by students from other high schools of Russia. Geography of these relations is rather wide, and a qualitative outcome of this constant stream of young specialists can be estimated only approximately. So, for the last 25 years, about 500 diploma thesis’s were fulfilled, as a whole, at the Institute.

Graduates which continue work at the Institute, as a rule, obtain a status of trainee-researcher or can enter postgraduate studies.

In numerical expression, this motion over science “steps” looks as follows. 1974-1999, 131 young researchers took postgraduate studies at ISSP. 1978-1999, PhD was conferred on 246 researchers at ISSP. 1978-1999, 57 researchers defended postdoctoral thesis’s at ISSP.

Doctoral and postdoctoral thesis’s are defended at specialized Councils at ISSP.



The Laboratories of ISSP RAS.

Technical basis for experimental investigations.

Devices and special equipment.



The foundation of the research activities of the Institute is the all hands of the laboratories.



The Laboratory of inequilibrium electron processes (LIEP)

A head of the laboratory - Prof. V.D. Kulakovskii

The Laboratory of spectroscopy of defect structures (LSDS)

A head of the laboratory - Prof. V. V. Kveder

The Laboratory of quantum crystals (LQC)

A head of the laboratory - Prof. L.P. Mezhov-Deglin

The Laboratory of optical strength and diagnostics of crystals (LOSDC)

A head of the laboratory - Candidate of Sciences N.V. Klassen

The Laboratory of high pressure physics (LHPP)

A head of the laboratory - Prof. E.G. Ponyatovskii

The Laboratory of electron kinetics (LEK)

A head of the laboratory - the Corresponding member of RAS, Prof. V.F. Gantmakher

The Laboratory of quantum transport (LQT)

A head of the laboratory - Prof. V.T. Dolgopolov

The Laboratory of real structure of crystals (LRSC)

A head of the laboratory - Prof. V.I. Nikitenko

The Laboratory of X-ray optics and electron microscopy (LXOEM)

A head of the laboratory - Prof. E.V. Suvorov

The Laboratory of structural analysis (LSA)

A head of the laboratory - Prof. V.Sh. Shekhtman

The Laboratory of superconductivity (LSC)

A head of the laboratory - Dr. of Sciences V.V. Ryazanov

The Laboratory of spectroscopy of semiconductor surface (LSSS)

A head of the laboratory - Dr. of Sciences S.N. Molotkov

The Laboratory of spectroscopy of metal surface (LSMS)

A head of the laboratory - Prof. V.S. Tsoy

The theoretical department (TD)

A head of the laboratory - Prof. V. Ya. Kravchenko

The Laboratory of dispersed systems (LDS)

A head of the laboratory - Prof. A.V. Serebryakov

The Laboratory of reinforced systems (LRS)

A head of the laboratory - Prof. S.T. Mileiko

The Laboratory of chemical analysis (LCA)

A head of the laboratory - Dr. of Sciences A. N. Turanov

The Laboratory of interfaces in metals (LIM)

A head of the laboratory - Prof. L.S. Shvindlerman

The Laboratory of metallurgical chemistry (LMC)

A head of the laboratory - Candidate of Sciences R.K. Nikolaev

The Laboratory of pressure treatment of metals (LPTM)

A head of the laboratory - Prof. M.I. Karpov

The Laboratory of metallurgical processes (LMP)

A head of the laboratory - Prof. V.G. Glebovskii

The Laboratory of physicochemical crystallization principles (LPCCP)

A head of the laboratory - Candidate of Sciences N.N. Kolesnikov

The Laboratory of chemical principles of technology of complex oxides (LCPTCO)

A head of the laboratory - Dr. of Sciences L.A. Klinkova

The Laboratory of controlled growth of crystals (LCGC)

A head of the laboratory - Dr. of Sciences V.A. Borodin

The Laboratory of crystallization from high-temperature solutions (LCHTS)

A head of the laboratory - Dr. of Sciences G.A. Emelchenko

The Laboratory of spectroscopy of molecular structures (LSMS)

A head of the laboratory - Dr. of Sciences V. K. Dolganov



Note. Candidate of Sciences - PhD, Dr. of Sciences - second PhD.

Information on the most important results of the activities of scientific and scientific-and-engineering divisions of the Institute is presented in the following sections of the topical fields.



External actions on materials under conditions of experiment

Low temperatures (LEK, LQT, LQC, LIEP, LSDS, LHPP, LIM, LSC, LSA)

The possibility to use temperatures close to absolute zero is one of the key positions in experimental physics of condensed matter. According to this the Institute allowed for allocation of cryostations for liquid nitrogen and helium, double system of helium gathering pipeline still in design and building. It allows one to carry out widespread and not so expensive investigations at temperatures below 4.2 K (a series of laboratories uses refrigerators of dissolution of He3-He4 down to 25 mK). A real regime of work of the Institute corresponds to the extensive utilization of cryotechnique; daily consumption of liquid helium reaches 200-300 liters, and that of liquid nitrogen reaches to 500 liters. This fact was illustrated in jest by one of coworkers of ISSP during his review report at NIST (Gaithersburg, USA), he noted that the consumption of liquid helium per one researcher of the institute exceeds significantly that of beer.

Along with researches the development work in the area of cryotechniques was noticeably developed at the Institute. The examples of real progress in this area are:

Production of low-temperature devices for spectroscopy of various scopes, optical and magneto-optical investigations, for X-ray diffractometry “in situ”. Cryostats developed and produced at ISSP are applied at the Institute and research centers of Russia, in laboratories of Europe and USA.

Elaboration and preparation of models of cryodestructors and cryosprayers for medical purposes (used in Chernogolovka, Moscow, Irkutsk, Barnaul and other cities of Russia).



Strong magnetic fields (LSC, LQT, LEK, LIEP)

Strong magnetic fields are necessary for investigations of electron cybernetics and electron transport, superconductivity, characteristics of two-dimensional electron systems. Superstrong magnetic fields are required in the experiments on quantum transport, nuclear magnetic resonance, in the investigations of Fermi surfaces and magneto-transport in new conductors. ISSP has modern low-temperature cryomagnetic and NMR equipment allowing one to carry out investigations down to temperatures of 25 mK and magnetic fields of 16 T. The presence of this equipment provides a competitive power of investigations of the Institute in such modern areas as the study of two-dimensional electron layers in the quantizing magnetic field, the quantum behavior of low-dimensional electron structures, the investigation of Fermi surfaces and magneto-transport in organic metals and superconductors. 



High pressures (LHPP)

High pressure physics is provided at the Institute by modern presses from 100 to 1000 t, high pressure chambers for hydrostatic and quasihydrostatic pressures up to 25 and 400 kbar, respectively. These pressures are applied in calorimetry, resistometry, magnetometry, other measurements in a wide temperature range from liquid helium to 1500 K. The investigations on phase transformations in solids, synthesis of hydrates at high hydrogen pressure, influence of hydrogen on the structure, physical and mechanical properties of metals and alloys, solid-phase amorphization of semiconductor compounds have been substantially developed.



Technique for investigations of electron structure of crystals

Optical spectroscopy (LSDS, LIEP, LOSDC)

Optical spectroscopy has a wide application for investigations of semiconductor, oxide compounds, fullerenes, two-dimensional electron heterostructures. Along with traditional methods, the spectroscopy with a high spatial resolution, the spectroscopy with a picosecond time resolution, Raman spectroscopy are developed.



Resonance techniques (LSDS, LSC)

Methods of electron paramagnetic and nuclear magnetic resonances are used for investigations of electron-electron, electron-phonon, and spin-spin interactions in crystals of semiconductors, transition metals, superconductors, and magnetic materials. The existing equipment at the Institute allows one to measure EPR in magnetic fields up to 13 kOe and the temperature range of 1.3-400 K. A NMR spectrometer BRUKER MSL-300 with a cryogenic facility OXFORD Instruments makes it possible to apply virtually any technique of one- and two-dimensional NMR in the range of temperatures of 0.3-500 K, magnetic fields up to 16 T and radio-frequencies of 10-300 MHz. 



High-frequency techniques (LEK, LSDS)

Super-high-frequency measurements are carried out in a series of the laboratories for the study of electron kinetics in semiconductors, metals and superconductors. Currently microwave methods have been successfully used for investigations of nonlinear microwave response and surface impedance of high-temperature superconductors. The setup elaborated at the Institute which has a superconducting resonator allows one to carry out highly regenerative measurements in the temperature range of 4.2-150 K at frequencies above 10GHz. 



Techniques for surface investigations

Electron spectroscopy (LSSS, LSMS)

Various methods of electron spectroscopy are successfully applied for investigations of electron states of the surface, as well for certification of a quality of the surface of crystals and thin-film layers. Auger-electron spectroscopy is used for determination of the elemental composition of the surface, for the study of interfaces, segregation processes. Simultaneous application of photoelectron spectroscopy and spectroscopy of electron energy characteristic losses allows one to obtain rather complete information on the electron structure of the objects under investigation.



X-ray spectroscopy (LSSS)

At the Institute, tunneling and atomic-force microscopy, as well tunneling (microcontact) spectroscopy are developed. The specific feature of the tunneling microscope elaborated at ISSP is a wide range of working temperatures (down to 4.2 K). The microscope is intended for investigations of topography of surfaces and their electron structure with an atomic resolution in a vacuum to 10-10 mbar.



Techniques for investigations of atomic structure and composition of materials

There is a complete set of techniques including optical, X-ray and electron diffraction. In relation to intense structure investigations, X-ray diffraction is used most widely (16 apparatuses including 5 automated diffractometers and generator with a rotating anode). Equipment and software allow one to conduct all types of structural certification of single crystals and polycrystalline materials. To study the structure changes under various conditions, the diffractometers are equipped with attachments for the study at low and increased temperatures, under the action of pressures, optical pumping, mechanical loading.



Electron and neutron diffraction (LXOEM, LHPP)

is represented by two ranges: transmission electron diffraction technique (fast electrons) and low energy electron diffraction (with the energy of 30-200 eV). The latter method is used for the study of the crystal structure of the surface.

In the investigations carried out at ISSP, the neutron diffraction under the conditions of elastic and inelastic neutron scattering is also used. Due to the absence of the corresponding equipment at the Institute, experiments are conducted on reactors in Dubna, Daresbury and Grenoble. 



X-ray topography (LXOEM, LSA)

is represented by a wide set of topographic spectrometers (single-crystal, angular scanning, two-crystal) for investigations of defects of crystal structure.



X-ray microanalysis (LXOEM)

There is the equipment allowing one to find virtually all the periodic table of the elements beginning from Na.



Electron microscopy (LXOEM)

There are two electron microscopes (JEOL) for transmission microscopy including the direct resolution (to 1.6 Е) and two scanning microscopes (JEOL with a resolution to 30 Е). The equipment is intended for certification of samples, for the study of real structure of crystals.



Nuclear gamma-resonance (LSA)

There is a NGR spectrometer operating in a constant acceleration mode which is used for the investigation of the local environment of Mossbauer atoms both in the systems having a long-rang order, for example, complex layer systems with a modulated structure, and in amorphous metals and alloys.



Magneto-optical techniques (LRSC)

The method of nondestructive testing of superconducting materials, visualization of the magnetic flux in multilayer thin magnetic films, HTSC single crystals, ceramics, other magnetic materials has been developed. The method is applied in Russian and foreign laboratories.



Superconducting quantum interferometers (LSC)

Investigations of metallic crystals of high purity, low-resistant and superconducting structures necessitate application of super-sensitive voltmeters and magnetometers based on superconducting interferometric detectors (squids). An ultimate sensitivity of the picovoltmeter elaborated at ISSP amounts to 10-14 V and is reached by the measurement of the structures with the resistance below 10-9 Ohm. Squid-magnetometers are applied for measurements of diamagnetic properties of microcrystals of high-temperature and organic superconductors.



Condensed-matter physics



	The traditional direction in theoretical and experimental investigations of the Institute is the study of the following various electron processes in condensed matters:

mechanisms of electron transport and localization of carriers;

superconductivity;

quantum transport in low-dimensional and limited objects;

phenomena in strongly correlated electron systems;

collective excitations in quasi-two-dimensional objects in a high magnetic field;

electron processes in plastically deformed conductors;

quantum phenomena;

phenomena in quantum crystals and liquids.

Theory of solids (TD, LQT, LIEP)

	The substantial results have been obtained in the following directions:

electron properties of dislocations in metals and semiconductors;

phase transitions on a surface;

problems of the quantum tunneling theory;

electron transport and statistics of charge transport in mesoscopic systems;

physics of two-dimensional electron systems in the mode of quantum Hall effect;

electron transport in superconductors with the spatially non-uniform order parameter

structure and dynamics of vortex lattices in superconductors;

calculations of the electron structure of high-temperature superconductors;

ice physics;

effects of the spin-orbital interaction in non-centrosymmetric crystals;

growth theory of dendrites;

creation of the fundamentals of quantum cryptography. 



Low-temperature electron transport (LSC, LEK)

Fermi-surfaces of quasi-two-dimensional organic metals and superconductors: �SYMBOL 98 \f "Symbol" \s 10�b�-, �SYMBOL 107 \f "Symbol" \s 10�k�- and �SYMBOL 97 \f "Symbol" \s 10�a�- salts of the family BEDT-TTF, have been investigated by Shubnikov-de Gaas effect and by angular semi-classical oscillations of magnetoresistance.

New quantum and quasi-classical magnetotransport phenomena providing the information on the electron structure and electron kinetics of organic conductors have been revealed.

Mechanisms of electron transport in metastable high-resistive alloys have been studied; scaling behavior of conductivity in these systems near the metal-dielectric transition has been confirmed.



Superconductivity (LSC, LEK)

The pinning mechanism at the boundary of crystallites in ultrapure superconducting bicrystals has been studied.

Regions of collective pinning in superconductors have been visualized and investigated by the method of decoration by ferromagnetic particles.

A heat analogue of Josephson effect has been revealed in junctions superconductor-normal metal-superconductor.

Non-linear excitations of the magnetic flux density (supersolitons) and multivortex resonance modes in long Josephson junctions have been found.

Alternating superconducting order parameter has been revealed in Josephson junctions superconductor-ferromagnet-superconductor.

Junctions superconductor-dielectric in three- and two-dimensional disordered structures caused by a decrease of the carrier concentration and by application of magnetic field have been found and studied.

Non-monotonic temperature dependence of critical current and quasi-recurrent superconducting junction have been revealed in metastable alloys Cd-Sb, Zn-Sb and Ga-Sb near the junction superconductor-dielectric.



Physics of nanostructures and quantum transport (LIEP, LQT)

Two-dimensional neutral and charged electron-hole systems have been investigated.

Spectroscopic method of the determination of the values of Coulomb gaps in the mode of fractional quantum Hall effect has been proposed for the first time and applied, it has been shown that the condensation of interacting two-dimensional electrons into incompressible Fermi-liquid is characterized by a critical temperature.

Wigner crystallization of two-dimensional electrons has been studied, the phase diagram liquid-crystal has been determined, and the local configuration of the crystal corresponding to the triangular lattice has been found.

Magnetooptic manifestations on new quasiparticles, composite fermions and skyrmions, have been found in the system of two-dimensional electrons and their parameters have been measured.

The structure of multiparticle electron-hole complexes in quantum points has been studied.

A behavior of spatially indirect excitons and magnetoexcitons in tunneling-bound quantum systems has been investigated.



Quantum crystals and liquids (LQC)

Detection and investigation of hydrodynamic and dimensional effects in quantum crystals and semimetals.

Investigation of light absorption by electron bubbles in helium crystals.

Investigation of inelastic scattering of phonons and electrons on as-introduced dislocations in quantum crystals and crystals prepared from normal metals and superconductors.

Detection of the reconstruction of the equipotentially charged surface of the liquid which results in the formation of a standing wave (soliton) on a plane surface in the electric field which is higher than the critical one.

Surveying of the propagation of spherical shock waves of the second sound in superfluid He-II with a break in the center of the traveling wave at temperatures exceeding 1.87 K.



Surfaces and interfaces (LIEP, LSSS, LSMS)

Detection of a new type of atomic layers of silver during low-temperature deposition on the InSb surface.

Detection of a superstructure on the EuTe surface near the Neel temperature.

Measurement of a relaxation time of strongly non-equilibrium electrons with the excitation energy close to the Fermi energy.

Surveying of the surface resonance of conduction electrons.

Direct surveying of refraction and transmission of the intercrystalline interface correlated by conduction electrons.

Surveying of a new phenomenon - generation of magnons in a magnetic multilayer under transmission of the electric current of a high density.

Measurement of mobility of triple grain junctions and explanation of stability of nanocrystalline structures.



Electron, magnetic properties and dynamics of topological defects (LSDS, LRSC)

Conductivity along dislocations and electro-dipole spin resonance of electrons and holes in one-dimensional dislocation bands have been revealed.

Hydrogen passivation of deep dislocation electron and hole traps has been revealed.

Regularities of the motion of domain boundaries, rotation of magnetization vectors and spin-orientational phase transitions in the field of microstresses localized near individual dislocations in ferrimagnet have been found.

New branches of spin-wave oscillations in ferromagnet which are localized on domain walls and Bloch lines, and an unusual dependence of the speed of the oscillating wall on the behavior of Bloch lines and points in it have been revealed.

Drift of domain walls, Bloch waves and points and non-linear soliton waves in the quasi-two-dimensional system of spins localized in the domain wall of ferromagnet have been found.



Physics of defects and real structure of crystals (LSDS, LXOEM, LSA)

Discovery of photoplastic effect - the influence of the optical excitation of the electron subsystem of the crystal on the motion and generation of dislocations.

Detection of the optical diffraction on self-organizing dislocation structures.

Detection of new X-ray diffraction effects on the crystals with the almost perfect structure: focusing of Bloch waves, dynamic focusing on bent crystals, waveguide effect, interferometry in the radiation of the continuous spectrum.

New diffraction mechanisms of the formation of the image of defects have been found (diffraction focusing, specular reflection, and channeling of Bloch waves by an elastic field of defects).

The influence of different diffraction effects on the formation of the image of defects of a crystal lattice has been systematized. 



Materials Science



Phase transformations in crystalline and amorphous materials (LHPP, LSA, LXOEM)

In nonlinear crystals of proustite, an auto-oscillating mode of the phase transition into ferroelectric under cooling down to 26 K and optical pumping has been found. The coefficient of thermal expansion in the crystal has been revealed to reduce to zero for certain directions (“invar” effect) at the transition to the phase with incommensurate modulation.

The following techniques have been developed: thermoadiabatic quenching of high pressure phases, thermobaric solid phase amorphization.

A series of semiconductor compounds and alloys has been obtain in an amorphous state; T-P diagrams, transformations of amorphous phases into crystalline ones under heating have been studied; new families of nanocrystalline phases in alloys have been developed.

In investigations of phase states of water, the second critical point has been found, anomalies of properties of the overcooled water have been qualitatively explained. 

An unusually high thermal stability of the nanocrystalline structure in nickel-based alloys has been revealed which is due to the concentration redistribution of components in crystallization and results in an isolated arrangement of nanocrystals in an amorphous matrix.

Nanocrystalline alloys of light metals having high strength have been produced.

When crystallizing massive metallic glasses, the nanocrystalline structure with a very small size of a grain, the diffraction from which is very similar to that from an amorphous phase, has been formed and studied.



High-temperature superconductivity (LMC, LSC, LSA, LPCCP, LRSC, LIEP)

Single crystals of the new phase Tl-2201 with high values of Tc = 110-112 K have been produced, their full X-ray investigation has been carried out.

High-resolution techniques of visualization of magnetic flux have been developed; the vortex lattice in HTSC has been observed for the first time, the magnitude of the magnetic flux quantum and anisotropy of effective electron masses in the basis plane of single crystals have been measured.

The polarization-optical technique of investigation of the distribution and dynamics of the magnetic flux in superconductors has been developed. The specific features of the penetration of the magnetic flux into HTSC single crystals and films have been investigated.

The specific features of the domain structure of single crystals of superconductors have been studied, the extended character of intertwin boundaries with the continuous change of the oxygen ordering in them has been established, the new state of quasitwins has been found.

Phonon and magnon spectra of Raman scattering, electron-phonon (magnon) interaction and isotopic effects in HTSC materials have been investigated, the magnitude and anisotropy of the superconducting gap in HTSC single crystals have been measured, overgap excitations have been observed.



Fullerenes and atomic nanoclusters (LMC, LSDS, LSA, LQC, LHPP, LIEP, LSC, LOSDC)

The technique for the preparation of great-sized high-pure single crystals of fullerene C60 has been developed, their structure and physical properties have been studied.

The technique of the controlled doping of single crystals of C60 based on the use of electrodiffusion under injection of a superionic conductor has been proposed and realized.

The molecular form-factor of the fullerene molecule has been analyzed, the specific features of the relation of the intensities of reflections with the lattice parameter and orientation ordering in the cell have been established.

The relation between photoluminescence and photostimulated reactions in C60 with the formation and transformation of defects of the crystal structure has been found.

Mechanisms of heat transfer at the transition of the crystal C60 into the state of the oriented glass below 80 K have been investigated.

An origination of the new phase of high pressure in crystals C60 due to the appearance of “weak” covalent bonds between molecules has been revealed.

Spectra of Raman scattering and IR absorption and the electrical conduction of multilayer carbon nanotubes have been investigated.

Crystals of the new state of carbon, “carbolite” have been synthesized for the first time, and their heat capacity, electrical conduction, optical absorption and Raman spectra have been investigated.



Liquid crystals 

It has been found that phase transitions in a solid state can result in the formation of nanostructures with elements of liquid-crystalline ordering. The local structure of solid mesophases and translational-disordered crystalline liquids has been investigated.

Pre-transition phenomena in various types of liquid crystals have been investigated. The specific features of pre-transition effects connected with the structure of chiral fluctuations have been found.

Phase transitions in molecular structures of ultrasmall sizes (3-100 nm), which are comparable to the radius of intermolecular interaction, correlation lengths of surface and fluctuation ordering, have been investigated.

Longitudinal ferroelectric polarization in ultrathin films of ferroelectric liquid crystals has been found.



High technologies of production of promising materials and structures



Production and processing of refractory materials and ribbons, amorphous and nanocrystalline materials (LMP, LPTM)

High purity perfect crystals of - V, Ni, Nb, Mo, Ta, W, Re, are grown by the method of zone melting with electron-beam heating. Evolution of the structure of single crystals of metals under rolling and high-temperature annealing has been studied. Based on the method of oriented rolling of single crystals, the technology of the production of the unique material, single crystalline ribbons and films of niobium, molybdenum and wolfram, has been developed, which has no analogs in the world. Heating of the ribbons and films up to 0.8 Tm does not accompanied by the recrystallization process. The tube-shaped single crystals of W and Mo have been obtained.

The new high-pure alloy molybdenum-titanium-zirconium has been obtained. Rolling-drawing technologies use a wide set of methods of production of semimanufactured products: sticks, wires, sheets, foils (to 0.028 mm). The alloy makes it possible to increase the recrystallization temperature and strength parameters due to internal oxidation.

The special technology of heat treatment with keeping the shape of large-sized plane instrumental steel articles has been developed and realized in industry. 

It has been developed technologies of the production of large-sized 1.5 mm thick wolfram sheets of a high purity and ribbons 130x0.3 mm2 in cross-section; of molybdenum sheets of an increased plasticity; of targets made of high-pure metals, alloys, compounds for microelectronics; of cutting elements made of high-doped martensite-aging steels, long-length superconductors Nb3Sn, Nb3(GeAl); of layer steel-tantalum composites for detectors in aggressive media; of ribbons of amorphous metallic alloys by quenching from a liquid state; of nanocrystalline alloys by crystallization from an amorphous state; of Co-Si-B-Fe-Nb nanocrystalline alloys with high magnetic susceptibility.



Growth of crystals, semiconductors, dielectrics, ferroelectrics (LOSDC, LCGC, LMC, LCHTS, LCPTCO, LPCCP)

	When growing the crystals for fundamental investigations and practical application,a wide set of methods is used: classical melt technologies - Bridgman, Czochralski, Stepanov; crystallization from high-temperature solutions; vapor- and gas-phase crystallization. Technologies of local, variational and non-capillary shaping, the method of two shaping elements have been developed.



	The following crystals have been obtained by crystallization from melt: 

ZnSe, ZnS, CdSe, CdS, CdTe, ZnTe - for IR technique;

ZnCdTe, PbWO4, CdWO4, ZnWO4, Al2O3 - for detectors of ionizing radiation;

LiNbO3, Re2(MoO4)3 (where Re = Gd, Tb, Sm, Eu, and their solid solutions) - ferroelectric and non-linear optical crystals;

Al2O3, Al2O3-Ti, LiNbO3 - for profiled crystals with the controlled shape of the lateral surface and cross-section;

Crystals of silicon for solar elements, structural composites Si/SiC and heating elements made of silicide graphite.

NaRe(WO4)3-Nd (where Re = Y, Gd, Tb) - new laser crystals;

	The following crystals have been obtained by crystallization from high-temperature solutions

YBa2Cu3O7, (LaSr)2CuO4, (NdCe)2CuO4, Bi2Sr2CaCu2O8, Tl2Ba2CuOx, TlBa2CaCu2Ox, Tl2Ba2CaCu2Ox, Ba1-xKxBiO3 - high-temperature superconductors;

ZnO, PbF2 - scintillation crystals;

Y3(Fe,Ga)5O12, (Bi,Ca)3(Fe,Ga)5O12 - ferrimagnets;

	The following crystals have been obtained by methods of vapor- and gas-phase crystallization

CdS, CdTe, CdS1-xTex, PbTe, EuTe(S,Se) - semiconductor crystals;

MoO12, WO21, ReO2, Mo, MoJx - oxides of refractory metals and their compounds;

C60 - single crystals of fullerites.



Production and investigation of composite materials (LRS)

	The most important works in this direction are related to the study of mechanisms of fracture of heterogeneous structures and to a search for new technological possibilities (nonstandard) for the construction of composite structures. Based on this, the new technologies of the production of elements on the basis of composites with a metallic matrix have been developed:

technology with the use of the method of internal crystallization allowing one to obtain single crystalline sapphire and other oxide fibers;

technology of the production of composites with oxide fibers and intermetallic Ni3Al matrix with high operational characteristics at 1200oC;

industrial technology of the production of boron-aluminum tubes for aerospace techniques (labor intensity of the process is lower by an order as compared to the standard gas-static technology).

	The following technological development are the other samples in this field:

For the production of long tubes on the basis of silicide carbon-fibers which can work in aggressive media at temperatures up to 1250oC. Mobil units for the production of graphite thermal-split sorbent intended for cleaning of the water surface of oil spill products are currently equipped by such heaters.

For the production of nitride-carbide-boride ceramics, a unique material which has not analogs in the world concerning flame-resistance, chemical resistance and strength and low cost of production.



Thin-film and high-vacuum technologies, methods of investigations of surfaces and interfaces (LSSS, LSC, LIM)

	Development of microelectronics has stimulated an active investigation of thin films, superconducting, semiconducting and hetero-structures. Various methods of deposition and analysis of metallic, semiconductor and dielectric thin-film layers have been developed at the Institute. There are high-vacuum units of thermal, magnetron, high-frequency and dc-cathode sputtering of thin films, units for sputtering by the laser and electron beam. On the formation of the required geometry of structures the methods of optical lithography are applied. The composition and quality control is realized by methods of electron microscopy, electron diffraction, electron spectroscopy, scanning tunneling microscopy, and by the method of transversal electron focusing. To analyze a homogeneity of superconducting layers and their current-carrying properties, the method of magnetooptical visualization is effectively applied. Among the methods and units developed at the Institute which are connected with investigations of surfaces and thin films, let us separate the following:

universal cryo-vacuum chamber allowing one to study surfaces in a vacuum down to 10-13 mbar at temperatures of 4-300 K;

cryo-vacuum pump allowing one to reach a vacuum of 10-13 mbar;

cryo-manipulator for ultrahigh-vacuum spectrometers and temperatures below 10 K;

method of transversal electron focusing (analog to a b-spectrometer operating in a metal and near its surface);

methods of the investigation of kinetics of grain boundaries and evolution of the grain structure in metals.



	The foregoing contains the main key words which provide an overview of the activities of the Institute of Solid State Physics.



	If you are interesting in more detail information on the Institute and its laboratories, you can go to Web-site http://www.issp.ac.ru/. For the contacts and discussion of the concrete problems with the specialists of the Institute, please, use mail: ISSP, Chernogolovka, 142432 Russia; Fax: +7(096) 576 41 11; e-mail: adm@issp.ac.ru





	The Institute of Solid State Physics of Russian Academy of Sciences organized at the beginning of 60-th years - the epoch of the intensive development of the Soviet Science, which appeared virtually from nothing, began quickly to form at the research center, in Chernogolovka, and found its brainpower. Late in the 1970s, the Institute entered unhesitatingly the first family of the Russian Physical Institutes. It was a romantic time of a violent development of the science in our country. By then the researchers of the Institute made an important contribution into solid state physics.

	The comprehensive investigation of excitons in crystals, the development of concepts about the electron spectrum of metals, the study of transformations in solids at high pressures, the development of unique precision methods of X-ray diffraction analysis, the creation and development of dislocation physics of crystals, the investigation of solid helium and hydrogen at low temperatures and increased pressures - it is incomplete listing of advances of the Institute in solid state physics.

	It is necessary to add to this a series of major advances in materials science - the development of technology of the production of refractory single crystals, fiber composites and amorphous alloys, the study of grain boundary processes and processes of internal oxidation of metals. Technologies and techniques of the production of ultrapure metals were created at the Institute and the methods of analysis of various impurities in them, whose concentration is submicroscopic amounts, were developed. A great work was made in the area of the growth of various crystals and, especially, crystals of the special shape grown by shaping technique.

	In 1980s and 1990s, our already strong collective was an initiator of important scientific-and-technical directions such as high-temperature superconductivity, production and investigation of fullerenes which were new for our country. All these research directions continue to develop now at the Institute. It can be easy seen if one runs through the present booklet.

	I would like to note goodwill-building as the major advance at the Institute. The various research directions are developed at the Institute with mutual use and the joint work of different specialists and people of different ages is maintained. A particular attention of the administrative authority and all the staff of the Institute is maintaining democratic traditions established in the making of the Institute and they have been maintained all the time of its being.

	We carry out a great educational work. The Institute is the base for the number of departments of Moscow State University, Moscow Physical-Technical Institute, Moscow Institute of Steel and Alloys, students of many other high schools of Russia have research practice.

	We invite you to get acquainted closer with our Institute. First of all, look over this booklet. We hope you will come after that to the Institute to see everything by own eyes.

	We feel sure that our Institute is the best place of work for those young people who would like to relate their life to physics. We hope for the partner interest of our colleagues from research and technology centers.



Welcome to ISSP RAS!!!



Director of ISSP RAS

Yurii Andreevich Ossipyan
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