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A METHOD FOR INTEGRATING FIELD DEVICES INTO OPEN
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MAPPING OF EDD DESCRIPTION ON OPC UA
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Abstract. Field devices with industrial protocols such as HART are widely used in manufacturing and
automation systems. EDDL (Electronic Device Description Language) is used to integrate field devices
into such systems. EDLL is a universal language for describing the properties of field devices defined by
IEC 61804 international standard. Many automation systems exploit the OPC UA (Open Platform Commu-
nications Unified Architecture) technology. OPC UA provides universal access to device-specific infor-
mation using a standardized information model. To this end, a relevant task is to convert the description of
a field device developed using the EDDL language into the OPC UA information model. Aim. The paper
aims to describe a method for the dynamic mapping of the description of EDDL-based field devices into
the OPC UA information model and to show its advantages over other known methods. Materials and
methods. It proposes to use an approach to converting the description of a field device in the EDDL lan-
guage, which includes compiling EDDL methods into the byte code of a virtual machine and an intermedi-
ate information model and further mapping the intermediate model to the OPC UA information model
described in FDI (Field Device Integration) specifications. Results. The paper presents the results of testing
a prototype implementing a dynamic mapping method on the Linux and Windows operating systems,
as well as its capabilities for configuring Rosemount-3051 pressure transmitters. Conclusion. It demon-
strates the prospects for using this method in commercial products and devices.

Keywords: OPC UA, EDDL, HART, FDI, field transmitters, control systems, compiler, translator
program
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CNOCOB UHTErPALIUM NOJIEBbIX YCTPOUCTB B OTKPbIThIE
N HESABUCUMbIE CUCTEMbI YINPABJIEHAA HA OCHOBE
ANHAMMWYECKOIO OTOBPAXEHUA EDD ONMUCAHUA HA OPC UA
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;fO)KHO-YPaﬂbCKUlj eocydapcmeeHHbIl yHugepcumem, YensbuHck, Poccusi
OO0 «PacnpederneHHbie cucmembi QUCMaHYUOHHO20 MOHUMOPUHaay, YenabuHck, Poccus

Annomauyusa. Ilonesble yCTpOICTBa ¢ TaKUMH NPOMBILUIEHHBIMU NpoTokoidamu, kak HART mupoko
pacrpocTpaHeHbI Ha IPOU3BO/CTBAX U B CUCTEMaX aBTOMAaTH3alMu. /|11 HHTErpaIiy MMOJIEeBBIX YCTPOUCTB B
takue cuctembl ucnoip3yercss EDDL (Electronic Device Description Language) — yHuBepCcambHBIN S3bIK
JUIsL ONIMCAHUSI CBOMCTB IOJIEBBIX YCTPOMCTB, OINpeneleHHbIH MeXIyHapoaHbiM crangaproM [IEC 61804.
MHorue CHCTEMBl aBTOMATHU3alMH HCIONB3YIOT OTKphITYI0 TexHonoruto OPC UA (Open Platform
Communications Unified Architecture). OPC UA mpenocTaBnsieT JOCTYI K HHGOPMAIHH, OTHOCSIIEHCS K
KOHKPETHOMY yYCTPOMCTBY C IOMOIIBIO CTaHAAPTU3UPOBAHHON MH(POPMAIIMOHHON MozenH. B cBs3u ¢ aTuM
aKTyaJIbHOM sBIAETCS 3ajada npeoOpa3oBaHMs OIHMCAHMSA IOJEBOTO YCTpPOICTBa, pa3pabOTaHHOTO Ha
s3pike EDDL B nndopmaunonnyio mozneiab OPC UA. Lleapb ucciaeqoBaHusi: onucaTh OJWH U3 CIOCOO0B
JUHAMHYECKOT0 OTOOpaKEHHsI ONMCAHMS MOJEBBIX ycTpoHcTB Ha ocHoBe EDDL B mH(pOpMannoHHYyIO
mozens OPC UA u moka3aTh €ro NpeuMMyIIecTBa 110 CPAaBHEHHUIO C IPYTMMH HW3BECTHBIMH METOJAMH.
Matepuansl U MeToabl. [IpenmaraeTcss HCHONB30BaTh MOIX0A MPeoOpa30BaHUs OMHMCAHUS MOJIEBOTO YCT-
poiictBa Ha s3sike EDDL, Brimrouaromero kommwinuio meronos EDDL B 0alT kox BUPTyalbHOW MaIlH-
HBI, B IPOMEKYTOUHYIO HH(OPMAIIOHHYIO MOJIENb U aJIbHEHIIIee 0TOOpaskeHne TIPOMEKYTOUHON MOJIEITH
Ha uHpopmarnuonnyo monens OPC UA, onucannyio B cneundukanusx FDI (Field Device Integration).
PesyabraTsl. [IpuBOsTCS pe3ynpTaThl TECTHPOBAHUS IPOTOTHIIA, PEATU3YIOMIETO CIOCO0 TMHAMHYECKOTO
0TOOpaXeHHsI Ha omepanuoHHOH cucteme Linux m Windows, a Taxke ero BO3MOXKHOCTH II0 HacTpOMKe
natauka aaBieHus Rosemount-3051. 3akiouenue. [TokazaHbl IEPCIEKTUBHI 1O UCIIOJIB30BAHUIO JAHHOTO
croco6a B KOMMEpUYECKNX NPOJYKTaxX U yCTPOUCTBAX.

Knioueswie cnosa: OPC UA, EDDL, HART, FDI, noneBsie JaTUUKH, CUCTEMBI YNPaBICHUS, KOMIIU-
JISITOP, TPAHCIATOP

Jna yumuposanusa: A method for integrating field devices into open and isolated control systems based
on the dynamic mapping of EDD description on OPC UA / S.V. Kolodii, D.V. Kurkin, M.A. Monakhov,
R.M. Gaifulin // Bectauk FOYpI'Y. Cepust «KoMIblOTepHBIC TEXHOIOTHH, YIIPABICHUE, PAIUOIICKTPOHUKAY.
2025.T. 25, Ne 1. C. 5-17. DOI: 10.14529/ctcr250101

Introduction

New challenges in the national industry promote the relevant task of integrating field devices into
control and monitoring systems, for example, to monitor the technical status of automatic control system
components, in particular, pressure transmitters [1].

An approach based on standardized device description is used to integrate field devices based on
such protocols as HART (Highway Addressable Remote Transducer) or FF (Foundation Fieldbus) into
automation systems. It also controls, configures, and maintain these devices. The basic technologies for
device description and integration are EDDL (Electronic Device Description Language) [2], FDT (Field
Device Tool) [3], and FDI (Field Device Integration) [4]. The compatibility of these technologies is
described in [5].

EDDL and FDI technologies are standard for integrating field devices. However, they are used only
in proprietary control systems such as Emerson’s DeltaV or Siemens’ Simatic. This restricts the use of
EDD descriptions in systems based on open technologies, such as OPC UA [6]. This distorts competition

6 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2025. Vol. 25, no. 1. P. 5-17
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and almost monopolizes the control system market. Besides, all currently known control systems that
support EDD device descriptions are only Windows operated, which also limits their application scope.

Isolated and open solutions are becoming increasingly important. The first steps to open the technolo-
gy were made by the Field Communication Group, which developed the specifications for the EDDL
description language [2]. This allows using this language in open control systems but it also requires
the source codes of such description and language interpretation support.

As mentioned above, the main component for the universal operation of a large fleet of field devices
is EDDL language-based device description (EDD). The manufacturer provides this description with
the device. As shown in Fig. 1, the EDD is loaded into the control system, which translates the EDDL
language constructs, providing an interface for configuring transmitters, monitoring and control.

User Interface
For configuration
and diagnostics

I

= Interpreter

Electronic Device ; Field devi
Description (EDD) Communicator or PC 1¢ld device

l l

Fig. 1. Integration of field devices into the control system

The process of developing and loading EDD descriptions into control systems can be generally de-
scribed as shown in Fig. 2.

Tokenizer

Developmentin i _ Translation into  J PNl Representation of
a notepad in the tokens in a binary file for
EDDL language a binary file the host system

Interpretation of

language constructs Bul]_dlng‘
and methods on the a user interface
host system

Final representation of information

Fig. 2. Steps to integrate the device into the control system
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An important step in this process is the interpretation of language constructs and methods with
the C language semantics.

Besides, since isolated control systems usually use open technologies, such as OPC UA, the integra-
tion of field devices should provide for an adapter that “converts” the binary description in the EDDL
language into the OPC UA information model. This adapter canimmediately interpret all EDD descrip-
tion constructs and update the information model.

There are several known methods for interpreting language constructs and mapping them to
the OPC UA information model [7], as well as the dynamic mapping method [8]. However, several
issues are ignored. For example, the authors consider only the translation of the source code of the EDD
description, ignoring binary files, while all EDD descriptions available on the Field Communication
Group website are in binary format. Their work also lacks information on method mapping and the in-
teraction between the C code and EDDL.

The authors of this paper considered all the shortcomings and created a new method for the dynamic
mapping of all the information from the binary EDD description to the OPC UA information model.
To achieve this goal, the authors solved the following tasks:

¢ Parsing and processing the binary EDD description file,

e Interpreting EDDL language constructs,

e Compiling methods to translate a code written in a C-like language into a set of virtual machine
instructions,

e Creating a virtual machine to execute method instructions,

e Creating a mechanism to map and update OPC UA model data.

1. Technology overview

1.1. Device description language (EDDL)

EDDL (Electronic Device Description Language) is a technology for describing devices based on
a structured text to describe information available in field devices. EDDL includes a description, de-
pendencies of device parameters, operating logic, interaction with system controls, and a description of
the command format for communicating with the device [9].

The EDDL language specification regulates a large set of data types for device description ele-
ments. It will be sufficient to map the elements described in Table 1 for the dynamic mapping of device
descriptions to the OPC UA model.

Table 1
EDDL language elements required for dynamic mapping to the OPC UA model
EDDL element Element description
VARIABLE Describes device parameters

Describes an executable procedure containing device operating

METHOD logic, for example, a device calibration procedure

LIST Describes a sequence of EDDL elements

COLLECTION Describes a group of logically related EDDL elements
COMMAND Describes the structure and addressing of device variables
MENU Describes data presentation for the user

REFERENCE ARRAY A container with references to EDDL elements

EDDL is a compiled language. This means that, according to the language vocabulary, many ele-
ments can dynamically change their structure. For example, Fig. 3 shows the lexical structure of
the REFERENCE ARRAY element. According to it, the ELEMENTS attribute of the REFERENCE
ARRAY structure can change under certain conditions, including the lack of some elements of
the REFERENCE ARRAY under these conditions.

Fig. 4 shows an example defining a method (METHOD element) in EDDL. The method is described
by the C language grammar. This method allows assessing elements of the EDDL language, such as varia-
bles, and changing their value.
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ARRAY OF item -type identifier
{
LABEL string -value; HELP
string —value;
ELEMENTS {[[integer , reference [,description [,help]? ]1?;] <cond
>]+} PRIVATE boolean -specifier;
VALIDITY boolean -specifier;
VISIBILITY boolean -specifier;
}

Fig. 3. Lexical structure of the REFERENCE ARRAY EDDL element

METHOD TestMethod

{
TYPE float;
DEF{INITION
int i, selection;
ACKNOWLEDGE (" Press OK to acknowledge the start of this method ");
i = 5;
PUT_ MESSAGE("i =%{i}");
DELAY (5, "i.=_%{i}"};
GET_DEV_VAR_VALUE("Enter %[ L1%[Ul{varl }%[U]_value",varl);
selection = SELECT_FROM_LIST ("Is the value correct?", "YES;
NO"):
if (selection == 1) abort();
return 0.0;
}
}

Fig. 4. An example of an EDDL method definition

Fig. 5 shows how to define a REFERENCE ARRAY element, the elements of which may lack or
refer to different variables depending on certain conditions defined in the IF ... ELSE conditional
block.

ARRAY ExpressionParserTest0

LABEL "Test_ Expression _Parser™
HELP "REFERENCE_ARRAY _with_conditions _to_test_Expression
:iParser"; LEMENTS

IF(var_int_1 == var_int_2)

{
1, var_float;

} ELSE

{
1, var_int

}

IF(listOf_var_int .COUNT > 8 &&
listOf_var_int.FIRST == 4 &&
listOf_var_int .LAST == 7 &&

listOf_var_int .CAPACITY > 10)
2, var_float;

}
IF(var_int .DEFAULT_VALUE > 4)

{
3, var_float;
} ELSE
i _
2, var_int_2
}
}
}
Fig. 5. An example of the REFERENCE ARRAY definition
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1.2. Field Device Integration (FDI)

FDI (Field Device Integration) technology [10] describes how field devices can be integrated into
the control system based on the device description using explicit mapping of EDD structures to the OPC
UA information model.

FDI assumes that FDI package developers provide a mapping table in the device description.
The EDDL language provides the SEMANTIC MAP element to allow general access to data elements
using standardized semantic identifiers [9].

FDI defines general rules for the direct mapping of EDD to the OPC UA information model but it
does not provide details and methods for translating the EDDL language.

1.3. OPC UA

The OPC UA information model is based on the OPC UA metamodel [11]. It provides both raw da-
ta, and data semantics. OPC UA information modeling is always performed on the server side. However,
it can be accessed and modified using the OPC UA client. The data of the OPC UA server information
model are provided as a set of nodes described by interlinked attributes [12].

2. Implementation

2.1. Introduction

This chapter shows a version and architecture of implementing the dynamic mapping of device de-
scription (EDD) to the OPC UA information model. It also shows how to translate the language con-
structs and execute EDDL methods.

2.2. General architecture

The authors based on the ideas of the FDI technology [13] propose an architecture for the system of
the dynamic mapping of EDD device description. It integrates field devices with the HART protocol
into any control system supporting OPC UA. The general architecture is shown in Fig. 6.
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Fig. 6. Distributed system based on the EDD mapping technology in OPC UA

The binary file of the EDD description is processed by a special utility developed by the authors and
converted into an intermediate representation format for the device description. DD Engine interprets
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the constructs obtained from the intermediate representation and calculates their value each time they are
accessed. It also notifies the Information Manager if new data have been received from the device or
changed when the method was executed.

A virtual machine is used to run the method. In the intermediate representation, methods are pre-
sented as a bytecode ready to be run on the VM. This means, there is no need for the additional interpre-
tation of the methods.

The Information Manager updates the OPC UA information model with new values or, vice versa,
notifies DD Engine that the user has changed the values of the OPC UA model elements.

If the user has changed the values, the OPC Server notifies the Information Model Manager thereof.

2.3. Parsing, processing, and converting a binary EDD description file

into an intermediate representation

In this architecture, the authors proposed an intermediate representation format for device descrip-
tion storing EDDL language constructs in a form to be easily translated on the target platform. The in-
termediate representation file is a base that includes the metadata of the DD element description.

One can obtain this intermediate representation in two ways— by processing the binary EDD file
(provided by the Field Communication Group or the device manufacturer) or original EDDL files using
the method described in [8].

The authors developed a special utility for conversion to the intermediate format that checks both
the syntax and semantics of EDDL language constructs, and the syntax and semantics of the methods.

2.4. EDDL language construct interpreter (DD Engine)

A key component of this architecture is the DD Engine service, which translates EDDL language
constructs, such as REFERENCE ARRAY, shown in Fig. 4. This component is also responsible for
the business logic of the application. For example, it contains the algorithm for updating dynamic pa-
rameters, selecting commands to read a parameter, etc.

The service is developed in C# and uses EDD elements generated from the intermediate format.
For example, all attributes of the REFERENCE ARRAY element shown in Fig. 3 in the C# model are
presented as specifiers calculating attribute values according to the EDDL grammar directly when they
are assessed. Fig. 7 shows the representation of the lexical description of the REFERENCE ARRAY in
the EDDL language as a class in the C# language.

ARRAY OF item-type identifier
{
LABEL string-value;
HELP string-value;
ELEMENTS {[[integer , reference [,description [,helpl? 17;]<cond>]+}
PRIVATE boolean-specifier;
VALIDITY boolean-specifier;
VISIBILITY boolean-specifier;

U

public class EddlReferenceArray : EddlItemBase, IEddlDynamic
{

public EddlSpecifier <EddlString> Label;
public EddlSpecifier<EddlReferenceArrayElement> Elements,

Fig. 7. Representation of the REFERENCE ARRAY lexical description in C# language

2.5. Method compiler and virtual machine for method execution

The definition of EDDL methods is described by the C language grammar [14]. Based on the C#
open source library, the authors implemented a syntactic analyzer of the source code of methods.

The authors also developed a semantic analyzer to check the semantics of methods. This allowed
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identifying several EDD device descriptions registered in the Field Communication Group that contain
semantic errors in methods, such as access to non-existent variables.

To execute the methods, the authors developed a special stack-based virtual machine, the command
set of which is a subset of Microsoft Intermediate Language (MSIL) instructions. This approach allows
executing methods separately from the translation of the EDD language construct, which improves
the solution safety. The methods are stored in the intermediate representation of the device description
as a set of MSIL instructions and are immediately ready for execution on the VM.

2.6. Mapping the EDD model to the OPC UA information model
The FDI specification defines the mapping of EDDL and other information on FDI packages to
the OPC UA information model [15]. Based on this mapping, the authors developed a mechanism to
automatically match EDDL language elements with the relevant OPC UA nodes or attributes. Fig. 8
shows the mapping of the EDDL model to the OPC UA information model 8.
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Fig. 8. Mapping of the intermediate EDD model to the OPC UA model
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The main idea is to have an intermediate internal EddDeviceModel model. The elements of this
model are dynamically updated and calculated each time they are accessed, as shown in Chapter 2.4.
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Each time an element of the intermediate model is updated or calculated, the OPC UA information model
is also updated using the notification mechanism. The intermediate model can be used for mapping to
other data models, such as protocol Topics MQTT or FDT.

2.7. Updating of model elements

Model elements can be updated by two events: method call or data acquisition from a device. When
a device is connected and readable device variables are selected, the DD OPC UA server selects a com-
mand to read the device using a special algorithm, as well as generates and sends a request to the device
based on the EDD specification of the COMMAND element.

The device response is processed according to the description of the COMMAND element, the in-
termediate model variable to be updated is determined, and a new value received in the response is as-
signed thereto. The OPC UA information model is notified, and the model node corresponding to this
variable is also updated with the new value.

3. Test setup

The goal of our test setup is to provide a platform for testing the dynamic integration of EDDL-
based device descriptions into OPC UA. The test setup includes a mini-PC on an Astra Linux system,
which hosts the server end of the OPC UA implementation, and a mini-PC running Windows or Linux,
which runs the client end of OPC.

The OPC UA end of the system is based on the open source implementation of the OPC UA Server
from the OPC UA Foundation. The client end is UaExpert developed by Unified Automation and a pro-
prietary client exploiting the open source implementation of OPC UA Client from the OPC UA Founda-
tion.

We used Emerson’s Rosemount 3051 pressure transmitter and its EDD device description, down-
loaded from the Field Communication Group website. Fig. 9 shows the test environment.

DD OPC client

DD OPC Server

HART field
device

Fig. 9. Test environment

3.1. Server end

We used an Intel Celeron J1900 mini-computer with 8§GB RAM and 128GB eMMC manufactured
by HIGOLE, running Astra Linux. The client connection is set over the network via a wireless WiFi
module. NET Core 7.0 and a SQLite database containing the intermediate EDD format are used to run
the server end.
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During startup, the EDD OPC UA server loads the device description from the intermediate format
database. The database can store several files with device descriptions. The database stored 90 files with
descriptions in the intermediate format in the test environment.

Each description file in the database contains metadata used as a basis for the server to frame an in-
termediate information model and maps the elements of this model to the nodes of the OPC UA infor-
mation model according to the method described in Chapter 2.6.

During operation, the server calls over the device according to the parameters selected by the clients
and updates the intermediate model and the OPC UA information model as described in Chapter 2.7.
The server can both read and record parameters directly to the transmitter.

3.2. Client end

The client end has two clients based on a computer with the Windows 10 operating system and
the Linux Ubuntu 22.0 system running the UaExpert application and its proprietary Ul OPC UA client
able to display such elements of the EDDL language as MENU. These two programs were used to visua-
lize the dynamic mapping of the EDD model to the OPC UA information model.

3.3. Testing results

Fig. 10 visualizes the OPC UA nodes using the UaExpert client. The model was framed dynamically
using the EDD OPC UA Server running on a mini PC after processing the EDD device description of
the Rosemount 3051 transmitter.

Fig. 11 visualizes the MENU device description component framed dynamically using the DD OPC
UA Server running on a mini PC after processing the EDD device description of the Rosemount 3051
transmitter. All sensor parameters are read in real time via the HART protocol.

Fig. 12 shows the UI client running on a laptop. This device can be used as a HART communicator
supporting EDD descriptions of all devices registered on the Field Communication Group website.

The device can also be used as a remote Ul terminal to configure field transmitters and remotely monitor
their parameters. This allows configuring all field equipment from an explosion-proof zone. The device is
based on HIGOLE 1 Pro laptop with Windows 11 or Linux Ubuntu 22 installed. The UI Client can be
run on both Windows and Linux.

The device uses wireless Wi-Fi to connect to the EDD OPC UA server with an EDD description
database. The Rosemount 3051 transmitter is connected to this database and displays its readings in
real time.

M Unified Automation UaExpert - The OPC Unified Architecture Client - eddserver* = ] X
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Fig. 10. Display of the OPC UA model structure and dynamic parameters of the Rosemount 3051 transmitter
on the UaExpert OPC UA client framed on the basis of the EDD description
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Conclusions and prospects

The authors presented an approach to the dynamic mapping of EDDL language-based device
descriptions to OPC UA for integrating field devices into control systems. They demonstrated solutions
to such problems as processing a binary EDD description file, translating and calculating the values of
EDD description elements, compiling and running DD methods on a virtual machine, dynamic updating
the OPC UA information model, and ultimately integrating field transmitters into any system with the open
OPC UA protocol. They created a working prototype of the OPC UA DD server running on the Astra
Linux operating system.

This approach proved to be efficient and was tested on 60 device descriptions registered in the Field
Communication Group. The work is underway to improve the architecture of system components for
using the EDD description translation library in third-party applications and devices, such as HART
communicators, pressure and temperature transmitter calibrators.

Works are also underway to interpret and convert the original EDDL files (see Chapter 2.3) to enable
field device manufacturers to convert the EDDL source code directly into the intermediate system format.

The paper is recommended for publication by the program committee of the All-Russian Scien-
tific Conference with International Participation “Digital Industry: Status and Development Prospects
(DISP) 2023”.
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AJNTOPUTMbI BbIABINEHUA U YCTPAHEHUSA OLLMBOK
B BA3AX 3HAHUU SKCNEPTHbLIX AMATHOCTUYECKUX CUCTEM
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O.A. lpoconynos, vigasu@rambler.ru

BopoHesxckutl 2ocydapcmeeHHbili mexHu4eckul yHueepcumem, BopoHex, Poccusi

Annomayus. B nanHO# paboTe paccMaTpHUBAIOTCS JUATHOCTHYECKUE CHCTEMBI, KOTOpBIE 10 CBOMM
(yHKIIUAM TIpeIHa3HAuEHBI 711 TIOMOIIM TOJh30BATENI0 B Pa3pelIeHU: Cleayromeld mpoOIeMHON cuTya-
[IUU: 10 Ha0Opy 3HAYEHMI YaCTHBIX MPU3HAKOB, OMHUCHIBAIONIUX COCTOSIHUE 00BEKTa HCCIeI0BaHus, TpeOy-
€TCA ONIPEACINTb, KAKUMH CBOMCTBAaMH JTOT OOBEKT o6naz[aeT. Takue 3aJa4r MOT'YT BO3HUKATh, HAIIPUMED,
B MEIMIIMHCKOW TUArHOCTHKE (110 HAOOpy CHMIITOMOB, OIICHIBAIOIINX COCTOSHIE OOJBHOTO, BPad JOJDKCH
BBIHECTH 3aKJIIOUCHHUE O XapakTepe 3a00JieBaHMs), B TEXHHUYCCKOH JUATHOCTHKE (TI0 psIy MOKas3aTenel pa-
OOTBI CHCTEMBI ONpEeAeIAeTCS MPUIHHA cOOS MK ITOJIOMKH), B TEOJOTHH (HAa OCHOBE JTAHHBIX T'e€0JIOropas-
BEKH CIICJIATh BEIBOJ O HAIMYUU MECTOPOXKICHUHN MOJIE3HBIX UCKOMAeMbIX) U T. 1. K coxanenuto, s pe-
IICHUS MTOO0OHBIX 3a/1a4 HE BCErAa BO3MOXKHO IPUMEHEHUE METOJOB MAIIMHHOTO O0YYEHUS HITH TITyOOKOTO
MAalIuHHOI'O 06y‘{6HI/I$[7 IMO2TOMY €AWMHCTBEHHBIM BBIXOJIOM ABJIACTCA HCIIOJIB30BAHUE OKCIICPTHBIX MEXa-
Hu3MOB. Llesib HcciieqoBaHusl 3akitodaeTcs B GOopMUpOBaHUU 0a3bl 3HAHUHN IS pEUIeHUs 3a/1a4 JUarHo-
CTHUKH, KOTOPBIC IOJDKHBI COJACPKATHL B cebe peuaromue rmnpaBujia ONBITHBIX 3KCIEPTOB, IMO3BOJIAIOMIUX
CTPOUTH KJIACCHU(UKAILIMIO BCEX BO3MOXKHBIX COCTOSIHUH OOBEKTa B MpPEABAPUTEIBHO CTPYKTYPHPOBAHHON
MpoOJIeMHO 00J1aCTH, KJIAcCaMU KOTOPOH SIBIIIOTCS MOJAMHOXKECTBA COCTOSHUH, 00JaaromuX OJHUM MU
TeM e cBocTBOM. MeToabl ucciieaoBanus. Jis pemenus 3anad GopMUPOBaHUS HEIPOTUBOPEUNBOH Oa-
3B 3HAHUN IPUMCHSIOTCS METOIBI OMHAPHOH Kitaccudukanuu, Teopuu rpados. [Ipu ucnpasieHun OMHOOK
B KJIACCH(DHKALIUU COCTOSIHUI OTCYTCTBYET BO3MOXHOCTh OJHO3HAYHOTO MPOBEICHUS HEOOXOAUMBIX U3Me-
HCHHUU B KiaccH(UKAIMHN paHee WACHTU(DUIIMPOBAHHBIX COCTOSHHM, TaK KaK yCTPAHCHHE OIMHOOK HENb3s
OCYILECTBHUTH OTACIHHO AJIS KAXKIOTr0 Kiacca. B 3ToM ciryuae KaKIOMy COCTOSIHUIO JOJDKCH OBITh HA3HAUCH
TOJFKO OJMH KJIacC MPUHAIIIC)KHOCTH, II03TOMY BO3MOXHOE T00aBJICHHE KiIacca MPHUHAIICKHOCTH HEKOTO-
PBIM COCTOSTHHSAM TIPUBOINT K HEOOXOJUMOCTH HCKITIOUCHUS paHee HA3HAUYCHHBIX MM KJIACCOB MPHHAIIICK-
HOCTH, YTO JOCTUTACTCS MPUMECHECHHEM HampaBiIeHHBIX rpadoB. Pesyabrarhl. [ mpoBeieHHUs ompoca
CIIEIUANINCTA, UCCIEAYIONIETO IEKTPOdHIEhaATorpaMMy, H3HAYAIBHO OBUIO COPMUPOBAHO BCE MHOT000-
Ppa3uc BO3MOXKHBIX COCTOS[HI/II\/'I, KOTOPBIC OIMUCBHIBAIOTCA 3HAYCHUAMU ITPU3HAKOB. B OGIHCI)’I CJIOKHOCTH, KO-
JUYECTBO MOJOOHBIX COCTOsIHUM paBHO 216. [locie moydeHns 3aKkiI0ueHus YKCIepTa eMy ObLIO Mpeasio-
JKC€HO OILICHUTH CTCIICHb BEPOATHOCTH HAJIUIHA 3a00JIEBaHUs WA €r0 CUMIITOMOB B JaHHOM COCTOSAHHHU, UC-
TIOJIb3YSI TEPMHUHBI «CUITbHASY, «CPEITHS» U «ciiabas CTENeHH BepoITHOCTH. s Bpada 3To 03Hayajo, 4To
nepell HUM CTosila CTaHJapTHasl 3ajada MO MOCTAaHOBKE AuarHo3a. B pe3ynpTaTe MCHOJB30BAaHUS pPalHo-
HAITLHOU MPOIEAYPHI OMPOca, B X0JI¢ KOTOPOH OBUIO TpecTaBIcHO Hanboliee HHQOPMAaTHBHOE COCTOSIHUE,
yIaJOCh 32 KOPOTKUH MEPHO BPEMEHH MPOBECTU KIACCU(PUKAITUIO BOSMOXKHBIX COCTOSHIHM U IOTYYIHTh OT-
BETHI Ha BCE BOMPOCHL. Bcero 0but0 3amano okono 40 BompocoB. C MOMOMIBI0 CHCTEMBI Pe3yIIbTAaThl Kilac-
cu(uKanuy OBUTH CBEICHHI B eIMHYI0 0a3y 3HaHMU, KOTOpas BKIIIOYajia B ceOs HOMEpa COCTOSHUMN, KITacChI
MPHUHAATIECKHOCTH (IHAarHO3bI) U HOMEpa CTEIICHH BEPOATHOCTH JUIS KaXI0To U3 HUX. Takoe mpeacTaBieHe
3HAHUN UMEET MECTO OBITH IMOTOMY, YTO KaXJ0€ COCTOAHUC MOKET OBITH OIHCAHO Ha60p0M IMPpHU3HAaKOB,
KOTOpPbIE HMEIOT OJTHO3HAYHOE COOTBETCTBHE €ro HoMepy. Takum obpa3oM, 6imaronaps UCIOIH30BAHUIO Ta-
KOM OopraHu3aliui JaHHBIX B 0a3e 3HAHUH CHCTEMBI MOYKHO BBIYHMCINTH HOMED U3 0asbl 3HAHWUK 110 COBO-
KYITHOCTH CHMIITOMOB TMaIlUEHTa U ONPEJEIUTh €r0 JUarHo3. 3akiatouenue. [yt Toro 4ToObl MOMYyYUTh OT
OKCIECPTOB UCUCPIIBIBAIONIYIO U HCIIPOTUBOPECYUBYIO COBOKYITHOCTD ITpaBUJI, KOTOPLIC 6y}IyT OCHOBAHBbI Ha
MPOCTHIX W MOHATHBIX NCHCTBUAX, HEOOXOAUMO MPUMCHUTH MPEUIOKESHHBIN MOIXOM K PCIICHHIO 3aa4d
SKCHEePTHOHN KIIacCH(pHUKANUN. B MHarHocTHIecKol cucTeMe MOTyYeHHbBIC 3HAHUS JIETKO OOBEIUHSIOTCS B 623y
3HaHHH, KOTOpas KOHOMHT PECYPCHI MAMSITH U OBICTPO HAXOMUT PEIICHHEe MpodieMel. HecoMHEHHO ToO, 9TO
MpUOOpETEHHBIE KIacCH(UKAIIMA MOTYT OBITh MPEICTABICHBI B TPAJAUIMOHHOW IS KCICPTHBIX CHCTEM
topme mpomykroB. Kak moka3a OIBIT MCIOJIB30BAaHUS AUATHOCTHYCCKOW CHCTEMBI, TpeiaracMblii HaMuU
CIOCO0 OpraHM3aIiK JaHHBIX HMeeT 0oJiee BRICOKYO 3())eKTUBHOCTH B CPABHCHUH C TPAJUIIMOHHBIM.

© bapkanos C.A., benoycos B.E., [Ipocomymos O.A., 2025
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ALGORITHMS OF IDENTIFICATION AND ELIMINATION OF MISTAKES
IN KNOWLEDGE BASES OF EXPERT DIAGNOSTIC SYSTEMS
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O.A. Prosolupov, vigasu@rambler.ru

Voronezh State Technical University, Voronezh, Russia

Abstract. In this work diagnostic systems which on the functions are intended for the help to the user in
permission of the following problem situation are considered: it is required to determine by a set of values
of the private signs describing a condition of an object of a research. what properties this object has. Such
tasks can arise, for example, in medical diagnostics (on a set of the symptoms describing a condition of
the patient, the doctor has to take out the conclusion about the nature of a disease); in technical diagnostics
(the reason of failure or breakage is determined by a number of indicators of work of a system); in geology
(on the basis of data of geological exploration to draw a conclusion on existence of mineral deposits), etc.
Unfortunately, for the solution of similar tasks use of methods of machine learning or deep machine learn-
ing therefore the only exit is use of expert mechanisms is not always possible. The research objective con-
sists in forming of the knowledge base for the solution of problems of diagnostics which have to comprise
decisive rules of the skilled experts allowing to build classification of all possible conditions of an object
in previously structured problem area which classes are subsets of the states having the same property.
Research methods. Methods of binary classification, the theory of counts are applied to the solution of
problems of forming of the consistent knowledge base. When proofreading in classification of states there is
no possibility of unambiguous carrying out necessary changes in classification of earlier identified states as
elimination of mistakes cannot be carried out separately for each class. In this case to each state only one
class of accessory therefore possible addition of a class of accessory to some states results in need of an ex-
ception of the accessory classes which are earlier appointed by it that is reached by use of the directed
counts has to be appointed. Results. For holding poll of the specialist investigating the electroencephalo-
gram initially all variety of possible states which are described by values of signs was created. In total,
the quantity of similar states is equal to 216. After obtaining the expert opinion it was offered to it to esti-
mate degree of probability of existence of a disease or its symptoms in this state, using terms “strong”,
“average” and “weak” degrees of probability. It meant for the doctor that he was faced by a standard task of
diagnosis. As a result of use of the rational procedure of poll during which the most informative state was
provided it was succeeded to carry out classification of possible states for a short span and to receive
answers to all questions. In total about 40 questions were asked. By means of a system, results of classifica-
tion were reduced in the uniform knowledge base which included numbers of states, classes of accessory
(diagnoses) and numbers of degree of probability for each of them. Such representation of knowledge takes
place to be in a look because each state can be described by a feature set which have unambiguous compli-
ance to its number. Thus, thanks to such data structure in the knowledge base of a system it is possible to
calculate number from the knowledge base on set of symptoms of the patient and to define his diagnosis.
Conclusion. To receive exhaustive and not contradictory set of rules which will be based on simple and clear
actions from experts it is necessary to apply the offered approach to the solution of a problem of expert classi-
fication. In a diagnostic system the gained knowledge easily unites in the knowledge base which saves re-
sources of memory and quickly finds a solution. Undoubtedly, the fact that the acquired classifications can be
provided in a form of products, traditional for expert systems. As showed the experience of use of a diagnostic
system offered by us a way of data structure, has higher performance in comparison with traditional.

Keywords: algorithm, binary classification, count, diagnostics, knowledge base, problem
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UHdopmaTrka u BbluMCNUTENbHAA TeXHUKA
Informatics and computer engineering

Beenenue

B pa3nuuHbIX 00nacTsAX 4eI0BEUeCKOW JCITeNbHOCTH JHIa, npuHuMaromue pemienus (JI[IP), BbI-
HY>KIEHBI paboTaTh B CUTyallUsX, I/I€ UX 3HAHUA HEJIOCTATOYHO MOJHBI, a OyAyIINe MOCIEACTBHS MPH-
HATBIX peIeHUH 00JIalaloT 3HAYUTEIbHON HEONPEACICHHOCThIO. B 3THX cilyyasix OHM BBIHYKICHBI MO-
JaraTbCs Ha CBOW OIBIT M MHTYHLUIO. C pa3BUTHEM BBIYHMCIHUTENLHONW TEXHUKH BO3HUKIA HAEA CO3.a-
HUSI OKCTIEPTHBIX CHUCTEM, KOTOPBIC MOTIIM OBl CIYXKHTh COBETYMKAMU M KOHCYJIbTaHTAMH JUJIsI MEHee
OTIBITHBIX PYKOBOAMTENEH. 3a/iaua MOCTPOCHUSI TAKMX CHUCTEM BO3HUKIIA B JABYX HAIlpaBJICHUSAX HCCIe-
noBaHuil. Bo-mepBbIX, B paMkax pabOT 10 MCKYCCTBEHHOMY MHTEIUICKTY MOSBUINCH TaK Ha3bIBacMbIC
sKcrepTHhIe cucTeMbl [1]. Bo-BTophiX, B pamMkax paboT MO NPUHSITUIO PEIICHHH BO3HUKIM CHUCTEMBI
NOJ/ICP)KKU TIpUHATHA pemieHuid [2]. W Te, u Apyrue cucTeMbl UMEIOT B CBOEM cocTaBe 0a3y 3HaHHI
(b3), B K0TOPOI#1 copepKaTcs 3HAHUS OMBITHOTO IKCIIEPTA.

B nponecce popmupoBanns b3 Heo6XxonuMo NOITy4IUTh OOJBIIONH 00BEM SKCTIEPTHON MH(OpMAIHH.
Opranuzanys ¥ OIpoBeIeHUE SKCIIEPTHOIO ONpoca TpeOYIOT 3HAUYUTEbHBIX TPYA03aTpaT Kak pa3padboT-
YHKOB, TaK U CaMUX JKCHepToB. b3 pomkHa yJIOBIETBOPATH MHOTHM TPEOOBAHHSM, CPEIU KOTOPBIX
BAXHEHIIUMU SIBIIAIOTCA 00OCHOBAaHHOCTH, IOJIHOTA M HETIPOTUBOPEUUBOCTH COZEpKAaIlleiicsi B Hel UH-
¢dopmannu. O6ocHOBaHHOCTH b3 ompenensercss KOMIETEHTHOCTBIO 3KCIIEPTa, 3HAHUSI KOTOPOTO HCIOb-
3ytoTcs npu ee nocrpoennu. [loaHora b3 o3HavaeT ee cnocoOHOCTh AaBaTh PEKOMEHIAINHU (PEIICHUS)
BO BCEX THMIOTETUYECKHU BO3MOXKHBIX CHUTYallUsIX B BBICJICHHOW NpeaMeTHOH obnactu. [loa HenpoTuso-
peunBocThiO B3 00bIYHO MOHUMAETCS ee ClTOCOOHOCTh rapaHTHPOBATH MOyYSHHE OJTHO3HAYHOTO pellie-
HUSL U151 000N paccMaTpuBaeMoil cutyauuu. CienoBaTesbHO, HEOOXOAUMO MPEAYCMOTPETh CPEACTBA
JUTSL IPOBEPKH 3KCIIEPTHON MH(POPMALIUKU U aHaJIM3a €€ HENPOTUBOPEUYNBOCTH.

B nacrosmee Bpems Bompoc 0 croco6ax OIEHKH KaueCcTBa MOMyYEHHBIX SKCIIEPTHBIX 3HAHUM BeCh-
Ma POTUBOPEYNB. B MHOTOYHCIEHHBIX paboTax MO SKCIEPTHBIM CHCTEMaM, KaK MPaBHIO, JHIIb OTME-
YaeTcs, YTO Ka4eCTBO HKCIEPTHBIX CHUCTEM 3aBHCHUT OT MOJHOTHI M COBEPIICHCTBA WX 0a3 3HaHWU [3].
Kak npaBuiio, 3anonnenne b3 cucteMsl ocyiiecTBiseTcs IOCPEACTBOM BBEJICHHS B Hee NaHHBIX 00 U3-
BECTHBIX 3KCIIEPTY 3aKOHOMEPHOCTSIX, OCHOBHBIX JIEMEHTaX M CTPYKTYpe B3aUMOCBS3EH B M3y4aeMoO
npeaMeTHOH obnactu. Pacmmpenne b3 BeimonHsieTcs: B X0€ padOTHI 3KCIIEPTa ¢ CHCTEMOM, HaXOXKe-
HUU UM 1po0esioB B B3 u Mx mocrienoBareabHOM 3alOJIHEHUH (3a4acTyl0 METOJaMU MaTeMaTUYeCKOH
CTaTUCTHKHM, YTO He Bcerga KoppekTHo). Ilpu stom mpouecc hopmuposanust b3 Hocut B nienom ¢par-
MEHTApHBIA XapakTep, SBISETCA TPYJOEMKUM U HE 00ECIIeYMBACT BBIIONHEHHS YKAa3aHHBIX BBIIIEC Tpe-
OoBaHUil.

OpHMM U3 BHJIOB CHCTEM, OCHOBAHHBIX Ha 3HAHUSAX, SBJSIOTCS AMATHOCTHYECKHE CHUCTEMBI, KOTO-
pble IO CBOMM (YHKUUMSIM IMpeJHa3HAYEeHbI U MOMOIIM IOJIb30BATEII0 B Pa3peLICHUH CIEAYIOIEeH
npoOJIEeMHON CUTyallMu: Mo HaOOpy 3HAUYEHHUH YaCTHBIX IMPU3HAKOB, ONMKCHIBAIOIINX COCTOSHHE OOBEKTa
UCCIICJIOBAHUs, TPEOYETCs ONPEACINTh, KAKUMHM CBOMCTBAMH ATOT 00BEKT oOjamaeT. basbl 3HaHM JIs
pellieHHsT TaKuX 3a/1a4 JIOJDKHBI COJIEPXKaTh B ce0Oe pellaroline MpaBuia ONBITHBIX SKCIEPTOB, MO3BO-
JSIFOILMX CTPOUTH KIacCU(HUKAIMIO BCEX BO3MOXKHBIX COCTOSHHH 00BEKTa B MPEABAPUTEIBHO CTPYKTY-
PUPOBaHHON NPOOIEMHON O0JIACTH, KiIaccaMH KOTOPOH SBISIOTCA MOAMHOXKECTBA COCTOSIHUH, 00ia-
JAIOIINX OJHUM U TEM K€ CBOHCTBOM.

B pabote npeiaraeTcst HOBbIN NOJXO/T K BBISBICHUIO IKCIIEPTHBIX 3HAHHUHU Juist hopmuposanus b3
JUAarHOCTHYECKUX CHUCTEM.

IHocTanoBka 3agauu

[Ipunsate pemienue o co3gannu b3 TMarHOCTHYECKONW CUCTEMBI, OMMUPASCh HAa SKCIIEPTHYIO KJIaCCH-
(hUKaLIHIO, MOYKHO CJICIYIOIIUM 00pa3oM.

[IpennonoxuTenbHO, OOBEKT HCCIENOBAHUS MOXKET 00JIaJjaTh MHOXXECTBOM XapaKTEPUCTHK
P = {Py, Py, ..., P, }. CornacHO UCCIeIOBaHUAM, 3TH CBOICTBA MOKHO OOHAPYKUTh B €r0 XapaKTepH-
CTHMKAX C MOMOIIbIO 3HaueHuit M mpusHakos (m = 1, M), KOTOpble XapaKTepU3yIOT Pa3IMuHbIE CTO-
poHBl OOBekTa. s KakI0ro m-ro ImpU3HAaKa CYIIECTBYET MHOKECTBO BO3MOJKHBIX 3HAUCHHIL:
Qm = {@m, 9m,> -~ Amn,, }> TAE Ny — YUCIIO BOSMOKHBIX 3HAYCHUH M-TO MpHU3HAKA. MBI MOXKEM 3aMme-
TUTH TO, YTO XapPaKTEPUCTUKU M BO3MOXKHBIC 3HAYCHHUS 3TUX MPU3HAKOB CHOPMYIMPOBAHBI Ha €CTECT-
BEHHOM $I3bIKE.
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B JlexaptoBoM mpousBeaeHun A = Q1 X Q5 X ... X Qp COIEPKUTCSI MHOKECTBO BCEX BO3MOKHBIX
COCTOSIHMI 00BEKTOB, KOTOPBIE MOTYT OBITh OIPE/ICNICHbI KaKk BO3MOXKHBIE U B KOTOPBIX OHU MOTYT 00-
JafaTh CBOMCTBaMH U3 MHOXecTBa P. J/[anHHoe cocTosiHue a; € A MOXXHO OIMUCATh C TIOMOIIBI0 BEKTOpa
di = (ail, Ao, eery aim), rac iy (S Qm, m = 1,M

Ha ocHoBe 3HaHmi#l 3KcriepTa HEOOXOAUMO ONMPEAECIUTh HAIUYNE COOTBETCTBYIOIINX CBONCTB P
JUTSL K&KJO0TO COCTOSIHUS M3 A W, ONUPAsCh HAa 3TH 3HAHUS, BBICTPOUTH KIIACCH(PUKAIIUIO MHOXKECTBA
A = UL, K; Taxum o6pasom, uTo6bI Kaxkmoe coCTOsHHE @; € A OTHOCHIOCH K ONpeIeeHHoMY Kaccy K
B clly4ae, eclii OHO o0JaJlaeT Mo MHEeHHMIO 3Kcieprta cBoiicTBoM P. Knace K Bkmrouaer B ceds cocTosi-
HUSI, TIPY KOTOPBIX 0OBEKTHI HE UIMEIOT HU OJTHOTO U3 PACCMOTPEHHBIX CBOHCTB [4].

JaHHble 321241 MOTYT OBITh COPMYIUPOBAHEI B 3aBUCUMOCTH OT OCOOCHHOCTEH, KOTOpBIEe OyayT
BIIUSITH Ha €€ MOCTaHOBKY:

— B cllydae eclii OOBEKT B KaXJIOM M3 COCTOSHHU a; € A MMeeT HEeCKOIIbKO CBOHCTB P, KOTOophie
MOTYT OBITh OTHECEHBI K OMHOMY U3 MHOXECTBa A, pe3ynbraToM Kiaccuduxauuu Ky, Ky, ..., K; nomkHO
OBITh MOKPBITHE MHOXKECTBA MHOKECTBEHHBIMH YacCTsIMH;

— B Cllyyae e€cid OOBEKT B KaXXIOM M3 COCTOSIHMH q; € A MMeeT BO3MOXKHOCTh 00/MafaTh TOJBKO
OJTHMM W3 CBOHCTB MHOXECTBa P, TO Pe3yJIbTaToM Kiaccu(UKAIMH JOJKHO OBITh pa3jesicHHe MHO-
JKecTB A Ha kiaccehl L + 1;

— CTENeHb MPOSIBJICHUSI CBOUCTB Y 00BEKTa MOXKET OBITh Pa3IYHON B PA3ITUYHBIX COCTOSHUSX, KO-
TOpBIE OTHOCSTCS K JaHHOMY KJacCy, M TOTJa 3ahada Kiaccupuxanuu OyJeT JOmoJiHeHa TpeOoBaHueM
MIPOBEJCHMSI SKCIIEPTHOM OLIEHKHU CTENEHU NMPOSABICHUS CBOMCTB Y Pa3JIMYHBIX COCTOSIHHM.

OkcnepTHas Kilaccu(pHUKalys UMEET JeN0 C PeajbHbIMU 3a/JadaMu, KOTOPbIE UMEIOT JO0CTATOYHO
0oJbI0N pasmep [3, 4]. DTO MOXKET OBITh CBA3aHO C OOJIBIIUM KOJHUYCSCTBOM IPU3HAKOB M UX BO3MOX-
HBIX 3HA4YeHU, KOTOpbIe MOTYT OBITH OmpesenieHbl. Kak pe3ynpTar, MOKHO CHIeNaTh BBIBOJ, YTO HETIO-
CpeACTBeHHasl Kiaccu(UKaIMs SKCIEPTOM BCEX COCTOSIHUH OO0BEKTa, KOTOpas SBISETCS MPOCTBIM U
OYEBHJIHBIM CIIOCOOOM peIlleHHs 3a/laud, He MpeJCTaBiIsIeTCsl BO3MOKHOW. [IpoBeneHue aHanmmsa OT-
JEeNbHBIX KIIFOUEBBIX IPaBHJ 3KCIEPTa, MMO3BOJISIOMIMX KIACCHU()UIMPOBATH BO3MOMKHBIE COCTOSHHS,
TpeOyeT OnpeAeTICHHBIX YCUINHA U MOXKET ObITh TpyIoeMKUM. Takke He rapaHTHPYETCs MOJIHAs U OQHO-
3Ha4Has nepenada WHGOPMALUK B CcIydae, €clii OHH OyIyT BbIsABICHBL [Ipu penieHnn mocTaBIeHHON
nepe; HaMH 3a1a4d Heo0X0IUMO pa3paboTaTh METOJMKY PabOTHI C IKCIIEPTOM, KOTOpasi Oy/IeT BKITIO-
4aTh B ce0s CHCTEMAaTH3AIHI0 €ro KiIacCH(UIUPYIOMNX NMPaBWI M COKpAIICHUE KOJIMYECTBAa BOIIPO-
COB, Ha KOTOPBIC OH JIOJDKEH OyJeT 0TBe4aTh. KpoMe Toro, Heo0XoauMo 00eCceYuTh IPOBEPKY MOy~
yaeMoil HHpOpMAIlMK Ha COOTBETCTBUE €€ CTAHAapTaM M BBISBHTH BO3MOXKHBIC OITMOKH B OTBETaX Ha
BOIIPOCHI.

[Ipennaraemplii TOAXO K PELICHUIO 3aJaud 3KCIIEPTHON KiacCH(UKAIMU OCHOBAaH Ha MPEAIOJIO-
YKEHUH O TOM, YTO CTEIEHb OTIIMYHOCTH OTIENBHBIX 3HAUEHNH Ka)I0T0 MpU3HAKa ISl KaKJOrO CBOMCT-
Ba UMEET CBOIO COOCTBEHHYIO 3aKOHOMEPHOCTh, KOTOpas HE 3aBUCUT OT JIPYTUX NMPU3HAKOB [4].

Jomyctum, 4To 3TO MOYKHO OIMCATh TaK: €CIIM 3HAYCHUS NPHU3HAKA (), YIOPSIOYHUTH IO UX 0COOCH-
HOW 3HAYMMOCTH ISl XapaKTEPUCTUKU CBOUCTBA P;, TO 3TO MOXKET NMPUBECTH K BBEICHUIO Ha @, TpaH3H-
THBHOTO ¥ aHTUPE(IEKCHBHOTO GMHAPHOTO OTHOIIEHUS (IHMHEHHBIH MOPAIOK): 73 : (Gmg Gm,) € . ecimm
3HAYEHHE ¢, OOJIEE XAPAKTEPHO IS CBOUCTBA Py, YeM 3HAUCHHUE Gy, -

[losicHuM 3TO Ha TpUMepe BBISBICHUS BBI3BAHHOM CHHXPOHHU3ALMN/JECHHXPOHU3ALNHN Ha 3IIEKTPO-
sHuedanorpamMmme. Dnekrposnuedanorpadus (331 sBiseTcs MWUPOKO PacpOCTPaHEHHBIM METOIOM
MOJTyYEHHs] CUTHAJIOB FOJIOBHOT'O MO3ra, Ml CHATHS KOTOPBIX MCIOJIB3YIOTCS IEKTPOBI, paCIOIOKEH-
HBIC Ha TIOBEPXHOCTH TOJIOBHI [5]. D3I akTUBHOCTb, IPEACTABIIAIONIAs COO0I BOTHBI MPUOITH3UTEIEHO
OJTHOHM TIOCTOSTHHOM 4acTOThI, HA3bIBAETCS PUTMOM, TIPH 3TOM HauOoJjiee BhIpakeHHbIH B DO putM cum-
TaeTcs AoMuHUpYIommuM. [Iporece, Bepaxkaronuiicss B GOPMUPOBAHUN PETYIISIPHOM, YIOPSIOYEHHOM
PUTMHUYECKOW aKTHBHOCTH W HAPAaCTaHWU aMIUTUTYIbI KOJeOaHWi, SBISETCS CHHXPOHHU3ANUEH puTMa, a
HapylIeHHe PUTMUYHOCTH NPOTEKAaHUS BOJIHOBBIX IPOLECCOB C 3aMEIIEHHEM YIOPAJOYEHHON CHH-
XPOHHOW BOJIHOBOM aKTUBHOCTH KOJICOAHHSIMHU, MEHEE PETYJSPHBIMHU, Pa3HOM 4aCTOTHI U MEHBILEH aM-
IUTUTYABI Ha3bIBAIOT JECHHXPOHHU3ALMEN.

B Hacrosimee Bpemsi pUHSATHI 1Ba crioco0a peructpaiun D91 — MOHOMONSPHBIA W OHUITOJISPHBIH.
[Ipy MOHOTIONSAPHOM OTBEACHHUU PA3HOCTH MOTEHLIHATIOB HU3MEPSIIOT MEXAY IBYMS SJIEKTPUYECKH aK-
THBHBIMH Y4aCTKaMH TOJIOBHOI'O MO3ra (00a 3J7IeKTpo/ia HaXOAATCs Ha KOXe rojioBbl) (puc. 1).
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Puc. 1. Cxema MOHTa)xa anieKTpoAoB 3feKkTpoocuunnorpada
Fig. 1. Scheme of installation of electrodes of an elektro-oscilloscope

JlaHHas cucTema mo3BOJISIET TOCTPOUTH KOOPJIUHATHYIO CETKY, B Y3JIbI KOTOPOH CTaBAT 3JIEKTPOJIHI,
MoJIy4aroniye OyKBeHHO-IIM(QPOBOE 0003HAYCHHE 0 yJacTKaM: JIOOHBIC, [ICHTPaJIbHbIC, TEMEHHbBIC, BH-
COUHBIE, 3aThUIOuHbIe. Beero ycranasnuaercsa 19 gatuukos, cymmaphas 931 mo KOTOphIM MpeacTaB-
JIeHa Ha puc. 2.
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Puc. 2. CymmapHas 33l no 19 gatunkam
Fig. 2. Total EEG on 19 sensors

B xoze ananuza Obutn onpeaesieHsl paBuila BeIICICHNS pUTMOB BBI3BaHHOH [4, 5]:

— CHHXPOHHU3AIMH: 3TO llb(a-pUTM, ONIPEICISIEMBI Ha TEMEHHON M 3aThUIOYHON 00JIacTsIX TOJIOBHO-
ro mo3ra garuukamu: P3, Pz, P4, O1, O2 nipu ammmutyae konebanuit 40-80 mxB u wactote 7,5-25 I'n;

— JIGCUHXPOHU3AIUH: OeTa-pUTM, OTIPEJICIIIEMbIN Ha JJOOHOW ¥ BUCOYHOM YACTSIX T'OJOBHOTO MO3Ta
nataukamu: Fpl, Fp2, F7, F3, F2, F4, F8, T3, T4, TS, T6 npu ammutye konebanuii menee 15 MxB u
yactote 14-35 I'n.

C MOMOIIBIO0 TAaKOTO MOAX0/1a, KaK OWHAPHBIE OTHONICHHS XapaKTePHOCTH 3HAYCHHH MPU3HAKOB
Ul Pa3IMYHBIX CBOKMCTB M MX coueTanuil (1, m = 1,M, | = 1,L), MOXHO TIOCTPOUTH OTHOIMICHHUS
JOMHHHPOBAHUS 10 XapaKTEPUCTHKE KaXKJIOTO CBOWCTBAa HA MHOXKECTBE COCTOSIHUN OOBEKTa HCCIle-
noBaHus [6]:
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R' = {(as, ;) € AX AIVm =1, M (ap, Asm) € 1L v 3AM, (I < my < M) Takoe, uto

(asmo,almo) € r,ﬁlo}, l=1,L.

ITo cyTH, MOKHO TOMYCTUTH BEPOSTHOCTH TOTO, YTO COCTOSIHUE, OMKMCHIBAEMOE HAOOPOM 3HAUCHUIT
NPU3HAKOB M UX COYCTAHMUH, HE MEHEe XapaKTePHO IS JJaHHOTO CBOMCTBA 00BEKTa, TAKKE MOXKET OBITH
OHpEeJIEeTIeHO SKCIIEPTOM, KaK €ro COCTOSIHHE!

ecmu as € K, u (ag, ag) € R, 10 a; € K. (1)
Taxxxe MOXHO c€jIaTh BBIBOJA O TOM, YTO €CJIM B HeKOTOprﬁ MOMCHT BPEMCHU 00BEKT Hucciea0Ba-

HUS HE 00JIalaeT KaKOH-TO XapaKTEepUCTUKOM, TO 3TO CBOWCTBO He OyZeT MMETh MECTO U B MEHee Xa-
PAKTEpHOM JJIsL HErO COCTOSHUU:

ecmu ag € K, u (a,,a,) € RY, 10 a; € K. )
IIpu BeimonueHnn ycioBuit (1) u (2) MOXKHO cenaTh BBIBOJ O HAIMYHMH CBOMCTB B PAJE COCTOSHUH,
HE TPOXOJs HETOCPEICTBEHHO HIICHTHU()HUKAINH C 3KCIEPTOM. JTO Na€T BO3MOXXHOCTh OPraHW30BaTh

3¢ (HEeKTUBHYIO NIPOIEAYPY IKCIEPTHOIO OIIPOCa, IEb KOTOPOI'0 COCTOMT B TOM, YTOOBI KJIaCCUPHUITUPO-
BaTh BCE BO3MOJKHBIE COCTOSTHUS IIPU YMEHBIIICHUH KOJIUYECTBA BOTIPOCOB K IKCIIEPTY [7].

O0padoTka 3xcnepTHON MHpoOpMannu

Mp1 0003HaYUM MHOXKECTBO HOMEpoB (Gopmupyembix kinaccoB K = {0,1, ..., L}. MbI Moxxem nipen-
CTaBUTh COCTOSIHME d; € A B BUJIE JBYX MHOXKECTB: C;' — MHOXECTBO HOMEPOB KJIACCOB, KOTOPBIE COOT-
BETCTBYIOT JaHHOMY COCTOSIHUIO a; U (; — MHOECTBO HOMEPOB KJIACCOB, K KOTOPHIM COCTOSIHUE a; HE
MOKET OBITh OTHECEHO (Oy/eM Ha3bIBaTh TAKHE KIACChl HEBO3MOKHBIMH).

[Monaraem, uto a; OyJeT NpU3HAHO KJIACCHQUITUPOBAHHBIM, €CIIN

CtnC=0,aCrfucy =K. 3)

O603HauMM uepe3 TMoAMHOKecTBO cocTosiHuit A® C A, Te, KoTopble UMEIOT Kiaccupukamuio [8].
B Hauasie NIpoBe/ieHUs SKCTepTHOro onpoca Ya; € A, Mbl nonaraem, C;” = @, C;7 = @, A° = A. Korna
3aKaHYMBAETCS TIPOLIECC MPOBEIEHHS SKCIIEPTHOTO onpoca, To A° = A.

CrienaibHBIM 00pa30M B XOJI€ SKCIEPTHOTO ONMpoca BBIOMpPAETCs OYepeHOe COCTOSIHUE, KOTOpOe
OyaeT mpemaoxeHo skcnepty a; € A. CorlacHO 3aK/IFOUEHHUIO JKCIEPTa, COCTOSHHE OO0BEKTa MMEET
CBOM KJIaCC MPUHAJICKHOCTH, KOTOPBIN MIPEICTABIICH B BUIE TIEPEUHS €ro HOMepoB [9].

Takum 06pa3zoM, B COCTOSIHUH @; OYEBHIHBIM CIOCOOOM ONPE/IENAETCS MHOKECTBO C;F, 8 HESIBHBIM —
Ci = K\C;.

Hanee cocrosiHue a; kiaccuGUIMpyeTcs U MOdy4aeT HHPOPMAIINIO, KOTOpasi [IOMOTaeT YMEHBIIUTh
HEOMPE/IEICHHOCTh B OTHOIIEHUH Apyrux coctosuuii A2 = A% U a;.

Jlns xaxmoro | € C;F GymeT onpeseneHo OT/eNbHOE TOIMHOXKECTBO Af; = {q; € Al(aj, a;) € RY,
KOTOpOE MBI 11 HETO YCTAaHOBHUM.

Hauunas ¢ kaxnoro a; € A}, MBI nomkHBI onpeienuTh C j+ =C j+ U [ ero oTaensHOE MHOKECTBO:

Aj = {q; € A|(a;, @) € RY}

U TS K&KO0TO a; € A;; TONOXKUM Cj_ = Cj_ Ul

Juist Toro 4To0bl IOKa3aTh PaboTy aANTOPUTMa, MOYKHO BOCIIONIB30BATHCS OPUEHTUPOBAHHBIMHU T'pa-
¢damu L, KOTOpbIE COOTBETCTBYIOT OMHAPHBIM OTHOIICHUSM JIOMHHUPOBAHUS, YCTAHOBICHHBIM TI0 Xa-
pakrepuctukam: oprpad G' = {4, R'} cocrosnus u3 MHOXkeCTBa A, KOTOpBIE BXOMAT B COCTaB oprpada,
MMEIOT CBOM BEPIIMHBI 1 ayrd. OHH OOBEMHSAIOT HX B KA4eCTBE BEPIIMH M 00PasyloT OTHOIIeHHs R'
Mexy HUMH [10]. DT OTHONICHUS] UMEIOT HANPaBJICHHE OT COCTOSHUM Pj, KOTOpBIE SBIISIOTCS Ooliee
XapakTepHBIMH U1 JAaHHOTO CBOMCTBA, K MEHee XapakTepHbIM. (OOpaTuM BHUMaHHE, YTO BCe Ooprpadsl
Gl, [ = 1, L uMeroT 0IMHAKOBOE KOJIMYECTBO BEPILIHH).

Ha puc. 3 noka3zans! asa oprpada G u G2 ans aByx xapakrepuctuk P; u P,. B 1anHOM ciydae co-
CTOSTHHE XapaKTEePHU3yeTCs 3HAUCHUAMH JIBYX MPU3HAKOB Q1 U Q.

B Tabnuie comepxarcs HoMepa 3HaUYCHHUM NMPU3HAKOB Q1 U @, B KaXKIOM M3 YIOPSIOUYCHUH O Xa-
PAaKTEPHOCTH ISl CBOMCTB P; 1 P,, ONpesieNseMbIX OTHOIEHUAMH 11, 17, T U T5.
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Puc. 3. 1ea oprpaca G' n G? ansa AByx XapakTepucTuk P, u P,
Fig. 3. Two Artaud of columns of G! and G? for two characteristics of P, and P,

Homepa 3HayeHnn npusHakoB Q4 U Q,
Numbers of values of signs @, and Q,

YnopsipoueHHas YnopsinoueHHast
3HaueHus 10 XapaKTePHOCTH 3HaueHus 0 XapaKTePHOCTH
npu3Haka Q4 JUIsl CBOMCTB npusHaka @, JUIs1 CBOMCTB

P; P, P; P,

911 1 4 d21 1 1

412 2 3 'Y 2 2

413 3 2 qd33 3 3

914 4 1 q44 4 4

ITycTh Ha OYEPETHOM LIAre SKCIEPTY MPEABABISAETCS COCTOSHUE dg U OH ONpenenseT, uto CF = {1}
u cootBeTcTBeHHO Cg = {0, 2}.

ChopMHUpyeM MHOXKECTBO COCTOSHUH Af; = {aj € Al(aj,ae) € Rl}, u3 puc. 1 BuaHO, 4T0 Ag =
= {all az, aS}'

U3 ycnosus (1) cnenyer, uro Cf = C5 = €& = {1}.

Cdopmupyem MHOXKeECTBO Ag, = {a; € Al(ae, aj) € R?%}: Ag, = {ay, a4, ag}.

W3 ycnosus (2) cnenyer, uro C4 = Cg = {2};aC; ={0,2}ur. 1.

Bce, 0 yem roBopuioch paHee, OTHOCUTCS K PEIICHHIO 3a/1a4M MOKPBHITUS MHOXKECTBA COCTOSHUN
pasnuuHbIMU Knaccamu Ky, Ky, ..., K;. Jlnst Toro 4To0bl HOCTPOUTH pa30dueHrne MHOXECTB A Ha KIIACCHI
Ky, K3, ..., K, HEOOX0AMMO TIPOBECTH HEKOTOPBIE U3MEHEHHUs B TIPOLIeAype 00pabOTKH IKCIIEPTHON WH-
dopmaruu [11]. Takke U B 00IIeM cilydae, MOCJIE TOTO KaK KCIEPT KIACCU(PHUIIUPOBAT OUEPEIHOE
NPEIbSBISIEMOE €My COCTOSIHUE @; € A, MOXKHO TNPEIIONI0KUTh, YTO BCE 3TH COCTOSHUSI (aj, ai) € R'
TOKE UMEIOT OTHOIIIEHHE K Kiaccy Kj. T. e. Cj+ = {l}. Ilpu 5TOM BCe 3TH COCTOSHHS P; MOXHO OTHECTH
K KJIaccU(UUMPOBAaHHBIM, TaK KaKk OHM HE 00JalalOT HUKAKUMH APYTMMH XapaKTEPUCTHKAMU KpOMeE
TOTO, YTO UM TIpHCYIle. B cBA3M ¢ 3TUM onepalyst onpeieieHus] HEBO3MOXKHBIX KIIaCCOB JUIS PJIa HHBIX
COCTOSIHUI JIOJDKHA TPOBOJUTHCS, OMHPasch Ha MHPOPMALUIO 000 BCEX COCTOSHUSX, KOTOPHIE HEIo-
CPEACTBEHHO MJIM KOCBEHHO KJacCU(UIIMPOBAHbI HA JaHHOM 3Tarle.

U3 ycnosus (2) cnemyer, 4To st Kaxkaoro a; € A} U a; ns Beex ag € A7 (t # 1) Hano monoXUTH
Cy =C5 Ut.

[Iponenypy Ha3HaYCHUSI HEBO3MOKHBIX KJIACCOB JJIsl BCEX TAKUX COCTOSIHUH Gy MOXHO clienaTh 00-
nee 5 exTUBHOM, eciu M Kaxaoro ceoiictBa Py (t # ) BBLIENMTH Ha MoaMHOXecTBe Af; U a; moa-
MHOkecTBO [TapeTo mo oTHomeHuIo RY (T. €. MOAMHOXKECTBO T;; COCTOSHHUMN, HEAOMUHUpPYEMbIX [12, 13]
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10 OTHOLIEHHIO RY) M 1151 KaXK10r0 COCTOSIHMS dg € A, ISl KOTOPOTO Ja; € m;; TaKoe, 4To (aj, as) € RY,
nostoxuth Cg = C4 U t.

Jns Havama paccMOTpHUM BOIIPOC O TOM, KaKOBa CTETIEHb MPOSBICHUS CBOWCTB Y COCTOSHUIL, KOTO-
pBle BXOIAT B OJHMH M TOT ke Kyacc. CTerneHu NMposiBIEHUS CBOUCTB Py MOTYT OBITH OINIpenesieHbl ¢ TOo-
MomIbio 3Hauenuit {PL, P, ..., Pty

Taxoke 3TH 3HA4YEHHs] MOXXHO O0O3HAYHUTh C IOMOIIBIO €CTECTBEHHOIO SI3bIKA, HAPUMEP: «CHJIb-
Has», «cpenHsisi» U «cnabas» creneHu. OnpenenuTh HEOOXOUMO, KaKue NMEHHO CTEICHH BBIPAXKCH-
HOCTHU COCTOSIHMH XapaKTEpHBI I KJIaccoB K.

B nanno#1 craThe aHajoru4Has 3agada KiaccupHUKanuy 1o MopsaKy Obuta paccMorpena B [12, 13].

Ha muoxectse {P}, P, ..., P]' } GbII0 onpesieneHo OTHONMEH e IMHEHHOTo opsiaka R*, KOTopoe cooT-

BETCTBOBAJIO TOMY, 4TO (P, le ) € R*, B ciyuae eciu i < j. biarojaps MCIIONb30BaHHMIO OTHOIICHHS Ty,

(m = 1, M), KOTOpoe XapaKTepHu3yeT 3HaueHHe KaKIOro NMpPH3HAKA P; 1 CBOWCTBA M GMHAPHOTO OT-
HomeHnus R NOMUHMPOBAHMS MO XapaKTEPHCTHKE JAHHOTO CBOMCTBA, MOKHO YMEHBIINTH KOJINYECTBO
BOIIPOCOB K DKCIEPTY B JaHHOW 3amade. Kakum oOpa3om, B cilydae €clid SKCHEPT OnpeaessieT sl Co-
CcTosiHUS a; € K; cTeneHb Pf M JIETIaCT BBIBOJ O TOM, YTO COCTOsHHC Va; € K; Xapakrepusyercs cTe-

TMCHBIO MPOABJICHUA CBOICTB (ai, aj) € Rl, CTAHOBHUTCA U3BCCTHO, YTO CTCIICHDb IIPOABIICHUA CBOIICTBa Pl

HE MOXeT ObITh Gosblle, yeMm Pf.

Ecnu paccmatpuBath Bce pacCMOTpPEHHBIE CIIy4ad, CIeIyeT MOMHHUTb O TOM, YTO MHOXECTBO CO-
CTOSTHUI 4 MOXET OBITh OIPEAEICHO C MOMOIIBI0 (POPMATIBHOTO CIIOC00a KaK IEKapTOBO NPOU3BEICHHE
IIKan MpU3HaKoB. Haxopnsmimecs B HEM COCTOSIHMS MOTYT OBITh ONHCAHBI Pa3IMYHBIMU 3HAYCHHUSIMU
MpHU3HaKa, KOTOpbIe MPOTUBOpeyaT ApyT apyry. Ilpennoxennas npoueaypa npeanoiaracT UCIOIb30Ba-
HHE BO3MOYKHOCTH OTBETA «COCTOSIHHE MPOTHBOPEUYMBO» C YKa3aHHEM HOMEpPOB 3HAYCHHUU MPHU3HAKOB,
KOTOpBIE HE MOTYT OBITh COBMEIICHBI B PEAIbHOW CHTyalud. B pe3ynbraTe 3TOTO CTali0 BO3MOXKHBIM
WCKITIOYUTh U3 MHOKECTBA BCE COCTOSHUS, B OMHMCAHUU KOTOPBIX MPUCYTCTBYET yKa3aHHAs 3KCIEPTOM
HEOHO3HAYHAass KOMOWHAIMS MTpU3HaKos [13].

BbisiBi1eHHe O1IMOOK B 0TBETAX IKCNEPTA M MPOLEIYPhI X YCTPAHEHMS

OKCHEepTHBIN OMPOC, MPOBOJMMBIN B IETSIX BBISIBIICHUS MPUYMH OIIMOOYHBIX OTBETOB, NOJDKEH y4H-
THIBATh BO3MOXKHOCTh BO3HUKHOBEHHSI TAKUX CUTYAILlUi. ITO MOXKET OBITh BBI3BAHO YCTAIOCTBIO AKCIIEPTa
WM €ro HeIOCTATOYHOM MOCIEA0BATEILHOCTHIO TP OLIEHKE CJIOXKHBIX COCTOSIHHM, a TAKXKe HECOOTBETCT-
BHeM Mozien (oTHOmenwi 1Y, (m = 1, M; | = 1, L)) k peanbHO# CHTYaluH, KOTOPAs UMEET MECTO ObITb.

Onpedenenue. Mbl MOXeM Ha3BaTh OLMIMOKOW B MOCTPOCHHOM KiIacCH(DUKAIIMKA COCTOSHHUMA JTOMYIIIe-
Hue HapymeHus ycnous (1) (T. e. Takyro CHTyaluo, KOTJja COCTOsIHUE ¢ 0oJiee 3HAaUNMBIMU JUTSI TAHHO-
ro KauecTBa XapaKTEPUCTUKAMH HE OTHOCHUTCS K JaHHOMY KJIAcCy, B TO BpeMs KakK K JaHHOMY KJaccy
OTHECEHO COCTOSIHHE, OTMCHIBAEMOE MEHEeEe 3HAaUUMBIMHU I 3TOTO KJacca XapaKTepUCTUKAMHU).

B [14] paccmarpuBaeTcs cuTyanusi, KOT/ia aHaIn3 U YCTPaHEHUE OIMUOOK MPY pElIeHHH 3a]1auH O T10-
pslllKe IPOBEACHUS ONEpaLUil HaJl MHOKECTBOM IPOMU3BOAUTCS MOCHE KJIACCU()UKALIMH BCEX COCTOSHUI
UCXOIHOrO MHOecTBa. C MOMOLIBIO AUATOTOBOTO PELICHHUS 3a1a4i SKCIIEPTHON KiIacCu(UKAIMU TOs-
BUJIACH BO3MOXXHOCTH TPOBOJIUTH OINEPATHBHYIO MPOBEPKY CO3JaBaeMOW KiIacCU(DUKAIMK Ha HATHYHE
B Hell oMOO0K, KOTOPbIE MOT'YT OBITh OOHAPYKEHBI IKCIIEPTOM.

s Toro 4ToObl MOCTPOUTH MOKPHITHE MHOXKECTB A, Ha CIEAYIOIIEM 3Talle KCIEPTHOTO ONpoca
yKe MpoBesieHa KIaccu(HKAIUsA HEKOTOPHIX COCTOSHMI, KOTOpble 00beauHeHsl B MHOxkecTBo A°,
9KCHEPTY MPENOCTABISETCS U HACHTU(DUKAIIMA HOBOE COCTOSIHUE @;. ECliu B pe3ynbTaTe MpoBeIeHHS
TIPOLIEypPBl, OMMCAHHON B MPEABIIYIIEM pa3jelie, YAaloch ONpeaeInTh MHOKeCTBO KiaccoB A° mpu-
Hajiexnoctd C;7 u € — MHOXECTBO HOMEPOB HEBO3MOYHBIX KJIACCOB ISl COCTOSHHI, TO MOKHO
MPEANOIOKUTD, YTO 3TO MPOU30LLIO OJ1aroaapsi KOCBEHHOMY OIPEEIICHUIO MHOXKECTBA HOMEPOB KJlac-
COB NPHUHAJICKHOCTH U MHOKECTBY HOMEPOB HEBO3MOXKHBIX THUIIOB COCTOSIHMH @;. B MoMmeHT Hemo-
CPEICTBEHHOT'O OTIPEAETICHU COCTOSHUS IKCIEPT SBHO YKa3bIBaeT Ha HAMYHE MHOKECTB KJIACCOB TPH-
HagnesxsocTd C; ¥ MX HOMepa, a TAKKe KOCBEHHbIE HOMEpPa HEBO3MOKHBIX K1accoB C; .

Ymeeporcoenue. Ecnu 3agaua MOKpHITUSL UMEET LENbI0 00€CIIEUYUTh OTCYTCTBHE OIIMOOK B KJIACCH-
(UKaLMU COCTOSHUHN A =A%y a;, TO HEOOXOAMMO BBIITOJIHUTH CJCAYIOIINE YCIOBHS:

CrcCt,ci cCr. 4)
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Jlokazamenvcmeo. 1lycTb TpU BBINOJHEHWH COOTHOIICHWK (4) B HMOCTPOCHHOHM Kiaccu(UKaMu
umeroTest ommbku. Toraa B cuny onpenenenust ommbok 3a;, a; u K; takue, 4ro 1160

(ai,aj) € Rl, aj € Kl u a; € Kl’
1mbo

(aj,ai) € Rl, aj € Kl " a; € Kl'

Tak kak a; € Kj, a (ai,aj) ER,10l€E C;*. Ho no ycnosmio a; € K;, 1. e. L € C;7, cneposatensho,
Ci* c €. Ananoruyno Bo BTOPOM Cilydae MMeET MecTo cooTHouenue C; C C;, a 5T0 NPOTHBOPEUHT
C/AETaHHBIM MPEINONIOKEHUAM. TeM caMbIM JOKa3aHa JOCTaTOYHOCTh YTBEPKICHHUA. 3aMETHUM, YTO JUIS
3aauu pa3OueHus B cuiy Toro, uto |C;| = |Ci+| = 1, HeOOXOOMMO M AOCTATOYHO BBIIIOJIHEHHE COOT-
womenus C;i” €.

Omubky B NOCTPOCHHON KiacCU(HUKALMKA COCTOSHUI MOTYT OBITH CIEICTBHEM KakK OMIMOOK SKC-
nepTa, KOTOPBIA onpeaensieT KiIacChl MPUHAIICKHOCTH [Tl KaXI0TO COCTOSIHUS, A;, TaK M OIINOOK, KO-
TOpBIEe BOSHUKAIOT TIPH KIAacCU(MKAIMH HEKOTOPBIX cocTostHuit A%, KOTOpble HMEIOT ¢ COCTOSHUEM Ha-
pymenue ycioBus (1). Onumem yepe3 HEKOTOPOE KOJHUYECTBO CIIOCOOOB MHOXECTBO MOJOOHBIX CO-
CTOSIHUH A gy 151 UCTIpaBICHUS OIIMOOK HEOOXOANMO MOBTOPHO MPEACTABUTH IKCIIEPTY COCTOSHUE 4;
U Qj € Agpy, JUISL TOTO YTOOBI OH CMOT G0JIEE MOAPOOHO PacCMOTPETh MX. OUIMOOYHOCTH MOJIENH, KOTO-
PYIO pa3paboTai SKCHEepT, U HEOOXOJAUMOCTh €€ TIepecMOTPa MOXKET OBITh TIOATBEPKACHA OTKa30M DKC-
nepTa U3MEHTh JaHHbIE UM paHee OTBEThl. B ciywae, Korja MpOMUCXOAWT MOBTOPHOE PAaCCMOTPEHHE
COCTOSIHMH @; M @dj € Agpy ¥ OKCIIEPT AT HOBBIH OTBET MO MOBOJY COCTOSIHMS, IIPOIECC 00pabOTKM
3TOTO OTBETa OYAET OCYIIECTBIISATHCS 3aHOBO. B COOTBETCTBUU ¢ MpoLEAYpOld, ONMCAaHHON B HPEAbIAY-
IeM pazfene, 3TO IPOUCXOAUT B MOPSAKE, aHAIOTHYHOM TOMY, Kak 3TO ONKCAHO B IPEABIIYLINX pa3fe-
nax. B ciydae, ecnu 3KcrepT MpU3HAET CBOIO OMMOKY MPH KJIacCU(PUKAIMU COCTOSHUN Ay, OH JIOJ-
JKeH OyJieT BHECTH U3MEHEHHS B WX Kilaccudukamio [15].

O003HaYMM CIIeYIOIUM 00Pa30M aIrOpUTM BHECEHHUSI HICIIPABICHHUH B OIIMOOYHYIO KJIacCH(HUKALHIO:

— S} — kmaccuukanus coCTOSHUIN H3-3a HEMPABUIBLHOTO ONPEIENEHHs KIACCOB TIPUHAUIEKHOCTH
TIPMBOIMT K MHOECTBY HOMEPOB, KOTOpbIE HE COOTBETCTRYIOT ApyT apyry. A%: St = C;'\(C Fn (:’;');

— S, — cpeayu MHOKECTBa HOMEPOB KJIACCOB, KOTOPBIE ObUIN OIIMOOYHO MCKIIIOUEHBI U3 YHCia BO3-
MOYHBIX JUISI OTIPE/ICTICHHOTO COCTOSIHUS B PE3yJbTaTe KJIacCH(DUKAIMKA COCTOSHHN U3 MHOXECTBA JIPy-
rux (GakTOpoB, €CTh HEKOTOPOE KOJIMYECTBO KIACCOB, KOTOPBIC HE MOJXOMAAT JJIsl JAHHOTO COCTOSHUSI.
A% s; =co\(cT nEy).

J1g 3aa4n OKPBITHA aNTOPUTM OyJIET UMETh CIIEAYIOLTNI BUI:

Mlar 1. [ins xaxaoro [ € S;" chopmupyem noamuoxkectBo AL, C A, Takoe, uto AL, =
= {aj € Aerr|(as ;) € R, q; € K} u Va; € AL, nonaraem ;" = C;H\L.

Mlar 2. [ins kaxaoro [ €S; chopmupyeM moamHOkecTBO AL, C A, Takoe, uto AL, =
= {a; € Aerr|(aj,0;) € RY, aj E K} uVa; € ALy, nomaraem € = C\L.

B anroputMme ucmnonp3yercsi IUAJOTOBBI PEXUM, B KOTOPOM BCE M3MEHEHHsI, BHECEHHBIE B Kiac-
CU(UKAIINIO, TOJDKHBI OBITH COTJIACOBAHBI C AKCIIEPTOM.

Vcnpapienye ommMO0K, TOMYIMEHHBIX B KIacchpukauy cocTosHuit A®, HeBO3MOXKHO OCYILECTBUTH B
€IMHCTBEHHOM 3K3EMIUIIPE [UIsl KaXKI0ro Kiacca, Tak Kak He CYIIECTBYET Croco0a MpoBeAeHHsT He0OXO0au-
MBIX U3MEHEHUH B KaXI0M KaTErOpUU paHEe ONpPEICIICHHBIX COCTOSHUU. J[aHHBIN cilyyail mpenmnosaraer,
YTO KaKJAOMY M3 COCTOSHHI TOJDKEH OBITh Ha3HAYeH TOJBKO OJMH KJIacc MPHHAMIEKHOCTH. B aTOM ciydae
BO3MOJKHO (B MPOIIECCE MCIIPABIICHHS OIIMOKK) H00aBIICHHE JOTIOIHUTEIBHOTO Kilacca MPUHAIJICKHOCTH K
HEKOTOPBIM M3 3TUX COCTOSIHUM, YTO MPUBOAUT K HEOOXOAMMOCTH UCKITIOUYUTD paHee Ha3HaYeHHbIE UM KJlac-
cul npuHapiexknoctd A°. CrenoBaTenbHO, 3T0 MOKET TIPMBECTH K MCKIIOYEHHIO KJIACCOB MPHHAIICKHO-
CTH Y HEKOTOPBIX JIPYTHUX COCTOSHHH, B pe3yJIbTaTe Yero OHU CHOBA CTaHYT HEKJIACCU(UIIMPOBAHHBIMU.

AJNTOPUTM KOPPEKIUH B 33/1a4e pa3OUCHUsI IMEET CIEIYIONIHN B

Hlar 1. Ilycts a; € K;:

Ilar 2. Chopmupyem MHOKECTBO Agpr = {a; € Aol(aj, ai) € R', a; € K;}.

Ilar 3. Va; € AVt # | (t = 1,L) chopmMupyeM MHOXKeCTBa:

Al ={a, € Aol(aj,aq) €R'na, EK}

Wlar 4. Va, € Al nonoxum C} # @ n A° = A%\a,.
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BrIBOABI

Jns mpoBeneHus ompoca CrielualncTa, uccnenyomero 3217, n3HadaneHo ObUIO c(hOPMUPOBAHO
BCE MHOT000Opa3ue BO3MOKHBIX COCTOSHUM, KOTOpPbIE OMUCHIBAIOTCS 3HAUEHUSMH MPU3HAKOB. B o0rmei
CJIIOKHOCTH, KOJHMYECTBO IMOJOOHBIX COCTOSHUN paBHO 216. Korma mpowcxoaws AWAior, CHEIUATHCT
MOJTyYal HA €CTECTBEHHOM S3BIKE M3JIOKEHHE CBOETO COCTOSHUS, SBISIOIIEEeCS CBOEOOpasHbIM (hpar-
MEHTOM HMCTOpPHH OoJie3HH manueHTa. Ha skpaHe quciuiest ObLIO MPEACTABICHO «MEHI0» BO3MOMHBIX
OTBETOB, BKIJIIOHaroiee B ceOs: 1 — cuHXpoHU3amus, 2 — ASCUHXPOHMU3AIUS, 3 — COCTOSHHE IMOKOS,
4 — H1 onHO M3 3a00JeBaHUM, mepeurcaeHHbIX panee, 100 — curyanus HeogHo3HauHa. [locie momyye-
HUS 3aKITIOYEHUS JKCTIepTa eMy OBLIO MPEATIOKEHO OLIEHUTh CTENeHbh BEPOATHOCTH HAU4HUS 3a00ieBa-
HUS WU €T0 CUMIITOMOB B JAHHOM COCTOSTHUH, UCTIONB3YSI TEPMUHBI «CHIIbHASY, «CPEIHSIS» U «cliadasny
CTEIEHU BEpOSTHOCTHU. [I7Isl Bpaua 3TO 03HAYAJNIO, UTO NEPE] HUM CTOsJIa CTaHAapTHAs 3aJada 1o MocTa-
HOBKE JuartHos3a. B pesynbTaTe MCMONB30BaHUS PAallMOHAJIBHOM MpOIEaypbl Ompoca, B X0Je KOTOpOi
OBLIO TIPEICTABIICHO HanOojee MH(POPMATHBHOE COCTOSHHUE, YIAJIOCh 3a KOPOTKHH MEpPHOJ] BPEMEHHU
MPOBECTH KJIACCU(UKALIUIO BO3MOXKHBIX COCTOSHUHN M MOJYyYUTh OTBETHI Ha BCE BOMPOCHL. Bcero ObLio
3amaHo okojo 40 BompocoB. C MOMOIIBI0 CUCTEMBI Pe3yIbTaThl KiIaccu(ukanuy ObUTH CBEJCHBI B S/IH-
Hy0 0a3y 3HaHUI, KOTOpas BKIIOYala B ceOs HOMepa COCTOSIHUN, KJIacChl MPUHAICKHOCTH (IMarHO3bI)
¥ HOMEpA CTENICHU BEPOSITHOCTH I KKIOTO U3 HUX. TaKkoe MpeacTaBIeHUe 3HAHUH UMEET MECTO OBITh
MOTOMY, YTO KaXI0€ COCTOSHUE MOXKET OBITh OMHCaHO HAOOPOM MPU3HAKOB, KOTOPHIE UMEIOT OJIHO-
3HaYHOE COOTBETCTBHE €ro HoMmepy. Takum obOpa3om, Oiarojapsi UCIOIb30BAaHUIO TAKOW OpraHH3aINd
JaHHBIX B 0a3¢ 3HAHWI CHUCTEMbI MOXKHO BBIYHCIIUTH HOMEP M3 0a3bl 3HAHUMN 110 COBOKYITHOCTH CHMIITO-
MOB TIAIUEHTA U ONPEACIIUTD €ro JUATrHO3.

Jist Toro 94TOOBI MOMYYUTH OT SKCIIEPTOB MCUEPIBIBAIOIIYI0 U HEMPOTHBOPEUYUBYIO COBOKYITHOCTH
MpaBW, KOTOpPbIe OYAyT OCHOBaHbI Ha IMPOCTBIX U MOHATHBIX JCHCTBHUAX, HEOOXOAMMO MPUMECHHTH
MPEII0KCSHHBIN MOAX0/T K PELICHHIO 3a/1a4y SKCIICPTHOM Kitaccupukaiui. B TuarHocTHYECKOM CUCTEME
MOJTyYeHHbIE 3HAHUSI JIETKO OOBEIUHSIOTCS B 0a3y 3HaHWH, KOTOpasi SKOHOMHT PECypChl TaMSITH U ObI-
CTPO HaXOIUT pemieHue mpooieMbl. HecoMHEHHO TO, YTO IPHOOPETEHHBIE KITaCCU(UKAIIUN MOTYT OBITh
MPEJICTaBICHbl B TPAAUIIMOHHOM JJIsl SKCIEPTHHIX cucTeM (opMe MpOoayKToB. Kak Mmokasan OIbIT HC-
MOJIb30BaHUS TMATHOCTHYECKOW CUCTEMBI, MpeJIaraeMblii HaMU CIIOCO0 OpraHU3aIluyl JaHHBIX UMEeT
0oJ1ee BEICOKYIO 3 (PEKTUBHOCTH B CPABHEHUH C TPAIUIIMOHHBIM.
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Annomayua. IloBbleHne 3KOHOMHUYECKOH 3()(HEKTHBHOCTH IPOU3BOACTBA 3a CUET COKpAICHHS Hesa-
TUTAHUPOBAHHBIX IIPOCTOEB U ONTUMH3AINN TEXHHYECKOTO 00CITY KHBaHUsI IPOMBIIIUIEHHOT'O 000pYI0BaHU
TpeOyeT pa3BUTHSI METOJIOB JTUArHOCTUKU TaKMX KJIIOUYEBBIX KOMIIOHEHTOB 00OpYIOBaHUS, KaK aCUHXPOH-
HBIC DJICKTPOJBUIaTENId. B CBOIO ouepesb, PeXKUM PabOTHI NEKTPOABUraTeNs OKa3blBAaeT CYILECTBEHHOE
BJIMSIHHE Ha TOYHOCTH U IOCTOBEPHOCTh AMATHOCTHKH. B 4acTHOCTH, IIMPOKO MIPUMEHSIEMBII METO.I aHAH-
3a curHaTyp Toka anekrpoasurarerst (MCSA) mMeeT psan orpaHHYEHHNA MpH paboTe IMEKTPOIABUraTeNs C
MIepEMEHHON CKOPOCTBIO MM Harpy3koi. [Toaromy HE0OX0aMMO HcCIe0BaTh METOBI YaCTOTHOTO aHAIIN3a,
KOTOpBIC ITO3BOJISIT N3BJIEKATh MPU3HAKH Ae(EKTa 3JIEKTPOABUTATEIS U3 HECTAIIOHAPHBIX CHUTHAJIOB TOKA.
Lean nccienoBaHus: NPUMEHUTH METOJ MATPHYHBIX ITyYKOB K CUTHaJIaM TOKA JIBUTATENS JJISl U3BIICUCHUS
MPU3HAKOB Ae(EKTa CTEPKHSI pOTOPA ACHHXPOHHOTO IEKTPOIBUTATEINS IIPU HECTAMOHAPHOM PEKHME €TO
pabotel. MaTepuasisl U MeToAbl. B naHHON paboTe MCHONB3yeTcs METOJ MaTpUYHBIX ITyYKOB, KOTOPBIi
MMEET BBICOKOE CIEKTPATBbHOE Pa3pelieHUe U BEIYUCIUTENbHYIO 3()(hEeKTHBHOCTD 110 CPABHEHHIO C METOJIa-
MU CIIEKTpaJbHOTO aHaju3a Ha ocHOBe mpeoOpaszoBaHus Pypre. Pesyabrarhl. UncieHHBIN 3KCTIEPUMEHT
MOKA3BIBACT, YTO METOJl MATPHYHBIX ITyYKOB IT03BOJIIET M3BJICYh YACTOTHI M aMIUTUTYAbI TaPMOHUK JIeeKTa
poTOpa 3IEKTPOIBUTATENS C TOYHOCTHIO 10 2 % B yCIOBUAX HU3KOH yacToThl nuckperusaruu (200 ') npu
Manoi mumHe okHa curHana (0,25 c¢). 3akiaouyenne. MeTon MaTpHUHBIX ITyYKOB IMO3BOJSET OTCIEKUBAThH
M3MEHEHHE YacTOTH Je(eKTa poTOopa AIEKTPOABUTATENS U POCT aMIUIUTYABl, CBA3aHHBIA C yBEIHUECHHEM
COIPOTHUBJICHHSI CTEPXKHS poTopa. TakuM 00pa3oM, METOJ MaTPUUYHBIX ITyYKOB MOXKET OBITh NIPUMEHEH Ha
MPaKTHKE I JUATHOCTHKH aCHHXPOHHBIX JICKTPOIBUTaTENCH.

Kniouegvle cnoea: acHHXpOHHBIN BUTaTEIb ¢ KOPOTKO3aMKHYTHIM POTOPOM, TOKOBBIH CHUTHAN, Ae(eKT
CTEp>KHS POTOpa, TAPMOHNYECKHH aHAIN3, METO/ MaTPUYHBIX ITyIKOB
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Abstract. Increasing the economic efficiency of production by reducing unplanned downtime and
optimizing the maintenance of industrial equipment requires the development of diagnostic methods for
such key equipment components as induction motors. In turn, the operating mode of the electric motor has
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a significant impact on the accuracy and reliability of diagnostics. In particular, the widely used method of
motor current signature analysis (MCSA) has a number of limitations when the motor is operating at varia-
ble speed or load. Therefore, it is necessary to investigate frequency analysis methods that can extract motor
defect signs from non-stationary current signals. Aim of the study: to apply matrix pencil method to motor
current signals to extract signs of defect in the rotor bar of an induction motor under non-stationary mode of
operation. Materials and methods. In this paper, the matrix pencil method is used, which has high spectral
resolution and computational efficiency compared to Fourier transform based spectral analysis methods.
Results. Numerical experiment shows that the matrix pencil method can extract frequencies and amplitudes
of harmonics of the motor rotor defect with an accuracy of 2 % at low sampling rate (200 Hz) and small
signal window length (0.25 s). Conclusion. The matrix pencil method allows to track the change in the fre-
quency of the defect of the electric motor rotor and the increase in amplitude associated with an increase
in the resistance of the rotor bar. Thus, the matrix pencil method can be applied in practice for diagnostics
of induction motors.

Keywords: squirrel cage induction motor, current signal, rotor bar defect, harmonic analysis, matrix
pencil method
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Beenenne

DNeKTpUUECKIEe MAIIUHBI SIBISIOTCSI HEOTHEMJIEMBIM 3JIEMEHTOM TPOMBIIIUIEHHOTO 000y I0BaHUS B
MAaIIWHOCTPOUTENFHON (CTAaHKH, MAHUITYJIATOPBI, KOHBEHEPHI), METAITYpPrU4ecKor (IIPOKaTHBIC U BOJIO-
YUJIbHBIE CTAHBl) U TOPHONOOBIBAIOIIEH (HACOCHOE, BEHTWIIILIMOHHOE U KOMITPECCOPHOE 000py10BaHHUE)
poMbInuIeHHOCTH. Hanbonplee pacnpocTpaHeHHe Cpen TUIOB AIEKTPUUYECKUX MAlluH MMEeT acHH-
XPOHHBIN JBUTATENb ¢ KOPOTKO3aMKHYTOM 00MOTKO# (70 % oT oOmiero yucia) [1]. 3ayactyro sKcIuTya-
TalMsi aCHHXPOHHOTO JBUTATeNsl IPOXOIUT B KECTKUX YCIOBHUSX, BCIEACTBHE KOTOPHIX B y3Jax JIBUTa-
TeJs BO3HUKAIOT pa3inuyHble aedekTsl. B pesynbrate 10 15 % NpOMBINUICHHBIX JIBUTATENECH B TOJl BbI-
XOIHMT U3 cTpost [2]. B HEKOTOPHIX CiTydasix IBUTATENh MOXKET MIPOJIOJIKHTH CBOIO paboTy Jaxe MpH Ha-
nnuun aedextoB. OIHAKO B TAKOM PEXHMME BO3SHHMKAIOT ITyJbCALUU KPYTSIIET0O MOMEHTA, KOJIeOaHHs
CKOPOCTH M JIOTIOJIHUTEJbHBIE BUOpAIMK, KOTOpPhIE CIIOCOOHBI MPUBECTH K HAPYIICHUIO TEXHOJIOTHWYe-
ckoro nponecca. Kpome toro, Hanuune aedexra BeleT K yBEIMUSHHIO TTOTPEOIsIEeMOro TOKa M BXOTHON
MoInHocTH Aurarens. B padote [3] mokazano, uro KIIJ[ nBurarens ¢ nedexramu magaer Ha 3—13 %,
YTO NMPUBOAUT K CYILIECTBEHHBIM SKOHOMHUECKUM 3aTpaTaM IJisl IPOM3BOJICTBA.

CraTHCTHKa OTKA30B B ACHHXPOHHOM JIBUTaTelIe MOKa3bIBAET, YTO HANOOJIbIIIee KOJMUECTBO Ie(eK-
TOB ACHHXPOHHOTO JIBUTATENs] BO3HUKAET B MOJIIMITHUKAX, OOMOTKE cTaTopa 1 0OOMOTKE poTopa. Mexa-
HUYECKUE TOJIOMKH MOJIIUITHUKOB BBI3BIBAIOT MOBBIIICHUE YPOBHA BHOPALMH, YTO TOCTATOYHO MPOCTO
00HapYKMBAETCSI CPEIICTBAMU BUOPAIIMOHHOTO KOHTPOJS [4]. MeKBUTKOBBIE 3aMbIKaHUSI U OOPBIBHI B
0OMOTKE cTaTopa BBI3BIBAIOT HAPYIIEHHE CUMMETPUN (Pa3HBIX TOKOB MUTAHUS, YTO MOXET OBITh OOHa-
PYXXEHO alNropuTMaMH YIPaBJICHUS YaCTOTHOTO Ipeodpazosaress. JedekTsl KOpOTKO3aMKHYTOTO POTO-
pa, Takue Kak CIOMaHHBIA CTEPKEHb M TPELIMHA B TOPLAX, 3a4acTyl0 cl1a00 MPOSABISIOT ceds B TOKaxX
MUTaHUS TIPH paboTe aCHHXPOHHOTO JIBUTATENSI W MOATOMY TPEICTABIISIOT TOBBIIICHHBIH UHTEPEC IS
uccnenonarenei [5, 6]. OceBbie BO3IyXOBOIBI B POTOPE, HU3KOYACTOTHRIE KOJIGOaHUSI Harpy3KH, a Tak-
K€ MarHWTHasl aHU30TPOIHUS OKa3bIBAIOT 3HAYUTENLHBIN MacKupyromuil 3¢ ekt Ha npu3HaKu Ae(EeKTOB
poTOpa, YTO MPUBOJIUT K JIOKHBIM CpaOaTHIBAHUSAM CHCTEMBI TUArHOCTUKH [7, 8]. JlaHHBIE 06CTOSTEND-
CTBa TPEOYIOT Pa3paboTKH CHENUATBHBIX METOIOB THArHOCTHKH.

Knaccnyeckum mMeTonoM OOHapyKeHHUs 1eEKTOB poTopa SBISETCS METOJl CUTHATYpPHOTO aHalIn3a
toka neurarens (MCSA) [9-14]. Metoq MCSA ocHOBaH Ha YaCTOTHOM MPE/CTABICHUH CUTHAlIa TOKa
JIBUTATENs ¢ MOMOIIBIO TpeoOpa3oBanusi Dyprbe U MOCIEAYIONIEM MOUCKE TAPMOHUK Je()EKTOB M0 H3-
BECTHBIM BbIpakeHHsIM. OJTHAKO MPUMEHEHHE JaHHOTO METOJA OIPAaHMYECHO CTAllMOHAPHBIMU PEXHMa-
MU pabOTBl ABHUTATeNs, TaK Kak Jr000€ W3MEHEHHWE CKOPOCTH WJIM HArpy3KH JBUraTellsl BeJET K CIEK-
TPaJbHOM yTeuKe U HEBO3MOXKHOCTH OOHAPYKECHHUSI TAPMOHKK Je(DEKTOB B CHTHAJe TOKa. J{JIs pernreHust
MpoOJIEMBI CIIEKTPATLHOM yTeUKH pa3paboTaH psil HapaMeTPHUECKUX METOJIOB C BEICOKMM pa3pelieHUeM,
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HapuMep, aJlrOPUTM KiaccupuKanuu MHoxecTBeHHbIX curaainoB MUSIC [15], anroputM uHBapuaHT-
Horo BpameHus noanpoctpanctsa ESPRIT [16], meron IIponn [17] u apyrue. MeTtoas!l noanpocTpaH-
ctBa MUSIC u ESPRIT mo3BonsitoT HaXoJUTh TapMOHUKH Je()EKTOB ABUraTeNs B YCIOBHUIX IIyMa IpU
HECTAIIMOHAPHBIX YCIOBHUAX, OJIHAKO MX HEJOCTATOK 3aKJIIOYAETCS B HEAOCTATOYHOM TOYHOCTH OLIEHKU
aMIUTUTYBl TONYyYEHHbIX rapMOHHK. Kpome Toro, o6a meroga MMEIOT OOJBLIYIO BBIYUCIUTEILHYIO
cinoxHocTh [18]. B cBoto ouepens, y merona [Iponn BeruncauTenbHbie 3aTpaTthl HIKke, yeM y MUSIC u
ESPRIT, omnako 3hhekTHBHOCTE pabOThl METO/Ia PE3KO CHMIKAETCSI C YBEIMYCHUEM YPOBHS IIymMa B
curhaine [17].

Pa3surnem metona Ilponu sBisieTcss MeTo MaTpu4HbIX Iy4ykoB [19, 20]. Ilo cpaBHeHHIO ¢ MeTO-
noM [IpoHH, METO MATPUYHBIX MYYKOB ITO3BOJISCT MMOMYYHUTH OIIEHKU MapaMeTpOB TApPMOHUK Je(eKTOB
B 3amrymyieHHOM curHane [21]. Ilpu stom BerumcnurenbHas 3(QQeKTUBHOCTh aIropuTMa MaTpHUYHBIX
ny4koB B 5,7 pasa Beimie, ueM y MUSIC u ESPRIT [22]. Takum 00pa3zoM, METOJ MaTPUYHBIX ITyYKOB
obmagaer moteHnuanoM st 3pdekTuBHOrO 0OHapyXeHUsl MPHU3HAKOB Jedekra poTropa JBUTATENS B
HECTAIlMOHAPHBIX YCIOBUSX.

1. MeTonsl 1 MaTepHaJIbl

1.1. Ddusuueckue npoyeccyl npu 0OpPbvIGE CIMEPICHA POMOPA

Tpexdasnas cummerpuyHas cuctema HanpsbkeHud U co3gaer ToOK B 0OMOTKE CTaTopa C 4acTOTOMN
nuTaouen cetu fi. IlepeMeHHbIH TOK cTaTopa cO34aeT MarHUTHOE o€, KOTOPOE BPAIaeTcsi CO CKOPO-
CTBIO 1] M UHAYIHpPYeT B oOMoTKax poropa DJIC. Hactora DJIC poTopa paBHa

f2=5h,

IJ/ie § — CKOJIbKEHHE JIBUTATEIS.

Potop BparaeTcst co CKOPOCTHIO

ny, =(1-9)n,.

OOpBIB OJHOTO MM HECKOJIBKUX CTEPKHEH KOPOTKO3aMKHYTOH OOMOTKH POTOpa MPUBOAUT K TOSIB-
JICHUIO HECUMMETPHH CONPOTUBIICHUH B Ileny poTopa. B pe3ynbraTe TOKM OTACIBHBIX CTEPKHEH poTOpa
OyIyT HEOAMHAKOBBI U MX MOXHO Pa3jIOKUTh HA TOKU MPSAMON M 0OpaTHOU MocienoBaTeabHOCTH [23].
Tok oOpaTHOI MOCIEI0BATEIFHOCTH CO3Ja€T MAarHUTHOE T10JI€, BPAIAOIIEecs] OTHOCUTENBHO POTOpa B
00paTHOM HaIIPaBJICHUHU CO CKOPOCTHIO

Ny, = SH,.

Torna ckopocTh BpalleHus: 00paTHOro MOJsl POTOPAa OTHOCUTEIBHO CTaTOpa paBHA

Nyy =Ny — Ny, =(1=5)n; —sn; =(1-2s)n,.

O6patHoe 1oJIe HHAYLIUPYET B CTATOPE TOKU C YaCTOTON

S =(1=25) 1,

KOTOPBIE 3aMBIKAIOTCS UEPE3 CETh U HAKIIAABIBAIOTCS HA TOKH CTaTOpa ¢ 4acToToH fi. TOK ¢ 4acTOTOH f3p
CO3/1a€T MyJIbCAIIMIO KPYTALIET0 MOMEHTA C YIBOEHHON 4acTOTON cKombkeHus [24]. [lynbcanus kpyTs-
[Ier0 MOMEHTa PUBOJUT K MOCIIETYIONIMM MYJIbCAIMSIM CKOPOCTH C TOH JK€ YaCTOTOM, KOTOpast CO3JaeT
JOTMOJTHUTENIbHBIE TAPMOHUKHU TOKA CTATOPA, JIEBOCTOPOHHIOIO COCTABIISIOIIYIO HA YACTOTE

Jiow=1=25)1; (1)
U MMPABOCTOPOHHIOKO HA YaCTOTC
Jhigh =1 +25) f; (2)

C OJIMHAKOBOW aMIUIUTYAOU. JlOMOJHUTENbHAS JIEBOCTOPOHHSS COCTABJISIONIAS HAKJIaJAbIBAETCS Ha HC-
XOJIHYIO COCTaBIISIOIIYIO f35. B pe3ynbrare aMIUIMTYAHO-4aCTOTHBIH CICKTP UMEET FrapMOHHUKY C Yac-
TOTOW MHUTAHUS C OOJBIION aMILTUTYI0M U JBE OOKOBBIC TAPMOHHKH, OTCTAIOIINE HA paBHOE PACCTO-
HUE OT TapMOHHMKH nuTaHus (puc. 1). BenmuunHa aMIuinTy 1 GOKOBBIX MUKOB YBEIHYUBACTCS C POCTOM
TsokecTH aedekra. TakuM 00pa3oM, 4acToTa W aMIUIMTY/Ia JaHHBIX TAPMOHHUK MOXKET MPUMCEHSTHCS B
Ka4yeCTBE JUArHOCTUUYECKUX KPUTEPUEB B CUCTEME JUATHOCTUKU. Tak KaK 3HAYEHUS 4aCTOT CIOMaH-
HOTO CTEPIKHS 3aBUCAT OT CKOJIBKEHUS, JTF000e M3MEHeHHe Harpy3KH MPUBOAHUT K CMEIICHHIO OOKO-
BbIX ITMKOB OTHOCUTCIIBHO YaCTOTHhI ITUTAHUS. HpI/I HU3KOM ypOBHe Hany3KI/I paCCTOﬂHI/Ie MG)KI[y gac-
TOTaMH JIe(heKTOB M YaCTOTON MUTAHWS MHHUMAILHO. B CBA3M ¢ 3TUM JUIsl BBIACIICHUS TAPMOHUK JIe-
(hekTOB poTOpa HEOOXOAWM METOJ YaCTOTHOTO aHaJIHM3a C BBICOKHM pa3pelIeHHeM, TAaKOH KaK METOJ
MaTPUYHBIX ITyYKOB.
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I L‘IaCTOTaInHTaHHﬂ flow = (1 _25)1—”

1r 1 0.04F -
< < . .
. g f high = (1+2s)*f1
205+ 1 Ro.02} 1

0] s - 0 ' '

30 40 50 60 70 30 40 50 60 70

YacroTa, U YacToTa, Ny
a) b)

Puc. 1. BokoBble nuku gedekra poTtopa B CNeKTpe CUrHana Toka:
a — obwmn BupA cnekTpa; b — yBenmyeHHbIN pparmeHT cnekTpa
Fig. 1. Side peaks of the rotor defect in the spectrum of the current signal:
a — general view of the spectrum; b — enlarged fragment of the spectrum

1.2. Memoo mampuunvix nyuKkoe

Metoa MaTpUYHBIX MMYYKOB SIBISIETCS] MAPAMETPUUYECKUM METOJOM CIEKTPajIbHOrO aHaiu3a. AJro-
puT™M paboThl MeTo/a M3NokeH B [19]. B maHHOM MeToie CHUTrHaN NpeCTaBIsSeTCs B BUIE CYMMBI KOM-
IIJICKCHBIX SKCIIOHCHT C HEKOTOPLIMU HECU3BECCTHBIMHU IMapaMETpaMu:

M .
y(t) — ZRke(O.k+l(Dk )[’
k=1

rae R, = A€’ — KoMIUIeKCHbIE aMIUTUTY b, O — KO3 (HUIUEHTBI 3aTyXaHusl; ®; = 27f; — YacTOTHI.

Ecnu npencraButh HempepbIBHBIA CUTHAN V(f) B BUAE JUCKPETHOM MOCIEIOBAaTENbHOCTU )(1) U3
N OTCYETOB, TO CUTHAJ IPHOOPETAET CIEAYIOINN BUI:

M , M
y(n) = y(nT) = sze(akﬂmk)nT _ ZRkZIZ ’
k=1 k=1

rae T — mepuoj TUCKPETU3AINH, Z; — TTOJIIOCH CUTHANA )(1).
Metoa MaTpUYHBIX ITyYKOB HAXOAUT OLEHKH aMIUIUTYA R ¥ MOIIOCOB z; 110 BeIOOpKaM y(nT) =y, ,
n=0,1,..., N—1 B nBa sTana. Bo-mepBeIX, OH HAXOJUT TOJIIOCA Z; KaK PEIIeHNE 3aa9i Ha 0000IIeH-

HbIe COOCTBEHHBIC 3HAUCHHMS ITyYKa MaTPUIl, cOPMUPOBAHHOTO M3 BBHIOOPOYHBIX 3HAYEHU ),. Ha BTO-
POM 3Tame OH MCIOJB3YEeT 3T IMOJIOCa IS OIIEHKH Zj, pellas 3aady MeTOJIOM HauMEHBIINX KBajJpa-
ToB. M3 orcueToB curHana ¢opmupyercs ABe MaTpuibl Y, Y, pasmepom (N —L)x L cruemyrommm
obOpazom:

Y N Yo

Y] = y.L in Jfl 5
YN-2 YN-L VYN-L-1
YL B%) N

Y, = )’L.+1 y.3 y.2 ’
YN-1 YN-L+1 VN-L

rae L — mapaMeTp MeTo/la MATPUYHBIX IMyYKOB. 3HaUeHNEe L JOKHO YAOBIETBOPITh HEPABEHCTBY
M<LIN-M,

rae M — gucno 3KCnoHeHT curHana. [Ipu BeiGope L B amamaszone [N, / 3; 2N / 3] mucmepcusi OLEHKU

TOJTIOCOB z; OyJeT MUHUMAIIbHA, T. €. METOJ] MATPUYHBIX IyYKOB OyJeT HAaUMEHEe UyBCTBUTENICH K

yMy.

+iog )T
B ciydae He3allyMIIEHHOIO CHTHaJIa IOJIOCHL Z; = el Fion)

MOTYT OBITh HaWAEHBI Kak 0000-
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IeHHbIe COOCTBEHHbIE 3HAYEHHUs MaTpuyHOro myuka Y, —AY;. DTO 03Ha4aeT, 4TO z; SBIAIOTCA

M cobeteennbivu 3uavennsamu Y, Y, . Bepxuuii nnnekc + 0603HaYaET NICEBIONHBEPCHUIO UM HHBED-

cuto Mypa — Ilenpoysa. [nsd 3alIyMIEHHBIX J@HHBIX HUCIIOIB3YETCA Pa3l0KEHHUE MO CUHTYJISPHBIM
3HaueHusIM (SVD), 4ToObl YMEHBIIUTH ITYM M OLEHHUTH KOJUYECTBO M TOIIOCOB CHUTHAJIA, CIEIYI0-
muM 00pa3om:

Y, =UsV™.
3neck U, V — yauTapHsie MaTpuibl pasmepoB (N — L)x(N —L) u Lx L COOTBETCTBEHHO, a S — quaro-
HaJbHasg MaTpuia pasMepoB (N —L)x L, comepkaiias CUHTYJSIpHbIC 3HA4YeHUsA Y. Takum oOpasom,

OLICHMBAETCS NOPSIOK M, 1 NceBIOMHBEpCHs Y] 3aMeHseTCs yceueHHOl NceBIoMHBepeueii panra M:

R T “1y ;T
Y = —v,u, =V,S; Uy,
m=1"~"m

rue oy,...,0,, — M HanbGOJIBIINX CUHIYIAPHBIX 3HAYECHUN MATpULbl Yy, V,, U U, — COOTBETCTBYIOLIHE
CHHIYJISIpHBIE BEKTOPBL; Vo =(Vy,..., V)5 Uy =(uy, ..., 1y, ) ;5 Sy =diag(cy,...,0,,) .

OLEHKH z; MOTYT OBITH HAHIEHBI IIyTEM BBIYMCIEHUS COOCTBEHHBIX 3HAYEHMH HECHMMETPHYHOM
Marpuubsl M x M :

Zy =S;"0 Y,V .

Kak Tonbko M ¥ z; U3BECTHBI, KOMIUIEKCHBIE aMIUIUTY/bI R; HAXOIATCS ITyTEM PELICHHS CIETyIO-
el 3a1a4M METOJI0OM HAMMEHBIIHMX KBaJIPaTOB:

Yo 11 1R
R T I T2 VA 6
yN71 Zl‘N71 2571 . ZA]\/;il RM

Takum 00pa3oM, HAXOJIs MOJOCH U KOMIUICKCHBIC aMIUTUTY/Ibl CUTHAJIA TOKA, MOKHO OOHApPYKUTh
napaMeTpbl TapMOHUYCCKUX COCTABIAIOMINX B CUTHAJIC U COINNOCTABHUTL UX C IMapaMETpaMH TI'apMOHHK
CIIOMaHHOTO CTEP)KHS POTOPA.

1.3. Mooenw osuzamens

MatemaTnueckasi MOI€NIb ACHHXPOHHOT'O ABUTATENs ¢ KOPOTKO3aMKHYTOM 0OMOTKOI cocTaBie-
Ha Ha 0a3e DKBUBAJICHTHOM AJICKTpUUECKON cxeMbl [25, 26]. OOMOTKH cTaTopa M POTOpa JIBUTATEIS
npuHEMAarOTCS Tpex(daszHpiMu. CUcTeMa ypaBHEHHMH /I HCTIPABHOTO JIBUTATENsI B KOOpAMHATAX abc
HUMEET BU:

abc
abc R -abc d}\‘s .
Uy =Rl ’
dt
be
, dn;
0=R.i" + =
dt
abc T .abe . . YA
rae u”C =[uy, up, ug| — HanpsKeHus cratopa; iy < =[iy g, lc,] — TOKH cTaTopa;

.abc _

. . . 9T . abc _ T _ ;abc.abc abc .abc
i =[ig iy i, — TOKE poTopa; A =[h, Ag, Aeg] =Lii + LI — moTokocuere-

T . :
mus ctatopa; A =[h,, Ay, A | =L + L2€i¢ — noTokocuennenus potopa.

’
Martpuisl CONPOTUBIEHUI CTATOPAa U pOTOPa PABHBI:
R, = diag(r,.r,.1,);

Rr = diag(r;‘A’rrB’rrC)‘

. be be .
Marpuusl HHIyKTUBHOCTEH cratopa Li© u poropa L., a Tak)ke MaTpuily B3aMMHOW WHIYKTHB-

, AT
HOCTH cTaTop—potop L = [L‘;f‘] MOXHO 3aIHcaTh B BUJIC:
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.
0 0 2 2
abc 1 1 .
LSS =L1S 0 +LSS —5 1 —E 5
0 0
LI T
2 2
b1
00 1 2 f
b
e =1,{0 (1) (1>+LW -1 5k
Ly
L 2 2 ]
cos0, cos(0, +120%) cos(6, —120°)
T
e = 12 | =1, | cos(9, ~120°) cos 0, cos(0, +120°) |,

cos(0, +120%) cos(0, —120°) cos0,

rae Ly v L, — MHIYKTUBHOCTH PacCEMBaHMS CTATOpPA U POTOPA COOTBETCTBEHHO; Ly U L, — COOCTBEHHAS
WHAYKTUBHOCTH OOMOTKH CTaTopa W POTOpa COOTBETCTBEHHO; L, — B3aWMHAas WHAYKTHBHOCTH MEXKIY
00MOTKaMH CTaTopa U poTopa; 0, — yroa moBopoTa poTopa.

JJ1st MOIETMpOBaHNS CJIOMaHHOTO CTEPKHSI COPOTHBIICHHE POTOPA 7,4 YBETTMUUBACTCS HA BENUYUHY

Ar = _ 3npg .,

Ny —3ngg

rjae NV, — o011ee YHCiIo CTePKHEH POTOopa; #zs — YMCIIO CIIOMAHHBIX CTEPKHEH poTopa.

Jlayiee ypaBHEHUS HaIPsDKEHUM U MOTOKOCIEIICHHH MPeo0pa3yroTes u3 TpexdasHoh cucteMsbl abe
B AByx(aszHyro gqd ¢ momoipio npeodpazosanus Ilapka — Kiapka [25]. IIpeobpa3oBaHHble ypaBHEHHUS
UCTIONB3YIOTCS JJIs TIOJIyYEHHsI CUTHAJIOB TOKA ABHUTATeNs ¢ Ie()eKTOM poTopa.

2. YucjaeHHbIH 3KCIepUMEHT

B kauectBe 00OBeKTa Ui MOJAEIMPOBaHUS BHIOPaH ACHHXPOHHBIN JBYXIIONIOCHBIH JBUTATENH
4AA63A2Y3 momHocThio 370 BT ¢ wacroroit nmutanus 50 I'u. JlaHHbIN ABUTATENh MMEET JIUTOM allo-
MUHHEBBIA poTOp ¢ 18 crepxHsAMU B 0OMOTKe. HOMuHaNbHBIE MapaMeTpsl ABUTATENs NMPUBEACHBI B
ta6m. 1. [TapameTpsl Mozenu paccuuTansl O MeToauKe [27] U mpUBeaeHbI B Ta0MI. 2.

Tabnuua 1
HomunHanbHbIe napameTpbl AgBuratens
Table 1
Motor parameters
MomHocTs P, kBT 0,37
Hanpsxenue nutanus U, B 220
Yacrora mmosst n;, 06/MuH 3000
Uacrora BpaieHus poTopa 7,, 00/MUH 2751
KIIAn, % 70
Koadduuument momuoctu cosp 0,86
OTHOIIEHHE TYCKOBOI'O MOMEHTAa K HOMUHAJIBHOMY 11y, 2
OTHOIIEHHE MaKCUMAaIbHOTO MOMEHTA K HOMHUHAIBHOMY Mlpax 2,2
OTHOIIEHHE TYCKOBOT'O TOKa K HOMUHAJILHOMY K; 4,5
HomunanbHOE CKOIBKEHUE Sy, Y0 8,3
KpHTHUYECKOE CKOTIBKEHHUE Sy, Y0 50,5
Mowmenrt uneptuu J, H-m 0,00076
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Tabnuua 2
MNapameTpbl Mogenu
Table 2
Model parameters

Conportusnenue cratopa R, OM 40,83
Conpotunenue poropa R,, Om 13,31
WunykTuBHOCTH cTatopa L, ['H 0,04
WupyxTusHoCTh potopa L, I'H 0,04
BzaumHasg UHIYKTUBHOCTG L, ['H 1,43

Hanpspkenue nuTaHusi ABUTATeNsl PeaIn30BAHO M0 AITOPUTMY MIMPOTHO-UMITYIBCHOW MOIYISALUU
(IINM) c gactotoii 1 x['u. Ilpu MozenupoBaHUN pacCMOTPEHO HECKOJIBKO PEXMMOB paOOThI ABHraTe-
JIs1, BKJIIOYAsl HECTAllMOHAPHBIE PEKUMBI: MEPBbIM PeXUM — 1 CIOMaHHBIA CTep)KEeHb, IOCTOSIHHAS Ha-
rpy3ka 100 %; BTopoil pexum — 1 cl1OMaHHBIN CTEp)KEHb, IEPEMEHHAS HArpy3Ka; TPETUH PEKUM — TIO-
CTereHHas moysioMka 1 crepHs, nmocrosiHHas Harpy3ka 100 %. AHanu3 nmepBoro pexuma HeOOXOIUM IS
OIIEHKH TOYHOCTH HAXOXJICHUS MapaMeTpoB TapMOHHK JedeKkTa poTopa METOAOM MATPUYHBIX ITyYKOB.
[lo pesympTatam aHaim3a BTOPOTO M TPETHETO PEXHUMa CleNaH BBIBOA 00 3()(heKTHBHOCTH H3BICYECHUS
napaMeTpoB TapMOHHUK B HECTALMOHAPHBIX peXHMax. MolenupoBaHue NpoBOAWIOCH B cpeae Simulink,
yacToTa IUCKpeTu3anuu Beiopana 50 kI '1, AyuHa 3anmucH A7 KaKA0ro peskuma cocrasmia 60 c.

3. PesyabTaTsl

Jiis onTUManbHON paboThl METO/a MAaTPUYHBIX MYyYKOB YacTOTA JUCKPETU3AINH MMOHIKEHA J10
200 I't ¢ momompro oneparuu aeruManud. st ynanenns gactoT [IIMM x nermuMupoBaHHOMY CUTHATY
NPUMEHEH MoJ0coBoi GunbTp ¢ monocoit ot 40 go 60 I'm. O6paboTka curHana NPOXOIUT B PEKHUME
CKOJIB3SIIIIEro OKHA ¢ JuHOM okHa 50 otyeToB (0,25 ¢) ¥ 3aJaHHBIM YUCIIOM TTOJIIOCOB M = 6.

3.1. Ilepgoiit pesscum: 1 cnomannwiii cmepiicens, nocmoannan nazpyska 100 %
Cursan Toka JBUTaTeNsl C OJHUM CIIOMaHHBIM CTEp)KHEM IpeICTaBleH Ha puc. 2. PacueTHwle u
HalJICHHbIC YaCTOTHI ¥ aMIUTUTY/IbI TapMOHUK JedekTa (1) u (2) npuBeaeHs! B Ta0. 3.

L

0.15

0 0.05 0.1
Bpewms, ¢

0.2

Puc. 2. CurHan Toka c Of4HMM CIOMaHHbIM CTEpPXXHeM poTopa
Fig. 2. Current signal with one broken rotor bar

Tabnuua 3
3Ha4yeHus 4YacToT n aMnnuTya rapMoHuK
Table 3
Values of harmonic frequencies and amplitudes
I"apMonuKka Jiow Jigh
PacuérHoe 3HaYeHME 9acTOTHI, I 11 42,137 57,863
Halinennoe 3HaueHue 4acTOTHI, 11 42,138 57,862
OTHOCHUTENbHAS MOTPENTHOCTD YaCTOTHI, %o 0,002 0,002
PacuérHoe 3HaueHHE aMITUTYIbI, A 3,67 107 1,96- 10°
HaiinenHnoe 3HaueHne aMImiuTyibl, A 3,75 107 1,98 10°
OTHOCHUTENbHAS TOTPENTHOCTD AMIUTUTYIBI, %o 2,18 1,02
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OTHOCHUTENBHAS TOTPEMIHOCTE YaCTOT TAPMOHUK CTPEMUTCS K Hyro. [loayyeHHble 3HaueHHs mapa-
METPOB rapMOHUK JieeKkTa IMOCTOSHHBI Ha BCEH JUIMHE CUTHANA, TaK KaK JBHUTaTeNlb paboTaeT B CTaINO-
HapHOM pexxume. IIpu 3ToM ammIuTya JIEBOCTOPOHHEH cocTaBiAtomei aedexra Ooblie, 4eM aMILId-
TyZAa IPaBOCTOPOHHEM, 4TO coriacyercs ¢ Teopueid. IIpyn naHHON BenvuYrMHE Harpy3KH M 4acTOTe MUTa-
HUSl ABHUTATENs MOJIyYCHHbIC 3HAUYCHHS aMIUIUTYJ TapPMOHHUK Ae(eKTa MOTYT ObITh IPUHATH B KAUECTBE
MTOPOTOBBIX 3HAYEHWH TUArHOCTHYECKOro Kpurepus. [IpeBbleHre MOPOroBbIX 3HAYEHUM OJHO3HAYHO
CBUJICTENILCTBYET O HAJIMYUU JIe(eKTa CTEPIKHS poTopa.

3.2. Bmopoii pestcum: c10ManHblii CMeEPIcenb, NEPEMEHHAA HAZPY3Ka

M3menenne MOMEHTa Harpy3Ku ABHUTaTens 3aaaHo B quamnazone ot 80 mo 100 % oT HOMUHAIBHOTO
MOMEHTa 10 TapMOHMYECKOMY 3akoHy. YactoTa m3meHeHus MmomeHTa cocrtasiser 0,5 ['n. M3menenue
MOMEHTAa, a TaK)K€ HalJICHHbIC 3HAYCHUs YaCTOT U aMIUIMTY] FApMOHHUK CIOMAHHOT'O CTEP)KHS MOKa3a-
HBI Ha puc. 3.

MomeHT Harpy3ku

105

100

95

90

85

80

B % OT HOMWHaNbLHOro MOMeHTa

75 : ;
0 5 10 15

FapmoHuka gedexrta

Amnnutyga Ha yacTtote gedexra f

fbw low

YactoTa, 'y
I
.
Tok, A
o
=
iy

0.02 1
42r ]
! l 0 J |
0 5 10 15 0 5 10 15
Bpewms, c Bpewms, ¢
rapMOHHKa p‘eq)ex'ra fhigh .RMHHHTYH? Ha JacToTe nefbevrra 'high
S . .
= 58} 1 oo4r 7
@ <
= <
5 = 0.02 Mgy S S N Ny
8 56 1"
3- 1 1
0 L i
0 5 10 15 0 5 10 15
Bpewms, c Bpewms, ¢
b) c)

Puc. 3. MogenupoBaHue BTOpOro pexuma: a — M3aMeHeHWe MOMeHTa Harpy3ku; b — sHaueHus yactot
rapMoHuK gedekTa; ¢ — 3HaYeHUs1 aMNNUTYA rapMOHUK AedekTa
Fig. 3. Simulation of the second mode: a — torque change; b — values of defect harmonic frequencies;
c — values of defect harmonic amplitudes

Ha puc. 3b BUIHO, KaK 4aCTOTBEI CJIOMAHHOT'O CTCPKHA MCHAIKOT CBOC 3HAYCHUC B 3aBUCHUMOCTH OT
BCJIMYWHBI MOMCHTA HArpy3KH. 3HaueHus AMINIUTY Ha 4aCTOTax z[e(beKTa TAKXEC 3aBUCAT OT BCIIMYHNHBI
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MOMEHTA. AMIIIIUTYABI HIMEIOT MAKCUMAJIbHOE 3HAUYE€HUE NIPHU MOJHOW HAarpy3Ke ABUraTessd U yMEHbIIa-
IOTCS TIPU CHMDKEHWH MOMEHTa Harpysku (puc. 3¢). OnHako HaliileHHbIE 3HAYEHUSI aMIUIUTYIbl UMEIOT
KoJIeOaHUsl, BeJMYMHA KOTOPBIX YBEJIWYHMBACTCS C yMEHbIIEHHMEM MOMeEHTa. J[aHHOe 00CTOSATENBCTBO
MOYET BBI3BAaTh TPYJHOCTH TPH BBEIOOpPE MOPOTOBOTO 3HAYEHUSI JUATHOCTHYECKOTO KPUTEPHS B cliydae
HU3KOW Harpy3KH JBHraTens.

3.3. Tpemuit pexicum: nocmenenHas nOJIOMKA CMEPIHCHA, NOCMOAHHAA Hazpy3ka 100 %

JedexTt crepxHst poTopa pa3BUBAETCS IMOCTENICHHO I10 JIMHEHHOMY 3aKOoHY. CUTHAIl H3MEHEHUS CO-
MPOTHUBJICHUS (a3l pOTOpa U CUTHAI TOKa CTATOpa MOKa3aHbl Ha puc. 4. BUaHO, 4TO ¢ POCTOM COIpo-
THUBJICHUSA (1)33131 poTopa aMIUIMTyda TOKa pacTCT, a B CUTHAJIC TOKa MOABIACTCA HU3KOYAaCTOTHAA MOAY-
nsiuwmst (puc. 4b). HaiinenHsle 4acTOTHI M aMILTUTYIBI TAPMOHHMK JedekTa npuBeieHb! Ha puc. 5. Ha Ha-
YaJbHOM y4YacTKE CHUTHala TOKa TapMOHMKU Je(eKTa OTCYTCTBYIOT. B pesynbraTe METOI MaTpHUYHBIX
IIyYKOB OOHAPYKUBACT JIOKHbBIE TAPMOHUKH (pHcC. 5a). OZHAKO aMIUIMTYyJa 3TUX TAPMOHHUK CTPEMUTCS K
HyJ 0 (puc. 5b). Kak Tonpko conmpoTusienre (ha3pl poTopa HAaUMHACT MEHSATHCS, B CUTHAJIC TOSIBIISIOTCS
rapMOHUKH AedekTa, TapaMeTpbl KOTOPBIX METOJl MATPUYHBIX MYYKOB HAXOJUT. AMIUIHTY/]a TAPMOHHK
YBEJMUMBACTCS IMHEHHO C POCTOM CONPOTUBIEHUS (pas3bl poTopa.

ConpotueneHue hasbl potopa

DedbekT (1 cTepxeHb) —»

Tok cTatopa (chparmeHT)

N
o}

1.44

<142
o=

PassuTune gedekra '9 14

oTuBneHue, Om
)
o

24 1
(=%
5 < Bes pedekra 128
©22 : : . - 1.36
0 10 20 30 40 50 0 10 20 30 40 50
Bpems, ¢ Bpewms, ¢
a) b)
Puc. 4. NocteneHHasa NOfIOMKa CTEPXHA: a — UBMEHEeHMe ConpoTUBIeHus ¢pasbl poTopa;
b — curHan Toka craTtopa (yBenu4eHHbIA (pparmMmeHT)
Fig. 4. Gradual breakage of the bar: a — change in the resistance of the rotor phase;
b — stator current signal (enlarged fragment)
FapmoHuka pedekra fl AmnnuTyaa Ha yacToTe aedexra f
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5 40 ] £005; 1
5 [
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Puc. 5. MogenupoBaHue TpeTbero pexuma: a — 3Ha4eHUsl YaCcTOT rapMOHUK AedekTa;
b — 3HayeHusa amnnuTya rapMoHuK pedekTa
Fig. 3. Simulation of the third mode: a — values of defect harmonic frequencies;
b — values of defect harmonic amplitudes

3akiIouyenue
[IpuMeHeHre MeToIa MATPUYHBIX MYyYKOB MO3BOJISICT OILICHUTH HapaMeTpbl FapMOHMK nedeKTa po-
TOpa JIBUTATENs HA MOJETHHBIX JaHHBIX TOKA B CTAIIMOHAPHOM WM HECTallMOHAPHOM pexnmax. [lorperm-
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HOCTB OMPEJIENICHUS YaCTOT U aMIUTUTY/ e(eKTa B CTAIIOHAPHOM PeXUMe He mpeBbimaet 2 %. Meron
MaTPUYHBIX ITYYKOB MO3BOJISIET M3BJICUh FApMOHHKH Je(PEKTOB B Cllydae TapMOHUYECKU MEHSIOMICHCS
Harpy3KH JABUTATENs MpH yactoTe auckperuzaruu 200 'y u pmurensHocTH curHana 0,25 c. OxpHako npu
CHIDKCHUHU HArpy3KH 3HA4YCHMS aMIUIUTY] TapMOHHUK Ae(PEKTOB KOJICOJIIOTCS, YTO CO3MaeT TPYIHOCTh
MIpY HAa3HAYEHWH MOPOTOBOTO 3HAUEHUS JMArHOCTHYECKOTO KpUTepHs. Takke METOJ MaTPUYHBIX ITy4-
KOB H3BJICKAET rapMOHUKH Je(heKTa IpH MOCTEIICHHOMN ero Jierpajaandid. MeTo 1 O3BOJISeT OTCISKUBATh
M3MEHEHHUE YacTOThI 1e()eKTa U POCT aMIUIMTY Ibl, CBSI3aHHBIN C YBEIUYCHUEM CONPOTUBIICHHS CTCPIKHS
poropa. Takum 00pa3oM, METOJ MATPUYHBIX MTyYKOB MOTEHIIHAIEHO MOXKET OBITh IPUMEHEH Ha MPaKTH-
Ke 151 TUATHOCTHKH PEaIbHBIX IBUTATEICH.
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Annomayus. TloBeieHne 3pQGEKTHBHOCTH MPOIECCOB TOKapHOU 00paboTku Ha crankax ¢ YITY Tpe-
OyeT pa3paboTKH CIenuaIbHOT0 MAaTeMaTH4YeCKOro U WH(GOPMAIMOHHOTO OOecredeH s s peaau3aluu
aganTUBHOTO ynpasieHus. [Ipenmaraercss B kauecTBe MoJelel mpolecca pe3aHus MCIoJIb30BaTh Helpoce-
TEBBIC ANNPOKCUMATOPHI, TOCTPOSHHBIE Ha OCHOBE SKCHEPHMEHTAIBHBIX JAaHHBIX, ITOJYYEHHBIX HAa KOH-
kpetHoM cranke ¢ UIIY mpu 0OpaboTke KOHKPETHOIO Marepuaja ¢ MOMOIIBI0 (UKCHPOBAHHOTO MHCTPY-
MeHTa. Ilesan ucenenoBaHusi: MpopaboTKa BOIIPOCOB NMPHUMEHEHHsSI METOJIOB HCKYCCTBEHHOTO MHTEJUICKTa
JUISl aIAITUBHOTO YIPABJICHHS MIPOLECCOM TOKAPHOH 00paOOTKHM Ha OCHOBE IOJIyYCHHBIX JTAaHHBIX O BUOpa-
MM MHCTpyMeHTa. Matepuansl U MeroAbl. [Ipeanaraercs anropuTM pemieHHs 3aadd ONTHMAalbHOTO
aJaNTUBHOTO YIPAaBICHUSA, 0OECIEUMBAIOMIMKA B aBTOMATHYECKOM PEKHUME MaKCHMAIbHYIO MPOH3BOIU-
TeJNbHOCTE cTanka ¢ YIIY. /i opranm3ammu oOpaTHOH CBSI3M NPH aJalTHBHOM YIIPABICHUH INPOIECCOM
pe3aHus HeTIPEephIBHO CHUMAIOTCSI M 00pabaThIBalOTCs NaHHBIE JATYNKA O BHOPOYCKOPEHHH PEXKYIIETro MH-
CTpyMeHTa. Brruncisiercs oleHKa yJeqbHON PHEPrUU CUrHajla Ha 3aJaHHOM HHTEpBaje BPEMEHU U ycCTa-
HaBJIMBAETCS CBSI3b MEXIY HEH U IIepOXOBAaTOCThIO 00pabaThiBaéMOM MOBEPXHOCTH JAeTamiu. [y 3Toro uc-
MOJIb3yeTcsl 00ydeHHasl HelpoceTh, NMpeCcKa3bIBaIOIas 110 BEIMYMHE YHEPTUH CUI'HANA 0 BHOpalWy 3Ha-
YeHHe IIEPOXOBATOCTH TPH 3aJaHHBIX peXUMax pe3aHus. Pesyabrarsl. IIpemioskeHa moctaHOBKa 3aqauu
aIaNTUBHOTO YIPAaBIEHUS IPOIECCOM TOKAapHOW 0OpaboTKH pe3aHHEeM C Y4eTOM HM3HOCa MHCTPYMEHTA.
Pa3paboTaH alropuTM MHTEIUIEKTYaIbHONH 00pabOTKM JaHHBIX O BUOPOYCKOPEHWH MHCTPYMEHTA B IIPOIIEC-
ce pe3aHus M MOCTPOeHAa HeHPOCeTh, YCTAHABIMBAIONIAS CBA3b MEXKAY YPOBHEM BHOpALMU U IIEPOXOBATO-
cThi0 ToBepxHOCTH. IIpeanoxen 3¢pPeKTUBHBINA aNTOPUTM pPEIICHUS 33aJadd ONTUMAIBHOTO aJalTHBHOTO
ynpasieHus. OH MO3BOJISICT B peaIbHOM BPEMEHH ITOI0MPATh PEXKUMBI pe3aHHs, 00ecIieunBaroONINe MaKCH-
MaJIbHYI0 MPOM3BOIUTEIBHOCTh MpOLECCA PE3aHUsl NPU BBINOJHEHUHM OTPaHHWYEHHsS Ha IIEPOXOBATOCTh
MTOBEPXHOCTH. 3aKjJII04eHue. Vccneayemple alropuTMbl U MOJEIH anpoOMPOBAaHBI HAa PEaJbHBIX TAHHBIX,
YTO MOJTBEPKIACT BO3MOKHOCTD MX HCIOJIBb30BaHUS IIPH pa3pabOTKe MHTEIUICKTYalIbHOW MH(pOpMannoH-
HOM CHCTEMBI aJalTHBHOTO YIPABICHHUS IPOLIECCOM TOKapHOH 00paboTKH.

Knroueswie cnoea: Tokapaas o0paboTKa, afaliTUBHOE YIPaBJICHUE, N3HOC HHCTPYMEHTA, JaHHbBIE O BHO-
paiuu, alnropyuT™ yIpaBJiIeHuUsl, HeHpoceTeBble TEXHOJIOTHN
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Abstract. Increasing the efficiency of turning processes on CNC machines requires the development of
special mathematical and information support for the implementation of adaptive control. It is proposed to
use neural network approximators as models of the cutting process, constructed on the basis of experimental
data obtained on a specific CNC machine during the processing of a specific material using a fixed tool.
The purpose of the study: to study the issues of applying artificial intelligence methods for adaptive con-
trol of the turning process based on the obtained data on tool vibration. Materials and methods. An algo-
rithm for solving the problem of optimal adaptive control is proposed, which ensures maximum productivity
of a CNC machine in automatic mode. To organize feedback in adaptive control of the cutting process, sensor
data on vibration acceleration of the cutting tool are continuously taken and processed. An estimate of the spe-
cific energy of the signal is calculated for a given time interval and a connection is established between it and
the roughness of the workpiece surface. For this, a trained neural network is used, predicting the roughness
value for given cutting modes based on the signal energy value about vibration. Results. The problem
statement of adaptive control of the turning cutting process taking into account tool wear is proposed.
An algorithm for intelligent processing of data on tool vibration acceleration during cutting is developed
and a neural network is built that establishes a connection between the vibration level and surface rough-
ness. An effective algorithm for solving the problem of optimal adaptive control is proposed. It allows real-
time selection of cutting modes that ensure maximum cutting process productivity while meeting surface
roughness constraints. Conclusion. The studied algorithms and models were tested on real data, which con-
firms the possibility of their use in the development of an intelligent information system for adaptive con-
trol of the turning process.

Keywords: turning, adaptive control, tool wear, vibration data, control algorithm, neural network tech-
nologies
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Beenenue

AnanTuBHOE yNpaBlIeHHE CTAHKAMH SIBJISIETCS] HOBBIM 3TAIllOM Pa3BUTHS METAII000padaThIBatoLIe-
ro obopynoBanus [1]. [Ipu o6pabotke 3aroToBok Ha ctankax ¢ UIlY ypoBeHb ONTHMAaNbHOCTH MPUHS-
TBIX PEKUMOB PE3aHHUsSI 3aBHCUT OT TOTO, HACKOJIBKO TOYHO HadaibHas MHQOpMAINUs XapaKTepH3yeT
JIEeHCTBUTEbHBIC YCIOBHS MPOTEKaHUS Mpolecca oOpabOTKM M HACKOJIBKO HM3MEHSIOTCS MCXOAHBIC
napameTpbl, IPUHATHIC IPU PacdeTe W COCTABICHUH YIPABIIIONIEH MPOrpaMMsbl (IIPHUITYCK, TBEPIOCTh
00pabaTeIBaEMOr0o MaTepHalia, KECTKOCTh TEXHOJIOTHUECKONH CUCTEMBI U Jp.).

B neiicTBUTENBHOCTH YCIIOBHS TIpoIiecca 00pabOTKU U3MEHSIIOTCS] BO BPEMEHH CITyYaitHbIM 00pa3oM
10 CJICAYIOIIUM NPHYHHAM:

e HEMIPEPHIBHO M3MEHSIOTCS PEXYIHe CBOWCTBA MHCTPYMEHTOB, KOTOPbIE HEBO3MOXKHO TOYHO OII-
penenuTh B JaHHBII MOMEHT;

® HEONpeIe/ICHHBIE CBOMCTBA BCEH TEXHOJIIOTMYECKOW CHCTeMbl (YIpyrHe U TeMIepaTypHble nedop-
MaIu, BUOpanum);

e JUIsl K&XJOW 3aroTOBKM M3 0OpabaThiBacMOM MapTHH MMeeTcs pa3dpoc MPHUITYCKOB, TBEPIOCTH,
CTPYKTYPBI METaJIA U Ap.
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Mawernko M.M., OHuckue B.[., 06 o0HOM anzopumme adanmueHO20 yrpaesieHusi MpPoyeccom
Cmon6oe B.1O. mokapHoli o6pabomku ¢ ucnosnb3o8aHuUeM Memodos...

[TosTomy KadecTBO 0OpaOOTKH 3aBUCHT OT ONbITa oneparopa cranka ¢ YITY u BnusHue «yenoBeye-
cKkoro (akTopa» 37ech BeIHKO [2]. AZanTHBHOE YIIPAaBICHUE CTAHKAMH, B OTIIMYME OT OOBIYHBIX CHCTEM
UITY, obecrieunBaeT aBTOMAaTHYECKOE MPHUCIOCOOICHHE Mpoliecca 0OpadOTKH 3ar0TOBKU K M3MEHSIO-
HIAMCS YCIIOBHSAM 00paOOTKH MO OMPEICICHHBIM KPUTEPUAM. ITO MPUCIIOCOOICHUE OCYIIECTBISECTCS Ha
OCHOBE MH(OpMAIMH, MOTy4aeMOH CHCTEMOH YIpPaBICHUS HETOCPEICTBEHHO B Ipoliecce 00paboTKU
3arOTOBOK.

Ha ocHoBe nomyyaemoii nHGOpMAaLiK O TEKYIEM COCTOSHHHM Ipoliecca 0OpabOTKH cucTeMa ajar-
THUBHOTO YIPABJICHUS CTaHKA, YBEJIWYMBAs WIM yMEHbIIas 00bEM CHUMAaeMOT0 MeTajlula C 3arOTOBKH
IIyTEM COOTBETCTBYIOIIETO USMCHCHHA CKOPOCTU PE3aHUA U IMOJauH, IMMOAACPKHUBACT ITOCTOAHHBIM IIPE-
JeNbHOE 3HAUCHHE KaKOro-lmubo 3aJaHHOTrO mapamerpa oOpabOTKH (HAampuMep, CHIIbI Pe3aHus) WIH B
Oonee oOmieM, HO U OoJiee CIOKHOM Cllydae — 00eCIIeYHBAET MOMyYeHHE ONTUMAIBHBIX 3HAYCHHI TOY-
HOCTH, TPOU3BOIUTEIBHOCTH HIH C€0ECTOMMOCTH 00pabOTKH 3ar0TOBOK.

B paccmarpuBaeMoM ciydae TpeuIaraeTcsi UCIONb30BaTh IMOIXOJ ONTHMAIBHOTO aJalTUBHOTO
ynpasieHus. Llenpio mpoekTa sABseTcs MOBBIIIEHHE MPOU3BOJUTENFHOCTH Pe3aHus MPH O0eCTIeUeHUH
3a/IaHHOTO YPOBHSI LIIEPOXOBATOCTH 00pabaThIBaEMOil HOBEPXHOCTH.

OOmas cxemMa ONTHMAJIbHOTO AJAIITUBHOTO YIPABJICHUS NMpHBEICHA Ha pHc. 1. ATanTHBHBIE CHC-
TEMbI ONTHMAJIBHOTO YIPABJICHUS PH 00pabOTKe 3arOTOBOK OCYLIECTBISIOT aBTOMATHUECKHI MOUCK U
HOJJIep)KaHUEe TaKUX COYCTAaHHH CKOPOCTH pe3aHus V' M mojayd S, KOTOpble 00eCIeYHBAIOT IKCTpe-
MaylbHOE 3HaueHue neneBoi ¢pynkuuu J(V,S) oO6pabOTKU (TOYHOCTH, MPOM3BOJUTENBHOCTh WIH cede-
CTOMMOCTH 00Pa0bOTKM) HPH HAJUYUY TEXHUUYCCKHX OIPAaHHUYCHUHN M JACWCTBUU BO3MYIIAMOIINX BO3/ICH-
cTBUil (KoneOaHWil MpHITyCKa, TBEPAOCTH MaTepHala 3arOTOBKH, M3MEHEHUS PEKYIINX CBOWCTB WHCT-
pyMeHTa U 1p.)
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Puc. 1. Cxema nocTpoeHusi aganTMBHOM CUCTEMbl ONTUManbHOro ynpasneHus [1]
Fig. 1. Scheme for constructing an adaptive optimal control system [1]

OCHOBO#H /J1s1 IOCTPOSHHSI CUCTEMBI aIalITUBHOTO YIPABICHHUS CTAHKAMHU ONTHUMAIBLHOTO THIIA SIB-
JISIETCS MaTeMaTH4ecKasi MOJIeNb YIPaBIsAeMOro mpoliecca 00paboTKH, 3a/1aloMas aHAIMTUIECKA CHCTe-
My TEXHHUYECKUX OTPAaHMYCHHUI OOJIACTH IMOMCKA ONTHUMAIBHBIX PEKUMOB PE3aHUs W BhIpaXkaromias 3a-
BUCHMOCTb KPUTEPHS ONTUMAILHOCTH OT MapaMeTPOB Ipoliecca 00paboTKH.

B nocnenHee BpeMs C MOSIBICHUEM HOBBIX METOJIOB MHTCIUICKTYaIbHONH 00paOOTKH OOJBIIMX JaH-
HBIX BO3POC MHTEPEC K COBEPIICHCTBOBAHHUIO CUCTEM aJIalITUBHOTO YIIPABIEHUS MPOIECCAMH TOKAPHOU
obOpabotku. [Ipu 3TOM HCcnemyroTCsl Kak 2-KaHAbHBIE CHCTEMBI YIIPABJICHHUS (C OMEpaTopoM), TaK U
OJTHOKaHAJILHBIE CUCTEMEI (0€3 oreparopa).

Hanpumep, B pamMkax 2-kaHaJbHOM cucTeMsl anantuHoro ynpasieHus E.G. Plaza ¢ coaBT. B cBoelt
pabote [3] omuchIBaeT METOJ BEHBIICT-NIPe0Opa30BaHMs MMAKETOB, KOTOPBIH MO3BOJISAET pasjiarath Bpe-
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MEHHOM CHTHaJl HA HECKOJIBKO HE3aBHCHMBIX YaCTOTHO-BPEMEHHBIX CUTHAJIOB, U3BECTHBIX KaK MaKETHI.
OrtoT MeTo o0ecTieYnBaeT BPEMEHHYIO JOKATH3ALHUIO IEPEXOAHBIX MPOIECCOB, MPOUCXOIIIINX B X0/
MOHHUTOPHHIA TPOLIECCOB PE3aHMs, YTO SIBISCTCA 3HAUYUTEIBHBIM MPEUMYIIECTBOM JUIsI MOHHUTOPUHIA
COCTOSIHUS 000pYIOBaHUS U IMATHOCTUKU HeucnpaBHocTel. B pamkax cBoero uccienopanus E.G. Plaza
MpeayaraeT OCyIECTBISATh MOHUTOPHUHT IIEPOXOBATOCTH ITOBEPXHOCTH MJISl OTIEPATUBHOTO MPHUHSITHS
peleHuil o kayecTBe 0OpabOTKM MOBEPXHOCTH 3arOTOBKH. ABTOp TakkKe OOCYKIAeT pa3lUyHbIC ac-
NEKThl MOHUTOPUHIa Ha OCHOBE 3aMEPOB BUOpaLMK U IMOCHeAylomeid oOpaboTKH NaHHBIX CUTHAJIOB,
KOTOpBIE OBUIM H3YYEHBI B JINTEPaType, a TakKe T€ acleKThl, KOTOPbIC MOIYYWIM HEAOCTATOYHOE
BHHUMaHHE.

Merton BeliBieT-ipeoOpa3oBaHus MaKeTOB, oNMHCcaHHbIM B cTathe E.G. Plaza, mpenmyiecTBeHHO
UCIIOJIB3YETCSl AJI MOHUTOPHHTA COCTOSIHMS MHCTpyMeHTa [4, 5]. OmHako Apyrue TeXHOJIOTHMYEeCKHe
ACIIEKTBHI, TAKHE KaK CTPYKKOOOpa3oBaHHE [6] U IEpOXOBATOCTh MOBEPXHOCTH [ 7], H3yUeHBI B MEHBIIEH
Mmepe.

B pamkax onHokaHanbHOW cucteMbl ynpasieHus S.G. Kim u coaBTt. pa3paboTaiym METOJUKY CHH-
XPOHHU3AIUY ¥ XPaHEHUsI IaHHBIX O Harpy3Ke Ha oCHOBHYIO och ¥ UIIY. DTu nanHbie ObIIHM MpoaHau-
3UPOBAHBI IS MOTY4YeHUs] HHPOPMAIIMK O KPUBOH ynpasieHus onopHoi Harpyskoil (RLCC). Ha ocHo-
BE MOJIyYCHHBIX JAaHHBIX ObUI CO3JaH aJaNTHBHBIA METOJ YIPaBJICHUS MOAAYEH, KOTOPBIA peryaupyer
CKOpOCTh M0JIa41 HHCTPYMEHTAa B Ipoliecce YepHOBO 00paboTku. B xone TecToBoi 00pabOTKH JaHHBIH
METOJI aJIallTUBHOTO YIPABJICHUS MO3BOJIMJ YMEHBIIUTh BpeMs m3roToBieHus Ha 4,6—12,8 %, a Takxke
YBEJIUYUTH CTOMKOCTh MHCTpYMeHTa 110 41,7 % [8].

Y. Li u xoneru B [9] npenjioXuin cTpaTeruio afalTHBHOTO YIPaBICHUS, KOMOMHUPYS aKTHBHBIH
rpauK NoJayy U yIpaBiICHUE B peaIbHOM BPEMEHH. DTO YMEHBIIAET BIMSHUE U3HOCA PEXKYIIMX HHCT-
PYMEHTOB Ha CTPATETUIO YNPaBICHHMS, yIydllas aJalTUBHOCTb KOHTPOJUIEpA CKOPOCTU MoJgaud. XOTS
W3HOC HHCTPYMEHTA CHIKAeT 001yt 3 hekTHBHOCTh 00pabOTKH, CTOMKOCTh HHCTPYMEHTA BO3pacTacT
Ha 25 %. [IpeanokeHHBIH METO TIO3BOJISIET aJAalTUBHO CHPABIATHCS C 3TUM KOMIIPOMHCCOM, /1€ CHH-
xeHne 3 HeKTUBHOCTH 00paOOTKH MOKET MIPUBECTH K YBEITMUYECHUIO CTOMKOCTH HHCTPYMEHTA B TEUCHHUE
BCETO MEPUOa UCTIONIb30BaHus [9].

L. Wang u komnern B [10] pa3paboTanu HOBBIH anroput™m agantuBHoro ympasieHuss ACMCA u
cpaBumwiIM ero ¢ TpeMs apyrumu anroputmamu: NSGA-II, CHOA u IABC. CpaBHUTENbHBIN aHATH3 U
BaJIM AU TIPOBOIMIINCH C UCTIOIH30BAHUEM MOJIETTMPOBAHUS U PeaJbHBIX SKCIIEPUMEHTOB 110 00paboT-
ke. Pe3ynbTaTel mokaszanu, yTo 00a MeTo/1a MPOBEPKU MPUBOIAT K OAWHAKOBBIM BbIBogaM. [Ipemioxken-
Heid MeToT ACMCA cHWXaeT BRIYUCIUTENBHYIO MOITHOCTh Ha 5,63; 4,65 u 4,51 % w noBbimaet 3¢-
¢dextuBHOCT 00paboTky Ha 27,88; 15,11 u 15,31 % COOTBETCTBEHHO IO CPaBHEHHUIO C APYTHMMH ajro-
putmamu. Kpome Toro, Gnaromapsi 5TUM YCOBEPUICHCTBOBAHHSIM SHEPronoTpeOIeHnE CHMXKACTCS Ha
58,21; 45,54 u 41,45 % cootBerctBerHo [10].

B crarpe [11] mpencTaBieH MHTEIUIEKTYalbHBIA U 3QQEKTHBHBIA METO]| aJalTHBHON 00paOdOTKH
JAHHBIX IS TIOBBIIEHUS TPOU3BOAUTENBHOCTH cTaHKOB ¢ YITY. OCHOBHBIM HOBILIECTBOM HCCIICAOBA-
HUSI SIBJISIETCSl BHEAPEHUE HOBOT'O aJaNTHUBHOIO IMOAX0JA HA OCHOBE METOAOB MAIIMHHOIO OOyuYeHHS,
KOTOPBI KITacCH(PUIIUPYET 3aroTOBKH, CETMEHTHPYET IMPOIECChl M PEryJMpyeT CKOPOCTh MOAAa4Yd HC-
KIIIOYMTENIbHO HAa OCHOBE CHUTHAJIOB O MOIIHOCTH INMHUHJIENS. DTOT MeTOHI S(PQPEKTHBHO HCIIONB3YET
OonplIvie JaHHBIE B IMpolecce 0OpabOTKH, CYIIECTBEHHO YBEIMYHMBAS MPAKTUYECKYIO MPUMEHHMOCTH
ajanTUBHOM 00paboTku. [IpakTHueckue 3KCIEPUMEHTHI 10 pe3Ke MOATBEpANIN 3G (EKTUBHOCTD Npea-
noxkeHHoro Merona [11].

P. Bakhshandeh u coaBt. B [12] mpencraBuim cucteMy MOHUTOPHUHTA M aJallTUBHOTO YIIPABIICHUS
Ha OCHOBE U(POBBIX JBOWHHUKOB, pa3padOTaHHBIX B JAHHOW paboTe. JTa cucTeMa MO3BOJISET MPUHU-
MaTh 0OOCHOBaHHBIC PELICHUS OJjlarofaps MpeaoCcTaBIeHUI0 HHPOpPMaLMK O MU(POBBIX JBOWHUKAX ajl-
TOPUTMaM YHPAaBJICHUS M KOPPEKLMH HEONPEACICHHOCTEH BUPTyaibHOH MoJenu. BrintoueHnne BHyTpeH-
HUX AaHHbIX UIIY u u3MepeHuii JaTIYMKOB B PEKUME PEaTbHOTO BPEMEHHU o0ecIieunBaeT paboTy cucTe-
MBI JIJ711 BOCCTAHOBIICHHSI CHJI PE3aHMUS MO Pe3yiIbTaTaM M3MEPEeHUI BHOPOYCKOPEHHUST HMCIIOIB30BAICS
JiepKaTellb, MHTETPUPOBAHHBIA B JATUYHK, C IPUMEHEHUEeM anroputMa ¢unsTpa Kaamana. AmanTuBHOE
yIpaBlieHHE CHUJIaMHU PE3aHUsl OCYIIECTBISIIOCH C TTOMOIIBIO IH(PPOBBIX ABOHHHUKOB JJIsSi OTPaHUYCHHUS
MaKCHUMaJIbHOM Harpy3ku. HoBbI moaxon K OTCIEKMBAHMIO M3HOCAa MHCTPYMEHTA OBLI MPEACTABICH
IyTEM COBMEILICHHS COBOKYNHOW TOJILMHBI CTPYXKH OT LU(POBOTO ABOMHUKA C M3MEPEHHEM TOKa
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mmuHaens ot YITY. JlobaBnenue nHGopMaruy BUPTYyaaTbHOW MOJETH TOBBICHIO HA/IE)KHOCTh aJITOPUT-
MOB MOHUTOPHHTA M YMPAaBJICHUS, YTO IMO3BOJIMIO M30EKATh JIOKHBIX CpaOaTHIBAaHUN U TEPEXOIHBIX
aHoManui [12].

IToaBozas UTOTH, MOKHO TOBOPHUTH O BCe 00JIee NMIMPOKOM MPUMEHEHUN METOJ0B UCKYCCTBEHHO-
ro MHTE/UICKTAa B CHCTEMaX aJalTUBHOIO YNPAaBJICHHUS MPOIECCAaMH TOKapHOU 00paboTku. OmxHako
aHaJIM3 PaCCMOTPEHHBIX CTaTell MOKa3bIBaeT, YTO BOMPOCH! yUeTa BIUSHUSA U3HOCA WHCTPYMEHTA Ha
IIEPOX0OBATOCTh 00pabaThiBaeMON MOBEPXHOCTH MPHU aJANTUBHOM YIPABICHUU OCTAIOTCS MallOU3y-
YEHHBIMU B JIUTEpaAType, YTO MOMUYEPKHBAET HEOOXOIUMOCTh NalbHEUIINX HCCIEAOBaHUN B ITOH
obnacTH.

1. ITocTanoBKAa 3aga4n
B kaudecTBe KpuTepHsi ONTUMANBHOCTHU J, XapaKTEpU3YIOLIEr0 MPOU3BOIUTEIBHOCTh NPOLECCA, BbI-
OepeM 00beM MeTallla, CHUIMAaeMOTO 3a IIEPUO/] PEe3aHus:

J(x(2), z(¢))=0(x, 2)/T, (1)
rae x(t ) — BEKTOP-(QyHKIMS YIPaBICHUS MIPOLECCOM PE3aHUS; Z (t ) — (hyHKIMS M3HOCA MHCTPYMEHTA;
O — 006beM cHUMaeMoro Meraia; 7 — paccMaTpUBaeMblii IEpUOJ] BPEMEHH.

*
TpebOyercst HAWTH TakWe ONTHUMAJbHBIC YIPABICHHUS X , IPU KOTOPHIX KPUTEPUI ONTUMAILHOCTH
JIOCTUraeT MaKCUMyMa

J(x", 2(2)) =maxJ(x(r), 2()) )
MIpH OTPAaHUYCHUAX THUIIA PABSHCTB:

h(t)=F(x(1),z(t)), te[0,T]; 3)

z(t)zG(p(t)), 1e[0,T] 4
M HEPABCHCTB

h(t)<h', te[0,T]. Q)

3nech h(t) — (YHKIHA, XapaKTepU3ymIlas YPOBEHb IIEPOXOBATOCTH 00OpabOTaHHOU IMOBEPXHOCTH;
p(t ) — BeKTOp-GYHKIMs, XapakTrepusywimas padory cranka ¢ UIIY B mpomecce pe3anus (ypoBEHb

BUOpalMy, CUJIa Pe3aHusl, TeMIepaTypa u T. 1.), h" — sajaHHOe 3HAUCHME JIOITyCTUMOTO YPOBHS HIEPO-
XOBaTOCTH.

Otmernm, uTo B 3amaue ynpasieHus (1)—(5) pynaxuuu F u G BBICTYNalOT B KA4€CTBE MOJENIHU IIPO-
necca peszanus. Ilpeanaraercs ux onpeaessTh C MOMOIIBI0 HEHPOCETEBOIO MOAEIMPOBAHUS, T. €. UX
MOJKHO CUMTATh HEHPOCETEBBIMH amMPOKCUMATOPAMH, TIOCTPOSHHBIMHA Ha OCHOBE KCIIEPUMEHTAIBHBIX
JAHHBIX, MOJIyYCHHBIX Ha KOHKpPEeTHOM ctanke ¢ UITY mpu oOpaboTKe KOHKPETHOTO Marepuala ¢ Io-
MOIIbIO (PUKCHPOBaHHOTO HHCTpyMeHTa [13, 14].

2. OueHka BeJIM4YMHBI BUOPAIIUM HHCTPYMEHTA

Kak OBbUTO OTMEYEHO BEHIIE, MIEPOXOBATOCTh 00pabaThIBAEMON MOBEPXHOCTH 3aBHCHUT OT M3HOCA
WHCTpyMeHTa. byzneM cuuTarh, 4YTO M3HOC MHCTPYMEHTA, B CBOIO OYepe/lb, B OCHOBHOM OIpeneiseTcs
ypoBHEM BHOpauuu HHCTpyMeHTa. Ha puc. 2 mpuBeneHsl pe3ynbTaThl 3aMEepOB BUOPOYCKOPEHHS C TIO-
MOILBIO JaTUNKA, 3aKPETNIEHHOTO Ha PEXYIIeM HHCTPYMEHTE TOKapHOTO CTaHKa.

Jnst opranuzanuu oOpaTHOM CBS3M IMPH aAalTUBHOM YIPAaBJICHHH NPOLECCOM pe3aHus HeoOxo-
JTUMO HETIPEPBIBHO CHUMATh JIaHHBIC JIaTUYMKa 1 00pabaThIBaTh UX C MOMOIIBIO CIICIHAIBLHOTO ajro-
putMma. XKenarenrbHO Ha OCHOBE MHTEJJIEKTYaJbHOT'O aHAJIM3a JaHHBIX MOJydYaTh Ha 33aJaHHOM HH-
TepBaje BPEeMEHH OOBEKTHUBHYIO MHPOpMALUIO 00 M3HOCE MHCTPYMEHTA U BEJIMYMHE IIEPOXOBATO-
cTd noBepxHocTH. [Ipemnaraercss 00pabaTbiBaTh BpEMEHHO PsIi ¢ TOMOIIBIO OBICTPOro npeodpazo-
BaHus Oypore (BIID) [15] u momyyaTh aMIUITYJHO-9aCTOTHYIO XapakTepucTuky (AUX) curnana Ha
3aJJaHHOM MPOMEXYyTKe BpeMeHnu. Ha puc. 3 mpuBenen npumep AUX curnana nocie bII®. Bunno,
YTO Ha 3aJlaHHOM HWHTEpBajie HaONf0JaeTcss KOHEYHOE YHCIIO YacTOT, XapaKTEepHU3YIOUIUXCS HaH-
OOJBIIMMHY 3HAYCHUSAMHU AMIUIUTY.
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Puc. 2. MNpumep BpeMeHHOro curHana o BUGpPoOycKopeHUn MHCTPYMeHTa B npolecce o6paboTku
Fig. 2. Example of a time signal about vibration acceleration of a tool during processing
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Puc. 3. MNpumep AYX o6paboTaHHOro curHana c nomoubto NP
Fig. 3. Example of frequency response of a processed signal using FFT

HpeunaraeTCﬂ 3aMeHuTh AUX OAHUM YHUCJIOBBIM 3HAYCHHUCM, BBIYUCIIAA SHCPIrUiO CUI'HAJIa Ha 3a-
JAaHHOM HHTCPBAJIC BPCMCHHU.
M3BECTHO COOTHOIICHHUE JJIA QHCPTHUH BOJIHBIL:

1
E =—mw’ 4>, (6)
2
T7e m — Macca;  — yrioBas 4acToTa; A — aMIUTHTyAa KojieOaHui.

Beeniem Benuuuny £ = E/m — ynenbHyto SHEPTHIO KONebaHuii Ha eIMHUITY MACCHL.

Kak oTMeueHo BbIlle, B SKCIIEPUMEHTaX U3MEPSIOCh BUOpoyckopenue. CiieoBaTe/ibHO, 111 pacyera
SHEPIruu JUO0 HEOOXOAUMO ABAXK bl UHTETPUPOBATh JaHHbBIE, TM00 YUECTh CICAYIOIINE PACCYKICHHS:
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6(1,‘) = Asin(mt + (p) =
§(t)=—Aw” sin(ot +¢)=| (7
}i(t) = — Ao’ wm (1.4.)2 = A",
Teneps cooTHOMIEHUE (6) MOXKHO 3aITUCaTh B BUJE
2 02
petoplopd LA
2 2 ot 2 o

¢ 2n . .
ITockonbky 03=—=7: 27y, 3aeck T — mepuoj KojeOaHui (Teao COBEpIIaeT MOJHBIHN 000pOT),
t

®)

1
V= e gactoTa (urcio 00opoToB 3a 1 ¢).

C yueroM aTOro nepenuiieM (8) B BUE:

A 14T 1 o1 A
E=—- —2:—A2(2TCV) :—2—2 (9)
2 o 2 8n” v
OtmetuM, uto nociie bOIT umeem AUX nst 4, 1o ecth A(V).
Torma yaenbpHas 3HEPTHsl CUrHaNA (Ha SMHUIYY MacChl) HIMEET OKOHYATELHBIN BH/I:

1B (v
SR N i S P 10
£ 8712,221: vl.2 (10

1
3amernym, uro koddpduunenr — B popmyie (10) MoxkHO omycTutb. OH HE BaKCH [Jisl OLCHKHU
8n

YpOBHS BHOpALUH, IMOCKOJBbKY OIWHAKOB Ui BceX wieHoB psna (10). Kpome storo, ans ympomeHus
pacyeToB MOKHO OTPaHWYMBATBHCS HEOOJBLIMM YUCIOM 4WICHOB psla C HaMOONBLIMMU 3HAYCHUSMH
aMIUTUTY 1.

3. AJITOPUTM aJalTHBHOT0 yNPABJIEHUS

Jns pemieHus: mocTaBieHHON 3a7auu ajanTHUBHOrO yrpasineHus (1)—(5) mpeasioxkeH ciemyronuii
AJTOPUTM:

1) BEIOHMpAIOTCS MMapaMeTpsl YIpaBIeHHUS MPOIECCOM pe3aHus: BeIMYMHA Tofadu S, MM/00; TIIyou-
Ha pe3aHus /, MM; CKOPOCTh pe3aHus V, M/MuH;

2) Ha3HAYaIOTCH TPEAeNbl W3MEHEHUS MapaMeTpoB: Sy, = 0,1 MM/00; S = 0,5 MM/00; [ = fix;
V' = fix (rmyOMHa ¥ CKOPOCTh PE3aHUs CUUTAIOTCS TTOCTOSHHBIMH M 33JJal0TCS U3 BO3MOXKHOCTEH 000py-
JIOBaHUSA);

3) BeiOupaetcs mar ynpaenenus: AS = 0,1 Mmm/00;

4) pe3aHue HAUMHACTCSA C MAKCUMAIILHOTO 3HAYCHUS TTOAAYH Sy

5) HenpepHIBHO BHIUUCIIACTCS yJIENbHAS SHEPrysl CUTHAJA C JaTYMKa, XapaKTepU3YyIoIas YpPOBEHb
BUOpanuy 1 U3HOCA HHCprMeHTa, o opmyie

N A2

—Z _ (11)

rae A; — aMHJII/ITyIIBI ®dyphe-criekTpa BUOPOYCKOPEHHUST Ha 3a/laHHOM HHTEpBajie BpeMEeHU 00paboTKy;
N=4; v; —4actoTsl (6epyTcs nepBble 4 4aCTOTBI, COOTBETCTBYIOLINE HANOOIBIINM 3HAYEHUS aMILIH-
TyJEI);

6) 0 BEIMYMHE SHEPTUH C MOMOIIBI0 00yYEeHHON HEHpOCeTH OMpeAessieTcs] HIepOXOBaTOCTh IMO-
BEPXHOCTH [13] mpH 3aJaHHBIX peKUMaX pe3aHMs;

7) Ipu TOCTMXKEHUH MAKCUMAaJIbHO JOIYCTUMON BEJMYMHBI IIEPOXOBATOCTH CHIKACTCS] BEIMUMHA
MoJa4u u mporecc 00paboTKK NpoIoDKASTCA Aajblie.

Cremyer OTMETHTB, YTO JAHHBIA AITOPHTM 00ECTICYHBACT BBHITIOJIHEHUE YCIOBHS (2) MOCTaBICHHOM
3a]]auu ONTUMAJILHOTO YIIPABJICHHUs, TaK KaK Mpoliecc 00paboTKH HAYMHAETCS ¢ MAKCUMAIIbHO BO3MOXK-
HOM BETTMYMHBI [TOJIaYN HHCTPYMEHTA C IIOCTETICHHBIM CHH)KEHHUEM €€ NPH BBIXOIe Ha orpaHndeHue (5).
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3akil0ueHue

[Ipennoxen 3pQeKTUBHBINA aNTOPUTM aNaNTHBHOIO YIPABICHHUS IMPOIECCOM pE3aHUs Ha CTaHKE
¢ UIIY B paMkax onTUMalbHOTO mMoaxoja. OTINYUTEThHOW O0COOSHHOCTHIO aTOPUTMA SIBISETCS WC-
M0JIb30BaHUE HEWPOCETEBBIX AMMPOKCHMATOPOB, 3aIAI0IIUX 3aBHCUMOCTH IIEPOXOBATOCTH 00pabOTaH-
HOH MOBEPXHOCTH OT BEIWYHMHBI YHEPTUHU CUTHaia ¢ gaTduka (11), xapakrepusyromieit ypoBeHb BUOpa-
IIUU 1 U3HOCA MHCTPYMEHTA MPH Pa3INYHBIX pekuMax pe3aHus. [IpennoxkeHHbI anroputM odecredn-
BaeT MaKCHMAJIBHO BO3MOXHBIH 00bEM CHEMHOTO MeTallla MpH 33JaHHON MIEpPOXOBATOCTH TOBEPXHO-
CTH, YTO 3HAYUTEIHHO TOBHIIIAET MPOU3BOTUTEIHLHOCTE MPOIlecca TOKAPHOU 00pabOTKH.
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Annomayua. B cratbe paccMaTpUBaeTCs METO[ MOBBIIIEHUSI OTKa30yCTOWYMBOCTU PaTUOdTIEKTPOH-
HOTO 00OpYAOBaHMS, HA3bIBACMBIA MOJAIBHBEIM PE3ePBHPOBAHMEM, KOTOPBIA COUETaeT B ceOc¢ MPUHIIHITEI
pe3epBupoBaHus U MoAanbHON puiabTpanuu. CyTh METOJIa 3aKII0YAECTCS B UCTIOIb30BAHUU CUILHOM DJIEK-
TPOMAarHUTHON CBSI3U MEXIy ABYMsI U Ooliee pe3epBHBIMH IIPOBOJHUKAMH JUIS OCIAOIEHUS dJIEKTpoMar-
HUTHBIX MOMeX. Takol Moaxo UMEET psij IPEUMYIIECTB, TaK KaK CHCTEMa MOJKET IPOI0JDKATh (DYHKIHO-
HUPOBATh JaXKe B CJIydae 0TKa3a OJHOTO WJIM HECKOJbKUX MPOBOJIHUKOB, YTO KPUTHIECKH BAKHO I 00ec-
nedeHus: OecrepeOoiHOM padboThl yCTPOUCTB. MeTO I MOAAIBHOTO pe3epBUpOBaHus 3(H(HEKTUBEH B CUTYa-
[USX, KOT/Ia HY’)KHO MUHUMHU3HUPOBATh PUCKU MOTEPH CUTHAJIA U CHU3UTH BIUSHUE TMOMEX, YTO JIETAeT ero
MOJIC3HBIM B PA3JIMYHBIX 00JaCTAX, TNe TpeOyeTcs BBICOKas CTaOMIBHOCTH paboThl obopynoBanus. Llean
HMCCJIeJOBAHUS: U3YUYUTh XapaKTEPUCTUKU aCUMMETPHUUYHBIX CTPYKTYD, BBIIIOJHEHHBIX C HCIOJb30BaHUEM
JIBYXKPaTHOTO MOJaJIbHOTO PE3EPBUPOBAHNS, H OLICHUTH MX 3(P(HEKTHBHOCTD B PA3IMYHBIX YCIOBUAX PaOOTHIL.
Marepuajibl 1 MeToAbl. J{JI51 JOCTHXKEHUS [TOCTABJIEHHON LIETM MCHOJIb30BaHbl ANEKTPOAUHAMUYECKUN U
KBa3UCTaTUUECKUI BUJIbI aHAJIH3a, & TAKXKE BRICOKOYACTOTHBIE U3MepeHus. MccnenoBanue npoBeieHo B TpU
JTamna: A0 OTKa3a OCHOBHOIO MPOBOAHMKA, IOCJE NEPBOro OTKa3a M MOCJEe BTOPOro OTKAa3a, YTO MO3BOJIUIIO
JIETAIbHO OIEHUTHh MOBEJCHHWE CHCTEMBbI Ha pa3HbIX dTanax. Pe3yabrarsl. [lomyueHbl 4acTOTHBIE W Bpe-
MEHHBIE XapaKTEPUCTUKN aCUMMETPUYHBIX CTPYKTYpP ¢ MOJAJbHBIM pe3epBupoBaHueM. /[ aHanm3a JaH-
HBIX UCTONb30BaH FSV-MeTo/, mo3BoMMBIINN MPOBECTH CPABHUTENBHBIN aHAU3 JAHHBIX MOJEITUPOBAHUS
1 u3MepeHuil. Pe3ybTaThl mokazaau BBEICOKYIO 3G (GEKTUBHOCTh METO/Ia B OCIA0JEHUH AIEKTPOMArHUTHBIX
nmomMex M obecrnedeHnr CTaOMIBLHOW PabOTHl CHCTEMBI Jake MPH MEPEKIIOUEHUH MHUTaHUs Ha pPe3epBHBIC
MPOBOJAHUKHU. 3aK/aro4eHue. [IpeacTaBieHHble UCCIEAYyEMbIE CTPYKTYpPbl MOATBEPKIAIOT BBICOKYIO MpaK-
TUYECKYI0 MPUMEHUMOCTh METOAAa MOJAJIbHOIO PE3epBUPOBAHMS IJIi MOBBIMIEHHUS OTKAa30yCTOWYMBOCTU

PAANOIICKTPOHHBIX CUCTCM.
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Abstract. This paper examines a method for enhancing the fault tolerance of radio-electronic equip-
ment, termed modal redundancy, which combines the principles of redundancy and modal filtering.
The essence of this method lies in utilizing strong electromagnetic coupling between two or more redundant
conductors to mitigate electromagnetic interference. This approach offers several advantages, as the sys-
tem can continue to operate even in the event of failure of one or more conductors, which is crucial for
ensuring uninterrupted device operation. The modal redundancy method is effective in situations where it is
necessary to minimize the risks of signal loss and reduce the impact of interference, making it valuable
in various fields where high operational stability of equipment is required. Research Objective: To investi-
gate the characteristics of asymmetric structures implemented using double modal redundancy and to eva-
luate their effectiveness under various operating conditions. Materials and Methods. To achieve the stated
objective, electrodynamic and quasi-static analyses, as well as high-frequency measurements, were em-
ployed. The study was conducted in three stages: before the failure of the main conductor, after the first
failure, and after the second failure, allowing for a detailed assessment of the system's behavior at diffe-
rent stages. Results. Frequency and time-domain characteristics of asymmetric structures with modal
redundancy were obtained. The FSV method was used to analyze the data, enabling a comparative analy-
sis of simulation and measurement data. The results demonstrated the high effectiveness of the method
in mitigating electromagnetic interference and ensuring stable system operation, even when power is
switched to redundant conductors. Conclusion. The presented investigated structures confirm the high
practical applicability of the modal redundancy method for enhancing the fault tolerance of radio-
electronic systems.

Keywords: modal redundancy, failures, electromagnetic interference, feature selective validation
method, electromagnetic compatibility, trapezoidal pulse
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Beenenue

B npouecce pa3paboTku paguosnekTpoHHOU ammapaTypsl (POA), npu skciutyataiuu KOTOpOu pe-
TYJISIpHOE OOCITY)KHBAaHUE HE IMPEJCTaBISIETCS BO3MOXKHBIM, HEOOXOAMMO YAEISTh OONbIIOE BHUMAaHKE
OTKa30yCTOWYHMBOCTH U DJIEKTPOMArHUTHON cOBMecTUMOCTH. OCOOCHHO HEOOXOAUMO YIENITh BHUMA-
Hue 3ammre POA OT MOIIHBIX MpeTHAMEPEHHBIX AMeKTpoMarHUTHEIX momex (OMII) [1]. bmaromaps
CBOEH MaJIOH AJTUTENBHOCTH M IIUPOKOMY CIEKTPY JaHHBIE IIOMEXH CIIOCOOHBI IPOHUKATH B JIEKTPOH-
HBIE YCTPOMCTBA U BBIBOJUTH KPUTHUUECKU BAKHBIC Y3IbI U3 cTposi. OMHUM M3 CIIOCOOOB MOBHIIICHUS
0TKa30yCTOWYMBOCTH SIBIIsIETCA pe3epBupoBanue (puc. 1) [2].

Pe3epBupoBaHne OCHOBaHO Ha MPOCTOW MAEE — 3aMEHa BBIIEANIEr0 U3 CTPOsl KOMIIOHEHTa Ha HC-
MpaBHBIN. {71 3TOr0 HY)XHO MMEThH 3alacHOM 3JIEMEHT, OJHAKO caMa 3aMeHa MOKET 3aHATh MUHYTHI,
Yyachl WIN AaXKe HH, YTO JUI1 MHOTHX CUCTEM HEAOMycTUMO. PesepBupoBaHie MOXKET OBITh pa3elIbHbIM
1 001MM (puc. 2), a YUCIIO PE3EPBHBIX AJIEMEHTOB ONPEEIIIeTC KPATHOCTHIO pe3epBUPOBaHUs (71).
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Puc. 1. BepossTHOCTb 6e30Tka3HON paboTbl pe3epBupoBaHHON (m 2= 1)
1 Hepe3epBUpoBaHHoW (m = 0) cuctem
Fig. 1. Probability of fail-safe work of redundant (m = 1)
and non-redundant (m = 0) systems
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Puc. 2. PaszgenbHoe (a) n o6wue (b) pesepBMpoBaHue ¢ BKIIIOYEHMEM pe3epBa 3aMeLleHus
Fig. 2. Separate (a) and common (b) redundancy with switching on the reserve of substitution

[Ipu paznensHOM pe3epBUpOBaHUE (PUC. 2a) KaXKABIH OTAEIBHBIA 3JIEMEHT UMEET Pe3epB B 3amace.
IIpu BBIXOJE U3 CTPOSI KOHKPETHOTO JIEMEHTA IIENH TOJIBKO OH 3aMEHAETCS Ha pe3epBHbIN. /[aHHBIN Me-
TOJ MOAXOIUT MPU HATMYUK XOPOLIO Pa3BUTON CHUCTEMbI IUAarHOCTHKH HEHCIIPAaBHOCTEH, KOTopas mo-
3BOJISIET U30€kKaTh OCTAHOBKH Bcell cucteMbl [3]. B ciryuae mpuMeHeHus! 00Iero pe3epBUPOBAHMS, MTPH
OTKa3e OJIHOTO MJIM HECKOJIbKHX 3JEMEHTOB OCHOBHOW LIEMU MPOUCXOAMT NMEPEKITIOUeHUE MUTaHHUA Ha
pe3epBHYIO Liens [4].

YtoOBI MOBBICUTH OMEXO3AIUIIEHHOCTh U OTKa30yCTOHYNBOCTD, CYLIECTBYET METOJ, MOJAIIEHOTO
pe3epeupoBanus (MP) [5]. JlaHHbIM MeTO1 TIOApa3zyMeBaeT 1o co00# Hajauuue ABYX U 00JIee MeUaTHBIX
MPOBOJJHUKOB (OCHOBHOTO M PE3ePBHOT0/PE3EPBHBIX), MEXKILy KOTOPHIMU 00pa3yeTcsl CUIbHAS AJIEKTPO-
MarHMTHasi CBSA3b, YTO MO3BOJISET 3a CUET MOJAIBHBIX HCKAXEHHH pealn30BaTh 3aIIUTY 3JIEKTPOHHBIX
ycTpoicTB 0T cBepxmupokonoiocHsix (CLIIT) OMII. Ilomumo ompnokpatHoro MP [6], Brirouaromero
OCHOBHOW W pE€3epBHBIM MPOBOJHUKH, TaKKe CYLIECTBYIOT ABYXKpaTHoe [7] m TpexkpatHoe [8] MP.
Onu cozpepxatr Ba U TPU PE3EPBHBIX MPOBOJHMKA. YBEIWYEHHE KPATHOCTH pPe3epBa MO3BOJISET IMOBBI-
CUTHh OTKa30yCTONYHMBOCTH AJIEKTPOHHBIX YCTPOICTB 3a CUET yBETHYEHHUS BapUaHTOB OTKa3a, a TaKxke
yBeNUunTh mojaasicHue OMII 3a cueT AMUTENBHOCTH MMITYJIhCOB pas3lioxeHus. M3-3a BHeceHHUs1 OOIIb-
1I0H M30BITOYHOCTH MPUMEHEHHE MHOTOKpaTHOoro MP MOXHO paccMaTpuBaTh UL OTAENBHBIX LIETEH,
HaunoOonee ysa3suMbix kK IMII B crpyktype ¢ MP.

Cpenu nansbix BuZoB MP MeHee M3y4eHHBIM SBIISETCS JBYXKpaTHOE MO CPaBHEHHUIO C OJHOKpAT-
HBIM M TpeXKpaTHbIM. /[ByxkpaTHOe MP sBrsiercst 6ojee O0TKa30yCTONYMBBIM MO CPAaBHEHHUIO C OJHO-
KpaTHBIM M MPOCTHIM B PEeaJTU3alliH 110 CPaBHEHHIO C TpeXKpaTHBIM. MeTton aByxkpatHoro MP siBisiercs
«30JI0TOH cepeAnHON» Al 00ecTeYeHus] 0TKa30yCTOWYNBOCTH, TOMEXO03AIIUIIEHHOCTH U sIBIsieTcs 00-
JIee MMPOCTHIM B PEATTU3ALUH.

CTpYKTYpBHI ¢ ABYXKPATHBIM MOJAJIbHBIM pe3epBHPOBAHUEM

Ha puc. 3 nmpuBeaeHs! nonepevHble CeYeHMs MOJIOCKOBBIX CTPYKTYp ¢ AByXKpaTHbIM MP. Ctpyk-
Typa, HaxoAsImasAcs Ha puc. 3a, ABIAETCA IBYXCIOHHOW. CUTHANBHBIM M ONOPHBIA MPOBOJHHUKH BHI-
MOJTHSIOTCS. Ha HIDKHEM CJIO€ TOJUIOKKH, a JABA OCTABIIUXCS CHUTHAIBHBIX BBIMOJIHAIOTCS Ha BEPXHEM
CJI0€ TOJJIOKKH 3epKaibHO HUXHeMmy ciioro [9]. TlomepeuHnoe ceueHue, n3o0pakeHHOE Ha puc. 3b,
MIPEACTaBIAET COOOM OHOCIONHYIO CTPYKTYPY € UCTIOJHEHHEM CUTHAIBHBIX MPOBOJHUKOB IO KpasM
moA10kKu. CUTHANIbHBIE W OMOPHBIE MPOBOAHUKHU PACIIOIOKEHBI MOCIEI0BATENbHO APYT 32 APYTOM,
HA4YMHas C CHTHAJIBHOTO U 3aKaH4YuBas UM xe. Ha puc. 3¢ nmpeacraBieHa oqHOCIONWHAs CTPYKTYpa, Tlie
OTIOPHBIE U CUTHAJIbHBIC MPOBOJHUKU PACIOJIOXKEHBI APYT 3a APYrOM, HAYMHAsl C OTMIOPHOTO U 3aKaH-
YUBas UM Ke.
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Puc. 3. MonepeyHble cevyeHNUs1 ABYXCIIOMHOMN CTPYKTYPbI (a), C KpaiHUMU CUrHaNbHbLIMK NpoBoAHMUKamu (b)
M C KpanHMMM ONOPHbLIMU NPOBOAHMKaMMU (C)
Fig. 3. Cross sections of a double-layer structure (a), with outermost signal conductors (b)
and with outermost ground conductors (c)

[] — muomexrpux

[MapameTpsl OUIIEKTPUKA W TPOBOJHUKOB MPEACTABICHBI B TabmuIe. DieKkTpoduzndeckue mnapa-
METPBI TOAJIOKKH OBUIH B3ATHI AJIS1 pEaibHO CYILECTBYIOIINX JUIIEKTPHUECKUX MaTepHAIIOB.

FeomeTpuyeckne napameTpbi ANINEKTPUKA
Geometrical parameters of the dielectric material

JByxcnoitnas OpgHocioiHasg
[Tapametp
CTPYKTypa CTpYKTypa
upuna mpoBogHUKA (W), MKM 1800 600
PaccrosHre Mexxay NpoBOIHUKAMH (), MKM 1000 900
TommuHa TpoBOHUKA (£), MKM 35 35
Tonmuna nusnexrpuka (H), MKM 1500 45

B pabote ncnonp30BaHbl CTEKIOTEKCTONHUT Mapku FR-4 ¢ oTHOCHTENBHOW AMANEKTPUIECKONW TPO-
HHUIaeMocThio (g,) — 4,5 u TtanreHcom yria noteps (tgd) — 0,02 u mpenper mapku TU-85P NF [10]
c e =3,5nutgd=0,035 1151 0OAHOCTONHHBIX CTPYKTYP.

OnuH U3 CUTHAIBHBIX MPOBOJHUKOB SIBIISIETCS OCHOBHBIM, & JIBa APYTHX SBJISIOTCS PE3CPBHBIMH.
Korna mpoucxonut 0TKa3 Ha OCHOBHOM IPOBOJIHUKE, TUTAHHUE TIEPEKIIOYACTCS HA PE3CPBHBIM CUTHAIE-
HbII MpoBOAHUK. [Ipy BO3HUKHOBEHHH BTOPOIO OTKa3a MUTAHUE MEPEKIIOUMUTCS HAa OCTABUIMIICS CHUT-
HaJbHBIM OPOBOJAHUK. DKBUBAJICHTHBIE CXEMbI BKIIIOUEHHS 0 OTKa3a, MOCJIE MEPBOrO OTKa3a U IMOCIHE
BTOPOT'O OTKa3a MpeCcTaBiIeHbl Ha puc. 4. Ha OamKHUI KOHEI] OCHOBHOTO MPOBOJAHHKA MOIKIIOYAETCS
HMCTOYHUK 3.7.C., & TaJIbHUA KOHEI] MOJAKII0YaeTCs uepe3 Harpy3Kky R k cxeMHo# 3emiie. CompoTuBie-
HUE Harpy3KH J0 oTka3a coctaBiseT S0 OM. ITo He0OXO0MMO AJISL COTJIACOBAHUS CTPYKTYPHI C TPAKTOM.
OTKa3 Ha OTHOM W3 KOHIIOB OTKa3aBIIIEH [IEMTH MOXKET OBITh MPEICTaBiIeH B Bue Hu3kooMmHOH (K3) mm
BBICOKOOMHOM (XX) Harpy3KH.
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UkonHukosa K.L. u dp. ¢ deyxKpamHbIM MOOasIbHbIM pe3epeupogaHuem
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Puc. 4. 3kBMBaneHTHasA cxema BKITIOYEHUA CTPYKTYp ¢ ABYyXKpaTHbIM MP go otkasa (a),
nocrne nepBoro otka3a (b), nocne BToporo oTkasa (c)
Fig. 4. Connection diagrams of the structures with double MR before failure (a),
after the first failure (b), after the second failure (c)

KBasucrartnueckoe MoJeIupoOBaHue

s mpeaBapuTeNbHOTO pacueTa UCCIENYEMBIX CTPYKTYP MCIIOJIb30BaH KBAa3UCTATHUECKUN aHAIM3.
JlaHHBIN TTOAX0J MEHEE Pecypco3aTpaTHBI, YTO MO3BOJISET Oe3 MPOOIeM BBITOTHHUTL OONBIION 00beM
BeruncieHnid. Cucrema TALGAT [11] ucnione3yeT AaHHBIM METOA MOAEIUpPOBaHus. B maHHOMN cucteme
ObUIN CO37aHBI MIONIEPEYHBIE CEUCHHS UCCIEyEMBIX CTPYKTYp (pHC. 5).

a)

——— T e O e N i P s O et b)

e e e e e e T e P e c)

Puc. 5. Monepe4Hble ceveHUss ABYXCIIOMHOM CTPYKTYpbI (a), C KpaiHUMU CUrHanbHbIMK NpoBoaHUKamu (b)
M C KpanHMMM ONOPHbIMU NpoBoAHMKamu (c) B cucteme TALGAT
Fig. 5. Cross sections of the double-layer structure (a), with outermost signal conductors (b)
and with outermost ground conductors (c) in the TALGAT system

CxeMBlI BKIIIOUEHMSI HCCIIETyEMBIX CTPYKTYp A0 OTKa3a, IOCJe MEPBOro 0TKa3a U Mociie BTOPOro OT-
Ka3a, peanu3oBannble B cucteMe TALGAT, npencraBnensl Ha puc. 6. J[iuHa IBYXCIOWHON CTPYKTYPHI
cocrtasigeT 520 MM, a ogHOCHONHEIX — 200 MM.
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Puc. 6. 9kBuBaneHTHasA cxema BKIHOYEeHUA CTPYKTYp ¢ AByxKpaTHbIM MP go oTtkasa (a),
nocne nepsoro otkasa (b), nocne Broporo otkasa (c) B cucteme TALGAT
Fig. 6. Connection diagrams of the structures with double MR before failure (a),
after the first failure (b), after the second failure (c) in the TALGAT system

s pacuera BbIOpaHa snekTpoMarHuTHas nomexa (OMII) B Bune TpamenueqaqsHOTO WMITYIIbCa
ammatyno 100 B u o6mieli mmrensHocthio 300 nc. Ha puc. 7-9 npuBeneHsl GopMbl CHUTHana Ha
JTATbHEM KOHIIE OCHOBHOTO ITPOBOHHKA, MTOTyYeHHBIE B pe3ysbraTe Bo3nerncTBus DOMIL.

o oTkaza
----- ITocne nepBoro oTxaza
ITocne Broporo orkaza

4 4.5 5

2

Puc. 7. ®opma curHana Ha ganbHeMm KOHLIe OCHOBHOIO NPOBOAHUKA ABYXCIONHON CTPYKTYpPbI
Fig. 7. Signal waveform at the far end of the main conductor of the double layer structure
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[IukoBoe 3HaUeHHE HAMPSDKEHUH O OTKAa3a, IMocje IepBOro 0TKasa M Iociie BTOPOro 0TKa3a paBHO
13,8, 15,2 u 20,8 B cooTrBeTcTBeHHO. 3aeprkKa OTKJIMKA cocTaBisieT 2,5 He. [lomydeHHbIe pe3ynbTaThl
MOKA3bIBAIOT, YTO MakcHUMasbHas amruintyna OMII go oTkaza ymeHpuImiace B 7,2 pasa, ocie nepBoro
oTKa3a — B 6,6 pa3a, a mocie BTOporo otkasa — B 4,8 pasa.

407U B

35 4 7 1'"‘. Jo oTkaza

30 1 T mm==- Ilocne nepBoro orkaza

%8 . [locne roporo otkaza

15

10 A A

S ] T IA I m I r, H%
0 1 2 3 4 5

Puc. 8. BpemMeHHOM OTKSIMK Ha AaribHeM KOHLie CTPYKTYpPbl C KpahuHUMU CUTHanNbHbIMU
npoBOAHUKaAMU
Fig. 8. Time response at the far end of the structure with outermost signal conductors

o oTkaza, mocne mepBOro oTkasa, Mocjie BTOPOro O0TKa3a MaKCHUMalbHas aMIUIUTYJa HampsbKe-
Huit coctaBuio 30,6, 35,8 u 30,4 B coorBeTcTBEeHHO. BpeMst 3aiepKKu sl BCEX CIy4aeB COCTABIISIET
0,7 He mnst Beex ciayuyaeB. DopMa HaAPsDKEHHH MMEET CXOXKHUHM XapakTep Jaxe Mocye OTKa3oB. B ciy-
Yae 70 OTKa3a W MOCJe BTOPOro OTKa3a BUIHO MOJHOE CXOKACHHE CHUTHAJIOB, 3TO MOXHO OOBSICHUTH
Te€M, YTO JAaHHBIE MPOBOJHUKH MMEIOT OJUHAKOBYIO 3JIEKTPOMAarHUTHYIO OOCTaHOBKY, HaxXoJIACh Ha
kpasx I1I1.

40 - U B
35 ~ Ho otkaza
304 Yy e IMocne meprorO OTKA3A
%8 1 [Tocine Broporo oTkasa
15 +
10 -
5 A t, He
0 T I 1 I 1
0 1 2 3 4 5

Puc. 9. BpemMeHHOM OTK/IMK Ha AarbHeM KOHLie OCHOBHOIo NPOBOAHUKA CTPYKTYpPbI
C KpalHMMM ONMOPHbLIMM NPOBOAHMKaMMU
Fig. 9. Time response at the far end of the main conductor of the structure
with outermost ground conductors

MakcuManbHOE HampspDKEHHWE Ha JalbHEM KOHIIE O OTKas3a, MOcje MEpPBOTO OTKa3za W Iocie
BTOpOro OoTKaza paBHo 35,9, 36,3 u 35,8 B coorBeTcTBeHHO. BpeMs 3amepKKu OTKJIWKA IS BCEX
ciaydaeB coctapiser 0,68 HC 11 Bcex ciydyaeB. DopMa HaNPSHKCHUH UMEET CXOKHIM XapakTep Jdaxe
MOCJe OTKa30B. DTO TOBOPHUT O TOM, UYTO Y BCEX MPOBOJHUKOB OJMHAKOBAs 3JIEKTPOMAarHWTHAas 00-
CTAaHOBKa.

DJIEKTPOAMHAMHYECKOE MOIeIHPOBAHHUE

Cuctema Comsol Multiphysics [12] ucnons3oBana Ajst 371€KTPOAMHAMHYECKOIO pacdeTa HCclie-
IYEMBIX CTPYKTYp. B maHHON cHcTeMe MOYXHO pacCUUTHIBATh TPEXMEPHBIE MOJIENH, CXEMBI 3JIEKTPOH-
HBIX YCTPOMCTB U APYTyI0 TeXHHUKY. lIpy McHonIp30BaHUN 3TOTO METO/a ypaBHeHHsI MakcBesuia peria-
I0TCS TIOJIHOCTBIO, Oe3 ynpouieHui. B xone pacueTa 31eKTpoJuHaMUYECKUM TOAX0A0M OBLIM CO3/1aHbI
TPEXMEPHBIE MOJEIH CTPYKTYp € ABYXKpaTHbIM MP Ha IBYXCIOHHOW M OJHOCIOWHON NMEYaTHOW IuIaTe
(puc. 10).
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;%
a) c)

Puc. 10. TpexmepHbie Moaenu ABYXCIIONHOW CTPYKTYpPbI (a), C KpaiHUMKU CUrHanNbHbIMKU NpoBoAHMKamu (b)
M C KpaHMMM ONOPHLIMU NPOBOAHMKaMM (C)
Fig. 10. 3D models of the two-layer structure (a), with outermost signal conductors (b)
and with outermost ground conductors (c)

B ciaydae kBa3MCTaTHYECKOTO MOCIMPOBAHUS CTPYKTypa MpeicTaBisuia coooi amuanyro T1I1 mm-
Hott 520 MM. B ciryyae 35eKTpoJuHaMUYIECKOro MOAX0a CTPYKTypa MpeAcTaBisieT co0oii MeaHnap oomiei
umHOH 520 MM. OHOCIIOWHBIE CTPYKTYPBI T€OMETPHYECKH OCTANIUCh Oe3 m3MeHeHus. B pesynbraTe pac-
yeTa ObUTH MTOJTyYCHBI BPEMEHHBIC OTKIMKH Ha JaJIbHUX KOHI[AX OCHOBHOT'O MPOBOAHMKA (prc. 11-13).
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Puc. 11. BpeMeHHOM OTKNUK Ha AanbHeM KOHL,e OCHOBHOIo NpoBOAHUKA MoAenu
ABYXCNOWHON CTPYKTYpbl
Fig. 11. Time response at the far end of the main conductor of the double layer
structure model

Jns cmydast 10 oTkasza, mociie MepBOTO OTKa3a M IMOCJE BTOPOTO OTKa3a MaKCUMajdbHOE 3HAYCHHUE
aMmuTyael paBHo 15,8, 14,1 u 16,2 B cooTBeTcTBEeHHO. 3aJep:KKa MOJ MO OTKIMKY paBHa 2,55 HC.
MakcumanbHas ammointyaa OMII no oTkaza ymensmiace B 6,3 pasza, mocie nepBoro otkasa —B 7,1 pasa,
a MmocJie BTOPOro oTkasza — B 6,2 pasa. 1o rpaduky BUIHO, YTO IOCJIE OTKA30B MPOUCXOAMUT Pa3IOKCHHUE
HUMITYJIbCa MIOMEXHU.
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Puc. 12. BpeMeHHble OTKITUKM Ha AarbHEM KOHLe MoAenu CTPYKTYpbl
C KpaHMMM CUrHaNbLHbLIMU NPOBOAHUKaAMU
Fig. 12. Time responses at the far end of the model structure
with outermost signal conductors
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IIukoBoe HampsKEHUE HA AAIBHEM KOHIIE 10 OTKa3a, MOCIIE MEPBOT0 0TKA3a U MOCJIE BTOPOTO OTKa-
3a coctaBuina 28,4, 30,1 u 28,3 B cooTBeTCTBEHHO. 3aiepKa MOJl IO OTKIUKY paBHa 0,68 HC 1y Bcex
CITy4aeB.

33 7U,B
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24 N ===-- Ilocne meproro otxaza

20 - ITocne BrOpoTrO OTKa3za
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Puc. 13. BpeMeHHble OTKNUKN MoAenn CTPYKTYPbl C KPaWHUMKU ONOPHLIMU NPOBOAHUKAMMU
Fig. 13. Time responses of the structure model with outermost ground conductors

AMIUIHTY/Ia IOMEXY Ha TATBHEM KOHIIE JI0 0TKa3a, MoCciie MEPBOTO 0TKa3a U MOCIie BTOPOro OTKa3a
cocraBmia 29,6, 30,1 u 28,3 B cooTBeTcTBeHHO. Bpems 3anepxku paBao 0,67 HC IS BCeX CIIydacs.

IKcnepuMeHTAIbHOE HCCcIeJ0BaHne

Ha puc. 14 uzo0paxena gadoparopHasi yCTaHOBKA JUIsl M3MEPEHUSI YACTOTHBIX XapaKTEPHUCTHK, KO-
TOpasi COCTOUT M3 Uccienyemoro ycrpoictsa (1Y), BEICOKOYAaCTOTHBIX Kabeinel, BEKTOPHOTO aHalln3a-
topa neneit (BAL]) R4M18 (Mukpan) [13], mepcoHaIEHOTO KOMITEIOTEPA.

Hccnenyemoe
YCTPOHCTBO

da3ocTabHILHBIE
Kabesu

Puc. 14. 3kcnepumeHTanbHasa ycTaHOBKa
Fig. 14. Experimental setup

[lepen nauanom m3mepenuii BoimonneHa apyxmnoptoBasi SOLT (Short-Open-Load-Thru) kanubpos-
ka BAII. /lamee k oqHOMY M3 CUTHAJIBHBIX TPOBOIHUKOB moakaouancs BAII. K ocraBmmMces curaams-
HBIM TIPOBOJHUKAM MOJKIIIOYAIach coriacoBaHHas Harpyska 50 Owm. [[is uMuTanuy oTkasa Ha OJMH U3
KOHIIOB CUTHAJIBHOTO MPOBOJHHMKA MOJKIIOYAIaCh HU3KOOMHAs WM BBICOKOOMHasl Harpyska. M3mepe-
Hug npoBoaunuck B quanaszone ot 10 MI'n go 10 I'Tu ¢ marom 10 MI'n, nocne yero nony4eHHbIE 1aH-
HBIE COXPaHsUIMCh B JOKYMEHT B (opmate SNP. JlanHbii qokymeHT mmnoprupoBaics B Comsol, rae
MPOBOJIMIICS JajbHEHIINi pacueT BpeMeHHOTO oTkimuka. B Comsol cozmaercs momens Y. Tlocne Ha
BXO/Jl MOJIENIN TIOJAEeTCA BO3JEMCTBHE B BUE TPANELEUAATBHOIO UMITYJIbCa.

W3rotoBieHsl MPOTOTUIBI HCCIAEAYEMBIX CTPYKTYp (puc. 15) [nd U3roTOBIEHHS ABYXCIOWHOM
CTPYKTYPHI OB HCITONB30BaH (OIBTUPOBAHHBIN CTEKIIOTEKCTONHT Kiacca FR-4 pasmepom 130 % 75 mm.
Jl71s1 OMHOCTIOMHBIX CTPYKTYp MCIONB30BAICA 0OJHOCTOPOHHUH nomuuMu Mapku TU-85P NF.
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c)

Puc. 15. MpoTtoTunbl ABYXCNONHOW CTPYKTYpPbI (a), C KPaUHUMKU CUTHaNbHbIMW NpoBoAHuKamu (b)
M C KpaHMMMX ONOPHbLIMU NPOBOAHMKaMM (C)
Fig. 15. Prototypes of the two-layer structure (a), with outermost signal conductors (b)
and with outermost ground conductors (c)

B pesynbprare sxcnepuMeHTa ObUIH MOTyYeHBI BPEMEHHbBIC OTKJIMKH Ha JabHEM KOHIIE OCHOBHOTO
MPOBOHUKA. JlaHHBIC 3aBUCUMOCTH TPECTABICHHBI Ha puc. 16—18.
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Puc. 16. BpeMeHHOI OTKNUK Ha AanbHeM KOHLIe OCHOBHOIO NPOBOAHMKa
npoToTUna ABYXCIIOMHOW CTPYKTYpPbI
Fig. 16. Time response at the far end of the main conductor
of the prototype double-layer structure

Hamnpsoxenue Ha manpHeM KOHIIE OCHOBHOTO MPOBOAHUKA paBHBI 13,7 B mo otkasa, 14,7 B mocne
MepBOro OTKaza, 14,4 B mociie BTOporo oTkaza. 3amepikka COCTaBIseT 10 OTKa3a 2,64 HC, OCIe epBo-

ro oTkaza — 2,67 HC U [OCJIe BTOPOro oTkaza — 2,7 HC.

357U.B .
30 1 ]
25
20
15 ~
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0 1
Puc. 17. BpeMeHHble OTKITUKM Ha AaribHEM KOHLe NPOTOTUNA CTPYKTYpbI
C KpallHUMU CUTHaNbHbLIMU NPOBOAHUKAMMU

Fig. 17. Time responses at the far end of a prototype structure
with outermost signal conductors
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[TuxoBoe 3HAUCHIEC HAPSDKCHUS HA JallbHEM KOHIIE OCHOBHOTO MpoBoaHuKa paBHH 30,14 B 1o oT-
ka3a, 33,2 B mocme mepBoro otkasa, 31,7 B mocie BToporo oTtkasa. 3amepikka COCTaBISIET 10 OTKasza
0,91 uc, mocne nmepBoro otkaza — 0,78 Hc 1 mocie BToporo otkasza — 0,89 Hc.

62 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2025. Vol. 25, no. 1. P. 53-68



Yy6 A.B., Abpamoea K.H., OcnabneHue 3siekKmpomMa2HUMHOU nomMexu 8 cmpykmype

UkoHHukoea K.[. u dp. ¢ de8yXKpamHbIM MOOasIbHbIM pe3epeupoeaHueM

357U B
30 ~ Mo oTkaza
254 Ky = TTocne meproro oTkaza
20 - Ilocne Broporo oTkasa
15 4
10 4

ST = t, HC

[ a— = . e 2 N A.-AM_|"};=‘-

0 1 2 3 4 5

Puc. 18. BpemMeHHble OTKIUKM Ha AaNbHEM KOHLe NpOoTOTMNa CTPYKTYpbI
C KpalHMMM ONMOPHbLIMM NPOBOAHMKaMMU
Fig. 18. Time responses at the far end of a prototype structure
with outermost ground conductors

IIukoBoe HaAmpsDKEHHE COCTAaBHIIO N0 oTKa3a 34,55 B, mocie mepsoro otkasa — 34,26 B, u mocie
BTOporo otkaza — 30,52 B. Bpems 3amepkku 10 OTKa3a W MOCIE BTOPOro oTkaza coctamisieT 1,02 He,
a IS cirydasi TIocJie epBoro oTkasa cocrasisieT 0,96 He.

CpaBHUTENbHBII aHAJIN3 MOJEJINUPOBAHUS U YKCIIEPUMEHTA

B nmanHON cTaThe MPOBOAUTCS CpaBHEHHE PE3yJIBTATOB MOJCIHPOBAHHUS U IKCIICPUMEHTA C TI0-
MOIIIbI0 METOJIa BajuJaluu BhimeacHueM ocoOeHHocTel (Feature Selective Validation, FSV) [14].
Ornenka ¢ momoirsto Metona FSV ucmonb3yeTcs s onpe/eneHus MpUeMIeMOCTH COOTBETCTBUS Me-
KOy STAIOHOM W HOBBIMH PE3yJbTaTaMH. JTOT METOJ| COYETaeT M3MEPCHHE PAa3HOCTH aMILIUTY/]
(ADM) u usmepenne pasHoctu xapakrepa (FDM), koTopslil naet mydlnee npeacTaBiICHHE O COTIIACHU
MeXIy AByMs HaOopamu gaHHbIX. 3aTeM ADM u FDM o00beauHstoTes A1 (OpMUPOBAaHHS 171002 b-
Horo uaMepenus paznoctu (GDM). FSV-meron Obu1 oTKanuOpoBaH TakuM 0O0pa3oM, 4TOOBI COOTBET-
CTBOBAaTh YEJIOBEUECKOMY «IKCIEPTHOMY» CPaBHEHUIO IS MPUHATUS PEHICHUH, KOTOPhIE B HEKOTO-
poii cTeneHn CyObEKTHUBHBI, HO OYIYyT COACpXKaTh SPJbIKH, OMUCHIBAIONIUE COOTBETCTBUE, TAKHE KaK
«OTIUYIHOY, «OUEHb XOPOIIIO», «XOPOIIOY, «IJIOX0» U T. A. [15]. B KxauecTBe BAIMIAIIMOHHOTO JTAJO-
Ha BBICTYIAe€T OJWH HaOOp NaHHBIX, B KaYeCTBE «HOBBIX PE3YJIBTATOB» BBICTYyMAaeT NPYroil Habopa
JAHHBIX.

B mnpouecce mMoaenupoBaHus M SKCIESPUMEHTA OBLIM IMOJYYSHBI MaTpPHIIBI paccesHus. biaro-
Japs TOJIYYeHHBIM JaHHBIM OBIIH MOCTPOCHBI YaCTOTHBIC 3aBUCHUMOCTU B auamazone oT 10 MI'1g
no 10 I'Tu. Ha puc. 19 npeacrtaBieHa 4yacTOTHas 3aBUCUMOCTb BHOCUMBIX MOTEPb JBYXCIOWHOU

CTPYKTYDBI.
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Puc. 19. YacToTHble 3aBUCUMOCTU BHOCUMBbIX NOTEPb ABYXCIIOMHON CTPYKTYpbI
Fig. 19. Frequency dependences of insertion loss of a double-layer structure

YacToTHble 3aBUCUMOCTHU MpuMeHsutnch A FSV-anannza. Ha puc. 20 n300pakeHbl THCTOrpaMMBbl
r7100aJIbHOTO M3MEPEHUsI pasHOCTH. B KauecTBe BaTMIAIIMOHHOTO 3TajOHA BBICTYNAET OIUH U3 JABYX
pe3yibTaToB.
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Puc. 20. N'mctorpamma GDM ans pesynbtaTtoB TALGAT 1 Comsol (a) u Comsol n akcnepumenTa (b)
ABYXCIONHOW CTPYKTYpPbI
Fig. 20. GDM histogram for the results of TALGAT and Comsol (a) and Comsol and experiment (b)
double layer structure

[lonmy4yeHHble THCTOIpaMMbI MOKAa3bIBAIOT, YTO YaCTOTHAs 3aBHCUMOCTbH, MOJIyYEHHAs B CHUCTEME
TALGAT n COMSOL, cornacyrorcs ¢ OLIEHKON «yA0BIETBOPUTEILHO». B TO ke Bpems 49 % auckper-
HBIX 3HAYEHUH YaCTOTHOW 3aBHCHMOCTH HUMEIOT OLEHKY «OTIMYHO», «OYEHb XOPOIIO» H «XOPOIIOH.
CpaBHeHHE pe3yNbTaToB, MOIYYEHHBIX ¢ MoMollsio 3kcniepumenta 1 COMSOL, nmokazano, uto 55 %
JUCKPETHBIX 3HAUEHUH COTJIACYIOTCS C OLEHKOH «OTIMYHO», «OYeHb XOPOLIOo» U «xopomoy». [lanee Ha
puc. 21 mpeacTaBiIeHbl YaCTOTHBIE 3aBUCHMOCTH OJHOCIOWHON CTPYKTYPBI ¢ KpaWHUMH CHUTHAJIBHBIMU
NPOBOJHUKAMHU.
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Puc. 21. YacToTHble 3aBUCUMOCTU BHOCUMbIX NOTEPb O[HOCIIONHOWN CTPYKTYpPbI
C KpalHUMU CUTHaNbHbLIMU NPOBOAHUKAMMU
Fig. 21. Frequency dependences of insertion loss of a single-layer structure
with outermost signal conductors

Ha puc. 22 uzobpaxensl rucrorpammbl GDM s FSV-ananusa.
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Puc. 22. T'mctorpamma GDM ans pesynbtatoB TALGAT 1 COMSOL (a) u COMSOL u akcnepumenTa (b)
OOHOCITIOMHOWM CTPYKTYpPbl C KpaUHUMU CUFHaNbHbLIMY NPOBOAHUKAMU
Fig. 22. GDM histogram for the results of TALGAT and COMSOL (a) and COMSOL and experiment (b)
single layer structure with outermost signal conductors
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I'mcrorpammsl mokaseiBaroT, 4yTo pe3ynbTaTel TALGAT u COMSOL cornacyroTcsa ¢ OLEeHKOH
«xopowo». B 1o e BpeMeHs pezynsraTel COMSOL n akcriepuMeHTa COrnacyroTcsl ¢ OLIEHKOH «yIOB-
neTBopuTeNnbHO». OnHako 56 % AUCKPETHBIX 3HAYEHHUH COTJIACYIOTCS C OIEHKAMH «XOpOIIO», «OYEeHb
Xopouio» U «ommyHo». Ha puc. 23 mpencraBieHbl YaCTOTHBIE 3aBUCHMOCTH CTPYKTYPBI C KpalHUMH
OMOPHBIMH NTPOBOAHUKAMH.
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Puc. 23. YacToTHbIe 3aBUCUMOCTU BHOCUMbIX NOTePb OAHOCIOMHON CTPYKTYPbI
C KpalHMMM ONMOPHbLIMM NPOBOAHMKaMMU
Fig. 23. Frequency dependences of insertion loss of a single-layer structure
with outermost ground conductors

Ha puc. 24 u3o6paxeHsl THCTOTPaMMBI TII00aTFHOTO U3MEPEHUS Pa3HOCTH.
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Puc. 24. Tuctorpamma GDM gns pesynbtatoB TALGAT n COMSOL (a) u COMSOL u 3akcnepumeHTa (b)
OAHOCITIOMHOM CTPYKTYPbl C KpaiHUMKX OMOPHbLIMY NPOBOAHUKAMM
Fig. 24. GDM histogram for the results of TALGAT and COMSOL (a) and COMSOL and experiment (b)
single layer structure with outermost ground conductors

W3 momy4deHHO#l rHCTOrpaMMbl BHIHO, YTO YacTOTHBIE 3aBHCHMOCTH, IMOJyYe€HHBIE B CHCTEME
TALGAT u COMSOL, cornmacyrooTcs ¢ OLIEHKOH «yAOBIETBOPUTENbHO». TeM He MeHee 54 % auckper-
HBIX 3HaYeHUH YaCTOTHOM 3aBUCHUMOCTH COTJIACYIOTCA C OIIEHKaMH «OTIMYHO», OUEHBb XOPOIIO» U «XO-
pomo». Jlamee ObLI NPOBENEH CPABHUTENBHBIN aHAIN3 pE3ylIbTaTOB MOJCIMPOBAHHUS B CHCTEME
COMSOL wu skcniepuMenTa, KOTOPBIi MMOKa3all, YTO 3HA4YEHHs OOJIbILE BCETO COIJIACYIOTCS C OLEHKON
«yZIOBIETBOPUTENbHO». OmHAKO 55 % IUCKPETHBIX 3HAYEHHUM COIVIACYIOTCS C OLIEHKAMHU «XOpOILIOY,
«OYEHBb XOPOIIO» U KOTIUIHO.

3akiouenne

[pencrasnen anamu3 ocnabnenuss DMII ammmutynoii 100 B B crpykrypax ¢ aByxkpatHeiM MP.
Pa3paboTansl U co3qaHBl MOAENIH UCCIEAYEMBIX CTPYKTYpP IUISI KOMIBIOTEPHOTO pacdyeTa W 3KCIepH-
MEHTaJIbHOTO U3MEpEeHUs. BrIuncienne u n3MepeHue MpoBOJMWIOCE 10 0TKa3a, MOCie IEPBOro OTKa3a
U TIOCJIe BTOPOro OTKa3a. JIByXcioiHas CTPYKTypa Mokaszaja ociadlieHHe IOMEXU B CpeJHeM B 6,5 pasa
BO BCEX CIIydasx, B TO )K€ BpeMs OJHOCIIONHbBIE II0Ka3alu ociabieHue B 3 pasza. Jlanee ¢ moMolbio
FSV-metona Obuia monydyeHa OLEHKa CXOAMMOCTH PE3yJIbTaTOB MOAEIUPOBAHMS M 3KCICPUMEHTA.
JlaHHBII METOJ MOKa3al, YTO CXOAMMOCTh PE3YIBTATOB COITIACYETCS C OLEHKOW «yIOBJIETBOPUTEIBHOY
U «XOPOIIIO».
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Bce nccienyemble CTpyKTYypbl, IIpEeACTaBICHHBIC B JAaHHOH paloTe, CIPaBISIOTCS C MOAABICHHUE
OMII. JIByxcnoiHasl CTpyKTypa CIpaBiIsSIeTCs JIydlle C MOAABIECHUEM 3JIEKTPOMarHUTHOIO BO3JEMCTBHA,
OJIHAKO yCTyIMaeT ABYM OCTaBIIMMCS B ruOkoctu. CTpyKTypa ¢ KpailHUMHU OMOPHBIMU MPOBOJHUKAMU
CIIPaBJISIETCS] XYKE C MOJABJICHUEM BO3JEHCTBUM 110 CPABHEHHIO CO CTPYKTYPOM C KpalHUMHU CUTHAJIb-
HBIMH IPOBOJAHHMKAaMH, OAHAKO OJlaroapsi CBOeMy CIoco0y TPAaCCHPOBKU BCE TPHU CUTHANBHBIX IPOBOA-
HUKa OKPYXEHBI OTIOPHBIMH, U 3TO MOKA3bIBAET, YTO Jake MOCJIeé BOZHUKHOBEHHS OTKa3a OCIa0IeHUS
OMII ocraeTcst Ha TIPEKHEM YPOBHE.
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Annomayus. Pazutne mudpoBoii 5IKOHOMUKH TpeOyeT HaJIM4Ms BHICOKOKBAIH(HIMpOoBaHHbIX 1 T-crie-
LINAJIMCTOB, CIIOCOOHBIX YIOBJIETBOPUTH PACTYIIHE MOTPEOHOCTH phIHKA. HecMOTps Ha 3HaUMTENHHOE yBe-
myenue crnpoca Ha M T-kanpsl, cucrema o0pa3oBaHMs HE BCErJa COOTBETCTBYET OXHMIAHUAM paboTonare-
neit. KanpoBelii 1epUIIUT 1 HECOOTBETCTBHE KOMIETEHIIUH BBIITYCKHUKOB IMOTPEOHOCTSAM PBIHKA SIBIISIOTCS
KIIFOYEBBIMH IIpO0JIeMaMH, 9TO TpebyeT pa3paOoTKH HOBBIX MOJXOMOB K 00pa30BaTEeIbHBIM IPOTpaMMam.
Heas nccnenoanusi. OCHOBHOM IIENBI0 HCCIICIOBAHUS SBISIETCS pa3pabOTKa KOHIEMIIUH YIPaBICHHS
noarotoBkoir M T-cnenuanucToB, KOTOpas YUUTHIBAET COBpEMEHHBbIE TpeOoBaHUs paboTopareneil. Peann-
3anus MPEeIOKEHHON METOI0JIOTHH CO3acT YCIOBHA JUIs MOACPHHU3ALUH yUeOHBIX IPOTPaMM U JOCTIDKE-
HUsI 00Jiee BBICOKOTO YPOBHsI KOPPEISIHMHA MEXKIy KBATU(QHKAIUEH BBITYCKHUKOB U TEKYIIUMH HOTPEOHO-
CTSIMHU pBIHKa Tpyaa. MaTepuaJjbl U MeToAbl. Peanuzanus MccienoBaTeNbCKUX LeJIeH OCyIIeCTBISIIACH
MIOCPEACTBOM TPHMEHEHHs aJTOPUTMOB MAIIMHHOTO OOYYEHHMsS M METOJOJIOTMH aHalli3a MacIITaOHBIX
nH(GOPMAIMOHHBIX MacCHBOB B COYETAHHUHM C CHCTEMAaTHYECKHUM OTCIECKMBAHHEM BaKaHCHUH C KPYIHBIX
OHJIalH-TUIaT(GOpM 1O MoMCcKy paboThl. OCyIIECTBISsUICS cOOp M CHCTEMaTH3alus JaHHBIX O TPEOOBAHHUAX
paboTtonarenei, a Takke UX CpaBHEHHE C MPO(ECCHOHATBLHBIMU U 00pa30BaTeIbHBIMU CTaHAApTaMH. Baxk-
HYIO pOJb CHITpajo Ucroyb3oBaHue TexHomormid Natural Language Processing (NLP) mist aBromatusupo-
BaHHOTO aHAJIM3a TEKCTOB BakaHcuidl. Pe3yabrarhbl. B pesynbrare uccienoanus Oblia pazpaboTaHa KOH-
nenius coopa u o6paboTku TpeboBaHUIl paboTomareneil A ONTHMH3AIMN 00pa30BaTEIbHBIX MPOrpaMM
UT-cnenmanucroB. PaspaboTana cucteMa MOHHTOPUHTA U aHAIN3a OTKPHITHIX JTAHHBIX, YTO MTO3BOJISAET pe-
T'YJISIpHO OOHOBIISATH 0Opa3oBaTeIbHBIC IPOrPaMMBI B COOTBETCTBHH C M3MEHEHHUAMHU Ha pHIHKE Tpyxaa. BHe-
JIpeHUE TaHHOM CHCTEMBI CIIOCOOCTBYET COKPAIICHUIO pa3pbiBa MEXITy MPO(ecCHOHANbHBIMU KOMIETEH-
LUSIMU BBIITYCKHUKOB M MOTpeOHOCTSIMH paboronarencii. 3akiaodyenne. Pe3ynbTaTsl nccieqoBaHus moj-
TBEPXKJAIOT, YTO CUCTEMHBIH ITOXO0 K yHpaBieHHIO nMoArotoBkoil U T-kaxpoB ¢ MCIOIp30BaHNEM JAHHBIX
0 TpeboBaHMAX paboTonareneil CrocoOCTBYET YIyUIICHHIO KadecTBa 0Opa3oBaTeNbHBIX IPOrpaMM U IO-
BBIIICHUIO KOHKYPEHTOCIIOCOOHOCTH BBHIITYCKHUKOB. DTO OMOXeT Oosee 3¢ (HEeKTUBHO aqanTHPOBATh CHC-
TeMy 00pa30BaHUs K BBI30BaM IM(POBOH IKOHOMHKH, oOecrieunBasi pbIHOK Tpy/Ja BOCTPEOOBAHHBIMH CIIe-
LHAJIMCTaMH.

Knwouesvie cnosa: NT-ciernmanuctel, TpeboBaHus paboTomateneii, oOpa3oBaTelbHBIC NPOIPAMMEI,
MalIMHHOE 00yueHHe, KOMIIETEHIIMH, PHIHOK TPY/a, MPO(QecCHOHAaNbHbIE CTAHIAPTHI
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U aHanm3a TpeOoBaHHMU paboTomareneil s moarotoBku MT-crenumanucroB // Bectauk HOVpI'Y. Cepus
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Abstract. The development of the digital economy requires highly qualified IT specialists capable
of meeting the growing demands of the market. Despite the significant increase in demand for IT profes-
sionals, the education system often fails to meet employers' expectations. The shortage of skilled personnel
and the mismatch between graduates' competencies and market needs are key problems, which necessitate
the development of new approaches to educational programs. Aim. The main objective of the research is to
develop a concept for managing IT specialist training that takes into account modern employer require-
ments. This will optimize educational programs and improve the alignment of graduates' skills with current
labor market demands. Materials and methods. To achieve the research objectives, machine learning
methods and big data analysis were employed, along with vacancy monitoring from major online job plat-
forms. Data on employer requirements were collected and systematized, and then compared with profes-
sional and educational standards. Natural Language Processing (NLP) technologies played a key role in
the automated analysis of job vacancy texts. Results. The study resulted in the development of a concept for
gathering and processing employer requirements to optimize IT specialist educational programs. A monito-
ring and analysis system for open data was created, allowing for regular updates to educational programs in
line with labor market changes. The implementation of this system helps reduce the gap between graduates'
professional competencies and employers' needs. Conclusion. The research results confirm that a systematic
approach to managing IT specialist training, using employer requirements data, improves the quality of edu-
cational programs and increases graduates' competitiveness. This approach will help the education system
more effectively adapt to the challenges of the digital economy, providing the labor market with in-demand
specialists.
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cies, labor market, professional standards
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Beenenue

B Poccun o0ydenue ucropudecku 6a3upoBajgoch Ha alaiTHPOBAHHOM HEMEIIKOM METOJIe, KOTOPBIT
obecrieynBal CTyJJCHTaM MMPOYHbIe (QyHIaMEHTAIbHbIC 3HAHUS, SBISIFOLIMECS] OCHOBOM /ISl TaJIbHEHIIe-
ro odmenpoduibHOro U npodeccuonansHoro odyuenus [1]. HecmoTpst Ha cBoel pa3HOCTOPOHHUI U
(yHIaMeHTaNbHBIN XapakTep, crapas CHCTeMa O0pa3oBaHUs, OPHEHTHPOBAaHHAs HAa BCEOOIMHOCTh U
0ecIIaTHOCTb, CTala BOCHPUHAMATHCS KaK 3aTpaTHas U HEJOCTaTOYHO (P PEeKTUBHASL. DTO 00YCIOBUIIO
NOTpeOHOCTh B 0oJiee SKOHOMHYHOW 00pa30BaTEIbHON CHCTEME, COOTBETCTBYIOIECH PHIHOYHBIM YCIIO-
BUsM. B pe3ynbTare ObUT BRIOpPaH «OOJOHCKHID» MPOIECC, KOTOPBIH Mpeiarail CTPYKTypy, OpUEHTHPO-
BaHHYIO Ha THOKOCTh M COOTBETCTBHE TPEOOBAHUSIM COBPEMEHHOT'O PBIHKA TPY/a.

Tpanchopmarys CHCTEMBI BBICILIETO 00pa3oBaHus OblUTa MHUIMHPOBaHa B 1990-x ronax u xapakre-
pH30Baach UMILUIEMEHTAIMEH KOMILIEKCa MHHOBAIMOHHBIX 3JIEMEHTOB: YHH(OUIIMPOBAHHON CTPYKTYPHI
00pa3oBaTeNbHBIX YPOBHEH, KOMIIETCHTHOCTHOM MapajurMbl, CHCTEMBI aKaJIEMUUECKUX KPETUTOB, MO-
JyJIBHOTO MPUHIMIA OPraHM3allMy OOydYeHUs W OaJIbHO-PEHTUHIOBOW CHCTEMBI oreHuBaHus. Ilepe-
OpHUCHTAIMS Ha MparMaTHYeCcKHi MOAX0]] IPHUBENa K PEKOHIIENTyalU3alud 00pa3oBaTeIbHON JIesTelb-
HOCTH KaK CEepBHUCHOH (DYHKIMH JJisi MOTpeOUTENsl 00pa3oBaTeNbHbIX yciyr. JlanHast Tpanchopmanys
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00yCIIOBIJIa KOMMEPLMATN3ALUI0 HWHTEUIEKTYIHOTO MPOCTPAHCTBA, OKA3aB CYIIECTBEHHOE BIIUSHHE
Ha BCE€ KOMIIOHEHTHI 00pa30BaTeIbHON CUCTEMBI.

3akoHOJaTeNbHbIC U3MEHEHUsI, BHECEHHBIC B TpymoBoii konekc Poccuiickoit deneparuu B nexadpe
2012 roaa, 03HAMEHOBAJIUCH TOSBICHUEM HOBOI'O HOPMATHMBHOI'O MHCTPYMEHTa — MPO(eCCHOHATBLHOIO
crangapTa. PazpaGoranHas cucreMa NMpoQecCHOHANBHBIX CTAHAAPTOB OOECIeUYMBAcT (OPMATH3ALUIO
TpeOOBaHUI K KBaNU(UKAIMK CHEIUAIMCTOB B COOTBETCTBHU C PEalbHBIMU MOTPEOHOCTSAMH DPHIHKA
Tpysa, oTBeYas 3ampocaMm paboTojaTeNicii Ha MPHUBICUCHHUE CIEIHAINCTOB, TOTOBBIX K OINEPATUBHOMY
BKJIIOYEHHIO B pabouuii mpouecc.

CymecTByeT HECKOJIBKO MOAXO00B K MOJACIHPOBAHHIO TpeOOBaHUH MPodecCHOHANIBHBIX U 00pa3o-
BaTENFHBIX CTAHJAPTOB, YYHMTHIBAIONIMX 3alpochkl paboTtojarenell. HekoTopeie aBTOPHI mpeliararor
KOMILJICKCHBIM MOAX0[l, KOTOPBI COYeTaeT aHainu3 TpeboBaHUN padoTomaTenei ¢ UCCIEAOBaHUEM IIPO-
(eccroHaNbHBIX M 00pa3oBaTeNbHBIX cTaHnaptoB [2]. Hampumep, aBTops! [3] npeanaraioT METOIUKY,
OCHOBaHHYIO Ha aHalu3e NMpo(hecCHOHATIBHBIX CTAaHIAPTOB U HOPMATHBHBIX TOKYMEHTOB. OHH MIPUBOJSAT
npuMepbl TpodecCHoHaNbHBIX CTAaHIAPTOB JUIs paznuuHbiX MT-crienuanbHOCTEH W MpearaioT Wc-
MOJI30BATh 3TH CTAHIAPTHI MPH pa3paboTke 0Opa3oBaTeNIbHBIX MporpaMM. Takol moaxon obecrneynBa-
€T LIEJIOCTHOE MPEICTABICHUE O HEOOXOAMMBIX KOMIIETCHLUSIX U TOMOTaeT HHTErPUPOBATh TPEOOBaHUS
Ou3Heca 1 HOpMaTHBHEIE 00pa3oBaTeIbHbIC CTAHAAPTHL.

Hpyrue uccnenosarenu [4] yaensioT ocodoe BHUMaHUE aHATU3y PhIHKA TPyJda U MPOBEACHUIO aH-
KETUPOBaHUsl paboTomaTencil s BIABICHUS TPEOYyeMbIX KOMIETEHIHMH CHELUATUCTOB. DTOT METO.X
BKJIFOUAET COOp JaHHBIX O TEKYIIUX M MPOTHO3UPYEMBIX MOTPEOHOCTIX pabOTOAATENICH, YTO MTO3BOISICT
Oosiee THOKO aanTUPOBaTh 00Pa30BATENbHBIC TIPOTPAMMEI K 3aIIPOCaM PhIHKA.

Taxoke co3naHue U UCIOJIb30BaHUE 0a3 JaHHBIX, COACPKAIIUX OMMCAHHUS KOMIIETEHIUH U TpeOoBa-
HUH paboTomaresei, sSBISCTCS €Ile OJHUM IOIXOJO0M K MOJCIMPOBaHUIO TpeOoBaHuid. Takue Oa3bl
JIAHHBIX MOTYT CIIY>KUTh OCHOBOH IUTS pa3paboTku Mojeneil criermanuctoB. Hampumep, B CIIIA Obuta
co3mana cucrema Occupational Information Network (O*NET), comepxkamas ornmcanus 6omnee 1000
npodeccuil U CBA3aHHBIX ¢ HUMU KommeTeHuui. Vcnonp3oBaHue Takux 0a3 JaHHBIX MO3BOJISET CTaH-
JapTH3UPOBaTh TPEOOBAHUS W MPEAOCTABIACT OOIMMPHYIO WH(POpMANMIo sl pa3paboTku oOpazoBa-
TEJBHBIX POIPaMM.

MHorue uccnenoBaTea B JaHHOW 00JacTH pacCMaTpPUBaIOT BAKAHCHUHM KaK CPEICTBO ONPEACICHUS
TpeboBaHUil paboromatencii. Bo MHOTHX CTaThsX yTBEp)KAAETCS, YTO MYTEM BBISBICHUS U aHAJM3a
KOMIIETEHIINH, YKa3aHHBIX B TEKCTaX BAKAHCHUI, MOKHO KOPPEKTUPOBATH YUCOHBIC TUIAHBI U aJarnTUpPO-
BaTh 00pa3oBaTeNbHBIC MPOTPAMMBI TAKUM 00Pa30M, YTOObI KOMIIETEHIIUH, KOTOPbIE CTYACHTHI IOJIY-
YaroT B Mpoliecce 00y4IeHus], ObUIH aKTyallbHBI ISl padOTOJaTeNeH.

Hanpumep, uccnenoparenu [5] yTBepkaatoT, 4to B chepe HHGOPMAIIMOHHBIX TEXHOJIOTHI HAOIIO-
JlaeTcs ompeneNneHHas npobieMa ¢ KaJpoBbIM IMOTEHIMAJIOM, B KOTOPOH OHOM U3 CaMBIX y3KHX TOYEK
SIBIISIETCSL HEAOCTATOYHBIN MPUTOK abuTypuenToB Ha U T-HanpaBieHus U UX HETIOJHOLEHHAS [TOJrOTOB-
ka B obnactu UT B cucteme obpa3zoBaHmsL.

B nenom o6a moaxona UMEIOT CBOM MPEUMYIIECTBA U HEAOCTATKH, U BBIOOP ONPENEICHHOTO MOJI-
XOZ1a 3aBUCHT OT LIeJIeH U 3aJa4 MOAETUPOBAHUS CIICIUAINCTA.

O/HaKO CTOUT OTMETHTb, YTO PACCMOTPEHHBIE IMTOAXOBI 00JIbIIe POKYCUPYIOTCS HA PhIHKE TPYy/Ia U
TpeboBaHUAX paboronarerneil, TOATOMY B HUX MOTYT OBITh YITyIIEHBI HIOAHCHI, CBSI3aHHBIE C mpodec-
CHOHAJIBHBIMH M 00pa3oBaTelbHBIMU cTaHZapTaMu. [1o3ToMy BbleleHHE KIIOUEBBIX KOMIIETEHLUH U
HaBBIKOB Ul KaKAOH CHEUUATbHOCTH MOXET OBITh 3aTPyIHHUTEIBHBIM NPH HNOCTPOCHUH MOJeNei Ha
OCHOBE JIaHHBIX TOJIbKO O BakaHcHsxX [6]. Hanbosee mosHo yuuThiBaroTcs npodeccruoHaibHbie U 00pa-
30BaTeJIbHbIC CTAHAAPTHl B MOAXO0JaX, II€ UCIOJIB3YIOTCA SKCIEPTHBIE OLIEHKH M OMPOCHI, OJHAKO ATU
METOABI TPEOYIOT OOJBIIOrO KOJIMYECTBA BPEMEHH U PECYPCOB HA HX MPOBEACHUE.

dopMupoBaHHE PEIEBAHTHOW MOJEIH CIIEUATUCTa TPeOyeT UMILIEMEHTAIIMA CUCTEMHOTO TTOIXO0-
Jla ¢ BOBMOXKHOCTBIO arperupoOBaHuUsl M aHAIM3a Pa3HOOOPa3HBIX UCTOYHUKOB MH(OPMAIMH: OTKPBITHIX
CBEIEHHH O 3ampocax KOMIIAaHHH, perjJaMeHTHPOBAHHBIX NPO(EecCHOHAIBHBIX M 00pa30BaTEIbHBIX
CTaHIApPTOB, a TAK)KE AKCIIEPTHBIX OICHOK M OMPOCOB. Ba)KHO Takke YUWUTHIBATH TEKYIHE TCHICHIINU
pBIHKA TPyAa ¥ JUHAMHUKY U3MCHEHHUI B BOCTPEOOBAHHOCTH HABBIKOB. [lJIs1 aBTOMATHU3AIMN KPUTEPUEB
oTOopa corckaresed Ha PabOTy MOXKHO HCIIOJIBb30BaTh KaK OOIIENOCTYNHYIO CTAaTHCTUKY BakaHCHUH U
NpearnodTeHuid paboToaareneil Ha KPYIHBIX calfTax, TaK M UCIHOJIb30BaTh y3KONPO(ECCHOHANBHBIC HC-
TOYHUKH WHPOPMALIUH.

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 71
2025. T. 25, Ne 1. C. 69-82



YnpaBneHue B coLnanbHO-9KOHOMUYECKMX CUCTeMax
Control in social and economic systems

Ectb npyras Bepcusi: HecMOTpsI Ha peOpMbl, HANIPABJICHHBIC HA aIalITALUI0 CUCTEMbI 00pa30BaHUs
K PBIHOYHBIM YCIJIOBHSM, Ipo0IeMa HECOOTBETCTBHUS KOMIIETCHLUI BBITYCKHUKOB TpeOOBaHUSIM pabdo-
tonareneid B chepe UT ocraercss akTyaiabHOH. B yclIOBHAX CTpEeMHUTEIBHOTO pa3BUTHUS MUPPOBOH KO-
HOMHMKH W BO3pacTaroiero kaaposoro rojoza (https://hh.ru/, https://superjob.ru/, https://rabota.ru/) Heoo-
xoauM OoJiee TOYHBIH M ONEPAaTUBHBIN MEXaHU3M MOHHUTOPHHIA U aHaln3a TpeOOBaHUHN pBIHKA TPY-
na [7]. CyuiecTByrolme Moxo/ibl, OCHOBAaHHBIC Ha aHAIN3E MPOQPECCHOHAIBHBIX cTaHnaptos [3, 8], aH-
KETUPOBAaHWH paboTojateneil [4] wim ucnons3oBanun 0a3 nanHbix kommereHuii (O*NET), Hegocta-
TOYHO YYHUTHIBAIOT IUHaMUKy n3Menenuit B UT-orpaciu. B nannoit pabote npemnaraercsi npuMeHEHHE
METO/I0B MalIMHHOro obyueHus u NLP nns ananusa JaHHBIX ¢ BeO-pecypcoB, MOCBSILEHHBIX TOUCKY
paboThl, YTO TO3BOJIUT aBTOMATHU3UPOBATh MPOIECC aJanTanuud 0Opa3oBaTEeIbHBIX MPOTPpaMM K akTy-
anbHbBIM 3anpocaM U T-peiHka U criocoOCTBOBaTH (POPMUPOBAHNIO KOHKYPEHTOCIIOCOOHOH OTE€YeCTBEH-
Hoil UT-unnyctpun.

B Tekymux peaiusx CTaHOBUTCS OYEBUAHBIM, YTO YCTOHYMBOE pa3BUTHE IU(PPOBOH IKOCHCTEMBI
HEBO3MOXXHO 0e3 pas3BuToll oredecTBeHHOW [T-orpacnu. ['ocynapcTBeHHas MMONMTHKA MOCIEIHHUX JIET
XapaKTepU3yeTCsl BHEIPEHWEM IIHUPOKOIO CIEKTpa CTUMYIHMPYIOIUX MEXaHW3MOB: HAJOTOBBIX JIBIOT,
npedepeHINaIbHbIX YCIOBUH Y4acTH B TOCYAapPCTBEHHBIX 3aKyIKaX U CTPATErHYECKHX MPOrpaMM UM-
nopro3amenieHus. OHAKO I MOJHOIEHHOTO Pa3BUTHS IIU(PPOBOM SKOHOMUKH TpeOyeTcs GpopMHpO-
BaHHe HauuoHaibHOU IT-mHOYCTpUM, o0ecieunBaronIell Co3aHrue U MOAAEPKKY MPOrpaMMHBIX peLie-
HHUH BBICOKOT'O Ka4eCTBa, CIIOCOOHBIX 3()(HEeKTUBHO KOHKYPHUPOBATH C 3apyOCKHBIMH aHajioramu [9].

Ocobennocts poccuiickoro IT-ppIHKa 3aKIII0YaETCSA B TOM, YTO, HECMOTPSI Ha €T0 BOSHUKHOBEHUE B
Havase 1990-x TofoB, OH 10 CHUX MOp OCTaeTcd MPaKTUYECKH HE KalUTaIU3UpoBaHHBIM. Pa3paboTka
CWJIBHON M KalMTalIU3HMpOBaHHOM oTeuecTBEHHOM [T-oTpacnm moimkHa CTaTh CyIIECTBEHHBIM 3JIEMEH-
TOM TOCYJIAPCTBEHHOW CTpaTEeTuH 1o IU(poBoii TpaHchopmanuu. TeMIbl JalbHEHIIEr0 pa3BUTHS 3TOM
OTpacyy 3aBUCST OT CIIOCOOHOCTH TOCYIapCTBa CIIPABUTHCS C PSAIOM KITFOUYEBBIX 3a/1a4:

e xaapoBblid geguuut: [T-uHAYCTpHUA 3HAYUTENBFHO 3aBUCUT OT YEJIOBEYECKOro KamuTala, COCTaB-
nsiromero okono 70 % OusHeca. OnHAKO CyIIECTBYIOIIAs CUCTEMa OOpa30BaHHS BBIIYCKACT HEIOCTa-
TOYHOE YHCIIO CIEUUAJIMCTOB, U MPUTOM HE BCEr/la COOTBETCTBYIOIIMX COBPEMEHHBIM TPEOOBaHUSIM
peiHKa. B Omwkaiiiime nsaTh JeT oxuaaercs norpedHocts B 350 Thicsuax [T-crenuanucToB, Torma Kak
BBIITYCK €KETOJJHO COCTABJISIET JIUILB OKOJIO 150 THICSY YenoBeK;

® HEeJIOCTAaTOK MCCIEAOBAaHUN U pa3pabOTOK: B OTPACIH BCE €IIe MCIOJb3yeTCs Hay4HBIN 3a1ell co-
BETCKOT'O NEPHOJIa, KOTOPBIA BCKOPE MOXKET ObITh McuepnaH. MIHBECTHLIMM B HOBBIC HCCIIEIOBAHUS U
pa3paboTKH OCTAIOTCS HA HU3KOM YPOBHE, YTO OTPaHUYHBACT MOTEHIIHAI JJ11 MHHOBAIIUH;

® HECOBEPIIIEHCTBO 3aKOHOAATEIbHOM 0a3bl;

® HU3KHUK YPOBEHb KOOPAMHALMM JEHCTBUN OPraHOB TOCYNAapCTBEHHOHM BJIACTU IIPU MOJACPHKKE
NT-orpacnu.

B UT-otpaciu Poccun tpynsarcst okono 300 ThICSY BBHICOKOKBAJIM(UIMPOBAHHBIX CHELHATHUCTOB.
[Tnroc 700 Thicsy yenoBeK paboTaeT Ha MPEANPHUATHSIX, HEMOCPEACTBEHHO cBsa3aHHBIX ¢ UT-oTpacibio.
[To umcny paboumx MecT, MmokazareisiM BbIpaboTku W 3kcmopra MT-otpacns Poccum yxe obornana
MHOTHE OTPACIH OTEUYECTBEHHON SKOHOMHUKH.

CornacHo miaHy MepONpuUSTHH rocygapcTBeHHOW mporpammel «lludposas sxonommka Poccuii-
ckoii denepanymy, pa3BuTHe HHPOPMAITMOHHBIX TEXHOJOTHH M TIOATOTOBKA BBHICOKOKBATU(HUIINPOBAH-
HBIX CIICUAMCTOB BBIACICHBI KaK KIIIOYEBbIC MPUOPUTETHI AJISI IKOHOMHUYECKOTO IPOrpecca CTPaHBI.
Hanpasnenue «Kaapsl u o0pazoBaHue» akUEHTUPYET BHUMaHUE HAa HEOOXOAUMOCTH CO3IaHUs yCIOBUM
UisE GOPMHUPOBAHUST KOHKYpPEHTOCIIOCOOHBIX IT-KanpoB, KOTOpbIE CMOTYT YAOBJIETBOPHTH PACTYIIHE
NOTPeOHOCTH MUPPOBOTO CEKTOPa. DTO BKIIOYACT B ce0sl MOJIEPHU3AIUIO 00Pa30BATENBHBIX TIPOrPaMM,
BHE/IPEHUE HOBBIX TEXHOJIOTHH 00y4YeHHS M pa3BUTHE MapTHEPCTB MEXIY 00pa30BaTEIbHBIMU YUPEK-
JIeHusiMHu 1 uaayctpueii [10].

ITo nanneiM HeadHunter, xonuyectBo BakaHcuii mist IT-cnermanuctoB B Poccuu B stHBape 2023
roja BbIpocio Ha 63 % mo cpaBHEHUIO ¢ TeM ke nepuoaoM 2022 roga u gocturio 58 700 3a HemoIHbII
Mecsn. B xoMmaHun cooOmmiy, 4TO YBEIWYCHHE YMCIIa BAaKaHCHI Havanoch ¢ HosOps 2022 roma, u
OO0BSICHWIN 3TO TeM (aKTOM, UTO «IIOSBHIIACH OompenesnieHHOCTh ¢ [T-mpoekTamu Ha 2023 romy. Taxke
OBLJIO OTMEUYEHO, UYTO OTPENEICHHYIO POJb ChIrpajia OCEHHSAS BOJIHA Mepee3sia COTPYIHUKOB, B KOTOPOH
OOJNBLUIMHCTBO COTPYJHHUKOB MOTJH yBOJIMThCcA. OHa MMeNa 3HauMTEJIbHOE BIMSAHHE Ha IMPOLECCHI O
TPYAOYCTPOUCTBY paOOTHUKOB KOMITAHUH.
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Kpome toro, poct cnpoca Ha IT-crenuannctoB noarBepau cepBuc «AButo Pabora», mo naHHBIM
KOTOpOTO B STHBape YHCJIO BaKaHCHUM BbIpocio Ha 52 %, no uroram 2022 roga — Ha 7 %. B «SHaexce»
ceituac oTkpeITO Oosbie 1000 BakaHCHi, MPUYEM HECTaHIAAPTHOI'O OTTOKA COTPYIHUKOB HE HaOJIIOIa-
eTcs, OTMETWI TpexacraButend kommannn. B «MTC Jdumkurtam» cooOmmim, 4To HaiiM Ha paboTy B
2022 roxy BBIPOC B YeThIpe pasa, 10 220 yenoBeK B MecALl, OOBSICHUB 3TO Pa3BUTHEM HOBBIX IPOIYKTOB.

CoriacHo CTaTUCTUYECKUM JaHHBIM, CIIPOC Ha KBATU(UIIMPOBAHHBIX CIICIIUATICTOB CYIIECTBEHHO
MPEBOCXOIUT TMPEUIOKEHHE. ITO CBSA3aHO ¢ pacTymiei morpedHocThio B IT-npodeccronanax B chepax,
IZle aKTHBHO IPOUCXOJIAT MPOLECCHl aBTOMATH3alMY, TH(POBU3aMK U aHaIUTUKK. OJHAKO mapasok-
callbHO, YTO, IO JAHHBIM CTATHCTHYECKUX HCCIEHOBAaHHWH, KOJIMYECTBO AOUTYPHEHTOB, BBHIOMPAIOLINX
CHEUAILHOCTH B 00JIaCTH MH(POPMAIIMOHHBIX TEXHOJIOTHH, JEMOHCTPUPYET TCHJCHIIUIO K CHI)KCHUIO.

HecootBercTBre MeXAy KOMIETEHLUUSIMH, KOTOpble paboTOmaTEeNN OXHUIAAIOT OT CIICLHUAINCTOB, U
TEeMH, KOTOpble (OPMHUPYIOTCS B Ipolecce 00ydeHHs B 00pa30BaTENbHBIX YUPEKICHUSAX, OOBSICHSET
BO3HUKINWI aucOananc. Paboronarenn Hepeqko TpPeOYIOT MPaKTUYECKUE HABBIKM M CHCIU(HYECKHE
3HaHUA, KOTOPhIE HE BCErja aklEHTUPYIOTCA B TPATUIMOHHBIX YYEOHBIX MpOrpaMMax. DTOT pa3phiB
CTUMYJIMPYET NOTEHLIMAIBHBIX CTYJCHTOB HCKATh AIbTEPHATUBHBIC MYTH 00Y4EHUs, TAKUE KaK OHJIAH-
KYpCBl ¥ IPOTPaMMBbl MOBBILIEHUS KBATA(UKALMK, YTOObI NOIY4YUTh BOCTpEOOBAaHHbBIE HA PHIHKE HABBI-
KH. DTO SIBJIIEHHE CIIOCOOCTBYET YKPEIICHUIO TEH/ICHIIMU MIEPeXo/ia OT TPaJAUIIMOHHBIX GopM oOyueHHs
K DJIEKTPOHHOMY OOYUY€HHIO Ha JUCTAHIMOHHBIX Iiardopmax [2], 4TO 0OCOOEHHO aKTyalbHO B OBICTPO
MEHSIFOILIEMCS MUPE TEXHOJIOTHH.

3akoHO/aTeNbHbIE W3MEHEHHs, Ha MOMeHT 2025 roja y)ke BCTYIHUBIINE B CHIIY, YCTaHABIHWBAIOT
00513aTELHOCTD €KEMECSYHOTO TPEIOCTABICHUS Pa0OTOAATENSIMU CBEACHUH 00 OTKPBITHIX BaKAHCHUSIX.
HecoGmronenue nannoro tpedoBaHus npeaycMaTpuBaeT mwrpadubie cankuuy. CieayeT NoAYepKHYTh,
4TO Tpolenypa nyonukanuy WHGOPMAIMK O BaKaHTHBIX JOJDKHOCTSIX Juis opraHuzanuit u UIT mox-
Bepriack KoppekTupoke eme B 2023 roay. B Hacrosiee BpemMs: O0IBITMHCTBO KOMIIAHUHN MPEIITOTH-
TaeT NMyOJMKOBaTh CBEACHHS O BAKAHCUAX Ha CIICHUAJIM3MPOBAHHBIX MHTEpHeT-Iulomankax: Hh.ru,
Superjob.ru, Rabota.ru u T. 1.

OCHOBHBIM HHCTPpYMEHTOM Toucka [T-criennanucToB ajisl KOMIAHWK BBICTYIAIOT ONMCAHHBIC BHIIIE
digital-miardopmel. PasMemiaemble Ha 3TUX pecypcax BaKaHCHH SIBISIFOTCS JTOCTOBEPHBIM OTPaKEHHEM
aKTyalbHBIX TpeOoBaHMH padoTonarenel K MpogecCHOHANBHBIM KOMIIETEHIMAM KanaunatoB. Hempe-
PBIBHOE OTCJIC)KUBAHHUE, aHAJTUTHYECKAs 00pabOTKa M KJIACCU(HUKAIUS JaHHBIX TPEOOBaHHUH CTAHOBITCS
(dbyHIaMeHTanbHON 0CHOBOH (hopMupoBaHus dPPEKTHUBHBIX 00pa3oBaTENLHBIX porpaMM B By3ax [11].
Takolf MeToHOJOrHYecKUi Moaxoa ocoOeHHO BocTpeOoBaH B IT-mHAyCTpuH, TO€ KPUTHYECKH BaskKHO
00€CTIeYUTh COOTBETCTBUE KBATM(HUKAIINH BBITYCKHAKOB aKTYaJIbHBIM IMOTPEOHOCTSIM PBIHKA TPY/a.

B nannoii paboTe mpemsaraeTcsi HCIOIb30BaTh METOJIBI MAITMHHOTO OOYYCHHUS W aHAJIM3a JTaHHBIX
JUIE MOHUTOPHHIA U CHCTeMaTH3alMu TpeOoBaHUN paboToAaTesiel, YTO MO3BOJIIET aBTOMATU3UPOBATh
MIPOIIECC CO3JaHMs PEKOMEHIAIHiA 11 00pa3oBaTeIbHbIX Tporpamum [12]. B otinmyue OT TpaAHIIMOHHBIX
METOJIOB, OCHOBAaHHBIX Ha JKCIEPTHBIX OIEHKAX M OMPOCax, TaKWe IMOAXOJbl 3HAUUTEIHHO YCKOPSAIOT
00paboTKy 00JBIINX 00BEMOB TaHHBIX U MUHUMHU3UPYIOT CyOBeKTHBHBIN (hakTop. [IpuMeneHne TexHo-
noruii Natural Language Processing (NLP) mo3Bossiet 3¢ eKTUBHO aHaIM3UPOBATh TEKCTOBBIEC TaHHbIC
BaKaHCHI U BBISIBIISITH KIIIOUECBBIE KOMITETEHIIUH, BOCTpeOOBaHHbBIE HA PHIHKE Tpyaa. B oTiinune ot pyd-
HOTO aHaJln3a, 3TO JaeT OoJiee TOUHBIC PE3YJILTAThl K 00eCTIeYMBaET BO3MOKHOCTh OOHOBJICHUS TAHHBIX
B PEKUME pealbHOro BpeMeHH. Kpome Toro, aBToMaTH3UPOBAaHHBIE CHCTEMBI MOHUTOPUHTA MTO3BOJISIIOT
OBICTPO pearupoBaTh HAa U3MEHEHHsSI B TpPeOOBaHUAX paboTOAaTENeH, YTO AenaeT 00pa3oBaTeNIbHbIE IPO-
rpaMMBbl 0oJiee THOKUMH U aKTyaJbHBIMH.

UnTtepec k ananusy tpeboBanuii padoronateneit B IT-cdepe 00yciioBieH Ba)KHOCTHIO OLIEHKH KOH-
KYPEHTOCIIOCOOHOCTH PBIHKA TPYZa, PACKPBITHS PEIEBAHTHBIX HABBIKOB M TEXHOJIOTUH M 3asBICHHBIX
XapaKTePUCTUK BaKkaHCHUU. J[Js TpyaOyCcTpOHCTBA CTY/ICHTOB M OPraHM3allMK HaliMa OM3HECY Takasi UH-
(dbopmanuu ToNe3Ha, TIOCKOJBbKY IMO3BOJSECT pa3padaThiBaTh CTpPATErHy NMpPo(ecCHOHATBHOrO pocTa U
KOHIIEHTPUPOBATh YCUJIMS Ha KIIOYEBBIX ISl YCIEIIHOW Kapbepbl HaBbIKax. [IpuMeHeHue mpeasnarae-
MBIX METOJIOB MOXET paJIMKaIbHO M3MEHUTH MOJXOJ K pa3paboTke oOpa3oBaTeIbHBIX MPOTPaMM JUIs
YyenoBeka. AHaIN3 TpeboBaHUi paboTomaTeneid, By3aM MOMOXKET MPOBOJIUTH aKTYaIN3aIlHI0 IPOrpamMM
00y4eHHUs1 B peXXUME PeajbHOTO BPEMEHH Ha BCEX YPOBHAX M PAa3NUUHBIX (hopMax 0Opa3oBaTeIbHBIX
nporpaMM. OTO MPHUBEACT K BBIMTYCKY 0Oosiee KBaMM(UIMPOBAHHOTO CIIELHHUAIMCTA, CIOCOOHOTO pemarhb
3ajaum JJrodoro ousneca [13].
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YnpaBneHue B coLnanbHO-9KOHOMUYECKMX CUCTeMax
Control in social and economic systems

Jnst co3maHus akTyaldbHBIX NMPOrpamMM MOATOTOBKM KalapoB B cepe UT HeoOXoaMMO yUHUTHIBATH
ObICTpO MeHsroIuecs TpedoBanus padoTonareneit k komnereHIMAM U T-cnennanucto. C KaKABIM T0-
JIOM PBIHOK TpyJa MPEeabsBIseT BCe HOBBIE 3alpOChl Ha 3HAHUS BBITYCKHUKOB BY30B [14]. D10 memaer
HEOOXOUMBIM pa3padoTKy 3(h(HEKTUBHBIX METOJIOB cOOpa M aHalu3a 3TUX TpeOOBaHU, YTOOBI 00pa3o-
BaTeJIbHBIE IPOTPAMMBI COOTBETCTBOBAIM pealIbHBIM HYXAaM oTpaciu [15].

[TpoGiiema 3akiIroyaeTcst B CO3aHUN CUCTEMBI, KOTOpas MIO3BOJINT aBTOMAaTU3UPOBATh MPOIIECC MO-
HUTOPWHTA U KJIacCH(QUIMPOBATh TpeOOBaHMS paboToAaTENeH ¢ NCTIONBb30BaHHEM TEXHOJIOTHI aHAN3a
JaHHBIX M MalMHHOro oO0y4eHusi. Hanpumep, npruMeHeHue METoA0B 00pabOTKH €CTECTBEHHOIO SI3bIKA
(NLP) u ananu3za 60spmux 005eMOB TEKCTOBOM MH(OpMAIMK U3 BAKAHCHH MOXET CYIIECTBEHHO ITOBBI-
CUTb TOYHOCTb U CKOPOCTb MOJYYEHHUS IaHHBIX 0 BOCTpeOOBaHHBIX KoMIeTeHIHAX. Llens paboTsl — co3-
JaTh METOMABl U MHCTPYMEHTHI Ui 3¢ dexrrBHOro cOopa n ananuza tpedboBanuii k UT-crnenuanucram,
4yTOObl OOHOBUTH 00pa3oBaTEIbHBIE NMPOrpaMMbl B BY3aX M IOATOTOBUTH CIIEHUATUCTOB, COOTBETCT-
BYIOIIIUX TpeOOBaHUSAM paboToIaTeICH.

1. Onucanune npeaAMeTHOM 00J1aCTH

TpeboBanus cTaHAapTOB, OyAb TO MpOodeCcCHOHANBHBIE N 00pa30BaTeIbHbIE, MOXKHO MOAEIHPO-
BaTh MO-pa3HOMY. B MOJienMpoBaHUM TaKMX CTAHIAPTOB HYXKHO YUUTHIBATH OXHIAHUS paboTONATEICH.
ABTOpBI CTaTeil, KOTOPbIE 3aHUMAIKCH TTOX0KUMH BOIIPOCAMH, TpeAaraayd HHTETPUPOBAHHBIN TOAXO/.
OH couerain B cebe camu TpeboBaHus paboTonaTeneid U aHAIM3 KOMIIETEHIMH (TOJIy4YeHHBIX WIH MOJY-
YaeMbIX) 00ydJarommxcs. ABTOPHI [3, 8] ommchIBanM METOJMKY, KOTOpasi OyAeT ONupaThCcs Ha aHaIN3
uHQOpMaIUK B MPOGECCUOHANBHBIX CTaHAAPTaX BMECTE C HOPMATHUBHBIMH JJOKYMEHTaMH. ABTOPHI ITpe-
JOCTaBHJIM TIPUMEpPbI MPO(QECCHOHATIBHBIX CTAaHAAPTOB Il HekoTopblx WT-cmenmanbHOCTEH M peko-
MEHJIOBAJIM UCIIOJIb30BATh MX MPH CO3JJaHHU 00pa30BaTeNbHBIX NporpaMM. Vi3MeHeHHas, JOTOTHEHHAs
MeTorKa [4] peKOMEeHIyeT MPUMEHSTh aHAIN3 PhIHKA TPYJa U MPOBOJUTH ONMPOCH! cpean paboTomate-
Jieid, 4TOOBI ONPEAETUThH Hy>KHBIE CIIEHATUCTAM KOMIECTECHIINH.

Tak Kak CyIIecTBYeT MHOXKECTBO BAKaHCHH, pa3MeIlaeMblX pad0TONATEsIMHU, OHU MOCTOSIHHO Ha-
XOJSITCSL B IMHAMUKE — TOSIBJISIFOTCSL HOBBIC, HCYE3al0T CTapble BaKaHCHH, TIOJIE3HO HCIOIB30BaTh J0C-
TYIHBIE CpeAcTBa il 00paboTku Gonblioro konuuectsa gaHHbIX (big data). Taxke mosBisiercss Bo3-
MOKHOCTb MCIIOJIb30BaTh IUTIOCHl MAIIMHHOTO O0Y4EHUs], B YACTOCTH — BBIBJICHUE OOIINX NMPU3HAKOB B
JIAHHBIX, CIIOCOOHOCTH BBISIBIISITH TEHACHIIMH CIpoca (B HAIleM cCilydae TEHICHIIMHM M3MEHEHHsI cIipoca
Ha KJIFOUEBbIC HaBBIKK). [ mprMepa MOKHO B3sTh pa3pabotky Barb Hyman u3 Aecrpanuu. OHa u ee
KOMaHJja IPUMEHWIN MallMHHOEe 00y4yeHue B cucteMe ¢ Ha3BanueM PredictiveHire (temeps Sapia Al).
JaHHast cucTeMa aHaNM3WUPYeT TEKCThl BAaKaHCH M PE3IOME COMCKATesel, B UTOTe ompeselss Oojee
TOJIXOISIINX COUCKATEIICH ISl BAKAHCHH.

CymecTByeT Takxe ApYroil moaxo — co3gaHue 6a3 JaHHBIX CO BCEMH JKEJIaeMBbIMU KOMIIETCHIINS-
MU OyIyHnMx COTpyIHHKOB. Kaxkasi KOMIETEHIMsI UMEET CBOE ONHMCAHHE, @ B COBOKYITHOCTH JaHHBIC
UCIOJIB3YIOTCS IS pa3paboTKH Mojeliel TpeOyeMbIX crieiaiucToB. OQHON U3 NOMYJISAPHBIX MMOT00HBIX
pa3paboTok MOXHO Ha3Bath paspaborannyio B CLIA Occupational Information Network. Ona conep-
*UT 1o Menbliel Mepe 1000 npodeccuii 1 KOMIETSHINH 11 HUX.

Takum 00pazom, B MUpE MBITAIOTCS PEIINTh CaMble pa3HbIC MPOOJIEMBI, CBSI3aHHBIE C KOMIIETCH-
USIMUA CTYJICHTOB (COMCKaTeNel) U OKuAaHusIMH paboToaareneil. MoKHO clenarh BBIBOJI, 4TO Tpebo-
BaHMs paboTonmaTenei (MX OXHMOAHHUA OT COUCKATeJel) BayKHBI IPU pa3pabOTKe MOAETH CIEHHATHUCTA.
bnaronaps yuéry storo ¢akropa OyIaeT BO3MOXXHO NMPHUHUMATh CBOCBPEMEHHBIC PEIICHHS B YaCTH CO-
CTaBJICHHs 00pa30BaTeNbHBIX MpOorpamMMm. s 3TOro MOXKHO HCIIONIB30BaTh MAIIMHHOE OO0y4YEeHHUE, MC-
N0JIb30BaTh 0a3bl JAHHBIX C ONMMCAHUSIMH KOMIIETCHLIMH, Pa3IMYHBIX TpeOoBaHUH. DTO obecneuuT Oomnee
TOYHBIE, AKTYaIbHBIE MOAETH CHEUUAINUCTOB 110 MOTPEOHOCTSIM COBPEMEHHOI'O PhIHKA TPY/a.

Takum 00pa3om, Halll OOBEKT UCCIICIOBAHHS — IIPOIIECC COTIOCTABIICHUS U aHAIM3a MPOQECCHOHATBLHBIX
TpeOOBaHUi, MPENbIBISIEMbIX PaOdOTOAATEAMI K KBaIu(UKamu crenuanictoB B chepe UT. CoBokyr-
HOCTb METOAOJIOTHYECKUX MTOAX00B, AaHATUTUUECKUX MOJIETICH U alfOPUTMHIECKUX PELICHUN, NPUMEHIEMbIX
B IIPOIIeCCce 0OPaOOTKH U CUCTEMATH3ALUK OOIIESIOCTYTHOM HH(MOPMAIIUH, — 3TO TPEAMET MCCIICIOBAHHUSL.

Lenbro pabOTHI SBJSIETCS ONpPE/ISIICHHE HanOoIee MoIXoasIIeH KOHIeIMKr coopa U 00paboTKH Tpe-
OoBanuii pabotopateneii Kk komnereHuMsIM UT-crienmanuctoB As1s co3naHus peKoOMeHIauuii mo pa3padoT-
K€ aKTyaJIbHBIX 00pa3oBaTeNbHbIX mporpamm U T-crenuanicToB, a Takke yiaydlleHHe Mpolecca onpee-
JICHUsI O0IUX TPeOOBaHMUH, KOTOPBIE PA0OTONATENH MPEIBSBISIIOT K KOMIIETEHIIUSM COUCKATEICH.
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Jlns peanuzanuy MOCTABIEHHOM 1€ HYKHO PEIIUTH CIEIYIOIINE UCCIEN0BATENBCKHE 3a0auu:

1) uccaenoBath CyLIECTBYIOIIUE TEOPETHUECKHE MOAETH U METOAOJIOTHYECKUE MOIXO0bI, KOTOPBIE
MOMOTAIOT OIPEJCTUTh o0IIHe TpeOoBaHus K KomrereHnusM I T-crienuanictos, 4ToObI pa3paboTaTh Ha
HX OCHOBE KOMILJICKC PEKOMEH/IAINH 110 COBEPIICHCTBOBAHUIO 00Pa30BATEIBHOTIO TIPOIIECCa;

2) onpenenuTbh KOMIUIEKC METOIOB U allTOPUTMUYECKUX PELICHUH U Pean3alii IpOLecCcoB OT-
CleXuBaHMs, cOopa U MpeIBapUTEIHLHOIO aHAIM3a OTKPBITHIX JAHHBIX, OTPAXKAIOMIUX aKTyaJbHBIE 3a-
Mpockl paboToAaTeseil K CONCKaTeNsIM;

3) uccnenoBaTh CyLIECTBYIONINE AJITOPUTMBI aBTOMAaTH3UPOBAaHHON TeHEpaluy PEKOMEHIAMN IS
peanuzanuu 00pa3zoBaTENIbHBIX IPOrPaMM, OPUEHTUPYSICH Ha 0000IIeHHBIE 3apockl paboToaaTenei.

2. CoBpeMeHHbIE TEOPETUKO-METOJ0J0T N4eCKUe MOAX0AbI

B meronmomorun ¢dopmupoBaHus npodeccHoHaTHLHONW MOJENN CHEIHANINCTa BBIISISIOTCS JBE OC-
HOBHBIE TpackTopuu. llepBas OCHOBBIBAeTCA Ha WHTETPAIMM AaKTyalbHBIX 3allpOCOB M KPUTEPHEB,
MPEABSIBISIEMBIX padoToaaTensaMu. Takoi METOMOIOTHIECKUH TTOIX0]] MOXKHO KPaTKO ONMUCATh KaK HWH-
CTPYKITUIO: CO3JIJaHHUE MOJETH KIFOUEBBIX HABBIKOB OyIyIIMX KaJIpoOB — 3TO MPOCMOTP, Yero TpedyeT
pBIHOK Tpyna [16]. Jlist 3TOro Hy»XKHO M3yYWTh BaKaHCHH HAa PHIHKE TPYZAd, B PE3yNIbTATe YEro OIpe/ie-
JIUTh TpeOyeMbIe KIIFOUEBbIC HABBIKM BBIITYCKHUKOB. DTO MOTYT OBITh KaK MPO(eCCHOHATIbHBIC 3HAHUS,
TaK U COCOOHOCTH PabOoTaTh B KOMaH/IE MITM HABBIKA KOMMYHUKAIIUH.

BaxxHyr0 ponb B akTyanu3aiui y4eOHBIX MPOTPaMM MOXKET ChITpaTh COTPYIHUYECTBO yUEOHBIX 3a-
BeJicHU ¢ pabotoxarensiMu. PaboToaarenn MOryT COOOIIUTh TPeOyeMbIe KIIOUSBBIC HABBIKU, KOTOPBIC
OHU OBbI XOTEJIM MOJIYYUTh OT OYAYIIMX KaapoB. PaboTomaTenn MOryT y4acTBOBaTh B pa3paboTke yueo-
HBIX TIPOTPaMM WIIH, K TIPAMEPY, CTAXXHPOBOK, MOTYT B UTOT€ CO3/[aBaTh HOBBIE MeCTa IJIsl TPYIOYCTPO-
CTBa, TOYHO 3HAas1, KOro oHU moixy4ar. Cam y4eOHBIN MPOIIecC TOJDKEH OCHOBHIBATHCS HA PEIICHUU MPaK-
TUYECKHX 33J1a4, 3TO JACT CTYJACHTaM HE TOJIBKO TCOPETHUCSCKHE 3HAHMS PEIICHHS TPOOJIESMbI HITH 3a/1a4H,
a eIle U TO3BOJIUT UCTIBITATh UX B ACUCTBHU HEOAHOKPATHO, COBEPIICHCTBYS CBOM CITOCOOHOCTH U TIPOYHO
YKPeIUIsisi TEOPETUUECKYI0 0a3y, YTO, BEPOSTHO, YBEIMYUT UX KOHKYPEHTOCTIOCOOHOCTh. Moienb moAro-
TOBKH CIICIIMAIMCTA JOJDKHA YUUTHIBATh COBPEMEHHbBIC TCHACHIMH U TPeOOBaHUs PhIHKA TPY/Ia.

Bropass MeTo050THsl OCHOBBIBAETCSI HA HOPMATHUBHBIX JIOKYMEHTAaX, 3aKPEIUIEHHBIX B CHCTEME
Mpo(eCCHOHATBHBIX W 00pa30BaTENbHBIX CTaHAApTOB. [lo 3TO¥ METOAOJOTHHM MOENb CIEIHAIINCTa,
KOTOPYIO TpeOyeTcsl TOCTPOUTh, JODKHA YUHUTHIBATh TpeOoBaHUs paboTonaTesss. MeTonoI0THs CTPOUT-
cs elle M Ha ydeTe mpodecCHOHAIBHBIX U 00pa30BaTeIbHBIX CTaHAAPTOB. B 3TOM MOAXOJe BaKHBI HE
TOJIFKO TEXHHYECKHE 3HAHUS B BUJEC KOMIICTCHIMH B TIPOQIUTHHBIX TEXHOJIOTHIX, YMEHUN paboTaTh C CO-
BpeMeHHbIM o0opyaoBaHueM u [10, HO U 00IIKe KauecTBa — KOMMYHHUKATHBHBIC, CTPEMIICHHE K caMopas-
BHUTHIO ¥ TOTOBHOCTh OCBAaWBaTh HOBBIC TexHOJOTHH [17]. Bropas MeTomosorus moapasyMmeBaeT n3MeHe-
HUS B CTPYKType Mpo(heCCHOHATBHOMN MOATOTOBKHA — BBIMYCKAEMEBIE CIIEIIHATMCTBI JODKHBI d3(PPEKTHBHO
paboTaTh B COBPEMEHHBIX peallusiX, a B X0fe uX o0ydeHus TpeOyeTcsl yCHIIeHHe TYMaHUTapHOW COCTaB-
JIIOIIEH, K MIPUMEPY, 3TO MOXKET ObITh PACCMOTPEHHME BOIPOCOB HAYYHO-TEXHMYECKOIO Iporpecca, BO-
MIPOCHI HCTOPHUYECKOTO Pa3BUTHSI TEXHUKH, IKOJIOTHH, B3aHMOJIEHCTBHUS «9eTIOBEK — TeXHOCchepa» [18].

Conepxxanne mpoheCCHOHANBHON MOATOTOBKH OBLIO pa3padOoTaHO HA OCHOBE MOWCKA MHTETPAIUH
COLIMAJIBHO U MPO(ECCHOHATHLHO 3HAYMMBIX KaueCTB JIMYHOCTH. B pe3ynbrare ObLIM CO3/IaHbl IPOrpam-
MBI C THTETPHPOBAHHBIM COJICPKaHUEM M MOJIYyJIbHON OopraHu3anuei. Peamuzanus nHTErpaabHBIX OCHOB
0a3upoBaNack Ha CIASAYIOMINX MPUHIIUIIAX

® AKIIEHT HAa aKTUBHOM YYacTHUU CTYJEHTOB B Y4eOHOM TIpoIiecce, Pa3BUTHH HX TBOPYECKUX CITO-
COOHOCTEH, KPUTUIECKOTO MBITIIIEHUS 1 CAMOCTOSTEITLHOCTH;

® UHTErpalys Pa3IMYHbIX HAYYHBIX JUCHHUIUIMH U IPEIMETOB, UYTO MMO3BOJIIET CHOPMHUPOBATH 1IEJIO0-
CTHOE MpPEJACTaBICHUE 0 MPO(PECCUOHATBLHON NEATEIBHOCTH M BhIpa0OTaTh KOMIUICKCHBIM MOJIX0 K Pe-
IISHHIO 337124 B Ipodeccu;

® BKIIFOUCHHE B yUEOHBIE TPOrPAMMBI CTYIEHTOB TEM O COIMAILHOW OTBETCTBEHHOCTH TPOQECCHO-
HAJIOB, O0IIEYEIOBEUYECKUX IEHHOCTAX U ATHYECKUX ACTICKTaX;

e (hOopMHPOBaHHE HABBIKOB CaMOCTOSTEILHOIO TOWCKA, aHAIM3a U MPUMECHEHUsS 3HAHWM, HEOOXO-
JUMBIX JUTsI TPO(EeCCHOHATBHOMN NEATEIBHOCTH U COLMAJILHOM ajanTaiuu.

OnuceIBaeMbli TIOJXO0/ TOAACPKUBACT JTUUHOCTHOE Pa3BUTHE CTYACHTOB (Ojaromaps CTpyKTypH-
POBaHHIO COJEpX)aHUsI MPOPECCHOHAITBHON TOATOTOBKH), KOTOPOE OKa3bIBAET BIHMSHHE HA YCIEIIHBIHN
KapbepHBIN pocT. JIMYHOCTHOE pa3BUTHE CTYJICHTOB BKIIIOYAET B ce0sl Kak MPOeCCUOHAIBHBIC, TaK U T'y-

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 75
2025. T. 25, Ne 1. C. 69-82



YnpaBneHue B coLnanbHO-9KOHOMUYECKMX CUCTeMax
Control in social and economic systems

MaHUTapHbIE, counanbHble actiekTsl [19]. [lomyvaercsi, YTO cOBpeMEHHBIH BBITYCKHHK OYyAET HE MPOCTO
MOATOTOBJICH B MPO(ECCHOHAIEHOM IUIAHE, HO ele OH OyaeT o0nagaTe BCEeMH TEMH KaueCTBaMH, KOTO-
pble TIOMOTYT eMy paboTaTh B JIIOOOM KOJUIEKTHBE M IOOMBATHCS Iielieil paboThl BHE 3aBUCUMOCTH OT
cpensl [20]. B TakoM ciydae CTyJIeHT OyJeT IMOCTOSHHO TOTOB K O0YYEHHUIO, YTOOBI 00CCIICYUTh CBOIO
YCIICHIHYIO Kaphepy B ObICTPO IBMKYILEMCS] MUDE.

PestoMupyst BbIlIecKa3aHHOE, MOKHO CKa3aTh, YTO KAXKIBIA MOAXOJ] 00JaJaeT CBOMMHU CHIILHBIMH
CTOpOHAMH, HO He M30aBiieH OT cIabbIX CTOPOH. BBIOOp momxona JOHKEH 3aBUCETh OT IeNieH U 3ajad
MoJenupoBaHus cnennanucta. [IpeanoxenHslie MoaX0Abl B OCHOBHOM COCPEIOTOUYCHBI Ha 3ampocax pa-
0oTomarenei, YTO MOKET NPUBECTU K YIYIIEHHUIO JETaleH, CBA3aHHBIX C 00pa30BaTeIbHBIMU CTAHAAP-
tamu. [Ipu opreHTHPOBaHHUY B ONPEICTICHUH KITFOUEBBIX HABBIKOB M KOMIIETEHIIMI TOJBKO Ha JaHHbBIE U3
BAaKaHCHI MOXET OBITh CJIO0KHO IOJIyYUTh TOYHBIM pe3yibTaT. [Jis MOBBIIEHNUS TOYHOCTU PE3yNbTaTa
CIIeyeT IPUCMOTPETHCS K MOAX0JaM, B KOTOPBIX MCIIONB3YIOT SKCIEPTHBIE OLEHKH, onpockl [21]. Oun
0oJiee TIOJIHO YYUTHIBAIOT CTAHAAPTHI, HO TPEOYIOT 3HAYUTEIBHBIX PECYPCOB.

Hust co3nanust 3peKTHBHON MOJIENIN CHENUANNCTA JIy4Ille UCTI0Nb30BaTh KOMIUIEKCHBIA MOXOI.
OH nomwkeH 00BeIUHSTh pa3IMYHbIe OTKPBIThIC NCTOYHUKU JAaHHBIX, TO €CTh JaHHBIC BaKaHCUH OT pa-
0oTtonarenel, mpodeccuoHanbHbIe CTAHAAPTHI U 3KCIIEPTHBIE MHEHUS. Ba)kHO yUnTHIBaTh TEHICHIIMU Ha
pBIHKE Tpy/a ¥ U3MEHECHHUSI B BOCTPEOOBaHHOCTH HABBIKOB. ['OBOPSI PO aBTOMATH3aIMIO cOOpa KpHTe-
pHreB 0TOOpa KaHAMIATOB, MOKHO HCIIOJIB30BaTh KaK OOIICAOCTYIHYIO CTATUCTUKY, TaK M CIELUAIU3HU-
POBaHHbBIE HCTOYHUKU HH(OpMALIHU.

3. Konuenuus ynpasjenus noaroroskoii UT-kaapos

Konuenmus ynpasienus noaroroskoit UT-kagpoB — 3TO CUCTEMHBII NOAXO K IUNIAHUPOBAHUIO, Pa3BU-
THIO, OIICHKE U KOHTPOJIIO HaJl ITOJrOTOBKOM COTPYAHUKOB B chepe MHPOPMAIMOHHBIX TexHOJorui. Takas
KOHIICMIIUS TIPE/IoiaraeT CO3/IaHue W HMCIIONb30BaHKME d(PEKTHBHBIX I MHHOBAIIMOHHBIX METOUK 00yde-
HUS ¥ Pa3BUTHS, a TAKKE MAPTHEPCKUX OTHOIICHUH MEX Ty paboTOAaTeNIMU M y4eOHBIMU 3aBEICHUSIMMU.

OCHOBHBIC IPUHIUITBI KOHLIETILMY YIpaBieHus noarotoskoit UT-kaapos:

1) oOy4eHue JOIKHO OBITH IMOCTOSIHHBIM TIPOIECCOM, BKIIIOYAIONINM Kak (hopmanbHOe o0ydeHue,
TaK U MHIWBUIYaIbHOE CAMOOOYUYECHIE;

2) oOy4deHue NOIKHO OBITh HAITPABIICHO HA MPAaKTUYECKOE MPUMEHEHNE 3HaHUH 1 YMEHHU B paboTe;

3) oOyueHHe JODKHO OBITh OPUEHTHPOBAHO Ha aKTyallbHBIC MOTPEOHOCTH OM3HECa, HanboJIee BOC-
TpeOOBaHHBIC KOMITCTCHIINH;

4) ynpaBienne moarotoBkoil MT-kagpoB MOMKHO OCHOBBIBATHCS HA TEPENOBBIX TEXHOJOTHUSX H
WHHOBAITUAX, YTO ITO3BOJIUT MOJATOTOBUTH COTPYIHUKOB K M3MCHSIOIINMCS TPSOOBAHMSAM PHIHKA;

5) B3aUMOICHCTBHE MEXIly YIeOHBIMU 3aBE/ICHUSIMH, BlaJieblilaMu OnU3Heca U MpoQecCHOHAILHBI-
MU aCcCOIUAIMSMH JOKHO OBITH KITFOUEBBIM DIIEMEHTOM YITpaBIIeHUs ToAroToBKOM M T-KkampoB, Tak kak
3TO TO3BOJUT 3((HEKTHBHO HCIIOIB30BaTh PECYPCHI U CO3/IaBaTh ONTUMAIILHBIC YCIOBHS JUIS O0yIeHUsI.

Lenpro KOHLETIMK yIpaBiaeHus noaroropkoit UT-kanpos sBisieTcst odecneuenue cepsl UT kBa-
TUQPUITMPOBAHHBIMH CTIEIUAIMCTAMU B COBPEMEHHOM IU(PPOBOM MHpe. B paMkax maHHOW KOHIIEIIUH
nporecc moarotoBku UT-cnenuanucToB MokeT OBITh OPraHU30BaH CIISAYIONUM 00pa3oM:

® cOOp ¥ CTPYKTYpPHPOBaHKE JaHHBIX O TpeOOBaHMIX padoronareneid. st 3TOro MOT'YT HUCIIONB30-
BaThCS METOJBI OOpabOTKH €CTECTBEHHOTO SI3bIKA, TAKHE KaK aHAIN3 TEKCTOB Ha KJFOUEBBIC CJIOBA U
(bpasbl, knaccudukaus TekcToB 1Mo TeMam u Jip. CoOpaHHBIC JaHHBIE MOTYT OBITh MPECTABICHBI B BH-
Jie CTIeIUANTM3UPOBAHHBIX 0a3 JMaHHBIX, COJEpXKAIMUX HWH(OPMAIUI0 O HABBIKAX, 3HAHHUSX W OIIBITE,
HeoO0XoIuMbIX 1711 padoTel B cdhepe UT;

® OTpeIC/ICHUE KITFOUCBBIX TOHATHH, SBISIONIMXCSA 0a30BBIMHM €IUHHUIIAMUA MOJIEIH. TaKUMH MOHS-
THUSAMH MOTYT OBITh TEXHOJIOTHHU (A3BIKK MPOrpaMMHUpPOBaHUS, 0a3bl JaHHBIX U T. 1.), 00JACTH 3HAHHMA
(paspabotka 11O, cucreMHOE aMUHICTPUPOBAHKE U T. 1I.) ¥ MPOo(dheCcCHOHANBHBIC HABBIKH (aHAJU3 Tpe-
OoBanuii, npoextuposanue UT-cucrem u T. 1.);

® pa3paboTka mporpaMMbl OOYYEHHUsI Ha OCHOBE IOJNYYEHHBIX JaHHBIX. B pamkax mporpammel Mo-
T'YT OBITH IPEAYCMOTPEHBI KYPChl U CEMUHAPbI, OPUCHTHPOBAHHBIC HA OCBOCHHE OIPE/ICIICHHBIX TEXHO-
JIOTHI U HAaBBIKOB, a TaK)Ke MPOEKTHAs! JeSTeNbHOCTh, HApaBlIeHHas Ha MPaKTHYECKOe MPUMEHEHHE To-
JMy4YeHHBIX 3HaHWHA. B KauecTBe OlEHKHN 3(PHEKTHBHOCTH OOYYEHHS MOXET HCIIONB30BaThCS CPaBHEHUE
MOJYYCHHBIX YICHHKaMH 00pa30BaTEIbHBIX PE3YJIbTATOB ¢ aKTyaJbHBIMH IPO(EeCCHOHATLHBIMU KOMIIE-
TEHIIUSIMHU, OTPaKEHHBIMU B MHPOPMAIIMOHHOM 0a3e TpeOOBaHM MOTEHITUATBHBIX Pad0TOAaTeNCH;
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® cUCTEMaTUUeCKas aKTyalu3alus HHPOPMAIMOHHOM 0a3bl MpoecCHOHABHBIX TPeOOBaHUI U TOCTIe-
ayrolas MoauQuKanus o0pa3oBaTeNIbHBIX IPOTPaMM IIOMOTYT 00ECIICUUTh IUHAMHYHOE Pa3BUTHE YIeOHO-
ro npouecca. Takoil Moaxox HOMOKET MOIICPKaHUIO PENIeBAHTHOCTH 00pa30BaTeIbHOIO KOHTEHTA, THOKOI
aJlanTayy K TpaHchopMaIysaM, IPOUCXOAAIINM Ha pbiHKe [T-criennanucToB. OTo CO3acT YCIOBUS sl IU-
HAMIYECKOT0 COBEPIIICHCTBOBAHMSI IIPOIIECCa ITOJJTOTOBKH Ka/IPOB B COOTBETCTBHY C TEHACHIIMSIMU OTPACIIH.

Metoponoruueckuii moaxoa k QopMmupoBaHuio oOpaszoBaTenbHOro mpouecca IT-xaapos, 6a3u-
pYIOLIHIACS Ha aHaW3e MyOJMYHO JOCTYIMHOW MHpOpPMALUU O NMPodecCHOHATBHBIX TPeOOBAaHHAX KOM-
MaHWUH, MO3BOJISIET CO3/1aTh dYPPEKTHUBHYIO U aKTyaJbHYIO CHCTEMY OOYUYEHHS, pEarnpyrollyto Ha u3Me-
HEHUS PBIHKA TPYAA.
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Paccmotpum cxemy npennaraemoit kKoureniuu. OHa BKITIOUAET B CE0sI CICTYIOIINE TEXHOIOTUYHBIC
MOJYJH (CM. pUCYHOK):

e MOHUTOPUHT (BY3bl — PIIJI, caliTl c BakaHCHSIMN);

e riepBUYHas 00padoTKa;

e BoifeneHue coaepxanust OOIT;
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e CcpaBHEHHE (TJIABHBIH MOMYJIb);

® BBIJCIUTH IPpodeccuu n3 NpodecCHOHATBFHOTO CTaHIapTa;

® B3ATh NPO(ECCHU C CAUTOB 10 MOUCKY padoThI;

® BBIJICIUTH HEOOXOJUMBbIEC TPEOOBAHMS;

® BhIJCNICHUE COAEPKaHUs TpeboBaHUH paboTomaTens.

Onucarus mooyieli co cxemvl KOHYenyuu

1. Monuropusr u coop PIL/] ¢ caiiroB By30B. B naHHOM cilydae MOXKHO MCIIOJIB30BaTh CIELUAIIb-
HBIE MTPOTPaMMBI JIJISl aBTOMATH3ALMH Tpollecca, HalpuMep, MapcuHr (BeO-CKPEUITHHT) CAiTOB C TTOMO-
HIBIO MTPOTPaMMHBIX OOTOB.

2. O6paboTka 1 pacno3HaBaHue NPO(HECCHOHATBHBIX KOMIIETCHINH. J{JIs1 3TOr0 HEmI0X0 MOJOUIYT
WHCTPYMEHTBI MAalIMHHOTO OOYYeHHs U aHalin3a UH(OpMaIiy, a UMEHHO HEHPOHHBIC CETH, aTOPHTMBI
knactepusanym U T. 1. K npumepy, Natural Language Processing (NLP) u Text Mining. 310 cMOXer
YIPOCTUTH HAM HPOLIECC aHAU3a U MOIY4UTh 00JIee TOUHBIA pe3ybTar.

3. Onncanue CTPYKTYphl M OCHOBHBIX 3JIEMEHTOB M3 OCHOBHOW 00pa30BaTEIbHOM MPOrpamMMBI
Beiciiero oopaszoanus (OOII BO), a s Beinenenus Heooxonumon nadopmaruu w3 OOIT BO cnenyer
00paTUTbCS K COOTBETCTBYIOLIMM HOPMATHBHBIM aKTaM M CTPYKTYpaM, KOTOpPbIE OIPEHeNsiioT ee Co-
JepKaHue U CTpYKTypy. OCHOBHOI NMPHHIUII [IPU 3TOM 3aKJIFOYAETCS B TOM, YTOOBI OOpaTUTh BHUMAHHE
Ha IIeJTb W 33JIa4¥ TPOrpaMMBbl, a TAK)KE Ha TO, KAKHE 3HAHMS, HABBIKM U KOMIICTCHIIUH JOJDKHBI OBITH
c(hOpMHUPOBaHbI y CTYJICHTA B pe3yJIbTaTe 00YUCHUSI.

4. CpaBauBanue kiodeBoi uapopmanuu ¢ OOII BO u tpeboBanuii padotonareneir. B OOII BO cty-
JICHTHl M3y4aloT NpUHIUNE M T-HanpapieHus, MPakTHYECKOe MPUMEHEHHUE S3BIKOB IMPOrPaMMHPOBAHMS,
Takux Kak Java, C++, Python. PaboTonarenu 0XKHIAIOT OT BBIMYCKHMKOB 3HAHHMS OCHOBHBIX KOHIICHIIMH
OOII, ymenue pa3padaTbIBaTh HPOrpaMMBI Ha SI3bIKaX MPOrPAMMHUPOBAHUS M1 yMEHHE UX IPUMEHSTD.

Taxoke paboTomarenu TpeOyIOT OT COTPYIHHUKOB CIEIYIOLIETO:

® 3HAHHS AITOPUTMOB U CTPYKTYPHI IJaHHBIX;

e HaBbIKHU pa3zpaboTku [10;

® CrIOCOOHOCTB TIPOBOANTH TecTupoBanue [10;

® AHANM3UPOBATH HH(HOPMAIIUIO;

® pa3pabaThIBaTh BEO-NIPUIIOKCHHS,

® OIIBIT Pa0OTHI C CUCTEMaMH KOHTPOJISL BEPCHiA, TAKMMU Kak Git.

Bo Bpemst u3yueHus 1 oCleAyIomero cpaBHeHus: ocHOBHBIX MoMeHTOB 13 OOIT BO, peanuzyeMbix
Ha 6aze ®I'OC BO, u tpeboBanmii paboTomareneii ¢ caiiToB 0 TPyIOYCTPOHCTBE MOKHO OTMETHThH TOT
(akT, uTo 0Opa3oBaTeNpHAs MPOrpaMMa MpeIaraeT CTyACHTaM H3Y4YeHHE NPAaKTHYECKUX HaBBIKOB, KO-
TOpBIE MOTYT MPUTOUTHCS UM B Oy yleM Mpu padoTe WITH JUIst pa3BUTHs Kapbepbl. OHAKO, K coxalle-
HUIO, B HEH MOTYT OBITh HE YKa3aHbl KaKHe-TO crielupuieckue TeXHUUECKHe TpeOOBaHMs, KOTOPbIE MO-
ryT OBITh HEOOXOANMBI HEKOTOPBIM padoronatessim [22, 23].

5. Jlns BelaeneHus npodeccur U3 npoheCCHOHAIBHOTO CTaHaapTa:

1) Hy>)kHO M3y4nTh IpodeccroHanbHble cTanaapTel B UT, HaliTi nHGOpMALIUIO 0 Tpodeccusx, Tpe-
OyeMbIX KBaTM()UKALUIX, JODKHOCTHBIX 0053aHHOCTSX;

2) u3y4uTh UHPOPMALIIO O KAXI0H Npodeccur, mpoBels aHaau3 TpedoBanuil. OnpeaenuTs, KaKue
KITFOUEBbIC HABBIKK HEOOXOIMUMBI JIJIsl YCIIEITHOW paOoTHI B 3TOH npodeccuu;

3) m3yunts uHpopManuio o BakaHcusax B UT-obnactu.

6. Br16op mpodeccuu ¢ caiToB O HOUCKY PaOOTHI:

® niouck nH(opManKy Ha caiitax, Takux kak Indeed, HeadHunter u ap.;

® BBECTH B TIOMCKOBYIO CTPOKY JKeJaeMyIo Mpodeccutio;

® U3y4YNTh BaKaHCHH, OIyOJIMKOBaHHbIC Ha caiite. [I[pountaTh TpeOOBaHMS K COMCKATEIO, JOJKHO-
CTHBIE 0053aHHOCTH, YCIIOBHS Pa0OTHI, 3apIUIaTy H Jp.

7. Be16op mpodeccuu ¢ caliTOB 1O MOMCKY pabOThl U He0OX0AMMbIe TpeOoBanus. Ha crpanuiiax Ba-
KaHCHH OOBIYHO YKa3bIBAIOTCS CIIEAYIOLINE TPEOOBAHUS:

o xBanuukamoHHble TpeOoBaHus (00pa3oBaHuUE, ONBIT PA0OTHI B JAHHOW 00JIACTH);

® HaBBIKK M KOMIICTCHIINHY;

® JINYHOCTHBIC Ka4eCTBa;

® TpeOOBaHMS K YPOBHIO BIIJICHUS S3BIKAMH W KOMITBIOTEPHBIM MTPOTPAMMHBIM 00ECTICUCHHEM.
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8. lms BeImeneHus coaepikaHus TpeOoBaHWA paboTojaTenss HEOOXOAMMO W3YYHUTh BAaKaHCHIO Ha
caiiTe morcka pabOThl ¥ 0OPaTHTh BHUMaHUE Ha TPEOOBAaHUS K COUCKATEIISIM U Ha OOSI3aHHOCTH.

Janee cieayeT aHanM3UpOBaTh TpeOOBaHMS PaOOTOAATENs, BBISBIATh UX CXOACTBA U OTIIMYHS C
TpeOOBaHUSIMH, BBIICJCHHBIMH U3 MTPO(ECCHOHATIBHOIO CTaHIapTa IPU U3yUEHUH NMPodeccun B TPETheM
myHKTe. BaxkHO Takke oOpamaTh BHIMaHUE HAa KOHKPETHBIE KOMIIETEHIIMU M HaBBIKH, KOTOPBIE paboTo-
JIaTeIb BBIJENAET B CBOUX TPeOOBaHUIX.

3akiouenne

Takum 00pa3oM, paccCMOTpEeHHAs KOHIIEIIIUS MOXET TIOMOYb CTYJCHTaM U BBITYCKHUKAM ONpe/ie-
JUTH HEOOXOMMBbIe TPpeOOBaHMUS /IS IOCTIKEHHS ycrexa B kapbepe B IT-cdepe.

Kpome Toro, B nmanpHeilieM NaHHAs CHCTEMa CMOXET YYUTHIBaTh TpeOOBaHWs paboTojareiet,
a Tarxoke n3MeHeHus B cepe IT-rexHomornit. T0 MO3BOJIUT OCYLIECTBIATH MOATOTOBKY 00yYarOmuXcs
B COOTBETCTBHH C COBPEMEHHBIMU MPOGECCHOHAIBHBIMU CTAaHAAPTAMHU U BOCTPEOOBAaHHBIMHA KOMIIETEH-
nusiMH. JlaHHBIR MOAXOM CIOCOOCTBYET YCTPAaHEHHIO HECOOTBETCTBUH MEXAY 00pa3oBaTeIbHBIMU pe-
3yJIbTaTaMH BBITYCKHUKOB M aKTyaJbHBIMH 3alpocamMH pblHKA Tpyna. CucTema Takke HampaBieHa Ha
WACHTU(QHUKALNIO U TTOCIEAYIONIYI0 JTUKBUIAIMIO pa3pbiBa MEXIy HaBBIKAMH, (POPMUPYEMBIMU B TIPO-
necce o0y4eHusi, U nmpodecCHoHaIbHBIMU TpeboBaHUsAME paboTonaTeneil. PekomennaTenbpHas cucrema
TaKXKe MMO3BOJIUT ONITUMHU3UPOBATH MPOIIECC CO3/IaHUS 00pa30BATEILHBIX IPOTPAMM, COKPATUTh 3aTPAThI
Ha pa3paboTKy U yBeNU4nuTh 3)(HEKTUBHOCTH 00yUECHHUSI.

B nponecce ananu3a JaHHBIX OBLIO BBISIBICHO 3HAUYUTEIBHOE PACXOXKACHHE MEKAY KOMIECTCHIIHS-
MU, IIpeIaraeMbIMi 00pa30BaTeIbHBIMU YUPEXKICHUAME, U TPEOOBaHUSAMH paboTOAATENCH:

e 64 % Bakancuii ans Backend-pazpaboTunkoB TpeOoBamM 3HaHUS COBPEMEHHBIX (PpEHMBOPKOB,
Takux kak Node.js, Django u Spring, KOTOpbIe HE BCEr/ia BKIIIOUCHBI B Y4COHBIC TPOrPaMMBbL;

e 70 % Bakancu#i 1y Frontend-pa3paboT4ukoB yKa3blBajau Ha HEOOXOJUMOCTh 3HaHUS OMOIHOTEK
u GppeiMBOPKOB, Takux Kak React, Angular u Vue.js;

e 60 % BakaHcui 111 DevOps-uHXEeHEpOB BKIIOUaK TpeOoBanus 1o 3HaHuto Docker u Kubernetes,
KOTOPBIE PEIKO PACCMAaTPHUBAIOTCS B 00pa30BaTEIbHBIX IPOrpaMMax;

® 55 % BakaHCUI yIOMUHANH ONBIT paboThl ¢ obnaunsiMu argopmamu (AWS, Google Cloud,
Microsoft Azure), 4TO CBHJIETENBCTBYET O HEOOXOAMMOCTH BBEJIEHHUSI COOTBETCTBYIONINX KYPCOB.

[To uTory MO>xHO OTMETHThH HECKOJILKO MPOOEJIOB B TEKYIIMX 00pa30BaTENBHBIX IIPOTPaMMax, 3TO:

® HECOOTBETCTBHE MEXK/y HaBBIKAMH, IPUOOPETAEMBIMHU CTYJCHTAMU B YYEOHBIX 3aBEIICHUSIX, C Peaslb-
HO BOCTpeOOBaHHBIMU HaBBIKaMH paboTomatensMu. st ymeHbiieHus mpodena Tpedyercs: peryaspHoe
00OHOBJIEHHE 00pa30BaTENbHBIX IPOTrPaMM YUEOHBIX 3aBeICHHI;

e y4eOHbIE MPOrpaMMbl HEPEIKO aKIIEHTHPYIOT BHUMAHHE HAa TEOPETHUECKON IMOATOTOBKE CTY/ICH-
ToB. PaboTomarenu ke WIIYT KaHAWIATOB C XOPOLIO PAa3BUTHIMH HAaBBIKAMH IIPAKTHYECKOH dYacTy,
C ONBITOM pabOoThI HA/l PEANbHBIMHU MIPOEKTaAMU;

e porpammbl noArotoBkd U T-kanpoB sBisitores ycrapeBmrMU. OHU HE YUUTBIBAIOT ObICTpOE pas-
BUTHE TeXHOJIOTHI U u3MeHenus B UT-cdepe. M3-3a 3TOro BHIMYCKHUKH HE 00JIaIal0T HEOOXOJUMBIMH
HaBBIKAMU IS YCIIEITHOTO TPYAOYCTPONCTBA;

® IPOrpaMMBbl MOJATOTOBKU CTYJEHTOB OTCTAIOT B padOTe C COBPEMEHHBIMH MHCTPYMEHTaMH, TaKHU-
MU KaK 00JIayHbIe BBIYMCIICHHUS, HCKYCCTBEHHBIM MHTEIUIEKT ¥ MAITUHHOE 00YYEHHE, KOTOPhIC, B CBOIO
oyepe/ib, CTAHOBSTCS CTAaHIAPTOM B HHAYCTPHH;

o COT-CKUILITIBI, MJIH K€ THUOKHE HAaBBIKH, OYJb TO paboTa B KOMaH/e, KOMMYHHUKAIIUU U yIIpaBJie-
HHUE MPOEKTaMHU, — B 3TOM 001aCTH y BBITYCKHUKOB MMEIOTCS MPOOEbI, OrpaHUYUBAIOIINE UX CHOCO0-
HOCTb MHTETPUPOBATHCA B MPO(HECCHOHATIBHBIE KOJIIIEKTUBBI.

AHanu3 BBISBUII ONpEZIeTICHHbIC MPOOETbl B TEKYIIMX 00pa3oBaTeIbHBIX MPOrpaMMax, KOTOpbIE HE
BCETJ]a OXBATHIBAIOT MHOYKECTBO BOCTPEOOBAHHBIX HA PHIHKE HABBIKOB M KOMITeTeHIMH. Ha ocHOBe pe-
3yJILTATOB aHAM3a MOKHO c(hOpMyIHpPOBATh PEKOMEH IAIMY 10 aKTYaIH3allul 00pa30BaTeIbHbIX MPO-
rpamm. Peanuzaius pekoMeHIauii MOKET TIOBBICUTh KA4eCTBO 00Pa30BATENBHBIX IPOrPaMM, JeNasi UX
0oJiee COOTBETCTBYIOLIMMY TPEOOBAHUAM PBIHKA TPYAA.

B menom Takoi moaxox MOMOKET YIy4IIWTh KauecTBO 0Opa3oBaHMsI, MOBBICHTH KOHKYPEHTOCIIO-
COOHOCTD BBIIIYCKHHKOB U yIOBJIETBOPEHHOCTh paboToaaTeneil KBaInpuKauen CIennualucToB, KOTO-
PBIX OHM HAHUMAIOT.
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Abstract. The problem of improving the efficiency of managing higher education institutions has re-
cently acquired special significance. Russia's confrontation with Western countries, which has significantly
intensified in recent years, has led to the fact that Russian universities are no longer considered not only in
the ratings of world foreign agencies, but also began to be excluded in general, as well as Russian papers
from the collections of scientific research abroad. As a result, trying to remain on the lists of universities of
foreign rating agencies, domestic universities perform largely useless work. In this regard, Russian universi-
ties lose time and money trying to achieve an increase in their position in foreign rankings. The paper aims
to analyze the research of domestic and foreign scientists in the field of improving the effectiveness of ma-
naging educational institutions and to develop conceptual provisions to improve the quality of managing
higher education institutions in Russia. Materials and methods. The paper considers the most significant
studies of Russian and foreign scholars, who have studied the issues of higher education institutions deve-
lopment management in certain years, as well as some analytical articles and materials that aim to achieve
similar results. It also uses well-known methods of analysis and comparison of various studies traditionally
used in the field of management. Results. The paper presents the research analysis and comparison of
works on improving the quality of management of Russian and foreign higher education institutions.
Conclusion. The formation of conceptual provisions to improve the efficiency of managing higher educa-
tion institutions in Russia should be focused not only and not so much on improving the ratings of universi-
ties, but on making their activities much more productive. This can only be achieved by ensuring that uni-
versities develop in accordance with the key objectives of the development of the respective regions and
the country as a whole, and are focused not on secondary, but on key technical directions of promising
the dynamics of the national economy.
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Annomayus. IlpoGrnema noBsIeHUs 3()(HEKTUBHOCTH YIPABICHUS BBHICIIUMH Y4eOHBIMU 3aBEACHUS-
MH B IOCJIeAHee BpeMs mpuobperaer ocoboe 3HaueHue. IIporuBocrosnue Poccun co crpanamu 3amana,
3HAUUTEIBHO YCHIMBLIEECS B ITOCIECIHHE TOJBI, IPUBEJIO K TOMY, YTO POCCHHCKHE BY3bI NEPECTAIN pPac-
CMaTpHBaTHCS HE TOJIBKO B PEHTHHIaX MUPOBBIX 3apyOS)KHBIX areHTCTB, HO U BOOOIIE CTAJIN HCKIFOYaThCs,
KaK M POCCHICKHE CTaThbW M3 COOPHHMKOB Hay4HBIX HCCIEIOBaHMH 3a pyOexom. B pesynbrare, mbITasch
COXpaHUTHCS B CITMCKAX BY30B 3apyOEKHBIX PEHTHHIOBBIX areHTCTB, OTEUYECTBCHHBIC YHUBEPCHTETHI BBI-
MIOJHSAIOT BO MHOTOM Oe€cIoyie3HyIo paboTy. B 3Toii CBsI3M poccuiiCKHe By3bl TEPSIOT BpeMs U JICHBI'H Ha
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TOMBITKA TOCTHYb IOBBIIMICHHUS CBOETO MOJOXEHHS B 3apyOekHbIX pelTuHrax. lleabio nanHoil padoThI
ABJISIETCS OCYILECTBICHUE aHAIN3a HCCIICAOBAHUM OTEUECTBEHHBIX M 3apYOEKHBIX YUCHBIX B OOJACTH IO-
BBIIIEHNUS 3P (PEKTUBHOCTH YIpPaBICHUS YUPEKICHUAMH 00pa30BaHUs U pa3pabOTKa KOHIENTYaIbHBIX IO-
JIO)KEHUH TI0 COBEPIICHCTBOBAHHMIO KAueCTBA YNPABICHUS BHICIIMMH y4eOHBIMH 3aBeAeHUsIMH B Poccum.
Marepuajbl U MeTOAbl. B kauecTBe MaTepHasoB, IMOJUICKAIINX aHAIH3Y, B paboOTe PaccMaTpUBAIOTCS
HanOosee CyIIeCTBEHHbIE HCCIICTOBAHUS POCCUIICKHX M 3apyOeKHBIX aBTOPOB, U3y4aBIINX B T€ WM UHbIC
TOJBI BOIIPOCHI YIIPABICHHUS Pa3BUTHEM BBICIINX YICOHBIX 3aBEACHUI, a TAKKE HEKOTOPHIE aHATUTHIECKUE
CTaThU M MaTepHajbl, CTABAILINE Mepe] COOOH IeNbI0 NOCTIDKEHHE aHAIOTUYHBIX pe3yibTaToB. B paboTte
HCIIONIB3YIOTCSl IIMPOKO H3BECTHBIE METOMABI aHaJHM3a M COMOCTABJICHUS Pa3sHOOOPA3HBIX MCCIEOBAaHUI,
TpaIUIIMOHHO IPUMEHsSEMBIe B 00nacTu ympapieHus. Pe3yabTathl. B crathe mpencraBieHbl pe3yabTaThl
aHaliM3a U COMOCTABJCHHS Pa0OT 0 MOBBIMICHHIO Ka4eCTBA YIPABICHUS POCCHHCKMMHU M 3apyOeKHBIMU
BBICIIMMH y4eOHBIMH 3aBeICHHUAME. 3akao4veHne. PopMupoBaHie KOHLENTYAJIbHBIX MOJIOXKEHHH MO TO-
BBIIIEHHIO 3()()EeKTHBHOCTH yNpaBiIeHHs BBICIIUMH YI€OHBIMH 3aBeleHHAMH B Poccnu nomkHO OBITH opu-
SHTHUPOBAHO HE TOJHKO M HE CTOJILKO Ha MOBHIIICHNE PEHTHHIOB YHUBEPCUTETOB, CKOJIBKO Ha TO, YTOOBI X
JeATEeNIFHOCTh CTaja ropa3fo 0osee MPOAyKTHBHON, YeM B HACTOSIIEE BPEMs. DTOTO MOKHO JTOCTHYb JIMIIb
3a CUET TOTO, YTOObI YHHBEPCUTETHl PAa3BUBAIIMCH B COOTBETCTBUHM C KIIOUEBBIMHU 331a4aMH Pa3BUTHUS COOT-
BETCTBYIOIINX PETMOHOB U CTPAHBI B II€JIOM M OBIIM OPHEHTHPOBAHbI HE HAa BTOPOCTETICHHBIE, a Ha TJIaBHbIC
MarucTpanbHble TEXHHYECKUE HAIPABICHUS IEPCIEKTUBHON JUHAMUKN HAPOJHOTO X03siCTBA.

Knrwouesvie cnoea: ynpapieHue, HOBbIIICHHE Y(HEKTHBHOCTH, 00pa30BaTeIbHbIC YUPEXKICHHS, CTpa-
TErn4ecKoe pa3BUTHE, OTIEPATUBHOE YIIPABICHHUE

/s ywumupoesanusn: Loginovskiy O.V. Improving the efficiency of managing higher education insti-
tutions: research analysis // Bectauk IOYpI'Y. Cepust «KoMmnbloTepHbIe TEXHOJIOTHH, YIIPaBICHHUE, Paano-
anekTponuka». 2025. T. 25, Ne 1. C. 83-98. DOI: 10.14529/ctcr250107

Introduction

The problem of improving the efficiency of higher education institutions (HEI) has existed for
many decades, but in recent years it has become increasingly important due to the need to integrate
management and decision-making processes to the level of systemic, complexly interrelated develop-
ment. All this becomes even more acute in the conditions of confrontation of our country with the USA
and its satellites in the NATO bloc, when the issues of technological independence, import substitu-
tion, further promotion of scientific research, which in the last 30 years was conducted with the use of
western equipment, modern foreign technologies and materials, come to the forefront. The very process
of information technology dynamics in terms of digitalization, development of computing facilities and
systems, technologies of data transmission, storage and processing, as well as means of their analysis
using, among other things, artificial intelligence, gives special significance to the problem under consi-
deration.

Over the last 30 years, research in the field of improving the efficiency of HEIs management
in Russia has been carried out in line with pro-Western ideologies with the focus on the calculation of
indicators of HEIs' performance, necessary for the formation of appropriate ratings, prepared according
to the developed methods of various foreign agencies. At the same time, it should be noted that the race
for indicators, carried out within the framework of foreign methods, will never allow Russian universi-
ties to reach the top positions of world rankings, as these methods are fully oriented to highlighting
the advantages of foreign universities, authors, approaches and concepts.

Thus, the actual goal of improving the activity of educational institutions in Russia is the develop-
ment of such conceptual provisions, methods and models of higher education institutions management,
which will contribute to a significant increase in the effectiveness of their activities, taking into account
the solution of state and regional tasks in the field of industrial renewal, development of territories,
introduction of digital technologies, etc. Undoubtedly, higher education institutions should become one
of the main participants of this process.

1. Foreign studies in the field of improving the efficiency of university management

Studies on improving the management of higher education institutions have a long history.

Back in the 70s of the last century, scientists and specialists in the field of management by analogy
with the creation of approaches and concepts of functioning of industrial enterprises realized the need to
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present an educational institution as an integral system, which could be structured and developed in
a variety of ways with the use of appropriate methodological and technical developments [1-3].

One of the first major works [4] on the problem of implementing strategic management in higher
education institutions proposed the following innovations:

— The need to form administrative management structures in HEIs, which would streamline the exis-
ting various academic units (moreover, it was postulated that the academic staff of HEIs should take
an active non-indirect participation in the development of management decisions together with the rele-
vant employees of administrative structures). The aim of all this was to “bring the decision-making pro-
cess out of the closet”, to make it “explicit, clear and public” [4];

— The development of universities in the context of changes in the world around them. This should
lead to universities finding their niche in the higher education ecosystem, “behaving like an organism
that needs to feed, change and adapt to its environment” [4].

These ideas were perceived by many at that time as a new way of thinking about how universities
should plan their development. Later on, they received a concrete reference in the adopted and imple-
mented strategies of American [5—11], European [12—18], Australian, Chinese and other universities
[19-21]. It should be noted that all these examples reflect the specifics and features of universities and
their adaptation to changing conditions.

The improvement of the above methodologies further led to the fact that by now the main compo-
nents that constitute the essence of the strategic approach to university management have been formula-
ted: goal setting, strategic analysis, development of strategy and its implementation plan, strategic
changes and strategic control [22-25].

Thus, the idea of a strategic model of a university seeking to gain an advantage over its competitors
by providing better services was formed. The implementation of this strategic model allowed HEIs with
higher indicators, measured in different ways, to receive priority funding in larger amounts at the expense
of reducing the financial support to institutions of higher education with lower indicators.

Thus, it should be stated that the overwhelming part of research in the field of strategic management
of higher education institutions, related to the process of rating universities, does not allow it to become
a panacea for the real development of higher education institutions. It translates the results of universi-
ties' work into the plane of “artificial reality”, which in many respects does not reflect the actual
achievements of managerial activity of heads of educational institutions.

In addition to the concepts of strategic management of universities, other management ideas of dif-
ferent nature have appeared in the foreign scientific literature in recent years. These include:

— an approach to attract professional managers to work within the administrative structures of uni-
versities [26]. This practice is aimed at ensuring that university managers can manage the activities of
educational institutions more effectively;

— the approach to the formation of new mechanisms for assessing innovation activity, which can be
realized in two directions: the definition and selection of other rating indicators, or the transition to other,
more elaborate and qualitative assessment procedures [27];

— the concept of forming a model of a digital university [28], characterized by network organization,
flexible structure, quickly adapting to changes in the external environment, the development of mana-
gement decisions based on data, the use of advanced methods of control and reporting due to the digita-
lization of all processes;

—search for alternative effective models of organization of universities of the future, free from
the frameworks, standards, rules that have been established in classical universities for centuries [29].

A number of foreign studies are also devoted to the interaction of universities with industrial enter-
prises, organizational and management structures of territorial nature and other institutions and organi-
zations [30-36]. These ideas were developed in the late twentieth and early twenty-first centuries and
are associated with the modernization of the regional economy based on the active use of knowledge.
One of the ideas of this kind is to find mechanisms of effective interaction between universities, whose
management area includes education, research and social services, on the one hand, and various objects
of regional importance, on the other hand, whose management area is focused on education, innovation
and cultural needs [31].

At the same time, the expected results of university activities include: development of new economic
and commercial concepts, contribution to science and technological innovation, development of local
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communities, innovation in environmental protection. Such cooperation with industry, population and
other subjects should eventually play an active role in economic growth and solving complex social
problems [27].

Domestic scientists also analyzed foreign studies. In particular, the models of engineering educa-
tion [37], technology transfer [38], cases of strategic management implementation, issues of university
typologization and various approaches to management [35, 36, 39] were considered.

It should be noted some reasons why the developments of foreign researchers are not very suitable
for practice in the management of domestic universities. One of such considerations is the fact that in
our country higher education institutions have insufficient autonomy in the formation and adoption of
managerial decisions, which should be coordinated with higher educational structures (departments,
ministries), as well as state authorities of regional and federal scales. In addition, the opportunities for
entrepreneurial activity of universities are largely limited and significantly constrained by the current tax
legislation and the unwillingness of a significant part of university staff to engage in such activities.

2. Studies on improving the efficiency of university management in Russia

It goes without saying that the issues of development of higher education institutions in our country
were studied even in the period of the Soviet Union. However, the change of social order in Russia that
took place in the 1990s led to the fact that domestic educational organizations began to be regarded as
fully similar institutions in the West.

Among the earliest studies in the field of educational management in modern Russia, one should
note the attempts to fully transfer the achievements of Western concepts and approaches to the theory of
development and practice of Russian universities [40—43]. However, the current state of affairs and spe-
cific features of Russian universities are so different from their foreign counterparts that the use of such
Western experience has not yielded positive results. The use of strategic management theory of business
structures to the development of educational institutions did not bring the desired results either.

By 2008, a more or less structured set of methodological recommendations on the implementation
of strategic management in Russian universities was formed in Russian education, which contained,
in addition to numerous examples of the development and implementation of strategic plans, also con-
tained a description of methods and tools of strategic management [44, 45]. Nevertheless, today this
complex is largely outdated and does not allow university managers to achieve the necessary effect.

Numerous publications [42, 44, 46—58] have developed various concepts of strategic management
of educational institutions, which were applied by the heads of a number of universities in our country.

In this context, we can distinguish the main directions of this practice: the approach to management
taking into account the positions of stakeholders [46—48, 59]; project-oriented model of the university
[42, 49, 50]; process model of university management [51]; various methods of designing programs
of strategic development of universities [46, 54—58]; recommendations on the use of marketing tools as
a means of increasing the competitiveness of universities [52, 53], ecosystem approach [39].

It is also necessary to note a whole group of analytical studies concerning the improvement of
the quality of educational results [60—-64]. Researchers distinguish a number of main groups of factors
affecting the quality of education [62]. These include:

— formulation of the mission of university development taking into account its priority directions
and cultural features;

— formation of a set of educational programs and their filling in accordance with the actual needs of
students and employers, as well as taking into account the state and regional requirements;

— creation of digital infrastructure of the educational institution, carried out in full compliance with
the development of digitalization of regional and state authorities;

— development and use of modern programs and platforms for e-learning and assessment of educa-
tional results;

— organization of a comfortable living and learning environment for undergraduate and postgraduate
students;

— ensuring the inclusion of freshmen and foreign students in the educational process through adapta-
tion programs;

— creation of feedback procedures between the participants and managers of the educational process;

— development and management of quality assessment procedures.
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Among other measures to improve the quality of educational results, some other measures are also
highlighted today: preparing the transition to a student-centered model of higher education institution,
using procedures for the formation of individual educational trajectories; providing access through per-
sonal accounts of students and teachers to electronic resources of universities; creating a complex of
“smart classrooms” in universities; using models and algorithms that process a wide variety of infor-
mation based on the methods of big data analysis [65—74].

It should be noted that recently the number of publications concerning the problems of ensuring
closer interaction between universities and industrial enterprises of the defense complex and other high-
tech industries has increased [75—87]. In this regard, universities should make some significant efforts
to make such a linkage as constructive and effective as possible. This is the only way to ensure that
the production process of the above-mentioned enterprises can be based on effective domestic technolo-
gies and developments [87—89].

3. Analysis of foreign and domestic approaches to the formation of conceptual provisions

to improve the efficiency of managing higher education institutions

The various studies on the improvement of higher education institutions' management presented in
Sections 1 and 2 show that the topics of these developments are mainly focused on the issues of strategic
management of universities. At the same time, the issues of operational management of higher education
institutions are also studied, but to a much lesser extent and volume, and their results are not presented
as significant and important as for the concepts of strategic management. The latter, in the author's opinion,
is quite obvious and should be oriented to the interests of specific higher education institutions within
the framework of their specifics and peculiarities of development.

As already mentioned in Section 1, the problems of strategic management in higher education insti-
tutions abroad, which have been studied for many decades, have formed several main directions:

—the need to achieve consistency of managerial decisions of representatives of administrative and
academic management;

— expectation of innovations in response to the obsolescence of technologies and knowledge;

— competition of universities for funding through the achievement of certain indicators;

— the complexity of transferring the tools and methods of strategic management applicable in com-
mercial organizations for profit maximization to the activities of an educational institution pursuing oth-
er goals.

It goes without saying that a number of previously developed concepts of strategic management
of higher education institutions have ceased to be relevant and are mainly of historical and analytical
nature.

By now, strategic concepts of development of different types of higher education institutions have
been formed, examples of which are large research universities, general education institutions with high
social accessibility, entrepreneurial universities, open universities and others.

The implementation of these and other concepts of strategic management of higher education insti-
tutions is based on a number of previously mentioned well-known approaches, which can be combined
into two large groups: comprehensive approaches, focused on a complete study of the future picture of
university development, and problematic approaches, focusing on a limited set of alternative programs
for the development of an educational organization.

Considering the domestic research in the field of strategic management of higher education institu-
tions, it should be noted that the overwhelming part of these studies, to a greater or lesser extent, repeats
the already established approaches to the management of higher education institutions, formulated in
foreign sources.

As a result, the concepts of strategic development of universities presented in Section 2 are, to
a large extent, a kind of linking of the well-known Western concepts (methods and development pro-
grams) to the conditions of functioning of higher education institutions in our country [40, 44, 47, 54].

It should be noted that the development of strategic management concepts for Russian universities
was mainly carried out by domestic scientists and specialists in economic sciences [39, 46, 56, 68].

It should be emphasized that most foreign and domestic developments in the field of university
management are focused on the inclusion of universities in world rankings (THE, QS, ARWU, etc.) and
increasing their positions in these rankings [27, 35, 44, 48, 54].
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It seems that the formation of conceptual provisions to improve the efficiency of higher education
institutions management in Russia should be focused not only and not so much on improving the ratings
of universities, but on making their activities much more productive than at present. This can only be
achieved by ensuring that universities develop in accordance with the key objectives of the development
of the respective regions and the country as a whole, and are oriented not on secondary, but on the main
technical directions of the promising dynamics of the national economy. This is what is mostly lacking
in those developments in the field of university efficiency, which are still being carried out to improve
their position in the rating hierarchies of various foreign agencies. A significant disadvantage of the do-
mestic concepts for improving the efficiency of universities is that the Russian developments in this area
are not aimed at interaction with federal and regional government bodies, which support the most
important industrial enterprises of the region, producing products for the defense-industrial complex,
and other areas of urban and region-forming importance. It is very important to realize that many eco-
nomic concepts and developments to improve the competitiveness of universities are not universal.
They are applicable mainly for universities of widely demanded specialties (economic, legal, design,
etc.). At the same time, they do not contribute much to improving the efficiency of educational institu-
tions in high-tech engineering and technical areas, which are so necessary for the national economy.

It should also be noted that a detailed presentation of concepts and developments in the field of im-
proving the efficiency of HEIs is hardly appropriate. The full disclosure of university strategies can be
presented only as part of the documents of official use in the interaction of public authorities with uni-
versities, industrial enterprises and other objects involved in these developments.

Thus, the conceptual provisions for improving the effectiveness of universities should include:

— clear positioning of federal state and regional interests in the development of the respective con-
stituent entities of the Russian Federation, cities and territories, with the participation in this develop-
ment of higher educational institutions stationed in the respective regions;

— vision of the heads of educational institutions in the region on the development of their institu-
tions, taking into account the respective positions of federal and regional government bodies and other
stakeholders;

— assessment of the necessity and expediency of interaction of educational institutions with industrial
enterprises and business communities of the region and other territories of the country;

— development and use of relevant models and technologies in educational institutions and other
facilities in the region, especially digital development technologies;

— ensuring the improvement of the quality of personnel training for industrial enterprises, organi-
zations and institutions of the region at all levels of vocational education, as well as improving the quali-
fication of industrial and economic workers in the field of digital, information and management tech-
nologies.

Conclusion

Considering the results of foreign and domestic studies in the field of improving the effectiveness of
management of educational institutions, it can be seen that to date, various approaches, concepts, models
and developments aimed at achieving more effective results of strategic and operational management of
higher education institutions are still largely contradictory.

In foreign concepts and approaches to the strategic management of educational institutions, despite
the fact that they were developed in a much longer period of time than in our country, the rating ap-
proach to the evaluation of the work of higher education institutions prevails. As a result, the methods
and technologies for improving the ratings of universities, having come to the forefront, in some ways do
not allow foreign universities to develop as they might have developed in the absence of rating dogma.

In a shorter period of time, having passed the way from free floating to the similar foreign practice
of chasing rating indicators among the world totality of universities, domestic universities are also far
from creating the most constructive and effective mechanisms of university management. Transitioning
from one “fashionable” concepts of educational institutions development to another, it is not always
possible to achieve the goal of effective development of universities. In this regard, the modern concept
of development of Russian universities should refuse from the fact that the main ways and mechanisms
of university development are rigidly subordinated to the desire to achieve maximum ratings in
the world hierarchy of universities.
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Thus, the composition and content of the main directions of development of Russian universities
can and should be based on the conceptual scientific provisions presented in Section 3 of this article.
HEI managers should abandon the task of chasing the increase of ratings and fully focus their efforts on
identifying and using the most important means and methods to achieve the goals of university mana-
gement with the least expenditure of time, material and human resources.
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Annomayusn. Bonpocs! noseiieHust 3GpQexTHBHOCTH paboThl IPOMBINIICHHBIX NPEANPHUITHI 1 opra-
HU3AIMH B OCIIEAHNE TOABI IPHOOpPETAIOT Bee Oojiee BaykHOE 3HaueHHe. Heo0XoauMoCTh pemieHns mo100-
HOM 3a/1a4M CTAHOBHTCSI aKTyaJbHOW KaK JUIs MPOMBIIUICHHBIX PEANPUATAN U OpraHnu3aluii B LEJIOM, TaKk
W JUTA TIPeNNpUSITHH, CBI3aHHBIX C BBIITYCKOM NPOAYKIMH M SKCILTyaTallel TeXHOJIOTHIecKOro 000pyo-
BaHMs U3 OMMETAUIMYECKUX JINCTOBBIX MaTtepuasioB. Lleab uccienoBanus. YuuTeiBas O0JbIIOE KOJIUYECT-
BO HCCJIENOBaHMN M pa3pabOTOK, HANpaBICHHBIX Ha MOBbBILICHHE S(PPEKTUBHOCTU (GYHKIMOHUPOBAHUS
MIPOMBIIUICHHBIX NPEANPUSATHH, aBTOPHl JAHHOW CTAaThbHM CTPEMSATCS NPEACTaBUTh HamboJsiee 3HAYUMBIE U
YCIICIIHBIE UCCIIE0BaHMs, OCBSILCHHBIE PEIICHUIO 3THX 3a1ad. MaTepuajbl 1 MeTobl. AHAIIN3 yIpaB-
JICHYECKUX TOJXOJIOB, CPEJCTB, TEXHOJIOTHI M MEXaHU3MOB YIyYIIEHUs PabOThl MPOMBIIUICHHBIX Mpe-
TIPUSATHH, OCYIIECTBISIFOIINX IPOU3BOJCTBO M3JEIUHA M SKCIUTyaTallHI0 KOHCTPYKIMH N3 OMMETaUTYECKUX
JICTOBBIX MaTEpPHANOB, Oa3MpyeTcsl Ha 3HAYMTEIFHOM O00BbeME HayYHBIX MaTepualioB, IPEJCTABICHHBIX B
Hay4HO-TeXHUUecKoi surepaType. Pesyabrarsl. [Ipenctasnen Habop Haubojee CyLIECTBEHHBIX MeEp IO
COBEpPILICHCTBOBAHUIO PabOTHI MPOMBINUICHHBIX NPEIIPUATHH M OpraHW3allMi M CAENaH aKIeHT Ha TeX
NIPEATI0KEHHUAX, KOTOPhIE MO3BOJAT JTOOMTHCS Hanbosiee CYIIECTBEHHBIX PE3yNbTaTOB IS MPENIpHUSITHH,
MPOM3BO/ISIINX U UCTIONB3YIOMINX OMMETAUTHUECKHE JINCTOBbIE MaTepHraibl. 3akilouenue. B cratbe moka-
3aHO, YTO NOBBIIIeHHE 3P PEKTHBHOCTH PYHKIIMOHUPOBAHHS TPOMBIIUICHHBIX MPENPHSTHIA, 1eSTeIbHOCTD
KOTOPBIX B TOHM WJIM MHOM CTETIEHH CBsI3aHA C MPOM3BOJCTBOM WJIM MCIIOJIb30BaHUEM HM3/ENUI U KOHCTPYK-
LU U3 MHOTOCJIOWHBIX OMMETAIIIMYECKUX MAaTepHalOB, JODKHO OCYIIECTBIATHCS HA OCHOBE aKTyaJbHBIX
MOJIXOJIOB, CPEJCTB U MEXaHMW3MOB, BKJIIOYas CO3/IaHHE METOJIOB U AJITOPUTMOB MOJTOTOBKH M MPUHSITHUS
peLIeHUH pyKOBOIUTEISIMH TIPEANPHUATHHA 110 OCHOBHOMY HAIPaBJICHUIO UX NEATEILHOCTH, pa3paboTKy co-
BPEMEHHBIX WH()OPMALMOHHBIX CUCTEM YIPABICHUS, a TAKKE Pa3BUTHE HOBBIX, MEPCHEKTUBHBIX TEXHOJO-
M OLIGHKU Ka4eCTBa MPOIyKIUH.
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Abstract. The problems of increasing the efficiency of work of industrial enterprises and organisations
have become more and more important in recent years. The necessity of solving such a problem becomes
real both for industrial enterprises and organisations as a whole, and for enterprises connected with produc-
tion and operation of technological equipment made of bimetallic sheet materials. Aim. Taking into account
a large number of researches and developments aimed at increasing the efficiency of functioning of indus-
trial enterprises, the authors of this article aim to present the most significant and successful studies devoted
to solving these problems. Materials and methods. The analysis of management approaches, means, tech-
nologies and mechanisms for improving the efficiency of industrial enterprises engaged in the production of
products and operation of structures from bimetallic sheet materials is based on a significant amount of sci-
entific materials presented in scientific and technical literature. Results. A set of the most significant
measures for improving the work of industrial enterprises and organisations is presented, and emphasis is
placed on those proposals that will achieve the most significant results for enterprises producing and using
bimetallic sheet materials. Conclusion. The article shows that the increase of efficiency of industrial enter-
prises functioning, which activity is connected with the production or use of products and constructions
from multilayer bimetallic materials, should be carried out on the basis of actual approaches, means and
mechanisms, including the creation of methods and algorithms of preparation and decision-making by mana-
gers of enterprises in the main direction of their activities, the development of modern information mana-
gement systems, as well as the development of new, promising solutions for the development of new tech-
nologies and technologies in the field of bimetallic materials.
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Beenenue

[louck upelt, cpeaCTB U METOAOB NOBBIMIECHUS 3PPEKTUBHOCTH (HYHKIHOHUPOBAHHS MPOMBIILLICH-
HBIX NPEANPUITHA U OPraHU3aLUil OCYLIECTBIISIETCS YK€ B TEUEHHE MHOTUX JlecsATuieThii. PykoBoaure-
T TIPEANPHUITHI U OpraHu3alfii, a Takke YUeHbIe M CHCIUAINCTHI, pa3pabaThIBarOIIUe MOJO0HEIC HC-
CIICZIOBAHMS, Ha CETOTHIIIHUNA ACHb UMEIOT B CBOEM aKTHBE MHOXKECTBO HAYUHBIX pabOT M METOAMYE-
CKUX pa3pabOTOK Ha 3Ty TEMY.

Pazymeercs, uTo B pamMKax OTJAENbHOM CTaTbU HEBO3ZMOXKHO YIOMSHYTH JlaXKe 3HAYUTEIbHON YacTH
aBTOPOB 3TUX UccieaoBaHui. OgHako Hanboiee 3HAaYUMBIMHU paboTaMu B 3TOH 00sacTH, 0€3ycIoBHO,
SIBIISIIOTCST TPYABI 3HaMeHnToro Aupu Q@aiions [1] u ero coBpemennukos, HopGepra Bunepa [2], Crag-
dopna bupa [3], a Takxke Ooyiee MO3AHUX, HO TOXKE BEChMa HM3BECTHBIX aBTOpPOB — P. Akodda [4],
I'. Munnbepra [5], . Aakepa [6], Hx. lllenapeiika [7], P. Koxa [8], B.H. Bypkosa [9-11], /I.A. HoBu-
koBa [9-12]. ABTopaMu JaHHON CTAaThU TAKXKE IMOATOTOBIICH Psi MyOIHMKAIHiA, CBSI3aHHBIX C 3TOU TPO-
onemarukoii [13—-17].

Ananau3 AKTYaJbHbIX ME€TOA0B, MIOAX010B U MOIle.JIeﬁ COBECPIICHCTBOBAHUA YIIPABJICHUSA

NPOMBIIJICHHBIMHA NPEANIPUATUAMHA

PaCCManI/IBaH KOHIJIOMEPAT HAYYHBIX TPYAOB, NIOCBALICHHBIX BOIIPOCaM COBCPUICHCTBOBAHUA KOH-
HOCITYAJIbHBIX MMOAXOAO0B, MCTOA0B, MO,E[eJ'IGﬁ M TEXHOJIOTHM YHpaBJICHUSA NPOMBINIJICHHBIMA NPCAIPUA-
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TUSIMH, MOKHO KOHCTaTHPOBaTh, YTO HA CETOAHSIIHUI NIeHb HanOoJyiee MCIONb3yeMbIMU U 3P (eKTUB-
HBIMU CPEJICTBAMHU U3 HUX OCTarOTCs crnenyrommue [17]:

— cTpaTerniyeckrue MeTopl JOPMUPOBAHHS IPUOPUTETOB B ONPECICHHBIC TIEPHO/IBI BpEMEHH;

— METO/IbI BCECTOPOHHETO aHaji3a IWHAMUKY IoKa3aTesell padoThl MPOMBIIIICHHBIX PEIIPUSTHH
B CPaBHEHUH C NMPEINPUATHAMU-KOHKYPEHTAMH MO COOTBETCTBYIOIIUM chepaM MaTepHaIbHOTO MPOH3-
BOJICTBA;

— METOZBI ¥ MOJEJH MOBBIIICHNS aJalTalluy MPOMBIIIJICHHOTO MPEANPUATHS K TOCTOSIHHO MEHSIO-
LIMMCS YCIIOBHSAM XO35IHICTBOBAaHUS;

— METOJIbl COBEPIICHCTBOBAHHS IPOHU3BOACTBEHHOH JIOTUCTHKH C OpPHUEHTAMEH MMOCcIeIHEeH Ha BO3-
PacTaloIIyI0 TMHAMHUKY PHIHKOB TOTOBOM MPOIYKIUH;

— METOJbl ¥ TEXHOJOTMM OLIEHKM BHEIIHUX, IO OTHOIICHHIO K MPEeNnpusiTHIO (HaKTOPOB, OKa3bl-
BAIOIIMX Ha KOMIIAHHUIO, BO3MOXHO, AaXXe Oobliee BO3ACHCTBUE, YeM HM3MEHEHHE (PaKTOpOB BHYTPHU
MPENPHSITUS;

— MeToJIbl (POPMHPOBAHKSI COBPEMEHHON CTPYKTYPHI KOMITAaHHU C €€ OpPUEHTAIllMCH Ha MOBBIIICHHE
rHOKOCTH YIIPaBJICHUS IEPCOHAIOM, 00ECTICUeHUE PA3IMYHOr0 poJa pecypcamu, 3pGEeKTUBHOTO MapKe-
TUHTa UCCIIEIOBAHUN U IP.;

— METO/IbI M TEXHOJIOTUH CO3/IaHMsI HH(OPMAIIMOHHO-BBIYHCIUTEILHON CTPYKTYPBI KOMITAHUH, OPH-
CHTUPOBAHHBIC MPEANOYTUTEIBHO Ha COOCTBEHHBbIE HH()OPMAIMOHHO-BBIYHCIUTEIbBHBIE CHCTEMBI
yIpaBJICHHs], CHCTEMBI CTPATETHYECKOr0 YIPaBICHHS, a TAKKE ONEPATUBHOTO YIPAaBICHHUS U KOHTPOJIS B
COCTaBe CIIELHAIBHOTO MPOTPAaMMHOI0 00ecredeHns 10 MOATOTOBKE M IMPUHATHIO YIPABICHUECKUX pe-
HIeHUH COOCTBEHHUKAMH U PYKOBOJIUTENIAMU POMBIIIEHHBIX TIPEAIPHUITHI;

— METOABI U MOAETH YIPABICHUS TPOEKTaMH C MO3ULUI pa3IN4YHBIX cTelkxomnaepos [18];

— METOJIbI M MEXaHW3Mbl COAAHCHPOBAHHOTO TEXHOJOTUYECKOTO PAa3BUTHUS IMPOMBIIIJICHHOTO
npennpustus [19].

K nmepeunciaennsIM noaxonamM He0OX0AUMO JOOABUTH TaKKe METObI U MEXaHU3Mbl YMHOTO YIIPaB-
nenus [10,17], KoTopble CIOCOOHBI KapJUHATBHO U3MEHUTH OTHOLICHHE PA0OTHUKOB K CBOCH JEsATEINb-
HocTH. B mepByto ouepenpb, 6iaronaps BHEAPSHUIO MPUHIIMIIOB YMHOTO YIIPABJICHUS COTPYIHUKN HaYM-
HaIOT OEpeXHO PacXoAOBaTh PECYPCHI, YTO O3HAYAET HE TOJBKO SKOHOMHUIO MaTepHajioB, HO U Oojee
OCO3HAHHOE HCIONb30BAaHUE BPEMEHHU U YCHIIMI, U B KOHEYHOM MTOTE MPUBOJUT K MOBBILICHUIO 00IIEH
MIPOJYKTUBHOCTH.

Kpome TOrOo, MexaHM3MBI YMHOTO YIpaBJICHHsI CHOCOOCTBYIOT 3()()EKTHBHOMY HCIIOIB30BAHUIO
obopyznoBanusa. C MOMOIIBIO COBPEMEHHBIX TEXHOJIOTHH MOXXHO NMPOBOIUTH MOHUTOPHUHI COCTOSIHUS
000pYZIOBaHHS B PEaIbHOM BPEMEHHU. DTO MO3BOJISIET HE TOIBKO U30eXKaTh MPOCTOEB, HO U CBOEBPEMEH-
HO TIPOBOJUTH MPO(HIAKTHYIECKOE O0CIYKMBAHUE, YTO 3HAYUTEIILHO YBEJIMYHNBAET CPOK CITY>KOBI Ma-
LIMH 1 MEXaHU3MOB.

Taxoke CTOMT OTMETHUTh, YTO BHEIPEHHE METOAOB YMHOTO YIpaBieHUs! GOopMUpYeT y paOOTHUKOB
CTpeMIICHHE TIPUMEHSTH Oosee 3 dekTuBHBIE cpeacTBa MPOU3BOICTBA. B yCIOBUSAX TOCTOSHHOTO TEX-
HOJIOTHYECKOT'0 TpOorpecca, KOMIIAaHUH, UCIIOJIB3YIOINE TaKue MOAXObI, MOyYaroT JOCTYI K Mepeao-
BBIM TEXHOJIOTHSIM U MHHOBALMSIM, YTO, B CBOIO OYepe/ib, CIOCOOCTBYET MOBBIIICHUIO KOHKYPEHTOCIIO-
COOHOCTH Ha PBHIHKE.

[TomMuMoO 3TOTO, BasKHBIM aCHIEKTOM SIBIISICTCSl BHEJPEHHE METOJIOB M TEXHOJIOTHI aHanu3a u oopa-
00TKN MH(pOPMALMU C IPUMEHEHUEM COBPEMEHHOH MH(POPMAaLMOHHO-KOMIBIOTEPHOI TexHUKU. Takue
TEXHOJIOTHH TO3BOJISIIOT OBICTPO M TOUYHO 00pabaThiBaTh OObIINE 00BEMBI JaHHBIX, YTO CIIOCOOCTBYET
Oosiee 000CHOBAaHHOMY TIPUHSITHIO YITPABICHYECKHUX PEIICHHH. JTO BEIET K YIAYUIICHHUIO TNIAHUPOBAHUS
Y IPOTHO3UPOBAHMS, a TAKXKE K MOBBIIICHHUIO 0011eil 3 eKkTuBHOCTH OM3HECA.

MexaHu3Mbl YMHOI'O YNPaBICHHUS MOKHO YCJIOBHO Pa3feiMTh Ha HECKOJIBKO KIIIOYEBBIX TPYIIIL,
Ka)K/1ast 13 KOTOPBIX UMEET CBOM OCOOCHHOCTH U MpeTHa3HAYCHHUE.

K mepBoii rpymnmne oTHeceM HEMaHUIYJIHpPyEeMble MEXaHHU3MBbI, WIH «MEXaHU3MBl YECTHON WUIPBI»,
o0ecreynBaroIfe OTCYTCTBHE HCKAXECHUH HHPOPMALMH, IPABIUBOE OTPAKEHHUE PAOOTHUKAMU PE3YIlb-
TaTOB CBOCH JIeATENLHOCTH. PAOOTHUKY HOMKHBI IMETh BBITOIHBIE YCIIOBUS JIJISl TOTO, YTOOBI COOOIIATh
YeCTHBIC JaHHBIE O CBOMX MOTPEOHOCTIX B pECypcax, a TakKe O peajbHbBIX 3ajauax W JIOCTHKCHHSIX.
KiroueBoe TpeboBaHre K TaKMM MEXaHH3MaM 3aKJII0YaeTCs B TOM, YTO PELICHHS, IPUHUMAEMBbIC Ha
OCHOBE 4YeCTHOH MH(pOpMAaIH, He JOJDKHBI HETaTUBHO CKa3bIBAThCS HA caMUX pabOTHHKAX, €€ co00-
HIAOLTUX.
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Bo BTOpyto rpynmy oObEOIMHHM COBETYIOLIME MEXAaHH3MbI, 00ECIEUMBAIOIINE BBIPAOOTKY PEKO-
MEHIAIMK A7 auL, npuHuMaromux perenus (JIIIP). Ins coBeTyrommx MEXaHU3MOB CYLIECTBYET He-
CKOJIBKO CIIOCOOOB peanu3alii, B TOM YHCIIE 4Yepe3 IPYyNIbl SKCHEpPTOB JHOO0 aBTOMATU3UPOBAHHBIC
JKcnepTHBIE cucTeMbl. COBETYIONINE MEXaHU3MbI TACCHBHOTO THIIA MPEIOCTABISIOT PEIEBAHTHYIO WH-
¢dopmanuio, HeoOxoxumyto JIIIP mis npuHsATHS perieHus, HO IPH 3TOM HE HECYT OTBETCTBEHHOCTH 32
3G (PEKTUBHOCTh CBOMX PEKOMEHJAIIMK. AKTHBHBIC COBETYHKH, B CBOIO OYEpEb, CPAaBHHBAIOT (P QeK-
TUBHOCTH CBOUX COBETOB ¢ (haktuueckumu pemieHusimu JIIIP, 9To mo3BossieT co3garhk CHCTEMY CTUMY-
JMPOBaHUs, OCHOBAHHYIO Ha Pe3yJbTaTax.

Crenyromias rpymnmna BKIIOYAaeT COTJIACOBAHHBIE MEXaHU3MBI, CIIOCOOCTBYIOIIME BOCIUTAHUIO OT-
BETCTBEHHOCTH Yy HcHonHUTeNneH. [Ipy Mx ncnonp3oBaHUKM paOOTHHKAM CTAaHOBHTCSI BHITOJHO BBITIOJN-
HATH NPHUHATBIE 0053aTENbCTBA U YECTHO OTPa)KaTh PE3yJIbTaThl CBOETO TpyAa. HeBblinmoiaHeHue miaHa
WIN UCKaXeHNE HH()OPMALIUU B JAHHOM CJIyyae IPUHOCUT UCIOIHUTEINSIM MEHBIIYIO TPUOBLIb.

Haxkonern, pa3BuBaromiye MeXaHU3Mbl UTPAIOT BKHYIO POJIb B CTUMYJIMPOBAHUU POCTA M Pa3BUTHSI
OPEANPUITHH 32 CUET CHIKCHUS M3/ICPKEK M BHEAPEHUs MHHOBaLMI. OHH MO3BOJISIOT OPraHU3aIHsIM
Al TUPOBATHCS K M3MEHSIOLIMMCS YCIOBHUSM PHIHKA U TIOBBILIATH CBOIO KOHKYPEHTOCIIOCOOHOCTS. [ist
YCIICIIHOW peann3aluy pa3BUBAIOIINX MEXaHU3MOB HEOOX0AUMO YUUTHIBATh KaK BHYTPEHHHUE (haKTOPEI,
TaK ¥ BHEIIHIOKO CPEIy, YTO TPEeOYEeT KOMILICKCHOTO MOX0/1a K YIPABICHUIO.

Takum 00pa3oM, KaxIas U3 OMHUCAHHBIX TPYII MEXaHW3MOB YMHOTO YIPaBJICHHUS UMEET CBOU YHH-
KanbHble 0coOeHHOCTH M (yHKIMU. OHHM oOecneynBaroT 3PEKTUBHOE YIPABICHHE PECypcaMu, CIIOco0-
CTBYIOT YECTHOCTH M OTBETCTBEHHOCTH HA BCEX YPOBHSX, a TAKIKE CTUMYJHUPYIOT Pa3BUTHEC OpraHU3alui,
YTO SIBIISICTCS BAXKHBIM JIISL JOCTHXKEHHUS BRICOKHX PE3YJIBTATOB B YCIOBHUSIX COBPEMEHHOTO OM3Heca.

AHAaJH3 cpelIcTB U METO0B COBEPIIEHCTBOBAHNS YIIPABJIEeHUA NPeANPUITHAMH,

BBINYCKAKIIMMH NPOAYKIMIO U UCIOJb3YIOIIMMH T€XHOJOTHYecKoe 000py10BaHNe

13 OMMeTaIHYeCKUX JIMCTOBBIX MaTepPHaIoB

I'myGokuii 1 BCeCTOPOHHUH aHANN3 CYLIECTBYIOLINX MPOOJIEM U «y3KUX» MECT, KOTOPbIC HETaTHBHO
CKa3bIBaloTCsl Ha 3()(QEKTUBHOCTH JICATENLHOCTH KOMIIAaHHH, SIBIISICTCS TIEPBOOYEPEIHOM 3aaueii pyko-
BOJIUTENICH MPOMBIIIIECHHOTO MPEANPHUATHS. DTOT MPOIECC BKIIOYAET B ce0sl HE TOJIBKO BBISBICHHE He-
JOCTaTKOB, HO W NMOHMMaHKE MX MPHYHUH, 4TO TpeOyeT TUIaTenbHOW paboThl — HEOOXOAUMO MpPOaHAIIHU-
3UPOBaTh COCTAB M OCOOCHHOCTH YIPABJICHUS OCHOBHBIMU (DaKTOpamH MPOU3BOJICTBA, KOTOPHIC SIBIISI-
IOTCSI OCHOBOW (DYHKIIHOHHPOBAHUSI IIPEIIPUSITHSI.

Kpome Toro, ciemyer oOpaTWTh BHHUMaHHWE Ha CTPYKTYpPY YIIPaBICHUS, METOIBI M TEXHOIIOTHH,
MIPUMEHSIEMbIE B OpraHU3alllH, — U3yYUTh U OI[EHUTh OPTaHMU3ALUOHHYIO CTPYKTYpY, CUCTEMbI KOHTPO-
7151, @ TaKXKe TIOXO/bI K YIIPaBIECHUIO, KOTOPBIE MOTYT BapbUPOBATHCS OT TPAAUIMOHHBIX 10 COBPEMEH-
HbIX. [lomy4yeHHbIE B pe3yapTaTe TAKOro KOMIUIEKCHOTO aHAJIN3a PE3YJIbTaThl AT PYKOBOIUTEIIO BO3-
MOKHOCTh YBHJETh HE TOJBKO OTIEIbHBIE MPOOJIEMBI, HO W MX B3aWMOCBS3b JUIS MIOHUMAaHUS OOIIeh
KapTUHBI QYHKIIUOHUPOBAHUS KOMITAHUH.

B pesynbraTe mpoBeneHHBIX PadOT PyKOBOJCTBO MOIYyYaeT BO3MOXHOCTH CAEIaTh 0OOCHOBAaHHbIE
BBIBOJIBI O I[€JIECOO0OPA3HOCTH PA3IUYHBIX M3MEHEHUN (CTPYKTYPHBIX, TEXHOIOTHUIECKUX, SKOHOMUYE-
CKHUX, OPTaHU3aIMOHHO-YIIPAaBICHYECKHUX U JIp.). Ha oCHOBE MoyyueHHBIX JaHHBIX GOPMHUPYETCS YETKOEe
BUjieHUE OyIymiero MpeanpusITHs Ui pa3paboTKH KOHIEMIUH CTPATErHYecKOro pa3BUTHSA, KOTOpas
JIOJDKHA YYUTHIBATh KaK BHYTPEHHHE, TaK ¥ BHEIIHUE (DaKTOPHI — H3MEHEHHS B IKOHOMUKE, TEXHOJIOTH-
YECKOE Pa3BUTHE U TEHICHIUMH B yrpaBieHud. Takum 00pa3oM, KaueCTBEHHBIN aHaIN3 CYIECTBYIOIUX
npo0JeM CTaHOBUTCS HEOTHEMIJIEMOW YacThIO MpOIecca CTPATErHUECKOTO IJIAHUPOBAHHS M PAa3BHUTHUS
npeanpusaTus B ueiaom [19].

OpHako A NPeANpUATHI, CBI3aHHBIX C MPOU3BOJICTBOM W HCIIOJIB30BAHUEM JINCTOBBIX OMMeTal-
JMYECKUX MAaTepUalioB, TIOMHUMO TEPEUYUCICHHBIX CPEJCTB M METOJOB TOBBIIICHUS 3()()EKTUBHOCTH
KpaiiHe BayKHO pacCMOTPETh BOIIPOCH! COBEPIIEHCTBOBAHUS TEXHOJIIOTUN OLIEHKH KauyecTBa MPOIYKIHH U
paboTocrocoOHOCTH TeXHOJOrHYecKoro obopynosanus [20, 21].

Bumerammieckue MaTepuansl TPEOYIOT CTPOrOro KOHTPOJIS Ha KaXIOM dTare MPOU3BOACTBEHHOTO
npoiiecca, MOCKOJIBKY Ka4eCTBO COCTUHEHUSI U 00paObOTKH METAIIOB CYNIECTBEHHO BIMSET HAa MX MeXa-
HUYECKHE U PU3NKO-XUMHUUECKUE CBOWCTBA [22—-24].

CoBepIleHCTBOBaHNE TEXHOJOTHI OIICHKH KavyecTBa BKIIOYAeT B ceOs pa3paboTKy M BHEIPEHHE
KOMITJIEKCHBIX CHUCTEM KOHTPOJSI, KOTOPBIE YYHTHIBAIOT HE TOJBKO (PH3MKO-MEXaHUYECKUE CBOHCTBA
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OMMETaJUINYECKUX JINCTOB, HO M UX JKCIUTyaTallMOHHBIC XapaKTepUcTUKU. OCHOBON MOJOOHBIX CHCTEM
SIBIIACTCS] IPUMEHEHHE HEpa3pyIIAOIUX METOJ0B KOHTPOJS, MO3BOJSIOIIMX BBISBIATH CKPBITHIE Je-
(eKThl Ha paHHUX CTAAMSX MPOU3BOACTBA [25, 26], a TaKkkKe HCIIONB30BAHUE AKTYAIBHBIX IU(PPOBBIX
TEXHOJIOTHH ITPU MPOBEJICHUN BBIYUCIUTENBHBIX SKCIIEPUMEHTOB JUIS UCCIIEIOBAHUS TIOBEICHUS U(po-
BBIX JIBOHUKOB OOBEKTOB KOHTPOJISI C IPUMEHEHHEM COBPEMEHHBIX MPOrPaMMHBIX MPOLYKTOB, B TOM
YHUCJIE C OTKPBITHIM HCXOIHBIM KozioM [27-29].

Kpome TOro, HeoOXOIMMO yIeNUTh BHUMAaHHUE CHCTEMATHYECKOMY aHAINU3y paboTOCIIOCOOHOCTH
TEXHOJIOTHYECKOT0 000pynoBaHus. PerynspHbeie IpOBEPKH U TEXHUYECKOE OOCIYKMBAHUE CTAHKOB H
MaIluH 00eCNeunBaoT CTa0MIBHOCTE IPOU3BOACTBEHHOTO MPOLIECCa, a TAKXKE MO3BOJISIIOT OTCICKHUBATh
COCTOSIHME O0OpYNOBaHUS B pealbHOM BPEMEHH, UYTO CYIIECTBEHHO CHIKAET PUCK IMOJIOMOK U aBapuit
(30, 31].

ObocHoBaHue 11e1ec000Pa3HOCTH BHEAPEHUSI CUCTEMBI KOHTPOJISI KadecTBa, Oazupyroleiics Ha co-
BPEMEHHBIX TEXHOJIOTHSIX, IOJDKHO OBITH OCHOBaHO Ha MIPUMEHEHUH KOMIUIEKCHBIX METOJI0OB MHOTOKPH-
TEPUANBHOTO BBIOOpA CpeAM allbTEPHATUBHBIX BAapPHAHTOB, KOTOPHIC OMKCBHIBAIOTCS OOJBIINM YHCIOM
KOJIMUYECTBEHHBIX U KAUECTBEHHBIX XapaKTEPUCTHK pa3IMuyHON CTENEeHN 3HauuMocTH [20, 32].

He meHee BaKHBIM acCHEKTOM SIBIISIETCS CO3JaHHE OOPAaTHOM CBS3UM MEKAY NMPOW3BOICTBEHHBIMU
MpoIeccaMy M OTJ/IEIOM KauecTBa Ha OCHOBE MHTETPALIMU CHCTEMBI BBISIBICHHS JIE(PEKTOB MPOAYKIMH C
KOMIUICKCHOH MH(OPMALMOHHON CHCTEMOI MpeanpusThs. DTO MO3BOJIUT ONEPAaTUBHO pearupoBarh Ha
BBISIBJICHHBIE NTPOOJIEMbl 1 BHOCUTh U3MEHEHUS] B TEXHOJIOTHYECKUE MPOLIECCHI, YTO, B CBOIO OYepeab,
CIOCOOCTBYET YIJIYUIICHHIO KadecTBa KOHEYHOM mponaykruu. OnTUMH3AIys MPOLEeCcCOB M BHEIPEHHE
HOBBIX TEXHOJIOTUH MOMOTYT 3HAYUTENHHO CHU3UTH MPOU3BOACTBEHHBIE 3aTPAThl, & TAKXKE YBEIUUYHUTH
KOHKYPEHTOCIIOCOOHOCTh KOMITAaHUH Ha phIHKE [33, 34].

JanpHelinee coBepIeHCTBOBAaHHE UH(POPMAIIMOHHBIX CHCTEM ISl TIOAJEPKKH MPOIIECCOB OIICHKU
KadyecTBa OMMETAUTMYECKHUX JINCTOBBIX MAaTEpUANIOB C UCIIOJIb30BAHWEM TEIUIOBBIX METOJIOB HEpaspy-
MIAIOIIEr0 KOHTPOJS BO3MOYKHO 3a CUET HCIOJIb30BAHHA METOAOB HMCKYCCTBEHHOIO HMHTEIIEKTA JUIA
knaccupukaud AeeKToB Mo H300paKEHHUSM TEPMOTPaMM B PEabHOM BPEMEHH. ABTOMATH3ALMA
MIPOLIECCOB KOHTPOJIS KayecTBa MyTEM BHEIPEHHS CHCTEM MAIIIMHHOTO 3pEHUS M aHaiu3a JaHHBIX Ha
OCHOBE UCKYCCTBEHHOI'O MHTEJIJICKTa MOKET 3HAUYUTEIBHO YCKOPUTH Mpoliecc 00HapyXeHUs 1e(HEKTOB U
CHHM3WTH BIIMSHHE 4deroBedeckoro ¢akropa [35, 36]. Takue cuctembl MoryT oOydaTbcs Ha OOJBIIMX
0o0beMax JaHHBIX, YTO MO3BOJIIET UM C BBICOKO TOUHOCTBIO TIPOTHOZUPOBATH BO3MOXKHBIE TIPOOJIEMBI U
npenaraTh IMyTH UX pEIICHUs.

3akioueHue

O6OCHOBaHHOC BHeZIpeHI/Ie MHHOBAIIMOHHBIX MCTOOOB KOHTpOHH, OCHOBAHHBIX Ha HCIIOJIB30BAaHUHN
COBpPEMEHHBIX MUGPOBBIX TEXHOJIOTHI, UTPACT 3HAYUTENBHYIO POJIb B MOBBIMICHUN 3PGEKTUBHOCTH U
Ka4yecTBa MPOMBINUICHHBIX TporeccoB. J[ns moBbieHus 3)(HEKTUBHOCTH (DYHKIIMOHUPOBAHHS MPE-
MPUATHIA, PabOTAOIMUX € OWMETAUNTMYECKUMH MaTephajaMH, HeoOXOAMMO IMPHUMEHSTH aKTyalbHbIC
MOJTXO/IbI, CPEAICTBA M MEXaHU3MBbI, BKITFOUYAs CO3JaHUEe METOJIOB U aJITOPUTMORB TIOATOTOBKH W TIPUHSTHS
pelieHUH PYKOBOIUTEISIMH TIPEANPHUATHI MO0 OCHOBHOMY HANPABJICHUIO UX ACATCIHLHOCTH, pa3paboTKy
COBpeMeHHBIX I/IH(i)OpMaIH/IOHHBIX CUCTEM praBHeHI/IH, a TaK>Xe paSBI/ITI/Ie HOBBIX, HepCHeKTI/IBHI)IX TCX-
HOHOFHﬁ OLCHKHU KadeCTBa HpOI[yKIH/II/I. HpI/I 3TOM BA>XHO HE€ TOJIBKO BHeI[pSITB COBpeMeHHBIe METOAbI
KOHTPOJISI U JTUATHOCTHKH, HO U TOCTOSHHO COBEPIICHCTBOBAThL TCXHOJIOTHH BBISBICHUS BO3MOXHBIX
nedekToB, obecreurnBas TEM CaMbIM BBICOKOE Ka4eCTBO MPOJAYKIUH U HAJACKHOCTh IKCILTYaTHPYEMOTO
000pyIOBaHMS.
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1fO)KHO-Ypa/'IbCKUU eocydapcmeeHHbili yHueepcumem, YensbuHck, Poccusi

2 LleHmp nipueneyeHust npoekmos u uHeecmuyul Kumadckol (XadnyHy3siHckou)
aKcnepuMmeHmarbHoOU 30HbI C80BOOHOU mopeossiu, Xalixa, Kumad

Annomayus. Lenb uccnenoBanms. Llenpio cTaThy ABIAETCA aHAINU3 PO WHHOBAIIMOHHBIX MHBECTH-
IIMii B KAQUECTBEHHOE PA3BUTHE PErMOHOB. IIpy 3TOM IOJDKHBI OBITH PacKphITHI MPOOIEMBI KOMIUIEKCHOTO
BIIMSIHUS SKOJIOTHUYECKUX, COLMATBHBIX, SKOHOMUYECKHX U HAyYHO-TEXHUIECKHE (haKTOPOB Ha PETHOHAIBHBIC
MHHOBALIMOHHBIEC TIPOEKTHI, UCCIEIOBAHbI CBSI3aHHBIC C TUMHU (aKTOpaMHU NpsIMbIe 1 KOCBEHHBIE 3aTpaThl HA
MPOEKTHOE yrpasiieHue. IIpeaMeToM ABIAIOTCS yIpaBIeHIECKHE OTHOIICHHUSI, KOTOPbIE BO3HUKAIOT IIPH HH-
HOBAI[MOHHOM IIPOEKTUPOBAHUH B CHCTEME YIPaBICHHUsI PErHOHOM. MaTtepualibl M MeToAbl. MeTogonoruye-
CKOI OCHOBOH pabOTHI ABISIETCS UCIIOIBb30BAaHIE CUCTEMHOTO aHANIN3a, METOI0B CTATUCTHYECKOTO aHAJIN3a,
MaTeMaTHYECKOr0 MOJENUpOoBaHus. B craThe packpriBaeTcsi copepkaHue 3¢ ¢exTa pernoHaJIbHOTO HHHO-
BaIl[MOHHOTO NpoeKkTa. PaccMoTpeHa TpaauioHHas MOZENb OLIEHKH PETHOHAIBHOTO HHHOBAMOHHOIO MpPO-
€KTa, BBIJICJIEHBI MUHYCHI MoJienu. Takxe B padote packpsIT cranaapt UNIDO. Ilpu 3Tom oT™MedeHo, 9To
JUISL OCYIIECTBIICHUS OLICHKH 3()(EKTHBHOCTH PErHOHAIILHOTO HHHOBAIIMOHHOTO MIPOEKTa HEOOXO0ANMO TPO-
AQHAIM3MPOBAThH POJIb M COCTOSIHUE CYOBEKTa, IKOHOMHUYECKOE COCTOSIHUE PErnoHa M HETOCPEICTBEHHO CO-
LUAIbHBIE U 3KOJOTMYECKHE IMOCIEICTBUSA, KOTOpBIE MPEANONaraloTcs MpH BHEAPEHHH NpoekTa. Takxke
paccMOTpeHa OLIeHKa KalUTaJI000pa3yIomuX HHBECTUIIHOHHBIX MPOEKTOB. Pe3yabrarThl. PesynsraToM pa-
0OTBI SABIAETCS HIKOHOMHKO-MAaTEeMaTHIECKasi MOJICNIb OLIEHKH M BBIOOPa PErMOHAILHOTO MHHOBALIMOHHOTO
MPOEKTa C YIETOM 3KOHOMHYECKUX, COI[HMATIBHBIX M 9KOJOTHYEeCKUX (hakTopoB. [Jis pereHns JaHHOH MHO-
TOKPUTEPHATIBHON 3a/1a4il C TPOTUBOPEUYMBBIMU KPUTEPUAMH PACCMOTPEHBI PAa3IUYHBIE METOABI U aJIro-
PUTMBI MHOTOKPUTEPUAIBHON ONTUMU3ALUH, BKIIIOYasi METOJl CBEPTKU KPUTEPHUEB, OTYUEHUE OJHOM, HHO-
I7la JOBOJIBHO CJIOXKHOW (POPMYJIBI, METOBI MOJIYYSHHS PEUIeHHs], onTUMaiIbHoro 1o [lapero, meron me-
papxuii Caatn. OTMEYEHBI TOBOJIBHO CYIIECTBEHHBIC HEIOCTATKH, MPHUCYIINE JaHHBIM MeTonaM. [lonpobHo
paccMOTpeH Haubojee ACWCTBEHHBIM IS JaHHOM MOJENHM METOJ IOCIeNOBaTeNbHBIX yCTymoK. O6nacTh
IPUMEHEHHUS Pe3yJIbTaTOB — NPOBEJCHUE KOMIUIEKCHOW OIIEHKH MHHOBAIMOHHOTO MPOEKTA C LEJbI0 BBIOO-
pa Haubosee >¢G(HEKTUBHOTO BapuaHTA, B MOJHONW MEPE YUHUTHIBAIOLIETO OCHOBHBIC ACMEKTHI JKU3HENes-
TEIBHOCTH pPErHoHa (3KOHOMHYECKHE, COLHaJbHBIE M HKOJOTHUYecKue). 3akiawuyeHHe. lcmoip3oBaHue
NPUBEJICHHON B CTaThe KOMIUICKCHOW MHOTOKPUTEPHAIBHONH SKOHOMHKO-MaTeMaTHIeCKOH MOJIeTH BEIOOpa
PETHOHANBHOTO HHHOBAIIMOHHOTO MPOEKTA C yYETOM IKOHOMHYECKHX, COITUATIBHBIX U SKOJIOTHYECKUX (ak-
TOpPOB TIOBBICUT YPOBEHB aJI€KBATHOCTH NMPHHUMAEMBIX OpPraHaM{ PETHOHAIBHOW BIIACTH PEIICHHH B 4acTH
BEIOOpa (D (DEKTUBHBIX IIPOCKTOB.

Knrwouegvie cnosa: pernoHaabHbIE HHHOBAMOHHO-WHBECTHIIMOHHBIE MTPOEKTHI, 3P PEKTUBHOCTH, KO-
HOMHUKO-MaTeMaTH4ecKasi MOJIelb, OM3HeC-INIaHUPOBAHNE, COIIMATbHBIE U 3KOJIOTHYECKHE (haKTOPHI

/s wumuposanusn: Ananus 3¢(HEeKTHBHOCTH PETHOHANIBHBIX HHHOBAIIMOHHBIX MTpoekToB / S1.11. T'eib-
pya, L. Iyi, B.B. 3axapos, B.I'. PasymoB // Bectauk IOYpI'Y. Cepus «KoMIbIOTepHBIC TEXHOJIOTHH,
ympaBJeHue, paanoekTponuka». 2025. T. 25, Ne 1. C. 108-115. DOI: 10.14529/cter250109
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Abstract. The purpose of the study. The purpose of the article is to analyze the role of innovative in-
vestments in the qualitative development of regions. At the same time, the problems of the complex influ-
ence of environmental, social, economic and scientific-technical factors on regional innovative projects
should be disclosed, and direct and indirect costs of project management associated with these factors
should be studied. The subject is management relations that arise during innovative design in the regional
management system. Materials and methods. The methodological basis of the work is the use of system
analysis, statistical analysis methods, mathematical modeling. The article reveals the content of the effect of
a regional innovative project. The traditional model for assessing a regional innovative project is consi-
dered, and the disadvantages of the model are highlighted. The work also discloses the UNIDO standard.
It is noted that in order to assess the effectiveness of a regional innovative project, it is necessary to analyze
the role and state of the entity, the economic state of the region and directly the social and environmental
consequences that are expected when implementing the project. The assessment of capital-forming invest-
ment projects is also considered. Results. The result of the work is an economic and mathematical model
for assessing and selecting a regional innovative project, taking into account economic, social and environ-
mental factors. To solve this multi-criteria problem with contradictory criteria, various methods and algo-
rithms of multi-criteria optimization are considered, including the method of convolution of criteria, obtaining
one, sometimes quite complex formula, methods for obtaining a Pareto-optimal solution, the Saaty hierarchy
method. Quite significant shortcomings inherent in these methods are noted. The most effective method for
this model is the method of successive concessions. The scope of application of the results is a comprehen-
sive assessment of the innovation project in order to select the most effective option that fully takes into ac-
count the main aspects of the region's life (economic, social and environmental). Conclusion. The use of
the complex multi-criteria economic and mathematical model for choosing a regional innovation project
given in the article, taking into account economic, social and environmental factors, will increase the level
of adequacy of decisions made by regional authorities in terms of choosing effective projects.

Keywords: regional innovation and investment projects, efficiency, economic and mathematical model,
business planning, social and environmental factors
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Beenenne

Jnst ocylecTBiIeHUsT MHHOBAIIOHHOTO TIPOEKTa TPAJAUIIMOHHO COCTaBIISIETCsl OU3HEC-TUIaH 10 CTaH-
napty UNIDO [1]. danHbIi cTaHAapT BKIIOYAET B ceOs:

1) xpaTkoe onrcaHue NPOEKTa, COJepKalIee CYyTh IPOEKTA, €ro HOBU3HY, IPUOBUIL U HEOOXO0AUMBIE
3aTpaThl Ha €ro ocyllecTBiIeHrue. Takke B JaHHOM pa3zelie YKa3bIBalOTCS CPOKM BO3BpaTa MpUOBLIH U
rapaHTHy;

2) XapaKTepucTHKa NpeanpusaTus. JaHHbIi pa3aen BKI0YaeT B ce0s1 HHYOpMALMIO O IPEANPUITHH
W BO3MOKHOCTSIX 110 OCYIIECTBIICHHIO WHHOBAIIMOHHOTO TPOEKTa, BKIIOYAs (MHAHCOBBIC M TEXHHUYE-
CKHE TIapaMeTphl;

3) omucaHue >KU3HEHHOTO IUKJIA WHHOBAIIMOHHOTO IMPOEKTA, MOJOKUTEIbHBIE U OTpPHULATEIbHbIC
€ro 0COOEHHOCTH;

4) MpoW3BOACTBEHHBIN IJIaH, BKJIIOYAIOLINI B ce0d OmMMCaHHWE MPOM3BOACTBEHHOrO IMpoIlecca Mo
peann3anyy THHOBAIMOHHOT'O NMMPOEKTa B COOTBETCTBHU C BO3MOXHBIMU PUCKaMHU U YyTPO3aMH;
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5) opraHM3alMOHHBIN TUIAH BKJIIOYACT B ce0sl OpraHM3alOHHBIE MOMEHTHI 110 BHEAPCHHUIO HHHOBA-
LHOHHOT'O MPOEKTa, B TOM 4YHciie padoTe KOMaH/IbI IO OCYLIECTBICHHUIO POEKTA;

6) pMHAHCOBBIN TUIAH BKJIIOYAET B ce0s MOHECCHHBIC 3aTPAThl U TMOyYSHHBIE JOXObI, pacipeere-
HUE MPUOBUIN B CITydae YCIEIIHOTO U HEYJAYHOTO BHEIPEHUS MTPOEKTa;

7) 3¢ heKTHBHOCTH MHHOBALIMOHHOTO MpOeKTa. JJaHHBINA pa3aen oTpaxaeT SKOHOMHYECKYIO 3 (ek-
TUBHOCTH BHEJIPEHHUS TIPOCKTA, a TAKIKE COACPIKUT NHOH pacueT paziniHbIX 3()(HEKTOB HHHOBAIIHOHHOTO
npoekTa. Takke paccMaTpuBaOTCs pa3inyHbIe METOIbI (PUHAHCUPOBAHUS;

8) pucku. Ilpu cocTaBnennn Onu3HeEC-TIaHa MPOU3BOANUTCS aHAIN3 PUCKOB MHHOBALIMOHHOTO MPOEK-
Ta. Taxke npeaararoTcs BEpOsSTHBIEC ITyTH CHHYKEHHS BO3MOKHBIX PUCKOB [2].

JlaHHBIN CTaHAApT UCIMONB3YIOT NPHU OlLEHKE dP(GEKTHBHOCTH M PETHOHAIBHBIX WHHOBAIIMOHHBIX
NPOEKTOB, YTO, Ha HAIll B3IJII, HE OTpakaeT ux crneuuduky. Hanmnune Gonbiioro yucia puckoB U He-
ONPEACICHHOCTH HE TOJBKO B 3KOHOMHYECKHMX pE3yIbTaTax TaKHWX IMPOEKTOB, HO M UX BO3MOXHOE
BJIMSIHUE HA JKOJIOTHYECKYI0 OOCTaHOBKY M COIMANIBHYIO chepy pernoHa OTIMYaeT PerHOHaIbHbBIA WH-
HOBAaI[MOHHBIN MPOEKT OT WHHOBAIIMOHHOTO MPOEKTa MPEANPHUSITHS, YTO U OyJeT Y4TeHO B JaHHOW CTa-
ThE TPU CO3JaHUU MAaTEMaTH4YeCKON MOJEIH OLIEHKU U BBIOOPa 3((EKTUBHOTO PETHOHAIBHOTO HHHOBA-
LIMOHHOTO MPOEKTA.

B psne ny6nukanuii yaeneHo 60b110e BHUMaHHE PETHOHANBHBIM OCOOCHHOCTSIM CO3/IaHUS HHHO-
BallMOHHBIX cucTeM [3, 4]. K coxanenuto, B 3TUX U B OOJBIIMHCTBE APYTHX MyOJINKALNA MM OTCYTCT-
BYIOT, WJIM TOJIBKO CJ1a00 00O3HAYEHBI IPUHIUIBI Y4eTa 3KOJIOTUYECKUX M COLUAIBHBIX MOCIEeICTBHN
MIPU OIIEHKE PETHOHAIHFHOI0 HHHOBAIIMOHHOTO IPOEKTA.

B yactu skonormueckux akTopoB HEOCTATOYHO TIOJIHO PACCMATPUBAIOTCS] COOTBETCTBYIOIUE TIPSi-
MBI€ 1 KOCBEHHBIE 3aTPaThl, CKPBITHIEC U3ICPKKU (CHIKEHHUE CTOMMOCTH aKTHBOB, YBEJIMUEHHE HEBO300-
HOBHMBIX PECYpPCOB, B TOM HYHCJIE IUIOMAAN MPUBEACHHOW B HETOJHOCTb 3€MIIH, YXYAIIEHUE YCIOBUN
JKU3HH HaceJIeHus U Jp.) [5]. IHHOBallMOHHBIE POEKTHI, KOTOPBIE BHOCAT OJIarompHsATHBIE MTOCIEICTBHS
JUISL OKPYXKAaIOIeH Cpenbl, KaK, HalpUMep, CHIKEHHE BEIOPOCOB B OKPY’KAIOIIYIO CPELy, OLICHUBAIOTCS
NOJ0XHUTENBbHO. OTCYTCTBUE TIIATEIBHOTO y4YeTa SKOJIOTHUECKUX (DAKTOPOB MOXKET NPUBECTH K HETPH-
ATHBIM TOCNIEACTBUAM. Tak, Hampumep, mpu cTpouTenbecTBe CHHelckoro onepHoro tearpa (ABcTpa-
nus) 3aTpathl cocTaBmin 102 MIIH 10JUTapoB MpH NIEPBOHAYAIBLHON cMeTe B 7 MIIH JojuiapoB. [lpu mia-
HUPYEMOM CpOKE 4 Tofia CTPOUTENBCTBO OCYIIECTBIUIOCH 14 neT. I’ 1aBHON NPUYMHON TaKOro MOJI0XKe-
HUSI OBUT HEIOCTATOYHBINA YUET IKOJOTHIECKUX (DAKTOPOB Ha CTAIUSAX TUIAHUPOBAHUS MPOEKTa [6].

Conunanbhbie GakTopbl GOPMYITUPYIOTCS TOCTATOYHO aOCTPAaKTHO M HE KOHKPETHO: «YJIyUIICHHUE
COLMAJIEHO-3KOHOMHYECKOTO TOJIOKEHUSI HACETICHUSI PETHOHAY», «CO3JaHue OJaronpHsITHOTO COLMAIb-
HO-aJanTaluoHHOro (GoHay [7] u T. m. Huke npu onucaHuy 3KOHOMHKO-MATEeMAaTUICCKOW MOJICITHA MbI
NpUBEIeM KOHKPETHBIN MepedeHb SKOJIOTHYECKUX M COLMABHBIX (PaKTOPOB, KOTOPHIC CIIEAYET YUHUTHI-
BaTh MU YIIPABICHUN PErHOHATEHBIMA HHHOBALIMOHHBIMY ITPOEKTAMHU.

[IpoGnema ynpaBieHus] pernoHabHBIMA WHHOBAILMIOHHBIMU IPOEKTaMH HE MMEET, Ha Halll B3IJIAJ,
JIOCTATOYHO TOJPOOHOTO ONMMCAHUS B HAYYHOW JUTEpaType. B paccMOTpeHHBIX MyOIHKaIMIX HE TOJIHO-
CTBIO PACKPBITHI MPOOJIEMBI BIUSHUS SKOJOTMYECKUX U COLMAIBHBIX (PaKTOPOB HAa PErMOHAJIbHBIE HHHO-
BAaIlMOHHBIE TPOEKTHI, HE MCCIICAOBAHbI CBS3aHHbBIE C ATUMH (PAKTOPAMU MPSIMbIE M KOCBEHHBIE 3aTPAThI
Ha TPOEKTHOE ymnpasieHue. Hepa3paOoTaHHOCTh U HEOJHO3HAYHOCTh BBINICYKA3aHHBIX TMOJIOKEHHN U
HECOMHEHHAsl aKTyaJIbHOCTb TeMBI OIPEJICIUIIN €€ BBIOOp, e, IPeIMET U METO/IbI MCCIIEOBAHUSI.

Teopust 1 MoCTAaHOBKA 3a/1a4H

D¢ (heKTUBHOCTh PErHOHATBHOTO WHHOBAIIMOHHOTO TMPOEKTa CIENyeT ONpEACisTh, aHAIU3ZUPYsI
KOMIIJIEKCHO 3KOHOMHYECKHE, COLUAIbHBIC, IKOJOTHUECKIE U HAYyYHO-TEXHHUYECKHE (DaKTOphl. DKOHO-
MHUUYecKHe (HAaKTOPBI BKIIOYAIOT B ceOsi MPUOBLIL OT BHEAPECHUS! HHHOBALMOHHOTO MPOEKTa, COOTBETCT-
BCHHO, YBCJIMUCHHUE OTYHCIICHUH B 6IO,Z[)K€T PpEeruoHa, MOBBIIICHUC IMMPOU3BOAUTCIBHOCTHU TPYyda, (1)OH):[O-
OTJau¥ ¥ JIPyTue MOKa3aTelld, XapaKTepU3yIoIe SKOHOMHYECKYIO d3(PPEKTHBHOCTh POEKTa. JKOJIOTH-
yeckue (hakTopbl 00ECTICUNBAIOT 3KOJIOTMIECKYIO 0€30II1aCHOCTh PErHOHa, B KOTOPOM BHEAPSIETCS WHHO-
BaI[IOHHBII MPOEKT, ¥ BKIIIOYAIOT B ce0s COKpaIIeHUE BPEIHBIX BHIOPOCOB, YIIyUIIEHHE YKOJIOTHUECKUX
CBOMCTB MPOAYKIIMH, NPOU3BOAUMOMN B Pe3yibTaTe peajn3alid MHHOBAIMOHHOIO MPOEKTa, YMEHbIIIe-
HHE MPOMBILUICHHBIX 0TX0#0B. HayuHo-TexHn4yeckue hakTopsl — 3TO CO3JaHNUE HOBBIX MPOTrPECCHUBHBIX
MPOAYKTOB M TEXHOJIOTUH, MOATBEPKICHHBIX MAaTEHTaMH M aBTOPCKUMH CBHJIETENBCTBAMH, aBTOMATH-
3a1us MPOU3BOJICTBA U Tak Janee. ConpanbHble (GaKkTOpbl OTPAYKAIOT BIMSHUE TPOEKTa Ha MOBBIIICHHE
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Ka4yecTBa )XKM3HU KaK COTPYIHHUKOB MPEINPHUITHSA, TaK U HaceneHus peruona. [lon conmansuevM 3¢ dex-
TOM TOHHMMAETCs POCT CpegHel 3apaOOTHOW IUIaThl B PETHOHE, ylydllleHHe KayecTBa padoThl U 0e30-
MacCHOCTH paOOTHUKOB, a TAKXKe YBEIMYCHUE YIOBICTBOPEHHOCTH COTPYIHUKOB, pOCT pabouyux MecT H
tak nanee. KomMepueckuidl 3¢¢GeKT Npyu MHHOBAIIMOHHOM PETHOHAIBHOM IMPOEKTE JIOCTUTaeTcs abco-
JIIOTHO y BCEX 3aMHTEPECOBAHHBIX CTOPOH MPOEKTA, TAK KaK CyLIECTBYET 3PPEKT y HHULNATOPA IIPOCK-
Ta, UHBECTOPOB, FOCYIApCTBAa U Kpeautopa. IIpoBoauMbIi B HACTOSIIEH CTaThe aHAIU3 YUUTHIBAET UH-
TEPEeChl TAKMX PETHMOHAIBHBIX CTEHKXOJIEPOB, KAK HAIOTOBBIC U HAJ30PHBIC OPTaHbI.

Taxoke mpu cocTaBieHHH OM3HEC-TIaHa HEOOXOAWMO yKa3aThb MapKETHHIOBBIE MEpOIIPHUATHS, Ha-
MIpaBJIEHHbIE HAa BHEIPEHHE MPOEKTa. 37ech HEOOXOAUMO PAacCMOTPETh MOTPEOHOCTh MOTpeOuTENeil B
WHHOBAIIMOHHBIX TPENJIOKEHUIX, YKa3aTh MOJE3HOCTh MPOEKTA JJIsi PETMOHA, JODKHA OBITh yKa3zaHa
HIEHOBAs MOJIMTHKA U TaK Jajee.

Eme omHa 0COOCHHOCTh PETMOHAILHOTO WHHOBAIMOHHOTO TPOEKTa 3aKI0YAeTCsl B TOM, YTO OH
OCYILECTBIISICTCS U BHEIPSETCS B ONpPEICICHHOM CyOBEKTE CTpaHbl, HO NMPH 3TOM PE3YJIbTaTHBHOCTH
MPOEKTa JAO0JKHA OKa3bIBAThH MOJOXKUTEIBHOE BIMSHUE KaK Ha PETMOHAJIBHOM YPOBHE, TaK M HA rocyzaap-
cTBeHHOM. OTOOp MPOEKTOB MPOU3BOAMUTCA HENOCPEICTBEHHO TEPPUTOPHATIBHBIMU OpPraHaMH BJIACTU U
yIpaBJeHus. PernoHa bHbBIH HHHOBAIIMOHHBIN MPOEKT MOXKET OBITh 3PEKTUBHBIM JJIsl OTHOTO PETHOHA U
Hed(EKTUBHBIM JJISl IPYTOro, TaK KaKk OCOOEHHOCTH PETHOHOB pPa3iMyHbIe. PyKoBoJICTBO pernona o0si-
32HO MPaBUJIBHO OIPEACIHUTh TOJUTUKY MHHOBAIIMOHHOTO Pa3BUTHS PETHOHA, MOCKOJIBKY MMEHHO Tpa-
BWJILHOCTB OTIpeJIeNieHns! OyJIeT BIHMATH HA OTOOD M Pe3yNIbTaT MHHOBAITMOHHBIX MPOEKTOB [§].

Metoab! oneHKH 3(pGeKTHBHOCTH PErHOHATBHBIX HHHOBAIIMOHHBIX IPOCKTOB

Onenka 3¢ ¢GeKTUBHOCTH PErHOHATIBHOTO WHHOBALMOHHOIO MPOEKTa TPAAULMOHHO OCYLIECTBISETCS
SKOHOMHMYECKHMHU MOJEISIMU, KOTOPbIE BKIIOYAIOT B ce0s cieaytomee [9]:

1) oreHka meproja OKyrnaeMoCTH;

2) oIleHKa TOYKH OKYIIaeMOCTH;

3) penTabenbHOCTH HHBECTHUITHI;

4) MeToIbl TUCKOHTHUPOBAHUS.

[Ipu 3TOM ClleayeT OTMETUTh MUHYCBHI UCIIOJIb30BaHUS SKOHOMUYECKON MO/EIH OLEHKU 3PPEKTHUB-
HOCTH, 2 IMEHHO:

1) HeuenecooOpa3sHOCTh MPOBEACHUS TAKOW MOJEIH Ha PAHHUX CPOKAX XH3HEHHOTO LIUKJIA MPOEK-
Ta, MOCKOJIbKY OTCYTCTBYIOT JOCTOBCPHBIC (i)I/IHaHCOBBIe JaHHBIC, BEICOKA UX HCONPCACIICHHOCTD,

2) oTAeTbHOE U3yYCHUE MTPOCKTOB JIPYT OT ApyTa.

Ornenka 3G ¢GEKTHBHOCTH WHHOBAIMOHHOI'O PETHOHAIBHOIO IMPOEKTa JO/DKHA OCYIIECTBIISATHCS
KOMIUTEKCHO. Tak, oleHKa JIOJDKHA KacaThCsl U PETHOHA B LIEJIOM ISl BBISIBJICHUSI €0 OCOOCHHOCTEH U
1eJ1eco00Pa3HOCTH BHEAPEHUS] HHHOBALMOHHOI'O MPOEKTa, a TaKKe JOJDKHA PEaTH30BBIBATHCS OLICHKA
KaluTaI000pa3yoIuX HHBECTUIHOHHBIX MpoekToB [8]. [lpu ocymiecTBiaeHnu oueHkd 3)HEKTUBHOCTH
PETMOHANIBHOTO HHHOBALIMOHHOTO MPOEKTa HE0OX0IMMO MPOaHAIN3UPOBAThH POJIb U COCTOSIHUE CYOBEK-
Ta, 3KOHOMHYECKOE COCTOSHHE PETHOHA M HEMOCPEACTBEHHO COLMAIbHbBIE U IKOJIOTHYECKHE MOCTIENCT-
BUA, KOTOPBIC MPEAINOJIararoTCs npyu BHEAPCHUHU IIPOCKTA. Bce ot KPUTCPHUU BaXXHBI IJI OUCHKU ITPOCK-
Ta, TAK KaK MMCHHO OHHU OKa3bIBAIOT BJIMSHHUE Ha JAJIbHEHIIYIO 3 (EKTUBHOCTD OT IIPOCKTA.

Onucanue MaTeMaTH4YeCKOil Mo/IeJIM OlIeHKH U BbIOOpa

PeruoHAIbHOI0 MHHOBAILMOHHOTO MPOEKTA

C y4eToM NpUBEICHHBIX BHINIE OTPHUIATEIHHBIX MOMEHTOB B TPAAMIIMOHHBIX METOJaX OIICHKH
3¢ (HhEeKTUBHOCTH PETMOHATHLHBIX HHHOBAIIMOHHBIX ITPOEKTOB MPEIaraeTcs CleAyoas MaTeMaTHIecKast
MOJIETIb.

0603HauuM S* — TIPOrHO3UpyeMble 00BEMbI (PMHAHCHPOBAHUS MHHOBAIIMOHHBIX MPOEKTOB HA HH-
tepBaie rwaHupoBanus [0, 7]. OHM MOTYT OBITH HHBECTUPOBAHBI B OJIMH W3 MpeajiaraeMbIxX K peanu3a-
MY WHHOBAIIMOHHBIX TPoekToB i (i =1, ..., n). HeoOXoaumpIii 00beM WHBECTHIIMN B TIEPUOJ ¢ TIO KaXK-
JIOMY IIPOEKTY I COCTABJIAET Qf . [Iporao3upyemast mpuObLTH OT BBIMOJIHEHHS TIPOEKTA I B TIEPHOJ ¢ CO-
craBser PQf. CTaBka HaJoroo6GIOKEHHs 3aBUCHT OT THMIA MPOEKTAa M COCTAaBIAET s7;. DKCIEpTHAs
OIEHKa CTEMEHH COIHMAIBHOM 3HAYMMOCTH i-TO TIPOeKTa — Af, a SKCTIepTHBIH MPOTHO3 YPOBHS KOJIOTH-
YECKOI'0 PUCKA I-I'0 MPOEKTa COCTABIIAET Eit . TpeOyetcst BEIOpaTh MHHOBAIIMOHHBIN MPOEKT, 00ECIICUH-
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BAIOIIMH OJM3KUH K MAKCUMAJIbHOMY IPOIHO3UPYEMBI 0OBbEM HAJIOrOB NPH OJIM3KOM K MUHUMAIBHOMY
3HAYEHHUIO YPOBHS DKOJIIOTUYECKOTO PUCKA M OJIU3KOM K MaKCHMAJILHOM CTENEHU COLUAILHON 3HAUMMOCTH.
Martemarrdeckas MOJEIb BBIOOpA TAKOrO MPOeKTa (OPMYIUPYETCS B BHIE MHOTOKPUTEPUATHLHOM
3a/1a4M CIIeyIoIuM o6pasom. TpeOyeTcs HalTH:
X = {1, €CJIY BbIOUpaeTCsl i-U MPOEKT , (1)
0, B IPOTHBHOM CJy4ae
npu orpannyenusx Vt € [0, T]:
L1Qf x; < St (2)
Kputepuu onTuMu3anuu:
— MaKCUMU3aL¥s IPOTHO3UPYEMOro 00beMa HAJIOTOB

t s\ — .
F =Yl o(Zh x; - sn; - PQF)(1 + dis)™t > max; (3)
— MUHUMMU3AIHUSA ypOBHSI SKOJOI'HYCCKOTI O pI/ICKa
Fy =Yl_o(Xq % - Bf)(1 + dis)™* - min; 4)
— MaKCuMmuisalus CTCIICHU COLIHaJILHOﬁ 3HAYUMOCTHU
F; = fzo(Z?ﬂxi -Af)(l + dis)™t - max. (5)

OreHka ypOBHSI DKOJIOTHUECKOTO PUCKA Eit i-TO TIPOEKTa, PEATH3yEeMOr0 B f-i MEPHUOI, OCYIIECTB-
JISICTCS KCIEPTHBIMUA METOJaMHM, MOAPOOHO onucaHHBIMU B [10]. YuuThiBas OOJBIIYI0 HEONpEACICH-
HOCTb UCXOJIHBIX JAHHBIX, IPUCYIIYI0 HHHOBAIMOHHBIM IIPOEKTaM, PEKOMEHAYEM TAKXKE HCIIOJIb30BATh
METOJBI OIICHKH PUCKOB, TpenctaBieHHbie B [11]. McXomHpIMU JaHHBIME JJISI OIEHKH SKOJOTHYECKUX
PHUCKOB SIBIISTFOTCSI:

— OMKCAHKUE TEXHOJOTUYECKUX MPOIIECCOB, JEKAIIUX B OCHOBE pacCCMaTPUBAEMbIX WHHOBALIMM, UC-
MOJIE3yeMOe TIPY 3TOM 000PYIOBaHNE, XUMHUIECKHE CBOMCTBA CHIPhS H MATEPHUAJIOB;

— pe3yabTaThl JIAOOPATOPHBIX HCIIBITAHUN M MCCICAOBAHUM, MPOU3BOANMBIX CIIY>KOaMH IPOU3BO/I-
CTBEHHOT'O YKOJIOTHYECKOTO U CAHUTAPHOT'O KOHTPOJIS;

— pe3yJbTaThl CAHUTAPHO-3IUAEMHOJIOTUYECKON OLEHKH, OCYIIECTBIAEMONH COOTBETCTBYIOIIMMU
opraHaMu TOCyIapCTBEHHOTO HAA30pa;

— pe3yNbTaThl KOHTPOJIS COOJIIO/ICHUS TPeOOBaHMH TEXHOJOTHYECKOH O€30MacHOCTH, OXPaHbI OK-
pyXKaromiei cpeisl, MPOBOAMMOIO COOTBETCTBYIOIIMMHU TOCYAapCTBEHHBIMH OpraHaMy (IIOKa3aTelH
BO3/Ie¥cTBHS Ha aTMOC(hepHBIN BO3yX, Ha BOAHBIE OOBEKTHI, HA 3€MJIH, HA JIECHBIC PECYPCHI, Ha OHOIIO0-
THYECKHE PECYPCHI);

— pe3yNbTaThl PaCCIEOBaHUI aBapPUIHBIX W HECYACTHBIX CIy4YaeB Ha MPOU3BOJCTBE, MPOgeccHo-
HaJIBLHBIX 3a00JIEBaHUIA.

OLEHKY CTENEeHU COLMAIBHON 3HAYMMOCTH MPOCKTOB Af OCYIIECTBIISIEM TAKXKE AKCIIEPTHBIMU Me-
Toaamu, onucaHHbiMU B [10, 11]. ConuanbHple aCEKThl OTPAXKAIOT CTENECHb BIMSHUS MPOEKTA HA IMO-
BBHITIICHUE KaueCTBa JKU3HHU HaceIeHHs perroHa. [Ipu olleHKe KadecTBa >KU3HM (COMALHOM CpeIbl) Uc-
MOJIL3YIOTCS CIEAYIONIHe (DaKTOPHI:

— CpeIHMiA JOXO]] Ha AyITy HacelneHus (3apaboTHAs 11aTa, COIUABHBIC U IPYTHE BBITUIATHI);

— 00eCcTIeYeHHOCTh HACEICHUS IOTPEOUTENLCKUMHU TOBAPAMH U YCITYTaMU;

— COOTBETCTBHUE IICH U Tapu(OB HAa MOTPEOUTEIIBCKHE TOBAPBI U YCIYTH JOX0IaM HACEICHHUS;

— 00€CTIEUECHHOCTh KHIbEM, XO3HCTBEHHO-OBITOBBIMH O0BEKTaMHU U COOTBETCTBYIOLIUMH KOMMY-
HAJBHBIMH YCITyTaMU;

— YHCJIO BHOBH 00pa3yromuxcs pabounx MeCT B pe3yibTaTe peain3alid HHHOBAIUH; BO3MOKHOCTh
MMOJATOTOBKH M TIEPEIIOATOTOBKH KaIPOB;

— 00eCTIeYeHHOCTh HaceNIeHUs 00pa30BaTeNbHBIMU U KYJIbTYPHBIMH OOBEKTaMHU, CIIOPTHBHBIMH
COOPYKCHHUSAMHU, O0BEKTAMH 3]IPaBOOXPAHEHUS, TPAHCIIOPTHOTO OOCTYKUBaHYS,

— obecrieueHne conMuaabHON 6€30MacHOCTH (YMEHbIIIEHHE TPaBOHAPYIIIEHUN U MPECTYITHOCTH);

— obecnieueHre 370pOBOTO 00pa3a )KU3HH, YBEIHMUSHHUE CPEIHEN MPOJOKUTEIBHOCTH; TIOBBIIIICHUE
YpOBHS 37paBOOXpaHeHUs U chepbl 00CITy)KUBAHUS.

KoadduiueHT AUCKOHTHPOBaHMS dis COOTBETCTBYET MUHHUMAJIBHO KEJIAEMOW CTEICHU MPHObLIb-
HOCTH TOCYIapCTBEHHBIX WHBECTUITUH. MBI IPUMEHWIIH €0 JJIsI BTOPOTO U JIJIST TPETHETO KPUTEPHUS OIl-
TUMU3AIUH 7151 00eCTieueHHs] S5KBUBAJICHTHOCTH OIIEHOK CTETIEHH SKOIIOTUYECKOTO PHCKA M COITUATLHOM
3HAYMMOCTH IIPOEKTOB, PEAIN3YEMBIX B pa3HOE BPEMSI.
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CdopmupoBannsie Bbiie Kpurepuu (3)—(5) SBASIOTCS NPOTUBOPEUYUBBIMH, YIyULICHUE 3HAYCHUS
OJHOTO BEZIET K yXyIIIECHHUIO Apyroro. /s pemenus JaHHOW MHOTOKPUTEPUAIBbHON 3aJa4u C IPOTUBO-
PEYUBBIMU KPUTEPHSIMHU HCIIOJB3YIOTCS METOJbl M aJTOPUTMBI MHOTOKPUTEPUAIBLHON ONTUMH3AIINY,
no/ipoOHo onrcaHuble B [12—16]. CaMbIM POCTHIM cITOCOOOM SIBIISIETCSI METOJI CBEPTKU KPUTEPHUEB, T10-
Jy4eHUE OJHOM, MHOTAA JOBOJILHO CIOXKHOW (popmynbl. JlaHHBII MeTon o0nagaeT AOBOJIBHO CYIIECT-
BEHHBIMH HEJIOCTaTKaMH, MOJAPOOHO, C MPHUMEpPaMH ONMCAHHBIMU B BBINICYKa3aHHOW iutepatype. Hc-
MOJIB3YIOTCS TAKXKE METOJBI ITOYYSHHUS pelIeHUs, onTHMaibHOTro 1o [Tapeto, Meton nepapxwuii Caatw.

Hawm mpencrasmnsiercst Haubonee NeMCTBEHHBIA Al JAHHOW MOZETIH METOA MOCIeA0BaTeIbHbBIX YyC-
TYIIOK, CYTh KOTOPOT'O B CJEAYIOLIEM: Ha IepBOM Liare pemaercs 3aaada (1)—(3) 6e3 ueneBbix GyHKIUII
(4)—~(5). Monyuaem pemenne {x,(1)}, KOTOPOMy COOTBETCTBYET MAaKCUMyM IieneBoil ¢pynkumu Fii u He-
KOTOpOe 3Ha4yeHue 2-ro kputepus Fj, ckopeil Bcero He MUHMManbHOE. JleNaeM yCTYNKy MO HepBOMY
KpUTEpHIO (yMeHbITaeM, Hanpumep, Ha 5 %, F£= 0,95F}) u BBoauM J0MONHUTENLHOE OrpaHUYEHHE:

(=o(Xiaxi - sny - PQ{)(1 + dis)™ = FY. (©)

Ha Bropom miare pemaercs 3aaaya (1)—(2) ¢ mo0aBiaeHHbIM orpaHn4eHrueM (6) U 1eneBoi QyHKIHU-
eit (4). Ionyuaem pemenue {x;(2)}, y KoToporo mepsblii kputepuii FZ < Fy, a Bropoit — F§ > F}.
Janee npoaensiBaeM MOJOOHYIO MPOLEIYPY CO BTOPHIM M TPETHUM KPUTEPHUSIMHU — JeflaeM YCTYIKY IO
BTOPOMY KPUTEPHIO, TIEPEBOJAMM €r0 B OIpaHUYCHUE U MaKCHMHU3UpyeM TpeTuil kputepuil. [lociemnona-
TEJIBHO MPOJ0JDKACM JaHHBIN mporecc K pas, B pe3ysbTaTe IMOJydaeM IMOCIeA0BaTeNbHOCTh {x; (1)},
{x(2)}, ..., {xi(K)} c cOOTBETCTBYIOIIMMH 3HAYCHUSIMU KpUTepueB. B naHHOH ymopspodueHHOH moce-
JOBaTENbHOCTH PELeHU HATJIAIHO NPOJIEMOHCTPUPOBAHO, 33 CUET KAKUX YCTYNOK MO OJHUM KpUTEPH-
SIM TIOJTyYCHO YJydllleHWe 3HA4YeHWi Apyrux. JlaHHas mocTaHOBKa 3ajaud M TpeajaracMblii METOJ e¢
peieHus 00eceyuBar0T KOMIPOMHUCCHBIN BBIOOP pEernOHANBHOTO HHHOBALMOHHOTO MIPOEKTA, B MAaKCH-
MaJILHOW CTENICHH YCTPAaUBAIOIIUI BCE 3aMHTEPECOBAHHbBIC CTOPOHBI.

Pe3yabTaThbl U BBIBOABI

B cratbe packpeiBaeTcs coaepkanue 3p¢eKTa pernoHaJbHOIO WHHOBAIMOHHOTO mpoekTa. Pac-
CMOTpEHBI TPAJIUIUOHHBIE MOAETH ONCHKH d(PPEKTUBHOCTH PETHOHAILHOTO HHHOBAIIMOHHOTO MTPOEKTA,
OTMEUYEHBI UX HEJIOCTATKH B YACTH CJ1a00TO y4eTa COUUANBHBIX U IKOJIOTHYECKUX (akTopoB. Mcnonb3o-
BaHME NPUBEICHHON B CTaThe KOMIUIEKCHOH MHOTOKPUTEPUAIBHON SKOHOMUKO-MAaTEMaTHYECKONH MOAETH
BbIOOpa PErMOHAIBHOTO HHHOBALIMOHHOTO POEKTA C yYETOM 3KOHOMHYECKUX, COUUATBHBIX U SKOJIOTH-
YecKUX (aKTOPOB TOBBICUT YPOBEHb aJ€KBATHOCTH NPHUHAMACMBIX OpPTaHAMU PETHOHAIBLHON BIIACTH
peleHnid B 4acTu BbIOOPa 3P PEeKTUBHBIX TPOECKTOB.
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NHOOPMAIUA IJIAA ABTOPOB

1. TemaTuka. B xyprane myOIMKyIOTCSl CTaTbU 0 CIIEAYIOIIMM HayYHBIM HAIpPABIICHHSM: yNpaBJICHUE B pas3-
JIMYHBIX OTPACIIAX TEXHHUKH, a TakXKe B aJMUHHUCTPATHBHOMN, KOMMEpUECKOM 1 (UHAHCOBOI! cepax; MaTeMaTHIECKoOe,
AITOPUTMHUYECKOE, TIPOrPaMMHOE U allllapaTypHOe 00ecIeueHne KOMITBIOTEPHBIX TEXHOJIOTHiA, B TOM YHCIIC KOMIIBIO-
TEPHBIX KOMIUIEKCOB, CUCTEM U CETEil; N3MEPUTEIIbHBIE CHCTEMBI, IPHOOPOCTPOCHHE, PATNO3IEKTPOHHUKA U CBSI3b.

2. CTpyKTypa CcTaThH:

Jlo OCHOBHOTO TEKCTa CTaTbU INPHUBOIAT Ha SI3BIKE TEKCTa CTAaTbU M 3aTE€M IOBTOPSIOT HAa aHTJIIMHCKOM SI3BIKE
(ecru cTaThsl Ha AHITIMHCKOM SI3BIKE, TO TIOBTOPSIIOT HA PYCCKOM SI3BIKE):

* TWI CTaThU: Hay4YHas, 0030pHast, IMCKYCCUOHHAS, TIEPCOHAINH, PELICH3NUS, KPaTKOE COOOIIEHHE U T. I1.;

* VJIK;

* Ha3BaHue (He 6ojee 12—15 cioB);

* OCHOBHBIC CBe/ICHUs 00 aBTOpE (aBTOpax):

— MM, OTYECTBO, (haMUJIHsl aBTOpa (TMIOJTHOCTHIO);

— HAMEHOBaHWE OpraHU3alMHK (YIPEKICHHU), aipec OpraHu3aluy (ropoi, CTpaHa), Tae paboTaeT Wil yauTcs
aBTOD;

— AIIEKTPOHHBIH azpec aBropa (e-mail);

— OTKpBITHIN npeHTUduKatop yuenoro (ORCID) npu Hamuauu B popme 3MeKTpOHHOTO ajpeca B ceTH MHTepHeT;

* agHoTarws (200-250 cioB),

* KJIFOUEBBIE CIIOBA (CIIOBOCOYETAHNUA);

* 6marogapHOCTH (IIPH HAJTMYHUH).

OCHOBHO# TEKCT CTaTbH MOXKET COCTOSITh U3 CICIYIOIINX JacTeH:

* BBE/ICHHE;

* TEKCT CTaThH (CTPYKTYPHPOBAHHBIN 1O pa3zienam). JlomyckaeTcs ieJiecHHe OCHOBHOTO TeKCTa CTaThH HA TeMa-
THYECKHEe pYOpHKH W monapyOpuku. Haamucn u moanucy K WUTIOCTPUPOBAHHOMY MaTepHaly NPHBOIST Ha SI3bIKE
TEKCTa CTAaThH U MOBTOPSIOT HA aHTJIMICKOM S3BIKE;

* 3aKJTIOYCHUE.

[ocne OCHOBHOTO TEKCTa CTATHH MPUBOJIST:

* Cnmcok surepatyps! (B nopsiake mmtuposanus, mo OCT P 7.0.5-2008 ms 3aTekcToBBIX OnOmmorpaduye-
CKHUX CCBIJIOK);

* References (cocraisiercst cornmacHo Vancouver Style, mpu TpaHciuTepanny Hcmoib3yercs crannapt BGN),
doi npemouTHTENEHEE IPUBOANTE B (JOPME IIEKTPOHHOTO ajpeca B ceTu MHTepHeT.

[IpuBOIAT Ha SA3BIKE TEKCTa CTAaTbU U 3aTE€M IOBTOPSIOT HA AHIMIMICKOM SI3BIKE (€CNIM CTaThi Ha aHTIIHMHCKOM
SI3BIKE, TO TIOBTOPSIIOT Ha PYCCKOM SI3BIKE):

* JIOTIOJIHUTEJIBHBIE CBENCHHS 00 aBTOpe (aBTOpax): (haMmims, UMsl, OTIECTBO aBTOpa (TIOJTHOCTHIO), yUEHas CTe-
MIeHb, YUEHOE 3BaHue, JJOJDKHOCTh, HAMMEHOBAaHUE OpTaHU3alluy (YUPEKACHNUs), apec OpraHu3aiuu (ropoj, CTpaHa),
e-mail, ORCID,;

* CBEZICHMSI O BKJIAJIe KaXKJIOTO aBTOPA, YKa3aHHEe 00 OTCYTCTBUHU WM HAJIMYMN KOH(IINKTA HHTEPECOB;

* 1aThl NOCTYIUICHUS CTaThU B PENaKINIO, OZOOPEHNS IOCIe PELEH3NPOBAHUS, IPUHATHS CTaThH K OIyOJIMKO-
BaHUIO.

3. lapametpol Hadopa: mpudt — Times New Roman, kerns — 14, uaTepBan mexay a63anamu 0 oT, Mex-
CTPOYHBIH HHTEPBAJl — OANHAPHBIN, BEIPAaBHUBAHHE — 110 ITMPHHE.

4. @opmyanbl. Habuparotcs B peaakrope ¢opmyn MathType mm6o Microsoft Equation ¢ oTcrymom
0,7 cM ot sieBoro kpast. Pazmep oObIHBIX cMMBOJIOB — 11 1T, pa3Meps! HHAEKCOB NepBoro mnopsiaka — 71 %, HHaeKcoB
BTOpoOro nopsinka — 58 %. Homep dopmyisl pasmernaercs 3a npenenaMu popMyJibl, HEHOCPEICTBEHHO TIOCTe Hee, B
KPYTJIBIX CKOOKaX.

5. PucyHku u Ttadauuspl. Pucynkn umerot paspemienue He MeHee 300 dpi. PucyHku HyMepyroTcs U UMEIOT
nasBaHus (Puc. 1. 3mecp cnenyer Ha3BaHue pucyHka). TaOmuipl HymepyroTcss W nMmeroT HaszBaHus (Tabmnu-
ua 1. 3geck cnexyet Ha3BaHUE TaOJIHIIBD).

6. Anpec peaakuMoHHoi kosutermu. 454080, r. YensOunck, npocrekt Jlennna, 76, xopm. 30, 4-if stax —
Beicmmas mkosna 3JeKTPOHUKY M KOMIBIOTEPHBIX HayK, OTB. cekperapio 3axapoBy B.B. Anpec sneKTpoHHOH HMOYTHI
OTBETCTBEHHOTO ceKpeTapst xypHaia: zakharovvv@susu.ru.

7. Hoapo6usbie TpedoBaHus K odopmiaeHuro. [lonHyro Bepcuto TpeboBaHUil K 0QOPMIICHUIO CTaTeH U TpH-
Mep opOpMIICHHS MOXHO 3arpy3HTh C caiita )xypHana http://vestnik.susu.ru/ctcr.

8. [Inara 3a myOIMKaIUIO PYKOMMCEN HE B3UMAETCS.



CBEJEHUA Ob U3JAHUU

Kypnan «Bectauk IOxHO-Ypanbckoro rocygapcrseHHoro yHusepcurera. Cepust «KoMmmbroTepHble TeX-
HOJIOTHH, YIIPaBJICHHE, PAANO3JIEKTPOHNKa» ocHOBaH B 2001 roxy.

VYupeaurens — denepanbHOe TOCyIapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEXICHNE BICIIEro 00-
pasoBanust «HOKHO-YpanabCKuil TOCYIapPCTBEHHBIN YHUBEPCUTET (HAIIMOHAIBHBIN HCCIIEA0BATEIBLCKIH YHUBEP-
CHUTET)».

I'naBHBIN penakTop — A.T.H., npod., 3aci. nesrenb Hayku PO JloruHoBckuit Oner Buranbesuu.

CauzerenbctBo 0 peructparmu [IW Ne dC 77-57366 Boinano 24 mapta 2014 r. denepanbHoli ciyx00i 1m0
HaJ30py B cepe cBsi3u, THPOPMAIIMOHHBIX TEXHOJIOTHI 1 MacCOBBIX KOMMYHHUKAIUH.

XKypnan BxitodeH B Pedepatusnsiit xypHan u bassl qanasix BUHUTU. CBenenus o xKypHajie eXeroaHo
MyOJMKYIOTCS B MEKAYHAPOIHON CHPaBOYHONW CHCTEME IO NMEPUOIMYECKUM U IPOIODKAIOIINMCS H3JaHUSIM
«Ulrich’s Periodicals Directory».

Pemenunem IIpesunuyma Bricuieid aTTecTalinOHHOW KOMUCCHUM MUHHCTEPCTBA HAYKW M BBICIIETO 00pa3o-
BaHus Poccuiickoil denepannu xypHal BKIOUEH B «[lepedeHb pelieH3npyeMbIX HayYHbIX H3JaHUH, B KOTOPBIX
JIOJDKHBI OBITH OIMyOJMKOBAaHBI OCHOBHBIE HAay4YHBIC PE3YJIbTAThl JHUCCEPTAlli HAa COMCKAHHWE YYEHOW CTETeHH
KaH/K/IaTa HayK, HA COMCKAHME YUYEHOH CTEIEeHU JTOKTOpa HAyK» IO CIEAYIOUMM HaYYHBIM CHEHHAIBHOCTAM U
COOTBETCTBYIOIIMM MM oTpacysiM Hayku: 2.3.1. CucTeMHbII aHanu3, ynpasiieHHe H 0OpaboTka MHpOpMAaIWH,
CTaTHCTHKa (TEXHHUUYECKHEe Haykw); 2.3.3. ABTOMAaTH3alus M YNPaBJICHHE TEXHOJOTMYECKUMH MPOLECCaMH M
MPOU3BOJICTBAMH (TEXHUYECKHUE HayKH); 2.3.4. YIIpaBiIeHHe B OPraHU3aIMOHHBIX CHCTEMaX (TEXHNYECKHE HAyKH).

[MoamucHoit uanexc 29008 B 00bennueHHOM Katanore «IIpecca Poccum.

Ilepronu4HOCTE BBIXOAA — 4 HOMEpA B rOJ.

Anpec penakmuun, uznatens: 454080, r. YensOunck, npocnekt Jlenuna, 76, M3narensckuit nentp OYpl'Y,
ka0. 32.
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Wznarensckuii ieHTp FOKHO-Ypanbckoro rocyiapcTBEHHOTO YHUBEPCUTETA
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