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C roouneem!

Poman bonecnasosuu HBYThH
(x 75-nemuio co OHs podicoenus)

B aseycme 2024 2. ucnonnunoce 75 nem
€O OHs1 podicOenUst 3a8edyoue2o Kapeopou « IKoHoMuU-
KA U JOSUCMUKA» ABMOMPAKMOPHO20 (aKyibmema
benopyccroco nayuonanrvnozco mexuuyeckoeo yHugep-
cumema,  4ieHa-koppecnonoenma  Hayuonanvuoii
axademuu nayx benapycu, 0okmopa KOHOMUYECKUX
Hayk, npogheccopa Pomana Bonecrasosuua Heymsi.

B 19722 Poman bonecnaeosuu oxonuun
ABMOMPAKMOPHbILL Gaxynomem benopyccroeo
NONUMEXHUYECKO20 UHCIMUMYma no CReyuaibHOCmu
«Aemomobunu u mpaxkmopwry. C 1977 2. no nacmosiujee
epemsi pabomaem 6 benopycckom Hayuonanvrom
MexXHUYecKoM YHugepcumeme, 20e Npowier Nnymo
om accucmenma 00 3asedyroweco kagheopou. Paboman npopexmopom BITIA. B 1980 2. 3awumun
kanouoamckyro, a 6 1990-w — Ookmopckyo Ouccepmayuu. AHenisemcsi 4ieHOM-KOPPECNOHOEHMOM
Hayuonanvnou axademuu nayx Benapycu u éedywum yueHviM @ pecnyoOnuxe no npoodoiemam pa3eumus
NPOMBIULIEHHOCIU U MPAHCIOPMA U JIO2UCTHUYECKOL 0eslMelbHOCHIU.

Bnacooaps ycunuam Pomana Bonecnagosuya, nanpasiennviym na yoosiemseopenue nompeonocmeri
pazeusaioujelicss dKoHomuku u mpancnopma berapycu, 6 1995 2. nossunocvy nepgoe onpeodenenue
NOHAMUSL «TOSUCIUKAY», CYUHOCHb KOMOPO2O PACKPLIMA 6 Y4eOHOM Nocobull, KOmopoe cmaio Havyaiom
pazeumus ao2ucmuyeckolr ompaciu 6 uawet cmpauve. B 2008 2. 6 Benopycckom HayuoHanrbHOM
TeXHUYeCcKoM yHusepcumeme 0Ovlia OMKpbima cneyuanrviocms « Ipancnopmuas nozucmuxay. /loneue
200vl P Bb. Heymw eHnocum ce6otl gecomulii 6K1A0 8 NOO2OMOBKY KEATUPUUUPOBAHHBIX CHEYUATUCTIO8
01 HayKku u npomviuinennocmu Omeuecmaa.

Io unuyuamuee P. b. Heyms cozoana u pazeusaemcs HaAyuHas wKoia no papadome KoHyenyuu
peopmuposanus MpaHCNOPMHO20 KOMIIEKCA PecnyOnuKu, MOoOeIuposanuto npoyeccos YnpasieHus
PeNaMeHMUPOBAHHLIM MEXHUYECKUM OOCTYIHCUBAHUEM JOSUCTNIUYECKOU U JUUHEO80U O0esimenbHOCmU
8 PA3IUUHBIX OMPACTAX IKOHOMUKU CIMPAHDL.

C 2018 no 2023 2. noo pyxoeoocmeom Pomana Bonecrasosuua sawuwgenvt 18 ouccepmayuii
HA COUCKAHUe YYeHOU CMmeneHy Kanouoama u 0OKmopa Hayk (6 mom uucie o0un couckamenv uz OPI).
B nacmoswee epems on pyxosooum cemvio dokmopanmamu (08a u3 Yzbexucmana) u uemvipoMs acnu-
paumamu (00ur u3 Ysoexucmauna,).

Ipogheccop P. b. Heymw a615emcsi NPUSHAHHBIM ABIMOPUMENOM 8 001ACMU PA36UMUSL MPAHCTIOPINHO-
JlO2UCTNUYECKOU U TU3UHe080U Oesamenvhocmu 6 Pecnybonuke benapycv. Um onybnuxosano 6onee 470
HAyuHblX mpyoos, exaouas 19 monoepaghuii u oxono 90 nayuno-memoouueckux nocooutl. Hexomopwie
HayuHo-Memoouyeckue mpyosl onyoruxkosansl 3a pyoesxcom. Knuea «Dopmuposanue opeanu3ayuoHHoO-
9KOHOMUYECKO2O MEXAHU3Ma YNPAGIeHUsl J0SUCMUYECKUMU CUCEeMAMU 6 OOPOJCHOM XO3AUCMEe)
nobeouna na xoukypce monoepaguii BHTY ¢ 2008 2., a ¢ 2018 . 3a knuey «xoHomuka npeonpusimuii
U 1o2UCIUKA HA Mpancnopmey, no6eouswylo 8 Konkypcee «/Iyuwas monoepaghusa 2018 2.», P. b. Heymw
yoocmoen Junnioma BHTY. YVkazom Ilpesudenma Pecnyoruxu bBenapyco P. Bb. Heymv nacpascoen
6 2009 . medanvio ®@. CropuHul.

Ko onto Bawezo 75-nemusi npumume camvie copsuue no30pasieHust U HAUTyYuiie noNHCeLaHus.
Henaem Bam paoocmu, neuccaxaemou suepeuu, npekpacHoe0 HACMPOeHUs, YCHexo8 U ONMmuMusmd.
Ilycms yoaua u edoxnogenue 6yoym Bawumu eepnvimu cnymuuxamu, Bawiu 3uanus, Haxonienmwill
JHCUSHEHMBILL ONbIM U MYOpOCmb nomocym Bam npunumams eepHvie peuwieHuss 8 m0ObIX CUMYaYusx,
a JHCU3HL OyOem NoaHA NPUSATIHBIX MeHOBeHUlL!
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ASHLEY LATCHU, SHAWREN SINGH

EXPLORING FACTORS HINDERING PERFORMANCE OF INFORMATION
SYSTEMS IN THE SOUTH AFRICAN PUBLIC SECTOR- EVIDENCE FROM
THE ZONDO COMMISSION

University of South Africa, Florida, South Africa

This article seeks to ascertain issues in the Commission of Inquiry popularly known as the Zondo Commission
that consequently hinder and impede the performance of information systems in the South African public sector. The
novelty of this study lies in its thematic perspective on factors that disrupts the public sector from attaining objectives
that are spelt out in the South African national strategic goals. Zondo commission final reports are used to explore
intrinsic aspects which could explain current threats to information systems. The Zondo Commission covered the
period from 2018 to 2022 and reports are available on the State Capture Commission website. The study employs a
qualitative research approach by analysing data from the Zondo Commission reports. A qualitative software, Atlas.ti
9 is utilised to demystify macro factors thwarting information systems from operating efficiently and effectively. The
usage of the standard software package Atlas.ti 9 is for the purpose of automating the coding procedures for this study
by employing specified rules to enable promptness and efficiency in handling vast amounts of textual data, as well as
organise, filter, and sort that data. In order to provide direction for this automated analysis, a coding schema is used
that identifies the codes or keywords that should be looked for within the text, and should be based on an initial human
evaluation of the sample textual data. The textual codes are arranged into relatively high codes or constructions. The
coding schema is tested by employing a separate sample of texts in order to check for accuracy and adequateness.
The emerging themes from the thematic analysis showed that destabilisation of the public entities’ business systems
and structures, non-penalisation of offenders, overstating of tender values and lack of goal congruency were the
main reason that affected performance of information systems. The study recommends that government employ robust

procurement and monitoring systems.

Keywords: Governance, Zondo Commission, South Africa, Public sector, Information Systems

Introduction

The ongoing Fourth Industrial Revolution has
changed the landscape on how business entities execute
their operations through massive and rapid technological
transformations which has affected the architecture of
information systems (IS) in organisations [25]. There
is no doubt that the future of organisations is heavily
depended on incorporation of robust IS to pursue their
strategic goals. The lockdowns during COVID-19
pandemic saw corporations migrating from physical to
digital ecosystem to ensure business continuity [25].
However, digital transformations raise issues of
confidentiality emanating from data provided by key
stakeholders such as customers.

Information systems have numerous benefits for
government and public entities. One of the significant
benefits is improved decision-making. Information
systems provide real-time data, which enables government
officials and public entities to make informed decisions.
For instance, in the healthcare sector, electronic health
records (EHRs) enable healthcare practitioners to access
patient information, including medical history, allergies,
and medication, among others. This information enables
healthcare practitioners to make informed decisions
regarding patient care [24].

Another benefit of information systems in
government and public entities is improved service

delivery. Information systems enable government
officials and public entities to provide services more
efficiently and effectively. For instance, in the education
sector, learning management systems (LMS) enable
teachers to create and deliver course content, track
student progress, and provide a personalized learning
experience. This improves the quality of education and
enhances student outcomes [12].

Furthermore, information systems improve the
transparency and accountability of government and
public entities. According to [16], the use of information
systems in government and public entities is critical in
promoting transparency and accountability, as it enables
the public to access information on the operations and
performance of these entities. The use of information
systems in government and public entities also promotes
accountability, as it enables these entities to track their
performance against their stated objectives and identify
areas where improvements are needed. For instance, in
the finance sector, financial management information
systems (FMIS) enable government officials to track
budgetary allocations, expenditures, and revenue
collections. This information enables government
officials to monitor the financial performance of the
entity and ensure accountability [28].

The government of South Africa has made
efforts to ensure that they are prepared for the digital
transformation. The information technology enabling
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infrastructure in South Africa include the Ministry of
Public Service and Administration (MPSA), Department
of Public Service and Administration (DPSA), the State
Information Technology Agency (SITA), the Government
Information Technology Officers Council (GITOC),
the Auditor General and the Department of Planning,
Monitoring and Evaluation (DPME) [8]. The MPSA
is supported by DPSA, and in charge of technologies in
the public sector, it ensures that best practises and norms
are set and promoted with an aim of providing excellent
functioning of public entities for better service quality to
the public [8]. The SITA is governed by the SITA Act
88 of 1998 with a mandate of promoting efficiency in
public sector and deliver quality service to the general
public through the use of information technology, and IS
within a secure digital space [8]. The SITA falls under
the auspices of the DPSA. The GITOC is a critical
platform that support digitisation in government and
public sector and the information technological officers
at national and provincial level are tasked in bringing
to fruition the vision of integrating technologies in
government and public entities business operations [8].
The DPME is entrusted with the mandate of ensuring
that they are continuous improvement in performance
of government and public entities for the purpose of
achieving national strategic goals [8]. The next section
reveals literature on IS.

Literature review

IS play a critical role in the efficient and effective
operation of government and public entities. They enable
the collection, storage, processing, and dissemination of
information, which is essential for decision-making and
service delivery. Information systems have been used
in various government and public entities, including
healthcare, education, transportation, and finance, among
others. Government and public sector organizations
increasingly rely on information systems and technology
to efficiently provide services to citizens and function
effectively. Several studies have examined the
performance and role of these systems in the government
and public sector.

Governments around are using IS in their
operations for various tasks. Within government
organizations, information systems have been shown to
streamline operations and work processes. Enterprise
resource planning (ERP) systems have been adopted
to integrate data and automate back-office functions
like human resources, finance, and asset management
[15]; [30]; [21]. For example, the Integrated Government
Financial Management Information System (IGFMIS)
has been implemented in Kenya to facilitate budgeting,

expenditure management, and reporting across
government agencies [22].
Research also highlights the benefits of

implementing data-driven management and business
intelligence systems based on big data analytics [5].

Predictive data analysis has improved strategic decision-
making in areas like healthcare, transportation, and
public safety [1]. For instance, some cities in Asia and
Europe have leveraged artificial intelligence and big data
to monitor public infrastructure, detect traffic incidents
and optimize traffic flow in real-time [17].

The performance of IS in government and
public sector is influenced by a variety of elements, of
which organisational culture is a significant component.
The common ideas, beliefs, and practises that shape
the behaviour and activities of individuals inside an
organisation are known to as organisational culture.
The cultural dimension in an organisation influence
the adoption, implementation, and maintenance of
information systems in government and public entities.
For instance, a culture that values innovation and
technology can promote the adoption and effective use of
information systems [14]; [10].

Another factor is leadership and management
support. Leadership and management support refer to
the extent to which leaders and managers in government
and public entities support the adoption, implementation,
and maintenance of information systems. Leadership
and management support can influence the success
of information systems by providing resources,
incentives, and training for staff. For instance,
leadership and management support can the uptake and
successful utilisation of IS in public entities through
creating a conducive and enabling environment [19].
Furthermore, the availability of resources, including
funding, infrastructure, and personnel, can influence
the performance of information systems in government
and public entities. Adequate resources are required for
successful IS deployment and maintenance. Lack of
finance, for example, can lead to insufficient deployment
and maintenance of IS, resulting in dismal performance
and restricted benefits [29].

In addition, one of the important elements
influencing the effectiveness of IS in government and
public entities is efficiency. According to [26], the
efficiency of information systems can be measured by
their ability to perform their functions in a timely and
cost-effective manner. The level of automation, quality
of data, and user training are critical factors that influence
the efficiency of information systems in government and
public entities. The level of automation refers to the
extent to which the information system can automate
its functions, reducing the need for manual intervention.
The quality of data refers to the accuracy, completeness,
and consistency of data stored in the information system.
User training is also critical in ensuring the efficient
functioning of information systems in government and
public entities, as it enables users to effectively utilize
the system.

The effectiveness of IS is another key factor that
influences their performance in government and public
entities. The effectiveness of information systems can
be evaluated by their ability to achieve their intended

CUCTEMHBINA AHAJIN3 U IPUKJIAJTHASI THOOPMATHUKA
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objectives. According to [3], IS effectiveness in public
sector is influenced by several factors, including the
alignment of the IS to strategic goals, data quality and
the extent of user adoption. The alignment of the IS with
the strategic goals ensures that there is support to the
entity's core functions. The quality of data ensures that
the information system can provide accurate and reliable
information, which is critical in decision-making. User
adoption is also important in ensuring the effectiveness of
information systems in government and public entities,
as it determines the extent to which the system is utilized
by its intended users.

Despite the numerous benefits of information
systems in government and public entities, they also face
several challenges. One of the significant challenges is
the cost of implementation and maintenance. Information
systems require significant investments in infrastructure,
software, and personnel, which can be costly for
government and public entities, especially those with
limited resources [29]. This hindrance is often related
to the lack of funding by the government. According
to [6]; [13] funding constraints limit the ability of these
entities to acquire and maintain information systems,
resulting in outdated and inefficient systems. Inadequate
funding also limits the ability of government and public
entities to train their staff on the use of information
systems, resulting in low user adoption.

Another challenge is the lack of technical
expertise and skills. Information systems require
specialized technical skills, which may not be readily
available in government and public entities. This can
lead to ineffective implementation and maintenance
of information systems, which can result in poor
performance and limited benefits [27]. According
to [4], the lack of technical expertise limits the ability
of government and public entities to effectively
design, develop, and implement information systems.
Inadequate technical expertise also limits the ability of
these entities to effectively maintain and upgrade their
information systems. This inevitably affects the output
of the information systems.

Resistance to change is a challenge that hinders
the performance of information systems in government
and public entities. This is often encountered when
introducing new information systems, as staff may be
hesitant to adopt new technologies or change their work
processes. Resistance to change may result in low user
adoption, which can negatively impact the performance
of information systems in government and public
entities [9].

Inadequate infrastructureis achallenge thathinders
the performance of information systems in government
and public entities. According to [23] inadequate
infrastructure limits the ability of government and public
entities to effectively implement and utilize information
systems. Inadequate infrastructure may include a lack
of reliable electricity supply, poor internet connectivity,
and inadequate hardware and software resources.

The infrastructure may be unavailable, obsolete, or
of poor quality. These infrastructure challenges may
result in system downtime, which negatively impacts
the performance of information systems in government
and public entities.

Furthermore, information systems may face
security and privacy concerns. Information systems
contain sensitive information, including personal and
financial data, which can be targeted by cybercriminals.
This can lead to data breaches, which can compromise the
confidentiality and integrity of information systems [11].
These breaches can be massive and too expensive to
mitigate if they occur. With the current surge in hackers,
government systems face a risk of disruption and this
can be considered a vice to the systems in the modern
technological era [20]. Despite the challenges highlighted
in the literature, the South Africa also have some
systemic issues that poises challenges to the performance
of IS. One of issues is state capture in government
and public entities which form the basis of analysing
performance of IS in the South African context for this
present study.

The Commission of Inquiry into state capture
(CISC) was formed in response to the corrective
measures recommended in a report penned by the former
Public Protector of South Africa in 2016 following
allegations of misconduct that implicated ex-President
Jacob Zuma and the Gupta [7]. The purpose of CISC
was to investigate President Zuma’s alleged breach of
the Executive Ethics Code by allowing the Gupta to
influence the appointment process in the cabinet and
public sector entities, to ascertain if Gupta and their
related companies received special favours necessitated
by President Zuma and Cabinet interference and establish
whether the Gupta were corruptly awarded tenders by
the public sector entities [7]. The CISC was chaired
by Justice Zondo and hence the inquiry was coined the
Zondo Commisssion. The CISC unearthed information
on alleged malpractices in the public sector and hence this
study sought to establish issues that hinder performance
of IS in South African public sector. The study reviewed
scholarly articles published between 2017 and 2023 to
provide an up-to-date analysis of the challenges faced by
IS in the public sector. The next section describes the
philosophical assumptions, data collection and analysis
methods employed.

Data and methodology

In the context of studying the emerging issues
affecting the performance of IS in public entities in
South Africa, an interpretivist research philosophy
was considered more appropriate. This is because the
research topic involves understanding how individuals
interpret and give meaning to their experiences with
IS. It also involves taking into account the context and
the perspective of the documented reports from CISC,
which is better suited to qualitative research methods.

3,2024
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An interpretivist approach allows for a more nuanced
understanding of the issues affecting the performance
of IS in South African public sector. The interpretivism
stance enables an exploration of the experiences and
perspectives provided in the CISC reports [2]. The study
utilises documentary data in the form of CISC reports
published in 2022 to gain a comprehensive understanding
of IS performance. The analysis of CISC reports
followed a systematic approach. Initially, all reports were
read thoroughly to gain a comprehensive understanding
of the challenges hindering performance of IS. Key
themes and emerging issues related to the performance
of IS in public entities in South Africa were identified.
This approach is good for the study because it allows
a more detailed exploration of the findings to highlight
factors affecting IS performance in South African public
sector [18]. Ethical consideration was taken into account
to uphold academic integrity and ensure credible sources
are incorporated in the present study.

Findings and discussion

The themes that annotated factors hindering
performance of IS in the South Africa public sector are
discussed as follows:

Destabilising the public entities business systems
and structures

The findings from the CISC reports showed that
business operations structure of public entities were
deliberately destabilised to facilitate unethical practices.
The destabilisation process involved conniving of top
management and board representatives to ensure they had
firm grip on the procurement processes with an overall
aim of obtaining tenders illegally for self-enrichment.
Some procurement procedures were centralised to ensure
that the powers be lay a claim to tenders of substantial
values. Quick procurements were open to abuse as the
decision makers would select preferred candidates that
they would derive benefits from. The process meant that
the centralised decision making on procurements would
allow abuse of the process through side-lining corruptive
players who weren’t compliant to the tender procedures
with the intention of getting bribes. The implication of
such practices would delay the procurement of key IS
and hence hammering performance of the public entities.
The weakening allowed room for overpricing and rent-
seeking behaviour.

Non-penalisation of offenders

The CISC reports highlighted those who were
found committing malpractices that included misconduct
were politically side-lined by the presidium and there was
impunity for offenders. Political protection encouraged
inefficiency in public sector entities and resources were
misallocated to satisfy the perpetrators. Protection of
offenders also cascaded to the board who would shield the
wrongdoers by dismissing and interfering with internal
disciplinary processes. This impunity had the potential of

diverting funds meant for improving functionality of IS
to corruptive activities.

Overstating of tender values

Public entities in connivance with service
providers of information technologies would overvalue
services or oversupply beyond what is required by the
organisation. A case unearthed in the CISC findings
involved a public entity paying for 2200 computers when
it had 1100 employees. Another aspect demonstrated that
there was no security to safeguard 450 rented computers
which disappeared under the watch of the public entity
and couldn’t be located. The service provider for rented
computer continued to receive rentals without the public
entity benefiting from the contract. Delays in finalising
tender processes meant that public entities continued to
suffer financially as a result of shoddy contracts. The
tendering process of information technology services
followed no due diligence resulting in some service
providers being side-lined. The process at times were
marred by intimidation of information officers coming
from management. The advertised tenders were flouted by
the decision makers to suit their preferred organisations.

Lack of goal congruency

The evidence in CISC reports displayed lack of
goal congruency which showed that some key personnel
in the decision making process acted in a manner that
jeopardised the interests of public entities to achieve their
strategic goals. This prejudiced public entity to suffer
financial losses by favouring expensive service providers
of IS over cheap ones, which demonstrated a clear abuse
of public office. The findings depicted that there was
corruption which necessitated tenders to be awarded to
undeserving bidders.

Conclusion

Information systems are playing a critical role
in the efficient and effective operation of government
and public entities. They enable the collection, storage,
processing, and dissemination of information, which
is essential for decision-making and service delivery.
IS have numerous benefits, including improved
decision-making, service delivery, and transparency and
accountability. The purpose of the study was to ascertain
various factors in the Zondo Commission reports
that hindered performance of IS. Amongst the factors
included destabilisation of the public entities’ business
systems and structures, non-penalisation of offenders,
overstating of tender values and lack of goal congruency.
Governments must implement robust procurement
systems and monitoring mechanisms to close loopholes
that may potentially be abused and hinder public sector
entities from achieving their strategic objectives. The
study is limited to documentary data provided in CISC
reports in 2022. Further research is needed to understand
emerging technologies that can be leveraged to enhance
performance of IS in government and public sector.
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DIUIJIN JIATHY, LLIABPEH CHHI'X

NCCIIEAOBAHUE ®AKTOPOB, ITPEIIATCTBYIOIIUX PABOTE
UH®OPMAIIMOHHBIX CUCTEM B TOCYJIAPCTBEHHOM CEKTOPE IO)KHOI
A®PPUKU - JAHHBIE KOMUCCHUU 30HJ10

Yuusepcumem FOoicnoii Agppuru, @nopuda, FOxcnas A¢ppura

Lenvio Oannoii cmamvu a61semcs GulsACHeHUe npobnem, nocmasiennvlx Komuccuell no pacciedosanuio
0b6uHeHUll 8 3axeame 20CyOapCmed, KOPPYRYuu U MOULEHHUYECmee 6 20CYOapCmEEeHHOM CeKmope, GKIIUas
2ocyoapcmeentble opearvl, komopas bonee uzsecmua kak Komuccus 3on0o unu Komuccus no saxeamy 2ocyoapcmaa.
Komuccus svisicusina, 8 mom wucie u npuyuHbl, KOMopwvle NPensmcmsyiom u 3ampyoHsion pabonty uHGOpMayuoHHbIX
cucmem 6 2ocyoapcmeennom cekmope FOxcnoni Agpuxu. Hoseuzma oOamnozo ucciedosanus 3aKa04aemcs
6 €20 MeMAmuyeckom 32isioe Ha (Dakmopvi, Mewanuue 2oCyO0apCmeenHomy CeKkmopy OoCmudb yenel,
UBTOJCEHHIX 8 HAYUOHANbHBIX cmpamezudeckux yensix FOoxcnou Agpuxu. Hmozosvie omuemvr Komuccuu
30100 ucnonvzyiomes Ons U3yYeHUs GHYMPEHHUX ACNEKMO8, KOMopbvle MO2ym O00bACHUMb MmeKywue yeposbl
unpopmayuonnvim cucmemam cmpamvl. Paboma Komuccus 3onoo oxeamwiéanra nepuoo ¢ 2018 no 2022 200,
omuemuvl docmynuvl Ha caume locyoapemeennoiu Komuccuu no saxeamy ecocydapcmea. B uccaedosanuu
UCNONBL3YemCcs KA4eCMBeHHblll UCCLe008AMEeNbCKULl N00X00 NymeMm aHanu3d OauHulX u3 omuemos Komuccuu
3on0o. Kauecmeennoe npoepammmnoe obecneuenue Atlas.ti 9 ucnonvsyemcsi 015 8blsICHEHUs. MAKPODAKMOpos,
Mewanwux UHOOPMAYUOHHBIM —cucmemam pabomams dPgexmusno u pezyromamusno. Hcnonvzosanue
CMAHOAPMHO20 NaKema npocpammuozo obecneyenus Atlas.ti 9 npednasnaueno ons asmomamusayuu npoyeoyp
KOOUPOBAHUSL Nymem NPUMEHEHUs ONpeOelleHHbIX Npasui, obecneuusarwux ovicmpomy u 3@dexmugnocms
06paboOmMKU 0ZPOMHBIX 0ObLEMOE MEKCMOBbIX OAHHBIX, A MAKICE UX OP2aHU3AYUY, (UILMPAYUU U COPMUPOSKU
omux Oaunvix. Ymobvl 3a0amv Hanpasienue pabomvl ASMOMAMUYECKO20 AHAIU3A, UCHONbL3YEMCs CcXemd
KOOUPOBAHUsl, KOMOpas uoeHmuguyupyem Koovl Uil Kiiouegble C106d, KOMopvle Cledyem UCKAmb 6 MmeKcme.
Cxema ocnosana Ha NEPEOHAYANLHOU OYeHKe 00pa3ya MeKCMOBbIX OAHHbIX, NPOBEOCHHLIX UCCIE008AMENeM.
Texcmosvie KOObl OpeaHU306aHbI 6 OMHOCUMENbHO 0Oonee @blcokue Koobl unu  KoHcmpykyuu. Cxema
KOOUPOBAHUSI MECMUPYEmcsi Ha OMOEIbHOU 8bLOOPKe MEKCHO8 ¢ Yelblo NPOGEPKU MOYHOCMU U A0EeK8AMHOCHIU.
Bouisenennvie membl memMamuyecko20 aHAIU3A NOKA3AU, YMO O0ecmabunu3ayus OusHec-CUCeM U CIpPYKIMyp
20CY0apCmMEeHHbIX  NPEONpUsMuil, OMCYMCmMeUue HAKA3aHUus NpagoHapyuiumenet, 3a6bluleHue CIMOUMOCIMU
MEHOepPo8 U OMCYMCmeUe COOMBEMCMEUss YeusiM Oblid OCHOGHLIMU NPUUUHAMU, GIUSIOWUMU HA  pabomy
ungopmayuonnblx cucmem. B uccredosanuu pexomeHOyemcs, 4moObl NpagUmMenbCmeo UCHONb308AN10 Dolee
HaoedCHble CUCeMbl 3aKYNOK U MOHUMOPUH2A.

Knrouegwie cnosa: desmenvriocms opeanos 2ocyoapcmeennoi enacmu, Komuccus 3onoo, FOxcnas A¢puxa,
20¢y0apCmEeHHbLiL CeKMop, UHHOPMAYUOHHbIE CUCTIEMbL
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JIV CHYKOY, KATICKHH J].B.

MOJIEJIb PASMEIIIEHUS 3APSJTHBIX CTAHIIMIA SJIEKTPOMOBWUJIENA
B METAITIOJIMCAX HA OCHOBE AJITOPUTMA ITOUCKA 110 BOPOBbAM

benopycckuii nayuonanvuwlii mexnuveckuii yHueepcumem
Mumnck, Pecnyoauxa benapyco

Dnexmpomodbunu 061a0aom makumu XapakmepucmuKamu, KAaK HU3Koe JHep2onompebiieHue u HU3Kull
VPOBEHb WiyMd, U NOIMOMY UUPOKO UCHONB3VIOMCS 8 COBPEMEHHOM 00wecmee, 0COOeHHO Ol nepemMeujenus
6 20p00ax u Me2anonucax. AKmueHoe npumenenue dNeKmpomooduell (1e2KO8blX a6MoMoOUNel U MApPUPymHbIX
RACCAACUPCKUX MPAHCROPIMHBIX CPEOCHI8 PENbCOBbIX U 0e3PelbCoBblX) 8 20p00aX U OCODEHHO 6 Me2anoaucax
CHUDICaem 6peoOHyI0 HASPY3KY HA IKOCUCMEMY NOCENeHUs U NOBbIUUAem KA4eCmeo JHcusnu 6 yenom. llepemewjenust
CMAHOBAMCSL MEHEe IKONOUYECKUONACHBIMU U CROCOOCMEYIOM COKPAUEHUIO BPEOHBIX 8bLOPOCO8 6 ammocghepy
6 MeCmax NpodNCUBAHUsL U AKMUBHOCHE 20pOOCKUX dcumenell u mypucmos. Hcnonvzoeanue snekmpomoouierl
mpebyem ux unmezpayuu ¢ 3apsaOHbIMU CIAHYUSMU, U 8blOOD PA3YMHO20 Mecma OJisl pa3Mewenus 3apsioHbIX
CIAHYULl, 4mo Modcem o0becneyums no00epIHCKY IKCNIYAMAayuu d1eKmpomoounel 6 KpynHeuumux u Oonbuux
2opodax, a ocobenno 6 mezanonucax. Mcxoos uz smoeo, 8 OaHHOU cmamyve Ucciedyemest npooiema pasmeujenus
3apA0HbIX cmanyuil 0l 20pOOCKUX dliekmpomoounel. Bo-nepevix, ocHogHvle (hakmopel pasmeujenus 3apsaoHbix
CMAaHYUll 91eKMpoMoOUNell AHATUZUPYIOMCSL C PA3HBIX MOYEK 3PEHUsl, CIPOUMCs MHO20YeNe6dsi MOOeb 6blH0pa
aopeca 3apsiOHOU CMAHYUU, NPeONacaemcs ai2OPUMMUYecKdss MoOeib OJisl YIVUULeHUs. Al20PUMMA NOUCKA
no 8OpoObLIM 6 Kauecmee OCHOBbl KOHKPEMHO20 Memood peuienus, U, HaKoHey, npogepsemcs s¢gexm
NPUMEHEHUsL MOOeIU U Memood peuleHus Nymém auamuza npumepos. M3 pesyiomamos NnpogepKu 6UOHO,
4Umo Nno CpasHeHUio ¢ MpPAOUYUOHHBIM 2EHEMUYECKUM dNOPUMMOM, ANOPUMMOM pOsi yacmuy u Opyeumu
Memodamu 8blbopa adpecd, aneopumm, nPedoACeHHbII 6 OGHHOU cmambe, A618emcs 6oiee ONMUMUZUPOBAHHBIM,
ymo cnocobcmeyem YiyuueHu0 060CHOBAHHOCMU 8blOOPA A0peca 3apsAOHON CIMAHYUY JNEeKMPOMOOUTIL U MOHCEm

ObIMb PACHPOCMPAHEN 68 WUPOKUX MACUMADAX.

Knrouesvie cnosa: aﬂekmpomo6uﬂu; SClp}ZaHble CMaHyuu, aieopumm noucka no 60p06bﬂM

BBenenue

Bei6op mecra aust 3apsTHOM CTaHIMU 3JIEKTPO-
MOOWIISI JTOJDKEH YUYHUTHIBATh MHOXECTBO (HaKTOPOB,
TOJBKO KOMIIIEKCHOE pacCMOTPEHHE BCEX aCIEKTOB
(hakTOpOB, MOXKET IMOBBICUTH PALMOHAIBHOCTH BHIOOPA
MecTa JUIs 3apAJHON cTaHIuK. biaromapsi MHOroieTHeH
MPAaKTHYECKOH paboTe CTajIo M3BECTHO, YTO MPHU BHIOO-
pe MecTa Al 3apSJHOM CTaHIIMU JIEKTPOMOOMIIS B OC-
HOBHOM YYHTBHIBAIOTCSI TPU (PAKTOPa, COOTBETCTBEHHO:
CTpoHTEeNbCTBO 3apsAHBIX CTAHIWI TpebyeT OobImX
3aTpaT, TaKMX KakK 3aTparsl HA padodyro CHiy, 000py-
JIOBAHHE, CHOC CYHIECTBYIOIINX 3/1aHHUMH, ITOCIIEAYIOIINE
3aTpaThl Ha SKCIUTyaTalluIo U TEXHUYECKOE 00CITyKHUBa-
Hue U T. 1. [1]. CoBpeMeHHbIE IEKTPOMOOMIN HMEIOT
HeOOJBIION 3armac XxoJa U He MOTYT IIepEeIBUraThCsl Ha
GouIbIIe PACCTOSHUS, TOITOMY UX HEOOXOJMMO CBOEB-
PEMEHHO 3apspKaTh KaKAbIM pa3, KOrJa OHW HAaXOMAATCS
B JIBIDKCHMU B TEUYCHHUE OIIPEAEICHHOIO0 NepHoja Bpe-
MeHHd. ISl JOCTHXKEHHS 3TOW LENN NPH CTPOUTEIILCTBE
3apAJHBIX CTAHIMH HEOOXOAMMO YYHTHIBATH PACCTOS-
HHE MEXly ABYMsI COCETHUMH 3apsIHBIMHA CTAHIUSMH,
T. €. paccTosiHue 3apsjku [2]. [ToaTromy npu cTpouTeb-
CTBE 3apsIHON CTAHIMHU CieAyeT oOpaiiaTth BHUMaHHE
Ha YAOBJIETBOPEHHOCTh momb3oBarenei [3]. Crpemu-
TEJIBHBIM POCT YMCIIAa HJIEKTPOMOOMIIEH 3acTaBisieT 00-
IIECTBEHHOCTh YAENATh OOJbIIOE BHUMAaHHE pacIio-

JIOKEHUIO 3apsiTHBIX CTAaHIMH JUIs DIEKTPOMOOMIEH,
HaYYHBIH U pa3yMHBINH BEIOOp MecTa CTPOUTEIbCTBA 3a-
PSTHOM CTaHIMM HE TOJBKO MOXET O0ECIeYUTh TOJIb-
30BaressiM OoJiee KayeCTBEHHOE OOCIY)XKHMBaHHE, HO H
CIIOCOOCTBYET OBICTPOMY PA3BUTHUIO C(hephl IITCKTPOMO-
Oneit [22-28].

HOCTPOCHHG Moae/In

Ha ocHOBe BBIIEyKa3aHHBIX BIUSAIOMINX (AKTO-
POB M aHANTM3a OMHUCAHUS TPOOIEMBI MOYXHO ITOCTPOUTH
MOJIeNb BEIOOpa MecTa M KOMITOHOBKH 3apsTHBIX CTaH-
UH U SIIEKTPOMOOTIIEH, BKITIOYAOIITYIO:

Monens yIOBICTBOPEHHOCTH PACCTOSHUEM U
BpeMeHeM. VI3 TpWBEACHHOTO BEHIIEC aHATW3a BUIHO,
YTO PACCTOSHUE 3aPSAAKH SIBISETCS OAHUM U3 OCHOBHBIX
(akTOpOB, BIHWAIOMIMNX HAa TOTOBHOCTH ITOJB30BATEICH
B3UMaTh TuIaTy. Ecrmm paccTosHUe 3apsaKd KOPOTKOE,
JIeTde TIONyYUTh YAOBJICTBOPEHHE IOIB30BATENS, TEM
CaMbIM YBEIWYHBas TOTOBHOCTH IOJIB30BATENS B3H-
MaTh m1aty. Hao0opoT, 3TO CHU3UT YAOBIETBOPEHHOCTD
mons3oBareeid. OMHAKO CIeayeT OTMETHTh, YTO KOTAa
YPOBEHH YIOBIECTBOPEHHOCTH TOCTHUTHET TIpenena, To-
TOBHOCTb ITOJIG30BATEIsl B3UMATh IJIATy HE OyIeT Impo-
JOJDKaTh pacTd. Mcxoms M3 3TOTO, MOKHO ITOCTPOUTH
MOJIENTb YIOBICTBOPECHHOCTH PACCTOSHUEM W BPEMEHEM,
1 BBIPOKCHIE UMEET BUJI:

CHUCTEMHBIA AHAJIN3 U IPUKJIAJTHASI THOOPMATHKA
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0 d,>d,,

fi(d,)= Sheos| T4 ’_‘d U—dma*;dmi" dy,<d <d. (1)
1 0<d, <d,,

e f[(d[/.) — MOJIENb YIOBJICTBOPCHHOCTH PACCTOSHHEM
M BPEMEHEM, d, — PacCTOSHHE MEKAY TOUKOH Crpo-
ca i M 3apAAHOH craHumued j; d . — MHUHMMalbHas
YIOBIETBOPEHHOCTh;d ~ — MaKCHMalbHas YJOBJIETBO-
PEHHOCTb.

Mojienb yIOBICTBOPCHUSI BPEMEHU OXKHIAHHS.
Ha 3apsiHO# CTaHIMK YCTaHOBICHO HECKOIBKO 3apsii-
HBIX cTaHnui. Kakmast 3apsiiHas CTaHIUS MOXKET OTHO-
BPEMEHHO 3apshKaTh TOJBKO ONUH aBTOMOOHIb. Korma
Ha CTaHIMM HET MPOCTAMBAIONIMX 3apsTHBIX CTAHIIU,
JPYTUM TIOJIb30BATENSAM MPUXOUTCS JKAATh HAMPAMYIO.
CBSI3aHHBIC C  YIOBJICTBOPEHHOCTHIO  MOJIB30BATEIIS.
Korma Bpemsi oxHIaHHs TPEBBICUT OMpEIeICHHOE 3Ha-
YeHHe, TMOJIb30BaTeIN OYIyT HUCKaTh APYTHE 3apsiIHbIe
crannuu. Mcxoms u3 3T0ro, MOKHO MOCTPOUTH COOTBET-
CTBYIOIIYO MOJICNb U TTOJIYYHUTh BBIPAKEHHE:

l+cos I, T d 7d"‘“‘7d"““ d. <d <d_ R (2)
3 2 a_—a \Y > min = Aij = Ao

rae f(tl.) — MOJIeJIb YAOBIETBOPEHHOCTH BPEMEHEM OXKH-
JIaHUs [IOJIB30BATEIIS; £, — BPEMs OXKHJIaHHS T10/Ib30BaTe-
JIs1 IpK BBIOOPE 3apAHON CTaHUMM k; ¢ — MaKCHMallb-
HOE 3HAYEHUE BPEMEHU OKMJAHWSA; [ . — MUHUMAJIbHOE
3HaYEHUE BPEMEHHU OXKUIaHUS.

[Tocne oObenuMHEHHs IBYX MOIEICH YIOBIET-
BOPEHHOCTH MOYKHO TOJYYHUTh KOMIUIEKCHYIO MOJIEIh
YIIOBJIETBOPEHHOCTH B BHJIEC BBIPAKECHHUS:

p(w) = 0,0256+0,00039w-+0,000034w?. &)

rjie max/, — MoJelb HaUBBICIIETO OOIIErO yIOBIETBOPE-
HUST; § — OPSIIKOBBIN HOMEp TOYKH cripoca; / — 0003Ha-
YaeT KOJIMYECTBO BCEX TOUEK CIPOCa B ONPEEICHHOM
JIiarnasoHe; j — MOPSIKOBBIM HOMEp 3apsAHOI CTaHIMH
KaHAugara; J — KOJIMYECTBO BCEX 3apsAIHBIX CTaHIMH
KaHJIM/IATa; ¢, KOMMYECTBO 3aABOK HA 3apsIKY JUI TOY-
KH crpoca #; ¥, — nepeMeHHas perieHus 0-1, Hanpumep,
€CIIM TOUKa cIipoca i o0palaercs K 3apsiIHOM CTaHLUU
KaHAWJaTa j AJIs MOTyYeHHs YCIyTH 3apsKu, OHa MpH-
HUMaeT 3HaueHue 1, 1 HaoOOpOT, OHA MPUHUMAET 3Ha-
yeHue 0.

Mopens MUHMMH3ALUHU 3aTpaT. CTPOUTENHCTBO
3apsIHON CTAaHLIMHM M HOCIEAYIOLIee yNpaBICHUE JKC-
IUTyaTalnue U TeXHUYECKHM 00CITy)KUBaHHUEM TPeOyroT
OOJIBIINX 3aTpaT, Ul TOTO YTOOBI 3apsiHasi CTAHIIMS
MIPEJOCTaBIIsATA TONIb30BaTENsAM KauyeCTBEHHBIE YCIYTH,
B TO € BpeMs, CHUKas JKCITyaTallUOHHBIE PaCXO/bl,
MOJKHO CO3/1aTh 00jiee BBICOKYIO SKOHOMHUYECKYIO BbI-
rogy AJs 3apsAnHoil craHuuMu. B pesymbrate, Monenb

MHUHHUMM3AIUN 3aTpaT MOKET OBITh MMOCTpPOCHA IIOCJIC
I/IHTel"paL[I/II/I Pa3JIMYHBIX 3aTpar:

(1 4+ 7)™
14+r)n—1

minF, = 2(0 +BN; + pNZ)( +a Z(o +BN; +pN?) (4)

j=

rje max/, — MojieJlb MMHUMM3ALMK 3aTpar; r, — CTaB-
Ka JMCKOHTHUPOBAHUS; | — KOI(M(OHUIUECHT HHBECTHIUH
B 3aps/AHYIO CTAHIMIO 3a BECh €€ >KU3HEHHBIH LIUKII;
o — K03((GHUINEHT OTHOLICHUSI CTOMMOCTH AKCILTyaTa-
UM U OOCITYy)XMBaHHMS K CTOMMOCTH CTPOHUTENIBCTBA;
B — mena kaxnoi 3apsinHoi cBan; O — MOCTOSHHBIC UH-
BECTHIHOHHEIC 3aTpaThl; N, — 06IIee KOMMYCCTBO 3apsi/-
HBIX CBal Ha CTAHIIMH.

Jaist Toro 94TOOBI ONITUMH3ALMOHHAS MOJIENb pa3-
MEILeHNS 3apsAHBIX cTaHnui EV naBaa TouHble pe3yiib-
TaTbl, HEOOXOMMO YCTaHOBUTH pa3yMHbIEC OIPaHUYCHHS
Ha HCIOJIb30BAaHHUE 3apsAHBIX CTaHIMH. K OCHOBHBIM
aCIeKTaM OTHOCATCS CIEeIyIOIUE:

(1) On  nomxkeH yOOBIETBOPSATH IOTPEOHOCTH
T10JIb30BaTesNIeH AIEKTPOMOOHIICH B 3apsiKe, T. e:

Yii<yVielvje], (5)
rae YU — mepeMmeHHas npuHATHSA pemenns 0-1, xoTo-
past IPUHUMAET 3Ha4eHHe |, ecin CTaHIUs TOCTPOeHa
B TOYKE j KaHAWAATa HA CTPOUTEIHCTBO 3apsITHOM CTaH-
1ud, 1 0 B IPOTHBHOM CIIydae.

(2) Bce Toukm cripoca MOTYT OBITH Ha3HAUCHBI Ha
COOTBETCTBYIOILYIO 3apSIAHYIO CTAHIIHIO, T. €:

Zyijy]- >1viel (6)
=]

(3) KonmuuectBo 3apsiiHBIX CBall B 3apsiHON
CTaHIMM HAXOAWUTCS MEXIy MaKCUMaJbHbIM W MUHH-
MaJIbHBIM KOJIMYECTBOM 3apsAHBIX CBail, HEOOXOANMBIX
MOJIb30BATENIO, T. €:

Mmax min ( 7 )

rae N_. 0003HayaeT MMHHMMAJIbHOE 3HAYEHHE KOJIMye-
CTBa 3apsHBIX CBaif, TpeOyembIX II0JIb30BaTENEM, a
N, — MaKCHUMaJbHOE 3HAYEHHE KOJMYECTBA 3aps/IHBIX
cBail, TpeOyeMbIX MOJIb30BATEIICM.

(4) Jlst KayKIoW TOYKH CIpoca MOXKHO TIOCETUTh

TOJIBKO OAHY 3apsAAHYIO CTaHIIUIO, T. €:

Ean=1VieL ®)
j€J
(5) Obmiee xKOMTMIECTBO 3apsAIHBIX CTAHIMN B pe-
THOHE JIOJDKHO COOTBETCTBOBATH (PAKTHYECCKUM MOTPEO-
HOCTSIM PEruoHa, T. e:

ny =H, ©)

je]
rae H — cipoc Ha 3apsHbIE CTAaHIIMU B PETHOHE.
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CUCTEMHBIN AHAJIN3

IIpouecc padoThI yIy4IIEeHHOTO aJITOPUTMAa
MOKCKA 10 BOpoObsiM (ISSA)

B coBpeMeHHOI KOMIBIOTEpHOU cdepe cyie-
CTBYET MHOXKECTBO METO/IOB PELICHHsI MaTeMaTH4eCKUX
Mojieneil, TAKUX KaK aJrOpUTM CEpPOro BOJKa, AJITOPUTM
MYpPaBbUHOM KOJIOHWH, QJITOPUTM IOMCKA KalyIHHOB,
YAy4LICHHBIH aJropuT™M Moucka 1mo BopoObsm (ISSA —
improved sparrow search algorithm) u 1. 1. [6-21], kax-
JII  aJITOPUTM HMEET CBOM XapaKTePHCTHKH, CPEIH
KOTOPBIX TIporecc pabotsl anropur™a ISSA mpocrt, cko-
POCTb CXOAMMOCTH OBICTpPasi, @ OJyYCHHBIE PE3YIIBTATHI
6onee TOUHBIE U T. 1., TOATOMY B JaHHOM HMCCJIEJOBAaHHU
anroput™ ISSA ucnomb3yercs Aisi pacueTa ONTHMH3a-
LIMOHHOM MOJIeNIN BBIOOpa MecTa JiIst 3apsJHOM CTaHIMK
anekTpomooms [4].

AHaJu3 NpuMepoB NPUMEHEHHUs] U HACTPOKa
napaMeTpoB

B kadecTBe 00beKTa MCCIIETOBAHMS ISl aHAIHN3A
3¢ PEKTUBHOCTH IPUMEHEHHSI ONTMCAHHO BBIIIE MOJICIIH
BBIOOPA IUIOIIA/IKK U QJITOPUTMA PEIICHHS HCIIONB3YeTCs
OIpENIENIEHHBIN YCIOBHBIA pernoH. Pernon Haxomurcs
B auanaszone [0, 50]%[0, 50], KoTopsIif CONEPIKUT B 00-
el ciioxkHocTH 30 Touek cipoca ¢ 10 ansTepHaTHBHBIMA
IUIOINAAKaMHU. 3aTeM MapaMeTphl MOJENN U aJrOpuTMa
YCTAHABIMBAIOTCS B COOTBETCTBUHU C BBIIIEU3TI0KEHHBIM,
B ToM uncie: O — ycrananuBaetcst Ha yposHe 1000000

10aHeil; f — ycranasnuBaercs Ha yposHe 100 000 roaneit
3a eMHUILY; MUHUMAJIbHOE KOJINYECTBO 3apsIIHBIX CTaH-
uui, N ., yCTaHaBIMBAETCA HA YPOBHE 4, a MaKCHMAaJIb-
HOoe — Ha ypoBHe 20; |l — yCTaHaBJIMBAeTCS HAa YPOBHE
20 000 roaneit 3a emuHmIly; d_  yCTaHABIMBA€TCA Ha
ypoBHE 3 KM, a d_ . — Ha ypoBHe | KM; BpeMs 3apsIKu
aBTOMOOWJISI yCTaHaBIMBAaeTCs Ha ypoBHe 60 MHUHYT;
t . —10mun, ¢ — 3 MUH, BpeMs aMOpTH3auk 000py-
nosanus — 20 net, r, — 0,08, o - 0,1, 00111€€ KOITMYECTBO
3apsATHBIX CTAHIINN — 6.

Jnst Toro 4ToOBI MPOBEpUTH 3PQPEKT OT MpHUMe-
HeHust anroputma ISSA sparrow npu pasmeleHuu 3a-
PSAAHBIX cTaHIWH. B manHO# paboTe B KadecTBe CpaBHE-
HUSI BBIOPAHBI YEThIPE OOBIYHBIX AJITOPUTMA, & PACUET U
aHaJIM3 Pa3MELCHHs] 3apsIHBIX CTAHLMI POU3BOJUTCS
aHAJIOTHYHBIM 00pa3zoM. Cpeau HUX YUCIIO UTeparui
ycranosieHo Ha 100, a yucno nomymsiiuit — Ha 30 mmst
pacuera BbIOOpa MecTa. Kpome Toro, cooTBeTCTBYIOIINE
TapaMeTphl 3aJJaHbl B COOTBETCTBHH C IIPOIIECCOM pado-

TBHI pa3IMYHBIX AITOPUTMOB, KaK TTOKa3aHo B Tabmuie 1.

AHa/Iu3 pe3yJibTaToB

Ha ocHoOBe BbIllleyKa3aHHBIX HACTPOEK Mapame-
TPOB, IyTE€M pacyeTa MOJENH pa3MelleHus], YTO0bI Mo~
JYYUTh PE3YJIBTAThl PA3MEICHUsT 3apsIHBIX CTAHIUMA
[IPU Pa3IMYHBIX YCIOBUSAX aJIrOPUTMA, KaK MOKA3aHO B
Tabnure 2.

Tabnuua 1 anropuT™MoB U uX napamerpos [4-21]

Anroput™

OCHOBHBIE TTaPAMETPBI

ba3zoBbiii anroputm nomcka
BOpoOBst (SSA)

Jons nepootkpeiBareneii (PD) ycranosiena Ha 20 %, opor omoBeneHUs
(R2) ycranosnen Ha 0,8, a gonst pasBequukoB (SD) ycranosiena Ha 10 %

Ontumvu3arus pos gactui (PSO)

Koahpumnment oOyueHust yctaHoBIeH Ha 1, a Bec mHepuuyu yctaHoBieH Ha 0,3

Anroputm noucka ISSA Sparrow

Jomns nepBootkpseiBarens (PD) ycranosnena Ha 20 %, mopor onoBeIeHus
(R?) ycranoBneH Ha 0,8, nons passenunka (SD) ycranosiena Ha 10 %,
MaKCHMaJIbHBIHA Bec HHEpIUH (® ) yCTaHOBIEH Ha |, a MUHUMAJIbHBIN Bec

max

MHEPIMOHHBIA BeC (o, . ) ycTaHoBIeH Ha 0,4

Anroput™m Xappuca Xoyka
(HHO)

El munreitno ymenspmaercs ot 2 10 0

lenerndeckuii anroput™ (GA)
0,1

BCpOHTHOCTL KpOCCOBEpa YCTAaHOBJICHA HA 0,99, a BEPOATHOCTb MyTallun — Ha

Tabnuma 2. OnTuManbHbIe pe3yabTaThl Pa3MEICHUS 3apsITHBIX CTAaHINH

Wnpukatop SSA PSO ISSA HHO GA
HOMeEp [2,3,5,6,7,9] | [4,2,7,10,8,5] | [4,6,10,2,7,5] | [5,10,6,7,8,2] | [2.8,5,6,4,7]
neneBast pyHkius F1 7,349x1072 5,884x1072 7,894x107 7,241x1072 7,620%1072
rieneBast pyHKIws F2 4,035x107 3,878x107 4,196x107 4,871x1073 5,789x103
1esieBasi cocraBHast pyHkius F 0,1544 0,2398 0,1259 0,1875 0,1930
CUCTEMHBIA AHAJIN3 U TPUKJIAJTHASI UHOOPMATHUKA 3,2024
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W3 pe3ynbTaToB aHagM3a BUAHO, YTO CPEIU MATH
anroputMoB F-3Hauenue anroputma SSA cocraBmiser
0,1544, F-3nauenue anroputma PSO — 0,2398, F-3naue-
Hue anroputma ISSA — 0,1259, F-3nauenue anroputma
HHO - 0,1875, a F-3nauenue anroputma GA — 0,1930,
camoe BbIcokoe cpeau anropurMma PSO u camoe Huzkoe
cpeau anropur™a ISSA, 4ro ykaseiBaeT Ha ToO, 4TO pe-
3yAbTaThl, MOITy4YeHHbIe anroputMoMm ISSA, sapnstorcs
HanOosee onTUMaNIBEHBIMH. C TOUKH 3PEHUS CXOIUMOCTH
3HaUCHUs MPUTOTHOCTH, anroput™M ISSA cxoxutcs ObI-
CTpee M MMEET caMOe HHM3KOE 3Ha4eHHE IPHUTOIHOCTH,
kotopoe ymenbliaercs a0 0,125 npu konmyecTBe uUTe-
pammii 30; anroputm PSO um amroputm SSA cxomsrcs

OBICTpee, HO 3HAYCHUE MPUTOIHOCTH HAXOMUTCS Ha BbI-
COKOM ypoBHE, cocTaBiss okoso 0,24 u 0,15 cootser-
cTBeHHO. AnropuTm ISSA naet ontumasnbHbIe pe3ybTa-
TBI U pabOTAET JTyYllle APYTHX YETHIPEX AITOPUTMOB.

3akjoueHue

ABTOpaMHu TIpeanaraeTcd MoOJENIb Pa3MEIeHHs
3apsiTHBIX CTAHIMH JUIsl DIEKTPOMOOWIIEH, OCHOBaHHbIE
Ha ynyuiieHHoM anroputme ISSA. braromaps npumene-
HUIO pa3paboTaHHON MOJENM MOYKHO OIpPEAeNIUTh Hau-
JIy4Illee MECTOIOJIOKEHUE 3apsITHON CTAaHI[UH U CHU3UTD
3aTparbl Ha CTPOUTEIBCTBO, IKCILUTYaTALUI0 1 00CITYKH-
BaHUE 3apSAAHBIX CTAHIHUI.
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DU SIZHUO, KAPSKI D.V.

A MODEL FOR PLACING ELECTRIC VEHICLE CHARGING STATIONS IN MEGAPOLIS BASED
ON THE SPARROW SEARCH ALGORITHM

Belarusian National Technical University
Minsk, Republic of Belarus

Electric vehicles have such characteristics as low energy consumption and low noise level, and therefore
are widely used in modern society, especially for movement in cities and megacities. Active use of electric vehicles
(passenger cars and rail and trackless passenger transport) in cities and especially in megalopolises reduces the
harmful impact on the ecosystem of the settlement and improves the quality of life in general. Movements become
less environmentally hazardous and help to reduce harmful emissions into the atmosphere in places of residence and
activities of city residents and tourists. The use of electric vehicles requires their integration with charging stations,
and the choice of a reasonable location for the placement of charging stations, which can support the operation of
electric vehicles in the largest and large cities, and especially in megalopolises. Based on this, this article examines
the problem of placing charging stations for urban electric vehicles. First, the main factors of placing electric vehicle
charging stations are analyzed from different points of view, a multi-purpose model for choosing the address of the
charging station is built, an algorithmic model is proposed to improve the sparrow search algorithm as the basis for
a specific solution method, and finally, the effect of applying the model and solution method is verified by analyzing
examples. From the verification results, it can be seen that compared with the traditional genetic algorithm, particle
swarm algorithm and other address selection methods, the algorithm proposed in this paper is more optimized,
which helps to improve the validity of choosing the address of the electric vehicle charging station and can be widely
distributed.

Keywords: electric vehicles, charging stations, sparrow search algorithm

I[y CI/I‘DKOy, acliipanT Ka(i)ez[pm «TpaHCHOpTHLIe CUCTEMbI W TCXHJIOI'UN» Eenopyccxoro HAIlMOHAJIBHOI'O TEXHUYCCKOI'O
YHUBCPCUTETA, MArucTp. O6mactb WHETPECOB: MOACIMPOBAHNUE TPAHCOMPTHBIX ITPOIECCOB U CUCTEM, PA3BUTUE DKOJIOTHYCCKU
YUCTBHIX BUAOB TPAHCOIIPTA U MPOCKTUPOBAHUEC «3€JI€HBIX» TPAHCOIPTHBIX CUCTEM I'OPOAOB U MErarojarucoB.

Du Sizhuo, postgraduate student of the Department of Transport Systems and Technologies of the Belarusian National Technical
University, master's degree. Area of interest: modeling of transport processes and systems, development of environmentally friend-
ly types of transport and design of "green" transport systems of cities and megalopolises.

Kanckwmii [lennc BacnmiabeBH4, TOKTOp TeXHHUYECKHX Hayk, mpodeccop. Iporeccop kadenpst «TpaHCIOPTHBIE CHCTEMBI U
TEXHJIOTUM» benopycckoro HaMOHATBHOTO TEXHUYECKOro yHHBepcuTeTa. [IpoBoaMT mccinenoBanus B 00MacTH OpraHU3aluH
JIBHDKEHHMSI, TEXHUYECKUX CPEJICTB PErYIHMPOBaHUS ¥ MHYOPMALMOHHO-aJITOPUTMUUECKOTO 00eCTIeUeHNs YIIPABICHHUS IBI)KCHUEM,
TPAHCIOPTHOTO IUIAHUPOBAHHS I MAaTEMAaTHIECKOTO MOJEINPOBAHHMS IIPOIECCOB TPAHCIOPTHBIX CHCTEM.

Kapski Denis Vasilievich, Doctor of Technical Sciences, Professor. Processor of the Department of Transport Systems and Tech-
nologies of the Belarusian National Technical University. Conducts research in the field of traffic management, technical means of
regulation and information and algorithmic support for traffic control, transport planning and mathematical modeling of transport
systems processes.

E-mail: d.kapsky@bntu.by

CUCTEMHbBIIA AHAJIU3 U IIPUKJIAJTHASI UHOOPMATHUKA 3,2024



SYSTEM ANALYSIS 17

VIK 519.711.3
DOIL: 10.21122/2309-4923-2024-3-17-21

JKVK A.A., BYJIOHYUK B.M.

OOPMAJIM3ALMA 3ATAYHN ITOUCKA C HEM3BECTHBIM
MECTOIIOJIO’)KEHUEM CYBBEKTA HA MECTHOCTH

Boennas akademusi Pecnyonuku Berapyco
2. Munck, Pecnyonuxa benapyce

Mamepuan cmamvu noceswjen 60npocy NPUHAMUA YNPAGIEHUECKO20 peuleHUs Ha Op2aHu3ayulo NOucKd
HEeKOmopo2o cydbeKkma, CnocoOH020 NpUMeHUMb 0eCmpyKmMusHble 0eticmeuss N0 OMHOWEHUI0 K 00beKm) 0co0020
BHUMAHUA. XapakmepHoll uepmoil NOOOOHOU 3a0aUu A6NIAeMCs HeOOXOOUMOCb NPUHAMUS PeUeHUs NO YNPABIEeHUIO
noopazoeneHusMY, HAZHAYEHHbIMU OJiA NOUCKA 8 YCI08UAX OMCYMCMSUs OOCMOBEPHOU UCXOOHOU uHpopmayuu

0 MECMOHAX0NCOCHUU cy6'bel<ma, OCPAHUHYECHHBIX UMEIOWUXCA CUL U PEe3KO2O Oedmuuma BPEMEHU.

Knioueevte cnosa: 3adaua noucka,
pacnpeoeierue, oyeHKka dPpexmuenocmu

BBenenue

OnHOW W3 aKTyaJbHBIX BOEHHO-TTPHUKIIATHBIX
3ajla4y, pelraeMbIX Ha IPaKTHKE, SBISETCS MOJAJIepPIKKa
MIPUHSTHS penieHnit Ha 9 (PEeKTHBHOE TIPUMEHEHHUE MO/
paszieneHui, mpeaHa3HaueHHBIX It 00pbOBI C CyOBbek-
oM npotuBHKKa (CIT), MMeroIIero 1espio BBIOIHEHUE
JIECTPYKTHUBHBIX JJEUCTBHUHI MO OTHOLIEHUIO K HEKOTOPBIM
00bEKTaM Halllero BHUMaHMS Ha MECTHOCTH, PacIioJo-
YKCHHBIM B pallOHE OTBETCTBEHHOCTH.

Kak mpaBuio, B HauanbHOW MOCTaHOBKE TaKOM
3ajaym roucka o mecrononoxennu CII He mM3BecTHO,
a M3BECTEH JIMIIb caM (pakT ero HaJu4yus B HEKOTOPOM
paiione MectHocTH R. Takke MOXKET OBITH yKa3aHO
MHOYKECTBO €r0 TPEJIoIaraeMbIX 1eJIeBbIX YCTaHOBOK,
HaIpaBJICHHBIX HA BBIOJHEHHE KAKUX-TO JECTPYKTHB-
HBIX JIGHCTBUI IO OTHOILICHHUIO K MIPEAIOIaraéMbiM 00b-
exTaM BHUMaHus O,

Bynem cumtath, uro 3ddeKkTHBHOE yIIpaBICHHE
MIPOIIECCOM PELICHUsS] 3aJaydl IOWCKA IPE/Ioiaraet
TaKyl0 OpraHM3alMio JACHCTBUI MOJYMHEHHBIX I10]I-
paszeneHuid, KoTopas oOecre4ynBaeT HauMEHbIIee
BpEeMsi yCTaHOBJICHHsI TOYHOTO Mecronosnoxenus CII
MIPY pPalMOHAJILHOM HCIOJIb30BAaHUH BBIACISIEMBIX pe-
CYPCOB.

C yueroM cOPMHPOBAHHBIX YCIOBHH O HEH3-
BecTHOM MecTonosiokeHnu CIT MOXKHO MpPeAIonoXnTh,
YTO €ro KOOPJHMHATHI SIBISIOTCS CIy4allHBIMH BEITUYUH-
HaMHM, PaBHOBEPOSITHO PACIPEICICHHBIMU B HEKOTOPOH
obmactu Y paitona R (YCR). Jlist ynpoIeHus mociemy-
IONIMX PacCyKAEHUH 00JacTh Y ampoOKCUMHUPYEM TIpsi-
MoyrojbHUKOM. OOpaTHM BHHMaHHE, YTO BCE JpPYyTrHe
BO3MOXKHBIE 3aKOHBI PacIpe/eiIeHHs] MECTOIOI0KEHHS
CII OyayT BHOCHTH OINPE/EICHHOCTD B YCIOBHS 33/1a41
U CIIOCOOCTBOBATH YCIIEITHOMY €€ PEeIICHUI0. DTO O3Ha-
YaeT, YTO BCSIKOE BO3MOXKHOE MOCIIE/IYOIIee YTOYHEHHE
ucxoHoi uHpopmanuu OyneT crocoOCTBOBAThH MOBHI-
HIEHUIO Y(PEKTUBHOCTH PEIICHUS ITOCTaBJICHHON 3ajia-
YH.

mamemamuvecKkoe

npocpammuposatue, KeasuonmumaivbHoe

OuneHka npeanojaraeMoro BpeMeHH ABHKeHHs
cy0ObeKkTa 10 00beKTa BHUMAHMS

B coorBeTcTBHM C paBHOBEPOSITHBIM paclpe/ie-
nenueM koopaunar CII mpeaBapuTenbHO NpUHUMAET-
Csl pelICHHE O TOM, YTO MCXOJHOW JUIsl MOCIEIYIOIINX
pacueToB BHIOMpaeTCs KOOpAMHATA Y, LEHTPa MpAMoy-
rOJIbHUKA . DTa KOOpANHATA TAaK)Ke MOXKET OBITh 3aj1aHa,
HarpuMep, UCX0Jsl M3 CYOBEKTHBHOTO IPECTaBICHHS
KOMaH/IMPOM BO3MOKHOTO €€ MECTOHAXO0K/ICHHS.

OT 9TOl TOYKM Ha MECTHOCTH JO MpeJroJiara-
eMoro o0beKkTa BHUMaHHusA (mycTh 510 Oyner O,) ¢ 1o-
Molblo ainroputma [1] Haxoaurest myTh [, BpeMs BH-
JKEHMs 110 KOTOPOMY HamMeHbllee, T. €. /(¢ . ). Ilpu ero
MOCTPOCHHUU YYHUTBIBAIOTCSI CBOMCTBA KaXKIOH JJMCKPETHI
MECTHOCTH H JIOITyCTUMasi CKopocTh nepesrkerns CI1,
ABJISTFOINAsACs. pyHKIMEH NPOXOANMOCTH MECTHOCTH.

C TOYKM 3peHHs] HanObICTPEHINEero MpenoTBpa-
meHust BpegoHocHbIx nedctBuit CIT 310 camblil «He-
NPUSATHBINY ISl HAC MyTh. B NPHHATHIX YCIOBHSX OH
TpeOyeT OBICTPBIX M 3((PEKTUBHBIX HAIINX PEIICHUH,
4TOOBI ycneTs npenoTsparhTh Bhixoa CIT k 06bexty O, .
U, naoboport, aist CI1 oH siBisieTcst Hanboee BHITOHBIM,
TaK Kak MUHHMHU3UPYET BPEMsI BBIIIOJIHEHUSI UM CBOECH
6oeBoii 3a1aun.

C yverom HemsBecTHbIX Ham Hamepenuit CII n
MPE/IONIaraeMbIX CKPBITHBIX OT OKPY’Karollero Hadiro-
Jlatenist ero JICHCTBUI, CliefyeT NMPHHATh, YTO MU JIBU-
sxernn CIT x 00BEKTy, ckopee BCero, oHO OymeT 00xo-
JIUTh HACEJICHHbIE MYHKTHI M MPOCMAaTpHBacMble 30HBI
BU3YaJIbHOTO HAOJIOJICHUS, BO3BMOXKHBIE MECTa Pacrio-
JIO)KEHMs1 HAIIMX BOMHCKUX (DOPMUPOBAHUMH, YUUTHIBATH
3alMTHBIE CBOMCTBA MECTHOCTH, U T. 1. BeposiTHO, OHO
Oy/ieT y4uTHIBaTh MHOXKECTBO M JIPYTMX CBOWCTB MECT-
HOCTH M (paKTOpOB, KOTOPBIE JIMOO MPEMSATCTBYIOT, THO0
CHIOCOOCTBYIOT BBITIOJTHEHHUIO €My CBOEH 00eBoM 3anaun
M KOTOpbIE 3a TPOTHBHUKA TPYIHO MpeAcKaszarb. JTO
MO3BOJISIET CUMTATh, 4TO Bpems jaBwxeHus CII mo BbI-
OpaHHOMY MM (IIpEAINONaracMbIM HAMU U pEaTU3yeMOM
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UM) ITyTH MOYKHO TIPHHSTH CITy4aiiHOI BEIMUUHOM £, pac-
IPEJIETICHHON B HEKOTOPOM UHTEpBae [£ ., ¢ ] 10 He-
KoTopoMmy 3aKony f{¢) ¢ mapamerpamu M(¢) u 8(¢). Ecin
NPUHATL HA MHTEpBAse [Z ., ¢ ] 3aKOH pacmpesesieHus

() paBHOMEPHBIM, TO B COOTBETCTBHUH C [2] MaTemMaTuye-
CKOC OKHMJJAaHHUE PACCUUTHIBACTCS IO (hOpMyJIe:

M) = (! +tmin). (1)
2

B aToMm citydae cpeqHekBaapaTHYECcKOE OTKIOHE-
nue spemenn prxenns CII k o0bexTy O, 3anuchiBaeTcs
o hopmyie:
3(t) = (tmax _tmin). )

243

3HaHMs 3aKOHA pacHpeJeNiCHNs] IpeJroarae-
MOTO BPEMEHH JIBH)KCHHSI M €r0 MapaMeTpOB MO3BOJIHT
OLICHUTH HaunboJjee BEpOSITHBIA pe3epB BpemeHH M(1)
(OT MOMEHTa ), UMEIOLIMICS JUIsl MPETOTBPALICHUS Jie-
cTpyktuBHbIX nedictBuil CII mo BeIOpaHHOMY OOBEKTY
O,. Tlpy M3BECTHOU Cpe/IHEN CKOPOCTH IMEPEIBUKEHHUS
9TH BEJIMYMHBI TI03BOJISIIOT OLICHUTH BO3MOXHOE €ro Me-
CTOTIOJIO’KEHNE Ha TEKYIIMH MOMEHT BPEMEHH t TIPH 3a-
JTAHHOW MCXOJHOM cHCTEeMe TPeIoNIOKeHNH (T. €. 4To
B MOMEHT BPEMEHHM f; TPyMIa HaX0uIack B Touke D u
JIBIDKETCS K BEIOpaHHOMY 00BeKTy ). [To100HbIE OLIEHKH
HEO0OX0AMMO UMETB ISl OCTAIBHBIX 00EKTOB BHUMAaHHMS
Oj, j =1, n. C yueToM TOTro, 94TO UX MOXKET OBITH He-
CKOJIbKO, MHTEpEC MPEJICTaBIISET OIIEHKA CTEIICHU OIlac-
HOCTH BO3MOKHOTO Tekymiero mecromonoxenus CII
10 OTHOILICHHUIO K KaXKIOMY U3 HHX.

OneHka cTeneH! ONACHOCTH TeKyLIero
MecTtomnoJoxkenusa CII mo oTHomeHuIo
K 00beKTy

Orntenku crenenn onacHocTd CI1 TOIDKHBI BBITTON-
HATBHCS TAKOKE C yUETOM BIIMSHUS MH(POpMAINU O MECT-
HOCTH U €€ cBOMCTB. I101X0/] K MX MOITYYEHHIO PacCMO-
TPHUM Ha npuMepe ABYX 00bekToB O, 1 O,, pUCYHOK 1.

Ly oy

- f Yo
¥ e
S 2

o, 3 —
"“—»-/

—

Pucynox 1. [Ipumep OLEHKH CTENIEHH OMTACHOCTH BO3MOKHOTO
MECTOMOIOKEHH CyOBEeKTa AT ABYX 00BEKTOB BHUMAHHUS

WHTYUTHBHO CJ€IyeT, 4YTO INPH HEH3BECTHOM
MmectononokeHnn CIT Oonee 3HAUMMYIO OMTACHOCTH IS
KaK/I0TO U3 00BEKTOB BHUMaHUS PECTABISIET TO Ipe-

[0J1araeéMoe €ro MECTOIOJIOKeHHE (T. €. KOOpJIUHATa
Ha MECTHOCTH), KOTOpOe OJIKe.

Tak w3 pucynka l caexyer, uro r , >r,.
Jst CIOKMBIIMXCST YCJIOBUI 3TO O3HAYaeT, 4TO KOOp-
nuHata y, (OpU yCIIOBUHM, YTO MMEHHO TaM HaXOIHUTCS
CII) mpencraBnseT OONBINYK OMACHOCTH IS OOBEKTa
0,, yem juist O,. OnHaKo B cilyvae PaBHOW YIAIEHHOCTH
OOBEKTOB OT IPEJII0JIAraeMOro MECTOIOIOKEHUS BpeMs
JIBIDKCHUS] K HIM MOYKET OBITh Pa3JIn4YHBIM, YTO OIpeie-
JISIeTCsl TIPOXOIUMOCTBIO MECTHOCTH, cIocoOOM repe-
JIBMDKCHUS ¥ MICTIOJIb3YEMBIM TPAHCIIOPTHBIM CPEICTBOM
(ecau CII ero ucnomns3yer).

[TosToMy pelieHne o CTENeHH ONACHOCTH KOOp-
JMHATBL Y, JUISl K&XI0TO M3 OOBEKTOB IPUMEM MCXOJIS
13 KOMIPOMHCCHOTO COOTHOIICHHS 3THX JIBYX YaCTHBIX
MOKazaTeseH, MoJy4aeMoro ¢ MOMOIIBIO aJIMTHBHOM
CBEPTKHM 3HAYCHHUI pacCTOSIHUSA U BpeMeHH. [1Jist mepBoro
oObekTa O, 3HAYEHUE DTOTO MOKA3aTENs PACCUMTHIBAET-
Cs1 110 BBIPAXKEHHIO:

Pp =0ty +B 1y, (3)

e t, — nporHosupyemoe Bpems jpukenus CII ot
TOYKH Y, J10 0ObekTa O,; |, — PACCTOSIHHE OT TOYKHU
1o obbekta O; 0. u B — KOIQPUIMEHTHI, XapaKTepusy-
IOLINE YPOBEHb IPEIIIOYTHTEIILHOCTH MTOKa3aTeneil Bpe-
MEHH ! ¥ PacCTOSHUS »* IPYT OTHOCHUTENBHO Jipyra (TpH
9TOM OoJIbllIee 3HAUCHNE COOTBETCTBYET OOJIBIIEH Mpen-
noututensHocTH), rae o+ = 1. KoHkpeTHbIe 3HaYeHUS
9THX KOA(PQUIMEHTOB MOTYT 3aJaBaTbCsl 3KCIEPTHO
Wi U3 cyObeKTHBHOTO mpescrasienus nosexenust CII
B KOHKPETHOMW CIIOKUBILIEICS 0OCTaHOBKE.

3HaueHHe IOKa3aTelsl OMAaCHOCTH IpeJoiarae-
MbIX Tekymux koopauHat CII mis oObekra Ol paccuu-
TBIBACTCS 110 (POpMYJIC:

1
T, =—,pPp >0. 4

Pip

[Ipumep pacyera ¥ IOCTPOCHMSI H3OJIMHHUN
(IMHUI  pa3HBIX 3HAYEHWIl) MOKa3aress ONACHOCTH
n(p) =n(r, f) U1 OOBEKTa TMpPHUBEAEH Ha PHCYHKE 2.
3nech s Bo3MoxkHoTo IyTH asrkenust CII u paznma-
HBIX 3Ha4eHWH p=p (7, ) MIOCTPOCHA COBOKYIHOCTbH
U30IMHAH TL(p,) > 1(p,) > W(p,) VI yCIOBUH p, < p, <p,.

Yo

w(p2)

Pucynox 2. Ilpumep nocTpoeHus JIMHUNA pa3HbIX 3HAYCHUI
[0Ka3aTesis OIIACHOCTU
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U3 pucynka 2 ciemyer, 94To 4eM OoJbIie 3Hade-
HHUE TIOKa3arens 7 (T. e. 4YeM OJIKe IO PACcCTOSIHUIO H
MCHBIIIC 110 BPEMCHHU IIEPEIBMIKCHUS HAXOIHUTCS pac-
cMaTpuBacMas KOOpJHHATa K 00BEKTY), TeM IIPeaIoa-
raeMoe TEKyIlee MECTOIOJIOKEHIE OyIeT Oojiee OmacHo
JUISL TaHHOTO 00BbekTa O.

C TOYKM 3peHUs BO3MOXKHBIX LIEJIEBBIX YCTAHOBOK
CTI MHOXeECTBO 00BEKTOB BHUMAHHUS Oj, j=1,n, Haxons-
IIUXCS B 30HE R, KaK MPaBUIIO, UMCIOT Pa3IHYHYIO BaXK-
HOCTB, KOTOPYIO CIICAYeT YYUTHIBATH NPU OPTaHU3AINH
MIPOTHBOJICHCTBUSI.

Bynem cunrtaTh M3BECTHBIMU (33JaHHBIMH) KOM-
TIOHEHTBI BekTOpa W= {w, w,,..., W }, XapaKkTepH3y-
IONINE PacIpeIeIiCHINEe BAXHOCTH OOBEKTOB BHUMAHHS

n

Oj, j=l,n, IpyT OTHOCHUTENBEHO JApYTa, IPHU ITOM ZWj =1
j=1

Torna BexTopHbIN mOKazarens onacHocTu Il kaxaoro

13 00BeKTOB BHMMaHKS O, ONpeleNieMBblil JUis BCEro

MHOECTBA OKPYXKAIOIUX €r0 KOOPIUHAT g, OLICHUBAET-

Cs1 C IOMOILBIO BBIPAKEHHUSL:

I, = {IL,(r, ), IL(r, O ... IIn(r, O)},

el (r,)=wmn(r0,j=12.ni=12.¢g (5)

Ha pucynke 3 st IpUHATON CHUCTEMBI MPEJIo-
JIOKEHUH MO pe3ylabTaraM MPOTHOCTUYECKOTO MOJIENU-
pPOBaHUS HA OCHOBE ITU(PPOBON KapThl MECTHOCTH TPE/I-
cTaBieH «mnoprpet» MectoHaxoxaenus: CII B 3agannbie
MOMEHTBI BPEMEHH (%, £, I,).

Kak BuaHO U3 pucyHka 3, B HAYaJIbHBI MOMEHT
Bpemenn £ CI1 HaXOUTCS B TOUKE .

OpiuenTUpoBoUHoE:
t MECTO oBHapyKeHA
HBQ,

O6vexT ¢ BaxHoCTbI0 W1

) BeposTHbie MaplpyTHi
Aewkenus HB® Kk oGbexTam
BHUMaRA

OBbexT ¢ BakHOCTEIO W2

Pucynox 3. IlocTpoenue BepoITHOCTHOTO OPTpeTa
MECTOHAXO0X/ICHUsI CyObEeKTa JUIsl IPUHITON CHCTEMBI

MIPEOI0KEHU I

Ero menbio sIBIsieTCSl BHIOJIHEHHE JIECTPYKTHB-
HOTO JIEHCTBHS 110 OTHONIEHHIO K 00beKTy BHUMaHus O,
wm O, (B oOmem ciydae: npeanonoxurensno CIT mo-
JKET MEPEMCILATECS K OIHOMY 13 00bekToB O, j =1, ).
OOBEKTH UMEIOT 3HAUUMOCTD (BaXKHOCTB) JIpyT OTHOCH-
TENBHO JIpyra W, U w, (B 00IIEM ciydae — w (=1, n)).
Tpaexropus neuxenue CII 3aBUCUT OT €ro MoJenu Io-
BEJICHHSI, KOTOpast ONpe/essieT: Oy/leT OHO JABUTaThCs MO
OTKPBITOW MECTHOCTH JINOO JIECHBIMU TPOIIAMH, UCTIONb-
30BaTh TPAHCHOPTHBIE CPEJCTBA MM HET, U T. 1. U T. I

(Bce 3TO YUHTHIBACTCS C TIOMOIIBIO METOMKH, H3JIOKEH-
Ho B [1]). [Ipy 3TOM CKOPOCTH ABIKCHHUS ONPEACTISACTCS
MIPOXOJMMOCTBIO KaXJIOH JTMCKPETHl MECTHOCTH, TIPEI-
CTaBJIICHHON IMQpPOBOI KapToi. BeposTtHoe MecToHa-
xokaenne CII Ha pucyHke 3 0003HAUCHO BBIICICHHON
oOnacteto. Takas sxe 005acTh U1 OOBEKTOB MOKA3bIBACT
CTETICHb UX OMAaCHOCTH.

PaccMoTprM, Kak B 3aaHHBIX YCIOBHSX II0-
JydeHHas WHOOpPMAMS MOXET CIyHTh OCHOBaHHEM
JUI IPUHATHS PEeLIeHns Ha opraHu3anuto noucka CII.

MaremaTu4eckasi (popMyTHpPOBKa NMOKA3aTeJIs
Ka4ecTBa pelleHNs 3aa4M MOUCKA Cy0beKkTa
HA MECTHOCTH

[IycTe B Hamem pactopsDKeHHHM HMEIOTCS Ompe-
JICICHHBIE CHJIBI U CPEACTBA (TPYIIBl BOCHHOCIYKa-
[UX-Pa3BeUUKOB, camoieT pa3Bemauuk, BIIJIA, aBTO-
JKHUP U T. JI.) A7 IPOBEACHUS MTOMCKOBBIX MEPOIIPUATHIA.
JUis KOHKpeTH3aIMKu paccMaTpUBaeMoil 3a/1a4M MOMCKa
CII npumewm, uto kaxkaas nmouckonas equanna (I1E), na-
XOZAMIAsACSA B MOMEHT BPEMEHH /; HA YYACTKE MECTHOCTH
d, 3alaHHOTO pasMepa M MPOCMATPUBAOWIAs €ro, CIio-
coOHa K OOHApYy)KEHUIO BOOPYKEHHBIX BOMHCKHUX (op-
MHUPOBAHHH C BEPOATHOCTLIO D). CV)HCHKa noKasatens p,
ABJISICTCA HETPUBHAJIBHON 3a/1aueii, 3aBHCUT OT MHOTHX
CBOMCTB 00BCKTa M CPEIACTB OOHAPYKEHHUS U TpeOyer
MIPOBEACHUE JOMOIHUTENIBHBIX UCCIEIOBAHNHN, TIOATOMY
B paMKax JJaHHOH CTaThbU HE pacCMaTPUBACTCA.

[TocTaBuM 1I€NBIO0 TOCTPOCHHE TAKOTO pacmpe-
JICTICHHUSI TIOMCKOBBIX EIUHMI[ IO TPEarojaraeMbIM H
MIPEIBAPUTEIHLHO PACCUYUTAHHBIM C TIOMOIIBIO BBIIIE
MIPE/ITIOKEHHON (hOpPMaNIN3allMi 30HAM MECTOHAXOXKJIe-
nus CII (paionam d , d,, ... d,), npoBejienne Tam nouc-
KOBBIX MEPONPUATHH (T. €. MPOBEACHUE TaM Pa3BEIKN),
KOTOPOE MOIJIO ObI ONTHMHU3UPOBATh BHIOPAHHBIH MOKa-
3areinb 3G hekTuBHOCTH.

B kauectBe kputepus 3(p(HEKTHBHOCTH MPUMEM
MaKCUMyM TIIOJIHOI BeposiTHocTH oOHapyxenus CII1
HpU IPOCMOTpE Beex 30 d,, d,, ... d,, T. .

k

P(x):iwi-l_[i(r,t)- I—H(l—pijxl.j) —max, (6)

=

T7I€ 711 — KOJIMYECTBO TTOMCKOBBIX SIMHMIL; k — KOJTMIECTBO
paiionoB ans noucka CII; P, — 3HAYCHHE BEPOATHOCTH
obnapyxerus CII i-M MOMCKOBBIM CPEIICTBOM B j-M paii-
OHE; X, — MapameTp, IPHHUMAIONHNIT 3HaYeHHe 1, ecin
i-€ TIONCKOBOE CPEACTBO HA3HAYAETCS JUIS BBIOJHEHUS
noucka CII B j-m paiione, u 0, eciu i-e CpeACTBO HE Ha-
3HA4aeTCs; W, — alpHOPHAs BEPOSATHOCTH HAXOXKICHHUS
CII B Ka)K10M j-M paliOHE MOMCKa.

[Tpn 3TOM HEOOXOAMMO yUYECTh OTpaHUYEHHS IO
BpeMeHH I HEOOXOAMMOTO ISl TIEPEMEICHNSI B paiioH
moucka CII (pucyHok 4). OHO NOMKHO OBITH MCHBIIIE
mporHo3Horo Bpemenn nBmxeHuss M(f) CII k BeIOpaH-
Homy 06bekty O, (O, ). J111 MOMCKOBBIX EMHMIL, 3aBHCS-
X OT 3amaca TorumBa (Harmpumep, BITJIA) TpeOyerces
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y4eCcTh MaKCUMAJIbHOE paccTosiHue S*, mpeojioeHue Ko-
TOPOTO IO3BOJISIET 0OECIIEUNTH BBHITIOJIHEHNE 33/1a4H T10-
ncka CII. JlanHoe paccTosiHUE JIOJDKHO OBITh MHHUMYM
PaBHBIM PACCTOSIHUIO S — PACCTOSIHUE OT HCXOIHOTO Me-
CTOTIOJIOKEHHMS TTOMCKOBOM €IMHHUIIBI JI0 palioHa MOMCKa
(pucynok 4). Hanpumep, B ciryuae nonydeHus: nHpopma-
LUK O pe3ysbTarax pasBelKH TOJBKO I0CJIE BO3BpAllle-
nust I1E Ha ncxomHoe MecTOIOIOKeHNE, 3arac TOIINBa
y IIE momxeH OBITh TakoH, 4TOOBI 00ECIICUNBAIOCH OBI
IIPOXOXK/ICHHUE paccTOosiHUS He MeHee 2-S (§* = 2-S).

BepoATHEIe MAPIPYTH
spiesis CIT K oGbexTaM
0n0;

e

}

\

\

\
Mecromnonoskene s
BIUIA (nymxr Baieta |

HoCAzKI) HA  MOMEHT
Bpeen t, ————»

Pucynox 4. IlapameTpsl pacnpeiesieHs HOUCKOBBIX €IUHHUI
IO TIPEATIOIaraeMbIM 30HaM MECTOHAXO0XK/ICHUSI CyObeKTa

C y4eToM BbIIICyKa3aHHBIX OTPAHUYCHUIT BhIpa-
JKCHHE IS 11eJIeBO yHKIMK P(X) 3amumiercs cleayo-
MM 00pazom

P(x):iw,.-l_[i(r,t)- 1- (l—ul.j/l.jpyxy) — max, (7)

k
i=1 =1

e u; — UENOYHCICHHAs NEpPeMeHHas, paBHast 1, mpu
BBITIOJIHEHUH YCJIOBUS Tij < M,»j(f) MEXIy i-Oi MOHC-
KOBOHM elMHUILIEH U j-M palloHOM moucka u paBHas O B
NPOTUBHOM CITydae; ¢, — LENOYHCICHHAs MePeMCHHAs,
paBHast 1, Ipu BBINONHEHUM ycIOBUSA S *l_j > Sij MEKIY
i-Olf TIOMCKOBOM €MHHUIICH U j-M pailoHOM MOMCKA U paB-
Hast 0 B IPOTHBHOM CIydae.

Vckomoe pacmpenesieHHe JODKHO 00€CIeuuTh
MAaKCHMH3ALHUIO IeJeBON (QyHKIuKM P(x) MpH yCIOBHUH,
YTO KaXk/1asi U3 IOMCKOBBIX €IUHHUI] 0053aTeIbHO Ha3Ha-
yaeTcs Ha KakoH-Tnbo U3 paiioHoB moncka. CymMmapHOe
3HAa4YEeHUE KOMIIOHEHT BEKTOPa xj(j = 1,2 ... k) gns atoro
YCIIOBUSI JOJDKHO OBITH PaBHBIM EANHHUIIE, T. €.

k
Dx;=li=12,...m ®)

J=1

Beipakennst (7) u (8) npeacrasisiior coboii He-
JMHEHHYI0 ONTHMHU3aMOHHYIO 33/1a4y BEIOOpa JIy4IIero

pacnpesieneHusl pasHOPOAHBIX MOMCKOBBIX €IMHUL] IO
BCEM JIMHAMHUYECKH M3MEHSIOIINMCS BO BPEMEHHU paiio-
HaM BepoATHOro MecrononoxxeHus CII.

Ananmu3  cOpMHPOBAHHONW ONTUMH3ALOHHOW
3a[]a4u TI0Ka3bIBAET, YTO C YBEIUUYEHUEM TEKYIIETO Bpe-
MEHH (4TO B IPUHSATHIX YCIOBHUSX PABHOCHUIIBHO ITPHOIIH-
skeHnto CII k oHOMY 13 00BEKTOB) OOJIbIIee BIMSHUE
Ha BBIOOP IOCIIE0BATEIBHOCTH IIPOCMOTPa 30H MPUOO-
peratoT 3HaueHus rokaszareins I1 (cTemeHM onacHOCTH
NpUOIMKEHUSI K O0BEKTaM) YTO COOTBETCTBYET HEO00-
XOIMMOCTH IPOBOJUTH MOUCK UMEHHO TaM. [Tpn maibix
3HAQUEHMAX TEKYIIEro BpPEMEHH (IPOILIEIIETO IOCie
oonapysxenust CIT) Gosbliiee BIusiHIE Ha BEIOOD MOCIIC-
JIOBaTeNbHOCTH TpHoOpeTaeT 6mm3octs [1E x mpeamona-
racMoi TPaeKTOPHH.

He ocranaBnuBasch Ha criocode ee pemreHust (OH
OCHOBaH Ha IIOCTPOCHUH HTEPALNOHHON MpPOLEAYpHI
YTOUHEHHUS! HAYaJIbHOTO YacTHOTO PEHICHUs) oOpaTum
BHMMAaHHUE, YTO KaXXJIblii HOBBIM pacueT nepepacnpene-
sienus 11E npuBOAUT K yJIy4LICHUIO PELICHMS 3a/1a4y 110
TOKA3aTeIo p,. ITO CBSI3aHO C BOSMOKHOCTBIO 3a/ICHi-
ctBoBath I1E u3 paiionos, B koTopsix mouck CII Ob11 3a-
BepureH. [Ipu aToM, /17151 TOTO 4TOOBI OLIEHUTD, HACKOIIb-
KO ITOBBICUTCS ONIEPATUBHOCTD MIOMCKA U BO CKOJIBKO a3
BO3pacTeT 3HaucHue QyHKImU P(x) moTpedyercs ucce-
JIOBAaTh IIpeuIaraeMyro (GopMan3annio Ha KOHKPETHBIX
MpUMepax.

3akiaouenne

TaxuMm 06pa3om, MpeAoKEeHHAs MaTeMaTHIeCKast
(dbopmanu3aIsi MO3BOJUT PYKOBOIUTEIIO 00OCHOBAHHO
BBIOpATh BapHaHT OPraHU3ALUK IOMCKOBBIX MEPOIPHSI-
THI Ha OCHOBE MPHHATHIX MPETIOIOKEHUH O TOBECHUH
Clln JOITYCTUMOTO MPUMEHECHHS CBOUX IMMOMCKOBBIX CHUJI
U cpeAacTB. B ycnoBusx oTcyTcTBHS Kakoi-1100 10CTO-
BepHON MH(pOPMANMK O MECTOHAXOXKICHUHM U IIPEITO-
naraembix nevictBusix CII, aTo Oynmer cnocoOGcTBOBaTH
orepaTMBHOMY OOHapykeHHI0 MecTonosoxkenus: CII
U, COOTBETCTBEHHO, 3((PeKTHBHOMY peIIeHHIo 3a1ad
npotuBojielicTBrsl. Haunbosee MOIXOMSIIMM METOIOM
penieHust chOpMUPOBAHHON ONTUMH3ALMOHHON 3aJauu
sIBIISIETCA HelpoceTeBoM. B 3ToM ciyyae OTCyTCTBYET
HEOOXOAMMOCTh CBEICHUS 3a/laud K M3BECTHOMY (aHa-
JIUTUYECKOMY, CTaTUCTUYECKOMY WJIN KakOMy-TO 3B-
PHCTHUYECKOMY) METOJY €€ pEMICHHA. A JOCTaTOYHO
3amucaTh LHEeNeBYl0 (DYHKIUIO M CUCTEMY OIpaHWYEHHI
4yepe3 (YHKIHIO SHepruu HelpoHHOH cetH [3] (kak 310
MpHUHATO s ceTn Xondwmiga [4]). DTu TeopeTHIecKue
W PAKTHYECKHE BOIIPOCHI IPEIIONIAraeTcs pacCMOTPETh
OTJEIBHO.

CUCTEMHBINA AHAJIN3 U TIPUKJIATHASI THOOPMATHUKA
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ITABJIFOKOBEI] C.A., BETRYEHKO A.A., IOBATBIH A.A., PAIKEBHUY A.A., XOJIOJ I1.B., EYUBHJ] A.I1.

BJIUSHUE KOHCTPYKTUBHBIX OCOBEHHOCTEHN HA D®D®EKTUBHOCTD
PABOTbBI BECIIMJIOTHBIX JIETATEJIBHBIX AIIITAPATOB

benopycckuii nayuonanvHulii mexnuueckuti ynusepcumem
2. Munck, Pecnybnuxa benapyce

B pabome paccmompen 0030p pasiuumbix KOHCMPYKYULl OeCnuIOmHbIX J1emamenbHblX annapamos cepuu
«FPV-opony. Ilpogedeno umumayuonnoe mooenuposanue KOHCmpykyuy Oecnuiomuslx 1emamenbHbix annapamos
Ha ynpyzo-deghopmayuonnvie ceolicmea xopnyca. [Iposeden uacmommo-pe3oHaHCHIll AHATU3 U MepMUYecKull
aHanu3 KOHCMPYKYUU 1emameibHo20 MOOUTbHO20 poOOMA, Umo NO360IUL0 NPOAHATUZUPOBANb KOHCMPYKMUGHbLE
0COOEHHOCMU CIPOeHUs 1emameIbHO20 MOOUIbHO20 poboma u 0ams peKoMeHOayuu no 8blo0py Mamepuaios u
anemMenmos 0 obecneuenus Hauboree NPOYHOCHHBIX XAPAKMEPUCTUK.

Kniouesvie cnosa: Oecnunommuvlii JemamenvHull annapam, uUMumayuonnas mooenv, «FPV-opouy,
MYTLIMUKONMep, MUHUKONMep, MUKPOKONMep, 4acmomHo-pe30HANCHbII AHaIU3, MepMUdecKull ananu3

Brenenne MHUHH-KBaJPOKONTEPhl  (2)  SABIAIOTCS  OBICTPBIMH,

MaHEBPEHHBLIMH W yCTOMYMBBIMM K aBapusMm. Ha

C passurueM aBHAMKM U POOOTOTCXHHKH, Ha CEeroJHAIIHUM JeHb aaHHble FPV-apon umeer Gosee
CCrOJHAIIHUA JeHb BCE OONbLICe PACHPOCTPAHCHHUE  \iomippie JIBUTATENIN, 00Jee EMKHE aKKyMYyJSATOPBI H
MOJNyYaloT ~ OCECHIIOTHBIC — JIeTATeNbHBIE  ammapa- GOMBIIVIO JAIbHOCTL moneTa. Takke COBPEMEHHDBIE
et (BJIA). B mocnennee Bpems MOXKHO BCTPETHTB  noneny MMeEIOT XOPOLIEE COOTHOLIEHHE MOLIHOCTH K

tepmuH  «FPV-mpon», dro QaxTHYecKW SBIACTCS BECY 1 MOT'YT Pa3BHBATh CKOPOCTH 10 290 Km/4.
OeCHMIOTHBIM JIETATEIbHBIM alapaToM OCHAIICHHBIM,

Kak TMpaBWUJO, BHACOKaMepoil Ha Oopty. BJIA mmpoxo
UCTIONB3YIOTCST Ul a3pO(OTOCHEMKH, Ui BHECCHHMS
ynoOpeHnii W SIOXMMHKAaToB (TaKk  Ha3bIBacMbIC
arpoipoHsl). B CBM3M ¢ KOHCTPYKTUBHBIMH
ocobernnoctsimMu FPV-npons! knaccuuimpyrores:

. «<mynpTuKONITEP» (MM «MYJIBTHPOTODPY),
JTAHHBIH TEPMHH MPUMEHSIETCS IS JTI000TO «KOITEpay,
KOTOPBIH MMeeT OoJiee 0IHOTO OCHOBHOTO MOTOpa WIIH
nporesiepa [2], HampuMmep TPUKONTEP OCHAMIACTCS
TpeMsl ~ JBUTAaTeJIsIMH, KBaJPOKONTEp  OCHAIIAETCs
YEeTBIPbMSI MOTOpPaMH, TEKCAKONTEep HWMEET UIEeCTh
MOTOPOB, OKTOKONTEP — BOCEMb U TaK JlaJIee.

450 Quadcopter 4-\
.

Mini Quad

Pucynok 1. Ilpumep KOHCTpYKIHIA KBaAPOKONTEPA
¥ MUHHKoMTepa [1]

o
2. Munukonrep — 93T0 (aKTHYECKH MAJIOro PucyHok 2. MUHUKONTEPHI:
pasMepa  KBaJpOKONTEP, JAaHHYK  KOHCTPYKIIHIO a) ¢ JIonacTsAMHM 5 F0MOB (CleBa), ¢ JonacTsMH 2 JIroiiMa

Ha3eiBatoT FPV-npoHn. 13-3a Manbix rabapuToB JaHHBIE  (crpasa); 6) 4-moiimoBsiii FPV-1pon Maccoii 10 250 rpamm. [1]

3,2024 SYSTEM ANALYSIS AND APPLIED INFORMATION SCIENCE



24 YHPABJIEHUE TEXHHUYECKHUMHW OBBEKTAMMU

FPV-npoH ¢ 5-110iMOBBIMU BUHTAMHU SIBJISIFOTCSI
YHHUBEPCAJIBHBIMH, C OTJIMYHBIM OallaHCOM MEXIY
MOIITHOCTBIO, 3()()EKTUBHOCTBI0O W MaHEBPEHHOCTHIO
(puc. 2, @). JlaHHBIE MOJETH YacCTh HCIIONB3YIOTCS
JUI TIOJITOB BOJIBHBIM CTHJIEM, TOHOK M JaJbHUX
noseroB. JlaHHBIE MOJIENIM Yallle BCETO OCHAIIAIOTCS
oKmH-kamepoit (GoPro), Bec WX IOCTHTaeT BMECTE
¢ akkymymsTopHOH Oatapeeir 500-700 rpammoB, a
cpenHssl MakcHMalbHas ckopocTh a0 120 km/4. Tax
’)K€ OueHb nomyssipHbl 4-aroiimoBble FPV-gpon us-3a
BBEICHUS B HEKOTOPHIX CTPaHaX OIPAHUYCHHS Beca
B 250 rpamMMm OECIWIOTHOTO JETaTeIHHOTO armmapa-
Ta (puc. 2, 0).

3. Mukpokonrep —3T0  2-X  JIIOWMOBBIE, 2,5
JnoliMoBble M 3-x  mrorimoBble  FPV-nponel  mano-
ro pasMepa C MaJlbIM BECOM W JOCTOHMHOW IpPOU3BO-
TUTETBHOCTRIO (pHC. 2, a U puc. 3). JlanHBIE MomeH
[0 KOHCTPYKLUMHM aHAJIOTUYHBI S5-TH  J(IOMMOBBIM
MHUHUKOIITEpaM, €IMHCTBEHHOE, M3-32 MalbIX rabapu-
TOB, OCHACTHTh WX OKIIH-Kamepoir GoPro He mpen-
CTaBIISIETCSI BO3MOKHBIM.

Pucynok 3. MukpoxonTeps! ¢ npornesiiepaMu THaMeTpoM
3 nroiiMa u MeHble, pazmep paMbl 150 MM U MeHbILIE

4. Tiny Whoops — mannast kareropus FPV-
JIPOHOB  sIBNIsieTCst odeHb Jierkoir (20-30 rpamMMoB ¢
aKKyMYJISITODHOHM OaTapeeil) W mpeaHa3sHauCHHAS IS
mojietoB B momenicHuu. Jlanuend Buj BJIA umeer
KOHCTPYKTHUBHBIE OCOOCHHOCTB, KOTOpAs 3aKII0YaCTCS
B OCHACTKE 3aIUTHOTO KOXYyXa B BHJE KOJBLEBOTO
000/1Ka IO OKPY>KHOCTH TIpOIIeNiepa. aiuTHBIN KOXKyX
CIIY>)KAT 3alIUTOM OT COIPHKOCHOBEHUS IIpoIesiepa
C OKPYXXAIOIIMMH IIPEeIMETaMHi, 3TO B CBOIO OYepenb
yTspkenseT KoHcTpykuuio BJIA w  cHmKaer ero

npousBoauteibHocth. Tun Tiny Whoops FPV-npona
HE 0c000 MOAXOIAT IS TIOJETOB HA OTKPHITOM BO3IYXE.

5. CBepxJIeTKHE APOHBI HWMCIOT  HEOOJBIION
pa3Mep W Bec, BHEIITHE BBITIISAAT KaK CBs3Ka 3yOodwc-
TOK ¥ T03TOMY TOJNYYHJIM HA3BaHUC «3yOOUUCTKH.
Hannsle BJIA npegHazHaueHbl [Uid  JI€MOHCTpaLUU
BO3MOKHOCTH (TPIOKOBBIX 3JICMEHTOB).

6. Cinewhoops 93TO  pPa3HOBHIHOCTH JpOHA
¢ mpomeiepaMud 10 3-X JAI0NMOB BOKPYI KOTOPBIX
HAXOAATCS 3ammTHBIE Kombhna (puc.5). [laHHBIC
Monenn ocHameHsl HD-kxamepoit tima GoPro. Cepus
Cinewhoops ApOHOB HamIa CBOEC NPUMCHEHHUE IS
BeJICHUs KUHOCHheMKH. CTHIIb TOJEeTa JAaHHOTO IpOHA
MEUIEHHBIA W IUIaBHBIM, YTO O€30IIacHO JUIs IIOJIETa
B ITOMEIICHUH.

mTe 33

Pucynok 5. Cepust Cinewhoops aponos ¢ HD-kamepoit
7181 BeAeHUsI KHHOChEMKH

7. ApoHsI ¢ 6 1 7-MH TIOHMOBBIMHU ITPOMEIIEPaMU
BBIZICNISIOT B OTHenbHBIA Kkiacc BJIA. JlanHas cepus
JPOHOB HMeeT 0oiee BBICOKYIO T'Py30IOABEMHOCTD
MOTYT HECTH OoJiee KpYIHBII Tpy3 min Oosee Kpyn-
HbIII aKKyMyJsITOp 4€M MMHHUKONTEPBl C 5-TH
JIIOMMOBBIMM  TIpOMeuiepaMu  JIpoHbl. Takue Mopenu
NOAXONAT YyXKe Ul JajJbHUX IOJIETOB, HEJOCTAaTOK
JAHHOM MOJAETH B TOM 4YTO Oosiee OOJNBIINE WHEPIUH
1 TIO3TOMY OHH HE CTOJIb IIPOBOPHBI, I03TOMY Il TOHOK
1 aKpoOaTHUECKOTO CTHJIS OHU HE TIOJXOJIAT.

PucyHox 6. JIpoHsI ¢ 7-Mu 1I0OMOBBIMH NIpONELIEpAMH

8. Cinelifter — 370 OKTOKONTEPH B KOH(HIYpa-
nuu X8 (KBaJPOKONTEP C IBYMsS MOTOpPaMH Ha KaXKIOM
nyde). Ha paHHyO cepuio IpOHOB YyCTaHABJIMBAIOT
6-8 MIOMMOB  TIpoTeUIephl W OCHAIAIOT KaMepamu

Pucynok 4. Tiny Whoops FPV-apona ais nosnerosn [IPEMHAJIBHOIO  YPOBHS  JUisi  NPOQECCHOHATBHOM
B IIOMCHICHNH KHHOCHEMKH.
CHUCTEMHBIA AHAJIN3 1 MNMPUKJIATHASI THOOPMATHUKA 3,2024
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9. poHsI 3kcTpa-kiacca (X-class) 1 «MOHCTPBD»
SBISIIOTCSL  CaMBIMH ~ KPYMHBIMH ¥ MOIIHBIMH
OecnMIOTHUKAMHU CpeJii IPOHOB. JlaHHbIE cepuu APOHOB
MMEIOT BEICOKYIO CTOUMOCTB U IOPOTHUE B 00CITYIKBAHHH.
JlpoHBI 3KCTpa-Kjlacca MMEIOT paMy pa3sMepoM OT
800-1200 MM m OcCHamAIOTCS TpoTeuIepaMu oT 9 1o
13 mroiimoB. Ha JIpOHBI «MOHCTpPBI» MCHOJB3YIOT paMy
MeHnee 800 mm. [IpencTaBneHHbIE CEpUH IPOHOB UMEIOT
JIOCTaTOYHO OOJIBIIYIO JaJbHOCThH I10JI€Ta, OOJIBIIYIO
IPy30MOJBEMHOCTE U XOPOUIYI0  MaHEBPEHHOCTb,
IJIABHOE MPEUMYIIECTBO HMX B BBICOKOW TOYHOCTH
M0JIETa, YTO aKTyallbHO JUIS TOHOK.

PaccMoTpeHHbIE KIacCH(UKALMKM JPOHOB  I10-
Ka3bIBAIOT, YTO B 3aBUCHMOCTH OT BHHTOBOW TPYTIIEI,
Ha FPV-gpoHe wumerorcs CcBOM  KOHCTPYKTHUBHBIE
0COOCHHOCTH. DTO CBS3aHO C TEM, B KaKHX YCIOBHUSX
SKCIUTyaTHPYeTCsl JIeTaTeNbHbIM ammapaT ¥ A KaKux
nenedt. Korma BJIA coBepriaer moner, Ha KOpIyC
JICUCTBYIOT CHJIBI CONPOTHBIICHHS BO3/1yXa M B CBS-
31 ¢ 3TUM H3 o030pa koHcTpykuui FPV-nponos,
MIPUBEJICHHOTO B CTAaThE€ pPaHEE, MOXHO YBHUAEThb, YTO
omau bBJIA Oomee MOOWIBHBIE W MaHEBPCHHEIC, a
JIpyTHE MOTYT JIETETh C HEOOJNBIION CKOPOCTHIO. DTO
CBSI3aHO C KOHCTPYKTHBHBIMH OcoOeHHOCTsIMH BJIA,
pacIoiI0oKeHUEM 1 KOJIMYECTBOM JBHUTraTeneii Ha KOpIy-
ce. IToaToMmy, akTyanpHOH 3amadeil OyJIeT pacCMOTPETh,
KaK BIHUSIIOT CHJIbI leopmaninu Ha kopryc BJIA.

OcHOBHAfl YACTh

Ienpro naHHOW CTaTbU SBISETCS IPOBEACHUE
MOJICTIMPOBAHUSL  YIPYTro-Ie(OpPMaIMOHHBIX ~ CBOMCTB
Pa3IUYHBIX KOHCTPYKLUUH C Pa3JIU4HbIM KOJUYECTBOM
U PACIIOJIOKEHUEM JJIEKTPOABUTaTEIICH.

PaccmoTpum MOJEIU KBaJIpOKOIITEPOB,
B KOTOPBIX TPaJUIMOHHO HcHonb3yoTcs 4  Oec-

KOJIeKTOpHBIX ~ anmektpoxsurarens  (B/AIIT). Ha
puc. 8, a mnokazaHo pacnonoxenue BJIIT cBepxy
KOopIyca KBaJgpoOKoNTepa, Ha pHUC. 8, 6, IBUTATEIH
pacIoNoKeHbl CHHU3Y KOpIlyca KBaJpOKONTepa, Ha
puc. 8, 6, 2 IepeTHUX ABUIATEIST PACIIOI0KEHBI BHU3 U
2 B BepX HaJl KOPITycOM KBaJipoKomTepa. Takxke B CTaTbe
paccCMOTPUM TPAAMIMOHHYIO MOJIENIb KBaJPOKOITEPa
¢ 4-Ms1 ABUTATEISIMH, PAcIOIOKEHHBIME BBEpX (puc. 8, )
U MOJENb C §-MIO 3JICKTPOABHUTATENISIMH 4 JIBUTATENs
BBepX W 4 nBurarens BHHU3 (puC. 8, 0), TIe UIA 3TUX
JIBYX MOJEJNeH YCTaHOBIECH YCWICHHBIH KOpIyC B
BUJIE JBYX ME-peKIaguH C MPaBOH M C JIEBOW CTOPOHBI
KBaJIPOKOTITEPA.

C 1memplo AKCIEPUMEHTAIBHOTO OIPEICICHUS
ONTHUMAIBHONW KOHCTPYKLHMH KBaJpOKONTEpa ObLIO
MIPOBEJICHO  KOHEYHO-DJIEMEHTHOE  MOJECIMPOBAHHE
KOHCTpyKUMH Juist 5 BapuantoB BJIA ¢ paznuusHbiM
pacIiojoKeHHeM JBUTaTeNeld, M3 KOTOphbIX 2 Ba-
puanta BJIA ObutM TPOMOIENHPOBAaHBl C  JOIOJ-
HUTENBHBIMH 110 OOKaM IUIAaHKaMHU U yCUJICHHSA
Kopmyca. MopgenupoBanue, mpoBeaeHHoe B CAIIP
SolidWorks, Bkmo9amo wucciegoBaHHE HANMPsHKEHHO-
nepopmupyeMoro M TEPMHYECKOTO  MOBEACHHSA
KOHCTPYKIIMH JpOHA TMpH TOMOIIM HHCTPYMEHTOB
«HactoTHpld aHamu3» U «TepMUYECKUH  aHAIMU3»
B SolidWorks Simulation.

Jns mpoBeneHNsT aHAIW30B OBIIM OIPEAEICHBI
MaTepualbl 3JIEMEHTOB KOHCTpyKumi. Ilpmmem, dro
KpPECTOBHHA paMbl H3TOTOBJIEHa W3 JIETHPOBAHHOM
CTaNM, TUIACTHHBI IIGHTpAa paMbl BBIINOJHEHBI U3
xonomgaonedopmupyemoit cramm AISI 1045, kpemex-
HBIC COCJIMHEHUS — W3 JIMTOW HEep)KaBEIOUIeH CTai,
KOpIyca 3JIEeKTPOJBUraTeleil — Hu3 HEP)KaBEIOLIETO
cynepciiaBa  A286 Ha OCHOBE CTalM, KOPILyC
Bruaeokamepsl — u3 ABC-miactuka.

)

Pucynok 8. Monenu sieTaTenbHbIX MOOMIIBHBIX POOOTOB: a) 4 IBHTATe s HajJ KOpIycoM; 0) 4 ABUTATEIS MO/ KOPITyCOM;
B) 2 ABHTATEJIS BIIEPE/IH HAJl KOPIIYCOM ¥ 2 €311 JIBUTATEIIsS ITOJ KOPITYyCOM; T) 4 JIBUTaTesst HaJ KOPIIYCOM C yCHJICHHBIM
KopItycom; 1) 8 nBurateneil — 4 Hag KopIycoM | 4 ToJ] KOPITyCOM C YCHJICHHBIM KOPITyCOM
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Jis kaxmol KOHCTPYKIUHU ObLTH 3a(HUKCHPO-

BaHBl TP  WM3MEPEHHMsS  PE30HAHCHBIX  YacToT,
ompeneN¢HHbIE TPOTPaMMON  aBTOMATHYECKH (HaH-
MEHbIIAs  PE30HAHCHAas 4acToTa, NP  KOTOPOH

MPOUCXOIUT JedopMalivs, HauOONIbIIAs PE30HAHCHAS
4acToTa M CpeJIHsAA pPEe30OHAHCHAs dacToTa). Takxe
ObUIM TIOJIyYeHBI pe3yJbTaThl HarpeBa KOHCTPYKIMH
JOpoHa TpH TPEX 3HAYCHMSAX TEMIIEpPaTyphbl OKpPYXKaro-
mei cpexpr: mpu 40 °C, mpu 70 °C u mpu 110 °C,

sk

ERRTeN

o

Bce B TeueHue 10 c. PacnpocTrpaHeHue pe3oHaHCHBIX
YacTOT XapaKTepU3yeTcsl LBETOBOM IIKajnoil Ampres,
KOTOpasl SIBJISIETCSI OTHOCUTENBHOM BEITUYMHON pe3yJib-
TUPYIOIIEH OTHOCHTENBHOW AaMIUIHTYAbl KOJIeOaHUil.
YacToTHBIA aHAIN3 KOHCTPYKIIMM ApPOHA C 4 JBUTATe-
JIIMH CBEPXY paMbl ITOKa3aH Ha puc. 9.

Tepmuueckuil aHanu3 KOHCTPYKIHUM JPOHA
¢ 4 naBuratemsiIMM CBEpXy pPaMbl MOKa3aH HA PHCYH-
ke 10.

MRS
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RPN
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L ke m
[Pl
5001
Rl
gl

1,575

13103
[E=lbet: swepe: ¥ [FE]

52a0m
Autde m
Lrgen

ke o 1(E]

PucyHok 9. UacTOTHBII aHAH3 KOHCTPYKIUHU JJPOHA C PACHIOIOKCHUEM JIICKTPOABHUTATEIICH CBEPXY PaMbl IPH PE30HAHCHBIX
yacroTax konebanuii: a) 401,2 ', 6) 525,05 ', B) 559,98 '

6

Pucynok 10. Tepmuuecknit aHaan3 KOHCTPYKIMU JPOHA C PACTIONOKEHUEM MICKTPOBHUTATENIEH CBEPXY PaMbl IIpH
TeMIeparypax okpyxatomieii cpenst: a) 40 °C, 6) 70 °C, B) 110 °C.

CHUCTEMHbIN AHAJIM3 U IIPUKJIAJTHASI UHOOPMATHKA

3,2024



MANAGMENT OF TECHNICAL OBJECTS 27
AHanu3 puc. 9 TMOKa3plBaeT, YTO C POCTOM HAWOONBIIUH —  DJIEKTPOJBHraTe)Id W  CTalbHas

4acToThl (0T MuHHManpHOro 3HadeHus 401,21 mo kpecToBHHA.

MakcumanbHOoro 508,05 ') pe3oHaHCHBIE KOJICOAHUS Crnenyromeit uccieayeM KOHCTPYKIIUIO KBaapo-

HamOoJee HEraTUBHOC BIINSTHUEC OKa3bIBAOT Ha KomTepa C HHWKHUM PacioJIOKECHUEM quHpéx

KPECTOBHHY KOpITyca, Ha KOTOPOM CMOHTHPOBAHBI
neurarenu. HaOmromaroTcsi M3rHObI U MCKPHBIICHHS
KpPECTOBUHBI BO BceX HarnpaBieHusix. Koadoummenrt
nedopmanuu  cocraiasier 0,022, Taxke oTMmedaeTcs
n3ru0 HE3aKpeIuIEHHONH K KPECTOBMHE IIEHTPATbHOM
YacTH PaMbl B BEPTUKAIBHON MIIOCKOCTH HA YTOJI OKOJIO
30°. MakcuManbHble BHOpamuu KOHCTPYKIMH IpOHA
3aMKCHPOBAaHBI UMCHHO B 3TOM 00JIaCTH.

PesynbTatel Tepmmueckoro anammsza (puc. 10)
MOKa3aJi, 9TO C TEYCHUEM BPEMEHH MTPOUCXOTUT HArPEB
CHauana 3JIeKTPOJBUTaTeNeH, 3aTeM KPECTOBUHBI PaMBI,
3aTeM MEeHTpPaIbHOrO KperieHuss pambl. Ha puc. 10
pacmpocTpaHeHHE TeMIIepaTyphl MOKA3aHO IIBETOM: OT
MUHUMaIbHON — cuHeil (40 °C) mo MakcHMambHOH —
kpacuoit (117 °C). HaumeHbIINH HArpeB HCIBITHIBAET
BHJICOKaMepa M HIDKHASA TpaHb TEPEKPECThbs] PaMbl,

9JIEKTPONpUBOJIOB (puc. 8, 6). Pe3ynbprarhl 4acTOTHO-
PE30HAHCHOTO aHanmM3a JTOM KOHCTPYKLIMH IIpe.-
CTaBJIeHBI Ha puc. 11.

IIpn mwxHeMm pacnosnoxennun BT mo-mpex-
HEMY 3aMETHO 3HAYUTEIbHOE BIHMSIHHE PE30HAHCHBIX
YacTOT Ha  COOCTBEHHYIO  4YacTOTy  KOJeOaHWi
KOHCTpYKIMU. W3rubbl W  TMOBOPOTHI  DJIEMEHTOB
KBaJIpOKONITEpPa OTMEUYCHBI HAa4YMHAs C PE30HAHCHOU
4acToThl, paBHOW 359,49 T'm. Ilpm »>TOM Xapaktep
pactpocTpaHeHUs BUOpanuii KOHCTPYKIIMHA CMECTHIICS
OT BEpXHEHl TIACTHHBI IIEHTPA paMbl K HIKHEH TIacTH-
He, KyJa CMECTWJICS IeHTp Macc apoHa. Ilpu m3mepe-
HUU pe3oHaHca Ha oTMmeTke 521,25 I’ KoHCTpyKuus
KBaJIpOKONTEpa c HIDKHUM pacroyiokeHHeM
9EKTPOJBUraTeNIe MCKPUBIEHA BO BCEX IJIOCKOCTAX.
Koaddrmment nepopmarnu cocraBun 0,027.

g

[

Pucynok 11. YacToTHBIN aHATH3 KOHCTPYKIMHU IPOHA C PACIIONIOKEHUEM JIEKTPOIBUraTeIel CBEPXY paMbl P PE30HAHCHBIX
gacrorax konebanwmii: a) 359,5 'y, 6) 397,94 'y, B) 521,25 'y

Pe3ynpTaThl TEPMHUUYECKOTO aHalM3a KOHCTPYK-
MM KBAJPOKONTEpAa C HIKHAM PACIOJOXKEHUEM
JJIEKTPOIIPHUBOJIOB U300paKeHbI Ha puc. 12.

Pacripocrpanenue TeMIIepaTypbl pu
KOHCTPYKIIMM JpOHA C HIDKHHUM pacloJIOKEHUEM
3JIEKTPOJBUTATENEH II0Ka3al0 JIydIlne XapaKTepHc-
THKH TI0 CPaBHEHUIO C MPEABIIYIINM BapHAHTOM.
[lepBuuHOMY HarpeBy TaKkKe ITOJIBEPKEHBI 3JIEKTPO-
nBurarenu, a 3areM u pama (mo 108 °C B TeueHue

10 c). IIpu 5TOM IIEHTp MEPEKPeCThbs paMbl HArPEeBAETCS

no orMeTuk 92 °C, 4To MEHbBINIE, YeM MpPH BEpXHEM
PAacIoN0KEHUH IBUTATEIICH.

OueBHUIHO, YTO PACCMOTPEHHBIE JIBE KOHCT-
PYKIMH SBISIIOTCA  MEXaHHYECKH M TEMIIepaTypHO
HeycToiunBbMU. [lo3TOMy, TpoaHaIM3upyeM KOHCT-
PYKIMIO KBaJpPOKONTEpa C BEPXHUM PACHOI0KEHUEM
3aHUX JBUTAaTeled ¥ HIDKHAM PaCIONI0KEHUEM
MIepeHNX 3JIEKTpoABUTaTENe. Pe3ynbTaTel 4acTOTHO-
ro aHajIi3a 3TOH KOHCTPYKILUH [TOKa3aHbl Ha puc. 13.

Pe3ynbraTel TepMHUECKOTO aHANW3a JaHHOM
KOHCTPYKIIMHU n300paxkeHbl Ha puc. 14.
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Pucynok 12. TepMuuecKkuii aHaaIu3 KOHCTPYKIMU JPOHA C PACIIOIOKEHUEM DJICKTPOBUIaTEN €N CHU3Y PAMbI [IPH TEMIIEPATypax
okpykaromieii cpensl: a) 40 °C, 6) 70 °C, B) 110 °C
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8

Pucynok 13. YacToTHBII aHAN3 KOHCTPYKIMA JIPOHA C PACIIONOKEHHEM JJICKTPOIBUTaTENICi CBEPXY U CHU3Y paMbl
MIPY PE30HAHCHBIX YacToTax Konebanwii: a) 454,9 ', 6) 545,9 'y, B) 630,31 ['n
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Pucynoxk 14. Tepmuueckuil aHanu3 KOHCTPYKIMHU IPOHA C PACIIOIOKEHUEM IEKTPOABUraTeICH CBEpXY U CHU3Y paMbl
IpH TeMIepaTypax okpyxkatorueii cpensi: a) 40 °C, 6) 70 °C, B) 110 °C

W3menenne PpacTIoNIOKEHHS JBUTaTENei
B KOHCTPYKIIMH JpOHAa Ha puc. |4 He mpuBeno K
YMEHBIICHUIO BIMAHUS PE30HAHCHBIX YacTOT Ha

AJIEMEHTHI KBajapokonTepa. Ilpm dactorax, HauymHAas
¢ 454,84 T'nm wnabmomaercs pedopMupoBaHHE paMbl,
XapaKkTepu3yoleecs: 3aKkpydyrMBaHUEM U HM3rHOaHueM
KPECTOBHHBI M TepekpecTbs pambl. llpm wactoTe
konebanui, pocruratomeir 630,31 ', KOHCTpYKIMs
pambl 1poHa JedOopMHpPOBaHA BO BCEX IUIOCKOCTSX.
HawuGonpirass ammiuryna kojebanuil ¢ukcupyercs B
XBOCTOBOM uactu pambl. Koaddunmenr nedopmanuu
cocrasui 0,024.

[IpoBeneHHbINl TEepMHUYECKHMI aHaIu3 KOHCT-
pykuuu (puc. 14) BBIABUI MEHBIIUH 1O CPaBHEHHUIO C
OTHOCTOPOHHUM pa3MelICHHEeM JBHUTaTeled Harpes
KPECTOBHUHEBI, UTO B IEJIOM OTPA3MIOCh HA YMEHBIICHUH
o0rrero HarpeBa 371eMeHTOB. 3a 10 ¢ ’eKTpoABUraTeIH
Harpenuch 10 115 °C, nentpanbHas gacts — 110 80,7 °C,
KkpectoBuHa — 110 69,7 °C.

Jlanee, paccMOTpUM yCHIJICHHBIE BapHaHTHI KOH-
cTpyKuMi apona. Ilpoanannsupyem yCUJIEHHYIO KOHCT-
PYKIHIO KBaJPOKONTEpPa C BEPXHUM PACIHO-JIOKEHUEM
4eThIpEX dnekTpoaBurarenedt (puc. 8, r). YactoTHO-
PE30HAHCHBIN aHAIN3 JAHHON KOHCTPYKLMHU ITOKa3aH Ha
puc. 15, a TepMuYecKuil aHATU3 TTOKa3aH Ha puc. 16.

Pe3ynbraTel TepMHUECKOTO aHaNW3a JaHHOM
KOHCTPYKIIMU N300paxkeHbl Ha puc. 16.

Ilo pe3yibTaram MOJIyYEHHBIX JTAaHHBIX
gacTOTHOro anamusa (puc. 15), MOXHO cjaenaTh
BBIBOJI O 3HAYUTEIBHO BO3pOCIIEH YCTOMYMBOCTH
KOHCTPYKIIMU paMbl M YMEHBIIEHUH aedopmanuii. [Tpu
pe30HaHCHBIX YacToTax, paBHBIX 463,1 I'm u 488,6 I'n
HaOIOAeTCsl  BEPTUKAIBHBIA M3rHO  YCHIIMBAIOIINX
METAUIMYECKUX Mpoduied, TpH 3TOM KPECTOBHHA
He nedopmupyercs. Jlumpb npu yactoTre pe3oHaHca,
paBHoit 500,04 't TPOUCXOAUT HW3TUO KPECTOBUHBI
u  moBOpPOT  anekTpoxasurarenei.  Koadduiment
neopmanud B AaHHOM ciaydae cocraBwin  0,012.
Opnnako, yculeHHass KOHCTpPYKIusi oOjamaer OoJjee
BBICOKOW YCTOMYHMBOCTBIO IO CpPAaBHEHHUIO C paHee
paccMOTPEHHBIMH.

B coorBeTcTBUEM C JaHHBIMU TEPMUYCCKOT'O
aHamm3a (puc. 16), ycuneHue paMbl TaKKe MOBIHSIIO H
a pacmpocTpaHeHHe HarpeBa KoOHCTpyKiuu. [lo-
npexkHeMy  HawboJyiee TOJBEPKEHHOH —TemrmepaType
HaCTbIO JApoHa SIBIIAKOTCSA DJICKTPOABUTATEIIN,
MaKCHUMaJllbHasi ~TeMIIEpaTypa KOTOPBIX  PaBHAETCS
79,8 °C npu 3 MuH paboThL. 3a ATOT Ke MPOMEKYTOK
BPEMEHH paMa C KPeCcTOBHHOW Harpenach 10 56,4 °C,
YTO MEHBIIEC, YEM B ClTy4dasix oe3 YCUIICHUA paMBbl.
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8

Pucynok 15. YacToTHBII aHATN3 KOHCTPYKIIAHU JIPOHA C PACTIONOKEHUEM AIICKTPOJABHUTATEIICH CBEPXY U CHU3Y paMbl
MIPH PE30HAHCHBIX YacToTaxX Koyebanmii: a) 454,9 'y, 6) 545,9 ', B) 630,31 I'n

Pucynoxk 16. Tepmudeckuii aHanu3 yCuieHHON KOHCTPYKIUH APOHA C PACIIONOKEHUEM JABUTATENEH CBEPXY pPaMbl
IIpU TeMIeparypax okpyxatomiet cpenst: a) 40 °C, 6) 70 °C, B) 110 °C
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[Mocnennum JTarnoM paccMOTpUM  aHAJIW3 JAaHHOTO BapuaHTa KOHCTPYKIHMH H300paméH
BapUaHT YCWJIEHHOH KOHCTpyKIMHM JpoHa ¢ 8 Hapwuc. 17
JIEKTPOJBUTATENSIMH, KOTOpBIE PacIoJIOKEHbI Pe3ynbraTel TepMHUYECKOrO aHaiM3a JaHHOTO

mo ooe CTOpPOHBI  paMBI. qaCTOTHO-pC3OHaHCHLII>i THUIIA KOHCTPYKIIUN I/1306pa)KGHI>I Ha puc. 18.
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Pucynoxk 17. YacToTHBII aHATN3 YCHJICHHOW KOHCTPYKIMH APOHA C PACTIONOKEHHEM IBUTATENe! 10 00€ CTOPOHBI paMbl
MIPY PE30HAHCHBIX YacToTax: a) 445,17 'y, 6) 471,3 ', B) 516,84 '
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Pucynoxk 18. Tepmuueckuii aHamu3 yCHICHHOW KOHCTPYKIMHU IPOHA C PACTIONOKEHUEM JIBUTATENICH CBEPXY paMbl
TIpH TeMIepaTypax okpyskaromei cpeast: a) 40 °C, 6) 70 °C, B) 110 °C
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B ciayyae YCUJICHHOI KOHCTPYKLHH
KBaJPOKONTEPA C 8§ DIIEKTPOABHUraTEIsIMH, PaCIOJO-
JKEHHBIMH TI0 00€ CTOpPOHBI paMbl, YacTOTHO-
PC30HAHCHBIN aHAIW3 IMOKa3al HaIu4ue aedopMariuii
YCUJIMBAIOIIUX DJEMEHTOB Ha 4YacTOTE€ pEe30HAHCa
516,84 I'u. BcneactBue 3TOro NpoOUCXOAMUT OTKIIOHE-
HUE 3JIEKTPOJBUTATENEeN OT FTOPU3OHTAIBHOIO IMOJIOXKE-
HUS W W3rHO KOHIOB KpecToBHHBEL Ko3dduiuent
nedopmanuu Ha yactore 516,84 I'y cocraun 0,014,

Hcxona w3 pe3yabTaToB TEPMUUECKOTO aHalu-
3a (puc. 18), maHHAs KOHCTPYKLMS JIPOHA OTINYACTCS
MUHUMAJbHBIM CpEIMd BCEX BapUAHTOB HArpeBOM
aneMeHTOB. B Teuenme 10 ¢ HamOosplieMy HarpeBy
noaBeprimch dnekrpoasurarenu (o 73 °C), a Tem-
neparypa pambl ocTajach B Ipejaeiax TeMIepaTypbl
okpyxatomieit cpenpl (okouo 40 °C).

3akjoueHue

B crarbe ObuM pPaccMOTPEHBI KOHCTPYKTHBHEIC
ocobennoctn BJIA na mpumepe FPV-npona. IIposene-
HO MMHTALMOHHOE MOJCTUPOBAHME ISl 5 BapHAHTOB
BJIA ¢ paznudHBIM pacniofoKeHHeM JaBurarenei (4 1Bu-
rarensi HajJ KOpImycom, 4 aBUTaTessl TOoj KOPIyCcoM, 2
JIBUTATEIIS BIIEPEIHN HAJ KOPITYCOM U JIBA C3a/I1 IBUTATeE-
JIsl TIO/T KOPIIYCOM) M € YCHJIGHHEM Kopryca (4 nBurare-
JIs HaJl KOoprycoM, 8 aBuratenei — 4 Hax Kopmycom u 4
MoJT KOPIYCOM) JUIS HampspKEHHO-Ie(hOpMaImOHHOTO
cocrosinusg BJIA. B xone MMHUTaIIMOHHOIO UCCIIEI0BAHHUS
OBLTO IPOBE/IEH YaCTOTHO-PE30HAHCHBIN aHATIN3 M TEPMHU-
YECKHUI aHaJIu3, KOTOPbIN MO3BOJIWII JaTh PEKOMEH/ Al H:

1. KoHCTpyKIHs KBagpoKonTepa ¢ 4-Msl ABUTaTe-
JSIMH, PACIOIOKEHHBIMU CBEPXY paMbl oONamaeT HU3-
KO MEXaHHYECKOHW MPOYHOCTHIO W BBICOKHM TETIJIOBBIM

HarpeBoM. KoadduiuumeHnt nedopmanuu mpu BBICOKHX
pe3oHaHCHBIX yacToTax coctaBui 0,022.

2. KoncTpyknus kBagpokonrepa ¢ 4-ms JBUra-
TEJISIMH, PAcIIOJIOKEHHBIMU CHHU3Y PaMbl Takke o0Jiajia-
€T HEBBICOKOM MEXaHMYECKOH MPOYHOCTBHIO M BBICOKHM
TeroBeIM HarpeBoM. Koadduumenr nedopmanuu mnpu
BBICOKUX PE30HAHCHBIX YacTOTAaX JaHHOH KOHCTPYKIMU
pasen 0,027.

3. KoncTpykuus 1poHa ¢ 4-Ms 1BUTaTeNsIMU, pac-
TIOJIOKEHHBIMH 110 00€ CTOPOHBI PAMBI, TAKXKE OTINYACT-
Csl HU3KOH YCTOMYMBOCTBIO K PE30HAHCHBIM KOJICOAHHSIM
U TIOZIBEPXKEHHOCTHIO K meperpeBy. Koaddumuent ne-
(dopmanuu B taHHOM citydae coctasui 0,024,

4. YcuneHHass KOHCTPYKUUSI ApoHa C 4-Ms JABH-
raTeisiMM, Pa3MEICHHBIMHU CBEPXY paMbl, 00JIalaeT 1o-
BBIIIEHHON YCTOMYMBOCTBIO K PE30HAHCHBIM 4acTOTaM,
TaKXK€ OTVINYACTCS YMEHBIICHHBIM TEIUIOBBIM HArPEBOM
IpH BBICOKHX Temreparypax. Kosddumuent nedopma-
uuu pasusiercs 0,012.

5. Hanbonee ynaunasi ¢ TOUKHM 3pEHHSI MEXaHH-
YecKOH MPOYHOCTH M TEIIOBOTO HArpeBa KOHCTPYKIIHS
JpOHA — C YCHUJICHHOH paMoOil U pa3MelleHueM 8 HIeKT-
poxBurareseit o ode ctopons! kopiryca. Koaddumnment
e€ medopmanuu paseH 0,014, a Mo ycIOBHAM TEIIIOBOTO
HarpeBa OBUIM JOCTUTHYTHl HAaWMEHBIINE PE3YIbTaThI
Cpeny pPacCMOTPEHHBIX BapHAHTOB. JTO CBS3BIBACTCS
¢ TeM, 4to HeHTp Macc BJIA B naHHON KOHCTPYKIMH
HaXomuTCsl ONMKe K T€OMETPHUYECKOMY IEHTpPY ApOHa,
YeM B OCTAJBHBIX BapHaHTaX.

[onydeHHble peKOMEHIAINU ST PAcCMOTpPEH-
HBIX B CTaTbeé MOAENEH MO3BOJSIOT NPHU JajbHEHIIeM
KOHCTPYHPOBAHHWHU TIONYYaTh JIETaTelbHbIe MOOMIbHbIC
poOOTHI ¢ OoJiee YITydIICHHBIMH MPOYHOCTHBIMH Xapak-
TEPUCTHKAMH.
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INFLUENCE OF DESIGN FEATURES ON THE EFFICIENCY OF UNMANNED

AIRCRAFT VEHICLES

Belarusian National Technical University
Minsk, Republic of Belarus

The paper provides an overview of various designs of unmanned aerial vehicles of the FPV drone series.

Simulation modeling of the design of unmanned aerial vehicles was carried out on the elastic-deformation properties
of the body. Frequency resonance analysis and thermal analysis of the design of the flying mobile robot were
carried out, which made it possible to analyze the design features of the structure of the flying mobile robot and give
recommendations on the selection of materials and elements to ensure the most strength characteristics.

Keywords: unmanned aerial vehicle, simulation model, FPV drone, multicopter, minicopter, microcopter,

resonance frequency analysis, thermal analysis
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THE INFLUENCE OF DUST ON THE IMAGE OF SOLAR PANEL AND
ITS OPERATION IN LIBYA
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The Libyan state, which created the strategic plan for renewable energy 2013—2030, which strives to encour-
age initiatives aimed at achieving sustainability, is one of the developing nations vying to gain from solar energy in
the sector of electrical energy. The agreement to build a 500-MW solar power project made this plan quite evident.
The primary barrier to the best possible use of solar energy is pollution, specifically the buildup of dust and bird
droppings on solar panels. The efficiency of power generation from solar panels is significantly affected by dust ac-
cumulated on them. As a result of the research, quantitative indicators of the impact of dust on photovoltaic systems
in Libya were determined and images of the solar panel were obtained with different densities of dust on its surface.
The field experiments show that with the increase in dust density, the short-circuit current, open-circuit voltage,
and output power of the PV both decrease. The dust with a density of 40 g/m’ can reduce the maximum power
of the PV more than on 20 %. The resulting images of the solar panel can be used to assess the degree of dust

in automated systems for solar panels cleaning.

Knrwouesovie cnosa: PV solar panel, Solar panel image, Automated system for solar panels cleaning, Dust
deposition, solar radiation, artificial intelligence, Hot spots, PV surface temperature

BBenenue

Fossil fuels account for 80 % of all energy in the
globe, which eventually leads to the depletion of natural
resources and an energy crisis [1]. Renewable energy
sources like photovoltaic (PV) systems are becoming
more important in the production of electricity, with the
global cumulative solar PV capacity expected to reach
773.2 GW in 2020 [2]. Fault detection is essential for PV
systems to improve dependability, economy, and safety.
Solar PV systems have unpredictable characteristics,
so it's crucial to assess their economic viability [3].
The efficiency of the energy conversion process is
directly related to various factors such as the type of PV
cell, orientation and inclination angle of PV module,
installation type, location, cell temperature, shading,
deposition of dust and pollution on module surface [4].
According to study, desert regions where there is a lot
of dust and little rain could lose power up to 80 % due
to dust deposition [1]. On the other hand, research also
confirmed that a single dust storm could reduce PV
module output by about 20 % [5].

A number of cleaning techniques for solar panels
have been tried by several researchers and studies, and
they have a beneficial impact. These automatic self-
cleaning techniques can be divided into two primary
groups called active and passive techniques. For self-
cleaning techniques, active techniques are those that need
power, such as electrostatic and mechanical techniques.
In contrast, passive techniques, like coating approaches,
don't use any electricity to do self-cleaning [6].

Dust amounts and solar radiation rates in Libya

Depending on the geographic region, different
natural elements have different effects on the effectiveness
of solar panels. For instance, Libya has a high rate of
solar radiation throughout the year, with an average
of 3500 hours of sunlight per year and an intensity
of 7.1 kW/m? per day in the north and roughly 8.1 kW/m?
per day in the south [7,8].

The type, size, and density of deposited dust
and dirt have a considerable impact on the efficiency of
solar panels due to their contribution to blocking solar
radiation.

Table 1 displays reported rates of dust deposition
in several Libyan locations. These rates range from
311.05 g/m? annually in coastal metropolitan region
(Tripoli) with relatively high humidity to 82 g/m?
annually in southern areas with a dry desert nature and
are thought to represent a significant barrier to solar
energy projects [9].

Table 1. Rates of dust deposition in several locations in

Libya [9]
Area Deposition rate (g/ m?)
Tripoli 297.89
Gefara Plains 215
Gulf of Sirt 105
Central zone 276
Southern zone 82

3,2024

SYSTEM ANALYSIS AND APPLIED INFORMATION SCIENCE



36 YHPABJIEHUE TEXHMYECKHMHW OBBEKTAMM

The wind that causes sandstorms contributes to
transporting huge amounts of dust. Figure 1 shows solar
panels before and after sandstorm accumulation, the

characteristics of which vary in size and composition
from one area to another, which causes confusion in
determining a cleaning schedule.

Figure 1. Solar panels before and after sandstorm accumulation

The effect of dust accumulation on solar panels
in Tripoli

Tripoli is located on the coast of the
Mediterranean Sea and includes approximately one-third
of the population of Libya. The population of the city
of Tripoli reached 2,220,000 people, and the population
of Libya reached 6,903,467 people, which increases the
percentage of air pollution with the need to use solar
energy as a source of electricity. Table 2 shows the rates
of dust deposition in Tripoli.

The wide variation in dust deposition rates makes
determining cleaning schedules complicated the second
is the temperature effect. The dust on the PV can cause
change in the form of heat transfer. The existing heat
balance model of the PV modules is established under
the condition of dust. However, affected by the dust, the
heat balance has changed in the PV panels actually put
into use. Because of the presence of dust, some of the
cells are blocked and cannot work properly, and then the
electric current of the shielding cells is reduced. When
the cell operating current is less than the entire PV array
operating current, the cell voltage ends in a reverse bias
state. Then the cell becomes the load of other photovoltaic
cells and consumes the power to convert into heat energy
to make the temperature of the PV increase [10]. Usually,
the limit of a single PV cell reverse bias is 25 W, if higher
than the limit, it will be easy to form hot spots.

Hot spots will not only affect the power generation
efficiency of PV but also damage the whole PV system
and cause irreparable damage [11]. Hence, it was
necessary to study the impact of dust in Libya to choose
the appropriate methods for cleaning and the timing for
conducting.

To study the effect of PV surface contamination
on its efficiency, we studied its efficiency by taking into
account the effect of temperature. Two solar panels with
the characteristics shown in Table 3, Figure 2 were used.

Table 2. Total and monthly deposition rate

of dust (g/m?)

Month Dust g/m?
January 10.55
February 14.22
March 22.79
April 11.34
May 3.38
June 35.27
July 27.53
August 47.53
September 12.67
October 8.01
November 70.92
December 33.64
Year 297.85

Table 3. The characteristics of solar panel

PV Module Character- Description
istics

Module Shell SQ85-P
Maximum Power (P-max) 85 W
Rated Current 4.95A
Rated Voltage 17.2V
Open Circuit Voltage 222V
(Voc)

Short Circuit Current SA4AS5A
(Isc)

Size 1.20*0.527 m
STC 1000 W/m?. 25C.AM 1.5
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Figure 2. The characteristics of solar panel

The aim of the preparation was to describe the
effect on the PV's performance depending on its conta-
mination, as well as to clarify the effect of temperature.

Figure 3. Installing the solar panels

The solar panels were installed as shown on the
Figure 3 to make it easy to add amounts of sand in the
mid-day.

The solar panels and the reference Cell were
connected to the device (PVPM 1000C) and Figure 4,5
show the two devices (PVPM 1000C) and (Reference
Cell). The device (PVPM 1000C) contains an internal
variable resistor that automatically adjusts to obtain
both the Rated voltage and the Rated current and then
P max .Figure 6 shows connecting the solar panels to the
devices used.

Figure 4. PVPM 1000C

Figure 5. Reference Cell

PVPM 1000C

Reference Cell -—

=

Clean PV

PV whit dust

Figure 6. Schematic diagram of test instrument layout

Results and discussion

As shown in Table 4 and Figure 7, the surface
temperature at solar radiation (1010,1071) of clean PV
and dusty with a difference of 0.5 °C with 5 g/m? of
dust, to 1.1 °C with 40g/m? of dust. As the decrease
in solar radiation makes the effect of dust greater on
the temperature of the solar panel, at a solar radiation
value of 371 W/m? and a dust density of 30 g/m?, the
temperature of the dusted solar panel was 1.2 °C higher
than the clean panel. Dust causes the cooling effect of
the PV panel to weaken, resulting in the increase of
PV surface temperature and the reduction of power
generation efficiency.

Table 4. Dusty PV Temperature and Clean PV

Temperature
DUST g/m? Panel temp °C | Panel temp °C
dusty panel clean panel
5 56.8 56.3
20 58.9 58.5
30 59 57.8
40 51.9 50.8

The weather was partly cloudy where solar
radiation ranged between (1010, 1071) W/m?, and
the dust with a covering density of 5 g/m% 20 g/m?
30 g/m? and 40 g/m?> was set on the PV surface
respectively, while the other solar panel was completely
clean. By adjusting the resistance automatically by
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(PVPM 1000C) the corresponding current under the
different partial pressures of PV is obtained. As shown
in figure 8 it can be seen that the presence of dust with
a density of 40 g/m? causes the output performance of
the photovoltaic cell, and causes decreases in the short
circuit current of the PV 22.12 %. Indicating that dust
has a greater influence on the PV short circuit current and
a smaller influence on the open circuit voltage.

60

anel temp °C dusty

58 el

56 —!—wmp °C clean panel
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Figure 7. Effect of dust on PV surface temperature
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Figure 8. Effect of dust a (5g,1010W/m?),
b (20g1057W/m?), ¢ (40g,1071W/m?

To find the actual effect of dust, the effect of
variation in solar radiation had to be excluded, as solar
radiation of 1010 W/m? has adopted for all readings.
The final ratio of the output power for different amounts
of dust is shown in figure 9.
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Figure 9. The ratio of the output power for different amounts
of dust at 1010 W/m?

From figure 9 it can be confirmed that at
40 g/m? of dust on the solar panel and a solar radiation
rate of 1010 W/m?, the output power will decrease by
about 20 %.

Figure 10 shows images of a solar panel with
different densities of dust on its surface.
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Figure 10. Images of the solar panel with different
densities of dust on its surfaces: a — 0 g/m? b — 10 g/m?;
¢ —20 g/m? d—30 g/m? e — 40 g/m?

From Figure 10 it can be seen that the image of
the panel changes significantly when the density of dust
on its surface changes. Therefore, from the image of
the panel, you can assess the degree of dust on the solar
panel, and therefore the level of reduction in the energy it
generates, and therefore make a timely decision to clean
the panel, which can increase the electricity generation
of the panel by at least 10-20 %.We also confirm the
following:

* Determining the reason for the reduction in
output power is very complex, as all climatic conditions

(temperature, humidity, solar radiation, shading, etc.)
affect the percentage of output power.

* Dustiness of the solar panel significantly reduces
the output power of the solar panel due to the decrease in
solar radiation falling directly on the surface of the panel.

* Determining the reason for the reduction in
output power is very complex, as all climatic conditions
(temperature, humidity, solar radiation, shading, etc.)
affect the percentage of output power.

* Dustiness of the solar panel significantly reduces
the output power of the solar panel due to the decrease in
solar radiation falling directly on the surface of the panel.

Conclusion

Libya is rich in renewable energy resources,
including solar energy. At present, Libya uses fossil
fuels to meet energy demand, and the share of renewable
energy in consumption is almost negligible. Libya suffers
from a high level of pollution and is considered one of the
most polluted countries in the world due to its dependence
on fossil fuels and climatic conditions. In its current
state, Libya's plan to transition to solar energy faces
technical and economic challenges. These difficulties
may be limited to the climate, most notably the impact
of dust and pollution, methods for finding appropriate
cleaning methods, and the high cost of cleaning for huge
solar energy projects in light of unexpected weather
fluctuations. This study represents the real input for the
use of artificial intelligence, which in turn determines
the type and time of cleaning, taking into account the
financial cost and protecting solar panels from damage
resulting from unjustified cleaning operations.
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BJIMSHUE IbLJIN HA PABOTY COJTHEUHBIX ITAHEJIEH B JINBUU

Benopyccruii nayuonanvholii mexnuueckuil ynusepcumem, 2. Munck, Pecnybauxa benapyce
Yuusepcumem Kapabiok, Typyus

Jlusuiickoe 2ocyoapcmeo, paspabomasuiee cmpame2udeckuil niaH pa3eumusi 60300H0GISEMOU IHEPLEMUKU
na 2013—2030 200v1, HanpasieHHblll HA NOOWPEHUE UHUYUAMUSE, HANPABIEHHBIX HA OOCMUIICEHUE YCOUYUBOCMU,
A671emcsi 00HOU U3 PA3BUBAIOWUXCS CMPAH, CONEPHUYAIOWUX 34 NOJYYEHUE 6ble00bl OM CONHEYHOU IHepIUU
6 cexmope snexmposnepzemuky. CoenauieHue 0 CMPOUMENbCINEE COJIHEYHOU INeKMPOCMAHYUU MOUHOCIbBIO
500 MBm coenano smom niau 6noine ouesuoHviM. OCHOBHbIM NpensmcmeueM HA NYymu HAUTYYule2o
UCNONIb308AHUA COTHEYHOU HSHepauu ABIAemCs 3d2pA3HeHUe OKpyJcaruel cpeovl, 8 YacCmMHOCMU HAKONJIeHue
NbLIU U NMUYbE20 NoMemd HdA Cconaneunvlx nauensx. Ha sggexmusnocmov  evipabomku sdnekmposnepeuu
CONIHEUHbIMU NAHENAMU CYUWECEEHHO 6IUAem CKONUBWAACA HA HUX Nbullb. B pezynsmame ucciedosanuti Oviiu
onpeoenenvl KOIUYECMBEHHbIE NOKA3AMeNU 6030€UCmeus Nuliu Ha @omosnekmpudeckue cucmemvl 6 Jlusuu
U nonyHeHvl U300pAadNCeHUs COTHEYHOU NAHEAU NPU PA3TUYHOU NIOMHOCIU NbIIU HA ee nosepxnocmu. Hamypuoie
9KCHEePUMEHMbl NOKA3bIBAION], YMO C Y8eIUYeHUeM NIOMHOCIMU NbLIU MOK KOPOMKO20 3aMbIKAHUSA, HANPdiCeHUe
X0I0CMO20 X00a U BbIXOOHAS MOWHOCMb (homoanekmpuyeckol bamapeu ymenvuiaromcs. Iloviis niomuocmoro
40 2/M? modicem CHU3UMbB MAKCUMATLHYIO MOWHOCMb (homodnekmpuieckux nanenei 6oiee uem na 20 %. Ionyuen-
Hble pe3yabmamol Mo2ym Oblmb UCTIONb308AHbL 8 AGMOMAMUSUPOSAHHBIX CUCTEMAX OYUCIKU COTHEUHbIX bamapell.
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IMPUMEHEHMWE HEYETKHUX PETI'YJIATOPOB B ABTOIIMJIOTE BECIIMJIOTHOI'O
JIETATEJIBHOT'O AIIITAPATA

benopycckuii nayuonanvuwlii mexnuyeckuii yHugepcumem
2. Munck, Pecnyonuka benapyce

Cmamps  nocesujeHa  UCCIe008AHUID — OCOOEHHOCMEU — NPUMEHEHUs — pe2yismopos,  HNOCHPOEHHbIX
HA UCNONb308AHUU MEOPEeMUYecKUX NOJI0NHCEHUll HeuemKol J02UKU, NpUu CO30aHUl a8MONUIOMO8 0eCnUlIomHbIX
aemamenvuvix annapamosd (bBJIA). I[Iposooumcs obocrosanue npuHyuno8 u Memooux CUHmesa Mamemamuieckoul
Modenu agmonunoma npumenumenvho k bBJIA mynemupomopnoco muna, ocobdennocmel npuUMeHeHUs. Pa3iudHbIX
Mamemamuyeckux Mooeiell pe2yiamopos, ux 00cmouncms u nedocmamxog. Coenan 060CHOBANHDBIN 661600 O MOM,
YUMo npuMeHeHue MpaoUyUOHHbIX NO0X0008, OCHOBAHHBIX HA UCTONb308AHUU IUHEUHBIX MAMEMAMUYECKUx mooeiel
obvexma ynpasieHus, He obecneuugaen HeoOXO0UMOe KA4eCmeo YNPAGIeHUs 6 WUPOKOM OUANd30He VCI08Ull
npumenenus BJIA npu umaruuuu oepanudenull u eHewilHux 6o30elicmeull Ha npoyecc ynpasnenus. Ilpednooscero
npu nocmpoenuy mamemamuyeckou mooenu agmonunoma bJIA ucnonvzosame npunyunsl u memoovl Heuyemrou
MamemMamuxu, Komopbie Jiexcam 8 0CHO8e NOAYYaAlouux ece boivuiee pacnpocmpanerue pecynsamopos Ha OCHOGe
neyemkou noeuxu (HJI-peeynamopos). Paccmampusaemcs nocmpoenue kauana ynpaenrenus bBJIA una ocnose
NPUMEHEHUs. pe2ysimopa Heuemkou J02UKU, NPUEOeHO ONUCAHUEe CHMPYKMYpbl pe2yisimopd, pPediu308aHHO20
6 KomnviomepHou cpede SiminTech. Ilymém mamemamuueckoeo MOOeIUpoOBaAnUs NPOBEOCHO CPABHEHUe
pabomocnocobHocmu u nepexoOHvix xapakmepucmux HJI-pezynamopa c [IH][-pecynamopom u Il-pezynsimopom
NpUMeHUmenbHo K cucmeme ynpagieHus 00Ho20 u3 kamanos bJIA — kanana ynpaénenus kpemom. Ycmanosineo,
umo npumeHsemvle 8 Kavecmee diemenmos asmonunoma BJIA peeynamopvl HeuemKoll Jo2uKu NO CPABHEHUIO
¢ Opyeumu pe2yasimopamu 06ecneuugalom HeodXoo0umMoe Kauecmao nepexooHblx Npoyeccos 6 cucmeme YnpasieHusl
BJIA npu ycmotiuueocmu K HedceiamenbHbiM GHEWHUM B030€UCMBUAM, YMO Oeldem SMmu pecyismopbl
NepcneKmMusHbIMU Ol NPUMEHEHUs 8 HENUHeUHbIX HeCMAYUOHAPHBIX CUCMeMAX YNpaeieHUus NOOBUNCHBIMU

obvexmamu, K komopvim omuocames BJIA.

Knroueevie cnosa: 6ecnunommwiii iemamensibiil annapam, mamemamuviecKas MO()e/lb, Heuemxuil pezgynsamop,

nepexooHas XapaKxmepucmurd

BBenenue

YcnemHoe TpUMEHEHHE OECHWIOTHBIX —JIeTa-
TenpHBIX anmapatoB (BJIA) B pa3nmuyHbIX 007acTAX
YEJIOBEUECKON JEATEIBHOCTH OOYCIIOBIEHO MHOTUMHU
(akTOpaMM B TOM HYHCJIE TEM, YTO COBPEMEHHBIE Ma-
7T0rabapuTHBIE CHCTEMBI YIIPABICHHS, pa3MCELICHHbBIC
Ha 6opty BJIA, MO3BONAIOT pemaTh TUCTAHIIMOHHO aB-
ToHOMHOE npuMeHeHne BJIA s pemenns pa3auaHbIX
3a1a4. B yacTHOCTH, MPUMEHAEMBIE B CEIILCKOM XO3sH-
ctBe BJIA (arpoapoHbI) crocoOHBI HE TOJBKO IPOBO-
JUTh BUICOMOHUTOPHUHT TOJIEH, CalloB M JAPYTUX Cellb-
XO03yTO/INH, HO ¥ IPUMEHSTHCS TSI TOCEeBa M 00paboOTKH
pacTeHWl pa3NUYHBIME BemlecTBaMHU (yZOOpeHHUAMH,
repOUIKAaMy M IPOYNMH BemecTBamu) [ 1, 2].

OxmHoO#l W3 3amad, CTOSIIUX Iepen pa3padboTdu-
Kamu cucreM yrpasieHus BJIA saBasercs coznanue as-
TONMWJIOTOB — 3JIEKTPOHHON CUCTEMBI, pa3MELIEHHON Ha
6opty BJIA u ocymecTBIsIONICH pelIeHNE 3a/1a9 yIIpaB-
nenns BJIA Ha pa3nTHUHBIX 3Tamax ero MpuMeHeHus (3a-
IIyCK, IOJET IO 3aJaHHOW TPAEKTOPHUHU, MPU3EMIICHUE
B 33/IaHHOM IIYHKTE). DTH 3aJaddl KaK MPaBWIO JOJIK-
HBI PEIIaThCs ¢ y4acTHEM YelloBeKa-oreparopa [3] uim
AaBTOHOMHO — 0€3 yJacTHsl 4eJI0BeKa.

Cunre3 MaTeMaTHYeCKOi MOJ€/IM AaBTOIMWJIOTA

CuHTe3 aBTONMWIOTA MPEACTABISAET CO0OH OT-
JETbHYIO CIOXHYIO 3aJady, HE MMEIOIIYl0 OJHO-
3HA4YHOrO pelieHus. JlaHHas 3amada MOXKET OBITh OT-
HECEHa K KJacCy TaK Ha3bIBa€MBIX OOpATHBIX 3a/1ad
IUHAMUKHA [4], KOTJa TpW 3aJaHHBIX 3aKOHAX n3Me-
HeHus BekTopa yckopenuit BIIA ay(f) = [%(2), (1), (1)] ,
BXOJSIIIUX B ypaBHeHNA ABIKeHUs BJIA [5], Heobxonu-
MO OTPEJICTNTh M PEATN30BaTh Ha OOPTY BEKTOP yIpaB-
JISIEMBIX BO3/CHCTBUM, KOTOPBIN HAIPHMEp IS KBaApO-
xonTepa umeet BUiL U (1) =[w, (1), o, (1), (1), o, ()] [6].
Komnonentst Bektopa U(?) mpencTaBiasioT co0oii cKopo-
CTH BpAILEHNs] BUHTOB KBaIPOKONTEPA.

W3BecTHBIE METO/BI pEIICHMsT OOpATHBIX 3anad
JUHAMHUKH OTHOCSATCSI K TPYIIIE METOJ0B CHHTE3a PEry-
JSITOPOB B KJIACCE OJHOMEPHBIX HEIMHEHHBIX CHUCTEM.
Opnako cucrema ympasieHuss BJIA mymsTEpoTOpHOTO
Tuna (MYTBTHKONITEPOB) SIBISETCS MHOTOMEPHOMW, TO3-
TOMY HPUMEHEHHE JaHHBIX METO/I0B BO3MOYKHO TOJIBKO
IPU peau3aliy Pa3BsI3KU KaHAIOB YHPABICHUS MYIlb-
tukonrepoM. ITocie 3Toro MoxeT ObITH pemIeHa 3a1a4da
AQHAJMTHYECKOTO CHHTE3a CTPYKTYPBI PETYISATOpa (aBTO-
mtota BJIA) mist oqHOTO U3 KaHAIOB YIPaBICHUS.
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Ha srame npeaBapuTeNbHOIO IPOCKTUPOBAHUS
BJIA nns cuHTe3a TPUONIKCHHOM MaTeMaTHYecKOH
MOJIEITH aBTONMIIOTa MOXET OBITh IPUMEHEH METOI MO-
JanpHOTO yrpaBineHus [4]. JlaHHBIN TOAXOM K CHHTE3y
aBrommiora BJIA ycmemmHo mcrons3oBaH B pabotax [7,

8] mpu paccMOTPEHUN CHHTE3a CTPYKTYpHI aBTONHIOTA
BJIA (perymnsitopa CHCTEMBI YIIPABICHHUS ) IS OHOTO Ka-
nana BJIA. CtpykrypHas cxema (OpMHPOBAHUS yIIpaB-
JISIFOLIETO CHTHAJIA CHCTEMBI B 9TOM CITydae IPeACTaBIIs-
eTcs B ciemytomeM Buze (puc. 1) [8].

I
ay(t) |

Pucynok 1. CtpykrypHas cxema cucTeMsl ynpasieHus bJIA

Ha puc. | BBemeHs! ciiemyronie 000O3HAUCHHMS:
a (1) — ynpasJisomas neperpyska, NPHIOKCHHas K LCH-
Tpy Macc BJIA (3amannas, tpebyemas); a q)(t) baxTHue-
ckas meperpyska 1enTpa macc bJIA, onpenensiemast ero
a’pOJIMHAMUYECKUMH M KOHCTPYKTHBHBIMH XapakTe-
puctikamu; &(f) = ay(t)—acb(t); W ..(s) — mepenarounas
¢ynkuus BJIA, xapakrepu3syomias ero KOHCTPYKTHBHBIC
ocobennocTH; W, (s) — nepeaarounas QyHKIHS aBTOIH-
noTa; W (s) — dTaJoHHas TepefaTodnas QpyHKIHs 3aM-
kHyTOU cucteMsl; Aw(f) — mist BJIA MynbTHPOTOpPHOTO
THUIIAa TPEICTABISIET COOOW YIpPaBIISIOMINE TPUPALEHUS
CKOpOCTEH BpallleHUs! BUHTOB [5].

Ilpu 3anannoil nepenarounol Qpynkumm W, (s)
I onpenenenus W, (s) Heodxomumo 3amath W, (s) mc-
X015 U3 TpeOOBaHUI K cCHCTEME B 1IeJI0M. B mepByto oue-
peab HeoOX0AMMO 00eCIeunTh yCTOHYMBOCTh CHHTE3HU-
POBaHHOW 3aMKHYTOW CHCTEMBI YIIPABICHHS M3BECTHBI-
MH METOJaMH, CPeIn KOTOphIX Hambojee pacrnpocTpa-
HEHHBIMHU SIBJISAIOTCS anreOpanyeckuii meton Payca-I'yp-
BHIIA ¥ YaCcTOTHBIN MeToa HaiikBucta-Muxaiinosa [4].

Heobxoanmo onpenesnTb 3aK0H H3MEHEHHS TIPH-
JIO)KEHHOU K LeHTpy Macc BJIA cumbl, mox neicTBueM
KOTOpoH BbIMonHsieTcst aBwkeHust BJIA mo 3amanHoi
TPAEKTOPUU M TIPH 3TOM OOECHEUHMBAIOTCS 3aJaHHbIC
CBOHCTBA CHCTEMBI, OIpeAesieMble A3TAJIOHHOW mepe-
narounod Qynkumeir W (s). Ilpumenutensno x BJIA
MYJIBTUPOTOPHOTO THIIA HEOOXOJMMO H3MEHSATH COOT-
BETCTBYIOIIUM 00pPa30oM CKOPOCTH BpalICHHUs BHUHTOB
[5, 9]. [Tocne BBITOTHEHUS TPEOOBAHUH K 00CCIICYCHUIO
YCIIOBUI YCTOMYMBOCTH STAJIOHHYIO IEPElaTOYHYIO
Qynkumio W (s) BHIOMparOT MCXons M3 TpeOOoBaHWH,
MIPEABSBISIEMBIX K TOYHOCTH CHUCTEMBI IIPU JICHCTBHU
Ha He€ IMOJE3HBIX M BO3MYIIAIONIMX CHrHANOB. CHcTe-
Ma, umeromas W (s) nomkHa GuiIbTpoBaTh CIy4aiHyro
MOMeXy M 0TpadarhiBaTh IMOJIE3HBIN CUTHAN 0€3 OMIMOKK
B YCTaHOBMBLIEMCS pexxumMe. OUIbTpays cirydaiiHbIX
IOMeX — OTJeNbHAs 3a/lada, perraeMas Ha OCHOBE Tak
Ha3bIBAEMOW «TEOPEMBI pa3/IeIeHHs» TIepe]] AeTePMHUHH-
POBAaHHOW MOCTAHOBKOW 3a1a4yl CHHTE3a YIIPaBIeHHUs [4,
8].

Jlydmrero kauecTBa IepexoHbIX MPOIECCOB (Be-
JUYUHBI TEepPeperylupoBaHus, BPEMEHU NEPEXOIHOrO
rporiecca) IMO3BOJISICT JOCTUYh NPUMEHEHHE B CHCTeE-
me ynpasienus [1U1/I-perymsaropa (mponopuuoHaib-
HO-MHTETpaibHO-AupGepeHansioro) [4]. OcHOBHOM
HEJOCTATOK TaKOro MOAXOJa K CHHTE3y YIPABICHUS
cucteMoil 3akmrouaerca B ToM, uTto [IMJI-perynsrop
MIPUMEHUM TOJIBKO B CiTydae, KOraa 00beKT YIpaBICHHs
3aJlaH JINHEHHOM CTalMOHapHOW MaTeMaTH4ecKOH Mo-
JIeTIbIO B BHJIE TIEPEAATOYHON (PyHKIMH, YTO B peasibHO-
CTH, KaK [IPABUJIO, UIMEET MECTO B peakux ciydasx. [Ipu
9TOM crexyeT yuuTeiBath, uto ITH][-perynarop umeer
YYBCTBUTEIbHYI0 K U3MEHEHUIO YCIOBUIl NMPUMEHEHUS
00beKTa YIpaBJICHHs aMIUIUTYAHO-(a30ByI0 YaCTOTHYIO
XapaKTepUCTUKY [4], 4TO MPUBOANUT K HEOOXOAMMOCTH
WCIIOJIB30BAHUS JUII OOECIICUEHUs YIpaBIICHHUS CHUCTeE-
MOM CIICIMaIbHBIX AITOPUTMOB HACTPOMKH KO3 PHIIH-
entoB [11/]-perynsaTopa.

Takum 00pa3oM, NPUMEHHUTENHEHO K OOBEKTY
yIOpaBJIEHUs, Uil KOTOPOro HET aJeKBaTHOM MaTeMa-
TH4Yeckol Moxenu, npumenenue I[TW][-perynsrtopa mo-
JKET JIaTh Pe3yJIbTaT, KOTOPBIH HE TOJIBKO HE 00EeCHeyuT
TpebyeMoe KayecTBO yNpaBJICHUs, HO U NMPUBEAET K He-
YCTOHUMBOCTU CHCTEMBI yNpaBieHUs B 1enoM. B atom
cilydyae HeoOXOJIMMO HCKaTh pelIeHHE 3aJadd CHHTE3a
peryJisitopa myTeM UCHOIb30BAHUS METOJ0B, IPUMEHsIE-
MBI ISl CHHTE3a YIPaBJICHHST HE(OPMAIN3yEeMBbIMH HIIH
TpyIHO(OPMaIN3yeMbIMU 00BEKTAMH YITPABIICHHS.

CuHTe3 HEYeTKOro peryJjisiropa

Cucrema ynpasienust moboro BJIA, B Tom duc-
Jie U MYJIBTHUKOINTEepa, OMUCBHIBACTCS MaTeMaTH4ecKOu
MOJIENTbI0 HEIMHEHHOTO, HECTAIMOHAPHOTO BUa [5, 9],
MO3TOMY 37€Ch Ie/IecO00pa3HO HCIIONB30BATh peETy-
JIATOPBl C HEYETKOW JIOTMKOM, KOTOpbIE AKTUBHO IIPU-
MEHSIOTCA B HEIMHEHHBIX CHCTEMaxX MM B CHCTEMax C
HEJIMHEHHBIMU BHEIIHUMH BO3/IEHCTBUAMH, B CHCTEMax
¢ OompInM BpeMeHeM 3aaepxku [10].

PaccMoTpuM mMpuUMEHEHHe peryssropa ¢ HedeT-
KOM JTIOTUKOM — HedeTkoro perynstopa (HJI-perynstopa)

CHUCTEMHBIA AHAJIM3 U TIPUKJIAJTHASI THOOPMATHUKA
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B OJJTHOM M3 KaHaJIOB CUCTEMBI yIipaBiieHus: bJIA, Hanpu-
Mep — KaHaJsie KpeHa kBagpoxonrepa. ns BJIA mynsTu-
POTOPHOTO THIA OTIINYHS MEX/y KaHaIaMH yTIPaBICHHS
KPEHOM, KyPCOM, TAaHT@)KOM SIBJISIFOTCSI HE3HAUUTEIIbHbI-
MH U OIPEJEISIOTCS B MEPBYIO OYepe/lb KOHCTPYKTHB-
Hoi kKomrioHOBKO# BJIA, pa3smemennem Ha 60opty BJIA
LIEJIEBON HArpy3KH.

Ha puc. 2 mpexacraBineHa cxema KaHajla yIpaB-
neans BJIA, BoImonHeHHass B KOMITBIOTEPHOW Cpere
SiminTech ¢ perymstopom HedeTkoit soruku — HJI-pe-
ryastopom (PHJI). B kauectBe mopeneit m3mMepuTenei
BbIxoHOTO curHana BJIA (yrma xpeHa) u ero mpou3Bo-
HOHM HCIOJIB3YIOTCS MaTeMAaTHUECKHE MOJAETH yCTaHOB-
neHHbIX Ha 60pTy BJIA THpOCKOMHMYECKMX NaTYNKOB.
B nanHOW MaTeMaTH4YecKOH MOJENNM OHU CUYUTAIOTCS
0E3bIHEPLIIMOHHBIMHY, TaK KaK MX MOCTOSHHBIC BPEMEHU
CYIIECTBEHHO MEHBIIIC TOCTOSHHOW BPEMEHN MaTeMaTH-
yeckoit moaenu nepemerienus bJIA B mpoctpancTse [9].

[TakeT KOMIBIOTEPHOTO MOJEIHPOBAHMSA IHMHA-
Mugecknx cucrteM SiminTech momywaer mmpokoe pac-
MIPOCTPAHEHUE CPEAN PYCCKOA3BIUHBIX IT0JIb30BATENCH
6maromapst ynoOHOMY HHTEepQEicy 1 3aT10KEHHBIM B €T0
CTPYKTYpE IMIMPOKHM BO3MOKHOCTAM IO MOJEINPOBA-
HUIO 3JICKTPOMEXaHNIECKUX MEXaTPOHHBIX cucTeM [11].
Ucxoms m3 sroro, maker SiminTech menecoobpazno
MIPUMEHATH [UISI MaTEMAaTHYECKOTO MOACIMPOBAHMUS T10-
nera BJIA n ¢pynkunonuposanwust ero cucrem [12].

Ha puc. 3 mpexacrasiena cxema HJI-perymsto-
pa (PHJI), peamusoBannas B cpexe SiminTech.
Ha Bxoast PHJI noctynaroT OTKIIOHEHUE pETyINpPyEMO-
r'O napaMeTpa U CKOpOCTh U3MEHEHHS JaHHOTO Tapame-
Tpa. OTKIIOHEHNE B JIaHHOM CJly4ae O3HadaeT pa3HOCTh
MEXAY 3aaHHbIM (TpeOyeMbIM) W (pakTHYecKuM (W3-
MEpPEHHBIM) 3HAYEHHSMH PETYJINPYEeMOro IapaMmeTpa,
xapakrepusyromiero asmwkenne bJIA B mpocTtpaHcTBe,
HalpuMep — U3MEHEHHUE YIIIOBOTo nojoxeHus bJIA.

Bxog=eft coresan Hil-perymAzep

S

Tepexnasas KEpAXTEDIICTIES

)

EJA Esmonsodl corsan

. .

LI
Hzremrrene nponzecssodt

Pucynoxk 2. Cxema xanana ympasienus ¢ HJI-perynstopom

Ha puc. 3 o0o3HaueHO: => — OJOKH WUMILIHKA-
nuu U & — OJIOKM KOHBIOHKIIUHU, KOTOPBIC OCYIIECTBIIS-
FOT OIEPAIMI0 HEYCTKOTO JIOTUYECKOTO BBIBOJIA, BKITIO-
YAFOIIETO BBIYHMCICHUE CTCIICHH MCTHHHOCTH 3aJIaHHBIX
YCIIOBHIA, COCIMHCHHBIX JIOTHYECKOH omeparmeit (Ipo-
LeAypa arperamuu) W OINPEICICHUC HCTUHHOCTH IS
BCEX YCJIOBHUI KaKI0TO MpaBmia (Mpoleaypa akTHBU3a-

11H). 3aKIIIOUCHHS U3 KaXKI0T0 NpaBHiIa 00beUHSIIOTCS
JUIsl KQKIOTO MpaBwia (mpoueaypa akkymyssiun) [11-
13]. bnoku dazzudukanmum U 1eMyJIbTHIUIEKCOPHI TIpe-
00pa3yroT KOHKpPETHbIE YHCIICHHBIC 3HAUCHHST BXOJHBIX
CUTHAJIOB (OTKJIOHEHUE ¥ CKOPOCTH) B JINHTBUCTHYECKHE
nepeMeHHbIe (OoJIbIIe, HOpMa, MEHbIIIE, YBEITHUNBACTCS,
MOCTOSIHHA, YMEHBIIAETCS).
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FL =>
& Triies
aswud Hymmasanmss
Jes B THIEReOp = Tedassademame
Bxex | —
] - = MymbTEnmescop
\ - ?
E——{ /Y] < Pagamnad Fomei et
Brmox
OrrnoneHzEe Sonmme FL = ) .—- v‘ 3
HOpMa -~
MeHbIIE
E— Konsomsama
= YMEHBIIATE
o 1 He H3MEHATD
Brox 2 ey rermescop & YBENITHEATh
xo 2
B - .
Em———— &S Koo
=
FL
CE
i yne.lmmsa;l—b &

MOCTOAHHA
YMEeHBIAETCA

Pucynok 3. Cxema HJI-perymsitopa
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MynbpTHIUIEKCOp ¥ OJIOK HEYETKOTO BEIBOJA (Tpe-
yrospHas (DYHKIHS) BBIIONHAIOT OMEpaIyio aedass3u-
(ukaruy (IpUBeICHNE K YeTKOCTH) — PACUeT YHCIOBOTO
3HAYEHUS BBIXOJIHOM IMepEMEHHOM.

Cpenu pa3THIHBIX U3BECTHBIX CHCTEM HEYETKOTO
BEIBOJIA HaWOOJee PaclpOCTPAHCHHON SIBICTCS CHCTeE-
Ma Mawmmanu. [TogpoOHOE onmcanne TakKUuX CUCTEM TIPH-
BejeHo B [4, 10, 13].

Ha puc. 4 m300pakeHBI TEepexXOIHBIC XapaKTe-
PUCTUKA (BBIXOIHOM CHTHAN CHCTEMBI IPU €AUNHUIHOM
CTYIICHYATOM BXOIHOM CHTHAJC), IOJIYYCHHBIC IIPH
MPUMEHCHUH B KaHAaJe YIPAaBICHUS MYIbTHKOITEPOM
U TIPH OJHUX ¥ TEX K€ YCIOBHUIX PA3INIHBIX THUIIOB pe-
TyIsITOpoB. ['padukn n3MEeHEHHS BO BPEMEHHU BXOIHOTO
1 BBIXOJHOT'O CUTHAJIOB KaHaJsa ynpaieHus bBJIA nomy-
YeHBI U TIPeJICTaBICHEI B cpeae SiminTech.

MepexoaHas XxapakTepucTuKa
1.2

1 _F"."_ﬂ-—-_——

08 :
06
D4 f
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0 2 4 & ] 10
Bpemat c

3HavaHWe cHrHana

BxonHo# curHan
Brixoa 1
Brixon 2
Brixoa 3

Pucynoxk 4. [lepexomqHble XapaKTepUCTUKH PA3THIHBIX
PEryasITOpOB

B kavecTBe BXOHOTO CHTHAIIA 3/1€Ch HCIONB3YyeT-
Cs1 HOPMUPOBAHHBIH (PUBEJACHHBIN K €IMHUIIE) BXOTHOMN
CHTHAJ YIPaBJIECHHS YITIOM pa3BOpOTa MYJIBETHKONTEPA.
Brexox 1 Ha puc. 4 mpencraBiseT TpapuK H3MEHEHUS
BO BPEMCHH BBLIXOJHOI'O0 CUI'HaJIa CUCTEMBI YIIPABJICHUA
npu npuMenenuu [I-perynsaropa, Beixon 2 — HJI-peryns-
Topa, Beixox 3 — [TNI-perymsaropa.

3aKjIIoueHue

Takum 00pa3zoM NMpUMEHsIEeMbIe B KayecTBE dJjie-
MeHTOB aBTonuioTa BJIA perynsaropsl HEUeTKOMH JTOTHKH
110 CPaBHEHHUIO C JPYTUMH PETyIaTopamMH obecrednBa-
10T HEOO0XOAWMOE KadeCTBO MEPEXOAHBIX MPOIECCOB
B cucteMe ynpaieHus bJIA npu obecriedeHnn ycTom-
YUBOCTH K HE)KEIaTeNbHbIM BHEUIHMM BO3JECHCTBU-
AM, YTO JeJaeT 3TU PEryJlATOpbl NEPCHEKTHBHBIMU
JUId TIPUMEHEHHs B HEJIMHEMHBIX HECTALIMOHAPHBIX CH-
CTeMax yMpaBJICHUS MOJBIKHBIMA O0BEKTaMH, K KOTO-
pbiM otHOCsATCs BJIA. IIpuMeHeHne B cucteMax ynpas-
sienust BJIA peryisiTopoB HEUETKOH JIOTMKH MO3BOJISET
00ecreunTs HAJEKHYI0 padOTy CHCTEMBI YIPABJICHHS,
aJanTUPYyEMyI0 K Pa3IUYHBIM YCJIOBUSIM HPHMEHEHHS
U pa3nuyHOM LeneBoi Harpyske BJIA.

CoBpeMeHHbIE MUHHMATIOPHBIE IU(POBBIE aBTO-
TTUJIOTHI TIO3BOJISTIIOT peann3oBarh Ha 6opty BJIA Heuer-
KHE PEryJIsITOphl PA3IMYHON CIIOKHOCTH M KOH(pUrypa-
nuu. CHHTE3 U MaTeMaTU4eCKOe MOJETUPOBAHNUE TaKUX
PEryJsiTOpOB YJI00HO BBITIOJIHATH B KOMITBIOTEPHOH cpe-
ne SiminTech, nmo3Bosstoniel paspaborTunkam Ha srare
MIPEIBaPUTEIILHOIO IPOEKTUPOBAHUS CUCTEMBI yIIpaBJie-
HUS pellaTh BCE MOCTAaBJICHHBIC 3a/la4l CHHTE3a CHCTe-
MBI.
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APPLICATION OF FUZZY CONTROLLERS IN THE AUTOPILOT
OF AN UNMANNED AERIAL VEHICLE

Belarusian National Technical University
Minsk, Republic of Belarus

The article is devoted to the study of the features of the application of regulators built on the use of theoretical
provisions of fuzzy logic, when creating autopilots of unmanned aerial vehicles (UAVs). The substantiation
of the principles and methods of synthesizing a mathematical model of an autopilot as applied to a multi-rotor UAV,
the features of the application of various mathematical models of regulators, their advantages and disadvantages
is carried out. A reasonable conclusion is made that the use of traditional approaches based on the use of
linear mathematical models of the control object does not ensure the required quality of control in a wide range
of UAV application conditions in the presence of restrictions and external influences on the control process.
It is proposed to use the principles and methods of fuzzy mathematics, which underlie the increasingly
widespread fuzzy logic controllers (FL controllers), when constructing a mathematical model of a UAV autopilot.
The construction of a UAV control channel based on the use of a fuzzy logic controller is considered, and a description
of the controller structure implemented in the SiminTech computer environment is given. Using mathematical
modeling, a comparison was made of the performance and transient characteristics of the NL controller with the PID
controller and the P controller as applied to the control system of one of the UAV channels — the roll control channel.
It has been established that fuzzy logic controllers used as elements of UAV autopilots, compared to other controllers,
provide the necessary quality of transient processes in the UAV control system with resistance to undesirable external
influences, which makes these controllers promising for use in nonlinear non-stationary control systems for moving
objects, which include UAVs.

Key words: unmanned aerial vehicle, mathematical model, fuzzy controller, transient response
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BHUIIIHAKOB B.A

W CHOJb30BAHUE TEXHOJIOI' MU BJIOKYENH B UT-MEJIUITAHE

benopycckuii 2ocyoapcmeennuiii ynugepcumem unQOpMamuxiy u paouodneKmpoHuKu
2. Munck, Pecnyonuxa benapyce

Ilpeomemom uccredosanuii sA619emcsi UCHONL30BAHUU MeXHoIo2uu onokuetn 6 HT-weduyune. [lens
cmamouil — NPOGeCMU AHANU3 UCHONb308AHUA MexHoNo2uu Onokyern 6 HT-meduyune, npoananruzuposams ee
UCNONB308aHUe 8 MUpe, NPedOHCUNb MOOeNU: HAnpasieHus OJIoKYell 8 MeOuyuHe U NIeKMPOHHO20 MAPKeMmUH2d.
Paccmompenvi ochognvle Hanpagienus UCROIb306anUs mexHonro2uu oroxueln 6 meduyune Onpedeneno npume-
HeHue U Nepcnekmugsbl UCHOIb3068aANUS OIOKUEH 6 MEOUYUHCKUX yupedcoenusx Poccuu u pazeumulx cmpan mupa.
Iposeden amanusz pasnuunvix npoekmog. TexHonoeuu O10KUelH NO3601A0OM NepeHecmu padomy Ha yupposo
Hocumens, oyugposams 8ce OaHHvle U pabomamsv co 6cemu OOKYMEHMAMU 6 pAMKax OOnbuioll 2100anbHOU
ungopmayuonno cucmemvl. Ilpeumywecmsa: Oeyenmpanuzayus, 1uyHoe 6ladeHue MeOUYUHCKUMU OAHHbIMIU,
00CMYNHOCMb U HAOENHCHOCMb, HPO3PAYHOCL U 0dogepue, nposepsiemocmsv Odaunvlx. Paspabomana moodens
ungopmayuonnozo ynpagienus 6 HT-meduyune ¢ ucnoivsosanuem 0OI0KUelH, GKIIOYAIOWAS YNpAsleHue
INEKMPOHHBIMU MEOUYUHCKUMU KAPMAMU, YAPABTIEHUE YeNOUKaAMU NOCABOK IeKapCme u b0pbOa ¢ KOHMpapaxmom;
AHAnU3 MeOUYUHCKUX OAHHLIX, NpPOGeOeHlUe KIUHUYECKUX U OUOMEOUYUHCKUX UCCLe008aHUll, YOAIeHHbIl
Monumopune nayuenmos. Paspabomana cmpykmypa unmepHem-mapkemunea Ha Oase pacnpeoeieHHol cUucmembl
€ UCNONIBb308AHUEM NOPMANA NOOCUCIEM NOCMABOK U pacnpeoeieHueM 1eKapcme O0is YO081emeopenus nompeo-

HOCmel nayueHmos OJisi  PA3IUYHbIX  MeOUYUHCKUX yupexcoenuil Pecnyoauxu Berapyco,

UHMEIIEKM) AIbHblX Ad2eHNnos U 610KYEUH-MEeXHON02UIL.

¢ nooodeparcKoll

Knrouesvte cnosa: cemu Onoxuetin, UT-weduyuna, awmamuz npoekmos, modeiv ONOKYelH 6 Meouyume,

unmepHem mapkemune 6 papmaxonrocuu

BBenenune

3a mocnmemnue 10 meT TexHOMOTHA OJIOKYEHH
HaOpama OTPOMHYIO  TONMYJSIPHOCTh — NMPAKTHYECKH
¢ HyJs. brok4elH yxe ycIlemHo npuMeHseTcs BO MHO-
rux cdepax, B TOM YuCIe, B 3apaBooxpaHeHun. Cunra-
eTcsl, YTO OHa MPEJOCTaBIISICT OOJIBIINE BO3MOXKHOCTH
JUIS. COBEPILCHCTBOBAHMS M YCIyT HM3-3a2 paclpe/eiicH-
HOTO, AELUEHTPAIN30BAHHOIO XapaKTepa U TakuxX (yHK-
LW, KaK MOCTOSHCTBO 3allCH B OJIOKAX U BO3MOXK-
HOCTh 3aIlyCKa CMapT-KOHTPAaKTOB. DTH OCOOCHHOCTH
JCIAa0T NPOAYKTBI WJIN YCIIYT'd, OCHOBAHHBIC Ha TEXHO-
Joruu OJOKYEHH, OTIMYHBIMHU OT pa3padboTok MHTepHe-
Ta, ¥ TMPEJICTABIAIOT OCOOBIN MHTEPEC AJISI SKOHOMHKH
B menom u UWT-memmmuasl B wacTtHocTH. B cdepe
NT-mequuuHbl 1eSTENbHOCTb, KOTOpask MOKET OBITH
yJIydIlIeHa TEXHOJIOTHEH OJIOKYEeHH, BKIIOYACT: 3JICK-
TPOHHBIE MEAWIMHCKHE KapThl, cOOp M YyIIpaBie-
HUE MJaHHBIMH, OTCJICKHMBAHHE IICTIOYKH ITOCTaBKH
JIeKapcTB, MEAMILIMHCKOE CTPaxOBaHME, YAAJCHHbBIH MO-
HUTOPUHT MauueHTos [1].

CriocoOHOCTh  OJIOKYEWH CO37aBaTh CTPYKTY-
PpbI yIpaBJICHUA OAaHHBIMH, B KOTOPLIX I10JIH30BaTC/IN
UMEIOT OoJibllie TIpaB COOCTBEHHOCTH W KOHTPOJIS,
MOXET CHHU3UTH 3aTpaTbl MCIUIMHCKHUX OpFaHI/IBaHI/Iﬁ
Ha yMpaBlCHUE JIaHHBIMH. KpHUIITOBAaIIOTHI, OCHOBAaH-
HBIE Ha OJOKYeWHe, MOTYT MCIOIB30BATHCS IS 00JIer-
YEeHUS TUIATEeXKEH B HEKOTOPBIX METUIIMHCKHUX yUIpEKae-
HUAX [2].

Kpartkue ocHOBBI 0/10K4YeiiH

BbiokueitH — 3TO pacmpenesieHHbI peecTp, KO-
TOpBI oOecmeunBaeT crmoco0 3amucu  HHpopMauu
1 COBMECTHOTO HCIIOJIb30BAaHMSI COOOIIECTBOM, B KOTO-
POM KaKIbIli YYaCTHHK BEIET CBOIO COOCTBEHHYIO KO-
U0 HH(OpPMAIH, BCe YYaCTHUKH JOJDKHBI IIPOBEPSTH
mo0Obie 0OHOBJICHHS KOJUIEKTUBHO. MHpOpMAITUsI MOKeT
MPEICTaBIATh COOOW TpaH3aKIUH, KOHTPAKTHI, AaKTH-
BB, MICHTH()HUKAIMOHHBIC NaHHBIC WIN MPAKTHYCCKH
BCE OCTAJILHOE, YTO MOXKET OBITh OMUCAHO B IU(POBOM
¢dbopme. Kaxmoe 0OHOBIIEHUE — 3TO HOBBIM «OJIOK», J10-
0aBIIEMBINA B KOHEL «IeMOoUKkn». C ITOMOIIBI0 OJIOKYEH-
Ha KPHIITOJOTHS 3aMEHSET CTOPOHHUX IOCPETHHKOB
B KA4eCTBE XPAHUTENS IOBEPHsA, NMPH ITOM BCE Y4acT-
HUKN OJIOKYEifHAa 3aIlyCKal0T CIIOKHBIE AITOPHTMBI
JUTS IOATBEPIKACHHSA [IEIOCTHOCTH HH(OPMAIIHH.

ITepBbIM M3BECTHBIM OJOKYEHHOM OBIT BUTKOTH,
KOTOPBIM TaKkXke SIBISETCA Ha3BaHHUEM IEPBOM IIMPOKO
HCIIOJIB3YEMOM  JELIEHTPAIIM30BAHHON  KPUIITOBAJIIO-
161 [3]. CymecTByrOT apyrue OJOKYCHHBI, WMEIOIINe
UpOKOe MpuMeHeHue, Takue kak Ethereum [4], IPFS
nnun Overstock u jp.

OCHOBHBIE COCTaBISIOIINE TEXHOJIOTHUH OJIOK-
4eiiH Ha mpuMmepe butkomHa: kpunrorpadus, TpaH-
3aKIUM, MPOTOKOJ, IENoYKka OJIOKOB M JIOKa3aTellb-
cTBO pabotsl (MaiHmMHT) [5]. B Bitcoin mcmomb3yercs
Kpunrorpadgus Ha SIUTUNTUYCCKUX KpUBBIX. [IprmMene-
HBI TEXHOJOTMH XJIIMPOBAHHE JIIEKTPOHHOH LH(ppo-
BOI moamucHu, mMu(pPOBaHNE C OTKPBITBIM U 3aKPHITHIM
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KJIFOYaMH, TIOUCKH KOHCEHCYyca Npu (POPMUPOBAHUH HO-
BBIX OJIOKOB.

TpaH3akLys, 3TO CI0XKHAs CTPYKTypa C BXOJAMH
W BBIXOZIaMH. BXOJ1bI, 3TO TpaH3aKIMK, HA KOTOPbIE CChI-
JarTcs. BBIX0/bI, yIIPOLIEHHO, 3TO ajpeca, Ha KOTOpbIe
OymyT mepeBenieHsl cpencTsa. B butkonHe: BX0AsI — 3TO
TpaH3aKIHH, IONOJIHSIONNE OUTKOMH-aJpec, a BBIXO-
IIbI — 9TO CYMMBI, KOTOpPBIE IIEPEBOATCS Ha Ipyrue Our-
kouH-azpeca. [list paboThl ¢ TpaH3aKIHUSIMH CYILIECTBYET
coOcTBeHHBIH s13bIK Script [4]. li1st paboTsl ¢ TpaH3aKIM-
SIMH ICTIOJIB3Y€ETCSI CIICLIAIIbHBIN ITPOTOKOIL.

Crpykrypa 0j0Ka BKJIIOYAaeT: BEpCHUIO OJoKa,
XU TpepIIyIIero Ooka, X3UI BCeX TpaH3akuuil 6io-
Ka, JlaTy U BpeMs CO3IaHus OJIoKa, IapaMeTpsl nonce u
bits, KOTOpbIE 3aNMUCHIBAIOTCS NMPH MaHMHIE (JI0Ka3a-
TEJIBCTBO PaOOTHI), YUCIIO TPAH3AKIIUI B OJTOKE M MIX CITH-
COK. MallHUHT — AeATeNbHOCTh 10 MOAJECPKAHUIO pac-
Mpe/IeNIEHHON TIaT(OpMbl M CO3JIAHUIO HOBBIX OJIOKOB
C BO3MOXKHOCTBIO IIOJYYHTh BO3HArpaXkIeHHE B (opme
SMUTUPOBAHHOU BaJIIOTHI.

Hcnoan3oBanus BY B UT-mequnune

brokueitH X0opomo MOAXOMUT ISl XPAaHCHUS H
VOPABJICHUS DIICKTPOHHBIMH MEIUIIMHCKUMH KapTa-
MU, 3aIUCSIMH ¥ WH(QOPMAIUEH O 310pOBhE MAIMCHTA.
Penrenus Ha 0a3e OJIOKYEWH JENAIOT 3allUCH O JAHHBIX
nanueHTa OBICTPOJOCTYIHBIMH, OOECIeunBaloT 0e30-
MACHOCTh U IIEJOCTHOCTh MH(OPMAIIUH, a TAKXKE TOMO-
TaroT YIPOCTUTh MEAUIMHCKYI OTY€THOCTB. lludpo-
BaHUC NMAHHBIX O0CCIIeYMBaeT KOH(MUICHIMAIBLHOCTh H
0e30macHOCTD 3amuceii [6].

COop u ympaBiecHHE JaHHBIMH. B cdepe 3apa-
BOOXPAHCHUSI HUCIIOJNB3YETCS OOJBIIOE YHCIO YMHBIX
MEHUIUHCKUX YCTPOMCTB, KOTOpPHIC MOCTOSHHO COOH-
paroT M OTCICIKUBAIOT PA3ITUYHYIO HHYOpMaIuio. biok-
YeiH 00ecIeunBaeT MOCTOSHHBIN KOHTPOJIb 32 TAKUMH
YCTPOUCTBAMH, KOTOPBIA 10 MUHHUMYyMa UCKITIOYaeT Ka-
KHE-JIN0O MAaHUIYJISIMKA C HUMH, OPTaHU3aINI0 00BCK-
TUBHOM 0YEPETHOCTH MAI[UEHTOB.

OrcnexxrBaHue I1ENOYEK IIOCTAaBOK JIEKapCTB.
®dapmarieBTHYeCKHEe KOMIIAHHH ITOCTOSTHHO OOpPIOTCS
C pacIpoCTpaHEHUEM MOJICTBHBIX JICKAPCTB, MBITAsICH
3aBOCBATh [IOBEPHE cpenu moTpeduresncit. biuokueitn
OTKPBIBAE€T HOBBIC BO3MOXKHOCTH B OTCIIC)KHBAHUHU Me-
JIUIUHCKUX TIPerapaToB B IeNoYKe MocTaBoK. CUCTEMbI
MO3BOJISFOT OTCJICIUTh KaXIbI 3Tall MOCTABKH JICKap-
CTBA: OT MPOU3BOUTEIIS IO MOTPEOUTENI. DTO IOMOTa-
€T HE JOMYCTHUTH IMONaJaHUe TOICIBHBIX MPEnapaToB
Ha PBIHOK, a TAKXKE MPEJIOTBPATHTH IOTEPU M KPAXKH.

MenunuHckoe cTpaxoBaHue. biokueilH —yxe
yCIENmHO TpuMeHsieTcs B cdepe crpaxoBaHus. Me-
JUIMHCKAC CTPAXOBKH HE SIBISIOTCS HCKITFOYCHUEM.
BrokyeitH moMOraer COKpaTuTh BpeMs 00pabOTKH
CTPaxoBbIX 3asBOK, aBTOMATHU3HUPYs MPOLECCHl C MO-
MOILIBIO CMapT-KOHTPAKTOB. XpaHEHUE MEIUIIMHCKOM
U CTPaxoBOW WH(OPMAIMH B HEU3MECHICMOM pPEecTpe

IIOMOTaeT KOMIIAaHHMSM YCTPAaHUTh PHCKH MOIICHHHUYE-
CTBA.

VnaneHHast nuarHoctuka. biokueiiH mo3BossieT
OIITUMHU3UPOBATH Ipollecc cOOopa AAHHBIX O 310POBbE
MAlMeHTa yIAJIEHHO, C TOMOIIBIO Pa3IMYHBIX MOOMIIb-
HBIX YCTPOMCTB M JaT4nMKOB. biokueiin Tarxke momora-
€T aHaJIM3MPOBaTh JaHHbIC U sBisieTcs A(PQEKTHBHBIM
XPaHWIUILEM C BO3MOXKHOCTBIO IPENOCTABICHUS J0-
CTyla HECKOJIBKHM YUYPEXKAECHUSIM, COINPOBONKAAIOLUINM
nanuenTta. loT-mHppacTpykTypa COCTOMT M3 MHOXe-
CTBa CBSI3aHHBIX MEXJy COOOH yCTpOMCTB, U OIOKYEHH
yckopsier oOMeH maHHbIMU. [lapammensHo Al moxer
aHAJIM3MPOBATh JIAaHHBIE M IIOCBHUIATH MEIUIMHCKUM
YUPEXKICHUSIM HMH(POPMALMIO O COCTOSHHUH 3710POBbBS
TalMeHTA.

OnHolt n3 HamOoJee NEHHBIX XapaKTePUCTHK
OJI0KuelH ceTell sBisieTcsl oOecliedyeHne HEH3MEeHHOC-
TH, LEJIOCTHOCTH JAaHHBIX. OTO [JAaeT BO3MOXHOCTH,
JUIL MEIAMLMHCKUX IleJiel, COXPaHUTh HEU3MEHHBIMH
BCE JIaHHBIE.

[TpuBarHocTh. Ha 0a3ze OnokueiiH cereil BO3-
MOXKHO IOCTPOUTH ABTOMATHUECKUE MpaBUIa JIOCTYyINa
K JIaHHBIM, BBIAAIOIINE W(MIJIM) OrPaHUYMBAIONINE TAKOH
JOCTYII 1O PA3JIMYHBIM COOBITHSIM.

Hosepue. JloBepue BHyTpH OOKYEHH ceTei o0e-
CIIEUMBAETCS JICLCHTPAIN30BAHHON IIPUPONON OJIOK-
YeliHa, ero aJropuTMaMi KOHCEHCyca, Ha 0a3e KOTOPBIX
MIPUHUMAIOTCSI PEIICHUS O BKJIIOYEHHH JIAaHHBIX B OJIOK-
YeWH CeTh WIN MOJIYYEeHHH J0CTYTa K HUM.

Taxke HaOdrOAETCS POCT YMCIA MOAJEIBHBIX
JIEKapCTB, 10 cocTosiHUIO Ha 2010 rox ux o0beM OICHU-
BaJICsI IPUMEPHO B 75 MUILIIHApA0B J0u1apoB. biaokueiin
MIPEJOCTaBIAET BO3MOXKHOCTh CKAHUPOBATh JIEKAPCTBA C
MIOMOIIBIO IITPUX-KO/Aa U BBOJUTH MX B 3alIWIICHHBIA
nUQpoBOi OJIOK HAa KaXKJOM 3Talle LEeMOYKH MOCTABOK.
DTOT peecTp MOXKET OBITh MPOCMOTPEH IPOU3BOAUTE-
JISIMH, TUCTPUOBIOTOPAMHU ¥ MAalMEeHTaMH B Jr000H Mo-
MeHT BpeMeHU. [locnencTBusl HAMHOTO BBIXOZAT 3a paM-
KM IIETIOYKH MOCTaBOK (papMarieBTHUECKO MPOIyKINH.

bnokueiin B mexnnuue Poccun. OObenuHeHHAs
MEIMLUHCKAs KOprHopauusi mpu cojaeicTsuu Bremd-
KoHOMOaHKa pa3zpaboTana MPOrpaMMy MOHHTOPHHIA
o0opoTa jiekapcTB B OOJNBHMIAX, KOTOpasi paboTaeT Ha
6aze obsaunoit mardopmel Microsoft Azure Ha ee cep-
Buce Ethereum Blockchain as a Service. [Iporpamma
Obuta 3anymeHa B Poccun, B HoBroposckoit obmacty.
Buenpenne MOHUTOpPHHra IO3BOJWIO OTCIEKUBAThH
JIOpOrHe JIEKapCTBa, 3aKylaeMble 32 CUET HOBIOPOACKO-
ro OropkeTa. briaromapst ncronp3oBaHuI0 OJIOKYCHH CH-
cTeMa MOHHTOPHHIA XPaHHUT ITOPOOHYI0 HH(pOpMALUIO
O Ha3HAUEHHBIX JIEKAPCTBAX, KOTOPYK HEBO3MOMKHO
IIOJIMEHUTb.

Kommnanus DeepMind, xoTopas crenuaiuzupy-
€TCsl Ha BOIPOCaX HCKYCCTBEHHOIO HHTEJIEKTa, pa3-
pabaTtpiBacT Ha 0a3e OJOKYCHH-TEXHOIOTHI peecTp
MEIUIMHCKUX JaHHBIX NalnueHToB OoipHun. Crenu-
¢uKa peecTpa 3aKJIIOYAETCS B TOM, YTO CO3/1aBaeMOU
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CHCTEMOM Oy/lyT YIpaBIIsiTh MEIUIIMHCKHIE YUPEIKACHHS,
a TakXKe 3KCHEePThI o padoTe ¢ JaHHbIMU [7].

3apy0e:xHbIe HCCIETOBAHUS

OCTOHMS cTalma TIEpBOW CTpaHOH, BHEAPHB-
meii OJIOKYEWH B HAIMOHAIBHBIX Maciradax. DoHi
aneKkTpoHHOro 3npaBooxpaHenns eHealth Foundation
Ocronnu neiicteyet ¢ 2008 roma. B 2016 roxy eHealth
Foundation o0bemuuuiacsa ¢ Guardtime, KommaHuei, Ko-
Topas CHeNHaTH3UPYyeTCs Ha O00ecTiedeHnH Oe30MmacHo-
ctu naHHbX. Guardtime momormu ¢oumy BHeIPUTH KSI
(Keyless signature infrastructure) TexHomormio, ooe-
CTEYMBAIOIIYI0 MacIITaOHbIE MPOBEPKU MOATMHHOCTH
JTAHHBIX 0€3 OMOpBl HA IIEHTPAJIM30BAaHHBIA JIOBEPEH-
HBIN opraH [§].

B mpoexre Haxoautcs Oonmee 1 MmuIMoHa 3amu-
ceil o mammeHTax M uX AaHHBIX. MHppacTpykTypa KSI
obecrieuynBaeT BBICOKYIO 0€30MacHOCTh MEIUIIMHCKUX
JTAHHBIX, UX COXPAHHOCTH U IIETOCTHOCTH. [Ipu mobom
W3MEHEHHN MeIUITMHCKON mHpopmMarun, omokuyein KSI
ABTOMATHYECKH CO3/1a€T OOHOBIICHHYIO 3aITUCh, YTO TIpe-
JIOTBpamaeT o0yl OECKOHTPOIBHYI0 MAaHUIYJIISIHIO
HaJl JaHHBIMH, OyJb TO X IMPEAHAMEPEHHOE H3MEHE-
HHE W yaJICHHE.

[Tmarpopma PokitDok mpencraBnser coboif Ha-
6op API-unTepdeiicoB n maer pazpaboTUNKaM W TMOIb-
30BaTensIM AocTyn K 6onee 700 TOProBBIM MapTHEpaM.
Pemenne Op110 pa3paboTaHO UIA CHCTEM 3ApaBOOXpa-
HEHHUS, CTPAaXOBBIX KOMIAHWH, MEIUIMHCKHX LH(PPO-
BBIX KOMITAaHUH ¥ JPYTHX OPraHU3anuil ¢ IEIbi0 ONTH-
MU3aIIH OM3HEC-TIPOIIECCOB B chepe 3APaBOOXPAHEHHS.

[Tmardpopma mpencraBiasieT coOOH MOIYITHHBIHA
MapKeTIUIEHC COCTOSIIIUKA U3 5 KOMIIOHEHTOB: YIIpaB-
JeHne WACHTH(UKAINOHHOW WH(OpMAIeH, yrpaie-
HHE JIbTOTHBIMH BBINIJIATAMH, OLIEHKA PHCKOB HETlIaTe-
JKECIIOCOOHOCTSIMH, MAapKeTIUICHC M yNpaBIeHUE IMIpe-
TEH3HUSAMHU.

Pemrenus PokitDok pabortator Ha ocHOBE OJIOK-
yeitH mnardopmer DokChain, mocTpoeHHOH cOBMECTHO
c Intel na 6a3e Hyperledger Sawtooth Lake. DokChain
MpeACTaBIsieT co0oi OMoKdYeHH rmiardopMy Kak cep-
Buc. Ee OCHOBHBIMH OCOOCHHOCTSIMH SIBIISIFOTCS [9]:
ABTOHOMHOE M aBTOMAaTHYECKOE BBIHECCHHE PEIICHUH
M0 CHOPHBIM BOINPOCAM CTPAXOBBIX BBIILIAT, COOBITHII-
HOE YIMpaBICHHE MENOYKaMH IIOCTAaBOK, HAIpHMeED,
JIOCTaBKa JIEKAPCTB MAIMEHTaM IIPH BO3ZHHKHOBEHUH
HEOOXOMMOCTH; aBTOMATH3AlMs PadOYMX IPOIIECCOB
TIOMOIIIBIO CMapT-KOHTPAKTOB.

FarmaTrust paspabateiBaeT ObIcTpoe, MaciiTa-
Oompyemoe u Oe3omacHOe ONOKUEHH pelieHne, KOTOpoe
ABTOMATH3UPYET BCE ITAIBl OTCICKHUBAHUS (hapMareB-
TUYECKOW MPOMYKIMH B Iemodkax moctaBok [10]. Cos-
JaHHasg KOMITaHMEN OJIOKYEWH crucrtemMa ZO1 ITOMOTraeT
MHHUMH3HUPOBATh 3aTPaThl M PECYpChl, HEOOXOTMMBIE
JUISl TIOTHOIIGHHOTO OTCJICKMBaHMSA Tpenaparos. Ilmar-
(opMa MHTErpupyeTcsi ¢ CYIIECTBYIOIIMMHU KOPIIOpa-
TUBHBIMHA HPOTPAMMHBIMH PEIICHUSIMA W TIOMOTAacT

COKPAaTHTh BEPOATHOCTH JIECTaOMIM3alUKN CYILIECTBY-
oKX OM3HEC-TIPOIIECCOB, HAPUMEP H3-3a CPbIBA WIH
3aJIep’)KKH  TIOCTaBOK TOBapoB. PermieHne mMOCTpOEHO
Ha myOmuyHoMm OnokdeiiHe Ethereum. Taroke komra-
HUsI yCIIenIHO npoBoamia 3amycku PoC Ha mpuBaTHBIX
Bepeusix Ethereum: Tomochain u Quorum. [Tnardopma
UCTIONB3YET PEecTp Ui XPAHEHMs HAHHBIX 00 OTCIe-
YKMBAaHUW MEIMIMHCKUX IPEraparoB, CMapT KOHTPAKTHI
JUIL  aBTOMATH3ALMHM WCIIOJHEHUS TTOCTABOK JIETallb-
HBIX IPOAYKTOB W  HMCKYCCTBEHHBI  HMHTEIEKT
JUTS TIpEICKa3aHus TOTpeOHOCTEH B JIeKapCcTBax.

LumenLab — monpa3znenenue KpymHOW cTpaxo-
Boii xommanun Metlife, pacrmonoxxennoe B CuHramype,
3aIyCTWIO THJIOTHYIO ONOKYelH TmmaTdopmy Insure-
chain st aBromaru3amuu CTPaxoBbIX Bhimiar [11].
[punoxenne Vitana, paboraromee Ha OJOKYCHH-TUIAT-
¢dopme Insurechain, cosmano s oOecrieueHus (u-
HAHCOBOHM 3amnTBl OCPEeMEHHBIX JKCHIIMH C PHCKOM
BO3HMKHOBEHHsI TrecTalMoHHOro namabera. Yepe3 ato
MIPUIIOKEHNE TIAIIMEHT TI0/IaeT 3asBKY Ha O(QOpMIICHHE
CTpPaxoBOTrO mojimca. B cmydae, ecam y mome3oBarens
Oyzer oOHapyXeH auaber, MPOU30WICT aBTOMATHYC-
ckast ctpaxoBass Bbiutata cymmoi $500. Brmaromaps
JeXxamed B OCHOBE TMPHIJIOKEHHS] TEXHOJIOTHH OJIOK-
4eliH, 0opMIICHHE CTPAXOBOT0 TIOJINCA 3aHUMAET JIMIIIb
HECKOJIBKO MHHYT, @ CTPAaxOBBbIE BBIMIATHI IMPOHUCXO-
JIT aBTOMaTHYeCKH, Oe3 ydyacTusl MalnueHToB. Vitana
OblTa cO3/1aHa TIPH aKTUBHOM YYaCTHM TaKUX KPYITHBIX
koprnopaiuii kak SwissRe, Cognizant u Vault Dragon,
KoTopele momornmu LumenLab ¢ mpoexTupoBanmeMm,
pa3pabOTKOM M BHEIPEHHEM IIPOCKTA.

[Tmarpopma Bramble — 510 Mmapkermeiic st
MOKYNIKA W TIPOJIaKM MEIUIMHCKHUX YCIyr. Perrenue
JIaeT I0JIb30BATEISIM JJOCTYI K HPEUIOKCHUSIM Pas3iny-
HBIX HMHHOBAIIMOHHBIX MEJWIUHCKHAX YCIYT, CO3/1aH-
HBIX MMOCTaBIIMKAMU HAIPSIMYIO, C YKa3aHHEM IOJpPO0-
HOCTEH, CTOMMOCTH M YCJIOBHSMH IUISi IOTpeOHTeNeH
WIA COTPYAHHUKOB MemummHCKoH cdepsr [12]. Ilpen-
MymiectBa Bramble: MOTyT THOSIBISITECS HOBBIE PBHIHKH
C BBICOKOKJIACCHBIMU MOCTAaBIIMKAMH; IOTpeOHTENN
CMOTYT TOKYNaTh YCJIyT'H, OCHOBBIBasCh Ha CTOMMOC-
TH, Ka4eCTBE W pEIyTallM{; HWHTETPAlMs C pas3ind-
HBIMH CTPaXOBBIMH TUIaHAMH.

Signal stream — 5T0 pacnpenenenHas miardop-
Ma sl aBTOMATH3alMH  OM3HEC-TIPOIIECCOB  MEXKIY
HeckobkuMK  ydyactHukamu [13]. Ilmardopma maer
BO3MOYKHOCTb COOMpATh JaHHbBIE U3 Pa3IUIHBIX CHCTEM,
CO3/1aBaTh OTYETHI M SIBISIETCS MCTOYHMKOM JIOCTOBEp-
HoWl mH(popManuu Uit obecriedyeHus: paboTHl yupexKie-
HUHM 37ApaBOOXpAaHEHUS. ABTOMAaTHYECKOE OTCIIEKHBA-
HUE CJIOKHBIX B3aMMOICHCTBUH MEXIY y4YaCTHHKAMH
mpu3BaHO obOecrednTh 3(P(HEeKTHBHOCTE W TMPO3pad-
HOCTh JICJIOBBIX OTHOIICHHH B cepe 3apaBooXpaHe-
nust. [Imargopma Signal stream mo3BonsieT: CHU3UTH
aJIMUHUCTPATHBHYIO HArpy3Ky, CBS3aHHYIO CO CJIOXKHBI-
MH pa0OYUMH TIPOIECCAMH; OTCIIEKUBATH HCIIOTHEHHS
KOHTPAKTOB B PEXKHUME PEaTbHOTO BPEMEHH.
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[IpumveHeHne ONOKYCHH B MEIUIMHE, IT03BO-
JIUT TIOBBICUTH YPOBEHb JTOBEPUS MEKAY y4aCTHUKAMHU.
B cBoem wccienoBanun Bisresearch mnporrosupyer,
YTO C MOMOMIBI0 OJOKYelH cucteM K 2025 roxy uHIY-
CTpUsI 3IPAaBOOXPAHEHUSI CMOXET COKOHOMMTH OKOJIO
$100 mip. 3a cyer COKpalleHus: PacXxo/0B, CBA3aHHBIX
C YTEUKOH JaHHBIX, nojuepxkoil IT nappacTpyKkTypsl,
MOILIEHHUYECKUX JIeUCTBUHM, CTPaxOBbIX MaXHWHaILUH,
U APYTOTO.

Monenb U cucTeMa NpUMeHeHHsl 0JIOKYeifH B
NT-menunnue

Paccmotpum nBe 3amaum. IlocraHoBKa mepBoii
3amaun POPMYIIUPYETCS CICAYIONMM 00pa3oM: Heoo-
XOIUMO pPa3paboTath APPEKTUBHYIO WHTCIUICKTYallb-
HYIO TCXHOJOTHIO IS 00CCHeUCHUs MOITBEPIKICHHS
JIOCTOBEPHOCTH MEIUIIMHCKHX JOKYMCHTOB Ha OCHO-
BE TCXHOJIOTHH PACIPEICICHHBIX PEECTPOB C HCIIOJb-
30BaHMEM YMHBIX KOHTPAKTOB, a TaKKE OMPEICIUTH
MoJieN HHPOPMAIIMOHHOTO yiipaBieHus st UT-memu-

uuHbL [ BTOpOI 3a1aun Hamo pa3paboraTbh MOAENb
WHTEPHET MapKETHHIa, 4TOObI cOaTaHCUPOBATH MOTPEO-
HOCTH TAIIMEHTOB B HEOOXOAMMBIX JIEKapcTBaxX M MOJ-
JIep’KaTh 3TO PAaBHOBECHE TEXHOJIOTHEH Oyokueiin [ 14].

Torma ob6obmennyro mozmens s MIIBM M
TIPE/ICTaBUM B BUJIE!

M, =M, M, M,/

mi cehr’ cet’

M},

cbi’ 7 rpm

e M, — ynupaBjieHUe SJIEKTPOHHBIMU MEIUIUMHCKUMH
Kapramu; M — ynpaBieHHE LETNOYKaMU MOCTaBOK Jie-
kapcTB U Oopwba ¢ KoHTpadakTom; M, — aHaIu3 Me-
JUIUHCKAX JTAHHBIX; Mcbi — IPOBEIECHUE KIMHUYECKUX
1 OMOMEIVIIMHCKHUX HCCIIeIOBAaHHH; Mrpm — YIaJCHHbII
MOHUTOPUHI" TAIIUCHTOB.

PaccmoTpuM CTpYKTYypy pacnpeneieHHOW Cu-
CTEMbI C MCIIOJIb30BAHUEM TTOpPTaJia CUCTEMBI ITOCTABOK
u pacnpenenenuem jekapcts (IICD) ans yaosneTBope-
HUA MMaUCHTOB JIA PA3JIMYHBIX MEAMIUHCKUX YUPCIK-
nennii PecriyOnuku Bemapych, kKoTopas pabortaer ¢
HO[UIGp)KKOﬁ HWHTCJUICKTYAJIbHBIX ar€¢HTOB U IMPUMCHC-
HUEM OJIOKYEHH TexHoorui (pucyHok 1) [14].

3ampockl Ha TeKapcTBa

1A, v

HA.

HHTe/L1eKTYAJBHBIA DOPTAT

dapmakonoran Pecnybnka Beaapycs

VMHEBIE

N J W

Brokueiin- T

KOHTPAKTBI

TEXHOIOTTIH

ITanmesTHI

Pucynok 1. CtpykTypa cucTeMbl HHTEpHET-MapKeTHHra (hapMaKoJIOrui

I[ICD B cBoem coctaBe nmeeT 0a3y 3HaHHH
C ITOPUTMOM CaMOOOy4YCHHSI W PENaKTOPOM, HMHTEN-
JIEKTyaJbHBIH pelIarellb, MOACUCTEMY OOBSICHEHHUH,
untepdeiic UA1...MA , moacucremy moaTBepxIeHAs
JIOCTOBEPHOCTH Ha OCHOBE OJIoKuelH. MHTemiekTyab-
HBbIE areHTHI I/IAl...I/IAN CKaHHUPYIOT CAaWThl MEAMIIMH-
CKUX YYPEXJICHHH U HMCCIIeI0BATENBCKUX [IEHTPOB (JUIs
oTpeZieTIeHUs] TOTPeOHOCTEH B JIEKAapCTBAax) W CaWThI
KOMITAaHWH TIOCTaBIIUKOB JICKApCTB (JaHHBIE 00 HMe-
IomIeiicss HOMEHKIATyp) W (QopMHUpYIOT 0a3y 3HaHHWH
roprana Juisi MOCTaBOK JeKapcTB. Pemiaresns HaxoauT
COBITAJICHNS] ¥ BBIJIAET TPEIUIOKEHUS IS TpeOyeMoro
MepeyHsl ¥ KOJWYECTBA JIEKAPCTBEHHBIX IIPETapaToB
(BKITIOYAs TIPOTHO3HBIE TIOTPEOHOCTH), 00 BETUHSS HHTE-
PEcChI MalMeHTOB, alTEK U MEANIMHCKUX YUPEKICHHH.

B pesynbrare moroBopoB (GpopMHPYIOTCS YMHBIE
KOHTPAKTHI, KOTOPBIE MTOJIEPKUBAIOTCS OJIOKYEHH. DTa
TEXHOJIOTUSI TapaHTHPYET JIOCTOBEPHOCTH JTOKYMEHTOB
M0 TPOM3BOJICTBY JIEKApCTB, a TAKXKE ITOJTBEPKICHHE
IOPUANYECKN 3HAUNMBIX JICHCTBHI 110 NX pacrpocTpaHe-
HUIO B Clly4ae 1eHuIunTa.

3aKkjIoueHue

1. PaccMOTpeHBl OCHOBHBIC HANpaBICHUS HC-
TIOJIb30BaHMsI TEXHOJIOTHH OJIOKYEHH B MequinHe Onpe-
JICICHO TMPUMEHEHWE W TEPCHEKTHBBI HCIOIB30BAHUS
OJOKYEHH B MEANIIMHCKIX yupexaeHusx Poccun u pas-
BUTHIX CTpaH Mupa. [IpoBeneH aHanmu3 pa3mudHBIX MPO-
exToB. TexHomorny ONOKYEHH BCe HaIlle MCIIONB3YIOTCS
B MEIWIMHE, OHHU TIO3BOJIOT TMEPEHECTH pPadoTy
Ha 1UdpPOBOK HOCHUTENb, ONMU(PPOBATh BCE JAHHBIE U
paboTaTh cO BCEMH JOKYMEHTAMH B paMKax OOJBIION
m100anpHON  WH(OPMALMOHHOW cucTeMbl. [Ipemmy-
IIECTBA HCHONB30BaHuA OnokuerH B UT-menumune:
JCTCHTPATN3aNA, JINYHOEC BIAJCHHEC MEIUIIMHCKIMHA
JAHHBIMH, TOCTYITHOCTh M HAAEKHOCTB, MPO3PAYHOCTD
1 I0Bepue, MPOBEPIEMOCTb JAHHBIX.

2. Pa3zpaborana Ha 0aze TEOpPUH MHOMKECTB MO-
nens uHpopManmoHHOTO yrpaBineHus B UT-mennimHe
C WCIOJBH30BAaHUEM TEXHOIOTUM OIIOKYCHH, BKIIOYA-
Iomasi yIpaBJICHHUE OAICKTPOHHBIMA MEIUIIHHCKIMHA
KapTaMy; yTpaBieHUE [EMOYKaMU ITOCTABOK JIEKAPCTB
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u Ooppba C KOHTpaakTOM; aHaIM3 MEIUIIMHCKUX
JTAHHBIX; IPOBEICHUC KIMHUYCCKUX W OHOMEIHMIIUH-
CKHUX MCCIJIE/IOBAaHMI; Y/laJIeHHbII MOHUTOPUHT TallUEH-
TOB.

3. Pa3paborana CTpyKTypa MHTEPHET-MapKEeTHH-
ra Ha 0a3e pacrpelelieHHOH CHCTeMBI C HCIONb30Ba-

HUEM IOpTalia IMOJICUCTEM ITIOCTAaBOK U PACIpENICICHU-
€M JICKapCTB JUIs YIOBJICTBOPEHUS TOTPEOHOCTEH ma-
IMUCHTOB I Ppas3IMYHbIX MEIUIIMHCKUX yqpexcz[eHI/Ii/i
Pecniybnmuku benapych, kotopasi paboTaer ¢ MOmaepK-
KOW MHTEIUICKTYaJbHBIX areHTOB M MPHUMEHEHHEM OJIOK-
YEWH-TEXHOJOTUM.
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VISHNIAKOU U.A.

THE USE OF BLOCKCHAIN TECHNOLOGY IN IT-MEDICINE
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KUCEJIH TB.

ONTUMM3ALIMSA MOJEJEN KOHKYPCHOTI'O OTBOPA ABUTYPUEHTOB

Toneccxuii cocydapcmeennviil yHusepcumen
2. [unck, Pecnybnuxa benapyce

Obecneuenue nabopa cmyoeHmos Ha Nepsbvlil Kypc — OOHA U3 KIIOUeBblX 3a0ay YUPesCcOeHUll 6bicule2o
00pa3osanUs, 603MONCHOCb Peanru3ayuu KOmopou 60 MHO20M 3A6UCUI OM CUCTEMbl OmMOOpa abumypuenmos 8
8y3vl. Lenvro uccnedosanus A61AI0CH U3yUeHUue COBPEMEHHON NPpakmuKky npuema 6 gysvl Pecnybnuxu Benapycwy, 6
YACMHOCTU OP2AHU3AYUU KOHKYPCHO20 OmOOpa no 2pynnam CneyuanbHOCmell, 6blAGIEHUN) CUTbHBIX U CIA0bIX
CMOPOH OaHHO20 NoXo0a u paspabomxe pexomeHOayuil no e2o coseputencmeosanuio. Ilpednodcen cnocod
onmumuzayuu Habopa cneyuaIbHOCmell, KOmopblil NO360UM NOLICUMb 0DOCHOBAHHOCb PeUeHUll, NPUHUMACMBIX
abumypuenmamu npu 8bl00pe CneyuaIbHOCMel U, C1e008aMmMenbHO, YPOeHb UX YO08IeMEOPEHHOCIU Pe3VIbmamami
KOHKYPCHO20 ombopa; 8y3am — obecnedums Habop Haubdoiee noO20MOGNEHHbIX U MOMUSUPOSAHHBIX CHTYOEHMOs,

BbINOJIHUNMb NJIAH npuemd.

Knrouesvie cnosa: ays, abumypuenm, cneyuaibHOCmy, epynna cneyuarbHOCmell, NPUopumem cneyuaibHoc-
mit, KOHKYPC, KOHKYPCHbIll 0mMOop, pazoenbHblll KOHKYPC, 00Wull KOHKYPC, 3a4ucienue

BBenenue

B xome mpuemnuoit kammanunu (I1pK), mo psmy
MIPUYNH, MHOTHE BY3bl CTAJIKHBAIOTCS C TPOOJIEMOM,
CBSI3aHHOMW ¢ o0OecredeHneM Habopa CTY/IEHTOB Ha TIep-
BB Kypc. Kak ciencreue, exeroaHo, B BBICIINX y4eo-
HBIX 3aBefieHHAX PecnyOmuku bemapych dukcupyercs
Heso00p aOWTYpPHEHTOB HE TOJNBKO Ha IUIATHYIO, HO
u Ha OropkeTHylo (opmy obOydeHus. Bompmryio podb,
B PCIICHWM YKa3aHHOW INpOOJEMBI, WTPAcT OpraHu3a-
IUsI TIPABWJIBHOM M CBOEBPEMEHHOW MPO(OPHEHTAIH-
OHHOHN paboThl. B TOXe Bpems, HapsiLy € TPaaWIMOH-
HO TIPOBOJMMBIM KOMIUIEKCOM MPO(OpPHEHTAINOHHBIX
MEpOTIPUSITHH, HANpaBICHHBIX HA pEIICHHEe 3a/1ad
mo obecrnieueHno Habopa, y By30B (Oxaromapst aBTOMa-
TH3AIMH) MOSBUIICS JOTIOJHUTENIBHBIN CIIOCO0 THOKOTO
MpUBJICYECHNUsT aOUTYPUEHTOB — OpraHM3aIys KOHKYpC-
HOTO OTOOpa IO TPYIIaM CIENHAIFHOCTEH Ha OCHOBE
CHCTEMBbI IPUOPHUTETOB.

Opranuzanny KOHKYPCHOTO 0TOOpa TO TpyI-
MaM CIICIHUAIBHOCTEH MOCBSIIEH P OTCYECTBEHHBIX,
poccHiickux u 3apyOexHbIX padoT. Heodxomumo otme-
TUTH pabOTHI poccuiickux aBTopoB — T.A. [Torpomckoi,
O.J1. EmagumnaneBoit, A.M. Ileixtuaa, O.B. OBuma-
kuHa, A.C. HecrepoBa u Gemopycckux — H.A. [Iy6ko,
H.B. Pycunoit. B mocnennue romsl pazpaboTke mpo-
TPaMMHOTO OOECTIEYCHUs ISl YIpaBlICHUS NPHEMHOH
KaMITaHUEH BBICHIEr0 y4eOHOTO 3aBEICHHS YHAENSeTCS
cymectBeHHoe BHMMaHue. Eme B 2010 roay, mo nopy-
yeHnto MuHHcTepcTBa 00pasoBanus PecmyOmmku be-
nmapycb, B BI'YUP Opmma paspaboTaHa aBTOMAaTH3HPO-
BaHHAsl CHCTEMa II0JIauM 3asBICHUN W 3a4NCIICHHS
(ACII3u3). B ToM ke Tomy cHucTeMa IpoIna YCIel-
HYIO anpoOanuio mpy rnojade 3asBICHAN U 3aUUCICHUN
Ha IUIATHOE OTJEJICHWE, BO BPEMsS KOTOPOH KOHKYpC
ObUT TIpOBEEH HE IO OTIEIBHBIM CIICHHATBHOCTSIM,

a 10 TpyIIe CHIelHaIbHOCTeH TEeXHUKO-TEeXHOJIOTH-
yeckoro npodmrss. B 2011 rogy cucrema 3apabotana
JUISL BCEX MOCTYNAIOIINX B YHUBEPCUTET aOUTYPHUEHTOB.
Ha ceronmusmHuii aeHsb, cucTeMOl 0TOOpa ¢ OOLIUM
KOHKYPCOM [0 TPYyIIaMm CIEHaIbHOCTEH IO0JIb3yeTCs
psin Oenmopycckux By30B. JlaHHasi BO3MOXKHOCTB -
POKO HCIIOJIb3YeTCs HE TOJBKO B Hallel cTpaHe, HO M
B CTpaHax MOCTCOBETCKOro mpoctpaHcTsa [1]. Bmecte
C Te€M, BOBMOXXHOCTb OpraHU3alii KOHKYPCHOT0 0TO0pa
10 O0BEJMHEHHBIM TPYIIaM CHEHUAIBHOCTEH Mpeso-
cTaBisgeT OOJbLIYI0 BapHaTHBHOCTH INpH (OPMUpPOBa-
HUM 3asBJICHHS, YTO MOXKET IMPEJCTaBIISITh CIOKHOCTb
JUIsl a0UTYPHEHTOB U IIPUBOJUTD K HE JKEJIATEIbHBIM I10-
ciieicTBUsAM. [Ipr 9TOM BONPOCHI MOJIEPKKH ITPUHSITHS
pelenuii, npu GopmMupoBaHUM aOUTYypHEHTOM Habopa
MIPEANOYTUTEIBHBIX CIIEIUAIBHOCTEH, B M3BECTHBIX pa-
00Tax 3aTPOHYTHI JIUILb YACTHYHO [2].

Lenp gaHHOTO MCCIENOBAaHUS SIBJISUIOCH H3yue-
HUE COBPEMEHHOM MPaKTUKU ITpueMa B By3sl Pecny6inu-
ku benapych, B 4aCTHOCTH OpraHU3aluyl KOHKYPCHOTO
orbopa 1o 0ObEAMHEHHBIM TPYIIaM CIEHaIbHOCTEH,
BBISIBJICHUE CHJIBHBIX M CJIA0BIX CTOPOH AaHHOTO M0X0/1a
U pa3paboTKa PEeKOMEHJAIMH 110 ero COBEPIICHCTBOBA-
HUIO.

OO0muii KOHKYpC N0 rpyHIaM crnennaabHocTell

CornacHo TpaBWjaM IpHEMa, MPU HCIOIb30Ba-
HUM aBTOMAaTU3UPOBAHHOM CHUCTEMBI 3a4MCIICHHS, alOu-
TYpPHEHT MMEET BO3MOXKHOCTh Y4YaCTBOBAaTh B KOHKypCE
Ha J1000€ YMCIIO CIIEHUAIBHOCTEH B paMKax BEIOpaHHOM
TPYIIIBI B IOPSJIKE TPUOPHUTETA, ONPEAEICHHOTIO UM Ca-
MUM B 3asIBJICHUH IPU T0faue TOKYMEHTOB [3].

Opranuzanusi KOHKYpPCHOTO 0TOOpa IO Tpym-
raM CIEeNUAIBHOCTEH HMEET psA NPEenMYIIECTB: II0-
3BOJISIET TIOBBICUTH INAHCHI HA MOCTYIUICHHE B BY3,
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MAaKCUMaJIbHO YYUTBIBAA IIOXKCIaHUA a6I/ITypI/IeHTOB
C Yy4€TOM HaGpaHHLIX MU 6aJ'IJ'IOB Ha BCTYIUTECIbHBIX
UCIIBITAHKSX; By3aM — OTOOpaTh Hamboiiee MOATOTOB-
JICHHBIX, AaBTOMATHUYCCKH OTCCHBAsA CJ'Ia6bIX y4aCTHH-
KOB; OIIPE€ACINTH CIICHUAJIBHOCTHU, KOTOPLIC ITOJIB3YIOTCA
y aOUTypHEHTOB OCOOBIM CIPOCOM; CHU3HTH BEPOSIT-
HOCTh JIONOJHUTEJILHOTO HAOOpa, jesas, TaKuMm oOpa-
30M, KJIACCHYECKUI KOHKYpCHBIA 0TOOp Ooiee 3¢ dek-
TUBHBIM, CITPABCJIMBBIM U KAYECTBCHHBIM.

B xo/e n3ydeHus mopsaaKoB MpHeMa By30B ObLIO
YCTaHOBIICHO, 4TO OK0JO 70 % OelopycCcKux BY30B
NPEIOCTABISAIOT AOWUTypHEHTaM BO3MOYKHOCTH — yda-
CTBOBaTh B KOHKYPCHOM OTOOpE OJHOBPEMECHHO Ha He-

CKOJIBKO CIICI[MAJIbHOCTEH, B paMKax BBHIOpaHHOM rpyt-
bl (3aYUCICHUE TPOU3BOAMUTCS HAa CHELHANbHOCTB).
K naHHO# KaTeropum OTHOCSATCS MOYTH BCe OOJIACTHBIC
(32 HCKJIIOYEHHEM MEIUIMHCKUX) U PETHOHAJIbHBIC
By3bl, OOJbIIas 4acTh CTOJUYHBIX BY30B. Pa3nenbHbIN
KOHKYPC HCIONIB3YIOT HCKIIOUUTEIHHO BCe By3bl Mu-
HUCTEpCTBa 37paBooxpaHeHus PecnyOmuku bemapycs,
Oouiplasi 4YacTh By30B MUHHCTEpCTBA KYJIbTYpbI, 00JIb-
IIMHCTBO BY30B CHJIOBBIX CTPYKTYyp PecmyOnmku (Tak
KaK TOCTYIUIGHHE B MEPEUYHCICHHBIC BY3bl UMEET CBOU
0COOCHHOCTH), @ TaK)Ke HEKOTOPHIC BEAYIIUE CTOJINY-
HBIC BY3blI, HC UCIIBITBHIBAIOIINE TPOOIEM ¢ HAOOpOM (Ta-
omua 1).

Tabnuna 1. KoaruecTBO By30B HCIIOIB3YIOMIMX OOLIUH U pa3aeabHbI KOHKYPC

KonndecTBo By30B UCTIOIB3YIOIINX
Peruons! benapycu Bcero By3oB
0OmIHif KOHKYPC | pa3aenbHBII KOHKYPC

Bpect u bpectckas o6nactp 4 4 0

Burebck u Butebckas ob6macts 6 5 1

T'omens u [omensckas o6macts 6 4 2

I'ponno u I'pogHeHCKas 00IacTh 3 2 1

MuHck 1 MuHCKas 001acTh 29 17 12
MorwuneB u MoruneBckast 001acTb 5 5 0

Hroro 53 37 16

Oco0y10 akTyalbHOCTb, B TIIOCICIHEE BpPEM,
pruoOpeTaeT BOIPOC MPOBEACHHS OOLIEr0 KOHKypca
B By3ax €MHOM HarpaBieHHOCTH. B 2023 rony BnepBbie
OBLT OpraHM30BaH OOBEIMHEHHBIN IMpPHEM aOUTYpUCH-
TOB Cpa3y B JIBa YUpexJeHHs MUHHCTEPCTBA BHYTPEH-
HUX Jied — cToiauunyto Axkagemutro MBJl u Morunes-
ckuil uactutyT MB/I.

OO0mmii KOHKypC M0 rpynmnaM crnenuaaibHOCTel

Opraam3anys KOHKYPCHOTO oTOOpa 1o TpyImaM
CTELHUATBHOCTEH MPENoNaracT HaJIMYUE TPy 00b-
SMHSIONINX CIEIUAIBHOCTH MO HEKOTOPHIM IpU3HA-
KaMm. ['71aBHBIM ycllOBHEM 100aBICHUS CIICIMAIBHOCTH
B IPYIIY, SIBJISICTCS €ANHBIM HA0OpP BCTYNHUTEIBHBIX HC-
TBITaHAHA. By3bI (hOpMUPYIOT TPYIIIIBI CIICIIHATTBHOCTEH:
1) B pamkax ¢akynpTera (B COCTaB TPYIIBl BXOAAT
CHETMaTbHOCTH OJHOTO (aKyabTeTa); 2) MeXIy (¢a-
KyJIbT€TaMH (B TPYHITy MOTYT BXOJWTh CIICIMAIBHOCTH
pasHBIX (aKyIBTETOB); 3) CKBO3HBIM OOBEIMHEHUEM
CHEIHaIbHOCTEH By3a (BCE CHENNATLHOCTH BY3a, C OJH-
HAaKOBBIM Ha0OPOM BCTYNHTENBHBIX HcHbITaHUK). Co-
CTaB TPYMII, YCIOBUS U MOPSIOK MPOBEACHHS KOHKYpC-
HOTO 0TOOpa KaX/IbIi B3 ONPEACISIET CaMOCTOSITEIBHO.
MHorue By3bl peKOMEHAYIOT a0UTypHEHTaM yKa3bIBaTh
B 3a@jdBJICHUH MAaKCHMAaJIbHO-BO3MOXHOE KOJIMYECTBO
CHEIHATIBbHOCTEH, YTOOBI MOBBICUT CBOM KOHKYPCHBIE
BO3MO>KHOCTH.

Ha mnporsokenun psiga Jyier, By3sl PecryOmu-
k1 benmapych, MCHONB3yIOT /1BE MOJEIM KOHKYPCHOTO
orbopa [4]. CyTe anropuTMOB NaHHBIX MOJENCH 3a-
KIIFOUaeTcsl B cienykomeM. AOUTYpHEHT B 3asBICHUH
YKa3bIBACT CIICHUAIBHOCTH B TOPSAKE MPEATIOYTCHHS
B paMKax BbIOpaHHOW uM rpymisl. [locie oxoH4aHUA
IprueMa JIOKYMEHTOB (B OCHOBHOM 3Tall IOCTYIIJICHUS)
JUISL TIPOBE/ICHUS MIPOLIEAYPBI 3aUNCIICHNS, BcE a0UTypH-
€HTbl BBICTPAUBAIOTCS B PEUTUHIOBBIN CIHUCOK, UMEIO-
LM CIIEAYIONIYIO CTPYKTYpY: rpymma | — aOuTypHeHTbI,
rocTynaronye 6e3 BCTYNHUTEIbHBIX MCHBITAHUH (ITyHKT
23 IlpaBui npuema); rpynma 2 — abUTypHEHTHI, TTOCTY-
rarone BHe KOHKypca (myHKT 26 [IpaBui mpuema);
rpymma 3 — aOuUTypHEHTHI, TOCTYHAOIIHNE TI0 KOHKYPCY,
Ha 00mMX OCHOBaHWAX (rpymma 3 (GopMHUpPYyeTCs B IO-
psnke yObiBaHMs HaOpaHHOH aOuTypueHTaMHu oOIeiH
cymMmbl OautoB). [lepBeIME 3a4nCIIsIOTCS aOUTYPHEHTHI
NIEPBOM I'pyNIbl, 3aTEM BTOPOW M, B IOCIECJHIOIO OYe-
pellb, HAaUMHACTCS 3aUUCIICHUE TPEThEH IPyIIIIBI.

3aunciieHne TpeThell ITPyNIbl HAYMHACTCS C a0H-
TypUEHTAa HMEIOIIEr0 MaKCHMAallbHOE KOJHMYECTBO Ha-
Opannbix OayuioB. I[IpoBepsiercst Hanu4yue CBOOOTHBIX
MECT AJIsI 3a4UCIICHUS Ha MEPBYIO CHENNAIBbHOCTD, YKa-
3aHHYIO B 3asBJICHUH JaHHOTO abuTypueHTa. B cimyuae
€CIIH MECTO €CTh — AOUTYpUEHT 3a4MCIIsIeTCS Ha JIaH-
HYIO CITICIHAJIbHOCTh, HHAYE PACCMATPUBACTCS CIIEAYIO-
iasi CreualbHOCTh M3 MPHOPUTETHOrO crmcka. W Tak

CHUCTEMHBIA AHAJIM3 U IPUKJIAJTHASI THOOPMATHUKA
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MIPOBEPSAIOTCS BCE CMELUANBHOCTU B 3asBICHHM JI0 TeX
1op, MoKa aOUTYpHEHT He OyJeT 3a4MClieH WM He 3a-
KOHYATCsl KelnaeMble crenuanbHocTH. [lanee, comiac-
HO MEPBOMY aJITOPUTMY, aOUTYypHEHT, HE HPOILICAIINH
M0 KOHKYpPCY HHM Ha OJHY U3 MEPEUHCICHHBIX B 3asBie-
HUM CHENMaIbHOCTEH, HEe MOMIEeKUT 3auncieHuto. Co-
IJaCHO BTOPOMY QITOPUTMY, €CIIM CIHCOK CIHeIHallb-
HOCTEH HMcuepraH, a abUTypHUEeHT HE IOIaJl HA Ha OJIHY
CHELHUAIBbHOCTh M3 CHHCKA, AOUTYpUEHT IONANacT B
MIPOMEKYTOUYHBIN CTIMCOK He3aducaeHHbIX. [locie obpa-
0OTKHM 3asIBJICHUI BCEX POPAHKUPOBAHHBIX A0OUTYpHECH-
TOB MOXET BO3HHMKHYTb JBE CHUTyal[UM: IepBas — Bce
CHENMATbHOCTH 3aMIOJIHEHBI; BTOPas — OCTAIUCh BAKAHT-
HbIE MECTa Ha HEKOTOPBIX M3 HHMX. B mepBoMm ciyyae
aOUTYpUEHTBl M3 CIIMCKA HE3aYUCICHHBIX CUYMTAOTCS
HE IMpOIIEIIINMH KOHKYPCHBIH 0TOOp. Bo BTOpOM city-
yae aOWTYpHEHTHI W3 CITMCKAa HE3a4HCIICHHBIX CHOBA
PAEKUPYIOTCS TI0 CyMMe HaOpaHHBIX 0aylIoB M ¢ 0OJb-
MUMH 0aJulaMM 3a4HCIISIOTCSl HA BAaKAHTHBIE MECTa He-
3aI0JIHEHHBIX CIELMAIBHOCTEH PELICHUEM PUEMHON
KOMHCCHU.

O0e Monen KOHKYpCHOTO OTOOpa HMEIOT
KaK TpEeuMyIIecTBa, Tak M HenocTatku. Ilpu mcmoms-
30BaHUM MOJIENIM HAa OCHOBE IIEPBOrO  AITOPUTMA
CYIIECTBYET BEPOSITHOCTH JIONOJHUTEIBHOrO Habopa,
YTO UCKJIIOYAET MOJEIb, OCHOBAaHHAsl HA BTOPOM allro-
pHUTME, TaK KaK BO3MOXHbBIE BAKAHTHBIE MECTA 3aI0JIHS-
I0TCSl pELIeHNEeM NpHeMHON kKomuccur. OmHaKoO 3admuc-
JICHHUE pelIeHueM MPUEMHON KOMUCCHUM TOBOJIBHO YacTO
NPUBOJMT K OTYMCIICHHSM CTYAEHTOB (110 COOCTBEH-
HOMY JKE€JIaHHUIO) IOCJe IMPOLEAyphl 3a4HCICHUS, YTO
KpaiiHe pejiiko HaOJloAaeTcs MpH MCHOJIB30BaHUM TIep-
BOM MoOJeNnu, a TakKe MPU KIACCHUYECKOM Pa3/IelbHOM
KoHKypce. TakuM o0pazom, AJisl TIEPBOTO ajlropurMa —

YBEJIMYMBACTCSI BEPOSITHOCTH JIONOJIHUTEIBHOTO HAabopa,
YMEHBIIAETCS BEPOSATHOCTh OTYMCICHUS 3aUUCIICHHBIX
0 COOCTBEHHOMY >KeJaHuio. [l BTOPOro aaropur-
Ma — YMEHbBIIAETCS BEPOSATHOCTH JOMOJHUTEIBHOIO Ha-
0opa, OIHAKO YBEJIMYMBACTCS BEPOSITHOCTH OTUUCICHUS
3a4MCIICHHBIX 10 COOCTBEHHOMY JXeJlaHuIo. Pemenuem
IJIS ONTHMHU3ALMH JIBYX alrOpUTMOB (A U A) SBISET-
csl onTUMuU3anys GpopMUpoBaHHs Habopa crenuaiIbHOC-
Tell ¥ UX paHXHUpPOBaHUE B 3asBIeHUU. [[1s ompenene-
HUSI ONITHMAJILHOTO Habopa ¢ paHraMu CHelualIbHOCTEH,
MOYHO BOCTOJIb30BaThCsl MeTofioM Kemenu-Caemna [5].

B kauwectBe mnpumepa, paccMOTpUM TIpYMITy
CHEeNMANbHOCTEH AKOHOMHYECKOH HampaBJIEHHOCTH,
yupexaeHus: oopasosanus «llonecckuii rocynapcTBeH-
HBI YHHUBEPCHUTET», B COCTaB KOTOPOIl BXOAT CIEAYyIO-
M€ CNICUMATLHOCTU: SKOHOMHKA W yNpPaBIECHUE (SP,);
Ou3HeC-aIMMHUCTPUPOBAHUE (Sp,); MEHEDKMEHT (Sp,);
MapKeTHHT (Sp,); SKOHOMHMKA (Sp,); PUHAHCHI M KPEAUT
(sp6); OyxranTepckuil yueT, aHaaus u ayuT (sp.).

Onrumusanusi Hadopa cnenuaJbLHoCTel
meToaoM Kemenu-Cuensia

AbutypueHT (dopmupyeT HabOp CIeIHaIbHO-
CTEH, paHKUPYS UX 110 BAKHOCTH: | — camas BaxkHasl, 2 —
MeHee BaXHas U T. 1. (Tabmuma 2). AOUTYpHUEHT MOXKET
BBIOpPATh J1000€ KOJIMYECTBO CIIELMAIbHOCTEH B paMKax
BBIOPAHHOM TPYIIIIBL.

CkoppekTipyeM HCXOTHBIH Habop (cdopmupo-
BaHHBIH a0WTYpHUEHTOM) C YIETOM IIPOXOTHBIX OaioB
MPONUIBIX JIeT W HaOpaHHBIX aOUTYpHEHTOM OaioB
Ha BCTYNHMTEIbHBIX HCHBITaHMAX. [IpoxozaHble Oayuibl
3a MPEALIECTBYIOMNH MATHICTHIH EPHOA ITPEaCTaBIIe-
HBI B Tabue 3.

Tabmuia 2. Habop cienmansHocTel, chopMUpOBaHHBINA aOUTYPHEHTOM (Ha OCHOBE TPEATIOYTCHNUH)

Ne n/m CrenuanbHOCTh Yenosroe 0003HauCHHE IIpuopurer
CHENHUaTbHOCTH
1 DKOHOMUKA U YIIpaBJICHUE sp, 4
2 busnec-agMuHUCTpUpOBaHUE sp, 2
3 MenempxMenT sp, 1
4 MapkeTuHr sp, 3
5 DKOHOMHUKA sp, 6
6 DUHAHCHI U KPEIUT P, 5
7 Byxrantepckuil yuert, aHanu3 U ayauT sp, 7

[Ipeamnonoxum, uto adbutypueHT Habpan 283
Oaima, TOrga JIOCTYHHBIM HaOOp  cIiemManbHOCTEH
(c ydeToM NpPOXOJHBIX M HAOpaHHBIX OaIOB), IS
KaXJIOT0  IPEIIIECTBYIOMIEro  roja  IMpeJCcTaBUM

B Tabnuie 4. Eciu crenuanbHOCTh HE JOCTYIHA IO
OautaM B TEKylIeM TOMY, pPaHry CIEIUAIbHOCTH
npucBanBaeM — 0 (CIENUATLHOCTh UCKITIOYAETCS M3 Ha-
oopa).
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Tabnuua 3. ITpoxoaHsle OaIkl 1Mo crienuaibHOCTIM 3a iepuoy ¢ 2019 mo 2023 rr.

I'on npoBenenns CrenuanbHOCTD / IPOXOIHOM Oain
HpK sp, sp, sp, sp, sp; SP, sp,
2023 276 300 287 308 253 255 255
2022 285 297 294 302 264 256 254
2021 282 293 295 295 270 270 268
2020 268 286 283 282 264 265 264
2019 288 307 319 301 296 283 282
Tabnuua 4. JlocTyHble CIENUATLHOCTH M UX PAHTH

Tox mpoBenenus CrienmuansHOCTh / IPHOPUTET CIIEITHATHHOCTH
ITpK

p sp, sp, sp, sp, Sp; P, sp,
2023 1 0 0 0 3 2 4
2022 0 0 0 0 2 1 3
2021 1 0 0 0 3 2 4
2020 3 0 1 2 5 4 6
2019 0 0 0 0 0 1 2

AJIropHTM METOJIa pCATM3yCTCsA B CICAYIOMIEM Lecnuk; > k;
HOpﬂHKe T)-k = 71, ecau kk = ki , (1)
1. Ha ocHOBe UCXOMHOM MH(POPMALMH O IOCTYII- 0, ecnn k;jooky
HBIX CHEUMANBHOCTAX M UX PaHrax, cocraBisiorcs ma- 1ne j—rox IIpK; i, k—wuHpmekcsl cnenmanbHOCTEH;

TPUIBl OWHAPHBIX TPEANOYTCHUIH aOUTypueHTa JIJIst
KXJ0ro aHaJM3UPyeMOro rojia MPUEMHON KaMIaHHU
(Tabmumpr 5-9) ¢ onenkamu (1):

> —3HaK npexanouTeHus; 0 (WK MPOYepK) — CIICIHalb-
HOCTH COIIOCTAaBUMBI HITH HET HHpopMarmm; k= 1, ..., 7;
i=1,..,7;j=1,...,5.

Tabmuma 5. Pesynbrarel OMHapHBIX TpeanodTenuii aburypuenta B 2023 roxy

2023 . sp, sp, sp, sp, S P, sp,
sp, - -1 -1 -1 1 1 1
sp, 1 - - - 1 1 1
sp, 1 - - - 1 1 1
sp, 1 - - - 1 1 1
sp, -1 -1 -1 -1 - -1 1
P, -1 -1 -1 -1 1 - 1
sp, -1 -1 -1 -1 -1 -1 -
Tabmuta 6. Pesynbrarel OMHApHBIX TpeAnodTeHnit aburypuenrta B 2022 romy
2022 1. sp, sp, sp, sp, Sp; P, sp,
sp, - - - - 1 1 1
sp, - - - - 1 1 1
sp, - - - - 1 1 1
sp, - - - - 1 1 1
sp, -1 -1 -1 -1 - -1 1
Sp, -1 -1 -1 -1 1 - 1
sp -1 -1 -1 -1 -1 -1 -
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Tabnuua 7. Pe3ynbrarel OnHapHBIX npesmnodreHuii aburypuenta B 2021 romy

2021 sp, sp, sp, sp, sps P, sp,
sp, - -1 -1 -1 1 1 1
sp, 1 - - - 1 1 1
sp, 1 - - - 1 1 1
sp, 1 - - - 1 1 1
sp, -1 -1 -1 -1 - -1 1
Sp, -1 -1 -1 -1 1 - 1
sp, -1 -1 -1 -1 -1 -1 -
Ta6muma 8. Pesynbrarsr OMHapHBIX TpeanodTeHuii aburypuenta B 2020 roxy
2020 . sp, sp, sp, sp, sp; P, sp,
sp, - -1 -1 -1 1 1 1
sp, 1 - 1 1 1 1 1
sp, 1 -1 - 1 1 1 1
sp, 1 -1 -1 - 1 1 1
sp. -1 -1 -1 -1 - -1 1
P, -1 -1 -1 -1 1 - 1
sp, -1 -1 -1 -1 -1 -1 -
Tabnuua 9. Pe3ynbrarer OnHapHBIX npeanouTeHuii abutypruenta B 2019 romy
2019 . sp, sp, sp, sp, sp; P, sp,
sp, - - - - - 1 1
sp, - - - - - 1 1
sp, - - - - - 1 1
sp, - - - - - 1 1
sp; - - - - - 1 1
Sp, -1 -1 -1 -1 -1 - 1
sp -1 -1 -1 -1 -1 -1 -

2. Ha ocHOBe MaTpuIl OMHAPHBIX MPEIITOYTCHIHA
abuTypHeHTa, PACCUUTHIBACTCS] MAaTPHILIA ITOTEPh (TaOIIH-
na 10) ¢ onerkamu (2):

re= e =1 @)

rmej=1,....,7k=1,...,7.

Kaxnprii 31eMeHT MaTpHIbl JaeT TPYIIIOBYIO
OIICHKY TIOTEPh j-i CIEIHMATbHOCTH OTHOCHUTEIBHO K-i.
Hanpuwmep, 7, =|-1 - 1|+ -1 - 1| +[-1 - 1= 6.

3. O6paboTka MaTpPHUIBI TOTEPh BHIMOIHICTCS
B HECKOJBKO I[MKJIOB. B KaXIOM IUKIE IS Ka)XHIOu
CICIMATbHOCTH OIPEICIICTCS CyMMa II0 CTpOKE.
CrneunanbHOCTh C MEHbLIEH CYMMOIl CTaBUTCS Ha mep-
BOC MECTO (CHEIHATBHOCTh, KOTOPOH COOTBETCTBYET
MUHUMaJbHAs CcyMMa, cuuTaercs mydimneif). Crpoka
U CcTojOel 9TOH  CHeIUalbHOCTH  HMCKIOYAKTCS
u3 Matpusl morepb. CyMMHpOBaHHE CTPOK Ma-
TPUIOBI  [OTEPh W WCKIIOYEHHE  CHCIHAaIbHO-

CTeHl BBINOJNHAIOTCA 10 TEX TMop, TIoKa He Oy-
JeT HWCKIIouYeHa Bcs Marpuma. [lepBelii Oy
r=6+6+6=18r,=0,r, =21, =2+2=4
r,=8+8+8+8+8=40;r,=10+10+ 10+ 10+2=42;
r,=10+10+ 10 + 10 + 10 + 10 = 60. B pesynsrare r,
CTAaBUTCS Ha MEPBOE MECTO, COOTBETCTBYIOIINE €l BTO-
pBI€ CTPOKA M CTONOEI BEIYEPKUBAIOTCS. BTOpoi nuki:
r=6+6=12r,=0;r,=2=2;r,=8+8+8+8=32;
r,=10+10+10+2=32;7 =10+10+10+ 10+ 10=50.
B pesynbrare 7, CTaBUTCA Ha BTOPOE MECTO M T. .

B pesynbrare nmpuUMEHEHHS JTAaHHOTO AaJITOPUT-
Ma, TOJYyYNM PEKOMEHIALMIO Ha TEKYIIHH Tof IoJadH
JOKyMEHTOB — IIPOpPAHXHMPOBaHHBIH HaOOp Crenuaib-
HOCTEH, C y4EeTOM CTaTUCTHUKH MPONUIBIX JeT. B Tabmu-
me 11 mpencraBieHBl HCXOHHBIA  (cPOPMUPOBAHHBINA
aOUTypHUEHTOM Ha OCHOBE IPEANOYTEHHH) U PEKOMEH-
JyeMblii (CKOPPEKTHPOBAHHBII C YYETOM BO3MOXHO-
CTeii) HaOOPHI CIICITUATEHOCTEH.
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Ta6mura 10. Matpura morepb
n sp, sp, sp, sp, sp; P, sp,
sp, - 6 6 0 0 0
sp, 0 - 0 0 0 0
sp, 0 2 - 0 0 0 0
sp, 0 2 - 0 0 0
Sp; 8 8 8 8 - 8 0
sp, 10 10 10 10 2 - 0
sp, 10 10 10 10 10 10 10
Tabnmuma 11. VicxomHblii 1 peKOMEHyeMBIif HAOOPHI C paHTaMH CTIIETIHATBHOCTEN
Habop CrienManbHOCTh / TIPUOPUTET CIIEIUATBHOCTH
CIIEIMANILHOCTEH sp, sp, sp, sp, sp, sp, sp
HUCXOIHBIN 4 2 1 3 6 5
pEKOMEHTyeMbIit 4 1 2 3 6 5
3akJoueHune OnTuMH3MpOBaHHAs, TakUM o0pa3oM, cHcCTeMa OT-

Hanuune coorBercTBYyIOLIEH pEeKOMEHIALUH,
B BHUJIC ONTHUMH3HPOBAHHOTO HAOOpa MPOPAHIKUPO-
BaHHBIX CHEIHUAILHOCTEH C Y4YeTOM HE TOJIbKO Mpe.-
MMOYTCHUY a0UTypUEHTa, HO M €ro BO3MOXKHOCTEH,
MTO3BOJIUT IOBBICUTH OOOCHOBAHHOCTH DEIICHUN NpH-
HUMAaeMbIX aOUTYpHCHTAMHU IIPH BBIOOpE CIICIUAIBHOC-
Tel U, Clel0BaTelIbHO, YPOBEHb HX YIOBJIETBOPEH-
HOCTH pe3ynbTaramu KOHKYPCHOTI'O otbopa.

O6opa c O0OmMM KOHKYPCOM II0 TPYIIaM CIICIH-
aNbHOCTEH, KOTOPOW Ha TPOTSHKCHUU psima  JeT
MOJIB3YIOTCS ~ OENOpYCCKHE  BY3bl, B  KOMILICKCE
C OJIMMIIMAJHOW M LENeBOH, OyayT CIOCOOCTBOBAaTh
pelLIeHUIO NPOOJIeM BBICIIMX yYeOHBIX 3aBEJICHHH CBS-
3aHHBIX C HAOOpPOM CTYZCHTOB Ha MEPBBIH Kypc, ode-
criednBasi oTOOp Hamboliee MOATOTOBICHHBIX M MOTH-
BUPOBAHHBIX a6I/ITypI/IeHTOB, BBITIOJTHEHUE KOHTPOJIb-
HBIX QP npuema.
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OPTIMIZATION OF COMPETITIVE SELECTION MODELS OF APPLICANTS
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The subject of research is the use of blockchain technology in IT medicine. The purpose of the article
is to analyze the use of blockchain technology in IT medicine, analyze its use in the world, and propose models.
the directions of blockchain in medicine and electronic marketing. The main directions of using blockchain
technology in medicine are considered, the application and prospects of using blockchain in medical institutions
of Russia and developed countries of the world are determined. The analysis of various projects is carried
out. Blockchain technologies allow you to transfer work to a digital medium, digitize all data and work
with all documents within a large global information system. Advantages: decentralization, personal ownership
of medical data, accessibility and reliability, transparency and trust, verifiability of data. A model of information
management in IT medicine using blockchain has been developed, including the management of electronic
medical records; drug supply chain management and anti-counterfeiting; analysis of medical data; conducting
clinical and biomedical research; remote monitoring of patients. The structure of Internet marketing has
been developed on the basis of a distributed system using a portal of subsystems for the supply and distribution
of medicines to meet the needs of patients for various medical institutions of the Republic of Belarus,
with the support of intelligent agents and blockchain technologies.

Keywords: blockchain networks, IT-medicine, projects analysis, blockchain model in medicine, Internet
marketing in pharmacology
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