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Non-stationary processes re�ecting technological, economic, social, biological, physical phenomena
are characterized by quantitative and qualitative characteristics, which are inherent by intermittent,
evolving growth and regulation of parameters over time.

The most suitable mechanism for describing such processes during formalization are dynamic
random time series, that allow the use of adaptive modeling methods to develop methods and algorithms
for regulating descriptive parameters. An important point here is that in order to achieve model
adaptability, it is necessary to use predictive functions that can produce the values of required indicators
on the basis of preceding members of time series.

In this study we considered the modeling of non-stationary discrete systems describing processes
like payment of educational contracts, electricity consumption, the sale of perishable goods that are
carried out in conditions of time constraints and delays in order to build systems for monitoring the
payment of educational contracts, forecasting and planning of electricity supply indicators, planning
of the volumes of perishable goods purchased for retail trade, in which functions are realized to control
the reliability, smoothing, regulation of factors leading to the failure of assigned volumes and deadlines.

Proceeding from theoretical positions and analytical results of known works, the model of non-
stationary discrete system under conditions of constraints and delays is proposed. Conditions for the
existence and explicit form of scalar control for a non-stationary system are determined.

In view of non-stationarity of investigated processes, and consequently the ambiguity of equations
solutions determining the spectrum of transformation matrix of system under conditions of constraints
and delays, the task of optimizing control due to analysis, prediction and regulation of perturbing
factors parameters is posed.

To control the perturbations of time series with varying characteristics, the method of exponential
smoothing is used. This method is one of methods for adaptive prediction and is adapted to quantify
the e�ect that the preceding terms of dynamic series get on the predicted indicator, taking into
account their remoteness from the end of considered variables sequence. When using the method
of exponential smoothing, the degree of in�uence of each of dynamic series member on the value of
variable is distributed in accordance with the exponential law.

As an estimate of forecast accuracy authors suggested the standard deviation of predicted value by
help of which it is possible to calculate the con�dence intervals of forecast, since the proposed method
of adaptive statistical prediction on the basis of exponential smoothing leaves unresolved the questions
of choice of predictive function. The reason for this is that in general case the parabolic model is
more e�cient than the linear one, however, when variation of the variable time series is stepwise the
parabolic model reaches a new level over a longer time interval than the linear one.

According to the proposed method, an algorithm is developed and implemented as a module
for approximating and predicting time series. The computational data for three groups of sample
data representing stationary periodic (cost of production for example as the production of fruits and
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vegetables conserves at the enterprises of the Samarkand region, in thousand sums), non-stationary
non-periodic (average weighted yield of exchange bonds of the Samarkand region for 2016, in % for
year) and non-stationary periodic (the sums of receipts of contract payment to the current account of
Samarkand State University, million sum) processes.

To optimize the solution of problems when information is incomplete, noisy, distorted, and when
it is practically impossible to obtain acceptable solutions using statistical methods of analytical
equalization, a study on the use of models of neural networks was carried out. It is known that neural
networks for the processing of data sets provide a signi�cant gain in the speed of the process, as well
as in achieving adaptability of the model through training, based on the requirements of the problem.

In this study, we built a neural network model of the economic process using the cascade-forward
back propagation neural network architecture, which is simple and e�cient in approximating the data
while maintaining an acceptable quality of modeling.

The training of a neural network is made on the basis of the most popular and widespread algorithm
for back propagation of an error, because all of its characteristics are suitable for the chosen architecture
of the network and are convenient for solution of problem posed in the study.

The main purpose of simulation is to build a forecast values of the future state of dynamic series,
and to ensure high accuracy of data processing requires the selection of weighting factors that guarantee
this accuracy. In this regard, as a parameter of the network, which a priori is bound to a certain type
of input data and whose variations allow for a better choice, the average permissible deviation of the
initial weighting coe�cients is determined.

To illustrate the application of a neural network in modeling economic processes, the data were used
like during implementation of approximation and prediction module based on the adaptive statistical
prediction method.

Let's note that the construction of the forecast model is a process that continues the modeling
procedure after the initial analysis of the graphical representation of the original data.

In order to determine the degree of preference of the method used with the received data type, the
average deviation of the predicted value on predicted site is taken for both the adaptive statistical and
the neural network method.

The results of experimental analysis showed that in most cases the model of statistical adaptive
forecasting copes with the problem for a longer time interval than the neural network model. It was
con�rmed that the use of neural network models achieves high quality of time series approximation
and forecasting of economic system behavior. The use of neural network models for business entities
can provide a signi�cant economic e�ect, since it allows to quickly and reliably predict the possible
development of events in advance.

Key words: non-stationary economic process, time series, adaptive modeling, control, feedback,
approximation, statistical prediction, neural network, standard deviation, training.
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Â ñòàòüå ðàññìàòðèâàþòñÿ âîïðîñû ìîäåëèðîâàíèÿ íåñòàöèîíàðíûõ äèñêðåòíûõ ñèñòåì íà
ïðèìåðàõ ýêîíîìè÷åñêèõ ïðîöåññîâ, êîòîðûå îñóùåñòâëÿþòñÿ â óñëîâèÿõ âðåìåííûõ îãðàíè÷å-
íèé è çàïàçäûâàíèÿ. Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ïîñòðîåíèå ñèñòåì ìîíèòîðèíãà, ðåàëèçó-
þùèõ ôóíêöèè êîíòðîëÿ äîñòîâåðíîñòè, ñãëàæèâàíèÿ, ðåãóëèðîâàíèÿ ôàêòîðîâ, ïðèâîäÿùèõ
ê íåâûïîëíåíèþ íàçíà÷åííûõ îáúåìîâ è ñðîêîâ. Ðàçðàáîòàíû ìîäåëè àäàïòèâíîãî ñòàòèñòè÷å-
ñêîãî è íåéðîñåòåâîãî ïðîãíîçèðîâàíèÿ. Ïðèâåäåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî àíàëèçà
íà êîíêðåòíûõ ÷èñëîâûõ ïðèìåðàõ.

Êëþ÷åâûå ñëîâà: íåñòàöèîíàðíûé ýêîíîìè÷åñêèé ïðîöåññ, âðåìåííîé ðÿä, àäàïòèâíîå
ìîäåëèðîâàíèå, óïðàâëåíèå, îáðàòíàÿ ñâÿçü, àïïðîêñèìàöèÿ, ñòàòèñòè÷åñêîå ïðîãíîçèðîâàíèå,
íåéðîííàÿ ñåòü, ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå, îáó÷åíèå.

Àêòóàëüíîñòü òåìû. Íåñòàöèîíàðíûì ïðîöåññàì, îòðàæàþùèì òåõíîëîãè÷åñêèå,
ýêîíîìè÷åñêèå, ñîöèàëüíûå, áèîëîãè÷åñêèå, ôèçè÷åñêèå ÿâëåíèÿ ñâîéñòâåííû êîëè÷å-
ñòâåííûå è êà÷åñòâåííûå õàðàêòåðèñòèêè, êîòîðûì ïðèñóùè ñêà÷êîîáðàçíîå, ýâîëþöè-
îíèðóþùåå ðàçâèòèå è ðåãóëèðîâàíèå ïàðàìåòðîâ ñ òå÷åíèåì âðåìåíè. Íàèáîëåå ïîäõîäÿ-
ùèì ìåõàíèçìîì îïèñàíèÿ òàêèõ ïðîöåññîâ ïðè ôîðìàëèçàöèè ÿâëÿþòñÿ äèíàìè÷åñêèå
ñëó÷àéíûå âðåìåííûå ðÿäû, ïîçâîëÿþùèå ïðèìåíÿòü ìåòîäû àäàïòèâíîãî ìîäåëèðîâà-
íèÿ ñ öåëüþ âûðàáîòêè ìåòîäîâ è àëãîðèòìîâ ðåãóëèðîâàíèÿ îïèñàòåëüíûõ ïàðàìåòðîâ
[1]. Âàæíûì ìîìåíòîì ïðè ýòîì ÿâëÿåòñÿ òî, ÷òî äëÿ äîñòèæåíèÿ àäàïòèâíîñòè ìîäå-
ëåé íåîáõîäèìî èñïîëüçîâàíèå ïðîãíîçèðóþùèõ ôóíêöèé, ñïîñîáíûõ âûäàâàòü çíà÷åíèÿ
òðåáóåìûõ ïîêàçàòåëåé íà îñíîâå ïðåäøåñòâóþùèõ ÷ëåíîâ âðåìåííîãî ðÿäà [2].

Ìîäåëèðîâàíèå íåñòàöèîíàðíûõ ïðîöåññîâ â îáùåì ñëó÷àå ìîæåò îñóùåñòâëÿòüñÿ ñ
ïîìîùüþ òðàäèöèîííûõ ìàòåìàòè÷åñêèõ ìåòîäîâ, îäíàêî íà ñåãîäíÿøíèé äåíü ïåðñïåê-
òèâíûì íàïðàâëåíèåì èññëåäîâàíèé ÿâëÿåòñÿ ïðèìåíåíèå ñîâðåìåííûõ ìåòîäîâ èíòåë-
ëåêòóàëüíîé îáðàáîòêè äàííûõ, îäíèì èç ÿðêèõ ïðåäñòàâèòåëåé êîòîðûõ ñ÷èòàþòñÿ íåé-
ðîñåòåâûå òåõíîëîãèè [3].

Òåîðåòè÷åñêèé è ïðàêòè÷åñêèé îïûò òðàäèöèîííûõ ìåòîäîâ ïðîãíîçèðîâàíèÿ ðàçâèâà-
åòñÿ íà áàçå ôóíäàìåíòàëüíûõ êîíöåïöèé è ïðèíöèïîâ óïðàâëåí÷åñêîãî ôèíàíñèðîâàíèÿ.
Ïðè ýòîì, ïîìèìî ïîëó÷åíèÿ âîçìîæíûõ áóäóùèõ îöåíîê òåõ èëè èíûõ èññëåäóåìûõ ïà-
ðàìåòðîâ, öåëüþ ïðîãíîçèðîâàíèÿ òàêæå ÿâëÿåòñÿ îïðåäåëåíèå âîçìîæíûõ ñîáûòèé âî
âíåøíåé è âíóòðåííåé ñðåäå è ïîñëåäñòâèé äëÿ ýêîíîìèêè.

Ïðîáëåìà ïðîãíîçèðîâàíèÿ ïðîöåññîâ âñëåäñòâèå áûñòðûõ, ïîðîé ïëîõî ïðåäñêàçóå-
ìûõ èçìåíåíèé âíåøíåé ñðåäû, â ïîñëåäíèå ãîäû ñòàëà îñîáåííî ñëîæíîé. Ñ ó÷åòîì ýòèõ
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òðóäíîñòåé è êðèòè÷íîñòè îøèáîê â ïðîãíîçàõ íåêîòîðûå ñïåöèàëèñòû áûëè âûíóæäåíû
çàãîâîðèòü î òùåòíîñòè ïðîãíîçèðîâàíèÿ íåñòàöèîíàðíûõ ïðîöåññîâ è ñëîæíîñòè ñòðóê-
òóðíûõ õàðàêòåðèñòèê ñèñòåì ýêîíîìèêè [4, 5].

Ïðîáëåìàì àíàëèçà è ïðîãíîçèðîâàíèÿ íåñòàöèîíàðíûõ ïðîöåññîâ â ýêîíîìè÷åñêîé
ëèòåðàòóðå óäåëåíî íåäîñòàòî÷íîå âíèìàíèå. Íåñêîëüêî ïóáëèêàöèé ïîñâÿùåíî îáùèì
òåîðåòè÷åñêèì âîïðîñàì î ðîëè ýòèõ èíñòðóìåíòîâ. Âåäóòñÿ äèñêóññèè î ïðåèìóùå-
ñòâàõ ñèñòåìàòèçàöèè àíàëèçà è ïðîãíîçèðîâàíèÿ, íî åäèíîãî àïïàðàòà èññëåäîâàíèÿ
íåñòàöèîíàðíî-ýâîëþöèîííûõ ïðîöåññîâ ïîêà íå ñóùåñòâóåò. Îñòàåòñÿ íåîñâåùåííûì ðÿä
àêòóàëüíûõ âîïðîñîâ, íàïðèìåð, ñïîñîáû îïðåäåëåíèÿ õàðàêòåðèñòèê ïðîöåññà, ìåõàíèçì
èçó÷åíèÿ ñòðóêòóðû îáúåêòà, àíàëèçà ôàêòîðîâ, âûáîð ìåòîäîâ ïðîãíîçèðîâàíèÿ, ïîâû-
øåíèå ýôôåêòèâíîñòè ïðîãíîçîâ.

Â ñâÿçè ñ ýòèì, ìîæíî êîíñòàòèðîâàòü, ÷òî àêòóàëüíûì íàïðàâëåíèåì èññëåäîâàíèÿ
ÿâëÿåòñÿ ðàçðàáîòêà ìåòîäîâ è ìåõàíèçìîâ îñóùåñòâëåíèÿ èäåíòèôèêàöèè òèïà è ïðîãíî-
çèðîâàíèÿ çíà÷åíèé ïðîöåññîâ è õàðàêòåðèñòèê èõ ïîâåäåíèÿ ñ èñïîëüçîâàíèåì íîâåéøèõ
òåõíîëîãèé.

Â íàñòîÿùåì èññëåäîâàíèè ðàññìàòðèâàþòñÿ âîïðîñû ìîäåëèðîâàíèÿ íåñòàöèîíàðíûõ
äèñêðåòíûõ ñèñòåì, îïèñûâàþùèõ ïðîöåññû, ïîäîáíûå îïëàòå îáðàçîâàòåëüíûõ êîíòðàê-
òîâ, ðàñõîäó ýëåêòðîýíåðãèè, ïðîäàæå ñêîðîïîðòÿùèõñÿ òîâàðîâ, êîòîðûå îñóùåñòâëÿþòñÿ
â óñëîâèÿõ âðåìåííûõ îãðàíè÷åíèé è çàïàçäûâàíèÿ, ñ öåëüþ ïîñòðîåíèÿ ñèñòåì ìîíèòî-
ðèíãà îïëàòû îáðàçîâàòåëüíûõ êîíòðàêòîâ, ïðîãíîçà è ïëàíèðîâàíèÿ ïîêàçàòåëåé ñíàá-
æåíèÿ ýëåêòðîýíåðãèè, ïëàíèðîâàíèÿ îáúåìîâ ñêîðîïîðòÿùèõñÿ òîâàðîâ, ïðèîáðåòàåìûõ
äëÿ ðîçíè÷íîé òîðãîâëè, â êîòîðûõ ðåàëèçóþòñÿ ôóíêöèè êîíòðîëÿ äîñòîâåðíîñòè, ñãëà-
æèâàíèÿ, ðåãóëèðîâàíèÿ ôàêòîðîâ, ïðèâîäÿùèõ ê íåâûïîëíåíèþ íàçíà÷åííûõ îáúåìîâ è
ñðîêîâ.

Îïèñàíèå íåñòàöèîíàðíûõ äèñêðåòíûõ ñèñòåì íà îñíîâå óðàâíåíèé óïðàâ-

ëåíèÿ îáðàòíîé ñâÿçüþ ïî ñîñòîÿíèþ. Â íåñòàöèîíàðíûõ äèñêðåòíûõ ñèñòåìàõ äëÿ
îòðàæåíèÿ óñëîâèé îãðàíè÷åíèÿ è çàïàçäûâàíèÿ ïîäõîäÿùèì ìåõàíèçìîì ìîãóò îêàçàòü-
ñÿ óðàâíåíèÿ òåðìèíàëüíîãî óïðàâëåíèÿ îáðàòíîé ñâÿçüþ ïî ñîñòîÿíèþ.

Àíàëèç ëèòåðàòóðû ïîêàçûâàåò, ÷òî äëÿ íåêîòîðûõ êëàññîâ íåñòàöèîíàðíûõ ñèñòåì
ðåøåíèÿ çàäà÷ òåðìèíàëüíîãî óïðàâëåíèÿ ïîëó÷åíû íà îñíîâå ñèíòåçà ðåøåíèé äëÿ ëè-
íåéíûõ ñòàöèîíàðíûõ ñèñòåì [6].

Â ðàáîòàõ [6, 7] ïðèâîäÿòñÿ äîñòàòî÷íûå óñëîâèÿ ñóùåñòâîâàíèÿ è ÿâíûé âèä òåð-
ìèíàëüíîãî óïðàâëåíèÿ îáðàòíîé ñâÿçüþ ïî ñîñòîÿíèþ äëÿ ëèíåéíûõ íåñòàöèîíàðíûõ
äèñêðåòíûõ ñèñòåì.

Èñõîäÿ èç òåîðåòè÷åñêèõ ïîëîæåíèé è àíàëèòè÷åñêèõ ðåçóëüòàòîâ ðàáîò [2, 6], íàìè
ïðåäëîæåíà ìîäåëü íåñòàöèîíàðíîé äèñêðåòíîé ñèñòåìû â óñëîâèÿõ îãðàíè÷åíèé è çàïàç-
äûâàíèÿ. Äëÿ íà÷àëà ïðåäñòàâèì äèñêðåòíóþ ñòàöèîíàðíóþ ëèíåéíóþ ñèñòåìó óïðàâëå-
íèÿ, îïèñûâàåìóþ óðàâíåíèÿìè

xk+1 = Axk + buk; x0; xk ∈ Rn; k = 0, 1 . . . , (1)

ãäå ïåðåìåííûå A è b ñ÷èòàþòñÿ çàäàííûìè.
Ïðè ââåäåíèè ïåðåìåííîé ϕ � ôàêòîðà âëèÿíèé âíóòðåííèõ è âíåøíèõ âîçìóùåíèé �

ñêàëÿðíîå óïðàâëåíèå îáðàòíîé ñâÿçüþ ïî ñîñòîÿíèþ îïèñûâàåòñÿ âûðàæåíèåì

uk = ϕ · xk, (2)

ïðè êîòîðîì äëÿ ðåøåíèÿ çàìêíóòîé ñèñòåìû
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xk+1 = Dxk, D = A+ bϕ, (3)

è çàäàííûõ m,m > n, r âûïîëíÿåòñÿ óñëîâèå

xm = r, (4)

ãäå r � ïîðîãîâîå çíà÷åíèå, êîòîðîå äîñòèãàåòñÿ çà m øàãîâ.
Åñëè αi(i = 0, 1 . . . n) � êîýôôèöèåíòû õàðàêòåðèñòè÷åñêîãî ìíîãî÷ëåíà ìàòðèöû A,

òî ìàòðèöó ϕ ìîæíî ïðåäñòàâèòü â ñëåäóþùåì âèäå:

ϕ =

∣∣∣∣∣∣∣∣∣∣∣∣

1 0 . . . 0 0
α1 1 . . . 0 0

.

.

.
αn−1 αn−2 . . . α1 1

∣∣∣∣∣∣∣∣∣∣∣∣
, ϕ =

∣∣∣∣∣∣∣∣∣∣∣∣

1 0 . . . 0 0
α1 1 . . . 0 0

.

.

.
αn−1 αn−2 . . . α1 1

∣∣∣∣∣∣∣∣∣∣∣∣
,

Ïåðåéäåì òåïåðü ê îïðåäåëåíèþ óñëîâèé ñóùåñòâîâàíèÿ è ÿâíîãî âèäà ñêàëÿðíîãî
óïðàâëåíèÿ äëÿ íåñòàöèîíàðíîé ñèñòåìû. Âèä âûðàæåíèÿ ñêàëÿðíîãî óïðàâëåíèÿ íåñòà-
öèîíàðíîé ñèñòåìû ïðèíèìàåò âèä

uk = ϕkxk , (5)

ãäå ϕk,(k = 0, 1, . . . , l) � ôàêòîðû âëèÿíèé âíóòðåííèõ è âíåøíèõ âîçìóùåíèé ïðè ëî-
êàëüíûõ êîýôôèöèåíòàõ l -ãî ñåãìåíòà íåñòàöèîíàðíîãî ðÿäà, ïðè êîòîðûõ äëÿ ðåøåíèÿ
çàìêíóòîé ñèñòåìû

xk+1 = Dkxk, Dk = Ak + bkϕk (6)

è çàäàííûõ m, r âûïîëíÿåòñÿ óñëîâèå (4).
Ðåøåíèÿ ñèñòåì (6) îïðåäåëÿþò óñëîâèÿ ñóùåñòâîâàíèÿ è ÿâíûé âèä âåêòîðà îáðàòíîé

ñâÿçè, îáåñïå÷èâàþùåãî ïåðåõîä ñèñòåìû â çàäàííîå ñîñòîÿíèå çà çàäàííîå ÷èñëî øàãîâ
m,m 6 n.

Îäíàêî, ââèäó íåñòàöèîíàðíîñòè èññëåäóåìûõ ïðîöåññîâ, óðàâíåíèÿ, îïðåäåëÿþùèå
ñïåêòð ìàòðèöû ïðåîáðàçîâàíèÿ ñèñòåìû, ñîãëàñíî ðåçóëüòàòàì, ïðèâåäåííûì â [7], ðå-
øàþòñÿ íåîäíîçíà÷íî, à ýòî ïðèâîäèò ê òðåáîâàíèþ îïòèìèçàöèè ïîñòàâëåííîé çàäà÷è
óïðàâëåíèÿ íåñòàöèîíàðíûìè ïðîöåññàìè, íàïðèìåð çà ñ÷åò àíàëèçà, ïðîãíîçèðîâàíèÿ è
ðåãóëèðîâàíèÿ ïàðàìåòðîâ âîçìóùàþùèõ ôàêòîðîâ.

Ïðîãíîçèðîâàíèå íåñòàöèîíàðíûõ ýêîíîìè÷åñêèõ ïðîöåññîâ ïî ìåòîäó

àäàïòèâíîãî ñòàòèñòè÷åñêîãî ïðîãíîçèðîâàíèÿ. Íà ïðàêòèêå äëÿ ðåãóëèðîâàíèÿ
âîçìóùåíèé âðåìåííûõ ðÿäîâ ñ âàðüèðóþùèìè õàðàêòåðèñòèêàìè íàèáîëåå ÷àñòî èñïîëü-
çóåòñÿ ìåòîä ýêñïîíåíöèàëüíîãî ñãëàæèâàíèÿ [8]. Ýòîò ìåòîä ÿâëÿåòñÿ îäíèì èç ìåòîäîâ
àäàïòèâíîãî ïðîãíîçèðîâàíèÿ è ïðèñïîñîáëåí äëÿ êîëè÷åñòâåííîé îöåíêè âëèÿíèÿ, êî-
òîðîå îêàçûâàþò íà ïðîãíîçèðóåìûé ïîêàçàòåëü ïðåäøåñòâóþùèå ÷ëåíû äèíàìè÷åñêîãî
ðÿäà ñ ó÷åòîì èõ îòäàëåííîñòè îò êîíöà ðàññìàòðèâàåìîé ïîñëåäîâàòåëüíîñòè ïåðåìåí-
íûõ âåëè÷èí [9]. Ïðè èñïîëüçîâàíèè ìåòîäà ýêñïîíåíöèàëüíîãî ñãëàæèâàíèÿ ñòåïåíü âîç-
äåéñòâèÿ êàæäîãî ÷ëåíà äèíàìè÷åñêîãî ðÿäà íà âåëè÷èíó ïåðåìåííîé ϕk,(k = 0, 1, . . . , l)
ðàñïðåäåëÿåòñÿ â ñîîòâåòñòâèè ñ ýêñïîíåíöèàëüíûì çàêîíîì.
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Îòëè÷èòåëüíîé îñîáåííîñòüþ àäàïòèâíûõ ìåòîäîâ ïðîãíîçèðîâàíèÿ ÿâëÿåòñÿ íåîäíî-
çíà÷íûé ïîäõîä ê ýëåìåíòàì ðÿäà, ðàñïîëîæåííûì â íà÷àëå, ñåðåäèíå è êîíöå ïîñëåäî-
âàòåëüíîñòè ÷èñëîâûõ âåëè÷èí. Ýòî ïîçâîëÿåò îòðàçèòü òîò ôàêò, ÷òî âîçäåéñòâèå çà-
ìûêàþùèõ íàáëþäåíèé îòðàæàåòñÿ íà ïðîãíîçíûõ îöåíêàõ áîëåå çàìåòíî, ÷åì âëèÿíèå
íà÷àëüíûõ óðîâíåé ðÿäà.

Ïóñòü òåíäåíöèÿ èçìåíåíèÿ ïàðàìåòðà âîçìóùåíèé îïèñàíà â âèäå ïîëèíîìà [7]:

ϕt = α0 + α1 · t +
α2

2!
· t2 + α3

3!
· t3 + · · ·+ αp

P !
· tp. (7)

Äëÿ òîãî ÷òîáû ðåãóëèðîâàíèå ïàðàìåòðîâ íà îñíîâå ìîäåëè (7) ïðèâîäèëî ê àäàï-
òàöèè, ïðèíÿòî èñïîëüçîâàíèå âû÷èñëèòåëüíîé ñõåìû, êîòîðàÿ êîððåêòèðóåò ïàðàìåòðû
óðàâíåíèÿ ïîñëå î÷åðåäíîãî ïåðèîäà âðåìåíè äëÿ èññëåäóåìîãî ñåãìåíòà.

Ðàçðàáîòàíà ìåòîäèêà, êîòîðàÿ ïîçâîëÿåò âûðàçèòü íà îñíîâå ìîäåëè (7) ñîâîêóïíîñòü
ýêñïîíåíöèàëüíûõ ñðåäíèõ ïåðâîãî ( S1

t ), âòîðîãî (S2
t ), . . . , ê-ãî (Sk

t ) ïîðÿäêà äëÿ îñó-
ùåñòâëåíèÿ ïðîöåäóð ðåãóëèðîâàíèÿ ïàðàìåòðîâ ϕk. Ðàñ÷åò ýêñïîíåíöèàëüíûõ ñðåäíèõ
îñóùåñòâëÿåòñÿ ïî ôîðìóëàì:

S1
t = a

n∑
j=0

(1− α)j · ϕt;

S2
t = a

n∑
j=0

(1− α)j · S1
t ;

. . . . . . . . . . . . . . . . . .

Sk
t = a

n∑
j=a

(1− α)j · Sk−1
t ,

(8)

ãäå a � êîýôôèöèåíò óðîâíÿ ïðîãíîçèðîâàíèÿ äëÿ ïàðàìåòðà ñãëàæèâàíèÿ.
Âûáîð çíà÷åíèÿ êîýôôèöèåíòà ïàðàìåòðà ñãëàæèâàíèÿ a âëèÿåò íà îòðàæåíèå òåíäåí-

öèè èçìåíåíèÿ ïîêàçàòåëÿ, õàðàêòåðèçóþùåãî çàïàçäûâàíèå â çàâèñèìîñòè îò îãðàíè÷å-
íèÿ. Ïðè ìàëûõ a äîñòîâåðíîñòü ïðîãíîçèðóåìîãî óðîâíÿ íèçêà, òàê êàê ðåçêîå óìåíüøå-
íèå çíà÷åíèÿ ðåãóëèðóåìîãî ïàðàìåòðà ïðèâîäèò ê åùå áîëüøèì âîçìóùåíèÿì â òðåíäå
äèíàìè÷åñêîãî ðÿäà. Ïðè áîëüøèõ a äîñòîâåðíîñòü ïðîãíîçèðóåìîãî óðîâíÿ âûñîêà, òàê
êàê çíà÷åíèå ïàðàìåòðà ðåãóëèðîâàíèÿ áóäåò ïîñòåïåííî ñãëàæèâàòü òåíäåíöèþ çàìûêà-
þùèõ ýëåìåíòîâ ðàññìàòðèâàåìîé ñîâîêóïíîñòè. Òî åñòü ÷åì áîëüøå âåëè÷èíà ïàðàìåòðà
ñãëàæèâàíèÿ, òåì ìîäåëü ëó÷øå ñïîñîáíà àäàïòèðîâàòü ðåãóëèðóåìûå ïàðàìåòðû, a èìåí-
íî óâåëè÷èòü èëè óìåíüøèòü îãðàíè÷åíèå äëÿ ñãëàæèâàíèÿ çàïàçäûâàíèÿ.

Òàêîå ñâîéñòâî àäàïòèâíîñòè ìîäåëè (7) îïðåäåëÿåò ïîäõîä ê âûáîðó êîíñòàíòíîãî
çíà÷åíèÿ ïàðàìåòðà ñãëàæèâàíèÿ â çàâèñèìîñòè îò òèïà ïðîãíîçà. Ïðè êðàòêîñðî÷íûõ
ïðîãíîçàõ ïðèíÿòèå çíà÷åíèé a íà îòíîñèòåëüíî âûñîêîì óðîâíå ïîçâîëèò ó÷èòûâàòü è
àíàëèçèðîâàòü îïåðàòèâíóþ èíôîðìàöèþ äëÿ ïðîãíîçèðîâàíèÿ ñîñòîÿíèÿ îáúåêòà â çà-
âèñèìîñòè îò íåäàëåêîãî ïðîøëîãî. Óìåíüøåíèå çíà÷åíèÿ êîíñòàíòíîé ïåðåìåííîé ïî
ìåðå óâåëè÷åíèÿ ãëóáèíû ïðîãíîçà äåëàåò ìîäåëü ñïîñîáíîé ó÷èòûâàòü ïåðñïåêòèâíîñòü
ôîðìèðîâàíèÿ ñãëàæèâàþùåé ïåðåìåííîé ϕt.

Îòìåòèì, ÷òî çíà÷åíèå ïàðàìåòðà ñãëàæèâàíèÿ âîçìîæíî îïðåäåëÿòü íà ðàçëè÷íûõ
âèäàõ ïîëèíîìà, íàïðèìåð, ëèíåéíîì è ïàðàáîëè÷åñêîì [6]:
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ϕt = α0 + α1 · t; (9)

ϕt = α0 + α1 · t+
α

2!
· t2. (10)

Ïðè ýòîì, óâåëè÷åíèå ðàçìåðíîñòè ïîëèíîìà íå îáÿçàòåëüíî óëó÷øàåò òî÷íîñòü ñãëà-
æèâàþùåãî ïàðàìåòðà, à ýòî çíà÷èò, ÷òî íåîáõîäèìî äîïîëíèòåëüíîå èññëåäîâàíèå äëÿ
îöåíêè òî÷íîñòè ðåãóëèðóåìîãî ïàðàìåòðà, ïðè êîòîðîì äîñòèãàåòñÿ ìèíèìàëüíàÿ îøèá-
êà ïðîãíîçà [7].

Âûáåðåì çíà÷åíèå êîýôôèöèåíòà ñãëàæèâàþùåãî ïàðàìåòðà ïðè äëèíå èíòåðâàëà
ñãëàæèâàíèÿ m, ïðèáëèçèòåëüíî ðàâíîé ïðîäîëæèòåëüíîñòè äëèíû ðÿäà ñ ó÷åòîì êàê
ìèíèìóì äâóõ ñåãìåíòîâ âðåìåííîãî ðÿäà, ò. å.

a =
2

m+ 1
. (11)

Ðàçðàáîòàííûé àëãîðèòì îïðåäåëåíèÿ è îöåíêè òî÷íîñòè ñãëàæèâàþùåãî ïàðàìåòðà
ñîñòîèò èç ñëåäóþùèõ øàãîâ.

1) Èíèöèàëèçàöèÿ çíà÷åíèé êîýôôèöèåíòîâ óðàâíåíèé îïèñàíèÿ ïàðàìåòðà ñãëàæè-
âàíèÿ ïðè óðàâíåíèÿõ (9) è (10).

2) Îïðåäåëåíèå íà÷àëüíûõ çíà÷åíèé ýêñïîíåíöèàëüíûõ ñðåäíèõ ïî ôîðìóëàì

S1
1 = α0 −

1− a
a

α0;

S2
1 = α1 −

2− a
a

α1.
(12)

3) Äëÿ ïàðàáîëè÷åñêîé ìîäåëè ýêñïîíåíöèàëüíûå ñðåäíèå íàõîäÿòñÿ ïî ôîðìóëå:

S1
1 = α0 −

1− a
a

α1 +
(1− a) · (2− a)

2a2
· α2;

S2
1 = α0 −

2 (1− a)
a

α1 +
(1− a) · (3− 2a)

a2
· α2;

S3
1 = α0 −

3 (1− a)
a

α1 +
3(1− a) · (1− 3a)

2a2
· α2.

(13)

4) Íàõîæäåíèå ïàðàìåòðîâ ïðîãíîçèðóþùåé ôóíêöèè:

α0 = 2S1
2 − S2

2

α1 =
a

1− a
(
S1
2 − S2

2

) (14)

Äëÿ ïàðàáîëè÷åñêîé ìîäåëè α0 , α1, α2 � íàõîäÿòñÿ ïî ôîðìóëàì:

α0 = 3
(
S1
2 − S2

2

)
+ S2

2

α1 =
a

2
· (1− a)2 ·

[
(6− 5a) · S1

t − 2 (5− 4a) · S2
t + (4− 3a) · S3

t

]
α2 =

a

2
· (1− a)2 ·

(
S1
t − 2 · S2

t + S3
t

)
.

(15)

5) Óñòàíîâëåíèå ïðîãíîçíîãî çíà÷åíèÿ ïåðåìåííîé äëÿ ìîìåíòà âðåìåíè t+ 1:
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ϕ̂t+1 = α0 + α1 · l; (16)

äëÿ ïàðàáîëè÷åñêîé ìîäåëè:

ϕ̂t+1 = α0 + α1 · t1 +
α2

2!
· l2, (17)

ãäå l � ïîêàçàòåëü ïåðèîäà äëÿ êðàòêîñðî÷íîãî, ñðåäíåñðî÷íîãî, äîëãîñðî÷íîãî èëè äðó-
ãîãî òèïà ïðîãíîçà (l = 1, 2, . . . ).

6) Ðàñ÷åò ýêñïîíåíöèàëüíûõ ñðåäíèõ äëÿ t = 2, . . . , n ïî ôîðìóëàì:

S1
t = a · ϕt + (l − a) · S1

t−l;

S2
t = a · S1

t + (l − a) · S2
t−l;

S3
t = a · S2

t + (l − a) · S3
t−l.

(18)

7) Äëÿ ðàñ÷åòà ýêñïîíåíöèàëüíûõ ñðåäíèõ è ïàðàìåòðîâ ïðîãíîçèðóþùåé ôóíêöèè,
ðàñ÷åòíûõ çíà÷åíèé ïîêàçàòåëÿ äëÿ âñåõ îñòàëüíûõ çíà÷åíèé t îñóùåñòâëÿåòñÿ ïåðåõîä ê
ïóíêòó 4 è ðåàëèçóåòñÿ öèêë, ïîêà t 6 n.

8) Çíà÷åíèÿ ϕ̂t+1 äëÿ ìîäåëè ïðè t = n: ôèêñèðóþòñÿ êàê ïðîãíîçíîå çíà÷åíèå.
Êîíåö àëãîðèòìà.
Â êà÷åñòâå îöåíêè òî÷íîñòè ïðîãíîçà ïðåäëàãàåòñÿ ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå

ïðîãíîçíîãî çíà÷åíèÿ, êîòîðîå ðàññ÷èòûâàåòñÿ ïî ôîðìóëå

σt+l = σt ·
√
a/(2− a)3 · [1 + 4(1− a) + 5(1− a)2 + 2a(4− 3a) · l + 2a2 · l2, (19)

ãäå

σt =

√∑ (ϕt − ϕt)
2

(m− 2)
. (20)

Îòìåòèì, ÷òî ñ ïîìîùüþ òàêîé îöåíêè ìîæíî ðàññ÷èòàòü äîâåðèòåëüíûå èíòåðâàëû
ïðîãíîçà, òàê êàê ïðè ïðåäëîæåííîì ìåòîäå âîïðîñ âûáîðà ïðîãíîçèðóþùåé ôóíêöèè
îñòàåòñÿ îòêðûòûì ââèäó òîãî, ÷òî â îáùåì ñëó÷àå ïàðàáîëè÷åñêàÿ ìîäåëü ýôôåêòèâíåé
ëèíåéíîé, îäíàêî ïðè ñêà÷êîîáðàçíîì (ñòóïåí÷àòîì) âàðüèðîâàíèè ïåðåìåííîé âðåìåííî-
ãî ðÿäà ïàðàáîëè÷åñêàÿ ìîäåëü äîñòèãàåò íîâîãî óðîâíÿ çà áîëüøèé ïðîìåæóòîê âðåìåíè
ïî ñðàâíåíèþ ñ ëèíåéíîé.

Ïðèâåäåííûé àëãîðèòì ðåàëèçîâàí â êà÷åñòâå ìîäóëÿ àïðîêñèìàöèè è ïðîãíîçèðîâà-
íèÿ âðåìåííîãî ðÿäà, è ïîëó÷åíû ðàñ÷åòíûå äàííûå äëÿ òðåõ ãðóïï âûáîðî÷íûõ äàííûõ,
ïðåäñòàâëÿþùèõ ñòàöèîíàðíûå ïåðèîäè÷åñêèå (ñåáåñòîèìîñòü ïðîèçâåäåííîé ïðîäóêöèè
íà ïðèìåðå ïðîèçâîäñòâà êîíñåðâàíòîâ èç ôðóêòîâ è îâîùåé ïðåäïðèÿòèé Ñàìàðêàíä-
ñêîé îáëàñòè, òûñ. cóì), íåñòàöèîíàðíûå íåïåðèîäè÷åñêèå (ñðåäíåâçâåøåííàÿ äîõîäíîñòü
áèðæåâûõ îáëèãàöèé Ñàìàðêàíäñêîé îáëàñòè çà 2016 ã., % ãîäîâûõ) è íåñòàöèîíàðíûå
ïåðèîäè÷åñêèå (ñóììû ïîñòóïëåíèé êîíòðàêòíîé îïëàòû íà ðàñ÷åòíûé ñ÷åò Ñàìàðêàíä-
ñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà, ìëí. ñóì) ïðîöåññû.

Îäíàêî, êàê áûëî óêàçàíî âûøå, ìîäåëèðîâàíèå ýêîíîìè÷åñêèõ ïðîöåññîâ ìîæåò îñó-
ùåñòâëÿòüñÿ òàêæå è ñ ïîìîùüþ íåéðîííûõ ñåòåé [10]. Íåéðîñåòåâûå òåõíîëîãèè äàþò
ïðåèìóùåñòâà ïðè ðåøåíèè çàäà÷ ñ íåïîëíîé, çàøóìëåííîé, èñêàæåííîé èíôîðìàöèåé,
äëÿ êîòîðûõ ïðàêòè÷åñêè íåâîçìîæíî ïîëó÷èòü ïðèåìëåìûå ðåøåíèÿ ñ ïîìîùüþ ñòà-
òèñòè÷åñêèõ ìåòîäîâ àíàëèòè÷åñêîãî âûðàâíèâàíèÿ. Èñïîëüçîâàíèå ìîäåëåé íåéðîííûõ
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ñåòåé äëÿ îáðàáîòêè ìàññèâîâ äàííûõ äàåò çíà÷èòåëüíûé âûèãðûø â áûñòðîäåéñòâèè ïðî-
öåññà, à òàêæå â äîñòèæåíèè àäàïòèâíîñòè ìîäåëè çà ñ÷åò èçìåíåíèÿ òîïîëîãèè ñåòè ïðè
îáó÷åíèè, èñõîäÿ èç òðåáîâàíèé ðåøàåìîé çàäà÷è [3, 11, 12].

Îïèñàíèå è ïðîãíîçèðîâàíèå íåñòàöèîíàðíûõ ýêîíîìè÷åñêèõ ïðîöåññîâ íà

îñíîâå íåéðîñåòåâûõ òåõíîëîãèé. Îñíîâíàÿ ïðîáëåìà èñïîëüçîâàíèÿ íåéðîñåòåâûõ
òåõíîëîãèé çàêëþ÷àåòñÿ â ïðàâèëüíîì âûáîðå àðõèòåêòóðû íåéðîííîé ñåòè äëÿ ðåøåíèÿ
îïðåäåëåííîé çàäà÷è. Àïïðîêñèìàöèþ äàííûõ, ïðåäñòàâëÿåìûõ âðåìåííûì ðÿäîì, ìîæíî
îñóùåñòâëÿòü ñ ïîìîùüþ ìíîãîñëîéíûõ, ðàäèàëüíî-áàçèñíûõ, îáîáùåííî-ðåãðåññèîííûõ
è äð. òèïîâ ñåòåé [3, 11, 12]. Ïðè÷åì, ïðàêòèêà ïðèìåíåíèÿ íåéðîñåòåé ïîêàçûâàåò, ÷òî â
çàâèñèìîñòè îò òèïîâ çàäà÷ ðàçëè÷íûå àðõèòåêòóðû ñåòåé âûäàþò ðàçíîå êà÷åñòâî ðåøå-
íèé. Èñõîäÿ èç ðåçóëüòàòîâ àíàëèçà íàó÷íî-òåõíè÷åñêîé ëèòåðàòóðû, â äàííîì èññëåäîâà-
íèè íàìè ïðèíÿòî ïîñòðîåíèå íåéðîñåòåâîé ìîäåëè ýêîíîìè÷åñêîãî ïðîöåññà ñ ïðèìåíåíè-
åì êàñêàäíîé (cascade-forward backpropagation neural network [13]) àðõèòåêòóðû íåéðîííîé
ñåòè, êîòîðàÿ îòëè÷àåòñÿ ïðîñòîòîé è ýôôåêòèâíîñòüþ ïðè àïïðîêñèìàöèè äàííûõ ñ ñî-
õðàíåíèåì ïðèåìëåìîãî êà÷åñòâà ìîäåëèðîâàíèÿ.

Îáó÷åíèå íåéðîííîé ñåòè ïðèíÿòî îñóùåñòâèòü íà îñíîâå íàèáîëåå ïîïóëÿðíîãî è ðàñ-
ïðîñòðàíåííîãî àëãîðèòìà îáðàòíîãî ðàñïðîñòðàíåíèÿ îøèáêè, ò. ê. âñå åãî õàðàêòåðèñòè-
êè ïîäõîäÿò äëÿ âûáðàííîé àðõèòåêòóðû ñåòè è ðåøåíèÿ ïîñòàâëåííîé â èññëåäîâàíèè
ïðîáëåìû [10, 13].

Îñíîâíîé öåëüþ ìîäåëèðîâàíèÿ ÿâëÿåòñÿ ïîñòðîåíèå ïðîãíîçà áóäóùåãî ñîñòîÿíèÿ
äèíàìè÷åñêîãî ðÿäà, à äëÿ îáåñïå÷åíèÿ âûñîêîé òî÷íîñòè îáðàáîòêè äàííûõ òðåáóåòñÿ
ïîäáîð âåñîâûõ êîýôôèöèåíòîâ, ãàðàíòèðóþùèõ òàêóþ òî÷íîñòü. Â ñâÿçè ñ ýòèì, â êà÷å-
ñòâå ïàðàìåòðà ñåòè, êîòîðûé àïðèîðè ïðèâÿçàí ê îïðåäåëåííîìó òèïó âõîäíûõ äàííûõ
è âàðèàöèè êîòîðîãî ïîçâîëÿþò ñäåëàòü ëó÷øèé âûáîð, îïðåäåëåíî ñðåäíåå äîïóñòèìîå
îòêëîíåíèå íà÷àëüíûõ âåñîâûõ êîýôôèöèåíòîâ σ.

Äëÿ èëëþñòðàöèè ïðèìåíåíèÿ íåéðîííîé ñåòè ïðè ìîäåëèðîâàíèè ýêîíîìè÷åñêèõ ïðî-
öåññîâ áûëè âçÿòû òå æå äàííûå, êîòîðûå áûëè èñïîëüçîâàíû ïðè ðåàëèçàöèè ìîäóëÿ
àïïðîêñèìàöèè è ïðîãíîçèðîâàíèÿ íà îñíîâå ìåòîäà àäàïòèâíîãî ñòàòèñòè÷åñêîãî ïðî-
ãíîçèðîâàíèÿ.

Îòìåòèì, ÷òî ïîñòðîåíèå ïðîãíîçíîé ìîäåëè ÿâëÿåòñÿ ïðîöåññîì, ïðîäîëæàþùèì ïðî-
öåäóðó ìîäåëèðîâàíèÿ ïîñëå ïåðâè÷íîãî àíàëèçà ãðàôè÷åñêîãî ïðåäñòàâëåíèÿ èñõîäíûõ
äàííûõ.

Äëÿ îïðåäåëåíèÿ ñòåïåíè ïðåäïî÷òèòåëüíîñòè èñïîëüçóåìîãî ìåòîäà ïðè ïðèíÿòîì âè-
äå äàííûõ ïðèíÿòî ñðåäíåå îòêëîíåíèå ïðîãíîçíîãî çíà÷åíèÿ íà ïðîãíîçèðóåìîì ó÷àñòêå
êàê äëÿ àäàïòèâíîãî ñòàòèñòè÷åñêîãî, òàê è äëÿ íåéðîñåòåâîãî ìåòîäà [7, 13]:

γ =
1

N − k
×

N∑
i=k+1

∣∣∣∣∣σi−
_
σ i

σi

∣∣∣∣∣ , (21)

ãäå
_
σ i � îöåíêà, ïîñòðîåííàÿ ïî ñîîòâåòñòâóþùåìó ìåòîäó.
Ñîãëàñíî ýòîé ìåòîäèêå, âûñîêîé òî÷íîñòè ïðîãíîçà ñîîòâåòñòâóþò çíà÷åíèÿ γ < 0,1;

õîðîøàÿ òî÷íîñòü äîñòèãàåòñÿ ïðè 0,1 < γ < 0,2; óäîâëåòâîðèòåëüíàÿ òî÷íîñòü � ïðè
0,2 < γ < 0,5; íåóäîâëåòâîðèòåëüíàÿ òî÷íîñòü � ïðè γ > 0,5.

Äëÿ ðåøåíèÿ çàäà÷è ïðîãíîçèðîâàíèÿ, êàê è â ðàáîòå [11], ïðèìåíèì ìåòîä ïðîåê-
öèè âðåìåííîãî ðÿäà. Òîãäà çàäà÷à ðåøàåòñÿ ñ ïîìîùüþ îáó÷åííîé íåéðîííîé ñåòè ñ
âûïîëíåíèåì òàê íàçûâàåìîé ïðîåêöèè âðåìåííîãî ðÿäà, ãäå êîëè÷åñòâî ïîñòðîåííûõ



À.Ð. Àõàòîâ, Ô.Ì. Íàçàðîâ 11

Ðèñ. 1. Ðàñ÷åòû äëÿ ñåáåñòîèìîñòè ïðîèçâåäåííîé ïðîäóêöèè (òûñ. ñóì)

ïðîãíîçíûõ çíà÷åíèé íàçûâàåòñÿ ãîðèçîíòîì ïðîãíîçèðîâàíèÿ è îáîçíà÷àåòñÿ ñèìâîëîì
q, à îáùèé îáúåì ðÿäà äèíàìèêè îáîçíà÷àåòñÿ ñèìâîëîì N . Ïîñëå îáó÷åíèÿ ñåòè íà âûäå-
ëåííûõ ïðèìåðàõ îáúåìà (N − q) âûäàåòñÿ ïðîãíîç ñëåäóþùåãî çíà÷åíèÿ ðÿäà äèíàìèêè.
Ïðîåêöèÿ çàêëþ÷àåòñÿ â òîì, ÷òî ïîëó÷åííûé î÷åðåäíîé ðåçóëüòàò âìåñòå ñ ïðåäûäóùåé
îáó÷àþùåé âûáîðêîé ñíîâà è ñíîâà ïîäàåòñÿ íà âõîä ñåòè, ïðè÷åì ýòî ìîæíî ïîâòîðÿòü
ïðîèçâîëüíîå êîëè÷åñòâî ðàç. Îäíàêî óâåëè÷åíèå êîëè÷åñòâà ïîâòîðåíèé íå ãàðàíòèðóåò
óëó÷øåíèÿ êà÷åñòâà ïðîãíîçà.

Îäíèì èç ýôôåêòèâíûõ ðåøåíèé òàêîé ïðîáëåìû ïðèíÿòà îðãàíèçàöèÿ ñìåíû òîïî-
ëîãèè ñåòè â ïðîöåññå îáó÷åíèÿ. Ïðè èñïîëüçîâàíèè êàñêàäíîé íåéðîííîé ñåòè ýòî îñó-
ùåñòâëÿåòñÿ çàìåíîé ìåòîäà ìèíèìèçàöèè îøèáêè, â íàøåì ñëó÷àå, îäíîãî èç òðåõ ìå-
òîäîâ MSE, RootMSE, Arctan. Ïðè îïðåäåëåíèè îáëàñòè òîïîëîãèé íåéðîííûõ ñåòåé äëÿ
ïîñòðîåíèÿ ïðîãíîçíûõ ìîäåëåé ïðîèçâåäåí àíàëèç êà÷åñòâà, à ñîîòâåòñòâåííî è àäåêâàò-
íîñòè ïðîãíîçà ïî êîýôôèöèåíòó ñðåäíåãî îòêëîíåíèÿ (21).

Ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî àíàëèçà. Ðàñ÷åòû ïîëó÷åíû äëÿ äâóõ çíà÷åíèé
ãîðèçîíòà ïðîãíîçèðîâàíèÿ, êîãäà q = 3, q = 9 â ñîîòâåòñòâèè ñ ïðîãíîçîì íà òðè ìåñÿ-
öà è äåâÿòü ìåñÿöåâ ñîîòâåòñòâåííî. Ïîñëå ïîëó÷åíèÿ ðåçóëüòàòîâ ïðèìåíåíèÿ ïðîåêöèè
âðåìåííîãî ðÿäà äëÿ íåéðîñåòè ïðè âñåõ òðåõ ãðóïïàõ âûáîðî÷íûõ äàííûõ, ïîäñ÷èòà-
íû çíà÷åíèÿ âåëè÷èíû γ ïî ôîðìóëå (21), êîòîðàÿ õàðàêòåðèçóåò òî÷íîñòü ïîëó÷åííîãî
ïðîãíîçà äëÿ îáîèõ èññëåäóåìûõ ìåòîäîâ.

Íà ðèñ. 1�6 ïðîèëëþñòðèðîâàíû ãðàôèêè ïîñòðîåíèÿ ïðîãíîçèðóþùèõ ìîäåëåé ïî
àäàïòèâíîìó ñòàòèñòè÷åñêîìó è íåéðîñåòåâîìó ìåòîäó. Íà ðèñóíêàõ òî÷êè îçíà÷àþò èñ-
õîäíûå äàííûå, ëèíèè � ãðàôèê àïïðîêñèìèðóþùåé ôóíêöèè, ïðîãíîçíûå çíà÷åíèÿ â
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Ðèñ. 2. Ñðåäíåâçâåøåííàÿ äîõîäíîñòü áèðæåâûõ îáëèãàöèé â %
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Ðèñ. 3. Ñóììû ïîñòóïëåíèé êîíòðàêòíîé îïëàòû íà ðàñ÷åòíûé ñ÷åò óíèâåðñèòåòà, ìëí. ñóì
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Òàáëèöà 1

Ãîðèçîíò ïðîãíîçèðîâàíèÿ q = 3

Äàííûå Õàðàêòåðèñòèêè ÌÀÑÏ ÍÑÌ

Ïåðèîäè÷èñêèå Γ 0,1176 0,0206
íåñòàöèîíàðíûå Ò, ñ 6,218 1,791
Íåïåðèîäè÷èñêèå Γ 0,0031 0,0038
íåñòàöèîíàðíûå Ò, ñ 3,114 3,064
Ïåðèîäè÷èñêèå Γ 0,0204 0,0214
íåñòàöèîíàðíûå Ò, ñ 2,544 2,764

Òàáëèöà 2

Ãîðèçîíò ïðîãíîçèðîâàíèÿ q = 10

Äàííûå Õàðàêòåðèñòèêè ÌÀÑÏ ÍÑÌ

Ïåðèîäè÷èñêèå Γ 0,2025 0,1858
íåñòàöèîíàðíûå Ò, ñ 1,763 1,471
Íåïåðèîäè÷èñêèå Γ 0,0136 0,0846
íåñòàöèîíàðíûå Ò, ñ 4,778 2,665
Ïåðèîäè÷èñêèå Γ 0,0752 0,0506
íåñòàöèîíàðíûå Ò, ñ 8,974 2,624

âèäå òî÷åê è ëèíèé âûäåëåíû ñåðûì îòòåíåííûì öâåòîì, ÌÀÑÏ � ìåòîä ñòàòèñòè÷åñêî-
ãî àäàïòèâíîãî ïðîãíîçèðîâàíèÿ, ÍÑÌ � íåéðîñåòåâîé ìåòîä ïðîãíîçèðîâàíèÿ.

Äëÿ îöåíêè ýôôåêòèâíîñòè ðàçðàáîòàííûõ ìåòîäîâ ïðîâåäåíî ñðàâíåíèå îñíîâíûõ ïî-
êàçàòåëåé ðàáîòû ìîäåëåé, êîòîðûå ïðèâåäåíû â òàáë. 1 è 2. Â íèõ ïðèíÿòû ñëåäóþùèå
îáîçíà÷åíèÿ: çíà÷åíèÿ êîýôôèöèåíòîâ òî÷íîñòè ïðîãíîçà â âèäå ñðåäíåêâàäðàòè÷åñêîãî
îòêëîíåíèÿ γ, âû÷èñëåííîãî ïî ôîðìóëå (21), âðåìÿ ðàáîòû ìîäåëè T â ñåêóíäàõ.

Íà îñíîâàíèè äàííûõ òàáëèö ìîæíî ñäåëàòü âûâîä, ÷òî â áîëüøèíñòâå ñëó÷àåâ ìîäåëü
ñòàòèñòè÷åñêîãî àäàïòèâíîãî ïðîãíîçèðîâàíèÿ ñïðàâëÿåòñÿ ñ çàäà÷åé çà áîëåå äëèòåëüíûé
âðåìåííîé ïðîìåæóòîê, ÷åì íåéðîñåòåâàÿ ìîäåëü. Ïðîãíîç, ïîñòðîåííûé ñ ïðèìåíåíèåì
ÍÑÌ, ÿâëÿåòñÿ áîëåå àäåêâàòíûì è êà÷åñòâåííûì, ÷òî âèäíî ïî âåëè÷èíå γ (òàáë. 1, 2).

Çàêëþ÷åíèå. Òàêèì îáðàçîì, âèäíî, ÷òî ïðèìåíåíèå íåéðîñåòåâîé ìîäåëè äëÿ ïî-
ñòðîåíèÿ ïðîãíîçèðóþùåé ìîäåëè ýêîíîìè÷åñêîãî ïðîöåññà äîñòàòî÷íî îáîñíîâàííî. Â
êà÷åñòâå íåäîñòàòêîâ èñïîëüçîâàíèÿ íåéðîñåòåâûõ ìîäåëåé âîîáùå ìîæíî îòìåòèòü çíà-
÷èòåëüíóþ çàâèñèìîñòü ðåçóëüòàòîâ äëÿ êîíêðåòíîãî ýêîíîìè÷åñêîãî ïðîöåññà îò âûáðàí-
íîãî ìåòîäà îáó÷åíèÿ ñåòè.

Ñðàâíåíèå ðåçóëüòàòîâ ýêñïåðèìåíòàëüíîãî àíàëèçà ïðè êîíêðåòíûõ ÷èñëîâûõ äàí-
íûõ ïîäòâåðæäàåò ïðèìåíèìîñòü íåéðîííûõ ñåòåé è âûñîêîå êà÷åñòâî àïïðîêñèìàöèè
âðåìåííûõ ðÿäîâ è ïðîãíîçèðîâàíèÿ ïîâåäåíèÿ ýêîíîìè÷åñêîé ñèñòåìû. Èñïîëüçîâàíèå
íåéðîñåòåâûõ ìîäåëåé õîçÿéñòâóþùèìè ñóáúåêòàìè ìîæåò îáåñïå÷èòü ïîëó÷åíèå çíà÷è-
òåëüíîãî ýêîíîìè÷åñêîãî ýôôåêòà, òàê êàê ïîçâîëÿåò áûñòðî è íàäåæíî çàáëàãîâðåìåííî
ïðîñ÷èòàòü âîçìîæíîå ðàçâèòèå ñîáûòèé.
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Àõàòîâ Àêìàë Ðóñòàìî-

âè÷ � ä-ð òåõí. íàóê, äî-
öåíò Ñàìàðêàíäñêîãî ãîñóäàð-
ñòâåííîãî óíèâåðñèòåòà, Äåêàí
ôàêóëüòåòà ïðèêëàäíîé ìàòå-
ìàòèêè è èíôîðìàòèêè; e-
mail: akmalar@rambler.ru; òåë.:
+998902716418.

Àõàòîâ Àêìàë Ðóñòàìîâè÷ � àâòîð 1
ìîíîãðàôèè, ñâûøå 200 íàó÷íûõ è íàó÷íî-
ìåòîäè÷åñêèõ ðàáîò, â òîì ÷èñëå èìåþòñÿ 8
ó÷åáíî-ìåòîäè÷åñêèõ ïîñîáèé è 19 ñâèäåòåëüñòâ
î ðåãèñòðàöèè ïðîãðàìì äëÿ ÝÂÌ.

Âûñòóïàë ñ äîêëàäàìè íà 37 ìåæäóíàðîä-
íûõ, 39 ðåñïóáëèêàíñêèõ è ìåæâóçîâñêèõ íàó÷-
íûõ êîíôåðåíöèÿõ. ßâëÿåòñÿ ó÷àñòíèêîì ãðàí-
òà � A5-039

”
Ðàçðàáîòêà ïðîãðàììíûõ ñðåäñòâ

ïîñòðîåíèÿ ïàðàëëåëüíûõ àëãîðèòìîâ èíòåë-
ëåêòóàëüíîãî àíàëèçà äàííûõ“ (2015�2017 ãã.).

Â ïåðèîä ñâîåé äåÿòåëüíîñòè çàíèìàåòñÿ èñ-
ñëåäîâàíèåì íîâîãî íàó÷íîãî íàïðàâëåíèÿ ïî
ðàçðàáîòêå íàó÷íî-ìåòîäîëîãè÷åñêèõ îñíîâ, ìå-
òîäîâ è àëãîðèòìîâ ïîñòðîåíèÿ ñèñòåì êîíòðî-
ëÿ äîñòîâåðíîñòè èíôîðìàöèè â ñòðóêòóðå ïà-
êåòîâ ïåðåäà÷è äàííûõ.

Áûë ëàóðåàòîì Ïðåçèäåíòñêîé ñòèïåíäèè
Ðåñïóáëèêè Óçáåêèñòàí, ó÷ðåæäåííîé äëÿ àñ-
ïèðàíòîâ â 2003 ã.

Â 2014 ã. çàùèòèë äèññåðòàöèþ íà ñîèñêà-
íèå ñòåïåíè äîêòîðà òåõíè÷åñêèõ íàóê íà òåìó

”
Ìåòîäû è ïðîãðàììíî-àëãîðèòìè÷åñêèå êîì-
ïëåêñû îáåñïå÷åíèÿ äîñòîâåðíîñòè èíôîðìà-
öèè â ñèñòåìàõ ýëåêòðîííîãî äîêóìåíòîîáîðî-
òà íà îñíîâå pr-èçáûòî÷íîñòè“ ïî ñïåöèàëüíî-
ñòè 05.13.01 �

”
Ñèñòåìíûé àíàëèç, óïðàâëåíèå

è îáðàáîòêà èíôîðìàöèè“.
Íà ñåãîäíÿøíèé äåíü ïîä åãî íàó÷íûì ðó-

êîâîäñòâîì ïîäãîòîâëåíî 9 ìàãèñòåðñêèõ äèñ-
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ñåðòàöèîííûõ ðàáîò. ßâëÿåòñÿ ó÷àñòíèêîì ðå-
ãèîíàëüíîãî íàó÷íîãî ñåìèíàðà

”
Èíôîðìàöè-

îííûå òåõíîëîãèè“.
Àêòèâíî ó÷àñòâóåò ñ äîêëàäàìè íà íàó÷íîì

è ìåòîäè÷åñêîì ñåìèíàðå. ×èòàåò ëåêöèè, ïðî-
âîäèò ïðàêòè÷åñêèå è ëàáîðàòîðíûå çàíÿòèÿ ïî
ñïåöèàëüíûì êóðñàì. Âíåäðÿåò â ó÷åáíûé ïðî-
öåññ ñîâðåìåííûå ñèñòåìû èíôîðìàöèîííûõ è
ïåäàãîãè÷åñêèõ òåõíîëîãèé.

ßâëÿåòñÿ ÷ëåíîì ýêñïåðòíîãî ñîâåòà Âûñ-
øåé àòòåñòàöèîííîé êîìèññèè, ÷ëåíîì ýêñïåðò-
íîãî è íàó÷íî-òåõíè÷åñêèîãî ñîâåòîâ Ãîñóäàð-
ñòâåííîãî êîìèòåòà íàóêè è òåõíîëîãèé Ðåñïóá-
ëèêè Óçáåêèñòàí.

Akhatov Akmal Rustamovich � Dean
of the Faculty of Applied Mathematics and
Informatics of the Samarkand State University,
Doctor of Technical Sciences, Associate Professor,
Professor, Chair of Information Technologies, SSU

Author of 1 monograph, over 200 scienti�c
and scienti�c-methodical works, including 8
educational manual and 19 certi�cates on
registration of software.

He participated in 37 international, 39
republican scienti�c conferences. He is a
participant of the grant � A5-039

”
Development of

software tools for constructing parallel algorithms
for data mining“ (2015-2017).

During the period of his activity he is engaged
in research of a new scienti�c direction on the
development of scienti�c and methodological
foundations, methods and algorithms for
constructing information reliability control
systems in the structure of data transmission
packages.

He was a laureate of the Presidential
Scholarship of the Republic of Uzbekistan,
established for post-graduate students in 2003.

In 2014 he defended his thesis for the
degree of Doctor of Technical Sciences on
the topic

”
Methods and software-algorithmic

complexes to ensure the reliability of information
in electronic document management systems
based on pr-redundancy“, specialty 05.13.01 �

”
System analysis, management and processing of
information.“

To date, under his scienti�c guidance, 9
master's dissertations have been prepared. He is

a participant of the regional scienti�c seminar

”
Information Technologies“.
He actively participates in reports at the

scienti�c and methodological seminar, reads
lectures, conducts practical and laboratory classes
at special courses, introduces modern systems of
information and pedagogical technologies in the
educational process.

He is a member of the Expert Council of the
Higher Attestation Commission, a member of the
expert and scienti�c and technical councils of the
State Committee of Science and Technology of the
Republic of Uzbekistan.

Íàçàðîâ Ôàéçóëëî Ìàõ-

ìàäèÿðîâè÷ � àññèñòåíò êà-
ôåäðû èíôîðìàöèîííûõ òåõ-
íîëîãèé Ñàìàðêàíäñêîãî ãîñó-
äàðñòâåííîãî óíèâåðñèòåòà; e-
mail: fayzullo-samsu@mail.ru;
òåë.: +998944798640.

Íàçàðîâ Ôàéçóëëî Ìàõ-

ìàäèÿðîâè÷ � àâòîð ñâûøå 35 íàó÷íûõ è
íàó÷íî-ìåòîäè÷åñêèõ ðàáîò, â òîì ÷èñëå èìå-
þòñÿ 3 ó÷åáíî-ìåòîäè÷åñêèõ ïîñîáèÿ è 4 ñâè-
äåòåëüñòâà î ðåãèñòðàöèè ïðîãðàìì äëÿ ÝÂÌ.

Âûñòóïàë ñ äîêëàäàìè íà 2 ìåæäóíàðîä-
íûõ, 25 ðåñïóáëèêàíñêèõ è ìåæâóçîâñêèõ íà-
ó÷íûõ êîíôåðåíöèÿõ.

Íàçàðîâ Ô. Ì. îêîí÷èë ôàêóëüòåò ïðèêëàä-
íîé ìàòåìàòèêè è èíôîðìàòèêè â 2012 ãîäó,
â 2014 ãîäó ïîëó÷èë ñòåïåíü ìàãèñòðà íàóê ïî
ñïåöèàëüíîñòè

”
Ïðèêëàäíàÿ ìàòåìàòèêà è èí-

ôîðìàöèîííûå òåõíîëîãèè“.
Â 2011�2012 ó÷åáíîì ãîäó Íàçàðîâ Ô. Ì.

áûë ëàóðåàòîì Ðåñïóáëèêàíñêîé îëèìïèàäû ïî

”
Îñíîâàì ïðîãðàììèðîâàíèÿ“. ßâëÿåòñÿ àê-
òèâíûì ÷ëåíîì è îäíèì èç èäåîëîãîâ êëóáà

”
Àëãîðèòì“ ïðè íàó÷íîì ñîîáùåñòâå îäàðåí-
íûõ ñòóäåíòîâ ôàêóëüòåòà ïðèêëàäíîé ìàòåìà-
òèêè è èíôîðìàòèêè Ñàìàðêàíäñêîãî ãîñóíè-
âåðñèòåòà.

Â îáëàñòè íàó÷íîé äåÿòåëüíîñòè çàíèìàåò-
ñÿ èññëåäîâàíèåì íîâîãî íàó÷íîãî íàïðàâëåíèÿ
ïî ðàçðàáîòêå íàó÷íî-ìåòîäîëîãè÷åñêèõ îñíîâ,
ìåòîäîâ è àëãîðèòìîâ ïîñòðîåíèÿ ñèñòåì êîí-
òðîëÿ äîñòîâåðíîñòè èíôîðìàöèè â ýêîíîìè÷å-
ñêèõ èíôîðìàöèîííûõ ñèñòåìàõ.
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Àêòèâíî ó÷àñòâóåò ñ äîêëàäàìè íà íàó÷íûõ
è ìåòîäè÷åñêèõ ñåìèíàðàõ. ×èòàåò ëåêöèè, ïðî-
âîäèò ïðàêòè÷åñêèå è ëàáîðàòîðíûå çàíÿòèÿ
ïî äèñöèïëèíàì â îáëàñòè ïðîãðàììèðîâàíèÿ,
êîìïüþòåðíûõ ñåòåé, çàùèòû èíôîðìàöèè.

Âíåäðÿåò â ó÷åáíûé ïðîöåññ ñîâðåìåííûå
ñèñòåìû èíôîðìàöèîííûõ è ïåäàãîãè÷åñêèõ
òåõíîëîãèé.

Nazarov Fayzullo Maxmadiyarovich �
Samarkand State University, Assistant, Chair of
Information Technologies, SSU

Author over 35 scienti�c and scienti�c-
methodical works, including 3 educational manual
and 4 certi�cates on registration of software.

He participated in 2 international, 25
republican scienti�c conferences.

Nazarov F.M. graduated from the Applied
Mathematics and Informatics Department in
2012, in 2014 received a Master of Science
degree in Applied Mathematics and Information
Technology.

In the academic year 2011-2012 Nazarov F.M.
was a laureate of the Republican Olympiad on

”
Basics of Programming“. He is an active member
and one of the ideologists of the club

”
Algorithm“

under the scienti�c community of gifted students
of the Faculty of Applied Mathematics and
Informatics of the Samarkand State University.

In the �eld of scienti�c activity is engaged
in research of a new scienti�c direction on the
development of scienti�c and methodological
foundations, methods and algorithms for
constructing information reliability monitoring
systems in economic information systems.

He actively participates in reports at the
scienti�c and methodological seminar. He reads
lectures, conducts practical and laboratory classes
in the �elds of programming, computer networks,
information security.

Introduces modern systems of information
and pedagogical technologies in the educational
process.
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