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FINANCING OF ENVIRONMENTAL PROGRAMS FOR INDUSTRIAL WASTE
MANAGEMENT IN TIMES OF CRISIS

Purpose. To conduct an analysis of funding from state and regional budgets for environmental needs in general and itemized as
“waste management”, to identify correlations of data and to build on their basis a mathematical apparatus for forecasting the fi-
nancing of environmental needs in the event of a budget crisis.

Methodology. The results of the study were obtained using general and special methods of cognition. Methods of comparative
analysis, content analysis and logical generalization were used to analyze the financing of environmental needs in general as well as
waste management, in particular. Methods of quantitative and qualitative comparison were used to detect data correlation and
isolation from random effects on the resulting function of non-random components. Methods of scientific abstraction and math-
ematical formalization were used to form a mathematical apparatus for forecasting the financing of environmental needs in the
event of a budget crisis.

Findings. It is proposed to introduce a strategic systems approach to address pressing issues of environmental protection and
industrial waste management in the face of a shortage of financial resources both at the state level and at the regional level. The
mathematical apparatus has been formed for this purpose. The increasing relevance of the forecast was achieved by introducing an
original methodology. Trends and features of budget financing of ecological programs at the state and regional levels are revealed.
With a chronic lack of financial resources, there is a tendency of a steady increase in current costs of waste management. Pecu-
liarities of financing ecological needs from regional budgets are studied. It is stated that regional budgets are affected not only by
the risks inherent in national funding, but also by their own sets of risks.

Originality. The presence of correlated components in white noise of ARMA-models increased the relevance of forecasts of
financing environmental programs in the crisis. The practical reliability of the correlation between some components of white
noise and the integrated indicator of the level of economic security is established. It was found that the financing of environmental
programs from regional budgets is characterized by more uneven changes than in the case of state funding.

Practical value. Forecasts for the volume of industrial waste for disposal in specially designated places and the volume of capi-
tal investment and current costs of waste management have been developed. The possibilities of the mathematical model for the
formation of forecasts of future periods are tested. Forecasts for the following years and approximations of previous periods are
presented in a convenient analytical form to be used by specialists. Forecasting budget revenues for environmental needs allows
planning a phased solution to environmental problems and attracting the necessary external financial resources, increases the abil-
ity of public control of financial flows and access to the planned indicators of each of the environmental investment objects. In a

broader sense, it provides a tool for shaping the sphere of environmental protection as a single system.
Keywords: budget expenditures, industrial waste, modeling, forecasting, waste management

Introduction. The crisis situation with the generation, re-
cycling and accumulation of industrial waste in Ukraine was
declared at the governmental [1] and legislative levels (On
Waste: Law of Ukraine (1998). No. 187/98-BP), by the public
and the scientific community. According to the government
document [1] adopted in 2017, specific actions and restrictions
were proposed to reduce the accumulation of industrial waste
at designated landfills. In particular, the use of primary raw
materials had to be reduced by 30 %. Ukraine has also made
commitments to implement European norms and rules on
waste management (Directive 2008/98/EC of the European
Parliament and of the Council of 19 November 2008 on waste
and repealing certain Directives (2008)). Official Journal of the
European Union 312, 0003—0030). But the area of landfills for
waste accumulation is still increasing, including even unsorted
waste mixed with the waste of I-III hazard classes [2, 3].
Changing the forms of statistical accounting [4] in Ukraine
made it possible to obtain new data on the state of industrial
waste management. According to these reporting forms,
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419.2 million tons of industrial waste is generated annually in
Ukraine. 13.27 billion tons is in the places of accumulation.
But industrial waste has been accumulating in Ukraine since
the beginning of the industrial revolution, and the volume of
landfills of a significant number of enterprises that have closed
since then is not taken into account. But even without these
stocks, the state of waste management policy is threatening to
both the environment and the health of the population.
Literature review. Analysis of the use of the experience of
countries where the problem of waste management has been
solved, opportunities and ways to adapt the experience of de-
veloped countries, new research in this area are dealt with in
the works by Ukrainian scientists. An adaptive approach to the
use of world experience is given in the works by Petruk [5],
Melnyk [6], Voitsikhovska [7]. Golyan [8] pointed out the in-
stitutional prerequisites of investment support for the develop-
ment of production in combination with waste recycling under
the project approach to waste management. Technologies for
industrial waste management, the formation of efficient oper-
ation of landfills for its storage require sustainable and suffi-
cient funding. Approaches to the formation of rational finan-
cial management during the crisis, the characteristic conse-
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quence of which is the lack of financial resources, are analyzed
in detail in the works by Chugunov [9], Ivanova [10]. The in-
stability of the economy and, accordingly, budget investment
into environmental projects is exacerbated in Ukraine by eco-
nomic and social transformations, the institutional founda-
tions of financial regulation of the state which are studied by
Bondarenko [11]. Sokiran [12] studied the transformation of
budget policy in the crisis period. The works by foreign re-
searchers, Azzimonti [13] in particular, deal with this topic.
He studied aspects of public budgeting in the context of in-
creasing public debt and, consequently, increasing risks. Mac-
roeconomic features presented in [13], in particular income
inequality, are also characteristic of Ukraine. An approach to
the analysis of financial flows, some elements of which are
taken into account is also presented in [13, 14].

The purpose of the article is to analyze the financing of en-
vironmental needs in general and the budget item “waste man-
agement” from state and regional budgets, to identify data cor-
relations and form a mathematical apparatus for forecasting
the financing of environmental needs in the conditions of a
budget crisis.

Methods. The results of the study were obtained using gen-
eral and special methods of knowledge. Methods of compara-
tive analysis, content analysis, logical generalization were used
to analyze the financing of environmental needs in general and
according to the budget item “waste management”. The
method of quantitative and qualitative comparison was used to
identify the correlation of data and isolation from random ef-
fects on the resulting function of non-random components.
Methods of scientific abstraction and mathematical formaliza-
tion were used to create a mathematical apparatus for forecast-
ing the financing of environmental needs in the conditions of a
budget crisis.

Results. Research on financing of ecological needs in general
and on waste management using the methods of comparative
analysis, content analysis, logical generalization. The complex-
ity of the environmental situation in the sphere of generation,
recycling and accumulation of industrial waste leads to the in-
tensification of state institutions and regional authorities in
this area. There is, despite the unevenness of this process, a
tendency to increase funding for environmental activities. But
the financial instruments involved do not lead to strategic
changes in the sphere of environmental protection and reduc-
tion of the load on waste storage facilities. The reason for this,
in our opinion, is the following: for the existence of an appro-
priate regulatory framework, there is a lack of system in the
implementation of long-term environmental plans; lack of
necessary financial resources from central and local authori-
ties for the implementation of strategic environmental proj-
ects; control over the use of allocated financial resources is not
effective; insufficient development of public environmental
awareness, which causes an insufficient level of public control
over the effective spending of money to solve the problem of
industrial waste management.

According to budget reports, national capital investments
in environmental protection for all types of environmental

measures in 2019 amounted to $580.4 million. Of these,
$205.4 million, i.e. 35.3 % of the total, was invested in waste
management. As the analysis shows, capital investments do
not come in evenly from year to year and their distribution by
types of environmental measures is also extremely uneven.
This is evidence of the difficulties in shaping the strategic pol-
icy of environmental budgeting and limitation of financial re-
sources. The funds, as shown by the analysis of statistical in-
formation [4], are mainly allocated through the operational
financing of the most pressing needs of environmental protec-
tion. The analysis of financing of environmental programs
from municipal, local and regional budgets indicated some
differences from similar budgeting from the state budget. Ac-
cording to the budgets of the regions, capital investments in
environmental protection are even more uneven from year to
year than at the state level (Fig. 1) [4]. Despite a certain in-
crease in capital investment in 2019 compared to previous
years, in some regions, such as Dnipropetrovsk region, where
the main industrial production is concentrated, and this, in
turn, increases waste in these regions, there is even a reduction
in capital investment for waste treatment (2019 to 2018). The
summary data of capital investments in environmental protec-
tion according to regional budgets are given in Fig. 2. The
analysis indicates significant fluctuations of these indicators
from year to year, taking into account changes in the national
currency, which indicates, in particular, the state of regional
budgets. Fluctuations, as seen in Fig. 2 in relation to the ap-
proximation dependence y =2 - 10° . €142 are significant and
reach up to 40 %. The trend line here and below is indicated in
black.

Investment in waste management also fluctuates signifi-
cantly from year to year. These fluctuations reach 50 % or more.
However, the positive thing about solving the problem of waste
is that the rate of increase in annual costs on the item “waste
management” has a general tendency to increase (Fig. 2) [4].
Effective spending of financial resources, the formation of real-
istic plans to address environmental problems in the face of
budget deficits at all levels, required the creation of a tool for
forecasting cash inflows. The result of forecasting for the pur-
pose of convenient use by practitioners with different levels of
training was presented in the form of analytical equations.

Using the method of quantitative and qualitative comparison
to identify the correlation of data and isolation from random ef-
fects on the resulting function of non-random components. Since
Ukraine has developed legislation on forecasting, in particu-
lar, the Law of Ukraine “On State Forecasting and Develop-
ment of Economic and Social Development of Ukraine” (On
State Forecasting and Elaboration of Ukraine’s Economic and
Social Development Programs: Law of Ukraine on March 23,
2000, No. 1602-11T) and the recommendations of the Nation-
al Bank of Ukraine on “coordination of methods and forms of
forecasting macroeconomic and social development of
Ukraine, and also monetary policy” [15], the formation of the
mathematical apparatus must meet them. Then the results of
the forecast can be used by state and regional structures re-
sponsible for budgeting waste management projects.
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Fig. 1. Comparative analysis of capital investment in environmental protection by region, thousand US dollars
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from regional budgets, thousand US dollars

As it is known, the autoregressive model AR (p) can be
analytically formalized as follows

P
yr = Zai y‘r—i +8‘r’
i=1

where y is the forecast parameter; t is the corresponding peri-
od of time; i = 1, 2, 3,...; p is the index of the time interval; €,
is the component that is defined as random and indicates the
presence of so-called “white noise”.

In cases related to the financing of environmental protec-
tion costs in general and according to the item “waste manage-
ment”, it is established that the value of ¢, can be considered as

q k
g =g+ 28:4 + Zs’j‘.,
i=1 Jj=1
where is random variables that depend on the components of
“white noise”; ¢ is the total number of such components; is
components that correlate with the budget deficit, their num-
ber, and their index, respectively, is denoted asj=1, 2, 3, ..., k.

It is established that not all components ¢, are random in
the full sense of this definition. According to the results of the
analysis, there is a correlation between the country’s budget
deficit, the threat of its sequestration and planning, and,
moreover, the allocation of planned budgets for environmental
protection, waste recycling, and others. But multidimensional
correlation on many indicators is too complex, so the correla-
tion on the integrated indicator was used (Fig. 3). The exis-
tence of such a correlation is explained by the fact that such
expenditures are often considered non-priority and are subject
to reduction in the absence of financial resources for other

budget items. When €] is really a random component, it is de-
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Fig. 3. Integrated indicator of the level of economic security

termined by unknown parameters — the variance of Gz, and p
coefficients. That part of the j components that cleatly cor-
relates with the budget forecast, its correction and the proba-
bility of sequestration is determined in accordance with the
parameters, many of which are known, and the unknown part
is adjusted in accordance with expert assessments of the im-
pact of budgetary risks. That is, the presence of so-called “cor-
related noise” and its patterns are established. Data processing
has also been found to generate certain types of “correlated
noise”. Such noise occurs, for example, when the input statis-
tical information is provided not in the national currency, but
in USA dollars because the exchange rate had significant
abrupt changes, in particular, 1.49 times in the year 2014 to
2013, 1.84 times in 2015 to 2013. The presence of each type of
“correlated noise” should be taken into account when making
forecasts. According to the estimates of the impact of budget-
ary risks and the calculations, the ratio between the compo-
nents g, is determined

q k
ety e S Y E).

i=1 j=1
As it is known, the stationarity of ARMA models, which
are a combination of AR and MA models, and, accordingly,
ARMA (p, q) processes described by these models, is deter-
mined only by the AR segment. Therefore, in the transition to
the formulation of the model, which should be used in fore-
casting indicators of future periods, we must take into account

the peculiarities we have identified a; and then ARMA —
model will be formed as follows

4 q k
— * * *
V.= Zal. Vo ter+ qu g+ Z‘C‘f’
i=1 i=1 Jj=1

where b, is coefficients at the corresponding €, ;.
Implementation of ARMA models followed the well-
known Box-Jenkins algorithm: identification, parameter esti-
mation, diagnostics, forecasting. The approach of forecasting
was formalized, because its accuracy reached the accuracy of
the conditional forecast of the use of such models, which is

usually higher. For the calculations of aj. “Information on fis-
cal risks and their impact on the state budget in 2020 [16],
“Methods for calculating the level of economic security of
Ukraine” (Ministry of Economic Development and Trade of
Ukraine (2013)). On approval of Methodical recommenda-
tions for calculating the level of economic security of Ukraine:
Order of 29.10.2013, No. 1277 and forecast data of the Minis-
try of Finance (Ministry of Finance of Ukraine (2010). On ap-
proval of the Regulation on public debt risk management: Or-
der of June 16, 2010, No. 46 were used. The data given in [17,
18] were also used. According to the calculations, a significant
level of correlation was established between the integrated in-
dicators of the level of economic security (0.65), the fiscal load
factor of the budget (0.68), the capitalization ratio of budget
expenditures (0.76) and €. Also, a significant level of reli-
ability (0.84) was found between the budget deficit and expen-
ditures on environmental protection and, in particular, expen-
ditures on waste management. This dependence was formal-
ized analytically

S§=-0.38D2+1.89D,

where S is the ratio of capital expenditures according to the
budget item “Environmental Protection” to gross domestic
product; D is the ratio of budget deficit to gross domestic prod-
uct.

The research allowed establishing the practical reliability of
the correlation between e’} and the integral indicator of the
level of economic security of Ukraine, which was also studied
in [16, 19]. The calculations proved the reliability level of the
dependence €] and the integrated indicator of the level of eco-
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nomic security 0.92. This allowed us to predict ¢* with a high
degree of reliability. Graphic representation of the calculated
and statistical data and the forecast of the integrated indicator
of the level of economic security are shown in Fig. 3 [4, 16].

To approximate and forecast the integrated indicator of
the level of economic security, we selected the latest most sta-
ble period (Fig. 3) of 2014—2019. The polynomial equation for
calculating the predicted values of the integrated indicator of
the level of economic security has the form

y=2-107% - 0.0001x% + 0.0023x + 0.1486.

This allowed making predictions and forming polynomial
equations for use in analytical studies on environmental budget-
ing and relevant practical tasks, in particular, the planning of
measures and projects for environmental protection (Fig. 4) [4].

The nature of changes in the integrated indicator since
2006 indicates significant fluctuations — 50 % or more. This
reduces the relevance of the forecast and confirms the thesis of
the dual risks of environmental budgeting from regional and
municipal budgets. The resulting polynomial equation (Fig. 5)
[4] is

y=-4791.5x* + 148 193x> — 360 704x + 3 - 10°.

The results of analytical research using the methods of scien-
tific abstraction and mathematical formalization. In contrast to
significant fluctuations in capital investment in environmental
protection from state and regional budgets, taking into ac-
count changes in the exchange rate of the national currency to
the US dollar current spending on environmental protection
by region is characterized by much smaller fluctuations from
year to year (Fig. 5). This is due to the fact that differences in
the types of current environmental expenditures in the regions
are much smaller than in the country as a whole. For example,
the current costs of maintaining the smooth operation of waste
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Fig. 4 Forecast of total capital investments for environmental
protection by regions in actual prices; thousand US dollars
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Fig. 5. Current costs of environmental protection in Ukraine in
actual prices; thousand US dollars

disposal sites are inevitable, their specific values fluctuate
slightly and they are projected to increase with increasing
waste both from year to year and with increasing total accumu-
lated waste [20, 21].

Fig. 5 shows the results of analysis and forecasting of cur-
rent environmental expenditures by region. According to the
results of the analysis, this type of costs, taking into account
changes in the exchange rate of the national currency to dollar
US, is not characterized by significant fluctuations because
current costs are necessary, which ensures a certain stability of
their changes over the years.

The analytical equation that allows calculating the forecast
data is

¥y =-25.8x>+1709.8x* — 39 421x* + 434 037x* — 1 041 763x +
+401 214.

The study on the stability and almost linear nature of the
trend of current environmental expenditures by type of
“waste management” from the state budget (Fig. 6) [4] is ex-
plained, unfortunately, not by positive changes in operational
funding, in particular, maintenance of waste storage but the
steady increase in waste. Data on the amount of waste sent for
storage (Fig. 6) correlate with a high degree of reliability with
current expenditures (Fig. 7) [4] on environmental protection
by type of “waste management” (0.87) for the period 2015—
2019.

The equation for forecasting the current costs of waste
management is as follows

¥ =6537.3x° — 94 485x* + 443 532x° — 620 734x* +
+760 738x — 614 925.

Forecasting the amount of waste to be disposed of in spe-
cially designated areas for the period 2010—2021 indicates the

5000

4000 —

3000

2000

1000

Current expenses, thousand $

Current expenses forecast
1 I 1

2016 2017 2018 2019 2020 2021
Years

Fig. 6. Forecast of current expenditures from the state budget for
environmental protection by type of “waste management”
in actual prices; thousand US dollars)
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interval of some stabilization of this indicator. Stabilization
and slow, continuous growth of waste for disposal at storage
sites begins in 2015 (Fig. 7). The equation for forecasting and
approximating data on the amount of waste to be disposed of
in specially designated areas has the following form

y=121.5x3+256.78x> — 35 878x + 372 161.

The situation with the growth of waste is significantly com-
plicated by the fact that, firstly, there is a significant proportion
of hazardous waste (so-called waste of [-I1I hazard classes) in
the amount of waste delivered to its storage sites, and secondly,
the practice often exists not to separate hazardous waste and
waste of hazard class IV according to the place of its storage
and accumulation.

This has a significant set of negative consequences, includ-
ing the financing of environmental programs and the manage-
ment of such waste.

The reason for the increase in the volume of accumulated
waste of I—III hazard classes (up to ~ 1 % of the annual vol-
ume) is the mismatch of the capacity of the existing techno-
logical equipment intended for utilization or incineration of
hazardous waste. According to the State Statistics Service [4]
for 2019, the volume of utilized hazardous waste is only 2 % of
the total amount of waste accumulated during operation in
specially designated places and facilities. And the share of in-
cinerated waste from this amount is even less — only 0.086 %.
The volume of hazardous waste incineration has decreased by
more than 1.5 times since 2010, and the volume of utilization
has decreased by ~2.5 times. Today, the number of existing
facilities in Ukraine for waste management of all types, includ-
ing household, is only 1023 units. From them: installations for
waste incineration for the purpose of receiving energy —
520 units; for waste incineration for the purpose of thermal
processing of waste — 117 units; for utilization (processing) of
waste — 320 units, specialized installations for waste of 1—III
hazard classes only — 58 units [4].

This indicates that the issue of hazardous waste manage-
ment is extremely critical.

At the same time, the formation of a mixture of waste of
hazard classes [—III and hazard class IV in the volume of ac-
cumulated waste limits the possibility of further use of rela-
tively safe waste as a secondary raw material, the so-called
“artificial minerals”, and the disposal of hazardous compo-
nent of this mixture must be preceded by its separation.

This requires significant additional budget funds for waste
separation and significantly reduces the potential profits from
the use of artificial minerals. The number of investors willing
to finance programs to use it reduces accordingly.

Reducing the budgeting of hazardous waste management
can lead to the accumulation of much more threatening envi-
ronmental, political, image consequences for the regions and
the country than the problem of accumulation of industrial
waste of IV hazard class.

Therefore, the reduction of current expenditures on envi-
ronmental protection by type of “waste management of I—III
hazard classes” and capital investments under this budget item
is limited, especially for regional budgets, where the influence
of civil society on decision-making in this field is more sensi-
tive for local authorities.

The current costs of environmental protection by type of
“waste management” from 2000 to 2019 are presented in
Fig. 8. Comparison of Fig. 5. and Fig. 8. indicates the similar-
ity of the change in the indicators. This is due to the signifi-
cant share of current costs of “waste management” in total
costs.

To approximate the data on the current costs of waste
management for the period of 2000—2019, an equation is ob-
tained

¥ =29.437x% — 1469.7x* + 26 068x> — 170 484x> +
+ 547 337x — 208 097.
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Fig. 8. Current expenditures for environmental protection by
type of “waste management” for the period of 2000—2019
in actual prices; thousand US dollars

The conducted calculations and their analysis indicate that
the volume of financing of environmental expenditures, capi-
tal investments, despite certain fluctuations, which are charac-
teristic of the budget process in conditions of financial deficit,
have a tendency to increase in the long run. It is also notewor-
thy that the current costs of waste management are less volatile
and more stable. This, in our opinion, is largely due to the im-
portance and growth of the problem of accumulation of indus-
trial waste. A change in the situation can be achieved by strate-
gic planning of introducing facilities meant to reduce the
amount of waste that is directed for further storage.

The conducted research allows indicating that the forma-
tion of financial flows for environmental protection should be
carried out according to a systematic approach. This is possi-
ble only with: system strategic planning in this sphere; ensur-
ing transparency and control of all stages of the budget pro-
cess — from the allocation of money, use of financial resources
to obtaining the planned environmental and economic effects;
synthesis of the budget process from forecasting to obtaining
the final result; creation of a motivation basis for environmen-
tal protection by civil society.

Conclusions. To address the urgent issues of environmental
protection in the face of a shortage of financial resources, it is
proposed to introduce a strategic systemic approach both at
the national level and at the regional level. An essential ele-
ment of this approach is the availability of a mathematical ap-
paratus for forecasting budget investments, current environ-
mental costs and predicting the amount of industrial waste.
Such a mathematical model was created and adapted to per-
form the tasks. Forecasting budget processes and financial
flows for specific types of environmental measures, in particu-
lar, waste management provides an opportunity to predict the
situation with the priority areas of environmental protection.
Analytical dependences, presented in the form of polynomial
equations on budgeting of ecological measures are formed.
Trends and features of budget financing of ecological pro-
grams, in particular, industrial waste management, at the state
and regional levels are revealed. The nonlinear nature of cur-
rent costs and capital investments is indicated as well as the
dependence of budgeting of environmental programs on the
general level of economic security and the threat of lack of fi-
nancial resources for other budget programs. It was found
that, despite the chronic shortage of financial resources, there
is a steady increase in current costs of waste management. This
is not due to positive changes in the operational financing of
maintenance of industrial waste storage sites, but the steady
increase in their volume. According to the analysis of budget
financing of environmental needs from regional budgets, it was
found that they are characterized by more uneven changes
than in the case of public funding as regional budgets have, in
addition to the risks of national funding, additional risks char-
acteristic of them. The analysis of the presented results al-
lowed us to reveal the tendencies of the studied processes and
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to point out the ways of solving the problems with the financ-
ing of environmental protection in the conditions of the bud-
get deficit. In the context of increasing risks of imbalances in
regional environmental budgets in general, and the more criti-
cal and region-specific problem of waste accumulation with
limited capacity to allocate additional areas for it, this ap-
proach provides an opportunity to assess the financial resourc-
es needed to address the most threatening problems and at-
tract investors provided there are forecasts on the amount of
funding, financial plans and guarantees to achieve results. Ad-
ditional opportunities open up for both regional and state in-
stitutions to create a pool of assets if financial stability to solve
environmental problems in the strategic perspective is provid-
ed. The conducted study indicates not only the ability to re-
spond quickly to the growing environmental problems, but
also the ability to finance and realize long-term goals. In a
broader sense, it provides a tool for shaping the environmental
sector as a single system.
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Mera. [1poBectu aHani3 hiHAHCYBaHHS 3 IEPXKABHOTO I
perioHaJlbHUX OIOKETIB €KOJIOTIYHUX MOTPed Y 1iJoMy Ta 3a
CTaTTel0 OI0/KETY «TTOBOIKEHHS 3 BiTxomamu». BusiButu ko-
pensuii JaHux i Ha iX OCHOBi MOOyayBaTH MaTeMaTUYHMI
arnapaT TporHo3dy ¢iHaHCYBaHHSI €KOJIOTIYHUX IOoTped 3a
YMOB OIOIKETHOI KPU3H.

Metoauka. Pe3ynbTaTu QOCHTIIXEHHSI OTPUMAaHI MpU 3a-
CTOCYBaHHI 3araJibHUX i crieliaJlbHUX METO/IB Mmi3HaHHs. JL1st
aHaizy (piHaHCYBaHHS €KOJIOTIUHUX MOTPeO y LIiJIOMY Ta To-
BOJIKEHHS 3 BiIXOJAaMM 30KpeMa BUKOPUCTaHi METOAM MO-
PIBHSUTLHOTO aHaJli3y, KOHTEHT-aHali3y, JIOTIYHOTO y3arajib-
HeHHs. MeToj KiJIbKiCHOTO Ta SIKiCHOTO MOPiBHSIHHSI BUKO-
PUCTAHO IS BUSIBJICHHST KOPEJISIIii TaHWX | BUOKPEMJIEHHS 3
BUIIAJKOBMX BIUIMBIB Ha pe3yJibTyouy (hyHKIIiI0 HEBUMAIKO-
BUX KOMITOHEHT. [Iyi1 moOymoBM MaTeMaTUYHOTO amapaty
MpOorHo3y (biHaHCYBaHHS €KOJIOTIYHUX MOTped 32 YMOB 010-
TKETHOI KPU3M BUKOPUCTAHI METOIM HAayKOBOTO abCcTpary-
BaHHSI 1 MaTeMaTUYHOI (hopMaJtizaliii.

PesympraTi. 3amnpomoHOBaHO 3ampoBaIXEHHST CTpare-
TiYHOTO CMCTEMHOTO ITiIXOMY JIsT BUPillIeHHSI HaraJbHUX ITH-
TaHb 3aXUCTY NOBKUUIS 1 TIOBOMXEHHSI i3 MPOMUCIOBUMU
BiIxonaMu B ymoBax nediliuTy ¢hiHaHCOBUX pECypCiB SIK Ha
PiBHi aepXkaBM, Tak i Ha piBHi perioHis. st iboro chopmo-
BaHO MaTeMaTuyHuii amapat. [TinBullleHHS pejieBaHTHOCTI
MPOTHO3Y AOCSTHYTO BMPOBAIXKEHHSIM OPUTiHATBHOI METO-
IUKU. BusiBiieHi TeHIeH11i1 Ta 0cOOIMBOCTI O10IKETHOTO (i~
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HaAHCYBaHHSI €KOJIOTIYHMX TTPOTrpaM Ha Jep>KaBHOMY i perio-
HaJIbHUX PiBHSIX. 32 XpOHiIUHOI HecTaui (hiHAaHCOBUX PeCypCiB
BUSIBJIEHA TEHICHLISI A0 CTabiIbHOTO 3POCTaHHSI MOTOYHUX
BUTpaT Ha MOBOKEHHS i3 Bimxomamu. ociimkeHi ocobm-
BOCTi (piHAaHCYBaHHSI €KOJIOTIUHUX IOTPeO i3 perioHaaIbHUX
OromxeTiB. BkazaHo, 110 Ha perioHaJIbHi OIOXETU BILIMBA-
IOTb OKpiM PU3MKIB, BJIACTUBUX JUISI 3arajbHOIEPKABHOIO
(iHaHCYBaHH4, 11Ie€ BJIaCHi HA0OpU PUBUKIB.

HaykoBa HoBu3HA. BusiBieHa HasiBHICTb KOPEIbOBAHUX
KOMIIOHEHT y 6itomy miymi ARMA-moneneit, o nigBuimaio
peJeBaHTHICTh MPOrHO3iB (PiHAHCYBaHHSI €KOJIOTIYHUX MPO-
rpaM B yMOBax Kpu3u. BcTaHOBIeHa MpakTWYHA TOCTOBIp-
HIiCTb KOpeJsiii MixX IeSIKUMU KOMIIOHEHTaMU OiJIoro 1ymy
Ta iHTerpajJbHUM TMOKAa3HUKOM PiBHSI EKOHOMIUHOI Oe3MeKu.
BusiBiieno, 1o ajst ¢piHaHCYBaHHSI €KOJIOTIYHMX TTporpaM i3
perioHabHUX OMOIXETIB XapaKTepHi Oulbll HEPiBHOMIpHI
3MiHU, HiX Yy BUMIAAKY AeP>KaBHOTO (piHaHCYBaHHSI.

IIpakTiyna 3Hauumicts. Po3po6iieHi nporHosu mono 06-
CATiB TPOMUCIIOBUX BiIXOAiB [UISI BUNAJEHHS Y CIeLialbHO
BiBeIeHI MicClIsl Ta OOCSTIB KaIliTaIbHUX iHBECTHUILiH i TOTOY-
HUX BUTpAT Ha TIOBOKEHHs 3 BiaxomaMu. BurpoOysaHi
MOXJTMBOCTI MaTeMaTUYHOI MOeNi st POpMyBaHHS TPO-
THO3iB MaiiOyTHix repioAiB. [y BukopuctaHHs axiBLSIMU
MPOTHO3U JUIsI HACTYIMHUX POKIB 1 ampoKcHMMallii MUHYJIUX
nepiofiiB MpeJCTaBleHi y 3pyYHOMY aHAJIITUYHOMY BUIJISII.
ITporHo3yBaHHS OI0XKETHUX HAIXOIXKEHb HAa €KOJIOTIUHi Mo-
TpeOU N03BOJISIE TUIAHYBATH MOETAaTHE BUPILIEHHS MpobsieM
OXOPOHM TOBKIJUISA, TOJy4aTH HEOOXiMHI CTOpOHHI (hiHaHCO-
Bi pecypcu, 30ibIIyE MOXIIMBOCTI TPOMaIChKOTO KOHTPOJTIO
(iHaHCOBUX IOTOKIB i BUXOMY Ha 3arulaHOBaHI MOKAXKYUKKA
KOKHOTO 3 00’€KTiB iHBeCTYBaHHSI. Y OiJIbIII IIMPOKOMY IlJIa-
Hi 1Ie Ha/la€e iHCTPYMEHT [Ist hOPMYBAHHS TaTy3i 3aXHUCTY J10-
BKUJUIS SIK €TMHOI CUCTEMU.

KimouoBi cioBa: 6r0dxicemui eumpamu, npomucaosi 8ioxo-
du, M00ea8ants, NPOSHO3YBAHHS, YNPABAIHHA 8I0X00aMU

DuHaHCUPOBaHNE IKOJOTMYECKHX TPOrpaMm
oOpameHusi ¢ MPOMBIILIEHHBIMU OTXOJAMH
B YCJIOBUSIX KpHU3HCA
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1 — MexXpernoHaibHast akageMUsl YITPaBJICHUS IIEPCOHAIOM,
r. Kues, YkpauHa; e-mail: rvps1973@gmail.com
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eas. [TpoBecTn aHanu3 ¢ruHAHCUPOBAHUS U3 rocyaap-
CTBEHHOTO U PETMOHAIBHBIX OIOIKETOB SKOJIOTMYECKHUX 10~
TPEOHOCTE B LIEJIOM U MO CTaThe «0OpalleHNe C OTXOIAMMU».
BbIsIBUTH KOPpEISLMKY JAHHBIX M Ha UX OCHOBE ITOCTPOMUTH
MaTeMaTU4eCKUil armapaT TIporHo3a (QUHAHCUPOBAHUS
9KOJIOTUYECKUX ITOTPEOHOCTEl B YCIOBUSIX OIOIKETHOTO
Kpu3uca.

Metoauka. PesynabTaThl McCliefOBaHUS TOTYYEHBI MPU-
MEHEHUEM OOIINX U CIICIIMaIbHBIX METONIOB Mo3HaHus. s
aHaju3a (PMHAHCUPOBAHUS SKOJOTUYECKUX TTOTPEOHOCTEM B
1IeJIOM ¥ Ha oOpalieHne ¢ OTX0IaMHU B YaCTHOCTH UCITOTb30-
BaHbI METOJbI CPABHUTEIBLHOIO aHAIN3a, KOHTEHT-aHalu3a,
Jloruyeckoro o6001eHrss. MeToabl KOJTUYeCTBEHHOIO U Ka-
YECTBEHHOTO CpaBHEHUSI MCIIOJIb30BaHbl ISl BBISIBACHMS
KOPPEJISIIIMY JTaHHBIX W BBIACJICHUS U3 CIYIaiHBIX BO3IEI-
CTBUI1 Ha pPe3yJbTUPYIOIIYIO (DYHKINIO HECTyYaiiHbIX KOM-
IMOHEHT. [IJ1s1 MOCTpOeHUsT MaTeMaTUIECKOTro aIrnapara rmpo-
rHo3a (PMHAHCUPOBAHUS SKOJOTMUYECKUX HYXKI B YCIOBMSIX
OIOIKETHOTO KPM3KCa UCTIOJIb30BaHbI METOIBI HAYYHOTO a0-
CTparvpoBaHMS U MaTeMaTUUECKOl (hopMaIu3aluu.

Pesyabrarel. [IpeniokeHO BBeIGHUE CTPATETMYECKOTO
CHCTEMHOTO TMOAX0a JJIsS PelleHUs] HEOTIOXKHbBIX BOIIPOCOB
3aIIUTBI OKPYKAIOIIEH cpeabl U 0OpaIleHNs C IIPOMBIIILICH-
HBIMM OTXOJAMU B YCJIOBUSIX NerLIMTa (PUHAHCOBBIX pECyp-
COB KaK Ha ypOBHE IrOCyIapcTBa, TaK U Ha YPOBHE PETUOHOB.
st aTOro cchopMupoBaH MaTeMaTuueckuii anmnapar. [ToBbI-
IIEHWE PEJIEBAHTHOCTU MPOrHO3a JTOCTUTHYTO BHEAPEHUEM
OPUTMHAJIbHON METONUKHU. BBISIBIEHBI TEHASHLIMU U OCOOEH-
HOCTHU OIOIKETHOTO (DMHAHCUPOBAHUS SKOJOTMUECKUX TTPO-
IrpaMM Ha rocyIapCTBEHHOM M PErMOHAIbHBIX ypOBHSIX. [1pu
XPOHMYECKOM HeJIoCTaTKe (DMHAHCOBBIX PECYPCOB BBISIBJICHA
TEHIEHIIMS K CTAOUJIbHOMY POCTY TEKYIIUX PACXOJ0B Ha 00-
pameHue ¢ otxogamu. MccienoBaHbl 0COOEHHOCTH (PUHAH-
CUPOBAaHUSI DKOJIOTMYECKUX TMOTPEOHOCTE! M3 peruoHasib-
HBIX OIOMKETOB. YKa3aHO, YTO Ha PeTHOHAJIbHbBIC OOIKETHI
BJIUSTIOT KPOME PUCKOB, TIPUCYIINX OOIIEroCyIapCTBEHHOMY
(bmHaHCHUpPOBaHMIO, €Ille U COOCTBEHHBIE HAOOPHI PHUCKOB.

Hayynas noBu3Ha. BbisiBjieHUEe KOppeIMpPOBaHHBIX KOM-
MOHEeHT B Oejiom 1myme ARMA-Mozeneii ToBBICUIO peie-
BAaHTHOCTh TIPOTHO30B (DPMHAHCUPOBAHUSI SKOJOTMUECKUX
MpOrpaMM B YCJIOBHSIX KpU3HCa. Y CTaHOBJICHA IIPaKTUYECKasT
JIOCTOBEPHOCTh KOPPEJSIIUA MEXIYy HEKOTOPBIMU KOMITO-
HeHTaMu 0eJI0oTo IIyMa M MHTEeTPaJbHbIM ITOKa3aTeIeM YPOB-
HsI 9KOHOMUYECKOii 6e3omacHoCcTH. BoIssBiieHO, UTo ISt hr-
HaHCHUPOBAHUS 9KOJOTUIECKUX ITPOTPAMM U3 PETUOHATBHBIX
GIOIKETOB XapaKTepHbI OoJiee HepaBHOMEPHBIC U3MEHEHNS],
YyeM B cllydae rocya1apcTBeHHOTo (DMHAHCUPOBAHUSI.

IIpakTuyeckas 3HAYMMOCTb. Pa3paboTaHbl MPOTHO3BI OT-
HOCHUTEJIbHO 00bEMOB MTPOMBIIIIJIEHHBIX OTXOIOB JIJIs1 yaaje-
HMS B CTIEIIUAIBHO OTBEIEHHBIE MECTa M 00 EeMOB KAl Tab-
HBIX MHBECTULIMI U TEKYIIUX PACXOI0B Ha oOpallleHUe ¢ OT-
xonaMu. McribITaHbl BOBMOXKHOCTH MaTeMaTHYeCKON Mofe-
Jm 111 GOPMUPOBAHMS IIPOTHO30B OYAYIIMX nepruoaoB. s
WCITOJIH30BAHUS CTIEIIMAIMCTAMU TIPOTHO3BI TSI TTOCIIEIyI0-
LIMX JIET ¥ alfpoOKCUMAIMK TTPOILIBIX TIEPUOIOB MPEACTaB-
JIEHBI B YIOOHOM aHAJIMTUYeCKOM BUIe. [IporHo3upoBaHme
OIOKETHBIX TOCTYIJICHUM Ha 3KOJOTMYecKHUe HYXIbI TMOo-
3BOJISIET TUIAHMPOBATh MOSTAITHOE PellleHre TTpodJIeM oxpa-
Hbl OKpPYXXalollleil cpeabl, MpUBJIEKAaTh HEOOXOAMMBIE CTO-
pOHHUE (PUHAHCOBBIC PECYPCHI, YBEIUUMBACT BO3MOXHOCTH
00111eCTBEHHOT'O KOHTPOJIsI (PMHAHCOBBIX MTOTOKOB U BbIXO/A
Ha 3aIlJIJaHMPOBAaHHBIC TIOKA3aTeIM KaXIOro U3 OOBEKTOB
MHBECTUpOBaHUs. B Gosee IMpPOKOM IJIaHe 3TO MpeaocTaB-
JISET WHCTPYMEHT IS (OPMUPOBAHMS OOJACTH 3alUTHI
OKpYyKalollel cpebl KakK eIMHON CUCTEMBI.

KimoueBsie cioBa: 6r0dxicemusie pacxodvl, npoMbiuLAeHHbIE
0mxo0bl, MOOeauposaHue, nPoeHO3UPOBAHUe, YNpAsieHUue Om-
xooamu
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