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ANALYSIS AND FORECAST OF PRODUCTION AND UTILIZATION
OF INDUSTRIAL 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

© Perevozova 1., Havrysh H., Koliadenko S., Yurchuk N., Shapoval O.,
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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
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Fig. 2. Gross domestic product (GDP) at constant 2011 prices at
purchasing power parity, billion dollars USA

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
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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 /) 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

yr :iaiyt—p+i(sr+bi81—q)° (1)
i=1 i=1

where p is autoregression order; ¢ is the order of the moving
(moving) average; t is the corresponding time interval, whose
order changes discretely and, accordingly, is denoted by the
indexi=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; €, is
non-random harmonics.

The most effective of the ARMA modifications performed
in this study (p, ¢) 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-x*+7674.5 - x* - 69 449 - x* + 207 005 - x' +
2
+269 487. @

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

y=3.7483 - x - 215.04 - x* + 4031.3 - x> -~ 30 395 - x> +

1 (3)
+80372-x'+89073.

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 313738.2 301 448.9 390 563.8
Manufacturing 31 000.5 34093.0 32176.7 31523.2 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 3523339 441 516.5
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Fig. 4. Forecast of volumes of formation and utilization of in-
dustrial waste, thousand tons

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
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Fig. 5. Forecast of utilization of volumes of industrial waste of
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Fig. 6. The total amount of waste accumulated during operation
in specially designated places and facilities

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 [—
I1I 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 [—I11 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 - x>+ 14 534 - x* - 40 533 - x* - 661 934 - x* —

4
—4.10%-x'+1.112- 107, )

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
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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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Metonuka. Y HayKOBUX JOCIIIKEHHSX, TTPEICTABICHUX Y
il cTaTTi, OyJIM 3aCTOCOBAHI 3arajbHi Ta CreliaabHi METOAU
ni3HaHH4. [{151 BUKOpUCTaHHS BKa3aHUX METOIiB OYJI0 3aCTO-
COBAHO KOMILIEKCHMIA minxin. KoMmIuiekcHe BUKOpPUCTaHHS
METO/1iB PETYJISPHOTO CIIOCTEPEXKEHHSI, MMOPiBHSJIBHOTO aHa-
Ji3y, KOHTEHT-aHaJli3y, JIOTIYHOTO y3araJbHEHHSI, KiIbKiCHO-
r0 Ta SIKiCHOTO TIOPiBHSIHHS I03BOJIAJIO HE TiJIbKU BUSHAYUTU
KOJIO Tajy3eil, sKi JaloTh OCHOBHMIA BHECOK Y (pOopMyBaHHS
HassBHUX OOCSTIB MPOMMCIIOBUX BiIXOMiB, a i MTOBECTH, IO
TOJIOBHUM 3a0pyaHioBayeM € J00yBHA IPOMUCIOBICTD.
KomriiekcHe BUKOPUCTaHHSI METOJIiB HayKOBOIO a0CcTpary-
BaHHSI 1 MaTeMaTUYHOI (hopMaJtizallii JO3BOJUJIO HE TiJIbKU
CTBOPUTHU MaTeMaTUIHY MOJIEJb Isl (hOpMYBaHHSI IIPOTHO3iB
1100 OOCSITiB TPOMUCIIOBUX BiIXOIiB HA HACTYIHI MEPioau,
ajie i MOCUJIUTH X peJIeBAaHTHICTh BUIIEHHSIM «3adapOoBa-
HOTO LIYMY» Ta TPOTHO3yBaTU TPEHIU HACTYITHUX POKIiB.

Pesynbratu. PesynbraTti KiJIbKiCHOTO Ta SIKICHOTO aHaJlizy
ILIOPIYHOrO HapOILYBaHHSI OOCSITiB ITPOMUCIOBUX BilIXOMIiB 3a
TaTy3siIMU JIOBOJSITh MOHOTATY3eBUI BIUTMB Ha (hOPMYBaHHS
KpU30BOi cuTyallii. BusBiaeHi 3arpo3u MyJbTUILTIKATUBHOIO
ILIOPIYHOTO 3pOCTAaHHST OOCSITIB BilIXO/iB, 1110 HAKOITMYEHI ITPo-
TATOM eKCITIyaTallil y crieliaJbHO BiiBEIEHUX MiCLISIX i 00’ €KTax
i IIIOPIYHOTO HAPOCTAHHSI OOCSITIB HAKOITMYEHHST HeOe3MeUHUX
npomuciioBux BimxoniB I-III kmaciB. CTBopeHa MareMaTUyHa
MOJIeJTh JI03BOJIMJIA TIPOBECTU TPOTHO3YBAaHHSI OOCSITIB YTBO-
PEHHSI Ta yTWIi3alii MPOMUCIOBUX BiIXOMiB. 3aBISIKU LIbOMY
TTONAJTBINIAM AHATITUIHAM TOCTIIKEHHSIM BCTAHOBJICHO, IO
00’eM YTBOPEHUX BiXOJiB 32 OCTaHHI POKU y NBAALSITh pasiB
o0csTiB yrumizantii. Takoxk BimMiueHUM € KaTacTpodidHe 3MEH-
ILIEHHS TEMITIB YTWJIi3allil HeOe3MeuHMX BiIXOIiB i BUTIepeka-
[04U€ 3pOCTaHHSI 3arajlbHUX 00CSTiB HAKOMTMYEHHSI BiIXO/IiB.

HaykoBa nHoBM3HA. Y pe3y/ibTaTi MPOBEAEHOIO aHali3y
BCTAHOBJIEHO, IO TPEHI OCTaHHIX POKiB Ha 3pOCTAaHHS 00-
CSITiB YTBOPEHUX BiIxomiB (POpMyeTbcsl 3aBASIKWM TOOYBHiii
MPOMMCIIOBOCTI Ta po3po0IeHHIO Kap’epiB. BcraHoBIeHi 3a-
rpo3u 1010 ¢GbopMyBaHHs KPM30BOIO CTAHOBUILA B PE3YJib-
TaTi CKOPOUEHHSI 0OCSTIB yTUIi3allil HeOe3MeuHUX BiIXOiB i
MYJIBTUTUTIKALITHOMY 1LIOPiYHOMY 3POCTaHHIO 3arajlbHOro
00’eMy HAKOTIMYCHUX BiIXOMiB. Y XO/i DOCIIIKEHHS pO3pO-
0JieHa MaTeMaTUYHa MOJEJb JUIsl aHaJli3y YTBOPEHHS Ta YyTU-
JIi3allil BiIXoiB i MPOrHO3yBaHHS 1X OOCSTIB.

IIpakTiyna 3HaYMMiCTb. Pe3y1bTaT KijTbKiCHOTO Ta SIKiCHO-
ro aHajlizy IIOPIYHOIO HApOILyBaHHS OOCSTIB MTPOMMCIOBUX
BIJIXOJIiB 32 TaJTy3sIMU JIOBOMISITH MOHOTATY3eBU I BIUTUB Ha (hop-
MyBaHHS KpU30BO1 CUTYyalliil. 3aCTOCYBaHHS po3po0IeHOI MaTe-
MAaTUYHOI MOJIeJi MPOrHO3y 00’€MiB YTBOPEHHS Ta YTWJi3allii
BiIXONiB Haga€ HOBI MOXKJIMBOCTI JIJISl aHAJTi3y CUTYyaLlii Ta BITPO-
BaJKEHHs BUTTEPEIDKAIOUMX METOIIB TIOBOIKEHHSI 3 BiTXOMAMU.

KumouoBi ciioBa: npomucaosi eioxoou, eipnu100do6yera npo-
Mucaogicms, mamemamuune MOOeAO8AHHS, NPOSHO3YEAHHS,
YNpasainHs 8ioxo0amu

AHaIM3 ¥ MPOrHO3 MPOAYIIMPOBAHUS
U YTWIM3AIKMH NPOMBIILIEHHBIX 0TXOI0B
B YKpauHe

HU. B. [lepesozosa', I A. ITaépuui®, C. B. Koasdenko®,
H.IT. [Opuyi®, E. A. llanosan®

1 — HBaHO-PpaHKOBCKUIA HAIIMOHATbHBIA TEXHUYECKUI
yHUBepcUTeT HeTH 1 Ta3a, T. MiBaHo-PpaHKOBCK, YKpau-
Ha, e-mail: perevozova@ukr.net

2 — DKOHOMUKO-TEXHOJIOTUICCKUI MHCTUTYT UMeHU PoGep-
Ta DabBOpTH, I. KponuBHULKKI, YKpanHa

3 — BUHHUILKUI HALMOHAJIbHBINM arpapHblii YHUBEPCUTET,
r. BunHuua, YkpaunHa

4 — HauwmoHanpHast akagemMus HammoHanabHON T'Bapauu
VYkpaunbl, T. XapbKoB, YKpanHa

Heap. [TpoaHan3upoBaTh CUTYALIMIO C CO3AAHUEM, YTHU-
JM3alMeil 1 HaKOTUIEHHEM IPOMBIIIUIEHHBIX OTXOIOB, pa3-
paboTaTh MaTeMaTUIECKYIO MOJIENIb (POPMUPOBAHUS TTPOTHO-
30B M, TPUMEHUB 3TY MOJIE]Tb, BBISIBUTH OCHOBHBIC TPEH/IBI B
(opMUpOBaHMM U HAKOTUIEHUM OTXOIOB Ha TOCJEIYIOIINe
TOIBI, & TAKXKE MMEIOLIAECS YTPO3BI.

Metoauka. B HaydHBIX MCCIIeOBaHMSIX, TTPEICTABICH-
HBIX B 9TO# CTaTbhe, ObUIM IPUMEHEHBI O0IIIME U CITeIIhalb-
HbIe METOIBlI Mo3HaHUs. JIJIsT MCIOMb30BaHMS yKa3aHHBIX
METOJ0B ObLIO MPUMEHEH KOMIUIEKCHBIN moaxon. Kom-
IUIEKCHOE MCIOJIb30BAaHUE METOIOB PETYJSIPHOro HabJio-
NIeHUsI, CPAaBHUTEJILHOTO aHajIn3a, KOHTeHT-aHaIn3a, JIo-
TMYeCcKOro o0OOIIeHMsI, KOJUIECTBEHHOTO U KayeCTBEH-
HOTO CPaBHEHMUS MO3BOJIMIO HE TOJbKO OMPENEIUTh KPYT
oTpacJeii, KOTopble Aal0T OCHOBHOM BKJaa B hopMupoBa-
HUE UMEIOIIMNXCS 00bEMOB IMTPOMBIIIIJIEHHBIX OTXO/IOB, HO 1
N0Ka3aTh, YTO TJIABHBIM 3arpsi3HUTEJIEM SIBJISIETCS TOPHO-
IOObIBaKOIIAs MPOMBIILIEHHOCTh. KOMITIEKCHOE MCIOJb-
30BaHME METOIOB HAyYHOTO abCTparupoBaHWsSI U MaTeMa-
TUYECKOI (hopMalM3alliu MO3BOJMUIO HE TOJBKO CO31aTh
MaTeMaTUYeCKYI0 MOJesb it GOPMUPOBAHUS MTPOTHO30B
00BEMOB MPOMBIIIEHHBIX OTXOJ0B Ha CleAyIolue Mepro-
IIBI, HO Y YCUJINTh UX PEJIEBAHTHOCTD BBIICICHUEM «OKpa-
IIEHHOTO IIyMa» W MPOTHO3UMPOBATh TPEHIbI TMOCIEayI0-
LIMX JIET.

Pesyabratel. PesynbTaThl KOJIMYECTBEHHOrO U Kadye-
CTBEHHOTO aHajJn3a €XETOMHOTO HapallMBaHUSI OO0BEMOB
MPOMBIIIEHHBIX OTXOJ0B IO OTPAC/ISIM 10Ka3bIBalOT MOHO-
OTpacjieBoO¢ BIUSHUE Ha (POpMHUpPOBaHUE KPUBUCHOU CUTya-
. OOHapyXeHbl YIpO3bl MYJbTUILUIMKATUBHOTO €XErof-
HOTO YBEJIMYECHUSI 0O0bEMOB OTXOIOB, HAKOIJICHHBIX B T€Ue-
HME 9KCIUIyaTallud B CIELMAJIbHO OTBEIEHHBIX MecTax W
00BEKTaxX M €XeroIHOro HapacTaHus 0O0beMOB HaKaIlIdBa-
HUs oracHbIX mpoMbIilieHHbIX 0TXon0B [—III k1accoB. Co3-
JIaHHas MaTeMaThyecKast MOZAEJb ITO3BOJIMJIA TTPOBECTH TIPO-
THO3MPOBaHUE OOBEMOB 00pa30BaHUS M YTUIU3ALUMU TPO-
MBIIIUICHHBIX OTXOH0B. birarogapst aToMy majbHEIIIMM aHa-
JIMTUYECKUM MCCIIEOBAaHUEM YCTaHOBJIEHO, YTO 00BbEM 00-
pa30BaHHBIX OTXOIOB 3a IMOCJEIHWE TOABI B ABAALATh pas
OoJibllle oObeMa yTWIM3alMU. Takke OTMEYEeHO KaTacTpo-
(pmyeckoe yMeHBIIIEHUE TEMITOB YTUJIU3ALIUH OTTACHBIX OTXO-
JIOB U OTEPEXKAIOIIUIl pOCT 00IIMX 0O bEMOB HAKOTUIEHUS OT-
XOJIIOB.

Hayunas nosusHna. B pe3yibTare poBeIeHHOTO aHaIu3a
YCTaHOBJIEHO, UTO TPEHI TOCICTHMX JIET Ha yBEJIUYCHME
00bEMOB 00pa30BaHUsI OTXOMOB GopMmupyeTcsl Oiaromapsi
TIOOBIBAIOIICH TTPOMBIIIJIEHHOCTH M Pa3paboTKe KapbepoB.
YcTaHOBJIEHBI yTPO3bl (hOPMHUPOBAHUST KPU3UCHOTO ITOJIOXKE-
HUSI B pe3yibTaTe COKpAIIEHUsS OO0BEMOB YTWIM3ALUU
OTACHBIX OTXONOB W MYJbTUIUIMKAIIMOHHOM €XKEeTOTHOM
pocte o01iero oobemMa HaKOIJIEHHbIX OTXOH0B. B xoxe uc-
cjeoBaHUs pa3paboTaHa MaTeMaTU4ecKash MOJeb ISl aHa-
JIN3a TIPOMYLIMPOBAHUS W YTUJIM3ALIMU OTXOIOB U IMPOTHO3M-
pOBaHMSI X OOBEMOB.

IIpakTHyeckass 3HAYMMOCTb. Pe3ynbTaThl KOJIMYECTBEH-
HOTO UM KaYeCTBEHHOTO aHaJIM3a eXEerOMHOTO HapalluBaHUsI
00bEMOB MPOMBIIIIEHHBIX OTXO/IOB 10 OTPACIsIM JOKa3bIBa-
IOT MOHOOTpACJIeBOE BIMsSIHUE Ha (HOPMUPOBAHUE KPU3KC-
Hoit cutyauuu. [IpuMeHeHue pa3paboOTaHHON MaTeMaTUue-
CKOI1 MOJIeSTN IIPOTHO3a 00EMOB TTPOLYLIMPOBAHUS U YTYIIH-
3allMM OTXOMOB IIPENOCTABJSIET HOBbIE BO3MOXKHOCTH IS
aHaJn3a CUTYallud W BHEAPEHUs OTepeXalollnX MeTOI0B
o0pallleHUsI C OTXOIaMMU.

KioueBbie ciioBa: npomoiuinenHble 0mxodsl, 20pHO000bI8a -
H0Was NPOMbIULIEHHOCNb, MAMeMAmu4ecKoe Mo0eauposanue,
npocHo3Uposanue, ynpagaeHue 0mxooamu
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