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Promotion of international cooperation is among the priorities of International Science & Technology Center (ISTC).

“Non-proliferation through science cooperation” remains the main ISTC objective since establishment of ISTC.

To assist in cooperation development ISTC created main project programs (Science & Partner Projects) and several effective supporting and supplemental programs.

Through these programs ISTC has already brought together more than 70 000 CIS scientists and collaborators and partners from more than 5500 foreign organizations including aerospace area.

Aerospace is a highly strategic sector in economics of the main developed countries. But it is also a “territory” of high risks and expenses. That is why significant progress in this area can be reached only through various forms and level of international cooperation and partnership. The ISS is an example of the bright success in the international aerospace partnership.

ISTC also brings a contribution into development of international partnership and cooperation in aerospace. 103 projects have been funded by ISTC to a total value of close $30M.

Through the funded projects ISTC helps the implementation of the aerospace national and international projects and programs such as EU “EXPERT” Program, conceptual interplanetary project, including Martian mission and many other.

This ISTC Workshop is aimed to renew cooperation between CIS countries and encourage partnership between CIS R&D and leading space centers and industry in ISTC Funding Parties.

I confident that this Workshop will provide an opportunity to establish new business contacts will act as a catalyst for creation and discussing of promising ideas, approaches and projects.

Prof. Waclaw Gudowski
ISTC Deputy Executive Director 
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The International Science & Technology Center (ISTC)
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The ISTC aerospace project portfolio is an excellent example of scientific and technological capabilities of Russian/CIS research centers in such fields as aeronautics, astronomy, extraterrestrial exploration, manned space station, space launch vehicles, space safety, spacecraft trajectories and mechanics, unmanned spacecraft and others.

ISTC supports Russian and CIS institutes not only by funding projects, but also through finding International Partners for long term R&D cooperation, supporting conversions in compliance with the international standards, improving communication systems in the institutes, personnel business training, and providing international travel grants for scientists to attend conferences and meetings.

ISTC beneficiary institutes in Russia and the CIS from Aerospace sector are ready to provide services to various companies in such fields as:

· long-term space flight, including human factor and life support systems

· on-board power generating systems (solar, electro-chemical, nuclear) and propulsion systems, including new fuels

· spacecraft and re-entry vehicle architectures, rover design, application of robotics, etc.

· risk assessment and approaches to minimization of meteorite and radiation hazard

· flight physics: aerodynamics, aeroelasticity, aeroacoustics; physics and chemistry of high-speed gas flows; computational fluid dynamics (CFD); testing facilities; measurement techniques and instrumentation

· flight dynamics and GNC: system architecture and avionics; on-board mission planning, advanced guidance; control techniques; flight and ground tests, including qualification, certification, post test analysis among ISTC recipients 

· turbomachinery and aeroengines, including new concepts of combustion and propulsion

· alternative fuels, supersonic/hypersonic aircraft propulsion, scramjet/multi mode ramjet

· helicopters, including new rotorcraft configuration

· structures and materials: advanced materials, including high-performance steels, alloys, titanium and other metals, composites, etc.

· design of advanced cockpit, including on-board software, cabin systems and multimedia services

· air-traffic management (ATM) and navigation systems.

· micro- and nanotechnologies applied to aerospace, industrial processes, integrated design and manufacturing, maintenance, etc.

Companies and other organizations working through ISTC receive transparent project fund management, direct tax free grant payments to scientists, tax and duty free purchases of project equipment.

For more information on the ISTC activities in Aerospace, please, contact:

Tatiana Ryzhova

Senior Project Manager, 

Aerospace Research Coordinator 

International Science and Technology Center (ISTC)

Science & Technology Department

Krasnoproletarskaya, 32-34,

127473 Moscow, Russian Federation. 

Tel.: (7-495) 982 3280

Email:  ryzhova@istc.ru


www.istc.ru
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The Partner Program

The Partner Program assists private companies, government agencies and non-governmental organizations to identify and engage highly skilled Russian and CIS scientists and R&D project teams:

· Cost free technology-demand matchmaking

· Moderate R&D costs

· Experienced project management

· Tax-free payments to project teams and scientists via ISTC 

· Customs and duty-free imports of equipment via ISTC 

· Intellectual Property Rights (IPR) integral to Projects

Our Commercialization Services

Advanced Matchmaking – performing advanced matchmaking activities that pair potential investors, partners, manufacturers or innovation companies with expert scientists, former WMD researchers or near to market innovation technologies in Russia and the CIS

Project Teams to Meet Business Needs – ISTC’s Commercialization Support Group can assemble specialized project teams to fully identify and develop near to market technologies 

Introduction and Travel Support - ISTC supports the costs of scientists traveling to meet with potential business partners, and bilingual staff assist with introduction and arrangement of business meetings in Russia and the CIS. Services range from visa support and access to science institutes as appropriate, through to all meeting arrangements, in-country support and translation needs.
Risk Sharing – ISTC will share the risk with venture capitalists or commercial partners by co-funding commercialization initiatives of up to $1 million that lead to technology transfer or otherwise bring promising technologies to the marketplace while creating permanent workplaces in the market for former WMD scientists.
Business Services – Commercial risk and finance analysis, market analysis, business plan preparation, project implementation and planning, joint venture agreements, legal assistance – including contracts, licensing and patents.

Proof of Concept  - Provision of specialized equipment needed for the establishment of a prototype or proof of concept production. Also, provision of equipment for testing, quality control and quality assurance.

IPR  - ISTC has established the following guidelines regarding intellectual property:

· Allocation of any IPR is agreed upon between the investing company, the relevant Russian or CIS institute where the commercial initiative has taken place, and ISTC.

· IPR is allocated based on terms negotiated between the parties involved in the commercialization initiative.

ISTC is supported by the governments of Canada, European Union, Japan, Norway, Republic of Korea, Russian Federation and Countries of the Commonwealth of Independent States, and the United States. Headquartered in Moscow, the ISTC also has branch offices in Armenia, Belarus, Georgia, Kazakhstan, Kyrgyzstan, and Tajikistan.

For more information on the work of ISTC, contact:

Steve Bourne

Manager, Communications and External Relations

International Science and Technology Center (ISTC)

Krasnoproletarskaya, 32, 127473 Moscow,

Russian Federation 

Office: (7-495) 982 3141  

Email:  bourne@istc.ru





www.istc.ru
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Welcome and introduction
Most of new knowledge In XXI century will come from the Space exploration. 

Our civilization became more and more dependent on various space based technologies. Space science attracts a highest attention from research institutes, industry and governments. Materials in the space are influenced by the hard radiation, bombarded by elementary particles and stripped nuclei accelerated in vicinity of Sun and in Galaxy. Hence, the study of materials and devices in the Space environments play an important role in preserving satellites and spacecraft; providing uninterruptable services and prolonging their operation time. 

Beyond its strong link with materials science, space technology contributes to the development of new components, new systems for devices applicable in Space and other fields ranging from production engineering to control system and measurement techniques. The advances in space technology require creation of new miniature devices. It is very costly to send different materials and devices to orbiting facilities for tests. Computer simulation also cannot solve all problems due to very complicated nature of the stochastic processes of interaction of radiation with matter. Therefore, the modeling on the Earth the physical situation near to what we have in near Earth Space environments is a best approximation to the situation we can encounter in the Space. In this concern I can mention the CLOUD experiment at CERN modeling the solar – terrestrial connections with all equipment and sensors developed for precise measurement in this world best center performing high energy physics experiments.  

In Yerevan Physics Institute we have 2 ISTC projects connected with Space exploration and Space safety:

A-1229 Simulating Space Conditions and Their Effect of Materials and Devices Intended for Application in Space;

A-1554 Planetary space Weather Research and forecasting by Network of particle Detectors.

The first one is deal with creating artificial Space conditions using accelerator beams and UV radiation sources. The second one is based on the information from the networks of particle detectors on changing secondary cosmic ray fluxes to measure solar modulation effects and forewarn on upcoming violent space storms.

Both projects will improve our knowledge on underlying very complicated physical processes and finally make the Space exploration safer.   

The workshop will contribute to cooperation of  space sciences  related research projects with industry, and possible collaboration between  West and East organizations. I wish all the participants a fruitful work and interesting time during your stay in Armenia. I also hope that this workshop will help to strengthen links with the present partners and establish new collaboration between Yerevan Physics Institute and participating organizations.
Yerevan Physics Institute, Yerevan Armenia

Prof. Ashot A. Chilingarian 
Director of YerPhI
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Workshop Program

Tuesday, 26 May 2009

09:00
–
09:30
Registration

09:30
–
10:00
Introduction Session (Welcome speeches)
09:30 - 09:40
Welcome
Acad. Radik M. Martirosyan 
President of National Academy of Sciences, Republic of Armenia
09:40 - 09:50
Welcome 

Prof. Ashot A. Chilingarian 
Director of YerPhI

09:50 - 10:00
-
Welcome & Overview Workshop


Prof. Waclaw Gudowski
Deputy Executive Director, ISTC
10:00 - 17: 50 

Session “Advanced Technologies for Solar and 

Alternative Energy”
10:00 - 10:25 
Review of ISTC Activity in Aerospace

Dr. Tatiana Ryzhova,
Senior Project Manager, ISTC

10:25 - 10: 50 
Reviewing Lecture: “Solar Energy for Space Applications”

Prof. Christopher J. Rhodes, Visiting professor

Fresh-lands Environmental Actions; University of Reading, United Kingdom

10:50 - 11: 15 
The Elaboration of the Power Supply System Concept of the Earth from Space Based on Multi-satellite Power Station Constellation

Dr. Sergey A. Popov, Head of Division, Keldysh Research Center, Russia

(ISTC Project #2365 & new Project proposal)

11:15 - 11:35
Coffee Break

11:35 - 12:00
Creation of High-Effective Solar Power Facilities on the Base of Rigidizable Structures

Prof. Valentin K. Sysoev, Vice Chief of Space Complex Design Center, Lavochkin Association, Russia


(ISTC Project #2836)

12:00 - 12:25
Pilot Technology on Production of Special Polyimide Film Composites
Dr. Rinat Iskakov, Lab Manager, Institute of Chemical Science, Almaty, 
Kazakhstan 
(ISTC Project #K-1117)

12:25 - 12:50
Advanced Thin Film Solar Cells for Space and Ground Application



Dr. Valery Zalesski, Stepanov Physics Institute of NASB, Minsk, Belarus


(ISTC Project #B-1029)

12:50 – 14:00
Lunch

14:00 - 15:00
Visit to Yerevan Physics Institute (Space Facility) 

15:00 - 15:25
Complex electro-power supply on the basis of alternative current sources for autonomous users.

Dr. Georgy V. Seropyan, Principal Deputy General Director-General Designer,
Open Joint-Stock Company «Research-Production Enterprise «Kvant» 

15:25 - 15:50
Space Solar Power Station – the Decision Choice

Prof. Valentin K. Sysoev, Vice Chief of Space Complex Design Center, Lavochkin Association, Russia

15:50 - 16:15
Ground tests of Materials for forecasting its durability in conditions of Space

Igor Assovskiy, Semenov Institute of Chemical Physics, Russia

16:15 - 16:35
Coffee Break

16:35 - 17:00
STCU for partnership projects in aerospace: opportunities, benefits for partners and scientists
Mrs. Olena O. Levytska, Senior Specialist in charge of Aerospace, STCU, Kiev, Ukraine

17:00 - 17:25
Solar Energy for Armenia and Space Application
Mr. Artak Hambarian, Engineering Research Center & American University of Armenia (AUA) 

17:25 - 17:50
Investigation in Yerevan State University (Possible Applications in Space)
Dr. Vladimir Arutiunyan, Yerevan State University

18:30 - 20:30
Reception

20:30 - 22:00
Night Yerevan
Wednesday, 27 May 2009
09:30 - 13: 10 

Session “Thermal Properties and Stability of 

Materials and Devices”
09:30 - 09:55
Material Characterization Using Space Environment Simulation Facility
Dr. Xin Xiang Jiang, Materials & Thermal Group, Canadian Space 
Agency, Canada

09:55 - 10:20
Inverse Problems Technique to Estimate the Thermal Properties 

of Spacecraft Materials

Prof. Alexsey Nenarokomov, Moscow Aviation Institute, Russia

(ISTC Project #3871)
10:20 - 10:45
Development and Investigation of Materials for Heat Protection Systems 
of Space Vehicles

Dr. Gennadii Frolov, 
I. M. Frantsevich Institute for Problems of Materials Science of National Academy of Science of Ukraine Kiev, Ukraine

10:45 - 11:10
Aerothermodynamic Testing Activities Developed in the VKI Plasmatron Facility

Mr.Cem Ozan Asma, von Karman Institute, Belgium

11:10 - 11:30
Coffee Break

11:30 - 11:55
 Modern thermal control coating and the equipment for their manufacture
Mr. Roman Ermolaev, Joint-stock Company ”Academician M.F. Reshetnev” Information Satellite Systems”

11:55 - 12:20
New generation of sensors for space application based on Silicon-On-Insulator technology

Dr. M. M. Filatov, Scientific Research Institute of Pulse Technique, Moscow    Russia

12:20 - 12:45
On-board Integrated Submm Spectrometer for Atmosphere Monitoring and Radio Astronomy

Prof. Valery P. Koshelets, Kotel’nikov Institute of Radio Engineering and Electronics RAS

(ISTC Project #3174)

12:45 - 13:10
Penetration phases of low magnetic field into bi-pb-sr-ca-cu-fe-o htsc ceramics with developed josephson medium and their possible use as a sensitive element for magnetometer.

E.A. Mughnetsyan,  International Scientific-Educational Center of NAS RA, Yerevan, Armenia

13:10 - 14:10
Lunch

14:10 - 15:10
Visit to Matenadaran (repository of ancient manuscripts)

15:10 - 21:30
Lake Sevan (Excursion & Dinner)
Thursday, 28 May 2009
09:30 - 12: 45 
Session “Radiation Property and Stability of 

Materials and Devices”

09:30 - 09:55
Radiation Response and Avalanche Gain in Chalcogenide Glasses

Bradley R. Johnson, Pacific Northwest National Laboratory, USA

09:55 - 10:20
Energetic Nanocomposites as Promising Rocket Propellants

                  Assovskiy I.G. ,    Semenov ICP RAS, Moscow 119991 Russia
10:20 - 10:45
Peculiarities of radiation defects formation in Si of SOI structures

V.N. Mordkovich, D.M. Pazgin
Institute of Microelectronics Technology, Russian Academy of Science

142432 Chernogolovka, Moscow region, Russia

10:45 - 11:10
Yerevan physics institute space facility, preliminary results

Prof. Hrant Yeritsyan, Yerevan Physics Institute, Yerevan, Armenia
(ISTC Project #A-1229)

11:10 - 11:30
Coffee Break

11:30- 11:55
Application of High Temperature Superconductors in the Space

Dr. E. Khutsishvili, Iv.Javakhishvili Tbilisi State University

11:55- 12:20
The influence of electron irradiation with energy 8MeV on the AC magnetic flux penetration into highTc superconducting  ceramics YBa2Cu3-x Mx Oy  (M= Cu; Fe; Ni; x= 0; x= 0.01)
Dr. S.Nikoghosyan, Yerevan Physics Institute, Armenia

12:20- 12:45
Josephson vortex behaviors in medium with non-uniform pinning centers in high Tc superconductors 

Dr. A. Sahakyan, Yerevan Physics Institute, Yerevan Armenia

12:45- 14:00
Lunch

14:00- 16:00
Visit to High Mountain Aragats Cosmic Ray Station

16:00- 16:45
Discussion of Workshop results (Aragats)

17:00- 19:30
Farewell Banquet in Aragats
ABSTRACTS

Session “Advanced Technologies for Solar and Alternative Energy”
Review of ISTC Activity in Space

Dr. Tatiana Ryzhova, Senior Project Manager
ISTC Secretariat, Moscow

An overview of ISTC activity in Aerospace Tech area will be presented including statistics on funded projects, supplemental and supporting programs as well as examples of success space projects.

Solar Energy for Space Applications

Professor Christopher J. Rhodes,

Fresh-lands Environmental Actions; University of Reading, United Kingdom

e.mail: cjrhodes@fresh-lands.com
The amount of solar energy hitting the top of the earth’s atmosphere amounts to 174 PW, integrated over the curved surface of the exposed hemisphere, and is almost 10,000 times the total energy used by mankind (18 TW). The amount of available energy at the surface of the earth is reduced, since 30% of the sunlight is reflected back into space, but nonetheless if it could be harvested, there is almost 7,000 times as much energy in the form of solar-power than we use on earth, generated from all sources. In the consideration that fossil fuels are in limited supply, and to avert global warming, solar energy appears highly attractive on both counts.

The globalised modern world depends not only on energy but on communication, as permitted by satellite (space) technologies. In the environment of space, the absence of an atmosphere means that in principle there is an increased flux of sunlight to be harvested; it also means that there is no natural radiation-protection of satellites or spacecraft, the components of which suffer extreme exposure and damage from radiation, especially over working lifetimes of perhaps 30 years. There is the additional issue that the components of such vehicles need to be lightweight, to make it easier to launch them into space.

The lecture will provide an overview of photovoltaic technology (PV), specific materials including Group III and IV semiconductor devices and more recent organic conducting materials such as PEDOT. In terms of both lightness and the potential shortage of elements like Indium (which is used extensively in electronic devices such as LEDs and may run-out in 5 years), thin-film cells (which use as little as one hundredth of the amount of semiconducting material) offer many advantages e.g. using CIGS (copper indium gallium selenide). It is also found that thin-film cells are relatively more resistant to radiation damage than are conventional e.g. silicon cells, and while they have a lower initial PV efficiency, this drops-off more slowly over time thus rendering such devices more robust in actual applications.

In addition to using PV to power satellites and spacecraft, there are some fascinating proposals, for example solar power satellites, which could send energy wirelessly to a space vessel or to a planetary surface. The latter has potential in terms of space exploration and to capture sunlight for use as an energy source on earth.

The Elaboration of the Power Supply System Concept of the Earth from Space Based on 
Multisatellite Power Station Constellation

S.A. Popov, V.N.Akimov, V.F. Semenov

Federal State Unitary Enterprise “Keldysh Research Center”, Moscow

Power supply of increasing population of the Earth on retention of up-to-date structure of the conventional terrestrial power industry will become a serious problem of the second half of the XXI century, because of decreasing reserves of typical energy carriers and substantial deterioration of ecological setting. In this connection, a steady progress of civilization demands searching and mastering of new, including unconventional renewable resources for power supply to the Earth. One of lines of solving the energy problem is the use of the abundant potential of the solar energy in space with invoking   potentialities of space facilities and systems.

The power supply system of the Earth from space (PSSES) is built on the basis of multisatellite constellation of orbiting power stations, placed in near-earth orbits. The PSSES incorporates the space and ground segments. The space segment includes orbiting power stations, using, as a primary source, the solar energy converted by solar arrays to the electric and transmitted by antennas to the Earth by means of microwave radiation.  The ground segment of the PSSES includes the receiving points of energy from the orbiting stations that incorporate receiving antennas (rectennas) and systems of microwave radiation reconversion to electric power to terrestrial users.

The elaboration of the deployment concept of the full-scale PSSES provides to carry out the system analysis whose results may justify the composition and principles of constructing the PSSES, as well as key stages of its deployment including: performing space experiment on transmission of microwave radiation from orbit to the earth; creation of experimental-industrial space station; gradual growth of PSSES installed power.

The creation and efficient application of the PSSES will require solving some complicated scientific, engineering and technological problems in international co-operation. The elaboration of the PSSES concept, in view of the current world’s level of rocket space technology and the outlooks for its upgrading, will allow evaluating technical risks and take into account international juridical aspects of the creation and use of economically profitable and competitive system, making it possible to solve the problem of the power supply to the population of the Earth in the global scale.
Creation of High-Effective Solar Power Facility on the Base of Rigidizable Structures

S. Ivanov, K. Pichkhadze, V. Sysoev 

Lavochkin Association, Russia
Constantly growing energy needs of the mankind from the one side and depletion in the nearest future of tradition power sources such as oil, gas and coal from the other side set the problem of new effective and available ways of power generation. In-orbit deployment of solar power stations in the future will give a possibility to generate the quantum satis of electrical power.

Proposed space solar power systems (SSPS) utilize well-known physical principles - namely, the conversion of sunlight to electricity by means of photovoltaic cells. A complete system would collect solar energy in space, convert it to microwaves, and transmit the microwave radiation to Earth where it would be captured by a ground antenna and transformed to usable electricity.

Main criteria defining the effectiveness of solar power systems are the following: low cost of power supply to the consumer; simplicity and reliability of operation; safety of power delivery to the consumer. It is obvious that success in the orbital solar power systems development will strongly depend on application of new space technologies.

Very important point in the SSPS development is a possibility to combine power generating, transforming and emitting functions in a united multilayer thin film structure on the base of recent advances in vacuum deposition techniques. The other condition is the wide application of rigidizable polymer composite materials in the load carrying structures. Advantages of the above mentioned technologies can be obtained using the laser techniques for transmitting of the generated power to the Earth.

In order to create new light and high-effective solar arrays application of flexible panels and new solar cell technologies, such as thin film cell is also required. The main advantage of thin film cells is their high power/mass ratio. In addition, they are also highly tolerant to small damages such as micro-meteorite impacts and they can withstand the enhanced radiation. Finally, it is anticipated that they would have a substantially lower cost.
Application of new prospective technologies of thin-film photovoltaic cells and rigidizable structures in space solar power systems allows achieving the significant increase of effectiveness of solar arrays applied in space technique. The inflatable and rigidizable structure (IRIS) designed as a support structure of the solar power system should be compatible with thermal and mechanical environment specified for space technique.

Carried out studies showed high reliability of developed methods of structure rigidization and confirmed the possibility of reliable deployment of hardenable structural elements without significant distortion of their shape.
The IRIS Demonstrator is intended for in-orbit qualification experiment with the inflatable rigidizable structures.
Pilot Technology on Production of Special Polyimide Film Composites

V. Kravtsova, N. Nursultanov, G. Nurumbetov, R.Iskakov

Institute of Chemical Science, Almaty, Kazakhstan
http://www.chemistry.kz
Scheme Technology of Adhesive Metal Polyimide (STAMP) has been implemented a helioreactor UGSM-1 on monomer synthesis based on maleic anhydride and benzene, a polymerization reactor USPI-1, a machine of film casting UPPP-1, and a machine on film metallization UPMP-1 as shown on the scheme below.
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Basic raw materials for the process are benzene and maleic anhydride (flow 6). Monomer synthesis takes place in UGSM-1 (1) with uv-initiation of the process under ambient conditions according to the chemical reaction: 
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Polymerization happens at 90°С by heating through jacket of polymerization reactor USPI-1 (2) (flow 8) in heater (7). Monomer (flow 1) is supplied through top inner of USPI to the reactor. Polymerization product as viscous polymeric varnish (flow 2) using dosator (6) casts on moving roll of casting machine UPPP-1 (4). Dosator maintains steady supply of polymeric varnish (flow 4) onto rolling table of UPPP (4), where solution casts, dries up to constant weight film (flow 5). Polymeric film supplies to rolling parts of UPMP machine (6) giving a final product as metalized polyimide film (flow 7). 

STAMP allows to produce in pilot regime a series of interim and final products such as: 

Film of AB Polyimide for preparation of composite electroisolative filming or fibering materials. High compatibility with polymeric and non-organic additives to use in electroengines and apparatus operating long time within 70-240oC, shortly up to 600oC. 

Dianhydride of Tricyclodecentetracarbon Acid - Photoadduct of benzene and maleic anhydride (AB) – white or yellowish powder for synthesis of polyimide lacquer. 

Varnish of Polyimide ABimide for production of heat-protective and electro-isolative coatings, dielectric glue of glass, ceramics and plastics, metallized films, flexible microchips, anticorrosive and anti-acid coatings and other thermostable constructs. Stable within -30 and +50oC at storage for 3 years. Operating conditions: long-term up to 200oC and -180oC; shortly up to 600oC.
Metallized Polyimide Films – integral or discreet (chip-like) deposition of various metals, such as silver, cobalt, nickel, copper, rhodium, gold, platinum. The metal layer is impregnated into polymer matrix making interlayer adhesion deadly strong. Thickness of films – 25-100 microns, thickness of metal layer – 1000-5000 nm. Optical performances – 80-97% of standard mirror (depending on metal type). Surface electroresistivity is within 0.1 up to 1,0 Ohm - ρs=0,98(1+2,65•10-3t) between -25 and +200oC. Dielectric performances – 3.9(constant), 0.0019 (tangent), 1x1014 Ohmxm (volume resistivity), 210 kV/mm (breakage), 70-100 pF per 1 cm2 (capacity).
Perspective types of thin film solar cells for terrestrial and space applications

Zaleski V.B., Gremenok V.F.

Institute of Physics of National Academy of Sciences of Belarus,

220090 Minsk, Logoiski trakt 22, Belarus

    Contemporary with an increasing number of government and commercial satellites launching, and more hard requirements to reduce their size, weight and cost there are an increasing demand for highly efficient solar cell, formed by low-cost technology and with low mass. The most promising for this purpose are the elements that formed as thin semiconductor films (2 ( 5 microns) on the cheap and lightweight substrate, which, according to various estimates, reduce the cost by 50 ( 90% compared to existing analogs. Solar cells based on Cu(In,Ga)Se2 semiconductor compound have several advantages over other types of thin-film SC. Of all the known materials for the SC, the semiconductor compound is the most broad-band absorption of radiation, which provides a potentially high efficiency due to conversion and utilization of radiation in a broad spectral range. Varying addition of gallium allows to optimize the width of the band gap to obtain maximum efficiency of photo-conversion . Currently, at laboratory conditions received SC samples having record characteristics for thin-film cells (efficiency about 20%). CIGS solar cells are stable in operation, have high radiation resistance, allow the annealing of radiation defects in space without the removal of solar panels (T ( 250(270 0C) [2].  

    Table 1 shows the comparative characteristics of SC modules of different types for use on satellites in geostationary (35900 km) (GEO) and low (800 km) (LEO) orbits. 

Table 1 - Comparison of solar cells [1, 2]. 

	
	Rigid modules
	Flexible modules
	Flexible thin film modules

	
	
	GaAs/Ge
	
	GaAs/Ge
	
	

	
	    Si
	p-n junction
	Multi- compo​und 
p-n junction
	Si
	p-n junction
	Multi- compo​und
p-n junction
	(-Si
	CIS

	Rad. resistance, 1 MэВ/cм2
	
	
	
	
	
	

	GEO/
	9 x 1014
	7 x 1014
	6 x 1014
	1 x 1015
	7.7 x 1014
	6.6 x 1014
	5 x 1015
	5 x 1015

	LEO
	2 x 1014
	6.6 x 1013
	3 x 1013
	4 x 1014
	7.5 x 1013
	4 x 1013
	5 x 1015
	5 x 1015

	kg/m2 
	2.8/3.1
	3.4/3.8
	3.6/4.0
	2.2/2.4
	2.7/3.1
	2.8/3.2
	0.7/0.9
	0.7/0.9

	W/m2
	115/115
	150/170
	200/215
	90/105
	145/170
	180/195
	85/90
	115/120

	W/kg
	40/37
	45/44
	57/53
	42/42
	55/56
	66/62
	118/102
	135/122

	$/W
	900/900
	1080/970
	880/850
	1050/960
	1100/950
	910/890
	750/600
	610/500


As can be seen on almost all parameters CuInSe2 SC have an advantage, and bearing in mind the possibility of optimizing the technology and the use of a light flexible substrates from titanium foil and polyimide film, perhaps in the long term to raise these characteristics in 2-5 times. Unfortunately, the Commonwealth of Independent States (CIS) and the Russia of the research on the synthesis of CIGS elements was not carried out. In the framework of ISTC projects B‑542 and B‑1029 have been working to obtain CIGS SC. As a result there were obtained the first experimental samples of CIGS solar cells with efficiency - 10.8% on a glass substrate, and 6.1% for the substrate of stainless steel. 
     The main features of the projects was their focus on the development of technologies with potential for integration into industrial in-line vacuum installation for solar cells production. Further improvement of the parameters may be related to several factors. 

Further evolution of these works is as follows: 

- Looking for new methods to improve the efficiency of SC from the extension of the spectral sensitivity of compounds in the ultraviolet and infrared ranges of the spectrum by creating layers of different width of the band gap, the introduction of nanoparticles, the formation of tandem solar cells, etc. 

- Development of technologies for reducing the weight of SC from flexible metal foil and polyimide film. 

- Optimized the pilot line and production regimes in order to achieve homogeneity and uniformity of layers on large areas, the deposition of Cd-free buffer layers to improve the efficiency of SC. 

1. Ralph E.L., Woike T.W. Solar Cell Array System Trades - Present and Future // 37th AIAA Aerospace Sciences Meeting and Exhibition, January 11-14, 1999, p. 52. 

2. M. Raja Reddy. Space solar cells - tradeoff analysis // Solar Energy Materials & Solar Cells, Vol. 77, 2003, pp. 175-208. 

3. VF Gremenok, MS Tivanov, VB Zalecsky. Solar cells based on semiconductor materials // International Journal "Alternative energy and ecology" No (69) 2009, pp. 55 - 120.

Complex electro-power supply on the basis of alternative current sources 

for autonomous users.

Dr. V.V. Semenov, Designer & Director General, OJSC “RPE “Kvant”   
Ph.D. G.V. Seropyan, First Deputy of Designer & Director General, OJSC “RPE “Kvant”   
Main area of OJSC “RPE “Kvant” activity having celebrated its 90-year anniversary in January, 2009 is development of power generating devices and systems based on the direct conversion of various kinds of energy (chemical, solar, thermal) into electricity and production of autonomous power sources and devices for diagnostics on its base

 During the last decades the following were accomplished:

- developed and mastered in production more than 50 electric-chemical pairs  for chemical source of electrical energy, also the galvanic cells and storage batteries used with all kinds of armaments and military hardware as well as applicable for solution of wide spectrum of the national economy and fuel cells (based on hydrogen oxidation) and semi-fuel (based on oxidation of the active metals) electrical-chemical generators or metal-air chemical current sources;

- theoretical background is founded and mastered the actual production of solar arrays  for space and terrestrial applications, thermal-electrical energy converters (generators and cooling devices).

OJSC “RPE “Kvant” has the range of world priorities in the field of molecular electronics or chemotronics as well as in development of the molecular condensates (ionistors ).

Practically all range of investigated at the company processes of physical and electrical-chemical energy conversion are passed in the zones dimensions of which are comparable with the length of free passage of electrons in the metals and semi-conductors, ions in the electrolytes and also with the value of double electrical layer in pre-electrode space. The efficiency of semi-conductive (physical) and electrical-chemical power converters is greatly depends on the structural state of electrode materials: crystal lattice parameters, crystallite sizes and dendrites, defect saturation of crystalline state (vacancies concentration, dislocation, packing defects, etc.). As a result the efficiency parameters of the technological processes aimed towards increasing of physical and electrical-chemical energy conversion are evaluated by dimensions from 10-11 to 10-7 m that refers these processes to the category of nanotechnology.

Presently at “RPE “Kvant”   the works are in hand along several directions to increase the efficiency of autonomous energy conversion and qualitative modernization of diagnostics means.
1. PHTOVOTAICS AND THERMAL-ELECTRICITY
The efficiency increase of semi-conductive converters of solar and thermal energy is greatly depends on the ratio of electrical conductivity and thermal conductivity of interacting materials in р and n type. These characteristics are structurally sensitive and depend on the purity of the reference material, implantation quality and doping of the reference material by electron carriers or «holes» and also by the state (defectives) of crystalline structure. In connection with this the enterprise is developing as follows:

1.1. Development of thin-film including amorphous semi-conductor silicon layers by method of plasma or thermal-chemical conversion of mono silane with further silicon deposition as nanometric films on elastic metallic or polymer substrates. The technical substance of this process is in thermal or plasma influence on mono silane under which happen its thermal destruction and deposition of elementary silicon as amorphous or poly-crystalline film with thickness not more than 200 – 500 nanometers on the substrate.  At the same time obtaining of mono silane by chlorine free method is made in one contour with reactor for silicon deposition.

1.2. Development of thin film hetero-structural semi-conductive converters of solar energy of system AIII BV (gallium arsenide on germanium wafer).

1.3. Development of low and average temperature thermal electrical materials with efficiency coefficient  (Q-factor) not lower than 4 х 10-3 degrees -1 for converting of the thermal energy.

Essence of the given process is in formation in the semi-conductors of р and n type of nano crystalline structure with the size of a grain (mosaic block) not more than 10 nano meters. These structures are formed under ultra fast hardening (with cooling speed more than 10-6 degrees/sec) of disperse material retracted from the melt and further its compacting and baking. High cooling speeds under material crystallization impedes grain growth and increases the length of inter-crystalline boarders. By doing so reached saturation of semi-conductive crystalline structure in the form of inter-crystalline boarders greatly decreases material thermal conductivity and increases concentration of electron conductivity that brings to increase of energy factor of thermal electric energy conversion.
2. ELECTRIC-CHEMICAL CURRENT SOURCES
Efficiency increase of electric-chemical energy conversion is made by development and mastering of the following technological methods:

2.1. Development of technology of electrode foundation from Ni, Fe, Ti, Cu, Zn and others for chemical current sources with developed surface, high electrical conductivity and corrosion resistance. The technical essence of this process is in the formation of electrode foundation of electric-chemical current sources from metallic or metal coated fibers  with further deposition  (baking) of disperse powders with nano-sized (not more than 100 – 200 nanometers) on this porous base. Production technology of such fibers is in extraction of them from the melt by means of crystallization on the edge of rotating crystallizer. At that there are  used high (more than 10-6 degrees/sec) cooling speeds that prevent emission of impurities on the crystal boarders and decreasing their corrosion. Analogous technical method under origination of electrode active mass of chemical current sources, for example, for Zn, Ag. Pb, Al, Fe and others allows to decrease crystalline grain to nano-metric sizes (not more than 200–500 nanometers) and brings to development of inter-crystalline boarders and increase of electrode activity.
Production of metal coated fibers is supposed to make by deposition of metal films of nano-size (not less than 10 nanometers) of thickness from gas phase on the polymer fiber base that allows significantly decrease the consumption of materials from electrode base.
Production of powders for developing of the electrode bases is supposed by method of electric impulse ablation destruction of metals (for example as wires) in an inert atmosphere with further their condensation as nano disperse particles.
2.2. Appraisal researches in the field of intellectual controlled chemical current sources.

Electric energy generation processes in galvanic cells and batteries mainly depends on properties of double layer forming on the boarders of the electrodes of the electrical-chemical pair. In itself the properties of this layer with sizes 10-11–10-10 m are near to the properties of «liquid» diode. Introduction to the diffusion part of double electric-chemical layer of the third electrode (creation of «liquid» triode) will allow to control charge-discharge characteristics of chemical current sources in the process of operation.
3 Cellular bio potential measurement
Back in 1980 the enterprise conducted works in the field of development devices for express diagnosis of the danger zones of the human organisms, diseases of mucous membrane of the mouth, for control over dynamics of therapy, diagnostics and prognosis of galvanism by method of measurement of bio-electrical and electrical-chemical potentials. In the process of this activity series of bio potential measuring devices were developed for application in the battle-field surgery for diagnostics of the wounded area and obtaining the express data on the course of wound healing, post-operation seams and burns, etc. Today due to the development of nanotechnologies, namely, appearance of possibility to produce nano-metric probes-electrodes, appearance of the row of new opportunities to control operations these works receive further development in direction of creation of the means allowing to have diagnostics and therapy on cellular and geniis level..

RPE “Kvant” traditionally had worldwide priority in all above-mentioned trends. However for last 20-25 years when all these trends gained rapid development in some developed countries, at the enterprise happened the dramatic drop in particular in the part of the technical re-equipping, supporting and development of the elementary base.
Presently RPE “Kvant” is active on developing and re-equipping of experimental and production base of modern laboratory and manufacturing equipment, formation of skilled personnel taking into consideration available scientific-technical potential.
Space Solar Power Station – the Decision Choice

Sysoev V. K., Pichkhadze K.M.

Lavochkin Association

(sysoev@laspace.ru) 

In the presented work the ideology of construction of the space solar power station is considered, based on informationally connected autonomous spacecraft with transformed large-scale photoradiating panels with photoconverters, having efficiency more than 50%. It is offered to organize construction of energy transmission channel on the active phased arrays in short-wave area superhigh frequency (SHF) range of radio-waves with control by means of pilot signal with reantenna. Reantennas shall be placed on high-rise fastened balloons.

(TBD)
Andrei Zhukov

Federal State Unitary Enterprise «Russian Institute of Space Device Engineering»
(wait for abstract)

Science and Technology Center in Ukraine
Presentation of STCU and Partner Program

Olena Levytska

STCU, Kyiv, Ukraine

Mission:  Nonproliferation of WMD Expertise
· Engagement: Support multilateral, collaborative, peaceful civilian R&D activities that engage Azeri, Georgian, Ukrainian, and Uzbek scientists and engineers formerly involved WMD and delivery systems, so that their scientific talents contribute to solutions of national/international S&T problems.

· Sustainable Redirection: Create opportunities for former WMD scientists and engineers to develop sustainable, civilian research employment that contributes to their country’s to market economy transition, to science & technology development, and to deeper  integration into the international community.

STCU Membership Includes

Five Countries 

Over 1,000 Scientific and Technical Institutes

Approximately 20,000 Former Weapons Scientists (based on an estimate -1995) 

STCU has engaged over 8,000 former weapons scientists, plus 5,000 other scientific personnel 

STCU Core Programs and Services

· Regular Project Program

· Partner Project Program

· Institute Sustainability Program

· Patenting Program

· Partner Promotion Program

· Workshops and Scientific Seminars

· Travel Grants

Main Government Partners

· Max Planck Institute of Plasma Physics

· UK Department of Trade and Industry

· U.S. Department of Energy/Initiatives for Proliferation Prevention (IPP)

· U.S. National Institutes of Health/National Cancer Institute

· USAF European Office of Aerospace Research and Development 

· U.S. Department of Agriculture/Agricultural Research Service

· U.S. Department of Defense/Defense Threat Reduction Agency

Over 130 Projects = Over $30 Million USD and 980,000 Euros

Advantages of Working with STCU
· Direct, tax-free payments (grants) to researchers’ personal bank accounts.

· Customs clearance assistance provided; procurement of equipment and materials free of duties and taxes.

· Host government concurrence and security review.

· Professional project management, including technical and financial monitoring.

· Knowledge of Recipient Parties’ R&D communities and their capabilities.

· Support for peaceful, civilian research.

On-Line Technology Marketplace

http://www.stcu.int/offer/techmatching/index.php 

· Virtual space for the dissemination of information, knowledge and technology.

· Online technology marketplace offer to the research institutions the ability to extract tremendous value from the intellectual property they are willing to share.

· Free on-line service for research and technical development results and innovative business opportunities on emerging technologies

9 STCU Subject Areas

· Aerospace

· Biotechnologies and Medicine

· Material science

· Chemistry

· Environment Research

· Industrial Technologies

· Sensors

· Nuclear Energy and Safety

· Physics

Technology Profiles

information about the research result, the contributing organization, the type of collaboration sought, prototype availability, commercial potential, contact point information  

Institute Profiles

· Introducing the strenghts of organisation
· Capabilities of the Institutions

· Linkage to scientific experience

· Research activity areas

· Reference projects

· Co-operation partners

· Main achievements

STCU Partner Program 
Outsourcing R&D project for western organization 


Main criteria

1.  Peaceful purpose of project

2.   R&D project

3.  Not less than 30% of project participants are Former weapon scientists  (during 1980-1990 they worked for the USSR military-industrial complex)  

· Whole process until signing takes 3-4 months 

· Western organization (company, national lab, governmental entity, etc.) from USA, EU and Canada can apply for STCU Partner status 

·  What is required from potential partner:
1. To write a letter-application (find sample at): http://www.stcu.int/offer/commercialcontrres/applyps/
2. To finalize work plan, project duration, project cost and terms of delivery

3. To sign 3-party project agreement: http://www.stcu.int/documents/projects/partner/Non-

 HYPERLINK "http://www.stcu.int/documents/projects/partner/Non-Governmental_Partner_Project_Agreement/" \t "_parent" 
Governmental_Partner_Project_Agreement/ 

4. To wire-transfer project funds in accordance with STCU invoice

IP Rights
The allocation of intellectual property arising from Partner project and the responsibilities for protecting and exploiting such intellectual property should be negotiated between the Recipient(s) and the Partner under a separate agreement.

Examples of projects:

Regular Project 3856,  Budget €115,737
Participants: State Design Office Yuzhnoye, Dnipropetrovsk Ukraine

Technical area:  Aerospace & Aeronautics

Main technical collaborator: Leica Geosystems, Switzerland, leading manufacturer of GPS-receivers.

The main objective of the #3856 STCU project is  to demonstrate practical feasibility of radio-physical method for measurement of Earth's gravitational field so that to expand functional capabilities of satellite navigation systems.

The system named «Gravika», which combines hardware and software capable to measure gravitational field parameters on frequency change of a navigating signal has no analogues.

Project results have been reported at three international conferences in Ljubljana (Slovenia), Paris (France) and Glasgow (Great Britain) and at three conferences which took place in Ukraine (Yalta 2008, the Sudak 2008 and Kharkov 2008). Two patent applications for ukrainian patent has been submitted. DLR, ESA and the Munich Institute of a Geodesy has been expressed their interest to «Gravika» as a system for continuous monitoring of gravitational field.

Partner Project p353 

Participants: State Design Office Yuzhnoye, Dnipropetrovsk Ukraine

Technical area:  Aerospace & Aeronautics

Partner: Orbital Sciences Corporation (Dulles, VA, USA)

Budget $210,000

P353 STCU Partner Project was devoted to marketing research on potential payloads assessment for Taurus-II launch vehicle on commercial and governmental markets worldwide. Global space market and US governmental space market were analyzed during the project for further Taurus-II launch vehicle positioning at the market.

Targeted Initiatives Regular Project #4930 “Applying the GRID-technology for making complex calculations in the condensed matter physics and nanophysics”
Participants: Space Research Institute under NAS and National Space Agency, Kyiv, Ukraine

Technical area:  Aerospace & Aeronautics

Main technical collaborator: P. Pardalos, University of Florida, College of Engineering, Department of Industrial and Systems Engineering

Budget € 12861  from STCU;  € 9820 from NASU 

Under #4030 it is planned to apply GRID-technology for making the calculations necessary for developing new principles of satellite devices construction, analysis and modeling of the new type accelerometers functioning processes. Among other objectives there is development of mathematical models of accelerometer and gravimeter based on nanostructures. 

STCU contacts:
· Peter Melnik-Melnikov – Partner Program manager (Commercial Partners) peter.melnik-

 HYPERLINK "mailto:peter.melnik-melnikov@stcu.int" \t "_parent" 
melnikov@stcu.int (044)4907150 (ext 754) 

· Elena Taberko – Partner Program manager (Governmental Partners) elena.

 HYPERLINK "mailto:elena.taberko@stcu.int" \t "_parent" 
t

 HYPERLINK "mailto:elena.taberko@stcu.int" \t "_parent" 
aberko

 HYPERLINK "mailto:elena.taberko@stcu.int" \t "_parent" 
@stcu.int (044) 4907150 (ext 730)

Contact Information
Science and Technology

Center in Ukraine

(STCU)

7A Metalystiv St

Kiev, Ukraine 

Tel: +380-44-490-7150

Fax: +380-44-490-7145

E-mail: stcu@stcu.int
Web site: www.stcu.int
Solar Energy for Armenia and Space Application
Mr. Artak Hambarian, 

Engineering Research Center & American University of Armenia (AUA)
The presentation will reflect on: 

A. role of solar monitoring from space

B. possibilities to use of various options of solar energy in Armenia; 

C. possibilities for creation of the solar industry in Armenia; 

D. current status of affairs in the field of solar energy in Armenia.

Solar energy monitoring ultimately gives information on the feasibility of use of solar energy in a particular geographic location. While there are space/satellite based means of monitoring of solar energy, the ground based network only provides accurate information that could be used in solving of the industrial engineering problems.  A system that will connect in coherence the space based and ground based monitoring systems is going to be of a very beneficial. Experience of the operation of the AUA solar monitoring station since 1995 is described. Each solar energy option has its advantages and disadvantages, but a certain combination will be optimal for a particular country or geographical location. While providing energy for internal use in Armenia, as well as for export in the future is important for a number of reasons, rapid growth of solar industry in the world gives a window of opportunity to Armenia to become a player in the global market. Some interesting remarks on space based solar systems. A few current projects carried out in Armenia are also described.
Investigation in Yerevan State University

(Possible Applications in Space)

Vladimir Aroutiounian

Department of Physics of Semiconductors and Microelectronics and Center for Semiconductor Devices and Nanotechnology at Yerevan State University, Yerevan 0025, Armenia

Phone/Fax: 37410 555590; e-mail: aroutiounv1@yahoo.com; kisahar@ysu.am
The following investigations in Yerevan State University may be usefull for the space applications : 

1)Experimental and theoretical investigations of physical phenomena at the semiconductor-electrolyte, semiconductor–gas and semiconductor-liquid crystal interfaces, in different 3-5 semiconductors, metal oxide semiconductors, porous silicon, silicon carbide, hetero junctions and quantum dots.

 2) Improvement of the efficiency of different versions of the conversion of solar energy into electrical energy, fuel and heat:

· Synthesis and investigations of cheap semiconductor nanocrystalline and nanotube photoelectrodes for photoelectrochemical conversion of solar energy and photoelectrolysis of water into hydrogen and oxygen with the best efficiency of the conversion. Development of photoelectrolysis setups.

· Growth and investigations of thin films promising for manufacture of different high efficient solar cells (including cells with quantum dots) and thermophotovoltaics made of 3-5 semiconductor solutions. 

· Simulation and synthesis of nano- and mesoporous silicon double-layer antireflection coatings for Si and GaAs solar cells.

· Manufacture of vacuum heat collectors.

3)  Semiconductor gas nanosensors
· Search and investigations of promising metaloxide semiconductors and porous silicon as well as corresponding technologies of the manufacture of nanosensors working without remarkable pre-heating of work body.

· New adsorption type smoke detectors. The hydrogen, carbon oxide and methane nanosensors and e-nose on the base of these metaloxide and porous silicon nanosensors. Humidity sensors. Bio- and DNA sensors.

4) Search of semiconductors with high measure of quality for thermoelectrical conversion of energy and study of possibility of the manufacture of thermocatalytic sensors. 

All mentioned above nanomaterials, photoelectrodes, cells, and sensors were manufactured in YSU on own technological equipment. We are authors of several hundreds publications in West countries and USSR’ journals as well as in Proceedings of many International Conferences and Meetings. More than 250 citations of our papers were made by foreign scientists. 

Collaboration with NREL (USA) started in 1985, Saclay (France)-1996. We have more 30 joint publications with our colleagues in NREL as well as more 20 joint publications with CEA, Saclay and University of Paris-Orsey (France). Another 20 joint papers and reports were published after 1990 together with other scientists from the USA, Germany, Sweden, Italy, and Russia. We had/have corresponding Armenian, 5 ISTC and 4 IPP grants for researches. Our devices covered by the US, France, USSR, RF and Armenian Patents. Smoke detectors were recently tested in the USA.
Material Characterization Using Space Environment Simulation Facility

Xin Xiang Jiang & Darius Nikanpour

Spacecraft Engineering, Space Technology

Canadian Space Agency

6767, route de l'Aéroport, Saint-Hubert (Québec) J3Y 8Y9

Canada

The presentation addresses the ISTC project A# -1229 in the context of material characteristics in simulated space environment. It is well known that harsh orbital space environment can cause a range of problems and challenges to materials used in spacecraft structures, components and subsystems. Primary factors concerning low earth orbit are vacuum, atomic oxygen, vacuum ultraviolet (VUV), electron and proton radiations in addition to the thermal cycling. To support Canadian Space Programs and particularly new space materials and technologies development, CSA built a dedicated space environment simulation apparatus back in early 1990 in its John H. Chapman Space Center. The facility simulates the atomic oxygen and VUV radiation environment of low earth orbit so as to enable necessary experiments on the effects of those mentioned space environment factors on the materials for applications in spacecraft structures and payload instruments. It is a plasma-based atomic oxygen (AO) facility. Plasma source is sustained by an inductive coupled RF generator and is then used to generate a thermal AO flux in the range of 1014 to 1018 atoms∙cm-2∙s-1 through a controlled neutralizing process. Thermal energy of AO is estimated by a series of experiment to be in a range of 0.5 to 0.8 eV. VUV radiation in spectrum range from 115 to 400 nm is simulated in 3 wavelength bands using a Krypton continuum source, a Xenon continuum source and a Xenon flashlamp. AO intensity is monitored in-situ using an atomic line absorption device. In-situ monitoring of the VUV radiation intensity is also enable using 3 VUV sensors. Over the last 15 years, the facility has been successfully used to support many projects including: 1) the development of durable AO protective coating; 2) evaluation of degradation of retroreflective materials in space environment, which was used in a space vision system under ISS program; 3) Evaluation of degradation of smart coating under AO erosion for spacecraft smart radiator technology development; 4) assessment of degradation of candidate thin film material used for membrane structures under the influence of AO and VUV. Some details and results of the materials characterization will be discussed in the context of complementary material investigations with those of the facility at Yerevan.

(wait for abstract)

Inverse Problems Technique to Estimate the Thermal Properties

of Spacecraft Materials
O.M.Alifanov(1), J.Antonenko(2), S.A,Budnik(1), V.V.Mikchailov(1), A.V.Nenarokomov(1), H.Ritter(3), D.M.Titov(1)
(1) Moscow Aviation Institute, 4 Volokolamskoe Sh. Moscow, 125871, Russia, Email: alf@cosmos.com.ru
(2)EADS. Hunefeldstrasse 1-5, D-28361, Bremen, Germany.
(3) ESTEC/ESA, Keplerlaan 1, PO Box 299, 2200 AG Noordwijk ZH, The Netherlands

 
The main purpose of this study was to confirm operability and effectiveness of the methods and hardware equipment developed for determining thermal properties (TP) of particular modern high porous materials on the basis of the solution of the inverse heat conduction problem using experimental facilities TVS-1 in MAI. The physical and mathematical model of the heat transfer processes in the experimental specimens of thermal materials is given. Mathematical formulations of the corresponding inverse heat conduction problems (IHCP) are also presented. An experimental-computational system is presented for investigating the thermal properties of composite materials by methods of IHCP, this system is developed at the Thermal Laboratory of Space Systems Engineering Department, of Moscow Aviation Institute (MAI). The system is aimed for studying the materials in conditions of unsteady contact and/or radiation heating over a wide range of temperature changes and heating rates in a vacuum, air and inert gas medium. The paper considers the hardware components of the system, including the experiment facility and the automated system of control, measurement, data acquisition and processing, as well as the aspects of methodical support of thermal tests. The results of specimens’ thermal tests for determining TP of the light-weight thermal-insulating material (thermal conductivity and volumetric heat capacity in the temperature range 300-1270K) are given. 

Development and Investigation of Materials for Heat Protection Systems 
of Space Vehicles
V. Skorokhod1, A. Kostornov1, G. Frolov1,
A. Potapov2, V. Tykhyy2, Yu. Yelanskyy2
Frantsevich Institute for Problems of Materials Science of the NAS of Ukraine, 3 Krzhizhanovsky Str., Kiev, 03142, Ukraine

Telephone : +380 044 424 04 92, Fax: +380 044 424 21 31

E-mail: g_frolov@nbi.com.ua
2YUZNOYE State Design Office, Dnepropetrovsk 

3 Krivorozhskaya Str., Dnepropetrovsk, 49008 Ukraine,
Telephone: +380 56 792 50 27, Fax: +380 56 770 01 25

E-mail: info@yuzhnoye.com
Maintenance of thermal modes of space vehicles (SV) in an orbit and at reentry is one of the major problems at designing of space-rocket engineering. Insignificant deviations of a thermal condition of a design of SV from the set conditions can lead to its overheating or overcooling at long operation in an orbit, and insufficient heat protection at reentry general can destroy space vehicle.

For cooling and thermostabilization of space equipment heat pipes (HP) have found wide application. In IPMS NAS of Ukraine HP with fibre and powder capillary structures (CS) successfully functioning in broad range of temperatures and of heat flows are developed. CS have been offered with variables on length characteristics thanks to which the thermal stream transferred to HP increases to 2 times in comparison with HP on the basis of CS with uniform characteristics. 

At aerocapture a space vehicle overheating of a design can be excluded only due to application of systems of heat protection (SHP). Recently the large attention is given to working out metal SHP. 

In IPM NAS of Ukraine in co-operative YUZNOYE State Design Office is developed hromo-nickel alloy with the characteristics which are not conceding to the best world samples of metal SHP. 

Resource tests of a metal plate from this alloy have shown, that its weight after 20 cycles of heating with endurance at temperature of 1100 oC for 20 minutes practically has not changed. 

At research ablative HPM the law has been established, showing that the maximum quantity of heat which can be absorbed by a ablative material is reached at equality of values of the maximum thermal effect of physical and chemical transformations on a surface and heat, absorbed and radiated by a material in the course of transition from hard in gaseous condition. 

These rules have great value for creation HPM with the set and operated complex of properties.
Aerothermodynamic Testing Activities Developed in the VKI Plasmatron Facility

Mr.Cem Ozan Asma

 von Karman Institute for Fluid Dynamics

Aeronautics and Aerospace Dept.

Brussels, Belgium
The Plasmatron Facility of the von Karman Institute is a high enthalpy facility in which a jet of plasma is generated in a test chamber kept at sub-atmospheric pressure. The facility, which is the most powerful induction-coupled plasma wind tunnel in the world, uses a high frequency, high power, high voltage (400 kHz, 1.2 MW, 2 kV) solid state (MOS technology) generator, feeding the single-turn inductor of a 160 mm diameter plasma torch.

The Plasmatron Facility is used to simulate the high- enthalpy environment that space vehicles experience during atmospheric entry. The design of the Thermal Protection Systems (TPS) of the space vehicles is of utmost importance as it should provide a thermal shield to protect the payloads and humans inside the vehicle from extremely high temperatutes. On the other hand, the TPS should be light enough not to penalize the overall mass, performance and cost of the space vehicle. For these reasons, Plasmatron facility is used to characterize and qualify the thermal protection systems and materials during design phase. The heat flux experienced by the test samples can be as high as 10MW/m2 

The Plasmatron Facility is equipped with both intrusive and non-intrusive measurement systems. Heat flux and pressure measurements via water-cooled probes are the two typical intrusive measurements. Temperature of the sample material that is being tested can be measured using infrared camenra and two-color pyrometer. The back-face temperature is measured using thermocouples. Spectroscopic techniques are used to measure the temperature and species concentration both in freestream plasma flow and also in the vicinity of the sample that is exposed to plasma treatment. Visual observationby a high-speed camera is another measurement technique to characterize the recession rate of ablativematerials.

Combined with numerical simulations and post-test processing tools, the emissivity and catalytic properties of the thermal materials can be identified, which are very important for the performance of such materials. Scanning Electron Microscope (SEM) analysis on the samples before and after tests shows what kind of reactions occur on the surface of the sample during exposure to plasma. 

Modern thermal control coatings and the equipment for their manufacture
Ermolaev R.A.1, Yevkin I.V.1, Mironovich V.V.1,  Kharlamov V.А.1, Khalimanovich V.I.1, Asainov О.H.2, Bainov D.D.2, Krivobokov V.P.2, 

1 – JSC “Information Satellite Systems - Reshetnev Company”,  2 - Scientific-Research Institute of Nuclear Physics at Tomsk Polytechnical University.

The JSC “Information Satellite Systems – Reshetnev Company” is one of the leading enterprises of Russian space industry. During its activity the enterprise has taken part in more than 30 space programs in the spheres of communication, TV broadcasting, navigation, geodesy and research activities. It was designed, manufactured and launched about 50 different satellite types of high reliability, dedicated for application in low circular, circular, HEO and GEO orbits. 

Until recent time all coatings of outer surfaces of our spacecrafts were deposited by thermovacuum evaporation equipment. However there is big interest in plasma facilities based on combination of  magnetron sputtering systems and ion suppliers. Magnetron discharge plasma coupled with ion beams is suitable mean for depositing thin multilayer coatings. 

In 2006 – 2007 years it was designed and manufactured 2 unique plants for ion-plasma deposition of nanostructured coatings by Scientific-Research Institute of Nuclear Physics at Tomsk Polytechnical University, with the active creating assistance of JSC “ISS” specialists. The plants were named “Automated workplace for deposition of thermal control coatings” (ARM NTP) and “Automated workplace – Universal Vacuum Complex” (ARM UVK). “Clear rooms” was organized on vacuum deposition shop especially for these plants. It allows to achieve high quality of our coatings. 
Both plants are successfully used for manufacturing of serial and designing of new coating for space application. Plants control systems are semiautomatic, by PC, it allows to minimized manual intervention in technology. 
The ARW NTP plant has following technical characteristics: 

· max. overall dimensions of processed objects -  500х500х30 mm3;

· dimensions of magnetron targets - 105х700 mm2;

· power consumption – 40 kW.

The basic function of the ARM NTP is production of elements of thermal control coating OSO-S (optical solar reflector), which is mounted on spacecraft radiator surfaces. OSO-S is the most radiation stable coating and it’s applied on all satellites with service life of 10 years and more. It has reflecting and protective metal nanolayers on thin radiation stable glass plates, adhesive, conductive and protective layers of insulators and semi-conductors from 10 to 40 nm thick.

OSO-S elements have the size from 10х20 up to 40х40 mm, and are bonded by elastic silicon glue to a surface of a radiator of thermal control system of a spacecraft.
Ion-plasma technology utilization has allowed to exclude any defects at manufacturing of OSO-S elements, to raise the coating layers adhesion in 1.5-2 times, to increase thickness uniformity in 3 times and to increase productivity in 3-5 times in comparison with old facilities.
The ARM UVK plant is used for depositing of wide coating spectrum almost on all types of substrates and contains thermal vacuum evaporators in addition to magnetron sputtering systems. It allows to deposit high purity metal layers (Al, Ag, Cu, etc.) practically without purity decrease. The plant consists of 2 separate vacuum chambers, united by common evacuation system and control system. 
 In the cylindrical chamber deposition on various film substrates (on sheets 0,6х2 m or on rolled materials in width up to 0,6 м), large-sized solids of revolution (for example - parabolic reflectors), etc. is made. In the rectangular chamber coating deposition on flat sheets or details in the size up to 1200х1800х100 mm is made. In the chamber the magnetrons moving along a motionless substrate with set speed are mounted.

Aluminized or silvered fluoropolymer and polyimide films, RF-transparent thermal control coatings, RF-reflecting and RF-absorbing materials, protective and thermal control coatings on satellite structure elements are base types of manufactured coatings.

Conclusion

New automated plants for coating deposition by ion-plasma and vacuum evaporation methods – ARM NTP and ARM UVK allow to manufacture the high quality coatings that ensure reliable work of satellite thermal control systems, produced by JSC “ISS”. Universality, good equipment and high efficiency of the plants allow to use them as for industrial production of modern thermal control coatings for satellites developed by JSC “ISS”, and in interests of other enterprises.
New generation of sensors for space application based on Silicon-On-Insulator technology

M. M Filatov,

Russia Scientific Research Institute of Pulse Technique, Luganskaya 9, Moscow,

 V. N. Mordkovich

Institute of microelectronics technology and high purity materials, Russian Academia of Sciences, 6, Institutskaya Street, Chernogolovka, Moscow Region, 142432, Russia


The essence of SOI technology lies in the fact that active elements of microelectronics devices locate in then (about 0.1 mcm) Si layer separated from Si substrate by baried in Si plate dielectric SiO2 layer with typical thickness 0.2-0.4 mcm. SOI construction automatically affords  for any devices the increasing of irradiation immunity from pulse irradiation (some order of magnitude), increasing of operation temperature, decreasing of power consumption.


For sensors devices SOI technology opens an additional possibilities to improve the main characteristics such as sensitivity, dynamic range, thermal stability, etc. Such possibilities are caused by specific of SOI construction – Si substrates and buried dielectric layer may play role of controlled field effect system to direct the current flow through sensors sensitive elements. As a results conventional resistive types sensors sensitive elements (such as piezoresistors for pressure measurements, Hall elements, thermometers, photoresistors) take  features of field effect MOS transistors. Important additional results of this transformation – a lot of new potentialities of sensors signals schematics.


The report is devoted to discuss the peculiarities of different SOI sensors sensitive element (for the most part by the example of all magnetosensitive) as well as SOI ASICs and some variants of measurement schematics. It will be represents the experimental results which demonstrate the high immunity of SOI sensitive elements and ASICs to space factors, much higher then conventional Si analogues. Among this factors are not only pulse irradiation but also stationary (quasistationary) one. 


The substantial part of experiments were made in the framework of ISTC project #2881 “CONTROLLABLE  MAGNETOSENSITIVE  SENSORS  INTENDED FOR OPERATION IN EXTREME PHYSICAL FIELDS”.

On-board Integrated submm spectrometer 
for atmosphere monitoring and radio astronomy
V.P. Koshelets, P.N. Dmitriev, A.B. Ermakov, L.V. Filippenko, A.V. Khudchenko, 
N.V. Kinev, O.S. Kiselev, A.S. Sobolev, M.Yu. Torgashin

Kotel’nilov Institute of Radio Engineering and Electronics, 
Russian Academy of Science, Mokhovaya 11, 125009, Moscow, Russia


A Superconducting Integrated Receiver (SIR) [1, 2] was proposed more than 10 years ago and finally has been developed for practical applications [3]. A SIR comprises in one chip (size of 4 mm*4 mm*0.5 mm) a low-noise SIS mixer with quasioptical antenna, an flux-flow oscillator (FFO) acting as a Local Oscillator (LO) and a second SIS harmonic mixer (HM) for the FFO phase locking. All components of the SIR microcircuits are fabricated in a high quality Nb-AlN/NbN-Nb tri-layer on a Si substrate [4]. The receiver chip is placed on the flat back surface of the silicon lens, forming an integrated lens-antenna. Light weight and low power consumption combined with nearly quantum limited sensitivity and a wide tuning range of the FFO make SIR a perfect candidate for many practical applications. In particular we have developed integrated receiver for novel balloon borne instrument TELIS (Terahertz Limb Sounder) [5]. TELIS is a collaborative European project to build a three-channel heterodyne balloon-based spectrometer for measuring a variety of the stratosphere constituents. 

TELIS is designed to be a compact, lightweight instrument capable of providing broad spectral coverage, high spectral resolution and long flight duration. The TELIS instrument serves also as a test bed for many novel cryogenic technologies. The SIR for TELIS covers frequency range 450 -650 GHz. As a result of recent receiver’s optimization the DSB noise temperature was measured as low as 120 K for the SIR with intermediate frequency band 4 – 8 GHz. The spectroscopic Allan stability time is about 20 seconds; required spectral resolution of about 1 MHz was confirmed by gas cell measurements. Several algorithms for remote automatic computer control of the SIR have been developed and tested. Capability of the SIR for high resolution spectroscopy has been successfully proven in a laboratory environment. Possibility to use the SIR devices for analysis of the breathed out air at medical survey will be discussed. Many of spectral lines very important for such survey and medical analysis are concentrated in the sub-terahertz range and can be detected by such spectrometer.


Successful results of the TELIS instrument flight on board of high-altitude balloon in March 2009 (Esrange, Kiruna, Sweden) will be presented. A possibility to implement the SIR for ground-based radio astronomy and future space missions will be discussed.
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Energetic Nanocomposites as Promising Rocket Propellants

 Assovskiy I.G.

Semenov ICP RAS, Moscow 119991 Russia
The goal of this paper is to analyze requirements to energetic nano-composites which are prospective for application as propellants for space rockets. 

Increasing of the energy production, decreasing of the sensitivity, improving of the conversion regularities and physico-chemical properties of energetic components are the actual problems of propellants for space rockets. The large hopes in this area are pinned nowadays on application of metallic nano-powders and other nano-dispersed components in modern metalized rocket propellants. At the same time, the high chemical activity of nano-particles forces to apply passivation of their surfaces (oxidizing, coating by polymeric or other protective films). In practice it results in a serious decrease of the efficiency of the energetic nano-particles. Reduction of the losses to the limit is possible by using monomolecular coating, such as fullerens or single walled carbon nanotubes (SWCNT) [1]. 

SWCNT call the greatest interest as many publications inform about possibility to fill open CNT by liquid metals owing to the capillary forces. An advanced technology and installation have been proposed in this paper for production of metallized SWCNT using the laser ablation of graphite compositions with bi-component catalyst [2]. 
This technology ensures rather high quality and high output of metallized SWCNT having for all that rather simple "know-how". Metallization of SWCNT in this technology goes simultaneously with the SWCNT synthesis under normal conditions: atmospheric pressure of buffer gas and room temperature of the reactor walls. It makes technology rather productive and safe. 

This work has been supported by the Russian Foundation for Basic Research (RFBR Grant 07-08-13650).
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Penetration Phases of low Magnetic Field into Bi-Pb-Sr-Ca-Cu-Fe-O HTSC Ceramics with Developed Josefson Medium and their possible use as a sensitive element for Magnetometer

E.A. Mugnetsyan1, M.T. Ayvazyan1, N.M. Dobrovolsky2, A.G. Sarkisyan1
1International Scientific-Educational Center of NAS RA, Yerevan, Armenia

2Yeravan Physics Institute (YerPhI), Armenia
The behavior of ceramic HTSC Bi-Pb-Sr-Ca-Cu-Fe-O with the Josephson medium within the range of magnetic fields H = 0(600 mOe under the conditions of the Earth’s magnetic field compensation is investigated experimentally in 65 – 100 K temperature period. The fields describing the consecutive penetration phases of hypervortices and Josephson vortices into a sample and dependence of the penetration field Нc1 on the orthogonal magnetic biasing field are determined. The obtained results are expounded in the frames of Josephson medium model suggested in the works of E.B. Sonin and a much later model that provides the averaged description of non-identical Josephson contacts behavior. The possibility to create a magnetometer with a sensitive element on HTSC ceramics is discussed on the basis of the obtained experimental data, using the sensitive method for contactless measurement based on the tunnel diode self-generator.

Radiation Response and Avalanche Gain in Chalcogenide Glasses

Bradley R. Johnson, Jarrod V.Crum, Brian J.Riley, Joseph V. Ryan, and S.K.Sundaram

Pacific Northwest National Laboratory, USA

Chalcogenide glasses have been extensively studied for their transparent infrared

optical properties as well as for various photo-sensitive phenomena. They also have

interesting electrical properties and show a measurable transient response to 
ionizing radiation. In our work, selected chalcogenide glasses from the As-Se-Te
system  were evaluated for their radiation response for potential application as

semiconducting  radiation detectors. The DC current produced in the glasses by the

ionizing radiation was measured as a function of bias voltage. The results showed

creation of avalanche gain (similar to the process in semiconductors and junctions)
in these materials with increasing bias voltage. Radiation detectors were

subsequently  built from these materials and pulse response measurements were

also made. The results show promise for these materials to be used as radiation

detectors.
Peculiarities of radiation defects formation in Si of SOI structures

V.N. Mordkovich, D.M. Pazgin
Institute of Microelectronics Technology, Russian Academy of Science

142432 Chernogolovka, Moscow region, Russia

tel: 7 (499) 135 40 – 62, e –mail: mord@mail1.lebedev.ru 


Formation of radiation defects in Si is multi-step  process which includs (1) energy transfer from colliding particles to target atoms, (2) generation of interstitial (I) and vacancies (V) in crystal lattice, (3) space separation of I and V, (4) quasichemical  reactions between I, V and another imperfections of crystal lattice including impurities and interfaces.


It is well known that I and V in Si may be in different charge states.  Besides I and V generation exerts a different influence on lattice constant changes under irradiation. Hence I and V separation and quasichemical  reaction with their participation  must be sensitive to electrical and elastic fields which present in crystall lattice during irradiation. In SOI structures buried dielectric layers are the sources of such force fields. Because of this the kinetics of stable radiation defects formation in SOI structures Si layers as well as defects concentration and space distribution may be significantly differ then in Si volume. 


To study this problem  SOI SIMOX structures as well as control Si plates and Si-SiO2 structures were irradiated by light, medium and heavy particles (from He+ up to As+) with different energy and doses. In some experiments ions stopped only in Si layers, in other they bombarded Si and dielectric layers. In last case irradiation not only generated I and V in Si but also changed the force fields in dielectric layers and so their influence on stable defect formation in Si. The radiation defects in Si was studied by x-ray difractometry, RBS, electronography and SEM methods.

[image: image16.png]



It was found that the irradiation behavior of Si in SOI structures actually is quite differ then in Si volume. Fig.1 demonstrate that the radiation induced changes of lattice parameter have a different sign near external and internal interfaces and that the space distribution of lattice deformation depends on irradiation doses.  
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                               a                                                                                      b

Fig.1 Space distribution of lattice parameter changes in SOI Si(1) and Si plate (2) after Ar+ bombardment (E=100 keV). Radiation doses 2*1013 cm-2 (a) and 4*1013 cm-2 (b). Dotted lines mark the SOI Si layer thickness.

The rate of accumulation of V-type defects near the external interface of SOI Si layer is noticeably more then in Si plates. As a result quite thin region (2-3 nm) near this interface in SOI Si may transforms in amorphous state whereas nearsurface region in Si plate preserves a crystal structure after the same dose of irradiation. From the other hand the buried SiO2 layers block the defects penetration in SOI substrates and stimulate the I-types defects accumulation near the internal Si-SiO2 interface. This process influences on the I-V recombination and decreases  the concentration of radiation defects in SOI Si in compare with Si plate (fig 2). As a result the whole amorphisation dose of Si SOI layers  is considerably more then in Si plates.


Fig.2 RBS yeld in SOI Si (1) and Si plate (2) after the Ar+ ions bombardment (E= 100 keV, D=8*1013 cm-2)


In SOI devicies the process of radiation defects formation in SOI Si is more complicated because of availability of two sources of force fields ( buried dielectric layers and gate dielectrics). Superposition of their actions depends on dielectrics thickness and nature.  Beside that the magnitude and even sign of force fields change under the radiation. In this work we also discuses how the peculiarities of radiation damage creation in SOI Si layers may effect on different SOI devices.

Yerevan Physics Institute Space Facility

Yeritsyan G.N., Harurtunyan V.V., Nikogosyan S.K., Sahakyan A.A. Grigoryan N.E., Hakhverdyan E.A., Ohanyan K.Sh., Avakyan V. Sh.

Yerevan Physics Institute, Yerevan, Armeia
The design and arrangements of experimental installation for simulating near Earth space conditions are described. The parameters are as follows:

1. Electron irradiation with energy up to 10 МэВ.

2. Solar ultra-violet radiation.

3. Vacuum about 10-5 Тоrr.

4. Cryogenic temperatures.

These parameters are received in volume of 1м3. Some preliminary results on research in this volume of properties of silicon single crystal samples (widely used in open space) are resulted. Besides samples of high-temperature superconductors, which only begin to be applied and are perspective in this direction were studied. It is suggested that the developed installation enables to investigate properties of materials and devices not only used in space conditions, but also in other extreme in-situ physical conditions:  irradiation, vacuum, temperature, ultraviolet influencing together or separately. As to a choice of an electron irradiation, it is possible to receive an analogue of other irradiations by comparison "of equivalent" irradiation doses on the basis of their influence of sample properties.
Application of High Temperature Superconductors in the Space

N.Kekelidze, G.Kekelidze, D.Kekelidze, E.Khutsishvili, B.Kvirkvelia,

T. Jakhutashvili

Iv.Javakhishvili Tbilisi State University


Numerous radiation researchers of high temperature superconductors (HTSC) irradiated with various particles have shown that radiation nearly always leads to the sharp worsening of their properties, in particular to decrease of the value of material base parameter-critical temperature of transition (Тс) ,but at higher fluences- to the complete disappearance of superconductivity.


In the work [1] which was published in a rather high rating journal there was announced great increase of Тс of Y-Ba-Cu-O system in the result of irradiation with fast neutrons. However the authors of the work [2] and we have indicated incorrectness of the results in [1].

 For the first time, in the work [3] it has been shown that it is possible to increase Tc with the help of irradiation. We have also determined [4] that at irradiation of Y-Ba-Cu-O with not  great fluences of fast neutrons, the values of Tc and EPR of the signal are increasing with the increase of dose. Decrease of lattice parameters has been revealed at the same time. 

We carried out farther investigation of Tc growth process and there was suggested the possible mechanism of the phenomenon. There was simulated a situation close to the conditions of the cosmos: samples of Y-Ba-Cu-O were irradiated at temperatures of liquid nitrogen by γ-rays with power of near one megarad. Critical temperature dependence Тс=ƒ(Ф). on the fluence of irradiation (Ф) has been measured. There is shown that from the first Tc decreases, goes through the definite Tc( min), then starts to increase and reaches initial value of Tc (0) and at last increases by several degrees. Induced radiation property of the material is in a stable state. It is also shown that the growth of Tc was revealed at irradiation with fast neutrons at T=300K up to fluxes Ф=3•1013н/см2.The increase of Тс approximately by 7K at irradiation at T=20K up to Ф=5•1016н/см2 is indicated in the work [2].

 On the base of the given results and analysis we can made the following conclusion: if the indicated samples of HTSC and devices manufactured on their base are preliminary irradiated with fluences corresponding to Тс(min) and put them in cosmic devices, then in due course basic parameters of the material- critical temperature and critical current will not become worse but will increase or undergo in significance changes.

 Above stated radiation technology  is especially effective for long term interplanetary space flight. 
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The influence of electron irradiation with energy 8MeV on the AC magnetic flux penetration into highTc superconducting  ceramics YBa2Cu3-x Mx Oy  (M= Cu; Fe; Ni; x= 0; x= 0.01)

S. K. Nikoghosyan, A. A. Sahakyan, H. N. Yeritsyan

Yerevan Physics Institute, Yerevan, Armeia
      The penetration behavior of AC magnetic flux with field of h0  (from 0,01 to30 Oe) into ceramics highTc superconductor YBa2Cu3-x Mx Oy  (M= Cu; Fe; Ni; x= 0; x= 0.01) was studied before and after irradiation by electrons with energy 8 MeV and different doses in air at temperature 1000C. This penetration is defined by the shift of magnetic hysteresis losses peaks χ”(T) at ТmJ и Тmg, corresponding to intergranular and intragranular mediums of the ceramics which are  described as Josephson and Abricosov  vortices with velocities Sip =dTi/dh0 (i =j; g). The high value of Sj for Josephson vortices in respect to Abricosov`s indicates their higher penetration ability. The introduction of impurity Fe and Ni atoms with low concentrations into samples brings to the increase of Sj. Meantime the Josephson vortices penetrate to the sample with Fe impurity easily, and the Abricosov vortices penetrate easily to the sample with Ni-impurity.  
It is established that for both types of vortices S monotonically decreases in the impurity containing samples while in the “pure” samples S increases versus h0 (magnetic field frequency 1 kHz). After irradiation Sj increases in all samples. Initial value of S for Abrikosov vortices strongly changes at high irradiation doses, which is maximal for samples with Ni impurity. Besides it is observed non-monotonic dose dependence of S and its essentially dependence on magnetic field frequency.

Josephson Vortex Dynamics in Superconducting medium with

 non-uniform pinning centers

A.A.Sahakyan, S.K.Nikoghosyan, H.N.Yeritsyan, G.V.Grigoryan

Radiation Physics Laboratory, Yerevan Physics Institute, 2, Alikhanyan Bros. str., Yerevan 3750036, Armenia

It is well known that the magnetic field penetrates to the HighTc ceramic superconductors as a Josephson Vortex. There are pinning centers with different forces at the superconducting condition in the volume of HighTc ceramics at which these vortices are captured. These centers are distributed randomly as pinning forces and the volume of superconducting ceramics can be assumed as a medium with non-uniform pinning centers. The Josephson Vortex behavior experimental investigations results in such medium are presented in this report.

By means of small ac magnetic field susceptibility measurement at frequency 10 kHz and amplitude 2 mOe in presence of low frequency (fex = 0.01 Hz to 90 Hz, H0 ( 40 Oe) external sinusoidal magnetic field at non complete penetration regime its spreading into the superconducting YBa2Cu3Ox ceramics are studied. 

It was found that the real and imaginary parts of superconducting YBa2Cu3Ox ceramic susceptibility in presence of the external low frequency magnetic field above 0.1 Hz exhibit strong frequency and amplitude dependence. 

Such behavior of Josephson Vortex is explained by model according which at the moving process of vortices in the superconducting medium with non-uniform pinning centers a deformation of magnetic field flux lines takes place. This is due to viscous drag of the vortices at the pinning centers with different forces acting along the magnetic flux lines. 
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