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ABSTRACT: The scientific article analyzes the dynamics of textile industry production in the USSR and the Russian Federation
from 1985 to 2022 years.The article provides a fairly complete overview of modern methods of forecasting the development of
objects, mainly based on time series analysis, including issues of forecasting cyclic and discontinuous processes, forecasting
multidimensional objects with a correlated system of indicators. Authors calculate the forecast until 2026 year based on a bank of
mathematical forecasting models implementing various monotonic nonlinear transformations both along the ordinate axis and along
the abscissa axis. The criterion of the minimum variance of the forecast error was used as a criterion for selecting a specific model
from the bank. The scientific value of the article lies in the fact that, for the first time, it offers a criterion for choosing a mathematical
model from a set of them, which uses the minimum estimate of the variance of forecast errors for this model. This work can be
considered a step towards the creation of artificial intelligence since the selection of the optimal model for a specific time series
allows to obtain a training sample for it, which is fundamentally impossible to obtain without it.
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1. Introduction

The products of light industry enterprises are consistently in steady demand from consumers. However, according
to official data from the Federal State Statistics Service, the share of light industry in the total industrial production of
the Russian Federation is less than 1%. The project titled “Strategies for the Development of Light Industry in Russia
up to 2025” has been developed, aimed at stimulating the development of domestic production of competitive goods
with high added value, can become one of the factors of the industry’s development. It is expected that the volume of
light industry goods shipped will increase from 520.6 billion rubles in 2019 to 631 billion rubles in 2025. Various
government support measures have been developed for this purpose.

The enterprises of the industry carry out a full cycle of production of goods: from the primary processing of raw materials
to the sale of finished products. Therefore, the light industry is a multidisciplinary industry which employs many workers.

For the development of the textile and light industry, it is necessary to provide it with a raw material base, which
includes the production of flax, cotton and silk.

The purpose of this article is to predict the development of the raw material base of the textile and light industry.

The article provides a fairly complete overview of modern methods of forecasting the development of objects,
mainly based on time series analysis, including forecasting cyclic and discontinuous processes, forecasting
multidimensional objects with a correlated system of indicators and creating banks of mathematical forecasting models.
Due attention is also paid to forecasting based on deterministic and stochastic mathematical models of ongoing processes.

The purpose of the study is a detailed analysis of the production of the raw material base of textile industry
enterprises, namely: cotton, linen, silk fabrics for the period 1985-2022 years on the territory of the USSR and the
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Russian Federation. Before the Soviet Union collapsed, the RSFSR had a well-developed production of cotton, linen,
and silk fabrics. The USSR was one of the three most developed countries in the production of textile products.

In conditions of technological isolation, global changes are taking place in the textile industry on the territory of
the Russian Federation, which requires the development of production factors. At the moment, the textile industry in
the Russian Federation largely depends on external supplies of raw materials, which account for about 70% of the total
volume [1]. Taking into account the increase in prices for imported raw materials, this leads to a sharp increase in the
cost of the final product.

The main objective of the study was to build a forecast of the development of the textile industry of the Russian
Federation for the next few years. The forecast was carried out based on the analysis of time series of textile industry
indicators over the past 20 years using a bank of mathematical forecasting models and a criterion for choosing a model
with a minimum variance of forecast error.

The scientific value of the article lies in the fact that, for the first time, it offers a criterion for choosing a
mathematical model from a certain set of them, which uses the minimum variance of forecast errors for this model. An
analytical expression is obtained for estimating the variance of forecast errors based on polynomial models in the
presence of nonlinear transformations along both the abscissa and ordinate axes.

2. Materials and Methods

This section gives a classification of forecasting methodsand their essence is briefly described. In particular,
methods for predicting discontinuous and cyclic processes andmethods for predicting multidimensional objects with a
correlated system of indicators, are considered.

Modern forecasting methods can be classified into three main groups [1-3]: expert assessment methods;
extrapolation methods and mathematical modeling methods;

The method of expert assessment is based on using an individual or group opinion on the forecasts of the
development of the object [4].

Individual expert assessments are the appeal of experts’ opinions independently of each other. In contrast, group
expert assessments are the result of a general discussion of the situation by all members of the group.

The most effective methods are questionnaires with feedback, which occupy an intermediate position between
individual and group expert assessments. Their advantage is the influence of the opinions of some experts on others by
rethinking the initial judgments based on the analysis of the statements of other experts.

The extrapolation method consists of spreading trends and connections for a certain period in the future. The
method is based on an intuitive idea of some kind of interference-free essence of the analyzed process. The application
of this method boils down to constructing the best description of the regular component in some sense f(t) and
extrapolating it to a forecast point in time.

The author Afanasyev V.N., Yuzbashev M.M.,Chetyrkin E.M. note as functions of f(t), [5,6] are usually used:
linear, polynomial, and other simple mathematical dependencies.

To obtain a variety of mathematical prediction models based on polynomials, various nonlinear monotonic
transformations can be used along the abscissa (time) axis and the ordinate axis for the analyzed time series [7-9].

However, the biggest question when applying the extrapolation method is the legality of extending past trends into
the future. Over time, both the parameters of the models and the mathematical dependencies themselves may change,
and various qualitative changes (jumps) may occur.

The development of many objects can be cyclical. For example, business cycles of various frequencies are observed
in economic dynamics, including the so-called Kondratiev long waves. The mathematical model of forecasting cyclic
processes is considered in [10-14].

The development of the predicted object may represent an alternation of evolutionary and discontinuous stages
(jumps). In this case, it can be recommended to use a mathematical model based on the representation of the dynamics
of the indicator as the sum of the evolutionary component and abrupt changes [15-17].

To account for the possibility of a smooth change in the regular component over time, so-called adaptive models
are used, which include exponential smoothing models [18,19] and the Box-Jenkins model [18,20-23], which is more
general with respect to the exponential smoothing model.

Mathematical modeling methods involve the development of a deterministic or stochastic model. The construction
of a deterministic model is based on the conclusion of the mathematical dependence of the studied indicator on the main
determining factors that are not random. Stochastic models take into account the probabilistic nature of changes in
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indicators and, unlike deterministic models, present the forecast result as a set of probabilities of different values of the
indicator or the density of the probability distribution.

The theoretical foundations of the mathematical modeling method are described in [24-26]. Mathematical
modeling methods are widely used in predicting the development of infectious diseases in both human and animal
populations, as well as in economics and marketing. General approaches to constructing models of the mathematical
theory of epidemics (MTE) are considered in [27-31]. Deterministic models for a closed population include the Kermak and
McKendrick model [32-34], the Weiss model (with vectors) [35], as well as a model developed with the participation of the
author [36]. Stochastic models include a simple stochastic model [37,38], a general stochastic model [39-41], the Downton
model [42], a stochastic version of the Weiss model [43], and an extended simple stochastic model [44,45].

The general principles of mathematical modeling of the epizootic process are considered in [46-48]. Models of the
spatial spread of epidemics are considered in [27,28], and epizootics—in [49-52], simulation models—in [53-58].

The principle of developing and synthesizing MTE models for specific diseases is discussed in [56-59], and
recommendations on using deterministic or stochastic models are presented in [60-62]. Mathematical models have been
successfully used to predict leptospirosis [63], influenza [64,65], tuberculosis [66,67] and especially COVID-19 [68-73].

Mathematical forecasting models in economics and marketing include [74-76].

It should be noted that there are also a number of specific forecasting methods: the method of envelope curves
(used to predict the development of technology taking into account the change of generations), “engineering forecasting”
(based on the analysis of patent information) [77—80], the predictive graph method (predicting the probability or time
of occurrence of events) [81] and others [82-86].

The variety of forecasting methods and models is because they focus on a certain class of objects and prevailing
conditions. Therefore, when choosing a forecasting method and constructing a mathematical forecasting model, one
should take into account the nature of the forecasting object (scientific, technical, economic, social, natural), its
dimension, complexity (the degree of interrelation between elements), the nature of development (the presence of cycles,
jumps, etc.), the degree of determinism, as well as available information sources.

Modern forecasting, tends to create hybrid models consisting of several separate forecasting models in which the
forecast is formed as a weighted sum of forecasts obtained using various methods and models [85-89].

Let’s consider the case when the forecasting object is characterized by a certain set of indicators—{P;, P,, ..., B, }.
It is possible that there may be fairly close correlations between individual indicators. This circumstance can be used to
reduce the dimension of the forecasting problem, which assumes: based on the analysis of the correlation matrix of n
indicators, the allocation of k variables (k < n), the variation of which, with a sufficient degree of adequacy, allows
us to explain the variation in the values of the initial indicators;

- building models of the relationship of baseline indicators with selected variables;

- prediction of the values of the selected variables at a given time t;;

- determination of the forecast values of the initial indicators based on communication models and the forecast values
of the selected variables.

The advantage of this approach is that the selected variables are usually poorly correlated. This makes it possible
to predict them independently and avoid using complex econometric models of interrelated series, which is very
problematic in conditions of limited statistical information and many parameters of such models. In addition, as a result
of this approach, the task of linking forecasts of individual indicators is automatically solved.

One of the approaches to the problem of dimension reduction is the use of factor analysis (FA) apparatus [90-94].

The main hypothesis of the FA is that the totality of correlated indicators can be described using a small number
of directly unobservable hypothetical quantities—common factors (OF). The FA model has the form:

k
P, =Zaﬂfr+djuj, G=1,..,n) 1)
r=1
where:
f,—1is the value of the rth OF;
a;,—is the factorial load of the r-th OF on the j-th indicator;
uj—is the value of the j-th characteristic factor;
d;j—is the load of the j-th characteristic factor;
k—is the number of OF.
At the same time, k < n.
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Forecasting of the OF by time series does not differ in any way from forecasting the initial indicators. However,
the dynamics of the OF, as a rule, is characterized by greater stability.

When predicting indicators for OF, no special construction of communication models is required since the factor
model acts as such a model.

However, using the FA apparatus is possible only when using the extrapolation method of forecasting OF, since
experts cannot predict the development of hypothetical OF, which does not have a clear economic meaning. Therefore,
when using the expert method of forecasting indicators of the market situation, it is advisable to use other methods of
reducing the dimension—the allocation of the so-called “leading” indicators [93-96].

The reduction in the dimension of the forecasting task is carried out by dividing the entire set of indicators G into
two groups: “leading”—G; (independently predicted) and “driven”—G; (predicted based on models of communication
with “leading” indicators. A natural condition for assigning an indicator to the “slave” group is the sufficient closeness of
its statistical relationship with the G group, which should ensure acceptable accuracy of its forecast. So, if the indicator
P; is closely related to the indicator P;(r(P;, P;) ~ 1), then it is enough to include one of them in the “leading” group.

It is also obvious that if the P; indicator does not have a significant statistical relationship with any of the other
indicators. It should be attributed to the “leading” group.

In general, the issue of dividing indicators into groups G; and G; is quite complicated. When solving this problem,
the goal is to ensure a minimum number of indicators in the G; group with a given closeness of the correlation between
the “slave” indicators and the “leading” ones. The last condition applies to each of the “slave” indicators and acts as the
following restriction:

minR(Pi, Gl) = RO'PL' € Gz

where:
R(P;, G;)—the coefficient of multiple correlation of the “slave” indicator P; with the group Gg;
R,—the minimum allowable multiple correlation coefficient.

The stated task is optimizing the composition of the group of “leading” indicators in the presence of restrictions.
Its solution is considered in the author’s works [95-98]. The effectiveness of dimensionality reduction methods has
been studied in [99-101]. The issue of estimating the accuracy and reliability of forecasts is considered in [102,103],
and the stability of the obtained models of the relationship between variables in [104—-106].

3. Mathematical Model of Forecasting

This section discusses a mathematical forecasting model based on selecting polynomial models for time series
obtained using nonlinear monotonic transformations along both the abscissa and ordinate axes. The criterion for
choosing a model is the one with the lowest forecast variance, which is determined using an analytical expression.. In
addition, when selecting a model, its adequacy is assessed according to the Darbin criterion. Watson and the cumulative
criterion of consent.

Let’s consider the issue of creating a bank of various mathematical forecasting models anddeveloping procedures
for automated selection of the <best> time series model in some sense. When creating a bank of mathematical
forecasting models, polynomial models of the form can be used as a basis.

y' () =ag+a;t’ + ay(t)? + - an, ()" + €, 2)

where:
m—is the order of the polynomial;
a;—is the jth parameter of the model;
g,—is an uncorrelated random variable with zero mathematical expectation and variance o2.
The parameters of polynomial models, due to their linearity with respect to the «; parameters, are estimated using

the least squares method, which leads to the following expression for calculating parameter estimates [107]:
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a= Iy, 3)
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where:
n—the number of points in the time series under consideration;

tj—the moment of time corresponding to the jth point of the time series;
y;—the value of the indicator in question at a time ¢;.

In this case, the variance of the forecast error of the indicator y’ at time t; can be estimated based on the following
analytical expression [108]:

D{y'(t)) = 9'(t})} = 6*{1 + T, (I'T)™'T,}, (4)
where:

F,L = (1 t’L t,Lz t’Lm);

n
6= 0 =9/ —m=1),
j=1

y;j—the forecast of the y; indicator based on the trend model.

To obtain a variety of mathematical prediction models based on polynomials, we will use various nonlinear monotonic
transformations both along the abscissa (time) axis and along the ordinate axis for the analyzed time series [7-9].
The class of nonlinear transformations we use along the abscissa (time) axis t' = f;(t) includes:

@t =t Bt =1/t; (@t =lnt; (@t = Yt
The class of transformations along the ordinate axis y’ = f,(y) contains:
@y =y By =1y ©y =y5 @y =y, (©y =e; (Hy =e.

The set of mathematical forecasting models obtained using a 3rd-order polynomial approximation of the
transformed time series is shown in Table 1.

Table 1. Mathematical forecasting models for x = 2

Model Transformation along Transformation along the Forecasting Model
Number the Ordinate Axis Abscissa Axis
1 y' =y t'=t f() =ag +at+a,t?+ast
2 y =1/y t' = f(@) = 1/(ag + a;t + a,t? + ast?)
3 y' =y* t' = () =+Ja, + a;t + a,t? + ast3
4 y' =lny t' = f(t) = ea0+a1t+a2t2+a3t3
5 y =e?Y t'=t f(©) = 4In (ag + a;t + a,t* + ast?)
6 y =y t'=1/t f) =ag+a/t+ a,/t? +ay/t?
7 y =y t' =Int f(®) = ag + a;lnt + a,In’t + azln3t
8 y' =y t'=4t £(O) = ag + a;VE + ayt + az\/t?
9 y' =1/y t' =1/t f(©) =t3/(ag + a;t + a,t* + ast?)
10 y' = Iny t' = Int f@®) = at®

The advantage of the proposed approach is that, despite the nonlinearity of the mathematical models obtained
relative to the estimated parameters, it is possible to apply OLS to the transformed time series since a polynomial model
is selected for it. At the same time, the range of mathematical dependencies in Table 1 is quite wide.

Another important issue when creating a bank of forecasting models is the issue of choosing a model. It seems
logical to use the minimum variance of the forecast error as the criterion for selecting a mathematical forecasting model.

When there are no nonlinear transformations along the ordinate axis, the variance of the forecast error can be
calculated using the following Formula (3).
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The estimate of the variance of the forecast error in the presence of nonlinear transformations along the ordinate

axis is calculated using the following formula [7-9]:
it
D{y(t)) —y(t)} = (Wza—y(,y))zly =9'(t))6*(1 + T (I'T)7'TY), ®)

Note that the last expression is obtained under the assumption that random variables are uncorrelated ;.

This condition is a well-known criterion for the adequacy of models and must be verified. Diagnostic verification
of the adequacy of models is reduced to testing the statistical hypothesis of the uncorrelation of random variables ;.
The Durbin-Watson and cumulative consent criteria can be used for this purpose [7].

The criterion for choosing a mathematical model is the minimum variance of the prediction error of the initial time
series from a set of transformations that have been tested for the adequacy of the model according to both tests.

Note that to improve the accuracy of the forecast, you can try to simplify the models, excluding statistically
insignificant parameters from them. The hypothesis that the true value of the j-th parameter of the model is zero is
rejected if the following condition is met [108]:

/8] > t, ‘/6(%-),
where:

t,—tabular value of the Student’s criterion of significance level for v =n —m — 1 degrees of freedom.
Otherwise, parameter @, should be considered statistically insignificant. Thus, for each of the possible variants of

nonlinear transformations (types of model):

—  Transformation of the time points t’ = f;(t) and the predicted indicator y' = f,(y) in accordance with Table 1;
—  Estimation of the parameters of the polynomial model according to Formula (2);
—  Obtaining the predicted values of the transformed indicator y’(t;) according to the polynomial model;

—  Finding the predicted value of the initial indicator using the inverse transformation y(t;) = f5 ! (ﬁ(ti));

—  Estimation of the variance of the prediction error of the initial time series according to Formula (4);
—  Diagnostic verification of the adequacy of the model.

From various adequate models, an option is selected that provides a minimum variance of the forecast error.

It is also possible for experts to participate in the preliminary selection of a subset of tested models [9].

The choice of the polynomial order is carried out by sequentially iterating 1,2,...k until a model with a minimum
variance of the forecast error is obtained. The value of k is limited by the fact that as the order of the polynomial
increases, the number of estimated parameters increases. With a small amount of experimental data, the estimates of
these parameters may become statistically unreliable according to the Student’s criterion. As part of the study, the
polynomial order was viewed in the range from 1 to 3.

4. Initial Data and Calculation Results

This section examines the forecasted objects, specifically the time series of silk, cotton and wool production from
1985 to 2022 years. A meaningful analysis of the dynamics of these indicators has been carried out. The periods that
can be used for forecasting the volume of production of these raw materials for the period up to 2026 year have been
identified.

The dynamics of silk fabric production in the USSR and the Russian Federation for the period 1985-2022 years
are shown in Figure 1.
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Figure 1. Production of silk fabrics on the territory of the USSR-the Russian Federation in 1985-2022 years (million m?) [109,110].

As can be seen from Figure 1, since 1990 year, there has been a significant decrease in the production of silk fabrics.

In Soviet times, the cotton industry was the leading light industry. It consisted of more than 240 enterprises and
production associations in the USSR. The most important principle of the placement of Soviet industrial enterprises
was to approach the sources of raw materials and areas of consumption of products.

With the collapse of the USSR in 1991 year, great difficulties arose with the raw material base. Due to the fact that
cotton was the main raw material for textile products and Uzbekistan became an independent state as the main supplier
of cotton, Russia needed to replace cotton [111].

As can be seen from Figure 2, in 1988 year, the production of cotton fabrics reached a maximum and amounted to
8106 million m?. Since 1998 year , there has been an overall increase in production, and in 2006 year this figure
amounted to 2222 million m?, which is 1142 million m? more than in 1998 year. In 2021 year, the volume of
production of cotton fabrics reached its maximum value and amounted to 899 million m?2.
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Figure 2. Production of cotton fabrics on the territory of the USSR-the Russian Federation in 19852022 years (million m?) [109,110].

As can be seen from Figure 3, in the period 1985-1989 years, there was a slight increase in the production of
woolen fabrics, reaching the level of 721 million m?, and after the collapse of the USSR, this figure fell sharply to the
level of 276 million m?, that is almost 2.5 times.
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Figure 3. Production of wool fabrics on the territory of the USSR-the Russian Federation in 1985-2022 years (million m?)
[109,110].

As a result of testing the models listed in Table 1 for the dynamics of silk production, model 4 was in the first place
according to the criterion of the minimum variance of the forecast error when using 3rd-order polymers. For this model,
the significance of parameter estimates according to the Student’s criterion was verified. Estimates of the parameters of
model 4, their standard deviations and the values of the Student’s criterion are given in Table 2.

Table 2. Estimation of model parameters 4.

Parameters as ap aq ag
Evaluations @, —0.00034  0.011484  —0.09555  5.110613
Standard deviations of estimates &(a,) 0.000136  0.005795  0.070508  0.232169
The values of the Student’s criterion t(a,) —2.50 1.98 1.36 22.01

The tabular value of the Student’s criterion of the significance level a = 0.10 at 23 degrees of freedom is 1.71. Thus,
parameter a, turned out to be statistically insignificant and the variable t should be excluded from the model.
The recalculation allowed us to obtain the following parameter estimates (Table 3).

Table 3. Estimates of the parameters of the adjusted model.

Parameters az a, g
Evaluations &, —0.00017 0.003849 4.828882
Standard deviations of estimates &(a,) 5.25 x10°° 0.001379 0.105126
The values of the Student’s criterion t(a,) —3.24 2.79 45,99

All parameters of the new model are statistically significant at the significance level a = 0.05 (the tabular value
of the Student’s criterion is 2.06) and it can be used for forecasting.
The obtained forecasts for 2023-2026 years and estimates of their variances are shown in Table 4.

Table 4. Forecasts of silk production (million m?) for 2023-2026 years.

Years 2023 2024 2025 2026

Forecast, million m?. 76 69 63 56
Variance of forecast errors 308 232 169 116
Standard error 175 15.2 13.0 10.8
Coefficient of variation 0.23 0.22 0.21 0.19

Since the coefficients of variation are less than 0.25, the forecasts obtained can be considered acceptable. Once
again, we recall that they are the most accurate among the forecasts obtained using other models in Table 1.
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As a result of testing the models listed in Table 1 for the dynamics of cotton production, model 2 turned out to be in first
place according to the criterion of minimum variance of the forecast error when using a 2nd-order polynomial. Estimates of
the parameters of model 2, their standard deviations and the values of the Student’s criterion are given in Table 5.

Table 5. Estimation of model parameters 2 for cotton.

Parameters a, aq ag
Evaluations @, 3.1x10° —6.2 <107 0.00088
Standard deviations of estimates &(a,) 6.43 x10°* 2.73 x10°° 3.33 %107
The values of the Student’s criterion t(a,) 48.2 —22.7 26.4

All model parameters are statistically significant at the significance level a = 0.05 (the tabular value of the Student’s
criterion is 2.06) and it can be used for forecasting.
The obtained forecasts for 2023-2026 years and estimates of their variances are shown in Table 6.

Table 6. Forecasts of cotton production (million m?) for 2023-2026 years.

Years 2023 2024 2025 2026

Forecast, million m2. 636 593 553 517
Variance of forecast errors 7646 6302 5284 4500
Standard error 87.4 79.4 72.7 67.1
Coefficient of variation 0.14 0.13 0.13 0.13

As aresult of testing models for the dynamics of wool production, model 2 also appeared in the first place according
to the criterion of the minimum variance of the forecast error when using the 2nd order polynomial. The estimates of
the model parameters, their standard deviations and the values of the Student’s criterion are given in Table 7.

Table 7. Estimation of model parameters 2 for wool.

Parameters a aq ag
Evaluations @, 0.000216 —0.00064 0.0185
Standard deviations of estimates 6 (a,) 2.8x10° 0.00011 0.00134
The values of the Student’s criterion t(a,) 83.1 -5.8 13.8

All parameters of the model are statistically significant at the significance level a = 0.05. The obtained forecasts
for 2023-2026 years and estimates of their variances are shown in Table 8.

Table 8. Forecasts of wool production (million m?) for 2023-2026 years.

Years 2023 2024 2025 2026

Forecast, million m?. 5.9 5.51 5.16 4.84
Variance of forecast errors 0.0546 0.0457 0.0390 0.0339
Standard error 0.234 0.214 0.197 0.184

Coefficient of variation 0.04 0.04 0.04 0.04

5. Conclusions

The use of a bank of mathematical forecasting models based on time series analysis with a criterion for choosing
a model with the lowest variance of forecast error allows us to obtain the most accurate forecast, which will affect the
quality of management of the development of the textile industry of the Russian Federation and will contribute to
improving the efficiency of using material and organizational resources and, ultimately, increasing labor productivity
and profits of enterprises.

The scientific value of the article consists in substantiating the criterion for choosing a mathematical model, which
will allow in each specific practical situation to choose a model with a minimum variance of forecast error. This approach
has significant scientific novelty in comparison with the traditional methodology of choosing a model based on the criterion
of the maximum coefficient of determination. It is known from practice that the traditional criterion of the maximum
coefficient of determination does not lead to constructing a model with good predictive properties. This work can be
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considered a step towards the creation of artificial intelligence [112-117], since selecting the optimal model for specific
time series allows, to obtain a training sample for it, which is fundamentally impossible to obtain without it.
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