
Vienna
2019Publishing

PREMIER

Austrian Journal 
of Technical and
Natural Sciences

№ 11–12  2019
November–December



Austrian Journal of Technical and Natural Sciences
Scientific journal

№ 11–12  2019 (November–December)

ISSN 2310-5607

Editor-in-chief� Hong Han, China, Doctor of Engineering Sciences

International editorial board
Andronov Vladimir Anatolyevitch, Ukraine, Doctor of Engineering Sciences

Bestugin Alexander Roaldovich, Russia, Doctor of Engineering Sciences
S.R.Boselin Prabhu, India, Doctor of Engineering Sciences

Frolova Tatiana Vladimirovna, Ukraine, Doctor of Medicine
Inoyatova Flora Ilyasovna, Uzbekistan, Doctor of Medicine

Kambur Maria Dmitrievna, Ukraine, Doctor of Veterinary Medicine 
Kurdzeka Aliaksandr, Russia, Doctor of Veterinary Medicine

Khentov Viktor Yakovlevich, Russia, Doctor of Chemistry
Kushaliyev Kaisar Zhalitovich, Kazakhstan, Doctor of Veterinary Medicine

Mambetullaeva Svetlana Mirzamuratovna, Uzbekistan, Doctor of Biological Sciences
Manasaryan Grigoriy Genrihovich, Armenia, Doctor of Engineering Sciences

Martirosyan Vilena Akopovna, Armenia, Doctor of Engineering Sciences
Miryuk Olga Alexandrovna, Kazakhstan, Doctor of Engineering Sciences

Nagiyev Polad Yusif, Azerbaijan, Ph.D. of Agricultural Sciences
Nemikin Alexey Andreevich, Russia, Ph.D. of Agricultural Sciences

Nenko Nataliya Ivanovna, Russia, Doctor of Agricultural Sciences

Ogirko Igor Vasilievich, Ukraine, Doctor of Engineering Sciences
Platov Sergey Iosifovich, Russia, Doctor of Engineering Sciences

Rayiha Amenzade, Azerbaijan, Doctor of architecture
Shakhova Irina Aleksandrovna, Uzbekistan, Doctor of Medicine

Skopin Pavel Igorevich, Russia, Doctor of Medicine
Suleymanov Suleyman Fayzullaevich, Uzbekistan, Ph.D. of Medicine

Tegza Alexandra Alexeevna, Kazakhstan, Doctor of Veterinary Medicine
Zamazy Andrey Anatolievich, Ukraine, Doctor of Veterinary Medicine

Zhanadilov Shaizinda, Uzbekistan, Doctor of Medicine

Proofreading� Kristin Theissen

Cover design� Andreas Vogel

Additional design� Stephan Friedman

Editorial office� Premier Publishing s.r.o.
� Praha 8 – Karlín, Lyčkovo nám. 508/7, PSČ 18600

E-mail:� pub@ppublishing.org

Homepage:� ppublishing.org

Austrian Journal of Technical and Natural Sciences is an international, German/English/Russian language, peer-reviewed journal. It is published bi-
monthly with circulation of 1000 copies.
The decisive criterion for accepting a manuscript for publication is scientific quality. All research articles published in this journal have undergone a rigor-
ous peer review. Based on initial screening by the editors, each paper is anonymized and reviewed by at least two anonymous referees. Recommending the 
articles for publishing, the reviewers confirm that in their opinion the submitted article contains important or new scientific results.
Premier Publishing s.r.o. is not responsible for the stylistic content of the article. The responsibility for the stylistic content lies on an author of an article.
Instructions for authors
Full instructions for manuscript preparation and submission can be found through the Premier Publishing s.r.o. home page at:
http://ppublishing.org.
Material disclaimer
The opinions expressed in the conference proceedings do not necessarily reflect those of the Premier Publishing s.r.o., the editor, the editorial board, or the 
organization to which the authors are affiliated.
Premier Publishing s.r.o. is not responsible for the stylistic content of the article. The responsibility for the stylistic content lies on an author of an article.
Included to the open access repositories:

© Premier Publishing s.r.o.
All rights reserved; no part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, electronic, me-
chanical, photocopying, recording, or otherwise, without prior written permission of the Publisher.

Typeset in Berling by Ziegler Buchdruckerei, Linz, Austria.
Printed by Premier Publishing s.r.o., Vienna, Austria on acid-free paper.



INTANGIBLE FACTORS OF IMPACT ON SHAPING THE SMART CITY

3

Section 1. Architecture
https://doi.org/10.29013/AJT-19-11.12-3-6

Kosmii Mykhailo Mykhailovych,
Candidate of Law, Associate Professor, Dean

King Danylo University
E-mail: kosmiy.lud@gmail.com

INTANGIBLE FACTORS OF IMPACT ON SHAPING THE SMART CITY

Abstract. The article deals with the main factors of impact of intangible factors (legislative, mental 
and ethical, historical and cultural, religious and spiritual, aesthetical and landscape-related, etc.) on 
the spatial structure of the modern city. It defines the prospects of organizing a modern Smart City.

Keywords: intangible, spatial structure, urban development space, Smart City.
Creation and development of cities from the 

ancient times to the present are an evidence of the 
activity of human culture, a sign of the capacity of 
society for organized forms of life. Cities were not 
only unique elements of specific civilizations, they 
created a separate spiritual world within the limits 
of their own spatial organization.

Modern discussions about the forms of organi-
zation of cities are quite justified, and their severity 
is explained by the lack of scientific approaches to 
the search for the meaning of city’s existence. This 
is important because, over the years, the cities have 
acquired not only material but also intangible image. 
They have evolved into unique functional, historical, 
cultural and spiritual centers. The material dimen-
sion of spatial organization of the city is realized 
through the study of buildings, structures, streets, 
squares, planning and communication systems, etc., 
which are considered as key elements. But each of 
these elements has its own soul, character, age, beau-
ty, energy of communication as well as carries infor-
mation, forms a microclimate, provides connections 
with the outside world, types of reactions to external 
influences, as well as a spiritual dimension, namely 

the psyche, the memory of space, continuity, genius 
and uniqueness.

Modern cities feel the dominant influence of 
information systems, new technologies, ideas of 
universalism and cosmopolitanism. According to 
this, a foundational concept of urban development 
for the last decade is the idea of creating the Smart 
City. The general theoretical and practical founda-
tions of Smart City organization were developed by 
renowned scientists: M. Eremia, L. Toma, M. Sandu-
leac [2], I. Zubizarreta, A. Seravalli, S. Arrizabalaga 
[39], S. Joss, F. Sengers, D. Schraven, F. Caprotti, 
Youri Dayot [5] and others. Such an interest is natu-
ral because people have always been interested in 
the issue of an ideally organized space, and modern 
technological advances have brought us closer to the 
satisfaction of this desire.

In general, the Smart City concept considers in-
formational, technical, technological and commu-
nication aspects of spatial structure organization. In 
this concept, the city encourages people to behave 
appropriately and helps them to make rational deci-
sions. “Smart City” is better prepared for solving the 
problems and responds to the tasks and challenges of 
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today more quickly. Technology and decisions about 
this city are aimed at managing the city itself, its trans-
portation system, energy use, health care, water use 
and waste disposal, etc. effectively. However, the con-
cept also raises criticism, in particular: a) the threat 
of neglect of not information and technological, but 
also important components of urban development; 
b) the need for processing databalk; c) the focus of the 
model on business and functional rationality.

In order to avoid these negative factors, it is worth 
learning possible consequences of impact of intangi-
ble factors (legislative, mental and ethical, historical 
and cultural, religious and spiritual, aesthetical and 
landscape-related, etc.) on the urban development 
space, which allows to form an integral concept of 
the Smart City.

Actually, the urban development space is consid-
ered in the architecture in a narrow and wide mean-
ing. One of the first researchers, who formed an inte-
gral understanding of urban development space, was 
O. Hutnov who suggested viewing the urban devel-
opment space as the urban development system with 
the following components: construction structure 
(filled with a variety of spatially localized functions); 
communicative carcass (the chain of roads of differ-
ent categories and their intersections — junctions); 
social activity centers (areas of junctions of transport 
communicative carcass filled with the functions of 
public service); engineering support network; land-
scape and ecology carcass (open green spaces con-
nected with the natural base of the city). Nowadays, 
it is traditional to differentiate the urban develop-
ment space and the urban development system. The 
first is considered as “the multi-vector space of hu-
man, natural, functional and temporal characteris-
tics which houses a life cycle of urban development 
systems”, the second one — as “a complex dynamic 
system which consists of a combination of inhabited 
places, connections and attitudes in a multidimen-
sional natural, social and economic space”.

All these definitions clearly suit the conception 
of the Smart City, since construction structure, com-

municative carcass, social activity centers, engineer-
ing support network, landscape and ecology carcass 
can be systematized using specific legal framework, 
following mental and ethical, historical and cultural, 
religious and spiritual, aesthetical and landscape-re-
lated basis. Modern IT allow monitoring all changes 
of above-mentioned factors and effectively make 
amendments to the urban development legislation.

In our opinion, at first it is useful to consider de-
mands of inner world of a person within the process 
of organization of the Smart City. Nevertheless, the 
category of “space” is philosophical and it acts as a 
primary basis of organization of existence. Studying 
the urban development space allows understanding 
those factors, which are important for developing 
and organization of the Smart City in the 21st cen-
tury.

The first doctrine of space was formed by New-
ton and Democritus. However, M. Heidegger rightly 
noted that the relation of man to the world is spatial. 
In this case, space is a place for human interaction 
with the outside world and cannot have strong ter-
ritorial boundaries, because each person defines the 
framework of his interaction. There are times when 
the framework of human and environment interac-
tion is clearly defined and limited. Therefore, we can-
not speak of the spatial relation of man to the world 
around him. In this case, it is advisable to apply the 
notion of “structure”, which is primary to architec-
ture. What is most interesting is that the intangible 
affects both the development of “space” and “struc-
ture” in architecture and urban development. Since 
space is a neutral, remote and emotionless environ-
ment for human life [8, с. 86], it cannot develop and 
exist without the influence of spirituality, morality, 
various worldview imperatives formed by an in-
dividual or a group of people. They are difficult to 
measure, to determine, but anthropogenic impact 
on urban development space is extremely important. 
Similarly, the “environment” reflecting the spiritual 
and effective state of a person as a creator of urban 
development space cannot develop solely under the 
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influence of material factors. This can lead to a loss 
of spiritual component.

The study of urban development space in the 
context of the impact of intangible is important in 
view of the fact that during all the historical stages 
of urban development, we observe the active in-
volvement of residents in the design process. This 
has allowed people to participate directly in the im-
provement of public space, which is an important 
component of urban development space. Urban de-
velopment space is a broad concept that is based on 
the understanding of space as a place of residence 
of a person and the focus of his social and everyday 
needs, and therefore, the transformation of space as 
a place for everyone into space for everyone occurs 
in the moment of the person’s impact on the design 
of urban development space.

On the other hand, not every urban space is 
suitable for creativity because it also should be or-
ganized considering to potential of that “creative 
stratum of population” that will change it. Such 
formulation leads to the situation, where there is 
a chance for development of a place, where there 
is an active group of population that is ready to 
change the space around itself. This group is laying 
the potential and forming the basis for changing the 
urban space from only the residence into the place 
of development too. Perfectly organized urban de-
velopment space is a precondition for further de-
velopment of a city. Another important component 
in the process of such transformation of the city 
is a value system which begins to dominate in the 
urban development and to determine the strategies 
of urban development. The main value of the urban 
development culture of creation has always been a 
possibility of self-realization.

As a conclusion, it should noted that the main 
task is formation of clear norms of law which not only 
guarantee meeting human needs, but also formation 
of clear limits of their participation in the process of 
development and building of the city. A person can 
form comfortable living environment independently. 
Harmonious development of the city requires the 
application of information technologies as well. The 
most interesting thing is that it is possible to establish 
a relationship between the regulatory acts, human 
needs, moral and ethical factors and modern infor-
mational technologies through a clear understanding 
that the spatial structure of the city is affected by not 
only material but also by intangible factors.

In our opinion, intangible is much more impor-
tant, it forms the image of the city, defines its his-
tory which displays the interrelations between the 
society, the memory, the science, the art, and so on. 
The image of the city creates, first of all, spiritual and 
scientific life providing it with cultural, artistic and 
intellectual state, forming the quality level of human 
dimension — aspirations and needs of the residents, 
culture and art, consciousness and language. A sep-
arate aspect of intangible is the formation of legal 
norms, which, on the one hand, are a regulator of 
the city development, and on the other hand, they 
embody the historically shaped customary rules and 
principles of interaction of human collectives. The 
importance of intangible component is explained by 
the fact that in the last centuries it has turned into a 
required attribute of the development of spatial or-
ganization of the city, therefore, the content of the 
regulatory acts has to satisfy not only the needs of 
society, but also practical aspects of spatial organiza-
tion while taking into account the anthropological, 
economical, moral and spiritual factors.
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THE SOFTWARE TECHNOLOGY OF TIME 
SERIES OUTLIERS’ IDENTIFICATION

Abstract. The article analyzes the modern methods of time series outliers’ identification. A new 
model of anomalous values detection has been introduced. Results of the proposed model work have 
been presented.

Keywords: time series, outliers, adaptive models, residuals, interquartile criterion.
1. Introduction
An outlier is a value that is significantly distant 

from other similar points. There are two reasons why 
these values ​​need to be correctly identified. Firstly, 
their emergence may indicate an atypical state of the 
process under study. For example, in the financial 
sector, timely identification of outliers is necessary to 
track bank fraud attempts, detect unusual credit card 
transactions, or case of card theft [7]. The second 
reason for the importance of conducting the outliers’ 
detection procedure is that the emergence of such 
values ​​can significantly affect the performance of the 
built model, which causes a decrease in the accuracy 
of future time series values forecasting [7–8]. The 
current work is devoted to the development of a pro-
cedure for identifying anomalous time series values 

that allows not only to find outliers but also to deter-
mine their type. The article presents the result of the 
proposed method on series of financial indicators.

2. Analysis of recent research
According to the IBM Knowledge Center re-

source [9], at least six types of time series outliers are 
distinguished nowadays. The most important from a 
business standpoint are the following:

1. Additive outlier, or AO (additive outlier) – an 
unexpected large or small value, which is very differ-
ent from the other levels of the series (Fig. 1). They 
appear once and have no effect on other values [10].

2. Temporal changes, or TC (temporal changes), 
occur when large or small values, uncharacteristic for 
the time series dynamics, appear over a short period 
of time (Fig. 2) [10].
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Figure 1. Additive outlier

Figure 2. Temporary changes

Figure 3. Level shift
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2. Shift of level, or LS (level shift) – sharp change 
of levels of a series. All the observations that occur 
after this kind of outlier move to a new level (Fig. 3).

Having analyzed the latest researches in the field of 
time series analysis, one can conclude that anomalies 
detection methods can be divided into three groups.

The first group includes statistical approaches 
based on standard deviation [12]. They are used 
to detect outliers in a sample of random numbers. 
However, the use of such approaches for the time 
series analysis often does not produce the desired re-
sults, since the time series have significant differenc-
es from the samples [1]. A better solution is to iden-
tify outliers using the Irwin method [11]. Its main 
idea is not to compare directly the series levels but 
to explore the differences between the current series 
values and the previous ones. The criterion is easy 
to understand and implement. However, according 
to the work [11], this approach makes it impossible 
to correctly identify two outliers going successively, 
one after another, and to distinguish the “normal” 
value following immediately after anomalous one, 
from the outlier.

The second group introduces methods that use 
algorithms of data classification, such as decision 
trees and neural networks, to search for time series 
outliers [10]. Obviously, with this approach, it is 
necessary to have a training sequence, previously 
divided into two classes: “anomalies” and “usual val-
ues”, which significantly restricts the possibilities of 
this group methods applying.

The third group consists of methods that attempt 
to reproduce the most plausible model of the input 
time series and to identify outliers not in the original 
sequence but in the series of residuals. The methods 
of this group show quality results and are ones of 
the most applicable nowadays. The algorithm pro-
posed by American researchers in the work [2] has 
become widespread. Its implementation is available 
in the tsoutliers library of the well-known statistical 
data processing package R [6]. The main idea of this 
method is to build mostly corresponding to the input 

time series ARIMA(p, q, d) model and, after that, 
perform outliers detection in the residuals series. 
In order to achieve quality results, it is necessary to 
find the optimal values of the auto-regression order, 
p, integration order, d, and the moving average or-
der, q. According to the authors [4], the number of 
models that need to be built and evaluated with this 
approach can reach 488. This could take a long time, 
especially when it comes to big flows of input data.

Based on the performed analysis, it could be 
concluded that a promising area of research is the 
development of more “faster” models of outliers’ 
identification. A topical issue is to consider the use 
of adaptive forecasting methods to interpolate time 
series values. They do not require a larger number of 
parameters to be calculated, while displaying qualita-
tive forecasting results.

3. Setting of the problem
To develop the procedure of time series outliers’ 

identification based on adaptive forecasting models 
the following tasks have been solved:

–  implement adaptive models of time series 
forecasting;

–  develop a model for anomalous values detec-
tion in the series of residuals;

–  develop an algorithm for the abnormal value 
type determination (“AO”, “TC”, or “LS”);

–  evaluate the quality of the proposed model on 
the time series of financial indicators.

4. A new procedure of time series outliers’ 
identification

To construct the optimal time series model adap-
tive forecasting methods have been used. Despite the 
simplicity of the implementation, they show quality 
results [3, 14]. For training adaptive models, a genet-
ic algorithm with real encoding has been used [3]. 
Once the optimal model of the original time series 
has been found, anomalies identification procedure 
in the residuals time series can be executed. Below is 
the detailed description of the proposed approach.

1. Calculate the predicted values of the time se-
ries { }.ut
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2. Calculate the series of residuals { },et  e e u ut t t t{ } = −, .

3. Perform the identification of residuals time series 
outliers. To do this the interquartile distance procedure 
has been used [5]. Unlike other statistical criteria of the 
outliers’ search, its use does not require analyzed data 
to be normally distributed. This is an important factor, 
since this condition is rarely met in real financial analy-
sis tasks. On the first iteration of the algorithm as an 
adjusting coefficient, Coefficient , in the interquartile 
distance procedure the value 3 is applied. This value is 
usually used to find the outer boundaries of the data set. 
All values that are outside the limits of the set are con-
sidered as significant outliers. On the further iterations 
of the algorithm, this value has to be updated. 

4. Determine the type of found outliers: “AO”, 
“TC” or “LS”. To do this, the length of abnormal val-
ues sequence to which the current outlier is includ-
ed, outliers length_ , has to be calculated. If 
outliers length = 1_ , then the type of this outlier is 
“AO”. If 1< outliers length < threshold_ , that means 
that we are dealing with the “TC” outlier type. Oth-
erwise, if both of the above conditions are not exe-
cuted, then the type of the found outlier is “LS”. As 
the threshold value, threshold . N= ⋅0 02  is used, 
where N  is the length of the original time series.

5. After the types of all found outliers are deter-
mined, outliers of the input series need to be replaced 
by the predicted values of the constructed model.

6. Reduce the outer limits of the data set using 
the following formula:

Coefficient = Coefficient (1- reduce)⋅ ,
reduce = 0.14813
7. If the iteration number has reached the maxi-

mum allowed value, MAX ITER_ , or the new outli-
ers have not been found at the current iteration, the 
algorithm is terminated. Otherwise, repeat the outli-
ers detection procedure from step 1, but at this point 
adjusted time series (e. g. time series received at the 
fifth step) has to be used as the input series.

By default, the maximum number of iterations 
MAX ITER_  equals three. It has been empirically 
found that reducing this value leads to the fact that 
the program cannot find all the important anomalies, 
while increasing – causes too many time series levels 
detection as outliers, even the values that complete-
ly correspond to the process dynamics.

5. The results of the proposed method of the 
outliers’ detection

This section summarizes the results of the pro-
posed model testing on the financial time series.

Figure 4. CAT time series
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The (Fig. 4) shows the open prices of Caterpillar 
Inc. stocks in the period of time from January 2017 
to January 2018. Data have been downloaded from 
“Yahoo! Finance” resource [13] (Fig. 4).

During the time series preliminary analysis, 
the Spearman test for the trend presence and the 
serial correlation test for the periodic component 

existence have been conducted. According to their 
results, there is a trend component in the series and 
there is no pronounced seasonality or autooscilla-
tions.

To interpolate time series level values Taylor-
Wage adaptive model has been used. Fig. 5 shows 
the time series of residuals.

Figure 5. A series of residuals
Having analyzed the diagram 5, one can con-

clude that the series of residuals is stationary, the 
values average fluctuates near zero, residuals look 
like random numbers independent on time point. 
These considerations have been confirmed by the 
performed statistical tests. One-sample Student’s 
test has been used to test the equality of mean to 
zero. The trend absence has been confirmed with 
using the Spearman test for the randomnicity. An 

important step in analyzing the model’s residuals 
is to check the absence of autocorrelation between 
them. To do this Darbin-Watson test has been ap-
plied. The results showed that there was no inter-
dependence between the levels of the series. In our 
case, such properties of residuals are important not 
only because they confirm the quality of the built 
model, but also because the residuals series is used 
for anomalies identification.

	 a)	 b)
Figure 6. Box-plot diagram of the original series (a) and residuals series (b)
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Table 1. List of CAT series outliers

No.  Series level number Series level value Outlier type
1. 63 102.88 LS
2. 126 113.24 LS
3. 190 140.06 TC
4. 226 148.85 AO

 As one can see from the Box-whisker plot graphs 
(Fig. 6), anomalous values cannot be detected in the 
original series values. However, after transition to re-

siduals series “applicants” to outliers can be easily 
distinguished. In (Fig. 6 b) they are shown as black 
dots outside the outer limits of the data set.

Figure 7. CAT time series with outliers

Table 1 and Fig. 7 show the results of the pro-
posed outliers’ identification procedure application 
to the CAT time series.

The proposed anomaly identification procedure 
revealed four anomalous values. The first two outliers 
are of the “LS” type. The third one has been identified 
by the procedure as the “TC” outlier because it covers 
only a few values. The last anomalous value is single 

one and doesn’t have any effect on the future values ​​of 
the series, so its type is defined as “AO”. The procedure 
tso of the package R [6] shows similar results.

Table 2 summarizes the results of comparing the 
time costs required to perform the proposed proce-
dure and the tso function of the tsoutliers library of R 
package [6] on the series that represent stock prices of 
well-known American companies from 2017 to 2018.
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Table 2. – Time costs required to detect outliers with using adaptive 
models and ARIMA-models based approaches

No.  Time series Procedure based on adap-
tive models, ms

Procedure tso from library 
of tsoutliers package R, ms

1. AAON 0.379 0.405
2. CAT 0.726 1.122
3. DBD 0.372 2.025
4. MSFT 0.44 0.686
5. CSCO 0.317 0.379
6. BGS 0.623 6.556
7. IBM 0.694 0.47
8. ABC 0.656 3.108
9. BK 0.529 0.388

10. CAKE 0.521 7.147

Having analyzed Table 2, one can conclude that 
the use of the procedure proposed in the article for 
most time series allows to reduce the time required 
to identify anomalous values, with the exception of 
only IBM and BK time series.

6. Conclusions
During the study, a new procedure of time series 

outliers’ identification has been developed. Its advan-
tage over many other approaches is that it not only 

detect anomalies, but also determines their type. The 
scientific novelty of the proposed method is that it 
uses adaptive forecasting models to interpolate the 
series values and the interquartile distance criterion 
to detect for outliers in it. Proposed procedure allows 
correctly identify a large number of anomalous values 
and reduce the time required to do this. Prospects for 
further research are testing the feasibility of the pro-
posed approach usage in the big data analysis.
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Abstract. In article are brought information about the design, the technological process of new 
pneumo -centrifugal apparatus for application of mineral fertilizers and their mixtures, as well as the 
results and analysis of theoretical researches, in particular, the radius of fertilizer supply to apparatus.
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Introduction
Production of technical facilities and technology 

for distribution of mineral fertilizers across surface of 
the field in a uniform and a predetermined amount of 
the distribution is the key to increasing use of fertiliz-
ers in the world. “Given that about 60% of all world-
wide mineral fertilizers are sprayed on the field,” de-
velopment of high-quality fertilizer machines and 
apparatus is an important task [1]. At the same time, 
much attention is paid to improving the construc-
tive scheme of fertilizer machines and substantiating 
the technological process, improving quality of work 
during the interaction of working parts with mineral 
fertilizers and their environmental movement.

Related work and dl scussi on
It is known that scattering technological process 

of mineral fertilizers fertilizer hopper sole poured 
through holes in centrifugal devices. Speed of min-
eral fertilizers poured into the centrifugal apparatus 
from bunker hole [2],

	 V ghT = 2 � ( 1 )
where g – is acceleration of free fall, m/s2; h – height 
of fertilizer spillage, m.

Given that distance between bottom of the bun-
ker hole and apparatus is h = 0.03–0.05 m, the spill 
rate of fertilizer grains of different sizes and shapes 
can be assumed to be the same.

Mineral fertilizers, grains of specified distance and 
the speed and angle of throw, they received disk de-
pends on distance r0 (Figure 1). When determining 
distance r0, it is important to note that the friction 
force of centrifugal force mω ψ2 cos  acting on min-
eral fertilizer grains is greater than that of f mω ψ2 cos . 
When this condition is met, fertilizer grains move 
across the spade to its edge.

In this context, r0 is minimum value of distance [3],
	 r R f0

21min sin≥ + ψ � (2)
where R – is the radius of centrifugal disk, m; f – coef-
ficient of friction mineral fertilizer on shovel; 
ψ  – angle between the tangent and radius vector to the 
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point where the fertilizer grain meets the shovel, de-
grees. (2) expression R = 0.30; f = 0.5 and ψ = −35 40    
when calculated by the values are ro = 0.034–0.066 m. 
(2) The calculation scheme of expression is shown in 
Figure 1, as well as provision of condition

	 m r mf rω ψ ω ψ2
0

2
0cos cos≥ � (3)

Using mathematical operations and taking coeffi-
cient of friction in the range f = 0.35–0.5, expression 
(3) was achieved. Analysis of expression (3) showed 
that the value of centrifugal force is 2.0–2.2 times 
greater than the value of frictional force generated.

Hole opening in the bottom of bunker location 
in relation to the working surface and shovels of cen-
trifugal disk affect the values of fertilizers outlet and 
scattering corners.

Figure 1. r0 scheme of distance determination

Academician P. M. Vasilenko detailed the move-
ments and equations of mineral fertilizer grains in 
system of different coordinates on shovels with dif-
ferent shapes [4].

As is known, shovels are mounted in the radial 
direction on disk in centrifugal devices of existing 
fertilizer machines. Installation of shovels in this 
way poses constructive problem with installation of 
additional air bubbles under each of them. This is 
because the absolute velocity direction of fertilizer 
grains is inconsistent with direction of additional air-
flow, which means that the process of technological 
operation of apparatus is not fulfilled. Taking into 

account the foregoing, shovels in the form of loga-
rithmic spirals were selected (Figure l).

Methodology
A worldwide literature review known that of cen-

trifugal discs’ production with a diameter of 400–700 
mm. Disk centrifugal apparatus with diameter of 400–
500 mm are usually installed in two fertilizers per ma-
chine. Disk apparatus with diameter of 600–700 mm 
are mounted on each fertilizer machine one piece [5].

Based on the above and size of fields on farms 
of the Republic, we also received 600 mm diameter 
disk centrifugal apparatus and decided to install one 
fertilizer machine.

Figure 3. Logaritrmic spiral

It is widely used in centrifugal apparatus that the 
number of shovels is four and that they are placed 
symmetrically on disk surface. This is because the 
apparatus disk is balanced with large number of rota-
tions and requires reliability for safety reasons. How-
ever, there are differences in the shape of shovels and 
their adjustment to the disk radius. The basis of this 
diversity lies in the way technology is implemented. 
In particular, shape of the shovels is chosen as pack-
ing form to reduce friction force during the move-
ment of fertilizer grains through shovels [6], It is well 
known that the spirals are logarithmic, archaemidic, 
and hyperbolic (Fig. 2).
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In a logarithmic spiral, the angle between the tan-
gent point and the radius vector held at each point is 
constant. In this case, it is possible to select any part 
of logarithmic spiral with a central angle of 90 °.

When constructing logarithmic spiral and select-
ing required section, position of radius-vector length 
is equal ‘to the radius of centrifugal disc and corre-
sponding branch OA0D4.

When constructing logarithmic spiral and select-
ing required section of radius- vector length centrifu-
gal disc that is equal to the radius R and correspond-
ing piece of OA0D4. were selected.

Experimental results
Relative and displacement velocities of mineral 

fertilizer grains calculated for shovel in form of loga-
rithmic spiral, used their vector sum to give absolute 
velocity, and determined absolute velocity direction 
of fertilizer grains (Figure 3).

Figure 3. Scheme for selecting addi-
tional airflow direction by adjusting the 

absolute velocity of fertilizer grain

Determining absolute velocity direction shown 
in Figure 3 and corresponding additional airflow 
diagram allow determine position of device to gen-
erate additional airflow. It is required to select the 

direction of additional airflow produced in such a 
way that it is in parallel with absolute velocity of fer-
tilizer grains. Only then will use of additional airflow 
be more effective. To achieve this, the K.K line at the 
absolute speed of fertilizer grains throwing is passed 
through the bottom of disc. The line AD is perpen-
dicular to KK. The AD line length is selected based 
on disk diameter. In this case, 0.15 m was selected. 
We will pass parallel ad line to AD from the logarith-
mic spiral shovel of disc at the point where it ends, 
and obtain a length of 0.05 m. Then AD: ad=3. The 
resulting AadD shaped trapeze is schematic view of 
device that generates additional airflow.

Given that fertilizer grains thrown from centrifu-
gal disk in horizontal plane, we direct additional air-
flow and velocity vector along the horizontal plane. 
To do this, disk edge of base taken parallel to the disk 
plane. This condition was achieved by selecting the 
height access point of device 0.10 m. Accordingly, 
height of outlet hole was selected at 0.03 m. Based 
on the analysis and analysis of constructive techni-
cal solutions, access hole is 0.15 m wide, 0.1 m high, 
outlet hole is 0.05 m wide and 0.03 m high.

It has been reported in previous studies to apply 
of shovel in form of logarithmic spiral that convex in 
the direction of rotation and on short release of fertil-
izer grains from disk. The positive side of logarithmic 
spirals is that firstly, mineral fertilizer grains move with 
minimal friction, preventing segregation and, sec-
ondly, providing minimum value of output angle [4]. 
More, importantly, generated additional airflow force 
is parallel to tangent made to the points of shovel. This 
will ensure efficient use of additional air power. All of 
these factors provide the basis for the uniform distri-
bution quality of mineral fertilizer grains.

Differential equation of fertilizer pieces’ motion 
along logarithmic blade

	 S r fg f r f Sr

..

cos sin= − + −ω ψ ω ψ ω2
0

2
0 2  � (4)

here ψ 0  – angle, between relative velocity and the 
centrifugal force;

S – distance traveled along the blade, m.
Solution of equation (7)
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	 S C e C e
fg a
a f

P t P t= + +
+

+1 2

2

2
1 2

1
( )ω

� (5)

here P1 and P2 – roots of equations; C1, C2 – initial 
conditions of movement, constant magnitudes s = ro, 
S = 0 determined by the initial conditions of the mo-
tion when t = 0 (8).

Outlet angle β of fertilizer apparatus is a direct 
indicator that affects the uneven scattering of fertil-
izers. This indicator depends on fertilizer transmis-
sion distance to the disk rо, the blade length S and 
angular velocity ω  of disk.

The S expresses the total length of the formula 
(5). However, mineral fertilizers pieces are given 
away from the center of disk to rо distance, not at 
the beginning of blade, r1 initial radius of logarith-
mic spiral shaped blade (Fig. 4). As can be seen from 
picture rо>r1.

Figure 4. A scheme for determining the 
length of blade fertilizer grains have passed

It can be determined by the following expression 
of logarithmic spiral shaped blade MM1 arc length [8]:

	 L
r ro=
−1

cosψ
� (6)

here r1 – initial radius of blade, m;
ψ  – angle, between tangential and radius vectors 

passing to any point.

It is shown in the line graph, influence to passed 
length of fertilizer grains over blade indexes in ex-
pression (7).

Figure 5. The line graph of change de-
pending on angle ψ to the blade length

The graph shown in Fig.5 is constructed with ra-
dius R = 0.3 m, r1 = 0.05 m and rо = 0.11 m of disc. As 
shown in (Fig. 5), when the angle ψ  increases, the 
width of blade is increasing according to with curva-
ture regularities. The length is increasing in return 
decreasing logarithmic spiral of curvature radius. In 
this case, increased movement time of fertilizer grains 
by the blade. This allows the fertilizer grains to be frac-
tionated. In this context, the length of blade is adopted 
0.22–0.23 m corresponding to the angle ψ = −30 35.  
Fig. 5 shows a line chart of change depending on blade 
length rо to fertilization distance.

Figure 6. A line chart of change depending 
on blade length rо to fertilization distance



MODERNIZATION OF THE TECHNOLOGICAL PROCESS OF A CENTRIFUGAL DISK APPARATUS FOR APPLYING MINERAL FERTILIZERS AND SUBSTANTIATION OF PARAMETERS

19

The shown line chart in Fig.4 is constructed at a 
disc radius R = 0.3 m,
r1 = 0.05 m and ψ = 30.  As can be seen in (Fig. 6), 
fertilizer radius increases as fertilizer grains move-
ment of blade length decreases according to the lin-
earity law. Therefore, the radius of fertilizing is en-
larged and it is close to length of disc radius. Based 
on the results of theoretical and experimental re-
searches, radius of fertilizing was adopted between 
0,100–0,125 m.

Conclusions
To develop the technological process of cen-

trifugal apparatus enhances the quality of field 

scattering of mineral fertilizers and their mixtures 
with different aerodynamic properties, by mount-
ing shovels on the top and additional airflow on 
the bottom.

The shovels are in the form of logarithmic spiral, 
with angle between the tangent and radius vector at 
its peripheral angles ranging between 30–35°. The 
proposed centrifugal apparatus is designed to simul-
taneously scattering the mineral fertilizers, to gener-
ate additional airflow, and redirect them after scat-
tered fertilizing grains, blades in form of logarithmic 
spirals and fertilization radius will be in the range of 
0.1–0.125 m.
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SOFTWARE AND ALGORITHMIC SUPPORT FOR ROAD NETWORK 
GRAPH LABELING IN CASE OF CHANGES IN ROAD CONDITIONS

Abstract. The article presents software and algorithmic support for labeling a graph of a road 
network for a continuous indeterminate case of changes in weights of edges. In order to implement 
the algorithm, the MATLAB programming environment was used.
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The effective solution of a significant number 

of applied tasks related to transportation in some 
cases depends on the successful choice of a traffic 
route. The construction of optimal routes on a la-
beled graph that describes a network of roads and 
has a certain weight of edges is a classic and thor-
oughly studied problem [1, 88–160]. However, in 
many cases, it becomes necessary to take into ac-
count the possible dynamic changes in the weight 
of the edges over time, which corresponds to cases 
of changes in road conditions. In the research [2], a 
technique is presented that provides the choice of 
optimal traffic routes for discrete stochastic, discrete 
determinate, and continuous indeterminate cases of 
changes in the weight of graph edges. In addition, 
using MS Visual Studio Express Edition and the C# 
programming language, the corresponding software 
and algorithmic support were developed for the dis-
crete stochastic and discrete determinate options for 
changes in the weight of the graph edges. The study 

is incomplete as there is no software and algorithmic 
support for the continuous indeterminate case, and 
this fact defines this research.

The objective of the study is to develop soft-
ware and algorithmic support for graph labeling of a 
road network in a continuous indeterminate case of 
weight changes of graph edges.

To achieve the stated objective, it is expedient, 
first of all, to state a problem that is adequate to the 
real process, to formalize it, and then to propose al-
gorithms for solving it.

Problem statement adequate to the real process.
Let a convoy be given, which should leave the 

departure point (Point 1) and arrive at the desti-
nation point (Point 13). The conditions for the 
formation of convoy composition are similar to 
those specified in the research [3, 17–30]. Let also 
a network of roads connecting Points 1 and 2 be 
given. The mathematical model of a road network 
is a graph shown in (Figure 1).
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The number of graph nodes is 13. Let it be nec-
essary to move the convoy from Point 1 to Point 13 

within a minimum period of time. To do this, it is 
necessary to label the graph.

Figure 1. A graph of road network between points of departure and destination

It should be borne in mind that when moving the 
convoy, the movement along individual edges can be 
variable. This condition is determined by the influence 
of various conditions on the time of movement along 
individual edges, for example, climatic (rain, ice, fog, 
etc.), technogenic (blockages of the roadway, its dam-

age due to flooding of the terrain, etc.), time changes 
(day, night), etc. It should be noted that we also know 
the distances between the graph nodes and changes in 
the speed of movement of all types of vehicles depend-
ing on the time of day (as an example, we use four types 
of vehicles), which are presented in (Tables 1, 2).

Table 1. – Distances between graph nodes

Distance s( ) , km

(1
–2

)

(1
–3

)

(2
–4

)

(3
–4

)

(3
–5

)

(4
–5

)

(4
–6

)

(5
–6

)

(5
–7

)

(6
–7

)

(6
–8

)

(7
–9

)

(8
–1

0)

(8
–1

1)

(8
–1

2)

(9
–1

1)

(1
0–

12
)

(1
1–

12
)

(1
2–

13
)

13 23 34 24 28 23 16 12 22 24 45 22 31 30 53 23 35 32 30

Table 2. – Change in vehicle movement speed during the day

Speed of individual 
vehicles

Vi( ),  km/h

Times of day T0( ), hour

00
.0

0
01

.0
0

02
.0

0
03

.0
0

04
.0

0
05

.0
0

06
.0

0
07

.0
0

08
.0

0
09

.0
0

10
.0

0
11

.0
0

12
.0

0
13

.0
0

14
.0

0
15

.0
0

16
.0

0
17

.0
0

18
.0

0
19

.0
0

20
.0

0
21

.0
0

22
.0

0
23

.0
0

First 51 50 50 50 53 55 60 70 80 85 90 95 95 95 90 85 80 70 60 55 55 53 52 51
Second 43 41 40 40 43 45 50 60 70 75 80 85 85 87 87 77 72 67 56 51 51 49 48 45
Third 38 37 35 35 38 40 45 55 65 70 75 80 80 82 82 75 70 62 53 47 47 44 43 40
Fourth 41 39 37 37 39 42 48 57 68 72 78 83 83 85 85 76 71 64 55 49 49 47 45 43

Statement of the main research material
We define the law of motion for each type of ve-

hicles using spline approximation by Hermite cubic 

polynomials and breaking each edge into 8 interpo-
lation nodes. The approximation results for the ex-
ample of an edge (1; 2) are presented in (Figure 2).
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Figure 2. Speeds of all vehicle types on the edge (1; 2).
The law of speed change is determined by the for-

mula (1) [4, 45–71]:
V t a b t t c t t d t tk k k k k k k( ) ( ) ( ) ( ) ,= + − + − + −2 3 � (1)
where a V tk k= ( ),  b V tk k= ′( ),  
c

V t t V t V t
t tk

k k k k

k k

=
− ′ − ′

−
+ +

+

3 21 1

1

( , ) ( ) ( )
,  

d
V t V t V t t

t t
k

k k k k

k k

=
′ + ′ −

−( )
+ +

+

( ) ( ) ( , )1 1

1

2

2  are Hermite coef-

ficients.

We compare the speed values i jV ; ,( )
1  i jV ;

,( )
2  i jV ; ,( )

3  i jV ;( )
4  

using the principle of minimization, which enables 
to find the speed of the convoy on the edge ( )i j; , if it 
starts moving at the point 0Т , and the results are pre-
sented in (Figure 3):

V T V T V T V T Vi j i j i j i j
n

( ; ) ( ; ) ( ; ) ( ; )( ) min ( ), ( ),..., ( ),= = −0 1
0

2
0

1
0 (( ; )( ) ,i j

n T0{ }

Figure 3. Speed of convoy on the edge (1;2) at T0 10=  hours
The speed value of convoy along the edge ( )i j;  at 

different points in time T0  of the start of movement, 
i. e. the value of the function V Ti j( ; ) ( ),0 0=  

V Ti j; ,...,( ) =( )0 1  V Ti j; ,( ) =( )0 23  makes it possible to 
find the weight of the edge ( )i j; , which may differ for 
different values of 0Т . Using the integral approach 
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described in [5, 17–28], we determine the travel 
time along the edge ( )i j;  using the equation:

	 V t dt Si j
t

t

i j

i

; ;( )( )∫ = ( )
0

� (2)

or

a b t t c t t d t t dt Sk k k k k k k
t

t

i j

i

+ − + − + −( ) = ( )∫ ( ) ( ) ( ) ;
2 3

0

S a t
a

t t
a

t t
a

t ti j k
k

k
k

k
k

k
t

t

i
( ; ) ( ) ( ) ( )= + ⋅ − + ⋅ − + ⋅ −






2 3 4

2 3 4

0

Having performed the mathematical transfor-
mations, we obtain an equation of the fourth degree 

with respect to t (3), and the results are presented 
in (Figure 4):

4

4

3

3

2

2

1 0
0p p p p pt t t t t t t t tk k k k k( ) ⋅ + ( ) ⋅ + ( ) ⋅ + ( ) ⋅ + ( ) =	

	4

4

3

3

2

2

1 0
0p p p p pt t t t t t t t tk k k k k( ) ⋅ + ( ) ⋅ + ( ) ⋅ + ( ) ⋅ + ( ) = , � (3)

where 
4 4

p t
d

k
k( ) = , 

3 3
p t

c
d tk

k
k k( ) = − ⋅ , 

2

2

2
3
2

p tt
b

c t dk
k

k k k k
( ) = − ⋅ + ⋅ ⋅ ,

1

2 3p t tt a b t c dk k k k k k k k
( ) ,= − − ⋅ − ⋅

0

2 3 4

2 3 4
p t t tt S a t

b c d
k ij k k

k
k

k
k

k
k

( ) = − ⋅ − ⋅ − ⋅ + ⋅ .

Figure 4. Values of the Hermite coefficients: P t P t P t P t P tk k k k k0 1 2 3 4( ), ( ), ( ), ( ), ( )  on edge (1; 2)

The solution of equation (3) is the time spent on 
the edge ( )i j; .

After performing similar operations with all edg-
es, we obtain a graph with the weight equal to the 
time spent on the move, which is defined as a func-
tion of the argument 0Т :

	
i j i jа f Т;( ) ( )
= ( )

; 0
.� (4)

The software application is made using the pro-
gramming language of the MatLab computer math-

ematics system. The program is implemented by a 
script file and two function files.

Conclusions. The developed software and al-
gorithmic support enable to label the graph of a 
road network in the case of a continuous indeter-
minate change in the weight of edges, which takes 
into account the change in both the speed of move-
ment and the hourly indicators of the beginning of 
movement.
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DEVELOPMENT OF OPTICAL SENSOR FOR 
DISSOLVED AMMONIA WITH SOL-GEL ROUTE

Abstract. Optical sensor for the detection of microconcentration of dissolved ammonia was 
developed using the sol-gel technology. Parameters affecting the sensor performance were evalu-
ated and optimal conditions for the reaction was proposed. Sensor show linear relationship to the 
concentration of ammonia in a wide range.

Keywords: indicator, sol-gel, absorption, immobilization, ammonia sensor.
1. Introduction.
Ammonia is produced in vast quantities world-

wide to produce further fertilizers and as a primary 
source of nitrogen to prepare a series of chemicals. 
Main reaction there is known as Haber process and 
450 ºC and high pressure (100 atm) along with Fe 
catalyst are used to promote the reaction between 
hydrogen and nitrogen gas. Ammonia is water solu-
ble weak base and in aqueous solution the following 
equilibrium is established:

NH3(aq) + H2O(l) ↔ NH4
+

(aq) + OH–
(aq)

pKb = 4.75

And main emission sources of ammonia to aque-
ous media in environment are decomposition of bio-
logical waste, use of fertilizers, agricultural run-off, 
and fowl-farm where excretion of waste from do-
mestic birds. As gaseous ammonia is decomposed 
easily by photolytic reaction, dissolved ammonia in 
environment causes many problems. Thus monitor-

ing of water quality in polluted places, especially in 
regions close to farms is utmost important. Because 
ammonia is notorious to be toxic at concentrations 
above 25 μg/L (1–3).

Numerous methods of ammonia detection of 
dissolved ammonia have been proposed. Because of 
availability of LEDs, photodiodes and cheap fluo-
rescent and non-fluorescent dyes, optical sensor for 
detection of dissolved ammonia have been develop-
ing rapidly [3–6]. Many optical sensors for dissolved 
ammonia detection use polymer membrane as PVC, 
PVA or ethylcellulose.

In this paper we use tetraethoxysilane matrix and 
incorporated a pH-sensitive indicator bromocresol 
purple using the sol-gel route. Using i-butylalcohol 
leads to improved sensor property because of opti-
mal match with the indicator dye. Developed opti-
cal ammonia sensors were investigated in different 
media and there performance was evaluated.
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2. Experimental.
2.1. Materials and methods
Tetraethoxysilane (TEOS) was purchased 

from Haihang Industry Co., Ltd (PRC); ethanol 
(EtOH), bromocresol purple (BCP), hydrochloric 

acid (HCl) and nitric acid (HNO3) were analytical 
grade and used without any purification. All buf-
fers and solutions prepared using chemical pure 
grade reactants and doubly distilled water used as 
solvent.
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Scheme 1. Structure of BCP (left) and TEOS (right)
2.2. Standard solutions
Ammonia test solutions were prepared using 

25% (mass) aqueous concentration of ammonia so-
lution and consequently diluted to reach the desired 
concentration. Doubly distilled water was used to 
prepare all solutions throughout the experiment. In 
order to keep solutions concentration constant, fresh 
test solutions were used in each experiment.

2.3. Preparation of sol-gel membranes
Sol-gel solutions were prepared mixing 2 ml of 

TEOS, 3.31 ml of i-C4H9OH for 30 minutes. 1.3 ml 

0,01M HCl aqueous solution was added in order to 
start hydrolysis and condensation reactions. pH of 
the final solution was adjusted to 2 since this solu-
tion was found to be optimal. Resulting solution was 
mixed for 4 hours at room temperature. Then 40 μl of 
0.1M BCP in C2H5OH solution was added and an-
other 30 minutes was mixed. In order to study water 
to alkoxide ratio R several sol cocktails were prepared 
and the content is given in (Tab. 1).

Table 1. – Content of solutions used in experiment

No. Alkoxide Solvent R ratio Catalyst
1. TEOS i-C4H9OH 1:1 HCl
2. TEOS i-C4H9OH 1:2 HCl
3. TEOS i-C4H9OH 1:3 HCl
4. TEOS i-C4H9OH 1:4 HCl
5. TEOS i-C4H9OH 1:5 HCl
6. TEOS i-C4H9OH 1:6 HCl

Solution of sol then remained for 24 hours for 
aging. Microscope slides were taken and cut into 
0.6x4 cm pieces. All glasses were activated in the 
aqueous solution of nitric acid for 1 hour and rinsed 

with ethanol and copious amount of water before 
dip coating process. Preparation steps of samples are 
given in (Fig. 1).
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Figure 1. Schematic diagram of sample preparation steps.
2.4. Spectroscopic studies of prepared mem-

branes
UV-vis spectrophotometer EMC‑30PC-UV 

(EMC Labs Germany) was used to record the ab-
sorption spectra of the sensors. The surface of the 
sensor films was investigated using the Optika (Ger-
many). Sensor membranes was rinsed in distilled wa-
ter and dried before each experiment.

3. Results and discussion.
Measurements were made after one week prior the 

gelation process completed. All sensor samples were 
kept in a sealed polymer bag. Sensor layers show no 
deterioration or any significant change during preser-

vation. In aqueous ammonia solution sensor films con-
verted to violet color immediately. This shows pores of 
sol-gel film perfectly fulfill to serve as a membrane for 
the selected indicator dye. Moreover spectrochemical 
properties of BCP show no change during the immobi-
lization process. This is very crucial, since non-covalent 
attachment of dye molecule is driving force to maintain 
photochemical properties of the dopant.

Figure 2 show the absorption spectra of BCP in 
different aqueous ammonia solutions. BCP shows 
an intense peak around 590 nm in basic media. In-
crease in ammonia concentration also increases the 
intensity of the peak.
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Figure 2. Absorption spectrum of BCP@TEOS sensor in different 
concentrations of aqueous ammonia (red – 1M, black – 0.2M). Intensity at 

588 nm decreases as the concentration of ammonia decreases
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Figure 3. Calibration curve of BCP@TEOS sensors for aqueous ammonia detection
The calibration curve of the sensor is shown in 

Figure 3. As can be seen from the figure, the absor-
bance and the concentration shows a good linear 
relationship in the range of 1M to 0.1M concentra-
tion. We also performed experiments with higher 
ammonia concentrations, but deviation observed 
in the linear relationship. Possible reason may be re-
lated of saturation of the sensor film with NH3(aq) and 
regeneration of sensor films have little effect on the 
stable signal reproduction.

Using other solvents as CH3OH, n-C3H7OH, 
i-C3H7OH show similar behavior, but the sur-
face shown more cracks and we decided to use i-
C4H9OH as a solvent. Moreover sensors prepared 
using i-C4H9OH show significant improvement in 
the sensor quality and no practical leaching was 
observed.

The study also aimed to investigate different pa-
rameters to the sensor. For this purpose sensor layers 
are subjected to hot solutions and other acidic solu-
tions. The sensors show stable response at different 
temperatures. As the sensing scheme is based on the 
pH-change, effect of pH was not studied. Acidic media 
does not interfere to determine dissolved ammonia.

Sensors stored in a sealed polymer bag remained 
stable for 6 months. However the initial absorbance 
shown little decrease in intensity.

Conclusions
Optical sensor for the determination of dissolved 

ammonia is developed. The sensor shows a linear 
relationship to the concentration of ammonia in a 
wide range. Effects of different parameters also stud-
ied during the experiment. Sensors shown stable re-
sponse to dissolved ammonia in different conditions.
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Abstract.

Keywords:

Chitin is one of the most common biopoly-
mers in the world, obtained on an industrial scale. 
As sources of chitin raw materials, the outer shells 
of various crustaceans, including crab and shrimp 
shells, can be used. Chitin deacetylation reaction 
produces chitosan – a substance that has great poten-
tial to be used as a basis for biomedical, pharmaceuti-
cal, food and cosmetic products due to its biological 
compatibility and biodegradability [1].

Chitosan-based materials are used as delivery 
systems for biologically active and medicinal sub-
stances, and it is possible to create various forms of 
their introduction into the body, such as oral, nasal, 
parenteral and transdermal dosage forms, as well as 
biodegradable implants [2].

In addition, it was shown that chitosan has an-
tiviral and antiphase activity; therefore, there are 
examples of its use in agriculture and food industry. 
The introduction of chitosan can reduce the growth 
rate of certain bacteria, infections, and also improves 
the protective functions of plants [3].

Due to the unique combination of chitosan 
properties, in recent years there has been growing 
interest in its use in the field of nanotechnology for 
the manufacture of a wide range of functional mate-
rials for the biomedical industry. For example, the 
development of liposomes coated for stabilization 
and protection of chitosan is known, which can be 
used in tissue engineering, drug delivery, wound 
healing, etc [4]. However, the niche for the use of 
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chitosan nanoparticles in cosmetics is not yet oc-
cupied.

In the present study the main characteristic phys-
icochemical parameters of chitosan were studied to 
understand the possibility of further application of 
these gels as the basis of cosmetic and pharmaceuti-
cal products.

The object of the study was chitosan produced 
by Pharm-Region LLC (Moscow), and hydrogels 
based on it. To prepare the gel a calculated amount 
of an aqueous suspension of modified chitosan was 
added to the beaker, then, constantly stirring, lactic 
acid was added dropwise, the reaction was stopped 
when the pH reached 5.2–5.6. The result was a clear 
gel with slight opalescence.

Chitosan is formed by N-deacetylation of a chi-
tin molecule. The proportion of deacetylated units, 

defined as the degree of deacetylation (DD), usu-
ally rotates from 70 to 90%. This parameter may vary 
depending on the source of chitin and processing 
methods. DD was evaluated for chitosan used in the 
work by using infrared spectroscopy (Nicolet 380 
FT-IR), which resulted in 67 ± 1.5 wt.% (Fig. 1).

An equally important parameter is the molecular 
weight (MW) of polymer. To determine the average-
weight MW the viscometric method was used and 
the MM was 266 ± 4 kDa.

The viscosity of the gels was measured on a 
Lamy Rheologe RM 200 instrument. The chitosan 
content’s increasing in the gel correlates with the vis-
cosity increasing (Fig. 2). It is also important to note 
the high thermal stability of gels containing chitosan 
over 1 wt.%, as their structure remained stable when 
heated above 100 °C.

Figure 1. IR-spectrum of chitosan gel
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Figure 2. Viscosity curve of chitosan gels

The average diameter and zeta potential of the 
resulted gels were determined using the Zetasizer 
Nano ZS-ZEN3600 particle size analyzer at 25 °C. 
The measured average particle diameter was 70–80 

nm (Fig. 3). It is significant to mention that there 
were no larger aggregates in the system, which means 
that the structure obtained is quite stable. The par-
ticle surface charge is 25 ± 3 mV.

Figure 3. Chitosan gel particle size
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Since the purpose of the work is to develop the 
basis for cosmetics products from chitosan gels, it 
was necessary to evaluate the effectiveness of various 
preservatives for the developed gel systems. For this 
study we selected next preservatives variants: Kem-
Nat, KemNatβ and Stabil zero (Akema, Italy); Euxyl 
903 (Shulke, Israel), Cosphaderm LA-T (Cosphatec, 

Germany), Optiphen DLP (Ashland, USA). By the 
method of microbiological control of perfumery and 
cosmetic products, it was revealed that the preserva-
tive KemNatβ (1%) showed the best effect in the 
sample of chitosan hydrogel, reducing the number of 
microorganisms by 93.7% within 7 days compared 
to the control sample without preservative (Fig. 4).

Figure 4. Preservative efficacy in chitosan gel samples.
Thus, today chitosan is widely used in the phar-

maceutical and biological fields, while studies on the 
possibilities of its use in cosmetic products are less 
common. The results of the studies of the main phys-
icochemical characteristics of the new nanostruc-

tured chitosan gels presented in this paper showed 
good potential for their use, therefore, further de-
velopment of cosmetic formulations based on the 
studied gels is planned.
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STUDY OF THE SORPTION AND TEXTURAL 
PROPERTIES OF BENTONITE AND KAOLIN

Abstract. The sorption, textural, and physicochemical characteristics of bentonite and kaolin are 
investigated. To determine the relative surface of the samples, the Brunauer-Emmett-Teller method 
(BET) was used, and the Barret-Joyner-Helend method (BLC) was used to determine the volume 
and size of pores. As a result of the research, a relationship was established between the volume of 
adsorbed gas and the relative pressure and pore radius. It has been established that at P/P0 = 0–0.05 
in the mesopores monomolecular adsorption is observed, at P/P0 = 0.05 simultaneously mono- and 
multimolecular adsorption, at P/P0 = 0.05–0.4 there is a polymolecular adsorption.

Keywords: bentonite, kaolin, colloidality, swelling, adsorbed gas volume, adsorption capacity, 
meso and micropores.

Introduction
Adsorption methods for industrial hydrocarbon 

purification are one of the most common methods 
in the industry. Their use allows a number of valuable 
compounds to be returned to production in order to 
reuse. The most important requirements for adsorp-
tion materials are: high specific surface area, selec-
tive responsiveness and easy regeneration [1–4]. In 
addition, the adsorbent should be cheap and harm-
less, with no corrosive properties, should retain its 
adsorption feature for a long time, and be highly 
mechanically durable. One of the most common 
adsorbents is activated carbon and is produced by 
various brands. In recent years, natural and artificial 
zeolites have been widely used in the purification of 
hydrocarbons. One of the most important areas for 
now is the development of environmentally friendly 
sorbents, catalysts and catalysts based on local raw 
materials [5–7].

Experimental
To determine the chemical and physicochemical 

characteristics, we placed sample granules in 100 g 
of mass in a 250-cm glass tube and poured 150 cm3 
of distilled water. The flask was stirred for 24 hours 

on the AVU‑6 unit at 120 rpm. After drying, the 
adsorbent was passed through a sieve with 0.5- and 
0.25-mm diameter, and the mechanical and physico-
chemical properties were studied. Before acid treat-
ment, we grinded the soil samples until to reach par-
ticle size 0.08 mm. We added 40 ml H2SO4 heated to 
10 g of grinded soil and stir in a water bath. After pro-
cessing, the soil was filtered through a paper filter in 
the Buchner funnel and washed with distilled water 
at pH = 5.4–5.7. The soil was then dried with the fil-
ter paper in the dryer for 12 hours at 120 ºC. Specific 
surface area and the distribution of pore sizes were 
found in the automatic adsorbometer ASAB2010 by 
the low-temperature nitrogen desorption method. 
Sediment analysis was performed on water and glyc-
erol mixture in different dispersion environments us-
ing the Oden method.

X-ray diffraction analysis (Co-Kα-radiation) was 
performed on the DRON‑4 diffractometer with a 
cobalt X-ray tube. The PDF‑2 database of the Inter-
national Center for Diffraction Data ( JCPDS, 1999) 
was used for the analysis of diffractograms. The po-
rosity of the samples was determined by Quantrome 
NOVA (USA) analyzer of low-temperature nitrogen 
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desorption. Each sample was dehydrated for 2 hours 
at 250 ºC under vacuum prior to measurement.

The Brunauer-Emmett-Teller (BET) method 
was used to determine the relative surface of solid 
samples. This method is used by the following BET 
equations:

1
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1 1

0

0

W
P
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W C
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W C
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where W–P/P0 is the adsorbed mass at a relative pres-
sure, Wm – the adsorbed mass on the surface coated a 
monolayer; S – is a BET constant, which shows the 
adsorption effect of adsorbents and represents the 
adsorption energy of the first adsorption layer.

The Barrett-Joyner-Halenda (BJH) method was 
used to determine the volume and the size distri-
bution of pores. In the calculations, the desorption 

and adsorption areas of the isotherm with a pressure 
range of 0.967–0.4 P/P0 were used.

To determine the shear density, the sorbent 
weighed 500 g and was kept in the dryer for 600 h 
at 60 ºC. 400 g of the dried sample was weighed and 
placed in a 500 ml cylinder, measured a volume V1. 
We then densified th sorbent by light tapping under 
the cylinder and t and again measured a volume V2.

The bulk density of the sorbent was determined 
by the following formula:

γ1
1

=
P
V

.  γ 2
2

=
P

V
.  [g/cm3]

where P is the mass of the sorbent; Density of -sor-
bent and subsequent bulk density, g/cm3.

Results and discussion
The subject of the study was the Navbakhor ben-

tonite and Pahtachi kaolin.

Table 1. – Chemical content of bentonite in Bavbakhor district

Name SiO2 TiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O P2O5 SO3
Alkali bentonite 
soil 57.91 0.35 13.69 5.10 1.84 0.48 1.53 1.75 0.43 0.75

Alkali earth soil 56.23 0.61 13.56 6.50 3.76 0.69 0.98 2.20 0.92 0.49

Prior to acidification of bentonite or kaolin, the 
sample was heated at 150 ºC for 30 min to remove 
water.

Mass% after acidic acid:

SiO2–70.17, Al2O3–9.49, Fe2O3–1.39, MgO‑0.64, 
Na2O–0.17, K2O–1.27, CaO–0.20, TiO2–1.63, 

MnO–0.01.

Table 2. – Dependence of the activation mode on the physicochemical properties of soil

Porperties of soil Activation time, seconds
0 10 20 40 60 80 100 120 180

Navbakhor bentonite
Swelling, mg/g 15 18 19.6 22 24 26 27 28 25
Colloid property,% 49 51.6 55 62.2 67.7 70.2 74.7 80 70.9
Water absorption, 2.5 2.46 2.42 2.38 2.36 2.34 2.32 2.3 2.45

Pakhtachi kaolin
Swelling, mg/g 25 28 29,6 30 33 36 38 42 44
Colloid property,% 89 90 92 94 96 96 99 100 100
Water absorption 10 12 14 16 18 20 22 28 30

Table 3. – Physical characteristics of natural soil
Pakhtachi kaolin Navbakhor bentonite

1 2 3
Specific surface are, m2/g 250–300 125–200
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1 2 3
Bulk density, kg/m2 600–700 570–650
Pore volume, cm3/g 0.028–0.041 0.048
Pore size, nm 2.6–2.8 3.4–4.3

In the equilibrium mode, the adsorption test 
allows to determine the maximum adsorption rate 
and to calculate the thermodynamic parameters of 
adsorption at low temperature fluctuations.

Adjusting the adsorption equation by the experi-
mental design of adsorption isotherms is accepted. 
The expression of adsorption by Langmuir and 
Freundlich models is widely used in the literature:
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α β,  – Redlich-Peterson equation parameters
There is a relationship between the adsorption 

equation and the change in adsorption enthalpy and 
entropy:
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The rate of adsorption process can be expressed 
in time units by changing the amount of adsorbed 
substance in the mass of the adsorbent as follows:

r
d
ddsα
α
τ

=  [(mg/g)/s]

Thus, the mass of adsorbed substance in α −1  g 
of adsorbent, – the time.

The following expression is important for the 
dynamic system in an open system, such as the flow 
adsorber:

V
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α

where V – is the rate of the adsorption process, W 
– the volume rate of the current; C – reactor cross-
section surface, l – adsorbent layer height; Vads – the 
volume of adsorbent.

Studies have shown that the adsorption process 
is subject to a 2-order reaction equation:
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Figure 1. Adsorption-desorption isotherms of nitrogen in mesopores of synthesized sorbents
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Diffusion model for the adsorption process:

α ττ = ⋅ +k Sdiff

1
2

kdiff – diffusion constant of the adsorption rate, 
S-constant number.

Dynamic capacity of the adsorbent is found us-
ing the formula:

α
α

d
m

ds

P V S

m
=

⋅ ⋅[ ]

Comparison of surface and microwave size was 
calculated by BET method for mesoporous sorbents 
and Dubinin method for mesoporous sorbents. To 
confirm the structure of the sorbents, we present the 
nitrogen adsorption desorption curves for mesopo-
rous sorbents(Figure 1).

As shown in Figure 1, the adsorption-desorption 
isotherms presented are typical of type IV isotherms. 
We consider the distribution of pore size for the 
synthesized porous sorbents (calculated by the BJH 
method).
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Figure 2. Pore volume distribution depending on diameters of mesoporous sorbents

As Figure 2 shows, the synthesized porous sor-
bents consist mainly of pore volume around 2 nm.

Microporous sorbents provide characteristic iso-
therms of nitrogen adsorption.
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Figure 3. Nitrogen adsorption-dsorption isotherms in micropores of microporous sorbents
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As can be seen from Figure 3, the isotherms pres-
ent are of the first type of isotherms (horizontal planes 
present).

Conclusions
1) The sorption, texture and physicochemical 

characteristics of bentonite and kaolin were studied.
2) The Brunauer-Emmett-Teller (BET) method 

was used to determine the specific surface areasof 
the samples, and the Barrett-Joyner-Halenda (BJH) 

method to determine the pore volume and size dis-
tribution.

3) The study investigated the relationship be-
tween adsorption volume and relative pressure and 
pore radius.

4) Monomolecular adsorption at the interval 
P/P0 = 0–0.05, mono- and polymolecular adsorption 
at the interval P/P0 = 0.05, and P/P0 = 0.05–0.4 poly-
mer molecular adsorption processes have been proven.
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RECYCLING OF THE OVERDUE PRESCRIPTIONS (RD) 
FOR DEGASSING OF TOXIC SUBSTANCES

Abstract. The constant source of environmental pollution besides the other harmful substances is 
presence of different chemically poisonous toxic substances, as well as special chemical solutions and 
prescriptions. The latter are removed from the surface of contaminated objects of military technique, 
weapons and local place by the method of degassing. In this article we present the data on degassing the 
educational prescriptions RD‑2 and RD-A where their physical-chemical indexes have been determined.

Keywords: utilization, recycling, educational prescriptions RD‑2 and RD-A, toxic substances.
Introduction
In contemporary life lots of military bases stand 

in front of the fact about the presence of different 
chemically harmful poisonous toxic substances, spe-
cial chemical solutions and prescriptions used in the 
process of degassing contaminated area, that became 
the thread for environment because they have been 
kept too long. That’s why at presents time there is an 
acute question about the utilization of all overdue 
chemically poisonous substances.

For example, the poisonous substances (PS) are 
removed from the surface, of contaminated objects of 
military technique and arms, remedies for individual 
protection of skin and local place [1–3]. Degassing 
reagents in contact with the poisonous substances 

convert them into non-toxic compounds. We differ 
2 types of degassing: the first happening naturally at 
the expence of evaporation and absorbing the poi-
sonous substances, and the second by the artificial 
way – by means of processing separate sections of the 
surface, where people are touch. When an accident 
takes place at the industrial objects or while using 
the poisonous substances there have been created 
contaminated zones.

We differ mechanical, physical and physical-
chemical degassing of the surface. During mechani-
cal and physical-chemical degassing the poisonous 
substances are removed from the surface by weath-
ering, by washing with water, but however the poi-
sonous substances themselves don’t destroy. While 
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using the chemical degassing the contaminated 
by toxic substance surface starts the reaction with 
degassing prescription with formation of little poi-
sonous and non-poisonous products. In that cases 
we use the water solutions of alkali, hypochlorites 
and different chloramines [4], however at tempera-
tures due 0 °C, the hypochlorites become effective 
less. Besides the substances of oxidative-chloric 
action at the same time we also use alkaline degas-
sing reagents (caustic alkali, salts, ammonia). The 
main components coming into the composition of 
prescriptions are alcoxides of alkaline metals, sur-
factants proton and aproton solvents, which influ-
ence their aggressive action upon varnish-dyeing 
coats and rubber- technical wares, it also comes to 
reduce of resistence in electrowires isolation. Wa-
ter also concerns to the number of degassing sub-
stances, which destroys the poisoning substances 
while boiling, therefore it is used for degassing the 
clothes and some other remedies of individual de-
fence [5–8].

For degassing the arms, military technique, the 
open parts of human body, equipment and uniform 
they usually use poly-degassing prescriptions RD‑2 
and RD-A. Our researches are devoted to their uti-
lization.

The degassing prescription RD‑2 – is a mobile 
liquid from light-yellow to the brown color, which is 
aimed for degassing the arms and military technique, 
remedies of individual defence of the skin and local 
place, contaminated with VX, “zoman” and “iprit”. 
For an effective degassing with prescription RD‑2, 
the poisoned surfaces of the objects should de dry. 
Prescription RD‑2 has got a wide temperature inter-
val for the usage from +40 °C up to –60 °C, with the 
temperature of a flash +31 °C. It has been the main 
prescription for winter conditions.

Some physical-chemical indexes and the compo-
sition of RD‑2 (%) is given below:

Chlorbenzol‑48, Kerosene‑37, Isobutyl alco-
hol‑8, Ethylcellozolve, Oxyphos‑1.

The standard of expenditure of prescription 
while poisoning with is 0.4 l/m2 mustard gas, and 
for degassing the local place – 1.5–2 l/m2.

Prescription RD‑2 is received by the troops in 
ready-made type in steel barrels and it may be used 
in winter conditions. It’s flammable. Water drops 
entering or long-term contact with the atmosphere 
lead to reduce of degassing ability of prescription. In 
hermetically closed package the abilities of RD‑2 are 
kept within 5 years, but in case of dis-hermetics they 
are lost in a week.

As far as after a long-term keeping RD‑2 comes 
unlit state, it is subjected to utilization. Often use on 
parallel processes: both utilization and liquidation. 
The utilization leads to further usage of final prod-
ucts with the new consumer qualities.

Degassing prescription of RD-A is intended for 
a partial degassing of rifle arms, the objects of ar-
moured weapons and technique at temperature from 
+40 °C up to –37 °C with a standard expenditure 0,4 
l/m2. The prescription is delivered and kept in the 
steel hermetically closed barrels.

Composition of RD-A: benzene B‑70, n-butyl 
alcohol, ethylenediamine, ethylcellozovle, natrium 
hydroxide.

Experimental part
As far as the compounds coming into the com-

position of degassing substances prescriptions RD‑2 
and RD-A are well-known, the aim of our research 
is elaboration of the methods of their extraction and 
their second usage in the industry (recycling).

For utilization there have been made their frac-
tionated distillation at the atmosphere pressure and 
in vacuum (10 mm of mercury column) in the inter-
val of temperatures from 88 to 250 °C, selecting each 
fraction separately. Physical-chemical constants have 
been determined.
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Table 1.

Components nD
20 d4

20 tboil°C
RD‑2

chlorbenzol 1.5248 1.1066 132
kerosene 150–250
kalium isobulat in mixture with isobutanol 1.3977 0.8027 108
ethylcellozovle 135.6
oxyphos

RD-A
benzene B‑70 88
n-bityl alcohol 1.3993 117.7
ethylenediamine 1.4508 0.8977 116.5
ethylcellozovle 135.6

Conclusion
The carried out marketing researches showed 

that the extracted substances in the process of re-
cycling the degassing prescriptions could find the 
wide usage in the people’s economy. For example, 
an oxyphos in used in leather, fur industry as a 
filler, moisten, defatted and washing means with 
antiseptic effect, as a dispersant of magnet tapes 
while making a magnet varnish, as an inhibitor of 

asphalt-resinous and paraffin sediments at the oil 
transportation through the pipelines. Ethylcello-
zovle is used as an antifreeze in aircraft fuel with 
the aim to prevent the freezing of water containing 
in it. Ethylenediamine is used in production of dy-
ers, emulgators, stabilizators and fungicides. Kero-
sine has a wide spectrum of usage. It is used both as 
component of fuel and as a fuel while burning the 
porcelain and glass wares, and etc.
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SIZING POLYMER COMPOSITIONS ON THE BASE 
OF STARCH AND POLYVINYL ALCOHOL

Abstract. The article investigates the physicochemical properties of yarn depending on the 
concentration of starch and polyvinyl alcohol (PVA). It was revealed that the use of the developed 
polymer composition in the process of sizing cotton yarn made it possible to increase its strength, 
decrease the ultimate elongation and as the most important indicator contributes to the reduction 
of yarn breakage.

Keywords: Yarn, starch, PVA, properties, strength, composition, polymer, dressing (sizing solu-
tion), concentration, ultimate elongation.

Improving the quality and competitiveness of 
products is one of the key tasks in the textile industry, 
resolved by creating effective waste-free technologies 
that can significantly reduce or completely eliminate 
the use of expensive imported chemical materials.

Despite significant advances in the field of re-
finement of cotton fiber, successes in this area are 
far from exhausted. It remains a very urgent task to 
develop effective polymeric materials suitable for siz-
ing yarn. Due to the availability of the raw material 
base, the specificity of the properties of polymeric 
materials makes it possible to purposefully use yarn 
in the sizing process, while significantly saving scarce 
expensive components and ensuring the rhythmic 
production of textile enterprises [1–4].

The main indicator that determines the quality 
of sizing in production is the thread breakage during 
weaving process. However, this indicator can only 
be determined under the conditions of a particular 
production, since the breakage is determined by the 
total influence of a number of factors, including fac-
tors not related to the quality of the dressing (yarn 

quality, humidity in the weaving department, operat-
ing mode of the sizing machine, maintaining time of 
sized yarn before weaving, etc.). There are a number 
of indicators by which the suitability of the dressing 
can be determined without carrying out the sizing 
process. Such important indicators include viscosity, 
the degree of uncoupling of starch grains, the content 
of the water-soluble fraction and surface tension.

The main purpose of these studies is to identify 
the general trend of the influence of various factors 
on the properties of the dressing and the quality of 
the sized yarn according to the developed sizing 
polymer composition.

On this basis, the initial study was aimed at se-
lecting the concentrations of starch, PVA in the com-
position.

The experiment results for the change in the 
physical and mechanical properties of the sized 
cotton yarn with starch and PVA are presented in 
(Table 1).

As can be seen from Table 1, the magnitude of 
bursting strength, bursting elongation and pick-
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upconsiderably depend on the composition of the 
dressing. The use of the developed polymer compo-
sition on the basis of starch and PVA during sizing of 

cotton yarn allowed to increase its strength, reduce 
bursting elongation, and this, in turn, helped to di-
minish the yarn breakage.

Table 1. – Changes in the physical and mechanical properties 
of yarn while taking in PVA into dressing

Sizing composition,%
Ratio of starch and 
PVA in dressing,%

Breaking load Р, 
сН

Breaking elonga-
tion Е,% Pick-up К,%

Starch PVA from the 
weight of starch

5

– 100:0 256 10.7 3.7
1.0 97.5:2.5 264 9.1 4.6
2.0 95.0:5.0 314 6.4 5.1
3.0 93.0:7.0 321 5.2 6.8

6

– 100:0 265 10.4 3.6
1.0 97.5:2.5 286 9.0 5.0
3.0 95.0:5.0 332 5.7 5.2
3.0 93.0:7.0 354 4.3 5.4

7

– 100:0 282 9.7 3.5
1.0 97.5:2.5 310 8.1 5.6
3.0 95.0:5.0 336 5.2 5.8
3.0 93.0:7.0 361 4.1 5.9

Moreover, we can observe a significant change 
in the structural and mechanical properties of the 
system with an increase in the concentration of PVA 
from 1.0 to 3.0% in starch paste.

As can be seen from Table 1, not only the starch 
content, but also PVA has a significant effect on the 
breaking characteristics of the sized yarn. For in-
stance, if the breaking load of cotton yarn is with 5% 
starch content, 1.0% PVA is 264 sN, with the same 
starch content and increase of PVA content to 3.0%, 
the breaking load will increase to 327 sN, i. e., it will 
upsurge by 23%.

It is known that under the conditions of complex 
formation of starch and PVA, significant changes oc-
cur in the rheological properties of the system.

It will be possible to significantly modify the 
physical and mechanical properties of starch dress-
ing by adding PVA in it.

The advantage of PVA compositions as a sizing 
preparation lies in its high adhesive ability.

The strength properties of yarn sized with the 
proposed compounds have shown that the strength 
properties of yarn sized with a 5–7% starch dressing 
differ significantly from those without PVA (Table 2). 
In addition, the use of a water-soluble PVA polymer as 
a part of starch dressing contributes to the maximum 
decrease in the surface tension of the system and the 
improvement of the physical and mechanical charac-
teristics of the yarn. Furthermore, in order to let dress-
ing remain on the surface of the fiber in the form of 
an adhesive film, it must have sufficient viscosity and 
meet numerous production requirements.

Based on the scientific data and theoretical and ex-
perimental research, highly effective dressing polymer 
compositions consisting of starch and PVA have been 
developed for various types of yarn (18.5; 20 and 29.4).
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Table 2. – Physical and mechanical characteristics of sized and unsized cotton yarn

Dressing Breaking load Р, sN Breaking elongation (mm)
Unsized

220 ± 5.5 98 ± 1.0
Starch% PVA,,% of dry weight of 

starch
4 – 256 93
5 – 265 87
6 – 282 82

4
1.0 264 78
2.0 314 72
3.0 321 66

5
1.0 286 75
2.0 332 69
3.0 254 61

6
1.0 310 72
2.0 335 64
3.0 361 56

The properties of dressing and the sized cotton 
yarn are presented in Table 3.

From Table 3 it is seen that the presence of PVA 
in the dressing composition based on starch, it has 
a positive effect on the process of gelatinization of 

starch and helps to increase the breaking strength 
of the system. For example, at a yarn density of 
29.4, the breaking load of the sized polymer com-
positions is 328.3 sN versus 291.7 sN of sized corn 
starch.

Table 3. – Properties of dressing made of polymer materials and sized yarn of various types

Parameters
Sizing polymer compositions Dressing on the basis of starch

Yarn density, textile
18,5 20 29,4 18,5 20 29,4

Dressing viscosity 2.7 4.4 7.1 1.6 4.2 6.1
Concentration of adhesive mate-
rial,% 1.5 3.0 4.2 1.6 4.0 4.4

Real pick-up,% 2.1 3.6 4.1 1.8 2.5 3.8
Breakage 0.27 0.29 0.32 0.32 0.41 0.52
Degree of dressing wear,% 96.3 87.2 81.7 78.3 66.4 63.2
Breaking strength, sN 314.5 326.7 328.3 266.7 284.6 291.7
Breaking elongation,% 5.6 4.8 4.4 8.1 7.5 6.8
Breaking yarn length, km 12.7 15.3 16.7 15.1 17.2 18.1
Linear deviation
density,% 7.4 7.9 8.6 8.1 8.9 9.5

Deviation of breaking strength,% 9.6 13.4 14.7 12.6 14.0 14.2

Abrasion resistance, sN 1910 2570 3170 2540 3010 3070
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In the (Table 3) it is shown that sizing polymer 
compositions significantly increase the efficiency 
of a number of technological processes, in par-
ticular, sizing. At the same time, it was revealed 
that the breaking elongation of the sized yarn is 
inversely proportional to the amount of PVA. The 
optimal PVA ratio was found, providing breaking 
strength and elongation corresponding to the pro-
duction requirements. It has been established that 
the introduction of low concentrations, up to 5% 
and PVA up to 3.0% from the weight of starch into 
starch solutions favorably improve the adhesion of 

the system to cotton fibers. The degree of dressin-
gwear reaches up to 96.3%. In addition, the use of 
polymer compositions helps to increase labor pro-
ductivity by improving a number of technological 
characteristics, in particular, reducing the thread 
breakage.

Thus, the study of the dependence of the physi-
cochemical and mechanical properties of sized sub-
strates on the chemical nature and concentration of 
the dressing components showed that starch and 
PVA compositions satisfy the requirements for ad-
hesive and film-forming dressing components.
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Abstract. The article reveals thecolourstability of printed fabrics of modified and native starch. It 
also determines that the printing and technical properties, in particular, the degree of fixation of the 
dye and the intensity of the color, mostly depend on the nature of the thickener. Moreover, it has been 
established that the use of a new thickening composition for cloth printing leads to an improvement 
in the quality of printed fabrics.
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Printing inks are highly viscous structured sys-

tems, and thickening is one of their main compo-
nents [3]. It prevents the occurrence of undesirable 
reactions in the ink and counteracts the capillary 
forces of the substrate, ensuring the sharpness of the 
printed pattern [1–3].

The choice of products for thickening printing 
inks is one of the most important problems in the 
field of printing textile materials.

To achieve the best results, thickeners imparting a 
high viscosity to the paste paint should be used, as this 
will make it easier to subsequently wash the thickener 
from the fabric, it should also have such a color and 
chemical properties that would not preclude obtain-
ing a pure color and color development [4].

Most natural thickeners used in the textile in-
dustry are polysaccharides. In terms of bulk of use, 
more than 90% of the natural thickeners are various 
starches and products of their modification [5].

The use of thickeners based on sodium alginate 
is more attractive, but their high cost due to the lim-
ited production of raw materials, inhibits their wide-
spread implementation [7–8].

Today various methods for the modification and 
improvement of the printing and technical properties 

of starch thickenershave been proposed. New techno-
logical methods of chemical modification have been 
developed, and preparations have been created for the 
modification of starch directly in the conditions of tex-
tile enterprises. The main idea of ​​the developed tech-
nological methods is the introduction of functional 
polymer compounds with carboxymethyl cellulose 
of natureinto hot starch paste, capable of adsorbing 
colloidal starch particles, preventing their aggregation, 
due to which the necessary rheological properties of 
the obtained product are achieved. To modify the 
starch in this way, the preparationcalled Printactivewas 
developed, which imparts a negative electrokinetic 
potential to colloidal starch particles, and therefore, 
to a lesser extent than unmodified thickener, forms 
covalent bonds with active dyes.

Chemically modified starch-based thickeners were 
tested in the printing of cotton fabrics with active dyes, 
the results of which are presented in Table 1.

Data presented in Table 1 show the replacement 
of common thickeners with chemically modified 
starch leads to a significant increase in the degree of 
colour fixation and the color intensity; reduce the 
stiffness of the printed fabric and improvement of 
the strength indicators of patterned colours of textile.
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Table 1. – The impact of the nature of the thickener and the methods of its modification 
on the coloristic properties of cotton fabrics, printed by ostazine bright red active dyes

Name of the 
thickener

Method of 
modifica-

tion

Thickener 
concentra-
tion gr/kg

Colour 
intensity, 

K/S

Colour stability, Mark Fixation de-
gree of ac-

tive dyes,%Washability Perspira-
tion Dryness

Starch Unmodified 80 14,2 4/4/4 4/4/4 5 72.6
Starch com-
position Bare 50 23.8 5/5/5 5/4/5 5 87.4

Table 2. – Printing and technological properties of alginate, 
modified and native starch in cloth printing

Dye
Fixation degree of active dye.% Colour intensity. K/S

Algi-
nate

Modified 
starch

Native 
starch Alginate Modifies 

starch Native starch

Vatb right green 87.4 85.3 72.6 14.26 12.87 10.28
Procion bright 
orange 85.3 84.6 71.2 12.16 11.84 7.65

Cibacroneb right red 91.6 89.4 81.2 16.43 15.75 12.16
Remazolb right red 93.2 91.6 82.3 14.74 14.22 9.65

One of the main indicators of printed fabrics is 
the colour stability, i. e. their washing out capacity. 
In this regard, further studies are aimed at determin-
ing the amount of dye in the washing trough, itsfix-
ation on the fiber and non-fixation on the fabric. The 

samples underwent thermo fixation and steaming 
processes after printing, and the capacity of wash-
abilityof the dye was determined depending on the 
temperature, duration of washing, and type of dye. 
The research results are presented in Table 3.

Table 3. – Dependence of the degree of fixation of dyes and their 
washability out capacity on the type of thickener

Thickeners

Tempera-
ture of 

washing 
trough, 

оС

Amount of the dye,%
Active bright purple 4К Active bright red 5SХ

In 
washing 
trough

Fixed 
on the 
fabric

Non-fixed on 
the fiber and 
remained on 

the fabric

In wash-
ing 

trough

Fixed 
on the 
fabric

Non-fixed on 
the fiber and 
remained on 

the fabric
Maize starch 80 18.4 50.2 31.4 19.5 53.7 26.3
Starch oxidizedwith-
manganoussulphate 80 11.9 71.6 17.5 11.3 73.0 15.7

Starch modified with 
carboxymethyl cellu-
lose and sericin

80 8.2 72.3 19.5 9.3 74.3 16.4

As can be seen from the data in (Table 3), the 
fixation of the dye with fiber thickeners made of 

modified starches which are obtained by oxida-
tion using manganoussulphate and modified car-
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boxymethyl cellulose and sericin is approximately 
the same and it is 25% higher than ordinary starch 
thickening. When comparing printed formulations 
with ordinary starch and modified one, in the third 
case, not only the degree of fixation is greater, but 
also the amount of nonfixed dye remaining on the 
fabric is reduced, which helps increase the color 
stability to wet treatments.

Thus, as a result of evaluating the effectiveness 
of the developed thickener composition, it was 
found that the use of new thickening compositions 
improves the quality of cloth printing, increases the 
environmental friendly textile materials and reduc-
es the material and resource intensity of cloth print-
ing processes by 1.5 times.

Conclusion
1. New water-soluble polymer compositions have 

been pioneered as a thickener for printing cotton fab-
rics on the basis of starch, carboxymethyl cellulose 
and sericin and their basic physical and mechanical 
properties have been thoroughly studied.

2. It was shown that the viscosity of the solution 
of the thickening compositions mainly depends on 
the concentration of the components and the time for 
modification, where an increase in viscosity is observed 
in the case of using modified starch. It was noted that 
the developed polymer thickening ingredients based 
on starch, carboxymethyl cellulose and sericin have 
good thixotropy and are stable for long-term storage.
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OPTIMIZATION OF AMPEROMETRIC CONDITIONS 
FOR THE DETERMINATION OF MOLYBDENUM 

IONS IN ANTHROPOGENIC OBJECTS
Abstract. The current-voltage behavior in the selected medium on the corresponding electrode 

of both titratable molybdenum ions and an organic reagent, as well as all other components of the 
analyzed solution involved in the titration during optimization of amperometric titration conditions, 
is investigated. We studied the electrochemical behavior of N-methylanabazine – α-azo-β-naphthol, 
on a platinum disk microanode; oxidation curves taken at different temperatures of the test solution 
and the number of revolutions of the platinum disk microanode in all studied buffer mixtures and 
background electrolytes; the diffusion nature of the limiting current of the electrooxidation of the 
reagents and the cathodic reduction of titrated metal ions is established, and their irreversible nature 
is established by the method of logarithmic analysis. On their basis, methods have been developed 
for the amperometric titration of molybdenum ions with one or two indicator electrodes in aqueous, 
non-aqueous, mixed media.

Keywords: amperometry, amperometric titration, organic reagents, expressivity, titration, selec-
tivity, selectivity, correctness, reproducibility, electrical conductivity.

Relevance. The growing demand for molybde-
num and its alloys is linked with the development 
of such industries as instrument manufacturing, 
electronics, nuclear and electric power industry – 
determinants of the technological progress of the 
whole world, which makes the problem of analysis 
of environmental objects with micro-content of this 
metal relevant. Accuracy, correctness and reproduc-
ibility, along with the rapidity of determination, are 
especially important because of the high demand of 
the determined molybdenum for both its biological 
and physiological properties.

The importance of molybdenum in science, 
technology, industry and the national economy 
is enormous, as it possesses unique properties and 
original characteristics. This in turn requires the 
improvement of existing methods for determining 
molybdenum, the development of new methods 
with the aim of establishing their macro-, mi-
cro- and trace concentrations in anthropogenic 
objects, since their micro-quantities play an im-
portant and decisive role in solving various ana-
lytical, electrochemical, medical, environmental 
and other tasks.
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Based on the third direction of the Strategy for 
the Further Development of the Republic of Uzbeki-
stan, aimed at “rising industry to a new level, further 
intensifying the production of finished products 
based on deep processing of local raw materials, mas-
tering the production of fundamentally new types 
of products and technologies”, the main tasks are 
determined. The regulatory measures taken in this 
direction have achieved certain results, especially, 
high-level scientific research has been organized and 
large-scale measures have been taken to ensure the 
import and substitution of chemical reagents for the 
local market. The amperometric method of analysis 
is based on establishing the end point of titration by 
the diffusion anode or cathode current, while mea-
suring the current passing through the cell at a cer-
tain potential difference (∆Е) on the electrode. This 
current is considered as a function of a useful ana-
lytical signal from the volume (concentration) of the 
titration solution – N-methylanabazine – α-azo-β-
naphthol. An indicator electrode for amperometric 
titration of metals is a rotating solid platinum elec-
trode. Such titration is based on the same laws as in 
quantitative polarography and voltammetry, where 
a direct proportional (linear) relationship between 
the diffusion current and the concentration of the 
analyzed substance is observed.

After conducting preliminary experiments for 
optimization of molybdenum ions titration condi-
tions, the influence of the external voltage, the nature 
and concentration of the background electrolyte and 
the buffer mixture, as well as foreign cations inter-
fering with anions and complex compounds, were 
studied.

The experiment were conducted under the fol-
lowing conditions: electrode voltage: 0.75 V, test 
solution volume – 10 ml, temperature – RT(20–
25 °C), titrant concentration 0.01 M.

To increase the electrical conductivity of the ti-
tratable medium and improve the shape of the curves 
for the determination of molybdenum (VI) with a 
solution of N-methylanabazine – α-azo-β-naphthol, 

we studied the effect of various concentrations of 
buffer mixtures and background electrolytes, which 
significantly increase the accuracy of the data and the 
reproducibility of the developed methods. The effect 
of various background electrolytes and buffer mix-
tures in the range of pH 1.60–12.50 was investigated.

The electrochemical determination of molyb-
denum (VI) with a solution of N-methylanabazine 
– α-azo-β-naphthol was studied on the background 
of hydrochloric, nitric, perchloric, sulfuric acids, in a 
Britton-Robinson buffer and solutions of alkali metal 
chlorides. It was shown that molybdenum (VI) is well 
titrated in all studied background electrolytes, forming 
strong complex compounds with N-methylanabazine 
– α-azo-β-naphthol, therefore, its electrochemical be-
havior was studied on the background of hydrogen 
chloride, perchloric and sulfuric acids, sodium chlo-
rides and potassium, a Britton-Robinson buffer in a pH 
range of 1.62–12.5. The maximum sensitivity, correct-
ness and reproducibility of the determination of mo-
lybdenum (VI) with a solution of N-methylanabazine 
– α-azo-β-naphthol are observed in strongly acidic me-
dia, and experiments have shown that amperometric 
determination of molybdenum (VI) is possible even 
in the presence of concomitant cations, and the best 
background the electrolyte is 1.0 M potassium chlo-
ride, because only on it the best results were obtained.

To improve the shape of the curves and increase 
the electrical conductivity of the titrated medium, 
as well as to suppress migration currents when de-
termining molybdenum (VI) with a solution of 
N-methylanabazine – α-azo-β-naphthol, the effect 
of the universal Britton-Robinson buffer in the pH 
range of 1.81–12 was also studied.

A series of experiments aimed at clarifying the 
nature of the influence of this factor on the condi-
tions of amperometric titration of molybdenum 
(VI) with a solution of N-methylanabazine – α-azo-
β-naphthol was carried out at their concentrations 
equal to 0.2 M in the volume of titrated solution 
equal to 10.0 ml, at the temperature of the test solu-
tion 20 ± 6 ºС.
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The calculation of the found amount of metal 
(component) in the titrated sample was carried out 
according to the formula known used in literature:

P = VТАА × m × N × 1000 mg;
where: VТАА– is the volume of reagent used for titra-
tion (ml);

m – is the coefficient of the piston microburette 
(0.0029 ml);

N – is the equivalent mass of the titrated metal.
It was experimentally established that the best 

results when titrating molybdenum with a solution 
of N-methylanabazine are observed in acidic media 
at pH 1.81–2.82, resulting in the formation of strong 
complex compounds.

Since the voltage value should have a significant 
effect on the type of curves, conditions and results 
of metal determination, we studied the effect of the 
voltage value on titration of molybdenum (VI) with 
a solution of N-methylanabazine – α-azo-β-naphthol 
under the following optimal conditions: background 
– universal buffer with a pH of 1.81–2.62, the con-
centration of titrant is 0.001 M, the volume of the 
titrated solution is 8–10.0 ml, the temperature is 
about 24 ºC. The voltage on the platinum indicator 
electrodes was changed in the range of 0.20–1.25 V 
in steps of 0.25 V.

The results of the experiment show that the aver-
age value of the titrant consumption at the titration 
endpoint depends on the voltage supplied to the 
indicator electrodes, where the average titrant con-
sumption at the titration endpoint depends on the 
potential difference (ΔE) supplied to the platinum 
indicator electrodes.

Determination of molybdenum (VI) with a so-
lution of N-methylanabazine – α-azo-β-naphthol in 
various real industrial materials and natural objects 
is a necessary and urgent task of modern electro-
analytical chemistry. Therefore, the possibility and 

optimized conditions of amperometric titration of 
molybdenum (VI) with a solution of N-methyla-
nabazine – α-azo-β-naphthol in a wide range of their 
concentrations have been shown and optimized, and 
with appropriate selection of the determination con-
ditions, it becomes sensitive and highly selective.

For a successful study, the influence of the poten-
tial supplied to the indicator electrodes (0.25–1.25 V) 
on the shape of the curves, conditions and results of 
amperometric titration of molybdenum (VI) with a 
solution of N-methylanabazine – α-azo-β-naphthol 
was studied. As a rule, the concentration of the titrat-
ing reagent should be several orders of magnitude 
higher than the content of the metals being deter-
mined. The titrant is added in small portions of a 
precision piston microburette, due to which dilution 
of the test solution can be neglected.

It was found that the curves that are optimal in 
shape and the best titration results are observed at 
a potential difference (∆Е) on a platinum indicator 
electrode equal to 0.75 V.

The experimental results obtained indicate that 
the developed amperometric methods for the deter-
mination of molybdenum (VI) ions with a solution 
of N-methylanabazine – α-azo-β-naphthol are dis-
tinguished by high metrological characteristics and 
analytical parameters that allow them to be recom-
mended in the analysis of real materials, ores, alloys, 
minerals, tails and other objects.

Summing up the results of the studies, it is neces-
sary to note that the obtained experimental data served 
as the basis for the development of amperometric 
methods for the determination of ions of the studied 
noble metals in their model binary, ternary and more 
complex mixtures that simulate natural objects and 
industrial materials, thereby showing the possibility of 
their real practical application in the analysis of objects 
environment and industrial materials.
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A RESEARCH MODEL FOR THE OPERATING 
MODES OF THE MECHANICAL PART OF THE ORE 

CRUSHER ELECTRICAL DRIVE SYSTEM

Abstract. A simulation model, allowing to study and evaluate the operating modes of mechanical 
transfer link of an induction electrical drive system that ensures the operation of ore crusheris devel-
oped. The model was implemented in the Simulink environment of the MatLab software package 
and can be successfully used to identify the defects in the mechanical part of the induction electrical 
drive systems operating with the percussive application of a load, and to make decisions aimed at 
improving the operating conditions.

Keywords: simulation model, percussive load, mechanical part, elastic link, operating mode, 
rigidity.

Introduction. The electrical drive systemresearch 
model should reflect the peculiarity of the structural 
scheme of the given system, as well as the loading mode. 
Taking into account the structural diversity of electrical 
systems and the variety of technological load changing, 
it is of scientific and technical interest to develop a mod-
el for the study of the working modes of the mechanical 
part of the electrical drive system with percussive load.

There are numerous works which are devoted to 
the modeling and investigation of different links of 
the electrical drive system [1–4].

Ivanchenko’s monographs devoted to the investi-
gation of the dynamic phenomena occurring during 
the operation of metallurgical machines are of par-
ticular interest [1; 2]. In these works, the develop-
ment of the mathematical models for investigation 
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the transient processes and the steady state of single-
motor and multi-motor electrical drive systems has 
been considered.

Rational parameters providing transient attenua-
tion and reduction of electric drive system dynamics 
are obtained. Mathematical models have been devel-
oped for technological mechanisms with a constant 
and variable load changing with certain regularity.

In the work devoted to the study of the mechani-
cal subsystem of the electrical drive system with a re-
ducer [3], transient functions for the main regulated 
coordinates were obtained.

The torque of resistance created by some tech-
nological mechanisms operating with the percus-
sive load has a random character and a specific form 
whose impact on the mechanical part of the electri-
cal drive system needs a comprehensive study. Such 
a special torque of resistance is created by the ore 
crushers widely used in mining and metallurgical 
industry. That is why, in the present paper, a model 
for researchthe mechanical part of the electrical drive 
system has been developed.

The goal of the work is to develop the research 
model of the mechanical part of the ore crusher elec-
trical drive system which will give an opportunity to 

estimate the change in the operation modes of the 
mechanical transfer links of the system and reveal 
the possible defects.

The obtained results. In practice, an asynchro-
nous electrical drive is used for ore crushers. The 
mathematical description of the mechanical part of 
the asynchronous electrical drive system of the ore 
crusher can be represented in the form of a system 
of differential equations given below:
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where J1 and J2  are the moments of inertia of the 
crusher and the induction motor rotor’s respectively; 
c1 is the rigidity of the drive link between the crush-
er and the electric motor; ω1 and, ω2 are the angular 
speeds rotation of the crusher and the motor respec-
tively; M c  is the torque of resistance of the crusher 
load; M D  is the torque of the induction motor; M 12 
is the load torque of the elastic element;β  is the rigid-
ity of the motor characteristics.

Figure 1. The structural scheme of the crusher’s electrical drive elastic subsystem
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Using the system of differential equations (1), 
the structural scheme of the elastic subsystem has 
been obtained (Fig. 1). The scheme has been plotted 
in the Simulink environment of the MatLab software 
package [5; 6].

In the structural scheme given in Fig. 1, the form 
of change in load resistance torque M c was chosen 
taking into account the operating mode of crushers 
used in the mining and metallurgical industry.

The torque of resistance created by the crusher 
over timeundergoes a random change. The conical 
crushers which have found wide application oper-
ate in a continuous mode, while the jaw crushers – 
in a discontinuous mode. Taking into account the 
abovementioned, to develop a model for investigat-
ing the operation modes of the system’s mechanical 
part, the form of the torque M c  change presented 
in (Fig. 2) has been used.

Figure 2. The form of the change of the crusher’s Mc  torque of resistance

Figure 3. The change of the elastic element load torque at c kg m rad1 25500= .

It is known that the insufficient rigidity of the 
shaft causes bending in the gear transmission which 

leads to a non-uniform distribution of the load on 
the gear teeth.
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The insufficient rigidity of the parts increases fric-
tion and pressure in the movabile conjugation.

Taking into account that the above phenom-
ena can contribute to the emergence of emergency 
modes, in this work the characteristics of the me-

chanical part of the system have been considered for 
different rigidities of the transmission link.

By means of the model presented in (Fig. 2), the 
M 12 torque changes in time at different values of the 
c1 rigidity of the transmission link have been ob-
tained (Fig. 3, 4).

Figure 4. The change of the elastic element load torque at c kg m rad1 15000= .

From Figures 3 and 4, it can be seen that the de-
crease in the rigidity of the c1  link brings about the 
intensity of the M 12 torque change.

The transfer function W s M s M sD( ) = ( ) ( )12  of 
the electrical drive elastic subsystem has been de-
rived for different values of c1  rigidity of the trans-
mission link.

W s
s

s s s
( ) =

+ + +
68

24 4 159 1 22223 2, ,
,

when
	 c kg m rad1 25500= . ,� (2)

The characteristic equation has the following 
form:

s s s3 224 4 159 1 2222 0+ + + =, ,
whose solutions are:

s1 21 7808= − , ; s j2 1 3096 10 0154= − +, , ; 
s j3 1 3096 10 0154= − −, ,

For the characteristic equation, the obtained 
roots are left to the false axis, which shows that the 
system is stable:

W s
s

s s s
( ) =

+ + +
40

24 4 93 57 13073 2, ,
, when 	

	 c кг м рад1 15000= . ,� (3)

The characteristic equation of the transfer func-
tion (3) has the following form:

s s s3 224 4 93 57 1307 0+ + + =, , ,
whose solutions are:

s1 22 8101= − , ;  s j2 0 7950 7 5282= − +, , ;  
s j2 0 7950 7 5282= − −, , .

The obtained results show that the system is 
stable.

To investigate the system, the amplitude-fre-
quency and phase-frequency characteristics of the 
function are obtained (Fig. 5). For that, s j= ω  is 
placed in the W s( )  transfer function. The obtained 
function W jω( )  consists of real and false compo-
nents. The W jω( )  frequency transfer function can 
be presented in the following form:

W j A e jω ω φ ω( ) = ( ) ( ) ,
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where A ω( )  is the amplitude-frequency character-
istic of the system which shows how much the out-
put signal amplitude is higher than the input signal 

amplitude; φ ω( )  is the phase-frequency character-
istic which shows the magnitude of the phase shift 
of the output and input signals for a fixed frequency.

a)

b)
Figure 5. The logarithmic form of the amplitude-frequency and phase-frequency 
characteristics of the transfer function: a) c kg m rad1 25500= . ; b) c kg m rad1 1500= .

Taking into account the fact that the Nyquist crite-
rion gives an opportunity to follow the impact of the 

change in the transfer function parameters on the sys-
tem stability, the Nyquist curves of the W transfer func-
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tion for different values of the link rigidity have been 
obtained (Fig. 6). From the curves, one can see that in 
case of the frequency change in the range from 0 to +∞

, the phase-amplitude characteristics of the open-loop 
system do not include the (–1, j0) coordinate (Fig. 6), 
from what it follows that the given system is stable.

a)

b)
Figure 6. The Nyquist curves of the W transfer function for different values of the link rigidity: 

a) c kg m rad1 25500= . ; b) c kg m rad1 15000= .

From (Fig. 7), it can be seen that in case of the 
c1 decrease, the period of stabilization increases.

The transfer function G s M s M sc( ) = ( ) ( )12  of 
the electrical drive`s elastic subsystem for different 



Section 6. Electrical engineering

58

values of the c1  rigidity of the transmission link have 
been derived:

G s
s

s s s1 3 2

91 07 2222
24 4 159 1 2222

( ) = +
+ + +

,
, ,

,� (4)

when c kg m rad1 25500= . ,

a)

b)
Figure 7. The curves of the transient process of the F transfer function: a) c kg m rad1 25500= . ; 

b) c kg m rad1 15000= .

The roots of the characteristic equation
s s s3 224 4 159 1 2222 0+ + + =, , ,

are s1 21 7808= − , ; s j2 1 3096 10 0154= − +, , ; 
s j2 1 3096 10 0154= − −, , .
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G s
s

s s s1 3 2

53 57 1307
24 4 93 57 1307

( ) = +
+ + +

,
, ,

,  

c kg m rad1 15000= . ,� (5)
The roots of the characteristic equation

s s s3 224 4 93 57 1307 0+ + + =, ,
are s1 22 8101= − , ; s j2 0 7950 7 5282= − +, , ; 
s j2 0 7950 7 5282= − −, , .

From the roots obtained for the characteristic 
equations it follows that for both values of the link 
rigidity c1  the system is stable.

For studying the system the amplitude-frequen-
cy and phase-frequency characteristics of the func-
tion G s1 ( )  have been obtained (Fig. 8). For that, 
s j= ω  is placed in the G s

1 ( )  transfer function.

a)

b)
Figure 8. The logarithmic form of the amplitude-frequency and phase-frequency 

characteristics of the G transfer function: a) c kg m rad1 25500= . ; b) c kg m rad1 15000= .
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In (Fig. 9), the form of the G transfer function 
transient process for different values of the c1  link 
rigidity is represented, from what it follows that 

along with the c1  decrease, the time of the system 
stabilization increases.

a)

b)
Figure 9. The form of the G transfer function transient process: a) c kg m rad1 25500= . ; 

b) c kg m rad1 15000= .

Conclusion
The developed simulation model allows to carry 

out a comprehensive study and evaluation of the 
working condition of the mechanical part of the 

asynchronous electric drive system, and make deci-
sions that will prevent the system from appearing in 
irregular operating modes.
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