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Analysis and forecast of production and utilization 
of i ndustrial waste in Ukraine

Purpose. To analyze the situation with the generation, utilization and accumulation of industrial wastes, to develop the math­
ematical model of forecasting and, using this model, to identify the main trends in forming and accumulating waste for next years 
and current threats.

Methodology. In the scientific research presented in the article, general and special methods of cognition were applied. For the 
use of the indicated methods complex approach was applied. Complex use of methods of regular supervision, comparative analysis, 
content analysis, and logical generalization, quantitative and qualitative comparison allowed not only determining the range of 
industries that make a major contribution to the formation of existing industrial wastes, but also proving that the main polluter is 
the extractive industry. Complex use of methods of scientific abstraction and mathematical formalization allowed not only creating 
a mathematical model for the formation of forecasts for industrial wastes for subsequent periods but also strengthening their rele­
vance by highlighting the “colored noise” and predicting trends in the coming years.

Findings. The results of quantitative and qualitative analysis of the annual increase in industrial waste by industries prove the 
mono-sectoral impact on the formation of the crisis situation. Threats have been detected of multiplicative year-on-year growth of 
waste accumulated during operation in specially designated places and facilities and annual growth of accumulation of dangerous 
industrial waste of I–III classes. The created mathematical model allowed carrying out forecasting of volumes of formation and 
utilization of industrial waste. Due to this, further analytical studies have shown that the volume of waste generation in recent years 
is twenty times as much as the volumes of disposal. There has also been a catastrophic decrease in the rate of dangerous waste 
disposal and outpacing the growth of total waste accumulation.

Originality. As a result of the analysis, it is found that the trend of recent years to increase waste generation has been formed 
due to the extractive industry and quarry development. Threats of a crisis situation formation as a result of the reduction of danger­
ous waste utilization and the multiplicative year-on-year growth of the total accumulated wastes have been established. During the 
research, a mathematical model was developed for the analysis of waste generation and utilization and forecasting of their volumes.

Practical value. The results of quantitative and qualitative analysis of the annual increase in the volume of industrial wastes by 
industries prove the mono-sectoral impact on forming of the crisis situation. The application of the developed mathematical 
model of forecasting of volumes of waste formation and utilization provides new opportunities for the analysis of the situation and 
introduction of advanced methods of waste management.

Keywords: industrial waste, extractive industry, mathematical modeling, forecasting, waste management

Introduction. The issue of generation and management of 
industrial waste in Ukraine is extremely acute. This is evi­
denced, in particular, by the orders of the Cabinet of Ministers 
of Ukraine “On Approval of the National Waste Management 
Plan until 2030”, “National Waste Management Strategy for 
Ukraine” and other regulations. A much more complicated 
problem is the fact that industrial waste has been accumulating 
for a long time. For the industrial regions of Ukraine, a char­
acteristic part of the landscape is heaps of mines, slag and ash 
dumps of metallurgical plants, sludge accumulators and tail­
ings. More than 160 million tons of metallurgical slag alone 
and ~ 250 million tons of slag from thermal power plants have 
been accumulated.

The situation is aggravated by the fact that the metallurgi­
cal industry adds 10–11 million tons of new slag each year, and 
thermal power plants – another ~ 6–7 million tons. In other 
industries, the volume of industrial waste is also increasing 
from year to year. Of the total annual waste, a small amount is 
disposed making only ~ 12 %. According to the types of indus­
trial waste in Ukraine, only 45 % of the volume of produced 
metallurgical slag is utilized annually, while in developed 
countries this figure is more than 90 %. The situation is even 
more disappointing for slags from TPPs – only ~ 7.7 % of them 

are recycled in Ukraine, while, for comparison, in EU coun­
tries – 43 %.

This indicates that waste management requires new ap­
proaches and tools.

Literature review. The problem of industrial waste man­
agement is widely discussed in the domestic scientific litera­
ture. Scientists analyze the experience of other countries and 
suggest ways to solve the problem. Povyakel, et al. [1] analyzes 
approaches in the field of waste management in Ukraine in 
connection with the implementation of the EU environmental 
directives to the legislation of Ukraine. Biletskyi and Cherniak 
[2] studied the impact of mining technologies on the geologi­
cal environment. Zhykaliak [3] points to the non-renewability 
of mineral resources and the need for rational treatment. Fe­
dorchenko and Popov [4] emphasize the need for integrated 
use of industrial wastes and classifying them as minerals. A de­
tailed analysis of the state of waste management for the indus­
trial regions of Ukraine was provided by Kocheshkova and 
Trushkina [5]. Petrushenko [6] points to the existence of a 
conflict of environmental interests in the formation of waste 
management policy and taxation. The same is indicated in the 
work by Trehub [7]. Legal aspects of industrial waste manage­
ment as a deterrent to the transition to a circular economy are 
considered in the scientific works of Trushkina and Kochesh­
kova [8], Karnaukh [9] and Bazaluk, et al. [10]. Foreign scien­
tists have also studied the formation and disposal of industrial 
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waste. In particular, Stadwell (Studwell, J. (2013). How Asia 
Works: Success and Failure In the World’s Most Dynamic Re­
gion) analyzes approaches to industrial waste management in 
developed Asian countries, Piliaiev [11], Awuchi, et al. [12], 
Agwaral [13], Sokiran [14], and Caetano [15] provide specific 
ways to implement effective waste management. Ferronato in 
[16] considered aspects of waste flow management in develop­
ing countries and, in [17], provided a comparative analysis of 
the benefits and opportunities for “waste valorization”. Bilan, 
et al. [18], Sirait [19] and Nguyen [20] considered not only a 
theoretical approach but also provided a specific example of 
industrial waste reduction.

Unsolved aspects of the problem. The above review of sci­
entific papers on industrial waste management can serve as a 
basis for solving problematic aspects of this issue. However, 
the scientists have not considered the role of each of the indus­
tries in the generation of industrial waste and the creation of a 
mathematical apparatus for the formation of forecast values of 
industrial waste generation and disposal in Ukraine, which 
should be the basis for the overall picture and provide impetus 
for effective waste management policy.

The purpose of the article is to analyze the situation regard­
ing the generation, utilization and accumulation of industrial 
waste, to develop a mathematical model of forecasting and, 
using this model, to identify major trends in the formation and 
accumulation of waste in the coming years and existing threats.

Methods. The results of scientific research presented in 
this article were obtained using general and special methods of 
cognition. An integrated approach was applied to use these 
methods, which provided a synergistic enhancement to each of 
them. Comprehensive use of regular monitoring, comparative 
analysis, content analysis, logical generalization, quantitative 
and qualitative comparison allowed not only determining the 
range of industries that make a major contribution to the for­
mation of available industrial waste, but also proving that the 
main polluter is the extractive industry. The integrated use of 
methods of scientific abstraction and mathematical formaliza­
tion allowed not only creating a mathematical model for fore­
casting the volume of industrial waste for subsequent periods 
but also strengthening their relevance by highlighting the “col­
ored noise” and predicting trends in the coming years.

Results. The results of complex application of methods of 
regular observation, comparative analysis, content analysis, logi-
cal generalization, quantitative and qualitative comparison. An 
analysis of the volume of waste generation and disposal for the 
period according to regular monitoring [21] for the period 
from 2010–2011 to 2019 was conducted. During this period, 
with the help of comparative and content analysis, three char­
acteristic intervals were identified. The interval from 2010–
2011 to 2015–2016 has signs of mathematically monotonous 
waste reduction. The interval from 2015–2016 to 2017 is char­
acterized by certain stabilization at the lowest level for the pe­
riod under analysis. And the interval from 2017 to this time is 
characterized by a mathematically monotonous increase in 
waste.

To objectify the study on the amount of waste generated 
from economic activity per unit of GDP, the analysis was con­
ducted at constant prices in 2011 at purchasing power parity in 
units of kg/1000 dollars USA (Fig. 1) [21]. The reduction in 
total waste generation in 2013–2014 is due to the problems of 
war and annexation of territories. This is confirmed by the 
analysis of changes in annual gross domestic product (GDP) 
at constant prices in 2011 (Fig. 2) [21] – a decline over the 
period 2012–2015 and a subsequent increase in 2018 to the 
level of the year 2009.

This can be explained both by the peculiarities of account­
ing for the accumulation and disposal of waste by the State 
Statistics Service, and changes in trends during this period of 
gross domestic product (GDP) at constant prices in 2011, bil­
lion dollars USA (Fig. 2). During the period from 2010 to 
2014, there was a decline, and from 2015 to 2018 – GDP 

growth (Fig. 2). Characteristic confirmation of this is the anal­
ysis of changes in the amount of waste generated from eco­
nomic activity per unit of GDP at constant prices in 2011 
(Fig. 3), according to which the same trends are characteristic 
of industries that make a major contribution to industrial 
waste.

The declining trend of total waste generation in 2017–2018 
(Fig. 1) can be explained by some reduction (by 3.27 %) of an­
nual waste and the corresponding adjustment of exchange 
rates and conversion at purchasing power parity.

Analysis of the volume of waste generated by type of eco­
nomic activity (Fig. 3) [21] indicates that the main contribu­
tion to the formation of total and annual volumes of industrial 
waste in Ukraine is made by the extractive industry and quar­
rying (line 2), much less – processing industry (line 3), even 

Fig. 1. The amount of waste generated from economic activity 
per unit of GDP at constant prices in 2011 at purchasing 
power parity, kg/USA1000

Fig. 2. Gross domestic product (GDP) at constant 2011 prices at 
purchasing power parity, billion dollars USA

Fig. 3. The amount of waste generated by type of economic ac-
tivity:
1 – Agriculture, forestry and fishing; 2 – Mining and quarrying; 
3 – Manufacturing; 4 – Electricity, gas, steam and air condition-
ing supply
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less – agriculture, forestry and fisheries (line 1) and supply of 
electricity, gas, steam and air conditioning (line 4).

The line of generated waste for agriculture, forestry and 
fisheries and the line of electricity, gas, steam and air condi­
tioning supply in Fig. 3 almost coincide, so for a more specific 
comparative analysis we give Table [21]. According to the 
analysis of Table 1, we can see that for 2019 the total construc­
tion waste is only 0.0048 % of the waste from the extractive 
industry and quarrying, and other economic activities in the 
same year account for only 0.32 % of the total waste.

Thus, it can be argued that in Ukraine, four industries pro­
duce the main annual amount of waste. In 2019 again, the total 
amount of waste from the extractive industry and quarrying; 
processing industry; agriculture, forestry and fisheries; elec­
tricity, gas, steam and air conditioning supply accounts for 
98.3 % of the total waste.

The main problem of waste generation and further man­
agement lies in one industry only – mining and quarrying. It is 
this industry that has been forming the trend of significant 
growth in waste generation since 2018, in contrast to other in­
dustries, which indicate a reduction in this indicator (Fig. 3).

It is more detailed to prove this thesis by analysis of indus­
tries that generate significant amounts of pollution. During the 
period from 2015 to 2018, the amount of waste from agricul­
ture, forestry and fisheries decreased annually, respectively, 
from 8736.8 thousand tons to 5968.1 thousand tons with a 
slight increase in 2019. The amount of energy waste was re­
duced from 2016 to 2019 from 7511.5 thousand tons to 
5959.2  thousand tons. For industrial production, the reduc­
tion of waste occurred from 2011, from 48  920.4 thousand 
tons, to 2019, ~ 30 751.8 thousand tons [21]. The mono-sec­
toral impact on the situation with industrial waste should fa­
cilitate the solution of the problem, but the disorder of the le­
gal field in Ukraine, the oligarchic interests of the owners of 
certain mining and processing industries create a crisis situa­
tion in industrial waste management, which is difficult to pre­
dict.

Formation of a mathematical apparatus for forecasting waste 
management activities. To form forecasts for future periods, we 
used our own modification of the method by G. Box and 
G. Jenkins. As you know, this technique involves gradual im­
plementation of certain procedures: time series detection; 
evaluation of parameters; diagnostics of the formed model; 
prognostication.

These procedures are repeated iteratively, allowing one to 
achieve the appropriate degree of relevance of the model. To 
increase the relevance of forecasts, several approaches were 
used: the time series method – autoregression and the moving 
(moving) average for certain modification changes. The math­
ematical model that combines these approaches is called the 
ARMA (p, q) model. The properties of this model are deter­
mined by a combination of AR and MA models, and the sta­
tionarity of the variable function of the time series is deter­
mined by the AR-part, and the MA-part is formed, respec­
tively, by the so-called “White noise”.

Analytically, such a mathematical model can be represent­
ed by the equation

	 ( )
1 1

,
n n

i p i q
i i

y a y bt t- t t-
= =

= + ε + ε∑ ∑ 	 (1)

where p is autoregression order; q is the order of the moving 
(moving) average; t is the corresponding time interval, whose 
order changes discretely and, accordingly, is denoted by the 
index i = 1, 2, 3, …, n; a, b are respectively, the coefficients of 
autoregression and moving (moving) mean, which, in the 
General case, are represented by matrices of real numbers; et is 
non-random harmonics.

The most effective of the ARMA modifications performed 
in this study (p, q) models for building effective forecasts was 
the detection of the so-called “white noise” of non-random 
harmonics. These harmonics are sometimes called “colored 
noise”. The very selection of the “white noise” of the colored 
component, which, as it turned out in the calculations, is larg­
er than the components of the “white noise” allowed increas­
ing the relevance of the calculation results. An example of such 
“colored noise” for forecasting budget financing of environ­
mental areas was the identification of the relationship between 
budget risks and the allocation of cash flows required for envi­
ronmental budget items.

The results of the application of the block of methods of math-
ematical formalization. The use of the proposed mathematical 
model allows making a comparative analysis of the volume of 
generation and utilization of industrial waste in Ukraine (Fig. 4).

According to the mathematical model, the polynomial 
equation is used to predict the volume of industrial waste gen­
eration for 2020–2021

y = -263.71 ⋅ x4 + 7674.5 ⋅ x3 - 69 449 ⋅ x2 + 207 005 ⋅ x1 +

	 + 269 487.
	 (2)

The equation that describes the volume of utilization of 
industrial waste for 2020–2021, respectively, is

y = 3.7483 ⋅ x5 - 215.04 ⋅ x4 + 4031.3 ⋅ x3 - 30 395 ⋅ x2 +

	 + 80 372 ⋅ x1 + 89 073.
	 (3)

Comparison of the rates of waste generation and utiliza­
tion for 2020–2021 allows establishing incompatibility be­
tween them. The rate of generation is almost an order of mag­
nitude higher than the rate of waste disposal. The tangent of 
the slope of the trend of waste generation for the period of 
2018–2021 is more than ten times greater than the tangent of 
the slope of the trend of waste disposal for this period (Fig. 4). 
This indicates the inevitable increase in the total accumulation 
of industrial waste in the coming years, even with the intro­
duction of immediate measures to increase their utilization. 
Given the fact that, with such a large difference in trends in the 
generation and disposal of industrial waste, the probability of 
a crisis in the presence of waste management practices that 
have developed over a long historical period is quite signifi­

Table 1
Characteristics of waste generation by type of economic activity, thousand tons

Types of economic activity 2015 2016 2017 2018 2019

Agriculture, forestry and fishing 8736.8 8715.5 6188.2 5968.1 6750.5

Mining and quarrying 257 862.0 237 461.4 313 738.2 301 448.9 390 563.8

Manufacturing 31 000.5 34 093.0 32 176.7 31 523.2 30 751.8

Electricity, gas, steam and air conditioning supply 6597.5 7511.5 6191.7 6322.7 5959.2

Construction 376.2 300.2 493.8 378.8 188.7

Other economic activities 1641.4 1442.0 1407.4 1148.7 1405.8

Total waste generation by source 312 268.0 295 870.1 366 054.0 352 333.9 441 516.5
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cant. The overall picture is significantly deteriorating with the 
use of comparative data analysis [21] in recent years.

During the period of 2013–2016, there was a significant 
reduction in the annual generation of waste. While in 2013 this 
figure was 445  262.1 thousand tons, in 2016 this figure was 
295  870.1 thousand tons. That is, there was a reduction of 
more than 1.5 times (Fig. 4). At the same time, there was a 
reduction in waste disposal from 146 733.1 thousand tons in 
2013 to 84 630.3 thousand tons in 2016. That is, the decrease in 
waste disposal during this period amounted to 1.733 times, 
which gives 115.6 % compared to the corresponding indicator 
of waste generation. The results of this application of the 
method of quantitative and qualitative comparison indicate 
the incommensurability of annual changes in the volume of 
generation and disposal of industrial waste. At the same time, 
despite not very positive changes with the rate of production 
according to [21], there is a significant rate of waste generation 
since 2017. The application of the method of quantitative and 
qualitative comparison with 2019 gives the following results. 
Volumes of annual waste generation are: in 2017 – 
366  054  thousand tons, in 2019 – 441  516.5 thousand tons, 
which is an increase of 21.8 %. Volumes of annual waste dis­
posal are: in 2017 – 100  056.3 thousand tons, in 2019 – 
108 024.1 thousand tons, which is only 7.96 % higher.

That is, for the period of 2017–2019 there is no annual in­
crease in the volume of utilization in accordance with the an­
nual increase in waste generation. The ratio is more than 
20.7 times. This is an indicator of a multiplicative increase in 
the crisis in the field of industrial waste management.

The forecast for the annual volume of waste generation for 
the period 2020–2021 shows the value, respectively, of 
491  454–547  489 thousand tons. Regarding the annual vol­
ume of waste disposal for the period of 2020–2021, the fore­
cast data reach 112 050–118 120 thousand tons, respectively. 
A more significant problem for the deterioration of the envi­
ronmental situation with consequences for human health is 
that the volume of recycled waste belonging to hazard classes 
I–III is reduced from year to year (Fig. 5). Wastes of hazard 

classes I–III are also characterized by the presence of three 
intervals with corresponding trends. More accurate mathe­
matical modeling to establish the trend required the use of fil­
ters to increase the relevance of forecasts for 2020–2021.

These changes are extremely negative because they indi­
cate a significant reduction in the volume of hazardous waste 
disposal. In the time interval from 2010 to 2014 there was a 
decrease from 612.4 thousand tons to 314.5 thousand tons – 
i. e. by 94.9 %. In the time interval from 2017 to 2019 there was 
a decrease from 305.5 thousand tons to 252.1 thousand tons – 
i. e. 0.82 times. The drive towards the trend decrease is not due 
to the improvement of the situation, but to the fact that the 
reduction of the volume of utilized waste of hazard classes I–
III has approached a certain limit level. The forecast for the 
period of 2020–2021 shows the value, respectively, of 204–
232 thousand tons of recycled waste of I–III hazard classes.

The situation of waste accumulated on the territory of 
Ukraine during industrial operation in specially designated 
places and facilities was also studied. Data [21] of regular ob­
servation from 2010 to 2019 were selected for analysis and a 
forecast for 2020–2021 was formed using the developed math­
ematical model (Fig. 6).

Some decrease in the accumulation of industrial waste 
since 2014 can be explained by the impact of the exclusion 
from the statistical circulation of the State Statistics Service of 
waste accounting data in specially designated places and facili­
ties of the temporarily occupied territories of Donetsk and Lu­
hansk regions. The same data [21] allow us to estimate the 
amount of accumulated waste in the temporarily occupied 
Donbas as the difference between the indicators of 2014 and 
2013, which also characterizes both the national and regional 
environmental problem of old industrial areas.

According to the mathematical model [22, 23], a polyno­
mial equation is used to predict the total amount of industrial 
waste accumulated during operation in specially designated 
places and facilities for 2020–2021

y = -691.47 ⋅ x5 + 14 534 ⋅ x4 - 40 533 ⋅ x3 - 661 934 ⋅ x2 -

	 - 4 ⋅ 106 ⋅ x1 + 1.112 ⋅ 107.
	 (4)

Some forecast decline in the growth rate of total accumu­
lated industrial waste is explained by the general economic 
trend. But the total amount of waste already available and the 
forecast of their significant annual increase outline a disap­
pointing picture of the crisis in industrial waste management 
in Ukraine.

Conclusions. The results of quantitative and qualitative 
analysis of the annual increase in industrial waste by industry 
prove that in Ukraine there are only four industries: mining 
and quarrying; processing industry; agriculture, forestry and 
fisheries; supply of electricity, gas, steam and air conditioning, 
which produce the main annual amount of waste. The contri­
bution, which significantly exceeds the total contribution of all 

Fig. 4. Forecast of volumes of formation and utilization of in-
dustrial waste, thousand tons

Fig. 5. Forecast of utilization of volumes of industrial waste of 
I–III classes of danger, thousand tons

Fig. 6. The total amount of waste accumulated during operation 
in specially designated places and facilities
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other industries, is made by the extractive industry. Mono-
sectoral influence on the situation with industrial waste should 
facilitate the solution of the problem, but the disorder in the 
legal field in Ukraine, oligarchic interests, the influence of 
owners of individual industries create a crisis situation in the 
management of industrial waste.

The use of the developed mathematical model allowed de­
veloping forecasts with the subsequent comparison of volumes 
of formation and utilization of waste. The analysis of the pro­
jected volumes of waste indicates the incommensurability of 
their generation and utilization, which leads to the deteriora­
tion of the crisis with increasing rates.

Complicating the situation is the fact that such industrial 
waste management has historical longevity. However, the 
greatest threat is the rate of reduction of utilization of the most 
environmentally hazardous industrial waste of I–III classes, 
provided that their volume continues to increase in storage. 
The application of the developed mathematical model for the 
analysis of waste generation and utilization and forecasting of 
their volumes provides new tools for the formation of effective 
waste management.
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Мета. Проаналізувати ситуацію з утворенням, утиліза­
цією та накопиченням промислових відходів, розробити 
математичну модель формування прогнозів і, за викорис­
тання цієї моделі, виявити основні тренди у формуванні й 
накопичені відходів на наступні роки та наявні загрози.
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Методика. У наукових дослідженнях, представлених у 
цій статті, були застосовані загальні та спеціальні методи 
пізнання. Для використання вказаних методів було засто­
совано комплексний підхід. Комплексне використання 
методів регулярного спостереження, порівняльного ана­
лізу, контент-аналізу, логічного узагальнення, кількісно­
го та якісного порівняння дозволило не тільки визначити 
коло галузей, які дають основний внесок у формування 
наявних обсягів промислових відходів, а й довести, що 
головним забруднювачем є добувна промисловість. 
Комплексне використання методів наукового абстрагу­
вання й математичної формалізації дозволило не тільки 
створити математичну модель для формування прогнозів 
щодо обсягів промислових відходів на наступні періоди, 
але й посилити їх релевантність виділенням «зафарбова­
ного шуму» та прогнозувати тренди наступних років.

Результати. Результати кількісного та якісного аналізу 
щорічного нарощування обсягів промислових відходів за 
галузями доводять моногалузевий вплив на формування 
кризової ситуації. Виявлені загрози мультиплікативного 
щорічного зростання обсягів відходів, що накопичені про­
тягом експлуатації у спеціально відведених місцях і об’єктах 
і щорічного наростання обсягів накопичення небезпечних 
промислових відходів І–ІІІ класів. Створена математична 
модель дозволила провести прогнозування обсягів утво­
рення та утилізації промислових відходів. Завдяки цьому 
подальшим аналітичним дослідженням встановлено, що 
об’єм утворених відходів за останні роки у двадцять разів 
обсягів утилізації. Також відміченим є катастрофічне змен­
шення темпів утилізації небезпечних відходів і випереджа­
юче зростання загальних обсягів накопичення відходів.

Наукова новизна. У результаті проведеного аналізу 
встановлено, що тренд останніх років на зростання об­
сягів утворених відходів формується завдяки добувній 
промисловості та розробленню кар’єрів. Встановлені за­
грози щодо формування кризового становища в резуль­
таті скорочення обсягів утилізації небезпечних відходів і 
мультиплікаційному щорічному зростанню загального 
об’єму накопичених відходів. У ході дослідження розро­
блена математична модель для аналізу утворення та ути­
лізації відходів і прогнозування їх обсягів.

Практична значимість. Результати кількісного та якісно­
го аналізу щорічного нарощування обсягів промислових 
відходів за галузями доводять моногалузевий вплив на фор­
мування кризової ситуації. Застосування розробленої мате­
матичної моделі прогнозу об’ємів утворення та утилізації 
відходів надає нові можливості для аналізу ситуації та впро­
вадження випереджаючих методів поводження з відходами.

Ключові слова: промислові відходи, гірничодобувна про-
мисловість, математичне моделювання, прогнозування, 
управління відходами
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Цель. Проанализировать ситуацию с созданием, ути­
лизацией и накоплением промышленных отходов, раз­
работать математическую модель формирования прогно­
зов и, применив эту модель, выявить основные тренды в 
формировании и накоплении отходов на последующие 
годы, а также имеющиеся угрозы.

Методика. В научных исследованиях, представлен­
ных в этой статье, были применены общие и специаль­
ные методы познания. Для использования указанных 
методов было применен комплексный подход. Ком­
плексное использование методов регулярного наблю­
дения, сравнительного анализа, контент-анализа, ло­
гического обобщения, количественного и качествен­
ного сравнения позволило не только определить круг 
отраслей, которые дают основной вклад в формирова­
ние имеющихся объемов промышленных отходов, но и 
доказать, что главным загрязнителем является горно­
добывающая промышленность. Комплексное исполь­
зование методов научного абстрагирования и матема­
тической формализации позволило не только создать 
математическую модель для формирования прогнозов 
объемов промышленных отходов на следующие перио­
ды, но и усилить их релевантность выделением «окра­
шенного шума» и прогнозировать тренды последую­
щих лет.

Результаты. Результаты количественного и каче­
ственного анализа ежегодного наращивания объемов 
промышленных отходов по отраслям доказывают моно­
отраслевое влияние на формирование кризисной ситуа­
ции. Обнаружены угрозы мультипликативного ежегод­
ного увеличения объемов отходов, накопленных в тече­
ние эксплуатации в специально отведенных местах и 
объектах и ежегодного нарастания объемов накаплива­
ния опасных промышленных отходов I–III классов. Соз­
данная математическая модель позволила провести про­
гнозирование объемов образования и утилизации про­
мышленных отходов. Благодаря этому дальнейшим ана­
литическим исследованием установлено, что объем об­
разованных отходов за последние годы в двадцать раз 
больше объема утилизации. Также отмечено катастро­
фическое уменьшение темпов утилизации опасных отхо­
дов и опережающий рост общих объемов накопления от­
ходов.

Научная новизна. В результате проведенного анализа 
установлено, что тренд последних лет на увеличение 
объемов образования отходов формируется благодаря 
добывающей промышленности и разработке карьеров. 
Установлены угрозы формирования кризисного положе­
ния в результате сокращения объемов утилизации 
опасных отходов и мультипликационном ежегодном 
росте общего объема накопленных отходов. В ходе ис­
следования разработана математическая модель для ана­
лиза продуцирования и утилизации отходов и прогнози­
рования их объемов.

Практическая значимость. Результаты количествен­
ного и качественного анализа ежегодного наращивания 
объемов промышленных отходов по отраслям доказыва­
ют моноотраслевое влияние на формирование кризис­
ной ситуации. Применение разработанной математиче­
ской модели прогноза объемов продуцирования и утили­
зации отходов предоставляет новые возможности для 
анализа ситуации и внедрения опережающих методов 
обращения с отходами.

Ключевые слова: промышленные отходы, горнодобыва-
ющая промышленность, математическое моделирование, 
прогнозирование, управление отходами
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