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Abstract. This article contains the results of experimental researches as to the 

impact of operational factors on the properties of heat-resistant textile materials, 
such as changes in linear dimensions due to repeated wash cycles. It was found that 
the selected materials retained their properties to the extend, specified by regulatory 
documents. It was determined the mathematical relation between changes in linear 
dimensions and number of wash cycles and made their comparative analysis in order 
to predict the behavior of special clothing materials.  
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I. Introduction  

 
The range of textile materials for manufacturing of heat-resistant clothes is quite 

wide. Well-known companies constantly expand and improve the range of heat-
resistant materials and their characteristics. Information about characteristics and 
properties of such materials is quite fragmented and presented mainly from the com-
mercial point of view. Also the change of such materials parameters as a result of dif-
ferent operating loads is unknown.  

 
IІ. Statement of the problem  

 
Manufacturing of modern, high-tech clothing for protection against all identified 

types of hazards depends mainly on the used materials. The problem of rationally jus-
tified choice of materials is particularly acute for the passive protection method.  

Manufacturers provide information about materials that do not consider the 
changes of properties in use. Such operating loads on the material include wet pro-
cessing, washing in particular. In this regard the question of reliability indicators de-
termination, namely the dependence between the changes in linear dimensions and 
the number of wash cycles, is of present interest.  
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ИСПОЛЬЗОВАНИЕ НЕТРАДИЦИОННЫХ 
ВОЗОБНОВЛЯЕМЫХ ИСТОЧНИКОВ ЭНЕРГИИ В РОССИИ 

 
 
Практически во всех странах мира наращивается выработка электрической 

и тепловой энергии на базе нетрадиционных, возобновляемых источников – 
солнечных, ветровых, геотермальных, энергии малых водных потоков (малых 
рек), использования биомассы и др. Абсолютная величина выработки энергии 
от подобных источников не велика. В энергобалансе России в 2010 г. на ее до-
лю приходилось менее 3 %. В мире величина выработки энергии от нетрадици-
онных возобновляемых источников должна вырасти с 0,4 % (1990 г.) до 7,0 % 
(2010 г.) от общего количества энергии. Несмотря на столь малый объем, для 
некоторых регионов, особенно оторванных от энергосистем, подобные источ-
ники энергии – единственный путь обеспечения местных инфраструктур элек-
тричеством и теплом. Развитие нетрадиционной энергетики связано с постоян-
ным дорожанием и истощением традиционных энергоресурсов – нефти, газа, 
угля, обострившимися проблемами экологии, необходимостью надежного и 
эффективного энергоснабжения отдаленных, труднодоступных мест и специ-
фических потребителей.  

В России имеется целый ряд районов, которые не присоединены к центра-
лизованной системе энергоснабжения. Там проживает около 20 млн. человек, а 
электроэнергия вырабатывается в основном на дизельных энергетических уста-
новках с использованием дорогого привозного топлива. К тому же в последние 
десятилетия одной из насущных проблем стало энергоснабжение предприятий 
сельских районов. Только в Ростовской области насчитывается более 3210 та-
ких предприятий. Энергоснабжение большинства из них заключается в обеспе-
чении электроэнергией и теплом жилого дома (или нескольких домов) и произ-
водственной базы. Нагрузка фермерского хозяйства относительно мала но, как 
правило, для подключения к энергосистеме требуется строительство высоко-
вольтной линии электропередачи и понизительной подстанции. 

Потенциальные возможности использования нетрадиционных возобновля-
емых источников в России достаточно велик. На территории России и других 
стран СНГ имеется более 30 районов, где возможно широкомасштабное ис-
пользование групп ветроэнергетических установок (ВЭУ). Среди них Куриль-
ские острова, Сахалин, Дальний Восток, север России, нижнее течение Волги, 
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ІІІ. Results  
 
For the research foreign samples of heat-resistant materials with different ways 

of providing them with heat-resistance were selected. Therefore, textile materials, 
listed in Table 1, were selected as the subject of the research. When forecasting or 
evaluating the level of quality of special clothing, the preference was given to the sta-
bility of linear dimensions of its details during operation.  

 
Table 1 – Characteristic of materials for protective clothes 
 

Indicator name, unit of 
measure 

Real value (characteristic) of the indicator 

Nomex BV-
120 
(Nomex) 

XB 9340 
(Proban + 
Kevlar +  
anti-static) 

FlameStat Lite 
(Proban +  
anti-static) 

RigChief 
(Pyrovatex + 
anti-static) 

Coded symbol  Т1 Т2 Т3 Т4 

Type of processing 
Nomex 
metaaramid 
fibers  

Proban im-
pregnation and 
Kevlar fibers  

Proban im-
pregnation 

Pyrovatex im-
pregnation  

Content of raw ingredi-
ents, % 

Nomex – 100 
Cotton – 75 
Kevlar – 25 

Cotton – 100 Cotton – 100 

Type of weaves Twill Sateen Twill Sateen 

Surface density, g/m2 265 340 250 370 

Name of the company, 
country of origin 

«Ten Cate 
Protect», The 
Netherlands  

«Ten Cate 
Protect», The 
Netherlands 

«Carrington», 
The United 
Kingdom 

«Daletec», 
Norway 

 
The research on determination of changes in linear dimensions was conducted in 

an accredited analytical and experimental testing laboratory «Textiles – Test» of 
KNUTD using a standardized method [4]. For the research basic samples size 
300x300 mm were cut and the direction of warp thread was indicated. Using a tem-
plate the marks were put at a distance of 200 mm on warp and on weft. The essence 
of the method was the determination of length of marks, printed on elementary sam-
ple of fabric after the wash cycle.  

To determine the changes in linear dimensions of materials after washing, 4 
types of materials, 6 samples of each were selected. The materials were subject to 12 
wash cycles at 60 �С using standard washing agents. The changes in dimensions af-
ter processing were determined by the formula (according to [4]): 

λ=((l1- l0)/ l0) * 100,      (1) 

where λ – changes in dimensions after processing, %; l1 – length of marks after 
wet processing, mm; l0 – length of marks before wet processing, mm.  

 



24-7 (161) 2016               Techniczne nauki 

- 54 - 
 

Change in dimensions is considered positive if the length of marks increases and 
negative if the length of marks decreases (process of furling).  

 
Table 2 – Changes in linear dimensions based on the number of wash cycles  
 

Number 
of wash 
cycles, 
n 

Nomex BV-120 XB 9340 FlameStat Lite RigChief 
Т1о Т1у Т2о Т2у Т3о Т3у Т4о Т4у 
In 
warp,% 

In 
weft,% 

In 
warp,% 

In 
weft,% 

In 
warp,% 

In 
weft,% 

In 
warp,% 

In 
weft,% 

1 -0,8 0 -0,6 -1,1 -0,3 0 -0,8 -0,3 
2 -0,9 -1,0 -1,1 -2,5 -0,2 -0,8 -1,3 -0,3 
3 -0,9 -0,5 -0,8 -1,4 -0,5 -0,3 -1,1 -0,8 
4 -0,5 -0,3 -0,5 -0,9 -0,7 -1,1 -1,0 -0,5 
5 -1,1 -0,8 -1,1 -1,3 -1,2 -1,8 -2,3 -1,1 
6 -1,8 -1,5 -0,8 -1,5 -2,5 -0,8 -2,3 -1,3 
7 -0,8 -0,8 -1,1 -2,6 -4,5 -1,3 -2,5 -1,3 
8 -0,8 -0,8 -1,3 -2,3 -1,3 -1,5 -1,3 -2,6 
9 -1,8 -1,5 -1,7 -2,8 -2,5 -2,4 -4,0 -2,0 
10 -1,9 -2,0 -1,7 -2,5 -4,6 -1,9 -4,6 -2,3 
11 -2,3 -1,7 -2,8 -3,1 -4,1 -2,3 -4,5 -2,3 
12 -1,2 -1,3 -1,9 -2,1 -4,0 -1,8 -4,1 -2,5 

 
The obtained data was processed by methods of mathematical statistics and 

graphs of dependence between the changes in linear dimensions of heat-resistant tex-
tile materials in warp То (fig. 1) and in weft Ту (fig. 2) and the number of wash cy-
cles were obtained as well.  

As a result of statistical analysis the following regression equations were ob-
tained for different types of materials in warp with coded symbol: 

Т1o: y=0.0117x2-0.2799x, when R²=0.2945  
Т2o: y=0.0009x2-0.1957x, when R²=0.631 
Т3o: y=-0.0072x2-0.286x, when R²=0.7091 
Т4o: y=-0.002x2-0.358x, when R²=0.7757 
As a result of statistical analysis the following regression equations were ob-

tained for different types of materials in weft with coded symbol: 
Т1y: y=0.0054x2-0.201x, when R²=0.5927 
Т2y: y=0.0237x2-0.4918x, when R²=0.1851 
Т3y: y=0.0083x2-0.2769x, when R²=0.7347 
Т4y: y=0.001x2-0.2325x, when R²=0.881 
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Note: numbers 1, 2, 3, 4, 5, 6, 7 correspond to sequence numbers of manufactur-
ers of single-board computers in Table 2. 

Sign model (Fig. 1) represents the universal set K based on algebra of sets that is 

divided into four subsets },,,{ IVIIIIIIK   for visualization. Herewith, subsets І, 
ІІІ share the ordinate and II, IV – the abscissa. 

As a result of algebra of sets operations the intersections of these subsets A, B, 
C, D, the visualization of which facilitates the rapid determination of the best manu-
facturers, are generated. 

);( IVIA   
);( IIIB   

);( IIIIIC   
).( IVIIID   

In addition, this helps to automate the process of optimization and to recom-
mend the direction to improve the appropriate SBC manufacturer. This accelerates 
the process of designing of single-board computers. 

Indeed, geometrical interpretation of the following subsets shows that: 
- А intersection subset has a small range of RAM, but a large price range; 
- B intersection subset has large ranges both in price and memory; 
- C intersection subset has a large range of RAM capacity, but a small price range; 
- D intersection subset has a small range both in price and RAM capacity. 
Hence, HummingBoard-Gate is the best company. 
 

Conclusions: 
 

The method of determining of the best SBC manufacturer is developed. The al-
gorithm of this method includes: 

1. Creation of an array of manufacturers of single-board computers. 
2. Structuring of existing SBC data according to the main technical and eco-

nomic indicators. 
3. Determination of the absence of analytical relationship between indicators 

and thus the choice of conventional simulation. 
4. Development of object-oriented conventional quality criteria according to 

technical and economic indicators for various SBC manufacturers. 
5. Building of a sign model of quality criteria relationship in dimensionless co-

ordinates. 
6. Conduction of geometric interpretation of Venn diagrams with the substanti-

ation of the best SBC manufacturer. 
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Herewith, criterion equation takes the following form: 
 

0);(
max

minmax

max

minmax 


P

PP

V

VV


.      (2) 

 
For optimization procedure in Fig. 1 a sign model of quality criteria relation-

ships, the values of which are given in Table 2, is built. 
 
Table 2 Results of similarity criteria calculations for SBC manufacturers 
 
№ Single-board computer manu-

facturers 
max

minmax

P

PP 

max

minmax

V

VV 

 
1 Raspberry PI 0,43 0,75 
2 Cubietech 0,61 0,5 
3 HummingBoard-Edge 0,41 0,75 
4 HummingBoard-Gate 0,67 0,75 
5 HummingBoardPro 0,43 0,75 
6 HummingBoardBase 0,3 0,5 
7 LinkSprite 0,75 0,5 

 

 
 

Fig. 1. Sign model of quality criteria relationships for SBC manufacturers  
in dimensionless coordinates 
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Figure 1 – Graphical interpretation of dependence between the changes in linear 
dimensions of materials in warp and the number of wash cycles 

 
The graphs show that materials with coded symbols T3 and T4 have maximum 

deviations. Although the values of such materials do not exceed the norms (up to 
5 %), but it causes the rejection of their application in the future. The fabric with cod-
ed symbol T1 has the best results, namely up to 2,3 % in warp and up to 2 % in weft, 
which means that it will not reduce the ergonomics of the design due to the reduction 
of linear dimensions after wet processing.  
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Figure 2 – Graphical interpretation of dependence between the changes in linear 
dimensions of materials in weft and the number of wash cycles 
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It was experimentally demonstrated that selected materials changed their proper-
ties after 12 wash cycles, but the values of those changes did not exceed the norms.  

Analysis of the results made it possible to determine the nature of properties 
changes of fabrics after wet processing (washing) and take them into account when 
designing the protective clothes for conducting accident rescue operations.  

 
IV. Conclusions  

 
Conducted experimental researches on determination of dependence of changes 

in linear dimensions on the wet processing made it possible to state that all selected 
materials could be used in production of protective clothes for conducting accident 
rescue operations, but Nomex BV-120 had the best qualities. It was proved that wet 
processing (washing) had an influence on the changes in linear dimensions of materi-
als; such influence was of different character and didn`t exceed the norms, and for the 
materials from metaaramid fibers was less meaningful. Based on the analysis of the 
changes in linear dimensions of different materials, it was found that moderate de-
crease after wet processing took place for almost most of them due to the small 
shrinkage of fibers along with the increase of their crimpiness.  

The researches aimed at determination of changes in different parameters of 
packages of materials depending on the period of their operation, on frequency of the 
contacts with hazardous and harmful production factors etc. are quite perspective.  
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count that HummingBoard company has multiple SBC series, four of them are shown 
in Table 1 (3-6). 

It is known that the main technical and economic indicators include the price (P) 
and RAM capacity (V). Structured data of SBC manufacturers by these indicators are 
shown in Table 1. 

 
Table 1 Indicators of the price and RAM capacity for manufacturers of sin-

gle-board computers 
 
№ Manufacturer 

minP maxP minV  maxV  
1 Raspberry PI 20 35 256 1024 
2 Cubietech 49 125 1024 2048 
3 HummingBoard-Edge 102 172 512 2048 
4 HummingBoard-Gate 50 150 512 2048 
5 HummingBoardPro 85 150 512 2048 
6 HummingBoardBase 70 100 512 1024 
7 LinkSprite 30 120 512 1024 
 
Generalized mathematical model is synthesized to determine the relationship be-

tween technical and economic indicators, which takes the following form: 
 

0),,,( maxminmaxmin VVPPF
,     (1) 

where  

minP  – the minimum computer price of manufacturer; 
maxP  – the maximum computer price of manufacturer; 

minV – the minimum computer RAM capacity of manufacturer; 
maxV  – the maximum computer RAM capacity of manufacturer. 

 
Taking into account the lack of analytical relationship (1) between specified in-

dicators a conventional simulation is selected. 
Based on the properties of dimensional theory and dimensionless power com-

plexes the following object-oriented conventional quality criteria and their physical 
interpretation are generated: 

max

minmax

P

PP 

– the quantity that characterizes the range of SBC price for respective 
manufacturer, the best criterion value verges towards 1; 

max

minmax

V

VV 

– the quantity that characterizes the range of SBC RAM capacity for 
respective manufacturer, the best criterion value verges towards 1. 

 


