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The mathematical model of the management of coalmining enterprises of the Russian Federation on regional level
In this article author is studying the question of coordination for more effective management of regional coal basin. The mathematical model of resolving of this problem provides using itterative and unitterative algorithm of coordination.
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Russian Federation occupies the fifth place in volume coalmining in the world after China, USA, India and Australia. Annual increase of the volumes coalmining is noted as from 1999. In 2006 overcame 300-millionth border annual coalmining (coalmining volume is 309 million t).

In coal industry of the Russia acts 240 coalmining enterprise (the technical units), including 97 mines and 147 cuts. The main volume coal mining (96%) is provided by private enterprises. In Russia coal is consumed in all 89 subjects of Federations, but is mined in 24. The main consumers of coal on home markets - a power stations and coking-chemical plants. 

At present lead work on shaping the energy strategy of Russia before 2030. In table 1 are given potential possibilities of the territorial development of coal industry of Russia before 2030 [1].

There are sufficient facility In Russian Federation for increasing volumes coal mining at period before 2030 to 890 million t, including coking - to 155 million t. Demand for ordinary coal in prospect will reduce. Enriched coal and products its deep conversion will in greater measure are claimed on the market. In this connection farted-perspective ways are a work on creation technology deep conversion coal cheese, production from it product of the more high redistribution, in particular production of cindery coal, gas and others. 
Table 1
Forecast need for coal fuel for subjects of the Russian Federation to 2030 year
	Federal county
	Coalmining to 2030 year, million ton

	Siberian federal county
	From 471 to 734

	Far-eastern federal county
	106

	Northwestern federal county
	46,8

	Southern federal county
	12

	Central federal county
	5

	Uralsky federal county
	6,2

	Total
	840


Rational use of fuel-energy resource impossible disregarding efficiency all elements of production process from mining, transportations, conversions and before its consumptions in real economic system. So appears need for the system approach and system estimation at making of the management decisions both in tactician, and in strategies.

Coalmining industry of Russian Federation, and accordingly and managerial system for her, has three-level`s hierarchical structure: federal - regional - a local level (from top to bottom). In this case the general problem of management coalmining enterprise divides on row of the local sub-problems, which dare at a rate of subject of the Federations and coal pool accordingly. The most important problem here is a problem of co-ordinations in what way organize the interaction between coal enterprise so that their autonomous functioning activity was directed on achievement of the general purposes whole coalmining industry of Russian Federation [2]. 

The study of the problem of co-ordinations in two-level system, consisting of coordinating organ on federal level and several coal enterprise on regional level, which interact with each other only through coordinating organ, has allowed to focus attention on such important aspect, as different frequency of the decision of the problem of management inside coordinating organ and coal enterprise of subject of Federation, collecting information sent coal enterprises to coordinating organ, correlation between purpose coordinating organ and coal enterprise. With provision for these aspect possible to offer the necessary procedure to co-ordinations: for each coal enterprise is constructed problem of vector optimization and decision, that is optimum for the whole system, search for within efficient ensemble of importance (Pareto`s set) this problems. On base of such procedure is constructed unitterative and iterative algorithms for co-ordination. 

When use unitterative algorithm for co-ordinations is realized one-shot exchange by information between level: coal enterprises of the subject of Federation will send the coordinating organ a set variant of its work, that possible with standpoint of the local restrictions and enough reflecting possibility of coal pool, and coordinating organ defines the variants, that are optimum for the whole system, and reports to coal enterprise and subjects of Federation. When use the iterative algorithm of co-ordination optimum decision is defined in the course of frequentative exchange by information between coordinating organ and coal enterprise. 

In given article on base of the considered problems for co-ordination in two-level system shall consider the generalization of results and for layered hierarchical structure, to which pertains, in particular, system coalmining industry of Russian Federation. The idea of the generalization is founded on that fact that in layered hierarchical structure coalmining industry for two beside located level there is several elements on lower level, for which on upper level there is one "coordinating organ", and organizing structure of this subsystem is two-level. Consequently, layered hierarchical structure coalmining industry possible to consider as consisting of final number "elementary" two-level subsystems. 

Follows to note that all considered procedures of co-ordination in coalmining industry and corresponding to him information interactions are deterministic, i.e. it is expected that to moment of the decision of the problems of co-ordination on each layer source information is considered known. In real managerial system coalmining industry such suggestion is far from that situation, always executed and controlling decision frequently is taken in conditions of incomplete information or uncertainties. So the question about data wares of the solved problems in coalmining industry is required special research. 

1. Mathematical description of the problem of co-ordination in layered system

In work [3] were considered procedures of co-ordination in two-level system. However hierarchy coalmining branch of industry have three-level structure: federal - regional - a local level. In this connection we try to generalize got results for hierarchical system, in which there is more than two levels. 

We shall consider the example of the system with three-level pyramid structure, which is indicated on fig. 1. 
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Fig. 1. System with three-level pyramid structure

Submitted for fig.1 hierarchical structure is characterized by following signs: 
1) multilevel structure (the stratification); 

2) difference to rank internal relationships: elements given level are bound with element nearest lower level only; 

3) tree-type structure: element given level is bound with one element of the top-level only and with several elements on lower level; 

4) pyramid structure: there is only one element on the most top level; 

5) difference to rank external relationships: elements of each level can have a relationship with external ambience, however these relationship are checked by element of the nearest top-level; the external relationship of the most upper element is checked from outside of system. 

Consequently, considered hierarchical structure pertains to class of the ideal structures.

On the first level in presented hierarchical structure - federal - is considered only one element (1,1), which act as the coordinating organ. On second level - regional - is considered five elements (2,1)-(2,5), which act as the main coal pool and territorial county: Siberian Federal county, Far-Eastern Federal county, Northwest Federal county, South Federal county, Uralsk Federal district. On the one third level - local - is considered eleven elements (3,1)-(3,11), which act as the enterprise on coal mining (the mines and cuts). 

Let total number of levels in system is K (for system on fig. 1 K=3). On k-s level, there is element on the most upper level, the first level there is only one element (coordinating organ) (for our example). We shall mark i-y element of k-s level through (k, j). 

The elements of all levels, as from the second, pertain to one of the element of higher level. Thereby, for element (k,j) possible to enter the ensemble an index element of (k+1)-s level, referring to element (k,j). We shall mark these ensemble through
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Hereinafter, let 
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 is - a vector, characterizing state of the element 
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 is - a vector of the factors of this element, sculpted on the top-level, and
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Inter-coupling between elements of the miscellaneous level is assigned connection as follows:
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(fig. 1, and 
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  etc.). Thereby, condition of the element is defined by total vector of the factors element lower 
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We stop now on restrictions, which must satisfy the vectors 
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For element the most lower level, K-s level the restriction are written in the manner of
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where - some ensemble. 
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where;    
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So, for element under k=2 and i=1 have: 
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Global target function of the system complies with target function of the element of the first level and is of the form of
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So, problem of co-ordination is a problem (1)-(4). 

In process of management each elements lower level will send the corresponding to element of the top-level information on its condition on considered moment of time. On base of received information top-level element (coordinating organ) works out the optimum variants of the decisions for each element of lower level separately with standpoint of optimization for the whole hierarchical structure as a whole, and will send these decisions for their practical realization. 

In this case can turn out to be so, that received decisions for concrete element wholly satisfy for their practical realization, and he proceeds to their realization (unitterative algorithm of co-ordination). But if decision that worked out does not satisfy some element, that begins the process of the co-ordination between it and coordinating organ in purpose of the achievement of the necessary decision with standpoint of optimization both for element, and for the whole hierarchical structure as a (the iterative algorithm of coordination).

2.  Unitterative algorithms of co-ordination

The general scheme unitterative algorithms of coordination in layered system is a generalization corresponding scheme for two-level system and looks as follows. 

For element the most lower K-s level are entered in consideration of the problem to vector optimization are entered in consideration
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Let 
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 - is the vector of the decision of the problem. On upper (
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We shall indicate several possible variants for the task ensemble 
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1. The ensembles 
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. Otherwise with use the methods of the cluster analysis is produced "compression of" information with the result that sent ensemble 
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2. The problems (5) are a problems of multi-criteria linear programming, and factors 
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 also are a linear function [3]. In this case as ensemble 
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3. When problem (5) is a nonlinear multi-criteria problem, possible aproximate the ensemble 
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 - network or conduct the polyhedral aproximation [3]. 

3.  Itterative algorithms of co-ordination

The scheme of itterative algorithms of co-ordinations in layered system we can illustrate on example of the system, indicated on fig. 1. 

Let 
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 - is coordinating signal, uttered by element the most upper, the first level and sent by elements of second level. Element (2, i), 
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It is easy to see that problem (6) is a problem of co-ordinations in two-level system [3]. The procedure of the decision of this problem is concluded in that "coordinating organ" (in this case element (2, i)) forms the coordinating signals for its subordinated elements on third level. These are a coordinating signals allow to realize folding an multi-criteria problems of elements on third level in problems of the mathematical programming:

[image: image55.wmf]  

J

j

  

X

x

   

x

 

R

i

2

j

3

j

3

j

3

j

3

Î

Î

®

w

,

max;

)

,

(

.                                                                  (7)
Using results of the decision of the problems (7), element (2, i) solves the coordinating problem with the result that new coordinating signals are worked out for element on third level. Thereby, as a result of iterative exchange by information between element (2, i) and its subordinated element on third level is defined decision of the problem (6), which depends on coordinating signal 
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Hereinafter we formed and dares the coordinating problem of the element on first level. The decision of this problem is new meaning of coordinating signal 
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. After reception of this signal elements (2, i) begin to solve the problems of co-ordinations subordinated by him element from the third group again. The process lasts until we find optimum coordinating signal 
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