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UngpopmayuoHHbIe cucmeMbl u mexHosI02uU

MATEMATHUYECKOE U KOMIIBIOTEPHOE MOJEJIMPOBAHUE
VK 654.026

B.B. BE3PYUKO, JI1.10. MY3AJIEBCKUI, B.K. CAHCEBUY

HAPAMETPUYECKASA MOJAEJIb ITPOLHECCA BBIPABOTKHA
U IIPUHATUS PEHIEHUHA 11O ONEPATUBHO-TEXHUYECKOMY
YIPABJIEHUIO OB BEKTOM CBA3U

B cmamve paccmompeno napamempuyeckoe onucanue npoyecca 8blpaboOmKu U NPUHAMUS peuleHul
nO  ONepamueHO-MEXHUUeCKOMY VHpAaeieHuio obvekmom cea3u. Ha ocnosanuu pazpabomannotl
napamempu4eckou MoOenu NpeodNodceHa Ccucmema nokKazamenel OYeHU8aHus Kaiecmea npoyecca
8bIPAOOMKU U NPUHAMUSL PeUleHULL.

Kniouesvie cnosa: npuwsmue pewienuil; YnpasieHue, NAPAMEMPUYEcKds MoOelb, NOKA3Amenb
agppexmusrnocmu.
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PARAMETRIC MODEL OF THE PROCESS OF DEVELOPMENT AND DECISION-MAKING
ON OPERATIONAL AND TECHNICAL MANAGING A COMMUNICATION FACILITY

The article considers a parametric description of the process of developing and making decisions on
operational and technical management of a communication facility. Based on the developed parametric model, a system
of indicators for assessing the quality of the decision-making process is proposed.
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VJIK 519.688
C.B. TIOTIOB

MHNOUCK KOMIIPOMUCCA U CETMEHTUPOBAHHUE PBIHKA

Paspewenue ronruxmuvix cumyayui, JIUYHBIX, NPOUIBOOCMBEHHBIX, COYUATLHBLIX 6 JHCUZHU
ye08eKa 6cmpedaemcs ROCMosHHO. M mpebyemcsi onpedenennas Keanu@ukayus nepecosopujura, ymoowl
yenewinHo paspeuiams Kongaukmel. Kax npaeuno, smo Oenaemcsi Ha 0OCHO8e NOUCKA KOMApoOMUcca, mi.e.
Ko20a Kadxcoasi u3 CMOPOH YCmMyndaem Yacmb CE0UX mpebosanuti, HOMOMY UYMO OMCYMCmeue
002080pEeHHOCMU  NPUBOOUM K 000I00HbIM U HECPAGHEeHHO 0ollee GblcoKuM nomepim. B cmamove
npeonazaemcst 102UYecKas meopust KOMRPOMUCCA, KOMOPAsL MOJICEM NOCIAYICUMD OCHOBOU 05l CO30AHUS.
cucmembl aBMOMAMUYECKO20 NOOCKA3UUKA 8blOOpa yCmynokx 071 docmudicenus xomnpomucca. C opyeoti
CMOPOHBL, NPeONAcAemMcst MEXAHUZM BOCCIMAHOBLEHUS YCMAHOBOK KANCOOU U3 CHOPOH N0 X00Y Nepe2o8opos
6 cayyae, K020a YCMAHOGKU KAJICOOU CMOPOHbI UCXOOHO He U3BeCmHbl ONNOHEHMAaM. B umoze amo moocem
npueecmu xk Hoee g3geuteHHOMy 8blO0pY pewenus. Haxoney, pewaemcs ewje o0na 3adaua — 0eneHue poiHKa
Medncoy 08YMsL NPOU3BOOUMENIMU, GbINYCKAIOWUX cXodcue npooykmul. dmo modicHo paccmampueams Kak
NOUCK KOMIPOMUCCA, KOMOPLIM 30€Ch ABNAIOMCS 08€ PA3Hble NO3UYUL, NOJYYeHHble U3 OOHOU.

Knroueswvie cnosa: nepecosopvl, KOMNPOMUCC, 6)//16661 aﬂze6pa; Jocuvdeckoe MO@@JZMpO@CZHue,’
omkKpolmas qubopMauuﬂ; 3aKpvlmast qubopmauuﬂ; munvl HE3HAHUA, CECMEHMUPOBAHUE PBIHKA.
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FINDING A COMPROMISE AND MARKET SEGMENTATION

The resolution of conflict situations, personal, industrial, social, in human life occurs constantly. And it takes a
certain qualification of a negotiator to successfully resolve conflicts. As a rule, this is done on the basis of finding a
compromise, i.e. when each of the parties concedes part of its demands, because the lack of agreement leads to mutual and
incomparably higher losses. The article proposes a logical theory of compromise, which can serve as the basis for creating a
system of automatic prompter for choosing concessions to achieve a compromise. On the other hand, a mechanism is
proposed for restoring the installations of each of the parties during negotiations in the case when the installations of each
side are not initially known to the opponents. As a result, this may lead to a more balanced decision-making. Finally, another
task is being solved - the division of the market between two manufacturers producing similar products. Which can be seen as
a search for a compromise, which here are two different positions derived from one.

Keywords: negotiations; compromise; Boolean algebra; logical modeling; open information; closed information;
types of ignorance; market segmentation.
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HHDOOPMALIMOHHKIE TEXHOJIOI'MU B COL{HAJIPHO-DKOHOMUYECKHUX
U OPI'AHU3ALITHOHHO-TEXHUYECKUX CUCTEMAX
YIK 681.5

B.I. ABAIIINH, H.A. 3BAT'OPOIHUX, B.1O. IIPECHELIOBA

NEPCHEKTUBBI HCIOJb30BAHUS HEMPOCETEM B ITPOIIECCE
COBEPHIEHCTBOBAHUA YIIPABJIEHUA KOMMEPYECKHUMUA OPTAHU3ALIUAMMU

AxmyanvHocmsb ucciedo8anus 00yCi081eHA CIMPEeMUMENbHbIM PACNPOCMPAHEHUeM Hetipocemel 80
MHO2UX cghepax SKOHOMUYECKOU U PUHAHCOBOU deamenvHocmuU. B pabome paccmompena xapakmepucmuka u
NpaKmu4eckds 3HAYUMOCMb TMeXHONO02Ul UCKyccmeeHHo2o unmeniekma. Onpedenenvl 0coOeHHOCU
pabomyl Hetipocemell. [Ipoananuzuposanvl meHOeHYUU pazeumus Hetipocemel U Ux npeumMyuecmed 6
NpaKmMu4eckoM UCHONb308aAHUU. Bbideiena npakxmuueckas 3HAYUMOCb 0Nl YRPABLEHUS IKOHOMUYECKUMU
cucmemMams KOMMepyecKux OpeaHu3ayuil.

Knrouesvie cnosa: Heﬁpocemu; MEeXHON10cUU UCKYCCMBEHHO20 UHmeéelleKma, uuqbpoeusauuﬂ
ynpaejernusl,; LﬂlqprGble mexHoniozuu, JKOHOMU4YecKue cucmema, ynpaeJjienue KoMMmepYecKumu
Op2aruU3aAyUAMU.
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PROSPECTS FOR THE USE OF NEURAL NETWORKS IN THE PROCESS
OF IMPROVING THE MANAGEMENT OF COMMERCIAL ORGANIZATIONS

The relevance of the study is due to the rapid spread of neural networks in many areas of economic and
financial activity. The paper examines the characteristics and practical significance of artificial intelligence
technologies. The features of the operation of neural networks are determined. The trends in the development of neural
networks and their advantages in practical use are analyzed. The practical significance for managing the economic
systems of commercial organizations has been revealed.
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V]IK 623.76

K.B. ABPAMOB, T.H. BAJJABAHOBA, JI.I. TAUBOPOHCKAS

HCHOJIb30BAHUE HEMPOHHBIX CETEN
AJISA PACIIOBHABAHUSA ATPECCHUMU 110 PEYEBOMY CUI'HAJIY

Cmamvsa  noceawjena 8ONPOCY pPACNO3HABAHUS — Acpeccuu NO  YCMHOU  peyu  4elo8eKd.
Ilpeocmasnaemcs, ymo OaHHbIL BONPOC NAPATUHSGUCMUKU ABNAEMCA AKMYATbHbIM, NOCKOIbKY CUCHIEMbL
PACNO3HABAHUS Acpeccuu Mo2ym Oblmb UCNONb308ANbL 8 PASIUYHBIX cUcCmeMax bezonacHocmu. s peuleHus
3a0ayu pAcno3HA8AHUs azpeccuu NO YCMHOU pedu NpedNod#CeHO UCNONb308AMb CEEPMOUHYIO HEUPOHHYIO
cemb ¢ ucnoavzosanuem uoeu VGG. [na obyuenus u mecmupoganus CNN 6wira ucnonvzosana 6asza
OIMOYUOHANLHOU peuu Ha pycckom szvike Dusha.  Pesynbmamel  mecmuposanus Nnokazau, umo
nPeonodCeHHas HeUPOHHAs cemb I hekmusHo pewiaem 3a0auy pacno3HA8AHUS A2Peccul No YCMHOU peyl.

Knroueswvie cnosa: peuesvie aaHHble,' pedesvle baswl OaHHblx,' HeﬁpOHHble cemu, ceepmovHble
HeﬁpOHHble cemu, pacnosrhasanue azpeccuu, K]laCCM(i)MKauuﬂ,' Memoobl maccu(j)ukauuu.
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USING NEURAL NETWORKS TO RECOGNIZE AGGRESSION BY SPEECH SIGNAL

The article is devoted to the issue of recognizing aggression from human oral speech. It seems that this issue of
paralinguistics is relevant, since aggression recognition systems can be used in various security systems. To solve the
problem of recognizing aggression from oral speech, it is proposed to use a convolutional neural network using the
VGG idea. To train and test the CNN, the Dusha database of emotional speech in Russian was used. The testing results
showed that the proposed neural network effectively solves the problem of recognizing aggression in oral speech.

Keywords: speech data; speech databases; neural networks; convolutional neural networks; aggression
recognition; classification; classification methods.
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IMPOEKTUPOBAHUE CTPYKTYPHI HEHPOHHOM CETH

JIJISI BAJTAYA PACTIO3HABAHUSA SMOIIAN HA ®OTOTPADUAX

Lenvio dannozo ucciedosanus A6IAemMcs NPOEKMUposanue 3PPexmusHol cmpyKmypvl HeUpoHHO
cemu 0151 pACNO3HABAMUSL IMOYULL MEMOOAMU MAUUHHO20 0DVUeHUS NYMeM 66e0eHUsl CUCEMbL OYeHU8Asl, d
makaice 8v1600a PEKOMEHOAYUU NONBL30BAMENIO NO MPEHUPOBKe BbIPAdICeHUs dmoyuil. 3adauamy 0anHo20
UCCAEO08AHUSL AGTIIOMCS ONUCAHUE NPEOMEMHOU 00aacmu, 0030p U 6bl00P APXUMEKMYPbl HEUPOHHOU cemu
0Nl pACNO3HABAMUA DMOYULL NO U30OPAICEHUSM UYeL08eHecK0o20 Juyd, onpeoeieHue ocobenHocmel
npediazaemozo npoSPAMMHO20 0DeCchedeHUs:, 8 YACMHOCMU 8bl800A PEKOMEHOAYUL NO MPEHUPOBKE IMOYUIL.
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PACNO3HABAHUSL IMOYUIL.
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DESIGNING THE STRUCTURE OF A NEURAL NETWORK
FOR THE TASK OF RECOGNIZING EMOTIONS IN PHOTOGRAPHS

The purpose of this study is to design the effective structure of a neural network for emotion recognition by
machine learning methods by introducing an evaluation system, as well as output recommendations to the user on
training. The objectives of this study are to describe the subject area, review and select the architecture of a neural
network for recognizing emotions from images of a human face, determine the features of the proposed software, in
particular, the output of recommendations for training emotions.

Keywords: neural networks; neural network architecture; emotion recognition software products.
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I1.0. APXUIIOB, A.A. CTBIUYK

PABPABOTKA METOAUKU AHAJIM3A T PAONYECKUX JAHHbBIX
I MAEHTUPUKALIUN OBBEKTOB
C UCITIOJIb30BAHUEM HEWMPOCETEBOM TEXHOJIOT U

Paspabomana memoouxa aunanuza epaguyeckux OaumHbiX 011 UOeHmuurayuu o00vbeKmos ¢
ucnonviosanuem  Hetipocemegoii  mexnonozuu. Onucan  KOMHIAEKCHbIL  MemooO, OCHOBAHHLIL HA
nOCNe008amenbHOM NPUMEHEHUU OCHOBHBIX ANOPUMMOE 00padOmMKU, HOPMATUZAYUU U KAACCUDUKAYUU
OaHHBIX, C NOSCHEHUeM PEKOMEHOYeMbIX Napamempos u npoyeoyp 01 pedaru3ayuu HOBOU Heupocemegol
Moldenu Kiaccugpuxayuu obvexmos. Ilpednoscennas Heupocemesas Mooelb GbINOJIHEHA HA OCHOGe
cozoannoco  wabnona npoexmupogarnusi SE-SOTA-ConvNet, u nokasana 6ulCOKYIO  MOYHOCMb
Kaaccuurayuu 0OHAPYHCEHHbIX HA NAHOPAMAX 00BEKMO8 ¢ OMHeCeHUeM UX K YCMAHOGIEeHHbIM 3apatee
xkamezopusim. I[Iposedeno dKCHepUMEHmMANbHOEe UCCAe008aHUe HNONYUEHHbIX pe3Vaibmamos Ha 0Oase
3apecUCMpUPOBAHHO20 NPOSPAMMHO20 0DecheueHust, NOOMmeepousuLee 8blCOKVI0 MOUYHOCHb PA3PAOOMAHHbIX
AneOPUMMO8.

Knrouesvle cnosa: nanopama; OGecnuiomHulil TemMamenbHblil annapam, Heupocems, 0amacen,
Knaccugpuxayus;, oovexm.

Apxur 10B | IO, C I'bId AA, 2024
© p YK

1. Apxunos I1.O., IlykamoB M.B. Anroputmudeckass MOAETh YCTPAHEHUS OTIMYANA YPOBHS
OCBEIIEHHOCTH MEXJTy CHUMKaMH, COCTABISIOMMME (ororian. — MHbopMallmoHHBIE CUCTEMBI
u texuonoruu, 2019. — Ne 4, — C. 23-29.

2. Apxwunos I1.0., IlykanoB M.B. MudopmariionHas MOJE/Ib TEXHOJOTHH KOPPEKIMH SIPKOCTH U
[IBETa MPHU CO3IaHHUH MAaHOPAMHBIX M300pakeHni. — CHCTEMBI BBICOKOM moctymHocTH, 2020. —
T.16. —Ne 3. — C. 46-51. — DOI: 10.18127/j20729472-202003-04.

3. Apxunos I1.0., IlykanoB M.B. Anroputmuyeckas Mojenb OOHAPYXKCHUS aHOMAIWHA Ha
Pa3HOBpeMEeHHBIX MaHopaMax. — CucTeMsl BEICOKOH mpoctymHOcTH, 2021 — T. 17. — Ne 2. — C. 5-
10. — DOI: 10.18127/j20729472-202102-01.

4. Apxwunos I1.O. u np. UccnenoBanne METoa0B ETEKTHPOBAHMS KITFOUEBBIX TOUEK IIPH CO3AAHUH
nanopaMubix u3obpakennit / I1.0. Apxunos, A.K. Tpobumenkos, M.B. Ilykanos, H.IO.
HocoBa // Cuctembr u cpenctBa umHpopmatuku, 2022. — T. 32. — Ne 2. — C. 92-104. —
DOI: 10.14357/08696527220209.

5. Owmrmmckux C.JI. Knaccudukanus m3BnekaeMbIx W3 TaHOpaM H300pakeHUl HEHpOHHON
CeThI0 C MOXYIIEM CHaBIMBAHHUA-BO30YXKAeHUSA. — VHTemnekryanm3amust 00paOOTKH
nHopMarum: Te3uchl AokIanoB 14-it MexayHapogHoi KoH¢pepeHnmu. — M.: Poccwmiickas
akamemus Hayk, 2022. — C. 204-209.

6. Lowe D.G. Distinctive image features from scale-invariant keypoints. — International Journal of

Computer Vision, 2004. — Vis. 60(2). — P. 91-110.

Nixon M.S., Aguado A.S. Feature Extraction and Image Processing. — Academic Press, 2008.

8. Toncaiec P., Byac P. Lludposas o6padboTka nzodpaxkenuit. — M3x. 3-e, ucnp. u gom. — Mocksa:
Texuoctepa, 2012. — 1104 c. — ISBN 978-5-94836-331-8.

9. Apxunos I1.O., ®wmnnckux CJIL, Lykano M.B. IIporpammHas cucrema ompeneieHus: u
KIaccU(pUKAIMN aHOMAallMii Ha CpPaBHHBAaEeMBIX MaHOpaMax, ITONyYEHHBIX IPH IPOBEACHUU
aspodorocremkrn ¢ BIIJIA. CBugerenbcTBO 0 perucrpauuu mporpammel  ainsi OBM
RU 2023685690, 29.11.2023. 3asBka ot 24.11.2023. - 1c.

10. Arkhipov P.O., Philippskih S.L. Building an ensemble of convolutional neural networks for
classifying panoramic images. — Pattern Recognition and Image Analysis, 2022. — Vol. 32. — Ne
3.—P.511-514. - DOI: 10.1134/S1054661822030051.

~

Ne2(142)2024




Hay4HO-mexHuUYecKuU xypHan

11. Apxwunos I1.0., ®ummnmnckux C.JI. PacnoznaBanue aHOManuii Ha pa3HOBPEMEHHBIX MTaHOpPaMax
C HUCIIONB30BAaHUEM HEWPOCETEBOro MOXoja KOHCOMUAauuu monene. — CUCTEeMBl U CPElCTBa
nnpopmatuku, 2023. — T. 33. — Ne 2. — C.13-24. — DOI: 10.14357/08696527230202.

12. IKII «WupopmaTuka» [DnexrpoHHslii pecypc]. — URL: https://www.frcesc.ru/ckp (mara
obpamenus: 22.12.23).

Apxunos ITasen Oserosna

denepanbHbIi HccnenoBaTenbekuii neHTp «MHpopmaruka u ynpasnenue» PAH, OpnoBckuit pumman,
r. Open

KananpaTt TexHudecknx Hayk, qUpeKTop (unnana

Ten.: 8 (4862) 33-01-68

E-mail: arpaul@mail.ru

CThIuyk Ajiekceil AleKcaHAPOBUY

OI'bOY BO «OpioBckuii rocyaapctseHsslid yauBepcuteT nMenu M.C. Typrenesay, r. Open

KananaaTt TexHUYECKUX HayK, JIOIEHT, AOLEHT Kadeapbl NHPOPMAIMOHHBIX CUCTEM H IIU(POBBIX TEXHOIOIHI
Ten.: 8 (4862) 43-49-56

E-mail: stichuck@yandex.ru

P.O. ARXIPQV (Candidate of Engineering Sciences, Branch Director)
Federal Research Center «Computer Science and Control» of the RAS, Orel Branch, Orel

A.A. STY’ChUK (Candidate of Engineering Sciences, Associate Professor
Associate Professor of the Department of Information Systems and Digital Technologies)
Orel State University named after I. S. Turgenev, Orel

DEVELOPMENT OF A METHODOLOGY FOR ANALYZING GRAPHICAL DATA
TO IDENTIFY OBJECTS USING NEURAL NETWORK TECHNOLOGY

A technique for analyzing graphical data for identifying objects using neural network technology has been
developed. A comprehensive method based on the consistent application of basic algorithms for processing,
normalization and classification of data is described, with an explanation of the recommended parameters and
procedures for implementing a new neural network model of object classification. The proposed neural network model
is based on the created SE-SATA-Convention design template, and has shown high accuracy in classifying objects
detected on panoramas and assigning them to pre-established categories. An experimental study of the obtained results
was carried out on the basis of registered software, which confirmed the high accuracy of the developed algorithms.

Keywords: panorama; unmanned aerial vehicle; neural network; dataset; classification; object.
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PA3BPABOTKA AJITOPUTMA CBOPA JAHHBIX O ITPEAITOCBIJIKAX
K INPOTECTHOMY I'OJIOCOBAHHUIO
HA OCHOBE AHAJIN3A ITOUNCKOBBIX 3AITPOCOB

IIpeonooicen anzopumm coOOpa OaHHbIX O NPEONOCHLIKAX K NPOMECmHOM)Y 20J10CO8AHUI0 HA OCHO8E
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DEVELOPING AN ALGORITHM FOR COLLECTING DATA ON PRECONDITIONS
OF PROTEST VOTING THROUGH ANALYSIS OF SEARCH QUERIES

This paper proposes an algorithm for collecting data on the preconditions for protest voting through the
analysis of search queries. To measure citizens' interest in the topic of protest voting, the concept of «interest» is
introduced and expressed as a numerical value using the author's methodology. This value can be used to make
managerial decisions during the electoral process.

Keywords: protest voting; analysis of search queries; indicator; «interest»; moving average; fuzzy logic;
working software.
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HoAXOJAbI K IIOCTPOEHHUIO CEPBUCA _
ABTOMATU3ALIUU JEATEJIBHOCTHU HEHTPA TPYJOYCTPOUCTBA

B cmamve paccmampusaromes onpocel nocmpoenus cepguca 0 agmoMamu3ayu 0esimeabHOCmu
yenmpa mpyooycmpoticmea euvinycknukos BY3a. I[Ipeocmasnenvt pynkyuonanvrvle mpebosanus K cepeucy.
Onucana cmpykmypa cepsuca u npeocmasieHa Mooenb OaHHbIX O0Jisl XPAHEHUs. UHDOpMAYUL.

Kntouesvie cnosa: cepsuc ona yewmpa mpyooycmpoiicmea, mMooeib OAHHLIX; (DYHKYUOHANbHbIE
mpebo8aHus.
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APPROACHES TO BUILDING AUTOMATION SERVICE
FOR EMPLOYMENT CENTER ACTIVITIES

The article discusses the issues of building a service to automate the activities of the employment center for
university graduates. Functional requirements for the service are presented. The structure of the service is described
and a data model for storing information is presented.

Keywords: service for the employment center; data model; functional requirements.
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IOPEKTUBHOE OBHAPYKEHHUE I1OKAPA
C UCITOJIB3OBAHUEM TEXHOJIOI'MU LORAWAN U I''TYBOKOI'O OBYUEHUSA
B BECITPOBO/JIHBIX CEHCOPHBIX CETAX

Kpaiine sasxcno onepamusno oOHapyscueams nodcapbl u OMAPAGIAMb Y8EOOMICHUS 8 DedCume
PpeanvHoco epemenu, 4mobsl obecneuumv Ovlcmpoe peazuposanue Ha Kpusuc. Ipgexmusnoe myuienue
nOJHCApO8 He MONbKO CRACAem JHCUSHU U UMYWeCmeo, HO U MUHUMUUpYyem mamepuaibhvle nomepu. B
OdaHHOU cmamve paccmampusaemcs 603modcHocmy ucnonvzosanus LORAWAN ona nepedauu cuenanos
NOJICAPHOU mpegozu 6 YeHmp YHpaeieHus. [[is O0OHAPYICEeHUs. NoiCapa UCNONb30GANUCL ANCOPUMMBL
2nyboxo2o obyuenuss u becnpogoonvle cencopHuvle cemu. Moodenv YOLOVS adanmuposana 0ns eviasieHus
nOJHCApO8 U ONOGEWEeHUs MEPMUHANLHBIX YCMPOUCcm. TepMUHAIbHble YCMPOUCcmea Mo2ym Omnpasisms
cuenanvl mpegocu na cmanyuio LORAWAN wna paccmosmuu 0o nsamu xunomempos. Ilepugeputinvie

Ne2(142)2024




Hay4HO-mexHuUYecKuU xypHan

VCMpPOUCmea Mo2ym nepeoasamsv CUSHATbL NONCAPHOU MPego2U ¢ UHMEPSANIOM 6 OOHY CEKVHOY UlU C
Opyeumu UHMepPBALamu 8PeMeHU 8 3a8UCUMOCHU Om HAcmpoeHHvlx napamempos. Texunonoeus LORAWAN
NPOOEMOHCMPUPOBANIA  C80K) CHOCOOHOCMb Nepedasamsv CUSHAbL NOJICAPHOU Mpesocu U MSHOBEHHO
ROYYAMb UX U3 YEHMPA YAPABIEHUsL NOACAPOM.

Knrouesvle cnosa: Gecnposoonvie cencopuvie cemu; YOLOVS; LORaAWAN; noocapruii 60ooomem;
enyboxoe obyueHue, 0OHapysiceHue noxcapa.
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EFFECTIVE FIRE DETECTION USING LORAWAN TECHNOLOGY
AND DEEP LEARNING IN WIRELESS SENSOR NETWORKS

It is crucial to detect fires promptly and issue notifications in real time to enable rapid crisis response.
Efficient firefighting not only saves lives and property but also minimizes material losses. This paper seeks to
investigate the feasibility of utilizing LoRaWAN for transmitting fire alarms to the control center. Deep learning
algorithms and wireless sensor networks were utilized for fire detection. The YOLOvV5 model has been adapted to
identify fires and provide notifications to terminal devices. Up to five kilometers away, the terminal devices can send
alarms to the LoRaWAN station. Peripheral devices can transmit fire alarms at intervals of one second or at other time
intervals based on the configured settings. LoRaWAN technology has demonstrated its capability to transmit fire alarms
and receive them from the fire control center instantly.

Keywords: wireless sensor networks; YOLOv5; LoRaWAN; deep learning; fire detection.
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HMHTEJUIEKTYAJIbHAA CUCTEMA ITIOJJEPKKHA
IIPUHATUS PEHIEHUN B 3AJAYE PACIPOCTPAHEHUA NHOOPMALINA
B CPEJCTBAX MACCOBOU KOMMYHHUKALIUN

Ce200Hs mexHoIo2UU UCKYCCMBEHHO20 UHMELIeKMA AKMUBHO BHEOPAIOMCS 8 PA3IUUHbIX 00IACMAX
yenogeyeckoll desmenvbHocmu. B cmamve npedcmasenen npomomun UHMENIEKMYAIbHOU CUCeMbl
noodepoicku npunamus ynpasiendeckux pewenui (MCIIIIYVP) 6 3a0aue pacnpocmpanenus ungopmayuu 8
Cpeocmsax Maccosol KOMMYHUKAYUU C NPUMEHEHUeM Memooo8 MAWUHHO20 obyuenus. I[Ipedcmasnenvl
apxumekmypa npOSPAMMHO20 KOMNJIEKCA U CXeMd XPAHeHUs NOJYYEHHbIX CYEHApues NpPoOGUINCEHUS.
ungopmayuu. Paccmompenvl  pesynomamuvl  UUCTEHHO2O MOOEIUPOBAHUS NPU  PA3IUYHBIX  BXOOHbIX
napamempax, cg)opmyiupo8aHsvl 8b1800bl UCCIEO0BAHUSL.

Axmyanvrocmes 0aHHOU pabomsl NPOOUKMOBAHA CIMPEMUMENTbHBIM PA36UMUEM KOMMYHUKAYUOHHBIX
MEXHONIO2UL U KPAMHO 803DACMAIOWUM 00BEMOM PACHPOCMPAHAEMOU UHDOPMAYUU.

Knwuesvie cnoea: memoov: MawunHO20 00VHeHUs, Memoobl ONMUMUSAYUY, UCKYCCTHBEHHbII
UHMeNIeKm,; NO00EPICKA NPUHAUSL YAPABTIEHYECKUX PEeWEeHUll, paAcnpocmpanerue ungopmayuu, cpeocmsd
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MAcco8ou KOMMYHUKauyuu, mamemamudeckoe MO()eﬂMPOGClHue,' UHmMeNIeKmyalibHasl cucmema, bonvuue
oannwie;, PyCharm; Python; SciPy; Scikit-learn.
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INTELLIGENT SYSTEM IN THE PROBLEM
OF INFORMATION DISTRIBUTION IN MASS COMMUNICATIONS

Today, artificial intelligence technologies are actively being implemented in various areas of human activity.
The article presents a prototype of an intelligent management decision support system (IMDSS) in the task of
disseminating information in the media using machine learning methods. The architecture of the software package and
the storage scheme for the received information promotion scenarios are presented. The results of numerical modeling
for various input parameters are considered, and the conclusions of the study are formulated.

The relevance of this work is dictated by the rapid development of communication technologies and the
exponentially increasing volume of disseminated information.

Keywords: machine learning methods; optimization methods; artificial intelligence; management decision
support; information dissemination; mass communications; mathematical modeling; intelligent system; big data;
PyCharm; Python; SciPy; Scikit-learn.
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YK 004.77
I'.E. BOMBEJIO, B.P. OCTAIIOB, /I.II. CAHHMKOB

CUCTEMA JUCHHETYEPU3AIIMUN BOAO3ABOPHOI'O Y3JIA

B 0annoii cmamve onucvlieaemcs memoo asmomamusayui nPoYecca nepekauku 800bl U3 peuHo20
680003a60pa 6 pesepgyap 0 MEXHUUECKOU 600bl, NPU IMOM 00bEeKMbl HAXOOAMCA HA paccmosuuu. B
cmamue yoeneHo ocoboe sHumarnue npoyeccy nacmpotxu cemu VPN 0na coz0anus o0wHotl noxkanvHol cemu ¢
UCNONIb308AHUEM MOOUTLHOUL CBS3U.

Knwueswie cnosa: npomvlinennsiii Konmpoanep, ypogiemep, pacxooomep, VPN, mobunvras cesnss,

Modbus.
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WATER INTAKE NODE DISPATCHING SYSTEM
This article describes a method for automating the process of pumping water from a river intake into a
reservoir for process water, while the objects are located at a distance. The article pays special attention to the process
of setting up a VPN network to create a single local network using mobile communications.
Keywords: industrial controller; level gauge; flow meter; VPN; mobile communication; Modbus.
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A.A. KATYHUH, U.B. MAJIO®EEB, H.11. MAPKUH, A.P. TAAEPVUH

UCCJEJOBAHUE Y®PEKTUBHOCTH U MPAKTHYECKON MPUMEHUMOCTH

YHUBEPCAJIBHBIX MOBUJIBHBIX IIJIAT®OPM

JJIAA OIITUMU3AINU 3APAAKU U TUATHOCTUKHU MYJIbTUPOTOPHBIX BILJIA

Hayunas cmamovs uccnedyem yHugepcanvhvie MOOUTbHLIE NAAMPOPMBL Ol  ONMUMUAYUL
00CIYIHCUBAHUSL  MYTMUPOMOPHBIX  Oecnunomuvlx emamenvhvlx annapamos (BIIJIA). Ilpedcmasnena
UHHOBAYUOHHAS MOOeNb  MOOUTLHOU CIMAHYUU, NOOYEPKUBAIOMCS NPeuMywecmed U O0cPaHUudeHus..
Hccnedosanue 6asicho 01 pazgumus 6eCnuiomHbiX MexHOL02Ull.

Knwuesvie cnosa: 6Oecnuniomuvie Jemamenvhble ANNAPAmMul,  YHUBEPCATbHBIE MOOUTbHBIE
nrameopmol; 3apsd AKB,; duacnocmuka; agmomamusuposanibie CUCHeMbl 0OCTYHCUBAHUSL.
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STUDY OF THE EFFECTIVENESS AND PRACTICAL APPLICABILITY OF UNIVERSAL MOBILE
PLATFORMS FOR OPTIMIZING CHARGING AND DIAGNOSTICS OF MULTI-ROTOR UAVS

The scientific article explores universal mobile platforms for optimizing the maintenance of multi-rotor
unmanned aerial vehicles (UAVs). An innovative mobile station model is presented, advantages and limitations are
highlighted. The research is important for the development of unmanned technologies and requires additional efforts
for optimization.

Keywords: unmanned aerial vehicles; universal mobile platforms; charging; diagnostics; automated
maintenance systems.
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MATEMATHYECKOE U IIPOI' PAMMHOE OFECIIEYEHUE
BBIYUCJIUTE/IPHOH TEXHHUKH U ABTOMATH3UPOBAHHbBIX CUCTEM
VIIK 004
JI.B. KOPHUEHKO, A.B. HUKYJIMH

NPUMEHEHUME TEJIEMETPUYECKUX JAHHbBIX MUKPOCEPBUCOB
JJIAA BU3YAJIM3ALHUU APXUTEKTYP UHO®OPMALIMOHHBIX CUCTEM

B uacmosweii cmamve nOOpOOHO paccMampusaromcs GONPOCHL  GUIYANUZAYUU  APXUMEKMYP
UHDOPMAYUOHHBIX CUCTEM, NOCMPOEHHBIX HA NPUHYUNAX MUKpPOCcepsucHou apxumexkmypul. C yuemom
COBPEMEHHBIX MemOoOOoa02Ull pa3pabomKu nPoepamMmHo20 obecnedenus, maxux xkaxk Agile, komopuie uacmo
VMEHbUAIOM aKYEeHM HA NO00epICcKe AKMYANbHO20 COCMOSHUS OOKYMEHmayuu, 3a0add 6u3yanu3ayuu
CMPYKMYpbl UHQOPMAYUOHHBIX CUCeM Npuobpemaem ocobenHyro axmyarvbHocmy. Heobxooumocmv 6
001a0aHuu  KOMNIEKCHbLIM — NpeOCmasienuemM o0  apxumekmype  OKA3bl8aAemcs  KpPUmuunou Ot
PaspabomuuKos, apxumekmopos U CUCIEeMHBIX AHATUIMUKOS, NOCKOIbKY 9MO obecneyusaem 3@ pexmuenyio
KOMMYHUKAYUIO GHYMPU KOMAHOBL U COOCUCBYem paMOmHOMY NIAHUPOBAHUIO PA3PAOOMKU.

Asmopamu  npeonazaemcsi HOOX00 K peuwleHulo  OaHHOU  3a0aqu  uepe3  UCNOJb308aHUE
menemMempuieckux OaHHblX, NOAYYAeMbIX O KOMHIOHEHMO8 MUKPOCEPBUCHOU apXUmeKmypol. Dmu OaHHble
npedcmasnsiom coOou YEeHHbI UCMOYHUK UH@OpMayulu, Komopwli npu obpabomxe Mmodcem Oblmb
MPAHCHOPMUPOBAH 8 KOMNOHEHMHbLE OUASPAMMYBL, OMPAdICarowue mexkyujee coCmosHue UHpOPMayuoHHoU
cucmemvl. J{1s  u3yanuzayuu  apxXumekmypbl A6mMopvl AKYeHmupyem 6HUMAHUE HA UCNOIb308AHUU
uncmpymenmos maxux xax PlantUML u moodenu C4 yposns 1 u 2. Dmu cpedcmea 0eMOHCMpupyiom
BICOKVIO  IPDHEeKMUSHOCIL 6 OMOOPAdICEHUU CMPYKMYPbl U  63AUMOCB3EU  MeHCOY KOMHOHEHMAMU
cucmemvl, 001e2uas NOHUMAHUE ee  apXUMEKMypvl U 00ecneyusdas 603MOJCHOCTL — HASAAOHO2O0
npeocmasnenus OUHAMUKU PA3GUMUsL NPOEKMA.

B cmamve maxoice npedcmasnen  OemanuzupoOGAHHLIL  AnOpumM  cOOpA U AHAIU3A
meneMempuieckux OAHHbIX, KOMOPble CLYICAm OCHOBOU OISt NOCIPOEHUsL YROMSHYMbIX Ouaspamm. J{annwiil
n00X00 He MONbKO CHOCOOCMEYem YCUIEHUIO NPO3PAYHOCHU Npoyecca paspabomKu, HO U 3HAYUMENbHO
ynpowjaem npoyedypy aKmyamuzayuu OOKYMeHmMAayuu apxXumexmypbvl, Oelds ee Mmenee 3ampamHoll KaKk 6
niane pemeHuU, max u pecypcos.

Knrwuesvie cnosa. C4; OpenTelementry; Zipkin; asmomamuzayus; ungopmayuonnsie cucmemol,
aApXUMeKmypa; 8U3yaIu3ayust;, MUKPOCEPEUCHL.
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THE USE OF TELEMETRIC MICROSERVICE DATA
TO VISUALIZE INFORMATION SYSTEM ARCHITECTURES

This article discusses in detail the issues of visualization of architectures of information systems built on the
principles of microservice architecture. Given the modern methodologies for the development of software, such as
Agile, which often reduce the emphasis on supporting the current state of documentation, the task of visualizing the
structure of information systems is of particular relevance. The need to have a comprehensive idea of architecture is
critical for developers, architects and system analysts, as this ensures effective communication within the team and
promotes competent development planning.

The authors propose an approach to solving this problem through the use of telemetric data obtained from the
components of microservice architecture. These data are a valuable source of information, which during processing
can be transformed into component diagrams that reflect the current state of the information system. To visualize the
architecture, the authors focus on the use of tools such as Plantuml and the C4 levels of level 1 and 2. These tools
demonstrate high efficiency in displaying the structure and relationships between the components of the system,
facilitating the understanding of its architecture and ensuring the possibility of a visual representation of the dynamics
of the development of the project.

The article also presents a detailed algorithm for the collection and analysis of telemetric data, which serve as
the basis for the construction of the mentioned diagrams. This approach not only helps to strengthen the transparency
of the development process, but also greatly simplifies the procedure for updating architecture documentation, making
it less expensive both in terms of time and resources.

Keywords: C4; OpenteleMetry; Zipkin; Automation; Information Systems; Architecture; Visualization;
Microservice.
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A.JI. JIOITATHUH, I1.B. JIVKBAHOB

ITPOI'PAMMHAA PEAJIM3AIIUA AJITOPUTMA JIN
HA SA3BIKE IPOT'PAMMUWPOBAHUS C#
JJIAA PEHHEHUSA 3AJAYHU ITOUCKA ITYTHU B IABUPUHTE

B macmosweii cmamve paccmampueaemcs npoepaMMHAS  Peanuzayus  aneopumma  Ons  NpoeepKu
CYWecmBo8ans Nymu Medxicoy 08yMs Kapmoukamu nois uepbl «Jlabupunmy. Ooun u3 cnoco6o8 HaxodcoeHus nymu —
npumenenue aneopumma Jlu. Aneopumm ocHosan na memoode noucka 6 wupuny. Ilone uepvr npedcmaensem coboil
Habop Kapmouexk ¢ usobpadceHusamu Hanpagienuti ogudxcenus. OcobeHHOCmU Uepbl GIUAIOM HA BOZMOICHOCHIb
ONMUMUZAYUU AT2OPUMMA U 8bIO0P UCHOTLIYEMBIX 8 DEANU3AYUU CIPYKIMYD OAHHBIX.
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PROGRAM IMPLEMENTATION OF LEE ALGORITHM IN C# PROGRAMMING LANGUAGE FOR
SOLVING THE PROBLEM OF PATHFINDING IN A LABYRINTH

This paper discusses a possible software implementation of an algorithm for checking the existence of a path
between two cards of the Labyrinth game field. One of the ways to find the path is to apply the Lee algorithm. The
algorithm is based on the breadth-first search method. The game field is a set of cards with images of the directions of
movement. The peculiarities of the game influence the possibility of optimizing the algorithm and the choice of data
structures used in the implementation.

Keywords: Lee algorithm,; pathfinding, C# language.
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HHDOOPMAILTUOHHAA BE3OITACHOCTH U 3ALJUTA HHOOPMALIUHU

VIIK 004.43
B.T. EPEMEHKO

OCHOBHBIE IPUHIUIIBI MEPEJAYHU OJHO®OTOHHBIX CUT'HAJIOB
IO KBAHTOBO-KPUIITOT'PA®UYECKUM CUCTEMAM

Keanmosass nepedaua oOaunvix s615emcs MemoOOM 3AWUWEHHOU nepedayu uHpopmayuu,
ucnonv3ylouell eouHuuHvle Gomonvl. Jis onucanus 63auMOO0elcmaus dNeKMpPOMACHUMHBIX Nojell ¢
BEUYECNBOM NPUMEHSIOMCSL YPABHEHUSI KEAHMOBOU INEKMPOOUHAMUKY, C NOMOWBIO KOMOPbIX NOAYYAIOM
NPUHYUNUATLHO HOBble pe3yibmamvl. DHepeusi MoObl GOIHO800A C MOYKU 3PeHUst K8AHMOBOU ONMUKU
Modicem NPUHUMAMb MOAbKO OUCKDEMHDIL HAOOP 3HAYEHU, OMCNOAWULL Opye om Opyea HA ONpeoesleHHYIO
senuyuny. Xapaxmepucmuku Moovl (4acmoma, NPOCMPAHCMEEHHOE pacnpedeneHue, HaAnpagieHue
pacnpocmpanenuss U ROISAPU3AYUSL) RPUNUCHIBAIONCSL (POMOHAM, U3 KOMOPbIX oHa cocmoum. Tlocmpoennas
K8AHMOBAas. MOOeb nepedayu 0OHOPOMOHHLIX CUSHANO08 NO BOJIOKOHHO-ONMUYECKUM JUHUIAM TNO360J5€m
OYEHUMb HOMOK OMOHOB O/ PATUYHBIX OJIUH BOJIH UZTYYEHUSL.

Knroueswvie cnoea: xeanmosas nepe()alta ()GHHblx,' onmu4eckuil pesonamop, MOObL 60JZH060061,'
umnyiieCc qul’HOHa,’ Keanmoeas onmuka, ceemoaeﬂumeﬂb; 6EPOANTHOCMb.
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BASIC PRINCIPLES OF TRANSMISSION
OF SINGLE-PHOTON SIGNALS VIA QUANTUM DATA TRANSMISSION SYSTEMS

Quantum data transmission is a method of secure transmission of information using single photons. To
describe the interaction of electromagnetic fields with matter, the equations of quantum electrodynamics are used, with
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the help of which fundamentally new results are obtained. From the point of view of quantum optics, the waveguide
mode energy can only take a discrete set of values that are separated from each other by a certain amount. The
characteristics of the mode (frequency, spatial distribution, direction of propagation and polarization) are attributed to
the photons of which it consists. The constructed quantum model of transmission of single-photon signals over fiber-
optic lines allows us to estimate the photon flux for different wavelengths of radiation.

Keywords: quantum data transmission; optical resonator; waveguide modes; photon pulse; quantum optics;
beam splitter; probability.
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TPEBOBAHUNS
K 0(pOpMJIEHUIO CTATHHU JIS1 ONYOJIMKOBAHMS B :KypHAJIe
«AnpopMannoHHbIE CHCTEMbI H TEXHOJIOTHN»

OBIIUE TPEBOBAHUSA

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 oxHoM cOopHUKE MOXET OBITh OMYOJMKOBaHA TOJBKO OHA CTAaThs OJHOTO aBTOPA, BKIIOYAS
COaBTOPCTBO.

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

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

TPEBOBAHUSA K COJEP)KAHUIO HAYUHOM CTATBbH

Hayunas crates, mpemocTaBisieMasl B >KypHaJbl, JOJDKHA HMETh CICAYIOME 00f3aTejbHbIe
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 MOJTYYEHHBIX PE3YIILTATOB;

— 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, xpynueni wagekc — 10 pt , menkuit wamekc — 8 pt. DopmyJibl, BHEAPEHHbIE KaK
uzodpakenne, He pgomyckaorcs! Pycckme wu rTpedeckme OykBbI, a TaKke OOO3HAUCHHS
TPUTOHOMETPUYECKUX PYHKIIUN HAOUPAIOTCS 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, IPEACTABISIOTCS B BHJIE OTJCNBHBIX (aitnoB 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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