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BAND GAP ENGINEERING OF TiO2 
AND ZnO BASED PHOTOCATALYSTS

E.Z. Kurmaev1,* and A. Walsh2

1Institute of Metal Physics,UB RAS, 620990 Ekaterinburg, Russia

2 Department of Chemistry, University College London, Gower Street,London WC1E 6BT, UK

*e-mail: kurmaev@imp.uran.ru
The project is directed for search of new efficient semiconducting photocatalysts for the solar-driven hydrogen production [1]. Among existing photocatalysts the binary metal oxides such as TiO2 and ZnO are considered as most promising materials for water splitting using solar radiation because of suitable band structure, low cost and corrosion resistance in a wide variety of aqueous electrolytes [2]. However the bang gap of these oxides is too large ((E=3.0-3.2 eV) to absorb a significant part of visible light [3] and it should be reduced below 2.2 eV [4]. Therefore the band gap reduction is a key requirement for effective utilization of the solar radiation. This problem can be solved by band gap engineering of multicomponent oxides using cation and anion doping of TiO2 and ZnO. As the first step of realization of this program computer design of ternary and quaternary compositions will be performed using ab-initio electronic structure calculations. Then the obtained theoretical predictions will be checked by measurements of optical and X-ray emission and absorption spectra. The authors have a great experience in computer design of new functional materials [5-6], studies of transition metal doped TiO2 and ZnO [7-8] and bang gap estimation using synchrotron excited X-ray emission and absorption spectra [9-10].
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8. G.S. Chang, E.Z. Kurmaev et al., Phys. Rev. B 75 (2007) 195215-195223.

9. E.Z. Kurmaev et al., Phys. Rev. B 77 (2008) 165217-165223.
10. J. A. McLeod, R. G. Wilks,1N. A. Skorikov, L. D. Finkelstein, M. Abu-Samak, E. Z. Kurmaev et al., Phys. Rev. B 81 (2010) 245123-245133.
COMPUTATIONAL MODELING OF MATERIALS FOR SUPERCONDUCTING, MAGNETIC AND QUANTUM OPTICAL DEVICES

A.V. Lukoyanov1,*, A.O. Shorikov1, S.L. Skornyakov1, N.A. Skorikov1, M.A. Korotin1, 

V.I. Anisimov1

1 Institute of Metal Physics, Ural Devision of the Russian Academy of Sciences, 

S. Kovalevskaya st. 18, 620990 Yekaterinburg, Russia

*e-mail: alexey.lukoyanov@gmail.com 

In construction of new devices for quantum optics, superconducting and magnetic applications, computational modeling is widely used to predict physical, chemical and structural characteristics of the device materials. Starting from quantum microscopic understanding of the underlying physical processes, computational modeling allows one to obtain data necessary for engineering of the devices prior to their technical implementation. 

Theoretical techniques usually supplement experimental investigations (synthesis, attestation and measurements of physical characteristics of new materials including magnetic and spectroscopic characteristics) to provide a precise fitting of the material characteristics for a particular application. 

Modern methods of computational modeling provide broad opportunities to treat different classes of materials. In this project theoretical computational modeling is carried employing the state-of-the-art band methods including lattice dynamics into consideration and model methods accounting for dynamical electron correlations based on the dynamical mean-field theory. These advanced approaches to consider the materials are necessary in superconducting materials (for example, see [1]), investigating materials under extreme conditions - for example, see [2]. But computational modeling is also successfully employed for nanomaterials (for example, see [3]), and different types of magnetic materials - for example, see [4].

[1] S.L. Skornyakov, A.A. Katanin, V.I. Anisimov, Phys. Rev. Lett., 106 (2011) 047007. 

[2] J. Kunes, A.V. Lukoyanov, V.I. Anisimov, R.T. Scalettar, W.E. Pickett, Nature Materials,  7 (2008) 198.

[3] V.V. Mazurenko, S.N. Iskakov, A.N. Rudenko, V.I. Anisimov, A.I. Lichtenstein, Phys. Rev. B, 82 (2010) 193403.

[4] J. Kunes, Dm.M. Korotin, M.A. Korotin, V.I. Anisimov, P. Werner, Phys. Rev. Lett., 102   (2009) 146402.

TRANSPARENT CONDENSED MEDIA WITH DISPERSED MAGNETIC NANOPARTICLES: THEORY, MODELLING, EXPERIMENTAL STUDIES AND APPLICATION PROSPECTIVE
Irina Edelman1,*, Janis Kliava2, Jacques Curély2, Jan Zubavichus3, Y.Yeshurun4
1 L.V. Kirensky Institute of Physics SB RAS, 660036, Krasnoyarsk, Russia
2 LOMA, Université Bordeaux-1, 351 Cours de la Libération, Bordeaux, France

3Kurchatov Center, Moscow, Russia

4Bar-Ilan University, Department of Physics, Ramat-Gan 52900, Israel

*e-mail: ise@iph.krasn.ru 

Nanomagnetism is both a fundamental and applied challenge. Meanwhile, new properties emerging on the nanoscale, extremely interesting for technological applications, are often poorly understood and therefore poorly controlled during the synthesis of nanomaterials. Indeed, magnetism is relatively well understood on both the microscopic and macroscopic scale; in contrast, on the nanoscale, intermediate between the two previous ones, no consistent quantum mechanics approach exists up to now. The scope of the project includes developing and implementing such an approach and applying it to the analysis of the results of experimental studies of magnetic nanoparticles through adequate computer simulation codes.

The nanomaterials concerned by the project are transparent condensed media with dispersed magnetic nanoparticles. These materials are particularly interesting as far as they combine characteristics of magnetically ordered systems with optical transparency. For comprehensive studies of such systems, we put forward a combination of two complementary experimental techniques: the magneto-optics (FR and MCD) and the electron magnetic resonance (EMR). FR and MCD directly highlight the extraordinary characteristics of the “transparent magnets”; besides, they provide information on magnetic nature of nanoparticles. On the other hand, the computer-assisted EMR provides data on both magnetic and morphological characteristics of nanoparticles, in particular, such fine details of the latter as distributions of their sizes and shapes. In addition, direct structural studies (EXAFS/XANES, XRD and SAXS), as well magnetic measurements will be carried out. 

Consistently using theoretical approach and experimental results will elucidate such fundamental issues as: transition between ferro/antiferromagnetic and superparamagnetic behaviour as a function of nanoparticle size; correlation between the resonance spectra width and the resonance field, as a distinctive feature of the superparamagnetic resonance; role of surface effects, in particular, of a spin-glass-like surface layer in the nanoparticle properties.
To demonstrate the potentialities of the consortium, we present some significant results obtained in previous cooperation between Russian, French, and Israel groups: (i) detecting “unusual” magnetic phase transitions in Gd clusters formed in borate glasses doped with low Gd2O3 concentrations [1] and (ii) identifying the phase state of paramagnetic additions at various stages of synthesis and subsequent thermal treatment of oxide glasses co-doped with Fe2O3 and MnO [2]. The consistent results obtained using various experimental techniques demonstrate that the formation of nanoparticles with characteristics close to those of MnFe2O4 confers to these glasses magnetic and magneto-optical properties typical of magnetically ordered substances. The main advantages of these glasses are: high Faraday rotation in the near infrared range, the presence of remnant rotation and compatibility with glassy elements of various optical devices.

[1] J.Kliava, A.Malakhovskii, I.Edelman, A.Potseluyko, E.Petrakovskaja, S.Melnikova, T. Zarubina, G. Petrovskii, Y.Bruckental and Y.Yeshurun, Phys. Rev. B 71 (2005) 104406.
[2] J. Kliava, I. Edelman, O. Ivanova, R. Ivantsov, O. Bayukov, E. Petrakovskaja, V. Zaikovskiy, I. Bruckental, Y.Yeshurun, and S. Stepanov, J. Appl.Phys. 104 (2008) 103917.
MAGNETOPHOTONIC CRYSTALS AND METAMATERIALS FOR RADIOFREQUENCY AND MICROWAVE ELECTRONIC DEVICES
A.B. Rinkevich*, A.P. Nosov
1 Institute of Metal Physics Ural Branch of RAS, 18 S.Kovalevskaya St, Ekaterinburg, 620990, Russia
*rin@imp.uran.ru 
Investigation and application of extraordinary electromagnetic properties of metamaterials and nanocomposites becomes one of the most promising topics in last years. They undertake essential efforts for application of the materials of this sort in the optic and microwave devices. Propagation of the waves in a negative-index media is thoroughly investigated and application of this media in antennas is discussed. The opal matrix packages with embedded magnetic nanoparticles one may regard as magnetophotonic crystals promising for application in attenuators, phase shifters, filters and other devices of centimeter and millimeter wavebands. Resonance phenomena in 3D opal-based nanocomposites would be studied in the project through frequency and magnetic field dependences of the transmission and reflection coefficients of electromagnetic waves. During the preliminary experiments it is shown that the amplitude of electromagnetic wave sharply decreased in resonance. The giant increase of the reflected wave amplitude was discovered under the magnetic antiresonance conditions. 
Under some external conditions the materials of this class have an unexpectedly low or even negative value of refraction index.  We have opportunity to carry out fast and effective investigation in this field. The following actual problems have to be solved in the frame of the project:

1. To produce the 3D-nanocomposites with metal nanoparticles with high enough microwave conductivity. To produce the nanocomposite metamaterials with negative or near-to-zero refractive index. 
2. To investigate resonance phenomena in reflection and transmission coefficients of the waves of millimeter waveband. To search the conditions under which the nanocomposites are the left-handed media. 
3. To study magnetic properties of nanocomposites which are relevant to explanation of its microwave properties (saturation magnetization, coercive field, magnetic anisotropy).
4. To investigate low temperature heat capacity and the magnetic field-dependent part of heat capacity. To measure ultrasonic velocities and to calculate the elastic module. To calculate the Debye temperature.
5. To produce artificial nanocomposite crystal with the particles having magnetoelectric effect and predictable dielectric properties.
6. To search the areas of practical applications of metamaterials based on opal matrices, firstly in fast-acting electronic devices.
Conclusion of possibility to reach the negative sign of the refractive index in the materials discussed will be made as a result of the project. The possibility to vary the sign of refractive index by the action of magnetic field will be analyzed. The physical nature of the magnetic resonance phenomena will be discovered and recommendations will be formulated how to get the optimal composition of the composites and technology of their preparation.
SELECTIVE SORBENTS FOR DECONTAMINATION OF RADIOACTIVE MATERIALS AND PREVENTION radionuclides FROM SPREADING

S.Yu. Bratskaya1, A.V. Avramenko1, D.V. Marinin1,*, A. Musyanovych2 , R. Harjula3
1 Institute of Chemistry Far East Branch of Russia Academy of Science, 159, ave. 100-letiya Vladivostoka, Vladivostok 690022, Russia

2 Max Planck Institute for Polymer Research, Ackermannweg 10, 55128 Mainz, Germany

3 Laboratory of Radiochemistry, Department of Chemistry, University of Helsinki,

PO Box 55, FIN-00014, Helsinki, Finland

*E-mail: dmarinin@ich.dvo.ru 
Over the last twenty years sorption technologies allowing localization of radioisotopes and prevention of their migration with surface and ground waters have been extensively developed, tested and introduced to the practice of radioactive waste management. Despite significant progress in the field, there is still an open window for significant improvement of selectivity and sorption capacity of the known types of materials and high demand in principally new materials, first of all, those of high efficacy in decontamination of solid materials, including soils, and suitable for elimination of harmful consequences of the dirty bomb attacks. The latter threat has become a powerful weapon of the terrorists to create a strain and mass panic, especially in highly populated sites, where the possibilities of immediate evacuation are limited. Although the dirty bomb attack is not expected to result in numerous victims it, has a high negative psychological impact on society and economic damage due to radioactive contamination of large areas. 

We suggest that a prospective solution for decontamination of bulky materials and preventing of spreading radioactive materials from contaminated surface could consist in development of colloid-stable nanosize selective sorbents, which can penetrate (in liquid phase) through contaminated solid materials and, further, easily separated by filtration and flocculation with polymeric flocculants [1, 2]. The same type of the sorption system based on selective nanosorbents immobilized into latexes with good film-forming properties can be used for suppression of radioactive dust and formation of stable impermeable films preventing further spreading of radioactive materials on the surface. 

Within the scopes of the project, it is suggested to perform synthesis and study of physical-chemical and sorption properties of new types of selective sorbents or solid extractants based on nanosized selective sorbents (ferrocyanides, barium and calcium sulfates et cetera) immobilized in polymeric latexes. Polymeric nanoparticles (size range 100-200 nm) carrying carboxyl groups on the surface will be synthesized through free-radical polymerization. The monomer, which polymerizes to a polymer with low Tg value, will be chosen as a material for particles, in order to have particle dispersion with a good film formation properties. To improve the film stability, particles will be crosslinked under addition of the functional polymer (crosslinker), resulting in the particle network on the surface. 

The following specific tasks will be solved during the project implementation: i) optimization of the synthesis conditions to obtain sorbents selective to the selected radionuclides in polymeric matrix; ii) investigation of sorption and film-forming properties of new materials; iii) evaluation of new materials as dust suppressor and colloid sorbents for bulk material decontamination. 
[1] V. A. Avramenko, S. Yu. Bratskaya, A. M. Egorin, S. A. Tsaryov, V. I. Sergienko, Doklady Chemistry 422 (2008) 251–254.

[2] V. Avramenko, S. Bratskaya, V. Zheleznov, I. Sheveleva, O. Voitenko, V. Sergienko, J. Hazardous Mater. 186 (2011) 1343-1350.

PATTERNED MULTILAYER NANOSTRUCTURES FOR SPINTRONICS 

V.V. Ustinov*, E.A. Kravtsov, M.A. Milyaev

Institute of Metal Physics, 18 Kovalevskaya St., 620990, Ekaterinburg, Russia

*e-mail: Ustinov@imp.uran.ru
Spintronics is a new direction in microelectronics which exploits the electron spin along with its charge in order to provide new functionality in electronic devices. Recent advances in spintronics are related the discovery of giant magnetoresistance (GMR) and tunnel magnetoresistance (TMR) effects observed in magnetic multilayer nanostructures. New effects such as spin momentum transfer and coherent spin transport may lead to new classes of devices that will be useful in applications.

We have significant experience in growth and characterization of magnetic multilayers, experimental and theoretical study of their magnetic and magnetotransport properties. We have gained a good deal of expertise in application of neutron and synchrotron scattering techniques to resolve microscopic magnetic structure in ferro- and antiferromagnetic multilayers. 

We propose to study of ultrathin film multilayers and films patterned with sub-micrometer lateral geometries as prototypes of a new class of electronic devices whose operation is based upon the spin-polarized character of the electronic carriers. Patterned magnetic media is to be fabricated with MBE or sputter deposited magnetic multilayers and microlithography. Magnetic patterned nanostructures are to be characterized with macroscopic techniques like a superconducting quantum interference device (SQUID). In order to characterize these magnetic structures on nanometer-size scales we plan to conduct polarized neutron and resonant x-ray magnetic scattering experiments performed at major large-scale facilities. Detailed investigation of spin-dependent transport in these patterned structures is planned to detect and optimize GMR & TMR effects and to discover new phenomena that will lead to new spintronic device concepts. We believe that the study of patterned multilayer nanostructures would enable data storage on the nanometer scale as well as a better understanding of the fundamental limits of magnetic data storage.

INNOVATIONS OF INSTITUTE OF CHEMISTRY KOMI SC UB RAS

 S.A. Rubtsova,  A.V. Kutchin 

Institute of Chemistry Komi SC UB RAS, 

167982 Russia Syktyvkar, Pervomaiskaya st. 48,

rubtsova-sa @chemi.komisc.ru

Fundamental studies in the field of organic and inorganic chemistry, materials science are being carried out at the Institute. Scientifically based innovation technologies with the use of plant raw materials and mineral resources of the region are being developed.
Complex technology to wood greenery of coniferous breeds processing and creating preparations for agriculture. The technology is based on an environmentally safe method of emulsion method of plant raw material processing without organic solvents. The introduction of technological line for isolation of extractives from wood greenery of coniferous breeds. Development, research and manufacture of complex products based on biologically active compounds from plant raw materials with new consumer properties.
Development of production technology of the drug substance Dibornol having haemorheological activity and antioxidant effect. Competitive technologies being developed for the synthesis of 2,6-diisobornil-4-methylphenol (Dibornol") and receipt of drugs based on it having a complex influence on haemorheology, vascular-platelet haemostasis and antioxidant, neuroprotective and retinoprotective activity for the prevention and treatment of thrombophilic states syndrome of increased blood viscosity and endothelial dysfunction in cardiovascular diseases and diabetes.
Development of technical antioxidants and stabilizers on the basis of semisynthetic terpenophenols. Developed and patented technological ways of synthesis of ortho-terpenophenols - a new type of antioxidants. The use of antioxidants prolongs the period of operation of polymer products, improve product quality and helps the environment by reducing waste. Terpenophenols can use as stabilizers and antioxidants in the tire and rubber industry, oil refining, production of polymers and food industries.
Corundum/lanthanum hexaaluminate alumina nanofiber ceramic composite. The ceramic composite is constituted: "corundum matrix is filled of the layered particles hexaaluminate lanthanum and reinforced nanofibers alumina was production. All components of the materials were synthesis of the sol – gel method. Analysis of the microstructure composites make used of SEM methods  proved equal distribution nanofibers in the volume matrix all components. Maximum strengthening of the matrix is occursed of modifications surface nanofibers of the dioxide zirconium.
Development of the method for complex processing of sulfate turpentine. It includes its purification from sulfate compounds and preparation of the products, using in different fields of man vital activity, on the base of turpentine components.

Derivatives of plant polysaccharides to create effective substitutes for heparin. Synthesized polyfunctional sulfated derivatives of plant polysaccharides with different structures, which are analogues of heparin, traditionally used for anticoagulation
Sorbents of petroleum based vegetable raw material. The methods of preparation of sorbents for the purification of waters and soil from pollution with oil products and organic solvents. The basis for such sorption materials are plant polymers: cellulose, lignin, as well as waste production and wood processing (sawdust, conifer wood greens). Sorbed petroleum products are easily assembled by mechanical means, and regenerated or recycled.

Development of the method for preparation of hybrid composite materials (high-packed, reinforced, heat-proof composites). A composite hybrid organic-inorganic material is prepared on the base of epoxy binding and inorganic modifying or reinforcing components.
CERAMICS AND COMPOSITES ON THE BASE OF NANOSIZED AND NANOSTRUCTURED MATERIALS

Y.I. Ryabkov,  P.V. Istomin, P.A. Sitnikov 

Institute of Chemistry Komi SC UB RAS, 

167982 Russia Syktyvkar, Pervomaiskaya st. 48,

ryabkov-yi @chemi.komisc.ru

The high temperature interaction between titanium carbide and gaseous silicon monoxide (SiO) comprises the synthesis of titanium carbide-silicide Ti3SiC2. In this phase silicon forms atom planes with the period of 0.89 nm between [Ti6C]-octahedra. Thus, the hexagonal structure is obtained with regular alternative nanostructural silicon- and titanium-carbide layers is very promising nanolaminate object for new materials [1].

The mechanism of formation of the full dense ceramic composite with the nanolaminate matrix in system silicon carbide – titanium carbide-silicide was established. Than the scheme of high-temperature synthesis of the ceramic composite with nanolaminate matrix based on Ti3SiC2 and reinforced by carbide grains (1–20 microns) was developed and explained. 

The mechanism of the synthesis is based on the interaction in SPS mode with formation the titan-silicon melt and the subsequent crystallization of nanolaminate phase Ti3SiC2.

The combination of the microplastic nanolaminate matrix and abrasive fine  phases provides to the material a grate scope for tribotecnical and other high applications.

Physical and chemical legitimations of sinthesis of composites based on epoxy resins and high dispersed carbon (carbon soot, carbon nanotubes "Taunit" and "Taunit-MD” marks) or fine grains of Ti3SiC2 are established. 

The way of the combination of the polymer matrix with the carbon particles by ultrasonic process allows to raise the strength characteristics of matrixes and composites more than on 40 % and glass-transition temperature on 20-25 %. 

Support by Presidium RAS Program №21 is acknowledged.

[1] B.A.Goldin, Y.I.Ryabkov,  P.V.Istomin. Petrogenetica of powders ceramics and composites. Syktyvkar, 2006, 276 p.

[2] P.A.Sitnikov, A.V.Kuchin, A.G.Belykh, I.N.Vaseneva, Fedoseev. Russian Journal of Applied Chemistry, 2009, Vol. 82, No. 7, pp. 1288−1291.
HIGH-STRENGTH HARD MAGNETIC Fe-Cr-Co-BASED ALLOYS
N.M. Kleinerman*, V.V. Serikov, A.V. Vershinin. E.V. Belozerov,
G.V. Ivanova, M.A. Uimin, N.V. Mushnikov
Institute of Metal Physics UB RAS, S. Kovalevskaya 18, 620990 Ekaterinburg, Russia
*e-mail: kleinerman@imp.uran.ru
Recently, there has been much interest in the development and application of hard magnetic materials which would combine good magnetic and mechanical properties. Alloys of the Fe-Cr-Co system manifest themselves as materials with the highest strength, enhanced plasticity after quenching from high temperatures (suitable for rolling into sheets), high corrosion resistance, and relatively low cost of starting materials. In the ternary Fe-Cr-Co system the high-coercivity state of the alloys is gained as a result of precipitation hardening of the high-temperature homogeneous α-Fe solid solution with the formation of a weak magnetic FeCr-enriched α2- and strong magnetic FeCo enriched α1- phases which constitute the so-called modulated structure. The authors of the project for the first time gained materials, via alloying the alloy Fe-22Cr-15Co with Ga and W, that far exceed the conventional Fe-Co-Cr alloy in magnitudes of yield strength and relative elongation [1]. Structure examination of these alloys showed that nano-sized precipitates are formed in them and, along with the two above phases, a new disperse phase enriched in tungsten is formed, which favorably affects the alloy strength. The mechanisms of influence of the alloying additions have not been clarified yet. To this end a comparative analysis of the structure and properties for the alloys doped with elements of different solubility in the α-phase of the Fe-Co-Cr alloys is required to allow ascertainment of localization of the alloying elements, role of the phase segregation and interphase interaction in achieving high mechanical properties., which has been as the first step performed on the alloys containing different combinations of Ga, W, Cu, Al, and Mo [2]. Moreover, it was established that if low-temperature annealing is preceded by cold deformation after quenching from high temperatures, the precipitation hardening does not lead to the formation of the modulated structure, which indicates that the modulated structure is not a prerequisite to the development of a high-strength hard magnetic material with moderate values of coercivity. 
In the project under discussion there will be performed researches into structure, magnetic and mechanical properties of the alloys Fe-Co-Cr with an enhanced magnetization, alloyed with W, Ga, and other elements from the concentration ranges beyond the miscibility gap in the ternary phase diagram. The alloys with lower concentrations of Co and Cr, enriched in iron, are featured by a higher specific magnetization. In such alloys one can expect a change in the mechanism of formation of the structure components, which could entail the need for another regime of the thermomechanical treatment. A compulsory prerequisite for the formation of a high-coercivity state is mechanical treatment by cold rolling. Intense plastic deformation is known to result in the grain refinement and growth of microhardness. In the frame of the given project a method of high-pressure torsion is supposed to be used. The realization of the project presented will provide advancement to the purposeful influence on the structure of the Fe-Co-Cr-based alloys by means of varying the regimes of heat treatments and choice of alloying elements. 

Support by UB RAS (project #09-P-2-1035) is acknowledged.
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Functional coatings with controlled optical and biological properties based on natural polyelectrolytes and their derivatives 
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Application of natural polymers in different field of science and technology has been of increasing interest due to the unique combination of their properties – biocompatibility, high availability, good film-forming properties, and specific interaction with metal ions and organic solutes. Among other natural polymers chitosan plays a significant role, being the only widely available cationic polyelectrolyte. Applications of chitosan derivatives and oligomers has expanded rapidly in the recent years. These biopolymers have a great potential for exploration in numerous markets: health care, food and beverages, personal care, agriculture, sanitation, product separation and recovery, waste treatment etc. Good antibacterial properties of chitosan make it very attractive for the development of functional antimicrobial coatings on textile and fibers [1] and other surfaces [2]. Another potential field of application of chitosan-based films is optical wave guiding and sensing [3, 4]. Advantages of chitosan are not limited to its easy processability. Optical properties of chitosan film can be tailored via metal ions binding, in-situ reduction and stabilization of metal nanoparticles [5] or incorporation of optically active inorganic nanocrystals into the polymer thin film. In situ reduction of gold in chitosan and its derivatives solutions followed by formation of free-standing polymeric films is a promising tool for development of matrix for optical sensing of organic and inorganic solutes [6], including those of biological origin, which can efficiently interact with chitosan and can be detected due to significant enhancement of optical signals in proximity of gold nanoparticles.

This project is targeted on development of methods to produce surface coatings for biomedical and optical applications using approaches of ‘in situ’ noble metals reduction in biopolymer matrix, self-organization of oppositely charged polymers and nanoparticles, and bottom-up approach for construction of nanostructured coatings, including those with layered structure. Increase of noble metals nanoparticle concentration, control of their size and shape will be attained via application of functional derivatives with enhanced complexing properties -  carboxyalkylchitosans and pyridylchitosans. To increase antibacterial properties new functional derivatives will be synthesized and applied individually or in combination with metal nanoparticles and/or anionic bioactive polymers.  
[1] M. W. Huh, I. K. Kang and D. H. Lee, J. Appl. Polym. Sci. 81 (2001) 2769-2778. 
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SILICA POWDERS PRODUCTION FROM HYDROTHERMAL SOLUTIONS 
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The concentrated aqueous silica sols will be obtained from the liquid phase of hydrothermal solutions. The range of the values of pH of hydrothermal solutions the starting separate is 4.5-9.4, the silica concentration 400-800 mg/kg, and the solution temperature is from 20 to 90 0C.

We propose to use ultrafiltration membranes made of polyethersulfone or polyacrylonitrile to concentrate hydrothermal solutions. Concentration will be performed in three stages. At the first stage, the contents of SiO2 of 3-10 g/dm3 were attained; at the second stage, 10-30 g/dm3; and at the third stage, 100-900 g/dm3 (10-62.0 wt %).

The ultrafiltration membranes have selectivity by the colloid silica about 1.0 without preliminary addition of any coagulants and low selectivity by molecules of silicic acid and ions. Therefore, using ultrafiltration, we can obtain the solution with a high SiO2 content and low concentration of impurity ions. The characteristics of silica sols such as density, dynamic viscosity, the radii of silica particles, and zeta-potential of the particles will be investigated.

The concentrated aqueous silica sols will be used to obtain the low-aggregated nanodispersed powders by cryochemical vacuum sublimation drying. Dispersing of aqueous sols into separate drops is applied to form the developed interphase surfaces providing a high cooling rate during the contact with liquid nitrogen. Such cooling rate is necessary to exclude segregation of silica nanoparticles that are contained in the starting sol. The main goal of the crystallization process is to retain high chemical and granulometric uniformity inherent to the dispersed sol. The sublimation stage of ice is performed at a pressure lower than the pressure corresponding to the triple point of water. This allows us to minimize agglomeration of silica particles formed at the stage of freezing due to exclusion of appearance of fragments of dropped moisture. The silica powders with the specific surface up to 500 m2/g, average pore diameter of 3 - 10 nm, and pore volume of 0.2 - 0.3 cm3/g will be. The particle size in the powders is in the range from 10 to 100 nm. Particles images of silica powder will be made on a scanning electon microscope under an magnification factor in sequence in 25000, 50000, 100000 and 250000 times. 
The silica powders are promising for the industrial use in production of sorbents, catalysts, polymer composites, rubber, and paints. There are some tasks of great interest which improve features of building concrete, such as the strength for compression, curve, water resistance, frost-resistance, etc. and influence on the characteristics of other building materials: binder (cement, gypsum, lime), glass, mastic, heat insulators. The experiments of studying how silica nanoparticles influence on the characteristics of the system cement-sand-water will be made. Nanoparticles as sols and nanopowders will be entered in the system from 0.0001 tо 0.2 mass% on cement. The characteristics of the solid samples will be measured in different age from 3 tо 28 days. It will be determined nanoparticles influence on the density, density rate, and final density during cement samples compression subject to nanoaddition mass percent. 
1. Potapov V.V., Trutnev N.S., Gorbach V.A., Generalov M.B., Romanova I.A. The obtaining of silica nanopowders from natural hydrothermal solutions// Chemical technology. 2009. № 12. pp. 712-719
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ADJUSTABLE TEXTURAL AND STRUCTURAL PROPERTIES OF SILICA SYNTHESIZED BY SURFACTANT AS A TEMPLATE

V.A. Valtsifer, E.V. Saenko*, N.B. Kondrashova, I. Lebedeva, V.N. Strelnikov
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3, Acad. Korolev St., Perm, 614014, Russia
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Currently, silica materials synthesized by surfactant as a template featured by high specific surface area, large mesopore volume, adjustable pore diameter, narrow pore size distribution become increasingly popular in numerous applications. They can be used in chemical and biochemical techniques as catalysts or basis of catalysts, chromatographic adsorbents, mediums for immobilization of biomolecules, and components of sensors. One of the most effective methods for production of materials with such attractive properties of a finished product is the chemical liquid-phase condensation method based on formation of poorly soluble compounds in the course of chemical interactions [1]. Alterations in sedimentation conditions (temperature, pH, ratio/concentration of components, introduction of various surfactants and organic modifiers) allow the wide-range control of phase composition, dimension and shape of resulting particles. Despite dramatic progress in the synthesis of mesoporous silica (MCM-41, MCM-48, SBA-15), the preparation of materials under simultaneous control of morphology and pore structure still remains a challenging task. In this paper, interrelationships between synthesis conditions (reaction components’ ratios, temperature, curing method, of the use of swelling reagents, organic additives) on textural and structural characteristics of the finished material of mesoporous silica have been studied [2, 3]. The structural characteristics have been investigated by BET measurement, Raman spectroscopy and X-ray diffraction techniques. Thus, it has been ascertained during preparation of above mentioned silica materials that the textural and structural characteristics appreciably depend on synthesis conditions and on the use of various surfactants. Optimization of technological procedures allows producing materials with high specific surface for MCM-48 1800 m2/g, MCM-41 1400 m2/g and for SBA-15 800 m2/g. Metal-oxide compositions on the basis of silica with oxides of zinc, nickel, titanium, aluminum, copper, zirconium and iron (III, (- and (-forms) have been produced. The influence of mesoporous metal-oxide fillers on rheological and physic-mechanical properties of polyurethane composites has been studied and catalytic activity of mesoporous materials in gel formation during polyurethane curing has been investigated. 

Produced materials can be promising in various catalytic and sorption processes in oil-refining industry, as builders for polymers, address delivery of medications.
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ESTABLISHMENT OF CERAMIC IMPLANTS HIGH-TECHNOLOGY PRODUCTION 
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The project is aimed at development of medical materials and products, conforming to biological bone tissue under mechanical and bio adaptive characteristics, i.e. materials and structures on their basis for reconstruction and placement of bones and joints. Necessity of serial developments in this direction is caused in the first place by the fact, that bone tissue more than other organism tissues is subjected to age-related changes, resulting in reduction of its density and strength with consequences of fractures and irreversible bone deformation.

The aim of the project is to establish a high-technology import replacing production of new generation implants made from nanopatterned biocompatible ceramics, substituting metal implants and providing lower cost in comparison with foreign analogues. 

In order to achieve the aim, a complex of up-to-date approaching methods for nanopatterned biocompatible ceramics production will be applied in all stages of developed processes. 

As a result of project work performance, a competitive production of nonmetal materials – biological tissue analogues - will be made, that will make it possible to produce a fundamentally new generation of implants, reproducing structural and mechanically strong parameters of bone matrix. A biological fictionalization of porous ceramic skeleton surface will be provided. 
New types of implants, implant systems and coatings will be developed with usage of nanotechnologies and nanomaterials on the base of alumina and zirconia, hydroxyapatite for surgical treatment of diseases and human locomotor apparatus injuries.

Main types of developing products: ceramic biocompatible implants on the base of high-strength porous ceramic materials with bioactive coating for surgical treatment of diseases and bone injuries.

Production planned for manufacturing is a new product design and production decision on the world and domestic market. 

Joints from nanopatterned porous ceramics differ in specially developed material composition and production under (developed) controlled operating conditions.

Artificial joints, among them ceramic friction pair made from nanopatterned ceramics of polycomponent structure on the base of zirconium dioxide, that was subjected additionally, in comparison with ISO 13356, by compaction and mechanical operation, differ in raised homogeneity of material microstructure. 

MODERN STATE AND SCENARIO FOR DEVELOPMENT OF NATURAL ECOSYSTEMS IN REGIONS WITH MIXED FLORISTIC AND FAUNISTIC ZONES IN CONDITIONS OF CLIMATE CHANGE

E.Ya. Frisman, E.A. Grigorieva

Institute for Complex Analysis of Regional Problems 
Far Eastern Branch of Russian Academy of Sciences
Sholom-Aleikhem St., 4, Birobidzhan, 679016, Russia

e-mail: frisman@mail.ru
The offered project is directed on investigation of spatial-temporal dynamics of plant communities to explain forming and developed stratified forest cenosis with the help of the dynamics model. We elaborated two mathematical models of the vegetative community spatial-temporal dynamics explaining the spatial distribution by nonlinearity of the character of dynamics in a community, the dynamic chaos phenomenon and the processes of chaotic self-organizing. The first model refers to the analytical class; it represents the integral-differential equations system [1]. In constructing this model interaction of the plants located close to each other and effecting both the biomass increase (for example, new growth) and its growth restriction caused by struggle for life resources (first of all, for light) was taken into account. The second approach represents the imitation computer model of dynamics of the forest arboreal plant community [2]. The model includes 4 main blocks: tree growth, competition for light, destruction and reproduction, spatial distribution of trees. We illustrate the simulation results showing the tree community structures in the experimental forest site situated in reserve Bastak territory in the Jewish autonomous region in the Far East of Russia. Development of base dynamic model for study and comparison of interspecific interactions in the wood stratified coenosis, computational experiments with a set of basic forest-forming species of the Middle Amur Region in Russia (humid), Germany (humid and semi-arid) and Israel (arid) regions with different and changing climatic conditions is the first objective of the offered project.

The second objective is an analysis of game animal species dynamics and their natural habitat and seasonal arrangement for certain regional ecosystems; evaluation of dynamics in fodder reserves effecting a reproduction, survival and seasonal migration for game animal species in changing climatic conditions. This part of offered project is directed on assessment of hunting influence on the populations’ development and its optimization for environmental management. Our approach is based on elaboration and development of dynamics models for a limited population with age and sex structure [3], analysis of synchronization mechanisms in fluctuation of biological population systems connected with migrations. We plan to compare the tendencies for the wild animals’ quantitative changes in both the hunting areas and on the non-hunting ones: Nature Reserve and others territories free from hunting and to optimize a ratio of these territories. We plan to examine also effect of harvesting on the genetic diversity and dynamic behavior of a ecological limited population [4].
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ARCTIC ECOSYSTEM’S BIODIVERSITY AND GLOBAL CLIMATE CHANGE: MARGIN WAYS OF BIOSPHERE’S DEVELOPMENT UNDER THE DISTURBANCE OF PLANETARY HEAT AND MOISTURE BALANCE

Konstantin G. Bogolitsyn1, Ivan N. Bolotov1, Nikolay S. Larionov1,*, Andrey  S. Aksenov1
1Institute of Ecological Problems of the North UB of RAS, Severnoy Dvinu Emb. 23, Arkhangelsk
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The aim of the Project is to study the influence of Global climate change towards the present state and history of development of Arctic biota under different ways of disturbance of heat and moisture balance. Historically acting under different thermal conditions, zonal and altitudinal ecosystems, as well as ecosystems of geothermal fields should be compared. 

Complex assessment of biodiversity of ecosystems (by the example of number of groups of land and water animals and plants) is planned. Main environmental factors are to be studied: microclimate, structure of underlying rocks, plants, biogeochemical processes, physico-chemical characteristics of habitats. Paleozoological (mollusks shells, arthropods’ remains), paleobotanical (pollen, fruits, remains and prints of leaves and branches), sklerochronological (mollusk shells), dendrochronological (wood) and other approaches will be used in order to study history of development of Arctic biota of different ecosystems during Pleistocene-Holocene Ages. In the framework of Project’s idea one of the aims is to study organic and inorganic matter of Arctic region and its role in the development of plants and animals.
Research group consisting of biologists, environmental engineers, chemists, geographers, hydrogeologists  (including 4 Doctors of Sciences, 7 Candidates of Sciences, 9 PhD students) is ready to take part in the Project’s implementation. The group gained huge experience on implementation of research expeditions and field studies within Arctic region, as well as within other regions (Fennoscandia, Ural, Baikal, Caucasus, Amazon and Orinoko rivers’ water basins). The group published 5 monographs and more than 30 articles within the framework of the Project’s idea.

Studies on the age of layers will be performed by isotopic analysis (stable U and C isotopes). Based on the data mentioned above, models of historical evolving of different ecosystems under different climate conditions will be developed. Forecast of influence of climate change towards local communities and natural management for several simulated ways of disturbance of heat and moisture balance will be made.

Partners should have an experience in field studies under Arctic and sub-Arctic environment. There is a need in genetic research (studies on genetic distances between the populations of species of Arctic biota, including inhabitants of geothermal fields), isotopic analysis (radioisotope dating of samples from natural deposits – bottom sediments, travertines, peat, etc.)  
THE USE OF AMPHIBIANS AS INDICATORS OF ENVIRONMENTAL HEALTH
V.L. Vershinin1,*, K. Henle2
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Amphibians are reacting sensitive to environmental perturbations because of their exposure to external factors throughout their development. On the one hand amphibians are first terrestrial vertebrates whose development proceeds in external environment and significantly depends on it. Because of that specimens with abnormalities are always present in amphibian populations. The reasons of their occurrence are variable: toxic effects [1], influence of ultra-violet radiation [2], changes in hormonal background under effect of pollution [3], inbreeding depression connected with natural habitat fragmentation and isolation [4, 5, 6], influence of parasites invasion [7] etc. Anyway, spectrum and frequency of morphological anomalies in amphibian populations are result of interaction of ontogenesis and environment [8, 9]. On the other hand - amphibian have the common anatomic features with higher vertebrates. This fact allows extrapolating negative trends that we found in amphibian populations on the human. These two circumstances and amphibian global decline in modern biosphere [10] attract attention of the researchers to that taxonomic group [11]. The main factors of amphibian disappearance: habitat destruction and chemical pollution [12, 13]. Nevertheless, it has turned out to be difficult to clearly identify the factors that are responsible for the decline of amphibians and these factors seem to differ among different regions in the world [14, 15]. Amphibians have been variously suggested as suitable indicators for environmental health and for changes of the environment [16, 17, 6]. But there is no well-developed methodology for the use of amphibians as indicators of environmental health. The reasons are adaptive changes in populations [18], geographical, geochemical and some other features. The main objective of the study is to test an indicator system for the quality of the environment in urban areas that was developed in the Ural and in Germany. We will use the results to improve existing classifications of developmental deviations and to improve methods for the use of the spectrum and frequency of anomalies as well as changes in population structure in amphibians as indicators of environmental health. The participants of the project have a long-term experience of amphibian teratogenesis study on urbanized, polluted and non-disturbed areas of Eurasia. The theoretic value of the study in understanding the relationship between functional ecology and evolution. 
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ECO-MICROBIOLOGICAL MONITORING AND BIOREMEDIATION OF ANTHROPOGENICALLY DISTURBED ECOSYSTEMS
I.B. Ivshina1,2, M.S. Kuyukina1,2, A.V. Krivoruchko1,2,*, L.V. Kostina1, M.I. Richkova1
1Institute of Ecology and Genetics of Microorganisms, Ural branch, Russian Academy of Sciences, 13 Golev street, 614081 Perm, Russia
2Perm State University, 15 Bukirev street, 614990 Perm, Russia
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The world technological progress leads to the uncontrolled contamination of the biosphere accompanied by the emergence of new extreme habitats. Microorganisms exhibit a sharp response to the environmental changes and this results in severe shifts of the existing microbiocenosis structure, which is essential for stable functioning of any ecosystem. Consequently, investigations of microbial cell adaptation mechanisms under the anthropogenous conditions are very relevant. The present project is aimed at ecological and microbiological monitoring of anthropogenically disturbed biotopes including extensive study of microbial species interactions in a contaminated ecosystem, influence of the environmental factors on these interactions, microcosm investigations, bioremediation of contaminated ecosystems using metabolically active microorganisms, and monitoring of secondary biocenosis formation. The research team has a wide scientific experience in studying crude oil-contaminated ecosystems. The method for in situ detection of ecologically important prokaryotes in hydrocarbon-contaminated soils was developed. The Regional Specialized Collection of Alkanotrophic Microorganisms (WFCC # 768, www.iegm.ru/iegmcol) was founded comprising more than 2000 identified alkanotrophic bacterial strains isolated from ecologically contrasting regions of the former Soviet Union and Europe. New data on biological properties of hydrocarbon-oxidizing microorganisms and main features of their environmental persistence were obtained. For clean-up of oil contaminated territories, a bioremediation technology using non-pathogenic hydrocarbon-oxidizing Rhodococcus actinobacteria was developed (Patents RU 2180276 and 2298033). Ecologically safe biosurfactants obtained from rhodococcal cells (Patent RU 2193464) proved to be an alternative to totally used synthetical ones. Multi-purpose applications of biochemical activities of Rhodococcus cells for rehabilitation of disturbed ecosystems are recommended as the original idea of the project (Table 1). 
	Table 1.Environmental applications of Rhodococcus actinobacteria

	Utilized or produced compounds
	Functional activity 
	Application

	Alkanes (eg n-hexadecane)
	(107±2) mg l-1 h-1 oxidation
	Bioremediation 
of hydrocarbon-contaminated ecosystems

	Polyaromatics (eg phenanthrene)
	(1±0) mg l-1 h-1 oxidation
	

	Crude oil
	(31±1) mg l-1 h-1 oxidation
	

	Glycolipids
	(10±1) g l-1 production
	

	Carbon acids (eg sodium benzoate)
	(130±31) mg l-1 h-1 oxidation
	Utilization of unusable drugs

	Phenols (eg paracetamol)
	(116±20) mg l-1 h-1 oxidation
	

	Isoquinolines (eg drotaverine hydrochloride) 
	(11±1) mg l-1 h-1 oxidation
	

	Isoprenoids (eg β-sitosterol)
	(4±0) mg l-1 h-1 oxidation
	Utilization of wood processing wastes

	Triterpenoids (eg betulin)
	(2±0) mg l-1 h-1 oxidation
	

	Metal ions (Ni2+, MoO42-)
	48-88% accumulation
	Detoxification of heavy metals


Enhanced Ice melting in THE east siberian sector of arctic basin: through retrospective to perspective 
A.S. Astakhov*, S.A. Gorbarenko, I.B. Tsoy, M.S. Obrezkova
V.I. Il’ichev Pacific Oceanological Institute FEB RAS, Vladivostok, Russia 
*e-mail: astakhov@poi.dvo.ru
The marginal seas of the Arctic Basin East Siberian sector are characterized by the environmental changes maximal rates during the last decades, which are expressed in the rapid ice melting (Fig. 1). The evidence of such local ice-sheet changes reasons and duration is not clear yet.  As the factors responsible for these changes the increased water and heat exchange via the Bering Strait, the strengthened air heat transfer in the northern direction, the upwelling of relatively warm intermediate Atlantic waters, which penetrate into the East Arctic Ocean along Eurasia, and the activated geological processes are proposed. Long-term observations and large financial expenditure are necessary to verify every of above-stated hypothesis.
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	Fig. 1 Minimal Ice Sheet in the Arctic in September 2007 compare average of 2002-2006 (red line) and 1979-1983 (yellow line) [http://www.iup. uni-bremen.de] 
	Fig. 2 Zone of more intensive ice melting, location of collected core stations (circles) including partly studied (red circles) and region of detailed sampling of surface sediments (polygons) including diatom studied (red polygon). Dashed green line polygon – region of planning expeditions of 2011-2012.


The main aim of the project is to reveal the environmental changes in the Past using the study of the sediments available for 14С (Late Holocene) or 210Pb and 137Cs (Historical time) dating. The cores from the author’s collection (Fig. 2) and the cores, which we plan to obtain at the future expeditions, will be studied.   

It is important to use the multidisciplinary approach for the project. We plan to study the ice rafted debris, clay and clastic mineralogy, magnetic susceptibility, oxygen and carbon isotopic composition of planktonic and benthic foraminifera and use of micropaleontological (diatoms, silicoflagellates, radiolaria, foraminifera, pollen etc.) and geochemical (biogenic, main and trace elements) methods. Method of accelerated mass-spectrometry is necessary for creation of high-resolution age models, precise dating of regional paleoenvironmental changes and correlation with the global events. Obtained data will be used for recognizing the duration and reasons for ice sheet melting and environmental changes.

Climate Induced Movements of Treeline Ecotone in the northern West Siberia Plain and in the Ural mountains over the last millennium

V.S. Mazepa*, P.A. Moiseev, R.M. Hantemirov, S.G. Shiyatov
Institute of Plant and Animal Ecology, Ural Branch of the Russian Academy of Sciences, 

8 Marta St., 202, Yekaterinburg, 620144,  Russia
*e-mail: mazepa@ipae.uran.ru
Patterns of plant population response to climate variation are most clearly observed at climatically determined ecotones, where the abiotic environment is the ultimate control over ecological processes. One such promising area is the northern West Siberia and the Ural Mountains. In this region significant climate variation has occurred on decadal to centennial time scales and the high-altitude vegetation is not strongly impacted by human activities.
In forest-tundra ecotone region of northern West Siberia a large amount of subfossil larches and spruces have been collected for dendrochronological studies. Tree-ring width from 1100 living and subfossil Siberian larch (Larix sibirica, Ledeb.) have been assembled into a continuous and precisely dated chronology covering the period 5313 BC to AD 2005. The strong association with summer mean temperature (June-July) has enabled the production of a temperature reconstruction for the last 7300 years [1]. Dendrochronological dating of more than 1200 samples has enabled the reconstruction of past timberline fluctuations and past stand density variations under the varying Holocene climate. 

In the Polar Ural Mountains a large number of well-preserved larch tree remains can be found up to 60–80 m above the current tree line, some dating to as early as a maximum of 1500 years ago. For this study, more than 2000 discs from dead trees and 500 increment cores from living trees were collected along six altitudinal transects. The positions of all living trees, fallen dead trees, and wood remains were mapped. Dimensions of each living tree were measured. Calendar years of tree germination and death were estimated using dendrochronological techniques. The earliest distinct maximum in stand density occurred in the 9th to 13th centuries, coincident with Medieval climate warming [2]. The recent temperature increase observed in the 20th century is reflected in the high number of young trees observed. The analysis of the obtained material has allowed receiving an estimation of tree-line position for the last 1500years. Position of the uppermost remains of trees is fixed at height of 415-420 m. a.s.l., which is now woodless [3]. The estimation of changes in larch forest stand biomass was received for the last millennium. 
In the South, North, Sub-Polar and Polar Urals, a lot of pairs of historic and recent landscape photographs were compared; dimensions of trees were measured and ages of the part of them were determined on altitudinal gradients; 200 km of upper open forest border were surveyed iteratively. For study of trees regeneration processes spruce and larch cones was collected and contained inside them seeds quantity and quality were estimated. For observation of microclimate temperature datalogger were installed in the last 9 years. The key tree stands structure and their sites conditions were mapped on area of 110 km2 [4].
Support by IEEE, ARC, and ARCNN is acknowledged.

[1] Briffa K.R., Shishov V.V., Melvin T.M., Vaganov E.A., Grudd H., Hantemirov R.M., Eronen M., Naurzbaev M.M., Phil. Trans. R. Soc., 363 (2008) 1501.
[2] V.S. Mazepa, Can. J. For. Res., 35 (2005) 9.
[3] Shiyatov S.G., PAGES News, 11 (2003) 1.
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PALEOCLIMATIC RECONSTRUCTIONS 
USING ICE IN CAVES AS SOURCES OF DATA
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Ice cave deposits, located inside karstic systems, represent a new challenge for glaciologists, speleologists and (paleo-)climatologists and  other related sciences. The formation and evolution of ice in caves follows the forcing of the external environment, both as a source of  water  and snow, and the local climates which induces a specific cave  climate,  favorable for the accumulation and preservation of ice. Located  also at  low altitudes, in areas where both alpine glaciers and ice caps  are  missing, perennial ice deposits in caves could be important archives  of  climatic and environmental informations. In Austria, Slovak Republic, Romania, Russia and other countries, these ice caves, as show caves, represent also an important economic resource for the local community.

Mineral compositions formed in the process of freezing can be divided into primary which are formed during the process of crystallisation and secondary being the result of transformation of the primary forms in changing (post-cryogenic) conditions (quite often much warmer ones).

Cryomineragenic processes are quite common. Unfortunately, up to the present time there is no general classification of their conditions, types etc., supporting our discussion on cryomineral origin. The conditions where the phenomena occur in the largest scale (no matter if marine or continental) seem to be the regions with currently existing ice cover, where cryochemical processes are related to surface glaciers and the regions where the cryochemical processes are connected with underground ice. The latter covers the regions with perennial permafrost and also the regions, located more to the south, where underground ice forms in underground cavities – caves.

Composition of dissolved rocks determines content of water infiltrating into caves and freezing there, which influences contents of minerals undergoing cryomineral formations. Gypsum dominates among cryogenic minerals in gypsum caves, while celestite and calcite are quite rare. Calcium carbonates (various phases, including metastable ones like monohydrocalcite, appearing in early stages of crystallisation) are almost absolutely dominating in limestone caves. Gypsum caves are much more interesting as far as cryomineral variety of material is concerned and limestone ones when phase contents is concerned. Obviously, accessory minerals of allochtonous (transported from outside) and autochthonous origin occur in cryominerals in both gypsum and limestone caves. The accessory material contains mostly clastic-mechanic particles of aluminum, silica and organic ones, rarely material of space origin. 

Minerals formed in cryomineragenic processes are tiny and splintered, proving unstable growth conditions and their aggregates in situ reflect the cellular structure of ice. 

Investigations, which have been carried out so far, prove that cryogenetic processes and accompanying them formation (freezing out) of minerals are quite common in caves (but also in fissures and cavities) in permafrost (temperate) zone and high mountains. It can be assumed that due to cryogenetic sedimentation significant part of components dissolved in water (as a result of karst processes) is removed from circulating karst water and deposited on floors of caves, enriching cave sediments with carbonates or sulphates, participating in further speleomineral formation. 

The scale of the phenomena (freezing of mineral components from karst water in cold regions) is unknown. However, it may occur that the process is so essential that it is necessary to review the current traditional opinion and suggestions on karst for example on low intensity of karst (chemical) denudation in cold regions. As the latter is concerned it is traditionally suggested the all dissolved material is transported by rivers and obviously the process of freezing out of the mineral mass and its deposition in caves, fissures and underground cavities is not taken into account. That means the data on chemical denudation in polar and high-mountain regions are lowered. The real denudation (i.e. activity of karst processes) might be higher. Further investigations will show how much. 

Investigation of cryomineral formations, including sedimentation, is of significant sedimentological and mineralogical importance, for example, to study cryo-enrichment of cave sediments with dispersed carbonates and sulphates, the role of cryominerals in formation of other types of cave sediments (speleothems, moon milk), cryomaterial as the cement bonding karst breccia etc. 

Undoubtedly, numerous stages of transitional phases of the original material transformation into crystalline forms will be determined and described in future. It is a very interesting subject of mineralogical investigations, which can be carried on in cold experimental-caves like Kungur Ice Cave, caves of Pinega region, etc. It is possible, that morphocrystalline variety of gypsum forms, which occur there, are closely connected with processes of cryomineral origin. In such aspect, cold gypsum caves can be compared to warm gypsum caves in dry areas (Middle Asia, SW USA, Spain etc.), where formation of varied gypsum-mineral forms also occurs. However, the reason of such variety there is different – fluctuation of widely spread condensation – evaporation processes in relatively high temperature.

 Age of cryomineral formations is also very interesting for investigation. Their dating (in case of large accumulation of the material like in Scarishoara Cave for example, or other caves with perennial ice) could distinctly show the growth of underground ice, so the cryominerals could serve as age markers much more stable than ice which can melt, recrystalise, etc.

Aerosol material, including particles transported by air from outside, is preserved in cryomaterial growing layer by layer in underground naled ice. It can also be the source of information about pelaeoclimatic conditions of the past (e.g. dry periods with dust storms), past disasters (e.g. volcanic eruptions, falls of cosmic bodies etc.), evolution of anthropogenic (technical) influence on the environment. 

Obviously, the caves with perennial ice and significant deposition of cryomineral mass (sediments) are the most interesting for investigation. Kungur Ice Cave, Scarishoara Cave, Eisriesenvelt, Dobshinska Ice Cave, Askinskaya Ice Cave in Europe and many others are the examples of such ones. 

Physico-mineralogical aspects of cryogenesis seem to be also very important. Cave material varies greatly in its content and morphology, reflecting, not only different formation mechanisms, but also varied factors of unbalanced conditions of the solution and changing environmental conditions in the cave. Detailed mineralogical investigations, applying the latest research methods, including isotopic analysis, will undoubtedly explain unknown effects and consequences accompanying cold mineral origin. Successive stages of mineral crystallisation, tempo of the process, cryomorphic transformation of crystals in the surrounding ice (recrystallisation in changing environmental conditions), inclusions in cryocrystals (for example water or other minerals), phase transformation of the mineral matter, its aggregation, structure of crystals (growth zones etc.) and many other problems also are very interesting.

LONG-TERM DYNAMICS OF COMPOSITION AND STRUCTURE OF TERRESTRIAL BIOTA FROM THE POLAR URALS, YAMAL AND GYDAN PENINSULA AS A RESPONSE TO CLIMATIC CHANGES IN LATE PLEISTOCENE AND HOLOCENE

N.G.Smirnov1,*, P.A. Kosintsev1, S.L. Votyakov2, E.A. Kuzmina1
1 Institute of plant and animal ecology, Ural Branch of Russian Academy of Sciences, 8 Marta St., 202, Ekaterinburg 620144, Russia
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The territory of Polar Urals, Yamal and Gydan Peninsula is one of the most opportune regions to study reaction of terrestrial ecosystems on climate change. This territory was not covered with glacier for the last 70000 years that is why the sediments containing remains of flora and fauna hold out here. At the same time this region was not far away from Scandinavian center of glaciation [1] and was exposed on climate and glacier oscillations that revealed in ecosystem changes. Yamal and Gydan Peninsula are the most reach area for findings of Mammoth fauna frozen mummies in Arctic and scientific collective of this project has an experience of international investigations of its [2]. Polar Urals is the single region in the Eurasian Subarctic where karst cavities with paleontological material are well preserved [3]. Also there is a row of archaeological sites with big quantity of archaeozoological and archaeobotanical materials [4]. Thus this region has a complex of sources the study of each will allow to reconstruct dynamics of basic terrestrial ecosystem components during the second part of Late Pleistocene and Holocene. Previous investigations already showed that during the end of Pleistocene and Holocene there were significant changes in ecosystems of this region [5]. These changes had different scale – from global to regional. Global changes took place on the boundary of Pleistocene–Holocene when Mammoth biota changed to Holocene biota. In the beginning of the Holocene the forest zone began to move forward to north and in the middle of the Holocene it covered almost all territory. Rapid reduction of forest squares had started in the second part of the Holocene time and later in the late Holocene ecosystems took modern state. The project is directed to investigate ecosystem changes in time which will be fixed with the help of radiocarbon method. Physicochemical properties of animals and plants organic remains will be studied with becoming methods. Stable isotope analysis including stable oxygen (δ 18О) analysis will be carried out that will allow to observe paleotemperature dynamics in time. The correlation between changes in composition and structure of ecosystem components and paleotemperature changes will be conducted. Speed estimations of areal changes of separate animal and plant species will be realized. Received data will permit to estimate the role of temperature in long-term dynamics of different ecosystem components of Eurasian Subarctic during Late Pleistocene and Holocene and use these data for prognosis of environment changes in future.

[1] Svendsen J.I., Alexanderson H., Astakhov V.I. et al. Late Quaternary ice sheet history of Northern Eurasia // Quaternary Science Reviews, 23 (2004). – P.1229-1271.

[2] Fisher D.C. et al. Anatomy, death and preservation of a woolly mammoth calf, Yamal Peninsula, Northwest Siberia // Quaternaire, 3 (2010). – P.54-55.
[3] Golovachov I.B., Smirnov N.G. The Late Pleistocene and Holocene rodents of the Pre-Urals subarctic // Quaternary International, 201 (2009). – P.37-42.

[4] Kosintsev P.A. Ecology of medieval people population of the north of Western Siberia. Istochniki. Yekaterinburg - Slekchard: Ural University Publishing House, 2006. – 272p.
[5] Smirnov N.G. et al. Materials to characterize the biota of the Pre-Ural Subarctic during the Holocene optimum time // Biota of Pre-Urals Subarctic in Late Pleistocene and Holocene. Yekaterinburg, 1999. – P.23-60.

SOLVENT-FREE HIGHLY CONDUCTIVE ELECTROLYTES 
FOR ALL-SOLID-STATE LITHIUM AND LITHIUM-ION BATTERIES
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High energy density batteries are required as power sources for diversity of high-power applications (electric and hybrid vehicles, energy storage, etc.). Lithium and lithium-ion batteries (with Li metal and carbon intercalation anodes, respectively) correspond with these objectives, but improvement of safety is an important issue to be resolved firstly. Solid polymer electrolytes as well as composite polymer electrolytes, glass-ceramic and inorganic solid electrolytes seem to be very promising materials since they do not contain any low molecular weight organic solvents and therefore the risk of fire and explosion can be avoided. However, their transport properties are a major problem to be solved for the successful battery application. The project idea is to develop new solvent-free electrolytes with high lithium-ion conductivity and high chemical stability with respect to both anode and cathode materials. 
Solvent-free solid polymer electrolytes (SPEs) are the most promising candidates for ambient temperature lithium-ion batteries application. SPEs are considered to be solutions of ionic salts in a polymer matrix that acts as a macromolecular solvent. It is commonly accepted now that the amorphous fraction of SPE plays a determinant role in ion transport processes. Therefore, the study of amorphous polymer electrolytes is of great interest. Some years ago, we reported high values of single-ion lithium conductivity (~10-3 Sm cm-1 at the room temperature) that was achieved using the solid polymer electrolytes based on high molecular weight random copolymers of poly(acrylonitrile) containing LiClO4. This phenomenon occurred for both rubbery and glassy polymer hosts. Unique transport properties were observed only for the completely solvent-free polymer electrolytes with the highest salt contents (near the limit of homogeneity region). In the framework of this project, we would like to establish the nature of fast ionic transport in highly concentrated SPEs and develop satisfactory microscopic model to describe these phenomena. Composite polymer electrolytes (CPEs) under consideration consist of inorganic solid electrolyte particles distributed within non-conductive polymer matrix. CPEs seem to be promising materials for both ambient temperature lithium-ion batteries and moderate temperature lithium batteries depending on thermal stability of polymer. We have studied two kinds of CPEs based on PVdF homopolymer, PVdF-HFP copolymer (both with enhanced thermal stability) and poly(butadiene-co-acrylonitrile) copolymer. The first one encloses crystals of а soluble lithium salts, and the second one encloses particles of non-soluble inorganic solid electrolytes (Li3N, Li1.3Al0.3Ti1.7(PO4)3, etc.). We have established the main factors forming transport properties in CPEs and determined the ways for conductivity improvements. In glass-ceramics electrolytes (GCEs), high-conductive crystalline phase is formed within an amorphous glass matrix (with the same or relative composition) during the thermal treatment. Enhanced mechanical strength is an inherent characteristic of glass-ceramics. The goal of the project is to establish general principles of formation of high-conductive crystal phases within a glass matrix. As inorganic solid electrolytes (SEs), the garnet-type and NASICON-type compounds have been selected due to their stability with respect to Li metal and high lithium-ion conductivity. Both GCEs and SEs seem to be very promising for lithium batteries operating at ambient as well as over the moderate temperature range. The assortment of solvent-free lithium-conductive electrolytes viewed makes it possible to select the most suitable material for each specific application.

NOVEL N,O-CONTAINING REAGENTS 

FOR CONCENTRATION PROCESSES OF METALS
A.V. Radushev

Institute of Technical Chemistry UB RAS, 3, Acad. Korolev St., Perm, 614014, Russia
e-mail: avradu@mail.ru
Extraction and flotation methods for recovery, separation and concentration of metals and minerals are widely used in hydrometallurgy and mining industries, as well as in solving of environmental problems. Further progress in this area is largely related to production of novel high-performance reagents – extraction agents, collectors, surface active substances. 

Multifunctional N,O-containing organic compounds of two series: hydrazides and N-(2-hydroxyethyl)аlkylamines have been synthesized and investigated in the Institute of Technical Chemistry (Ural Branch of RAS, Perm). They have been offered for the flotation of sludge from potassium and other ores, sulphides and oxides of non-ferrous metals (Cu, Zn, Mo and others), KCl of potassium ores. Collectors of hydrazide series – H-17 and H-18i types - were tested on Ural Сu-Zn-containing ores of three different types: pyritic ores with a fine distribution of Cu and Zn sulphides, oxidized Сu-Fe-vanadium ores. The H-18i hydrazide provides extraction degree of Cu and Zn by 96,6% and 95,7% as compared with a traditionally used collector, namely butyl xanthate (BX), which gives 94,09% and 94,23% extraction degrees at equal quality of concentrates, respectively. Hydrazides are more selective to sulphide minerals in the presence of pyrite: the sulphure contents in flotation tails in extraction process by means of hydrazides amount to 74 %, while during the extraction by BX, flotation tails contain only 58-64% of the total amount of sulphure. Advantages of these collectors are the simplicity of synthesis and lower toxicity [2]. 
Organic hydrazine derivatives of three homologous series: 1,2-diacylhydrazines [3], β-oxyethylhydrazides [4] and acylsulfonylhydrazines have been investigated as reagents for the ionic flotation of copper(II) and of nonferrous metals. An opportunity for integrated recovery of non-ferrous metal ions from hardly treatable ammoniac solutions as well as after-purification of milligram quantities of these solutions on the second stage after traditional pre-treatment methods is an advantage of these reagents as compared with known reagents, for example, carboxylated reagents.  
 Promising extraction reagents with improved technological properties for Cu ions and non-ferrous metal ions have been detected in the series of N΄,N΄-dialkylhydrazides. The proposed compounds, in contrast to hydroxyoximes (reagents widely used in industry for copper extraction) do not transfer ammonia with organic phase. They considerably excel (-diketones LIX-54 [5] in extraction ability. Reagents can be used in hydrometallurgy for extraction of copper(II) from weak acidic and ammoniac solutions with 96-99% recovery degree; for extraction of metal anions: Re(VII), Mo(VI), V(V), W(VI) from acidic mediums.
[1] А.V. Radushev, L.G. Chekanova, V.Yu. Gusev. Hydrazides and 1,2–diacylhydrazides. Synthesis, properties and application in concentration processes of metals. Yekaterinburg: Ural Сenter of Academic Service, 2010, p.146;
[2] The RF patent for invention, Nr. 2375118; Invention Bulletin Nr. 34 (2009); 

[3] The RF patent for invention, Nr. 2135418; Invention Bulletin Nr. 24 (1999);
[4] Positive decision on the issue of the RF patent for invention dated Nov. 24, 2010, 

       Nr. 2009100563/04(000695);
[5] Rosinda M., Ismael C., Lurdes M., Gameiro F., Carvalho J.M.R. Extraction Equilibrium of Copper from Ammoniacal Media with LIX 54 // Sepаration Science and Technology, 39 (2004) 3859-3877.
ORGANIZATION OF MONITORING STATE OF NATURAL ENVIRONMENT PROTECTED AREAS
V.N. Bolshakov, I.A. Kuznetsova*
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On the base of literature analysis and original elaborations there were suggested new basic principles of organization and realization of complex ecological monitoring of natural environment state on the example of Sverdlovsk region protected areas. The objects of investigations were determined and its selection was founded. Recommendations on creation of monitoring points network in the region were worked out. Also there were elaborated a complex of standard methods of laying sample and discount areas, obligatory standard methods of realization observations and typical forms of accountings by received results. Elaborations formalized in collective monograph [1] and suggested to instill in natural environment protected areas of Sverdlovsk region (the Middle Urals, Russia). Besides this approbation of express-monitoring system of environment state was put into practice in the North Urals territory (Russia) since 2006 year. This system allow to control the dynamics of condition of natural complexes and also to diagnose changes connected with the main forms of anthropogenic influence, first of all – oil products pollution. Wide application of this express-method will allow emerge the level of local and global changes with minimum financing and man-hour inputs. One certain territory is not enough for real estimation of natural environment state and for character of occurring changes. It is necessary to include data from other regions and countries for joint analytic estimations, which will allow to value and display levels of local and global changes.
[1] Complex ecological monitoring of natural environment state of protected areas of Sverdlovsk region” / Ministry of natural resources, RAS (Russian Academy of Sciences), Ural Division, Institute of Plant and Animal Ecology; responsible editor I.A. Kuznetsova. – Yekaterinburg: Ural Sledopyt, 2008. – 216 p.
RESEARCH OF PROCESSES OF HEAT EXCHANGE AND MASS EXCHANGE IN LIQUID MEDIUMS IN THE FIELD OF A HYDRODYNAMIC CAVITATION 

A.V. Kolpakov*, L.P. Kartashov
 Department of biotechnical systems of Orenburg scientific center of the Ural branch of the Russian Academy of Sciences , Orenburg Pionerskaj 11, Russia
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Studying of pulse processes of pulsations of pressure and temperature in liquid environments consists in the description of heat exchange and mass exchange in the conditions of hydrodynamic cavitation in multicomponent jet and centrifugal currents of a stream (distribution of temperature, pressure, concentration of a disperse phase in cavitation areas, length of area and section radius cavitation kernels, concentration of kernels cavitation, efficiency of process ejection and density of a jet current of the liquid environment in the field cavitation etc.). Special interest represents not study from a fundamental position process destruction raw materials in potential cavitation a stream kernel, and also search of ways of management in parametres of area of development hydrodynamic cavitation.  High accuracy of researches of processes of heat exchange and mass exchange in liquid environments in the conditions of hydrodynamic cavitation will be reached by methods: microscopic, acoustic, optical, thermovision and mechanical registration of regime parametres of the hydrodynamic generator cavitation (HGC) and rheological properties of polydisperse liquid environments. Object of research is pulse hydrodynamic cavitation a field bubble clusters in liquid environments. As environments the polydisperse natural systems entering into the list of production of the country providing food safety are chosen: potable water, crude milk of agricultural animals, vegetable oils of sunflower and of rape. Scientific novelty of the project is studying of processes of heat exchange and mass exchange at cumulative action energy of high density in the field of hydrodynamic cavitation. Such approach assumes creation of impulses of pressure with amplitude some atmospheres and duration of an order of several micro seconds, in difference from devices allowing to reach superpressure in a static mode. Practical novelty of researches is the finding of mechanisms (optimisation of is constructive-regime parametres HGC) efficient control cavitation a field for an intensification of himiko-technological processes of processing of liquid environments.
Cumulative action energy of high density in the field of hydrodynamic cavitation is the new perspective technology which introduction in productions will raise their profitability. Therefore working out and creation HGC is the important applied problem of the project. A key link at the decision of this problem is creation of the stand for research of the pulse hydrodynamic phenomena in diphasic environments methods optical, thermovision, hydroacoustic, etc. the control, for the purpose of an intensification of processes of heat exchange and mass exchange  processes. To these requirements answers HGC, designed on the basis of typical schemes of centrifugal and vortical pumps. The choice of rational is constructive-regime parametres HGC (the scheme of an arrangement and geometrical parametres of the generator, frequency of rotation of a rotor, type and concentration gas-liquid phases, pressure, giving, temperature in the chamber etc.) will allow to operate effectively existential characteristics of a field cavitation and, as consequence, to receive new qualitative properties of liquid environments. The devices developed and created for last 10 years pulsation actions (rotorno-pulse devices, nozzles Venturi, vortical tubes and etc.) have shown a high overall performance in many branches of a process industry of Russia. Thus on working out of technical objects of pulse processing of agricultural raw materials it is not enough researches.
ENVIRONMENTAL
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An ordinary way for solid wastes danger distinguishing is to find the waste components solubility in distilled water. It is supposed – toxic component may dissolve and damage biological organisms. On such way Russian Legislation order to split all the industrial wastes on to several class of danger. 

Copper slag and resulting product of it's recycling, as the secondary source of some components - “sands”, is to be none toxic following to this classification. It should mean low solubility for the main “heavy” metals containing “sands” minerals.

Some our laboratory experiments show unordinary changes for “sands” solubility in the case if natural storage conditions (like temperature changes) are imitated. Laboratory results show marcable: 5-25%, differences of slag’s solubility comparing to standard procedure of wastes tasting.  

Following to the our main goal - we run the natural four-year experiment of 1 kg “sands” injection to one of the Ural common soils type in A-1 layer. Freezing-melting, “sands”- soil solution interactions and all the other natural conditions has interfered “sands”. 

Our results show - “sands” dissolves well in the environmental soil conditions. The first event is an essential redistribution of some chemical elements between soil horizons: Zn, Pb, Cu, As, Te, Se, Mo. The next after “sands” injection year brings marcable growth of “heavy” metals in a grass and in the upper A-0 soil layer. At the same time we can see “heavy” metals content increase in neighboring territory - at least 5 meters far from the point of injection. Some of fertility components growth is well seeing as an accompanying event: P, K, Ca, Mg, B. 

Calculated productivity shows 15-50% decrease of the total content for each of slag’s component to the next year. After 3 years monitoring evidences of “sands” complete dissolving are well seeing: there is no any marcable presence of the main slag’s chemical elements in A-1 soil layer of the test square.

Resume:

· Tasting procedures of solid wastes dunger does not show the real picture of  chemical elemetns mobilisation to environment.

· Resulting product of copper slag’s recycling - “sands”, looks to be the efficient source of many chemical elemetns to the plants and different soil layers.
· Some of soil’s fertility components growth is evident and in can raise some soil’s quality.
· The influence of the soils contamination by sands does not look unequivocal and can bring some positive events.
OPTIMIZATION OF CATHODES AND ANODES PERFORMANCE 
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Solid oxide fuel cells (SOFC) can be considered as one of the most promising energy systems on account of their high efficiency and fuel flexibility. Both cathode and anode materials in SOFC are composite materials. Lanthanum-strontium manganites with yttria-stabilized zirconia (LSM-YSZ) and Ni-cermets exemplify the functional materials for SOFC cathodes and anodes, respectively. In the case of composite functional materials, a number of parameters should be fitted for the best performance and durability of the cell (void and electronic conductor fractions, phase connectivity, tortuosity of porous media, grain size, etc.). Scanning electron microscopy (SEM) is widely used for surface microstructure characterization. Since SOFCs operate at high temperatures (700-900°C), a number of processes can lead to degradation phenomena in SOFC functional layers (particle coarsening, cracks formation, poisoning etc.). These microstructure changes need to be analyzed.

For detailed evaluation of these parameters, both image analysis methods and numerical modeling approaches must be developed. Moreover, some parameters can be evaluated only from three-dimensional (3D) information about the microstructure, such as interphase and triple-phase boundaries length. Since these parameters directly correspond to the physicochemical properties of functional materials (e.g., polarization resistivity), 3D-microstructure reconstruction is strongly required. In this work, some enhanced algorithms for phase segmentation, regions of interest detection and algorithms for 3D-microstructure reconstruction have been developed. Apart from the microstructure parameters electrochemical behavior should be taken into account for cathode and anode performance optimization. Exchange kinetics, oxygen diffusion, polarization resistance have to be measured and considered along with the microstructure parameters. Knowing the relationships between electrochemicals and microstructure parameters cathode and anode performance in SOFCs is possible. Analyzing time dependence of the microstructure parameters we can predict electrochemical behavior in time based on the relationships. 

Since there are many parameters to be fitted, design of the experiment (DoE) approaches should be used for the optimal amount of experiments and samples selection. The main goal of the project is to develop a scientific basis for cathodes and anodes performance enhancement of SOFCs. The project includes:
1. design of the experiment;

2. material matching (chemical composition, microstructure, electrochemical); 

3. characterization and 3D-microstructure reconstruction of cathodes and anodes in SOFC;

4. electrochemical kinetics of cathodes, anodes and single cells;

5. degradation tests and life-time modeling.

For the successful implementation of the project the following partner expertise is required: SOFC stacks and cells production, ceramic materials sciences, thin-layer technologies, FIB-SEM, X-Ray tomography, electrochemical modeling of SOFC and long-time testing. The outcome of the project is expected to yield quantitative relationships between cathode and anode performance and their electrochemical behavior in SOFC including life-time modeling.

METHODS OF CREATION AND INVESTIGATION OF THIN FILM SOLID ELECTROLYTE ON THE POROUS TUBULAR ELECTRODE SUBSTRATE FOR IT-SOFC
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Solid Oxide Fuel Cells (SOFC) is useful to produce electrical energy directly from hydrogen and hydrocarbon gaseous fuel. As compared to conventional power generation systems, these cells have high conversion efficiencies and a low environmental impact [1]. A direct way for commercialization of SOFCs is the reduction of component and overall manufacturing costs. In comparisons with traditional SOFCs, using zirconia (YSZ) electrolyte systems, application such oxygen ion conducting electrolytes as CeO2 - based fluorite like solid solutions [2], oxides with the structure of apatite silicates and germanates of rare earth elements [3], and proton conducting electrolytes on the base of BaCeO3 [4] enable to decrease operating temperatures (600-750°C),  reduce aging processes and the material cost of the overall cell.
Air Plasma Spraying (APS), High Velocity Oxyfuel (HVOF) and High Velocity Suspension Flame Spraying (HVSFS) have been developed for thermal spraying of fine powder and suspensions with hypersonic speed [5].  Dense and well adherent coatings with a refined microstructure are obtained. Especially from nanostructured coatings superior physical properties are expected for various industrial applications including SOFC production. 

The main aim of project is prospecting of the fast, cheep and exercisable method of the tubular IT-SOFC production. Material part of program includes selection and investigation of structural, electrical and thermo-mechanical properties of electrolyte and electrode materials suitable for IT-SOFC. In what follows preparation of these materials for plasma spraying in proper granulometric composition. Porous substrates of tubular shape proposed to be made by APS from electrode materials: cathode on the base of LaCoO3 and composite anode NiO/Ce0.8Sm0.2O2-δ. Supersonic Air-Fuel Plasma Spraying with controlled oxygen potential in gas flow will be used as method of creation of gas tight thin films (solid state electrolytes). To eliminate drawbacks of spraying on porous substrate and differences in thermal expansion’s properties of electrode and electrolyte materials some intermediate composite layers assume to be prepared by method of thermolysis. The next step of program involves evaluation of porosity, adhesion properties during heat cycles and electrochemical properties of single fuel cells. 
 [1] S.L. Douvartzides, F.A. Coutelieris, A.K. Demin, P.E. Tsiakaras,  J. Hydr. En., 29 (2004) 375.

[2] E.Yu. Pikalova, V.I. Maragou, A.N. Demina, A.K. Demin, P.E. Tsiakaras, J. Pow. S., 181, (2008) 199.

[3] M.Yu. Gorshkov, N.M. Bogdanovich, A.D. Neuymin, L.A. Dunyushkina, A.V. Kuz’min, A.A. Pankratov, Rus. J. Electrochem., 43 (2007) 978
[4] D. Medvedev, V. Maragou, T. Zhuravleve, A. Demin, E. Gorbova, P. Tsiakaras, S.S.I., 182 (2011) 41 
[5] R. Gadow, F. Kern, A. Killinger, Mat. Scien. Eng., 148 (2008) 58
CARBON AND WATER CYCLES IN PRISTINE PEATLAND AND PERMAFROST OF SUBARCTIC OF WESTERN SIBERIA
V.I. Zakharov1,*, V.V. Vasin2
1 Ural State University, 51 Lenin ave., Yekaterinburg, 620083, Russia 

2 Institute of Mathematics and Mechanics, 16, S.Kovalevskaja str, 620219, Yekaterinburg, Russia 
*e-mail: vz@uraltc.ru
Subarctic and arctic regions including permafrost are most sensitive to global warming and environmental change [1]. The actual role of pristine peatland and melting permafrost of Siberia in global carbon balance has not been quantified at this time. In particular, the sub-arctic peatlands, as extensively present in Western Siberia, are white spaces in knowledge of carbon exchange with the atmosphere. Perturbation of water cycle due to climate change in arctic and subarctic and permafrost regions and its influence on carbon balance have not yet been understood. Therefore, it is impossible to predict the effects of climate change through changes in summer temperature, permafrost and hydrology on carbon balance of sub-arctic peatlands. 
The project is focusing on the climate in subarctic regions and peatlands of Western Siberia aiming to investigation the carbon cycle and carbon isotopes and water cycle and water isotopes and the climate change itself. Data of new generation hyper-spectral satellite sensors like current French IASI on METOP, Japanese TANSO-FTS on GOSAT (Greenhouse gases Observing SATellite), and future American OCO-2 (Orbiting Carbon Observatory), etc. combined with several ground-based observations will be used to quantify the methane and carbon dioxide concentration in the atmosphere over the large area in order to estimate annual carbon balance of the sub-arctic and the pristine peatlands of Western Siberia. Technology of the ground-based FTIR observations [2] to validate the methods and results obtained by the satellite remote sensing technology will be used. The validated methods and data will enable to analyze the variation in time and space of the atmospheric greenhouse gases concentrations of large sub-arctic areas of the Siberia. The obtained distribution of the greenhouse gases in space and time is input data to a circulation model in order to evaluate fluxes of the greenhouse gases. The relative contribution of natural and anthropogenic methane and carbon dioxide fluxes to the atmospheric concentration will be estimated based on carbon isotopes analysis. In this project, the effect of human activity on atmospheric methane in the Western Siberia can be evaluated, which is an important prerequisite for the evaluation of future greenhouse reduction scenarios. 
Russian research groups from Institute Mathematics and Mechanics UB RAS (Yekaterinburg), Ural State University (Yekaterinburg) in cooperation with group of Yugra State University (Khanty-Mansiysk) and European research group from Institut Pierre Simon Laplace / Laboratoire des Sciences du Climat et de l’Environnement (CEA-CNRS-UVSQ) are interested in the project.
1. Calaghan T.V., Jonasson S. (1995): Arctic ecosystems and environmental change // Phil. Trans. Roy. Soc. London. A., V. 352. pp. 259–276.

2. K.G. Gribanov, V.I. Zakharov, S.A. Beresnev, N.V. Rokotyan, V.A. Poddubny, R. Imasu, P.A. Chistyakov, G.G. Skorik, and V.V. Vasin, (2011): Sounding of HDO/H2O in Ural’s atmosphere using ground-based measurements of IR-solar radiation with high spectral resolution // Atmospheric and oceanic optics vol. 24, № 02, pp.124-127.

INVESTIGATION OF MECHANISMS OF IMMUNOLOGICAL INEFFICIENCY OF ANTIRETROVIRAL THERAPY

IN HIV-INFECTED PATIENTS
K.V. Shmagel1,2,3, N.G. Shmagel2, E.V. Saydakova1, S.Ya. Zverev2, L.B. Korolevskaya1, V.P. Timganova1, N.N. Vorobyeva3, V.A. Chereshnev1,3,4.
1Institute of Ecology and Genetics of Microorganisms UB RAS, 614081, Goleva str., 13, Perm, Russia
2Perm Regional Center for HIV Infection, 614088, Sviyazeva str., 21, Perm, Russia

3E.A. Wagner Perm State Medical Academy, 614000, Petropavlovskaya str., 26, Perm, Russia

4Institute of Immunology and Physiology UB RAS, 620049, Pervomayskay str., 106, Ekaterinburg, Russia
Part of HIV-infected patients receiving HAART does not demonstrate significant increase in CD4+ T cells, despite the complete suppression of viral load (VL). Such persons are called «immunological nonresponders» (INRs). Their proportion can approach 30%. The literature suggests various reasons for the formation of INRs: impaired bone marrow function, depletion of thymus gland, deficiency in IL-2 or IL-7, etc. However, there are well-known clinical factors influencing the level of INRs. Patient age, duration of HIV infection, concomitant diseases are among these. In the past few years the Institute of Ecology and Genetics of Microorganisms UB RAS and Perm Regional Center for HIV infection have been carrying out a joint cohort study on the effectiveness of antiretroviral therapy. It includes more than 400 patients receiving HAART over 2.5 years. An electronic database containing the information on clinical and laboratory parameters of the patients and prescribed drugs is created. INRs group comprises 11.3% of the total number of patients. In this group as compared with the immunological responders (IRs) men were predominant (53.2% and 41.7%, respectively; R=0.227; P<0.05) and intravenous route of infecting was more frequently observed (78.7% and 64.8%; R=0.336; P<0.01). Initial level of CD4+ blood lymphocytes significantly (P<0.001) affected the immunity reconstitution following the therapy. For IRs it was 223.4(6.5 cell/mm3, and for INRs – 155.2(12.0 cell/mm3. The VL baseline had no influence on the success of HAART. We can assume that the prospects for the recovery of the immunity under the antiviral therapy are determined not just by the virus quantity, but the degree of damage of the immune system. In addition, it was found that the presence of co-infection with hepatitis C (HCV) is an important factor hindering the success of antiretroviral therapy. The research of the dependence of immunological response on HCV co-infection has revealed the presence of reliable inverted relation between these parameters (R = -0.318; P(  <0.01). The very presence of HCV in patients studied was completely associated with the intravenous route of HIV infection (R = 0.999; P( <<0.001) and continued drug usage (R = 0.833; P( <0.001). In this situation, the chances for acquiring HCV co-infection in patients infected with HIV through sexual contact were more than by 4000-fold lower. The probability of HCV infection in non-active drug users, was by 11-fold, and in women infected with HIV – by 5.5-fold less. Given the problems for patients, associated with prolonged drug administration, well-known complications of HAART and high cost of the therapy, we believe it is necessary to conduct studies aimed at identifying the causes of immunological treatment failure. Among the areas of research we consider as an actual the detection of differences between the IRs and INRs in: 1) the thymus function (a method of TREC determining is now in progress), 2) the degree of immune system activation and lymphocyte apoptosis, 3) serum cytokine concentration. It also seems topical to investigate the role of HCV in the immune system damage.
ANTIVIRAL ACTIVITY OF 2,3-SECOTRITERPENIC HYDRAZONES OF LUPANE 19(,28-EPOXY-18(-OLEANANE TYPE

V.V. Grishko1*, I.A. Tolmacheva1, N.V. Galayko1, V.N. Strelnikov1, 

A.V. Kazianin2, L.V. Volkova2, E.N. Perevozchikova2, S.A. Pestereva2

1Institute of Technical Chemistry of Ural Division of the RAS, 
3 Acad. Korolev St., Perm, 614014 Russia

 2Branch of the Federal State Unitarian Enterprise SPO “Microgen”

Biomed  Research and Production Association, Perm, 614089 Russia
e-mail: grishko@aport.ru 

Novel hydrazones of lupane and 19(,28-epoxy-18(-oleanane type have been synthesized via interaction of 2,3-secotriterpenic aldehydonitriles with substituted hydrazines. As a result of investigation in 2,3-secotriterpenic hydrazones’ antiviral action against vesicular stomatitis virus (VSV, Indiana strain) on 2 models of mammals’ cell infection, acetylhydrazone 1-cyano-2,3-seco-19(,28-epoxy-18(-olean-3-al (1( has been ascertained to possess high prophylactic action (0,00016 µg/ml) against vesicular stomatitis virus and to inhibit reproduction of the virus in primarily infected cells at 0,21 µg/ml concentration.

The zoonotic nature of the VSV infection (wild and domestic animals are sources of the infection in Europe, USA and South Africa) (2( determines other applications of the offered compound, particularly development of a product for veterinary medicine.  Despite obvious achievements in the search for vaccines against vesicular stomatitis virus (3(, research work on novel antiviral agents remains an actual concern. Among natural and synthesized compounds exhibiting moderate suppressive action against the VSV, triterpene isoprenoids are the most promising compounds (4,5(. For synthesis of new A-secotriterpene hydrazones, natural triterpenoids – betulin and betulinic acid – had been used since they exhibited the highest (EC50 1,0 – 1,2 µg/ml) action against the VSV (6(.
The study is currently conducted which includes synthesis of novel compounds and screening of their antiviral activities, evaluation of the offered active compound in vivo using a VSV-infected rasorial fetus as a model. Additional objects of estimation are the influence of this compound on the functional activity of the immune system cells in vitro, proliferative and secretory actions.  The aim of the further research work is to study antiviral action mechanism, to perform preclinical safety tests (general toxic and immunotoxic effects, reproductive toxicity, allergenic, mutagenic and carcinogenic properties) and to evaluate efficiency of the produced compound.
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SOME ASPECTS OF HUMAN HEALTH MONITORING
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The impact of endogenous and exogenous factors results in significant deterioration of human health all over the world. Monitoring and timely detection of anomalies will enable to improve the situation in this critical area. 
We offer three areas whose development can contribute to solving these problems. 

1. Research and development of electrochemical methods for monitoring oxidative stress resulting from toxic effects of external factors and internal pathologies (Fig.). Two approaches are proposed: (a) determination of antioxidant activity (AOA) of blood and blood fractions or seminal fluid, and (b) non-invasive method for studying oxidant/antioxidant status of skin. This will result in designing a line of devices and will allow to carry out mass screening of public health and to identify people who need special medical examination. 

2. Methods for studying toxicity of nanomaterials at the cellular level: interaction of nanomaterials with living cells, assessment of cell viability, cytokines status and oxidative stress.

3. Methods of medical diagnostics: (a) monitoring of urea and creatinine in serum and dialysis fluid, and (b) Hybrid Electrochemical Magnetic Assay for pathogenic bacteria detection. 

As a result research will be undertaken and new methods and devices for on-line and on-site monitoring of kidney and infectious diseases will be developed. 

Additional features. Monitoring of drinking and natural waters toxicity: (a) determination and speciation of As (V)/As (III); (b) assessment of the content of oxidized compounds (degree of oxidation) of chlorine and ozone in chlorinated or ozonated water.
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The perspective physiologically active compounds on basic of monoterpenoids

S.A.Rubtsova, I.U.Chukicheva, D.V.Sudarikov, A.V.Kutchin 
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The development of new drugs based on terpenophenols, which have a unique set of pharmacological properties, is highly promising. The literature teaches that phenols with a bicyclic isobornyl moiety exhibit anti-infection activity. The series of studies performed by us on the synthesis and investigation of terpenophenols showed that some alkylphenols exhibit hemorheological properties and improve brain blood flow with low toxicity  (LD50> 5400 mg/kg). Thus, the synthesis of terpenophenols is critical for further studies of their physiological properties. 
 Investigations of 2-dimethylaminomethyl-6-isobornyl-4-methylphenol on the antiviral activity. Effectiveness in suppressing formation of a specific hemagglutinin of influenza virus H5N1 specified dimetilaminometilphenol comparable or superior to its effect in comparison with those applied in medical practice drugs (Аrbidolum, rimantadine, Tamiflu).

The anti-inflammatory activity of terpenophenols was studied using a formalin-induced acute inflammation model in mice. Compounds (ortho-isobornylphenol and 2-morpholinomethyl-4-methyl-6-isobornylphenol) exhibited reliable anti-inflammatory activity upon parenteral administration, inhibiting the inflammatory response.
Some heterocyclyc sulfides and sulfoxides, cyclic sulfinyl-sulfonyl derivatives of dithiolanes of mentone, verbenone and camphor showed high activities towards cancer cells HeLa.
We also synthesized the new heterocyclic neomentyl sulfides and sulfoxides, neomentydisulfides, neomentylthiosulfinates, sulfinylamides and sulfinylimines. The prediction of biological activity spectra of some of these coumpounds by computer program PASS (Prediction of Activity Spectra for Substance) showed high antineoplastic, antimetastatic, аntineurotic, antidiabetic, antiviral activity.
INTACT PLANTS AND PLANT CELL CULTURES – PRODUCERS OF ECDYSTEROIDS AS NEW NEURON PROTECTIVE AGANTS 
V.V. Volodin
Institute of Biology, Komi SC, UrB, RAS
e-mail: volodin@ib.komisc.ru
At present the development of the new adaptogenic preparations for prevention of neurodegenerative diseases is an important direction of modern rehabilitation medicine and geriatrics. According to modern studies the mechanism of the adaptogens action (such as ginseng, eleuterococcus, rhodiola, etc.) is connected with their ability to regulate stress response and it resulted in: 1) toning up central nervous system, improvement of the processes of training, memory, conditioned-reflex activity, improvement of synaptic transfer in the sympathetic and parasympathetic fibers of peripheral nervous system; 2) normalizing  the function of the endocrine system of the organism; 3). control of the process of energy formation and it’s consumption in the executive cells; 4) restoration of the immunosuppressive  effect as the consequence of chronic stress influencing humoral and cellular immunity; 5) contribution to antioxidant action in the organism; 6) prevention of hypoxia; 7) improvement of microcirculation in the vessels of brain and working muscles due to an improvement of the rheological properties of the blood (Panossian, Wikman, 2005). The purpose of this communication is to suggest interdisciplinary project for the search of the new natural sources of phytoecdysteroids, plant analogs of moulting hormones of insects, the development of the technologies of their production from plant raw materials and plant cell cultures and creation of   new type of adaptogens for the prevention of neurodegenerative deseases. The main blocks for the future studies are: 

1. Search for the new ecdysteroid-containing plants. We have already developed the methodology for plant screening for the ecdysteroids presence on the basis of principles of chemotaxonomy and molecular phylogeny and have discovered a number of the ecdysteroid containing plants in the flora on North-East Russia (Volodin et al., 2002). It is desirable to use this methodology to find new ecdysteroid containing plants in geographically remote floras. 

2. Search for the structurally modified ecdysteroids. Previous studies showed that plants contain set of ecdysteroids. Regulation of biosynthesis of secondary metabolites in intact plants and cell cultures also permits to obtain structurally modified ecdysteroids. We found that heightened insolation leads to the formation of inokosterone instead of 20E in the leaves of Serratula quinquefolia or in some strains of cell culture of Serratula coronata or to some non-typical ecdysteroids in cell cultures of Ajuga reptans. The development of biotransformation of sterols as metabolic precursors in plant cell cultures is the promising way for obtaining of new ecdysteroids for further pharmacological studies. 
3. Estimation of phytoecdysteroids to improve nervous function. Ecdysteroid containing nutritional supplement Serpisten, a mixture of pure phytoecdysteroids 20-hydroxyecdysone and inokosterone isolated from the leaves of the plant Serratula coronata L. (Asteraceae), is developed in the Institute of Biology and officially registered in Russian Federation. It showed high levels of actoprotective, СNS-stimulating, radioprotective,  hemaprotective , atni-ishemic, anti-diabetic and neuro-protective action. More recently ecdysteroids were shown to represent neuron-protective agent and they were proposed as a therapy against mental and behavioral disorders, they may protect against amnesia induced by diazepam or alcohol (Lafont, Dinan, 2003). It is important to check whether Serpisten or other ecdysteroids could improve nervous function and be prospective for the treatment of the neurodegenerative diseases. 
Support by INTAS (96-1291), Norwegian Barents Secretary (632009) and Program of Presidium of RAS “Fundamental Sciences to Medicine” (2009-2011) is acknowledged.
PHYSIOLOGICALLY ACTIVE NATURAL COMPOUNDS FROM MARINE ORGANISM AS A BASE FOR MEDICINE AND BIOTECHNOLOGY
 V.A. Rasskazov*
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The purpose of the present project is the searching for novel bioregulators among the marine organisms, including microorganisms, studying their structure and biological activity and working out the technologies to obtain the novel medicines and valuable biochemical preparations for diagnostics and treatment such human diseases, as cancer, viral, autoimmune, cardiovascular and neurodegenerative etc. 

Since 1964 year Pacific Institute of Bioorganic Chemistry of Far East Branch of Russian Academy of Sciences have been conducting the researches in bioorganic chemistry, biochemistry, molecular immunology, marine microbiology and biotechnology. Objects of the researches are the marine organisms (including microorganisms) of World Ocean and unique terrestrial plants of the Far East of Russia. Many chemical compounds studied in Institute have been shown to possess a powerful physiological activity towards cancer cells and pathogenic viruses and bacteria, that has created the basis for production of the novel medicines and food additives for treatment and prophylaxis of the different human diseases.

Since that time about 26 000 natural products have been isolated from different algae and marine animals including more than 500 from organisms inhabiting the Russian Far Eastern waters. During the past decade, many authors have acknowledged the importance of symbiosis in the marine environment and have speculated that key marine natural products were produced by symbiotic microorganisms. During the course of 30 expeditions onboard the research vessel “Akademik Oparin” in many areas of the World Ocean, including Far-Eastern seas, about 5000 axenic strains of marine heterotrophic aerobic and facultative anaerobic bacteria as well as 1000 strains of fungi-micromycetes were isolated from sea water samples, bottom sediments and different marine invertebrates. These investigations resulted to finding promising producers of some enzymes and new low molecular weight secondary metabolites
Above of 170 Patents and Certificates of Authorship (including several of International ones) cover processes of obtaining, syntheses and practical applications of new drugs, food supplements, veterinary preparations, enzymes, diagnostics, etc. based on the biologically active compounds from marine organisms and terrestrial higher plants which have been obtained by PIBOC. More than 20 Patents of PIBOC are used in industry. 

 Multipurpose studies of marine natural compounds become more and more complicated from year to year that requires integrated efforts of many scientists in various fields.
Our Institute would like to collaborate with the relative scientific institutes and pharmaceutical firms from EU countries that carry out the investigations in field of the natural compounds chemistry or their bioassaying to create the novel medicines for treating cancer, viral, autoimmune, cardiovascular and neurodegenerative diseases.
HETEROGENEITY OF MYOCARDIUM AND ITS CONTRIBUTION TO THE ELECTRICAL AND MECHANICAL FUNCTION OF THE HEART IN NORM AND PATHOLOGY
O. Solovyova*, S. Bershitsky, V.S. Markhasin

Institute of Immunology and Physiology UB RAS, Russia

Ural Federal University, Russia

* e-mail o.solovyova@iip.uran.ru
   There is evidence that cardiomyocytes from subepi-, meso-, and subendocardial layers from the ventricular walls in the heart differ in their electrophysiological and biochemical characteristics. The cells demonstrate distinct responses to the pacing rate, pathological disturbances, and pharmacological interventions. At the same time, peculiarities of the biomechanical characteristics of cardiomyocytes from different segments of myocardium are almost uncovered. The following fundamental biomechanical characteristics are to be characterized both transmurally and from apex to base in the heart ventricles: force-length, force-velocity, Ca2+-force, kinetic properties of cross-bridges cycling, cooperativity in Ca2+ activation of contractile proteins, load-dependence of relaxation, etc. Almost nothing is known on the effects of the mechanical interaction between myocardial segments from the different ventricular layers. Moreover there is a great deficiency in the biomechanical data on the molecular, cellular, and tissue levels on the heart pathology, particularly inducing by and accompanying autoimmune diseases (e.g. autoimmune thyrotoxicosis, rheumatic carditis).

   The main goal of the proposed project is to fill up the gap in the biomechanical data for better understanding integrative mechanisms of coordination in the highly heterogeneous myocardial system on the different levels of organization in the normal heart and the consequences of its discoordination under human disease. To fulfill the goal we possess a number of powerful experimental and theoretical methods and approaches. We have experimental set-ups for ultrafast muscle mechanics in combination with ultrafast temperature jumps, methods of motility assay, a unique method of laser trap, a confocal microscope for intracellular scanning, a microelectrode technique for cardiac electrophysiology, and fluorescent methods for registration of intracellular Ca2+ dynamics. We developed original muscle duplex models in 6 configurations as physiological and theoretical models of heterogeneous myocardium. Moreover, we are experienced in developing mathematical models of myocardium on the cellular and tissue levels. We have started a multidisciplinal project on three-dimentional (3D) modeling of the heart in collaboration with Institute of mathematical and mechanics and Institute of continuum mechanics of UB RAS. Moreover, with using echocardiography we carry out studies for the clinic assessment of heterogeneity in ventricular wall movements in normal heart in ontogenesis and under disease. We have an experience of many years working with multicelluar myocardial preparations from patients with rheumatic heart diseases.
   With accounting for the expected experimental findings we suppose to build realistic cellular and tissue models of different myocardial layers in the ventricles of the normal heart and under the heart pathology, specific for several autoimmune diseases. These models will be integrated into the 3D heart models to be used for better understanding of the pathophysiological mechanisms, diagnosis, and effective treatment of serious human heart problems, particularly heart pathology accompanying autoimmune diseases. 
   Our studies for a long period of time were supported by the grants from Russian Basic Research Foundation, the Federal Goal-oriented Programs and Presidium of RAS, and from international foundations: CRDF (US), the Fogarty International Center of NIH (US), The Wellcome Trust (UK), INTAS (EU), Howard Huges Medical Institute (US), NATO.

A multi-actor security approach: linkages between health and the oil and gas industry in the North
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The above institutions have begun a multidisciplinary cooperation, combining physiological research data as indicators of health, with social science analysis, particularly in terms of human and environmental security.

This multidisciplinary project has the goal to examine how health, economic and energy security needs are understood by non-state actors, in particular by communities and individuals living in the Russian Arctic/sub-Arctic. 

 
Oil and gas production is currently playing such a central role in the development of Arctic politics, security, and society, not least health. it makes sense to examine the multiple security perspectives surrounding this important issue area. It already is part of the security discourses through the state-based notion of “energy” security, but how does energy security reflect community interests and security, or does it? Oil and gas development affects the health security of communities, their identities, their economies, their environment. We wish to approach different actors, and particularly communities, about what they valued for the future, what should be protected, why and how. More specifically we are interested in the relationship between economic/industrial development (like oil and gas) and health. How do communities perceive the link between oil and gas development and health? How can we measure, physiologically, the impacts of oil and gas on health, and thereafter understand these impacts via social concepts like security?

NTEGRATED SOCIO-ECONOMIC MODELING FOR ANALYSIS 
OF COUNTRIES’ SUSTAINABLE DEVELOPMENT 

A.V. Kryazhimskiy1,*, A.M. Tarasyev2, **
1Institute for Applied Systems Analysis (IIASA), Schlossplatz 1, A-2361 Laxenburg, Austria
2Institute of Mathematics and Mechanics of UrB RAS, S. Kovalevskaya str. 16, 620990 Ekaterinburg, Russia
*e-mail: kryazhim@iiasa.ac.at 
**e-mail: tam@imm.uran.ru; tarasiev@iiasa.ac.at 
An integrated modeling approach is suggested for generating and justifying scenarios for sustainable development in a region. The ultimate goal is to provide a visible contribution to the area of integrated assessment of regional development policies. The following three principles lie in the background of the proposed analysis. First, the structure of the regional economies is uncovered by introducing layers of economic factors, including the externalities. Second, an economy’s policy is identified with a strategy for investment in economic factors. Third, it is envisaged that the economies interact under complex socio-environmental constraints. 

It is expected that a series of integrated socio-economic assessment models will be created basing on modern tools of dynamic programming, optimal control and differential games (see monographs of authors [1]-[3]). The models will be econometrically identified basing on real data for specific case studies of countries’ sustainable development. The project’s deliverables will include a decision support tool allowing the users (potentially, policy makers) to generate and assess alternative regional development policies.
The project group has a good experience in modeling economic growth trajectories, including trends in total factor productivity, labor efficiency, energy intensity, for US, Japan, European countries basing on data bases of the International Institute for Applied Systems Analysis (IIASA, Laxenburg, Austria) and Business School INSEAD (Paris, France). An important research is implemented for dynamic optimization of investment processes in new technologies with application to case studies provided by the Tokyo Institute of Technology (Japan). Applied research focuses on model and data base analysis of economic development of Japan at the level of the county, the country’s economy sectors, and large firms. Another research direction is connected with application of differential games technique to modeling competition of large scale projects such as gas pipeline networks and analysis of energy infrastructure.    

 [1] A.V. Kryazhimskii, C. Watanabe, Optimization of Technological Growth. GENDAITOSHO, (2004).
[2] S.M. Aseev, A.V. Kryazhimskiy, The Pontryagin Maximum Principle and Optimal Economic Growth Problems. Proceedings of the Steklov Institute of Mathematics, Pleiades Publishing, 257 (2007).
[3] J. Crespo-Cuaresma, T. Palokangas, A. Tarasyev, Dynamic Systems, Economic Growth and the Environment, Dynamic Modeling and Econometrics in Economics and Finance, Springer, 12 (2010). 

INSTITUTIONAL DEVELOPMENT 

IN KNOWLEDGE-BASED ECONOMIES
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     In a Neo-Schumpeterian framework the educational system is a main pillar for the development of a knowledge-based economy, driven by innovations in firms and by regional as well as national characteristics. The project, thus, will concentrate on theoretical considerations and empirical data on the firm as well as the regional level, looking especially on the advanced requirements and the transformational needs concerning the educational system in a knowledge-based economic and social environment.
     The main directions of research investigations due to this project may be the following positions.

     Firstly, the institutional dynamics modeling by the Neo-Schumpeterian approaches have the priority in contemporary socio-economic studies [1]. Referring to the Theory of Economic Development by J.A. Schumpeter, the contradictoriness of economic development driven by innovation with concepts like Olympic rationality and economic equilibrium is emphasized. Economic growth driven by innovation is compulsorily accompanied by structural change endogenously caused by the knowledge generation and diffusion processes.

     Secondly, the institutional structure of economic development system with respect to the concept of knowledge-based economy may be the perspective scientific direction in this project. Developing institutions is one of the most popular themes of the world economic policy last decades. Many countries of the world connect its future prosperity and welfare with emerging and evolution of developing institutions. This institutional structure may take the form of institutional atlas, acting at both firm and regional level. 
     Thirdly, the development of analytical performance of the transaction function permitting to predict development of the institutional environment is the advanced idea of research [2]. Transactions are the initial units of the traditional institutional analysis mirroring outcomes of the ratios of the individuals by production and consumption of the boons and, from here, containing principles of conflict, relative dependence and order. At the same time, the function simulation of transaction till now has not received the due development in the world economic literature.    
     Fourthly, the elaboration of economic institutional models for the purpose of innovative development of firms and regional systems is based on the economic agent’s interactions and human personality’s behavior estimations [3].

     Fifthly, the determination of knowledge generation costs on the firm level also may be one of the main research directions due to this project. The analysis of firm’s and regional system’s activities in the knowledge-based economy will constitute the main experimental data of the project. As a result the project will provide the advanced requirements for transformation of the educational system.
[1] H. Hanusch, Editorial, J. Evolutionary Economics, 1 (1991) 1.
     [2] E. Popov, Transaction Function, Int. Adv. Econ. Res., 14 (2008) 475.

     [3] N. Maehle and S. Rotem. On Congruence between Brand and Human Personalities, J. Prod. & Brand Manag., 19 (2010) 44.
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The theme of sustainable social models construction is proposed based on broad experience in socioeconomic models research and transition economy development analysis that have of all the partners applied. 

The Institute of Economics is a well-established scientific school of regional economics. The  Socioeconomic Systems Development Department researches social aspects of the economic growth, human potential development, economic policy in the sphere of living standards, makes social prognosys etc. The Espace Europe Research Institute specializes in research of economic spaces and has a multidisciplinary approach to social phenomena. National and regional development policies, transition and development economies as well as developed European economies are in the focus of their attention. Scientists from the FSU Jena and TU Dresden analyse transformations in the EU and the post-soviet countries taking into account the importance of cross-cultural influence. We have had a number of trilateral publications and meetings. For instance, in 2009 the Institute of Economics has published a book “International Integration and National Development” with articles of the partners applied. The book concerns the common problems which are topical to German, French and Russian scientists: on the one hand, all regions and their representatives in modern world participate actively in global competition process, and on the other hand, they simultaneously build up and strengthen their country economic effectiveness. The authors purposed to determine the compatibility of the two major trends of social development today: international integration and preserving of national and regional identity. 

Thus, we suggest investigating these three countries as multi-ethnic economic spaces. In the context of globalization we can observe new phenomena when countries become social platforms and social frames for different cultures. These occurring culture-mixed socioeconomic models have common and specific features in Germany, France and Russia.  There is a variety of risks, including the risk of social instability: providing the social security, high level of employment, salaries and competitiveness turns to be a harder task. 

Taking into consideration such trends along with the confession of the leading EU countries that their policy of multiculturalism has failed, the authors see it crucial to project a new model of social sustainability in the context of globalization. We need to find out new decisions, to work out special mechanisms and tools that would provide the functioning of the sustainable social model of multi-ethnic economic spaces development, i.e. improve the stability of country-specific socioeconomic systems on global level (new conditions and challenges), regional level (countries integration), and national level (country brand and image).
PREDICTIVE MANAGEMENT OF TERRITORIAL RISK BASED ON THE MAXIMAL SOCIETAL UTILITY CRITERION
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The project is aimed at conducting systemic interdisciplinary fundamental and applied research which would provide predictive quantitative measure of how territorial risk (TR) is connected with and affecting the territorial life quality index (TLQI), in the context of globalization [1]. Here and hereafter territory means a region, municipality, or a piece of land occupied by a potentially dangerous object (PDO). The territorial risk is mainly the risk which is posed by systems of interconnected critical infrastructures (CI), which are located in the territory. In this project CIs could be any complex systems of the “society—human-- infrastructure—environment (SHIE)” type, which provide for the safety, security and well being of the population of the region, or systems which are responsible for effective operation of potentially dangerous objects, territory, or a branch of industry. The TLQI convolutes into one parameter the regional life expectancy (LE), the regional domestic product (RDP), and the time WT that a statistically average person, living in a particular region, spends during her/his life working to provide for her/his own well being. The TLQI permits seamless convolution of the CI systems reliability and safety with economical parameters of their operation and with the social aspects of sustainable development of the territory. It seems to be a versatile tool for managing regional risk. It permits the regional decision making persons DMPs to conduct balanced risk-, RDP- and LE-based policy and governance of the private, municipal, and state property, which is located in the territory. In other words, the goal of this project is to explore how managing and optimizing regional risk can influence the life expectancy of the people who live in that region, and the regional domestic product (RDP). The project will also use the TLQI for optimizing/minimizing the level of territorial risk with respect to other societal needs, including the RDP growth. It is planned that the risk analysis of the CI systems will also be conducted using the entropy principle as a universal tool for solving the multi-dimensional interdisciplinary problem in consideration, including regional resilience, preparedness and sustainability [2]. By doing this the curse of dimension would be avoided, as the multi dimensionality will be resolved and the problem sized down to a one dimensionless parameter—entropy. Its correlation with risk probability will be established. In order to account for the human factor (HF), the concept of ”willingness to pay” will be used to seamlessly introduce into consideration the cost of life/limb, without performing the assessment of the cost itself, and construct the TLQI needed for solving the corresponding optimization problem. The project intends to benefit both from using the Russian and the International/ European approach to the safety of critical infrastructures systems as related to industrial and natural disasters. The basic hypothesis of the project is that the TLQI and Territorial Entropy TE can serve as near ideal integral parameters, which define the quality of governance of a region and the quality of life of its population. The ultimate goal of the project is to prove this concept and create a practical tool for supporting transparent, risk based governance decisions regarding a region. This practical tool should consist of a full set of algorithms and programs, providing the regional caliber DMPs with means for conducting predictive management of territorial risk, based on the maximal social utility principle. 
[1] S. A.Timashev. Resilience and Preparedness of Critical Infrastructures. ICVRAM, April, 2011.
[2] S. A. Timashev, A.N. Tyrsin, Entropy Approach to Risk-Analysis of Critical Infrastructures Systems. ICVRAM, April, 2011.
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Institute of Mineralogy, UB RAS investigates structure, processes of vitrification and crystallization of oxide and magmatic melts, and also develops scientific bases of the synthesis of functional materials. The thermodynamic models of silicate and other oxide melts are developed using stoichiometrical reaction and cluster methods. This allows us to synthese the purposeful materials with the certain properties that helps to produce active environments for the powerful fiber lasers which are created on a basis of vitreous SiO2.

To use the acquired knowledge, since 2003 Institute of Mineralogy has been developing the technologies of the quartz glass synthesis for microelectronic devices, laser and fiber-optical technics.

The Institute solves the following problems:

1. Geological and mineralogical revision of quartz deposits of Southern and Middle Urals.
2. Study of composition, structure, defects and inclusions in quartz and determination of especially pure quartz suitable for the high-quality quartz glass melt.

3. Working out the methods of enrichment and purefication of natural quartz and also of high-quality quartz glass melt.
4. Conducting the experimental meltings of quartz glass and definition the technological properties of natural quartz.

5. Investigation of the behavior of impurities and inclusions in course of the enrichment of quartz and quartz glass melt, revealing a relation between the properties of natural quartz, peculiarities of the synthesis and physico-chemical characteristics of the obtained quartz glass.

6. Development of the technologies of synthesis of especially pure and alloyed quartz glass.

The Institute has obtained following results:

1. New methods of quartz refinement from mineral impurities and fluid inclusions are offered that raises the quality of quartz concentrate and simultaneously reduces its cost price;

2. High-vacuum and high-temperature universal laboratory furnace was designed and constructed. It allows us to solve a wide range of experimental and technological challenges of high-temperature (2500 K) synthesis of refractory compounds, growing of the oxide and semiconductor crystals, melting of quartz glass, etc.
3. The experimental and methodical base for the development of the technology of synthesis of especially pure and alloyed quartz glass for microelectronics and fiber optics is elaborated.
At present, the Institute of Mineralogy became an experimental platform for the working out and development of technologies of synthesis of quartz glass for microelectronics and fiber optics.
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