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ABSTRACT 

In this paper, the main physical properties of terry towels are air permeability, absorption and 

drying of vapor, capillary properties of body and back yarns, and the construction of a 

mathematical model using statistical analysis based on experimental results. In the mathematical 

modeling of the physical properties of terry products, the method of determining the regression 

model based on the results of experiments from multivariate planning was used to analyze the 

effect of changes in Pili length and fiber composition on the physical properties. 
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INTRODUCTION 

The main factor in the production of any product is the use of products that meet the 

requirements of quality consumption with the correct use of available raw materials. Fur is one 

of the most widely used textiles in everyday life. Users prefer ready-made gowns and towels to 

be comfortable and fresh, made of light and soft construction, stay dry with quick absorption of 

accumulated water and sweat on the body, and be in a hygienic and natural form. Therefore, for 

water-related cases, terry fabrics are an important need for textiles, and the physical properties of 

towel fabrics must be unique. In such products, air permeability, water vapor permeability, liquid 

transfer rate, drying time and water absorption are distinguished among the quality 

characteristics. In order to identify and predict these features, they were selected and 

implemented in the Central Non-Composite Experimental Experimental Unit (MNKT), which is 

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

Selection of unwanted parameters 

Convenience properties were determined according to the areas of application of terry products 

and weaving properties were selected and convenience features were considered taking into 

account the studied literature [1]. 

Cotton fiber Ne 24/2 (34.5 / 2) linear density yarn for the body and cotton fiber Ne 16/1 (27/1) 

linear density yarn for the back, as well as staple cotton fiber for the fur (Ne 36/2) Ne 20/2 yarns 

have been used and we have used polypropylene yarns for Pili yarns in experiments and its effect 

on product properties has been studied. 

In mathematical modeling, the parameters of the product raw material and technological 

processes are taken as an unwanted property. Air permeability, water vapor permeability and 

liquid transfer rate of terry products have been identified as important factors determining the 

following properties. 

X1- fibrous composition of Pili yarns. Changes in the proportion of cotton and polypropylene in 

the yarn,%; 

X2-is the length of the thread used for the Pili on the surface unit of the piece. The number and 

heights of the Pili strands in the product vary, so we use the sum of the lengths of the Pili strands 

per unit area, cm; 

X3-final processing — final processing is mainly the cutting of ring-shaped Pilis, in which the 

change in the proportion of cut Pilis is taken as factor 3; 

The following were identified from the properties of Terry products as parameters that take into 

account the composition of the raw material, the properties and processing of the yarn: 

Y1-Air permeability (mm / s); 

Y2-Water vapor permeability (g / m at 21 hours); 

Y3-Water absorption rate, capillary in the direction of the body strip (mm / 60 s); 

Y4- Water absorption rate in the direction of the back strip, capillary (mm / 60 s); 
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In determining the limits of variation of factors, the basic level and range of variation of each 

factor was selected on the basis of preliminary research and theoretical research, as well as the 

experience of enterprises. The levels and intervals of change of all factors are given in Table 1. 

TABLE 1. LEVELS AND INTERVALS OF CHANGE OF FACTORS 

Name the factors -1 0 1 Change 

X1- fibrous composition 

of Pili yarns. 
100 % 

Cotton 

50% Cotton and 

50% Polypropylene 

100 % 

Polypropylen

e 

50 % 

X2-the length of the Pili 

thread per unit area of the 

product 

46 53 60 7 cm 

X3-final processing 0 50 100 50 % 

 

The central non-composite experimental working matrix and the results of the experiments are 

given in the following table 2. 

TABLE 2. CENTRAL NON-COMPOSITE EXPERIMENTAL MATRIX 

№ 
Factors 

𝒙𝟏𝒙𝟐 𝒙𝟏𝒙𝟑 𝒙𝟐𝒙𝟑 𝒙𝟏
𝟐 𝒙𝟐

𝟐 𝒙𝟑
𝟐 𝒀𝟏 𝑺𝒖

𝟐 𝒀𝟏  𝒀𝟐 𝑺𝒖
𝟐 𝒀𝟐  𝒀𝟑 𝑺𝒖

𝟐 𝒀𝟑  𝒀𝟒 𝑺𝒖
𝟐 𝒀𝟒  𝑥1 𝑥2 𝑥3 

1 + + 0 + 0 0 + + 0 421 12,0 549 14,0 26,8 15,2  27,7 11,4  

2 + - 0 - 0 0 + + 0 474 13,0 580 21,0 25,7 8,0  27,4 8,4  

3 - + 0 - 0 0 + + 0 483 11,0 1153 18,0 39,9 12,0  42,7 11,0  

4 - - 0 + 0 0 + + 0 529 15,0 1106 11,2 34,4 14,6  42,3 9,8  

5 + 0 + 0 + 0 + 0 + 288 11,2 541 15,0 46,6 16,0  50,0 12,8  

6 + 0 - 0 - 0 + 0 + 672 10,5 587 14,6 7,0 17,2  5,0 9,4  

7 - 0 + 0 - 0 + 0 + 282 8,0 577 19,0 44,4 9,0  48,2 10,8  

8 - 0 - 0 + 0 + 0 + 753 12,4 1682 18,2 29,9 14,0  36,9 8,6  

9 0 + + 0 0 + 0 + + 301 9,0 567 14,5 48,7 8,0  50,7 14,2  

10 0 + - 0 0 - 0 + + 713 22,0 1073 22,1 16,0 9,2  31,3 13,1  

11 0 - + 0 0 - 0 + + 284 10,5 600 16,0 44,3 11,2  49,3 6,8  

12 0 - - 0 0 + 0 + + 788 15,2 810 16,2 14,0 14,2  36,3 7,5  

13 0 0 0 0 0 0 0 0 0 372 12,4 541 17,2 36,5 11,1  39,0 10,7  

14 0 0 0 0 0 0 0 0 0 313 16,2 417 16,4 28,7 12,1  28,2 10,8  

15 0 0 0 0 0 0 0 0 0 410 14,2 502 16,8 35,2 12,4  31,5 10,7  

 

Based on the results of the experiments, we look for a secondary regression multivariate 

mathematical model. As a result of this experiment we can obtain the following general 

regression model: 

𝑌𝑅 = 𝑏0 +  𝑏𝑖𝑥𝑖 +

𝑀

𝑖=1

 𝑏𝑖𝑗 𝑥𝑖𝑥𝑗 +

𝑛

𝑖=𝑗 =1
𝑗≠1

 𝑏𝑖𝑖𝑥𝑖
2

𝑀

𝑖=1
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or because three factors are involved in our experience, the above expression takes the following 

form: 

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

2 + 𝑏33𝑥3
2 

In the equation 𝑏0 . . . 𝑏1 . ..  are the regression coefficients of the mathematical model, 𝑥1, 𝑥2, 𝑥3  

are the coded values of the factors. 

To calculate the regression coefficients, we use the following values of the coefficients. [3] 

𝑔1 = 0,2;           𝑔2 = 0,166;           𝑔3 = 0,125;              𝑔4 = 0,25;   

𝑔5 = 0,125;          𝑔6 = 0,0625;             𝑔7 = 0,3125 

1. 𝑌1 -We construct the regression coefficients to construct the air permeability property 

model. 

We determine the regression coefficients: 

𝑏0 =
1

𝑁ц

 𝑌𝑢 =
1

3
(372 + 313 + 410) = 365

𝑁ц

𝑢=1

 

𝑏𝑖 = 𝑔3  𝑥𝑖𝑢𝑌𝑢

𝑁

𝑢=1

 

𝑏1 = 0,125 421 + 474 − 483 − 529 + 288 + 672 − 282 − 753 = −24,12 
𝑏2 = 0,125 421 − 474 + 483 − 529 + 301 + 713 − 284 − 788 = −19,75 
𝑏3 = 0,125 288 − 672 + 282 − 753 + 301 − 713 + 284 − 788 = −442,75 

𝑏𝑖𝑗 = 𝑔4  𝑥𝑖𝑢𝑥𝑗𝑢 𝑌𝑢

𝑁

𝑢=1

 

𝑏12 = 0,25 421 − 474 − 483 + 529 = −2 
𝑏13 = 0,25 288 − 672 − 282 + 753 = 21,75 
𝑏23 = 0,25(301 − 713 − 284 + 788) = 11,5 

𝑏𝑖𝑖 = 𝑔5  𝑥𝑖𝑢
2 𝑌𝑢 +

𝑁

𝑢=1

𝑔6   𝑥𝑖𝑢
2 𝑌𝑢 −

𝑁

𝑢=1

𝑀

𝑖=1

𝑔2  𝑌𝑢

𝑁

𝑢=1

 

 𝑥1
2𝑌1 = 421 + 474 + 483 + 529 + 288 + 672 + 282 + 753 = 3901 

 𝑥2
2𝑌1 = 421 + 474 + 483 + 529 + 301 + 713 + 284 + 788 = 3992 

 𝑥3
2𝑌1 = 288 + 672 + 282 + 753 + 301 + 713 + 284 + 788 = 4081 

 𝑌1 =421+474+483+529+288+672+282+753+301+713+284+788+372+313+410 

= 7082 
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  𝑥𝑖
2𝑌1 = 3901 + 3992 + 4081 = 11974

𝑀

𝑖=1

 

𝑏11 = 0,125 ⋅ 3901 + 0,0625 ⋅ 11974 − 0,166 ⋅ 7082 = 60,39 
𝑏22 = 0,125 ⋅ 3992 + 0,0625 ⋅ 11974 − 0,166 ⋅ 7082 = 71,76 

𝑏33 = 0,125 ⋅ 4081 + 0,0625 ⋅ 11974 − 0,166 ⋅ 7082 = 82,89 

 

We also determine the regression coefficients of the remaining outgoing parameters in the above 

sequence and write the equations taking into account the determined regression coefficients: 

𝑌1 = 365 − 24,12𝑥1 − 19,75𝑥2 − 442,75𝑥3 − 2𝑥1𝑥2 + 21,75𝑥1𝑥3 + 11,5𝑥2𝑥3 + 60,39𝑥1
2

+ 71.76𝑥2
2 + 82,89𝑥3

2 

𝑌2 = 486,67 − 282,6𝑥1 + 30,8𝑥2 − 466,75𝑥3 − 19,5𝑥1𝑥2 + 264,75𝑥1𝑥3 − 37𝑥2𝑥3

+ 201,69𝑥1
2 + 159,57𝑥2

2 + 159,44𝑥3
2 

𝑌3 = 33,7 − 5,3𝑥1 + 1,6𝑥2 + 29,27𝑥3 − 1,1𝑥1𝑥2 + 6,28𝑥1𝑥3 + 0,3𝑥2𝑥3 − 0,3𝑥1
2 − 0,93𝑥2

2

− 0,79𝑥3
2 

𝑌4 = 32,9 − 7,5𝑥1 − 0,36𝑥2 + 22,17𝑥3 − 0,02𝑥1𝑥2 + 8,43𝑥1𝑥3 + 0,8𝑥2𝑥3 + 0,28𝑥1
2 + 3,72𝑥2

2

+ 3,72𝑥3
2 

We determine the significance o f the regression coeffic ients.  

To do this,  we determine the var iance o f the outgoing parameter.  

𝑆2 𝑌 = 𝑆𝑚
2  𝑌 =

1

𝑁ц − 1
 𝑆2 𝑌 

𝑁ц

𝑢=1

 

𝑆2 𝑌1 =
1

3−1
⋅ 42,8 = 21,4  𝑆2 𝑌2 =

1

3−1
⋅ 50,4 = 25,2 

𝑆2 𝑌3 =
1

3−1
⋅ 35,6 = 17,8  𝑆2 𝑌4 =

1

3−1
⋅ 32,2 = 16,1 

and on this basis we ca lculate the var iance in determining the regression 

coefficients:  

𝑆2 𝑏0 = 𝑔1𝑆
2 𝑌1 = 0,2 ⋅ 21,4 = 4,28 

𝑆2 𝑏𝑖 = 𝑔3𝑆
2 𝑌1 = 0,125 ⋅ 21,4 = 2,68 

𝑆2 𝑏𝑖𝑗  = 𝑔4𝑆
2 𝑌1 = 0,25 ⋅ 21,4 = 5,35 

𝑆2 𝑏𝑖𝑖  = 𝑔7𝑆
2 𝑌1 = 0,3125 ⋅ 21,4 = 6,69 

We calculate the variance in determining the regression coefficients of the remaining outgoing 

parameters in the above sequence and write them in Table 3 below.  

Table 3. Mean squared deviation values in determining regression coefficients: 
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Mean square deviat ion 𝑌1 𝑌2 𝑌3 𝑌4 

𝑆 𝑏0  2,07 2,25 1,89 1,79 

𝑆 𝑏𝑖   1,64 1,76 1,49 1,42 

𝑆 𝑏𝑖𝑗   2,31 2,51 2,11 2,01 

𝑆 𝑏𝑖𝑖   2,59 2,8 2,36 2,24 

 

Then, using the fo llowing equat ion, determine the calculated va lue o f the 

Student  Cr iter ion and write Table 4:  

𝑡𝑅 𝑏𝑖 =
 𝑏𝑖  

𝑆 𝑏𝑖 
 

Table 4.  The calculated value of the defined Student  Cr iter ion  

The calculated value of 

the student  cr iter ion 
𝑌1 𝑌2 𝑌3 𝑌4 

𝑡𝑅 𝑏0  176 217 17,7 18,3 

𝑡𝑅 𝑏1  14,8 159 3,56 5,29 

𝑡𝑅 𝑏2  12,1 17,3 1,09 0,26 

𝑡𝑅 𝑏2  271 263 19,6 15,6 

𝑡𝑅 𝑏12  0,86 7,77 0,52 0,01 

𝑡𝑅 𝑏13  9,4 105,5 2,97 4,2 

𝑡𝑅 𝑏23  4,97 14,74 0,14 0,4 

𝑡𝑅 𝑏11  23,35 71,87 0,13 0,13 

𝑡𝑅 𝑏22  27,75 56,86 0,39 1,66 

𝑡𝑅 𝑏33  32,05 56,82 0,33 1,66 

 

Table value o f student  cr iter ion  
𝑡𝑗  𝑃𝑑 = 0,95; 𝑓 𝑆ц

2 = 3 − 1 = 2 = 2,77 

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

is not significant and we subtract it from the equation. We rewrite the equation by subtracting the 

checked values. 

𝑌1 = 365 − 24,12𝑥1 − 19,75𝑥2 − 442,75𝑥3 + 21,75𝑥1𝑥3 + 11,5𝑥2𝑥3 + 60,39𝑥1
2 + 71.76𝑥2

2

+ 82,89𝑥3
2 

𝑌2 = 486,67 − 282,6𝑥1 + 30,8𝑥2 − 466,75𝑥3 − 19,5𝑥1𝑥2 + 264,75𝑥1𝑥3 − 37𝑥2𝑥3

+ 201,69𝑥1
2 + 159,57𝑥2

2 + 159,44𝑥3
2 
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𝑌3 = 33,7 − 5,3𝑥1 + 29,27𝑥3 + 6,28𝑥1𝑥3 

𝑌4 = 32,9 − 7,5𝑥1 + 22,17𝑥3 + 8,43𝑥1𝑥3 

RESULTS AND DISCUSSION 

Since the equation constructed to determine the properties of the output parameter for the study 

is three-dimensional, one of the input factors in the analysis is assumed to be Xi = 0 (central 

position), and we construct a two-dimensional graph by dividing the models into 3 equations. 

 

 

 

 

 

 

 

 

 

Y1-Air permeability (mm / s); 

As can be seen from the graph above, the air 

permeability shows the result at the lowest value of the 

X3 property, and we see that the values of the X1 and 

X2 factors change over a short range. 
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From the graph describing the permeability of water 

vapor, we can see that the results of the turbine X1 

and X3 show the result at the lowest value, and the 

values of the factors X2 change in the range. We can 

see the results in the same form as the models of the 

remaining properties.  

 

 

 

CONCLUSION 

Models were created using the results of experiments in 15 cases that we analyzed. From these 

models,𝑌1 -Air permeability (mm /s) and 𝑌2 -Water vapor permeability (21 hours g/m) were 

closely related models. we can see that they decrease during the final processing of X3 tissue, 

and the number of Pilis per X2-tissue surface unit is a key factor in the corresponding 

improvement of the values of these two properties. 

From the 3-4 models in the body, we can conclude that the rate of water absorption in the 

direction of the body and back strip, capillary (mm/60 s) X
2
 is completely insignificant, but the 

higher the content of cotton fiber, the better the capillary. 
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