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Abstract
The research is connected with the problems of mathematical modelling in dynamics of complex systems (theory and applications). The general methods of qualitative analysis, the application to the reduction problem in mechanics are developed. The elaborated asymptotic approach, based on Lyapunov’s methods, on Chetayev’s ideas, on structural perturbations methods, allows to reduce this problem to the solving problems with singular perturbations. Effective manners, the dissemination of reduction principle (well-known in stability theory) for general qualitative investigation problems are elaborated.
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1  Introduction
The work is dedicated to the elaboration of general methods in qualitative analysis of complex nonlinear systems dynamics and applications of these methods to the modelling problems [Chetayev, 1936]. In this research the universal method, based on Lyapunov’s methods [Lyapunov, 1956] and perturbations theory, is developed for reduction problem in mechanics [Kuzmin, 1957; Chetayev, 1957] in accordance with stability theory ideology. Here the original objects may be interpreted as ones of singularly perturbed class. Unified approach, the extension of stability concepts under parametric perturbations [Kuzmina, 2006] to the case of singular perturbations, and explicit introduction of singular perturbations in original statements give a well possibility for selection of the essential information (in particular essential variables, essential degrees of freedom, ...), and effective technique of reduction. The generalized metho-
dology, developing Chetayev’s ideas, produced a method that makes it possible to obtain the algorithms of the engineering level for every stage of modelling. These algorithms permit to construct the idealized models and to check the model correctness.

2  Initial points
The different aspects of mathematical modelling are urgent in dynamics of complex systems. Non-linearity, multi-connectivity, high dimensionality of initial system cause the impediments for the receiving of exact solution by analytical methods. It leads to the necessity of simplification of full model with separa-tion of the system parameters on substantial and non-substantial ones, with the revealing of main degrees of system freedom, with the subsequent transition to the shortened submodels, with the corresponding idealization of physical properties. It causes the important range of problems. For instance, often in applied researches of mechanical systems motions one neglects the inertial members [Chetayev, 1957]. Besides the initial mathematical model (IMM), describing the investigated object by Lagrange's equations
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is substituted with the shortened, simplified model (SM) of less order of type
SM
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Second example: in dynamics of the fast gyroscope IMM, describing the motion of body with one fixed point by Euler's equations, is replaced with the precessional model [Merkin, 1956; Magnus, 1974] simplified ones of applied theory of gyroscopes

SM
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Also there is many other known traditional SM in mechanics, in engineering applications. 
Here we have the principal problems:
· when the investigation of full initial system on infinite time interval may be reduced to the investigation of shortened model of less order:

IMM ( SM

· how we may build the correct simplified model as the comparison model (CM) [Matrosov, 1962; Bellmann, 1962; Siljak, 1991; Moiseev, 1981]:

SM ( CM

· when the general dynamic characteristics have the decomposition property, there is quality correspon-dence between models [Kuzmina, 2012; Ljung, 1987]:

IMM ~ SM

The first results in this direction were obtained by H.Poincare, by A.M.Lyapunov (1892) and by S.A.Chaplygin. In investigations of A.M.Lyapunov the comparison method (general qualitative analysis method) was developed with the rigorous substantiation in solving of stability problems. This method led to the reduction principle (well-known one in stability theory, beginning with the works [Lyapunov, 1956; Persidsky, 1951; Malkin, 1942]) and to the comparison principle (the crowning form is the comparison principle with the vector-function of Lyapunov, developed in works of V.M.Matrosov, R.Bellmann). With reference to mechanics problems it leads to singularly perturbed problems (with the different singularities types, in specific critical cases).

Here the initial systems are considered as ones of the singularly perturbed class. The state of these systems is described the equations with the small and big parameters. The mathematical model may be repre-sented as singular model with small parameters in different powers. For this it is necessary using of non-linear, non-singular, evenly-regular transformation of the variables that is constructed by special, non-formal manners. Note, early works on the various aspects of the equations with big and small parameters are going back to G.Birkhoff, Ya.D.Tamarkin.
3  Basic propositions and some results
The work is formed on basic position about global methodological connection between the singularly perturbed problems (and the modelling problems) and the stability methods of Lyapunov's theory. Such tenet is ascending to the stability postulate of N.G.Chetayev (1936). Besides the initial systems and dynamical problems are considered as singularly perturbed ones [Kuzmina, 1994]. Asymptotic approach, combining the methods of perturbations theory [Tikhonov, 1952] and of stability theory [Lyapunov, 1892, 1956], is developed. This work uses the uniformity way that is interpreting the different mechanical objects as singularly perturbed ones and the initial mathematical models as the systems with singularities. Besides IMM is led to the standard form system with non-regular members, called here the initial system (IS)
IS
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With reference to requirement of mechanics we assume here (>0 is small dimensionless parameter; y is the vector of state variables, connected with the initial phase variables (generalized coordinates) by corresponding transformation; M(() is matrix, for that the elements may contain ( parameter in different powers (generally speaking, non-integer ones) 

, 0( (i ( r; Y(t, (, y) is non- linear vector function, that is holomorphic one on the set of all variables, including ( (it is introduced the extended space of variables.

As shortened system (SS) for (4) we shall introduce the simplified system of s-level (s-system) [Kuzmina, 2009]:

SSs
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In (5) members have 

 only for (i ( s; and s<r  is concrete, chosen in advance, number. Notice, we use as generating system, this singularly perturbed system (5).
Such non-traditional approach is very perspective for formulated above problems in mechanics. Many familiar SM, widely used in applications (see INTRODUCTION) are not limit models, and the technique of limiting transition do not gives the possibility to obtain these models; also do not allows to investigate specific critical cases, characteristic for such systems. 

It is necessary new approaches that are developed here. So, our approach:
IMM ( IS ( SSS ( SMS
(q, qׂ)       (y)       (y)       (q, qׂ)

In addition we receive the possibility to introduce the sequence of different simplified systems, in accordance with the hierarchy of variables on small parameter (
SS0, SS1, SS2,..., SSr-1                                (6)
and, after, returning to old variables (
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, q), we receive, the simplified models sequence,

SM0, SM1, SM2,..., SMr-1                            (7)
It is effectual method, solving the important problem of the construction of comparison systems and comparison models.

Such manner permits to detour many features in the singular systems theory and to solve the main prob-lems: the building of correct simplified systems by strict mathematical way; the substantiation of acceptability for these shortened systems; the estima- tion of the errors. For the determination of correctness conditions we use the ideology of stability theory. Following to ideas of N.G.Chetayev (1936, 1957), in accordance with the methods of Lyapunov, we solve here the dynamic problems (of stability, of proximity, of optimality, of quick-operativeness, ..., both in non-critical and critical cases; in simple and multiple roots,...) as singular problems [Kuzmina, 1991; Tikhonov, 1952]. Note, the problem of correctness is connected with the problem of small parameter value estimation, of permissible parameters domains. Employed method allows to DESIGN the decomposition schemes for the full systems (models), to obtain the admissible shortened systems(models) as comparison ones. For systems with the peculiarities (critical spectrums) the conditions are determined, when the qualitative investigation is reduced to the investigation of shortened subsystems. With the Lyapunov's methods the work deals with the specific cases, urgent for mechanical systems, when unperturbed subsystems are on stability domain boundary. In these cases the direct use of known results of the singular perturbations theory (A.N.Tikhonov, O'Malley, D.Smith, ...) are non-suitable: eigenvalues of corresponding matrices are zero- and imaginary ones. Many mechanical systems are quasi-Tikhonov's systems. The manners, developing Chetayev's results, give the possibility of receiving of the conditions, which justify the reduction in dynamics for these critical cases. Besides we can introduce the different systems as comparison ones, interesting for applications, with the proof of their correctness [Ljung, 1987].

4  Applications to mechanics
We considered the different mechanical objects, using unified approach, as objects of singularly perturbed class. This proposed approach corroborated the universalness: for all investigated systems we constructed the corresponding transformation of variables, brought IMM of type (1) to the standard form of (4); obtained the simplified models using the scheme (5),(6),(7),comparison models, that are correct in dynamic problems; determined the conditions of their acceptability.

These results are received for:

· mechanical systems (MS) with non-rigid elements;

· gyroscopic systems (GS) with fast gyroscopes; with small gyroscopes;

· electromechanical systems (EMS) with low-inertia electrical circuits;

· systems of gyrostabilization (modeled as EMS) with quick-response follow subsystems; with fast gyroscopes in control subsystems; with small gyroscopes;

· robotic systems with fast-response drives; with non-absolute rigidity of elements;

· MS with big friction;

· point mass dynamics;...

5  Conclusion
In this work the singularly perturbed problems of stability are considered for critical cases of zero spectrums for matrix of slow variables; of imaginary spectrum for matrix of fast variables. Also the proximity problems of solutions of IMM and SM are solved on infinite time interval; the results are generalizing the ones of L.Fletto, N.Levinson for Lagrange's models of mechanical systems.

These results are perspective for the perturbations theory (the singular problems in specific cases are solved) and for applications in mechanics [Kuzmina, 2010; Somov, Degtyarev and Kuzmina, 2011] (the problems of mathematical modelling in oscillation theory; in systems theory with fast rotors, with non-rigid elements, with quick-responsive drives, with big friction, are discussed). Here we obtain the possibility to investigate the compound systems by analytical methods, to introduce the idealization of initial model elements, with the division of variables on different-frequent groups; to construct new “idealized” models as comparison models. The investigations are showing, the interesting physical interpretation of these formalized mathematical "constructions" is revealed. So, we were brought out, that the traditional precessional model is SM1 (comparison model is 1-st level). Similar issue is obtained for Aristotle model.
Some general aspects of modelling, concerned with Newton's model in mechanics, early noted by N.N.Moiseev, by L.K.Kuzmina, are ones at issue in work (with accepted points, within the scope of Chetayev's stability postulate). Here the interesting gnosiological results are gained. The hierarchical sequence of models of singularly perturbed class is constructed for point mass dynamics; the admissibility conditions of non-Newton's model are determined.

6  Final remarks
Exactly Mechanics, with its areas promoting development of the dynamic systems theory, of A.M.Lyapunov stability theory (which 120-th 
Anniversary was celebrated in 2012), plays in all this the major role, providing joint of efforts of theorists and engineers, with development and synthesis of methods for the solving problems in interdisciplinary spheres of a science, education and engineering practice, for the researches on nonlinear problems in general, in the whole diversity of fundamental and applied sciences, including the disciplines of natural science and the Humanities.
Here in our paper end we would like to give very important the citations, which have deep gnosiological sense:

 “Unity in Diversity”.
V.Lakshmikantham
International Federation
of Nonlinear Analysts, President
“…I always believed that the objective character of Self Organization and Irreversibility should be based on some qualitative properties of Dynamics; …Universe is a construction in progress, in which we participate”.

I.Prigogine
Nobel Laureate
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