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Dear Esteemed Readers, Authors, and Colleagues, 
 
I hope this letter finds you in good health and high spirits. It is my distinct pleasure to address you 

as the Editor-in-Chief of Integrative Omics and Applied Biotechnology (IIOAB) Journal, a 
multidisciplinary scientific journal that has always placed a profound emphasis on nurturing the 
involvement of young scientists and championing the significance of an interdisciplinary approach. 

 
At Integrative Omics and Applied Biotechnology (IIOAB) Journal, we firmly believe in the 

transformative power of science and innovation, and we recognize that it is the vigor and enthusiasm of 
young minds that often drive the most groundbreaking discoveries. We actively encourage students, 
early-career researchers, and scientists to submit their work and engage in meaningful discourse within 
the pages of our journal. We take pride in providing a platform for these emerging researchers to share 
their novel ideas and findings with the broader scientific community. 

 
In today's rapidly evolving scientific landscape, it is increasingly evident that the challenges we face 

require a collaborative and interdisciplinary approach. The most complex problems demand a diverse 
set of perspectives and expertise. Integrative Omics and Applied Biotechnology (IIOAB) Journal has 
consistently promoted and celebrated this multidisciplinary ethos. We believe that by crossing 
traditional disciplinary boundaries, we can unlock new avenues for discovery, innovation, and progress. 
This philosophy has been at the heart of our journal's mission, and we remain dedicated to publishing 
research that exemplifies the power of interdisciplinary collaboration. 

 
Our journal continues to serve as a hub for knowledge exchange, providing a platform for 

researchers from various fields to come together and share their insights, experiences, and research 
outcomes. The collaborative spirit within our community is truly inspiring, and I am immensely proud of 
the role that IIOAB journal plays in fostering such partnerships. 

 
As we move forward, I encourage each and every one of you to continue supporting our mission. 

Whether you are a seasoned researcher, a young scientist embarking on your career, or a reader with a 
thirst for knowledge, your involvement in our journal is invaluable. By working together and embracing 
interdisciplinary perspectives, we can address the most pressing challenges facing humanity, from 
climate change and public health to technological advancements and social issues. 

 
I would like to extend my gratitude to our authors, reviewers, editorial board members, and readers 

for their unwavering support. Your dedication is what makes IIOAB Journal the thriving scientific 
community it is today. Together, we will continue to explore the frontiers of knowledge and pioneer new 
approaches to solving the world's most complex problems. 

 
Thank you for being a part of our journey, and for your commitment to advancing science through 

the pages of IIOAB Journal. 
 

Yours sincerely, 

Vasco Azevedo 
Vasco Azevedo, Editor-in-Chief 
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ABSTRACT 
 
At present, software products are increasingly being used in universities for teaching various disciplines for both professional and 
educational purposes. The Federal State Educational Standard of Higher Education in the Russian Federation presents new requirements 
related to the application of modern information technologies to learning outcomes. In this regard, Russian higher education enters a 
qualitatively new level: the task of widespread use of information technologies in general and vocational education is being solved, which 
contributes to the modernization of the educational process, activating the thinking activity of the students, contributing t o the development 
of the creativity of teachers, thereby increasing the effectiveness of the educational process. The goal of informatization is the global 
intensification of intellectual activity through the use of new information technologies, such as: computer, multimedia and interactive. This is 
especially relevant in the teaching of mathematical disciplines. The paper proposes a technique related to the systematic use of 
mathematical packages in the process of teaching mathematical analysis. This technique allows the use of dynamic geometry software 
systems (Dynamic Geometry System) to overcome the difficulties associated with spatial representation, which arise when studying 
applications of definite integrals. The suggested teaching methodology based on the use of Dynamic Geometry System Geo Gebra and 
multimedia technologies includes: presentation of theoretical material, step-by-step construction of the required object, calculation of body 
volume as consisting of parallel sections. The article presents solutions on the topic "Defined Integral" using the Geo gebra package 
implementing the proposed technique. 

 
INTRODUCTION 
  
The federal state educational standard of higher education, approved by the order of the Ministry of 
Education and Science of Russia, imparts to the learning outcomes new requirements related to the use of 
modern computer systems [1]. In connection with this, at present Russian higher education gets a 
qualitatively new level: the task of mass use of computer and information technologies in general and 
professional education is being solved. 
 
The teaching of mathematics under modern conditions has begun to undergo major changes towards in 
terms of decreasing the number of hours given, since the development of science makes it necessary to 
introduce new disciplines into the learning process. This leads to a reduction and a more superficial 
presentation of the material of the basic mathematical courses. At the same time, educational facilities in 
mathematics practically do not change. The problem arises: how to make mathematical education more 
effective. To solve it, it is necessary to pay serious attention to the methodology of teaching mathematical 
disciplines using information technologies [2].  
 
"In the field of teaching mathematics, there is the problem of integrating fundamental mathematical 
education and the very methodology of teaching mathematics, taking into account the current trends in 
the growth of the influence of information technologies" [3]. 
 
The solution of this problem is realized in the papers, where issues of mathematical - computer modeling 
and also geometric modelling are covered [4,5]. 
 
The use of multimedia technologies and systems of computer mathematics (SCM) makes it possible to 
include a wide visual series in the educational process, thereby activating the figurative thinking of 
students and helping them to perceive the proposed material in a holistic manner. The teacher has the 
opportunity to combine the presentation of theoretical information with showing the visual material. The 
use of multimedia technologies allows the teacher to manage the demonstration of visual material much 
more effectively, "opening new opportunities in the organization of the learning process, and also in 
developing the creative abilities of the students" [6]. 
 
Particularly topical was the use in the higher school of specialized software packages in the study of 
various disciplines [7,8,9,10], which are based on the principle of visibility. In accordance with this 
principle, specific geometric constructions are used in teaching, visualization of which makes it possible to 
easily solve the problems posed. The ability to visually represent geometric objects is a key feature of 
systems of dynamic geometry. 
 
Many qualitative studies have been carried out both in software [11] of dynamic geometry systems and in 
the effective use of these systems in educational process. 
 
For example, it has been shown in [12,13,14] that one of the effective ways to solve a number of problems 
in modern mathematical education is the use of the Geo Gebra dynamic geometry system. 
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MATERIALS AND METHODS 
 
Statement of the problem 
 
In this paper, we propose a methodology for teaching a section of mathematical analysis related to 
applications of certain integrals in calculating body volumes using information technologies. 
 
The perception of this material is simplified with a reasonable use of visual opportunities provided by 
information technologies. The researched objects are demonstrated using multimedia technologies and 
computer mathematics systems, which allows the teacher to combine the material with a dynamic video 
sequence. This is a simple and logical explanation - the means that the computer provides for displaying 
information, surpass any printed matters. In no textbook, you cannot represent the object in dynamics. 
With such opportunities, the question arises related with the use of video materials. 
 
Methodology 
 
The complexity of the spatial representation and the absence of illustrative elements makes it impossible 
to see the objects researched entirely and makes it difficult to study applications of certain integrals. It is 
known that Dynamic Geometry (DGS) software systems can be useful tools in the study of this section, for 
example, DGSGeoGebra [15, 16] presents the possibility of step-by-step view of the solution of the 
problem and visualization of the theorems proofs. 
 
In connection with the above, the teaching methodology based on the use of DGS Geo Gebra and 
multimedia technologies may include: 
 
- presentation of theoretical material; 
- step-by-step construction of the desired body; 
- Calculation of body volume over areas of parallel sections. 
 
The presentation of theoretical material [17] can be based on the use of presentations, video clips, 
dynamic video sequences, etc [Fig. 1]. 

 Fig. 1: The example of presentation of theoretical material. 
…………………………………………………………………………………………………………………………… 

 
Step-by-step construction of the desired body involves the use of computer mathematics systems that 
allow a dynamic review of the problem solution. Consider the application of this methodology on the basis 
of the example of solving the following problems [3]. 
 
Example 1. Find the volume of the body bounded by the paraboloids surface x^2+y^2=z and the plane 
z=3. 
 
In [Table 1], in points 1–3, the steps for constructing the target body in DGS Geo Gebra are presented. 
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Table 1: The example of step-by-step construction 

 
1. We construct the plane z = 3 and the paraboloid x² + y² = z 

  

 

 

    
2. Find their intersection using the tool   
  

 

 
 

 

 
3. We describe the body, the volume of which must be found. 
  
 

 

 

 
 
 
We note that for step-by-step viewing of the solution of the problem and dynamic visualization of the 
construction of the desired body, it is necessary to create a slider and determine the conditions for 
displaying body components for objects with different values of the slider. For example, create the slider i 
with an interval from 0 to 6 (step 1) [Table 2]. 

Table 2: Settings of slider 
   

  
i=5 

In the "Object Properties" slider dialog box, set the 
animation behavior: speed -1; repeat - increase (once). 
The objects of the desired body (point 3) are displayed 
at  
4 ≤ i ≤6, and the previous constructions (points 1-2) 
correspond to the values  
0 ≤ i ≤3. 

 
Using the results of the construction, we find the volume by means of the integral:   
  

Conic 

Parametric curve 
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Example 2. Find the volume of the body bounded by the cylindrical surface and the 
planes: z=0  and y+z=3. 
 
When calculating body volume over areas of parallel sections, we use dynamic visualization, which is 
realized by introducing the slider tc with an interval from - √5 to √5 in steps of 0.1. 
 
To move the section along the Ox axis, you need to join the x coordinate with the value of the slider t. Set 

the section using the tool      . 
 
In this example, the section is a polygon, so it is convenient to construct it by specifying the coordinates of 
the vertices parametrically: 
 

; ; 

; 

 
          

   
 

 
а) t=-2.24    b) t=-1.94 с) t=-0.64 d) t=1.04    e) t=2.24 

Fig. 2(a-e): The dynamic visualization of sections. 
…………………………………………………………………………………………………………………………… 

 
Using the results of the construction, we find the volume by means of the integral. 
 

 
 
RESULTS AND DISCUSSION 
 
Perception of the teaching material depends on the way how the educational process is organized, what is 
aimed at. That is why it is necessary to pay serious attention to the teaching methods of mathematical 
disciplines using information technology. 
 
The presented method is based on the systematic usage of information technology during teaching 
process of higher mathematics. Mathematical packages, including a dynamic geometric environment - the 
Dynamic Geometry (DGS) software systems are successful approaches for a teacher. They combine both 
multimedia and programming tools, thereby providing informatization of the educational process. 
 
The following results were obtained during the research: 
 
- using of multimedia technologies assists to improve the level of understanding of complex sections of 

higher mathematics; 
- dynamic Geometry Systems allows to make geometric constructions of the explored objects 

visualization of which help to solve tasks and view them in dynamics; 
- using of multimedia technologies and systems of computer mathematics helps to optimize the 

educational process, using time at different stages of teaching more rationally; 
- -a method based on the systematic using of IT contributes to a deep understanding of the subject and 

the development of interest in its study. 
 
Using of information and communication technologies has a great influence on the content, forms and 
methods of teaching. New educational technologies which are used during the learning process improves 
the teaching methods, allows using the visual possibilities provided by computer mathematics systems 
along with traditional methods, techniques and methods. 
 
The article proposes a technique for teaching a section of mathematical analysis related to applications of 
definite integrals during calculating of volume of shapes using multimedia technologies and graphical 
capabilities of dynamic geometry systems. The usage of the proposed method of teaching showed that 
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DGS Geo Gebra is a necessary tool to build geometric constructions of the explored objects, the 
visualization of which help to solve tasks for calculating volume of shapes.  
 
CONCLUSION 
 
The introduction of this technique is recommended due to the current level of development of information 
technology, as well as problems associated with the using of visualization of spatial modeling of objects. 
Using of multimedia technologies allows a teacher to diversify the study material with new activities, enrich 
it with visual information, increase the motivation of students and their interest to the subject. Students 
actively participate in the learning process, are trained to think independently, to protect their own points 
of view, to model real mathematical objects. 
 
The creation and development of methods based on the systematic using of information technology is a 
necessary step towards increasing the effectiveness of mathematical education.  
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ABSTRACT 
 
In the work, a comparative analysis of asphaltene substances deposits (ASP-B) from pipelines of two oil enterprises was carried out. The 
similarity of the group components of the ASP-B data is revealed. To determine the optimal method for controlling sediments, a classification 
was made and the most effective solvent was selected. 3 deposits ASP-B (PJSC Tatneft) belong to the paraffin type, therefore, the most 
effective solvent will be solvents on a paraffinic, naphthenic or unsaturated basis. Since the main mass  of the deposit is paraffin 
hydrocarbons, the removal of these deposits will be more effective when dissolving the paraffinic part of the sediments. 2 deposits of ASP-B 
(JSC Tatnefteprom-Zyuzeyevneft) belong to the asphaltene type. For ASP-B asphaltene type, the most effective solvent is an aromatic solvent. 
These solvents have a good dissolving power with respect to asphalt-resinous substances. The solutions of each component of the 
sediments were analyzed by the conductometric method of dispersion analysis with the help of the particle size analyzer Coulter Counter in 
order to determine the particle size, the comparative evaluation of the sizes and ratios in sediments of various oils. It has been revealed that 
in the investigated sediments, despite the different origin and differences in the group composition, the components of the ASP-B do not 
differ in their characteristics from each other, the group components have a similar molecular mass and structure.  

 
INTRODUCTION 
  
The problems associated with oil transportation occupy an equal position with the problems of oil 
preparation. When transporting highly paraffinic oils, the problem of occurrence of deposits of asphalt-
resin-paraffin (ASP-B) is sharply raised [1]. The occurrence of these deposits leads to a sharp deterioration 
in the conditions for the transport of oil, a reduction in capacity, an increase in the hydraulic resistance of 
the pipeline, the loss of the most valuable components of oil entering the composition of ASP-B [2] 
 
Problems of ASP-B are a rather complex structure. A lot of factors influence the formation of ASP-B and its 
formation, and the process of deposition is possible both in the bottomhole formation zone [3] and in the 
pipeline of prepared oil [4-5]. 
 
Currently, a fairly wide range of methods and means of disposal, preventing the formation of ASP-B is 
applied. A huge amount of reagents, solvents with excellent performance indicators was developed. But 
this is not the limit. The problem in this area is the lack of empirical dependencies between the physic-
chemical characteristics of oil and the choice of the most effective method of preventing deposits. At the 
moment, the selection of reagents and the choice of the method of protection is determined in a practical 
way in the laboratory, which complicates and narrows the possible choice of means of influencing oil [5-7]. 
 
The purpose of this work is to determine the group composition of ASP-B, to study solutions of group 
components of ASP-B, and to make a comparative analysis of the data obtained. Which, in turn, can be the 
initial data for modeling the processes of formation and prevention of ASP-B. 
 
METHODS 
 
Determination of particle size of oil dispersed systems was carried out by conductometric method using 
the Coulter Counter analyzer of the TA-II model of IDF Production (UK) [8]. The determination of dispersity 
by the conductometric method is based on measuring the electrical resistance at the moment when the 
particles pass through the calibrated micro-holes [8].  
 
To determine the particle size of the disperse system, working apertures (tubes) of different diameters 
were used, the working volume of the sample was 0.5 ml. 
 
The determination of the composition of ASP-B was carried out by liquid chromatography. The technique is 
based on the different solubility of the components of ASP-B in various solvents and their different sorption 
capacities for the silica gel. 
 
RESULTS 
 
In the course of the work, 3 samples of ASP-B sediments were examined from the pipelines of NGDU 
"Zainskneft", NGDU "Nurlatneft". OGPU Pocachevneft PJSC Tatneft and 2 samples of sediments ASP-B of 
the Zyuzeyevskoye deposit of JSC Tatnefteprom-Zyuzeyevneft. The results of the studies are presented in 
[Table 1]. 
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Table 1: Compositions of ASP-B deposits 
 

Sample name Composition, in % 

Minerals Asphaltenes Resins Hydrocarbons Losses 
and 

water 
Zainskneft 1,32 13,68 12,5 65,57 6,73 
Pokachevneft 5,66 3,33 6,92 79,04 5,03 
Nurlatneft 0,66 37,2 2,55 55,62 3,97 
Zyuzeyevskoye 
fld., well No. 2321 

1,5 5,1 22,5 62,1 6,0 

Zyuzeyevskoye 
fld., well No. 961 

8,6 5,5 18,0 62,0 5,8 

 
Based on the data obtained, we classify the type of these deposits, for the convenience of selecting the 
most effective solvent ASP-B. The results are shown in [Table 2]. 

Table 2: Classification of ASP-B 
 

Name P / (С + А) Content of the 
impurity mixture 

ASP-B Type Type 

Zainskneft 2,47 1,32 Paraffinic P3 

Pokachevneft 7,71 5,66 Paraffinic P3 
Nurlatneft 1,4 0,66 Paraffinic P3 
Zyuzeyevskoye 
fld., well No. 2321 

0,15 0,15 Asphaltene  А1 

Zyuzeyevskoye 
fld., well No. 961 

0,17 0,19 Asphaltene  А1 

 
As can be seen from [Table 2], the samples of ASP-B deposits of PJSC Tatneft belong to the paraffin type, 
therefore the most effective solvent for them will be solvents on a paraffinic, naphthenic or unsaturated 
basis, since the main deposit mass is paraffin hydrocarbons, and the removal process These deposits will 
be more effective when dissolving the paraffinic part of the sediments. 
 
Samples of deposits ASP-B of JSC Tatnefteprom-Zyuzeyevneft belong to the asphaltene type. For ASP-B 
asphaltene type, the most effective solvent is an aromatic solvent [9]. These solvents have a good 
dissolving power with respect to asphalt-resinous substances. The nature of the action of the solvent 
consists in dissolving the resins, which are the binding agent of paraffin agglomerates and the partial 
dissolution of asphaltenes, transferring deposits on pipelines into suspended particles that are easily 
carried away by the flow. 
 
Also in the course of this paper, solutions of each component of deposits were analyzed on a particle size 
analyzer and particle size analyzer Coulter Counter, in order to determine the particle size and comparative 
evaluation of sizes, their ratios in sediments of various oils, the results of the studies are presented in 
[Table 3-7] and [Fig. 1 -3]. 

Table 3: Particle sizes of ASP-B of NGDU "Zainskneft" PJSC "Tatneft" 
 

Channel range 
μm 

% of the total number of particles 

Paraffins Resins Asphaltenes 
1 2 3 4 

1,26-1,59 0 0 0 
1,59-2 5,6 5,5 6,2 
2-2,52 7,1 7,3 7,6 

2,52-3,17 5,8 7 6,1 
3,17-4,00 7,1 8,2 7,5 
4,00-5,04 6,1 5,5 6,1 
5,04-6,35 7 6,8 6,8 
6,35-8,00 7,1 6,5 6,9 
8,00-10,1 4,6 5 4,3 
10,1-12,7 8,8 8,6 7,7 
12,7-16,0 8,3 8,2 6,9 
16,0-20,2 6,9 6,3 5,9 
20,2-25,4 6,4 6,6 5,8 
25,4-32 6,2 5,8 6,5 
32-40,3 5,3 5,3 5,1 
40,3- 7,3 7,4 7,9 
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Table 4: Particle sizes of ASP-B "Pocachevneft" PJSC "Tatneft" 
 

Channel range 
μm 

% of the total number of particles 

Paraffins  Paraffins 
1,26-1,59 0 0 0 
1,59-2,00 6,3 6,1 6,5 
2,00-2,52 7,6 7,5 7,6 
2,52-3,17 6,1 6,1 6,1 
3,17-4,00 7,5 7,5 7,6 
4,00-5,04 6,3 6 6,2 
5,04-6,35 6,8 6,8 6,9 
6,35-8,00 6,8 6,8 6,7 
8,00-10,1 4,3 4,3 9,3 
10,1-12,7 7,7 7,8 7,7 
12,7-16,0 6,8 6,8 6,7 
16,0-20,2 5,8 5,8 5,8 
20,2-25,4 5,8 5,9 3,5 
25,4-32 6,4 6,4 6,6 
32-40,3 5 5,2 5,1 

40,3- 7,9 8 7,7 
 

Table 5: Particle sizes of ASP-B of NGDU Nurlatneft PJSC Tatneft» 
 

Channel range 
μm 

% of the total number of particles 

Paraffins  Paraffins 
1,26-1,59 0 0 0 
1,59-2,00 6,3 6,1 7,2 
2,00-2,52 7,6 7,5 7,6 
2,52-3,17 6,1 6,1 5,9 
3,17-4,00 7,5 7,5 7,2 
4,00-5,04 6,3 6 5,9 
5,04-6,35 6,8 6,8 6,7 
6,35-8,00 6,8 6,8 7,3 
8,00-10,1 4,3 4,3 4,2 
10,1-12,7 7,7 7,8 7,5 
12,7-16,0 6,8 6,8 6,7 
16,0-20,2 5,8 5,8 5,2 
20,2-25,4 5,8 5,9 5,7 
25,4-32 6,4 6,4 6,7 
32-40,3 5 5,2 5,2 

40,3- 7,9 8 8,7 

 
Table 6: Particle sizes of ASP-B in the Zyuzeyevskoye oilfield well No. 2321. JSC Tatnefteprom-Zyuzeyevneft 

 
Channel 

range 
μm 

% of the total number of particles 

Paraffins  Paraffins 

1 2 3 4 
1,26-1,59 0 0 0 
1,59-2,00 6,7 6,9 7,1 
2,00-2,52 8,2 7,9 8,7 
2,52-3,17 5,9 6,3 6,3 
3,17-4,00 7,5 7,7 7,4 
4,00-5,04 6,5 6,3 5,8 
5,04-6,35 6,7 6,8 6,8 
6,35-8,00 7,9 7,7 7,5 
8,00-10,1 4,8 4,3 4,3 
10,1-12,7 8,1 7,9 7,7 
12,7-16,0 7,1 7 6,8 
16,0-20,2 5 5,4 5,3 
20,2-25,4 5,9 5,8 5,7 
25,4-32 5,3 4,3 5,2 
32-40,3 4,9 5 5 
40,3- 8 7,9 7,8 
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Table 7: Particle sizes of ASP-B in the Zyuzeevsky deposit, borehole. No. 961 of JSC Tatnefteprom-Zyuzeyevneft 

 
Channel range 

μm 
% of the total number of particles 

Paraffins  Paraffins 
1 2 3 4 

1,26-1,59 0 0 0 
1,59-2,00 6,1 6,8 7,6 
2,00-2,52 7,5 7,7 8 
2,52-3,17 6,1 6,1 6,2 
3,17-4,00 7,5 7,5 7,6 
4,00-5,04 6,1 6 6,2 
5,04-6,35 6,8 6,7 6,8 
6,35-8,00 6,9 7,5 7,6 
8,00-10,1 4,3 4,2 4,3 
10,1-12,7 7,8 7,6 7,7 
12,7-16,0 6,9 6,8 6,8 
16,0-20,2 5,9 5,3 5,4 
20,2-25,4 5,8 5,6 5,8 
25,4-32 6,6 5 4,6 
32-40,3 5 5 5 

40,3- 8,2 7,8 7,9 

DISCUSSION 
 
The purpose of this work was a comparative analysis of five different deposits of ASP-B. All deposits were 
taken from different deposits, therefore, they represented sediments of various oils. As indicated above, 
these sediments differ in the group composition of the components. And the most interesting task was to 
reveal the similarity of the group components of some sediments with the group components of others. It 
was decided to investigate 1% solutions of each component for size and particle size ratio and give a 
comparative description of the data obtained. In parallel, work was carried out to study the structural and 
group composition, which, in turn, can confirm or disprove the results of this work. 
 
The particle sizes are represented as the Poisson distribution in [Fig. 1–3]. 
  

 
 

Fig. 1: Poisson distribution of asphaltene particles in a solution of benzene. 
 …………………………………………………………………………………………………………………………… 
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Fig. 2: Poisson distribution of paraffin particles in a solution of hexane. 
 …………………………………………………………………………………………………………………………… 

 
 

Fig. 3: Poisson distribution of resin particles in a solution of benzene. 
…………………………………………………………………………………………………………………………… 

 
As can be seen from the graphs, almost identical repetition of the curves obtained during the analysis of 
the group components of various ASP-B is observed. In our opinion, this gives the right to preliminarily 
conclude that in the investigated sediments, despite the different origin and differences in the group 
composition, the components of the ASP-B do not differ in their characteristics from each other in their 
characteristics. it is possible to assume that the group components have approximately the same 
molecular mass and structure [10]. 
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SUMMARY 
 
In the course of this paper, various ASP-B deposits were analyzed, and the results suggested the similarity 
of the group components of different ASP-B. 
 
It was revealed that 3 deposits of ASP-B (PJSC Tatneft) belong to the paraffin type, therefore the most 
effective solvent for these ASP-B will be solvents on a paraffinic, naphthenic or unsaturated basis, since 
the main deposit mass is paraffin hydrocarbons, and The process of removing these deposits will be more 
effective when dissolving the paraffinic part of the sediments. 
 
2 deposits of ASP-B (JSC Tatnefteprom-Zyuzeyevneft) belong to the asphaltene type. For ASP-B asphaltene 
type, the most effective solvent is an aromatic solvent. These solvents have a good dissolving power with 
respect to asphalt-resinous substances. The nature of the action of the solvent consists in dissolving the 
resins, which are the binding agent of paraffin agglomerates and the partial dissolution of asphaltenes, 
transferring deposits on pipelines into suspended particles that are easily carried away by the flow. 
 
In the work, solutions of each component of the sediment were measured at the Coulter-Counter particle 
distribution counter, in order to determine the particle size and the comparative estimation of the sizes, 
their ratios in the sediments of various oils. Based on the results of the studies, almost identical 
repeatability of the curves obtained in the analysis of the group components of various ASP-B is observed. 
It was revealed that in the investigated sediments, despite the different origin and differences in the group 
composition, the components of the ASP-B do not differ in their characteristics from each other in their 
characteristics, so it is possible to assume that the group components have approximately the same 
molecular mass and structure. 
 
CONCLUSION  
 
The process of formation of ASP-B is determined by many factors, among which are the operating 
conditions of the process equipment for the extraction, transportation and storage of hydrocarbons, the 
properties of the hydrocarbons themselves. Particular importance in a number of factors that determine 
the propensity of hydrocarbons to form ASP-B, have high-molecular components of oil, namely, their 
composition, structure and percentage ratio. Knowing the properties and composition of hydrocarbons, 
their thermal and hydrodynamic conditions in the reservoir, and correctly selecting methods of combating 
ASP-B sediments, it will be possible to avoid deterioration of oilfield equipment and pipeline 
communications, which at one time is economically beneficial for the oil and gas industry, to reduce the 
number of repairs and reduce downtime of wells, will allow to extend the service life of equipment, to 
ensure rhythmic work of the fishery and to reduce the cost of oil production.  
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ABSTRACT 
 
Scientific and technological progress increasingly replaces aged equipment with more efficient and less expensive one. This makes it 
possible to significantly reduce labor costs for a unit of output and increase the total production volume. In the agrarian economy of Russia, 
the important issue remains the problem of labor productivity growth, the solution of which is largely achieved through factors that affect the 
reduction of labor costs per unit of output. To increase the efficiency of production, it is necessary to use all factors of labor productivity 
growth; only then the agricultural commodity producer can obtain tangible results of saving labor and financial resources [1] . Accelerating 
the growth of labor productivity is an important stage in the further development of production and the raising of human wellbeing. The 
purpose of the study is to analyze the productivity of labor in the Ulyanovsk region of the Russian Federation, to identify the main factors 
affecting the level of labor productivity and the reserves of growth of these indicators. When analyzing indicators reflecting the effectiveness 
of labor in agriculture in the Ulyanovsk region, econometric methods (time series analysis and forecasting, statistical grouping, multifactor 
correlation-regression modeling) were used. The main factors influencing the level of labor productivity in the region are determined. Point 
and interval predictions of analyzed labor productivity indicators are made. In the agrarian sector of the Ulyanovsk region, there are enough 
reserves for the growth of labor productivity in the form of raising the capital-labor ratio level in the agrarian sector, wages in agriculture, and 
the professional and qualification level of workers. The conducted research and the presented conclusions can be used as an example of the 
development of a separate agricultural enterprise when planning production and economic activities or when developing programs aimed at 
improving the efficiency of the agrarian branch of the region [1]. 
 

INTRODUCTION 
  
One of the important indicators reflecting the results of production activities, that characterize the 
efficiency and level of production intensification is labor productivity. This indicator most deeply reflects 
economic factors and characterizes the socio-economic level of labor productivity, and outlines the 
prospects for labor relations. 
 
The growth of labor productivity is a complex system changing under the influence of many factors. At the 
same time, it is important that the influence of groups of factors on the increase of labor activity is 
achieved only when a new economic mechanism for managing is developed and new economic relations 
based on it is organized. 
 
MATERIALS AND METHODS 
 
Labor productivity in agriculture is changing under the influence of many factors. 
 
Preliminary assessment of factors allowed us to form a set of factorial indicators that determine the 
quantitative assessment: 
 
- Capital/labor ratio of agricultural labor (X 1), thousand rubles / person; 
- Specific weight of the active part of fixed assets in enterprises (X 2), %; 
- Degree of replacement of fixed assets (X 3); 
- Level of wages of agricultural workers (Х 4), thousand rubles; 
- Share of the wage fund in total production costs (X 5), %; 
- Share of agricultural workers in the total number of employees (X 6), %. 
 
A resultant indicator is the annual labor productivity calculated with the use of the gross product value. 
 
Correlation-regression analysis of the influence of selected factors on the simulated indicator was carried 
out based on data of 137 agricultural organizations in the Ulyanovsk region and using the integrated 
program Statistica 10.0. 
 
The estimation of the partial correlation coefficients made it possible to select the most significant 
indicators and exclude the weak influence and multi collinearity: 
 
- Capital-labor ratio of agricultural labor (X 1), thousand rubles / person; 
- Level of wages of agricultural workers (Х 4), thousand rubles; 
- Share of the labor compensation fund in total production costs (X 5), %. 
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The first indicator is caused by the influence of scientific and technological progress on the productivity of 
agricultural labor, the other two are organizational indicators and they reflect the labor potential of an 
enterprise, the use of modern forms of labor organization and its payment, and the system of motivation 
and stimulation of labor in agriculture. 
 
The degree of relationship strength between the selected indicators and the resultant indicator is reflected 
in [Table 1]. 
 

Table 1: Matrix of Pairwise Correlation Coefficients  
  

Indicators Convention Labor productivity, Y, 
thousand rubles / person 

Capital-labor ratio of agricultural labor, thousand rubles X 1 0.403 
The level of remuneration of agricultural workers, thousand 
rubles 

X 4 0.565 

The share of payroll in total production costs, % X 5 -0.400 
 
As a result, the equation of the simulated indicator, labor productivity, has the following form: 
Y = 1087.20 + 0.91X 1 + 14.80X 4 - 89.11 X 5. 
 
According to the equation obtained, the share of agricultural capital-labor ratio labor and the level of have 
a positive effect on the result. Thus, an increase in the capital-labor ratio on average by 1 000 rubles (with 
the invariability of the remaining facts of the model) promotes growth of labor productivity in agricultural 
organizations in an average by 910 rubles. The increase in the level of labor remuneration by 1,000 rubles 
leads to an increase in the effective indicator by an average of 14.8 thousand rubles.  
 
The share of the wage fund in total production costs is characterized by a negative impact on the 
productivity of agricultural labor. The growth of the share of wages in the total costs of enterprises for 
production promoted the reduction of the labor productivity level by 89.11 thousand rubles. 
 
The statistical significance of the corresponding regression coefficients can be judged from the t Student's 
t-test which value corresponds to t b1 = 6.11; t b4 = 11.2; t b5 = -6.97. 
 
The multiple correlation coefficient equal to 0.791 indicates a close relationship between the selected 
factors and the effective indicator. The coefficient of determination equal to 0.626 indicates that the 
cumulative influence of the three factors determines 62.6% of changes in the annual labor productivity, 
and the remaining 37.4% are the factors unaccounted for in the model. 
 
The multiple coefficient of determination corrected for loss of degrees of variation freedom R 2 correct = 
0.617; 
 
The resulting equation is statistically significant, since Fisher's F-test is significantly higher than the critical 
value for a given probability level, F table- 2.7.  
 
Correlation-regression analysis made it possible to determine that the capital-labor ratio is one of the main 
factors in the growth of production efficiency associated with scientific and technological progress. The 
value of the beta coefficient of capital-labor ratio indicates that if the capital-labor ratio increases by 1%, 
then labor productivity will increase by 0.33%. 
 

Table 2: Grouping of agricultural enterprises by the level of annual labor productivity 
 

Labor productivity, 
thousand rubles 

The average 
level of labor 
productivity, 

thousand rub. 

Number of 
enterprises 

Capital-labor ratio, 
thousand rubles 

Average monthly 
wage, thousand 

rub. 

Fund's share of 
wages in total 

production costs,% 

Less than 1094.0 601.0 46 658.1 105.9 29.5 

1094.0 - 2278.4 1533.6 45 795.6 143.4 16.7 

More than 2278,4  5629,0 46 1466.4 192.3 7.4 

Total, average 2562,1 137 974.7 147.2 17.9 

 
The grouping of 137 agricultural enterprises in the Ulyanovsk Region according to the level of their annual 
labor productivity showed that with the increase in the capital-labor ratio from 658.1 to 1466.4 thousand 
rubles and the average level of wages from 105.9 to 192.3 thousand rubles there is an increase in labor 
productivity from 601.0 to 5629.0 thousand rubles, that is in 9.4 times [Table 2]. The share of the wage 
fund is characterized with the opposite tendency: with an increase in labor productivity, the share of wages 
in total production costs is reduced from 29.5 to 7.4%, or in 4.0 times.  
 
It should be noted that the agricultural enterprises of the region that are part of the first and second 
groups by the level of labor productivity are characterized by the values of the variables and the 
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performance factors lower than the average for the aggregate. Consequently, these organizations have a 
significant reserve to improve their level of labor productivity.  
 
According to the tree of solutions built in the Deductor software, a high level of labor productivity in the 
region is achieved in the following cases: 
 
1) The share of the wage fund in production costs does not exceed 8.7%; 
2) The share of the wage fund in production costs is from 8.7 to 21.7%, the average wage level in 
agriculture is from 149 thousand rubles, and the capital-labor ratio has two values: less than 377.4 or 
more than 940.4 thousand rubles. 
 
To construct a decision tree to achieve a high level of labor productivity in agriculture, the quantization 
method was used, what allowed us to break all the factors and the resultant indicator into three groups 
and to reveal the relationship within each group. As shown by the analysis, an average wage value in 
agriculture has the greatest impact on the formation of a high level of labor productivity. The level of the 
capital-labor ratio in agriculture labor plays an essential role in this. 
 
RESULTS AND DISCUSSION 
 
The main direction in the growth of labor productivity is the development of scientific and technological 
progress. However, the introduction of world scientific achievements depends, first of all, on the agrarian 
enterprises themselves, and primarily on their financial capabilities.  In this case, the main factor in the 
growth of the financial well-being of an organization is its technical re-equipment. Technical progress 
manifested in increasing the quantity and quality of agricultural machines is an important process of the 
gradual replacement of manual labor by machinery, that is, the most active part of fixed productive assets 
[2]. 
 
Intensive and effective use of fixed assets is essential in the increase of labor productivity, what makes it 
possible to reduce downtime of agricultural machinery and to increase the output per unit of equipment by 
19-26% [3, 4]. Drawback of this fact on technical re-equipment is the seasonality in the use of much 
agricultural machinery. All this leads to an extension of the payback period and financial instability for 
farmers, because the main problem of crop production is a short period of use of planting and harvesting 
equipment. In this regard, the production of new high-tech agricultural machinery is most relevant. 
 
Growing of the equipment status of agriculture due to equipping with machinery made it possible to 
strengthen its material and technical base, to increase energy supply and energy capacity of labor, to 
create the necessary conditions for increasing its productivity.  
 
The machine and tractor fleet of agricultural organizations in Russia is losing ground every year. For the 
period since 1995, only 22.2% of the tractor fleet, 17.4% of tractor plows, 20.5% of various seeders, 
11.0% of beet harvesters, 19.9% of mowing machines, 12.7% of sprinkling and irrigation machines, and 
16.0% of milking plants remained [Table 3].  
 

Table 3: Dynamics of technical equipment level of agriculture in the Russian Federation, thousand pieces 
 

Type of technology 1995 2000 2005 2012 2013 2014 2015 2015 in % 
to 1995 

Tractors  1052.1 746.7 480.3 276.2 259.7 247.3 233.6 22.2 
Plows 368.3 238.0 148.8 76.3 71.4 67.8 64.1 17.4 
Cultivators 403.5 260.1 175.5 108.7 102.2 97.8 93.2 23.1 
Seeders 457.5 314.8 218.9 115.4 107.5 100.7 93.6 20.5 
Combine harvesters 291.8 198.7 129.2 72.3 67.9 64.6 61.4 21.0 
Forage harvesters 94.1 59.6 33.4 17.6 16.1 15.2 14.0 14.9 
Potato harvester 20.6 10.0 4,5 2.7 2.6 2.4 2.3 11.2 
Beet harvesting 
machines  

20 12.5 7.2 2.8 2.5 2.4 2.2 11.0 

Mowers 161.6 98.4 63.9 37.5 35.6 33.9 32.2 19.9 
Irrigation systems and 
installation 

46.3 19.2 8.6 5.2 5.2 5.7 5.9 12.7 

Milking machines 157.3 88.7 50.3 28.6 27.3 26.3 25.1 16.0 
  
Also there is a decrease in the number of combine harvesters of all types and purposes. In the year of 
1995, Russia had 291.8 thousand combine harvesters, by 2015, this indicator decreased to 61.4 
thousand, or by 21.0%. Of the 94.1 thousand units forage harvesters, there were 14.0 thousand units, or 
14.9%, the reason was a sharp decrease in the number of livestock, which affected the number of 
equipment. The number of potato harvesters has changed quite dramatically and amounted to only 12.8% 
of this equipment in 2015 in relation to 1995.  
 
Since 2010, production assets have increased annually, and the capital-labor ratio had increased, but this 
is due to a decrease in the number of agricultural workers. If the index of capital-labor ratio in agriculture 
as compared to 2005 by 2016 has doubled, then labor productivity has grew insignificantly. 
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Rational specialization and the strengthening of agricultural production to the optimum level facilitate 
more efficient use of machinery, mechanisms, material and labor resources. Expensive and high-
performance machines and equipment can be used with their maximum loading in large specialized farms. 
This will significantly increase the yield of gross agricultural products and reduce the labor intensity of their 
production. 
 
Reducing the labor intensity of products is also observed when introducing intensive and progressive 
technologies in agricultural production. If we apply intensive technologies in plant growing, we can provide 
a lower cost per unit of output by approximately 19 - 23%. This can be achieved using more intensive 
technologies, new kinds of crops or fertilizers in agricultural production [3,5]. In this regard, we consider 
the dynamics and prediction of the level of labor productivity in agricultural organizations in the Ulyanovsk 
region. 
  

Table: 4. Dynamics of labor productivity in agricultural organizations in the Ulyanovsk Region 
 

Years  The average annual labor 
productivity, thousand rubles 

/ person 

Average hourly 
productivity, rub / 

person-h 
2008 527.7 301.2 
2009 494.8 265.7 
2010 546.5 432.3 
2011 829.0 495.5 
2012 915.5 615.6 
2013 1077.6 814.6 
2014 1223,0 929.8 
2015 1662,1 1215.6 
2016 2100.4 1276.3 

  
The dynamics of 2009 - 2016 years shows that in the agricultural organizations of the Ulyanovsk region 
there was a tendency of an increase in the average annual labor productivity by 189.9 thousand rubles. At 
the same time, the average annual output in the period under study was 1041.8 thousand rubles per 
employee. The average hourly production [4, 5] during this period also tended to increase by 134.4 rubles 
annually, and its average level was 705.1 rubles [Table 4] 
 
To compile a point prediction of labor productivity, an analytical equalization for a dynamical series of the 
indicators of the average and average hourly labor productivity using the straight line equation was 
applied: 
 
Yt = a + bt,       (1) 
Where Yt - equalized (fluctuation-free) level of labor productivity, thousand rubles; 
 
a - the average level of labor productivity in the period under study, thousand rubles (since 2009 to 2016); 
b - the value of the average change in labor productivity in the period under study, thousand rubles; 
t - time periods (years). 
 
The results of the analysis are shown in [Table 5]. 

Table 5: Results of the labor productivity prediction in agricultural organizations in the Ulyanovsk region 
 

Indicators The average annual 
labor productivity, 
thousand rubles / 

person 

Average hourly 
productivity, rub / 

person-h 

Trend equation Y t = 1041.84 + 
189.91x 

Y t = 705.18 + 134.4X 

Coefficient of 
fluctuation,% 

5.2 2.1 

Stability 
factor,% 

94.8 97.9 

Point prediction 
for 2018 

2373.2 1645.9 

Interval 
prediction for 
2019 

2373.23 ± 187.37 1645.9 ± 82.87 

  
According to the study, the average annual labor productivity in agricultural organizations of the Ulyanovsk 
region in 2018 will be 2373.2 thousand rubles per person, and the average hourly productivity will be 
1645.9 rubles. The prediction of the labor productivity level for 2019 is determined taking into account the 
intervals of the indicator change (the mean statistical error). As a result, in 2019, the level of average 
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annual labor productivity upon introduction of intensive and progressive technologies in agricultural 
production will fall within the range from 2185.9 to 2560.6 thousand rubles per person, and the average 
hourly rate will make from 1563.0 to 1728.8 rubles per person per hour. 
 
However, introduction of new technologies in production does not guarantee the growth of labor 
productivity in the case of low skill of workers. At the present stage, many suppliers of agricultural 
machinery, together with the supply of equipment, conduct training for a representative of the buyer 
enterprise. In the main, agrarian enterprises send their engineering personnel for training, with the 
subsequent training of workers of the enterprise. However, due to the increase in the age of a significant 
proportion of agricultural workers, there are no highly skilled workers at enterprises that can cope with 
digital technology and new computer programs. All this once again raises the question on interconnection 
between all aspects of the development of the agrarian sector and the necessity to involve young 
personnel into the agricultural production process. 
 
CONCLUSION 
 
The use of new and intensive industrial technologies [6, 7] leads to a rationalization in the organization of 
labor and labor processes. The organization of labor must be directed towards the use of labor resources 
and the growth of labor productivity. To date, the lowest level of labor productivity is observed in livestock 
production, where, in comparison with crop production, there are differences not only in the degree of 
mechanization of labor-intensive processes in industries but in organizational matters. In livestock 
production there is a discrepancy between the forms of division and cooperation of the labor of workers in 
basic and auxiliary occupations and the progressive level of production mechanization and the 
requirements of progressive technologies, what has led to a difference in the degrees of loading level of 
milkmaids and cattlemen. Labor productivity in livestock is dependent on the sanitary and hygienic criteria 
of production and microclimate in livestock buildings [4]. Thus, enterprises using the achievements of 
scientific and technological progress in their work [8, 9] use a combination of organizational, managerial, 
socio-economic and moral-psychological principles of labor motivation and have highly qualified 
specialists, can compete effectively in the direction of increasing labor productivity and reproduction of 
fixed assets, and are able to provide the country with sufficient food and create food security. 
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ABSTRACT 
 
Descriptions of the general structure of the ANSYS program using the finite element method are given. The basic structures of the modal 
analysis and the position of the finite element method are studied. For reliable calculation, accuracy and suitability for el emental 
applications, equations in the form of matrix systems are described. A modal analysis is performed that characterizes the frequency and 
nature of the natural oscillations of a given structure. The calculation of natural frequencies of oscillations of the main e lements of the 
balancing machine and the turbocharger rotor is performed. Presented is the imported GTD-16M rotor model, finite element mesh on the 
GTD-16M rotor model. The calculation of the natural frequencies of the bed and the support assembly of the balancing machine is 
performed. To calculate the natural frequencies and modes of natural oscillations of the machine bed, the bed model is loaded into the 
ANSYSWB environment. The first 24 modes of oscillations of the examined support assembly of the balancing machine are determined. The 
results are shown in the table. The calculation of natural frequencies and modes of natural oscillations of the support assembly of the 
balancing machine is carried out. The reference node model is loaded into the ANSYSWB environment. An informative frequency range has 
been obtained that allows balancing rotors in the pre-resonance mode of operation. The results of experimental studies are presented and 
presented graphically. 

 
INTRODUCTION 
  
Such automated production and design systems such as AutoCAD, Pro / Engineer, Uni graphics, DUCT and 
Solids Works are widely used in computer prediction of unusual form standards, creation of control 
systems for CNC machines and production of techniques, however such group numerical prediction 
packages do not have developed methods analysis. Concepts of this kind, such as ABAQUS, ANSYS, 
COSMOS, I-DEAS, NASTRAN, which are mechanisms of automatic engineering analysis, allow performing 
high-quality forecasting of projects of different physical nature, and studying the response of such 
programs to external influences in the form of temperature, velocity, stress distribution, electromagnetic 
fields and other factors. 
 
MATERIALS AND METHODS 
 
Application of ANSYS 
 
The ANSYS system is a convenient, reliable resource for design and research. The specificity of ANSYS is 
that all the incoming resources of this program are compatible and defined for all platforms used. This 
program operates in a group of operating systems often used by hardware. The multi functionality of this 
program allows the possibility of applying the same model for solving such intertwining problems as the 
influence of magnetic fields on the strength of a structure, the action of heat and mass transfer in an 
electromagnetic field, and stability under thermal loading. All this provides the subscribers of the program 
with reliable methods and options for solving a vast field of engineering issues [1-2]. 
 
Carrying out calculations by the ANSYS system, possibly thanks to basic engineering concepts and rules. 
With the help of proven numerical methods, these concepts can be expressed in the form of matrix 
equations that are maximally suitable for finite-element equations. In the mathematical model of the 
system, which consists of the integrity of the final branches (elements), interconnected at a finite number 
of points (nodes), it is necessary to evaluate its order and analyze the changes. The degrees of freedom of 
the nodes of the elemental finite model are key unknowns, namely, displacements, magnetic or electric 
field potentials, pressures, temperatures, velocities and rotations. The exact content of degrees of freedom 
is established with the type of element that is conjugated to this node. According to the degrees of 
freedom, for each component of the model, the mass, rigidity (or thermal conductivity) and resistance (or 
specific heat) matrices are determined. 
 
Basic concepts of the finite element method and modal analysis 
 
To date, widely used numerical methods, preferably the finite element method (FEM), to evaluate the 
dynamic parts of structural elements [3]. 
 
The decisive dynamic tasks are: the dynamic effect on the load, due to the duration; calculation of free 
design vibrations; propagation of waves [5]. 
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In this work the ANSYS software complex was applied, which allows to perform the modal analysis (an 
important part of any dynamic analysis, since it allows estimating the dynamic behavior of the object) to 
determine the forms and frequencies of the object's own vibrations. 
 
Own (free) oscillations are a necessary characteristic of linear systems. They manifest themselves in the 
absence of external forces, natural movements. 
 
Modal analysis of the ANSYS system has solvers, it makes it possible to find the own values of the task. 
The Block Lanczos module is such a solver. It is used when a large sample contains elements of incorrect 
form 2- and 3-dimensional, for calculating a large number of modes. When a model consists of shell parts 
or their combinations and solidities, the Block Lanczos module works well. In comparison with the method 
of iteration in the subspace, the performance is faster, and the memory requirements are higher by 50% 
[6]. 
 
Applying the method of finite elements, the discrete equations of motion of the construction can be 
represented in the form of equations, presented in the educational material, Leontiev N.V. "Application of 
the ANSYS system to solving modal and harmonic analysis problems" [7]. 
 
The most important problem of finite element analysis is the justification of the uniqueness of the size of 
the computational grid. At the heart of the order, the ANSYS system is a means of estimating the 
calculation error used in performing linear strength and thermal analysis of elements due to the grid-based 
sampling, there is also a choice of rejecting it [7-8]. 
 
Calculation of the natural vibration frequencies of the basic elements of the balancing 
machine and rotor design 
 
Modal analysis consists of the following basic steps: creating a geometric model of the object of control; 
setting properties of materials; creation of contact conditions; determination of calculation methodology; 
the creation of a finite element grid (CE); course of calculation; view calculated results and create a report. 
The geometric characteristic of the object forms the basis for the analysis. There are two ways to create a 
model of the object under study in ANSYSWB-importing a model from an external CAD and creating 
geometry with internal tools. For this reason, Autodesk Inventor 2016 CAD software imports the geometry 
of the rotor into the ANSYSWB environment [Fig. 1]. 
 
The properties of the materials are specified: 
 
• density:   kg / m3; 
• modulus of elasticity:   N / m2; 

• Poisson's ratio: 3,0  . 
 
The contact conditions are established: fixed fixation along the lateral faces of the model along the axis of 
rotation of the rotor and cylindrical fastening in the places of support of the rotor shaft. Due to the fact that 
the modal analysis is linear, the inclusion of contacts in this calculation can be neglected. 

  
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1: Imported rotor model GTD-16M. 
…………………………………………………………………………………………………………………………… 

 
Execution of the finite element grid. When determining the calculation options, note, for modal analysis, 
the main assumptions and limitations: the absence of damping; the stiffness matrix [K] and masses [M] 
are constant; fluctuations are free; the behavior of the system is linear; the form of free oscillations is 
calculated in relative units and does not allow to determine absolute displacements [9]. 
 
To create the CE grid [Fig. 2], the following parameters are selected: 
 
• grid on a solid body (grid type): 
• standard grid (used splitting); 
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• high (quality of the grid); 
• 44015 (number of nodes); 
• 23219 (number of items). 

  
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: The finite element mesh created on the GTD-16M rotor model. 
…………………………………………………………………………………………………………………………… 

 
As a result of the study, 24 first modes of oscillations of the calculated rotor are determined. When 
analyzing the results of the modal calculation, it is necessary to take into account that the form of free 
oscillations is calculated in relative units and does not allow determining absolute displacements. 
 
The vibration shape of the first mode of the balancing rotor at a frequency of 269.67 Hz is shown in [Fig. 
3]. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Shape of vibration of the first mode of the rotor of the turbocharger. 
…………………………………………………………………………………………………………………………… 

 
The results are summarized in [Table 1]. 
 

Table 1: Modes of vibrations of the rotor in question 
 

Mode of 
oscillation 

Frequency, 
Hz 

Mode of 
oscillation 

Frequency, 
Hz 

Mode of 
oscillation 

Frequency, 
Hz 

1 269,67 9 1594,7 17 3190,8 
2 394,52 10 1597 18 3227,2 
3 395,1 11 1947,4 19 3550,9 
4 428,13 12 2463,5 20 3564,6 
5 703,52 13 2475,4 21 4022,3 
6 704,88 14 2931,6 22 4147,5 
7 1309,6 15 2936 23 4263,2 
8 1313,1 16 3086,5 24 4267,8 

 
Using the obtained frequency range of the natural oscillations of the rotor, it is necessary to determine the 
natural frequencies of the balancing machine base in order to subtract these frequencies from the 
frequency modes of the rotor under investigation [10]. 
 
Calculation of the natural frequencies of the bed and support assembly of the balancing machine 
To calculate the natural frequencies and modes of natural oscillations of the machine bed, the bed model 
is loaded into the ANSYSWB environment [Fig. 4]. 
 
The frame is made of polymer granite and this material has the following properties: 
• density:   kg / m3; 
• modulus of elasticity:   N / m2; 

• Poisson's ratio: 25,0  . 
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Fig. 4: Loaded geometry model of the frame in ANSYSWB. 
…………………………………………………………………………………………………………………………… 

 
When creating a finite element grid [Fig. 5], select: 
 
• grid type: grid on a solid body; 
• used partitioning: standard grid; 
• grid quality: high; 
• number of nodes: 9817; 
• number of elements: 5471. 

  
 
 
 
 
 
 
 
 
 
 

Fig. 5: The finite element grid on the bed model. 
…………………………………………………………………………………………………………………………… 

 
As a result of the modal examination of the frame, 24 first modes of oscillation are determined. 
 
The results are summarized in [Table 2] 
 

Table 2: Modes of oscillations of the examined bed of the balancing machine 
 

Mode of 
oscillation 

Frequency, 
Hz 

Mode of 
oscillation 

Frequency, 
Hz 

Mode of 
oscillation 

Frequency, 
Hz 

1 1015,5 9 2288,1 17 3144,5 
2 1083,4 10 2290 18 3229,8 
3 1339,7 11 2404,2 19 3231,1 
4 1419,6 12 2620,7 20 3311 
5 1603,6 13 2678,3 21 3389,9 
6 1769,2 14 3003,8 22 3432,5 
7 1927,8 15 3030,6 23 3515,8 
8 2019,5 16 3112 24 3567,8 

 
The shape of the oscillation of the first mode of the machine bed at a frequency of 1015.5 Hz is shown in 
[Fig. 6]. 
 

 
 
 
 
 
 
 
 
 
 

 
Fig. 6: The shape of the oscillation of the first mode of the machine bed of the balancing machine. 
…………………………………………………………………………………………………………………………… 
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Similarly, the calculation of natural frequencies and modes of natural oscillations of the support assembly 
of the balancing machine is performed. The reference node model is loaded into the ANSYSWB 
environment [Fig. 7]. 

 
 
 
 
 
 
 
 
 
  
 
 

Fig. 7: Geometric model of the reference node in ANSYSWB. 
…………………………………………………………………………………………………………………………… 

 
The material properties are defined and a finite element grid is created [Fig. 8]. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8: The finite element grid on the model of the reference node. 
…………………………………………………………………………………………………………………………… 

 
As a result of the modal examination of the reference node, 24 first modes of oscillation are determined. 
 
The shape of the oscillation of the first mode of the machine bed at a frequency of 1015.5 Hz is shown in 
[Fig. 9]. 

 
 
 
 
 
 
 
 
 
 
  
 

Fig. 9: Shape of oscillation of the first mode of the balancing machine support assembly. 
…………………………………………………………………………………………………………………………… 

 
The results are summarized in [Table 3]. 
 

Table 3: Modes of oscillations of the examined support unit of the balancing machine 
 

Mode of 
oscillation 

Frequency, 
Hz 

Mode of 
oscillation 

Frequency, 
Hz 

Mode of 
oscillation 

Frequency, 
Hz 

1 2 3 4 5 6 
2 714,75 9 1478,3 17 2369,5 
3 920,95 10 1501,3 18 2380,7 
4 1135,6 11 1697 19 2517,7 
5 1170,1 12 1703,8 20 2691,4 
6 1184,1 13 1760,2 21 2703,5 
7 1247,9 14 1984,7 22 2728,1 
8 1304,3 15 2159,2 23 2817,8 
9 1440,7 16 2219,6 24 2839,1 
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RESULTS AND DISCUSSION 
 
As a result of this calculation, the range of the natural frequencies of the oscillations of the reference 
assembly of the balancing machine is determined. 
 
When comparing [Tables 1- 3], it can be seen that the frequencies of the first 6 modes of the natural 
frequencies of the rotor oscillations lie below the natural oscillation frequencies of the frame and the 
supporting unit of the machine. Frequency range 0-705 Hz is the most informative frequency range on 
which it is necessary to carry out pre-resonance balancing of the rotor. 
 
As a result of the modal analysis of the rotor, the bed and the support assembly of the balancing machine, 
an informative frequency range was obtained which allows balancing the rotors in the pre-resonance mode 
of operation. The balancing machine of the pre-resonance type is more efficient, because on this machine 
balancing is performed without calibration starts, high balancing accuracy is achieved and balancing of 
any rotor types corresponding to the overall dimensions of the machine is possible. 
 
CONCLUSION 
 
In this work, a modal analysis (one of the methods for determining the forms and frequencies of natural 
oscillations) was performed using the ANSYS software and results were obtained. As a result of the 
studies, the goal and objectives were fully met. The general structure of the ANSYS program using the 
finite element method was considered, the natural vibration frequencies of the basic elements of the 
balancing machine and the turbocharger rotor were calculated.  
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ABSTRACT 
 
This paper describes the general structure of the LabVIEW program package. The program was developed using the National Instruments 
LabVIEW software package. The algorithm of operation of the automated system of the experimental setup is described. For experimental 
studies, an automated system for determining and maintaining the natural oscillations of an experimental plant for technical water 
treatment by acoustic oscillations was specially developed and manufactured. A schematic diagram of an automated system for determining 
and maintaining the natural oscillations of an experimental plant for technical water treatment by acoustic oscillations is p resented. A block 
diagram of an automated system for determining and maintaining the natural oscillations of an experimental plant for technical water 
treatment by acoustic oscillations is presented. The results of experimental studies are presented and presented graphically.  To compare the 
results of changes in the concentration of suspensions as a function of time, we plotted the effects of sedimentation for each sensor at 
different impact frequencies. The purpose of the experimental studies was to confirm the calculations of the optimum frequency of 
resonance formation in the pipe and the intensity of precipitation at frequencies other than of resonance formation, but adjacent thereto in 
the interval of ±15 Hz and ±30 Hz. 

 
INTRODUCTION 
  
Increasing energy efficiency and introducing energy-saving technologies are priority areas for the 
development of heat and power engineering. 
 
The concept of using ultrasonic technology to prevent the formation of scale on heat exchange equipment 
is based on the excitation of ultrasonic vibrations (ultrasonic waves) on the surface of a heat exchanger or 
in a heat carrier (water) [1, 2]. 
 
For shell-and-tube heat exchangers (water heaters), the welded connection of radiators with the tube 
board of the water heater is the most optimal method of transferring ultrasonic waves from the ultrasound 
emitter to the excited medium [Fig. 1.1]. Distributed along the tube board, ultrasonic vibrations are 
transmitted through welded or rolling joints into the tube bundle, preventing deposition of scale or deposits 
of other origin, for example, organic matter on the heat exchanger surface. In the case of a steam or hot 
water boiler, the radiators are welded to the drums and collectors of the side and rear screens [Fig. 1.2], 
which provides protection against the scale in high-temperature boiler sections. For plate heat exchangers, 
the formation of ultrasonic oscillations in the water column is preferable [Fig. 1.3], which is achieved due 
to a certain change in the design of the radiators. The frequency of forced ultrasonic vibrations is 15-25 
kHz and is selected from the results of numerous studies, as optimal to prevent the formation of deposits 
and friendly to welded and rolled joints [3, 4]. 
 
Ultrasound technology (UST) is designed to prevent the formation of scale, which ensures high-quality 
indicative results of operation in a relatively short time. Its maximum efficiency is achieved by the parallel 
equipping of heat exchange equipment with instrumentation and automation, subject to consideration of 
energy-saving technologies and recording of heat consumption and supply as a single direction in a series 
of technical measures for the development of heat power engineering. [5, 6, 7] 
 
MATERIALS AND METHODS 
 
The algorithm of operation of the automated system of the experimental setup. 
 
For experimental studies, an automated system for determining and maintaining the natural oscillations of 
an experimental plant for technical water treatment by acoustic oscillations has been developed and 
constructed.  
 
Fig. 2.1 shows a schematic diagram of an automated system for determining and maintaining the natural 
oscillations of an experimental plant for technical water treatment by acoustic oscillations. The principle of 
the plant is described in the utility model patent No. 104319 dated 03.12.2010 “A device for laboratory 
studies of the intensity of industrial water treatment from suspended solids" by Kondratiev A.Ie., Iliasov 
N.Kh., Gaponenko S.O. [8,9,10, 11]. 
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Fig. 1.1: Installation of Acoustics-T on a shell-and-tube water heater. 
 …………………………………………………………………………………………………………………………… 

 
 
 
 
 
 
 
 
 
 

Fig. 1.2: Installation of an Acoustics-T device on a DKVr-10 boiler.  
…………………………………………………………………………………………………………………………… 

 
  
 
 
 
 
 
 
 
 
 

Fig. 1.3: Installation of an Acoustics-T device on a plate heat exchanger. 
…………………………………………………………………………………………………………………………… 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.1: An automated system for determining and maintaining the natural oscillations of an experimental 
plant for technical water treatment by acoustic oscillations: 1 - base; 2 - pipe, length 620 mm and diameter 

3 - membrane; 4 - acoustic radiator; 5 - signal amplifier; 10 - ADC-DAC; 6 - the computer with LabVIEW 
installed; 7 - light-emitting diodes; 8 - photocells; 9 - power adapter; 18 – milli voltmeter; 12 - movable piston; 
13 - stem; 14 - output valve; 15 - input valve; 16 - flexible hoses; 17 - expansion tank. 
…………………………………………………………………………………………………………………………… 

 
[Fig. 2.2] presents a photo of an experimental plant for technical water treatment by acoustic vibrations. 
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Fig. 2.2: A photo of an experimental plant for technical water treatment by acoustic vibrations. 
…………………………………………………………………………………………………………………………… 

 
RESULTS AND DISCUSSION 
 
Experimental studies were carried out in several stages: with natural precipitation, with an acoustic effect 
on the water under investigation at 605 Hz, which, as the calculations show, is the optimum frequency of 
resonance in the tube. 
 
The purpose of the experimental studies was to confirm the calculations of the optimum frequency of 
resonance formation in the pipe and the intensity of precipitation at frequencies other than of resonance 
formation, but adjacent thereto in the interval of ±15 Hz and ±30 Hz.  
 
Experiment no.1. 
 
The purpose of the first experiment is to determine the dependence of the change in the concentration of 
suspensions on time under natural precipitation. For this, the turbid water filled in a transparent pipe is 
illuminated by light-emitting diodes and by means of photocells we take readings of the change in 
concentration every 15 seconds from the measuring device for the concentration of inorganic 
contaminants. The data is entered in [Table 3.1]. After processing the results, the data looks as follows 
[Table 3.2].  
 

Table 3.1: Time-based change in the concentration of suspensions with natural precipitation 
 

Sec 
 No. 

1 2 3 4 5 6 7 8 9 10 

15 0.226 0.235 0.234 0.193 0.194 0.205 0.206 0.215 0.211 0.226 
30 0.208 0.217 0.215 0.169 0.171 0.183 0.186 0.191 0.189 0.211 
45 0.189 0.191 0.198 0.155 0.156 0.17 0.176 0.18 0.178 0.197 
60 0.179 0.181 0.19 0.148 0.149 0.162 0.171 0.174 0.17 0.186 
75 0.173 0.174 0.186 0.142 0.141 0.159 0.167 0.17 0.165 0.178 
90 0.168 0.169 0.182 0.138 0.135 0.154 0.164 0.166 0.162 0.174 

105 0.167 0.167 0.179 0.135 0.133 0.152 0.162 0.164 0.16 0.172 
120 0.165 0.164 0.178 0.132 0.13 0.15 0.161 0.162 0.157 0.168 
135 0.164 0.162 0.175 0.129 0.126 0.148 0.159 0.161 0.155 0.164 
150 0.16 0.159 0.172 0.125 0.121 0.145 0.157 0.16 0.153 0.16 

 
Table 3.2: Time-based change in the concentration of suspensions with natural precipitation after processing 

the results 
 

Sec 
% 

1 2 3 4 5 6 7 8 9 10 

15 1 1 1 1 1 1 1 1 1 1 
30 0.92 0.923 0.918 0.875 0.881 0.892 0.902 0.888 0.895 0.933 
45 0.836 0.812 0.846 0.803 0.804 0.829 0.854 0.837 0.843 0.871 
60 0.792 0.77 0.812 0.766 0.768 0.79 0.83 0.809 0.805 0.823 
75 0.765 0.74 0.794 0.735 0.726 0.775 0.81 0.79 0.782 0.787 
90 0.743 0.719 0.777 0.715 0.695 0.751 0.796 0.772 0.767 0.769 

105 0.738 0.71 0.765 0.699 0.685 0.741 0.786 0.762 0.758 0.761 
120 0.73 0.697 0.76 0.683 0.67 0.731 0.781 0.753 0.744 0.743 
135 0.725 0.689 0.747 0.668 0.649 0.722 0.771 0.748 0.734 0.725 
150 0.708 0.676 0.735 0.647 0.623 0.707 0.762 0.744 0.725 0.708 
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Experiment no.2 
 
The purpose of the second experiment is to determine the dependence of the change in the concentration 
of suspensions on time under acoustic impact at 605 Hz. For this, the turbid water filled in a transparent 
pipe is illuminated by light-emitting diodes and by means of photocells we take readings of the change in 
concentration every 15 seconds from the measuring device for the concentration of inorganic 
contaminants. Acoustic impact occurs through the combined operation of an acoustic generator, an 
acoustic radiator and a membrane. The turbidity level should correspond to the initial value of the turbidity 
index in experiment 1. The applied frequency is set at a value of 605 Hz, which, according to the 
calculations, is the optimum frequency for resonance in the pipe. The data is entered in [Table 3.3]. After 
processing the results, the data looks as follows [Table 3.4]. 
 

Table 3.3: Time-based change in the concentration of suspensions under acoustic impact at 605 Hz 
 

Sec 
No. 

1 2 3 4 5 6 7 8 9 10 

15 0.239 0.237 0.253 0.193 0.192 0.196 0.2 0.204 0.203 0.217 

30 0.186 0.186 0.204 0.151 0.155 0.157 0.169 0.173 0.171 0.181 
45 0.166 0.167 0.189 0.138 0.135 0.147 0.159 0.165 0.162 0.171 
60 0.16 0.16 0.185 0.133 0.13 0.144 0.156 0.161 0.155 0.167 
75 0.158 0.157 0.181 0.129 0.125 0.141 0.154 0.158 0.152 0.163 
90 0.156 0.155 0.179 0.126 0.122 0.139 0.152 0.154 0.15 0.161 

105 0.155 0.153 0.178 0.124 0.119 0.137 0.151 0.152 0.148 0.157 
120 0.152 0.151 0.176 0.122 0.117 0.136 0.15 0.151 0.147 0.156 
135 0.151 0.15 0.175 0.121 0.116 0.135 0.149 0.15 0.146 0.153 
150 0.15 0.15 0.175 0.12 0.114 0.134 0.148 0.149 0.145 0.151 

 
Table 3.4: Time-based change in the concentration of suspensions under acoustic impact at 605 Hz after 

processing the results 
 

Sec 
No. 

1 2 3 4 5 6 7 8 9 10 

15 1 1 1 1 1 1 1 1 1 1 
30 0.778 0.784 0.806 0.782 0.807 0.801 0.845 0.848 0.842 0.834 
45 0.694 0.704 0.747 0.715 0.703 0.75 0.795 0.808 0.798 0.788 
60 0.669 0.675 0.731 0.689 0.677 0.734 0.78 0.789 0.763 0.769 
75 0.661 0.662 0.715 0.668 0.651 0.719 0.77 0.774 0.748 0.751 
90 0.652 0.654 0.707 0.652 0.635 0.709 0.76 0.754 0.738 0.741 

105 0.648 0.645 0.703 0.642 0.619 0.699 0.755 0.745 0.729 0.723 
120 0.636 0.637 0.695 0.632 0.609 0.693 0.75 0.74 0.724 0.718 
135 0.631 0.632 0.691 0.626 0.604 0.688 0.745 0.735 0.719 0.705 
150 0.627 0.632 0.691 0.621 0.593 0.683 0.74 0.73 0.714 0.695 

 
To compare the results of changes in the concentration of suspensions as a function of time, we plotted 
the effects of sedimentation for each sensor at different impact frequencies.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.1: Diagram of the change in the transparency index as a function of time for the 1st sensor. 
…………………………………………………………………………………………………………………………… 
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Fig. 3.2: Diagram of the change in the transparency index as a function of time for the 2nd sensor. 
…………………………………………………………………………………………………………………………… 

 
CONCLUSION 
 
As we can see, the percent change in the concentration of suspensions flows much faster at a frequency 
of 605 Hz, which, according to calculations, was the optimal frequency of resonance formation than with 
natural precipitation. 
 
For experimental studies, an automated system for technical water treatment by acoustic oscillations was 
developed and constructed. The program was developed in the LabVIEW software environment to 
determine and maintain natural oscillations. The automated system for determining and maintaining the 
natural oscillations of an experimental plant for technical water treatment by acoustic oscillations was 
developed and constructed.  Analysis of the obtained experimental data shows that the percent change in 
the concentration of suspensions is much faster when water is exposed to the frequency at which a 
standing wave forms than in the case of natural precipitation. 
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ABSTRACT 
 
A dipole wire antenna of the Koch is considered. The antenna represents a wire dipole symmetrical with respect to the point of feeding. Arms 
of the dipole have the geometry of Koch prefractal. A family of antennas is singled out, in which the antennas differ from each other by an 
angle of arms turning. Antennas having the geometry of the first two iterations of a Koch curve are chosen for the analysis. Dipoles based on 
the Koch pre-fractals of the first two iterations having different wire thicknesses obtained by rotating one of the arms around a given 
coordinate axis is considered. Graphs depicting dependence of the base frequency and bandwidth for the frequency on angles of  rotation 
around the axes are presented. Rotations of the dipole arms by small angles do not exert influence on the frequency and bandwidth. 
However, in the case of large angles of the arms rotation, the values of base frequency increase and bandwidth reduce significantly. 
 

INTRODUCTION 
  
A classical symmetric electric dipole containing two identical arms fed in the middle represents one of the 
most well explored objects in the theory of antennas [1]. There exist various methods of improvement of 
electrodynamic characteristics of such dipoles [2]. For example, the improvements can come from varying 
an angle between the arms and obtaining the so-called V-shaped antennas [3] as well as from mutual 
influence of radiation originating from the arms on each other. Another method of improvement of the 
symmetric dipole's characteristics is related to placing the arms in an antisymmetric manner. The method 
was applied in [4] for improving several resonance characteristics of the classical Koch and quadratic 
Koch fractal dipole antenna; the study also compared the obtained antennas with each other. A dual-band 
dipole antenna with asymmetric arms was presented in [5] for WLAN applications. 
 
For improving the electrodynamic characteristics of dipoles, modification of the ratio of sizes (areas) of the 
dipole's arms is also utilized. For example, study [6] considered a dipole antenna consisting of two printed 
strips of unequal lengths and presented graphs for reflection coefficients and radiation patterns of the 
proposed antenna. The wide operating band is obtained at the fundamental and second resonances of the 
rod dipole by using manipulations related to changing the feed [7]. A balanced-to-unbalanced transformer 
or balun is also often used [8]. The study [9] considered a printed dipole antenna with a microstrip balun 
and demonstrated an influence of sizes of the balun on return loss. In the study [10], inductive load was 
added for reducing the base frequency. 
 
Multiple folded arms are can also used. The studies [11, 12] considered antennas consisting of an axially 
symmetric array of four and six conductor arms forming a spherically shaped structure and demonstrated 
influence of increase in the number of arms on quality factor and bandwidth. 
 
For reducing the sizes of the dipoles, one can alter topology of the arms, so that the electric length of the 
antenna increases, while radius of the sphere covering the dipole remains unchanged. For that purpose, 
one can roll the arms into a helix [13, 14] or perform various fractal transformations [15]. In this regard, 
the following antennas can be specified: an antenna which is based on the Koch curve [16, 17], 
Minkowski curve [18, 19], Sierpinski carpet [20, 21], a rounded fractal antenna [22, 23] and complex 
fractal combinations [24-26]. 
 
Characteristics of the dipole can be further improved by rotating its arms in space with respect to each 
other. For example, properties of the Koch dipole during rotating the arms in one plane (in the antenna's 
plane) were studied in [27]. In the present study, we analyze the effect of rotation of the Koch dipole's 
arms around its axes on base frequency and bandwidth. We investigate changes in such basic properties 
of the antenna as base frequency and bandwidth on angles of rotation around the axes. As a result, we 
present graphs and draw the relevant conclusions. 
 
STATEMENT OF THE PROBLEM 
 
The first fractal antenna, whose electromagnetic and directional properties were studied most completely 
and extensively, was the antenna based on the pre-fractal Koch curve. When constructing a Koch line, the 
initial interval of length L_0, referred to as an initiator of the fractal, is split into three equal parts. The 
central part is replaced with an equilateral triangle having sides of length L_0/3. As a result, there appears 
a broken line consisting of four links; each of the links has length L_0/3 [Fig. 1]. The process is carried out 
for each segment of the broken line. 
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We consider symmetric dipoles based on the Koch pre-fractal (DBKP) of the first two orders. The zeroth 
order DBKP coinciding with the ordinary dipole is shown in [Fig. 1(a)], the first order DBKP is shown in [Fig. 
1(b)] and the second order DBKP is shown in [Fig. 1(c)]. The feed point for all the dipoles is located exactly 
in the middle. 
 
We assume that initially the antenna lies in the plane {z=0}. We rotate the right arm in space relative to the 
starting position [Fig. 2]. Moreover, we consider three sub-problems, each of which represents rotation 
around a particular axis [Fig. 2(a)-(c)]. 
 
We seek base frequency and bandwidth (S_11<-10 dB) of the obtained new dipoles by rotating an arm. It 
should be noted that rotation around the x-axis does not influence electromagnetic characteristics in 
vicinity of the base frequency. A difference shows up only at higher frequencies in vicinity of the second 
resonance. The same conclusion regarding comparison of the symmetric and antisymmetric dipoles was 
drawn in [4]. Therefore, we will hereafter explore only rotations around the y-axis and z-axis. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Symmetric Koch fractal dipole. Arm length l=7.5 cm, wire radius r=1 mm. a) zeroth-order dipole 
(ordinary dipole); b) first-order dipole; c) second-order dipole. 
…………………………………………………………………………………………………………………………… 

 
Calculations in the present work were carried out using the FEKO software. In all cases, length of the 
segment partitions was selected to be five times greater than radius. It was assumed that the wire was 
made of copper of a circular cross-section. Main calculations were conducted for wires having radiuses 
equal to r=1.0 mm, r=1.5 mm and r=2.0 mm. 

 
  
 
 
 
 
 
 
 
 

    
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Options for rotation of an arm around the axes: a) rotation around the x-axis (twisting); b) rotation 
around the y-axis; c) rotation around the z-axis. 
…………………………………………………………………………………………………………………………… 

 
For numerical implementation, we perform cycles with angle steps equal to 1-2 degrees. For determining 
the resonance angles with high accuracy, we decrease the angle step size to 0.01 degrees and frequency 
step size to 10 kHz. 
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BASE FREQUENCY OF THE DIPOLE 
 
One of the main advantages of the fractal antenna is the increase of its electrical length, while its linear 
dimensions remain unchanged. For example, length of the Koch curve L_m increases for every new m-th 
iteration in line with formula [28]  
 

 (1) 
where L_0 is length of the initial curve. This reduces base frequency f_m while maintaining the linear 
dimension l unchanged. 

 
 
 
  
 
 
 
 
 
 
 
 
 
 

 
Fig. 3: Dependence of f_m on α. The solid line corresponds to r=1.0 mm and the DBKP of the 1st order; the 
dotted line – r=2.0 mm and the DBKP of the 1st order; circles – r=1.0 mm and the DBKP of the 2nd order; 
triangles – r=2.0 mm the DBKP of the 2nd order. The dashed line – the ordinary dipole with r=1.0 mm. l = 7.5 
cm. 
…………………………………………………………………………………………………………………………… 

 
Graphs presented in [Fig. 3 and 4] serve as a proof for this particular statement. Here, the dashed lines in 
the figures correspond to the ordinary dipole (DBKP of the zeroth order); the continuous lines corresponds 
to the DBKP of the 1st order, and the circles correspond to the DBKP of the second order. These three 
graphs are drawn for the wire of radius r=1 mm. It can be seen that base frequency of the dipoles 
decreases with increase in electrical length of the arms. For example, for symmetric position of the arms, 
f_0 decreases from 927 MHz corresponding to the ordinary dipole to 746 MHz corresponding to the 2nd 
order DBKP. 
 
Rotation of an arm of the ordinary dipole having radius r=1 mm around the y-axis in the interval of 
α∈(0^∘,90^∘) leads to a monotonic increase in base frequency f_0 from 927 MHz to 977 MHz. For the 1st 
order DBKP, variation of base frequency occurs in the range from 808 MHz to 845 MHz, while for the 2nd 
order DBKP, variation occurs in the range from 746 MHz to 776 MHz. Thus, increase in the angle α leads 
to a continuous increase in base frequencies for all types of the considered dipoles [Fig. 3]. At increasing 
the dipole geometry's complexity, difference between the values of f_m at α=0^∘ and α=90^∘ becomes 
smaller. For the classical dipole, the frequency f_m decreases by 50 MHz; for the 1st order DBKP, the 
difference decreases and makes 37 MHz; for the 2nd order DBKP, the difference drops even further and 
makes 30 MHz. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Dependence of f_m on β. The solid line corresponds to r=1.0 mm and the DBKP of the 1st order; the 
dotted line – r=2.0 mm and the DBKP of the 1st order; circles – r=1.0 mm and the DBKP of the 2nd order; 
triangles – r=2.0 mm the DBKP of the 2nd order. The dashed line – the ordinary dipole with r=1.0 mm. l = 7.5 
cm. 
…………………………………………………………………………………………………………………………… 
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Radius r of the wire also affects resonance frequency. Values of f_m increase with increase of r. For the 
1st order DBKP having an arm of length l=7.5 cm, for a change in radius from 0.5 mm to 2.0 mm, one can 
obtain the following relation expressed using dimensionless variables: 
 

 (2) 
where r is expressed in mm while the resulting value of f_1 is expressed in MHz. For the 2nd order DBKP, 
the dependence takes the form  
 

 (3) 
 
Comparison of the formulas (2) and (3) with each other shows that increase of r leads to a significant 
increase of f_m for pre-fractals of higher orders. This be confirmed by analyzing the distances between the 
solid line and the dotted line (for r=1 mm) and the distances between circle signs and triangle signs (for 
r=2 mm) in [Fig. 3] and [Fig. 4]. 
 
In rotating the arm around the z-axis, a change in f_m follows a slightly more different pattern. For the 1st 
order DBKP, rotation by a negative angle (β<0) significantly increases base frequency from 808 MHz to 
858 MHz. At the same time, rotation by a positive angle, at first, slightly reduces f_m down to the minimum 
value f_m≈807 MHz at 10^∘<β<22^∘. A further increase in the angle β leads to increase in base 
frequency up to the value f_m≈833 MHz at β=90^∘. 
 
A quite similar pattern is also observed for the 2nd order DBKP. In this case, the minimum value of base 
frequency is achieved at the angle values in the range 12^∘<β<36^∘; at β=0^∘, the values decrease from 
746 MHz to 744 MHz. 
 
As a result of analysis of the base frequency values f_m, it can be concluded that rotations of the dipole 
arms by small angles do not exert influence on the frequency. However, in the case of large angles of the 
arms rotation, the values of base frequency f_m increase significantly. For a more complete understanding 
of the dependence of frequency on angles of rotation, you can use regression analysis on a number of 
other parameters [29, 30]. 
 
DIPOLE BANDWIDTH 
 
We assume that the frequency range near the base frequency f_m, in which S_11<-10 dB, is, indeed, the 
bandwidth BW. In rotation around the y-axis by small angles (α<40^∘), width of the frequency range for the 
ordinary dipole behaves differently than for the DBKP. For the ordinary dipole, bandwidth increases with 
increase in the rotation angle from 86 MHz to 93.3 MHz at α≈64^∘, then decreases again and reaches its 
initial value at α=90^∘. For the DBKP, values of BW always decrease with increase in α [Fig. 5] and β [Fig. 
6]. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Dependence of BW on the rotation angle α of the arm around the y-axis relative to the normal dipole. 
The solid line corresponds to r=1.0 mm and the DBKP of the 1st order; the dotted line – r=2.0 mm and the DBKP 
of the 1st order; circles – r=1.0 mm and the DBKP of the 2nd order; triangles – r=2.0 mm and the DBKP of the 
2nd order. The dashed line – the ordinary dipole with r=1.0 mm. l = 7.5 cm. 
…………………………………………………………………………………………………………………………… 

Narrowing of the frequency range is insignificant for small angles of rotation (α<40^∘) around the y-axis. 
For example, for the 1st order DBKP, the value decreases from 77 MHz to 74.5 MHz for r=1.0 mm, and 
from 96.5 MHz to 95 MHz for r=2.0 mm. For the 2nd order DBKP, dispersion of the intervals becomes 
slightly more discernible at r=1.0 mm with the values decreasing from 66 MHz to 61.5 MHz; at r=2.0 mm, 
the values decrease from 90 MHz to 86.5 MHz. 
 
After passing the value α=40^∘, the BW values decrease more significantly. For example, for the 1st order 
DBKP, the interval width decreases (at α→90^∘) down to 42 MHz and 64 MHz for r=1.0 mm and r=2.0 
mm, respectively. For the 2nd-order DBKP, the interval width decreases down to 0 MHz and 44 MHz for 
the same values of r, respectively. 
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Fig. 6: Dependence of BW on the rotation angle β of the arm around the z-axis relative to the normal dipole. 
The solid line corresponds to r=1.0 mm and the DBKP of the 1st order; the dotted line – r=2.0 mm and the DBKP 
of the 1st order; circles – r=1.0 mm and the DBKP of the 2nd order; triangles – r=2.0 mm and the DBKP of the 
2nd order. The dashed line – the ordinary dipole with r=1.0 mm. l = 7.5 cm. 
…………………………………………………………………………………………………………………………… 

 
 
In rotation around the z-axis, the bandwidth behavior remains identical to that observed in rotation around 
the y-axis. The BW values slightly decrease in rotation by a small angle. Decrease in BW becomes 
significant with a further increase in the angle β. 
 
Let us consider a change for the 1st order DBKP. A dipole having radius 1 mm does not have a bandwidth 
at the angles β<-86^∘. If β∈(-28^∘,50^∘), slight variations are observed in the bandwidth: BW∈(75 MHz, 
77 MHz). For a dipole having r=2 mm, the bandwidth disappears only at β=-90^∘. An approximate 2 MHz-
spread of the maximum bandwidth BW∈(94.3 MHz, 96.4 MHz) occurs at nearly the same values of the 
angle β∈(-32^∘,50^∘). 
 
For the 2nd order DBKP, the pattern is very similar. The critical angle β, below which "the antenna does not 
work", is approximately -74^∘ for a wire of radius r=1 mm and -82^∘ for a wire of radius r=2 mm. Small 
variations in bandwidth occur within the interval BW∈(62 MHz, 64 MHz) at β∈(-18^∘,43^∘) and within the 
interval BW∈(88 MHz, 90 MHz) at β∈(-27^∘,45^∘). 
 
Thus, small rotations around the y-axis within the angle range α<40^∘ slightly reduce the bandwidth. 
Rotations around the z-axis in the range -20^∘<β<40^∘ reduce BW by no more than 2 MHz. In large angle 
rotations, the bandwidth reduces significantly. 
 
CONCLUSION 
 
Rotations of the arms around their own axis (the x-axis) do not exert any influence on electromagnetic 
characteristics in vicinity of the base. The main effects occur in rotation around the axis of the feed line (y-
axis) as well as in the antenna's plane (z-axis). Rotations of the dipole arms by small angles around the y-
axis and the z-axis do not affect the resonance frequency. In the case of large angle rotations of the arms, 
the resonance frequency values increase significantly. Small rotations around the y-axis by the angle within 
the range α<40^∘ reduce slightly the bandwidth. Rotations around the z-axis by the angle in the range -
20^∘<β<40^∘ reduce the bandwidth by no more than 2 MHz. At larger angles of rotation, the bandwidth 
becomes significantly narrower. It should be noted that rotation around the z-axis can be considered as 
more advantageous because it is carried out in the plane of the antenna, and rotations around the z-axis 
can be generalized to the case of the micro strip antennas. 
 
In most cases, the turns of the antennae leads to a slight increase in the values of the base frequency and 
a decrease in the bandwidth. However, turning the arms at small angles does not significantly change the 
frequency and bandwidth. This fact can be useful if other electrodynamic characteristics when turning will 
improve.  
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ABSTRACT 
 
A dipole wire antenna of the Koch is considered. The antenna represents a wire dipole symmetrical with respect to the point of feeding. 
Arms of the dipole have the geometry of Koch prefractal. A family of antennas is singled out, in which the antennas differ from each other by 
an angle of arms turning. Antennas having the geometry of the first two iterations of a Koch curve are chosen for the analysis. Dipoles 
based on the Koch pre-fractals of the first two iterations having different wire thicknesses obtained by rotating one of the arms around a 
given coordinate axis is considered. Graphs depicting dependence of the reflection coefficient at the base frequency on angles of rotation 
around the axes are presented. Resonance angles of rotation of a "perfectly my" matched antenna's arms are obtained. A conclusion is 
drawn on possibility of significant improvement of antenna matching by turning the dipole arms with respect to each other.  
 

INTRODUCTION 
  
A classical symmetric electric dipole containing two identical arms fed in the middle represents one of the 
most well explored objects in the theory of antennas [1]. There exist various methods of improvement of 
electrodynamic characteristics of such dipoles [2]. For example, the improvements can come from varying 
an angle between the arms and obtaining the so-called V-shaped antennas [3] as well as from mutual 
influence of radiation originating from the arms on each other. Another method of improvement of the 
symmetric dipole's characteristics is related to placing the arms in an antisymmetric manner. The method 
was applied in [4] for improving several resonance characteristics of the classical Koch and quadratic 
Koch fractal dipole antenna; the study also compared the obtained antennas with each other. A dual-band 
dipole antenna with asymmetric arms was presented in [5] for WLAN applications. 
 
For improving the electrodynamic characteristics of dipoles, modification of the ratio of sizes (areas) of the 
dipole's arms is also utilized. For example, study [6] considered a dipole antenna consisting of two printed 
strips of unequal lengths and presented graphs for reflection coefficients and radiation patterns of the 
proposed antenna. A balanced-to-unbalanced transformer or balun is also often used [7]. The study [8] 
considered a printed dipole antenna with a micro strip balun and demonstrated an influence of sizes of 
the balun on return loss. 
 
On can also make use of multiple folded arms. For example, the folded dipole of two and more elements 
was used as an impedance transformer to match the antenna to a line of higher characteristic impedance 
in [9]. In addition, multi armed related structures are also used. The studies [10, 11] considered antennas 
consisting of an axially symmetric array of four and six conductor arms forming a spherically shaped 
structure and demonstrated influence of increase in the number of arms on quality factor and bandwidth. 
 
For reducing the sizes of the dipoles, one can alter topology of the arms, so that the electric length of the 
antenna increases, while radius of the sphere covering the dipole remains unchanged. For that purpose, 
one can roll the arms into a helix [12, 13] or perform various fractal transformations [14]. In this regard, 
the following antennas can be specified: an antenna which is based on the Koch curve [15, 16], 
Minkowski curve [17, 18], Sierpinski carpet [19, 20], a rounded fractal antenna [21, 22] and complex 
fractal combinations [23-26]. 
 
Characteristics of the dipole can be further improved by rotating its arms in space with respect to each 
other. For example, properties of the Koch dipole during rotating the arms in one plane (in the antenna's 
plane) were studied in [27]. In the present study, we analyze the effect of rotation of the Koch dipole's 
arms around its axes on the reflection coefficient at the base frequency on angles of rotation around the 
axes. As a result, we present graphs and draw the relevant conclusions. We draw a conclusion that that by 
turning the arms by a certain angle one can essentially improve the antenna matching. 

 
STATEMENT OF THE PROBLEM 
 
The first fractal antenna, whose electromagnetic and directional properties were studied most completely 
and extensively, was the antenna based on the pre-fractal Koch curve. When constructing a Koch line, the 
initial interval of length L_0, referred to as an initiator of the fractal, is split into three equal parts. The 
central part is replaced with an equilateral triangle having sides of length L_0/3. As a result, there 
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appears a broken line consisting of four links; each of the links has length L_0/3 [Fig. 1]. The process is 
carried out for each segment of the broken line.  
 
We consider symmetric dipoles based on the Koch pre-fractal (DBKP) of the first two orders. The zeroth 
order DBKP coinciding with the ordinary dipole is shown in [Fig. 1(a)], the first order DBKP is shown in [Fig. 
1(b)] and the second order DBKP is shown in [Fig. 1(c)]. The feed point for all the dipoles is located exactly 
in the middle. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Symmetric Koch fractal dipole. Arm length l=7.5 cm, wire radius r=1 mm. a) zeroth-order dipole 
(ordinary dipole); b) first-order dipole; c) second-order dipole. 
…………………………………………………………………………………………………………………………… 

 
We assume that initially the antenna lies in the plane {z=0}. We rotate the right arm in space relative to 
the starting position [Fig. 2]. Moreover, we consider three sub-problems, each of which represents rotation 
around a particular axis [Fig. 2(a)-(c)]. 
 
We seek the reflection coefficient of the obtained new dipoles by rotating an arm. It should be noted that 
rotation around the x-axis does not influence electromagnetic characteristics in vicinity of the main 
resonance. A difference shows up only at higher frequencies in vicinity of the second resonance. The 
same conclusion regarding comparison of the symmetric and antisymmetric dipoles was drawn in [4]. 
Therefore, we will hereafter explore only rotations around the y-axis and z-axis. 

 
  
 
 
 
 
 
 
 
 

    
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: Options for rotation of an arm around the axes: a) rotation around the x-axis (twisting); b) rotation 
around the y-axis; c) rotation around the z-axis. 
…………………………………………………………………………………………………………………………… 

 
Calculations in the present work were carried out using the FEKO software. In all cases, length of the 
segment partitions was selected to be five times greater than radius. It was assumed that the wire was 
made of copper of a circular cross-section. Main calculations were conducted for wires having radiuses r 
equal to r=1.0 mm, r=1.5 mm and r=2.0 mm. 



 ISSUE: Multidisciplinary Science & Technology 

www.iioab.org    | Tumakov et al. 2019 | IIOABJ | Vol. 10 | S2 | 34-40 | 
 

36 

 
For numerical implementation, we perform cycles with angle steps equal to 1-2 degrees. For determining 
the resonance angles with high accuracy, we decrease the angle step size to 0.01 degrees and frequency 
step size to 10 kHz. It should be noted that such a high accuracy theoretically allows determining the 
optimum rotation angle guaranteeing a perfect match. However, for all practical purposes, large steps are 
of more interest due to the fact that it is not so easy technically to perform rotations with accuracy of one 
hundredths of a degree. 
 
REFLECTION COEFFICIENT 
 
Let us consider a dependence of values of the first (main) minimum of the reflection coefficient S_11 on 
location of the arms. When changing the radius r from 1.0 mm to 1.5 mm for the ordinary dipole, the 
minimum is reached at the value of angle α equal to approximately 78^∘. The angle α, corresponding to 
the minimum of the reflection coefficient S_11, slightly increases with increase in r and reaches the value 
α≈80^∘ at r=2.0 mm. The value of S_11 itself remains at the value close to -45 dB. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3: Dependence of minimum of S_11 on α. The arm's length l is 7.5 cm. The solid line corresponds to radius 
of the wire r=1.0 mm and the DBKP of the first order; diamond signs correspond to r=1.5 mm and the DBKP of 
the first order; dotted line corresponds to r=2.0 mm and the DBKP of the first order; circle signs correspond to 
r=1.0 mm and the DBKP of the second order; square signs correspond to r=1.5 mm and the DBKP of the 
second order; triangle signs correspond to r=2.0 mm and the DBKP of the second order. The dashed line 
corresponds to the ordinary dipole having radius r=1.0 mm. l=7.5 cm. 
…………………………………………………………………………………………………………………………… 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Dependence of minimum of S_11 on β. The solid line corresponds to radius of the wire r=1.0 mm and 
the DBKP of the first order; diamond signs correspond to r=1.5 mm and the DBKP of the first order; dotted line 
corresponds to r=2.0 mm and the DBKP of the first order; circle signs correspond to r=1.0 mm and the DBKP of 
the second order; square signs correspond to r=1.5 mm and the DBKP of the second order; triangle signs 
correspond to r=2.0 mm and the DBKP of the second order. The dashed line corresponds to the ordinary 
dipole having radius r=1.0 mm. l=7.5 cm. 
…………………………………………………………………………………………………………………………… 

 
A similar pattern is also observed for the first order DBKP when rotating around the y-axis. For smaller 
values of r, extreme values of S_11 are achieved at smaller values of the angle α. The values of α 
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continuously increase from 26^∘ to 38^∘ when changing r from 1.0 mm to 2.0 mm. The minimum values 
remain at the level S_11≈-55 dB. 
 

Table 1: Extreme values of S_11 when rotating around the y-axis 
 

Radius , mm Angle  Minimum , dB 

   

   

   

 
 
At larger values of the angle α, the difference between antennas, having different radiuses, practically 
disappears The reflection coefficient of the first-order DBKP for α→90^∘ fluctuates around the value -13 
dB. 
 
For the second order DBKP [Fig. 3, 4], the reflection coefficients take on larger values at smaller radiuses. 
This means that the dipoles of the second order are better matched for large values of r. As the angle α 
increases [Fig. 3], the minimum value of S_11 monotonically increases for the second order DBKP. The 
exact values obtained for a finer grid (angle step size is 0.01^∘ and frequency step size is 20 kHz) are 
presented in [Table 1]. Note that for an ordinary dipole, the exact value of the minimum of the reflection 
coefficient S_11≈-90 dB having radius of the wire 1 mm is achieved at the rotation angle of 77.68^∘. 
 

Table 2: Extreme values of S_11 when rotating around the z-axis 
 

Radius , mm Angle  Minimum , 

dB 

   

   

   

   

   

   

 
Regarding the rotation around the z-axis, we can state only the following. First, we can draw the 
coordinate axis min S_11 not for the value β=0^∘, but, instead, for the value β=20^∘. Note that in this 
case, speculations concerning the rotations by angles greater than 20^∘ and by angles less than 20^∘ 
remain the same as speculations for the case of rotation around the y-axis. 
 
Note that for the second order DBKP having the wire radius of 2 mm, the minimum of S_11 in the range 
0^∘<β<30^∘ follows a complicated oscillatory pattern (triangles in [Fig. 4]). However, on the outside of the 
range, the curve of min S_11 for a given antenna demonstrates behavior, which is similar to rotation 
around the y-axis. 
 
Extreme values of S_11 during rotation around the z-axis, determined with high accuracy, are presented in 
[Table 2]. 
 
BEST ANTENNAS 
 
Let us consider radiation characteristics of the optimal dipoles. We present graphs depicting the reflection 
coefficients values for optimal antennas having the wire of radius r=1 mm. In line with [Tables 1 and 2], 
they correspond to antennas obtained at the rotation angles β=-14.34^∘, β=43.31^∘ and α=25.07^∘. It 
can be seen that behavior of the reflection coefficient at the first resonance frequency (around 810 MHz) 
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is practically identical for the three proposed antennas. Differences in graphs of S_11 show up at the 
second frequency around 2.4 GHz. 
 
Analysis of electrodynamic characteristics, conducted at turning the antenna around various axes, allows 
stating the following. Turning the antenna around the x-axis does not alter electromagnetic characteristics 
of the first resonance frequency; influence of the turns becomes discernible only at higher frequencies 
(see, for example, [4]). Optimum angles of turning the antenna in the antenna's plane (around the z-axis) 
and optimum angles of turning the antenna around the y-axis produce almost identical very well matched 
antennas. Based on this observation, we can recommend turning the arms in the antenna's plane (around 
the z-axis) for the purpose of improving characteristics of the antenna. In this case, sizes of the antenna 
do not change, and matching of the dipole can be significantly improved. 
 

 
 
Fig. 5: Graphs of S_11 for optimal antennas (l=7.5 cm; r=1.0 mm). The case of the DBKP of the first order. The 
solid line corresponds to β=-14.34^∘, the dashed line corresponds to β=43.31^∘ and the dotted line 
corresponds to α=25.07^∘. 
…………………………………………………………………………………………………………………………… 

 
In addition, it should be noted that for some applications, it is required that the antenna must be 
stretched. From this viewpoint, a change in its geometry by means of turning in the plane of the antenna 
is undesirable. However, from the classical point of view, the surface area, occupied by the antenna, is 
expressed in terms of radius of a circle covering the antenna itself. In this case, turning the arms in the 
antenna's plane does not affect the area of the dipole. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Dependence of the gain on the rotation angle β for the DBKP of the first order. The solid line 
corresponds to r=1.0 mm; the dashed line corresponds to r=1.5 mm; the dotted line corresponds to r=2.0 mm. 
l=7.5 cm. 
…………………………………………………………………………………………………………………………… 

 
Dependence of the gain on the rotation angle β for the DBKP of the first order. The solid line corresponds 
to r=1.0 mm; the dashed line corresponds to r=1.5 mm; the dotted line corresponds to r=2.0 mm. l=7.5 
cm. From the physical point of view, the effect of improving the antenna matching is explained by mutual 
influence on each other of separate component segments of the antenna (more precisely, influence on 
each other of electromagnetic fields emitted by the segments). At certain angles, the influence turns out 
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to be optimal. A more widespread variant consists in changing geometry of the arms. In both cases, the 
physical effect turns out to be the same. 
 
Let us present dependence of the gain on the main resonance frequencies for dipoles with the arms 
representing the Koch pre-fractal of the first order [Fig. 6], and for dipoles with the arms representing the 
Koch pre-fractal of the second order [Fig. 7]. The values of the gain change in the range from 1.48 to 1.6, 
reaching the maximum values for the dipole having arms, which remain in the initial position. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Dependence of the gain on the rotation angle β for the DBKP of the second order. The solid line 
corresponds to r=1.0 mm; the dashed line corresponds to r=1.5 mm; the dotted line corresponds to r=2.0 mm. 
l=7.5 cm. 
…………………………………………………………………………………………………………………………… 

 
Note that dipoles of large diameters possess large values of the gains. The difference for the Koch pre-
fractal of the second order is found to be stronger than that for the Koch pre-fractal of the second order. 
 
One can expect that for dipoles having a more complex geometry, despite a more complicated behavior of 
influence of the dipole's elements on each other, there also exist "optimum" turnings of the arms. At the 
same time, the graphs depicting dependence of reflection coefficients on angles of rotations must 
become much more complicated in case of complications of geometry of the arms. 
 
SUMMARY 
 
Rotations of the arms around their own axis (the x-axis) do not exert any influence on electromagnetic 
characteristics in vicinity of the main resonance. The main effects occur in rotation around the axis of the 
feed line (y-axis) as well as in the antenna's plane (z-axis). In the case of the optimal rotation around the y-
axis and the z-axis, "perfect" antenna matching can be achieved. 
 
CONCLUSION 
 
The antenna matching can be significantly improved by small angle rotations of the dipole arms. It should 
be noted that rotation around the z-axis can be considered as more advantageous because it is carried 
out in the plane of the antenna, and rotations around the z-axis can be generalized to the case of the 
micro strip antennas. 
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ABSTRACT 
 
In this work, the production of oils on a mineral and semi-synthetic basis is considered and studied in detail. Objective of the work is to study 
and analyze the production of motor oils. In the process of our work, we conducted research of the production of motor oils. We performed 
an analytical review of the data, where we have considered the basic and technical requirements for petroleum oils, the classification of 
products and symbols of commercial oils. In the course of studies, we have also reviewed and carried out technological calculations of a 
dewaxing plant. We considered the process of cleaning crude oils, the classification of petroleum oils and the main indicators of their quality, 
cleaning methods, and continuous-flow types of motor oils production. Oil additives, their purpose, classification and mechanism of action 
were also studied. We studied the working conditions of motor oils and the process of preparing commercial oils.  
 

INTRODUCTION 
  
Motor oil is a substance that is used to service parts of various kinds of mechanisms. Motor oil is one of 
the important elements of engine design. It is divided into synthetic, semi-synthetic, mineral and 
hydrocracking oils. Many people believe that synthetic products work better than mineral products, but not 
everyone has an idea of what synthetic and mineral motor oils are and what they are intended for. 
 
Mineral motor oils are simply refined oil, but synthetic oil was created in laboratory conditions. Mineral oils 
are productive in use and have the least destructiveness to details. In many cases, they are not applied in 
pure form and therefore about 10% of various additives are added to them. And due to additives, mineral 
motor oil becomes anti-corrosion, more corrosion preventive and have higher detergent properties. The 
main disadvantage is the accelerated wearing and also due to additives mineral oil cannot maintain a 
stable mixture homogeneity for a long time. Mineral oils are divided into several types, such as: aromatic, 
paraffinic and naphthenic. The increased viscosity of such oils minimizes the formation of oil leaks in parts 
with increased wear.  
 
Synthetic oils are designed to provide our engine with a higher level of protection against wear and 
temperature rise. In addition, when we use synthetics, the resistance level is lower and because of this, 
our engine shows higher power and fuel economy. The main disadvantage of synthetic oil is its high cost. 
Synthetic oil differs from mineral oil, first of all, at the molecular level. It is not necessary to add a large 
amount of additives to a synthetic oil, as to a mineral one; the necessary substances are already 
synthesized in its composition when it is created.  
 
Semi-synthetic oils are a mixture of petroleum products with synthetic ones. The composition of semi-
synthetics allowed for to combine the best characteristics of mineral and synthetic oils, as a result, we get 
a product with excellent performance characteristics and low cost. The most important characteristics of 
semi-synthetics are: low evaporation, high viscosity index, etc. 
 
METHODS  
 
Petroleum oils are a complex hydrocarbon mixture (the number of carbon atoms is 20-60; molecular 
weight is 300-750, boiling point is 300-650°С). Raw materials for the production of motor oils are fuel oil, 
and the main process of processing is vacuum distillation, as a result of which narrow (close cut) oil 
fractions (from 1 to 4) and tar are obtained [1]. 
 
Resinous asphaltene, polycyclic aromatic and high molecular weight paraffinic hydrocarbons are 
undesirable components that impair the physicochemical and operational properties of commercial oils, 
therefore the production technology of the base oils is based on selective removal of undesirable 
hydrocarbons from the oil fractions while preserving the components that provide the required physical-
chemical and operational properties of resulting commercial oils. Some components are usually 
considered harmful and can be very valuable in some areas: 
 
- Resins, fatty and naphthenic acids increase the stickiness and durability of the adsorption film of the 

oil (improve lubricity); 
- Some sulfur and nitrogen compounds exhibit antioxidant properties; therefore, during deep cleaning 

of the oil, some of its lubricating, antioxidant and anticorrosion properties may deteriorate [1]. 
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Cleaning removes: 
 
- sulfur compounds and organic acids; 
- resinous and asphaltene compounds; 
- unsaturated hydrocarbons; 
- solid hydrocarbon compounds dissolved in oil; 
- polycyclic compounds. 
 
Viscosity index characterizes the change in viscosity of lubricating oils depending on temperature. A 
relatively small change in viscosity occurs with temperature for oils with a high viscosity index; oils with low 
viscosity index feature a significant change in viscosity. 
 
A simple treatment with sulfuric acid, lime and bleaching clay turns distillates into products with 
acceptable quality and a low viscosity index. For the production of products with high and medium viscosity 
index, it is necessary to use certain types of extraction with solvents separating colored, unstable and 
having low viscosity index components. At the final stage, the oil is dewaxed (that is, paraffins are removed 
from it) to obtain a product with a pour point of from minus 10o C to minus 20o C. This process is carried 
out by dissolving the oil in methyl ethyl ketone (MEC) followed by cooling and filtration [1]. 
 
At most plants, three or four fractions are obtained by mixing of which the whole range of marketable oils 
is produced. 
 
Synthetic base products 
 
Synthesis processes make it possible to create molecules of relatively simple compounds with the desired 
properties. The main classes of synthetic materials used as components of oils [1] are listed in [Table 1].   
 
With the exception of poly glycolic fluids, all synthetic base oils have a viscosity within the limits typical of 
the lightest high-index distillate mineral oils. However, their viscosity index and flash point are higher, and 
their pour point is significantly lower [1]. 
 

Table 1: Main classes of synthetic materials 
 

Type Main application 

Alkylated aromatics Automobile and industrial oils 

Oligomers of drying agents Automobile and industrial oils 

Dibasic acid esters Aviation and automobile oils 

Polyol esters Aviation and automobile oils 

Polyalkylene glycol Industrial oils 

Phosphoric acid esters Industrial oils 

  
The main disadvantage of synthetic oils is that by their very nature they are more expensive than mineral 
ones. This limits their use in the field of special oils and lubricants. Ester-type fluids have another one 
drawback: they cause more swelling degree for sealing materials than hydrocarbons, so they should be 
used with care in applications where they can come into contact with elastomers designed for working with 
mineral oils.   
 
Methods for cleaning oil fractions are the following 
 
1. Chemical methods with the use of reagents (acid, alkali, hydrogen) that chemically interact with the 
components to be removed (alkalization, sulphate or hydrogenation process)  
2. Physical methods with separation of the oil fraction into 2 parts without changing the chemical structure 
of hydrocarbons:  
a) Extraction processes - deasphalting, selective cleaning;  
b) The process of extractive crystallization (a kind of extraction process) - dewaxing;  
c) Adsorption cleaning with the use of adsorbents [2]. 
 
Types of additives applied to motor oils 
 
Antioxidant additives which protect oil hydrocarbons from oxidation [3]. 
Antifriction, antiwear and extreme pressure additives - contribute to reducing friction, wear and tearing of 
the rubbing surfaces of metals [4].   
Corrosion inhibitors and anti-corrosion additives protect metal parts of machines and mechanisms (during 
their storage and operation) from environmental exposure (oxygen, moisture, chemically active products) 
[4]. 
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Detergents (or detergent and dispersant additives) prevent deposits, varnishes and sediments from 
forming on engine parts [5, 6]. 
Depressor additives lower the pour point of the oils [4]. 
Viscous additives improve viscosity and temperature properties. 
Antiseptics increase the resistance of oils to fungi and bacteria [4]. 
Anti-foam additives prevent the formation of oil foams. 
Adhesive additives increase adhesion and prevent the spreading of oils [4]. 
Multifunctional and multicomponent additives simultaneously improve several performance properties of 
oils [4]. 
 
RESULTS AND DISCUSSION 
 
Let’s consider the process of extractive crystallization 
 
There are two dewaxing processes:  
 
1. Conventional dewaxing with obtaining oils having a freezing point of -10 to -15 o C, 
2. Deep dewaxing is obtaining oils with a freezing point of -30 o C and below. 
Dewaxing is a low temperature process. 
 
Cooling agents are propane or ammonia. The first stage of crystallization is the isolation from a 
supersaturated solution of nuclei of crystals which are the smallest particles of a crystallizing substance 
[6]. 
 
The optimum composition of the solvent is determined in a practical way; solvent composition, % (mass.) - 
MEK (60-75), toluene (25-40). The higher the viscosity of the raw material and the content of paraffin in it, 
the greater the dilution ratio; the ratio of solvent to solvent: raw materials for distillate raw materials — 2.8: 
1 to 4: 1; for residual raw materials - from 4: 1 to 4.5: 1). 
 
The final cooling temperature must be below the set pour point of deparaffinate by the value of TED (5-10 
o C) [temperature effect of dewaxing] [6]. 
 
In this paper, calculations were made of the installation of oil dewaxing.  
 
Regeneration department: Calculation of a regenerative crystallizer.  
 
Baseline data for the calculation: 
 
- Fresh feed rate: Gc = 250 thousand tons / year = 684.93 t / day = 28538.75 kg / h; 
Since the scheme has four parallel streams identical with each other, the performance of one stream is G1 
= 7,233.75 kg / h.  
- The ratio of solvent to the raw material is 5: 1; 
- The solvent is fed in portions; each portion is served in a 1: 1 ratio 
- Temperature of raw materials supply to regenerative crystallizers T = 303 K. 
 
The solvent is a mixture of methyl ethyl ketone and toluene in a ratio of 60:40 wt. 
We determine the physical and chemical indicators of raw materials and filtrate of the first stage in charts 
1, 2, 3. 
 
In this section, technological calculations of the heat exchange surface of the regenerative crystallizer 
were carried out. 
 
We calculated the speed of raw materials and filtrate movement in the mold. We determined the 
parameters of the 1st stage filter where the data on the composition and heat capacity of the filtrate, and 
the absolute density of the raw materials were entered, and from these values the average heat capacity 
and density of the raw materials supplied from the raw material reservoirs were found.  
  
The heat capacity of the oil fraction is determined by the formula: 

 , kJ / kg K      (1) 
Where ρ 15 15 is the density of the oil fraction at a temperature of 15 ° C; T – K process operating 
temperature; 
The oil fraction density at a temperature of 15 ° C is determined by the formula: 
ρ 15 15 = ρ 4 20 + 5 a      (2) 
where, ρ 4 20 is the density of the oil fraction at a temperature of 20° C; 
a – the coefficient which is determined by the table. 
 
The speed of movement is found by the formula: 
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   Sæèâc
GcW



3600 m 2        (3) 

where, Gc- raw material consumption kg / m3; ρc is the density, kg / m 3 ; Scs - cross-sectional area, m 2 ; 
Next, based on the criteria of Reynolds, Prandtl and Nusselt, we calculated the speed of movement of raw 
materials and filtrate in the mold. 
 
Reynolds criterion: 

 


WD 
Re  (4) 

where D is the internal diameter of the pipe, m; W- flow velocity, m / s; ν - rinematic viscosity m 2 / s 
Prandtl criterion: 

   



CcPr

     (5) 
where Cc is the heat capacity, kJ / kg K; μ - dynamic viscosity, Pa • s; λ - coefficient of thermal 
conductivity, W / m K 
 
Nusselt criterion: 

  

25.0
43.08.0

Pr
PrPrRe21.0 








ctNu
 (6) 

where Re is the Reynolds criterion; Pr - Prandtl criterion; Prct - determined at the temperature of the pipe 
wall.  
Similarly, the heat transfer coefficient from the wall to the filtrate solution was calculated in the same way. 
According to the data obtained, we selected a standard mold with a heat exchange surface of 70 m 2, 
while the surface margin was 44%. 
 

 

  
 
Fig. 1, 2, 3: Physical and chemical parameters of the first stage. 
…………………………………………………………………………………………………………………………… 
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Calculation of the ammonia crystallizer 
 
Before entering the cooled suspension into the ammonia crystallizer, the third portion of the cooled solvent 
(second stage filtrate) is added to the raw material and then cooled. The heat capacity and density of the 
oil fraction were determined. We found the amount of ammonia required for cooling the suspension from 
the heat balance equation. 
 
We calculated the coefficient for heat transfer from the wall to the filter solution according to the cross-
sectional area, the amount of ammonia vapors formed, and the linear velocity of ammonia vapors 
according to Reynolds, Prandtl and Nusselt criteria. Then we determined the heat transfer coefficient. 
 
Next, we calculated the heat exchange surface and selected a standard mold with a heat exchange 
surface of 70 m 2, while the surface margin was 41%. [7,8] 
  
CONCLUSION 
 
Varieties of dewaxing processes that can be introduced into production: 
 

1. Dewaxing with propane (propane is used as a solvent, a cooling agent and an inert gas), the ratio 
to the raw material is 0.8: 1 up to 2: 1 (because of its high dissolving capacity), and its 
disadvantage is deep cooling [7]. 

2. The Edeleanu process (solvent: a mixture of dichloroethane 40-70% [precipitates solid HC] and 
methylene chloride 60-30% [dissolves non-crystallizing components]): high filtration rate (200kg 
/ h); solvents are non-combustible, therefore they do not require an inert gas in the system, low 
temperature TED (0-1 o C); the disadvantage is the low thermal stability of solvents (they 
decompose at 130-140 o C with the formation of corrosive products). 

3. The Dilchil process. Solvent: mixture of MEK with methyl isobutyl ketone or toluene using Dilchil 
crystallizers of the original design (direct injection of cooled solvent and flow of dewaxed raw 
material heated in a steam heater) [7]. 

4. Hydrocatalytic dewaxing: a decrease in the freezing temperature of diesel fuels and lubricating 
oils through selective hydrocracking and hydroisomerization of n-paraffins on selective catalysts.  

5. Urea dewaxing: the process intended for obtaining low-hardening fuels, low-viscosity oils and 
liquid paraffins is carried out at positive temperatures. It is based on the ability of urea to 
produce crystalline complexes with n-structure paraffins (the number of atoms is less than 6). 
Pure carbamide has a tetragonal structure; in the process of complex formation, the crystal 
structure is rearranged to a hexagonal structure consisting of six carbamide molecules arranged 
in a spiral. Inside the spiral, a channel is formed with a diameter of 5.25 A. The cross section of 
the molecules of n- alkanes is about 4.2 A, which allows them to fit into the channel and to be 
held by the van der Waals forces. 

6. The process of microbiological dewaxing: it is based on the ability of certain types of microbes to 
selectively oxidize n-structure paraffins as a source of energy for their vital activity. Deparaffinate 
is used as a component of winter diesel fuel, and biomass is used to produce feed protein. [9] 

 
In this paper, we conducted a study of methods for the production of motor oils. We studied the 
requirements, classifications and system designations of motor oils. We performed an analytical review of 
the data, where we have reviewed the basic and technical requirements for petroleum oils, the 
classification of products and symbols of commercial oils. [9] 
 
The following issues were considered: the process of refining oil feedstock, the classification of petroleum 
oils and the main indicators of their quality, methods of refining, and flow-through schemes for the 
production of oils. Also we studied additives to oils, their purpose, classification and mechanism of action, 
the operating conditions of motor oils and the process of preparing commercial oils. 
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ABSTRACT 
 
The article presents an analysis of the process of changing of technical state of the automobile engine mobile interfaces from the beginning of 
operation until depletion of established service life in the form of life ageing structure that includes a complex of repair and maintenance 
cycles. During the operational phase, periodic multiple repetition of cycles of deterioration and stepwise recovery of the technical state occurs. 
Within a single cycle, deterioration of technical state forms a monotonic and relatively slow wear of the parts and their aperiodic sudden 
failures. If within a single maintenance cycle there is a complex of working cycles that include engine operation at startup, idle and under load, 
and maintenance itself, the regularity of the technical state change will be determined by wear rate at each of these modes. Consideration of 
this "micro level" in the structure of wear is a feature and novelty of the described here repair and maintenance cycle of engine. According to 
this structure, taking into account the assumptions and limitations made, the dependence between the mobile interface lifetime and the 
lifetime of the lubricating layer under the influence of a complex of operational factors: torque, crankshaft speed, modes and duration of run-in 
phase, duration of operation at start-up, idling, under load is received. The objective function of an automobile engine durability improvement 
is proposed. The results of calculations show that the mobile interfaces lifetime is significantly increased if the maximum lifetime of the 
lubricating layer is provided during run-in, start-up, idle and under load conditions. Thus, based on the idea of regularity of the technical state 
change of mobile interfaces in operation, the scientific concept of maintaining the automobile engine efficiency in operation is proved. The 
concept is presented in the form of a structure containing the goal, criteria, limitations, scope, stages, technical and organizational solutions. 
The novelty of the concept is that conditions for limiting the crankshaft bearings wear during the operating cycles are created in the structure 
of repair and maintenance cycle of an automobile engine, due to the development of the lubrication control system. 
 

INTRODUCTION 
  
An essential factor for increasing the competitiveness of automobile transportation is minimizing costs of 
ensuring working capacity of vehicles and their components. Engine is one of the major automobile 
component, which determine both its operation efficiency and the amount of maintenance costs. The 
efficiency of the automobile engines operation is determined by a variety of factors - constructive, road, 
natural-climatic, operational, etc. [1-3]. At the same time, a wide range of opportunities for increasing the 
efficiency of its operation provides management of operational factors. 
 
At the stages of production and technical operation of automobile engines, there is a change in parameters 
of the technical state of its units, mechanisms and systems, initial indicators values of which are formed 
during production [2]. During running-in of new or overhauled engine, change in parameters is directed 
towards improvement, however, during subsequent operation time, a multiple repetition of cycles of 
technical state deterioration and its stepwise recovery through repair is carried out with a regularity of 
maintenance. Within a single maintenance cycle, the regularity of change in the technical state forms a 
monotonic and relatively slow wear of mobile interfaces and aperiodic sudden failures. 
 
Strict adherence to periodicity and volume of maintenance work, timeliness of repair performance slows the 
monotonous deterioration of the technical state parameters. At the same time, the authors concluded that 
there is a significant reserve in maintaining the automobile engines performance if additional measures are 
taken to reduce the rate of technical state deterioration within a single cycle. 
 
Based on Cause and Effect Analysis of the factors of changes in the technical state of mobile interfaces in 
operation, it is concluded that the control of the technical condition is associated with the control of the 
lubrication process [4, 5]. Preconditions of such control were studied based on the study of scientific 
publications and practical developments in the field of maintaining of automobile engines efficiency in 
operation [6 -12]. 
 
It is established that the common problem holding back quality improvement of run-in, technical state 
definition and prediction, minimization of starting and operational wear of mobile interfaces, is insufficiently 
developed operational, reliable, low-cost and available methods and tools for evaluating the lubrication 
process.  
 
Analysis of the present situation showed that the problem of increasing the automobile engine durability 
could be solved by controlling the lubrication process in mobile interfaces. However, the effective practical 
implementation of such operational method of maintaining the automobile engine efficiency is currently 
hindered due to insufficient development of theoretical and methodological provisions of the lubrication 
management system. Therefore, development of methods for effective maintenance of automobile engines 
performance based on the lubrication process management helps to reduce costs of resources and losses 
during operation. 
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In this regard, research aimed at developing methods and instruments to maintain the automobile engine 
performance are relevant. 
 
METHODS 
 
The main scientific propositions and results presented in the article are based on the developed theoretical 
background and results of experimental studies of the operational reliability of automobile engines, the use 
of tribo diagnostics and study of regularities of change in the automobiles and aggregates technical state 
[13]. 
 
Change process of mobile interfaces technical state from beginning of operation until depletion of 
established service life is complex, and it can be more simply represented as the structure of operational 
wear process. It includes a set of repair and maintenance cycles, formed by stages of repair and operation 
[14]. 
 
If within a single maintenance cycle there is a complex of working cycles that include engine operation at 
startup, idle and under load, and maintenance itself, the intensity of the technical state change will be 
determined by regularities of wear at each of these modes. Consideration of working cycles in the structure 
of wear is a feature and novelty of the repair and maintenance cycle of engine. 
 
According to the accepted structure, the current diametral clearance  in the mobile interface is formed by 
the clearance value after mounting (assembly) М and the total current operational wear I  generated by 
wear during the running-in IОБ and  current operational wear IЭ, which, in turn, consists of wear at start-up 
IП, when the engine is idling IХ and under load IН: 
=М + I=М + IОБ + IЭ=М + IОБ + IП + IХ + IН.               (1) 
Based on this, the objective function of operational wear can be represented as following: 
I=IОБ + IП + IХ + IНmin. 
Linear wear I of the rubbing surfaces is equal to: 

 hI i  ,                                                         (2) 
where ih – wear rate, µm / h;    - duration of friction, h. 
 
It is assumed that the wear rate ih is proportional to frictional work and, accordingly, to duration of the 
contact interaction (in case of lubricating layer absence) of friction surfaces, torque M and crankshaft speed 
n: 
  

1h g дi А( E )M n K   ,                                           (3) 

 
where А - coefficient of proportionality, depending on the physical-mechanical and geometric properties of 

friction surfaces; Eg - parameter of the lubricating layer lifetime in the mobile interface; äK  - coefficient of 
the mode dynamism taking into account an increase in wear intensity during an unsteady mode of the 
engine operation in comparison with the steady one. 
 

The operational wear is summarized from the wear values at each mode: start-up 
Ï
lI  , idling 

Õ
lI  and 

under load 
Í
lI  in all operating cycles: 

 ,     (4) 
 
 
 
 
 
 
where ТП, ТХ, ТН -lj

П - the number of start-up, idling and load modes in one operating cycle respectively; lj
П 

- duration of the engine operation in l-th cycle on the j-th operating mode at start-up, h; lm
Х - duration of the 

engine operation  in the l-th operating cycle on the m-th operating mode at idle, h; lk
Н - duration of the 

engine operation in the l-th operating cycle on the k-th operating mode under load, h;  
 

LЕ - number of working cycles in operation;  ( , )Ï Ï
lj ljÌ n , ( , )Õ Õ

lm lmÌ n , ( , )Í Í
lk lkÌ n  ,  - parameters of 

loading modes in each working cycle; 
Ï
gljE ,

Õ
glmE , 

Í
glkE  ,  - parameter of the relative lifetime of the 

lubricating layer in each working cycle for each stage; 
Ï
äljÊ ,

Õ
älmÊ ,

Í
älkÊ  ,  is the dynamic factor in each 

working cycle for each stage. 



 ISSUE: Multidisciplinary Science & Technology  

www.iioab.org    | Suleimanov et al. 2019 | IIOABJ | Vol. 10 | S2 | 47-50 | 
 

49 

 
Duration lk

Н of the engine operation under load is determined by an automobile mileage Llk (km) with an 
average speed Vlk (km/h) according to the formula: 

 .                                             
Í lk
lk

lk

L
V

            (5) 

The maximum permissible operational wear will be:  
IЭ.ПР = ПР - М - IОБ,                                               (6) 
where ПР – maximum permissible value of diametal clearance in mobile interface. 

On the assumption that parameters in the groups (
П
lj , 

Õ
lm , 

Í
lm ), [ ( , )Ï Ï

lj ljÌ n , ( , )Õ Õ
lm lmÌ n , 

( , )Í Í
lk lkÌ n ], (

Ï
gljE ,

Õ
glmE ,

Í
glkE ), (

Ï
äljÊ ,

Õ
älmÊ ,

Í
älkÊ ) have the same values, wear at running-in will 

be:  

(1 )OÁ Î Á OÁ OÁ OÁ OÁ Î Á
g äI À E Ì n Ò Ê   ,                                    (7) 

maximum permissible operational wear will be: 

Ý. (1 ) (1 ) (1 )Ï Ï Ï Ï Ï ÕÏ Ð Ï Õ Õ Õ Õ Õ Í Í Í Í Íl
g Ý ä g Ý ä g ä

l

LE Ì n L T Ê E Ì n L TI À Ê À E Ì n
V

À Ê    

 , (8) 
where  ТОБ, ТП, ТХ, ТН - total operation time at run-in, start-up, idling, under loading modes respectively, h; 
MOБ, MП, MХ, MН - average values of torque at run-in, start-up, idling and under load operation respectively, 
Nm; nOБ, nП, nХ, nН - average values of  rotational frequency at run-in, start-up, idling and under load 
respectively, min-1; Vl - average speed of the vehicle, km / h; Ll -vehicle mileage for one working cycle, km. 
 
Let us assume that lifetime of the mobile interface is equal to: 

Ð Ý lL L L  ,                                                   (9) 
and the number of working cycles in operation will be: 
    

(1 )
.

(1 ) (1 ) (1 )

Î Á OÁ OÁ OÁ OÁ
Ï Ð Ì g

Ý
Ï Ï Ï Ï Õ Õ Õ Õ Í Í Í Í lÏ Õ
g g g

l

À E Ì n Ò
L LE Ì n T E ÌÀ À n T À E Ì n

V

    

  




 (10) 
Then the mathematical model of lifetime expenditure of mobile interface can be represented in the form:  

(1 )

(1 ) (1 ) (1 )

ОБ OБ OБ OБ OБ ОБ
ПРЕД М g д

р l
П ПП ХП П П Х Х Х Х Х Н Н Н Н Нl
g д g д g д

l

А E М n Т К
L L LE М n Т К E М n Т К А E М n К

V
А А

  



 


  

 . (11) 
The target function of increasing the automobile engines durability is:  

                           ( )ð pL L max                         (12) 

Under limitations: 
 

. 1g äî ï gE E  ; õõ í î ìn n n  ; 1äÊ  ; min maxl l lL L L   

min maxl l lV V V  ; min maxT T T  ; min maxA A A  . 
Results of the theoretical study show that value change of parameter Eg has the greatest impact on the 
value Lр when working under load. Thus, when value of Eg parameter is reduced by 0,02 relatively to the 
average value of 0,97, the lifetime is reduced by 1,5 times. However, with an increase in parameter by 0,02 
relatively to the average value, the lifetime rises already 2,1 times. In general, to increase the lifetime, it is 
necessary to ensure a high level of values of the parameter Еg both at run-in and at the stages of operating 
modes. So, while simultaneously taking into account the maximum values of Еg at run-in (0.8), starting 
(0.9), idling (0.7) and under load (0.99), the increase in lifetime reaches 2.6 times. 
 
RESULTS AND DISCUSSION 
 
Based on a common understanding of regularities of change in technical state of mobile interfaces in 
operation, the scientific concept of maintaining the automobile engines efficiency is proved, which differs in 
terms of limiting the wear intensity of mobile interfaces in repair and maintenance cycle based on the 
development of tribo diagnostics methods. 
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Conceptual provisions are formulated as follows: 
 
- aim is to reduce cost of transportation process support by increasing the durability of automobile engines 
through maintaining their efficiency by means of tribo diagnostics methods; 
-  criterion is maintenance of automotive engine efficiency based on management of technical state change 
of limiting the lifetime mobile interfaces due to minimization of wear intensity and lubrication process 
control; 
- limitation is the assumption that deterioration of the technical state occurs due to wear, the intensity of 
which depends on the parameters of the lubrication process; 
- scope are stages of repair and operational cycle of engine: run-in, operation modes for the intended 
purpose, maintenance and repair; 
- stages include development of theoretical and methodological provisions of the lubrication process control 
in mobile interfaces; development of the lubrication process control system in mobile interfaces: 
information, technical, intellectual component; 
- technical solutions are software and hardware complex of tribo diagnostics [14]; application programs 
packages; methods and technology of management [15-18] 
- organizational solutions are methods of maintaining efficiency at the stages of the repair and maintenance 
cycle of the engine [10], guidelines, personnel training. 
 
CONCLUSION 
 
The concept of maintenance of automobile engines working capacity in operation due to restriction of wear 
intensity of mobile interfaces on the basis of development of mathematical, information, technical and 
organizational support of the lubricating process control system by application of tribo diagnostics methods 
is formulated. The presented results of scientific research can be used for development of new technical 
and organizational solutions to effectively maintain the automobile engine performance based on the 
development of lubrication management system using modern and prospective methods of tribo 
diagnostics. 
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ABSTRACT 
 
This article deals with the definition of an intoxicated person functional state. They performed the analysis of pupillary response peculiarities 
to illumination changes. It is proposed to use the method of pupillometry for the analysis of pupillary reactions. They concluded that it is 
necessary to evaluate the values of the papillo gram parameters on the basis of the neuro net approach. The task was to develop a 
mathematical model and software to determine the functional state of a person's intoxication. The solution of this problem is carried out on 
the basis of neural network collective, formed according to the bootstrapping method. They proposed the methods to collect and prepare the 
initial data for analysis, to develop a neural network model, as well as the method and the algorithm to optimize the composi tion of the input 
and the number of hidden neurons of its neural networks. ROC analysis is used to find an optimal clipping point for solution classes 
generated at the output of neural network models. They provided the description of the neural network model, the developed software 
package, as well as the results of the research conducted on its basis. For the purpose of approbation, the problem of a person's intoxication 
is solved during a pre-trip medical examination. The conclusion is made about material, technical and time cost reduction during the survey 
conduct using the proposed approach, as well as the possibility and the effectiveness of its practical use in other areas.  
 

INTRODUCTION 
  
At present, the task of a person functional state (FS) determination acquires an urgency in various subject 
areas. A number of works are devoted to this problem solution. The change of mammal pupil size under 
the influence of light flashes was recognized as a reliable marker of brain activity, including human brain 
[1,2]. In addition to brightness change adaptation, the changes of a pupil diameter correlate with a 
person's excitation, attention, and perception changes [3-5]. Such diagnostic methods based on the 
evaluation of the pupillary response of a person refer to the methods of pupillomimetry. In [6] they 
proposed to use this method to determine the FS of athletes. 
 
There are different classes of human FS [7]: normal, borderline, pathological ones. Among the latter they 
determine the FS, characteristic of alcohol or drug intoxication. In most cases, intoxication leads to a 
human visual system disorder. This feature allows you to identify human FS in medical diagnostic systems. 
Many scientists have been involved in this area research [8-11]. However, diagnostic systems, including 
those based on the methods of pupillometry, require the participation of qualified experts, the creation of 
special conditions and significant material, technical and time costs. These features of pupillometry 
method application in medical diagnostics reduce the possibility of its use in other areas. 
 
The pupillometry allows to obtain the data, according to the analysis of which it is possible to classify the 
human FS. This problem should be solved on the basis of the neural network approach [12,13], which 
proved its effectiveness in diagnostic systems [14,15] and decision making support [16,17]. Many 
scientists contributed to the development of neuro cybernetics and the development of decision making 
support systems [18, 19]. However, they did not study completely the issues of neural network (NS) use in 
the determination of human FS based on pupillometry. This actualizes the need to develop new neural 
network models, the methods and the algorithms that can solve the task effectively. Thus, in order to 
determine the human FS according to the analysis of its pupillary response to light impulse, it is necessary 
to develop mathematical model and software based on the neural network approach. 
 
METHODS  
 
One of the criteria that affect the quality of a person's life is his FS, in particular the state of intoxication 
(alcoholic or narcotic). In this state, the intensity of pupillary reaction decreases, and the pupils are 
narrowed or widened as much as possible. 
 
Pupillometry is an effective method of intoxication state diagnostics. In this method, the dynamics of a 
pupil size change is represented in the form of a time series - the pupillogram [Fig. 1]. 
  
The following parameters are indicated on the figure: ID - initial diameter, FD - final diameter, HCD - half 
constriction diameter, MD - minimum diameter, LRT - latent reaction time, HCT - half constriction time, HET 
- half expansion time, CT - constriction time, AC - the amplitude of constriction, and ET - the expansion 
time. Pupillometry also uses such parameters as the rate of narrowing (CC) and the rate of expansion (CP), 
calculated according to the initial data. Thus, each set of parameter values can be associated with the 
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state of "norm" or "deviation". The totality of such values is the data to develop a model for a person 
intoxication state determination. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Example of a pupillogram and its parameters. 
…………………………………………………………………………………………………………………………… 

 
 
The solution of time series problem analysis from pupillometry results is based on various methods. 
Discrete transformations are widely used in pupillometry. It is proposed to use a transient Fourier 
transformation in [20] to estimate the mental load. The parabolic and elliptic Haf transformations are used 
to recognize and measure a pupil size obtained from web camera data [21]. Wavelet transformations are 
used to analyze the results of pupillometry in [22]. Discrete Walsh transformations and their 
generalizations can be used effectively during the solution of time series analysis problems in the methods 
of pupillometry [23, 24]. 
 
At present, statistical methods are used to solve the problem under consideration: parametric, linear-
discriminant, clustering, etc. The effectiveness of their use depends on data quality. At low detail of an 
image, the accuracy of the diagnosis is reduced. Therefore, in order to analyze the values of the 
pupillogram parameters under the specified conditions and to develop the binary classification model, it is 
important to use the methods of data analysis, in particular the NN, whose effectiveness is conditioned by 
their universal approximating ability, which allows them to solve practical problems with a high degree of 
accuracy. 
 
Thus, in order to determine the state of a person intoxication on the basis of a neural network approach, 
the following developments are required: 
 
1) the methods for the collection and preparation of baseline data for analysis; 
2) the neural network model and the methods of its development; 
3) the numerical method and neural network model algorithm reduction to increase the efficiency of its 
practical use; 
4) software complex implementing the proposed methodologies, model, method and algorithm. 
 
The methodology has been developed in order to collect and prepare data for analysis, consisting of the 
following steps: 
 
1) the collection of initial data in changing illumination conditions; 
2) the evaluation of source data quality; 
3) source data cleaning; 
4) the calculation of pupillogram parameter values; 
5) the development of the initial data table with the calculated values; 
6) quality assessment, data table cleaning and obtaining for analysis. 
 
To implement the first stage, they developed the laboratory stand that includes a video camera and 
software to record and analyze the images of human eyes. All images were recorded for 3 seconds with a 
light pulse provision. The obtained data include noise, anomalous and missing values [25]. Therefore, 
during the second and the third stage of the methodology, the data quality is assessed and its cleaning 
takes place [26]. 
 
During the fourth stage, they calculate the values of the pupillogram parameters. Let us have the 
pupillogram P = {(t0, D0),…, (ti, Di),…, (tk, Dk)}, where t0 is the initial time moment (0 seconds), tk is the 
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final time moment (3 seconds), D0 is the initial diameter of a pupil, Dk is the final diameter of the pupil. 
Then the values of the parameters will be calculated by the following formulas: 

- k0,i),min( imin  DD  – MD; 

- mins | DDtt ii   – CT; 
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2

min0
ps

DD
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During the fifth stage, the obtained values are reduced to the table showing the class of the human FS. 
During the sixth stage, quality assessment, purification and the obtaining of a ready-made data table for 
analysis are performed see [Table 1]. 

Table 1: Data fragment to develop a neural network model 
 

№ D0 Dmin Dps Dk As Vs Vr tl ts tr tps tpr Class 
1 5,4 4 4,7 5,2 1,4 2,6 0,5 0,2 0,5 2,4 0,2 1,1 0 
2 5,5 4,1 4,8 5,4 1,5 2,8 0,6 0,2 0,5 2,3 0,2 1 0 
3 5,4 4,1 4,7 5,2 1,2 2,2 0,5 0,2 0,6 2,2 0,2 1 0 
4 5,5 4 4,7 5,1 1,5 2,8 0,3 0,2 0,5 2,2 0,2 1,1 0 
5 2,6 2,6 2,6 2,6 0,1 0,1 0,1 0,3 0,3 2,4 0,1 1,1 1 
6 2,6 2,6 2,6 2,6 0,1 0,2 0,1 0,2 0,4 2,4 0,1 1,1 1 
7 7,1 6,7 6,9 6,9 0,3 0,6 0,1 0,2 0,5 2,2 0,2 1 1 
8 7,3 6,7 7,1 7,1 0,6 1,1 0,2 0,3 0,5 2,2 0,2 1 1 

 
In order to develop a neural network model based on the analysis of the obtained data, the following 
procedure was developed: 
 
1) To form the structure of the NN on the basis of Arnold-Kolmogorov-Hecht-Nielsen theorem for the whole 
set of input parameters [18]; 
2) To develop an initial neural network model of the given structure, to find an optimal cut-off point for 
class solution by the ROC-analysis method and to estimate the model error by bootstrapping method [26]; 
3) in order to increase the accuracy and to reduce the dimension of an original model structure, to reduce 
it by clarifying the composition of the input and the number of hidden neurons based on the genetic 
algorithm. 
 
In order to solve this problem, the perceptron model NS was developed. The number of its hidden neurons 
is determined by the corollary of the Arnol'd-Kolmogorov-Hecht-Nielsen theorem on the basis of the 
following expression [18]: 
 

Nh  2  Nin + 1,     (1) 
where Nh is the number of hidden neurons, and Nin is the number of input neurons. 
Thus, taking into account (1), the initial model consists of 12 input neurons, 25 hidden neurons and one 
output neuron. 
 
In order to select an optimal clipping point to cut off solution classes in the neural network model, the ROC 

analysis method was used. The criterion for an optimal cut-off point Cutt_offo selection is the 
reduction of errors of the first kind according to the rule: 
 



 ISSUE: Multidisciplinary Science & Technology  

www.iioab.org    | Ismagilov et al. 2019 | IIOABJ | Vol. 10 | S2 | 51-59 | 
 

54 

  ],1max[&)(max__
,1

KkSeSeoffCuttoffCutt k
Kk

ko 


 

 
[Fig. 2] shows the example of cut-off point selection rule. 

 
 
 
 
 
 
 
 
 
 

Fig. 2: Example of cut-off point selection. 
…………………………………………………………………………………………………………………………… 

 
Therefore, among the set of all cut-off points K, the optimal point should be on the right side of the 
maximum sensitivity range (Se) boundary, at which the specificity (Sp) is maximum. 
 
In order to estimate the model error, the bootstrap method is used to form N random sets of training and 
test samples with the calculation: 
 

-  

tra in

tra in
tra in N

n
  – model error in learning, where ntrain is the number of correctly classified learning 

examples, Ntrain is the volume of the training sample; 
 

-   

t est

t est
t est N

n
 – model error in testing, where ntest is the number of correctly classified test cases, 

Ntest is the volume of the test sample. 
 

After the i-th (i = 1..N) iteration, the error is calculated: .*368,0*632,0 itrainitesti     

Final model error:  %.1001 



N

N

i
i

  

 
Thus, during bootstrapping, the team of N NS of the same architecture is developed. The result of the 
classification is the aggregation of all NN decisions on the basis of voting see [Fig. 3]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: NN collective model application scheme. 
…………………………………………………………………………………………………………………………… 

Typical results of bootstrapping at N = 7 are presented in [Table 2]. 
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Table 2: Typical bootstrapping results 

 
Item 
№ 

 

train test i , % Model 
accuracy 

1 0,04 0,09 0,07 6,8 91% 
2 0,06 0,05 0,05 
3 0,03 0,02 0,02 
4 0,04 0,11 0,08 
5 0,08 0,09 0,09 
6 0,03 0,12 0,08 
7 0,04 0,09 0,07 

 
According to the presented results, the adequacy of the initial model is not high. The accuracy of the model 
can be improved by the elimination of its constituent redundancy. To solve this problem, the method and 
the algorithm for genetic optimization has been developed to reduce the number of input and hidden 

neurons. Let the set  },...,,{
121

in
m

ininin NNNN   contains the neurons of the input layer 

1,1, mjN in
j    (m1 – the number of input neurons), and the 

set },...,,{
221

hid
m

hidhidhid NNNN     are the neurons of the hidden layer 2,1, mlN hid
l    

(m2 – the number of hidden neurons). Let's encode the input layer of the network in the form of the 

chromo some }{ in
ij

in
i hH  , where the single gene 

in
ijh   means the presence of the input layer 

neuron, and the zero gene is its absence. The hidden layer of the network is encoded as the chromosome   

}{ hid
kl

hid
k hH  with a similar representation of the gene

hid
k lh . 

 
The examples of chromosome encoding of the input and hidden layers: 
   

0 1...100111

...

hid
kH

hidN1
hidN2

hidN3
hidN4

hidN5
hidN6

hidN7
hid
mN

2  
 

 
The creation of the initial population of chromosomes of the input layer (volume m1) is performed by the 
inclusion of the parent chromosome in the population from single genes and a set of descendants 
obtained as the result of random mutation of its genes with the probability of 0.5. The reduction of NN 
structure is reduced to the search for chromosomes of the input and hidden layers, under which the final 
model error and the number of elements of its structure are minimal. 
 
The fitness function is determined as follows: 

   ,min
*0,368*632,0

)( 1

ik

N

b

ik
btrain

ik
btest

ik
HN

HF



 

 


 (2) 

where  
hid
k

in
iik HHH   – the chromosome for NN structure coding. 

 
Let's consider the implementation of genetic operators. At the first stage, according to the formula (1), the 
NN generation is performed corresponding to the initial chromosomes of the input layer. The following is 
performed for each network: 
 
1.1) the creation of the initial chromosome population of the hidden layer (volume m2) in the following 
composition: the parent chromosome from single genes and the set of descendants obtained as the result 
of random mutation of its genes with the probability of 0.5; 
1.2) the estimation of all chromosome fitness according to the formula (2); 
1.3) the selection of 2 parent chromosomes based on the roulette wheel method; 
1.4) the crossing of the parent chromosomes to obtain 2 descendants; 
1.5) the mutation of offspring by the inversion of their genes with the probability of 0.02; 
1.6) the evaluation of descendant fitness according to the formula (2); 
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1.7) the reduction of the 2 worst chromosomes to form a new population. 
 
The steps 1.3-1.7 are performed until chromosomes with better fitness appear. After that, the 

chromosome )(min hid
ki HFH    is selected. Adaptability of input layer chromosomes:   

 

.)(min)()( hid
ki

in
i HFHFHF   

 
The second stage is the search of a set corresponding to the NN with a minimum classification error. To do 
this, the steps similar to the first step are performed. This stage is repeated until chromosomes with better 
fitness appear. The best one determining the structure of the desired NN is chosen from the final set of 
chromosomes. 
 
[Fig. 4] shows the desired NN collective model, obtained after the reduction of its constituents. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: NN collective model. 
…………………………………………………………………………………………………………………………… 

 
The desired model consists of 7 reduced NN with 10 hidden neurons and 8 input neurons, whose 
composition is determined by the following parameters: D0, Dmin, Dk, Dps, As, tl, ts, and tpr. After the 
reduction, the accuracy of the model made 96.7%, which corresponds to the error of 3.3%. Since the error 
makes no more than 5%, the obtained model is adequate. 
 
RESULTS AND DISCUSSION 
 
Based on the proposed methodologies, method and algorithm, the software package was implemented in 
Microsoft Visual Studio environment via C# language. This complex consists of three programs see [Fig. 5]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5: Software complex structure. 
…………………………………………………………………………………………………………………………… 
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The first program consists of two modules responsible for video image obtaining and analysis and pupil 
response data generation. The second program consists of the modules for neural network model 
development, the evaluation of their adequacy, the reduction and the conduct of studies to assess the 
impact of various parameters on the NN collective model adequacy. The third program is used to 
determine the human FS. 
 
Let us consider the results of the studies on the evaluation of method effectiveness and NN reduction 
algorithm see [Table 3]. 

 
Table 3: NN reduction results 

 
№ Input parameters of the 

model 
Amount Model 

accuracy, 
% 

Stage 
number 
ГА1 / ГА2 

Reduction 
time, 
in min. 

In. 
neuron 

Hidden 
neuron 

1 D0, Dmin, Dps, Vs, tl, ts, tps, 
tpr 

8 11 96,2 20/492 40 

2 Dmin, Dps, As, tl, ts, tr, tpr 7 4 94 20/490 36 
3 D0, Dmin, Dps, Vr, tl, ts, tps, 

tpr 
8 8 96,2 28/716 71 

4 D0, Dmin, Dps, Dk, tl, ts, tpr 7 7 94,2 20/480 30 
5 D0, Dmin, Dps, Dk, As, tl, ts, 

tpr 
8 10 96,7 24/758 59 

6 D0, Dps, Dk, As, tl, ts, tr, tpr 8 7 94,7 21/505 49 
7 Dps, Dk, Vs, tl, ts, tr, tpr 7 5 95,6 20/438 38 
8 D0, Dmin, tl, ts, tr, tpr 6 3 96,4 24/660 59 
9 Dmin, Dps, Dk, As, tl, ts, tr, tpr 8 5 95,3 24/726 67 
10 D0, Dps, Dk, As, ts, tps, tpr 7 5 96,1 24/682 69 

 
During the fifth experiment, the set of model parameters was obtained, which achieves the accuracy of 
96.7%. At that, each NN in the model structure consists of 8 neurons of the input layer and 10 neurons of 
the hidden layer. 
 
Let us consider the results of the proposed approach approbation to intoxicated man FS definition using 
the example of pre-trip medical examination procedure passing by a driver see [Fig. 6]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Pre-trip medical examination passing scheme. 
…………………………………………………………………………………………………………………………… 

 
In this scheme the software complex is used in the form of a decision support system to determine 
whether drivers have medical restrictions for vehicle driving. A medical worker makes the conclusion on 
the admission of drivers to drive a car based on the results of the medical examination and taking into 
account the driver's FS assessment by neural network (sober / drunk). 
 
The developed system was put into trial operation in the trucking industry of the city of Kazan. They 
performed the estimation of its efficiency from the point of view of material, technical and time expenses 
reduction see [Table 4]. 
 
By approbation results it is possible to draw the conclusion about the effectiveness of the developed 
software. Its use to determine the state of a person intoxication in the procedure of pre-trip medical 
examination allows to reduce material and technical (no less than 90%) and time (no less than 10 times) 
costs. 
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Table 4: Evaluation effectiveness results from the system use 
 

Item 
№ 
 

Cost indicators 
(per driver) 

Costs 
Prior to introduction After introduction 

1 Material-technical consumables for alcohol level testing 
(~ 20 rubles per test) and the 

presence of psychoactive substances 
(~ 195 rubles per test) 

Consumables for 
alcohol level 

testing 

2 Time no less than 10-15 minutes no more than 1 
minute 

 
 
CONCLUSION 
 
Thus, the developed neural network model is an effective tool to determine human FS. In particular, its use 
is effective when the drivers of motor vehicles undergo pre-trip medical examinations. The great advantage 
of the neural network model use in the framework of the described technology, as compared with the 
classical papillometric survey, is the absence of stringent requirements for laboratory and special technical 
support. Besides, there is no need to put an expert diagnostician in each area of medical examination, 
since the role of the expert is performed by NN. 
 
The conducted researches have shown a high efficiency of neural network model and the possibility of its 
use in various spheres of human activity. First of all, the definition of intoxication FS is relevant in the 
sphere of public safety to identify potentially dangerous people whose abnormal condition is a threat to 
society, economy and the state. In order to develop a scientific trend concerning the definition of human 
FS, it is advisable to improve the mathematical model and software, as well as to develop, implement and 
use new applied intelligent decision support systems in various subject areas.  
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ABSTRACT 
 
Advanced driver assistance systems and unmanned vehicles require an environmental recognition function to make management decisions. 
To solve such problems, for example recognition of pedestrians, one of the methods of detecting dynamic objects should be used. To date, 
there are quite a lot of similar methods that differ in the quality and speed of recognition. The use of classical neural network architectures in 
such problems is of low efficiency. Therefore, to solve the pedestrian recognition problem, the convolutional neural networks were chosen as 
the main algorithm, since they provide invariance to small changes in input images, such as changing the survey angle, scale,  rotation, 
displacement and other distortions. This paper presents a comparative analysis of methods for detecting objects in pedestrian recognition: 
SSD, YOLO, HOG + SVM methods. Comparison of these algorithms for the speed of work when recognizing pedestrians in the video stream 
was made in two modes of operation: using a central processor (CPU) and a graphics processor (GPU). The results of the work showed that 
the most promising method of detection in pedestrian recognition problems is the Tiny YOLO convolutional neural network method. Good 
results on the speed of work were also demonstrated by HOG + SVM. The use of GPU allowed to significantly increase the speed of object 
recognition. 
 

INTRODUCTION 
  
Recognition of objects is quite a difficult task due to the diversity of both the recognized objects, and the 
methods used. The need for such systems exists in different areas - from recognition of malfunctions in 
automated diagnostic systems to the management of unmanned vehicles. Especially, this task is relevant 
in the development of automated systems for the recognition of the environment for use in advanced 
driver assistance systems (ADAS) and unmanned vehicles. In this case, the detection methods used must 
provide high recognition accuracy and real-time operation [1-4]. 
 
The object of the study are methods for detecting objects in pedestrian recognition, based on artificial 
neural networks and providing the ability to perform calculations by the graphics (GPU) or central (CPU) 
processors. The main advantage of using neural networks for detecting pedestrians is their learning ability 
based on previously obtained samples of images. 
 
METHODS  
 
The problems of image recognition most often use classical neural networks (a network of radial-basis 
functions, a multilayer perceptron, etc.). However, the analysis of experimental data obtained using such 
networks shows that the use of classical neural network architectures in such problems is of little 
effectiveness for the following reasons: 
 

 recognizable images often have large dimensions, which leads to an increase in the structure of 
the neural network; 

 a large variety of parameters increases the size of the system, which leads to an increase in the 
need for a larger training sample and, consequently, an increase in the complexity of 
computations and the time required for training the system; 

 provision of high efficiency of the recognition system requires the use of several neural networks 
trained with a different order of providing the initial images and the initial values of the synaptic 
coefficients. This leads to an increase in the complexity of the solution to the problem and the 
time of its performance; 

 high sensitivity to various changes in the geometry of input images, such as changing the 
shooting angle, image scale and other distortions [5]. 

 
Subject to the above facts, to solve this problem of recognition of pedestrians, the convolutional neural 
networks were used as the main algorithm. This is due to the fact that they have some resistance to small 
scale changes, angle changes, shifts, turns, and other distortions. 
 
The structure of classical convolutional neural networks contains many layers. These layers, as a rule, are 
of two types: convolutional and sub-sampling, alternating with each other [Fig. 1]. 
 
Neurons located within the layer are organized in the form of a plane. Each of the layers has a set of a 
corresponding number of planes. In this case, neurons in the same plane have the same synaptic 
coefficients, connecting them with all the local sections of the previous layer. Each neuron of the layer is 
connected to the area of the previous layer so that the input image of the previous layer is scanned 
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through a small window. Then it is passed through the system of synaptic coefficients and fixed by the 
corresponding neuron of the current layer. The plane sets are feature maps, and each plane finds the 
corresponding parts of the image on the previous layer. The size of the scanning window is determined at 
the stage of development of the neural network. 

 
 
 
 
 
 
 
 
 

 
Fig. 1: The architecture of convolutional neural networks. 
1 - input; 2,4 - convolutional layers; 3 - sub-sample layer; 5 - fully connected layer; 6 - neural network output. 
…………………………………………………………………………………………………………………………… 

 
 
The sub-sample layer reduces the dimensionality of the generated feature maps by locally averaging the 
values of the neuron outputs. As a result of this operation, the network becomes more invariant to the size 
of the input image. The map on each subsequent layer decreases in size, but the number of feature cards 
increases. This leads to the ability to recognize complex feature hierarchies [5]. 
 
Gradually, the neural network learns to distinguish the key characteristics of the necessary patterns in the 
incoming images. The responses of the neural network form maxima in the locations of these images [Fig. 
2] [5, 6]. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Feedback from a convolutional neural network. 
1 - the most probable position of the source pattern on the image; 2 - the least likely pattern finding on the image (noise). 
…………………………………………………………………………………………………………………………… 

 
The most significant limitation in the development of neural network algorithms is the extremely high 
computational cost of implementing these methods. The main and traditional ways to address this 
problem include the organization of distributed and parallel computing using specialized hardware, such 
as systolic neural processors, neural chips, distributed cluster systems, programmable logic integrated 
circuits (PLD), and GRID technologies.  
 
A Compute Unified Device Architecture (CUDA) was designed to use graphics processors (GPU) to 
accelerate scientific and engineering calculations and perform various computations comparable in 
performance to cluster systems [7, 8]. The main difference between these architectures is the following: 
the execution of commands on the cluster takes place according to the MIMD architecture (each processor 
independently executes a different set of instructions, processing different data sets), and in the CUDA 
environment it is characterized by the SIMD architecture (a number of processors execute the same set of 
commands over different data, for example, array elements). 
 
For convolutional neural networks, NVIDIA developed the CUDA Deep Neural Network (cuDNN) library. 
Unlike NVIDIA CUDA, which provides the ability to perform various calculations on the GPU, the cuDNN 
library is designed specifically for training deep neural networks. This library contains the optimized for the 
graphics processors implementation of convolutional and recurrent networks, various activation functions 
(sigmoidal, semilinear, hyperbolic tangent), back propagation algorithm, etc. cuDNN allows training neural 
networks on graphics processors several times faster than just CUDA.  
 
 
 



 ISSUE: Multidisciplinary Science & Technology  

www.iioab.org    | Ziyatdinov et al. 2019 | IIOABJ | Vol. 10 | S2 | 60-64 | 
 

62 

 
RESULTS AND DISCUSSION 
 
As the main models of convolutional neural networks for pattern recognition in the image, the following 
were used: 
 

1. SSD: Single Shot Multi Box Detector. An object detection system with a single network based on 
Caffe – the framework for deep learning. This approach is based on dividing the output space of 
the bounding rectangles into a set of standard fields with different proportions and scales for 
each feature card. In forecasting, this method calculates the probability of having each category 
of objects in each such field and makes its corrections to better match the shape of the object 
[9]. 

2. YOLO: You Only Look Once. An advanced online object detection system, which uses a multiscale 
method of learning convolutional neural networks. YOLO can work with images of different sizes, 
offering a compromise between speed and accuracy [10]. 

3. HOG + SVM. To compare the speed of convolutional neural networks with classical classification 
algorithms, a pedestrian recognition system consisting of the HOG (Histogram of Oriented 
Gradients) algorithm, necessary for preliminary search for a pattern in an image and SVM 
(Support Vector Machine) classifier, is used to recognize the found assumptions [11]. 

 
For training, the COCO Image Dataset (for the Tiny YOLO convolutional neural network) and INRIA Person 
Dataset (for the SVM classifier) were used. 
 
The results of using the pedestrian detection method are shown in [Fig. 3]. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: shows the results of using pedestrian detection methods (from top to bottom): SSD, YOLO, HOG+SVM. 
…………………………………………………………………………………………………………………………… 

 
Comparison of these algorithms for the speed of work when recognizing pedestrians in the video stream 
was made in two modes of operation: using a central processor (CPU) and a graphics processor (GPU). To 
test the algorithms, various pre-trained models of convolutional neural networks and the SVM classifier 
were used. Compilation of the source code of programs was carried out in Visual Studio 2013 using 
Microsoft Visual C++ 2013.   
 
The testing of the received programs was carried out on a computer with a 2GB video card NVIDIA GeForce 
GTX 950M, with an Intel Core i5-7200U processor and 8GB RAM. The original resolution of the test video: 
640x360 pixels. This comparison does not take into account the accuracy of recognition, and the key 
emphasis is on the speed of the algorithms and the maximum number of frames per second. For each 
method, the detected image is considered positive at the threshold of 0.5. 
 
The results of testing the methods are given in [Table 1]. 
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Table 1: Results of comparison of the pedestrian detection methods 

 
Method The model 

used 
 

Operating 
mode 

Method 
operating 

time, msec 

Number of 
frames per 

second 
HOG+SVM OpenCV CPU 105 9.5 

GPU 33 29.4. 
YOLO Tiny YOLO CPU 525 1.9. 

GPU 22 43 
YOLOv2 
416x416 

CPU 2250 0.43. 
GPU 63 15.8 

YOLOv3-320 CPU 2605 0.38. 
GPU 95 10.2. 

YOLOv3-416 CPU 4942 0.20. 
GPU 137 7.2. 

SSD PASCAL VOC 
COCO 

CPU 2269 0.43. 
GPU 83 10.6. 

PASCAL VOC 
07+12 

CPU 2215 0.45. 
GPU 82 10.7. 

PASCAL VOC 
07++12 

CPU 2317 0.42. 
GPU 103 9.2. 

ILSVRC2016 CPU 2833 0.35. 
GPU 115 8 

COCO CPU 2453 0.40 
GPU 98 9 

 
The columns in [Table 1] show: 
 
- Method: methods used; 
- The model used: the used pre-trained model; 
- Operating mode: the mode of operation of the compiled program (on a graphics processor (GPU) or using 
CPU resources); 
- Method operating time: operation time of the method in milliseconds (not subject to the time of 
additional actions for preliminary and post-processing of images); 
- Number of frames per second: the maximum number of frames per second for the video stream. 
 
CONCLUSION 
 
The results of testing these methods for detecting pedestrians in a video stream shows that the use of the 
GPU improves the speed of operation by an average of more than 25 times. 
The best model without considering the accuracy of speed recognition is the Tiny YOLO convolutional 
neural network algorithm with 43 frames per second. The classic SVM classification algorithm also showed 
a high result with 29 frames per second. The low speed of the other models of convolutional networks is 
due to a large pre-trained model and a large number of layers embedded in their architecture. Using a 
more powerful graphics card in conjunction with the processor will allow these algorithms to be used in 
real-time operation. 
 
The Tiny YOLO and HOG + SVM methods of the convolutional neural network can be used to detect various 
objects (cars, pedestrians, etc.) in the implementation of automated systems for the recognition of the 
environment for unmanned vehicles and advanced driver assistance systems. This will improve the safety 
of driving and reduce the number of road accidents. 
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ABSTRACT 
 
In this paper, possible methods for the prevention and disposal of waste asphaltene sediments (AS) are systematized. The practical 
importance of the rational use of existing methods for prevention of AS sediments occurrence, as well as the recycling methods are 
represented. The practical value is considered by the example of the Unvinskoye oilfield, enterprises of the Russian Federation and the USA. 
The formation of wastes from asphaltene sediments is possible during the drilling of wells, as well as in the course of operation during the 
overhaul of wells and cleaning of drainage tanks. This type of waste is mostly paraffinic, so a mechanical method of prevention (scrapers) is 
adopted. This paper summarizes the existing technologies for utilization and processing of sludge using them as alternative energy sources. 
The problem of their utilization is now solved by processing in the existing scheme for the preparation of commercial oil. Fu ll utilization of 
liquid petroleum wastes, even at a single enterprise, ensures a reduction in the total amount of petroleum wastes by more than 70% and the 
return of marketable oil to resource turnover. The paper presents the results of calculations of waste generation during construction and 
operation. We also considered classification of hazardous waste to the environmentally dangerous. Promising areas of processing 
asphaltene sediments are presented. 

 
INTRODUCTION 
  
The most important environmental problem at present is the management of waste contaminated with oil 
and oil products [1]. 
 
The output of oil sludge in refineries is about 7 kg / ton of refined oil. These heavy oil residues contain on 
average 10-56% of petroleum products, 30-85% of water, and 1.3 - 4.6% of solid impurities. Based on the 
list of wastes it follows that the problem of handling such wastes as oil sludge is relevant for enterprises of 
many industries. The problem is compounded by the fact that industrial wastes containing petroleum 
products are toxic and flammable, and there are practically no efficient technologies for their processing or 
disposal. Due to their high danger they are not accepted for burial at city dumps. Therefore, sludge is 
accumulated in the territories of enterprises, is stored in sludge caps, earth storages, etc. being a 
permanent, chronic source of environmental pollution (EP). Processing and disposal of oil sludge is an 
important environmental and economic challenge [2]. Considering the problem of oil sludge utilization, it 
should be noted that oil sludge is also a valuable secondary material resource [3], a potential source of 
additional raw materials that can be processed to extract useful products or used as fuel. Using it as a raw 
material is one of the rational ways of its disposal, since it achieves a certain environmental and economic 
effect [4]. According to the state of aggregation, oil waste can be divided into liquid and solid ones [Fig. 1]. 
 
Of the greatest commercial interest is liquid oil waste which represents water-oil emulsions with an oil 
content of up to 90% wt. The problem of their utilization is now solved by their reprocessing in the existing 
scheme for commercial oil treatment. Full utilization of liquid oil waste, even at a single enterprise, 
ensures a reduction in the total amount of oil waste by more than 70% and the return of marketable oil to 
resource turnover [5]. 
 
All solid oil waste generated at the stages of production, treatment and transportation of oil and gas can 
be divided into three types: repair waste, asphaltene sediments (AS); ground oil waste. The composition of 
oil waste directly depends on the result of what operation they are formed [Table 1]. 
 
In practice, most often all types of waste, regardless of their state of aggregation and composition, are 
jointly collected in accommodation facilities (excluding some liquid oil waste disposed of at special 
facilities) [2]. Therefore, traditionally, the processing of oil waste is carried out by technologies "at the end 
of the pipe", which do not contribute to the differentiation of waste streams at the stage of formation and 
increase the proportion of the oil that can be used as secondary resources.  
 
METHODS 
 
The methods used to control deposits in oil field equipment are determined by the specific conditions of 
the field and suggest two directions: prevention of formation and removal of already formed sediments [6]. 
The classification scheme for methods for controlling asphaltene sediments is presented in [Fig. 2]. 
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Fig. 1: The structure of oil waste oil and gas companies: 1 - maintenance waste; 2 - asphaltene sediments; 3 - 
ground oil waste; 4 - liquid oil waste. 
 …………………………………………………………………………………………………………………………… 

 
Table 1: Classification of oil waste of an oil and gas production enterprise 

 
Waste name Technological process 

which generates waste 
Composition of oil 

waste 
% by 

weight 

Solid Oil Waste 
Maintenance waste 
(asphaltene sediments 
+ ground oil waste) 

Well repair.  
Stripping of oil storage 
tanks 

Organic substances 
Mechanical impurities 
Water  

25-35 
20-45 
30-45 

Asphaltene  sediments  Repair of a well with steam 
cleaning of production 
tubing 

Organic substances 
Mechanical impurities 
Water 

50-93 
5-49 
1-5 

Ground oil waste  Cleaning the area after a 
pipeline rupture in a warm 
season. 
Oil spill 

Organic substances 
Mechanical impurities 
Water 

15-20 
45-65 
20-35 

Liquid oil waste 
Intermediate layer  Storage of oil in tanks  Organic substance 

Mechanical impurities 
Water 

80-90 
0-10 

1 
Oil polluted snow Pipeline ruptures Organic substance 

Mechanical impurities 
Water 

2-10 
40-60 
38-50 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: Scheme for classification of asphaltene sediments control methods.  
 …………………………………………………………………………………………………………………………… 
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Ways to prevent formation of deposits 
 
Under conditions of intensive formation of paraffin deposits, the inter-cleaning operation period of a well is 
significantly reduced (less than 30 days), the number of washes with heated agents or hydrocarbon 
solvents increases, what leads to an increase in oil production costs and a negative impact on the bottom-
hole formation zone [7]. In such operating conditions, the best method to control asphaltene sediments is 
to prevent them by application of protective coatings, physical methods or special chemicals [8], [9], [10]. 
 
Methods of asphaltene sediment removal  
 
The removal of asphaltene sediments can be carried out by a variety of methods, among which there are: 
 
- thermal methods: flushing the downhole equipment with hot oil, creating a local heat flux using 
submerged electric heaters, heating cable lines or high-frequency electric field; 
- chemical methods: removal with solvents and technical detergents; 
- physical methods: destruction by ultrasonic action; 
- biological methods: elimination using aerobic and anaerobic bacteria. 
 
This classification of methods for controlling paraffin deposits is based on practical methods for removing 
or preventing the formation of deposits.  
 
RESULTS 
 
To consider the formation of oil waste and their disposal in practice, the calculation of the formation of 
asphaltene sediments during the well construction and infrastructure development at the multiple-well 
platform of the Unvinskoye oilfield (at the stage of developing project documentation) [11], [12] was made. 
 
To prevent the formation of asphaltene sediments in the wellbores, semi-automatic dewaxing mechanisms 
of the SDU-80 type are provided. When drilling wells of the multiple-well platform, the formation of 
asphaltene sediments may occur during the process of cleaning the drainage tank. In the course of 
operation, asphaltene sediments may be formed as a result of workover of wells. The calculation of waste 
generation is presented in [Table 2]. 

  
Table 2: Calculation of waste generation during construction and operation 

 
Item. 
No 

Waste name Oil slime quantity, t / 
year 

For the period of drilling 
1 Sludge from cleaning pipelines and tanks (barrels, 

containers, cisterns, road aids) from oil 
13,500 

For the period of construction and operation 
2 Waste from the extraction of oil and gas (asphaltene 

sediments, fuel oil contaminated soil) 
1,062 

3 Sludge from pipelines and tanks (barrels, containers, 
cisterns, road aids) from oil 

0.162 

  
In order to reduce the environmental impact of a waste, this waste has to be disposed of. According to the 
contract of a contracting organization, they are transferred to an enterprise that is capable of utilizing this 
type of waste. According to the norms and rules of transportation, waste is transferred to the organization 
with a passport for the type of asphaltene sediment waste in a certain amount specified in the contract. 
 
To prevent the formation of asphaltene sediments, at the Unvinskoye field in the Perm region of the 
Russian Federation (RF) [11], semi-automatic mechanisms for dewaxing of wells were provided 
(mechanical method). The waste generated during the repair of wells and the cleaning of drainage tanks 
were transferred to the technological site, where the work technology provided for their saturation with 
commercial oil and their further use. This solution made it possible to avoid the release of hazardous 
waste into the soil and water bodies, and emissions from the source of pollution were minimized, too. 
 
An example of the enterprise that can utilize, recycle and neutralize this type of waste is “Priroda-Perm” 
LLC. One of those technologies is the saturation of asphaltene sediments with commercial oil 
(microbiological remediation technology). The technology has already been introduced at the Yarino-
Kamenolozhskoye oil field in the Perm Territory. 
 
[Fig. 3] presents a diagram of the main possible ways on processing and using wastes of asphaltene 
sediments. 
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Fig. 3: Possible ways of reprocessing of asphaltene sediments. 
…………………………………………………………………………………………………………………………… 

 
At present, it is known, for example, that in the Republic of Tatarstan in the Russian Federation the JV 
Tatoilgaz has built for the processing of oil waste an installation using the technology in which the waste 
was divided into water and solid sludge. The latter contains up to 5% of oil, the rest is dry black powder, 
which is used as a road surface. 
 
Experimental studies have shown that the use of ground oil waste with asphaltene sediments and lime in 
certain proportions allows obtaining a waterproofing material for covering solid waste landfills with high 
physico mechanical properties [11], [13]. New schemes and technologies are being developed for 
processing this waste and methods of its secondary use, reducing its negative impact on the environment. 
 
DISCUSSION 
 
The currently existing numerous methods of dealing with paraffin deposition can significantly increase the 
inter-cleaning period for a well, but it is not possible to completely avoid the formation of deposits. 
Therefore, when carrying out routine and capital repairs of wells and pipelines or other technological 
operations, a mechanical sweeping (or steaming) of oilfield equipment is a necessary condition. As a 
result, a significant amount of solid oily waste is generated. As a rule, asphaltene sediments make up 
about 80% of the total amount of solid oil-contaminated waste generated [14]. 
 
From an environmental point of view, the chemical aggressiveness of deposits against environment is 
determined by the resins and asphaltenes contained in it. Carcinogenic polycyclic aromatic hydrocarbons 
containing sulfur, oxygen, nitrogen and trace elements are concentrated in asphaltene sediments. The 
latter can be divided into 2 groups: non-toxic (silicon, iron, calcium, magnesium, phosphorus, etc.) and 
toxic (vanadium, nickel, cobalt, lead, copper, molybdenum, etc.), affecting living organisms as poisons. 
Accordingly, the use of a single integral indicator relative to asphaltene sediments may affect the results of 
the obtained calculations of the hazard class, distorting them to lower values. Therefore, the determination 
of the hazard class of asphaltene sediments, taking into account the expanded list of indicators, is an 
urgent task both in terms of the correctness of hazard class calculations and for choosing a rational and 
safe temporary storage, disposal or recycling of this type of waste. 
 
The organic component of asphaltene sediments can be considered as an alternative source of raw 
materials for petrochemical products. So, in the USA, the technology of cleaning asphaltene sediments 
was implemented according to the scheme: deasphalting and tertiary treatment at a refinery with 
obtaining high-quality white paraffins and high-melting ceresins or paraffin-ceresin compositions. However, 
the processes of isolating individual components or a mixture of substances are complex, time consuming, 
lengthy and costly. In this case, of the greatest interest is the possibility of using the purified heavy oil 
deposits without separation as a component of various industrial products or, realizing the principle of 
asphaltene sediments recovery, the return of some materials for reuse in the same process [6], [15]. 
 
Of particular interest in this context is the possibility to return of previously cleaned asphaltene sediments 
to commercial oil, which, on the one hand, increases the likelihood of re-precipitating heavy components of 
oil during its transportation through main pipelines. On the other hand, depending on the mass of the 
asphaltene sediments introduced into the oil, its quantitative yield increases and, accordingly, the financial 
benefit for a production enterprise increases. But the most important thing is the circulation of these 
substances is thus carried out, without the formation of asphaltene sediments as oil waste. 
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Existing to date developments on the involvement of the organic part of the deposits as raw materials for 
the production of a number of products are presented in [Table 4]. 

 
Table 4: Perspective directions of reprocessing the asphaltene sediments 

 
Directions of reprocessing Composition of the product Application area 

Preservative lubricant manufacturing Petrolatum 10-20% in asphaltene 
sediments 80-90%, Anticorrosive additive 
MNI-7 0.9-1.1%  

Protection of metal structures against 
corrosion  

Rope grease Plasticizer PN-6k-15-25%;  
ceroxone amide -3-7; asphaltene 
sediments - 20-40%; petroleum oil - up to 
100%.  

Lubrication of steel cables to reduce friction 
and wear between the individual strands of 
steel cables with friction mechanisms, as well 
as to prevent corrosion.  

As a component in the production of 
insulation and construction bitumen 

Additive 20-30% of asphaltene sediments 
to bitumen  

Road, industrial and civil construction, the 
production of soft roofing and waterproofing 
materials, and other industries.  

Waterproof roofing material  Water up to 15% wt.; Oil sludge 
(asphaltene sediments) - 50- 60% wt. 
and ceramsite cinder - 40-50% wt.;  

As a material for soft roofs, as well as 
waterproofing basements and foundations  

Waterproofing screen for landfills  Clay 45-50%, sand 15-20%, lime 10-
15%, asphaltene sediments 20-25%.  

Watertight material with hydrophobic 
properties that reduce the emission of 
seepage water  

Waterproofing coating  Asphaltene sediments 40-50%  
LDPE waste 60-50%  

Watertight material with hydrophobic 
properties  

Solid carbon-containing fuel (composition 
for briquetting fuel)  

Peat  1-10% coal, asphaltene sediments 
1-40%  
coal 72-78%, asphaltene sediments 22-
28%  

For use in the fuel industry and for domestic 
needs  

 
The presented directions for using asphaltene sediments are determined, first of all, by their specific 
properties due to their composition. Accordingly, asphaltene sediments have anti-corrosion properties and 
can be used as protective coatings, with good adhesion to the surface due to the presence of surfactants 
[6].  
 
Therefore, a possible direction of disposal of asphaltene sediments that can be considered is using them 
as a basis for the preparation of special conservation coatings, for example, as alternatives to film-forming 
inhibited oil compositions. 
 
CONCLUSION 
 
In order for such type of waste as asphaltene sediments could not form, works are provided for to prevent 
the formation of deposits and their removal. Despite the numerous methods for controlling asphaltene 
sediments, there is no universal and effective one, since the deposits differ significantly by their properties 
and composition, what makes it necessary to constantly search for the best methods to prevent and 
remove asphaltene sediments. Considering the methods of waste disposal, we can say that most 
enterprises transfer waste to specialized organizations, and do not use it as a secondary raw material. 
The activities of enterprises engaged in the processing of asphaltene sediments are mainly aimed at 
turning this type of waste into commercial oil and its reusing.  
 
In connection with the foregoing and with unfavorable trends associated with a decrease in oil reserves 
and the difficulties of its production, as well as a decrease in the raw material base of components for 
preservation materials, asphaltene sediments can be considered as valuable, affordable and cheap raw 
material due to their high organic content and useful properties.  
 
The search for directions on reprocessing asphaltene sediments is particularly relevant in the context of 
expanding the resource base in the Russian Federation of heavy highly viscous and high-paraffinic oils, 
with a high content of resins, asphaltenes and paraffins prone to sedimentation, the production of which 
will be accompanied by the formation of substantial amount of asphaltene sediments. 
 
The development and implementation of resource-saving technologies for the disposal of asphaltene 
sediments with the production of popular products is an important national economic task. Its solution will, 
on the one hand, reduce the techno genic load on natural geosystems by reducing the number or 
elimination of oily waste sites, and on the other hand, will ensure a more rational use of non-renewable 
natural resources by replacing primary raw materials with secondary ones. 
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ABSTRACT 
 
Research is focused on improving quality of urban passenger transport (UPT) service by assessing and eliminating the negative  
consequences arisen in the process of vehicles operation on routes. The improvement of the proposed methodology is based on the existing 
theories of road transport operation, passenger transportation, decision-making theory and the provisions of the system analysis. The 
selection criterion for backup vehicle based on its search and dispatching to the origin of emergency situation (ES) has been developed. At 
the same time, the search should be carried out both among the backup vehicles of the park, the central dispatch service (CDS), and among 
the vehicles operating on routes. Expert assessments of the time spent by control system in processing information and making a decision 
have been formed. Time estimates of movement of the backup vehicle directed from the route to the place of ES are received Methodology 
for estimating the efficiency of control system implementation based on assessment of the main indicators of the reliability of the urban 
passenger transportation system is proposed, which makes it possible to evaluate its basic reliability indicators. The reliability of the 
research is based on the analysis of sufficient number of sources directly related to the research topic. 

 
INTRODUCTION 
  
Selection criterion for backup vehicle is the minimum expected time of arrival of backup vehicle at place of 
emergency with restriction: passenger capacity of the backup vehicle should not be less than required. We 
consider all options for searching backup vehicle - on the line, in the reserve of the park, in the reserve of 
central dispatch service [1]. 
 
In case of emergency situation, search and supply time of vehicle of the operational reserve Тs, it is 
necessary to evaluate the following components: Тsit - time spent on obtaining information about the 
situation that has arisen; Тass - time spent on assessing the situation by criteria; Тr - time spent on 
searching and selection of alternative capabilities of the backup vehicle; Тd - delay time, which passes from 
the moment when dispatcher takes a decision till the selected backup vehicle starts to move to the place 
of ES occurrence; Тmov -  time of the backup vehicle movement to the target [2]. 
 
METHODS  
 
On the basis of the existing control system of urban passenger transport in the city of Orenburg, as well as 
taking into account review of the analysis of modern foreign and domestic control systems, assessments 
of possible values of variables Тsit, Тass, Тr, Тd on a three-point scale of qualitative assessments a) 
"perfectly" b) "satisfactorily" C) "unsatisfactorily" were formed (adopted at the level of expert) to 
characterize operation of the control system during ES. 
 
The rating "perfectly" corresponds to the best achievable indicators when using modern technologies and 
techniques. 
 
If the control system in ES spends no more than one minute to report the occurrence of the ES, and for 
one minute to assess the situation, analyze alternative options, make a decision and report the decision to 
the executor, then such actions of the control system deserve the rating "perfectly". 
 
Based on the analysis of graphs of values estimating waiting time of the backup vehicle, it is assumed that 
if this value does not exceed 3 minutes, then the operation of the vehicle reservation system can also be 
evaluated as "perfect". In the accepted designations, waiting time for the departure of the backup vehicle 
(delay time) is Тd  3 [3, 4]. 
 
The satisfactory rating should correspond to the situation in which mobile communication systems are 
used to ensure the transmission of message to the control center while the vehicle is in the zone of final 
destination (FD), as well as the stationary communication facilities of linear central dispatch service, using 
automated control technologies. The following values of the variables are adopted for the assessment 
"satisfactory": 
 
Time for communication with the center Тsit 5; Time to assess the situation Тass, search for alternatives 
Тass  3. Time for decision making and information transfer to the performer Тr  3. Delay time. Then 
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sum of the values of the variables [ Тс + Тass + Тr ]   5 + 3 + 3  11. Waiting time of the backup 
vehicle Тd   7. 
 
The Unsatisfactory rating corresponds to the situation in which traditional automated control technologies 
are used, as well as stationary communication facilities of linear central dispatch service, without using 
mobile communication and navigation.  
 
The following values are adopted for «unsatisfactory" variables: 
 
 Time for communication with the center Тsit 15; Time to assess the situation,  search for alternatives 
Тass 5. Time for decision making and information transfer to the performer Тr  5. 
[Тsit + Тass + Тr ] ≤ 15 + 5 + 5 25. 
 
The delay time for the backup vehicle departure Тd 15 (a small number of vehicles on the routes, lack 
of reserves in the park at the time of the emergence). The resulting values of assessments are presented 
in [Table 1] [5, 6]. 
 
Let us proceed to estimation of variable Vд = Vд (t, d) - average speed of vehicle depending on the time of 
day t and day of week d. This dependence of the vehicle speed in a modern city is determined by the 
characteristics of the transportation flow, which are dependent on the time of day t and day of the week d. 
 

Table 1: Adopted estimates of the characteristics of the control system and the reservation system 
 

The adopted rating Characteristic of the control system "time 
Consumption in the control system" : the 

sum of the values of variables [Тsit + Тass + Тr 
], evaluating the quality of the 

communication system and the control 
system, min. 

Characteristics of the reservation 
system " time Spent waiting for a free 

backup vehicle» 
The value of the variable Тd, 

evaluating the redundancy system vehicle, 
min. 

«perfectly» 1+1+1  3  3 
«satisfactorily» 5+3+3  11  7 
«unsatisfactorily» 15 + 3 + 3  21  15 

 
In accordance with [7], the transportation flow is divided into six groups according to vehicle speed 
characteristic: 1) free; 2) stable; 3) almost stable 4) close to unstable; 5) unstable; 6) constrained. 
 
Performance characteristics of urban streets, depending on the characteristics of the traffic flow [Table 2]. 
 
Thus, having determined characteristics of the transportation flow for each route of backup vehicle, 
depending on the time of day t and weekday d, on the basis of the relation (1), the required estimate of the 
traveled distance was obtained by substituting instead of Vд its value from [Table 2]. 

       
212

1
DD

Ss   (1),  

где   sS – the area of search,  nD  – the diagonal of a square search. 
 

Table 2: The operational performance of urban streets 
 

Characteristics of traffic flow The speed of movement of the 
vehicle on a city street, km/h 

А Free ≥48 

В Stable ≥40 
С Almost stable ≥32 
D Close to the unstable ≥24 
Е Unstable ≈24 
F Constrained <24 

 
Combining the results of the control system and traffic situation analysis, we will obtain generalized 
characteristics of the control system at liquidation of ES consequences under various conditions [Table 3]. 
 
When considering the vehicle location, the following assumptions are made: 1) all vehicles are equipped 
with either satellite or local navigation; 2) The location of the vehicle must be determined by the 
navigational data received by the system. In this case, method of determining the vehicle location depends 
on what type of navigation equipment is installed on the vehicle's board. 
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Таble 3: Generalized description of the capabilities of the control system and the backup system of the 
vehicle at liquidation of consequences of ES 

 
Evaluation of 

the 
characteristics 
of the control 

system and the 
reservation 

system of the 
vehicle 

Characteristics 
of the control 
system "time 
Spent in the 

control 
system", min. 

Characteristics 
of the 

reservation 
system "time 
Spent waiting 

for a free 
standby 

vehicle", min. 

Characteristics 
of traffic flow 

The speed of 
movement of 
the vehicle on 
a city street, 

km/h 

«perfectly»  3  3 Free ≥48 

  Stable ≥40 
  Almost stable ≥32 
  Close to the 

unstable 
≥24 

  Unstable ≈24 
  Constrained <24 

«satisfactorily»  11  7 Free ≥48 
  Stable ≥40 
  Almost stable ≥32 
  Close to the 

unstable 
≥24 

  Unstable ≈24 
  Constrained <24 

«unsatisfactorily»  21  15 Free ≥48 
  Stable ≥40 
  Almost stable ≥32 
  Close to the 

unstable 
≥24 

  Unstable ≈24 
  Constrained <24 

 
 
Calculation should be carried out stepwise in the following sequence. 
 
1) Calculation of probability of vehicle arrival at each FD for each route in the standby vehicle search area 
at time I (one minute), depending on the period of the day. 
2) Calculation of waiting time of vehicle at each FD in the standby vehicle search area  with a probability of 
at least 0.95. 
The ratio (2) is taken as the basis for calculating the delay time for the arrival of reserve vehicles at the 
place of ES occurrence. 
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 (2) 

where  tdTP    - probability of arrival of the vehicle at least on one of m routes to the FD in Td minutes;   - 
probability of arrival of vehicle at the i-th FD in t minutes. 
 
Necessary calculations of the probabilistic characteristics of the routes were carried out by the example of 
the municipal state-own enterprise “Orenburg Passenger Transportation” of the city of Orenburg. The 
calculation of the probabilities for all routes is based on the ratios (3, 4). 

       tn
t

t
i

reti

i
int  (3) 

where 
i

tint   - estimated time of the movement interval, min.; 
irett   - turnaround time, min.. 
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 (4) 

Event with probability of 0.95 and higher will be considered practically reliable. Thus, the estimated time of 
arrival of at least one vehicle at FD is equal to the estimated arrival time with a probability of 0.95 or more. 
On the basis of ratio (2), the following parameters are accepted as the initial calculation parameters. 
  - average traffic interval of vehicle on routes (in minutes). To simplify calculations and obtain a universal 
analytic dependence, we will assume that traffic interval is the same on all the considered routes. We will 
accept in our calculations range of traffic interval variation from 5 to 40 minutes. 
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m - number of FDs, at which the arrival of vehicle is expected. We will accept in our calculations change of 
this parameter from 1 to 20, which most closely corresponds to a possible variety of practical situations. 
 
t - current waiting time of arrival of at least one vehicle (in minutes), for which the probability of arrival is 
estimated. It is a cycle variable and can take values from 1 minute to the accepted in calculations traffic 
interval in minutes. 
 
We will consider arrival of the vehicle at FD as a reliable event for the period of time that equals traffic 
interval.  Traffic interval is the highest variable. 
 
The calculation is performed alternately for each specified traffic interval from 5 to 40 minutes in 
increments of 1 minute. That is, the limit value of the variable is 40 minutes. 
 
Thus, the "amount of FD" is a variable of the first nested cycle. Based on practical experience, we assume 
in calculations the limiting value of this variable - 20. 
 
The initial number of FD is one. The probability of arrival for 1 minute, for two minutes, etc. is calculated. 
Estimated waiting time for the arrival of vehicle is a variable of the second nested cycle. The maximum 
waiting time is 40 minutes. Calculation of the second nested cycle ends when the number of waiting 
minutes is determined, for which the probability of arrival of at least one vehicle equals or exceeds 0.95. 
 
Then the number of FDs in calculation increases by 1. If the limit quantity of 20 is not exceeded, then the 
calculation for the second nested cycle is repeated. 
 
RESULTS AND DISCUSSION 
 
Assessment of the main reliability indicators of UPT system shall be carried out according to the scheme 
applicable to production technological systems according to GOST 27.503-81 "Dependability/Reliability in 
technics. Key indicators " [8], GOST 27.204-83 " Industrial product dependability. Technical requirements 
for methods of reliability evaluation on productivity parameters " [9] and in accordance with GOST 27.301-
95 "Dependability in technics. Dependability prediction. Basic principles" [10]. 
 
When assessing vehicle reliability on productivity parameters, in accordance with GOST 27.204-83, four 
levels of consideration of the vehicle are distinguished:  technological operation vehicle; technological 
process vehicle; production department vehicle (workshop, site, etc.); enterprise vehicle. 
 
We will choose and interpret levels as follows:  level of technological operation vehicle – level of 
transportation system in a single trip; level of technological process vehicle – level of the passenger 
transportation system on a single route; level of the enterprise vehicle – level of the transportation system 
by one enterprise. 
 
When choosing reliability indicators, one of the most important concepts of reliability theory is a failure. In 
accordance with GOST 27.002-83 [11] failure is interpreted as inability of the system to perform one of its 
main functions. 
 
GOST 27.204-83 [Table 2] [9] regulates four main indicators of reliability of technological systems: 1) 
probability of failure-free operation; 2) mean time between failures; 3) gamma-percentile operating time to 
failure; 4) preset operating time before corrective adjustment; 5) Mean restoration time. 
 
On the basis of this, we shall choose the following indicators of reliability: 1) probability of execution of 
volume of transportation; 2) probability of trouble-free operation on routes with the announced schedule. 
Assessment of reliability of the existing UPT system is also important in assessing the various options of 
the management system implementation. 
 
Taking into account specifics of the UPT transportation, we shall calculate «probability of volumes 
execution" of transportation only for city routes and according to transport modes (bus, trolleybus) for 
routes with interval traffic. 
 
In accordance with GOST 27.204-83 (clause 1.13), calculation of reliability indicators for the current state 
of transportation system can be carried out by calculation methods according to experimental-statistical 
data in accordance with GOST 27.503-81 [12]. 
 
For the accounting calendar period, we shall select main operational/srtategic planning period for UPT - 24 
hours. 
 
In this case, the assessment of the indicator "probability of traffic volumes execution per day": 
 

      
pday

fday
day Q

Q
P   (5) 
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где dayP   - "probability of execution without failure" of a single flight of UPT per day;  fdayQ  - actually 

performed the traffic volumes for the day;  pdayQ  - planned volume of traffic per day. 
 
For routes with the announced schedule, including suburban routes, we shall use the second indicator: 
"probability of trouble-free operation on routes". 
 
From the point of view of the passenger, non-execution of flight on route with the declared schedule for 
any reason is a failure of transportation. Therefore, for route with a declared schedule, "probability of 
carrying out without traffic on the route" is equal to probability of carrying out without failure of all 
scheduled flights. 
 
Let ni be the planned number of flights on the route i. Then, taking into account the expression (5), we 
obtain the following estimate of the probability of execution without traffic failure on the route i with the 
announced schedule per day: 

     
i
pday

i
fdayi

day R
R

P    (6) 

где   i
dayP - "the probability of execution without failure" of traffic on i-th route for the day;  i

fdayR  - the 

actual number of flight movements at the i-th route for the day;  i
pdayR  - the actual number of flight 

movements at the i-th route for the day. 
 
These estimates (5, 6) are applicable to the existing transport system, since they use statistical 
information. 
 
Reliability assessment for future possible states of the system when implementing one or another version 
of control system, in accordance with GOST 27.301-95 [4], can be based on forecasting methods using, in 
particular: a typical model of transportation system functioning under control of modernized transportation 
management system; structure and distribution of functions between dispatchers and means of automatic 
monitoring (control) of state and object management; types and characteristics of human-machine 
interfaces that determine  parameters of working capacity and reliability of the operators; level of 
personnel qualification; quality of software tools used in the facility; planned technology and organization 
of transportation for each version of the management system implementation. 
 
Adequacy of the chosen calculation method and constructed calculation models to the goals and 
objectives of the object reliability forecast should be characterized by: completeness of use in the forecast 
of all available information about passenger transportation system and capabilities of control system in 
the event of  traffic failure liquidation; validity of admissions and assumptions made while constructing  
transportation process models and models of control system functioning; degree of correspondence of the 
complexity level and accuracy of the calculation models of the object reliability to the available accuracy of 
the initial data for calculation. 
 
CONCLUSIONS 
 
1 Main characteristics of Orenburg UPT as well as the topological features of city bus routes are 
considered. 
2 A methodology for collecting and analyzing experimental data on ES and violations in UPT operation in 
the city of Orenburg has been developed. 
3 It was established that there is a need to process the available statistical data in two areas: ES and 
situations that arise in case of the transportation process violation, associated with the emergence of 
undesirable social consequences, but not connected with threat to life and health of passengers. 
4 Technique of estimation of arrival time of reserve vehicles to the place of ES occurrence of is developed. 
5 The minimum expected time of arrival of backup vehicle at place of emergency can act as a selection 
criterion for backup vehicle. 
6 The main reliability indicators of UPT system were evaluated at various levels before and after system 
implementation. 
 
Adequacy of the chosen calculation method should be characterized by completeness of use in the 
forecast of all available information about passenger transportation system and capabilities of control 
system in case of  traffic failure liquidation; validity of admissions and assumptions made while 
constructing  transportation process models and models of control system functioning; degree of 
correspondence of the complexity level and accuracy of the calculation models of the object reliability to 
the available accuracy of the initial data for calculation. 
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ABSTRACT 
 
Maintaining of high quality of petroleum products is an urgent task, since the use of low-quality fuel containing dissolved or emulsified water 
can increase the likelihood of rapid deterioration or breakdown of an internal combustion engine which uses the fuel. Water is present in 
petroleum products and in oil in various states: in a dissolved state, in a free state, and in the form of an emulsion. The t ransition of water 
from one state to another is determined by the following factors: pressure, temperature, pH, viscosity and chemical composition of the fluid. 
If free water is removed by conventional methods such as settling, coalescence, and centrifugation, then removal of bound water (emulsified 
and dissolved water) is a difficult task. The method of chemical absorption of water was investigated for the purification of gasoline from 
dissolved water, and polyacrylamide-based superabsorbent and cellulose fiber were considered as absorbents. The filtration rate of gasoline 
with a content of 10.6% emulsified water through a layer of sorbent 10 cm and a diameter of 0.9 cm was 4.3 cm 3 / min. The degree of 
removal of water by the absorbent containing 30% polyacrylamide was 99.8%. The absorbent can be used to clean fuels from emulsified 
and dissolved water. 

 
INTRODUCTION 
  
At oil-producing and oil-refining enterprises there is an acute problem of utilization of water-in-oil 
emulsions formed during the production of a number of petroleum products. Water in petroleum products 
is in a dissolved, emulsified and free state. To separate these types of emulsions, various processes and 
devices are used, which work is based both on centrifugal and gravitational forces, separation using 
reagents and various adsorbents, and on specific processes such as ultrasound, magnetic field, and radio 
emission [1-3].  
 
The recently spread on the market coalescent filters which well separate water (for example, filter 
elements manufactured by Pall Company), do not work efficiently enough when there is a large amount of 
mechanical impurities in the initial diesel fuel. 
 
In [4], the authors used calcium oxide to remove moisture from petroleum products. Oil containing water 
was passed through a tube filled with an adsorbent under dynamic conditions at a speed of 0.5 m / h and 
a temperature of 20-25° C. The consumption of calcium oxide was more than 0.21% by the volume of 
refined petroleum products. To remove the formed calcium hydroxide flakes, the authors used filtration 
methods. 
 
Also in the literature there are many works on the drying of various petroleum fractions and petroleum 
products: fuels, oils, olefins, alcohols, etc. with the use of NaA molecular sieves. Compared with the 
existing methods of drying oil and petroleum products based on heating them to the water evaporation 
temperature, drying with the use of molecular sieves has significant advantages. Its disadvantages are: 
clogging of pores and the formation of gels on the surface, what leads to a decrease in the filtration rate, 
which requires frequent replacement and regeneration of zeolites. 
 
The patent for the method of processing diesel fuel provides for that fuel is heated; the volumetric content 
of water in the fuel is adjusted to 1-4 % and the fuel is homogenized. Then, by means of a filtering porous 
partition made of a hydrophobic material with a cleaning fineness of 1-10 microns, joint processes of 
dehydration and fine filtration are carried out [5]. 
 
In the study [6], superhydrophobic and super-ophilous silane-modified cotton fibers were obtained. The 
obtained fibers showed selective sorption capacity for oils from water, a high sorption capacity, and high 
sorption rate. Fibers also have outstanding superhydrophobic stability against various aggressive solutions 
and hot water, which allows them to be used to separate oils from harsh waters. The efficiency of 
separation water from oil is more than 91%.  
 
In the study [7], nanoparticles of Fe3O4 and a subsequent hydrophobic modification were applied on the 
surfaces of cotton fibers. The results show that the prepared fibers exhibit excellent superhydrophobicity 
and magnetic sensitivity. Compared to the original cotton fibers, the sorption capacity of the modified 
fibers as to hexane, toluene, chloroform, gasoline, and diesel fuel increases by 70.8%, 58.5%, 23%, 37.3% 
and 30.5%, respectively. 
 
In the work [8], a hollow fiber membrane was used to remove water from motor fuel. The removal of water 
is as follows: oil containing emulsified water flows along one side of the hollow-fiber membrane; air flowing 
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on the other hand removes water from the oil through a hydrogel membrane available within the wall of 
the hollow fiber membrane. The water content in the emulsion was 1-4%. The degree of removal of 
emulsified water was more than 90%. The disadvantage of this method of removing emulsified water is 
clogging of the pores of the membranes, what leads to an increase in working pressure. 
 
In the studies [9-13], separation of emulsified water from petroleum products performed with the use of 
absorbents from various composite resins, carbon nanotubes modified by teflon fibrils, super hydrophilic 
oleophobic sponges, aerogels, zeolites, calcium chloride, nanoparticles and other sorption materials. 
 
Also, to remove water from gasoline, ethanol is added to the fuel in a volume of from 1 to 15% [14]. 
 
METHODS 
 
The scientific significance of solving the problem lies in the development of methods for the cleaning of 
petroleum products from emulsified and dissolved water based on chemical adsorption methods.  
For the cleaning of petroleum products from dissolved water, a method of chemical water absorption was 
investigated, and superabsorbent based on polyacrylamide and cellulose fiber were considered as 
absorbents (desiccants). 
 
The absorbent was obtained from polyacrylamide and recycled cellulose fiber. The recycled cellulose fibers 
have different lengths, from 100 microns to 2000 microns. The thickness of the cellulose fibers is from 10 
to 100 nm. Cellulose fibers are insoluble in water, acids and alkalis, and in organics; they hold and absorb 
liquid well. Cellulose fibers are the main component of the sorbent on the surface of which polyacrylamide 
powder with a size of 100-300 microns is applied. 
 
Super absorbents (SA) are hydrophilic polymer networks that, when swelled, absorb and retain huge 
amounts of water and aqueous solutions, going into gels. The water-holding capacity of super absorbents 
ranges from 50-100 g / g to 2200 g / g. For example, for the commercially available water-holding polymer 
"Aquasorb" this value is more than 500 grams of water per gram of absorbent. Hydrogels are obtained by 
the method of radical polymerization of acrylic acid or its salts (acrylates) at temperatures above 56 oC in 
an atmosphere of nitrogen or carbon dioxide. A crosslinking agent is introduced into the reaction mass to 
create a three-dimensional structure at the stage of polymerization. In this case, crosslinking occurs 
simultaneously with the growth of the polymer. The mass content of cellulose fiber in the sorbent is 70%, 
and 30% of polyacrylamide.  
 
Dissolved and emulsified water was removed from the model emulsion prepared as follows. 30 ml of water 
and 10 g of sodium dodecyl sulfate were added to 300 ml of gasoline AI-92. To obtain an emulsion, the 
mixture was stirred at 3000 rpm for 15 minutes. 
 
The model emulsion was filtered under dynamic conditions through a column filled with a sorbent weighing 
2 g, the height of the sorbent was 10 cm. 
 
The filtration rate was determined by passing 100 ml of gasoline and emulsion through a column with 
absorbent for a certain time. 
 
The scheme of the laboratory installation for absorption of the inverse emulsion of the “water in oil” type in 
dynamic conditions is shown in [Fig. 1]. Original emulsion is fed into the column with filter loading, the 
emulsion is filtered through a polymer load under the action of gravity, and the filtrate is collected in a 
flask. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Scheme of laboratory: 1 - column with superabsorbent; 2 - the crane; 3 - a flask for collecting oil. 
 …………………………………………………………………………………………………………………………… 

The water content in petroleum products is determined before and after treatment in accordance with 
GOST 2477-2014 (Oil and petroleum products; method for determination of water content). The essence 
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of the method is as follows:  the product being tested is heated inside a flask with a refrigerator in the 
presence of a solvent not miscible with water, which is distilled along with the water in the sample. 
Condensed solvent and water are constantly separated in the trap, with the water remaining in the 
graduated compartment of the trap, and the solvent is returned to the distillation vessel. 
 
RESULTS AND DISCUSSION 
 
[Fig.  2] and [Table 1] present the results of measurements of particle sizes and ζ-potential of the 
dispersed phase of the inverse emulsion of water in gasoline.  

  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2:  Graphs of particle size distribution of the dispersed phase of the reverse emulsion of water in gasoline. 
 …………………………………………………………………………………………………………………………… 

 
Table 1: The values of the particle size and the ζ-potential of the dispersed phase of the reverse emulsion 

"water in gasoline" 
 
 
  
 
 
According to the data presented in [Fig. 2], the inverse emulsion “water in gasoline” is a poly disperse 
system with particle sizes from 86 to 542 nm. From the data of [Table 1], it follows that the emulsion has 
the absolute value of the ζ-potential equal to -19 mV and is a stable system. The higher the absolute value 
of the ζ - potential of the emulsion, the stronger the particles repel each other, what does not allow the 
emulsion to separate. 
 
The filtration rate for gasoline and the inverse emulsion "water in gasoline" through a column with 
absorbent are presented in [Table 2]. 
  

Table 2: The rate of filtration of gasoline and emulsion water in gasoline through a column with absorbent 
(30% polyacrylamide, 70% cellulose fiber) 

 
Name of liquid Water content in 

gasoline,% 
Filtration rate through 
absorbent, cm 3 / min 

Gasoline <0.01 9.7 
Emulsion water in gasoline 10.6 4.3 

  
The filtration rate of gasoline through the sorbent layer of 10 cm and a diameter of 0.9 cm is 9.7 cm 3 / 
min, and when filtering gasoline with a content of 10.6% emulsified water, the filtration rate falls to 4.3 cm 
3 / min. 

  
  
 
 
 
 
 
 
 
 
 
 

Fig. 3: Left to right: source gasoline; emulsion with 10.6% water in gasoline; gasoline, purified from water 
absorbent. 
 …………………………………………………………………………………………………………………………… 

 

Emulsion Particle size, nm ζ-potential, mV 

Emulsion "water in gasoline" 86-124; 355-542 -19 ± 2 
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[Fig. 3] shows that the emulsion “water in gasoline” is turbid and has sediments at the bottom of the flask; 
after filtering the emulsion, the water is trapped in cellulose fiber and is set by polyacrylamide. The cleaned 
gasoline in [Fig. 3] (right) is transparent. The water content in gasoline was determined by the method of 
GOST 2477-2014, the results are presented in [Table 3]. 
  

Table 3: Degree of removal of water from gasoline by an absorbent 
 

Absorbent Water content in gasoline,% Degree of water removal,% 

before  after 

10% polyacrylamide, 90% 
cellulose fiber 

10.6 0.5 95.3 

30% polyacrylamide, 70% 
cellulose fiber 

<0.01 99.8 

  
From the results of [Table 3], the water removal degree with an absorbent containing 10% polyacrylamide 
is 95.3%, and when the mass content of polyacrylamide is 30%, the cleaning rate is 99.8%. 
 
Inverse emulsion water in gasoline is a poly disperse system with particle sizes from 86 to 542 nm. Having 
an absolute value of the ζ- potential equal to -19 mV, the emulsion is a stable system. The higher the 
absolute value of the ζ - potential of the emulsion, the stronger the particles repel each other, what does 
not allow the emulsion to separate. 
 
The filtration rate of gasoline through the sorbent layer of 10 cm and a diameter of 0.9 cm is 9.7 cm 3 / 
min, and when filtering gasoline with a content of 10.6% emulsified water, the filtration rate falls to 4.3 cm 
3 / min. The emulsion “water in gasoline” is turbid; it has sediments, and after filtration through a layer of 
sorbent it becomes transparent. 
 
The water removal degree with an absorbent containing 10% polyacrylamide is 95.3%, and when the mass 
content of polyacrylamide is 30%, the cleaning rate is 99.9%. For comparison, the degree of removal of 
emulsified water from petroleum products using cotton fiber modified with silane is 91%, and the 
application of Fe3O4 nanoparticles onto cotton fiber increases the degree of water removal from gasoline 
by 37% compared to the original fiber [6, 7]. The degree of removal of emulsified water from the engine oil 
using a hollow-fiber membrane, on which the hydrogel is applied, is more than 90% [8]. 
 
Thus, the proposed absorbent from cellulose fiber and polyacrylamide has a high degree of removal of 
emulsified and dissolved water from gasoline. 
 
CONCLUSION 
 
According to the research results, it was determined that a superabsorbent consisting of polyacrylamide 
and cellulose fiber effectively cleans gasoline from emulsified and dissolved water under dynamic 
conditions. When the content of polyacrylamide is no less than 30% (by weight) in the composition of the 
absorbent, the water removal degree reaches 99.8%. The fuel filtration rate is from 4 to 5 cm 3 / min. This 
absorbent can be used to clean fuels and waste solvents from emulsified and dissolved water. 
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ABSTRACT 
 
In this paper, they studied the emission of heavy metals from a potential sorption material obtained by pyrolysis from silt sediments and 
treated with "dry" ashing. The use of a solid pyrolysis product after ashing involves the purification of waste water from contaminants. The 
content of heavy metal ions in aqueous extraction and in the extraction with an acetate-ammonium buffer of a solid pyrolysis product from 
carbon-containing waste was determined by atomic emission spectrometry. By mass concentration in the order of its value decrease, heavy 
metal ions in the aqueous extract of the pyrolysis product from mud sediments are arranged in the following series: Si, Sr, V , Mn, Zn, Mo, Ba, 
Sb, Cu. In the acetate-ammonium extract, heavy metals are in order of value decrease and arranged in the following series: Si, Mn, Zn, Al, Sr, 
Cr, B, V, Fe, Ba, Ni, Mo, Se, Pb, Sb. They compared the content of harmful ingredients in the aqueous extract of solid pyrolysis products from 
carbon-containing waste relative to the normative indices of the aquatic environment. They calculated the concentration coefficients  
compared with the standards for drinking water, fishery water and sewage for the discharge to the centralized system. The obtained results 
show that the aqueous extracts of the solid pyrolysis products from carbon-containing waste after treatment with "dry" ashing do not exceed 
the normative indices for sewage by heavy metal content.  They determined that the pyrolysis product does not pollute the wastewater after 
the treatment with ashing, which justifies the possibility of its use from environmental positions with the restriction of wash water discharge 
from the solid pyrolysis product directly to the fishery water reservoirs. 

 
INTRODUCTION 
  
The protection of the environment from the pollutants entering into it is an important task at the present 
stage of scientific and technical progress development. With household economic and industrial activity of 
a person, liquid wastes are formed in the form of sewage, which are discharged into the sewage system. 
The purification of domestic and industrial wastewater is an urgent problem for urban areas [1]. 
 
Various methods are used, including sorption, for the purification of sewage from heavy metal ions (HMI). 
Activated carbons, zeolites, natural materials, etc. are used as sorbents. Often these materials have a high 
cost and require the use of natural resources [2]. The technical solutions in the field of cleaning are very 
useful and relevant, which make it a low-waste. The use of carbon-containing waste (CCW) as a valuable 
secondary material resource will significantly reduce the environmental burden and will allow to obtain a 
new type of industrial products. There is no need to develop mining or grow new raw materials, which 
inevitably leads to new pollution of the environment [3]. 
 
CCW contain organic components and often mineral substances that are converted to gaseous pyrolysis 
fuel, liquid pyrolysis fuel and solid pyrolysis product (SPP) during pyrolysis. SPP, formed at high 
temperature, is a potential sorbent, the sorption properties of which can be improved by a special 
procedure - "dry" ashing. [4] 
 
In order to create highly effective sorption materials, a qualitative and a quantitative analysis is necessary 
to determine the content of mobile and water-soluble forms of the ingredients in their composition. 
 
METHODS 
 
The study of the aqueous extract and the extract by the acetate-ammonium buffer of the pyrolysis products 
after the treatment with ashing to determine HMI emission volumes was carried out by atomic-emission 
spectrometry with inductively coupled plasma using Agilent 720-OES spectrometer [5,6]. 
 
The water extract for analysis was prepared by the dissolution of 30 g of the sample in 150 ml of distilled 
water. After that, the suspension was treated for 30 minutes in a laboratory shaker, and then it was settled 
and filtered. Similarly, the extract with acetate-ammonium buffer was prepared, by the means of which 
more ions of heavy metals can be transferred to the liquid phase in comparison with a usual aqueous 
extract [7,8]. 
 
The pH values of the solutions were measured with ANION 4100 ionomer. The conductivity meter ANION-
7020 was used to measure mineralization and specific electrical conductivity [9]. 
 
RESULTS AND DISCUSSION 
 
As a research object, they took the product sample of CCW pyrolysis treatment, obtained by low-
temperature pyrolysis under production conditions. The following CCW were subjected to pyrolysis: the 
sediment of sewage biological treatment. Subsequently, the obtained pyrolysis product of CCW was 
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subjected to ashing in a muffle furnace at t = 800 °C. We studied the emission of HMI from the obtained 
samples. 
 
SPP treated with "dry" ashing is a dark brown powder [Fig. 1]. 

  
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Solid pyrolysis product after ashing. 
…………………………………………………………………………………………. 

 
pH, mineralization and UEP were determined in the aqueous extract of SPP. The results of measurements 
and normative indices for water bodies are given in [Table 1]. 
 

Table 1: Indices of aqueous extract of solid pyrolysis product after ashing 
 

sample рН, units 
pH 

SEC, µS 
/ cm 

mineralization by NaCl, mg 
/ dm3 

sludge 7.05 307 146.5 
TLVdrinking water 6.0-9.0 - 1000 
TLVopen reservoirs 6.5-8.5 - 1000 
LVwaste water 6.0-9.0 - 3000 

 
pH value 7.05 indicates almost a neutral aqueous extract medium and does not exceed the pH standard 
for the waters of household and cultural value, fishery and sewage waters, which is in the range of 6-9 pH 
units [Table 1] 
 
The results of HMI content determination in an aqueous extract and in the extraction of acetate-
ammonium buffer are given in [Table 2]. 
 
[Table 3] indicates, for comparison, the maximum permissible concentration of the ingredient in the water 
of domestic and cultural facilities (TLVdrinkingwater), the maximum permissible concentration of the 
ingredient in the water of fishery facilities (TLVopenreservoirs), the permissible concentration of pollutants 
in wastewater admitted to discharge into a centralized water disposal system (LVwastewater) [10]. 
 

Table 2: The content of heavy metal ions in the aqueous extract, the content of heavy metal ions in the 
extract by ammonium-acetate buffer, standards 

 
element concentration in 

aqueous extract., mg / 
dm3 

concentration in extract by 
acetate-ammonium buffer, 

mg / dm3 
Al <0.1 2.77 

Ba  0.079 0.381 

Be  <0.01 <0.01 

Cd  <0.05 <0.05 

Co  <0.2 <0.2 
Cr  <0.15 <0.15 

Cu  0.001 0.869 

Fe  <0.05 0.385 

Mn 0.234 9.94 

Mo  0.110 0.126 

Ni <0.001 0.150 

Pb <0.001 0.081 

Sb  0.007 0.008 

Se  <0.005 0.086 
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Si  0.996 23.7 

Sr 0.515 2.32 

Ti <0.1 <0.1 

V  0.267 0.846 

Zn  0.175 3.08 

B  <0.1 0.861 

Ag  <0.3 <0.3 

As  <1 <1 

 
Table 3: Standards for heavy metals 

 
Element TLVdrinking water TLVopen reservoirs LVwaste water 

Al  0.2 0.04 3 

Ba  0.7 0.74 - 

Be  0.0002 0.0003 - 

Cd  0.001 0.005 0.015 

Co  0.1 0.01 - 
Cr  0.05 0.02 0.5 

Cu  1 0.001 0.5 

Fe  0.3 0.05 3 

Mn 0.1 0.01 1 

Mo  0.25 0.001 - 

Ni 0.1 0.01 0.25 

Pb 0.01 0.006 0.25 

Sb  0.05 0.005 - 

Se  0.01 0.002 - 

Si  10 - - 

Sr 7 0.4 2 

Ti  0.1 0.06 - 

V  0.1 0.001 - 

Zn  1 0.01 1 

B  0.5 0.5 - 

Ag  0.05 - - 

As  0.01 0.05 0.01 

 
According to the analysis results, the sample of SPP CCW after the treatment with "dry" ashing contains the 
following metals in the mobile form in the order of concentration decrease [Table 4] 
 

Table 4: Ranks of priority of heavy metals in aqueous extract 
 

sludge Si, Sr, V, Mn, Zn, Mo, Ba, Sb, Cu 
 
The acetate-ammonium extract TM has the following series in the order of value decrease [Table 5] 
 

Table 5: Ranks of priority of heavy metals in extract by acetate-ammonium buffer 
 

sludge Si, Mn, Zn, Al, Sr, Cr, B, V, Fe, Ba, Ni, Mo, Se, Pb, Sb 
 
In order to evaluate the impact of SPP CCW on water objects of the environment after the treatment by 
heavy metal ion leaching with water and acetate-ammonium buffer they calculated the concentration 
coefficients relative to TLVdrinkingwater, TLVopenreservoirs, LVwastewater. according to the following 
formulae: 
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а) the concentration coefficient of HMI in SPP extract after the treatment with respect to TLVHMI in the 
water of domestic and cultural objects. 

  
 waterdrinking

 waterdrinking TLV
K C

  (1) 

 
б) the concentration coefficient of HMI in SPP extract after treatment with respect to TLV in the water of 
fishery reservoirs. 

reservoirsopen 
reservoirsopen TLV

K C
   (2) 

 
в) the concentration coefficient of HMI in SPP extract after treatment with respect to the permissible 
concentration of pollutants in the wastewater admitted for discharge to the centralized water disposal 
system. 

 
 waterwaste

 waterwaste LV
K C

  (3) 

 
The calculation results are given in [Table 6 and 7]. 
 

Table 6: Coefficient of concentration of heavy metalsin aqueous extract relative TLV 
 

element Kdw Kor Kww 

Al  - - - 
Ba  0,113 0,107 - 

Be  - - - 

Cd  - - - 
Co  - - - 
Cr  - - - 
Cu  0,001 1 0,002 
Fe  - - - 
Mn 2,34 23,4 0,234 

Mo  0,440 110 - 
Ni - - - 
Pb - - - 
Sb  0,140 1,40 - 
Se  - - - 
Si  0,100 - - 
Sr 0,074 1,29 0,258 
Ti - - - 
V  2,67 267 - 
Zn  0,175 17,5 0,175 
B  - - - 
Ag  - - - 
As  - - - 

 
Table 7: Coefficient of concentration of heavy metalsin extract by acetate-ammonium 

buffer relative TLV 
element Kdw Kor Kww 

Al  13,9 69,3 0,923 
Ba  0,544 0,515 - 

Be  - - - 
Cd  - - - 
Co  - - - 
Cr  - - - 
Cu  0,869 869 1,74 
Fe  1,28 7,70 0,128 
Mn 99,4 994 9,94 

Mo  0,504 126 - 
Ni 1,50 15 0,600 
Pb 8,10 13,5 0,324 
Sb  0,160 1,60 - 
Se  8,60 43 - 
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Si  2,37 - - 
Sr 0,331 5,80 1,16 
Ti - - - 
V  8,46 846 - 
Zn  3,08 308 3,08 
B  1,72 1,72 - 
Ag  - - - 
As  - - - 

 
The use of SPP after ashing involves the purification of waste water from pollutants. The obtained results 
show that the water extract of SPP after its treatment with "dry" ashing does not exceed the normative 
indices for sewage by HMI content. 
 
The comparison by Kww series according to all indicators [Table 6] is illustrated by the diagram of [Fig. 2], 
provided for convenience by the value Kww in logarithmic scale according to the base 10. 
 
[Fig. 2]: the elements whose content in the extract exceeds LVwaste water are located above the 
horizontal line, and the HMI with the content less than the norm is below the horizontal line. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: Coefficient of concentration of ingredients of aqueous extract of solid pyrolysis product after ashing 
relative to TLVforwaste water in base 10 logarithmic scale. 
……………………………………………………………………………………………………………. 

 
Thus, in order of Kww decrease HMI in the water extract are located in the following row [Table 8]:  
 

Table 8: Ranks of priority of heavy metals in aqueous extractas reduction of danger to waste water 
 

sludge Sr, Mn, Zn, Cu 
 
The absence of HMI normative index exceeding in water bodies indicates a low toxicity of the obtained 
sample. The use of it as a sorption material is also limited by the possible toxicity. Therefore, there is a 
need to determine SPP toxicity after ashing experimentally by the mortality of the test object Daphnia 
magna Straus. The results of the study are shown in [Table 6]. 
 

Table 6: Toxicity of solid pyrolysis product after ashing 
 

sample 
48-10BKR  hazard class 

sludge 1 5 
 
Thus, the studied pyrolysis product of biological wastewater treatment sediment is relatively safe for use 
as a sorption material. 
 
CONCLUSION 
 
They studied the solid product of carbonaceous waste (sludge) pyrolysis after the treatment with "dry" 
ashing as the sources of migration into the aqueous phase of harmful ingredients in the form of HMI. 
 
They obtained the values of the observed specific electric conductivity, NaCl mineralization and HMI mass 
concentration in aqueous extract and in the extraction of the acetate-ammonium buffer of SPP CCW. 
 
HMI subjected to emissions into the water phase are arranged in the order of value decrease according to 
the following series: Si, Sr, V, Mn, Zn, Mo, Ba, Sb, Cu. 
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They are arranged in the following series in the acetate-ammonium extract of TM, in the order of value 
decrease: Si, Mn, Zn, Al, Sr, Cr, B, V, Fe, Ba, Ni, Mo, Se, Pb, Sb. 
 
They compared the content of harmful ingredients in the water extract of SPP CCW relative to the 
normative indices of the aquatic medium. The concentration coefficients were calculated relative to the 
standards for drinking water, fishery water, the sewage for discharge to the centralized system. 
 
The obtained results show that in the overwhelming majority the water extract of SPP after the treatment 
with "dry" ashing does not exceed the normative indices for sewage according to HMI content. 
 
They determined SPP toxicity of the studied CCW after ashing experimentally by the mortality of Daphnia 
magna Straus test object. According to the criteria for hazardous waste classification as a hazard class for 
the environment [11], the CCW of rubber waste under study belongs to the fifth hazard class. 
 
It has been established that SPP CCW after the treatment with ashing does not have a negative effect on 
sewage, which justifies the possibility of SPP use from environmental positions with the restriction of SPP 
wash water discharge into the fishery water reservoirs. 
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ABSTRACT 
 
This article discusses the features of using Autodesk Inventor software for modelling equipment, the advantages and effectiveness of this 
program. Graphics in the form of 3D (three-dimensional) looks much more realistic than the traditional two-dimensional graphics, in addition, 
it allows you to represent the object in the form in which it can be in reality, to consider it from all sides. Characteristi cs Autodesk Inventor 
allows you to create digital models of technological products, includes convenient mechanisms for finding components, forms design 
documentation. The primary means of intensification of production consist in the accuracy of automated design, the installation of 
technological management, to improve the quality of products and the efficiency of its production. The main thing in the development of 
modern equipment is the introduction and improvement of technical products, improving the quality of the system. The complexity of the 
technological processes that must ensure the lowest costs at the highest productivity, the need to select the optimal process, the 
multivariate available capabilities and the responsibility of the decisions made presupposes the rational application of CAD methods and 
tools (computer-aided design). Currently, CAD should provide the solution of the following tasks: to perform 3-dimensional modelling, 
geometric constructions, applying standard product dimensions; To work with the library of standard objects, as well as text technical 
documentation. Without the automation of design, the system cannot work in full efficiency, the modelling of the elements allows us to 
evaluate the prospect of introducing any equipment and improve the quality of the system as a whole. 

 
INTRODUCTION 
  
To solve the task, the computer-aided design (CAD) system was chosen, namely Autodesk Inventor. 
 
The Autodesk Inventor component library includes a large number of standard components for fastening 
and finished product models, partitions for design features, which is very convenient for the user. Including 
the GOST standard and all common world standards (ANSI, ISO, DIM, JIS, etc.). Currently, the number of 
standard parts in the library is approaching one million. 
 
In addition to the library of finished parts, Autodesk Inventor also has a library of their individual elements 
that performs various forms of die cuts, holes, punches, selections, etc. [2] 
 
Autodesk presents various versions of the Inventor product. Student's license Inventor is presented to 
students and teachers as a free version in an educational form, such version has a special mark on the 
created or edited files. 
 
METHODS 
 
Among modern balancing machines, two main groups can be distinguished: pre-resonance machines with 
rigid supports and resonant ones, with elastically suspended supports of rotation. The most widespread 
are the resonant machines due to less stringent requirements to the foundations for which they are 
installed. However, the balancing performed in the pre-resonance frequency range makes it possible to 
obtain the greatest accuracy. 
 
Features of the pre-resonance type of balancing machine: 
 

• high accuracy of balancing in the pre-resonance mode; 
• possibility of balancing without calibration starts; 
• balancing of any types of rotors; 
• cardan drive for rotors with large aerodynamic resistance and rotors of complex configuration; 
• special saddle-shaped inserts for balancing aviation turbines and compressors in their own 
bearings; 
• Manual drive belt; 
• Constant (for long term) calibration factors. 

 
Analyzing the characteristics of existing balancing machines presented in the Russian market, a large-
scale horizontal pre-resonance balancing machine was developed from such large manufacturers as: 
DIAMEX, CIMAT, SCHENCK, and Techno balance. 
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[Fig. 2.1] shows the assembly 3D model of the developed balancing machine. 
 
The pre-resonance balancing machine consists of a bed 1 and two support units 2, which are adjustable in 
height. The support units can be displaced along a rail mounted on the frame relative to each other and 
equipped with a piezoelectric force sensor. 
 
The cast base [Fig. 2.2] is made of a vibration-resistant polymer (20% more absorbs vibration than a cast-
iron bed), mounted on special vibration-armor, covered with a vibration-absorbing layer, does not require a 
foundation. The total length of the bed is 1500 mm. 

  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2.1: 3D model of the balancing machine. 1 - bed; 2 - reference node; 3 - support base; 4 - support plate; 

5 - control unit; 6 - the investigated rotor; 7 - middle support with electric motor. 
…………………………………………………………………………………………………………………………… 

  
 
 
 
 
 
 
 
 
 
 

Fig. 2.2: Stand of the pre-resonance machine together with the installed rail. 
…………………………………………………………………………………………………………………………… 

 
The support assembly [Fig. 2.3] includes the support base and the support plate. Piezoelectric force 
sensor, built into the support base. On each support cylindrical reinforced rollers are installed on which a 
balancing rotor is installed. The height of the support rollers is adjustable in height, thus this design 
feature allows covering a wide range of balancing rotors along the diameter of the support necks. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.3: Supporting assembly. 
…………………………………………………………………………………………………………………………… 
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The operation of the machine in question is controlled by the control unit 5 (operator's rack), to which the 
force sensors mounted on each support and the driving motor are connected. Preconfigured frequency-
controlled asynchronous electric drive allows controlling the rotor speed, acceleration and deceleration 
with the help of a belt drive and a number of guide rollers. 
 
As a phase angle sensor for the belt drive, a laser tachometer is used [Fig. 2.4]. 

  
 
 
 
 
 
 
 
 
 

Fig. 2.4: Digital laser tachometer DT2234C +. 
…………………………………………………………………………………………………………………………… 

 
The operator's rack [Fig. 2.5] is equipped with a laser printer to output the balancing results on paper. 
 
RESULTS AND DISCUSSION 
 
Rotor GTD-16M 
 
As the object of balancing, the rotor of the turbocharger of the gas turbine engine GTD-16M is considered. 
[Fig. 3.1] shows the turbo-generator unit TG-16M is an autonomous unit used to create the conditions for 
launching gas turbine engines of aircraft. GTE-16 serves for driving through the reducer of the generator 
and for all components of the maintenance of the TG-16 [14]. 

  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.1: General view of the turbo-generator unit TG-16M. 
…………………………………………………………………………………………………………………………… 

 
The rotor of the turbocharger [Fig. 3.2] is a shaft at one end of which is a turbine disk, on the other is a 
compressor impeller [Fig. 3.3] [14]. 
 
The rotor rotates on the rolling bearings installed in the compressor casing. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.2: Rotor shaft of the turbocharger with a disk: 1 - shaft; 2 - blade with blades. 
…………………………………………………………………………………………………………………………… 
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Fig. 3.3: The impeller of the compressor. 
…………………………………………………………………………………………………………………………… 

 
The turbine is a single-stage, axial, designed to convert the thermal energy of hot gases into mechanical 
work and includes three main units: a nozzle apparatus, a turbine disk with blades and a turbine case. The 
disk of the turbine [Fig. 3.4] is made of steel EI437BU, along the edge of the disk 36 Christmas tree 
grooves are made, into which turbine blades are inserted. The disc hub is tightened to the shaft with 
interference and is fixed with 6 radial pins made of 18Х2Н4ВА steel. The rotor shaft is solid, made of steel 
38ХМUА. The blades of the turbine are made of the alloy ZhS6-K. On the disc, the turbines are fixed with a 
plate lock, the protrusions of which are bent to the disc of the turbine. [3,9,10] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig. 3.4: Turbine disc GTE-16M. 
…………………………………………………………………………………………………………………………… 

 
For further calculations, a 3D model of the turbocharger rotor in the Autodesk Inventor CAD was simulated 
[Fig. 3.5]. According to the operating and maintenance manual for the turbo-generator unit TG-16M, the 
3D model is designed in a scale of 1: 1 and takes into account all the geometric features of these parts of 
the unit. 

  
 
 
 
 
 
 
 
 

 
Fig. 3.5: Modelled turbocharger rotor 3D model. 
…………………………………………………………………………………………………………………………… 

 
CONCLUSION 
 
The software package Autodesk Inventor allows you to automate, simplify the design of the installation, 
significantly reduces costs. In this article, the turbo-generator unit TG-16M, the gas turbine engine, and its 
components are considered: a reducer, a GS-24A-3C direct current generator and systems. For normal 
operation of the installation in accordance with the specifications, the gas turbine engine GTD-16, 
turbocharger rotor, turbine, turbine disk are their main characteristics and components of the material. All 
parts of the system, with the correct modelled view, ensure a balanced and efficient operation of the 
installation. 
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Modelled model allows you to analyze it in the process of assembly, if necessary, make changes without 
losing the quality of the model. 
 
In this paper, using the Autodesk Inventor program, calculations were made, the materials of the parts and 
their physical and chemical properties were assigned and an assembly unit was created that includes 3 
components: a shaft, a disk with blades and a compressor impeller.  
 
Model of turbo-generator unit TG-16M 3D-model is designed in scale 1: 1 and takes into account all the 
geometric features of these parts of the unit. 
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ABSTRACT 
 
Using Midas GTS NX software package, the groundwater drainage is possible on the basis of needle filters and wells. This soft ware package 
allows you to analyze the parameters of soil in the process of excavation. Midas GTS NX is based on the finite element method. Since this 
package is geotechnical one, it has a significant number of mathematical models describing the behavior of soil, depending on its physical 
and mechanical characteristics. One of them is the Mohr-Coulomb model. Due to this, you can get a complete picture of soil stress-strain 
state, to analyze and take appropriate measures. 

 
INTRODUCTION 
  
During the development of the pit, the groundwater level is often above the pit bottom. Thus a number of 
measures is required to implement artificial water drainage [1,2,3,4]. One of such methods is the device of 
needle-filtering units and wells. 
 
During the implementation of the related activities, it becomes necessary to take into account the changes 
of developed soil physico mechanical properties [3,4,5]. 
 
The complex of calculations for the pit development is implemented in Midas GTS NX software package, 
taking into account dewatering. The presented complex provides the opportunity to analyze in detail the 
soil parameters during the excavation process. Midas GTS NX program allows you to apply the finite 
element method effectively. Since this complex is geotechnical, it includes a sufficient number of 
mathematical models that describe the behavior of soil depending on its physico mechanical 
characteristics [6–12]. One of them is the Mohr-Coulomb model. 
 
METHODS AND MATERIALS 
 
The mathematical model of Mohr-Coulomb describes the dependence of tangential stresses on the 
magnitude of the normal stresses applied to the material. This is due to friction inside a solid body. 
 
The dependence of the tangential stress of the material on the magnitude of the applied normal stresses 
is a bilinear dependence, which is the criterion of Mohr-Coulomb strength and is described by the following 
formula: 
, 

 
where σ – the value of normal stresses,  
      τ – the magnitude of the tangential stresses,  
      с – the intersection of the strength criterion curve with τ axis,  
      tan(φ) – slope angle tangent of the strength criterion curve. 
If φ=0, the Mohr-Coulomb strength criterion turns into the Tresca criterion. If φ=90°, then the Mohr-
Coulomb strength criterion corresponds to the Rankine viscous medium model. 
For the circles of Mohr it is true that: 
 

    
 

where      ,  
where σ1 – the maximum principal stress,  
      σ2 – the minimum principal stress.  
 
Therefore, the Mohr-Coulomb strength criterion can be represented as follows: 
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This type of Mohr-Coulomb strength criterion corresponds to the fracture on a plane parallel to the 
direction of the main stress σ2. 
 
The Mohr-Coulomb strength criterion is used to analyze the bearing capacity of soil massifs. 
 
During loading soils work mainly on surface shear with the lowest bearing capacity. Therefore, shear 
strength is the defining strength characteristic for soils. 
 
The destruction occurs at the moment when the magnitude of the shear (tangential) stress reaches the 
ultimate soil strength at shear. Therefore, the relationship between normal shear stresses is the criterion 
of strength for soils. 
 
Let's consider the solution to this problem by example. 
 
There is the evidence of the construction site engineering-geological profile [Fig. 1]. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Engineering-geological section. 
…………………………………………………………………………………………………………………………… 

 
The geotechnical data of the construction site is presented below [Table 1]. 
 

Table 1: Geotechnical data 
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EGE 1 1 35 30×106 21 17 0.3 33 

EGE 2 49 24 42×106 21 19,5 0,32 7 

 
During the excavation development, HYUNDAI R330LC-9A crawler excavator was used. The loading was 
carried out via MAN TGA 33.350 6X4 BB-WW dump truck with a bucket capacity of 15 m3 [Fig. 2]. 
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Fig. 2: Pit development scheme using construction machines and mechanisms. 
…………………………………………………………………………………………………………………………… 

 
The actual loads and impacts during the pit development at the construction site are presented below 
[Table 2]. 

Table 2: Loads and Impacts 
 

Load name Meas. 
Un. 

Rated value Safety factor Design value 

Constant 
Net weight of the 1st layer of soil 

(sand) 
t/m3 1.7 1,1 1,87 

Net weight of the 2nd layer of soil 
(clay) 

t/m3 1.95 1,1 2,15 

Temporal load 
Excavator kN 75 - 75 

Dump truck kN 75 - 75 
 
The design scheme of the excavation at the construction site is presented below [Fig. 3]. 

  
  a) 

 
 
 
 
 
 
 

b) 
Fig. 3: The design scheme of the excavation design: а) the design of wells, b) the load from the construction 

machines and mechanisms. 
…………………………………………………………………………………………………………………………… 

 
The generated finite element model in Midas GTS NX software [Fig. 4]. 

  
 
 
 
 
 
 
 
 

Fig. 4: Finite-element model. 
…………………………………………………………………………………………………………………………… 
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[Fig. 5-13] demonstrate iso-fields at different stages of calculation (type of loading), which we consider in 
this problem. 
 
The first stage is filtering, which we determine for the given soil conditions. 
 
At the second stage, the stress-strain state (SSS) of soil strata is considered. 
 
The third stage is characterized by the appearance of an excavator at a construction site for the 
development of soil (the load from an excavator). 
 
The next calculation step is the accounting for the separation of the first excavation and its loading into a 
dump truck (a dump truck arrived at the construction site for excavated soil loading into it). 
 
Then the separation of the second excavation and the loading of the excavated soil into the dump truck 
takes place. The truck has already been emptied from the first part of soil (took it to another part of the 
construction site where filling is required). 
 
Then the calculation stage takes place with the separation of the third excavation and the loading of soil 
from the third excavation into the dump truck. 
 
A similar situation is observed during the step 7 of the computational model, where the separation of the 
excavation 4 and the loading of the fourth soil into the dump truck takes place. 
 
Step 8, the final one, the separation of the excavation 5 and the loading of the remaining soil in the dump 
truck. 
 
During the current model calculation, the following values were obtained: 
 
a) initial filtration [Fig. 5]. 
  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Initial filtration. 
…………………………………………………………………………………………………………………………… 

 
The line shows the level of filtration in a given soil massif after water-lowering using a well device. 
 
b) pore pressure, after the excavator arrival at the construction site [Fig. 6]. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Pore pressure. 
…………………………………………………………………………………………………………………………… 

 
The pore pressure isoline represents the calculation results in the software after the excavator arrival at 
the construction site to develop the excavation. 
 
c) deformations (maximum and minimum) arising from the own weight of the excavator [Fig. 7]. 
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The maximum and the minimum values of deformations along Y axis that occur during the excavation of 
the upper soil layer by the excavator [Fig. 7]. 
 

    
 
 
 
 
 
 
 
 
 

 
Fig. 7: The displacements from excavator own weight. 
…………………………………………………………………………………………………………………………… 

 
d) the deformations during the development of the first soil layer [Fig. 8]. 

 
 
 
 
 
 
 
 
 
 
  

Fig. 8: Displacements from the excavator weight during the first soil layer development. 
…………………………………………………………………………………………………………………………… 

 
e) deformations during the development of the second layer of soil [Fig. 9]. 

    
 
 
 
 
 
 
 
 
 

Fig. 9: The displacements from excavator and dump truck weight during the second soil layer development. 
…………………………………………………………………………………………………………………………… 

 
f) the deformations during the development of the third soil layer [Fig. 10]. 

    
 
 
 
 
 
 
 
 
 

Fig. 10: The deformations from excavator and dump truck weight during the third layer of soil development. 
…………………………………………………………………………………………………………………………… 
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g) The deformations during the fourth layer of soil development [Fig. 11]. 

    
 
 
 
 
 
 
 
 
 

Fig. 11: Deformations from excavator and dump truck weight during the development of the fourth layer of 
soil. 
…………………………………………………………………………………………………………………………… 

 
h) deformations during the development of the fifth soil layer [Fig. 12]. 

    
 
 
 
 
 
 
 
 
 

Fig. 12: Deformations from excavator and dump truck weight during the development of the fifth layer of soil. 
…………………………………………………………………………………………………………………………… 

 
i) The stresses in XY plane [Fig. 13]. 

 
 
 
 
 
 
 
   
 
 
 
 

Fig. 13: The stresses in XY plane ХУ. 
…………………………………………………………………………………………………………………………… 

 
Iso fields display the stress distribution from the corresponding loads [Table 3]. 
 

Table 3: Calculation results 
 

Lo
ad

 ty
pe

 Pore pressure/ 
(stress), kPa/ 

(kN/m2) 

Movement,  
m 

Stress, 
kN/m2 

Max Min Max Min Max Min 

XY Y XY Y 

1 382,5 -27,4 - - - - - - 
2 1,0 -382,5 - - 1,3 -3,5 -1,2 -440,1 
3 1,0 -382,5 1,9×10-4 -1,1×10-2 10,0 -0,5 -11,0 -442,6 
4 1,0 -382,5 1,8×10-3 -2,8×10-2 23,3 4,9 -16,0 -447,7 
5 1,0 -382,5 4,4×10-3 -5,8×10-2 37,4 55,3 -33,3 -452,4 
6 1,0 -382,5 5,2×10-2 -1,1×10-1 59,7 147,3 -56,8 -796,5 
7 1,0 -382,5 0,2 -0,2 107,4 324,0 -84,4 -1269 
8 1,0 -382,5 0,5 -0,3 148,0 436,6 -137,1 -1850 

 
Loading type: 1 - filtration; 2 - stress-strain state (SSS); 3 - the load from excavator; 4 - the separation of 
excavation 1 and the loading of the first soil into the dump truck; 5 - the separation of excavation 2 and 
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the loading of the second soil into the dump truck; 6 - the separation of the excavation 3 and the loading 
of the third soil into the dump truck; 7 - the separation of excavation 4 and the loading of the fourth soil 
into the dump truck; 8 - the separation of the excavation 5 and the loading the remaining soil into the 
dump truck. 
 
Having analyzed the results of the calculations presented in [Table 3], let's develop the dependency 
graphs, thanks to which it will be possible to understand how the stress-strain state of soil depends on soil 
saturation with water. Analyzing [Fig. 14-16] it is possible to trace the physico mechanical changes in soil 
by stages. 

 
 
 
 
 
 
 
 
 
 
 
 

soil swelling during pit break. 
ground sediment from the weight of construction equipment. 

Fig. 14: The graph of maximum and minimum displacements. 
 …………………………………………………………………………………………………………………………… 

 
         
 
 
 
 
 
 
 
 
 
 

 max stress values by ХУ axis 
 min stress values by ХУ axis. 

Fig. 15: The graph of maximal and minimal stresses. 
 …………………………………………………………………………………………………………………………… 

 
     
 
 
 
 
 
 
 
 
 
 

     max stress values by ХУ axis. 
      min stress values by ХУ axis. 

Fig. 16: The graph of maximum and minimum stresses along Y axis. 
…………………………………………………………………………………………………………………………… 

 
RESULTS  
 
Thus, under the action of a load applied to the base by construction machines, the stress state arises in 
soil, which causes the development of deformations leading to the displacement (the settlement) of the 
soil surface. 
 
The analysis of soil problem solution results showed that SSS significantly depends on the degree of soil 
saturation with water. At the end of the primary (filtration) consolidation, the pore pressure at all stages 
makes 1, hence the sediment is caused solely by the shear deformations of the soil skeleton. Soil is 
compacted with water lowering. 
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This task, which was calculated in Midas GTS NX software package, can be used during drainage 
calculation, the determination of underground water supply source debit, the calculation of structure 
sediments over time, an artificial lowering of groundwater level and the digging out of pits.  
 
CONCLUSION 
 
The scientific novelty of the study is in a new multifactorial approach for this problem solution, namely: the 
determination of the mathematical model for the soil conditions of the construction site, the selection of 
machines and mechanisms for pit excavation, the arrangement of water-reducing plants and the 
determination of their characteristics and step-by-step calculation in Midas GTS NX. 
 
Only when the multifactorial nature of the problem and the availability of reliable data on the foundation 
soils are taken into account one can carry out the measures for water lowering successfully. 
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ABSTRACT 
 
The profile research and the morphogenetic description of various subtypes of the na tura l and agrogene mounta in chernozemic soils 
widespread in a belt of steppe meadows of the Elbrus option of zona tion of Kabardino-Ba lkaria is conducted. Parameters of biologica l 
activity are set: content and a reserves of humus, ra te of basa l and substra te - induced respira tion, content and reserves of carbon of 
microbia l biomass, enzyme activity oxidoreductases (ca ta lase, dehydrogenase) and hydrolase (invertase, urease, phospha tase) in profiles of 
virgin and arable mounta in chernozemic soils ordinary, typica l and leached. It is shown tha t the changes of parameters of biologica l activity 
which resulted from arable use have difficult and ambiguous character. Steady distinctions a t the level of subtype, both in virgin, and in 
arable mounta in chernozemic soils are not revea led. The ma in changes of indica tors of biologica l activity are observed in the arable 
horizons. To establish the genera l level of biologica l activity and to estima te the extent of its change, the uniform estima ted criterion - the 
integre index of an ecologica l and biologica l sta te of the soil (IIEBSS) is applied. High level of profile biologica l activity of na tura l and arable 
mounta in chernozemic soils is established, and differences in IIEBSS va lues between profiles of agrogene and na tura l soils are practica lly 
absent. The IIEBSS va lues defined for the top horizons (0-20 cm) indica te noticeable easing of biologica l activity (for 16-43%) in the arable 
horizons of a ll subtypes of mounta in chernozemic soils. 

 
INTRODUCTION 
  
 Mounta in chernozemic soils - the unique, high-fertile soils occupying the space about 845 km2 (500-
1200 m above sea level) in Kabardino-Ba lkar Republic and active ly used under an arable land, long-term 
plantings, haymakings and pastures. At agricultural influence there is a continuous and intensive influence 
on the ma in modes and properties of soils. At the same time a necessary condition of the ir further arable 
use is mainta ining fertility and creation of optimum conditions of growth of cultural plants (corn, sunflower, 
etc.). Though the main changes of soil properties happen in the arable and subarable horizons [1], it is 
necessary to track the direction of dynamics of biologica l activity in a ll a profile of the processed soils that 
was highlighted with leading experts in the field of biology of soils [2]. Biologica l properties of mountain 
chernozemic soils of Central Caucasus were not investigated earlier, but in a number of works [3-5] the 
efficiency of studying of various biologica l characteristics of soils when determining extent of negative 
anthropogenic impact is shown. 
 
Thus, a research objective is definition of extent of change of the genera l leve l of profile biological activity 
of various subtypes of arable mounta in chernozemic soils in comparison with their virgin ana logs in a belt 
of steppe meadows. 
 
METHODS 
 
The explored area is located at the he ight of 560-850 m above sea level (a.s.l.) in the territory of the 
Elbrus option of zonation which differs in rather arid and continental climate which is formed under the 
influence of free circulation of winds of Prikaspia [6]. Climatic conditions at which mounta in chernozemic 
soils around researches function are characterized with the average annua l a ir temperature of +7,80 C. 
The, rainfall has on average 560-700 mm/year, evaporability of 707 mm/year, duration of the no-frost 
period from March to November, the sum of average da ily temperatures (more than +1000C) during active 
vegetation (174-177 days) makes about 30000 [7]. The hydrotherma l mode of mountain chernozemic 
soils which is formed under such circumstances is favorable for activity of a soil biota and a lso cultivation 
of crops and long-term fruit plantings. Conditions of the Elbrus option contributed a lso to the deve lopment 
of dense natura l grassy meadow and steppe vegetation on mountain chernozemic soils which quite often 
forms a dense organic mat at a protective covering of herbage about 100%. 
 
Mountain chernozemic soils lie on plateau-like he ights where possess the full-deve loped profile. The 
leveled sites almost complete ly are opened, as well as mild slopes. Soilforming breeds are products of 
aeration of carbonate dense sedimentary breeds - eluvia-slide-rocks of limestones, sandstones, 
limestones and marlstone, carbonate clays and loams [8, 9]. Rubble and stony inclusions of carbonate 
materna l breeds quite often meet from a surface and on a ll profile of mountain chernozemic soils. 

ISSN: 0976-3104 
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Collecting and the analysis of soil samples for determination of physical and chemica l and biologica l 
properties of natura l and arable mountain chernozemic soils (ordinary, typica l, leached) carried out by the 
standard methods in ecology and soil science [10]. Lying of cuts and sampling on the genetic horizons 
were made in the first decade of July, 2016 the soils not subject to slope erosive processes having 
characteristic morphogenetic properties and the full-deve loped profile were considered. Soil cuts were put 
in characteristic natural meadow biogeocenoses and in agrocenoses under crops of corn in a stage of 
formation of an ear [Table 1]. 
 

Table 1: The locations of cuts of mountain chernozemic soils in natural and agricultural 
biogeocenoses of the explored territories 

 
Arable mountain chernozemic soils Natural mountain chernozemic soils 

Name of the soil 
 

Coordinates of the place of 
laying of a section 

Name of the soil 
 

Coordinates of the place of 
laying of a section 

The chernozemic soil ordinary 
carbonate average thickness low-
humus heavy loam on yellow-brown 
carbonate clays 

Zolsky district, surrounding 
settlements of 
Kamennomostskoye, 
h-850 m a.s.l., 
43º45'01 "N 
43º1'34 "E 

The chernozem is ordinary carbonate 
low-power average humus 
average loamy on yellow-brown 
carbonate loams 
 

Zolsky district, surrounding 
settlements of Kamlyukovo, 
h-752  m a.s.l., 
43º46'3 "N 
43º12'41 "E 

The chernozem typical average 
thickness low-humus heavy loam on 
yellow-brown carbonate clay breeds 
with pebble impurity 

Baksan district, surrounding 
settlements Top Kurkuzhin,  
h-694  m a.s.l., 
43º43'38 "N 
43º21'16 "E 

The chernozem is typical average 
thickness 
average humus average loamy on 
yellow-brown carbonate clay breeds 
with pebble impurity 
 

Baksan district, surrounding 
settlements Top Kurkuzhin, 
h-856  m a.s.l., 
43º41'39 "N 
43º14'60 "E 

The chernozem leached average 
thickness low-humus average loamy 
on brown carbonate loams with 
impurity of crushed stone and 
pebble 
 

Baksan district, surrounding 
settlements Top Kurkuzhin,  
h-578  m a.s.l.,  
43º45'58 "N 
43º22'46 "E 

Leached chernozem 
average thickness low-humus 
average loamy on yellow-brown 
carbonate deposits of coarse-grained 
rough sand and crushed stone 
 

Baksan district, surrounding 
settlements of Islamey,  
h-561  m a.s.l., 
43º40'44 "N 
43º26'42 "E 

 
Besides, the method of "envelope" selected samples of various subtypes of the virgin and processed 
mounta in chernozemic soils in a layer of 0-20 cm which reflect properties of the arable and humic and 
accumulative horizons of the explored soils, se lection volume for each subtype was 16-18 samples. When 
determining places of sampling used the soil card and persona l navigator GPS MAP 60 CEX [11]. 
Classification diagnostics of the studied subtypes of chernozemic soils was performed according to 
genetic classification of soils [12]. 
 
Lying of soil cuts and sampling of virgin mounta in chernozemic soils were made within undisturbed natura l 
meadow biogeocenoses. Geobotanica l descriptions carried out on each site. Determined a protective 
covering and average he ight of herbage, specific structure and total number of species of plants, the index 
of sinantropization (a share of sinantropny types from tota l number) by A.M. Abramova's method [13]. 
 
Laboratory and ana lytical researches carried out in 3-9 multiple frequencies. The content of humus was 
determined by Tyurin's method in Nikitin [4] modification, pH of suspension (1:2,5) by e lectrometric. The 
activity of enzymes (invertase, urease, phosphatase, dehydrogenase) was determined by colorimetric and 
catalase by gasometric method by Ga lstyan's techniques in Haziyev's modification [14]. The rece ived 
indicators were estimated by the sca le by Gaponyuk and Ma lakhov [15]. The re lative total profile 
enzymatic activity was calculated according to Zvyagintsev's method [16]. 
 
The physiological activity of soil microbic biomass was established using the basal and substrate - induced 
respiration (a BR and SIR) [17]. Definition was carried out according to methodica l developments of N.D. 
Ananyeva [18, 19]. The preincubation of samples was carried out at optimum humidity of soils (60% of 
MMC) within 7 days at a temperature of 220C in plastic bags with air exchange. Quantitative ly re lease of 
carbon dioxide was defined according to A.Sh. Galstyan's technique [20]. The SIR rate was estimated on 
the rate of respiration of microorganisms after enrichment of the soil glucose (0,2 ml /g of the dry soil; a 
caption of 0,05 g of glucose) and incubations during 4 hours at a temperature of 220C. For calculations of 
content of carbon of microbial biomass (C mic) the SIR rate expressed in ml CO2 /g of soil /  in hour. Cmic 
(mkg C /g soil) = SIR (mkl CO2 /g soil /hour) � 40,04 + 0,37 [21]. The reserve of microbial biomass carbon 
in the 20 cm layer was ca lculated taking into account density of the explored soils: Cmic reserved (g /m2) 
= Cmic (mkg C /g soil) � d (g /cm3) � V, where the V - volume of the soil in a layer of 20 cm and the area of 
1 m2 = 10000 cm2. Density of soils (d (g /cm3)) defined according to state standard specification 5180-
2015. 
 
For definition and comparison of the genera l level of biological activity of various subtypes of chernozemic 
soils used a method of ca lculation of the integral index of an ecologica l and biologica l state of soils 
(IIEBSS) [22, 23]. For finding of IIEBSS the maximum va lue of each of indicators in se lection was taken for 
100%, and in relation to it expressed values of this indicator in relative percent in other samples: Bi= 
Bx /Bmax�100 of %, where Bi - re lative point of indicator; Bx - the actua l va lue of an indicator; B max - the 
maximum va lue of indicator. Then summarized re lative data of several indicators which absolute values 



 ISSUE: Multidisciplinary Science & Technology  

www.iioab.org    | Gorobtsova et al. 2019 | IIOABJ | Vol. 10 | S2 | 101-110 | 
 

103

cannot be summarized since have different units of measure: Bav. = (B1+B2 + …. Bp) /  N, where Bav. - 
average estimated point of an indicator; N - number of indicators. IIEBSS was calculated by a formula: 
IIEBSS = (Bav. /  Bav. max.) � 100%, where Bav. - average estimated point of a ll indicators; Bav. max. - the 
maximum estimated point of all indicators. At ca lculations used these activities of five studied enzymes, 
the rate of BR, reserves of humus and microbic biomass defined taking into account density of addition of 
the top horizons and therefore more precise ly the reflecting properties of the explored soils. 
 
Statistical processing of the obtained data was carried out in the Statistica-10.0 program. Reliability of 
distinction of the studied soil characteristics estimated at significance value α ≤ 0,05. 
 
RESULTS AND DISCUSSION 
 
Lying of soil cuts, sampling and the description of vegetable communities within natural biogeocenoses 
were carried out on sites, free from intensive anthropogenic influence. Respective ly this factor had no 
significant effect on the studied parameters of virgin mountain chernozemic soils that causes legitimacy of 
carrying out the comparative ana lysis of natura l and agrogenic soils. Justification of the studied natura l 
meadow wholeness bio geocenoses are the lack of a trail structure, traces of journey of agricultura l 
machinery and a pasture of the cattle and also the results of geobotanical researches which revea led high 
va lues of the general projective covering and average height of herbage, considerable specific richness of 
flora and also low leve l of sinantropization of sites [Table 2]. As a part of forb-cerea l steppe meadows of a ll 
three sites types of Festuca pratensis Huds and Elytrigia repens, characteristic of the area of researches 
dominate (L.) Desv. ex Nevski. From forb high abundance have Ga lium verum L., Sa lvia verticillata L., 
Medicago falcata L., Achillea millefolium L. Cirsium ciliatum (Murray) Moench, Carduus crispus L occur 
among sinantropny plants single copies., Urtica dioica L. 
 

Table 2: The geobotanical description of the studied natural biogeocenoses of Central 
Caucasus Mountains (in borders of Kabardino-Balkaria) 

 
Geobotanical characteristics 

of sites 
 

Sites of natural biogeocenoses 
Zolsky district, 
surrounding 

village of 
Kamlyukovo 

Baksan district,  
surrounding page 

V. Kurkuzhin 

Baksan district,  
surrounding 

village of 
Islamey 

General projective covering, % 90 100 90 
Height of herbage, cm 30 35 40 
Number of species of plants 34 30 36 
Index of a sinantropization, % 2,94 3,33 5,55 
Level of anthropogenic pressure Low 

 
Low 

 
Low 

 
 
Acid-base conditions considerably define biological activity of the soil as exert impact on chemica l 
properties of humus and the specific structure of microbia l community and a lso enzyme activity showing 
high activity in the certain range of va lues pH (the invertase is most active in acidic conditions, urease - in 
neutral, phosphatase, dehydrogenase and cata lase - in alkaline) [3, 4, 16]. Comparison of the data 
characterizing physica l and chemica l properties of the compared natural and arable mounta in 
chernozemic soils [Table 3] shows that values pH (H2O) are in limits of genetica lly caused va lues 
corresponding to neutral and a lka lescent reaction of soil solution. 
 
Density of addition of natural soils is lower, than processed. In profiles of chernozemic soils ordinary and 
typica l even in the horizon of B1 the values of this indicator <1 g /cm3 that is probably connected with 
action of powerful root system of grassy plants and a lso activity of earthworms and activity of other 
representatives of mesofauna. Va lues of density in the arable horizons can be considered close to 
optimum. 
 
Down a profile of the processed soils density natura lly increases, but even upon transition to materna l 
breed does not exceed 1,32 g /cm3 that speaks about lack of reconsolidation of the described soils as a 
result of processing. 
 
Dehumification of arable soils - well studied and conventional phenomenon. The data about decrease of 
content and reserves of humus are provided in the pla in chernozemic soils of Kabardino-Ba lkaria by us 
earlier [24-27]. The cespitose layer of natura l mounta in chernozemic soils is characterized by high (> 6%) 
humus content, however, in our opinion, it is not quite correct to compare the content of humus in the 
arable horizon and cespitose. Comparison of parameters of the arable horizon and the humus-
accumulative horizon A is more justified. 
 
The noticeable difference in the humus content between the arable horizon and horizon A is established 
only for the typica l chernozem (decrease in the arable horizon makes 24%). For chernozemic soils ordinary 
and leached quite comparable indicators are found. Ca lculations of stocks of humus in layer of 0-20 cm of 
natura l and agrogene chernozemic soils a lso speak about close values which can be characterized as 
averages: for chernozemic soils ordinary - 108 t /hectare and 110 t /hectare, chernozemic soils typica l - 
136 t /ha and 142 t /ha, leached - 117 t /ha and 112 t /ha respectively. 



 ISSUE: Multidisciplinary Science & Technology  

www.iioab.org    | Gorobtsova et al. 2019 | IIOABJ | Vol. 10 | S2 | 101-110 | 
 

104

 
Table 3: Profile physical and chemical indicators of mountain chernozemic soils of Central 

Caucasus (in borders of Kabardino-Balkaria) 
 

Arable mountain chernozemic soils Natural mountain chernozemic soils 
Depth of 

sampling of 
the soil, cm 

Content of 
humus, % 

Reserves 
of  humus, 

t/ha 

Density, 
g/cm3 

 

рН 
Н2О 

Depth of 
sampling of 
the soil, cm 

 

Content 
of humus, 

% 

Reserves 
of  humus, 

t/ha 

Density, 
g/cm3 

 

рН 
Н2О 

Ordinary chernozemic soils 
Aar. 0-20 5,3 106 1,0 7,98 А0   0-5 7,0 32 0,9 6,63 
А     20-37 4,6 86 1,1 7,95 А    5-18 5,8 68 0,9 6,83 
АВ   37-57 4,3 102 1,2 7,97 АВ 18-33 5,0 69 0,9 7,42 
В1    57-76 4,0 99 1,3 8,05 В1  33-47 3,4 48 1,0 7,62 
Вса  76-104 2,6 95 1,3 8,05 Вса  47-84 3,0 122 1,1 7,64 
ВС  104-140 2,2 94 1,3 8,03 ВС  84-110 2,4 75 1,2 7,63 

Typical chernozemic soils 
Aar. 0-20 5,9 142 1,2 6,95 А0  0-6 9,3 45 0,8 6,42 
А      20-46 5,1 146 1,1 7,52 А   6-26 7,8 125 0,8 6,86 
АВ   46-67 3,7 86 1,1 7,98 АВ 26-50 3,7 80 0,9 7,05 
В1    67-90 2,5 69 1,2 8,21 В1  50-73 2,4 50 0,9 7,80 
Вса   90-140 2,0 130 1,3 8,25 В2  73-110 2,1 93 1,2 8,28 
ВС   140-180 2,0 104 1,3 8,56 ВС 110-140 2,0 72 1,2 8,06 

Leached chernozemic soils 
Aar. 0-20 5,1 112 1,1 7,80 А0   0-5 6,5 33 1,0 7,12 
А      20-38 2,2 48 1,2 8,07 А    5-30 5,1 140 1,1 7,86 
АВ   38-64 2,1 66 1,2 8,26 АВ 30-50 3,0 66 1,1 7,97 
В     64-88 1,2 37 1,3 8,33 В    50-84 1,6 60 1,1 8,33 
ВС  88-120 1,1 46 1,3 8,52 ВС  84-130 1,0 51 1,1 8,35 

 
Decrease in humus content down a profile for all described soils (except for the agrochernozem leached) 
has similar character. Upon transition from A0 horizon to the horizon A (in natural soils) and a lso Aar. to 
the horizon A (in processed) the change of indicators comes for 13-22%. Sharper decrease (rather 
overlying horizon) is noted in a middle part of a profile (be low AB horizon) where it makes 32-47%. It 
should be noted that in a profile of natural and arable chernozemic soils ordinary below the horizon of B1 
the differences in sizes of the described indicator are less, than in the top horizons. In chernozemic soils 
typica l similar va lues take place already in the horizon of AB and further down a profile. In ordinary and 
typica l chernozemic soils - both virgin, and arable, rather high content of humus is observed even upon 
transition to maternal breed. It indicates existence of an organic substratum and activity of microbiological 
and biochemica l processes and a lso zoogene transfer of organic substance down a profile. The set of 
biological processes and also mechanical transfer of organic substance forms the stretched humic profile 
of mounta in chernozemic soils. 
 
In a profile of the mounta in agrochernozem leached there is sharp decrease in humus content (more than 
twice) in the subarable horizon owing to what the data characterizing humus condition of the horizons of A 
and AB practically coincide. In a profile of the virgin leached chernozem so noticeable difference in the 
humus content between the top horizons is not observed. Below the horizon of AB the differences in 
va lues of this indicator in virgin and arable soils are leveled and in the horizon of BC make about 1%. 
Therefore, it is possible to make the assumption that sharp reduction of contents (and a stock) humus in 
the subarable horizon of this subtype of the chernozem is connected with its processing. Clarification of 
the reason of so sharp falling demands a separate deta iled research as it is not quite clear - whether 
noted feature is typical for arable mounta in leached chernozemic soils and a lso - whether it is connected 
with high content of mobile humic fractions in these soils. 
 
Ca lculation of profile reserves of humus showed that in the compared couples of agrogene and virgin 
mounta in chernozemic soils ordinary (respective ly 583 t /  ha and 413 t /ha) and typica l (677 t /ha and 465 
t /ha) this indicator is higher than in the processed soils. The great va lues of density of addition 
established for a ll horizons of agrochernozemic soils and a lso more powerful profile of arable chernozemic 
soils ordinary and typical are the reason. Humus stocks in mounta in chernozemic soils leached make for a 
profile of the arable soil - 309 t /ha, and virgin - 350 t /ha that, at comparable va lues of density and power 
of leached chernozemic soils, is a consequence of lower humus content in a ll profile of the 
agrochernozem.  
 
Along with the profile researches selections of soil samples in a layer of 0-20 cm of natura l and arable 
chernozemic soils were made. According to the obta ined data, the average content of humus (the volume 
of selection of 16-18 samples for each subtype) in the processed chernozemic soils ordinary is 
5,28±0,52%, in virgin - 8,05±0,49%; in chernozemic soils typica l - 7,27±0,54% and 9,76±0,96%; in 
leached - 6,41±0,69% and 8,50±0,93% respective ly. The given average values of the considered indicator 
a llow judging the direction of process of change of humic state of the arable horizons of mountain 
chernozemic soils, in comparison with natura l ana logs. The decrease in humus content by 25-34% 
statistically significant (t> 2,3 is established; p <0,04) for all subtypes, therefore, around a research humic 
degradation of the arable horizons of mounta in chernozemic soils takes place. 
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Cata lytic activity of soil enzymes is a traditiona l indicator of biologica l activity of the soil. The analysis of 
the obtained data confirms low activity of the studied enzymes in the processed mounta in chernozemic 
soils. [Table 4] of the explored territories. In the arable horizons absolute va lues correspond to average 
and weak leve ls [15]. The exception is made by the urease showing high activity up to mounta ins of B1 in 
a profile of the agrochernozem ordinary that can be a consequence of recent introduction of nitrogen 
fertilizers. With a depth the activity of a ll enzymes gradually decreases, but, as a rule, remains (though very 
weak) even upon transition to materna l breed. 
 
Comparison of absolute values of activity of enzymes in the natura l and processed soils shows that activity 
of the oxidoreductases (catalase and dehydrogenase) participating in oxidation-reduction processes of 
synthesis of humic components changes as a result of agricultura l influence to a lesser extent, than 
behavior of hydrolytic enzymes. Data are in limits of one category of activity, or decrease (in comparison 
with horizon A of virgin soils) from average - to weak or from weak - to very weak. Presumably, the aeration 
of the arable horizon of the soil happening when processing to some extent influences functioning of 
oxidoreductases therefore falling of the ir activity is not so essential compared to the representatives of 
hydrolase. Other authors investigating change of activity of soil enzymes under the influence of a complex 
of agrogene factors [1, 14, 28] also came to similar conclusions. 
 
Table 4: Profile enzymatic activity of arable and virgin mountain chernozemic soils of Central 

Caucasus (in borders of Kabardino-Balkaria) 
 

Depth of 
sampling of the 

soil, cm 
 

Dehydrogena
se, 

mg TFF 
/10g/24h 

 

Catalase, 
ml O2 

/1g/1min 
 

Invertase, 
mg glucose 

1g/24h 
 

Urease 
mg NH3 /10 

g/ 24 h 

Phosphatase, 
mg P2O5/100g 

/ 1h 
 

Arable chernozem ordinary 
Aar. 0-20 10,7 3,1 5,5 37,0 10,0 

А       20-37 11,6 2,1 3,6 33,1 8,6 

АВ    37-57 8,8 2,6 2,0 30,3 8,5 

В1     57-76 8,4 1,8 1,4 30,1 6,0 

Вса   76-104 6,2 1,3 1,6 18,0 5,6 

ВС    104-140 1,4 0,2 0,4 4,9 3,4 

Virgin chernozem ordinary 

А0     0-5 15,6 8,8 36,0 51,9 17,4 

А       5-18 9,3 8,8 13,1 31,2 14,4 

АВ    18-33 6,4 5,6 5,9 9,3 15,3 

В1     33-47 3,9 5,7 2,6 7,0 13,8 

Вса   47-84 2,4 2,7 1,5 5,4 7,8 

ВС    84-110 0,5 0,4 0,5 3,7 3,5 

Arable chernozem typical 

Aar. 0-20 2,0 5,1 9,4 14,6 13,3 
А      20-46 1,6 2,1 3,8 4,4 7,5 

АВ   46-67 1,4 2,0 2,8 1,1 5,8 

В1    67-90 1,1 0,2 1,7 0,6 4,9 

Вса   90-140 0,9 0,2 1,6 0,5 4,8 

ВС   140-180 0,2 0,2 0,8 0 1,3 

Virgin chernozem typical 

А 0   0-6 2,7 5,7 28,7 15,4 18,0 

А      6-26 2,5 5,0 15,8 11,5 11,4 

АВ   26-50 2,2 4,3 7,2 10,5 8,7 

В1   50-73 2,3 3,5 4,4 5,1 5,0 

В2   73-110 2,0 3,3 3,7 1,1 5,1 

ВС   110-140 1,1 2,8 3,5 0 4,4 

Arable chernozem leached 
Aar. 0-20 3,6 5,2 11,1 29,6 12,4 
А       20-38 1,7 1,4 2,5 15,2 6,3 
АВ    38-64 1,3 1,0 2,1 14,3 5,6 
В       64-88 0,4 0,2 2,0 1,2 5,3 
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ВС    88-120 0,3 0,1 2,0 0,6 5,4 
Virgin chernozem leached 

А0     0-5 4,1 6,7 18,7 23,6 18,4 
А       5-30 3,4 6,3 10,9 15,5 10,5 
АВ    30-50 3,2 4,9 5,5 14,7 7,9 
В       50-84 0,7 2,6 4,4 2,1 5,4 
ВС    84-130 0,5 1,5 4,3 1,5 4,4 

 
Differences of activity of hydrolytic enzymes in soils agro-and biogeocenoses are shown more and are 23-
84% in the top horizons. Invertase cata lyzes reactions of decomposition of sucrose to glucose and 
fructose - the substances which are a power source and carbon for plants and microorganisms. She shows 
average activity in the cespitose horizons of natural soils which decreases down a profile - to weak and 
very weak. In the arable horizons the invertase activity is weak, and down the profile of agrogene soils is 
very weak. 
 
Phosphatase plays an important role in reactions of phosphoric exchange as mobilization of the 
phosphorus fixed in organic substances before the connections ava ilable to plants, is carried out by rather 
narrow group of the microorganisms producing specific enzymes - phosphatases [16, 4, 14, 29]. Profile 
dynamics of this enzyme both in natura l, and in the processed chernozemic soils is similar to invertase. 
 
However not a ll obtained data keep within the scheme of the unambiguous decrease in enzymatic activity 
which resulted from agricultural use. For example, in chernozemic soils leached the activity of urease in 
the arable horizon is slightly higher, than in the cespitose horizon of the natura l soil, and down a profile of 
the compared soils absolute datas of urease activity practically coincide. Dynamics of activity of urease 
and in a profile of the agrochernozem ordinary where its high rates in the arable soil rema in to horizon BCa 
is non-standard and also is even surpassed by similar characteristics of the natura l soil. This enzyme 
participates in processes of regulation of nitric exchange, catalyzing decomposition of urea on ammonia 
and carbon dioxide that makes urea nitrogen available for plants and microorganisms [30]. In the 
presence of a substratum (minera l fertilizers) the cata lytic role of urease increases that, perhaps is the 
reason of its activization in arable chernozemic soils ordinary and leached.  
 
To track more general regularities in change of biochemical activity of mountain chernozemic soils when 
agrousing, the va lues of relative tota l profile enzymatic activity were calculated. When comparing genetic 
ana logs of virgin and arable soils it is established that indicators of tota l profile activity of enzymes in the 
natura l chernozem typical are 23% higher, in leached - for 29%. In chernozemic soils ordinary the return 
ratio is observed. In a profile of the virgin soil the tota l activity of enzymes is lower, than in arable for 22%. 
The high activity of urease and a dehydrogenase in a middle part of a profile and also the big power of the 
agrochernozem ordinary is the reason of the received result.  
 
The provided data say that influence of arable impact on activity of soil enzymes has ambiguous character. 
In general, processes of decrease of the activity of enzymes, both in arable, and in the underlying horizons 
of the processed soils prevail. However, in some cases activization of separate enzymes is observed which 
reasons it is difficult to establish within this work. The numerous materia ls of various authors analyzed by 
Haziyev and Gulko [30] specify that influence of agroecologica l factors on processes of biologica l 
circulation in the soils-plant-micro-organisms system possesses multidirectiona l action. In particular, it is 
noted that application of fertilizers leads to activization of hydrolysis of carbohydrates thanks to temporary 
creating favorable conditions for re lease of the enzymes connected with rece ipt and processing of a 
substratum. Despite a difficult picture of manifestation of various enzymes activity in profiles of natura l 
and arable mounta in chernozemic soils, this part of a research is necessary for determination of the 
genera l level of their biological activity and its change under the influence of a complex of agrogene 
factors. 
 
The enzymatic activity of soils is very closely connected with functioning of soil microbic biomass therefore 
determination of microbiological parameters of the explored soils was a part of a research. The efficiency 
of use of respiratory indicators of microbiologica l activity when comparing of the natural and 
anthropogenic changed soils is confirmed by many authors [21, 2, 31, 32]. Application of the approach 
recommended by them a llows defining extent of change of physiologica l activity of soil microbic biomass, 
relying on comparison of indicators of a BR and SIR rate of the explored soils [Table 5]. The indicators of 
intensity of BR characterizing the course of background breath of soil microbic biomass in profiles natura l 
typica l and leached chernozemic soils are quite close. The maximum va lues are tipica l of the for upper 
horizons, however a certa in makes 62-53% respective ly respiratory activity of a soil microbiota rema ins 
a lso upon transition to maternal breed, and decrease, in comparison with the most biogenous horizon A0. 
The profile of the natura l mountain chernozem ordinary is a llocated with the highest values of speed of BR 
up to horizon BCa. The considered indicators of this soil (a BR, SIR, Cmic) are significantly higher, than 
similar parameters of other subtypes of natura l mounta in chernozemic soils. Possibly, the submitted data 
reflect features of the concrete soil, but not this subtype in general. Average va lues of speed of BR in the 
top horizons (0-20 cm) of various subtypes of natura l mountain chernozemic soils calculated on the basis 
of volume selection say that the distinctions established at the leve l of a subtype are not statistically 
significant (t <1,53; p˃0,16) for mounta in chernozemic soils. Chernozemic soils ordinary are characterized 
by BR rate = 11,5 ± 1,3 mkg СО2 /1г /h; chernozemic soils typical - 13,9 ± 1,9 mkg СО2 /1г /h; 
chernozemic soils leached - 8,6 ± 1,4 mkg СО2 /1г /h.  
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Va lues of rate of BR in profiles of arable mountain chernozemic soils are quite comparable: indicators 
gradua lly decrease down a profile, but a certain respiratory activity rema ins a lso in horizon BC. The 
maximum decrease, by comparison of absolute measures of the humic accumulative and arable horizons, 
is established for the ordinary chernozem (77%) that is expla ined by the BR high absolute values in the 
virgin soil. Easing of a BR in of intensity the similar horizons of typica l and leached agro chernozemic soils 
makes according to 26% and 37%. As shows a deta iled research of the top horizons, these values more 
reflect the extent of change of the considered parameter of biologica l activity in arable soils. 
 
Determination of average va lues of BR rate in the arable horizons on the basis of volume se lection showed 
statistically significant decrease in this indicator (t> 3,8; p <0,001) for 29-52% in agrogene soils. BR rate 
in the arable chernozem ordinary is 5,5 ± 0,8 mkg СО2/1г/h; typical 5,8 ± 0,7; leached 6,1 ± 0,8 mkg 
СО2/1г/h. The submitted data indicate essentia l decrease in background respiratory activity of the soil 
microbic biomass which resulted from under agricultura l influence. 
 
SIR rate characterizing the potentia l of physiological activity of microbic biomass of the soil with surplus of 
a substratum and optimum conditions of temperature and humidity a lso shows the highest va lues in a 
profile of the virgin chernozem ordinary that, is possibly feature of the considered profile as other subtypes 
of natural mounta in chernozemic soils are characterized by lower and close profile indicators. Aar., in 
comparison with the horizon A, makes decrease in intensity of SIR in the horizon: in the ordinary 
chernozem of 54%, in typica l - 49% and in leached - 41% that confirms reduction of potential physiological 
activity of microbic biomass in arable soils, in comparison with natural. 
 
Table 5: Profile microbiological indicators of arable and virgin mountain chernozemic soils of 

Central Caucasus (in borders of Kabardino-Balkaria) 
 

Depth of 
sampling, cm 

Rate of BR, 
mkg 

СО2/1g/h 
 

Rate SIR, mkg 
CO2/1g/h 

 

Cmic, mkg 
C / 1h 

 

Cmic 
reserves, 

g/m2 
 

Arable chernozem ordinary 
Aar.   0-20 4,4 37,1 1487 309 

А        20-37 3,8 35,8 1434 254 
АВ      37-57 3,6 31,2 1250 295 
В1       57-76 3,7 30,3 1212 288 
Вса     76-104 3,1 23,4 937 338 
ВС      104-140 3,1 9,6 386 183 

Virgin chernozem ordinary 
А0       0-5 18,2 121,9 4882 215 
А        5-18 16,2 79,8 3193 374 
АВ     18-33 13,8 71,5 2863 395 
В1      33-47 8,7 53,2 2129 286 
Вса     47-84 9,2 45,8 1834 747 
ВС     84-140 2,8 32,0 1282 825 

Arable chernozem typical 
Aar.   0-20 5,1 23,1 925 222 
А        20-46 3,4 13,8 496 146 
АВ     46-67 2,4 12,4 551 126 
В1      67-90 3,0 5,5 221 60 
В2      90-140 2,5 2,8 111 70 
ВС     140-180 1,0 2,0 81 16 

Virgin chernozem typical 
А0      0-6 7,8 68,8 2755 134 
А       6-26 6,9 45,4 1818 302 
АВ    26-50 5,3 44,0 1762 364 
В1     50-73 5,4 26,5 1061 131 
В2     73-110 4,1 18,3 733 317 
ВС    110-140 3 15,0 601 216 

Arable chernozem leached 
Aar.  0-20 4,9 25,4 1817 223 
А        20-38 4,6 28,9 1157 246 
АВ     38-64 4,0 27,5 1102 344 
В       64-88 3,0 24,8 1016 297 
ВС     88-120 2,9 11,0 441 181 

 Virgin chernozem leached 
А0     0-5 9,8 52,3 2093 108 
А       5-30 7,8 43,0 1722 460 
АВ    30-50 6,4 26,6 1065 230 
В       50-84 5,5 16,0 643 243 
ВС    84-130 4,6 13,1 523 270 

 
Content of carbon of microbic biomass (Cmic) is calculated on the basis of data of SIR and is the re liable 
indicator serving as the standard index when determining qua lity of the soil [33]. Smik is a live and 
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functioning part of carbon of the soil thanks to which there is a transformation of a ll complexes of organic 
substances of the soil. High content Cmic (> 1000 mkg C /g of the soil) is observed in a ll horizons of the 
virgin chernozem ordinary (up to maternal breed) and in the top ha lf of a profile typica l and leached. These 
contents Cmic in a profile of typical and leached agrochernozemic soils, though are inferior to the natura l 
ana logs on absolute va lues, belong to the category high, up to the lower part of a profile where they 
correspond to average and low values. 
 
To establish degree of difference between virgin and arable soils according to contents Cmic in a layer 0-
20 cm a llow the average sizes calculated on the basis of data of volume se lection. In natura l mounta in 
chernozemic soils ordinary Cmic makes 1926±358 mkg C /g, in arable - 1239±142 mkg C /g; chernozemic 
soils typica l according to 1660±96 mkg with head and 1150±91; chernozemic soils leached - 1681±146 
mkg C /g and 1210±121 mkg C /g. Average values speak about high content Cmic in a ll studied soils, 
neverthe less, it is established statistically significant (t> 2,65; p <0,001) decrease in a microbic indicator 
in the arable horizons for 28-36%. 
 
The data characterizing the stocks of Cmic ca lculated for a ll profile of the explored mounta in chernozemic 
soils give the chance to compare the studied soils by this quantitative microbic index. Among natural 
mounta in chernozemic soils the chernozen is in the lead (2842 g /m2), follow it typica l (1543 g /m2) and 
leached (1311 g /m2). Among mountain agrochernozemic soils: ordinary (1667 g /m2); leached (1290 
g /m2) and typica l (644 g /m2). Thus, the greatest decrease Cmic (58%) is established for the typica l 
mounta in chernozem, the difference between chernozemic soils ordinary (decrease by 42%) and the 
minimum change of profile contents Cmic in the leached agrochernozem (18%) is slightly less. Change of 
profile indicators is connected with essentia l decrease in intensity of SIR (and as a result of contents and 
stocks Cmic) in the arable horizons, in comparison with humus-accumulative. These indicators decreased 
on average by 48%. 
 
As appears from the submitted data, formation of biologica l activity in profiles of both natural, and arable 
mounta in chernozemic soils - difficult and multidirectiona l process. The considered components of 
biological activity of mounta in chernozemic soils show various profile dynamics and ambiguously react to a 
complex of agroecologica l factors. The arable horizons bear the maximum agrogene load, and extent of 
change of the ir biological indicators can be tracked on the basis of bigger selection, based on average 
va lues of the considered parameters. Apparently from the obtained data [Table 6], in the arable horizons 
of mounta in chernozemic soils all controlled indicators in a varying degree decreased. 
 
To establish the genera l leve l of biologica l activity of the explored soils and to estimate its change in result 
of long-term arable influence, it is necessary to integrate a ll studied parameters of biologica l activity into 
uniform estimated criterion. For performance of this task the profile IIEBSS of virgin and arable 
chernozemic soils are defined. Besides by IIEBSS which characterize biological activity of the arable and 
humus and accumulative horizons (0-20 cm) of the processed and natura l soils are ca lculated. At 
ca lculations data of humus stocks (which consider also density of various horizons of the studied soils), 
rate of BR, reserves Cmic (SIR considering rate, contents Cmic and density of soils) and activity of five 
studied enzymes were used. The IIEBSS profile values of various subtypes of natural and agrogene 
mounta in chernozemic soils are presented in the [Fig. a]. 
 
Table 6: Decrease in average values of biological activity (for % of rather natural analogs) in 

the arable horizons (0-20 cm) of various subtypes of mountain chernozemic soils of Central 
Caucasus (in borders of Kabardino-Balkaria) 

 
Content of 

humus 
 

BR rate 
 

Rate SIR and 
content 

Cmic 

Dehydroge
nase 

Catalase Invertase 
 

Urease 
 

Phosphatase 
 

Ordinary chernozemic soils 
34 52 36 51 20 67 63 45 

Typical chernozemic soils 
26 58 31 28 27 51 51 48 

Leached chernozemic soils 
25 29 28 44 20 57 72 41 

 

Fig. IIEBSS (%): a) profiles of natural and arable mountain chernozemic soils; b) natural and arable mountain 
chernozemic soils in a layer of 0-20 cm: 1. mountain chernozemic soils ordinary; 2. mountain chernozemic soils 
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typical; 3. mountain chernozemic soils leached. Scale of assessment of the IIEBSS level (%): up to 20% - very 
low, 21-40% of low, 41-60% average, 61-80% of high, 81-100% very high [22]. 
…………………………………………………………………………………………………………………………… 

 
The chart reflects rather equal and high va lues of IIEBSS (˃ 80%) for a ll studied soils. Differences in 
IIEBSS va lues between profiles of agrogene and natural soils are practica lly absent. Essentia l differences 
at the leve l of a subtype between the explored soils are a lso not shown.  
 
Noticeable easing of biologica l activity (for 16-43%) is established in the arable horizons (0-20 cm) of a ll 
subtypes of mountain chernozemic soils [Fig. b]. Comparing the data characterizing biological activity in 
the top horizons and in all a profile of natura l and agrogene mounta in chernozemic soils it is possible to 
come to a conclusion that the ma in changes of biological properties happen in the arable horizons, and 
down a profile indicators are gradually leve led. Therefore by consideration of tota l profile biological activity 
the differences between its leve l in arable and natural mountain chernozemic soils are leve led and the 
IIEBSS profile va lues practica lly do not differ. 
 
The research of indicators of biologica l activity of various subtypes of mounta in chernozemic soils a llows 
tracking the ir profile dynamics in the conditions of natural and agricultural biogeocenoses. It is established 
that the compared virgin and arable chernozemic soils have common features of change of indicators of 
biological activity. The most biogenous are the top horizons, the horizon of A0 are in the lead in natura l 
soils on the content of humus, microbia l indicators, enzymatic activity. Down a profile absolute va lues of 
indicators decrease, but a lso upon transition to maternal breed the biologica l activity remains both in 
natura l, and in agrogene soils. In spite of the fact that in a profile of the natura l chernozem ordinary a 
number of indicators are higher, than in other subtypes of natural soils, the level of profile biologica l 
activity expressed through IIEBSS differs slightly (for 14-16%). The profile biological activity of various 
subtypes of arable mounta in chernozemic soils also is approximately at one leve l. 
 
The most essential distinctions of controlled parameters and the genera l leve l of biologica l activity are 
established for the top horizons of natura l and arable soils. This conclusion is based not only on results of 
profile researches, but also on the average values characterizing the top horizons (0-20 cm) of virgin and 
the processed mounta in chernozemic soils rece ived on the basis of se lection of 16-18 samples for each 
subtype. It is revea led that in the arable horizons there was a decrease in a ll studied indicators by 23-67%. 
The established distinctions (except catalase activity (t <1,57; p> 0,13) are statistically significant (t> 
2,07; p <0,03). On sensitivity to arable influence the considered parameters of biologica l activity can be 
built in the following row: activity of urease (decrease on average by 62%)> activity of invertase (for 58%)> 
BR rate (for 46%)> activity of phosphatase (for 45%)> activity of dehydrogenase (for 41%)> the SIR rate 
and contents Cmic (for 32%)> the humus content (for 28%)> activity of cata lase (for 22%). 
 
CONCLUSION 
 
Comparing the data characterizing biological activity in the top horizons and in a ll a profile of na tura l and 
agrogene mountain chernozemic soils it is possible to come to a conclusion that the ma in changes of 
biological properties happen in the arable horizons, and down a profile indicators are gradua lly leve led. 
Therefore, by consideration of total profile biologica l activity the differences between its level in processed 
and natura l mounta in chernozemic soils are leve led and the IIEBSS profile va lues practica lly do not differ. 
At the same time IIEBSS, characterizing biologica l activity of the top horizons, decreased in arable soils on 
average by 28%. A conclusion follows from a ll aforesa id that despite long-term arable use, the mounta in 
chernozemic soils created in a be lt of meadow steppes and steppe meadows under the influence of 
bioclimatic conditions of the Elbrus option of zonation keep the high natural potential and rema in highly 
productive soils. The established decrease in biological activity of the arable horizons indicates the need of 
continuous monitoring of the state of arable mounta in chernozemic soils a llowing controlling intensity and 
the direction of processes of their change under the influence of a complex of agrogene factors. 
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ABSTRACT  
 
The society is growing and leading to increasing demand for relations between people and people. However, genital warts is one of many 
social diseases have been caused by deviant lifestyles or some unavoidable reasons. It is said that this is the disease that the patients have 
to suffer and quietly seek for themselves a good place to treat or an effective therapy to cure the symptoms of genital HPV infection. In 
addition to the modern therapies, traditional ones have been applied as a savior of many pieces of life and have brought to bear this 
annoying disease. The paper is based on research paper as well as the survey data of 50 patients who are living in Ho Chi Minh City. Thanks 
to the analysis method of Hancock by the time of September up to November of 2018, this research found out some great ways that can help 
to improve people‟s health. From then on, some implications have been recommended with the purpose to make our life a better place and 
to contribute to the development of the country. 
 
 

INTRODUCTION  
 
Human papillomavirus or HPV is an infection that is passed between people since it is a sexually 
transmitted virus through skin-to-skin contact. Over one hundred varieties of HPV have been passing 
through sexual contact and can affect people‟s health. Nowadays, with the development of science and 
technology, this disease has been treated by many different measures. Health facilities can use a variety of 
treatments such as laser burns, surgery, chemotherapy, etc. to remove   papillae. However, there are 
patients who do not have recurrent but some papilloma will grow back [1,2]. 
 
HPV AND ITS MECHANISM OF SPREAD 
 
Rather different from HIV and HSV (herpes zoster), HPV is the most common sexually transmitted infection. 
It is so common that almost all sexually active men and women get sick at some point in their lives. About 
15 types of viruses are listed as being at risk for human health. The two most common types are HPV-16 
and HPV-18, which can penetrate deep into the cervix (3-10%), changes the uterine tissue and causes 
cervical cancer. In addition, HPV can also cause vaginal cancer, vulvar cancer, anal cancer or penile 
cancer. Less toxic, HPV-6 and HPV-11, can cause 90% of genital warts. The mild type of warts on the 
hands are (HPV-2) and the feet are (HPV-1) [2].  
 
Nowadays, there are vaccines that can prevent health problems that people are concerned about. In 
sexually transmitted diseases diagnosed in public health facilities, Human Papilloma Virus accounts for 
the highest proportion. The highest incidence is from 15 to 49 years old. After each year, the number of 
new cases increases by about 10%. There are many causes for this including the sense of prevention in 
the community, personal neglect in sexual intercourse with new partners, improper use of condoms since 
condoms cannot completely prevent sexual diseases. In addition, there is an increase in cases of oral sex 
and anal sex without condoms, some people are infected with latent disease and often go to doctors in the 
low quality facilities in order to achieve effective treatment thoroughly [3].  
 
A person can get HPV during oral, vaginal, or anal sex with a person since it usually spreads during vaginal 
or anal sex without any signs or symptoms. Anyone who has sex can get HPV, even if they have sex with 
only one person. They can get the symptoms many years after having sex with an infected person so it is 
difficult to know when they first got infected. Currently, some clinics do not usually tell the truth about the 
disease and even after the treatment. There are a number of sites on the network advertising the 
traditional medicine to cure HPV within a few days to a week out, they advised patients should consider 
carefully before the examination or treatment. Because the effect of traditional medicine is not so fast and 
does not have a cure for HPV completely. So, patients should not be so bewildered, hurry, but find 
themselves a reliable "gold" address, listen to the doctor's advice to understand and peace of mind in the 
treatment. But this disease will not be a concern for many people. It is just a common disease in the world 
although it has rapid spread and can develop into cancer [2].  
 
Vietnam has a very high population. The anal and oral sex of many people can lead to the appearance of 
HPV which appear in these two positions. Accordingly, for men, the location usually occurs in the foreskin, 
the penis and the scrotum. For females, the appearance of the lips often occurs on the sex organs, the 
hooves, around the urethra, the perineum, the vagina. In addition, both sexes may be at the bottom of the 
pelvis, anus, rectum, urethra, bladder and pharynx. Doctors recommend that oral sex can cause other 
sexually transmitted diseases such as gonorrhea, syphilis, hepatitis B, HIV, and other infections. Although 
the disease can be cured properly but experts say that HPV disease is easy to relapse and cannot be cured 
completely. If it is not detected and treated promptly, or if it is not treated properly, the disease will 
become more severe, causing ulcers, bleeding, or even severe illness that can lead to infection, sexual 
intercourse or other conditions.  
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For this disease, the patient usually has no symptoms unless the masses make the patient feel 
uncomfortable feeling or when the infection is causing minor pain, because HPV has time. The incubation 
may last from 2 to 9 months. Initially, the disease is characterized by small papules, pink papule or pinkish 
white. They grow progressively, are like flowers of cauliflower or a strawberry, initially only small with the tip 
of a pin, later it can be apple size, soft density, rugged surface. The rash may be dry or slippery, with foul 
odor due to rubbing and superinfection. The number of papules is sometimes only a few lesions, but is 
usually concentrated in clusters. 
 
In most cases, HPV will cure itself and not cause any health problems. When HPV does not heal, it can 
cause health problems like herpes and cancer. Herpes is usually like a small lump or a group of lumps in 
the genital area. These lumps may be small or large, prominent or flat, or shaped like broccoli. Regular 
caregivers can diagnose herpes by examining the genital area. 
 
“Does HPV cause cancer?” may be a question many patients like to know the right answer. Yes, it can 
cause cervical cancer and other cancers including vulvar, vaginal, penis, or anal cancers. It can also cause 
cancer in the back of the throat, including under the tongue and tonsils (called oral cancer of the mouth). It 
usually occurs every year, including decades, after being infected by HPV. However, there is no way to 
know who is infected with cancer or other health problems. People with weakened immune systems may 
be less likely to get rid of HPV and may have health problems, including those with HIV / AIDS [2]. 
 
COMPARISION OF TRADITIONAL MOETHODS AND MODERN METHODS 
 
Viet Nam is a country where many patients are suffering from this disease, people still do not have much 
knowledge related although Western medication is widely used by many people for their effective 
treatment and prevention of re-infection by its prominent advantages. Advanced techniques to accurately 
assess the level of inflammation and provide a good basis for treatment. The first benefit is painless, 
leaving no scar with the combination of anesthetic.  
 
With traditional healing remedies for this difficult disease, it is said that the patients are wise to take the 
traditional one because of its high therapeutic potential and it takes less side effects for the body. This is a 
method that many people consider effective when treated with Western medicine. Very trivial items such 
as banana peel, apple cider vinegar or turmeric can also be treated [4]. 
 
The first is the use of banana peels. It contains a lot of antibacterial, inflammatory, acne boil so it is quite 
suitable for treatment of the disease. This method has been applied and has its unexpected effects before 
Western medical therapy is applied in modern society. Although the effectiveness of this method requires 
patience because the patient takes a lot of time to treat, but if persist, the effect is very positive. Every day, 
just rub the banana peel into the affected area, the nodules will disappear after a few weeks onwards. 
 
Apple cider vinegar is also mentioned as containing a therapeutic method because it contains a high level 
of natural acidity, which is worn down and worn off after a period of treatment. Patients also have to be 
patient and not hurriedly rushed. The disadvantage of apple cider vinegar is its ability to erode the skin if 
used for too long and potentially damage the diseased skin. 
 
Considered as a spice, garlic is very familiar but is also a very effective herbal treatment. With abundant 
antibiotic allicin, garlic can inhibit the HPV virus very well. Just take a small amount of garlic, beat out and 
put in the right position, the nodules will gradually disappear. 
 
Turmeric is also considered as a very good spice and a relief for the sick. When turmeric powder mixes well 
with the coconut oil to form a paste mixture and apply to the nodules for a certain time, the nodules will 
fall off. This is a folk remedy to cure HPV at home for patients. It is quite effective and very safe since it can 
limit the damage to the skin and especially not cause side effects such as the use of drugs to treat the 
disease. 
 
However, it is said that the traditional remedy is just a way to limit the development of the disease and can 
prevent it from growing worse, but cannot definitely have good result because the disease can recur after 
a certain time. Yes, we understand that it is not easy to treat the disease, but traditional methods today 
are widely believed and applied. However, depending on the severity of the disease, there are different 
treatments. Besides, patients can apply directly to nodules, or they can apply a thin aloe leaf to the skin. It 
should be noted that each of the skin should cover a different piece of aloe vera, avoid rubbing back and 
forth to spread disease. 
 
What does science say about tips to cure genital warts? More and more people choose to treat the genital 
warts with traditional therapy because it is confidential, simple, safe and can fit many people. However, 
many experts say that these tips cannot cure genital warts thoroughly. Because this disease may develop 
from the inside so the patients need to go to a reputable clinic or medical institution to treat the underlying 
disease. 
 
The treatment of genital warts with traditional medicine can only limit the nodules on the skin while the 
germs that grow silently inside cannot be destroyed. In addition, we can now treat genital warts with 
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Oriental medicine since it brings amazing results. The more advanced the human, the more hopeful it is for 
modern methods of curing genital warts (Western medicine, electricity, laser ...), but then many people 
have to be disappointed. There are people who use only Oriental medicine in a couple of weeks have cured 
the genital warts. They began to doubt and wondered: "What is the better method?" 
 
Yes, all comparisons are limp, we cannot say if Oriental medicine is good or Western medicine is not good. 
However, we can only say that it depends on your health condition. 
 
Although the cure of this disease by Oriental medicine or Western medicine, the general rule should be 
that what we need is to thoroughly destroy the HPV. Causes of the disease are many, but the common 
cause is caused by HPV. Therefore, if we want to treat the root of genital warts, we must destroy this virus 
rather than reduce the swelling, flaking the acne. 
 
In general, most Western methods now treat necrotic and osteoarthritis, and at the same time inhibit the 
growth of pustules. Eastern medicine, in turn, focuses on in-house treatment, which means that it excretes 
HPV out of the body, helping to cure it. That is why more and more people believe and turn to cure this 
disease with Oriental medicine. 
 
Oriental medicine from the past to focus on the root cause while improving the health of people, so it is 
considered a safe choice for patients. Oriental herbs (specifically Oriental herbs) are not for the purpose of 
destroying the HPV virus, effectively treating it and its origin. 
 
If the patient has fully applied the Western medicine methods but still has not survived, or fear of suffering 
the modern methods can completely believe in Eastern medicine can cure HPV. Oriental medicine does 
not cause pain, simple treatment and especially bring long-term effectiveness, if the patient has the 
appropriate treatment will cure in a short time [5]. 
 
COMBINATION OF TRADITIONAL MOETHODS AND MODERN METHODS 
 
By combining both Eastern and Western approaches, this treatment takes good effect but still ensures 
that the patient minimizes the risk of side effects from Western medicine, then increases the resistance 
and immune system to the body. The patients should go to the clinic to know what treatment should be 
treated. Scientists believe that the use of drugs is the first treatment of this disease. Patients may use gel 
or water-based medication to spot the nodules, combining the use of antiretroviral drugs [1]. 
 
Because the level of injury in each person carrying the disease is not the same, the drug and the dosage 
used are not the same. Therefore, the sick person must abide by the treatment regimen of doctors, take 
the right medicine, the right dose, absolutely do not buy drugs or use other people's medications. 
 
Opposite to traditional therapy, there is debate and skepticism about how to cure HPV by traditional 
methods because it can only limit the signs of disease. With this method, the nostrils only fall away, not to 
prevent the virus root. And to avoid that pain, the method of treating HPV by laser therapy is considered as 
an effective solution because the advantage is to prevent the skin from scratches with the disadvantages 
that the nodules are still possible to reappear [3]. 
 
In addition to the Western methods, people still believe in the Oriental medicine because it is easy to 
apply, simple and capable of home treatment. However, medical investigators have found that the 
treatment of papilloma with Oriental medicine is not possible [4]. All of these methods use detoxification 
medication, only the ability to avoid swelling inflammation, edema, decrease the intensity of the nostrils. 
Moreover, this method requires patients to be patient, if left unmatched, the disease will have a high risk 
of recurrence. Patients can use natural materials such as aloe leaf, banana peel, apple cider vinegar, 
potato, etc. for treatment Human Papilloma Virus [2]. 
 
RESULTS  
 
The first question addressed in the survey is to determine the importance of applying the traditional ways 
in order to treat this virus [Fig.1]: “What do you think about the new methods?”.  Only 8 respondents 
selected "Very good" (16%), 22 chose "Good" (44%), and 20 (40%) chose "Not good". This shows the 
patients' points of view while they are using this modern methods, and some of them (40%) still didn‟t 
recognize this as a good choice.  
 
On the contrary, the result of the second question is rather different from the first one. The importance of 
the traditional method once again confirms its vital role when treating this kind of virus [Fig.1]: “What do 
you think about the traditional methods?”. There were 17 respondents who selected "Very good" (34%), 33 
chose "Good" (66%), and no one (0%) chose "Not good". This result, again shows the patients' passion on 
using this traditional ways or Eastern methods. 
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Fig. 1:  Comparison between the traditional methods and the modern ones. 
……………………………………………………………………………………………… 

 
 
And to clarify this, the interview questions directly with the patients have shown that most of them 
understood the hard time they had to wait. That means, the patients should be patient since they can‟t see 
the good result immediately. To get rid of the genital warts, they have to wait for a few months depending 
on their symptoms. It may take one month, but I may take four or five months. However, they don‟t have to 
worry so much about their disease and feel happy to come back to their daily life as usual [4]. 
 
When interviewed some respondents, they showed their disappointment about the new methods since the 
warts came back after treatment [3]. At first, they felt so much happy and safe but after a few months 
(about three or four months), they had to go back to the hospital [Fig.2]. Even though, they were satisfied 
with the good services and professional doctors, the big matter is that they don‟t want to have the surgery 
many times. They don‟t want to wait in the stuffy rooms and be asked some questions (even polite 
questions) related to their symptoms.  
 
 

 
 

Fig. 2:  Genital warts caused by HPV virus. 
…………………………………………………………………………………………………………………………… 

 
SOME GOOD METHODS TO CURE HUMAN PAPILLOMA 
 
According to Oriental Medicine, not only genital warts but all other diseases in general, if we want to treat 
effectively, we must combine a remedy for external medicine with an internal remedy. However, nowadays 
traditional medicine is much more modern. One can take an independent medicine (in or out) for mild 
illness, and combining two of them only if the disease is in severe stage. Depending on the degree of 
disease of each person and the physician will give medicine or use drugs outside [4]. 
 
Combining Southern therapy (therapy of the Vietnamese) and Northern therapy (therapy of the Chinese) 
together will become the most effective Oriental medicine (also called traditional therapy). However, in 
some cases, the patient can effectively treat the disease with only one medication. Here is how to cure the 
disease with drugs used by many men: 
 
• Portulaca oleracea is spicy, welded, non-toxic. It can treat swelling, tumor and has certain uses in the 
treatment of HPV virus. It can be used for drinking. 
• Chrysanthemum indicum is bitter, slightly welded, poisonous, detoxifying, detoxifying, sterilizing. Drugs 
for drinking. 
• Sophora tetraptera is a little bitter, non-toxic and can be used for treating itching, human papilloma. 
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•Plumbago zeylanica can increase immune system, anti-inflammatory, dive tumors, be suitable for 
treatment of human papilloma.  
 
As one of the sexually transmitted diseases caused by Human papilloma bacteria, HPV virus makes many 
patients suffer since the most effective treatment have not been found. As a result, the Western treatment 
is the first choice of many people but not completely resolved. Traditional methods such as the use of 
traditional medication can help to support patients with cataracts quite effectively. The plants are often 
referred to as the notion that not all people including, astragalus propinquus, phellodendron amurense or 
sophora tetraptera have a lot of special effect [5]. 
 
Most people who are infected with HPV do not know they have this disease because they have no obvious 
symptoms or have significant health effects. According to statistics, about 14 million new people are 
infected each year. How to reduce the risk of getting or to avoid HPV and the health problems that this 
disease causes is perhaps the question that many people are concerned about [3]. 
 
The first is to vaccinate against HPV virus since the vaccine is safe and effective. This type of HPV vaccine 
is given three times in six months at the physician's request and should not miss any dose. Probably many 
people think that the disease is only sexually transmitted, which is not wrong. However, prevention is 
better than cure, so that people need to be vaccinated at the appropriate age of 10 years or older. 
Particularly for the homosexuals, vaccines are needed to make life better [2]. 
 
Having safe sex is a must. This can reduce the risk of HPV quite effectively. Should only be associated with 
trustworthy people such as spouses to reduce the possibility of high spread of the disease. 
 
The next recommendation is not related to preventive measures, but rather the cure of the disease caused 
by HPV virus, and traditional methods still have very great values [1]. 
 
CONCLUSION  
 
Modern methods have not yet completely cured the disease, but the medicine of some herbalists is rather 
effective. After many years of successful research and treatment for over a thousand people, traditional 
therapies have shown that HPV that causes this disease is a “parasitic” parasite exist under closed skin, 
and at an appropriate time, they will develop into the nodules. The nodules have very deep roots, so after 
acid or burning, they can only be applied on the mucosal surfaces, the roots are still and the roots are 
back. So, choosing which therapy depends on the patients „acknowledgement, depends on their health 
condition and their decision. 
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ABSTRACT 
 
On account of the global warming problem, the emphasis is given on reducing the consumption of fuel in various industries. This problem 
can be reduced to a greater extent by using light weight Al and Mg alloys. It is essential to weld them properly to extract the specific 
properties of both the alloys. The evolution of the welding techniques of dissimilar materials is an advanced research topic that has drawn  
much attention in the recent past. Among many welding methods, friction stir welding (FSW) was considered to be feasible for adequate 
welding of dissimilar alloys. In this article, a comprehensive review of the FSW process used for adding Al alloy plates to Mg alloy plates and 
the strength of weld is presented. The effect of process parameters like tool rotational speed, traverse speed, tool inclination etc. on the weld 
microstructure and strength is also summarized. For the welding of Al/Mg plates, the development and innovative modification of FSW has 
also been addressed. 

 
INTRODUCTION  
  
Recently, the focus has been shifted from traditional metal components to light metal components in 
several industries for weight saving purpose. The weight saving in the automotive sector might provide 
better fuel economy as the fossil fuel reserves are depleting with time, and alternative energy resources 
are not fully operational. In the construction of a lightweight structure, dissimilar lightweight materials have 
been extensively used as per requirement. The most frequently used materials are aluminium (Al) and 
magnesium (Mg) alloys. There is a significant amount of weight saving with considerable strength of a 
structure if these alloys are utilized in an adequate proportion. The joints of dissimilar alloys must be 
strong enough to bear the applied load. This could be ensured by the use of a suitable welding technique 
in conjunction with appropriate materials. In fusion welding techniques, the energy density is very high, 
which creates challenges in the joining of low melting point metals like Al or Mg. Near precise welding of Al 
to Mg alloys were achieved using TIG welding, which is expensive, slow and difficult to control process for 
the said materials. Additionally, the joint strength is marginal due to high process temperature, accelerated 
mixing and formation of brittle intermetallic compounds (IMCs) in the fusion region [1]. In view of these 
challenges, FSW is considered as an appropriate alternative for high strength welding of these alloys. 
Because of solid state processing and low operational temperature in FSW, the shape and size of brittle 
IMCs are almost insignificant. The applicability of FSW for different Al/Mg alloy joints was studied 
extensively [2–6].    
  
The present review aims to provide a lucid and systematic review of different Al/Mg alloy welding using 
FSW. The influence of the processing parameters on the weld strength as well as on weld quality was also 
incorporated. 
 
SOLID STATE WELDING  
 
In solid-state welding, a sound joint is established between two materials by the coalescence achieved in 
the solid state using pressure or temperature. However, the temperature must always be below the 
melting temperature of both the materials. The processes involved in this technique are providing localized 
plasticization effect, which is responsible for this type of joint. Solid state welding could be accomplished 
by friction welding, roll welding, forge welding, hot pressure welding, diffusion bonding, explosion welding, 
cold welding, and ultrasonic welding [7]. 
 
FRICTION STIR WELDING (FSW) 
 
FSW is a type of solid state welding. It was invented in 1991 by the researchers of The Welding Institute 
(TWI), UK, especially for Al alloys [8]. They named it friction stir butt welding. The tool used in FSW has a 
particular geometrical design consisting of pin and shoulder, as shown in [Fig. 1]. It must be made from 
the non-consumable and hard material so that it cannot be deformed or worn out during the process. The 
rapidly moving tool is inserted into the joint of two materials by applying a downwards force. After this 
operation, the quick rotating tool moves forward in the direction of the joint. In the contact area of 
materials and tool, heat generation will take place by friction locally, which will stimulate the plastic 
deformation in materials. Owing to the localized heating, the material around the pin becomes soft, and 
due to the rotation and horizontal motion of the tool, the material in front of the pin starts moving in the 
rear direction. This action occurs in the solid state, and the bond will be established on cooling. As the 
material comes under the intense plastic deformation in this process, the welded region consists of fine 
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and equally distributed recrystallized grains [9, 10]. As per the Hall-Petch relationship, finer the grains 
better the mechanical properties [11]. Therefore, a joint established using FSW has better mechanical 
properties than its counterparts. FSW is considered as energy efficient, environment-friendly and a 
versatile material joining technique with comparison to traditional joining methods. As there is no need for 
filler material in FSW, almost all Al alloys can be joined using this technique irrespective of their chemical 
composition [12]. In this welding, there is no emission of harmful fumes, nor is the presence of 
solidification cranks in the welded region. Therefore, improved weld quality can be obtained by this method 
on the proper selection of process parameters. Additionally, this process makes less noise than other 
welding processes. The FSW processes are broadly classified into two groups, i.e., conventional and self-
reacting FSW. The conventional FSW follows the same procedure explained beforehand. It is an advanced, 
high quality and efficient welding technique for longitudinal, circumferential and varied thickness (butt and 
lap) joints and commonly utilized in Al, Mg, Cu, Ti and steel alloys. The design of self-reacting FSW tool is 
unique [Fig. 2]. Unlike conventional FSW, the tool of self-reacting FSW consists of a pin, linked with top and 
bottom shoulders. It is also named as bobbin tool FSW. The self-reacting FSW tool can be designed for 
variable pin height as well as for constant force during the entire welding incident [13]. The advantages of 
self-reacting FSW over conventional FSW are negligible weld roots/root defects, fixture and machine 
experiences low Z force, no need of backing bar, minimum distortion owing to uniform heat input, and 
tolerance for thickness variation [14]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig. 1:  Schematic drawing of the FSW technique [9]. 
…………………………………………………………………………………………………………………………… 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2:  Schematic of self-reactive or bobbin tool FSW [14]. 
…………………………………………………………………………………………………………………………… 

 
COMMON CHALLENGES IN DISSIMILAR METAL WELDING USING FSW 
 
It is an arduous task to successfully weld two dissimilar materials using FSW because the thermal 
characteristics, coefficient of friction and softening behavior of both materials will be different. Therefore, 
the production, distribution and dissipation of heat will vary in both materials and an unwanted 
temperature gradient will establish between the materials. Due to this uneven thermal distribution, 
bonding between the materials will affect, and undesirable defects will introduce in the central region of 
the weld. Additionally, selection of improper welding parameters will hamper the joint strength to a great 
extent. Another major issue which affects the welding strength is the formation of IMCs during dissimilar 
metal welding. The composition, size and shape of IMCs impose a more significant impact on weld quality. 
As the temperature is involved in the FSW, it cannot be avoided completely during the process. However, it 
can be mitigated by carefully chosen process parameters for FSW [15].  
 
AL-MG DISSIMILAR ALLOY WELDING USING FSW 
  
The utilization of lightweight metals and alloys like Al, Mg etc. has been extensively increased in several 
industries due to their specific properties, lightweight and die-castability. Using these light metal and 
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alloys, designers get the freedom to build complicated, intricate and amazing yet strong structures. In the 
creation of complex structures, similar or dissimilar materials need to be fastened together. The 
requirement of joining two dissimilar materials is essential when two parts of the same structure exposed 
to different loading conditions or environments. Al and Mg alloys are wonderful materials with marvelous 
properties, and it is being successfully used in many industries. It has also been cited that they will be 
abundantly used in the future in automobile, aerospace and marine ventures. To date, their use in many 
industries is limited because the welding methods have not yet been fully developed. Fusion welding 
techniques are utilized to serve the purpose, but the joint made is undermined in strength. Usually, the 
strength of the joint made by fusion welding was reported well below the yield strength of the Al and Mg 
alloys. The formation and growth of brittle IMCs during this process is considered to be the main reason for 
the weakness of the joint. To avoid the formation of brittle IMCs in the welding zone, low-temperature 
pressure welding methods are gaining attention as an alternative to fusion welding techniques. FSW is an 
attractive welding method of this group and widely used for the welding of lightweight metal sheets. In 
Al/Mg hybrid structure, the control over brittle IMCs can provide improved welding strength. The 
temperature generated in FSW is well below the melting temperature of Al and Mg alloys, which effectively 
minimizes the formation of IMCs in the welding zone. The detailed research progress and parametric 
optimization of welding of Al and Mg alloys using FSW are reviewed and listed in [Table 1].  
  

Table 1: An overview on research on Al and Mg alloys using FSW  
 

S. No. FSP Parameters Material Outcomes Year Ref 

1 Plate thickness (PT): 12 mm 
Weld Length (WL): 160 mm 
Rotational speed (RS): 300-400 rpm 
Traverse speed (TS): 1-1.67 mm/s 
 

AZ31B+5083 Sound weld but weld region has 
virtually no ductility 

2003 [16] 

2 PT: 2 mm 
RS: 800 rpm 
TS: 1.5 mm/s 
Tilt angle (TA): 1° 

AZ31B-H24+6061-T6 
AZ91D+6061-T6 

Weld region consists of lamellar shear 
bands. 

2004 [5] 

3 PT: 6 mm 
RS: 2450 rpm 
TS: 1.50 mm/s 
TA: 3° 

1050 (Al)+AZ31 The presence of Mg17Al12 IMCs 
increased the hardness of the weld 
region. 

2004 [3] 

4 PT: 4 mm 
RS: 200-1000 rpm 
TS: 0.32-1.25 mm/s 

AZ31 (Mg)+1060 (Al) Highest strength of the welded joints: 
82.4 MPa 
Failure Mechanism: Cleavage Type 

2005 [6] 

5 PT: 2 mm 
RS: 800-1600 rpm 
TS: 5 mm/s 

Annealed 
(AZ31B+A5252P) 

Defect free weld were reported for 
1000, 1200, 1400 rpm. 
Maximum tensile strength: 132 MPa at 
1000 rpm 
Maximum ductility: 2% 

2008 [2] 

6 PT: 1.5 mm 
RS: 1400 rpm 
TS: 3.75 mm/s 

AZ31+AA6040 The interface of FSW exhibited the 
presence of fine-grained Al12Mg17 and 
nanosized-grained Al3Mg2 IMCs. 

2009 [4] 

7 PT: 6 mm 
RS: 600 rpm 
TS: 0.67 mm/s 

5052 (Al)+AZ31 (Mg) Microhardness of weld region was 
almost double than the base Al and Mg 
alloys. 

2010 [17] 

8 PT: 1.2 mm (AA 5083) & 1.3 mm 
(AZ31) 
RS: 1500-2250 rpm 

AA5083+AZ31 In friction stir spot welding (FSSW), lap 
share stress was higher when IMCs 
were mixed with α-Mg+Mg17Al12 
eutectics.  

2010 [18] 
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9 PT: 4 mm 
RS: 800 rpm 
TS: 0.58 mm/s 

Al 6061-T6+AZ31 Weld tensile strength (max): 95 MPa 2011 [19] 

10 PT: 3.25 mm 
RS: 900-2700 rpm 
TS: 1.69-6.4 mm/s 
Force: 14-30 kN 
TA: 1° or 3° 

6065-T5 
(Extruded)+AZ31B-
H24 (Rolled)  

Best mechanical strength were reported 
when rotational speed varied in 
between 900-1680 rpm and welding 
speed 1.69-4 mm/s 

2012 [20] 

11 PT: 3 mm 
RS: 300 rpm 
TS: 0.83 mm/s 
TA: 3° 

5083 Al+AZ31C-O Formation of IMCs was low in 
underwater welding due to less 
intermixing resulted in smooth surface. 

2012 [21] 

12 PT: 2 mm 
RS: 2000 rpm 
Tool shoulder plunge depth (TSPD): 
0.2 mm 
TS: 3 mm/s 

AZ31B-H24 
(Mg)+5754-O (Al) 

FSW of similar alloys (Mg-Mg) had 
better lap shear strength, failure energy 
and fatigue strength than dissimilar 
alloys weld (Al-Mg) due to the presence 
of IMCs like Mg17Al12 and Al3Mg2 in the 
dissimilar weld. 

2012 [22] 

13 PT: 2.5 mm 
RS: 1200 rpm 
TS: 1.33 mm/s 

AA6013+AZ31 Sound joint is obtained using 
underwater FSW. 
Maximum Tensile strength: 152.3 MPa 
Maximum Hardness: 142 HV 

2015 [23] 

14 PT: 3 mm 
RS: 600-800 rpm 
TS: 0.5-1.0 mm/s 

6061-T6+AZ31B Sound and defect free joint, 
Tensile strength of the weld is 70% of 
Mg alloy 

2015 [24] 

15 PT: 3.1 mm (AZ31B) & 2.3 mm 
(6061) 
RS: 560-1400 rpm 
TS: 0.27-0.67 mm/min 
TA: 3° 

AZ31B+Al 6061 Maximum mechanical interlocking and 
optimum tensile strength of the weld 
was obtained when rotation speed was 
1400 rpm and welding speed 40 
mm/min. 

2015 [25] 

16 PT: 3.1 mm (AM60B) & 1.5 mm 
(AA6022) 
RS: 1000-2500 rpm 
TSPD: 0.2-0.6 mm 
TS: 0.2 mm/s 

AM60B (die-
cast)+AA6022-T4 
(Rolled) 

Welded region was able to bear 2.5 kN 
shear force when welded at the 
rotational speed of 1000 rpm and 
shoulder depth of 0.9 mm. 

2015 [26] 

 
CONCLUSION  
 
This manuscript represents the recent progress and research activities of dissimilar aluminum and 
magnesium alloys welding using FSW. Although the FSW is successfully being used in the welding of hard 
to weld materials, still its full potential is not being utilized commercially. This review will assist in 
understanding the use of FSW in the welding of dissimilar materials, especially the welding of Al and Mg 
alloys. The attributes of the FSW of Al alloys to Mg alloys are discussed. Other than this, the effect of 
various parameters on the strength of Al/Mg joints is also reviewed. It was noticed that even today, FSW is 
not widely used in Al-Mg welding because the strength of the joint is reduced due to the presence of IMCs. 
Owing to the presence of these IMCs, high hardness of the joints was reported. By selecting some process 
parameters, fragmental defects, voids, pores and cracks were also found in the weld region. The high 
hardness of the joint is also considered responsible for its brittle behavior and poor ductility. It is difficult to 
establish an appropriate analytic relationship among the various parameters to achieve the desired 
qualities from the joint. It was found that the quantity and size of IMCs are less in FSW than fusion welding. 
Finer grains were detected in the welded portion owing to dynamic recrystallization. At the same time, the 
joint hardness in fusion welding is much higher than that of FSW, which impairs the flexibility and strength 
of the joint. Consequently, FSW is a much better process than fusion welding to weld Al/Mg alloys. 
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ABSTRACT 
 
This study presents a short summary on the recent progress within the analysis, growth and specific use of Engineered Cementitious 
Composites (ECC). The use of ECC as a replacement to conventional concrete will contribute to safer, more durable and sustainable concrete 
infrastructure. The material properties such as tensile and flexural characteristics, compressive strength, durability, permeability, self-healing 
capacity and seismic performance have been reviewed here. The material constituents and mix design used to achieve the unique properties 
of ECC concrete have been listed out and discussed. The potential structural applications such as Earthquake Resistant Structures (ERS), 
Bridge deck and link slabs, Pavements, Repair and Retrofitting works, which utilize the special qualities of ECC are included in this paper. A 
comparison between ECC and conventional concrete in terms of feasibility and cost efficiency has been made. The concept of green ECC for 
sustainable infrastructure and the scope for future research work has been addressed. 

 
INTRODUCTION 
  
In civil engineering applications like buildings, bridges, pavements, retaining wall structures, tunnel linear, 
etc are developed by the use of cement concrete. In recent decades, high compressive strength concrete 
is being used in various applications.  Concrete is brittle in nature and as the compressive strength 
increases its brittleness increases. Higher brittleness can increase the chance of sudden failure/collapse 
during earthquake and impact loading [1]. If by some method the ductility is introduced into the concrete, 
it can reduce the sudden collapse or failure. In such cases concrete material is needed to improve its 
power and tensile capacity. To make the concrete ductile concept of Engineered Cementitious Composites 
(ECC) is introduced. ECC has ultra-fibres mixed with concrete. The ultra-fibres having reinforcement and 
ductile properties and it makes the mix ductile and more workable. The first use of ECC was found at the 
University of Michigan by Victor C Li. ECC is strong resistance against impact and earthquake loading [2]; 
also it reduces the total amount of reinforcement used in concrete. Ultra-fibres present in the ECC makes 
the flexible bond with cement-sand and aggregates which makes it more deformable against external 
forces [3]. It has higher resistance against vibration and heat. It is bendable with respective forces (moving 
loads, wind load, earthquake forces etc.) and absorbs the shocks. It can sustain higher loads with small 
amount of deformation; in other words, stiffness of ECC is huge as compared to conventional concrete. 
Further, ECC has, self-healing properties and improved durability. Apart from its use in structural elements, 
ECC is finding its way into repair and retrofitting of structures. In the present paper a deep review of 
various properties of ECC and its applications is presented. 
 
CHARACTERISTICS OF ECC 
 
The application of precast building material composite as a construction material is different from 
standard concrete being used now- a- days thanks to better properties of the former. Level of excellence is 
based upon its mineral composition to produce a new effect with the surrounding environment shown by it. 
ECC has self-healing property when it gets damaged from physical and chemical reactions. Tensile 
strength and ductility gets improved due to its improved physical characteristics. The tensile strength 
within a very low degree of permeability considerably decreases the micro cracking.  This low permeability 
degrades the trend related to the assimilation of chemicals that include the corrosion of steel 
reinforcement and erosion of the concrete itself. These above characteristics are used to increases the 
lifespan and repair cycle of the concrete and the structure as a whole, whereas also making the 
requirements that permit certain chemical reactions to occur which will help bring about healing of the 
cracks of the concrete [4].  
 
Tensile and flexural characteristics  
 
ECC has the tensile strain capacity up to 3-5% (300-500 times varies from normal concrete) because the    
conventional concrete has tensile strain capacity up to 0.01% only. ECC can attain high ductility with 
comparatively low fibre content (2%) through methodical modification of the fibres, matrix, interface 
characteristics and guided by micromechanics properties. Micromechanics is the study of heterogeneous 
or composite materials on the extent of the individual constituents that represent the materials. 
Micromechanics theory affords a systematic approach in selecting the type, size and amount of the 
constituents and their combinations [5]. The principle of micro cracking is responsible for the distinctive 
tensile properties of ECC when compared with conventional concrete. ECC flexes without fracturing, due to 
the interaction between fibres, sand, and cement working in a matrix that binds everything together within 
the material. Where ordinary concrete and fibre-reinforced concrete (FRC) are designed to resist cracking, 
ECC is designed to develop cracks only in a controlled manner. The cracks that appear in ordinary concrete 
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and FRC increase in width as they grow longer, these are termed Griffith-type cracks. Whereas the width of 
cracks that are designed into ECC remains constant regardless of the length, these are known as steady 
state (or flat) cracks [6]. A direct application of pure tensile stress is difficult and hence an indirect way is 
adopted by measuring the flexural strength of beam. The flexural reaction of ECC reacts with its tensile 
ductility. Underneath flexure, at the bottom of the beam multiple micro-cracks are formed, consequently it 
leads to tolerate a remarkably massive curvature growth, an occurrence that has provided it the name of 
bendable concrete. A flexural strength of regarding 10 to 15 MPa may be achieved. Deflection hardening 
is an essential property of ECC based on geometry. ECC has notable enhancements in fatigue strength 
compare to standard concrete and FRC. ECC was developed based on flexural fatigue tests where it shows 
high fatigue durability and ductility when compared with standard cement mortars widely utilized in repair 
and retrofitting applications [7].  
 
Permeability and freeze-thaw durability  
 
The Permeability Crack provides an easier access for the water, oxygen and other aggressive agents to 
pass through the concrete cover and come in direct contact with the steel reinforcement, therefore 
resulting in the beginning and proliferation of steel corrosion. Since cracks inevitably exist in concrete 
elements, the influence of crack width on the water permeability is of great interest from academic and 
practical point of view. Therefore, the micro-cracked ECC should definitely have better corrosion resistance 
in comparison with the normal concrete. Accelerated corrosion test has been conducted on steel-
reinforced ECC beams, where mortar specimens of an equal compressive strength were used as 
reference. The results showed that due to its micro-cracking behavior and high ductility, ECC prolonged the 
corrosion propagation stage and retained much higher level of the loading capacity. These results are 
expected to contribute substantially in increasing concrete structures durability and sustainability by 
minimizing the needs of maintenance during the life span of ECC structures [5].  
 
Self-healing capacity 
  
Formations of cracks are inevitable during the lifetime of concrete infrastructure. Cracks are often shaped 
thanks to progressively high loading, volumetric modification thanks to temperature changes, plastic 
settlement, restrained shrinkage, creep, chemical actions like alkali-silicate reaction and freeze/thaw 
cycles. Cracks on concrete structures will have undesirable effects in various ways. It should cut back the 
sturdiness by making sequence for corrosive sources to perceive the concrete cover and affect the inside 
steel reinforcement. It can cause a rise in the maintenance cost and reduce the service life. Thus it's 
extremely desirable to develop concrete which will automatically recapture this loss of capability due to 
cracking. Theoretical and experimental results have exhibited that once cracked concrete is exposed to 
water, the un-hydrated cement gets hydrated thereby having the potential to cure itself over time by 
decreasing the crack width and this development is referred to as self-curing of cracks. The range of self-
curing of cracks is especially based on the crack size. Compare to larger width cracks the smaller width 
cracks cure fully and at a quicker rate [10]. Thereby, the event of a cementitious composite that may 
autogenously counter the results of cracking by self-healing is extremely desirable. Self-healing results in 
crack-closing, therefore improving sturdiness, permeability, mechanical properties and therefore 
prolonging the service lifetime of infrastructure [11]. The long lifespan of ECC is not only attributed to its 
low permeability, high tensile and compressive strength, but also to the chemical action of self-curing that 
happens within the small size cracks formed. Thus it's needed to see up to what extent an ECC specimen 
will cure itself fully when susceptible for daily environmental situations. ECC specimens were observed up 
to one-year for mistreatment mechanical and resonant frequency (RF) loading for study the speed and 
range of self-curing within the inherent atmosphere. It was discovered based on the resonant frequency 
(RF) range, initial cracking influence improvement and stiffness enhanced with the rise in period of 
exposure to natural environment. Experimental results have shown that ECC samples kept under tensile 
strain and subjected to damp dry cycles, successfully healing the 100 micrometer cracks. Further testing 
during this study has exhibited that the addition of fly ash can reduce the average crack dimension up to 
10 micrometers, therefore providing a faster and completely filled self-healing specimen.  
 
MATERIAL CONSTITUENTS AND MIX DESIGN  
 
ECC concrete constitutes of cement, sand, fly ash, water, admixtures and an optimum amount of fibers. 
Coarse aggregates aren't employed in the mix as they have an inclination to adversely have an effect on 
the distinctive ductile behavior of the composite. Ordinary Portland cement of desired grade can be used. 
Blast furnace slag can be used as adhesive if required. The fine aggregate to be used can be river sand or 
manufactured sand based on availability. To improve the fresh concrete workability without increasing the 
water cement ratio by adding super plasticizer is possible. The use of super plasticizers will avoid the need 
for compaction as they add on to the self-consolidating property of ECC concrete. Fly ash is a pozzolanic 
material which will be used as a partial replacement for cementitious material. The use of fly ash can 
reduce heat generation without considerable loss in strength.  Unlike some High Performance Fiber 
Reinforced Concrete (HPFRC), ECC doesn't utilize great quantity of fiber. usually 2% or less by volume of 
intermittent fiber is sufficient, albeit the combined is meant to significant structural benefits. Based on the 
comparatively less quantity of fibers used, the mixing method of ECC concrete is kind of the same as that 
used for mixing standard concrete. The most common type of fiber used in ECC is Poly Vinyl Alcohol (PVA) 
fiber. High Young’s modulus, bonding strength, durability and tensile strength are some of the properties 
that make it suitable for reinforcing cementitious composites. Water free from alkalis, oils, acids or any 
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other organic Impurities should be used for mixing concrete. In short water used for making concrete 
should be of consumable standards. The main purpose of adding water to concrete is for it to react with 
cement to form a cement paste adhesive until it hardens. Water cement ratio engages a critical part for 
determining the potential of hardened concrete. Optimum water cement ratio has to be used to maintain 
perfect balance between workability and strength of concrete [8].  
 
STRUCTURAL APPLICATIONS 
 
The special characteristics of Engineered Cementitious Composites that have been repeatedly tested in 
laboratories, pose several benefits to the construction industry through application. ECC’s will make way 
for several potential enhancements to the present standing of typical concrete, and in some places, they 
have already been used as a construction material in projects. ECC structures shows more durability and 
less possibility to damage. Since feasibility is the capability to sustain, the additional study and long-lived 
structures related to the utilization of ECC’s not provide solely for the feasibility of infrastructures in the 
world, however additionally for conjointly in preservation and renovate prices, as far as good 
environmental influence, and an overall development for the invulnerability of structures created by 
concrete [4]. Structural applications where ECC can be used are as impact resistant panels, strengthening 
of unreinforced masonry walls, repair and corrosion resistance for RCC beams and columns. Due to its 
ductility and tensile strength, ECC is suitable for members that take high loading and shock absorption like 
bridge surface decks, link slabs in bridges, pavements and seismic structures.  
 
Bridge deck and link slab  
 
ECC’s mechanical properties and durability factors are its tensile behavior, crushing strength (350 times 
that of concrete and FRC) [12] and tight crack width control. The micro crack width of ECC formed is below 
100 μm and can be independent of structural geometry and loading. Since steel reinforcement is not 
required to control crack width which is a cost effective advantage. Flexural Behavior of ECC helps to 
absorb shocks during transport and it also possess superb abrasion and wear protection. When the tensile 
strain is loaded to 15%, It is found that micro-cracked ECC displayed roughly the similar permeability as 
that of sound concrete. ECC has less water permeability by virtue of controlled formation of cracks, crack 
width is less. ECC also does not have dependency on the properties steel reinforcement and does not rely 
on applied strain level when strain capacity of ECC is not exceeded [12]. Rate of Chloride diffusion in ECC 
is comparatively lower. As a result, corrosion resistance is good. This signifies that the lifetime under 
service of reinforced ECC will be close to 15 times compared to reinforced mortar. Fatigue loading has no 
effect on the crack formation and fatigue resistance is fairly high. There is less reflective cracking in 
repairs due to formation of micro cracks.  
 
Bridge deck patching  
 
In 2004, ECC pavement patching test was done by MDOT in a two-lane bridge overpassing. Patch repair 
ECC was used in Southern Michigan on the bridge deck of Curtis Road over M-14 in October 2002.The 
mentioned bridge built in 1976, has simply supported four span along with a nine inches thick reinforced 
concrete deck and steel girder. Traffic survey conducted by the Washtenaw County Road Commission was 
measured average daily traffic (ADT) for this bridge around 3000 vehicles per day. In this experiment one 
part was patched using ECC while other part was patched using OPC for comparative study.  
Over a long duration both patches were observed during site visits and pictures were taken to study day by 
day progress of crack development and patterns. After two days patching in concrete had a distinctly 
visible crack, around 300mm wide had been formed possibly due to shrinkage deformation whereas there 
were no visible cracks in ECC. After four months, during winter, small micro cracks, 50mm wide, created in 
the ECC patch. Concrete crack observed shortly after casting the concrete had widened to 2mm and 
showed signs of deterioration due to spalling. A crack of 50mm was revealed after 10 months of the patch 
work, whereas concrete had serious deterioration. Thus ECC survived the best under severe environmental 
and mechanical factors. 
 
Bridge deck link slab  
 
Between adjacent bridge decks, failure of mechanical expansion joint is a major issue, which could 
eventually lead to leaks and thermal deformations leading to failure of entire super structure. At the bridge 
deck water was discharging and fully soaking wet with de-icing salts used through cold weather, finally 
leaks through the damaged joints is the cause to corroding the steel girders, also penetrating moisture into 
the precast concrete girders moreover corroding the steel reinforcement [13]. Experiments showed that 
ECC had 4% strain in uni-axial tension unique capability to buckle close to while preserving small crack 
widths, this permits the ECC link slab to contain the distortion placed on the adjoining bridge decks during 
the contraction and thermal expansion, all the period the superstructure is protected from the action of 
corrosion. ECC had large tensile strain capacity as a link slab and saturated micro cracking (width 60 mm). 
This is sufficient to take care of all structural applications in link slabs. Also reduction in reinforcement is 
an added advantage in terms of cost.  
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Seismic applications 
  
ECC Applications are considered mainly in structures where good energy absorption and high failure 
tolerance is required during performance. ECC can be opted to reduce seismic action and damage of 
structural members. Normal concrete simply as a brittle material is susceptible to collapse. Basic concept 
in earthquake engineering is based on the fact that when a building absorbs seismic waves from the earth 
it is transferred thorough out the buildings components like beam and columns. The Joints and structural 
members need to be ductile enough to absorb the vibration created without formation of cracks, which 
occurs at a faster rate in brittle material due to lack of elasticity. ECC having higher ductility and tensile 
strength is a suitable material for seismic resistance. Particularly the joints and structural members of the 
building need to be ductile, since it is the basic skeleton of the building and its failure could lead to 
complete collapse. To find out the seismic resistance of ECC a cyclic loading alternatively of tension and 
compression was given to beam members. The test outputs done with PVA-ECC showed that the brittle and 
shear failure seen in RCC can be prevented using ECC and it gave good ductile capacity. The PVA 
(polyvinyl-alcohol) fibers also helped confine the concrete after fracture. [14] The beam-column 
connections were also tested [15] using reverse cyclic load capable of producing seismic action using a 
500KN hydraulic actuator. From the corresponding hysteresis loop diagram generated, ECC proved to have 
higher energy dissipation than other material. Also multiple small cracks were created in the plastic zones 
and joint cores allowing ECC joint to maintain its structure. As a result of these findings, ECC has massive 
potential in seismic resistance development of buildings where ductile material that are capable of 
withstanding seismic shocks are required.  
 
Repair and retrofitting  
 
Retrofitting is the process of modifying a finished structure by changing structural components to improve 
its performance and amenities. Some structures over time may need extra elements like columns or 
beams to undertake changes over years due to age and tectonic movement. It is uneconomical to 
demolish and rebuild old structures from scratch. In such case structural elements can be added using 
repair and retrofit techniques Properties of material that are particularly required for retrofit techniques 
are high efficiency, durability, Isotropic properties, easy flexible processing and shorter fibers at moderate 
volume fractions [16]. Isotropic property helps when the stress field has changing load conditions or the 
stress is multi-directional. Retrofits are designed by analyzing ECC established on its synergy between the 
fibers, interface and matrix components under load.  To test its capacity as a retrofit material pre-cast ECC 
and FRC were analyzed under simplified boundary and loading conditions. The observations made were 
that ECC had three times the shear capacity of FRC. Also the strain distribution method is ease to finding 
the stress concentration for the ECC specimen. ECC thus has good shear absorbing capacity and tends to 
be isotropic in nature due to equivalent distribution of micro cracks formed. Repair-where a repair material 
is laid over a defective material. The repair material is required not to carry the stress from the defective 
material and develop cracks in itself. Repair factors that need to be taken into consideration is the 
lifecycle of repair, cost and durability. This durability can be created when the bond between the substrate 
material and repair material is at its best. Based on the bonding between these two layers, failure can 
occur in the form of “de-lamination” where weak bonds cause an internal defect. It can also occur if the 
bonding is too strong and if the repair material is brittle compared to the substrate. This failure is called 
“spalling’. Bond tests need to be conducted to analyze how the behavior or repair and substrate material 
is.  Sometime difficulty in bond test occurs when there is a change in environmental conditions from the 
laboratory to the actual field performance. This is caused due to the mechanics of failure and material 
reaction under different conditions. In case of the mechanics, failure of bond is predominately due to 
fracture process variation for similar specimen of shape and geometry under different field conditions. ECC 
thus produces a solution to the bond failure problem. This is proved by a test where a substrate specimen 
already having a notch is coated with three different repair material-plain concrete, FRC and ECC. For ECC 
Overlay, a series of minute interface micro cracks occur under increasing applied loading. This makes it 
suitable as a repair material since there is no sudden failure, thus increasing lifetime of the repair 
component.  
 
Pavements  
 
Transportation is an important facility which determines the mobility of goods between places thus 
improving the overall development of a country. As a result, pavements are important transportation 
components required for a country also cost, durability, life time and maintenance criteria are some 
factors to be considered for effective and efficient pavement systems. Pavement Overlays- are materials 
used to rehabilitate and fix surface defects on a pre-existing pavement and to create a durable rigid 
surface with a long life-time and least maintenance. Types of Pavement Overlay (i) mixed asphalt with high 
temperature (HMA) (ii) an unconstrained concrete overlay. From these mentioned overlay systems, cause 
of the ultimate failure system is reflective cracking which decrease the life of surface of the overlay [17]. 
This reflective cracking is caused when an overlay also tends to develop cracks due to transfer of pre-
existing cracks in substrate layer during differential loading caused by moving traffic. Extra Info-Modern 
methods to minimize reflective cracking contain the implementation of a bond disintegrate layer (i.e. HMA) 
beneath concrete overlays that reduce stress concentration at the origin of reflective cracking, full 
rubblization (In situ broken concrete into particles like aggregate) of pair deterioration of remaining 
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pavement before overlaying or surface of the concrete. Presently, reflective overlaying cracking has not 
been effectively eliminated in rigid pavement overlays. 
 
Need for ductile rigid pavement overlay  
 
A ductile material would be a solution to the formation of cracks which is due to brittleness of a material. 
Whereas a tensile material could help overwhelmed the fracture based phenomena caused by reflective 
cracking. This is where ECC comes into play. Based on mix proportions having 3% to 5% for the ultimate 
tensile strain capacity. This strain capacity is 300 times normal Ordinary Portland Cement and is created 
by many closely spaced micro cracks under load. These cracks carry increased load after formation 
causing materials strain hardening to be similar to ductile material. Inelastic strain is created in material 
due to distribution of micro-cracks along gauge length instead of single localized crack like in FRC. In FRC 
cracks are caused due to dislocation slip on crystallographic plane and the cracks open wide due to slow 
loading showing tension softening behavior by rupture of fibers. Conducting tests on these models overlay 
thickness were determined and a relationship between the highest stress developed in the appropriate 
edge loading of a one equivalent single axle load (ESAL) (80kN) dual axle load. Subgrade parameters and 
existing block were remaining constant (E existing = 20.7GPa, k subgrade = 27.1MN/m3). For all combine 
designs in ECC overlay the coefficient of elasticity was additionally kept constant at 20. 7GPa.But the 
coefficient of elasticity was magnified to 34.5GPa for the design of a concrete overlay. Based on the FEM 
model, subsequent overlay design chart was formed, concerning within the overlay design thickness with 
the highest stress level. 
 
COST ANALYSIS  
 
Engineered Cementitious Composites are around three times more expensive than conventional concrete, 
but when comparing costs, it is necessary to take into consideration the cost over the entire life span of 
the structure rather than taking into account only the initial costs. The financial benefits in the long run 
favor ECC as it saves up on the service costs. The use of high cement in ECC and expensive Poly Vinyl 
Alcohol (PVA) Fibers is responsible for the price difference when compared to regular concrete. PVA fibers 
weigh much less when compared to other fibers and steel used in FRC’s and normal concrete. It is to be 
noted that ECC has a very low fiber volume when compared to other FRC’s. The use of cheap pozzolanic 
alternatives such as fly ash as partial replacement for expensive cement will help in lowering the price of 
ECC without causing much changes in its properties. Since ECC is less brittle, more ductile and durable 
and also possesses self-healing property, it can cut down on frequent maintenance costs. In short, ECC is 
a cost effective construction material alternative to conventional concrete [4].  
 
ENVIRONMENTAL SUSTAINABILITY  
 
ECC by itself is not sustainable without the combination of industrial wastes. Green Engineered 
Cementitious Composites (ECC) where industrial wastes are used as constituents can be used to give 
more sustainable, eco-friendly, durable and rigid structure. It reduces pollution due to cement production 
and can use industrial waste as its constituents thus giving a greener alternative to ordinary cement. Use 
of industrial waste up to 70% in ECC has no reduction in its mechanical performance and there is 50% 
reduction in thickness of overlays reducing spacing. Furthermore “Green” ECC has been attempted to be 
formulated for sustainable development and environmental protection. The development of green ECC 
material is based on certain indicators called Material Sustainability Indicators (MSI). These indicators 
include the environmental factors like total production of energy; resulting amount of solid waste, carbon 
dioxide levels during production, water pollution caused by chemicals in ECC. Comparatively ECC has good 
mechanical performance but its environmental effects due to its manufacture are adverse in nature 
because of the proportionately of standard ECC has more cement content, also the addition of polymeric 
fibers is necessary. In terms of solid waste production, fly ash material usage reduces solid wastage. Fly 
ash is a waste that is created in from power plants where coal is used. We can infer from the table that by 
reducing cement and use of PVA fibers without compromising the ductility and other mechanical 
properties; we can reduce the environmental burden caused by ECC and increase its sustainability in 
comparison to concrete. The replacement of the components of ECC like cement and fiber with industrial 
wastes without compromising its mechanical properties is important. Few potential alternatives like fly ash 
and bottom ash can be used since they affect the environment and this can be reduced by using them to 
create green ECC. Other different materials need to be tested to find suitable alternatives. Experiments 
suggest inclusion of fly ash lead to improvement in the materials strain-hardening. When high volumes of 
fly ash were used. The results of the composites show 3% to 4% of the tensile strain capacity and while the 
material sustainability ratios significantly improved then the tensile strength becomes more than 4.5 MPa 
(653 psi) [19], Thus by using the concept of micromechanics, high performance criteria can be achieved 
using industrial wastes provided that the parameters are carefully designed. 
 
CONCLUSION 
 
ECC shows a number of special characteristics that look appealing to the construction industry and its 
engineers. Experimental studies show that ECC can perform remarkably better than conventional concrete 
when subjected to all forms of severe environmental and mechanical conditions. After a long stretch of 
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research and development of ECC, it is now not just confined to research laboratories but is making its way 
into real life applications in the construction industry through precast elements, conventional in-situ 
casting and repair and retrofitting works. ECC also has demonstrated to possess flexibleness in the 
processing route, which include in-situ self-consolidating casting, spraying in form of shotcrete and also in 
precast and extrusion elements. The application of ECC in the commercial market may benefit many, 
established consequently on the fact that the life span of the concrete infrastructure gets increased 
exponentially. The fields of application of ECC are forever expanding. The use of green ECC makes way for 
significant reduction of energy resource consumption, material consumption and emission of pollutants. 
Engineered Cementitious Composites anticipated in future become more ubiquitous in all concrete 
infrastructure construction works worldwide. Despite the advancement in the improvement of ECC and real 
life use accessible, a large amount of experimentation and more number of research are still needed. On 
further research, more favorable characteristics of ECC might be discovered that will make way to modern 
infrastructure applications [20]. As research advances more laboratory work and investigations can be 
done to determine the shear resistance and Poisson’s ratio of ECC. Another space for analysis is an 
examination of the fiber distribution and orientation within the materials, and also the development of 
strategies to gauge the orientation and effect of fiber distribution on the tensile response of the materials. 
Applied mathematics strategies will be used to develop representative samples of the fiber orientation, 
and surface bond strength of the fibers [21]. Continued research will maintain the materials-structure 
interaction approach and will focus on filling in knowledge gaps in material properties and design [13]. The 
use of pozzolanic industrial wastes as partial substituents to cement has to be studied in detail to develop 
eco efficient green Engineered Cementitious Composites. 
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ABSTRACT 
 
As the fossil fuels are depleting it is desirable to use the renewable energy source. There are different sources of energy available like Sun, 
Wind, Fuel, but the solar energy is available in abundance. It is desirable to use this energy. This solar radiations change with the course of 
time in a day. So to maximize the solar output the point of maximum energy has to be calculated. There are different methods for this which 
is known as MPPT (Maximum Power Point Tracking). The advantages and implications of the Maximum power point technique is compared. 
The DC-DC converters are used to boost the voltage level obtained from the photovoltaic source. The switching devices of the converters are 
energized in way to track the maximum power point. The MPPT algorithms are applied to obtain the required switching. The association 
between the MPPT solar charge controllers ad pulse width modulation  solar charge controller is discussed in the paper. 

 
INTRODUCTION 
  
Increasing demand of Electricity in today’s world, efficiency of Electricity enhancement and for making eco-
friendly environment, necessitates the production of electricity in a very effective manner. MPPT is one of 
the smart ways of electricity generating with high efficiency. As, MPPT is already associated with the solar 
power & this technique has the ability to use directly for several purposes such as heating and lighting the 
facilities, producing electricity, for temperature treatment (heating or cooling), and various other uses 
related to manufacturing, engineering or money-making [1]. 
 
Advantages of Solar Power:  
 

 This energy source is renewable/ regenerative. 
 This source has high impact on the reduction of the Electricity bills. 
 The maintenance cost of this source is low. 

 
Nowadays, the electricity is mainly generated by non-renewable energy resources such as coal, petroleum, 
nuclear energy etc. which is limited and also harms the environment badly. Therefore, researchers from all 
over the world are now working to find out an alternative way to produce the electricity from unlimited 
resources. Solar electricity is one of them. Unfortunately, the reliability of solar electricity in terms of its 
efficiency and consistency is not appropriate [2]. To resolve these issues, some innovative techniques are 
required. MPPT is one of them new techniques, which can be playing an important role for efficient 
generation of electricity in eco-friendly environment. Solar power is an important resource for generating 
electricity, because it is cheap and saves environment as well. MPPT is a charge controller, which directs 
to extract the maximum power from the PV system. Earlier using MPPT is difficult because it can damage 
the battery due to its fast charging or discharging process. This charge controller enables the facility of 
generating energy with high efficiency and charges the battery in efficient way. MPPT is designed in such a 
way that it can extract maximum power from PV panels in a smarter way in order to enhance its reliability, 
efficiency, reducing cost, and to meet the needs of the future demands of consumers. 
 
MAXIMUM POWER POINT TRACKING (MPPT) 
 
MPPT is a type of charge controllers which extract maximum power from PV system, boosting up the 
current, by which one can get the maximum power. Generally, it converts high voltage DC from PV panels 
into low voltage needed for charging the batter in efficiently way as shown in [Fig. 1]. As the recent 
technologies are much better and efficient as compared to the old ones, therefore, the up gradation plays 
an important role for producing more energy in low cost. But few challenges are faced in MPPT. 
 
Here are the few challenges where MPPT works:      
 

 Cold weather- At the time of cold temperatures, the timing of sun hour is low, then it needs power 
for charging the batteries. MPPT works better at low temperatures, but without the use of MPPT 
we cannot extract maximum power [2]. 
  

 Basic working of MPPT-  In MPPT technique, at first the ability of the PV module for producing 
output power is determined then this power is compared with the available voltage if the battery. 
After the comparison, the amount of power (extract from the PV panel and go to the battery for 
charging) is fixed in order to provide the optimum voltage for getting maximum current into the 
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battery. It can also work as on-grid system, i.e. supply power directly to the DC load bypassing the 
connection with the battery according to the requirements.  

 
 Low Battery Charge- Sometimes, the battery power is too low and it requires more power to 

charge.  In this condition, the MPPT puts more current into them in order to charge such 
batteries.   
   

 Long wire runs-  If panels are 200 feet away, the voltage drop and losses are more. Although 
using large wires are expensive. In MPPT, a DC to DC converter is used, which determine the 
optimum point where the solar array (PV panels), and the battery bank or utility grid are matched 
in order to reduce the losses. 

 

 
 
Fig. 1:  Set-up for MPPT. [3] 
…………………………………………………………………………………………………………………………… 

 
 
But PV system should be keep at much angle so that it can achieve good sunlight. PV system should be 
keep at longitudinal degree of that area where the PV system is set-up. 
 
Block diagram of MPPT 
 
The mechanism based on maximum power tracking uses the algorithm and in surplus makes use of the 
electronic circuitry. The mentioned mechanism works on the principle of impedance matching between 
load and PV module, which is mandatory for the maximum power transfer as shown in [Fig. 2]. In general 
scenario, the MPPT termed as an adaptation of direct current (DC) to direct current switching voltage 
regulator. The impedance matching is executed by varying the duty cycle of the switch. 

. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2:  Block diagram of MPPT [4] 
…………………………………………………………………………………………………………………………… 
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ADVANTAGES OF MPPT 
 
MPPT have several advantages over the traditional techniques. the comparative study in between MPPT 
enabled sources and traditional sources in terms of efficiency, cost, power etc. is depicted  in [Table 1]. 
 

Table 1: Comparative study between MPPT and traditional sources [5] 
 

S. No. Related terms Traditional MPPT 

1. Transmission of electricity It needs long wire to transmit the 
power 

It does not require 
long wire. 

2. Efficiency Less More than 95% 

3. Cost of energy High cost Less cost 

4. Planning time Planning time is large  Less planning time  

5. Area required Large  Less  
6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Eco-friendly It is not eco-friendly as it radiates 
radiations, pollutions etc. 

Eco-friendly 

7. Back up It doesn’t provide backup Provides backup 

8. Quick supply Since they are installed far away, so 
doesn’t have quick power supply 

Not far, so quick 
supply 

9. Electricity at remote areas It doesn’t provide electricity at remote 
areas.  

It provides electricity 
everywhere 

10. Reliability  Less reliable  Reliability is high 

 
MPPT V/S PWM  
 
The other technique named as Pulse Width Modulation (PWM) is mainly known for its ability to attain 
constant voltage throughout the entire session of battery charging by controlling and switching the solar 
system power devices. When the entire system is following the PWM regulation mode, at first the condition 
of the battery and its recharging requirements are observed and then according to this the current from 
the solar array tapers.The comparison is shown in [Table 2]. 

 
Table 2:  Comparison between MPPT and PWM 

 
S.No. MPPT solar charge controller PWM solar charge controller 
1 Having ability to extract maximum amount of 

power from solar panel for charging purpose 
Using whatever the power producing from solar 
panels for charging battery 

2 Highly efficient (up to 96%) Efficiency is low as compared to MPPT 
technique (up to 70%) 

 
CHARACTERIATICS OF TECHNIQUES OF MPPT 
 
As there are many types of MPPT techniques are available, but three major MPPT techniques are 
discussed here:- 
 

 P&O method- In perturb and observe (P&O) technique; the photovoltaic output voltage is 
continuously varying from the minimum to maximum level in order to track the maximum power 
point (MPP). This is very simple technique and easy to implement. Although, it can’t be able to 
track/retain the MPP, if the variation in irradiance is rapidly fast with time. 

 Incremental conductance- This is very interesting property of PV, which is used to optimize the 
operating current in order to get the output power at maximum level. 

 Parasitic Capacitance- As general the parasitic capacitance is defined as the unwanted 
capacitance present between the various electronic components. It is an unavoidable effect but 
can be used in MPPT for charge storage purpose. 

 
The [Table 3] represented the comparative analysis between the various characteristics of techniques of 
MPPT and concluded that the dominance of Parasitic Capacitance technique among the others in terms of 
output power achieved. Although, it has also getting the maximum ripple amplitude and time responses.  
 
APPLICATIONS 
 
Different users having dissimilar requirement of power. Like Hospitals need premium power because 
regular use of different types of equipment. Industrial Plants need more electricity because the long 
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production hour, and hence seek MPPT applications that give free energy from solar with good efficiency. 
Indian Railways require more electricity, steady, uninterrupted premium power because running of trains 
24 hours. Therefore MPPT plays an important role to achieve these goals with low cost and good efficiency. 
 
Some implementation of solar power and MPPT in different areas and fields are: 
 
1. Electric Rickshaw from Sukam runs by the solar power. Ordinary battery rickshaw   uses electricity from 
conventional form to charge the battery (takes 2-3 hours), but Solar rickshaw runs by the Sun. It gives 
20km more average than an ordinary rickshaw [7]. Using MPPT technique, at first the MPPT Controllers 
converts the achieved voltage into regular voltage of need, and then the remaining excess/extra amount of 
voltage in converted into Amp. Due to this, the level of charged voltage in the battery is kept at an optimal 
point, which helps to reduce the required time for charging. 
 
2. Envision Solar, California, has been awarded contract in California to provide portable EV (electric 
Vehicle) chargers. They made the PV panels in upper side of parking area   where the Vehicles can be 
charged and provides 150miles of range in a day. [8] MPPT used in electric vehicles for fast charging as 
compared to others. 

 
Table 3: Comparison between various characteristics of techniques of MPPT [6] 

 
Related terms P & O Method  

 
Incremental Conductance  
 

Parasitic Capacitance  
 

Benefits Very simple and 
easy to implement. 

Power of the entire system can be 
controlled by varying voltage value 

This system is able to 
store the charge with in 
solar cell itself by 
adding the capacitance 
with the lighted diode 
equation. 

Drawbacks It fails under rapidly 
changing 
environment 
condition. 

Time response, average power is 
low. 

No such drawbacks. 

Time response  
 

1.758  
 

0.55792 
 

2.558 

Average power 
 

279.7 280.7 283.7 
Ripple 
Amplitude  
 

88.23 
 

88.73 89.17 

 
  
FUTURE VISION  
 
It is well known that various types of methods is used for generating the electricity like Thermal Power 
plants (Nuclear, Coal, petroleum etc.), Hydro (water) power plants, but it is non-renewable resources and 
also harmful for humans as well as environment. [9]  
 
As many types of other charge controllers like PWM etc. also available, but due to low efficiency it cannot 
be used completely by the consumers. Hence there is need to develop more other cheap and effective 
MPPT algorithms [10], so that almost 100% efficiency can be achieved. 
Here are the some that can be future research papers:  
 

1. MPPT operating APP: An application of operating MPPT by the help of smartphones can so be 
made operate from whenever via the Internet. 

2. DC-DC running loads: DC from MPPT can be taken directly and DC load can be run. DC loads 
helps to consume low electricity. [1] 

3. Energy Management: There is need to manage energy when these algorithm are developed. [11] 
 
CONCLUSION  
 
By seeing the world population and demand of electricity, it is necessary to use solar power and extract 
more power from it, MPPT is one of the technique to done efficiently. As  it is discussed that parasitic 
capacitance technique is good from both P&O and Increment conduction method by power output. So as 
the population is increasing, there is need to  use the renewable energy source. Therefore,  solar energy is 
gaining the popularity. To extract maximum power, it is desirable to use MPPT algorithm, therefore to 
develop different types of algorithms of MPPT, so that maximum power can be extracted from solar energy 
with good efficiency. Comparative analysis on the basis of the advantages & disadvantages, voltage 
ripple,average power obtained, time response is done. The case study of the applying the MMT techniques 
on the Electric Rickshaw has been depicted in this paper 
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ABSTRACT 
Machine Learning a very popular and extremely useful technique in Brain Machine Interface. We explore the use of BMI for implementing 
electroencephalography for recording electrical activity of the brain. In this paper, we focus on developing a prototype that uses BMI to extract 
the current mood of the human brain. A BMI/BCI system provides a new method of communication to the brain through the computer. The brain 
consists of billions of neurons and these neurons communicate via minute electrochemical impulses which generate movement, expressions, 
emotions and words. Mental activity leads to changes of electrophysiological signals. Brain- computer interface (BCI) takes the input through the 
brain and link it to the device for some external activity, such as body movement, intelligence. The system opens a pathway for connecting the 
human brain and the matter that to be inhabited and is also helpful for treatment of severely paralyzed or locked-in people. 

 
INTRODUCTION 
  
Machine Learning is a field of Computer Science, which enables the computer to work according to its own 
intelligence without being explicitly programmed. 
 
A BCI machine sometimes called a mind- machine interface, direct neural interface or brain - machine 
interface (BMI), these are gates for communicating and for the controlling the systems which translate the 
input received from the brain and send it in order communicate with the devices. 
 
Using of computers had always struck the question of interfacing. The ways by which human has been 
interacting with computers has advanced from last few decades. The new designs of technologies and 
systems appear more and more every day. 
 
The growth in Human-Computer Interaction (HCI) field has not only been in quality of interaction, it has also 
experienced different branching in its history. Instead of designing regular interfaces, the different research 
branches have had different focus on the concepts of multimodality rather than unimodality, intelligent 
adaptive interfaces rather than command/action based ones, and finally active rather than passive 
interfaces. 
 
This paper provides an impact on the HCI systems and cover most important branches as mentioned above. 
In the next section, basic definitions and terminology of HCI are given. This is a description on the different 
architectures of HCI designs. The final sections give the description on some of the applications of HCI and 
future directions in the field. 
 
Electroencephalography (EEG) is a method for translating and recording the data received from the brain as 
the source of the input. 
 
Further to study the method electroencephalography and to implement how EEG signals are different for 
different subjects to another furthermore, the concept of transferring of data between subjects is examined. 
 
The non-invasive technique works by placing the twenty-four electrodes all over the head; It measures voltage 
fluctuations coming from the neurons of the brain. 
 
The main focus is of developing a prototype which uses available EEG signals from brain as a input, and do 
certain task – 
 
1) Receiving the EEG signal 2) process with the EEG signal and 3) uses the signal to classify and control the 
playlist of the music. 
 
The focus is in developing a prototype of a headphone, which changes the music in reference to the current 
mood of the listener. 
 
This draft focuses on the doorway of the EEG signals from the brain and to be implemented for testing 
purpose for the model, and the output is a functional prototype that can use user brain signals to control the 
music in the headphone through the application with over 90% accuracy. 
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Anatomy of brain 
 
Human brain being the most complicated machine consists of neurons as many in number as there are stars 
in the galaxy [1]. It controls and regulates all functions and tasks performed by body. Our brain mainly 
consists of three, 1.cerebrum Cortex, 2.cerebellum cortex and 3.pons. Human mind consisting different lobe, 
the largest part of the brain is known as cerebellum see in the [Fig. 1]. [2]  

 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Parts of Human Brain [2]. 
…………………………………………………………………………………………………………………………… 

 
Cerebral Cortex is further branched into four lobes, which are: frontal, temporal, parietal, and occipital. 
Functions performed by each lobe are explained in [Table 1]. Further the lobes are again divided to the 
section that performs some particular functions. These brain cells are very complex in nature. Each lobe of the 
brain doesn‟t function alone. 
 
Notice two important areas in cerebrum called sensory strip and motor strip. The sensory strip is in the 
parietal lobe, near the border of the frontal lobe. The strip is involved in registering sensation that is 
connected to specific body parts or body functions. Motor strip is located at the frontal lobe and controls all 
muscle movements including the ones that are necessary for speech. 
 

Table 1: Functions performed by different Lobes of Cerebrum  
 

Lobe Function 

Gyrus Lobe Personality of the user, Behavior of the user, Emotions of the 
user, Judgment capability, Planning and strategy, Problem 
Solving capacity. 

Parietal Gyrus gland Interprets the language, Sensitivity, Temperature (Sensory 
strip), Interprets signals from Vision, Hearing capacity etc. 

Temporal gyrus Lobe Memory storing, Hearing capacity, Sequencing and 
Organization ability 

Occipital gyrus Lobe Memory Storing, Hearing capacity, Sequencing and 
Organization ability 

 
ELECTROENCEPHALOGRAPHY  
 
Basic of EEG 
 
Electroencephalography (EEG) is a technique for continuously monitoring brain‟s activity. German psychiatrist 
Hans Berger first observed it in 1924. It involves placing electrodes on the scalp and measuring the electrode 
potential of each electrode. 
 
Neurons, which are basic building blocks of our nervous system, send their energy or “talk” to one another 
through tiny spaces called synapse. Whenever a neuron receives a signal, its membrane generates electric 
potential changes. Generating action potentials along the neuron passes along these signals. This electrical 
activity always occurs inside a live brain that is whenever there is any sensory, imagery or motor action 
happening or even during sleep. The electrodes of EEG on scalp detect the weighted effect of this electrical 
activity of pyramidal cells (i.e. neurons just under the scalp). Being a weighted measurement of many nerve 
cells, EEG has lower spatial resolution but good temporal resolution. 
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Measurement system (international 10-20 system) 
 
There are many methods which EEG places electrodes. The standard10-20systemis usually used to collect the 
instant EEG. In this method 21 electrodes are specified on the scalp, as shown in [Fig. 4A, 4B]. The positions 
are as follows: Source points are mansion, that is an apparatus on the nose, aligned with the eyes; and inion. 
From these references, the skull specifications are calculated in the transverse and median planes [3]. 
Electrode positions are known by separating these values into 10% and 20% breaks, this is the reason it is 
called 10-20 systems. Tracing this pattern, we will get the electrode layout as shown in [Fig. 2] 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: International 10-20 system Electrode Placement [4]. 
…………………………………………………………………………………………………………………………… 

 
All the positions and specifications of these electrodes are specified and standardized by the American 
Electroencephalographic Society. In this diagram the circles containing numbers and letter represent the 
electrodes. Letter represents the region of brain like F for frontal and C for central and numbers indicate the 
place. The numbers, which are odd, are on left side and even numbers are on right side. Lower the number 
means it is close to centerline and center line is represented by letter „z‟ indicating zero. 

 
 
  
 
 
 
 
 
 

 
Fig. 3: EEG measurement (A) Bipolar (B) Unipolar [5]. 
…………………………………………………………………………………………………………………………… 

 
EEG signal strength is very small, in the order of microvolts. Therefore, to increase the signal and noise ratio, 
we take differential measurement of two electrodes using differential amplifier with high input impedance to 
remove the common-mode noise. Thus, EEG is relative measurement. The measurement can be bipolar [Fig. 
3A] in which the potential drop between a pair of electrodes is mapped or it can be unipolar as shown in [Fig. 
3B] in which potential of each electrode is compared either to a neutral electrode or to the average of all 
electrodes. Frequency spectrum of EEG reveals frequency content of signal. It has bandwidth about 50Hz. 
 
  
 
 
 
 
 
 
 

 
 
 
 
Fig. 4: Frequency Spectrum of typical EEG signal [6]. 
…………………………………………………………………………………………………………………………… 

 
The bandwidth is further divided to more commonly observed frequency beats, which is further explained in 
[Table 2]. 
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For example, if we take EEG measurement of person sleeping we will see most of the frequency content will 
be less than 4 Hz, which is called Delta band. Likewise, we have Theta, Alpha, and Beta mu bands. Note that 
Mu waves diminish with movement or imagination of movement. We will see later that this property is used in 
control applications. 
 
Eeg based bmi system architecture 
 
Architecture is converted into statement that operates a command in the device. The important point to notice 
here is that this whole system involves two adaptive controllers i.e. Brain and BMI machine. It is the 
responsibility of the user to create and maintain a well co-relation between his/her intent and the frequency 
signal featured employee by the BCI, and the BCI should select and extract the features that the user can 
control efficiently. [7] 
 

Table 2: EEG wave bands [8] 
 

Frequency Location Uses 

 
Delta (ƍ) 

0.5-4 
Hertz 

Common Sleeping / coma 

 
Theta (θ) 

 
4-8 Hertz 

Temporal-lobe & parietal-
lobe 

All kind of Emotional Stress 
(Anger, Sadness) 

 
Alpha (α) 

 
8-13 Hertz 

Cerebral-cortex 
 

Visualizing Problem(Hearing, 
Imagining) 

 
 
Beta (β) 

 
13-30 
Hertz 

 
 
Parietal and frontal 

Increases the amplitude at the time Of 
intense mental activity 

 
Mu (μ) 

 
8-13 Hz 

Frontal-lobe (motor cortex) Diminishes to the behavior that Is 
preparatory to another behavior 

 
Output 
 
Output device can be any controllable machine. The system can be used to answer the yes/no questions or 
for type processing. It is being used for control objects like wheelchair or can be channel of communication in 
games or virtual reality. Usually, computer screen is used for visual feedback and the output is the selection of 
target. 
 
PRESENT-DAY BMI SYSTEM  
 
BMI is a highly multidisciplinary field. After its first successful implementation in 1999, that enables the 
cortical neurons that could directly control a machine manipulator, the field has shown remarkable progress. 
Given below are few present-day applications and current research trends in BMI technology. 
 
Visually evoked potentials 
 
Visually Evoked Potentials (VEP) is type dependent BCI system and uses the concept of evoked potentials. The 
system detects the EEG patterns in primary visual cortex. Example of such system involves stimulating the 
user with a light having certain frequency. The EEG signals around visual cortex will have peaks in spectrum at 
that frequency component and its harmonics. [Fig. 5] shows one implantation. In this application, user faces a 
screen displaying several virtual buttons that are flashed at different rates. Once the user directs his/her gaze 
at screen. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Visual Evoked Potentials [9] (Left) EEG Spectrum (Right) Application [10]. 
…………………………………………………………………………………………………………………………… 
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SIGNAL 
ACQUISITION 

THROUGH 
HEADPHONES 

SIGNAL PROCESSING 

MOOD DETERMINATION 

 
 

 
 
P300 evoked potentials follows the concept of independent BMI. The P300 is a (+ve) deviation on the (EEG). 
Neural Interface Engineering Brain Machine Interface using EEG 
 
FLOW CHART 
    
           
 

  

 

  

   

 
 
 
 
HUMAN BRAIN       HEADPHONE 
 

Fig.6: Signal acquisition and processing 
…………………………………………………………………………………………………………………………… 

 
As described in Fig-6, the process begins with „Signal Acquisition‟; the brain electrodes connected to the head 
of the person through headphones capture the electrical activity from the brain. Signals from the brain once 
collected are then sent to the „Signal Processing‟ phase of the process in the mobile application where, the 
system developed by K. Ishino and M. Hagiwara [12] applying FET, Once the mood of the person is identified it 
is then compared to the music database, where it determines which type of music would best suited the 
person‟s current mood based on Thayer‟s mood classifications. 
 
Algorithms used: 
 
Principal component analysis: This idea of the (PCA) Principal component analysis is to reduce the 
chance of the variables and the data sets, which co-relates, (high or low), assessing the data from the data 
sets, it is extent to the maximum. This can be done by the transforming the data sets into variables, which are 
known as the principal components (or simply, the PCs) and are orthogonal. This is the way to retain the data 
sets and to use it. The principal are components are the Eigen-vectors of a co-variance matrix, and hence they 
are orthogonal.    The results are also sensitive to the relative scaling. The PCs are essentially the linear 
combinations of the original variables, the weights vector in this combination is actually the Eigen-vector 
found which in turn satisfies the principle of least squares. 
 

•PCs are already discussed. 
 
•As we move to the 1st PC to the last PC the variation present at it decreases and with it the 
importance, the unwanted PCs are sometime important in the regression, outlier and detection. 

 
Wavelet transform: 
 
CWT: The Continuous Wavelet Transform transforms a continuous signal into highly redundant signal of two 
continuous variables: 1. translation and 2. Scale. The resulting is the transformed signal, the signal is easy to 
interpret and valuable for time frequency analysis. 
 
DWT: The Discrete Wavelet Transform has become a powerful technique in biomedical signal processing. It 
can be written on the same form as (1), which emphasizes the close relationship between 
 
CWT and DWT. The most obvious difference is that the DWT uses scale and position values based on powers 
of two. 
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Table 3: Moods classifies according to musical components [13] 
 

 
 

Feeling 

 
 

Power 

 
 

Sound 

 
 

Tone 

 
 

Rhythm 

Cheerful Average Average Extreme Extreme 

Exuberant Excessive Average Excessive Excessive 

Energetic Extreme Average Average Excessive 

           Frantic Excessive Extreme Little Extreme 

 

Depressed 

 

Average 

 

Extreme Low 
Extre

me 
Low 

 

           Little 

          Sorrow Little Little Little            Little 

 

          Calm 
Extreme 

Low 

 

Extreme Low 

 

Average 
          Extreme Low 

Contentment Little Little Excessive           Little 

 
Many other algorithms and technique can be used to make this system more accurate and efficient. At last 
the songs are played from a large library of songs matching the mood of the person and making him feel 
better. 
 
CONCLUSION 
 
Brain Machine interface is very interesting field which gives us chance to expand the capabilities of human 
brain, potential to bring science fiction into reality. EEG based BMI systems are the hope for severely and 
partially paralyzed patients in that one day they do the basic communications and the motor control, it helps 
in the communication process with the brain. It holds the promise of bringing sight to the blind, hearing to the 
deaf and words to unspoken emotions, even increasing the level of interaction between human and machine. 
We will add more features like changing the color of headphones depending on the state of the user in 
addition to that we can also try to determine the type of music which helps the human brain to lessen the 
effect of stress. 
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ABSTRACT 
 
This is generally seen that garbage bins are placed at various public places in the cities to reduce the amount of garbage thrown on the 
streets, due to increase in the waste every day; it creates unhealthy condition for the people and creates bad smell around the surroundings. 
It also leads to many diseases and human illness. So to avoid this, smart bin system is proposed in this paper which will intimate the amount 
of garbage level through the tags placed on the smart bins called as RFID technology. RFID is used to intimate the storage capacity  of smart 
bin. It may also be responsible for the type of waste to be managed either biodegradable or non-biodegradable. Garbage management 
system is the main issue in the field of Internet of things. The absence of efficient waste management has caused serious environment 
problems and cost issues. Smart bin includes plasma decomposition process, in which plasma decomposes all the waste and converts it into 
syngas. This is new technology of decomposing waste when the smart bin is full of garbage and reaches its threshold value then the sensors 
will send the notification to the lid to close and it will notify plasma to start its functioning and starts decomposing the waste and then 
gasoline air converter further converts the syngas into fuel (natural gas). Plasma torches are used in many machines works. This paper 
includes the new garbage management system. 

 
INTRODUCTION 
  
The improper disposal of waste has a serious and dangerous impact on many areas. Garbage thrown in 
the street or in open spaces creates a problem for the people to survive; it stinks and also spread 
diseases. Non-biodegradable materials thrown into open drains make their way into the sewerage system, 
it clogs pipelines and damages infrastructure. The hazards posed by the removal of industrial waste are 
even greater, with the release of pathogens and toxic compounds harmful not just to human life but also 
to plants and animals. Garbage dumped in the countryside ruin the landscapes and unique habitats of 
flora and fauna are lost. [1]. The traditional way of manually monitoring the wastes in waste bins is a 
complex, cumber some process and utilizes more human effort, time and cost which is not compatible with 
the present-day technologies. So new methods are required to introduce to reduce garbage waste and this 
can be done technically. 
 
In this paper analytics is integrated in order to create optimal changes in the conventional methodology of 
waste collection with the large amount of data that is being produced by the smart bin networks. The 
movement of waste across the whole city can be tracked and thus can be monitored by a system 
efficiently and concretely. This system can prove to be a revolution for the whole urban waste management 
system of upcoming smart cities. A technology named Zigbee GSM (), that enables the remote monitoring 
of solid waste bin in real time and which will inform the authorized person when the garbage bin is about 
to fill. These technologies are good enough transport monitoring management facilities and storage waste 
collection. It does not have any user interaction site like websites and android application, and that‟s why 
RFID is used to detect the tags and aware the people in their android application. [2]. 
 
Smart bin also describes the application of managing waste collection system of an entire city. The 
sensors enabled smart bins generate a large amount of data, which is further analyzed to see the 
condition of waste disposal and notify when the garbage is at its threshold value. It is difficult to implement 
in large cities. The IR sensor placed inside the trash sense the level of trash and there are another sensor 
will sense the amount of toxic gases. Once the trash is filled, notification is send. The RFID placed inside 
the trash will intimate about the overflowing of trash. Some researchers proposed that there are many 
dustbins located throughout the city or the campus, these dustbins are provided with which helps in 
tracking the level of the garbage bins and a unique ID will be provided for every dustbin in the city so that it 
is easy to identify which garbage bin is full. Tags are placed to detect the dustbins. When the level reaches 
the threshold limit, the device will transmit the level along with the unique ID provided [3, 7]. The 
concerned authorities can help us in making the people aware about the smart bin. 
 
Problems with existing smart bins: - 
 

 Overflowing of bins 
 Bacteria, insects and vermin thrive from garbage Air pollution and respiratory diseases 
 Contaminates surface waters, which affects all ecosystems 

 
Direct handling of overflowing waste exposes for health risks inefficient waste control is bad for municipal 
well being 
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INTERNET OF THINGS 
 
The internet of things is the network of devices, which allows things to connect, interact and exchange 
data. Internet of things (IOT) involves extending internet connectivity beyond standards devices, such as 
desktops, laptops, smart phones and tablets, to any range of traditionally dumb or, non- internet- enabled 
physical devices and everyday objects, these devices can communicate and interact over the internet, and 
they can be remotely monitored and controlled. It connects things with internet and data can be 
exchanged within the systems. The entire network-based technologies need IOT to share information 
required. 
 
Architecture of IOT 
 
The bottom most layers consist of your devices and things which include the plasma torches which can be 
used to decompose all the waste material and converts it into syngas. The functioning of garbage bin 
starts from here, on the top of the device there is a layer called device communication layer, devices can 
communicate with each other or upper layers using this layer. This communication layer communicates in 
the way it sense the amount of garbage present in the garbage bin. And when it crosses its threshold value 
it starts its functioning. It warns plasma torches to function and decompose as fast as possible. The third 
layer is the aggregation layer. A message will be sent here. There is an aggregation layer between the 
garbage waste which is not decomposed and the garbage waste which is decomposing and which is in the 
process. And event processing layer is very important component and this is generally cloud. The data can 
be stored, analyzed and processed here. So in garbage system the event processing layer will the RFID 
(Radio frequency identification), which is used to track various objects. So it is used in tracking the 
garbage bins at what distance the garbage bin is placed and it is connected through an android 
application which will help us in tracking the bin by code which is placed on the garbage bin. It also 
ensures at what level the garbage bin is full and the storage capacity of the garbage bin [4] [8]. And these 
are how human can be connected through applications. The top most layers are the external 
communications layer, a human being can communicate with the devices using this layer, and this may be 
with the help of dashboard and apps. In this how human being can communicate with the devices through 
their mobile phones and by throwing garbage in the dustbins. This is to identify who all hare accessing the 
data and if they have the permission to do so. Management needs to check whether the device is working 
properly or not. And the syngas which is produced can be reformed and converted into fuel so that it can 
be used further by many industries. The gas is transferred into another chamber in which gasoline air 
converter helps in converting the syngas into fuel (natural gas) [5]. An IOT architecture has been shown in 
Fig 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: IOT architecture 
…………………………………………………………………………………………………………………………… 

 
Advantages of IOT 
 
Environmental monitoring- It measures the amount of water and the soil which is required for the 
better plant growth. It warns the people about the disasters and prevent damages and can helps in pre-
precautions need to be taken. It can also detect the amount of garbage thrown and can reduce it. It helps 
in maintaining the environment clean. 
 
Infrastructure management- It is useful for tracking if there is any problem in urban or rural 
infrastructure such as bridge, railway to reduce risk of danger and any failure in strength would be cured. 
 
Industrial applications- They investigate the quality of product in order to check whether product fulfil 
the demands of the customer and is gaining much in the market. 
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Energy management- Energy management is how the energy consumption can be reduced when 
connected with the internet and reduce power consumption such as cloud based, remote control for oven, 
lamp and etc. [6]. 
 
Medical and healthcare Systems- Healthcare systems help to improve patient state better by 
monitoring and controlling their heart rate or blood pressure or even for their diet. IOT helps in improving 
health of the patient as soon as possible. 
 
Building and home automation- It maintains the appliances such as air condition, security lock 
lightening, heating, ventilation, telephone system, TV to make a comfort, secure, with low energy 
consumption [11]. 
 
APPLICATIONS OF IOT 
 
Smart home: Smart Home has become the revolutionary ladder of success in the residential spaces and 
it is predicted Smart homes will become as common as smartphones. The cost of owning a house is the 
biggest expense in a homeowner‟s life. Smart Home products are promised to save time, energy and 
money. With Smart home companies like Nest, Ecobee, Ring and August, to name a few, will become 
household brands and are planning to deliver a never seen before experience. For example, Amazon Cloud 
Cam, LifxMini Wi-Fi Smart Bulb, Ecobee4 etc. Fig 2 depicts the smart home. 

Fig. 2: Smart Home 
…………………………………………………………………………………………………………………………… 

 
Wearables: Wearable devices are installed with sensors and software‟s which collect data and 
information about the users. This data is later pre-processed to extract essential insights about user. 
These devices broadly cover fitness, health and entertainment requirements. The pre-requisite from 
internet of things technology for wearable applications is to be highly energy efficient or ultra-low power 
and small sized. For example, Samsung Gear Fit2. Fig 3 shows the typical smart watch based on an IoT 
mechanism. 
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Fig. 3: Smart Watch 
…………………………………………………………………………………………………………………………… 

 
Connected cars: The automotive digital technology has focused on optimizing vehicles internal 
functions. But now, this attention is growing towards enhancing the in-car experience. A connected car is a 
vehicle which is able to optimize it‟s own operation, maintenance as well as comfort of passengers using 
onboard sensors and internet connectivity. Most large auto makers as well as some brave startups are 
working on connected car solutions. Major brands like Tesla, BMW, Apple, Google are working on bringing 
the next revolution in automobiles. Fig 4 denotes the concept of smart cars. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Smart cars 
…………………………………………………………………………………………………………………………… 

 
Industrial internet: Industrial Internet is the new buzz in the industrial sector, also termed as Industrial 
Internet of Things (IoT). It is empowering industrial engineering with sensors, software and big data 
analytics to create brilliant machines. According to Jeff Immelt, CEO, GE Electric, IIoT is a “beautiful, 
desirable and investable” asset. The driving philosophy behind IIoT is that, smart machines are more 
accurate and consistent than humans in communicating through data. And, this data can help companies 
pick inefficiencies and problems sooner. IOT holds great potential for quality control and sustainability. 
Applications for tracking goods, real time information exchange about inventory among suppliers and 
retailers and automated delivery will increase the supply chain efficiency. According to GE the 
improvement industry productivity will generate $10 trillion to $15 trillion in GDP worldwide over next 15 
years. The traditional usage of industrial internet is being shown in Fig 5. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Industrial Internet 
…………………………………………………………………………………………………………………………… 
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Smart cities: Smart city is another powerful application of IoT generating curiosity among world‟s 
population. Smart surveillance, automated transportation, smarter energy management systems, water 
distribution, urban security and environmental monitoring all are examples of internet of things 
applications for smart cities. IoT will solve major problems faced by the people living in cities like pollution, 
traffic congestion and shortage of energy supplies etc. Products like cellular communication enabled 
Smart Belly trash will send alerts to municipal services when a bin needs to be emptied. By installing 
sensors and using web applications, citizens can find free available parking slots across the city. Also, the 
sensors can detect meter tampering issues, general malfunctions and any installation issues in the 
electricity system. A typical smart city mechanism/design is being depicted in Fig 6. 
 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6: Smart cities 
…………………………………………………………………………………………………………………………… 

 
Smart retail: The potential of IoT in the retail sector is enormous. IoT provides an opportunity to retailers 
to connect with the customers to enhance the in-store experience. Smartphones will be the way for 
retailers to remain connected with their consumers even out of store. Interacting through Smartphones 
and using Beacon technology can help retailers serve their consumers better. They can also track 
consumers path through a store and improve store layout and place premium products in high traffic 
areas. Fig 7 shown the concept of Smart Retail chain. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Smart Retail 
…………………………………………………………………………………………………………………………… 

 
PROPOSED WORK 
 
The problem nowadays is about litter of garbage around the streets when the garbage is full. And due to 
this there are many diseases that occur, so to prevent the losses Smart bin is introduced. The proposed 
system is about smart garbage in which the garbage gets decomposed by using plasma and gets 
converted into syngas which further purified as natural gas and released in atmosphere. To deal with the 



 ISSUE: Multidisciplinary Science & Technology  

www.iioab.org    | Gupta et al. 2019 | IIOABJ | Vol. 10 | S2 | 139-147 | 
 

144 

 

problem of waste disposal a system was proposed to identify the waste products to be thrown and these 
could be differentiated as, plastic garbage bags, chips and stickers. The followings are used in the 
proposed system. 
 
RFID- Radio frequency identification 
 
RFID is used to identify and track tags attached to objects. The tags contained information stored in it. 
Active tags have a local power source and RFID can be operated from a distance from the RFID reader. 
RFID is one method for automatic identification and data capture, RFID is used to aware the person that 
the smart bin is at its threshold value and cannot store more garbage and storage capacity is limited. 
 
RFID system is made up of two things- a tag and a reader. RFID tags include a transmitter and a receiver. 
The RFID component on the tags has two parts- a microchip that stores information, and an antenna to 
transmit a signal. To read the information encoded on a tag, a two- way radio transmitter-receiver called an 
interrogator emits a signal to the tag using an antenna. The interrogator will then transmit the read results 
to an RFID computer program [9, 10]. 
 
There are two types of tags- passive and battery powered. A passive RFID tag will use the interrogators 
radio wave energy to interrogate. A battery powered RFID tag is embedded that powers the relay of 
information. In an RFID- based garbage collection system, an RFID collection bin includes a 
communication module to communicate with a central server, automatic garbage entrance, and a scale 
function to measure the weight of the food waste. However, the collection bin communicates only with a 
server [15]. 
 
Plasma 
 
Plasma is a state of matter. Plasma is created by ionization process by adding energy to a gas so that 
some of its electrons leave its atoms. The results are negatively charged (electrons), and positively 
charged (ions). The charged particles in plasma react strongly to electric and magnetic fields. If plasma 
looses heat, the ions will re-form into a gas, and emits the energy which had caused them to ionize. 
Plasma is found in stars. It requires very high temperatures to break the bonds between electrons and the 
nuclei of the atoms. 
 
A plasma waste converter is a plasma torch applied to garbage which converts the garbage waste into 
syngas and the syngas can be used further in the form of fuel in the industries. A plasma torch uses a gas 
and powerful electrodes to form plasma. The temperatures generated by a plasma torch are hotter than 
the surface of the sun. Molecules break down in molecular dissociation. When molecules are exposed to 
intense energy, the molecular bonds holding them together break apart. Only elemental components of the 
molecules are left [13]. 
 
Organic molecules become volatilized, or turn into gases. This syngas can be used as a fuel. Inorganic 
compounds melt down or converted into a glassy substance. Metals melt down and combine with the 
inorganic matter called as slag. The heat evolved from plasma converters causes pyrolysis. It is a process 
in which organic matter breaks smaller compounds and decomposes. Plasma torches can operate in 
airtight vessels also. [12]. 
 
Plasma waste converters can convert almost any kind of waste. It can treat medical waste or 
contaminated waste and gases and slag are left as residue. The waste breaks down in basic elements; 
they can be disposed of safely. A plasma converter can break down every type of waste but can‟t break 
down heavy radioactive material, such as the rods used in a nuclear reactor. If you put such material in a 
plasma furnace, it would catch on fire or even explode. 
 
Workstation 
 
Conveyor system- garbage is loaded on the conveyor and is pushed into the furnace 
 
Pre-treatment mechanism- Pre-treatment process is required for efficient working of plasma torch. 
 
Furnace- furnaces have an airlock system which allows garbage to come in and prevent the hot gases in 
the furnace from escaping into the atmosphere. 
 
Plasma torch- the plasma torches used in these facilities are custom-built. 
 
Slag drainage and afterburners- molten slag pools at the bottom of the furnace and it maintains the high 
temperature inside the gasification chamber. 
 
Gas ventilation- the furnace also has a vent system to allow gasifier components to pass into another part 
of the system. 
 
Afterburner- gases can pass through a secondary chamber [14]. These extremely hot gases then pass 
through a heat recovery steam generator system where they heat water to form steam. 
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Syngas cleaning- e gases from the furnace enter a chamber where they are cooled. The gases pass 
through a spray of water, which scrubs the gases of pollutants. 
 
Components of smart garbage bin: 
 

 Bottom layer at which lid is placed which collects all the waste required for decomposing and 
plasma torches are placed in the same layer which decompose the same waste side by side. The 
devices are found in this layer. 

 Another component is layer which is present at the top called as device communication layer, at 
this layer sensors are present used to detect the amount of garbage stored, and it ensures when 
the garbage cross its threshold value the sensors sends the notification to close the lid and starts 
functioning of plasma. 

 There is another chamber where decomposition of garbage takes place and plasma converts it 
into syngas and then gasoline air converter converts syngas into fuel. 

 Aggregation layer is the third component which separates the waste which is yet to be 
decomposed and the waste which is being decomposed by plasma. 

 The topmost layer is the garbage collection layer. It is the external communication layer, where 
humans can communicate with the device through the app. It notifies them about the storage 
capacity of the bin. 

 Then is one more layer named as event processing layer, ensures about the usage of RFID. The 
tags placed on the smart bin can easily track the bin and notify about the bin [17]. 

 Another chamber attached to the dustbin is gasoline air converter which converts syngas into 
fuel (natural 

 gas) which can further be used in industries. 
 
Tools/equipment required: 
 

 Garbage container in which garbage is thrown 
 Two Sensors (one at upper lid one at lower lid) are used to detect the threshold value up to which 

garbage bin is full 
 RFID is used to detect the dustbin with the help of tags placed on the bin and notify about the 

amount of garbage stored in it. 
 Two lids are used. (One on the top of the bin which is half open and half closed, and another on 

the third most layer of the garbage bin to open and start functioning [16]. 
 Plasma torches 
 Gasoline air converter 

 
 
SYSTEM DESIGN OF PROPOSED SMART DUSTBIN  
 
A smart bin is created which works on RFID technology and also made up of high-tech materials which do 
not get melt through plasma. The waste is decomposed and converted into natural gas. This has been 
introduced before but now this can be used in the form of smart bin [18]. Garbage thrown in the smart bin 
can be toxic and non- toxic, plasma convert all types of waste into gas and also helps in decrease of 
diseases. Smart bin is automatic and works on neural networks technology. An app is created which can 
function all the automatic operations of smart bin. Sensors can be introduced which can sense the 
amount of garbage around the surrounding. The automatic functioning of the smart bin makes sure when 
the lid is open or closed. The proposed mechanism/idea of smart garbage bin in shown in Fig 8 in the form 
of flowchart and its corresponding parts/components is shown in Fig 9. 
 
WORKING  
 
The bottom most layers consist of the devices and things which include the plasma torches which can be 
used to decompose all the waste material and converts it into syngas. The functioning of garbage bin 
starts from the top most layer where there is a cover lid present on the top of the dustbin which usually 
remains closed so that it does not stink. There will be a small opening on the cover so that the garbage 
should be thrown from that. When the bin gets full and as the garbage gets above the marked level the 
sensor attached to the upper lid sends signal to lower lid and the lower lid gets open, the garbage from the 
upper chamber moves to the lower chamber where decomposition takes place through plasma beam 
which is attached in the lower most level [19]. The decomposed garbage gets converted into syngas which 
flows to the third chamber in which the gas is transformed into fuel. Syngas is composed of hydrogen and 
carbon monoxide and gasoline air converter converts the syngas into fuel which can be used for further 
purposes in many industries. 
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Fig. 8: Flowchart of Smart garbage bin 
…………………………………………………………………………………………………………………………… 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9: Smart Garbage Bin 
…………………………………………………………………………………………………………………………… 

 
BENEFITS OF PROPOSED DUSTBIN  
 

 Keeps the environment clean and fresh: The greatest advantage of waste management is 
keeping the environment fresh and neat. 

 Reduces environmental pollution: Waste management not only eliminates the surrounding 
waste, but also will reduce the intensity of the greenhouse gases which is emitted from the 
wastes accumulated. The gas converter will convert these gases into non-toxic gases. 
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 Reduces human workload: As everything is automatic the human effort in waste disposal is 
reduced and burning of waste is avoided which in return affects the environment. 

 Time saving: It takes only few minutes to decompose the garbage present in the dustbin 
 Reduces cost: So much money wasted in waste disposal and still not disposed of correctly is 

reduced with our smart dustbins as it is only one time investment. 
 Conserves land: The large acres of land wasted and destroyed in just for waste disposal can be 

conserved using smart bins [20, 21, 22]. 
 
CONCLUSION  
 
As we know that India comes at third position in pollution and garbage mismanagement, so to avoid this 
we introduce smart bin which on sensing the threshold value of garbage decompose it automatically and 
can reduce littering of waste products and materials. The data collected from various surveys noticed that 
most of the garbage waste do not get decomposed and left as a residue which cannot be recycled. Plasma 
converters may be used to convert the garbage waste into syngas. The syngas is evolved in the form of 
hydrogen and carbon monoxide. As in various industries gasoline air converters are used which converts 
syngas into fuel (natural gas). The smart bin also does have the capability to sense the amount of garbage 
present in the surroundings. This may have great impact in the environment, diseases can be reduced to 
an extent and this can be used in routine purposes. Having such a huge mountain of garbage collected 
from various places in Delhi can also have the solution to the problem. And the gas which is evolved gets 
converted by the gasoline air converter into fuel which can also be used in the environment. This would 
also help in reducing the amount of diseases. 
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ABSTRACT 
 
In the present scenario of smart city, explicitly in the modern and market zones, the traffic situation is much clogged more often especially at 
the pinnacle time of business hours. Because of expanding development of populace and vehicles in smart and metropolitan urban areas 
individuals are confronting a ton of issue at the significant traffic purposes of the business towns. It causes delays as well as it adds to 
ecological contamination just as different well-being perils because of contamination brought about by vehicle speeding. To avoid such 
extreme issues numerous brilliant urban networks are connect presently executing keen traffic control structures that chip away at the 
benchmarks of traffic computerization with counteractive action of the recently referenced issues. In this paper, we have contemplated and 
thought about the conventional and the sharp traffic control framework, their different favorable circumstances and impediments. We 
likewise did some examination into different urban communities worldwide where the sharp traffic control framework has been embraced 
and their prosperity proportions. Moreover, we investigated the urban areas in India where this idea is a generally new one with more 
accentuation and contextual investigation on the smart traffic control framework received in Bhubaneshwar, the parts utilized , the 
deformities in it and based on this paper, we mean to amend the imperfections in this rush hour gridlock control framework. 

 
INTRODUCTION 
  
The conceptualization of Smart City varies from city to city and country to country, depending on the level 
of development, willingness to change and reform, resources and aspirations of the city residents. In the 
imagination of any city dweller in India, the picture of a smart city contains a wish list of infrastructure and 
services that describes their level of aspiration. The urban planners aim at developing the entire urban 
eco-system, which is represented by the four pillars of comprehensive development-institutional, physical, 
social and economic infrastructure. The core infrastructure elements in a Smart City would include: 
sufficient water supply, guaranteed power supply, sanitation, including strong waste administration, 
effective urban versatility and open transport, reasonable lodging, particularly for poor people, vigorous IT 
availability and digitalization, great governance, particularly e-Governance and native cooperation, feasible 
condition, well-being and security of residents, especially ladies, kids and the old, and wellbeing and 
training. As needs be, the motivation behind the Smart City Mission is to drive economic growth and 
improve the personal satisfaction of individuals by empowering neighborhood and tackling innovation that 
prompts smart results. 
 
INTERNET OF THINGS  
 
Evolution of IoT 
 
IOT is a network of devices, buildings, vehicles and other physical objects embedded with sensors that 
transmit the valuable data between a company and the consumer. The purpose of all this communication 
between the two is to provide consumers smarter products and services, a better customer experience, 
and for businesses a competitive edge and ability to build revenue. The evolution of IOT took place since 
1999 to till date. The evolution of an IoT has been shown in Fig 1. 
 
ARCHITECTURE OF IOT  
With the use of IoT, things in the physical world (i.e. the IoT devices or objects) interact with the virtual 
world (cloud services, platforms and various applications) through a communication network which 
enables exchange and sharing of information with each other. So, an IoT system comprises of the physical 
world, virtual world and a communication network and these three are most importantly the basic blocks 
of an IoT system. 
 
Things – With Internet of things, any item that has a special personality in the physical world or in the 
realm of data which can be coordinated in correspondence is called 'Thing'. The Things can be of two 
kinds’ physical things and virtual things. The physical things are commonly the IoT devices and the virtual 
things can be the cloud administration arrangements like programming applications, APIs and application 
arrangements that trade and procedure information in their own position. The most well- known case of 
physical things can be a temperature sensor. A temperature sensor is associated with a correspondence 
organize through a controller and after that it is utilized for gathering and sharing the dynamic data about 
the ongoing temperature of the earth. 
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Fig. 1: Evolution of IoT 
…………………………………………………………………………………………………………………………… 

 
 
The physical world - The physical world in an IoT framework is an accumulation of physical things or 
devices. These physical things or devices are worked around controllers or processors with of include 
IOT sheets. These devices are fit for detecting, gathering, putting away, sharing and handling data and are 
likewise fit for working at least one actuators to affect in reality. 
 
The virtual world - The virtual world in IoT alludes to the gathering of virtual things. These virtual things 
are by and large Internet, cloud or versatile applications, APIs or application stages. The virtual things 
additionally assume a noteworthy job in information logging, information mining and investigation in an IOT 
framework. 
 
Communication system: The correspondence organizes a connection that permits communication 
between the physical world and the virtual world. 
 
IoT has a basic four tier architecture and following are the layers as denoted in Fig 2: 

 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Four Stages of IoT Architecture 
 …………………………………………………………………………………………………………………………… 
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Advantages of IoT 
  

 Communication: IOT empowers the correspondence between devices which is additionally 
prominently known as Machine-to-Machine (M2M) correspondence. Along these, the physical 
devices can remain associated and subsequently the all-out straightforwardness is accessible 
with a less wasteful aspects and improved quality. 

 Automation and control: Because of physical articles getting associated and controlled 
carefully and midway with remote framework, there is a tremendous measure of robotization and 
control in the operations. Without human impedance, the machines can speak with one another 
which prompts a quicker and convenient yield. 

 Information: It is clear whether there will be more data then it will enable us to detail better 
choices. Regardless of whether it is a minor choice as having to recognize what to purchase at 
the supermarket or if your organization has enough devices and supplies, information is power 
and more learning is better. 

 Monitor: The IoT enables you to computerize and control the assignments that are done every 
day, keeping away from human impedance. Machine-to-machine correspondence keeps up 
straightforwardness in the procedures. It additionally prompts a consistency in the errands. It can 
likewise keep up the nature of administration. We can likewise make vital move if there should 
arise an occurrence of crises. 

 Time: The machine-to-machine connection gives better effectiveness; consequently, exact 
outcomes can be acquired rapidly. This outcome in sparing profitable time. Rather than 
rehashing similar assignments consistently, it empowers individuals to do other imaginative 
employments. 

 Money: The greatest preferred standpoint of IOT is setting aside extra cash. IOT on a very basic 
level ends up being an exceptionally supportive to individuals in their everyday schedules by 
influencing the machines to impart to one another in a powerful way subsequently sparing and 
moderating vitality and cost. Enabling the information to be conveyed and shared among devices 
and afterward making an interpretation of it into our required way, it makes our frameworks 
effective. 

 Better Quality of Life: All the applications of this technology emphasize on increased 
comfort, convenience, and better management, thereby improving the quality of life. 

 
Drawbacks to IoT 
 

 Security: With the majority of this IoT information being transmitted, the danger of losing 
protection increments. For instance, how very much encoded will the information be kept and 
transmitted with? Do you need your neighbors or managers to know what meds that you are 
taking or your money related circumstance? 

 Compatibility: As devices from various makers will be interconnected, the issue of similarity in 
labelling and checking manifests. Although this disadvantage may drop off if all the 
manufacturers agree to a common standard, even after that, technical issues will persist. Today, 
we have Bluetooth-enabled devices and compatibility problems exist even in this technology! 
Compatibility issues may result in people buying appliances from a certain manufacturer, leading 
to its monopoly in the market. 

 Complexity: The IOT is a different and complex system. Any disappointment or bugs in the 
product or equipment will have genuine outcomes. Indeed, even power disappointment can 
cause a ton of burden. 

 Lesser work of modest staff: The incompetent specialists and partners may finish up losing 
their positions in the impact of robotization of every day exercises. This can prompt joblessness 
issues in the general public. This is an issue with the appearance of any innovation and can be 
overwhelmed with training. With every day exercises getting computerized, normally, there will be 
less necessities of HR, principally, laborers and less taught staff. This may make Joblessness 
issue in the general public. 

 Technology assumes responsibility forever: Our lives will be progressively constrained by 
innovation, and will be reliant on it. The more youthful age is as of now dependent on innovation 
for each seemingly insignificant detail. We need to choose the amount of our everyday lives 
willing to automate and be constrained by innovation. 

 
APPLICATIONS OF IoT IN SMARTCITIES 
 
Smart car parking system: Traffic congestion caused by vehicle is an alarming problem at a global 
scale and it has been growing at a large scale. Car parking is a major issue these days and has contributed 
immensely with increasing vehicle size in the luxurious segments and confined parking spaces in the 
urban cities. Searching for a parking space has become a routine task and often is a frustrating activity for 
many people in cities around world. With IOT based smart parking system, users will automatically find a 
free parking space in a particular geographic area and that too at a minimal cost [4]. IOT based smart 
parking system involves using low-cost sensors, real-time data collection, and mobile-phone-enabled 
automated payment systems that will allow people to reserve parking spaces in advance or very accurately 
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predict where they will likely find a parking spot. It also enables cities to carefully manage their parking 
space. Smart car parking has solved one of the biggest problems in urban areas for finding empty parking 
spaces and controlling illegal parking spaces and controlling illegal parking. As for example we have shown 
an IoT based smart parking system in below Fig 3. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: IoT based Smart Parking system 
…………………………………………………………………………………………………………………………… 

 
Waste management- (smart bin): Sensor Based Waste Collection Bins are used to identify the status 
of waste bins if they are empty or completely filled so as to customize the waste collection schedule 
accordingly and also to make it cost effective. Real time waste management system with the use of smart 
dustbins enables to check the fill level of dustbins whether the dustbins are completely full or not, through 
this system the information of all smart dustbins can be accessed from anywhere across the globe and 
anytime by the concerned person [3]. It will also inform the status of each and every dustbin in real time so 
that the concerned authority can send the garbage collection vehicle only when the dustbin is full. It has 
been represented in Fig 4 below. 
Benefits: 
 

 It will stop the overflowing of dustbins along roadsides and localities as smart dustbins are 
managed at real time. 

 The filling and cleaning time of smart bins will also be reduced thus making empty and clean 
dustbins available to the common people. 

 It also aims at creating a clean and green environment. 
 By using the route algorithm it will smartly find the shortest route thus it will reduce the number 

of vehicles used for garbage collection. 
 It will send optimized routes directly to drivers. 
 It will reduce the fuel Consumption. 
 Less amount of fuel will be consumed by vehicles thus it will help in saving a large amount of 

money as well. 
 It will stop overflowing of dustbins along roadsides and localities. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4: IoT based Smart Dustbin 
…………………………………………………………………………………………………………………………… 
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Smart water quality checking framework: Guaranteeing the security of water has turned into a 
testing undertaking because of the unnecessary wellsprings of poisons a large portion of which are 
brought about by human exercises. The primary driver for water quality issues is the over-abuse and over 
utilization of common assets. The quick development of industrialization, urbanization and more 
prominent accentuation on rural development joined with the most recent headways and mechanical 
improvement, rural composts and non- authorization of laws have added to water contamination to an 
expansive extent. The issue is at times disturbed because of the unpredictable circulation of precipitation. 
The Keen Water Quality Observing Framework which is IOT based will screen the nature of water 
continuously [3]. This framework comprises of certain sensors which measure the water quality parameter, 
for example, pH, turbidity, risky Gas, broke up oxygen, water level, and so on. It is planned and oversaw 
utilizing a Remote Sensor System (WSN) that screens the water quality with the assistance of data 
detected by the sensors submerged in water, in -order to keep the water asset inside a standard that is 
depicted for household use and to almost certainly take essential activities to re-establish and improve the 
soundness of the debased water asset. It has been represented in Fig 5 below. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5: Schematic diagram of the Smart Water quality monitoring system 
…………………………………………………………………………………………………………………………… 

 
Smart air quality checking frameworks: The air quality in Delhi, as indicated by a WHO review of 
1600 world urban areas, is the most exceedingly bad of any significant city on the planet. Air 
contamination in India is assessed to slaughter 1.5 million individuals consistently; it is the fifth biggest 
executioner in India. India has the world's most astounding demise rate from unending respiratory 
illnesses and asthma, as indicated by the WHO [2]. Significant poisons causing respiratory sicknesses are: 
 

I. Fine particles delivered by the consuming of non-renewable energy sources like coal, oil, and so 
forth. 

II. Noxious gases like sulfur dioxide, nitrogen oxides, carbon monoxide-CO, compound vapors, and 
so forth. 

III. Ground-level ozone (a receptive type of oxygen and an essential part of urban exhaust cloud) . 
IV. Volatile Natural Mixes having a high vapor weight at standard room temperature, formaldehyde-

HCHO gas being significant segment. 
 
Air quality Checking gives crude information comprising of estimations of gases and convergences of 
contaminations, which would then be able to be examined and deciphered. IOT Based Air Contamination 
Observing System screens the Air Quality over a Internet server utilizing Internet and it will trigger a caution 
when the air quality goes down past a specific dimension, implies when there are unreasonable measure 
of hurtful gases present noticeable all around like CO2, smoke, liquor, benzene, NH3, NOx and LPG. The 
framework will demonstrate the air quality in PPM on the LCD screen and just as on site page with the goal 
that it tends to be observed in all respects effectively. Temperature and Humidity(moisture)can additionally 
be identified and observed in the framework. It has been represented in Fig 6 below. 
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Fig. 6: IoT based Air Quality monitoring system 
…………………………………………………………………………………………………………………………… 

 
Smart traffic control system: Traffic light control frameworks are broadly used to screen and control 
the stream of vehicles crosswise over different intersections of a few streets. Their point is to acknowledge 
smooth movement of cars in the transportation courses. Be that as it may, the synchronization of various 
traffic lights frameworks at adjoining intersections is a confounded issue. Likewise, the common 
impedance between nearby traffic light frameworks, uniqueness of autos streams with time, different 
instances of mishaps, the entry of crisis vehicles, and the person on foot intersections are not actualized in 
the current traffic framework which prompts automobile overload and blockage. The ordinary traffic 
framework should be moved up to understand the extreme traffic blockage, ease transportation issues, 
diminish traffic volume and holding up time, limit generally travel time and advance vehicles wellbeing. IOT 
based traffic the executive’s frameworks for smart urban communities serves to effortlessly arrange with 
emergency vehicle driver to locate the flag status and pick the way where traffic stream can be 
progressively controlled and petty criminal offenses are been distinguished by on location traffic officers 
through halfway checked and controlled through Internet. A robotized miniaturized scale controller based 
traffic control framework utilizing sensors alongside live Internet updates can be a useful advance in 
enhancing the traffic stream design in occupied convergences. Keen Traffic The board is where halfway 
controlled traffic signs and sensors direct the stream of traffic through the city. 
 
TRADITIONAL TRAFFIC CONTROL SYSTEM 
 
One of the serious issues looked in any metro city is traffic clog. Stalling out between substantial traffic is a 
migraine for every single individual driving the vehicle and even to the traffic police in controlling the 
traffic. One of the most established methods for taking care of traffic was having a traffic policeman 
conveyed at every intersection who physically controls the inflow of traffic through hand flagging. Anyway 
this was very bulky and afterward came the requirement for an alternate kind of control – utilizing Traffic 
signals, which is developed by Garret Morgan and J.P.Knight. Customary Traffic light controllers utilized a 
fixed foreordained calendar for traffic inflow for every bearing in the intersection. The controller was an 
electro mechanical controller which comprises of mechanical frameworks worked electrically. It comprises 
of three noteworthy parts-a dial clock, a solenoid and a cam get together. An engine and an apparatus 
gathering works the dial clock which thusly are dependable to empower or de-invigorate a solenoid which 
thusly works a cam get together which are capable to give current to each flag sign. The dial clock is 
utilized to give redundancy of fixed span interims. The issue with this conventional methodology is that it 
will in general be wasteful. Indeed, even arrangements that offer need to open and crisis transportation 
will in general miss the mark. This principally happens on the grounds that one key blemish stays with 
these frameworks that the control is brought together. It has been represented in Fig 7 below. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Traditional signal timing process 
…………………………………………………………………………………………………………………………… 
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Working of traditional traffic lights 
 
A traffic control system in general consists of traffic light heads, controllers and detectors. 
 
Block diagram: It has been represented in Fig 8 below. 
  
 
 
 
 
 

 
 
 
 
 
 
Fig. 8: Block Diagram of Traffic System 
…………………………………………………………………………………………………………………………… 

 
Function of signal controller: A controller is a device or group of devices that serves to govern in 
some predetermined manner the performance of an electric device. A controller might include a manual or 
automatic means for starting and stopping the motor, selecting forward or reverse rotation, selecting and 
regulating the speed, regulating or limiting the torque, and protecting against overloads and faults. Type of 
controllers used is: 
 
Centralized signal controllers: These controllers use microchips and LSI particularly for traffic control 
in various leveled structure for improved unwavering quality. 
 
Just as dealing with the different sensor controls, the chip additionally gain proficiency with the split 
controls, show changeovers and remotely controlled cycles, split controls. This forestalls flag control 
interruption by guaranteeing that the capacity is proceeded regardless of whether there is a break in the 
rush hour gridlock control focus circuits. This framework is intended to proceed with safe flag task even in 
case of breakdown where the microchips helpless to incite the traffic flag control LSI. It has been 
represented in Fig 9 below. 
 
Multistage signal controllers: With an inherent widespread timetable, this device can adaptably 
program flag designs for some random schedule vacancy on weekdays, Saturdays and Sundays. 
 
Push-button signal controllers: These controllers initiate green signs for people on foot wishing to 
cross fundamental streets all walkers need to do is to press the catch given at the street crossing point. 
Ordinarily the lights on the fundamental streets are set to green, enabling vehicles to pass. 
 

 
Fig. 9: Signal controllers 
…………………………………………………………………………………………………………………………… 

 
Function of traffic light heads 
 
Traffic lights, also known as traffic signals, traffic lamps, traffic semaphore, signal lights, stop lights, robots 
(in South Africa and most of Africa), and traffic control signals (in technical field), are signaling devices 
positioned at road intersections, pedestrian crossings, and other locations to control the flows of traffic. 
Traffic lights alternate the right of way accorded to users by displaying lights or LEDS of a standard color 
(red, amber (yellow), and green) following a universal color code. In the typical sequence of color phases: 
 

 The green light enables traffic to continue toward the path meant, in the event that it is sheltered 
to do as such and there is room on the opposite side of the crossing point. 

 The amber (yellow) light cautions that the flag is going to change to red. In various nations – 
among them the Unified Kingdom – a stage amid which red and yellow are shown together 
demonstrates that the flag is going to change to green. Activities required by drivers on a yellow 
light change, with certain wards expecting drivers to stop in the event that it is sheltered to do as 
such, and others enabling drivers to experience the crossing point if safe to do as such. 
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 A blazing golden sign is a notice flag. In the Unified Kingdoms, a blazing golden light is utilized 
just at pelican intersections, instead of the consolidated red– golden flag, and shows that drivers 
may pass if no walkers are on the intersection. 

 The red flag restricts any traffic from continuing. 
 A flashing red sign is treated as a stop sign. 

 
Function of detectors: 
 
Any traffic-responsive control system depends on its ability to sense traffic for local intersection control 
and / or system-wide adjustment of timing plans. A system accomplishes this by using one or more of the 
following detector types: 
 
Pavement invasive detectors 
 

 Inductive circle: It is the most widely recognized indicator innovation. It comprises of at least 
one turns of protected circle wire twisted in a shallow space sawed in the asphalt. Circle locators 
come in various sizes and shapes, and different arrangements can be utilized relying upon the 
zone to be recognized, the sorts of vehicles to be distinguished, and the goal, (for example, line 
identification, vehicle tallying, or speed estimations). 

 (Such as queue detection, vehicle counting, or speed measurements). 
 Magnetometer: It measures changes in both the horizontal and vertical components of the 

earth's magnetic field. Early magnetometers could only detect the vertical component, which 
made them unable to operate near the equator, where magnetic field lines are horizontal. Newer 
two-axis fluxgate magnetometers overcome this limitation. Magnetometers are useful on bridge 
decks and viaducts, where the steel support structure interferes with loop detectors, and loops 
can weaken the existing structure. Magnetometers are also useful for temporary installations in 
construction zones. 

 Magnetic: It consists of a coil of wire with a highly permeable core. Measures the moving faster 
than a certain minimum speed, and therefore cannot be used as a presence detector. Useful 
where pavement cannot be cut, or where deteriorated pavement or frost activity break inductive 
loop wires. 

 
Non-pavement invasive detectors 
 

 Microwave Radar: It transmits microwave energy toward the roadway. CW (Continuous Wave) 
Doppler radar can only detect flow and speed. FMCW (Frequency Modulated Continuous Wave) 
radar can also act as presence detector. Certain bridges with large steel structures can cause 
problems with radar based systems. 

 Active infrared: It transmits infrared energy from detector and detects the waves that are 
reflected back. 

 Passive infrared: It does not transmit any energy; detects energy from vehicles, roadway and 
other objects, as well as energy from the sun that is reflected by vehicles, roadway, and other 
objects. 

 Ultrasonic: It transmits ultrasonic sound energy waves, and measures the distance that the 
reflected wave travels. Can detect vehicle count, presence, and lane occupancy. 

 Acoustic: It measure vehicle passage, presence, and speed by passively detecting acoustic 
energy or audible sounds produced by vehicular traffic. 

 Video image processor: Video cameras detect traffic, and the images are digitized, processed 
and converted into traffic data. Can replace several loop detectors, and measure traffic over a 
limited area, rather than just a single point. The typical usage of Induction Loop Traffic Sensors 
has been shown in Fig 10. 

 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 

Fig. 10: Induction loop traffic sensors. 
…………………………………………………………………………………………………………………………… 
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PROBLEMS FACED BY TRADITIONAL TRAFFIC CONTROL SYSTEM  
 
These limitations hinder the ultimate usefulness of traffic control systems. They become limited in terms of 
effectiveness and versatility. While this is a problem in any setting, it becomes worst in a city experiencing 
rapid growth. These traffic control systems will be unable to effectively direct traffic. Multiple redundant 
systems may employ conflicting control schemes, which in turn further diminish the effectiveness of these 
systems. The main problems with most traffic direction solutions are that they: 
 

 Increase in rear- end collisions: When it comes to accidents, traffic signals are sort of a 
mixed bag. Traffic signals can reduce certain type of car accidents, most commonly broadside 
collisions. One of the primary disadvantages of traffic signals are that they lead to an increase in 
rear-ends collisions. Rear-end collisions occur more frequently when a driver abruptly stops at a 
yellow or red light, causing a distracted driver behind him to ram into the rear of his car. Rear-end 
collisions aren’t typically as severe as broadside collisions, so this trade-off can be seen as worth 
it. However, in an intersection where broadside accidents are not a concern, installing traffic 
lights can mean an automatic increase in accidents at the intersection. Traffic engineers do a 
risk-benefit analysis as part of determining whether to install a traffic light. 

 
 Excessive delays: While they do help manage the flow of traffic, one of the other 

disadvantages of traffic signals is that they can cause traffic delay. Waiting for a traffic light to 
turn or waiting for a car in a turn lane to safely cross an intersection can result in long wait 
periods. Excessive delays can translate to wasted fuel, air pollution and costs to motorists. 

 
 Aggressive driving: Partially as a result of excessive delay and partially as a result of 

unwarranted or improperly functioning traffic signals, drivers can get impatient and aggressive 
when driving. When that happens, more red lights may be run, more traffic laws are broken and 
drivers may veer off onto neighborhood streets. Aggressive driving can mean increased 
accidents, congestion, and air and noise pollution. These are some of the many disadvantages of 
not following traffic rules. 

 
 Cost of traffic signals: One of the other disadvantages of traffic signals is the cost, especially 

when a less expensive stop sign will do. The cost of installing and maintaining a traffic signal 
varies, depending on the state. In Missouri, it costs between $100,000 and $150,000 to install 
and about $4,000 a year to maintain a traffic signal. It costs the taxpayer $250,000 and 
$500,000 to purchase and install a signal and about $8,000 a year to maintain. A basic stop 
sign, on the other hand, can average around $400 to manufacture and install. Maintenance 
costs of a stop sign are significantly lower than a signal, since there is no electrical system to 
maintain. Traffic engineers consider the advantages and disadvantages of traffic signals when 
determining whether to install them. Once they are installed, signals are monitored and adjusted 
on an ongoing basis to make sure they are as beneficial as possible. 

 
SMART TRAFFIC CONTROL SYSTEM  
 
Keeping these challenges of traditional traffic lights in mind, the concept of intelligent traffic control 
system was introduced. Objective of this project is to provide traffic and transit management services to 
the traffic police in support of improving congestion and reducing delays in the cities. This traffic system 
will improve travel time reliability by progressively moving vehicles through intersections. 
 
BASIC MODEL OF A SMART TRAFFIC CONTROL SYSTEM  
 
The traffic control framework planned in programmed mode and manual mode. In programmed mode 
relying on sensors yield the choice is taken. However, in manual mode we can have control on traffic; this 
is finished by approved individual in control room. The Raspberry Pi is utilized in framework takes controls 
on all. IR sensors are utilized to distinguish the thickness of traffic. What's more, to recognize the section 
of rescue vehicle and lost cars RFID is utilized. Camera utilized in framework takes still pics of traffic. By 
observing this image, approved individual in control room will take choice in manual method of activity. 
 
Raspberry Pi: UK was first to create Raspberry Pi. It is a progression of little single board PC. There are 
three ages in Raspberry Pi for example Raspberry Pi 1, 2 and 3. In this age we can likewise discover 
diverse models like model A, B. The fundamental Raspberry Pi did not have Wi-Fi and Bluetooth in it, later 
it was included. Raspberry Pi 3 is utilized in our proposed framework. It has Broadcom SOC and GPU. 
CPU's speed is 700M Hz – 1.2G Hz. 
 
RAM has 256MB – 1GB memory. SD card store OS in it. There are 4 USB slots. For camera to interface it 
has CSI. USB cable is used to power the raspberry pi. Raspberry Pi also have video or audio jack. And it has 
40 GPIO pins. For monitor connection it has HDMI port. 
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RFID: RFID is a technology in which data will be transferred without any external connection of 
components. In RFID we have RFID Reader and RFID tag [5][6]. A unique number is allotted for every tag. 
The RFID tags are of two types: 
 

 Active 
 Passive 

 
In traffic lights, passive RFID tags are used. The RFID system contains of a passive tag, an RFID reader, a 
micro- controller, a GPRS module, a high speed server with a database system and a user module. It has 
been represented in Fig 11 below. 
 

 
 
 
  
 
 
 
 
 
 
 
 
 

Fig. 11: RFID 
…………………………………………………………………………………………………………………………… 

 
IR sensor: An IR sensor contains a transmitter and a receiver. The transmitter emits the IR rays which strike the object, if 
present in front of the sensor. These rays will be reflected and thus sensed by the IR receiver. This will help in confirming the 
presence of an object and how far it is [7]. It has been represented in Fig 12 below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12: IR Sensor 
…………………………………………………………………………………………………………………………… 

 
Pi camera: A Pi camera takes high definition pictures and videos. It has a flat cable which is used for 
connected to CSI port of the Raspberry Pi. The camera is a 5 Mega-Pixel which is generally used for 
surveillance purposes. 
 
LED lights: The LED lights are used as traffic lights. These are diodes and when the p-n junction is 
forward biased, it emits lights in the form of photon. This gives us different colors and the color is 
determined by the gaps in the energy band. 
 
TECHNOLOGIES USED IN SMART TRAFFIC CONTROL SYSTEM  
 
RFID labels: The traffic executive’s frameworks that are created utilizing the RFID framework is equipped 
for giving critical traffic related data which would help in lessening the movement time for workers. It tends 
to be helpful for different purposes like following stolen autos, vehicles that avoid traffic flags or tickets, 
tolls and so forth. This innovation encourages the framework to gather required information and 
determined the normal speed of vehicles on the streets of the city. The procured information, for example 
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the normal speed determined at different intersections is then transmitted to the focal calculation server 
which at that point computes the time taken by a vehicle to go in a specific street [8]. Accordingly, the 
server makes a guide of briefest time ways of the entire city. This information would then be able to be 
gotten to by clients through an interface module put in their vehicles. 
 
Sensors and smaller scale controllers: Utilizing IR sensors alongside miniaturized scale controllers 
and Drove’s, a model of a traffic control framework can be made which can demonstrate worth for 
constant utilization of controlling traffic signals dependent on the thickness of the traffic. A 4-side 
intersection is viewed as where the traffic stream on each side is just a single way [9]. There are 3 parts of 
the framework: 
 

 Display Unit: Comprises of 3 Drove’s: Red, Golden and Green on each side of the intersection 
making an aggregate of 12 LED's. 

 Detector Unit: Comprises of a course of action of photodiode and IR Drove at every intersection 
which identifies the nearness of vehicle by recognizing an adjustment in opposition. 

 Controller Unit: Comprises of a smaller scale controller which gets the IR sensor yield and 
appropriately controls the gleaming of LED's. 

 
Actuator nodes: A WSAN (Wireless Sensor and Actuator Node) is a group of sensors that gather 
information about the environment and actuators around them such as motors that interact with them. 
The communication between the elements is wireless [10]; the interactions are either autonomous or 
controlled by humans. WSAN’s are built of approximately thousands of nodes where each node is 
connected to one or more sensors with sensor hubs as well as individual actuators or actors. These are 
used in locations like traffic control system or scientific development, where exact measurement and 
control of an environment is necessary. 
 
VANET: VANET (Vehicular ad hoc networks) are created using the principles of MANET’s (Mobile ad hoc 
Networks). It is a creation for vehicle to vehicle (V2V) data exchange. These vehicles to vehicle or vehicle to 
roadside communications architectures that co-exist in VANET’s can help in providing road safety, 
navigation and other road-side services. VANET’s are an important part of the ITS (Intelligent Traffic 
System) framework and are sometimes referred as Intelligent Transportation Networks [11].  
 
 
 
COMPARISON OF TRADITIONAL/CONVENTIONAL TRAFFIC CONTROL 
SYSTEM TO SMART TRAFFIC CONTROL SYSTEM. 
 
The comparison of traditional traffic control system with the IoT based smart traffic lightning system has 
been shown in below Table 1. 
 
Table 1: COMPARISON OF TRADITIONAL/CONVENTIONAL TRAFFIC CONTROL SYSTEM TO 
SMART TRAFFIC CONTROL SYSTEM. 

S.NO PARAMETERS TRADITIONAL/CONVENTIONAL
 TRAFFI
C CONTROL SYSTEM 

SMART TRAFFIC CONTROL 
SYSTEM 

1. Excessive 
Time Delay 

It uses a fixed time delay for different traffic directions and 
follows a particular cycle while switching between signals. 
As a result, this creates unwanted congestion during the 
peak hours and loss of man-hours. Also here, the 
junction timings are fixed so the vehicles have to wait at 
road crossing even though there is little or no traffic at 
all[12]. 

It uses Microcontroller 
interfaced with sensors which 
helps in changing the signal 
timing automatically based on 
the traffic density at the junction. 
This also helps in avoiding 
unnecessary waiting time at the 
junction. 

2. Traffic 
congesti
on 

It creates unnecessary traffic jam. Also there are 
problems like Ambulance getting caught up by red 
traffic signal and wasting valuable time. 

It reduces the traffic congestion. 
It is controlled by algorithm and it 
not only takes into 
consideration all complex road 
intersections in a city but also 
adds type of vehicles leading to 
accurate predictions of traffic 
flow. 
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3. Aggressiv
e driving 

As a result of excessive delay and improper functioning of 
traffic lights drivers can get impatient and aggressive while 
driving which may lead to accidents, congestion, air and 
noise pollution. 

This won’t be the scenario here 
as it will improve travel time 
reliability by progressively 
moving vehicles through 
intersections. It will also 
provide city planners with 
accurate predictions of pollution 
and emission levels as well as 
estimation of best fuel 
efficiency for various types of 
vehicles in the city. 

4. Gathering 
Traffic 
data 

Conventional systems cannot gather traffic data. It cannot 
measure the number and type of vehicles using a 
particular road. 

Smart traffic control systems can 
effectively gather traffic data. It 
can measure the number and 
type of vehicles using a 
particular road or visiting a 
particular part of the city, also 
monitor peak traffic times, 
journey[13][14], length and other 
data. 

5. Cost  of  
Traffic 
signals 

The cost of installing and maintaining the traditional traffic 
signals was much more cheaper because of the lack of 
smart devices starting from $100,000 and will go on up 
depending upon quality of the material. 

The cost of installing and 
maintaining the latest traffic 
signals is costlier than the 
traditional system because of 
the additions such as RFID 
labels, sensors and small scale 
controllers and actuator nodes 
starting from $250,000 and 
increasing depending on the 
quality of the material[15][16]. 

 
REAL LIFE EXAMPLE OF SMART TRAFFIC LIGHT CONTROL SYSTEM IN 
BHUBANESWAR  
 
In India, the concept of intelligent traffic control is still fairly new. It has been implemented and 
Bhubaneswar with varying degrees of success, while it is still in the process of implemented in Delhi. Here 
we will discuss the smart traffic control system adopted in Bhubaneswar, its working, its components, the 
advantages it has, the drawbacks and the methods in which we can try to overcome these drawbacks. 
 
In recent times, Bhubaneshwar has emerged as one of the fast-growing, important trading and a 
commercial hub in the state of Odisha and Eastern India. This fact-paced development in the city has put 
adverse pressure on the ease of commuting in the city. Traffic Management has been identified as an 
important key for enhancing mobility of citizens in the city. For enhancing the efficiency of the signalized 
intersections, the city has given a proposal to have a coordinated traffic signal control system. This led to 
the installation of Adaptive Traffic Signal Control System at signalized intersections in the city. Thus, 
Bhubaneshwar has recently procured the requisite technology of traffic engineering named the Composite 
Signal Control Strategy (CoSiCoSt) developed by C-DAC (Centre for Development of Advanced Computing) 
which is a research and development organization under the Department of Electronics and Information 
Technology, Government of India. CoSiCoSt technology is an advanced control system which is capable of 
synchronizing traffic signals according to the real time traffic conditions. The system gets its input from the 
sensors embedded in the roads and the synchronize the group of traffic signals accordingly. This type of 
signaling system runs on solar power and it is being planned to be upgraded with automatic number plate 
recognition, variable message signs and surveillance cameras for real-time emergency and incident 
management system. The system shall be integrated with other smart city modules in the Central 
Command Centre and provide real-time decision support. The Adaptive Traffic Signal Control System is a 
part of the Intelligent City Operations and Management Centre which falls under the Pan City Proposal. The 
key outputs/outcomes implementation for pilot intersection is currently underway. The Adaptive Traffic 
Signal Control System is being planned to be installed at 58 traffic signals, 14 pelican crossings and 
blinkers at five locations in the city. The project is leading to the distribution of green phase (traffic signal) 
time equitably and faster response to traffic conditions and emergencies. The system also predicts traffic 
volumes and accordingly adjusts signal timings. The project will also travel time reliability, reduce 
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congestion and related Green House Gas (GHG) emissions. The project is funded through Smart City Funds 
with a finance of 14.7 crores. The agency which is implementing the project is Bhubaneshwar Smart City 
Limited (BSCL). 
 
CONCLUSION 
 
In this paper we have seen that the IOT is having a vast amount of applications where it can be used. An 
example include usage in Smart cities, Healthcare and in other modern infrastructure has changed the 
things in a drastic manner. By studying in detail, we have compared the traffic signal system of traditional 
manner with the smart traffic-based mechanism based on IoT. Being a traditional system, we found that it 
was having various drawbacks such as it was unable to gather the real time data traffic light, time delay of 
red/green/yellow lights was fixed ir-respective of any amount of traffic in either of the 4 sides of road. As a 
result of the excessive delay in lights the drivers also become impatient due to more waiting hence all 
these things may lead to traffic jam as well as an accident. So, for avoiding all these things in the 
traditional lightning system a new mechanism called as the smart traffic lightning mechanism was 
proposed which uses the concept of IoT and the various components such as the Sensors, RFID signals 
and other devices. Although costing gets increased in later system but the time delay has been adjusted 
among the road side having more/less amount of traffic. The delay will get reduce if traffic is higher than 
expected and vice versa. In India, the concept of intelligent traffic control is still fairly new. It has been 
implemented and Bhubaneswar with varying degrees of success, while it is still in the process of 
implemented in Delhi. Here we will discuss the smart traffic control system adopted in Bhubaneswar, its 
working, its components, the advantages it has, the drawbacks and the methods in which we can try to 
overcome these drawbacks. 
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ABSTRACT 
 
Among all the recent technologies, one of the rapid evolving techniques used for the generation of energy is wind power. This is a non-
renewable source of energy i.e. it will be continuing useful for the production of power for several coming years. Nowadays, it is becoming a 
trend to install or establish a system to generate wind power across all over the appropriate places of the world with high or low wind force.        
The wind energy proves itself as one of the leading components in the electrical power generation sector, and will definitely play a prime role 
in the renewable energy sector. Every city looking for the development is highly reliant on electricity for their growth. Relative analysis will be 
very important element for the selection of any renewable energy system. . With the help of life cycle Cost Benefits analysis, unit cost of 
energy can be calculated .In Wind Energy systems the main component of generation is turbine and generator. Conventional power 
generation turbines are very much comparable to modern wind turbines as their life span is of about 20-25 years. These turbines are of two 
types -Horizontal Axis Wind Turbine (HAWT) and Vertical Axis Wind Turbine (VAWT). The inconsistent wind velocity is a major problem, which 
leads the voltage/frequency fluctuations, in turns the stability in WECS. In this paper, wind energy is reviewed and we have discussed the 
stochastic structure of wind, Offshore and Onshore wind farms which mainly focuses on Aerodynamics, Mechanical and Electrical aspects. 

 
INTRODUCTION  
  
The useful form of wind energy converted in electrical energy with the help of rotor, sails, and blades. The 
site selection for Wind Energy Conversion System (WECS) depends upon the availability of the wind [1]. 
The WECS has many components like wind turbine, control system, generator, interconnection apparatus. 
There are two types of Wind turbines: 
 

 Horizontal Axis Wind Turbine (HAWT) 
 Vertical Axis Wind Turbine (VAWT) 

 
Contemporary wind turbine used HAWT with 2 or 3 blades and activate either downward or upward 
configuration. The PMSG work with very high torque at low speed with less noise and need no external 
excitation. DFIG have winding on both stationary and rotating part where major power transfer between 
shaft and grid. The doubly fed induction generator (DFIG) or PMSG type is the most commonly used 
generator for wind energy conversion system. Fed Induction Generator (DFIG) or PMSG type [2]. Majority of 
wind turbine manufacturer make use of DFIG for their WECS as they have advantage in terms of cost, 
weight and size. This reduction of weight and size is due to the use of multi bridge in the system which 
includes several components in one housing such as main shaft, shaft bearing, gearbox, etc. The efficiency 
of generator with multi blades concept is reduced but it becomes cheaper and more reliable than that of 
the standard one. 
 
Different control strategies like Field Oriented Control (FOC), Direct Torque Control (DTC) [3] are 
implemented to achieve high efficient energy conversion on these drives. The electrical and mechanical 
part of wind turbine are mostly linear and there modeling will be easier. 
 
WIND TECHNOLOGIES  
 
Recently the private organizations such as Vestas, Siemens Gamesa are also involve with the wind energy 
technological office for enhancing the efficiency of next generation wind turbine at low cost. These 
collaborative research/studies have impact effectively to lowering the cost. Now a day the average cost of 
wind energy in the UNITED STATE is 3% per KWH, which is 55% in 1980. Though there is a miles to go and 
several wind industry has been continuously working to ensure the future growth of this technology [4]. 
Further to improve reliability, increase capacity factor, and cost reduction building should be done on 
earlier successes. Before 1998, the average capacity factor was 22% for wind turbine which increased to 
an average of nearly 35% today, up from 30% in 2000 with the help of these collaborative efforts. 
 
WIND ENERGY CONVERSION SYSTEM  
 
Wind energy conversion system consists of following main parts as shown in [Fig. 1]: 
 

1. Wind Turbine 
2. Gear system and coupling 
3. Generator 
4. Controller 
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These are mainly the generating unit which converts the wind energy into electrical energy and the 
generating energy sent to the power grid for electrical loads. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Block diagram of wind energy conversion system [5].  
…………………………………………………………………………………………… 

 
WIND TURBINE  
 
This device is used to produce the electrical energy from kinetic energy of wind. In the present trends the 
wind mill are also known as wind turbine. The maximum 6MW power can be generated by the largest wind 
turbine [6]. As compare to fossil fuel, it generates quite less power. The fossil fuel power plant can be 
produce in the range of 500MW to 1300MW. But it also have major drawback like limited and when fossil 
fuel burns, it produce harmful pollutants which directly affect the nature. So that’s why the WECS now in 
more trend because it is a renewable source of energy and cannot affect the nature. 
They are of two types: Vertical and Horizontal. 
 
HORIZONTAL AXIS WIND TURBINE (HAWT)  
 
In this type of wind turbine, the electrical generator along with the main rotor shaft is placed at the top of 
the tower. The blades of the turbine are arranged in such a manner so that the wind can exert maximum of 
its force to rotate the turbine. This rotational energy is used to drive an electrical generator to produce the 
current. There are two types of HAWT- with gear and gear less [7]. 
 
In geared wind turbine a gearbox is attached in between the turbine and electrical generator. This gearbox 
is used to speed up the rotation of the blade. This high speed rotation is appropriate to drive an electric 
generator. The slow rotation of the blade is transformed to a faster rotation by the gear box which is more 
suitable to drive an electric generator. In gearless turbines a permanent magnetic generator is used which 
is directly drive by the blades. As downwind machines do not require an additional mechanism for keeping 
them in line with the wind [8] so they have been built. For day time visibility by aircraft the blades are 
generally colored white and its range is from 20-80 meters. 
 
 
VERTICAL AXIS WIND TURBINE (VAWT)  
 
They have main rotor shaft which is arranged vertically. It is inherently less steerable so it becomes an 
advantage when the turbine is integrated into a building. The major drawback of VAWT is that less energy 
is produced by their design averaged over time, which is. The buildings often redirect wind over the roof 
which cans double the speed of the wind turbine when the turbine is mounted on a rooftop. When wind 
speed within the built environment is much lower than at exposed rural site, the concern subtypes of the 
VAWT may be noise [9]. 
 
 
NEW OFFSHORE TECHNOLOGY TO GROW WIND TURBINE  
 
According to DOE (Department of Energy) the united states has significant offshore wind resources. 
Offshore wind could provide almost twice the total electricity generation that US needed in 2025. 
Development of these resources is also on the rise, largely financed by the private sector. The first planned 
offshore wind project in the US was THE CAPE WIND PROJECT, a 131 turbines offshore wind farm to be 
located in the Nantucket sound. 
 
BENEFITS  
 
The most significant benefits of offshore wind are of course they cleaner energy and overall improvement 
in environmental impact. Other benefits may depend on projects and sites; include lower cost of energy 
and economic benefits for the area. 



 ISSUE: Multidisciplinary Science & Technology  
 

www.iioab.org    | Solanki et al. 2019 | IIOABJ | Vol. 10 | S2 | 161-166 | 
 

163 

 

 
LIMITATIONS 
 
Underwater noise and electro-magnetic fields  
 
An environmental impact of great concern that come with the installation and operation of an offshore 
wind facility is increased noise. Installing turbines requires pile-driving, drilling and dredging, all very loud 
operations. In addition, the turbines will continue to generate disruptive underwater noise and vibrations 
once they are functioning and will emit EM waves. 
 
VESSEL TRAFFIC  
 
During the exploratory stages of the project and when the turbines and the cables are being installed, 
heavy boat traffic is expected in a concentrated area. This is expected to decrease as a result of shipping 
routes being altered to avoid the turbines. A decrease in boat traffic is not the only long term benefits that 
wind farm may bring to marine wild life. 
 
WIND BELT- LOW COST ENERGY PRODUCTION USING FLUTTERING WIND 
BELT  
 
It is a device which works on the theory of aero elastic flutter and on mutual induction method between 
the magnet and the coil. The magnet is arranged on the ribbon in this device which on passing wind, start 
fluttering on the based on aero elastic flutter theory [10]. As a result of fluttering, the magnet between the 
two coils which are arranged one above the other and having little space for the magnet between them 
also to reciprocate. Mutual induction takes place due to this movement of magnet between the coils by the 
flutter which leads to the induction of current and the voltage. The voltage produce is increased when the 
speed of the wind increases. 
 
MAGNETIC PROPERTIES OF WIND BELT  
 
The magnets used in this device are permanent magnet or rear earth magnet which has high magnetic 
field intensity as compared to the ferrite magnet. The magnetic field of these magnets never weakens and 
they also have high resistance towards the corrosion. 
 
COIL PROPERTIES OF WIND BELT 
 
The copper is used for making the coil of wind belt. Therefore the current induced in the coil largely 
depends on the rating of copper wire used. The copper turn and the total weight of the coil directly affect 
the output. 
 
LIMITATION OF WIND BELT 
 
The diameter of the magnet used is 1mm, which restricts the fluttering of ribbon, in order to avoid this; we 
use the similar magnet of smaller size. These magnets are lightly weighted, same magnetic strength, 
better result and output voltage due to its low weight and area. As compared to the others devices of this 
range at low to medium wind velocity this device is very cheap and gives better output. 
 
ECONOMICAL TRENDS OF WIND ENERGY  
 
Past trends 
 
The average capital cost of the electricity produced by wind energy has decline noticeably from the 1980’s 
to the early 2000. This historical cost reduction is attributed to the dramatic enhancement in the 
performance of the turbine which resulted due to the advancement in turbine components. In the duration 
of year 2004 to 2009, the cost of the wind turbine increases due to the capital cost raise in the market. 
This cost raise is dedicated to various factors (in terms of wind turbine) such as turbine up scaling, raised 
in material prices, energy prices, manufacturer profitability, and labor cost [11]. 
 
Present trends 
 
After 2009, the cost of the wind turbine was started to declined but it is still little bit higher and hadn’t 
touch the same rate of 1980’s .However, the performance is continuously improving at the same pace 
[12]. 
 
 
 
 



 ISSUE: Multidisciplinary Science & Technology  
 

www.iioab.org    | Solanki et al. 2019 | IIOABJ | Vol. 10 | S2 | 161-166 | 
 

164 

 

 
Future trends 
 
On the basis of various observations and studies, it is predicted that the LCOE of wind energy will fall and 
continuing the same trend for the near future [13]. As per the data available this fall is now under lying in 
between the range of 20% to 80% and it is predicted that this range will become in between 20% to 30% 
with the reduction in LCOE. The estimated per year initial cost reduction ranges from 1% to 6%. 
 
Operators of future wind energy cost reduction 
 
The major factors which effect the cost reduction are availability of better material, and real time control 
capability. These factors are also responsible for the enhancement of the reliability if wind turbine. Cost is 
expected to decline in the future- similar to those, which is observed in between 2004-2009. 
Manufacturing improvement and innovation in logistic challenge are also expected in reducing the cost of 
wind energy. Among manufacturers there is an increasing competition which drives down the LCOE of 
onshore wind energy to a greater extent than otherwise envisioned. 
 
CLASSIFICATIONS OF GENERATORS FOR WIND TURBINE  
 
Permanent magnet synchronous generator (PMSG)  
 
This generator is used to enhance the reliability of variable speed wind turbine [14, 15]. It has self 
excitation property due to which it offers enhance efficiency and power factor. It is also helpful to extract 
the maximum power from the wind turbine in the condition of fluctuating wind [16]. 
 
Induction generator as wind power generator 
 
This generator is used for the efficient control on power and speed up of the turbine [17]. In turbine 
system this motor is directly attached to the grid. This motor controls the power with the help of hydraulic 
pitch system and starting current limiting circuitry. The entire system is simple and having robustness. 
 
CONTROL STRATEGY OF WECS  
 
Pitch adjustment 
 
This is mainly the adjustment of angle of turbine blade in order to give maximum output. The blade can be 
adjusted through tilt angle (angle of attack). If the blade is tilted in such a manner that its flat side faces 
the force of wind then the angle of attack is increased. The decreasing situation of the angle of attack 
opens the edge of the blade to face the wind. Through of manner of generate the maximum power output. 
 
Yaw adjustment 
 
In case of yaw adjustment tower/pole the entire wind turbine is rotated on its horizontal axis in order to 
give the maximum output. 
 
APPLICATIONS OF WIND ENERGY  
 
The wind energy is used to produce electricity. The large turbine blade is rotated due to the power of wind 
[8]. This rotated motion of the turbine is then converted into the electrical current with the help of 
electrical generator. Some of the prominent applications which use wind energy are: 
 

 Wind electric 
 Wind pump 
 Wind energy-water desalination 
 Wind mill 
 Wind turbine 

 
WIND FARMS  
 
Arrangement of large wind turbines are known as wind farms. It is of two types: 
 

 Offshore wind farms 
 Onshore wind farms 

 
On the basis of the location of the turbines which is on the land or in the sea. They are known as Onshore 
and Offshore respectively. 
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OFFSHORE WIND FARMS  
 
The wind farms which are situated in the sea and the height of the turbine is high and the transmission 
cables are used to transmit energy from generating stations to substations [18]. The undersea cables are 
used for the transmission of the power from turbine to grid. 
 
Advantages: 
 

 The size and the height of the wind mill installed in this category are large, which allow collecting 
more energy. 

 Again, due to its position in the sea (far from the seashore), hence it doesn’t interfere with the 
land available at the seashore which can be used in any other valuable purpose. 

 Generally the wind flow out at the sea with large wind force as compare to the other. Due to this 
huge wind force, the higher amount of energy is produce in much higher in volume. 

 As the wind farm impact negatively to the environment. Therefore it is prefer to build these farms 
in remote areas or where the environment condition is not too delicate. 

 The wind flow can not to effect by the physical restriction such as building or hills, etc. 
 
Disadvantages: 
 

 Cost is the biggest disadvantage oh the offshore wind farm. These farms are highly expensive as 
compare to the fossil fuel generator and the nuclear plant. This is reported 91% and 51% 
respectively, while these are built for the support only. Also, the cables used for them are costlier, 
as they need to cover a long distance to reach to onshore battery [15]. 

 Further the cable runs more power is lost due to voltage drop in long cable. 
 
ONSHORE WIND FARMS 
 
It is situated on the land area so it is known as onshore wind farms. The height of the wind turbine is 20 
meter and distance between two turbines is 200 meter [3]. 
 
Advantages: 
 

 Onshore wind farm is used as mass firms due to its cost effectiveness. 
 As the distance between the end consumer and the wind mill is less which in term effectively 

reduces the amount of voltage drop. 
 The installations of these wind mills are easy and it consumes less time to install. 

 
Disadvantages: 
 

 The major drawbacks of these farms are that they seem to be obstacle to observe the beauty of 
the landscape/ nature. 

 These farms are not capable to produce the energy all over the year due to the physical 
hurdles/obstacle such as buildings or hills and especially due to the lower speed of wind. 

 The noise produce by these farms are huge that it affects the nearby community as noise 
pollution. 

 
GEOGRAPHICAL WIND ENERGY PRODUCTION 
 
According to the Global wind energy council; China is the largest wind energy generating country producing 
19660 MW in 2017 which makes up the 37% of world wide wind energy production. India has the 5th rank 
in the wind electricity generation producing 4148 MW of energy, which is 8% of the world wide generation 
[19]. 
 
In India, top most wind energy generating states are Tamil Nadu, Maharshtra, Gujrat, Rajasthan and 
Karnataka. These states together, generate 93% of total wind energy produced in India. The table 1 shown 
below represents the percentage of wind energy production in India. 
 

Table 1: State wise wind energy production in India [20] 
 

Sl. No. State % Generation 
1 Tamil Nadu 33 
2 Maharshtra 19 
3 Gujrat 16 
4 Rajasthan 14 
5 Karnataka 11 
6 Others 7 
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CONCLUSION AND FUTURE WORKS 
 
It is concluded in this paper that wind farm power generation individually has high capital cost, but the 
clean energy source may be used in Hybrid power generation. The LCOE of wind energy will continue to fall 
on a long term international basis and in fixed wind resource classes this is suggested by variety of factors. 
The most complicated cost modeling along with more advanced component, turbine, project level design 
and cost tools give greater power inside into possible future cost which is based on changes in material 
used and design architecture. The capital cost reduction and performance improvement has led to 
decrease in the cost of wind energy appreciably .Together all these efforts are enhance to be able to 
understand future cost, prioritize and the impact of incentives is understood in future.  
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ABSTRACT 
 
Back ground: Quantum dot Cellular Automata (QCA) consists of a cell which includes two electrons logically interacting in the four quantum 
dot cell. QCA helps the design for faster speed, smaller size, and low power consumption.QCA is the new form of nanotechnology for many 
electronic circuits in VLSI paradigm. Methods: In this manuscript, QCA Designer 2.0.3 tool has been utilized for verifying the output of the 
circuit. Results: In this paper, the designs of 1-bit and 2-bit full adder are proposed which reduce the total number of QCA gates and its 
particular area and power consumption compared to previous well known designs. Conclusions: The proposed QCA full adder circuit saves 
up to 50% Cell counts and 67% Area composed to the previously reported designs. 
 

INTRODUCTION 
 

QCA is a technology which stands for Quantum Dot and Cellular Automata. QCA is an advanced version in 
VLSI arena to implement IC designing than CMOS (Complementary Metal Oxide Semiconductor). CMOS was 
measured on micro-scale that was consisting of high density and had low power Very Large Scale 
Integration (VLSI) circuit [1-4]. The drawbacks of CMOS technology have high leakage current, power 
dissipation and limitation of speed in GHz range. Therefore, CMOS technology has been overtaken by QCA 
technology. In digital logics, adders are basic circuits. Adder circuits in conventional transistors required 
many wires; therefore the earlier adder circuit’s speed was much less because of so many wires. Hence 
such circuit’simplementations were difficult. A Quantum dot Cellular Automata is used as a software 
program. Hence, in this software, the design of QCA has been implemented. 
 
This paper consists of: Basics of QCA, proposed designs of 1-bit and 2-bit Full Adder, simulation result, 
discussion and conclusion. 
 
MATERIALS AND METHODS 
 
QCA design consists of some basic key points. 
 
QCA cell consisting of four dots 
 
In QCA cell, it consists of quantum dots that are basically four dots in one square. From these four dots, 
only two dots are having electrons which are arranged diagonally to each other. The two electrons are not 
able to leave a cell; else they will be able to tunnel in between the dots as shown in [Fig. 1][5-8]. 
 

 
Fig. 1: Four dots of QCA cell. 
………………………………………………………………………………………………. 

 
Only two electrons are allowed to place in a cell, if two or more electrons are present in a cell, then 
Coulomb repulsion will come in contact and repulsion will take place. Hence, there are two polarization 
states that are P=-1 for logic 0 and P=+1 for logic 1. 
 
Components of QCA 
 
In a QCA inverter gate, the input is shown as A and output as A’ which is shown in [Fig. 2]. To make the 
input A strong, same types of two cells are connected with each other and at 45 degree angle, the next cel 
is placed, which gives the output. Therefore, when A has the logic as logic 0 the output A’ gives the logic as 
1 and vice-versa. 
 
3 input QCA majority gate is depicted in [Fig. 2]. A, B, C are given as the 3 inputs [9-11]. Suppose the input 
for A islogic 0 and input for B is logic 0then C is considered as AND or OR gate respectively depending on 
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the polarization of either logic 0 or logic 1. The output is obtained from majority input from all the 3 inputs. 
If all the majority inputs are given as logic 0, so the output will become logic 0. 
 
Wire of QCA cell-The wire of QCA cell can have the same polarization up to 10 cells for logic 0 or 1; after 
that logic will be different that is either logic 0 or 1. As the cells are connected to each other, therefore the 
long interconnection of wires is not needed. 
 
Crossover Gate- When two QCA wires come in contact and if they don’t form a majority gate [12-14]. The 
crossover gate is represented by clock 1 as horizontal wire and clock 3 as vertical wire. In any crossover  
gate there are two combinations of clocks, clock 0 with clock 2 and clock 1 with clock 3. 
 
 

 
 

Fig. 2:  Components of QCA symbols. 
………………………………………………………………………………………………. 
 

QCA clocks 
 
In QCA clocks, it basically gives the direction of cells to control the flow of data. QCA includes four clocks: 
Switch , hold, release and relax. So the cells are given the direction of flow as per the clocks as 0,1,2,3 as 
shown in [Fig. 3]. In clock 0 the phase is to start, in clock 1 it will hold the cells, then in 2 clock the cells will 
be released and finally in the last clock that is clock 3 the cells will be relax and again start from clock 0 
[15-20]. 

 
 

Fig. 3: Clocks in QCA. 
………………………………………………………………………………………………. 
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RESULTS AND DISCUSSION 
 
Proposed design of 1-bit full adder 
 
In the full adder circuit, there are three inputs namely A, B, Cin and output as Sum(S) and Carry (Cout).The 
truth table of 1-bit Full Adder is given in [Table 1]. 

 
Table 1: Truth table of 1-bit full adder 

 
A B Cin Sum (S) Carry (Cout) 
0 0 0 0 0 
0 0 1 1 0 
0 1 0 1 0 
0 1 1 0 1 
1 0 0 1 0 
1 0 1 0 1 
1 1 0 0 1 
1 1 1 1 1 

The equation of Sum(S) and Carry (Cout) is given as: 
 
Sum = A’BCin’ + A’B’Cin + AB’Cin’ + ABCin 
 
Cout= AB +BCin +CinA 
 
Simulation result of 1-bit full adder 
 
A, B, Cin are the inputs, Sum and Carry are the outputs for the given 1-bit full adder design as shown in 
[Fig. 4]. 

 
 

Fig. 4:  Block diagram of 1-bit full adder using QCA gates. 
………………………………………………………………………………………………. 

 
In the 1-bit full adder design implementation as shown in [Fig. 5], the clocks are used depending upon the 
gates. The majority gate uses a separate clock cycle. If for AND operation Clock 1 is used then the same 
clock might be used for other AND operation also. If OR operation is used then Clock 3 is used to get the 
final output. 

 
 

Fig. 5:  Implementation of 1-bit full adder using QCA designer 2.0.3. 
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………………………………………………………………………………………………. 
 

 
Fig. 6 shows the simulation of 1-bit full adder having Sum and Carry (Cout) as an output. 
 

 
Fig. 6:  Simulation of 1-bit full adder using QCA designer 2.0.3. 
………………………………………………………………………………………………. 

Proposed design of 2-bit full adder 
 
The  2-bit  Full  adder  comprises  of  five  inputs  namelyA0,B0,A1,B1,Cin and three outputs namely 
S0,S1,Cout. The truth table for 2-bit Full Adder is given in [Table 2]. 

 
Table 2: Truth table of 2-bit full adder 

 
A0 A1 B0 B1 Cin S0 S1 Cout 
0 0 0 0 0 0 0 0 
0 0 0 1 0 0 1 0 
0 0 1 0 0 1 0 0 
0 0 1 1 0 1 1 0 
0 1 0 0 0 0 1 0 
0 1 0 1 1 1 1 0 
0 1 1 0 0 1 1 0 
0 1 1 1 1 0 1 1 
1 0 0 0 0 1 0 0 
1 0 0 1 0 1 1 0 
1 0 1 0 0 0 0 1 
1 0 1 1 0 0 1 1 
1 1 0 0 0 1 1 0 
1 1 0 1 1 0 1 1 
1 1 1 0 0 0 1 1 
1 1 1 1 1 1 1 1 

Simulation result of 2-bit full adder 
 
A0, B0, A1, B1, Cin are the inputs and S0, S1, Cout are theoutputs for the proposed 2-bit full adder design 
as shown in [Fig. 7]. 
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Fig. 7:  Block diagram of 2-bit full adder using QCA gates. 
………………………………………………………………………………………………. 

 
In [Fig. 8], the implementation of 2-bit full adder design is shown. 
 

 
 

Fig. 8:  Implementation of 2-bit full adder using QCA designer 2.0.3. 
………………………………………………………………………………………………. 

 
The simulation of 2-bit full adder is shown in [Fig. 9], which has Sum and Carry (Cout) as the output. 
 
The proposed 2-bit full adder design saves up to 65 % of area and up to 50 % of total cell counts compared 
to the most recent available full adder design, shown in [Table 3]. 
 
The proposed mechanism and style of designing a Full Adder (FA) circuits are novel. The proposed FA uses 
crossover approach in its design which is best suited for designing any new circuit in QCA technology with 
minimum number of cells and area. Crossover approach gives a freedom to design the circuit in single 
layer only compared to multilayer approach, which requires more number of cells, latency and area. The 
proposed FA circuits are robust and accurate in acquiring its output. 
 



 ISSUE: Multidisciplinary Science & Technology  
  

www.iioab.org     | Nile et al. 2019 | IIOABJ | Vol. 10 | S2 | 167-173 | 
 

172 

 
 

Fig. 9:  Simulation of 2-bit full adder using QCA designer 2.0.3. 
………………………………………………………………………………………………. 

 
 
CONCLUSION 
 
In these paper basics of QCA, wire of QCA cells, types of gates and QCA clocks have been discussed. The 
paper comprises of single layer input design on 1-bit full adder as shown in [Fig. 5] and 2-bit full adderas 
shown in [Fig. 8]. Full adder is a basic circuit in ALU and Microprocessor circuits, which needs to be design 
very carefully. The proposed 2-bit Full adder design uses 314 numbers of QCA cells, 2 clock latency and 
area of 0.53 µm2. In the proposed 2-bit Full adder, the total number of QCA cells is45% less with almost 
33% less area, compared to the previous latest designs. Therefore, the proposed QCA design circuits have 
fast speed, small size and power consumption is less. The proposed FA designs have the potential to be a 
basic reference designs for larger designs at digital VLSI technology. 
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ABSTRACT 
 
India is a vast country and has second largest population in the world. In recent years, India has become a very fast growing economy in the 
world. To fulfill the human and infrastructural requirements a huge amount of energy will be required in near future. Presently the major 
source of energy in India is through thermal power plants. It is the approximately 65% of total energy generated. Rest of energy is being 
generated from hydro, wind, solar and nuclear sources. However, the production of energy from these sources is quite low so far. In thermal 
power plants coal is used as a fuel and burning of coal creates a lot of environmental and health problems. Also efficiency of thermal power 
plants is less and it produces a larger quantity of waste material such as fly ash. The disposal of these materials is a matter of serious 
concern. Further the reserve of coal is limited. Hence to produce clean and green energy, the focus has come on the renewable energy. The 
renewable energy may be derived from natural resources like water, wind, sun and plants as mentioned before, conserving the natural 
resources at the same time. Also, it contributes in welfare and growth of the society and country. The present paper summarizes the 
discussion on different sources of renewable energy and their effect on the social and economic growth of India 

 
INTRODUCTION 
  
In the modern world, India is being emerged as the fastest growing economy. To meet the human and 
infrastructural requirements a lot of energy is needed in future decades. The main source of energy in 
India is coal based thermal power plants. It generates power more than 65% of the total production. The 
reserve of coal in India is limited and till 2050 more than 90% of its reserve will be consumed. The coal 
based thermal power plants generate huge amount of pollutants and solid waste. The effective disposal of 
generated pollutants and wastes a matter of serious concern. Also, it releases the huge amount of hot 
gases into the atmosphere which increases the global warming. To avoid this situation, one can switch to 
alternate or renewable energy sources. Renewable energy comes directly from the natural sources and is 
very less hazardous. Based on the birth sources, it can be classified in different categories like solar 
energy, wind energy, hydro energy, geothermal energy and fusion nuclear energy. Unfortunately, the 
production of the energy from these sources is quite low. The main advantage of the renewable energy is 
that it uses the natural sources which are available at free of cost. Further, no harmful pollutants are 
emitted during the production. It conserves the degradation of natural resources and produce green 
energy. The social impact of renewable energy is very high and it can be contributed towards the growth of 
the economy. In the present paper the social and economic growth of the renewable energy are 
summarized [1]. 
 
DIFFERENT SOURCES OF ENERGY 
 
Solar energy 
 
Sun is a major source of energy and its energy available throughout the year. Solar energy comes from the 
sun in the form of solar radiation. By using solar panels and photovoltaic cells the radiation is converted in 
electricity. Solar energy can be generated in any part of the earth and it reaches at remotely located 
places, where other sources of energy are not feasible. The initial cost of installation of solar panels is 
comparatively high but the maintenance cost is low. For individual installation, no grid formation is 
required [2]. 
 
Hydropower energy 
 
Hydropower comes from energy of water and now-a-days becomes the major source of energy after the 
thermal power. By constructing dams over the rivers, the power of water can be utilized. A hydro power 
plant consists of a dam, a reservoir and a production unit. The construction of hydropower plants is a 
tedious and challenging job and it requires a lot of technical expertise. Its social impact is too high as 
compared to others sources of energy [3].     
 
Geothermal energy 
 
Geothermal energy is generated from the earth’s crust, which has a lot of potential.  It found deep below 
the surface of the earth. Hot molten magma produces a lot of heat, which are converted to electrical 
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energy.  However, it is not available at all over the earth but can be found at certain places. It is a clean 
and renewable form of energy because it does not contribute to any greenhouse emission [4]. 
 
Wind energy 
 
Wind energy is also a source of renewable energy. The power of wind is extracted to produce green and 
clean energy. Air current flowing across the earth's surface is utilized and using wind turbines, kinetic 
energy of the wind is converted to electric energy. Generally individual wind turbines are small in capacity, 
but as a whole it can produce huge amount of energy [1]. 
 
Nuclear energy 
  
Nuclear energy is produced by the fission or fusion process of the material. However, a fusion process can 
be treated as a source of renewable energy because it comes from the Hydrogen. Compared to fission 
reactors, fusion reactors are more environmentally friendly.  It produces a lot of energy by using few 
amount of hydrogen fuel. It can be a major source of energy in future if utilized properly [1]. 
 
A comparison of different types of renewable energy resources is presented in [Table 1]. 
 

Table 1: Comparison of different Renewable Energy Sources 
 

Description Solar Energy Hydro 
Energy 

Geothermal 
Energy 

Wind 
Energy 

Nuclear 
(Fusion) 

Source Sun Water Hot magma 
present in 
the earth 

crust 

Wind Hydrogen 

Environmental 
Effect 

Pollution free, 
no emission 
of pollutants 

Pollution free, no 
emission of 
pollutants 

Pollution 
free, very 

less amount 
of pollutants 

emission 

Pollution 
free, no 

emission of 
pollutants 

Pollution 
free, very 
less amount 
of pollutants 
emission in 
the 
operation 
phase 

Waste 
Generation 

No waste is 
generated 

No waste is 
generated 

No waste is 
generated 

No waste is 
generated 

No waste is 
generated 

Fuel requirement No 
 

No No No 
 

Yes 
 

Storage Can be stored 
through 
batteries 

 

No storage 
 

No storage 
 

No storage 
 

No storage 
 
 

Initial Installation 
Cost 

High for 
individual 

installation, 
Medium for 
power  plant 
installation 

Very High Medium Low Very High 

Maintenance 
Cost 

Low Medium Low Low High 

Coverage Area Medium Very Large Medium Low Very Large 

Special 
Technology 
Requirement 

No No Yes No Yes 

Safety and 
Security 

Requirement 

Low High Low Low Very High 

Major Advantage Can be 
reached at 
remotely 
located 

places, where 
other sources 
of energy is 
not feasible 

Multipurpose 
utility, power 
generation , 

irrigation, 
storage of 

water 

Requires 
very less 
maintains 

and 
releases the 
pressure of 

earth, 
reduces the 
chance of 
unwanted 
volcanic 
eruption 

Requires 
very less 

installation 
and 

maintenance 
cost and no 

special 
arrangement 
are required, 
best suitable 

in coastal 
areas 

Provides 
massive 

amount of 
energy 

using small 
amount of 

fuel 

Major 
Disadvantage 

Depends 
upon the 

Construction 
cost and 

Not 
available at 

Depends 
upon the 

Highly 
specialized 
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availability of 
sun light, not 
useful in area  

where the 
availability of 
sun light is 

rare 

time is too 
large, also 

heavy 
machinery 

and 
manpower 

are required 

all the 
places, 

available 
only at its 
potential 
locations 

speed and 
availability of 

wind, not 
available at 

locations 
where wind 
power is low 

techniques 
are required 

for 
construction 

and 
operation of 

fusion 
reactors, 

research is 
still going 

on 
 
Social and Economic impact 
 
India is a fast growing economy and has the 2nd largest population in the world. To fulfil the infrastructural 
and human requirements the energy requirement is mandatory. The social and economic impact of 
renewable energy resources is different and depends upon the situation and locations. Presently in India 
total power generation is approximately 1, 11, 901 MW, in which only 18.2% comes from the renewable 
energy sources which is low [Table 2]. The most power comes from thermal power plants which are about 
66%. However, the reserve of coal is limited and till 2050 most of it reserve will be consumed. So that 
focus must be on the production of energy through renewable energy [1]. 
 
As discussed renewable energy comes from natural sources and generates clean and green energy. Due to 
thermal power plants a large amount of pollutants diffuses into the atmosphere which is harmful for 
human life. Generation of hot air by the thermal power plants, also increase the temperature of the earth 
and contributed in greenhouse emission. Huge amount of waste is generated by the burning of coal and its 
disposal is a matter of serious concern. Gases released from the thermal plants cause several diseases. It 
influenced the growth of the human being which indirectly affects the growth and economy of the country. 
If due to diseases, or health concern people are not efficient, the overall growth of the country will be 
affected badly. Hence, to avoid such situations the focuses should be on ‘increase the energy generation 
by renewable energy sources’ [1]. 
 

Table 2: Total installed capacity in India (Up to December 2017) 
(Source: Ministry of Power, Government of India, [1]) 

 
Type of Plant Total generation in 

MW 
Percent of total Production 
(%) 

Thermal 2,18,960 66.2% 

Hydro 44,963 13.6% 

Nuclear 6,780 2.0% 

Other renewable energy 
sources (Small Hydro, Solar, 
Wind etc.) 

60,158                      18.2% 

Total 1,11,901  

 
The impacts of different types of renewable energy sources are different. It depends upon the following 
factors 
 

i. Requirement 
ii. Social impact 
iii. Investment cost 
iv. Benefits  
v. Safely and Security.  

 
For production of energy ‘requirement’ is must. To fulfil the requirement feasibility study is carried out to 
understand whether it is feasible or not. The study consists social and environmental factors, benefits, 
cost and safety issues.  However, in these factors requirement and social impact has the most impact. For 
implementation of a renewable energy project there are two sides one is social impact and other is 
economical effect. Social impact can be termed as the influence of the project on the life of the mankind. 
It covers the following points 
 
a. Routine life of public: Energy plays a vital role in every human life. Hence, impact of energy on its 
daily life is crucial. Also, pollutants from thermal power plants cause health issues. Hence he has full right 
to take clean and green energy. Renewable energy is environmental friendly and hence it is best suitable 
as per health concern. Except hydro and nuclear energy all the other sources are best suited to daily life of 
public in India [1]. 
 
b. Total influenced area: For generation of large amounts of power, a power plant and grid is 
required. For installation of it a large area will be required and it evacuated some populated areas. 
Installation of hydro and nuclear plants wants a wider area. Also, the area around it should be covered in 
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‘population free zone’ due to proper operation, maintenance and security reasons. Wind, solar and 
geothermal plants are comparatively small in nature and generally installed in the non-populated areas. 
The impact of hydro and nuclear power on the social life is higher because it involves the shifting of 
population, which is very difficult to achieve in Indian situation. India is the second largest pollution in the 
world and shifting of small amount of people is a tedious job due to political and economic reasons [1].     
 
c. Safety and securities: All the renewable energy plant should be safe against failure and must have 
higher degree of securities.  Due to improvement in research and technology, it can be achieved and 
implemented. Hydro and nuclear power plants require extra safety feature because if they meet any 
accident larger casualties will be happening. In geothermal plants, sometimes eruption of magma is 
occurred due to large pressure and temperature. It causes the adverse effect on the environment and the 
health of human. Hence extra safety features should be enabled to protect the human life [1]. 
 
Similarly, social impact & economic impacts can be defined. However, economical aspect is the most 
dominating factor in India. India has high potential of renewable energy sources, but unfortunately due to 
lack political willpower and unawareness the resources are not fully utilized. Because of this dependency 
increases on the thermal power plant which is costlier than renewable energy resources. Per unit cost of 
power production of thermal power plants is higher as compared to renewable energy sources. Hence, by 
using renewable energy resources a lot of money can be saved which will be utilized in other constructive 
works. In India most of the power plants are running on coal. Extraction of coal from mine also causes 
health issues. Further, during the production of energy a lot of gases and waste is generated. It causes the 
lot of health issues and huge amount of money is required for treatment. A lot of money also spends on 
the disposal of waste produced by the thermal power plants. If the amount of money spend on these 
problems are saved, the economy will be boosted up. Use of renewable energy sources can reduce this 
problem and hence contributes to the growth of the economy [1].     
 
The installation cost of the some of the renewable energy plants i.e. hydropower and nuclear power is 
higher, but if we see at growth point of view it contributed higher in economy. It provides us the power at 
cheaper rates. Special technology is required for geothermal and nuclear (fusion) power plant which is 
achievable. All the renewable energy has different impacts. Some of them has higher impact and some of 
have low impact. In [Table 3], impacts of different renewable energy on social and economic growth are 
listed. 
 
Solar energy has low social impact because it requires less resources, area and mobilization. Similar to 
this wind and geothermal energy has low social impact. Hydro and nuclear energy have high impact due to 
larger mobilization of people, consummation of larger area and utilization of higher resources. However, 
they contribute higher in the economic growth. Wind energy has least impact on social and economic 
growth because it requires very less mobilization and generates small amount of energy compared to 
others. Geothermal energy requires very less mobilization because it’s available at remote location which 
is far away from the populated area. All the available renewable energy sources contribute in their own way 
and their little contribution; also boost up the economy of the country. For the growth of the country, it is 
necessary that the renewable energy resources are fully utilized. Potential of renewable energy resources 
should be identified and feasibility study must be carried out. This leads our step towards the green and 
clean India [1].   
 

Table 3: Impact of different renewable energy on Economy and Social Growth of India 
 

Type of Renewable 
Energy 

Social 
Impact 

Economical 
Impact 

Solar Energy Low Medium 
Hydro Energy High High 
Geothermal Energy Low Medium 
Wind Energy Low Low 
Nuclear (Fusion) High High 

 
CONCLUSION 
 
Renewable energy has significant social and economic effects. If the potential of renewable energy 
resources is identified and fully utilized, it will boost up the economy and social growth of the India. It 
provides clear and green energy and can fulfill the future energy requirements. Due to this, global warming 
and relative health issues will be diminished. Also, dependency on the thermal power plants will be 
substantially reduced, which help us to conserve the natural resources. 
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ABSTRACT 
 
Leading engine manufacturers carry on investigations and R&D work to improve reliability and durability of internal combustion engines 
(ICE), particularly, diesel engines. Diesel engine examination and testing are the main methods, allowing to verify manufacturing quality of 
parts and assembly components, units and engine in whole, accuracy of assembling, correspondence of main diesel engine characteristics 
to the requirements of technical specifications. The types of diesel engine test procedures are regulated by the state standa rds (GOST) and 
international standards (ISO), which define the procedures for engine commissioning and requirements to engine performance standards. 
Manufacturers continue to improve the construction of engines and performance indicators even after their commissioning and installation. 
Current diesel engine test procedure is complex and time-consuming process that can be compared with experimental studies. For this 
reason, automation systems for engine testing (AST) are created. The need for constant improvement of performance standards of diesel 
engines raise the costs with respect to test procedures in the course of development of new engine prototypes. In particular,  high costs are 
associated with a mismatch between a level of automation of manufacturing and R&D works. Therefore, automation of test procedures is 
one of the main goals to be achieved in order to improve the level of technology at production and quality of manufactured diesel engines. 

 
INTRODUCTION 
  
Effective interaction facilities used by product engineer and ECM play an important role in automation 
systems for engine testing (AST) development [1]. As a rule, internal data is represented in the computer 
systems in a specific format that cannot be understood by a common user.  
 
In order to solve the problem with effective interaction of human and ECM it is necessary to use a working 
language that should be close to natural language (NL). NL interaction can be developed with the help of 
cognitive graphics [2]. 
 
For a long time, tasks and task-solving procedures were divided into formal-logical and graphical-intuitive. 
However, this approach does not meet current requirements any more. Effective solution even of a 
perfectly formalized task requires graphical-intuitive reasoning to be applied both at the stage of 
hypothesis generation and at all consequent stages, including the stage of decision making. This fact is 
stipulated both by the necessity of complete data representation that cannot be achieved with formal-
logical tools, and by much higher pass-through rate of visual analyzer in case of integral-graphic 
representation of information in comparison with serial-character representation, for example, textual. In 
human-computer systems designed to solve such tasks, taking into account specific capabilities of ECM 
and human with regard to data processing, the computer may play such a role that would allow to 
transform input data within the framework of formal-logical description in a way that makes it possible to 
reveal a pattern contained in it by representing such data in a form that is convenient to a specialist. 
 
If to consider graphics as a modeling tool, firstly, it is necessary to note that a model should fit the 
represented phenomenon adequately. In other words, not every type of graphical representation suits 
every specific phenomenon [3]. Secondly, like every model, graphical representation of a phenomenon is 
not a detailed representation. Besides, a model may require (in most cases implicitly) an assumption 
concerning the character of phenomenon to be fulfilled. For example, representation in the form of surface 
assumes a continuous character of the phenomenon. For this reason, it is desirable to have a possibility 
both to observe a model, and to rebuild it dynamically by changing information content (a set of variables 
and their multiple values) and modifying the parameters: scale, appearance of components, consistency 
between values of displayed attributes and visual variables, representing them [4]. 
 
MATERIALS AND METHODS 
 
Decomposition of test procedure should be implemented to create graphic structures, describing test 
process. The paper [5] offers decomposition principle, allowing to split the procedure into units, blocs, 
modes, modules, and elementary operations. Elementary operations represent indivisible procedural 
components, like switch actuation, signal pick-up from a specific device, etc. In our situation this principle 
doesn't work, as graphic structures of high information capacity will be used in technology language [6]. 
For this reason, they cannot be used as elementary operations. We will decompose enlarged structures. 
Let's represent the procedure in the form of control operations. Let's define the following levels of a control 
operation: 
 

 Engine crankshaft speed control; 
 Brake assembly control; 
 Oil, fuel, cooling fluid temperature control; 
 Environmental simulation (for example, imitation of weather conditions). 

ISSN: 0976-3104 
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In its turn, each control operation should be also decomposed [7]. As we are going to deal with 
characteristic curves, consisting of specific segments (for example, in case of engine crankshaft speed 
control process a user will use rotation speed/time curve with specific segments: drive, brake, constant 
speed), it is necessary to carry out decomposition by those segments [8]. As a result, we obtain the 
elementary components, i.e. the components, which constitute the whole engine test procedure, allowing 
to display the task with the help of graphical representations, to control the procedure [9].  
 
Hence, we obtain four levels of detailization and concretization of general test tasks, when using adopted 
principle of decomposition: 
 

 General procedure (P), 
 Control operation (CO), 
 Control operation for a specific device (COj), 
 Elementary control operation (ECOi). 

 
Control operations allow to manage test modes [10]. Besides, they are functionally dependent from ECO. 
Other levels represent the bunch of underlying components. 
 
Elementary control operations and measurements represent the complex groups, consisting of uniform 
sub-programs used to fulfill a specific task [11]. 
 
Hence, it is possible to represent random test procedure P as a function of control operation C: 
 
 P = [Cij]mn 
 
where  
 [Cij]mn – is a set of unified i-th parametrically customized technological control operations of j-th 
functional type; 
 
 m – is a number of elementary operations with regard to a specific control operation 
implemented on different types of control devices; 
 n – is a number of functional types of control operations.  
 
Let's represent a random unified parametrically customized technological control operation уij as follows: 
 
 yij = {d’ij;Wij(d’ij|wij);dij} 
where 
 d’ij is an input data vector for a control operation, 
 dij – is an output data vector for a control operation, 
 Wij – is an algorithm of transformation of input data into output data, 
 wij – is a vector parameter for control operation adjustment. 
 
Functional types of technological operations follow the adopted principle of decomposition and 
generalized cycle of test operations [12]. This type of operations includes engine mode control operation, 
load device control operation, etc. 
 
Let’s assume that engine crankshaft speed control operation is the control operation of the first functional 
type and j=1, then we will obtain the following random elementary engine shaft speed control operation: 
 
 yi1 = {d’i1;Wi1(d’i1|wi1);di1} 
 
Consequently, test procedure can be represented as a matrix with a number of elementary control 
operations [13]. Matrix columns are the elementary control operations of a specific functional type. This 
decomposition was carried out in order to apply graphical representations in AST. For this reason, it is 
necessary to decompose graphical test language in accordance with the decomposition principle 
suggested above by specifying typical linguistic tools for elementary control operations of corresponding 
functional type [14]. 
 
Decomposition of engine test language means language representation in the form of its possibly 
intersecting fragments with specified purposes, which, being taken together, allow to describe random 
automatic test procedures [15]. 
 
Possibility to decompose AST language on the basis of graphic elements results from earlier mentioned 
decomposition principle used with regard to test procedure. Hence, we obtain the following equation by 
analogy with: 
 
 L = [L’ij]mn 
 
where  
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 [L’ij]mn – is multiple fragments of AST language, which is the language of i-th technological 
control operations of  j-th functional type. 
 
As unified parametrically customized technological operation is the basic concept of test procedure, it is 
necessary to take the following unified linguistic description of the operations as a basis for language 
unification L’ij (i=1…m, j = 1…n): 
 
 l’ij = {t’ij; G’ij(t’ij)}, i=1…m, j = 1…n 
 
where  
 t’ij – is a graphical representation of input data for i-th control operation of j-th functional type, 
 G’ij – are the grammatical forms of algorithm descriptions with regard to control operation. 
 
The grammatical form is the most rational tool for language representation of technological operations 
[16]. 
 
Equation results, taking into account the specific character of graphical representation of technological 
operations [17]. We have no input data here, as it does not make sense to represent it in graphical form 
[18]. It is supposed that setting data contains data-intensive graphical elements of input data.  
 
Grammatical form uses essential notions and definitions of automated test domain [19]. 
 
If j=1, we obtain a linguistic description of the operations of the first functional type, i.e. control operations 
(i.e. engine crankshaft speed control operation mentioned above) [20]: 
 
 l’i1 = {t’i1; G’i1(t’i1)} 
 
Hence, linguistic support consists of a matrix that contains the components of technology control language 
[21], in which the matrix columns contain linguistic description of elementary control operations of a 
specific functional type [22]. 
 
Taking into account condition-action rules it is possible to represent the system as follows [23]: 
 
 GEaij = Waij  
where  
 GEaij and Aaij – are condition (graphical element) and action of a-th production (a=1…a) 
respectively;  
 
a – is a number of variants of execution of technological control operation yij (i=1…m, j=1…n). 
 
Hence, variants of execution of control and measurement operations are explicitly bind to graphic 
elements, defining them [24]. 
 
RESULTS AND DISCUSSION 
 
The following unified conditions necessary to launch and complete component execution, and transition 
conditions for sequential execution of components are used [25]: 
 

 Expiration of predefined time period [26]; 
 Arrival of specified triggering signal [27]; 
 Band fault (alert condition) [28]. 

 
Hence, the unification of composition fragments L’ij (i = 1…m, j = 1…n) of engine test system language is 
provided by [29]: 
 

 Unified linguistic description of technological control operations with six functional types of basic 
control operations [Table 1]; 

 Unified linguistic description of variants of execution of technological control operations in the 
form of condition-action rules. 

 
System analysis of automatic engine test procedures described above and suggested principles of 
formalization of their linguistic description allow to proceed with modeling of characters for graphical test 
language, and then with modeling of its grammar rules.  
 
Representation of operations in the form of condition-action rules is the most suitable form of 
representation of test procedures used by a test engineer. This was demonstrated by psychological 
investigations of human decision-making process: when reasoning, an individual uses “condition-action” 
rules, i.e. the rules, which are similar to the productions. Besides, the productions are the most important 
components of the production systems, which are used as a basis for the development of the major part of 
intelligence systems, particularly, for the development of expert systems. Moreover, a test engineer uses 
task-oriented graphical representations by setting the conditions for execution of technological operations, 
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which significantly simplify his work, as the appearance of representation allows to assess the final result 
– the representation is identical to control operation. Consequently, the application of graphical 
representations and production representation of technological operations promotes the development of 
automation systems for engine testing with the involvement of intelligence systems. 
 
CONCLUSIONS 
 
The process of test procedure development with the help of graphical language comes down to the 
creation of desirable technological parameters-time dependency graphs from the graphical 
representations of elementary operations. 
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ABSTRACT 
 
In the present world the problems of the fuel and energy resources’ optimization consumption belong to challenging issues. Transport 
consumes more than 30% of the produced hydrocarbons, and the fuel costs account for about 20% of the product cost. More highl y charged 
is the environmental contamination, and more than half of the emissions can be attributed to the share of internal combustion engines (ICE). 
Production of the internal combustion engines is enhanced towards improving the engine’s environmental, economic and operational 
parameters. This involves the use of electronic control units - ignition control and fuel injection systems. It allows to greatly reducing the ICE 
energy consumption and emission toxicity. During the vehicle operation corresponding units and knots always wear and age. This leads to 
deterioration of economic, environmental and effective parameters of a vehicle. Therefore, in order to maintain an ICE in the optimum 
condition and to early detect any changes in the parameters that lead to deterioration of the environmental, economic and effective 
parameters of its operation, the main aspect includes the maintenance and repair system, its scientific validity and perfection. In such case 
the technical diagnostics is of paramount importance. 

 
INTRODUCTION 
  
Enhanced production of cars, tractors and their increasing role in meeting the modern society’s needs lead 
to a continuous improvement of the machinery power units - internal combustion engines (ICE) [1]. Declared 
ICE power, cost effectiveness, toxicity and other estimates, as well as its reliability and durability are set by 
the tests in the bench and in operation conditions [2]. Currently, all newly created, modernized and serial 
car and tractor engines are subject to various kinds of tests, which nature, scope and content are 
determined by their purpose and specified in the GOST [3]. The tests constitute the final stage of the 
complex process of creating and improving the internal combustion engines [4]. In this regard, all newly 
created, modernized and serial internal combustion engines are tested in a different way [5]. The tests 
allow to estimate the engine’s quality and to compare its performance with that of other engines [6]. The 
test process specifies engine’s traction and dynamic, economic, environmental, and other indicators and 
establishes compliance of these indicators to the standards and specifications [7]. The tests reveal the 
engine’s characteristics and the comparison of test results of different types of engines allows to estimate 
the effectiveness of their design features, workmanship and technical condition. 
 
At present, the ICE tests represent a complicated and time-consuming process, which little different from 
the experimental study [8]. Therefore, ICE automated inspection systems (ICE AIS) are created. 
 
When studying an ICE and designing its mathematical model, a problem of obtaining the object operation 
law as a whole or some parts thereof usually arises [9]. Such model cannot most often be designed based 
on the known regularities, and a type of the object operation law is unknown. In such cases, solution to this 
problem can be reduced to allocating any significant input and output characteristics of the object and 
conducting a series of experiments in order to obtain any object operation data in particular cases. 
 
In order to solve this problem, the hybrid neural networks are proposed to be used to adjust the fuzzy 
systems. 
 
MATERIALS AND METHODS 
 
A fuzzy hybrid neural network represents a clear neural network, which is based on a multi-layer perceptron 
[Fig. 1]. 

  
 
 
 
 
 
 
 

 
Fig. 1: Multilayer structure of hybrid network. 
…………………………………………………………………………………………………………………………… 
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where  
 X means a vector of input parameters; 
 Y means a vector of output parameters; 
 Nin, Nout means an input and output layer; 
 Nc1, Nck means hidden layers. 
 
The hybrid network for the adjustment of fuzzy system, as opposed to a multi-layer perceptron, includes an 
adaptive layer of membership functions; logical AND-, OR-neurons (logical neurons modelling logical 
connectives) [10]. 
 
The network visualizes an input vector to an output one XY: 
  
 
 
 
 
 
which can be expressed as 
  
 
 
 
 
 
 
where ; 
  
 
 
 
 N means a number of input variables; 
 wk means weights of various neuronal links; 
 р0, р1, …, рN means digital weights selected in the adaptation (learning) of a network. 
 

The weights wk present in this expression are interpreted as a significance of the components  )()( xk
A  

(degree of membership of a specific numerical value to a fuzzy mark A) [11]. Under this condition, the 
formula can be compared to the multilayer network structure. 
 
If yi(x)=ci, then: 
 
 
 
 
 
 
 
 
where ci means a weight ratio (in terms of fuzzy systems, this is the membership function centre of the right 
part of fuzzy rules); 
 
μij() means the Gaussian function in exponential form with parameters of the centre cij, width σij and shape 
bij. From the point of the fuzzy systems, μij() means a membership function to a fuzzy set. 
The engine operation during the tests is represented as vector X of a desired variation in time of the ICE 
input parameters [12]. The engine operation time with the specified parameters depends on a type of tests 
and it is specified in the test program. 
 
 x1 = {603; 73,4; 18,6} – for a moment of 15 minutes; 
 x2 = {825; 99; 23,1} – for a moment of 30 minutes; 
 xn = {2458; 110; 59.3} – for a moment of 180 minutes. 
 
The crankshaft speed n, rpm; load torque to motor shaft Mн, Nm; hourly fuel consumption Gt, kg/h, 
respectively [13], are selected as input parameters. 
 
In order to generate a control action as a vector of the rack motion values of the high-pressure fuel pump 
(HPFP) for a diesel engine, the hybrid network should consist of three layers. 
 
RESULTS AND DISCUSSION 
 
Layer 1 is represented by the radial basis neurons, and it simulates membership functions of the fuzzy 
output system. 
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In [14] demonstrated a possibility to control an ICE during the tests using the fuzzy logic methods. 
 
The parameterized shape function (Gaussian curve with parameters с, σ, b) is chosen as a membership 
function; its parameters are configured using a hybrid network. When designing a hybrid network, the 
condition of fuzzy rules IF (xi   Ai) is implemented via the russification function, which is represented by the 
generalized Gaussian function separately for each variable xi: 
 
  
 
 
 
 
 
where  
 μA(xi) means the degree of membership of an explicit value xi to a fuzzy mark Ai. 
 
The generalized Gaussian function at an appropriate choice of the exponent b may be degenerated both in 
the standard Gaussian function (b = 1), triangular (b = 0.6) or trapezoidal function. 
 
Fuzzy sets [15] should be determined for given input parameters of the engine operation. The greater 
number of fuzzy sets of a parameter increases the accuracy of the resulting control action; however, it is 
computer-intensive [16]. Three fuzzy sets should be defined for the engine speed, two fuzzy sets - for the 
load torque and four fuzzy sets - for the hourly fuel consumption. 
 
The first layer’s task is to calculate the input data degree of membership to the respective fuzzy sets. For 
this purpose the numerical values of the parameters are subject to normalization: 
 
 x1 = {0.24; 0.58; 0.31} – for a moment of 15 minutes; 
 x2 = {0.38; 0.80; 0.39} – for a moment of 30 minutes; 
 xn = {1; 0.81; 1} – for a moment of 180 minutes. 
 
Degree of membership of the normalized values of the input parameters to the fuzzy marks: 
 
 (x1) = {(0,84; 0,1; 0,06); (0,42; 0,48); (0,78; 0,1; 0,1; 0,02)}; 

  (x2) = {(0,62; 0,2; 0,18); (0,23; 0,77); (0,25; 0,40; 0,2; 0,05)}; 
  (xn) = {(0,1; 0,12; 0,78); (0,25; 0,75); (0,1; 0,2; 0,15; 0,65)}. 
 

This parametric layer with parameters cj
(k), )(k

j , bj
(k) subject to adaptation during learning. 

Layer 2 - the layer consists of AND-neurons [17], which model a logical connective AND using the following 
formula [18]: 
 
 )()( 21 xxw

ii BAi    

 
Links with the previous layer are set so as to obtain all possible combinations of the membership functions 
of two input signals [19].  
 
Assume that the input space is evenly divided with N1 membership functions for signal x1 and, respectively, 
with N2 membership functions for signal х2 [20]. 
 

 In other words, N1 of fuzzy sets for the first input signal should be defined [21]:  1
1A ,..., 1

1
NA   and N2  

1
2A ,... 2

2
NA ,  - for the second signal. It will result in N1 N2 rules of the following form [22]: 

 

R{k): IF (х1    kA1    AND ... AND xn  k
nA ) THEN у = c(k) 

For 
  k=1,…N, where R(k) means the fuzzy k-th rule [23], 
 x1, …, xn means input parameters of the engine operation [24]; 

 kA1  ,... k
nA ,   means fuzzy sets from components of conditions [25]; 

 c(k) means constant [26]; 
 N means a number of rules [27]. 
 
This layer determines the extent, to which the input signal values correspond to the conditions of the rules 
[28]. The input and output relationship is as follows [29]: 
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 )()( iA

xk
i

  means a degree of compliance of the input data with the conditions of the rules, 

 τk means a degree of the activity of the k-th rule, 

   k means normalized value τk 
 
The outputs of this layer represent normalized degrees of activity of the rules. 
 
 τk(x1) = 0,84 ∙ 0,42 ∙ 0,78 = 0,28;  (x1) = 0,28/(0,84+0,42+0,78)=0,14; 
 τk(x2) = 0,62 ∙ 0,77 ∙ 0,40 = 0,19;  (x1) = 0,19/(0,62+0,77+0,40)=0,11; 
 τk(x1) = 0,78 ∙ 0,75 ∙ 0,65 = 0,38;  (x1) = 0,38/(0,78+0,75+0,65)=0,17. 
 

Layer 3 represents a function generator that calculates the values 



N

j
jkjkk xppxy

1
0)( . In this layer 

the signals yk(x) are multiplied by the values wk generated in the previous layer. This is a parametric layer, 
in which linear weights pkj are to be adapted for k = 1,2, …, M and j = 1,2, …, N. 
 
This layer implements the defuzzification method. At its output the signal represents a sum of products of 
weights   and normalized activity degrees of the rules k̂  . 
  
 y(x1) =  (x1) ∙   (x1) = 0 ∙ 0,14 =0; 
 y(x2) =  (x2) ∙  (x2) = 0 ∙ 0,11 = 0; 
 y(xn) =  (xn) ∙  (xn) = 0 ∙ 0,17 =0 
 
The weights of links marked with the symbol correspond to the constant c(k) in the rules. They should have 
zero initial values, which reflects the lack of conclusions before the start of the network’s learning. 
Therefore, it can be argued that the modification of these weights during learning leads to the rules building. 
After the process of learning of the hybrid network the parameters (xn) will be changed, so that the output 
will result in a normalized rack motion value of HPFP h. 
 
The first layer comprises three M∙N nonlinear parameters of the Gaussian function (M - number of received 
rules, N - total number of fuzzy sets for the input vector), and the third - M linear parameters ci. 
 
CONCLUSIONS 
 
The hybrid network for each vector of the input of parameters generates an engine’s control action. For 
diesel the motion of HPFP rack – h, mm can represent the control action. 
 
For a given input vector the hybrid network received the control vector: 
 
h={0; 1,35; 3,21; 4,62; 15; 17,3; 24,1; 27,6; 38,8; 42,4; 49,3} 
 
The resulting deviations of the calculation indices from the experimental ones was due to the appropriate 
selection of the learning sample, which was used during the hybrid network’s learning. 
 
The advantages of the model based on the fuzzy neural network include a possibility to obtain new 
information in the form of a certain forecast. For example, forecast for the test control vector of unknown 
ICE model. 
 
In order to create the knowledge base in the form of fuzzy control rules, the hybrid network based on the 
multilayer perceptron is selected; it allows to approximate the ICE operation mode parameters in the whole 
range of their values. 
 
The hybrid network contains only two parametric layers (first and third), which parameters are specified in 
the learning process. The errors of 4% correspond to GOST 15995-80, and they are caused by the non-
linearity of the crankshaft speed in the range of 800-1500 rpm.  
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