Reviewers:
J.M. Osipov, PhD, Doctor of Economics, professor, head of the UNESCO
Department of Tomsk University of Control Systems and Radio Electronics,
A.A. Zemtsov, PhD, Professor, Head of Finance and Accounting Department of
School of Economics, Tomsk State University,
I.V. Votyakova, PhD, Professor, Dean of the Faculty of Technological
Management of Seversk Technological Institute - a branch of Moscow Engineering
Physics Institute.
Authors:
T.V. Abramova, E.V. Vaganova, S.V. Gorbachev, M.V. Gribovskii, V.I.
Syryamkin, M.V. Syryamkin, T.V. Yakubovskaya
Cognitive systems of monitoring and forecasting of scientific and
technological development of the country/ T.V. Abramova, E.V. Vaganova, S.V.
Gorbachev, M.V. Gribovskii, V.I. Syryamkin, M.V. Syryamkin, T.V.
Yakubovskaya. Edited by Doctor of Engineering, professor V.I. Syryamkin. –
Tomsk: Publishing House of Tomsk State University, 2012.
The present study, based on neural network and foresight technologies, reveals
the interaction of technological progress and changes of economic relations,
problems of long-term forecasting of world economic development and the
measurement of socio-economic efficiency of the scientific and technical policy.
The book is intended for economists, teachers of economic subjects.
The study was prepared within the state budgeting framework, supported by the
Federal Target Program "Research and development of priority directions of
scientific and technological complex of Russia for 2007-2012" (State Contract
dated: June 27, 2011. № 13.521.11.1017)
© T.V. Abramova, E.V. Vaganova, S.V.
Gorbachev,
M.V.
Gribovskii,
V.I.
Syryamkin,
M.V.
Syryamkin,
T.V.
Yakubovskaya, 2012

CONTENTS
INTORUCTION …………………………………………………………………...3
1. TECHNOLOGICAL CYCLES: STRUCTURE, DEVELOPMENT,
INTERACTION …………...…………..…………………………………………..4
2. ANALYSIS OF THE GLOBAL ECONOMY: BASIC METHODOLOGICAL
APPROACHES …………………………..………………………………………29
3. COMPARATIVE ANALYSIS OF MACROECONOMIC AND OTHER
INDICATORS OF THE PREVIOUS TECHNOLOGICAL CYCLES ………….48
4. POSSIBILITIES OF GLOBAL ECONOMY AND TECHNOLOGICAL
CHANGES, BASED ON THE NEUTRAL NETWORK CALCULATIONS OF
THE LEVEL AND TECHNO-ECONOMIC DEVELOPMENT SPEED .……..148
4.1 Analytical review of the existing scenarios of the global economy ……......148
4.2 Neural network reference trajectory of techno-economic development …...161
4.2.1 Quantitative and qualitative indicators of techno-economic development,
including innovative capacity of the country …………………………………...163
4.2.2 Display of the complex world techno-economic development through the
neural network clustering of the countries (Kohonen networks) ….....................171
4.2.3 Neural network reference trajectory of techno-economic development as a
dynamic range of “trained” Kohonen networks . ……………..………………...200
4.3 The calculation of the level and speed of techno-economic development of the
countries based on the results of neural network in the transition of the world
economy from the dominant to the emerging technological cycle. …………….202
4.4 An automated pattern of analyzing and forecasting techno-economic
development……………………………………………………………………..205
4.5 A new conceptual approach to Foresight Research …………………………206
4.6 Research and development of the scenario of the global economy during the
transition from the 5th to the 6th technological cycle. ………..….……………..207
4.6.1 The reflection of the historical, cultural, psychological, climatic and other
features of the country in its techno-economic structure ………………………..207
4.6.2 Major trends and predictive scenarios of the world economy during the
transition to the 6th technological cycle ………………………………………...234

5. DEVELOPMENT OF THE ALGORITHMS OF THE INTEGRATED
ASSESSMENT OF SCIENTIFIC AND TECHNOLOGICAL PROJECTS BASED
ON COGNITIVE TECHNOLOGIES (evolutionary algorithms, neural
network)………………………………………………………………………….241
5.1 Description of quantitative and qualitative attributes of projects within the
Foresight Research …..……………………..…………………..……………….245
5.2 Plotting fuzzy solution trees……….…………………..…………………….247
5.2.1 Fuzzification of the data by means of the neutral network…….…………..250
5.2.2 Algorithm of plotting fuzzy solution trees..……………………………….253
5.3 Improving classification accuracy by the parameter back propagation by means
of the hierarchical fuzzy solution tree …………………………………………..261
5.4 Hierarchical structure of the fuzzy solution tree with Gaussian membership
functions ….…………………………………………..........................................263
5.5 Extracting fuzzy diagnostic decision rules ………………………………….264
6. EVALUATION OF POSSIBILITIES OF NEURAL NETWORK
ALGORITHMS OF TECHNOLOGICAL CYCLE AND COGNITIVE
ASSESSMENT OF PRIORITY AREAS OF TECHNO-ECONOMIC
DEVELOPMENT FOR LONG-TERM FORECASTING OF SOCIAL
RESEARCH AND TECHNOLOGICAL DEVELOPMENT OF THE STATE...266
6.1 Definition of indicators of the social measurement of the economy of the new
technological cycle …………………………….….….........................................266
6.2 Analysis of the dynamics of the basic industries of the 6th technological cycle
in comparison with other sectors of the Russian and foreign economies
(benchmarking) ...……………………………………..………………………...277
6.3 Tomsk Region in the context of the global techno-economic development...382
6.4 Recommendations based on the results of neural network modeling of
forecasting long-term scientific and technological development of the Russian
Federation ………………..……………………………………………………...389
Conclusion ………………………………………………………………............404
List of reference ……………………………………………………....................407

INTRODUCTION

Forecasting activity is one of the functions of the economy. Having an idea
of the trends and laws of the society, is possible to build a possible model of the
global economic development. To improve the quality and accuracy of the forecast
a comprehensive mathematical analysis of quantitative and qualitative indicators
by means of cognitive intelligence should be used. In the economic theory of the
XXI century. the measurement of the level and speed of techno-economic
development and definition of reference indicators of socio-economic efficiency of
the scientific and technology policy are becoming most urgent issues. Among the
practical problems the most important are: contemporary institutional changes in
order to adapt society to the new technological possibilities, modeling the
trajectory of techno-economic development of the countries, working out the
methods for determining the priorities of techno-economic development and
identification of the most effective ways of their implementation.
Experience in macroeconomic research indicates not only possibilities, but
also the fruitfulness of the use of cross-country comparisons for obtaining highquality and fairly accurate quantitative conclusions, including forecasting. It should
be noted that in modern Russia the science and intellectual potential are in the state
of crisis. The situation is aggravate by the technological multistructure and sectoral
imbalance of the economy. Thus, a thorough analysis and study of the theoretical
and methodological parts of the work, which will result in making
recommendations for the scientific and technological development of the country,
ensuring sustainable economic growth, are required.

CONCLUSION

On the basis of many national and international research a neural network
model of the trajectory of and techno-economic development, which allows to
calculate the level and rate of fuel and energy is developed and the method of
evaluating the effectiveness of technological innovation projects on a range of
qualitative and quantitative parameters based on the construction of the neurofuzzy solution tree is proposed. Unlike traditional methods of analysis it has a
rather simple but powerful strategy of the accuracy classification improvement
(error level: no more than 3-5%) without interpretability damage, while
maintaining the structure of the solution tree.
The developed model, in addition to the promising project choosing,
explains the decision making process in a understandable way, in the structure of
the Neuro-FDT diagnostic decision rules "If ... then." Thus, this technique allows
to determine the significance of the indicators (trends) of the formation of new
technological cycles and to identify the reference parameters of the social
dimension of the economy.
Data received as a result of the intellectual analysis can be used by experts
to assess the efficiency of the automated calculation of the effectiveness of
technology projects in order to predict the scientific and technological
development of the country and make necessary recommendations to the political
and socio-economic spheres. The accuracy of the developed methods is far beyond
the traditional (statistical) analysis algorithms.
Research results can be used both by private and public companies and
organizations. This will help to assess and predict future changes, give proper
recommendations to scientific institutions in key areas: such as security and
counter-terrorism; living systems; nanosystem and materials Industry, information
and telecommunication systems, advanced weapons, military and special

equipment, management natural resources, transport, aviation and space systems,
energy and energy efficiency.
Scientists and specialists, related to science, can use research work in
determining the basic technologies in the new technological cycle.
First of all that can be applied in the following areas: basic and critical
military technologies, special and industrial technologies: bio-information
technology, biocatalytic, biosynthetic and biosensor technology, biomedical and
veterinary technology of

life support and protection of human and animals,

genomic and post-genome technologies for creating drugs, cellular technologies;
nanotechnologies and nanomaterials, technologies of nuclear power, technologies
of nuclear fuel cycle, technologies of safe management of radioactive waste and
spent nuclear fuel, bioengineering technologies, hydrogen energy technologies,
mechatronics technologies and creation of microsystems engineering, technologies
of monitoring and forecasting of the atmosphere and hydrosphere; technology of
new and renewable sources energy, protection of people and hazardous objects
facing the threat of terrorist activity, technology of processing, storage, transfer
and protection of information; technologies of resource assessment and forecasting
of the lithosphere and biosphere; technologies of processing and utilization of
technogenic mineral formation and waste products; software technologies;
technologies of fuels and energy production from organic raw materials;
technologies and distributed computing systems; technologies of risk reduction
and mitigation of natural and man-made disasters; technologies of biocompatible
materials creation; technologies of intelligent navigation and control systems;
technologies of development and processing composite, ceramic and crystalline
materials; technology development and processing polymers and elastomers;
technologies of creation and management of new types of transport systems;
technologies of membranes and catalytic systems; technologies of creation of new
generations of space-rocket, aviation and marine engineering, technologies of
electronic components creation; technologies of energy-efficient systems of

transportation, distribution and consumption of heat and electricity; energyefficient technologies of creation engines and propulsion systems for vehicles;
technologies of creation of resource-saving production and processing of
agricultural raw materials and food products; technologies of environmentally
friendly mining and mineral extraction.
Perhaps a long list of basic technologies will be completed as a result of
continuing research.

