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Relevance of the theme of the research
One of the important directions for TRIZ development at present is to enlarge its application for solving practical problems of improvement of Engineering Systems (ESs). The successful research and achievements in this direction will lead to the future expansion of TRIZ and the progress of TRIZ as a science. Most often, the object under improvement is a device, a technological process, a material that is in the 3rd stage of evolution. Most of the ESs used by humans are exactly at this stage. The 3rd stage of an ES evolution (maturity) is characterized by the existence of a significant number of established links that restrict implementation of changes to the system. At the same continually improving of ES is required. Stable existence of the ES without these improvements is questionable. Therefore, requirements are formed to the methodological tools for analyzing and synthesis of such ESs. The requirements include: high reliability of analytical procedures, feasibility of developed technical concepts, their consistency with a variety of restrictions and limitations.

Because a lot of researchers and engineers are involved in improving 3rd stage systems, additional requirements are applied to the methodological tools: simplicity, credibility, visibility, applicability to project works performed by a team of experts in different fields.

Works related to the modification of classical TRIZ techniques have been performed by several TRIZ developers. Although these works did not have as a goal to elaborate some overspecialized tools, many of the developed techniques may be applied to such problems. Previous scientific and methodological studies has been performed by B.Zlotin and A.Zusman, S.Litvin, V.Gerasimov, A. Liubomirsky, G.Ivanov, M. Rubin, A. Pinyaev and others.
However, general recommendations used in the analysis of 3-rd stage systems are primarily restricted and brief. The main ideas of these recommendations are to change the principle of operation of the ES, to improve some secondary/service functions. It seems that the methodological tools for prolonging effective functioning of the already existing ES have been insufficiently developed.  

So, here is a paradoxical situation. To illustrate the situation let's consider the following example. Imagine that to the adult person we are suggesting common recommendations: reduce expenses, switch to new principles of action, etc. It is evident that recommendations concerning maximal and continued usage of reached potential and prolongation of the maturity are more interesting and important. 

Therefore, importance of and need for the research theme presented is defined by the wide presence of 3rd stage ESs and relatively low level of development and incompleteness of the current methodological tools for practical implementation. These tools have to be focused on maintaining the ES's stabile evolution, maximal utilization of already existing resources, maintaining the reached ideality level. 

This thesis has been performed using Saint Petersburg (formerly Leningrad) TRIZ school traditions. Primarily they include practical orientation of the investigations, wide usage of the function approach, compact formulation of methodological recommendations. 

Note: the part of recommendations developed in current research is under the scope of the originally formulated goal and could be applied for analysis and modifications of ESs located in the 1st and 2nd stages of evolution. 

Goal and tasks of the research
Research goal is to increase the effectiveness of the procedures for analyzing and synthesizing of ESs located in the 3rd stage of evolution. To achieve the research goal the following tasks have been formulated:

· Develop an improved technique for ES analysis

· Develop methodological tools for increasing the solving efficiency of problems related to ES evolution and improvement

Research Methods
Fundamental methods applied during the research implementation are traditional for TRIZ. Actual data about failures and "anti-failures" of existing TRIZ tools have been collected. Here "anti-failures" means a situation when a technique was applied with some difficulty, with some incompletely logically adjusted steps, but an achieved technical results were interesting. Such situations have been analyzed and then corrections and additions have been applied to the technique. The next step is a check of modified technique applicability for new problems and comparison with already existing TRIZ techniques.

A logic-deductive method has been applied as well. Based on a combination of known methodological tools and the investigation of similar consistent patterns of various systems evolution the individual hypothetical statement about the process for improving the ES was formulated. Analysis of the results obtained after this statement testing will allow us to make a conclusion about its usefulness and limitations. 

The empirical basis for the research is the personal and collegiate experience that has accumulated and rethought on how real consulting projects are performed (analysis of ESs, forecasting, concept development and substantiation, verification of selected solutions). The information base for the research contains literature sources of technical information, patent databases, expert reports, methodological materials and guides presented at TRIZ-Fest; TRIZ Future; TRIZCON Internet sites and conferences, published in TRIZ Journal 1998-2008, manuscripts from Cheliabinsk TRIZ fund

Scientific novelty of the research 
· For the first time indicators for diagnosing two co-dependent components of ES evolution - the processes of growth and development have been identified and systematized

· A new technique for function synthesis of ESs that combines capabilities of both Trimming and Function-Oriented Search has been developed

· A set of sub-trends appropriated for many systems located in the 3rd stage of evolution has been identified and systematized. Application of these sub-trends leads to precise execution of: problem statement, forecasting, formulation of recommendations for development of 3rd stage systems 

· A technique for searching and evaluating new applications for ESs has been developed. This technique is based on a combination of analysis of supersystem trends and consideration of parametric limitations of the ESs

· Methodological recommendations that supplement existing techniques of Function-Oriented Search have been developed for the purpose to increase effectiveness of application 

Practical significance of the research  
Results of the research are primarily focused on practical usage in consulting projects and TRIZ training seminars for engineers. Experience of application of both developed techniques and supplements to the existing ones demonstrates their effectiveness. It is important that such experience is not only personal. The techniques have been developed and tested during team work performed at companies such as Algorithm Technology Research Center and Samsung Electro-Mechanics.

The classification suggested in the thesis: processes of growth and processes of development as components of technical evolution can be used for future research concerning TRIZ methodology.

Main provisions presented for defense 
•
For the first time concept and indicators for identification two co-dependent components of ES evolution - the processes of growth and development - have been introduced, identified and described.  

•
A new procedure for function synthesis of ESs for improving ES properties that combines capabilities of both Trimming and Function-Oriented Search has been developed 

•
A set of sub-trends appropriated for many systems located in the 3rd stage of evolution has been identified and systematized. Application of these sub-trends leads to precise execution of: problem statement, forecasting, formulation of recommendations for development of 3rd stage systems 

•
A technique for searching and evaluating new applications for ESs has been developed. This technique is based on a combination of analysis of supersystem trends and consideration of parametric limitations of the existing ESs

•
Methodological recommendations that supplement existing techniques of Function-Oriented Search have been developed on purpose to increase effectiveness of application
Personal contribution of the applicant 
A technique for searching for new applications of ESs has been developed in co-authorship with V.V.Pavlov. All other methodological topics presented in the thesis including research problem statement, development of methodological recommendations, practical implementation, evaluation of results and limitations of applicability have been carried out by the applicant at his own discretion.

Validation of the research work 
The major concepts of this work were presented at the conferences: Innovation Technology of Design Today & Tomorrow, Saint Petersburg, 1999; Scientifically - practical conference "The system of training TRIZ teachers, specialists and researchers". Petrozavodsk, 2003 ; Scientifically - practical conference "Methodical foundation and practical recommendations for actual problem solving to the TRIZplus application during creation consulting projects", Saint Petersburg, Russia, 2004; 6th International conference "Scientific and Technical Information –2002" of Russian Scientific and Technical Information Institute(VINITI), Moscow; International TRIZ Association Festival -"MATRIZ Fest 2005", Saint Petersburg, Russia, July 3-4, 2005; ETRIA TRIZ Future Conference 2005:  Bridging east and west, Graz, Austria, 2005; ETRIA TRIZ Future Conference 2006: Creativity, quality and efficiency building an innovation culture, Belgium, Kortrijk, 2006; International conference "MATRIZ Fest 2007": Theory and practice of inventive problem solving, Moscow, 2007. 
Publications 
Main content of this thesis were published at 9 publications. List of publications is contained in this abstract.
Structure and size of the thesis
The thesis contains  introduction, 3 charters, conclusions and list of references . The thesis volume is 46 pages, including  6 figures and 3 tables

General characteristic of research work 
Introduction contains the problem statement, argumentation of the research importance, formulation of the research goal and scope, main outcomes of research to be presented on the defense of the thesis, novelty and practicality of the obtained results

First chapter contains review of literatures and substantiation of research goal and tasks. 

Second chapter contains a description of developed topics for improvement of ES analysis technique.  

First time for more objective study of ES evolution the notions "processes of growth" and "processes of development" have been introduced. Indicators for identification and differentiation of these interdependent components of the technical evolution have been selected and systemized. Application of such approach leads to clarification of ES evolution goals and criteria of their achievement. 

Based on the investigation of evolution tendencies of ES variety, the set of micro-trends appropriated for 3rd stage systems has been identified and systematized. Application of the micro-trends in addition to traditionally using Trends of Engineering Systems Evolution allows: more precisely formulate a problem of stable ES development, forecast an appearance and an expression of growth limitations, develop valid recommendations concerning ES development and its adaptation to the supersystem conditions.
Third chapter describes research results related development tools for solving problems of ES development and improvement. 
An algorithm for function synthesis of ES has been developed. This algorithm is based on combination of techniques of Trimming and Function-Oriented Search. Unobvious problems and their solutions obtained after the algorithm application lead to considerable increasing of ES efficiency without significant expenses. Examples of the algorithm application for different types of ESs (a device, a process, a material) are presented. Comparison of the suggested approach with the existing TRIZ tools demonstrates its novelty. Limitations of algorithm application and next steps for its development are presented as well.

The technique for searching for new/additional applications of ESs combines an identification of supersystem capabilities and list of parametric limitations associated with the analyzed systems. Based on this approach the area of new perspective applications of ESs is concretized. The area is characterized by new functions and ways of their implementations for products with stably growing markets. The main advantage of the suggested technique is a significant reduction of the field for searching of technically feasible and commercially attractive applications of the ES. At the same time a feasibility of developed ideas is guaranteed. 

For increasing an effectiveness of Function-Oriented Search application for problem solving the supplemental methodological recommendations have been developed. Mainly, these recommendations are about formulation additional requirements to the specific leading areas where the ideas about improvement of functions are borrowed for future implementations. Moreover, the format for description of the complex of approved technical solutions from leading areas is suggested. Application of developed recommendations leads to practicality of technical solutions obtained with Function Oriented Search. 

All modifications of the methodological tools for analyzing and synthesizing of ESs have been practically tested oftentimes in real projects. A part of developed methodological findings/recommendations is under the initial research goal and can be applied for the ESs located in other stages of technical evolution.
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