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ANALYSIS OF ORDER SUBSTITUTION AT A TEXTILE COMPANY
E.A.YUKHINA, V.V. GRISHKIN, A.S.YUKHIN
(Moscow State Textile University “A.N. Kosygin”)
E-mail: office@msta.ac.ru

Precondition for successful operation of
an enterprise is the availability of its order
portfolio. At present, new form of production
is being developed in Russia, which is based
on orders that have fundamental difference
from those of Soviet times. These orders because of their obscurity and underdeveloped
mechanism of production management on a
by-order basis are not always effective under
the present-day conditions.
Order substitutions are formed due to the
fluctuation of quantity and size of orders of
various types in different periods of time. Order substitution means replacing one order by
another one, using existing equipment.
Classification of order substitution types
has been proposed based on the following features: degree of complexity, size, frequency,
level of profitability, and frequency of order
substitutions.
It is proposed in this paper to use order renewal rate, as well as order mastering rate and
removal of orders from production as indirect
indicators of order substitution.
Placing new orders and making orders by
amending may be possible both by replacing
some orders by another ones, and by means of
expansion of production volume. Order substitution implies the use of already existing
equipment. Therefore, the rate of removing
orders from production is considered as indicator which reflects order substitution more
complete, by provided that they are replaced
by other orders.
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Indicators were calculated and analysis of
actual order substitution on the basis of a concrete textile enterprise was conducted.
The recommended coefficients can be
used to assess the extent of order substitution
at a textile company. The estimation of order
substitution is required in order to select a
group of production orders and identify profitable conditions for order substitution already
at the stage of development of the production
program. Tabl. 1.
Precondition for successful operation of
an enterprise is the availability of its order
portfolio. At present, new form of production
is being developed in Russia, which is based
on orders that have fundamental difference
from those of Soviet times. These orders because of their obscurity and underdeveloped
management mechanism of the make-to-order
production are not always efficient under the
present-day conditions. Therefore, the task of
improving management of the make-to-order
production is very urgent.
When manufacturing on the basis of the
make-to-order production, receipt of an order
serves as a signal for starting production; this
is formalized by drawing up a contract either
for development, if the ordered products do
not belong to the product mix of a company, or
for production and delivery, if the products
make up the range of products manufactured
by a company, but which are not in stock at the
moment of receipt of customer's application.
Stocks of finished products are minimal in this
case.

5

On this basis, we can determine the maketo-order production as a production aimed at
fulfillment of the received orders in full volume and in accordance with the terms of customer orders, made upon the basis of contracts.
The so-called areas of order substitutions
are formded due to the fluctuation in quantity

and size of various types in different periods
of time. We shall consider this term as a replacement of one order by another, involving
the use of available equipment [1].
The authors propose the following classification of order substitutions.

Table 1
# items
Classification criterion
pos
1
Degree of complexity

2
3

4

5

Types of order substitution
Simple/ Complicated

When an order consists of one article of fabric. Then
the replacement of one order by another means the
replacement of one article of fabric by another one.
This situation is possible when the optimal order
quantity is less than the output rate of one machine
for the planned period. When an order consists of
several articles of fabric.
Volume
Large, medium and small
When decrease or increase of the size of the order
requires order substitution.
Intervals
PeriodicalSeasonal
When different order intervals require order substitution within those periods of time, when this order
is absent. Change of orders depending on seasonal
demand.
Degree of profitability
Profitable, equally profitable When a particular situation in the company requires
and no gain/no loss
order substitution, considering the need to achieve
certain financial results.
Frequencyof order substitution Frequent/Rare
One time or more for the planned period (month)
with one type of equipment. One time for several
scheduled periods using one and the same equipment.

It is proposed in this paper to use order renewal rate, as well as order mastering rate and
rate of removing orders from production
schedule as indirect indicators of order substitution.
Order mastering rate – ratio of a number of
mastered orders 30 to the total number of orders Зв> completed by the company within the
reporting period.
Rate of removing orders from production
schedule- ratio of a number of cancelled orders Зс to the total number of placed orders by
a company with a given supplier within the
reporting period.
Order renewal rate - ratio of mastered orders
and those cancelled from the production schedule to the total number of completed orders in
the enterprise within the reporting period.
One should take into account that order
substitution is possible both with regard to
assortment and to volume. Therefore, in calculating indicators of order substitution on
product mix, the number of orders is to be

6

Comprehensive description

used, and in calculating indicators of order
substitution by volume, using the same formulas, natural or price unit of measurement are to
be used.
Placing new orders and orders with
amendments may be possible both by replacing some orders by another ones, and by
means of expansion of production volume. Order substitution implies the use of already existing equipment. Therefore, the rate of removing orders from production schedule is
considered as an indicator which reflects order
substitution more complete, provided that they
are replaced by other orders.
The remaining rates do not reflect order
substitutions at full extent, because mastering
of orders can be carried out both by increasing
of shift- operating equipment, and by commission of the already installed equipment, which
was not operational in the previous period.
The results of calculating indicators of order
substitution on assortment are given in Table 2.
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Table 2
Groups of fabrics
Fabrics for production of
industrial rubber goods
Special-purpose fabrics
Fabrics for composite
materials
Fabrics for production of
individual protective devices
(IPD)
Fire-retardant fabrics
Filter fabrics
Parachute fabrics
Household fabrics
Total

Зо

Зс

зв

Order mastering
rate, %

Rate of removing
orders from production schedule, %

27
4

1
1

30
4

90,0
100,0

3,3
25,0

93,3
125,0

4

1

5

80,0

20,0

100,0

13
4
5
23
5
85

14
2
1
2
0
22

14
5
6
23
6
93

92,9
80,0
83,3
100
83,3
91,4

100,0
40,0
16,7
8,7
0
23,7

192,9
120,0
100,0
108,7
83,3
115,1

It can be seen in the Table, that the highest
rate of order renewal accounts for the group of
fabrics for production of IPD (192.9%), special-purpose fabrics (125%) and fire-retardant
fabrics (120%). The order renewal rate for the
whole company totaled 115.1%. Rate of mastering new orders of the whole company is also
high, accounting for 91.4%. Rate of cancellation of orders for the whole enterprise comes
to 23.7%.
Consequently, order substitution at this textile company was carried out at the account of
removing almost of a quarter of orders from
production schedule (23.7%). Analysis of the
order removal rate from the production
schedule by groups of fabrics allows to make
a conclusion that the biggest part of order
substitution takes place in groups of fabrics for
production of IPD (100%), and the smallest -in
the group of fabrics for production of industrial
rubber devices (3.3%). In the group of fabrics
for household purpose there was no order
substitution at all. Consequently, the proposed
rates can be used to assess the extent of order
substitution at a textile company. The estimation of order substitution is needed in order to
select a group of production orders and to
identify profitable conditions for order substitution already at the stage of development of
the production program and to determine the
advantageous conditions for order substitution.
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Order renewal rate, %

CONCLUSIONS
1. Classification of order substitution
types has been proposed based on the following features: degree of complexity, size, intervals, level of profitability, and frequency of
order substitutions.
2. It is proposed in this paper to use order
renewal rate, as well as order mastering rate
and rate of order removal from production
schedule as indirect indicators of order substitution. Therefore, the rate of removing orders
from production schedule is considered as an
indicator which reflects order substitution
more complete by provided that they are replaced by other orders.
3. Indicators were calculated and analysis
of actual order substitution, as exemplified by
a concrete textile enterprise, was conducted.
BIBLIOGRAPHY
1. Yukhina E.A., Grishkin V.V. Increasing Efficiency
of Textile Manufacturing on the Basis of Make-to-Order
Production // Proceedings of Higher Educational Institutions. Technology of Textile Industry. – 2009. #2С (315).
Recommended by the editorial board. Received
03.06.11.
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MANAGEMENT OF COMPANY'S COMPETITIVENESS
FROM THE STANDPOINT OF ACHIEVING THE DESIRED GOAL
N.S. IVASHCHENKO
(Moscow State Textile University “A.N. Kosygin”)
E-mail: office@msta.ac.ru

The problems of evaluation of the competitiveness of a company related to the
determination of a comparison basis, a list of factors of competitiveness have been
considered. It has been proposed, by evaluating company's competitiveness, to
compare its available capabilities with the need for resources and the level of their
use to achieve the desired competitive position. Partnership potential is regarded
as one of the factors for increasing the competitiveness of a company. An algorithm for management of competitiveness, which allows to adjust objectives of
company's strategic business units with consideration for company's capabilities
has been proposed.
Keywords: competitiveness of a company; desired competitive position; factors of competitiveness of a company; strategic business units; the need for resources; importance of strategic business units; control algorithm of competitiveness; manufacturing, marketing, scientific, technical and financial potentials; potential of partnership relations.
Significant increase in the intensity of
competition, instability of economic development - all this enhances the importance of
work related to the competitiveness of enterprises (COE); today there are many such studies, but they all somehow involve comparison
of the major indicators of techno-economic
activities of a company with those of competitors. The problem arises - how to obtain the
data of competitors, necessary for calculation
(eg, competitor's costs, its level of efficient
use of resources1, etc.). A number of company's indicators are published in statistical reporting, but their range is quite limited; in addition, these data are published with a significant delay, which makes them almost of no
use in assessing competitiveness. Most of the
indicators represent company's commercial
classified information; in addition, information leakage is quite strictly traced.
Level of efficiency of resource use depends on what resources the company has and
how it is able to manage them. In other words,
this level is achieved by appropriate manage1

These indicators are used almost in all methods for
evaluating the competitiveness of enterprises.

8

ment. Here comes human factor into play management of each enterprise is unique,
therefore, it is quite unlikely to fully replicate
it. Perhaps, it is more important to know not
what is being done by competitors, but what
the enterprise needs to do in order to achieve
the same or better results. We need to know,
not what equipment is installed at the competitors’ sites, but what achievements are now on
the market of labor instruments, what equipment is now the most progressive and ensures
efficiency and enables to solve the set tasks,
how much funds are needed to purchase
equipment and where to find financial resources. In practice, company's management
usually does not waste time looking for inside
information of competitors, and does seek its
own ways and methods of production and
sales in the market. Advances are made not
by those who pattern themselves on competitors, but those who introduce industrial, technological and marketing innovations.
Company's competitiveness management
must be carried out from the position of
achieving the set objectives. Hence, as a basis for comparison, when assessing company's
competitiveness, it is advisable to use the
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need for resources to achieve the desired objectives of the enterprise. In order to determine this requirement, it is easier to consider
achievement of the desired competitive position as a company's goal [1], [2] (for example,
the position taken today by the direct competitor), which can be expressed in actual
sales volumes. If there are several strategic
business units (SBUs) in the company's product portfolio, such a goal is to be set for each
SBU. Then, the problem is limited to calculating the need for quantity and quality of raw
materials, equipment and manpower to produce a given volume of output. Sales of this
volume is possible under certain marketing
expenses and the development of scientific
and technological potential, as well as a certain level of partnership relations. Acquisition
of additional equipment, raw materials with
better quality and the involvement of skilled
personnel may require additional financial
funds, which should be taken into account in
estimating. Thus, all the known factors are to

be taken into account in estimating the competitiveness: production, scientific-technical,
marketing and financial potentials. Additionally, assessment of the level of partnership
relations is to be introduced. Importance of
this factor in the competition has been constantly increasing in recent years [3].
In accordance with the proposed approach
for each SBU on each factor of competitiveness, demand for resources is estimated to
achieve the desired competitive position with
regard to their use. Comparison of the demand
with the actual resources security will show the
level of competitiveness (CP) SBUs and that
of the whole enterprise. CP of SBU is defined
as a weighted arithmetic average of its potentials. CP of a company is generally defined as
a weighted arithmetic average of CP of SBU,
where as weights the significance of SBU is
taken into consideration with the aim to attain
the company's strategic goal. The conceptual
model of the company's competitiveness management is shown in Picture 1.

Picture 1

If the obtained level of CP of the enterprise is more than 1, the goal to be attained is
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understated; the company should revise it.
The level, which is equal to 1, means that the

9

set goal is potentially achievable. The level,
which is less than 1, indicates that the company is not yet ready to reach the set objectives.
For example, the level of CP - which is equal
to 0.85 - means that the degree of readiness is
85%. In this case, search for opportunities to
improve competitiveness is needed. First, the
possibility for enhancing CP by means of organizational and technical measures without
additional investment is analyzed. These
measures include improving the use of working time, reducing downtime, waste, lead
times, searching for new sales channels, etc..
Then, the company's own financial resources
are attracted (if financial potential (FP) equals
to 1) and borrowed funds equal to (if 1  FP
 0.5). These resources are designed to provide search for suppliers of high-quality raw
materials and the cheapest channels of their
supply, attracting highly skilled workers and
training of employees, purchase and installation of necessary equipment, conducting research and development activities, etc. Such
an analysis is conducted for each strategic
business unit. In this case, each time CP is
being evaluated with consideration for new
opportunities. If funds can be found, then the
goal is achievable, if not, then it should be
adjusted according to the capabilities of the
enterprise. If company's portfolio has several strategic business units (SBUs), those are to
be corrected first which have low grades from
the perspective of their importance for the
company's image. Review of objectives is
carried out in a situation where the CP <0.5
and FP <0.5, because the objectives in this
case are clearly overstated. Thus, management of CP is carried in several steps and it

10

takes into account the possibility of adjusting
the strategic objectives of a company according to its opportunities.
CONCLUSIONS
1. It is advisable to analyze competitiveness of a company with the aid of strategic
business units, if the product portfolio comprises several BUs, making integral evaluation with consideration for their importance to
the implementation of the strategic objectives
of the enterprise.
2. It is advisable to make assessment of
company's competitiveness by determining
the level of its resources security with consideration for achievement of the desired competitive position.
3. The proposed algorithm of competitiveness management enables to adjust the
objectives of SBU with the consideration for
business opportunities available.
BIBLIOGRAPHY
1. Ivashchenko N.S., Papenkova K.E. Determination of Factors of the Competitive Position of a Company Manufacturing Chemical Fibers // Khimicheskiye
volokna. – #4, 2007. P.31...34.
2. Ivashchenko N.S., Gavrilova I.M., Gavrilov
I.A. Defining the Basis for Comparison when Assessing the Competitiveness of Enterprises // Khimicheskiye volokna. – #2, 2010. P. 50...52.
3. Ivashchenko N.S., Gavrilov I.A. Assessing the
Level of Partnership Relations as one of the Company's
Competitiveness Factors // Marketing in Russia and
abroad, #3 – М.: Published by "Delo i Service", 2009.
Recommended by the editorial board. Received
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MOTHODOLOGICAL APPROACH TO ASSESMENT
OF CREDIT HISTORY OF A COMPANY
L.E. ZERNOVA
(Moscow State Textile University “A.N. Kosygin”)
E-mail: dekfem@mail.ru

The article presents methodological recommendations for evaluation of credit
history on the basis of calculation of the rhythm index on repayment of obligations
by a company; it is also proposed to carry out adjustment of overall potential of
company’s creditworthiness on the value of rhythm index. As a result, potential
opportunities of enterprises of real sector of economy to get a bank loan will be
enhanced.
Keywords: creditworthiness, credit history, rhythmicity.
Credit history – information that characterizes the performance of assumed obligations by the borrower under the loan (credit)
agreements and which is stored in a credit bureau. Credit history reflects the level of confidence in the borrower from the public and
private for-profit institutions, primarily - from
banks. Credit history will be checked each
time you get a bank loan. Moreover, companies with good credit history are more likely
to be provided with the most favorable credit
terms from credit institutions. And if credit
history is damaged or there is no history at all,
the lender will offer either less favorable loan
conditions, or just refuse to conclude credit
agreements.
When developing the method of credit history analysis, it will be taken into account that
the main indicator of a good credit history is a
timely repayment of debt. Currently, however, it is of paramount importance for banks
not only the fact of disbursement of a loan on
term, but also the timely payment of interests
on the loan and the parts of the principal.
To assess the credit history, it is proposed
to introduce the rhythm index on company’s
repayment of obligations under the loan, the
main components of which are the sum of the
principal and interest payments by periods.
As a payment period of the principal and
interests it is suggested to take a month, as the
duration of the evaluation of the rhythm index
– a year. If a previous loan was taken for a
period exceeding a year, the final rhythm in-
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dex of repayment of obligations by a company should be calculated as the arithmetic
mean of annual indices.
Below is a formula (1) presented to be
used for calculating the rhythm index on
payment of outstanding debt by a company
within a year:
12 
D perВi 
I РКОг  12 P  Вi
 ,
i 1  D Тi perТi i

(1)

where I РКОг – rhythm index of payment of
outstanding debt by a company within a year;
i – month of a year; DВi – part of the principal
paid back during the month, thous. RUR; DТi
– part of the principal to be paid within the
month, thous. RUR; perВi – interest on credit
paid back during the month, thous. RUR;
perВi – interest on credit to be paid back during the month, thous. RUR.
To calculate the average annual index of
rhythmic performance of lending commitments the following formula is used (2).
m

I РКО 

I
j1

РКОг j

m

,

(2)

where I РКО – average annual rhytm index of
payment of outstanding debt by a company

11

within a year; j – number of a year; m – number of years for repayment of the loan.
Index value below one unit indicates a violation of rhythmicity when repaying obligations under the loan.
Analysis of the credit history of two textile enterprises has been carried out with the

aim to test the proposed technique. Analysis
was conducted on the basis of data regarding
repayment of the loan. Data regarding credit
and calculation of the index are given in Tables 1 and 2.

Table 1
Minimum reActual repaypayment
Payment of inments under
amounts under terests ( per ),
Month
Тi
credit ( D Вi ), th.
credit ( DТi ), th.
th. RUR
RUR
RUR
1 000
190,000000
1 000
January
1 000
174,166667
1 000
February
1 000
158,333333
1 000
March
1 000
142,500000
1 300
April
1 000
121,916667
1 000
May
1 000
106,083333
1 200
Juny
1 000
87,083333
1 000
July
1 000
71,250000
1 000
August
1 000
55,416666
800
September
1 000
42,750000
1 000
October
1 000
26,916667
1 000
November
700
11,083333
700
December
1 187,499999
12 000
∑
Sum of Principle
12 000
Debt

Actual repayments of interests ( perВi ), th.
RUR
190,000000
174,166667
158,333333
142,500000
121,916667
106,083333
87,083333
71,250000
55,416666
42,750000
26,916667
11,083333
1 187,499999

D Вi
D Тi

perВi
perТi

D Вi perВi
D Тi perТi

1,00
1,00
1,00
1,30
1,00
1,20
1,00
1,00
0,80
1,00
1,00
1,00

1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00

1,00
1,00
1,00
1,30
1,00
1,20
1,00
1,00
0,80
1,00
1,00
1,00

IРКО

1.02

Table 2
Minimum repayment
amounts under
credit ( D Тi ),
th. RUR
750
750
750
750
750
750
750
750
750
750
750
1 150

Month

January
February
March
April
May
Juny
July
August
September
October
November
December
∑
Sum of Principle Debt
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9 000

Payment of
interests
( perТi ), th.
RUR
142,500000
130,625000
118,750000
106,875000
95,791667
83,916667
76,000000
66,500000
55,416667
42,750000
30,875000
18,208333
968,208334

Actual repay- Actual repayments under ments of intercredit ( D Вi ), ests ( perВi ),
th. RUR
th. RUR
750
750
750
700
750
500
600
700
800
750
800
1 150
9 000

142,500000
130,625000
118,750000
106,875000
95,791667
83,916667
76,000000
66,500000
55,416667
42,750000
30,875000
18,208333
968,208334

D Вi
D Тi

perВi
perТi

D Вi perВi
D Тi perТi

1,00
1,00
1,00
0,93
1,00
0,67
0,80
0,93
1,07
1,00
1,07
1,00

1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00

1,00
1,00
1,00
0,93
1,00
0,67
0,80
0,93
1,07
1,00
1,07
1,00

IРКО

0,95
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According to the analysis results, the values of rhythm indices of repaying obligations
under the loan by the enterprises were obtained; for Enterprise 1 – 1.2, and for Enterprise 2 – 0.95.
In earlier studies (1) absolute value of the
creditworthiness by factor blocks has been
obtained (external factors: sectorial, regional,
country; internal factors: production and economic, financial-organizational, management,
security of lending). Each block of evaluation
had independent weighting coefficients for
each group of factors that make up the block.
Such evaluation, on the one hand, is of interest for the credit institution providing lending,

since loan portfolio is limited, and the total
amount of potential loan applicants may be
much higher. On the other hand, this evaluation is of considerable interest for the enterprise of the borrower, as it gives specific directions for improving its performance in
terms of increasing the attractiveness of lending by maximizing the potential of creditworthiness. The maximum rating of each of the
above-listed blocks is achieved at the maximum of all scores for all groups of factors.
Results of relationship of creditworthiness
group with possible values of integral creditworthiness potential are given in Table 3.

Table 3
Integral creditworthi1,00...1,44 1,45...1,88 1,87...2,32 2,33...2,76 2,77...3,20 3,21...3,64 3,65...4,08 4,09...4,52 4,54...5,00
ness potential (PCW)
Creditworthiness group
1
2
3
4
5
6
7
8
9

Calculation of integral creditworthiness
potential for enterprises under consideration
has been made. Integral potential for the Enterprise 2 equals to 2.90 (group 5 of creditworthiness), and for the Enterprise 1 – 4.05
(group 7 of creditworthiness).
Assessment of rhythmicity of repayment
of obligations under the loan by the enterprise, which characterizes its credit history, is
to be taken into account when assessing the
company’s overall creditworthiness potential.
With this in mind, we propose to use a rhythm
index of obligations repayment under the loan
as a correction factor in calculating the adjusted integral creditworthiness potential
(Formula 3).
ПКС  П КС I РКО .

(3)

So, having done adjustment of creditworthiness potential for Enterprise 1 and Enterprise 2, we have respectively obtained the following values – 3.85 (group 7 of creditworthiness) and 2.96 (group 5 of creditworthiness). In our case, the enterprises were not
transferred to another group of creditworthiness, because values of potentials were not
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boundary and rhythm index values did not
differ significantly from 1.
Thus, due to increased role of the credit
history methodological recommendations for
evaluation thereof have been proposed on the
basis of calculating creditworthiness index of
repayment of obligations under the loan.
It has been established that it is advisable
to make adjustment of company’s overall
creditworthiness potential on the value of the
rhythm index.
The proposed methods is based on comprehensive information about the company’s
activities, takes into account company’s industry classification, also takes into account
not only quantitative but also qualitative parameters with the developed scales of values.
This will enhance potential opportunities of
enterprises of real sector of economy to get a
bank loan.
BIBLIOGRAPHY
1. Zernova L.E., Sagan E.I. Methodological Approach to Determination of Company’s Credit Status //
Proceedings of Institutions of Higher Education. Technology of Textile Industry. – #3, Ivanovo,2010, p.3...6.
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THE CHARACTER AND MOTIVES OF FOREIGN TRADE
OF CZECHOSLOVAKIA AND THE CZECH REPUBLIC
IN ITS DEVELOPMENT IN TERMS
OF MAJOR STRUCTURAL AND BALANCE REVERSALS
J. DEMEL
(Department of International Trade, Faculty of Economics,
Technical University of Liberec, Czech Republic)
E-mail: office@msta.ac.ru

Pre-war and post-war Czechoslovakia and later on also independent Czech Republic, whether they were in any stage of development and any political establishment, always showed to the business world the character of country that wishes to
participate in international trade as much as possible, and whose motivation is a
growing number of foreign trade turnover of the country, a continuous effort to
balanced or even an active trade balance, where export covers rising import level.
Currently, this export is precisely one of the key factors, that helps the Czech Republic to return to economic growth during the economic recession.
Keywords: czechoslovakia, czech republic, turnover of foreign trade, trade
balance, export, import, territorial structure, commodity structure.
If the country of a small area and population reaches a certain level of relatively high
standard of its economy (and this level was
certainly reached in the post-war Czechoslovakia), there exists a move towards the implementation of economic and commercial
potential in the interaction with the external
environment in any political constitution, and
under any foreign policy. Therefore, such a
country is then encouraged to participate in
the most possible extent of the international
division of labour (international trade) to open
its economy, and not just at the directive
elected group.
However, it is clear that the country pertinence into a closed community of states is
reflected either in the balance of trade of the
country or in the territorial and commodity
structure of foreign trade. If then the centrally
controlled community lapses, trade is becoming freer, the level of foreign trade turnover of
the country is growing continuously on, balance and structure is changing again and the
trade capacity is shifting according to market
needs and business opportunities.
Growing export of a small, technologically relatively advanced country can never exists without a corresponding import, though
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the bullonists might once wanted it and, on
the contrary, every even jump of import
growth should be the most possibly covered
by country export. That is always the incentive for the country to get involved in international trade, the fundamental driver of international trade processes.
Thus, even under complicated conditions
of years 1948 - 1989 Czechoslovakia had to
be and now the Czech Republic still is a country focused on export. That is why at the time
of the monopoly of foreign trade and international business organisations with the exclusive right to commerce in a respective commodity group (the pros and cons of this system have not been objectively and comprehensively evaluated yet) there was raising a
significant power of export workers skilled in
foreign languages who were able to maintain
export of the country despite badly defined
tasks in the 70s and 80s and in 90s they were
able to start to develop an international business with a support of new firms and exportmotivated traders, to re-structure a foreign
trade of the Czech Republic under pressure of
the international trade market and to return
the country's trade balance to active numbers.
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Despite the fact that the economic theory
of international trade from the 80s was still
full of “pioneering” slogans, fulfilments of 5year plans and propositions on the need for
centralized control of foreign trade of the
country, some of the principles of foreign
trade policy did not differ from current
thoughts. The transformation and growth
functions of international trade were also
acknowledged, and for a small country with
relatively advanced economy (and Czechoslovakia from the period of the “First Republic” was always such a country) the same
need was valid for the most possible participation in international trade, as it is today and
will continue.
“Foreign trade of a certain country reflects its integration into the international division of labour. Its size and structure depends on many factors, which include mainly
the structure of a country's economy and
achieved economic level. As a result of the
involvement of countries in the international
division of labour the process of reproduction
does not proceed in isolation in the process of
the national economy.” 2
Based on this thesis it is possible to imagine several motives for participation in the
international trade - such as dependence on
raw material source and, conversely, the need
for the implementation value-added products,
therefore such involvement into the process of
reproduction, which allows completion of
missing parts.
In the time of "pioneering of socialism"
there was a big part of the openness of the
Czechoslovak economy directed to the
COMECON camp and its co-operating countries, while creating a kind of group division
of labour or the international trade bloc which
was determined by an area of socialist countries. The fundamental problem of the balance
and structure of Czechoslovak foreign trade
was central “management” of the division of
labour, from headquarters, COMECON,
which often did not allow Czechoslovakia to
proceed comparative advantages. There was
also the fact, partly consciously ignored, that

the price and quality of products had to go
into a confrontation with foreign production,
to avoid ageing process, price increases and
small competitiveness. This meant that only a
small part of the Czechoslovak production
entered free market and the price and quality
confrontation with the competition. Most of
the products were made to qualitatively less
demanding group of socialist allies, in addition, due to the above given directing of the
division of labour without the presence of
competing products. Obviously this must
have led to technical, technological and qualitative gap.
“Overall, the coordinated economic policy
within the COMECON ignoring the comparative advantages of the Czechoslovak economy, the growth of coupling trades between
Member States of the COMECON and the
loss of competitiveness of products in developed Western markets were the main symptoms of the development of Czechoslovak
foreign trade in this period.”3
Despite this fact, however, at least a small
part of foreign trade in Czechoslovakia was
always carried out in the countries with developed market economies, of course, with
the high reliance on trade policies of these
countries, which often responded to the tightness of the socialist countries by an application of the hardest protectionist trade instruments. For instance in 1951 the United
States, entirely against the principles of
GATT, withdrew the MFN treatment to goods
imported from Czechoslovakia and spontaneously set much higher duty.
But Czechoslovakia was never deprived of
its international business motivation and character due to these factors and obstacles mentioned above.
“Czechoslovakia was always considered
more to be a country implementing a liberal
trade policy and low tariffs in the international environment. These liberal steps were
caused by multilateral commitments to
Czechoslovakia resulted from membership in
international organizations, especially as a
party to the GATT, but also by the fact that

2

3

Introduction to the Economics of Foreign Trade Organizations, doc.Ing. Eva Cernohlavkova, Ph.D. and
team, Statni pedagogicke nakladatelstvi, Prague 1985.
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Fojtikova, L. The Foreign Trade Policy of the Czech
Republic, History and Present (1945-2008), 1st edition,
Prague, C.H. Beck, 2009, ISBN 978-80-7400-128-4.
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the duty was not collected in Czechoslovakia
in the socialist era until 1983.”
Turnovers and balances. According to the
view on the composition of the relevant data
and information and the comments on them,
the following parameters have always been
considered the most important - steady
growth of trade turnover, rather active trade
balance or at least the smallest fluctuation in
passive balance with a vision for balanced
status in future. However, in terms of product
coverage and territorial terms, foreign trade of
Czechoslovakia and the Czech Republic have
gone through significant reversals.
Some of the following tables are derived
from the contemporary documents, therefore

we can expect them to levy certain slant, to
have excessive emphasis on some numbers
and omissions of some others. This text does
not attempt to compare the country's trade in a
time schedule, in fact the differences in
modes of prices quotations and the effects and
sets of exchange rates do not even permit it.
Far more this text refers to the movement and
structural balance and the way how the potential of the economy of the country is released
abroad by those paths which are actually given or less limited. The important findings are
that this movement in the history of Czechoslovak and Czech foreign trade has never
stopped or slowed significantly.

Table 1
Development of the Czechoslovak Foreign Trade in Billions of KCS
Year
1960
1965
1970
1975
1980
1982
Export
13,9
19,4
27,3
46,7
80,2
95,3
Import
13,1
19,2
26,6
50,7
81,6
94,2
Turnover
27,0
38,6
53,9
97,4
161,7
189,5
Trade balance
0,8
0,2
0,7
-4
-1,4
1,1
(Spravocnik cechoslovackoj vnesnej torgovli, CSOPK, various years - taken from the Introduction to the Economics
of Foreign Trade Organizations, doc. Ing. Eva Cernohlavkova, PhD. and team, Statni pedagogicke nakladatelstvi,
Prague 1985)

The table begins in 1960 therefore it is not
possible to record a development of turnover
of international trade first years after 1948.
The development of turnover is relatively
smooth, passive trade balance in 1975 CZK 4

billion does not look disastrous, but this represents a deviation of 4% of total turnover.
That should be considered in view of the liabilities in 90s.

Table 2
Total Turnover of Foreign Trade of CSSR (in billions of KCS fco exported country)
Year
1970
1975
1980
1985*
1989
1990**
Turnover
53,9
97,4
161,7
240,1
432,2
453,5
* Figures are in so-called official rate of Czechoslovak Crown to foreign currencies forced until December 31, 1988.
** The 1989 data are converted at exchange rate of 1989, since 1989are in the ordinary course according to exchange
rate of SBCS.
(Statistical Yearbook of Czechoslovakia (1990 and 1992) and author's calculations - taken from Fojtikova, L., The
Foreign Trade Policy of the Czech Republic, History and Present (1945-2008), 1st edition, Prague, C.H. Beck, 2009,
ISBN 978-80-7400-128-4).

This extract coming from the more comprehensive tables clearly identifies a very significant acceleration of growth in trade turno-

ver of Czechoslovakia in 1985. When considering the very slow and pent growth of prices,
the reality of this reversal is even harsher.

Table 3
Foreign Trade of Czech Republic in 1991-1992 (in billions of CZK, in %)
Year
1991
1992
Turnover
442,2
481,4
Export
233,6
229,4
Import
208,8
252,0
Trade balance
24,8
-22,6
(Dvorak and team,1993 - taken from Fojtikova, L. The Foreign Trade Policy of the Czech Republic, History and
Present (1945-2008), 1st edition. Prague, C.H. Beck, 2009, ISBN 978-80-7400-128-4).
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In the period 1990 - 1992 the first fall in
turnover of international trade of Czechoslovakia happened, but it began to grow again.
However, import, which of course corresponded to a hunger for new, especially the
missing top quality consumer products from
developed market countries, became a great

contributor to turnover. The year 1992 ended
with the passive balance of 22, 6 billion of
CZK and this state was settled into the results
of foreign trade of Czechoslovakia and later
the independent Czech Republic for more
than ten years. This is confirmed in the
following table:
Table 4

Foreign Trade of the Czech Republic in 1993 - 2007 (in billions of CZK, current prices)
1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

847,7 957,2 1231,9 1356,4 1569,0 1748,7 1881,9 2363,0 2653,7 2580,5 2811,7 3471,8 3698,5 4249,4 4870,6
Turnover
421,6 458,8 566,2 601,7 709,3 834,2 908,8 1121,1 1268,1 1254,9 1370,9 1722,7 1868,6 2144,6 2479,2
Export
426,1 498,4 665,7 754,7 859,7 914,5 973,2 1241,9 1385,6 1325,7 1440,7 1749,1 1830,0 2104,8 2391,3
Import
Trade
-4,5 -39,5 -99,6 -153,0 -150,5 -80,2
-64,4 -120,8 -117,4 -70,8
-69,8
-26,4
38,6
39,8
87,9
balance
(Long-term Development of the International Trade of the Czech Republic, Statistical Office, Prague, October 6,
2008 presentation)

The splitting of Czechoslovakia into two
independent states is hidden in the massive
increase in both export and import values in
1993, the internal trade with Slovakia thus
became a foreign trade. There is also an interesting feature which is almost balanced trade
balance, that in subsequent years, however,
failed to keep. The Czech production joined a
long way to reach strong position in foreign
markets and thus to offset the trade balance.
Shock of the terrorist attack in September

2001 in New York, which caused the slowdown in economic growth worldwide, influenced the numbers of Czech international
trade first in December of 2001 and then
throughout the year 2002. But it spoke much
more up to Czech import and, on the contrary,
Czech export reversed a long trend of widening passive trade deficit, the result of this reversal was a return to active trade balance of
the Czech Republic in 2005.

Table 5
Territorial Structure of Czechoslovak Foreign Trade - in % of Total Turnover
1948
1960
1970
1980
100
100
100
100

1982
Total turnover
100
In it
Socialist countries (COMECON and allies)
39,6
71,8
70,0
69,9
75,2
Advanced capitalist countries (with
devel.mark.econ.)
45,7
17,8
22,4
23,1
18,4
Developing countries
17,7
10,4
7,6
7
6,4
(Spravocnik cechoslovackoj vnesnej torgovli, CSOPK, various years - taken from the Introduction to the Economics
of Foreign Trade Organizations, doc. Ing. Eva Cernohlavkova, PhD. and team, Statni pedagogicke nakladatelstvi,
Prague 1985).
Table 6
Territorial Structure of Foreign Trade of Czechoslovakia in %
1948
1953
1957
1977
Socialist countries (COMECON and allies)
39
79
68
72
Advanced capitalist countries (with devel.mark.econ.)
46
15
20
21
Developing countries
15
7
12
7
(Spravocnik cechoslovackoj vnesnej torgovli, Rapid Prague - taken from the Economics of Foreign Trade - Repetition
of a Short Course, doc. Ing. Alois Bauer, PhD. and team, SPN Praha 1981).

The two tables coming from different
sources describe the essential change in the
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territorial structure of foreign trade of Czechoslovakia after 1948. Table 6 shows that this
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change occurred within a very short period of
several years. In this process it was necessary
to position the production, although damaged
by the war, but with a certain development
from Western to Eastern Market. From this
perspective it seems almost impossible, as it

was completely unique, but unfortunately directive forced redirection of significant part of
foreign trade of the country, which apparently
did not cause any serious fluctuation in the
relatively steady growth of foreign trade turnover of the Czech Republic.

Table 7
The Structure of World Exports and Imports in 1976 in millions of USD compared to 1970 in%
1976
1970 - 1976
Total world exports
643 344,2
100
Socialist countries (COMECON and allies)
37 225,2
4,5
5,8
COMECON
28 702,1
3
4,5
Advanced capitalist countries (with devel.mark.econ.)
453 670,3
76
70,5
EEC
244 637,8
38,5
38
Developing countries and other
152 438,7
19,5
23,7
Total world imports
697 707,5
100
Socialist countries (COMECON and allies)
27 002,8
3,5
3,9
COMECON
21 460,9
2,9
3,1
Advanced capitalist countries (with devel.mark.econ.)
471 990,0
76,2
67,6
EEC
248 573,9
38,5
35,6
Developing countries and other
198 802,7
20,3
28,5
(VÚZO, Economic Information No. 121 V/78 – taken, calculated and adapted from the Economics of Foreign Trade Repetition of a Short course, doc. Ing. Alois Bauer, PhD. And team, SPN Praha 1981)

It is clearly seen that in terms of world
trade the group of COMECON and its allies
was not a major player on the global competition. This confirms that significant numbers
were directed inward the group, which attempted to create a kind of self-contained unit
with protectionist elements, particularly by
the detention of commodity competition.
“The core of commercial relations with
the socialist countries of Czechoslovakia
formed relations within COMECON. The focus of Czechoslovak exports and imports on

the socialist countries allowed, according to
contemporary authors, to alleviate the economic blockade of the developed western
countries and gain necessary resources of
minerals and materials for the Czechoslovak
production. From 50s of the 20th century
there was a rise in the proportion of the Member States of the COMECON in total trade
turnover of the country.”4
Nevertheless the business finally found
the way that is confirmed by the following
table:

Table 8
The Share of Turnover of the Socialist Countries in Total Foreign Trade of Czechoslovakia in 1970 - 1990
(in billions of CZK, FCO exporting country and in %)
In it % of
% of other
Year
Total turnover
COMECON
% COMECON
USSR
soc.countries
1970
53,9
34,6
64,2
32,5
5,8
1975
97,4
64,3
66,0
32,5
4,6
1980
161,7
106,0
65,5
35,8
4,4
1985*
240,1
177,9
74,1
44,8
4,8
1989
432,2
239,9
55,5
30,1
6,1
1990**
453,5
199,2
43,9
23,3
6,2

_____________
4

Fojtikova, L. The Foreign Trade Policy of the Czech
Republic, History and Present (1945-2008), 1st edition,
Prague, C.H. Beck, 2009, ISBN 978-80-7400-128-4.

18

№ 7 (336) TEXTILE INDUSTRY TECHNOLOGY 2011

Table 9
The Share of Turnover of Non-socialist (countries with developed market economies) Countries in Total Foreign
Trade of Czechoslovakia in 1970 - 1990 (in billions of CZK FCO exporting country and in %)
In it % of
% of other
Year
Total turnover
Non-soc.c.
% of EEC
BRD
non-soc.c.
1970
53,9
12,1
11,0
5,6
12,4
1975
97,4
21,7
13,5
6,0
22,3
1980
161,7
37,3
12,9
5,9
23,1
1985*
240,1
37,3
8,9
4,4
15,5
1989
432,2
134,5
18
8,8
31,1
1990*
453,5
192,8
25,1
13,1
42,5
T a b l e 10
Foreign Trade with Developing Countries in 1970 - 1990 (in billions of CZK and in %)
Year
1970
1975
1980
Total turnover
53,9
97,4
161,7
Turnover with developing countries in bn
4,1
6,9
11,4
Turnover with developing countries in %
7,6
7,0
7,0

Once again it shows that the share of
countries with developed market economies
on the Czech foreign trade began to increase
significantly in 1985, in the period known as
perestroika, when the market of COMECON

1985
240,1
13,5
5,6

was unable to absorb a big percentage of
Czech products and therefore some release of
market opportunities to countries of EEC appeared, with not so important yet, but growing share of Western Germany.

T a b l e 11
Commodity Structure of Czechoslovak Foreign Trade in%
import
export
1937
1948
1953
1977
1937
1948
1953
1977
Machinery and equipment
10
7
14
39
6
20
42
51
Fuel, raw materials, semi-products
68
56
54
45
47
43
37
28
Food including raw food materials
16
34
30
10
10
6
9
3
Consumer goods of non-food character
6
3
2
6
37
31
12
18
(Spravocnik cechoslovackoj vnesnej torgovli, Rapid Prague - taken from the Economics of Foreign Trade - Repetition
of a Short Course, doc. Ing. Alois Bauer, PhD. and team, SPN Praha 1981).
T a b l e 12
Commodity Structure of Czechoslovak Exports in% of Total Exports
1960
1965
1970
1975
100
100
100
100

1980
1982
Total export
100
100
In it:
Machinery and equipment
45,1
48,5
50,2
48,0
50,2
53,1
Fuel and raw materials
29,6
30,4
29,4
30,3
29,7
26,5
Cattle and other livestock breeding
0,1
0,2
0,1
0,1
0,1
0,1
Food including raw food materials
5,2
4,4
3,8
4,2
4,2
3,5
Consumer goods of non-food character
20,0
16,5
16,5
17,4
15,8
16,8
Commodity Structure of Czechoslovak Imports in % of Total Imports
Total import
100
100
100
100
100
100
In it:
Machinery and equipment
21,6
29,9
33,3
36,9
36,6
33,1
Fuel and raw materials
52,9
48,9
43,1
46,6
48,7
53,6
Cattle and other livestock breeding
0,1
0,1
0,3
0,1
0,1
0,1
Food including raw food materials
22,0
15,9
14,8
9,2
8,7
7,7
Consumer goods of non-food character
3,4
5,2
8,5
7,2
5,9
5,5
(Spravocnik cechoslovackoj vnesnej torgovli, CSOPK, various years - taken from the Introduction to the Economics
of Foreign Trade Organizations, doc. Ing. Eva Cernohlavkova, PhD. and team, Statni pedagogicke nakladatelstvi,
Prague 1985).
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The table points to the exceptional economic transformation of Czechoslovakia from
the country with significant production and
export of consumer goods to a massive producer and exporter of machinery and mechanical equipment. This transformation took
place, of course, already during the World
War II, when Czechoslovakia used to be a
weapon producer, but it continued even after
1948 until the late 80s. This is shown in the
table below.
The massive pre-war fuel consumption reflecting the high percentage of imports of these
commodities in total imports declined steadily

until the early 60s, when the rate became stable. Production of consumer goods decreased
mainly in the post-war period, then it remained at the levels that allowed a market
supply of COMECON. By contrast, the percentage of imports of consumer goods
throughout the period of the communist regime was very low, representing a kind of 'artificial' economic self-sufficiency in this
commodity. It had to lead inevitably to a decline in the quality and competitiveness of
consumer products. What was a division of
labour and "internal trade" of group of the European COMECON countries is as follows:

T a b l e 13
Commodity Structure of Mutual Exports of the COMECON Countries in 1960-1970 in %
Commodities
BLR MLR NDR PLR RSR SSSR
ČSSR
Machinery and equipment
1960
12,9
38,6
49
28,3
16,7
20,7
45,7
1970
29,0
32,6
51,7
38,5
22,8
21,5
50,4
Fuels, mineral raw materials and metals
1960
9,2
12,8
15,7
34,0
36,9
37,6
19,1
1970
8,1
14,4
10,1
23,9
22,7
38,2
18,6
Food including raw food materials
1960
56,4
27,4
5,9
23,0
35,9
27,3
10,4
1970
43,4
26,7
7,4
15,9
26,8
19,5
7,3
Consumer goods
1960
17,9
17,8
15,1
10,1
5,8
2,9
20,4
1970
14,7
21,3
20,2
16,1
18,1
2,7
16,6
Commodity Structure of Mutual Imports of the COMECON Countries in 1960-1970 in %
Commodities
BLR MLR
NDR
PLR RSR SSSR ČSSR
Machinery and equipment
1960
43,9
28,5
12,7
27,1 33,6
31,0
21,7
1970
40,6
30,9
34,2
36,2 40,3
35,5
33,4
Fuels, mineral raw materials and metals
1960
24,3
27,7
38,3
25,3 34,3
20,0
27,9
1970
29,1
23,6
27,6
26,6 30,4
11,8
23,5
Food including raw food materials
1960
16,7
29,2
39,2
33,9 18,1
23,7
37,1
1970
15,9
24,4
28,1
21,4 15,4
24,8
24,1
Consumer goods
1960
7,6
5,1
5,3
5,5
5,2
16,9
3,4
1970
5,7
7,7
4,5
6,4
5,5
18,3
8,5
(Kves 1974 - taken from Fojtikova, L. The Foreign Trade Policy of the Czech Republic, History and Present (19452008), 1st edition, Prague, C.H. Beck, 2009, ISBN 978-80-7400-128-4).

It is obvious that the production of consumer goods from Czechoslovakia, Hungary
and East Germany ended mainly in the USSR,
the largest exporters of machinery and
equipment were Czechoslovakia and East
Germany, but gradually all countries were
industrialized, however the product quality,
without comparison to global competitors, fell
strongly below average.
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That was the starting line of Czechoslovakia and the Czech Republic to the new conditions of 90s. The following graphs show
how the individual commodities of Czech
production succeeded in foreign markets in
the next period and vice versa, what were the
most sought-after commodity groups in the
Czech market:
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Foreign Trade - Exports by Sections of SITC (in billions of CZK, current prices)

Picture 1
Foreign Trade - Imports by Sections of SITC (in billions of CZK, current prices)

Picture 2

(The Long-term Flowchart of Foreign
Trade of the Czech Republic, Statistical Office, Prague, October 6, 2008 presentation).
In fact, the ratio of 1:1 in value between
the two largest exported commodity groups –
Manufactured (consumer) goods and Machinery and Transport Equipment within over fifteen years of the Czech Republic with a market economy has changed into the ratio of 3:1
in favour of the second group, while the original ratio of imports of the same two groups
of 1:2 in the same period essentially remained
the same. Such is the force of Czech production and exports of machinery, mainly for automotive production with entire networks of
all production-related components.
Present. “In 2009, a significant drop came
up in the field of foreign trade for the first
time in the history of the Czech Republic. The
result of the decrease of exports and imports
in comparison to the year 2008, was particularly lower foreign trade turnover by 16 per-
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cent. The value of foreign trade therefore returned approximately to the level reached in
the year 2006 (4 249, 4 billion CZK). In 2009
foreign trade balance ended in its highest surplus since 2005, when foreign trade showed a
positive balance for the first time after the
foundation of the Czech Republic. Although
the foreign trade of Czech Republic showed
the largest drop in the history of the independent republic, in 2009 the balance ended
with the highest surplus (CZK 153.2 billion)
in the history of the Czech Republic”.5
Current situation is unprecedented in the
development of foreign trade of Czechoslovakia and the independent Czech Republic.
Less similarity can be seen with the year
2002, when the foreign trade turnover of the
Czech Republic also decreased due to global
economic movements, the same as now in the
time of economic recession. Just like that
____________
5

www.businessinfo.cz - part of the website dated February 18, 2010 - Source: Czech Statistical Office.
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year, when export was the main deviser of
return of the trade balance of the Czech Republic into the active condition, also today
export belongs to one of the main guides
through the labyrinth of the downturn of the
economy. The commodity group Machinery
and Transport Equipment still remains the key
factor in export, heading its massive majority
of products into the countries within the European Union and particularly in neighbouring Germany. This territorial, but in particular
commodity set up will certainly bring some
changes over the time as it already happened
in past development of foreign trade in
Czechoslovakia and the Czech republic ac-

cording to the data and information mentioned above. The global economic conditions
are changing, the power of competitors in international trade too. But what should remain
the same is character and motives of the
Czech foreign trade - the effort and proactive
approach to international trade, covering the
growing needs of imported high-quality
commodity groups by high – quality product
exports of the commodities, which are actually demanded and sought after wars.
Recommended by the editorial board. Received
03.06.11.
__________
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WASTE REDUCTION AND COST CUTTING STRATEGY
FOR TEXTILE PRODUCTS THROUGH LEAN MANUFACTURING CONCEPT
I. JÁČ, J. SEDLÁŘ
(Department of Business Economics, Faculty of Economics,
Technical University of Liberec, Czech Republic)
E-mail: office@msta.ac.ru

Hartmann-Rico a.s. is continuously focused on lowering production costs. The
Hartmann Production System /HPS/ is based on generally applied methods of
industrial engineering, such as the 5S, Poka Yoke, and SMED , which further
develop value-added theories in the production process.
This article includes proposals for approaches to cost cutting based on the lean
manufacturing concept.
Keywords: world-class production system, lean manufacturing, value stream
mapping, lead time, added value, wasting, productivity increase, customer tact
time, production management and logistics.
Introduction.
The task of the management at every
company is continuous pursue for increasing
the company’s value. The managers keep asking whether the resources available to the
company are targeted in the right direction
and how effectively they are used. Today, in
times of the world economic crisis, when the
companies search for further reserves for decreasing production costs and losses in the
company's business processes, such subjects
are highly topical. The managers can no longer do with routine approaches towards prob-
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lems solving; they are rather forced to look
for new and unconventional approaches in the
field of company management and in particular in the innovative and investment activities
of the company.
In the 20th century, a new and unique approach towards organisation of production
was introduced by Toyota. The Toyota Production System (TPS) was created to oppose
the system of mass production used by e.g.
Ford or General Motors, which relied on production of mass orders and had significant
capital resources. At the beginning, Toyota
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produced cars in small series, in various model lines and thus on different production lines.
The company had limited capital resources
and was forced to monitor its cash flow speed
and ROI.
The primary objectives of high quality,
low production costs and shorter propagation
times are the core principles of production
management at Toyota.
The founder and author of TPS, Taiichi
Ohno, defines the principle of "lean production" as follows:
"The only thing we do is to monitor the
time since the moment of receipt of an order
from the customer to the point of receiving
the money. This time is reduced when we remove losses that do not add any value" [4].
This seemingly simple definition hides
several key principles that are fundamental
for successful introduction of the slim production concept. These involve the terms "customer", "wasting", and "propagation time."
The pre-requisite for successful introduction
of the slim production concept is that the content and importance of the above terms become everyday habit and a part of the corporate culture.
The strategy of implementation of slim
production principles is based on four interconnected pillars included in picture 1, [7],
[8]:
1. Zero defect principle.
2. Flow.
3. Tact time.
4. Pull.

Picture 1. Four pillars of Lean Production

In the context of company's strategical
management the concept of lean manufacturing is directly related to all areas of corporate
activities [1]. It is based on the company's
mission and visions and it contributes to the
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enrichment of the corporate culture with processes of continuous improvement. The examples of interconnection of lean production
with methods of strategic management of the
company (e.g. via Balanced Score Card) are
known [2], [5], [6].
Application of lean production principles
is not only limited to industrial use. Due to
pursuit of continuous decrease of processing
costs and strengthening the company's position on the market this concept is more widely
applied also in the area of services, supplierconsumer relationships and state administration.
Analysis of Current State of Production
Processes at Hartmann-Rico, a. s., Veverská
Bítýška.
To date, Hartmann-Rico has successfully
implemented the basic methods of industrial
engineering, such as the 5S, TPM, SMED,
Poka-Yoke, and Kaizen methods. These
methods, along with the Balanced Score Card
management system, create the framework of
the production system of the Hartmann-Rico,
the HPS.
The decision on application of the lean
production concept at Hartmann-Rico, a.s.
thus follows the above mentioned activities
and is only a logical outcome of the long-term
waste cutting strategy in the company management, decrease in production costs and
increase in production flexibility [1].
Hartmann-Rico started to implement the
lean production concept in 2009, under the
guidance of the renowned German consultation company Staufen AG. The project itself
is divided into the following areas:
1. Analysis of the current state of production of nonwoven medical drapes.
2. Application of lean production principles on the conditions of Hartmann-Rico,a.s.,
Veverská Bítýška.
3. Totally productive maintenance /TMP/
and SMED.
4. Logistics of internal processes and production management.
The following paragraphs describe the
methodology and document results of the
analysis of the current state of the medical
drapes’ production in Hartmann – Rico, a.s.,
Veverská Bítýška. This analysis serves as the
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primary basis for proposal of measures directed to areas of production processes, internal logistics and totally productive maintenance.
– Hartmann- Rico a.s., Veverská Bítýška
plant, as one out of four production plants in
the Czech Republic, produces disposable
medical drapes. This plant is 100% owned by
the Paul Hartmann AG Group.
– The current competitive pressure effects
all four production plants. These plants must
repeatedly demonstrate their efficiency and
competitive ability. Significant decrease in
production costs is expected for the years to
follow. The closeness of the European markets together with support of processes of excellence for adding value in production and
logistics should provide for competitive ability and strengthen the future position of the
plants.
– The range of products of the HartmannRico, Veverská Bítýška plant comprises more
than 3,000 different products divided into 8
product groups.
– The system of production management
and production of sets for single operational
coverage can be divided into 2 groups.
– Standard Sets, i.e. sets that are not primarily pushed by the particular demand of the
company.
– CPT / Customer Procedure Tray / sets
produced specially according to the customer's needs.
In the context of competition of Asian
producers the very CPT products constitute

incomparable advantage in the form of low
propagation time.
However, the approach to management
and organisation of production within the
Standard and CPT group is significantly different.
Proposal for the Algorithm of the Cost
Cutting Strategy via Reduction of Wasting
In order to reach the expected outcome we
proposed the following procedure algorithm:
1. To carry out analysis of the potential
and to point out the opportunity to improve
the production process of medical drapes, including production and logistics management,
by means of Word Class Production System
Audit, as seen in picture 2.
World Class Production System – Audit Results
System

Scope

Order and Tideness
Visualisation and Standards
Teamwork and Leadership
Machines / Devices
Processes / Shop floor Organisation
Just in Time / Synchronisation

System-Scope

3,8

AP1
10,0

2,9
2,7

AP8

8,0

AP2

6,0

3,0

4,0

2,9
2,0

2,9

Quality

6,0

Work safety and Environment

6,6

AP7

0,0

AP6

AP3

AP4

AP5

Audit Result - Avarage points:

3,8

Ist_Analyse_WPS_Audit_BVB.ppt

1

Picture 2. Audited areas within the WPS audit

2. Using the Value Stream Mapping [4]
method to carry out evaluation of the chain of
adding value to the product and to propose its
optimisation, considering supplier-customer
conditions being unchanged.

Picture 3. Measurement and design of the process by means of the Value Stream Mapping Method – simplified diagram.
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3. To elaborate the "ideal production
plant" management model, which will respect

the principles of lean production of "world
class" type [7].

Picture 4. Example of prevention of unused implementation reserve

4. To simplify the system of production
management and logistics of raw materials
and intermediate products.
Expectations consist in testing and the
subsequent application of hypotheses in the
process of searching for optimum production
of single operational coverage’s products.
As benchmarks it is possible to use already published benefits for company economy, such as reach of stock, lead time, productivity increase, reduction of quality defects,
number of fire fighting cases.
In the particular case of implementation of
the lean concept at the Hartmann Rico, a.s.,
Veverská Bítýška plant the following economic benefits are expected:
– Lead time reduction by 50%;
– Increase in work productivity in the area
of set assembly by 30%, including the subsequent savings of labor costs in the amount of
30 million CZK p.a.;
– Optimisation of TPM and SMED for
key production technologies with the objective of change - over time by 100%;
– Simplifications in process management,
especially shop floor management, and update
of already existing Kanban system;
– Synchronisation of sub-processes and
decrease in administration burden (including
the need of “fire fighting”);
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– Improvement of working systems, including ergonomic workplace.
BIBLIOGRAPHY
1. Baranov V.V., Zaytsev A.A., Zaytsev A.V., Sedlář J.
The Concept of Lean Production as a Part of the Enterprise’s Strategic Management. Kreativnaya Ekonomika, 2/2010, p.117-126.
2. Kaplan Robert S.-Norton David P. Balanced
Scorecard. Management Press 2000.
3. Liker Jeffrey K. Tak to dělá Toyota, Management Press 2008.
4. Mašín Ivan. Mapování hodnotového toku ve
výrobních
procesech.
Institut
průmyslového
inženýrství, Liberec 2003.
5. Ohno, Taiichi. Toyota Production System. Beyond Large-Scale Production, Portland, OR, Productivity Press 1988.
6. Sedlář Josef. Balanced Scorecard as a Corporate
Strategy Execution Tool: Liberec Economic Forum
2009.
7. Staufen AG. Závěrečná zpráva ze dne 6.3.2009,
Veverská Bítýška.
8. Womack, James P. Jones, Daniel T. Lean
Thinking: Banish Waste and Create Wealth in Your
Corporation, Simon & Schuster 1996.
Recommended by the editorial board. Received
03.06.11.
__________

25

UDK 677:382:381

FORMATION OF CONDITIONS FOR DEVELOPMENT OF ENTERPRISES
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E-mail: office@msta.ac.ru

The paper provides a statistical analysis of development of enterprises of textile
and light industries in the Russian Federation and the Czech Republic. Factors
that have a negative impact on development of enterprises in the industry are researched. Restructuring and modernization of textile manufacture with orientation
on creating innovative products with high added value are substantiated.
Keywords: investments, innovative products, competitiveness, modernization, a sector, an enterprise, textile.
Due to influence of globalization
processes and formation of new geopolitical
conditions, governments of industrial
countries have to place a particular emphasis
on development of textile and light industries,
create favorable conditions and support
activities of enterprises within these industries
by significant investments. In the modern
world the government is focusing its activities
on strengthening positions of this line of
business in the national economy, because
textile and light industries play significant
roles in ensuring of the state’s economic and
strategic security, employment of able-bodied
citizens and increasing its standards of life. It
is necessary to consider and apply experience
of activity of different countries in
development and realization of sector’s
strategic plans, regional development, solving
systems problems of textile and light
industries that are present, for instance, in the
Russian Federation and the Czech Republic.
In the Czech Republic the textile industry
is one of the oldest sectors of industry, and it
should be observed that it had been the pivot
of the Czech economy until the November of
1989. However, the textile industry in the
Czech Republic is at the moment in a difficult
situation as in the whole EU. Its productivity
and employment have decreased by 50%,
compared to 1989. Main reasons are: opening
of the domestic market for import without tar-
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iffs and low duties on textile goods import.
Other factors that exert negative influence on
development on the textile industry in the
Czech Republic are:
– low investment activity of foreign
investors, resulting from small investment
attractiveness of this business development in
the country;
– low investment activity of Czech
investors for the reason that opportunities for
forming one’s own internal assets are limited
and financial resources are expensive at the
market of capitals;
– increase in costs of wages and shortage
of competent personnel at the labor market;
– prolonged strengthening of the Czech
koruna rate to convertible world currency
such as US dollar and euro during the last
decade;
– constantly rising prices for resources –
electricity, gas and water;
– high production price and low
productivity of labor;
– unsolved property questions of owners;
– the current financial crisis, influencing
decrease in orders on output of products.
The above mentioned factors are similar to
both Russia and Eastern Europe by their economic nature. They play a significant role in
formation of competitiveness and economic
development of the industry and also in securing employment of able-bodied citizens.
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Thus, textile and light industries require restructuring and modernization of production
with focusing on manufacturing goods with
high added value. This means that, first of all,
transition to innovative technology and production of special textile products, manufactured on the basis of nano-, micro- and biotechnology, is absolutely necessary. Enterprises of the industry must be oriented towards production of textile for special purposes (Teflon fabrics, nanofibre-based fabrics) and technical textile (geotextile, grasstex). These materials are mainly used in construction, agriculture, public health, motor
industry.
In modern conditions enterprises of textile
and light industries need rapid transition from
the strategy of mass production of textile
goods to the concept of production of goods
in a new industrial sphere. Such approach will
be characterized by continually growing customer demand on high-quality innovative
goods. In order to solve this task not only significant investments into the industry are required, but also creating by the government
favorable conditions for economy growth of
textile and light industries, stimulating innovative, social and regional development. The
realization of these areas are expounded in the
EU programs “The European Technology
Platform for the Future of Textiles and Clothing” [6], which determines a long-run concept
of industry development by 2020, and “Lead
Market Initiative for Europe” [7].
In the Czech Republic the process of mutual integration of manufacturers and research-and-development centers, universities,
networks of suppliers and consumers with
respective industries and trade networks is
realized by means of creating a commonwealth. A cluster for creating and manufacturing technical textile CLUTEX was organized
in the northeastern region of the Czech Republic. Its aim is focusing firm-members of
the commonwealth on producing innovative
products with high added value on the basis
of cutting-edge research.
At the moment, both in Russia and the
Czech Republic consumer market growth and
satisfaction of society demands in textile
products is met mostly by import. Nowadays

№ 7 (336) TEXTILE INDUSTRY TECHNOLOGY 2011

the government of the Russian Federation
regards the textile industry as a priority
economic sector of the country. Thus, tasks of
creating favorable conditions for growth of
economical activity of textile and light
industries
enterprises,
in
increasing
competitiveness and image of the Russian
industry in the world textile production are
being solved in order to develop the industry.
Such conditions are formed on the basis of
decisions, made as a result of a panel meeting
of the State Council of the Russian Federation
“On modernization of the textile industry and
measures on increase in standards of living
and social protectability of its workers” that
took part on the 20th of June in the city of
Ivanovo with the participation of president of
the Russian Federation D.A. Medvedev.
During this meeting it was noted that strategic
priorities of industry development would be
creation of industrial clusters, qualitative
modernization, stimulation of innovations,
“breakthrough”
innovations,
including
nanotechnology [4]. The developed Strategy
of development of the Russian light industry
by 2020 includes solving these issues with
immediate participation of the government on
the basis of realization of measures on
protecting Russian manufacturers, combating
counterfeit and smuggled goods, using
subsidies, leasing schemes, investment funds,
development of the private-state partnership.
The key task for enterprises in textile and
light industries is rapid modernization of the
sector and infrastructures that support it by
means of clusters approaches, wide
application of the best world and domestic
achievements in the field of technical
equipment and technology of textile
production, including nanotechnology and
nanoproducts. Increase in competitiveness of
Russian enterprises and sustainable long-run
development of the sector required from the
government making decisions of systems
character. Thus, the Ministry of Industry and
Trade of the Russian Federation approved the
concept of development of the sector in 2009
– “The Strategy of development of the
Russian light industry by 2020”. Realization
of this concept will enable to increase a
competitive level of material and technical
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basis of the sector due to technical reequipment and modernization of the sector.
Solve the problem of technological and
commodity dependence of the sector from
foreign countries, increase competitiveness
and output of science-intense goods.
Strengthen combating unauthorized import
and shadow production. Increase the share of
Russian goods on the domestic market up to
50% minimally by 2020, ensure export
growth and reproduction of manpower
resources of the sector by 2020 [1].
Realization of the Strategy in Russia gives
first positive changes, for example, in the
textile industry of Ivanovo region the
government program on creating a textile
cluster (a pilot project on domestic textile
industry modernization) is being realized.
Governing body of Ivanovo region has
developed a phased plan of textile industry
modernization. It contemplates technical reequipment of present industrial facilities and
building new textile enterprises and also
constructing objects related to development of
the textile industry, such industries as
mechanical engineering, chemical undustry,
construction of modern logistics hubs and
objects of infrastructure.
Creation of the innovative and production
industrial park on the basis of the regional
trade complex TextileProfi – Ivanovo will
become the center of commercialization of
science-intense technology. Such centralization will enable to ensure organizational and
technical and legal implementation of technological innovations. The industrial park will
contribute to forming conditions for competing with foreign textile manufacturers by expansion of the range of goods, adoption of
mixing groups, produced on the basis of oil
refinery products, equipping enterprises of the
sector with modern high-technology equipment which allows to quickly respond to
changes in consumer demand.
Thus, in condtions of transition to
innovaive economy in Ivanovo region
opportunities for economic environment
development and increase in efficiency of
activities of enteprises that can become
competitive participants on the world textile
market may be formed. A clusters approach
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and modernization of the textile industry will
be key factors for increasing competitveness
of the region.
Problems of enterprises of the sector in the
Czech Republic are similar to those that
Russian textile producers face. And solutions
lie in the same field. So, the process of mutual
integration of manufacturers with researchand-development
centers,
universities,
networks of suppliers and consumers is
realized in the Czech Republic by means of
creating commonwealths. Their aim is to
create a competitive product with orientation
on production: from processing raw materials
to developing new materials with use of
recent science achievements. Pilot projects on
creating textile clusters are Russian analogues
of such commonwealths. However, the main
advantage of Russian textile enterprises is in
state support of the following areas:
increasing investment attractiveness of the
sector; creating conditions that contribute to
improving supply of the sector with primary
goods; protecting the domestic market from
illicit commodity turnover; stimulating
export; developing manpower resources of the
sector.
In the Czech Republic modernization of
the textile industry is carried out only in the
field of technical textile and materials for
special purposes due to lack of state support.
The government of the Czech Republic seeks
to pay more attention to development of
textile and clothing industries, because this
business area is a considerable source of
employment. However, despite this fact,
disproportions in development of former
traditional textile regions, e.g. in Liberec
Region (the northern part of the Czech
Republic),
are
emerging.
These
disproportions
reveal
themselves
in
unemployment growth, specialized personnel
release and surplus of human resources on the
labor market. The foreground task of textile
and light industries in Russia, compared to the
Czech Republic, is in maintaining and
accumulating potential of the sector in general
on all the produce markets and also in phased
realization of the Strategic programme of the
industry development.
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In a market economy, economic development, or more precisely generation of
wealth, is linked inherently to competitiveness as a basic measure of enterprise’s,
region’s as well as state’s success. Individual regions have available a diverse potential for economic development, which had been formerly conditional on nature
environment and access to raw materials. Currently, other aspects have gained
ground, such as quality of business environment and development of innovations.
Their formation is considered to be a crucial prerequisite to gaining of competitive
advantage.
Keywords: regional disparities, competitive advantage, innovations, research
and development
In a market economy, economic development, or more precisely generation of wealth,
is linked inherently to competitiveness as a
basic measure of enterprise’s, region’s as well
as state’s success. Individual regions have
available a diverse potential for economic development, which had been formerly conditional on nature environment and access to
raw materials. Quality of a business environment has a major significance for regional
economies. It is due to a virtually verified fact
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that an adequate supply forms a major domain
of regional competition when setting up best
conditions for development of entrepreneurial
activities.
Business environment of high quality
stimulates competition at the same time, and
thus encourages growth of enterprise’s
productivity including development of innovations. Their formation is considered to be a
crucial prerequisite to gaining of competitive
advantage. Thus, innovations support consti-
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tutes one of the main components of economic policies at all levels.
After 1989, when the Czech Republic had
left the central planning mechanism and got
back to market economies principles, differences in development potential of individual
towns and regions have become evident.
Particularly regions, which had inherited
strongly distorted local economy structure of
the central planning period, have had problems. It concerns especially regions and towns
with heavy industry (above all coal mining,
metallurgy, heavy engineering, and chemistry). Uneven economic development has
caused serious economic as well as social
problems mainly in coal basin and several peripheral rural Czech regions. Lack of labour
opportunities is its common feature, together
with insufficient technical infrastructure as
well as low service standards, adverse age and
education structure of population.
Inaccessibility of regionally handicapped
regions is another development obstacle
whereas central location of a region forms an
important potential. Principally, insufficient
traffic connection to regional centres causes
problems to peripheral regions, which brings
difficulties while commuting. Remoteness
contributes to higher-than-average unemployment rate, low population income level
and basic services as well as total economic
activity attenuation, which is not fully compensated by tourism and agriculture revenues.
Peripheral regions suffer from investors’ lack
of interests, who are not locating new production in. Border regions have been perceived as
peripheral regions for a long time taking into
account their distance to development centres.
Endogenous potential development of
such regions is linked to both geographical
(border mountains, existence of national
parks) and socio-cultural (long-term culture
and nations blending and consequential specificities) given conditions, which are fundamental e. g. for tourism. Universities and research development and related human capital
development is not fully utilised opportunity
in border regions and their centres.
By and large, regional disparities are perceived in negative sense as a result of uneven
regional economic growth. However, if they
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happen to become an engine of local comparative advantage development, their positive
potential will not be omitted. Generally
speaking, regional disparities restoration in a
period of transformation is considered to be a
natural and desirable phenomenon. Disappearance of unnatural regional levelling out is
happening via spatial redistribution of resources that enables efficient territorial division of labour and thus resource utilisation.
Major socio-economic indicators used for
regional disparities monitoring are economic
performance (GDP) per capita and unemployment rate. One of the main features of
regional disparities in the Czech Republic is
Prague dominance in economic performance
per capita. There is a huge difference between
Prague and other regions in terms of economic performance as well as in other spheres.
There is only small divergence among other
Czech regions in economic performance,
though.
On the contrary, there is an essential diversity among regions as for the rate of unemployment. Thus, solution to this problem
appears to be crucial in terms of regional disparities solution. It is given by gravity of consequences of unemployment on individuals’
life. There are also noteworthy inequalities in
other specific spheres immediately linked to
unemployment. Interregional differences in
number of job opportunities per a registered
job applicant may serve as an example. Longterm unemployment together with youth unemployment is extremely risky phenomenon
in terms of economic and social cohesion as
well. There is higher potential for socialpathological phenomena (such as criminality,
drug use etc.) in regions with higher both
long-term unemployment and unemployment
of youth up to 25 years in comparison to other
regions. In such regions, extremely popular
are populist parties and movements, many of
which are inconsistent with democratic principles and constitute a threat for political stability. All mentioned factors only reinforce
further backwardness of given region. Problems on labour market are caused especially
by inadequate capability of workers to respond to labour market changes. There are
many causes of inflexibility, e.g. regulated
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rents or, high regional adherence, which is
typical for the Czech Republic. At the same
time, there is a sort of institutional incompetence that does not reflect industries in decline
and thus cannot ensure sufficient level of
workforce for expanding industries. This
trend can be noted in regions that had gone
through attenuation of mining, heavy, textile
and shoe manufacturing, glass and bijouterie
industry. Nevertheless, these regions (Karlovy
Vary Region, Ústí nad Labem Region and
Moravian Silesian Region) used to be favoured in the past, which implies higher initial economic performance per capita. Currently, they attain fundamentally worse results
in terms of economic growth dynamics
whereas regions with lower initial level of
economic performance per capita have already overtaken them (Hradec Králové,
Vysočina, Central Bohemian Region). Prague,
South Moravian, Plzeň and Central Bohemian
Regions are considered as stable regions in
terms of economic performance.
Labour productivity is an important indicator of regional competitiveness as well. It

may be captured via GDP per employee.
When evaluating regions according to labour
productivity, we may discover fundamental
differences not only in its level within given
time period, but also in terms of labour
productivity growth.
Regions with missing research platform
are usually noted for economic backwardness
and minimum innovative activity. Yet, development of research institutions in a region
does not have to be a guarantee of innovative
potential utilization. An incorrect approach to
R&D role may be considered as one of the
major causes of insufficient involvement of
some regions in the realm of innovative activity in the Czech Republic. A model based on
exclusivity of research, separating research
results from practice has been promoted for a
long time. Consequently, only low ratio of
R&D results has been usable in practice. Following figure shows interesting dates of innovative activities of enterprises in individual
Czech regions (Picture 1).

Picture 1. Fraction of innovating enterprises according to type of innovation and regions (2007).
Resource: ČSÚ, www.czso.cz

To conclude, not only interregional disparities have been a consequence of a diverse
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regional development, but they have arisen
from concrete historical, territorial and demo-
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graphical conditions. It is obvious that problems do not usually spring up nor end up on
the border of a region in question, but they
have mostly interregional interaction.
State/government plays an important role
in this process when researching regional disparities development in a broader sense,
pointing at potential perils, providing information and setting-up eligible legislative
framework and conditions for regional government operation and business activities of
enterprises.
In a market economy, there is only one
lawful reason for direct intervention in favour
of economic activities, such as real threat
and/or even existence of unacceptable regional social-economic disparities. Knowledge of
regions, regional disparities and its development potential is a starting point for a preparation of programme documents relating to
regional development and innovative policy.
This paper is a part of the project
WD 30-07-1 which is devoted to regional
disparities.
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The beginning of the 90s was in token
of world recession. It first appeared in
1991 in the USA. Later it hit also the countries in European Union (European Economic Community - EEC) and Japan. The
recession hit the monitored centres fully in
1993 [3].
The reason for GDP decrease in EU
countries (by 0.3 per cent) was the decrease of aggregate demand, particularly
investment. Restrictive monetary policy
evocated by German reunification in EEC
conduced to this development. This embodied fast economic growth and rapid inflation increase [4]. The EU countries managed
to start economic growth in 1994. The GDP
growth rate varied between 1.7 per cent (in
1996) to 3 per cent (in 1998 and 1999).
The Japanese economy developed during the 90s less satisfactory compared to
EU countries. The years 1994 to 1996 sig-

nified a slight recovery. In 1997, the economic growth started to slow down and in
1998 Japan fell into the second recession
since the 90s. This inauspicious development in Japan was caused by processes
which started in the period of so called
“Bubble economy” [3]. It was provoked by
oversized credits on immobility, land and
commercial instruments purchases. The
markets passed through conjuncture and
the prices were rising. The increase in
credits and prices stopped at the beginning
of the 90s. A decline in prices of assets followed, financial insolvency increased and
banks were congested with bad and dubious debts and shares of doubtful value. The
Japanese central bank contributed to this
development, because it turned to a more
strict monetary policy and interest rate increased as its target was to prevent further
growth [1].

Table 1
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
EU
3.0
1.9
1.2
-0.3
2.8
2.6
1.7
2.7
3.0
3.0
Japan
5.6
3.3
0.8
0.2
0.9
1.9
2.6
1.6
-2.0
-0.1
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
EU
3.9
1.9
1.2
1.2
2.5
2.0
3.1
2.9
0.8
-4.2
Japan
2.9
0.2
0.3
1.4
2.7
1.9
2.0
2.4
-1.2
-5.2
Resource: Economic Survey of Europe. Geneva: UNECE, 2005, No. 2 [online]. [cit. 2010-05-20]. Available at
WWW: <http://www.unece.org/ead/pub/052/052statapp.pdf>. Author’s adjustment.
Eurostat,
Statistics,
2010
[online].
[cit.
2010-05-20].
Available
at
WWW:
<http://nui.epp.eurostat.ec.europa.eu/nui/show.do>. Author’s adjustment.
Author’s note: 1990 – 2003 EU-15; 2004 – 2006 EU-25; 2007 – 2009 EU-27.

The development of gross domestic
product growth rate in EU countries and
Japan from 1990 to 2009 is tabularly
shown in table 1.
From 2001 to 2003 the European economy noticed a slow down in growth. The
GDP growth rate in 2001 decreased compared to 2000 by 2 percentage points and in
the following year by further 0.7 percentage points. The main reason for this development was a low domestic demand, particularly low private consumption and investment activity. The EU economy felt the
consequences of American financial crisis
already in 2008 when the GDP growth was
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only 0.8 per cent what is more it decreased
in 2009 by 4.2 per cent.
The Japanese economy entered in a further recession development. The GDP
growth rate was only 0.2 per cent in 2001
and 0.3 per cent in 2002. American financial crisis appeared in Japan in 2008 deeper
than in the EU countries. The GDP growth
reached negative accruements (-1.2 per
cent) and they became more significant in
the next year (-5.2 per cent).
The unemployment reflected the development of GDP growth rate in two monitored decades in EU countries as well as
Japan (see table 2).
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Table 2
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
EU
7.3
7.4
8.7
10.1
10.5
10.1
10.1
9.9
9.3
8.5
Japan
2.1
2.1
2.2
2.5
2.9
3.1
3.4
3.4
4.1
4.7
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
EU
7.7
7.2
7.6
8.0
9.1
8.9
8.2
7.1
7.0
8.9
Japan
4.7
5.0
5.4
5.3
4.7
4.4
4.1
3.9
4.0
5.1
Resource: Economic Survey of Europe. Geneva: UNECE, 2005, No. 2 [online]. [cit. 2010-05-20]. Available at
WWW: <http://www.unece.org/ead/pub/052/052statapp.pdf>. Author’s adjustment..
Resource:
Eurostat,
Statistics,
2010
[online].
[cit.
2010-05-20].
Available
at
WWW:
<http://nui.epp.eurostat.ec.europa.eu/nui/show.do>. Author’s adjustment.
Author’s note: 1990 – 2003 EU-15; 2004 – 2006 EU-25; 2007 – 2009 EU-27.

The unemployment rate in the EU grew
steadily from 1990 to 1994 when it reached
10.5 per cent. The indicator was decreasing
in following years until the end of millennium. The unemployment rate was 8.5 per
cent in 1999. The economic development
in the EU was since the second half of the
90s significantly influenced by the process
of forming the economic and monetary union.
The unemployment rate in Japan was
growing during the 90s. It was 2.1 per cent
in 1990 and 4.7 per cent nine years later in
1999. Compared to the EU unemployment
rate is regarded relative low even though
there was a continuous rise in the 90s.
The first four years of the 21st century, the
unemployment rate was below 8 per cent. In
2004, it increased to 9.1 per cent but it started
to decrease in the following years until 2008.
This trend reflected the increase in GDP
growth rate between 2004 and 2007. In connection with the economic recession the unemployment rate increased in 2009 by 1.9 per
cent to 8.9 per cent.
The unemployment rate in Japan also corresponds to the GDP growth rate development. Since 2003, when the economic growth
recovered, the unemployment rate proved a
positive development. Between 2003 and
2007 it decreased steadily. In 2007, it decreased to 3.9 per cent which was the lowest
rate in previous 10 years. The consumption,
investment, and production grew in this period. Japanese companies were made to reduce
the number of employees as a result of the
economic crisis. This resulted in the growth
of unemployment rate (from 4 per cent in
2008 to 5.1 per cent in 2009). Compared to
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the EU is the Japanese unemployment on a
relatively low level.
The high long term unemployment rate is
for the EU a serious macroeconomic issue.
The European internal market is connected
with free labour mobility and does not lead to
a gradual convergence of unemployment rate.
The cross-border labour mobility is currently
low due to language and psychological barriers and other obstacles. The employment policy remains in competence of member states,
EU institution play an additional and coordinating role [4, p. 178].
The inflation rate in EU during the 90s of
the twentieth century was decreasing. The
reason for this development was a decreasing
aggregate demand in the first recession period
and above mentioned restrictive monetary
policy of the EEC. The decrease in the inflation rate was supported by the countries
which were trying to comply with the convergence criteria to enter the European Monetary
Union (EMU). In 1991, the rate of inflation
was 5.0 per cent, in 1995, it decreased to 3.0
per cent and in 1999, it only reached 1.3 per
cent.
The anti-inflation measurements of Japanese central bank in connection with bubble
boom lead to a decrease in inflation rate. In
1991, it reached 3.3 per cent, in 1993, it
dropped to 1.3 per cent and in 1995, there was
a deflation (- 0.1 per cent). The cause of the
deflation development was an insufficient aggregate demand and a production capacity
surplus. The central bank reacted with lowering the interest rate to 0.5 per cent. This interest rate was kept until 2000. Although the inflation rate rose slightly, in 1997, it reached
1.8 per cent, but in 1999 it got back to minus
values (- 0.3 per cent).
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The inflation rate in the EU during 2000
and 2008 ranked between 2.2 and 2.6 per cent
with exception of 2007 when it rose to 3.0 per
cent. This stable development was caused by
monetary policy of the European Central
Bank (ECB) which followed the inflation target 2 per cent. In 2008, the unemployment
rose as a result of decreasing aggregate demand, the consumer prices dropped and the
inflation rate decreased (0.8 per cent).
Deflation development was typical for the
Japanese economy of the first decade of the
21st century. The cause of deflationary spiral
and relatively low economic growth rates was
the state which is known as liquidity trap in

economic literature. The inflation first turned
positive in 1999 and in 2006 (0.2 per cent)
and then in 2007 (0.1 per cent) and 2008 (1.4
per cent). The cause of this slight growth was
the growth in aggregate demand. In 2001, the
central bank decreased the interest rate to 0.1
per cent and kept it on this level until 2006
when it rose to 0.4 per cent and in 2007, it
increased to 0.75 per cent. In 2008 and 2009,
the interest rate was decreased again to 0.3
per cent. In 2009, the Japanese economy fell
into recession and the inflation rate again got
to negative figures (-1.4 per cent). The development of inflation rate in EU and Japan is
recorded in table 3.

Table 3
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
EU
5.4
5.0
4.4
3.5
3.0
3.0
2.5
2.1
1.7
1.3
Japan
3.1
3.3
1.7
1.3
0.7
-0.1
0.1
1.8
0.7
-0.3
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
EU
2.3
2.4
2.1
2.2
2.5
2.4
2.2
3.0
2.6
0.8
Japan
-0.7
-0.8
-0.9
-0.2
0.0
-0.3
0.2
0.1
1.4
-1.4
Resource: Economic Survey of Europe. Geneva: UNECE, 2005, No. 2 [online]. [cit. 2010-05-21]. Available at
WWW: <http://www.unece.org/ead/pub/052/052statapp.pdf>.
OECD Statistics, 2010 [online]. [cit. 2010-05-21]. Available at WWW: <http://stats.oecd.org/index.aspx >.
World Economic Outlook. Washington: IMF, October 2009 [online]. [cit. 2010-05-21]. Available at WWW:
<http://www.imf.org/external/pubs/ft/weo/2009/02/weodata/weoselagr.aspx>. Author’s adjustment.
Author’s note: 1990 – 2003 EU-15; 2004 – 2006 EU-25; 2007 – 2009 EU-27.

To conclude we can claim that the relatively positive development in the EU can be ascribed to the preparation of the member states
on complying with the convergence criteria
and the attempts of ECB to keep the target of
stable price level. The high unemployment and
a lower GDP growth rate is a difficulty in the
EU which is caused e.g. by a high tax rate in
member states. On the contrary the Japanese
economy suffered more recessions than the EU
between 1990 and 2009. It coped with the
“bubble disruption” on the assets markets, the
crisis of financial system, liquidity trap, and
deflationary spiral and there was an unemployment increase on the labour market.
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The article looks into forming the competitive strategy of an enterprise
and enterprise management on the basis of process and systems approaches.
Mechanism for managing subsystems of an enterprise and forming the competitive strategy is suggested. A structure that enables to identify factors, influencing personnel production behavior, and to adapt the competitive strategy to counteract their negative impact is presented.
Keywords: process approach, systems approach, competitive strategy
of an enterprise, production relations, personnel production behavior, enterprise management system.
A modern enterprise is a sophisticated
production and technological and economic-organizing system. Analysis of functioning of this system, enabling to identify
main factors of influence on activities efficiency, is an important step in forming the
competitive strategy. Research on a management system and creation of the competitive strategy must be carried out on the
basis of realization of the main goal – ensuring growth of market value of an enterprise. Formation of such strategy may be
fulfilled by means of process and systems
approaches.
From the process approach point of
view, enterprise management is considered
as influence on a set of business processes,
realized by functional subsystems of an
enterprise. Depending on the type of an
organizational structure of an enterprise, its
size and the activities sphere some business-processes may play the main role,
while others are not significant or absent.
Despite diversity of existing businessprocesses, typical for different economic
players, six core functional subsystems
may be singled out at enterprises: production, marketing, financial, information, in-
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novative, and human resources management.
From the systems approach point of
view, enterprise management is a system,
consisting of an object and subject of management that constantly interact with each
other on the basis of formed feedbacks.
Process and systems approaches are very
tightly linked. During realization of the
competitive strategy of an enterprise they
are used, as a rule, together, ensuring
achievement of highest efficiency of enterprise functioning.
During formation of the enterprise
management strategy, several levels of
management may be singled out. The top
level is devoted to overall enterprise activities management. The top management of
the enterprise (the Board of Directors, the
Managing Director and his deputies) is responsible for it. The second level is realized on the level of functional strategies of
an enterprise and its separate organization
departments. The third and following levels may depend on certain productionorganizing structures, business processes,
etc. However, all these levels in processes
of the enterprise’s activity are in the sphere

№ 7 (336) TEXTILE INDUSTRY TECHNOLOGY 2011

of production relations, participating in
realization of the strategy and are influenced by different factors. Thus, certain
requirements must be fulfilled for effective
functioning of subsystems of an enterprise.
These requirements may include, for instance, necessary resources for achieving
goals of functional strategies of subsystems. Besides, the whole range of production relations forms both inside each separate subsystem and between subsystems at
the level of the enterprise and also between
subsystems and external environment.
These relations must be covered by the
management of an enterprise, because they
influence not only complex realization of

the competitive strategy, but also such important indicators as financial sustainability, profitability of activities and other efficiency indexes.
Particularly, Picture 1 demonstrates the
generalized structural scheme of the mechanism of controlling enterprise subsystems
and forming (or correcting) the competitive
strategy on the basis of identified factors
that influence production relations or personnel behavior during realization of business processes. Within the bounds of each
subsystem, management of both resources
and production relations, emerging at the
enterprise as a result of its activities, is carried out.

Picture 1. The mechanism of controlling enterprise subsystems and forming the competitive strategy
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Concerning enterprise functioning, the
control subsystem – object of control unites
a group of employees with special training
who by means of different forms and methods carry out effective resources management of their subsystem. The controlled
subsystem is a set of objects of functional
subsystem control and professional relations
of the personnel (marketing, financial, etc.),
emerging during the process of managing
these objects.
As a rule, Strategic goals of functional
subsystems are linked to the competitive
strategy of an enterprise. However, indicators and assessment criteria of strategic
goals may not achieve the set values, because of influence of external and internal
environment factors. For example, factors
that influence production behavior of the
personnel can exert significant influence
upon achievement of the set goals under
equilibrium of functional strategies and the
general strategy of an enterprise. It means
that personnel activities, oriented towards
interaction with its workspace within the
bounds of executing its functions and duties, will be under influence. In market
economy competent personnel and formed
production relations not only play an important role in economical activities of an
enterprise, but are also practical tools of effective realization of the competitive strategy.
Obviously, the management should implement innovative managerial technology
and form analysis tools to neutralize negative factors, influencing personnel production behavior. These tools, enabling to define influence of factors on personnel production behavior, should provide the enterprise management complete information for
managerial decision-making. Identifying
and systematizing such factors into the
structure, defining measure of their influence on realization of competitive and functional strategies will contribute to development of purposeful measures for effective
resistance to negative impact of these fac-
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tors on personnel management. The developed set of measures, encasing both the enterprise management system in whole and
functional subsystems separately, will be a
strategic and operating management tool.
Such set of measures will ensure efficient
realization of the competitive strategy with
daily actions of personnel that are strictly
aimed at each level of the enterprise hierarchy. The mentioned mechanism of controlling enterprise subsystems and forming the
competitive strategy (Picture 1) is used in
order that the management understands
which factors and to which extent influence
personnel production behavior. Based on
the results of research, factors that influence
personnel production behavior are structured. Picture 2 demonstrates an example of
such structure.
On the basis of data stream from the external environment and also on information
processing in internal environment, the
management sorts out during the structuring
process two core groups of factors: external
and internal environment factors. It is suggested that information from external environment is subdivided into macro and micro
environment factors. It is reasonable to classify internal environment factors that influence personnel production behavior from
the point of view of production and technical and economic-organizing peculiarities
of enterprise functioning by four groups:
psychological, managerial, skill and human.
This classification enables the management
to form a complex of measures to resist efficiently influence of these factors by targeted managerial actions on enterprise personnel.
By means of the suggested structure
(Picture 2) it is possible to determine influence of factors on personnel production behavior and adapt the competitive strategy of
an enterprise to such impact. Entrepreneurial entities will have different structures, because uniqueness of business activities in
specific economic sectors is individual for
each enterprise.
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Picture 2. Factors, influencing personnel production behavior
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In 2009 the Faculty of Economy of the Technical University in Liberec implemented a specific research titled as „The Research into the Function of the Social
Enterprises Established by the Municipalities in the Liberec Region During the
Economic Crisis“. The aim of this project was to find out what role the municipalities play in reduction of unemployment rate, generation of new job opportunities
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for disadvantaged groups of inhabitants such as handicapped people, mothers
coming back from maternity leaves, graduates from secondary schools and universities, people over 50 years of age, etc.
Keywords: social business, social firm, disadvantaged groups, handicapped
people.
Introduction
Social economy has been constantly developing lately, playing even more important
role day after day. Recently it is often referred
to as one of the potential solutions of the
global economy crisis. One of the entities that
may affect the growth of its importance are
municipalities, as they may generate job opportunities in their areas by means of social
entrepreneurship for so called disadvantaged
groups of local inhabitants. In 2009 the Faculty of Economy of the Technical University in
Liberec implemented a specific research titled
as „The Research into the Function of the Social Enterprises Established by the Municipalities in the Liberec Region During the Economic Crisis“. The aim of this project was to
find out what role the municipalities play in
reduction of unemployment rate, generation
of new job opportunities for disadvantaged
groups of inhabitants such as handicapped
people, mothers coming back from maternity
leaves, graduates from secondary schools and
universities, people over 50 years of age, etc.
Social entrepreneurship and municipalities.
The key place for provision of social services to fulfill the strategy of social integration is municipalities, respectively regions.
After getting the competencies for provision
of social services they strive after making the
social service network more efficient, especially by means of community planning. Besides regions and municipalities, social services are provided by non-profit organizations
and physical persons and the ministry of labor
and social affairs. Amongst the most important social services belong homes for pensioners, social care institutions, shelter homes,
etc. Despite the prevailing type of social services in Czech republic is an institutional
care, recently there is an effort to support the
development of alternative services too – they
should allow the clients to stay in their natural
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environment, with their families and communities. The most important role plays organization from non-profit sector – they represent
one of the most significant motor in the development of social entrepreneurship. Many
of the non-government non-profit organizations carry out profit making activities that
however represent only very small part of
their scope of business. Future transformation
of these organizations to social enterprises
will contribute to making this sector and
thereby the social entrepreneurship more professional and competitive.
Social enterprises established by municipalities in the Liberec region.
The aim of the research project on the
theme „Research into the function of social
enterprises established by the Liberec region
municipalities in the period of the recent economic crisis“ was to find out the role that
municipalities, as founders of social enterprises, play in reduction of unemployment
rate, creation of job opportunities for the endangered groups of citizens, such as handicapped, mothers returning from maternity
leave, graduates from secondary schools and
universities, workers over 50 years of age,
etc.
Results of empirical research
In the view of the goals set and in order to
confirm or disprove the hypothesis that social
enterprises established by municipalities in
the Liberec region help with reduction of unemployment rate and creation of job opportunities for disadvantaged groups of inhabitants
during the recent economic crisis, it was necessary to collect primary data from the municipalities situated in the Liberec region. For
this purpose the project team carried out a
questionnaire research in 2009 in all 215 municipalities of the Liberec region. The research made use of both empirical methods
(to collect data by means of questionnaire
survey and processing them by means of the
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basic statistical methods) and theoretic methods, such as studying of the social economy
conception, social entrepreneurship, social
enterprises and social companies.
The structure and form of the questionnaire was determined carefully in order to reduce the time required for completion of the
questionnaire to 10 minutes at maximum (not
to waste time of the representatives of municipalities too much. In the accompanying letter
the respondents were thoroughly familiarized
with the reason for collection of the requested
information. The questionnaire was supplemented by the comments sheet with the detailed information on the social entrepreneurship conception in general, for those who are
not well informed.
Activity of municipalities in establishment
of legal entities
Not active
Active
In total

CL
24
33
57

Source: own data
Legend: CL – Česká Lípa, JN – Jablonec
nad Nisou, LBC – Liberec, SML – Semily.
The following table shows the overview
of entities that establish municipalities in the
Purpose of entities established by municipalities
social enterprise
business company
non-profit organization
Total

CL
X
7
94
101

Source: own data
Municipalities that establish non-profit
organizations are mainly using the legal form
of allowance organization or not-for-profit
organization. If profit making companies are
established, the most frequent legal form is
the limited company and public limited corporation.
Research summary
The empiric research that was carried out
during 2009 in the Faculty of Economy of the
Technical University in Liberec and was
aimed at the research of social enterprises established by the Liberec region proved that
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In May 2009 all 215 municipalities situated in the Liberec region received electronic
questionnaire consisting of 2 parts. Besides
the information necessary for basic familiarization with the involved respondents, the
questionnaire collected information on particular legal entities who established municipalities, and their classification to business companies, non-profit organizations and social
enterprises. In the Česká Lípa district the
questionnaires were delivered to 57 municipalities, while in the Jablonec nad Nisou district it was 34 municipalities, in the Liberec
district it was 59 municipalities and the biggest number of questionnaires was delivered
to the Semily district - 65.

Municipalities in regions
JN
LBC
6
26
28
33
34
59

SML
47
18
65

Table 1
Liberec region
In total
103
112
215

particular districts of the Liberec region. 103
municipalities in the Liberec region did not
establish any legal entity, while 112 municipalities established in total 390 legal entities,
as shown in the following table:
Municipalities in regions
JN
LBC
X
1
8
15
71
134
79
150

SML
X
3
57
60

Table 2
Liberec region
in total
1
33
356
390

despite the municipalities establish various
legal entities, these entities do not have the
attributes of the social enterprises. During the
collection of primary data the project team
members found out that municipalities are not
aware of the social entrepreneurship conception at all. Social enterprises they mentioned
were mostly those that were established by
law – especially those entities the main activity of that is provision of educational services
and constitutional and social care. As for the
business companies, the main aim is to generate profit. The profit is then distributed and
not kept by the companies for their own pur-
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poses. Moreover the disadvantaged groups of
people do not represent the majority of clients
of these business companies. This means that
the municipalities in the Liberec region generate job opportunities in the region, however
they are not preferentially aimed at the marginalized groups of inhabitants.
The only subject that fulfills the standards
of social entrepreneurship is the not-for-profit
company Komunitní práce Liberec (Liberec
Community Works) established in 2005 by
Liberec (as a statutory town). Liberec itself
however does not consider this company to be
the social enterpriser. The company offers job
to people who face difficulties while trying to
get a job (people with low qualification,
workers over 50 years of age, people unemployed for long time, etc.). In the Liberec region it is therefore important to focus on promotion of the social enterprising concept in
various forms, such as by organizing a common conference on the theme “social enterprising” with representatives of municipalities, Regional Authority of Liberec, etc.
Conclusion
In the Czech Republic the level of selfrecognition of the social economy and its subject as a specific sector is at very low level.
Social entrepreneurship is not generally considered as the way to sustainability and selffinancing of third sector organizations, in order to become less dependent on state grants
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and subsidies. The members of target groups
do not see the private undertaking as a good
way from unemployment and social exclusion. At the moment there are agencies to
support the social undertaking. The existing
subjects that provide support to small and
medium-sized companies do not have specific
knowledge concerning the social entrepreneurship. The existing supporting entities
usually work on the commercial basis which
makes their services unavailable for social
enterprises. The system for building capacities for the third sector organizations allowing
them to transform into social enterprises as
well as the system of support for the potential
self-employed persons from target groups is
not developed sufficiently.
Municipalities in the Czech Republic do
not play such a meaningful role as in other
EU countries where they usually strongly affect the activity of social enterprises. They
create appropriate conditions for them, thus
helping with reduction of unemployment rate
within the group of disadvantaged people.
The common practice is that municipalities
establish various types of social enterprises
and are actively engaged in social economy.
Recommended by the editorial board. Received
03.06.11.
__________
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VAPOUR PERMEABILITY PREDICTION
OF TEXTILE MATERIALS AND PACKS MADE OF THEM
Y.S. SHUSTOV, E.A. NECHUSHKINA
(Moscow State Textile University "A.N. Kosygin")
E-mail: sys@staff.msta.ac.ru

Method for prediction of vapor permeability of different textile materials with
regard to corrosive medium - phenol being in form of aerosol with different concentration has been proposed.
Keywords: prediction, permeability, corrosive medium, textile materials.
Requirements to functional properties of
textile materials and garments, their permeability with regard to corrosive media do not
correspond to the current state of climatic and
man-caused environment since they embrace
not all types of technogenic pollutants; concentration, exposure time, real climatic factors, etc. are not being taken into consideration.
Analysis of existing methods and devices
is testimony to the fact that tests of permeability of textile materials are to be carried out
under dynamic conditions of technogenic and
climatic environments. Research into textile
materials intended for finished goods for various applications by means of complex evaluation seems to be optimum.
A device has been developed which enables to bring nearer the parameters of an experiment to real conditions of utilization of
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materials, with simultaneous manifestation of
diffusion of air with different humidity, aerosol with different concentration, with different
process duration and air speed within the
temperature range from +1 to 100°С through
material; it also makes possible to determine
the quantity of pollutant absorbed and passed
through the fibrous-porous material [1]. This
device enables to investigate permeability of
materials with regard to technogenic pollutants being in form of aerosol with different
concentration in ambient air; it also makes
possible to determine the sorption properties
of materials by dynamic method under conditions which simulate real conditions of utilization with simultaneous change and manifestation of all factors.
Materials of different fibrous composition
and structure have been selected as subjects of
research (Table 1).
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# of
sampl
e
1
2

3

4

5
6

7

8

Name/article
of fabric
Batiste
Apparel plain
dyed fabric
3080/28А
Apparel
Premiere 180
81419
Cloth

Plaid
Apparel plain dyed
fabric
3080/26А
Suitings

Apparel plain dyed
fabric

Fibrous
composition,
%
Cotton

Type of weave

Surface density
g/m2

Fabric

71,0

Thikne
ss,
mm
0,19

Serge

186,3

Serge

Cotton

Table 1
Linear density, tex
То

Ту

8,2

8,1

0,48

38,1

20,5

180,0

0,46

44,7

44,2

Cotton+Polye
ster
33%+67%
Wool
+viscoselavsan rayon
30%+70%
Wool

Serge

384,0

0,94

100,2

92,5

Fabric

190,0

0,38

44,3

44,3

Wool

Serge

230,0

0,60

36,2

35,8

Wool
+viscoselavsan rayon
60%+40%

Serge 2/2

276,3

0,72

42,2

41,6

Cotton

Fabric

150

0,32

28,8

28,4

Phenol has been taken as a model-based
man-caused environment. Factors which predetermine its usage in the experiment are the
growing dynamics of atmospheric emissions,
and high penetrability.
Investigation of vapor permeability has
been carried out under given conditions: of
time (τ, min), температуры (t, °С), speed of
air flow (m/s) and concentration (s, g/ml) of
substance in solution, on a laboratory-scale
device. To determine dependence of vapor
permeability from ambient environment factors, the following set (range) of conditions
has been accepted whereby one parameter
was changed, the other ones remained constant
а) С = var ; τ = 5 min.; W1= 13.9 m/s; t
= 23 °С
b) t = var; τ = 5 min. ; W1= 13.9 m/s ;
С = 12.7 g/l.

c) τ = var; W1= 13.9 m/s ; С = 12.7 g/l
; t = 23 °С
d)
W1 = var; τ = 5 min.; t = 23 °С ; С =
12.7 g/l.
Parameter values had been chosen from a
real range: of temperature from 1 to 40°С,
speed of air flow – from 8.7 to 24.5 m/s, time
from 1 to 30 min.
To obtain a model which enables to predict vapor permeability of textile material under influence of climatic and man-caused factors, similarity methods and dimensional
analysis have been applied [2].
The research conducted in this scientific
work demonstrated that both features of samples and characteristic of model-based environment have an effect on vapor permeability
of fabrics with different composition and produced with different weave techniques.
The following below factors have been selected as major ones

Вv = f (В1, W, τ, C, T, d, ρ, to, tу, Ro, Rу, То, Ту, Vо, Vу),
where Вv - vapor permeability of textile material, g/(m2.с); В1 - vapor permeability of textile material at temperature 1°С, g/(m2.s); d –
area of sample, m2; ρ – substance density,
mg/mm3; to – number of major overlappings
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(1)

in repeat of warp threads; to – number of major overlappings in repeat of weft threads; Ro
– pattern repeat of warp cloth; Ro – pattern
repeat of weft cloth; То – linear density of
warp threads, tex; То – linear density of weft
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threads, tex; Dо – fabric's warp density, number of threads/10 cm; Dо – fabric's weft density, number of threads/10 cm; W – speed of air
flow, m2/s;
τ – impact time / experiment duration
time, min; C – concentration of man-caused
pollutant / model-based environment, g/vl; T
– temperature, °С.
Using similarity theory and dimensional
analysis, let us represent the dependence (1)
in form of a set of non-dimensional indicators:
Вv/В1= f (η1, η2, η3),

plex characterizing structural characteristic of
fabric; η3 – parameters of environment.
Experimental results of vapor permeability
of fabrics with different composition and produced with different weave techniques under
impact of a number of ambient environment
factors demonstrate that more pronounced
(for given conditions) is the dependence of
vapor permeability from ambient temperature.
Dependence of temperature complex for
fabrics under investigation η1 is defined with
a high degree of fine precision by the function
of the following form (3) and Picture1:

(2)
η1=f(T)=0.969. е0.0249Т.

(3)

where η1 – temperature complex; η2 – com3,0
0,0249x

y = 0,969e
R2 = 0,979
2,5

η1

2,0

1,5

1,0

0,5
0

5

10

15

20

25

30

35

40

45

T, C

Picture 1

Dependency of the complex characterizing
the structural charcteristic of fabric η2 is determined by a function of the following form
(4) and Picture 2:
to t y ТуПу
 to t y ТуПу 
η2  f 

 R o R y Т о П о 



R o R y То По
0, 418e

. (4)

 to t y ТуПу 

2,101

 R o R y То По 
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Dependency of the ambient environment
parameter η3 is determined with a high degree
of fine precision by the function of the following form (5) and Picture 3:
WCτ
 WCτ 
ρd
. (5)
η3  f 


WCτ
 ρd  242,950
 6,784
ρd

45

6

5

η2

4

y = 0,418e2,101x
R2 = 0,917

3

2

1

0
0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

to t y Т у П у

Ro Ry Т о По

Fig.2
400,0
350,0
y = 242,950x + 6,784
R2 = 0,919

300,0

n3

250,0
200,0
150,0
100,0
50,0
0,0
0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

W C  τ
ρd

Picture3

Thus, general view of dependency can be

represented in the following form (6):


to t y ТуПу

R o R y То По
ВП = 782,35  B1  0,969е0,0249Т  
 tot y ТуПу 

2,101

R R Т П 

 0, 418e  o y о о 


Analysis of obtained data shows that deviation of experimental data from designed ones
does not exceed 7%.
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WCτ



.
ρd


 242,95 WCτ  6,784 
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CONCLUSIONS
The obtained mathematical relation enables to predict vapor permeability of textile
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materials under impact of a number of climatic and man-caused factors with a high degree
of precision.
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COMPLEX COTTON FIBER QUALITY CHARACTERIZATION
JIŘÍ MILITKÝ
(Textile Materials of Textile Faculty, Technical University of Liberec, Liberec, Czech Republic)
E-mail: office@msta.ac.ru

There were proposed complex characteristic of cotton fiber quality based on the
results of HVI or standard measurements of cotton fiber properties. According to
the general definition, the quality is characterized by several properties expressing
the ability of a product to fulfill functions it was designed for. The degree of quality (complex criterion) can be expressed as cotton quality index U. The method for
complex evaluation of cotton fiber performance based on this idea is presented.
The results of HVI measurements are used as input data.
Keywords: cotton fiber quality, complex indices, utility value concept, HVI
data.
1. Introduction
According to the general definition, the
quality is characterized by several properties
expressing the ability of a product to fulfill
functions it was designed for. The degree of
quality (complex criterion) is often expressed
as utility value U [1]. Evidently, general quality of textiles is characterized by many of various utility properties Ri (i = 1,…m). These
are such properties that make it possible for
the product to fulfill its function. Utility value
U<0, 1> aggregates in some certain way
partial quality properties [2], [3].
The purpose of the paper is to describe the
complex evaluation of cotton fiber quality
(cotton quality index U) based on this idea.
The results of HVI measurements are used as
input information. The applicability of cotton
quality index is demonstrated on the simulation-based examples.
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2. Cotton Fiber Quality
There exists a plenty of standard and HVI
techniques for characterization of cotton fibers.
It is known that there are some differences in
the principles of measurements and the results
of AFIS and HVI spectrum apparatus. The differences exist between measurements of fiber
strengths based on the bundles concept or single fiber concept as well [4]. Despite of these
differences it is possible to specify basic cotton
fiber properties having potential influence to
the cotton yarn strength [5] :
Fiber length (expressed as upper half
mean UHM [mm]),
fiber length uniformity (expressed as uniformity index UI [%]),
fiber strength (as bundle strength STR
[cN/tex]),
fiber elongation ant break (EL [%])
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fiber fineness and maturity (expressed by
micronaire reading MIC [-]),
short fiber content (SF [%]),
thrash content (TR [%]).
The importances of these properties are
generally dependent on the spinning technology. The relative weight b of above listed
properties (as importance percentages divided
by 100 and then standardized - sum of weights
should be one) are given in the Tab. 1.

The values in the Tab. 1 were derived
from pie graphs presented in the work
(Rasked (2002)). One of first attempts to create aggregated criterion of cotton fiber quality
was fiber quality index (FQI ) expressed by
relation [6]. For HVI results is FQI expressed
in the form

Table I
Ring yarn
0.22
0.17
0.24
0.22
0.06
0.06
0.03

Some other criteria are based on the regression models connecting fiber properties
with parameters characterized spinning ability
or quality of yarn (characterized by yarn
strength). The spinning consistency index
(SCI) is connected with cotton HVI properties
through regression model [7]:

Property/ weight
UI [%]
MIC [-]
UHM [mm]
STR [g/tex]
EL [%]
SF [%]
TR [%]

Rotor yarn
0.20
0.16
0.14
0.28
0.09
0.06
0.07

FQI 

UHM UISTR
.
MIC

SCI  414.67  2.9STR  49.1UHM  4.74UI  9.32MIC  0.95Rd  0.36b,

where Rd is reflectance degree and b is yellowness of fiber. Based on the regression
equation relating fiber properties with yarn
strength the premium discount index (PDI)
was derived [8]. The multiplicative analytic
hierarchy process (MIA) criterion can be expressed by relation [8]
MIA 

STR 0.27 EL0.039 UHM 0.291UI0.145
.
MIC0.11SFC0.145

(3)

In the book [9] so called geometric properties index (IG) was introduced. For HVI
measured properties can be IG expressed as
IGa 

UHM UI (100  SF)
.
10000 MIC

(4)

The relation (4) is very rough because the
micronaire is combination of fiber fineness
and maturity. Index IG correlates with yarn
mass unevenness and yarn strength variation
coefficient [9].
The main problem with utilization of
above-mentioned properties for quality characterization is multivariate character of information, various units and lack of transformation to the utility scale.

48

(1)

(2)

3. Utility Value Concept
Evaluation of quality based on complex
criterion (cotton quality index U) is closely
related to the well-known problem of complex evaluation of variants [3]. For complex
evaluation of variants, the X matrix of the (n
x m) order is available containing for individual V1,.....Vn variants ( X matrix rows) the
values of selected R1,.......Rm characteristics
(X matrix columns).
The xij element of the matrix thus expresses the value of the j - th characteristic of Rj
for the i-th variant of Vi. The aim is to sort
individual variants in the order of their importance.
Let we have K utility properties R1 ,...,RK
(cotton fiber properties selected in the Table
I). Based on the direct or indirect measurements it is possible to obtain some quality
characteristics x1 ,...,xK (mean value, variance, quantiles etc.). These characteristics
represent utility properties. Functional transformation of quality characteristics (based
often on the psycho physical laws) lead to
partial utility functions

ui  f (x i , L, H) ,

(5)
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u(x)

1

0.1
L

H

x

Picture 1. Transformation for one side bounded cotton
properties (L is lower limit and H is upper limit)

For two side bounded properties quality is
monotone decreasing function of property
value x on both sides from optimal (constant)
region and therefore has the piecewise linear
transformation form shown on the Picture 2.
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1

u(x)

where L is value of characteristic for just non
acceptable cotton (ui = 0.01) and H is value of
characteristic for just fully acceptable product
(ui = 1). Cotton quality index (U) i.e. utility
value is weighted average of ui with weights
bi corresponding to the importance of utility
properties. For the cases of cotton fibers quality utility properties and weights are already
selected (see. Tab. 1). For aggregation the
weighted geometric mean can be used [1].
For expressing quality of cotton fibers it is
sufficient to replace standardization and nonlinear transformation to the partial utility
function by the piecewise linear transformation.
For one side bounded properties quality is
monotone increasing or decreasing function
of quality characteristic x and therefore the
piecewise linear transformation has form
shown on the Picture 1. For the case of LB
(lower is better) properties were limits selected according to the known ranges published
e.g. in [5]
Thrash content TR [%] L = 6 H = 2
Short fibre content SF [%] L = 18 H = 6
For the case UB (upper is better) properties were limits selected according to the
known ranges published e.g. in [5]
Strength HVI STR [g/tex] L = 23 H = 31
Length UHM [mm] L = 25 H = 32
Uniformity index UI [%] L =77 H = 85
Elongation EL [%] L = 5 H = 7.7

0.1
L1

H1

H1

L2

x

Fig. 2 Transformation for two side bounded cotton
properties (L1, L2 are lower limits and H1, H2 are upper
limits)

For this case were limits selected according to the relation[5]
Micronaire MIC [-] 1 = 3.4, H1 = 3.7 L2 =
5, H2 = 4.2
The weighted geometrical average U
characterizing cotton fibers quality i.e cotton
quality index is then simply calculated by the
relation
m

U = exp (  b j ln ( u j ) ) .

(6)

j=1

When forming the aggregating function U
from experimentally determined values of individual utility properties, the statistical character of the xj quantities should be considered
and the corresponding variance D(U) should
be also determined.
4. Program QCOTTON
Program QCOTTON written in MATLAB
is based on the above-proposed procedure.
The Bootstrap type technique described in
[10] has been applied for computation of the
statistical characteristics of cotton quality index. This technique is based on the assumption that for each utility property Rj the mean
value xj and variance s2j are determined by
standard treatment of the measured data. The
procedure of the statistical characteristics of
cotton quality index U estimation is divided
to the following parts:
I. Generation of x(k)j (j=1,.....m) values
having normal distribution with mean values
xj and variances s2j.
II. Calculation of the cotton quality index
(k)
U using the relation (7).
III. The steps I and II are repeated for
k=1,.....n (usually n=600 is chosen).
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IV. Construction of a histogram from the
values U(k) (k=1,.....n) and computation of the
estimators of E(U), D(U).

5. Simulation Results
The influence of micronaire changes and
upper half mean changes to the cotton quality
index of some ideal cotton fiber is shown on
the Picture 3.

Picture 3. Influence of MIC and UHM on utility value

In accordance with expectation increase of
UHM leads to better quality expressed by U
value. Micronaire influence is more complex
because the small values indicate immature
cottons and high values are for too coarse cot-

tons. The distribution of U for the idealized
case when relative errors of measurement CV
are 3 % for all properties are given on the Picture 4.

Picture 4. Distribution of U values for measurements with 3 %precision

There are visible differences between the U values for rotor and ring yarn weighting coefficients.
Complex criterion (weights for rotor) :
Mean
lower limit
upper limit
0.49
¨
0.4.86
0.494
Complex criterion (weights for ring ) :
Mean
lower limit
upper limit
0.479
¨
0.4.75
0.484
The differences between both types of
weights are not so high but the confidence
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intervals are not overlapped and conclusion is
“this cotton is significantly better for rotor
yarn production”.
CONCLUSIONS
Described procedure for evaluation of cotton quality index (U) can be very simply
modified for other selected properties or other
set of weights. This is important for future
cotton varieties. Based on preliminary results
it will be probably necessary to solve problems with some cotton varieties having small
micronaire due to fineness and relatively high
strength. For these cases will be necessary to
add restriction to the L1 and H1.
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FABRIC DRAPE PREDICTION
JIŘÍ MILITKÝ, DANA KŘEMENÁKOVÁ, ZDENĚK KŮS
(Textile Materials of Textile Faculty, Technical university of Liberec, Liberec, Czech Republic)

The main aim of this contribution is selection of optimal model of drape from
family of hard regression models according to prediction potency. The combination of classical parametric regression and exploratory tools (partial regression
graphs) is used. As the soft models the neural network realized by radial basic
functions is selected. The complex study based on the measurements of Cusick's
drape coefficient (from draped fabric images) and mechanical characteristics
measured on the KES apparatus for huge fabrics set are used for evaluation of the
optimal model. The predictive ability is tested by using of the 12 fabrics not used
for model creation.
Keywords: drape prediction, bending, shearing, regression diagnostics.
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1. Introduction
It is well known that textile fabrics are hierarchically structured with high anisotropy
and nonlinear viscoelastic response. They undergo large complex deformations as response
to relatively small forces. One of such deformation is fabric drape, which can be assumed
as complex buckling and shearing of an original planar configuration. The drape behavior
is mechanically very complex phenomena
connected with fabric weight and various
characteristics as bending rigidity and shear
resistance. There are known empirical models
based on the one-third rule applied to bending
and shear.
The main aim of this contribution is comparison of hard and soft (neural network)
models and selection of optimal one from
point of view of prediction potency. The
measurements of Cusick's drape coefficient
(from draped fabric images) and mechanical
characteristics measured on the KES apparatus for the 79 fabric data set are used for
evaluation of model. The predictive ability is
tested by the 12 fabrics not used for model
creation.
2. Evaluation of Drapeability
Numerous “drape tests” have been reported. Well known is F.R.L. Drape meter. The
sample holder consists of two flat plates circular in shape (area Po) mounted on a shaft
coming through the base. The circular fabric
sample of area Pm is sandwiched between the
plates and the shaft is raised until the overhanging portions of the sample no longer
touch the base. The image of this draped pattern is cast onto a sheet of ground glass by
means of a lens system. The drape coefficient
is then defined as percent of the annular – ring
area covered by the draped sample DC.

DC 

Pm  Pp
Pm  Po

.

There a lot of methods for evaluation of
the draped sample area Pp exist. Classical is
tracing of draped sample image on a thin
piece of paper and evaluation of projected
pattern area by weighting or by using of plan
meter. In work [1] the mechanical integrator
was proposed. Modern techniques are based
on the using of image analysis for determination of projected area. Pp.
There exist a lot of works oriented to
measurement of mechanic properties in static
and dynamic state and correlation with static
and dynamic drape [8]. Circular shape of flat
plates is replaced by pentagonal shape etc.
The review of traditional and modern methods for drape characterization is described in
thesis [10]. The static drape coefficient is
generally unstable. The drape shape changes
easily by minute acting of force on draped
fabrics. For improving of stability of measurements the specific system of drape measurement (samples handling, shape capturing
and sample hanging) has been proposed. The
error of measurement is then reduced below
4%. [13]. Dynamic drape testers are capable
to include the dynamic effects as well [11].
3. Drape and mechanical characteristics
Cusick [6] suggested that bending and
shearing modules were the main factors describing drape behavior of fabrics. The bending characteristics are in general more important. The quadratic regression model predicting drape from bending length and shear
angle was selected [6]. Publication of Morooka and Niwa [3] provides the basis for determination a drape coefficient DC from
bending rigidity and the weight of fabric.

DC  5.1  115 3 (B90 / W)  131.13 (B0 / W)  1.2 3 (B45 / W) ,

where B90 is bending rigidity [g cm2/cm]
along warp, B0 along weft and B45 in bias direction, W [mg/cm2] is fabric weight. This
regression equation was derived from 138
samples of woven fabrics and mechanical
properties were measured by KES system, If
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(1)

(2)

B90 and B0 are only measured the modified
form

DC  11.3  213.5 3 (Ba / W)

(3)
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is proposed, Here Ba is average between
bending rigidity in the warp and weft directions. Seto and Niwa [14] included to the

model for drape prediction the bending 2HB
and shear 2HG hysteresis as well. The so
called Niwa model has the form

DC  b0  b1 3 (B / W)  b2 3 (2HB / W)  b3 3 (G / W)  b4 3 (2HG / W) .
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Table I
Characteristic name
Tensile resilience
Bending rigidity
Shear stiffness
Weight per unit area

Symbols
RT
B
G
W

Aweight

5. Results and discussion
Both set I and II were analyzed by multivariate statistical methods for evaluation of
potential sources of heterogeneity (clusters
and outliers). The variables form tab. I and
fabric thickness t [mm] were investigated. Set
I was used for model creation and set II was
used for testing of models predictive ability.
The paired dependencies between selected
variables are given in Picture 1.Thicker black
circles are markers of points in set II.
0.3
0.2

Thickness

0.1
1.5
1
0.5

Bending

Tension

30

Shearing

The bending rigidity B, bending hysteresis
2HB, shear rigidity G and shear hysteresis
2HG were measured on KES and have units
used in this system.
It has been found that drape coefficient
correlates well with 3 B / W and HG / W
where HG is shear hysteresis [8]. The main
disadvantage of above described relations is
dimensional non-homogeneity and nonlinear
pattern in partial regression graphs indicating
not suitable transformation. These and other
models for prediction of drape DC were compared in the work of Militký and all. [9].
4. Experimental part
The set of 79 selected commercial fabrics
were used for evaluation drape coefficient and
mechanical characteristics. The area weight of
these fabrics varied from 55 to 350 g/m2 and
sett were in the range 100 - 900 [1/10cm].
Plain, twill, satin and derived weaves were
used. Material composition ranged from pure
cotton, polyester, viscose and wool to two
component blends. The majority of fabrics
were dyed and finished. For testing of models
predictability the set II of 12 gray fabrics was
used.
The drapeometer of FRL type with circular fabric sample dimension Pm = 706.9 mm2
and sample holder circular plate area Po =
254.5 mm2 was used for evaluation of drape
ability. The special procedure improving stability of results was applied. The projected
area Pp was computed from digital image of
draped sample by the image analysis system
LUCIA. The shapes of projected patterns
were from circular (no node) to very complex
(till 10 nodes).
The tensile, bending and shear mechanical
characteristics were measured on KES system. Based on the preliminary knowledge
from testing and dimensional analysis the 4
potential variables were chosen. These variables are given in the table I.

(4)

20
10
0.4
0.2

4
2
0

0.1 0.2

0.3

Aw eight

0.5

1

Thickness

1.5 10 20 30
Tension

0.2
Bending

0.4 0

2

4

Shearing

Picture 1. Paired dependencies between selected fabric
properties (thicker black circles are points of set II)

It is visible that set II is not separated from
data in set I and therefore the prediction will
be not outside of boundaries of individual variables used for models creation. There exist
paired dependencies especially between
thickness and area weight, thickness and tensile energy, bending and area weight, and
bending and shearing.
Prediction ability of regression model was
characterized by relative predicted multiple
correlation coefficients PR [4]. The three
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Predicted vs. measured response

main variables x1 = B/W, x2 = G/W and x3 =
RT/W were selected. In the first run the modified regression model

100
90
80

(5)

y predicted

DC  bo  b1 3 x1  b2 3 x 2  b3 x 3

110

was selected. The predicted correlation coefficient 80.6 % is relatively high but the dependence between measured and predicted
drape DC is slightly curved and scattered
(see. Picture 2).
Optimal regression model was created by
using of transformation of these variables
leading to the maximum degree of linearity in
the partial regression plot (PRP) [4] . The
optimal model has the form
DC  111.98  25.5

W
G
RT
 14.8ln( )  10.57 4
B
W
W

(6)
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50

60

70

80

y measured

Picture 2. Relation between measured and predicted
drape for model (5)

Corresponding relative predicted correlation coefficient is 89.4%. The relation between predicted and measured drape for this
model is shown on the Picture 3.
Predicted vs. measured response

Predicted vs. measured response
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a)
b)
Picture. 3. Relation between measured and predicted drape for optimal model (5)
a) data set I used for model creation, b) data set II not used for model creation

The good prediction ability of eqn. (5) for
prediction of drape from set II is clearly visible.
6. Conclusions
Optimal regression model for DC is very
simple and suitable for prediction of drape
from KES measurements. The use of neural
network model is probably acceptable when it
is not time for regression model building by
interactive manner with help of computer.
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TWIST LEVEL INFLUENCE
ON THE DYNAMIC MECHANICAL CHARACTERISTICS
OF POLYAMIDE FILAMENT
JIŘÍ MILITKÝ, VLADIMÍR KOVAČIČ
(Technical University of Liberec, Liberec, Czech Republic)
E - mail: jiri.militky@vslib.cz

It is well known that twist improve the mechanical properties of short staple fiber yarns. Twist is often used to give continuous yarn integrity and force assembly
of single fibers to behave as single unit. It is therefore required to know influence
of twist level on selected mechanical properties of yarns. In this work the influence
of twist level on the dynamical mechanical characteristics of polyamide (PA) filament yarn is investigated. The simple models valid for static modulus are adopted.
INTRODUCTION
The dynamic mechanical analysis (DMA)
is commonly used to characterize a material
in response to vibration forces. DMA enables
investigation of stress (or deformation) oscillations parameters (frequency, waveform,
amplitude) and temperature influence on the
deformation (or stress) changes under selected
mode of deformation (tensile, bending, compression etc.)The dynamic mechanical thermal spectrometer DMA DX04T developed by
RMI Ltd. Czech Republic provides highly
sensitive tool for reproducible measurements
of fine dimensional changes during heating,
cooling or even at extremely long isothermal
measurements. It is well known that twist improve the mechanical properties of short staple fiber yarns. Twist is often used to give
continuous yarn integrity and force assembly
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of single fibers to behave as single unit. It is
therefore required to know influence of twist
level on selected mechanical properties of
yarns. In this work the influence of twist level
on the dynamical mechanical characteristics
of PA filament yarn ire investigated. The
simple models valid for static modulus are
adopted.
DYNAMICAL
MECHANICAL
ANALYSIS
The dynamic mechanical analysis [DMA]
is commonly used to characterize a material
in response to vibration forces. DMA enables
investigation of stress (or deformation) oscillations parameters (frequency, waveform,
amplitude) and temperature influence on the
deformation (or stress) changes under selected
mode of deformation (tensile, bending, compression etc.).
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The viscoelastic stress/strain relations under oscillatory strain/stress conditions having
frequency  at a given temperature are in the
form
 (t) = o (E´sin t + E”cos t)

(1)

(t) = o(D´sin t + D”cos t).

(2)

plane (see Picture 1) it can be defined th following relations

and
Picture 1. Modulus in complex plane

The σ0 is stress amplitude and ε0 is deformation amplitude. The time-dependent properties of materials are characterized by storage and loss moduli E´i and E”i, and the storage and loss compliances D´i and D”i such
that
E´ = (o/o)cos , E” = (o/o)sin , (3)
D´ = (o/o)cos , D” = (o/o)sin . (4)
For anisotrotic materials are these quantities dependent on the direction. It is suitable
to introduce complex modulus E* and complex compliance D*. The simple relations are
valid
E* = E + i E, D* = D + i D. (5)
The storage modulus is then equivalent to
real part and loss modulus to the imaginary
part of complex modulus. The same is valid
for compliances. The elastic storage modulus
E´ is proportional to the energy fully recovered per cycle of deformation, and the imaginary component, E” is proportional to the net
energy dissipated per cycle in the form of
heat. The dynamic storage modulus E´ is the
component which is in-phase with the applied
strain and E” is the component, which is 90o
out-of-phase. Tangent of phase angle tg 
(loss tangent, damping factor) is defined as
tg  = E/ E,

tg  = D/ D.

(6)

For solids, which are purely elastic, tg 
equals zero. Low damping materials such as
metals and quartz conform fairly closely to
the ideal while polymers have values of  of
the order of several degrees. From the expressing the complex modulus in complex
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E = E* =

E2r  Ei2 ,

E´ = E*cos,
E´´ = E*sin = η*ω.)

(7)

Measure of dissipated energy is loss factor
defined by the relation
tg  = Ei / Er, tgδ = η*ω/ Er,

(8)

where η* is viscosity of fibrous structure and
ω is frequency of cyclic loading.
The dynamic moduli, compliances and
loss tangent can be evaluated from formal
viscoelastic models. Simple standard viscoelastic linear body (three element model having parallel arrangements of spring and Maxwell element) is shown in Picture 2.
E2

E1

Picture 2 Standard linear viscoelastic body

It is well known that stress relaxation o
can be described by relation
E(t) = E  + (Eo - E  )*exp(-t/  ). (9)
The E  = E1 + E2 is equilibrium modulus,
Eo = E2 is initial modulus and  = /E2 is relaxation time (these parameters corresponds
with parameters of springs and dashpot standard viscoelastic body- see fig. 2). Correspond-
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ing relations for real and imaginary parts and
loss tangent are in the form
E   E 0 () 2
,
E () 
1  () 2
() *(E0  E )
, (10)
E'' () 
1  ()2
() *(E 0  E  )
.
tg() 
E  E0 ()2
'

From these relations it can be deduced
that:
 tg  and E create peak at some frequency (frequency dependence id bell shaped)
 frequency dependence of E is sigmoidally increasing function
For real materials with non-linear viscoelastic response are these dependencies more
complicated.
By measuring the stress/strain amplitude
ratio and phase angle at different frequencies
of oscillation, the above material characteristics can be determined in the frequency domain. Subsequently, these data can be processed to compute the functions E(t) and D(t)
in the time domain by performing inverse
Fourier transformation.
Since it is impossible to obtain the complete range of frequencies required to evaluate
the relaxation functions or creep compliances
within reasonable time limits, dynamic testing
of polymers is usually accelerated by expanding the experimental frequency range using
the
time-temperature
or
temperaturefrequency equivalence principle [4]. The latter implies that a correlation can be established between the viscoelastic characteristics
at a base temperature To and the respective
material characteristics at a different temperature T through a parallel shift in the respective
scale. For example, using this principle, the
storage moduli E´ at any temperature T can be
determined from the equation
E´(,T) = E´(aT, To).

(11)

where aT denotes the shift factor. The loss
module, and the storage and loss compliances
can be obtained from a similar relation. Note
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that the time-temperature equivalence is an
intrinsic material property and must be established experimentally.
Because of the time-temperature equivalence in viscoelastic materials, the dynamic
mechanical behaviour may be tested against
frequency as well as against temperature,
when the effect of longer time (lower frequency) is equivalent to that of higher temperature. Thus, the peaks frequency  P (for
example defining Tg) of the dynamic mechanical characteristics (e.g. loss modulus) will be
shifted to a lower temperature as the frequency is decreased. The frequency-temperature
dependence is usually expressed by an Arrhenius type equation, as follows
P  A exp(

E
),
RT

(12)

where E is the activation energy for relaxation, corresponding to the energy barrier for
polymer chain movement from one location
to another and A is pre-exponential factor
(corresponding to the activation entropy).
The dynamic storage modulus, loss modulus and damping factor [loss tangent] are
simply obtainable from DMA measurements.
The dynamic storage modulus is a measure of
the material stability to store energy and is
commonly used for an indication of interatomic potential. Loss tangent is one of the
most sensitive measures of atomic motion,
particularly suitable for the evaluation of
structural relaxation activated by a thermal
process.
For yarns is loss tangent connected with
the dissipation of frictional energy.
INFLUENCE OF TWIST ON THE
MODULUS
In 1907 Gegauff proposed a simple analysis to correlate the twist angle of yarn with the
yarn modulus. From the simple helix model
of yarn is twist angle defined as [1]
tg  DZ ,

(13)

where R is yarn diameter, α is helix angle and
Z is number of twists. From helix geometry is
yarn modulus Ey simple function of fiber
modulus Ef in the form
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E y  E f cos 2  

Ef
.
1  2 D 2 Z2

(14)

The yarn diameter id approximately expressed as
D

4T
,


(15)

where  is fiber density, T is yarn fineness, 
is yarn mean packing density (for filament
yarns is   0,7). Filament yarn modulus is
then equal to
Ey 


.
  4TZ2

 1 9C

3C
E y  Ef  

ln C  ,
 4 4 (1  C)


A1


, (17)
4
  4Z /  k A1  A 2 Z4

where C  cos 2  . This simple model leads to
the underestimation of yarn modulus. In the
work [2] they introduced anisotropy ratio R
equal to longitudinal modulus Ef divided by
shear modulus of filament. The yarn modulus
is expressed as

 3C  1  (1  R) 2
 (1  R)C  R  

 2RC   R 3 tan 2   ln 
C





.
E y  Ef
2
 1 R 


2
 R 
These models show that higher twist leads
to the lowering of yarn modulus. In this work
is the simple model used for the case of dynamic modules.
TERMOMECHANICAL ANALYZER
TMA CX/04
The dynamic mechanical thermal spectrometer DMA DX04T was developed by
RMI Ltd. Czech Republic to provide highly
sensitive tool for reproducible measurements
of fine dimensional changes during heating,
cooling or even at extremely long isothermal
measurements. DMA DX04T offers seven
deformation modes including: compression,
tension, three-point bending, single cantilever,
dual cantilever, cylinder-cylinder [annular
pumping] and shear.
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(18)

(16)

By using of well known Koechlin equation Z = kT is yarn modulus approximately
given by equation
Ey 

where k is twist coefficient. In the case of
this simple model validity leads the dependence of 1/E(Z) on Z4 to the linear form
1/E(Z) = 1 + A2Z4/A1.
However, the practically measured yarn
modulus obeys a stronger dependence on
twist level. White et. all proposed more complicated analysis based on the continuum mechanics and including of interfilament friction
and transverse forces as well [6]. Their final
equation has the form.

(19)

This apparatus brings a new concept in
compact desktop analyzers. Force motor generates very precise deformation with sinusoidal or any others waveform. Real generated
waveform of force and real corresponding
deformation are measured by special tensometer and displacement sensor. Whole
force and deformation spectrum is processed
by DMA control unit and transferred via 10
Mb Ethernet link to the PC. All data are recorded and evaluated by PC by using of programs under Windows, including new concept of data processing based on Fast Fourier
Transformation.
In the TMA CX-04 the sample is placed
on the movable sample tray connected with
displacement sensor, which measures dimensional changes of the sample. This construc-
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tion design improves temperature stability and
decreases sample holder deformation.
The most important part of the TMA instrument is displacement sensor. A completely new concept of displacement sensor different from classical LVDT [Linear Variable
Differential Transformer] ensures linearity
[better than 0.1% m resolution], low noise
[typically 0.02 m without signal filtering],
good
temperature
stability
[typically
0
0.05 m/ C] and small drift [0.1 m/day].
A novel electronic system is used to control load generating force motor, which can be
expanded to flexible high performance dynamic operation. Loading up to 1000 mN
[1mN steps] may be programmed in two
modes: constant load and cycle load. By
means of precise electronic and computer
control it is possible to change loading during
the measurement according to specified program.
A new synthetic oscillation mode is based
on generation of force waveform, which is
synthesis of different frequencies. Following
FFT data evaluation allow to measure multiple frequencies at the same time. A high
number of frequencies from 0.0001 to 100 Hz
can be measured in combination with classic
frequency sweep scan method at shorter time
than on standard DMA analyzers. The combination with strain sweep scan mode is also
available.
To achieve good temperature spread into
the sample the advanced furnace with turbulent moving atmosphere is used. Various inert
gasses [nitrogen, helium etc.] may be utilized.
The three thermocouples are available for
high precise measurement of the temperature
of long samples.
Sample dimensions for tension mode are:
maximum length. = 46 mm [30 mm active],
maximum width. = 12 mm and thickness up
to 5 mm.
EXPERIMENTAL PART
The PA multifilament continuous yarn
with fineness 11.tex having integrity twist 20
[1/m] has been used. Multifilament yarn is
composed from 32 filaments. The twist was
imparted by using of the Zweigle D312 apparatus. Samples have been prepared with 20,
800 a 1600 twist m-1. The pre loading by the
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40 cN was used. Static modules ES were
measured on the TIRATEST tensile machine
The dynamic measurements were realized
on the dynamic mechanical thermal spectrometer DMA DX04T in the tensile mode.
The temperature was kept constant at 25oC.
The frequencies 1, 5 and 10 Hz were selected.
RESULTS AND DISCUSSION
The static E modulus for selected twist
level, corresponding standard deviation s and
variation coefficients v are given in the tab. 1.
Twist [m-1]
fibers(0)
20
800
1600

E [GPa]
12,931
10,824
5,726
2,440

s [GPa]
2,290
0,365
0,401
0,343

Table 1
v [%]
17,71
3,38
0 07
14,06

The dependence of reciprocal modulus on
the Z4 is shown in the Picture 3.

Picture 3: The dependence of reciprocal
static modulus on the Z4

The corresponding graphs for expressing
the dependence of dynamic modulus on the
twist are given in Picture 4 and 5.

Picture 4: The dependence of reciprocal dynamic modulus on the Z4 for load amplitude 1000 – 2000 mN
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and corresponding energy loss. This behavior
is in accordance with definition of loss factor
and ratio of real and imaginary modulus.
CONCLUSION

Picture 5: The dependence of reciprocal dynamic modulus on the Z4 for load amplitude 200 – 400 mN

It is clearly visible that trends conform to
linearity but due to limited number of points it
is not useful to compute parameters of these
lines.
Time dependences of loss tangent is
shown in the Picture 6.
0,1400

tg
-

0,1200
0,1000
0,0800

It was evaluated that dependence of static
and dynamic modulus on the twist level can
be explained by simple geometrical model.
The loss factor is measure of number of contacts between filaments and therefore is increasing function of twist. The described
DMA apparatus is suitable for measurement
of fibers. There is still open question if the
twist of filaments has influence on the location of peaks on tg  spectrum.
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Picture 6: The time dependence of loss tangent
of PA with various twist level
for load amplitude 1000 – 2000 mN

From fig. 6 is clear that loss factor is minimal for loose filaments and is increasing
function of twist level. The reason of these
phenomena is increasing of number of contacts between filaments due to twist mainly.
In dynamical mode of deformation are contacts responsible for inter-filament friction
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SIMPLE PREDICTION OF ROTOR YARN STRENGTH
DANA KŘEMENÁKOVÁ, JIŘÍ MILITKÝ
(Technical University of Liberec, Liberec, Czech Republic)
E-mail: office@msta.ac.ru

Yarn mechanical and geometrical properties are dependent on the cotton fibres
quality and technology of yarn production. The main factors influencing on these
properties are: type of fibres, yarn twist, yarn count, blending ratio and yarn production technology. This paper is focuses on investigation of the influence of cotton fibre strength and basic process parameters (fineness and twist) on rotor yarn
strength. The HVI (High Volume Instruments) are used for testing of fiber bundle
strength.
Seventeen kinds of cottons were selected and 100% cotton yarns were produced
in five levels of yarn count and two levels of twist. Total number of tested yarn is
170. For prediction of the yarn strength from fibre strength and process parameters the approach based on reduction of fibre strength by the multiplicative factors
combined with linear regression is used. The prediction ability is characterized by
predicted correlation coefficient.
Keywords: strength prediction, rotor yarns, cotton strength, yarn production technology.

1. Introduction
Yarn strength is one of the most important
yarn parameters, which is used for yarn quality control and design of fabrics. It is usually
characterized by the relative strength YS
[N/tex]. Yarn strength has great influence on
the weaving process and mechanical parameters of textile products. The main factors influencing YS are: type of fibres, yarn twist,
yarn count, blending ratio and yarn production technology. This paper focuses in the influence of cotton fibre strength and process
parameters of rotor yarn strength.
The theoretical predictive models of yarn
strength are based on the mechanisms of yarn
formation or concept of strength utilization
factors (i.e. lowering of fiber strength due to
bundle utilization, orientation , number of fibers bearing load and limit arrangement of
fibers in yarns. One simple model of this category is described by Pan [1, 2]. His model
for yarn strength is based on the strength of
fibrous bundle multiplied by utilization factors connected with bundle orientation (due
twist) and bundle packing density in limit
configuration. For prediction of bundle
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strength the well known Daniels result about
normality of bundle strength distribution were
used.
In this contribution it is shown that for
prediction of rotor yarn the model based on
the reduction of fibre strength by the multiplicative factors combined with linear regression
is attractive.
2. Cotton Fiber Quality
It is generally accepted that rotor yarn
strength depends significantly on the properties of fibres (fibre strength mainly), number
of fibres in yarn cross section and twist factor.
The predictive models are often based on the
concept of reduction of fibre strength by the
multiplicative factors (strength utilization factors) i.e. due to bundle creation, orientation,
number of fibers bearing load and limit arrangement of fibers in yarns
Relative yarn strength y is frequently expressed as product of relative fiber strength f
and correction factor fy expressing utilization
of fibers strength in yarn.

y  f fy  bby  f fbby . (1)
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Utilization of fibers strength in yarn is
product of fiber strength utilization in bundle
fb and utilization of bundle strength in yarn
by. The b denotes bundle strength and is approximately equal to STR. For this case is fb
= 1. These factors are computed according to
the various relations. One of simplest empiric
relation for relative yarn strength y was derived by Solovev ( see [5]).
fy  f n f l f   .

(2)

Factor fn expresses influence of fiber
number, fl is the factor of fiber length influence, f is the factor of yarn twist influence
and  is factor of technology influence.
Neckar [5] proposed another products form.

Utilization of bundle strength in yarn was derived by Pan [6]:
by  Vf n  .

(3)

Volume ratio Vf and orientation factor n
are correction factors. The random distribution of helical angles of fibers is used for
computation of orientation factor n. Migration of fibers is negligible. Fiber volume fraction Vf is computed from equation

Vf    0,7(1  0,78exp(0,195K y )) , (4)
where Ky a is twist coefficient described by
relation

K y cm1tex1 2   102 T  tex Z m1    m1ktex1 2  1000 /100 .

In eqn. (5) is T yarn fineness, Z is yarn
twist and  is a twist coefficient. Orientation
factor  is function of helix angle D and
yarn Poisson ratio  [6].
 

2D 1    1   sin 2D
4D

. (6)

Helix angle D is defined according to the
equation [6]:


4 
D  arctg 101 K y
 

V
f




4
 arctg  
/ 103  ,
 Vf



(7)

where  is a twist coefficient in [m-1ktex1/2], 
is fiber density in [kgm-3]. Poisson ratio  has
the form [3]:
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sin 5 D
.(8)
1
1

3
2 1  cos D   D  sin 2D 
4
2


(5)

3. Experimental Part
The 170 rotor yarns were prepared under
comparable conditions. Seventeen kinds of
cottons commonly used in Czech Republic
were selected. The 100% cotton yarns (composed from pure cotton lots) were produced in
five levels of yarn count Jem (16,5tex, 20tex,
27tex, 37tex, and 50tex) and ten Phrix twist
coefficient alf (two levels for each yarn
count). The HVI system was used for determining fibre bundle strength STR. The yarn
strength was measured on the Tensorapid tensile testing machine standard conditions. The
yarn strength YS is a mean value from 50
measurements
4. Results and Discussion
The standard linear regression method was
used for prediction of YS and estimation of
influence of various factors on YS [4]. Prediction ability in linear regression model can be
characterized by mean quadratic error of prediction (MEP) defined generally by relation

2

MEP    yi  x b(i)  / n ,
n

i 1

T
i

(9)
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where b(i) is the estimate of regression model
parameters when all points except the i-th (ith row xi of matrix X) are used. The statistics
MEP uses a prediction ypi  x iT b(i) which was
constructed without information about the i-th
point. Optimal model has minimal value of
MEP. The MEP can be used for definition of
the predicted multiple correlation coefficient
PR

The PR was used as criterion of predicitve
performance. Values of PR for all kind of
tested dependencies are given in the table I.
Response variable is equal to y and explanatory variable is equal to x in the regression line
model y = a+bx.
response
YS
YS
Yload
Yload

n

PR  1  n *MEP /  (yi  y) 2 . (10)

Table I
PR
0.870
0.760
0.981
0.977

explanatory
STR
Ym
Fload
Floadk

i 1

Dependence between YS and STR is
shown on the Picture 1-a.
Dependence of YS on STR
20

Dependence of YS on Ym
20

18

YS = 0.44*STR + 0.16
18

y = 0.873*x + 2.18

16
16

YS

14

YS

14

12

12

10

10

R = 0.873

R = 0.766

8

6
15

8

20

25

30

35

40

STR

6
6

8

10

12

14

16

18

20

Ym

a)
b)
Picture 1. Regression line for dependence of YS on (a) STR and (b). Ym

The very good prediction ability of STR
supports the empiric evidence of importance
of fibre strength in rotor spinning. The slope
0.44 is equal to the fibre utilization factor in
the yarn. The predicted yarn strength Ym was
computed from the modified eqn (1)
Ym  STR by ,

(11)

where b was computed from eqn (3). The dependence between measured yarn strength YS
and predicted yarn strength Ym is shown on
the fig. 1b. The prediction ability of this model is lower in comparison with prediction ability of STR only.
Relative yarn strength is in fact maximum
load Yload = YS*Jem bearing by yarn divided by yarn finenness Jem. This value can be
related to the load beared by all fibers Fload.
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After simple rearrangements we can compute
this quantity as Fload = STR*Jem (it is maximum load of mean fibre in bundle divided by
number of fibers in yarn cros section). Dependence of Yload on Fload is shown on the
Picture 2-a. It is visible that this model has
very excellent prediction ability. The factor
Fload is composed from influence of fiber
strength and yarn fineness. Yarn fineness is
dependent on the twist level as well.
For including of orientation factor into
predictive model the corrected load beared by
all fibers Floadk = STR*Jem * ORI was computed.
The dependence of Yload on Floadk is
shown on the Picture 2-b. It is visible that this
model has similarly excellent prediction ability as a model without this correction (Picture 2-a).
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Dependence of Yload on Fload

Dependence of Yload on Floadk
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Yload = 0.541*Floadk - 52.2
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R = 0.982
300

300

R = 0.968
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100
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Floadk

100
200

400

600

800

1000

1200

1400

1600

1800

2000

2200

Fload

a)
b)
Picture.2. Regression line for dependence of Yload on (a) Floadk and (b) Fload.

It is evident that this approach is very
simple and has relatively good prediction capability. Important is that all models are clearly interpretable and are basically dimensionally homogeneous.
These results are limited due to practical
range of technological parameters of yarn
creation (yarn count, yarn twist).
The model shown on the Picture 2-b is
probably one of the best from the point of
view of simplicity and content of important
fiber and technology factors. For practical
prediction of YS is the best model shown on
the fig. 1-a (explanatory is STR only). The
slope is here equal to the fiber utilization factor.
These results are valid for rotor yarns only
and probably will be not directly extendable
for other spinning systems.
5. Conclusions
It was found that yarn strength is critically
dependent on the fibre strength. The simple
models for yarn strength YS prediction based
on the reduction of fibre strength by the multiplicative factors from orientation, Poisson
ratio and volume fraction combined with linear regression is useful as well. The influence
of process parameters are hidden in yarn fine-
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ness and are not as important as fibre strength
STR.
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CROSS-SECTIONS MODELS OF COMBINED FIBERS AND YARNS
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Algorithms for computer simulation of cross-sections of threads, yarns, and
combined yarn have been studied and proposed. Comparative assessment of algorithms for utilization of models in applied research into interrelation between the
structure of fiber products and their operational characteristics has been presented.
Keywords: statistical simulation, modeling, algorithm, cross-sections of fiber
products, Monte Carlo method.
Information on the distribution of fibers in
product's transverse sections is used in the
investigations of interaction mechanics of fibers, appearance of the filaments and yarns,
their porosity and permeability [1]. To improve methods for the study of cross-sections
of thread or yarn (CSY), it is necessary to
have models of these sections. Such models
can be obtained using methods of computer
simulation and statistical modeling [2], [3].
Obtaining models of CSY relates to the problems of simulation of the so-called dense
packing of objects [4], [5]. Universal algorithm for their solution does not exist. Each
category defines a specific set of additional
terms and restrictions that must be considered
when developing the algorithm [6], [7]. For
CSY, these conditions are as follows. Crosssections of all the fibers in CSY do not necessarily have to touch each other because the
elastic forces, even in a strongly twisted
product, lead to gaps between the fibers. In
many problems, exact reproduction of the features of the cross section of fiber is not important, and therefore, the section can be re-
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placed by simplified forms, for instance,
rings. Modeling algorithm must ensure the
manageability of obtained simulated CSY to
simulate different variants of product's structure, especially in the case of the combined
thread or yarn. Simulation speed should be
high enough to be able to use the Monte Carlo
method to obtain statistically stable results
over a reasonable time. The resulting model
of CSY should allow to calculate the necessary metrics and performance and to solve
applied problems, for which the model was
created. Below, description of the proposed
algorithms, examples of their work and comparative evaluation is given.
The first of the considered algorithms A1
is based on Delaunay triangulation [1]. According to this algorithm coordinates of points
on the plane around the center of CSY are
generated. Delaunay triangulation is performed at these points. The circles, the totality
of which forms the simulated section, are inscribed into the obtained triangles. Picture 1
shows the results of the algorithm with the
average number of fibers N.
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а) N = 50

б) N = 200

Picture 1. Model according to algorithm A1

In those cases where, for the purposes of
simulating, it is sufficient to allocate the areas
occupied by the fiber; a system of convex
polygons of Voronoi, obtained based on Delaunay triangulation, can be used as a model
for CSY. Algorithm for simulating the CSY
A2, which was built for these purposes, provides the image of CSY, an example of which
is shown in Picture 2-a . An important advantage of these two algorithms is the speed
of their work. Unfortunately, they do not allow to precisely control over the number of
simulated fibers in the CSY, the distribution

of their size - the radius or area - distribution
within the field of CSY, as well as to obtain
the models of combined yarns with complex
types of structure of CSY.
Closer to the optimal algorithm in terms of
requirements is the algorithm A3. It consists
of three stages. During the first stage simulating of the cross-sections of fibers, forming the
CSY according to the selected laws of distribution of the radii of fibers and positions of
their centers, is carried out. In this case, overlapping of cross-sections of fibers on each
other is possible.

а) model according to algorithm А2

б) model according to algorithm А3
Picture 2
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In the second stage cross-sections of fibers
move apart in a radial direction from the center of the CSY until intersections disappear.
At the third stage compression of sections of
fiber to the center of CSY takes place. Cross
sections of fibers move along the trajectories,
which are on average directed towards the
center of CSY, but they contain random variations in the radial and azimuthal directions.
Thus, the process of "spillage" of fibers sections is simulated. This process provides a
dense packing of cross sections. Measure of
quality "spillage" is the sum of squared distances between the centers of cross sections of
fibers. Minimum sum corresponds to the min-

imum of the total elastic energy of interaction
between the fibers near the simulated crosssection, which is consistent with the general
principles of mechanics of interacting elastic
systems.
Picture 2-b illustrates the algorithm A3,
obtained by the following initial data. Fibers
in a section are sumulated by circles with random radii, N = 200. CSY radius which is located within the cross section of fibers is taken to as Rp = 1. The average radius of fiber
rSr = 0.1, coefficient of variation of the radius
CVr = 30%. Bar chart H1(r) of radii r is given
in Picture 3-а. Centres of cross sections of
fibers are uniformly distributed within CSY.
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0.04

0.045

0.05

0.055

0.06 r
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Picture 3
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Picture 4
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Simple modification of the algorithm A3,
it enables to simulate different types of CSY
of combined yarn. For example, Picture 4
shows the CSY model obtained with the aid
of the algorithm A3 model, whose central part
is filled with threads of bigger and of the
same thickness, while at the periphery there
are more thin fibers with a large scatter in
thickness. We shall note that the algorithm
"spilling" A3 "squeezes" out the fibers of
greater radius from the second group of fibers
to the periphery of the CSY. Baseline data for
the first group of fibers: N1 = 24; Rp1 = 0.2;
rSr1 = 0.06; CVr1 = 0.1%. The same data for
the second group of fibers: N2=176; Rp2= 1.0;
rSr2 = 0.03;
CVr2 = 20.0%. Picture 3-b
shows a histogram H 2(r) radii of the two
groups of fibers in this section.
On Picture 4-b the CSY model of combined yarn of the same two fiber groups is
illustrated, but they fill the semicircles of
CFY. In simulating, the affected and the randomized nature of simulation of fiber crosssections was demonstrated, and a process of
"spilling" in the algorithm A3.
Waste of computer time to simulate one
section increases with increasing of the quantity of fibers in the cross section. On a PC
with a single-core Intel-processor with an
operating frequency of 2.2 GHz simulation of
one section of the N = 200 fibers takes on
average 27 sec, which is acceptable for the
purposes of statistical simulation.
CONCLUSIONS
1. The algorithms for the simulation of
cross-sections of threads and yarns, using Delaunay triangulation and Voronoi polygons
have been considered. Their limited suitabil-
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ity for use in applied research has been determined.
2. The algorithm of statistical simulation
of transverse sections of the yarn and combined strands, which is satisfactory both in
terms of its capabilities, as well as quick action, has been proposed.
3. Examples of the proposed algorithm
for simulating of transverse cross-sections of
uniform yarns and combined fibers with different structures have been given.
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STRUCTURE AND PROPERTIES OF YARN FABRICATED
BY HYDRODYNAMIC SPINNING
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The data on physical and mechanical properties and fiber orientation in the
yarn fabricated by hydrodynamic method have been summarized.
The data on physical-mechanical properties and orientations of fibers in the
yarn obtained by hydrodynamical methods are given.
Keywords: yarn of hydrodynamic spinning, structure, properties.
necting the ends of the fiber and the longitudinal axis of the yarn. In Picture 2 distribution
of orientation angles of fibers in the yarn is
illustrated, and in the Table. 1 – statistical
characteristics of the orientation angles of fibers of yarn and flock after sampling [1], the
latter are given for comparison. Measurements were made without compression of
yarn and flock.
Число случаев

The yarn fabricated by hydrodynamic
spinning, which is used as a filler of the heatinsulating cord with operating temperature of
16000 С, is a core yarn; in this case, the fibers
of aluminum oxide [1] form a peripheral layer
(Picture 1).

30
25
20
15
10
5

Picture 1. Longitudinal view of the yarn T = 300 tex of
hydrodynamic spinning (core PAN - threads 15 tex×2,
linear density of the boundary layer - 270 tex)

As the characteristic of the yarn structure,
angles of orientation of the fibers of aluminum oxide in relation to the longitudinal axis
of the yarn have been used. In order to determine these angles, Webers G50s technology was used that enables to record and preserve the image of the yarn and its constituent
fibers with a magnification 500Х. Angle of
orientation for the clearly visible fibers of
aluminum oxide, which came into focus of
optical system of microscope, was measured
from the photographs between the line con-
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Picture 2. Distribution of orientation angles
of fibers in the yarn

These data indicate that the mean and
modal values of the angles of orientation in
the yarn are substantially higher in the yarn
than in the flock; this can be attributed to the
conditions of the formation of the initial fiber
by sol-gel method [ 2] aimed at removing the
fibers flocks from their mass during the sampling and to the conditions of formation of
yarn in thread suspension (flow in suspension).

Table 1
Statistical characteristics of distributions of orientation angles of aluminum oxide fibers in the yarn and flock
Statistical characteristics
Yarn
Flocks
Average value, degrees
63,6
46,1
Modal value, degrees
70,0
45,0
Mean square deviation, degrees
17,9
18,9
Coefficient of variation,%
28,1
41,0
Scope of variation, degrees
85,0
70,7
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ratus described in [3], in this case contacts of
fibers in the layer of enamel, previously deposited on a glass slide were fixed; prints of
contacts were increased by 40 times, and
fixed on the screen. Length of the contact
prints and orientation angle of the contact
prints in relation to the longitudinal axis of
the yarn have been used. Contact length was
measured using curvimeter, the orientation
angles - with a protractor. Statistical distribution of the lengths of prints and contact angles
and of orientation angles are shown in Picture 3 and 4.

20

60
при 10 Н
при 20 Н

50

при 30 Н
при 40 Н

40

при 50 Н

Число случаев

Число случаев

These data indicate that the orientation
angles of fibers in the yarn in ralation to its
axis are substantially larger than in flock; this
points to the greater randomness in the arrangement of fibers; taking into account the
purpose of yarn, more anisotropic structure of
the yarn is a positive factor.
The orientation of fibers in the yarn has
also been studied for its lateral compression,
simulating the compression of yarn in the
cord in which it is used as a filler. Section of
yarn was subjected to compression with flat
surface with the load 10 ... .40 H in the appa-
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Picture 3. Distribution of length of contact fibers's prints
under transverse compression of the yarn

These data indicate the following:
– at high compressive loads, a more flat
distribution of the lengths of contact prints are
observed, which is explained by the increase
in the lengths of fibers sections having contact
with a flat surface, with a mean and modal
values of lengths of prints being close;
– in the studied range of variation of the
compressive load the latter has an insignificant effect on the length and angles of fiber
orientation;

-8
3

-8
9
86

-7
1

-7
7

80

74

-5
9

-5
3

-4
7

-4
1

-3
5

-2
9

-6
5

68

62

56

50

44

38

32

Классы длин, мм

-2
3

6…7

26

5…6

-1
7

4…5

20

3…4

14

2…3

811

0

1…2

Классы длин, мм

Picture 4. Distribution of orientation angles of prints
under transverse compression of yarn

– independence of the studied characteristics from the compression degree indicates the
stability of the structure (in the investigated
range of compressive load).
In Table 2 the results of evaluation of the
statistical characteristics of length L (mm) of
prints and contact angles of orientation are
presented (degree), in Table 3 - the results of
evaluation of the physical and mechanical
properties of yarn.

Table 2
Statistical characteristics of orientation indices
mmean,
Breaking load, Н
10
20
30
40
C
L
L
α
L
α
L
α
α
mmean
3,05
65,00
3,5
63,44
3,15
63,00
3,15
63,00
0,75
18,75
0,82
17,74
0,80
19,79
0,90
18,36
C
24,59
28,85
23,43
27,96
25,40
31,41
28,57
29,14
*) Legend: mср – mean, - mean square deviation, C – Coefficient of variation

70

50
L
3,02
0,67
22,18

α
55,49
23,47
42,29
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Table 3
Physical and mechanical properties of the yarn fabricated by hydrodynamic spinning
Characteristic
Value
The content of components
Fibers of aluminum oxide -87.0%, cotton yarn 10.0 tex×4 - 13.0%
300
Linear density, tex
250
Twist, tw/m
Coefficient of variation % of linear
density on 0.05 meter length of
17,0
threads
8,0
Breaking load, Н
5,0
Relative elongation, %
0,08
Cover factor

CONCLUSIONS
Yarn fabricated by hydrodynamic spinning from aluminum oxide fibers and core
yarns, has a complex of structural and physical-mechanical properties, indicating the possibility of using it as filler of insulation cord.
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STRUCTURE AND MECHANICAL BEHAVIOUR OF POLYPROPYLENE YARNS
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The possibilities of prediction of twist influence on the yarn packing density
and fibers orientation in the staple polypropylene yarn are discussed. The geometrical models are compared with predicted mean orientation from measurements of
packing density, yarns acoustic modulus and yarn initial tensile modulus. Increase
of the polypropylene yarn twist level leads to the decrease of the yarn acoustic and
initial tensile modulus and orientation of fibers as well.
Keywords: yarn packing density, fiber orientation factor, parallel fiber bundle, sonic velocity, acoustic modulus, initial modulus.
1. INTRODUCTION
It is well known that fineness and twist
(twist factor) have huge influence on the mechanical properties of short staple fiber yarns.
It was shown that with the increasing twist the
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polypropylene yarn strength is reduced [1].
There exist other factors with high influence
on yarn mechanical properties. One of the
main factors is friction between the fibers,
which is connected with the yarn packing
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density. Due to increasing of twist the packing density is also increased to the limit value
approximately 0.7 to 0.8. Second important
factor is the orientation of fibers in the yarn.
The increasing twist leads to the decreasing of
orientation factor and therefore yarn strength
is reduced.
The main aim of this contribution is prediction of orientation factor from packing
density and ratio of yarn and fiber bundle
modulus. Yarn packing density is evaluated
from yarn cross-section analysis. Orientation
factor is computed from yarn and fiber bundle
acoustic modulus and yarn and fiber bundle
initial modulus. Results are compared with
Gegauff [2], White et. all [3] and Pan [4], [5]
model. It is shown that orientation factor
measured as ratio between yarn acoustic
modulus and fiber bundle acoustic modulus
correlates with orientation factor calculated
by Pan model. This orientation factor can be
used for prediction of yarn strength.

(3)

Volume ratio (packing density) Vf and
orientation factor n as correction factors are
used here. Orientation factor  is function of
helix angle D and yarn Poisson ratio  [4]:
 

2D 1    1   sin 2D

.

4D

Relative yarn strength y is frequently calculated as product of relative fiber strength f
and correction factor fy expressing utilization
of fibers strength in yarn.
 y  f fy   b by  f fb by .

(1)

Utilization of fiber strength in yarn is
product of fiber strength utilization in bundle
fb and utilization of bundle strength in yarn
by. The b denotes bundle strength. The fiber
strength distribution of Weibull twoparameter type was proposed by Pan [4], [5].
Simple approximate relation for utilization of
fiber strength in bundle based on Pan result
derived in work [1] has the form
fb  u u exp  u  /  1  u  , u  0,909 v  , (2)
f

where the symbol Γ() is gamma function and
v  is variation coefficient of fiber strength.
f

Utilization of bundle strength in yarn was
derived by Pan [4], [5]:

(4)

Poisson ratio  has the form [4]


sin 5 D
. (5)
1
1

3
2 1  cos D   D  sin 2D 
4
2


Packing density  is generally defined as
ratio between fiber volume Vfib and whole
yarn volume Vy,

  Vfib / Vy  4T D2 ,
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by  Vf n  ,

(6)

where T is yarn fineness, D is yarn diameter
and  is mass density. Packing density can be
calculate by using the following relationship
[6]
  


 m 
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   3 
1  
 
   m  

3
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2

5 2
m




ZT

1 4

,
2

(7)

where M is the material and technology parameter and m is the limit packing density. A
suitable value of parameter M for compact,
ring, rotor and new type of cotton yarns was
found in [6], [7] and [1].
Based on the careful inspection of above
mentioned models the modified relation for
prediction of polypropylene yarn relative
strength was proposed [1]:

P  f (1  f )fb ,

(8)

where f is fiber deformation at break and 
is corrected orientation factor derived by Pan
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(see eqn. (4)). The so called true stress [8] involving a change in yarn geometry was incorporated to the prediction of relative yarn
strength.
Let the staple yarn is composed of thin,
elastic cylindrical rods with dynamic modulus
E and density. Let the longitudinal sonic
waves propagation is investigated. The rate of
these waves spread c is computed from well
known relation [9]:

c

 E /  ,

(9)

The acoustic dynamic modulus of yarns is
much lower then acoustic dynamic modulus
of fibers (multiple factor is in the wide range
from 0.05 to 0.6). Acoustic dynamic modulus
of yarns is influenced by the twist level mainly. In 1907 Gegauff [2] proposed a simple
analysis to correlate the twist angle of yarn D
with the yarn modulus Ey. Based on yarn helical model the tangents of surface fiber helix
angle D is directly connected with number of
twists Z i.e.
tgD  DZ .

(10)

Yarn acoustic modulus Ey at the twist level Z is then function of fiber modulus Ef

E y  Ef cos2   Ef / (1  (DZ)2 ) . (11)

fiber properties
fineness
[tex]
length
[mm]
strength
[N/tex]
deformation
at break [%]

fiber type
PP 1
PP 2
PP 3
PP 1
PP 2
PP 3
PP 1
PP 2
PP 3
PP 1
PP 2
PP 3

mean value
0.232
0.225
0.182
51,12
48,84
40
0.356
0.308
0.399
60.06
55.15
36.08

Polypropylene yarn packing density and
diameter were measured from yarn crosssection images. The limit packing density and
optimal value of material and technology pa-
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White et. al [3] proposed more complex
analysis based on the continuum mechanics.
Their final equation has the form
1 9F 3F
E y  Ef ( 

ln F) ,
4 4 1 F

(12)

where F= cos 2  D . From the acoustic dynamic
modulus of yarns Ey at some twist level Z it is
possible to calculate the approximate orientation factor  from simple relation
 

Ey

,
(13)
Eb
where Eb is the acoustic dynamic modulus of
yarns without twist (i.e. fibrous bundle). The
Eb is in fact replacing the fiber modulus in
eqn (11) and (12). The eqn. (13) can be used
for prediction of orientation from yarn initial
tensile modulus.
3. EXPERIMENTAL PART
Compact polypropylene yarns of the same
fineness T = 25 tex with different twist level
were spun. Yarns were produced in the pilot
plant conditions with the smallest and greatest
possible twist. Twist factor was varied from
30 to 100 [m-1 ktex2/3]. Yarns were produced
from three type polypropylene fibers see table
1. Nominal fiber fineness was 2.2 dtex (PP 1,
PP2) and 1.7 dtex (PP 3).

95% conf. interval
0.218 - 0.243
0.213 - 0.236
0.174 – 0.190
50,49 - 51,75
48,19 - 49,49
0.344 - 0.370
0.301 - 0.315
0.389 – 0.409
52.76 - 67.36
48.78 - 61.53
34.11 – 38.05

Table 1
var.coef. [%]
15.93
17.66
14.46
12.73
7.69
8.11
42.79
40.68
17.7

rameter M for prediction of polypropylene
yarns packing density based on Neckar model
eqn. (7) were found [6]. Influence of twist
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coefficient and fiber type on yarn packing
density is shown in Picture 1.
0,80

PP 1 low er limit

0,75

PP 1 mean value

packing density [-]

PP 1 upper limit

0,70

PP 2 low er limit

0,65

PP 2 mean value

0,60

PP 2 upper limit
model PP 1, PP 2

0,55

PP 3 low er limit

0,50

PP 3 mean value
PP 3 upper limit

0,45
20

40

60

80

model PP 3

100 120

tw ist coefficient [m -1ktex2/3]

Picture 1. Yarn packing density as a function
of twist coefficient

The yarns sonic velocity was measured on
the apparatus Dynamic Modulus Tester (Lawson Hemphill) with piezoelectric crystal
transducer. The acoustic dynamical modulus
was calculated as function of sonic velocity

and fiber mass density. The initial tensile
modulus of yarns was evaluated from
smoothed stress strain curves measured on the
tensile testing machine under standard conditions. The smoothing was realized by using of
optimal cubic smoothing splines [10]. The
acoustic dynamic modulus of parallel fiber
bundle was calculated from linear dependence
of yarn sonic velocity on the twist coefficient
 (extrapolation to the  = 0). The initial tensile modulus of parallel fiber bundle was calculated from linear dependence of yarn initial
tensile modulus on the twist coefficient, as
well.
The orientation factor was calculated as
ratio between yarn and parallel fiber bundle
acoustic dynamic modulus and yarn and parallel fiber bundle initial tensile modulus. Results are compared with orientation factor calculated by Gegauff, White and Pan model
(see Picture 2).

0,30
PP 1 low er limit

yarn acoustic
modulus/fiber bundle
acoustic modulus
yarn initial
modulus/fiber bundle
initial modulus
Pan

0,9
0,8
0,7
0,6

Gegauff

0,5
White

0,4
0

50

100
-1

150
2/3

twist coefficient [m ktex ]

0,28
relative strength [N/tex]

orientation factors [-]

1

PP 1 mean value
PP 1 upper limit

0,26

PP 2 low er limit
PP 2 mean value

0,24

PP 2 upper limit
model PP 1

0,22

model PP 2

0,20

PP 3 low er limit
PP 3 mean value

0,18
strength orientation
factor

PP 3 upper limit
model PP 3

0,16
20

40

60

80

100

120

tw ist coefficient [m -1ktex2/3]

Picture 2. Orientation factors as a function
of twist coefficient

Yarns strength was predicted according
eqn.(8) and compared with experimental data
(see Picture 3).
4. RESULTS AND DISCUSSION
It is shown, that yarns spun from finer fibers have higher packing density at the same
twist level due to higher relative fiber surface.
Higher packing density means lower yarn diameter on one side and higher number of inter-fiber contacts leading to higher utilization
of fiber bundle strength in yarn on the other
side. Yarns spun from fibers with the same
fineness and higher strength have higher
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Picture 3. Yarn strength as a function
of twist coefficient

strength, but the same packing density and
diameter at twist level. Packing density of
polypropylene yarn is increasing function of
twist coefficient to the limit value m = 0.7.
Polypropylene yarn diameter calculated from
eqn. (6) is decreasing function of twist coefficient. For yarns spun from fiber of fineness
2.2 dtex (PP1, PP2) is optimal parameter material and technology M = 0.0919 [m] and for
yarns of fiber fineness 1.7 dtex (PP3)
M=0.099 [m].
Yarns spun from finer fibers are more
squeezed, packing density is higher, diameter
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is lower and structure is more homogeneous.
This fact leads to higher sonic velocity, higher
acoustic dynamical modulus and higher initial
tensile modulus, too.
It was found that for prediction of orientation factor from sonic modulus the Pan model
is the best and for prediction of orientation
factor from initial tensile modulus the White
model is the best (see Picture 2). For prediction of yarn strength the Pan orientation factor
is the best. This factor can be calculated from
acoustic dynamic modulus.
CONCLUSION
Connection between polypropylene fiber
and yarn geometrical and mechanical properties has been studied. It was shown that the
strength of the yarn is influenced mainly by
the fiber bundle strength, which depends on
the single fiber strength and its coefficient of
variation. Another important factor is the reduction of the fiber cross-section area due to
the tensile deformation. This factor is representing as so called true stress calculated with
using of deformation at break. Fiber fineness
have influence on the another factor, i.e. the
yarn packing density. An important factor is
the orientation of fibers in the yarn. These
factors are multiplied. With the increasing of
twist the packing density is increasing and the
orientation factor is decreasing.
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DEVELOPMENT OF A PROCESS AND CONSTRUCTIONS
OF WINDING MECHANISMS FOR FORMING THE POROUS WALLS
OF TUBULAR OVERSIZE AND UNDERSIZE TEXTILE FILTERS
S.D. NIKOLAYEV, I.N. PANIN, V.S. LAPSHENKOVA, B.M. FOMIN
(Moscow State Textile University "A.N. Kosygin", Dimitrovgrad Institute of Technology,
Management and Design under the Ulyanovsk State Technical University)
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As a result of research methods and technologies for production have been developed and tubular textile filters based on special packages have been introduced
into industrial production.
Keywords: special wound packages, porous walls, tubular textile filters, density of package.
It is known that the porous walls of tubular textile filters have to meet quite specific
requirements for optimal flow of filtration
process, namely: they must have low hydraulic resistance to the flow of liquid to be filtered (suspension) and provide the required
degree of purification of suspensions, as well
as degree of dispersability (fineness) of the
filtrate particles. For this purpose, capillary
of filtration membrane should have uniform
small sizes and their number should be the
highest. In addition, they must have sufficient
length, so that liquid to be filtered could be in
contact with the surface of partitioning material as long as possible.
From our point of view, the most appropriate design for such memranes (partitions)
are spiral packages. In this case, the filtered
liquid moves along the spiral winding, which
significantly increases the filtration path and
improves the suspenstion purification of solid
particles.
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In addition, tubular textile filters must detain harmful impurities and heavy metal salts
what is determined by the type of fibrous materials which form the porous walls of tubular
textile filters, since various materials can capture from the filtered fluid ions of metal salts
and harmful impurities of a certain kind. For
example, polypropylene filaments quite successfully capture the iron ions. Carbon fibers
retain heavy metal ions and molecules of toxic gases. The best material for the porous
walls of tubular textile filters are polypropylene filaments, because they are resistant to
acids and alkalis, have a quite high melting
point and have low density.
Porous walls of tubular textile filters, used
in water treatment, should be user-fiendly to
remove the precipitate. The cylindrical shape
of porous walls allows to easily remove from
their surface the precipitate formed; and resistance to acids, makes it easy to dissolve the
residue when cleaning the surface of the
package.
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As a rule, to achieve the required quality
of fluid (water) purification, THF is used in
combination with other filters, sorption, precipitant and other materials and preparations.
Packages, designed for the manufacture of
filters, should have high density winding, as
in this case (when all other conditions being
equal) they will have a minimum porosity and
permeability, and thus be able to catch particles of minimum size.
The most feasible and promising way,
leading to an increase in the density of the
winding, is creation of serried (or seamless)
structure packages.
Indeed, when winding the packing structure, consistent filling of the gap with serried
coils takes place. Once the entire gap is filled
with turns, winding will be closed and formation of a new bulk layer will start.
In order to form a serried winding, it is
necessary to ensure a well-defined angle shift
between coils.
To get the serried structure on the package
(formed on a machine with the joint action of
filament winding and package building mechanisms), it is necessary that characteristic of
the drum increases proportionally to the contact winding diameter. The latter requirement
is almost impossible to fulfill and, therefore,
packages of serried structure are being formed
only on machines with a separate action
mechanisms of thread-winding and package
building (on precision winding machines).
The advantage of these winders is that they
enable to get seamless winding with any diameter of rewindable yarn. However, in each
case, adjustment of variator is required.
To improve the process of winding, one
must know the value of the required gear ratio
between the spindle and the cam of thread
guide, in this case change gears can be used
instead of the variator.
Aerators, porous walls of which have a
greater height of winding, reaching up to two
or more meters, are used in sewage treatment
plants. To form porous walls with a great
height, winding mechanisms are needed
which provide significant swing of the thread
guide for winding of packages.
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In household environment, tubular textile
filters (TTF) of undersize dimensions are
widely used. Construction (design) of one of
them is shown in Picture 1. Supply of filtered
liquid in TTF is executed to the external surface of the filtering partition 1, which is
placed in a perforated holder 2. Filtering partition 1 with the cartridge 2 are placed inside
the filter casing 3, which is closed with the lid
4. To wash the filter from sediment, plugs 5
and 6 are used, through which the washing
liquid is fed in and fed out. Filtering partition
(wall) should also in this case have a large
permeability, i.e. the ability to easily pass
through itself the liquids or gases to be filtered, and at the same time provide the required filtering fineness.

Picture1. Construction (design) of tubular textile filter:
1 – filtering partition; 2 – perforated holder; 3 – filter
cage; 4 – lid; 5,6 – plugs

Porous wall of TTF for household use is
formed on precision winding machines where
spindle and thread guide have their own motions which are independent from one another. Tubular textile filters of undersize dimensions, having different heights, can be used in
various fields. We have developed constructions of winding machines, allowing to form
the porous walls of TTF of different heights.
Picture 2 shows the kinematic scheme of
one version of constructions of such winding
mechanism with a wedge gear, and Picture 3 its external appearance.
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Picture 2. Kinematic scheme of winding head for the formation of TTF of undersize dimensions with the wedge gear
for transmitting movements of pusher (of thread guide): 1 – electric motor; 2,3 – belt pulleyes; 4 – shaft; 5 – spindle;
6 – thread guide; 7 – conoid variator; 8 – rack; 9 – wedge-like plate; 10 – pusher; 11 – thread guide;
Z1-Z2 and Z3-Z4 – toothed gears; Z5-Z6 – wedge toothed gear

Picture 4 shows the kinematic scheme of
winding mechanism with reduced stroke of
the thread guide for the formation of porous
partitions of THF of undersize dimensions
with different heights, and in Picture 5 – its
external appearance. Different height of winding is achieved by reducing the stroke of the

thread guide. The winder "Polikon" is taken
here as the basis for design. Rotation is
transmitted from AC motor 1 through V-belt
transmission 2 and through the gears Z1, Z2,
to the thread guide cam 3, and through gears
Z3, Z4 to the spindle on which the package to
be wound is put on 4.

Picture.3. Kinematic scheme of winding head for the formation of TTF of undersize dimensions
with the wedge gear for movements of thread guide pusher
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From the cam of thread guide 3, the reciprocating rod 5 receives motion having a
branch 6, connected through a connecting rod
7 and through a link block 8 with the thread
guide 9. The swing of thread guide 9 depends
on theinclination angle of the link to the hor-

izontal. With increasing the angle by raising
the rod 10, swing of the thread guide is reduced and so, the height of the winding N of
the porous wall of TTF decreases.

Picture 4. Kinematic scheme of the winding head for the formation
of porous partitions of THF of undersize dimensions with the reduced stroke of the thread guide:
1 - electric motor; 2 - V-belt drive; 3 -cam of thread guide; 4 - spindel with a package; 5 - rod; 6 - rod branch; 7 - connecting rod; 8 - link block; 9 - thread guide; 10 - rod; Z1-Z2and Z3-Z4 - toothed gears

CONCLUSIONS
1. As a result of research methods and
technologies for production have been developed and tubular textile filters based on special packages have been introduced into industrial production.
2. Methods for designing special wound
packages with the specified parameters (pore
size, specific density of package, the filter
surface, hydraulic properties) have been developed;
3. It has been demonstrated theoretically
and experimentally that the most suitable for
the formation of the porous walls of tubular
textile filters are packages of serried packing
structure, because they have a higher density
of winding.
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THE PHASE STATE AND RHEOLOGICAL PROPERTIES
OF CHITOSAN–ACETIC ACID–ETHANOL–WATER SYSTEM
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The phase state and rheological properties of the chitosan–acetic acid– ethanol–water system were studied over a wide composition range. The possibility of introduction of ethanol up to 40 % in to 6...8 %-th solutions of chitosan with molecular weight ~ 1,7105 without their phase separation is shown. The introduction of
ethanol leads to an increase of dynamic viscosity of solutions, but a decrease turbidity and provides possibility of increasing the rate of solvent evaporation and
formation of films and uniform chitosan covers on fibers.
Keywords: chitosan, solutions, viscosity, acetic acid, ethanol, turbidity, activation energy, film.
Introduction
The preparation of chitosan films, pellets,
fibers and other products is made by disolution chitosan. The dilute aqueous solutions of acetic acid commonly are using as the
cheapest and most accessible reagent that
provides the formation of water-soluble polymer derivative - chitosan acetate. However,
the high boiling point of the solvent (>100
°C) and relatively low concentration of the
polymer in forming solutions (6%) causes
the low speed of the thermal spinning process.
There are various techniques to increase
the speed of the solvent evaporation, e.g. the
use of solvents mixtures with different boiling points, as well as solvent mixtures with
precipitator [1]. Despite the fact that it usually
provides a "tough" conditions spinning and
forming non-equilibrium and defect structure
of the polymer products, in some cases the
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use of this method is justified. Thus, much
attention is paid to the formation of porous
structure in obtaining of separation membranes and fibrous sorbents, including bicomponent structure "core-shell".
There are few dates about the influence of
alcohol on the rheological properties of aqueous solutions of polymers. It is known that the
introduction of alcohol in aqueous solutions
of polyvinyl alcohol and methylcellulose improves their dissolution and suppress gelation
[2]. The introduction of ethanol in the spinning solutions of cellulose derivatives is
widely used for reducing their viscosity and
improves the homogeneity [3]. The presence
of alcohol in acetic acid сhitosan solutions
influences on degree protonation of amino
groups of polymer [4] that can be important
for a number of practical applications, in particular for sorption or crosslinke chitosan. In
works [5], [6] introduction methanol in to
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сhitosan solutions was used for creation softer conditions of polymer acylation and decreasing the viscosity of solutions without any
investigation this problem.
The aim of the work is to investigate the
influence of the ethanol introduction on structural and rheological properties chitosans
solutions in acetic acid, the rate of curing of
solutions and the quality of chitosan membrane affixed on viscose filament to give it a
sorption capacity. This article presents the
results of a comparative study of properties of
dilute and concentrated chitosan solutions in
acetic acid in the absence and presence of
ethanol. The choice of ethanol is due to a
good compatibility with the main solvent, a
lower boiling point than water, as well as its
relative small toxicity. The used chitosan had
MM ~ 1,7105 , degree of deacetylation 0.92,
degree of crystallinity ~ 45%, 100% solubility in 2% acetic acid and 0,2% of ash content.
2. Experimental Part
The solutions for rheological studies were
prepared by conducting the preliminary swelling of chitosan in water, followed by dissolution in acetic acid and diluted alcohol, wateralcohol mixture and water to achieve a given
polymer concentration (1-8 wt%) and the content of alcohol (10-40 wt%). Ethanol, water or
water-ethanol mixtures are injected into the
system in small portions with vigorous stirring to prevent precipitation of the polymer.
Non-Newtonian chitosans solutions are not
stable and the viscosity of solutions gradually
decreases (most strongly in storage during the
first day [7...9]). Therefore, in comparative
experiments assessed values of the solution
viscosity, measured at a fixed value of shear
stress (  ) or velocity gradient (j) 3 s-1, after
conditioning for 24-30 hours. The viscosity of
chitosans solutions essentially depends on
acid concentration [10], [11], so to investigate
their rheological properties there were used
the same molar ratio of acid: chitosan, equal
to 2.2, and the same degree of protonation of
amine groups. Rheological curves of solution
were measured with a Rheotest-2 rotary viscometer. The activation energy Ea was calculated for polymer solutions in the temperature
range 20...60C from viscosity values measured at  = 10 Pa.
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Viscosity of solvents was measured in capillary viscosimeter with a known constant
for the calculation of dynamic viscosity.
Characteristic viscosity of chitosan solutions was determined at 25С in the viscometer Ubbelode with capillary diameter 0.56
mm. To identify the effect of ethanol on the
thermodynamic quality of solvent, and, consequently, the conformation and the degree of
macromolecules association , the ionic
strength was created by minimal amount of
sodium acetate (0.04 mol/l) that subsided
polyelectrolyte swelling. The concentration of
acetic acid and the initial concentration of chitosan solution are 0,4%. The optical density
(D) of 1% solutions was determined on a
spectrophotometer UNICO 1200/1201 in the
wavelength range () at 350...900 nm with
intervals of 40 nm. The calculation of solutions turbidity (), number (N) and radius (r)
of scattering particles carried in the range
420...600 nm, where the difference of optical
density of chitosan solutions with and without
alcohol is the most significant according to
formulas [12]:
 = 2,3Dср / ℓ
N = 1,26 1017/ ср 2 2 k
r = ср / 2 3,14n0
where ℓ is длина кюветы cm,  and k –
characteristic constants of light scattering
[12], n0 – refractive index of the solvent.
3. Results and discussion

Picture 1

Since ethanol is a precipitator for chitosan,
its introduction into solutions of chitosan
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must degrade the thermodynamic quality of
the solvent and increase the degree of structuring and dynamic viscosity of concentrated
polymer solutions. A monotonic decrease of
the intrinsic viscosity and growth of Huggins
constant in the studied range the ethanol ratio: water (curves 1 and 2 in Picture 1, respectively) confirm the conclusion about the deterioration of the thermodynamic quality of
mixture acetic acid-ethanol solvent.
The dates of Picture 2 and 3 about the dynamic viscosity of 1...8% solutions of chitosan, shows the viscosity increase with the
introduction of alcohol, more than have more
maintenance of alcohol and chitosan. They

Picture 2

All of this suggests a more complex effect
of ethanol on the structural and rheological
properties of the chitosan–acetic acid–
ethanol–water systems. It was interesting to
evaluate the influence of alcohol on the relative viscosity of solutions. According to our
measurements the dynamic viscosity of the
three-component solvent water-alcohol-acetic
acid increases more than twice from 1,0 to
2,4 mPa s with the content of ethanol to 40%.
According to [13], the viscosity water-ethanol
mixtures with alcohol content of 42% have a
maximum value of 2.8 mPa c that indicates a
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also consistent with the known views on the
impact of solvent quality on the properties of
the solutions. However, the introduction of
ethanol visually observed decrease in turbidity and increase the homogeneity of concentrated (6-8%) solutions chitosan in dilute acetic acid. The decrease of turbidity for 1% solutions is confirmed by calculation (curve 1 in
Picture 4). The calculations also showed a
significant reduction in the number of scattering particles (curve 2) and some increase in
their average sizes (curve 3) with the introduction of ethanol, apparently due to dissolution micro- and nanosized helices.

Picture 3

high degree of structuring of the solvent. As
the chitosan solution relative viscosity (Picture 5, curves 1...3), reflecting the contribution of the polymer to the bulk viscosity decreases with the introduction of alcohol, thus
increasing the viscosity of alcohol solutions
of chitosan is due to a large extent the properties of the solvent, structural associates whose
in concentrated solutions of polymer formed
macroclasters significantly increase the initial
viscosity of the system.
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Picture 4

The results of the temperature dependence
of solutions viscosity and the calculation of
the activation energy of viscous flow (Ea), as
well as changes in the structuring of the index
(n) showed similar values of these variables:
in 8% solutions containing 40% alcohol and
do not contain it , Ea = 40 and 36 kJ / mol,
n = 0,75 and 0,80 (in the range of shear rate
10...50 s-1), suggesting that there was no significant difference in the strength of chitosans associates in solutions with ethanol
and without ethanol. Therefore we can assume that the high viscosity of chitosan solutions containing alcohol is due to the increased degree of structuring of the solvent.
Thus, the observed increase in viscosity of the
spinning solutions of chitosan and reducing
turbidity in adding them ethanol is not due to
an increase in the size of the macromolecules
associates in a thermodynamically poor solvent, but rather dissolution primary associates
- liquid micro- and nanocristals, possibly due
to heating of the mixture through energy released during the exothermic process of interaction of ethanol with water.
In favour of such explanation biger turbidity of 1% chitosan solutions prepared by
directly dissolving polymer in an ethanolcontaining solvents (20 and 40%) speaks. As
well as short-term reversible decrease of the
viscosity of the system when adding the next
portion of ethanol, visually observed as an
increase in speed mixers, significantly exceeds that due to dilution of an equal amount
of water.
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Picture 5

Instability of viscous properties of chitosan solutions and the fall of viscosity during
storage noted above. As shown in [8], the
cause is degradation of macromolecules, to
warrant the subsequent destruction of the
structure of solutions. Reduced viscosity can
slow by increasing of the acetic acid concentration, but since the reduction of viscosity
spinning of polymer solutions facilitates their
processing (transport, filtration), this process
can be regarded as a kind of "maturation" solutions. It was of interest to characterize the
influence of ethanol on the stability of viscous
properties of chitosan solutions. According to
our data (Picture 6).

Picture 6

The introduction of alcohol accelerates the
process of reducing the viscosity of solutions
of chitosan. In this case the viscosity of ethanol-containing solutions remains at a slightly
higher level compared with the viscosity of
solutions without ethanol. Established reasons
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for the lower stability of viscosity of waterethanol solutions of chitosan and the rate of
degradation of the polymer in them requires
additional investigation.
Possibility and efficiency of using ethanol
containing chitosans solutions for preparation
of products was shown for example in a formation chitosan covers on a viscose thread
and creations fibrous chitosancontaining
sorbent. Such composite corbent received by
stretching an initial viscose thread through a
chitosan solution and the calibrated aperture
spinneret delete excess of a solution and subsequent evaporation of a solvent.
Threads with the chitosan maintenance 
10 % have the expressed "core-shell" structure. The deformational and strength properties of threads practically do not change up to
the chitosan maintenance 20% (relative
strength and elongation of the initial and modified threads are 16,8 against 16,5 sN/teks and
17 against 14%, accordingly). The cover put
from chitosan s solution with ethanol have
more uniformity, its process evaporation
passes with higher speed and has more stability (Picture 7).

Picture 7

Picture 7 – An initial viscose thread (a); a
thread with a chitosan cover put from solution
without ethanol (b) and a thread with a cover
put from ethanolcontaining solution

№ 7 (336) TEXTILE INDUSTRY TECHNOLOGY 2011

CONCLUSIONS
Thus, this study substantiates the possibility of introducing of ethanol into the spinning
chitosans solutions, because it does not lead
to phase separation in solution, a significant
increase in its initial viscosity and does not
affect the viscosity of the 8% solutions with a
gradient of shear rate over 10 s-1, i.e. at the
application of even a small mechanical impact, for example, when mixing and transportation solutions. In preliminary experiments
showed that the presence of ethanol in solution significantly accelerates the process of
curing chitosan films and membranes deposited on viscose filament increases the stability
of the process of forming the envelope and
received by the uniformity of the filament.
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DESIGN, SYNTHESIS AND INVESTIGATION
OF PROPERTIES OF FUNGICIDAL DYES*
D.N. KUZNETSOV, A.G. RUCHKINA, K.I. KOBRAKOV, M.B. DMITRIEVA, M.O. GLOTOVA
(Moscow State Textile University "A.N. Kosygin")
E-mail: kki@staff.msta.ac.ru

This article describes a methodology for the synthesis of new biocidal pyrazolecontaining azo dyes, which consists in the sequential formation of biophore and
chromophore groups. It was established that the synthesized azo compounds provide good operational characteristic of colourings on fabrics obtained with their
aid and protection from mold fungi.
Keywords:
azopyrazoles,
pyrazol-5-ions,
4-nitrophenylazo-3,
dimethylpyrazole, methylphloroglucin, fungicidal dyes, biological activity.
Hygienic conditions of life and work of a
large number of people in an environment
lacking the appropriate level of hygiene
(transportation, shift work, expeditions, field
conditions of soldiers, rescue work), can be
significantly improved by the use of biocideprotected textile materials.
Biocide treatment of textile materials, developed over half a century ago, and which is
widely used today in many countries in Europe, America, Asia and Russia, as a rule, is
limited to processing of textile materials with
various environmentally stringent fungicidal
drugs.
Ever-increasing environmental requirements to chemical and technological processes in the textile and finishing manufacture of

5-

textiles require a change in approach to existing methods of protection of textile materials.
One way to solve the mentioned problem
is the synthesis of new effective fungicide
dyes which could independently, without using additional biocidal products, protect textiles from the action of the most common
fungi (micromycetes). This makes it possible
to reduce power consumption, extent and degree of contamination of wastewater by combining the stages of finishing processes.
In this study, we examined the fungicidal
properties of some synthetic dyes and attempted to identify the relationship between
the structure and level of fungicidal activity
exhibited by them.

_____________
*
This research work was supported by the Federal Program "Research and scientific-pedagogical cadres of Innovative
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Synthesis of dyes studied in the paper has
been carried out in three ways:
1. by a method, based on the use of azocomponents as a potential biophore, and polyfunctional aromatic amines were used as a diazo
component. Various pyrazolone derivatives act
6
1

5
4

R

3

N N

as azo components , which as shown in studies
conducted by the department earlier, possess a
pronounced fungicidal action [1], [2]. Selection
of aromatic diazo components depends on what
functional class and what color is necessary to be
imparted to final dyes.
CH3

Cl
HO

OH

N
Ar

N

спирт, 200 С

OCH3

Cl

,

N
Ar

HO
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Где: R = 5 - SO3Na, 3 - NO2; 5 - NO2 Ar =
O 2N

CH3

N N

KOH, Na2CO3

O2N
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,

N
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NO2

Cl

2. by a method, based on the use of heterocyclic amines as a potential biophore, and
polyfunctional amines and hydroxyl compounds are used as azo components. This
paper contains a detailed description of this
approach [3]

3. From our point of view, the most effective method is a hybrid approach that includes
stagewise design of a biophore and chromophore system which allows already at the
stage of synthesis to simulate the specified
colour and level of biological effect.
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Using the first and third methods, we obtained 18 previously undocumented new azo
compounds, yields, melting point and EAS
(electronic absorption spectrum) of which are
given in Tables 1, 2 and 3.
Polyazo compounds 1-18 were tested as dyes
for fabrics made from fibers of different types.
Azo compounds 1...4, 9, 13, 16 were tested as acid dyes for dyeing of polypeptide fibers (wool). Dyeing of wool material was carried out by the method of dyeing by averagelevelling dyes in weak acidic medium
(рН=4...6) [4].
Dyeing with the dye 11 of cellulosic material was carried out under standard dyeing
conditions with direct dyes [4].
Azo compounds 5...8, 10, 12, 14, 15, 17,
18 – were tested as disperse dyes for dyeing
of polyamide fibre (nylon) under standard
dyeing conditions with disperse dyes [4].
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The samples dyed with dyes 1...4, have a
reddish-brown colour, with the dyes 9, 11 and
16 violet colour, with the dye 13 – lilac. The
samples dyed with the dyes5-8, 14, 15, 18
have a reddish-brown color; the sample coloured with the dye 12 yellow colour and
with the dyes 10 и 17- bright scarlet colour.
The obtained samples were tested for fastness to dry and wet rubbing according to
GOST 9733.27-83, to wet treatment according to GOST 9733.4-83 (MS ISO 105СО5)
[5...7]. Colouring stability of the samples was
assessed on a 5-point scale of gray standards
on a spectrophotometer Datacolor mod.3880
using the software package for solving problems of the textile colouristic "Pavlin". The
test results of colourings are presented in Tables 1, 2, 3.
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Table1
Characteristics of the synthesized azo compounds 1-8
Fastness of coloured materials to the physical
Comp
EAS,
and chemical effects
ound The structural formula of
Tmp., оС
Rf*
Yield, % max, нм
numbe
azo compound
Dry
Wet
(lg
Laundering Sweat
r
rubbing
rubbing
OH
O2N

CH3

N N

1

HO

N

N

-

0,76

90

496,0
(4,21)

5/5

4-5/3-4

1/3/2

4/2/3

-

0,63

80

500,0
(3,86)

5/5

4/4-5

1/3/1

2/3/4

-

0,79

83

504,0
(4,24)

5/5

5/3-4

1/4/1

4/1/4

-

0,71

76

498,0
(2,84)

5/5

4/4-5

1/4/2

4/2/4

330

0,69

85

409,8
(3,78)

5/5

5/5

4/3/5

1/3/3

350

0,63

80

426,6
(3,75)

5/5

5/5

4/4/5

1/3/3

170

0,66

89

419,4
(4,18)

5/5

5/5

4/3/5

1/3/3

185

0,54

80

5/5

5/5

4/5/5

1/4/4

SO3Na
OH
O 2N

CH3

N N
HO

2

N

N

SO3Na Cl

N

Cl

OH
O2 N

CH3

N N
HO

3

N

N

NO2
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NO2
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O2N

CH3

N N
HO

4

N

N
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OCH3

O2N

OH
CH3

N N

5

HO

N

N

NO2
OH
CH3

N N
HO

6

NO2

N

Cl

N
N

Cl

OH
CH3

N N
HO

7

N

N
NO2

NO2

O 2N

OH
CH3

N N
HO

8

N

N
OCH3

NO2

417,2
(3,97)

O2N

* - Purity of the synthesized compounds 1-4 was monitored by paper chromatography, [on paper “Filtrak”, eluent:
water- NH4ОН 25% solution-ethanol = 1:1:1]; purity of compounds 5-8 – TLC. For TLC Silufol UV-254 plates for
dyes 5-8 in in ethyl acetate were used; ** - The spectra of azo compounds1-4 recorded in ethanol; 5-8 – in water.
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Table 2
Characteristics of the synthesized disazo compounds 9-15
The structural formula of azo
Fastness of coloured materials to the
compound
Comp
CH3
physical and chemical effects
EAS,
ound
*
C
R
Yield,
,
нм
f
max
N
numbe
Tmp., оС
C N
%
(lg
Dry
Wet Launderi
HN
r
C
Sweat
N
rubbing rubbing
ng
CH3
Where R =
N

R

N

OH

9

-

0,36

67

520,8 (4,49)

5/5

3/4

3-4/1/1

4/1/1

290

0,54

80

509,4 (4,20)

5/5

5/5

4/4/4

5/4/4

5/5

3/4

3/1/1

3/1/1

5/5***

5/5

4/2/2

4/3/3

5/5

5/4

5/4/4

5/5/4

SO3Na

NaO3S

R

N

N

OH

10

NaO3S

R

N

11

O
N

C

NH2

-

0,27

70

512,3 (4,11)

NH
HO

H3C
N
R

12

N

N

N

276

0,64

86

432,53 (4,59)

-

0.86

75

553,09 (4,21)

5/4

3/4

1/4/1

4/4/2

280

0,52

57

453,90 (4,37)

5/5

5/5

4/3/3

4/2/2

350

0,35

60

491,67 (4,11)

5/5

5/5

5/4/4

4/3/3

O

NH2

13

R

OH

N

N

N
NaO3S

SO3Na
H3C

OH
N

14

R
N

HO

R

N

OH

CH3
OH

HO

15

N
N

N
N

R

OH

R

* - Purity of the synthesized compounds 9, 11, 13 - was monitored by paper chromatography, [on paper "Filtrak",
eluent: water- NH4ОН 25%-solution-ethanol = 1:1:1]; purity of compounds 10, 12, 14, 15 – TLC (Silufol UV-254
plates in ethyl acetate); ** The spectra of azo compounds 9, 11, 13 are recorded in water; 10, 12, 14, 15 – in ethanol.
*** Additional fixation of colouring was carried out by diazotization

The tests of fungicidal properties of the
synthesized compounds have been conducted
in the biological laboratory GosNIIR according to GOST 9.048-75 [8].
As the test cultures micromycetes of fungi
were used which often can be found on textile
materials causing both mechanical and chemical destruction of fibers: Aspergillus niger,
Chaetomium globosum, Penicillium chrysogenum, Aspergillus flavus.
The test results are presented in Table 4.
Test cultures grown under the same conditions, but without adding of dyes, served as a
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control. On the third day, the nature of fungal
growth on 6-point scale according to the following percentages of growth inhibition was
assessed. Fungicidal activity (in % / points):
0/5 - abundant growth of mycelium, sporulation is present, 20 / 4 - limited growth of mycelium, suppressed sporulation, 40 / 3 - inhibiting the growth of mycelium, 60 / 2 - weblike mycelium; 80 / 1 - the complete suppression of growth; 100 / 0 - full inhibition of
growth, the formation of the inhibition of
growth.
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Table 3
Characteristics of the synthesized disazo compounds 16-18
The structural formula of azo
Fastness of dyed materials to the
compound
physical and chemical effects
Where R =
Yiel
EAS,
Tmp.,
O
*
Rf
d,
max, нм
о
HN
С
Dry
Wet
%
(lg
Laund
O
N
rubbin rubbin
Sweat
ering
HN
N
g
g

Com
pou
nd
num
ber

O

N

N

R
OH

16

-

0,80

80

527,42
(4,48)

5/4

3/4

1/4/1

1/1/1

225

0,68

85

504,03
(4,05)

5/5

5/4

4/2/2

5/3/3

380

0,71

75

495,54
(4,20)

5/5

5/4

3/3/5

3/4/5

SO3Na

NaO3S
N

N

R
OH

17
CH3
OH

HO

18

N
N

N
N

R

OH

R

* - Purity of the synthesized compounds 16 - was monitored by paper chromatography, [on paper “Filtrak”, eluent:
water-pyridine butanol = 1:1:0,5]; purity of compounds 17, 18 – TLC (Silufol UV-254 plates in ethyl acetate); **
The spectra of azo compounds 16 are recorded in water; 18 – in DMF.

№
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
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Table 4
Results of determination of fungicidal activity of synthesized compounds 1-18 (in points)
Substance
Test-cultures
Aspergillus niger
Ulocladium
Aspergillus
Penicillium
Concentration, %
(v. Teigh)
ilicis (Thom)
flavus (Link Fr.) chrysogenum (Thom)
1
0,1
1
0,1
1
0,1
1
0,1
1
0,1
1
0,1
1
0,1
1
0,1
1
0,5
1
0,5
1
0,5
1
0,5
1
0,5
1
0,5
1
0,5
1
0,5
1
0,5
1
0,5

5
5
5
5
3
3
4
4
3
4
3
4
3
3
4
5
5
5
1
2
1
2
2
3
3
4
2
3
2
3
3
4
2
2
4
4

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
0
1
1
3
4
5
4
5
3
5
3
4
4
5
4
5
4
5

5
5
5
5
3
4
5
5
4
4
5
5
4
3
5
5
5
5
2
3
5
5
3
3
3
3
4
5
2
4
4
4
3
3
4
4

5
5
5
5
5
5
4
5
4
4
4
5
4
4
4
4
5
5
3
5
5
5
3
4
4
5
5
5
5
5
4
5
3
4
4
5
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Analysis of the results, given in Table 4,
enables to make definitive conclusions regarding the influence of the structure of
groups comprising the molecule composition
on the fungicidal properties exhibited by a
compound.
Group of compounds 1...8 is divided in
two subgroups 1...4 and 5...8 in which logic
of change in the structure is as follows. During transition from compound 1 to compound
4 structure of azo component changes, but
diazo component remains the same. In the
series of compounds 5...8 another diazo component is used, but the azo component is
changed according to the same scheme.
It has been revealed as a result of conducted tests that the compound 1 remained inactive under all test objects. Replacement of the
phenyl radical by dichlorpyridine radical had
no influence on the level of activity (compound 2). At the same time, the introduction
in position 2 and 4 of the phenyl radical of the
two nitro groups (compound 3) increased
fungicidal activity with respect to the group of
fungi Aspergillus by 30...40%. Substitution
of one nitro group by the electron-donor
methoxy group causes some loss of activity
(compound 4).
In compounds 5...8 sulphonic group is absent in the diazo component, and the nitro
group is not in the ortho position in relation to
the OH group, but in the para-position. This
causes increase in activity in relation to test
cultures of fungi Aspergillus compared with
the structural analogs (compound 1...4). Like
in the case of compound 4 substitution of the
nitro group by the methoxy group (compound
8) decreases the activity. The compounds 1-8
appeared to be completely inactive with respect to fungi Ulocladium ilicis and Penicillium chrysogenum.
When analyzing the results of testing
compounds 9-18, some of the above mentioned regularities were found. The presence
of the sulfo group in the molecule causes a
notable reduction in activity (compound 9, 13,
16)
In the case of identical azo component
(compound 10, 17) affect of the diazocomponent's composition is clearly visible.
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Presence of pyrazole ring in the structure of
diazo component (compound 10) causes a
sharp increase in activity of all test objects,
and the substitution of the pyrazole fragment
by barbituric one (compound 17) results in
decrease of activity.
A similar effect was observed in the case
of compound 15 and18. From the comparison
of dyes 14 and 15 it follows that the introduction of the second azo group with the pyrazole
ring doubles the fungicidal activity with respect to the fungus Aspergillus flavus, in this
case, activity against other fungi remains at
the same level.
In general, the most promising structure
that deserves attention as a basis for further
design of molecules with desired properties
seems to be the structure 10.
It is further noted that all substances investigated (compound 9...18) appeared to be
virtually inactive with respect to the fungus
Penicillium chrysogenum.
CONCLUSIONS
1. Complex approach to the synthesis of
new azo dyes for textiles with fungicidal
properties has been proposed.
2. Up to 18 new azo compounds have
been obtained under the proposed scheme.
3. The synthesized compounds can be
used as independent agents to suppress the
growth of Aspergillus niger, Chaetomium
globosum, Aspergillus flavus and as dyes for
textiles with strong biocidal properties
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COMBINED DYEING TECHNOLOGY FOR FORMALDEHYDEFREE
AND LOW-SHRINKABLE FINISHING OF LINEN AND SILK FABRICS
V.V. SAFONOV, A.E. TRETYAKOVA
(Moscow State Textile University "A.N. Kosygin")
E-mail: office@msta.ac.ru

Currently, there is a fashion trend related
to designing garments made of linen, the socalled "environmental line". However, linen
has a significant drawback - it is quickly
crumpled and badly restores the original
shape. For this reason, blended fabrics like
linen-polyester are produced; content of the
latter affects the preservation of the unique
properties of flax. Flax is also treated with
various latex based organosilicone preparations, which is a quite expensive technology.
It has been proposed in this paper to endow flax with low-wrinkle properties by
means of modification with available and
formaldehyde-free preparations based on polycarboxylic acids in the dyeing process, without changing fabric's composition.
It is assumed that due to the presence of
several groups, COOH acids can act as crosslinking bridges as a result of which internal
structure of cellulose changes and represents
no longer a linear structure, but is more a spatial three-dimensional structure which is resistant to external shrinking load. The nature
and effect of catalyst concentration have been
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studied with the purpose to increase the effectiveness of "cross-linking" in the process.
Due to the set goal of combining two processes into one: - dyeing and final minimumwrinkle finishing - in connection with high
temperatures above 1000С, heat-setting method is to be agreed upon. As catalysts, in most
cases phosphorus salts and acids are referred
to; in addition, studies have shown that inorganic salt with an acid reaction has sufficiently effective action. As the polycarboxylic
acids, available and relatively cheap food acids were selected, containing –СООН and –
ОН groups in various combinations: dicarboxylic acid, dicarboxylic oxi-carboxylic acids, and tribasic carboxylic acid.
The process is carried out in a weak acidic
medium, created both by acids and by catalysts. For this reason, preference is given to
direct dyes which are relatively resistant to
this kind of environment. The most stable
dyes among the reactive dyes are the dyes
which contain vinyl sulphonic group as active
center.
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The results of dyeability (color yield) were
evaluated by the dyeability reflection spectra
by means of Gurevich-Kubelka-Munk factor
in relation to a standard-sample dyed without
the additives studied. Then, we constructed
trend-dependent influence of the content of
additives in the dye bath on various parameters (such as coloristic, mechanical ones - resistance to wrinkling, stiffness) in the form of
polynomial curves of second order of mean
square deviation from the experimental
points.
Analysis of experimental data has demonstrated that practically in almost all cases introduction of these additives results in efficient increase of dyeability up to 120...160%
(Picture 1).

As a rule, indicators of low-wrinkleability
depend on the rigidity of linen cloth, which
can contribute to either increase or decrease
of the fold's opening angle.
Analysis of measurement results of linen
samples' rigidity, dyed with direct and reactive dyes, has shown that there is no visible
clear dependence between the sustainable
opening angle of the crease and the rigidity
(Picture 3). At the same time there is some
effect of catalysts on these indicators, in such
a case, it depends on the combination of nature of acid - catalyst systems.

Picture 3
Picture 1

As mentioned earlier, polycarboxylic acid
modifies cellulose with the formation of
three-dimensional
crosslinked
structure,
which is relatively resistant to wrinkling. It
has been demonstrated that the maximum effect of low-wrinkleability increases this index
to 120...130% (Picture 2).

Picture 2
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It is known that change in the internal
structure of fibers entails a change in its physical and mechanical properties, as it happens
in standard treatment with N-methylol agents,
and with the following reduction of strength
of cellulose fibers. Study of breaking (rupture) characteristics showed an increase of
strengthening by about 1.5 times.
Test results analysis of the stability of obtained dying to wet treatments showed
strengthening of dying by 0.5 - 1 point, allowing to make assumption regarding a quite
strong bond of dye with flax due to steric factor of three-dimensionality which holds the
dye in the fiber structure.
It should be noted that the use of combinations of dibasic and tribasic acids provides a
synergistic effect, while the increased rigidity
of fabrics enables to increase resistance to
wrinkling, which makes it possible to make
an assumption about the "elasticity" of crosslinked three-dimensional supramolecular
structure of cellulose, modified by polycarboxylic acids.
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Metal cations have a significant impact on
textile materials in the finishing process. It is
known from the literature that they form
complexes (which are different with regard to
strength and structure) both with the dye, and
with the fiber, that they affect the electrochemical properties of the fiber, structure and
hardness of water. Metal ions can act as additional active sorption centers on the fiber. It
is known that the interaction of metal with the
dye in the dyeing process can lead to a change
of coloristic parameters, fastness of dying and
strength of the fiber itself.
One of the main problems in coloring of
textile materials from protein fibers is the
fastness of dyeing to wet treatments and to
light, which is important for improving the
quality of expensive natural silk, unique with
regard to properties. In this regard, the task is
set to use transition metal ions with the aim to
strengthen both the dyeing and fibers, as well
to improve coloristic characteristics.
The choice of metal ions is determined by
the fact that they are located in the fifth row
of the D.I. Mendeleev periodic table, and are
d-metals. Exception was made for a toxic and
carcinogenic Cr+2. From the perspective of
biocidity, salt Cu (II) was taken, which is also
a d-metal.
Dyeability results have been estimated by
the method described above.
Changes of the structure of the polypeptides take place in the dyeing process, usually
accompanied by partial destruction, which is
related to some aggressive environments (pH,
temperature). For this reason, the study of the
effect of d-metal cations on the strength of
silk by analyzing the structure of fibroin, dyed
in the presence of d-metal ions, was of special
interest.
Experimental data regarding changes in
the color yield have shown that in some cases
the use of metal cations is efficient, and saturation of colouring, on average, increases up
to 8 times, as shown in Picture 4.
Investigation of influence of the number
of electrons at the external energy level of dmetals in the dyeing processes for natural silk
and wool with various dyes showed that the
ability to increase the color yield possess the
metals which have an intermediate number of
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electrons Mn+2 (5), Fe+2 (6 electrons), Co+2 (7
electrons).

Picture 4

Analysis of the mass loss of samples from
natural silk, dyed with direct and acid dyes,
showed that strengthening of fibroin structure
occurs by 3...4 times, while it should be noted
that in all cases the introduction of metal ions
of mass loss does not exceed the value corresponding to the mass loss of the uncolored
sample.
Thus, we can conclude that the introduction of d-metal ions into the dye solutions
used for silk painting and colouring of wool,
in some cases not only improve the color
yield, but also reinforce the fiber.
Assumption was made that metal ions fulfill a multifunctional role:
1. unsaturated external electron shell of
d-metals enhances complexing properties, i.e.
there is a possibility of formation of so-called
complexes - "sandwiches" (dye - metal - fiber) . This interaction is accompanied by a
change in color intensity, and studies have
shown, in most cases, there is the deepening
of dyeing;
2. ability of metals to interact with the
fiber, with the formation of additional active
sorption centers, involves participation of
metals in "cross-linking" of neighboring molecules. Fibroin and keratin amino acids contain functional groups – OH, – СООН, NН2, with which metal ions, probably, form
bonds of physical and chemical nature.
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Likewise, attempt was made to analyze
the effect of the number of electrons at the
external energy level of d-metals being studied on the strength parameters of fibroin.
There is a tendency to hardening of fibroin by
using metal ions with the average number of
electrons. It can be assumed that the nature of
the dye, in addition to metals, has also a determining impact on the strength parameters
of fiber.
The results of verification of resistance of
obtained dyeings to operating conditions enable us to make a conclusion that the addition
of d-metal cations are effective to improve
fastness to washing, which increases by 1...2
points. Resistance to abrasion – 5 points. Furthermore, analysis of the lightfastness of dyed
samples enables to make a conclusion that, in
most cases, the presence of metal ions en-

hances fastness of obtained dyeing to light
and weather by 1...2 points.
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PRODUCING FIBROUS FORMS OF IMMOBILIZED
ORGANOPHOSPHATEHYDROLASE USING GEL-FORMING COMPOSITIONS
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Method for immobilization of organophosphatehydrolase on textile fibrous materials with usage of aminopolysaccharide chitosan and its derivative sulphate chitosan has been proposed, which enables to produce material for detoxification of
organophosphorous compounds .
Keywords: textile materials, modification, organophosphatehydrolase, chitosan, sulphate chitosan, glutaric aldehyde, immobilization.
Degradation problem of neurotoxic organophosphorous compounds (OPHC) - to which
belong most of the pesticides and insecticides
applied in the agriculture, as well as combat
chemical agents (sarin, soman, VX) - remains
still quite urgent since these agents pose serious environmental hazard and are to be destroyed. [1]. At present day, destruction of
combat chemical agents reserves is being carried out by means of incineration or alkali
treatment. However, a small part of organophosphorous compounds (about 1%) remains
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in this case not hydroizolated being in such
quantities still toxic for human beings. Such
method is unacceptable for treatment of hands
and agricultural machinery.
Solution to the problem with degradation
of OPHC traces is their biodestruction under
the action of a ferment which catalyzes hydrolyses of phospho-etheric bond in orthophosphates. Such ferment is organophosphatehydrolase (OPHG) [2]. Specific of
OPHG structure, active center of which contains Со2+ and coordinate water, places some
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restrictions for selecting a method and immobilization conditions (fixation of ferment on
the surface of water-insoluble materials):
preparation of immobilized ferment should
have the ability to retain water (humidity); рН
during immobilization should not be below 7,
since with рН<7 ion Со2+ may form salts and
be converted from the active ferment center
(zymophore) into solution [2].
Cotton textile materials have been used in
this study as carriers for immobilization of
OPHG: sheeting (coarse calico) and nonwoven fibrous material. Fibrous carriers possess
high sorption capacity, therefore the materials
obtained as a result of immobilization are capable not only to decompose neurotoxins, but
also absorb their degradation products. Thus,
they can be used for removal of neurotoxin
traces from the surface of equipment (tables,
devices, walls, etc.), as well as from hygiene
products and personal protective equipment
(napkins, respirators).
With the aim that textile material would
retain humidity for a long time, a method was
chosen for immobilization of OPHG which
consists in formation of a thin gel-like polymer film on the surface of fabric containing
OPHG [3]. We have chosen polysaccharides
chitosan (CHTS) and their ionogen derivative
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During first three production phases of
OPHG, immobilized on fibrous materials, it is
essential that polymer composition would remain liquid, and only after completion of
these phases the process of jellification takes
place. In relation to this, kinetics of jellifica-
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sulphate chitosan (SCH) - water-soluble with
a wide pH range - as film-forming polymers.
These polysaccharides, like protein of OPHG,
contain reactive primary NH2-groups, with
the aid of which by means of chemical crosslinking of molecular chains with glutaric aldehyde (GA) [4] the following two processes
have been performed: immobilization of
OPHG and jellification in the system. The
result of cross-linking of polyelectrolyte in
solution is formation of gel-like structure in
the whole volume of solution which manifest
itself in disappearance of flowability of a
composition[5].
The textile material producing technology
- on the surface of which, OPHG is immobilized in the structure of polymer membrane comprises the following phases: 1) preparation of polymer composition on the basis of
chitosan solution or its derivatives, OPHG
and GA in a buffer solution; 2) treatment of
textile material (fabric or non-woven material) with a polymer composition; 3) pressing;
4) setting of polymer composition on the textile material; 5) stabilization of immobilized
ferment by reduction of double bonds. Sequence of chemical conversions in immobilization of OPHG is illustrated on the diagram
(1):

tion in the system CHTS and SCH – GA has
been investigated for optimization of chemical cross-linking in polymer composition.
Completion of jellification was visually registered on loss of flow by gravity.
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a)

b)

Picture 1. Dependence of jellification time in 2% CHTS (1а) and 7% SCH solutions (1b) from the ratio
of reaction groups with рН 5.6 (curve 1, Picture 1-а), 4.1 (curve 2, Picture 1-а),
7.4 (curve 1, Picture 1-b) and 8.6 (curve 2, Picture 1-b)

As dependence of jellification time from
correlation of reactive groups shows, change
of the ratio GA/NH2 enables to adjust the jellification time within a quite wide range: from
a couple up to tens of minutes. Thus, increase
of the ratio GA/NH2, as a natural result, leads
to decrease of jellification both in CHTS solution (curve 1 on Picture 1-а), and in SCH
(curves 1 and 2 on Picture 1-b). As рН grows,
speed of cross-linking increases due to decrease of protonation degree of NH2groups
(curves 1 and 2 in Picture 1-b). Growth of
polymer concentration in the composition results also in increase of jellification speed due
to concentration growth of reactive groups
(Picture 2).

Picture 2. Dependence of jellification time in SCH solutions from solution concentration with ratio of
GA/NH2 0.24 grammolecule/grammolecule and рН 7.4

On the basis of the study of jellification in
polysaccharide solutions on treatment with
glutaric aldehyde the ratio GA/NH2-group
(0.24 grammolecule/grammolecule) has been
selected, at which formation of gel on the surface of fibrous carrier took place.
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Picture 3. Photomicrographs of the surface of initial
(a, b) and modified compositions on the basis of SCH
and GA (c, d) of nonwoven material (a, c)
and of sheeting (b, d)

Hydrophylic cellulose materials have been
used as textile materials: cotton sheeting and
mixed unwoven materials containing 40% of
flax and 60% of hydrocellulose (viscose)
yarn. Both materials are used for manufacturing of medical and personal hygiene products.
Photomicrographs of the materials used prior
to and after modification by gel-forming
compositions containing ferment are illustrated in Picture 3. As it can be seen on photomicrographs, nonwoven material (Picture 3-а)
has more loose structure with big interfibre
space in comparison with the dense ordered
structure of woven fabric (Picture 1-b). Surface density of the sheeting is 1.7 times more
than that of the nonwoven material. This is
the reason for differences in the principle of
polymer composition distribution on these
materials.
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Analysis of photomicrographs of modified
materials indicates that the surface of materials treated with polymer compositions is more
smooth in comparison with the non-modified
materials, patterns are flattened, fibers are
glued with each other (Picture 3-c, d). Inclusions of polymer gels, which glue bundles of
yarn, are visible on the surface of textile materials; besides, there is notably more polymer
composition in the interfiber space of nonwoven material than on the sheeting (Picture 3-d). These data are confirmed by the
content of polymer composition on the nonwoven material, that is experimentally determined, and which is with the same pressing
1.5 higher than on the sheeting.
On the basis of the study of jellification in
polysaccharide solutions on treatment with
glutaric aldehyde the ratio GA/NH2-group
(0.24 grammolecule/grammolecule) has been
selected, at which formation of gel on the surface of fibrous carrier took place.
Discrepancies in distribution of liquid
composition, and accordingly, of the gel layer
in the textile material asserted influence on
kinetic characteristic of immobilized OPHG.
Because of the influence of diffusion hindrance on kinetics of enzyme hydrolysis reaction of paraoxone the catalytic activity of immobilized OPHG on the nonwoven material
appeared 7 times less than in immobilization
on the sheeting; and that happened in spite of
the fact that gel-forming compositions, which
are similar in formulation, have been used.
As the result of conducted research, composition formulation on the basis of SCH 8%
solution with the ratio GA/NH2 0.24 grammolecule/grammolecule and 0.3 mg of protein
applied on 1 gr of textile materials has been
selected. Cotton fabric (sheeting) was used as
substrate. Catalytic activity has been found
and kinetic parameters of hydrolysis reactions
of different substrates have been determined:
of paraoxone, parathion, coumaphos and
chlorpyrifos, catalyzed by an immobilized
preparation of OPHG [6]. The application of
this method enabled to obtain OPHG immobilized on fibrous carriers of OPHG having ef-
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ficiency up to 79%. It has been demonstrated
that the above mentioned preparation may be
stored at 4°С in wet conditions (60% humidity ) in presence of antiinfection agent benzethonium chloride (0.085% from mass of
biocatalyst) within a year, at the same time,
efficiency loss does not exceed 20%.
CONCLUSIONS
1. Method for immobilization of organoposphatehydrolase on textile fibrous materials cotton sheeting and mixed nonwoven material
- with usage of aminopolysaccharide chitosan
and its derivative sulphate chitosan has been
proposed, which enables to produce material
for detoxification of organophosphorous
compounds.
2. The application of the suggested method enabled with the use of 8% SCH solution
with the ratio GA/NH2 0.24 grammolecule/grammolecule and 0.3 mg of protein applied per 1 gr of textile materials and to obtain
OPHG immobilized on fibrous carriers having efficiency up to 79%.
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The results of theoretical and applied research in modifying fibrous and film
materials which had been conducted at the department of technology of chemical
and nanomaterials in recent years are summarized
Keywords: polymer materials; modifying; chemical fibers; graft polymerization; reactions of functional groups; fluoroplastics; derivatives of chitosan;
composition biologically active polymers
One of the most effective methods of directional modification of composition, structure und properties of polymers are processes
that are based on their chemical modification.
Research in behavior of the course of chemical reactions in polymer systems, influence of
fine peculiarities of macromolecule's composition, supermolecular structure on physical
and physicochemical properties is one of the
most important problems of the modern polymer chemistry; solving these problems provides not only development and deepening of
fundamental knowledge, but also is a basis for
development of methods and technological
processes for production of new highly efficient polymer materials.
Reactions of graft polymerization of ionogenic and nonionic monomers containing reactive functional groups, and their subsequent
chemical conversions allow to obtain modified fibers with a wide range of properties of
different types of monomers, good level of
retention of physicochemical properties and
high processibility.
Efficient [1] reduction-oxidation systems
(ROS) have been developed which enable to
carry out graft polymerization of ionogenic
monomers with 70...90% conversion and
90...95% efficiency of grafting, and that of
nonionic up to 98 and 100% accordingly.
Significant acceleration of the macroradicals
formation process, when small amount of nanosized components of ROS (variablevalence metal ions) are added, has been
demonstrated.
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Structural and physical properties (orientation and crystallinity degree) and polymer's
molecular dynamics have effect on kinetics of
radical graft polymerization to oriented polymers at the boundary of solid and liquid
phase. Concepts regarding the role of gel effect were extended, participation of primary
low-molecular radicals in the reaction of
growing chain termination was shown. Research of graft copolymers by means of chemical and physical methods (electronic magnetic resonance, proton magnetic resonance, nuclear magnetic resonance of high resolution in
solid phase, IR-spectroscopy) enabled to determine the connection points of graft chains
to macromolecules of polycaproamides, hydrocellulose und polyvinyl alcohol; it also
allowed to offer graft polymerization mechanisms of vinyl monomers using ROS Сuк –
H2O2 [2]. The results obtained correlate with
those of the corresponding quantum-chemical
calculation – break enthalpy of hydrogen atom, and with spin density and ionization potential of corresponding polymers.
It has been established that graft polymerization of glycidyl methacrylate onto polycaproamide fiber due to a high degree of crystallinity degree and degree of orientation proceeds in the surface layers, while grafted polymer during grafting of glycidyl methacrylate
onto hydrated cellulose fiber is distributed
across the whole cross section of fiber.
Thus, chemical structure and structure of
polymer fiber-matrix defines, already at the
stage of obtaining chemisorbent, distribution

99

of ligand groups (across surface or in bulk)
which has effect on the proportion of diffusion and kinetic components of sorption process.
Principles for adjustment of processes of
obtaining sorption-active fibers have been established which are obtained on the basis of
grafted copolymers; these principles are based
on the employment of mathematical model
approach of macrokinetics of chemical processes [3]. Equipment for the technological
process and normative and technical documentation have been developed which are
needed for organization of production of sorption-active fibers on the basis of grafted copolymers; the last ones have been tested under
pilot conditions.
Sorption regularity of a big heavy-metals
group (Сd2+ , Cu2+, Zn2+ Pb2+, Ni2+) and
precious metals (Pt, Rh, Pd, Ir, Ru) in form of
complex chlorides have been established. Influence of constitution and structure of aminecontaining sorption-active fibers on the kinetics of the process and the quantity of metal
ions to be sorbed resulting from flexibility of
chains containing ligand groups and their distribution in the polymer matrix have been revealed [4]. Stagewise process for purification
of sewage from heavy metal ions up to the
maximum permissible concentration value
has been developed.
Increasingly greater attention is paid in recent years to the extension and rational usage
of natural high-molecular weight compounds
under the conditions of ever-increasing anthropogenic load on the environment; first of
all, these include amino-polysaccharides of
chitin and chitosan which are called polymers
of the 21-st century.
Strong interest for chitosan and its derivatives results from a set of valuable properties
and multifold possibilities for its practical application. Solubility of these polymers in water environment eases their processing (films,
fibers, granules, sponge), while biocompatibility and biological degradability decrease
ecological problems of their usage in such
critical areas like medicine, pharmaceutics,
food industry, as well as in utilization of
wastes. These polymers are susceptible of
structural and chemical modification (hydro-
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phobization, cross-linking, complexing); this
fact enables to consider them as models for
studying the processes which proceed in living matter, particularly in inter-polymer reactions with participation of polysaccharides,
proteins and lipids [5].
The fundamental research performed enabled to develop improved methods for obtaining heparinoide of sulfate chitosan [6], heparinoide of sulfate chitosan [7] and its modifications (method has been succesfully tested in
production test conditions, preclinical trials
have been carried out), carboxymethylated
derivatives of chitin and chitason [8], as well
as chitosan-contaning polyelectrolitic complexes, films, granules and filaments [9]
which are of interest as separating membranes, efficient sorbents and drug carriers,
and surgical filaments (sutures).
One of the most important research activities of the recent period is obtaining and investigation of new water-soluble chinosan
derivatives–
oligoethyleneoxidesulphonate
chitosan (OSCH), carboxyoligoethyleneoxidesulfonate chitosan (COOSCH) and Nasalts sulfooligoethyleneoxidecarboxilate chitosan, containing oligomeric nano-size nonmicelle-forming SAS (ion-attached to chitosan aminogrops), which unlike the previously used SARs possess high-degree hydrophilic property and are non-toxic [10].
In contrast to solutions of acetate chitosan,
the obtained derivatives produce in water neutral colorless and viscous liquids. Presence of
two types of acid groups (sulfa and carboxyl)
in the modifying reagent enables to obtain
water-soluble derivatives with a lower degree
of substitution (0.5 against 0,75 for OSCH).
Films produced from liquids of new chitosan
derivatives possess high elastic properties
(elongation at rupture more than 40%) and
sufficient strength which are used, for instance, as wound coverings (ultimate tensile
stress 20...40 MPa).
In studies of surface characteristics of synthesized chitosan derivativs, dependence of
surface tension and accordingly that of solutions with foaming property from solution
concentration, type of the inserted substituent
and molecular mass of initial chitisan has
been revealed and conditions for obtaining
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stabile foams have been determined. Application of synthesized derivatives becomes
promising thanks to the level of these obtained characteristic in the capacity of ecologically harmless emulsifiers and stabilizers
of cosmetical and pharmaceutical products,
food products and film-formers, as well as in
foam-building technologies for finishing of
textile materials.
The way from development of biologically active polymers to their introduction is
complex and long; this is related to carrying
out of medical-biological and toxicological
tests in vivo and in vitro. One of possible
methods to shorten this way – usage of already licensed medical substances during development of new pharmaceutical forms on
polymer basis. The main principle, implemented in the studies, aimed at development
of biologically-active ligation materials was
related to realization of such interactions between components which do not result in
formation of by-products effecting toxic
properties of final products. Thus, varying the
composition of the system provides vast opportunities for targeted design of supermolecular structure of polymer matrix containing
drug substances (e.g. ferment and/or antiseptic) that determines the level of biological activity. So, when designing materials with
combined biological activity [11...13] by
means of applying a polymer composite layer
on the fibrous matrix, strength of its fixation
and stability of ferments are adjusted due to
additional cross-linking by means of crosslinked reagents or insertion into the fiber
structure with high degree of specific internal
surface. Where it was necessary to increase
the availability of the ferment, its localization
in the external layers was realized by mean of
application of the appropriate polyelectrolyte.
Control of desorption speed of polycationic
antiinfective chemical was carried out by
changing its ionization degree. The fibers
containing a biologically active composite
material may be obtained on the basis of continuous process scheme [14].
Film materials for medical purposes on
the base of polyvinyl alcohol have been developed, which are of great interest as most
promising wound coverings into composition
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of which different medical drugs have been
added [15...17].
Influence of interactions in the system
(complexing, cross-linking) on the polymer
structure has been demonstrated; this enabled
to produce films having a layer-porous structure with even distribution of pores or a monolithic structure with bioactive substances
which are predominantly located in the external layer.
Wide practical application in different
spheres, such as: during production of protective clothing for workers having contact with
acids, mineral oil, lubricants, pest-killers, rescue workers of Emergencies Ministry who
work under extreme conditions, for military
and camouflage special clothing, fabric of
suit, raincoat, furniture range, artificial fur,
carpets and floor coverings find textile materials with anti-adhesive oil-, water-, acid-,
mud-resistant properties.
With the aim to solve the problem of developing such new generation materials, process of synthesis of new types of polifluorine
alkyl acrylates (PFAA) from monomers have
been studied, which had been synthesized for
the first time by PiMinvest JSC; they are
characterized by a length, structure and degree of branching of fluorine alkyl radical
[18]. The research of kinetics of radical
polymerization of FAA in a block and in a
solution has revealed the autocatalytic character of polymerization processes which is
common for all monomers investigated.
For the first time, in carrying out polymerization of 2-perfluoropentoxytetrafluorine propyl acrilate in emulsion with varying content of anion-active SAS С-10 (latex LFMN), the possibility for 100%-conversion of
monomer without formation of coagulum
with the SAS-14% concentration and above
has been found.
Models of polymer chain fragments have
been designed and values of steric energy level of values of PFAA have been computed
with the aid of computer-aided simulation;
this made it possible to arrive to a conclusion
regarding increase of structural stress with the
increase of total quantity of atoms in perfluoroalkyl radical and regarding presence of
branching in it. Some increase of critical sur-
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face energy is typical for polymers of this
type.
It has been established that maximum reduction of wetting ability of modified filaments - when using PFAA with alkylene radical of linear structure - is observed for the
polymer with 8 perflourated atoms. This for
the first time established fact testifies that it is
not advisable to use polyflourine acrylates
with very long fluorene alkylene chain for
modification of fibrous materials.
One of the ways for adjustment of latex
particles' structure, which provide for increase
of property level in modification and consumption reduction of expensive flouroorganic preparation, is to obtain latex with composite particles composed of PFAA and nonfluorinated polymers. Industrial latex materials SKD, SVCH, BNK, and SKF-32 were
used as additives to latex LFM-N. If these
polymers are mixed, disperse systems with
particles of the type "nucleus-envelope" are
formed. With postprecipitation on the surface
of fiber they are able to orient themselves
with the hydrophylic part to the fiber, and
with the hydrophobic one – away from it; that
results in formation of a closely packed layer
of macromolecules and reduces significantly
the surface energy of the modified material
[19].
The possibility of directed regulation of
colloid-chemical properties (particle size,
electrokinetic potential and electrical conductivity) by changing the mixing ratio of latex
LFM-N and BNK has been demonstrated, in
addition, also by means of changing the type
of surfactant and introduction of electrolytes
or other additives [20]. Interaction potential
energy of particles of compounds LFM-N and
BNK with viscous fiber in the dispersion medium was computed. Optimum ratio of components in the composition on the base of latex mix of LFM-N and BNK has been determined (80:20) which enables to reach higher
levels of oil-, waterproof properties of viscose
rayon fiber (modified with composite latex) in
comparison with finishing by particular LFMN.
It has been established that efficiency of
PFAA latex usage for surface modification of
fibers is significantly influenced by reduction
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of latex particle sizes (especially up to a nanosize level). In this case, uniformity of polymer
film is improved which is deposited on the
fiber surface; by doing so, the level of antiadhesive properties of modified materials is significantly increased too [21]. Methods for
producing of PFAA nanodispersions have
been proposed. One of such methods is miniemulsion polymerization of fluorinealkylacrylates which enables to obtain dispersion systems with particle sizes belonging to nonorange (~ 40 Nm).
CONCLUSIONS
1. Some regularities of modification processes for polymer materials by means of
graft polymerization, chemical transformations of functional groups in polymer
chains, as well as creation of compounds with
different compositions have been considered.
2. Dependence of functional activity of
synthesized compounds on peculiarities of
their structure and topochemistry of modification processes have been determined.
3. Promising trends for practical usage of
modified materials have been discussed.
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DEVELOPMENT OF TWO-LAYER NONWOVEN CANVASES
WITH ANTIMICROBIAL PROPERTIES
V.M. GORCHAKOVA
(Moscow State Textile University "A.N. Kosygin")
E-mail: office@msta.ac.ru

Development of nonwoven fabrics (NVF)
and underwear made of them, designed for
removing and localizing products of dermal
respiration, is an urgent task.
These materials must possess good absorbing ability (at least 4g per 1 g of material), as well as to remove moisture, leaving a
dry surface in contact with a human body, ensuring comfort when wearing special clothing.
Material's ability to absorb and localize
the moisture in the layer, which has no direct
contact with the human body, can be achieved
through a combination of hydrophilic and hydrophobic layers in the structure of nonwoven fabric.
Based on the requirements to NVF, a
stitch-bonding process for manufacturing of
non-woven fabric has been selected in which
the multi-layered structure of fabric is connected by warp interweaving in one technological process. Fibrous layer, having direct
contact with human skin, is composed of hydrophobic fibers, and the second layer - of the
hydrophilic ones. The layer is connected with
a stitched thread by means of weave knit "tricot". Products of human dermal respiration,
due to the high capillarity of the hydrophobic
layer, pass freely through it, and due to the
difference of surface tension between the layers are absorbed and uniformly distributed in
a hydrophilic fibrous layer.

104

Effectively solving the problems of removing and localizing products of human
dermal respiration, multi-layer nonwoven fabric should, at the same time, protect humans
from microorganisms.
Polypropylene fiber 0.22 tex with cutting
length of 60 mm is selected as the fibrous raw
material for the hydrophobic layer; blend of
linen and viscose fibers (0.31 tex, 65 mm)
50:50 - for the absorbent layer.
The selected fibers have a high absorption
capacity (14.5 g / g for viscose and 13.5 g / g
for flax) and sorption of water vapor from the
air (27...33 wt% and 19...32 wt%, respectively).
Polyester-viscose yarn 18.5 tex and 12 tex
polyester filament was used as a stitching
thread.
The surface density of the samples of
nonwoven fabric was 160±10 g/m2. Sewing
density along the length - 30 loops/50mm,
width - 20 loops /50 mm.
Test results of physical and mechanical
properties of the water-absorbing cottonstitched fabrics showed that water absorption
of samples stitched with polyester thread is
more than that of polyester-viscose, because
the thinner hydrophobic polyester thread creates a sparse network structure and does not
compress the fibrous layer. It is optimal to
use polyester thread (yarn) 12 tex and polypropylene fiber content of 25% mass.
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The conducted operational tests of underwear, made from water-absorbing flaxcontaining stitched fabrics, showed that the
presence of flax fiber in the absorbent layer
contributes to a more rough and tough material structure. Therefore, during further work
for the manufacture of the hydrophilic layer,
viscose fiber was applied.

For antimicrobial nonwoven materials
modifiers were used - synthesized by us - obtained on the basis of para-hydroxybenzoic
acid ester, better known as parabens.
We have used compounds based on methyl and para-hydroxybenzoic acid ester and
their synergistic mixtures [1].
Synthesis was carried out under the
scheme 1.
Diagram 1.

We studied the effect of the content oligoethoxy (4-propilcarboxyphenyloxy) siloxane (oligomer I) and a mixture of oligomer I
with
oligoethoxy
(4-methylcarboxyphenyloxy) siloxanes (oligomer II) at a ratio
of 4:1 and the conditions of heat treatment for
antimicrobial, mechanical and functional
properties (water absorption, air permeability,
rigidity, abrasion resistance) of the nonwoven fabric.
Biologically active mixture was deposited
on the surface of a nonwoven fabric from the
side of hydrophobic layer.

Stability of samples of nonwoven fabric
to microbial degradation was determined according to GOST 9.060-75.
Data on the influence of nature, the content of the modifier and processing temperatures on the microbiological stability of NVF
are presented in Table 1.
The samples are considered to be resistant
to microbiological degradation, if the stability
factor P is equal to 80 ± 5%.

Table 1

Polypropylene fiber

The content of oligomer I,
% mass
0
2,5
6,25
10
13,75
The content of the mixture of
oligomers I and II (4:1),% mass.
2,5
6,25
10

Data Analysis (Table 1) shows that the
modification of polypropylene fibers (also
similarly of polyester) by new oligomers in
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57
75
76
78
77

78
76
79

Stability factor P, %
Temperature for fiber processing, оС
115оС
130оС

145оС

78
84
87
82

79
83
84
80

83
78
82
78

81
80
78

82
79
75

84
81
79

the amount of 2.5...13.75% wt. allows to obtain nonwoven fabric resistant to microbial
destruction.
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Heat treatment of modified fibers increases their resistance to the action of microorganisms, since it allows to firmly fix the modifier
on the fiber surface.
Increasing the content of the modifier on
the fiber has no significant effect on the rate
of resistance to microbial degradation, as the
antimicrobial agent is allocated in doses due
to hydrolysis of chemical bonds when exposed to high humidity created in the space
under the clothing. The higher content of
modifier in the nonwoven fabric allows it to
retain antimicrobial properties for a longer
time and to withstand up to 20 launderings
and wet treatments. The use of modifiers I
and II does not give a pronounced synergistic
effect, however simultaneous application of
these oligomers enables to compensate for
their effects on microorganisms, since for
suppression of vital activity of various species
of bacteria and fungi different amount of oligomers I and II is needed.

Stability samples of the nonwoven fabric
samples to biodeterioration fungi was determined according to GOST 044415-94.
The test results showed that all samples of
nonwoven fabric, modified with oligomer I or
a blend of oligomers I and II, are resistant to
mold fungi.
The effect of treatment by fiber modifiers
and heat treatment conditions on physical and
mechanical properties of nonwovens has been
studied. It has been demonstrated that, compared with the strength of stitched material
from unmodified fibers, the strength of
nonwoven fabric after processing with modifiers I and II increased 1.1...3.2 times, water
absorption increases 1.1...1.46 times, air permeability - 1. 1...1.7 times, the rigidity is reduced by 1.7 times, the stability of the
nonwoven material to the abrasion to the hole
increased almost 2-fold.
Properties of multilayer nonwoven fabric,
obtained under optimal conditions, are presented in Table 2.
Table 2

Name of indicators, units
1. width, cm
2. Surface density, g/m2
3. Breaking load, Н, not
less than
along the length
along the width
4. water absorption, % not
less than
5. Air permeabilty,
dm3/m2s, not less than
6. Fungicidal activity,
points, no more than
7. Stability to microbiological degradation, P,%

Requirements according
to TU 8391-21800302327-00 (stitched
dehumidifying cloth)
155±4

Method of
tests
GOST
3811-72
GOST
3811-72
GOST
15902.3-79

170±8

±

±

150
200

250
230

240
220

300

525

455

GOST
3816-81

600

909

650

GOST
12088-77

-

3

3

-

87

87

Increase in the breaking load of nonwoven
fabric is attributable to the formation of a
monomolecular layer of organosilicone modifier on the fiber and its chemical interaction
with the functional groups of fibers, as well as
to the formation of chemical bonds between
adjacent fibers. We found that ethoxy oligo-
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Properties of the developed antimicrobial
material
Fiber of hydrophobic layer
polyester
polypropylene
155±4
155±4

GOST
9.802-84
GOST
9.060-75

mers - when fibers are treated with solutions
of oligomers (I-II) at room temperature - enter
into chemical reactions with functional groups
of the polymer fibers (COOH,> C = O, ≡ CNH-), and the rest is easily hydrolyzed by
moisture, which is adsorbed on the fiber surface, turning into silanol groups undergoing
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subsequent condensation, while the pharmacophore groups СН3ОС(О)С6Н4ОSi≡ и С3
Н7ОС(О)С6Н4ОSi≡ under these conditions do
not undergo chemical transformations and
remain covalently bonded to silicon atoms.
That is, oligomers are fixed on the fiber surface by covalent bonds
- С-О-Si≡, ≡Si-О-С-О-Si≡, ≡С- NНSi≡, being simultaneously transformed into
║
hydrated silica – НО(SiО2)хОН. Thus, interdiffusion of macromolecules and their
components at the interface of contacting fibers
increases, and, consequently, the
strength of a nonwoven fabric increases too.
The increase in air permeability of
nonwoven fabric with simultaneous reduction
of its rigidity is caused by formation of steam
and gas-permeable silicone film on the fiber
surface.

ified by organosilicone compounds of polypropylene and polyester fibers having antimicrobial properties, has been developed.
2. It has been established that the application of modifiers - oligoethoxy (4 - propylcarboxyphenyloxy)-siloxane (oligomer I) and a
mixture of oligomer I with oligoetoxy (4methylcarboxyphenyloxy) siloxane in a ratio
of 4:1 onto the fibers of the hydrophobic layer
in an amount from 6.5 to 10 wt%. allows to
increase the strength of NVF by 1.1...3.2
times, to increase its water absorption by
1.1...1.46 times and air permeability - by
1.1...1.7 times, to reduce rigidity by 1.7 times,
and to increase resistance to abrasion by 2
times.
BIBLIOGRAPHY
1. Savinkin A.V. Development of Technology for
Nonwovens with Antimicrobial Properties: Theses of
Cand.Sc. (Engineering). –М.: MSTU,169p.

CONCLUSIONS
1. Technology of non-woven two-layer
stitched fabric with a hydrophobic layer mod-
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DETERMINATION OF DYNAMICS MEASURE OF COMPOSITION
E.V. KARSHAKOV, L.B. KARSHAKOVA, A.V. FIRSOV
(V.A. Trapeznikov Institute of Control Sciences of RAS,
Moscow State Textile University "A.N. Kosygin")
E-mail: office@msta.ac.ru

Abstract: For automatic sorting of digital
images of textile compositions, they must be
analyzed in terms of the characteristics of the
ornament. In this paper we propose an approach which is based on elementary concepts
of classical mechanics and analytic geometry.
Definition is based on the mathematical description of the system. Measure of symmetry, as a relation of the number of points
without a pair to the total number of points of
motif pattern has been introduced. In addition,
the parameter of the equilibrium dynamics
has been introduced. When considering the
concept, problems of determining the characteristics of motif and composition in general
were separated.
Digital images of textile compositions, for
the purpose of automatic sorting, must be analyzed in terms of the characteristics of the ornament [1]. In this paper we propose an approach based on elementary concepts of classical mechanics and analytic geometry [2],
[3]. Modern computers have enough performance to calculate quickly parameters such as
center of mass, geometric center, the moment
of inertia. Precisely these concepts help to
formalize such notions like dynamics and
symmetry. To determine the static or dynamic
nature of composition, we introduce a quantitative measure of dynamism based on the
symmetry of the motif and pattern repeat
(rapport) construction.
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Static/dynamic nature. When considering
the concept of static nature, it seems to be
practical to separate the problems of determining the static character of motif and composition in general. However, it is known that
certain compositions with dynamic motifs can
give a static image. Nevertheless, the dynamic
characteristics of motif play an important role
in determining the dynamic nature of composition.
According to [1] one of the main characteristics of static nature of motif is the presence of
vertical and horizontal planes of symmetry. To verify this fact, we introduce some
concepts that are known from the theoretical
mechanics [3].
1. Mass point.There are several ways to
determine the mass. The first method - to set
the mass equal to m = 1 for all points of the
motif, the color of which differs from the
background color, taking into account the
threshold of tolerance.
The second method, which takes into account color, is as follows. The first step is to
set the saturation in all the colors of motif to
be equal to zero (the background colors are to
be excluded from consideration). Thereby, the
drawing becomes painted in shades of gray.
Then, the mass point is taken proportional to
its gray intensity m = b for dark tones of
background or m = 1 – b for light tones, pro-
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vided that the brightness is measured in the
range from 0 to 1.
The third way - to deduct the background
color from all colors. Then, the design is
weighted by the second method as if the
background was black.
2. Center of mass.Once mass of points is
identified, we can determine the mass of the
motif and its center of mass - the point in relation to which the masses are uniformly distributed. Coordinates X, Y of this point are
defined as follows:
N

X

 mi x i
i 1

M

that we can choose an orthogonal transformation, resulting in the diagonal form of inertia tensor. In this case, the axis of the new coordinate system coincide with the principal
axes of the ellipse of inertia.

 Jx
J0  
0

0
T
 , J  Q JQ .
Jy  0

The matrix Q is orthonormal matrix defining the rotation of principal axes relative to
the x and y axes:

N

, Y

m y
i

i 1

i

M

N

, M   mi ,
i 1

М– mass motive, N– number of motif points.
3. Moment of inertia. Axial moments of
inertia are defined by the following relations:
N

N

i 1

i 1

J xx   mi (yi  Y) 2 , J yy   mi (x i  X) 2 .

These values show how the image is distributed in relation to the horizontal axispassing through the center of mass Jxx and in
relation to the vertical axis Jyy The larger is
the moment of inertia, the farther from the
axis of points of image move away. Therefore, if Jxx  Jyy, we can conclude that the figure, in general, along the y-axis has a greater
extent than along the x-axis.
The following relation defines the centrifugal moment of inertia:
N

J xy  J yx   mi (x i  X)(yi  Y) .
i 1

Now we can consider the matrix, which is
also called in mechanics "tensor of inertia"

 J xx
J 
 J xy

J yx 
.
J yy 

From analytic geometry [2] it is known
that this matrix is a quadratic form and sets
the second-order curve - an ellipse, called in
our case the ellipse of inertia. It is also known
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 cos  sin  
Q
.
  sin  cos  

To find the principal axes, it is necessary
to solve the characteristic equation:

det J  E  0 .
E – matrix with ones on the diagonal and
zeros beyond it. This is a quadratic equation,
solution of which 1 ,  2 – eigenvalues of matrix J. Eigenvector (x1 , y1 ) – this a single vector components of which are the solution to a
system of equations

J yx   x1 
 J xx  1
0.


J yy  1   y1 
 J xy
The second eigenvector is orthogonal to
the first and solves a similar equation with a
second eigenvalue. We assume that the principal axes are chosen that way that Jx ≥ Jy.
Then we can consider the following parameters.
1. Relation 1 – JY/JX. This number is equal
to zero with the same mass distribution relative to the principal axes; and it is equal to
one when the entire design is on one stright
line.
2. Sine of double rotation angle of the
principal axes sin2. This parameter is equal
to 0 for the coincidence of principal axes with
vertical and horizontal directions and equal to
one in the diagonal direction.
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Thus, we can introduce a parameter of the
equilibrium dynamics of motif:

 J
Dyn e  1  Y
 JX


 sin 2  100% .


It is known that if the body has a symmetry axis, then this axis must be one of the
principal axes of the ellipse of inertia. Therefore, for the purpose of diagnostics of symmetry, we need to check whether the
principle axis are symmetry axes. For this
purpose, each point in the system of coordinates of principal axes with coordinates(X,Y)
must correspond to the same point with coordinates (-X,Y) and/or (X,-Y).
Since the symmetry can be not strict, you
should set the threshold of tolerance - the
search radius of pair. This number should be
small and chosen by the designer. The found
pairs are to be memorized. One and the same
point must not serve as a point for several
others. Now we can introduce symmetry
measure along this axis, as a relation of the
number of points without a pair to the total
number of points of the motif image:
Sym 

Nпр
N

100% .

The introduced measures of equilibrium
dynamics and symmetry are notuniversal parameters describing the dynamics of a motif,
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but they can greatly help the designer in sorting motifs. As mentioned above, two dynamic
motifs may, however, create a static composition, balancing each other. On the other hand,
static motifs in choosing a nonuniform grid of
design repeat (rapport) can give a dynamic
picture. We propose a method for estimation
of total dynamics of several motifs. For this
purpose all the parameters are to be defined
which are needed to compute the equilibrium
dynamics and symmetry, within the same design repeat (rapport) like for a single motif.
Precisely they will give characteristic of dynamics to composition as a whole. It should
be noted that these arguments are suitable for
any number of motifs.
CONCLUSIONS
Quantitative characteristics and assessments to determine measures of dynamics of
textile ornament composition have been obtained in this article.
BIBLIOGRAPHY
1. Kozlov V.N. Fundamentals of Textile Products
Decoration: Study book for universities. - M., 1981.
2. Alexandrov P.S. Course of Analytical Geometry
and Linear Algebra.– M., Nauka, 1979.
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- М.: Publishing office of Moscow university, 1984.
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SOLUTION OF THE PROBLEM REGARDING POSITIONS OF
PARALLEL STRUCTURE SPHERICAL MANIPULATOR
S.V. PALOCHKIN, V.A. GLAZUNOV, S.V. KHEYLO
(Moscow State Textile University "A.N. Kosygin")
E-mail: office@msta.ac.ru

This paper presents kinematics problem of the spherical manipulator parallel
structure with three degrees of freedom. Manipulator is consist of three kinematic
chain connected to driving mechanisms. Constrain equation is obtained for input
and output links. Result of calculations of configurations of the mechanism are
defined.
Keywords: spherical parallel mechanisms, determination of configurations,
kinematic problem.
This paper is dedicated to research of the
parallel three-degree-of-freedom spherical
mechanism designed for operation in flexible
production systems in textile and light industry [1]. The spherical manipulator under review is illustrated in (Picture 1).

Picture 1. Kinematic diagram of spheritic manipulator
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This manipulator comprises three kinematic chains with crossing axes at 90 degree
angle. Each input chain link is connected with
a rotary actuator. The output link represents a
platform rotating around three axes at the
point О [2]. Output coordinates are angles of
platform rotation: angle α – rotation about the
axis x, angle β- rotation about the axis y, angle γ- rotation about the axis z. Generalized
coordinates are angles 11; 21; 31 - accordingly rotation angles of input links of the first,
second and third kinematic chain.
To determine the speed of specific manipulator’s positions, problem on positions is to
be solved.
Let us write a matrix describing the transition from movable frame to fixed frame of
reference of output link. Output link rotates
according to the following sequence: rotation
about axes: z, y, x.
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Rotation matrix about the axis х

0
0 
1


A1   0 cos()  sin()  .
 0 sin() cos() 


Rotation matrix about the axis y

 cos() 0 sin() 


A2   0
1
0 .
  sin() 0 cos() 



Rotation matrix about the axis z

 cos(  )  sin(  ) 0 


A3   sin(  ) cos(  ) 0  .
 0
0
1 

The matrix describing the transition from
movable frame to fixed frame of reference of
output link will be of the following form:
А=А1*А2*А3.

 cos(  )*cos() cos(  )*sin()*sin()  cos()*sin( ) sin()*sin( )  cos()*cos( )*sin() 


A   cos()*sin(  ) cos()*cos(  )  sin()*sin()*sin( ) cos()*sin( )*sin()  cos( )*sin()  .
  sin()

cos()*sin()
cos()*cos()



Input link makes rotation in the first kinematic chain in the following sequence:
around the axes x ,y, z.
Rotation matrix about the axis х

 cos(11) 0 sin(11) 

.
B2  
0
1
0

  sin(11) 0 cos(11) 


Rotation matrix about the axis z

0
0
1



B1   0 cos(11)  sin(11)  .
 0 sin(11) cos(11) 



Rotation matrix about the axis y

 cos(11)  sin(11) 0 


B3   sin(11) cos(11) 0  .

0
0
1 

Transition matrix from movable frame to a
fixed frame of reference of output link will
have the following form B/  B1* B2 * B3 .

cos(12) * cos(13)
 cos(12) * sin(13)
sin(12)




B   cos(11) * sin(13)  cos(13) * sin(11) * sin(12) cos(11) * cos(13)  sin(11) * sin(12) * sin(13)  cos(12) * sin(11) 
 sin(11) * sin(13)  cos(11) * cos(13) * sin(12) cos(13) * sin(11)  cos(11) * sin(12) * sin(13) cos(11) * cos(12) 


/

Vector coordinates of output link of the
first chain have the following coordi0
 
nates  0  .
1
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Let us set up equation constraints 0
0
 
 
А *  0   В/ *  0  from which we will find
1
1
 
 
angles 11, 12, 13 expressing them as , ,  .
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sin(12)
 sin(  )sin()  cos()cos( )sin()  


 

 cos()sin(  )sin()  cos(  )sin()     cos(12)sin(11) 

  cos(11)cos(12) 
cos()cos()

 

Let us now consider the second kinematic
chain; the output link has the following coor1
 
dinates  0  . Input link makes rotation in the
0
 
second kinematic chain in the following sequence: around the axes y, z, x.
Rotation matrix about the axis y

 cos(21) 0 sin(21) 

.
B2  
0
1
0

  sin(21) 0 cos(21) 



 cos(21)  sin(21) 0 


B3   sin(21) cos(21) 0  .

0
0
1 

Rotation matrix about the axis х

0
0
1



B1   0 cos(21)  sin(21)  .
 0 sin(21) cos(21) 


Transition matrix from movable frame to a
fixed frame of reference of output link will
have the following form B//  B2 B3 B1.

Rotation matrix about the axis z
 cos(12) * cos(22) sin(21) * sin(23)  cos(21) * cos(23) * sin(22) cos(23) * sin(21)  cos(21) * sin(22) * sin(23) 


B/ /  
sin(22)
cos(22) * cos(23)
 cos(22) * sin(23)

  cos(22) * sin(12) cos(21) * sin(23)  cos(23) * sin(21) * sin(22) cos(21) * cos(23)  sin(21) * sin(22) * sin(23) 



Constraint equation has the following form 0
 0
 
 
//
А *  0   В *  0  from which we will find
1
1
 
 
angles 21, 22, 23 expressing them as
, ,  .

 cos()cos()   cos(21)cos(22) 

 
.
sin(22)
 cos()sin()   

  sin()    cos(22)sin(21) 

 


The output link in the third kinematic
0
 
chain has the following coordinates  1  . The
0
 
input link executes rotation in the following
sequence: around the axes z, x,y.
Rotation matrix about the axis z
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 cos(31)  sin(31) 0 


B3   sin(31) cos(31) 0  .

0
0
1 

Rotation matrix about the axis х

0
0
1



B1   0 cos(31)  sin(31)  .
 0 sin(31) cos(31) 


Rotation matrix about the axis y

 cos(31) 0 sin(31) 

.
B2  
0
1
0

  sin(31) 0 cos(31) 


The matrix describing the transition from
movable frame to a fixed frame of reference
of input link will be of the following form
B///  B3B1B2 .
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B/ / /

 cos(31) cos(32)  sin(31) sin(32) 2  cos(32) sin(31) cos(31) sin(32)  cos(32) sin(31) sin(23) 


  cos(31) sin(32) 2  cos(32) sin(31) cos(31) cos(23) sin(31) sin(32)  cos(31) cos(32) sin(32)  .


 cos(32) sin(32)
sin(23)
cos(32) 2



Constraint equation has the following
 0
 0


///  
form - А *  1   В *  1  from which we
 0
 0
 
 

will find angles 31, 32, 33 expressing them
as , ,  .

 cos()sin()sin(  )  cos(  )sin()    cos(32)sin(31) 

 

 cos()cos(  )  sin()sin()sin(  )    cos(31)cos(32)  .

 

cos()sin(  )
sin(32)

 

The function of mechanism position
shows dependence of the output link coordinates from the generalized coordinate. Implicitly, function of mechanism's position is expressed by the expression
F(, , , 11, 12, 13)  0 .

Constraint equation for spherical manipulator can be expressed by the following system of equations:

F1 (, , , 11)  0

F2 (, , , 12)  0
F (, , , 13)  0
 3
We will put the angles expressed
11, 21, 31 as , ,  into the equations of
constraints:

cos(  )sin(  )sin()  cos(  )sin()
0
F1  tg(11) 
cos(

)cos(

)


sin()
 tg(12)  0
F2 
cos(  )cos()


cos(  )sin()sin()  cos()sin(  )
 tg(13)  0
F3 
cos()cos(  )  sin()sin()sin(  )


Thus, equations of constraints are set up
between rotation angles of input links and rotation angles of output links.
Let us consider an example of inverse solution on positions. We need to determine the
generalized coordinates (rotation angles of
input links 11, 21, 31 ), with known
  1рад,   1рад,   1рад. In this case rotation angles of input links will be:
11  0, 242рад ,
21  1, 237рад ,
31  0, 081рад .
CONCLUSION
1. Equations of constraints between the
input and output links of manipulator have
been set up.
2. Problem on positions of spherical
mechanism has been solved
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SYSTEM-TECHNICAL APPROACH TO THE PROJECTING OF THE NEW MACHINERY AND TECHNOLOGIES OF TEXTILE PRODUCTION
G.I. CHISTOBORODOV, E.N. NIKIFOROVA, V.V. KAPRALOV, M.I. CHISTOBORODOVА
(Ivanovo State Textile Academy)
E-mail: nen@igta.ru

System-technical approach to the projecting of the new machinery and technologies of textile production, based on their dialectical correlation, is developed.
Solution of the problem is aimed to the adjustment of the technical development
and modernization of textile enterprises.
Keywords: System-technical approach, textile industry, labor productivity,
technical – organizational innovations, effectiveness of the production, projecting of technologies and machinery.
System - technical specificity of the production organization is the correlation of the
objects, located in the closed space: equipment, its arrangement, technological regimes,
raw and material resources, people, their qualification, etc. The development of the system
– technical concept used for the projecting of
technology, machinery and organization of
the production, was based on the systems
analysis. The purpose of new system - technical approach was the improvement of the
production efficiency, due to the implementation of technical and technological innovations, both while changing all the machines in
the technological process and in the case of
the local efforts aimed to the partial modernization of the equipment or the technological
process. Main stages of the systems analysis
are: initial definition of the problem, formulation of the targets and the conditions for the
problem’s solution, structuring of the problem
and systematization of the targets solutions,
development of the project for the problem’s
solution, problem – solving and its implementation.
Dependence of the performance
measure on the technological, technical and
organizational parameters used in the various
stages of textile production was chosen as an
objective function.

Labor effectiveness in textile production
generally depends on the theoretical efficiency of the equipment, rate of the servicing the
machines by one person and the factor of the
effective time (КПВ) of the machine, defined
by the existing method [1]. Structure of the
formula for the calculation of this coefficient,
does not reveal the reasons for its change
along with the differences in the stoppage of
the machine.
Otherwise, efficient time factor considers
the parameters, directly influencing the performance efficiency: frequency of product
breakage ( of sliver, roving, yarn or end),
time, needed for the elimination of the breakage by the operator, which depends on the
working zone and the method of servicing the
machine, as well as time, needed for the fulfillment of some additional work. [2]. Increase of the coefficient is achieved by the
measures aimed to the technological improvement of the production, its arrangement
and use of the new technical means. To avoid
the drawbacks of the existing method the new
one was suggested for the definition of the
effective time coefficient in textile and light
industry, which became the base for the system - technical approach used for the projecting of the technology, equipment and organization of textile productions.
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КПВ of the machine is expressed by the
particular factors of effective time Кi according to the stoppage types, each of them corresponds to the definite types of the rejections
(loss of time). Physical sense of any particular
coefficient means that at any chosen period of
time the machine could run, that is to say, it is
not stopped because of the given reason. Total
factor of effective time of the machine depends on the particular Кi:
1
(1)
КПВ 
,
m

1
 Ki (m 1)
i 1
t
p
К 
,
i t t
p n
i

(2)

where tр – total operating time needed for the
output of the production unit; tп i – losses of
the i-type, related to the production unit (i
=1, 2, ... n); m – number of the types of the
stoppages.
Formula (1) defines the dependence between each type of the i-type stoppage and the
total КПВ, which is numerically coincided
with the same, calculated according to the existing methods used in light industry.
The proposed method for the calculation
of КПВ completely clarifies the reserves and
the ways of the efficiency improvement of the
machine, i.e. realizes the diagnostics of the
effectiveness of the existing technology. Diagnosis includes several stages: analysis of
the indices of the labor productivity (rates of
the output) of the main workers and the efficiency of the technological equipment; calculation of the particular indices of КПВ according to the types and the categories of the
stoppages, which are equal to the definite
types of the time losses. After КПВ is calculated, the productivity balances are prepared,
which reflect the main dependence between
the particular stoppages (cycle, technological,
organizational – technical) and the loss of
КПВ and productivity reduction for the output of the production unit. Growth of КПВ
could be done not by the increase of all the
particular coefficients, but only by the certain
part of it, which is under the level of the fixed
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optimal meanings. The results of the diagnosis reveal the losses in the output of the machinery unit, caused either by the drawbacks
in the construction, low level of the technological safety of the equipment, or by the
drawbacks in the labor organization. So, doing in this way, it is possible to define the directions for the primary theoretical researches
aimed to the improvement of the technique
and technology in textile and light industry.
Technologic efficiency forecasting based
on the implementation of the technical and
organizational innovations, first, means the
diagnosis of the running productions followed
by the analysis of the technical, technological
or organizational innovations, contributing to
the increase of the labor productivity. Using
formula (3) it is possible to evaluate the real
reserves of the growth of the factor of effective time , and, as a consequence, the efficiency of the machine, achieved due to the
implementation of the technical –economical
measures, and the reduction of the losses of
m-type  times less:



КПВ1
1

,
КПВ0 1-КПВ t (1 1 )
0 ni
ε

(3)

where КПВ0, КПВ1 – factors of effective
time of the machine accordingly before and
after the measures, taken to its growth; ε –
coefficient of the losses reduction of the given
type.
New method of the factor of effective time
calculation assumes the division of all the
types of the time losses into three groups: cycle (cl), technological (t) and organizational –
technical (оt). This differentiation of the coefficient according to the groups and the types
of the stoppages makes possible the conduction of the comparative analysis of the efficiency of the machines of the various types
and the selection of the mostly progressive
machinery. [3]. Analysis is done by the comparison of the same particular factors of effective time Кi, chosen for the comparable machines, according to the types and the groups
of the stoppages: КПВЦП, КПВТ и КПВОТ.
Cycle particular factor of effective time
(КПВЦП) describes the constructional sophis-
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tication of the machine (presence/absence of
the idling, caused by the machine’s supply,
pick –up of the turned out products and etc.).
Technological particular factor of effective
time (КПВТ) means the stoppages due to the
technological problems. Organizational –
КПВ 

1
.
КПВ  1  КПВ  1  КПВ  1  2
цп
т
от

The comparative analysis of the certain
production assesses the constructional sophistication of the machinery, their technological
safety, level of the labor and production organization.
The effectiveness of the technical systems
methodology is evaluated, first of all, by the
indices of the growth rates of the labor
productivity and also by the reduction of the

С

technical particular factor of effective time
(КПВОТ) characterizes the level of the labor
organization and the working conditions. The
calculation of the total coefficient of effective
time is done according to the formula:

costs for the output of the products. Formula
(5) calculates the effectiveness achieved by
the implementation of that or these innovations, aimed to the shortening of the stoppages duration of the machinery and to the increase of the labor productivity (ПТ). As a
result of it, we have value of the cost reduction СПТ for the production unit:



1 
 1 - I 1 - КПВ t (1  )   У
100% ,

ПТ 
ЗП 
0 n
ЗП
ε

i





where IЗП – index of the average salary; УЗП
– part of the salary including the deduction of
the unified social tax, in the cost of the product.
As it is given here, formula (5) could be
used for the one stage production (for example, for knitting). For the multiple staged textile production, formula (5) describes the value of the costs differentiation for the certain
stage. The economic result through the implementation of the innovations is achieved
by the value –added products, costs’ reduction
for the output and the increase of the grade of
the turned out products.
The elaborated system - technical approach to the projecting of the technology,
machinery and labor organization could be
used for the revealing of the labor productivity growth reserves, along with the machinery
modernization in spinning, weaving and knitting productions, as well as for the defining of
the priorities aimed to the technological improvement of the fibers regeneration from the
wastes. As a consequence, the “weak” technological points would be revealed, the tasks for
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(4)

(5)

the theoretical researches would be specified
and the new technical facilities, providing the
raise of the labor productivity and the competitive capacity of the goods would be developed.
CONCLUSIONS
1. The system - technical approach to the
projecting of the technology, machinery and
the organization of textile productions, including diagnosis, comparative analysis and
forecasting of the effectiveness of the running
and elaborating machinery and technologies is
developed.
2. The comprehensive assessment of the
technical – organizational innovations permits
to solve the tasks of the successful development of the production in textile and light industry.
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CONCEPTUAL MODEL OF THE MECHANICAL EFFECTS OF TEXTILE
MATERIAL IN THE APPARATUS ROLLER WITH DINAMIC MODE LOADING
S.V. ERSHOV, E.N. KALININ
(Ivanovo State Textile Academy)
E-mail: enkalini@gmail.com

A conceptual model of the mechanical impact of the textile material on a roller
device in a mode of dynamic loading of the executive bodies, which gives a possibility to solve this problem by modeling cell.
Keywords: dynamic loading conditions, mass transfer, kapillyarno-porous
structure, the roller device, a conceptual model.
The purpose is to create a computer model
of the "Roller device - textile material" that is
the basis of the method of prediction of mass
transfer processes in capillary-porous structure of the textile material during its processing of the pressure distribution in the dynamic mode of loading.
Object of investigation is a logistical system that is characterized by the properties of
technical tools such as conversion and communication to ensure that the processes of
transformation of mass, energy and information.
The end result of the operation of the system "Roller device - textile material" are the
options submitted by the output in the form of
a fabric weight of textile material and the
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amount of fluid removed from it in the process of dehydration, an information output in
the form of the structural characteristics of
textile materials, percentages of residual
moisture and other variables in more detail
reflecting the essence of the process, implemented in the field device.
Consolidated view of information, energy
and mass transfer as Massenet's transformation
process occurring in the processing of textile
material distributed pressure to contact zone of
shafts, in that the free water filtration through
the capillaring and between fibers space in
two-phase structure consisting of solid particles and liquid phase, part of that is held at the
fiber surface, forming a film, we presented in
Picture 1 as a conceptual model [1].
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Picture 1.

Inputs on the present level of detail system
we adopted the theme I1 - the geometric characteristics of the workers - working width of
the shaft unit b, the diameter D of the working
rolls and the diameter di of the pins, the thickness Δ flexible, and the moments of inertia of
the cross section of the shaft; layout of the
device process flow decay decomposition
trees. I2 - the kinematic parameters of the device - district V and angular ω velocity of
drive shaft, the angular acceleration ε. I3 - the
dynamics of the actuators and actuator device
- mass, mass moments of inertia, the dynamic
stiffness of shafts and core. I4 - on-load, present on the device: I41 - dynamic load - more
dynamic component of the static load Pf at
dynamically loading shaft, the moment Mn of
pair of forces from the general nonequilibrium of the shaft. I5 - properties of textile material - the geometric characteristics:
width of textile material a, m, length of blade
textile material b, m, thickness of fabric in the
free state, htk, m; humidity of textile materials,
, %. I6 - transport speed of fabric, V, m/sec.
For output parameters include O1 - width
of the shafts contact area, characterized by
static O11 and dynamic O12 standing system;
O2 - the distribution of normal and tangential
stresses in the contact zone along the generator shaft and the circle, whose work surface of
the shaft; O3 - total force squeezing roller
pair, we arrive at the creation of specific load
O31 needed to compress the tissue, and water
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pressure along the contact zone shafts and
textile material needed to construct the hydrodynamic pressure O32. O4 – kinematic viscosity of the fluid filling the capillary-porous
material ν, m2/sec. O5 - temperature of the
liquid capillary-porous structure of the textile
material t, ºC; O6 - the rate of fluid filtration
Vf, m/sec in the contact zone of shafts and
textile material; the coefficient of filtration
fabric kf, m/sec; O7 - geometric parameters of
section the contact zone of shafts and textile
materials - the length of the contact area and
change the thickness of its cross-section defined by the thickness of compressed tissue the minimum distance between dryers shafts
of a given radius; O8 - qualitative impact indicators for textile material, characterized by
output (residual) moisture textile material the uniformity of dehydration in width tissue,
and when the final finish - indicators of the
achieve of the effects.
We defined the relationship and communication systems are the basis for the construction of the phenomenological, and then
the computer model, allowing to provide
mass-exchange processes at the impact on the
textile material in the form of dynamic loading of structural-parametric mathematical relationships and dependencies are in place to
study physical phenomena in capillary-porous
structure of the textile material in the zone of
its interaction with the device shafts.

119

Traditionally, the process of mechanical
treatment elongated material pressure distribution in the roller devices considered in static loading under constant load process. Finding ways to improve the process and effectiveness treatment of fibrous material in the
roller device is a first-promising nature of the
issue of modern science. One of the areas this
problem is to predict the physical phenomena
occurring in the forced movement of fluid
through the capillary-porous structure of fibrous material in the stress-strain state in the
contact zone of the technological machine
shafts with dynamically loading its executive
bodies. Uses of dynamic loading mode allows
intensify process of mass transfer in capillaryporous structure continuously moving textile
material, to reduce the power consumed by
the roll-drive unit and reduce energy consumption at the far thermal treatment (drying).
Dynamic loading of the executive bodies
of the roller machines provided, for example,
summarizing ultrasonic vibrations to the technological device shafts [2], that means to create elastic vibrations of high frequency electromagnetic transformation, that creates periodical action on the loading mechanism creates dynamic load.
Physical content of the process is intensified impact impression roller to the material
caused by the fact that the use of dynamic
conditions impact on the textile wet processes
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in its treatment is more effective to dehydration and a more intense and uniform impregnation by the initiation of cavitation, and
gravitational phenomena in shock stream of
fluid moving through the capillary molecularporous textile material.
CONCLUSIONS
In such a way we formed a conceptual
model of the machining process of textile material distributed pressure in the regime of dynamic loading executive roller machine,
without complication and unnecessary at this
stage of formulation of the problem of detail
system allows you to move on to further address the problem using the method of cell
model based on the theory Markov chains.
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CORRELATION BETWEEN ELECTRIC RESISTANCE
AND ELECTROMAGNETIC SHIELDING OF HYBRID WEAVES
JIŘÍ MILITKÝ, VERONIKA ŠAFÁŘOVÁ
(Textile Faculty, Technical University of Liberec, 461 17 Liberec, Czech Republic)
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The electromagnetic interference shielding efficiency needs to use special devices. Simpler are measurements of surface or volume resistivity or reciprocal values of conductivity. It is known from theory that at sufficiently high frequencies in
is possible to measure characteristics of electrical part of electromagnetic field only
and therefore it should be linear relation between total shielding effectiveness ST
[dB] and fabric resistivity or conductivity. The main aim of this work is investigation the form of relation between resistivity and total shielding effectiveness ST. for
special types of fabrics. First group of fabrics are made from hybrid yarns containing metal fibers and second group of fabrics are cotton twill with mesh composed
from hybrid yarns containing PES and metal fiber.
1. INTRODUCTION
It is well known that electric or electronic
machinery and communication appliances are
producing electromagnetic wave. If the electromagnetic wave are not isolated effectively,
they will cause interfere with each other and
result in technical errors. If gets exposed under the electromagnetic, radiate environment,
physical harms may occur on human body.
Electromagnetic radiation effects can be divided into two categories according to its level and time:
1) Stochastic health effects are associated
with long-term, low-level (chronic) exposure,
caused by ionizing radiation.
2) Non-stochastic health effects appear in
cases of exposure to high levels of radiation,
and become more severe as the exposure increases. Short-term, high-level exposure is
referred to as 'acute' exposure, caused by nonionizing radiations.
Electromagnetic (EM) fields below 10
GHz (to 1 MHz) penetrate exposed tissues
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and produce heating due to energy absorption. The depth of penetration depends on the
frequency of the field and is greater for lower
frequencies. Absorption of EM fields in tissues is measured as a specific absorption rate
(SAR) within a given tissue mass [4], [5].
Most mobile phones transit and receive EM
radiation at a frequency of 900 MHz. This is
in the range of non-ionizing radiation but still
it may cause heating, which can lead to severe
health effects (These effects are known as
thermal effects). For a phone to pass US certification [6], that phone’s maximum SAR level must be less than 1.6 W/kg . Current standards for EM exposures include limits expressed in terms of SAR. Reduction of SAR
of EM protective clothing will vary significantly with certain EM field characteristics,
particularly frequency.
EM fields above 10 GHz are absorbed at
the skin surface, with very little of the energy
penetrating into the underlying tissues. The
basic quantity for EM fields above 10 GHz is
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the intensity of the field [4], [5] measured as
power density [W m-2]. The electromagnetic
environment is dominated by high-powered
radio and television transmitters, and that
95% of the population is exposed to a radiated
power density of 0.1 W cm-2 or less.
The main aim of this work is investigation
the form of relation between resistivity and
total shielding effectiveness ST. for special
types of fabrics. First group of fabrics are
made from hybrid yarns containing metal fibers and second group of fabrics are cotton
twill with mesh composed from hybrid yarns
containing PES and metal fiber.
2. ELECTROMAGNETIC FIELD
An electromagnetic field is built up from
various electric E and magnetic field H components. An electric field is created by a voltage difference and magnetic field is created
by a moving charge, i.e. by a current. Every
current is thus accompanied by both an electric and a magnetic field. Electromagnetic radiation consists of waves, see Picture 1.

field area begins when the distance to the
source is large enough to form a coupled electric and magnetic field for which the field
components are perpendicular to each other.
Besides, this field can be considered locally to
be a plane wave, so that the exposure is uniform over the body or body part. The radiation part of the field dominates in the far field
area.
In the far field area the ratio between the
electric field E [V m-1] and the magnetic field
H [A m-1] remains nearly constant
E
 377 
H

where 377 , is the intrinsic impedance of
free space. It is thus sufficient to measure only the electric field or only the magnetic field
to establish that the action values are not being exceeded.
In the near field area, the magnetic and
electric fields are no longer coupled and the
components of each field must be evaluated
separately. Exposure in the near field area is
no longer uniform. In the near field the exposure depends on the spatial distribution of the
electric or magnetic field, the frequency used,
the specific conductivity of tissue σ, the dielectric permittivity of tissue ε, the contact of
the body with the ground and the machine,
and the position and thus the geometry of the
exposed person. The far field starts at a distance r from the source, for which

Picture 1. Electromagnetic waves

Radio frequency RF energy includes
broad range of frequencies ranging from 10
kHz to 300 GHz, and is non-ionizing. The
frequency range up from 30 kHz to 300 MHz
includes mobile phones, radio and television
Radar and micro waves covered frequencies
up to 300 GHz.
The ratio of E to H is defined as the wave
impedance Zw, [] and depends on the type
of source and the distance from the source.
Large impedances characterize electric fields
and small ones characterize magnetic fields.
Depending on the distance to the source,
field components with different directional
vectors and properties dominate [4]. The far
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r

2 D2


where D is the maximum dimension of the
antenna and λ the wavelength, both in meters.
Conductive textile characteristics connected with protection against electrostatic field
were studied in numerous publications [1...3]
3. ELECTROMAGNETIC SHIELDING
In electromagnetic shielding, there are two
regions, the near field shielding region and far
field shielding region. When the distance between the radiation source and the shield is
larger than /2 ( is the electromagnetic
source wavelength), it is the far field shielding region. The electromagnetic plane wave
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theory is generally applied for electromagnetic shielding in this region. When the distance
is less than /2, it is in the near field shielding and the theory based on the contribution
of electric and magnetic dipoles is used for
electromagnetic shielding.
The amount of attenuation due to shield
depends on the electromagnetic waves reflection from the shield surface, absorption of the
waves into the shield and the multiple reflections of the waves at various surfaces or interfaces in the shield. The multiple reflections
require the presence of large surface area (porous or foam) or interface area (composite
material containing fillers with large surface
area) in the shields. The loss connected with
multiple reflections can be neglected when
the distance between the reflecting surfaces or
interfaces is large compared to the skin depth
 [m] (the penetration depth) defined as



ST  SA  SR  SM .

For a single layer of shielding material,
when SA is >10 dB, then SM ~ 0 and can be
neglected.
The shielding due to reflection SR can be
expressed by relation

SR  20 log

1
,
 f K

where f [Hz] is the frequency,  is the magnetic permeability equal to 0 r, 0 is the absolute permeability of free space (air = 4 107
and K [S m-1] is the electrical conductivity.
An electric field at a high frequency penetrates only the near surface region of a conductor. The amplitude of the wave decreases
exponentially as the wave penetrates the conductor. The depth at which the amplitude is
decreased to 1/e of the value at the surface is
called the “skin depth,” and the phenomenon
is known as the “skin effect.”
Efficiency of electromagnetic shields is
commonly expressed by the total shielding
effectiveness ST [dB], which represents the
ratio between power P2 [W] received with the
shield is present and power P1 received without the shield is present.

P 
ST  10 log  2  ,
 P1 

energy is reflected or absorbed by the material) is needed. A SE of 30 dB indicates that
99.9% of the EM energy is reflected or absorbed by the material, with only 0.1% exiting the shielding material.
When electromagnetic radiation is incident
on a shielding material, the reflection, absorption, and transmission phenomena take place
[7]. The total shielding effectiveness ST is then
summation of the SA due to absorption (SA),
reflection (SR), and multiple reflection (SM), i.e.,

1  n 
4n

2

,

where n is the index of refraction of the
shielding material.
According to definition of shielding effectiveness, it is possible to express the shielding
effectiveness SE for electric field and the
shielding effectiveness SH for magnetic field
by relations

E 
H 
SE  20 log  2  , SH  20 log  2  ,
 H1 
 E1 
where E1 [V m-1] (or magnetic H1 [A m-1]) is
the electric field strength outside of shielding
layer and E2 (or H2) is the resulted electric field
strength after passing through shielding layer.

(1)

where log(x) id decadic logarithm.
For electromagnetic shielding applications, typically a SE of at least 20 dB (indicates that 99% of the electromagnetic (EM)
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Picture 2. Dependence of electric and magnetic
shielding effectiveness on frequency [10]
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Typical behaviors of SE and SH vs. the
frequency are given in Picture 2 [10].
It is clear that below a certain frequency ft
electric and magnetic field behave in opposite
sense. Above ft, shielding effectiveness for
electric field increases to join the shielding
effectiveness for magnetic field at higher frequencies. This characteristic frequency ft corresponds to the condition where the skin
depth δ becomes smaller than shield thickness
t i.e.
1
,
ft 
  K t2
where  is the magnetic permeability of the
medium.
Shielding effectiveness ST of the conductive materials can be expected by the following expression [8], [9]:
f 
ST  50  10 log    1.7 t
K

f K,

where K [S cm-1] is the volume conductivity
of the conductive material and f [MHz] is the
frequency.
The usefulness of this model can be ascertained by comparison with the model of
White [7], which is usually used to predict the
shielding effectiveness of a sample of thickness t [cm] to an electromagnetic wave of frequency (Hz), given as

K f 
ST  168  10 log  c   1.315 t
 K 

K
f ,
Kc

where K [S cm-1] is the volume conductivity
and Kc is copper conductivity (5.82 105 S cm-1).
The analysis of leakage through openings
in conductive yarn fabric shields is based on
transmission line theory [1]. The shielding
effectiveness is given by the equation
ST  Aa  R a  Ba  K1  K 2  K3 ,

where Aa [dB] is attenuation introduced by a
particular discontinuity, Ra [dB] is a fabric
aperture with single reflection loss, Ba [dB] is
a multiple reflection correction term, K1 [dB]
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is a correction term to account for the number
of like discontinuities, K2 [dB] is a lowfrequency correction term to account for skin
depth and K3 [dB] is a correction term to account for a coupling between adjacent holes.
The empiric relations for these attenuation are
published e.g. in the work of Perumalraja [1].
Only in the evaluation of term K2 is an implicit
knowledge of the electrical characteristics
(conductivity and permeability) of the fabric
required. Since this term is valid only for low
frequencies [11] it has been omitted from the
calculation at microwave frequencies.
In order to approximate the mesh nature of
the fabrics the following assumptions are
used:
1) The conductive fibers are wound together in a bundle in the center of the bundle
of nonmetallic fibers. These two bundles together form the fabric strands.
2) The only influence of the nonmetallic
fibers is to space the bundles of metallic fibers apart.
3) The pores in the fabric are square.
For effective shielding the fabric it should
contain as few portions of pores as possible.
The shield effectiveness ST of materials
with (carbon) filler depends on the volume
percent of the filler material V [%] [12]:

ST  2.46 V .
For a single layer, the theoretical value ST
can be written as
 K t Zo
ST  20 log 1 
2



,


where K is conductivity; t, the thickness of
the sample; and Z0, the free-space wave impedance, 377. [6]
4. EXPERIMENTAL PART
The six fabrics with the same structure
(weft and warp fineness 51 tex, warp sett 20
1/cm, weft sett 19 1/cm and twill weave) were
used. First three fabrics are made from hybrid
yarns containing metal fibers and second
three fabrics are cotton twill with mesh composed from hybrid yarns containing PES and
metal fiber. Details about fabrics are given in
the table 1.
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Table 1

Surface and volume resistivity were
measured according to the standard ČSN 34
1382, at temperature T = 24,8 °C, and relative
humidity RH = 41 %. Surface resistivity was
measured by applying a voltage potential
across the surface of the sample and measuring the resultant current. Surface resistivity ρS
[Ω/square] was calculated from relation
S  R S

o

,

where RS is resistance [Ω], o [m] is the middle perimeter (width of electrodes) and l [m]
is the distance between electrodes. Volume
resistivity is tested in a similar fashion to surface resistivity; however, electrodes are
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placed on opposite faces of a test sample.
Volume resistivity is measured by applying a
voltage potential across opposite sides of the
sample and measuring the resultant current
through the sample. Volume resistivity ρV [Ω
cm] was calculated from relation
V  R V

S
,
h

where RV [Ω] is volume resistance reading, h
is thickness of fabric [cm], S is surface area of
electrodes [cm2]. All measurements were repeated 10 times and for calculation the arithmetic mean was used. These values are given
in the tab. 2.
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Sample
1
2
3
4
5
6

ρS [kΩ]
56,23
26,33
18,04
187,12
124,16
46,79

ρV [kΩ cm]
56,92
33,20
22,24
155,99
110,75
82,77

Table 2
ST [dB]
19,69
22,56
23,06
16,86
19,09
20,36

the Pictyre 4 and the dependence of total
shielding effectiveness ST on volume resistivity ρV is shown in Picture 5.

Electromagnetic shielding was characterized by the attenuation of electromagnetic
field power density by using of simple device
(see Picture 3).

Picture 4. The dependence between total shielding effectiveness ST and surface resistivity ρS

Picture 3. Apparatus for measurement
of power density attenuation

Basic parts of device are two waveguides.
One waveguide is connected with receiving
wire (antenna) skládá ze dvou vlnovodů. Textile sample is placed on the entrance of second waveguide. The end of this waveguide is
filled by foam saturated by carbon absorbing
the electromagnetic field passed through sample. Sample is oriented perpendicularly the
electromagnetic waves. Transmitting antenna
is placed in front of first waveguide input. As
source of electromagnetic field the ZigBee
module working at frequency 2.4 GHz is
used. The total shielding effectiveness ST
[dB], is calculated from eqn. (1) where P1 [W
m-2] is input power density and power P2 is
power density after passing through sample.
The mean values of ST are given in the last
column of table 2. It was found that the ST in
the direction of weft and warp were the same.
4. RESULTS AND DISCUSSION
The dependence of total shielding effectiveness ST on surface resistivity ρS is given in
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Picture 5. The dependence between total shielding
effectiveness ST and volume resistivity ρV

In both cases the approximate linearity is
visible. The solid lines in these graphs correspond to the linear model with parameters obtained by the minimizing sum of squared differences. Corresponding correlation coefficients indicate the good quality of fit. The
limit for good shielding effectiveness is about
20dB. By using of these relations it is possible to estimate corresponding resistances or
selects the portion of conductive component
of suitable mesh size. It is visible that the
lowest mesh size (3x3 mm) or lowest portion
of metallic fibers (1% steel) in hybrid yarns is
satisfying to the requirement of limit for good
shielding effectiveness.
CONCLUSION
It was shown that dependence of total
shielding effectiveness ST on surface or volume resistivity is nearly linear for the frequency of 2.4 GHz. It was found that for good
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shielding effectiveness the lowest mesh size
(3x3 mm)or lowest portion of metallic fibers
(1% steel) in hybrid yarns should be used.
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PROBLEM OF INCREASING THE EFFICIENCY
OF TECHNOLOGICAL PROCESSES
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E-mail: office@msta.ac.ru

Modernization of industry based on innovation and investment is closely related to
improving the efficiency of technological
processes.
The effectiveness of any manufacturing
process includes four main components: intensity of the process determining the performance of relevant apparatus, product quality,
efficiency and safety of the technological process. For many years, researchers have concentrated their main attention on the intensity
of processes (including hydrodynamic and
heat and mass transfer processes). Much research on this issue was conducted by researchers of the scientific school of the Department for processes, apparatuses of chemical technology and safety of vital activity of
MSTU named after A.N. Kosygin [1–4].
A new theory of mass transfer on the basis
of generalized equation of Sazhin-Reutsky
mass transfer [1...3], theory of active hydrodynamic regimes (AHR), on the basis of
which intensive processes and devices for
chemical, textile and related industries have
been developed [3, 5, 9, 24...26, 28]; a theory
of fluidized bed has been developed, new hydrodynamic regimes of fluidized bed have
been discovered and patented (free-flowing,
passing fluidized bed, etc.) [4, 12...15]. New
devices, realizing in an optimum range of
their work of AHR have been developed, protected by authors's certificates and patents
(vortex disc, with counter-swirl flow, etc.) [3,
15, 28]. Especially large complex of work has
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been carried out on apparatuses with colliding
vortex flow (CVF) as a result of which optimum design and methods for calculating of a
number of technological processes have been
developed: dust cleaning, drying, etc. [3, 6, 9,
13]. Multi-functional devices and combined
apparatuses with AHR for the systems of gassolid phase, gas-liquid phase, etc. have been
developed. [9, 17, 24, 29].
Large volume of fundamental and applied
research has been carried out by the scientific
school of the Department for processes, apparatuses of chemical technology and safety of
vital activity of A.N. Kosygin in the sphere of
creating cost-effective processes. A strategy
for selecting and optimizing the most energyintensive process of drying and cleaning, including textile materials, as well as appropriate designs and methods of their calculation
has been developed [2...5, 10, 12...15, 25, 26].
Energy-saving technologies for chemical and
textile industries have been developed, and a
new method of exergic analysis and optimization of power-consuming industrial plants has
been developed [7...9] allowing to select objectively the most appropriate technical solution, from the economic point of view, among
a number of competing proposals on increasing efficiency of technological processes (criterion is the maximum value of exergic coefficient of efficiency) .
Research and applied development research of the scientific school of the department for processes, apparatuses of chemical

№ 7 (336) TEXTILE INDUSTRY TECHNOLOGY 2011

technology and safety of vital activity enabled
to achieve (especially in recent years) considerable success in enhancing environmental
safety of technological processes [3, 6, 11, 16,
18...20, 24...26]. For the first time in conjunction with the efficiency, research has been
conducted on providing safety of technological processes and industries with the development of technical solutions and designs of
equipment, including for dust and gas treatment, reducing the harmful effects of noise
and vibration in the production environment,
etc. (theory, methods of calculation) [6,
18...20]. Work on multifunctional vortex devices allowed to equip many production facilities of a number of industries with the highly
efficient equipment (more than ten thousand
pieces of equipment have been introduced) [3,
6, 9, 11, 13, 15, 17, 24...26, 28, 29]. It should
be noted that Russian made dustcatching apparatus with counter swirling flow surpass
significantly the basic indices of foreign developments, including the vortex dust collectors
(VDC). Unlike VDC devices, in which compressor and two fans of high pressure are installed as a means of blowing, the domestic
DCAwCSF devices have only one fan with average pressure installed at the "tail" of installation. In addition, in VDC devices through the
upper channel clean ballast gas (65% of total
consumption) is supplied in order to avoid
"overshoot" of dust, and in the DCAwCSF apparatus both channels operate with a working
dusty gas since domestic developments eliminate the "overshoot" of dust; this was proved
with the theoretical and experimental research
and was fully confirmed in the course of introduction of DCAwCSF apparatus in production.
DCAwCSF apparatus have a great prospect of
application in various industries, including textile and chemical ones.
Today, long-term development issues are
being associated with nanotechnology and
mesatehnology [30, 31]. It is important to develop scientific strategies for selection of optimal solutions, to implement the principle of
unity of theory and practice, to construct new
plants, to interact with government and business, to rise labor productivity, which is directly dependent on the efficiency of technological processes; as well as influx of young
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professionals in science. Investments in science and education should grow much faster
than investment in industry; strategy of "pursuing", "overtaking" is unacceptable.
When solving the problem with efficiency,
it is quite important to proceed in studies on the
base of the nonlinearity of technological processes [21...33]. Nonlinearity in the mathematical sense means a certain kind of mathematical
equations that contain the desired quantities in
the powers, other than units or factors, which
depend on the properties of the reactive medium. The physical meaning of the nonlinearity a violation of the principle of superposition and
availability of many paths of evolution in accordance with the solution set of nonlinear
equations, as well as the possibility of an abrupt
change in technological regimes.
Innovative approaches to the theory and
calculation processes, including mass transfer
processes, as experience shows, can give very
significant results in the implementation of
standard technological processes. Generalized
equation of mass transfer can provide an example [3, 15, 32, etc.]. Description of the kinetics of processes using the equations of
generalized mass transfer proceeds from the
fact that in general case the curves of the kinetics of heat and mass transfer processes are
of S - shape, having two asymptotes [1...3,
32]. Therefore, the generalized equation of
mass transfer reflecting the S-shaped character of kinetic curves (in contrast to the traditional equations of mass transfer) enables to
describe the process in general, not just its
individual periods (as it is done, for example,
during the drying process) and does not require the determination of critical points (butt
concentrations between the periods):
dC / d  K(A  C)(C  B) ,

(1)

where, C – concentration of the distributed
component; К – constant of process speed; А,
В – asymptotic concentrations of the distributed component.
Value of concentration at the inflection
point
CПГ  (A  B)/2 .
(2)
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If the mass transfer process involves two
periods which considerably differ in length of
time, the generalized equation can be simplified: instead of A concentration, the initial
concentration is to be used C0



(dC / d)  K(C0  C)(C  B) ,

where C0 – initial concentration of distributed
component.
When integrating, we get

(A  C)(C0  B)
1
1
ln

Z,
K(A  B) (A  C0 )(C  B) K(A  B)

where Z – non-dimensional concentration
number (complex).
The most common problems in industrial
processes are problems of mass transfer and
the motion for two-phase disperse systems.

(4)

Material balance of components (mass
concentration in the dispersed and continuous
phases) in the macroscopic description of
mass transfer can be written in the form of
equations (5)...(7):





  C2 j )  Q1j ,
(C1j )  (WC1j )  (D1 )(C1j )  K j (jC1jS
t
r
r
r




  C2 j )  Q 2 j ,
(C2 j )  (C2 j )  (D 2 j )(C2 j )  K j (jC1jS
t
r
r
r
4
  1  , K j  nK 0 j , n   /   a 3 ,
3

where , , W,  – bulk concentrations and
the rate of the continuous and disperse phases;
n, , a – number concentration, volume and
radius of the dispersed particles; C1 jS – con-

(3)

(5)
(6)
(7)

Let us supplement the system of equations
(5)...(7) with equations of fluid mechanics of
two-phase system. The equations of mass
conservation phase (8, 9):

centration on the particle surface; K 0f –
mass-transfer coefficient of j-th substance in a



  C2j ) , (8)
(d1)  (Wd1)   K j (jC1jS
t
r

2
continuous medium per particle;  j – equi-



librium distribution coefficient of substance
between the phases; C1j ,C2j ( j  1...J) - mass
concentration in the dispersed and continuous
phases. Values Q1j and Q2j - describe the
occurrence of the j-th substance as a result of
chemical reactions (they are assigned to a unit
volume of the corresponding phase). The tensor D1 characterizes the chaotic mixing of
particles, the tensor D2j – chaotic mixing and
molecular diffusion of the j-th substance in
the solid phase.
It is relevant to take for engineering calcu  C1j;  j , K 0 j, Q1j, Q2 j, D1,
lations C1jS

D2j as some known functions of all concentrations, ρ and other parameters.
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j



  C2j ), (9)
(d 2)  (d 2)   (jC1jS
t
r
j

where d1 and d2 – the density of materials of
dispersed and continuous phases, depending
on their composition.
The equations of conservation of momentum phase can be written (excluding the viscous stress) as (10) and (11):
 
P

  W  (d1W)    d1g  F , (10)
r 
r
 t
 
P

    (d 2 )    d 2g  F , (11)
r 
r
 t

where F – interaction force between phases.
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To close the system of equations (5)...(11)
the equations of state are to be used (12):

 );d2  d2 (,C2j ) . (12)
d1  d1(,C1j
Solution of the full system of equations
(5)...(12) presents considerable difficulties;
however, in most specific cases, this system
can be greatly simplified.
Considering the prospects of scientific research to improve the efficiency of technological processes it is expedient to strengthen the
work in the field of nano-and mezotehnology
[30], [31], macrokinetics in conjunction with
research on microkinetics (taking into account
the effects of Marangoni, Rayleigh and others) [30], as well as work for the imposition of
energy fields (high-frequency current, ultrasonic, etc.).
CONCLUSIONS
1. It has been demonstrated that the problem of increasing the efficiency of technological processes has four main components: intensity, quality of products, efficiency, environmental and industrial safety. The results of
fundamental and applied research of the scientific school of the Department for processes, apparatuses of chemical technology and
safety of vital activity of MSTU named after
A.N. Kosygin in the improvement of efficiency of technological processes have been presented.
2. Examples of the mathematical description of (generalized equation of mass transfer
and two-phase process with the presence of
the dispersed and continuous phases) have
been given.
3. The ways of further research to improve
the efficiency of technological processes
(nano-and mezotehnology, a combination of
macro-and microkinetics, consideration for
nonlinearity of technological processes, imposition of energy fields) .
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SPECIFIC OF LAYERED ARCHITECTURE IMPLEMENTATION
FOR INFORMATION SYSTEMS AND ITS USE
IN TEXTILE INDUSTRY ENTERPRISES
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( Moscow State Textile University "A.N. Kosygin")
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Multi-layer client-server architectures are the most common in the development
of automated information systems. The article concentrates on the distinctive features of construction of such systems, their advantages, disadvantages and possibilities for usage at the enterprises of textile industry. The approaches to implementing such systems are considered. To design an interface of client tier, it is
suggested to use Java language, Application Server - Apache Tomcat Servlet container, a database server - Oracle Database.
Keywords: client-server, business logic, client, application server, servlet,
http, ssl, database, DBMS, caching, navigation tree.
Modern information systems are based on
layered architectures, providing an efficient
and reliable processing of company's information. Most common among the multi-layer
architectures are the two-tier [2], [3] and
three-tier architecture client / server (three-tier
architecture) [1], [4]. The three-tier applications assume the availability of the following
components: client, application server, database server. The article concentrates on the
construction of such systems, and possibilities
for their usage at the enterprises of textile industry.
The three-tier architecture for the management tasks to sell finished products can be
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schematically presented in such a way, like it
is shown in Picture 1. The client in such architecture – this is an interface application
component which represents the first layer,
application of end user. The first level has no
direct connection to the database in compliance with the requirements of security, scalability and reliability. Usually, simple business
application logic is placed at the first level:
authorization interface, information input and
output functions, check of input values for
validity and compliance with the format, simple operations with the data already loaded
into memory of a client computer (sorting and
grouping of data, calculation of values).
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Picture 1. Multi-tier sales management application

Application Server is located at the second
tier. Major part of business logic of application is concentrated at this tier. Outside of this
server remain the rules that have been delegated to clients (simple logical checks) as
well as to the database server (in the form of
stored procedures and triggers). All commands to work with data coming from the
keyboard of client station, the received commands are compiled and transmitted to the
database server, and information received
from the database is returned to be displayed
on the client screen, are transmitted to the
server applications via TCP / IP protocol. For
each user a separate module unit is used. Several modules, each of which is arranged as a
separate service that provides some services
to all types of client programs (such as sales
management functions, can be implemented
as part of the application server: transfer of
goods from production to storage, shipment
of products to buyers, settlements with buyers
in the accounting, etc.) . Start of modules and
their communication with customers are implemented through the program, the Server
Manager.
Database server provides data storage and
is placed to the third tier. Usually, this is a
standard relational DBMS. The third level
represents the database as a schema describing an application in terms of the relational
model, while the second level is constructed
as a software interface that connects the client
components to the application logic of database. The database server must meet certain
requirements for functionality and for him
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there must be JDBC driver (Java Database
Connectivity) needed to work with application data. The most popular products, such as
Oracle, Microsoft SQL, and open source
PostgreSQL can be used as DBMS. High requirements to performance of database server
are imposed, when working with large volumes of data, in view of a large diversity of
the range of products manufactured at a textile plant and fine detailing of a consignment
(piece-by-piece records). Oracle database
version 10.11 meets these requirements more
complete.
The advantages of three-tier architecture
are [3], [4]: no problems in the deployment
and customer service, scalability and highly
configurable application, high safety and reliability of data storage, low requirements for
the client hardware specifications and speed
of communication channels between client
and server applications. Among the disadvantages are: complexity of implementing and
administering of the server, a more complex
design of applications, high requirements for
hardware server specifications.
We shall note some features of the proposed implementation of multi-tiered application. Client interfaces and server applications
modules are written in Java, which provides a
cross-platform bias for applications to be developed (i.e. they can be operated on any
hardware platforms, Intel, AMD, Sun and operating systems, Microsoft Windows, Linux,
FreeBSD). To be able to work, clients must
install the freely available library of Sun JRE.
Modules on the application server are de-
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signed in the form of servlets. A servlet is a
Java-program that runs on the server side and
extends the functionality of the server. The
servlet communicates with clients using the
principle of a request-response over HTTP.
To run the servlet, application server must be
used that can serve as a servlet container. The
most common today is Apache Tomcat freeware version 6 [5]. Built on J2EE technology
the product is a cross-platform application
server. Of the application software on the
server, you must install libraries Sun JDK,
which are also freely available.
To maintain confidentiality in sharing information with the client over HTTP on the
server, a secure connection, utilizing the application server encrypted communication
protocol SSL / TLS (Security Socket Layer /
Transport Layer Security) must be used. In
order to enable Tomcat to handle requests for
SSL / TLS-connections, configuration settings are to be carried out (adjust the file
"web.xml", describing the configuration of
application server) and the keys are to be generated that will be used for encryption. Using
the application with the ability to access data
from the Internet is allowed only when configuring a secure connection using SSL and
restrictions, provided wit the aid of a network
filter, deployed on the border of the local and
open network.
To increase productivity both of application server and client sites, data caching (received from the database server) is carried
out, on the application server, as well as on
client computers. Caching options are set in
the configuration files of the application server. To provide flexibility of client-side, business logic of processes for data input according to standard procedures (acceptance of
products, preparation of a batch of products
for shipment) is stored in a database as a transition tree. Chains of tree form the business
logic of a defined process, such as forming an
order for shipment, control of debt from the
buyer, selection of products and the formation
of a consignment consisting of fabric pieces,
control of availability of products in stock,
etc. Process chains for a particular operation
control the sequence of changing data entry
forms dicplayed on the customer's screen.
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Each tree node contains information about the
called entry form and options for extension,
depending on the result of the end of the previous step. Since the business logic of the
navigation tree is stored in the database, it can
be freely readjusted and configured without
changing the client programs.
CONCLUSIONS
1. The best option for constructing information systems for the textile industry is the
use of multi-tier client-server architecture.
This option provides application scalability,
security and reliability of data storage, low
requirements for technical specifications of
the client sites and the speed of communication channels.
2. The principles of constructing a layered
architecture have been considered by an example of a textile company.
3. Techniques for implementing the elements of multi-tiered application have been
proposed.
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THEORY AND CURVE
PLOTTING OF BIAXIAL STRETCHING OF FABRIC
V.P. SCHERBAKOV
(Moscow State Textile University "A.N. Kosygin")
E-mail: office@msta.ac.ru

Theory of biaxial stretching of fabric with consideration for extensibility of
warp and weft threads, as well as change of fabric structure in deformation has
been presented. Problem of deformation analysis and loads appearing with extension of fabric with a pre-determined fabric structure, set of warp and weft, linear
density of threads, their deformation characteristic has been set out and solved.
The fabric biaxial stretching theory in a view of basis and duck strings extensibility and fabric deformation structure changes is represented. The problem of calculation of deformations and stretching fabric loadings is put and solved at the
given fabric structure, density on a basis and a duck, linear density of strings and
their deformation characteristics.
Keywords: thread, fabric, warp, weft, extension, tension, nonlinear mechanics, rigidity.
Theory of biaxial stretching of fabric with
consideration for extensibility of warp and
weft threads is presented in this paper. Problem of deformation analysis and loads appearing with extension of fabric with a predetermined fabric structure, set of warp and
weft, linear density of threads, their deformation characteristic has been set out and
solved. Thus, it is assumed that lateral dimensions do not change with deformation of fabric. Of course, cross-section of thread even in
the unloaded fabric is not round in the interaction zone of beam and filling thread that can
be easily seen on the transverse section of
fabric. Change of diameter of threads occurs
due to tension of threads and compressive
forces in the crossing zone of warp and weft
threads. Threads are subjected to significant
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loads during formation of fabric on the weaving loom, especially in the course of battening, when the reed presses into the weft between the strong tensioned threads of warp.
Formation of fabric is designed in such a way,
so that the produced structure should remain
even after removal of fabric from the machine. That's why the term 'strained section of
threads' is accepted in calculations, dimensions of which are determined from cuts of
fabric under investigation. There is intention
to elaborate in future the discussed herein
theory further, with consideration for compressibility of threads.
Fabric will be considered in two conditions.
1) When fabric is in free conditions, i.e
there is no external load. In this case, one
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should bear in mind that a real fabric exists as
a single-piece physical flat object (body) due
to interaction of warp and weft threads. Attempt of an elastic thread, curved during
weaving, to restore its natural straight form
results in occurrence of forces acting in the
zone of crossing threads. Resultant force of
the distributed here ones - is a force that is a
result of interaction of two threads coming in
touch one with another. Parameters, which
determine the stress-strain state of an unloaded fabric, depend significantly from the rigidity of warp and weft threads. Methods of
strength of materials are not applicable due to
big curvature of both thread systems; therefore description of thread's condition will be
made with the aid of methods of the geometrically nonlinear theory of elastic thread,
where axial line of thread is taken as inextensible.
2) The fabric under the tensile loads directed along the warp and weft threads. Tension of thread occurring with deformation of
thread straightens the curved thread. Real
structure is replaced with a model in which
axes of warp and weft – straight lines with the
bending point in the center of overlapping of
threads. Strain in the thread f caused by its
stretching is related to deformation εf by exponential law

f  Ef .
m

(1)

Considering strain as an internal force,
imposed on fiber and not on threads with free
space between fibers, we should notice that it
is incorrect to determine the strain in the
thread and yarn as relation of force to the sectional area of yarn (thread) d 2 / 4 since this
load is absorbed not only by fibers but also by
air pockets in the yarn; they are embraced in
this formula too. Only area of fibers is to be
considered which fall within the cross-section
of the yarn taking into account both location

of fibers at an angle with yarn axis, and different fiber orientation in radial direction. It is
preferable to use specific stress as a force related to the mass of unit length. Specific
stress unit is 1 N/tex. Relation between the
normal stress and the  specific one s, density of yarn  is expressed by the formula  =
=s. Taking as a density unit  g/sm3, we get
stress unit which equals to 1 GPa: stress,
1 GPa = specific stress, 1 N/Tex  yarn density, g/sm3.
Let us consider the first state of yarn,
when there is no load. Design diagram is given in Picture 1.

Picture 1

The length of elastic curve is unknown,
but the distance between the support is defined. Rigidity of yarn is defined by the
methods [1]. The distributed load acting on
the length ℓ and which represents a weight of
yarns bended under the applied force at the
free end of console P1, substitute of resultant
force P2. With measured length, experimentally defined weight of yarn combined with concentrated weight of a plate and measured coordinate of plate's center of gravity from the
system given below, rigidity of all bended
threads H  , modules of elliptical integrals k1,
k2 and their amplitude are computed α01, α11,
α02:

12  90 , k1 sin 01  0,707 ,

F  α11  -F  α 01  =ω1 , F  k 2  -F  α 02  =ω2 ,

(2)

k 2 cosα 02 =k1cosα11 , k 2sinα 02 =k1sinα11 .
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In this case, tracing of extension curve is
carried out on the example of a technical fabric, article 86494-05, produced out of highmodulus yarn "Rusar" with linear density 29
tex. Bending rigidity of yarn equals to H =
2
=9,82сN·mm . Our task is focused on considering bending of console elastic yarn at the
zone 01 (Picture 1) [1], [2]. With yarn density
on set of warp Po = 260 yarn/dm and the same
set of weft coordinates x1 = 0,192 mm and

y1 = 0,08 mm. The second coordinate is defined by sections of fabric and in size differs
significantly from diameter of initial yarn,
that was mentioned in the first paragraph. The
length of axial line of yarn ℓ is unknown and
is to be defined, as well as angle φ between
the axle of yarn and the neutral line of structure in point 1. Equations for calculation in
four unknown ℓ, P, k, α0 are given in [1], [2]:
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2
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2

H
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=

0

2
P

2

kcosα 0 .

0

H
The length of axial line of zone 01 equals
to 0.211 mm. In this case we can compute the
run-in of beam thread
ao =

0

-x 1

×100=

0,211-0,192

0

×100=9,0 %. (4)

0,211

The inclination φ angle of tangential at the
end point 1
φ=2arcsink-

π

=0,585 rad=33,5 .
o

3

y1L =

Px1

3H

=

29,468×0,192

Special attention is to be paid to force value of interaction of threads at the contact
zone: 2P=2∙294,68 mN=2∙29,468 sN≈58,9 gs.
Such significant pressing force of threads on
each other, which is equal to 58,9 cN, form a
stabile structure of fabric, its ability to withstand external impacts. It is determined first
of all by significant yarn's bending rigidity H
2
= 9,82 сN·mm . For comparison we will
state the value N of cotton yarn of the same
2
linear density – 0.23 сN·mm [3] (43 times

3
-3

=7,08×10 . (6)

3×9,82

(5)

2
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less). Besides, for movement of a free yarn end
to the point with the coordinate y1=0,08 mm
with high degree of rigidity a significant force is
needed. Let us calculate, what error we commit,
when we accept geometrically linear bending
theory with the same yarn characteristic. In this
case, the value

Relative error δ=

0,08-0,00708

×100=91,2 %.
0,08
The figgure comments itself.
Let us look now at biaxial extension of
fabric. Theory of elastic threads is not applicable to this problem since inextensibility of
yarn's axle is supposed to be one of main hypotheses of this theory. As mentioned above,
thread tension, occurring with yarn stress,
straightens the bended thread; then warp and
weft threads represent straight lines with the
bending point at the center of overlap of
threads. Full image about thread properties
with uniaxial tension gives us the tension dia-
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gram ≈ε (the term "diagram" is accepted
widely in the whole technical literature). Tests
of "Rusar" thread have been carried out on the
machine FP-100/1. Test data of stress , GPa
and deformation ε are presented in a vector
form:
 = [0,726 1,403 1,964]T,
 = [0,01 0,02 0,029]T.
This record is accepted for approximation
of elongation curve by power function =Eεm,
by methods of numerical optimization. The
generally accepted method in solving problems or smoothing method is the following

  σ -Eε  ®min.

The outlined below biaxial fabric's extension theory is based on the paper of Kawabata, Niwa, Kawai [4];of course, it will not
give a complete review of thereof. When prof.
Kawabata only describes the mechanics of
plain weave fabric, setting warp and weft values, we have calculated it with the aid of theory of real elastic thread (formula (4)) by determining the length of the axial line of a section (zone) 01. Later we will also outline
other specific of our theory.

n

one:

m

iэ

i

2

Solution could be

i=1

E = 52,756 GPa and m=0,929.
If we approximate experimental data with
the aid of linearization method, as it is usually
done, when nonlinear function is linearized,
and then selection of parameters of linear
function is carried out, then the difference of
values of power function parameters which
are calculated by two methods, is significant.
The values obtained by optimization method
are more trustworthy since in the case of linearization the selected estimation does not
meet requirements of efficiency.

Picture 2

Let us consider biaxial thread extension
along the axes x1 and x2 (Picture 2). Let us
denote the length (step) of structural element
along x1 through t01, along x2 – through t02
(Picture 3-a).

a)

b)
Picture 3
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Later, index 0 will correspond to the undeformed state, index 1 – to the value related to
wart threads, index 2 – to weft threads. The
step is related to thread density P (number of
threads per 10 decimeter) with ratio

t 0i =

100

tension we suppose that the distance between
warp thread and weft thread at their contact
line remain constant on the assumption when
transverse size of threads remains
unchanged:
h 1 +h 2 =h 01 +h 02 .

(7)

(i=1,2).

Pi

At thread boundaries extensile force operates fi. If for the fabric length that much ni
threads are accounted for, then at the end of
one thread along the axis xi the force Fi = fi/ni
is involved (Picture 3-b). Under tension of
fabric, along the both axes occurs tension Tfi
related to the force exerted on fabric by relation

Let us be reminiscent of the fact that in the
paper problem of calculation of deformations
and forces appearing with a pre-determined
fabric structure, set of warp and weft Pi, linear
density of threads Ti, their deformation characteristic has been set out and solved. Thread
tension is determined by its deformation according to expression  = Eεm

Tfi =E i ε fi

m

Fi =Tfi cosφ i ,

(8)

where φi – angle between the axis of thread
and neutral line of structure in the deformed
state (Picture 3-b). In the simulating of fabric

(9)

Ti
ρi

.

(10)

Fabric deformation εi is related to thread
deformation εfi by dependence

2

fi 

i

1 

2
t 0i  2h i 

  1  i 
2  t 0i 

0i

It was noted above that real structure is
replaced with a model in which axes of warp
and weft – straight lines with the bending
point in the center of overlapping of threads.
Form and length of thread in the structural
element are already determined in the first
part of paper where free state of fabric was
considered. This thread length ℓ0i = 0,211 mm
is tensioned under loading of fabric. Bended
thread is straightened. With initial thread
length ℓ0i and the step of structural element
t0i, distance between the neutral line of structure and the thread axis along the axis x3 at
the bending point is calculated:

t 
-   =0,085 mm.
2
2

h 0i =

140

2
0i

 1.

(11)

0i

Weft thread is in equilibrium under action of tensile forces Tf2 and reaction N of
back warp thread directed along the axis x3
at the contact point of warp and weft
threads. On back warp thread reaction of N'
weft thread is exerted which is equal on
module and is oriented N in the opposite
direction of force. Both reactions are balanced by press force of threads on each
other which press threads and cause displacement of both threads systems along
the axis x 3 (Picture 3-b). In deformed
state h 2 =h 01 +h 02 -h 1 . Pressing force is related
to thread tensioning by relationship
Fсi =2Tfi sinφ i . Here

0i
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By the formula (10) we calculate tension
of warp and weft thread. With consideration
for
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force stretching the fabric Fi:
Fi =Tf i cosφ i .

(14)
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From equality Fс1 =Fс2 and relations (11) we

1

.

2

-h 1  /t 02


 + 1+ε 


.

(13)

2

1

2

1

Let us, as an example, consider tension of
thread in direction of warp with fixed deformation in direction of weft. In this case ε2 remains equal zero under tension of fabric.
Below, computed values F1 of the force
stretching the fabric are given, related to one
back warp thread as well as to deformation of
fabric in direction of warp ε1:

ε1 = [0 0,01 0,02 0,025 0,03 0,04 0,05 0,055]T,
F1 = [0 10,05 19,94 25,01 30,19 40,85 51,93 57,61]T.
Fabric deformation value ε1 = 0,05 corresponds to deformation of warp thread
εf1=0,025 which is located close to finite
strain 0.029. Fabric extension diagram F1 :ε 1
in direction of warp with ε2 = 0 is illustrated
in Picture 4.

Picture 4

Thus, description of tension of plain fabric
has been received. The theory outlined herein
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could be used in the theory of other structures,
such as serge, sateen, etc. Experimental tests
is expected to be carried out on a device
which is being developed at the Kostroma
university of technology; as authors of this
paper assert, any fabric loading law can be
simulated on this device, including the load
which simulates formation of fabric on a
loom. Finally, another remark. Of course, it is
easier from technical point of view to obtain
fabric tension diagram on a finished sample.
But if we turn to structural mechanics, as it
was done herein, we can find relations which
comprise main characteristic of thread and
parameters determining the structure of cloth.
Therefore, the suggested theory enables to
explain the mechanism of phenomenon under
deformation and loading of cloth, as well as to
control the weaving process with tailor-made
properties.
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HISTORICAL AND CULTURAL ADVANTAGES OF THE LIBEREC REGION
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OF THE CZECH REPUBLIC
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(Department of Business Economics, Faculty of Economics,
Technical University of Liberec, Czech Republic)
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The paper deals with the potential solutions for the elimination of disparities in
the Liberec region, as a result of the decline of the traditional textile industry. One
of the options could be more extensive involvement of tourist travel as it brings rather high added value. Tourism has a strong tradition in the region of Liberec and
in the long term, it belongs to a line of business with strong economic contributions. Some localities of the region are overcrowded during either the summer or
winter season, but unutilized out of season. Other destinations are not visited by
tourists even during the main season. This article focuses on possibilities that
would lead tourists into those particular destinations, no matter what the time of
the year.
Keywords: tourism, locality, textile industry, market segments.
1. Introduction
Currently the Liberec region is still considered as a rather industrial area. It offers a
developed glass-making and jewelry industry,
production and processing of plastic materials, machinery and manufacturing industry
closely connected to its car-making industry.
A Few years ago the textile industry was considered as one of the traditional industrial
branches there. In 2000 this industrial branch
employed more than 5 thousand people, with
annual sales amounting to CZK 4 billion, although recently the textile industry lost its
dominant position. This caused a higher unemployment rate with less jobs available in
the region. Such a considerable decline of the
textile and recently also glass-making industries is hardly redeemable. One of the potential solutions could be focusing on such
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branches of national economy that are capable
of high added value, such as the tourist industry and services. The Liberec region definitely
has a good enough history to make this work.
The area of the Liberec region is very attractive, both for its natural and culturehistorical values. The main indicator that
evaluates the level of tourism in a given locality, is primarily, the number and quality of
local mass accommodation possibilities. Due
to the decreasing number of both Czech and
foreign visitors to the Liberec region, the
number of accommodation capabilities is sufficient.
2. Tourism as a strategic area of Liberec
region development
The area has attractive potential for tourists and visitors. Tourism includes activities
of a natural character, such as trekking, recre-
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ation, or seeing nature at first hand and the
cultural character of the area, including sightseeing and visiting concerts or exhibitions.
The Potential of wildlife tourism in the Liberec region is generally at a high or very high
level, which is the result of a very diversified
recreational territory in the Liberec region.
The attractiveness of the region is completed
by its good location neighbouring Germany
and Poland and the possibility of sport complexes for both summer and winter activities.
The land of the region is distinguished by
a variety of landscape types beginning with
hills, over highlands to high mountains such
as Krkonoše, the Jizera Mountains, Ještěd
Spine or Lusatian Mountains. The most famous touristic attractions are for example
Trosky, Vyskeř, Kozákov, Ralsko, Bezděz,
Luž, Hvod, to name just few. The Rocky cities of Hruba skalska or Kokořínsko and caves
like the Bozkovic Caves were eroded by water. For successful development of tourism,
the concentration of cultural objects is a very
significant factor. The Potential of the cultural
subsystem of tourism in the region of Liberec
shows lower quality. Almost half of the villages of the Liberec region, that is 49,3%
does not offer any attractive cultural subsystem and another 25,1% showed in 2008 only
a basic potential. Within the Liberec region,
there is no culture-historical monument that
would be named on the world heritage list of
UNESCO. That does not mean though, that
there are no monuments at all. 8 national culture-historical monuments, namely Bezděz,
Frýdlant, Lemberk, Sychrov, Zákupy, Hrubý
Rohozec, Trosky, the hotel and broadcast
tower of Ještěd belong among very often visited cultural attractions in the region. Other
favourite locations are also 15 city conservation areas, 8 village conservation reservations
and 10 village conservation areas. In the region, there is also a huge number of other
monuments, like castles, chateaux and their
ruins. There are also a number of museums,
galleries, some theatres, botanical and zoological gardens. Other interesting places are a
number of lookout towers thatare dominated
mainly by the Jizera Mountains. In two resorts of the region, spas are also present- Spa
Libverda and Spa Kundratice.
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For regional economics, it is important
that tourism generates profit not only in the
main season, but also in between these times.
The Winter season is mostly considered the
main season in the Liberec region, which is
caused by its geographical location. Winter
sport resorts are well equipped, its infrastructure is at a high level, human resources are
professional and prepared for tourism. Despite this fact, some visitors complain about
their low language skills. In some destinations
of the Liberec region, the summer season is
considered the main season. These are mostly
localities with water surfaces, such as
Mácha´s Lake, Hamer Ponds or dams located
near city agglomerations. Winter resorts are
mostly closed in the quieter seasons- spring
and autumn, summer resorts are closed permanently out of season- in autumn, winter
and spring.
3. Using advantages of the Liberec region
Due to a ratified document Strategy of development of Liberec region for years 20062020, there should be, among others,
strengthened creation of touristic programs
and products and its adaptation to contemporary touristic trends. There are a lot of new
trends in tourism. From the economic point of
view, there is firstly an effort to utilize the
whole calendar year for gains. In the places
that were aimed at seasonal utilization, the
travel agencies and owners of the resorts have
to prepare offers that would make whole year
utilisation possible. For the creation of those
offers, other subjects have to be involved too
e.g. providers of supplementary services for
tourism and among them, firstly, the keepers
of resorts and operators of cultural and other
objects. The Liberec region also has to involve the 215 individual villages, churches,
educational establishments and media in the
region. New promotional materials have to be
issued to propagate new trends in the tourist
industry that would be obtainable at informational centres, about services giving not only
basic but also additional tourist services.
4. Forming new segments for the tourism
market in the Liberec region
Another new trend in the tourist industry
is to aim at new segments of tourism, such as
seniors, believers and families with small
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children. For these segments, adequate offers
are necessary.
Segment of seniors is becoming more and
more important, primarily in developed countries. Sometimes these seniors are known as
tourists of the third age. European seniors
have approximately 15% longer stays (4 and
more nights). Most of these vacations occur
within the home country. It is also noticeable
that while younger-aged groups go on the
most number of vacations in total, older-aged
groups have a little more vacations per head
per year. On average, every European senior
has 2.1 vacations per year, meanwhile younger tourists have 2.0 vacations per year. As for
seniors’ vacations, it is a long time ago since
these were only spa stays or resting and
watching television in calm hotel resorts.
Seniors not only want to live actively, but also rest attractively and keep themselves fit
both mentally and physically. That is why accommodation resorts should provide them
with enough sport activities – the ideal is
swimming in a pool, doing exercises in a
gym, walking or cycling routes, but also comfort to some extent, corresponding with their
age. Offers should also include cultural activities and possibilities to gain knowledge. Older
tourists would also welcome individual help
from a member of hotel staff who endeavours
to meet their special needs. Full access for
disabled people should be provided. In a
group of seniors, the presence of a medic
should be considered and it is essential to
provide comfort in both transit and accommodation (max 1-2 bed apartments), respect
seniors lower adaptability in catering and the
day’s regime. Within the senior tourist industry, it is also better to choose mostly out of
season times for better temperature conditions, calmness, but also lower prices for services.
The World Tourism Organisation says that
the worldwide foreign gains from tourism for
last year reached 735 billion dollars. Tourism
to a religious destination is accomplished by,
on average, around 300 million people. In a
worldwide context, it displays a turnover of
about 18 billion American dollars (325 billion
Czech krowns). This results from actual indications of The World Religious Travel Asso-
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ciation – WRTA. Religious tourism shares
gains from all tourism of around 2 per cent.
Religious tourism is often considered a part of
cultural tourism, but it represents a specific
part of tourism, not only from the motive of
participation on a tour (the motive of tourists
to actually go somewhere), but it is also specific from the point of view of the different
participants’ approach and also often the
range and method of spending their time. In
Europe, tourism connected to Christianity is
the most common. Other religions have definitely less importance in this area.
Important church fetes, events, wakes,
special church dignitaries and special religious motives, such as believer meetings are
lined up with the religious motives of tourism.
In the Liberec region, there is a lot of sacred
buildings that are already a part of tourism, or
could become a part of it soon.
Families with small children more often
look for chances to take part in one day tourism, weekend tourism and also longer stays,
for example collective tours. It is always necessary to prepare a special offer for this segment. One of the possible actions, could be
the foundation of a museum of bedtime stories. Bedtime stories characters are – apart
from the popular Disney or Russian fairytales
– with no exception cheerful. The Region of
Liberec would be a good locality for the promotion of bedtime stories characters, due to
its nature, but also other conditions favour it
for activities joint with this intention.
CONCLUSION
Tourism in the Liberec region ensures noticeable gaina to the economy of the area. It
has developed presumptions for its growth,
however, some destinations are utilised only
forpart of the year in the main tourist season
(winter or summer), in other parts of the year,
these are not utilised at all or only partly. If
the main service suppliers for tourism want to
focus on creating individual offers or whole
offer packages in the time of the mini season,
they should focus on new segments of tourism, such as seniors, believers and families
with small children.
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The paper focuses on human at social capital investigation and possibility using Operational Programme Education for Competitiveness. Human capital is understood as important factor of economic and social regional disparities in the CR
influencing efficiency of the regional policy tools. One of the most important factors of regional development is a factor of human and social capital. Financing of
projects in human resource development to support these undeveloped regions
comes from the sources of the EU budget or national resources. There are also
some other financial programs outside the European Union where subject in economically weak areas can find financial sources to eliminate disparities. For example describes Education for Competitiveness Operational Programme (ECOP),
which presents human resources development. Demand of permanent education
gather a completely fundamental importance with a beginning of new economy
connected with societies information. A starting point of the new (knowledge, digital, network and so on) economics is a traditional economics which is in a significant way transformed by effects of modern, information and communication technologies as well as by economic state policy in condition of globalization. The main
and decisive form of a capital in new economics is information and knowledge. A
differentiated development of knowledge economics influences global.
Keywords: education for competitiveness operational programme (ecop),
human capital, competitive, education, global trends, knowledge economics.
1. Introduction
Knowledge, science and education are key
factors for economic development. Growth
model, which is currently applied, is due to
differentiation (which arises as a result of his
work) and considering the social impact of
this form is undesirable. Economic growth
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alone can not ensure human development,
while its development to date shows very unfair consequences (economic growth, and differentiation in living standards between developed and developing countries in their
context, high taxes at the expense of the environment, employment, etc. The task of educa-
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tion (and science) in future may not be so in
the future could be narrowed only to economic growth as yet, but must be linked to the
broader perspective of human development
and is perceived as a tool of competitiveness.
2. Education as a prerequisite for increased competitiveness
The value human capital is growing on the
one hand in the ability to produce greater volume of production and on the one hand in the
ability to produce higher. Investment in human capital as a consequence will result in
higher production work, innovation, higher
quality of work and above-average income.
The analysis human capital is based on the
assumption that a decision-making individual
of their education, the job preparation, medical care, etc. is based on a comparison revenues and costs. Revenue shall include not only earnings improvement and employment,
but also cultural and other profits. A cost depends in particular in the loss value time required to obtain these revenues.
The concept of human capital is now being perceived as an important tool to analyse
various economic and social problems. Advisory Committee on Industrial Research and
Development in the EU (IRDAC) notes the
problems of Europe in terms of its future
competitiveness in the global market. Attention is focused on the underused of rich human resources potential, which may adversely
affect the development of standards of living
in a global comparison.
3. Support the process of learning for
competitiveness
The ECOP is focused on the area of human resources development by means of education in all its various forms with emphasis
on a complex system of lifelong learning, creation of a suitable environment for research,
development and innovation activities and
stimulation of cooperation of participating
entities.
The Education for Competitiveness Operational Programme (ECOP) is a multi-year
thematic programme under the jurisdiction of
the Ministry of Education, Youth and Sports
of the CR (MEYS), within which it is possible to draw financial means from the European Social Fund (ESF), one of the structural
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funds of the European Union (EU), in the
programming period 2007–2013. The global
objective of the OP Education for Competitiveness is the development of an open, flexible and cohesive society and strengthening
competitiveness of the CR economy through
partner cooperation, resulting in improving
quality and modernisation of the educational
system in the complex framework of life-long
learning, and in improvement of conditions in
the area of research and development. This
OP is conceived as multi objective.
ECOP is focused on quality improvements
in, and modernisation of, systems for basic,
tertiary and further education, their interconnection with comprehensive lifelong learning
systems and conditions for improvements in
research and development.
The programme is defined by 3 thematic
priorities:
PRIORITY 1: Initial education
PRIORITY 2: Tertiary education, research
and development
PRIORITY 3: Further education
3.1. Project Financing
Within the overall financial allocation
plan for the Czech Republic for the Convergence objective in the years 2007-2013, 7 %
from the finances of the EU structural funds is
allocated to the ECOP, i.e. EUR
1,811.8 billion. Out of the total amount for
financing of the ECOP, 85 % consist of EU
resources (ESF) and 15 % consist of national
resources from the state budget.
 PRIORITY 1: Initial education.
In the priority axis 1 is from the EU funds
committed €612,1 million, i.e. 34 % allocation ECOP;
 PRIORITY 2: Tertiary education, research and development.
Of the priority axis 2 is the funds of the
EU committed €626,5 million, i.e. 35 % allocation ECOP;
 PRIORITY 3: Further education.
In the priority axis 3 is from the EU funds
committed €289,9 million, i.e. 16 % allocation ECOP.
3.2. The specific goals of the ECOP
Some specific goals of the ECOP are
ways, which lead to the achievement of the
global goal:
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 The development and improvement of
initial education with an emphasis on improving the key competencies of graduates to raise
their ability to enter the labour market and
increase their motivation for further education.
 Innovation in the area of tertiary education towards incorporation with the research
and development activities, greater flexibility
and creativity of graduates able to find a position in knowledge economics, making the
conditions for research and development more
attractive and forming complex and effective
instruments that would support the innovation
process as a whole.
 The strengthening of the adaptability
and flexibility of human resources as the fundamental factor in the ability of the economy
to compete and in the sustainable development of the CR through the support of further
education on both the supply and demand
sides.
 The creation of a modern, quality and
effective system of lifelong learning through
the development of a system of initial, tertiary
and further education including the incorporation of these individual parts into the system
of lifelong learning.
4. Conclusion
Social cohesion is based on the common
values and is determined by the common activities - TAMI and objectives. Sense of belonging and sense of solidarity are based on
cultural heritage, which is enshrined in the
individual and collective memory. The
knowledge economy and its targeted development is a precondition for a fair and sustainable human development.
The educational policy, the contribution to
sustainable human development, mutual understanding among people and development
of democracy are contradictions, which becomes topical for the 21st century:
 Contradiction Between global and local problems (World Citizenship Without losing the roots of the nation and region)
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 Contradiction between the universal
and individual (globalization of culture without losing their own traditions and culture)
 The contrast between tradition and
modernity (the changes resulting from scientific progress, economic and social)
 Contradiction between long-and shortterm considerations (emphasis on current
problems, although many issues require longterm reform strategy based on patience, negotiation and compliance, as is the case of educational policy)
 Contradiction between the principle of
competition and the principle of equality of
opportunity is a classic problem in economic,
social and educational (desirable concept of
lifelong learning from each other, represents a
harmonious interplay between three activities:
the competition, which motivates the cooperation, which strengthens and solidarity that
unites)
 Escalating antagonism between the
development of knowledge and learning capabilities of their man (the pressure to expand
the curriculum, with emphasis on choice, implementation of lifelong learning, etc.)
 Contradiction between the spiritual
and material world (the role of education for
universal understanding of the world)
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