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Results of fundamental researches in different scientific and practical 

activities are considered 
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Section 1. Information technologies in education 

Questions under consideration: educational process management at the high, 
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Section 1 

INFORMATION TECHNOLOGIES IN EDUCATION  

 

 

EDUCATION SYSTEM  IN THE CONDITIONS OF DIGITAL ECONOMY 

DEVELOPMENT 

 

Sotnikov A.D., Katasonova G.R. 

The Bonch-Bruevich Saint-Petersburg State University of Telecommunications 

+7(911)993-06-66, adsotnikov@mail.ru  +7(9030955810) 1366galia@mail.ru 

 

Abstract ï The analysis of the structural characteristics of competence is carried out, 

which allows the construction of çdigitalè competencies demanded by the market using the 

infocommunication domain model and the object model used in the field of information systems. 

The first descriptive model describes three domains in which physical, energetic processes take 

place, there are information objects.  

The second model, the object model, involves using the concept of an çobjectè to describe 

entities, one of the key properties of which is the encapsulation of attributes and methods ð the 

static and dynamic properties of an object, reflecting both çquantitativeè characteristics and 

behavioral çalgorithmicè properties of an object. The educational system is considered as a 

çproduction systemè, the purpose of which is to create a product with specified properties (a set 

of competencies), the structural and, as a result, quantitative characteristics of which can be set 

formally and quantified. 

Keywords: digital economy, information society, competence, educational systems, 

domain model, object model 

 

Global changes in technology and production dictate new requirements for personnel and 

their training. Suddenly, new types of activities arise, familiar ones quickly transform and 

traditional professions disappear. At the same time, opposite trends are operating in the labor 

market - a shortage of workers in some professions and lack of demand for others. The swiftness 

of such changes, obviously, does not correspond to the inertia of the traditional educational 

system, oriented, to a large extent, to the classical model of the formation of knowledge and 

skills. The competency-based education model does not have time to design educational 

processes focused on the formation of promising competencies that are in demand in the near 

future. 

In connection with the development of digital (production, social, etc.) information 

technologies, the so-called ñdigital skillsò [1], which allow solving professional problems and 

feel comfortable in the information society, are of particular importance. 

The Digital Economy program adopted by the Government provides for the preparation 

of a sufficient number of knowledgeable information technology users with the necessary 

competencies. What needs to be changed in the educational system in order to prepare specialists 

in various subject areas for a breakthrough into the digital future? Firstly, it is correct to define 

goals that are characterized by ñexternalò circumstances in relation to the educational system.  

Secondly, to consider the internal characteristics and properties of the educational system, 

namely, the elemental composition, the structure of the educational system, the processes taking 

place in the system, which, in turn, provide the interaction of elements to achieve educational 

goals. 

In the pedagogical community, considerable attention is currently being paid to 

technologies and methods of educational processes. Nevertheless, rightly noting their influence 

mailto:adsotnikov@mail.ru
mailto:1366galia@mail.ru
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on the effectiveness and results of activity, such an ñinsideò view does not allow one to notice 

and subject to research the essential characteristics of the educational system as a whole. 

The educational system is not an autonomous system. It is part of a society that is 

changing (developing and improving, and possibly degrading), thereby changing goals and 

priorities, and that is why it is not a fixed, unchanging system. No matter how perfect the 

educational system is, it must dynamically change with society. Despite the high technological 

effectiveness, education is still, to a large extent justified, regarded as a creative process more 

reminiscent of art than science. This does not allow the use of modern formal methods of activity 

analysis and accurate assessment of its results. 

Using the systemic methodology, we will try to determine the structural characteristics of 

the educational system as a priority task, and then consider the processes associated with the 

purposeful functioning of the system. For this, we consider the educational system as a 

production system [1], the purpose of which is to create a product (result of activity) with 

specified properties. In this case, it is legitimate to talk about the requirements for raw materials 

(raw materials), production processes and tools.  

The quality requirements of the resulting product are also becoming apparent. It is 

important that all of the listed entities can and should be formally described and quantified. The 

system as a whole is also formally described, regardless of the application area and the specifics 

of its application. 

With this approach, in the context of the development of the digital economy in Russian 

society, it becomes natural and legitimate to use well -known methods of organizing and 

managing activities, from business plans to reengineering business processes and using 

information systems. 

In connection with the development of digital (production, social, etc.) information 

technologies, the so-called ñdigital skillsò [1], which allow solving professional problems and 

feel comfortable in the information society, are of particular importance. The key features of the 

digital economy is the effective (fast and relatively low cost) implementation of many business 

ideas that is impossible in a traditional economy.  

However, questions about the composition and internal structure of the necessary 

competencies, as well as the question of transforming the educational system, creating 

appropriate technologies and mechanisms for forming, managing development, evaluating and 

controlling competencies, remain open. 

In the competence model that is being actively introduced today, the task is to form a set 

of competencies - personal properties that allow you to adapt effectively in a changing 

environment. To solve arising, often new and non-standard tasks through the use of a set of skills 

available to the subject. Thus, the concepts of ñskillsò and ñcompetenciesò are closely and 

organically related. 

In work [2] three groups of skills are justified that are especially important and 

characteristic of the digital economy. The first group consists of general skills in the field of 

information and communication technologies (ICT), which are needed by the widest circle of 

employees in order to gain access to information (in databases or a network) in everyday work, 

use professionally oriented software, and successfully interact with colleagues.  

The second group is professional skills for the development and production of 

information products and services. These skills are related to software development, creating 

Internet resources (Web pages, Web applications, databases, e-commerce tools, financial and 

banking applications, solutions based on advanced IT technologies - distributed ledgers, big data, 

Internet things. The third group of skills is associated with complex activities, information 

interaction of participants, the use of complex IT platforms and social networks. This group has 

a multidisciplinary nature, from enchivostyu and tre-vidual high adaptability, the highest overall 

"education" and the level of professional qualifications. 
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Considering the educational system as a special case of the production system, and using 

well-known formalized models and methods for the tasks of analysis and improvement of similar 

systems, we note that the fundamental difficulty with this approach is that educational activity is 

not related to material objects, but with informational and cognitive entities, which are quite 

unusual to operate with today. Such categories as knowledge, abilities, skills do not fit in the best 

way with modern notations of business processes.  

Even the competency-based approach does not remove most of the issues until the internal 

structure and composition of the essence of the concept of çcompetenceè, which is considered 

as a fundamental characteristic of the resulting product of the educational system's production 

activity, is determined. 

The solution to the problem is to use the domain model of infocommunications [3], which 

is successfully used in the analysis of complex infocommunication systems, considering the 

world around us as a combination of three relatively independent, interacting areas (domains), 

each of which is characterized by its own entities and the rules for their interaction - physical 

(PD), information (ID) and cognitive (CD) domains.  

The key process in the model is the process of information interaction of participants, 

consisting in a sequential and connected change in the state of objects representing the participant 

in each of the domains. 

Each entity has its own, as a rule, multivariate representation in the corresponding 

domain, and interaction is considered as the transfer of information representations (image 

messages) between domains. Formally, the above is described as follows [3]: 

 

 

 

where: 

An - physical domain object; 

- n- information object (element of the thesaurus of the system); 

 - thesaurus of the m information system; 

 - one (n) of the many possible representations of an object An.; 

 - direct (and analogous inverse) transformation of thesauri of systems 

represented in neighboring houses during translation of the information representation (image) 

of an object between domains; 

N - number of objects; 

M - number of information systems. 

 

This model allows us to consider physical, informational and cognitive entities that are 

found both in educational activities and in other areas from a general perspective [2]. 

The educational system provides the transfer and assimilation of the essence of the 

cognitive domain from one subject to another. This transfer occurs through the objects of the 

information and physical domains. At the border of each of the domains, the thesauri of these 

entities are transformed with certain losses and distortions.  

The domain model allows you to focus on the main issues - the perception, assimilation 

and understanding of knowledge by students. Here the key processes are at the border of the 

information and cognitive domain where the interface between the information environment and 

the student is implemented. This is where the process of perceiving information begins. The 
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issues of generation, delivery and presentation of knowledge are also successfully considered by 

this model from strict positions that allow quantitative assessment and reasonable conclusions 

about the advantages and disadvantages of the specific implementation of the educational 

(production) system, in particular about its competitive advantages over other educational 

systems [2]. 

Evaluation of the result of the activities of the educational system, based on the 

competency-based model, suggests that competencies are not only present, but their 

characteristics that have value should be accurately determined. This, in turn, requires that 

structural components and related competency properties be identified. This problem is solved 

using a well-known object model that encapsulates static and dynamic properties (attributes and 

methods) of an object.  

At the same time, competences are allocated attributes correlated with factual data, 

traditionally interpreted as çknowledgeè, and algorithmic or process-oriented çskillsè. 

Inheritance as a property of the object model is also extremely useful, especially from the 

standpoint of the practical construction of competencies in real educational systems. Inheritance 

also allows you to formalize and automate a number of technological procedures. 

Thus, in a dynamic, rapidly changing world, educational systems with high inertia can be 

considered as production systems and can be effectively investigated using two models - a 

descriptive domain model of infocommunications and a constructive object model. The analysis 

of the educational system in such a study is carried out using formal methods and appropriate 

quantitative assessments, which make it possible to draw a reasonable conclusion about the 

advantages and disadvantages of specific educational systems and their compliance with 

established goals in the context of the development of the digital economy. 

Using the models mentioned above together, it is possible to analyze the competencies of 

a particular educational program in two directions. First, to identify those professional areas in 

which the program is localized and for these areas to determine which entities belong to which 

of the three domains. Simply put, the entities of the cognitive domain will correlate to a greater 

degree with the categories çknowè, the entities of the information domain with the categories 

çbe ableè, and the entities of the physical domain with instrumental skills like çuseè.  

We can make a reasonable assumption that the previously mentioned groups of various 

çdigitalè skills form the basis of three types of digital competencies, which, having the same 

internal structure, determined by a combination of attributive (factual) knowledge and 

algorithmic skills, differ in the relative proportion and çvolumeè of each of these component. 

The considered approach to the analysis of the structural characteristics of competence 

allows us to construct çdigitalè competencies demanded by the market as the essence of a popular 

object model, while considering the educational system using the domain model of 

infocommunications as a çproduction systemè whose goal is to create a product with specified 

properties (a set of competencies), structural and, as a result, the quantitative characteristics of 

which can be set formally and quantified. 
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Abstract ï The article describes the results of the development of an electronic training 

course using iSpring Suite tools. 

Keywords: electronic training, electronic educational resources, development tools of 

electronic courses, iSpring Suite. 

 

INTRODUCTION 

The most important factor in improving the educational process is the introduction of 

modern information technologies. One option for digital learning is the development of e-

learning courses [1]. E-textbooks are the most common form of e-learning resources. The content 

of the e-textbook must conform to educational standards, educational programs and work 

programs of disciplines. Depending on the implementation level, the electronic textbook uses 

text and graphics, hypertext links, multimedia elements that ensure complete presentation and 

learning of the educational material [2]. 

 

PROBLEM DEFINITION 

In this article, we want to share our experience in developing an e-learning course with 

using iSpring Suite tools. The basis of the substantive content of the course is the methodological 

materials of the leading lecturer of the discipline "Operating systems administration". These 

include a working program, a fund of evaluation funds, presentations of lectures, contents of 

laboratory works, test questions. 

The iSpring Suite enables you to create e-learning courses, presentations, interactive tests, 

and surveys in a familiar environment PowerPoint [4]. iSpring Suite consists of iSpring 

QuizMaker - Test Editor, Questionnaires and Surveys, iSpring Pro - Professional Training 

Course Editor with audio and video support, built-in YouTube and Flash videos, iSpring Kinetics 

- for interactive presentation in the classroom. 

 You can publish content in Flash and HTML5 formats, support publishing on mobile 

platforms iPhone, iPad and Android, and share learning materials through the iSpring Cloud 

service. This Russian-language product has full technical support for the user, including 

documentation, reference materials, online consultations. The selection of this tool is made based 

on the previous comparative analysis of available and popular tools for development of electronic 

educational resources [3]. 

 

STRUCTURE OF AN ELECTRONIC COURSE 

The electronic training course is divided into thirteen topics, containing nine laboratory 

tasks and control tests for each topic. Figure 1 shows the graph with the structure of the developed 

course.  

 



International Scientific ï Practical Conference 

çINFORMATION INNOVATIVE  TECHNOLOGIESè, 2020 

13 

 

 
Fig. 1  Structure of the e-learning course 

 

All branches of the column, except for entering the Course Structure menu, can be 

navigated two-way. It is possible to complete the study of the topic without passing the test and, 

on the contrary, to go to the test without scrolling through all pages of the topic. 

 

MENU OF COURSE STRUCTURE 

This page opens after the course is started (Fig.2) and contains a list of topics to be 

studied. The title of each theme is accompanied by a number and a link. Clicking on the link 

redirects the student to the title menus of each topic. You can return to the menu by clicking back 

in the browser navigation or by closing the tab, depending on your browser settings. 

 

 
Fig. 2 View of Course Structure menu 

 

MENU OF THE TOPIC 

When the topic is opened, the student enters its menu (Fig.3). It is designed in the player 

frame iSpring with navigation buttons. For more information, see "Additional navigation 

buttons". 

The home page contains the topic number and name. Under the theme name there are 

buttons - links to go to the study of the material, testing and laboratory work. You can return to 
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the topic menu by clicking Home. Clicking the Go to Study Material button opens the Contents 

of the topic.   

 

 
Fig. 3 View of Topic menu 

 

CONTENTS OF THE TOPIC 

After moving on to the topic, the student will see a slide listing the main questions covered 

in the topic (Fig.4). Each item in the list is a hyperlink leading to the slide from which the 

presentation begins. 

From any slide of the current theme, you can return to its contents by clicking Home.  

 

 
Fig. 4  Topic Content 

 

SLIDE OF A TRAINING MATERIAL 

The central part of the screen is occupied by a slide containing basic concepts, definitions, 

images, or examples illustrating the material. The slide can contain video or other interactive 

elements, such as buttons to open tooltips (Fig.5).  

On the left side is a scroll bar with text. On the right side of the window there is a 

navigation bar for the theme with thumbnail slides. Its contents are similar to the standard left 

slide bar used when editing a presentation in Power Point.    
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Fig. 5 Standard Slide View 

 

Under the theme navigation bar in the lower-right corner are the buttons for switching 

between the slides, "forward" and "backward." They are convenient to use in sequential study of 

the course material. 

In the lower left corner there are buttons for controlling video viewing. Their purpose is 

traditional: to reproduce, suspend, rewind videos. The video display area is located at the center 

of the slide. Typically, video playback starts automatically when you move to a slide. You can 

pause or continue, if necessary. The video playback on the slide is looped and is restarted when 

the movie is finished.  

The Course Viewer provides the Drawing Tools panel for additional convenience in 

supplying material. You can use Marker and Eraser tools to make markups directly on the slide. 

 

ADDITIONAL BUTTO NS OF NAVIGATION 

They are located in the upper right corner of the slide. Clicking the Return button takes 

you to the previous slide. The right Home button returns the user to different menus, up the 

nesting structure. The menu to return to is easily determined by the color of the button. 

Some information slides have pop-up buttons in the lower right corner. They are present 

if there is not enough one image, video, or example to illustrate the material. The number of pop-

up buttons varies depending on the number of additional slides. 

When you go to a specific additional slide, the corresponding button is highlighted. The 

user always knows which of the additional slides he is currently viewing. 

 

TESTING 

After studying the theme, the student can start testing by clicking Go to Test in the subject 

menu. The title screen of the test shows the name of the topic to be tested (Fig.6). The "Skip 

Test" button will return the user to the topic main menu. 

There is no possibility to return to the training material during the test. 
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Fig. 6 Theme Test Cover Screen View 

 

 

The test question screen contains a drop-down menu that navigates test questions. The 

student can move on questions in an arbitrary order. In a collapsed view, the menu displays the 

question number and the total number of questions in the test.   

After answering all questions, click Submit All. If the student did not answer all the 

questions of the test, a warning will be issued. Once the submission has been confirmed, the test 

result will be displayed. By default, the test has a pass-through ball of 80% of the total number 

of questions. If the percentage is set, the student is considered tested and will be offered the 

option of entering the main menu (Fig.7). 

 The score count is organized so that partial responses can be taken in some cases. This 

applies to multiple choice or nested answer questions. In these cases, the outcome is composed 

of the percentage of responses correctly selected. 

 
Fig. 7 Test Completion Screen 

 

After the end of the testing, the student has the opportunity to view the results of the test 

for each question, see their wrong answers and the correct answer option (Fig.8).  
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Fig. 8 Test Question Answer Results 

 

SYSTEM REQUIREMENTS 

The only software requirement to work with the created course is the presence of a 

browser. The functionality of the course was tested on Internet Explorer 11, Mozilla Firefox 

36.0.1, and Google Chrome v.50.02661.102. The choice of browser is left to the user, however, 

the display settings of the browser Mozilla Firefox we consider more preferable. You can use the 

iSpring Suite, which has a built-in player to view the course. But, to do that, you need to have a 

license to use it. 

 

CONCLUSIONS 

Based on iSpring Suite version 8, an electronic training course in Operating System 

Administration has been developed. The experience of the completed development shows the 

completeness, convenience and efficiency of using the iSpring in the development of e-learning 

courses. The developed electronic educational resource is used in the educational process of the 

Department "Computing Systems, Networks and Information Security". 
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Abstract ï Computerization is now firmly embedded in all areas of human activity: 

production, finance, trade, governance, education, etc. This can be explained by the increasing 

volume of information being processed and the complexity of the systems being studied. At the 

same time it is necessary to pass the following, rather general, stages: problem ï model ï 

optimization of model ï solution of problem. The analyst cannot work without modern software 

tools that help to successfully pass all these stages. One such means is AnyLogic. Therefore, it 

is important to make extensive use of this software tool in the educational process of universities. 

As a result, there will be an increase in the analytical competences of students. 

Keywords: simulation modeling, system analysis, business analysis, business process, 

AnyLogic. 

 

INTRODUCTION 

Simulation modeling solves real-world problems safely and wisely. It is a convenient tool 

for analysis: it is clear, easy to understand and verify. In different areas of business and science, 

simulation modeling helps to find optimal solutions and gives a clear picture of complex systems 

[1]. Simulation is used when it is impossible or impractical to perform experiments on a real 

system, most often because of their cost or duration. 

Simulation modeling allows you to analyze the model in action. This is different from 

other methods, such as Excel or linear programming. The user studies processes and makes 

changes to the simulation model in the course of work, which allows to better analyze the system 

operation and quickly solve the current problem. 

Using one modeling method, it is difficult to imagine a system in a model at the required 

level of abstraction. For example, you can use system dynamics to simulate the behavior of 

offline objects. Tasks of this kind are perfectly handled by agency modeling. Conversely, it is 

pointless to use discrete-event modeling for continuous patterns when there is systemic 

dynamics. 

 

PROBLEM STATEMENT 

The tasks that have to be solved in real business are most often complex, so when 

modeling it is more reasonable to break them into constituent parts and describe them using 

different methods. It is impossible to reliably imagine a complex business system and its internal 

and external relationships using one approach ï some elements have to be excluded or seek 

workarounds in modeling. Modern modeling tools allow you to cope with this task. 

AnyLogic [2] is a multi-function animation tool for dynamic modeling that integrates 

with existing IT management systems. 

Since AnyLogic you are not limited to one modeling method. Using a suitable method or 

combination of methods, you can create an optimal simulation model for solving a specific 

problem. If your model involves many individual objects, you can use agency modeling. If you 

only have information about global dependencies, use system dynamics. If the system can be 

described as a process, it is better to use discrete-event modeling. If the system has all these 

features, combine different methods. 

The methods presented are interesting as part of a business analysis that is built on the 

study of commercial objectives. Business analysis also involves developing approaches to 

address the challenges that arise in achieving them. 

Business analysis is scientific research of phenomena, development of methodologies and 

complex measures, a kind of discipline, and business analytics ï practical application of 

developed business analysis of knowledge and methodologies. A separate type of business 

analysis is a system analysis aimed at maximizing the company's information technology 

performance [3, 4]. On the practical side, system analysis is a theory and practice of improving 
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intervention in a problem situation. Therefore, the system approach and methodology are very 

relevant in the field of systems design, development and application [5, 6]. AnyLogic is a modern 

tool that helps system and business analysts work with various complex systems, especially those 

that model production and technological processes. 

 

SOLUTION OF THE PROBLEM 

A specialist who performs business analysis must know all the methodological tools of 

business analysis and take a comprehensive approach to converting information into solutions. 

This allows you to analyze and evaluate the effectiveness of the company's business processes, 

improve them, and develop completely new business processes based on simulation experiments. 

Currently, the need for qualified specialists to solve the tasks described above is 

increasing every year. Therefore, the task of modern training of specialists in the field of 

simulation in general and business analysis in particular is relevant. 

The disciplines "Business analysis", "Modeling of systems and supply chains", 

"Optimization and reengineering of business processes", "Design of information systems" are 

quite important and determining in the professional training of students in the field of computer 

technology. Modern high-quality training in these disciplines requires software support for 

laboratory and practical training. We believe that AnyLogic is suitable for this purpose, as a 

modern software tool for achieving the goals of the educational program [7]. 

Typical tasks that are solved in the framework of the above disciplines: 

* analyze and evaluate the effectiveness of business processes; 

* identifying and eliminating bottlenecks; 

* optimization and improvement of business processes; 

* increase productivity while reducing costs. 

Let's consider an example of using the AnyLogic modeling system in the educational 

process. To study the operation of a real object, it was decided to create a model of a hospital 

where patients are received and treated. Based on the results of the simulation, it was supposed 

to identify "bottlenecks" in the work of the hospital. The model will  consider the management of 

multiple processes in the form of various procedures for interaction between patients and doctors. 

The model will  also use resources: doctors, nurses, and patients. Resource management will be 

different in different model situations. A special resource and process for processing "urgent 

patients"will be introduced into the model. These patients need immediate help, that is, they need 

to provide all the necessary resources immediately upon admission to the hospital. This saves the 

States of processes that are being robbed of resources. 

We start working in AnyLogic, create a model and call it Hospital (Fig.1). 
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Fig. 1 Initial stage of working with the hospital model 

 

Then use AnyLogic to describe the simulation scenes: models of the hospital space with 

room elements. Similarly, we will  create different ways to move patients to doctors ' offices and 

treatment rooms. We will also add rectangular nodes in the waiting areas for doctors near the 

sofas. Create the path of the patient queue to the registry and the location of the registry. 

AnyLogic provides an çAttractor toolè or a space markup element. This is an important 

animation modeling tool that allows you to specify the exact locations of model agents in a 

rectangular or polygonal node. 

We will add "Attractor" objects to nodes where it is necessary to specify more precisely 

the location and angle of the object, such as queues before the entrance and places of patients 

and doctors at the reception. 

Model preparation is complete, and you can begin to formulate model logic. To do this, 

go to the çProcess Modeling Libraryè tab in the palette. 

Add a çSourceè block from the çProcess Simulation Libraryè palette and name it 

çPatientsè, this block creates agents. Typically used as the starting point of the agent flow. He 

will create patients. We will indicate the intensity for him ï 50 patients per hour, as well as the 

location of arrival of patients ï the node of the network GIS "Spavn," speed 5 km/h (Fig.2). 
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Fig. 2 Adding and detailing a çSourceè block 

 

The system allows to describe in stages the logic of patient 's movement to doctors of 

different specialization. We start with a LOR doctor (Fig.3). Then we will add a branch of patient 

movement to the new doctor ï surgeon (Fig.4). And in the same way we will add the logic of 

moving patients to other specialists, resuscitation and procedural rooms. 

 

 
 

Fig. 3 Branch of logic of patient's movement to LOR-doctor 
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Fig. 4 Adding a branch of patient motion logic to a surgeon 

 

The result is a formalized description of the set of technological business processes that 

define the functioning of the hospital as a system. The AnyLogic tools then enable you to present 

the described model in 2d and 3d shapes (Fig.5, 6). 

 

 
 

Fig. 5 Final 2d hospital model 

 

At present, the study of Business Analysis is based on a workshop using AnyLogic. In 

the future, it is planned to expand such practice into thematic close disciplines (presented at the 

beginning of the article), which provide for practical modeling of dynamic systems or supply 

chains, as these systems are commonly called in the notation of the AnyLogic. 
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The success of using AnyLogic in the practice of business analysis of complex systems 

depends on studying the problem system, carefully considering the system interaction of business 

processes for accurate and detailed representation in the AnyLogic simulation system. 

 

 
 

Fig. 6 Final 3d hospital model 

 

ʉONCLUSION 

In today 's world, one of the growing promising areas of education in universities is the 

use of computer technologies, which promote the process of training to a qualitatively new level 

of development. The implementation of didactic goals of disciplines related to modeling and 

analysis of complex systems requires the application of various software systems. This article 

discusses the AnyLogic system, which harmoniously combines the excellent visibility of the 

animation simulation and the accuracy of the analytical description of the models. 

The organization of the educational process on the basis of the AnyLogic opportunities 

allowed to increase the level of cognitive activity of students during the workshops, to implement 

an individual approach when planning the educational trajectory of each student depending on 

his capabilities, to differentiate the level of complexity of tasks without loss of quality of learning 

of the material by the student. 
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Abstract. Additive technology allows using a 3D printer to create physical objects of a 

three-dimensional image based on layer-by-layer formation of a solid object. The field of 

application of additive technologies is constantly expanding and rapidly developing, there are 

huge opportunities for using technology in various subject areas and types of industries. Methods 

and special application software for 3D modeling are considered. The analysis of the use of 

special machinery and electronic equipment, a variety of multilayer materials for use in various 

subject areas, including in the field of medical technology. 

A review of the areas of modern dentistry (orthopedics, surgery, orthodontics) in which, 

with the advent of additive technologies and new types of materials, has made it possible to print 

orthopedic prostheses, sterile instruments, and liners. The stages of modern orthodontic treatment 

in dentistry using 3D printing are considered. The main aspects of the development of additive 

technologies in medicine are determined. 

The object of research is additive technology. The purpose of this study is to review the 

fixed assets, methods and tools for applying 3D technology in dentistry. 

Keywords: additive technologies, modeling, 3D-printing, dentistry. 

 

Today, Russia and the world are actively engaged in the process of popularizing additive 

technologies or 3D printing, the use of which can reduce costs, save time and find universal 

solutions for modeling and manufacturing products and parts in a wide variety of subject areas. 

By additive technology (Additive Manufacturing - added) is understood layer-by-layer 

building and synthesis of an object using 3D computer systems. Over the past three years, the 

number of Russian companies using additive technologies in modeling and product development 

has significantly increased, which indicates the demand for 3D technologies in the manufacture 

of end products in aircraft manufacturing, construction, the agricultural industry, shipbuilding, 

astronautics, the automotive industry, medicine and pharmacology. 

http://elibrary.ru/author_items.asp?authorid=397672
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Modeling is the process of studying the structure and properties of an original using a 

model. 3D-modeling is the process of developing virtual three-dimensional models of any 

objects, which allows you to accurately represent the shape, size, texture of the object, evaluate 

the appearance and ergonomics of the product [2]. 

The development of new information technologies in the context of active digitalization 

of society has allowed us to create a wide range of 3D modeling software that represents the 

future product directly on the computer screen in all angles, allowing you to quickly eliminate 

the identified shortcomings at any stage of its development. Graphic systems of three-

dimensional graphics allow you to view the product from different planar sides even with its 

future environment, simulate virtual reality objects, creating images based on these models. 

The leaders among numerous computer aided design systems (CAD), 3D-modeling, 3D-

animation and visualization of objects are 3dsMax, AutoCAD, Maya from Autodesk, open source 

software Blender, Compass3D from Ascon, SketchUp from Google [1]. The main advantages of 

this type of program is a significant reduction in design costs, integration with other software 

products (applications for engineering calculations, an interactive image management system, 

programs for obtaining and processing panoramic and cephalometric images, etc.). 

In some cases, the introduction of 3D modeling software (CAD) in production can 

significantly save resources, simplifies staff work, and improves product quality, thereby 

expanding the capabilities of the company. 

Designed in the form of drawings, 3D models are printed automatically in 3D printers 

capable of producing products with freely moving parts that do not need to be assembled, 

enabling companies to economically create non-standard products in small quantities. The 

principle of operation of a 3D printer consists in layer-by-layer image formation using a certain 

type of powder (material). 

For three-dimensional printing, plastic, gypsum powder, polymers, wax, liquid 

photopolymers, ceramics, titanium, resin, stainless steel, polystyrene can be used as the main 

material. 

The most popular technologies for 3D printing are:  

1) simulation using a layer deposition method (FDM);  

2) stereolithography (SLA);  

3) selective laser sintering (SLS). 

Using the FDM (Fused Deposition Modeling) deposition method, the product is obtained 

by soldering the extrusion of a thermoplastic filament into layers repeating the contours of a 

digital model. The FDM method uses inexpensive materials and is preferred for rapid prototyping 

of simple parts.  

This printing method has low accuracy and resolution, which is why this is not the best 

way to obtain products of non-standard geometric shapes with high requirements for 

manufacturing accuracy and surface quality. In 3D printers (FDM technology), mechanical and 

chemical polishing, expensive structural thermoplastics are used to improve the quality of the 

resulting surface. 

Products obtained using SLA (Laser Stereolithography) technology, which uses 

photopolymerization ð the process of curing a liquid photopolymer resin into a hardened plastic 

using a laser ð have clear outlines, a smooth surface with high accuracy and resolution. In SLA, 

depending on the technical requirements, for the manufacture of parts, different resin 

compositions are used that correspond to the properties of technical and industrial thermoplastics. 

This type of printing is universal and popular in the manufacture of products in the dental and 

jewelry fields, in mechanical engineering and education. 

For mass production, the printing method using selective laser sintering is used - SLS 

(Selective Laser Sintering), which uses a powerful laser beam to melt small particles of polymer 
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powder. Using this method, durable products with complex internal parts having non-standard 

geometry are printed. 

In addition, the world's only 3D full-color printing with the principle of gluing a powder 

consisting of gypsum is CJP (ColorJet printing) technology. Another MJM (MultiJet Modeling) 

technology is based on the principle of multi-jet 3D modeling using photopolymers and wax. 

The trend in the modern development of additive technologies is the development of 

consumables, namely waterproof, flame-retardant polymers, extruded granulate printing, 

bioprinting, the use of new types of composite materials, photopolymers. In particular, composite 

materials filled with carbon fibers, glass, nanotubes allow you to print durable and complex 

products with the necessary temperature requirements on simpler and more affordable 

equipment.  

A significant reduction in shrinkage of materials allows to achieve high-quality 

repeatability of product dimensions, which is one of the most important parameters for 3D 

printing. 

Thus, the appearance of improved new modern materials, that is, printing objects by 

combining various materials using a laser, makes it possible to more effectively use FDM, SLA, 

SLS technologies to create new types of consumer products, where the main trend for 3D printing 

is the development of materials, focused on specific subject areas and production tasks. 

One of the areas of medicine where additive technologies are being introduced into 

medical practice at the fastest pace is dentistry. As a result of the appearance in additive 3D 

printing of new types of materials in the field of dentistry (orthopedics, surgery, orthodontics), it 

became possible to print for the subsequent procedure of endoprostheses, bone and cartilage 

tissues, orthopedic prostheses, and liners.  

For example, one of the areas of constant clinical application of additive manufacturing 

is design technology taking into account the anatomical features of personalized implants, a 

number of companies working in the field of medical technology are successfully engaged in 

3D-printing of surgical auxiliary instruments for operations [4]. 

This trend has led to the fact that at present in a number of sections of dentistry, primarily 

in orthodontics and orthopedics, a new stage of the technological revolution is actually unfolding, 

which, in addition to the undoubted advantages (improving the quality and effectiveness of 

treatment, reducing the risk of complications and unwanted side effects) , poses new challenges 

for the professional community in the context of the need to increase the level of knowledge and 

skills in implementing technologies, as well as the need to review existing educational ny 

programs and standards. 

So, in modern dentistry, to increase the accuracy and quality of diagnosis and treatment, 

digital technologies of virtual examination and treatment modeling are widely used, including 

computed tomography, intraoral scanning, 3D modeling and printing in orthodontics, as well as 

CAD / CAM technology (Computer Assisted Design / Computer Assisted Manufacturing) in 

orthopedics, which, as the name implies, involves the integrated use of virtual data collection 

methods, planning and modeling of future treatment, as well as 3D production tools and materials 

used in its framework. 

The use of CAD / CAM technologies in orthopedic dentistry has a relatively long history 

and was hampered by the lack of available methods for their implementation in medical practice. 

The development of computer technology and computerized means of production in the last 

decade has allowed orthopedic dentists to significantly increase the effectiveness of treatment 

using CAD / CAM technologies, including providing better predictability of the desired results, 

high accuracy of fastening of the orthopedic structure, lower porosity compared to the 

traditionally processed design and etc [5].  

An important point in the use of CAD / CAM technologies in orthopedic dentistry is the 

possibility of full personal control by the attending physician at all stages of treatment, including 
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diagnosis, planning, production and use in the treatment process. With the appropriate 

equipment, a 3D printer and qualifications, the participation of a technician and other specialists 

in it is no longer necessary. 

 In the field of orthodontics, the situation looks a little different. The formation of the 

digital infrastructure of dental treatment has led to the emergence and rapid growth of the 

popularity of technology with individual removable equipment (eliners). Moreover, the 

description of such a treatment method was first encountered in specialized literature in the 

United States as far back as the 1940s, however, its practical implementation was practically 

impossible until the advent of 3D diagnostics and 3D printing. Currently, the use of this method 

is becoming increasingly popular among orthodontists, as it has a number of undoubted 

advantages: aesthetics, the absence of significant difficulties for the implementation of oral 

hygiene, less trauma compared to traditional bracket systems. 

It should also be noted that, in contrast to traditional orthodontic appliances, in which the 

correction of occlusion occurs gradually along the planes, during treatment with eliners, 

simultaneous and multidirectional movement of teeth is organized. 

Currently, the Russian market has a number of systems of the so-called "transparent 

orthodontics", including systems developed by international companies that have somehow 

entered the Russian market (through the development of a Russian-language software interface 

and, in some cases, production localization), for example, Invisalign (American company Align 

Technology), and Russian companies Flexi Ligner, True Smile, Star Smile, 3D Smile and many 

others.  

Despite the differences caused by the features of the interface, the organization of clinical 

support and production, these systems use the same principles of organization and stages of 

orthodontic treatment:  

1) taking impressions / 3D scanning;  

2) data collection / 3D visualization and construction of a digital anatomical model;  

3) 3D printing of liners;  

4) joint work of the doctor and patient on the use of mouthguards. 

A separate area of technological development in connection with the introduction of 

additive technologies in dental practice is the field of creating improved and new materials for 

the manufacture of dental instruments (eliners, etc.) and products (crowns, tabs, etc.). Active 

work is underway to improve the quality of photopolymers for 3D printing. One of the important 

problems when creating products that are used in medicine and dentistry is the issue of complete 

tracking of each stage with accurate diagnostics, elimination of errors and defects in the 

manufacturing process of the product, that is, competent quality management of the additive 

manufacturing of the part.  

In this regard, large manufacturers of creating 3D models plan to assign an electronic 

passport to each product, which will contain all information about the part, including, for 

example, a video of its layer-by-layer construction in the printerôs camera, with which you can 

track what is happening in each layer. 

Today, new software is being developed that allows meticulous collection of product data 

at the time of its creation with further analysis, linking the production method and technology 

with the subsequent product life cycle. In turn, 3D scanners are responsible for the high quality 

of digitization, which are able to scan objects of any complexity with high performance and 

resolution. They provide high-quality and operational data collection and analysis of a real object 

(shape, color, dimensions) for its subsequent conversion into a digital three-dimensional model. 

The main aspects of the development of additive technologies are:  

1) design for additive manufacturing;  

2) education and training;  

3) the use of an increasingly wide range of different materials for 3D printing;  
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4) production of individual orders and small-scale production;  

5) partnership and cooperation;  

6) startup companies;  

7) stimulating the effective operation of the supply chain;  

8) data, security and cross-industry interaction;  

9) investments in the use of additive technologies in production;  

10) corporate centers for training and implementation of excellence [3]. 

Thus, the Russian market in the field of 3D is developing at a steady pace and is gaining 

competence to enter the international level, covering the whole range of solutions from 3D 

printers and supplies to improving 3D scanners and software, the rapid development of 3D 

services. The main advantage of additive manufacturing is the ability to quickly customize the 

manufacturing process of manufacturing products at the request of consumers and the production 

of a certain amount of the final product. 

For the field of dentistry, it becomes obvious that additive technologies (3D printing) are 

a way to significantly save resources and improve product quality, an effective tool in training, 

these are new opportunities for modernizing and expanding a business. 
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In recent years, the need for adaptive learning has become increasingly relevant. In this 

article, we propose an approach to the organization of adaptive learning, and also describe the 

structure of an adaptive learning system. The adaptive approach assumes that each student will 

learn on an individual trajectory, which is built based on his psychological characteristics, 

specificities, and needs of the individual. Among them may: the assimilation of material, the pace 

of training, available knowledge, skills, and much more. An integral part of the training is the 

presentation of educational material and regular monitoring, which will be carried out through 

an adaptive educational system. 
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INTRODUCTION 

Not so long ago, educational institutions used a traditional approach to learning. The 

traditional approach includes one content of learning, one way of presenting it and one pace of 

teaching work applies, as a rule, to all students. The main disadvantage of this approach is its 

static nature: the teacher before the start of the academic year forms the program, the study 

materials does not transform depending on the level of knowledge drawback of students [1]. In 

addition, teachers can use the same syllabus over consecutive years. 

Due to the rapid development of information technology, over the past decade, the use of 

electronic educational resources (ESM) in traditional learning has become an integral part of the 

educational process. Some ESMs also use the traditional approach: they make one program for 

a subject for all students [1]. However, there are more and more ESM with a new approach to 

learning. These resources are built on a differentiated approach: in the learning education, the 

individual psychological characteristics of students are taken into account, and then groups of 

students are formed with varying depths of learning material and teaching methods. The 

differentiated approach was first applied in Western countries from the mid-19th century, and in 

Europe and Russia only from the beginning of the 20th century. The use of differentiated learning 

helps to improve learning outcomes, help students gain in-depth knowledge, including making 

the learning process interesting. 

The amount of information is growing rapidly in the modern world. Therefore, it is no 

longer enough to use a differentiated approach to the learning process, now it is necessary to 

personalize the training of each individual student [2]. Current trends in the development of e-

learning technologies enable the development and implementation of adaptive learning resources 

and environments. 

 

PROBLEM STATEMENT 

Adaptive educational environment refers to platforms or resources that provide special 

methods for a personal educational space filled with educational content that çadaptsè to the 

studentôs abilities and knowledge for effective learning [2]. This system takes into account 

various ñparametersò of the student (starting from the level and structure of initial preparedness 

and ending with mood), quickly monitors the results of ongoing training, which allows rational 

selection of tasks and exercises, as well as methods for presenting material for further 

advancement. 

However, at present in education, there is no single definition of the concept of 

adaptability of software. This situation arose because adaptability can be determined in different 

ways for different types of software systems. For information systems, adaptability is understood 

as the presence of a system reaction to changes in the subject area, and for virtual simulators, the 

programôs ability to change its structure and behavior depending on the actions and 

characteristics of the user. In addition, the views on the implementation of the adaptation process 

within the framework of the consideration of one class of systems may differ and greatly depend 

on the chosen to design methodology. 

SOLUTION 

In this article, we propose an approach to the organization of adaptive learning, and also 

describe the possible structure and components of an adaptive learning system that will help 

shape the individual educational trajectory of the student. 

The term ñindividual educational trajectoryò is understood as a personal way for a student 

to achieve a specific educational goal or study task that matches his abilities, interests, and needs. 
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The material that needs to be studied is provided to the student, taking into account his 

accumulated knowledge, performance, and experience. This implements adaptation during 

training: the provision of educational materials and materials for control appropriate to the 

student's level [2]. Thus, a student who has shown good results in studying the previous material 

needs to be provided with materials and practical tasks with a complexity higher than he studied, 

because simpler materials and tasks will not develop his potential. And vice versa, a student with 

low training, who is not able to learn educational material of increased complexity and solve 

complex tasks, must be offered a çlite versionè of educational texts and assignments. Since more 

complex educational content can lead to a decrease in the motivation of such a student up to the 

rejection of educational activities [3]. Since the educational process has a tight period, the 

educational material is divided into blocks per average student. The developed information 

system is available to the student at any time, and thanks to this, he will be able to access the 

training materials at any time during homework and independent work. There is also no 

prohibition on completing assignments, which will enable the student to ñgo through the 

topic/blockò at the maximum possible difficulty level for him. Experience shows that the 

possibility of repeated passage of educational material increases the motivation of the student. 

This creates an çindividual educational trajectoryè. 

Our proposed approach to the organization of adaptive learning consists of the interaction 

of a student, teacher and teaching system (see Fig. 1). Then the adaptive training system may 

contain the following components: a domain model, a block for monitoring and analyzing the 

assimilation of material, and an adaptation model. 

 
Fig. 1 The structure of adaptive learning 

 

In fact, in this approach, the role of the teacher shifts from the lecturer to the technologist 

of the educational process: the main role is not played by the teacherôs teaching activities, but by 

teaching the students independently under the guidance of a teacher indirectly within the 

framework of an adaptive teaching system, taking into account their needs and abilities. 

Therefore, an important issue is the organization of theoretical material, the formation of tasks 

and rules for evaluating the results at each step of student learning. 

We describe in detail each component of our proposed approach to organizing adaptive 

learning. 
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The first component is a teacher. He creates educational content for various learning paths 

(at least three editions: easy, medium, advanced) and uploads all materials to the system. In the 

learning process, the teacher can watch the individual trajectories of all his students, as well as 

observe their results when solving tests, tasks and analyze the level of mastering the material. 

The domain model contains the structure and materials that the teacher loads into the 

system. The domain model acts as a data warehouse that contains all educational content: the 

name of topics, sections, their contents and navigation links associated with the structure of the 

presented data [5]. The domain model is designed to develop the structure of the relationship 

between the individual elements of the subject and transitions between them, taking into account 

the abilities and needs of students. The structure of these interconnections will provide an 

opportunity for students to switch to an element of educational material and the level of 

complexity to be done within the framework of adaptive learning [4]. 

The studentôs model includes all the information: necessary to build his individual 

trajectory (the level of mastery of each topic, description of errors, grades, test results, etc.). The 

student model provides that information about the student will change over time, new elements 

will be added and, accordingly, the path of studying the subject will change as the student goes 

learns the subject matter. That is, it contains not only general information about the student but 

tracks all his actions in the process of adaptive learning [6]. 

The block of control and analysis of the assimilation of material in the adaptive 

educational system is designed to determine the level of knowledge of the student about the 

subject area through assessment. To evaluate the learning outcomes, the teacher develops various 

control and measurement materials: an input test, sets of questions and tasks, tests for topics to 

test understanding of the current material, tasks for independent solution, training simulators for 

developing skills, final tests, etc. Also at this stage, recommendations are formed for the student 

(the system and the teacher) for a more successful assimilation of the materials on the subject, 

which he can view in the system. 

The adaptation model of the training system includes an automated navigation system 

and the adaptation of educational content, taking into account the individual characteristics of 

the student. To adapt the educational content, there are three editions of the presentation of the 

material, which differ in the degree of detail and presentation: text, graphics, tables, audio and 

video materials, interactive resources. Navigation on educational materials is carried out based 

on the achieved level of assimilation of the material. At this stage, the educational content is 

being adapted (increasing or decreasing the level of complexity), based on a built-in individual 

schedule. If during the training the student poorly mastered the new material and could not fill 

the knowledge gaps, he will be transferred to a lower level of complexity. At the next test (after 

using the recommendations), the student can go to a different level of difficulty, depending on 

the assimilation of the previous material. 

To summarize all of the above, we will draw up a functional diagram. It presents the 

relationship of all components and traces the sequence of the proposed approach to adaptive 

learning. (see Fig. 2-3). 

Figure 2 is a functional diagram of the proposed approach to adaptive learning, and in 

figure 3 the block çadaptive learning cycleè is specified.   

We mean that the teacher plans the training material on the topic of the subject for study 

in a certain period, thus obtaining a schedule for studying the topic, which is the input to the 

diagram. 
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Fig. 2   Functional diagram of the approach to adaptive learning (part 1) 

 
Fig. 3  Functional diagram of the approach to adaptive learning (part 1) 

 

For a better understanding, we will comment on these diagrams: 

1. The teacher selects and downloads teaching materials in three editions (easy, medium, 

advanced), which differ in the degree of detail and form of presentation (A1); 

2. The student passes the entrance test, according to the results of which it is determined 

by which of the three editions he will study the material (A2). Assume that the initial edition is 

defined as çaverageè; 

3. A student in the adaptive learning system studies the provided educational material 

and also performs assignments (A31). In our case, the student will be provided with materials 

edited by "average"; 

4. After studying the necessary material, the student needs to undergo a control event for 

which control and measuring materials are developed that also correspond to his level (A32); 
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5. Then there is an automated or manual verification of the student's work (errors are 

determined, evaluation is determined, etc.). Based on these results, the level of assimilation 

passed by the student is determined. Also, based on the results of the control, the level of 

assimilation of the material, behavior and other characteristics of the student, recommendations 

are formed (by the system or teacher) that will help him better understand the topics in the future. 

For example, recommendations may contain topics that the student needs to repeat, either a 

description of another approach to solving problems or a parsing of errors (A33); 

6. Navigation is carried out on the training material based on the achieved level of 

assimilation of the material and taking into account the individual characteristics of the student 

(stored in the studentôs model). At this stage, the educational content is being adapted (increasing 

or decreasing the level of difficulty (A34). Suppose that a student (from whom it was previously 

determined that he is studying materials edited by ñaverageò) poorly understood the material and 

did not cope with all the tasks, then his level decreases. Further, he will study materials edited 

by çeasyè instead of çmediumè. 

Then the student returns to the study of educational material (the next or the same topic). 

In the following stages, it is also possible to lower or increase the level of complexity of the 

proposed training materials. That is, each student "in his way" goes between the proposed levels, 

building his individual learning path. Such a cycle will be repeated until the student has studied 

the material corresponding to the schedule. As a result, it turns out that each student has mastered 

the material in the maximum volume and understanding for himself. 

CONCLUSIONS 

Using this approach, students receive the organization of the individual process of 

studying a subject at a pace: comparable to their needs and abilities. We also assume that the use 

of the approach will allow the educational aspect of education to be realized through the 

independent formation by the student of his study schedule within the allotted period, this 

develops in them independence and responsibility for learning. It is important to note that the 

teacher can constantly monitor each student (through the means of the adaptive educational 

system). He can view all the changes in individual trajectories and help the student choose the 

right direction of his development through the educational trajectories of the subject. 
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Abstract ï This article describes one of the approaches to the development of an 

information system that is designed for legal ways to prevent the illegal sale of tobacco products 

and alcoholic beverages. Its advantages and disadvantages are analyzed. The described method 

can be used in any country that is interested in controlling the sale of these categories of goods. 
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INTRODUCTION 

Many countries have laws governing the sale of alcohol and tobacco products. In some 

countries, it is forbidden to trade at night or during certain hours. In other countries, it is forbidden 

to sell these products to minors. Somewhere there is a complete ban on sales.  

Worldwide, the illicit alcohol and tobacco trade poses a serious threat to public health and 

economic development. In the case of tobacco, about one in ten cigarettes in the world is not sold 

legally [1]. 

Tobacco and alcohol control measures are widely implemented, but their effectiveness is 

reduced due to tax optimization and tax evasion. According to representatives of the tobacco 

industry, high taxes on tobacco products lead to tax evasion. At the same time, the evidence 

suggests that the following factors are equally important, which are not always related to taxes: 

widespread corruption, lack of decisive action by governments to prevent illegal trade, and the 

presence of unofficial channels for the sale of tobacco and alcohol products [1, 2]. 

The introduction of strict measures to prevent illegal trade will improve the effectiveness 

of high taxes and prices on tobacco and alcohol. Moreover, in the future, this may lead to a 

reduction in the use of this product and its negative consequences for health and the economy. 

 

PROBLEM STATEMENT 

The world Health Organization estimates that around 7% or just over 24 million children 

between the ages of 13 and 15 smoked cigarettes in 2007-2017 [3]. And so-called smokeless 

cigarettes were smoked by almost 13.5 million children (also aged 13 to 15 years ) during this 

period. Some data on users of both categories of tobacco are presented in the tables below. Tables 

1 and 2 provide information on smoking cigarettes and smokeless tobacco among boys and girls 

aged 13 to 15, respectively. 

 

TABLE 1.  PREVALENCE OF CIGARETTE SMOKING AND ESTIMATED 

NUMBERS OF CIGARETTE SMOKERS AMONG CHILDREN AGED 13ï15 YEARS IN 

THE WORLD (2007-2017) 

Average prevalence rate (%) Estimated number of cigarette smokers 

(millions) 

Boys Girls Both sexes Boys Girls Both sexes 

9.3 4.2 6.8 17.0 7.1 24.1 

 

TABLE 2. PREVALENCE OF SMOKELESS TOBACCO USE AND NUMBER OF USERS 

AMONG BOYS AND GIRLS AGED 13ï15 YEARS IN THE WORLD (2007-2017) 
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Average prevalence rate (%) Estimated number of cigarette smokers 

(millions) 

Boys Girls Both sexes Boys Girls Both sexes 

4.6 2.6 3.6 8.8 4.6 13.4 

 

As for alcohol, 26.5% or about 155 million teenagers aged 15-19 are currently using it 

[5]. If you evaluate the indicators for other years, you can see a trend that reflects the decline in 

the number of teenagers who use alcohol. However, there are an impressive number of countries 

where there are only more drinkers and smokers. The situation with smoking is similar - in many 

countries, the number of children aged 13 to 15 who smoke continues to increase [4]. 

Below are two charts containing data on adolescent alcohol consumption in different 

regions and in the world, respectively. Based on the tables, which presented above, and charts it 

can be concluded that the problem of alcohol consumption and tobacco smoking by adolescents 

is relevant and requires measures to help eliminate it. This problem is caused by the fact that 

teenagers do not have problems buying goods, which they can not sell. First of all, it is worth 

fighting this fact. 

 

 
Fig. 1  Percentage (in %) of current drinkers, former drinkers and lifetime abstainers 

among the total population (15ï19 years) by WHO region, 2018 
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Fig. 2  Percentage (in %) of current drinkers, former drinkers and lifetime abstainers 

among the total population (15ï19 years) by the World, 2018 

 

SOLUTION 

The creation of an information system that makes it possible to mark places where alcohol 

and tobacco are trafficked can help solve the problem described above. This system will allow 

you to speed up work with documents and report violations from anywhere. Working with 

documents means contacting the appropriate authorities about violations of legal acts related to 

the sale of alcohol and tobacco products. 

Despite the fact that government control is almost always present, it has the disadvantage 

that there are not enough people who would track offenses in the field of illegal trade. Using an 

information system in the form of a smartphone app would increase the level of civic initiative 

and attract many more people to address the issues mentioned in this text. 

The principle of operation of the information system is simple. In total, there are two main 

roles: administrator and applicant. When a user logs in to the mobile app, they can log in as one 

of the roles or register as an applicant. If an applicant detects illegal trade in alcohol or tobacco, 

they can log in to the app, specify the location of the violation and describe what happened using 

prepared templates that are stored in the app. The administrator simply checks the applications 

and decides whether to approve or reject the applicant. If approved in the audit, the administrator 

informs the appropriate authorities about the offense and its details. 

In more detail, the logic of the information system is presented in the form of two use 

case diagrams (in UML notation). A comment in the form of a grey rectangle on the diagram for 

the applicant (Fig. 2) implies that the applicant will not be able to delete or edit the application 

if it has already been checked by the administrator and received a decision. That is, deleting and 

editing is only possible until the application is verified by the administrator. Moreover, in case 

of deletion, the application is deleted everywhere, and not only in the applicant's interface. User 

ratings have been added to ensure that there is competition in the "game" form. In part, this is an 

element of gamification in this app that should increase interest in using it. 
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Fig. 3  Use case diagram for applicant 

 

For the administrator role (Fig. 3) the main difference is that it can 't create statements, 

but it can make decisions about them, that is, approve or deny verification. 

 

 
Fig. 4  Use case diagram for administrator 

 

Briefly about the advantages of this information system: 
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1) The app uses a map that allows you to select any place where illegal trade in alcohol 

and tobacco is noticed; 

2) Increasing the level of civic initiative; 

3) Improving the health of citizens; 

4) Increasing the country's income. 

 

Of course, there are a couple of drawbacks: 

1) The need to maintain and regularly update the app and the types and types of offenses 

it contains in accordance with the laws of the country in which this app is used; 

2) Different countries may have their own sources of maps used in the application (this 

means connecting third-party maps using the API - Application Programming Interface), so it is 

not possible to run the same application in all countries. 

There are countries that have already developed similar information systems. However, 

it is often possible to mark only certain stores that sell alcohol or tobacco illegally. For example, 

you can only mark a store that has a license to sell alcohol on the map. Thus, ordinary kiosks can 

sell alcohol without a license , commit offenses, and citizens will not be able to indicate this place 

on the map.  

It is important that any resident can specify any place. 

 

CONCLUSION 

Increasing the income of any country is undoubtedly a very important task. However, the 

health of citizens should be even more important. Therefore, first of all, this information system 

is aimed at increasing the cohesion of people who are interested in a common goal for them: to 

ensure a healthier life for themselves and those around them. Using the app will reduce the level 

of consumption of tobacco products and alcoholic beverages. This will affect many indicators of 

quality of life. Someone will stop smoking, someone will inhale less second-hand smoke, 

somewhere from the closure of illegal points of sale of alcohol will be less crime. All this can be 

easily achieved if the citizens themselves, who are interested in such results, help their country 

with this information system.  
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Abstract ï In this society, information itself becomes a commodity, and the price of any 

commodity is the sum of the price of the material and information components. The goal of this 

game is to create a model of a "company" for creating a certain product or providing popular 

services. In the process of implementing virtual business activities, it is possible to use a 

computer and computer modeling. The article presents the methodological implementation of the 

above approach in the form of a project activity scheme focused on the creation and development 

of a certain "company" that turns out selected products.  
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The problem of changing the technological paradigm was on the agenda of the World 

Economic Forum in Davos in 2016 [10]. Numerous discussions and very delicate analytics have 

shown that human society is dealing with a new technological and social phenomenon, which 

will have a critical effect on the entire human civilization in the near future. At the same time, 

analysts refrained from assessing what this impact will be: positive, negative, short-term or 

stretching for many years. There are still no definite answers to these questions today. 

Nevertheless, human society has entered a new phase of its development viz the fourth industrial 

revolution [4]. 

It is impossible to think of modern economic activity without information and 

communication technologies. In the framework of the fourth industrial revolution, digital 

technologies have been and are being created that are qualitatively different from the 

technologies of the previous stages of the industrial revolution [6]. Many of these technologies 

have unique capabilities and, at the same time, carry significant risks that are not peculiar to the 

technologies of the previous stage.  

Mastering the fundamentals of entrepreneurial activity is impossible without the 

development of modern information technologies (and now, digital ones). On the other hand, 

mastering the fundamentals of entrepreneurship is an objective of the modern modular general 

educational course in technology, wherein the most important component is digital technology. 

In this regard, there is a need for a methodological tool enabling one to simultaneously master 

entrepreneurial activity fundamentals by means of digital technologies [2]. The proposed 

methodological approach fits into the context of students' project activities viz the creation and 

development of virtual "companies", which allows students to independently, at a model level, 

go through the entire business cycle [7]. 

The advantage of such learning activity forms is as follows. Experience shows that the 

main disadvantage of specialized training is that professionally oriented problems of the 

economic sphere within each subject are considered from the point of view inherent in this 

science, without regard for the methods and tools used in related areas of knowledge. As a result 

of uncoordinated study of essentially unified phenomena of economic life, the formation of a 

systematic view of the problems being studied is insufficient in students [5] . The knowledge and 

skills gained in one subject are not transferred to the questions discussed in another subject. To 

provide the future specialist with general education and professional knowledge in business, 

readiness to work in the information society, it is necessary to change the preparation of students. 

The ñvirtual companyò project serves this purpose [3], [11]. 

mailto:uvshp@mail.ru
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This project was developed given that project-based and problem-based methods of 

instruction are the most effective methods specified, in particular, in the Federal State 

Educational Standard of the Russian Federation. It should be borne in mind that a ñvirtual 

companyò is not a ñfree business gameò, but solves very specific training tasks. 

The focus in the selection of theoretical items and the development of hands-on activities 

within this project was focused on the problems wherein the content is understandable and 

engaging for senior students and requires the latter to use their knowledge gained in different 

school subjects and apply their integrated skills.  

From the perspective of the content of training we can conditionally distinguish 4 topics 

in the Virtual Company project: ñClerical workò, ñAdvertising as a marketing activityò, 

ñCompany business planningò, ñCompany financial activitiesò. The structure of the project, of 

course, is somewhat different. 

In addition to the economic component itself, the acquisition of information technologies 

is crucial, as they are essential for the activities of a modern economist. Moreover, the problems 

that economists solve should methodologically be split into two components: 

- problems that require calculations; 

- problems that do not require calculations. 

In all cases, the problems are solved according to a certain universal scheme  [1],[9]:  

¶ state the problem; 

¶ make and analyze models of objects and processes considered in the problem; 

¶ select a method for solving the problem; 

¶ formalize;  

¶ implement the selected method, including by means of software; 

¶ analyze the results, adjust the models and the method of solution; 

¶ apply the results. 

The implementation of the Virtual Company project assumes that students will become 

familiar with fundamental economic concepts and master the formulas used in the operation of 

an enterprise or company and in bank settlements; will gain certain skills in working with 

software for economic activities. 

The general structure of the Virtual Company project is shown in Table 1. 

 

TABLE 1. THE GENERAL STRUCTURE OF THE VIRTUAL COMPANY PROJECT 

Project stage Questions under 

study  

Digital resources Knowledge and 

skills to be 

formed  

Concepts in 

use  

1 2 3 4 5 

The choice of 

an operations 

area, product 

and 

competitive 

strategy. The 

companyôs 

public image. 

Economic 

knowledge: 

Entrepreneurial 

idea.  

Creation of the 

company logo.  

Sales market 

analysis.  

Financial plan.  

Possible problems 

of the production 

process.  

Determining the 

price of goods. 

Graphic and text 

editors. Scanning 

software for 

graphic images.  

Project Expert is a 

program for 

developing 

business plans 

and evaluating 

investment 

projects. 

Acquaintance 

with the 

psychological 

characteristics of 

the perception of 

color, shape, 

location of 

graphic objects. 

The ability to 

develop the 

company style 

reflecting a 

particular 

activity and 

Perception of 

information, 

forms of 

presentation 

of 

information. 

Goods 

differentiation

. Company 

trade mark.  

Logo.  

Brand block, 

company tag 

line.  
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Project stage Questions under 

study  

Digital resources Knowledge and 

skills to be 

formed  

Concepts in 

use  

1 2 3 4 5 

Drawing up a 

financial plan. 

Identification of 

funding sources.  

Choice of a 

business ownership 

structure.  

Creation of 

departments and 

distribution of 

responsibilities. 

Sources of supply 

and pricing. 

Manufacturing 

control. 

Accounting. 

Cash book and 

book of banking 

operations. 

Periodic reports.  

Initial and final 

balance. 

Knowledge and 

skills in the field of 

information 

technology 

Methods of 

presenting graphic 

information.  

Creation of 

drawings.  

Image editing.  

Combination of 

graphics and text. 

Multimedia 

applications. 

promoting its 

positive image. 

The ability to 

find the desired 

information. 

Company 

style.  

The essence 

of an 

entrepreneuria

l secret. 

Organization 

of company 

workflow. 

Rules for 

paperwork. 

Working with 

templates.  

Creation of 

standard 

documents.  

Inserting a picture 

into a document. 

Text and image 

editors. 

Translation 

software. E-mail. 

Scanning and text 

recognition 

software.  

Knowledge of 

the peculiarities 

in the wording of 

official 

documents and 

documents of a 

personal nature, 

generally 

accepted 

abbreviations of 

Document 

flow. Forms 

of the 

presentation 

of business 

information. 

Organizationa

l and 

administrative 

documents. 
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Project stage Questions under 

study  

Digital resources Knowledge and 

skills to be 

formed  

Concepts in 

use  

1 2 3 4 5 

Installation of 

software.  

Sending documents 

over a network.  

Digitalization of 

documents.  

Automatic 

translation of 

documents into 

other languages 

using CAT 

software.  

Printing and 

reproduction of 

documents.  

words. The 

ability to make 

samples of 

standard 

documents. 

Knowledge of 

the rules of 

business 

communication 

when using 

telecommunicati

ons. Information 

security. 

Letterhead. 

Essential 

details of a 

document. 

Workflow 

methods. 

Means of 

communicatio

n and 

information 

exchange. 

Business 

corresponden

ce. 

Internal and 

external 

environment 

of 

entrepreneurs

hip. 

Advertising 

the company, 

its goods, 

services.  

Creation of static 

and dynamic 

images. Viewing a 

video. Saving an 

image. Creation of 

multimedia 

computer 

presentations. 

Interactive 

presentations 

Giving 

presentations. 

Creating 

multimedia 

documents. Web 

site development.  

Cloud services 

(cloud 

presentation on 

Prezi, etc.).  

Text editors. 

Browsers.  

Familiarity with 

the ergonomic 

requirements for 

placing 

information on 

screen and paper 

documents. The 

ability to make 

comments on a 

video. The ability 

to justify the 

effectiveness of 

the created video 

in terms of goals. 

Skills in creating 

hypertext 

documents.  

Human 

perception of 

information. 

Advertising. 

Types of 

advertising 

(image 

advertising, 

promotional 

advertising, 

sustainability 

advertising). 

Information 

support of 

product 

promotion on 

the market. 

Advertising 

campaign. 

Search for 

information 

according to 

specified 

criteria. 

Request for 

retrieval from 
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Project stage Questions under 

study  

Digital resources Knowledge and 

skills to be 

formed  

Concepts in 

use  

1 2 3 4 5 

information 

systems. 

Search 

engines. 

Planning the 

company 

activities. 

Information 

models. 

Formalization of 

problem conditions. 

Project planning 

with Gantt charts.  

The study of 

information models 

by means of 

spreadsheets.  

Spreadsheets. 

Text editors.  

Project Expert 

Software: 

https://www.expe

rt-

systems.com/fina

ncial/pe/ 

GanttProject App  

The ability to 

present 

information in 

tabular form, to 

make 

calculations and 

analyze the 

results. 

Optimization. 

Criteria for 

optimality. 

Acceptable 

and optimal 

solutions. 

Target 

function. 

Extrema of 

the objective 

function. 

Gantt chart.  

Market 

analysis. 

The construction of 

structures reflecting 

the movement of 

goods and 

information: 

graphs, charts, 

smart charts, 

"Chernoff faces."   

Smart chart 

plotting apps 

Knowledge of 

the types of 

business graphics 

and the 

peculiarities of 

their use.  

The ability to use 

market analysis 

methodologies 

based on 

"Chernoff faces". 

The ability to 

analyze 

information 

presented as a 

smart chart.  

Demand. The 

function of 

demand. 

Offer. The 

function of 

offer. Market 

equilibrium. 

Supply and 

demand 

model. 

Business 

graphics. 

Smart charts. 

Chernoff 

faces 

Assessment of 

the company 

performance. 

Built-in functions 

of spreadsheets 

(financial, 

statistical, 

mathematical). 

Solving equations, 

inequalities, 

systems of 

equations and 

inequalities in 

Excel spreadsheets. 

Spreadsheets The ability to 

assess the 

calculation 

results and draw 

conclusions 

about the 

company 

profitability, the 

best option for 

investing capital, 

financial risk ï 

from the analysis 

of information 

presented in 

Relational 

tables. 

Essential 

details. 

Indicators. 

Data 

processing 

methods. 

Performance 

criteria. Cost 

price. 

Performance. 

Profitability. 

Tax rates. 

https://www.expert-systems.com/financial/pe/
https://www.expert-systems.com/financial/pe/
https://www.expert-systems.com/financial/pe/
https://www.expert-systems.com/financial/pe/
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Project stage Questions under 

study  

Digital resources Knowledge and 

skills to be 

formed  

Concepts in 

use  

1 2 3 4 5 

different forms 

(numerical, 

graphic, tabular). 

The ability to 

justify one's 

choice. 

Average 

values. 

Deviations of 

average 

values. 

Interest rates 

of banks. 

Simple and 

compound 

interest 

formulas. 

Loans. 

Correlation. 

Financial 

reporting. 

Creating databases 

using spreadsheets 

and databases. 

Different ways to 

organize data. 

Database 

information 

retrieval. Data 

archiving.  

Spreadsheets. 

Archivers.  

The ability to 

create tables, 

queries, generate 

reports based 

thereon. 

Familiarity with 

the types of 

business reports 

and the rules for 

their design.  

Database. 

Types of 

databases. 

Relational 

databases. 

Forms of 

business 

reports. 

 

It was found that the problem of mastering the entrepreneurial activity fundamentals 

together with the development of information and communication technologies (as well as digital 

technologies of the 4th industrial revolution) is relevant in the light of the implementation of the 

new Concept of technological education in the Russian Federation and the creation of a modular 

comprehensive educational course in technology including the fundamentals of entrepreneurial 

activity.  

The ways of forming the fundamentals of entrepreneurial activity in digital society on the 

basis of a virtual model of entrepreneurial activity implemented in the process of implementing 

the Virtual Company project have been identified.  
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ORGANIZING EXPERIMENTS WITH HARD DISK DRIVE AND ITS CONTROLLER IN 

PC PERIPHERALSô STUDYING 

 

Bogodistova E.S. 

Russian University of Transport 

 

Abstract ï A computer training program for interactive experiments with hard disk drive 

and its controller is proposed, which can be placed in a real and virtual environment. In the first 

case the research takes place not on a model, but in a real computer system with the direct hard 

disk drive control for heads positioning operations, reading and writing by physical address, the 

sector contents mapping and the drive status observation. A comparison is made for similar 

experiments with hard disk drive carried out in a virtual machine. 

Keywords: computer training program, hard disk drive, controller, interactive 

experiment, user interface, real and virtual environment. 

 

INTRODUCTION 

The computer training program ñPERUN\HARDDISKò is a part of the complex 

ñPERUNò described in [1]. The complex is used for interactive experiments with PC peripherals 

[2-4]. The name of the complex is an abbreviation from words ñPERipheral UNitsò.  

The complex ñPERUNò solves the following tasks: maximum possible study level 

approximation to the equipment of a computer classroom; eliminating the need to develop and 

https://infocus.dellemc.com/william_schmarzo/what-universities-can-learn-from-big-data-higher-education-analytics/
https://infocus.dellemc.com/william_schmarzo/what-universities-can-learn-from-big-data-higher-education-analytics/
https://www.scopus.com/authid/detail.uri?authorId=57201195846
https://www.futureacademy.org.uk/files/images/upload/EEIA2018F090.pdf
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debug complex programs; providing a convenient user interface and service for experimenting 

with equipment. 

 

PROBLEM STATEMENT 

Operation features of the peripheral device controllers, including the disk subsystem, are 

defined in [5]. There are two controllers for hard disk drive (HDD) within a computer system. 

The system disks controller is the chipset controller of the corresponding standard 

interface: USB for portable disks and PATA or SATA (Parallel or Serial AT Attachment) for 

system disks. The drive controller is integrated into the drive and performs the following 

functions as described in [5]: 

ï Data encoding/decoding and placement on a magnetic medium; 

ï Controlling a servo system that positions magnetic read/write heads;   

ï Performing operations on information blocks (writing, reading, checking); 

ï Parallel-serial and inverse data conversion when writing to the medium and reading 

information from the medium; 

ï Error protection (error-correcting coding, detection and correction of data errors); 

ï Organizing exchange with the computer core and the drive; 

ï Self-test of the drive and own equipment. 

For better understanding by students the disk subsystem functioning processes it is 

important to organize the laboratory practicum on HDD experiments at the physical level. The 

computer training program ñPERUN\HARDDISKò is designed to solve this task. Some 

approaches to solving the problem were described in [6]. 

 

SOLUTION OF THE PROBLEM 

The computer training program ñPERUN\HARDDISKò provides the direct HDD control. 

Various experiments are carried out not on a model, but in a real computer system. There are 

possibilities to select the drive, to initiate basic operations (drive recalibration, magnetic heads 

positioning, reading and writing sector by the physical address), to observe on the screen and 

analyze one or more physical sectors contents including checking field, and to get the drive and 

controller status information after command execution. 

Tools are provided for viewing the file allocation table and identifying free clusters for 

recording. There are software buffers for viewing the data read from the disk, entering and editing 

data before writing. 

Work with the program, including the launch of commands, is carried out using the 

keyboard and mouse. 

The program menu includes items INFO (options ñabout programò, ñdrive 

characteristicsò, and ñlaboratory taskò), DISK, RESET, TEST, and REVIEW. 

The menu item DISK contains four sub items: SUBSYSTEM CONFIGURATION, 

DRIVE SELECT, LOGICAL DRIVE PARAMETERS, and SEARCH FOR FREE AREAS. The 

sub item SEARCH FOR FREE AREAS contains two options for using a disk with data that 

should not be lost when performing experiments. The CYLINDERS procedure forms a list of 

partially free cylinders, i.e. the cylinders with the free sectors. The LIST OF FREE AREAS 

procedure performs a search and compiles a list of free sectors in a given partially free cylinder. 

The menu item TEST contains 8 options for calling routines that work with HDD 

controller at the physical level (programming registers level) and initiate execution of the main 

operations: RECALIBRATE, SEEK, READ SECTOR, READ LONG, READ VERIFY 

SECTOR, WRITE SECTOR, WRITE LONG, FORMAT TRACK, EXECUTE DEVICE, and 

INITIALIZE DEVICE.  

The option FORMAT TRACK includes the sub items FORMATTING TABLE and 

FORMATTING OPERATION.  The disk formatting is excluded. However, it is possible to 
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prepare the formatting table and the control information block for the formatting command with 

correctness control. 

The menu item RESET is necessary to perform several actions. The first action is the soft 

controller reset, including the Error Register and the Status Register reset. There are two inner 

controller registers named the Current Cylinder Number and the New Cylinder Number that are 

involved in positioning the magnetic heads. These registers are zeroing too. The next action is to 

execute the RECALIBRATION command to bring the position of the magnetic heads in 

accordance with the software reset by moving their on the cylinder 0.  

Two software buffers are available for the user to view the data read from the disk, enter 

and edit data before writing. The item REVIEW contains 3 options to observe on the screen read 

buffer, write buffer and both buffers simultaneously in hexadecimal and symbolic form. 

An interactive mode is provided when setting command parameters and monitoring the 

status of the controller and the drive after the command execution. Contextual help is available 

at all stages of work. 

The training program ensures the interaction of the computer system with the drive 

controller at the physical level in accordance with its programming model (Table 1). The model 

reflects the operation modes with a physical and logical address: Cylinder-Head-Sector, CHS 

(Cylinder Number C = 0, 1, é ; Head Number H = 0, 1, é ; Sector Number S = 1, 2, é) and 

Logical Block Addressing, LBA = 0, 1, é . 

 

TABLE 1. HDD CONTROLLER REGISTERS 

Register Bit  

7 6 5 4 3 2 1 0 

Device 

Control  

- - 

 

- - - Reset 

(Software) 

Interrupt 

Enable 

- 

Device/ 

Head 

Number 

- CHS 

mode: 

0; 

LBA 

mode: 

1 

- Device  

Selection 

CHS mode: Head Number; 

LBA mode: LBA (27/24) 

Cylinder 

Number 

(CN) 

CH Register. CHS mode: CN high byte; 

LBA mode: LBA (23/16) 

CL Register. CHS mode: CN low byte; 

LBA mode: LBA (15/8) 

Sector 

Number 

CHS mode: Sector Number; LBA mode: LBA (7/0) 

Sector 

Count 

Sector Count 

Command Operation Code 

Error *1) - Bad 

ECC 
*2)  

- ID Not 

Found 

- Aborted 

Command 

Track 

Zero 

Error *5) 

Data 

Address 

Mark 

Not 

Found 
*3)  

Status Busy Drive 

Ready 

Write 

Fault 

Seek 

Complete 

Data 

Request 

Corrected 

Data 

Index*4) Error *5) 

Data Data byte in PIO mode 
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Abbreviations in Table 1: ID ï sector identifier, ECC ï Error Correction Code, PIO ï 

Programmed Input/Output. 

Notes to Table 1: *1) Error Register format after command execution. *2) Bit 6 of the 

Error Register (ñBad ECCò) means unrecoverable data error. *3) Bit 0 of the Error Register 

(ñData Address Mark Not Foundò) refers to sector identifier address mark. *4) Bit 1 of the Status 

Register (ñIndexò) is set to 1 with an active index signal coming from the drive. *5) When track 

0 is not recognized, the command RECALIBRATE ends by setting the ñErrorò bit in the Status 

Register and the ñTrack Zero Errorò bit in the Error Register. 

The Device Control Register is used for software reset and control the interruption request 

of the selected device. The purpose of the remaining registers is clear from their names. 

The Sector Number, Cylinder Number, and Head Number fields in LBA mode contain 

the logical address bits specified in the table. In LBA-48 mode, these registers for devices double 

and contain 16-bit numbers. Note that the drive controller with a serial SATA interface includes 

these registers too, but the program works with the devicesô Shadow Registers located in the host 

controller. Each connected device has its own set of registers. Accessing the shadow registers 

causes the process of interaction between the host controller and connected device and commands 

execution. Data exchange between real device registers and shadow registers, as well as data 

transfer are carried out via a serial interface. 

After transferring to the controller a block of control information corresponding to the 

READ, WRITE, READ LONG, WRITE LONG and FORMAT TRACK commands, there is data 

exchange between the system and the drive. The direction of information flows when executing 

commands are shown in Figure 1. 

Experiments with the READ LONG and WRITE LONG commands allow to investigate 

the error correction code (ECC) used. When executing these commands the drive controller 

transfers data and ECC field between the host controller and the drive without changes. 

 

 
 

Fig. 1 The direction of information flows when executing basic commands 

 

The first group of experiments involves the study and practical mastering of the HDD 

operation principles when executing basic commands. 

It is proposed to identify the permissible values of the parameters C, H, and S, select a 

drive, perform a controller reset, the RECALIBRATE command, and the SEEK command to 

position magnetic heads on a given cylinder. 
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The following steps include executing the commands: READ SECTOR by the CHS 

address with viewing the contents in the read buffer, and EXECUTE DEVICE to check the 

operability of the drive and controller. 

At the next stage, before writing to the disk, you need to search for free areas and find 

free sectors. Then it is necessary to read the selected sector contents, to enter some data to this 

sector, read it and compare the contents of the read and write buffers. 

The experiments results are recorded in the protocol, information about the disk 

subsystem state is decrypted, and an analysis of the errors that occur is performed. 

The second group of experiments is devoted to the study of the disk subsystem features. 

Tasks include the following items: 

ï Reading of several sectors without preliminary magnetic heads positioning; 

ï Determining the effect of the retry modification bit for READ command (the repeat can 

be used when unrecoverable reading error is detected); 

ï Preparation of formatting tables and control information blocks for various sector 

interleave ratio and different values of the sector attribute byte, and validation using the 

FORMAT TRACK command option (without formatting); 

ï Mapping of the disk free space for one of the cylinders (in tabular form). 

It is proposed to study the data protection of a certain free sector by the ECC control code. 

It is required to determine the length of the ECC field, to make and verify assumptions about the 

coding algorithm. For these purposes, it is necessary to develop test information blocks and 

propose a sequence of commands READ, WRITE, LONG READ and LONG WRITE with 

analysis of the read information and the controller state. 

The computer training program is performed in a virtual machine too. Virtual drives 

connect to a virtual guest OS by emulating a connection through an IDE controller. When 

working in a virtual environment, the errors ñID Not Foundò, Track Zero Errorò, and ñData 

Address Mark Not Foundò are never encountered. LONG READ and LONG WRITE commands 

are not supported and cause an ñAborted Commandò error. 

To analyze system information about the modern drives parameters and features, it is 

recommended to use one of the applications for the home computer. Table 2 shows examples of 

typical data for several hard magnetic disk drives and solid-state drive (the terminology of the 

application reports has been saved). 

All ATA drives use zoned-bit recording (ZBR) with a variable number of sectors per 

track. Low-level formatting is done at the factory and the system hides the true formatting scheme 

from the user. 

For all drives, the number of cylinders C, the same number of heads and sectors (H = 16, 

S = 63) and a sector size of 512 bytes are reported. The number of LBA sectors corresponds to 

the product CĬ16Ĭ63; the capacity corresponds to the LBAĬ512 product. ñThe size of the 

physical / logical sectorò parameter allows to distinguish between Advanced Format (4K Sector) 

if ñ4 KB / 512 bytesò is specified. The drives use 512-Byte Sector Format and Advanced Format. 

The calculations show that the reported values of the unformatted and formatted capacity 

are the same value, expressed approximately in different measurement units. Binary (mebibyte, 

MiB; gibibyte, GiB; Tebibyte, TiB) and decimal (megabyte, MB; gigabyte, GB; terabyte, TB) 

units are used, respectively. The rotation speed is indicated in revolutions per minute (rpm) for 

HDD; ñSSDò is indicated for solid-state drive instead of the rotation speed. 

In addition, it is proposed to find out the mode numbers supported by the home drive: 

Programmed I/O (PIO); Multiword Direct Memory Access (MWDMA); Ultra DMA mode with 

data transmission on both the rising and falling edges of the clock signal. 

 

 

TABLE 2.  HDD PARAMETERS 
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Parameter Example Number 

1 2 3 

The size of the physical / logical 

sector 

512 bytes / 512 

bytes 

4 KB / 512 

bytes 

512 bytes / 512 

bytes 

Device type (Interface) SATA-II  SATA-III  SATA-III  

Parameters C/H/S 1453521 / 16 / 63 3876021 / 16 63 969021 / 16 / 63 

LBA sectors 1465149168 3907029168 976773168 

Bytes in sector 512 512 512 

Unformatted capacity *1) 71405 MB 1863 GB 476940 MB 

Formatted capacity 750 GB 2 TB 500 GB 

Rotation speed 7200 RPM 7200 RPM SSD 

Note to Table 2: *1) the correct units for unformatted capacity are MiB and GiB. 

 

DISCUSSION 

Performing experiments with equipment allows teacher to discuss a wide range of issues 

with the students: the interaction of the periphery with the computer system core, the functioning 

of the drive, the problems of servo control, methods of channel and noise-resistant coding; ways 

to increase the density of recording on a magnetic medium, advantages of zoned-bit recording, 

Advanced Format, and sector format without identifier (No-ID), and etc. It is useful to compare 

automatic control systems used in the optical, magnetic disk and tape drives. 

The computer training program ñPERUN\HARDDISKò has the following features and 

limitations: 

ï It is hardware dependent program, it works with a 16-bit FAT table and recognizes 

small capacity drives with Parallel ATA interface; 

ï It uses the so-called standard HDD commands supported by the ATA-2, ATA-3 

specifications; data exchange for these commands is performed in PIO mode. 

It must be taken into account that the modern HDD controller hides the true formatting 

scheme from the user. 

Despite these limitations, the proposed computer training program and methodology 

allow engaging students in interesting discussions on computer peripherals and may be useful in 

the educational process. 

 

CONCLUSION 

The proposed methodology and developed tools allow to improve the level of training 

and to accelerate the practical mastering of the HDDs operation principles and their interaction 

with the computer system core. This approach contributes to the studentsô competence in IT 

technology. 
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Abstractð The article discusses the problems of digital transformation of scientific and 

educational resources in connection with the adoption of the Digital Economy Program, in which 

almost all information resources will be stored on the Internet in some clouds. To assess the 

effectiveness, including economic, digital transformation, an extremely important indicator is the 

initial (current) state of both information resources and tools and technologies for their storage 

and processing. These problems are considered on the example of agriculture. 

Keywords: digital transformation; scientific and educational resources; software. 

 

INTRODUCTION 

Currently, ways to improve the efficiency of use of human capital are on the first place 

on the agenda of most states. Human capital in almost all developed countries of the world 

exceeds half of the accumulated national wealth. Economically developed countries of the world 

are fighting for the formation of a new economy - the economy of knowledge, innovation, the 

latest technology, global information systems. Although our country in terms of national wealth 

per capita exceeds the world average by 4.4 times, its share in the total amount of world human 

capital is 8%. Moreover, this indicator is gradually decreasing [1]. Great expectations in the 

world in terms of improving the efficiency of use of human capital are assigned to the digital 

transformation of society. However, those countries and organizations that have not only access 

to data, but also effective technologies for their processing, receive economic advantages. The 
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level of differences in the use of these factors in the digital economy is even called the ñdigital 

divideò. 

Therefore, given the importance of education in the modern world, studies of the digital 

divide of one of its main components, the gap in the field of information technology in the 

education sphere, are becoming relevant. An analysis of the results of the study will allow us to 

formulate a scientifically-based effective transformation of current information technologies into 

a promising single digital platform for the scientific and educational resources of Russia, the 

formation trends of which in the form of a single world educational space are observed today. 

The article discusses the results of a study of the current state of information resources of 

tools and technologies for their storage and processing of agricultural scientific and educational 

resources. 

 

PROBLEM STATEMENT 

Although Rosobrnadzor by order No. 785 dated 05/29/2014 ñRequirements for the 

structure of the official website of an educational organization in the information and 

telecommunication networkñ Internet òand the format for presenting information on itò obliged 

universities to partially bring their sites to a standard type, however, these requirements do not 

include scientific and educational resources, since one of the main activities for assessing 

universities in Russia in the first place is educational activity. In foreign educational institutions, 

research is one of the main activities. Prior to the enactment of this order, information was 

published on the websites of universities, in any form, which of course made it difficult to use 

the sites, both from the controlling organizations and ordinary users. 

The sites of the research institute are generally not required. Moreover, the state did not 

realize that improving Internet technologies allows them to be integrated into a single information 

Internet space of scientific and educational resources (EIIPNOR) from a single scientific and 

methodological position with a simple navigation system understandable to any user with the 

placement of IR in the cloud under control powerful DBMS on the basis of common classifiers, 

such as the State rubricator of scientific and technical information (SRSTI) and the All-Russian 

product classifier (OKP) [2, 3]. Thus, the state does not use such a powerful lever for transferring 

scientific knowledge to the economy. Moreover, the analysis showed that the ongoing 

restructuring of research institutes in some cases has a negative impact on the state of their sites. 

Created by the FIC and the Federal Research Center, at best, maintain their previous sites, which 

only have brief information about the affiliated research institutes (management, structure, 

contacts). The sites of affiliated research institutes are most often not supported or even 

liquidated, and the information on publications on them, scientific developments, etc., is not 

transferred to the sites of parent organizations. As a result, valuable information on the results of 

the research institute does not reach the consumer. Thus, many uninformative websites appeared 

that provide scant information about the scientific resources of the research institute. FANO 

planned that the FIC and the Federal Science Center should be leaders in the scientific community 

and, in particular, in informatization, and have sites on which other research institutes should be 

placed. 

One of the promising areas of digitalization of universities, research institutes is the 

formation of EIIPNOR, which will play a threefold role: support for scientific research, raising 

the level of education (sometimes retraining) for all segments of the population, an effective 

system for transferring scientific and educational knowledge to the economy through unlimited 

access to this knowledge not only traditional users in the person of scientists, students and 

teachers, but also future applicants and employers, government agencies, producers, business, 

management, other categories of the population. Such a space should remove the contradictions 

between the volumes of accumulated information, knowledge and their effective use, as well as 
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a tool to improve the quality of human capital, its assessment, and the impact on social welfare 

in the country. 

From this point of view, there is the problem of choosing the appropriate research 

methodology for university sites. 

 

SOLUTION OF THE PROBLEM 

A large-scale survey of the needs of producers in 22 regions by traveling to them with a 

questionnaire of management bodies and businesses showed that the following types of 

knowledge representations are most in demand in the Russian economy: development, 

publications, consulting activities, regulatory information, distance learning, application 

software packages, databases data. It turns out that these types of knowledge are also present on 

the websites of research institutes, universities, information and consulting services (IKS) [4]. 

For the most complete assessment of the state of information resources, their processing 

tools, the availability of applied tasks on sites, the effectiveness of the use of information, in 

particular, the scientific and educational resources reflected on them, relevant studies were 

presented based on the developed questionnaire, which reflects 214 indicators of it activities (122 

indicators evaluate the representation of the university itself, 40 indicators for the faculty, 46 

indicators for the evaluation of departments and 6 indicators for the overall assessment of the 

site) [3]. 

To map heterogeneous site structures into homogeneous structures, given that, in 

accordance with current trends in Internet technologies, when providers begin to provide services 

for storing site content in powerful database management systems, we assume that information, 

scientific and educational resources should be stored , on the one hand, in the form of catalogs, 

or in the form of a full-format electronic representation, on the other hand, in the form of an 

unordered list, or in the form of an ordered electronic representation. 

Brief results of the state of IR on sites. 

Of all the universities (59 in 2013 and 54 in 2017), only 85% presented information on 

websites only in the form of a list with a complete lack of an online regime on developments, 

with an increase in their number over three years at 93.6% from 2013 to 2017. However, this 

increase was provided only by 10 universities, the rest either reduced or even stopped publishing 

information about the developments. It is worth noting that the electronic development catalogs 

have already appeared on the sites of three universities, however, without posting information 

about them in the DBMS. 

Over the course of three years, their number has decreased in universities, which present 

information on publications on websites from 93% to 89%. At the same time, an increase in 

publications occurred in departments by 3.3%, with a significant decrease of 2.6 times in faculties 

and in general in universities by 6.5 times. Moreover, only in the Kuban State Agrarian 

University did an electronic catalog and a full-format presentation of publications appear. On the 

whole, the picture is mottled; no coordinating hand is felt by anyone. The lack of a DBMS leads 

to a mismatch of publications on presentation forms and quantity in departments, at faculties, 

and in universities as a whole, which makes them display cases and unsuitable for many users. 

Only 12% of universities presented information on databases in 2016 with a decrease to 

11% by 2017. Two universities: RGAU ï ICCA placed 145 databases on the website (only at the 

university level) in the form of an electronic catalog and Kuban GAU (538, of which 4 in 

departments, 7 departments, 527 at the university level) in an unordered list. Check their 

performance is impossible. 

The submission by universities of information on application software packages (SPT) 

has increased from 17% in 2013 to 24% by 2017. It is also impossible to verify their operability, 

since, like the developments, the RFP and databases are not presented online. This is due to the 

fact that currently the vast majority of providers do not provide services for the use of 
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optimization and statistical RFPs, not even Excel. Some providers provide services only for the 

use of DBMS, which no university has used. 

Of the 59 universities in 2013, only five universities presented distance learning 

information on the websites, mainly in the form of an unordered list, and six universities by 2017. 

also in the form of an unordered list. This also indicates that the presentation on the sites of 

scientific and educational resources is left to the discretion of the developers. 

Of the 59 universities in 2013, only on the website of the Ryazan State Academic 

University was a consulting type of activity (51 consultants) related to the fact that in Ryazan, at 

one time, an information and consulting service was actively working. By 2017 there was a sharp 

jump, both in the number of consultants - by 3.5 times, and in the number of universities - over 

14. In Ryazan GATU there was only one consultant. 

In 2013, the regulatory information was presented on the websites of 39 universities: in 

the form of an unordered list of 299 copies, in the form of an unordered full-format electronic 

submission - 936 and the form of an ordered full-format electronic submission 1385. By 2017, 

there was a sharp reduction, respectively, from 299 to 65, from 936 to 328 and from 1385 to 19. 

This is apparently due to the great complexity of maintaining this type of information resource, 

especially without a DBMS. 

Let us analyze the software used by the websites of agricultural universities for the 

requirements of the CE both for the integration of information resources (IR), information 

systems (IS), and software compatibility (software) to evaluate them as tools for processing 

information resources and developing applied tasks. 

A total of 395 types of software found in 54 sites of agricultural universities were 

combined in 16 different groups (Table 1). 

 

TABLE 1. NAME AND BRIEF PURPOSE OF SOFTWARE GROUPS 

Cod

e 

Name of software 

group 

Brief description of the purpose of the 

software group 

Quanti

ty 1 CMS Automated site content management 54 

2 JS framework Website page layout 94 

3 JS graphics Graphics on the pages of the site 12 

4 Analytics Information about the site 56 

5 Web server The server on which the site runs 57 

6 Web framework Similar to item 3 24 

7 Video player Services for displaying video on the site 5 

8 Widget Showing small software inserts 4 

9 Map Showing geographic maps on a site 1 

10 Mobile framework Creating a mobile version of the site 1 

11 OS The operating system on which the site is 

running 

27 

12 Other Software not found in other groups 3 

13 Web Server 

Extension 

Additions to clause 5 for specific needs 4 

14 Ad network Organization of advertising on the site 1 

15 Fonts Additional fonts 17 

16 Programming 

languages 

The language used in the site 50 

 

As you can see, the most numerous group was the ñJS frameworkò group, which 

contained 94 entries (23.8% of the total number of software found on all sites). Further by a large 

margin are the groups of software "Analytics", "Web Server" and "Programming Language". The 

average number of software is represented by the software groups "CMS", "Web Framework" 

and "Operating System". The remaining groups are represented by a small amount. Let us 

consider in more detail the composition of the most important groups. A full description of all 

groups is given in [3]. The distribution of software in this group is given below (tab. 2). 
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TABLE 2. SOFTWARE DISTRIBUTION IN THE CMS GROUPS 

Numb

er in 

order 

Name Quantity  Percentage of total 

sites 1 1C-Bitrix  17 31,5 

2 DataLife Engine 1 1,9 

3 DNN 2 3,7 

4 Drupal 1 1,9 

5 InstantCMS 1 1,9 

6 Joomla 16 29,6 

7 OpenCms 1 1,9 

8 No data 15 27,8 

TOTAL  54 100,0 

 

Thus, by a small margin, in the first place (31.5% of the total number of sites) was CMS 

ñ1C-Bitrixò. The second place was taken by CMS ñJoomlaò (29.6% of the total number of sites). 

In the remaining groups in the composition of the software, the same diversity is observed as for 

the given group. 

 

ʉONCLUSION 

Studies have confirmed the assumption that in the requirements for the websites of 

universities by the Ministry of Education and Science, Rosobrnadzor, Ministry of Agriculture, 

there is an underestimation of the scientific activities of universities. 

Universities so far consider their sites as showcase, without investing special funds in 

their rational use. Their audience is, first of all, applicants, then students, but not commodity 

producers, managers, scientists and the public. The presentation of scientific and educational 

resources on the sites is insignificant, unsystematic and rests only on the enthusiasm of the 

performers. 

The analysis showed that the providers in the arsenal have only a DBMS, but there are no 

statistical or optimization packages. Moreover, there are no funds for the development of expert 

systems, artificial intelligence. Providers explain the reasons for this situation by the fact that 

there is no demand, that is, there is no social order for tools for more complex modes of 

processing information resources, in addition to the information and reference one. 
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Abstractð The article discusses conceptual approaches to the formation of the 

information Internet space of scientific and educational resources on the basis of a single digital 

platform, the need for which is associated with an exponential increase in the volume of 

information in education and science, which has appeared to create new information technologies 

that ensure the efficiency of extracting the necessary knowledge, as well as the need in these 

resources, not only traditional users represented by scientists, students and teachers, but also 

Other applicants and employers, government agencies, producers, business, management, and 

other categories of the population.   

Keywords: digital platform; scientific and educational resources; internet space. 

 

INTRODUCTION 

Currently, the world is undergoing a transition to a digital economy, requiring the 

integration of both information resources and information systems. This is achieved through the 

formation of standards for the presentation of information resources, management functions, as 

well as through an integrated approach to the design, development and implementation of 

information systems, the training of relevant specialists.  

Today, the country is dominated by a ñtask-basedò method of developing and 

implementing software, when various manufacturers purchase separate software systems that are 

neither functionally nor informationally related to each other. But the main thing is that these 

"ready-made" software systems due to the lack of standards for the presentation of information 

resources, management functions, processing tools and their implementation; poorly take into 

account or do not take into account the requirements and specifics of tasks solved within the 

framework of user organizational systems. This approach currently exacerbates the problems of 

digital transformation and the integration of information resources and IP in the transition to a 

digital economy and, in essence, means the use of outdated technologies more familiar to many 

heads of IT departments. This view can be expressed in the words of W. Churchill "Generals 

always start a war by old methods." As a result, most industries found themselves at different 

levels of integration of information systems, while a huge number of isolated and functionally 

incompatible local information systems appeared, which would hinder their integration into a 

single system in order to implement the Digital Economy Program.   

The article discusses methodological approaches to solving these problems by forming a 

single information Internet space of scientific and educational resources in the transition to a 

digital economy using the example of agriculture. 

 

PROBLEM STATEMENT 

In connection with the exponential growth of information volumes in specific areas of 

activity, problems arose in creating new information technologies that provide the opportunity to 

extract the necessary knowledge. These problems have gained particular importance in the field 

of information accumulation in education and science, the subsequent transfer of knowledge to 

the economy, since at present such a paper system has been destroyed.  
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In this regard, the objective objective is the formation of a single information Internet 

space of scientific and educational resources (EIIPNOR), which will be in demand both in the 

process of supporting scientific research and in increasing the effectiveness of education at all 

levels. Such a space, in our opinion, should become an instrument for resolving the contradiction 

between the volumes of accumulated knowledge and the possibility of their effective use.  

Such a task, of course, is the most important component of the digital economy program, 

since research and development are an important area of influence on economic growth, one of 

the sources of the most valuable strategic resources - human capital and knowledge, which 

determines the level of socio-economic development of society associated with the advent and 

use of the Internet with all its attendant technologies, which made it possible for an unlimited 

number of users to access various information systems to the topics, and also significantly 

expanded the range of automated tasks. At the same time, it became possible to integrate various 

information systems and information resources not only in individual organizations, but also 

across industries, countries and the entire world community. 

The lack of integration technologies in the development of databases (DB) of various 

informational scientific and educational resources (INOR) leads to a significant overrun of 

resources and confuses an ever-increasing number of potential users when searching for the 

necessary information. For example, the state spends significant resources on the development 

and maintenance of the INOR database: ñThe unified state information system for recording the 

results of research, development and technological work for civil purposes (EGISU R&D)ò, the 

database of the Federal Institute of Industrial Property (patent documents, trademarks, industrial 

designs, computer programs, databases and integrated circuit topology) and Elibrary.ru, which 

have a heterogeneous representation and a rather narrow purpose, respectively, specific audience. 

The purpose of the first database is obvious from the name. R&D is presented here in the form 

of scientific reports made for budgetary funds. The second goal is to register the above 

developments without the possibility of familiarization with them. The third goal is to create a 

national scientific citation index (RSCI) with the prospect of using it to evaluate the results of 

scientific work of scientists or research teams. However, the narrow focus of these databases, 

mainly on the accounting function, generates the heterogeneity of their structures, making them 

unclaimed for a wide range of users who want to have a convenient system for acquiring 

knowledge. Unfortunately, valuable and relevant information from Russian scientific 

foundations and federal target programs is also practically inaccessible for use in the innovation 

sphere. 

The roots of this process lie in the absence of an integration approach in the design and 

development technologies of information systems in our country, as a result of which a 

hodgepodge of tens, and then hundreds and thousands of isolated and functionally incompatible 

local control systems at plants, factories, and agricultural enterprises appeared. The failure of the 

national network project, based on the typification and integration of information systems, 

proposed by academician Glushkov V.M. also played a negative role. [1, 2] to create a nationwide 

automated system (OGAS) in the 60s of the twentieth century. Although significantly increased 

capabilities and the level of development of Internet hardware and software currently allow to 

realize the ideas of V. Glushkov. fully.  

The transition to integrated information systems in the Russian Federation is complicated 

by a number of circumstances - the lack of intellectualization of the Internet, i.e. the lack of tools 

for the development of mathematical models by providers, statistical information processing, 

expert systems, etc. online.  

 

SOLUTION OF THE PROBLEM 

At present, Russian research institutions (research institutes) and higher education 

institutions are normatively forced to develop their sites, for example, as mentioned above, in the 
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Russian Federation, the Ministry of Education and Science and Rosobrnadzor have put forward 

requirements for the content of the sites of universities. True, this does not apply to INOR yet, 

and there are no requirements for the websites of the research institute. Those in our country who 

are not obligated to this, as a rule, calmly ignore these resources. 

An analysis of the sites of research institutes, universities, information and consulting 

services made it possible to identify seven types of research and development that are present in 

one form or another on these sites: development, publication, consulting activity, regulatory 

information, distance learning, application software packages (DBP), and databases. It is these 

types of representations of scientific knowledge that are most in demand in the economy [3].  

Moreover, the improvement of Internet technologies allows them to be integrated, again 

on the basis of ontological modeling, into a single information Internet space of scientific and 

educational resources from a single scientific and methodological position with a simple 

navigation system understandable to any user with the placement of information resources in the 

cloud under control powerful database management system based on common classifiers, such 

as the State rubricator of scientific and technical information and the All-Russian product 

classifier [4, 5 , 6].  

For example, the implementation of EIIPNOR will make it possible to fulfill the wish of 

one farmer who, when examining agricultural organizations for the effectiveness of the 

information and advisory services, said: ñI would like a system in which I could quickly find, for 

example, a development in the form of a means to combat any disease plants, animals, then 

immediately get all publications, all consultants, regulatory information on this topic, distance 

learning on the use of the drug with analysis of all consequences of the decision. Then in the 

appropriate database to find the right supplier of the drug with minimizing the cost of acquisition 

and delivery". 

The possibility of creating a single information Internet space of scientific and 

educational resources was tested on the basis of economic and mathematical modeling, as well 

as practical implementation in the development of the portal of the Russian Academy of 

Agricultural Sciences in 2007-2008. It was established: 12321 publications, 2541 development, 

444 consultants for consulting activities on the topic. At that time, there were significantly fewer 

publications in the Elibrary database, there were no other types of scientific and educational 

resources, and at the moment there are no [7]. Lack of funds and science reform forced to stop 

these works. 

The model presented three possible options for such integration. In the first version, it is 

supposed to transfer to a single database from a single provider of catalogs of information arrays. 

Upon successful search for the necessary information in the catalog, the user is sent to a site that 

stores full-text or more detailed information. The second option reflects the situation when all 

the information is transferred to a single provider. In the third version, part of the information is 

transferred in the form of catalogs, and part is completely. In tab. 1 shows possible options for 

such integration.  

 

TABLE 1. OPTIONS FOR INTEGRATING INFORMATION INTO EIIPNOR 

EIIPNOR Integration 

Levels 

University sites Advantages Disadvantages 

Migrating directories 

 only 

The site displays only 

directories in a 

common format 

Unambiguous 

understanding of 

information by all 

users, simplicity and 

ease of search 

Ontological 

compatibility issues 

with other 

information 

Full transfer of all 

types of INOR in the 

The site is a 

subsection of 

Significant savings 

on site maintenance, 

Problems associated 

with dependence on 
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form of a catalog and 

full -size 

representation 

EIIPNOR, INOR is 

displayed in a 

common format, the 

design of the 

remaining sections of 

the site may be 

original 

a clear understanding 

of INOR by all users, 

simplicity and ease of 

search 

one provider, 

information security 

risks 

Partial transfer of 

some types of INOR 

A number of 

different INORs may 

not be transferred 

entirely due to 

corporate interests 

Storage of only 

intolerable INOR, the 

ability to preserve 

certain interests 

Support for two sites 

with a sharp increase 

in costs 

 

Computational experiments on the formation of a single information Internet space of 

scientific and educational resources [7] showed that the technical and software capabilities of 

providers that provide services for developing sites on the most common 1C-Bitrix tool currently 

allow at least all information to be transferred , all agricultural knowledge accumulated over the 

past 5 years, to one of them as part of the providerôs allocated bandwidth. Savings only on the 

development and maintenance of sites will exceed 1 billion rubles a year due to the integration 

and typification of a site development system. 

The requirements for university sites by the Ministry of Education and Science, Russian 

Federal Supervisory Authority, branch ministries for assessing the activities of educational 

institutions, make these sites become more and more alike. The day is not far off when 

universities should go to standard sites. And this is the first step to creating a single information 

Internet space of scientific and educational resources. When standard sites were introduced in 

universities and research institutes and their integration with this space, INOR would 

automatically fall into EIIPNOR, and from there into the Elibrary database, which would turn 

into one of the EIIPNOR service subprojects, similar to the RePec (Research Papers in 

Economics) project [8, 9].     

The RePec project is characterized by a systematic approach that allows free access in the 

world network to the information resources of scientific papers on economics published in the 

world. 

RePec is a project based on the joint work of hundreds of volunteers from 93 countries to 

expand the dissemination of research in the field of economics and related sciences. The center 

of the project is a decentralized bibliographic database of scientific papers, reports, documents, 

journal articles, books, book chapters and software products published around the world. RePec 

can be called a single information space for economic research on a global scale.  

RePec is currently the world's largest online collection of working papers, journal articles, 

and economic software products. It also contains databases on organizations and authors in the 

field of economics. The demand for such a project is evidenced by the fact that in September 

2017, users uploaded 441,497 document files and viewed 1,657,039 annotations, and in total, 

from January 1998, downloaded 97,933,110 files and viewed annotations 393,736,069.  

This project allows for a scientometric approach, a quantitative assessment of the role of 

scientific organizations, publications and their authors in the world in a particular field of 

economic research, to calculate various ratings of scientific research in the field of economics 

and related fields, to evaluate the effectiveness of scientific activity in a certain field of or another 

organization, author, serial publication by ranking among the largest possible number of such 

organizations, publications, authors in the global context, determine the dynamics of the impact 

factor s of various publications, authors' h-indices, the number of citations and their ranking with 

open access to these data in the global network, which makes it possible to adequately assess the 
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subject's place in world science. This feature is implemented using various RePec service 

subprojects located in various databases. RePec website provides links to these databases [8, 9]. 

Thus, we can conclude that in large Western universities, authors do not submit complete 

lists of their publications on the pages of their faculty website, but prefer to provide links where 

their works can be viewed in full. In fig. 1 shows the functional structure of EIIPNOR with a list 

of various subprojects-services, the number of which will constantly increase with the 

accumulation of information. 

 

 
Fig.1 Functional structure of EIIPNOR 

 

ʉONCLUSION 

The transition to the platform of a single information Internet space of the country's 

scientific and educational resources is one of the urgent tasks in the framework of the transition 

to the digital economy and will significantly (tenfold) reduce the cost of developing, 

implementing and maintaining information systems in science and education. The proposed 

platform will be a powerful tool for bringing the most effective innovative solutions to the 

economy.  

As it develops on the basis of EIIPNOR, it will be possible to assess the impact of human 

capital on the social well-being and development of Russian society, introduce elements of 

artificial intelligence, analytical work, and allow the development of an independent, low-cost, 

automated methodology for evaluating the activities of universities and research institutes, in 

particular, the effectiveness of INOR, a unified, both for universities and research institutes, due 

to the presence of measurable and comparable indicators located in a single cloud database.  
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Section 2 

INFORMATION TECHNOLOGIES IN SCIENCE AND INDUSTRY  

 

 

INTERMEDIATE PRE-PRE-AMPLIFIER FILTER IN THE RECEIVING LINE OF THE 

EARTH RADIO FREQUENCY MONITORING SYSTEM 

 

Andreev I.S., Gladkiy D.A., Ivanov V.S. 

RTU MIREA 

+7(916)798-11-41, ilyxa.andreev@mail.ru 

 

Abstractð The article is devoted to the development of a filter of a preliminary amplifier 

of an intermediate frequency in the receiving path of the radio frequency monitoring system of 

the earth's surface, constructed on the principle of a superheterodyne type receiver. The solution 

to the problem is to find a compromise solution to create a receiver with greater sensitivity, 

selectivity, as well as a wide range of instant viewing. 

Keywords: intermediate preamplifier, intermediate preamplifier, radio frequency 

monitoring, superheterodyne receiver. 

 

INTRODUCTION 

Currently, electronic equipment is being intensively developed and improved. It is 

effectively used in almost all spheres of scientific and industrial activity, the national economy, 

military industry, it is used in medicine and in everyday life. Due to a significant increase in the 

quality, reliability and cost-effectiveness of many types of manufactured electronic equipment, 

reduction of material consumption and energy consumption, electronics has become widespread 

not only in ground systems, but also on the decks of ships, onboard aircraft and, in particular, in 

spacecraft. Today without radio-electronic systems it is impossible to realize communication, to 

control objects located in near-Earth space. With the increase in the number of various electronic 

equipment, it became necessary to carry out radio frequency monitoring. 

To characterize the monitoring and control of processes in various industries and other 

spheres of human activity, the term "monitoring" is the most popular. 

Radio frequency monitoring is the most effective tool for obtaining objective information 

about the state of the electromagnetic environment as a whole, as well as the real state of the use 

of radio frequency intelligence by the state. To ensure increased regulatory efficiency in the use 

of radio frequency reconnaissance, the introduction of new radio technologies, complexes, 

standards and communication services in a market economy, this information is irreplaceable. 

PROBLEM STATEMENT 

Radio frequency monitoring systems of the Earthôs surface are most often located on 

artificial Earth satellites in relatively low orbits (about 1000 km). When designing and 

developing receiving devices for such systems, high demands are placed on the sensitivity of the 

receiving devices [1]. In addition, humanity is actively using a wide range of radio frequencies 

for various purposes, which makes signal reception difficult. 

SOLUTION OF THE PROBLEM 

Therefore, the most commonly used scheme is a superheterodyne receiver, which has 

established itself due to its high sensitivity and selectivity. The following scheme is proposed for 

using superheterodyne receivers in RF monitoring equipment (Fig. 1). 

mailto:ilyxa.andreev@mail.ru
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Fig. 1 Block diagram of the receiving path 

 

Where IC is the input circuit, RFA is the radio frequency amplifier, BF is the bandpass 

filter, the IFP is the intermediate frequency preamplifier, and the PD is the processing device. 

Since the entire receiving path is designed for conducting radio frequency monitoring in 

a wide frequency range from 120 MHz to 540 MHz, and the signals are received at a sufficiently 

large distance from radio sources, it is necessary to divide the entire range into narrower intervals 

to maintain a given sensitivity. Therefore, one of the key tasks in the development of 

superheterodyne-type receivers is the development of a narrow-band filter located in a 

preliminary amplifier of an intermediate frequency [2]. This intermediate frequency amplifier is 

called preliminary, because after it is placed another intermediate frequency amplifier. This 

design is done due to the fact that in satellite systems for radio frequency monitoring for different 

frequency ranges different antenna devices are used, each of which has its own receiving path, 

and hence its own intermediate frequency preamplifier. But the monitoring of signals is carried 

out sequentially, that is, these channels are connected in turn. This allows you to achieve the 

smallest weight and size parameters, as well as to provide higher reliability using an intermediate 

frequency amplifier for one receiver, and not in each channel. 

Due to the fact that the filter and amplifier are a single device (more on this below), such 

an amplifier is often called an active filter. With it, an intermediate frequency amplification of 

40 dB is achieved, as well as the required selection to select a narrow frequency band (20 MHz) 

to view a sufficiently large range of frequencies in real time. The optimal value of 20 MHz is a 

compromise value so that the instantaneous viewing band is wide enough, but at the same time, 

the receiver sensitivity remains high (about 125 dB / W). 

Since the IFP forms the passband of the IF path and provides the required gain, its 

structural diagram can be represented as follows (Fig. 2). 

 

  
Fig. 2 Block diagram of an intermediate frequency preamplifier 

 

The electoral system or filter should be U-shaped and have a frequency band of 60 to 80 

MHz. Creating such a selection system with a narrow passband, we will scan the entire frequency 

range from 120 to 540 MHz. 

The selectivity of the receiving system at the intermediate frequency is easiest to provide 

with two resonant connected circuits. Moreover, as you know, any filter has certain 

characteristics only for a certain resistance (input and output) for which it was calculated. If the 
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resistance at the input of the filter or at its output does not correspond to certain calculated values, 

then the filter characteristics will deviate from the calculated ones, and in the worst case, the 

filter will cease to function at all. 

Therefore, it is important to provide so-called filter buffering [3]. This is done so that the 

output impedance of the first amplifier (or buffer element) is consistent with the input impedance 

of the filter, and the output impedance of the filter is sufficiently consistent with the input 

impedance of the second amplifier (buffer). 

In practice, these buffers are amplifiers (or transistors). The main idea is that the complex 

resistances of the transistors are significantly higher than these resistances, which guarantees the 

stability of the frequency response and phase response. 

For high selectivity and ensuring a good coefficient of rectangularity, a system of coupled 

circuits is used. Two circuits are called connected if the processes that occur in one of them affect 

the processes in the other. There are many types of circuit connections, but the external capacitive 

one, which is shown in the figure, is more stable (Fig. 3). 

 
Fig. 3 Dual circuit system with external capacitive coupling 

 

The degree of influence of the contours on each other is determined by the coupling 

coefficient (Kcoup). It is found by the formula (1): 

ὑ ὑὑ ,           (1) 

 

where K1 and K2 are the coupling coefficients of the first and second circuits. They are 

determined by the following formulas (2 and 3). 

Calculations and simulations were carried out in the Microwave Office (MWO) program, 

which is included in the popular software product used for the design of electronic devices, AWR 

DESIGN ENVIRONMENT (AWRDE). In this program, it is possible to synthesize a filter 

according to specified parameters. Those. the type of filter is set, the connection between the 

circuits, the required intermediate frequency (in this filter is 70 MHz), the passband. 

Manipulating the values of the elements, we select the most suitable. We add optimization 

parameters and achieve the best performance. The filter circuit of the intermediate-frequency 

pre-amplifier designed in the MWO program is shown in Figure 4. 

 

ὑ             (2) 

ὑ             (3) 

 

where C1, ʉ2 and ʉCB - capacities of the corresponding capacitors. 
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Fig. 4 Intermediate frequency pre-amplifier filter circuit 

 

Depending on the coupling coefficient of the two circuits, the required characteristics can 

be achieved. First, the first circuit is set up taking into account the influence of the second one 

through capacitive coupling. Then the same thing is done with the second circuit. As a result, by 

manipulating the coupling coefficient between two connected loops, optimum values are 

achieved. The resulting amplitude-frequency response of the filter is shown in Figure 5. 

 
Fig. 5 Frequency response of an intermediate frequency preamplifier filter 

 

CONCLUSION 

This paper demonstrates the development of an intermediate-frequency pre-amplifier 

filter in the receiving path of the Earth surface radio frequency monitoring system using the 

Microwave Office software for designing electronic devices. The resulting bandwidth of 20 MHz 

is quite large, but still not limiting. By increasing this characteristic, the time for sequential 

viewing of the entire range is reduced. Improving the elemental base of the first stages of 

amplifiers in the receiving path and reducing their noise figure can further increase the 

bandwidth, while maintaining the sensitivity of the entire system at the proper level. 
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PHYSICAL AND TECHNICAL FEATURES OF SIGNAL CONVERSION IN THE MICRO-

OPTICAL-MECHANICAL SYSTEM OF FIBER-OPTIC PRESSURE SENSORS 
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Penza State University 

  

Abstract ï In Russia, work is underway to create and improve various fiber-optic 

information and measurement systems. This involves the development of a specific component 

base-fiber-optic pressure sensors. Sensors are being developed based on new principles of signal 

conversion in a micro-optical-mechanical Converter system. Physical and technical features of 

signal conversion in the micro-optical-mechanical system of fiber-optic pressure sensors are 

investigated. Methods for modulating the intensity of optical signals in fiber-optic converters 

have been developed. Signal modulation consists in changing the ratio between the area of the 

illuminated surface of the receiving ends of optical fibers and the cross-sectional area with 

uniform illumination of the light flux. Differential conversion of optical signals directly in the 

zone of perception of measuring information is proposed. 

Keywords: fiber-optic pressure sensor; micro-optical-mechanical system, signal 

conversion, measuring converter, micro-displacement, optical-modulating element, light flux, 

differential conversion 

 

Innovative development of modern science and technology in Russia is aimed at creating 

new safe devices for use in construction, medicine, the aerospace industry, shipbuilding, nuclear 

power plants and other areas of the national economy. Work is underway to create and improve 

various fiber-optic devices, systems, their components, and technologies for manufacturing 

optical fibers themselves. Fiber-optic information and measurement systems (FOIMS) are being 

developed. FOIMS are distinguished by the use of fiber-optic cables (FOC) as a physical 

medium.  

This ensures more efficient use of measuring information about the state of the object in 

comparison with electrical data in conditions of electromagnetic interference, increased spark 

and explosion hazard, radiation and other harmful environmental influences. The creation and 

implementation of VOIIS at domestic facilities involves the development of a specific 

component base and, first of all, fiber-optic sensors (FOS) of various physical quantities. Pressure 

measurements occupy one of the leading positions among other physical quantities. A fiber-optic 

pressure sensor is a set of fiber-optic converters (FOPC). 

Fiber-optic sensors are developed based on the proposed principles of converting optical 

signals in a micro-optical-mechanical system of FOPC. They are based on the block-modular 

construction principle. This principle allows you to determine the technical characteristics of 

individual converter units at the design stages. This will improve the metrological and operational 

characteristics of the FOS in general. In the developed pressure sensors, the designs of the FOC, 

FOPC and ICB are unified (figure 1, a)).  

Linear and angular micro-displacement converters are developed as basic elements. Their 

principle of operation is based on changing the intensity of optical signals under the influence of 

the measured pressure. The converter is a structural and technological set of incoming and 

diverting optical fibers (IOF and DOF) and an optical modulating element (OME) located in a 

certain way relative to each other (figure 1, b)). 
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FOPʉ-fiber-optic pressure converter, FOPS-fiber-optic pressure sensor, FOC-fiber-optic cable,  

MD-matching device, ICB- information conversion block 
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ʆʄE ʍ 

VOʉ-fiber-optical converter, IOF - incoming optical fibers, 

DOF - diverting optical fibers, OME-optical modulating element  
a) block-modular principle of building a fiber -optic sensor              b) unification of the 

converter 

 

Fig. 1 Diagrams of the fiber-optic converter and pressure sensor 

 

The light flux in the optical system of the pressure sensor ʩconverter is distributed as a 

hollow truncated cone. There are sections with uniform light distribution (figure 2). This allowed 

us to develop methods for modulating the intensity of optical signals in a fiber-optic ʩconverter. 

Signal modulation consists in changing the ratio between the area of the illuminated surface of 

the receiving ends of the fibers DOF and the annular or ellipsoid zone of the cross section with 

uniform illumination of the light flux. The illuminated zone is formed by the light stream coming 

from the radiating end of the fiber, in the far-range diffraction zone, and changes depending on 

the position of the OME. The element OME is a mirror-reflecting surface of various attenuators, 

spherical and cylindrical lenses. 
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Fig. 2 Formation of a ring zone at the exit of the optical fiber 

 

For a ʩconverter with a mirror surface, the optical signal intensity is modulated by moving 

the illuminated reflecting surface (figure 4). The light rays from the IOF-fibers pass the distance 

Xi to the mirror and back to the DOF-fibers at an aperture angle to the optical axis of the optical 

fiber. In this case, an illuminated annular zone with a width equal to the diameter of the optical 

fiber core is observed in the plane of the DOF-fibers.  

If the mirror moves in the X direction relative to the ends of the optical fibers, the position 

of the ring zone relative to the DOF-fiber changes in the Z direction, which leads to a change in 

the area of the receiving end of the OV illuminated by the reflected light stream. The mirror 

moves in the X direction relative to the ends of the optical fibers. This changes the position of 
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the ring zone relative to the DOF-fiber in the z direction. This leads to a change in the area of the 

receiving end of the DOF-fiber illuminated by the reflected light stream. 

Modulation of the intensity of the light flux in a fiber-optic converter, when the 

illuminated mirror reflecting surface moves at an angle Ŭ relative to the ends of the optical fibers, 

occurs in a similar way. Only in this case, the annular zone is transformed into an ellipsoid zone, 

which is shifted relative to the fibers in the z direction. For a converter with reflective attenuators, 

the optical signal is modulated by moving the mirror and absorbing surfaces of the attenuator in 

the Z direction relative to the ends of the fibers. 

Differential conversion of optical signals directly in the measurement zone by dividing 

the light flux into two light streams using a differential element of the OME is proposed. 

Measurement conversions are performed independently in the first and second measurement 

channels (MC), which eliminates errors inherent in fiber-optic sensors on the modulation of the 

optical signal intensity. Figure 3 shows the relative changes in the intensity of light flows from 

moving the OME in the transverse direction Z:  

- F1/F0=f(Z) (section I) of the first measurement channel,  

- F2/F0=f (Z) (section II) of the second measurement channel in the measurement range 

for the micro- displacement converter. 
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Fig. 3 Relative change in the intensities F1/F0=f (Z) (section I) and F2/F0=f(Z) (section II) of 

the light flux in the fiber-optic converters in the region of the receiving ends of the diverting 

optical fibers 

 

Function graphs have non-linear sections at the start and end of the measurement ranges 

of the first and second measurement channel. This is due to a significant change in the area of 

the illuminated surfaces in the plane of the location of the diverting optical fiber. 

By cutting off nonlinear sections of the conversion functions, you can increase the 

linearity of the dependencies F1/F0=f (Z) and F2/F0=f(Z) and the depth of modulation of optical 

signals. This is possible by changing the design parameters of the micro-displacement converter: 

- changing the distance between optical fibers and OME; 

- changing the design parameters of the OME (for example, the radius of the attenuator 

hole, the diameter of the lens, etc.). 

An important element of the implementation of the differential scheme is the requirement 

of independence of the two measurement channels. This is possible if there is a horizontal line 

connecting the dependencies F1/F0=f(Z) and F2/F0=f(Z) on the graph. In this case, the light flux 

of the first measuring channel does not enter the diverting optical fiber of the second measuring 

channel. And the light stream of the second measuring channel does not enter the diverting 

optical fiber of the first measuring channel. The distance between the optical axes of the diverting 

optical fibers of the two channels must be equal [(2dfo - dʉ)+ 0,5dʉ]. 
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Several variants of the fiber layout at the end of the cable have been developed (figure 4). 

The analysis of the influence of the relative position and quantitative ratio of the input and output 

optical fibers in the space of the converter on the process of distribution of the light flux is carried 

out. The results of modeling in the MathCad system with OME in the form of a mirror surface 

are shown in figure 5. 
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Fig. 4 Geometric constructions to substantiate the relative position of the input and 

output optical fibers in the bundle 

 

 
Fig. 5 Results of modeling a fiber-optic linear micro-displacement converter of a 

reflective type 

 

Based on the results of the simulation, the following conclusions are made: 

1) the maximum intensity of the light flux corresponds to the movement of the center of 

the membrane in the range W=3dʩé3,5dʩ, 

2) the maximum intensity value for the model exceeds the intensity value for the model 

by only 7%. Therefore, it is advisable to use both models when designing sensors. 

Conclusions are made for a fiber-optic pressure converter with a limit attenuator: 

1) the most effective insertion of optical radiation into the diverting optical fiber is 

achieved at l1=1,53 mm and l2=1,37 mm; 

2) when the number of diverting optical fibers is equal to 6, the radiation receiver receives 

a greater amount of optical power than when a smaller number is used, for example, two; 

3) for physical implementation, an attenuator with a round hole is recommended, as it is 

more technologically advanced in manufacturing. 

CONCLUSION 

The theory of light flux conversion in the optical system of fiber-optic converters is 

refined, based on the actual physical features of its distribution in the far diffraction zone after 

leaving the end of the incoming optical fiber in the form of a hollow truncated cone and 

determining the location of sections with a uniform illumination distribution. Physical and 

technical features of signal conversion in the micro-optical-mechanical system of fiber-optic 

pressure sensors are investigated. 
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The theory of differential conversion of optical signals is developed.it is based on the 

formation of two or more independent light streams from one radiation source in the 

measurement zone by using differential ohms that move under the influence of the measured 

pressure relative to the ends of the optical fibers of the two measuring channels. 

The differential scheme of the optical system allows you to reduce by 2...3 times the 

majority of additional errors of the FOIMS system (the total error in severe operating conditions 

is not more than 3 %), and reduce the influence of radiation (when the transparency of optical 

fibers changes by no more than 20 %) on the measurement result. 
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Abstract ï The article presents the history of the emergence, development, 

implementation of cluster technologies and systems, often called "supercomputers". The main 

capabilities and advantages of operating the system are revealed. Models of formation and types 

of cluster systems are considered. 

Keywords: cluster technologies; fault tolerance; virtualization technology; load 

balancing; high performance computing. 

 

All the leading countries of the world are engaged in the development, implementation 

and implementation of cluster systems. Since the development of computer technology and with 

each stage of its operation, there is a need to increase the amount of computing power, 

performance and fault tolerance of a system that provides its resources to solve various problems. 

The development of communication technologies has made cluster systems publicly available. 

In the conditions of the rapid development of the information society, information is one 

of the most important goods, since success in any field of activity, commercial or entrepreneurial, 

is associated with information systems whose work is based on local area networks. The 

availability of an operating system is in many cases an important and necessary factor. Over the 

past fifty years, networks and cluster technologies have developed at a rapid pace. This 

development allows all enterprise managers to use information resources to increase labor 

productivity and profits. By combining several interconnected independent devices into a single 

system to solve various problems, we got a cluster in the form of an independent unit. 
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The use of fault tolerance requires and involves the introduction of redundant hardware 

and software. Thanks to fault tolerance, it is possible to continue the functioning of the system 

after malfunctions occur.  

The latest developments and technologies overwhelm the market. More productive 

components for personal computers and servers are produced, however, the relevance in using 

cluster technologies does not decrease, but is a priority decision. 

Doing business in various fields contributes to the continuous growth and change of 

information technology. Various hardware and software tools are developed and implemented 

that allow more efficient management of the complex information infrastructure of the enterprise. 

Such tools include virtualization technology, which has rapidly become popular in various fields 

of application. It allows you to implement and run on physical servers or computers, many 

isolated from each other virtual operating systems. The use of cluster solutions based on 

virtualization technology opens up many different promising opportunities that tremendously 

increase flexibility, fault tolerance, work efficiency and the use of hardware resources. Cluster 

systems and virtualization technologies are used in various areas of IT infrastructure. This 

includes basic infrastructure, corporate mail, a single directory service, databases, file services, 

print management, functional systems of primary and secondary activities. Therefore, constantly 

increasing the computing power, flexibility and management efficiency, in order to ensure higher 

efficiency and productivity of an organization or enterprise of any level. 

 Often cluster systems are called supercomputers. At their core, they differ only in 

appearance and work in the same way, using the principle of parallel network computing. The 

main principle of cluster organization is to build a scalable cluster architecture, which is 

implemented from computing nodes, using many different components, such as memory 

modules, hard drives, motherboards and processors.  

çA cluster is a type of parallel or distributed system that consists of several interconnected 

computers and is used as a single, unified computer resourceè,  Gregory Pfister, one of the first 

architects of cluster technology, gave this definition to the cluster [7].  

The development of the idea of combining computers into a cluster began in the early 80s 

thanks to Digital Equipment, which introduced the VAXCluster cluster operating on the basis of 

the OpenVMS operating system (OS) [7, 8]. In the 90s, the rapid development of cluster 

technologies began, associated with great interest shown by various developers and equipment 

manufacturers, such as: IBM, Hewlett-Packard, Sun, SGI, Fujitsu, Compaq, NEC, Dell, Hitachi, 

Intel and many others. 

The first most successful project, revealing the success and efficiency of using cluster 

solutions in these years, is the Beowulf project, developed by Thomas Sterling and Don Maker. 

He appeared in the summer of 1994 at one of NASA's space centers - CESDIS (Center of 

Excellence in Space Data and Information Sciences). The assembly was a cluster of 16 486DX4 

processors with a frequency of 100MHz and 16 MB of memory. On each node, 3 network 

adapters were installed connecting the nodes with each other using three ñparallelò Ethernet 

cables with a data transfer speed of 10 Mbit. For functioning, specialized software was also 

developed, which includes high-performance network drivers. [1, 2] 

In 1998, Michael Warren led the Avalon project. The cluster system was developed at the 

Los Alamos National Laboratory for work in the field of astrophysics. Initially, the Linux cluster 

worked on 68 DEC Alpha processors with a frequency of 533 MHz, then the number of 

processors was expanded to 140. Each node had 256 MB of RAM, one network adapter from 

Kingston and a 3.2 GB hard drive. The nodes were interconnected using four 36-port Fast 

Ethernet switches and a 12-port Gigabit Ethernet switch, developed by 3Com. The Avalon cluster 

performance was 47.7 GFlops. [3, 4] 

The unit of measure for cluster power is Flops (floating - point operations per second) - 

the number of floating point operations per second. 
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GFlops (gigaflops) - a billion floating point operations per second. 

GFlops (gigaflops) - a billion floating point operations per second. 

The real cluster performance is the performance obtained when solving an academic or 

industrial problem. The systems in the Tor500 ranking are ranked according to the results of the 

LINPACK test - a real academic problem for solving a system of linear equations. 

In the 21st century, cluster development work is not interrupted. Many countries compete 

among themselves, developing more powerful cluster solutions every year. In the 54th issue of 

TOP500 (November 2019), China and the United States lead in this area. [11] 

The presented cluster systems have various fields of application, such as: cryptography, 

nuclear testing, determination and prediction of weather forecasts, DNA decoding, drug 

development, artificial neural networks, artificial intelligence, etc. 

Thanks to modern developments, high-tech projects have been created and applied to 

organize work in various fields of activity. 

CLUSTER SYSTEM FEATURES 

From the history of the development of cluster systems, it follows that this product was 

developed and implemented mainly to provide the possibility of increasing the productivity and 

speed of computing processes. The developers sought to increase the speed of the system at all 

costs. With the development of society, modern organizations need much more opportunities 

from the implemented cluster system for organizing business and research. From the point of 

view of the majority of managers, investing a substantial share of finances for acquiring a system 

that provides small functionality is unjustified. 

The development of cluster technologies has expanded and provided consumers with the 

following main opportunities [5, 6]: 

1) The use of one software module to manage multiple hardware of an arbitrary number 

of nodes - as a rule, the organization of a cluster system is implemented using one software that 

provides all the necessary functionality for combining nodes into one system and its convenient 

management; 

2) Carry out activities to add and improve both software and hardware resources, 

without stopping the operation of the entire cluster - after long-term operation of the equipment, 

there is always a need to add new nodes, replace RAM, hard disks with more productive or larger 

ones. In such situations, the usual system has to be stopped indefinitely, which entails a simple 

workflow, resulting in a decrease in profit and productivity of the enterprise. The cluster system 

is devoid of this drawback; 

3) In the event of failure of one or more nodes, the continuity of the cluster is ensured, 

providing the ability to quickly replace or repair a failed system resource; 

4) Ensuring data synchronization between all cluster units - all data that the cluster 

system works with is accessible to all nodes, thereby minimizing the problem of losing some 

important information in the event of a system failure or shutdown caused by unforeseen 

circumstances; 

5) Efficient and flexible distribution of hardware resources between all decisions 

implemented on the basis of a cluster. 

Various failures, the intervention of the operating or maintenance personnel in the 

operation of the resource should not affect users who are consumers of the resource. 

Thanks to these capabilities, the operation of a cluster system becomes efficient, highly 

accessible and productive. 

 

BASIC TYPES OF CLUSTERS AND FORMING MODELS 

Depending on the purpose, there are three main types of clusters: 

1) Failover - High-Availability cluster (HA). This type of system is often called a "high 

availability cluster", which is created to ensure continuous operation in the event of a failure or 
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failure of one or more nodes. Resuming operation, as a rule, does not affect the user's workflow, 

as it occurs within a few seconds or minutes, causing perhaps only slight delays when accessing 

the resource that was running at the time of the failure. 

High availability is achieved through the use of hardware redundancy and virtualization 

technology. The construction of such a system involves the use of at least two independent nodes 

using a system for storing information data and providing guaranteed access to them. 

Where the continuity of important databases, trading floors, banks, ensuring round-the-

clock production and operation of business processes is required, this type of cluster system is 

used, gaining advantages in reliability, high availability of services and applications, reducing 

information loss and downtime. 

2) Load balancing cluster - Also, these cluster solutions are called Network Load 

Balancing, which means ñnetwork load balancingò. The principle of operation is carried out using 

the TCP / IP protocol stack by uniformly sharing network traffic between all nodes of the system, 

thereby performing many different copies of the application on many nodes. The system 

administrator is given the opportunity to flexibly configure the load for each specific node. Using 

this type of cluster eliminates the situation when one server does all the work, spending a lot of 

resources and time on it, while all other servers are idle and unnecessarily consume electricity. 

The distribution of requests between machines is carried out by one or more computing 

nodes located at the "input". This type of cluster system is used in data centers (DPC), ERP / 

CRM and telecommunication systems. 

In the event of a failure of one or more nodes, a process called ñconvergenceò occurs, 

which is an exchange of messages between all members of the cluster to determine the current 

state and membership of each node in the system. After the convergence process is completed, 

the load is redistributed between the remaining nodes.  

3) Computing clusters are designated by the acronym HPC Cluster (High Performance 

computing cluster) - a high-performance computing cluster. By organizing a computing cluster, 

emphasis is placed on achieving maximum computing power, without providing for the use of 

systems that increase reliability and fault tolerance. This solution is used in educational, research 

organizations, analytics, artificial intelligence systems, neural networks. [9, 10] 

The cluster is built using several nodes, since the performance of computing processes 

increases in proportion to the number of nodes added to the system. 

High performance of the processor and a large amount of RAM are essential indicators 

for computing clusters. In the event of a failure or failure of one of the nodes, the main node 

distributing all the computing tasks will redistribute the load between the remaining network 

nodes and will autonomously try to resume the operation of the failed computing node. 

In addition to the three main types of clusters, it is worth noting the distribution of 

computing systems, since their principle of operation is largely similar to cluster technology. 

Very often they are called Grid systems - a form of distributed computing in which a ñvirtual 

supercomputerò is presented in the form of many clusters connected using a high-speed network, 

working together to perform a huge number of tasks (operations, work, applications). 

A grid system is an environment that is consistent, open, and standardized, providing 

flexible, secure, coordinated sharing of computing resources within a single virtual organization. 

This system, like other cluster systems, can be organized from ordinary personal computers or 

servers interconnected by a high-speed data network. 

When forming cluster systems, two models are distinguished. 

The first model is based on the use of a common data storage array, which provides the 

advantage of quickly switching and restoring the service in the event of a failure of one or more 

hardware resources ensuring the system is working. When using this model, it is worth 

considering that in the case of working with a very large database and using a large number of 
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hardware units, a decrease in performance may occur. This is due to the increase in the time spent 

on the migration of resource-intensive services to another system node. 

The second model - all involved nodes are independent of each other as well as their 

peripheral devices. In the event of an unexpected failure of one of the nodes, the redistribution is 

performed between the servers by manually or automatically starting the disconnected service on 

another server. In this model, the process of using a common database is complicated. 

The choice of a specific type and model of a cluster is limited by the requirements for the 

functionality and architecture of the system being developed and implemented. 

Modern enterprises can no longer be imagined without the organization of corporate 

information systems and networks in them. With each step to a new stage of development, a 

higher system reliability is provided and developed. The ability to create clusters by their 

characteristics can leave far behind even the most powerful stand-alone computers. The success 

of the functioning of the organization depends on the use of corporate services. Efficiency 

increases if employees and customers of the company can use the resources without interrupting 

the workflow. Today, competition between firms is very high and the quality of the services 

provided greatly affects the image and profits of the company. 
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 Abstract ð Special features of the functioning of navigation systems (NS) under urban 

conditions are considered. The object of studies was an NS built on the basis of inertial, odometer 

and satellite systems. The technology of integration of such systems is proposed. As a kernel, the 

inertial navigation system SINS-500NS based on fiber-optic gyros is included in this NS. The 

results of natural development of inertial-and-odometer NS with periodic satellite positioning 

presented in this paper are given and analyzed.   

Keywords: inertial navigation system, fiber-optic gyros, odometer, satellite navigation 

system, Kalman filter. 

 

INTRODUCTION 

At present, the problem of increasing the accuracy characteristics of strapdown inertial 

navigation systems (SINS) under urban conditions of usage still remains topical. This results 

from the following difficulties of satellite SINS support under such conditions [1]: instability of 

information coming from satellite navigation systems (SNS) due to natural noise; signal re-

reflection from buildings and urban structures; miss of signals due to shadowings and also in 

tunnels; coming of outlying signals when the satellite constellation is changed and when the 

geometry factor is bad. At the same time, the fact that in present-day motor vehicles, we have 

odometers, onboard computers, and also equipment for transmission, recording, and displaying 

of data about motion parameters allows us to construct an integrated inertial-odometer system of 

autonomous navigation. With the availability of additional information coming from an SNS, it 

is apparently possible to perform, in real time, dynamic calibration of an odometer and SINS 

sensors, namely: of gyros and accelerometers. 

The purpose of this paper is to study the possibilities for the integration of an inertial 

system and an odometer one during their use under urban conditions, with due regard for the 

dynamic calibration of sensors, provided that information from the SNS is available. 

In this paper, to achieve the purpose mentioned earlier, error equations for the integrated 

inertial-odometer navigation system have been developed, along with algorithms for inertial 

satellite, inertial-odometer, and odometer-satellite observations for their processing by the use of 

the extended Kalman filter (EKF) [2].  

 

HARDWARE SUPPORT OF THE INERTIAL-ODOMETER-SATELLITE 

NAVIGATION SYSTEM 

As an object intended for experimental development, use has been made of an inertial-

odometer complex that includes a modernized version of the SINS-500NS inertial satellite 

navigation system [3] (see Fig.1), which was developed by the ñNaukaSoftò Experimental 

Laboratory, Ltd. (Moscow); a motor-vehicle computer; the ELM-327 adapter [4] (see. Fig.2); 

tablet computer. The inertial measurement unit (IMU) of the above SINS-500NS system is built 

on the basis of fiber-optic gyros (FOG). The frequency of data updating and data recording on a 

flash memory built in the system is 1 kHz for the IMU, for odometer such a frequency is 10 Hz, 

and for a SNS and other external observations, such a frequency is 1Hz. Technological decisions 

that are considered in the present paper have been executed on a basis of the Linux real-time 

operating system which provides the support of a modular architecture of the SINS construction. 

The presence of a built-in flash memory  
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 Fig. 1 SINS-500NS navigation system                          Fig. 2 ELM-327 adapter 

 
has made it possible to obtain and to analyze the recorded data with due regard for actual 

operating conditions. Furthermore, this has enabled the math-based software to be modernized 

and studied on a set of paths and the algorithms synthesized. The ELM-327 adapter is intended 

to interface a motor-vehicle computer with equipment for external data recording. The block 

diagram of the integrated inertial-odometer navigation system with satellite calibration and 

positioning is shown in Fig. 3, where MVC is a motor-vehicle computer.  

 
Fig. 3 Block diagram of the integrated inertial-odometer-satellite navigation system   

 

The hardware and mathematical-software support of the integrated inertial-odometer-

satellite navigation system is designed according to the object-oriented modular technology. 

 

MATHEMATICAL SOFTWARE SUPPORT OF THE INERTIAL-ODOMETER-

SATELLITE NAVIGATION SYSTEM 

The kernel of the automotive navigation complex is the SINS-500NS system. The 

mathematical-software support of this system is based on the separate solution of equations for 

navigation and attitude quaternions [3]. The following regular operating modes are implemented 

in the SINS-500NS system.  

The initial alignment mode includes the following stages. The initial alignment mode 

includes the following stages. The stage of coarse initial alignment is realized on a basis of the 

method of analytical gyro compassing from the output signals of SINS sensors. 

 The stage of fine initial alignment is realized on a basis of the method of vector matching 

of geophysical invariants that are both computed from SINS information and ña prioriò known. 

The geophysical invariants are parameters the values of which are ña prioriò known and which 

are unchanged with time and space. Such invariants are as follows: angular rate of Earth rotation; 

gravity acceleration at the point of SINS location; navigation parameters that are determined with 

due regard both for a motionless SINS base and for the above base moving at a known velocity. 

MVC 
SINS-500NS 

Bluetooth 

ELM  

Tablet computer 

SNS receiver IMU 
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A special feature of the mode mentioned is associated with the implementation of ñpseudo 

reckoningò of attitude parameters and navigation ones from sensor signals when the system base 

is immovable. At this stage, errors in the IMU angular position, and also sensor residual drifts 

and the parameters of their dynamic models are estimated.  

In the SINS-500NS system, the navigation problem is realized in the inertial and inertial 

satellite modes.  

The vector of SINS errors is comprised of 18 parameters, namely: errors in the reckoning 

of components of the relative-velocity vector; errors in the reckoning of elements both of 

navigation and of attitude parameters; angular drifts of FOGs; biases of accelerometers and also 

an error in the reckoning of elevation with respect to the Earth ellipsoid. In regular modes, the 

vector of SINS-500NS errors is estimated with the EKF by processing the following observations 

[3].  

In the fine initial-alignment mode:     T T
( ) 0( )

1

( ) [0 0 ]
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In the inertial satellite mode:         
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where PIA stands for the position of the initial alignment;  are the geodetic latitude 

and longitude  of the SINS position;  is an observation step;  is the direction cosine 

matrix (DCM) that characterizes the angular position of the IMU - fixed frame with respect to 

the inertial frame; 
ʊ

ɖɝ ɕ[ ]V V V V=  is the vector of the relative velocity of IMU motion, given 

by its components along the axes of the semi-wander azimuth reference frame xhzo  [2]; 4C  is 

the direction cosine matrix that characterizes the angular position of the wander azimuth 

reference frame xhzo  with respect to the geodetic frame ʦENH; 1i i it t t -D = -  is the observation 

step. 

 In the SINS-500NS system, the inertial-odometer mode is additionally implemented. In 

the realization of the autonomous inertial-odometer navigation mode, as external information for 

the SINS, use has been made both of the ground speed and of the distance traveled in a certain 

time interval, which were measured by the odometer. When using the ground speed, the 

estimation of the error vector of the SINS and its sensitive elements in the navigation mode can 

be performed by processing that have the following form 

                                                   
ODMODM
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where  

ODM
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V  is the speed measured by the odometer; ʊT
CCCC

210
3
= ; 1C  is the DCM 

that characterizes the movement of the car relative to the Earth;  is the DCM that characterizes 

the rotation of the Earth during the operation of the SINS.  

Observations )(
ODM

iVZ  allow us to estimate both velocity errors and errors of the SINS 

orientation parameters. 
When using information about the distance traveled, the estimation of the error vector of 

the SINS and its sensitive elements in the navigation mode can be performed by processing the 

following observations 
 

)ODM()SINS()( iiiS
SSZ D-D=

D
,                                                                             (7) 

ii lj,

1--=D iii ttt 0ʉ

2
C



International Scientific ï Practical Conference 

çINFORMATION INNOVATIVE  TECHNOLOGIESè, 2020 

78 

 

where ä
+-=

D=D

i

Nik
ki

SS

1
)(SINS)SINS(

;                                                                                                            (8) 

2

)(

2

)(

2

)()SINS( kzkykxk
SSSS DD+D=D + ;  

=DDD
T

]
)(

 
)()(

 [
kzkykx

SSS
T

)(
 

)ɚ(
 

)(34
][

kRkk
SSSCC DDD

j
; 

RttS
kkk )]()([

1SINSSINS)( -
-=D jjj ; 

SINS1
SINSSINS)ɚ( cos)](ɚ)(ɚ[ jRttS

kkk -
-=D ; 

)()(
1SINSSINS)( -

-=D
kkkR tRtRS ; 

)(ODM i
SD  - is a travelled distance, measured by odometer; 

R is the value of SINS position vector. 

The motor-vehicle computer fixes time  to which there corresponds 1 km 

of the distance traveled. This time corresponds to the N terms in relation (8). In the EKF, the 

interrelation of observations (7) and SINS errors is taken into account via the following 

mathematical model:   
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Inertial satellite odometer calibration can be implemented by forming and processing the 

following observations 
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ANALYSIS OF THE RESULTS OF STUDIES 

Experiments have been carried out on the ground when the necessary equipment was 

housed in a mobile laboratory on the basis of an automobile. The timing diagram of operation of 

the SINS-500NS system included the following stages: coarse initial alignment (t = 0õ300sec), 

fine initial alignment (t = 300õ760sec), and a navigational mode (t >760sec). The results of a 

comparison analysis of SINS operation when using different schemes for the damping of sensor 

errors were obtained on a basis of the reckoning of motion parameters from the recorded signals 

of sensors of the IMU, SNS, and the odometer. Figure 4 shows the horizontal path when the 

testing laboratory is moving under urban conditions, where 

Rtt )]()([ȹ
0R

jjj -= ; .  

In Fig. 5, the true heading angle of the IMU is shown. Certain of the results of the 

experiments are presented in the following figures: in Figs. 6,7, odometer-measured travel speed 

and traveled path are shown; in Fig. 8 is shown the estimate of FOG drift; in Fig. 9 is shown the 

estimate of accelerometer (ACC) bias; in Fig. 10 is shown the estimate of odometer bias. These 

estimates were obtained in the processing of observations (1) - (9) with a frequency of 1 Hz. In 

Figs. 11-15, the following circular position errors of the SINS-500NS system are shown: 
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in Fig. 11, in the inertial mode; in Fig. 12, in the inertial mode with velocity correction 

using an odometer, in Fig. 13, in the inertial mode with velocity and distance correction using an 

odometer; in Fig. 14, in the inertial-and-odometer mode with satellite correction and without 

integrity monitoring; in Fig. 15, in the inertial-and-odometer mode with satellite correction and 

with integrity monitoring, where 
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Fig. 4 Horizontal path of the testing-laboratory 

motion under urban conditions 
 

Fig. 5 True heading 
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Fig. 10 Estimate of the bias for the odometer 

 

Fig. 11 Circular position error in the inertial mode 

 
 

Fig. 8 Estimate of the drift for the ox 

FOG 

.  

Fig. 6 Odometer-measured travel speed  

 
Fig. 7 Odometer-measured traveled path 
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Violation of the information integrity of the SINS-500NS system, see Fig. 14, is associated 

with the use of abnormal satellite signals in the formation of observations. A technology intended 

to counteract violations reduces to adaptive-robust processing of observations [5]. It can be seen 

in Fig. 15 that adaptive-robust processing of inertial-satellite observations ensures the integrity 

of navigation definitions and increases the reliability of positioning of moving objects in a 

complex jamming environment, typical for urban applications. Adaptive-robust processing of 

observations is implemented based on the use of the combined criterion of agreement 2 2
ɢ /J  

[5,6] and the corresponding decision rules. 

 

CONCLUSIONS 

Improving the accuracy of the autonomous reckoning of the parameters of motion of 

ground objects can be based on the integration of the SINS and odometer system. For this, a 

motor-vehicle computer and an adapter can be used to coupling the SINS and odometer. The 

odometer can be calibrated according to the SNS and SINS. 

In turn, the estimation of the drifts of the SINS sensors can be performed both at the fine 

initial alignment and in the inertial-odometric mode, as well as in the presence of information 

from the SNS. The odometer can be calibrated according to the SNS and SINS. The solution of 

these problems is based on the mathematical apparatus of Kalman filtering, which allows one to 

take into account and use correlation relationships between errors of sensors and the observed 

parameters. 
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Abstract ð The paper compares well-known methods for estimating model parameters 

based on random samples, such as RANSAC, R-RANSAC, NAPSAC, and MLESAC. The 

comparison is carried out on test data sets obtained by a given transformation scheme of the 

original image. 

Keywords: model parameters estimation, random sample, RANSAC, MLESAC, R-

RANSAC, NAPSAC, outlier, trend defining point. 

 

INTRODUCTION 

The number of models, generally based on statistical data of the full-scale or semi-natural 

experiment results, has increased in the last decade. Frequently such data contain outliers, which 

do not let us to confirm the robustness of model in practice. The type of model built on the basis 

of the traditional method of least squares significantly depends on the presence of outliers. The 

type of model, constructed with the traditional method of least-squares, vastly depends on the 

presence of outliers [1]. 

The RANSAC (random sample consensus) method [2] and its modifications: MLESAC 

[3], R-RANSAC [4], NAPSAC [5] is an alternative to the method of least squares, and allows 

one to distinguish both outliers and trend defining points. 

The RANSAC method and its modifications are quite universal and are applicable for 

determine the outliers in images particularly for clustering line segments [6]. 

Comparison of methods was carrying out on the basis of algorithmsô performance 

indicators and robustness of algorithms with source data distortion (increase of the outliersô 

number). 

A clouds of  known points was used as test sets (each point was determined by a set of its 

coordinates), which were defining reference points of an image or three-dimensional object 

(corners of buildings and facilities, road marking, etc.). Outliers (borders of shadows, foliage, 

etc.) included in the set of reference points are known in advance. 

 

DESCRIPTION OF METHODS 
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The RANSAC algorithm (random sample consensus, Fischler and Bolles, 1981) was 

proposed to determine the image orientation by the reference points of this image [2], therefore 

RANSAC is usually considered as a computer vision algorithm. 

The method involves constructing a model on a limited set of points T from the presented 

set S, TËS. Next, the contribution of each point tÍT of the reduced set to the total error of the 

obtained MR model is estimated. Obviously, outliers make the greatest contribution. If there are 

too many of them, the bounded set of points T can be changed to an alternative one. After a 

certain number of attempts m (1) to choose the set T, the algorithm will either result in the MR 

model with the maximum number of outliers, or if the number of outliers does not exceed the 

minimum threshold value, it is believed that the MR model cannot be determined. 

 

ά ,                               (1) 

 

where w is the probability that each point in the TËS subset satisfies the MR model, and z 

is the probability of detecting at least one such subset T, k is the method parameter. 

In the case the RANSAC algorithm, the final result is the first solution found in which 

the number of points determining the trend is greater than the minimum value, which is not 

always objective. 

The MLESAC [3] algorithm (maximum likelihood estimation sample consensus, Torrand 

and Sisserman, 1998) solves this problem. 

The modification is to apply the maximum similarity function to the estimation of the 

correspondence of points from the subset TËS of the MR model 

 

Ὀ В‎ ,   ‎Ὡ
ὩȟὩ ς
τȢπȟὩ ς

    (2) 

 

where di is the correspondence error of the i element of the model, ů is the standard 

deviation, the parameter of the method. Thus, the smaller the value of the maximum similarity 

function (2) the more preferable the solution. 

The NAPSAC algorithm [4] (n adjacent points sample consensus, Mint, Torr, Bishop et 

al., 2002) was proposed with the aim of eliminating another RANSAC problem, namely, the loss 

of method efficiency with increasing input data. The modification is based on the idea of 

localization, that is: outliers in the image are closer to each other than to the trend defining points. 

So not all of the subset TËS is random, but only its first element t1, the rest are the elements of 

the subset T closest to t1. The preferred solution is the one in which the maximum number of the 

trend defining points is found. 

The R-RANSAC algorithm [5] (randomized RANSAC, Chum, Matas, 2002) allows to 

reduce the operating time of the basic RANSAC algorithm by refusing to search for knowingly 

false solutions. The overall performance of the algorithm is affected by the number of outliers in 

the data and the number of elements in the control subset TËS. If the test is performed not on the 

entire subset T, but only on a part of its elements, the performance of the method will increase. 

In practice, the number of control points (T elements) is established equal to 1-2. As in the case 

of the NAPSAC algorithm, a solution is considered preferable if the maximum number of the 

trend defining points is found. 

 

ANALYSIS OF ALGORITHM COMPARISON RESULTS 

Table 1 shows the results of comparing the performance speed of presented algorithms 

(ms). The heading column shows the names of the methods, the heading line shows the number 

of outliers in the input data set. 
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TABLE 1. COMPARISON OF ALGORITHMSô PERFORMANCE, TIME (ms) 

Number of points/ 

Algorithm 

30 100 500 1000 

RANSAC 0.06881 0.56648 15.20634 65.64055 

MLESAC 0.07081 0.68217 20.09840 78.30042 

NAPSAC 0.06482 0.57246 16.28246 66.86326 

R-RANSAC 0.03291 0.11369 7.13392 39.24207 

 

Table 2 illustrates the effect of the amount of outliers (indicated in the heading line) on 

the method stability (names are indicated in the heading column), which is characterized by the 

probability of constructing a model from given input data with the number of attempts m=10.  

 

TABLE 2. THE PROBABILITY OF MODEL CONSTRUCTING  

ON THE SOURCE DATA WITH A DIFFERENT NUMBER OF OUTLIERS 

Outliers, %/ 

Algorithm 

10 20 30 40 50 60 70 80 90 

RANSAC 1 1 1 1 1 0,07 0 0 0 

MLESAC 1 1 1 1 0,99 0,05 0 0 0 

NAPSAC 1 1 1 1 0,99 0,68 0,50 0,43 0,16 

R-RANSAC 1 1 1 0,99 0,97 0,54 0,14 0,12 0, 01 

  

Table 3 and fig 1 illustrates the effect of the number of attempts (indicated in the heading 

line) on the method stability (names are indicated in the heading column), which is characterized 

by the probability of constructing a model from given input sets with 30% of outliers.  

Similar data for input sets with 50% of outliers is shown in table 4 and at fig.2. 

 

TABLE 3. THE PROBABILITY OF MODEL CONSTRUCTING 

ON THE SOURCE DATA WITH 30% OF OUTLIERS 

Number of 

points/ 

Algorithm 

1 2 3 4 5 6 7 8 9 10 

RANSAC 0,77 0,93 0,96 1 1 1 1 1 1 1 

MLESAC 0,66 0,90 0,98 1 1 1 1 1 1 1 

NAPSAC 0,60 0,87 0,98 0,98 0,99 1 1 1 1 1 

R-RANSAC 0,54 0,73 0,91 0,94 1 0,99 0,98 1 1 1 

 

 
Fig. 1 The probability P of model constructing on the input sets with 30% of outliers, m 

- number of attempts 
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TABLE 4. THE PROBABILITY OF MODEL CONSTRUCTING 

ON THE SOURCE DATA WITH 50% OF OUTLIERS 

Number of 

points/ 

Algorithm 

1 2 3 4 5 6 7 8 9 10 

RANSAC 0,53 0,80 0,89 0,93 0,98 0,98 1 1 1 1 

MLESAC 0,57 0,75 0,92 0,91 0,98 0,98 0,99 1 1 1 

NAPSAC 0,47 0,69 0,88 0,92 0,95 0,96 0,99 1 1 1 

R-RANSAC 0,33 0,44 0,61 0,69 0,74 0,85 0,89 0,96 0,98 1 

 

 
Fig. 2 The probability P of model constructing on the input sets with 50% of outliers, m 

- number of attempts 

 

With a small amount of outliers in the input data the R-RANSAC is the fastest algorithm, 

it can be seen from table 1, but is not provides an effective solution (Fig.1, Fig.2).  At more 

significant values, RANSAC and MLESAC are preferable, in addition MLESAC provides an 

effective solution compared to RANSAC. The NAPSAC algorithm turns out to be able to give 

sufficiently effective solutions even with the input data volume increase. 

 

ʉONCLUSION 

Based on the work done, the application of the RANSAC algorithm and its modifications 

can be recommended for estimating model parameters based on random samples. In the case of 

an insignificant amount of data (up to 30 points), the RANSAC method is comparable as in terms 

of performance so in robustness with its modifications. Herewith the MLESAC algorithm 

provides effective solutions. 

With the increase of input data volume the R-RANSAC algorithm appears the fastest, but 

using the NAPSAC algorithm grants more efficient solutions. 

It is planned to investigate the dependences of the performance decrease on the input data 

volume increase in the presented methods in the future, and also to estimate the repeated 

generation probability of the solution in different methods 
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Abstract - The organizational aspects of the analysis of losses in production systems are 

considered. The classification of losses by various objects of analysis and the structure of the 

source data for the analysis of each type of loss are developed. Consistent organizational 

procedures have been developed that are applied in practice to analyze and eliminate losses and 

improve production processes. An algorithm of procedural analysis by types of losses 

ñExpectationò, ñExcess stocks / overproductionòand ñExcessive processing / defectsò is 

presented. 

Keywords: production system, losses, lean production. 

 

INTRODUCTION 

To ensure competitiveness and sustainable development, modern manufacturing 

enterprises need to make systemic decisions aimed at improving the quality, reducing the cost of 

production and delivery time. To achieve these goals in world practice, many approaches have 

been developed, among which the Lean Production concept, which combines various 

management methods, is recognized as one of the most effective.  

Lean Production is aimed at eliminating losses in all areas of the organizationôs activities, 

including building relationships with consumers, designing products, building supply chains, 

production management, transportation and logistics. At the same time, loss is understood as any 

action in the course of which resources are spent, but value is not created for the consumer of the 

product.  

In [1, 2], methodological approaches used to identify and eliminate existing losses in 

managerial and production processes and assess possible reserves for increasing the efficiency 

of the enterpriseôs production system are reviewed. However, from the point of view of practical 

application in existing production, it is necessary to consider in more detail the organizational 

aspect of the implementation of the proposed methodological solutions. 

 

ANALYSIS ORGANIZATIONAL PROCEDURES 

Table 1 presents the classification of the main types of losses, indicating the objects of 

analysis in the production system and the source data.  

 

TABLE 1. CLASSIFICATION OF LOSS BY OBJECTS OF ANALYSIS 
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Type of loss Object of analysis Initial data 

for analysis 

Expectation is the time that products or 

staff spend inaction without creating 

value 

Process VSFC  

Process Instance Statistics 

Excessive movements - unnecessary 

movements of workers, losses in the 

selection of materials, the search for 

tools, information, documents, etc. 

Work center 

(workplace) 

Spaghetti diagram 

The length, quantity and time 

of movement during working 

hours 

Excessive transportation - moving 

materials, parts and finished products 

over long distances and more often than 

necessary 

Plot 

Shop 

Company 

Spaghetti diagram 

The length, quantity and time 

of movement during working 

hours 

Excess stocks - the storage of any stocks 

in quantities significantly exceeding the 

established production need, taking into 

account regulatory insurance stocks 

Work center 

(workplace) 

Plot 

Shop 

Company 

The number of normative and 

actual stocks by 

nomenclature 

Overproduction - production of products 

(services) in a larger volume than 

required by the customer 

Work center 

(workplace) 

Plot 

Shop 

Company 

 

The number of finished 

products according to the 

nomenclature (planned and 

actual) 

Excessive processing - modification of 

the product, giving it properties and 

qualities that the customer does not need 

and which do not represent value to it 

Product Manufacturing Technology 

Defects - production of defective 

products (failure to meet expected 

consumer requirements) / improper 

service 

Product The number of defects by 

redistribution, indicating the 

causes of defects by type: 

technological, structural, etc. 

 

Organizational procedures used in practice to analyze and eliminate losses and improve 

production processes should include: 

- development of a value stream flow chart (VSFC) ñas isò; 

- collection and processing of statistical data on process instances: the time of the standard 

process path (TSPP), the time of creating added value (TCAV) in the process, the time of 

organization (TO) of the process;  

- determination of the list of procedures / operations with maximum impact on the TSPP; 

- development of proposals for improving the process; 

- development of the VSFC ñas it should beò; 

- forming a plan for the transition to the ñas it should beò process. 

Let us consider in more detail the organizational aspects of the analysis of losses in 

processes using the example of the analysis by types of losses ñExpectationò, ñExcess stocks / 

overproductionò and ñExcessive processing / defectsò. 

 

Analysis by type of loss - ñExpectationò 

Development of VSFC "as is". 
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The development of the VSFC ñas isò is carried out in a single instrumental environment 

(for example, Business Studio), based on the existing operating model of the enterpriseôs 

activities by management level. 

Responsible: 

- an employee of the unit responsible for the development of the production system 

(DPS), in terms of process modeling; 

- employees of the units participating in the process, in terms of providing information 

on the implementation of the process and agreeing on the ñas isò VSFC. 

Result - The VSFC Model ñas isò. 

Collection and processing of statistical data on process instances. 

The following data is generated: TSPP, TCAV, TO. 

Responsible: 

- an employee of the unit responsible for the DPS, in terms of data processing; 

- employees of structural units participating in the process, in terms of data reporting. 

The result is statistics on process instances. 

Defining a list of processes / procedures / operations with maximum impact on TSPP. 

Responsible: 

- employee of the unit responsible for the DPS. 

Result - A list of processes (basic, management, providing) with the maximum impact 

on the TSPP of the analyzed process.  

Development of proposals to improve the process. 

Responsible: 

- employee of the unit responsible for the DPS, in terms of aggregating proposals for 

improving the process; 

- employees of structural units participating in the process, in terms of the formation of 

proposals for improving the process. 

Result - Proposals (projects, activities) aimed at improving (changing, improving) the 

analyzed process. 

Development of VSFC "as it should be."  

VSFC development ñas it should beò is carried out in a united instrumental environment 

(for example, Business Studio), based on the existing operating model of the enterpriseôs activity 

by management level. 

Responsible: 

- an employee of the unit responsible for the DPS, in terms of the development of the 

VSFC ñas it should beò; 

- employees of structural units participating in the process, in terms of coordination of 

the VSFC ñas it should beò. 

Result - The VSFC Model ñas it should beò.  

Formation of a transition plan to the ñas it should beò process. 

The formation of the plan for the transition to the ñas it should beò process is carried out 

in accordance with the project management procedures [3,4]. 

Responsible: 

- employee of the unit responsible for the DPS, regarding the aggregation of the plan; 

- employees of structural units participating in the process, in terms of the formation of 

proposals in the plan. 

The result is a plan for the transition from the ñas isò process to the ñas it should beò 

process.  

 

Analysis by type of loss - ñExcess stocks / overproductionò 

Development of the production chart of the product "as is". 
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Responsible: 

- employee of the unit responsible for the DPS, in terms of charting; 

- The head of the analyzed structural unit, in terms of providing source data. 

The result is an ñas isò production diagram. 

Collection and processing of statistics on stocks / overproduction. 

Responsible: 

 - employee of the unit responsible for the DPS, in terms of processing statistical data; 

- Head of the analyzed structural unit, in terms of providing statistical data. 

Result - statistical data (information) on stocks of overproduction. 

Determining the list of stocks / overproduction with the maximum impact on economic 

indicators. 

Responsible: 

- an employee of the unit responsible for the DPS, regarding the formation of the list; 

- economist, in terms of calculations. 

The result is a list of stocks / overproduction with the maximum impact on the economic 

indicators of the analyzed work center (site, workshop, enterprise). 

Development of proposals to improve the process. 

Responsible: 

- an employee of the unit responsible for the DPS, in terms of aggregating proposals to 

improve the process; 

- Head of the analyzed structural unit, in terms of the formation of proposals for 

improving the process. 

The result - proposals (projects, activities) aimed at improving (changing, improving) 

the organization of the workplace (site, workshop, enterprise).  

Development of the production diagram of the product "as it should be." 

Responsible: 

- employee of the unit responsible for the DPS, regarding the development of the ñas it 

should beò chart; 

- Head of the analyzed structural unit, in terms of the development of the ñas it should 

beò chart. 

The result is an ñas it should beò production chart. 

Formation of a transition plan to the ñas it should beò process. 

The transition plan is formed in accordance with the project management procedures 

[3,4]. 

Responsible: 

- employee of the unit responsible for the DPS, regarding the aggregation of the plan; 

- Head of the analyzed structural unit, in terms of the formation of proposals in the plan. 

The result is a plan for the transition from the ñas isò process to the ñas it should beò 

process.  

 

Analysis by type of loss - ñExcessive processing / defectsò 

Analysis of the manufacturability of the product. 

Responsible: 

- employee of the unit responsible for the DPS, in terms of processing the results of the 

analysis; 

- employee of the technological department, in terms of analysis of production 

technology; 

- Employee in the design department, in terms of analysis of product design. 

The result is bottlenecks in the ñas isò production technology and / or product design. 

Development of proposals for improvement. 
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Responsible: 

- employee of the unit responsible for the DPS, in terms of coordination of work; 

- employee of the technological department, in terms of improving production 

technology; 

- employee of the design department, in terms of improving the design of the product; 

- economist, in terms of calculations on economic efficiency. 

Result - proposals (projects, activities) aimed at improving (changing, improving) the 

production technology and / or design of the product. 

Formation of a plan for the transition to production technology / product design "as it 

should be". 

The transition plan is formed in accordance with the project management procedures 

[3,4]. 

Responsible: 

- employee of the unit responsible for the DPS, in terms of coordination of work; 

- employee of the technology department, in terms of the transition to production 

technology "as it should be"; 

- an employee of the design department, in terms of the transition to the design of the 

product "as it should be"; 

- economist, in terms of calculations on economic efficiency. 

The result is a plan for the transition from production technology / product design "as 

is" to production technology / product design "as it should be".  

 

ANALYSIS RESULTS 

Based on the results of the analysis of all types of losses, based on the collected statistics, 

the enterprise management (ñprocess ownersò) should develop and make informed decisions 

aimed at improving the efficiency of both individual production processes and the entire 

production system of the enterprise. 
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Abstract - the work is devoted to the development of a repeater of the base ground station 

of a trunking communication system. As a result of the analysis of the source data, it was decided 

to design the functional and structural diagrams of the base ground station of the trunking 

communication system based on an analog transceiver operating in duplex mode on the principle 

of transferring information from one operating frequency to another in real time (Figure 1). 

mailto:jeksonsv@yandex.ru


International Scientific ï Practical Conference 

çINFORMATION INNOVATIVE  TECHNOLOGIESè, 2020 

90 

 

Key words: Repeater, trunking communication systems, base ground station, power 

amplifier. 

 

INTRODUCTION 

Currently, the development and operation of any enterprise is determined by the degree 

of application of modern communication systems. Transport, energy, and many other industries, 

in principle, cannot function without the use of mobile radio communication systems. And for 

services such as the police, fire brigade, ambulance - mobile radio communications can determine 

the line between life and death. The latter use a trunked communication system, the principle of 

which is largely similar to a cellular communication system. The main difference is that TCSs 

are simpler in terms of construction principles and provide subscribers with a smaller set of 

services, but due to this they are cheaper than cellular ones. If we use the analogy with cellular 

communications, then in the simplest case TCS is one cell of the cellular system, but with a 

somewhat specific set of services. Almost the radius of the TCS cell can reach 40-50 km or more. 

This results in greater transmitter power compared to cellular communications, greater power 

consumption of the power source, large dimensions and weight of the AT. The main application 

of TCS is corporate (service, departmental) communication, for example, operational 

communication of the fire service with the number of exits (channels) ñto the cityò, significantly 

less than the number of system subscribers [1]. 

 

PROBLEM STATEMENT 

5 tasks are defined in the developed project: calculation of the coverage area, selection of 

the functional scheme of the communication system , selection of the block diagram of the 

repeater, calculation of the circuit diagram of the high-frequency power amplifier, development 

of the General design type. 

Main requirements: operating frequency range: 470-480 MHz; radiation type: 8K50F3E; 

transmitter output carrier power: tunable (10/25/50) W; receiver sensitivity: 0.3 mV; operating 

conditions: UHL1. 

 

SOLUTION OF THE PROBLEM 

 The range of radio stations can be estimated using the formula: 

 

Ὑ̋̍ σȢφυὬ ̍ Ὤ ̍Ƞ                                                  (1) 

 

where h and h2  is the height of the radio station and base station antennas. 

We chose the height of the base station's antenna suspension of 300 meters. Given that 

the height of the radio station's antenna is limited by human growth, we assume it is equal to 1.5 

m. We calculate the maximum possible coverage area. 

Ὑ̋̍ σȢφυЍσππЍρȢυ φχ̋ Ƞ̍                                                  (2) 

                                                                                                                  

Next, the functional scheme of the trunking communication system was selected. 
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Fig. 1 Block diagram of a multi- zone TCS with a Central Switch 

 

The use of distributed interzonal switching is only appropriate for systems with a small 

number of zones and with low requirements for the efficiency of interzonal calls (especially in 

the case of connections via switched TNGU channels). Systems with high quality of service use 

an architecture with a Central control system. The structure of a multi-zone TCS with a CC is 

shown in figure 1. 

The main element of this scheme is the interzonal switch. It handles all types of interzonal 

calls, i.e. all interzonal traffic passes through a single switch connected to the BS via dedicated 

lines. This provides fast call processing and the ability to connect centralized PD. Information 

about the location of subscribers of the system with the Central Bank is stored in a single place, 

so it is easier to protect it[2]. 

The block diagram of the repeater is shown in figure 2. The signal from the receiving 

antenna coming to the repeater's input is received, processed and detected by its superheterodyne 

receiver with double frequency conversion. the Received and detected signal is amplified by a 

low-frequency amplifier. Next, the amplified signal is sent to three circuits: 

1. Circuit for determining the presence of a signal in the channel. 

This circuit is designed to determine whether there is a useful signal in the received signal 

and is used as a noise canceller. 

2. The circuit for determining the presence of a tone component in the received signal. 

It is intended for determining the presence of a tone component in the received signal and 

decoding it. Used to prevent unauthorized use of the repeater. 

3. Processing and control circuit of the detected signal. 

It consists of a low-pass filter, a controlled switch, and a low-pass mixer. 

In the mixer, a new tone is added to the received and detected LF signal and, if necessary, 

a status code message or a signal from an external microphone. 
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Fig. 2 Block diagram of the repeater 

 

The signal after the mixer is sent to the input of the repeater transmitter, which consists 

of a controlled frequency synthesizer and modulator. The operating frequency of the transmitter 

is set by the processor. The signal from the transmitter is sent to a high-frequency power amplifier 

(UM unit). After the power amplifier, the signal is sent to the repeater's antenna output via a 

circulator. The circulator is necessary for diverting the reflected wave from the antenna to the 

reflected wave meter. 

 

 
Fig. 3 Schematic diagram of pumas 

 

Elements C1, C2, L1 form the contour chain-1, elements C 5, C 6, L 3 form the contour 

chain-2, elements L7, C8, C9, L8 form the output resistance transformer, the base offset voltage 

stabilizer is made on transistors VT 2 and VT 4. These elements were calculated using reference 

formulas [3]. 

 The designed view of the repeater is shown in figure 4. 
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Fig.4  Appearance of the repeater 

 

Controls and controls are placed on the front panel of the unit and have appropriate labels 

that facilitate management and control of its operation. 

Based on the work done, a test bench was assembled for testing. The scheme of the test 

facility includes a designed high-frequency power amplifier and a specialized measuring 

complex NR8920A and is shown in figure 5. 

 

 
Fig. 5  Test bench diagram 
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The measurement results shows that the level of out- of-band radiation exceeds the 

permissible level, and the flatness is not more than 1%, indicating a well- structured scheme and 

loyalty of its calculations. 

 

TABLE 1. RESULTS OF OUT-OF-BAND RADIATION MEASUREMENTS 

Level emitting, dB. 
Measured Emission 

Bandwidth, kHz. 

Measurement 

infelicity, kHz. 

Permissible value, 

kHz. 

-40 12,690 0,180 No more 15,481 

-50 15,620 0,180 No more 20,180 

-60 19,260 0,180 No more 25,479 

 

 
Fig. 6  Frequency response Graph 

 

CONCLUSION 

As a result of this work, the basic ground station of the trunking radio communication 

system was designed on the basis of a promising repeater with digital control, built on the 

principle of a digital block structure. Development and production of this repeater in Russia is 

expedient, since there is interest in them , and there are no analogues with the required 

characteristics on the Russian market of communication system manufacturers. 
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Abstract ï The article continues the work on rationing the time of the packaging 

manufacturing process for power and control equipment for nuclear power plants. In connection 

with parallel studies conducted at different stages of the technological process of working with 

these products, the designations of some variables were changed. A modification of the basic 

equation is performed and the introduction of the drawing replacement parameter during 

operations in the packaging shop is shown. 
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INTRODUCTION 

Creating a rational technological process is a complex undertaking. In most cases, line 

managers do not have proper management education in technical areas, because they are simply 

specialists who replaced retired colleagues / proven employees during the creation of a new 

department or production / as often happens, invited acquaintances of the top manager. Of course, 

most of them will eventually gain experience and be able to perform their duties efficiently, but 

it will take a considerable amount of time, perhaps many years. There is a natural question-how 

to improve the efficiency of work in production. The answer is obvious ï to normalize work. 

Previously, during the Soviet era, there were norms and rationing specialists who teach from 

books in the likeness [1]. The average execution time of an operation was calculated, a Gantt 

chart or similar system was created, and a task was given to the worker with the expectation that 

he would perform it exactly. Of course, in those days, the system proved itself, it is not surprising 

that in modern Russia and in many CIS countries, these methods are still actively used. However, 

in today's market economy, it is not rational to count on average indicators.  

It should be noted that the normalizer as a specialty has not disappeared completely, but 

most companies have assigned this work to managers.  

It is often possible to notice how one employee does not cope with their duties at work, 

and another employee is forced to wait for new orders, because he has fulfilled his norm. At this 

point, a good Manager will try to keep him busy, but he will also be charged with awarding this 

employee for processing. As a result of inexperience, there may be an imbalance and a gradual 

growth of discontent in the working group, which may lead to the sliding of the management 

system into liberalism, which we discussed in [2]. To prevent this from happening, it is proposed 

to create a mathematical model that can be used to implement a technical process based on an 

assessment of the worker's performance and functionality. In this paper, the model will be 

considered in relation to packaging sites that work with nuclear products, however, if desired, it 

can be modified for any branch of mechanical engineering. 

CHANGES IN EQUATIONS 

It is obvious from the title that this work is a continuation of another work [3]. Previously, 

the basic equation for packing power and control equipment for nuclear power plants was 

derived. Since several mathematical models are being developed in parallel (for different stages 

of the process), it is more rational to come to a common view. Therefore, the following symbols 

for all disturbing parameters (events) will be replaced): 

1. Performing another, more important work at the moment "S" (was "Kè) 

2. Human needs (physiological, psychological) "T "(was "Lè) 
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3. Errors "U "(was "Mè) 

3.1. Incorrectly sawn boards "U1" (was " M1è) 

3.2. Incorrectly installed spacers " U2 "(was " M2è) 

3.3. The wrong package size "U3" was used (it was " M3è) 

3.4. Corrupted connection " U4 "(was "M4è) 

3.5. Other "U5" (was "M5è) 

4. Modification of the drawing at the packing stage " V "(was "Nè) 

5. Worker fatigue "W "(was "Oè) 

6. Other "Z" (was " Sè). 

Accordingly the basic equation will take the following form 

Ὥ В ὼ ςὟ                                                                                                           

ὢ В В ὸБ ὡ В В ὸБ ὡ Б ὡ
          (1) 

Where: 

¶ xj ï number of operations to work with an element from the array "Yò; 

¶ Ὗ  ï number of errors that occur when working with an array element "Yò; 

¶ Б ὡ  ï accounting for fatigue accumulation during operation with an element from 

the array "Yò; 

¶ ‟ ï number of operations to work with an element from the array "Rò; 

¶ Б ὡ  ï accounting for fatigue accumulation during operation with an element from 

the array "Rò; 

¶ Б ὡ  ï accounting for accumulated fatigue after the completion of the array ñYò. 

MODIFICATION OF THE EQUATION 

Consider the possibility of modifying the drawing. 

With one modification, i.e. the modification appeared after the completion of the package 

assembly operation, the equation for "ὠò will look similar to equation (1) with the addition of an 
additional part in the form of operations for attaching parts to the new drawing: 

ừ
Ử
Ừ

Ử
ứ
Ὥ В ὼ ςὟ                                                                                                               

ὰ В ή ςὟ                                                                                                              

ὠ В В ὸБ ὡ В В ὸБ ὡ Б ὡ

В В ὸБ ὡ В В ὸБ ὡ Б ὡ          

             (2) 

In this case, the resulting equation for ὢ will look like: 

ừ
Ử
Ừ

Ử
ứ
Ὥ В ὼ ςὟ                                                                                                                     

ὰ В ή ςὟ                                                                                                                    

ὢ ςВ В ὸБ ὡ В В ὸБ ὡ Б ὡ

В В ὸБ ὡ В В ὸБ ὡ Б ὡ                

         (3) 

Where: 

¶ qk ï number of work operations performed on a new drawing with an element from the 

ñY " arrayò; 

¶ U1k ï number of errors that occur when performing work on a new drawing with an array 

element " Yò; 

¶ Б ὡ  ï accounting for the accumulation of fatigue that occurs while working on a 

new drawing when performing an operation with an element from the ñY " arrayò; 
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¶ ʉ ï number of operations for working on a new drawing with an element from the ñR " 

arrayò; 

¶ Б ὡ  ï accounting for the accumulation of fatigue that occurs when working on 

a new drawing during an operation with an element from the array " Rò; 

¶ Б ὡ  ï accounting for accumulated fatigue that occurs when working on a new 

drawing after completion of the array ñYò; 

¶ ὸ, ὸ ï the running time of the process j, k, respectively. 

Often, modifications do not require complete disassembly of the finished container, and 

sometimes only the addition of elements occurs (for example, fixing additional bars for better 

fixation). We also take into account the fact that the drawing can be changed an indefinite number 

of times. 

ừ
Ử
Ừ

Ử
ứ
Ὥ В ὼ ςὟ                                                                                                                     

ὰ В ή ςὟ                                                                                                                    

ὠ В В ὸБ ὡ В В ὸБ ὡ Б ὡ     

В В В ὸБ ὡ В В ὸБ ὡ Б ὡ

            (4) 

Where: 

¶ ʐ ï the number of changes to the drawing. 

Since one change leads to both disassembly and subsequent assembly, the process in the 

equation is multiplied by 2. If disassembly or assembly does not occur, the values of the 

corresponding parameters will be zero and will not affect the form of the equation in any way. 

We will introduce an additional parameter " Q(t)ò, which will take into account the time 

to study the changes in the drawing. This parameter will refer to the disturbing array " Rò and, 

like other parameters, will have a different value depending on the modification: 

ừ
Ử
Ừ

Ử
ứ
Ὥ В ὼ ςὟ                                                                                                                               

ὰ В ή ςὟ                                                                                                                              

ˢ В В ὸБ ὡ В В ὸБ ὡ Б ὡ                 

В В В ὸБ ὡ В В ὸБ ὡ Б ὡ ὗ  

          (5) 

Despite the fact that the "В ͼ element takes into account both assembly and 

disassembly, the process of studying changes is repeated at each iteration. This parameter is not 

the same for both related processes. During disassembly, an employee of the packaging 

department studies which elements need to be removed, and during assembly-how and where to 

attach them. 

Ὗ  each assembly/disassembly operation has different values. 

The accumulation of fatigue " W " for each process also has different values, often due to 

psychological dissatisfaction with the person due to changes that led to the alteration of 

packaging containers, a similar relationship is observed with the working time. 

The resulting equation (5) does not take into account the possibility of an early stop of 

the packaging process. There are two ways to introduce this parameter to the model: 

1. Equating the output variable value to the stop value " WAò; 

2. Creating a cyclical description with verification at each iteration the process has ended 

or is in progress. 

In the first case, the equation will look like: 
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ừ
Ử
Ử
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
Ử
Ử
ứ
Ὥ В ὼ ςὟ                                                                                                                 

 ὰ В ή ςὟ                                                                                                                 

 ὢ ὤὃ В ὗὃ  ὗ                                                                                                     

ừ
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
ứ
)Æ ὡὃ ὤὃ                                                                                                                           

ὤὃ В В ὸБ ὡ В В ὸБ ὡ Б ὡ    

)Æ  ὡὃ ὤὃ                                                                                                                           
ὤὃ ὡὃ                                                                                                                                     
)Æ  ὡὃ ὗὃ                                                                                                                          

ὗὃ В В ὸБ ὡ В В ὸБ ὡ Б ὡ   

)Æ  ὡὃ ὗὃ                                                                                                                          

ὗὃ ὡὃ                                                                                                                                    

 

      (6) 

In second case: 

ừ
Ử
Ử
Ử
Ử
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
Ử
Ử
Ử
Ử
ứ
Ὥ В ὼ ςὟ                                                                                                                

 ὰ В ή ςὟ                                                                                                                

 ὢ ὤὃ В ὗὃ  ὗ                                                                                                    

ừ
Ử
Ử
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
Ử
Ử
ứ
)Æ  ὡὃ ὤὃ                                                                                                                           

ὤὃ В В ὸБ ὡ В В ὸБ ὡ Б ὡ     

)Æ  ὡὃ ὤὃ                                                                                                                           

ὤὃ В В ὸБ ὡ В В ὸБ ὡ Б ὡ   

ὤὃ Ὂ ὤὃ ὡὃ πᴼπ                                                                                            

)Æ  ὡὃ ὗὃ                                                                                                                           

ὗὃ В В ὸБ ὡ В В ὸБ ὡ Б ὡ   

)Æ  ὡὃ ὗὃ                                                                                                                          

ὗὃ В В ὸБ ὡ В В ὸБ ὡ Б ὡ

ὗὃ Ὂ ὗὃ ὡὃ πᴼπ                                                                                          

 

     (7) 

In equation (7), there are two lines that contain a search for the minimum changing value 

of the parameter ὗὃ: 

ὤὃ Ὂ ὤὃ ὡὃ πᴼπ; 

ὗὃ Ὂ ὗὃ ὡὃ πᴼπ; 
Their meaning is as follows-since, in practice, the process is usually not immediately 

interrupted due to the appearance of a new drawing, it is more reasonable to assume that it must 

first be completed. The true time of work should be considered not the moment when the 

modification appeared, but the moment when the worker stopped completing the last action. 

Note that equations (2-7) consider a situation in which fatigue accumulates only during 

the assembly and disassembly of packaging containers and each time they are reset when a new 

one is started. In real life, this happens, due to the fact that the study of the drawing, even with 

minimal changes, is a very long process, during which the worker has time to physically relax. 

If the changes are insignificant, they should not be introduced as a separate stage of assembly / 

disassembly of the package, but should be included as components in the current technological 

process. 

 

CONCLUSION 
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The resulting equation significantly improved the mathematical description of the process 

and eliminated some inaccuracies. However, in order to accurately describe all the work being 

done and their impact on the process as a whole, it is necessary to further decide how it is possible 

to combine equations (6) and (7). Work in this direction will continue.  
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Abstract ð The paper considers the influence of changes in the load factor when power 

channels fail in multi-channel voltage converters on the value of their operating time to failure 

and taking into account the probability of failures (probability of successful switch over) when 

switching power channels in converters. 

Keywords: reliability; dependability; redundancy; diverse redundancy; redundancy with 

rotation; electrical load factor; probability of successful switch over; multi-channel voltage 

converters. 

INTRODUCTION  

In the context of global automation, the task of improving the reliability of computer 

equipment is becoming more and more urgent. For example, the failure of the power supply 

system of the information system of a military defense object entails serious material damage, 

and sometimes can cause a disaster. In practice, the most common method for improving 

reliability is redundancy [1, 2]. 

This software model describes a diverse redundancy with rotation of power channels in 

multi-channel voltage converter (MCVC). Diverse redundancy ñN+1+Kò refers to a redundancy 

without restoration, where ñN from (N+1)ò is an active redundancy with N major elements and 

1 hot reserve, the elements of which are reserved with K cold reserves [3, 4]. 

PROBLEM STATEMENT  

In this paper, we consider ways to account for changes in the load factor in the event of 

failure of power channels (when power channels fail) and the probability of successful switch 

over in the simulation modeling of MMVC. We also provide an algorithm for recalculating the 

total operating time of MCVC in connection with the failure of channels during switching [5]. 

SOLUTION OF THE PROBLEM  

When assessing the reliability of a redundant system, the main parameter is the failure 

rate of its components. The component failure rate is calculated based on the component failure 
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rate of its type of radio electronic element [6]. Mathematical models of the failure rate for most 

types of radio electronic elements have the following form [7]: 

K
1

ɚ ɚcomponent basic

n

i
i
Ô
=

= ³ ,                                                                 (1) 

where ɚbasic is basic failure rate of elementôs type (or group), calculated based on the results of 

tests for reliability and durability for this type; K
i
 is coefficients that take into account changes 

in the operational failure rate depending on various factors; n  is the number of factors taken into 

account. 

One of the factors affecting the operational failure rate of the radio electrical element is 

the value (amount) of electrical load, which is characterized by a load factor (
pK ) [8]. It is 

obvious that when power channel fails, the electrical load on the remaining channels increases, 

which in turn leads to an increase in their operating failure rate [9]. 

Thus, for the correct calculation of channel operating time [10], it is necessary to 

recalculate the component failure rate after each failure using the provided formula: 

'
'Kp

K
p

ɚ ɚ
component component= Ö ,                                                            (2) 

 

where 
'

K
p

 is a current value of coefficient of electrical load of the channel; 
componentɚ , 

pK  refer to 

values of failure rate and the coefficient of electrical load before failure, respectively. 

Further, we will discuss in more detail how to calculate the electric load coefficient for 

various types of redundancy, which are most often used when reserving voltage converters. 

1. Active redundancy 
By definition, in the active redundancy group (see Fig. 1) all channels are constantly in 

operation mode [11]. 

 
Fig. 1 Reliability block diagram of active redundancy 

For an active redundancy, the 
pK  coefficient is calculated using the following formula: 

pK
N R

N
=
+

,                                                                     (3) 

where N  refers to number of major elements, R  ï number of reserves. 

Therefore, for each failure, the pK  coefficient of the operable channels will increase until 

it reaches 1. It follows from (3) that the channel failure rate also increases. The algorithm for 

taking into account the load factor when calculating the operating time of the active redundancy 

group is proposed in fig. 2 [12]. 
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Fig. 2 Algorithm for calculating the operating time of the active redundancy 

 

First, you need to determine the number of major and backup (hot reserves) channels. 

Let's put them equal to N  (main) and R (reserve), respectively (Block 2 in Fig. 2). Then, using 

the formula (3), an array of load factors (Block 3) is calculated, the values of which are equal to 

the possible number of failures (the failure criterion of the reserved group) ï ( 1R+ ) [13]. Next, 

the power channels are generated (Block 4), after which they are sorted in ascending order (Block 

5). 

The total time taken into account the load changes is calculated in Block 9 using the 

formula: 

1
1 2 ...

K Kp( ) p( 1)
ȹtotal R

T T
T

N R N R
T +

D
= + + +

+ + -
,                                               (4) 

where ȹ iT  is the value of the time interval between( 1)i- -th and É-th failures, K
p( 1)N R i+ - +

 ï load 

factor for (( 1)N R i+ - + operating channels (it is obvious, that 
pK 1N = ). 

2. Diverse redundancy 

For diverse redundancy (see Fig. 3) the cold reserves (2ȣ 2 ) are in standby mode, so 

they do not affect the +  coefficient of the working channels, which will remain unchanged until 

all K channels fail [13] ( the pK  coefficient is calculated using the formula (3) for 1R= ). 

 
Fig. 3 Reliability block diagram of the diverse redundancy 
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After the failure of K channels, the scheme is converted to an active redundancy and the 

coefficient is also calculated using the formula. 

In the framework of the developed program, diverse redundancy with rotation of power 

channels is considered, so it is necessary to determine the dependence of the +  coefficient on 

rotation. During rotation, there is no difference between the main(major) and cold reserve 

channels, since all channels are in both operation and standby mode for the same time [14]. 

Therefore, when rotating power channels, the electric load coefficient is calculated using the 

formula: 

pK
1

1

N K

N
=
+ +

+
.                                                                     (5) 

Therefore, 
pK  increases with each failure until it becomes equal to 1 (similar to an active 

redundancy). 

MCVC in accordance with [15] is the object of multiple cyclic application. In the 

framework of the developed software model, power channels are considered non-recoverable, 

that is, they are not subject to restoration during the service life in the event of a failure. 

Therefore, one of the reliability indicators for power channels according to the classification [15] 

is 
0( )onP - the probability of failure-free operation (inclusion). 

The probability of a failure- free channel operation is a random variable that obeys the 

law of uniform distribution. For failure-free calculations, 
0( )onP take close to 1. Since failure is 

the opposite of a fail-safe event, the probability of failure is in the range (0( );1onP øú. In other words, 

a failure to switch is an unlikely event [16]. 

Usually, the number of item switches during redundancy is quite small [17]. For example, 

for the standby redundancy with N main(major) and K backup elements (see Fig. 1) the number 

of item switches will  be exactly equal to the number of backup items (K). In this case, the 

probability of switching, as an unlikely event, can be ignored without losing the accuracy of the 

estimation of the total operating time of the reserved group. 

However, when rotating, the number of switches increases greatly. It depends on the 

number of power channels and the number of full  rotation cycles during which the MCVC is 

expected to operate. The full  rotation cycle refers to the length of time during which each of the 

power channels will  be in both standby and operating mode. Note that in this voltage converter 

model, full  rotation cycles can be of any length. The rotation period refers to the length of time 

between adjacent switches, which is defined as: 

. .

1

full rotation cycle

period

T
T

N K
=

+ +
,                                                                     (6) 

where 
. .full rotation cycleT  refers to value of current full  rotation cycle; 1N K+ +  refers to number of 

working power modules. 

Accordingly, for each full  rotation cycle, the number of switches for one channel is 2m=

, as defined by the full  rotation cycle. 

Thus, in general, the number of switches can be quite large. This, in turn, can significantly 

affect the reliability of the voltage converter [13]. 

The description of the patent [18] suggests switching channels after 24 hours. For 

example, consider a converter whose centralized part contains 3N =  main(major) power 

channels reserved by one hot reserve and 2K =  backup channels located in cold reserve. With 

an estimated service life of 1 year, the number of switches for a single power channel is defined 

as: 
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Q m t
i i
= ³,                                                                      (7) 

where Q
i
 is the number of switches for the i-th channel m

i
l, refers to the number of switches for 

the i-th channel in one full  rotation cycle and t  is the number of full  rotation cycles. 

According to the formula (7), Q will  be equal to 730. Since in this example the values of 

the full  rotation cycles are constant, the formula (7) is converted: 

. .

work

full rotation cycle

T
Q m

i i T
= ³ ,                                                                  (8) 

where 
work

T  is the service life, 
. .full rotation cycle

T  refers to the value of the full  rotation cycle. 

In this case, the total number of switches will  be 4380. For comparison, in the standby 

redundancy with the same number of major and backup switching channels, there will  be only 2. 

Since the probability of a successful switch over is independent, the probability of a 

successful switch decreases as the number of switches increases: 

1 ...total on onqP P P= ³ ³ ,                                                     (9) 

where q  is the number of switches; oniP  is the probability of a successful switch over during i-th 

switch. 

Within the limits of the considered values for ensuring the probability of failure-free 

operation of the MCVC for one year, 0,95P=  for "absolutely" reliable modules (the probability 

of failure of the module 0 0P = ) the probability of a single switch must be: 

1 0,99998
k

P P= = ,                                                         (10) 

where k  is the number of switches, P is the probability of failure-free operation of the MCVC 

for one whole year. 

From the calculations given above, it is obvious that taking into account the possibility of 

failure during switching is necessary for a correct assessment of the voltage converter's 

reliability. 

A special separate module was created for calculating the operating time for channel 

failures when switching channels [19]. Let's consider in more detail the algorithm for accounting 

for the probability of successful switch over and the associated recalculation of the converter's 

operating time. 

Due to the fact that to consider the probabilities it is necessary to calculate the number of 

switches it is done after the initial assessment of operating time. 

To correctly identify the power channels that are in operation and standby mode at any 

time, a matrix of channel transitions is created, in which the rows correspond to the channel 

numbers, and the columns correspond to the rotation periods. 

If  two adjacent cells in the i-th row of the matrix are not equal to each other, then at this 

point in time, the i-th power channel switched (either to the standby mode or to the operating 

mode state). For each such point in time, an implementation of a random variable is generated 

that is equal to the probability of a successful switch. If  this number is greater than the one 

specified in technical specifications 0( )onP ), then there is a channel failure in this experiment. 

Since the failure occurred earlier than the calculated operating time, it is necessary to recalculate 

the operating time implementations for the remaining channels, as well as the final 

implementation of the MCVC operating time for the current number of channels. 

Recalculation of channelôs operating time is performed according to the formula (11), and 

the final performance ð according to the formula (12). 
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where 
'

ti  is the new operating time of i-th power channel, ti  is the initial operating time of i-th 

power channel, Î refers to the number of ï ʢʦʣʠʯʝʩʪʚʦ completed full  rotation cycles before 

failure, Î ρ, therefore, is a full  rotation cycle in which a failure occurred, 
.period jT  is a rotation 

period in the j-th cycle of full  rotation, ri  and wi  are numbers of rotation periods in the n+1 full  

rotation cycle during which the i-th power channel was in operation and standby modes, 

respectively, workl  is failure rate in operating mode, 
tans dbyl  ï failure rate in standby mode. 
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,                                   (12) 

where 
. . .full rotation cycle jT  refers to the value of the j-th full  rotation cycle, ( )r w+  is the number of 

periods of rotation in n+1 cycle is a full  rotation. 

If  the probability does not exceed the threshold value for any of the switches, then the 

channel's operating time remains the same. 

After determining the MCVCôs operating time, its reliability block diagram is 

reconfigured in accordance with the following rules: 

ð  before failure, the locations of power channels are determined by the transition 

matrix; 

ð  if  a failure occurs, the first backup channel in the queue is connected to the failed 

channel, which becomes the first of the working channels. 

Further, the reconfigured reliability block diagram is considered a new converter with 

fewer channels and the algorithm for calculating the operating time is repeated until the number 

of power modules becomes equal to 1N+ . 

It is worth noting that the software model provides an event when there was no failure 

during the entire rotation time. In this case, the probability of switching is also calculated. If  there 

is no failure during switch over, the rotation stops and the reservation method is replaced with 

regular diverse redundancy. 

The block diagram of the software module algorithm described above is shown in Fig. 4.  

CONCLUSION 

The amount of electrical load is one of the most important factors that affect the failure 

rate of channels, regardless of the type of redundancy. Thus, in order to create a correct software 

model for assessing the reliability of the MCVC, it is necessary to take into account the change 

in the electric load coefficient caused by failures of power channels during operation. 

The probability of successful switch over in case of a large number of switches has a 

significant impact on the operating time. In this regard, to create a correct software model of 

redundancy with rotation, it is necessary to take into account the probability of successful switch 

over. 

The model used in our program provides for the possibility of failure during the switching 

and the increase in value of the electric load on the power channels when a failure occurs. This 

will allow our simulation model of MCVCs to be as close to the actual conditions of their 

operation as possible. In the future, this will provide an opportunity to determine the optimal full 

rotation cycle for the specified reliability bock diagram and channel reliability characteristics 

[20]. 
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Fig. 4 Block diagram of the algorithm for the operation of the module for calculating the 

probability of channel failures during switching 
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In the article, the authors determine the relevance of corporate personnel training system 

building. The modern market of training systems is considered, positive and negative sides are 
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Keywords: distance learning, oil and gas company, educational institutions, computer 

technologies. 

 

The oil and gas industry is one of the most important for the Russian economy. Many 

industrial enterprises function, and the social sphere improves due to it. It is also one of the most 

dynamically developing and high-tech industries, as the demand for clean, safe, affordable 

energy increases every year, which leads to the growing demand for oil production. And, 

according to experts, the current state of the oil and gas industry in Russia opens up the possibility 

of further development of this complex. The undoubted advantage of the oil industry is that it 

firmly holds the second place after banking in terms of salaries. 

Distance learning is a form of training in which the educational process uses the best 

traditional and innovative methods, means and forms of training based on computer and 

telecommunication technologies. 

The goals of distance learning are: 

Å introduction of the latest modern information technologies in the educational process; 

Å introducing students to a creative approach in the educational process, independent 

activity; 

Å receiving regular consultations from the teachers; 

Å ability to use specialized literature without buying it; 

Å giving teachers the opportunity to decide how to build a teaching system, with the 

possibility to automate the entire process, making their work more creative and independent. 

There are three main components in the distance learning system: 

1) a student with his educational needs; 

2) a teacher, coordinating and directing the educational activities of the student; 

3) a specific educational environment in which the learning process is carried out. 

Successful operation of the system is possible provided that both a student and a teacher 

are ready to interact in the new conditions. Distance learning in an educational institution is 

characterized by the following forms: 

Chat: All students have simultaneous access to the chat. Thus, the student and the teacher 

can communicate in different places, as in reality: the teacher can conduct classes for an unlimited 

number of students, ask and answer questions, discuss, conduct control and practical classes [1]. 

Testing: It is assumed that each student has access to the electronic environment of the 

educational institution, where he can take tests, answer forum questions, and ask teachers 

questions. 

Forum: The teacher gives questions for discussion, and the students answer these 

questions. 

Oil production is a complex process that requires unique equipment, the most advanced 

technologies and knowledge. Oil has not been extracted manually for a long time, which means 

that each employee of the oil and gas company must be a highly qualified specialist. This is 

extremely important, since oil and gas companies are classified as the most dangerous production 

facilities. Accidents in this sphere happen according to a complex scenario, including various 

types of emergency events. Most often these are fires, explosions, and releases of hazardous 

substances. The consequences of accidents can harm not only the Oil Company, but also turn the 

region into an environmental disaster zone. The analysis of accident investigation materials 

conducted by Rostekhnadzor showed that almost half of the cases were caused by personnel low 

qualification or the presence of people without professional training at critical workplaces. 
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The oil and gas industry is currently facing a serious problem that needs to be solved 

immediately. It includes a new, more effective, not formal, but absolutely working approach to 

the training and retraining of specialists in the field of industrial safety of hazardous production 

facilities in the oil and gas industry [6]. 

Thousands of engineering students graduate annually from Russian universities. Only a 

third of them can work in the oil and gas industry, but they need to be retrained, because the level 

of training is behind of the industry development and is insufficient. 

The way out of this situation is in the constant working specialists retraining and high-

quality training of engineering students. This work is not only expensive, but it is rather long, 

since the learning process cannot be fast. However, thanks to the development of computer 

technology, it has become possible to improve the learning process: to make it more effective, 

but at the same time less costly. Also, computer technology allows you to conduct training 

without leaving your working place, which completely eliminates accidents during training [7]. 

Computer technologies make it possible to simulate complex technological complexes 

for training and advanced training of specialists in the field of oil, gas production, refining and 

petrochemistry. In many countries, the use of computer simulators for staff training is becoming 

a legal norm. 

A modern market of training systems offers oil and gas companies various types of 

training simulators: simple training simulators, training complexes, automated training systems. 

They have reliable dynamic modeling, soundtrack, can include gaming technology, provide 

control over the progress and training quality and always give a high-quality result in the learning 

process. It is through the use of simulators that it is possible to increase the level of operational 

and engineering personnel training in the industry through the formation of basic skills of 

working with a control system and skills in emergency situations without affecting the real 

technological process and without carrying out the experiments on real objects [4]. 

Computer simulators for training personnel of oil and gas companies today are not a 

luxury, but an absolute necessity. It should also be noted that with the advent of the global 

Internet, distance learning has entered a new stage of development. 

All these conclusions were fully confirmed by Gazprom Neft recent survey by. According 

to the results of assessing the benefits of each type of training, the majority of votes were 

collected by distance learning. Among the disadvantages of this scheme were named: 

Å inability to receive feedback, 

Å lack of communication or difficulty in communication with other program participants; 

Å limited development of practical skills. 

The psychological factor of changing the situation and moving to another social 

environment during full-time study was also important for the respondents. Among the 

advantages, the respondents noted the opportunity to revise the previous material, saving time on 

travelling to the place of study, the opportunity to study at the workplace, and possibility to 

choose the schedule and terms of study [4]. 

An important advantage of distance systems is a high level of personalization. A student 

can independently determine the rate of studying, the period of time when he wants to study, 

which sections of the educational material to study and in what sequence. In this case, the content 

of the training can be combined for a particular student. All of these factors are extremely 

important in a limited time environment. Another important advantage of distance learning is 

effectiveness. This indicator largely depends on the subject of the distance course, but in most 

cases it is higher than in the traditional form of training. Some researches show that the duration 

of distance training can be reduced by 30-40% compared with the traditional form, and the rate 

of material memorizing increases by 10-30% [2]. 

The distance learning system at Gazprom Neft has been operating since 2010. At the 

moment, it includes 23 courses, and one more is in development. 
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There are three main areas of training: adaptation, personal effectiveness skills, and 

working with Microsoft Office. As part of adaptive distance programs, employees can take an 

introductory course or combined course on self-service systems, business trips and requests for 

the role assignment in the system. They can know about the self-assessment system, take courses 

on staff recruitment and study the main features of the target management system. 

The set of courses aimed at acquiring personal effectiveness skills includes the programs 

ñOil Industry for Non-Oil Workersò, ñModern Management Skillsò, ñEffective Time 

Managementò, ñDevelopment and Management Decision Makingò, ñBusiness Correspondenceò 

and several courses on labor protection and safety measures. Self-service Microsoft Office 

package development is a standard and common option, which is also available to employees. 

All employees of the Gazprom Neft corporate center take an introductory course and a 

course on self -service systems as soon as they start working in the company. The rest of the 

courses are assigned in accordance with the planned annual request or can be chosen by the 

employee in case of necessity during the year. 

Recently, all the managers of the corporate center, whose responsibilities include working 

with staff, have been able to join the new course ñHR for non-HRò. This is a special program for 

line managers, including test tasks, regulatory documents, in other words, the entire knowledge 

base on personnel management available in the company. 

Currently, a new course is being developed - ñFundamentals of Oil Refiningò, this is an 

analogue of the course ñOil Industry for Non-Oil Workersò, focused on logistics, refining and 

marketing products and intended for specialists who donôt have any special education, but have 

to deal with such problems. The implementation of the program is scheduled for the end of this 

year. 

LMS (learningManagementSystem) is a software unit for the system management of 

educational processes. In this block, a common base is created where educational materials, 

trainings and courses are accumulated. Materials can be managed with the help of this structure, 

as well as the trainees. Using this platform allows you to increase and save information and 

control data of the learning process during the required period. Employees are entered into a 

common electronic database, they are given individual tasks in their personal accounts, 

introductory and subsequent thematic courses are run. To connect the theory with the practice 

the managers can work with virtual customers. It is convenient to run such training even with 

employees in other regions, while there is an opportunity to control training from a distance. 

Training materials (various content and electronic courses) are developed depending on 

the profile and needs of the company. Universal products, such as: tests for personnel 

management, tests for time management, tests about work with Outlook are also used. 

Electronic distance learning is implemented at the enterprise in 5 successive stages: 

1. Analysis of EE tools (e-learning). 

2. The choice of LMS according to the goals, needs, prospects and objectives of the 

company. 

3. Planning the learning process in electronic form. 

4. Implementation, support and promotion of a new training format. 

5. Assessment of system productivity. 

At the first stage, a three-module scheme of work (autonomous control, content, 

copyrighted materials) is built. A knowledge base and employee access to work tools (courses, 

video conferences, seminars, social networks, and authoring training programs) are being 

formed. 

At the second stage, LMS is selected taking into account the desired prospects, tasks, and 

needs of the enterprise. Managers assess the capabilities of providers, ease of configuration and 

adaptation, technical potential and the cost of specific LMS supporting . Competentum, S-T-I, 



International Scientific ï Practical Conference 

çINFORMATION INNOVATIVE  TECHNOLOGIESè, 2020 

110 

 

and e-Spring are popular in Russia, many of them work with the Multimedia Laboratory and the 

Mirapolis platform. 

At the third stage, the educational process is planned, the expediency of third-party 

specialists participation, the creation of individual integrated programs is considered. Training 

and self-learning activities are planned, as well as providing effective assistance for business 

development and methods of final analytics. 

At the fourth stage, an HR manager is appointed, company personnel are informed about 

the introduction of new training methods, training groups are created. By the time the system 

enters the stage of practical implementation, the goals of e-learning and development prospects 

should be clearly identified, a PR team created, a management system set up, partners selected 

and funds should be allocated. 

The fifth stage is monitoring the learning outcomes. Performance indicators are the 

justification of the budget, increasing number of students in the groups, a change in the 

employees' approach to work, an increase in professionalism, and an improvement in the results 

of work processes. If the monitoring results are found to be unsatisfactory, some of the 

constituent elements of the process are adjusted. The correspondence of the level of the training 

program to the level of the audience, the aggregate relationship between different educational 

programs is checked. 

Training tools and types of training material are selected depending on the specific goals 

of an individual company. Three basic teaching aids are used nowadays. For the company, one, 

two or all three methods can be selected, depending on the needs: 

Å webinars; 

Å distance learning systems; 

Å editors of electronic courses. 

Webinars are reading and listening to online lectures. Students can be employees of 

remote branches, and the lecturer conducts classes from anywhere (central office, home, cafe). 

The webinar uses live communication through a microphone, chatting, demonstrations on the 

desktop, and presentations. If necessary, webinars are recorded on video and sent to listeners for 

subsequent use of materials and consolidation of knowledge. The webinar form is effective in 

order to save expenses on face-to-face trainings, payment of travel expenses and hotel 

accommodation for lecturers. An important point when choosing a webinar is to ensure 

uninterrupted communication between users. For a webinar, you should choose a stable platform 

to support interactive. 

Remote learning systems allow you to organize virtual schools around the world, run 

training courses, monitor student performance and analyze learning outcomes. Typical distance 

learning features: 

Å a base for storing electronic courses, educational content on video, virtual tests. 

Employees of companies at a convenient time come in and re-examine the material for fixing; 

Å work with individual employees who take individual courses. This also applies for sub 

divisions and branches; 

Å detailed statistics for monitoring the quality of training, analysis of the learning rate, test 

results, assessment of employee progress; 

Å a system of chat or forum communication, idea and suggestion interchange. 

When choosing this system, it is important to choose the right implementation method - 

work in the cloud or from the server. 

The editor of electronic courses is needed as a tool for creating a variety of interactive 

trainings, testing, electronic courses, providing animation, video recordings, narration, slide 

shows, graphic and text files. To create an electronic training course, the qualification of a 

programmer is not required, but knowledge of PowerPoint is required, on the basis of which 
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simple presentations are created. Employees will be able to take courses not only from 

computers, but also from mobile gadgets (smartphones and tablets). 

A training management system is necessary for the convenience of using it by employees, 

quality control of effectiveness, analysis and testing. LMS provides adaptation of new 

employees, personnel reserve training, partners and clients training, certification and the internal 

knowledge base formation. 

Today, ready-made control systems are developed, and, as a rule, each product has a free 

trial version that can be run as a test start, to evaluate the convenience and functionality, and then 

make a choice in favor of a specific product. The most popular platforms are Looop, iSpring 

Learn, Agilia and others. 

Looop platform [4] is used by many well-known progressive corporations, 

representatives of small and medium-sized businesses in various fields of activity. Employees 

learn through computers and mobile applications, use the cloud service. The only negative point 

is the lack of Russian version. 

iSpring Learn [4] - Russian development, designed for training and learning management 

in the cloud. The head of the company creates an account and registers in the system, downloads 

training content, and in the future the team works with these materials in the same way as in 

standard file storage like GoogleDrive or Yandex.Disk. iSpring Learn recognizes specialized 

training courses, documents, sound clips, videos and presentations. Materials can be combined 

into a comprehensive training program, you can set up a sequence of classes, assessment criteria 

and certification process. The system provides various user roles - author, administrator, user. 

Adding participants is maximally simplified. You can invite new users by e-mail, via the link, 

etc. It is possible to divide users into groups, for example, ñbeginnersò and ñprofessionalsò or 

you can divide material into thematic areas of training: ñsecurityò, ñsalesò, ñproductionò. The 

level of knowledge can be monitored in real time, in-depth statistics of results and analysis are 

provided. The iSpring Learn platform is chosen by many well-known companies, for example, 

Kazakhstani mobile operators, the Russian group ForaFarm, LaModa, Alfa Capital. 

The head of the company faces a number of obstacles even at the planning stage of the 

implementation of the training system. It is necessary to develop an individual effective training 

scheme, to think over the aspects of compulsory programs. Branches of the company are often 

located in different areas of the city or regions. A significant problem is the constant shortage of 

working time and budget, as well as the high number of employees in need of such training. 

In order to correctly introduce distance e-learning technology into the companyôs work, 

an optimal step-by-step scheme is used: 

1. The available learning resources, formats and tools are analyzed. At this stage, the 

most effective knowledge base and ways of perceiving the material are selected: webinars, 

distance theoretical courses, forums. 

2. A management system is selected in accordance with the individual goals and 

objectives of the company. Today, the leader is presented with a choice of the LMS Multimedia 

Laboratory, Mirapolis, iSpring, etc. All options are considered through the prism of practical 

application, after which the best option is selected. 

3. A training plan is being made up, the main points of which are connecting different 

specialists to the process, planning training events, making up individual programs for groups of 

employees and other necessary actions. 

4. The goals and prospects of implementation are determined, an affiliate network is 

formed, and a control system is set up. 

5. The effectiveness of the project is evaluated from a financial point of view and from 

the side of the working time cost. The limits of the budget and the number of employees being 

responsible for it are determined. 
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6. A test training course is run for a small group of employees (for example, for people 

working in one department). Results are discussed and analyzed. 

7. The final analytics is carried out, after which the final decision is made about the 

implementation of the educational electronic system. 

The process of distance e-learning introduction at an enterprise requires a continuous 

control at each stage. If a stage deviates from the set efficiency parameters, the whole process 

can begin to go through in a distorted form, and the final results will not bring the desired effect. 

In this case, the time and money spent on a new training format will be spent to no purpose. 

Monitoring allows you to assess the level of readiness of the enterprise to implement a 

distance learning system, as well as to monitor the change dynamics over time periods. To do 

this, a single assessment system is created with criteria for comparing indicators for different 

structural units of the enterprise, different training systems and levels. Area of maximum 

achievements is defined, the quality of management and strategy, information-technical and 

educational-methodological support are investigated. Learning environment, the means of 

educational content transferring, the correspondence of offline and online support, and the 

indicators of the scale of implemented teaching method use are examined. 

Information about going through each stage is collected automatically by means of web 

interfaces. A rating is created that is continuously monitored during the new training model 

implementation stages. Monitoring includes such techniques as: 

Å collecting feedback from system participants in a common account; 

Å achievement analysis at different stages, comparing the learning outcomes in different 

departments, as well as full-time and distance learning participants achievements; 

Å periodic assessment of the acquired knowledge; 

Å different rate analysis, working and commercial successes of employees, business 

improvement, completed projects; 

Å analysis of reduced training costs. If the analysis clearly shows the effectiveness of 

distance learning, you can stay the course of system implementation. 

If the results seem ineffective, a correction should be made in the problematic. To do this, 

an expert group is created, and an analysis of the problematic stage or direction effectiveness is 

carried out. As a result of this group work, tactics are developed to improve the organization of 

training. 

Methods for balancing the effectiveness of the process can be: the replacement of training 

tools or the introduction of additional methods for getting information, improving the technical 

base, additional investments. For example, if you do not get enough knowledge about the product 

you are selling, you can add a few additional explanatory webinars on a topic during a certain 

period of training, introduce online consultations on a ñquestion-answerò basis, and attract 

specialists from the head office. 

One of the effective correction methods is introspection, in which the results are evaluated 

using a special point system, and the efficiency rate is calculated. Each participant has his own 

personal account, introducing additional sections such as ñHelpò, ñNew Tasksò, ñAssignmentò, 

ñReport Tableò. 

The distance learning system is a powerful tool for the company development, staff 

training and enterprise professional status improving. The maximum effect of the system 

implementation can be traced to achieve certain goals, for example, increasing sales, optimizing 

the workflow, improving interaction with partners, ensuring security, etc. The process of distance 

learning implementation needs continuous monitoring. In the absence of proper control, the 

effect will be reduced, and the costs will be significant. In each company, the introduction of 

distance and e-learning is carried out according to an individual scheme, which is associated with 

the goals and objectives, structure and profile of the enterprise. 
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CURRENT STATE AND SCIENTIFIC AND TECHNOLOGICAL FORECAST OF A 

REVOLUTIONARY BREAKTHROUGH IN WAVE SOLID-STATE GYROSCOPE 

TECHNOLOGY 

 

Zhuravlev V.Ph., Perelyaev S.E. 

Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences 

 

Abstract ï The wave solid-state gyroscope (VTG) or the hemispherical resonator 

gyroscope (HRG) is a very unique device in the field of practical application of high-precision 

inertial sensors. One of its earliest applications was the successful mission of the Cassini 

spacecraft to Saturn. After that, the choice of a new HRG instrument is an objectively selected 

gyroscope technology to support all space missions. The hemispherical resonator gyroscope 

HRG by Safran Electronics (France) based on a miniature hemispherical quartz resonator 

(Crystal) has proved that this particular gyroscope is able to meet all modern requirements. 

Parameters and characteristics that were previously achieved by well-known modern industrial 

optical technologies implemented in ring laser gyroscopes (RLG) and fiber-optic gyroscopes 

(FOG) are now very successfully implemented by inertial sensors VTG/PRG, with much higher 

reliability of gyroscope data, according to the latest research by the Agency DARPA (USA). 

Thanks to its HRG sensors, Safran Electronics & Defenseôs PRIMUS Inertial Measurement Unit 

family achieves high performance in a small size and is perfectly ready for integration into 

applications even with the most demanding requirements. Based on the advanced HRG 

technology, the new PRIMUS IMU family demonstrates Safran Electronics & Defenseôs leading 

gyro expertise by providing high navigation grade performance at a much lower cost and smaller 
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size than RLG (ring laser gyros) or FOG (fiber optic gyros)-based IMUs. PRIMUS is ideal for 

any application that requires very low random walk, excellent bias over temperature, low power 

consumption, low weight, high durability with unmatched reliability. 

Keywords: Hemispherical Resonator Gyros (HRG); RLG (ring laser gyros); FOG (fiber 

optic gyros); Inertial sensors; Inertial Systems. 

 

INTRODUCTION 

Analysis of existing developments (analogues) in our country and abroad showed that the 

greatest success in creating a new wave solid-state gyroscope (VTG/|HRG) was achieved in the 

United States (Delco, which is now part of the Corporation "Northrop Grumman").  In 1965, this 

company was the first in the world to start searching in this area, and in 1982 it presented the 

first pre-industrial precision samples of a new type of inertial sensor (gyroscope). Until this time, 

all work in the United States on the new device was closed and there were no publications in 

open sources. In 1992, long-term certification tests of the new device were carried out in the 

Draper Laboratory (USA) and the parameters of uncompensated random drift (SKO) were 

confirmed to be no worse than 0.015 deg/h. At the same time, bins samples were developed based 

on HRG-158 with a diameter of a hemispherical quartz resonator of 58 mm, which were flown 

at a flying laboratory in Germany and these flights confirmed the accuracy of Autonomous 

operation at a level not worse than 0.78 nautical miles per hour. Industrial production of such 

HRG-158 and bins gyroscopes (Carousel-400) based on them was planned to replace the classic 

platform (gimbals) ins. However, in the 80-90s of the last century, the main eyes of the world's 

leading manufacturers of bins were turned towards promising laser gyroscopes and the 

development of ins based on them. Therefore, the pilot production of large wave gyroscopes 

HRG-158 with a hemispherical resonator Ï=58mm was discontinued and the developers were 

recommended to reduce the size and maintain the accuracy of the device for its wide application 

in rocket and space technology. As a result, the specialists developed a new small-sized HRG-

130R with a quartz resonator diameter of 30 mm and saved the main accuracy parameters of the 

new device. In 1994-1995, the Laboratory the Draper team tested the HRG-130R and issued a 

certificate (passport) for the new HRG-130 small-sized gyroscope with a 30mm hemisphere 

diameter and a drift accuracy of at least 0.005 deg / h. testing of the new device for its use in the 

Trident ICBM control system was carried out during the period from 1999 to 2004.  

The test results objectively showed that the HRG-130P meets the requirements for use in 

the Trident missile guidance system better than all other gyroscopes. Later, in the United States, 

industrial production of new devices of the HRG-130 type was established, and by 2004, about 

100 HRG-130-based orientation systems were flying in outer space, which worked more than 10 

million hours without failure. The new HRG-130 gyroscope was used to provide an ultra-long 

one-way flight of the Cassini (SPACECRAFT) NASA (more than 7.5 years) as part of the unique 

Saturn exploration space project. The Huygens probe, which the Cassini carried on Board, landed 

on Titan for the first time on January 14, 2005. On September 15, 2017, at 14:55:06 Moscow 

time, Cassini completed its 20-year mission in the Saturn system and burned up in the atmosphere 

of the gas giant. NASA broadcast the last minutes of the probe's life live. In France, from 1995 

to 2005, SAGEM successfully developed a low-cost medium-range HRG and organized mass 

production of such gyroscopes for use on Board space objects and in the homing heads of aircraft 

weapons (guided bombs). Later, the specialists of this company developed HRG for space 

applications of the class 0.1 deg/h. According to open data from 2010, at least 1000 units were 

produced at the SAGEM plant near Paris with a 20mm resonator. Later, in 2013, bins was 

presented to foreign specialists and passed flight testing on the basis of HRG navigation accuracy 

class with a drift of at least 0.01 deg/h. The line of inertial aircraft systems based on HRG was 

actively advertised at the French air show Le Bourget in 2015.  
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As for other foreign developers and manufacturers of new gyroscopes, it is known that 

DOOSAN (Republic of South Korea) is very successful in developing an accurate HRG for its 

own air defense systems. 

There is also a very active development of an exact HRG of its own design in Israel. Israel 

Aerospace Industries LTD (IAI), a well-known aerospace Corporation that plans to install HRG 

on its own unmanned aircraft, has shown interest in the new device. In China, new technologies 

for the production of HRG have been successfully developed and actively used in space 

programs.  

 

PROBLEM STATEMENT 

Mechanics of gyroscopic and navigation systems, as the science of mechanics goes back 

to the opening of Leon Foucault (1862), which established a property fast-rotating rigid body to 

maintain the orientation of the axis of rotation on the direction to a fixed star.  The urgent need 

for a course-indicating device other than a magnetic compass for metal-hulled warships, which 

emerged at the end of the nineteenth century, determined the initial stage of intensive 

development of the corresponding section of mechanics and engineering. The next rapid stage of 

development of the mechanics of gyroscopic navigation systems is associated with the creation 

of rocket technology. The control system of German missiles was based on systems based on the 

use of gyroscopes and accelerometers as sensitive elements. In Soviet missiles, these systems 

were significantly improved. Improvement has affected both circuit solutions and the sensitive 

elements themselves. As a result, inertial navigation systems have appeared that can ensure the 

operation of the missile control system in a completely autonomous mode, without the use of 

external radio information. A similar path was taken by American developers of rocket 

technology, as it turned out later with very similar technical solutions. The task of navigation 

support for long autonomous trips of nuclear submarines gave a serious impetus to the 

development of gyroscope. Maintaining the accuracy of Autonomous navigation for a long time 

required the creation of a perfect gyroscope with extremely little care in maintaining orientation.  

In recent decades, intensive work has been carried out to find an alternative to the Foucault top-

a mechanical gyroscope with a fast-rotating rotor. As a result, ring laser gyroscopes (RLG) were 

created and widely used, using the property of a standing light wave formed by two counter-

coherent beams in a closed optical circuit. Interferometric fiber-optic gyroscopes (iFOG) have 

been created and are being intensively improved they use the same physical effect as laser 

gyroscopes, but they measure the phase shift of counter coherent beams without their direct 

addition.  A distinctive feature of the laser gyroscope is an almost unlimited range of measured 

angular velocities. This property made it possible to abandon the spatial stabilization of the block 

of sensitive elements placed on the platform in a three-axis gimbals, and switch to cordless 

systems with mathematical recalculation of information measured in the axes of the object on the 

axis of the trihedral, convenient for navigation. Strapdown (Beskardanovaya) inertial navigation 

systems (SINS) based on laser gyroscopes are now very widely used in aviation.  The properties 

of a standing wave, but already mechanical, formed by elastic vibrations of a thin hemispherical 

quartz shell, are used in a fundamentally new type of gyroscope. In Russian literature, it is called 

a wave solid-state gyroscope (VTG), in foreign literature ï a hemispherical resonator gyro 

(HRG). The American version of  HRG successfully provided navigation for the Cassini space 

project. The development of Autonomous navigation tools is one of the leading areas of technical 

progress. Combined with the computerization of society, navigation tools have become one of 

the leading components of the information environment. Gyroscopic devices are still an integral 

part of Autonomous navigation systems for maneuverable aircraft and guided missiles for various 

purposes. Modern aviation, rocket and space technology has become a special area of application 

for Autonomous inertial navigation systems (INS). In these traditional areas of applied 

gyroscope, autonomous inertial navigation systems are subject to increased accuracy and much 
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more stringent operational requirements. They must function precisely in severe environmental 

conditions, have high reliability, long service life, high accuracy, have a small weight, size and 

energy consumption.  All these requirements stimulate the development of fundamentally new 

types of gyroscopes,  since the classic mechanical gyroscopes developed several decades ago do 

not meet the requirements of today in a number of parameters, mainly due to the presence of 

rotating and wearing components (electric motor, bearings). The use of a mass fixed in the 

bearings as a sensing element makes the classic rotary gyroscope sensitive to vibrations and 

mechanical loads. Although the characteristics of a traditional rotary mechanical gyroscope have 

been continuously improved by developers and industrial manufacturers for decades. The 

fundamental improvement of the main technical parameters of modern inertial sensors by 

technologists, design engineers and developers is associated with the new generation of solid-

state wave gyroscopes. The principle of operation of HRG is based on the inert properties of 

standing elastic waves excited in axisymmetric shells.  

The unique principle of operation gives the new gyroscope a number of unique 

advantages: the complete absence of rotating parts and a very large working life of the device; 

high accuracy and small random error; resistance to severe environmental conditions 

(temperature, vibration, gamma radiation); relatively small dimensions, weight, and power 

consumption; preservation of inertial information during a short power outage.  

All the advantages noted above make the HRG one of the most promising gyroscopic 

sensors for use in modern strapdown inertial navigation systems (SINS). HRG has a number of 

obvious advantages over other types of gyroscopes ï dynamically adjustable, laser, and fiber-

optic-in terms of the mastered manufacturing technology, configuration and control system, as 

well as the achievement of potential accuracy characteristics. The design of the HRG completely 

lacks rotating parts, so the working life of the device is quite large (from 150,000 hours or more); 

the ability of the inertial sensor to tolerate very large overloads and shocks; compactness, small 

weight and dimensions; preservation of inertial information during a short power outage; low 

energy consumption; short readiness time; weak dependence on the ambient temperature when 

certain design and technological conditions are met; resistance to high-energy ionizing radiation. 

Thus, integrating and / or functioning in the mode of the angular velocity sensor HRG is one of 

the promising areas of development of precision gyroscopic sensors. HRG navigation class 

accuracy with a hemispherical quartz resonator due to the availability of manufacturing 

technology and achieved accuracy characteristics, attract the attention of all developers of 

modern gyroscopic technology. 

 

MAIN ʉONCLUSION 

As the main conclusions, we point out the following important operational advantages of 

the new generation wave solid-state gyroscope (VTG):  

1. High accuracy, low power consumption, structural simplicity of mechanical 

components, resistance to power interruption, short availability time, wide operating temperature 

range, resistance to ionizing radiation, low sensitivity to linear overloads, high dynamic range of 

angular speeds, long service life, high reliability of the device, the possibility of using fully 

automated production in the manufacture of main parts of VTG. 

2. The absence of complete loss of inertial information, in contrast to ring laser 

gyroscopes (RLG) and fiber-optic gyroscopes (FOG), with short-term failures in the operation 

of functional (service) electronics.  

3. The number of parts of commercially produced medium-sized, precise and precision 

VTG is approximately 8-10 times less than RLG and FOG.  

4. The simplicity and reliability of precision VTG determine its low cost in industrial 

production and relatively low resource costs for the implementation and support of production. 
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CONCLUSION 

If the scientific community always regarded the HRG as a premier gyro with outstanding 

accuracy and reliability characteristics, few anticipated that HRG would be capable to 

successfully address the mass market. Safran, thanks to innovative design [5] and massive 

industrial investments, was capable to achieve it. With its 20 mm diameter resonator (fig. 1), 

Safran is able to address an unmatched range of applications.  

 

 
Fig. 1  HRG with a 20 mm diameter resonator 

 
 

The Hemispherical Resonator Gyroscope (HRG), also called wine-glass 

gyroscope or mushroom gyro, is a compact, low noise, high performance angular rate or rotation 

sensor. An HRG is made using a thin solid-state hemispherical shell, anchored by a thick stem. 

This shell is driven to a flexural resonance by electrostatic forces generated by electrodes which 

are deposited directly onto separate fused-quartz structures that surround the shell. The 

gyroscopic effect is obtained from the inertial property of the flexural standing waves. Although 

the HRG is a mechanical system, it has no moving parts, and can be very compact. 

From very cost effective marine compass to ESG grade strategic submarine navigation, 

from tripod mounted north finder to space launcher navigation, Safran HRG is able to fulfill 

needs for accuracy even in harsh environmental conditions and always in a very cost effective 

way. Safran has proven that HRG is much more than an innovative gyro technology; it is a 

disruptive technological breakthrough. HRG is a technology not only able to replace RLG and 

FOG but also to replace ESG as well as the promising Cold Atom technology for ultimate 
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performances level. HRG is therefore able to recompose the inertial gyro technology landscape 

which could be soon pictured as per the fig 2.  

 
Fig. 2  Future gyro technology applications 

 

It is known that the ultimate performance technology is the Electrostatically Suspended 

Gyroscope (ESG). Today, R&T studies are conducted on Cold Atoms especially with the aim to 

replace ESG in the future. From the 80s, Safran developed ESG and therefore has a deep 

knowledge how to use it in systems. Inspired by the way ESG short-medium-long term errors are 

compensated, Safran designed a prototype of navigation system based on its HRG and assessed 

performances, in operational conditions, at sea. 

Technical data as well as actual performances are unfortunately classified but it was 

proven that HRG was able to reach performances ESG actually achieves and Cold Atom gyros 

are still contemplating. 
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Abstracts ï Although FMEA identifies important hazards in a system, its results may not 

be comprehensive and the approach has limitations. Various solutions to this problem have been 

proposed, for example, using fuzzy logic instead of the classic RPN model. This article provides 

an overview of the combination of Failure mode and effects analysis (FMEA) and fuzzy analytic 

hierarchy process (FAHP) to identify the function of priority improvement in the quality 

improvement phase of Product Lifecycle. The article presents the steps for experts to evaluate 

and compare the importance of functions that need improvement by comparing two fuzzy 

numbers in fuzzy AHP. There by helping the group to make decisions that can make correct 

decisions during the quality improvement phase. 

Keywords: Quality improvement, FMEA, AHP, fuzzy AHP, hybrid method of FMEA 

and FAHP. 

 

1. INTRODUCTION 

Failure mode and effects analysis (FMEA) is the process of examining as many 

components, assemblies, and subsystems as possible to identify potential failure modes in the 

system and their causes and their consequences [1]. Successful FMEA operations help identify 

potential failure modes based on experience with similar products and procedures or on the 

common physical basis of fault logic. It is widely used in development and manufacturing 

industries during different stages of the product life cycle. Although FMEA identifies important 

hazards in a system, its results may not be complete, and there are limitations to this approach, 

some studies have shown that traditional FMEA tools have limitations in determining the weights 

of the assessed product functions and their consistency. Therefore, to increase the accuracy of 

the assessment, it is necessary to combine FMEA with another method such as FAHP method to 

determine the priority of functions in the stage of potential risk identification and improvement 

product. FAHP is considered as a tool to determine the weight of the functions being evaluated. 

Therefore, if combining the FAHP and FMEA models, it will overcome the disadvantages 

of each model and increase the accuracy of the assessment. In the past, there have been many 
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studies integrating these two models into project risk management [2] to identify the factors 

affecting the cause of failure [3] and apply them to the Manufacturing Process [4]. However, the 

number of studies using the integrated FMEA-AHP fuzzy model in identifying potential risk 

priority indicators is still limited, especially the study using both of the above two tools to identify 

priority function in the improvement of the product lifecycle. 

 

2. BASICS OF THE CONCEPT OF RESEARCH METHODS 

Suppose a decision-making committee is composed of Y decision makers (Dt, t = 1, .., 

Y) responsible for evaluating X product function (Fi, i = 1, ... X) based on the Z standard (Cj, j = 

1, ...., Z) where the rating for the functions is based on each criterion and the weight of these 

functions is expressed as a linguistic variable ( Zadeh, 1975a,b) and presented as triangular fuzzy 

numbers ὰȟάȟό. The process of the model is presented as follows: 

Step 1: Define a set of standards for evaluating and grouping product functions that need 

improvement. 

In manufacturing enterprises, the criteria used to evaluate and categorize product 

functions that need to be improved can be divided into two main groups: economic, 

environmental and second criteria is about safety, competition. 

Step 2: Determine the weight for each criterion. 

In this section, the FAHP method is applied to determine the priority (weight) of the 

criteria for evaluating product functions. Normally, the application of extension FAHP method 

is considered to be simple, popular and presented by Chang (1996) [5]. 

FAHP model works to determine the weight of the standards. The model uses linguistic 

variables to represent comparative assessments given by decision boards. 

Let: F = {F1, F2, ..., FX} be a set of X objects; 

D = {D1, D2, ..., DY} is a set of Y comparative comments. 

According to Chang's method, each Fi object corresponds to a comparable object, denoted 

by Fi. Accordingly, each Fi object will be compared with X the remaining target object, we 

notation as follows: 

ὥȟὥȟȢȢȢȟὥ Ƞ ὥȟὥȟȢȢȢȟὥ Ƞ  
Where, all values of ὥ are a triangle fuzzy number. 

Using the arithmetic mean method, we can determine that each Fi object will be compared 

with X the remaining target object, we notation as follows: 

ὥ ὰȟά ȟό  ʠ ὥ ρȾόȟρȾά ȟρȾὰ , 

with 

ὰ
ρ

ὣ
ὰȟ  ά

ρ

ὣ
ά ȟ ό

ρ

ὣ
ό Ȣ 

 ὭȟὮ ρȟςȟȢȢȢȟὢȢȟὭ Ὦȟὥ ρȟρȟρ Ȣ 
Step 2.1. Calculate the value of the sum of fuzzy numbers for the i-th object by the 

formula: 

       Ὓ ὥ ἆ ὥ                                                           ρ 

with ἆ stands for extended multiplication of two fuzzy numbers. 

We have: 

ὥ ὰȟ ά ȟ ό  
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ὥ ὰȟ ά ȟ ό  

then we get: 

Ὓ
  ὰ

    ό
ȟ
  ά

    ά
ȟ
  ό

    ὰ
  

Step 2.2. Calculate the degree of possible relationship between two fuzzy numbers. 

ὠὛ Ὓ  ίόὴ άὭὲὛὼȟὛώ .                             (2) 

The above formula can be expressed as follows: 

ὠὛ Ὓ

ρȟ

 

π

ά ά

ὰ όȢ  ὭȟὮ ρȟςȟȢȢȢȟὢȢȟὭ Ὦ

ὕὸὬὩὶ ὧὥίὩί

              (3) 

ʛʜʝ Ὓ ὰȟάȟό  ʠ Ὓ ὰȟάȟό . 

To compare Ὓ and Ὓ, we need to calculate the value of: ὠὛ Ὓ ὥὲὨ ὠὛ Ὓ . 

  Step 2.3. Calculate the likelihood of the probability that the relationship 

will occur, some fuzzy numbers are larger than the others. 

ὠὛ Ὓȿ Ὦ ρȟςȟȢȢȢȟὢȢȟὭ Ὦ ὠὛ Ὓ ᷊ Ὓ Ὓ  ᷊ȢȢȢ᷊ Ὓ Ὓ  

                    άὭὲὠὛ ὛȟὮ ρȟςȟȢȢȢȟὢȢ  

  At the last step, we estimate the preferred vector ὡ ὡȟὡȟȢȢȢȟὡ  of 

the correspondence matrix ὥ  as follows: 

ὡ
ὠὛ Ὓȿ Ὦ ρȟςȟȢȢȢȟὢȢȟὭ Ὦ

  ὠὛ Ὓȿ Ὦ ρȟςȟȢȢȢȟὢȢȟὮ Ὥ
ȟὭ ρȟςȟȢȢȢȟὢȢ  

We have: 

 ὠὛ Ὓȿ Ὦ ρȟςȟȢȢȢȟὢȢȟὭ Ὦ ὠὛ Ὓ ᷊ Ὓ Ὓ  ᷊ȢȢȢ᷊ Ὓ Ὓ  

                    άὭὲὠὛ ὛȟὮ ρȟςȟȢȢȢȟὢȢ  

then we get: 

ὡ
άὭὲὠὛ ὛȟὮ ρȟςȟȢȢȢȟὢȠ Ὥ Ὦ 

  άὭὲὠὛ ὛȟὮ ρȟςȟȢȢȢȟὢȠὮ Ὥ 
ȟὭ ρȟςȟȢȢȢȟὢȢ                         τ  

Step 3. Calculate the Risk Level (Examining Risk Priority Numbers in FMEA). 

  Examining Risk Priority Numbers (RPN) is a technique for analyzing risks 

associated with potential problems identified in Failure Mode and Effect Analysis (FMEA). 

  The risk priority of the traditional FMEA (RPN) and the risk priority 

number of integrated FMEA-AHP fuzzy (FRPN) are calculated as follows. 

Ὑὖὔ ὛὩὺὩὶὭὸώὕὧὧόὶὶὩὲὧὩὈὩὸὩὧὸὭέὲ                       ὊὙὖὔὡ Ὑὖὔ 
Step 4. Compare the FRPN indexes with each other, whichever is greater is the first 

priority to improve. 

 

3. RESEARCH RESULTS 

The proposed method is applied to the automotive manufacturing business, the company 

needs to modernize the production technology of automotive equipment and components to 

improve product quality and reduce risks. damage to the user. During the operation of the vehicle, 

stability and safety are some of the most important requirements for customers. This method 

focuses on possible failure modes during operation. Here we give 4 main criteria that affect the 

quality of cars (stability and safety) including (engine (D), transmission (T), brakes (B) and 

electrical equipment (E)). Here are four key factors that affect car customer satisfaction (efficient 

and safe use). 
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 Functional objects have different weight in relation to the importance of the quality of 

automobile production in terms of possible failures. The first main step of the proposed 

methodology is implemented by pairwise comparison by 3-5 experts to determine the importance 

of functional objects in improving the quality of the process, taking into account possible failures. 

Estimates of experts on linguistic variables for functional objects in terms of their importance are 

obtained in accordance with table 1. 

 

TABLE 1. MATRIX ,̱ PAIRWISE COMPARISON OF PERFORMANCE CRITERIA 

BY NUMBERS 

 ̄ D ʊ B E W 

D 1, 1, 1 5/6, 1, 5/3 5/6, 4/3, 7/3 4/3, 2, 3 0.32 

ʊ 3/5, 1, 6/5 1, 1, 1 13/12,16/9, 5/2 17/12,19/9, 17/6 0.34 

B 3/7, 3/4, 6/5 2/5, 9/16, 12/13 1, 1, 1 7/9, 3/2, 7/3 0.21 

E 1/3, 1/2, 3/4 6/17, 9/19, 12/17 3/7, 2/3, 9/7 1, 1, 1 0.13 

W- relative weight. 

  Using the formula (1), we obtain: 

Ὓ = (4, 5.33, 8)ṧ(1/23.728, 1/17.673,1/12.825) = (0.168, 0.302, 0.624) 

Ὓ = (4.1, 5.89, 7.53)ṧ( 0.042, 0.0566, 0.078) = (0.172, 0.33, 0.587) 

Ὓ = (2.61, 3.813, 4.456)ṧ( 0.042, 0.0566, 0.078) = (0.11, 0.216, 0.348) 

Ὓ = (2.115, 2.64, 3.742)ṧ( 0.042, 0.0566, 0.078) = (0.089, 0.15, 0.292) 

  Using formulas (3) we get: 

ὠὛ Ὓ  
Ȣ Ȣ

Ȣ Ȣ Ȣ Ȣ
πȢωτς,  ὠὛ Ὓ  =1, ὠὛ Ὓ =1,  

ὠὛ Ὓ =1, ὠὛ Ὓ  =1, ὠὛ Ὓ =1, 

ὠὛ Ὓ
0.168-0.348

(0.216-0.348)-(0.302-0.168)
=0.687,  

ὠὛ Ὓ = 
Ȣ Ȣ

Ȣ Ȣ Ȣ Ȣ
πȢφπχ, ὠὛ Ὓ  =1, 

ὠὛ Ὓ = 
Ȣ Ȣ

Ȣ Ȣ Ȣ Ȣ
πȢτυφ,   

ὠὛ Ὓ =
Ȣ Ȣ

Ȣ Ȣ Ȣ Ȣ
πȢτȟ 

ὠὛ Ὓ  =
Ȣ Ȣ

Ȣ Ȣ Ȣ Ȣ
πȢχστ. 

  Finally, using formula (4), we obtain 

dô(D) = ὠὛ Ὓȿ Ὥ ρ = ὠὛ ὛȟὛ ὛȟὛ Ὓ  = min(1,0.942,1) = 0.942 

dô(T)  = ὠὛ Ὓȿ Ὥ ς = ὠὛ ὛȟὛ ὛȟὛ Ὓ  = min(1,1,1) = 1 

dô(B)  = ὠὛ Ὓȿ Ὥ σ= ὠὛ ὛȟὛ ὛȟὛ Ὓ = min(0.687,0.607,1) = 0.607 

dô(E) = ὠὛ Ὓȿ Ὥ τ= ὠὛ ὛȟὛ ὛȟὛ Ὓ = min(0.456, 0.4, 0.734) = 0.4 

the result is ὡ πȢωτςȟρȟπȢφπχȟπȢτ 

  Through normalization, and we got weight vectors relative to the decision 

criteria D, T, B and E. 

ὡ πȢσςȟπȢστȟπȢςρȟπȢρσ 
 

TABLE 2. THE RESULT OF THE CALCULATION OF FRPN FOR FMEA ï FUZZY AHP 

 ̄ S O D RPN Rank 

RPN 
ἥ FRPN Rank 

FRPN 

D 6 6 4 144 2 0.32 46.08 1 

T 4 4 8 128 4 0.34 43.52 2 

B 7 6 4 168 1 0.21 35.28 3 
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E 6 6 4 144 2 0.13 18.72 4 

 From the above results, we can see that, if used according to traditional FMEA, the 

priority order for functional improvement are: B, D, E, T respectively. However, with the 

combination of traditional FMEA and fuzzy AHP, we get another result, according to which the 

order of priority for improvement is: D, T, B, E. 

 

4. CONCLUSION 

 With the help of fuzzy analytic hierarchy process, experts can determine the priority 

weight of the product's functions, thus helping the decision-making team have more bases to 

evaluate and make accurate decisions for each function are prioritized for improvement in the 

process of improving the quality of the product lifecycle. 
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Abstract ð Issue of discuss is problem of projecting and features of designing headsets 

with active noise cancellation, found wide using by staff of aircrafts. This article described the 

problem condition and base challenges which designer has when he creates such devices. 

Recommendations have been developed to overcome them. 

Keywords: Active noise reduction; Active noise cancellation;  headphones; active noise 

canceling headset; headphone design. 

 

INTRODUCTION 

The results of numerous studies, including [1, 2], indicate the effect of acoustic noise on 

human fatigue. Proven [3] is also the fact of a decrease in concentration of attention under the 

influence of this factor (Fig. 1). Obviously, in those areas of activity where the life and health of 

people depend on the mental and general physical condition of the employee, all possible 

measures must be taken to maintain him in the best possible way. 

To reduce the negative impact of noise on the condition of the crew, headsets are used, 

the structure of which includes headphones, designed to protect hearing organs. In most cases, 

mailto:alexsedlex@rambler.ru
mailto:geraevskiy@yandex.ru


International Scientific ï Practical Conference 

çINFORMATION INNOVATIVE  TECHNOLOGIESè, 2020 

124 

 

systems of this type with passive noise reduction are not effective enough to absorb the low-

frequency component, which dominates the noise spectrum of the aircraft (Fig. 2) and has the 

most harmful effect on the human body. The solution to this problem was made possible through 

the use of headsets with an active noise reduction system, which are especially effective in the 

indicated frequency range. 

When designing such devices, the developer faces a number of specific problems, the 

presence of which is especially important to consider when designing. 

 

 
Fig. 1 Dependence of attention concentration on the level and duration of exposure to 

noise 

 

PROBLEM STATUS 

The principle of active noise reduction in head phones is as follows: an additional 

(tracking) microphone is built in to the earphone from the inside or outside (sometimes on both 

sides), the signal from which goes to the electronic module, where it is processed, and the 

amplification, and then the signal returns into the headphone via the phone or an additional 

speaker in antiphase to the noise signal. Using special signal processing algorithms, if a 

headphone has a speech microphone (i.e., if it is a headset), you can distinguish the user's voice 

against ambient noise, muffling the latter due to the spatial separation of the two microphones 

and the selection of their directivity characteristics. 

In this case, the main (speech) microphone in the process of transmitting speech perceives 

the operatorôs voice more than the auxiliary microphone. 

Thanks to a set of measures to ensure active noise cancellation, it is possible to achieve a 

reduction in harmful noise influences penetrating from the external environment under the ear 

cushion of the headset by more than 20 dB (at individual frequencies up to 30 dB) with a 

maximum noise level of up to 115 dB. This reduces the impact of the especially low-frequency 

component of noise, the most dangerous in that it contributes to the rapid accumulation of 

physical and psychological fatigue in the crew. 
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Fig. 2 Dependence of the spectral density of noise on frequency in the cockpit of MI-8 

helicopter 

 

A typical block diagram of an active noise reduction system is shown in Figure 3. 

 

 
Fig. 3 Block diagram of the active noise cancellation system in the headset phones 

 

With all the obvious advantages for the user, the development of such devices requires a 

comprehensive solution from the developer, taking into account the solution of a number of 

problems discussed below. 

1. The frequency response characteristic of the tracking microphoneôs sensitivity, 

measured in its working area, should be as even as possible in the working sound range, and the 

resonance frequency should be as high as possible, since the presence of microphone resonance 

in the working range of phones can lead to acoustic feedback, t. n "Ties" in systems that do not 

use built-in spectrum analyzers. The appearance of the latter will not allow you to effectively 

configure the system if developers refuse to use built-in spectrum analyzers, the use of which can 
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significantly increase the cost of production due to the high cost of their microcircuits, and the 

large labor costs when setting up and adjusting. 

2. The natural frequency of the resonance of the volume of the headphone camera should 

be as high as possible so that the signal inverted from the telephone or the auxiliary speaker does 

not turn out to be in phase with the harmful noise signal falling at the natural frequency of the 

camera, which creates the effect directly opposite to the desired one. At the same time, the quality 

factor of the resonance of the camera should be minimal in order to avoid the occurrence of 

acoustic feedback ("ties"). 

3. The frequency response of the sensitivity of the telephone or auxiliary speaker and the 

transfer function of the electronic module must take into account the decrease in sound pressure 

developed by the sound source in the low frequency region due to reflection of sound waves from 

the walls of the internal volume of the earphone. 

4. The dynamic range of the electronic module and the sensitivity of the telephone or 

auxiliary speaker should be selected in such a way as to equally absorb noise from 65 to 115 dB, 

penetrating under the ear pads, i.e. the total dynamic range of the system should reach 50 dB. 

5. The auxiliary microphone must be effectively protected from vibrations that occur in 

the system at frequencies close to resonant, since they can also cause acoustic feedback (ñtiesò) 

and, as a result, self-excitation of the entire system. 

6. The design of the filter of the electronic module must take into account the phase 

characteristics of the telephone or auxiliary speaker, auxiliary microphone, internal volume of 

the headphone camera and phase correction due to the influence of reflected sound waves. 

7. The system must withstand the effects of harmful factors in accordance with the 

requirements of the international standard [4], ie provide comfortable, from the point of view of 

noise conditions, crew work in almost any climatic conditions, including in conditions of 

emergency depressurization of the aircraft. At the same time, the system can be exposed to 

significant vibrations, shock and overload due to shaking of the aircraft, the headset falling from 

the head of the operator during operation or during transportation. 

8. The designer must take all possible measures to prevent the system from self-excitation 

due to accidental physical or electrical influences, since a phase rotation of the inverted signal by 

more than 90 Á can lead to an increase in the noise level in the headphones and, as a result, 

damage to the pilotôs hearing or even shell shock, especially if the frequency of self-excitation 

will fall on the minimum region of curves of equal loudness [5]. 

9. The economic component of the project should take into account the possibility of 

ensuring its technical characteristics and a long reliability resource in the conditions of the 

relative narrowness of the market for product sales. 

 

PROPOSALS FOR SOLVING THE PROBLEM 

According to our estimates, to date, the theoretical model for constructing active noise 

reduction systems has not been sufficiently developed, and the design is based mainly on 

empirical data and measurement results with a consistent selection of suitable technical solutions. 

Despite the large number of patents in this field, this topic is rather poorly consecrated in the 

scientific literature and is extremely superficial in nature. 

The solution to the problem, in our opinion, lies at the junction of classical acoustics, 

electroacoustics and theory of automatic control. In this case, it is recommended that the 

experimental base be built on the basis of [6] in order to ensure repeatability of the results.ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʨʦʙʣʝʤ, ʪʦ ʥʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʘʢʪʠʚʥʦʛʦ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ ʧʦʜʩʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ: 

1. The use of condenser electrets as tracking microphones as the most broadband and 

sensitive transducers with minimum dimensions. 
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2. The separation of the volume of the earphone chamber into several sections with 

various structural elements when filling air cavities with sound-absorbing materials of various 

nature. 

3. Providing the ability to adjust the transfer function of the electronic module in 

amplitude and frequency in the headset. 

4. The use of tracking microphones with the greatest possible sensitivity and elements 

with the lowest level of intrinsic noise in the working frequency range. 

5. Cushioning and damping of the housing of the tracking microphone using sound-

absorbing pads and limiting the area of contact between the housing of the microphone and the 

housing of the telephone or auxiliary speaker and earphone. 

8. A mandatory study of the phase characteristics of the structural elements of the system 

in conditions most close to the operating conditions. 

7. Selection of the highest quality materials and mandatory testing for climatic and 

mechanical stresses. 

8. See item 7. 

9. Development of understandable technical and economic requirements for development 

and their mandatory accounting in the design. 

 

CONCLUSIONS 

The task of designing active noise canceling devices is especially relevant for use in 

aviation as an additional means of ensuring flight safety. Its effective implementation requires 

the development of a detailed theoretical model and an integrated approach to design using the 

best modern measurement techniques and analysis of their results. 
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Abstract ï Currently, the on-board equipment being developed is subject to various 

mechanical impacts. Therefore, calculations for assessing the mechanical strength and rigidity of 

the construction are an important part of the development. 

During the development of the telemetry system was developed the design of the 

telemetry transmitter of the on-board complex, designed to transmit telemetry information to 

ground-based receiving and registration equipment. 

The product is a monoblock, with are functional nodes inside. In working mode, this 

construction can be subjected to various mechanical loads, such as quasi-static and low-

frequency dynamic overload, sinusoidal vibration, occasional broadband vibration, shock-pulse 

loading. 

At the design stage, a calculation was made to determine the strength of the system. All 

calculations were made in the CAD SolidWorks Simulation environment. Two cases were 

considered: linear acceleration and impact effect. 

At the design stage, calculations were made to determine the system's sustainability to 

mechanical impacts. As a result of calculations on the impact of linear acceleration and impact 

effect, it was found that the main volume of the structure is spread to stresses not exceeding the 

limit of fluidity.   

Then the overall weight model of the system was created and is subject to mechanical 

testing. Two types of tests were conducted: a test of resistance to the effects of linear acceleration 

and a test of resistance to impact effect. 

As a result of tests of violations in the construction of the overall weight model was not 

revealed except for small scratches and scuffs, which allows to conclude the reliability and 

durability of the system.   

The calculations and tests allow to draw conclusions: 

- the transmitter is resistant to the linear acceleration with an amplitude of 12 g; 

- the transmitter is strong enough to be exposed to 250g with a pulse duration of 0,5-1 

ms.  

The tests are being carried out confirming the applicability of computer aided design 

systems such as SolidWorks to determine the parameters of mechanical loads during the 

construction development phase. 

Keywords: system, impact effect, linear acceleration, tests, model, monoblock, 

telemetry. 

 

During the development of the telemetry system was developed the design of the 

telemetry transmitter of the on-board complex, designed to transmit telemetry information to 

ground-based receiving and registration equipment. The information obtained from the sensor-

transforming equipment is necessary for the analysis and assessment of the condition of on-board 

systems and elements of the design of mobile objects. 

One of the objectives of the development was to create a construction that ensures the 

stable operation of the system in pre-service conditions. 

The product is a monoblock, with are functional nodes inside. In working mode, this 

construction can be subjected to various mechanical loads, such as quasi-static and low-

frequency dynamic overload, sinusoidal vibration, occasional broadband vibration, shock-pulse 

loading. 

At the design stage, a calculation was made to determine the strength of the system. All 

calculations were made in the CAD SolidWorks Simulation environment. Two cases were 

considered: linear acceleration and impact effect. 

Let's take a look at the first case. First, it is necessary to set the material and boundary 

conditions of the calculation model. The entire construction consists of aluminum parts. To speed 

up the calculation, it was decided to simplify the model by eliminating elements that did not 
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affect strength, such as lightweight internal components. Simplified appearance of the transmitter 

presents on Figure 1. 

 
 

Fig. 1  Simplified appearance of the transmitter 

 

At the bottom of the model, a fixed geometry is set that determines the installation 

surface. Since the design is used in the calculation, it is necessary to determine the connections 

between the parts. All items are also connected by global contact by default. Border terms and 

conditions of model presents on Figure 2. 

 

 

 
 

Fig. 2  Border terms and conditions 

 

The calculation sets the boundary terms and conditions and the value of external forces. 

In this case, the linear acceleration value is set to 12 g (210 m-s-2), operating simultaneously 
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on the ax's X, Y, and 10 minutes. The results of the calculation assess the tense-deformed state 

of the structure, in particular the stress averaged on Mises and equivalent deformation. Result 

of the calculation present on Figure 3 and Figure 4. 

 

 

 
 

Fig. 3 Diagram of stresses for linear acceleration 

 

 

 
 

Fig. 4  Diagram of deformation for linear acceleration 

 

The mechanical stress diagram can be concluded that the most loads are exposed to 

individual parts of the construction, but in general, the main volume of the construction is spread 

by mechanical stress that do not exceed the limit of material fluidity. Presented parameters of 

deformations also make it clear that this construction has a margin of safety. Therefore, the 

durability of the construction to the impact factor is ensured. 

In the second case, it is necessary to calculate the impact effect. It also uses a linear 

dynamics section, but this time a subsection of the modal time story. This method allows to 
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calculate a single impact depending on the time. All parameters are set in the same way as the 

first case, except for the load. In this case, the construction is affected by an acceleration of 250g 

for the time of 1 ms. A graph of acceleration dependence on impact time present on Figure 5. 

 

 
Fig. 5  A graph of acceleration dependence on impact time 

 

The results of the calculation present on Figure 6 and Figure 7. 

 

 
 

Fig. 6  Diagram of stresses for impact effect 
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Fig. 7  Diagram of displacement for impact effect 

 

As in the first case, maximum stresses occur in the places of fastenings, but judging by 

the schedule of displacement the greatest displacement of the construction are in the upper 

cover area and is about 140 microns.   

Then the overall weight model of the system was created and is subject to mechanical 

testing. Two types of tests were conducted: a test of resistance to the effects of linear acceleration 

and a test of resistance to impact effect. 

As a result of tests of violations in the construction of the overall weight model was not 

revealed except for small scratches and scuffs, which allows to conclude the reliability and 

durability of the system.   

The calculations and tests allow to draw conclusions: 

- the transmitter is resistant to the linear acceleration with an amplitude of 12 g; 

- the transmitter is strong enough to be exposed to 250g with a pulse duration of 0,5-1 

ms.  

The tests are being carried out confirming the applicability of computer aided design 

systems such as SolidWorks to determine the parameters of mechanical loads during the 

construction development phase. 
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Abstract ð This paper considers the possibility of using supporting programs in the 

design of satellite laser ranging electronic equipment. The problems that can be solved by 

extending traditional engineering algorithm and its further integration into the design process are 

indicated. The shortcomings and advantages of this approach are considered, the problems of 

creating such a system are outlined.  

Keywords: reliability, expert system, Altium Designer, ASONIKA-K 

 

INTRODUCTION 

Being competitive in the market is the goal of every enterprise. To become or stay 

competitive requires delivering a quality product for a minimal price. A lot of thought is put in 

the process of creating an efficient roadmap for a productôs lifecycle from technical 

documentation to post-production stages. Creating an engineering algorithm which results in fast 

and cheap production of quality product is the objective of every enterprise. But doing that has 

been proved to be hard, especially with existing problems in reliability prediction field [1,2]. 

PROBLEM STATEMENT 

Currently, novice engineers who design the equipment lack the knowledge in the 

reliability prediction field. This and poor cooperation between them, and engineers who calculate 

the reliability of the equipment, especially in inadequate estimate of the input data in the 

calculation of reliability are one of the most notable reasons of prolonged and costly design 

process. This also affects the reliability of the final product. Usually novice engineers do not aim 

to create equipment which operates for a long time with low failure rates, they aim to create one 

which just operates. 

 Gathering and analyzing data on equipment failure reasons from one particular enterprise 

in Russian Federation showed that about a third of all failures are due to errors in the design of 

the produced equipment. Lessening the amount of mistakes on the design stage will moderately 

heighten equipmentôs reliability and prolong its life.  

Satellite Laser Ranging (SLR) equipment is expected to have 60000 hours life and 11 

years lifetime. Equipment must operate in temperatures between 5ÁC and 40ÁC with 85% 

humidity. Since the point of an SLR is to perform extremely accurate distance measurements, 

the equipment has to work with very high frequencies to accommodate.  

To meet these requirements a reliability prediction is performed on different stages of 

design and production. But this process is time consuming and labor intensive. Searching for 

electrical characteristics of electrical components in datasheets, choosing a suitable mathematical 

model to calculate the failure rate and selecting right coefficients for the model ï these processes 

slow down the development and negatively affect resulting quality of equipment because of a 

high possibility of making an error when manipulating big arrays of data. More so, an engineer 

must have experience and knowledge of modern electronic components to make right design 

decisions. 

Some software suites were developed to simplify and speed up the reliability analysis, 

like Windchill Risk and Reliability, or ASONIKA system. These suitesô aim is not only to allow 
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to calculate reliability automatically, but to allow users with no reliability expertise perform the 

calculations. 

However, modern reliability prediction software lacks automation in data input. A lot of 

data has to be found and input manually. And thereôs a lot of it needed to perform an accurate 

calculation, plus, itôs different for every group of electrical component. This process requires a 

lot of attention for a considerable amount time from a person performing the calculation. 

So, as it turns out, while the calculation itself is simple and fast and takes a few minutes, 

preparing for such calculation takes days to arrange. 

At the same time, a lot of CAD software (Altium Designer, etc) already has a great deal 

of data needed for reliability prediction calculation. Transferring this data to reliability prediction 

software would greatly lessen the burden on the person setting up the reliability calculation. This 

would also shorten the amount of time the reliability prediction takes, reduce amount of mistakes 

in the input data and make the process more automated overall. 

Thereôs also a problem of correctly interpreting results of reliability calculation and 

performing correct changes to the design. Lack of experience of an engineer may lead to design 

errors being made. 

 

SOLUTION OF THE PROBLEM 

To combat these problems some changes to existing engineering algorithm are proposed. 

Firstly, since CAD systems contain some necessary data for reliability prediction, it is 

possible to introduce a converter of data from a CAD system format to a reliability prediction 

software format[3]. 

For example, Altium Designer allows use of custom component libraries which contain 

custom data for electronic components (fig. 1). This information may be extracted to a Bill of 

Materials (BOM) in a form of an Excel spreadsheet. Resulting spreadsheet contains a list of used 

components and their respective characteristics. It would be more suitable to store and pass this 

data in an EXPRESS format, but Altium Designer does not support exporting to this format. This 

leaves using Excel tables as a data transfer format. 

 

 
Fig. 1 Example of data contained in Altium Designer libraries 

 

To accommodate for wide variation in required data for different componentsô groups a 

template system has to be implemented. Since Altium Designer already has a possibility to store 

templates for BOM files, it is only needed to implement the template system in reliability 

prediction software. Template explicitly states what column of data in a table refers to. For 

example, rated resistance could be stored in the column ñValueò and rated power could be stored 

in column ñPower/Voltageò (figure 2). The templates are meant to be set up one time and then 

used for every transfer of data. Templates also allow for transfer of data from different CAD 

systems. 
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Fig. 2 Defining column names in the template 

 

To illustrate how this addition to engineering process would benefit it, an example 

converter was developed. It allows importing to ASONIKA-K-SCH system from any CAD 

software which allows export of data as BOM table. 

The developed converter is integrated into ASONIKA-K-SCH system (fig. 3) and 

provides a friendly user interface for viewing and manipulating data before the import process 

(fig 4). 

              
Fig. 3  Integrated import module   Fig. 4 Imported data overview 

 

Testing the converter showed that using it allows for much shorter process of setting up 

the reliability prediction calculation. 

For the second change to the engineering algorithm, an expert system for analyzing 

reliability prediction and for general engineering problems is proposed. 

An expert system is a program which contains knowledge in a certain region of appliance. 

The knowledge data is composed in way which allows forming logical decisions based on the 

data. This data comes from human experts and other sources. For example, expert systems found 

a lot of use in medical appliances, such as diagnosis and treatment of various diseases.  

Expert systems have been developed as research instrumental tool in the 1960s and were 

seen as artificial intelligence of special type designed to successfully solve complex problems in 

a narrow subject area, such as medical diagnosis of diseases. Classic problem of creating a 

general-purpose artificial intelligence program that would able to solve any problem without 

specific knowledge in the subject area (for example, medical diagnosis of diseases) was too 

complicated. 

Commercial  the introduction of expert systems took place in the early 1980s, and since 

then expert systems became very widespread. Currently expert systems are used in business, 

science, technology, manufacturing, as well as many other areas where there is a well-defined 

subject area. 

Expert system allows an unqualified person to make a decision which is beyond their 

level of training or experience [4]. 

Expert systems possess these advantages: 

- high data availability and fast response; 

- reduced production cost (cost of knowledge per user is constantly decreasing); 

- permanence (collected data does not perish). 
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Fig. 5 Expert system structure 

 

Generalized expert system structure is shown on figure 5. It should be noted that these 

elements are representing a core of an expert system, and some expert systems may be more 

complex than shown. 

The roles of the parts of an expert system are as follows [5]. 

User Interface ï the main point of interaction with an expert system for a user. Includes 

inputting initial data as well as displaying the generated solution. 

Knowledge base ï the core of an expert system. It contains rules and facts of some region 

of appliance. 

Inference engine ï part of an expert system which is responsible for deducting decisions 

and imitating a human expert. Operates using information form knowledge base. 

Explanation facility allows user to see how a particular decision was deducted. It is crucial 

to make user trust the decision an expert system made. 

Knowledge acquisition facility allows human expert and knowledge engineer filling 

knowledge base with facts and rules. 

An expert system could be developed using these ways [6]: 

- programming it using traditional programming languages such as C++, Java, Python, 

etc.; 

- programming it using languages aimed at developing artificial intelligence suites 

(LISP, PROLOG, etc.); 

- using specialty tools for developing an expert system, such as CLIPS, DROOLS, etc.; 

- using readily-made expert systems, which only needs its knowledge base filled with 

facts and rules of some particular appliance (EXSYS, G2). 

Since an expert system is proposed to help the engineering process, there is no need to 

make one from scratch. But also it has to be included in the engineering process and be able to 

interact and gather data from both CAD systems as well as reliability prediction software, a 

standalone version would not be fir to do that. For this application, specialty tools for developing 

an expert system such as CLIPS would be suited best. 

Most of the work on an expert system is devoted to the issues of extracting knowledge 

from an expert, choosing the appropriate knowledge model and its software implementation and 

the process of deriving knowledge. When choosing a model for presenting knowledge, such 

forms of representation as production systems, semantic networks, frames, conceptual graphs are 

widely used. Less commonly used is a logical representation model, which is based on predicate 

calculus and which is the theoretical basis for substantiating other representation models [7]. 

Since a production model would be sufficient for an expert system aimed to help an 

engineer to perform his duties and it is the easiest to fill and maintain, it is recommended as a 

starting point. 

CONCLUSION 
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Using an expert system and a CAD data converter would solve problems reliability 

prediction being too complex and time consuming. Also, it would reduce a number of errors 

made in the process of reliability prediction, which would lead to more quality equipment. 
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Abstractðthe paper considers the results of studies related to the modeling of contact 

noise generation processes in the design of electronic equipment taking into account 

electromagnetic compatibility. The paper analyzes the causes of the formation of contact radio 

interference. The main place is devoted to the analysis of the linear model of contact noise 

formation. A representation of the irradiated alternating contact in the form of a linear parametric 

inertial four-terminal device is considered..  

Keywords: electromagnetic compatibility, electronic equipment, contact interference, 

modeling. 

 

INTRODUCTION 

Under certain conditions, the irradiated alternating contact can be considered as a linear 

inertial device with parameters controlled by some random modulating process (switching, 

vibration, shaking, etc.) changing the amplitude and frequency-phase relationships of the high-

frequency conductivity induced by an external electromagnetic field [8] . The full equivalent 

circuit of the irradiated alternating contact as a source of contact noise can be represented in the 

form shown in Fig.1. These models are currently accepted as sources of contact interference [1]. 
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Fig. 1 Representation of the irradiated alternating contact in the form of a linear 

parametric inertial four-terminal (a) and the representation of the irradiated alternating contact 

operating in a nonlinear mode, in the form of a series connection of two four-terminal (b). 

 

When considering an alternating contact in a linear mode, the occurrence of contact noise 

can be approximately represented as a transformation of the electromagnetic field strength by 

some hypothetical four-terminal with a complex transfer function ( , )H j tw  (Fig. 1a). 

The electromagnetic field intensity of the secondary radiation of an alternating contact can 

be determined by the formula: 
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Where 
1
( )eS w  is the energy spectrum of the irradiating electromagnetic field. 

The change in contact resistance according to the periodic law also leads to the periodic 

law of the change in time of the transfer function ( , )H j tw  . 

Let the main frequency of change of the transfer function ( , )H j tw be equal to ɋ. We 

expand the function ( , )H j tw  in a Fourier series: 

    
0

1

( , ) ( ) ( )cos( )n n
n

H j t H j H j n tw w w j
>

= + W +ä                                    (2) 

We set the intensity of the irradiating electromagnetic field in the form 
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The electromagnetic field intensity of the secondary radiation will be determined by the 

formula 
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An analysis of the last formula shows that the field strength of the secondary radiation of 

the irradiated alternating contact can be written as the sum of two components 
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Component  
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represents the intensity of the irradiating electromagnetic field with amplitude reduced by 

0( )H w  times and undergoing a shift by ű0. 

Second component 
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represents a distortion of the electromagnetic field during irradiation of a periodically 

changing contact and characterizes the resulting contact noise. The spectrum of the 

electromagnetic field of the secondary radiation contains in its composition a component at the 

frequency of the irradiating field and additional components at frequencies
0 nw° W. The contact 

noise spectrum is always wider than the spectrum of the irradiating electromagnetic field, and the 



International Scientific ï Practical Conference 

çINFORMATION INNOVATIVE  TECHNOLOGIESè, 2020 

139 

 

frequency band occupied by contact noise expands with an increase in the switching frequency of 

the alternating contact. Contact noise arising from irradiation of an alternating contact can be 

classified by the type of electromagnetic field distortion. Depending on the transfer function 

),( tjH w# , the following types of spurious modulation of the electromagnetic field can be 

distinguished:  amplitude, phase, amplitude phase. Moreover, with amplitude-phase modulation, 

there may be a functional relationship between changes in amplitude and phase. An approximate 

radiation spectrum of an interference source of the type linear alternating contact when irradiated 

with its monochromatic field is shown in Fig. 2. 

 
Fig. 2 The spectrum of contact interference when irradiating a linear contact 

 

OBJECT OF STUDY 

A variable contact, as it were, plays the role of a modulator. The width of the resulting 

spectrum depends on the frequency of contact change and the prevailing type of modulation, 

which is ultimately determined by the parameters of the equivalent four-terminal network and the 

frequency of the field irradiating the contact. 

All the variable contact pairs formed during the movement of moving objects, by the 

nature of the change in time of contact resistance can be divided into two large groups: 

- contacts with rolling and sliding friction; 

- randomly switching breaking contacts. 

The first group of variable contacts includes contacts between the structural elements of 

moving objects that have loose mechanical joints or allow small mutual displacements under 

operating conditions. Typically, such joints are formed between structural members that are 

loosely connected by bolts, screws, and because of partial divergence of the welds. The same 

group includes alternating contacts between the axis and rotating parts (screws, wheels, and 

blades), contacts between the wheels and rails of railway cars, freight carts and the like. Instead 

of the seemingly constant contact between such structural elements, in fact, when moving objects 

there is an unstable contact, consisting of many short-term interrupted elementary contacts 

through a-spots. The reasons for the change in the number of a-spots forming the effective contact 

area at different points in time are the inevitable deviations of the shape, size, profile and surface 

finish of the contacting elements. The unstable nature of the contact between such elements is 

especially evident with an increase in the speed of movement due to vibration and shaking. 

The function of changing contact resistance in time for the variable contacts of the first 

group is continuous. The discreteness of the change in the number of a-spots forming the effective 

contact area at successive times is so small and their number is so great that the change in contact 

resistance in time can be considered a continuous random variable. The second group of variable 

contacts is formed by the structural elements of moving objects, the contact resistance between 

which during movement varies in a wide dynamic range from a very small value when closed to 

an infinitely large value when opened. This group of contacts consists mainly of structural 

elements between which there are no rigid mechanical connections, but which have the ability to 

touch during the movement of a moving object. The same contact can exist between loosely 

connected structural elements under conditions of strong vibration, when sudden shocks cause 

abrupt changes in contact resistance. A description of the change in the contact resistance of the 
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alternating contacts of the second group can be carried out using a random pulse sequence. When 

analyzing the spectrum of the electromagnetic field of contact interference, we assume that 

random changes in the modulus H (ɤ, t) and the argument ű (ɤ, t) of the transfer function of the 

four-terminal network form a process that is stationary in the broad sense. In addition, we believe 

that the correlation interval of the function significantly exceeds the period of change in the 

frequency of the irradiating electromagnetic field. This condition is usually satisfied. 

The occurrence of contact noise can be approximately represented as a conversion of the 

electromagnetic field strength by some hypothetical four-terminal network with a complex 

transfer function 

Let us consider the case of irradiation of variable contacts with rolling and sliding friction 

by a mono harmonic field with a frequency ɤ0 and with a random phase ű uniformly distributed 

in the range from ḯ  to + ˊ.  

The randomness of the distribution of the phase of the intensity of the irradiating 

electromagnetic field does not affect the form of its correlation function, which is [1] 
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Where E1m is the amplitude of the tension. 

Let us call the moment function of the four-terminal network the autocorrelation function 

of a random process characterizing the time-varying parameters of the four-terminal network [2]: 
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Where m1 is the sign of mathematical expectation; H*(jɤ, t + Ű) is the complex conjugate 

transfer function. 

Given formula (7), we can write  
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and for the case of a functional relationship between changes in amplitude and phase 

( )HB t , the expression for determination will take the form 
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The continuous nature of the change in contact resistance at contacts with rolling and 

sliding friction determines the validity of the representation in the form of a stationary random 

process. In this case, the transfer function can be written as the sum of two components 

     
0( , ) ( ) ( )H j t H j H jw w w= +D                                                            (12) 

Where 
0( )H jw is a constant complex value; 

  ( )H jwD - the fluctuating part of the transfer function. 

Then the moment function of the four-terminal can be represented as 
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Suppose that the changes form a fluctuation process with a normal distribution law and 

with a variance of modulus change equal to. The correlation function of such a process can be 

written as [3] 
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Where k is a coefficient characterizing the rate of decrease of the correlation between the 

values at the moments t and t + twith increasingt. 

Considering that the correlation function 
0

2

0( ) ( )HB Ht w=  corresponds to the constant 

component ( )H jw , the moment function of the four-terminal network can be determined by the 

formula 
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From the stationary conditions in the broad sense and the statistical independence of the 

law of change of the transfer function from the irradiating field, it follows that the correlation 

function of the electromagnetic field of the secondary radiation will be equal to the product of the 

correlation function of the irradiating field and the moment function of the four-terminal network 
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The energy spectrum of the contact noise field can be found by the formula 
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A graphical representation of the energy spectrum in the region of positive frequencies is 

presented in Fig. 3.  

 

 
Fig. 3 Dependence of the energy spectrum of Se2 (ɤ) upon irradiation of alternating 

contacts with rolling or sliding friction 

 

RESULTS AND CONCLUSIONS 

Thus, the spectrum of the secondary radiation field with a nonharmonic irradiating field 

and a change in contact resistance with time according to a continuous random law with a nonzero 

average value contains a discrete component at the irradiation frequency and a continuous 

spectrum symmetrically located relative to the frequency of the irradiating field. 

Spectral analysis of the electromagnetic field of secondary radiation under more stringent 

assumptions regarding the change is associated with significant mathematical difficulties [4]. 

More rigorous calculations than those presented here show that the power ratios of the discrete 

and continuous components of the spectrum of the secondary radiation field will depend on the 

depth of phase distortion upon irradiation of the alternating contact, and the solid part of the energy 

spectrum may be asymmetric. 

A pulse process describes the change in contact resistance of the alternating contacts of 

the second group. The parameters of this impulse sequence characterizing the geometric shape or 

position of the pulses (amplitude, duration, moment of occurrence of the leading edge, duty cycle, 

etc.) are generally random functions of time. 
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Abstract ï The problems of forming the operating time to failure of multi-channel voltage 

converter for statistical modeling are considered. A formal model of the converter with ñN out 

of M active redundancyò is proposed, which allows for the calculation of the converter's 

operating time taking into account changes in the electrical load of the channels in case of 

failures. The developed model is created within the limits of assumptions and the restrictions 

accepted in operating standard documents. The possibility of reducing the computational costs 

when applying this model in statistical modeling is shown. 

Keywords: voltage converter, power channel, dependability, redundancy, operating time, 

statistical modeling. 

 

INTRODUCTION 

When designing power electronic equipment, one of the tasks is to ensure the required 

level of dependability. Along with various methods, designing power electronics equipment, one 
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of the most frequently used methods in practice to ensure of reliability level is redundancy. Thus, 

in [1] it is shown that in order to achieve high values of reliability indicators, multi-channel 

voltage converters must be made on the basis of a backbone-modular architecture. This 

architecture allows for the implementation of sliding ñN out of M active redundancyò for power 

channels. 

At the early stages of designing multi-channel voltage converters, calculation methods 

and software are used to evaluate their reliability indicators [2. 3]. It is obvious that the more 

accurate the estimate of these indicators is, the more likely it is that the created converter will 

meet the requirements. However, in practice, the calculation is limited to obtaining ñlowerò 

estimates of reliability indicators, which is due to limitations inherent in analytical methods [4]. 

At the same time, the method of statistical modeling is a universal method for calculating 

the reliability of electronic equipment [5]. This method is used mainly for calculating indicators 

of the ñoperating timeò type (numerical integration method). For the practical implementation of 

this method, software tools for simulation have been created that have universal languages for 

describing the formal model. This makes it much easier to create a software model, since it is 

generated automatically [6-8]. However, these languages have a number of limitations, for 

example, in terms of the ability to describe changes in the parameters of the reliability block 

diagram (RBD) when component parts fail, and this applies not only to universal, but also 

specialized languages [9]. 

Therefore, when simulating operating time, even with ñtypicalò redundancy methods (in 

this case, with ñN out of Mò), but having specific features, the software model must be created 

ñmanuallyò based on the formal model. 

 

PROBLEM STATEMENT 

Backbone-modular architecture of the power part (PP) of a multi-channel voltage 

converter with ñN out of Mò redundancy present in [1] and is shown in fig. 1. 

 

 
 

Fig. 1 Power part of the voltage converter with ñN out of M active redundancyò 

 

As seen in fig. 1 the power part of the voltage converter (PP VC) contains of N main 

power modules (PM1-PMN) and redundancy modules (PMN+1, PMN+1+1,..., PMN+1+K) that are in 

the operation mode. The reliability block diagram (RBD) for this redundancy method of power 

modules (channels) is shown in fig. 2. 
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Fig. 2 Reliability block diagram of power part of a multi-channel voltage converter 

 

Reliability function of such a group is determined by the formula from standard [10]: 

() ( ) ( )ʙʨ ʙʨ-

0

1
M N M i i

t

M

i

tiP C e et
- -

LÖ -LÖ

=

è ø= Ö Ö -
é ùê ú
ä ,                                    (1) 

where 
i

MC  is number of combinations; ȿ is the failure rate of the element; t is time; N is 

number of elements; M is the total number of elements. 

As can be seen from (1) in the method for calculating the RBD of the group ñN out of M 

active redundancyò, given in the standard [10], the dependability characteristics (ȿ) for each 

element of the RBD are assumed to be constant (do not depend on the number of failed elements). 

However, this condition is not met for the voltage converter in question. 

 

SOLUTION OF THE PROBLEM 

This is due to the fact that the power channel (PPC) depends on the number of operable 

channels (m) that work on the load [1]: 

() VC
PC

P
P m

m
= ,                                                                (2) 

where PVC is the rated power of the converter. 

It follows from (2) that the electrical stress factor of the channel (KL) also depends on m: 

()
()

nom

PC

L

PC

ʂ
P m

m
P

= ,                                                                (3) 

where PPCnom is the nominal capacity of the channel. 

Note that for m = N, the value of PPC(m) will be equal to PPCnom. 

Since the channels are electronic modules of the first level (EM1), the values of their 

failure rate ( PC) are calculated using the method given in the standard [10]: 

PC O

1

ɚ
i

I

i=

L =ä ,                                                                (4) 

where ɚOi is the operational failure rate of the i-th element of the channel; I is the total 

number of elements in the channel. 

In turn, the value of ɚOi is calculated using the models given in the handbook [11]: 

O b

1

ɚ ɚ K
J

j

j=

= ÖÔ ,                                                                (5) 

where ɚb is base failure rate of the element; Kj are factors; J is the total number of factors. 

One of the factors that are included in the model (5) is the operating mode factor (KOM). 

KOM ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ɻ ʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʝʣʠʯʠʥʫ ɚO [11]. Factor 

KOM takes into account the influence of electrical and temperature stresses on the value of ɚO 

[11]. For example, for silicon semiconductor devices (except mixing and microwave detector 

diodes), the mathematical model of the KOM has the form: 
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where a ɸ, Nʊ, Tʄ, L, ȹt are modelôs constant; t is ambient temperature (package); ʂES 

is the ratio of the working electrical stress to the maximum allowed temperature tdec; tdec is the 

maximum ambient temperature for which at 100% electrical stress junction temperature does not 

exceed maximum allowable tJmax. 

For transistors and transistor assemblies, the ʂES value is defined as: 

OM
ES

max

K
ʈ

ʈ
= ,                                                                (7) 

where ʈOM is scattering power in operating mode; ʈmax is the maximum allowable power 

of scattering at a temperature equal to tdec. 

The graph of the KOM dependence on the ʂES is shown in fig. 3. 

 

 
 

Fig. 3 Dependence operating mode factor on electrical stress factor 

 

As seen in Fig. 3 the decrease in ʂES leads to a significant decrease in the KOM, and, 

consequently, to a decrease in the ɚO. 

Since the PC is calculated for the nominal stress of the channel (KL = 1), when using this 

value ( ʉʂnom) in the reliability prediction of the PP VC according to the method of the standard 

[10], only their lower estimate (ñworst caseò) can be obtained, and the calculation error will grow 

with the increase in the number of redundancy channels. 

This is due to the fact that if the ʂES values of the control circuit elements are weakly 

dependent on the channel KL value, the ʂES of the power circuit elements is already largely 

determined by the KL value, and these elements significantly affect the final value of PC. 

In contrast to analytical methods, the statistical modeling method allows you to take into 

account changes in the dependability characteristics of the converter channels in case of failures. 
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For an exponential failure model, the value of the operating time realization (t ) is 

calculated using the formula: 

()
PC

ln x
t=-

L
,                                                                (8) 

where x  is realization of the basic random variable (BRV). 

As shown above, the PPC value depends on m and can be calculated for m = (N+1), ..., 

(M+N): 

nomPC PCm

N
P P

m
= Ö .                                                          (9) 

Then, for these PPCm values, it is necessary to determine the electrical (and, if necessary, 

thermal) modes of operation of the channel elements, i.e. find the values of ʂES and tm for all 

elements. Then, using the formulas (4) and (5), can be calculated the channel failure rates when 

fails 0, 1, 2, ..., (M-N) channels in the converter and then can be forms an array PC0, PC1, PC2, 

é, PC(M-N). 

This array is used for calculating the realization of channelôs operating time, namely: 

- according to the formula (8), the realizations of channelôs operating time (PCm
t ) are 

calculated for failures and an array is formed (values of 
1 2PC PC PC...

M N M N M
t t t

- + - +
= = = , because they 

are calculated for PC = PCnom); 

- according to the formula (8) for the same values, the realizations of channelôs operating 

time ( NOMl
t ) are calculated and an array (

1 2NOM NOM NOM, ,...,
M

t t t ) is formed; 

- array elements 
1 2NOM NOM NOM, ,...,

M
t t t are ordered in ascending order; 

- calculated the realizations of converter's operating time (
,( )PCl M m

t
-

) to failure of the 1-st, 

2-nd, ..., M-th channels: 

( ),( 1) ,

,( ) ,0

,( 1)

NOM NOM PC

PC NOM
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l s
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-

=

- Ö
= =ä ,                           (10) 

where the first index (l) is the number of channels in the converter, and the second (s) is 

the number of their operating times in ascending order. 

After the calculation 
,( )PCl M m

t
-

is determined by realization of operating time of PP VC (

VCt ) to failure, which is the realization of operating time (M-N+1)-th channel: 

 

,( 1VC PC )l M N
t t

- +
= .                                                              (11) 

Since the statistical modeling method requires multiple calculations VCt , in this case, the 

amount of computational costs can be reduced. 

Indeed, it follows from (8) that: 

NOM NOM NOMPC PC PC
nom

NOM PC PC PC

ʂ

m m m

m
m m

t
t t

t

L L L
= Ý = Ö Ý =
L L L

,                                     (12) 

where NOMt  is realization of the channel's operating time at 
NOMPC PCL =L ; mt  is 

realization of the channel's operating time at PC PCm
L =L . 

Then, using (12), you can pre-generate an array K0, K1, ʂ2, é, ʂ(M-N), which will be used 

for calculating realizations of the converter's operating time, namely: 
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- using the formula (8), the realizations of the converter's operating time (noml
t ) are 

calculated and an array 
1 2NOM NOM NOM, ,...,

M
t t t  is formed; 

- array elements 
1 2NOM NOM NOM, ,...,

M
t t t are ordered in ascending order; 

- calculated the realizations of channel's operating time: 

¶ realization of channel's operating time that failed first: 

,1PC NOM 0ʂm M l
t t

=
= Ö ,                                                                       (13) 

¶ realization of channel's operating time that failed second: 

( )( 1) ,2 ,1PC PC NOM NOM 1ʂm M m M l l
t t t t

= - =
= + - Ö,                                                  (14) 

¶ realization of channel's operating time that failed (ʄ-N) (the last of the redundancy 

channels): 

( )( ) ,( 1) ,PC PC NOM NOM

1

ʂ
m M N m M l s l s

M N

s

s

t t t t
= - = +

-
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ê úä ,                                                   (15) 

¶ realization of channel's operating time that failed (ʄ-N+1) (the first of the main ones): 

( )( 1) ( ) ,( 1) ,( )PC PC NOM NOMm M N m M N l M N l M N
t t t t

= - + = - - + -
= + - ,                                      (16) 

¶ realization of channel's operating time that failed ʄ (last): 

( )( ) ,( 1) ,

1

PC PCʂ NOM NOMm M m ʄ N l s l s

M

s M N

t t t t
= = - +

-

= -

= + -ä ,                                        (17) 

Since the criterion for failure of the group ñN out of M active redundancyò is the failure 

of its (M-N+1) elements, the realization of the converter's operating time before failure (M-N+2), 

(M-N+3), ..., M channels can be not calculated. The value of VCt  will be equal to the realization 

of the operating time of the channel that failed (M-N+1). 

Then, taking into account (13)-(16), the formal model of the PP VC with ñN out of M 

active redundancyò of power channels can be presented in the following form: 

( ) ( ),1 ,( 1) , ,( 1) ,( )VC NOM NOM NOM NOM NOM0

1

ʂ ʂ
l l s l s l M N l M N

M N

s

s

t t t t t t
+ - + -

-

=

è ø= Ö + - Ö + -
ê úä ,                (18) 

where the values of the model parameters are determined by formulas (12), (8), (4) and 

(5). 

To create a software model (program module), you can use the algorithm calculation ʇʅt
shown in fig. 4. 

Block 1 (see fig. 4) runs the module on a command from the simulation program. In Block 

2, enter the parameters of the formal model - N, M, PCnom and the array PCʂ0, PC1, ʉʂ2, é, 

PC(M-N). In Blocks 3-5, elements of the array K0, K1, ʂ2, é, ʂ(M-N) are calculated using the 

formula (12). In Blocks 6-9, elements of the array 
1 2NOM NOM NOM, ,...,

M
t t t are calculated using the 

formula (8). In Block 10, elements of the array 
1 2NOM NOM NOM, ,...,

M
t t t are ordered in ascending 

order. In Block 11, calculates on the formula (13) the realization of operating time of channel 

that failed first. In Blocks 12-14, the realization of operating time of channel that failed last from 

the number of redundancy channels is calculated using the formula (15). In Block 15, the formula 

(18) is used to calculate the realization of operating time of the PP VC. Block 16 outputs this 

value, and Block 17 terminates the module and passes control to the simulation program. 
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Fig. 4 Algorithm for calculating the operating time of the voltage converter 

 

 

ʉONCLUSION 

Thus, the model (18) makes it possible to the reliability prediction of multi-channel 

voltage converter (ñN out of M active redundancyò method), taking into account changes in the 

reliability characteristics of their power channels in case of failures. 

However, it should be noted that the effect of using this model can only be obtained if 

can be calculated PC for the power channels (i.e., there are initial data). In practice, such data is 

often not available, because often ready-made modules are used as PC, for which the reliability 

characteristics are given in the Data Sheet only for typical (nominal) modes. 
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In addition, the above model, like any other model, is valid within the limits of the above 

restrictions (exponential model of channel failures, accuracy of calculating their failure rates, 

etc.). 

Therefore, the results of reliability prediction of multi-channel voltage converter obtained 

with this model help should be adjusted according to the results of tests and controlled operation. 
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Abstractð The paper studies the noise immunity of an autocorrelation demodulator of 

signals with differential phase-shift keying in the presence of Gaussian noise, Rayleigh fading, 

harmonic and retransmitted interference in the radio channel. Analytical formulas are obtained for 

the error probability at M=2 and 4 in two cases: with harmonic interference and Rayleigh fading 

and with harmonic interference without fading. The results of simulation are given, including in 

the presence of retransmitted interference, confirming the theoretical results. 
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interference, retransmitted interference, Rayleigh fading, noise immunity. 

 

INTRODUCTION 

Phase-shift keying (PSK), including multiple M-PSK, is used in many digital information 

transfer systems. The noise immunity characteristics of the optimal coherent receivers of such 

signals are well studied for many interference situations [1-7]. Due to the simplicity of technical 

implementation in practice, incoherent reception methods are often used. Thus, the 

autocorrelation algorithm allows the use of a delayed signal as a reference oscillation. In this 

case, differential encoding of information and, accordingly, differential (relative) multiple phase-

shift keying (DMPSK) are used. The number of possible values of the phases of the packages M 

is usually small and is generally equal to 2, 4 or 8. 

The autocorrelation demodulator (ACD) of the DMPSK signals is constructed according 

to a quadrature scheme and contains two channels ï in-phase (upper) and quadrature (lower) 

(Fig. 1) [2]. In some schemes, integrators are used as LPF1 and LPF2. 

LPF1

Channel symbol
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acrtg( )
Y

Z
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( )x t
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Fig. 1 Block diagram of an ACD of DMPSK signals 

 

Due to the complexity of determining the statistical characteristics of the processes at the 

input of the solver, the noise immunity analysis of such a demodulator was performed for special 

cases [1,2], most of which concern the reception of 2-PSK and 4-PSK signals against the 

background of noise interference. However, in the literature there are few studies of the noise 

immunity of the autocorrelation reception of such signals for cases when noise and non-

fluctuation interference are present in the radio channel. 

The aim of this study is to obtain the noise immunity characteristics of an ACD of a 

DMPSK signal in the presence of various interference at its input ï harmonic, retransmitted, 

multiplicative (Rayleigh fading) and noise. 

 

SIGNAL AND INTERFERENCE MODELS 

The authors will write two adjacent sendings of the DMPSK signal at the i-th and (i-1)-

th clock intervals equal to the duration of the channel symbol ,sT  as follows 

0 1

1 0 2

( ) cos(ɤ ű ), (( 1) , ],

( ) cos(ɤ ű ), (( 2) ,( 1) ],

i s s

i s s

s t A t t i T T

s t A t t i T i T-

= + Í -

= + Í - -
                                       (1) 

where 2 s sA E T=  ï the signal amplitude; 2logs bE E M=  ï the energy of the channel 

symbol; bE  ï the energy per one bit of information; 0ɤ  ï carrier frequency; 1ű and 2ű  ï phases 

of the packages, the difference of which carries information about the channel symbol and can 

take one of M possible values that differ by a value 2ˊ .M  
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Let us consider a situation when, in addition to the useful signal (1), the radio 

communication channel contains additive fluctuation noise ɝ( )t  with power 2

ɝů , targeted 

harmonic interference 
ʧ 0( ) ɛ cos(ɤ t ɖ)s t A= +

 
with a relative intensity ɛ

 
and a random uniformly 

distributed phase ɖ, or a retransmitted interference, which is a signal (1), delayed by time Ű < Ts. 

Moreover, it can be assumed that both the signal and the interference experience slow Rayleigh 

fading, characterized by a coefficient ɓ: 
2

2 2

ɓ ɓ
(ɓ) exp( ).

ů 2ů
v = -

 
 

DERIVATION OF FORMULAS 

To analyze the noise immunity of the ACD, the authors use the technique described in [8, 

9] and based on the presentation of the output signals of the in-phase and quadrature channels in 

a quadratic form. In this case, it is possible to obtain the parameters of the distributions of random 

processes at these points of the circuit and estimate the probability of the error of the resultant 

signal vector falling into one or another quadrant of the complex XY plane. The calculations made 

it possible to obtain the following expressions in the presence of Rayleigh fading and harmonic 

interference: 

- the probability of a symbolic (bit) error during fading for 2 :M =  

2

1 1
,

2 1
efP

cq
=

+
                                                                      

 (2) 

- the probability of a symbolic error for 4 :M =  

4 ʇʇ4 2

1 4 3
1 ,

4 ( 1)
ef

cq
P P

cq

+
= - =

+
                                                       

 (3) 

where 2 2

ɝů ůq=  is the signal-to-noise ratio; 21 ɛ 2ɛcosɖ.ʩ= + +  
 

Without harmonic interference at Õ = 0, = 1,c  and expression (2) reduces to the well-

known formula given in [1]. 

 

THE RESULTS OF THE ASSESSMENT OF ACD NOISE IMMUNITY OF THE DMPSK 

SIGNALS
 

a) a radio channel with Rayleigh fading and harmonic interference 

The expressions for the probabilities of symbolic error (2), (3) are conditional with respect 

to the parameter ɖ ï the random phase of harmonic interference. After a numerical averaging, one 

can get the final results. 

Fig. 2 shows the dependences of the probability of a symbolic error on the signal-to-noise 

ratio in a radio channel with Rayleigh fading and harmonic interference. It can be seen that 

harmonic interference with low intensity practically does not affect the noise immunity of the 

demodulator, and in this case, Rayleigh fading has a dominant effect. If ɛ 0.5,=  then for 110efP -=  

the additional energy loss due to harmonic interference is about 0.7 dB compared with the case 

when there is no such interference. 
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                                                a)                                                                                       b) 

Fig. 2 The dependences of the probability of a symbolic error on the signal-to-noise ratio in a 

radio channel with Rayleigh fading and harmonic interference 

a) for 2,M =  b) for 4M =  
 

b) a radio channel with harmonic interference without Rayleigh fading  

It is known that the error probabilities for amplitude fading Pef and without fading Pe are 

related by the ratio [1]: 

0

( ) ( ) .ef eP P A A dAv
¤

=ñ
 

Therefore, to obtain the probability of a symbolic error in a radio channel without 

Rayleigh fading, one can use a technique based on the use of the inverse Laplace-Carson 

transform 1( )e efP L P-= [10, 11]. To do this, one can replace the variable 21/ 2ůp=  in formulas (2), 

(3) taking into account the expression for the signal-to-noise ratio q. 

For 2,M =  one can get: 

- in the presence of harmonic interference 

2 0

1
exp( ),

2
eP cq= -

                                                             
(4)

 
where 

2

0 2

ɝ

;
2ů

A
q =

 
- in the presence of fluctuation noise only, one can get the known relation [1] 

2 0

1
exp( ).

2
eP q= -

                                                            
(5) 

For 4 :M =  

- in the presence of harmonic interference 

0

4 0

3
exp( ).

4
e

cq
P cq

+
= -

                                                          

(6)

 - in the presence of fluctuation noise only 

0

4 0

3
exp( ).

4
e

q
P q

+
= -

                                                           
(7) 

Fig. 3 shows the dependences of the probability of a symbolic error on the signal-to-noise 

ratio q0 in a radio channel without fading, constructed according to formulas (4)-(7). It can be 

seen that the targeted harmonic interference can rather severely impair the interference immunity 

of the ACD of the DMPSK signal, and with increasing the signal position, the interference 
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immunity of the ACD decreases. With an increase in the noise intensity ɛ from 0 to 0.5 at a 

signal-to-noise ratio of 10 dB, the probability of a symbolic error for M=2 and M=4 deteriorates 

by two orders of magnitude. 

 
     ʘ)                                                                                      ʙ) 

Fig. 3 Dependences of the probability of a symbolic error on the signal-to-noise ratio in a radio 

channel without fading 

a) for 2,M =  b) for 4M =  
 

THE RESULTS OF THE SIMULATION OF ACD OF THE DMPSK SIGNALS 

Fig. 4 presents comparative theoretical and simulation dependences of the probability of 

a symbolic (bit) error on the signal-to-noise ratio for M=2 in the presence of harmonic (a) and 

retransmitted (b) interference in the communication channel. The solid lines correspond to the 

theoretical one, and the dashed lines correspond to the simulation probability of a bit error. 

 

 
                                                ʘ)                                                                                      ʙ) 

Fig. 4 Theoretical and simulation dependences of the probability of a symbolic error on the 

signal-to-noise ratio in the presence of harmonic and retransmitted interference for M=2 
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ʉONCLUSION 

The paper analyzes the noise immunity of the ACD of DMPSK signals in the presence of 

Rayleigh fading, harmonic and retransmitted interference in the radio channel. The results 

obtained allow drawing the following conclusions. 

1. The noise immunity of the ACD of DMPSK signals is significantly reduced when 

there are Rayleigh fading in the radio channel. Their influence is stronger than the influence of 

harmonic interference. 

2. In a radio channel without fading, the targeted harmonic interference significantly 

reduces the noise immunity of the ACD. Thus, with an increase in its intensity from 0 to 0.5 at a 

signal-to-noise ratio of 10 dB, the probability of a symbolic error for M=2 and 4 deteriorates by 

two orders of magnitude. 

3. The simulation results are in good agreement with theoretical results, which confirms 

their reliability. 
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Abstract ï The paper presents the fundamentals of the advanced ground-space monitoring 

high-efficiency automated special-purpose optical-electronic system theory fundamentals. The 

results presented have theoretical and practical importance in the performance of the information 

efficiency supply tasks in various implementational fields required visual information 

processing. 

Keywords: optoelectronic system, visual information processing, efficiency. 

 

Within global informatization and intensification of informational rivalry, the issues of 

ensuring the efficiency of visual information processing during the integrated information 

monitoring (ground, air, space, and underwater), carried out in the interest of solving national 

economic and special problems using remotely piloted vehicles equipped with the automated 

optoelectronic devices, are of particular relevance. The central problem in the field of 

technological and logical image processing is the creation of ground-space monitoring (GSM) 

automated special-purpose optical-electronic systems (AOES) that provide solutions to visual 

information processing with high accuracy, resistant to various destructive factors with a clearly 

defined and investigated applicability range [1, 2, 3, 4]. The conceptual modeling of effective 

GSM AOES was carried out on the basis of a problem-oriented option of the integrated ñICDò 

(ñinformation-cybernetic-didacticò) approach [1, 2], that is, a systematic approach with emphasis 

on its informational, cybernetic and didactic aspects, consisting of the integration of 

informational approach methodology (when the object is treated as a focused information 

system), cybernetic approach methodology (when the object is treated as a control system at the 

level of information processes and informational base functioning algorithms), didactic approach 

methodology (when the object is treated as a self-learning system) as part of a systematic 

approach methodology (when the object is treated as complexly layered and multi-faceted 

system).  

The main functionality of GSM AOES is the task of detecting, localizing and classifying 

the objects on photo and video as applied to various phono-target environments [2]. The difficulty 

in solving these problems increases due to: loss of information when projecting a three-

dimensional scene (exposure) onto the image plane, noise on the image, changing the scene 

exposure, complex shape of objects, changing the object shape, partial or complete object overlap 

and blocking in the scene, complex motion path of the object, object exceedance and its 

appearance in the frame, relative camera movement, processing requirements in real time, etc.  

The well-known invariant functional structure of control systems [1] is used as a 

conceptual-logical model of GSM AOES, while the tasks of GSM are distributed according to 

the functional subsystems as follows: ensuring the stabilization of video images - ʈ1 subsystem 

[5]; detection, localization and maintenance - ʈ2 [6]; classification and selection - ʈ3 [5]; 

formation of control effects - ʈ4; creation of training samples and adjustment of system methods 

- ʈ5 [7]; dynamic range compression and signal transmission - ʈ6 [8]; cryptoconversion of signals 

- ʈ7.  
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The model reorganization levels (layers) are characterized as follows: 

Level 1. The choice of an action method άᶰὓ from the set M of possible methods 

according to algorithm A: 

ὃȡάᶰὓȢ 
The main subsystems operating at this level are the measurement subsystem (P1) and the 

central coordination and organizational management subsystem (P5). 

Level 2. Adaptation and modification of problem solution methods in the informational 

rivalry conditions. As a result of training in real conditions and narrowing of the set N of 

uncertainty, it is formed an effective algorithm A for choosing an action method:  

Ὄᴼπȟὃ ὊὋȟὑȢ 
The main subsystem functioning at this level is the information exchange subsystem (P6). 

Level 3. Self-organization, selection of a strategic model are carried out on the basis of 

justification and assignment of the current output operators G, K assessment the action method 

quality, corresponding to the main goal S(t). The output operator G defines a rule for displaying 

a set of X elements at the input to the set Y of output results for a given άᶰὓ action method 

selected from the set M under the uncertainty conditions H: 

Ὃȡὢ ὓ ὌᴼὣȢ 
The action quality method K assessment operator determines the rule for displaying the 

set Y of output results for a given άᶰὓ action method selected from the set M to the set of 

quantities R associated with the system quality features: 

ὑȡὓ ὣᴼὙȢ 
The main subsystems operating at this level are the observation subsystem (P2) and the 

identification subsystem (P3). 

Level 4. Development and decision making based on the received analytical information. 

The main subsystem functioning at this level is the decision-making subsystem (P4). 

The required degree of protection and security of information arrays is supported by the 

information protection subsystem (P7) continuously at all levels. 

At the same time, it is necessary to develop a rational usage method W* of an 

informational structurally-informative resource ὗ᷾ὗ to process only the most valuable visual 

information ὗ̏
ᶻ, which may lead to the development of optimal management decisions Ὗᶻ, 

leading to the achievement of goals g with a given limit Ὅ̏  of the information processed. 

ὗ᷾ὗ
ᶻ

ὗ̏
ᶻᴼὟᶻὍ̏̏Ȣ 

The information theory of complex GSM AOES (see figure) is based on an object-

oriented technology of creating the information-mathematical software and hardware-software 

tools to process the visual information. 

Conceptual design of an effective GSM AOES was carried out in a logical sequence at the 

following main stages [9, 10]: 

At the first stage, as a result of a system analysis, the main trends and development 

directions for the image processing methods based on classical and neural network approaches 

were determined; the main problems arising during the visual information processing were 

highlighted; a scientific problem was identified; and decomposition of the information 

processing goals was performed. 

At the second stage, the main methodological provisions of the information theory of 

GSM AOES were substantiated, including the search for optimal solutions; a conceptual-logical 

model was justified; and the information and technical structure that ensures the information 

efficiency of GSM AOES within the information confrontation conditions was developed.  
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General structure of the totality of the developed theoretical principles  

of the information theory of GSM AOES 

 

The developed methodological principles are based on the proved statement that the 

degree of informational entropy of the system remains unchanged, and are formulated as follows: 

with an increase in the informational entropy H of the system, the uncertainty degree of the 

system does not change ceteris paribus, but the number of ways to implement a certain state of 

the system increases. 

At the third stage, the synthesis and optimization of the information processes of GSM 

AOES were carried out, including development of a formal mathematical apparatus for 

stabilization of the visual information flow, evaluation and improvement of the information 

efficiency of GSM AOES.  

It is proved the statement about the squared distance of any element of pseudo-Euclidean 

space - a real quadratic space, - in which scalar multiplication is given by the non-degenerate 

symmetric bilinear form sign (k, l). The squared distance of any element of pseudo-Euclidean 

space ὼɴ ᴙ  to an affine combination ὼᶰᴙ  of elements ὼȟȣȟὼ  ̒ with the coefficients 

̒ ̒ȟȣȟ̒ , where ὼ В ̒ὼᶰᴙ ȟВ ̒ ρὧ ρ, is determined by the 

equality:  

ὶ ὼȟὼ ̒ὶ ὼȟὼ
ρ

ς
̒ὧὶ ὼȟὼȢ 

At the fourth stage, during synthesis and optimization of the information base of GSM 

AOES, a formal mathematical apparatus for training neural networks was developed, a 

formalized markup method was created, and formalization of solving the problems of object 

detection, localization and classification was performed [3].  

In particular, it is proved the statement about the contour symmetry axis, which states that 

if there is a symmetric contour Ὗ ό , whose symmetry axis coincides with the abscissa, 

and the point u0 lies on the symmetry axis, then there is equality for the Fourier descriptor Ὂ

Ὢ  of contour U Ὅ Ὢ πȟὰ πȟὔ ρ, where  Ὢ ό В όϽὩὼὴὭϽ
̑
ϽὰϽ

Ὧȟὰ πȟὔ ρ is a discrete Fourier transformation for the contour U. 

At the fifth stage, the synthesis and optimization of multilevel GSM AOES was carried 

out, including development of an integrated structure to solve the problem of assessing the 
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information efficiency of GSM AOES in the information confrontation conditions; a formal 

mathematical apparatus for the effectiveness evaluation [4] was developed based on the proved 

statement on the equivalence of recognition algorithms, according to which the recognition 

algorithms GF1 and GF2 are equivalent, if metric potentials F1 and F2 are similar. Ὂ ὼӶ - metric 

potential of the field created by vertex ɻ in point ὼӶ of the space Ὀ . Each such potential defines 

a metric recognition algorithm GF with the decision function R0. Algorithms G1 and G2 are 

considered equivalent, if ὼӶɴὈ  ÓÉÇÎὙ ὼӶ ÓÉÇÎὙ ὼӶ algorithms G1 and G2 work 

the same for any ὼӶɴὈ .  

At the sixth stage, the information-mathematical support (IMS) was developed for the 

effective solution of information problems concerning visual information operational processing, 

including functional diagnostics and monitoring of the state of people-operators; a mathematical 

model of the survival of GSM AOES operators was developed for the case of using an automated 

diagnostic system; and the operational information processing automation IMS was created.  

The developed information-mathematical support is based on a proven statement about 

structural features of the objects concerned. Structural features of the objects concerned are 

localized in the image coordinate system recorded by GSM AOES and have their own fractal 

dimensions and maximum eigenvalues of autocorrelation matrices. 

At the final stage, analysis and evaluation of the operational processing of visual 

information were performed, the IMO of the multilevel GSM AOES was developed, and the 

experimental studies of the developed algorithms were conducted. 

The developed set of theoretical provisions of the information theory of GSM AOES is 

of scientific importance in solving the problems of developing effective automated special-

purpose (interdisciplinary, etc.) optical-electronic systems, providing processing of 

multidimensional visual information, and can significantly increase the efficiency of using the 

existing methods and means of detection, localization and image classification and, as a result, 

improve the quality (accuracy) of visual recognition and formation, ensure the confidentiality of 

information processing, as well as increase the safety and reliability of the assessment situations 

under intense information competition and continuously changing environment.  
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Abstract ð The aim of the study is to develop scientifically based proposals to increase 

the universityôs performance indicators in the international institutional ranking QS to the 

required values, considering the presence of a combination of latent (hidden) factors. During the 

study, the following tasks were solved: identification of latent factors affecting the basic 

indicators of the university, assessing their significance and degree of influence on the basic 

indicators, as well as their grouping. Based on the results of the correlation - regression and factor 

analysis, measures are formulated to achieve the specified values of the QS University 

institutional rating indicators. It is shown that measures to achieve the specified indicators must 

be carried out considering the revealed correlation dependencies between factors and basic 

indicators, as well as the interpretation results of the developed factor model. 

Keywords: correlation - regression analysis, factor analysis, basic indicators, institutional 

rating. 

 

INTRODUCTION 

By the Decree of the President of the Russian Federation of May 7, 2012 ñOn measures 

to implement state policy in the field of education and scienceò, the Ministry of Education and 

Science launched the ñProject 5-100ò, which is a state program to support the largest Russian 

universities [1]. The aim of the project is to increase the prestige of Russian higher education and 

the withdrawal of at least five universities from the number of project participants in the top 100 

universities of three authoritative world rankings: Quacquarelli Symonds (QS), Times Higher 

Education (THE) and Academic Ranking of World Universities. 

Currently, 25 Russian universities are included in the QS institutional rating [2,3]. In first 

place among Russian universities is Moscow State University. M.V. Lomonosov, who entered 

the top 100 of the institutional ranking in 84th position, in second place - Novosibirsk National 

Research State University (231st position), participating in the ñProject 5-100ò, in third place - 

https://doi.org/10.1134/S0132347419060025
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St. Petersburg State University (234th position). The Higher School of Economics (HSE) as of 

2020 occupies 322nd position, National Research Technological University "MISiS" - 451st 

position, Plekhanov Russian University of Economics - 776th position. 

Over the past 5 years, Russian universities have shown significant dynamics in entering 

the top 500 institutional QS rating, having increased their representation by one and a half times 

(from 9 to 16), mainly thanks to the participants in the ñProject 5-100ò. This indicator is one of 

the main guidelines of the federal project "Young Professionals". 

In view of the above, the management of REU them. G.V. Plekhanov was formulated the 

task to move in the world ranking of QS universities by 2025. to the position that MISiS takes 

today. To this end, an analysis of the possibilities and conditions for achieving a given position 

was carried out and, based on the developed models, the proposals on ensuring the fulfillment of 

the task were substantiated. 

The task was solved in 3 stages. At the first stage, an analysis of the correlation of basic 

indicators that ensure the promotion of Plekhanov Russian University of Economics in the 

institutional ranking of QS World University Ranking: academic reputation, reputation with the 

employer, the ratio of the number of students to the number of scientific and pedagogical 

workers, citations for teachers, international teachers, international students. 

These indicators are included in the university rating system and are presented in the QS 

- analytics information and analytical system, which annually updates information on all 

universities [2]. Based on the methods of correlation and regression analysis in the environment 

of the analytical platform Deductor 5.3, the coefficients of pairwise correlation of the values of 

the functional and basic indicators for the Plekhanov Russian University of Economics and 

MISiS. Based on the obtained values, an analysis of the correlation of indicators promoting the 

promotion of Plekhanov Russian University of Economics in the institutional ranking of QS 

World University Ranking. The results of the calculations made it possible to identify the 

tightness of the relationship between the basic indicators and rating functionality. 

At the next stage of the study, hidden (latent) factors were identified that affect the basic 

indicators of university activity using factor analysis methods. Their significance and degree of 

influence on basic indicators, as well as their grouping, were assessed. The use of the 

mathematical apparatus of factor analysis made it possible to reduce the dimension of the 

problem being solved and to provide grouping and structuring of the obtained data. Interpretation 

of the results of factor analysis allowed us to identify latent factors that provide the main 

contribution to obtaining the result.  

  At the third stage of the study, justification of the set of measures to achieve the planned 

indicators to improve the institutional rating of QS University was completed. 

  Thus, an approach to solving the problem of providing conditions for achieving the 

required values of university performance indicators in the international institutional ranking QS 

using models developed based on statistical analysis methods is proposed. 

 

PROBLEM STATEMENT 

  Correlation analysis of basic university performance indicators in accordance with 

the QS World University Ranking Institutional Rating. In the institutional ranking of the best 

universities in the world, QS World University Ranking, universities are evaluated by the value 

of the rating functional, calculated based on the following six basic indicators [4]: 

- Academic reputation (AR), makes 40% of the contribution to the rating value; 

- employer reputation (ER) - 10% contribution to the rating value; 

- the ratio of the number of students to the number of scientific and pedagogical workers (RS/T), 

- 20% of the contribution to the rating value; 

- citations to the teacher (CT) - 5% contribution to the rating value; 

- international teachers (IT) - 20% of the contribution to the rating value; 
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- international students (IS) - 5% contribution to the rating value. 

  Each indicator has a weight equal to the degree of contribution to the value of the rating 

functional. The value of the rating functional R is calculated by the formula (1): 

Ὑ ύὼȟ                                                                                       ρ 

where wi is the weight of the corresponding indicator; xi- its meaning. 

  The following initial data for the university for the period 2013 - 2019 were taken as a 

basis for calculations: rating functionality, basic indicators - academic reputation; employer 

reputation; the ratio of the number of students to the number of teachers; quoting to the teacher; 

international teachers; international students. 

  Based on the methods of correlation and regression analysis in the environment of the 

analytical platform Deductor 5.3 using the module "Correlation analysis", the coefficients of 

pairwise correlation of the values of the functional and basic indicators for the Plekhanov Russian 

University of Economics for MISiS (Table 1) using the Pearson criterion (allows us to assess the 

significance of differences between the actual and theoretical number of characteristics of the 

sample). 

 

TABLE 1. CORRELATION MATRIX OF RATING FUNCTIONAL  

WITH BASIC INDICATORS USING THE PEARSON CRITERIA 

Number  

in order 

Basic 

indicators 

Rating functionality of 

Plekhanov Russian 

University 

 of Economics 

Rating 

functionality 

of MISIS 

1. ɸR 0,152 0,854 

2. ER 0,726 0,607 

3. RS/SPW 0,939 0,511 

4. CP 0,141 0,883 

5. IT 0,182 0,494 

6. IS 0,604 0,667 

 

  Similarly, the coefficients of pairwise correlation between the basic indicators are 

calculated. In accordance with the Cheddock scale, the tightness of the correlation coefficients 

was estimated [5]. The calculations allowed us to draw the following conclusions. 

  A strong connection was found between the rating functional and the basic indicators: 

ñThe ratio of the number of students to the number of academic staffò (r = 0.939), ñReputation 

among employersò (r = 0.726) and ñInternational studentsò (r = 0.604). The strength of the 

connection between the rating functional and other indicators is practically absent. 

  For the MISiS rating functionalities, the greatest tightness of communication was found 

for the basic indicators ñAcademic Reputationò (0.854) and ñCitation for a Teacherò (0.883), the 

smallest - for the ñInternational Teachersò indicator. 

  At the next stage of the study, the identification and interpretation of latent (latent factors) 

affecting the basic indicators using factor analysis methods, which is a class of multivariate 

statistical analysis procedures, aimed at identifying latent variables (factors) responsible for the 

presence of linear statistical relationships (correlations) ) between the observed variables [5]. 

 

SOLUTION OF THE PROBLEM 

  1. Identification of latent factors and assessment of their significance based on factor 

analysis. Factors are groups of certain variables that correlate with each other more than with 
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variables included in another factor. Thus, the meaningful meaning of factors can be revealed by 

studying the correlation matrix of the source data. 

  To assess the influence of latent factors on basic indicators, we used one of the most 

common methods of factor analysis - the principal component method, which allows you to 

reduce (reduce) a large number of related (dependent, correlating) variables, since a large number 

of variables significantly complicates the analysis and interpretation of the obtained results [6]. 

  The mathematical model of factor analysis is a set of linear equations in which each 

observed variable xi is expressed as a linear combination of common factors F1, F2, ..., Fn and a 

unique factor Ui [7]: 

ὼ ὥὊ Ὗ                                                                                 ς 

where xi is the variable, i = 1, m, (m is the number of variables); n is the number of factors; nԇm, 

aik - factor load; Fk is the general factor, k = 1, n; Ui is a private factor. 

  The factor analysis procedure includes the following steps [8]. 

Stage 1. Construction of a correlation matrix of a system of variables by calculating the Pearson 

linear correlation coefficients. 

Stage 2. Extraction of factors and calculation of factor loads aik, which are the main subject of 

interpretation. At this stage, methods of component analysis (the method of principal 

components), principal factors and maximum likelihood are used. In solving this problem, the 

most common method was used, which is the principal component method. It allowed us to 

isolate groups of closely correlating variables in a multidimensional space and replace them 

without loss of information content with the main components. 

  The mathematical model of the principal component method is represented by formula 

(3). 

ώ ‌ ᾀ ȟ                                                                                        σ 

where: yj is the main component; ‌ is a coefficient reflecting the contribution of the variable zi 

to the main component yi; zi is the standardized initial variable, zi= (xi ī xəi)/si, si is the variance, 

i = 1, k. 

  The calculation of the principal components reduces to the calculation of the eigenvectors 

and eigen values (ɚ1, ɚ2, ..., ɚk) of the correlation matrix of the source data. The values of Ŭij are 

factor loads. They are the correlation coefficients between the source variables and the main 

components. Factors include those variables for which |Ŭij| ι 0.7. 

  To reduce the dimension of the space Y = (y1, y2,é, yk) by cutting off non-informative 

variables, the Kaiser criterion associated with eigenvalues was used: the main components 

included variables that correspond to eigen values ɚi ι 1, since their informative value is higher. 

Stage 3. The rotation of the factor solution, which is used if the selected factors cannot be clearly 

interpreted. 

  To analyze and interpret the results obtained, the varimax method and the quartimax 

method are used [9]. Varimax is the method most often used in practice, the purpose of which is 

to minimize the number of variables that have high loads on the factor data (which helps to 

simplify the description of the factor by grouping around it only those variables that are 

associated with it more than others ) cannot be used, since in the problem being solved the 

variables (basic indicators) cannot be reduced, since they are all significant. In view of the 

foregoing, the quartimax method is used to interpret the results of factor analysis - a method that 

ensures reduction (minimization) of the number of factors necessary to explain the variation of a 

variable. 
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  The mathematical apparatus of factor analysis allowed us to solve two of the following 

problems: 

1) a decrease in the dimension of the number of variables used due to their explanation by fewer 

factors; 

2) grouping and structuring of the received data. 

  Based on the method of principal components, the eigenvalues of the factors are 

calculated, and a matrix of factor loads is constructed, which is the correlation coefficients 

between the initial variables (basic indicators) and the main components (factors). The 

eigenvalue of factor ɚi reflects its contribution to the variance of variables, explained by the 

influence of general factors. According to the Kaiser criterion, it is believed that those factors for 

which this indicator is less than 1.0 do not significantly contribute to the explanation of the result. 

The second calculated indicator is the percentage of the explained variance of the variables. 

It is generally accepted that with a justified factorial decision, so many factors are chosen 

so that they together account for at least 70-75% of the variance. In some cases, this figure can 

reach 85-90%. The factor load matrix illustrates the strength of the relationship between the 

variable and the factor. The higher the factor load in absolute value, the higher the bond strength. 

Thus, the main subject of interpretation of the results of the performed factor analysis was 

the extraction of significant factors and the calculation of factor loads. 

The next step was the identification of latent factors affecting the baseline. The following 

factors are attributed to them: Availability of well-known scientific schools and dissertation 

councils; The presence of basic departments in enterprises; Level of qualification of the teachers; 

Number of teachers with language training, etc. 15 latent factors were revealed in total. 

The calculations based on the principal component method were carried out in the 

environment of the analytical platform Deductor 5.3 using the ñFactor Analysisò module. The 

analysis and interpretation of the results are based on the quartimax method [10]. 

The following calculation results were obtained: eigenvalues of factors of the 

mathematical model of factor analysis based on the principal component method; the volume of 

explained variance in% (contribution of each factor to the result) and the total percentage of 

variance (total contribution of factors to the final result). To increase the accuracy of the result, 

the interpretation considers factors 3.4, which have eigenvalues less than 1. 

In the problem to be solved, the first 4 factors were found to be significant, providing the 

largest contribution to obtaining the result (99%). The contribution of the first factor is 61.91%; 

the second factor - 22.73%; the third factor - 9.75%, the fourth factor - 4.60%. 

Based on the results of the identification of factors, a matrix of factor loads is constructed 

(Table 2). The factor correlation method used is the maximum of the cross-correlation function. 

The calculations were carried out for a significance level of 0.50, which allows considering a 

enough factors. The factorization of the matrix (the procedure for extracting factors) for various 

levels of significance was carried out. The higher the factor load in absolute value, the stronger 

the connection of the variable with the factor. 

 

TABLE 2. FACTOR LOAD MATRIX 

Variables 

(basic 

indicators) 

Final factors (Quartimax method) Significance level: 0.50. 

Factor 1 Factor 2 Factor 3 Factor 4 

ɸR   0,8793  

RR 0,6390   0,5336 

RS/T  0,9853   

CT 0,9690    

IT 0,9890    

IS 0,8496    
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The following is an interpretation of the results of factor analysis. In accordance with the 

results of the identification of factors presented in table. 4, the most significant factors 

influencing the basic indicators are: 

- Factor 1 (includes a set of private factors: the number of scientific research projects, the level 

of their qualifications and the presence of close collaboration (the number of joint research 

projects) with foreign universities and research organizations) affects the basic indicators of the 

RR, CT, IT, IS; 

- Factor 2 (includes a set of private factors: the number of teachers, the level of teachersô 

payment) affects the basic indicator of the RS/T; 

- Factor 3 (includes a combination of particular factors: the presence of well-known scientific 

schools and dissertation councils, the presence of close collaboration (the number of joint 

research projects) with foreign universities and research organizations, the number of scientific 

research projects, and their level of qualification) affects the basic indicator of AR; 

- Factor 4 (includes a set of private factors: the level of training (competencies) of 

students, the demand for graduates from the employer, the presence of basic departments in 

enterprises) affects the basic indicator of ER. 

Thus, the results of interpretation have shown that factors 1,2,3 have the greatest impact 

on basic indicators. Those. the task of increasing the values of basic indicators is directly related 

to the increase in particular indicators characterizing: the number of teachers  and the level of 

their qualifications; The presence of close collaboration (the number of joint research projects) 

with foreign universities and research organizations; The level of training (competencies) of 

students, the demand for graduates from the employer, the presence of basic departments in 

enterprises, the presence of well-known scientific schools and dissertation councils. 

 

2. Substantiation of measures to achieve planned indicators to increase the 

institutional rating of QS University. The results obtained made it possible to justify the totality 

of measures to increment the values of private indicators (factors) necessary to solve the problem 

of achieving university performance indicators by 2025, corresponding to the level of MISiS 

indicators in 2019. 

The correlation dependencies between the functional and the basic indicators are 

obtained. The presence of a strong relationship of the functional with the indicators: ñThe ratio 

of the number of students to the number of teachersò (r = 0.952), ñReputation with employersò 

(r = 0.854) and ñInternational studentsò (r = 0.636) was revealed. The strength of the connection 

of the functional with other basic indicators is insignificant. 

The largest contribution (98.9%) to obtaining the final result (the value of the rating 

functional and its corresponding place in the QS rating) is made by the following private 

indicators: The number of teachers and the level of their qualifications; The presence of close 

collaboration (the number of joint research projects) with foreign universities and research 

organizations; The level of training (competencies) of students, the demand for graduates from 

the employer, the presence of basic departments in enterprises, the presence of well-known 

scientific schools and dissertation councils. 

 Measures to increase the values of indicators should be carried out considering the 

obtained correlation dependencies of the most significant factors affecting the basic indicators. 

 

CONCLUSION 

During the study, the following results were obtained: 

- estimates of the relationship between indicators and university rankings based on the 

methods of correlation and regression analysis; 

- a comparative analysis of the results obtained at the universities of the reference group; 
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- the problem of identifying factors that influence the change in the values of basic 

indicators is solved, the degree of this influence is assessed; 

- based on the interpretation of the results of factor analysis, a totality of factors has been 

identified that have a significant impact on basic indicators; 

- well-founded proposals have been worked out to achieve the required values of basic 

indicators and rating functionality of the university; 

- an approach to solving the problem of providing conditions for achieving the required 

values of university performance indicators in the international institutional ranking QS using 

models developed based on statistical analysis methods is proposed. 

The results obtained during the study made it possible to justify the feasibility of carrying 

out the measures necessary to solve the problem of achieving the specified performance 

indicators of the university. 
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implementation are high-speed parallel calculations, fault-tolerant designs, better fault 

correction, etc. One of the main disadvantages is complexity of implementing the so-called non-

modular operations, in particular, scaling operation. The comparison of two scaling 

implementations shows the superiority of the new method over the trivial one. 

Keywords: scaling; residue number system; convolutional neural network. 

 

INTRODUCTION 

Convolutional neural networks (CNN) are good at processing photo, audio and video 

data, which makes them usable for large variety of tasks. However, the dimension of data and 

computational complexity are enormously high. It leads to the use of GPU for better 

performance, which is rather expensive. The demand for hardware to work with neural networks 

is growing every year. Thatôs why the necessity in development of special blocks for VLSI and 

FPGA occurs.  

One of the ways to improve the CNN efficiency is by using the residue number system, 

but this approach leads to some difficulties [1]. 

 

COMPLEXITIES OF IMPLEMENTATION 

Residue number system is a numeral system based on modular arithmetic. Itôs defined by 

a set of integers άȟάȟȣȟά  and ὓ  Б ά . The advantages of using it for hardware 

implementation, as opposed to positional numeral system, are high-speed parallel calculations, 

fault-tolerant designs, better fault correction and etc. One of the main problems is complexity of 

realization of some operations, such as division, square rooting, comparison and scaling. The 

amount of such operations must be minimized or reduced to zero. But, in case of the CNN 

considered in this paper, all of them canôt be replaced by addition, subtraction and multiplication. 

That leads to the main problem - finding optimal and efficient methods of implementing such 

operations. 

One of the main problems of CNN is the growth of data dimension. To avoid this, scaling 

should be performed after each layer. Considering this operationsô complexity, the problem of 

its realization occurs. 

 

SCALING OPERATION 

In order to solve this issue, the method of base extension [2] is combined with the method 

of scaling by random factor K, which is coprime with all moduli [3]. In both cases, lookup table 

(LUT) implementations are used. 

When considering the first method, it can be concluded, that value ȿὢȿ  ὼ  for 

any moduli mn+1 can be calculated as (1) 

ὼ  ȿὢ Ὡὓȿ  ὓ Ὕ ὦ Ὡὓ  (1) 

where: 

ὓ Б ά , ρ ὴ ὲ, ὓ , ὥȟ , Ὡ πȟρ, ὦ

, Ὕ В ὥȟ  

In case when condition (2) is met Ὡ ρ. 
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ừ
Ử
Ừ

Ử
ứ Ὕ

ὓ

ὓ
ὴ ρ 

ȿὢȿ ὴ ρὓ ὓ
ρ

ά

 (2) 

At this stage only T and ὢ  canôt be precomputed. Values of ὥȟ, ὦ and T multiplied by 

ὓ  are calculated and placed in LUT when the Verilog-description of the scheme is generated. 

In the next step, the second method is used. The result of scaling is ὣ  , which in 

modular form looks like formula below (3). 

ώ ȿὣȿ
ὢ ȿὢȿ

ὑ
ȿὼ ȿὢȿȿ Ͻȿὑ ȿ  (3) 

If K is coprime with all moduli, then ȿὑ ȿ  always exists and can be precomputed. To 

fulfill this condition, ὑ ς , where N - natural number. Making the factor power of two also 

makes scaling easier. In this case K also is ά , which is the new moduli of the extended base. 

It means ȿὢȿ is already obtained with the first method. All ώ values can be precomputed and 

placed in LUT at the generation step. 

It is clear, that all complex operations in RNS were reduced to addition and subtraction 

in a small arithmetic unit. 

 

COMPARISON WITH THE TRIVIAL METHOD 

This implementation was compared with the trivial scaling method in order to determine 

if a new approach has any advantages. For this purpose, the device based on reverse converter 

(from positional system to RNS) and forward converter (from RNS to positional system) was 

developed. Scaling was performed by right logical shift.  

In the first test (Fig.1), small dimension prime moduli were used. Their number increased 

each iteration. Factor ὑ  ς remained unchanged. 

 

 
Fig. 1 First test results 

 

In the second test (Fig. 2), a set of moduli (3, 5, 7, 11, 13, 17, 19, 23) was chosen. ὑ
ς , υ ὔ ρς. 
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Fig. 2 Second test results 

 

In the third test (Fig. 3), high dimension prime moduli were used. Their number increased 

each iteration. Factor ὑ  ς remained unchanged. 

 
Fig. 3 Third test results 

 

In the fourth test (Fig. 4), a set of moduli (41, 43, 47, 53, 59) was chosen. ὑ ς , υ 
ὔ ρς. 

In the fifth test (Table 1) 3 sets of moduli with roughly the same range M were chosen: 

(3, 5, 7, 11, 13, 17, 19, 23, 29), (71, 73, 79, 83, 89), (233, 239, 241, 251). ὑ ς , ψ ὔ ρπ. 
 

TABLE 1. FIFTH TEST RESULTS 

Area New Area Default Timing New 
Timing 

Default 
Modules K 

9731 10326 1.44 8.49 

3 - 29 

256 

11213 10871 1.56 8.56 512 

11940 10998 1.61 8.64 1024 

12795 10482 1.51 8.4 

71 - 89 

256 

15534 14054 1.65 8.9 512 

17468 11443 1.7 9.13 1024 
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17280 6615 1.42 6.45 

233 - 251 

256 

19705 7353 1.62 6.41 512 

22102 9407 1.69 6.94 1024 

 

 

 
Fig. 4 Fourth test results 

 

ʉONCLUSION 

Based on the test results, we can come to the following conclusions: new method always 

provides time gain in more than 3 times, it takes less area on the chip in case of using small 

dimension moduli in addition to small factor K. 

Due to fast performance and, under certain conditions, low required area, it is clear, that 

this realization can be used in designs which need to perform fast calculations with low energy 

consumption. If no additional problems will be met during the research of the hardware 

implementation of CNN in RNS, then this method will be used for scaling. 
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