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UngpopmayuoHHbIe cucmeMbl u mexHosI02uU

MATEMATHYECKOE Y KOMIIBIOTEPHOE MO/[EJINPOBAHUE
VK 629.7, 681.3, 004.42

O.A. AHTAMOIIKHWH, H.H. I'VIIIOTHH, H.A. EPMUEHKO

METOABI OITUMHU3ALUU BBIYMUCIIUTEJIBHBIX PECYPCOB
B BOPTOBBIX CUCTEMAX BAC

Cmambs nocesujena mMemooam ONMUMU3AYUYU 8bIYUCTUMETLHBIX PECyPCO8 6 BOPMOBLIX CUCTNEMAX
becnunomuvix asuayuonuvix cucmem (bAC). Paccmampusaromes nooxo0bl K CHUNCEHUIO GbIYUCTUMETbHOL
HAcpy3KU U OIHepeONoOmpeOieHUs, 6KIOYas cocamue Mooenell MAWUHHO20 O00yYeHus, annapamuoe
ycKopeuue, aoanmuseHoe pacnpedeneHue 3a0ay U dnepeocbepezarowue aneopummvl. Ilposedennvie
IKCHEPUMEHMbL  NOKA3bIGAIOM, UYMO HPUMEHEHUEe NPeONONCEHHbIX MEemo008 MNO03607em NOBGbICUMD
9P PeKMmuUHOCMb GLINOIHEHUS BBIMUCTUMETLHO CNOJCHBIX 3a0a4, MAKUX KAK HABUeayus, pacno3Hasaxue
00beKmMo8 U CUMYAYUOHHBIIL  aHATU3, obecneyusas OANAHC MexCOy  NPOU3BOOUMETbHOCbIO U
asmonomuocmuio pabomst BAC.

Knwuesvie cnosa: Oecnunommuvie a8UAYUOHHbIE CUCHEMbL, ORNMUMUZAYUS GbIYUCTUMETLHBIX
pecypcos; coicamue mooeieli MAWUHHO20 O00yueHUus; annapamHoe YcKopeHue; 3dHep2ocbepezaroujue
aneopummpl, a0anmuseHoe pacnpeodeiienHue 3a0ay; HA8U2ayus, pPAcno3HA8aHue oObLEKmMos, CUMYAYUOHHbIU
aHanus.

©AHTaMOLLIKI/IH O.A., T'ymorun H.H., Epmuenko H.A.,2025
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METHODS FOR OPTIMIZING COMPUTATIONAL RESOURCES IN ONBOARD SYSTEMS OF UAS

This paper focuses on methods for optimizing computational resources in onboard systems of unmanned aerial
systems (UAS). Various approaches to reducing computational load and energy consumption are considered, including
machine learning model compression, hardware acceleration, adaptive task distribution, and energy-efficient
algorithms. The conducted experiments demonstrate that the proposed methods improve the efficiency of
computationally intensive tasks, such as navigation, object recognition, and situational analysis, ensuring a balance
between performance and the autonomy of UAS operations.

Keywords: unmanned aerial systems; computational resource optimization; machine learning model
compression; hardware acceleration; energy-efficient algorithms; adaptive task distribution; navigation; object
recognition; situational analysis.
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OIITUMM3AIUA MOJEJIM KOMIIBIOTEPHOI'O 3PEHUSA
JJISA HIOPTUPOBAHUSA HA TEH30PHBIE BBIYUCJIMTEJIN

B Oannoii cmamve ucciedyemcs memoO HNOPMUPOBAHUS CEEPMOYHOU HEUPOHHOU Ccemu Ha
MEH30PHbIU  8bIYUCIUMENb, NPEOHASHAYEHHOU O OemeKyuu OecnuIomHbIX NemamenlbHblXx Annapamos
(BI1JIA) 6 6030ywinom npocmpancmeae. B ycnogusx dopococo annapammozo obecneueruss 0isl GbIYUCIEHU 8
PEANbHOM 8pPeMeHU OCmpO 6CMAem 80npoc yoeulediieHus annapamuol niamgopmel O 6blYUCIEHUL
HEUPOHHBIX cemell 8 pedlbHOM 8peMeHU. TeH30pHble GblyucIument A6IAIMCL 0euesblM peuleHueM, Ho
mpebyrom nod2omosKy Mo0eiu KOMIbIOMEPHO20 3PeHUsi Ol NOPMUPOBAHUSL HA MEH30PHble BbIYUCTUMEIU.
B Oannoii cmamve paccmampuearomcs memoosvl onmumuzayuu u nopmupoganusi cemu YOLO ona
BbIMUCACHUL HA MEH30PHOM BbIHUCTUMENE.

Kniroueeswvie cnosa: netipounasn cemo; YOLO; kxomnviomeproe 3perue; oemekyus OpoHO8; 00yueHue
Mooenu; manvle 00vbeKmyl, MOHUMOPUHE B030VUIHO20 NPOCMPAHCMEA; ONMUMUZAYUSL 0OYUEHUSL.
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OPTIMIZATION OF A COMPUTER VISION MODEL FOR PORTING TO TENSOR COMPUTERS

This article examines a method for porting a convolutional neural network to a tensor computer designed to
detect unmanned aerial vehicles (UAVS) in the airspace. In the context of expensive hardware for real-time computing,
the issue of reducing the cost of a hardware platform for computing neural networks in real time is acute. Tensor
calculators are a cheap solution, but they require the preparation of a computer vision model for porting to tensor
calculators. This article discusses methods for optimizing and porting the YOLO network for tensor computing.

Keywords: neural network; YOLO; computer vision; drone detection; model training; small objects; airspace
monitoring; training optimization.
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NHHOBAIIMOHHBIE METO/IbI
B YIIPABJIEHUU 3HAHUSAMU B OPI'AHU3ALIIUAX

IIpeonooicen Houlil NOOX00 K peanusayuu cucmem xpanenus u nepeoaydu snanui. Cucmemvl YMHbIX
SHAHUU NPeOCmasienbl KAK HOGbIL dMan paseumus cucmem Xpamenus 3nanuu. Peanuzayus odanmnoco
nooxo00a NO360IUM YEEIUUUMb KAYeCmeo XPAHUMbIX 3HAHUL, YRPOCMUmMb UX OOCMYNHOCHMb, 4 MAKdice
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INNOVATIVE METHODS IN KNOWLEDGE MANAGEMENT IN ORGANIZATIONS

A new approach to the implementation of knowledge storage and transfer systems is proposed. Smart
knowledge systems as a new stage in the development of knowledge storage systems. The implementation of this
approach will increase the quality of stored knowledge, simplify its accessibility, and modernize knowledge

management.
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Mezhdunarodnaja nauchno-tehnicheskaja konferencija (17-19 oktjabrja 2018 g. Belgorod); shornik
trudov konferencii. — Belgorod: Izdatel'stvo OO0 «GiK», 2018. — 566 s.

Volodina D.V., Jur'eva Ju.S., Vozmozhnosti primenenija jelektronnoj platformy Moodle pri obuchenii
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VYK 004.415
M.U. APJATOBCKUM, JI.A. BEPJITHUKOB, T.T. MAKCIMOBA

MHUKPOCEPBUCHASI APXUTEKTYPA _
HUHTE/VIEKTYAJIBHOU CUCTEMbI 'NHBKOI'O YIIPABJIEHUSA KOMAHJAOU

B cmamve npousseden ananuz memooog nIAHUPOBAHUSL NPOEKMO8 U pacnpeoerenus 3a0ad 8
VCLOBUAX 2UOKO20 YNPABIEHUSI KOMAHOAMU, A MAKCce PA3padoOmano apxumekmyproe peuieHue 0jisk CUCHeMbl
N000epIICcKU NPUHAMUSL YNpagieHyecKux peutenuil. 1Ipednosiceno peanuszosantoe 6 npocpamMMHOM KOMNIEKCe
pewenue HayuHot 3a0a4u ONMUMU3AYUL NPOYEcco8 VAPAGLEHUs KOMAHOOU paspabomKu NpoSpammHO20
obecneuenus. OCHO8Y peulenus COCMABIsnem 2eHeMUYecKull areopumm OJiss ONMUMUZAYUU PACAPe)ereHUs. U
OUHAMUYECKOU NepeniaHupo8KU pabom Mexcoy UCHOIHUMETAMU, A MaKdce aleopumm  Gblsa6leHUs.
ocpaHuyenuti no NpoOyKMUGHOCMU KOMAHObL, OCHOBAMHLII HA UHMezpayuu 00beKMUBHBIX MEMPUK U
IKCNEPMHBIX OYEHOK eKYUe20 COCMOsSHUS KOMaHOvl. Peanusosan mexanusm omciedcueanus uzmeHenull
OaHHBIX NO NMPUHYUNY HAOTI0Oamensl, NO36ONAIOWUL KOPPEKMHO 0Opabamvliéams uzMeHeHue COCMOHUS
NOAbL308AMENLCKO20 UHmMepgelica 6Oe3 OONOTHUMENbHbIX 3aMpam Ha KOHMPOIb JHCUSHEHHO20 YUKIA
KoMnoueHmos. B pabome copmynuposana Hayumas 3a0aud, GKIOUAIOWAs KAK KOHYENmMyaibHyio, max u
DOpMANbHYI0  NOCMAHOBKY, OMPAdICEHHbIE 6 NOAYYeHHbIX pe3yavmamax. DopmanvbHas nocmaHosKka
npeocmasnena 6 suoe MamemMamuieckol Mooenu ¢ y4emom 02panudeHull no 8pemeHU, pecypcam u OUHAMuKe
UBMEHeHUll 6 PACNUCAHUU COMPYOHUKOS. Pe3ynbmamvl UCHbIMAHUNL OCHOBHBIX KOMHOHEHMO8 KOMNIEKCd
NOCPeOCmEOM MOOYIbHO2O MEeCMUPOBAHUsT NOOMEEPICOAIONM KOPPEKMHOCHb Deanu3ayuu U YiyduleHue
Xapakmepucmuk CUCeMbl, 4mo co30aem OCHO8Y Olsl OANbHelUX UCCIe008aHUull 6 obracmu 2uOKux
Memo008 YNpagieHus: U apXumeKmypHviX PeueHUll.

Knroueevie cnoea: apxumexmypa npunodxcenul;, Agile; mukpocepsuc; ynpasienue KOMAHOOU,
paspabomka npocpamMmHozo obecnedeHus; YnpaeieHue pACHUCAHUEM HNpPOeKma, YNpasieHue COCHAa8oM
npoexma.
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MICROSERVICE ARCHITECTURE OF INTELLIGENT SYSTEM
OF FLEXIBLE TEAM MANAGEMENT

The article analyzes the methods of project planning and task allocation in the conditions of flexible team
management and develops an architectural solution for the management decision support system. The solution to the
scientific problem of optimization of software development team management processes implemented in the software
system is proposed. The basis of the solution is a genetic algorithm for optimizing the distribution and dynamic
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rescheduling of work between the performers, as well as an algorithm for identifying limitations on the productivity of
the team, based on the integration of objective metrics and expert assessments of the current state of the team. The
mechanism of tracking data changes according to the observer principle is implemented, which allows to correctly
process the change of the user interface state without additional costs for controlling the life cycle of components. The
paper formulates a scientific problem, including both conceptual and formal formulation, reflected in the results
obtained. The formal formulation is presented in the form of a mathematical model considering constraints on time,
resources and dynamics of changes in the schedule of employees. The results of tests of the main components of the
complex by means of modular testing confirm the correctness of implementation and improvement of the system
characteristics, which creates a basis for further research in the field of flexible management methods and architectural
solutions.

Keywords: application architecture; Agile; microservice; team management; software development; project
schedule management,; project composition management.
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B.T. EPEMEHKO, JI.A. JIEKAPD, C.C. TUMO®EEBA

METOAOJOI'NMYECKHUE ACIIEKTBI IPUMEHEHUSA CUCTEM
POBOTU3AIIU TPOLECCOB B 3AJIAYAX KOHTPOJISA MUT'PALTUN

B cmamve paccmampusaemcs axmyanvhvie npoOnemvl HAPUMEHEHUs cucmem pobomusayuu
npoyeccosé — RPA (ROBOTIC PROCESS AUTOMATION) npumenumensho K 3a0ayam KOHMPOJIsL MUSPayUuu.
Yxazaunoe npocpammmnoe obecneuenue OmMHOCUMCS K MEXHOIOSUAM UCKYCCMEEHH020 unmennekma (MH),
NPOSPAMMHASL POOOMU3AYUS CIAHOBUMCS NPOCTHBIM UHCHPYMEHMOM 05l ObICIPO20 6X00d U noMozaem
yckopums  enedpenue HH 6 cockopnopayusx u eocopeanusayusx. s pobomusayuu npeoiacaemcs
8b10Upams mpyooemKue Npoyecchl ¢ NPONUCAHHBIMU NPABUIAMU U DOTLUUM KOTUYECMBOM CNAHOAPMHBIX
onepayuil, pe2yisipHo NOSMOPIOWUecs u mpebyiowue UcnoIb308anus pecypcos neckonvkux UT-cucmem. B
PAMKAX 00HO20 HPOEKMA ONMUMATLHO padomams ¢ 08yMs-4embipbMsi HeOOIbULUMU NPOYECCAMU UTU OOHUM
CHLOJICHBIM, MHO20COCHMABHbIM. A 051 KOOPOUHAYUY, VNPAGLEHUs U MOHUMOPUHeA pPAOOMmMbl HECKOIbKUX
Ppo60mMOo8 unu BbLINOIHEHUS HECKOILKUX 3a0ad 6 npodykm «Pobomusayus pymunnvix onepayuily 6Ki04eHo
cneyuanbHoe peulenue — OpKecmpamop.

Knwuesvie cnosa: cucmemvl pobomuzayuu npoyeccos; eounvill UHGOPMAYUOHHBINL pecypc
PE2UCMPAYUOHHO20 U MUSPAYUOHHO20 YYema, MeXHOA02UU HAam@popm pobomusayuu.
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METHODOLOGICAL ASPECTS OF THE APPLICATION
OF PROCESS ROBOTIZATION SYSTEMS IN MIGRATION CONTROL TASKS

The article discusses the current problems of the application of process robotics systems — RPA (ROBOTIC
PROCESS AUTOMATION) in relation to migration control tasks. The specified software relates to the development of
artificial intelligence technologies (And) software robotics becomes a simple tool for quick entry and helps accelerate
the implementation of Al in state corporations and government organizations. For robaotics, it is proposed to choose
labor-intensive processes with prescribed rules and a large number of standard operations that are regularly repeated
and require the use of resources from several OT systems. Within the framework of one project, it is optimal to work
with two or four small processes or one complex, multi-component one. And to coordinate, manage and monitor the
work of several robots or perform several tasks, the Robotization of Routine Operations product includes a special
solution — an orchestrator.

Keywords: systems of robotization of processes; a single information resource of registration and migration
accounting; technologies of platforms of robotization.
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UHTEI'PAIIUA BEB-UHTEP®ENCA U TELEGRAM-BOTA
B IPOT'PAMMHBIN KOMILJIEKC RITM-WMS
JJIA OITUMU3AIIUU 3PL-YCJIYT

B cmamve paccmompenvt akmyanvhuvle éonpocsl unmezpayuu éeb-unmepdhetica u Telegram-ooma ¢
npoepammuviii komniekc RITM-WMS ons onmumuzayuu 3PL-ycnye. Packpwisaemcs nouamue «3PLy u
opyeue 8udbl Yciye, A makce 3ampasueaiomcs Kiuegble acneKmul paspabomKu, eKiouas 000CHO8aHUue
BbIOPAHHBIX  MeXHONo2Ull Ol peanu3ayuu, UCHONIb308AHUE CMOPOHHE20 cepsuca O NOGblUEeHUs
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agppexmusrnocmu 83aumooelicmaus yuacmuuxos. Ilpoeeden ananus cogpemennvlx meHOeHYyull 8 102ucmuxe,
CBA3AHHBIX ¢ agmomamusayueli CKiaocKux npoyeccos.

Kniouesvie cnosa: nocucmuxa mpemveti cmopouvl (3PL); ynpaenenue yenouxkou nocmagox,
ckaadckue yenyeu, WMS-cucmema, SolidJS; Django, Telegram-6om; ee6-xyx.
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YK 621.746.27-52
B.JI. KOPHUEHKO, M.1O. HAPKEBIY, O.C. JIOI'YHOBA, T.B. JIOI'YHOBA

METOJIUKA KJACCUDPUKAIINA N30BPAKEHU
HA OCHOBE PETPOCHIEKTUBHOM SKCITEPTHOM NTH®OPMAIINN

Lenvio uccnedosanus a6asemcsa pasgumiue Memooo8 U aicopummos oas 0opabomku paguueckoii
uHgopmayuu 8 asMoOMAMU3UPOBAHHOM pexcume O NOSblUEeHUS IDPeKxmusHoCmuU NPUHAMUSA peuleHull 8
cucmemax agmMoMamu3uUpOBAHHO20 MOHUMOPUHEA MEXHUYECKO20 COCMOAHUSL ONACHBIX NPOUIBOOCHBEHHBIX
00bekmog. OObeKmom UCCIe008aHUA ABNAEMC CUCEMA NPUHAMUA PeueHUl NpUu Ad8momMamusupo8aHHoOM
MOHUMOPUHEE MEXHUYECKO20 COCMOAHUA ONACHBIX NPOU3BOOCMBEHHBIX 00bEKMO8, npeoMem UCCLe008aHUA
— aneopummuveckoe obecnedenue KiACCUDUKAYUU U300OPAdICEHUU HA  OCHOBE PEmpOCHeKMUGHOU
IKCNEepMHOU UHGPOPMAYUU O COCMOIHUU ONACHBIX NPOUZBOOCHBEHHbIX 00bekmos. COop OanHbIX NPOBOOUIICS
6 nepuod ¢ 2021 no 2023 2z. Ha 00HOM U3 8eOYUWUX NPOMBIULIEHHBIX NPEONPUAMUL YEPHOU MEMANLYpeUul 8
Poccuu.

B pabome ucnonvszosanvl memoovi: O0eKOMHO3UYUU, AHANU3A, CUHME3d, MAMeMamuiecKko2o
ONUCAHUSA, BbLIYUCIUMENLHO2O IKCHepUMenma, oOpabomku uzobpasxcenui. Pesynomamom uccrnedosanus
ABNIAEMCA MeMOOUKa Klaccuurayuu uzoopaxcenutl onacHvlx npou3eo0CmMeeHHbIX 00beKmo8 Ha OCHO8e
DPEeMPOCNEeKMUBHOU IKCnepmHotll ungopmayuu (6aza 0anHvIX U300padicenutl 00beKmos), HanpasleHHas Ha
nosvluieHue PHexmusHocmu NPUHAMUS DEeUleHUll 8 CUCMEMAX aA8MOMAMU3UPOBAHHOZ0 MOHUMOPUHEA
MEeXHUYeCKo20 COCMOSAHUS ONACHBIX NPOUIBOOCHEEHHBIX 00bekmos. (OCHO8Y MemoOUKU COCmAasisem
B6EKMOPHBIL KIACCUDUKAYUOHHBIL NPUSHAK U €20 C8ePMKA 8 8UOe CYyMMbl KOOPOUHAM, Npusoosujeli K
CHUDICEHUIO ~ KOUYecmea  Nposepok  Npu  onpedeieHuu  Kiacca  uszoopasxcenus.  Ilpedcmasnen
O0eMOHCIPAYUOHHBIL NPUMeEp PAbOmMOCHOCOOHOCIU NOCINPOEHHOU MEMOOUKU.

Knrouesvie cnosa: asmomamusupoedarntsvle cucmemsvl, MOHUMOPUHZ Kadecmed, ONndcHbvle

npou3800cmeennble 00beKmyl, 6eKMOPHbII KIACCUDUKAYUOHHBII NPUBHAK, ¢hacemHnas Kiaccugpurayus,
NpUHAMUE peueHUll;, Memoouxa UOeHmupuKayuy U300paxcenus.

@KOpHI/IeHKO B.J., Hapkesua M.YO., Jloryrosa O.C., Jloryrnosa T.B., 2025
Paooma evinonnaemcea no 002060opy Ne247715 om 05.07.2021 &. mexncoy ITAO «MMK» u ®I'bOY

BO «MI'TY um. I H. Hocosa» «Paspabomka u npumeHnenue memoOux KOHmMpoas meppumopuii, 30aHuii
u coopyscenuii INAO «MMK)» ¢ ucnonv3osanuem decnunomnuix 030yuinvix cyoos (bBC)».
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IMAGE CLASSIFICATION METHOD
BASED ON RETROSPECTIVE EXPERT INFORMATION

The aim of the study is to develop methods and algorithms for automated processing of graphic information to
improve the efficiency of decision-making in automated monitoring systems for the technical condition of hazardous
industrial facilities. The object of the study is a decision-making system for automated monitoring of the technical
condition of hazardous industrial facilities, the subject of the study is algorithmic support for image classification based
on retrospective expert information on the state of hazardous industrial facilities.

Data was collected from 2021 to 2023 at one of the leading industrial enterprises of ferrous metallurgy in
Russia. The following methods were used in the work: decomposition, analysis, synthesis, mathematical description,
computational experiment, image processing. The result of the study is a methodology for classifying images of
hazardous industrial facilities based on retrospective expert information (database of object images), aimed at
improving the efficiency of decision-making in automated monitoring systems for the technical condition of hazardous
industrial facilities. The methodology is based on a vector classification feature and its convolution in the form of a sum
of coordinates, which reduces the number of checks when determining the image class. A demonstration example of the
performance of the constructed methodology is presented.

Keywords: automated systems; quality monitoring; hazardous production facilities; vector classification
feature; faceted classification; decision making; image identification technique.
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MATEMATUYECKOE U ITPOI'PAMMHOE OBECIHIEYEHUE
BBIYHUCJTUTE/IbHOM TEXHUKH U ABTOMATHU3HPOBAHHBIX CACTEM

YK 621.396.96
B.B. AJIEKCAH/IPOB, E.B. bYPIAHOBA, A.H. 3AJIMBHH, 10.1. KOJIECHUKOB

Ob OJHOM INOAXOAE K OBHAPY X XKEHUIO MAJIOPASMEPHBIX
ABMKYIIUXCA OBBEKTOB
HA OCHOBE MUKPO-JOIUVIEPOBCKUX CUT'HATYP

B cmamobe npedcmasnen Ho8bill NOOX00 K OOHAPYHCEHUIO MATOPASMEPHBIX OBUNCYUUXC 0OBEKMO8 C
UCHONb30BAHUEM MUKDO-OONIEPOSCKUX cuenamyp. Ilpednooicennvlii memoo 6Oasupyemcs Ha auaiuse
CREeKmpOcPAMM — PAOUOLOKAYUOHHBIX —~ CUCHATO8 C  NPUMEHEHUeM  CEEPMOYHOU  HEeUpOHHOU  cemil.
Dxrcnepumenmanvubie UCCIEO0BAHUSL NPOBEOEHbL C  UCNOAb30BAHUEM MAN02AOAPUMHOL  OONJEPOBCKOU
PAaouonIoOKayUoHHOU cmanyuu u xeaopoxonmepa. Iloxazana sghgexmuenocmv memooa npu paziuiHvIxX
pedcumax pabomwl paodapa. Hocmuewyma mounocms pacnosnasauus 0o 80% npu  MUHUMATLHBIX
CODCMBEHHBIX WYMAX PAOUOTOKAYUOHHOU CUCHEMBL.

Knwouesvie cnosa: muxpo-oonneposckue cuzHamypul, paouoroxayus, oOHapydcenue 00beKmos;
CBEPMOUHASL HEUPOHHASI CeMb,; CNEKMPOZPAMMA.

@AHGKC&HI[I)OB B.B., bypnanosa E.B., 3amusuna A.H., Konecaukos 0. /1., 2025
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ON AN APPROACH TO DETECTION OF
SMALL-SIZED MOVING OBJECTS BASED ON MICRO-DOPPLER SIGNATURES

The article presents a new approach to detecting small-sized moving objects using micro-Doppler signatures.
The proposed method is based on the analysis of radar signal spectrograms using a convolutional neural network.
Experimental studies were conducted using a compact Doppler radar station and a quadcopter. The method's
effectiveness is demonstrated under various radar operating modes. Recognition accuracy of up to 80% was achieved
with minimal radar system self-noise.

Keywords: micro-Doppler signatures; radar; object detection, convolutional neural network; spectrogram.
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VK 004.023
JI.II. APXUIIOB, /1.A. CKOPOBOI'ATYHEHKO

PA3PABOTKA BUPTYAJIbHOT'O TPEHAJKEPA JIJISI BOAUTEJEN CHIENTEXHUKA

Coepemennvlie mpebogaHusi K No020MoGKe GoOumenel Cneyuatu3upoGaHHOU MexHUKU He
COOMBEMCTBYIOM  BO3MONCHOCAM MPAOUYUOHHBIX MeMOo008 00VUeHUs, KOMOopbvle CONpPOBOAHCOAIOMCSL
BHICOKUMU PUCKAMU, (DUHAHCOBLIMU 3amMpamamu U OSPAHUYEHHLIMU BO3MOICHOCHAMU MOOETUPOBAHUSL
Kpumuveckux cumyayui. /[na peuwienuss 9moti npobremvl npeonazaemcs paspabomra SUpmydibHo20
mpeHnagicepa, UCNOAL3YIOUe20 MmexHono2uu eupmyarvhou peanvhocmu  (VR), niamgpopmy  Unity,
cumynayuonnoe 110 SUMO u mexnonozuro OpenStreetMap, nossonsiiowue 600umento adanmuposamucs K
KOHKDEMHbIM JOKAIbHLIM  YCI0gusam  Osudicenus. IIpednoosicennoe peuienue nosgoisiem 0Oe30nacHo u
appexmueno obyuamv ooumeneil, MOOEIUPYst CLOJNCHLLE U IKCHMPEHHBIE CUMYAYUU.

B pabome npumensitomcsi cogpemennvie Memoobl UMUMAYUOHHOZO MOOEIUPOBANUS, GKII0YAs
peanucmuunoe 80Cnpoussedetie MmpaHCnopmublx HOMOK08, (UULECKUX XAPAKMEPUCTIUK CReYMeXHUKU U
pasznoobpasuvix cyenapues. [Ipogedennviti ananus nOKA3aL, Ymo gHeopeHue maKo2o mpenalcepa no3eosem
CHUBUMb YUCTO OWUOOK, 6peMsi 0OVYeHUs U 3ampamvl, a MAKice NOBbICUMb YPOBeHb NOO2OMOBKU
sooumerneil. Ilepcnexmugvl OanbHeUWIUX UCCIEO08AHUL C653AHbL C PACUUPEHUEM QYHKYUOHATLHOCU
mpeHnagicepa, GKIOYeHUEM HOBbIX CYEHAPUes U UHmeSpayuell ¢ CUCMeMaM aHAIUu3a O60IbUxX OaHHbIX OJsl
aoanmuenozo ooyueHus.

Knrouesoie cnosa: \\R-mpenasicep; cumynamop;, o6yuenue sooumeneit; SUMO; Unity.
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DEVELOPMENT OF A VIRTUAL SIMULATOR FOR DRIVERS OF SPECIAL VEHICLES

Modern requirements for the training of drivers of specialized vehicles do not match the capabilities of
traditional training methods, which are accompanied by high risks, financial costs and limited opportunities for
modeling critical situations. To solve this problem, it is proposed to develop a virtual simulator using virtual reality
(VR) technologies, the Unity platform, SUMO simulation software and OpenStreetMap technology, which allows the
driver to adapt to specific local driving conditions. The proposed solution makes it possible to train drivers safely and
effectively by simulating complex and emergency situations.

The work uses modern simulation methods, including realistic reproduction of traffic flows, physical
characteristics of special equipment and various scenarios. The analysis showed that the introduction of such a
simulator can reduce the number of errors, training time and costs, as well as improve the level of driver training. The
prospects for further research are related to the expansion of the simulator's functionality, the inclusion of new
scenarios, and integration with big data analysis systems for adaptive learning.

Keywords: VR simulator; simulator; driver training; SUMO; Unity.
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VJIK 004.42
H.®. JAIIJTAMUPIIA

MICO8-CHIP: JIETKASI BUPTYAJIbHASI MALLIMHA HA YUIIE-8
11 MUKPOKOHTPOJIJIEPHBIX CUCTEM

B omoii  uccreoosamenvckou  pabome  paccmampusaemcsi npoeKmuposanue  00jec4eHHOU
supmyanvrou mawiunsl nod Hazeéanuem Mico8-Chip 0 co8peMeHHbIX MUKPOKOHMPOLIEPHBIX CUCTEM C
O2PAHUYEHHbIMU ~ Pecypcamu, B8OOXHOGNeHHoe —ucmopudeckou —apxumexmypou CHIP-8.  Aoanmupys
npocmomy npunyunos npoekmuposanuss CHIP-8 Kk co8pemeHHbiM 8CMpaugaemviM NPULONCEHUSIM, Md
paboma HanpasnieHa Ha npedocmasieHue PPEKMUSHO20 YPOGH aAOCMPAKYUY, KOMOPbLU Ynpoujaem
paspabomky, CoxXpawsisi npu 3MoOM npouzsooumenvhocmo. I1o0xo0 pewaem makue npoosemvl, Kax
CILOJCHOCMb YRPABTIeHUsL NAPATIETbHBIMU 3A0a4amu U mpyOHOCMU 8 OOCMUNCEHUU NEPEHOCUMOCTIU MENCOY
PA3TUYHLLMU APXUMEKMYPAMU MUKPOKOHMPOLLepos. Bupmyanvhas mawuna Mico8-Chip paspabomana 05
bananca nepeHocumMocmu u 3HHexmusHocmu.

Knwueevie cnosa: supmyanvHas MauwluHa, ecmpausaemvle CUucmemvl, MUKPOKOHMpPOJep,
napaiieiusm.
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MICO8-CHIP: A LIGHTWEIGHT VIRTUAL MACHINE INSPIRED BY CHIP-8
FOR MICROCONTROLLER SYSTEMS

This research paper explores the design of a lightweight virtual machine called Mico8-Chip for modern
microcontroller systems with limited resources, inspired by the historical CHIP-8 architecture. By adapting the
simplicity of CHIP-8's design principles to modern embedded applications, this work aims to provide an efficient
abstraction layer that simplifies development while maintaining performance. The approach addresses challenges such
as the complexities of managing concurrent tasks and the difficulties in achieving portability across diverse
microcontroller architectures. The Mico8-Chip virtual machine is designed to balance portability and efficiency.

Keywords: virtual machine; embedded systems; microcontroller; concurrency.
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METOIbI 1 AJITOPUTMBI IIPOEKTUPOBAHUA
ONTUMAJIbHOM APXUTEKTYPBI IPOTPAMMHOI'O OBECIIEYEHUS

B cmamve paccmampueaemcs 3a0aua npoexmupo8aniis ApXUmeKmypvl RpoepamMmHoco obecnederus
Kax mnpobiema Noucka u 6vlbopa ONMmuMAanbHO20 peulenus 8 YCI0GUSIX 3A0AHHLIX O02PAHUHEeHUU U3
MHOIHCECMBA BO3MONCHBIX 8apuanmos. Ilposeden ananuz cyuecmsyiomux Memooos OYeHKU apxXumexnypul,
UCHONb3YeMbIX 071 NPUHSAMUS NPOEKMHBIX peuleHull, U GbIs8IeHbl UX KIoYegble Hedocmamku. B kauecmae
peuleHuss  agmopamu  NpeoaodceH  KOMNAEKCHbIl N00X00, 00beOUHAIOWUL Mamemamuyeckue U
asMoMamu3uposaHuble Memoovl NPOEKMUPOBAHUsL, 8KII0UAsL 0OpabomKy ecmecmeento2o asvika (NLP) o0ns
Gopmanuzayuu  mpeboganull, 2eHemuYecKue aieopummsl Ol  ABMOMAMUYECKO20 2eHepUPOBAHUs U
ONMUMUZAYUU APXUMEKMYPHBIX KoHpuypayull. QOcyxncoaromes npeumywecmed npeoiazaemozo nooxood,
makue Kak CHudiceHue CyObeKmMUGHOCMU, PAcuiuperue NPOCMpPAHCMEd NOUCKA peuleHull U NosbluleHue
CKOPOCMU NPOEKMUPOBAHUS 8 CPABHEHULU ¢ MPAOUYUOHHBIMU IKCHEPIHLMU MEMOOAMU.
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METHODS AND ALGORITHMS FOR DESIGNING OPTIMAL SOFTWARE ARCHITECTURE

The article considers the problem of software architecture design as a problem of finding and choosing the
optimal solution under given constraints from a variety of possible options. The analysis of the existing methods of
architecture assessment used for making design decisions is carried out, and their key disadvantages are identified. As
a solution, the author suggests an integrated approach combining mathematical and automated design methods,
including natural language processing (NLP) to formalize requirements, and genetic algorithms for automatic
generation and optimization of architectural configurations. The advantages of the proposed approach are discussed,
such as reducing subjectivity, expanding the search space for solutions and increasing the design speed in comparison
with traditional expert methods.
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APPROACHES TO CONSTRUCTING AN INTERACTIVE NAVIGATOR MAP
FOR THE BUILDINGS OF OSU NAMED AFTER I.S. TURGENEV

The article examines the issues of building an interactive navigation map for university campus buildings. The
functional requirements for the navigation map are presented. Its structure is described, and a data model for storing
information is introduced. An algorithm for navigation on a map based on finding a path in a connected graph is
presented.
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SPATIAL LOCALIZATION OF A SUBSCRIBER IN THE ABSENCE OF CELLULAR COMMUNICATION

This article is devoted to comparing the methods of searching for a lost person using a mobile device signal.
During the work, single-position and multi-position methods were studied. These methods are applied in rescue
operations to find a missing persons in forests or other areas where there is no cellular network coverage. Its assumed
to combine these methods with unmanned aerial vehicles to speed up and simplify the search process.

Keywords: drone; search and rescue center; people search; location detection; difference-dalimeter method;
source of radio emission.
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B.C. UBAHOBCKMI, JI.A. U30PU S, A.B. MOPO30B, B.O. IIIATHJIOB

OIITOBOJIOKOHHBIE CUCTEMBI ITEPEJAYU NTH®OPMAILINUN:
NPEMMYHIECTBA U HIEPCIIEKTUBBI IPUMEHEHUW A

B pabome paccmampusaromcsi OnmMoBOIOKOHHbIE CUCHEMbl Nepedayu UHGOpMayul, cpasHeHue
mexuuueckux — xapaxmepucmuk. Tax KAk — MeNeKOMMYHUKAYUOHHbIE — MASUCWMPATU  2N0OATbHbIX
UWUPOKONONIOCHBIX Cemell C KadcObiM 2000M mpebyiom 6ce 0Oonbuiell NONOCbL NPONYCKAHUA, NOIMOMY
CMAHOBUMCSL AKTYATbHbIM UCHOTIb308AHUE ONMOBOJIOKOHHBIX cucmem. B coepemennvix npunosicenusix
Heobxoouma nepedayda CUcHAIA 8 WUPOKOU NOJOCe NPONYCKAHUsS ¢ MeHbuuell 3adepickoi. Onmuueckue
B0JIOKHA 8 HACMosAuee 8pemMs AGNAIOMCA NPeOnOUMUMENbHbIM CPe0CmeoM nepedaiu OaHHbIX 0 nepeoaii
OaHHBIX HA OONbULUE PACCMOSHUS U C BLICOKOU CKOPOCMbIO 68 MENeKOMMYHUKAYUOHHBIX CEMSX, NOCKOMbKY
OHU obecneuugalom O02POMHYI0O U OecnpeyedeHmHYio HOIOCY NPONYCKAHUsi nepeoawu ¢ Heboabuol
3a0epicKol. AHATUZUPYIOMCS MemoObl GHEOPeHUsT U IKCHIYaAMAayuu COBPEMEHHbIX ONMOBOJIOKOHHBIX
cucmenm.

Knroueswie cnosa: onmosonokonuuvle Jlazepsvl, OnmoeoJIOKOHHble cemu, nepe()atta OQHHBIX.
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FIBER OPTIC INFORMATION TRANSMISSION SYSTEMS:
ADVANTAGES AND PROSPECTS OF APPLICATION

This research discusses fiber optic information transmission systems and compares technical characteristics.
Since the telecommunication backbones of global broadband networks require more and more bandwidth every year,
the use of fiber optic systems becomes relevant. Modern applications require wide bandwidth signal transmission with
lower latency. Optical fibers are now the preferred transmission medium for long distance and high-speed data
transmission in telecommunication networks as they provide huge and unprecedented transmission bandwidth with low
latency. Methods of implementation and operation of modern fiber optic systems are analyzed.

Keywords: fiber optic lasers; fiber optic networks; data transmission.
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HUHDOPMAI[UOHHAA BE3OINACHOCTH U 3ALL[UTA HHD®OPMAIL[UU
VJIK 004.056

O.M. 'OJIEMBUOBCKAZ, M.1O. PBITOB, E.E. YUHWJIMH

PA3ZPABOTKA CIIEHUAJIBHOI'O AJITOPUTMA
OINIPEAEJIEHUSA KATEI'OPUU 3HAYNMOCTHU OB BEKTOB
KPUTHUYECKON HH®OPMAIIMOHHOM NH®PACTPYKTYPBI

Obecnevenue  UHGOPMAYUOHHOU — OE30NACHOCMU  00BEKMO8  PA3IUYHOU  HANPAGLEHHOCMU
cmanosumcsi 6ce bonee npuopumemnou 3aoaueti. OOwemuposas o06CMAHOBKA MOILKO YCUTUBAEM
BAJNCHOCMb U HEOOXOOUMOCMb YCOBEPULEHCTNBOBANUS npoyedyp 3awumvl. Eciu panee OCHOHOU yYenbio
BIOYMBIUAEHHUKOS OblIA (DUHAHCOBASL 6b1200A, MO 30 NOCIeOHUe HECKOIbKO JIem (OKYC CMeCmuics Ha
HaHeceHue pPenymayuoHHblX HOmMepPb, YMO CMAsum Nnoo yoap OYeHb MHozue KpYnHvle KOpHnopayuu u
xomnanuu. Ho 6 nepsyro ouepedb nod yoap nonadaiom o00beKmbl KPUmu4eckol UH@GOpMayuoHHoOU
unppacmpyxkmypor (KUH). B pamxax cmamvu npedcmagienvl npumepvl OpMAru308anHublX ale0pummos
onpedenenust kameeopuu 3sHavumocmu obvexmos KUU, ¢ynxyuonupyrowux 6 cghepax 30pasoxpanerus,
HAYKU, MPAHCNOPMA, C6A3U, IHePeemuKu, OaHKOBCKOU cghepe u uHblX chepa OUHAHCOB02O DUIHKA,
MONAUBHO-IHEPSEMUYECKO20 KOMNIEKCA, AMOMHOU dHEp2uu, OOOPOHHOU NPOMBIULIEHHOCMU, DAKEMHO-
KOCMUYECKOU NPOMBIULIEHHOCIU, 20PHO000bIBAIOWEll NPOMBIUICHHOCIU, MEMALLYPSULECKOU U XUMULEeCKOU
NPOMBLIULEHHOCTILL.

Knwuesvie cnosa: kpumuueckas ungopmayuonnas un@pacmpykmypa (KUH); oyenxa;
3AUWUUEHHOCb, Y2po3a, UHGOpMayuonnas bezonactocmo, ungopmayuonnas cucmema (UC).
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DEVELOPMENT OF A SPECIAL ALGORITHM FOR DETERMINING THE CATEGORY
OF SIGNIFICANCE OF OBJECTS OF CRITICAL INFORMATION INFRASTRUCTURE

Ensuring information security of various objects is becoming more and more of a priority task. The global
environment only reinforces the importance and the need to improve protection procedures. If earlier the main goal of
attackers was financial gain, over the last few years the focus has shifted to inflicting reputational losses. This puts
many large corporations and companies at risk, but critical information infrastructure (CII) is the first to be
compromised. The article presents examples of formalized algorithms for determining the category of significance of
ClI objects operating in the areas of: healthcare, science, transport, communications, energy, banking and other areas
of the financial market, fuel and energy complex, nuclear energy, defense industry, rocket and space industry, mining,
metallurgical and chemical industries.
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UngpopmayuoHHbIe cucmeMbl u mexHosI02uU

TPEBOBAHUNS
K 0(pOpMJIEHUIO CTATHHU JIS1 ONYOJIMKOBAHMS B :KypHAJIe
«AnpopMannoHHbIE CHCTEMbI H TEXHOJIOTHN»

OBIIUE TPEBOBAHUA

Ob6bveM Matepuana, mpemIaraeMoro K myOnHMKanuu, U3MepsieTcsl CTpaHUIAMH TEKCTa Ha JIMCTaX
¢opmaTra A4 u comepxuT oT 4 A0 9 CTPaAHHWI; BCE CTPAHUIBl PYKOIUCH JOKHBI MMETh CIUIOIIHYIO
HyMepaluio.

B omHoM cOOpHHMKE MOXET OBITh OIMYOJMKOBaHA TOJNBKO OAHA CTAaThs OAHOTO aBTOPA, BKIIIOYAs
COABTOPCTBO.

AHHOTaLlMU BCEX MyOJMKYEMBbIX MaTepUasoB, KIIOYEBBIC CIIOBA, HHPOpPMAIUs 00 aBTOpax, CIUCKH
JUTEpaTyphl OyIyT HaXOAWUTHCA B CBOOOJHOM JOCTYII€ HA CaliTeé COOTBETCTBYIOLIETO XXYpHaja M Ha caiTe
Poccwuiickoit HayuHo#t 31ekTpoHHOM Onbnnorekn — PYHOB (Poccuiickuii MHIEKC HAYYHOTO IUTHPOBAHHUS).

[Tomumo cTaThbu aBTOPBI JOJDKHBI TIPEACTAaBUTH 3aKIIOUEHHE O BO3MOXKHOCTH OTKPBHITOTO
OITyOJTMKOBAHUS CTAThH.

TPEBOBAHUSA K COJEP)KAHUIO HAYUHOM CTATBbH

Hayunas crates, mpemocTaBisieMasl B >KypHAJbl, JOJDKHA HMETh CICAYIOMKE 00f3aTejJbHbIe
DJIEMECHTHI:

— TIIOCTaHOBKa ITPOOJIEMBI MJIM 3aJ[a4d B OOIIEM BHJIC;

— aHaju3 JOCTI)KEHUH M MyONIMKanni, B KOTOPBIX MpPEAJIaraeTcsl peleHne JaHHON MPOoOIeMbl WIIH
3a/1a4yM, Ha KOTOPBIE OIUPAETCS aBTOP, BBIJCJICHUE HAyYHOW HOBH3HBI;

— HCCIIeIOBATENbCKAS YacTh;

— 000CHOBaHUE MOMYYECHHBIX PE3YJILTATOB;

— BBIBOABI 10 JAHHOMY HCCIEIOBAHUIO M TICPCIICKTUBBI JAIbHEHINET0 pPa3BUTHS JTAHHOTO
HaTIpaBJICHUSI,

— Oubmmorpadus.

TPEBOBAHHUSA K O®OPMJIEHUIO HAYUYHOM CTATHA

CraTtest momkHa ObITH HabOpana mpudToM Times New Roman, pasmep 12 pt ¢ oxuHapHBIM
WHTEPBAJIOM, TEKCT BBIPAaBHHUBAETCS 10 IMHUPHUHE; a03aIlHb oTcTym — 1,25 cM, paBoe 1moie — 2 cM, JIeBOe
rmosie — 2 cM, TOJIsl BHU3Y U BBEPXY — 2 CM.

Oos13aTeIbHbIE 3JIEMEHTBI:

- YVIK

— 3aryiaBue (Ha pyCCKOM U AHIJIMICKOM SI3bIKAX)

— aHHOTAUMSA (HA PYCCKOM U AHIJIMHCKOM SI3BIKAX)

— KJIIOYeBble CJI0BA (HA PyCCKOM M aHIJIMICKOM SI3bIKAX)

CIHCOK JIUTEPATYPHbI, HA KOTOPYIO aBTOP CCBHUTAETCS B TEKCTE CTAThHU.

TABHI/ILII)I PUCYHKU, ®OPMVYJIbI

Bce Tabnuipl, puCYHKHM W OCHOBHEIE ()OPMYIBI, TIPUBEACHHBIE B TEKCTE CTATHH, NOKHBI OBITH
MIPOHYMEPOBAHEI.

®opmyJibl cieayer HabupaTh B penaktope dopmyn Microsoft Equation 3.0 ¢ pasmepamu: 0ObIYHBIIH
mpudt — 12 pt, xpymaeii wagekc — 10 pt, menkmii wamekc — 8§ pt. MopMyJibl, BHEAPEHHbIE KaK
uzodpakenne, He pgomyckaorcs! Pycckme wu rTpedeckme OykBbI, a TaKke OOO3HAUCHHS
TPUTOHOMETPUYECKUX PYHKIIUN HAOUPAIOTCSI MIPSAMBIM IIPUPTOM, JJATHHCKUE OYKBBI — KYPCUBOM.

Pucynku u npyrue wDIroCTpanuy (4epTexu, rpaduKy, CXeMbl, JHarpaMMbl, (JOTOCHUMKH) CIETyeT
pacrnornaraTh HEIOCPEACTBEHHO TOCIE TEKCTa, B KOTOPOM OHH YIIOMHWHAIOTCS BIEpBble. PUCyHKH, 4nCIIO
KOTOPBIX JIOJPKHO OBITH JIOTHYECKH OIPaBIAHHBIM, IIPEACTABISIOTCS B BHJIE OTJCNIBHBIX (ailnoB B (hopmate
*.eps (Encapsulated PostScript) wiu TIF pasmepom He menee 300 dpi.

CBEJIEHUS Ob ABTOPAX
B konue cratbu npuBoastcst HaOpaHuble 10 pt cBexeHus 00 aBTOpax B TaKOM MOCIEI0BATEIEHOCTH
(dbamMunus, UMsL, 0T4eCTBO (TOMYKUPHBINA WPHU(T); yUpEKIEHNUE UM OPTaHU3alMs, YUeHas CTEIEeHb, YIeHOe
3BaHUe, JOJDKHOCTD, aJipec, TenedoH, 3J1eKTpoHHas nouTta (00sraHbIH mpudT). CBeneHus 00 aBTOpax TaKKe
MPEAOCTABIISIIOTCS OTACTBHBIM (hailiioM U 00s3aTeNbHO AyONUPYIOTCA Ha aHTJIMICKOM SI3BIKE.
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