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Sectionl
INFORMATION TECHNOLOGIES IN EDUCATION

EDUCATION SYSTEM IN THE CONDITIONS OF DIGITAL ECONOMY
DEVELOPMENT

Sotnikov A.D., Katasonova G.R.
The BonchBruevich SaintPetersburg State University of Telecommunications
+7(911)99306-66, adsotnikov@mail.rut+7(90309558101.366galia@mail.ru

Abstracti The analysis of the structural characteristics of competence is carried out,
which all ows the construction of c¢digitale c
infocommunication doma 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, involvesgisit he concept of an ¢o
entities, one of the key properties of which is the encapsulation of attributes and ndetties
static and dynamic properties of an object,
behavi or alcec alrgp@reirtt h mis of an object. The ed
cproduction systeme, the purpose of which is
of competencies), the structural and, as a result, quantitative characteristics ofavhihset
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. Suddeg| 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. Thesswif
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 competenepased education model does not haveetito 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, thesoal | ed f d i ]Jgwhichaallow sokvind professionpl 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 infornoatitechnology 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
goalsthatareclhaact eri zed by fAexternal 6 circumstance s

Secondly, to consider the internal characteristics and properties of the educational system,
namely, the elemental composition, the structure of the educational system, des@sdaking
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. Neeegheghtly noting their influence
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on the effectiveness and results of activity
and subject to research the essential characteristics of the educational system as a whole.

The educational system is nah 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 i, 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 srathotivity
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
purposéul 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 requisefoeraw 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
sydem 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 usd-kwewn 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 scalledi d i gi t al skillso [1], which all ow
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 maimyeks
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 antechanisms 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 adapteetifely in a changing
environment. To solve arising, often new and-standard tasks through the use of a set of skills
available to the subject. Thus, the concept :
organically related.

In work [2] three graps 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, databasas\neerce tools, financial and
banking applications, solutions based on advanced IT technolaligsbued 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 enchivgstand trevidual 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 th&sdad 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 operateith today. Such categories as knowledge, abilities, skills do not fit in the best
way with modern notations of business processes.

Even the competendyased approach does not remove most of the issues until the internal
structure and composition oftlkes s ence of the concept of ¢comp
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 infocommunis§8prvhich
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 aedrtires for their interactionphysical
(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 objextemépg 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 domainsirkally, the above is described as follows [3]:

Al A ’ xcm XMk A ’ xc e
(8 ) e e (80707
- =1,.M

where:
An - physical domain object;

Ch'- n- information object (element of the thesaurus of the system);
XC" - thesaurus of the m information system;

<A1>XA” - one (n) of the many possible representations of arcolje
AcMxck
VoB - . 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 informationystems.

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 osseace 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 rtiictrs.

The domain model allows you to focus on the main issties 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 themafion environment and
the student is implemented. This is where the process of perceiving information begins. The

10
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issues of generation, delivery and presentation of knowledge are also successfully considered by
this model from strict positions that aNoquantitative 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
competencypased model, suggests that competencies are not only present, but their
characteristics that have value should be accurately determined. This, in turn, requires that
strucural components and related competency properties be identified. This problem is solved
using a welknown object model that encapsulates static and dynamic properties (attributes and
methods) of an object.

At the same time, competences are allocatedbati's correlated with factual data,
traditionally i nterpreted as cakrnioewml teeddg e € s K i¢
Inheritance as a property of the object model is also extremely useful, especially from the
standpoint of the practical constructiof 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 $gs1s and can be effectively investigated using two modals
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
guantiitive 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 themodels 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 whichsengitoeg to which
of the three domains. Simply put, the entities of the cognitive domain will correlate to a greater
degree with the categories c¢cknowe, the entit
cbe ablee, and themantni twiidsh afnstthhea memy il c aslk ic

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

cdigitaleée skills form the basis of three typ
internal structure, determined by combination of attributive (factual) knowledge and
algorithmic skills, differ in the relative pt

The considered approach to the analysis of the structural characteristics of competence
allowsustoconsrct c¢di gitale competencies demanded b
object model, while considering the educational system using the domain model of
i nfocommunications as a ¢production systemeé
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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EXPERIENCE IN DEVELOPING BH.EARNING RESOURCES

Larina T.B., Gavrikova E.O.
Russian University of Transport (RENIIIT)
7 (916) 4272334 tblarina@gmail.com

Abstracti 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 mostimportant 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].-Eextbooks are the most common form déarning resources. Themtent
of the etextbook 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 ensorplete presentation and
learning of the educational material [2].

PROBLEM DEFINITION

In this article, we want to share our experience in developingl@areing course with
using iSpring Suite tools. The basis of the substantive content of the cahesensthodological
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 Site enables you to creatdearning courses, presentations, interactive tests,
and surveys in a familiar environment PowerPoint [4]. iSpring Suite consists of iSpring
QuizMaker - Test Editor, Questionnaires and Surveys, iSpring PRyofessional Training
Course Editor with audio and video support, bulY ouTube and Flash videos, iSpring Kinetics
- for interactive presentation in the classroom.

You can publish content in Flash and HTMLS5 formats, support publishing on mobile
platforms iPhone, iPad andndroid, and share learning materials through the iSpring Cloud
service. This Russialanguage 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 anaontrol tests for each topic. Figure 1 shows the graph with the structure of the developed
course.

12
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Memio
«Crpyrrypa
Kypcan

Nabopatopkan NaGopatopan
pabora 1 paboral.9

Fig. 1 Structure of the-kearning course

All branches of the column, except for entering the Course Structure menu, can be
navigated tweway. It is pssible to complete the study of the topic without passing the test and,
on the contrary, to go to thest without scrolling through all pages of the topic.

MENU OF COURSE STRUCTURE
This page opens after the course is started (Fig.2) and containsoftbgics 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,tdepending on your browser settings.

Crpyxrypa kypca
Tema N2l ApxuteKTypa onepaymoHHbix cuctem Windows NT
Tema Ne2 CrpyKTypa cuctemuoro peectpa Windows NT
Tema N23 3arpyska onepaumMonHbix cucrem Windows NT
Tema N2d4 Mexanuampl AoKanbHoR Gesonackoctv 8 Windows NT
Tema N25 Cpeacrsa 6esonacHocTv GainoBoi cucrembl
Tema Ng6 WTaTHbie CPEACTBA AAMUHUCTPUPOBAHMA GE30NACHOCTH NOKANLHOM CHCTEMBI
Tema N27 Komanambii pexxum cucrem Windows NT
Tena N28 OcHOBbI ASbIKA CUEHAPHES KOMAHAHOIO HHTEpNpeTaTopa
Tema N9 PazseTBNneHHA B CUEHAPHAX
Tema N210 UMKAbI 8 CUEHAPHAX
Tema N2ll MOHMTOPHHI NPOMIBOAUTENBHOCTH M NPOLECCOB
Tema N212 NnanupoBaHMe u yNpasneHne 3afaHuAMMK
Cucremuble yrunure: Sysinternals

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, seddi#onal 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

13
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the topic menu by clicking Home. Clicking tk® to Study Material button opens the Contents
of the topic.

- “f"' [ s §
.- |
=
h_-h .
Tema Ne2 5
"W

Crpyktypa cuctemHoro peecrpa Windows NT

§]41=1

[

NaGoparopuan pabora

[ T 3 -

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 ashyperlink 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.

o~
Conep;«ane TEMBI .
* Koucons MM
* Ynpasnexue y4eTHbIMM 3aNUCAMM NONL30BATENEH U
rpynn. H «JIOK H n T
£pynnbI» =
8 Ut n "
* «MpocmoTp cobbituinn
Q
[ » ] oo <D

Fig. 4 Topic Content

SLIDE OF A TRAINING MATERIAL
The central part of the screen is occupiga@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 rigltte 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 imetlowerright 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 puipose
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 oslitteeis 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 BUTTONS 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 oeted by the color of the button.

Some information slides have pap 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 thember 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 tebfgragicking 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 dutivegtest.
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Fig. 6 Theme Test Cover Screen View

The test question screen contains a dfogn menu that navigates test questions. The
student can move on questions in an arbitrary order. In a collapsed view, the menu displays the
guestion number andehotal number of questions in the test.

After answering all questions, click Submit All. If the student did not answer all the
guestions of the test, a warning will be issued. Once the submission has been confirmed, the test
result will be displayed. Byefault, the test has a pabsough 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 pargaponses can be taken in some cases. This
applies to multiple choice or nested answer questions. In these cases, the outcome is composed
of the pe'rcentage of responses correctly selected.
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Fig. 7 Test Completion Screen

After the end of the testing, theudent 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 createdrse 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 M&zFirefox we consider more preferable. You can use the
iSpring Suite, which has a buit 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 coursep@rafing System
Administration has been developed. The experience of the completed development shows the
completeness, convenience and efficiency of using the iSpring in the developmésdroiireg
courses. The developed electronic educational resaitsed in the educational process of the
Department "Computing Systems, Networks and Information Security".
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Abstracti Computerization is now firmly embedded in all areas of human activity:
production, finance, trade, governance, educagtm, 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: proiviedel i
optimization of modei sdution 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 processsitiggve
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 rewalorld problems safely ahwisely. 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 usedvhen 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 progréeng. 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 systeanmodel 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 discreevent modeling forcontinuous 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
differentmethods. It is impossible to reliably imagine a complex business system and its internal
and external relationships using one approacdome elements have to be excluded or seek
workarounds in modeling. Modern modeling tools allow you to cope with tks ta

AnyLogic [2] is a multifunction 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 atinmg 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 processjdtbetter to use discresvent 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 alsolves 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 analytsactical applicatn 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 theopyatide 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 angalysirk with various complex systems, especially those
that model production and technological processes.

SOLUTION OF THE PROBLEM

A specialistwho performsbusinessanalysismustknow all the methodologicatools of
businessanalysisandtake acomprehensie approactto convertinginformationinto solutions.
This allows you toanalyzeandevaluatethe effectivenes®f the company'businesgprocesses,
improvethem,anddevelopcompletelynewbusinesprocessebasedn simulationexperiments.

Currently the need for qualified specialistdo solve the tasks describedabove is
increasingevery year. Therefore the task of moderntraining of specialistsin the field of
simulationin generalandbusinessanalysisin particularis relevant

The disciplines "Business analysis”, "Modeling of systemsand supply chains”,
"Optimization and reengineeringf businesgprocesses™”,Design of information systems“are
quiteimportantanddeterminingn the professionatraining of studentsn thefield of computer
technology Modern high-quality training in these disciplinesequiressoftware supportfor
laboratoryand practicaltraining. We believethat AnyLogic is suitable for this purposasa
modernsoftwaretool for achieving the goals eheeducationaprogram(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 productivityvhile reducing costs.

Let's consider amxampleof usingthe AnyLogic modeling systenin the educational
processTo studythe operationof a real object, it wadecidedto createa modelof a hospital
wherepatients areeceivedandtreated Basedon the resultsof the simulation, it was supposed
to identify"bottlenecks'in thework of thehospital. Themodelwill considerthemanagementf
multiple processes the form of variougproceduresor interactionbetweerpatientsanddoctors.
Themodelwill alsouseresourcesdoctors,nursesandpatients 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 hakp,tthet 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. 1Initial stageof working with the hospitalmodel

ThenuseAnyLogic to describeghe simulation scenemodels ofthe hospitalspacewith
roomelementsSimilarly, we will createdifferentwaysto move patients to doctorsfficesand
treatmentrooms.We will alsoaddrectangulamodesin the waitingareasfor doctorsnearthe
sofas.Createthe pathof the patientqueueto theregistryandthelocationof theregistry.

AnyLogic providesan ¢Attractortoolé or a space markuplement.Thisis an immrtant
animation modeling tool tha allows you to specify the exact locations of model agentsn a
rectangudr 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 asugs 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 ¢Process Modeling Librarye tab in t

Add a ¢Sourceeée bcleoscsk Sfirmounh at hencRidrarye
cPatientsé, this block creates agents. Typic
will create patients. We will indicate the intensity for HirbO patients per hour, as well as the
location of arival of patients the node of the network GIS "Spavn," speed 5 km/h (Fig.2).
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Fig. 2Adding anddetailing acSource block

The system allows to describe in stages the logic of patient 's movement to doctors of
different specialization. We start wighLOR doctor (Fig.3). Then we will add a branch of patient
movement to the new doctorsurgeon (Fig.4). And in the same way we will add the logic of
moving patients to other specialists, resuscitation and procedural rooms.

K_ABepu_nopa 3axBat_nopa K_nopy y_nopa ocsoboa_nopa JAOMOIA

E-I—22 -F ﬁ

K_Bpa4am

Fig. 3Branch of logic of ptient's movement to LORoctor
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Fig. 4Adding 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 AnyLogis tben enable you to present
the described model in 2d and 3d shapes (Fig.5, 6).

34 aHumayua 2d mopenb  Jlormka date
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51

Bpay_aHecTesnonor

&5

MeacecTpbl

Fig. 5Final 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 practite 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 theactice 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.

34 aHumaums 2d mopenb Jloruka 7 Hos6. 2018 1, 1:08:03

Fig. 6Final 3d hosjtal model

#ONCLUSION

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 stigiines 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 accuyaaf the analytical description of the models.

The organization of the educational process on the basis of the AnylLogic opportunities
allowed to increase the level of cognitive activity of students during the workshops, to implement
an individual approactvhen 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
threedimensional image based on laysrlayer formation of a solid object. The field of
application of additive technologies is ctantly 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 machiery 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 adtive technologies and new types of materials, has made it possible to print
orthopedic prostheses, sterile instruments, and lifiBesstages of modern orthodontic treatment
in dentistry using 3D printing are considered. The main aspects of the develagradditive
technologies in medicine are determined.

The object of research is additive technology. The purpose of this study is to review the
fixed assetsnethods and tools for applying 3D technology in dentistry.

Keywords: additive technologies, moutgj, 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 guets and parts in a wide variety of subject areas.

By additive technology (Additive Manufacturingadded) is understood layby-layer
building and synthesis of an object using 3D computer systems. Over the past three years, the
number of Russian compasi 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, shipguildi
astronautics, the automotive industry, medicine and pharmacology.
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Modeling is the process of studying the structure and properties of an original using a
model. 3Dmodeling is the process of developing virtual thd@aensional models of any
objects, vinich 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 tweate 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
dimensionagraphics 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 (CADpd&dling, 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, integraiib 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 (C#Dproduction 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 produng products with freely moving parts that do not need to be assembled,
enabling companies to economically create -stamdard products in small quantities. The
principle of operation of a 3D printer consists in laggrayer image formation using a certa
type of powder (material).

For threedimensional 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 pmgtiare:

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 thermopiadtiament 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 nestandard 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 libe afuhe
resulting surface.

Products obtained using SLA (Laser Stereolithography) technology, which uses
photopolymerizatio® the process of curing a liquid photopolymer resin into a hardened plastic
using a lased have clear outlines, a smooth sudgadth 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 isuniversal 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 8k&d
(Selective Laser Sintering), which usepowerful laser beam to melt small particles of polymer
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powder. Using this method, durable products with complex internal parts havirgjamotard
geometry are printed.

In addition, the world's only 3D fultolor printing with the principle of gluing sopvder
consisting of gypsum is CJP (ColorJet printing) technology. Another MJM (MultiJet Modeling)
technology is based on the principle of mygti3D modeling using photopolymers and wax.

The trend in the modern development of additive technologies idetelopment of
consumables, namely waterproof, flane¢ardant polymers, extruded granulate printing,
bioprinting, the use of new types of composite materials, photopolymers. In particular, composite
materials filled with carbon fibers, glass, nanotubésrayou 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 -tugtiity
repeatability of product dimensions, whiés 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 technologietcreate 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
medica 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 estitgses, 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}ffgmises 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 derstry, 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
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 3Dgpi@dtools 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 comper 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 contrddy 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 remable 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 advewf 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 ahmultidirectional movement of teeth is organized.

Currently, the Russian market has a number of systems of tballed "transparent
orthodontics”, including systems developed by international companies that have somehow
entered the Russian market (thgbuhe development of a Russi@mguage 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 ctlection / 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 fop8ibting. 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 produtiat 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, incjuiding
example, avideo of its laydy-l ayer construction in the print
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 creatiowith 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 perfornzante
resolution. They provide highuality and operational data collection and analysis of a real object
(shape, color, dimensions) for its subsequent conversion into a digitatithreesional model.

The main aspects of the development of additive teclgnes 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 smsdlale production;

5) partnership and cooperation;

6) startup companies;

7) stimulating the effective operation of the supply chain;

8) data, security and cresxlustry interaction;

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

10) corporate centers for training and implemenitatibexcellence [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 antivaoé, 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 fihproduct.

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 expgralbusiness.
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APPROACH TO ADAPTIVE LEARNING

Soloveva T.N., Kulikova E.A.
Perm State National Research University
kulikovarlenal998@yandex.ru

In recent years, the need for adaptive learning has become increasingly relevant. In this
article, we popose 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 psychologi@abderistics,
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 tegmonitoring, which will be carried out through
an adaptive educational system.
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Keywords: adaptive learning, approach to the organization of adaptive learning,
individual trajectory of learning, designing the system of adaptive learning.

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 disadvanttdue aproach 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 syllabbesoonsecutive 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 #u#titnal 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 psychologial 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 théStidcentury, andh
Europe and Russia only from the beginning of the 20th century. The use of differentiated learning
helps to improve learning outcomes, help students gadepth knowledge, including making
the learning process interesting.

The amount of information igrowing 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
learningtechnologies 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 fill wi t h educati onal cont er
studentbés abilities and knowledge for ef fect
various fAparameterso of the student (starting
and ending withmood), 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 theepbrof
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 changles subject area, and for virtual simulators, the
programos ability t o change i ts structure
characteristics of the user. In addition, the views on the implementation of the adaptation process
within the framework bthe 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 companehtan adaptive learning system that will help
shape the individual educational trajectory of the student.

The term fAindividual educational trajector
to achieve a specific educational goal or study taskih#thes 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 educatial 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
compl ex tasks, must be of tedsrarldssignmentsiSineemore r si o
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 divideinto 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
prohibitonon compl eting assignments, which wil|l '
topic/ bl ocko at the maximum possible diffic
possibility of repeated passage of educational material increases the motivation oéi¢ne. st
This creates an c¢individual educational traj e

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 thefollowing components: a domain model, a block for monitoring and analyzing the
assimilation of material, and an adaptation model.

Adaptive leamning svstem

> Domain model )

3

Student model )

Y

Control and analysis
» of the assimilation of
material

A

Teacher < v

» Adaptation model. [«

Fig. 1 The structure of adaptive learning

In fact, in this approach, the role of the teacher shifts from the lectuter teahnologist
of the educational process: the main role is
teaching the students independently under the guidance of a teacher indirectly within the
framework of an adaptive teaching system, takimgp 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 ouppsed 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 procesghe 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 teacheintoatie
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 telaj@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 tewitch to an element of educational material and the level of
complexity to be done within the framework of adaptive learning [4].

The studentodés model i ncludes all the inf
trajectory (the level of mastery of eattpic, 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
educationakystem 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 anttsasKer 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 arexsuccessful 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 indicltaralcteristics 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 resourcBgvigation 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 onia ingiividual
schalule. 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 diffevehtoedifficulty, 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
leaming. (see Fig.-3).

Figure 2 is a functional diagram of the proposed approach to adaptive learning, and in
figure 3 the block cadaptive | earning cycl eé

We mean that the teacher plans the training material on the topic of the subjaayor s
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)
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Fig. 37 Functional diagréfn of the approach to adaptive learnarg Ip

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 (Al);

2. The student passdset 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 &s caverage

3. A student in the adaptive learning system studies the providexhtezhal 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 matdsiare 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 studeis 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 thénttpéckiture.

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\esth level of
assimilation of the material and taking into account the individual characteristics of the student

(stored in the studentdéds model ). At this stag
or decreasing the level of difficulty (43. Suppose that a student (from whom it was previously
determined that he is studying materials edit
did not cope with all the tasks, then his level decreases. Further, he will study materials edited
byead&syé instead of ¢medi ume.

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 iscleatudent "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 mastere
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 asstmagbat t
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.iftportant 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 thrgiuthe educational trajectories of the subject.
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Abstracti 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 alcoblic 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, itis forbidden to trade at night or during certain hours. In other countries, it is forbidden
to sell these products to minors. Somewherestigea 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 alcohabntrol 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
suwggests 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 anbalpooducts [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 negatonsequences 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 inZ007 [3]. And secalled smokeless
cigarettes war 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 tobacag lamysrand girls
aged 13 to 15, respectively.

TABLE 1. PREVALENCE OF CIGARETTE SMOKING AND ESTIMATED
NUMBERS OF CIGARETTE SMOKERS AMONG CHILDREN AGED 1385 YEARS IN
THE WORLD (20072017)

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 1815 YEARS IN THE WORLD (2002017)
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Average prevalence rate (%) Estimated numbeof 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 agetl9l&re currently using it
[5]. If you evaluate the indicators for other years, you caresteend 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 -simiteny
countries, the number of ibtiren 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 ortdb&es, whiclpresented above, and charts it
can be concludethat 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. Firstta$ aliprth
fighting this fact.
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# Lifetime abstainers = Former drinkers Il Current drinkers

Fig. 1 Percentage (in %) of current drinkers, former drinkers and lifetime abstainers
among the total population (B9 years) by WHO region, 2018

# Lifetime abstainers < Former drinkers = Current drinkers
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Fig. 2 Percentage (in %) of current drinkers, former drinkers &gtthtie abstainers
among the total population (169 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.stéims syl 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 facthat 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 levelkahttigtive
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 mobiléhapan 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 arerstd 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 detalils.

In more detail, théogic 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 theatppl
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 everywhared 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 diagraffor 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.
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Fig. 4 Use case diagram for administrator

Briefly about the advaages 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 souroésnaps used in the application (this
means connecting thiplarty maps using the APApplication Programming Interface), so it is
not possible to run the same application in all countries.

There are countries that have already developed similar infiomsystems. 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 licensepmmit 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 citizns 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 thii apguee 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 seltand smoke,
somewhere from the closure of illegal points oégaflalcohol 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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VIRTUAL MODELING AS A METHODOLOGICAL APPROACH TO TEACHING
STUDENTS IN DIGITAL

Trubina L.I.
Federal State Budg&cientific Institution, Institute for Strategy of Education Development,
Russian Academy of Education, MoscdRyssia
+7(903)7927126vshp@mail.ru

Abstracti In this society, information itself becomes a commodity] 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 virtbasiness 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 "compay" that turns out selected products.

Keywords: virtual models, digital society, entrepreneurial literacy/

The problem of changing the technological paradigm was on the agenda of the World
Economic Forum in Davos in 2016 [10]. Numerous discussions agpdigkcate 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 whas tmpact will be: positive, negative, shaogtm 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 fundamésis 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 aurse 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].piidpmosed
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 advantge 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 insufficiestiuidents [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 infmation society, it is necessary to change the preparation of students.

The Avirtual companyo project serves this pur
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This project was developed given that projeased and problefnpased methods of
instruction are the most effective methosgecified, in particular, in the Federal State
Standard of
a nfree
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The focus in the selection of theacal items and the development of haimafsactivities

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 subjectand apply their integrated skills.

From the perspective of the content of training we can conditionally distinguish 4 topics
project:
phanal ngoti WiComesaay

in t he

ACompany

Virtual
busi

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. Moteey@oblems

ness

Company

ACl er i

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 schenmje [1],[9

formalize;

= =4 =4 -8 -8 -9 -9

state the problem;
make and analyze models of objects and processes considered in the problem;
select a method for solving the problem;

software for economic activities.
The general structure of the Virtual Company project is shown in Table 1.

implement the selected method, including by means of software;
analyze the results, adjust the modeld #re 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 innkasettlements; will gain certain skills in working with

TABLE 1. THE GENERAL STRUCTURE OF THE VIRTUAL COMPANY PROJECT

Project stage| Questions unde | Digital resources| Knowledge and| Concepts in
study skills to be use
formed
1 2 3 4 5

The choice of Economic Graphic and tex| Acquaintance Perception of

an operationy knowledge editors. Scannin¢ with the | information,

area, produc| Entrepreneurial software for| psychological forms of

and idea. graphic images. | characteristics o| presentation

competitive Creation of the Project Expertis ¢ the perception o| of

strategy. The | company Igo. program for color, shape| information.

c o mp any Sales marke| developing location of| Goods

public image. | analysis. business lans graphic objects| differentiation
Financial plan. and evaluating | The ability to|. Company
Possible problem| investment develop the trade mark.
of the production projects. company stylg Logo.
process. reflecting al Brand block,
Determining  the particular company tag
price of goods. activity and| line.
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Project stage| Questions unde | Digital resources| Knowledge and| Concepts in
study skills to be use
formed
1 2 3 4 5
Drawing up a promoting its| Company
financial plan. positive image.| style.
Identification  of The ability to| The essenc
funding sources. find the desireq of an
Choice of a information. entrepreneurig
business ownershi | secet.
structure.
Creation of
departments and
distribution of
responsibilities.
Sources of supph
and pricing.
Manufacturing
control.
Accounting.
Cash book an(
book of banking
operations.
Periodic reports.
Initial and final
balance.
Knowledge and
skills in the field of
information
technology
Methods of
presenting graphif
information.
Creation of
drawings.
Image editing.
Combination of
graphics and texi
Multimedia
applications.
Organization | Rules for| Text and imagq Knowledge  off Document
of company| paperwork. editors. the peculiaritieg flow. Forms
workflow. Working with | Translation in the wording of| of the
templates. software. Email. | official presentation
Creation of| Scanning and tex documents an¢ of  business
standard recognition documents of g information.
documents. software. personal naturg Organizationa
Inserting a picture generally I and
into a document. accepted administrative
abbreviations o] documents.
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Project stage| Questions unde | Digital resources| Knowledge and| Concepts in
study skills to be use
formed
1 2 3 4 5
Installation of words. The| Letterhead.
software. ability to make| Essential
Sending document samples ol details of a
over a network. standard document.
Digitalization  of documents. Workflow
documents. Knowledge  of| methods.
Automatic the rules of Means of
translation of business communicatio
documents intg communication | n and
other language when using information
using CAT telecommunicati| exchange.
software. ons. Information| Business
Printing and security. corresponden
reproduction of ce.
documents. Internal and
external
environment
of
entrepreneurs
hip.
Advertising Creation of stati¢ Cloud  serviceg Familiarity with | Human
the company| and dynamid (cloud the  ergonomiq perception of
its goods,| images. Viewing g presentation  of requirements fol information.
services. video. Saving ar Prezi, etc.). placing Advertising.
image. Creation o| Text editors. information  on| Types of
multimedia Browsers. screen and pap¢ advertising
computer documents. Th¢ (image
presentations. ability to make| advertising,
Interactive commens on al promotional
presentations video. The ability| advertising,
Giving to justify the| sustaimbility
presentations. effectiveness o] advertising).
Creating the created vide( Information
multimedia in terms of goals| support of
documents. Web Skills in creating| product
site development. hypertext promotion on
documents. the  market,
Advertising
campaign.
Search fon
information
according to
specified
criteria.
Request for

retrieval from
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Project stage| Questions unde | Digital resources| Knowledge and| Concepts in
study skills to be use
formed
1 2 3 4 5
information
systems.
Search
engines.
Planning the Information Spreadsheets. The ability to| Optimization.
company models. Text editors. present Criteria  for
activities. Formalization  of| Project Exper{ information  in| optimality.
problem conditions| Software: tabular form, to Acceptable
Project  planning https://www.expe| make and optimal
with Gantt charts. | rt- calculations anq solutions.
The study off systems.com/fina| analyze theg Target
information modelg ncial/pe/ results. function.
by  means ol GanttProject App Extrema  of
spreadsheets. the objective
function.
Gantt chart.
Market The construction o] Smart char{ Knowledge off Demand. The
analysis. structures reflecting plotting apps the types of function of
the movement o business graphic| demand.
goods ang and the| Offer. The
information: peculiarities  of| function  of
graphs, charts their use. offer. Market
smart charts The ability to usg equilibrium.
"Chernoff faces." market analysig Supply and
methodologies | demand
based orl model.
"Chernoff faces",| Business
The ability to| graphics.
analyze Smart charts
information Chernoff
presented as | faces
smart chart.
Assessment o Built-in  functions| Spreadsheets The ability to| Relational
the company of spreadsheet assess th( tables.
performance. | (financial, calculation Essential
statistical, results and dray detalils.
mathematical). conclusions Indicators.
Solving equations about the Data
inequalities, company processing
systems of profitability, the| methods.
equdions and best option fon Performance
inequalities in investing capital| criteria. Cost
Excel spreadsheet financial  riski | price.
from the analysig Performance.
of information| Profitability.
presentd in | Tax rates.
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Project stage| Questions unde | Digital resources| Knowledge and| Concepts in
study skills to be use
formed
1 2 3 4 5
different forms| Average
(numerical, values.
graphic, tabular)| Deviations of
The ability to| average
justify one's| values.
choice. Interest rateg
of banks.
Simple and
compound
interest
formulas.
Loans.
Correlation.
Financial Creating database Spreadsheets. The ability to| Database.
reporting. using spreadshee| Archivers. create tableg Types of
and database: gueries, generat databases.
Different ways to reports base( Relational
organize data| thereon. databases.
Database Familiarity with | Forms of
information the types of busines
retrieval. Data business report| reports.
archiving. and the rules fo
their design.

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 relevarihanlight 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 forrmg 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 PERIPHERALSOG STUDYI NG

Bogadistova E.S.
Russian University of Transport

Abstracti 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 takplace 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 msidaldor
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 t PERUNMH AONRDRD Dp IS&K@r ains fla part o f
APERUNO described in [1]. The complex is usec
] The name of the complex is an abbreviat:
The compl ex @A PERUNG@ tasks Imaxéamaim pobksible study level wi n
approximation to the equipment of a computer classroom; eliminating the need to develop and
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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 corrdspprstandard
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]:

i Data encoding/decoding anthpement on a magnetic medium;

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

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

i Parallelserial and inverse data conversion when writing to the mediunreaating
information from the medium;

i Error protection (errecorrecting coding, detection and correction of data errors);

I Organizing exchange with the computer core and the drive;

i Self-test of the drive and own equipment.

For better understanding Istudents the disk subsystem functioning processes it is
important to organize the laboratory practicum on HDD experiments at the physical level. The

computer traini nHA RDrDd ¢SrKaom i isP EQRJNi gned t o s

approaches to solving tipeoblem were described [6].

SOLUTION OF THE PROBLEM

(0]

The computer trai\WMARDDIpSKG rmmo WIPERIINt he di

Various experiments are carried out not on a model, but in a real computer system. There are
possibilities to select tharive, 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 todyatetand
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 me n u includes i t ems | NFO
characteristi cs 0 DISK RESETRTESTham REMEWr v t as k o) ,

The menu itemDISK 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 wimeperforming 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, WRIE SECTOR, WRITE LONG, FORMAT TRACK, EXECUTE DEVICE, and
INITIALIZE DEVICE.

The optionFORMAT 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 tabl@e@the control information block for the formatting command with
correctness control.

The menu item RESET is necessary to perform several actions. The first atttesois
controller reset, including the Error Register and the Status Reggstdr Tlere 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 tpesition 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 writinghe itemREVIEW contains 3 opbns 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 thenowmnd 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
reflectsthe operation modes with a physical and logical add@giinderHeadSector, CHS

(Cylinder Number C = 0, 1, ¢é ; Head Number
Logi cal Bl ock Addressing, LBA = 0, 1, ¢é .
TABLE 1. HDD CONTROLLER REGISTERS
Register Bit
7 6 5 4 3 2 1 0
Device - - - - - Reset | Interrupt -
Control (Software)| Enable
Device/ - CHS - Device CHS modeHead Number
Head mode: Selection LBA mode: LBA (27/24)
Number 0;
LBA
mode:
1
Cylinder CH Register. CHS mode: CiNgh bye;
Number LBA mode: LBA (23/16)
(CN) CL Register. CHS mode: CNw byte;
LBA mode:LBA (15/8)
Sector CHSmode:Sector Number; LBAnode: LBA (7/0)
Number
Sector Sector Count
Count
Command Operation Code
Error™ - Bad - ID Not - Aborted | Track Data
ECC Found Command| Zero | Address
"2) Error™ | Mark
Not
Found
+3)
Status | Busy| Drive | Write | Seek Data | Corrected| Index® | Error™
Ready| Fault | Complete| Request  Data
Data Data byte irPIO mode
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Abbreviations in Table 1D 1 sectoridentifier, ECCi Error Correction CodePI1O 1
Programmed Input/Output.

Notes to Table 1*1) Error Register format after command execution. *2) Bit 6 of the
rror Register (fiBad ECCO0) Bielahtlse Eron Register v er a b
AData Addr ess Ma rsecorNdertifieraduness chark4) Bit & df therSgatug o
egi st erisdetiolwitheux attjve index signal coming from the drive. *5) When track

is not recognized, the command RECALI BRATE
Registerandthe Tr ack Zer o Error o bit in the Error Re

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, Cylind&tumber, and Head Number fields in LBA mode contain
the logical address bits specified in the table. In E4B8AmMode, these registers for devices double
and contain 1®it numbers. Note that the drive controller with a serial SATA interface includes
theseegi sters too, but the program works with t
controller. Each connected device has its own set of regigtersssing the shadow registers
causes the process of interaction between the host controller ardtsahtlevice 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, WRITH.ONG and FORMAT TRACK commands, there is data
exchange between the system and the dfikie.direction of information flows when executing
commands are shown in Figure 1.

Experiments with the READ LONG and WRITE LONG commaaltigw 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.

E
(

R
0

Read

Write

e ) @ o e

Read

Long
._.D-ECC e

Write

Long
e D.Ecc D. ECC e

Format
ormatting Track
table overwrite

Fig. 1 The direction of information flows when exeangtbasic 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, peform 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@XHE 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 groupf @xperiments is devoted to the study of the disk subsystem features.
Tasks include the following items:

i Reading of several sectors without preliminary magnetic heads positioning;

i Determining the effect of the retry modification bit for READ commahd (epeat can
be used when unrecoverable reading error is detected);

i 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);

I Mapping of the disk free space for one of the cylinders (in tabariam).

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 o tBCC 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 informationcathe 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 envi rTornarcekn t Z e rtoh eE rerrorrodr,s
Address Mark Not Foundo are never encountered
are not supported and cause an fAAborted Commz:

To analyze system information about the modern drives paranaetérieaturesit is
recanmended to use one of the applications for the home computer. Table 2 shows examples of
typical data for several hard magnetic disk drives and-stditd drive (the terminology of the
application reports has been saved).

All ATA drives use zonedit recoding (ZBR) with a variable number of sectors per
track. Lowlevel 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,
=63) and a sector size of 512 bytes are reported. The number of LBA sectors corresponds to
he product ClI16163; the caproduygt cofiTfhepanmc
hysical [/ 1l ogical sector o par ameaté@dK Seatdr) ows t
f A4 KB [/ 5 12Thddrivesrused5iByte Sestqr EocnmatfandeAdvanced Format.

The calculations show that the reported values of the unformatted and formatted capacity
are the same value, expressed approximately in diffexeasurement units. Binary (mebibyte,

MiB; gibibyte, GiB; Tebibyte, TiB) and decimal (megabyte, MB; gigabyte, GB; terabyte, TB)
units are used, respectiveljhe rotation speed is indicated in revolutions per minute (rpm) for
HDD; #fASSDO i slidistatedrive ssteadiof theaatation speed.

In addition, it is proposed to find out the mode numbers supported by the home drive:
Programmed 1/O (P10); Multiword Direct Memory Access (MWDMA); Ultra DMA mode with
data transmission on both the rising &alting edges of the clock signal.

S
t
p
[

TABLE 2. HDD PARAMETERS
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Parameter Example Number

1 2 3
The size of the physical / logic{ 512 bytes / 5124 KB [/ 512|512 bytes / 512
sector bytes bytes bytes
Device type (Interface) SATA-II SATA-III SATA-III
Paraneters 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 71405 MB 1863 GB 476940MB
Formatted capacity 750 GB 27TB 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 thepeaer system core, the functioning
of the drive, the problems of servo control, methods of channel andresistant coding; ways
to increase the density of recording on a magnetic medidwantages atonedbit recording,
Advanced Format, and sectorrizat without identifier (NelD), and etc. It is useful to compare
automatic control systems used in the optical, magnetic disk and tape drives.

The computer tr ai\WARDD b Balhe fallowing fPafufRLaxd
limitations:

i Itis hardware depemat program, it works with a Uit FAT table and recognizes

small capacity drives with Parallel ATA interface;

i It uses the saealled standard HDD commands supported by the RTATA-3
specifications; data exchange for these commands is performed mdal®©

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 engagingtudents in interesting discussions on cotapperipherals 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
technology.
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ANALYSIS OF READINESS OF AGRICULTURAL SCIENTIFIC AND EDUCATIONAL
RESOURCES FOR DIGITAL TRANSFORMATION

Medennikov V.I., Muratova L.G.*, Luppov V.V.’Salnikov S.G.*
Feder al Research Center olnformatics and Co
*VIAPI n.a. A.A.Nikonov the branch of FSBSI FSC AESDRA/NIIESH
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Abstrac® The aticle 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. Te th&ses
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 @xaneple 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 capitalnmost 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 economthe economy of knowledge, innovation, the
latest technology, globaformation 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 expectatitres
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 prangsseceive economic advantages. The
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| evel of differences in the use of these fac
di vi deo.

Therefore, given the importance of education in the modern world, studies of the digital
divide of one of itsmain 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 scientificalhpbased effective transformation of current information tetgies 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 it state of information resources of
tools and technologies for their storage and processing of agricultural scientific and educational
resources.

PROBLEM STATEMENT

Al t hough Rosobrnadzor by order No. 785 d
structue of the official website of an educational organization in the information and
tel ecommunication networkid I nternet oO0and the

universities to partially bring their sites to a standard type, however, theseenegnts 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 activitiesioPito 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 institate 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
methodlogical 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 (SR80 the AlRussian
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 chassa 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). Thesites 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 inforovattmaresults 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 SciencégCehould 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
formationof 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 mgothwough 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 populaBoich 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
guestionnaire of managemehbdies 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, datses 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, thesimyoces
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, whiettse2ll4 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 leterogeneous 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 assumerthatiamfp
scientific and educational resources should be stored , on the one hand, in the form of catalogs,
or in the form of a fulformat electronic representation, on the other hand, in the form of an
unordered list, or in the form of an ordered eledtroapresentation.

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 incrase 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 electronitogevent 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 owebsites 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
Universty did an electronic catalog and a ftokmat 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 quantitgpartinents, 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: RGAUICCA placedl45 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 siomission 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 luslisedue 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 presentatibe 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 tathéhat 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 consultantsy 3.5 times, and in the number of universitieser

14. In Ryazan GATU there was only onesoltant.
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 unorderefbriolat electronic
submission 936 and the form of an ordered fidirmat eleatonic 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 tooloéasging
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 | Name of software | Brief description of the purpose of the| Quanti
1 |CMS Automated site content management 54
2 | JSframework 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 27
12 | Other Software not found in other groups 3
13 | Web Servel Additions to clause 5 for specific needs 4
14 | Ad network Organization of advertisg on the site 1
15 | Fonts Additional fonts 17
16 | Programming The language used in the site 50

As you can see, t he most numer ous group

contained 94 entries (23.8% of the total number of software found sitea)l. 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 rapgesented 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 DISTRIBUTON IN THE CMS GROUPS

Numb Name Quantity Percentage of total

1 1C-Bitrix 17 31,5
2 DatalLife 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 amall margin, in the first place (31.5% of the total number of sites) was CMS
Al-Bi trixo. The second place was taken by CMS
In the remaining groups in the composition of the software, the same diversitgigeabas for
the given group.

# ONCLUSI ON

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 théesdific 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, scientiated 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 n
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 ordetofs for more complex modes of
processing information resources, in addition to the information and reference one.
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Abstrac® The article discusses conceptual approaches to the formation of the
information Internet space of scientific and educational megswon 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 eatting 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 @ategories 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 anfbrmation 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 systemshe training of relevant specialists.

Today, t he country +dbbasaddmi mat dedd bpf addi
implementing software, when various manufacturers purchase separate software systems that are
neither functionally nor informationally related each other. But the main thing is that these
"readymade” 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 k& 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 theidransia
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 indasiound 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 implemedhe 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 ofiaglture.

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. Thesélpros 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 objeativs 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. Sucla 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 ecoragranpr
since research and development are an important anefluehce on economic growth, one of
the sources of the most valuable strategic resourtesnan capital and knowledge, which
determines the level of soeexonomic development of societysasiated 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 ta8kshe 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 tdevelopment of databases (DB) of various
informational scientific and educational resources (INOR) leads to a significant overrun of
resources and confuses an emereasing number of potential users when searching for the
necessary information. For expla, the state spends significant resources on the development
and maintenance of the | NOR database: fAThe wurt
results of research, devel opment and technol ¢
databae 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 purp@seivegpspecific 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 fdrarization 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 onthe 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 scientifi
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 oumty, 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, bageon 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
cambilities 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 circumstancethe 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 instdos (research institutes) and higher education
institutions are normatively forced to develop their sites, for example, as mentioned above, in the
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requirements fothe 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 andysis 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, consudtivigyaregulatory
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 techrgpés 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 understafdiato 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 th&uskian product

classifer [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

i nformatio

n and advi

sory

snewvhichil cowddsguickly fiad, for:
example, a development in the form of a means to combat any disease plants, animals, then

il

immediately get all publications, all consultants, regulatory information on this topic, distance

learning on the use of the drugtkvanalysis 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 scientifc a
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 208Z2008. It was established: 12321 publicasiop541 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 therenar¢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 informeatgon ar
Upon successful search for the necessary information in the catalog, the user is sent to a site that

stores fulltext or more detailed information. The second option reflects the situation when all

the information is transferred to a single providerthe 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 onl)
directories in a
common format

Unambiguous
understanding 0
information by all
users, simplicity an
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 anc
full-size
representation

EIIPNOR, INOR is
displayed in a
common format, the
design of the
remaining sections g
the site may be
original

a clear understandin
of INOR by all users
simplicity and ease o
search

one provider,
information security
risks

Partial transfer of
some types of INOR

A number of
different INORs may|
not be tansferred
entirely due to

Storage of only
intolerable INOR, the
ability to preserve
certain interests

Support for two sites
with a sharp increasg¢
in costs

corporate interests

Computational experiments on the formation of a single information Interaeé sjf
scientific and educational resources [7] showed that the technical and software capabilities of
providers that provide services for developing sites on the most commBitrix3ool currently
allow at least all information to be transferred , glieultural knowledge accumulated over the
past 5 years, to one of them as part of the
development and maintenance of sites will exceed 1 billion rubles a year due to the integration
and typification of aite 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 ande mabke. 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 resech 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 wdrkundreds 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 08@teoons, 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 authorghe 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
organizationauthor, 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, authorghdices, the number of citationaedtheir 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. Relebsite 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 ca be viewed in full. In fig. 1 shows the functional structure of EIIPNOR with a list

of various subprojectservices, the number of which will constantly increase with the

accumulation of information.

Production Universities || Consulting | | Ldbraries
Centers
ﬂl
Tasks:
-Knowledge Transfer to
Levels: Economics
-Eurasian -Research support
Economic -Growth in the quality of human
Union capital
-Russia -Electronic marketplace
-Reglor'l _ -Electronic labor exchange
-Organization -Antiplagiarism
-Rating calculation
-Assessment of human capital in
the economy
v
Development || Publications || Database

Fig.1 Functional structure of EIIPNOR

#ONCLUSION

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) ted 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 EIIPRQIt will be possible to assess the impact of human
capital on the social webeing and development of Russian society, introduce elements of
artificial intelligence, analytical work, and allow the development of an independenrtokiyw
automated methimlogy 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 ireakindldatabase
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Section?2
INFORMATION TECHNOLOGIES IN SCIENCE AND INDUSTRY

INTERMEDIATE PREPREAMPLIFIER FILTER IN THE RECEIVING LINE OF THE
EARTH RADIO FREQUENCY MONITORING SYSTEM

Andreev |.S., Gladkiy D.A., lvanov V.S.
RTU MIREA
+7(916)79811-41,ilyxa.andreev@mail.ru

Abstract The article is devoted to the development of a filter of a preliminary amplifier
of an intermediate frequency inetlieceiving 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 armtoved. 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 coseffectiveress 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
spacecrfl. Today without radieelectronic systems it is impossible to realize communication, to
control objects located in neBarth space. With the increase in the number of various electronic
equipment, it became necessary to carry out radio frequency magitori

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
abou 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 neliw rechnologies, complexes,
standards and communication services in a market economy, this information is irreplaceable.

PROBLEM STATEMENT

Radio frequency monitoring systems of the
artificial Earth satellites in elatively 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 ispdofoo
using superheterodyne receivers in RF monitoring equipment (Fig. 1).
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IC RFA BF IFP PD

local oscillator signal

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 frequemmgamplifier, 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 fromadio 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
superheterodyngy/pe receivers is the development of a nartiamd filter located in a
preliminary amplifier of an intermediate frequency [Bhis 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 forfradioency 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, ¢éise 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 thdter 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 baRad)(20
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).

first second

amplifier filter amplifier

Fig. 2 Block diagram of an intermediate frequency preamplifier

The electoral system or filter should besbigped 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 pomego 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-salled filter buffering [3]. This is done sbat 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 pradice, 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 sedctivity 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 conneatiothe, &ternal capacitive
one, which is shown in the figure, is more stable (Fig. 3).

cT T

[l
Il
L1 ci a2 i

7

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 (Keoup). It is found by the formula (1):

0 ou , (1)

where K and K 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 @QYg¥ogram,
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 filteetisthe connection between the
circuits, the required interediate frequency (in this filter is 70 MHz), the passband.
Manipulating the valuesf the elements, we select the most suitable. We add optimization
parameters and achieve the best performance. The filter circuit of the interrfiedjatncy
pre-amplifier designed in the MWO program is shown in Figure 4.

o — )
v — )

where G, 2 atn &g -8apacities of the corresponding capacitors.
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Fig. 4 Intermediate i‘requency paeplifier 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 thersathing is done with the sew circuit. As a result, by
manipulating the coupling coefficient between two connected loops, optimum \alees

achieved. The resulting amplitulequency response of the filter is shown in Figure 5.
S 21(dB)

filter

0
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Fig. 5 Frequency response of an intermediateurrqy preamplifier filter

CONCLUSION

This paper demonstrates the development of an intermdcbgieency preamplifier
filter in the receiving path of the Earth surface radio frequency monitoring system using the
Microwave Office software for designingeetronic 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 n 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.

REFERENCES

1. Rembovsky A.M., Ashikhmin A.V., Kozmin V.A. Radio monitoring. Tasks,
methodstools. M.: Publishing. HotlineTelecom, 2012.

2. Znamensky A.E., Lotkova E.D. Highly selective filters with transistors. M.:
Publishing. Communication, 1967.

3. Mattei D.L., Young L., Jones E.M.T. Microwave filters, matching circuits and
communicationcircuits. M.: Publ. Communication, 1972, translation from English. edited by
Alekseev L.V., Kushnira F.V.

65



International Scientifi¢ Practical Conference
¢ | NRMATION INNOVATIVE TECHNOL OGIZBS e, 20

PHYSICAL AND TECHNICAL FEATURES OF SIGNAL CONVERSION IN THE MICRO
OPTICAL-MECHANICAL SYSTEM OF FIBEROPTIC PRESSURE SENSORS

Badeeva E. A., Badeé&\. V., Khasanshina N. A., Motin A. V., Chukareva M. M.
Penza State University

Abstracti In Russia, work is underway to create and improve various-dipec
information and measurement systems. This involves the development of a specific component
basefiber-optic pressure sensors. Sensors are being developed based on new principles of signal
conversion in a micropticakmechanical Converter system. Physical and technical features of
signal conversion in the micmpticakmechanical system of fib@ptic pressure sensors are
investigated. Methods for modulating the intensity of optical signals in-dipgc converters
have been developed. Signal modulation consists in changing the ratio between the area of the
illuminated surface of the receiving endf optical fibers and the crosectional 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; mieoptical-mechanical system, signal
conversion, measuring converter, micligplacement, opticahodulating element, light flux,
differential conversion

Innovative development of modern science and technology in Russia is aimed at creating
new safe devices farse 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 fiberoptic devices, systems, their components, and technologies for manufgct
optical fibers themselves. Fibeptic information and measurement systems (FOIMS) are being
developed. FOIMS are distinguished by the use of fiptic cables (FOC) as a physical
medium.

This ensures more efficient use of measuring informationtabe 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 diities involves the development of a specific
component base and, first of all, fibgptic sensors (FOS) of various physical quantities. Pressure
measurements occupy one of the leading positions among other physical quantitiesoptiiber
pressure gesor is a set of fibeoptic converters (FOPC).

Fiberoptic sensors are developed based on the proposed principles of converting optical
signals in a micrapticatmechanical system of FOPC. They are based on the-blodkilar
construction principle. Thigrinciple 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 désgr®Gf
FOPC and ICB are unified (figure 1, a)).

Linear and angular micrdisplacement 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 pregre. 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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Fig. 1 Diagrams of the fibewptic converter and pressure sensor

The light flux in the optical system of the pressure sefgsonverer 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 eofitiefigonverter.

Signal modulation consists in chang 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-fange diffraction zone, and changes depending on
the position of the OME. The element OME is a mineftecting surface of various attenuators,
spherical and cylindrical lenses.

X

IOF %

I
z R outer

=2x; tgfyy

O fie=

| DOF mirror U DOF

Fig. 2 Formation of a ring zone at the exit of the optical fiber

For afigonverter with a mirror surface, the optical signal intensity is modulated by moving
the illuminated reflecting surface (figure 4). The light rays from thefi@érs pass the distance
Xi to the mirror and back to the DEfbers 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 Dfdfers.

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 D@iber changes in the Z direction, which leads to a change in
the area of the receiving end of the OV illuminated by theectft light streamiThe 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 Ddber in the z direction. This leads to a change in the area of the
receiving end of the DOFber illuminated by the reflected light stream.

Modulation of the intensity of the light flux in a fibeptic converter, when the
illuminated mirror reflecting surface moves at an atyielative 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 @otical 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 twolight 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 filjgtic 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/FO=f (Z) (section Il) of the second measuremennakel in the measurement range
for the micre displacement converter.
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Fig. 3 Relative change in the intensities F1/FO=f (Z) (section I) and F2/F0=f(Z) (section II) of
the light flux in the fiberoptic converters in the region tife receiving ends of the diverting
optical fibers

Function graphs have ndimear 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 sudces 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/FO=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-digptacement 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 tHens, 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/FO=f(Z) and F2/FO=f(Zh@gitaph. 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 masuring channel. The distance between the optical axes of the diverting
optical fibers of the two channels must be equald2d.)+ 0,5d:].
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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 convertertwnprocess 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.

DOF3

z

IOF6  IOF4 IOF6

IOF5
IOF | DOF

Q b) c)
Fig. 4 Geometric constructions to substantiate the velatsition of the input and
output optical fibers in the bundle
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Fig. 5 Results of modeling a fibeptic linear micredisplacement converter of a
reflective type

Based on the results of the simulation, the following conclusions are made:

1) the maximm intensity of the light flux corresponds to the movement of the center of
the membrane in the range W8 3 ,diH

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 rreddien designing sensors.

Conclusions are made for a fibeptic pressure converter with a limit attenuator:

1) the most effective insertion of optical radiation into the diverting optical fiber is
achieved al;=1,53 mm andb=1,37 mm;

2) when the numbaeaf 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 fibptic converters is
refined, based on the actual physical features of its distribution in the far diffraction zone after
leaving theend 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 mmpticatmechanical system of fibeptic
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 differentialshthat 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 thedHMS 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 T The article presents the history of the emergence, development,
implementation of cluster technologies and systems, often called "supercomputers”. The main
capabilities anddvantages 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 countes 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,
performanceand 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, iattwmis 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 casesmuortant 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 combing 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. Thank® 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, howewegviluece 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 intpéme
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 orygbal 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,mk 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 oflangl.

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 clustrnitacture, which is
implemented from computing nodes, using many different components, such as memory
modules, hard drives, motherboards and processors.

CA cluster is a type of parallel or
compiu ers and i s used as a single, wunifie
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 garly 80
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 variolespgesend equipment
manufacturers, such as: IBM, Hewtetckard, Sun, SGI, Fujitsu, Compag, NEC, Dell, Hitachi,

Intel and many others.

The first most successful project, revealing the success and efficiency of using cluster
solutions in these years, st Beowulf project, developed by Thomas Sterling and Don Maker.

He appeared in the summer of 1994 at one of NASA's space cer@&SDIS (Center of
Excellence in Space Data and Information Sciences). The assembly was a cluster of 16 486DX4
processors witta frequency of 100MHz and 16 MB of memory. On each node, 3 network
adapters were installed connecting the nodes
cables with a data transfer speed of 10 Mbit. For functioning, specialized software was also
developed, which includes higherformance 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 fpaort J&ast
Ethenet switches and a ibrt 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 (floatipgint operations per second)
the number of floating point operatiopsr second.

i stri

d
d comrg
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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 problemThe 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 thenselves, 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,
nuclea testing, determination and prediction of weather forecasts, DNA decoding, drug
development, artificial neural networks, artificial intelligence, etc.

Thanks to modern developments, higleh projects have been created and applied to
organize work in vadus 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 prosses. 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 opportunies [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 nodesane 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 clustgfter longterm operation of the equipment,
there is always a need to add nemdes, 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 entergrisecluster systa
is devoid of this drawback;

3) Inthe 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 unil 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 othardware 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.

Thanksto 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 cluste (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 itoccurs 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 comsuction 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, ensuringtineund
clock poduction 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, thesecluster solutions are called Network Load
Bal ancing, which means finetwork | oad balancin
the TCP / IP protocol stack by uniformly sharing network traffic between all nodes of the system,
thereby performingmany 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, seludiog
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 systensesl in data centers (DPC), ERP /

CRM and telecommunication systems.

In the event of a failure of one or more
which is an exchange of messages between all members of the cluster to determine the current
state ad 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 highperformance 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
organiations, 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 thprocessor 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 clusterolegy.

Very often they are called Grid systema f or m of di stri buted compu
supercomputero is presented i n t hspeednetwark, of ma
working together to perform a huge number of tasks (tipesa 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) b& organized from ordinary personal computers or
servers interconnected by a higipeed 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
advanage 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 andausigg 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 resourgatensive services to another system node.

The second modelall involved nodes are independent of each o#tsewell 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 pracesusing 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 imadi 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 fagtbnd even the most powerful staaldne 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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AN AUTOMOTIVE INERTIAL -ODOMETRIC NAVIGATION SYSTEM WITH PERIODIC
SATELLITE POSITIONING
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Abstractd 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 inertialeodomet
and satellite system$he technology of integration of such systems is proposedkésnal the
inertial navigation system SINSOONS based on fibeptic gyros is included in this NShe
results of natural development of inerd@aldodometer NS wh periodic satellite positioning
presented in this paper are given and analyzed.

Keywords: inertial navigation systerfiber-optic gyros,odometer, satellite navigation
system, Kalman filter.

INTRODUCTION

At present, the problem of increasing the aacurcharacteristics 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 fom 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 th
geometry factor is bad. At the same time, the fact that in prdsgminotor vehicles, we have
odometers, onboard computers, and also equipment for transmission, recording, and displaying
of data about motion parameters allows us to construct an irgegnattialodometer 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 acceatesters.

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 froerSNS is available.

In this paper, to achieve the purpose mentioned earlier, error equations for the integrated
inertiakodometer navigation system have been developed, along with algorithms for inertial
satellite, inertiadlodometer, and odometsatelliteobservations for their processing by the use of
the extended Kalman filter (EKF) [2].

HARDWARE SUPPORT OF THE INERTIAIODOMETERSATELLITE
NAVIGATION SYSTEM

As an object intended for experimental development, use has been made of an inertial
odometer comlex that includes a modernized version of the SBO8BNS inertial satellite
navigation system [ 3] (see Fig. 1), whi ch wa
Laboratory, Ltd. (Moscow); a moteehicle computer; the ELN827 adapter [4] (see. Fig.2);
tablet computer. The inertial measurement unit (IMU) of the above-SO08IS system is built
on the basis of fibeoptic 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 odomsteh 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 Limo real
operating system which provides the gogt of a modular architecture of the SINS construction.
The presence of a built flash memory
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Satellite r
Receiver /’ 4 IMU-500
S

Processor Assembly

Fig. 1 SINS500NS navigation system BigLM-327 adapter

has made it possible to obtain and to analyze the recorded dathuevitbgard for actual
operating conditions. Furthermore, this has enabled the-lbaatd software to be modernized
and studied on a set of paths and the algorithms synthesized. Th@ZFE1L_Rtapter is intended
to interface a motevehicle computer with egoment for external data recording. The block
diagram of the integrated inertialometer navigation system with satellite calibration and
positioning is shown in Fig. 3, where MVC is a metehicle computer.

MVC SINS500NS
¢ IMU SNSreceiver
ELM

A 4
Bluetooth > Tablet computer

Fig. 3 Block diagram of the integrated itial-odometersatellite navigation system

The hardware and mathematisalftware support of the integrated inerialometer
satellite navigation system is designed according to the etjiectted modular technology.

MATHEMATICAL SOFTWARE SUPPORT OF HE INERTIAL-ODOMETER
SATELLITE NAVIGATION SYSTEM

The kernel of the automotive navigation complex is the SBRENS system. The
mathematicakoftware support of this system is based on the separate solution of equations for
navigation and attitude quatern®[3]. The following regular operating modes are implemented
in the SINS500NS system.

The initial alignment mode includes the following stages. The initial alignment mode
includes the following stages. The stage of coarse initial alignment is reafizedasis 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 infoormati and fa pri or i
The geophysical i nvariants are parameters t h
are unchanged with time and space. Such invariants are as follows: angular rate of Earth rotation;
gravity acceleration at the point o8 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.
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A speci al feature of the mode mentioned s
r e ¢ k o nattitudedaramieters 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 SINS500NSsystem, 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 relatiweslocity vector; errors in the reckoning of mlents 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 SINS500NS errors is estimated withet EKF by processing the following observations

[3].

t

In thefine initial-alignment mode  z,, = Gy 5 “Qr)d ¢ 030! WP 1)
b1
Ziiy =V igrlsins- Uidlpias 2)
T
Zy iy =VaVgV I (iysins: ®3)
In the inertial satellite mode  Zygy =[/ iar]Sins- [/ iar]3Ns; @)
2y (i) :CI(i)[V&VqVG]a)SINS' [VEVNVH ]-(E)SNS, )

where PIA stands for the position of the initial alignmentl ; are the geodetic latitude
and longitude of the SINS position; =t; - t;_, iS an observation stepy, is the direction cosine
matrix (DCM) that characterizes the angular position of the IMMided frame with respect to

the inertial frameV =[V,, \% V];U is the vector of the relative velocity of IMU motion, given

by its components along the axes of seeniwander azimuth reference frane& h [2]; C4 is
the direction cosine matrix that characterizes the angular possfiche wander azimuth
reference framex h with respect to the geodetic frarsENH; D =t t_, is the observation

step.

In the SINS500NS system, the inerttadometer mode is additionally implemented. In
the realization of the autonomous inersglometer navigation mode, as external information for
the SINS, use hasebn 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 ca
be performed by processing that have the following form

ZVODM(i) :[V&VqV];Ti () s'lc‘;[éﬁowo ', (6)

wherev, is the speed measured by the odometeri- CoC; Cy; C, is the DCM
ODM

that characterizae movement of the car relative to the E,aag is the DCM that characterizes

therotation of the Earth during the operation of the SINS.

Observationsz,,  (;y allow us b estimate both velocity errors and errors of the SINS
ODM

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 mydbessi
following observations

z DS, DS

DS(i) ~ “SINS() T - ODM() (7)
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i
where DSSINSQ) = _a DSSINS{k) : (8)
k=i-N+1

a2 2 2
Dsinst = J D0 * Py * Py

[DS DS DS ]'=Cc C_[DS DS DS
x(k) y(k) z(k) 4738777 (k) ek) R(K)
DS (k) =l gingltic) = 7 ginsttic - DIR: BSey =[@sins(t ) - @sins(ty . JIRcoy o

DSr(k) = Ryt = Ryt - 1) DSODMU) - is a travelled distance, measured by odometer;

K

Ris the value of SIS position vector.
The motorvehiclecomputer fixes timeDti =t -t O which there corresponds 1 km

of the distance traveled. This time corresponds td\tberms in relation (8). In the EKF, the
interrelation of observations (7) and SINS errors is taken into atoda the following
mathematical model:

Zi = I-~|i xi +ji,

where x. =x(t) is the vector of SINS errors'ii is the vector of perturbations in a

measuring channel, which has the covariance matﬁlx; H = a HF.-®;

— I . - -
F-l. P F -1 is theobservation matrix;
j=i- N +1

F‘k1 is the inverse transition matrix for the vector of SINS errolrks; is the number of

cycles when reckoning the distance traveled wighhtélp of SINS on the interva!_Nk, t].

Inertial satellite odometer calibration can be implemented by forming and processing the
following observations

v @)=V - Ve () 9
VODM(I) XODM(I) XSNS(I) ( )

Where[VxVsz]a)SNs = C3C4[VEVNVH ]-(IE)SNs.
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 cdatomobile. The timing diagram of operation of
the SINSSOONS system included the following stag
fine initial alignment (t = 3000760sec), and
comparison analysisf 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 patthevhen
testing laboratory is moving under urban conditions, where

@, =0 M)/t )IR; pay =[a(t) - &t )]Rcoy .

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, odemetesued 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 processingoskovations (1) (9) with a frequency of 1 Hz. In
Figs. 1215, the following circular position errors of the SHS80NS system are shown:
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in Fig. 11, inthe inertial mode; in Fig. 12, In the Inerual moae 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 ineriahdodometer mode with satellite correctiand without
integrity monitoring; in Fig. 15, in the inertiandodometer mode with satellite correction and
with integrity monitoring, where

I G = .
DS=d +d U5 =Gy - Bily = 6Pns "Ba )
D\%DM,m/sec DS, m
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Fig.14. Circular position error in the inertiatlo & S€C  Fig.15. Circular position error in the inertiatlometric
mode with satellite correction and without inweyiy mode with satellite correction and with integrity
monitoring monitoring

Violation of the information integrity of thBINS-500NS systensgee Fig. 14, is associated
with the use of abnormal satellite signals in the formation of observatideshnology intended
to counteracviolationsreduces t@adaptiverobust processing of observations [bcan be seen
in Fig. 15 that adaptiveobust processing of inertightellite observations ensures the integrity
of navigation definitions and increases the reliability of positioningnofiing objects in a
complex jamming environment, typical for urban applications. Adapbbest processing of

observations is implemented based on the use of the combined criterion of agreeraént
[5,6] and the corresponding decisiartes.

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 Bygstéms, a
motorvehicle computer and an adapter can be used to coupkn§INS and odometefhe
odometer can be calibrated according to the SNS and SINS.

In turn, the estimation of the drifts of the SINS sensors can be performed botfirs the
initial alignmentand in the inertiabdometric mode, as well as in the present information
from the SNS. The odometer can be calibrated according to the SNS andrBéNs®lution of
these problems is based on the mathematical apparatus of Kalman filtering, which allows one to
take into account and use correlation relationshgisveen errors of sensors and the observed
parameters.
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COMPARATIVE ANALYSIS OF METHODS FOR ESTIMATING MODEL PARAMETERS
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Abstractd The paper compares wddhown methods for estimating model parameters
based on random samples, such as RANSARARISAC, NAPSAC, and MLESAC. The
comparison is carried out on test datas s@itained 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 statisticalafdhe fultscale or semnatural

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 métod of least squares significantly depends on the presence of outliers. The

type of model, constructed with the traditional method of iegstires, vastly depends on the
presence of outliers [1].
The RANSAC fandom sample consensusmethod [2] and its mafications: 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 met hods was carrying out

€ (

o

indicators and robustness of al gorithms with

numbe).

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 ordhmamsional object
(corners of buildings and facilities, road marking, etc.). Outlieosd@rs 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 sanple consensus, Fischler and Bolles, 1981) was
proposed to determine the image orientation by the refeneaints 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
setS TES. Next, the contribution of each poititT of the reducedet to the total error of the
obtainedMr model is estimated. Obviously, outliers make the greatest contribution. If there are
too many of them, the bounded set of poiftsan be changed to an alternative one. After a
certain number of attempts (1) to choose the séf, the algorithm will either result in ther
model with the maximum number of outliers, or if the number of outliers does not exceed the
minimum threshold value, it is believed that e model cannot be determined.

a«a —, (1)

wherew is the probability that each point in tiE Ssubset satisfies thdr model, andz
is the probability of detecting at least one such subdeis 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] algorithmhaximumlikelihoodestimationsample 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 suld@es of theMg model

, : QhQ ¢
O By , [ Q 8HQ ¢ (2)

whered is the correspondence error of thelement of the modelj 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]r adjacentpoints sample consensusMint, Torr, Bishop et
al., 2002) was proposed with the aim of eliminating another RANSAC problem, namely, the loss
of method efficiency with increasy 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 subs@ESis random, but only its first elemetat the rest are the elentsrof
the subseT closest td:. The preferred solution is the one in which the maximum number of the
trend defining points is found.

The RRANSAC algorithm [5] fandomizedRANSAC, Chum, Matas, 2002) allows to
reduce the operating time of the basic RANS#@orithm 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 siBSe1f the test is performed not on the
entire subst T, but only on a part of its elements, the performance of the method will increase.
In practice, the number of control pointsdlements) is established equal t8.1As in the case
of the NAPSAC algorithm, a solution is considered preferable if thaman 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 Vusetlsamumber
of outliers in the input data set.
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TABLE 1. COMPARISONOF AL GORI T HMRBMANCEETRVEQ@NMS)

Number of points/ 30 100 500 1000
Algorithm
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 withrtbhember of attempts1=10.

TABLE 2. THE PROBABLITY OF MODEL CONSTRUCTING
ON THE SOURCE DATA WTH A DIFFERENT NUMBER OF OUTLIERS

Ouitliers, % 10 20 30 40 50 60 70 80 90
Algorithm
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 0,500,433 | 0,16
R-RANSAC |1 1 1 099 |097 |054 0,14 (0,12 | 0,01

Table 3 and fig 1 illustrates the effect of thember of attempt8ndicated in the heading
line) on the method ability (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 OFMODEL CONSTRUCTING
ON THE SOURCE DATA WTH 30% OF OUTLIERS
Number off 1 2 3 4 5 6 7 8 9 10

points/
Algorithm
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
1 5 BN BEe lmem e m
2 Y
o p # RANSAC
06 | @ B MLESAC
2 NAPSAC
04 < R-RANSAC
0,2

0@ ‘ ; : . :
0 2 4 6 8 10 12 =

Fig. 1 The probébility P of model constructing on the input sets with 30% of outtiers,
- number of attempts
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TABLE 4. THE PROBABLITY OF MODEL CONSTRUCTING
ON THE SOURCE DATA WTH 50% OF OUTLIERS
Number off 1 2 3 4 5 6 7 8 9 10
points/
Algorithm
RANSAC 053] 080| 089 | 093 | 098 | 098 1 1 1 1
MLESAC 0571 075|092 | 091|098 | 098 | 0,99 1 1 1
NAPSAC 047 | 069 | 088 | 092 | 095 | 096 | 0,99 1 1 1
R-RANSAC 033|044 | 061|069|0,74| 085| 0,89 | 0,96 | 0,98 1
1 B BN
B o
o8 5 # RANSAC
0,6 *, B MLESAC

Fig. 2 The probahty P of model constructing on the input sets with 50% of outlrers,

With a small amount of outliers in the input data tRRARNSAC is the fastest algorithm,

04 7

0,2

0

NAPSAC

< R-RANSAC

=
0 2

6

8

10

- number of attempts

m

12

it can be seen from table 1, but is not provides an effective solutiorl (IFig.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 datawoé increase.

an insignificant amount of data (up to 30 points3, 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 th&RNSAC algorithm appears the fastest, but

#ONCLUSION
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

using the MAPSAC 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 ahe solution in different methods
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ANALYSIS OF LOSSES IN PRODUCTION SYSTEMSORGANIZATIONAL ASPECT

Grodzensky S.Ya., * Emanakov I.V., Ovchinnikov S.A.
MIREA - Russian Technological University, FGUP A VNI |1 A Center o
emanakov2@yandex.ru

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 edgpe 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
AEx pec,tiaBxsceen 8t oc k s / and fEexrcpersosd weet i pma@cessi ng
presented.

Keywords: production system, losses, lean production.

INTRODUCTION

To ensure competitiveness and sustainable development, modern manufacturing
enterprises need to make systed®cisions 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,recognized as one of the most effective.

Lean Production is aimed at eliminating | o
including building relationships with consumers, designing products, building supply chains,
production managementahsportation 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 eliminatarexisisses in
managerial and production processes and assess possible reserves for increasing the efficiency
of the enterpriseds production system are reyv
application in existing production, it is necegstr 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 m 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
staff spend inaction without creatir
value

Process

VSFC
Process Instance Statistics

Excessive movements unnecessar)
movements of workers, losses in f
selection of materials, the search |
tools, information, documents, etc.

Work center|
(workplace)

Spaghetti diagram
The length, quantity and tim
of movement during working
hours

Excessive transportation- moving
materials, parts and finished produ
over long distances and more often tt

Plot
Shop
Company

Spaghetti diagram
The length, quantity and tim
of movement during workin

necessary hours

Exces stocks the storage of any stock Work center| The number of normative ar]

in quantities significantly exceeding tl (workplace) actual stocks by

established production need, taking il Plot nomenclature

account regulatory insurance stocks | Shop
Company

Overproduction production of product{ Work center

(services) in a larger volume thy (workplace) The number of finishe

required by the customer Plot products according to th
Shop nomenclature (planned ai
Company actual)

Excessive processingmodification of| Product Manufacturing Technology

the product, giving it properties ar
gualities that the customer does not n
and which do not represent value to i

Defects - production of defective
products (failure to meet expect
consumer requirements) improper

service

Product

The number of defects b
redistribution, indicating thg¢
causes of defects by typ
technological, structural, etq

processes
oV er pr oahdiExcassive grocessig

Organizational procedures used in practice to analyze and eliminate losses and improve

production processes shHdunclude:

-devel opment of

a value

stream fl ow chart

- 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;

-devel opment of

- forming a plan for the transitian o

t he

the #nas

VSFC

Sshoul d
d beo

nas it
it shoul

Let us consider in more detail the organizational aspects of the analysis of losses in

usi ng

t he

exampl

/ def ec

e of t he

t so.

anal ysi s

Analysis by type oflossi Ex pect ati ono

Development of VSFC "as is".
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The devel opment of the VSFC fAas is0 is cal
(for example, Business Studio), based on the existing operating model of the rentes e 6 s
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 atform
on the i mplementation of the process and agr e

Resut-The VSFC Model fas 1 so0.

Collection and processing of statistical data on process instances.

The following data is generated: TSPP, TCAV, TO.

Responsible:

- an employee athe 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 / operatwits 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 psx

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."

VSFCdevel opment fAas it should bed is carri e
(forexample, Businessibtdi o) , based on the existing oper at
by management level.

Responsible:

- an employee of the unit responsible for the DPS, in terms of the development of the
VSFC fnas it should beo;

- employees of structural units paitiating in the process, in terms of coordination of
the VSFC fAas it should beo.

Resut-The VSFC Model Afas it should beo.

Formation of a transition plan to the fias

The formation of the pl an efdorprtohcee stsr ainss icta
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 tefrthe formation of
proposals in the plan.

The result is a plan for the transition f
process.

Analysis by type oflossiEx cess stocks / overprod:l
Development of the production chart of the prodastis”.
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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 fias i s0 production diagr
Collection and processing of statistios 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) onogtks 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 calculatis.

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 respdpie 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 (changmgroving)
the organization of the workplace (site, workshop, enterprise).

Development of the production diagram of the product "as it should be."

Responsible:

-empl oyee of the unit responsible for the
shoul beodo chart;

-Head of the analyzed structur al uni t, i n
bed chart.

The result i s an fAas it should beo produc

Formation of a transition plan to the fias

The transition plan is fmed 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 f
process.

Analysis by type oflossiEx cessi ve processing [/ d

Analysis of the manufacturability of the product.

Responsible:

- employee of the unit respobte 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.

Theresultisboinecks in the fas i s0 production t

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, inmterof 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 (chajgmproving) 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 departmentemmns 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 / pdact 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 (Aprocess owner so)
aimed at improving theefficiency of both individual production processes and the entire
production system of the enterprise.
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REPEATER OF BASE STATION OF TRUNKED COMMUNICATION SYSTEM
lvanov V.S., Andreev |.S., Gladky D.A/etrova V.

RTU MIREA
+7(906)78055-51; jeksonsv@yandex.ru

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 itimea(Figure 1).
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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 systefsnsport, 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, ambulamzbile radio communications can determine
the line betweenfk 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 kersgedl 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. AlImost the raglitise TCS cell can reach 4D 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 (sewe, departmental) communication, for example, operational
communication of the fire service with the nt
less than the number of system subscribers [1].

PROBLEM STATEMENT

5 tasks are defined in the demeéd 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 Higlguency power amplifier, development
of the Geeral design type.

Main requirements: operating frequency range-430 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 ofadio stations can be estimated using the formula:

YO o®puQ’ QN (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.

YT o Vo mTMp® @% N )

Next, the functional scheme of the trunking communication system was selected.
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Fig. 1 Block diagram of a multzone TCS with a Central Switch

The use of distribted 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 gsevice
an architecture with a Central control system. The structure of azouki 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 passesdhgh 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 itis 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 conversitime 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 geéulisignal 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
decodimg it. Used to prevent unauthorized use of the repeater.

3. Processing and control circuit of the detected signal.

It consists of a lowpass filter, a controlled switch, and a lpass mixer.

In the mixer, a new tone is added to the received and detectadridf and, if necessary,

a status code message or a signal from an external microphone.

91



International Scientifi¢ Practical Conference
¢ | NRMATION INNOVATIVE TECHNOL OGIZ2BS e, 20

Lentral
processor

Threshold device Fe—
Receiving antenna Altenuator et

Receiver Tore decodr

Transmitfing antenna

Switch Y
J

‘ LF Mxer —1‘ ; S 4< ;%/fer
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 synthesr and modulator. The operating frequency of the transmitter
is set by the processor. The signal from the transmitter is sent to-fadaglency power amplifier
(UM unit). After the power amplifier, the signal is sent to the repeater's antenna output via

circulator. The circulator is necessary for diverting the reflected wave from the antenna to the
reflected wave meter.

248

—

Fig. 3 Schematic diagram of pumas

Elements C1, C2, L1 form the contour chéairelements C 5, C 6, L 3 form the contour
chain2, dements 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. &me sftthe test
facility includes a designed highequency power amplifier and a specialized measuring
complex NR8920A and is shown in figure 5.

220V Source
—>—1 of Power

Amplifier

[Measuring complex
NR 89204

Fig. 5 Test bench diagram
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The measurement results shows that the level of aftband radiation exceedbe
permissible level, and the flatness is not more than 1%, indicating-sstwetitured scheme and
loyalty of its calculations.

TABLE 1. RESULTS OF OUFJOF-BAND RADIATION MEASUREMENTS

Level emitting. dB Measured Emission Measurement Permissible value,
9. 9B- | Bandwidth, kHz. infelicity, kHz. kHz.
-40 12,690 0,180 No morel5,481
-50 15,620 0,180 No more20,180
-60 19,260 0,180 No more25,479
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Fig. 6 Frequency response Graph

CONCLUSION
As a result of this work, the basic ground station of the trunkinig @@mmunication
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 , dmetet are no analogues with the required
characteristics on the Russian market of communication system manufacturers.
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RATE OF TIME OF PACKING OF POWER AND CONTROL EQUIPMENT FOR NPPS.
SECOND APPROXIMATION

Loskutov I.A.
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Abstracti 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 differastdiges 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 packemy shop is shown.

Keywordsi NPPs, rationing, modeling, mathematical description, technological process,
packaging.

INTRODUCTION

Creating a rational technological process is a complex undertaking. In most cases, line
managers do not have proper managdraduacation 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 tlem 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 ehmstion
to improve the efficiency of work in production. The answer is obviotes 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 taskgiven 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 todays 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 doyee 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 prcessing. 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 happenggraposed
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 witheaugroducts, 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 andtool 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 disturbingparameters (events) will be replaced):

l1.Performing another, more important work

22 Human needs (physiological, psychol ogi cal
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3. Errors "U "(was " Me)

3ll ncorrectly sawn boards "U1l" (was " M1le
3.2.Incorrecty i nstalled spacers " U2 " (was " M2
33The wrong package size "U3" was used (I
34Corrupted connection " U4 "(was " M4de)

35.0t her "U5" (was " M5¢é)
4. Modi fication of the drawing at the packi
5. Worker fatigue "W"(vas " Oe)
6.0t her "ZzZ" (was " Se).
Accordingly the basic equation will take the following form
MM B o ¢Y

. . : . : : 1
@ B B 0b B B 0b W B w @
Where
T Xinumber of operations to work with an el er
fYinumber of errors that occur when working
176 o I accounting for fatigue accumulation during operation with an element from
the array "YOo;
T “Tnumber of operations to work with an el e
1B W I accounting for fatigue accumulation during operatiom\ait element from
the array " RO;
1 b W faccounting for accumul ated fatigue &

MODIFICATION OF THE EQUATION
Consider the possibility of modifying the drawing.
With one modification, i.e. the modifation appeared after the completion of the package

assembly operation, the equationfad" wi | I | ook simil ar to equati
additional part in the form of operations for attaching parts to the new drawing:

,
s
v

Q B o ¢V

ma B A Y
fo B B 0B GO B B 6B & B O (2)

v

¥yB B 0B @ B B 0B & B ®

In this case, the resulting equation dowill look like:

QB o <Y
ma B o <Y

> cB B 0B @ B B 6B & B & (3)
('
yB B 0B @ B B o6 © B

Where

1 o« T number of work operations performed on a new drawing with an element from the

AY " arrayo;

el

1 Uwi number of errors that occur when performing work on a new drawing walray
ement " YO,

16 o I accounting for the accumulation of fatigue that occurs while working on a

new drawing when performing an operation witt
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1 & 1 number of operations for workingonanewdrawg wi t h an el ement
arrayo;

176 o T accounting for the accumulation of fatigue that occurs when working on
a new drawing during an operation with an el e
16 o i accounting for asumulated fatigue that occurs when working on a new

drawing after completion of the array nAYOo;
1 0,0 1 the running time of the process j, k, respectively.

Often, modifications do not require complete disassembly of the finished container, and
sametimes 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.

QB o Y

my B R Y

o ; : : - - (4)
rnw B B ob w B B ob () b ()

1P

B B B o0b B B o0 b W B

Where

1 z71 the number of changes to the drawing.

Since one change leads to both disassembly and subsequent assembly, the process in the
equation is multiped 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 wi | | introduce an additional par ameter
tostudy the changes in the drawing. This para
like other parameters, will have a different value depending on the modification:

QB o Y

wad B R CY

. ‘ : : : ~ ®)

¥ B B ob () B B ob w b w

1P

yB B B 0B ® B B 0B ® B 0

Despite the fact that theB" ¢ element takes into account thoassembly 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 remowduaimg assembipow and where to
attach them.

"Y 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
packagimg 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:

l1.Equatig t he output variable value to the stoc¢

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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In equation (7), there are two lines that contain a search for the minimum changing value
of the parametab 6 :
W0 O WO wo O T
06 O 06 wd MO
Their meaning is as followsince, 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 theemiovhen the
modification appeared, but the moment when the worker stopped completing the last action.
Note that equations {2) consider a situation in which fatigue accumulates only during
the assembly and disassembly of packaging containers andreadhely 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 insignificgrihey 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 descrigttbe 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 (Work in this direction will continue.
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DEVELOPMENT OF A SOFTWARE MODEL OF REDNDANCY WITH ROTATION
FOR A MULTI-CHANNEL VOLTAGE CONVERTER
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Abstractd The paper considers the influence of changes in the load factor when power
channels fail in multchanrel 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; redundandjiyerse redundancy; redundancy with
rotation; electrical load factor; probability of successful switch over; rohlnnel voltage
converters.

INTRODUCTION

In the context of global automation, the task of improving the reliability of computer
equipment isbecoming 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 gmprovin
reliability is redundancy [1, 2].

This software model describeslwerse redundancyith rotation ofpower channels in
multi-channel voltage converter  MCVC) Di ver se redundancy AN+1+KO
without restor at i onanaciwk eduedandyNvithh N noajor eleriemtdand | s
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 chamels (when power channels fail) and grebability of successful switch
overin the simulation modeling diIMVC. We also provide an algorithm for recalculating the
total operating time dfACVC 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 elemgbf Mathematical models of the failure rate for most
types of radio electronic elements have the following form [7]:

n
anmponent: %asicsiglKia (1)

wherea, . isbasicf ai | ure rate of el ementodos type (or

tests for reliability and durability for this type; is coefficients that take into account changes

in the operational failure rate depending on varfae#ors;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 faciprg]. 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 opetatime [10], it is necessary to
recalculate the component failure rate after each failure using the provided formula:
. B Kp
a‘;omponem - %mponent %; ’ (2)

where Ky is a currat value of coefficient of electrical load of the chanr&l; .., Kk, refer to

values of failure rate and the coefficient of electrical load before failure, respectively.
Further, we will discuss in more detaw 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 (5 1) all channels are constantly in
operation mode [11].

04 0, .|_ ON

L |

| > |

Fig. 1Reliability block diagranof active redundancy
For an active redundancy, tikg coefficient is calculated using the following formula:

N
P N+R’

K

3)

where N refers to number of major elements,i number of reserves.
Therefore, for each failure, the, coefficient of the operable channels will increastl un

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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1
o> 18
The loop for operating times

2 |
Enter initial data / 1 7

| Calculate ATi

3
Creating an array of load T 8 I
factors
| Account for load factor
4 I
Generate operating times T 9

of power channels

|
o I I
Ascending sorting of — 10

hannels' operating times The end of loop for operating

times
® ;

END

Calculate Tyyg

AN

Fig. 2 Algorithm forcalculating 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 tdl (main) andR (reserve), respectivelBlock 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 girdipy1) [13]. Next,
thepower 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:

T DTo
T = + + Ol.,,, 4
total Kp(N+R) Kp(N 4R B + R+l (4)
whereqdl. is the value of the time interval between1) -th andEth failures,Kp(N+R I I load

factor for (N+R -i B operating channels (it is obvious, thaf, =1).

2. Diverse redundancy
For diverse redundancy (see Fig. 3) the cold resedvel$ 2 ) are in standby mode, so
they do not affect the coefficient of the working channels, which will remain unchanged until

all K channels fai[13] (the k , coefficient is calculated using the formula (3) fRe=1).

01 02 [ ] _|_ ON

. |
'y ~

Fig. 3Reliability block diagranof the diverse redundancy
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After the failure of K channels, the scheme is converted to an activedauaity 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 afdb#icient 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 isatattwlsing the
formula:

_ N+1
PON+1 K

(5)

Therefore,k, increases with each failure until it becomes equal to 1 (similar actare

redundancy

MCVC in accordancewith [15] is the object of multiple cyclic application.In the
frameworkof the developedsoftwaremodel, power channelsare consideredhonrecoverable,
that is, they are not subjectto restorationduring the servicelife in the eventof a failure.
Thereforepneof thereliability indicatorsfor powerchannelsaccordingo theclassification15]
is Ry.n - theprobability of failure-free operation(inclusion).

The probability of a failure- free channeloperationis a randomvariablethat obeysthe
law of uniform distribution. For failure-free calculations, R, takecloseto 1. Sincefailure is

(on)
theoppositeof afail-safeeventtheprobabilityof failureisin therange( Poony> 1g- In otherwords,

afailureto switchis anunlikely event[16].

Usually,thenumberof item switchesduringredundancys quitesmall[17]. Forexample,
for the standbyredundancyvith N main(major)andK backupelementgseeFig. 1) thenumber
of item switcheswill be exactly equalto the numberof backupitems (K). In this case,the
probability of switching,asanunlikely event,canbeignoredwithout losingthe accuracyof the
estimationof thetotal operatingime of thereservedyroup.

However,when rotating, the numberof switchesincreasegyreatly. It dependson the
numberof powerchannelsandthe numberof full rotation cyclesduring which the MCVC is
expectedo operate Thefull rotationcyclerefersto thelengthof time duringwhich eachof the
powerchannelswill bein both standbyandoperatingmode.Notethatin this voltageconverter
model,full rotationcyclescanbe of anylength.Therotationperiodrefersto the lengthof time
betweeradjacenswitcheswhichis definedas:

TfuII .rotation.cycle
Toeriod = TNl K (6)

where T, aionce F€fersto valueof currentfull rotationcycle; N +1 + refersto numberof

working powermodules.

Accordingly,for ead full rotationcycle,thenumberof switchesfor onechanneis m=2
, asdefinedby thefull rotationcycle.

Thus,in generalthenumberof switchescanbequitelarge.This,in turn,cansignificantly
affectthereliability of thevoltageconvertef13].

The descriptionof the patent[18] suggestsswitching channelsafter 24 hours. For
example, considera converter whose centralized part contains N =3 main(major) power
channelgeservedoy onehot reserveand K =2 backupchanneldocatedin cold reserve With
anestimatedservicelife of 1 year,thenumberof switchesfor a singlepowerchanneis defined
as:
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Q=m °t (7)

WhereQI is thenumberof switchedor thei-th channequ |, refersto the numberof switchesor

thei-th channein onefull rotationcycleandt is the numberof full rotationcycles.
Accordingto theformula(7), Q will beequalto 730.Sincein this examplethe valuesof
thefull rotationcyclesareconstanttheformula(7) is converted:

Twork (8)
rotation.cycle ’

Q=n 3Tfuu

whereT, . istheservicelife, T refersto thevalueof thefull rotationcycle.

full rotation.cycle
In this case the total numberof switcheswill be 4380.For comparisonjn the standby

redundancyvith the samenumberof majorandbackupswitchingchannelstherewill beonly 2.
Sincethe probability of a successfukwitch over is independentthe probability of a

successfuswitchdecreaseasthe numberof switchesncreases:

F:otal = Fsz 5. R (9)

ong’

whereq is thenumberof switches;P,; is the probabilityof a successfuswitchoverduringi-th

switch.
Within the limits of the consideredvaluesfor ensuringthe probability of failure-free
operationof the MCVC for oneyear, P = 0,95 for "absolutely"reliablemodules(the probability

of failure of themodule P, = 0) the probability of a singleswitchmustbe:

R =KP 0,999, (10)

where k is the numberof switches, Pis the probability of failure-free operationof the MCVC
for onewholeyear.

Fromthecalculationgyivenabovejt is obviousthattakinginto accounthe possibilityof
failure during switching is necessaryfor a correct assessmenof the voltage converter's
reliability.

A special separate module was created for calculating the apetatie for channel
failures when switching channglk9]. 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.

Dueto thefactthatto considerthe probabilitiesit is necessaryo calculatethe numberof
switchest is doneaftertheinitial assessmerf operatingime.

To correctlyidentify the powerchannelghatarein operationandstandbymodeat any
time, a matrix of channeltranstions is created,n which the rows correspondo the channel
numbersandthe columnscorrespondo therotationperiods.

If two adjacentellsin thei-th row of the matrix arenot equalto eachother,thenat this
pointin time, the i-th powerchannelswitched(eitherto the standbymodeor to the operating
modestate).For eachsuchpointin time, animplementatiorof a randomvariableis generated
that is equalto the probability of a successfukwitch. If this numberis greaterthan the one
specifiedin technicalspecificationsR,,, ), thenthereis a channelfailure in this experiment.

Sincethefailure occurredearlierthanthe calculatecperatingime, it is necessaryo recalculate
the operating time implementationsfor the remaining channels,as well as the final
implementatiorof the MCVC operatingime for the currentnumberof channels.

Recalculatiorof c h a n pperhtidgimeis performedaccordingo theformula(11),and
thefinal performanceé accordingio theformula(12).
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. n g e d oy, O € & ma
ti :ti '.a;1|Tperiod.j ;dN 1)+ ai‘@ =25 Tperio'd. 1 [ QSW&AL% ) (11)
1= T e G work g e ¢ Rork

where ti' is the new operatingtime of i-th powerchannel,t; is theinitial operatingtime of i-th

powerchannel T refersto the numberof i € ts dzd y gdmigletasfull rotationcyclesbefore

failure,T  p, thereforejs afull rotationcyclein which afailure occurred Toerioa | IS @rotation

periodin thej-th cycleof full rotation,r, and w arenumbersof rotationperiodsin the n+1 full

rotation cycle during which the i-th power channelwas in operationand standbymodes,
respectively,/ ., is failureratein operatingmode, / T failureratein standbymoce.

worl standby

n
T= jalefuII.rotation.cyclej +Tperiod rl GI’ V\a-’ (12)

Where T, ouaioncyee ; F€fErsto the value of the j-th full rotationcycle, (r +w) is the numberof

periodsof rotationin n+1 cycleis afull rotation.

If the probability doesnot exceedthe thresholdvaluefor any of the switchesthenthe
channel'©peratingime remainshesame.

After determining the MCVC®6 soperating time, its reliability block diagram is
reconfiguredn accordancevith thefollowing rules:

0 beforefailure, the locationsof power channelsare determinedby the transition
matrix;

o0 if afailure occurs,thefirst backupchannelin the queueis connectedo the failed
channelwhich becomeghefirst of theworking channels.

Further,the recanfigured reliability block diagramis considereda new converterwith
fewerchannelsaandthe algorithmfor calculatingthe operatingime is repeatedintil the number
of powermodulesbecome®qualto N +1.

It is worth noting that the softwaremodelprovidesan eventwhentherewasno failure
duringtheentirerotationtime. In this casetheprobabilityof switchingis alsocalculatedIf there
is no failure during switch over, the rotationstopsandthe reservatiomrmethodis replacedwith
regulardiverseredundancy.

Theblock diagramof the softwaremodulealgorithmdescribedaboveis shownin Fig. 4.

CONCLUSION

The amount of electrical load is one of the most important factors that affect the failure
rate of channels, regardlessio¢ 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 propabgiticcessful 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 oMCVCs 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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DISTANCE LEARNING METHODS AND TECHNOLOGIES AT AN OIL AND GAS
ENTERPRISE

Bushmeleva K.I., Maiorov V.V.
SurGU
bkia@yandex.rpMaiorove4@list.ru

Annotatior® In the context of the increasing role of the innovative factor in the economic
growth of Russian companies, the requirements for the qualitative characteristics of personnel
and, above alifor their professional qualification level are increasing.
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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
revealedFive stages of distance learning are defined and considered.

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
industrialenterprises function, and the social sphere improves due to it. It is also one of the most
dynamically developing and higlech industries, as the demand for clean, safe, affordable
energy increases every year, which leads to the growing demand foroducpon. 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 bankingerms 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 leang are:

A introduction of the | atest modern inforr
A introducing students to a creative apptr
activity;

receiving regular consultations from t he
A a htd ukei speyialized literature without buying it;
giving teachers the opportunity to deci
possibility to automate the entire process, making their work more creative and independent.

There are three main compotem 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.

Successfubperation 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 acteske 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
guestions.

Forum: The teacher gives questions for discussion, and the students &msseer
guestions.

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 behby lgjgalified 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. Maxften 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
condweted by Rostekhnadzor showed that almost half of the cases were caused by personnel low
gualification 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 ted@ssolved
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 tHepteset 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 complgteliminates 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 cotrres, 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 trainiegsys
They have reliable dynamic modeling, soundtrack, can include gaming technology, provide
control over the progress and training quality and always give aguiglity result in the learning
process. It is through the use of simulators that it is ples& 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 witltacarrying 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 leamy 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 learninrgmong the disadvantages of this scheme were named:

A inability to receive feedback,
A lack of communication or difficulty in c
A limited development of practical skills.

The psychological factor of changing tms#uation and moving to another social
environment during fultime 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 studyhe 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 rafestudying, the periodf 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 emonment. 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 tba durati
of distance training can be reduced by4836 compared with the traditional form, and the rate
of material memorizing increases by-30% [2].

The distance learning system at Gazprom Neft has been operating since 2010. At the
moment, it includes 23 coges, 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 courseselfservice systems, business trips and requests for
the role assignment in the system. They can know about thesselfsment system, take courses
on staff recruitment and study the main features of the target management system.

The set of courses aad at acquiring personal effectiveness skills includes the programs
AOi | | ndus-Orf ¥ Wo r k eNosno , AModern Management
Management 0, ADevel opment and Management Deci
and several courses dabor protection and safety measures. -Setivice 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 déservice 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 theporate center, whose responsibilities include working
with staff, have been abl-HWRda.0 Thi  itdhhea nepe i
line managers, including test tasks, regulatory documents, in other words, the entire knowledge
base on ersonnel management available in the company.

Currently, a new course is being develop@dFundament al s of Oi | Re
anal ogue of the couQisle WoOik e rlisnod,u sftorcyu sfeodr oNo nl
marketing productsand intere d f or speci ali sts who dondét hav

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
educatioal 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 andh&aweation 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 runofiwect 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 atent 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 implemented at the enterprise in 5 successive stages:

1. Analysis of EE tools (&arning).

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. Implementaon, support and promotion of a new training format.

5. Assessment of system productivity.

At the first stage, a thremodule scheme of work (autonomous control, content,
copyrighted materials) is built. A knowledge base and employee access to workoootesg,
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 capabflipes/ilers, ease of configuration and
adaptation, technical potential and the cost of specific LMS supporting . Competentuin, S
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and eSpring are popular in Russia, many of them work with the Multimedia Laboratory and the
Mirapolis platform.

At the thrd stage, the educational process is planned, the expediency epdhiyd
specialists participation, the creation of individual integrated programs is considered. Training
and seHllearning activities are planned, as well as providing effective assstantusiness
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 stagef practical implementation, the goals efearning 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 outcomBgrformance 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 monitoringsults 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 ishecked.

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 need

A webinars;

A distance | earning systems:;

A 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. Theawédrm is effective in
order to save expenses on facdace 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 welyoasshould 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:

A a base for storing electronic courses,
Employees of companies at a convenient time come in agxhireine the material for fixing;

A work with individual employeesesfarlsub t ake
divisions and branches;

A detailed statistics for monitoring the ¢
results, assessment of employee progress;

A a system of chat or forum communication,

Whenchoosing 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, pdivg 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 presentatian 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 effectivenessanalysis and testing. LMS provides adaptation of new
employees, personnel reserve training, partners and clients training, certification and the internal
knowledge base formation.

Today, readymade control systems are developed, and, as a rule, eacbtgrada 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 weknown progressive corporations,
representatives of small and medigired businesses in various fields of activity. Employees
learn through computers and mobile applications, use the cloud service. The only negative point
is the lack oRussian version.

iISpring 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 wittse 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 trainingggram, you can set up a sequence of classes, assessment criteria
and certification process. The system provides various user-ralglor, administrator, user.
Adding participants is maximally simplified. You can invite new users-mag, via the link,
et c. It i s possible to divide wusers into gro
you can divide materi al into thematic areas
level of knowledge can be monitored in real timegapth stéstics of results and analysis are
provided. The iSpring Learn platform is chosen by many-wedwn companies, for example,
Kazakhstani mobile operators, the Russian group ForaFarm, LaModa, Alfa Capital.

The head of the company faces a number of obstaslen 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 tife 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 distancé e ar ni ng technol ogy into
an opgimal stepby-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 managenent 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. Atraining 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 otheecessary 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 workitime cost. The limits of the budget and the number of employees being
responsible for it are determined.
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6. A testtraining course is run for a small group of employees (for example, for people
working in one department). Results are discussed and adalyz

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 distancelearning introduction at an enterprise requires a continuous
control at each stagd. & 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 spenptaopose.

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 criteriafigparing 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, inforteatimncal and
educationamethodological support arenestigated. 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 stageollected 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:

A collecting feedback f rnmaocoustystem partici g

A achievement analysis at different stage:
departments, as well as ftline and distance learning participants achievements;

periodic assessment of the acquired knoyv

A di ff er e rstworkingtarmd canmardiay successes of employees, business
improvement, completed projects;

A analysis of reduced training costs. | f
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 develop@dpt@ve 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 investmenEor 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, i ntrodu-apswearn d nbagcion,suhbt
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 addd i o n a | sections such as fAHel po
AReport Tabl eo.

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
implemenéation 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 absénu®per control, the
effect will be reduced, and the costs will be significant. In each company, the introduction of
distance and-&earning is carried out according to an individual scheme, which is associated with
the goals and objectives, structure anafile of the enterprise.

112



International Scientifi¢ Practical Conference
¢ | NRMATION INNOVATIVE TECHNOL OGIZ2BS e, 20

REFERENCES
1. Computer simulators for oi | and gas <co
necessety.URL.: http://elearn.sikeru/news/trenazhergdlya-podgotovkipersonala
neftegazovykkompani{17.01.2020).
2. Distance | earning at 0OJSC c¢GPRradpatiomm Ne f

managemet. URLhttp://www.uppro.ru/library/personnel_management/training/distancionnoe
obuchenie.htm{17.01.2020).

3. Modern types and methods of personnel training: advantages and disadvantages.
URL.: https://www.ispring.ru/elearninmsights/metodyobucheniygpersonalél 7.01.2020).

4. Implementation of personnel distance learning in the company. URL:
https://www.crmm.ru/knowledge base/Mesto_e_learning_v_korporativnom_obuchenii/vnedre
nije_distancionnogo_obuchenija_perso(hfa01.2020).

5. Distance learning characteristics: advantagesarozgtion, methodology. URL
https//inostudentu/obrazovani#exnologiyadistancionnogabrazovaniyditml( 1 Ols ©
sBteOh jdzdw: 17.01.2020) .

6. Oil and gas technologies: main features, where and how to work. URL:
https://qwizz.ru/%D0%BD%D0%B5%D1%84%D1%82%D0%B5%D0%B3%D0%B0%D0%B
7%D0%BE%D0%B2%D1%8B%D0%B5
%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D
0%B8/(17.01.2020).

7. OJSC cLukoil e di stance l earning
https://www.docme.su/doc/543742/sistedistancionnogabucheniyanac%C2%ABIlukojl
(17.01.2020).

8. Modern types of learningdistance learning ¢ wh a t i sd cihroswvi ddeo?eés i
w o r KWRLehttp://www.hrjournal.ru/articles/op/op _697.htr{117.01.2020).

CURRENT STATE AND SCIENTIFIC AND TECHNOLOGICAL FORECAST OF A
REVOLUTIONARY BREAKTHROUGH IN WAVE SOLD-STATE GYROSCOPE
TECHNOLOGY

Zhuravlev V.Ph., Perelyaev S.E.
Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences

Abstracti The wave soliestate gyroscope (VTG) or the hemispherical resonator
gyroscope (HRG) is a very unigdevice in the field of practical application of highecision
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
gyrascope 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 modenemesus.
Parameters and characteristics that were previously achieved byneelh modern industrial
optical technologies implemented in ring laser gyroscopes (RLG) andofittier gyroscopes
(FOG) are now very successfully implemented by inertial sengd6G/PRG, with much higher
reliability of gyroscope data, according to the latest research by the Agency DARPA (USA).
Thanks to its HRG sensors, Safran Electroni cs
family achieves high performance in a smaflesand is perfectly ready for integration into
applications even with the most demanding requirements. Based on the advanced HRG
technol ogy, the new PRIMUS I MU family demonst
gyro expertise by providing high n@ation grade performance at a much lower cost and smaller
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size than RLG (ring laser gyros) or FOG (fiber optic gylmaded IMUs. PRIMUS is ideal for
any application that requires very low random walk, excellent bias over temperature, low power
consumptionlow 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) incoumtry and abroad showed that the
greatest success in creating a new wave stdite 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 wdrto start searching in this area, and in 1982 it presented the
first preindustrial 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
open sources. In 1992, lotgrm 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 sarapeteveloped based
on HRG158 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 npiérshour. Industrial production of such
HRG-158 and bins gyroscopes (Carou4@0) based on them was planned to replace the classic
platform (gimbals) ins. However, in the-80s of the last century, the main eyes of the world's
leading manufacturers ofifns were turned towards promising laser gyroscopes and the
development of ins based on them. Therefore, the pilot production of large wave gyroscopes
HRG158 with a hemispherical resonator | =58mm
recommended to reda 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 nesizaddiRG
130R with a quartz resonator diameter of 30 mm and saved the main accuracy paddrtieters
new device. In 1994995, the Laboratory the Draper team tested the HB@R and issued a
certificate (passport) for the new HRI30 smallsized gyroscope with a 30mm hemisphere
diameter and a drift accuracy of at least 0.005 deg / h. testing méwhdevice 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 HEBBP meets the requirements for use in
the Trident missile guidance system better than adiraljroscopes. Later, in the United States,
industrial production of new devices of the HRB0 type was established, and by 2004, about
100 HRG130based orientation systems were flying in outer space, which worked more than 10
million hours without failue. The new HRE&.30 gyroscope was used to provide an ttirey
oneway 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 3@ar mission in the Saturn system and burned up in the atmosphere
of the gas giant. NASA broadcast the last minutes of the probe'séfdri France, from 1995
to 2005, SAGEM successfully developed adoest mediunrange 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 specialistthisf 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 specialistslgrassed 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 developgrand 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 inl$saat|.
Aerospace Industries LTD (lAl), a wekhown 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 developeldaatively 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 properftasng rigid body to
maintain the orietation of the axis of rotation on the direction to a fixed star. The urgent need
for a coursandicating device other than a magnetic compass for rhetid warships, which
emerged at the end of the nineteenth century, determined the initial stagéensivia
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 misgisssbased 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 resirertial 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, ast 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 fortarleng
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 fagtating rotor. A 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-bpéc gyroscopes (iFOG) have
been created and are bgimtensively 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 thxé® gimbals, and switch to cordless
systems with mathematical recalculation of information measnrnbe 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 alrgathechanical, formed by elastic vibrations of a thin hemispherical
guartz shell, are used in a fundamentally new type of gyroscope. In Russian literature, it is called
a wave soliestate gyroscope (VTG), in foreign literatuiea hemispherical resonator rgy
(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, navigabiols 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 ap@ce 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 perational 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 &mdiynnew

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, bearingse 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 \ddopers 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 gyroscopeThe 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 padsa 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 inettinformation 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 typegwfoscopes 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 rotatng 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 durisgaat power outage; low
energy consumption; short readiness time; weak dependence on the ambient temperature when
certain design and technological conditions are met; resistance tertegly ionizing radiation.

Thus, integrating and / or functioningtime 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 achievecc@uracy characteristics, attract the attention of all developers of
modern gyroscopic technology.

MAIN & ONCLUSION

As the main conclusions, we point out the following important operational advantages of
the new generation wave scbthte gyroscope (VTG):

1. High accuracy, low power consumption, structural simplicity of mechanical
components, resistancegower 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 possildiliging 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 fib@ptic gyroscopes (FOG), with shadrm failures in the operation
of functional (service) electronics.

3. The number of parts of commercially produced meesizad, precise and precision
VTG is approximately 8.0 times less than RLG and FOG.

4. The simplicity and reliability of precision VTG determine its low cost in itréals
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 anticidatbat 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 unmatclaedie of applications.

e HRG CRYSTAL:
@ ALWAYS ONE GYRO
AHEAD

THE RIGHT TECHNOLOGY FOR THE RIGHT APPLICATION

Roll gyro for spin- Stabilisation and
stabilized standby
projectiles (> 60 instruments
000 °fs) applications

TheHemispherical Resonator GyroscdptRG), also calledvine-glass
gyroscopeor mushroom gyro, is a compact, low noise, high performance angular rate or rotation
sensor. An HRG is ade using a thin sokdtate 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 fugedrtz structures that surround theelshThe
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 reudmavigation,
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 thammovative 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 thereforeeatd recompose the inertial gyro technology landscape
which could be soon pictured as per the fig 2.
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Fig. 2 Future gyro technology applications

It is known that the ultimate performance technology is the Electrostatically Suspended
Gyroscope (ESG). Tday, 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 ESGstealiunilong term errors are
conmpensated, 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 réggerformances ESG actually achieves and Cold Atom gyros
are still contemplating.
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Abstractsi Although FMEA identifies important hazards in a system, its results may not
be comprehensive and the approach has limitations. Various solutiorspcotiiem 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) ancafuegtic
hierarchy procesg-AHP) to identify the funton 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 byelping 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 esscof 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 experiendth 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 systemsitesults 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 increasei ey af
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 tighw 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 modets$oi 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 FMEHWP 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 decisiemaking committee is composed of Y déemismakers (Bt=1, ..,
Y) responsible for evaluating X product function, (= 1, ... X) based on the Z standarg (&
1, ...., Z) where the rating for the functions is based on each criterion and the weight of these
functions is expressed as guistic variable ( Zadeh, 1975a,b) and presented as triangular fuzzy
numbers o b . 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
functiors 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 priguigyght) 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 modeingsgstic
variables to represent comparative assessments given by decision boards.

Let: F={F, R, ..., &} be a set of X objects;

D ={Dy, D>, ..., Dv} is a set of Y comparative comments.

According to Chang's method, each Fi object corresponds toEacainte object, denoted
by F. Accordingly, each Fi object will be compared with X the remaining target object, we
notation as follows:

Where, all valuesf ware a triangle fuzzy number.

Using the arithmetic mean method, we can determine that each Fi object will be compared
with X the remaining target objeate notation as follows:

@ ahy  do p¥o hpfa hpfa

with

aha 2 ahe £ o8
W W

‘A0 pfeEdiQ @ pipip 8

Step 2.1. Calculate the value of the sum of fuzzy numbers foithhebject by the
formula:

Y ® a ) P

with & stands for extended multiplication of two fuzzy numbers.
We have:
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&) a h a h 6
then we get:
a . a . 0
Y —h —h :
0 a o}
Step 2.2Calculate the degree of possible relationship between two fuzzy numbers.
©Y Y io6n aQYwAhYw. (2)
The above formula can be expressed as follows:
ph a  a
WY Y —— a4 080Q pkdiQ Q 3)
0 ERIOOI Qi

T
GHY ahxh d'y am .
To comparé€Yand™Y, we need to calculate the value®f’Y Y ©& QY Y.
Step 2.3. Calculate the likelihood of the probability that the relationship
will occur, some fuzzy numbers are larger than the others.
@Y Y$Q pleEEiQ Q oY Y, Y Y, 88 Y Y
G QEW Y HhQ phghesEis
At the last step, we estimate the preferred vabtor @ ho eshn  of
the correspondence matrix as follows:
®"Y "YsQ pieshidiQ Q

= 1Q  plyBEs
WY YsQ plkawhQ Q

We have:
@Y Y$Q peEEQ Q oY Y, Y Y, 88 Y Y
G QEW Y HhQ phghesEis
then we get:
GQE® YhQ phNQ Q . .. ..
e o T e NQ plrhess T
aQe™ “YhQ phedwQ Q
Step 3Calculate the Risk Level (Examining Risk Priority Numbers in FMEA).
Examining Risk Priority Numbers (RPN) is a technique for analyzing risks
associated with pot#ial problems identified in Failure Mode and Effect Analysis (FMEA).
The risk priority of the traditional FMEA (RPN) and the risk priority
number of integrated FMEAHP fuzzy (FRPN) are calculated as follows.
YOO YQU Qi @006 I0IQ@O QdoQEE OYOUG o YOO
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 faatwring 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 th@shimportant 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
electricalequipment (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. Thet fmain step of the proposed
methodology is implemented by pairwise comparison-bye3perts to determine the importance
of functional objects in improving the quality of the process, taking into account possible failures.
Estimates of experts on lingtisvariables 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 U B E W
D 1,11 5/6, 1, 5/3 5/6, 4/3, 7/3 4/3, 2, 3 0.32
U 3/5,1, 6/5 1,11 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 1,11 7/9, 312, 7/3 0.21
E 1/3, 1/2, 3/4 6/17, 9/19, 12/17 317, 213, 917 1,1, 1 0.13

W- relative weight.
Using the formula (1), we obtain:
Y = (4, 5.33, 8 (1/23.728, 1/17.673,1/12.825) = (0.168, 0.302, 0.624)
Y = (4.1, 5.89, 7.53) (0.042, 0.0566, 0.078) = (0.172, 0.33, 0.587)
"Y = (2.61, 3.813, 4.456) ( 0.042, 0.0566, 0.078) = (0.11, 0.216, 0.348)
"Y = (2.115, 2.64, 3.748)( 0.042, 0.056, 0.078) = (0.089, 0.15, 0.292)
Using formulas (3) we get:

@Y Y — m®oT,co’Y Y =1,0°Y Y =1,
@Y Y=L&oY Y =1,60°Y Y =1,

6V Y Rt o 6sr,

G Yr———2—— m@mp’Y Y =l

w'Y Y= 3 ; 82 3 @ v,

O Y =— s a s @ h

wY Y = ra— 3 3 T 0.1

Finally, using formula (4), we obtain
do ()Y YsQ p =w"Y YRY C°YRY Y =min(1,0.942,1) = 0.942

AT =Y "YsQ ¢ =®"Y “YAY °"YRY Y =min(1,1,1)=1
dB)=w"Y Y$Q o=w"Y “YAY °“YRY Y =min(0687,0.607,1)=0.607
dAE)="Y "YsQ 1 =&"Y °“YAY C"YRY Y =min(0.456,0.4,0.734) = 0.4

T®o T phrd Tiixd
Through normalization, and we got weight vectors relativléalecision
criteriaD, T, B and E.

the result igo

0 T a® g prp o
TABLE 2. THE RESULT OF THE CALCULATION OF FRPN FOR FMEAFUZZY AHP

S O D RPN Rank N FRPN Rank

RPN 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 | 013 ] 1872 | 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, wet g@other result, according to which the
order of priority for improvement is: D, T, B, E.

4. CONCLUSION
With the help of fuzzyanalytic hierarchy procesgxperts can determine the priority
weight of the product's functions, thus helping the decisiaking 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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HEADSETS WITH ACTIVE NOISE CANCELLATION FOR STAFF OF
AIRCRAFTS. PROJECTING FEATURES.
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Abstractd Issue of discuss is problem of projecting and features of designing headsets
with active noise cancellation, found wide using by staff afrafts. 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 acise
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 redue 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,
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systems of this type with passive noise reduction are not effective enouglotb #ies 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 systhith 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.

Mindfulness .
(Attention), % Noise, dB
94 . 0

Q
88 . T —— %
82 \\ —— 100

76 \\ /
N

70 YV
0 I 2 3 4 t, hours
Before noise Noise affection, After noise
affection 2 hours affection
Fig. 1 Dependence of attentioarcentration 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 pngcedgorithms, 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 afacteristics.

In this case, the main (speech) microphone in the process of transmitting speech perceives
the operatordés voice more than the auxiliary

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 thelagpkxv-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 cockpiBof Ml
helicoper

A typical block diagram of an active noise reduction system is shown in Figure 3.

Feedback Direct ANR Left
microphone microphone filter speaker
ANR
driver
Chardge Batterv . DC Audio
Conmesto controller = transducer Input
ANR
driver
Direct Feedback ANR Right
microphone microphone filter speaker

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 devidessraqu
comprehensive solution from the developer, taking into account the solution of a number of
problems discussed below.

1. The frequency response <characteristic
measured in its working area, should be as esgoasible 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 builtin spectum analyzers. The appearance of the latter will not allow you to effectively
configure the system if developers refuse to use-uipectrum analyzers, the use of which can
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significantly increase the cost of production due to the high cost of thewwaemauits, 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 minimatder 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
devebped 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 belscted 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
theystem at frequencies close to resonant, sir
and, as a result, seticitation of the entire system.

6. The design of the filter of the electronic module must take into account the phase
characteristics of #ntelephone 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
requiremats 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 systelbe 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 systesalfiexuitation
due to accidental physical or electrical influences, since a phase rotation of the inverted signal by
more than 90 A can lead to an increase in t|
damage to the pi |l oshogksesgeaadyrifithe fjequency of sekeitatios h e | |
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 logl@bility 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 beenfisidntly 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 basbe built on the basis of [6] in order to ensure repeatability of the resislts.
COMmOY bad ud Mmezj bz 5, djs@O C 51§ dzfs dzafisRdzm Is te Iz d fipdsTp 1O jdaif W
OC Is d ohdisgtesf ts H Ofo stz iflEdO' itz O i Tz dfghe j " J :dad W

1. The use of condenser dlets 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 seabsobing 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 bwest 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 areacohtact between the housing of the microphone and the
housing of the tephone 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 tef&tinglimatic 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 iscagly 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 techniquesanalysis of their results.
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Abstracti Currently, the orboard equipment being developed is subject to various
mechanical impacts. Therefore, calculatiorsassessinthemechanical strength and rigidity of
the constructiomrean importanpartof thedevelopment.

During the development of the telemetry system was developed the design of the
telemetry transmitter of the ésoard complex, designed to transmit telemetry information to
groundbased receiving and registration equipment.

The product is a monddick, with are functional nodes inside. In working mode, this
construction can be subjected to various mechanical loads, sugbassstatic and low
frequency dynamic overload, sinusoidal vibration, occasional broadband vibrationpsieek
loading.

At the design stage, a calculation was made to determine the strength of the system. Al
calculations were made in the CAD SolidWorks Simulation environment. Two cases were
considered: linear acceleration and impact effect.

At the design stage, calculationgn® 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 theoverall weight modebf 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 resulof 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 duratiofiLof 0,5
ms.

The tests are being carried out confirming the applicability of computer aakgnd
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 telemetrys&em was developed the design of the
telemetry transmitter of the eésoard complex, designed to transmit telemetry information to
groundbased receiving and registration equipment. The information obtained from the sensor
transforming equipment is necesstor the analysis and assessment of the condition-bband
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 in4sexvice condions.

The product is a monoblock, with are functional nodes inside. In working mode, this
construction can be subjected to various mechanical loads, sugbassstatic and low
frequency dynamic overload, sinusoidal vibration, occasional broadbandonbisdtockpulse
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'stake 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 eliminatiegients 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 thedrdenes 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 Figl2.

Fixed geometry | |

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 ig®d2 g(210 ms'?), operating simultaneously
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onthe ax's X, Y, an@l0 minutesTheresultsof the calculation assess the temsformed state
of the structure, in particular the stress averaged on Mises and equivalent deforrRasutt
of the calculationpresenbn Figure3 andFigure4.
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Fig. 3 Diagram of stresséar linear acceleration
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Fig. 4 Diagram of deformation for linear acceleration

The mechanical stress diagram can be conclildadthe most loads are exposed to
individual parts of the construction, but in general, the main volume of the constrisctjoread
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 factoemsured.

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 paramaterset in the same way as the
first case, except for the load. In this case, the construction is affected by an acceleration of 2509
for the time of 1 ms. A graph of acceleration dependence on impact time present on Figure 5.
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Fig. 5 A graph of accelation dependence on impact time

The results of the calculation present on Figure 6 and Figure 7.

won Mises (Nfm#2)
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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 irpthees 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 theoverall weight modebf the system was created and is subject to mechanical
teding. 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 sl 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 transmitteis strong enough to be exposed to 250g with a pulse duration-af 0,5
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
construcion development phase.
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PROBLEMS OF CURRENT SATELLITE LASER RANGING EQUIPMENT
ENGINEERING ALGORITHM

Zotov A.N.
MIEM HSE
azotov@hse.ru

Abstractd This paper considers the possibility of usingmarting 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 advaetagf this approach are considered, the problems of
creating such a system are outlined.

Keywords: reliability, expert system, Altium Designer, ASONHKA

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
t he process of creating an efficient roadm
documentation to pogtroduction stages. Creating an engineering algorithiolwresults 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 engeers 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
calculaton 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 failtes,rthey 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 equipent. Lessening the amount of mistakes on the design stage will moderately
heighten equipmentds reliability and prolong

Satellite Laser Ranging (SLR) equipment is expected to have 60000 hours life and 11
years lifetime. Equipment must operate tamperatures betweerASC and 40AC wi t |
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 predicti® 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 theifare rate and selecting right coefficients for the madiblese 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 sogiae&n
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. Thesest es 6 aim i s not
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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 hasto be fourmlnd i nput manually. And thereds a | c
cal cul ati on, pl us, ités different for every
lot of attention for a considerable amount time from a person performing th&ataltu

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 neeeld 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 predidédies, reduce amount of mistakes
in the input data and make the process more automated overall.

Thereds also a problem of correctly inter
performing correct changes to the design. Lack of experience of areengiay 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 tomtroduce 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 reagixtracted 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 AluDesigner does not support exporting to this format. This
leaves using Excel tables as a data transfer format.

N MC - Komupeprepu imrepQ esico ; T Ksapgersae Meneparopust SMT

Part Number - ID - Value - Supply Operation - Supply Current - Output Voltage - Temperature Coefficient -

STCL1160YBFCWY5 1 STCL1160YBFCWYS +4.5..5.5V Sv

TA-72.000MBD-T 2 TA-72.000MBD-T +3.3V 30mA 3.3V 25ppm
TA-100.000MBD-T 3 TA-100.000MBD-T +3.3V 30mA 3.3v 25ppm
7X-25.000MBE-T 4 7X-25.000MBE-T +3.3V 20mA +0.33...2.97V 25ppm
7X-50.000MBE-T 5 7X-50.000MBE-T +3.3V 20mA 10.33...2.97V 25ppm
BF-125.000MBE-T 6 BF-125.000MBE-T +2.5\3.3v 80mA +0.9...1.6V 50ppm
ASGTX-D-500.000MHZ-1 7 ASGTX-D-500.000MHZ-1 +3.135...3.465V 40mA 40.9..1.6V 1ppm
7X-25.000MCB-T 8 7X-25.000MCB-T 20mA +0.25...2.25 S0ppm

Fig. 1 Example of data contained in Altium Des'igner libraries

To accommodate for wide variati omoups@ r equl
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 colurhilada in a table refers to. For
example, rated resistance could be stored in
in column APower/ Voltageo (figure 2). The te
used for every transfer of dataefplates also allow for transfer of data from different CAD
systems.
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Mapametp HazsaHwe cronbua
HomuHansHas MowHocTs, Br Power/Voltage
Tpynna annapatype
Jonyck, % Talerance
HomuHanesoe conpoTHenesue, O Value

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 ASONIK-SCH system from any CAD
software which allows export of data as BOM table.

The developed converter is integrated into ASONHKACH system (fig. 3) and
provides a friendly user interface for viewing and manipulating data before the import process

(fig 4).

ACOHWEKA-K-[ - Hosoe wsgenne Wnnopt
Mpoekr  Cnpaska [} BuiGpats BOM [ oB.d abnon NIELHITRI o
B Hoswi Cirl+ N R T . =
K53-68 AKAP.6TI546.00) C84 1 6,3
CTKpb”b Ctrl+O _ K53-68 AKAP.6T3546.00) C85 1 6.3

|B MmnopTposate

:| Pe3VICTOpr NOCTOAHHBIE

CoxpanuTe R1.R18,R20.R27 R30,R31,R33..R67

I! COXPEHMTb Kak Hazganme TY MNos. obosr Kon-so Howmueanss [flonyck, % HomuHansH
x 3akpeiTe P1-12 ANAPA4341 | R1 1 1 5 51
P1-12 AJIAP.4347 | R2 1 1 5 51
3|  Buxoa P11z |AnApA3at|R3 1 0.1 5 10
P1-12 ANAP4341 |R4 1 0.1 5 10
| P1-12 ANAP.4341°|R5 1 1 5 51
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 engineeafgprithm, 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 allawsing 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 developsdesearch 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
generalpurpose 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 E28lys, 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 idedimezl|
subject area.

Expert system allows an unqualified p&n 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);

- permanencecpllected data does not perish).
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Inference engine

User Interface Knowledge base Krjc_)\{vledge‘ i
acquisition facility
I Explanation facility Human expert
User ’

Knowledge engineer

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 tha shown.

The roles of the parts of an expert system are as follows [5].

User Interfacdé the main point of interaction with an expert system for a user. Includes
inputting initial data as well as displaying the generated solution.

Knowledge bask the coreof an expert system. It contains rules and facts of some region
of appliance.

Inference enginé 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 facilityallows 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 readilymade expert systems, which only needs its knowledge base filled with

facts and rules of some particular appliance (EXSYS, G2).

Since an expert system is proposedelp 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 veion 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 thpropriate 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 aimeelgcan
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 saming. 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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INVESTIGATION OF A LINEAR MODEL OF CONTACT INTERFERENCE

Grachev N.N., Andryukhin A.G.
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Abstrac® the paper considers the results of studies related to the modelogtatt
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 lmeadel of contact noise
formation. A representation of the irradiated alternating contact in the form of a linear parametric
inertial fourterminal 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 &equencyphase relationships of the high
frequency conductivity induced by an external electromagnetic field T8E. full equivalent
circuit of the irradiated alternating contact as a source of contact noise can be represented in the
form shown in Fg.1. These models are currently accepted as sources of contact interference [1].
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=0, H(jo) [0, 20 HE,) [<0) H(jo,) |22,

E) 6)
Fig. 1 Representation of the irradiated alternating contact in the form of a linear
parametric inertial fouterminal (a) and the representation of the irradiated alteghedintact
operating in a nonlinear mode, in the form of a series connection of twtefauinal (b).

When considering an alternating contact in a linear mode, the occurrence of contact noise
can be approximately represented as a transformation of ttteoelagnetic field strength by
some hypothetical fotberminal with a complex transfer functienyjwt) (Fig. 1a).

The electromagnetic field intensity of the secondary radiation of an alternating contact can
be determined by the formula:

&)= = {S 01 H iwh e d M

- o

Wheres'Q(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 functi9gjwt) .

Let the main frequency of change of the transfer functiqiwt)b e e qu al to q.
expand the functioR (jw;t) in a Fourier series:
H(jmt)=Ho(j w 48 H,( heost tW 4 (2)
n>1
We set the intensity of the irradiating electromagnetic field in the form
e (t) = E,,cosw,t =E Re[d™ 3)

The electromagnetic field intemgiof the secondary radiation will be determined by the
formula

&:(0) = By Re[H(jw0)] =E,.{ Ho(Wycos( i +9)
SAH.Wlcos< (0 W £ F >+

n>1

+cos <@, R YW - j+} >
An analysis of the last formula shows that the field strength of the secondary radiation of
the irradiated alternating contact can be written as tmeaguwo components

e()=a() (i) (5)
& () = E, Hi(w)cos(ut +{) (6)

represents the intensity of the irradiating electromagnetic field with amplitude reduced by
HWti mes and undergoing a shift by I
Second component

& (9 = B f él H,(w)cos (w m )W f

Jo> €0s € n-YWf- ./} >
represents a distortion of the electromagnetic field during irradiation of a periodically
changing contact and characterizes the regultoontact 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 frequepties The contact

noise spctrum is always wider than the spectrum of the irradiating electromagnetic field, and the

(4)

Component

(7)
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frequency band occupied by contact noise expands with an increase in the switching frequency of
the alternating contact. Contact noise arising from irradiation @fltamating contact can be
classified by the type of electromagnetic field distortion. Depending on the transfer function
H(jwt), the following types of spurious modulation of the electromagnetic field can be
distinguished:amplitude, phse, amplitude phase. Moreover, with amplityd@ase 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 whendrradiate
with its monochromatic field is shown in Fig. 2.

wy w
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 dependsnahe frequency of contact change and the prevailing type of modulation,
which is ultimately determined by the parameters of the equivalertdoumal network and the
frequency of the field irradiating the contact.

All the variable contact pairs formeatlring 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 contacincludes 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 connectetdy 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 akel tinstiead
of the seemingly constant contact between such structural elements, in fact, when moving objects
there is an unstable contact, consisting of many gbort interrupted elementary contacts
througha-spots. The reasons for the change in the mumia-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 exdent 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 nunabspaofs forming theffective
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 elementmoting 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 whichdre 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
alrupt changes in contact resistangadescription 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 contdetference, we assume that
random changes in the modulus H (¥, t) and ¢t}
four-terminal network form a process that is stationary in the broad sense. In addition, we believe
that the correlation intervalf 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
electromagnét field strength by some hypothetical fe@rminal network with a complex
transfer function

Let us consider the case of irradiation of variable contacts with rolling and sliding friction
by a mono harmonicodnelwi whth mRandemguemhaye vi
intherange froni~ t o + °

The randomness of the dlstrlbutlon tife phase of the intensity of the irradiating
electromagnetic field does not affect the form of its correlation function, which is [1]

B (z‘)—ﬁcos 74 (8)

Where Emis the amplitude of the ten5|on.
Let us call the moment function of the faarminal network the autocorrelation function
of a random process characterizing the firagying parameters of the foterminal network [2]:

B, (t2)=m{ F(j w),H (i w+)

)

Where m is the sign of mathematical expectatiefijy t+ U) is the compl e
transfer function.

Given formula (7), we can write

B, (t2)=m{ H w)ZH( , tu) it £ 0y (10)
and for the case of a functional relationshgtween changes in amplitude and phase
B, (¢), the expression for determination will take the form

B.(te)=m{H ¢ ,M.eH (o el® 4 (11)

The continuous nature of the change in contact resistance at contactslimg 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

H(wt)=Ho( b +HXj (12)

Where H,(jw)is a constant complex value;

DH (jw) - the fluctuating part of the transfer function.
Then the moment function of the fetarminal can be represented as
By (1) =By, ( J B (L) (13)
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 & [3]
T/2

B (1) =] nml ARe[By (4 Jd £ 28" (14)
-T/2
Where k is a coefficient characterlzmg the rate of decrease of the correlation between the
values at the moments t and t with increasing .

Considering that the correlation functiog, (¢)=HZ( » corresponds to the constant

componenk (jw), the moment function of the foterminal network can be determined by the
formula
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B, () = Hi( W+ e (15)

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 caorelat
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 thetésminal network

B, (1) =By ( yB/() (16)
Then

_Enrpye (K
B, (1) =[H( W+ &ie“oos o1 (a7
The energy spectrum of the contact noise field can be found by the formula

S.(0= fB(9e™ d &5 £ HOM d- (18

1

+ ]

1
v K Gw

o w ] € S

A graphical representation of the energy spectrum in the region of positive frequencies is
presented in Fig. 3.

Seg(ﬂﬁ)“ f 3

E21m02?H K

o

g )
Fig. 3 Dependence of the energy spectrumepf¥ 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 awonsi 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 fieldemfomdary 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 componerasthe 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 resstd 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 randofunctions of time.

REFERENCES
1. E. M. Vinogradov, V. I. Vinokurov, I. P. Kharchenko. Electromagnetic compatibility
of electronic equipment.L .: Shipbuilding, 1986. p. 264.

141



International Scientifi¢ Practical Conference
¢ | NRMATION INNOVATIVE TECHNOL OGIZBS e, 20

2. K. K. Venskauskas, A. A. Zirnis Development Trends and Basic Characteiadt
Deca and Hectometer Radio Means // Foreign Electronics No. 6, -119793168.

3. P. A. Obrezumov. Ship communications and rathwigation.- M.: Transport, 1977.

p. 240.

4. G. P. Bogomolov. The main characteristics of the electromagnetic emerd on
ships of the navy // Marine radio communication: Sat. scientific ladar. Transport, 1985:
pp. 13%138.

5.A. D. Knyazev, V. F. Pchelkin. Problems of ensuring the joint operation of electronic
equipment: M.: Soviet Radio, 197%.200 p.

6. Venskauskas K.K. Electromagnetic interference and methods for their suppression on
ships.- M .: V / O Mortehinformreklama, 1991. p.768.

7. V. . Kravchenko. Elimination of contact noise. "Technology and armament”, No. 1,
1973.

8. A. Y. Klementenko, BA. Panov., V.F. Sveshnikov. Contact interference to the radio.

- M .: Military Publishing, 1979- 116 p.

9. A. A. Vorshevsky, P.A.Vorshevsky, A.M.Agafonov. Tests for electromagnetic
compatibility of electroni c e gidge/p"freehmdlogiésoc at e
of electromagnetic compatibility": Scientific and technical journal No. 2 (21), 2(Q§}¥.1021.

10. S. Wankowicz. EMC on segoing ships. Proc. of the Third International Wroclaw
Symposium on EMC. 1976 pp. 168175.

11.Nikolay Grachev, Saygid Uvaysov, Ivanov I., Wojcik W., Komada P., Shedreyeva I.,
Karnakova G. Analysis of the physical foundations of the build quality of the diagnosis structures
based on electronic means of recording and analyzing the parameters of electramagneti
radiation mechanical contact connections // Przeglad Elektrotechniczny. No. 5, 2017.-pp. 138
143.

12. D. V. Lazarev, N. N. Grachev. Scientific, methodological and safetyassessment
software for electromagnetic radiation of radio frequencies at marirestnfcture facilities //
Technologies of electromagnetic compatibility. No. 3, 201$. 2938.

MODEL OF VOLTAGE CONVERTER WITH REDUNDANCY OF POWER CHANNELS
FOR CALCULATION OF ITS OPERATING TIME IN STATISTICAL MODELING

V.V. Zhadnov
National ResearchiJi ver si ty AHi gher School of E
+7 (495) 91688-80, vzhadnovt@hse.ru

Abstracti The problems of forming the operating time to failure of rachiannel voltage
converter for statistical model i ng aNeut consi
of M active redundancyo is proposed, whi ch
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 assoingpand 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 convertepower channeldependabilityredundancypperding 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 usedethods 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, ‘olgtnnel
voltage converters must be made on the basis of a backbah@dar architecture. This
achitecture allows for the I mplementation of
channels.

At the early stages of designing mudtiannel voltage converters, calculation methods
and software are used to evaluate their reliability indicatar8][dt 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,
estimates of reliability indators, 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 calculatingatodsc
of the fAoperating timeo type (numerical intec
this method, software tools for simulation have been created that have universal languages for
describing the formal model. This makes it much easierdate a software model, since it is
generated automatically 48. 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 mafail, and this applies not only to universal, but also
specialized languages [9].

Therefore, when simulating operating ti me,
this case, with AN out of Mo), but ehceeatddng sp
Amanual |l yo based o the formal model

PROBLEM STATEMENT
Backbonemodular architecture of the power part (PP) of a mulitinnel voltage
converter with AN out of MO redundancy preser

Yop. Kontp. Kk MKY  Usx

[ouf] §
|

- R B

S/
CMN+|| El/JCMMM cee MN~ 14K

P

UBbix
Fig. 1 Power partoftheVot age converter with AN out o
As seen in fig. 1 the power part of the voltage converter (PP VC) contains of N main
power modules (PMPMn) andredundancynodules (PM+1, PMn+1+1,..., PMy+1+k) that are in

the operation mode. The rddisity block diagram (RBD) for thisedundancynethod of power
modules (channels) is shown in fig. 2.
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Fig. 2 Reliability block diagram of power part of a mutiannel voltage converter

Reliability function of such a group is determined by the fornnalian standard [10]:
M-N . ) P AM-i i
_ 2 e~ [l D A -t
P(t)= & & @) (10e (1)

where C,, is number of combinationsg 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
active redundancyo, gi v e n ility dharactéristicsgtfa eatrar d [ 1
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 #t the power channePgc) depends on the number of operable
channels (m) that work on the load [1]:
P
Rre(m) = @
wherePyc is the rated power of the converter.
It follows from (2) that the electricakresdactor of the channel (K also depends on m:
P.lm
sL(m)=—;C( ) (3)
Pcnom
where Bcnomis the nominal capacity of the channel.
Note that for m = N, the vaé of Bg(m) will be equal to Pcnom
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]:

Lec =8 25, (4)
i=1

whereap; is the operational failure rate of the¢hi element of the channel; | is the total
number of elements in the channel.
In turn, the value oée; is calculated using the models given in the handbook [11]:

A
%= 90 (5)
=1

wherean, is base failure rate of the elementake factors; J is the total number of factors.

One of the factors that are included in the model (5) is theatipg@ mode factor (Kw).
KovzydIlsr o Oj Is dpj®&dsmeddduyj] MSE 52 dzOctelkzL ©d d[llkRacklf | tcOls [z 1
Kowm takes into account the influence of electrical and temperature stresses on the walue of
[11]. For example, for silicon semiconductor dms (except mixing and microwave detector
diodes), the mathematical model of thevkhas the form:
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where ap, Ny, Ty, L,ggar e model 6s constant; t skss ambi

is the ratio of the woiikg electrical stress to the maximum allowed temperatdgeidecis the
maximum ambient temperature for which at 100% electrical stress junction temperature does not
exceed maximum allowablgnkx

For transistors and transistor assembliesgsthevalue is defined as:

K _[OM , (7)

ES_t

max

wheret om is scattering power in operating mogleaxis the maximum allowable power
of scattering at a temperature equakte t
The graph othe Kom dependence on thga:sis shown in fig. 3.
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Fig. 3Dependenceperating mode factor on electrical stress factor

As seen in Fig. 3 the decreasesias leads to a significant decrease in thevuKand,
consequently, to a decrease in dhe

Since he pcis calculated for the nominal stress of the channeHK), when using this
value ( 4 ;mom) In the reliability prediction of the PP VC according to the method of the standard
[ 10], only their | ower est i maalcdation énerovilgrew c as e 0
with the increase in the numberreflundancyehannels.

This is due to the fact that if thge=s values of the control circuit elements are weakly
dependent on the channel ¥alue, theses of the power circuit elements is alrealdygely
determined by the Kvalue, and these elements significantly affect the final value@f

In contrast to analytical methods, the statistical modeling method allows you to take into
account changes in the dependability characteristics of thertenghannels in case of failures.
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For an exponential failure model, the value of the operating time realizaftbohs(
calculated using the formula:
R In(x)
t= —1

L PC ’ (8)

where X is realization of the basic random variable (BRV).
As shown above, thepPvalue depends on m and can be calculated for m = (N+1), ...,
(M+N):

N .
Pec, “m Be..- 9)

Then, for these #n values, it is necessary to determine the electrical (and, if necessary,
thermal) modes of operation of the channel elements, i.e. find the valges a&fid t, for all
elements. Then, using the formulas (4) &) can be calculated the channel failure rates when
fails 0, 1, 2, ..., (MN) channels in the converter and then can be forms an astgy pci1, pc2

€, PCM-N).
This array is used for calculating the r1ee¢
-according to the formula (8), tthyg are eal i z
calculated for failures and an array is formed (valuefscng . :quﬂ N 2s T tArqu , because they

are calculated for pc= pcnon);
-accordingt t he formula (8) for the same val ues

time (tnow, ) are calculated and an arrayidwm, ,tnowm, , ...,.tnom, ) is formed,;
- array element$nowm, ,tnowm, ,-....tnom, are ordered in ascending order;

- calculated the realizations of converter's operating ti'?ﬂgw(m)) to failure of the ist,
2-nd, ..., Mth channels:

A,

tPCI,(M-m) =a

s=0 tNOM, ey

where the first index (l) is the number of channels incthreverter, and the second (s) is
the number of their operating times in ascending order.

After the calculationquw_m) is determined by realization of operating time of PP VC (

S Gtaow, D, (10)

fvc) to failure, which is the realizan of operating time (MN+1)-th channel:

tve =tpq 4y 0)- (11)

Since the statistical modeling method requires multiple calculaﬂﬁmsin this case, the
amouwnt of computational costs can be reduced.
Indeed, it follows from (8) that:
t. L ~ L ~ .
_ = _PGov yp o = PGow Ay sY. _I'E%_M (12)
tnom L PG, qun I-pqn

where taow is realization of the channel's operating time lat. = L. tm is

realization of the channel's operating time-at = L. .

Then, using (12), you can pgenerate an arrdo, Ki,s2,  8w-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 ﬁmﬁe) (are
calculated and an arr&NOMl,ENOMZ,...,ENOMM is formed;

- array element$nowm, ,tnowm, ,-...tnom, are ordered in ascending order;
- calculated the realizations of channel's operating time:

1 realization of channel's operating time that failed first:
EPCWM :ENOMM S.)01 (13)
i realization of channel's operating time that failed second:
tre sy =LPG, (f NOM , 'E-NOM,l) S1h (14)
1 realization of channel's operating time that failfd-N) (the last of the redundancy
channels):
~ ~ MN ~ .
tPC"‘F(M-N) :tPCmM +a gt NOMI,(sl)+ t-NOMI,s) Sso’ (15)
s=1
1 real i zation of ¢ hanne N+ (the first of thd maim gnes):i me t |
tPCm_(M N1 tPCm(M N)- -(t NOM(m N3 t NOM, (m N)) (16)
1 realization of channel's operating time tF
- - ML A -
e =tra,g » Ta (tNowa o T NO,N)1 17)
s=M -N
Since the criterion for failure of the gr

of its (M-N+1) elements, the realization of the converter's operating time before faikiie 2\

(M-N+3), ..., M channels can be not calculated. The vallecotvill be equal to the realization
of the operating time of the chantleat failed (MN+1).

Then, taking into account (1:8)1 6 ) , the for mal model of t he
active redundancyo of power channels can be i
A ~ . MIN . ~ N
tvc =tnom,, &, & gtNOML(Sﬂ) tNOM‘S) qtNOMl Fian  INOM, ,(M-N_)), (18)
s=1

where the values of theadel parameters are determined by formulas (12), (8), (4) and
(5).
To create a software model (program module), you can use the algorithm calculation
shown in fig. 4.
Block 1 (see fig. 4) runs the module on a command from thdaiimm program. In Block
2, enter the parameters of the formal med¢] M, pcrnomand the array pcso, pPcy, wg@, €,
pco-N)- In Blocks 35, elements of the arralfo, K1, s2, & (v-n) are calculated using the

formula (12). In Blocks ®, elements of the arraiwoml,fNOMz,...,fNOMM are calculated using the

formula (8). In Bock 10, elements of the arrayiowm,,tnowm,,...,tnom, 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 144, the realization of operating time of chahthat 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 mtiland passes control to the simulation program.

147



1
C_ start )

International Scientifi¢ Practical Conference
¢ | NRMATION INNOVATIVE TECHNOL OGIZBS e,

g pe—

entering
source

data

T TN

start

of the channel

cycle

calculation
BRV

—d

forming
an array

INOM1, INOM2, ..., INOMM

forming
an array

Ko, K1, ..., Kus

—

a

N

6 —

end

of the channel

cycle

start

_/

of the channel
cycle

end
of the channel
cycle

10

ordering
of array
INOMI, INOMD, ..., INOMA

11

calculation
fPCm=M

/—12

start

cycle

of the channel

20

13

calculation
TPCm=(A-N)

—14

end

cycle

of the channel

N/

15

calculation
e

16—

outputting
tvc

17—
( stop '

Fig. 4 Algorithm for calculating the operating time of the voltage converter

#ONCLUSION

Thus, the model (18) makes it possible to the reliability prediction of +chdthnel
c onovferM eac t(ifivNe orueedundancyo
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 calculatedrpc for the power channels (i.e., there are initial data). In practice, such data is
often not available, because often reatgde 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 addtion, 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 mdhanneloltage converter obtained
with this model help should be adjusted according to the results of tests and controlled operation.

REFERENCES
1. Y. N . Libenko and A. N . Cheti n, AnWays t
Supply Systems for Radigled r oni ¢ Equi pment o6 (i n Rus3ian),
Dec. 2010.

2. G. L. Koval enko et al ., AApplicati on
Dependability and Quality of Equi pment for
Russian),Elet r oni ¢ equi pment, Series ARad#é4&hFePar t s ¢
1990.

3. V. V. Zhadnov, AAut omati on of Studies
Sour ces o0 (niProclRwutsesrinaant)i,onal Sy mpos i20l® , i Pelnizalb i

Russia2012, vol. 2, pp. 17376.

4 . V. V. Zhadnov, AModern Problems of Aut
Russian), Dependability, no. 2, pp13, Jun. 2007.

5. Dependability in Technics. Dependability Prediction. Basic Principldesstate
Standard 27.301, 1995.

6. T. Schreiber, AModel i n ussdaMasBifoStiBanie,( i n R
1980.

7. V. D. Boev, AModeling in the AnylLogi c
Russian), MoscowRussia Yurayt, 2018.

8. 0.KLA sova #fASimulation of Systems in the E
Academi c Baccal aumnded,tMesoowmiussia Yurayt,281B.an) , 2

9. V. V. Zhadnov and A. N. Tikhmenef,Si mul ati on Modeling in E
of FailSafe Electron c E q u i pepeadalility,, no. 1, pp. 484, Apr. 2013. DQlI
10.21683/172264620130-1-32-54.

10. RadieElectronic Equipment. Method of Dependability Prediction, Industry Standard
4G 0.012.242, 1984.

11. Handbook AfADependab iodcawiRyssiaMO RE,RB®®. (i n R

INFLUENCE OF NONFLUCTUATION INTERFERENCE ON THE NOISE IMMUNITY
OF INCOHERENT RECEIVING OF SIGNALS WITH DIFFERENTIAL PHASEHIFT
KEYING

Kulikov G.V., Kulagin V.P., Nguyen Van Dung, Do Trung Tien
MIREA i Russian Technologic&lniversity
+7 (910) 45621-68, kulikov@mirea.ru

Abstrach The paper studies the noise immunity of an autocorrelation demodulator of
signals with differential phasghift keying in the presence of Gaussian noise, Rayleigh fading,
harmonic and retransmitt@aterference in the radio channel. Analytical formulas are obtained for
the error probability amM=2 and 4 in two cases: with harmonic interference and Rayleigh fading
and with harmonic interference without fading. The results of simulation are givirmimgcin
the presence of retransmitted interference, confirming the theoretical results.
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Keywords: differential phasshift keying, autocorrelation demodulator, harmonic
interference, retransmitted interference, Rayleigh fading, noise immunity.

INTRODUCTION

Phaseshift keying (PSK), including multiple NPSK, 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 situatiorid.[Dueto 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 informationdaiaccordingly, differential (relative) multiple phase
shift keying (DMPSK) are used. The number of possible values of the phases of the plickages
is usually small and is generally equal to 2, 4 or 8.

The autocorrelation demodulator (ACD) of tAMPSK signals is constructed according
to a quadrature scheme and contains two charfiniglgphase (upper) and quadrature (lower)
(Fig. 1) [2]. In some schemes, integrators are used as LPF1 and LPF2.

X
4>@4 LPFL

X Channel symbol
ﬂ o Zzacrtg(%)ﬂ Solver | ~henne ymbe,

A

-— 4@—» LPF2
2 Y

Fig. 1Block diagram of an ACD of DRSK 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 -8fSK and 4PSK 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 presentie 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 inpudrmonic, retransmitted,
multiplicative (Rayleigh fading) and noise.

SIGNAL AND INTERFERENCE MODELS
The authors will write two adjacent sendings of ERdPSK signal at the-th and {-1)-
th clock intervals equal to the duration of the channel sympals follows

§() = Acostrot +§ )t, i (T 1)
§.2(0= Acosteot +4 )t, 11 (T i 27 )
where A=.[2E,/T, i the signal amplitudeE, = E,log, M i the energy of the channel
symbol; E, T the energy per one bit of informatiom; i carrier frequencyfi, and d, T phases

of the packages, the difference of which carries information about the channel symbol and can
take one oM possible values that differ by a valag/m
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Let us considera situation when, in addition to the useful signal (1), the radio
communication channel contains additive fluctuation naise with power 0?,, targeted

harmonic interference, () =cA ¢ o § ¢ with arelative intensitye and a random uniformly
distributed phase, or a retransmitted interference, which is a signal (1), delayed byJirite

Moreover, it can be assumed that both the signal and théenetece experience slow Rayleigh
fading, characterized by a coefficiént

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 ofdhgput signals of the #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 thatresul
signal vector falling into one or another quadrant of the con¥Yglane. 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) erraluring fading form =2:

_1 1
ef2 — 2 Cq+17 (2)
- the probability of a symbolic error fan =4:
_1 . 1 4cq+3
Pl Ris G 3)

whereq=08°/ 8 is the signato-noise ratio;ifi=1 €> 2 ¢ ¢
Wit hout har moni c d=n, tare eipressienn2) eduees to the well 0 ,
known formulagiven 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 theparameter i 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 thetsigoée
ratio in a radio channel with Rayleigh fading and harmamierference. 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 effeet.0f . then forpP, =10

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-tigmaise ratio in a
radio channel with Rayleigh fading and harmonic interference
a) form =2, b) for m =4

b) a radio channel with harmonic interference without Rayleigh fading

It is known that the error probabilities for amplitude fadfagand without fadindPe are
related by the ratio [1]:

R = R(Av (A dA

Therefore, to obtain the probability of symbolic error in a radio channel without
Rayleigh fading, one can use a technique based on the use of the inverse-Capace
transformP, = L*(P,) [10, 11]. To do this, one can replace the varial#a/25% in formulas(2),
(3) taking into account the expression for the sigoaloise ratiag.

Form =2, one can get:

- in the presence of harmonic interference

1
R, =5exp( <a), (4)
2
where g, = %;

3

- in the presence of fluctuation noise only, one can get the known relation [1]

1
P :EeXp( ) (5)
Form =4:
- in the presence of haonic interference

3
= e ). (6)

- in the presence of fluctuation noise only
3+
o= bexp( ). Y
Fig. 3 shows thdependences of the probability of a symbolic error on the sigradise
ratio go in a radio channel without fading, constructed according to formula@ )4k can be
seen that the targeted harmonic interference can rather severely impair the naerfaraunity
of the ACD of the DMPSK signal, and with increasing the signal position, the interference

152



International Scientifi¢ Practical Conference

¢ | NRMATION INNOVATIVE TECHNOLOGI22Se, 20

immunity of the ACD decreases. With an increase in the noise intenfiom 0 to 0.5 at a
signatto-noise ratio of 10 dB, the probability of a symbolic errorN+2 andM=4 deteriorates
by two orders of magnitude.

S s 10°

10" 5
10!

10

o | 1]
=03
g |m—u=05]

s 1t =(),5

10 l 2 & = 5 6 T % 9
Gy dB

1 2 3 4 5 6 1 8 9
gy OB

9 B)
Fig. 3 Depeadences of the probability of a symbolic error on the sigmabise ratio in a radio
channel without fading
a) form =2, b) for m =4

THE RESULTS OF THE SIMULATION OF ACD OF THE DMPSK SIGNALS

Fig. 4 presents coparative theoretical and simulation dependences of the probability of
a symbolic (bit) error on the signt-noise ratio fotM=2 in the presence of harmonic (a) and
retransmitted (b) interference in the communication channel. The solid lines correspioad to
theoretical one, and the dashed lines correspond to the simulation probability of a bit error.

10 10
A = e
0P B s gy
T8 ~ :O_‘ s R
Qg 05 & -~ S =~
-2 et i o
10° B b 10 B B
e 3 ~
p o P 8 R
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i —u=0 \"1'_;\ IO"" :‘\-;%
o i N i
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=G pu=0, \‘( \d\\
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T e
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Fig. 4 Theordical and simulation dependences of the probability of a symbolic error on the
signatto-noise ratio in the presence of harmonic and retransmitted interfereMde2or
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#ONCLUSION

The paper analyzes the noise immunity of the ACD of DMPSK signals in¢eermue of
Rayleigh fading, harmonic and retransmitted interference in the radio chdimeekesults
obtained allow drawing the following conclusions.

1. The noise immunity of the ACD of DMPSK signals is significantly reduced when
there are Rayleigh fading 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 intéosity) to 0.5 at a
signatto-noise ratio of 10 dB, the probability of a symbolic errorN*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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INFORMATION THEORY FUNDAMENTALS OF GROUNDBSPACE MONITORING
AUTOMATED SPECIAL-PURPOSE OPTICALELECTRONIC SYSTEM

Lovtsov D.A., Garilov D.A.
Lebedev Institute of Precise Mechanics and Computer Engineering, Russian Academy of
Sciences

Abstracti The paper presents the fundamentals of the advanced ggpand monitoring
high-efficiency automated speciplrpose opticaklectronic sgtem 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 sy@h, 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, sre, 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
technobgical and logical image processing is the creation of grepade monitoring (GSM)
automated specigdurpose opticaélectronic systems (AOES) that provide solutions to visual
information processing with high accuracy, resistant to various destruatteesfavith a clearly
defined and investigated applicability range [1, 2, 3,k conceptual modeling of effective
GSM AOES was carried out on the basis of a prokdemi ent ed opti on of the
(Al nf ocymemetiecdd d act i c 0)2],thapip & systemdtic gpdroach 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)cyberneticapproach rathodology (when the object is treated as a control system at the
level of information processes and informational base functioning algorititiagticapproach
methodology (when the object is treated as aleathing system) as part of systematic
approach methodology (when the object is treated as complexly layered aneacetiid
system).

The main functionality of GSM AOES is the task of detectiagalizingandclassifying
the objects on photo and video as applied to various ptasget enviroments [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 tjeeiokhape, 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 weltknown invariant @inctional structure of control systems [1] is used as a
conceptualogical model of GSM AOES, while the tasks of GSM are distributed according to
the functional subsystems as follows: ensuring the stabilization of video impgesbsystem
[5]; detection localization and maintenancet 2 [6]; classification and selectiont 3 [5];
formation of control effectst 4; creation of training samples and adjustment of system methods
-1 5[7]; dynamic range compression and signal transmisgief8]; cryptocorversion of signals

-t 7.
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The model reorganization levels (layers) are characterized as follows:

Level 1.The choice of an action meth@d ™ 0 from the setM of possible methods
according to algorithrA:

odx v 08

The main subsystems operating at this lleave themeasuremergubsystemHK:) and the
central coordination and organizational managemsusystemHs).

Level 2.Adaptation and modification of problem solution methods in the informational
rivalry conditions. As a result of training in real comaiis and narrowing of the sét of
uncertainty, it is formed an effective algorithrior choosing an action method:

‘00 B "O'0v 8

The main subsystem functioning at this level isitii@rmation exchangsubsystemKs).

Level 3.Selforganization, selection of a strategic model are carried out on the basis of
justification and assignment of the current output dpes&s, K assessment the action method
quality, corresponding to the main g&t). The output operatd® defines a rule for displaying
a set ofX elements at the input to the &eobf output results for a givea ¥ O action method
selected from the s&t under the uncertainty conditioik

"@Go O 0O° w8

The action quality methol assessment operator determines the rule for displaying the
setY of output results for a givea ¥ 0 action method selected from the 8&tto the set of
guantitiesR associate with the system quality features:

od) O Y8

The main subsystems operating at this level ar@biservationsubsystemH>) and the
identificationsubsystemH5).

Level 4 Development and decision making based on the received analytical information.
The main subsystem functioning at this level isdeeisionmakingsubsystemHs).

The required degree of protection and security of information arrays is supported by the
information protectiorsubsystemHRy7) continuously at all levels.

At the same time,tiis necessary to develop a rational usage meiwdof an
informational structuralhinformative resourc@ < 0 to process only the most valuable visual
information 0>, which may lead to the development of optimal management decidfons

leading to the achievement of gogle/ith a given limit'Q of the information processed.

0“0 007V 08

The information theory of complex GSM AOES (see figure) is based on an-object
oriented technology of creating the informatimathematical software and hardwaadtware
tools to process the visuaformation.

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 processingthus 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 permed.

At the second stagethe main methodological provisions of the information theory of
GSM AOES were substantiated, including the search for optimal solutions; a contagital
model was justified; and the information and technical structureetiaires the information
efficiency of GSM AOES within the information confrontation conditions was developed.
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—~
ﬁoretical Theoretical
provisions of Methodological provisions of the provisions of

synthesis and information theory of GSM AOES, synthesis and
optimization of “X”-approach optimization of
information the information
processes in base of GSM
GSM AOES, Theoretical provisions of synthesis AOES; FMA of
FMA of and optimization of multilevel GSM training neural
stabilization AOES, FMA of efficiency networks
assessment

A complex of effective algorithms from the IMS NIT of visual information operational
processing, functional diagnostics and monitoring of the state of AOES operators, special
object-oriented programming in AOES, etc.

\A\ — /
General structure of the totality of the developed theoretical principles
of the information theory of GSM AOES

The developed methodologicgrinciples are based on the provetementhat the
degree of informational entropy of the system remains unchanged, and are formulated as follows:
with an increase in the informational entrogdyof the system, the uncertainty degree of the
system doesot change ceteris paribus, but the number of ways to implement a certain state of
the system increases.

At the third stagethe synthesis and optimization of the information processes of GSM
AOES were carried out, including development of a formal madtiead 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 [peelidiean
space- a real quadratic spag- in which scalar multiplication is given by the ndegenerate
symmetric bilinear form sigrk( ). The squared distance of any element of psdtutdidean
spacew™ A to an affine combinatiob ¥ 51 of elements® B fy * with the coefficients
‘" "MK , where®@ B ‘ onNa B p ® p, is determined by the
equality:

L oef 1 ef 2 &l ofw s

At the fourth stage during synthesis and optimization of the information base of GSM
AOES, a formal mathematical apparatus for training neural networks was dmelap
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 contol¥ 0 , Whose symmetry axis coincides with the abscissa,
and the pointp lies on the symmetry axis, then there is equality for the Fourier desCfiptor

Q of contourU O™ Q mx 1) p, where Q@ 6 B 0 MNor A0

QM mh) pis adiscrete Fourier transformation for the contdur

At the fifth stage the synthesis and optimization of multilevel GSM AOES was carried
out, including development of an integrated duiue 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
statementon the equivalencefaecognition algorithms, according to which the recognition
algorithmsGr1 andGr2 are equivalent, if metric potentidis andF2 are similar’O of - metric

potential of the field created by vertgxn point ofof the spac® . Each such potential defines
a metric recognition algorithn®r with the decision functiorRo. Algorithms G: and G, are

considered equivalent, iff* O OECM o OEOQCYM «of algorithmsG; andG; work

the same for angg® O .

At the sixth stagethe informatioamathematical support (IMS) was developed for the
effective solution of information problems conceinsual information operational processing,
including functional diagnostics and monitoring of the state of pemmeators; a mathematical
model of the survival of GSM AOES operators was developed for the case of using an automated
diagnostic system; drthe operational information processing automation IMS was created.

The developed informatiemathematical support is based on a prostatementbout
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 performedhe 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 probie of developing effective automated special
purpose (interdisciplinary, etc.) optiealectronic systems, providing processing of
multidimensional visual information, and can significantly increase the efficiency of using the
existing methods and meansdstection, 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 assegsit@ms
under intense information competition and continuously changing environment.
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TASK OF IMPROVING TARGET INDICATORS OF UNIVERSITY ACTIVITY BASED
ON CORRELATION- REGRESSION METHODS AND FACTOR ANALYIS

Mikryukov A.A, Kuular A.V.
Institute of Digital Economics and Information Technology, Plekhanov Russian University of
Economics
+7(916) 60198-04, Mikrukov.aa@rea.ru

Abstractd The aim of the study is to develop scientifically based proposals t&aser
the universityés performance indicators in
required values, considering the presence of a combination of latent (hidden) factors. During the
study, the following tasks were solved: identification dfeta 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 correlagrassion and factor
analysis, measures arermulated 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 FederatiomofM 7, 2012 AOn m
to i mplement state policy in the field of ed
Science | auncHedot heavhiiRhojiescta State program

universities [1]. The aim of the projestto 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
Educdion (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 th institutional ranking in 84th position, in second platvosibirsk National
Research State University (2313500@osinitomi)rd,]
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St. Petersburg State University (234th position). The Higher School of Bes\(HSE) as of
2020 occupies 322nd position, National Research Technological University "M Si&Sl'st
position, Plekhanov Russian University of Economi¢g6th position.

Over the past 5 years, Russian universities have shown significant dynamusrimge
the top 500 institutional QS rating, having increased their representation by one and a half times
(from 9 to 16), mai nl y t hanRlk0sO ot.o Tthhies pianrdtiiccait|
the main guidelines of the federal project "Youlrrgfessionals".

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 anditons 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 siciesmil 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 tgsdénformation 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 indicatorsr fthe 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 reducdéritesion 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 thethird 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
requred 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 iraccordance 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 onftil®wing 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 aradjpgtal workers (RS/T),
- 20% of the contribution to the rating value;
- citations to the teacher (CTh% contribution to the rating value;
- international teachers (I'F)20% of the contribution to the rating value;
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- international students (IS6% ntribution 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):

Y 0 @wh P

wherew; is the weight of the corresponding indicatgf;its meaning.

The following initial data for the university for the period 2013019 were taken as a
basis for calculationsrating functionality, basic indicatorsacademic 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 correlatiand 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
Universityof Economics for MISIiS (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 Basic Rating functionality of Rating
in order indicators Plekhanov Russian functionality
University of MISIS
of Economics
1. dR 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 aledws to draw the following conclusions.

A strong connection was found between the rating functional and the basic indicators:
AThe ratio of the number of students to the
among empl oyer sl ntrer=nalk.i 7o2n6a)l asndident so (r
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 indicatos A Academi ¢ Reputationo (0.854) and
smallestf or t he Al nternati onal Teacherso indicat

At the next stage of the study, the identification and interpretation of latent (latent factors)
affecting the basic indicats 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 obserabtésdh].

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 tac. 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 analysishe principal omponent 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 odel of factor analysis is a set of linear equations in which each
observed variable xi is expressed as a linear combination of common fagtess..., Fnand a
unique factotJ; [7]:

~

W ®» O Y C

wherex; is the variablei = 1, m (mis the number of variables);s the number of factors; 3 m,
ai - factor load;F« is the general factpk= 1, n; U; is a private factor.

The factor anafsis 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 l@agsvhich ae 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 principalpooent 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 repeedsky formula
(3).

@ | ah o

where:y; is the main componerit; is a coefficient reflecting the contribution of the variable
to the main component; z is the standardized initial variables (x1 %)/s, s is the variance,
i=1, k.

The calculation of the principal components reduces to the calculation of the eigenvectors
and eigen valuesx, », & .«) of.the comelation matrix of theource data. The values dfare
factor loads. They are the correlation coefficients between the source variables and the main
components. Factors include those variables forwhjgh| = 0. 7 .

To reduce the dimension of the spate (v, y2, € k) byeutting off noninformative
variables, the Kaiser criterion associated with eigenvalues was used: the main components
included variables that correspond to eigenvades 1, since their infor m
Stage 3. The rotation of the factoiion, 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 & which
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 indlerprbeing 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 analysethod that
ensures reduction (minimization) oethumber 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 exptyriatoer
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 th initial variables (basic indicators) and the main components (factors). The
eigenvalue of factoer 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 texpknation 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 te&%75% of the variance. In some cases, this figure can
reach 8590%. 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 w&lhown 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 latetarwere revealed in total.

The calculations based on the principal component method were carried out in the
environment of the analytical pl atform Deduc
analysis and interpretation of the results are basdtie 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 factoth® 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, thesti 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 facter22.73%; the third factor9.75%, the fourth factor4.60%.

Based on the re#is of the identification of factors, a matrix of factor loads is constructed
(Table 2). The factor correlation method used is the maximum of theayosation function.

The calculations were carried out for a significance level of 0.50, which allom&dering 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 facto

TABLE 2. FACTOR LOAD MATRIX

Variables Final factors (Quartimax method) Significance level: 0.
(basic Factorl Factor2 Factor3 Factord
indicators)

OR 0,8793

RR 0,6390 0,5336
RS/T 0,9853

CT 0,9690

IT 0,9890

IS 0,8496
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Thefollowing 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 prieafactors: 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 indicaters of t

RR, CT, IT, IS;

-Factor 2 (includes a set of private factor :
payment) affects the basic indicator of the RS/T;

- Factor 3 (includes a combination of particular factors: the presence efkmveglin scientiic

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) affecdtisic 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 nuaflieachers 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 graduatiesn the employer, the presence of basic departments in
enterprises, the presence of wallown 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 relations
of the number of studentOs 9t5& )t hd Rewpmnldan i @fn tw
(r = 0.854) and Alnternational studentso (r =

of the functional with other basic indicators is insignificant.

The largest contribution (98.9%) to obtaining the firedult (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 reseh 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 presencekdwvell
scientific schots 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 followingesults 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 conditionsadéhieving 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 justifgdis@ility of carrying
out the measures necessary to solve the problem of achieving the specified performance
indicators of the university.
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HARDWARE IMPLEMENTATION OF SCALING IN RESIDUE NUMBER SYSTEM IN
APPLICATION TO CONVOLUTIONAL NEURAL NETWORKS

Telpukhov D.V., Solovyev R.A., Mkrtchan |.A.
IPPM RAS

Abstractd The paper describes scaling method in residue number system (RNS) and its
prospects of use in convolutional neural networks. The benefits of RNS for hardware
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implementation are highpeed parallel calculations, fatdtierant designs, better U
correction, etc. One of the main disadvantages is complexity of implementingahlesbnon
modular operations, in particular, scaling operation. The comparison of two scaling
implementations shows the superiority of the new method over the tmeal

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 dimendaia ahd
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

i's growing every year. That 0 scialblocks for W8lande c e s s |

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 systembasebod ul ar ar i t hmeti c.
a set of integersd fr B M and0 B & . The advantages of using it for hardware
implementation, as opposed to positional numeral system, aresjgidl parallel calculations,
fault-tolerant designs, better fault correction and etc. One oh#ie 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 i n t hibereplacgdéyadditian] subtraction andineultiplicateom 6
That leads to the main probleniinding 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

shoud be performed after each | ayer. Consider:i

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, wdh 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 gatue w for
any moduli m-1 can be calculated as (1)

W W Qs 0 Y ®w QD (1)
where:
O B &4, p f & O — & —, Q 1mp, O
—_——— 'Y B (I)ﬁ_

In case when condition (2) is m@t p.
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i a

Atthis stageonlyfand® c andt be pr ec ampEoandd cultplisdsdy u e s

0 are calculated and placed in LUT when the Veriliegcription of the scheme is genertht
In the next step, the second method is used. The result of scading is- , which in

modular form looks like formula below (3).
0

If K is coprime with all moduli, theg) S always exists and can be precomputed. To
fulfill this condition,0 ¢ , whereN - natural number. Making the factor power of two also
makes scaling easier. In this c&salso isd¢  , which is the new moduli of the extended base.
It means3ws is already obtained with the first method. Allvalues can be precomputed and
placed in LUT at the generation step.

It is clear, that all complex operations in RNS were reduced tti@uddnd subtraction
in a small arithmetic unit.

W  W. W IS W s (3)

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 orcarverter
(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 ieration. Factob ¢ remained unchanged.

22500 1 —e— new area .-« new timing

—»— default area --¥- default timing ' 12

20000 A

17500 - - 10

15000 A

area
timing

12500 +

10000 A

7500 A

5000 A

2500 A

3-I13 3—i7 3-I19 3—|23 3-129 3-I31 3—I37 3-;11
divided by 256
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.
¢,u 0 pg
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22500 A -8
................. L
20000 | aisesseneessetet ¥ P
Wttt
17500 - L 6
o 190007 —— new area --e- new timing 5 o
% —»— default area  --¥- default timing €
12500 - | 48
10000 - L 3
7500 - L >
5000 1 ° L1

32 64 128 256 512 1024 2048 4096
3,5,7,11, 13, 17, 19, 23 divided by

Fig. 2 Second test results

In the third test (Fig. 3), high dimensiprime moduli were used. Their number increased
each iteration. Factar ¢ remained unchanged.

—e— new area --e- new timing ;
25000 4 —¥— defaultarea --¥- default timing -
- 10
20000 A
B -8 2
@ 15000 A E
-6
10000 A 4
5000 - -2
41-47 41-53 41-59 41-61 41-67 41-71 41-73

divided by 256
Fig. 3 Third test results

In the fourth test (Fig. 4), a set of moduli (41, 43, 47, 53, 59) was choser, , v

0 pg
In the fifth test (Table Y13 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, 241p251). ,¢y 0O pm

TABLE 1. FIFTH TEST RESULTS

Area New | Area Default| Timing New Timing Modules K
Default
9731 10326 1.44 8.49 256
11213 10871 1.56 8.56 3-29 512
11940 10998 1.61 8.64 1024
12795 10482 1.51 8.4 256
15534 14054 1.65 8.9 71-89 512
17468 11443 1.7 9.13 1024
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17280 6615 1.42 6.45 256
19705 7353 1.62 6.41 233- 251 512
22102 9407 1.69 6.94 1024

Fig. 4 Fourth test results

#ONCLUSION

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 pdormance 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 drardw
implementation of CNN in RNS, then this method will be used for scaling.
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