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Abstract— The article is devoted to the study of organizational control systems based on interval mathematics. In article was obtained an effective criteria for controllability of systems described by linear ordinary differential equations with a constraint on management.
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I. Introduction

On managing difficult organizational and technical systems in the field of creation of decision-making support systems (DMSS), nowadays, the researchers are actively conducted. Thus, its orientation to the solution of poorly structured and not structured problems, being characterized impossibility of methods usage and the models based on the exact description of problem situations amplifies.

The analysis of behavior of sociopolitical objects, health care level, the analysis of social and economic situation, elimination of emergency situation consequences, the organization of group expert procedures are the examples of organizational management systems (OMS).

Creation and introduction of any information technologies in area of public administration as the world practice shows, stimulate development of methodological bases of effective management, assist to the efficiency growth and validity of adoption of administrative decisions.

II. formulation of the problem
To develop the real DMSS it is necessary to solve a number of tasks.
1. To define the list of the parameters 
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, characterizing the condition of OMS. For example, social and economic.

2. To define sources (databases) to analyze the previous years: 
[image: image2.wmf])

,...,

(

1

j

n

j

j

x

x

x

=

 - the vector of values of parameters for 
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3. Using features of the our task is to construct the model in the form of system of the ordinary differential equations
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where 
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 – is external factors, 
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- parameters of binding (control) of mathematical model to real data.

4. By means of methods of the mathematical theory of identification, it is necessary to calculate values of parameters of 
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 on the basis of retrospective knowledge of values of parameters. Only after the solution of this stage, it is possible to say that the model is adjusted on the concrete region.

5. It is necessary to estimate adequacy of the model and for this purpose on a verifying sample the difference between modeling and real data is estimated. If distinction degree is satisfactory, it is considered that the model adequately describes the modeled process. If the model is not adequate, it is necessary to return to the task 6 where, it is necessary to make amendments to the function definitions of 
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 and try to solve 3-5 tasks. 

6. Knowing values of parameters 
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 at the moment time 
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it is possible, to solve the task of Koshi (1) - (2) numerical methods at the set external influences 
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, to find the value of parameters 
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7. If we want to result parameters 
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that by means of model (1) - (2) it is possible to try to answer the question: whether it is possible, at limited external influences 
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For some classes of models the answer to this question can be received by means of the mathematical theory of controllability.
III. criterion for the controllability
In work [1] the global model of social system in the form of set of the nonlinear differential equations is offered:
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where respectively the first equation describes the development of the political system, the second - dynamics of economy, the third - dynamics of societal community, the fourth - development of system of maintenance of institucial ethnic samples and where the following designations are accepted:

G((),E((),K((),D(() - the functions describing noted systems, thus, the increase of functions strengthening of integrating public forces, and its decrease - easing means, Р - passional tension of society (according to L.N. Gumilev);
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 - the extent of reaction of the authorities on the deviation from the social way, the contribution of the government to the construction of  statehood bases, the accounting of internationality in the development;
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 - efforts of people on strengthening of the political regime at the expense of economy; level of these efforts is defined by living conditions, i.e. level of the economy development;
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 – the support of the political system by society (at sufficient level of passional tension of Р>Р1);
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- efforts of people on economy development (the more passional tension of Р, the more these measures are effective). On the initial stage, these measures have an adverse effect, because of 
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 - restrictions on the economy, imposed by the political system (the more the political system is developed, the less we have the restrictions because, there is the less necessity of the economic feed by the political system);
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 - restrictions on the economy (Р>Р2), imposed by the tradition and standard order;

KG = kKG(G2 + Е2) - control of keeping of standard order, struggle of the state against crimes against the public order (the more the state is powerful the more the adaptation to the environment (economy) is stronger, as well as the control is stronger);
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 - losses at the actions, directed on support of the tradition authority, legitimation of an established standard order (at rather high level К the expense are insignificant);

КD= kKDD2 - the standard order demands the compliance with ethnic samples: resistance of tradition, fundamentalism;

DG= kDGD2  - control of examples of the behavior, the state struggle against criminal offenses, repressive sanctions, criminal law;
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 - control over the expenses for maintenance of the tradition authority, legitimation of an established moral order (at rather high level the D these expenses are minimum);

DK=kDKK2 - compliance with standard order.

As we see in the given mathematical model of social system meets all requirements (1)-(4).

Physical parameters (indications) are changed in real OMS with some error. Besides, the errors of arithmetic calculations on the computer can be resulted in not compatibility of received models. For the accounting these features, it is possible to use the new direction of calculus mathematics - the interval analysis [2], where the main idea is in replacement of arithmetic operations and material functions over material numbers with interval operations and functions, reformative intervals that contain these numbers.


As the mathematical model, it is offered to choose the control system described by the linear ordinary differential equations
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where A(t) – nхn -matrix, where elements are the continuous functions of time, B(t) – nхm -matrix, x(t) – n- measured vector of a condition of system (indicators), u(t) – m-measured vector of operating influences. 


On managements restrictions are given
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Restriction (7) has a quite natural sense: any operating influence (for example, financing) can't have negative value and has a real restriction from above (i.e. can't be endless).


Besides, it is considered known that the system condition during the initial moment of time 
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The desirable condition during the final moment of time can be described as fixed
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or active satisfying to some condition
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In the condition if 
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- is the fundamental matrix of decisions of the system, described by the homogeneous vector differential equation
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It is possible to present the solution of the equation (6) in 
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Entering designations


[image: image44.wmf]n

i

t

x

t

t

y

n

j

j

ij

i

,

1

,

)

(

)

,

(

1

0

0

1

1

=

F

=

å

=



[image: image45.wmf]1

1

1

y

x

z

-

=

.

Then, in case of restriction (9) the problem of controllability is reduced to existence of the system decision of the integrated equations
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that satisfies to the condition (7).


In case of restriction (10) the problem of controllability is reduced to existence of the system decision of integrated inequalities

[image: image47.wmf](

)

k

i

d

d

u

b

t

y

c

i

n

j

t

t

m

l

jl

jl

ij

j

n

j

ij

,

1

,

)

(

)

(

)

,

(

1

1

1

1

1

1

0

=

£

÷

÷

÷

ø

ö

ç

ç

ç

è

æ

F

+

å

ò

å

å

=

=

=

t

t

t

t

,
that satisfies the condition (7).


To decide the given task we shall apply the results of the interval analysis [2].


Let's break an interval 
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Let's designate through 
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, here all arithmetic operations are carried out according to rules defined for interval calculations [2].


Obviously the set 
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Method of the mathematical induction, it is possible to show, that it is true: the set 
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From this, we can see that the set
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where all arithmetic operations are carried out according to rules defined for interval calculations [3].

Thereby the following theorem is proved.

Theorem. In order to have the system (6) - (9) to be operated, it is necessary and enough to have the vector 
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The program of numerical modeling was developed for check of the received criterion of management [4].

Let's consider system of the equations of the third order, describing a condition of chains of electromechanical system watching of the automatic manipulator [5]:
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where
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Numerical values of factors of matrixes 
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Necessary to define, whether exists the control, satisfying to restriction (2) and translating system from an initial condition
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in the final condition
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for fixed time.
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Then the system of the equations (11) is represented in a look
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Let's set restriction on an controlling vector of 
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Lemma (Gronuolla-Belmana) [6]. Let scalar continuous functions 
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where 
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Applying Gronuolla-Belman's lemma to a task (11) and (14) we will receive the following inequality
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Let's choose as norm of a vector 
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At application of the offered criterion, we will receive that the vector 
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doesn't belong to an interval vector
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, as 160>4.94+12.29, 160>0.14 + 1.62 and 150>4.33 + 5.87, i.e. there is no controllability on three variables.
Now as a point 
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 we will take the solution of a problem of Kashi (11), (15, 16) at the moment of time 
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At application of the offered criterion, we will receive that the vector 
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 belongs to an interval vector 
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, as 4.94 – 12.29 < –4.87< 4.94 + 12.29, 
0.14 – 1.62 < 0.12 < 0.14 + 1.62 and 
4.33 – 5.87 < 4.1 < 4.33 + 5.87, i.e. the system is controlled.

Results of numerical calculations show efficiency of the offered criterion of controllability and possibility of their application in practical appendices. 
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