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Abstract. Th e article analyzes the revenue and expenditure part of the budget of Ukraine, assesses their dynamics 
based on the use of basic and chain indexes, and it is established that the dynamics of the budget is nonlinear with 
a nonsmooth character — alternatively, it increases, then decreases. To analyze the effi  ciency of budgeting, the 
income expense ratio has been calculated and imbalances have been identifi ed. Th e author's concept of forecasting of 
budgeting effi  ciency in Ukraine is proposed on the basis of fractal analysis and determination of the type of dynamics, 
the method of organization of the process and integration of the totality of mathematical methods of forecasting with 
the help of moving average, exponentially smoothed simple average, growth rates taking into account seasonality and 
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Анотація. Розглянуто основні економічні показники бюджету України, проаналізовано дохідну і витратну 
частини бюджету та оцінено їхню динаміку на основі використання базисних і ланцюгових індексів. У резуль-
таті дослідження встановлено, що динаміка бюджету є нелінійною з негладким характером — поперемінно то 
зростає, то спадає. Особливістю динаміки є зростання амплітуди коливань, зменшення періодів стабільності 
та значна незбалансованість показників у вересні та грудні. Наявність хаотичних змін дохідної частини бю-
джету впливає на стабільність фінансування витратної частини бюджету, що породжує дисбаланси бюджетної

1 Статтю підготовлено в рамках НДР «Теорія та методологія трансформаційних процесів у фінансовому секторі країни» (номер 
державної реєстрації 0117U002441), що виконується за рахунок видатків із загального фонду держбюджету.
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політики. Для аналізу ефективності бюджетування розраховано коефіцієнт покриття видатків доходами, 
який підтверджує наявність дисбалансів. Оскільки економіка України перебуває під впливом глобалізацій-
них, інтеграційних і трансформаційних процесів, а її динаміка є нелінійною, мінливою за поведінкою і струк-
турою, тому прогнозування методами за незмінних умов буде некоректним. Для врахування як зовнішніх, 
так і внутрішніх джерел змін бюджету запропоновано авторську концепцію прогнозування ефективності бю-
джетування в Україні на основі інтегрування методів фрактального аналізу, що дає можливість визначення 
типу динаміки і способу організації процесу, та сукупності математичних методів прогнозування за допо-
могою ковзної середньої, експоненційно згладженої простої середньої, темпів зростання з урахуванням се-
зонності, а також уточненням і врахуванням впливу навколишнього середовища за допомогою математичної 
теорії ігор, а саме  використання критерію Гурвіца. На основі фрактального аналізу виявлено персистентність 
досліджуваного ряду динаміки і зроблено прогнози з урахуванням нестабільності наповнення і розподілу 
бюджету України в умовах трансформаційних змін.
Ключові слова: бюджет України, коефіцієнт ефективності бюджетування, фрактальний аналіз, інтегруван-
ня методів, ковзна середня, темпи зростання, критерій Гурвіца.
Формул: 6; рис.: 2; табл.: 7; бібл.: 11.
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Аннотация. Проанализированы доходная и расходная части бюджета Украины, оценена их динамика на 
основании использования базисных и цепных индексов и установлено, что динамика бюджета является нели-
нейной с негладким характером — попеременно возростающая или убывающая. Для анализа эффективности 
бюджетирования рассчитан коэффициент покрытия расходов доходами и выявлены дисбалансы. Предложе-
на авторская концепция прогнозирования эффективности бюджетирования в Украине на основании про-
ведения фрактального анализа и определения типа динамики, способа организации процесса и интеграции 
совокупности математических методов прогнозирования с помощью скользящей средней, экспонентцийно 
сглаженной простой средней, темпов роста с учетом сезонности и критерия Гурвица. Сделано прогнозы 
с учетом нестабильности наполнения и распределения бюджета Украины в условиях трансформационных 
изменений. 
Ключевые слова: бюджет Украины, коэффициент эффективности бюджетирования, фрактальный анализ, 
интегрирование методов, скользящая средняя, темпы роста, критерий Гурвица.
Формул: 6; рис.: 2; табл.: 7; библ.: 11.

Formulation of the problem. Th e state budget is 
the main central fund of centralized funds. With the 
help of the budget, the state concentrates a certain 
share of the gross domestic product and centralizes it 
to the development of the national economy, for social 
protection of the population, the maintenance of state 
power and administration, and the defense of the country. 
Th e state budget for each fi scal year is considered by the 
Verkhovna Rada of Ukraine and is approved as a law. With 
the help of the budget, the most important proportions of 
the development of the economic system are reproduced, 

in particular, the structure of social production is formed, 
and an appropriate correlation between consumption 
and accumulation is provided [1]. Th e budget creates 
an opportunity to regulate the effi  ciency and balance 
of development of the production and non-productive 
sphere, infl uence on the pace of development and structure 
of social production. Long-term planning options are 
limited, as the budget should refl ect the cost estimate 
for a specifi c period of time. Th e eff ectiveness of budget 
planning depends on the quality of its implementation, 
that is, the formation of a fi nancial plan suffi  ciently real 
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enables the balance to be ensured between revenue and 
expenditure, to accumulate the necessary funds and to 
eff ectively fi nance the expenditures necessary for the 
successful execution of tasks entrusted to the state. One 
of the most eff ective planning tools is prediction, which 
caused the research problem.

Analysis of recent research. Th e budget and 
problems of managing it, according to both foreign 
and Ukrainian scholars [1], belong to the most acute. 
Th e question of eff ective planning and execution of the 
budget, optimization of the structure of the revenue and 
expenditure parts of it become of particular importance. 
A broad refl ection of the issue of the budget process was 
found in the writings of O. Vasilik [2], V. Oparin [1], 
V.  Fedosova [1], J. Schumpeter [3], and others. However, 
the analysis of scientifi c literature shows that in the context 
of transformational changes, the question of assessing the 

dynamics of the budget, changes in its structure and the 
impact of the economic environment remain relevant. 
Forecasting, which was not given proper attention, is 
especially important for budgeting.

Th e purpose of the study is to analyze the dynamics 
of the coeffi  cient of budgeting effi  ciency in conditions 
of transformation changes, to develop analytical tools 
for forecasting it, based on the integration of simple and 
exponential smoothing methods, growth rates, and the 
Hurwitz criterion.

Main results of the study. One of the conditions for 
the correct defi nition of planned budget indicators is  
a deep retrospective and prospective analysis of its state 
and dynamics. 

Analyze the behavior of the revenue and expenditure 
part of the State Budget of Ukraine per month from 
January 2017 to September 2018 (Table 1).

Table 1
The dynamics of incomes and expenditures of the State Budget of Ukraine

during 2017—2018

№ Period, t Revenues, 
million UAH

Basic growth 
rates

Chain growth 
rates

Expenditures, 
million

UAH

Basic 
growth 

rates
Chain growth 

rates

1 01.02.2017 59 447 42 892
2 01.03.2017 52 601 0,885 0,885 67 685 1,578 1,578
3 01.04.2017 62 711 1,055 1,192 73 982 1,725 1,093
4 01.05.2017 85 027 1,430 1,356 55 687 1,298 0,753
5 01.06.2017 65 987 1,110 0,776 59 792 1,394 1,074
6 01.07.2017 69 133 1,163 1,048 65 989 1,538 1,104
7 01.08.2017 52 809 0,888 0,764 54 461 1,270 0,825
8 01.09.2017 79 874 1,344 1,513 68 589 1,599 1,259
9 01.10.2017 58 167 0,978 0,728 81 991 1,912 1,195

10 01.11.2017 61 713 1,038 1,061 75 172 1,753 0,917
11 01.12.2017 77 003 1,295 1,248 73 685 1,718 0,980
12 01.01.2017 68 793 1,157 0,893 119 317 2,782 1,619
13 01.02.2018 55 187 0,928 0,802 46 881 1,093 0,393
14 01.03.2018 56 257,4 0,946 1,019 66 333,6 1,547 1,415
15 01.04.2018 82 137,3 1,382 1,460 101 062,7 2,356 1,524
16 01.05.2018 79 266,7 1,333 0,965 79 128,5 1,845 0,783
17 01.06.2018 96 882,2 1,630 1,222 86 495,9 2,017 1,093
18 01.07.2018 79 276,3 1,334 0,818 79 064,9 1,843 0,914
19 01.08.2018 64 502,0 1,085 0,814 67 356,3 1,570 0,852
20 01.09.2018 94 054,7 1,582 1,458 68 889,1 1,606 1,023

Source: the authors constructed on the basis of [4; 5].

Analysis of Table 1 gives us an opportunity to draw 
conclusions about the nonlinearity of the behavior of 
the income and expenditure part of the State Budget of 
Ukraine in 2017—2018. Th e existing imbalance between 
the revenue and expenditure parts of the State Budget of 
Ukraine is explained by the opposite processes in 2017: a 
slight increase in production and a signifi cant increase in 
spending on reform and wages. Under such conditions, 
ensuring the balance of the budget, and at the same time 

the fi nancial stability of Ukraine, becomes a complex 
problem [6].

Th e system has the property of an emergence, 
which manifests itself in the presence of properties not 
characteristic of its constituents. 

For the system-wide feature of the budget we will 
adopt a coeffi  cient of coverage of expenditures income, 
the amount of which we expect, as the ratio of income to 
expenditures (Table 2).

Table 2
The dynamics of revenues, expenditures 

and budgeting effi  ciency during 2017—2018

№ Period, t Revenues, million UAH Expenditures, million Coating 
ratio

Basic growth 
rates

Chain growth 
rates

1 01.02.2017 59 447 42 892 1,386
2 01.03.2017 52 601 67 685 0,777 0,561 0,561
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Continuation of table 2

№ Period, t Revenues, million UAH Expenditures, million Coating 
ratio

Basic growth 
rates

Chain growth 
rates

3 01.04.2017 62 711 73 982 0,848 0,612 1,091
4 01.05.2017 85 027 55 687 1,527 1,102 1,801
5 01.06.2017 65 987 59 792 1,104 0,796 0,723
6 01.07.2017 69 133 65 989 1,048 0,756 0,949
7 01.08.2017 52 809 54 461 0,970 0,700 0,926
8 01.09.2017 79 874 68 589 1,165 0,840 1,201
9 01.10.2017 58 167 81 991 0,709 0,512 0,609

10 01.11.2017 61 713 75 172 0,821 0,592 1,157
11 01.12.2017 77 003 73 685 1,045 0,754 1,273
12 01.01.2017 68 793 119 317 0,577 0,416 0,552
13 01.02.2018 55 187 46 881 1,177 0,849 2,042
14 01.03.2018 56 257,4 66 333,6 0,848 0,612 0,720
15 01.04.2018 82 137,3 101 062,7 0,813 0,586 0,958
16 01.05.2018 79 266,7 79 128,5 1,002 0,723 1,233
17 01.06.2018 96 882,2 86 495,9 1,120 0,808 1,118
18 01.07.2018 79 276,3 79 064,9 1,003 0,723 0,895
19 01.08.2018 64 502,0 67 356,3 0,958 0,691 0,955
20 01.09.2018 94 054,7 68 889,1 1,365 0,985 1,426

Source: the authors constructed on the basis of [4; 5].

Th e dynamics of the coeffi  cient of income-expenditure 
coverage varies from 0,577 to 1,527, indicating a low level 
of budgeting effi  ciency and a budget defi cit.

To determine the prediction methods we fi nd the 
fractal dimension of the time series and determine the 
nature of its dynamics. Fractality implies the presence of 
properties that allow us to assess the trend of time series, 
in particular, the presence of memory. In order to assess 
the dynamics of the fi nancial market, a standard deviation 
is used if the process is considered to be random, or the 
Hurst indicator, if the process is chaotic. As a measure of 
nonlinearity of motion, using the Hurst index, a fractal 
dimension is established that diagnoses the character of 
the dynamics, that is, it shows its trend (proximity to the 
linear) or reversibility (breakage) [6].

To determine the character of the dynamics, use R/S, 
proposed by E. Peters. Consider the methodology for 
determining the Hurst index, the essence of which is to 
measure the change in time of the level of accumulation 
of deviations from the mean value of the time series. First 
you need to defi ne for the whole number of Wt.

If it is approximately equal to 0,5, then a series of 
dynamics describes a random wandering. Th e process is 
random and the state of the system is uncorrelated. Present 
does not aff ect the future. If it diff ers signifi cantly from 
0,5, then the process is not independent. Each subsequent 
value of the series contains a long-term memory of the past 
behavior of the series. Th eoretically, this memory is stored 
forever. Recent events have a greater impact than events 
remote, but their residual eff ects are always noticeable.

To fi nd H, we fi rst fi nd accumulation of deviations 
from the average time series Wt for each interval t:
    (1)

For the analyzed data R = 0,950. Th e next step is to fi nd 
the magnitude of the accumulated deviation for periods 
and the mean square deviation S:

    
(2)

For the analyzed data, S = 0,054. Th e last step is to fi nd 
N:

           (3)

Aft er carrying out calculations H = 0,959.
In  a row — persistent, or trend-resistant. 

Th at is, if in the past the number has increased, then it is 
likely that the trend will continue for the future and the 
number will grow in the future. Trend stability of behavior 
increases with approximation H to 1. A persistent series 
characterizes shift ed random wandering, the displacement 
of which depends on the proximity H to 0,5. Consequently, 
we can use trend models for prediction [7].

Forecasting economic indicators based on trend models, 
like most other methods of economic forecasting, is based 
on the idea of   extrapolation. Under extrapolation is usually 
understood distribution of regularities, relationships and 
relationships operating in the investigated period, beyond 
its limits. In the process of constructing predictive models 
in their structure, sometimes elements of the future 
predicted state of an object or phenomenon are laid, but in 
general, these models refl ect the patterns observed in the 
past and present, therefore reliable forecast is possible with 
respect to such objects and phenomena which is largely 
determined by the past and present.

All forecasts are built using the MS Exсel 2010 soft ware 
environment.

In order to predict the effi  ciency of the state budget in 
Ukraine by 2018 and 2019, using the growth curve models 
in MS Excel, it is fi rst necessary to select the initial range 
of dynamics based on which forecasting will be carried 
out. Th e result of the forecast will be a series of data that 
will increase linearly, but it will show rather poorly the 
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forecast, as the dynamics of the State Budget revenues in 
diff erent periods of the year is diff erent from the average 
annual, due to some seasonality in budget fi lling, which is 

observed in each of the previous years among the initial 
data we have selected [8].

Determine the coeffi  cients of seasonality (Table 3).
Table 3

The value of seasonal factors for the coverage ratio

Month Seasonality factor
January 124,50%

February 98,18%
March 102,78%
April 113,45%
May 119,97%
June 101,80%
July 103,79%

August 92,74%
September 87,88%

October 83,97%
November 79,66%
December 91,27%

Source: built by the authors based on their own calculation.

Th e next step is to fi nd the deviation and, accordingly, 
confi dence intervals for the fi rst forecast. Th e confi dence 
interval is the range around each predicted value, which, 
according to the forecast, should reach 95 % of the values 

(in the case of a normal distribution). Aft er calculating the 
deviation, which is 0,126, we subtract and add its predicted 
value and get an interval in which with a probability of 
95 % there will be a forecast (Table 4).

Table 4
The obtained results of the forecast of the effi  ciency coeffi  cient 

of the State Budget of Ukraine for 2018—2019

Forecast period Forecast Pessimistic forecast Optimistic forecast
01.10.2018 0,839 0,713 0,966
01.11.2018 0,795 0,668 0,921
01.12.2018 0,909 0,782 1,035
01.01.2019 1,237 1,111 1,363
01.02.2019 0,974 0,847 1,100
01.03.2019 1,017 0,891 1,144

Source: built by the authors based on their own calculations.

Graphically displayed results of forecasting (Fig. 1).

Fig. 1. The forecast is based on simple moving average,
taking into account seasonality

Source: built by the authors based on their own calculations.

Th e second forecast is based on the exponentially 
smoothed series of dynamics using the simple moving 

average. Aft er calculations the following results were 
obtained (Table 5).



ISSN 2221-755X ВІСНИК УНІВЕРСИТЕТУ БАНКІВСЬКОЇ СПРАВИ 2018 № 3 (33) 147

ЕКОНОМІКО-МАТЕМАТИЧНЕ МОДЕЛЮВАННЯ ТА ІНФОРМАЦІЙНІ ТЕХНОЛОГІЇ

Table 5
The forecast based on the exponentially smoothed method 

of simple moving average

Forecast period Forecast Pessimistic forecast Optimistic forecast
01.10.2018 0,731 0,615 0,847
01.11.2018 0,679 0,563 0,795
01.12.2018 0,711 0,595 0,827
01.01.2019 1,011 0,894 1,127
01.02.2019 0,990 0,874 1,106
01.03.2019 0,801 0,685 0,917

Source: built by the authors based on their own calculations.

Th e deviation in this forecast is 0,116.
Th e results of the forecasting are graphically represented (Fig. 2).

Fig. 2. The forecast based on exponentially smoothed 
by a simple moving average

Source: built by the authors based on their own calculations.

Th e third forecast is based on growth rates. 
To do this, we fi rst fi nd the average growth rate of a 

number of analyzed data  :
(4)

To fi nd the predictive value, you need to multiply the 
value for the previous period by the found average rate of 
growth:

                 (5)
andadjust that snap on the seasonal factor [9]. As a result 
of the calculations, we obtain the values (Table 6).

Table 6
Forecast based on growth rates

Forecast period Forecast
01.10.2018 1,184
01.11.2018 1,133
01.12.2018 1,092
01.01.2019 1,292
01.02.2019 1,852
01.03.2019 1,566

Source: built by the authors based on their own calculations.

To improve the forecasting models, the Hurwitz 
pessimistic-optimistic criterion must be used. Its meaning 
is that when choosing a solution, it is advisable to be guided 
by some average result that characterizes the state between 
extreme pessimism and unbridled optimism, that is, the 

criterion chooses an alternative with a maximum average 
score (with the assumption that each of the possible states 
of the environment can occur with equal probability). 
Formally, the Hurwitz criterion looks like this:

    

(6)

where k is the pessimism coeffi  cient that falls between 0 
and 1, depending on how the decision maker evaluates the 
situation. If you are optimistic, then this value should be 
greater than 0,5. With a pessimistic estimate, the value is 
less than 0,5 [10]. In this case, the coeffi  cient is determined 
depending on the situation that is observed in the economy 
[11].

Calculate with the help of the Hurwitz criterion for 
each of the predictions more accurate values. Parameter 
k — we will give value at level 0,5.

Table 7
Refi ned by Hurwitz'scriterion forecast

Forecast period Forecast
01.10.2018 0,900
01.11.2018 0,848
01.12.2018 0,844
01.01.2019 1,129
01.02.2019 1,350
01.03.2019 1,126

Source: built by the authors based on their own calculations.
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Conclusion. In this paper, the analysis of income and 
expenditure parts of the state budget of Ukraine for the 
period from January 2017 to September 2018 and their 
non-linearity is established — incomes fl uctuate within the 
limits of 52601—96 882,2 million UAH, and expenditures 
— 42 892—119 317 million UAH. 

To estimate the eff ec tiveness of budgeting, the 
coeffi  cient of expenditure coverage is calculated, which 

varies from 0,577 to 1,527. In order to improve the 
effi  ciency of budgeting, this paper proposes an improved 
forecasting method based on conducting fractal analysis 
and forecasting calculations using the simple moving 
average, exponentially smoothed moving average and 
growth rates taking into account the infl uence of the 
environment, which is taken into account with the help of 
the Hurwitz criterion.
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