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MATHEMATICAL PREDICTION OF FORMATION OF SOLID WASTE 
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Studied practical experience in dealing with solid waste (MSW) in Ukraine and the developed world. The theoretical and methodological approaches to the analysis of processes of formation of solid waste, taking into account environmental, social and economic factors. A scientific and methodological support for predicting the volumes of solid waste in the city.
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Relevance of the work. The rapid formation of a large amount of waste is an acute problem in all cities of Ukraine, especially Zhytomyr. Moreover, in our country there is no single concept to solve a lot of promising methods of disposal and recycling of solid waste deal with the real problem of implementation due to lack of attention and funding, the lack of a unified system of classification of solid waste. However, the choice of the optimal processing technology of solid waste - the most important stage in the design of sanitary cleaning of the waste. It is necessary to take into account information about the climate in the city, the prospects of building, infrastructure improvements, changes in population size and morphological composition of MSW and their physico- chemical properties, the planned facilities for processing waste and hydrogeological characteristics, the concentration of pollutants in the atmosphere, etc. The study of all these parameters is quite important for Zhytomyr - one of the fast developing city of northern Ukraine. For today in the city is the main functioning landfill [2].

All waste in Zhytomyr without sorting taken to the city landfill. To date, no city, state or public inspections was determined that the exact amount of waste accumulated at the city dump. Currently landfill loaded at 85% of design capacity. Given that landfills are not able to expand it increases in height. In the absence of a fence light fraction waste carried by the wind, which infests the area near the landfill.

Research Methodology. As the city Zhytomyr - Regional populated place, it can be seen as an object that creates waste (similar to an enterprise that manufactures products). This makes it possible to develop a mathematical model based on production functions to determine the volume of solid waste. The aim is to build the tool in predicting the amount of waste in the formation of regional socio- natural- economic system.

Conducted a systematic analysis of the accumulation of waste in Zhytomyr revealed the dependence of their structure and capacity of key indicators ( factors). Among the many factors have been chosen the most significant, which significantly affect the formation of solid waste. Selection factors were involved in research, based on the below given starting position. Under the control were factors that significantly affect the output of the test object. If a large enough number of factors, it is necessary to resort to screen out non-essential factors. But it must be remembered that the exclusion of a significant factor in keeping a very negative impact on the results of the study.

Factors are quantitative and qualitative. Quantitative factors shall be subjected to precise measurement. Accuracy of measurement factor must be at least an order of magnitude higher than the accuracy of measurement of the output object. For qualitative factors can be constructed conditional ordinal scale. Factors to be mutually independent. This means that a change in one factor should be accompanied by changes in other factors. All factors must be clearly outstanding. This means that factor as a parameter of any nature should directly affect the object. Thus, the volume of waste in education is influenced by many factors discussed earlier, which limit the number of most significant [1, 2].

The first step is to consider the population (CN, thousands of people). There is a direct correlation: the more residents of the locality, the greater the amount of solid waste. Also, there is the influence of the number of inhabitants per specific volume of solid waste due to differences in consumption. The volume of housing (gf, thousand m2), as an indicator of development of the settlement as a factor of influence. Proof of this are the regulatory requirements governing the payment of public services for the export of waste not by the number of residents in the apartment, but she footage. As a significant factor to indicate the turnover of retail trade including catering, which formed a substantial proportion of MSW (rt, mln. ). As the factors that characterize the development of society and welfare adopted: the volume of industrial production (PV, mln.) And cash income (dn, mln.).

Results. Based on statistical data [2] the average population of the city in general and administrative units in particular was obtained approximating polynomial dependence. As an example, a city as a whole (Fig. 1). The argument for this and subsequent graphs, and dependence, using the difference y = G - 2008, where G - year. For example, the value of y = -2 corresponds to y = 2006 and the value of y = 2 corresponds to G = 2010. That is, zero enacted in 2008. It is possible to reduce the size of the coefficients in formulas.

Statistical data for the city as a whole can be well approximated (coefficient of determination R2 = 0,77) polynomial dependence : cn = 0,0161 y2 - 0,4884 y + 272,27 ( 1)

From dependence shows that the city's population steadily decreased , indicating an unfavorable demographic situation.

Table 1. Data for the construction of the production function in Zhytomyr

	Factors
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013

	cn, ths. p.
	274,26
	272,6
	271,89
	271,68
	271,56
	270,5
	269,87
	269,24

	gф, ths. м2
	32,12
	32,2
	32,2
	32,33
	32,63
	32,641
	32,756
	32,871

	рp, mln.  grn
	6499,8
	8414,8
	9268,9
	9688,2
	9945,9
	11213,2
	12029,76
	12846,32

	rn, mln. grn
	1042,1
	1617,1
	2119,2
	2021,1
	2117,8
	2550,08
	2805,62
	3061,2

	dn, mln. grn.
	960,96
	969,12
	987,44
	907,84
	982,88
	989
	1011
	1017

	qтпв, м3
	1201,2
	1211,4
	1234,3
	1134,8
	1228,6
	1234,7
	1258,2
	1264,7


Analysis of statistical data [ 2] the volume of housing yielded the following relationship. Available statistics can be approximated by the following relationship for Zhytomyr (R2 = 0,99): gf = 0,0009 y2 + 0,1423 y + 33,07 ( 2)

Thus, it can be concluded that the amount of housing, despite the decline in the population increases.

Statistical data [3] volume retailers including catering are presented below. Based on the data obtained for approximating the dependence of Zhytomyr (R2 = 0,96): rn = -18,721 y2 + 286,94 y + 1824,5 ( 3)

Thus, we can conclude that the volume of retail trade including catering, soon growing.

Statistical data on industrial output can be approximated by the following dependence of Zhytomyr (R2 = 0,96): PV = 958,83 y + 8723,6 ( 4)

Thus, we can conclude that in recent years there is a significant increase in industrial production and this trend will continue in the near future.

Statistical data [2] on income population Zhytomyr characterize the quality of life. The available statistical data on money income approximated as follows dependency for Zhytomyr (R2 = 0,984): dn = -68,449 y2 + 857,76 y + 8267,8 ( 5)

Thus, we can conclude that there has been a steady growth of money incomes of Zhytomyr. Soon marked trend will continue.

Consider the possibility of replacing the function arguments so the forecast period is expected relatively stable level of technological substitution between factors. Terms posed mode corresponds roughly to the proportion of marginal and average productivity factors. In turn, this means that the elasticity of substitution factors can be taken as unity.

Since the volume of solid waste affect the formation of heterogeneous factors, as a basis for constructing a mathematical model selected function, which is based on the method of least squares. They found the coefficients of the model, in which the function is defined by the smallest error. To do this, take the derivative of each function argument and equate them to zero. Then, we can find the best value when solved system of ten equations. The result is a relationship:

q = 1,56 • nn0, 74 + 0,032 • gf0 , 0042 + 0,6 • pn0, 3 +0,37 • tn0, 2 +1,72 • dd0 , 94

The greatest influence on the function has the income of people and almost no impact - housing (or increase waste). The largest amount of waste can be predicted for 2012 in the near future (may affect what will be many tourists and held Euro 2012).

Data on actual, current and projected volumes of solid waste from 2006 to 2013 for the city of Zhytomyr, as the main part of the waste products represented graphically (Fig. 1). As can be seen from the graph, the dependence on the basis of factors predictive values - shows an increase of MSW in Zhytomyr.
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Figure 1. The results of calculations using the method of least squares function

In connection with the fact that in recent years, the growth of socio-economic development of the region as a whole and individually we can assume that the next time there will be a growth in waste generation. The degree of confidence growing social and economic development - is high. The increase in solid waste should be due to the increase in housing, substantial increases in the number of retail trade and catering, industrial production, a significant increase in revenues. The decline in resident population has to give more influence than these factors.

The greatest influence on the formation of with solid waste of income. The largest amount of waste can be predicted for 2014. This is due to intense population and the dependence of the life and development of certain industrial facilities of the city. Limited resources can not increase the population of more than 1.5 times the forecast period, so we can assume that the efficiency rate this resource falls because of its further increase.

CONCLUSIONS:
1. The organization and management of the processes of accumulation of waste treatment is not limited to the scope of a single polygon, and expanded the boundaries of the system to a particular region (the city of Zhytomyr). Thus, the features explored current social, industrial, economic development, affecting the formation of solid waste Zhytomyr - a dynamic region that is growing with relatively good for medium-Ukrainian-level indicators of performance evaluation.

2. Statistical analysis of reported data revealed features of social, industrial, economic development, affecting the formation of solid waste .

3. Practical and theoretical principles model of the city and features of the method of least squares helped shape the mathematical model predicting the accumulation of waste in the regional system. City Zhytomyr regarded as an object, which produces MSW input parameters to the system is the population size, the amount of housing, retail sales, industrial production and cash income, output parameters - formation volume of solid waste settlement. The method of prediction of the model can respond to socio-economic changes in the export of waste from the city of Zhytomyr.
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