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Reforming Russian Science in Transition to the Innovation Development Model
For Russia the beginning of XXI century is characterized by prevalent development of the resource sector of economy, providing to a great extent funding of the federal budget. And it occurs against essential degradation of the high technology industry that is precisely enough characterized by Russia’s share of the hi-tech market (according to different estimates it amounts to 0.1-0.5%). 

Meanwhile, the experience of the developed countries eloquently proves advantages of another model of economic development – the innovative one, within which economic growth is achieved due to the technology factor providing up to 2/3s of the growth of the GDP. Such model of development allows the countries of the West to establish their competitive positions in the world markets of high-tech products, bringing huge annual incomes, to solve successfully social and economic problems. 

One cannot say that our governmental bodies do not appreciate the advantage of the innovative way of development. For instance, in "The Guidelines of Policy of the Russian Federation in the Field of Science and Production Engineering Development till 2010 and for Further Perspective", approved by the President of the Russian Federation V.V.Putin on March 30th, 2002, transition to innovative development of the country is defined as the basic goal of the state policy in the field of development of science and production engineering. Moreover, to solve the ambitious problem, which has been put forward by President V.V.Putin, to double the gross, domestic product to 2010 is also possible only on the basis of developing the high technology branches of economy, the accelerated retrofitting of production facilities, reinforcing scientific and technical potential.

At the same time, today it is possible to admit the fact that at the existing rates of growth of innovative processes in Russia, it is hardly possible to double the gross domestic product in the set time due to development of science and technology sector of the economy. It is a consequence of many reasons, the main of which, in our opinion, is the absence of the coordinated views of scientific community, politicians, business and governmental bodies on the essence of innovative activity, its role in modern economy.

Such situation is the extremely dangerous to the Russian science that is the core of all innovative processes. The Russian reformers frequently state the ideas that today Russia cannot let itself to have as much science, as it had at the Soviet times and that it should have as much science, as the modern industry can digest. Being guided by these principles, the governmental bodies hurry to carry out the appropriate reforms in the sphere of science which come mainly to settling property issues of the scientific organizations, to reducing their number, and to decreasing the level of funding. Russia has a large and unique scientific and technical potential, making up 12% of the world potential. As a matter of fact, it is a strategic resource of our country. It is also necessary to resist actively to all rash attempts of the administration to destroy it.

Today it is vital precisely to define on the national level, in what direction the national economy will develop further and to generate the mechanisms providing interaction and balanced development of resource, industrial and technological sectors of economy. Only having defined the precise strategic line of economic development of the country, we can size up what science we need, to formulate the appropriate technological policy and to carry out competent reforms in scientific sphere. 
The course for innovative economy requires, first of all, the further development of basic research the role of which in modern conditions increases. Fundamental achievements in the field of scientific knowledge create a basis for applied research in the industry for 10-20 years ahead. At this stage of innovation cycle the required innovative intellectual resources are accumulated, the banking capital is formed, new problems of economic development are defined. According to the estimates by some American experts, in the USA $1 invested at R&D stage returns $9 of GDP. 

Evolution of the applied science providing implementation of fundamental knowledge in real production engineering, inventions and products is also a matter of principle for innovative economy. It is just adherence to the course of constant updating of production engineering and modernization of the industry, that makes it possible to create competitive products.

Having defined overall the national economic strategy, we have to very clearly define scientific and technological development priorities. Undoubtedly, these should not be those fifty priorities wandering from year to year from one program of technological development to another. Their choice should be based on deep forecasting and system researches of prospects for development of world science, using the so called "technology foresights", widespread in world practice, taking into account the available scientific developments and analysis of markets, on which the newly-made products can be sold.

Today high technologies are called upon to become not only a determinative for gaining new "niches" in the world markets, but also the generator of achieving the most urgent promising purposes that have key significance for the future of Russia (increasing effectiveness of key branches of economy and living standards, maintenance of the country’s defence, improvement of ecological situation). Considering the accumulated potential of the Russian science and the needs of both domestic, and global markets, in development and implementation of measures of the governmental support of science and technology it is expedient to concentrate efforts on a range of main lines of research and development. 
They include, first of all, information technologies and electronics. High quality and ingenuity of developments, low capital intensity and, consequently, the most real prospects of entering the world markets have neuroinformation science, pattern recognition and image analysis as well as mathematical modelling and methods of computing experiment. These technologies form a basis for creation of applied systems of computer modelling for nuclear power engineering, ecology, economy, social sphere; applied intelligence software, allowing to recognise and assess items using badly structured, not formalized and fuzzy initial data (the potential offshore market makes up tens of thousands of systems per year). Development of Russian computer systems with ten and hundred billion operations per second output is of paramount significance. Such systems are necessary for to solve the challenges in the field of nuclear power, aerodynamics, meteorology, etc. Another problem of national importance is development of integrated information and telecommunication systems with use of domestic technologies and hardware.
Russia is traditionally strong in the field of aerospace research, though today in the world space market it is capable to compete seriously only in the field of launching payloads in space, especially in sector of heavy-lift launch vehicles. The basic hope in the field of aeronautics is connected with use of gas-turbine engines of a new generation, nonconventional layout systems and designs, specific aspects of marine and ship-building technologies, navigation systems. The major purpose of development in sphere of civil transportation in near future should become ensuring competitiveness of domestic transport facilities and systems in domestic market, including high-speed railway as well as sea and river transport, airplanes and helicopters, traffic management systems, intermodal delivery. 

In the field of manufacturing techniques the greatest export potential lies in special laser engineering for medicine, machine industry, for space and defensive purposes, etc.; technologies of fine processing of strategic minerals (noble metals, uranium, diamonds, etc.); electron-ion-plasma techniques for drawing bimetallic and metal-ceramic coatings; mechanotronic modules of rotational and linear displacement on the basis of integration of precision mechanics elements, electronics and electrical engineering. 

Russia has sound positions in the field of new materials and chemicals, especially in the field of manufacturing polymers and aggregates (functional polymers with special properties, constructional polymeric materials – heavy-duty and heat-resistant mixtures and alloys of plastics, carbon-carbon space materials, etc.), synthetic superhard materials (first of all synthesis of parent fullerenes), wear-resistant and heat-resistant powder alloys and intermetallics, energy and resource-saving heterogeneous, homogeneous and bio catalysts, as well as specific types of membranes.

There are some competitive developments in the field of technologies of the bio systems, concerned mainly with human life-support system in extreme situations, first of all used for outer-space flights. Besides, potential opportunities to enter the world market have such developments as methods of exact localization of the genes, responsible for hereditary and somatic diseases, in a human genome; bioprocessing; biosensorics; technology of producing chimeric recombinant proteins; live genetic engineering vaccines; split vaccines, etc. Extremely importance for social and economic development of the country have the technologies of immunocorrection (diagnostics, therapy, prevention, development of drugs), chemical synthesis of medicines and alimentary additives, biological food agents and protection of plants and animals.

The key role in export of technologies in power engineering belongs to design and batch production of blocks of nuclear power plants of the new generation, improvement of fuel cycle, removal of the equipment after its service life ends, to safety of nuclear power plants, recovery of the spent fuel, salvaging and burial of radioactive waste. Certain hopes for growth of export can be connected with technologies of geological survey (including use of spacecraft), methods of drilling oil and gas wells, developing oil and gas fields, vibrowave and electric stimulation of beds, beneficiation and refining of solid fuel and uranium ores. 

The listing of possible specific competitive positions of Russia in the world markets of high-tech products testifies that the country still retains preconditions for activation of innovative sphere and strengthening of its positions in the global high technology markets. However, we should not forget the fact that today the developed countries of the world are on a threshold of transition to the postindustrial epoch, concerned with scientific breakthroughs in the field of fundamentally new technologies and transition to the sixth technological way which most probable key factors will be biotechnologies, AI systems, global information networks and integrated high-speed transport systems. Formation of the newest technological structure has already begun, and today comparative advantages that will determine a geopolitical concurrence of middle of XXI century are being formed. It opens an opportunity to become participants of the future technological breakthrough to the countries, striving to join the ranks of leaders of world scientific and technological advance. And it is important for Russia not to be late in developing these directions.

The central question of evolution of science in conditions of the innovative model of the Russian economy is the question of its financial provision. It is necessary to point out that in conditions of degradation of technological pattern of production for that has occurred in years after disintegration of the USSR reduction of expenses on research and development has become a stable trend. It is appropriate to remind that in the last 10-15 years real financing of science and technology has been cut down 15-20 times as compared with 1991 and it has dropped considerably below the critical (2.0% of GDP) threshold of stable development and the level of technological safety. No other branch in Russia has been subject to such strong destruction!

In 2003 internal costs on research and development in Russia amounted to 1.28% of GDP, while in the countries with the developed economy the standard figure describing the share of science cost in GDP, varies within the limits of 2.5-3%. Russia spends on science 5 times less than Germany, and 25 times less than the USA.
 Now the share of research and development costs in Russia matches the level of 1946-1950’s, and the absolute value of total science cost matches the level of early 60’s.

Reduction of the state expenses on research and development has become a stable trend. For the last decade the share of science costs in the country’s budget has been steadily dropping. Contrary to the adopted law on science, according to which this figure should make not less than 4%, the share of science in the budget in the last years has varied at the level of 1.6-1.8%. In 2004 this value was 1.7%, in 2005 costs on all science – fundamental, high school and industrial – will make 56 billion roubles, or 1.92% of the budget’s supply. It is necessary to point out that in economically developed countries the level of budget financing makes 4-5%. If the amount of science funding will grow in the Russian Federation at the same rate, it will reach the present level of financing the science in the USA only in 149 years (about $200 billion).

To feel sharpness of the situation, it is enough to present the current science budget of the Russian Federation in the dollar equivalent. Not counting sciences of the defence complex, this budget does not exceed $2 billion, and is quite comparable to annual budgets of some not the largest American universities and national laboratories the budget of which exceeds $2 billion. In particular, the US National Academy of Sciences and the adjoining it the engineering academy and the institute of the health that are scientific communities in which there are no institutes, have the budget of more than $3 billion, while the budget of the Russian Academy of Science with its almost 400 institutes is $0.5 billion.

In the conditions when no stimuli for investment in scientific research and development by the private capital have been created in the country, budget financing still remains the basic source of funds of this sphere. The budgetary funds are predominating in the structure of internal science cost, moreover the share of budget financing for the last five years not has dropped, but on the contrary, it grew from 49.9% in 1999 to 58.4% in 2003. 

And today it is difficult to agree in full with the assertion that insufficient financing of science is defined by extreme lack of funds. In our opinion, its level is defined by wrong budget priorities. It is enough to compare budgets, for example, in the USA and Russia. So, the volume of GDP in Russia is approximately 10 times less than in the USA, while the budget spending on science is 25 times less than in the USA. 

Nobody yet managed to create a serious science and the advanced engineering without the state support and substantial budget expenses. These expenses will bring multiple gains in future and, in the end, define success of social and economic reforms conducted by us. And on the contrary, constant underfinancing of science transforms it into a wasteful sphere that practically eliminates possibility to use science as the primary factor of economic growth, as analytical estimates show that economic effect occurs at reaching the critical level of hi-tech share of GDP which makes not less than 1.5-2.0%.

The further destiny of the Russian science depends on precisely verified and effective strategy of scientific and technical development and, undoubtedly, requires a powerful financial dope, approximately in the amount of 2-2.5% of GDP annually. And it is a question not only of increase in state financing of research and development, but also of creating effective economic mechanisms and the stimuli aimed at attracting private investment in the sphere of science.

One hardly can explain why Russian government didn’t keep its obligations to the science in the amount of 4% budget funding, stipulated by the Law on science. Moreover, the gradual increase in the share of budget funding for science up to 4% only by 2010, planned at the session of the Russian Security Council, Presidium of the State Council and the Science and High Technologies Council in March of 2002, cannot be viewed as a serious intention of Russian Leadership to transition to development of science and high-tech-based economy. Maintaining such a level of funding for five years more will lead to complete degradation of Russian science. 

Besides it is expedient to change general principles of state financing for research activity in the direction of expanding the competitive guidelines for allocation of resources, increasing the share of such financing up to 40% of budgetary appropriations.

In conditions of transition to an innovative model of development the important question is conversion of the institutional system of research. The system of the scientific organizations inherited from the Soviet times, certainly cannot effectively function in new market conditions. Today there are 2,338 state scientific organizations in the country, the significant part of which (about 21.4%) consists of research institutes within the Academy of Sciences.

Redundant dimensions and excessive dissociation makes public sector of science nonoptimal and difficult to manage. Besides the existing research institutes hardly match the national innovative system that restricts opportunities of using the scientific and engineering potential for handling the innovative problems.

A way of solving the problem is to reduce the number of the federal scientific organizations combined with their integration. In the next few years the research core of public sector of science, including technically equipped, staffed by qualified personnel, large enough and financially stable scientific organizations should be generated. The core of public sector of science will be formed of federal centres of science and high-tech (a network of "national laboratories” focused on breakthrough lines of science and engineering), the state centres of science, interbranch centres of science, centres of science and education, large university complexes.

The reforms should not be strictly anchored to the certain number of scientific organizations, which should make the core of scientific sector. At the same time, judging by the experience of the developed countries, it is possible to assume that the number of such organizations should vary from 100 to 200.

Due to restructuring of the state scientific organizations, on the basis of usage and management of the state property in sphere of science it is required to quickly set up and develop such units of the innovative infrastructure as centres of technology transfer, centres with multiple access, technoparks and business-incubators, meanwhile stable network links should be formed. Establishment of the federal «Fund of funds» for evolution of system venture funding in the Russian regions should become the major element of developing the financial infrastructure of innovative activity.

Generally, for Russia such federal sector of science which includes about 400-700 organizations providing productive and budgetary-effective implementation of functions of the state in sphere of science is viewed as optimum.

Another acute problem for Russia today there is a low activity of universities in research, and the situation tends to aggravation. In 1990-2002 the number of the universities, engaged in research and development, has decreased from 458 up to 390, or by 14%. Now the expenses on R&D are seen only in 40% the Russian higher educational establishments (state and not-state). Among the higher educational establishments conducting R&D, only 17% have been included in the state catalogue of the scientific organizations (carried out research or scientific and technical activity with annual volume not less than 20 million roubles for the last three years and had staff of researchers and part-time workers involved in these activities on a constant basis, not less than 100 persons). Newly established private universities are practically not engaged in research and development activity. It on the one hand, reduces the level of staff training, while on the other, reduces opportunities of basic research.

We see the solution in providing integration between science and education. And Russia has the appropriate prerequisites for it. Today about 700 Russian academicians (of 1250) conduct lectures and research in universities regularly or as part-timers. Over 250 institutes within Russian Academy of Sciences take part in research on Integration federal target program. Academic institutes have over 350 basic chairs of 200 of the leading universities that train over 10,000 students. Over 6,000 of the Academy staffers – doctors and candidates of science give lectures and conduct workshops in universities, colleges and lyceums. Actually it is a distributed academic university. Some academic institutes set up major training or research centres: the Applied Physics Institute in St.Petersburg, Applied Physics Institute in Nizhny Novgorod, Institute of Geology, Institute of geology of Ore Fields, Petrography, Mineralogy and Geochemistry, N.S.Kurnakov Institute of the General and Inorganic Chemistry, etc. The Pushchino and Chernogolovka Science Centres run branches of the Lomonosov Moscow State University. Scientific schools of the Lomonosov Moscow State University, St.Petersburg State University, Bauman Moscow State Technical University, Russian University of Chemical Engineering, Moscow Power Institute, Moscow Aviation Institute, Novosibirsk University as well as the so called “phistekh system” are known worldwide. Here education is not just closely connected with activity of academic institutes, but the research itself is an integral part of the learning process. The Applied Physics Institute has 57 basic chairs in 49 academic institutes. They deliver general and special courses (many of them are unique), conduct lab workshops on research equipment of the institutes, term and diploma papers are supervised by academic researchers. 

At the same time it would be desirable to warn against inexpediency, and moreover danger of designs of complete integration of science and training that are offered today. One of these extreme measures is setting up universities within the Academy system. And the opposite extreme measure is to transfer the academic institutes to educational establishments to concentrate fundamental science at universities. In the first case it would be necessary not only to carry unfairly greater expenses for creation of the developed infrastructure that is already available at existing universities of the Education and Science Ministry, but thus it will be necessary to make modifications to the legislation which does not authorise the Academy of Sciences (RAN) and scientific institutes to provide educational services. Inclusion of the academic institutes in structure of universities will require radical reorganization of the whole system of educational and scientific activity in the country, since direct participation in the general education is not the main function of fundamental science, and universities, as a rule, have no necessary experience and potential for managing the science. Anyhow, but in both cases at the first stage there will be a destruction of existing structure with inevitable and not always predicted losses. 

Apparently, it is advisable to create there where for this purpose there are partners of the suitable level, a relatively small number (10-20) educational and scientific unions ("associations" similar to research universities). Within such a union the strong university and leading academic institute (institutes), remaining legally independent and retaining the departmental identity, infrastructure and appropriate maintenance, merge the opportunities both in scientific activity and in training of personnel of the top skills. Thus there are conditions for the most complete use of both scientific potential of the academic institutes, and staff potential of university; the students earning in process of training degrees of the bachelor and the master, can already finish education in postgraduate study of university or the academic institutes. The similar approach may be used in training of personnel for applied science, and for providing the staff of defence science.

Russia has accumulated unique experience on integration of the academic and university potentials for training of scientific personnel and specialists for various branches of economy. This experience is expressed in variety of forms and the directions of cooperation allowing to use the strength of partners as much as possible. As it follows from the analysis, the most effective form, which has been proved in practice, is associative cooperation of equal partners, maintaining their organizational and legal independence (of a legal entity) and departmental subordination. Only then interaction produces the multiplier effect.

As for the general problem of integration of science and education, here it is necessary to be very careful with regard to Russia’s own experience in use of all the variety of forms and methods of cooperation of universities and the academic science. The most important point here is the initiative and interests of direct participants of partnerships. Formalism, bureaucratic imposing of any opinions and schemes are rather dangerous in this business. The main principle is – not formal "inventing", but really existing conditions and interests which if integration would be implemented will allow to increase quality of specialist training and to satisfy the need of science and economy in competent personnel.

� Наука России в цифрах 2002 г. – М., ЦИСН, 2003 г. с.42, 126


�Коммерсантъ Власть 2004, 24 мая с.8





