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Abstract:  

This study focuses on the mathematical modeling of the physical, mechanical, 

and technological properties of knitted fabrics. The research combines 

theoretical analysis with experimental investigations to evaluate and improve 

the quality characteristics of the produced knitted materials. The proposed 

mathematical approach makes it possible to establish relationships between the 

structural and technological parameters of knitted fabrics and their resulting 

quality indicators. In particular, the study considers the breaking load and 

reversible deformation of knitted fabrics and examines the possibility of 

predicting these characteristics in advance during the production process. The 

adequacy of the developed mathematical models is evaluated using appropriate 

statistical methods, including Fisher’s criterion and regression coefficients. The 

obtained results demonstrate the potential of mathematical modeling as an 

effective tool for predicting fabric performance, improving product quality, and 

optimizing technological parameters. The application of the proposed approach 

can also contribute to more efficient production processes and provide a 

scientific basis for achieving greater economic efficiency in knitted fabric 

manufacturing. 
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Introduction 

The importance of research work in the development of all sectors of the national 

economy of Uzbekistan is increasing, and production enterprises are being 

improved based on the achievements of world science. This improvement is 

carried out through its automation and mechanization, and the application of 

new machinery and technology [1; 5-10b]. 

 

Methodology & empirical analysis 

Depending on the methods of implementation, research work is divided into the 

following types: theoretical, experimental, and theoretical-experimental. 

Theoretical research is analyzed based on a known pattern, and the relationship 

between the parameters of a technological process or object is studied 

theoretically, while experimental research is carried out through experiments. 

Currently, the introduction of new machinery and modern computer 

technologies into the production process requires a thorough and high-quality 

conduct of scientific research. 

In theoretical-experimental R&D, both theoretical and experimental results are 

taken into account, and theoretical-experimental research is currently being used 

more frequently. 

Technological processes in the textile industry consist of a complex of physical 

and chemical phenomena, which can only be successfully investigated using 

modern achievements in science and technology. Therefore, it is advisable to 

conduct scientific research based on mathematical modeling. 

It is advisable to effectively use multi-factor mathematical modeling when 

studying the input parameters that determine the structure of knitted fabrics. 

 

II. Results 

The input factors x1 - ring pitch A (mm), x2 - ring row height V (mm), x3 - 

horizontal density, and Rg are taken as the influencing factors. 

Y1 – breaking load R (N) along the length and width, and Y2 – reversible 

deformation εo (%) along the length and width were selected as output factors. 
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When studying the influence of knitted fabric production on the structure of the 

fabric, the following variation levels and intervals of factors were selected 

(Table 3.1). 

 

Table 3.1. Selection of levels and intervals of change for the factors under 

study 

Factor names and labels 
 

Transformation levels Transform
ation 

interval 
-1 0 +1 

x1 - ring pitch, A mm 0,39 0,405 0,42 0,015 

x2 - ring row height, V mm; 0,43 0,445 0,46 0,015 

x3-horizontal density, Rg (pcs.) 120 122 124 2 

 

To determine the significance of the regression coefficients, Student's t-test and 

Fisher's criterion were used to verify the adequacy or inadequacy of the 

mathematical model. 

In the study, the main task set before mathematical modeling was to determine 

the breaking load and reversible deformation of the knitted fabric using factors 

affecting the knitted fabric, and to obtain slope diagrams of the isoline based on 

computational models using programs written in the Pascal programming 

language. Based on the factors affecting the knitted fabric, we can determine the 

indicators of breaking load and reversible deformation through these isolines. 

The TOT results showed that the process under study is represented by a higher-

order equation. Therefore, to obtain a second-order regression mathematical 

model, a central non-composite experiment (CNCE) was selected and 

implemented, which is simpler and more convenient than other methods and is 

widely used in the study of technological processes in the textile industry. Based 

on the experimental results, we are looking for a second-order regression 

multivariate mathematical model. As a result of this experiment, the following 

general regression model can be obtained: 

 

𝑌𝑅 = 𝑏0 + ∑ 𝑏𝑖𝑥𝑖 +
𝑀
𝑖=1 ∑ 𝑏𝑖𝑗𝑥𝑖𝑥𝑗 +

𝑛
𝑖=𝑗=1
𝑗≠1

∑ 𝑏𝑖𝑖𝑥𝑖
2𝑀

𝑖=1      (1) 
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Or, since three factors are involved in our experiment, the expression above takes the 

following form: 

𝑌𝑅 = 𝑏0 + 𝑏1𝑥1 + 𝑏2𝑥2 + 𝑏3𝑥3 + 𝑏12𝑥1𝑥2 + 𝑏13𝑥1𝑥3 + 𝑏23𝑥2𝑥3 + 𝑏11𝑥1
2 + 𝑏22𝑥2

2 + 𝑏33𝑥3
2           (2) 

In the equation 

b_0...b_1... are regression coefficients, 

x_1, x_2, x_3 - coded values of factors. 

Using the standard working matrix of the central non-composite experiment, the 

regression coefficients of the second-degree regression mathematical model 

were determined; as a result of the process of verifying their significance and 

recognizing the adequacy of the index, the following was obtained. 

  

Central non-composite experiment 

 

https://worldbulletin.org/index.php/1


 

World Bulletin of Education 
and Learning (WBEL)  

 ISSN (E): 3072-175X Volume 2, Issue 9, September 2026 

 
This article/work is licensed under CC by 4.0 Attribution 

                                                       https://worldbulletin.org/index.php/1 
 

21 | P a g e  
 

Трикотажнинг узиш кучи (Y1-эни бўйича)ни оптималлаштириш бўйича 

регрессион моделлар: 

Below, using Table 3.2, the regression coefficients of the second-degree 

regression mathematical model investigating the breaking load of knitted fabric 

along the Y1 width were determined, and in the same order as above, we 

obtained a regression mathematical model in the final form: 

Taking into account the identified regression coefficients, the equation is 

written: 

 
It is known that if the calculated value of the criterion is less than the table value, 

that coefficient is not significant and is excluded from the equation. The studies 

revealed that the coefficients b_2, b_23, b_22, and b_33 are insignificant for the 

parameters under study: 

 

The equation is rewritten with significant coefficients: 

 

 
When the input parameter changes from the accepted minimum (-1) value of the 

first (x_1) and second (x_2) factors to the maximum (1) value, the smallest and 

largest values of the breaking load (Y1) (along the width) are described using 

the average value of x_3=0. At values in the range of 0.405÷0.42 x1-ring pitch 

A (mm), the height of the ring row V (mm) reaches 92.74, i.e., the smallest 

values of the breaking load (YR) in the range of 0.43÷0.445, and at values in the 

range of 0.405÷0.42 x1-ring pitch A (mm), the height of the ring row V (mm) 

reaches 247.84, i.e., the highest values of the breaking load (YR) in the range of 

0.445÷0.46 (Fig. 1a).  
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The graph above shows the values for achieving the lowest and highest values 

of the breaking load. When the accepted values of the factors (x_1) and (x_3) 

change from (-1) to 1, the breaking load (Y1) (widthwise) was determined using 

the average value at x_2 = 0. Using the diagram, the lowest values of the 

breaking load (YR) are achieved at values of x1 ring pitch A (mm) within 0.405–

0.42, with a horizontal density Pg (piece) of x3 within 120–122, i.e., 106.34, and 

at values of x1 ring pitch A (mm) within 0.39–0.405, with a horizontal density 

Pg (piece) of x3 within 122–124, reaching 217.99, i.e., the highest values of the 

breaking load (YR) (Fig. 2, b).  

 
2 б-figure. х2=0 
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This graph shows the values of achieving the minimum and maximum values of 

the breaking load (along the width) using the average value of the accepted 

values of the factors x1=0, (x2), and (x2), as they change from (-1) to 1. In the 

diagram, the lowest values of the breaking load (YR) are achieved when the 

knitted fabric's x2-ring height B (mm) is within the range of 0.445–0.46, while 

the horizontal density Pg (piece) is within the range of 120–122, i.e., 160.92, 

and the highest values of the breaking load (YR) are reached (166.17) when the 

knitted fabric's x3-ring height B (mm) is within the range of 0.43–0.445 and the 

horizontal density Pg (piece) is within the range of 122–124 (Fig. 3, c).  

 
3.15 c-figure. х1=0 

Conclusions. According to the results of the study, summarizing the three cases, 

the highest values of the breaking load (Y1) are achieved when the loop pitch 

(x1) is A (mm) 0, and (x2) when the loop height of the knitted fabric is B (mm) 

0, and the third factor (x3) is 1. 
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Consequently, the obtained regression mathematical model represents the 

studied process with sufficient accuracy. 

Based on the analysis of regression equations, the dependencies of the influence 

of the knitting on technological and physical-mechanical indicators of the 

change in the density of the fabric along the loop step, the height of the loop row 

and the horizontal were determined. 

Through a central non-compositional experiment, a regression equation was 

obtained between the breaking load and reversible deformation properties of 

double-layer knitted fabrics, and taking into account the results of its analysis, 

the rational structure and parameters of the knitted fabric were determined, 

ensuring high consumer properties. 
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