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MHcopmaumoHHbIE cucTeMbl UM TexHonorum - 2024: [ONeKTPOHHbIN pecypc):
Mporpamma 1 aHHoTauuu goknagoB XXX MexayHapoaHOW Hay4YHO-TEXHUYECKOW KOHdepeHLmmn
— OnekTpoH. gaH. — H. Hoeropoa: Huwxeropoga. roc. TexH. yH-T um. P.E. AnekceeBa, 2024.

B cbOopHuke mpencraBiaeHbl MaTepuaibl A0KiIanoB XXX MexayHapoIHOH HayYHO-TEXHUYECKOM
koHpepenimu MCT-2024, mnposepennoir 18-20 ampens 2024 r. gupekuwmeit  Huctutyra
PaINO3IEKTPOHUKHA ¥ WH()OPMAITMOHHBIX TEXHOJIOTHH TPH MOJIJEPKKe, OKa3aHHOW pekroparomM HI'TY
um. P.E. AnekceeBa nu Huwxeropoackum obnactabiM npasneaneM PHTOPOC um. A.C. [Tonoga.

[TyGnukyemble MaTepualibl NPEACTABISIFOT TEMAaTHUKY, KPYr HAyYHBIX HWHTEPECOB M COCTOSHHE
MCCJIEIOBAHMI MPEACTaBUTENICH HayUHBIX U BhICIIKX y4eOHbIX 3aBenenuil 10 roponoB PO - mpenonasareneit,
Hay4HbIX COTPYAHHMKOB, JOKTOPAaHTOB, aclMPaHTOB, MaruCTPaHTOB U CTyAeHTOB - yuacTHMkoB HUPC, a
TaKke coTpynHukoB Poccuiickoro Texnonoruueckoro ynusepcuteta — MUPDA, Caunkr-IlerepOyprekoro
roCyJlapCTBEHHOTO 3JIeKTpoTexHHueckoro yHuBepcurera «JIOTW» um. B.M. ViubsnoBa (Jlenuna),
Boenno-Boznymnoit akagemum um. npod. H. E. XKykosckoro u FO. A. I'arapuna, Hwmxkeropoackoro
TOCYJapCTBEHHOT0 TexHH4Yeckoro yHusepcutera uM. P.E. AnekceeBa, Hmxeropoackoro rocyaapcTBEHHOTO
yauBepcureta uM. H.M. Jlo6aueBckoro, Bomkckoro rocyaapcTBEHHOTO YHUBEPCUTETa BOJHOTO TPAHCIIOPTA,
Hwmkeropoackoro rocy1apCTBEHHOT0 HHXEHEPHO-3KOHOMHMYECKOI0 YHUBEPCUTETA; MIpeJIcCTaBUTeel Ooee
15 mpeanpusatuii 1 HUM: CrneunanbHOr0 KOHCTPYKTOPCKOTO OIOPO CPEICTB aBTOMATH3allMHM MOPCKHX
uccienoBanuii JlanbHeBocrouHoro otaeneHuss PAH,  ApkTudeckoro M aHTapKTHUYECKOrO0 Hay4HO-
uccienosarensckoro uacruryra, POAI-BHUND®, UIID PAH, HUMUC um. FO.E. Cenakosa, HUP®U,
HIIIT «ITonet», 1 Apyrux opraHU3alni.

IIporpaMMHBbIif KOMUTET:

A.A. KypkuH (npencenarens), A.B. MskuHbKOB (3aM.Tpecenarens),
H.1O. ba6anos, O.I'. bepectnena, /1.B. XXenepuyk, B.P. Muinos, /I.A. JIsxmanos, C.JI. Mopyrus,
A.C. Paesckuii, A.T'. Peiaapik, 2.C. Cokonoa, O.I1. Tumodeesa, FO.M. Tymnskos, M.B. YibsiHoB,
A.Jl. dununckux, B.I1. Xpanunos, B.JI. Aronkun

© Hwmxeropoackuit Tocy1apCTBEHHBIN TEXHUYECKUMA
yausepcuter uM. P.E. Anekceesa, 2024
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YBAXAEMbIA KOJJIETA !

OprkomuTeT COBMECTHO C [upeKkumen UHCTUTYTa paguoafnieKTPOHUKU U MHAOPMALMOHHbIX
TexHonormn HITY wum. P.E. Anekceesa npurnawatwT Bac npuHate ydvactue B pabote
XXX MexayHapoaHOW Hay4yHO-TEXHUYEeCKOW KoHdepeHumn «HopMaLMOHHbIE CUCTEMbI W
TexHonormm — UCT-2024», koTopas coctoutcs 18 - 20 anpens 2024 roaa.

lMneHapHoe 3acepaHve 19 anpensa B 10-00, MHOrodyHKkUMOHanbHbIN 3an  «Banét»
(4 kopnyc HI'TY, yn. MnHnHa 28B)

Havano pabotbl cekuun 18 anpensa B 10-00, 19 anpens B 11-00 no pacnmcaHuio CeKuni.

CnpaBku no tenegoHy: 436-93-47 — Oupekuma MPUT n e-mail: hranilov@nntu.ru

dopma npoBegeHnsa — o4Has U KOMBUHUPOBaAHHASA (MO PELUEHN0 PYKOBOACTBA CEKLMN).

MpoBoaMTCcs B B paMKax peanusaumu; HayyYyHo-uccregoBaTernbCkon nonuTukn [porpammbl
«Mpunoputet-2030» mn Crparternyeckoro npoekta PaamoanekTpoHHble CUCTEMbI WU KOMMJIEKCHI;
Mporpammel MWL HI'TY um. P.E. Anekceesa.

rPA®UK NPOBEOEHUA MEPOMNPUATUA KOH®EPEHLIUU

19 anpens lMneHapHoe 3acenaHue 10-00 M®3 «B3nét»
(4 kopn.)
18,19 anpens PaboTta cekunn 11-00 - 15-00
Cexums 1 «PagmnotexHnyeckme cuctemsol 19 anpens ayoutopus
H M yCTpOWCTBa» 11-00-15-00 5427
c ) «[lpoekTupoBaHue § 19 anpens ayauTopus
ekumnsa pagmoaneKTPOHHbIX YCTPOUCTB
BY n CBY gmnanasoHoB» 11-00-15-00 5234
Cexuns 3 «ONEKTPOHHbIE CETU U 19 anpens ayoutopus
H TeneKoMMYHMKaLMN» 11-00-15-00 4311
«MHpopMaLMOHHbIE 1 19 anpens ayauTopus
Cekuus 4 BblYNCIIUTENbHbIE 11-00-15-00 5412
TEXHOSTOrUn»
«TexHuyeckas knbepHeTuka
19 anpensa ayoutopus
Cekumsa 5 (MHTEennekTyanbHbIE CUCTEMBI
11-00-15-00 4403
006paboTKn MHpopmMaLnmn)»
«MaTemaTtnyeckoe 18 anpens ayauTopus
Cekunsa 6 MOAeNnupoBaHue 10-00-15-00 1315
reodom3n4eckmx NPoLLeCcCoB»




NNEHAPHOE 3ACEOAHUE
19 anpena 10-00 (M®3 «B3néT» (4 kopn.))

1. BcTynuTtenbHoe CroBo.
A.B. MAKUHbKOB, aupektop UPUT, npodeccop
2. [pueetcTtBue pektopata HI'TY nm. P.E. Anekceesa.
C.M. AMUTPUEB, pekTop HI'TY, npoceccop
3.  WHcTpymeHTapui Onsi OUEHKM MUKPOBOJSTHOBOIO acTpoKnMMarta B 4acTOTHOM AuanasoHe
Teneckona ropM3oHTa cobbITUi
K.B. MMUHEEB, K.T.H., Hay4HbI1 coTpyaHuK UMN®
umMm. A.B. NanoHoBa-Ipexosa PAH

CEKUHuA 1
PAOUNOTEXHUYECKUE CUCTEMbI U YCTPOUCTBA
19 anpena 11-00 (Aya. 5427)
Mpeacepatens: A.T.H., npodeccop A.B. MsiknHkoB
CekpeTtapb: nnxeHep K.[. JlornHosa

AMPOBALMSA KOPOTKOBONTHOBOW PNIC WERA ANA U3SMEPEHUA TMMAOPOrPA®UYECKUX NAPAMETPOB
NMPUBPEXHOW 30HbI

B.U. BepembeB, U.I'. Top6yHoB

CaHkT-lMeTepbyprckuin rocyaapCTBEHHbIV 3NeKTpoTeXHNYeckni yHusepeutet "J1I9TN"

ANTOPUTM OTOXAECTBJEHUA OAHHbIX C YYETOM U3MEPEHUW PAOVUANBHOW CKOPOCTU LIENNA
A.A. KoHoBanoB
CaHkT-INeTepbyprckui rocyaapCTBEHHbIN 3NTEKTPOTEXHUYECKN yHMBEpCUTET «J1I3TN»

MATEMATUYECKASA MOOENb CUTHAIA, OTPAXKEHHOIO OT BUHTOB NNETATEJNIbHOIO AINMAPATA, B
NMPUNOXXEHUU K OBPALLEHHOMY CUHTE3Y AMEPTYPbl AHTEHHbI B BUCTATUYECKON PIIC

E.C. MnoTtHuukas

CaHkT- CaHkT-lNeTepbyprckuii rocyaapCTBEHHbIN 3NeKTpOTEXHNYECKU yHuBepceuteT «J19TW»

PA3PABOTKA MAJNIOrTABAPUTHOW LUM PAOUOCTAHLMU OMB OAUAMA3OHA C PEANTU3ALIMEN
3HEPTETUYECKU U CNEKTPAJIbHO 3®®EKTUBHOWU CUrHANBbHO-KO4OBOW KOHCTPYKL MU

A.B. HoBoxwunog, A.B. Kono6koB

Hay4yHo-npounssoacTeeHHoe npeanpusaTue “lMonet”

YCTPOMUCTBO U CNOCOB COrMACOBAHUA PAOUONEPEOAIOLLEIO
AHTEHHO-®UOEPHOIO TPAKTA C AHTEHHAMMU PA3JNTNYHbLIX TUNOB

W. 10. XnonywwuH

HayuyHo-npoussoacTeBeHHoe npeanpuaTtue "Monet"

CO3AHVE MOOENEN HA OCHOBE OAHHbIX ANA MEMPUCTUBHbIX YCTPOUCTB
U.A. BopaaHoB, C.A. LLlaHuKoB
Mypomckuin MHCTUTYT (cbunuan) dpeaepanbHOro rocygapcTBEHHOro 6HAKETHOrO 06pa3oBaTENBHOIO YYPEXAEHMUS
BbICLLEro 06pa3oBaHus «Brnagumupckmin rocygapcTBEHHbIN YHUBEPCUTET MMeHn AnekcaHgpa puropbesuya u
Hwukonas MNpuropbenya CTONETOBLIXY

K BOMPOCY O NPUMEHEHUUN METAJINTOKEPAMUYECKOI'O KOPIMYCA ANA rEPMETU3ALIA
MOHOJIUTHOW UHTEIPAIIbHOW CXEMbI

A.0. Doporo., H.C. KopHeB, A.B. Hazapos, P.P. OcmaHos, B.10. Llapes, B.A. lynbnuH

«Poccuiicknin chefgepanbHbIn 9aepHbIN LeHTP. Bcepoccuinckun HaydHo-mUccnenoBaTensCKUm UHCTUTYT

PAONOUHTEP®EPOMETP CYBMUITTJNIMMETPOBOIO AUANMA3OHA AJIWH BOJIH
AnAa NCCneaoBAHUA rASOAMHAMUYECKUX NMPOLIECCOB
E.H. BorgaHoB, B.H. UkoHHuKOB, ".A. Ko3noB., H.C. KopHeB, A.B. Hazapos, P.P. OcmaHoB, A.B. PenuH
«Poccuiicknin chegepanbHbIn aaepHbIN LeHTP. Becepoccuickmn HaydHo-mUccnefoBaTenbCkMm MHCTUTYT
akcnepumMmeHTansHon dunsnkuny «POAL-BHUNS®», HUMUC um. KO.E. CepakoBa



MOJEJIb OLIEHKM BEPOATHOCTU BE30OTKA3HOW PABOTbl MHOMOCNOMHbIX MEYATHbIX MNAT NMPU
TEMJNOBbLIX BO3AENCTBUAX BEPOATHOCTHOIO XAPAKTEPA C YYETOM 3JIEMEHTOB METANJNTU3ALUA
Mn.n. 3opkos

«Poccuiricknin begeparnbHbIn 90epHbIN LeHTp. BcepocCunckmii Hay4YHo-ncenenoBaTenbCKU MHCTUTYT
akcnepumMmeHTanbHom unsunkny «POAL-BHUNID», HUMNC nm. KO.E. CenakoBa

UCCNEONOBAHMUE CBY PE3OHATOPHOW CEKLIMM OANA YCKOPEHUA SNMEKTPOHHbIX CITYCTKOB
n.B. EaH.qypKuul, WU.M. NetaBun'?, K.B. Munees**

UHcTuTyT npuknagHon pusmku nm. A.B. NanoHosa-IpexoBa Poccuiickon akagemumn Hayk 2Hv|>|<eropo,c|,CK|/||7|
rocy4apCTBEHHbIA TeXHUYECKUA yHnuBepcuTteT um. P.E. AnekceeBa

PYNOPHO-NTMH30OBAA AHTEHHA CYBTIrl4 PAOUOMETPUYECKOIO KOMMNNEKCA
K.B. Munees' ?, B.A. CanbkoB™ 2

lI/IHCTMTyT npuknagHon usnkm um. A.B. MNanoHoBa-IpexoBa Poccunckon akagemmm Hayk
Hwxeropoackuin rocygapCTBeHHbIN TEXHUYeCcKnin yHmepcuteTt nm. P.E. AnekceeBa

UCCNEANOBAHMUE KOPPENALMOHHOIO USMEPUTENA BPEMEHHOW 3AAEPXXKN HENPEPbLIBHOIO ®KM
CUTHANA

A.B. lLinpkaes, [1.H. UBneB

Hwxeropogckuii rocyaapCcTBeHHbIN yHuBepenteT um. H.W. Jlobauesckoro

OonbIT PEANIU3ALUMUA METOOUKU OBPABOTKU OAHHbIX NOKALWU HA NMPOCBET B COYETAHUM C
PAOUOUHTEP®EPOMETPUU C ANTMHHBLIMU BA3AMU

H.A. Oyrux™?, E.A. MankoB’, 10.C. ®enoceHko"

'BormKcKuii rocyapcTBEHHBI YHUBEPCUTET BOHOMO TPaHCNOpTa

2H|/|>|<eropop,0|<vu7| rocygapcTBeHHblnyHuBepcuteT M. H.U. Jlobavesckoro

OLIEHKA TOYHOCTW ONMPEQOEJNEHUA NPO®UIA BbICOT NOCAOOYHbIM PAOAPOM
A.B. MakunHbkoB, C.E. Ky3sHeuoB, A.A. Ky3uH, P.C. ®apgeeB, K.[1. JlornHoBa
Hwxkeropoackuin rocyaapCTBEHHbIN TeXHu4ecku yHmsepcuTeT um. P.E. Anekceesa

NMPUMEHEHUWE BHYTPUNEPUOOHOIO U MEXXKNMEPUOAOHOIO ®A30BOIo0 KOOUPOBAHUA CUTHAIIA C
NMUHENHOW YACTOTHOW MOOYNAUMEN B ABTOMOBUITbHOM PALAPE C MIMO PELLETKOW

A.B. Msakunbkos, C.E. KysHeuos, P.C. ®apees

Hwxeropoackuin rocygapCTBEeHHbIN TEXHUYECKUn yHuBepcnuteT nm. P.E. AnekceeBa

ANTOPUTM OBHAPYXXEHUA TPAEKTOPUIA B MAKETE ABTOMOBUIIbHOIO PALAPA MM JUAMNA3OHA
B.H. Bypos, P.C.®ageeB, C.E.Ky3HeuoB

HwxeropoAckuin rocyaapCTBEHHbIN TEXHUYeckuin yHusepcutet um. P.E. Anekceesa

CPABHUTENbHbIA AHATNIN3 PA3NTUYHbIX TUMOB CBEPXLNPOKOMONOCHbIX AHTEHH
MN.A.TynukoB

Hwxeropoackuin rocyaapCTBEeHHbIN TEXHUYECKUI YyHuBepcuTeT um. P.E.AnekceeBa

CEKLUUA 2
NMPOEKTUPOBAHUE PAOUOINEKTPOHHbLIX YCTPOUCTB
BY 1 CBY OAUNAINA3OHOB
19 anpena 11-00 (Aya. 5234)
Mpencenatens: A.¢.-M. H, npodeccop A.C. PaeBckui
CekpeTapsb: K.T.H. goueHT C.A. KanycTtuH

OBHAPYXXEHUE U OLIEHKA OE®EKTOB B MHOIOCNOMHbIX AUINEKTPUYECKUX MATEPUATIAX U
MOKPbLITUAX METOAOM NOBEPXHOCTHbIX SNIEKTPOMAIHUTHbLIX BOJIH

A.N. KasbmuH, MN.A. ®PegloHuH, B.A. MaHuH

BoeHHbI y4ebHO-Hay4YHbI LieHTp BoeHHO-BO3ayLWHBLIX cun «BoeHHO-BO3ayLWIHAA akagemus

um. npodp. H. E. XKykosckoro u tO. A. MarapuHa»

METO[ UBMEPEHUA YACTOTHbIX 3ABUCUMOCTEN SNEKTPOD®U3IUNYECKUX MAPAMETPOB
ONINEKTPUYECKUX U MATHUTOOUINEKTPUYECKUX MOKPLITUNA

A.N. KasbmuH, MN.A. ®egroHuH, B.A. MaHuH

BoeHHbI y4eOHO-Hay4YHbIN LeHTp BoeHHO-BO3ayLIHbLIX cun «BoeHHO-BO3ayLLHas akagemust

um. npocp. H. E. XKykosckoro n 0. A. MarapuHa»



PEKOHCTPYKUMA CTPYKTYPbl AUINEKTPUYECKUX MPOHULIAEMOCTEN U TONLMH
MHOIOCNOWHbIX AUSNEKTPUYECKUX NOKPLITUA METO4OM NMOBEPXHOCTHbIX O9M BONH

A.N. KazabmuH, IN.A. ®egloHuH

BoeHHbI y4ebHOo-Hay4YHbIN LeHTp BoeHHO-BO3ayLHbIX cun «BoeHHo-Bo3ayLIHas akagemus

um. npocp. H. E. XKykosckoro n 0. A. MarapuHa»

r’MBPUAHAA UHTEIPAINTbHAA CXEMA CBY-CMECUTENA B AUMANA3OHE 7-25 T
B KOHCTPYKUMU ONA NOBEPXHOCTHOINO MOHTAXA
J1.P. Kupwnnoal'z, A.A. Yunukos®
"Hwxeropoackuit rocynapcTBEHHbIN TeXHU4ecknn ynmeepcuteT um. P.E. AnekceeBa
’HOAO «HIMd «TexHosKe»

MCNOJIb30OBAHMUE NPUHUUNOB MHBEPTUPOBAHUATPAHUYHbBIX YCNIOBUNA
U CUMMETPUM ONSA NONYYEHUA HOBbIX BAPUAHTOB TOMNONOIMMA NOIrMOLLAIOLLUX 9NIEMEHTOB
ATTEHIOATOPOB

A.B. Nunbkesuy, B.[l. CagkoB

Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYeCckun yHusepeutet um. P.E. Anekceesa

Tononornn NOrMoOWARKLKNX SNIEMEHTOB AOANTOATEHKOATOPOB AJ1A NOBEPXHOCTHOIO
MOHTAXA

A.B. NMunbkeBuny, B.[1. CagkoB

Hwxeropoackuin rocyaapCTBEHHbIN TeXHUYeckun yHuesepcutet uMm.P.E. AnekceeBa

PA3PABOTKA COINACOBAHHOW CBY-HAIMPY3KU BEOJbLUOMA MOLLHOCTU, OXNTAXXOAEMOW
XUOKOCTbIO

P.B. ByaaparuH, 3.10. CanaceHko

Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYECKNA yHuBepcnuteT nm. P.E. Anekceesa

ABTOMATU3NPOBAHHAA CUCTEMA OTPAEOTKWU PEXXMMOB U CBOPA JAHHbIX
OT MOLLHOI'O NPEOBPA30OBATENNA CBY SHEPITUMN

P.B.BygaparuH, A. [l. Cepos, U.A. LiBeTkoBa

Hwkeropoackui rocyaapcTBeHHbIN TEXHUYECKMn yHnBepeuteT um. P.E. Anekceesa

PA3PABOTKA ABTOMATUYECKOW CUCTEMbI YNIPABNEHUA ONA BANAHCUPOBKUW BITOKOB
BANNACTHON HAMPY3KWU

P.B.BypaparuH, A. [. CepoB

Hwxeropoackuin rocygapCTBeHHbIN TEXHUYECKNn yHuBepcnuteT um P. E. Anekceesa

MOLLHbIE YCUNUTENW CBY C UMMNYJIbCHOM MOAYNALUEN
C.A. Ba6yHbko, 10.I. Benos
HwxeropoAckuin rocyaapCTBEHHbIN TEXHUYECKMI YyHuBepcuteT um. P.E. Anekceesa

OLEHKA BNUAHUA HEPABHOMEPHOCTU MOBEPXHOCTHOIO CONMPOTUBJIEHUAPE3UCTUBHOMN
NNEHKU HA OCNABJNEHUE ATTEHIOATOPOB

U.A. BooBuueHko, A.E. UBaHosB, I'.U. LUnwkoB

Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYeckun yH6usepcutet um. P.E. Anekceesa

NMPOEKTUPOBAHUE AHTEHHbI KACCEPEHA HA YACTOTY 118 'L}
C NPEOENBbHO AOCTUXUMbIMU XAPAKTEPUCTUKAMU
B.B. BuprokoB, U.A. BopobbeB, B.A. Manaxos, [1.B. O6pa3uoBa, A.C. PaeBckun,
10.B. PaeBckas, B.B. LLlepbakoB
Hwkeropoackun rocyaapcTBeHHbIN TEXHUYeCcKMn yHornBepeuteT um. P.E. AnekceeBa

BbIBEOP ONTUMAJIbHOWU KOHCTPYKLMM PYNOPHOIO OBNTYYATENA AHTEHHbI KACCEIPEHA
HA 118 'Y

U.A. Bopob6beB, [1.B. O6pasuoBa, B.B. LLlep6akoB

Hwkeropoackuin rocyapCTBEHHbIN TEXHUYeCkun yHusepeutet um. P.E. Anekceesa

NMPOEKTUPOBAHUE U HACTPOMKA (KAIMBPOBKA) ®UINbTPOB 1A NOCTPOEHUA OAUMNJIEKCEPOB U
MYNbTUNNEKCEPOB EA30BbIX CTAHUUN LTE

B.A. I'paueB, E.A. KpalueHMHHMKOBA

Hwkeropoackuin rocyapCTBEHHbIN TEXHUYeCkun yHuesepeuteT um. P.E. Anekceesa

QNEKTPOOUHAMUYECKOE MOOENNMPOBAHUE B CAIP ®UINbTPOB A5l NOCTPOEHUA AUNJIEKCEPOB
U MYNbTUNNEKCEPOB BEA30BbIX CTAHUWUN LTE

B.B. BuptokoB, U.A. BopobbeB, B.A. Manaxos, [1.B. O6pasuoBa, A.C. Paesckun, K0.B. PaeBckas

HwxeropoAckuin rocyaapCTBEHHbIN TeXHUYeckun yHusepcutet um. P.E. Anekceesa



CEKLUMUA 3
QNEKTPOHHbBIE CETU U TENEKOMMYHUKALIUU
19 anpena 11-00 (Aya. 4311)
Mpeacepatenb: A.T.H., goueHT H.KO. babaHos
CekpeTapsb: ct. npen. HO.C. Eropos

HOPMUPOBAHMWE NOKA3ATEJIEN KAYECTBA TPAKTOB ONTUYECKUX TPAHCIMOPTHbIX CETEN NPU
BBOJE B 3KCMINYATALIUKO U B EE NMPOLIECCE

K.A. BateHkoB

MWP3A — Poccuiicknii TEXHONOMMYECKUIA yHUBEPCUTET

noaxopn K OUEHKE AOCTYMNHOCTU CUCTEMbI CBA3U U PAOUOTEXHUYECKOIO OGECINEYEHUA
NMONETOB NOCYOAPCTBEHHOW ABUALIUM B XOAE BbINONIHEHUA 3A0AY

C.C. benoycos, [.A. ®eatoHuH, M.A. CtacheeB

BoeHHbIN y4eBbHOo-Hay4HbIN LeHTp BoeHHO-BO3ayLWHbIX cun «BoeHHo-BO3ayLWHan akagemus

um. npodp. H. E. XKykosckoro u KO. A. MarapuHa»

noaxopn K OLUEHKE YCTONYMBOCTU ®YHKLUMOHUPOBAHUA CUCTEMbI CBA3U CUCTEMOWN CBA3U
U PAOUOTEXHUYECKOIO OBECMEYEHUSA NONIETOB rOCYOAPCTBEHHOW ABUALIUK

C.C. Benoycos, lN.A. ®entoHuH, M.A. CtacheeB

BoeHHbI y4ebHO-Hay4HbIV LeHTp BoeHHO-BO3ayLWHbIX cun «BoeHHO-BO3ayLLIHasA akagemus

um. npodcp. H. E. XXykosckoro u KO. A. MarapuHa»

COBPEMEHHbIE B3rnsagbl HA NOCTPOEHUE CETU CBA3U CNELUUAJIbHOINO HA3SHAYEHUA
B.U. Bonkos, MN.A. ®eatoHuH, M.A. CtadeeB

BoeHHbI y4ebHo-Hay4YHbIN LeHTp BoeHHO-BO3ayLHbIX cun «BoeHHo-Bo3ayLLHas akagemus

nm. npodp. H. E. XKykosckoro u tO. A. MarapuHa»

ONTUMM3ALNA NOKAIATENEU ANIEKTPOMArHUTHOW JOCTYMNHOCTU
CETU ABUALIMOHHOW PAJMOCBA3U
A.B. Psi6oB
BoeHHbI y4ebHO-Hay4YHbIN LeHTp BoeHHO-BO3ayLHbLIX cun «BoeHHo-BO3ayLLHas akagemust
um. npodcp. H. E. >Xykosckoro n 0. A. larapuHa»

HAMPABJIEHUA COBEPLWWEHCTBOBAHUA CUCTEMbI PT OBECINEYEHUA NMOJIETOB
A.B. TpyxuH, C.H0. Yynpacos, M.A. CtacdeeB
BoeHHbI y4ebHo-Hay4YHbIN LeHTp BoeHHo-BO3ayLHbIX cun «BoeHHo-Bo3ayLIHas akagemus
um. npodp. H. E. XKykosckoro u 0. A. NarapuHa»

AHANN3 METOOUKUKONMYECTBEHHOW OLIEHKU XAPAKTEPUCTUKWN HAPYLLEHUA COCTOAHUN
SALLMWLEHHOCTU NHPOPMALMUN ABTOMATUSUPOBAHHbIX CUCTEM CNEUUNAJTIBHOINO HASHAYEHUAOT
YrPO3 BO3AENCTBUA BPEOOHOCHOIO MPOrPAMMHOIO OBECMNEYEHUA

P.A. XBopoB

BoeHHbI y4ebHO-Hay4YHbIN LeHTp BoeHHO-BO3ayLIHbLIX cun «BoeHHo-BO3ayLLIHas akagemust

um. npocp. H. E. XKykosckoro n 0. A. MarapuHa»

OLUEHKA BPEMEHU 3AMNA30bIBAHUA B MHOIOMNOJNIb30OBATEJIbCKUX MH®OPMALIMOHHBLIX CETAX
O.A. MapkenoB, H. TbiM4yeHKoO
CaHkT-lNeTepbyprckuin rocygapCTBEHHbIV ANEKTPOTEXHUYECKU yHuBepcuTeT "NIOTU"

UCCNEQOBAHUE BECNMPOBOAHbIX OOQHOPAHIOBbIX MOBWUIbHbIX CETEWN
U.A. KnumoBa, M.A.MapkenoBa
CaHkr-lMNeTepbyprckuin rocyaapCTBEHHbIV 3NeKTpoTeXHNYeckni yHusepeutet "J1I9TN"

QNEKTPOHHbLIE CETU U TENEKOMMYHUKALIUX B MPABOBEOEHUA

N.A. MauuHa

BoeHHbI y4eOHO-Hay4YHbIN LeHTp BoeHHO-BO3ayLIHbLIX cun «BoeHHO-BO3ayLLHas akagemust
um. npocp. H. E. XKykosckoro n 0. A. MarapuHa»

PA3BUTUE 5G U NEPCMNEKTUBbI BHEOPEHUSA 6G
A.C. BocTpunos
"Huxeropoackui rocyaapCTBEHHbIN NHXEHEPHO-3KOHOMUYECKMI yHuBepcutet"

MOLENb ®OPMUPOBAHUA BA3bl 3HAHUA ONA UOEHTU®UKALUU HEMAPKUPOBAHHbIX OB BEKTOB
A.A. KopotbiweBa, C.H. Xykos
Hwxeropoackui rocynapcTBeHHbI yHuBepcuteT um. H.. JlobaveBckoro



O NOAXOAE K NOAAEPXKE NPUHATUA PELLEHUA NPU KOHLUENTYANIbHOM NPOEKTUPOBAHUMU
MHHOBALMOHHbLIX UH®OPMALMUOHHbLIX CUCTEM

l0.C. Eropos

Hwxeropoackunii rocygapCcTBEHHbIN TeXHUYeCckun yHnsepcutet nm. P.E. Anekceesa

NMPUMEHEHWUE UHTEPHETA BELLEW ONA YNYYLWEHUA KAYECTBA «<YMHOIO rOPOAA»
C.B. NoHomapeHko, A.B. CemaLuko
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYECKUn yHuBepcuteT M. P.E. Anekceesa

PA3PABOTKA METOOUKUA ONTUMU3ALIMU SQL-3ANPOCOB K XPAHUITULLAM OAHHbIX
E.B. CupopoBa, C./. AHTOHOBa
Hwxeropoackuin rocygapcTBeHHbIN TEXHUYECKUn yHuBepcnuteT nm. P. E. Anekceesa

CEKUUA 4
MHPOPMALMOHHBLIE N BbIMUCJIIUTENBbHbLIE TEXHOJ1OITNA
19 anpensa 11-00 (Aya. 5412)
Mpepcepatens: A.T.H., goueHT [.B. XXesHepuyk
CekpeTapb: K.T.H., goueHT N.C. Kynsicos

AJNFTOPUTM MOCTPOEHUA MAPLLPYTA OBUXEHUA BMNA C BO3MOXHOCTbIO OBEXOAA NPENATCTBUNA
A.M. ABepbyx
Hwxkeropoackuin rocyaapcTBeHHbIN TexHu4ecknin yHmsepcuteT um. P.E. AnekceeBa

MYNNbTUATEHTHAA MOOENb PEOPTAHU3ALIUU AMMNAPATHOIO PECYPCA ACY TN
H.O. Kabanbues, [.B. XXeBHepuyk
Hwxeropoackuin rocygapCTBeHHbIN TEXHUYECKNN yHuBepcuTeT umM. P.E.Anekceesa

OUCKPETHO-COBbITUAHASA MOAEJNb FPA®UYECKOIO NONMb30BATENIbCKOrO MHTEP®EUCA HA
OCHOBE AITTEBPO-NOMMYECKOIO NOOXOO0A

B.O. CanoxHukos, E.B. Ky3HeuoBa, [1.B. XKeBHepuyk

Hwxeropoackuin rocygapcTBEHHbIN TEXHUYECKNA yHuBepcnteT nm. P.E.AnekceeBa

CUHTE3 UHTEP®EMNCOB YEJIOBEKO-MALUMHHOIO B3AMMOAENCTBUA HA OCHOBE OBYYEHUA C
NOAKPENNEHMEM U UMUTALIMN UX-TECTUPOBAHUA

A.B. Tapacos, [1.B. )KeBHepuyk

Hwxeropoackui rocyaapcTBeHHbIN TEXHUYECKUn yHnBepeuteT um. P.E.AnekceeBa

OVNHAMUKA ONPEAENEHUNA HAYYHbIX MOHATUNA (HA MATEPUATINE TEPMUHOB ®UTIOCO®UN)
A.B. CuHeneBa
Hwxeropoackui rocyaapcTBeHHbI yHuBepcuTeT M. H.A. JlobayeBckoro

KOHLUENUWUA OPFTAHU3ALUUUK U NOAAEPXXAHUA KOHCUCTEHTHOIO OEPA3A OMEPALMOHHOM
CUCTEMbI B NON-x86 3KOCUCTEMAX BbIHUCITIUTENbHbLIX PECYPCOB

C.0O. YepHbIx

Hwxxeropoackuin rocyaapCTBEeHHbIN TeXHUYeckuin yHusepcuteT uM. PE. Anekceesa

BbIEOP ONTUMAJIbHOW BHELUHEW 3ABUCUMOCTHU KNACCOB
C.B.lloraHoB
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYeckun yHusepcutet um. P.E. Anekceesa

MOZEb U ANTOPUTMbl ABTOMATUYECKOWN FEEHEPALMU MPU3HAKOBOIO ONMUCAHUA APXUTEKTYP
WUCKYCCTBEHHbIX HEUPOHHbIX CETEN

HA OCHOBE META-OBYYEHUA

P.O. BapuHoB, B.E. Nan

HwxeropoAckui rocyaapCTBEHHbIN TeXHUYeckun yHusepcutet um. P.E. Anekceesa

MOAEJNb U ANTOPUTMbI AYTMEHTALIMX NOTOKOBbIX AAHHbIX NS 3A0AYU OBEHAPYXXEHUA OPEN®A
KOHLUEMNUWA HA OCHOBE NrEHEPATUBHbIX HEAPOHHbIX CETEWU

B.A. N'ony6eHko, B.E. Nan

HwXeropoAckui rocyaapCTBEHHbIN TEXHUYECKMI YyHuBepcuteT um. P.E. Anekceesa

FEHEPALMUA UCKYCCTBEHHbIX OAHHbIX ANs OBYYEHUA HEMPOHHbLIX CETEWU
B AUWATHOCTUKE UHTEP®ENCOB CBA3U B CUCTEMAX ACYTI

r.0O. KysHeuos, B.E. Nan

Hwkeropoackuin rocyapCTBEHHbIN TEXHUYeCKUn yHusepcutet um. P.E. Anekceesa



CUCTEMA AHAIIU3A NPUMEHUMOCTU CPELOCTB PACIMPEOENEHUA HATPY3KU
BHYTPU KNACTEPA BA3 JAHHbIX HA OCHOBE MOOEN MALLWHHOIO OBYYEHUA

U.A. HoBukoB, P.O. BapuHoB

Hwxeropoackuin rocyaapcTBeHHbIN TeXHUYecknin yHueepcutet nm. P.E. Anekceesa

AINNTOPUTMbI MAPAMETPUYECKOIO CUHTE3A YAT-BOTOB HA OCHOBE OEKITAPATUBHOIO
OMUCAHUA ®YHKLUMUOHAINBbHbIX U HE®GYHKLIMOHATBbHbLIX TPEEOBAHUN

A.A. CaxapoB

Hwxeropoackuin rocyaapCTBEHHbIN TeXHUYeckun yHusepeutet um. P.E. Anekceesa

AHAINN3 TOHANNIbHOCTU TEKCTOB B CUCTEMAX PACNMMO3HABAHUA 3BOHKOB KOINI-LEHTPA
E.C. 3BepeB, A.C. CypkoBa
Hwxeropoackuii rocygapcTBEHHbIN TeXHUYeCKun yHnsepcutet nm. P.E. Anekceesa

AINNfOPUTM OLEHKUA MHTEPONMEPABEJIbHOCTU MPOMPAMMHbIX CUCTEM
HA OCHOBE AHAITU3A OBYOOJIbHbIX TPA®OB

[.B. XXeBHepuyk, A.A. CenuBaHoB, A.C. CypkoBa

Hwxeropoackuim rocyaapCTBEHHbIN TEXHUYeCKun yHusepcuteT M. P.E.Anekceesa

MHOIOAIMEHTHbIV NOAXon K MOCTPOEHUIO UHTENNEKTYANbHbLIX CACTEM NMOOAEPXKU
NMPUHATUA PELLEHUNA

A.C. MapTbiHOB

Hwxeropoackuin rocygapcTBEHHbIN TEXHUYEeCKUn yHuBepcuteT nm. P.E. AnekceeBa

NNAT®OPMA ANnAd MHOTOMEPHOIO AHAITU3A OAHHBIX
[.C. MapTbiHOB, A.C. Conees, J1.A. Tatyc
Hwxeropoackuin rocygapcTBEHHbIN TEXHUYECKUn yHuBepcuteT nm. P.E. AnekceeBa

HAYYHO-NMPAKTUYECKUE BOMNPOCHI MOCTPOEHUA UHCTPYMEHTAJIbHbIX CPEACTB NOOAEPXKU
BU3HEC-NMPOLEECCOB

MN.B. Mucesuy, H.C. NonsikoB

Hwkeropoackui rocyaapcTBeHHbIN TeXHNYeckuin yHnBepeuteT um. P.E. Anekceesa

HAYYHO-NPAKTUYECKUE BONPOCLI NPUMEHEHUA METOOA NOCNEOOBATEJIbHbIX MPUBNIMXXEHUIA
AnsA PELWLEHUA MOUCKA ONTUMAIIBHOIO NPOrPAMMHOITO YINPABITEHUA

MN.MN. Mucesnuy, E.H. NaHkpaToBa

Hwxeropoackuin rocyaapcTBeHHbIN yHuBepceuteT um. P.E. Anekceea

BOJNbLUWE OAHHbLIE. METOAbI U OCOBEHHOCTU UX UCNOJIb3OBAHUA
A.M. Byrpoga, U.[. KonuuH, E.U. Muxannosa, J1.B. KynaruHa
HwxeropoAckuin rocyaapCTBEHHbIN TeXHUYeckun yHusepcutet um. P.E. Anekceesa

NEPCMNEKTUBbI PA3BUTUSA HEWNPOHHbIX CETEA U TEOPETUYECKUE NMYTU PA3BUTUA TEXHONOIMMA
n.4. KonuuH, A.M. Byrpoea, E.B. Muxannoga, J1.B. Kynarnna
HwxeropoAckuin rocyaapCTBEHHbIN TeXHUYeckun yHusepcutet um. P.E. Anekceesa

A3bIKU MPOrPAMMUPOBAHUA B ONIMMIMTUALOAX
E.B. Muxannosa, A.M. ByrpoBa, U.[l. KonuuH, J1.B. Kynaruna
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYeCkun yHusepeutet um. P.E. Anekceesa

AHANMN3 CNEUNPUKN PECYPCOB OPITAHU3ALUOHHBLIX CUCTEM,
PEANU3YIOLWMX NPOEKTUPOBAHUE CNELN®ULIMPOBAHHOM NPOOYKLMK

M.A. UsneB, H.K. KaHa3ro6a

HwxeropoAckuin rocyaapCTBEHHbIN TEXHUYeCKun yHusepcuteT nm. P.E. Anekceesa

KOHLUENUUANPUHATUA PELLEHUA B OPTAHU3ALMOHHBLIX CUCTEMAX,
PEANU3YIOLWMX NPOEKTUPOBAHUECMNELM®ULUPOBAHHOW NPOAYKLUUN

M.A. Uenes, H.K. Kanasro6a

Hwkeropoackuin rocyapCTBEHHbIN TEXHUYeCkun yHusepeuteT um. P.E. Anekceesa

®OPMAIN3ALNA YINIPABNEHUA OPTAHU3ALMOHHOMN CUCTEMON
NMPU NPOEKTUPOBAHWUU CMELUU®ULMPOBAHHOW NPOAYKLUUN

M.A. Uenes, H.K. Kanasro6a

HwxeropoAckuin rocyaapCTBEHHbIN TeXHUYeckun yHusepcutet um. P.E. Anekceesa

KOHLUENMUUA NOBbIWLWEHUA 3PPEKTUBHOCTU OPIrAHU3ALUUOHHBIX CUCTEM, PEANU3YIOLWLUX
MYINbTUMNPOEKTHYIO NMPOU3BOACTBEHHYIO OEATENIbHOCTb

M. A. Uenes, [. E. Pa6oos

HwxeropoAckuin rocyaapCTBEHHbIN TeXHUYeckun yHusepcutet um. P.E. Anekceesa
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NMPOU3BOAUTEJIbBHOCTb PECYPCOB 0PI'AHI/I3ALIVIOHHOI7I CUCTEMDbI
MPOMbILWJTIEHHOIO NMPON3BOACTBA KAK ®PAKTOP EE 3P PEKTUBHOCTHU
M. A. Uenes, O. E. Pa6oB
Hwxeropoackuin rocyaapcTBeHHbIN TeXHUYecknin yHueepcutet nm. P.E. Anekceesa
CEKUUA 5
TEXHUYECKAA KUBEPHETUKA
(MHTennekTyanbHble cUCTeMbl 06paboTkn nHcpopmaLmn)
19 anpensa 11-00 (Aya. 4403)
Mpencepatenn: A.T.H., npodeccop 3.C Cokonoea,
K.T.H., goueHT O.I1. Tumocpbeesa
CekpeTapsb: acnmpaHTt A.H. CaHHuKoB

NMOUCK LEHTPOB 3PAYKOB INMA3 HA U3OBPAXEHUA
0.B. LLlep6akoB
KasaHCckui HaunoHarnbHbIN UccrnegoBaTenbCKuini TexHmyeckuin yHmsepcuteT um. A.H.Tynonesa-KAA

BINMUAHUE XAPAKTEPUCTUK AYOUO3AMNUCEN HA ONPEQENEHUE 3MOLUUOHAINIbHOW OKPACKN PEYN
YENOBEKA HA OCHOBE CBEPTOYHOW HENPOCETEBOW MOJENN

O.U. KapneHkoBa

KasaHckuii HaumMoHanbHLIN UCCNEeaoBaTeNbCKUN TeXHUYeckun yHuBepcenteT um. A.H. Tynonesa-KAN

BNMUAHUE AYTMEHTALUWW OAHHBIX NYNMUINOMETPUUN HA ONPEAENEHUE ®YHKUUOHAINBHOIO
COCTOSAHUA YENOBEKA HA OCHOBE CBEPTOYHOW HEMPOCETEBOW MOOENU

O.T. NeTpocsiHy

KasaHCcKui HaunoHarbHbIN UccrenoBaTeribCKUA TEXHUYECKUI YHUBEPCUTET

um. A.H. Tynonesa-KAU

HABOP OAHHbIX ONA OBYYEHUA CBEPTOYHOW HEMPOHHOW CETU PACNO3HABAHUSA YCTAINIOCTU
BOOUTEJNEN

B. Kyp6aHoB

KasaHckuii HaumoHanbHbIV UCCNeaoBaTenbCKMN TexHuyeckun yHsepcnteT um. A.H. Tynonesa-KAN

PACLUMPEHUE HABOPA OAHHbIX NMPU NOMOLWU OBYYEHUA C NOOKPEMIEHUEM
T.C. EBOoknmoBa
KasaHckuii HaunoHanbHbIn uccnenoBaTenbCKui TeExHn4ecknin ynmsepcutet mm.A.H.Tynonesa - KAA

NMPOEKTUPOBAHUE BA3bl JAHHbLIX ONA KHUXKHOIMO MAFrA3UHA
P.P. AxmeT3siHOoBa, H.B. AHapesiHOB
KasaHcknii HauMoHanbHbIN UccneaoBaTenbCKuin TexHndeckun yHnsepcutetT uM. A.H. Tynonesa — KAU

OB APXUTEKTYPE MPOrPAMMHOW CUCTEMbI AN PASPABOTKU U TECTUPOBAHUA ANTOPUTMOB C
3A0AHHBIMU CBOUCTBAMU

B.M. CmopsikoBa

Hwxeropoackui rocynapctBeHHbIn yHnBepceuteT um. H.W. JloGavesckoro

PACNPEQENEHWE UCMNONIHUTENEN B NPOEKTAX MHHOBALIMOHHOMN KOMIMAHUU
C NUCMNONb30OBAHUEM KAYECTBEHHOW MH®OPMALIUM O NPEANOYTUTENBLHOCTHU

0.E. WanowHukos, H.B. LLlectakoBa

Hwxeropoackui rocygapcTBeHHbI yHuBepcuteT um. H.U. JlobaveBckoro

YNPABJIEHUE C UTEPATUBHbIM OBYYEHWEM BbICLLEIO NOPAAKA AUCKPETHOWU CACTEMOW HA
BA3E HABJNMIOOATENA COCTOAHUA — |

MN.B. NakwuH, A.O. Komapos, 10.1. EmenbsiHOBa

Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYECKUI yHuBepcuteT um. P.E. Anekceesa

YNPABNEHUE C UTEPATUBHbIM OBYYEHUEM BbICLUEIO NOPAAKA OUCKPETHOW CUCTEMOW HA
BA3E HABJTIOOATEJIA COCTOAHUA - I

MN.B. MakwwuH, A.O. Komapos, H0.M1. EmenbsiHOBa

Hwxeropoackuin rocynapCTBEeHHbIN TeXHUYeCKU yHuBepceuteT uM. P.E. Anekceesa

OB30P CYLECTBYIOLWMUX MUKPOMNPOLIECCOPHbIX APXUTEKTYP ANA ANNAPATHbIX MOAYNENX
MHOOPMALIMOHHON 3ALLUUTDI

A.C. OnoHueB

HwxeropoAckuin rocyaapCTBEHHbIN TeXHUYeckun yHusepcutet um. P.E. Anekceesa
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NoOgaEPXKA NMEPCOHAIA B NPOLECCE TEXHUYECKOI'O OBCITYXXUBAHUA C UCINMOJNIb3OBAHUEM
TEXHONOMM1 OOMNONHEHHOW PEANTbBHOCTU

0.0. MacHukos, H.E. NMoco6unos

Hwxeropoackuin rocyaapcTBeHHbIN TeXHUYecknin yHueepcutet nm. P.E. Anekceesa

AHAIN3 METOOB PACNO3HABAHWSA U30EPAXEHUW ONA NMPOBEPKU 3NIEMEHTOB
HA BUOEOKALPE

E.A. TokapeBa, H.E. MNoco6unos

Hwxeropoackuin rocyaapCTBEHHbIN TeXHUYeckun yHusepeutet um. P.E. Anekceesa

AHAITN3 CKOPOCTU N HATPY3KU HA CUCTEMbI NMPU UCMNOJIb3OBAHUN ANNTOPUTMA
CUMMETPUYHOI'O LULMUPPOBAHUA AES 256

0.B.BensiHnH

Hwxeropoackuin rocygapcTBeHHbIN TEXHUYEeCKnin yHuBepcnuteT nm. P.E. Anekceesa

UCMNMOJIb3OBAHUE AITTOPUTMOB MALLUHHOIO OBYYEHUA
ANnA ONPEQENEHUA ATAK HA MPOTOKOI MODBUS TCP
B.C. CantbikoB, P.A. BacunneB
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYECKUn yHuBepcuteT um. P.E.AnekceeBa

9KCNEPTHAA CUCTEMA NOOAEPXXKU ONPEAENEHUA AKTYAJIbHbBIX YTPO3 BE3OMACHOCTHU
MH®OPMALUU

0.P. WamcytamHoBa, B.1O. KapnbiyeB

Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYECKNA yHuBepcnuteT nm. P.E. Anekceesa

YIPO3bl DEEPFAKE TEXHOJIOIMIA U UHTENNEKTYANbHBIE METOAbI OBHAPYXXEHUSA
PAJNIbCUDPUKALIMKN AYOUO U BUOEO

C. A. OnapuH, O. IN. TumodheeBa

Hwxeropoackui rocyaapcTBeHHbIN TEXHUYECKUn yHnBepeuteT um. P.E. Anekceesa

MCNOJNIb30OBAHUE PEKOMEHOATEJIbHbLIX CUCTEM NPU ®OPMUPOBAHUN NUHOUBUAYANBHON
OBPA30BATEJIbHOU TPAEKTOPUU NOTEHUUANBHOIO ABUTYPUEHTA

M.E. Bywyesa, B.A. PeweTtoB, M.A. ®apacoHToB

Hwxeropoackuin rocyaapcTBEHHbIN TEXHUYEeCKUn yHuBepcuteT nm. P.E. AnekceeBa

PELUEHUE 3A0AYN TPAHCMOPTHOW NNOrMCTUKU C HEYETKUMU OAHHBLIMU HA OCHOBE
FEHETUYECKOI'O ANNTOPUTMA
A.H. CaHHukoB, A.I0. KapnbiueBa
Hwxeropoackmi rocyaapCTBEHHbIN TexHUYeckun yHnsepcutet um. P.E. Anekceesa

UHTENNEKTYAJIbHAA CUCTEMA YNPABJNIEHUA HAYYHBbIMU 3HAHUAMU HA OCHOBE KJTIOYEBBIX CIOB
C.H. KanpaHos, E.I. MNntocHuH, [J.A. CKkBOpLOBa
HwxeropoAckuin rocyaapCTBEHHbIN TEXHUYeckun yHusepcutet um. P.A. Anekceesa

NMPUMEHEHUWE MALUUMHHOIO OBYYEHUA ONA ABTOMATU3ALWU NMPOLIECCA NOOBOPA CUCTEM B
OBJIACTU OMUCTKU BOAObI

3.C. Cokonosa, K. H. Bacunbes

Hwxeropoackui rocyaapCTBEHHbIN TEXHUYECKUn yHusepcuteT uM. P. E. Anekceesa

NMPUMEHEHUE MINIKUBE OnA CHUXXEHUA CTOUMOCTU PABPABOTKU NMPOrPAMHOI'O OBECIEYEHUA
M 3KOHOMUU PECYPCOB IT-KOMMNAHUN

3.C. CokonoBa, M. A. PykaB1LLUHUKOB

HwxeropoAcknin rocyaapCTBEHHbIN TEXHUYeCcKuin yHnsepcuteT uMm. P. E. Anekceesa

TEOPUN CO3HAHUA NMPUMEHUMBIE ONA UCKYCCTBEHHOIO MHTENNEKTA
0.B. Cypnakos, [1.B. Amutpues
Hwkeropoackuin rocyapCTBEHHbIN TEXHUYECKUn yHuBepcuteT um. P.E. Anekceesa

PA3PABOTKA TPAH3UTA YMPABIIEHUA MEXAOY YNPABNAKOLWUAMUN CYEBEKTAM NMPU PELLEHUU
3A0AYY BE3ONACHOCTU YNPABJIEHUA MPYNMNOW BMNJA

A. C. MapamoHoB, 3.C. CokonoBa

HwxxeropoAcknin rocyaapCTBEHHbIN TEXHUYeCKuin yHusepcnuteT uMm. P. E. Anekceesa

NMPUMEHEHUE AJTTOPUTMOB MALLUMHHOIO OBYYEHUA ANA NOCTPOEHNA BO3MOXHbIX

BAPUAHTOB KUNNYENHA ONA MH®OPMALIMOHHbLIX CUCTEM
C. H. KanpaHos, U. A. lLinToB
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KNACCUDUKALNA OAHHbBIX SKI MPU NOMOLLU CBEPTOYHbIX HEMPOHHbIX CETEN
M.M. lopgees, O.[1.TumoceeBa
Hwxeropoackuin rocygapCTBeHHbI TeEXHUYeCKuin yHmsepcutet um. P.E. Anekceesa,

FEHETUYECKWUIA ANTOPUTM BPELLEHUU 3AOAYY YNTAKOBKU OB BEKTOB B OrPAHUYEHHOM
NMPOCTPAHCTBE C YYETOM LENEBOIO LEHTPA TAXXECTU

A. 1. KopHunos, O.I. TumocpeeBa

Hwxeropoackuin rocyaapCTBEHHbIN TeXHUYeCkun yHusepeutet um. P.E. Anekceesa

PEAJIM3ALMNN CUCTEMbI KOOMPOBAHUA ONA NOCTPOEHUA BECNPOBOAHOIO KAHAIJIA CBA3U
YMNPABIEHNA MOPCKUMU NOABUXXHBLIMU OB BLEKTAMMU

E.0. Kopa6nes', A.A. Kput', B.W. Norunos’, 10.C. ®enocenko’, H.M. Amnypun?

'Bomkckuin rocyapCTBEHHbI YHUBEPCUTET BOAHOTO TpaHCNopTa

2 Hwxeropoackuii rocyaapcTBEHHbIN TEXHMYEeCKU yHuBepcuteT um P.E. AnekceeBa

CPABHEHMUE NUMHENHO KOHIPY3HTHOIO FrEHEPATOPA NCEBOOCITYYAUHbIX YACEN U FTEHEPATOPA
HA OCHOBE COMBIOBbIX PETUCTPOB

E.[. Kopa6nes', A.A. Kput', B.W. lorunos’, 10.C. ®enoceHko’, H.MN. AMnypuH’

'Bosmkckuit rocy4apCTBEHHbIN YHUBEPCUTET BOOHOTO TpaHcnopTa

2 Hwxxeropoacknin rocyaapCTBEHHbIN TEXHUYECKMI yHuBepcuteT um P.E. AnekceeBa

ONnbIT PEANTIU3ALUU LN®POBOI O YINPABJIEHUA BbIPABHUBAHUEM ®A3 B YCTAHOBKE
KOFrEPEHTHOI'O CJITOXXEHUA NA3SEPHbLIX NMYYKOB

N.A. Cmonuu'?, 10.C. ®epoceHko’

ll/IHc:T|/|TyT npuknagHon pmsnkm nm. A.B. NanoHosa-Ipexosa PAH

BOKCKUIi FOCYAapCTBEHHbIN YHUBEPCUTET BOAHOTO TPaHCMopTa

O KOHLEENUWUM NOCTPOEHUA LU®OPOBOW CUCTEMbI MOHUTOPUHIA MMYBWUH PEYHOIO ®APBATEPA
B.B. Bonkos, 0.C. ®egoceHko
Bomxckun rocygapCTBeHHbIN YHUBEPCUTET BOAHOMO TpaHcnopTa

O COIMACOBAHUU KONNEKTUBHbIX PELLEHUA ATEHTOB TPAHCINOPTHOIO TUMA B MOOENU
MHOIO3TAMHOIO ABYX®A3HOIO OBCNYXXUBAHUA

A.A. OBUYMHMH, 10.C. ®epnoceHko

Borkckuin rocyaapCTBEHHbIV YHUBEPCUTET BOAHOMO TpaHcrnopTa

MWOEHTUD®UKALUNA XAPAKTEPUCTUK CTOXACTUYECKUX N DPAKTAJIbHbLIX CTPYKTYP
B.6. Kynukos, A.B. Kynukos, B.I1. XpaHunos
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYECKUI yHuBepceuTeT uM. PE. Anekceesa

CEKUWA 6
MATEMATUYECKOE MOOEJIMPOBAHUE TEO®PU3UNYHECKUX NMPOLIECCOB
18 anpensa  10-00 (Aya. 1315)
Mpepcepatens: A.¢.-M.H., npogeccop A.A.KypkuH
CekpeTapb: K.T.H., JOLEHT A.C. EnudaHoBa

YUCNEHHOE MOJENIMPOBAHUE CXOOA NOABOAHBLIX ONON3HEW U MPOABNEHUE LLYHAMMU HA KOIO-
BOCTOYHOM NOBEPEXbBE O. CAXAIUH

N.C. KocTeHko

CneumanbHOe KOHCTPYKTOPCKoe BIopo cpeacTB aBTOMaTM3aLmMm MOPCKUX NCCIEA0BaHWUI

[anbHeBoCcTOYHOrO oTAeneHusa Poccumnckon akagemmn Hayk, r. KOxxHo-CaxanmHck

MCCNEOOBAHUE TEXHUYECKUX XAPAKTEPUCTUK HOHMYPE'[AHOBbIX UMNMHOPUYECKUX
MPOYHbLIX KOPMYCOB A1 USMEPUTEJIbHbIX CUCTEM B MOPCKOU CPEQE

A.X. NMNak

CneuunanbHoe KOHCTPYKTOPCKoe Oopo CpeAcTB aBTOMATU3auumM MOPCKUX UCCIef0BaHWUiA

[anbHeBocTo4HOro otaeneHusa Poccunckon akagemun Hayk, r. KOxHo-CaxanuHck

NMPOrPAMMHbIA MOAYIb OLEHKU PA3MbIBA BEPEIA NO CMYTHUKOBbIM CHAUMKAM

N.C. Wa6pamoBa'?

! CneumanbHoe KOHCTPYKTOPCKOE GHOPO CPEACTB aBTOMATU3aLMM MOPCKUX UCCTeAoBaHuit [lanbHeBOCTOUHOrO
otaeneHus Poccunckon akagemun Hayk, r. KOxxHo-CaxanuHck

2H|/|>|<eropo;:LC|<|/||7| rocygapcTBeHHbIN TexHuyYecknin yHnsepcuteT uMm. P.E. Anekceesa

HABNIOAEHUE 3A ®OPMUPOBAHUEM NEAAHOIO MNOKPOBA HA TOPLKOBCKOM BOAOXPAHUITULLIE C
MOMOLLIbIO YNIbTPA3BYKOBOI'O TMOPOJIOKATOPA
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U.A.PomaHoB?, ﬂ.A.KOBanAOBl, 10.A. TuTueHko®, B.lO.Kapaeal, E.M.Mewkos’

1<De,qepaanbu7| nccrnegoBaTenbCKui LeHTp MHCTUTYT nNpuknagHon omsmkm PoOCCMMCKOM akagemMum Hayk

“efeparnbHoe rocynapcTBEHHOE BIOMKETHOE YUpexXaeHNe «APKTUYECKWIA U aHTAPKTUYECKUI Hay4HO-
nccrnenoBaTenbCKU UHCTUTYT»

ABTOMATU3UPOBAHHbIA AHANN3 KAYECTBA HECTPYKTYPUPOBAHHbIX CETOK Ans
MOOEINMNPOBAHUA 3AO0AY ASPO- U TUOPOOUHAMUKU

C. B. Bbictpuukun, O. H. Bopucenko , A. I'. TuHnaTtynnuHa, M. B. Ky3abMeHKo,

H. B. NonoBa, M. B. YepeHkoBa, H. B. YyxmaHoB

«Poccuiicknin chegepanbHbIn 9aepHbIN LeHTP. Bcepoccrinckun HaydHO-mUccnenoBaTensCKMm UHCTUTYT
akcnepumMmeHTansHon dunsnkuny «PPAL-BHUNIO®»

YACNEHHOE MOAENMMPOBAHUE OBYX NMAPANNEJNIbHO OBUMXYLLUUXCA CyOOB

O.A I'Iy3a|-|l, A.C. Kosenkos'? B.B. Kypynuul'z, B.}0.lrepacumos™?

! «Poccuitckuii deaepanbHbI SO4epHbIN LeHTP. Bcepoccunckmin HayvyHo-ncenegoBaTelbCKUN MHCTUTYT
akcnepuMmeHTanbHom unsukny «POAL-BHNIDD»

2 Hwxxeropoackmm rocyaapCTBEHHbIN TEXHUYECKUn yHuBepcuteT um. P.E. AnekceeBa

UCNONb30BAHUE UCKYCCTBEHHbIX HEUPOCETEW MPU PELLEHWX CNAY rMAPOAUHAMWKU
MN.A. ExoB
«Poccuiicknin chegepanbHbIn 9aepHbIN LeHTP. Bcepoccrickun HaydHO-UccnenoBaTensCKMm UHCTUTYT
akcnepumMmeHTansHon dunsnkuny «PPAL-BHUNIO®»

MOOENUPOBAHUE BA3KUX TYPBYNEHTHbLIX TEYEHUW C UCMNOJIb3OBAHUEM ABYXCITIOUHON
MOOENN K-E REALIZABLE
U.A. OpnoBa
«Poccuncknin doegepanbHblin 90epHbIn LeHTP. Bcepoccunckmini HayvyHo-ncenegoBaTenbCkUM MHCTUTYT
akcnepuMeHTanbHon duankn» «POAL-BHUNID»

AJIFTOPUTM MOUCKA NEPECEYEHWNA TPEYIOJIbHUKOB B MOBEPXHOCTHOW TPEYIOJIbHOW CETKE
A.C. lapbkuH, T.B. Llanko

«Poccwuiickun begepanbHbin SaepHbIv LeHTP. Bcepoccunckmn Hay4Ho-MccneaoBaTenbCkum UHCTUTYT
aKcnepuMeHTanbHon pusunkny «POALI-BHUNI®»

MHOEKC CTPATU®UKALIMM MOPEW POCCUM MO JAHHBIM MMAOPONTIOMMYECKOIO ATIACA WOA18
M.B. KokoynuHa, O. E. KypkuHa, A. A. KypkuH
Hwxeropoackuii rocyaapCTBEHHbIN TEXHUYECKUIA yHBepcuTeT uM. P. E. Anekceesa

NEPEHOC AHCAMBJIEN B3BELUEHHbIX YACTUL, BAPOKITMHHbIMW NOTOKAMMU HA LLUEJIb®E O.CAXANUH
n.A. Kysneuyos, E.A. PyBuHckas
Hwxeropoackuin rocyaapCTBeHHbIN TeXHNYeckun yHmeepcutet M. P.E. Anekceesa

O BA3E JAHHbIX HABTIOOAEHUA 3AXBAYEHHbIX BOJIH B MUPOBOM OKEAHE
U.E.CaBeno, C.A. EnudaHoB, A.C. EnucdaHoBa
HwxeropoAckuin rocyaapCTBEHHbIN TeXHUYeckun yHusepcutet um. P.E. Anekceesa

O HEKOTOPbIX AUHAMWUYECKMUX CBOUCTBAX NONYIPYNM, MOPOXAEHHLIX CUCTEMAMMU
UTEPUPOBAHHbIX ®YHKLIUA

A.B. Baraes, 10.A. KonotuHa

Hwxeropoackuin rocyaapCTBEHHbIV TEXHUYECKUI yHuBepceuTeT uM. PE. Anekceesa

NMPOrPAMMA BbIHUCITIEHUA PASMEPHOCTU MMHKOBCKOI'O
A.B. baraeB, A.. ConoBbeBa
Hwxeropoackuin rocyaapCTBeHHbIN TeXHNYecknin yHmsepcuteT M. P.E. Anekceesa

CTATUCTUYECKUU AHANN3 3EMNETPACEHUN B AHTAPKTUAE
H.A. XykoB, P.E. Ma3oBa
Hwkeropoackuin rocyaapCTBEHHbIV TEXHUYECKUI yHuBepcuTeT uM. PE. Anekceesa

YACNEHHOE MOAENIMPOBAHUE LUYHAMU B OXOTCKOM MOPE OT OMNMON3HA
B KYPUIIbCKOW KOTNOBUHE

O.A. OkyHeB, P.E. Ma3oBa

Hwxxeropoackuin rocyaapCTBEHHbIN TeEXHUYeCKU yHuBepceuteT uM. PE. Anekceesa

PEVHXWHWUPUHI NPOrPAMMHOIO KOMIMNEKCA And YNCNEHHOIMO MOOENMUPOBAHUA PEHEPALIUU
N PACMPOCTPAHEHUA BOJIH LYHAMU

K.C. Nonskos., P.E. Ma3oBa

HwxeropoAckui rocyaapCTBeHHbIN TeXHUYecknn yHusepcutet um. P.E. Anekceesa

14



YK 621.396.96
ATIPOBAIIMSI KOPOTKOBOJIHOBOM PJIC WERA JIJISI U3MEPEHUSA
T'HJIPOTPA®UYECKHNX TAPAMETPOB ITPUBPEKHOM 30HbI
B.J!. BepembeB
ORCID: 0000-0001-8167-6616 e-mail:vervladiv@gmail.com
NU.I'. T'opOyHoB
ORCID: 0009-0005-4193-6205 e-mail: gor-ig@mail.ru
Cankr-IleTepOyprckuii rocyapCcTBEHHBIN JIEKTpOTeXHUUECKHi yHuBepeutet "JIDT"
uMm. B.1. YapanoBa (JIeanna)

B noknane paccMOTpeHBI BOIIPOCHI 3KCIEPUMEHTAIBHOIO Pa3BEPTHIBAHUS KOPOTKOBOJIHOBOM
panuonokanuonHoi craniuu (KB-PJIC) WERA s uccnenoBanus ruaporpadgudeckux mapaMeTpoB Ha
6epery ®@unckoro 3anuBa. B Poccun orcyrctByeT ombiT padotsl ¢ atumu PJIC, mosromy npencraBisieT
MHTEPEC BBIABICHHE BO3MOYKHOCTEH HM3MEpPEHUs MapaMeTpOB MOPCKOW MOBEPXHOCTU C UX IMOMOIIBIO.
[Mpuntun pabotel PJIC wucnonb3yeT pe30HAHCHBIM XapakTep OTPaKEHUH, MO3BOJSIONIMN TONYYUTh
BBICOKOTOUYHBI MHCTPYMEHT HM3MEPEHHUS KapThl MOBEPXHOCTHBIX TEUEHUHW M JPYIMX XapaKTEPUCTHUK
MopsiHa 0oJpION JaibHOCTH. [lonydeHHble pe3yapTaThl U3MEPEHUI CKOPOCTH TEUEHHUI B IPAKTUYECKU
npecHoi Boje PuUHCKOTO 3anuBa MoATBEepkAar0T xopomuii nmoteniman PJIC mns menelr ruaporpaduu.
Bwmecte ¢ Tem BoisiBieH psn HepoctatkoB cuctemMbl WERA. Psan ¢ynkuuit PJIC nepoctynen B Poccun.
BosmoxHa pa3paboTka anbTepHATHBHBIX METOJIOB 00pabOTKU JNaHHBIX, MOIy4aeMbIX ¢ momolnsio PJIC
WERA, g ynydiieHuss XapakTepUCTHK HW3MEPEHHs [apaMeTpoB MOPCKOM IOBEPXHOCTH U
3aropu30HTHOTO OOHAPYKEHUS HAJABOJHBIX 00bekTOB. Ha Poccuiickom prIHKE HA CErOqHSIIHUNA IEHb HET
cnenmanbHbIX KB-pamapoB s ruaporpaduueckux uccienoBanuii. [IpeminoxkeHa KOHISTIHS CO3TaHUS
cooctBenHoit KB-PJIC ¢ ucnons3oBannemM 0ecpoBOAHOM Mepeiayll CUTHAla OT IPUEMHUKOB Ha OCHOBE
COBPEMEHHBIX CETEBBIX TEXHOJOTHUH.

Knrwoueewie cnosa: KB-PJIC, PJIC WERA, npuGpesxnas 30Ha, 6eClIpoOBOHBIE TEXHOJIOTUH

HccnenoBanue BBIMOIHEHO 3a cyeT rpaHTa Poccuiickoro HaywyHoro ¢onma Ne 21-79-10375,
https://rscf.ru/project/21-79-10375/

TESTING OF SHORTWAVEWE RARADAR FOR HYDROGRAPHIC PARAMETERS
MONITORING OF THE COASTAL ZONE
V.1. Veremyev, 1.G. Gorbunov
Saint Petersburg Electrotechnical University "LETI"

Purpose: The paper discusses the activities on the experimental deployment of the short-wave
radar station (HF radar) WERA to study hydrographic parameters on the shores of the Gulf of Finland.

Design / methodology / approach: There is no experience in operating these stations in Russia,
the reforeexposureof possibilities for measurements sea surface parameters by this radar is of interest.
Development of alternative data processing methods can improve measurement characteristics including
over-the-horizon detection of surface targets.

Findings: Measurement results of the surface current velocity were obtained. This paper finds out
some good results even for nearly fresh water in the Gulf of Finland and confirms enough good radar
potential. At the same time a number of disadvantages of WERA system wereidentifiedwhich makes the
task of developing its own radar of current importance.

Research limitations/implications: The water in the Gulf of Finland is almost fresh and there
aren't any big surface currents, what limits measurement range of sea surface parameters.

Originality/value: The concept of creating its own HF radar using wireless signal transmission
from receivers based on modern network technologies is proposed. There are no special HF radars for
hydrographic surveys on the Russian market today.

Key words: short-wave radar, WERA radar, coastal zone, wireless technologies

This work was supported by Russian Science Foundation grant no.21-79-10375,
https://rscf.ru/project/21-79-10375/
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YK 621.396.96
AJITOPUTM OTOXAECTBJEHUSA JAHHBIX
C YYETOM U3MEPEHUI PAJUAJILHON CKOPOCTH LIEJIA
A.A. KonosaJjioB
ORCID: 0009-0004-1943-5394 e-mail: al_an_kon@mail.ru
Cankr-IleTepOyprckuii Tocy1apCTBEHHBIN JIEKTPOTEXHUUSCKHI yHUBepcUuTeT «JIDTHU»
uM. B.W. Yabsunosa (JlenuHa)

B pabGote paccmarpuBaercsi aliropuT™M OTOXKAECTBICHUS JAHHBIX B XOAE TPAeKTOPHOIO
colnpoBoXkaAeHUs B formepoBckoil PJIC, yuuThiBaromuii u3MepeHust paauaibHOd ckopocTd uenu. [lpu
9TOM OTOKJECTBJICHUE IIPOU3BOAUTCSA B IPOCTPAHCTBE W3MEPEHHUH, M YEro SKCTParoIMpOBaHHBIN
BEKTOP COCTOSIHUSI TIPOBEPSIEMOIl TPAaeKTOpPUM M €ro KOBapUaIllMOHHAs MaTpula JOJDKHBI OBITh
peoOpa3oBaHbl U3 NPSAMOYTOJIBHOM CHCTEMBbl KOOpAMHAT B MOJSIpHYIO (cdepuueckyro). [Ipemnoxeno
MCTOJIB30BATh I 3TOTO AHCIIEHTHOE MpeoOpa3oBaHue, KOTOPOE SIBISETCS MPOCTHIM U BBIYHACIUTEIBHO
3QGEKTUBHBIM  CIIOCOOOM  HEJIIMHEHHOro  mnpeoOpa3oBaHUs  MAaTEMaTHYECKOro  OXKUAAHUSA U
KOBApHUALIMOHHOM MAaTpHLBI BEKTOPHOW CIIy4ailHOM Bean4uHbl. [IpoBeneHO cpaBHEHME NPEJIOKEHHOIO
JITOPUTMA OTOXJECTBJIEHUS C TPAJULUOHHBIM, BBINOJHIEMBIM B IPOCTPAHCTBE COCTOSIHMS O€3
UCIOJIb30BAHUSA U3MEPEHUM CKOPOCTH, MOKA3aHO MPEUMYILECTBO MPEUIOKEHHOIO cr1oco0a, 0COOEHHO B
YCIIOBHUSX CJIOXKHOM MOMEXOBON 0OCTaHOBKH.

Knioueevie cnoea: panuonokanus, TPAaeKTOPHOE CONPOBOXKIEHUE, paJHalbHast CKOPOCTH,
OTOKIECTBJICHUE, AaHCLICHTHOE IIPe00pa3oBaHueE.

DATA ASSOCAITION ALGORITHM TAKING INTO ACCOUNT
RADIAL VELOCITY MEASUREMENTS
A.A. Konovalov
Saint-Petersburg state electrotechnical university “LETI”

Purpose: The author provides a simple data association algorithm for the target tracking scheme in
Doppler radar taking into account measurements of the radial velocity.
Design / methodology / approach: Traditionally data association in radar target tracking is performed in
Cartesian coordinates. Since it is impossible to convert the radial velocity directly into Cartesian
coordinates, it does not participate in association. In order to use radial velocity in association it should be
carried out in the measurement space, i.e. in the polar coordinates. This requires extrapolated state vector
and its covariance are to be transformed from Cartesian to polar coordinates. This is a nonlinear
transformation of a vector random variable. The article proposes to use the unscented transformation for
this purpose.
Findings: The paper proposes an algorithm for data association in the measurement space using
unscented transformation to calculate the covariance matrix of an extrapolated state vector. It also makes
conclusions about the advantages of data association taking into account radial velocity measurements.
Research limitations/implications: Research is limited to the applications with Gaussian process and
measurement noises due to the properties of unscented transformation.
Originality/value: The value of the article is the implementation of the data association method taking
into account the target radial velocity measurements. The use of an additional value in data association
process increases the probability of correct association and reduces the probability of false measurements
joining the track. The originality of the article lies in the development of a simple and computationally
efficient way to recalculate the extrapolated state vector and its covariance matrix from Cartesian
coordinates to polar ones based on an unscented transformation.

Key words: radar tracking, data association, radial velocity, unscented transformation.
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YK 621.396.969

MATEMATHUYECKASA MOJAEJIb CUT'HAJIA, OTPA’KEHHOI'O OT BUHTOB
JIETATEJIBHOI'O AIIITAPATA, B IIPUJIOKEHUU K OBPAIIEHHOMY CHHTE3Y
ATIEPTYPbI AHTEHHBI B BUCTATUUYECKOM PJIC

E.C. IlnoTHnnkas
ORCID: 0009-0006-1558-2420 e-mail: katya.plotnitskaya@yandex.ru

Cankrt-IleTepOyprckuii Tocy1apCTBEHHBIN AJIEKTPOTEXHUUECKHN YHUBEpcUTET «JIDTH»
uM. B.W. YabsHoBa (JleHnHa)

Pa3paborana maremaruueckass MOJAENb CHUTHANA, OTPAKEHHONO OT BHUHTOB JIETATEIILHOTO
ammapara, B IPHJIOXKEHUU K oOpaineHHOMY cuHTe3y aneptypsl anTeHHbI (OCAA) B 6ucraTrueckoii PJIC.
B xauectBe nerarenpHoro ammapara (JIA) paccmarpuBaercss kBaapokomnrtep. Jlomacte BuHTa B
paccMaTpuBaeMOM MOJENIM MPEICTABIsAECTCI B BUIAE COBOKYIHOCTH TOYEYHBIX OTpa)kaTesei,
PACIIOJIOKEHHBIX BJIOJIb JIBYX JIMHHMM, ITPOXOJSAIIMX IO NEepeaHed U 3aaHed KpomkaM jonactu. [lyrem
MOJEJIMPOBAHUS IMOIYYEHbl PEAIM3alMU CUTHAJIOB, OTPAXKEHHBIX OT OJHOMW JIONACTH BHUHTA, OT OJHOIO
BUHTA U OT COBOKYITHOCTHM BHUHTOB KBaJpOKONTEpa. BBIMOIHEH aHAU3 BPEMEHHBIX U CHEKTPATbHBIX
CTPYKTYpP OTPa)K€HHBIX CUTHAJIOB JUJIl JIBYX BapUaHTOB IpEACTaBICHUs jomnacTh. Mojenb sBisieTcs
OCHOBOM JJIsI CO3JIaHUs allTOPUTMA TIOCTPOCHUS M300pakeHni BUHTOB JIA myTem 0OpalieHHOTO CHHTE3a
anepTypsl aHTeHHBI B Ouctaruyeckoit PJIC.

Knrouesvie cnoea: pagnosoKallMOHHOE pACIIO3HABAaHUE, JIETAaTEJIbHBIM amnmapaT, oOpallleHHBIH
CUHTE3 arepTypbl aHTCHHBI.

MATHEMATICAL MODEL FOR A RADAR SIGNAL REFLECTED FROM AIRCRAFT
PROPELLERS AS APPLIED TO THE METHOD OF INVERSE SYNTHETIC APERTURE
RADAR IN BISTATIC RADAR

E.S. Plotnitskaya
ORCID: 0009-0006-1558-2420 e-mail: katya.plotnitskaya@yandex.ru

Saint Petersburg electrotechnical university “LETI”

Purpose: To develop a mathematical model for a signal reflected from aircraft propellers in application to
the method of inverse synthetic aperture radar(ISAR) in bistatic radar.A drone is considered as an aircraft.
Design / methodology / approach: In the model under consideration, the propeller blade is represented
by a set of point reflectors located along two lines passing through the front and rear edges of the blade.
Findings: Signals reflected from one propeller blade, from one propeller, and from a set of drone
propellers were simulated. The temporal and spectral structures of the reflected signals for two variants of
blade representation were analyzed. A mathematical model for a signal reflected from aircraft propellers
in application to the method of ISAR in bistatic radar was developed.
Originality/value: The developed mathematical model can be used when developing an algorithm for
constructing images of drone propellers by the method of inverse synthetic aperture radar in a bistatic
radar system.

Key words: radar recognition, aircraft, inverse synthetic aperture radar.
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YK.621.396
PA3PABOTKA MAJIOTABAPUTHOM IIMPOKOITOJIOCHOM PAJIMOCTAHIIUU IMB
JIMATIA3OHA C PEAJIM3AIIMENA SHEPTETUYECKHA U CIIEKTPAJIBHO
3®PEKTUBHOMCUTHAJBHO-KOJJOBOM KOHCTPYKIINH
A.B. HoBo:xu10B
ORCID: 0009-0009-7616-5657 e-mail: arnov25@mail.ru
A.B. Kosi00koB
ORCID: 0000-0002-6934-8879 e-mail: antvk@npp-polyot.ru
Hayuno-nipousBoactBennoe npeanpustue "[lonet"

B AO «HIIIT «IloneT» pazpabaTeiBacTCsi MajgoradbapuTHas MIMPOKOIOJIOCHas paaroctannus JIMB
nuamna3ona «Pamuomonem» IJii TpPUMEHEHUS B POOOTOTEXHUYECKUX KOMIUIEKCAX M OCCHHMIIOTHBIX
JIeTaTeNbHBIX amnmapaTax. YacTOTHBIM JHAana3oH pPagUOCTaHLUUU TO3BOJSET MPUMEHSITh pa3IHyuHbIe
HIMPOKOIIOJIOCHBIE CUTHANIbHO-KOI0BbIe KOoHCTpYyKIMU (CKK) ¢ monocoii curnana B JecsTKH Merarepil u
TICEeBIOCITYYaliHOM TIEpecTPOKoi pabovmnx 4acTOT B MIMPOKOM jauana3oHe. B Pagnomoneme npuMenena
CUTHAJIbHO-KOJIOBasi KOHCTPYKIUS ¢ (pa30BON MaHUIMYJIAIUEH CO CIBUTOM KBaApPaTyp OTHOCHUTEIBHO
IpyTr Ipyra, MOABEPrHYTHIX (UIbTpAIUU, U TYpOOKOIUPOBAHUEM, YTO MO3BOJIAET MOJYUYUTh BBICOKHE
MOKa3aTeJN SHEPreTUYECKON U CIEKTPAIBbHON 3((HEKTUBHOCTH.

Jns co3maHus W OCBOGHHS HAa TPOU3BOJCTBE PATUOMOJEMOB NPOpadOTaHBI MPEATOKEHUS,
CBA3aHHBIE KaK C KOHCTPYKIMEH OJoKa MW anmapaTHOM YacThl0 NpUEMOIlepefaTdyuka, TaKk M C
npumensiemoii CKK. B cratbe paccMOTpeHBI BOMPOCH, CBSA3aHHBIE CO CXEMOTEXHUYECKHUMH H
KOHCTPYKTUBHBIMU PEIICHUSAMH, a TaKKe pa3padOTKu MPOTPaMMHOIO OOECIeUeHUs M3JeIusl B YacTH
ynpaBieHuss PanguomomemMoM © mpHeMa CUTHAIBHO-KOJOBOM KOHCTPYKUMHU. Peamusarusi mo3BOJIUT
CHU3UThH CJIOHOCTh TPH TMPOCKTUPOBAHUU W TIOCTPOCHUHU IMOJOOHBIX YCTPOWCTB M, KakK CIICACTBHE,
CHHU3UTH 3aTpaThl HA MPOU3BOJACTBO. KOHCTPYKTHUBHBIE OCOOCHHOCTH TO3BOJISAT BHIIOJHUTH TPEOOBAHUS K
BHEITHUM BO3JICHCTBYIOIUM (akTopaM OOBEKTOB M YCJIOBHSM YCTAaHOBKH. Takke MPEUMYIIECCTBOM
PaAMOCTAaHIIMM CTAaHYT CXEMOTEXHMUYECKHE pEIICHUS, CHIDKAIOUIUME JHEPrornoTpelieHne u3aenus,
MOBBIIIAIOIINE TAKME XapPaKTEPUCTUKU KaK MTOMEXO3AIIUIIEHHOCTh U JUana3oH 1Mo OJOKUPOBAHUIO.

Knrouesvie cnosa: pannocrannus JIMB nuamazona, Pannomozaem, BITJIA, SOQPSK, pa3pabotka.

DEVELOPMENT OF A SMALL-SIZED BROADBAND UHF RADIO STATION
WITH THE IMPLEMENTATION OF AN ENERGETICALLY
AND SPECTRALLY EFFICIENT SIGNAL-CODESEQUENCE
A.V. Novozhilov, A.V. Kolobkov
JSC «RPC «Polyot»

Purpose: The article proposes and elaborates issues related to circuit design and design solutions, as well
as product software development in terms of Radiomodem control and signal-code sequence reception.
Design / methodology / approach: In the Radiomodem, it is proposed to use a high-performance FPGA
and a bandwidth of 40 MHz for receiving and transmitting using a highly integrated transceiver chip. This
will allow for the implementation of signal-code sequence SOQPSK, which can transmit a video stream
over long distances at speeds up to 12 Mbit/s. The use of a preselector in the receiving path circuit, using
tunable microstrip filters, will increase the radio modem's interference immunity and extend its blocking
dynamic range.
Findings: Circuit design and design solutions have been proposed to implement a modern, small-sized
radio station with high characteristics and reliability for use in UAVs. A signal-code sequence with high
energy and spectral efficiency - SOQPSK has been studied and implemented in this product.
Research limitations/implications: This project is the basis for the development of a family of radio
stations of this type, the study and application of new advanced signal-code sequence.
Originality/value: A radio modem can be the basis for creating networks of radio stations that can
combine UAVs. At the moment, the popularity of the use of UAVs is growing, and the creation of such
systems is really in demand.

Key words: UHF band radio station, Radiomodem, UAV, SOQPSK, development.
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YCTPOMCTBO U CIIOCOB COT'JTACOBAHUSI PATMONEPEJJAIOIIETO
AHTEHHO-®UJEPHOI'O TPAKTA C AHTEHHAMMUM PA3JIMYHBIX TUITOB
H. 0. XnonyuuH, K.T.H., BEAYIIHI Hay4YHbIH COTPYIHUK
AO «HIIII «IToner», r. Huwxuuit Horopona, PO
ORCID: 0009-0009-6923-0019 e-mail: igxlop@citydom.ru

C 1nenplo MOBBINICHUS Haae)kHOCTH cBs3u B JIKMB paumama3one He0OXOIHMMO COIIaCOBaHHE
pPaarno4aCTOTHBIX (bHﬂGpOB C AHTCHHAMU pPAa3JIMYHbIX TUIIOB B H.IPIpOKOfI moioce 4actor. Ot pemicHu-d
STOH 3ala4i HaApsAMYIO 3aBHCAT JOCTOBCPHOCTH II€pEaadu I/IH(l)OpMaI_II/II/I 1 JaJBbHOCTH CBA3H, MaCCa U
rabapuThl OOPTOBBIX PAIMOCTAHIIUN U KOMIUIEKCOB PaIUOCBSI3H.

B pabore mpuBeneHa CTpyKTypHas cXema M OMHCaH CIIOCOO COTJIACOBAaHUS M AJITOPUTM PabOTHI
YHHUBCPCAJIBHOI'O aHTCHHOI'O COIIaACYHOUICTO yCTpOfICTBa pacnupeaAciCHHOTrO Tulla, NpCAHA3HAYCHHOI'O IJIA
COTJIaCOBAHMS C PaJAHOIepEAAOIINM (PUICPOM Pa3HOTUITHBIX 00pTOBBIX aHTeHH JIKMB nuanazona.
yCTpOﬁCTBO BBIITOJIHCHO Ha OCHOBEC JIBYX KOMMYTHUPYCMBIX HAa BXOJ€ U BbIXOAC NMOCPECACTBOM BXOIAHOI'O
M BBIXOAHOT'O BBICOKOYACTOTHBIX PECJIC MapaUICIbHBIX COIIaCyIOIINX KOHTYPOB PACIIPCACICHHOIO THIIA, B
KOTOPLIX UHAYKTUBHOCTH OAHOI'O KOHTYpAa W APYIroro KOHTypa COCAMHCHBI MOCICA0BATCIIBHO, 4 MCKIY
HHUMH 11apaJICJIbHO BKIIOUYCHO II0 TPU €MKOCTH, C BO3MOXHOCTBIO BBI60pa U KOMMYTallUl KOHTYPOB U
€MKOCTEH IOCPEACTBOM YCTPOMCTBA YIPABICHUS HAa OCHOBE CpPABHEHHS MO 33JaHHOMY alITrOpUTMY
HaHp}I)KeHI/Iﬁ B COCCOHUX INICUAX KaXA0I'0 3BCHA COIVIACYIOIICTO KOHTYpA, AOIIOJIHUTCIIBHO BBCIACHBI
MOJIKIIIOYEHHBIE K BBIXOJHOMY pe€Jie JBa y3Ja IPEIBapUTEIbHON HACTPOWKH, BHIOOp M KOMMYTAIIHS
9JICMEHTOB KOTOPBIX OCYHICCTBIISCTCA TAKKE IOCPEACTBOM YCTpOﬁCTBa YIIpaBJICHHS, BBIIIOJIHCHHOI'O C
BO3MOXXHOCTBIO 3ampoca y IMepeaaroliero ycTpoicTBa nHpopManud o pabodeld 4yacToTe W XapakTepe
PCAKTUBHOCTH HUMIICAAHCA AHTCHHDI 00beKTa U OIIpCACIICHUSA pa6oqero Imoaauarnia3oHa auaria3oHa
JaCTOT,MCKAY BXOIAHBIM BBICOKOYACTOTHBIM PpPa3beMOM MW BXOAHBIM PEJIC BKIIOYCH IOAaTUYHK KBEB n
BXOJHOTO MMIIEaHCa aHTCHHBI, BbAaronuii uHpopmarnuo o KbB 1 BX0JIHOM MMIIeiaHce aHTCHHBI B
YCTPOWCTBO YIPABJICHUS IO MIMHE HH()OPMAITMOHHO-TIOTUYECKOTO B3aUMOJICHCTBUS.

KiroueBble cJ1oBa: aHTEHHOE COTJIaCyroIICe YCTPOP'ICTBO, AJITOPUTM, JAaTYHK.

DEVICE AND METHOD OF MATCHING THE RADIO TRANSMISSION ANTENNA-FEEDER
PATH WITH ANTENNAS OF VARIOUS TYPES
I. Yu.Khlopushin
JSC " NPP "Polet"

In order to increase the reliability of communication in the DCMV range, it is necessary to
coordinate radio frequency feeders with antennas of various types in a wide frequency band. The
reliability of information transmission and the range of communication, the weight and dimensions of on-
board radio stations and radio communication complexes directly depend on the solution of this problem.
The paper presents a block diagram and describes the method of matching and the algorithm of operation
of a universal antenna matching device of a distributed type designed to match with a radio transmitting
feeder of various types of on-board antennas of the DCMYV range.

The device is based on two parallel matching circuits of a distributed type, switched at the input
and output by means of input and output high-frequency relays, in which the inductances of one circuit
and the other circuit are connected in series, and three capacitances are connected in parallel between
them, with the possibility of selecting and switching circuits and capacitances by means of a control
device based on a comparison according to a given voltage algorithm in the adjacent arms of each link of
the matching circuit, two presetting nodes connected to the output relay are additionally introduced, the
selection and switching of elements of which is also carried out by means of a control device made with
the possibility of requesting information from the transmitting device about the operating frequency and
the nature of the reactivity of the antenna impedance of the object and determining the operating sub-
range of the frequency range, between the input high-frequency connector and the input relay, a sensor of
the KBV and the input impedance of the antenna is included, which provides information about the KBV
and the input impedance of the antenna to the control device via the information and logic interface bus.

Keywords: antenna matching device, algorithm, sensor.
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YK 004.383.8.032.26
CO3JAHUE MOJIEJIE HA OCHOBE JAHHBIX JIJII MEMPUCTHUBHBIX YCTPOMCTB
HN.A. bopnanos
ORCID: 0000-0001-6289-9005e-mail: bordanov2011@yandex.ru
C.A. lllanukoB
ORCID: 0000-0002-3938-8896 e-mail: seach@inbox.ru
Mypomckuii ”HCTUTYT ((punman) ¢eaepanrbHOro rocyIapCTBEHHOTO OIOIKETHOTO 00pa30BaTEIbHOTO
yUpeXJIeHUs BhICIIEro o0pa3oBanus «BrnaguMupckuil rocy1apCTBEHHbIN YHUBEPCUTET UMEHH
Anekcannpa ['puropseBuua u Hukonast I'puropseBuya CTOIETOBBIX)»

B pabore mpemsioxkeH MOAXON K CO3MAHUIO MOJENCH MEMPUCTHBHBIX YCTPOMCTB Ha OCHOBE
JaHHBIX, TIOJIy4EHHBIX B MPOLECCe UX MPOTPaMMHPOBAHHS B ONPEICIEHHOM HANa30HE PE3UCTUBHBIX
cocrosinuii. [lomyueHHbIe TaKUM 00pa30M MOJIENH TO3BOJISIIOT HE TOJNBKO 3apaHee ONpPEACTUTh OHMIMOKY
IPOrpaMMHPOBAHUS KOHKPETHOTO PE3UCTUBHOTO COCTOSTHHS 3alIOMHHAIOIIETO YCTPOICTBA, HO U TO KaKue
napamMeTpsl MPOrPaMMHUPOBAHUS HEOOXOAMMO 337aTh, YTOOBI MOIYUUTh TpeOyeMoe conpoTusieHue. B To
’Ke BpeMs JUIA CO3/IaHHs Takod Mojenu He TpeOyercs 3HaHUE (HU3MYECKHX CBOWCTB MEMPHCTHBHBIX
MarepuasoB, B OTIUYME OT (PU3HMUECKUX U TOIYIMIUPUYECKUX TTOAXOI0B K MOJICTTMPOBAHUIO.

B03MOXKHOCTH ONMCAaHHOTO TOAXOAa IPOAEMOHCTPHPOBAHBI HAa MPUMEPE CO3MAaHUS MOJIEIN
MEMPHUCTHBHOTO YCTPOHCTBA Ha OCHOBE OKCHJA LUPKOHHA M JalbHEHmero e€ NpUMEHEHHs s
UMHTAIIIOHHOTO MOJICJIMPOBAHUS UCKYCCTBEHHOI HEHPOHHOM CETH.

Pabora BemonHeHa npu nmoaaepkke crunenauu [pesunenra PO CI1-3988.2022.5.

Knrwuesvie cnosa: HCKYCCTBCHHBIC HeﬁPOHHBIG CCTH, MOJCJIb Bapuallikd Ha OCHOBC [dHHBIX,
MCMPUCTOPBI, UMUTALITMOHHOC MOACIIMPOBAHUC

CREATING DATA-DRIVEN MODELS FOR MEMRISTIVE DEVICES
I.A. Bordanov, S.A. Shanikov
Murom Institute (branch) Federal state budgetary Educational Institution of Higher Education
"Vladimir State University named after Alexander Grigoryevich and Nickolay Grigoryevich Stoletovs"

Purpose: In this paper, an approach is proposed to create models of memristive devices based on data
obtained during their programming in a certain range of resistive states.

Design/methodology/approach: The approach to creating a data-based model of a multi-dimensional
device consists of several main stages. First, experiments are conducted for selected memristive devices,
which consist in programming several resistive states in a certain resistance range and data accumulation.
Then, for the experimental data obtained, the probability density is constructed and the probability
distribution and the values of its parameters are determined. Finally, the experimental data is interpolated
to obtain a model of a memristive device.

Findings: As a result of this work, a methodology for creating a model of a memristive device based on
data was developed. The possibilities of using this model were illustrated by the example of evaluating
the accuracy of an artificial neural network based on memristive devices.

Research limitations/implications: The study of the operation of the implemented model is limited to
memristive devices based on zirconium oxide. However, the described approach can be extended to
memristive devices with a different structure.

Originality/value: The models developed using the described approach can be used to evaluate the
accuracy of artificial neural networks based on memristors, taking into account the errors of memristive
devices. In addition, such models allow not only to determine in advance the programming error of a
specific resistive state of a memrisive device, but also which programming parameters need to be set in
order to obtain the required resistance. At the same time, knowledge of the physical properties of
memristive materials is not required to create such a model, unlike physical and semi-empirical
approaches to creating models of memristor devices.

Key words: artificial neural networks, data-driven variability model, memristors, simulation
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K BOITPOCY O IPUMEHEHUHU METAJIVIOKEPAMNYECKOI'O KOPITYCA IJIsA
TEPMETHU3AIIAU MOHOJIUTHOM UHTEI' PAJTBHOM CXEMBI
A.J. Joporos
ORCID: 0009-0007-8932-5045e-mail: aethnos-nn@yandex.com
H.C. Kopnes
ORCID:0000-0002-7848-3917 e-mail: korneffl5@rambler.ru
A.B. Hazapos
ORCID: 0000-0002-0261-1724e-mail: aNazarov@niiis.nnov.ru
P.P. OcmanoB
ORCID: 0000-0002-4324-7623e-mail: rOsmanov@niiis.nnov.ru
b.10. IllapeB
ORCID: 0000-0001-8975-1588e-mail: b.yu.tsarev@gmail.com
B.A. Hlynbnun
ORCID: 0009-0008-4560-6635e-mail: vladshu@list.ru
®denepanbHOE TOCYIapCTBEHHOE YHUTapHOE nipeanpusatue «Poccuiickuit denepanbHbIi
SAnepusrii Lleatp Beepoccuiickuii HaydHO-HCCIETOBATENBCKUI HHCTUTYT YKCIIEPUMEHTATBHOU (DU3HKNY
[Tpu paspabotke panuosiokauMoHHbIX naTuukoB (PJ]) MM-ImanazoHa AJUH BOJIH aKTyallbHOM
3a/1aueil SIBJIICTCS CHIDKCHHE MX MAacCOrabapUTHBIX M CTOMMOCTHBIX XapakTepuCTHK. KiroueBbiM y3imom
moboro P/l sBnsercs CBY npuemonepenaromuii moayns (IIT1IM). Haubonee nepcrneKTUBHBIM MOAXO0I0M
npu pazpaborke IIIIM PJI saBnsercs npumeHnenue manoradaputHoi CBY snementHoil 6a3pl B Buie
MOHOJHUTHBIX ~ uHTerpanbHbix cxemM (MUC).Ucnonb3zoBanne MUC  MHOTOKpaTHO  MOBBIIIAET
TEXHOJIOTHYHOCTh M HA MOPSAJOK CHHXKAET CTOMMOCTh M3rotomieHus kak [IIIM, tak u Bcero P/I. Ilpu
STOM OCHOBHbBIE TEXHUYECKHE XapaKTepUCTUKH U paboTocrnocooHocTh MUC mipu BO3AeiCTBUN BHEITHUX
(aKkTOpOB 3aBUCAT OT CTEIEHHU 3alIUTHI, 00CCIIEYNBAEMON IePMETUYHBIM KopirycoM. Jlisirepmern3amnum
MUC npennaraercsi paccMOTPETh BO3MOXHOCTb HCIOJIB30BAaHUS METAIOKEPAMUYECKUX KOPILYCOB
OTEYECTBEHHOT'O ITPOU3BOJICTBA.
B nokiane mnpeacraBieHbl pe3yabTaTbl TEXHUYECKOM pealn3alud U SKCIEPUMEHTAIbHBIX
HcclieIoBaHui TecToBOM miatel 1t [I1IM Mm-nuanasoHna JJIMH BOJIH B TEPMETUYHOM KOPITyCE.
Knrouegvle cnoea: paauoiiOKaMOHHBIA JaTYMK, MNPUEMOIEPENAOMINNA MOAYIb, MOHOJIUTHAs
HMHTErpajbHas CXEMa, METAIUIOKEPAMUYECKUI KOPITYC.

METAL-CERAMIC CASE EMPLOYMENT
FOR SEALING OF MONOLITHIC INTEGRATED CIRCUIT
A.D. Dorogov, N.S. Kornev, A.V. Nazarov, R.R. Osmanov, B.Yu. Tsarev, V.A. Shulpin
Federal State Unitary Enterprise “Russian Federal Nuclear Center All-Russian Research Institute of
Experimental Physics”

Purpose: This article considers the definition of metal-ceramic case (MCC) employment for monolithic
integrated circuit sealingof 5-mm wavelength transceivers in radar sensors.
Design / methodology / approach: Investigation results of influence on electromagnetic wave expansion
by attenuation factormeasuring are presented. Theoretical calculation values ofMCC parasitical resonance
frequencies are presented.
Findings: Experimental investigation results of MCC losses by mm-wavelength electromagnetic wave
propagation are presented. Measuring method of EHF signal losses values in MCC is presented. Test
printed-circuit board construction for MCC electrical characteristic investigation is described.
Researchlimitations/implications: Research results can be used in mm-wavelength radar sensors
development.
Originality/value: Realized investigation shows that values of MCC losses by mm-wavelength
electromagnetic wave propagation on 60+1,5 GHz aren’t more 3 dB value. Also, the signal frequency of
monolithic integrated circuit isout of MCC resonance frequency range.

Key words: radar sensor, transceiver, monolithic integrated circuit, metal-ceramic case.
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PAJIMOUHTEP®EPOMETP CYBMUILINIMMETPOBOTI'O ITUATTIA30HA JJWH BOJIH
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®denepanbHOE TOCYIAPCTBEHHOE YHUTapHOE npeanpustue «Poccuiickuit @enepanbubiii Anepusiii LienTp
— Bceepoccuiickuit Hayuno-Wccnenoatensckuit MHcTuTyT OKcniepuMenTaibHol Ousuku"

[lepexon B CyOMHJUIMMETPOBBIM JMana3oH AJIWH BOJH TMO3BOJIUT YBEIUYUTh TOYHOCTh U
pa3pemaroyr0  CoCOOHOCTh HM3MEpPEHUN TEpPEeMEIICHU H CKOPOCTEH MOBEPXHOCTEH OOBEKTOB
nuarHoctuku. Pa3paboran paguonntepdepometp (PU) cyOMummumerpoBoro Auamnasona aauH BoiaH. PU
COCTOUT W3 OJIOKa MHTaHUs, OJOKa MepenaTunkoB, nmpueMo-nepenaromero moayis (IIIIM) u antenHO-
¢unepnoir  cucrempl (ADC). brnok nuraHus oOecrneuynBaeTr  (HOPMUPOBAHHE  IMOCTOSTHHBIX
CTa0MIIM3MPOBAHHBIX HANPSHDKEHUH C HU3KHM YPOBHEM MyJbCAllMi, HEOOXOAWMBIX Ui TIHTAHHA
cocraBHbIX uacteil PU. brnok mnepemaTduMkoB ocyiiecTBiseT (OPMHUPOBAHHE ABYX TapMOHHYECKHX
CUTHAJIOB TPEXMWIJIMMETPOBOro AuanasoHa JuiMH BosiH. [IIIM ocymecTsisier npeodpazoBaHUE BXOIHBIX
CUTHAJIOB, (opMHUpyeMbIX OIOKOM TMEpeAaTYNKOB, B BBIXOJHBIE CHTHAJIbl CyOMUIIMMETPOBOTO
JMarna3oHa JUIMH BOJIH, a Takke (popMUpYeT OMOpHBIA M MHPOPMALMOHHBIA CUTHAIBI TPOMEKYTOUYHBIX
gactoT. ADC npencraBiser co00il KOMOMHUPOBAHHYIO (DUIEPHYIO JIMHUIO, COCTOSIIYIO M3 KOPOTKOTO
ydacTKa JTUAJIEKTPUYECKOrO0 BOJHOBOAA U CBEPXPA3MEPHOTO METANIMYECKOTO BOJHOBOJA, OTKPBITHIN
KOHeIl KOTOPOTO UCHOJIb3YETCs B KauecTBe 00IydaTess.

Knrouesvie cnoea: panuouHtepdepoMeTp, CyOMIIIMMETPOBBIA JAMANa30H, ra30JAMHAMUYECKUI
pouecc

SUB-MM RADIOINTERFEROMETER FOR GAS-DYNAMIC PROCESSES RESEARCH
E.N. Bogdanov, V.N. Ikonnikov, G.A. Kozlov, N.S. Kornev,
A.V. Nazarov, R.R. Osmanov, A.V. Repin
Federal State Unitary Enterprise “Russian Federal Nuclear Center All-Russian Research Institute of
Experimental Physics”

Development of a submillimeter interferometer in order to increase the accuracy and resolution of
motion parameter measurements. The article presents a description of the interferometer and its
components: power supply, transmitter unit, transceiver module and antenna-feeder system.

The results of a gas-dynamic experiment on recording the parameters of motion of a steel plate thrown by
a plane detonation wave are presented. The velocity values obtained using microwave and laser
interferometers are in good agreement with each other.

The results of the gas-dynamic experiment show an increase in the spatial resolution of measurements
with a decrease in the wavelength of the probing radiation and confirm the operability of the device.

Key words: radiointerferometer, submillimeter range, gas-dynamic process.
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MOJIEJIb OIIEHKH BEPOSITHOCTHU BE3OTKA3HOM PABOTBI MHOT'OCJIOMHBIX
IEYATHBIX IIJIAT ITPU TEIIJIOBBIX BO3JEVCTBHUSIX BEPOSITHOCTHOI'O
XAPAKTEPA C YYETOM 2JIEMEHTOB METAJUVIM3ALIUHU
ILII. 3opkoB
ORCID: 0009-0008-9032-1313 e-mail: zorkovp@mail.ru
denepanbHOE rOCyIapCTBEHHOE YHUTAapHOE peanpustue «Poccuiickuil GpenepanbHbIid saepHbId
1eHTp - Becepoccuiickuii HayqHO - UCCIIE0BATEIBCKUA HHCTUTYT SKCIIEPUMEHTATBHON (YUK

B cratbe TpHUBOOUTCS OMHWCAHME MOJEIM OLECHKH BEPOATHOCTH O€30TKAa3HOW pPabOTHI
MHOT'OCJIOMHBIX NI€YaTHBIX IJIAT HA OCHOBE CTATUCTUYECKOTO MOJEIMPOBAHUS C BBIYMCICHUEM ITapaMeTpa
COCTOSIHHSI C MOMOILBI0 METOJIa KOHEYHBIX 3JE€MEHTOB. lIpemnaraercs pa3BUTh NAaHHBIM MOAXOM IS
pelieHrs 3a7ad TeIIoMaccolliepeHoca Ha MpPUMEpe OLIEHKH BEpPOATHOCTH O€30TKa3HOW paboThI
MHOTOCJIOMHBIX IEYaTHBIX IUIAT C TEIUIOOTBOJAIIMMH CJIOSAMHU KAaK W3JEJINi, MOHUTOPUHI COCTOSTHUS
KOTOpBIX 3aTpylHEH (JM00 HEBO3MOXKEH)IO TMPUYMHE OCOOCHHOCTeM KOHCTPYKIUMU U YCIOBHM
sKcruryaranuu. [IpuBoauTCS ONMCaHWE KOHCTPYKLIMM MHOTOCJIOWHOM MEYaTHOM IUIaThl M MEXaHu3Ma
terionepenayr.  OmnucbiBaeTcst  mpobiieMa  TBEPAOTEIBHOIO  MOJACIMPOBAHUS  MHOTOCIONMHBIX
KOMITO3UTHBIX CTPYKTYp. JlJI OLlEHKH MapameTrpa COCTOSHUS (MaKCUMaJbHON TEMIEPATypbl B ONACHOMN
TOUKeE - T1Ie pacnofioskeHo DPU, BbIX0a U3 CTPOsi KOTOPOTO SIBISETCS MPUYMHON BOSHHUKHOBEHUS OTKAa3a)
MpEeJIaracTcs MCIO0JIb30BaTh MOJEIb MHOIOCIOMHOM II€YaTHOW IUIaThl NPEACTABICHHOW B BHUIAE
SKBUBAJICHTHOTO MaTepHaa.

Knwuesvie cnoea: MOHUTOPUHT COCTOSIHUSL, MHOTOCIIOMHBIEC MEYATHBIE IJIATHI, TEIIOOTBOISAIINE

CJIOM, MOJZIeNIb SKBUBAJIECHTHOTO MaTepuasa, BApUAIMOHHBIE PSIbl, BEPOSTHOCTH O€30TKA3HOM pabOTHI

A MODEL FOR ESTIMATING THE PROBABILITY OF TROUBLE-FREE OPERATION OF
AN PCB UNDER PROBABILISTIC THERMAL INFLUENCES, TAKING INTO ACCOUNT
METALLIZATION ELEMENTS
P.P. Zorkov
Federal State Unitary Enterprise «Russian Federal Nuclear Center-All-Russian Research Institute of
Experimental Physics»

Purpose: The author suggests using the model he developed for estimating the state parameter of
multilayer printed circuit boards to calculate the probability of trouble-free operation based on a
generalized approach.
Design / methodology / approach: The article presents the specifics of the design of on-board electronic
equipment products. Multilayer printed circuit boards with heat-trapping layers play a key role in the heat
transfer process. Thermal loads are the main factor in the occurrence of failures. In this regard, it is
conclude that it is necessary to develop a PCB model with heat-trapping layers to assess the probability of
trouble-free operation under conditions of exposure to probabilistic thermal loads. It is proposed to use a
statistical modeling method with calculation of the state parameter based on the finite element method
Findings: The article describes a model for estimating the probability of trouble-free operation of an MPP
with heat-trapping layers under the influence of random thermal loads. To assess the condition parameter,
the author's own development is used — the MPP model based on equivalent material.
Research limitations/implications: The development of a model for estimating the PCB state parameter
was carried out on the basis of studies of PCB with heat-trapping layers. The parameter that takes into
account the metallization elements is a universal value. Thus, the developed model can be used for
printed circuit boards with different layer configurations, degree of metallization and geometric
dimensions.
Originality/value: The value of the entire article lies in the following: the model for estimating the
probability of trouble—free operation is a parametric model of "load-bearing capacity”. The defining
design parameters are presented as independent random variables, which makes it possible to describe the
physical nature of failures as accurately as possible. The use of the PCB model based on equivalent
material ensures high accuracy in calculating the state parameter with low computational costs. The
combination of the proposed models is an established engineering method, the correctness of which is
confirmed by the results of field tests.

Key words: monitoring of the state, multilayer printed circuit boards, heat dissipation layers,
model based on equivalent material, variation series, probability of trouble-free operation.
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ORCID: 0000-0003-3619-302Xe-mail: iluy@ipfran.ru
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ORCID: 0009-0002-2538-1535 e-mail: i.letavin@ipfran.ru
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ORCID: 0000-0002-6869-5473 e-mail: mineevkv@ipfran.ru
1I/IHCTI/ITyT npukiaaanoi pusuku um. A.B. 'anonoa-I'pexoBa Poccuiickoil akagemun HayK
Hwxeropoackuii rocygapCTBeHHbIN TeXHUYECKUil yHUBepcuTeT uM. P.E. AnekceeBa

O} PeKTUBHBIM CPEACTBOM TIEHEpalMM IJIOTHBIX KOPOTKUX CTYCTKOB YCKOPEHHBIX
AJIEKTPOHOB ABISETCA (DOTOMHIKEKTOP, B KOTOPOM DJIEKTPOHBI C (DOTOKATONA SMUTHPYIOTCS
UMITyJIBCOM YJbTPa(UOIIETOBOrO Jlazepa C MOCIENYIOIHUM ycKopeHueM B MommHoM CBY mone
pe3oHaropHoii cekiuu. Hapsny ¢ xapakrepuctukamu yckopsitomero CBY  koneGanust u
sMUCCHOHHOTO Y® nMITynbca, KII04eBbIMU (haKTOpaMu, BIUSIOUUMHU Ha 3(PPEKTUBHOCTh pabOTHI
YCKOPSIIOIIEH CHUCTEMBI (POTOMHKEKTOPA, SBIISIOTCS aMIUTUTYAHO-YACTOTHBIE XaPAKTEPUCTUKH €TO
KosebaTenbHON cucTeMbl — BbicOko100poTHOTO0 CBY pe3onaropa, pe3oHaHCHas 4acTOTa KOTOPOTo
HAaCTpauMBaeTCs Ha YacTOTy CHUTHaja BO30yxaeHusd. He3HauuTerabHbIE OTKJIOHEHHS IIPU
W3TOTOBJICHUHM M Y3JI0BOM COOpKE pe3oHaTopa B CHIY €ro OOJbIIONH JOOPOTHOCTH BBI3BIBAIOT
CYIIECTBEHHBIN YXO/ PE30HAHCHOTO MHKA, YTO TPEOYeT TOHKOW PYUIHOU FOCTHPOBKH.

B  nmokiage  npuBOAATCA  pe3ydbTaThl  3JIEKTPOJUHAMUYECKOIO  MOJEIMPOBAHMS
pEe30HaTOPHOU ceKmu PoTomHkKeKTopa, u3rororierHoi B UII® PAH, npoBoautcs ux cpaBHEHUE
C pe3yJbTaTaMd HM3MEPEHUH Ha BEKTOPHOM AaHAJIM3aTOPE LENEW, HCCIeAYyeTCs 3aBUCUMOCTh
MapaMeTpoB OT Pa3IMYHBIX (PAKTOPOB: pa3MEpPOB PE30HATOPHOM CEKLWH, HAMH4YUs AedopManuii u
HEOJAHOPOJHOCTEN HAa TEXHOJIOTMYECKUX CThIKax U T.J. JlaroTcs peKOMEHJAlUU MO0 COTJaCOBAaHUIO
pe3oHaropa ¢ paboueil yacToTol curHaiga Bo3OyxaeHus. [lanHas pa®oTa BBIIOTHSIETCS B pamMKax
npoekta PH® No21-72-30027.

Knrouegwie cnosa: HoTonHKEKTOP,yCKOpUTEID 3ekTpoHoB, CBY pe3onarop.

INVESTESTIGATION OFTHE MICROWAVE RESONATOR FOR
ACCELERATING ELECTRON BEAMS
1.V. Bandurkin®, I.M. Letavin®?, K.V. Mineev*?

'A.V. Gaponov-Grekhov Institute of Applied Physics of the Russian Academy of Sciences (IAP RAS),

’Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: Investigation of the microwave photoinjector resonator designed to accelerate electron
beams.
Design/methodology/approach: The 3D numerical simulation program used employs various
methods to solve electrodynamics equations: FEM, IE, FDTD.
Findings: The report contains the resulting optimized main parameters of the microwave resonator.
Research limitations/implications: Equation solving methods for modeling require dividing the
space into small cells. So, large computational resources are required for high computer
performance.
Originality/value: The fabrication of a resonator with refined modeled parameters can make it
possible to produce electron beams with particle energy of about 3.5 MeV and a charge of up to 100
pKI.

Key words: photoinjector, electron accelerator, microwave resonator.
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PYIIOPHO-JIMH30BASA AHTEHHA CYBTTIl PAIMOMETPUYECKOI'O KOMIIVIEKCA

K.B.Munees'?

ORCID: 0000-0002-6869-5473 e-mail:mineevkv@ipfran.ru
B.A.CanbkoB'?

ORCID: 0009-0004-1045-9330 e-mail: v.salkov@ipfran.ru

1I/IHCTI/ITyT npukiagHon Guszuku um. A.B. I'amonosa-I'pexoBa Poccuiickoli akageMun Hayk
2HI/DKeropo;[CKHﬁ rocy/lapCTBEHHbIN TeXHUYeCKuil yHuBepcurer uMm. P.E. AnekceeBa

JlocTroBepHOCTD 9KCIIEPUMEHTAIIBHBIX OLIEHOK MHUKPOBOJIHOBOI'O acCTpOKJIMMATA,
IpeJcTaBistonero coboif Habop cBeaeHuid 00 arMochepHOM MOTJIOMIEHUU AJIEKTPOMArHUTHOTO
U3JIy4EHUs Il KOHKPETHON MECTHOCTH, C ITOMOLIbI0 MHUKPOBOJHOBBIX PaJUOMETPOB TECHO CBsA3aHa C
pa3MepoM ISITHA 3aCBETKHU 30HIMPYEMOro ydyacTKa Ha HeOe, KOTOPBI, B CBOIO OYepe/lb, OMpeeseTCs
LIIMPUHOM TIJIaBHOTO JICNIECTKA JMarpaMMbl HaIlpaBJI€HHOCTH aHTEHHbI. [Ipu ciauIIKoM MIMpOKOH
quarpaMme MHTErpajbHOe yCpeAHEeHHE OyJeT MPOU3BOAUTHCA HA CIMIIKOM OOJIBIIOM y4acTKe, 4YTo, BO-
IIEPBBIX, HE IO3BOJUT CKAaHUPOBATH BO BCEM JMAIla30HE 3EHUTHBIX YIJIOB, a BO-BTOPBIX, CHU3UT
OUHAMHYECKUN JUana3oH PETUCTPUPYEMbIX YpOBHEH, UYTO HETaTUBHO OTPa3UTCS HAa KauecTBe
Pe3yJIbTaTOB, MOJIy4aeMbIX IIpU 00pabOTKE paJuOMETPUUECKHUX JAHHBIX (METOA aTMOC(EPHBIX pPa3pe30B
B MPUOMMKEHUU IUJIOCKOCIOUCTOW aTMocdephl); MPU CIUIIKOM Y3KOW  — OyIyT MpOSIBISITHCS
GiyKTyanum, CBSI3aHHBIE C JIOKAIBHBIMA HEOJHOPOIHOCTSMHU aTMOC(Epbl, YCPEIHUTHh KOTOpHIE
BO3MOXXHO JIMIIb 110 BPEMEHHU, YTO HE BCerma yaaercs claenaTb BBHUIY OrPaHHMYEHHOCTU
SKCIIEPUMEHTAIbHBIX CEPUHL.

[To mpoBeneHHOMY aHalKU3y ONTUMAJIbHBIM 3HAYECHUEM IIUPHUHBI TJIABHOTO JIEMIECTKA TUArpaMMbI
HaIPaBJIEHHOCTH aHTEHHBI panuomeTrpa sipisierca 2,5-3° mo ypoBHIo -3 nb. B nmokiane omuckiBaeTcst
MaTEeMaTHYECKU pacyeT ONTUMAaJIbHOW PYMOPHO-TMH30BOW aHTeHHBI Ansi cyoTl'1 pannomerpudeckoro
KOMIUIEKca, pa3pabarbiBaemMoro B Hactosmee Bpems B WII® PAH, npuBoxarcs obocHoBaHME
UCIOJIb3YEMBIX TEXHUYECKHX U KOHCTPYKTHBHBIX PEIICHUN U PE3yNbTaThl YUCIEHHOTO MOACIUPOBAHUS,
MIO/ITBEP>KIAIOIIUE COOTBETCTBUE XAPAKTEPUCTUK aHTEHHBI MIPEIbABISIEMbIM TPEOOBaHUSIM, B TOM YHUCIIE
MaccorabaputHbIM. PaGoTa BeITostHsIETCS B pamkax mpoekta PH® Ne23-79-00006.

Knroueswvie cnoea: cyoTI'n nnanazon, paguomMetp, aTMochepHOoe MOTIOLICHHE.

HORNLENS ANTENNA OF SUB-THZ RADIOMETRIC COMPLEX
K. Mineev' 2, V. Salkov"?.
'A.V. Gaponov-Grekhov Institute of Applied Physics of the Russian Academy of Sciences (IAP RAS),
’Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The report describes a model of a sub-THz horn lens antenna. To reduce the reflection
coefficient, an antireflection layer is implemented on the surface of the dielectric lens.
Design / methodology / approach: The dimensions of the horn lens antenna and its main characteristics
(far-field pattern,S11 reflection coefficient) were calculated.
Findings:A sub-THz antenna design is proposed based on our electrodynamics calculations. The
advantages and disadvantages of the antireflective layer of a dielectric lens are described.
Research limitations/implications: Antireflective layers of complex geometry cannot be implemented
on the surfaces of Teflon lenses. Lens milling is a separate production task.
Originality/value: This calculation technique has not previously been used to calculate 230 GHz
antennas.

Key words: sub-THz range, radiometer, atmospheric absorption.
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W CCJIEJJOBAHUE KOPPEJIAIIMOHHOI' O U3MEPUTEJISI BPEMEHHOM 3AIEPKKH
HEIIPEPBIBHOI'O ®KM CUT'HAJIA
A.B. lllupkaes

ORCID: 0009-0007-5966-7343 e-mail: avshirkaev@mail.ru
JA.H. UBn1eB
ORCID:0009-0001-7939-4385e-mail:ivlev@rf.unn.ru
Hwxeropoackuii rocynapctBeHHblid yauepcureT uM. H.U. Jlo6aueBckoro

[Ipy 30HAMPOBAHUM HENPEPBIBHBIM  (Da30-KO10-MaHUITYJIMPOBAHHBIM CHTHAJIOM OOBEKTOB,
pacIioyIOKEHHBIX BHE 30HBI 0030pa KOPPESLMOHHOIO M3MEPUTENs, CHOBAHHBIA HA MOCIIEIETEKTOPHOM
BBIUUCIICHUH (DYHKIMM B3aUMHON Koppemsimuu Ha ©Oaze [IJIMC, BO3MOXHO BO3HHUKHOBEHHE
HEOJAHO3HAYHOCTH H3MEPECHMS BPEMEHHOM 3aJCp’KKM NPUHUMAEMBIX CUTHAJIOB, YTO B CBOIO O4Yepelb
BEJECT K HETOYHOCTH ONpEACTCHHS paccTosHUs 10 oObekTa. [Ipu HenmpepbIBHOM 30HAWPOBAHUH
CTaHOBHUTCS HEBO3MOXHBIM TNPUMEHEHHE CTAaHAAPTHBIX METOIOB pPACHIMPEHHs 30HBI 0030pa 3a CueT
pasfesieHns uana3oHa JANbHOCTEH Ha CErMEeHThl. B NaHHOM cTaTbe MOCPENCTBOM YHMCIEHHOTO
MOJIETIMPOBAHUS MCCIEAYETCSI KOPPESILIMOHHBIN U3MEPUTENIb HA BO3MOKHOCTb PAa3IMUEHUsI HENIPEPBIBHO
npunumMaeMbix @KM curnanoB or o0BEKTOB BHE 30HBI 0030pa, NPEIJIaratoTcsi MOAXOAbI K PEIICHUI0
yCTpaHEHUs] HEOAHO3HAYHOCTH U3MEPEHUSI BPEMEHHON 3aJIepKKHU C y4ETOM MUHUMU3ALUU TPeOOBaHUM K
BBIYMCIIMTEIIBHBIM PECYpPCaM.

Knwoueswvie cnosa: xoppensnys, KOppelsLHOHHBINA U3MEPUTEID, 30Ha 0030pa, @KM curnan

RESEARCH OF THE CORRELATION METER OF THE TIME DELAY OF A
CONTINUOUS PHASE-CODE MANIPULATED SIGNAL
A.V. Shirkaev, D.N. lvlev

National research Lobachevsky state universityof Nizhny Novgorod
Purpose: The article examines the correlation meter for the possibility of distinguishing

continuously received PCM signals from objects outside the coverage area, and proposes approaches to
solving the ambiguity of time delay measurement, taking into account minimizing the requirements for
computing resources.

Design/methodology/approach: To study the possibility of continuous processing and determine
the unambiguity of PCM signals, numerical modeling of various approaches to distinguishing viewing
areas was performed, taking into account the requirements of minimizing computing resources.

Findings: Various approaches to increasing the unambiguity of determining the time delay of
PCM signals are considered. A method for increasing unambiguity is proposed using a combined coding
rule for the reference pseudo-random sequence of the emitted PCM signal. The proposed method does not
require a significant increase in computing resources.

Research limitations/implications: The present article expands the application of the correlation
meter time delay.

Originality/value: The proposed approaches to increasing the unambiguity of determining the
time delay can be used in radio, hydro, and acoustic location systems with limited computing resources
using continuous PCM signals.

Key words: correlation, correlation meter, coverage area, PCM signal
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OIBIT PEAJIM3ALIUU METOJAUKHN OBPABOTKHU JJIAHHBIX JIOKAIIUN HA ITPOCBET B
COYETAHUU CPAAUOUHTEP®EPOMETPUU C JJIMHHBIMU BA3ZAMHU
H.A. I[yrmll’2
ORCID: 0009-0007-5517-4007 e-mail: ndugin@yandex.ru
E.A. Ilankos’
ORCID: 0009-0006-0182-2534e-mail: pankevg98@yandex.ru
10.C. (I)ez[ocemcol
ORCID: 0000-0002-9434-4386 e-mail: fds1707@mail.ru

"Bomxkckuit rOCYJapCTBEHHBIN YHUBEPCUTET BOJIHOIO TPAHCIIOPTA
2 Hwxeropojackuii rocynapctBeHHsblid yauepcutet uM. H.W. Jlo6aueBckoro

[IpencraBieHo omucaHUEe PaJMOIOKAIIMOHHOTO AKCHEPUMEHTa, MCIOJIB3YIOLIEr0 OCOOCHHOCTH
MIPOCBETHOM JIOKAllMM B COYETAHWHU C MPUHIMIAMH PAaAMOMHTEPPEpOMETPUN C JIUHHBIMH Oa3zamu. B
Ka4yecTBE UCTOYHMKOB CUTHaJla BBICTYNaIM HaBUranuoHHsle cnytHuku cucreM GPS, Galileo u Beidou, a
B Ka4ecTBe MpUEMHOTO ycTpoiicTBa — anteHHa PT-15, ycranosnennas Ha nonurone HUPOU «3umEnkm».
OcHOBHOE BHHUMAaHHME YJEIEHO pacyé€Ty 3aJepKKU MPOXOXKICHHS CUTHAJIAa, OTPAKEHHOIO OT
HaOII0MaeMBIX OOBEKTOB — (PparMEHTOB KOCMHYECKOTO Mycopa Ha OKOJIo3eMHOW opOute. M3yden
XapakTep U3MEHEHHUS 33JIEP>KKU CUTHAJA IIPU OJJHOBPEMEHHOM CJIOKHOM KPUBOJIMHEMHOM JIBU)KEHHH KaK
MCTOYHHKA CUTHAJIA, TaK U 00JIydaeMoro 00beKTa B TPEXMEPHOM MPOCTPAHCTBE.

Knrouesvie cnosa: nokanus Ha TPOCBET, paauOMHTEPHEPOMETpHUs, 3alepiKKa MPOXOXKICHUS
CUTHaja

EXPERIENCE IN IMPLEMENTING A PROCESSING METHOD OF FORWARD SCATTER
RADIOLOCATION DATA IN COMBINATION WITH LONG-BASE RADIO INTERFEROMETRY
N.A. Dugin*? E.A. Pankov', Yu.S. Fedosenko®
"\olgaStateUniversityof\Water Transport
2 obachevsky State University of Nizhny Novgorod

Purpose: The main purpose of this work is to calculate the transmission delay of a signal reflected from
objects of interest — fragments of space debris in low Earth orbit.
Design / methodology / approach: The study was carried out using the joint processing method of
forward scatter radiolocation and long-base radio interferometry data.
Findings: Characteristicsofsignal delay change were studied taking into consideration simultaneous
complex curvilinear movement in three-dimensional space of both the transmitter and the illuminated
object.
Research limitations/implications: The gained results allow for significant improvement in the
processing accuracy of experimental data.
Originality/value: The value of this work lies in the creation of a theoretical basis as an addition to
already conducted and planned experiments, which allows for experimental technique improvements to
obtain more reliable data.

Key words: forward scatter radiolocation, radio interferometry, signal transmission delay.
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Huxeropoackuii rocynapcTBeHHbIN TexHuYeckuid yaupepceuteT uM. P.E. Anekceesa

Hns obecnedenust OezomacHoit mocanku BIIJIA BeproneTHOro THma cpemHero pasmepa Ha
MECTHOCTH CO CIOXHBIM pelibe()oM HEOOXOJMMO MOIydaTh 0ojee AeTaabHYI MHPOPMAIUIO O Tpoduiie
BBICOT TuIOIIAAku. [l 3Toro tpedyercs CO3AaHME pajapa ¢ TPEXKOOPIMHATHON aHTEHHOHM peEIIeTKOM,
obecrieunBaronieil (opMUPOBaHUE PaTUON300paskeHHst (KapThl) Ipodwmisa BeIcOT B oonactu nox BITJIA B
3aJlaHHOM CeKTope yrioB. B maHHON paboTe pemaeTcss 3a/lauyaolleHKH NpOQuIIs pacmpenesieHHOM
(cTIIOIIHOM) MOBEPXHOCTH, HA KOTOPYIO HEOOXOIMMO COBEPIIUTH O€30MacHYIO0 IMOCAAKYy B YCIOBHSX
OTpaHUYEHHONW BHIMMOCTH. Pa3paboTaH alroputMm OIEHUBAHUS ABYMEpPHOHl (OpPMBI MOBEPXHOCTH
IUIOLIA/IKKM, Ha KOTOpPYIHO HEOOXOAMMO Mpou3BecTH mocaaky. [IpoaHamu3upoBaHbl aIrOpUTMBI
UHTEPIIONALUA OTMETOK, KOTOpble OOHApY)KHUBAIOTCSI MPU IOPOTOBOM aHaln3e B C(HOPMHUPOBAHHBIX
IU(GPOBBIM CIIOCOOOM JIydyaX AaHTEHHOW pemeTkd. MeTomoM MaTeMaTH4ecKOro MOAETHPOBAHUS
MOJTy4EHBI OIICHKHU OLITUOOK OMpPEEeNICHUs PACCTOSHUS IO IOBEPXHOCTH B 3aBUCHMOCTH OT HAIPABICHUS U
OTHOILIEHUSI CUTHAJI-IIIYM.

Knroueswie cnosa: 6ecninioTHbIE TPAHCIIOPTHBIE CPEICTBA, MUJUIUMETPOBBIE paiaphbl, KapTa BBICOT.

ASSESSMENT OF THE ACCURACY OF DETERMINING THE HEIGHT PROFILE BY
LANDING RADAR
A.V. Myakinkov, S.E. Kuznetsov, A.A Kuzin, R.S Fadeev, K.D. Loginova
Nizhniy Novgorod state technical university n.a. R.E. Alekseev

Purpose: Assessment of the profile of a distributed (solid) surface on which it is necessary to make a safe
landing in conditions of limited visibility. The purpose of the work is to develop algorithms for estimating
the two-dimensional shape of the surface of the site on which it is necessary to land. Algorithms for
interpolation of marks that are detected by threshold analysis in digitally generated beams of an antenna
array are analyzed.

Design/methodology/approach: The work uses well-known methods and approaches similar to those
used in widespread automotive radars - digital beamforming of the receiving antenna array, optimal
accumulation of a burst of signals with a piecewise linear law of frequency tuning, threshold analysis and
detection of scattering centers. To clarify the coordinates of scattering centers for a more accurate
construction of a height map, the direction finding characteristic method is used.

Findings: For the method of interpolation of inverse weighted distances by mathematical analysis,
estimates of errors in determining the distance to the surface are obtained depending on the direction and
signal-to-noise ratio.

Originality/value: The developed algorithm can be used for use in airborne millimeter-wave radars to
ensure flight and landing safety.

Keywords: unmanned vehicles, millimeter radars, elevation maps
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INPUMEHEHUE BHYTPUIIEPHOJHOI'O U MEXKIIEPHOTHOT'O ®A30BOI'O
KOJINPOBAHUS CUTHAJIA C IMHEHHOM YACTOTHOM MOJYJIALIUEN B
ABTOMOBWJIBHOM PAJIAPE C MIMO PEIIETKOM

A.B. MSIKHHBKOB
ORCID: 0000-0001-6952-4134 e-mail: alex_myakinkov@nntu.ru
C.E. Ky3HenoB
ORCID: 0000-0003-2862-036X e-mail: s_kuznetsov@nntu.ru
P.C. ®ajgeeB
ORCID: 0000-0001-8877-6724 e-mail: fr_201190@mail.ru
Hwmwxkeropoackuii rocyaapcTBeHHBIN TexHUUYecKknid yHuBepcuTeT uM. P.E. AnekceeBa (HI'TY)

BrInonHeH cpaBHUTENBHBIN aHAJIM3 METOJIOB Pa3felieHUs] HETPEPHIBHBIX CUTHAIOB C YAaCTOTHOM
Moxayssinuern (UM) B aBTOMOOWJIBHBIX pajapax MUUIMMETpoBoro auama3zoHa ¢ MIMO anteHHBIME
pemerkamu  (AP). PaccMmoTpeHsl BoOmpockl sHepretudeckoil 3()(EeKTHBHOCTH H  OJHO3HAYHOCTH
M3MEpEeHUl MapaMeTpOB CUTHAJIOB MPH KCIOJIb30BaHUU BPEMEHHOTO M KOJOBOIO paszzaeneHus. OleHeHbl
XapaKTePUCTHKU  CIEKTPOB  OTPaXCHHBIX  CHTHAIOB  JUIsi  OTACIBHBIX  BHJIOB  KOJOBBIX
nocnenoBarenbHocTeil. [lokazano, 4to omHOBpeMeHHOE (Da30BO€ KOJMPOBAHUE CUTHANIOB KAaK BHYTPHU
nepuogoB UM, Tak W MEXAy INEpUOJAMH TIO3BOJIICT pPEaT30BaTh KOTEPEHTHOE HAKOIUICHHE
OTPaXEHHOTO OT 1€ CHUTHaja B Jy4yax auarpammbl HampasieHHoctu (/IH) suptyansnoii AP ¢
MOCIICAYIOMUM OJHO3HAYHBIM HW3MEPEHHEM MJAIbHOCTH [0 TIeId W €€ paJuajbHOW CKOPOCTH.
[Ipumenenue (a3oBoi MOIYISAIUMU MO 3aKOHAM JBOMYHBIX ICEBIOCTYYalHBIX MOCJIEI0BATEIBHOCTEH
o0ecrieunBaeT OTHOCUTEIBHBIA YPOBEHH OOKOBBIX JICIIECTKOB JIBYMEPHOTO CIICKTPA IO Pa3MEPHOCTIM
«ABHOCTHOW» W JOMJIEPOBCKOM uacToT, coorBercTByrommii BenmuuuHe 1/(NgNp), rome Ngr — uywmcno
AJICMEHTOB KOJAa BHYTPH OJHOTO IepHOJa YaCTOTHOH Moxyisaiuu, Np — 4YHCIO TepHoaoB B
HAKaIJIMBAaEMOM CUTHaJIE (pa3Mep MaukH).

Knrwoueevie cnosa: aBTomoOwnbHBIA — pamgap, MIMO aHTeHHass pemieTka, JIBOUYHBIC
MICEBAOCTY4aliHbIe MOCIEA0BaTENbHOCTH, ()a30BO€ KOAUPOBAHKE, OJHO3HAYHOE U3MEPEHUE.

THE USE OF INTRA-PERIOD AND INTER-PERIOD PHASE CODING OF FMCW SIGNAL IN
AUTOMOTIVE RADAR WITH MIMO ARRAY

A.V. Myakinkov, S.E. Kuznetsov, R.S. Fadeev
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: To provide the optimal signal detection after the coherent beam forming with unambiguous
measurement of range and Doppler shift in automotive FMCW radar with MIMO array.
Design/methodology/approach: To provide the acceptable low level of the side lobes of 2D range-
Doppler spectrum of the target reflected signal taken after the homodyne receiver, simultaneous coding in
so called fast time (inside of the chirps) and slow time (between the chirps) by the pseudo-noise
sequences (PNS) should be used.
Findings: The mathematical simulation model of the signals reflected from the target observed on the
certain range R and moving with the given range velocity Vg is developed to investigate the
characteristics of the range-Doppler spectrum. The level of side lobes for different sizes of PNSes used
for the coding in fast time and slow time is estimated. It is shown that the level of side lobes is
comparable or lower that the level of internal noise when the sizes of PNSes is bigger or equal than 128.
Originality/value: The developed algorithm will be used for the design of the next generation FMCW
radars with coherent detection after the MIMO array beam forming. To provide this opportunity, the
architecture of the concrete Tx/Rx chips should be learned.

Keywords: automotive radar, MIMO antenna array, binary pseudo-random sequences, phase
coding, unambiguous measurement.
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AJITOPUTM OBHAPYKEHUA TPAEKTOPUI B MAKETE ABTOMOBHWJIBHOI'O PAJTAPA
MHUJIMMETPOBOI'O JTUAITA3OHA

B.H. bypos
ORCID: 0000-0003-4029-7745 e-mail: burov@nntu.ru
P.C.®anees
ORCID: 0000-0001-8877-6724 e-mail: fr_201190@mail.ru
C.E.Ky3Henon

ORCID: 0000-0003-2862-036X e-mail:s_kuznetsov@nntu.ru
Huxeropoackuil rocygapcTBeHHbIN TexHUueckuil yauBepcuteT uM. P.E. AnekceeBa

B pabotre paccMoTpeH airopuTM OOHApYKEHUS TPACKTOPHH i HUPpPOBOH 00pabOTKH
TPaeKTOpHOW HMH(OpMAIMU B aBTOMOOWJIBHBIX pajapax MHJUIMMETPOBOrO nuana3zoHa. [Ipemmoxena
3¢ HEKTUBHASICBBIUMCIUTEIIEHOM TOYKH 3pEHHSI apXUTEKTypa ajiropuTMa, IpU KOTOPOW JIOCTUTAETCS
OOHapy)XeHHE KaK HENOJABWKHBIX, TaK M OBICTPOIBIKYIIMXCS Ienel.JlocTuraercsi KOppeKTHOe
oOHapyXeHHe OOJIbIIOr0 4YHWClIa IeJiell B CIIOKHOW MHOTroIeneBoil oOcranoBke.Pazpaborana
IporpaMMHas peaji3anus aropuT™a Uil MakeTa aBTOMOOMIIBHOTO pajiapa.

Knwouesvie cnoea: BTOopmuHas 00pabOTKa paJMOJIOKAIIMOHHON WHMOpMAIH, OOHApPYKEHHE
TpaekTopuu, accouuanus nzmepenuii, R-RANSAC.

ALGORITHM FOR DETECTING TRAJECTORIES IN A MILLIMETER-WAVE
AUTOMOTIVE RADAR

V.N. Burov
ORCID: 0000-0003-4029-7745e-mail: burov@nntu.ru
R.S.Fadeev
ORCID: 0000-0001-8877-6724e-mail: fr_201190@mail.ru

S.E.Kuznetsov
ORCID: 0000-0003-2862-036Xe-mail:s_kuznetsov@nntu.ru

Nizhny Novgorod state technical university n.a. R.E. Alekseev

The paper considers an algorithm for detecting trajectories for digital processing of trajectory
detection in millimeter-waveautomotive radars. An algorithm architecture that is computationally
efficient is proposed, in which detection of both stationary and fast-moving targets is achieved. The
correct detection of a large number of targets in a complicated multi-target environment is achieved. A
software implementation of the algorithm for the automotive radar area has been developed.

Key words: econdary processing of radar information, trajectory detection, measurement
association, R-RANSAC.
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VIAK 621.3.061
CPABHUTEJIbHBIN AHAJIN3 PA3JIMYHBIX TUTIOB CBEPXIIIMPOKOITIOJIOCHBIX
AHTEHH
II.A. Tynuxkosn
ORCID: 0009-0008-9458-580X e-mail: ppro@inbox.ru
Hwxeropoackuii rocyapcTBeHHbIN TexHUUYeckuid yauBepcuteT uM. P.E.AnekceeBa

CBepXIIHUPOKONOIOCHBIC CUTHAIBI HMEIOT PSiJI YHUKAIBHBIX IPUMEHEHHI B 3aJjadaxX PaJHOCBs3H,

COMPSKEHHBIX C U3MEPEHUEM KOOPAMHAT MPUEMHBIX WM MPUHUMAIOIINX 03U, OHU UCTIONB3YIOTCS B
paguocuctemax crangapra |IEEE 802.15.4am anamorax. B oTiimune oT TpagullMOHHBIX Y3KOIOJICOCHBIX
curHanos - mpuém u nepenada CILIT curaanos cyniecTBEHHO 3aBUCUT OT MCTONb3yeMbIX aHTCHH, TaK KaK
coracoBanue ¥ 3(O(GEKTUBHOCTD M3JIydEHHUs B MOJIOCE, IEPEKPHIBAIOIICH HECKOJIBKO OKTaB, KOMIIAKTHOM
AHTCHHOW CTaHOBWTCS KpaliHe CIOKHOW 3amadeii. DTo 00yclnaBimBaeT HEOOXOIUMOCTh BBIOOpa
KBa3UONTUMAJIbHBIX AaHTEHH, ¥ U3YYCHUS UX 3(PPEKTHBHOCTH, OCOOCHHOCTEH.
B crarbe paccMarpuBarOTCS HECKOIBKO THUIIOB KOMIIAKTHBIX U JIETKUX CBEPXIIMPOKONOIOCHBIX aHTCHH:
JIOTOTIEPUOANYCCKHIE, PYIOpPHBIC, IIEJICBbIC, JIUCKOKOHYCHBIC, a TaK »JK€ WMCKaKEHUsS CHUTHaja,
BO3HUKAWOIINE TMPU MIYYCHUH U TpUEME CUTHAJIOB TaKUMH aHTEHHaMH. B cTarbe Takxke
chOopMyIMpPOBaHbl PEKOMEHIAIMU U CIOCOOBI OIEHKH A(P(PEKTUBHOCTH PAJUOCBA3M C HMCIIOJIB30BAHUEM
CLUII curHaioB o M3MEPEHHBIM XapaKTEPUCTUKAM aHTECHH.

Knrwuesvle cnosa: aHTEHHBI, CBEPXIIMPOKOMOJOCHBIC CHTHAJBI, HWMITYJIBCHOE  pajuo,
nosunonuposanue, |IEEE 802.15.4a.

DIFFERENT ULTRAWIDEBAND ANTENNA TYPES COMPARISON
P.A.Tupikov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: This article considers different types of UWB antenna measurement results.
Considered UWB signals are used in combined communication systems, including positioning
service by the communication signals.

Design/methodology/approach: Methodology consists of selection UWB antennas samples
selectionand provide different kinds of measurements: phase and amplitude response, VSWR,
conversion factor, radiation patterns.

Next step consists comparison of theoretical and practical results for real UWB signal
propagation through selected antennas. Antenna quality factor is complex parameter, which
includes

Findings: Key results are the choice of antenna applicability criteria, depending on the
characteristics of target UWB signals and methods of signal reception. Another result is to
estimate UWB signal propagation loss of signal for observed non optimal or surrogate
antennas.

Research limitations/implications: Considered antennas generally limited by the size and
weight. Results may be unuseful for other kinds of antennas.

Originality/value: The article is useful for engineers or scientists, developing modern UWB
radiocommunication and/or local positioning systems. It gives focused view on UWB antenna
selection, tune and achieved benefits or losses in overall radiosystems quality.

Keywords: antenna, UWB signals, pulse radio, positioning, IEEE 802.15.4a
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OBHAPYXEHUME ¥ OIIEHKA JIE@GEKTOB B MHOI'OCJIOMHBIX JJUIJEKTPUYECKHX
MATEPUAJIAX U HOKPBITUAX METOJAOM ITIOBEPXHOCTHBbIX
IJIEKTPOMAI'HUTHbBIX BOJIH

A.N. KazpMun

ORCID: 0000-0001-7682-2420 e-mail: alek-kazmin@yandex.ru
I1.A. ®exronun

ORCID: 0000-0001-6663-4362 e-mail: fpal969@yandex.ru
B.A. Mauun
ORCID: 0009-0005-1325-6798 e-mail: fanni.05@mail.ru
Boennslii yueOHO-HayuHBIH HEHTp BoeHHO-BO3AYIIHBIX cil «BOCHHO-BO3/IyIIIHASL aKaAeMUs
um. mpod. H. E. XKykosckoro u 0. A. I'arapunay (r. BopoHexk)

[IpencraBieHbl pe3ynbTaThl WUCCICNOBAHUS TI0 OOHAPY)KEHUIO M OICHKE MPOTSHKEHHBIX
MEXKCIIOMHBIX J1e(DEKTOB B TPEXCIOWHOM JTUAIEKTPUYECKOM  TOKPBITHH«IIOTUMETHIMETAKpHUIIAT-
¢droporutact ®@-4/I-monmyTBepaas pe3nHA»METOJOM IMOBEPXHOCTHBIX AJICKTPOMAarHUTHBIX BOJH. Meton
OCHOBaH Ha peIICHUH OOpaTHBIX 3aJ]1ad MO0 PEKOHCTPYKIIMU TE€OMETPUUYECCKUX MMapaMEeTPOB MPOTHKEHHBIX
MEXCIIOMHBIX JTE(PEKTOB MHOTOCIONHBIX MAaTepHajOB W TOKPHITUH TI0 YaCTOTHOH 3aBUCHMOCTH
k03¢ duLMeHTa 0cIabieHUsl MO TOBEPXHOCTHON MEIJIEHHOMN 3JIEKTPOMAarHUTHOW BOJHBL B oTiauune ot
METOIOB C MH(OPMATUBHBIM IapaMeTPOM — KOMILICKCHBIM KOA(PQHUIIMEHTOM OTPaXKCHUs, IO3BOJIIET
YBEJIMYUTh TOYHOCTh PEKOHCTPYKIIMM TE€OMETPUYCCKUX IMapaMEeTPOB MPOTHKEHHBIX  JIC(EKTOB.
[ToBbIlIeHUE TOYHOCTH JOCTUTAETCSl B pe3yJbrare ydéra TOYHOHW 3aBUCUMOCTH KOA(pHUIMECHTA
OCIIa0JICHUsI TOJISI TIOBEPXHOCTHOW 3JICKTPOMArHUTHOW BOJHBI OT YACTOTBI, a TAKXKE YMEHBIIICHHUS
KOJIMYECTBA (DUKCUPOBAHHBIX YaCTOT U3MEPCHUH.

Kniouegvie cnosa: MHOTOCIOWHOE AMAIEKTPUUYECKOE IMOKPBITHE, NE(EKT, U3MEpeHHe, oOpaTHas
3ajaya, KodQpPUUUEHT ocaalleHus Mol HOBEPXHOCTHOM 3JIEKTPOMAarHUTHOM BOJIHBI, METOJ ITONEPEYHOT0
pe3oHaHca

DETECTION AND ASSESSMENT OF DEFECTS IN MULTILAYER DIELECTRIC
MATERIALS AND COATINGS BY SURFACE ELECTROMAGNETIC WAVES METHODA.
I. Kaz’min, P. A. Fedyunin, V. A. Manin
Zhukovsky and Gagarin Voronezh Air Force Academy

Purpose: development of a method for detecting and assessing extended defects in multilayer dielectric
materials and coatings with an arbitrary number of layers, based on determining their position relative to
the layers of the material under study and determining their geometric parameters (thicknesses).
Design/methodology/approach: the method is based on the solution of inverse problems in the
reconstruction of the geometric parameters of extended interlayer defects of special multilayer materials
and coatings from the frequency dependence of the attenuation coefficient of the field of a slow surface
electromagnetic wave.
Findings: the results of experimental studies that confirm the linear dependence of the attenuation
coefficient of the field of a surface electromagnetic wave on frequency as well as a decrease in the
number of fixed measurement frequencies are presented. The method implements a simple measurement
procedure, since only the values of the field strength of the surface electromagnetic wave are measured
and there is no need for phase measurements in the method. Reconstruction of geometric parameters of
the extended interlayer defects of a three-layer coating consisting of polymethyl methacrylate, F-4D
PTFE, and semi-hard rubber with precision 10% is realized with the use of measurements in a
multifrequency measurement complex in the range 10-11 GHz by means of the new method.
Research limitations/implications: the present article provides a starting-point forfurther research in the
measuring electrophysical parameters and defectsofmultilayer materials and coatings.
Originality/value: in contrast to methods that involve an informative parameter — the complex reflection
coefficient — the proposed method yields an increase in the precision of the reconstruction of the
geometric parameters of extended interlayer defects.

Key words: multilayer dielectric coating, defect, measurement, inverse problem, attenuation
coefficient field of the surface electromagnetic wave, transverse resonance method
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METO/] U3BMEPEHUS YACTOTHBIX 3ABUCUMOCTEM SJIEKTPO®UZUNYECKUX
IMAPAMETPOB JUSJIEKTPUYECKHUX 1 MATHUTOJAUIJIEKTPUYECKUX MOKPHITUM

A.N. KazpMuH

ORCID: 0000-0001-7682-2420 e-mail: alek-kazmin@yandex.ru
ILLA. ®exronun

ORCID: 0000-0001-6663-4362 e-mail: fpal969@yandex.ru
B.A. Manun
ORCID: 0009-0005-1325-6798 e-mail: fanni.05@mail.ru
BoeHnHbIl yueOHO-HAY4YHBIN IIEHTP BOGHHO-BO3MYIIHBIX CHIT «BOEHHO-BO3IyIIIHAS aKaAeMUs
um. ipod. H. E. XKyxosckoro u 0. A. I'arapunay (r. Boponex)

[IpennoxkeH OpUTrMHANIBHBIA PAJUOBOIHOBBIA METOJ COBMECTHBIX M3MEPEHHH YaCTOTHBIX
3aBUCUMOCTEN KOMIUJIEKCHBIX JMAJICKTPUYECKOM M MAarHUTHOM MPOHUIIAEMOCTEH, a TakKKe TOJILUHBI
IJIOCKOCJIOUCTBIX ~ OOpa3lioB  JAMAJCKTPUYECKUX W MArHUTOAUAJIEKTPUUECKUX  TOKPBITUH  Ha
MeTaJUTMYeCKOr momokke. OmnpeneneHue 3IeKTPOPU3MYECKUX M TEOMETPUYECKUX IapaMeTpOB
MOKPBITUSL CBEICHO K MHUHUMH3AIMU IIeJIEBOM  (YHKIMH, TIOCTPOCHHOHW TIO HEBSA3KE MEXKAY
AKCIIEPUMEHTAJIbHBIMA ¥ BBIYUCIICHHBIMH TEOPETUUYECKUMHU 3HAYCHHSAMHU KOA(DOUIIMEHTOB OCIabiIcHUs
MOJsl TOBEPXHOCTHOW BJEKTPOMArHUTHOM BOJIHBI CBEPXBBICOKOYACTOTHOIO JHMAala3OoHAa Ha CETKE
JUCKPETHBIX YaCTOT.

Knwuesvie cnoea: TOBEpXHOCTHAsA DJIIEKTPOMArHUTHAs BOJIHA, JAMAJIEKTPHUYECKOE IOKPBITHE,
MAarHUTOJUAJIEKTPUYECKOE MOKPHITHE, KOMIUIEKCHAs JUAJEKTpUYECKas MPOHUIIAEMOCTb, KOMILICKCHAs
MarHuTHasi TMPOHUIIAEMOCTb, YacTOTHAs JAUCIEpCHUsi, OOpaTHas 3ajada, WMUTALMOHHAs MOJEb,
koa(purMeHT ocmabaeHus Mo

METHOD FOR MEASUREMENT OF FREQUENCY DEPENDENCIES OF
ELECTROPHYSICAL PARAMETERS OF DIELECTRIC AND MAGNETODIELECTRIC
COATINGS

A. 1. Kaz’min, P. A. Fedyunin, V. A. Manin
Zhukovsky and Gagarin Voronezh Air Force Academy

Purpose: development of a multi frequency optimization method for measuring the frequency
dependences of complex dielectric and magnetic permeabilities, as well as the thickness of dielectric and
magnetodielectric coatings on a metal substrate.

Design/methodology/approach: determination of electrophysical and geometric parameters of the
coating in the proposed method is reduced to minimizing the objective function constructed based on the
discrepancy between the experimental and design theoretical values of the attenuation coefficients of
surface electromagnetic wave fields on a grid of discrete frequencies.

Findings: we present the new radio wave method of joint measurements of the frequency dependence of
the complex permittivity, the frequency dependence of the complex magnetic permeability, and the
thickness of plane-layered samples of dielectric and magnetodielectric coatings on a metal substrate. The
simulation model of measurements is shown, implemented on the basis of the electrodynamic modeling
system CST Microwave studio (Simulia corporation, USA) and the Matlab system. The results of
simulation are presented to determine the frequency dependences of the electrophysical parameters and
the thickness of a sample of a radio-absorbing coating on a metal substrate. Errors in the estimates of
permittivity and permeability in the measurement frequency band 9-13,5 GHz, which are no more than
10 % with a confidence level of 0.95 with a mean square deviation of the noise level of 0,006, have been
obtained.

Research limitations/implications: the present article provides a starting-point forfurther research in the
measuringoffrequency dependence of the complex permittivity and the frequency dependence of the
complex magnetic permeability.

Originality/value: the proposed method can be in demand in various science-intensive areas —
microelectronic, aerospace, mechanical engineering, etc.

Key words: surface electromagnetic waves, dielectric coating, magnetodielectric coating, complex
permittivity, complex permeability, frequency dispersion, inverse problem, simulation model, attenuation
coefficient of surface electromagnetic waves.
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OLHEHKA TOYHOCTHU PEKOHCTPYKIIUU CTPYKTYPbI JUIJIEKTPUYECKHUX
IMPOHUIIAEMOCTEM 1 TOJIIWH MHOT'OCJIOMHBIX TUIJIEKTPUYECKHUX
MOKPBITHIA METOJIOM IOBEPXHOCTHBIX JIEKTPOMATHUTHBIX BOJIH

A.N. KazpMun

ORCID: 0000-0001-7682-2420 e-mail: alek-kazmin@yandex.ru
I1.A. ®exronun

ORCID: 0000-0001-6663-4362 e-mail: fpal969@yandex.ru
Boennslii yueOHO-HayuHBIH HEHTP BoeHHO-BO3AYIIHBIX c1il «BOCHHO-BO3/IyIIIHASL aKaAeMUs
um. mpod. H. E. XKykosckoro u 0. A. I'arapunay (r. BopoHexk)

PaccmoTpena oznHa u3 BaXHEHIIMX NpoOJIeM AMArHOCTHMKM MHOTOCIOWHBIX JAMIEKTPUUYECKUX
MaTepuajioB M IMOKPBITUH — pa3paboOTKa METOJOB KOJMYECTBEHHONM MHTEPIPETALUU pEe3yIbTaToB
KOHTPOJIA SIEKTPOPU3UUECKUX M TEOMETPUYECKHX IlapaMeTpoB 3TUX MarepuaioB. IIpeacraBieHsl
pe3ynbTaThl HMCCIEIOBAHUS IOTCHIUAIBHOW HH()POPMATUBHOCTH MHOTOYACTOTHOTO PaJMOBOIHOBOIO
METO/1a MOBEPXHOCTHBIX IEKTPOMATHUTHBIX BOJIH IPU PEKOHCTPYKLMH CTPYKTYPhI AEKTPOPU3NIECKUX
U TEOMETPUYECKMX I1apaMETPOB MHOTOCIOWHBIX AMDIEKTPUYECKMX MOKpbITHM. lIpencrasiena
UMUTAlMOHHAs  MOJAEIb,  IO3BOJAIOIAS  OLCHUTh  TOYHOCTb  PEKOHCTPYKLUH  CTPYKTYpBI
AMEKTPOPU3NIECKUX M TCOMETPHUECKUX IMapaMeTPOB MHOTOCIOWHBIX IMANEKTPHUECKUX IMOKPHITUH B
3aBMCHUMOCTH OT 3HAYEHHMH 3TUX [1apaMETPOB, YPOBHS IIyMa U3MEPUTENBbHBIX JaHHBIX U IIUPUHBI ITOJIOCHI
4aCTOT U3MEPEHUN.

Knrouegvie cnoga: MHOTOCIOMHOE IUMAJIEKTPUYECKOE IIOKPBITUE, PAJUOBOIHOBBIM METOZ,
UMHUTAIMOHHAs MOJIeNlb, oOpaTHas 3amava, Kod(GUIHMEHT ociabieHus TOds MOBEPXHOCTHOM
AJIEKTPOMArHUTHOM BOJIHBI, TUIEKTPUUECKAsl IPOHULIAEMOCTb

ASSESSMENT OF THE ACCURACY OF RECONSTRUCTION OF THE STRUCTURE OF
DIELECTRIC CONTINUITIVITY AND THICKNESS OF MULTILAYER DIELECTRIC
COATINGS BY SURFACE ELECTROMAGNETIC WAVES METHOD
A. 1. Kaz’min, P. A. Fedyunin
Zhukovsky and Gagarin Voronezh Air Force Academy

Purpose: numerical study and experimental verification of the potential capabilities of the surface
electromagnetic wave method for the accuracy of reconstruction of the structure of dielectric constants
and thicknesses of multilayer dielectric coatings depending on the noise level in the measurement data
and the measurement bandwidth.
Design/methodology/approach: the simulation model is presented that makes it possible to evaluate
ofthe accuracy of reconstruction of the structure of the electrophysical and geometric parameters of
multilayer dielectric coatings depending on their electrophysical and geometric parameters, taking into
account the value of the noise level in the measurement data and the measurement frequency bandwidth.
Findings: the results of simulation and experimental investigations of reconstruction of the structure of
relative permittivitties and thicknesses of single-layer and double-layer dielectric coatings with different
thicknesses, with different values of the standard deviation (RMS) of the noise level in the measured
attenuation coefficients of the surface slow electromagnetic waveare presented. Experimental
investigations and simulation results of a multilayer dielectric coating based on the following materials
were investigated: polymethylmethacrylate, F-4D PTFE, Rogers RO 3010demonstrated the theoretical
capabilities gained relative error permittivity and thickness of the individual layers with relative error not
greater than 10 %, with a measurement bandwidth of 1 GHz and RMS of noise level 0,003-0,004.
Research limitations/implications: the present article provides a starting-point forfurther research in the
measuringofelectrophysical parameters of multilayer dielectric coatings by the multi-frequency radio
wave method of a surface electromagnetic waves.
Originality/value: the presented model allows for a specific measuring complex that implements the
multi-frequency radio wave method of surface electromagnetic waves, to quantify the potential
possibilities for the accuracy of reconstruction of the structure of the electrophysical parameters of
multilayer dielectric materials and coatings.

Key words: multilayer dielectric coating, radio wave method, simulation model, inverse problem,
permittivity, attenuation coefficient of the field of a surface electromagnetic wave.
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I'NBPUJIHAS UHTEI'PAJIBHASI CXEMA CBUYU-CMECUTEJISA B IMAITA3OHE 7-25 I'TLY
B KOHCTPYKIUHU JJISA TOBEPXHOCTHOI'O MOHTAXKA
JLILP. KI/IpI/IJIJIOBl'Z
ORCID: 0000-0003-0310-2961 e-mail: leonidkirillovO00@gmail.com
AA. Uniinkos?
ORCID:0009-0001-3606-292X e-mail: chilikov_aa@mail.ru
1HI/I>KeropOI[CKI/II7I rOCy/IapCTBEHHbIN TeXHUUYECKUM yHuBepcutTeT uM. P.E. AnekceeBa
’HDOAO «HIID «TexHoskcy, r. Mockpa

CnpoektupoBana rubpuanas unrerpaibHas cxema (I'MMC) CBY-cmecutenss B KOHCTPYKITUH IS
MTOBEPXHOCTHOI'O MOHTa)Xa C BO3MOXHOCTBIO T€pMETH3allNK, 00Najaromas CiaeIylolIUMU PacueTHBIMU
XapaKkTepUCTUKAMU: IOTepH MnpeoOpa3oBaHust okojgo 7 nb; nuanazon BxogHoro CBY curhHana u
rerepoauna 7-25 I'T'w; auanazon ITY 0-13 I'T'u; uzonsuus kananoB okosio 25 ab. g ocyiecTBiaeHUs
IIOBEPXHOCTHOI'O MOHTa)Xa M TIEpMETH3ALMH IPEJIOKEHa KOHCTPYKLHUS BBOJA-BbIBO/IA CHTHaja depes
METaJTM3UPOBAHHBIE OTBEPCTHS, KOTOPasi ObljIa MCCIIEJOBAHA M ONTUMHU3UPOBAHA B IIEJISAX COIACOBAHUS
¢ 50-oMHBIM TpakTOM M MHUHHMH3ALMU NOTepb B nepexoze. MccnenoBana m ontumusupoBaHa [MIC
JIBOMHOrO OaJlaHCHOTO CMECHTENs Ha MocTax Mapianaa ¢ I[efbl0 TOBBIIICHUS TEXHUYECKUX
xapakrepucTuK. OObeUHSASA pPe3yabTaThl YIOMSHYTBIX HCCIEI0BaHUM, POBEJEH 3IEKTPOAMHAMUYECKUN
aHaJIU3 CMECHUTENsl B KOHCTPYKIMH [UJIsi TOBEPXHOCTHOTO MOHTaka. OCHOBBIBAsCh Ha pe3ylbTarax
UCCIIEJOBAHUM, MOYKHO CZEJaTh BBIBOJ O BO3MOXKHOCTU NPHUMEHEHUS IPUBEIECHHOIO KOHCTPYKTHBHOTIO
pemienus nas apyrux ['MMC CBY-ycrpoiictB. Bee pacueTHble XapakTEpUCTUKU MOJTYYEHBI IyTEM aHaIn3a
B CAIIP TpexMepHOro »5JIEKTPOMarHUTHOTO U CXEMOTEXHMUYECKOTO0 MOJEIUPOBaHUSA. YCTPOHCTBO
BBITIOJTHEHO TMOJIHOCThI0 HA OTEUECTBEHHBIX MaTepualaX M KOMIIOHEHTaX: MOMJIOKKA M3 TMOJIHKOpa
tomuuHoU 0,25 MM, nuomHast mukpocOopka mpousBonctBa AO «HIIIT «Camror». CripoeKTHpOBaHHBIH
CMECHTEIIb SBISIETCS aHaJIoroM 3apyoeskHoi mukpocxembl HMC773ALC3B.

Knrouegwvie cnosa:. CBU-cmecurens, ['IC, noBepXHOCTHBIN MOHTaX.

AHYBRID INTEGRATED CIRCUIT MICROWAVE MIXER FOR THE 7-25GHZ
RANGEFABRICATED BY THE SURFACE MOUNTING TECHNOLOGY
L.R. Kirillov"?
ORCID: 0000-0003-0310-2961 e-mail: leonidkirillovO00@gmail.com

A.A Chilikov®

ORCID:0009-0001-3606-292X e-mail: chilikov_aa@mail.ru

Nizhny Novgorod state technical university n.a. R.E. Alekseev,

2Nizhny Novgorod branch of joint stock company «Scientific Production Company«Tehnojaks»

Purpose: the purpose of this work is to design a hybrid integrated circuit (HIC) microwave mixer
fabricated by the surface mounting technology (SMT).

Design/methodology/approach: the research requires dividing the task into two parts: research and
optimization of the signal input/output design using metallized holes, research and optimization of the
mixer topology. An analysis of the entire design is carried out after carrying out the mentioned researches.
All calculated characteristics of the design were obtained by analyzing in the CAD for three-dimensional
electromagnetic and circuit modeling.

Findings/results: The HICmicrowave mixer by SMT with the possibility of sealing is presented. Using
of this design solution is possible for other HIC microwave devices. Designedmixer has the following
calculated characteristics: conversion loss is about 7 dB; RF/LO range is 7-25 GHz; IFbandwidth is
DC-13GHz; isolation is about 25 dB. The designed mixer is an analog of the foreign HMC773ALC3B
chip.

Originality/value: the authors propose a new HIC microwave mixer by SMT. The present article
provides a promising solution for designing HIC microwave devices. The mixer made of domestic
materials and components: a ceramic substrate with a thickness of 0,25 mm, diode microassembly
manufactured by the RPE «Salut».

Key words: Microwave mixer, hybrid integrated circuit, surface mounting technology.
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HCIOJIb30BAHUE NMPUHIIUIIOB UHBEPTUPOBAHUATPAHUUYHBIX YCJIOBUI
U CUMMETPHUH JIJIS1 MOJYUYEHUS HOBBIX BAPUAHTOB TOIIOJIOT UiA
HOorJiIolmArOmMux 3JIEMEHTOB ATTEHIOATOPOB
A.B. InnbkeBn4
ORCID: 0000-0002-8246-492X e-mail: anton-pi@yandex.ru
B.JI. CaakoB
ORCID: 0000-0002-0917-1186 e-mail: sadvd2016@mail.ru
Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yausepeuteT uM. P.E. AnexceeBa

Jns  1oCTpO€HHsT BOJIHOBOJHBIX, KOAKCHAJIBHBIX H IIOJIOCKOBBIX AaTTEHIOATOPOB LIMPOKO
HCIIOJIB3YIOTCS IIJIEHOYHBIE PE3UCTUBHBIE MTOTJIOIIAOIINE SJIEMEHTHI.

B nurepatype pacCMOTpEHBI TOIIOJIOTMY MOIVIOLIAIOIINX AJIEMEHTOB HA OCHOBE PACIPEICICHHBIX
OJTHOPOJHBIX M KYCOUHO-OJHOPOJHBIX PE3UCTUBHBIX CTPYKTYp, OOECIEUHBAIOIINX peaTr3aIuio
IIMPOKOTO JMana3oHa OCIa0JIeHU, MUHUMH3AIMIO TJIOTHOCTH MOIIHOCTH U TPAJUEHTOB MOTEHIIMAJIOB
BOJIM3U BXOJIHOTO KOHTaKkTa. Mcronp30BaHne KyCOUHO-OJHOPOIHBIX CTPYKTYpP MO3BOJISET PE3KO CHU3UTD
rabapuThl MOTJIOMIAIONINX IEMEHTOB, PACIIMPHUTD TUAMa30H ociaalieHnit B 001acTh MaJIbIX OCTIabIeHHH,
yIAYULIUTh YCIOBUSL ANl paOOThl B UMITYJIbCHOM pEXHME, MOCTPOUTH MOTJIOMIAIONINE SJIEMEHTHI s
MoHTaxxka B MILJI pe3ucTuBHON MIIEHKOW BHU3, BBEPX, B OTBEPCTHUE.

[IpenynaraeTcss MeToauka JJig MOJYYEHHS] HOBBIX OpPUTMHAJIBHBIX BAapUAHTOB TOIOJIOTHI
MOMJIOIIAKOIIMX AJIEMEHTOB, CPEIH KOTOPBIX MOTYT OKa3aTbCs TOMOJIOTMU C YJIYYIIEHHBIMH YaCTOTHO-
MOIIIHOCTHBIMU ~ XapaKTepUCTUKAMHU,  YIOPOIICHHOW  TEXHOJOTHMEH  M3TOTOBIEHUS,  OOMNbIIeH
YCTOMYMUBOCTBIO JJIE pabOThl B HMITYJILCHOM pexume. [lpu 3ToM 171 ociiabieHuss U BXOJHOTO
COMPOTUBIIEHUS HOBOTO MOTJIOMIAIOIIETO 3JIEMEHTA MOIYYar0TCs MPOCThIE COOTHOLICHUS.

Knwueevie cnosea. NNEHOYHBIA MOTJIOMIAIOMIMN 3JIEMEHT, aTTEHIOATOP, MHBEPCUS TPAHUYHBIX
YCIJIOBUM, IPUHLUII CHMMETPUHU.

USING THE PRINCIPLES OF INVERTING BOUNDARY CONDITIONS AND SYMMETRY
TO OBTAIN NEW TOPOLOGIES OF ABSORBING ELEMENTS ATTENUATOR
A.V. Pilkevich, V.D. Sadkov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: A technique is proposed for obtaining promising topologies of absorbing elements for typical
installation methods in a transmission line with improved frequency-power characteristics
Design / methodology / approach:The combination of the principles used makes it possible to obtain
new topologies, a number of which turn out to be valuable for practical application
Findings: Original topologies of absorbing elements with the same attenuation and significantly different
specific surface resistance of resistive films, suitable for operation in pulsed mode.
Research limitations / implications: New topologies allow you to expand the scope of application and
installation methods.
Originality / value: The parameters of the new topologies are easily expressed in terms of the parameters
of the original ones.

Key words: film absorbing element, attenuator, inversion of boundary conditions, symmetry
principle.
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YK 621.372.56
TOIOJIOI'NA NOTJIOIIAOHIUX SJIEMEHTOB AJAIITOATEHIOATOPOB JJIAA
HOBEPXHOCTHOI'O MOHTAXA
A.B. IInnbkeBu4
ORCID: 0000-0002-8246-492X e-mail: anton-pi@yandex.ru
B.A. CagxoB
ORCID:0000-0002-0917-1186e-mail: sadvd2016@mail.ru
Huxeropoackuii rocynapcTBeHHbIN TexHUYeCckuil yuuBepcutet um.P.E. AnekceeBa

[upokomnonocHble GUKCHPOBAHHBIE ATTEHIOATOPHI C MJIEHOYHBIMH IMOTJOMIAIOUIMMH 3J€MEHTaMU
(IT9) wmUpOKO UCHONB3YIOTCA B PAAUOIIEKTPOHUKE. Pa3sHOBUAHOCTBIO aTTEHIOATOPOB SBIISIFOTCS
a/1alTOaTTeHI0ATOPbI, OTJIMYAIOIINECS Pa3HbIMHU 3HAUYEHUSIMU BXOJHOTO U BBIXOJHOTO CONPOTUBIICHH.
[1D arTeHr0aToOpoB M aJaNTOATTEHIOATOPOB MOTYT OBITh MOCTPOCHBI HAa OCHOBE KaK COCPEIOTOYEHHBIX
(mo IlI- m T-cxemam), Tak M paclpeAeieHHBIX PE3UCTUBHBIX CTPYKTyp. [lociemnue otimnyaroTcs
HEYYBCTBUTEIBHOCTBIO K TOYEYHBIM JlepeKTaM M HEOJHOPOIHOCTSIM, pa3dpocy TEXHOIOTHYECKHX
MapaMeTpoB, TOYHOCTHIO U IIMPOKOIOJIOCHOCTHIO, OOJNbIIEH YCTOWYMBOCTBIO K UMIYJIbCHBIM U
TEMIIEpPaTypHbIM  Bo3neicTBUsAM.M3BecTHpie Tomosoruu 11D  ajganToaTrTeHI0ATOPOB HAa  OCHOBE
pacrpeieieHHbIX PE3UCTUBHBIX CTPYKTYp, pa3paOOTaHHbIEe paHee ISl KOAKCHAIbHBIX U IOJOCKOBBIX
TPaKTOB, OKa3bIBAlOTCA HENPUIOJHBIMM JUISI TOBEPXHOCTHOI'O MOHTa)Xa, KOHTAKTbl KOTOPBIX IIO
TEXHOJIOTUYECKUM COOOpaKeHUSM JOJIKHBI PacIoaraThbCsl Ha MPOTHBOIOJIOKHBIX CTOPOHAX MOAJIOKKH
u oxBarbiBaTh ee. KpoMe Toro, nepcrnexktuBHble Tononoruu 13 nomkHbl oOecreunBaTh IpU 3aJaHHbBIX
ocnabnenuu u kodddunueHte TpaHchHOpMallMd YMEHbIIEHHE MaKCHUMAalbHBIX 3HAYEHUI TPaIHEHTOB
MOTEHLMAJIOB W IUIOTHOCTEM MOIIHOCTH, YTO B&)XHO JJs YCTOWYMBOM pabOThl B HMIIYJIbCHOM
pexume.llpennoxensl nepcnekTuBHble Tomnosioruu [ID aganToarreHr0aTOpOB JIsI TOBEPXHOCTHOTO
MOHTa)Ka, ITO3BOJISIIOIIME B MAaJbIX radapurax OOECIeUNTh HEOOXOMMMBIN JTUana3oH OCIaOIeHUH u
ko3¢ duULeHTOB TpaHCcPOpMAILIMK, TPOBEACHO UX MOJICIHPOBAHUE C UCIOIb30BAHUEM AHATUTHUECKUX U
YHUCJIEHHBIX METOJIOB.

Kntouegvle cnoea. TIICHOYHBIA TOTJOMIAIONINN  DIEMEHT, aJanTOATTEHIOATOp, TPaJUCHT
MOTEHIIMaja, JIOTHOCTh MOIIIHOCTH, TOBEPXHOCTHBIM MOHTAX.

TOPOLOGIES OF ABSORBING ELEMENTS OF ADAPTOL ATTENUATORS FOR SURFACE
MOUNTING
A.V. Pilkevich, V.D. Sadkov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose:Analysis of the topologies of AE adaptoattenuators, allowing for a given attenuation and
transformation coefficient to reduce the maximum values of potential gradients and power densities.
Design / methodology / approach: The modeling of AE using analytical and numerical methods is
carried out.
Findings: Distributed resistive structures are insensitive to point defects and inhomogeneities, have a
smaller spread of technological parameters, greater accuracy and broadband, resistance to pulse and
temperature influences.
Research limitations / implications: The known topologies of AE adaptoattenuators based on
distributed resistive structures, developed earlier for coaxial and strip paths, are unsuitable for surface
mounting, the contacts of which, for technological reasons, should be located on opposite sides of the
substrate and cover it.
Originality / value: Promising topologies of AE adaptoattenuators for surface mounting are proposed,
allowing in small dimensions to provide the necessary range of attenuation and transformation
coefficients.

Key words: film absorbing element, adaptoattenuator, potential gradient, power density, surface
mounting.
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PABPABOTKA COINIACOBAHHOM CBY-HATI'PY3KH BOJIBIIION MOIITHOCTH,
OXJIAKJTAEMOM )KAJIKOCTBIO
P.B. bynaparun
ORCID: 0009-0001-3172-9633 e-mail:rbudaragin@mail.ru
3.10. Canacenko
ORCID: 0000-0003-3609-2632 e-mail: zina.salasenko@mail.ru
Huxeropoackuii rocyaapcTBeHHbIN TeXHUYECKHU yHUBepcuTeT uM. P.E. AnekceeBa

Coznanue Harpy3ok 00JbII0i MOITHOCTH, PA0OTAIOIIKUX B IIMPOKOM JAUAIa30HE YACTOT BHI3BIBACT
OIpeJIeJIeHHbIE TPYAHOCTH, CBSA3aHHBIE C MOTPEOHOCTHIO BHECEHUS! KOHCTPYKTHBHBIX TEXHOJIOTUYECKUX
pelieHuid, KoTopble ofecredyar ONTHUMAaJbHBIM YPOBEHb TEIUIOOTIA4YM IPU XOPOLIEM COIJIACOBAHHUU
Harpy3ku ¢ CBY-tpakrom. B J1oknaze Ha OCHOBE CTpPOroro 3JI€KTPOAMHAMMYECKOIO METoAa
MIPOU3BOJUTCS PacueT, U HIPHUBOMAATCS PpPe3yJabTaTbl MPOEKTHUPOBaHUA corjiacoBaHHOM CBY-narpysku
OOJIBIIION MOIIHOCTH, OXJIaXKIaeEMOM BOILOM

Knrwoueewie cnosa: CBU-Harpyska, METO/1 YaCTUIHBIX 00J1aCTEH, CUCTEMA OXJIAXKICHHS.

DEVELOPMENT OF A CONSISTENT HIGH-POWER, LIQUID-COOLED
MICROWAVE LOAD
R.V. Budaragin, Z.1U. Salasenko,
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: This article discusses the creation of a consistent high-power microwave load using a cooling
system, which is a closed circuit of liquid circulation, as a heat sink.
Design / methodology / approach: It is proposed to use the partial domain method to optimize
parameters as a method for calculating the matched coaxial load of high microwave power. By this
method, by solving the diffraction problem, a system of linear algebraic equations with respect to wave
amplitudes is obtained and coefficients are found.
Findings: The authors proposed using the partial domain method as a method for calculating a consistent
coaxial load of high microwave power to optimize parameters such as geometric dimensions, at which the
VSWR of the load in the operating frequency range (from DC to 1300 MHz) will be the smallest. In
addition, it was found that the presence of coolant layers significantly affects the level of VSWR, and a
circuit of a closed cooling system is provided, which allows to ensure the level of dissipated microwave
power up to 5 kW.
Research limitations/implications: In order to limit the problem and give a complete mathematical
description of the process of converting electromagnetic energy into coolant energy inside a microwave
absorber, boundary conditions were used in conjunction with CFD modeling. This made it possible to
visualize the temperature gradient of the coolant in the considered model in the form of a color field and
achieve such an intensity of the mixing process that the coolant flow was turbulent.
Originality/value: The value of this article lies in the fact that the development of this system relates to
microwave technology and can be used as an end load in waveguide paths with an increased power level.
In conclusion, the paper presents the results of designing a consistent high-power microwave load cooled
by liquid (water).

Key words: microwave load, partial domains method, cooling system.
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ABTOMATHU3UPOBAHHASA CUCTEMA OTPABOTKHU PEXKUMOB 1 CBOPA JAHHBIX
OT MOIIHOT' O TPEOBPA3OBATEJIA CBY DOHEPI' U

P.B.bynaparun
ORCID: 0009-0001-3172-9633 e-mail: rbudaragin@mail.ru
A. 1. CepoB
ORCID:0009-0008-4609-8601e-mail:alesha.serow2014@yandex.rul.A.
IBeTKOBA

ORCID: 0009-0003-1923-8860e-mail: tsvetkova.ira@icloud.com
Huxeropoackuil rocygapcTBeHHbIN TexHUUeckuid yHuBepcuteT uM. P.E. AnekceeBa

CoBpeMeHHBIE TEXHOJOTHH TPEOYIOT CO3JaHHs BBICOKOI((EKTUBHBIX CHCTEM YIPABICHUS IS
obecrieyeHns: CTaOMIIBHOCTH U TOYHOT'O pacyera paboThl pa3IMYHbIX YCTPOMCTB, B TOM YHCIIE€ MOIIHBIX
npeobOpazoBarenieii CBY osuHepruu. B nokmage npuBOAATCS CcHUCTEMa OTPaOOTKH — PEKHMOB
npeoOpaszosaresis CBY sHeprum, a Takke NOJKIOYEHHOINO K HEMY OXJAXACHUS, COCTOAIIAs U3
oxHorutatHoro kommetorepa (Orange Pi Lite), koTopsiid ucmons3yercst st 0ToOpaXkeHust, 00pabOTKU U
XpaHeHus HH(opMaimuu. B Hero BcTpoeH MoIynab Ui OOpaOOTKHM CHUTHAJIOB OT JIaTUYMKOB,
MOJIKJIFOUYEHHBIX K CHCTEME: JaTYMKaM pacxoja, YpPOBHs, TEMIEPATypbl, IEKTPUYECKOW MOIHOCTH.
C60p 1 00paboTKy JaHHBIX, 0OTOOpaXKeHne HH(POPMALUU HAa CEHCOPHBINM 3KpaH M apXMBUPOBAHUE JIOTOB
JUTS TIOCJICIYIOIIEr0 aHaiM3a OCYIISCTBISICT MPUIOKEHHWE , HamucanHoe Ha Java (AxiomJDK) c
ucnosb3oBanueM Postgre SQL.

Knirouesvie cnoea: apTomaTU3npoOBaHHas cucTeMa, rpeodpasosarens CBY, ogHomnaTHbIil
KOMIIBIOTEP, JaTYMKH, Java, TeIIoBas MOLUIHOCTb, TEMIO0OMEHHBIE MPOLIECCHI, KAINOPOBKa

AUTOMATEDSYSTEMFORMODECONTROLANDDATAACQUISITIONFROM
HIGH-POWER MICROWAVE ENERGY CONVERTER
P. V.Budaragin, A.D.Serov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: To develop a system capable of efficiently controlling mode sand data acquisition from a
high-power microwave energy converter.
Design/methodology/approach: A microcontroller control system based on a single board computer is
used in the work. It provides data visualization, processing and storage. An integrated module for signal
processing allows interfacing with various sensors including flow, level, temperature and electrical
power sensors. The software, written in Java, is responsible for collecting, processing and displaying
information on the touch screen, as well as archiving logs for later analysis.
Findings: System testing showed a high correlation between the measured power and thermal power,
which confirms the reliability and accuracy of the developed measurement method. Thus, the
determination of the cooling system capacity and its automated control provides the necessary stability
of heat exchange processes in production.
Research limitations/implications: The development and testing of microwave converters will become
easier.
Originality/value: The development of microwave converter causes certain difficulties associated witht
he introduction of additional design and technological solutions to the devices, providing the required
level of heat transfer with good load matching with the microwave path. Therefore, after the design
stage it is important to experimentally test the operation modes of this load at different power levels in a
wide range of changes in the parameters of the coolant.

Key words: automated system, microwave converter, single boardcomputer, sensors, java, thermal
power, heat exchange processes, calibration
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PA3PABOTKA ABTOMATHYECKOW CUCTEMBI YIIPABJEHUS JIJISI BATAHCHPOBKH
BJIOKOB BAJLJTACTHOM HAI'PY3KH
P.B.bynaparuun
ORCID:0009-0001-3172-9633 e-mail: rbudaragin@mail.ru
A. 1. CepoB
ORCID:0009-0008-4609-8601 e-mail: alesha.serow2014@yandex.ru
Hwxeropoackuii rocyaapcTBeHHbIN TeXHUYECKUil yHUBepcuTeT uM P. E. AnekceeBa

C pa3BUTHEM TEXHOJOTHH B OOJIACTH SHEPreTUKHU CTAHOBUTCA Bce OoJjiee aKTyaJlbHOM 3agada
o0ecre4eHUsACTaOMITbHONPAOOTHI TYpOMHUAICKTPOTreHEPATOPOBBPA3INYHBIX YCIOBUAXIKCILTyaTaIIHH.
OnHUM U3 KIIIOYEBBIX ACIIEKTOB 00eCIeYeHns: 3TON CTaOMIIBHOCTHU SABJISETCS MpaBUIIbHAs OalaHCUPOBKA
MOIIHOCTeW Ha OamtacTHOW Harpyske. HapymieHuss paGoTbl B JaHHOW CUTyallMH MOTYT IPUBECTU K
Cepbe3HBIM cOOsIM U MoTepe 3Hepruu. Pemenue 37oil mpobieMbl MOXKET ObITh HAWJEHO B pa3padoTke
ABTOMATUYECKOW CHUCTEMBI YIPaBIIEHUsS, CIIOCOOHON 3(deKTUBHO OamaHCHpPOBaTh OJOKU OayIacTHOM
Harpy3kH Ha OCHOBE JIaHHBIX O MOJIE3HOH Harpy3Ke U BHEIIHUX YCIOBHH.

Knwouesvie cnosa: aBTOMaTHUECKas CHUCTEMa yIpaBIeHUs, OalaHCUpOBKa Harpys3ku,C++,
AJIEKTPOOE30IIaCHOCTh, PYYHOE YIIpaBJICHUE, KaTHOPOBKA.

DEVELOPMENTOFANAUTOMATICCONTROLSYSTEMFOR BALANCING
BALLASTLOADUNITS
P.V. Budaragin, A.D. Serov
Nizhny Novgorod state technical university n.a.R.E.Alekseev

Design / methodology / approach: To achieve the objective, Arduino microcontroller, C++
programming algorithms, and solid state relays are used to control the ballast load units. The software is
developed based on agree dialogorithmthat will optimally allocate the ballast load considering thecurrent
payload and data from current and voltage sensors. Current and voltage sensors are installed on bus bars
connected to the ballast and payload panels to provide feedback and correct system operation.
Findings: During this project, an automatic ballast load balancing system was successfully developed
and tested to effectively control the operation of a turbine or power generator under various operating
conditions. The developed software meets the established requirements and provides a user- friendly
interface for the operator.
Research limitations/implications: However, it should be noted that this system has limitations, such as
the accuracy of payload data measurement and the need for additional customization for specific types of
turbines or electric generators. Additional features such as adaptation to changing operating conditions or
enhanced control and monitoring capabilities could be implemented to improve the system.
Originality/value: The originality of this project lies in the development of a control system algorithm
for balancing power on ballast load base don pay load data. The system has a high through put of up to 8
measurements per second, which significantly increases the responsiveness to parameter changes.
Inaddition,besidesautomaticcontrol,itprovidesformanualcontrolformoreflexibleconverteroperation.
Equally important is the system's enhanced safety for closed electrical systems such as spacecraft or
submarines, making it applicable in a wide range of operating environments.

Keywords: automatic control system, load balancing, C++, electrical safety, manual override,
calibration
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MOIIHBIE YCUJIMTEJIN CBY C UMITYJIbCHOW MOIYJIAIUENA
C.A. Badynbko
ORCID: 0009-0001-3110-6030 e-mail: babunkosa@salut27.ru
IO.I'. BesioB
ORCID: 0000-0002-2753-119X e-mail: bel266@nntu.ru
Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yauBepeuteT uM. P.E. AnexceeBa

B coBpeMeHHBIX MaJIOTa0apUTHBIX PAJHOIOKATOPaX 0c000e MECTO 3aHMUMAET MpodIeMa CO3IaHus
KOPOTKHX MOIIHBIX 30HIUPYIOUIMX PaJUOUMITYJIBLCOB C MPSIMOYTOJIbHOH (opmoi  orubaromiei.
CymectByrompe MeToAasl (OPMHUPOBAHUS TaKUX HWMITYJCOB B TBEPIOTEIbHBIX YCHUIUTEISAX HE
MO3BOJIAIOT 00ecreunTh Ju00 Tpedyemyro ¢dopmy orubaromied, 100 HEOOXOIUMBIX IHEPTreTUYECKUX
MOKa3areie yCHIUTENS TPU UMIYJLCHOM PEXHUME paldoThl. B mokimane CpaBHUBAIOTCS pa3IUYHBIC
METOJIbl HMITYJIbCHOM MOZYJSIMN TBEPAOTEIbHBIX YCHIIMTEICH, MpeniaraeTcsl peanus3alus CXeMbl
(hOopMUPOBaHHUS KOPOTKHX HMMIYJIbCOB (C HIIUTEIBHOCTSIMH OT JECATKOB HAHOCEKYHJ JI0 CIUHUIL
MUKpocekyHn) B C-nuamna3one ¢ nomombio CBY-ycunureneir Ha GaN-TpaH3ucTOpax Mpy 3HAYUTEIBHON
BbIxogHOW MomHOCTH (100 BT u Gosiee) U BHICOKOM TOJABICHUH BBIXOJHOTO CUTHAJA B May3€ MEKIY
UMITyJIbcaMu. PaccMOTpeHHBIN MOAXO0J MOXKET OBITh MPUMEHEH MPU MPOEKTUPOBAHUU MajorabapuTHOU
OOpPTOBOHM PaJMOJIOKAIIMOHHOW armaparypbl, padoTaromeidi B WMITYJbCHOM PEXHME, TPU KECTKHX
TpeOOBaHUAX K MOTPEOIsIEMON MOIIHOCTH U AJIEKTPOMArHUTHOW COBMECTUMOCTH.

Knioueevle cnosa: tBepaorenvHas 3ekTpoHuka, GaN-TpaH3ucTop, peKUM pabOTHL, UMITYJIbCHAS
MOJYJIALINS, HAKOMUTEIbHBIN KOHIEHCATOP, (PPOHT U cHaa UMITYIbCa, CKBAXKHOCTh

POWERFUL MICROWAVE AMPLIFIERS WITH PULSE MODULATION
S.A. Babunko, Yu.G. Belov
Nizhny Novgorod state technical university named after R.E. Alekseev

Purposes: The task is to develop a C-band output amplifier with an output power of 100 Watts, which
ensure the formation of short microwave power pulses (lasting from 50 ns to 2 mcs) with signal
suppression in the pause between pulses of at least minus 130 dBm.
Design/methodology/approach: Achieving the required high suppression of the output signal in the
pause between pulses is impossible due to a change in the offset voltage or switching of the input
microwave signal of the amplifier operating at constantly operating supply voltages of the transistor. In
order to realize the necessary suppression of the output power in the pause between pulses, it was decided
to use two methods of generating a radio pulse simultaneously: switching off the supply voltage of the
amplifier transistors in the pause between pulses together with the manipulation of microwave switches.
Findings: To improve the pulse parameters, a voltage modulation scheme for each of the microwave
amplifier transistors was developed. NEDI Technology microwave transistors were tested, which showed
characteristics at the level of Toshiba transistors (uneven peak of a powerful pulse, duration of the
leading/trailing edges of the microwave pulse, coinciding in the frequency band).
Research limitations/implications: The considered approach can be applied in the design of small-sized
on-board radar equipment operating in pulse mode, with strict requirements for power consumption and
electromagnetic compatibility.
Originality/value: By choosing the lead time of the trigger pulse and its duration, it is possible to ensure
the formation of short high-power microwave pulses with steep edges and relatively low unevenness of
the pulse tip, even on transistors of not the highest quality. Modulation of the supply voltage and
switching of the input signal of the amplifier in the pause between pulses allows you to obtain high
electromagnetic compatibility parameters, which will allow the receiver to work with high sensitivity.

Key words: solid-state electronics, GaN transistor, operating mode, pulse modulation, storage
capacitor, pulse front and decay, duty cycle.
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OIEHKA BJIUAHUSA HEPABHOMEPHOCTHU NIOBEPXHOCTHOI'O
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ORCID: 0009-0002-3917-983X e-mail: vdovichenkoia@mail.ru
A.E. UBanos
ORCID: 0009-0000-2040-4662 e-mail: iaeart@yandex.ru
I' 1. lInmxoB
ORCID: 0009-0009-8203-5058 e-mail: radiofnn@bk.ru
Huxeropoackuil rocyaapcTBeHHbIN TexHUUecKUi yHOuBepcuTeT uM. P.E. AnekceeBa

Heabp paGorbl: Pa3paboTka METOOUKHM pacdyeTa XapaKTEPUCTHK OcIallieHHs aTTEeHI0ATOPOB,
YUUTBIBAIOLIEH HEPABHOMEPHOCTh [TOBEPXHOCTHOI'O CONPOTUBIICHUSI TOHKOW PE3UCTUBHON IICHKU.

IIpoexTupoBanue/meronosorusi/moaxon:  OneHKa  HEPAaBHOMEPHOCTH  ITOBEPXHOCTHOT'O
COIIPOTHBIICHUS, a Ha €€ 0a3e M pacyeT XapaKTepPUCTUK OCJIA0JEHMsI OCHOBAH Ha peallbHbIX MCXOJHBIX
XapaKTepUCTHKAX HalbUICHUS, 3aBUCAIIMX OT F€OMETpPUM HcrnapuTeseid. BBOIUTCS MOHATHE yAEIbHOIO
audQepeHHanbHOro MOBEPXHOCTHOTO comnpoTuBieHus. Ilo nauarpamMmaM KOHJEHCALMU HcHapuTesei
BBIUUCIIIETCS CPEIHEE TOBEPXHOCTHOE CONPOTUBIIEHUE JUIsl pacdeTa 0ClIallIeHus aTTeHIaTopa.

HoBu3na: B ocHOBY pacuera HOBEPXHOCTHOI'O CONPOTHUBIICHUS IOJIOKEHBl XapaKTEePUCTHUKH,
orpezessieMble JuarpaMmMamMy KOHJIEHCAIlUU UCTIapuTeNe.

Hay4Hoe wuccienoBanue/orpaHu4eHne/IpuYacTHOCTL: Ha KOHKpETHOM Ipumepe NpOBEACH
pacueT M CpaBHEHHE 3Hau€HUM ocia0JeHHsT Ha OCHOBE OLEHOK MaKCUMaJIbHOIO, MHHHUMAJIbHOTO
ocialieHus, MOJIOBUHHOTO YCPEIHEHUs U YCPEAHEHUs OCJIablIeHHs] HA OCHOBE JUarpaMM KOHJEHCAIUH.
Pacuer orpaHnuumBaeTcsi JByMS OCHOBHBIMU DJJIEMEHTApHBIMM THUIIAMU MCIAPUTENIEH: TOYEUHBIN
UCHApUTEh U UCTIAPUTENb TUIIA «3JIEMEHTapHAs IUIOIAAKaY.

OpuruHanbHoOCTh/3HaYeHne: PacueT XapakTepUCTHK Ha OCHOBE JAMarpaMM KOHJECHCALUU
MO3BOJISIET YMEHBIINUTh PACXOKICHUE TEOPETHUECKUX U IKCIIEPUMEHTAIBHBIX PE3YJIbTaTOB M BO MHOTHUX
cirydasx n30exars npoueaypy noaronku u perynuposku CBY (KBY) y3nos.

Knwouesvie cnoea: pe3ucTUBHBbIC IUICHKH, IOBEPXHOCTHOE COIPOTHUBIIEHUE, IHArpaMMbl
KOHJIEHCAlLlUU, aTTEHI0AaTOPBbI, OcaalleHue.

EVALUATION OF THE INFLUENCE OF IRREGULARITY OF SURFACE
RESISTANCE OF A RESISTIVE FILM ON
ATTENUATOR PARAMETERS
I.A. Vdovichenko, A.E. lvanov, G.I. Shishkov
Nizhny Novgorod state technical university n. a. R.E. Alekseev

Purpose: Development of a technique for calculating the attenuation characteristics of attenuators, taking
into account the irregularity of the surface resistance of a thin resistive film
Design/methodology/approach: Taking into account the unevenness of surface resistance, and on this
basis, the calculation of attenuation characteristics is built on the actual initial characteristics of coatings,
depending on the geometry of evaporators. The concept of specific differential surface resistance is
introduced. Based on the condensation diagrams of the evaporators, the average surface resistance is
calculated, from which the attenuator parametersare calculated.
Findings: The calculation of surface resistance is based on the characteristics determined by the
condensation diagrams of evaporators.
Research limitations/implications: Using a specific example, we calculated and compared attenuation
values based on estimates of maximum, minimum attenuation, half averaging, and attenuation averaging
based on condensation diagrams. The calculation is limited to two main elementary types of evaporators:
a point evaporator and an “elementary platform” evaporator.
Originality/value: Calculation of characteristics based on condensation diagrams makes it possible to
reduce the discrepancy between theoretical and experimental results and, in many cases, to avoid the
procedure of fitting and adjusting microwave (EHF) units.

Key words: resistive films, surface resistance, condensation diagrams, attenuators, attenuation
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IMPOEKTUPOBAHUE AHTEHHbBI KACCEI'PEHA HA YACTOTY 118 I'T'I] C ITPEJAEJBHO
JOCTUKUMBIMU XAPAKTEPUCTUKAMMU
B.B. bupwokos
ORCID: 0000 0002 6003 0450e-mail: birukovvv@mail.ru
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ORCID: 0000-0001-5902-6908e-mail: mr.vasmal@mail.ru
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ORCID:0009-0006-1220-685Xe-mail:korgik.265265@gmail.com
A.C. PaeBckmii
ORCID: 0000-0001-8676-0949e-mail: raevsky_as@mail.ru
FO.B. PaeBckast
ORCID: 0009-0008-2357-2251e-mail: raevskaja.julija@yandex.ru
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ORCID:0000-0002-7744-0763e-mail: sherbakovwv@gmail.com

Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yausepeuteT uM. P.E. AnekceeBa

B GecnipoBOJIHOH CBsI3M TepareproBbId JUANa30H MHTEPECEH I IMepeaadnd OOoJIbIINX 00BEMOB
JaHHBIX Ha JaJbHUE paccTossHus. OCHOBHOW MPOOIEMOIi MCIIOIB30BaHMsI TEPArepIioBOro AMAara3oHa s
IMOCTPOCHHA 66CHpOBOI[HLIX CUCTEM CBiA3U ABJISICTCA HH3Kasd BbIXOAHAas1 MOIIHOCTh HMCTOYHUKOB
HU3JTy4YCHUA, IIO3TOMY B TaKUX CHUCTEMaAx uenecoo6pa3H0 HCIIOJIb30BaTh AHTCHHBbI KaccerpeHa,
MO3BOJIAIOIIUEC MMOJIYYUTh Y3KYIO AUarpaMmy HAIIPABJIICHHOCTH C K03(1)(1)I/II_II/ICHTOM YCUIJICHUS HE MCHEC 40
nb. IlpuBeneHHbIe XapaKTEPUCTUKU aHTEHHBI B TEPArepIioBOM JMANa30He YacTOT B YCIOBUAX aTMOC(hepsl
SemMitn JOJI?’KHBI o0ecIieynBaTh 6eCHpOBOI[Hy1-O CBA3b Ha pPaCCTOAHHMU HCCKOJbKHX KHIIOMCTPOB, 4 B
YCIOBUAX KOCMHYECKOI'O0 IIPOCTPAHCTBA HaA HECKOJBKO TbICAY KHIIOMETPOB. Taxum 06pa30M,
MIPEACTABISIET MHTEpPEC paccMoTpeHue aHTeHHbl Kaccerpena Ha vactore 118 I'T1p ¢ koaddunmentom
ycuieHuss He MeHee 55 nb. B crarbe npencTtaBieH pacdeT AEKTPUYECKUX XapaKTEPUCTUK AHTEHHBI
Kaccerpena Ha yactory 118 I'T'u. Pacuer snexkTpuueckux napameTpoB aHTEHHBI IPOBOAMIICSA C IIOMOIIbIO
[MaxkeTa Mnporpamm TpéXMepHOI‘O MOZACIIMPOBAHUA DJJICKTPOMArHUTHOI0 I10JI1 METOJAOM KOHCYHBIX
snemMeHTOoB. Ilo pe3yibTartaM IMMPOBCACHHBIX PACUCTOB NPCJIOKECHA AHTCHHA C IIPUMCEHCHUCM KPYTJIOTO
ropupoBaHHOTO pynopa B KauecTBE 00IydaTess.

Knroueevie cnoea: antenna KaccerpeHa, TeparepHOBLIfI Auara3oH 4acToT, KO3(1)(1)I/II_II/I€HT
YCUJIEHUS, KPYIJIbIil TOppUPOBaHHBIN PYTIOP.

DESIGNING A 118 GHZ CASSEGRAIN ANTENNA WITH EXTREMELY
ACHIEVABLE CHARACTERISTICS
V.V. Biryukov, I.A. Vorobiev, V.A. Malakhov, D.V. Obraztsova,
A.S. Raevsky, Yu.V. Raevskaya, V.V. Shcherbakov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The purpose of the work is to achieve the maximum characteristics of the Cassegrain antenna,
such as gain and side lobe level.
Design / methodology / approach: In this paper, the modeling of antenna Cassegrain using computer-
aided design systems Ansys HFSS and CST Studio Suite is considered. The work contains the basic steps
of 3D modeling of the structure with the calculation of the main characteristics at each stage of model
modification and the use of the possibility of optimizing the structure to achieve optimal characteristics.
Findings: In the article, using electrodynamic modeling, the optimal dimensions of the reflector were
found, with the help of which the maximum gain was achieved.
Research limitations: This article serves as a starting point for further to find solutions to optimize the
design of the Cassegrain antenna in order to improve the characteristics of the antenna system.
Originality/value: Mirrored antennas are widely used in wireless communication systems. In particular,
the designs of these antennas are of interest in the terahertz frequency range, where it is necessary to
concentrate electromagnetic energy in a narrow beam of radiation of the main maximum. Improving the
energy characteristics of mirrored antennas remains an urgent task today.

Key words: Cassegrain antenna, terahertz frequency range, gain, round corrugated horn.
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BBIEOP OIITUMAJIBHOM KOHCTPYKIIUA PYIIOPHOI'O OBJIYYATEJISI AHTEHHbBI
KACCEI'PEHA HA 118 I'TIH
N.A. BopoObeB
ORCID: 0009-0009-6639-6494 e-mail: unihoc50@yandex.ru

JA.B. O6pa3uoBa

ORCID:0009-0006-1220-685Xe-mail:korgik.265265@gmail.com
B.B. lllep6axkoB

ORCID:0000-0002-7744-0763e-mail: sherbakovwv@gmail.com

Huxeropoackuii rocyaapCTBeHHbIN TeXHUYECKUil yHUBepcuTeT uM. P.E. AnekceeBa

OaHuM U3 OrpaHUYMBAIOIINX (AKTOPOB JJISl UCIOIB30BAHUS TEPareplioBoro JAuana3oHa 4acToT B
TEJICKOMMYHHUKAIIMOHHBIX CUCTEMAaX SIBJIICTCS aKTHMBHOE MOTJIOIICHUE TAKOTO THUIIA U3JIy4YEHUs BOJION U
BOJSHBIMU MapaMH B Bo3ayxe. M3-3a 3TOro TeparepuoBble€ CHCTEMBI CBSI3M NPUMEHSIOTCS B KaueCTBE
cucteM OJMkHEH U cpeaHed nambHOCTH (A0 5 kM). OAHUM M3 MEPCHEKTUBHBIX HAMPABICHUN SIBISETCS
WCIIOJIb30BAaHUE TEPAreplioBOro Juara3oHa JUisl CIHYTHUKOBOM CBSI3M B KOCMOCE, TIJI€ OTCYTCTBYET
roryomenure B arMocdepe. I1pu 3TOM K aHTEHHE TIPEABSIBIISIIOTCS TpeOOoBaHUS 0OIBIIOro Koddduimenta
YCUJICHUS W Y3KOrO TJIaBHOTO JIETIECTKA JguarpaMmbl HAMpaBICHHOCTH Jig OOecleueHus albHen
MEXCIIYyTHUKOBOM CBsi3U. TakuMm TpeOOBaHMSIM YIOBIETBOPSAIOT AHTEHHbI, IIOCTPOEHHBIE IO CXEMeE
Kaccerpena, rme B KkauecTBe oOmyuaTells HCHOJB3YIOTCS pa3iMyHble BUABI pynopoB. [IpakTuka
[IOKA3bIBAET, YTO HCIOJb30BaHHWE B KayecTBE OOJiyyaTeslsi NMUPaAMUAAIBHOTO PYyNopa HE IO3BOJIET
s (deKTUBHO IepenaBaTh SHEPTUI0O OT TeHepaTopa K cucTeMe 3epkail aHTeHHbl Kaccerpena uz-3a
paccesiHusI PHEPTUU B CBOOOIHOE TIPOCTPAHCTBO. B paboTe MpuBOANTCS aHAIN3 PYHOPHBIX 00ydaTese,
UCIONIb3YEMBIX B aHTeHHax KaccerpeHa, /il MOBBIIICHUS YHEPreTUYECKON 3((EKTUBHOCTH aHTEHHHI B
TeparepoBoM auarna3oHe 4actoT. [loBeimeHne sHepreTnyeckoi 3(p(PEeKTHBHOCTH TOCTUTACTCS 3a CUET
yBeMueHus: Kod3(QUIMeHTa HANpaBICHHOTO [EHCTBUS AHTEHHbI M MUHHMHU3AIMHU YPOBHSI OOKOBBIX
JIeTIECTKOB. B KauecTBe aHaIM3UPYEMBIX PYMOPHBIX OOIydaTeneil ObUIM BBIOpAaHBI MHUPAMUIATBHBINA
PYIOPHBIN H3JIydaTenb, UCHOIb3YEeMbId B MaboparopHoM makeTe aHTeHHBbI Kaccerpena na 220 I'Tu, u
KPYTJIbIA TOOPUPOBAHHBINA PYIIOPHBIA N3TyYaTeNb.

Knrouesvie cnosa: xpyriblii TOGPHUPOBAHHBIA pyNop, pPYHOpPHBIA OOJydarenb, AaHTEHHA
Kaccerpena, snepreruyeckast 3()eKTHBHOCTh AHTEHHBI.

CHOOSING THE OPTIMAL DESIGN OF THE 118 GHZ CASSEGRAIN ANTENNA HORN
IRRADIATOR

I.A. Vorobiev, D.V. Obraztsova, V.V. Shcherbakov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The paper provides an analysis of horn irradiators used in Cassegrain antennas to increase the
energy efficiency of the antenna in the terahertz frequency range.
Design / methodology / approach: In this paper, the modeling of horns using computer-aided design
systems Ansys HFSS and CST Studio Suite is considered. The work contains the basic steps of 3D
modeling of the structure with the calculation of the main characteristics at each stage of model
modification and the use of the possibility of optimizing the structure to achieve optimal characteristics.
Findings: Comparing the characteristics of the horns will allow you to choose the optimal horn design for
use in the Cassegrain antenna.
Research limitations/implications: This article serves as a starting point for further modeling and
obtaining the maximum gain of the Cassegrain antenna at 118 GHz.
Originality/value: Horns are used as irradiators of mirror antennas. The characteristics of the horn
directly affect the characteristics of the dual-mirror antenna antenna system, such as the gain in the
direction of the main maximum and the level of the side lobes. This article presents a comparison of two
types of horns using electrodynamic modeling programs.

Key words: round corrugated horn, horn irradiator, Cassegrain antenna, antenna energy efficiency.
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IMPOEKTUPOBAHUE U HACTPOMKA (KAJIMBPOBKA) ®HUJIbTPOB JIJISI IOCTPOEHUSA
JIATIJIEKCEPOB U MYJIbTUILJIEKCEPOB BA3OBBIX CTAHIIUM LTE
B.A.I'paueB
ORCID:0000-0002-9665-6877 e-mail: grachev.v@yandex.ru
E.A. KpameHnHHUKOBa
ORCID: 0009-0000-4285-6067 e-mail: katya-krasheninnikova@mail.ru
Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yausepeuteT uM. P.E. AnexceeBa

YpoBeHb OmIbITa U IKCHEPTHBIX 3HAHWUN, HEOOXOAMMBIN JJI1 TOUHOM HACTPOWKH M IOCTPOEHUS
(GWIBTPOB UCKIIIOYAET MAaCCOBOE MTPOM3BOACTBO 3TUX ycTpoicTB. Ilo mpoHun cynp0sl, 3TH e QUIBTPbI
CTaHOBSTCA Bce Oosiee HEOOXOAMMBIMH B OOJBIIMX KOJIMYECTBAX [UId YCIYr OECnpOBOAHOM CBS3H,
BCJIEJICTBHE POCTa CUCTEM COTOBOM CBA3M. JlaHHas paboTa MOCBSIIEHA NPOEKTUPOBAHUIO U HACTpOIKe
(GWIBTPOB, KOTOPbIE HMCIOJIB3YIOTCS B JUIUIEKCEpax M MyJbTUIUIEKcepax Oa3oBeix ctaHuuit LTE. B
CTaThe MPEACTABICHBI PE3YIbTATHI PACUETA XaPAKTEPUCTHK PE30HATOPHOTO (PMIIBTPA C IOMOIIBIO0 MATPHI
ces3u. C momompio mporpamMmHoro makera Ansys HFSS mpoBeneHo MoxpenupoBaHue KOHCTPYKIHH
¢unbTpa. [IpoBeneHo nccienoBanne XapakTepuCTUK (GUIbTpa ¢ moMomkio mporpammbel HFSS, a takske
AKCIIEPUMEHTAJILHOE UCCIIEIOBAaHUE C MMOMOLIBIO ONBITHOrO 0Opasua. B pabote npeanaraercs airoputM
HAcCTpOHWKM (WIBTPA C MOMOILIBIO PErYJIMPOBOYHBIX BUHTOB C INPUMEHEHHEM BEKTOPHOI'O aHaln3aTopa
nen. OCHOBHOW METOJl HACTPOMKU B YaCTOTHOM 001acTH (pUiIbTpa 3aKiII0YaeTcss B U3MEPEHUH OTKIIMKA
napameTrpoB S11 u S21.

Kniouesvie cnosa: pezonaropusiii Guibtp; 6a3ossie crannuu LTE; HacTpoiika pumbTpa.

DESIGNING AND CONFIGURING (CALIBRATION) FILTERS FOR BUILDING LTE
BASE STATION DIPLEXERS AND MULTIPLEXERS

V.A. Grachev, E.A. Krasheninnikova
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose:This paper discusses possible approaches to the implementation of the filter, as well as the
method of configuring this filter.

Design / methodology / approach:At the first stage, the filter design was modeled in the HFSS software
package. Next, the real filter is configured using the Rohde&Schwarz vector analyzer. It is used to
measure the S-parameters of the filter.

Findings:A ready-made algorithm for configuring filters has been obtained. The modeling and
calculation of the filter characteristics in the HFSS environment has been carried out.

Research limitations/implications:The results presented in the report can show and explain the resonator filter

design process. The filter adjustment algorithm can increase understanding of the method of its adjustment, as well
as reduce the time for its adjustment.
Originality/value: Due to the growing number of base stations and improvements in cellular communication
systems, this has led to stricter requirements for filters and diplexers used at base stations, therefore new options are
required to improve these devices. The value of this work lies in considering the process of designing and
configuring resonator filters, which can help to improve the processes of working with these devices.

Key words: resonator filter; LTE base stations; setting up the filter.
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Huxeropoackuii rocynapcTBeHHbIN TeXHUYeCKH yHHBepcuTeT uM. P.E. AnekceeBa
Oco6oe mecto cpeaqu CBY TP 3aHMMa0T (GUIBTPHI, BXOIAIIME B COCTaB MYJIbTHILIEKCOPOB
CHCTEM COTOBOI1 CBSI3U C KOHCTPYKILIMEW Ha KOAKCHAJBHBIX pe3oHaTopax. TeXHOIOrnu UX U3rOTOBJICHUS
U COOpKHM TPOJOJDKAIOT COBEPIICHCTBOBAThCS. B pabore paccMOTpeHO MOJENMpOBaHHE (QHIBTPOB
INana3’oHOB n78 Hu b7 C HCIIOIb30BaHUEM CAIIP Ansys HFSS u CST Studio
Suite. PaboTa comepKUT OCHOBHbIe mard 3D MOIETUPOBAHUS KOHCTPYKIMU (HIBTPOB C pacyeToM
OCHOBHBIX XapaKTePUCTHK Ha Ka)XJOM 3Tarne MOAU(DHUKAIMU MOJeNed W MPUMEHEHHE BO3MOXKHOCTHU
ONTUMHU3AINHA KOHCTPYKIIMH IS JOCTMDKCHUS ONTHUMAIIBHBIX XapaKTepUCTHK. J[7si co3maHus Mopelnei
bunpTpoB Auama3zoHa b7 3a OCHOBY Oblia B3STa MOJENIb KOAKCHAIBHOTO (UIbTpa auama3zoHa n78,
nepeHecenHas ¢ yadboparopnoro makera B CAIIP HFSS. Jlns u3menenus auana3zoHa pabodmx 4acToT
¢bunpTpa ObUIa U3MEHEHA BhICOTA PE30HATOPOB, B TOM YHUCIIE U CAMOTO KOpIlyca, /Ui Cy:KeHus padoueit
MIOJIOCHI YacTOT (PrIIbTpa OBUIM YMEHBIIEHBI CBSI3M MEXKY PE30HATOPaMH, ObLTH YMECHBIICHBI IIHPUHBI
OKOH CBSI3M MEXIy COCEIHHMMHU pe3oHaropaMu. JlanpHeilliee W3MEHEHUE KOHCTPYKIMH C LENbI0
YMEHBIICHUs TOTEePh B TOJOCE TMPONMyCKaHWs (QuUiIbTpa TNPOM3BOIMIOCH C HCIOJIH30BAHUE
ABTOMATUYECKOW ONTUMH3AIUH.
Kniouesvie cnoea: numuiekcop, MyJIbTUIUIEKCOP, MOJEIMPOBAHUE, IOJIOCHO-IIPOIYCKAIOIIHNE
GUIBTPBI
ELECTRODYNAMIC MODELING IN CAD OF FILTERS FOR BUILDING DIPLEXERS
AND MULTIPLEXERS OF LTE BASE STATIONS
V.V.Biryukov, I.A.Vorobiev, V.A.Malakhov, D.V.Obraztsova, A.S.Raevsky, Yu.V.Raevskaya
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: This article discusses the possibility of modeling coaxial filters as part of a diplexer using CAD
in order to improve the design of filters and diplexers from the point of view of its manufacturing
technology.
Design / methodology / approach: In this paper, the modeling of filters using computer-aided design
systems Ansys HFSS and CST Studio Suite is considered. The work contains the basic steps of 3D
modeling of the structure with the calculation of the main characteristics at each stage of model
modification and the use of the possibility of optimizing the structure to achieve optimal characteristics.
Findings: This approach allows us to study how modification of the filter model affects the main
characteristics. In the future, with this in mind, create filter models for different ranges using a proven
scheme for solving this problem.
Research limitations/implications: This article serves as a starting point for further research in field of
electrodynamic modeling of filters for construction of diplexers and multiplexers of LTE base stations.
Originality/value: Ultrahigh frequency bandpass filters are widely used in various radio engineering
devices. A special place among microwave band-pass filters is occupied by filters that are part of
multiplexers, in particular, diplexers used in cellular communication systems. Filter and diplexer designs
based on coaxial resonators are widely used in mobile communication systems. In this paper, steps have
been proposed to model these structures and obtain optimal characteristics.

Keywords: diplexer, multiplexer, modeling, band pass filters
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VJIK 004.722
HOPMUPOBAHUE IIOKA3ATEJIEIl KAYECTBA TPAKTOB ONTHYECKHX
TPAHCITOPTHBIX CETE# ITPU BBOJIE B KCILTYATALIMIO 1 B EE ITPOLIECCE

K.A. barenkoB
ORCID: 0000-0001-6083-1242 e-mail: pustur@yandex.ru

MMUPOA — Poccuiickuii TEXHOJIOTMUECKUH YHUBEpCUTET, MOCKBa

B pabote o0oOmarorcss mapameTpbl, HOPMbI, I€JIM, OTPAaHUYEHUS U INPOLEAYpbl IpU BBOJE B
HKCIUTyaTallMi0 ¥ B MPOILECCEe 3KCIUTyaTallMd MEXKIYHApPOJHBIX TPAKTOB OJIOKOB JAHHBIX ONTHYECKOTO
KaHala W CeKUUH TPaHCIOPTHBIX OJOKOB ONTHYECKOIO KaHajla, TPaHCHOPTUPYEMBIX HOCPEICTBOM
ONTUYECKON TpaHcHopTHOW ceTu. IlokazaHo, 4yTO A aHanM3a Pe3yjabTaTOB KOHTPOJS ONPEAEIAIOTCA
IIOPOrOBOE 3HAUYEHHUE YUCIIa CEKYH/]] C CYLIECTBEHHBIMU OIIMOKAMHU U [IOPOrOBOE 3HAUEHHUE YncIa OJIOKOB
¢ (oHOBBIMM OmMOKaMU 3a TEPHOA HAOMIOACHUS JUIsI TPAKTOB. YKAa3bIBACTCSA, YTO €CIH 3a MEPHOJ
HaOIIOACHUsT 1O  pe3yibTaTaM AKCIUIyaTAllMOHHOIO KOHTPOJS HOJY4YEHbl YHCIO CEKYHI C
CYIIECTBEHHBIMH OIIMOKAMHU HJIM YUCIO OJIOKOB C ()OHOBBIMU OHMIMOKAaMH, TO TPAKT CUMTACTCS YCIEIIHO
OPOIIEAIMMHI  MCIBITAaHUS  TOJBKO IPHU  YCJIOBUM  HENPEBBIIEHHUS  JOMYCTUMBIX  IOPOIOB.
JleMOHCTpUpyeTcs HaJu4Me JIBYX CTaHJApTHBIX JUIMTEIbHOCTEH MHTEPBAJIOB U3MEPEHHUM MpU KOHTpPOJIE
BO BpeMsl 3KCIUTyaTallUu (TEXHUYECKOrO OOCIYKMBaHM), KaKIOMY U3 KOTOPBIX COOTBETCTBYIOT CBOM
IIpeAciIbHbIE 3HAYeHUs IMoKazarenei. [lepBas MIMTEIBHOCTH KOHTPOJS COOTBETCTBYET 15 MuHyTam u
UCHOJb3YyeTCsl PU UAEHTH(UKALUKM HEIPUEMIIEMOr0 YpOBHs IOKa3aTesel KauyecTBa, MO0 BO3Bpare B
HOpMaJIbHOE COCTOsIHME. BTOpas AINTENbHOCTh KOHTPOJISI COOTBETCTBYET OJJHUM CYTKaM U HUCIOJIb3YETCs
IpU UISHTU(UKALUN YXYIIIEHHOIO YpOBHs IOKa3arened kauyecTBa. IIpum 3TOM MOpOroBble 3HAUYEHUS
YXYALIEHHBIX KaYECTBEHHBIX [T0KA3aTeJIeH pacCUNTHIBAIOTCS UCX0s U3 75 % rpaHullbl Uil TPAKTOB.

Knwouesvie cnoea: onTUYECKUIl TpakT, STaJOHHAs MOJEINb, ONEPATUBHBIE HOPMBI, KaTETOPHH
JUIMHBI, YPOBHU ITOKa3aTesiel KauecTBa.

QUALITY INDICATORS NORMALIZATION OF OPTICAL TRANSPORT NETWORK PATHS
DURING COMMISSIONING AND IN ITS PROCESS
K.A. Batenkov
MIREA — Russian technological university, Moscow

Purpose: The paper summarizes the parameters, norms, goals, restrictions and procedures for
commissioning and during operation of international paths of optical channel data blocks and sections of
optical channel transport blocks transported via an optical transport network.
Design / methodology / approach: The methodology used involves the consideration and analysis of the
main current governing documents of the industry: domestic GOST and recommendations of the
International Telecommunication Union.
Findings: It is shown that for the analysis of the control results, the threshold value of the number of
seconds with significant errors and the threshold value of the number of blocks with background errors
for the observation period for the paths are determined.
Research limitations/implications: As a limitation, we can consider the study of only open freely
distributed documents of the industry.
Originality/value: It is indicated that if during the observation period, according to the results of
operational control, the number of seconds with significant errors or the number of blocks with
background errors are obtained, then the tract is considered to have successfully passed the tests only if
the permissible thresholds are not exceeded. The presence of two standard durations of measurement
intervals during monitoring during operation (maintenance) is demonstrated, each of which corresponds
to its own limit values of indicators. The first control duration corresponds to 15 minutes and is used to
identify an unacceptable level of quality indicators, or to return to normal. The second control duration
corresponds to one day and is used to identify a degraded level of quality indicators. At the same time, the
threshold values of degraded quality indicators are calculated based on 75% of the boundary for the paths.
Key words: optical path, reference model, operational standards, length categories, levels of
quality indicators
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nHoAaxoJa K OHEHKE JOCTYIIHOCTHU CUCTEMBI CBsA3U 1
PAIMOTEXHUYECKOT' O OBECITEYEHUS ITOJIETOB 'OCYJAPCTBEHHOM ABUAIINUU
B XO/IE BBIIIOJIHEHUS 3ATAY
C.C. Beaoycos
ORCID: 0009-0001-4483-4600 e-mail: belousovtel@yandex.ru
II.A. ®enqronuH
ORCID: 0000-0001-6663-4362 e-mail: fpal969@yandex.ru
M.A. Cradeen
ORCID: 0009-0002-4460-911X e-mail: stafeewmih@yandex.ru
Boennslil yueOHO-HayuHBIH HEHTP BoeHHO-BO3AYIIHBIX cHil «BOCHHO-BO3/IyIIIHASL aKaAeMUs
uM. ipod. H. E. XKyxosckoro u 0. A. I'arapunay (r. Boponex)

B crathe paccMOTpeHBI pOJIb U MECTO CUCTEMBI CBS3M B OOCCIICUCHUHW YIPABICHHS CHIAMHU
rOCy/IapCTBEHHON aBUAIUH, a TAK)KE OCOOCHHOCTH METOIUKH, ITO3BOJISIFOIIEH TPOU3BECTH OIICHKY YPOBHS
JOCTYITHOCTH CHCTEMBI CBS3M W PaTUOTEXHHUYECKOTO OOCCIICUCHHUS] aBHAIIMOHHOrO (opMupoBaHus. B
OCHOBY METOJIOJIOTMYECKOT0 MOJIX0/Ia TOJI0XKEeHa OIEHKA YCTOMYHMBOCTH HA TPEX YPOBHSIX IMOKA3aTesICH:
YacTHOM, 00IIIeM U 0000ILIEHHOM.

Knrwouesvie cnoea: IOCTYIIHOCTb, CHUCTEMa YIPABICHHS, CHUCTEMa CBS3H, TOCYIapCTBEHHAs
aBUAIUS, OPTraHbl yIpaBieHus, K03()PHUIMEeHTa JOCTYITHOCTH Y3JI0B CBS3H.

AN APPROACH TO ASSESSING THE AVAILABILITY OF A COMMUNICATION SYSTEM
AND RADIO ENGINEERING SUPPORT FOR STATE AVIATION FLIGHTS DURING THE
PERFORMANCE OF TASKS
S.S. Belousov, P.A. Fedyunin, M.A. Stafeev
Military Training and Scientific Center of the Air Force "Air Force Academy named after Prof. N. E.
Zhukovsky and Yu. A. Gagarin™ (Voronezh)

Purpose: to develop a methodology for assessing the availability of a communication system and
radio engineering support, functioning in the interests of managing the forces of state aviation, based on
determining the ability to provide officials of management bodies of control points of various links with
access to the resources of a public communication system.

Design/methodology/approach: the quantitative assessment of the branching is based on the
assessment of the radii of the zones of possible organization of direct connections by means of linking
communication nodes to communication networks, calculated in accordance with technical capabilities.

Findings: As an indicator characterizing the degree of coverage by the communication system and
radio engineering support for state aviation flights of the task band, the article adopts the coefficient of
coverage Cg of the total area of deployment of control points for the formation of state aviation by the

access zones of the control point communication node to the support and auxiliary communication nodes,
as well as the coefficient of accessibility of control points communication nodes to communication
network channels C,, as the ratio of the number of communication nodes of control points with access to

the reference communication nodes of communication networks to the total number of communication
nodes of control points deployed in the military action zone.

Research limitations/implications: The proposed new approach assumes to provide the field of
control of state aviation forces to the full depth of performing tasks for their intended purpose in the
predicted conditions of destructive impact.

Originality/value: The proposed methodological approach involves solving the problem of
assessing the indicator characterizing the degree of coverage of the communication system and radio
engineering support for state aviation flights of the task band in conditions when the areas of deployment
of communication nodes of control points are unknown at the planning stage, and therefore there is a
need to cover with access zones possible areas of deployment of control points in the band of upcoming
actions.

Key words: accessibility, management system, communication system.
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MOJAXO0/J K OIIEHKE YCTOMYNBOCTHU ®YHKIIMOHUPOBAHMS CUCTEMBI
CBSI31 CUCTEMOM CBSI3U Y PATMOTEXHUYECKOTI'O OBECIIEYEHUS ITOJIETOB
T'OCYJAPCTBEHHOM ABUAIINU
C.C. Beaoycos
ORCID: 0009-0001-4483-4600e-mail: belousovtel@yandex.ru
ILA. ®exronun
ORCID: 0000-0001-6663-4362e-mail: fpal969@yandex.ru
M.A. Cradeen
ORCID: 0009-0002-4460-911Xe-mail: stafeewmih@yandex.ru
Boennslil yueOHO-HayuHBIH HEHTP BoeHHO-BO3AYIIHBIX cHil «BOCHHO-BO3/IyIIIHASL aKaAeMUs
uM. ipod. H. E. XKyxosckoro u 0. A. I'arapunay (r. Boponex)

B crathe paccMOTpeHBI pOJIb U MECTO CUCTEMBI CBS3M B OOCCIICUCHHH YIPABICHUS CHIIAMHU
rOCy/IapCTBEHHON aBUAIUH, a TAK)KE OCOOCHHOCTH METOIUKH, ITO3BOJISIFOIIEH TPOU3BECTH OIICHKY YPOBHS
YCTOMYMBOCTH CHUCTEMBI CBS3M M PAJHOTEXHUYCCKOrO OOCCIICUCHHUs] aBHAIMOHHOTO (opMupoBaHus. B
OCHOBY METOJIOJIOTHYECKOT0 MOJX0/Ia MOJ0XKEeHa OIEHKAa YCTOMYMBOCTH Ha TPEX YPOBHSX IOKa3aTeleH:
YacTHOM, 00IIIeM U 0000ILIEHHOM.

Knrwouesvie cnosa: ycToiunmBOCTH, CUCTEMa YIPABJICHUS, CHUCTEMa CBS3H, TOCYIapCTBEHHAS
aBUAIUS, OPTaHbl YIIpaBIeHUs, KO3(PPHUIIMEHT UCTIPAaBHOTO JICUCTBHS.

AN APPROACH TO ASSESSING THE STABILITY OF THE FUNCTIONING OF THE
COMMUNICATION SYSTEM BY THE COMMUNICATION SYSTEM AND RADIO
ENGINEERING SUPPORT FOR STATE AVIATION FLIGHTS
S.S. Belousov, P.A. Fedyunin, M.A. Stafeev
Military Training and Scientific Center of the Air Force "Air Force Academy named after Prof. N. E.
Zhukovsky and Yu. A. Gagarin™ (Voronezh)

Purpose: This article considers to develop a methodology for assessing the stability of a
communication and radio engineering system functioning in the interests of managing the forces of state
aviation, based on determining the ability to provide control under the influence of various destructive
factors, including natural and man-made ones.

Design/methodology/approach: to assess the state of stability of the communication system and
radio engineering support, which is the technical basis of the control system of the state aviation forces,
the main attention in the article is paid to the analysis of the coefficient of serviceability of the
communication resource K, , as well as the coefficient of downtime of the communication resource K, ,

characterizing the probability that the communication channel will be serviceable (operable) at any given
time. As criteria for assessing the level of stability of a communication system, it is proposed to adopt a
scale classified by the value of the coefficient of stability of the communication direction as a complex
structure determined by the stability of the totality of its constituent communication lines (channels), the
coefficient of serviceability of communication channels. As an indicator characterizing the coefficient of

serviceability of the communication system and radio engineering support for state aviation flights K<,

the article adopted the coefficient of serviceability of communication directions K}, taking into account

the coefficients of serviceability of the communication direction in terms of survivability, noise
immunity, reliability.

Research limitations/implications: The proposed new approach assumes to provide the field of
control of state aviation forces to the full depth of performing tasks for their intended purpose in the
predicted conditions of destructive impact.

Originality/value: The novelty of the proposed methodological approach is the scientifically based
calculation of the stability indicator of the communication system, which provides for determining the
amount of resource used for reflexive control by the opposing side, which has a destructive effect on the
communication system.

Key words: stability, control system, communication system, state aviation, management bodies,
coefficient of serviceability.
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COBPEMEHHBIE B3I'JIAAAbI HA IOCTPOEHHUE
CETH CBs3U4 CIIEHUAJTBHOI'O HASHAYEHUSA
b.1. Boaxkos
ORCID: 0009-0004-0811-3744 e-mail: volkovbron@yandex.ru
ILLA. ®exronun
ORCID: 0000-0001-6663-4362 e-mail: fpal969@yandex.ru
M.A. CradeeB
ORCID: 0009-0002-4460-911X e-mail: stafeewmih@yandex.ru
BoeHnHbIl yueOHO-HAY4YHBIN IIEHTP BOGHHO-BO3MYIIHBIX CHIT «BOEHHO-BO3IyIIIHAS aKaAeMUs
uM. ipod. H. E. XKykosckoro u 1O. A. I'arapunay (r. Boponex)

B cratbe mpoBeneH ananu3 (PakTOpOB, OKa3bIBAIOIIMX HamOoJiee CYIIECTBEHHOE BIIMSHUE Ha
co3JlaHie M (PYHKLIMOHUPOBAHHE KIIIOUEBBIX JIEMEHTOB CETH CBs3U cnenuanbHoro HazHaueHus (CH) B
COBPEMEHHBIX YCJIOBUSX — y3JI0B CBsA3M NyHKTOB ynpasiieHus (YC IIY) u TpaHCHOPTHOM CETH CBSA3M Ha
TaKTU4eCKOM ypoBHe. Llenb — chopMynupoBaTh TaKTHKO-TEXHUYECKHE TPEOOBAHUS K MOCTPOCHHUIO CETU
ce3u CH u ompenenuth HamnpaBiIeHUs €€ JaJbHEMILIEro COBEPIICHCTBOBAHUS C Y4YETOM OIBITA
IIPUMEHEHHs] OTEYECTBEHHBIX TEJICKOMMYHUKAIMOHHBIX TEXHOJOTHMM B BOOPYXEHHBIX KOH(DIMKTAX.
Pesynbrarom paboThl siBisieTCS BbIpaOOTKa €AMHBIX MOJIX0J0B K nocTpoeHuto cetu cBsa3u CH Ha ocHOBe
CUCTEMHOI'O aHajiu3a M IPOTHO3UPOBAHUS, YTOYHEHHME CYIIECTBYIOIIMX B3IVIAJOB Ha IEpEYeHb U
(byHKIIMOHATBHBIE BO3MOKHOCTA BOCHHOUM TEXHUKH CBSI3U C TMIEPCIIEKTUBOM €€ JaIbHEUIIero MPUMEHEHHS
B I0JIEBBIX ycioBUAX. HoBU3HA mpeyiaraeMoro rmojaxoja 3aKjfoyaeTcss B BhIpaOOTKE €AMHBIX MOAXO0JI0B
[0 CO3/IaHUI0 TaKTHUYECKON CHCTEMbl CBS3M, OOJIajaloniel CBOWCTBaMU KOHBEPI'€HTHOCTH C
JUHAMMYECKON CaMOOPraHU3alMel, rapaHTUPOBAHHOM KPUNTO3AIUTOW M Pa3BEA3AIIUIIECHHOCTBIO, C
HCIIOJIb30BAHUEM TEXHOJIOTMM HCKYCCTBEHHOIO MHTEIUIEKTA, IO3BOJIIOLIEH HWHTETPUPOBATh YCIYI'H
CBSI3W IO TPENOCTaBICHUI0 akTyanbHOW uHGpopmauuu Ha YC IIY, um ycToWuYMBBIX KO BCEM BHJaM
BHEIIIHETO BO3JCHCTBHU.

Knroueevie cnoea: cetb CBA3M, y3€I CBS3U, IOCTPOCHUE, TEXHOIOIMH, ITOAXO0/Ibl, HAIIPABJICHUS

MODERN VIEWS ON THE CONSTRUCTION OF A SPECIAL-PURPOSE (SP)
COMMUNICATION NETWORK
B.1. Volkov, P.A. Fedyunin, M.A. Stafeev
Military Training and Scientific Center of the Air Force "Air Force Academy named after Prof. N. E.

Zhukovsky and Yu. A. Gagarin™ (Voronezh)

Purpose: To formulate tactical and technical requirements for the construction of the SP communication
network and determine the directions for its further improvement, taking into account the experience of
using domestic telecommunication technologies in existing armed conflicts.
Design/methodology/approach: On the basis of system analysis and forecasting, it is proposed to clarify
the existing views on the composition and functionality of communication equipment with the prospect of
its further application in the field.
Findings: The result of the work is the development of unified approaches to the construction of a SP
communication network in modern conditions.
Research limitations/implications: The paper discusses the field component of a special-purpose
communication network.
Originality/value: The novelty of the proposed approach lies in the development of unified views on the
creation of a field communication system of the tactical level, which has the properties of convergence,
dynamic self-organization with guaranteed cryptographic protection and intelligence security, using
artificial intelligence technology, which allows you to independently integrate communication services
for the provision of up-to-date information on the control panel, and resistant to all types of external
influence.

Key words: communication network, communication node, construction, technologies,
approaches, directions.

50



YK 621.396
ONTUMMU3BAIMSA MOKA3ATEJEN DJJIEKTPOMATHUTHOM TOCTYITHOCTH
CETH ABUAIIMOHHOM PATMOCBS3H
A.B. Psi60oB
ORCID: 0000-0003-4578-0840 e-mail: ryalvy@mail.ru
Boennslii yueOHO-HayuHBIH HEHTP BoeHHO-BO3AYIIHBIX cil «BOCHHO-BO3/IyIIIHASL aKaAEMUs
uM. ipod. H. E. XKyxosckoro u 0. A. I'arapunay (r. Boponex)

B pabote mpennoxeHsl ciocoObl CHUKEHUS JIEKTPOMArHUTHON JOCTYIMHOCTH DJIEMEHTOB CETei
AaBUAIMOHHOM  PaJuOCBSI3W  HAa  OCHOBE  ONTUMHU3ALMU  DHEPreTHMYECKUX U  BPEMEHHBIX
nokasareseil. PaccMoTpeHbl BO3MOXKHOCTH 110 ONITUMH3AIMK SHEPTEeTUYECKUX U BPEMEHHBIX MTOKa3aTesei
HAa OCHOBE aJalTHBHOIO YIPAaBICHUS CTPYKTYpPHBIM M MapaMeTpuyeckuM pecypcoM.CTpyKTypHast
ajanTanus MpeularaeTcsi Ha OCHOBE PETPAHCISALUN CHTHAJIOB IO COCTABHBIM WJIHM IapajuleIbHBIM
PaMONMHUSM IIPU YCTAaHOBKE PETPAHCIISITOPOB Ha OECIMIIOTHBIX JIETATENBHBIX aliapaTax M a’dpocTarax.
[TpousBenena oneHka 3((HEKTHBHOCTH pa3pabOTaHHBIX CIIOCOOOB W CAENaHbl PEKOMEHIALMU IO X
MPAKTUYECKOMY MPUMEHEHHIO B CETSIX aBUAIMOHHON PauOCBsI3H.

Knwouesvie cnoga: >nexTpoMarHuTHAs JTOCTYITHOCTb, aBUAI[MOHHAs PaMOCBS3b, ONTUMH3AIMS,
peTpaHCIAIHS.

OPTIMIZATION OF INTERFERENCE IMMUNITY INDICATORS
OF AERONAUTICAL RADIO COMMUNICATION NETWORK
A. V. Ryabov
Military Training and Scientific Center of the Air Force "Air Force Academy named after Prof. N. E.
Zhukovsky and Yu. A. Gagarin" (Voronezh)
Purpose: The author proposes ways to reduce the electromagnetic accessibility of elements of an aviation
radio communication network based on optimizing its performance.
Design / methodology / approach: Analysis of indicators of electromagnetic accessibility of elements of
an aviation radio communication network allowed the author to divide them into energy and time. The
possibilities of optimizing energy and time indicators based on adaptive control of the structural and
parametric resource of the radio communication network are considered. Structural adaptation is proposed
on the basis of relaying signals over composite or parallel radio links when installing repeaters on
unmanned aerial vehicles and balloons. The effectiveness of the developed methods was assessed and
recommendations were given for their practical application in aviation radio communication networks.
Findings: The work proposes ways to reduce the electromagnetic accessibility of elements of aviation
radio communication networks based on optimization of energy and time parameters. The possibilities for
optimizing energy and time indicators based on adaptive control of structural and parametric resources
are considered. Structural adaptation is proposed on the basis of relaying signals over composite or
parallel radio links when installing repeaters on unmanned aerial vehicles and balloons. The effectiveness
of the developed methods was assessed and recommendations were made for their practical application in
aviation radio communication networks.
Research limitations/implications: The study is limited to an aviation radio communication network
with repeaters deployed on unmanned aerial vehicles and balloons. The results obtained can be used in
the construction of automated radio communication networks with adaptive control of structural and
parametric resources.
Originality/value: Developed methods for optimizing energy and time indicators of electromagnetic
availability in aviation radio communication networks with adaptive control of structural and parametric
resources make it possible to minimize the power and time of radiation of individual elements of the radio
network based on parallel and alternating relaying of signals through two or more repeaters with in-phase
addition of signals at the receiving point.The practical implementation of the proposed methods, when
used in combination with existing methods of parametric adaptation, makes it possible to reduce the
electromagnetic accessibility of elements of aviation radio communication networks in order to ensure its
secrecy.
Key words: electromagnetic accessibility, aviation radio communications, optimization, relay.

51



YK 621.396
HAINIPABJIEHUS COBEPHIEHCTBOBAHUSA CUCTEMBI
PAJUOTEXHUYECKOI'O OBECIIEYEHUSA ITIOJIETOB
A.B. Tpyxun
ORCID: 0000-0003-1260-1746 e-mail: truxin82@rambler.ru
C.10. Yynpacos
ORCID: 0009-0003-3036-4569 e-mail: uvelir09@list.ru
M.A. Cradeesn
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Boennslii yueOHO-HayuHBIH HEHTp BoeHHO-BO3AYIIHBIX cil «BOCHHO-BO3/IyIIIHASL aKaAeMUs
uM. ipod. H. E. XKyxosckoro u 0. A. I'arapunay (r. Boponex)

B craree mpoBeneH aHanu3 (GaKTOpOB, BIUAIOMIMX Ha SPPEKTUBHOCTh (DYHKIMOHUPOBAHMS
CHCTEMBl PAaJUOTEXHUYECKOTO obecreueHus: moneroB. Llens paboTei— chopMyIHpPOBATHOCHOBHBIE
HalpaBJICHUs] COBEPIICHCTBOBAHUS CUCTEMbI PaJMOTEXHUYECKOIO 00ECHeueHHs MOJETOB aBUAIMOHHBIX
¢dopmupoBanuii. Iloka3aHbl OCHOBHBIE HEIOCTAaTKH CYIIECTBYIOLIEH CHCTEMBI, MPOAHATM3HPOBAHBI
NEpCHEKTUBHbIE TEeXHUYEeCcKHe pewieHus. llpeasokeH BapHaHT NPUMEHEHUS HMITYJIbCHO-()a30BbIX
paIMOTeXHUYECKUX CHUCTeM JajibHel HaBuranuu B auddepeHnunanbHoM pexume padboTsl. HoBuzna
[IpeIaraéMoro MoAxoJa 3aKjIYaeTcs B ONEPAaTUBHOM HCIOJIB30BAHUU PECYPCOB PAIUOTEXHUYECKUX
CHCTEM JajbHEW HaBUTAMKM UCXONIsi W3 TPeOOBaHMH MOTPEOUTENS IO MOBBIIICHUIO TOYHOCTH
oIpeJiesIeHUs] COOCTBEHHBIX KOOPJMHAT B 3aJ]JaHHOM paiioHe B TpeOyemoe Bpems. Pa3paboTaHHbIi criocod
M03BOJISIET O0ECNEUYUTh pEIIEHWE HABUTALMOHHBIX 3a/ad IOTPEOUTENIIMU B YCIOBHUSIX CJIOXKHOM
Pasno3IeKTPOHHOM 00CTaHOBKH.

Kniwouesvie cnosa: paguoTeXHUYECKOE OOECIEUEHHME IIOJETOB, PAJUOTEXHUYECKHE CHCTEMBI
JAJIbHEW HaBUT ALK

DIRECTIONS FOR IMPROVING THE SYSTEM
RADIO FLIGHT SUPPORT
A.V. Trukhin, S.Y.Chuprasov, M.A. Stafeev
Military Training and Scientific Center of the Air Force "Air Force Academy named after Prof. N.
E. Zhukovsky and Yu. A. Gagarin" (Voronezh)

Purpose: The article analyzes the factors influencing the efficiency of the flight radio support systemand
the main directions for improving the system of radio technical support for aviation flights were
formulated.
Design/methodology/approach:Based on system analysis and forecasting, it is proposed to clarify
existing views on the composition and functioning of the radio technical flight support system with the
prospect of its further use in modern conditions.
Findings:The main disadvantages of the existing system are shown, promising technical solutions are
analyzed. An option for using pulse-phase radio engineering systems for long-range navigation in a
differential operating mode is proposed.
Research limitations/implications:The article discusses directions for improving the system of radio
technical support for aviation flights.
Originality/value: The novelty of the proposed approach lies in the operational use of the resources of
long-range navigation radio systems based on consumer requirements to increase the accuracy of
determining one’s own coordinates in a given area at the required time. The developed method allows
consumers to solve navigation problems in a complex radio-electronic environment.

Keywords: radio technical support for flights, long-range navigation radio systems
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AHAJIN3 METOJJUKUKOJIMYECTBEHHOM OIIEHKU XAPAKTEPUCTUKHA
HAPYIIEHUS COCTOSIHUM 3AIIMIIIEHHOCTH HHO®OPMAIIUH
ABTOMATU3NPOBAHHBIX CUCTEM CIHENUAJIBHOT'O HABHAYEHUSAOT YI'PO3
BO3JIEMCTBUS BPEJOHOCHOT' O TIPOTPAMMHOI'O OBECIIEYEHU A
P.A. XBopoB
OCRID: 0000-0002-5718-6227 e-mail: khvoroff@rambler.ru
BoeHnHbIl yueOHO-HAY4YHBIN IIEHTP BOGHHO-BO3MYIIHBIX CHIT «BOEHHO-BO3IyIIIHAS aKaAeMUs
um. ipo¢. H. E. XKykosckoro u FO. A. I'arapuna» (r. Boponex)

AHanmu3 CymecTBYIONIET0 METOJUYECKOro ammapara OLEeHKH Yrpo3 0e3omacHOCTH WH(pOpMaIny,
KaK MHCTPyMEHTaHuCCIeIOBaHUA MpoOJeMbl aJalTHUBHOIO YIPABIEHHUsS IPOLECCOM 0OecredeHus
3aIIUIIEHHOCTH WH(OPMAIIMOHHBIX PECYPCOB aBTOMATU3MPOBAHHBIX CHCTEM CIIEHUATLHOTO HA3HAYCHUS
(ACCH) ot yrpo3 BO3JCHCTBUS BpeAOHOCHOTrO TmporpammHoro obtecrneuenus (BI1O), mokazan
HEOOXO/MMOCTh YTOUHEHHUS psiia IMOJIOKEHUHUIA €ro KCIOJIb30BAaHUs B KAaueCTBE KOHLENTYAIbHOM
OCHOBBI KOJINYECTBEHHOHN OLIEHKU XapaKTEPUCTUKU HaPYILIEHHUs] COCTOSHUH 3allUIIEHHOCTH HH(DOpMaiu
3TUX CUCTEM.

B-niepBbIX, 3TO CBSI3aHO € HSMIMPUYECKUM XapPaKTEPOM IPOLEAYpPhl OLEHKH BO3MOXKHOCTEH
Hapymurens 1o wucnonb3oBauio BIIO g peanuzanuu  HECAaHKIMOHMPOBAHHOTO JOCTyHa K
uHpopmauuu ACCH, a BO-BTOpBIX, C BO3MOXKHOCTBIO MOCTPOEHMs (DYHKIIMOHAIBHBIX MoJeneill yrpos
Bozzaeiictus BI1IO na undopmanumonnsie nporeccst ACCH Ha OCHOBE BBISBICHHBIX 3aKOHOMEPHOCTEH
IIPAKTUKU BBISBJICHUS HHIMJCHTOB, CBS3aHHBIX C peajau3alueidl Takoro pojaa yrpo3. Takue mopenu
ITO3BOJISIIOT I€TAIU3UPOBATh ITOCIIEI0BATEILHOCTD AEUCTBUN HAPYLIUTEIS.

Takum o0O0pa3oMm, CyLIECTBYIOIIMH METOJUYECKUM ammapaT OLIGHKM Yrpo3 0e30MacHOCTH
uHbOpMaNKY, IPUMEHUTENBFHO K yrpo3am BosneiictBus BI1O, KoHIeNTyallbHO OXBaThIBACT JIHUIIb YacCTh
BOIPOCOB IOCTPOEHUS UCCIIEAOBATENLCKOM Cpebl JUIsl peleHus NpoOjeMbl aJalTUBHOTO YIPaBJICHUS
nporeccoM odecredeHus 3anuieHHocTH naHpopMaronHbix npoueccoB ACCH ot yrpo3 Bo3meHcTBHS
BIIO.

Kniouesvie cnoea: ananTUBHOIO YIpaBIEHUs, OLIEHKa Yrpo3 Oe3omacHOCTHM HH(popmanuu,
3alIUIEHHOCTh HH(OPMAIIMOHHBIX IPOIIECCOB

ANALYSIS OF THE METHODOLOGY FOR QUANTIFYING CHARACTERISTICS
VIOLATIONS THE INFORMATION SECURITY CONDITIONS OF AUTOMATED SPECIAL
PURPOSE SYSTEMS FROM THREATS OF EXPOSURE TO MALICIOUS SOFTWARE
R.A.Khvorov

Military Training and Scientific Center of the Air Force "Air Force Academy named after Prof. N.

E. Zhukovsky and Yu. A. Gagarin” (Voronezh)

Purpose: Analysis of existing methodological equipment for assessing threats to information
security, such as instrumental studies the problems adaptive control of the process ensuring security
information resources of automated systems for special purposes (ASSP) from the effects of threats
traditional software (VPO), showed the need to clarify the rules for its use in conceptual form. Basics
quantitative assessment of the characteristics security violations these information systems

Research limitations/implications: Firstly, this is due to the empirical nature of the procedure for
assessing the ability an intruder to use malware to implement unauthorized access ASSP information, and
secondly, with the possibility of constructing functional models of threats of the impact of malware on
ASSP information processes based on the identified patterns of incident detection practice associated with
the implementation of such threats. Such models allow us to detail the sequence actions of the intruder.

Originality/value: The existing methodological apparatus for assessing threats to information
security, in relation to threats from malware, conceptually covers only part of the issues constructing a
research environment to solve the problem adaptive management of the process ensuring security of
information processes ASSP from threats malware.

Key words: adaptive management, assessment of threats to information security, security of
information processes
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OLIEHKA BPEMEHMU 3AIIA3/IBIBAHUSA B MHOTI'OITIOJIB30OBATEJIbCKUX
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ORCID: 0009-0005-1489-8725 e-mail: ntymchenko@etu.ru
Cankr-IleTepOyprckuii rocy1apcTBEHHBIN AIEKTPOTeXHUUSCKU yHUBepcUTeT «JIDTH»
um. B.W. YnbsnoBa (Jlenuna)

[lenpto paboOTBI SBISUIOCH CPAaBHEHHWE PE3YJbTarTOB OIGHKH BPEMCHH 3ala3/bIBAaHHUS B
MHOTOIOJIB30BATEIbCKMX ~ CHUCTEMaX, I[IOJIyUYeHHbIX B  pe3yJabrare TEOpPETHYECKOr0  pacyera,
MaTeMaTH4eCKOro M HMHTAIIMOHHOTO MOJCJIMPOBaHUS, a TakkKe U3Y4YCHHE CTaTUCTUYECKUX
XapaKkTepUCTUK cepBepa. [[s oLleHKM BpeMeHHU 3ala3[blBaHUs MPOU3BOJWIOCH CpaBHEHHE (PYHKIUN
pacnpenenenus. [ljig TEOPETUUECKOTO pacueTa UCIOJIb30BAIOCh (- AKCIOHEHLUAIbHOE PacIpeesICHUE.
Maremarnueckoe MOJEIMPOBAHUE pPEAlM30BaHO B TEPMHUHAXTEOPUU MACCOBOTO OOCIYKUBAHUS:
TeHepUpOBaAJICS HA0Op B3aMMHO KOPPEIMPOBAHHBIX PSIIOB C JIOJITOBPEMEHHOW 3aBUCUMOCTBIO, 3aTeM
MIPOU3BOAMIIOCH  «arperupoBaHUE» NyTeM CYMMHPOBAHHME IIOJIyUEHHBIX BPEMEHHBIX pSAJIOB C
MOCJEAYIOIMM  KOHKaTeHHUPOBAaHUEM U COPTUPOBKOM. JIJIsi MMHUTAlMOHHOTO  MOJACIUPOBAHUS
ucnonszoBatace CMO M/M/1, B KOTOpoOW M KaXJOTrO TOJb30BaTeis 3aJaBalluCh IEPEMEHHBIC
WHTEHCUBHOCTH, TIOJyYCHHbIE B pE3ylIbTare MaTeMaTHYeCKOr0 MojeaupoBanus. HMurtanmnoHHoe
MOJICTMPOBAHKE MTO3BOJISIET YUECTh MEPEXOIHBIE MPOLIECCHI U 3aJ€PKKHU, KOTOPhIE BOZHUKAIOT B PEAIbHBIX
CHUCTEMaxX MpU HM3MEHEHWHW HHTEHCHUBHOCTU, TMOITOMY OILICHKAa BPEMEHH OOCIY)KMBAHHUS OKa3bIBACTCS
BBIIIIE, YEM B pE3yJbTaTe MaTeMaTU4YecKoro mojaenupoBaHus. OyHKIUS pacnpeesieHus, MOTyYeHHAs B
pe3yJibTaTe UMUTAIMOHHOTO MMATeMaTHueCKOrOo MOJCIMPOBAHUS, XOPOIIO OMKUCHIBAECTCS TEOPETUUECKOM
(-2KCIIOHEHTOM.

Kniouegvie cnoga: MHOTONONB30BAaTENbCKasi CUCTEMA, BpeMs 3ala3/blBaHus, (QYHKLIUA
pacnpeaeneHus, UMUTAIIMOHHOE MOJIEIMPOBAaHUE

ESTIMATION OF LAG TIME IN MULTI-USER INFORMATION NETWORKS
O. A. Markelov, N. Tymchenko
Saint Petersburg electrotechnical university “LETI” n.a. V.I. Ulyanov (Lenin)

Purpose:Tocomparison of the results of estimating the delay time in multi-user systems obtained as a
result of theoretical calculation, mathematical and simulation modeling. Studying the statistical
characteristics of the server.

Design/methodology/approach:Thedistribution functions were compared. The g-exponential
distribution was used for the theoretical calculation. Mathematical modeling is implemented in terms of
in terms of queuing theory, initially a set of mutually correlated series with long-term, and then
"aggregation” was performed by summing the obtained time series followed by concatenation and
sorting. For simulation, the M/M/1 queuing system was used, in which intensity variables obtained as a
result of mathematical modeling were set for each user.

Findings:Simulation modeling allows us to take into account transients and delays that occur in real
systems when intensity changes, therefore, the estimate of service time as a result of simulation is higher
than as a result of mathematical modeling. The distribution function obtained as a result of simulation and
mathematical modeling is well described by the theoretical g-exponent.

Research limitations/implications:The Poisson system works with small times that are physically
unrealizable, so the time estimate is not accurate enough to describe real systems. Using this model, it is
possible to evaluate the necessary equipment to ensure a balance between performance and the number of
infocommunication equipment.

Originality/value:The resulting CFR allows you to change the intensity of each user during the
simulation process, which brings it closer to a real multi-user system. The implemented model allows you
to estimate the number of requests over a certain period of time and study the statistical characteristics of
aggregated traffic.

Key words: multiuser system, lag time, distribution function, simulation modeling
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HUCCJEJOBAHUE BECITPOBOJHBIX OJJHOPAHIOBBIX MOBUJIBHBIX CETEM
HN.A. Knumosa, M.A.MapkeJjioBa
ORCID: 0009-0008-1420-9151 e-mail: klimova.oms@gmail.com
Cankrt-IleTepOyprckuii Tocy1apCTBEHHBIN JIEKTPOTEXHUUECKHN YHUBEepcUTeT «JIDTH»
uMm. B.1. YapanoBa (JIeanna)

Jannas paboTa MOCBSIIEHA KOHLENIMM CETH IepeJadd JaHHBIX MEXAY YCTpPOHCTBaMH,
oOmialomMxcss  JIpyr C JpyroM  JEHEHTPaIM30BaHO IOCPEICTBOM TE€TePOreHHBIX ceTeil U
KOMMYHHUKAIIMOHHBIX TEXHOJIOTHH. VccieqoBaHo BIMSHUE OJHOPAHTOBBIX CETEH W ISTOTO MOKOJICHHS
MoOwitbHOU cBsi3u (5G) Ha pasButuss Wurepnera Bemer (10T). PaccmoTrpeHbl OCHOBHBIE YpOBHH
KOMMYHHUKAIIMOHHBIX (YHKIMI B CETH, ONpejaeieHa 3agada OOBEIWHEHHS JIBYX THIIOB OOJauyHBIX
TEXHOJIOTHH Il pa3BuTus MuTepHETa Bemeil Ha 0aze apXUTEKTyphl ceTeil 5G. MoaenupoBaHue cerei
MANET mnpoBoausnoce B cumynsitope Tpapuka NS-3 ¢ 1enbpi0 U3yd4eHUs] JUHAMUYECKON apXHUTEKTYpHI
CaMOOPTaHU3YIOIIMXCS CeTel U BBIABICHUS MMPOTOKOJIA MAPIIPYTU3AIMH, KOTOPBI HAaWIY4IIUM 00pazoM
MOJICTPANBACTCS O]l OCOOEHHOCTH 3TOH apXWUTeKTypbl. OIeHKa XapaKTEPHCTUK MPOU3BOAUTEILHOCTH
MIPOTOKOJIOB AUHAMUYECKOW MapIIpyTHU3allMK MMPOBOIMIACH C TIOMOIIbIO aHAU3a JaHHBIX, MOJIYYEHHBIX
u3 npuioxkeHmsINS-3. Paccmorpensr ocodennoctr moaynss mmWaveNS-3 mis MopenrpoBaHus COTOBBIX
cereii 5G, paboTaronux Ha MHJUTUMETPOBBIX YaCTOTaX.

Knroueswie cnosa: NS-3, 6ecripoBonnnie cetu, Murepuer semeii (10T), MANET ceru, 5G.

RESEARCH OF WIRELESS PEER-TO-PEER MOBILE NETWORKS
I.A. Klimova, M.A. Markelova
Saint Petersburg electrotechnical university «LETI», Saint Petersburg

Purpose: The author demonstrates the capabilities of the NS-3 network simulator for the development of
the Internet of Things
Design / methodology / approach: Network performance evaluation parameters can be such indicators
as throughput, average delay, percentage of delivered packets, etc. In this paper, the network density and
the speed of the network nodes were changed. The author takes the percentage of delivered packets as the
main criterion of efficiency of the work. The correct choice of routing protocol affects the speed of
information transmission and maintenance of sufficient throughput.
Findings:In the article the author shows that the application of network modeling has a positive effect on
the development of new technologies. Decomposition of problems into layers makes their solution more
efficient. The author shows that thanks to the NS-3 network simulator the network layer problem, namely
the selection of the optimal routing protocol for decentralized networks, was solved.
Research limitations/implications:Research is limited to the network technologies available for
modeling; NS-3 supports most of the current technologies such as MANET, LTE, WLAN,5G, IoT, WSN,
CRS, etc. However, not all routing protocols are implemented in this network simulator. For example, the
hybrid dynamic routing protocol ZRP is not available in all versions of the program. Network
performance analysis and network architecture animation are limited by the set of external tools available
in NS-3.
Originality/value: The value of this paper is that the author examines the Internet of Things from the
perspective of two types of cloud technologies. By examining each of them separately using network
simulation, it is possible to better understand how to optimize data transfer between 10T devices. Thanks
to NS-3 simulation, it is also possible to consider modeling a 5G-based loT architecture where the two
types of cloud computing will be combined.It is necessary to solve the network layer problem to build
any complex network, this means to build a route to send data to the addressee. NS-3 allows users to
apply known routing protocols, to simplify the search for a suitable protocol

Key words: NS-3, wireless networks, Internet of Things (1oT), MANET networks, 5G.

55



YK 621.396
SJIEKTPOHHBIE CETU U TEJEKOMMYHUKAIINU B TIPABOBEJIEHUN
HN.A. MsiunHa
ORCID: 0009-0006-0741-5163 e-mail: imyachina2007@rambler.ru
BoeHnHbIl yueOHO-HAY4YHBIN IIEHTP BOGHHO-BO3MYIIHBIX CHIT «BOEHHO-BO3/TyIIIHAS aKaAeMUs
um. ipo¢. H. E. XKykosckoro u FO. A. I'arapunay (r. Boponex)

Kak 1106011 crienuanuct B cBoel 001acTH, KaKABIH U3 HAC BCTPEYAETCs ¢ MpobieMaMy IPaBoOBOTO
XapakTepa, pelleHHe KOTOpbIX TPeOyIOT ONpele]eHHBIX 3HaHMW B 00JacTH mpaBa. JTO Kacaercs U
OOBIYHOTO YEJIOBEKa, W MpPEIoJaBaTelsi, U CTYACHTOB 00pa3oBaTENbHBIX OpPTraHU3alMid, U KypCaHTOB
BOEHHBIX 00pa30BaTeNIbHbIX YUpexkaeHui. /g Toro, 4ToObl pelInTh ONpeieleHHbIe 3aa4, HE0O0X0AUMO
MCTOJIb30BAaTh COBPEMEHHbIE MH(OPMALMOHHBIE TEXHOJOTUH, B YAaCTHOCTU 3TO KAaCaeTCsl TEXHOJOTHH
nepeaayd JaHHBIX 4Yepe3 TEJIEKOMMYHUKAIMOHHBIE KaHAJbl CBSI3U, C IOMOLIbIO KOMIIBIOTEPHON CETH.
Lenp-npobiema nepenaun JaHHBIX MPEUMYIIECTBEHHO B IpaBoBoi cdepe. UTo ke KacaeTcs BOSHHBIH
cdepsl, nepegada Tako MHGOPMAIMK HOCUT KOH(UIEHLUAIBHBIA XapakTep U OrpaHUYEHHbIN JOCTYII.
[TosToMy, YTOOBI W3Y4YHTh JOKYMEHTHI M NPUMEHATh HX [0 HA3HAYCHHIO O3TO CIIOKHOCTH.
ITo3naBarenbHOE U parmMaTuyeckoe 3HaueHue MHrepHer-cetn orpoMHo. Bo-nepBbIX, 3T0 orpomHas 6a3za
3HaHUU. Bo-BTOpbIX, 3TO MoIIHOE cpeacTBO (cucreMa nepeaauud uH@opmauuu). CpeacTBo OOIIEHHUS.
ITouta. B-Tperbux, bonbias cets — 3T0 T00anbHOE cpelcTBO MaccoBod MHpopMmaiuu. IIpakTruecku
BCE TICUaTHBIC M 3JICKTPOHHBIE M3/IaHUS IPEICTABICHbI B CETH. B-4eTBEPTHIX, 3TO CPEeACTBO 00pa30BaHUs
(IucTaHIIMOHHOE 00pa30BaHKeE) U HAYUHOU JIEATENbHOCTH (IIPOBEICHUE KOH(EPEHIIUI 1 CEMUHAPOB).

Knwoueevlte  cnosa:  mepepada  JaHHBIX,  BUABI  TEIEKOMMYHHKAIIMOHHBIX  CBs3€il,
KOH(UIEHIIMATIbHBII XapaKkTep, OrpaHUYEHHBbIH J10CTYII, I03HABAaTEIbHOE U IparMaTHYecKoe 3HaueHUeE.

ELECTRONIC NETWORKS AND TELECOMMUNICATIONS IN THE SCIENCE OF LAW
I.LA. Myachina
Military Training and Scientific Center of the Air Force "Air Force Academy named after Prof. N.
E. Zhukovsky and Yu. A. Gagarin™ (Voronezh)

Purpose: The authordescribes the problem of tranfer information especially in the law sphere.
Desigh/methology/approach: In order to solve certain tasks, people need to use modern information
technologies to transfer through telecommunications with electronic networks. As for military sphere, the
transfer information has confidential character and restrictive access. That’s why to study documents and
using them to their destiny is so difficult.
Findings: Information and computing way, network presents two or more computers connected with
each other with the communicational channel (wired, fibre optic and radio communication)/
Research limitations/implications: There are four networks that exist in information networks: local,
corporate, regional and global.
Originality/value: Informative and pragmatic meaning of the Internet is huge. First of all, it’s a large
base of knowledge. Secondly, it’s a powerful mean of the system of tranfer information. It’s a mean of
communication. It’a an e-mail. In the third way, Information network is a global mean of mass media. In
practice all printing and electronic publications are in the network. You just need to think what you are
looking for. I the fourth way, it’s a mean of education (remote and science activities) and taking part in
conferences and seminars.

Key words: the transfer information, kinds of telecommunication, confidential character,
restrictive access, informative and pragmatic meaning.
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PA3BUTHUE 5G U IEPCIIEKTUBbI BHEAPEHUSA 6G
A.C. Boctpuios
ORCID: 0009-0009-8033-2446 e-mail: alexvostrilow@gmail.com
"Huxeropoackuii rocyjapCTBEHHbIN HHKEHEPHO-3KOHOMUYECKUI YyHUBEpCUTET"

Ilenr maHHOW CTaThU — TIPOBECTH aHAIM3 JBOJIIOIUU MOOWMIBHBIX ceTedl oT 1G mo 5G wm
paccMOTpETh MEPCHEKTUBBI BHEAPEHUS TexHoioruu 6G. PaccMaTrpuBaroTCsl KIIIOUEBbIE 3Tallbl Pa3BUTHS
MOOWJIBHBIX ceTed, (hOoKycupyeTcs BHUMAaHUE Ha XapakTepucTHkax 5G M UX BIMSHUM Ha OOILECTBO.
Jlanee mogHUMaeTcs BOIPOC OXKUAAEMBIX M3MEHEHUN npu nepexone oT 5G k 6G, BKIoUYas yBeIU4YEHHUE
CKOPOCTH I€pellaud JaHHBbIX, MHUHMMHU3ALUIO 3aJE€pPKKH U 00ecrnedyeHue MONIEpPKKH MacCOBOrO
MOJIKIIIOYEHUSI YCTPOUCTB. AHAIM3UPYIOTCS NOTEHIHMAJIbHBIE NMpUMeHeHHss 6G B pa3Nu4HBIX 001aCTsX,
TAaKUX KaK MEIUIMHA, IPOMBIIIJIEHHOCTh, TPAHCIOPT W Pa3BJCUEHUs, IPEIOCTABISIIOTCS NPUMEPHI
M3MEHEeHHH B 3THX cdepax. Takke oOcyxnaroTcs npodieMbl 6€300aCHOCTH U MPUBATHOCTH B KOHTEKCTE
6G, BKJIIOYAs HCIOJIB30BAaHUE KBAaHTOBBIX TEXHOJIOTMH M HOBBIX MeTOJ0B MmH@poBaHus. Pabora
BKJIIOUAET aHAJINU3 T100albHBIX BBI30BOB BHeApeHHUs 6G, BKIOYAs CTaHAApTU3ALNIO0, MEKIYHapOJIHOE
COTPYZHUYECTBO U BO3/IEHCTBHE HA COL[MATIbHBIC, 5KOHOMUUECKUE U IKOJIOTMUECKUE ACTIEKTHI.

Knwouesvie cnosa: 5G, 6G, MOOWIbHBIE CETH, TEIEKOMMYHHKAIMH, OyAyIIWE TEXHOJIOTHH,
NEPCHEKTUBBI PA3BUTHUS.

DEVELOPMENT OF 5G AND PROSPECTS OF 6G IMPLEMENTATION
A.S. Vostrilov
"State budget educational institution of higher education «Nizhny Novgorod state engineering and
economic university, Knyaginino»

Purpose: This article examines mobile network evolution (1G to 5G) and explores 6G integration
prospects, emphasizing 5G's societal impact. Anticipating 6G's advancements, it discusses increased
speeds, enhanced connectivity, and potential applications across industries.
Design / methodology / approach: The study takes a holistic approach, analyzing the evolution of
mobile networks from 1G to 5G, focusing on the characteristics of 5G and its impact on society. It then
looks at expected changes with the transition to 6G, including increased data speeds and connectivity for
mainstream devices. Methodologically, an in-depth analysis of potential 6G applications in various
sectors is used. The research also delves into security and privacy issues, including quantum technologies
and new encryption methods. It also illustrates the global challenges associated with 6G deployment,
including standardization, international cooperation and wider socio-economic implications.
Findings: The analysis of the transition from 1G to 5G and the study of 6G integration have revealed the
milestones of transformation in mobile communications. Expected 6G improvements include faster
speeds, lower latency and widespread connectivity, promising revolutionary implications. Regarding 6G
security, the findings place particular emphasis on quantum technologies and innovative encryption. The
global challenges of implementing 6G are covered, including standardization and socio-economic
considerations.
Research Limitations / implications: In this individual study, recognizing limitations is critical.
Data availability. Research is limited by data availability, especially when tracking the historical
evolution of mobile networks. Despite efforts, potential gaps may exist.
Theoretical Focus: The study primarily focuses on theoretical considerations and predictions for 6G
technology. While depth is sought, actual implementation may vary due to technological advances and
market dynamics.
Assumptions:The analysis is based on current understanding and assumptions about 6G capabilities,
resulting in uncertainty associated with its conceptual stage.
Despite the limitations, the study provides implications for future research and industry stakeholders by
guiding the decision-making process in the development of next generation mobile networks. Emphasizes
the importance of ongoing research and collaboration in shaping the future of mobile communications.
Key words: 5G, 6G, mobile networks, telecommunications, future technologies, development
prospects.
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MOJIEJIb ®OPMUPOBAHUS BA3bI 3SHAHUN

OIS MAEHTU®UKAIIMUA HEMAPKUPOBAHHBIX OB BEKTOB

A.A. KoporsimeBa
ORCID: 0000-0001-8877-4235 e-mail: ania.korotishewa@yandex.ru
C.H. Kykos

ORCID: 0000-0002-4410-4720 e-mail: jsn@rf.unn.ru

Hwmxeropoackuii rocynapcrBennsiii yausepeurer uMm. H.M. Jlo6ayeBckoro

B pabGore mnpemnokeHa Monaenb (GOpMUpOBaHUS 0a3bl 3HAHWNA IS HUICHTH(UKAIUU
HEMapKUPOBAaHHBIX OOBEKTOB Ha OCHOBE KOMIUIEKCHPOBAHUS MPU3HAKOB, IMOJIYUEHHBIX B pPE3yJbTaTe
WHTEJUICKTYallbHOM  00pa0OTKM  JaHHBIX. B  KadecTBe BXOAHBIX JaHHBIX B  HCCIEAOBAHUU
paccMaTpuBaIOTCA I[BETOBBIE U PEHTICHOBCKHE HW300paKeHHsI C HEMapKUPOBAaHHBIMH OOBEKTaMHU.
06pa60TKa JAaHHBIX HOPOUCXOAUT MOITANMHO, € MNPUMCHCHHCM K IIOCJICIOBATCIIbHOCTU HOAaHHBIX
IITOPUTMOB HEMpOCeTEeBbIX MoJeNel. Pe3ynbTaToM KaXKIoro U3 3TaroB SBISETCS MHOXKECTBO ITPU3HAKOB
HaWJCHHBIX W KIACCH(HUIIMPOBAHHBIX OOBCKTOB Ha W300paxeHHWH. [loilydeHHOE KOMILJICKCUPOBAHHOE
MPU3HAKOBOE OMNKMCAHHUE IO3BOJIAET MPUMEHATh 0a3y 3HAHUM Ui TMOclenyromed HAeHTU(UKAIUN
00bekTOB. [Ipumenenne 6a3bl 3HAHUK B COUYETAHUU C HEUPOCETEBBIMH AJITOPUTMAMHU MTO3BOJIUT IMTOBBICUTH
3G (HEeKTUBHOCTh UICHTHU()HUKAIMUN COPTUPOBKH OIMACHBIX W LEHHBIX BUIOB OOBEKTOB, y KOTOPBIX
OTCYTCTBYET MapKUPOBKA, B IIPOMBIIIICHHBIX KOMIUIEKCAX.

Knrouesvie cnosa: 6a3a 3HaHul, uIeHTHU(UKALMSA, HEHPOHHAs CETh, KOMIIBIOTEPHOE 3pEHHE,
HEMapKUPOBAHHbBIE OOBEKTHI.

FORMATION MODELOF A KNOWLEDGE BASE
FOR THE IDENTIFICATION OF UNLABELED OBJECTS
A.A. Korotysheva, S.N. Zhukov
National research Lobachevsky state university of Nizhny Novgorod

Purpose: The article is devoted to the development of knowledge basefor the identification of unlabeled
objects.
Design / methodology / approach: The article discusses a formation model of a knowledge base about
objects for their subsequent identification, as well as methods for combining the features of objects that
are not labeled.
Findings: The created model of the knowledge base will increase the efficiency of identification and
sorting of hazardous and valuable types of objects that are not labeled in industrial complexes. Scaling the
program to identify new objects can be implemented by entering information about new objects into the
knowledge base.
Research limitations/implications: Research is limited to the features of objects that can be obtained
from Color and X-ray images using a neural network detector and a classifier. However, the model can be
further supplemented with a feature database from other sources for complexes with other input data.
Originality/value: The proposed model is universal and can be adapted for use both in the already
developed intelligent identification system and in other systems receiving data from a video camera and
an X-ray machine.

Key words: knowledge base, identification, neural network, computer vision, unlabeled objects.
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O MMOJXO/JIE K NOJJAEPKKE IMPUHATHS PEINEHUA ITPH KOHIENTYAJIbHOM
IMPOEKTUPOBAHUU NHHOBAIIMOHHbBIX TH®OPMALMOHHBIX CUCTEM
10.C. Eropos
ORCID: 0000-0002-6628-4574 e-mail: ckar@list.ru
Huxeroponckuii rocyiapcTBeHHbIN TexHUUeckuil yHuBepcuteT uMm. P.E. Anekceesa

B pesymprare npoeKkTHpoBaHHMS WHHOBAaIMOHHBIX HH(popMannoHHbIX cucteM (MC) ynmaercs
peanu3oBaTh B OOIEM cilyyae HE Bce OTOOpaHHBIE B IPOLECCE KOHLENTYaJbHOTO HPOEKTHUPOBAHUS
¢ynkumonanbapie  Bo3MokHOCTH (DB), mostomy 3agactyro mnpoekTHpyemas wuHHOBauuonHas WC
obnanaer HabopoM PB, peanu3anys KOTOPHIX B OJHON Mepe HelleaecooOpa3Ha MU IpU OTPaHUYEHHBIX
pecypcax HEBO3MOXHA. Pa3zBuBaeMblil momxon BKIOYaeT B ceOs BhIOOp KoH(urypamuu (coctaBa ®B)
uHHoBaMoHHOM MC u pacnpeneneHue AOCTYIHBIX PECypcoB Ul peanu3anuu npototuna. CHauana
orOuparorcst HauOosiee LeHHble @B 13 MHOXECTBa NpPEIJIOKEHHBIX, JUISI KOTOPBIX JIOCTyIHas
TPYAOEMKOCTh Ha BEChb IPOEKT IepepacrpenesseTcss A JOCTHKEHHS MaKCUMaJIbHON OXKHJIaeMOMH
neHHoctu. OtoOpanHas KoHpHUrypanus onpeaenser cocra @B, mouiexamux qanrpHeHIe peaan3arim.
3areM BCIO BBLIEICHHYIO TPYIOEMKOCTb Ha pEalu3al{i0 MPOTOTUIA paclpelelsieTcsl TaKUM 00pa3oM,
YTOOBl JOOUTHCS MAKCUMAJIbHOM OXUIAEMON LEHHOCTH MPOTOTUIIA, YTO IMO3BOJUT MOJYyYUTh TaKOU
HayaJIbHBIA MPOIYKT, KOTOPBIA OyIeT MaKCUMajJbHO HPUOMMKEH K OXHMIAHMSIM 3aWHTEPECOBAHHBIX
CTOpOH.

Knwuesvie cnoga: mnojiepxka NPUHATHS pELICHUH, KOHLENTYalbHOE IPOECKTHPOBAHUE,

HHHOBaAIWA, IIPOIrPaMMHOC O6€CHC‘I€HI/I6, PIH(bOpMaI_II/IOHHaH CHUCTCMA.

AN APPROACH TO DECISION SUPPORT IN THE CONCEPTUAL DESIGN OF
INNOVATIVE INFORMATION SYSTEMS
Y.S. Yegorov
Nizhny Novgorod state technical university n. a. R.E. Alekseev

Purpose: The article is devoted to the development of innovative information systems.
Design/methodology/approach: The article discusses the approach to the development of innovative
information systems, as well as methods for choosing the composition of functional capabilities at the
stage of conceptual design and minimum viable product formation.

Findings:The considered aspects of creating innovative information systems will help to avoid critical
situations that may be caused by errors in the conceptual design process.

Research limitations/implications: This article is the starting point for further research on the creation of
innovative information systems with rational selection of functional capabilities.

Originality/value: The proposed approach will help improve the efficiency of the conceptual design of
innovative information systems and the implementation of a minimum viable product.

Key words: decision support, conceptual design, innovation, software, information system.
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IMPUMEHEHUE UHTEPHETA BEIIEN JUIS YIYUIIEHUSI KAYECTBA «YMHOI'O
rorOaA»

C.B. Ilonomapenko
ORCID: 0009-0004-8898-8646 e-mail: gidranoid@yandex.ru
A.B. Cemamixo
ORCID: 0000-0003-4698-9666 e-mail: semashko@nntu.ru

Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yauBepeuteT uM. P.E. AnexceeBa

WutepHer Bemiedl mpencTaBisieT cOOOW CETh YCTPOMCTB, MOAKIIOUYEHHBIX K HHTEPHETY, UIs
oOMEHa JaHHBIMH O OKpYXarolled cpelae. ODTa KOHLENLUS HCHBITHIBACT OBICTPBIA pocT Osaropaps
Pa3BUTHIO TEXHOJIOTUHA M ceTeil cBA3U. OCHOBHbBIE YPOBHU apXUTEKTYphl MHTEPHETAa BELIEH BKIIIOYAIOT
¢busznueckuif, cereBoi M npukiaaHoN ypoBHH. I[IporHosmpyercsa, uro k 2030 rogy Oyner Gonee 50
MUJUIMAP/I0B NOJKIIIOUEHHBIX YCTPOICTB, YTO MPUBEAET K CO3JJaHHI0 "yMHBIX TopoJoB". "YMHbIe roposa"
UCHOJIb3YIOT UHTEPHET Belled M MH()OPMAMOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJOTHH JUIsl ONTUMU3ALUU
UHOPPACTPYKTYPHl U YCIIyT, yIydlias KauyecTBO >KM3HH. HecMOTpst Ha MOTEHIMAIbHBIE MPEUMYIIECTBa,
MHTETpalysl HHTEPHETA Bellleil BBI3bIBAET OMACEHUS] OTHOCUTENBHO 0€3011aCHOCTH, KOH(PUAEHINATIbHOCTH

M OTHYCCKHX BOIIPOCOB.

Knrouegvle cnosa: MHTEPHET BellleH, YMHBIA TOPOJI, TEXHUUYECKUE YCTPONUCTBA, MOJKIIOYECHHBIE K
MHTEPHETY YCTPOICTBa, HMH()OPMAIIMOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJIOTUH, UHPPACTPYKTYpa.

USAGE THE INTERNET OF THINGS TO IMPROVE THE QUALITY OF A «SSMART
CITY»

S.V. Ponomarenko, A.V. Semashko
Nizhny Novgorod state technical university n. a. R.E. Alekseev

Purpose: Assessment of the use of the Internet of Things and its role in the creation of "smart cities".
Design / methodology / approach: An analytical approach is proposed and an assessment of existing
trends, problems and prospects in the field of the Internet of Things and smart cities, where the main
focus is on the analysis of concepts, trends and potential problems.
Findings: The final assessment of the use of the Internet of Things in the development of the concept of
"smart cities" and the provision of tools for collecting data on the city's environment, managing
infrastructure and services, as well as to improve the efficiency and quality of people's lives.
Research limitations/implications: There are a number of issues and challenges, such as security,
privacy, ethics, regulation, and public acceptance. The integration of the Internet of Things into urban
infrastructure requires careful analysis and an approach to managing these risks.
Originality/value: Assessment of the current state and prospects for the development of the concept of
"smart cities", taking into account the role of the Internet of Things.

Key words: internet of things, smart city, technical devices, Internet-connected devices,
information and communication technologies, infrastructure.
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PABPABOTKA METOJIUKHW OIITUMU3ALIMU SQL-3AITPOCOB K XPAHWINIIAM
JAHHBIX
E.B. CugopoBa
ORCID: 0000-0002-6828-1625 e-mail: tv.09.03.02.nntu@yandex.ru
C.1. AHTOHOBA
ORCID:0009-0008-4799-407 e-mail: antonovka2000seta@list.ru
Huxeropoackuil rocyaapcTBEHHbIN TeXHUUECKUN yHUBEpcUTeT uM. P. E. Anekceesa

Jis GosnbmMX XpaHWIMI] JAHHBIX OCTPO BCTAET BOIPOC COKPALICHHUS BpPEMEHH 0O0paboOTKH
3alpocoOB K HUM C y4e€TOM BO3MOKHBIX allapaTHBIX pecypcoB. PerieHuem naHHONM 3ajaud sBiseTCS
MCTOJIb30BAaHUE PA3IUYHBIX TEXHUK onTUMH3auuu SQL-3ampocoB. IT0 cTaHOBHTCS HEOOXOIHMOMOCTHIO
JUIS TIOBBILLIEHUS] IPOU3BOAUTEILHOCTH HH(GOPMAIITMOHHON CUCTEMBI.

B noxmane omuceiBaeTcsl 3Tambl pa3pabOTKU YHHBEPCAIBHOW METOIUKH ontumuzanmu SQL-
3alpocoB Ha OCHOBE MeToAa aHanuza uepapxuit (MAUM). [lns uccnenoBaHus BBIOpaHBI CIENYIOIIHE
TEXHUKHA ONTUMH3AIMU 3aIPOCOB: WHACKCHPOBAHUE, XMHTHI, JIOTHYECKHE MPEOOpa3oBaHMs U IpaBUIIA.
[Ipn mpoBeneHUH HCCIEAOBATENbCKUX OSKCIEPUMEHTOB, y4YTeHbl Takue Kiacchl SQL-3ampocoB kak:
MPOCTBIE M CJOXHBIE, OJHOTAOJMYHBIE M IEPEKPECTHbIe MHOroTadmu4Hble. s Kaxgoro kiacca u
kareropun SQL-3ampocoB B mpolecce cepuu SKCIEPUMEHTOB ObLIIM COOpaHbl CTATUCTUYECKUE JAHHBIE,
Ha OCHOBE KOTOPBIX ¢ moMombio MAW paspaborana yHuBepcaiabHas MeTonuka omtumumsammu SQL-
3arpoca ¢ y4eTOM anmnapaTHbIX PECYpPCOB M CTOMMOCTH BBITIOJIHEHHUS 3aPOCOB.

PazpaboranHas MeToauKa MO3BOJISIET MPOU3BECTH ONTHUMHU3ALNIO BbiogHeHus SQL-3ampocoB k
XpaHWIHILAM JaHHBIX C IIeJIbI0 MOBBIIMICHUS MPOU3BOJUTENBHOCTH CAMHX 3alpOCOB U YMEHBIICHUS
00bEMa HCIIOJIb3YEMBIX PECYPCOB 000pYIOBaHHUS.

Knroueswie cnoea: ontumuszanusi, SQL-3amnpoc, ncrnoib30BaHre HHAEKCOB, UCTIOIb30BAaHUE
XUHTOB, UCTIOJIb30BaHUE MMPABUII U JIOTHYECKON ONTUMU3ALMN, METOJ aHaIn3a UepapXuu.

DEVELOPMENT OF A METHODOLOGY FOR OPTIMIZING SQL QUERIES TO DATA
WAREHOUSES
E.V. Sidorova, S.I. Antonova
Nizhny Novgorod State Technical University n.a. R.E. Alekseev

Purpose: This article describes the need to develop an algorithm for solving the problem of optimizing
SQL select to a database in order to reduce the load on system resources and provide accurate results in
less time. This allows you to make the code more efficient, which is important for optimal select
performance.

Design / methodology / approach: The article describes the development of an optimization algorithm
based on the hierarchy analysis method. Indexing, hinting, and the use of logical transformations and
rules are considered as alternatives to SQL select optimization methods. Using the hierarchy analysis
method allowed us to build the most effective algorithm for optimizing an SQL select using optimization
methods. An algorithm has been developed for each class and category of an SQL select, the use of which
allows optimization in order to increase productivity and reduce the load on hardware resources with less
resource expenditure on the part of a human database administrator

Findings: The article proposes a universal methodology for optimizing SQL queries, applicable to an
information system in order to reduce hardware costs.

Research limitations/implications: The research is limited to the use of SQL query optimization
methods. Nevertheless, the results obtained can be further used in database administration.

Originality/value: The value of the article lies in determining the most effective algorithm in terms of
improving the performance of SQL queries.

Key words: optimization, SQL query, use of indexes, use of hints, use of rules and logical optimization,
algorithm, hierarchy analysis method.
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INPUMEHEHUE ABTOKOJIUPOBIIUKA /U1 OBHAPYKEHUSA CETEBbBIX
AHOMAJIUH B AIITAPATHO-ITPOI'PAMHOM KOMILIIEKCE «BE3OITACHBIN IT'OPO/1»
O.E. Bunorpanosn
ORCID: 0009-0001-0209-865Xe-mail: vinogradov-oe@yandex.ru
Huxeropoackuil rocyaapcTBEHHBIN TeXHUUECKUN yHUBepcuTeT nMeHu P.E. AnekceeBa

B pabote paccMOTpeH OIBIT IPUMEHEHUSI aBTOKOIMPOBILMKA JIJIS1 BBISIBJICHUS CETEBBIX aHOMAIMM B
anmnapaTHO-IIPOrPAMMHOM KoMIUIeKce «be3onmacHelii ropon». PaccMOTpeHbl BO3MOXHBIE BapHaHTHI
ONTUMU3ALMY TUIIEPIIAPAMETPOB JUIS JOCTHKEHHSI MAaKCUMAJIBHONW YyBCTBUTEIBHOCTH aBTOKOMPOBIIHKA
K aHOManusM. B cBs3u ¢ TeMm, 4TO HadaibHbI HaOOp IUIEpHapaMeTpPOB HEBEIUK U MOXKET ObITh
IIOABEPTHYT MCUYEPIIBIBAIOIIEMY IIOMCKY, MCIIOIb3YeTCs METOJ IIOMCKa 1o pemerke. IIpumeHenue
aHanu3a TpauKa C MCIOJb30BAaHHMEM ABTOKOIMPOBIIMKA MO3BOJISIET BBIIEIATH KOPUIOP ACHMMETPUYHO
MAaTE€MaTHUYECKOMY OKUJAHUIO 3HAYCHMs], & TAKXKE YUUTHIBACT BO3MOKHBIC CIIBUTH 3HAYCHUsI BPEMEHHOU
OTMETKH. MOHMTOPUHI CETEeBOro Tpaduka € HCHOJIb30BAaHHEM OOYYEHHOTO AaBTOKOJMPOBILUKA C
ONTUMAJIbHO NOJOOpPaHHBIMU THUIEpIIapaMeTpaMu HE TpeOyeT MHOI0 PECypcoB BBIYMCIUTEIbHON
CHCTEMBI: JMCKOBOIO IMPOCTPAHCTBA M BBIYMCIUTEIBHOM MOIIHOCTH IpOLiEccCopa, a TaKke pabodero
BPEMEHH IIEPCOHAIA.

Knrwoueswvie cnosa: 6e30nacHblii ropoj, CETeBble aHOMAJINH, aBTOKOAMPOBIIUK

APPLICATION OF AN AUTOENCODER FOR DETECTING NETWORK ANOMALIES
IN THE “SAFE CITY” HARDWARE AND SOFTWARE COMPLEX
O.E. Vinogradov
Nizhny Novgorod state technical university named after R.E. Alekseeva

Purpose: The article discusses the use of an autoencoder to detect unknown network anomalies in the
Safe City software and hardware complex.

Design/methodology/approach: The article discusses possible options for optimizing hyperparameters
to achieve maximum sensitivity of the autoencoder to anomalies. Due to the fact that the initial set of
hyperparameters is small and can be exhaustively searched, the method used is lattice search.

Findings: The use of traffic analysis using an autoencoder allows you to allocate a corridor
asymmetrically to the mathematical expectation of the value, and also takes into account possible shifts in
the timestamp value (time synchronization failure).

Monitoring network traffic using a trained autoencoder with optimally selected hyperparameters
does not require a lot of computing system resources: disk space and processor processing power, as well
as staff time.

Research limitations/implications: The article discusses the theoretical foundations of an autoencoder
for detecting network anomalies for further practical application.

Originality/value: The advantage of this method, identified during practical use, is the fact that
anomalies are identified that were not in the training set. Using this method, events that require attention
are selected more efficiently than when using an operator. Detected network anomalies are indicators of
the following factors:

* Incorrect operation of CCTV cameras: technical malfunction; lack of proper maintenance.

* Network problems: optics rupture; technical malfunction of network equipment;

* An abnormal deviation in the number of people recorded by CCTV cameras.

Key words: Safe city, network anomalies, autoencoder.
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HNPUMEHEHUWE METOJA U30JIMPYIOLIEI'O JIECA IJISI OBHAPYXEHUSA
CETEBBIX AHOMAJIMI B AIIITAPATHO-IIPOT PAMMHOM KOMILJIEKCE
«BE3OITACHBIN T'OPO/I»
O.E. Bunorpanos
ORCID:0009-0001-0209-865Xe-mail: vinogradov-oe@yandex.ru
A.B. Cemamko
ORCID: 0000-0003-4687-9666 e-mail: semashko@nntu.ru
Hwxeropoackuii rocygapcTBeHHBIN TexHUYeCKUil yHuBepcuteT uMeHu P.E. AnekceeBa

[Tpu pemenuu 3amad yrnpaBieHUs CIOKHONH MHPOPMAIMOHHOW CHCTEMOM, TaKOHW Kak ammapaTHO-
POrPaMMHOTO KOMILIeKca «be3omacHslii Topoa» BOCTPEOOBAHBI TAaKUE TEXHOJIOTMH MOHHTOPUHTA,
KOTOpBIE OKa3bIBAIN OBl MOJ/ICPIKKY CUCTEMHBIM U CETEBBIM aIMHHUCTPATOPaM B Pa3pelIeHud npodiieM
COKpAIIECHUs] CPETHEr0 BPEMEHM pPEaKLUU Ha HEUCHPAaBHOCTb. B paboTe paccMOTpeHO IpUMEHEHHe
METO/Ia M30JIMPYIOIIETo Jieca sl OOHapyKeHHs aHOMaJbHOTO IOBEJICHHS CETEBOro Tpaduka. 3amada
pemraeTcs B HECKOJIbKO JTaloB: IOATOTOBKA JAaHHBIX, OOydeHHE MOJENM, OIpEAeNCHHEe Iopora
aHoMaJIMu. B pe3ynpraTe OBUIO YCTAHOBJIEHO, YTO METOJ H30JIMPOBAHHOIO JieCa SIBISAETCS TOYHBIM M
3¢ hEKTUBHBIM CPEACTBOM OOHAPYKEHHS aHOMaIHii ceTeBoro Tpaduka. [IpenmymiecTBo JaHHOTO METOIA
3aKJIFOYAeTCsl B TOM, YTO NP MPAKTUYECKOM MTPUMEHEHUH OBbUIN BBISBICHBI aHOMAJIMHU, KOTOPBIX HE OBLIO
B o0yyaromem Habope.

Knroueevie cnosa: bezonacHslii ropos, 0OHapyKEHHE CETEBBIX aHOMAIHI, N30JIUPYIOLIHHI JIeC.

APPLICATION OF THE ISOLATING FOREST METHOD FOR DETECTING
NETWORK ANOMALIES IN THE “SAFE CITY” HARDWARE AND SOFTWARE COMPLEX
O.E. Vinogradov, A.V. Semashko
Nizhny Novgorod state technical university named after R.E. Alekseeva

Purpose: The article discusses the use of the isolating forest method for detecting unknown network
anomalies in the “Safe City” hardware and software complex.
Design/methodology/approach:

The problem of identifying network anomalies using machine learning is solved in several stages.

1. Stage - data preparation.

2. Stage - training the model.

3. Stage - determining the anomaly threshold
Findings: Monitoring network traffic using the isolation forest method does not require a lot of computer
system resources: disk space and processor processing power, as well as staff time. As a result, the
isolation forest method is found to be an accurate and effective network traffic anomaly detector.
Research limitations/implications: The article discusses the theoretical foundations of using the
isolation forest method to identify network anomalies for further practical application.
Originality/value: The advantage of this method, identified during practical use, is the fact that anomalies
are identified that were not in the training set. Using this method, events that require attention are selected
more efficiently than when using an operator. Detected network anomalies are indicators of the following
factors:

* Incorrect operation of CCTV cameras:

- technical malfunction;

- lack of proper maintenance.

* Network problems:

- optics rupture;

- technical malfunction of network equipment;

» An abnormal deviation in the number of people recorded by CCTV cameras.

Key words: Safe city, network anomaly detection, isolating forest.
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OB30P A3bIKOB OIIUCAHUA ITPOTOKOJIOB
HHOPOPMALIMNOHHOI'O OBMEHA
A.B. Cemauko
ORCID: 0000-0003-4687-9666 e-mail: semashko@nntu.ru
A.P. Kanmun
ORCID: 0009-0007-0713-9960 e-mail: k_andrey_r@mail.ru
Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yausepeuteT uM. P.E. AnexceeBa

B noxmage mpoBoautTcsi 0030p Hambosiee PacHpOCTPAHEHHBIX S3BIKOB OMHCAHUS MPOTOKOJIOB
uHpopmaloHHOro oOMmeHa. PaccmarpuBaioTcs UX OCHOBHBIE XapaKTEPUCTUKH U OCOOEHHOCTH,
IIpeUMYIIeCTBa U HeNocTaTKU. OIuChIBaeTCAd CTPYKTYpa, CHHTAKCUC, BO3MOYKHOCTHM JUISl OIHCAHUS
pa3IMYHBIX TUIIOB MPOTOKOJIOB MU (opmaToB oOMeHa uH(popmanueid. Takke paccMaTpuBaeTcsi HX
NPUMEHEHHE B PA3JIMYHBIX 00JACTAX, aHATM3UPYIOTCA TPeOOBaHMS K S3BIKaM OMHMCAHUS MPOTOKOJIOB B
COBPEMEHHBIX cHUcTeMax HWH(OPMALMOHHOIO OOMeHa. ABTOpaMU MPOBEACHHOIO HCCIENIOBAaHUSA U
JeNaroTcs BBIBOABI O HambOosee dS(PQPEeKTUBHBIX ¥ yHOOHBIX S3BIKAX OIMUCAHHS IPOTOKOJIOB
nH(OPMALIMOHHOTO OOMEHa, KOTOphIE MOTYT OBITh HCIIOJIB30BAHBI MPH pPa3pabOTKE COBPEMEHHBIX
MH(POPMAIIMOHHBIX CHCTEM.

Knrouesvie cnosa: npotoxkosl mHGOpPMAIIMOHHOTO oOMeHa, mHdopmalmoHHbsie cuctembl, XML,
YAML, JSON.

OVERVIEW OF PROTOCOL DESCRIPTION LANGUAGES
INFORMATION EXCHANGE
A.V. Semashko, A.R. Kalmin
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The purpose of this article is to analyze and review the various languages used to describe
information exchange protocols in order to identify patterns and suggest ways to optimize them.
Design / methodology / approach: The article provides an overview of the most common protocol
description languages: XML, JSON and YAML. Their main characteristics, capabilities and applications
are considered. For each language, an analysis of its syntax, semantics and functional features is carried
out. The usability of each language in the development of information exchange protocols and their
compatibility with existing technologies are also evaluated. As a result of the research, conclusions are
drawn about the most effective and promising languages for describing information exchange protocols in
modern information systems.
Findings: The paper finds out main criteria and features of the languages for describing information
exchange protocols for creating patterns. Conclusions are also drawn about the advantages and
disadvantages of each of the languages based on the selected quality metrics.
Research limitations/implications: The limitation of the research is the inability to analyze all existing
information exchange languages due to their different specifications. Nevertheless, the obtained results
can be further used to create the most optimal description language.
Originality/value: The value of the whole paper in the fact that it provides an overview of various
languages describing information exchange protocols in one source, which allows you to better
understand the capabilities of each of the languages, their features and applications area. This article is of
great importance for developers in the field of information technology, as it helps to make a more
informed choice in the design and development of information exchange systems and improve the
efficiency of these systems. Thus, this article provides valuable information for specialists in the field of
information technology and can serve as a material for developing their own language for describing
information exchange protocols.

Key words: information exchange protocol, information systems, XML, YAML, JSON

64



VIIK 681.511

AJITOPUTM ITOCTPOEHUA MAPHIPYTA JIBUKEHUA BIIJIA C BO3MOKHOCTBIO
OBXOJIA MPEOATCTBUM
A.M. ABepOyx
ORCID: 0009-0004-0879-7955e-mail: averbukhsasha@yandex.ru
Huxeropoackuii rocynapcTBeHHbIN TexHUYecKuil yHuBepcuteT uM. P.E. Anekceepa

Jlnsg yenemHoro nosjera OeCIWIOTHOIO JIETATENbHOI0 anapaTa o 3apaHee 3aJJaHHON TPaeKTOpUu
HEOOXOMMO PEeIIUTh MPoOIeMbl IPEOI0JICHUS IPEMATCTBUI Ha HEOOJBIINX BBICOTAX, TAKUX KaK JIEPEBbs,
JUHUH 3JIEKTporepeaad u mpodee. TpaaullMOHHBIC alrOpUTMBI MMOUCKA MYyTH, Bpoae A* u anroputma
JIeWKCTpBI, CTAaTKMBAIOTCA C MPoOJeMOi TOWCKAa KpaTyaillllero OonTUMalbHOro Mapupyta.OgHako
CYIIECTBYIOT yIyYIICHHbIE BEPCHU ITHX aJTOPUTMOB, Takue Kak ymyumeHHbld A*, Theta* u npyrue. B
JAHHOM CTaThe, OCHOBBIBASsICh HAa IPOBEIECHHOM CpPAaBHUTEILHOM aHAIM3€ MOIMYJSPHBIX aJrOPUTMOB,
npeyiaraeTcs HCrojib3oBaHue anropurMa Theta* ¢ mempio moBbimeHus: 3((eKTUBHOCTH 00Xona
MPENsATCTBUM, BO3HUKaOMUX B npouecce nonera BIIJIA.Ha ocHOBe JaHHBIX, MOJYyYEHHBIX C JIaTYMKOB
OOHAPY)KEHUS MPETSITCTBUN, aITOPUTM MPUHUMAET PEUICHHE O MEePECTPOSHUH MapIipyTa CIeAOBaHUS U
n30eXaHuu CTONKHOBeHHS. CpaBHUTENBHBIN aHaNU3 pe3yJbTaTOB MOJAEITUPOBAHUS AJITOPUTMOB A™*,
Heiikctpel u Theta* mokasan, uro npennoxxeHHbIH anroputM Theta* cmocoOcTByeT obecniedeHuio Oomee
TOYHOTO U OE30IaCHOTO JBUKEHUS OECIIMIOTHOTO JIETAaTeNIbHOTO aniapara Mo 3aJJaHHOMY MapuIpyTy.

Kniouesvie cnosa:anroputm A*, anroputm JleWKcTpbl, ouck mytd, anroputMm Theta*, o6xox
MpENATCTBUM, TpacKTOpus ABmkeHus, bILJIA

AN ALGORITHM FOR BUILDING A UAV ROUTE WITH THE ABILITY TO BYPASS
OBSTACLES
A.M. Averbukh
Nizhniy Novgorod state technical university n.a. R.E. Alekseev

Purpose: This article addresses the challenges associated with the successful navigation of an unmanned
aerial vehicle along a predetermined trajectory, focusing on overcoming obstacles at low altitudes, such as
trees, power lines, and other hindrances. It explores the limitations of traditional pathfinding algorithms
like A* and Dijkstra's algorithm in finding the shortest optimal route.

Design/methodology/approach: The article proposes the utilization of the Theta* algorithm to enhance
obstacle avoidance efficiency during unmanned aerial vehicle flights. This suggestion is grounded in a
comparative analysis of popular algorithms, emphasizing the need for improved methods. The Theta*
algorithm is chosen based on its demonstrated effectiveness in mitigating obstacles encountered during
the unmanned aerial vehicle's trajectory.

Findings: The findings of the study reveal that the implementation of the Theta* algorithm contributes to
achieving more precise and secure movement of unmanned aerial vehicles along predefined routes. By
leveraging data obtained from obstacle detection sensors, the algorithm dynamically decides on route
reconstruction and collision avoidance, ensuring a higher level of safety and accuracy.

Research limitations/implications: While this article presents a compelling argument for the efficacy of
the Theta* algorithm in enhancing obstacle avoidance during unmanned aerial vehicle flights, it
acknowledges the need for further research and exploration. The limitations of the current study provide a
starting point for future investigations, including potential refinements and optimizations to the proposed
approach.

Originality/value: The originality of this article lies in its proposal to apply the Theta* algorithm for
optimizing the navigation of unmanned aerial vehicles, particularly in scenarios involving obstacle-laden
trajectories. The comparative analysis of A*, Dijkstra's algorithm, and Theta* establishes value of the
proposed approach, emphasizing its contribution to achieving both precision and safety in unmanned
aerial vehicle movement.

Key words: A* algorithm, Dijkstra's algorithm, route search, Theta* algorithm, obstacle avoidance,
trajectory movement.
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MYJBbTUATEHTHASA MOJEJIb PEOPTAHU3ALIMU AIIITAPATHOI'O PECYPCA
ACY TII

H./JA. KaGanbuen
ORCID: 0009-0009-5572-5002 e-mail: nkabaltsev@gmail.com
J.B. ’KeBHepuyk
ORCID: 0000-0001-6306-0893 e-mail: d.zhevnerchuk@nntu.ru
Huxeropoackuii rocyaapcTBeHHbIN TEXHUYECKHU yHHUBepcuTeT uM. P.E.AnekceeBa

ABTOMAaTH3UPOBaHHBIE CHCTEMBl YIpPaBJICHHUS TexHoJornueckumu mporeccamu (ACY  TII)
MIPEJICTABJISIIOT COOOW MHOTOKOMITOHCHTHBIE TeTEPOTCHHBIC alapaTHO-MPOrPAMMHBIC KOMILIEKCHI H
MOTYT OBITh ONHCAHBI C TMO3UIMKA OTKPHITHIX UHPOPMAIIMOHHBIX cucTeM. ONHON U3 BaKHEWIIMX 3ajad,
Bo3HUKamuxX npu npoexktupoBanun ACY TII, sBasercs 3agada rIaHUPOBAHUS anapaTHOroO pecypca
(AP), HeoOxomumoro st GopMHUPOBaHUS, OOPAOOTKH M TEpelayd JTaHHBIX O COCTOSHUU TEXHUUYECKHUX
OOBEKTOB YNpAaBJICHHUS, a TaKkKe YHOPaBIAOUIMX Bo3neiictBuidl. B pabore mpencraBieH o0630p
CYUIECTBYIOIIMX Mojene u anropuTtmoB IuianupoBanus AP. Ilpeanoxkena mMoaudukanus
MyJbTHareHTHoU monenu peopranuzanuu AP mns ACY TII. Ilpumenenne Mojenu MO3BOJUT OLEHUTH
TpeOOBaHUSI K MUHUMAJIbHOMY U MaKCHUMaJbHOMY 3HA4EHUIO MPOCTPAHCTBEHHO-BPEMEHHOTO pecypca, B
TOM YHCJIE C YYETOM PEKHUMA PEAJIbHOTO BPEMEHHU.

Kniouegvle cnoea: aBTOMAaTU3UpOBAaHHAs CHUCTEMA YIpaBJIEHUs, alllapaTHBI  pecypc,
MyJIbTUAr€HTHasl CUCTEMA, MOJIETIUPOBAHUE.

MULTI-AGENT MODEL OF REORGANIZATION OF THE HARDWARE RESOURCE
OF THE AUTOMATED CONTROL SYSTEM

N.D. Kabaltsev, D.V. Zhevnerchuk

Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The purpose of the work is to build a model for planning the hardware resource necessary for
the formation, processing and transmission of data on the state of technical control facilities, as well as
control actions in heterogeneous automated process control systems

Design/methodology/approach: The proposed model is implemented as an extension of the well-known
multi-agent resource model of a computing system, simulating the process of its reorganization and
transferring it to a stable state characterized by ranges of values of spatial and temporal resources.
Findings: The article examines a modification of the multi-agent model of hardware resource
reorganization for automated process control systems. The application of the model will allow us to
assess the requirements for the minimum and maximum value of the space-time resource, including
taking into account the real-time mode.

Research limitations/implications: The constructed model is used to create simulation models, the
experiment with which allows you to obtain an interval within which the variation of the resource is
allowed.

Originality/value: The difference between the proposed model and its analogues lies in the possibility of
scheduling a hardware resource for two or more interacting control system subsystems operating in
different modes, processing data and signals transmitted by data streams of different intensity

Key words: automated control system, hardware resource, multi-agent system, simulation
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JTACKPETHO-COBBITUHHASA MOJEJIb TPAOUYECKOI'O MOJIb30BATEJBLCKOI'O

UHTEP®EVCA HA OCHOBE AJITEBPO-JIOTMYECKOI'O MMOAXOJA

B.O. Cano:xHukoB
ORCID: 0009-0000-5696-9951e-mail: vlad.sapozhnickof@gmail.com
E.B. Ky3nenona
ORCID: 0009-0004-5991-1412e-mail: ewgesha2008@yandex.ru
J.B. ’KeBHepuyk
ORCID: 0000-0001-6306-0893 e-mail:d.zhevnerchuk@nntu.ru
Huxeropoackuii rocyaapCTBeHHbIN TeXHUYECKUI yHUBepcuTeT uM. P.E. AnekceeBa

[IpoexkTupoBaHHE CUCTEM YEJIOBEKO-MAIIMHHOTO B3aMMOCHCTBHS SBISETCS aKTyaJbHO 3a7auei B
coBpeMeHHOM Mupe. CTpeMHUTENbHOE Pa3BUTHE WHPOPMAIIMOHHBIX TEXHOJOTHH BEACT K IMOBBIIICHUIO
KauecTBa M CKOPOCTH B3aMMOJCIHCTBHUS omepaTopa U uHTepdeiica. ATanTHUBHBIE METOABI MPHU3BAHBI
YBEJIMUUTh KAa4eCTBO pPabOTHI omeparopa IyTeM IOACTpauBaHUS MHTepdeiica CUCTEMBI MOJ| KaKIOro
KOHKpETHOro moib3oBarens. [IpoekTupoBanue Mojeneil YeloBEKO-MAlIMHHOTO B3aUMOJACHCTBUS
HeoOXomuMo JUIsl BepuUKAIMM COBEPIICHCTBOBAHKS METOIOB IOCTPOCHHS JEHCTBYIOIIUX CHCTEM,
MOJIyUYEHHUsI CTaTUCTUKU M BBIABICHHUS cla0bIX CTOPOH MeToda. B crarbe mpemioxkeHa AUCKPETHO-
COOBITHI{HAS MOJICIbh CPEJICTB YEJIOBEKO-MAINTUHHOTO B3aMMOJICHCTBHS, KaK CHCTEMa MHKPOCEPBHCOB,
MOKa3aHOo €€ MPUMEHUMOCTh B 0a3aX 3HaHUN OHTOJIOTMYECKOTO THIIA.

Knroueewie cnosa: nutepdeiicel, MmoaenupoBanue, YMB, anrebpo-noruyeckre MeTOAbI

DISCRETE-EVENT MODEL OF A GRAPHICAL USER INTERFACE BASED ON AN
ALGEBRA-LOGICAL APPROACH

V.0. Sapozhnikov, E.V. Kuznetsova, D.V. Zhevnerchuk

Nizhny Novgorod State Technical University n.a. R.E. Alekseev

Purpose: The article examines methods for forming models of interaction between a human-machine
system. Logical-algebraic methods were chosen as the main group of methods.To analyze the operation
of the resulting model, a special case of a graphical interface was chosen.
Design/methodology/approach: A structural analysis of graphical interfaces as systems of the human-
machine interaction class was carried out. A GUI model is proposed, which is a multicomponent structure
in which each component formalizes a GUI layer or control element. A feature of the model is the
existence of input/output interfaces in elements and layers, which provide data flows between
components.

Findings: Logical inference rules have been developed to ensure controlled, through filtering, pairing of
graphical user interface elements into a single system.

Research limitations/implications: A feature of the constructed model is the existence of input/output
interfaces for elements and layers, which provide data flows between components. To limit and simplify
the results obtained, a system of filtering interfaces is created.

Originality/value: The design of human-machine interaction systems (HMS) and their adaptation to the
changing conditions of operation of control systems, including the management of potentially dangerous
objects such as vehicles, automated process control systems, etc. is an important and urgent task. A
discrete-event model of human-machine interaction tools is proposed as a system of microservices, and its
applicability in knowledge bases of an ontological type is shown.

Key words: interfaces, modeling, algebraic-logical methods, human-machine interaction
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YK 681.3
CUHTE3 UHTEP®ENCOB YEJIOBEKO-MAIIUMHHOI'O B3AUMOJIEVICTBUS HA

OCHOBE OBYYEHMA C NIOAKPEIIVIEHUEM U UMUTALIUN UX-TECTUPOBAHUA

A.B. Tapacos
ORCID: 0009-0009-6868-2937 e-mail: alexandervtarasovddd@gmail.com
JA.B. ’KeBHepuyk
ORCID: 0000-0001-6306-0893 e-mail: d.zhevnerchuk@nntu.ru
Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yausepcureT um. P.E.AnekceeBa

[IpencraBiena obmas cxemMa 0Oy4eHus ¢ MOAKPEIUIEHUEM areHTOB-AH3aifHEepPOB, YUaCTBYIOUINX B
reHepaluy MpOTOTUIIA TOJIb30BATENbCKOrO uHTepdeiica. Cpena o0ydeHHS NPEACTaBISET COOOU
COBOKYNHOCTh CTpyKTypel Ul um arenroB-omepatopoB. B mnpouecce mmurtaumm UX-Tecta areHThbI
orepaTopsl OKa3biBaloT Bo3jelcTBue Ha Ul, mocnie vero mosydaroT MHQOpPMAILIMIO O €r0 COCTOSIHUM, Ha
OCHOBAaHMHM KOTOPOr0 OHM IUIAHMPYIOT cienytomee Bosaencreue. Ilocne Bemonnenus UX-tecra
MoJIcUCTEMa MOHUTOpUHTa coOupaer uHpopMmanuio o UX-MeTpukax W NepeJaeT ee IOJCUCTEME
o0y4eHHs, B KOTOpPOW BBINOJHSACTCS KOPPEKTHUPOBKA TIIOBEACHUS AareHTOB-AM3aiHEPOB. ATEHTHI
nu3aiiHepbl oOydatorcs Ha MHOXecTBe UX-TecToB 10 TeX mop, moka He OyayT ¢GopMuUpoBaTh
MOJIb30BATEIbCKUI MHTEpdeiic, obecrneunBaomuii 3HauyeHns UX-METpUK B YCIOBHSX 3aJaHHBIX
OTpaHUYCHUU.

Knirouesvie cnoga: 1enoBeko-MallMHHOE B3aUMOJIEHCTBUE, ar€HT, 00Yy4eHHE C TIOJIKPEIICHUEM.

SYNTHESIS OF HUMAN-MACHINE INTERACTION INTERFACES BASED ON
REINFORCEMENT LEARNING AND SIMULATION OF UX TESTING

A.V. Tarasov, D.V. Zhevnerchuk

Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The aim of the work is to create tools for generative design of the graphical user interface,
including simulation of UX testing

Design/methodology/approach:Aset of implementations for different agent training variations compared
by some UX-metrics was constructed. Training variations were differed by the amount of information
being observed by a trained agent, different rewards and different actions could be made.A human needed
to run UX-metrics was replaced by a simple random motion based model.

Findings:A prototype of a generative GUI design tool has been built using the stable-baseline3 library.
Algorithms A2C and PPO were mainly used as methods of training agents. A prototype of a generative
GUI design tool has been built using the stable-baseline3 library. Algorithms were mainly used as
methods of training agents. The prototype was used to experimentally verify the applicability of
reinforcement learning methods for GUI design in conditions of incomplete information about the
operating modes of the system and the operator profile

Research limitations/implications:Trained agents could be used in Ulprototypes generation with a
certain set of properties based on UX-metrics. Metrics which could be used in the learning process are
restricted by an ability to run them automatically or an ability to replace a human with a relevant model,
which could be integrated with learning a model.

Originality/value:lt differs in the proposed modification of the GUI model, in which each Ul element
(figure) is connected by "springs" to a certain set of points on the screen, which can be the corners or
center of the screen, the center of mass of the group to which the figure belongs, the centers of the nearest
figures, etc.

Key words: human-machine interaction, agent, reinforcement learning.
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JUHAMHUKA OHPEI[E.JIEHI/H?I HAYYHBIX MOHSTUN
(HA MATEPUAJIE TEPMMUHOB ®NJIOCODPHUN)
A.B. CunejieBa
ORCID: 0000-0001-9926-9760 e-mail: sinstasi@mail.ru

Huxeropoackuii rocynapcrBenHblil yausepcureT um. H.W. JlobaueBckoro

B crathe mpezacTaBieH ONBIT KCMOJIB30BaHUA (HPEHMOBOro mpeacTaBieHUs WHGOpMaLUU TpU
aHaJIM3€ COJAEpXkaHMs CIIOBAapHbIX CTaTe€ll B TEPMHUHOJIOIMYECKHUX CJIOBApsX C LEJNbI BBIBICHUS
JUHAMHKU TOHATHI. DpelMOBBI METO/I, MOJOXKEHHBIH B OCHOBY pa3paOOTKH MCKYCCTBEHHOT'O SI3bIKa,
ABIISICTCA JTOCTATOYHO A(PPEKTUBHBIM NPU PEIICHUH 33Jad JIOTMKO-CEMAHTUYECKOTO MOJETUPOBAHHMS
€CTECTBEHHOI'O sI3bIKa. B paMkax 3a/a4y JaHHOTO MCCIIEI0OBAHUS OH IMO3BOJISIET MPEICTABUTh COJIEPKAHUE
HAYYHBIX TMOHATUHA B (OPMAIM30BAHHOM BHUJAE JUIS aHAJIM3a CMBICIOBOIO HANOJHEHUS TEPMUHOB B
MaXpPOHUYECKOM aCIIEKTE.

Knrouesnie cnosa: nuaxpoHU4ecKuil mporiecc, J0rHKO-CMbBICIOBBIE aCTIEKThl, COJEP)KaHUE TTOHATHUS,
CYULIECTBEHHBIN PU3HAK, TEPMUH, (Ppeiim.

DYNAMICS OF DEFINITIONS OF SCIENTIFIC CONCEPTS
(BASED ON THE TERMS OF PHILOSOPHY)
A.V. Sineleva
ORCID: 0000-0001-9926-9760 e-mail: sinstasi@mail.ru

Nizhniy Novgorod state university n. a. N.I. Lobachevsky

Purpose: This article proposes a method for analyzing the content of concepts — terms of
philosophy - in a diachronic aspect based on a frame model of information representation.

Design/methodology/approach: The analysis of the content of terminological concepts according
to the categorical feature contained in the definition allowed us to identify categories (subsets) of terms.
In order to identify and study the dynamics of the process of forming concepts of logic, the content of
dictionary entries of terminological dictionaries of different times of publication was analyzed. In the
process of analyzing the meaningful meaning of terms recorded in terminological dictionaries, a frame
method of data interpretation was used, an artificial formalized language was created. Logical and
semantic aspects representing information conditionally divided into two parts: synchronic and
diachronic, represent essential features of concepts, are reflected in dictionary entries of different times.

Conclusions: The conducted research allowed us to conclude that the content of dictionary entries
changes over time, scientific concepts are replenished with new essential and non-essential features, while
the concept of an essential feature is also relative, because it depends on the progress of the cognition
process.

Originality/value: A formalized language has been developed that allows to represent the
content of dictionary entries of terminological dictionaries. Frames representing the conceptual content
of individual terms not only highlight the essential features of concepts, but also reflect the order of
semantic aspects recorded in dictionary entries.

Key words: diachronic process, logical and semantic aspects, content of the concept, essential
feature, term, frame.
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YIK 621.3.061
KOHIOENIUA OPTAHU3AIUUU U ITIOAJEPKAHUA KOHCUCTEHTHOI'O OBPA3A
OINEPAIIMOHHOM CUCTEMBI B NON-x86 9KOCUCTEMAX BbIYMCJIUTEJIbHBIX
PECYPCOB
C.O. YepHbix
e-mail:Black.S52@yandex.ru
Hwxeropoackuii rocyiapcTBeHHbIN TeXHUUYECKUM yHUBepcUTEeT UuM. P.E. AnekceeBa

KoHueHTpalysi BBIUNCIUTEIBHBIX PECYPCOB, C MOCIEAYIOIIEM MPEAOCTAaBIEHUEM K HUM OOIIEro
J0CTyIa, MO3BOJSIET CHU3UTHh CTOMMOCTb HX BIaJeHMs U oOciayxuBaHuss. OZHUM M3 KpUTEpHUEB
IIPEIOCTABJICHUS] KaueCTBa IPEJOCTABISEMBIX BBIUHUCIUTEIBHBIX PECYPCOB SBISIETCS IOBTOPSIEMOCTH
IPOBOAMMBIX HAa HEM BBIYMCICHMH, a TakXke IPO3payHOCTh, MPEICKa3yeMOCTb HCIOJIb3YEeMOM
KoH(uUrypanuu. YHH(UKAUS KOMIIOHEHT, HACKOJIBKO 3TO BO3MOXKHO, TO3BOJIIET C OJHOM CTOPOHBI
obecrneunBaTh €IMHOOOPA3HOCTh MOAXOMOB B3aUMOJAEHCTBHS C MPOrpPaMMHO-ANNAPaTHBIMU pecypcamMu
T.€. MacTabupyeMOCTh MOJAXOAOB, & C APYrOil CTOPOHBI, €IUHYI0 KOH(UTYpAIHIO HA BBIYMCIUTEIBHBIX
YCTPOHCTBAX, UTO SBJIAETCS KIIOYEBBIM YCIIOBHEM IIOBTOPSIEMOCTH pe3yinpratoB. B crarbe
paccMarpuBalOTCS BapUaHTbl OpPraHU3alMd BbIUMCIUTEIBHBIX Cpel C KOHCHUCTEHTHBIMM OOpa3amu
ONEePaLMOHHBIX CHCTeMLINUX, METO/bI ONEPAaTUBHOTO W3MEHEHHUS IIPOrPAMMHON KOH(HIYpaIlUU Ha M0JIe
BBIUYHCIIUTENbHBIX YCTPONCTB, METOABI aIMUHUCTPUPOBAHUS MOAOOHBIX CHUCTEM, a TaKXKe BO3MOMXKHOCTHU
NePEeHOCa YIauHBbIX, U X86, OJX0A0B B IPOTrPaMMHBIE SKOCUCTEMbI MHBIX apXUTEKTYP.

Kﬂlollesble caoesa.: KOHCHCTGHTHBIfI 06pa30nepauH0HH0171 CHUCTEMBI, OHepaTI/IBHOC HN3MCHCHUC
MPOrpaMMHBIX KOHUTypalui, orpaHuyeHus NON-X86 skocucTeM, 3arpy3Ka OMNEPalMOHHOM CHCTEMBI
Linux.

CONCEPT OF CONSISTENT OPERATION SYSTEM IMAGE, ORGANIZATION AND
SUPPORTING FOR NON-X86 ECOSYSTEM OF COMPUTING RESOURCE
S.0. Chernykh
Nizhniy Novgorod state technical university n.a.R.E. Alekseev

Purpose: This article considersexisting and possible approaches how to cover and managea big scale of
computer resources in unified way, provide an idea of consistent operation system image, possible image
deployment ways, management methods.

Design/methodology/approach: it’sproposed to useconsistent operation system (OS) image distributed
through network. It eliminates install OS and configure full soft scope stages, prevent system
configuration sprawl, increase flexibility by fast reconfiguring selected resources without preparation
these resources. In addition, this approach practically doesn’t have scale limitation. It greatly works for
x86 architectures but still doesn’t have suitable tools for RISC-V soft ecosystem.

Findings: The paper finds a suitable way to cover non-x86 computing resource by scalable management
methods and approaches to ensure consistent soft state, flexibility in deployand reconfiguration, to
increase resource utilization density.

Research limitations/implications: The present article provides a starting-point forfurther research in the
consistent operation system image system for deploy and management for non-x86 soft ecosystems.
Research limited LinuxOS, RISC-V maybe ARM architecture. Architecture based on Linux network
booting featuresof  RISC-V-based devices, DHCP, PXE, Linux distribution, tools for images
management.

Originality/value: Cooperation network booting consistent operation system image with
management for tools it’s a new for fairly new RISC-V architecture. Currently for this purpose use
standards deploy methods or network boot but only partially instead of x86 solutions where already exist
complex tools for administration such resources. Non-x86 computing resources currently lacked such
tools.

Key words: consistent operation system image, fast software configuration changing, limitations of
non-x86 soft ecosystem, operation system booting
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BBIBOP ONITUMAJIBHOM BHEITHEM 3ABUCUMOCTH KJIACCOB
C.B.JIoranos
ORCID: 0000-0002-7302-4586e-mail: loganovserg@yandex.ru
Huxeropoackuii rocynapcTBeHHbIN TeXHUYeCKUi yHUBepcuTeT uM. P.E. AnekceeBa

JlocTOMHCTBa OOBEKTHO-OPUEHTHPOBAHHOIO MPOrPaMMUPOBAHUS MOTYT HPOSIBUTHCA JMIUb IPU
MPOSKTUPOBAHUN APXUTEKTYpPhl MPOTPAMMHOM CHUCTEMbI Ha OCHOBE MOJEIH IpEeIMETHOH obmactu. B
pabore 0OOCHOBAaHO, 4YTO BBOJ JOIOJHHUTEIbHBIX IPOMEXKYTOUHBIX HMHTEP(EHCOB  MEXIY
PaBHONPABHBIMU OOBEKTaMU MOJEIH NPEAMETHOW OO0JIACTH SBJSIETCS HEONPABAAHHBIM, TaK Kak
IPUBOAUT K AyOJIMPOBAHUIO KOJA U JIMIIb 3arPOMOXKJAET ApXUTEKTYpY pa3padaTbiBaeMoil IporpaMMHOM
cucrembl. IHTepdelicsl He0OX0IMMO BBOJIUTH JIHIIb I OOCIY>KUBAIOIIUX 00bEKTOB HH(PPACTPYKTYPHI,
KOTOpbIE C BBICOKOM CTENEHbIO BEPOATHOCTM MOTYT OBITh 3aMEHEHbl 110 Mepe IOSBICHUS
JOTOTHUTEIBHBIX TpPeOOBAaHMM K MacIITaOWPOBAHUIO WM MYJIbTHUIUIATPOPMEHHOCTH MPHUIIOKCHHUS.
[IpuMeHeHMe NTpPUHLUIA WHBEPCUM 3aBUCUMOCTEH K MHQPACTpyKTypHbIM OOBEKTaM BBIHYKIAET
MPEXIEBPEMEHHO MPOEKTUPOBATh MHTEPQEIChI, KOTOPbIE HE MO3BOJSAIOT MOJIHOLEHHO PELIUTh 3a7ady
0€300J1e3HEHHON 3aMEHSIEMOCTH 3TUX OOBEKTOB B YCJIOBHUSX HEJOCTATOYHO TOYHO CHOPMYIHPOBAHHBIX
TpeboBanuii. HeoOXoaumMo CTpOUTh Takyl0 MOJENb NMPEIMETHONH 00JIacTH, KOTOpas aJeKBaTHO PELIaeT
TEKyIUe 3a/lauid pa3pabOoTKU, a IMOKOCTh apXUTEKTYphl JODKHA OOecreyuBaTh JIMIIb HE3aBUCUMOCTb
IIOCTPOEHHON MOJEIH OT CIIOCOOOB €€ COXPaHEHHUs U NIPEICTABICHUS.

Knrwuegvie €7106a:00bEKTHO-OPUEHTUPOBAHHOE IpOrpaMMUpPOBaHHE, 00BEKTHO-
OpUEHTUpPOBaHHOE MNpoekThpoBanue, apxurekrypa [10, npunnun DIP, SOLID-npuHUMIbI, TPUHIUIBL
MPOEKTHUPOBAHNUS TTAKETOB.

SELECTION OF OPTIMAL EXTERNAL DEPENDENCE OF CLASSES
S.V. Loganov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The article discusses the features of constructing a domain model, which is the basis for
designing the architecture of object-oriented software systems.Without designing an architecture based on
a domain model, it is impossible to achieve the benefits of object-oriented programming.
Design / methodology / approach: To develop the architecture of an object-oriented software system, an
incremental approach is proposed instead of universally introducing interfaces between various objects to
increase the flexibility of the system.
Findings: Software architecture design is a process of incremental discovery, dependent on the
maintenance, support and evolution of an object-oriented system. And the introduction of additional
intermediate interfaces between business logic objects is unjustified, since it leads to code duplication and
only clutters the architecture of the software system being developed.Since the domain model, in
principle, should not be replaceable, all dependencies of software system objects can be directed towards
it.
Research limitations/implications: Construction of an adequate domain model is a fundamental
principle of designing the architecture of an object-oriented software system, represents its integral
essential and has independent worth.
Originality/value: It is necessary to build a domain model that adequately solves current development
problems, and the flexibility of the architecture should only ensure the independence of the model from
the methods of its storage and presentation. The application of the dependency inversion principle to
infrastructure objects forces the premature design of interfaces that do not allow us to fully solve the
problem of painless replaceability of these objects in conditions of insufficiently precisely formulated
requirements. Interfaces need to be introduced only for infrastructure objects that, with a high degree of
probability, can be replaced as additional requirements for scaling or crossplatform software systems
arise.

Key words: object-oriented programming, object-oriented design, software architecture, DIP
principle, SOLID principles,package principles.
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MOJEJIb U AJITOPUTMbI ABTOMATHUYECKOM 'EHEPAIIMA TPU3HAKOBOI'O
OIMUCAHUS APXUTEKTYP HCKYCCTBEHHBIX HEHPOHHBIX CETEN
HA OCHOBE META-OBYYEHUSA
P.O. bapunos
ORCID: 0000-0002-0269-3205 e-mail: barinovr@list.ru
B.E. I'aii
ORCID: 0000-0002-3644-5234 e-mail: iamuser@inbox.ru
HuxeropoackuiirocygapcTBeHHbIN TexHuYeckuil yauBepcuteT uM. P.E. AnekceeBa

B Hacrosmiee Bpems pacTeT CIpPOC Ha HHTEIUIEKTYyaJbHBIE CHCTEMbI ABTOMATU3UPOBAHHOTO
MAaIIMHHOIO 00y4YeHHsI, CIOCOOHBIE pelaTh pa3jMyHble 3a7audl 0 aHaJu3y JaHHbIX 0e3 (haKTH4ecKOro
npuBiedeHus skcrepta. [lomoOHBINA crpoc BbI3BaH ycleXamMH B OOJIACTH TE€HEPAaTHBHBIX MOJIENIEH,
OOJIBIIMX SA3BIKOBBIX MOZEIEH M MCKYCCTBEHHOIO MHTEJIEKTa B L€JIOM. BONBIIMHCTBO CyIIECTBYIOIINX
pelIeHNi HanpaBJIeHO Ha MOUCK Hanbosiee ONTHMAJIbHBIX MOJIENIEH MAIIMHHOTO OOYYEHHUS HCXOIsl M3
METa-IPU3HAKOB HAOOpoB JaHHbIX. [logOOHBIE pelIeHHsT OrpaHWYEHbl SKCIEPTHBIMU OLEHKaMH I10
BBIJICJICHUIO METa-IIPU3HAKOB, a TaKXke (popMaTaMH MOZENEH MAITMHHOTO 00y4YeHHUs, HA OCHOBE KOTOPBIX
(bopmHpyeTcss NPOCTPAHCTBO IOMCKA KOHEUHBIX alropuTMoB. B pabore mnpeanoxkeHbIMOIENIb U
QJIITOPUTMBI, TIO3BOJISIOLIUE OCYLIECTBIISITh NPeoOpa3oBaHUE BXOJHBIX 3ajay, OMUCHIBAEMbIX Habopamu
JAHHBIX, B KOHEYHOE BEKTOPHOE IPOCTPAHCTBO, MpeoOpa3oBaHUE PA3IMYHBIX  APXUTEKTYP
HCKYCCTBEHHBIX HEHPOHHBIX CE€TE€H B KOHEYHOE BEKTOPHOE IIPOCTPAHCTBO M I'E€HEPALMIO MPHU3HAKOBOI'O
OIMCaHMsI APXUTEKTYpP HEMPOHHBIX ceTell Ha OCHOBE METa-00y4eHUsS U CHaMCKHX CEeTeH.

Knwueswie cnosa: mera-o0ydueHue, HeHpOHHBIE CETH, aBTOMATU3aLUs 00Y4YEHUs,CHAMCKHE CETH.

MODEL AND ALGORITHMS FOR AUTOMATIC GENERATION OF A FEATURE
DESCRIPTION OF ARTIFICIAL NEURAL NETWORK ARCHITECTURES
BASED ON META-LEARNING
R.O. Barinov, V.E. Gai
Nizhny Novgorod state technical university n.a. R.E.Alekseev

Purpose: This work is aimed at creating models and algorithms of artificial intelligence, which allows
you to determine the most suitable neural network architectures for solving various business problems
without involving expert evaluation
Design / methodology / approach: Meta-learning is an approach to teaching machine learning models
based on knowledge about the quality of operation of multiple models in the context of previously solved
tasks. The main feature of meta-learning is to bring the task of finding the optimal machine learning
model to the task of learning with a teacher. This article proposes a meta-learning model for generating a
feature description of neural network architectures. At the training stage, the proposed model consists of
three modules, each of which is responsible for independent transformations of input datasets and the
search space. The first module consists of several fully connected neural networks capable of converting
an input dataset into a finite vector space. Both one-dimensional (tabular) and two-dimensional (for
example, images) signals can be supplied to the input of the module. The second module is responsible
for a similar transformation of neural network architectures, on the basis of which the learning search
space is built. The third module is a Siamese network. At the stage of application of this model, it consists
of the first two pre-trained modules. As a result, this meta-model is able to determine the most appropriate
neural network architecture for the input task described by the dataset.
Findings: The article proposes an approach to building a meta-learning model that allows generating a
feature description of neural network architectures based on data sets.
Research limitations/implications:Research and experiments are limited to models and datasets for
classification. However, the proposed meta-learning model can be extended to solve problems that differ
from classification problems.
Originality/value: The value of the entire article lies in the proposed model of automatic generation of a
feature description of artificial neural network architectures, built on the basis of a meta-learning
approach, an algorithm for converting datasets into a finite vector space, an algorithm for converting
artificial neural network architectures into a finite vector space.

Key words: meta-learning, neural networks, learning automation, siamese neural network.
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MOJIEJIb 1 AJITOPUTMBI AYTMEHTAILIUU ITIOTOKOBBIX JTAHHBIX JIJISI 3AJIAYN
OBHAPYXEHMUSA I[PEfltbA KOHHEHHI/Iﬁ HA OCHOBE TEHEPATUBHBIX HEMPOHHBIX
CETEH
B.A. I'osry0enko
ORCID: 0000-0002-4683-3249e-mail: fullmoonshrine@gmail.com
B.E. I'aii
ORCID: 0000-0002-3644-5234 e-mail: iamuser@inbox.ru
Huxeropoackuil rocyaapcTBeHHBIN TexHUueckuid yHuBepcutet uM. P.E. AnekceeBa

3amaya oOHapykeHUs Apei(da KOHIENIMA B MOTOKOBBIX JTaHHBIX 3a4acTyl) peIIaeTcs MyTéM
CPAaBHEHHs XAapaKTEPUCTHK [AHHBIX Ha JBYX OTpE3KaX BPEMEHM - TEKYIIUX U OTHOCUTEIBHO HEIABHO
NOCTYNUBIIMX. B gaHHON paboTe mnpeanaraercst aabTEpPHATHBHBIM TMOAXOX K PEHICHUIO 3ajaud,
OCHOBAHHBIM HAa CHHTETMYECKHX JIaHHBIX, BEIpa0aThIBAEMbIX T€HEPATUBHOM MOJIENbIO, TAKXKE CaM aJTOPUTM
BBIPa0OTKM MOJO0OHOI0 CMHTETHUYECKOro aaraceta. KitoueBoil uaeel ucciieJoBaHUsl BISETCS TUIIOTE3a O
TOM, 4YTO INPU HAJIUMYUHA TEHEPATHBHONM MOJEIH, YCICIIHO INPOU3BOMALICH PEAIMCTUYHBIE ITOTOKOBBIE
JTlaHHbIE, BBIOOpKA 3TUX JIAHHBIX Ha OIPEAEJICHHOM OTpPE3KE BPEMEHU B COBOKYIIHOCTH C peajlbHBbIMU
HO3BOJIMT C BBICOKOW TOYHOCTBIO CHUTHAJIM3UPOBATh O Apeide Oiaromaps MOBBIIIEHHOW CTaTUCTUYECKON
3HAYMMOCTH JIFOOBIX OTKJIIOHEHMH MEXAY PeallbHBIMU U NpeACKa3aHHbIMU JaHHBIMU. B Xone uccienoBanus
ObUl NpPOBEAEH psAJ SKCIEPUMEHTOB [0 TIEHEepalMM JaHHBIX, a TaKXkKe I0 BBIPAOOTKE pPAa3JIMYHBIX
KOMOWHAIMIA CpalleHHBIX BBIOOPOK. Pe3ynbTaThl AKCHIEPUMEHTOB IMOKAa3bIBAIOT, YTO IIOJyYCHHBIE
IPEUIOKEHHBIM AJITOPUTMOM JAHHBIE UMEIOT BBICOKYIO CXOKECTh C OPUTMHAJIBHBIM BPEMEHHBIM PSIOM U
IIPUTOJHBI JUIS JAIBHEUIIECH OLIEHKH TMITOTE3bl YePE3 IKCIIEPUMEHTBI.

Knrwoueswie cnosa: obHapyxeHue apeiida KOHIENUI, reHepaTuBHbIE MOJEIHN, HEHPOHHBIE CETH,
BPEMEHHBIE PsAJIbl, AyTMEHTALNsl TaHHBIX.

MODEL AND ALGORITHMS OF STREAM DATA AUGMENTATION FOR THE TASK OF
CONCEPT DRIFT DETECTION BASED ON GENERATIVE NEURAL NETWORKS.
V.A. Golubenko, V.E. Gai
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The aim of this work is to establish a method for generating synthetic streaming datasets for the
purpose of conducting further experiments using a novel concept drift detection method.
Design / methodology / approach: This paper proposes an algorithm for composing synthetic streaming
datasets using time-series generative adversarial networks (GANSs) and subsequent splicing of real and
synthetic data to produce augmented data samples.
Findings: The experiment shows that the data produced as a result closely resembles the original data
stream, and is fit for conducting further experiments with a concept drift detection system.
Research limitations/implications: The results of this research are limited in their applicability to any real
use-cases, as it focuses on establishing the viability of proposed generation algorithms and should be treated
as a preliminary study required for further experiments on a larger study.
Originality/value: The value of the paper lies in providing a novel method of producing synthetic time-
series data for the purpose of concept drift detection. This data is in turn used for a novel concept drift
detection algorithm, which relies on finding anomalies within the augmented versions of the latest batch of
samples, rather than the traditional sliding window methods.

Key words: concept drift detection, generative models, neural networks, time series data, data
augmentation.
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TEHEPALIUSI UICKYCCTBEHHBIX JTAHHBIX JIJISI OFYUEHWSI HEUPOHHBIX CETEM B
JIMATHOCTHUKE UHTEP®ENCOB CBSI3U B CHCTEMAX ACYTII
I'' . Ky3HeuoB
ORCID: 0000-0001-5564-045Xe-mail:gd.smith@yandex.ru
B.E. I'aii
ORCID: 0000-0002-3644-5234 e-mail: iamuser@inbox.ru
Huxeropoackuii rocynapCTBEHHbIN TeXHUYECKH yHUBepcuTeT uM. P.E. AnekceeBa

B nmanHoii paboTe onpenensieTcss BO3MOXKHOCTh TeHEPAI[MN HCKYCCTBEHHBIX JaHHBIX ISl 00yICHHUS
HEHPOHHBIX CETeH B 3a/1aue NUAarHOCTUKHU UHTEP(ECOB CBA3HM B CHCTEMax aBTOMAaTUYECKOTO YIIPaBIICHUS
U TexHoJorudeckoro mporecca. OCHOBHAs pobieMa 3aKTI09aeTCsl B HEJJOCTATOYHOM 00BheMe peaslbHBIX
JAHHBIX JUIsI 00y4eHus: Mojeliel, ocooeHHo s Takux npoTokonoB, kak CAN, EtherCAT u Ethernet. B
pamKax paboThI pa3pabaThIBaeTCs MOJEITh TeHEPAIlUU JaHHBIX, IO3BOJISIONIAS CO3/1aBaTh UCKYCCTBEHHBIE
crieHapuu paboThl HHTEPPEcoB. DTU CclieHapUH COOTBETCTBYIOT aJIeKBATHOMY MOBEACHHUIO HHTEp(delcoB
cBs13u B peanbHbIX cucremMax ACYTIL IIpumepsl Takux clieHapueB BKIIOYAIOT pa3iMyHble KOMOMHAITUH
nepelayy aHHBIX, YIPABISIOUIMX COOOIICHHH, a TakKe BO3ZMOXKHBIE OIIMOKU U MOMEXHU, XapaKTepHbIE
JUISL JTaHHBIX TMPOTOKOJIOB. [[nsi co3maHusi HAOOPOB MaHHBIX MCIOJIB3YIOTCS Pa3IMYHbIE HWCTOYHHUKH,
BKJIIOYAsl peajbHbIE YCTPOMCTBA M CHUMYJSTOPBI, a TaKXKe pe3yiabTaThl MojeiupoBaHusd. llomydeHHsie
TaHHBIE OyIyT UCIIOIB30BATHCS ISl O0YyUYEHUs U OLEHKH MOJEJIe HEHPOHHBIX CETEH, HalpaBJICHHBIX Ha
JMArHOCTHKY M aHaiu3 paborocmnocoOHocTH uHTepdericoB cBs3u B cuctemax ACYTIL [Ins mpoBepku
3((HEKTHBHOCTH MOJETH TCHEpAIuU JaHHBIX TPOBOMATCS OSKCICPUMEHTBI HA PA3IUYHBIX MOJEISIX
HEHPOHHBIX ceTeil. Mcronb3yroTcs Habophl JaHHBIX, MOTYYeHHbIE Kak u3 peanbHbix cucteM ACYTII, tak
M C MOMONIBI0 pa3pabOTaHHOW MOJIETU TeHEpalMHh. DKCIEPUMEHTHI BKJIIOYAIOT B ceOsl Kak 0OyueHue
MojieJiell Ha MCKYCCTBEHHBIX JAHHBIX, TAK U UX TECTUPOBAHUE HA PEATbHBIX CIEHAPUAX PaOOTHI CETEH.
Pa3paboranHas MOJeNb TeHEpAIlUU JTaHHBIX MPEACTABISCT COOOW BAXKHBIM WHCTPYMEHT JUIsl OOYYCHHUS
HEWPOHHBIX CETel B YCJIOBUSAX OrPAaHUYEHHOW JOCTYINHOCTH pealbHbIX JaHHbIX. JlanpHeiiine
HCCTIECIOBAHUSI MOTYT BKJIIOYaTh B ce0sl paclIMpeHuEe MOJCIHM C y4YETOM HOBBIX IMPOTOKOJIOB CBSI3H,
yIydllIleHHe KauecTBa CTeHEPHUPOBAHHBIX JAHHBIX U HCCIEAOBAaHUE APYTUX METOAOB 00pabOTKU JaHHBIX
JUTS1 TIOBBIIIIEHHSI TOYHOCTH TMAarHOCTUKU MHTEpdericoB cBs3u B cucremax ACYTIIL.

Knrouegwvie cnosa: ACYTII, uckyccreennsie ganusie, CAN, ETHERCAT, UART, auarnocruka,
reHepalys TaHHbIX.

GENERATING ARTIFICIAL DATA FOR TRAINING NEURAL NETWORKS IN
DIAGNOSING COMMUNICATION INTERFACES IN APCS
G.D. Kuznetsov, V.E. Gai
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: Determine the possibility of generating artificial data for training neural networks in the
problem of diagnosing communication interfaces in automatic control and technological process systems.
Design / methodology / approach: In this work, a data generation model has been developed that allows
you to create artificial scenarios for the operation of interfaces. These scenarios correspond to the
adequate behavior of communication interfaces in real automated process control systems. Examples of
such scenarios include various combinations of data transmission, control messages, and possible errors
and interference specific to these protocols.
Findings: The developed data generation model is an important tool for training neural networks in
conditions of limited availability of real data.
Research limitations/implications: Research is limited to the model and algorithms. However, the
results obtained can be used in the future in interface error detection systems in APCS
Originality/value: The value of the entire work lies in the proposed model and algorithms for generating
artificial data, which are used to train the error detection model in APCS systems

Key words: APCS, artificial data, CAN, ETHERCAT, UART, diagnostics, data generation.
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CUCTEMA AHAJIU3A IPUMEHUMOCTU CPEIACTB PACHPEJAEJEHUSA HAT'PY3KHN
BHYTPHU KJIACTEPA BA3 JIAHHBIX
HA OCHOBE MOJEJIM MAHLIMHHOI'O OBYYEHU S
HN.A. HoBukoB
ORCID: 0000-0001-6963-9628 e-mail: nov.ilucha@yandex.ru
P.O. bapunos
ORCID: 0000-0002-0269-3205 e-mail: barinovr@list.ru
Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKUil yHUBepcuTeT uM. P.E. AnekceeBa

ba3bl JaHHBIX MPeNCTaBiISAIOT cO00i MporpaMMHOe obecrieueHue, MPOU3BOIUTEIILHOCTh KOTOPHIX
KpaliHe 3aBUCHMMa OT TPONMYCKHOW CIIOCOOHOCTH HAKOMHTENEH, B CBSI3M C OTHUM BEPTHKAIBHOE
MacIITaOUpoOBaHUE JJisi COOTBETCTBHUS OW3HEC TpeOOBaHMSM OKa3bIBa€TCA OrpaHHuYeHHO. B nanHOU
CTaThe OMHMCHIBACTCS APXUTEKTypa CHCTEMbI aHAIN3a MPUMEHUMOCTH CPEJICTB paclpeelieHUus] Harpy3Ku
BHYTpH Kilactepa 0a3 maHHbIx PostgreSQL, xoTopas Ha OCHOBE MOJEIM MAaIIMHHOTO OOydeHUs AaéT
OlIeHKY 3¢ (dEKTUBHOCTH WCIONB30BaHUS mporpaMmHoro obecneuenuss PgPool2. B pabore Tak ke
paccMmarpuBaeTcsi KOH(Urypanus CTEHJA Uil aBTOMAaTHYECKOW TreHepanuu oOydaroluxX JaHHbBIX.
ABTOMaTHUYECKas cHCTeMa KOH()HUTypUpOBaHUS CTCHIA Peali30BaHA C IOMOINBI0 TaKUX UHCTPYMEHTOB
kak Terraform u Ansible. Takum 00pa3oM TECTOBBIN CTEH] SIBJIACTCS JIETKO MEPEHOCHMBIM C OHOTO
o0auHOTO TIpoBalifiepa Ha Apyroil. PasBépTeiBaHme NMporpaMMHOr0 OOECIEYCeHHUs Ha IENEBBIX Yy3JIax
ormucano ¢ momortpio Ansible, 94To MO3BOJISET BHITOIHSITH €r0 Ha PAa3IMYHBIX ONMEPAI[HOHHBIX CHCTEMaX B
ABTOMATUYECKOM PEKHIME.

Kniwouesvie cnosa: postgresql, GamaHCHpOBKa Harpy3KH, HCIBITATENbHBIA CTeHM, Kiactep BJI,
KJIacCU(pUKALIHS.

A SYSTEM FOR ANALYZING THE APPLICABILITY OF LOAD BALANCING TOOLS
WITHIN A DATABASE CLUSTER
BASED ON A MACHINE LEARNING MODEL
I.A. Novikov, R.O. Barinov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: This paper provides an intelligent system based on a machine learning algorithm to analyze the
applicability of load balancing tools within a database cluster.
Design / methodology / approach: The paper investigates the implementing database clusters and load
balancing in them. It also describes the PgPool2 system, which provides load balancing in a PostgreSQL
database cluster. Author provides a testbedfor generating data samples, with features such as repeatability
and portability to other cloud service providers through the use of terraform scripts. Author introduces
important attributes that the system will rely on to generate the score. The article also describes the sign
of database query complexity. It describes variants of forming this attribute, such as the use of built-in
analyzer in the PostgreSQL database code and own estimation. The article also describes the model of the
developed system with the module of machine learning. This module summarizes the obtained data and
provides a prediction with specified metrics of accuracy and recall.
Findings: The paper proposed a system for analyzing the applicability of load balancing tools within a
database cluster based on a machine learning model. It also described an approach to test sample
generation and created a portable testbed configuration.
Research limitations/implications: The test generation unit of the developed system can be deployed
only on the Yandex cloud platform. Transfer to a new provider can be done by creating a new resource
description in terraform language.
Originality/value: The resulting analysis system can be used by database architects to get a preliminary
assessment of PgPool2 software efficiency without the need to test it in a real environment. The test
bench, due to its configuration, can be adapted and used by the client in its own environment. In this way,
the client gets the opportunity to improve the model's responses by creating a training sample that is
closer to his working environment.

Key words: postgresqgl, loadbalancing, testbed, database cluster, classification.
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AJITOPUTMbBI TAPAMETPUYECKOI'O CUHTE3A YAT-bOTOB HA OCHOBE
JEKJIIAPATUBHOI'O OIUCAHUSA ®YHKIUOHAJIBHBIX U HE@YHKIIMUOHAJIBHBIX
TPEGOBAHUI
A.A. Caxapos
ORCID: 0009-0006-2984-5033e-mail: artemkal2214@gmail.com
Huxeropoackuii rocynapcTBeHHbIN TeXHMYECKH yHUBepcuTeT uM. P.E. AnekceeBa

B pabote mnpemiokeHbl alrOPpUTMbl MAapaMETPUUYECKOIO0 CHHTE3a 4YarT-00TOB C IOMOIIbIO
nepeaBaeMbIX MapamMeTpoB B (YHKIUU, MO KOTOPHIM OINPEACISETCS MPHHAIJIC)KHOCTh K TOMY WIH
MHOMY MecceH/pkepy. MccnenoBanue mokasano Haludue OOHIMX METOAOB Yy MECCEHIKEpPOB, a MpUMEP
peanu3auuu MOATBEPAWII Pe3yJbTaThl HccienoBaHus. IIpoBeNEH KOJIMYECTBEHHBIM M KayeCTBEHHbIN
aHaJIM3 CYLIECTBYIOIIUX alTOPUTMOB CHHTE3a 4aT-O0TOB C LIEIbI0 OINpENeTeHHUs] UX JTOCTOMHCTB U
HEJIOCTATKOB.

Knroueesvie cnosa: 60T1b1, mapaMeTpUIECKUI CUHTE3, aITOPUTMBI.

ALGORITHMS FOR PARAMETRIC SYNTHESIS OF CHATBOTS BASED ON
DECLARATIVE DESCRIPTION OF FUNCTIONAL AND NON-FUNCTIONAL
REQUIREMENTS
A.A. SAKHAROV
Nizhny Novgorod state technical university named after. R.E. Alekseeva

Purpose: The author suggests algorithms for parametric synthesis of chatbots, with which it is possible to
create a chatbot with a given functionality for different messengers without using programming.
Design / methodology / approach: In the article, VKontakte and Telegram messengers are selected for
use in the example. The author combines the same functional methods into one function, but with
different transmitted parameters for each of the selected messengers. Those methods that cannot be
combined into one have a messenger type parameter. The article provides an example of the
implementation of algorithms, which shows the versatility of use and ease of configuration.
Findings: The article describes the development of algorithms for parametric synthesis of chatbots,
vulnerabilities were found, documentation was investigated, based on which common methods were
found for several messengers; the implementation example clearly shows that further development to a
full-fledged implementation definitely takes place and has high competitiveness.
Research limitations/implications: Research is limited by the capabilities of the messenger API. The
results of the research were the common methods found, which are combined into one common function
for more optimal use.
Originality/value: The value of the entire article lies in the algorithms developed. They are a kind of
software model. If we develop the example given in the article to full-fledged software, then we can
safely compete with similar programs that will clearly be inferior in functionality. The author mentioned
the importance of this research several times in his article, since the full implementation of algorithms can
help many companies and educational institutions. The applicability will be especially noticeable for
those who do not have a full-time programmer in the organization, because the algorithm is aimed at
making its use available to a person who does not know any programming language. In conclusion, the
author suggests continuing to explore the field and improve the algorithm, because almost any algorithm
has a lot to develop.

Key words: bots, parametric synthesis, algorithms.
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AHAJIN3 TOHAJIBHOCTHU TEKCTOB B CUCTEMAX PACIIO3HABAHMUS 3BOHKOB
KOJUI-UIEHTPA
E.C. 3BepeB
ORCID: 0009-0004-9042-038X e-mail: lamplighter0112@gmail.com
A.C. CypkoBa
ORCID: 0000-0003-0018-9053 e-mail: ansurkova@yandex.ru
Huxeroponckuii rocynapcTBeHHbIN TeXHUUYeCKU yHuBepcuteT uM. P.E. Anexceesa

PaboTa KoyuI-1ieHTpa KpYImHOW OpraHu3aliy — 3TO JAECATKU YaCOB 3BOHKOB KaXKIbIi JIeHb. B cBoei
pabote oHM UCTIONB3YIOT obnadnbie ATC, KOTOpbIe B YaCTHOCTH MPEJIOCTABISIOT 3allMCHA 3BOHKOB. JTH
3aliCU COJEpXKAT BaXHYIO sl OM3Heca MHQPOPMAIMIO: MOTPEOHOCTH KIMEHTOB, UX HEIOBOJILCTBA W
noxkenanusi. Ho aHanu3 JaHHBIX TaKOTO 00bEMA SIBIISIETCS IOPOTOCTOSIINM TPOIECCOM, T.K. IO MEHbBIIICH
Mepe HYXHO IMPOCIyIIaTh 3BOHOK IETUKOM. Jlnisi aBTOMaTh3amuu pabOThl COTPYIHUKOB KOJUI-IICHTpA
IpeUIo’keHa cucTeMa pacmupoBKA 3BOHKOB. CHauana 3amuch JenuTcs Ha aBa kaHanma, T.K. ATC
COXPAHSIOT 3aITUCH Ka)X/JI0T0 cCoOOeCeTHUKA B Pa3HBIX KaHajaX. 3aTeM KaKIblid KaHall paciInpoBbIBAETCS
C TIOMOIIBI0 MOJICJIM aBTOMAaTUYECKOT0 paclo3HaBaHUs peyd. B kadecTBe TakoW MOJEIH B HACTOSIIHIA
MoMeHT BeiOpana moaens Whisper Large-v2 xommanuu OpenAl. Ha mocneanem sramne paciimdpoBKU
00OMX KaHAJIOB CKIICUBAIOTCS B OJHMH JUAJIOT N0 BPEMEHHBIM METKaM CJIOB. B paborte mpesiaraercs
WCIIOJIb30BAaTh METOJbl HMHTEIUICKTYaJIbHOM 00pabOTKM TEKCTOB I aHajdW3a TOHAJIBLHOCTH JHAJora,
9TOOBI OINPEACTUTh YPOBEHBb YIOBICTBOPEHHOCTH COOECEJHHMKA, W IS BBISBJICHUS TOTPEOHOCTEH
cobeceIHUKa, YTO MOXKET OBITh HCIOJIB30BAHO B TIOJ00pE Uil HETO YCIyr. B nanpHelieM Ha OCHOBaHUHU
paciipoBKM  IUTAHUPYETCS  CHCTeMa  KiacCH(UKAlus  3BOHKOB Il WCIIONB30OBaHHUS B
PEKOMEH/IaTeIHHBIX CHCTEMAaX.

Kniwouesvie cnosa:aBromatuueckoe pacro3HaBanue peun, obmaunbie ATC, whisperlarge-v2,
aHaJIM3 TOHAJBLHOCTU JUAJIOTA.

TEXT SENTIMENT ANALYSIS IN CALL CENTER CALL RECOGNITION SYSTEMS
E.S. Zverev, A.S.Surkova
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The author proposes a call transcription system to be used by call center employees.
Design/methodology/approach: The developed system is a web service. Currently, the Whisper Large-
v2 OpenAl model is proposed as an ASR model. The paper also describes the algorithm of converting
stereo recordings into 2 mono channels and their further transcribing by ASR model.

Findings: A web service architecture for call recognition is proposed. The architecture includes
interacting with a cloud PBX, splitting a stereo call recording into two mono channels, transcribing the
different channels using an ASR model and further merging both transcripts into a single text.

Research limitations/implications: Research is limited to a database of real estate agency call records
and is a starting point for the development of specialized tools in this area.

Originality/value: The proposed call transcription system can be applied to automate the work of call
center employees. Such a system reduces time costs for call analysis, which can be demanded by various
organizations.

Key words: automatic speech recognition, cloud PBX, whisper large-v2, dialogue sentiment
analysis.
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AJITOPUTM OHEHKU UHTEPOIIEPABEJIBHOCTU ITPOI'PAMMHBIX CUCTEM
HA OCHOBE AHAJIN3A IBYJAOJIBHBIX TPA®OB

J.B. ’KeBHepuyk

ORCID: 0000-0001-6306-0893 e-mail: d.zhevnerchuk@nntu.ru
A.A. CesnBaHOB

ORCID: 0009-0002-9204-6980e-mail: fateisdecease@gmail.com

A.C. CypkoBa
ORCID: 0000-0003-0018-9053 e-mail: ansurkova@yandex.ru
Huxeropoackuii rocyaapCTBeHHBIN TeXHUYECKUI yHUBepcuTeT uM. P.E. AnekceeBa

[IporpaMMHbIe CHUCTEMBI MOTYT OBITh OTHECEHBI K OTKPBITHIM HH(GOPMAIMOHHBIM CHCTEMaM,
OCHOBHBIMH  CBOMCTBAMH  KOTOPBIX  SIBISIOTCS ~ MHTEPOIEPa0EeNbHOCTh,  MEPEHOCHMOCTh  H
Macirabupyemoctb. [Ipu 3TOM HeE CyIIeCTBYeT YHHBEPCAIbHBIX METOJOB KOJIMYECTBEHHBIX OLIEHOK
uHTeporepadensHocTH. B pabore mnpemiokeHo paccMaTpuBaTh MPOTPAMMHBIE CHUCTEMbI B BHJIE
IBYIONBHBIX TpadoB © HA OCHOBE TAaKOrO0 MPEJICTaBICHUS NPEIJIOKEH aIrOPUTM  OLIEHKU
WHTEpOnepadeIbHOCTH Ha OCHOBE aHaJIu3a MmapocoyeTannii Takux rpados. i aHanm3a B3auMoIeHCTBUM
MEXIy KOMIIOHEHTaMH CHUCTEMbl M OIIEHKH HUX CTENEHH COTJIACOBAHHOCTH U COBMECTUMOCTU B padboTe
MpeJUIaraeTcsi UCIoIb30BaTh ANropuT™M Xomnkpodra-Kaprma ais morucka MakCHMaJIBHOTO MAapOCOYETaHMUS
B JIBy10JIbHOM rpade. [t KoInyecTBeHHON OIEHKU MHTEPONepadeIbHOCTH MpeiaraeTcs UCIoIb30BaTh
OTHOIIICHHE MAaKCUMAIILHOTO MapOCOYETaHMs JABYAOIBHOTO Tpada K ero COBEPUICHHOMY apOCOYETaHHIO.
Brinonnena nporpaMMHasi peanu3anus NPEeAJIOKEHHBIX aJITOPUTMOB U MPOBEJAEHA dKCIEPUMEHTAIbHAs
IIPOBEpKa UX pabOTHI.

Knrouesvie cnoea:oTkpeiThie MH(QOPMAIIMOHHBIE CUCTEMBI, MPOTPaAaMMHBIE CHCTEMBI, OIEHKa
UHTEpONEepadeIbHOCTH, JBYI0JIbHBIN rpad, mapocodyeTaHue.

AN ALGORITHM FOR INTEROPERABILITY EVALUATING OF SOFTWARE SYSTEMS
BASED ON THE BIPARTITE GRAPHS ANALYSIS
D.V. Zhevnerchuk, A.A. Selivanov, A.S. Surkova
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose:Quantitative interoperability evaluating of software systems.
Design / methodology / approach: It is proposed to represent software systems in the form of bipartite
graphs, where vertices represent components or services of the system, and edges represent connections
and data flows between them. Software systems have a different number of input and output interfaces,
wherein the internal composition of a software system or component does not matter for interoperability
evaluating, only its input and output interfaces are important, through which data is interacted and
transmitted with other systems.To analyze the interactions between the components of the system, the
Hopcroft-Karp algorithm is used to find the maximum matching in a bipartite graph.ToQuantitative
interoperability evaluating, the ratio of the maximum matching of a bipartite graph to its perfect matching
is calculated.
Research limitations/implications: The software implementation of the proposed algorithms has
been performed and an experimental verification of their operation has been carried out.To assess
interoperability, model examples of software systems and a multi-agent graph generation system were
considered.
Originality/value: The algorithm proposed in the work can be used to improve the processes of
development and integration of software systems,as well as to improve the efficiency and reliability of
interaction between systems.

Key words:open information systems, software systems, interoperability evaluating, bipartite
graph, matching.
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MHOT'OATEHTHBIN MOJAXO/1 K IOCTPOEHUIO UHTEJUIEKTYAJIbHBIX CUCTEM
HOJIJAEPKKHA MPUHATHUA PEIIEHA
J.C. MapTbIHOB
ORCID: 0009-0002-9562-2269 email: martynov-dmitriy@yandex.ru
Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yausepeuteT uM. P.E. AnexceeBa

HNHuTtennexryanbHble cuctembl noanaepxkku npuasatus pemenuid (MCIIIIP) npennasHavyeHsl He
TOJNBKO JUIsl OKa3aHWsi MHGOPMAITMOHHO-CIIPABOYHOM IMOMOIIM JIMITY, TPUHUMAIOIIEMY PEIICHHE, HO H
orleHKH 3(G(HEKTUBHOCTH TPHHATOrO perieHus. V3MeHeHHne xapakTepa IpOIECCOB, MPOTEKAIOIINX B
00BEKTE MOHUTOPHHTA M YIPABJICHUS, OOYCIaBIMBACT TPeOOBAHMWE AaNAlNTUBHOCTH M  TEXHUYECKOMH
camoopranuzauuu, npumeHutenbHo kK WCIIIP. OpHoit W3 TEXHOJOTHM, MO3BOJSIONIECH CO3/1aBaTh
a/IalTUBHBIC HHPOPMAIIMOHHBIC CUCTEMBI, SBISICTCS TEXHOJOTHSI MHOToareHTHBIX cucteM (MAC).

B nacrosimieit pabore paccMaTpuBaeTcs MOJACIA M METOJbl TEXHUYECKOW CaMOOPTaHU3AINH B
NCCIIP, ocHOBaHHBIEC HA OHTOJIOTHUU MTPEAMETHOM 00JIACTH COITPOBOKIAEMBIX ITPOIIECCOB.

Knroueevie cnosa: cucremMa TOIIEPKKH TPUHATHS PEIICHUM, O0a3bl 3HAHWUW, TEMITIOpaJbHAs
JIOTMKA, UEPAPXUUYECKUN KOHEUHBIM aBTOMAT.

MULTI-AGENT APPROACH TO BUILDING INTELLIGENT DECISION SUPPORT SYSTEMS
D.S. Martynov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The article discusses an ontological approach to the design of intelligent decision support
systems. Intelligent DSS not only provides information assistance in the process of making management
decisions, but also adapts to changes in the properties of the control object.

Design/methodology/approach: A discrete-event model of a distributed information system using a
Computation Tree Logic (CTL) model is proposed. Methods for constructing an ontology for processes
occurring in the distributed system under consideration are considered. Models of distributed multi-agent
systems for building adaptive intelligent DSS are presented.

Findings: The proposed discrete-event model allows us to correctly build an ontological framework for
the knowledge base of an intelligent DSS. The use of multi-agent systems technology provides a solution
to the problem of ensuring technical self-organization of intelligent information systems. The developed
methodology for designing intelligent knowledge-based DSS can be applied to solving a wide class of
problems.

Research limitations/implications: This article reflects the results of research carried out as part of the
development of a methodology for designing adaptive intelligent DSS, including in relation to real-time
systems. As a result of the study, it was concluded that it is advisable to use models of logical artificial
intelligence and the mathematical apparatus of branching time logic when developing knowledge-based
systems.

Originality/value: The introduction of new production technologies, provision of medical services and
scientific research is impossible without the use of special information technologies. But it is not enough
to introduce a new software product in production; it is necessary to provide the opportunity for its
integration into a single information space of the enterprise and industry. This task makes urgent the need
to develop a methodological basis for the design of knowledge-based systems, including logical artificial
intelligence systems. Within the framework of this work, the problem of using algebraic structures and
hierarchical finite state machines for the design and construction of intelligent DSS with the property of
technical self-organization was solved. A model was proposed that allows you to adapt the structure of the
knowledge base during the operation of the DSS without loss of performance and without the need for a
radical change in the structure of the software system.

Keywords: decision support system, knowledge bases, temporal logic, hierarchical finite
automaton.
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HVIAT®OPMA I MHOT'OMEPHOI'O AHAJIN3A JTAHHBIX
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ORCID: 0009-0002-9562-2269 e-mail: martynov-dmitriy@yandex.ru
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ORCID: 0009-0007-4396-217Xe-mail: ejik.jr@gmail.com
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ORCID: 0009-0007-6904-0245 e-mail: for.it.step.tatus@gmail.com
Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKUil yHUBepcuTeT uM. P.E. AnekceeBa

[IpoBeneHue HaydHBIX UCCIIEOBAHUE B MEIULIMHE U OMOJOTMM HEBO3MOXKHO 0€3 MCIOJIb30BaHUs
COBPEMEHHBIX CPEJICTB BBIYMCIUTEIBHON U U3MEPUTEIBHON TEXHUKH, KOTOPBIE CYIIECTBEHHO YIPOIIAET
pellleHre 3aja4i CheMa U ONePaTUBHOIO aHAJIM3a MHOTOMEPHBIX JIaHHBIX. 3a4acTyro TpeOyeTcs co3aHue
KOMIIJIEKCa, IO3BOJISAIONIETO OPraHM30BaTh CheM U OOpabOTKy MHaHHBIX M YXKE HMEIOIIMMCS,
CTaHJIAPTHBIX JAaTYMKOB, HO B HOBOHM, HE CTaHIApTHON KOMOMHAUWMH. DTO Hambojee XapakTepHO AJis
3ajaud  ONpEeACNCHUS HOBBIX HMH()OPMATHUBHBIX KOMOWHAIMKA JaHHBIX MHapaMETPOB COCTOSHUS,
MOJIYYMBIIUX Ha3BaHHE OMOMAapKEPOB.

B Hacrosmieir paboTe paccMaTpHBaeTCsl OMBIT NMPOCKTUPOBAHUS M Pa3pabOTKH MPOTrpaMMHO-
anmnapaTHOro KOMIUIEKCa, BKIIOYAIOIIETro B ce0s MHXeHepHYIo Ha 0a3e MukpokoHTpossiep ARM Cortex-
M3+, ucnoib3yeMyro il CheMa M IPEABAPUTEIBHONH OOpPaOOTKM MHOTOMEPHBIX OMOMETUITTHCKUX
JAHHBIX, ¥ MEPCOHATBHOTO KOMIIbIOTEpPA, BBINOJIHSIOMIET0 (DYHKIMU siapa Ui UHTEIUICKTYaJbHOM
00pabOTKH JTaHHBIX.

Kntouesvle cnosea: MHOTOMEpHBIM aHanW3 JaHHBIX, Oa3bl 3HAHWUN, TEMIOpalbHAs JIOTHKA,
MUKPOKOHTpPOJUIEPHI, IU(poBast 00pabOTKa CUTHAIIOB.

MULTI-AGENT APPROACH TO BUILDING INTELLIGENT DECISION SUPPORT SYSTEMS
D.S. Martynov, A.S. Soleev, L.A. Tatus
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The article discusses the experience of building a hardware and software complex designed for
parallel reading and subsequent processing of biomedical data received from several sensors. The
prototype of the software and hardware complex created as a result of the design is intended to solve the
problems of intelligent analysis of streaming data received simultaneously from several sensors connected
to the complex, and to test the correctness of the hypothesis for identifying new biomarkers.
Design/methodology/approach: A discrete event model of a distributed information system is proposed
using a Compute Tree Logic (CTL) model. Methods for constructing an ontology of processes occurring
in the distributed system under consideration are considered. Temporal database models using Lamport
vector clocks are presented. Means for synchronizing the operation of processes in a distributed system
are defined. Statistical methods were used to process multivariate data. Pre-processing of
multidimensional data was performed on a microcontroller.

Findings: The proposed discrete-event model allows us to correctly construct the ontological structure of
the database for measurements carried out in a distributed system. Lamport vector clocks make it possible
to unambiguously solve the problem of consistency of interpretation of processed multidimensional data.
Research limitations/implications: This article reflects the results of research conducted as part of the
development of a prototype hardware and software system for collecting and analyzing multidimensional
biomedical data. A process synchronization model based on Lamport vector clocks was tested for a
system with microcontrollers.

Originality/value: The introduction of new production technologies, the provision of medical services
and scientific research are impossible without the use of special information technologies. The use of
microcontrollers to organize data input and their subsequent processing makes it possible to reduce the
costs of creating prototypes of special medical equipment.

Keywords: multidimensional data analysis, knowledge bases, temporal logic, microcontrollers,
digital signal processing
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HAYYHO-TPAKTUYECKHUE BOIIPOCHI IOCTPOEHUSA UTHCTPYMEHTAJIBHBIX
CPEACTB IOJJAEP)KKHU BU3HEC-ITPOLNECCOB
I1.B. Mucesuu, H.C. IloaskoB
ORCID: 0000-0002-7254-0079e-mail: vt@nntu.ru
ORCID: 0009-0009-1210-9672e-mail:nik.polykov@yandex.ru
Huxeropoackuii rocynapcTBeHHbIN TexHUUYecKuilyHuBepcurer uM. P.E. AnekceeBa

B pabote paccmarpuBaeTcs 3amavya MOCTPOSHHS MHCTPYMEHTAJIbHBIX CpelncTB paspaborku [10
JUIS COCTABJICHHUSI OTYETHOCTH B MPEAMETHOI O00JIaCTH MPOEKTUPOBAHUS U MOAACPKKU MPOrPaMMHOTO
o0ecrieueHus IPOIECCOB CITYKOBI TUTAHUPOBAHUSI U PA3BUTHUSCETEH Mepenayn JaHHbBIX.

[Ipennoxkena MoaudUKaIIMU MOACIH TPOIeccoB, KoTopas ocHoBaHa Ha EPC- nortamusx (Event-
DrivenProcessChain - coObiTuiiHas 1emovka mnporeccoB). MCHosip3yroTcss HIEH TEXHOJOTHH
MPOEKTUPOBaHUs 0a3 JAaHHBIX: OMKCAHUE MPEIMETHONW 007acTU MPH MOMOIIY KOHUENTYalbHOW MOJEIH.
KonmenryanpHass Mofenb 0ONagaeT CICAYIOMMMH BKHBIMH CBOMCTBAMHU: MAIlTMHHAS-HE3aBUCHMOCTD,
MOHATHOCTh M CHEIHUAIUCTY mnpeaMeTHol obmactu u UT mepconany B mpeaMeTHOW OOJIaCTH CO3AaHUS
CUCTEMBI, JIETKOCTh TpaHC(HOPMAIIMK B MAIIMUHO-OPUEHTUPOBAHHYIO MOJIEIh (B TEXHOJIOTHH 0a3 JaHHBIX
3TO  —JIOTWYeCKasiMoJenb). MallMHHO-OPUEHTUPOBaHHAs  MOJENIb, B CBOIO  O4Yepelb, JIETKO
Tpanchopmupyercss HHOOPMALMOHHOE U TPOrPaMMHOE 00ecTIieueHIE CPEACTB aBTOMATH3AIIHH.

Cytb mogudukanuu B BBenenue BEPCMonens cutyarnmonsnoro onvcanus B popme ¢hpeitMoB, 4To
o0ecrieynBaeT Mepexo] OT MOAeIH OW3HEC-TPOIECCOB K KOHIENTYaJbHONW MAaIIMHHO-HE3aBUCHUMOMN
MO/JIENIH MIPEeIMETHOM 001acTH, KOTOpasi OOJIETYUT CO3/JaHUE MAITUHHO-OPUEHTUPOBAHHOM MOJIEIH.

Jns xaxxnon cocraisroneii quarpaMmmel EPC(coObiTs, GyHKIMU U ap.) MpeioKeHbl THITOBBIC
MH(OPMAIIMOHHBIE CTPYKTYPhl — MPOTOTUIBI (PPEeHMOB, KOTOPBHIE OMUCHIBAIOT CUTYAIUIO B MPEIMETHOM
obmactu MoaenupoBanus. [1pu MoeTMpoBaHUY 3TH 3aTOTOBKH TPAHC(HOPMUPYIOTCS B THITOBBIE (PpEHMBI.

MoaudunupoBannas nuarpamma EPC  sBnsieTcss OCHOBOMl HHCTPYMEHTAJIbHOTO KOMILJIEKCA
MOCTPOCHUSATIPOrpaMMHOT0 U HH(MOpManmoHHoro odecredeHuit. OTmedeHo, yto moaudukanus EPC
SIBIIIETCS. MOJICNIBIO CLIEHAPHO-CUTYAIIMIOHHOTO IOJX0/1a, KOTOPBIA JOMOJHSET CUTYallMOHHYIO MOJIENb
(EPC- coObITHiiHas 1IETIOYKa MPOILIECCOB) CUTYAIIMOHHOM COCTABIISIOIIEH (CEThIO (hpeiiMOB).

Knrouesvie cnosa: EPC, dpelimbl, clieHapHBIN TOAXOJ, CUTYallMOHHBIA MOAXOMA, CIEHApHO-
CUTYallMOHHBIN TOIIXO0], MPOrpaMMHOe olecriedeHne, HHPOPMAIMOHHOE obecIieueHne, Moaen On3Hec-
MPOLIECCOB

THE SCIENTIFIC AND TECHNICAL FEATURES OF THE TOOLS TO DESIGN
SOFTWARE AND INFORMATION SUPPORT OF BUSINESS PROCESSES
P.P. Misevich, N.S. Polyakov
Nizhny Novgorod state technical university n.a. R.E. Altkseev

Purpose:Developing tools for the conceptual description of business process models to design
information and software design tools. The conceptual model is based on EPC notation (a tool for
describing a scenario) and a network of frames.
Design / methodology / approach: The scenario and situational approach are the basis for that
conceptual model. The modification of the EPC (Event-Driven Process Chain) diagram contains a special
system of frame prototype templates. Templates are attached to objects in the diagram. The process of
transforming a template into a frame is used to design a description of the situation in the subject area of
modelling business processes.The modified EPC diagram model has the advantages of the scenario and
situational approaches. It is understandable for specialists in the subject area and IT specialists. The
modified EPC diagram describes the scenario and the situation at the same time.
Researchlimitations/implications: The approach is a starting point for the development of an
instrumental complex for the transformation of the conceptual model into software and models of
theinformation support.
Originality/value: The modification of EPC diagrams is used to design software and information models
for supporting the business processes. The model has the advantages of a scenario and situational
approach. Modification of EPC diagrams is the basis for building tools of automatic design of software.

Keywords: EPC, frame networks, scenario approach, situational approach, scenario-situational
approach, software, information support, business process models
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HAYYHO-TPAKTUYECKHUE BOIIPOCHI IPUMEHEHUSA METOJA
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OIITUMAJIBHOTI'O IPOTPAMMHOI'O YIIPABJIEHUSA
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E.H. IlankparoBa
ORCID: 0000-0002-5009-9315e-mail: keibusan@gmail.com
Huxeropoackuii rocygapcTBeHHbIi yHuBepcuteT uM. P.E. AnekceeBa

B pabore paccmaTtpuBaercs 3ajaya MOMCKA ONTHUMAIbHOTO MPOrPAaMMHOTO YIPAaBICHUS VIS
HEJIMHEMHON CHUCTEMBI C aJAUTHUBHBIM KBaJApaTUYHBIM KpUTEpUEM KadecTBa. [Ipeamerom ucciienoBaHus
CTaJl METOJ| IOCJIENOBATEeNbHbIX MNPUOIMKEHUI, KOTOpPHI OCHOBAaH Ha MPHUHIUIE ONTHMAIBHOCTH
bemnmvana. IlpemmoxeHo wuCHoONb30BaTh A PEMIEHUS JIOKAJIBHOW 3aa4yd  ONTHUMM3ALMU  METOJ
HaWCKOpENIIEro CIycka, METOJOM 30JIOTOTO CEYEHUs U AUXOTOMUHM. B 10KIane packpbIT MEXaHHU3M
peanmzanuu uaek bennMaHa B BBIYMCIUTEIBHOM alTOPUTME 4Yepe3 JIEKOMITO3UIUIO TI00aTbHON
MpOoLEeAYpbl ONTHMH3ALMU HA MHOXKECTBO JIOKAJIBHBIX 3a1ad. ONUCaH YHCIEHHBIM HKCIIEPUMEHT.
[IpoBen€H KOMMYECTBEHHBIN U KAUECTBEHHbBI AHAJIM3 €0 PE3YJIbTAaTOB.

Kniouegvie cnoea: ontuManpbHOE YOpaBJIEHUE, MPUHUUII ONTUMAIbHOCTH bemnMana, meton
MOCJICIOBATEIbHBIX MPUOIMKEHUN, TPAJUEHTHBIM aJrOpUTM, METOJ] HAMCKOPEWIIEro CIyCKa, METO]
30JI0TOTO CEUEHUs, METOJ JUXOTOMHUH, YUCICHHBINA SKCIIEPUMEHT, HEeIMHEWHasl CUCTeMa, YIpaBiieHue 6e3
oOpaTHOM CBSI3U, KBaAPAaTUYHBINA KPUTEPUI KayecTBa

THE SCIENTIFIC AND TECHNICAL PECULIARITYOF THE APPLICATION OF THE
SEQUENCE APPROXIMATIONS METHOD FOR GENERATING THE CONTROL WITHOUT
FEEDBACK FOR A NONLINEAR SYSTEM WITH AN ADDITIVE QUALITY CRITERION
P.P. Misevich, E.N. Pankratova
Nizhny Novgorod state technical university n.a. R.E. Alekseev
Purpose: The authors research the features of the application of the successiveapproximation

methodand provides algorithms for solving local optimization tasks.

Design / methodology / approach: The task of the synthesis of theoptimal program control for a
nonlinear system with an additive quadratic quality criterion is discussed in the paper. The subject of the
study is the features of Bellman's optimality principle in the successive approximation method.

Findings: The report considers the mechanism of implementation of the Bellman's optimality principle in
the successive approximation method. Optimization algorithms to solve the local optimization problem
in the method of successive approximations are suggested in this paper. They are the following: the
steepest descent method;the golden section method;dichotomy.

A numerical experiment of applying various optimization procedures for solving local optimization
problems in the method is described in the paper too. The authors provide analytical formulas for
estimating the computational costs of solving a test example using various algorithms. The quantitative
and qualitative analysis of the experiment resultsisgiven in the paper. The article also sets the task of
creating an automated research system to automate solvingthe task of synthesizing optimal control
without feedback for a nonlinear system with a quadratic quality criterion.

Limitations/consequences of the study: This article serves as a starting point for developing a CAD
system for automatic control systems.

Originality/value: successive approximation methodis used to synthesize and verify optimal control
functions in the theory of optimal control. Analytical formulas for estimating the computational costs of
solving are used to plan computational experiments. The peculiarities of the implementation of the
Bellman's optimality principle in the successive approximation methodare interest for specialists in the
field of theoretical information.

Key words:  optimal control, Bellman's optimality principle, successive approximation method,
gradient algorithm, steepest descent method, golden section method, dichotomy method, numerical
experiment, nonlinear system, control without feedback, quadratic quality criterion, method of successive
improvements
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ORCID: 0009-0003-6270-2331 e-mail: bugrova424@gmail.com
N . Koauyun

ORCID: 0009-0007-8884-5495e-mail: kolchin.ilya.2004@gmail.com
E./. MuxaiijioBa

ORCID: 0009-0005-6694-3241 e-mail: ewylim126@gmail.com

JI.B. Kyn1aruna
ORCID: 0000-0001-5734-411Xe-mail: kulaginal@mail.ru

Huxeropoackuil rocygapcTBeHHbIN TexHUueckuil yausepeuteT uMm. P.E. AnexceeBa

B cratbe mpezacraBieH 0030p OCHOBHBIX METOAOB 00paOOTKH OOJBLIMX JaHHBIX U Hauboiee
pacrpocTpaHeHHbIE IPOrpaMMbl Ui paboThl ¢ HUMU. Takxke 00CYXIat0TCsl 3STUYECKUE aCIeKThl pabOThI
c OONBPIIMMH JaHHBIMH M TPOOJEMBI, CBS3aHHBIE C OOecredYeHueM KOH(HICHIMATbHOCTH M 3alIUThI
NEPCOHAIbHBIX JAHHBIX, COOMPAEMBIX Pa3IMYHBIMU KOMIIAHUSIMHU JJIs IIOCJIEAYIOIIETO aHaIN3a.

O¢ddexkTuBHOE WCHONB30BaHWE HMH(POpPMAIMK  TO3BOJIIET  JIENaTh  BBIBOJABI, HAXOAWUTh
3aKOHOMEPHOCTH M IPUHUMATh Ba)KHbIE PEILIEHHUs] HA OCHOBE M3HAYAJIbHO pa3pO3HEHHON MH(pOpMalUU B
CaMbIX Pa3NMYHBIX chepax KU3HU: OT MHIAYCTPUH pa3BieueHHid 10 chepsl oOpazoBanus. Takoil momxon
MIO3BOJISIET IOJyYUTh KOHKYPEHTHBIE NpPEUMYIecTBa B HCCIEIyeMOil 00JacTH, BbISIBUTH Hauboiee
MIPUOPUTETHBIC HANIPABJICHUS VIS JATbHEHIIETO pa3BUTHS, YBEIUYUTH JOXOIBI M, BO3MOKHO, N30€KaTh
OLIMOOK.

Knrwouesvie cnosa: Gonbiive AaHHBIC, METOABI 00paOOTKM JAHHBIX, 3aIIUTa KOH(DHUICHINATBHOMI
nHpopMaIuu.

BIG DATA. METHODS AND FEATURES OF THEIR USE
A.M. Bugrova, 1.D. Kolchin, E.V. Mikhailova, L.V. Kulagina

Nizhniy Novgorod state technical university n. a.R.E.Alexeev

Purpose: overview of the concept of big data, methods for processing it and programs for working with
it. Discuss ways to protect confidential information used for analysis.
Design/methodology/approach: the article provides an overview of various methods and ways of
working with big data, and discuss about the importance of protecting confidential data.
Findings: analysis of big data arrays.
Researchlimitations/implications: big data has a wide range of applications nowadays.
Originality/value: the proposed analysis clarifies the situation in the field of big data processing and
provides insight into ways to protect private information used by companies for analysis.

Key words: big data, data processing methods, ways to protect confidential information.
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NEPCHEKTHUBHI PA3BUTHUSI HEHPOHHBIX CETE 1 TEOPETUYECKHUE IYTU
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ORCID: 0009-0005-6694-3241e-mail:ewylim126@gmail.com
JI.B. Kyn1aruna
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Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKUil yHUBepcuTeT uM. P.E. AnekceeBa

B craTthe 0603peBaeTcsi COBpeMEHHBIN Tan pa3BUTHS HEHPOHHBIX CeTel, pa3OuparoTcs
KOHIICTIIINH, CBSI3aHHBIE C MYTSAMH Pa3BUTHS HEUPOHHBIX CETEH, 00CYKIaeTCs BOMPOC 3aMEIICHUS
YeJI0BEYECKOro TpyAa MamuHHBIM. [IpencraBien ananu3 nHGOpMAIIK, TOJYYEHHON U3 pa3TuYHbIX
MUCTOYHUKOB. [Ipe/iokeHHBIN aHaTN3 JOHKCH MIPOSCHUTE CUTYAIHIO B 00J1aCTH Pa3BUTHUS TEXHOJIOTHUI
HEHPOHHBIX CETel U AaTh MOHMUMAaHUE MO MOBOAY PAa3BUTHSI JAHHOW TEXHOJIIOTHH B OYIyIIIEM.

Knrouegwie cnosa: 6ynyuiee HEMPOHHBIX CETEH, UCKYCCTBEHHBIH MHTEIICKT, MEPCIIEKTUBEI
Pa3BUTHA TEXHOJIOTHH

PROSPECTS FOR THE DEVELOPMENT OF NEURAL NETWORKS AND THEORETICAL
WAYS OF TECHNOLOGY DEVELOPMENT.
I.D.KolchinA.M.Bugrova, E.V. Mikhailova, L.V. Kulagina

Nizhniy Novgorod state technical university n. a.R.E.Alexeev

Purpose: analyze the ways of development of artificial intelligence; review the current level of

technology development; answer the question about the possibility of replacing human labour with

machinery.

Design/methodology /approach: information was collected and analyzed from various sources. A

review of news related to the development of artificial intelligence has been carried out.

Findings: Scientists see several ways to develop artificial intelligence technology. The first is related to

the development of superior Al, comparable to human intelligence. The second way involves the

development of a variety of narrowly focused models and linking them into a single ecosystem.

The probability of complete replacement of human labor with machine labor is extremely low, but the

increasing introduction of artificial intelligence into industry will change the requirements for the

qualification of workers.

Research limitations/implications: A large amount of information does not allow us to describe the

situation in detail, so we have to limit ourselves to a general description

Originality/value: the proposed analysis clarifies the situation in the field of development of neural

network technologies and gives an understanding about the development of this technology in the future.
Key words: the future of the neural networks, artificial intelligence, prospects for the development

of technology
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Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKUil yHUBepcuTeT uM. P.E. AnekceeBa
B cTaTthe paccMOTpeHBI HECKOJIBKO S3BIKOB ITPOrPaMMHUPOBAHUS C TOYKU 3pEHUS IPUMEHEHUS B
OJIMMIINA/AX, a TAK)KE IPUBEJICH aHAJIN3 UX BOCTPEOOBAaHHOCTH y paboToaTENIEH.

Kniwouesvie cnosa: Onumnuaanoe nporpammupoBanue, Python, Java, C++, BoctpeboBaHHbIE
SI3BIKK TTPOTPaMMUPOBAHUS

PROGRAMMING LANGUAGES AT OLYMPIADS
E.V. Mikhailova, A.M. Bugrova, 1.D. Kolchin, L.V. Kulagina

Nizhniy Novgorod state technical university named after R.E.Alexeev

Purpose: Comparison of programming languages from the point of view of Olympiad programming and

the demand for the language.

Design/methodology/approach: The information was obtained through a survey of qualified people, from

specialized literature, through benchmark testing, as well as from personal experience.
Findings: analysis of information received from various sources.

Research limitations/implications: Eventually, a comparative analysis of several programming languages

was obtained according to several parameters, which will allow novice olympiad programmers to more
consciously choose the main language.
Originality/value: the proposed analysis helps to choose a programming language for programming
olympiad classes, taking into account the demand for the language in the labor market

Key words: Olympiad programming, Python, Java, C++, popular programming languages
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Huxeropoackuii rocygapcTBeHHbIN TexHUueckuil yauBepcuteT uM. P.E. AnexceeBa

OOBeKT uccae1oBaHusl — PECYPCHBIN aCHeKT MPUHATHUS PELICHUN B OpraHU3allMOHHBIX CHCTEMax
npeanpuAaTusd, NpOAYKTOM JACATCIBHOCTH KOTOPOIro ABJIAKOTCA H3ACIIUA CHCLII/I(i)I/ILII/IpOBaHHOI‘O BHUAA.
[Ipenmerom wuccienoBaHUs BBIOpAaHbI T€ KauecTBa PECypCOB OpPraHU3alMOHHBIX CHUCTEM, KOTOpBIE
AOJDKHBI YUYUTBIBATHCA pa3p2160T‘-II/IKaMI/I I/I3II€HI/II71 npu UX MNPOCKTUPOBAHUU HaA CTAAUN TCXHHYCCKOI'O
npenioxkenus. Ha 3toit craaum pa3pa®oTuuK JOJKEH c()OpMHpPOBATH MEPCHEKTUBHBIE BapUaHTHI
W3JIeNHsI, U3 KOTOPBIX BBIOMpAeTCs ONTHMATbHBIA — Hamboyiee KOHKYPEHTOCIOCOOHBIM BapwaHT. [lys
pa3paboTKu cneupUIMPOBAHHBIX 3TN TAKUMHU BapUaHTaMH 11eJ1IeCO00pa3HO IPUHATH COBOKYITHOCTH
UX KOMIIOHEHTOB (COCTaBHBIX YacCTEil), TPAKTyEMbIX KaK pecypcsl. BbIOOp KOMIIOHEHTOB (MX Ha3HAYEHHE
B COCTaB U3JETHS) U €CTh CyTb YNpAGIeHUs pecypcamiu, Pealn3yeMoro cyobeKTaMu OpraHu3allMOHHON
CUCTEMBIl — pa3pabOTYMKAMU TPOAYKIUH. [lepgoil BaXHOW OCOOCHHOCTBIO PECypCOB SIBIISCTCS
(GbyHKIIMOHATbHAS B3aUMO3aMEHSEMOCTh UX OIPE/IEICHHBIX COBOKYITHOCTEH (COCTaBOB) MO MOKAa3aTessiM
Ha3HAYEHUS M3/AeTHst. Bmopou 0COOEHHOCTBHIO TAKMX PECYPCOB, SBISIETCS UX HEPAPXUUCCKUN XapaKTep —
OJlHA U Ta ke (PYHKIMS U3AETHS MOXKET ObITh peain30BaHa HAbOpaMHu KOMIIOHEHTOB U3 Pa3HBIX UepapXuit
BHUJIOB M3JIEJIMI — OT JeTajeil 10 KOMIUIEKCOB. Ipembs OCOOEHHOCTH COCTOMT B TOM, YTO TpHU
(GYHKIIMOHATBHOW MIEHTUYHOCTH COBOKYITHOCTEH PecypCcoB OHHM PA3IMYAIOTCS MO AIEKTPO(U3UUECKUM
nmapamMeTpaMm, 4YTO BJICHCT pPa3JIUIUC XaPAKTCPUCTUK H3I[CJIHI71 o HaACKHOCTH, I3SPTOHOMHYHOCTH,
0€30MacCHOCTH, 3KOJOTUYHOCTH, CTOMMOCTU. OTH pa3luyusi, HapsAdy C TOKa3aTelssMH Ha3HAUYCHUS,
OIPCACIIAIOT MMPCAIIOUYTCHUA HOTpG6HTGHGI71, a 3HA4YUT U KOHKypeHTOCHOCO6HOCTI) IMPOAYKIUH.

Knrwuegvie cnosa: npoeKTUPOBaHUE, PECYPCHBIN MOIXOMA, OIEHKA PECYpCcOB, KPUTEPHH OICHKH,
KOHKYPEHTOCIIOCOOHOCTb.

ANALYSIS OF THE SPECIFIC RESOURCES OF ORGANIZATIONAL SYSTEMS,
IMPLEMENTING THE DESIGN OF PRODUCTSCONSISTED OF COMPONENTS
M. A. Ivlev, N. K. Kandziuba

Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: identifying the resources of the organizational system of a research and production enterprise
that carries out the development of promising products, as well as determining those of their qualities that
the subject of the organizational system must take into account in order to achieve its ultimate goal.
Design/methodology/approach: formation of a set of characteristics of resources — alternative
components of products, taking into account their impact on its competitiveness.
Findings: an analysis of the specifics of resources — alternative components — is presented, within the
framework of which the developer will be able to purposefully form their aggregates that implement the
functionality of the product.
Research limitations/implications: the variety of promising options is limited by the number of types of
resources of the organizational system received by it from the external environment of the enterprise.
Originality/value: the value of the analysis results lies in the formed criteria for assessing the resources
of the organizational system, allowing its subject to determine the feasibility of their use in design
decisions.

Key words: design, resource approach, resource assessment, evaluation criteria, competitiveness.
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KOHUOENIUAIIPUHATUSA PEILIEHUM B OPI'AHU3AIIMOHHBIX CUCTEMAX,
PEAJIN3YIOIUX I'IPOEKTI/IPOBAHI/IECHEHI/Itl)I/IHI/IPOBAHHOﬁ NPOAYKIINU
M.A. UBJeB
ORCID: 0000-0001-8039-7543 e-mail: ivlev-ma@yandex.ru
H.K. Kann3wo0a
ORCID: 0009-0005-9825-3149 e-mail: nikita.kandziuba@yandex.ru

Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKUil yHUBepcuTeT uM. P.E. AnekceeBa

OOBEKT HcCIeN0BaHUS — OPraHU3aLMOHHBIE CUCTEMBI MPEANPUATHS, IPOIYKTOM AESITEIbHOCTH
KOTOPOTO SIBJISIOTCS M3JENHs CHeHU(PUIIMPOBAHHOIO BHA: COOPOUHbIE €AMHULIBI U KOMIUIEKCH. K HUM
OTHOCHUTCS TIPAKTUYECKU BCS MPOIYKINS BHICOKOTEXHOJIOTHYHBIX OTPACIECH MPOMBILIUIEHHOCTH PUOOPO-
U MalIMHOCTpOCHUA. B cooTBeTcTBUM ¢ TpeOOBaHUSAMHU, MNPEABSBIIEMBIMH K TMEPBOM CTaauu
MPOEKTUPOBAHUA — CTaJAUM TEXHUYECKOrO MPEIJIOKEHUS, MPUHATHE MPOCKTHBIX PELICHUN
pa3paboTuukoM— cybwvekmom opeanuzayuonnot cucmemsi(JIIIP1), mpemycmarpuBaer pa3paboTKy
HCXOJHBIX BapUaHTOB IPOAYKLUMU. B TaHHOM MCCIIEOBAaHUU IPEUIAracTcs BBINOJIHATH €€ Ha OCHOBE
BbIOOpa €€ aJbTepHATHBHBIX KOMIIOHEHTOB, SBJSIONIMXCA MpPU TaKOM TOJXOAE pecypcamu
OpP2aHU3AYUOHHOU CUCMEMbl, PEATU3YIOLIEH MPOEKTHYIO JEATEIbHOCTh — MPOEKTUPOBAHUE MPOTYKIIUH.
OO01elt XapakTepUCTUKON TaKMX aJbTEPHATUBHBIX BAPUAHTOB SIBIISICTCS 3a/aHHAasl (YHKIIMOHATBHOCTh U
TpeOyeMble TOKa3aTedy Ha3HAYCHHUS B ONPEACICHHBIX YCIOBUSAX OKCIuTyatanud. OTIHMYUTeIbHBIE
napaMmeTpsl, 3aBUCSIINE OT Habopa KOMIOHEHTOB U BakHbIe s motpedutens (JI[IP2), — mokasarenu
KauyecTBa, HaJIe)KHOCTH, SKOHOMUYHOCTH, MaccorabapuTHbIe U Jip. B ciryyae MHOrOypOBHEBOI CTPYKTYpbI
u3nenust  (OONMBIIOrO  KOJMYECTBA TaK  HA3bIBAEMBIX  YPOBHEM  «Pa3syKpYMHEHHs»  W3JIEIHS)
aJIbTEpHATHBHBIE BapUAHTHI U3/EIUN OyAyT MPEACTABIATh MHOXKECTBO, IK3EMIUIPHI KOTOPOTO COCTOST
13 Pa3HOPOAHBIX MO YPOBHSIM HEpAPXHH COCTABHBIX YAaCTEH: OT AeTanei 10 KOMIUIEKCOB. PopMUpoBaHuE
TaKMX BAapHAHTOB TMpPOEKTHBIX pemeHuit JIIIP1 Oyxer panuoHanbHBIM («COTJIACOBAaHHBIM» C
tpeboBanusimu JIITP2) mpu ux dbopmannzoBaHHON MOAAEPKKE, YUUTHIBAIOIIEH UernoBeuecKkuid gakrop. B
pabore  mpeAcCTaBIeHa  OCHOBAa  TaKOH  TOAJEPKKHA  —alTOPUTM  BBHIOOpa  KOMIIOHEHTOB
CHeU(pUIIMPOBAHHOTO U3/IEHS U3 UX AIbTEPHATUBHBIX BAPUAHTOB.

Kniouegvie cnosa: n3nenvst U3 COCTABHBIX 4aCTEW, MHOTOYPOBHEBAsl CTPYKTYpa, IPOCKTUPOBAHUE,
MIPUHSITHE PEIIeHUH, YeTOBeYeCKUH (akTop.

CONCEPT OF DECISION MAKING IN ORGANIZATIONAL SYSTEMS,
IMPLEMENTING THE DESIGN OF PRODUCTS CONSISTED OF COMPONENTS
M. A. Ivlev, N. K. Kandziuba

Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose:the goal of the work is the purposeful formation of promising variants of product designs,
carried out by the subject of the organizational system of the enterprise in the design process.
Design\methodology\approach: an approach to making rational decisions by a subject of an enterprise's
organizational system regarding the selection of components of specified products, taking into account
consumer preferences.
Findings: the concept allowing making a variety of rational options in product design has been presented.
This concept is applicable also in products with a multi-level structure.
Research limitations/implications: the number of product design options is limited by the number of
types of alternative components - resources of the organizational system.
Originality/value: the value of the considered approach lies in the possibility for the customer to choose
the optimal option of the final product structure at the design stage.

Key words: products from component parts, multi-level structure, design, decision making, human
factor.
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®OPMAJIM3ALIUS YIIPABJIEHUS OPTAHU3AIITMOHHON CUCTEMON
ITPU ITPOEKTUPOBAHUHU CHEHI/Itl)I/IIII/IPOBAHHOﬁ NPOAYKINUAN
M.A. UBJaeB
ORCID: 0000-0001-8039-7543 e-mail: ivlev-ma@yandex.ru
H.K. Kana3io0a
ORCID: 0009-0005-9825-3149e-mail: nikita.kandziuba@yandex.ru

Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yausepeuteT uM. P.E. AnexceeBa

[Tpy npoekTHpOBaHUN HAYKOEMKOH MPOIYKIMH MPEAIPUATHI MTPpUOOPO— M MALIMHOCTPOEHUS (110
BUJIAM M3JIENHS — CHeUU(UIIMPOBAHHbIE: COOPOYHBIC SIUHUIIBI M KOMILJIEKCHI), B YACTHOCTU Ha CTaJuU
TEXHUYECKOro npeanoxenus, pazpadorunk (JIIIP1) kak cyObeKT opraHu3alluOHHON CUCTEMBI BBIOMpPAET
KOMIIOHEHTBl U3JEHUsI — pEecypchl OPraHM3allMOHHOW CHCTEMBbI. YTIPaBICHHE TAKUMHU pPeCypcaMmu
IIOHMMAETC KaK YIPAaBJIEHUWE OpPraHU3alMOHHOM cucTeMoi. IIpu 3BpHCTMYECKOM MOAXOAE COCTaB
KOMIIOHEHTOB M3/IENUS BCIEACTBHE OOJIBIIOTO KOJMYECTBA €r0 BAPUAHTOB MOXKET OBITh HEONTHMAIbHBIM
KaK I10 MapaMeTpaM Ha3HauyeHWs, TaKk W IO APYruM BakHbIM ans norpedurens (JIIIP2) mapamerpam,
HarpuMep, HaJACKHOCTH, CTOMMOCTH, MaccOrabapuTHBIM TMapaMeTrpaM. 3ajada BbIOOpa coOcCTaBa
KOMIIOHEHTOB CpeIy aHaJOrMYyHbIX (3a1ada (OpMUpPOBaHMS BapUAHTOB MPOTOTUIIOB H3JIEJIUN)
OCJIOKHSIETCS TEM, YTO IOBBIIIEHUE IIOKa3aTesied KayecTBa IO OJHMM IapaMmeTrpaM, Kak IpaBHIIO
COIIPOBOXAAETCS €r0 CHWKEHUEM IO IPYTUM, T.€. MPUXOAUTCA MPUHUMATh KOMIIPOMUCCHBIE PEILICHUS.
Kpome Toro, cocraBHble 4acTW TaKMX H3AEIUNH MOTYT OBITh BBIOpaHBI M3 Pa3HbIX HEPAPXUUYECKHUX
YPOBHEH «pazyKpyHHEHUs» U3Ienuil (1etanu, cOOpouHble €AUHULBI, KOMIUIeKChl). [ToaToMy mpuHsTHe
pemenwnii JITIP1 nmpu popMupoBaHiy MPOEKTHBIX BAPUAHTOB U BEIOOP ONTUMAIBLHOTO (PallMOHAIBHOTO) C
yuetoM npeanourenuit JIINP2 nenecooOpa3Ho BBINOJIHUTE HA OCHOBE UX (POPMATU30BaAHHOM MOIJIEPHKKU.
B kauecTBe HauyagbHOrO MPOTOTUIIA TAKOBOM IMPEAIOKEHBI TpaduUeCKUe MHCTPYMEHTHI — IEMOYEUHbIE
CX€MBbl, MI0Ka3aBIIne 3P (HEeKTUBHOCTh B IPYTUX, (POPMAILHO UACHTUYHBIX MPEAMETHBIX 001aCTAX.

Knwouegwie cnosea: nponyKuusi U3 COCTaBHBIX 4acTell,IpOEKTUPOBAHUE, YIPABIEHUE peECypcami,
IPUHATHE pelleHnH, (POpMaTM30BaHHbIE CXEMBI.

FORMALIZATION OF ORGANIZATIONAL SYSTEM MANAGEMENT
IN THE DESIGN OF PRODUCTS CONSISTED OF COMPONENTS
M. A. Ivlev, N. K. Kandziuba

Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: increasing the efficiency of management of the organizational system based on the
development of formalized schemes of the management mechanism, which are a means of transforming
the semantic concept of management into a mathematical model of such a mechanism.
Design/methodology/approach: formalized support for managing an organizational system, the first step
in the development of which is the formation of graphical tools — chain diagrams.
Findings: a formalization of organizational system management is presented in which the customer of a
given product will be able to obtain many rational variants of the final product at the design stage.
Research limitations/implications: An increase in product quality in one respect is often accompanied
by a decrease in other characteristics, which necessitates the development of compromise solutions.
Originality/value: the value of the approach under consideration is in obtaining a set of rational design
options considering the customer's preferences.

Key words: products from component parts, design, resource management, decision making,
formalized schemes.
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KOHUENIAUA NOBBIIIEHUSA DOPEKTUBHOCTU OPTAHU3AILIMOHHBIX CUCTEM,
PEAIN3YIOIIUX MYJIBTUITPOEKTHYIO IPOU3BOACTBEHHYIO AEATEJBHOCTbD
M. A. UBJjieB
ORCID 0000-0001-8039-7543e-mail:ivlev-ma@yandex.ru
. E. Psoos
ORCID0009-0005-6238-880Xe-mail:dmetrei.ryabov@mail.ru
Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yauBepeuteT uM. P.E. AnexceeBa

VYnopaBiieHHE COBPEMEHHBIM MYJIBTUIIPOEKTHBIM IPOM3BOACTBEHHBIM IIPOLIECCOM CBSI3aHO C
HEOOXOIMMOCTBIO PEIICHUs] MHOTHX CIJIOKHBIX 3a/lad OpraHu3alluyd MPOU3BOJCTBEHHBIX IPOIECCOB:
IIOAITOTOBKU NPOMU3BOJCTBA, IUIAHMPOBAHUS M OpPraHU3allMM YIPABJIEHUS IPOU3BOJCTBOM, YIPABIIECHUS
MIPOM3BOJICTBEHHBIMU pecypcaMu U KaapaMu. OOIacThlO UCCIIEOBAHMS SBISETCS MPOU3BOJCTBEHHAS
CTaJusi OJJHOBPEMEHHOW pean3aluil MYJIbTUIIPOSKTOB — HECKOJBKUX MPOEKTOB, HE CBSA3aHHBIX OOIIEH
HeNbl0 W KOHKYPUPYIOLIMX 32 OrpaHUYEHHbIE pecypchl  npeanpuatusa. IPPeKTUBHOCTH
OpPraHM3allMOHHOM CHUCTEMBl TIOHMMAETCS KaK MAaKCHMaJbHOE HCIOJIb30BAaHUE €H0 BO3MOXKHOCTEH
MMEIOLIUXCS POU3BOICTBEHHO-TEXHOJIOTHYECKUX PECYPCOB (000PYAOBaHUS, TUHUI) 0€3 yBEIUUYEHUS UX
KOJIMYECTBAa WJIM 3aMEHbl Ha HOBble. B pabore moka3aHo, YTO MHpU peanu3aluy OpraHU3alMOHHOU
CUCTEMOU MPOU3BOJICTBEHHBIX CTANI MYIbTUIPOEKTOB Ha UX (Pa3aX, COOTBETCTBYIOIIMX HEOOXOAUMBIM
BUJIaM MPOMBILIUIEHHOTO IPOU3BOJICTBA U PECYPCOB, BOSHUKAIOT TPYJHOCTU B 00ECIIEUEHUH MPUHIIUIIOB
«OepeKITUBOT0» MPOU3BOJICTBA, PAOOTHI 0€3 MPOCTOEB M JOCTUKEHHUH MUHUMAIIBHBIX IHKJIOB BBITYCKA
OPOAYKIMHM, YTO XapaKTepH3yeT OpraHMU3allMOHHYI0 CHCTEMY Kak HedpdekThuBHyl0. B pamkax
MPUMEHSIEMOT0  PECYPCHOTO MOJAXO0Ja TNPEUIOKEeHa KOHIEMUHUs MOBBIIIEHUS A(PPEKTUBHOCTH
OpPraHM3aIllMIOHHOM CHUCTEMBI TMOCPEICTBOM ONTHUMH3ALMU €€ IPOU3BOAMTEIBLHOCTH PECYpCOB Ha
ykazaHHbIX  (pa3ax.PazpaboranHas  KoHuemuus  oOECHeurMBaeT  MAaKCHUMallbHO  BO3MOXKHYIO
cOaaHCUpOBaHHYIO MO (ha3aM MPOEKTOB IMPOM3BOIUTEIHHOCTh PECYpCOB M MHHHUMH3AIUIO ITUKJIA
MIPOU3BO/ICTBA.

Knrouegvie cnosa: MylnbTUIIPOEKTHOE IPOU3BOJCTBO, OPraHU3aLMOHHAS CHCTEMa, YIpPaBJIEHUE,
PECYpPCHBIN OAXO.

CONCEPT OF INCREASING THE EFFICIENCY OF ORGANIZATIONAL SYSTEMS,
IMPLEMENTING MULTIPROJECT PRODUCTION ACTIVITIES
M. A. lvlev, D. E. Ryabov
Nizhny Novgorod state technical university n. a. R.E. Alekseev

Purpose: the goal set in the work is to develop an approach to ensuring the effectiveness of the
organizational system that implements the production stage of the multi-project development-
manufacturing cycle.

Design/methodology/approach: the effectiveness of an organizational system is understood as its
maximum use of the capabilities of existing production and technological resources (equipment, lines)
without increasing their quantity or replacing them with new ones. The proposed approach is based on
establishing the duration of resource use differentiated by production phases.

Conclusions: within the framework of the applied resource approach, a concept has been proposed
for increasing the efficiency of the organizational system by optimizing its resource productivity at the
phases of the production cycle.

Limitations/conclusions of the study: the maximum possible productivity of resources, balanced
across the phases of the production cycle, is limited by the maximum working time fund established for
the least productive phase of the production cycle.

Originality/value: the developed concept ensures the highest possible resource productivity
balanced across the phases of the production cycle and minimization of the production cycle.

Keywords: multiproject production, organizational system, management, resourceapproach.
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MMPOU3BOJUTEJBHOCTH PECYPCOB OPTAHU3AIIMOHHOM CUCTEMBI
IMPOMBIIIJIEHHOT' O ITPONU3BOICTBA KAK ®AKTOP EE Y®PEKTUBHOCTH
M. A. UBJeB
ORCID 0000-0001-8039-7543 e-mail: ivlev-ma@yandex.ru
J. E. PsiooB
ORCID 0009-0005-6238-880X e-mail: dmetrei.ryabov@mail.ru
Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKUil yHUBepcuTeT uM. P.E. AnekceeBa

OOBEeKTOM HCClIeIOBaHUs SIBISIOTCS PECYpPChl HAaydyHO-MPOM3BOACTBeHHOro mnpennpustus (HIIIT)
MIPOEKTHO-TEXHOJIOTHYeckoro tuma. Ha cramuu pa3paboTKu, SBISIOMICHCS Y3KOCTEIUATH3UPOBAHHOM
NesITeNIbHOCTBIO, TIPOEKTHI, BBHIMIOJIHAEMbIE Ha TAKOM NPEIIPUSTUN, HE ABISAIOTCA KOHKYPEHTaMH 3a €ro
pecypcsl. Pa3pabatsiBatomue nmoapasnencaust HIII, nepenaBas Ha ero oOIIyr0 MpoU3BOJACTBEHHYIO 0a3y
MIOJIyYEHHBIE B XOJI€ BBIMOIHEHUSI KaXI0T0 MMPOEKTa Pe3yNbTaThl HAYYHO-HUCCIIEeI0BATEIbCKUX U OIMBITHO-
KOHCTPYKTOPCKUX pPaboT, 3arpyxarT (UCHOJIb3YIOT) €€ HeOe3rpaHuyHble pecypchl. OTMETHUM HX
O0COOCHHOCTB: OHM OTHOCSITCSI K TOCTOSIHHBIM pecypcaM, KOJIMYECTBO UX B MPOEKTHOW NESATEIbHOCTH
Hen3MeHHO. O4YeBHJIHO, YTO OTPAaHUYCHHBIC MPOU3BOJCTBCHHBIC MOIIHOCTH MPEIMPHUSITHS SBISIOTCS
y3KUM  MECTOM IIMKJa [POEKTHUPOBAHUSA-TIPOU3BOACTBA KOHEYHOrOo Tmpoaykra. Hemocrtarok
MIPOM3BOJICTBEHHOTO0 pecypca yCyryousieTrcs TeM, 4YTO pealn3yeMble MPEANPUATHEM IMPOSKTHI
XapaKTepU3YIOTCSl  Pa3IUYHBIMU  TPYJOEMKOCTSMHU pabOT, OTHOCSIIUXCS K IOCIEJ0BAaTEeIbHBIM
noactaausM  (pa3zaM) IUKIA TPOU3BOJCTBA, COOTBETCTBYIOIIUM IPUMEHSEMBIM B HAyKOEMKOU
MPOMBIIIJICHHOCTH BHUJAaM MPOU3BOJCTBA. Hamnume Takoro oOCTOSTENbCTBO O3HAYAET pazluvyue
MIPOU3BOIUTEIILHOCTH PECYPCOB MO (pazaM MPOU3BOJCTBA, YTO MOXKET NMPHBECTH K MPOCTOSM B OJHUX
(azax ¥ 3aTOBapUBAHUIO B JIPYTUX, & TAKXKE K JUIUTEIHLHOMY IUKIY BBITYCKA MPOAYKTa (3aBUCSIIEMY OT
HauMeHee MPOU3BOAUTENBHON (a3bl). [losBieHne 3TUX (aKTOB CBHIETEIBCTBYET O HEI(P(HEKTHBHOCTH
opranuzanonHoit cuctemsl (OC) HIIII, cyObekThl KOTOPOIl MO CYIIECTBY SBISIOTCS HEPAIMOHATIbHBIMU
pacopsauTensMu pecypcoB. Takum oOpaszom, s moBbimeHus 3¢dekruBaoctd OC HeoOXomaum
dbopManr30BaHHONW UHCTPYMEHT YIPaBICHUS MPOU3BOAUTEIHLHOCTHIO €€ PECYPCOB.

Knwouesvie cnoea: HaydHO-IPOM3BOJICTBEHHAS JESATEIBHOCTh, OPraHU3AIMOHHBIE CHCTEMBI,
pecypchl, IPOU3BOAUTENBHOCTD.

PRODUCTIVITY OF RESOURCES OF THE ORGANIZATIONAL SYSTEM
OF INDUSTRIAL PRODUCTION AS A FACTOR OF ITS EFFECTIVENESS
M. A. lvlev, D. E. Ryabov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: the authors propose to optimize the organizational system that manages permanent
resources in the context of competition for them from individual projects in the multi-project production
activity of an enterprise. This work is aimed at ensuring the maximum possible productivity of their
resources, balanced across project phases, and minimizing the cycle time of the entire production.

Design/methodology/approach: method of resource management of the organizational system of a
research and production enterprise at the stage of industrial production of its products.

Conclusions: a resource-based approach to managing the organizational system of industrial
production has been developed, making it possible to increase its efficiency, which is assessed by the
productivity of the resources it manages at all stages of the production cycle.

Limitations/conclusions of the study: the maximum possible resource productivity, balanced
across project phases, is limited by the maximum working time fund established for the least productive
phase of the production cycle.

Originality/value: the resource approach developed in the article will make it possible to optimize
the organizational system that manages heterogeneous constant resources in the conditions of competition
for them from individual projects in the multi-project production activity of an enterprise.

Keywords: scientific and production activities, organizational systems, resources, performance.
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INOUCK HEHTPOB 3PAYKOB I'JIA3 HA H30BPAYKEHUH
J.B. lllep6axoB
ORCID: 0009-0007-0838-5813 e-mail: dvshcherbakov@kai.ru
KazaHckuil HaMOHAJIBHBIN UCCIIEN0BATEIBbCKUI TEXHUUECKU YHUBEPCUTET
um. A.H.Tynonesa-KAU

B nanHO¥ cTaThe MpencTaBiIeH aHAIUTUYSCKUH 0030p CYIIECTBYIOMIMX METOOB MOUCKA IIECHTPOB
3payKkoB IJIa3 Ha HM300pa)KCHHH, UCIOJIb3YEMbIX B KOMIIBIOTEPHOM 3pEHUH W pacro3HaBaHUM juil. B
CTaThe PACCMATPHUBAIOTCA CJIEIYIOIIUE METOIbI: METO/I IA0JIOHHOTO IOMCKA 00BEKTOB — KacKajbl Xaapa;
METOJl TIOMCKa pa3iuuHbiX ¢Guryp — mnpeoOpa3zoBanue Xada; Meron mnowcka QUryp ¢ paauanbHOM
CUMMeETpuell — MeToJ ObIcTporo mpeoOpa3oBaHWsl pajAuaIbHOW CcUMMETpuu. llepedncieHs
MIPEUMYILECTBA U HEAOCTATKH METOJIOB, a TAK’KE€ BO3MOKHOCTH U NIEPCHEKTUBBI PA3BUTHS 110 YIIYUIIEHUIO
pabotel MeTo0B. [IpuBeneHb Hanboee MOAXOAIINE 00JACTH MPUMEHEHUS JTaHHBIX MeTOJ0B. CTaThs
MpelHa3HayeHa Juis CHEHAUCTOB B O0JIACTH KOMIIBIOTEPHOTO 3pEHUsl, a TaKkkKe /s BCeX, KTO
MHTEpecyeTcs pa3paboTKOM CUCTEM PacIO3HABAHUS JIUI] M aHAIIN3a N300paKEHUH.

Kniouegvle cnosa: KOMIIBIOTEPHOE 3pEHHME, pacllO3HaBaHWE JIML, Kackaael  Xaapa,
npeoOpaszoBanusa Xada, ObICTpoe npeodpa3oBaHKe paiuaibHOW CUMMETPUH.

SEARCH FOR EYE PUPIL CENTERS ON THE IMAGE
D.V. Shcherbakov
ORCID: 0009-0007-0838-5813 e-mail: dvshcherbakov@kai.ru
Kazan national research technical university n.a. A.N. Tupolev-KAI

Purpose: Review the methods for determining the centers of the pupils of the eyes in the image.
Design/methodology/approach: The most common methods are: the template object search method —
Haar cascades; the method of searching for various shapes — the Hough transform; the method of
searching for shapes with radial symmetry — the method of fast transformation of radial symmetry.
Findings: Taking into account the disadvantages of the methods, recommendations are given for
improving the work of each of them.

Research limitations/implications: The conducted analytical review has a limitation in that each method
is based on the search for elliptical shapes.

Originality/value:The value of the article lies in the recommendations given to improve the methods of
searching for the centers of the pupils of the eyes in the image.

This article provides an analytical review of existing methods for searching for the centers of the
pupils of the eyes in an image used in computer vision and facial recognition. The following methods are
considered in the article: the method of template object search — Haar Cascades; the method of searching
for various shapes — Hough Transform; the method of searching for shapes with radial symmetry — Fast
Radial Symmetry Transform. The advantages and disadvantages of the methods are listed, as well as
opportunities and prospects for development to improve the work of the methods. The most suitable areas
of application of these methods are given. The article is intended for specialists in the field of computer
vision, as well as for anyone interested in the development of facial recognition and image analysis
systems.

Key words: computer vision, face recognition, Haar cascades, hough transform, fast radial
symmetry transform.
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YK 004.94
BJIMSTHUE XAPAKTEPUCTUK AYJINO3AITUCEN
HA ONNIPEJEJIEHUE SMOIIMOHAJBbHOM OKPACKHA PEYNYEJIOBEKA
HA OCHOBE CBEPTOYHOW HEMPOCETEBOW MOJIEJIN
A.A. KapnenkoBa
ORCID: 0009-0008-3897-7286 e-mail: dkarpenkova@gmail.com
KazaHckuil HaMOHAJIBHBIN UCCIIEN0BATEIBCKUN TEXHUYECKUN YHUBEPCUTET
uM. A.H. Tynonesa-KAU

B pabote npencraBieHsl pe3ynbTaThl OLEHKH BIMSHUS KOJMYECTBA U3BJIEKAEMbIX XapaKTEPHCTHK
ayaMo3anucell Ha ONpeAeseHHe 3MOIMOHAIBHOW OKPAaCKU pedd 4ejoBeKa. VICXOMHBIMU JaHHBIMHU JUIS
aHalIM3a MOCIYKWIM ayAWO3allUCH aHIJION3BIYHOM peun. B  nmanHOW pabore w3 ayamosamucei
M3BIICKAIOCh OT OJHOW [0 MATH XapakTepuCTHK. Ha mMoiydeHHBIX BBIOOPKAaxX MOCTPOEHBI IISTH
HEWPOCETEBBIX CBEPTOYHBIX MOJAEIEH OIMHAKOBOW apXHUTEKTYphl. s omeHKHM uX 3(P(HEKTHBHOCTH
MCTOJIBb30BaHbl MeTpuku Accuracy, Precision, Recall u F1-Score. Pe3ynbraTsl uccnenoBanus moxasain,
4TO HanOOJbIIee KOJINIECTBO U3BICKAEMBIX XapAKTEPUCTHUK ay[MOJaHHBIX AaeT HAaHOOJIBIIYI0 TOYHOCTD
HEepoceTeBOl MOJENU 10 CPAaBHEHHUIO ¢ TOYHOCTHIO OCTAJIBHBIX MOCTPOCHHBIX HEHMPOCETEBBIX MOJIENIEH,
yiIydinasi Ka4ecTBO OIPEETICHUS SMOLMOHAIBHON OKPACKU PEUH YeTIOBEKa.

Kniouegvie cnoga: ayrmeHTalnys JaHHBIX, CBEPTOYHAs HEHPOHHAs CETh, YMOIMOHATIbHAS OKpacKa
peuu, pacro3HaBaHUE YIMOIMOHAIBHOW OKPACKU PEYH.

INFLUENCE OF THE CHARACTERISTICS OF AUDIO RECORDINGS
ON DETERMINING THE EMOTIONAL COLORING OF HUMAN SPEECH
BASED ON A CONVOLUTIONAL NEURAL NETWORK MODEL
D.l. Karpenkova
Kazan national research technical university n.a. A.N. Tupolev-KAlI

Purpose: Increasing the efficiency of determining the emotional coloring of speech based on changes in
the extracted characteristics of the original audio data of English speech, their analysis and construction
of a convolutional neural network model.
Design/methodology/approach: One of the effective methods for determining the emotional coloring of
speech is the use of convolutional neural networks.Features such as mel-cepstral coefficients and zero-
crossing frequency are extracted from audio recordings. However, the process of feature extraction is
quite time-consuming. To increase efficiency, it is advisable to identify the most significant features of
audio data and build neural network models based on extracting only significant features.
Findings: The study made it possible to identify the most significant characteristics of the extracted audio
recordings. Models built taking into account all characteristics and taking into account only significant
ones are quite close in classification accuracy — 82% and 83%.
Researchlimitations/implications: The study was limited by the set of initial data,feature extraction
methods and convolutional neural network architecture. However, the results obtained allow us to judge
the positive outcome of the study.
Originality/value: The originality of the results obtained lies in finding the most significant
characteristics of audio recordings. Besides,as a result of the work, original results were obtained
indicating the possibility of increasing the efficiency of solving the problem by optimizing the
architecture of the neural network model. The value of the completed research lies in the constructed
model, suitable for effective practical use in various subject areas.

Key words: data augmentation, convolutional neural network, speech emotion, speech emotion
recognition.
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VYJIK 004.8
BJIUAHUE AYTMEHTALIUU JAHHBIX ITYIIMJIJIOMETPUHAN
HA OINNPEAEJEHUE ®YHKIIMOHAJIBHOI'O COCTOSAHUS YEJTOBEKA
HA OCHOBE CBEPTOYHOM HEMPOCETEBOM MOJEJIN
A.I'. Ilerpocsinig
ORCID: 0000-0002-7543-3391 e-mail: dim-asu@mail.ru
Kazanckuii HalMOHAJIBHBIM KCCIIEI0BATEIBLCKUN TEXHUUECKUN YHUBEPCUTET
um. A .H. Tynonesa-KAU

B pabore npencraBieHsl pe3ysbTaThl OLEHKU BIUSHUS ayTMEHTAlMU JaHHBIX MYIUJIOMETPUHU Ha
ornpejeneHue (pyHKIMOHAIBHOIO COCTOSIHUA 4eoBeKa. MICXOIHBIMU TaHHBIMU JUISI aHAJIN3a HOCITYKUIIH
rpadudeckue n300paXeHus: MyMUIIOTPaMM, XapaKTEPU3YIOIINE COCTOSHUS OOAPCTBOBAHUS M YTOMIICHHUS
yenoBeka. Jiis ayrMeHTalnuy UCXOAHBIX JaHHBIX HCIONb30BaHbI MeTo b jitter, scaling u magnitudewarp.
Ha nony4dennoii Beibopke u3 1152 rpaduueckux n300pakeHni MynujuIorpaMM IOCTpOeHa HelipoceTeBast
ceepTouHas Mmozenb ResNet34. [[ns omneHkn ee 3¢(EeKTUBHOCTH HCIIONIB30BaHBI MeTpuku Accuracy,
Precision, Recall u F1-Score. Pe3symbraThl wuccienoBaHusi MOKa3ajd, 4YTO AayrMEHTAlMs JaHHBIX
MYNWUIOMETPUHU TOBBICHIIA TOYHOCTh HEHPOCETEBON MOJEIM 110 CPABHEHHIO C TOYHOCTBIO, JOCTUIaeMOM
Ha MCXOJHBIX JaHHBIX, YIIy4IlIas Ka4eCTBO ONpeAeeHns (HYHKIIMOHATEHOTO COCTOSIHUS YEIOBEKA.

Knwouesvie cnoea: ayrMeHTalnus JaHHBIX, MYOWUIOMETpUs, TIpaduyeckoe Hu300pakeHHe
NYMUIOrpaMMbl, GYHKIIMOHATIBHOE COCTOSTHUE YeJIOBEKA, CBEpPTOYHAsI HEHPOHHAs! CeTh.

INFLUENCE OF PUPILLOMETRY DATA AUGMENTATION
ON A HUMAN FUNCTIONAL STATE DETERMININGBASED ON
CONVOLUTIONAL NEURAL NETWORK MODEL
D.G. Petrosyants
Kazan national research technical university n.a. A.N. Tupolev-KAI

Purpose: Increasing the efficiency of determining the functional state of a person through augmentation
of the initial data of pupillograms graphic images, their analysis and construction of convolutional neural
network model.
Design/methodology/approach: One of the effective methods for determining the functional state of a
person is pupillometry, based on the construction and analysis of pupillograms. A pupilogram is a time
series characterizing the dynamics of changes in the size of the pupil of a human eye within 3 seconds
from the moment the light pulse is applied. Graphic images of pupillograms represent the initial data for
analysis and construction of convolutional neural network models. However, in conditions of small
samples, such models do not solve the problem accurately enough. To increase their efficiency, it is
advisable to enrich the source data using various augmentation methods and build neural network models
based on the analysis of augmented data.
Findings: Augmentation of pupillometry data made it possible to build better convolutional neural
network model. Compared to model built on the original data, the value of the Accuracy metric increased
by 5%, Precision by 1%, Recall by 6%, and F1-Score by 12%.
Researchlimitations/implications: The conducted research is limited by the set of initial data,
augmentation methods and convolutional neural network architecture. However, the results obtained
allow us to judge the positive impact of augmentation on a person functional state determining.
Originality/value: The originality of the results obtained lies in the choice of approach for determining
the functional state of a person based on the analysis of graphic images of pupillograms and the
construction of convolutional neural network model. In addition, the work obtained original results
indicating the possibility of increasing the efficiency of solving the problem by augmenting the initial
pupillogram data and retraining the selected model. The value of the completed research is the
constructed model, suitable for effective practical use in various subject areas.

Key words: data augmentation, pupillometry, graphical representation of pupillogram, functional
state of a person, convolutional neural network.
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HABOP JJAHHBIX )11 OBYUEHUWSI CBEPTOUHOM HEMPOHHOM CETH
PACIIO3HABAHMS YCTAJIOCTH BOJUTEJEN
b. Kyp6anos
ORCID: 0009-0006-5777-675X e-mail: babahan-98@mail.ru
KazaHckuil HaMOHAJIBHBIN UCCIIEN0BATEIBbCKUI TEXHUUECKU YHUBEPCUTET
uM. A.H. Tynonesa-KAU

B pabote mpeacraBineHsl HaOOPHl JaHHBIX U UX IMpeABapUTENbHAas 00paboTKa AJis MOCTPOCHUS
MOJZICJIA CBEPTOYHOM HEHMPOHHOM CETU PACIO3HABAHMS YCTAJNIOCTH BOIUTENIEH IO BBIPAXKEHUIO JIMLA.
Mogens CBEpTOYHON HEMPOHHOM CETH MOCTpOoeHa Ha OCHOBE apXUTEKTypbl ResNet50. [loarorosneHHslii
HaOop maHHbIX cocTouT u3 6000 uzobpaxkenuii, 3000 U300paKeHUI COOTBETCTBYIOT IPHU3HAKAM yCTAIOTO
yenoBeKa (Ha 3TUX HM300paKeHUSX 4YeNOBEK 3eBaeT WM 3akpeiBaeT rnaza) u 3000 uzoOpakeHuit —
npu3HakaMm 0onporo uenoBeka. [loctpoeHne cBepTOUHOM HEUPOHHOU ceTH Iuiock B Tedenue 100 smox,
MIPU ATOM KaXKJIbIH 00yJaronuii mpumep coctosut u3 32 anemenToB. [Ipu 00ydeHun HelipoceTeBas MoIeib
JOCTUTIIa YPOBHS TOYHOCTH Kiaccupukamuu B 95%. DOTH mOKazaTeld CBUICTEILCTBYIOT 00
3¢ dekTUBHOCTH HAOOPOB JaHHBIX M BO3MOXKHOCTU €€ MPAaKTHYECKOro HUCHojb30BaHus. bbul crenan
BBIBOJI O TOM, YTO IPOBEJECHHOE MCCIEA0BaHUE IPOAEMOHCTPUPOBAIIO YCIIENIHOE IPUMEHEHNE HaOOpOB
JAHHBIX JJIs TOCTPOCHUSI CBEPTOUYHOM HEWPOHHOM CETH pPACIO3HABAaHUS YCTAJOCTH BOAMUTENEH IO
BBIPAKEHUIO JINLIA C BBICOKOM CTETIEHbIO TOUHOCTH.

Knrwoueswie cnosa: pacniosnaBanus ycranoctu, reSNet50, cBeprouHbie HEHPOHHBIE CETH.

DATASET FOR TRAINING A CONVOLUTIONAL NEURAL NETWORK
FOR DRIVER FATIGUE RECOGNITION
B. Kurbanov
Kazan national research technical university n.a. A.N. Tupolev-KAI

Purpose: Selecting efficient and practical data sets to build a convolutional neural network model for
recognizing driver fatigue by facial expressions.
Design/methodology/approach: One of the accessible and effective methods for solving this problem is
recognizing fatigue by facial expression using convolutional neural networks. This method is a classic
solution to the research problem. However, the novelty of the author’s approach to implementing this
method lies in the enrichment and selection of a data set from an open source, as well as in training a
convolutional neural network of a known model on prepared data. Next, we will consider data sources,
preparation and generation of a data set for building and testing the model.
Findings: The correct selection of data sources and pre-processing allowed us to build an effective
convolutional neural network model. The accuracy during construction was 95%. These indicators
indicate the effectiveness of the data sets and the possibility of its practical use.
Research limitations/implications: Combination and pre-processing resulted in the formation of an
effective and practical dataset for solving the problem of recognizing driver fatigue using convolutional
neural networks.
Originality/value: The originality of the obtained results lies in the selection of data sets, combination
and pre-processing to increase the diversity of the data. The study demonstrated the successful use of data
sets to build a convolutional neural network for recognizing driver fatigue based on facial expressions
with a high degree of accuracy.

Key words: fatigue recognition, resNet50, convolutional neural networks.
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VJIK 004.032.26
PACIIUPEHUE HABOPA JTAHHBIX ITPU TIOMOILIU OBYYEHUSA C ITIOAKPEIIVIEHUEM
T.C. EBnoknMoBa
ORCID: 0009-0006-2929-4462 e-mail: evdokimovats97@gmail.ru
Kazanckuil HalMOHAJIbHBIA UCCIIEN0BATEIbCKUN TEXHUYECKUH YHUBEPCUTET
uM.A.H.Tynonesa - KA1

AyrMeHTanus n300paKeHUN SBIISETCS BaKHBIM HHCTPYMEHTOM B 00JaCTH MALIMHHOTO
o0yueHus1, 0cOOCHHO B 3a/1a4ax KOMITBIOTEpHOro 3peHus. OHa 3aKiIro4aeTcs: B MpeoOpa3oBaHUN
MCXOIHBIX M300paXKEHUH C LENIBI0 YBETUUEHHUS 00beMa JaHHBIX 7151 00y4eHHsI MOJIEITH.

[IpenmymiecTBa ayrMeHTaIMK U300paKEHUH MIPH IOMOIM O0yYEeHHUS C MOAKPEIICHUEM
3aKJTIOYAIOTCS B CIIEIYIOLIEM:

1. Vnyumenue oOoOmaromed criocoOOHOCTH MOJEU: ayrMEHTalMsl U300paKeHUM
MIOMOTAeT MOJICNIN PACIO3HABATh OOBEKTHI B PA3JIMUHBIX YCIOBHIX OCBELICHHS, yIila
o030pa u Japyrux (aKTOpoB, YTO TIO3BOJISIET MOBBICUTH €€ CIHOCOOHOCTh K
0000IIeHUIO 1 KJTaCCH(PHUKAIIUU OOBEKTOB B HOBBIX CHTYAIHIX;

2. YBenuueHHe pazHOOOpa3Ws JAHHBIX: AayrMEHTAlMs W300paKEHHH IT03BOJISIET
co3aarhk OoJbIe Baprannuii H300paXeHUH 17151 00y4eHHs MOJIEITH, YTO CIIOCOOCTBYeET
Oonee HaZe)KHOMY U 3(PPEeKTUBHOMY OOYUEHUIO.

3. ViyudmieHue yCTOWYMBOCTH MOAENH: Onaromapst ayrMEeHTaluHl, MOJIENb
CTaHOBUTCSI Oojiee YCTOWYMBOW K IIYMY M BO3MOXKHBIM HCKQ)KCHHSM BXOIHBIX
JAHHBIX, YTO TIOBBIIIAET €€ YCTOHYMBOCTD U HAJIS)KHOCTD B PA3JIMYHBIX YCIOBUSX.

Takum 00pa3zoM, ayrMeHTanus M300paKeHUH TpU MOMOIIM OOYYEeHHUs C MOIKPEIUICHHEM HIPaeT
Ba)XHYIO POJIb B IOBBIIIEHUH KauecTBAa OOy4eHHUsI MOjEIed KOMIIBIOTEPHOTO 3pEHHs U CIOCOOCTBYET UX
YCIEUIHOW MPUMEHSIEMOCTH B PEAJIBHBIX 3aa4aXx.

Knrwuesnie cnosa: ayrMeHTalus, 06y‘~ICHI/Ie C HO,I[KpGHJ'ICHI/ICM,Ha60p JaHHBbIX, MOJICIIb, HCﬁpOHHaH
CCTh.

EXPANDING THE DATASET WITH REINFORCEMENT LEARNING
T.S. Evdokimova
Kazan national research technical university n.a. A.N. Tupolev-KAI

Purpose: This article discusses a method for expanding a dataset using reinforcement learning.
Design/methodology/approach: An algorithm is proposed to improve the accuracy of the model with a
small data set based on reinforcement learning.
Conclusions: A new approach to data augmentation using reinforcement learning in data classification
tasks is proposed. The proposed algorithm includes a generalized approach to model training using
augmentation using reinforcement learning.
Limitations/implications of the study: This article serves as a starting point for further research into the
application of reinforcement learning methods.
Originality/value: This approach can be applied in areas where data collection is difficult, and this
method also reduces the labor costs for additional collection and markup of training data.

Key words: augmentation, reinforcement learning, dataset, model, neural network.
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MNPOEKTUPOBAHMUE BA3bI JAHHBIX JJJIS1 KHUKHOTI'O MAT'ASUHA
P.P. AxMeT3siHOBA
ORCID: 0009-0005-2986-9740 e-mail: AkhmetzyanovaRaR@yandex.ru
Kazanckuil HallMoOHaNbHBIA UCCIIEIOBATENbCKUI TexHuueckui yausepcuteT uM. A H. Tynonesa — KA1
H.B. AnapesinoB
ORCID: 0000-0003-4072-2609 e-mail: nik57643@yandex.ru
Kaszanckuii HallMoHaNbHBIN HCCIeA0BaTeNbCKU TeXHuUeckuil yauBepcuteT uMm. A H. Tynonesa — KAU

Cerogns wucnonbp3oBaHMe 0a3 JaHHBIX M aBTOMATH3MPOBAHHBIX HH(OPMAIIMOHHBIX CHCTEM
HE00X0MMO JJIs1 paboTHI JIF0O0To npeanpusaTus. MHpopManmonHas cuctemMa 4acto 0e3 MoIepKKu 0a3bl
JaHHBIX HE MOXET OBITh WCIOJIb30BaHA TIOJHOCTHIO, a JUIIb YacTH4HO. COOTBETCTBEHHO,
MPOCKTUPOBAHUE PEIIIIMOHHBIX 0a3 JaHHBIX SIBISICTCS BAKHOW 4YacThio pa3paborku. Co3manue 0asbl
JAHHBIX HAYMHAETCS C aHAIM3a MH(pOpMaIMHU U nepexoja K (HopMaln30BaHHOMY OMHUCAHUI0 OOBEKTOB
NpeIMEeTHOW  oOmacTh. BbImensiorcss  ciemyrolmue  dSTambl:  aHalu3 CUCTEMBI,  OINpE/eeHUe
WH()OPMAIIMOHHON CTPYKTYPBI; CO3/IaHUE JIOTUYSCKON MOJICIN JTaHHBIX; (pr3udecKasi peai3armsl.

B naHHO# paboTe mpelncTaBlieH IPOIECC MPOCKTHUPOBAaHUS 0a3bl JAHHBIX JUISI KHU)KHOTO
Mara3uHa. Takke TOKa3aHbl aHAU3 WM OINKCAaHUE MPEIMETHOW O0JIACTH, OCHOBHBIC IICNIM M 3aJa4u
co3llaHusi 0a3bl JAHHBIX, €€ 1aTa-JIOTHYECKask MOJACIb U CTPYKTYpa HH(POPMAIIMOHHON CUCTEMBI.

Kniouesvie cnosa: 6a3a naHHBIX, AaTa-JIOTMYECKas MOJEIh, IIPOCKTUPOBAHNE, HHPOPMAITMOHHAS
cucrtema, pa3paboTka.

DESIGNING A DATABASE FOR A BOOKSTORE
R.R. Akhmetzyanova, N.V. Andreyanov
Kazan national research technical university n.a. A.N. Tupolev-KAlI

Purpose: Having analyzed the subject area, we can say that the development of a database for a
bookstore is relevant. The purpose of developing a database for working with it is to improve the quality
of customer service in the store, improve the quality of the bookstore, and quickly navigate through the
goods.
Design/methodology/approach: At the design stage of the data analysis, the ER model (ENTITY
RELATIONSHIP) was used, i.e. the "ENTITY — RELATIONSHIP" model. The ER model is based on
concepts such as essence and attribute.
Conclusions: This article discusses the process of building a database for a bookstore. A datalogical
database model was formed and brought into normal form. The structure of the information system for the
bookstore was also developed. The resulting database contains all the necessary components for
convenient and fast work of employees, as well as convenient customer orientation in a variety of
bookstore products.
Limitations/implications of the study: This article demonstrates one of the examples of solving specific
tasks of a bookstore using a database.
Originality/value: The article describes the basic principles and methods of creating a database structure.
An example of data normalization, the construction of a datalogical model and the structure of an
information system is given. This is an important stage in development, since the efficiency and reliability
of the entire system depend on a properly designed database.

Key words: database, datalogical model, design, information system, development.
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OB APXUTEKTYPE TIPOTPAMMHOM CUCTEMBI JIJISI PA3SPABOTKH U
TECTUPOBAHMUS AJITOPUTMOB C 3AJIAHHBIMH CBOMCTBAMU
B.M. CmopsikoBa
ORCID: 0000-0003-0357-0976e-mail: smorykov@mail.ru
Hwxeropoackuii rocygapctBeHHbI yHuBepcuteT uM. H.M. Jlo6aueBckoro

B paGore omnuceiBaeTcs MOAXOA K IIOCTPOCHUIO AapXHUTEKTYpbl IMPOIPaMMHON CHUCTEMBI,
NpeJHa3HAUYCHHON JJIs1 HMCCIEeOBAHUS BBIYUCIUTENBHBIX aJTOPUTMOB, pa3padaThiBa€MbIX C Y4ETOM
3aJJaHHbIX CBOWCTB. Ilpm amanrTanuu NMOCTPOEHHOIO AIrOPUTMAa Ul TOTO MM HMHOTO Kiacca 3aaay
NPUXOJUTCA pa3padaThiBaTh TaKHe CTPAaTerHH (PBPUCTUKU), KOTOPHIE IIO3BOJIAIOT  OMPEICTUTDH
(momo0OpaTh)KOHKPETHBIE 3HAUCHHSI TApaMETPOB PELIaeMbIX 33/1a4 U3 COOTBETCTBYIOLIMX KJIACCOB TaKUM
o0pa3oMm, YTOOBI COXpPaHUTh A(PPEKTUBHOCTH M MPOCTOTY IOCTPOCHHOTO anroputMma. llpu sTom
HE00XO/MMO TPOBEJCHUE BBIUMCIUTEIBHBIX AKCIEPUMEHTOB, MOATBEPKAAOMMX pabOTOCIOCOOHOCTD
KOHKPETHOW CTpaTeTrHHl JUIS MOCIEAYIOIIEro MPaKTUYeCKOro €€ MPUMEHEHHMS Ha KOHKPETHBIX Kiaccax
3agad. Takum o0Opa3oM, HEOOXOAMMO IOCTPOUTHb HCCIEA0BATEIbCKYIO BBIYHCIUTEIBHYIO CHCTEMY,
OCHOBHOM LIEJIbI0 KOTOPOW SIBJISIETCS CO3JaHME YAOOHOM Cpelbl, UMEIOIIEH MHCTPYMEHThI HAIJISIAHOTO
IIPEJCTABICHUS BCEX ATANOB pabOTHI aJroOpuTMa: MOHUTOPUHIU COOBITMM BBIYMCIIEHHS, BU3yalu3alus
MOJyYeHHOTO pELICHHST M €ro Xo0Ja, BO3MOXKHOCTh BIHMSHHS Ha BCIIOMOTATElIbHBIE MPOIETYPHI,
BO3MOYKHOCTh BAapbUpPOBaHMSA MApaMETPOB HCXOJHOTO aNropuTMa Uil MOCJIEIYIOLIEro aHaiusa
CTpaTeruii, BO3MOXHOCTb CpPaBHEHHUS pe3yJbTaTOB pabOTHl alropuTMa C YK€ CYIIECTBYIOIIUMH
a”anorami. [Ipu moctpoeHnn Takoil CUCTEMbl HEOOXOIMMO OPraHU30BaTh APXUTEKTYPY TaKUM 00pa3oM,
4yTOOBI IOJydEeHHAss CHCTEMa YJIOBJIETBOpsUIA yKa3aHHBIM TpeOoBaHumsaM. OTCrofa BO3HHMKAeT 3aaada
OIpeJIeJIeHUs] TIPUHIMIIOB pa3pabOTKH, KOTOpble OyIyT HCHOJIBb30BaThCs B AaibHelmeMm. B kauectse
anmpoOay JaHHOW CHUCTEMBl B CTAaTbe NPUBEACH AJITOPUTM YHCICHHOTO WHTETPUPOBAHUS CHUCTEM
OOBIKHOBEHHBIX U (PepeHNaTbHbIX YPABHEHUH, OCHOBAHHBIN HA UCIOJIb30BAHUU KOHEYHO-Pa3HOCTHOM
bopmyIbI.

Knwouesvie cnoga: MeToApl YHMCICHHOTO HMHTEIPUPOBAHMS, APXUTEKTYPHbIE IPHHIIMIIBL,
porpaMMHasi CHCTEMa.

ON ARCHITECTURE OF SOFTWARE SYSTEM FOR DEVELOPMENT OF
ALGORITHMS WITH DEFINED PROPERTIES
V. M. Smoryakova
Lobachevsky state university of Nizhny Novgorod

Purpose: The author provides an approach for creating architecture of software system for testing
and development of algorithms with defined properties.

Design / methodology / approach:The paper describes an approachof designing architecturefor
the system and its usage on real cases. The development of the algorithm is a complex task, and it is
required to analyze it entirely. Certain algorithms have theoretically designed best strategies on the given
classes of tasks but in practice it is not possible to find an appropriate strategy for the specific class of
tasks due to unknown exact values of certain parameters. Due to that it is necessary to propose heuristics
to use instead of these exactstrategies saving known features of the initial strategy. The researcher needs
to have a suite of tools to thoroughly investigate every aspect of the developed strategy and to compare it
to alternative strategies, see their pros and cons, visualize different important stages of its execution.

Findings: The paper finds out the approach to building research tool that allows to investigate and
develop new algorithms and strategies by comparing them with each other and existing ones.

Research limitations/implications: The system is intended to be used not only as a pure research
tool, but also as an educational tool for teaching students to learn extended practices of software
development applied to their current work on courses.

Originality/value: In the paper we describe the principles we used to create such the system,
important requirements that were considered during its design. Examples of the application are included
on the example of numerical integration.

Key words: numerical integration, software design, methods with defined properties.
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PACHPEJIEJIEHUE UCTIIOJTHUTEJIEN
B ITIPOEKTAX THHOBAIIMOHHOM KOMIIAHUU
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JILE. llanomHuKOB
ORCID: 0000-0003-1372-3753e-mail: shaposhnikov@unn.ru
H.B. lllecrakoBa
ORCID: 0009-0005-6966-4600e-mail: natalia.shestakova@itmm.unn.ru
Hwxeropoackuii rocynapctBeHHbIid yHuBepcuteT uM. H.W. JIo6aueBckoro

B pabote mpeanokeHa MHTEpakTHBHAs NPOLEAYpa pacHpeleseHUs HCIONHUTeNell Ha paboThl
KpPEaTHBHOTO MpOEKTa ¢ Yy4YETOM KauyeCTBEHHOW WHGOpPMAIMU O MPEANOYTUTEIFHOCTH Ha3HAYCHUS.
JanHas mnpoOiieMa BecbMa aKTyaJlbHa JUIsi WMHHOBAallMOHHBIX KOMIIAHWH, B YaCTHOCTH KOMIIAHMH,
3aHuMaoIuxcs paspadbotkoii WUT mnpoaykToB, OCOOEHHOCTM KOTOPHIX B IIJJaHE MEHEKMEHTA
paccMOTpeHbl B JOKJIaae. TakuMu OCOOEHHOCTSIMH, B YAaCTHOCTH, SIBJISIIOTCS IPEBBIIICHUE KOJIUYECTBA
paboT HaJx KOJMYECTBOM HCIHOJHHUTENEH, HAIWYHE AayTCOPCHHTOBBIX KOMaHJ C JAPYrod CHCTEeMOM
¢buHaHCOBOrO IUIaHUpPOBaHUA U Ap. [IpeoxkeHa MHOrOKpUTepUalibHasi MOJIENb paclpesielieHus paboT Ha
OCHOBE CYOBEKTUBHBIX OLICHOK KaueCTBa CO CTOPOHBI MEHEIKEPOB U HCIOJHUTENENH C OJTHOM CTOPOHBI,
(UHAHCOBBIX M TPYAOBBIX INOKa3zarenel 3¢ (eKTUBHOCTH, ¢ Apyroil croponsl. [Ipemnoxena meroauka
y4€Ta Harpy3ku Ha KOMaH/bl.

Knroueevie cnosea: MHOTOKpUTEpUaIbHOE IPOEKTHOE IIJIAHUPOBAHUE, 33/1a4a O HA3HAUYCHUSX,
orieHKa 3(pPEeKTUBHOCTH MPOEKTOB, HHMBHUIYaJIbHBIC IPEITOYTCHHUS.

DISTRIBUTION OF PERFORMERS IN PROJECTS OF INNOVATIVE COMPANY
USING QUALITATIVE INFORMATION ABOUT PREFERENCE
D.E. Shaposhnikov
ORCID: 0000-0003-1372-3753 e-mail: shaposhnikov@unn.ru
N.V. Shestakova
ORCID: 0009-0005-6966-4600 e-mail: natalia.shestakova@itmm.unn.ru
Lobachevskiy state university of Nizhny Novgorod

Purpose: The authors provide an interactive procedure for allocating performers to work on a creative
project, taking into account qualitative information about the preference of assignment.
Design / methodology / approach: This article discusses the features of planning the activities of
innovative companies, in particular companies involved in the development of IT products. Such features
are the excess of the number of works over the number of performers, the presence of outsourcing teams
with a different financial planning system, etc. Also, an important factor is the availability of qualitative
(non-quantitative) information, which is depended on significant difficulties in standardizing and
assessing planned cost and efficiency indicators.
Findings: The article describes the developed multi-criteria model for the distribution of work based on
subjective assessments of quality on the part of managers and performers on the one hand, and financial
and labor performance indicators on the other hand.
Research limitations/implications: The proposed model is based on subjective assessments of the
project parameters and performers and assumes the possibility of their accurate numerical assessment.
Originality/value: A model for the distribution of work among performers is proposed, considering
subjective qualitative assessments of the parameters of the project for the development of an innovative
solution. In the general case, it is assumed that the number of works in a set of company projects is
greater than the number of work performers, and a method for considering the workload of teams of
performers is proposed. An interactive procedure has been developed for analyzing possible solutions
based on grouping criteria into two subsets (“cost-effectiveness”) and constructing a region of effective
solutions.

Key words: Multiobjective project planning, project assignment problem, project effectiveness
estimation, individual preferences.
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VIK 62-50
YIIPABJIEHUE C U'TEPATUBHBIM OBYYEHHUEM BBICHIEI'O ITIOPAJIKA
JJUCKPETHOM CUCTEMOM HA BA3E HABJIOJATEJSA COCTOSSHUSA - |
I1.B. IlakmiuH
ORCID: 0000-0002-0829-8636e-mail: pakshinpv@gmail.com
A.O. Komapos
ORCID: 0000-0001-8011-4021 e-mail: godor1333@mail.ru
I0.11. EmenbsinoBa
ORCID: 0000-0001-5311-3592 e-mail: EmelianovaJulia@gmail.com
Huxeropoackuii rocynapcTBeHHbIN TexHUUYeckuil yHuBepcurer uM. P.E. Anekceepa

PaccmarpuBaercs 3amada yrpasieHus ¢ uTeparuBHbIM oOyuenueM (YHO) nuckpeTHol TuHeHHOM
CUCTEMOH B MOBTOPSIOLIEMCS pekuMe. Takas 3a/iaya B YaCTHOCTH XapaKTepHa JUIsl MOPTaIbHBIX pOOOTOB
U JIPYruxX poOOTHU3UPOBAHHBIX cUcTeM. OIHOW M3 OCHOBHBIX XapakTepucTuk YUO sBisieTcs CKOPOCTh
CXOMMOCTHU OIIMOKU OOy4YeHUSs, C 1IeJIbI0 MOBBIIICHUS KOTOPOH MPEIIOKEH HOBBIA aJrOPUTM BBICHIETO
nopsiikana 0Oaze HaOMromarenst COCTOSHHS. B OTIMYME OT M3BECTHBIX QJITOPUTMOB IEPBOTO TOPSIKA,
MCIONB3YIOIIUX JJIsi KOPPEKIMH YIPABISIONIEr0 CUTHANIA TOJIBKO TEKYLTYI0 HH(GOPMAINIO U HHPOPMALIUIO
C MpeAbIayIIed UTEpaluK, JAHHBIA JITOPUTM HCIOIB3YeT MH(MOPMALMIO C HECKOJIBKHUX MPEIbIIYIINX
utepauui. [ HaxoKIeHus MapaMeTpoB AIrOPUTMA, 00ECTIEUNBAIOIINX CXOAUMOCTh OLITHOKH O0y4YEeHHUS,
HCIIONIB3YETCS TEOPHUST YCTOWYMBOCTH MTOBTOPSIOIIMUXCS ITPOLIECCOB, OCHOBaHHAS HA TMBEPTEHTHOM METOJIEC
BEKTOpHOHN ¢GyHKmu JImyHoBa, DTO MO3BOJSET MPUMEHUTHBBIUUCIUTENHHO 3(PPEKTUBHYIO TEXHUKY
JIMHEUHBIX MATPUYHBIX HEPABEHCTB.

Kniouegvie cnoga: YnpapieHue C UTEPATUBHBIM OOY4YEHHUEM, alTOPUTMbl BBICIIETO MOPsIKa,
JUHCHHBIE CUCTEMBI, JWCKPETHBIC CHCTEMbI, HAOIIOMATENb COCTOSIHHS, ITOBTOPSIONINECS MPOIECCHI,
YCKOpPEHHE CXOJAUMOCTH, YCTOWYMBOCTh, BEKTOpHas (QyHKuus JIdmyHoBa, JHHEWHbIE MAaTpPUYHBIC
HEPAaBEHCTBA

HIGHER-ORDER ITERATIVE LEARNING CONTROL OF ADISCRETE SYSTEM
BASED ON STATE OBSERVER - I
P.V. Pakshin, A.O. Komarov, J.P. Emelianova
Nizhniy Novgorod state technical university n.a. R.E. Alekseev

Purpose: Thepaper proposes a new higher-order iterative learning control (ILC) algorithm for linear
discrete systems based on a state observer, the idea of the approachis based on an analogy with multi-step
methods in optimization theory.
Design/methodology/approach: To obtain algorithms, previously developed stability theory of repetitive
processes is used, in framework of which the conditions for the convergence of the learning error are
formulated using the divergence properties of the vector Lyapunov vector function. This allows apply the
computationally efficient technique of linear matrix inequalities.
Findings: The paper presents a new observer based higher-order iterative learning control algorithm for a
linear discrete system.
Researchlimitations/implications: The higher-order ILC algorithms allow accelerate convergence of the
learning error, which is one of important characteristic of the learning process.
Originality/value: Iterative learning control algorithms (ILC) are used effectively in additive
manufacturing, including high-precision multilayer laser deposition machines, as well as in medical
robots used for stroke rehabilitation, as well as in a variety of other applications.

Key words: Iterative learning control, higher order algorithms, linear systems, discrete systems,
state observer, repetitive processes, convergence acceleration, stability, vector Lyapunov function, linear
matrix inequalities

99



VIIK 62-50
YIIPABJEHHE C UTEPATUBHBIM OBYYEHMEM BBICIIETO MTOPSIKA
JUCKPETHOUM CUCTEMOI1 HA BA3E HABJIFOJATEJISI COCTOSIHASA — 11

I1.B. ITakmuH
ORCID: 0000-0002-0829-8636 e-mail: pakshinpv@gmail.com
A.O. Komapos
ORCID: 0000-0001-8011-4021 e-mail: godor1333@mail.ru
I0.11. EmeabsinoBa
ORCID: 0000-0001-5311-3592 e-mail: EmelianovaJulia@gmail.com
Huxeropoackuii rocynapcTBeHHbIN TexHUYeckuid yaupepcuteT uM. P.E. AnekceeBa

Ha mnpumepe »5KcrepUMEHTAIBHO IOJYYEHHOH MOJENH MOPTAJIbHOIO pPOOO0Ta IMPOBOJUTCS
CPAaBHEHHME HOBBIX aJTOPUTMOB YIIpaBieHHs ¢ uUTepaTuBHbIM oOyueHueM (YHMO) Bbiciiero mopsika,
MOJyYeHHBIX aBTOpAaMH B TEPBOM YacTW pabOThl, C W3BECTHBIMU AJITOPUTMAMU MEPBOTO MOPSIKA.
CpaBHeHue MOATBEPANIO, YTO anroput™Mel YO BbICIIEro nopsaka MO3BOJISIOT JOCTUYbL 00Jiee BBICOKOM
CKOPOCTH CXOAMMOCTM OIIMOKM oOyuyeHus. Kpome TOro mnpumep IOKa3bIBaCT NPEUMYIIECTBO
HENPUYHUHHBIX aaroputMoB YHO, KOoTOpble TakKe YCKOPSIOT CXOIMMOCTh OMIMOKM oOyueHus. Jlarorcs
PEKOMEHJALMKU MO0 BBIOOp MapaMeTpoOB, XapaKTEPU3YIOLUMX DIyOMHYy namsaTu.OOLUX TEOPEeTHUECKUX
pe3yNbTaToB, IMOATBEPKAAOLIMX MpeumylnecTBa anroputMoB YHWO Bbiciiero mnopsijaka, MOKa He
IOCTUTHYTO, HO TPEACTABICHHBIM TNPUMEpP TMOKa3bIBACT HMX MOTCHIHAIbHYIO A(PPEKTHBHOCTH U
MOTHUBUPYET JajbHEN1Iee UCCIeI0BaHNE B 3TOH 00JIaCTH.

Knrwouesvie cnosa: YyIpaBJICHHUEC C HUTCPATHBHBIM O6y‘leHI/IeM, HOpTaHLHLIﬁ pO6OT, JUCKPCTHaA
MOJCIb, aJ'OPUTMblI BBLICHICTO IIOPsAJIKA, Ha6J'II-OI[aT€J'IB COCTOsHUA, omInoKa O6y‘IeHI/I$I, YCKOpPEHUC
CXOJHUMOCTH, JIMHCHHEIC MaTpUYIHBIC HCPABCHCTBA

HIGHER-ORDER ITERATIVE LEARNING CONTROL OF ADISCRETE SYSTEM
BASED ON STATE OBSERVER - 11
P.V. Pakshin, A.O. Komarov, J.P. Emelianova
Nizhniy Novgorod state technical university n.a. R.E. Alekseev

Purpose: Application of causal and non-causal higher-order iterative learning control algorithms to an
experimentally obtained model of a gantry robot.
Design/methodology/approach: Comparison of the convergence rate of the higher- and first order
iterative learning control algorithms and comparison of the convergence rate of causal and non-causal
higher-order iterative learning control algorithms.
Findings: The considered example confirmed that higher-order iterative learning control (ILC)
algorithms provide a higher rate of convergence of the learning error compared to first-order algorithms.
It is also confirmed that the non-causal ILC algorithm provides a higher rate of convergence of the
training error compared to the causal one.
Researchlimitations/implications: General theoretical results confirming the advantages of higher-order
ILC algorithms have not yet been achieved, but the presented example shows their potential effectiveness
and motivates further research in this area.
Originality/value: The higher-order ILC algorithm obtained in the first part of this work allows acelerate
convergence of the learning error of a gantry robot compared to the most widely used first-order
algorithm.

Key words: Iterative learning control, higher-order algorithms, gantry robot, discrete systems, state
observer, repetitive processes, convergence acceleration, stability, vector Lyapunov function, linear matrix
inequalities
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VJIK 004.056.5

OB30P CYHIECTBYIOHINX MHKPOHPOHECCOPHI;IX A:PXI/ITEKTYP
JJIA ATIITAPATHBIX MOAYJEU UTHO®OPMALIMOHHOMU 3ALHIUTHI
A.C. Oj0oH1EeB

ORCID: 0000-0001-8785-9544 e-mail: olekseilon@gmail.com
Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKUil yHUBepcuTeT uM. P.E. AnekceeBa

Pa3BuTHEe TEXHOIOTHMH W TOSBICHHE HOBBIX YIrpo3 KUOEpOE30MacHOCTH TPEOYIOT MOCTOSHHOTO
YCOBEPIICHCTBOBAHUS allapaTHBIX MOIYJICH, 00eCIeUnBAOIINX 3auTy HHpopManuu. OHHU TO3BOJISAIOT
CO3/1aBaTh MOIMIHBIE U A((HEKTUBHBIC CPEIICTBA 3ALIUTHI, 00eCIIeYrBasi BELICOKHI YPOBEHb 0€30IaCHOCTH U
HaJeKHOCTH B 00paboTke KOHPUIACHIMAIBHBIX JaHHBIX. B pabore gemaercs KpaTkuii 0030p
CYHIECTBYIOIINX PEIICHUIN ammapaTHBIX MOAYJICH A1 MHGOPMAIMOHHON 3alUThI HA apXUTEeKTOpax X86,
ARM, RISC-V, Beigenensl ux ocHoBHble GyHKIMA. WM chopmynupoBaHa moOCTaHOBKaA 3ajadu
HCCIICIOBAHUS ITUX PEIICHHM.

Knwouesvie cnoea: Mupopmannonnas 0e30M1aCHOCTh, MHUKPOAPXHUTEKTypa, mpoueccop, RISC-V,
x86, ARM.

OVERVIEW OF EXISTING MICROPROCESSOR ARCHITECTURES FOR
INFORMATION SECURITY HARDWARE MODULES

A.S. Olontsev
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: This work is aimed at reviewing and analyzing existing hardware solutions for
information security on x86, ARM, RISC-V architectures.

Design / methodology / approach: The paper provides an overview of existing solutions for
hardware modules for information security on the most popular architectures and the main function of
these modules are highlighted. The problems of hardware proprietary solutions are formulated.

Findings: An overview of current solutions allows to identify specific functions of hardware
security modules, understand exactly what the module should do and check them for undeclared
capabilities.

Research limitations/implications: This article is a starting point for further analysis and research
of hardware solutions for information security.

Originality/value: Hardware solutions for information security are proprietary. These devices are
essentially a full-fledged computer inside a computer, as they have their own operating system, memory,
and various accelerators, but with full access to the main general-purpose processor. Obviously, such
solutions may have undeclared capabilities, including hardware exploits.

Key words: information security, processor, micro architecture, x86, ARM, RISC-V
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VIIK 004.93; 004.5

HOJAEPXKKA ITEPCOHAJIA B IPOLHECCE TEXHUYECKOI'O OBCJIYKUBAHUA C
HCIIOJIb30BAHUEM TEXHOJIOT' MU JJONOJTHEHHOM PEAJIBHOCTH
J.J1. MsicCHUKOB
ORCID: 0009-0007-0210-0514e-mail: myasnikovdaniils@yandex.ru
H.E. Iloco0uniioB
ORCID: 0000-0001-8850-4219 e-mail: posne44@mail.ru
Huxeropoackuil rocyaapCTBeHHbBIN TeXHUYECKUil yHUBepcuTeT uM. P.E. AnekceeBa

B noknazne packpblBalOTCS OCHOBHBIE IMOHATHS JONOJHEHHOH peanbHOCcTH (AR), mpuBomsTcs
IIPUMEPBI, aHAIM3UPYIOTCSI NPEUMYIIECTBA M HEAOCTAaTKU 3TOM TEXHOJOIMM M paccMaTpUBacTCs €€
npUMeHeHue B HedTsHOW oTpacau. B dyacTHOCTHM, oOmuMCaHbl [JaTYUKW, HCHOJb3yeMble Ha
He(TenepeKaunBaroIUX CTAHIUAX, © UX OCHOBHBIE XapaKTepuCcTUKU. KpoMe Toro, onmcansl pa3indHble
YCTPOMCTBA, UCIOJb3YyEMbIE JJIS Peaau3alMi TEXHOJIOTUU JONOJHEHHOM pealbHOCTH, U NPE/CTaBIICHbI
pa3NIUYHbBIE CIIOCOOBI HANOXKEHUSI BUPTYaJIbHBIX 00bEKTOB. Takke paccMaTpuBarOTCs MPEANOUTUTEIbHBIE
U MEHee IMpeIIOYTUTENbHbIE aTpUOYThl 3TOW TEXHOJOIMM, HCCIEIYETCsl I0JIE3HbIE BO3MOXHOCTH
nporpaMMHoro obecrnieueHusi AR, 00o3peBaroTcsi €ro IUIIOCBI M MUHYChI, MU BblIOMpaeTcsi Haubosee
ontumManbHoe 1011 peanu3annun CUCTEMBI JONOJHEHHOW PEAIBHOCTH.

Kniwouegvlte  cnoga:nononHeHHas ~— peanbHOCTh, AR,  HedTsHas  NIPOMBINIICHHOCTb,
HedTenepekaunuBaroIias CTaHLUsA, TEXHUYECKOe 00CITyKUBaHUE, TaTYUKH.

SUPPORTING PERSONNEL DURING MAINTENANCE USING AUGMENTED REALITY
TECHNOLOGY
D.D. Myasnikov, N.E. Posobilov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: Analysis of the advantages and disadvantages of augmented reality technology and its
application in the oil industry.
Design / methodology / approach: The article selects key sensors that are used in the oil industry, as
well as their characteristics. The priority attributes of augmented reality for the information system are
highlighted.
Findings: The article analyzes the advantages and disadvantages of augmented reality (AR), its
application in the oil industry and examples in other industries. The sensors that are used in the oil
industry and their characteristics are described. The most important attributes of AR technology and
software for its development are considered.
Research limitations/implications: Research is limited by the use of free software development tools
and hardware limitations. The results of the study can be applied in the oil industry.
Originality/value: The value of the entire article lies in finding all the key sensors that are used in the oil
industry, the maintenance of which can improve the use of augmented reality technology.

Key words: augmented reality, AR, oil industry, oil pumping station, maintenance, sensors.
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AHAJIN3 METOJOB PACIIO3HABAHMS U30BPAKEHUN 111 TIPOBEPKH
JIEMEHTOB HA BUJAEOKA/IPE
E.A. TokapeBa
ORCID: 0009-0000-3383-929Xe-mail: elizasoln@mail.ru
H.E. ITloco0unJioB
ORCID: 0000-0001-8850-4219e-mail: posne44@mail.ru
Huxeropoackuil rocygapcTBeHHbIN TexHuueckuil yausepeuteT um. P.E. AnexceeBa

B noknaze mpoBeAeH aHaW3 CYHIECTBYIOIIMX METOJIOB, MPUMEHSIOUIMXCS JJIsl paclO3HAaBaHUS
n300pakeHMid. BBISBICHBI OCHOBHBIC MPEUMYIIECTBA M HEJAOCTATKH WCIIOJNIB30BaHUS JTAHHBIX METOJIOB.
Onucana CTpyKTypa BHICOKAQJPOB, TNPUMEHSIONUXCS Ha padoYMXx CTaHIMAX OJOYHOrO TYHKTa
yIIpaBJICHUS] aTOMHOH 3JICKTPOCTaHIMH. PacCMOTpEHBI BUIBI 3JIEMEHTOB, BXOJISIIINE B COCTaB BUJCOKAPa
1 0003HAUAIONIUE COCTOSHHUE TEXHOJOTUYECKOrOo O0OpyIOBaHUS. A TakXKe BBIICICH Haubosee
MOJXOASIINA ¥ ONTUMAIBHBIA METOJ| PAacliO3HaBaHUs HM300pKEHUU JUIS TPOBEPKU PACIIOJIOKEHUS U
0TOOpaKEHHS HIIEMEHTOB Ha BUICOKApPE.

Knrwuesvle cnosa: BUICOKAIPHI, 3JIEMEHTHI O00OPYHAOBaHMS, pAaclO3HABaHUE HW300paKEHHUIA,
METO/Ibl aHaIN3a U300paKEHUH.

ANALYSIS OF IMAGE RECOGNITION METHODS FOR VALIDATION OF
ELEMENTS ON A VIDEO FRAME
E. A. Tokareva, N. E. Posobilov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: This article is aimed to analyze and select the most suitable and optimal image
recognition method for verifying the arrangement and display of elements in a video frame.

Design/methodology/approach: Methods of Graphic Image Recognition. The report examines
fundamental methods used for image recognition. The main advantages and disadvantages of employing
these methods are identified, along with the steps of their implementation.

Findings: Based on the explored methods of image recognition, the most suitable method for
verifying the arrangement and display of elements in a video frame has been identified.

Research limitations/implications: The analysis and selection of the method will be conducted
only for video frames included in the upper-level block of the SCADA system.

Originality/value: This research makes it possible to improve the safety and efficiency of
operation at a nuclear power plant through the timely detection of malfunctions, inaccuracies and errors in
the system.

Key words: video frames, equipment elements, image recognition, image analysis methods.
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YK 004.056.55
AHAJIN3 CKOPOCTHU U HATPY3KHU HA CUCTEMBI ITPU UCITOJIB30OBAHUU
AJITOPUTMA CUMMETPUYHOI'O HIN®POBAHMUS AES 256
J1.B. beasinun
ORCID: 0009-0000-2802-9970 e-mail: belyanindvl7@mail.ru
Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKU yHUBepcuTeT uM. P.E. AnekceeBa

3amuTa KOHQUACHIHATbHONH HHGOPMAIIUU SBJISETCS OAHON U3 IVIaBHBIX MPOOJIEM B COBPEMEHHOM
MUpE, TaK KaK 4acTO MPOUCXOISIT PA3IUIHOTO POJa YTEUKH HHPOPMAIIUH.

[Ipenmaraercss HampaBlieHHOE Ha OIECHKY 3ddektuBHoctd amroputma Advanced Encryption
Standard (AES) ¢ ucnonp3oBanueM Kitoued IIMHOW 256 OUT B KOHTEKCTE BBICOKMX HAarpy3oK Ha
cuctemy. Mcrmonp3oBanue mu@poBaHUsS ¢ JJIMHON Kiroda 256 OUT SIBISETCS KpalHE Ba)KHBIM IS
obecriedeHrss 0€30IAaCHOCTH B COBPEMEHHBIX HMH(POPMALMOHHBIX CHUCTEMaxX, M IOHHMAaHHE €ro
BO3JICHCTBUS HA CKOPOCTHh PabOThl M 3arpyKEHHOCTh CUCTEMbI UMEET KpUTHYEeCKoe 3HaueHue. B pamkax
UCCIIeIOBaHMsT OBTM  TPOBENEHBI PA3JIMYHBIC OSKCIEPUMEHTHI, BKJIIOYas HW3MEPEHHE CKOpPOCTH
mudpoBaHus U paclinppoBaHus JaHHBIX, & TAKXKE aHAJIU3 3arpPy>KEHHOCTH CHCTEMbI B 3aBUCUMOCTHU OT
o0beMa 00pabaThIBaEMBIX [AHHBIX M MApaUICIBbHBIX IPOLECCOB. Pe3ynbTaThl 3THX AKCHEPHUMEHTOB
MPEIOCTABIIAIOT BAXHYID HMHQOPMAIMIO O MPOU3BOJUTENFHOCTH M HArpy3Ke CHUCTEMBI IMIpH
ucnosb3oBaHuu AES 256 B pa3nnyHbIX clieHapUsX paOdOThl ¢ JaHHBIMU. BBIBOIbI TaHHOTO MCCIIEI0BaHUS
MO3BOJISIIOT  JIyYIlle TMOHSATh BO3MOXXHOCTH ONTHUMM3AIMH MPOU3BOAUTEIFHOCTH CHCTEMBI IIpU
npuMeHernu anroputMa AES 256, 9To nMeeT Ba)XHOE 3HAYCHHUE JUIs pa3pabOTIYMKOB MH(POPMAITUMOHHBIX
CUCTEM, aJIMUHHCTPATOPOB CETEl M BCEX 3aMHTEPECOBAHHBIX CTOPOH B OOecrneueHUuu O0e30MacHOCTU U
3¢ (HeKTHBHOCTH pabOTH HHPOPMAIIMOHHBIX TEXHOJIOTHH.

Kniouesvie cnosa: xondpuneHimanbaas nadopmanus, yreuku, Advanced Encryption Standard
(AES), xiroun, onTuMu3anusi, CeTH.

ANALYZING THE SPEED AND LOAD ON SYSTEMS USING THE AES 256 SYMMETRIC
ENCRYPTION ALGORITHM
D.V.Belyanin
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The purpose of this study is to study the effectiveness of the Advanced Encryption Standard
(AES) algorithm with a 256-bit key in conditions of high system load.
Design/methodology/approach: Research of system performance and workload based on real data and
usage scenarios. This allows you to get a more accurate idea of the effect of the algorithm on real
systems.
Findings: The article conducted research aimed at evaluating the speed and workload of the system when
using the AES 256 encryption algorithm. The research focused on analyzing the performance of this
algorithm in the context of its application for data protection.
Research limitations/implications: The study was conducted on a limited set of data or conditions of
use, which may limit the generalization of the results to other scenarios.
Originality/value: The research is aimed at evaluating the effectiveness of the Advanced Encryption
Standard (AES) algorithm with a 256-bit key in conditions of high system load. While AES 256 is one of
the most common encryption algorithms, investigating its performance in the context of high loads is an
important area. This study includes a comprehensive approach that includes not only measuring the speed
of the AES 256 algorithm, but also analyzing the workload of the system when using it. This allows you
to get a more complete understanding of the impact of the algorithm on system performance in various
use cases.

Key words: confidential information, leak, Advanced Encryption Standard (AES), keys,
optimization, network.
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HNCITOJIB30BAHHUE AJITOPUTMOB MAIIIMHHOT'O OBYYEHUSA
JJIA OITPEAEJIEHUS ATAK HA ITPOTOKOJI MODBUS TCP

B.C. CaarbikoB

ORCID: 0009-0009-5779-4597 e-mail: saltykoff24@gmail.com
P.A. Bacuibes

ORCID: 0000-0002-4978-2838 e-mail: romangamma@mail.ru

Huxeropoackuii rocyaapcTBeHHbIN TeXHUYECKU yHUBepcuTeT uM. P.E. AnekceeBa

ABTOp HcclenoBai pa3inyHble METOJIbl MAIIMHHOTO OOy4YeHHS Ui ONpEIC/ICHUs aHOMAlUW B
tpaduke mnporokora Modbus TCP. B pamkax wuccinenoBaHus ObLIM TPOBEICHBI JKCIIEPHUMEHTHI C
UCIIOJIb30BAaHUEM JaTaceTa, COJAEP)Kallero AaHHble O TUIMYHOM MMOBEACHUU MPOTOKOIA M Pa3IUYHBIX
BHUJIOB aTak. Pe3ynpTaThl MOKa3ald, YTO MOJEIM MAIIUHHOTO OOydYeHHUs IMO3BOJISIOT S()(EeKTHBHO
BBISBJISITH AHOMAJMU U HMJIEHTU(GUIUPOBATH BO3MOXHBIE araku Ha mpotokon Modbus TCP.
HccnenoBanmne Takke MPEACTaBIseT CpaBHEHHE (P(HEKTHBHOCTH PA3THYHBIX AJITOPUTMOB MAIIMHHOTO
oOy4yeHHs] B KOHTEKCTE BBIABICHUS yrpo3 s mportokona Modbus TCP. ABTOpel ONUCHIBAIOT
MIPEUMYIIIECTBA M OTPAHUYCHUS IPUMEHEHHUS alTOPUTMOB MAITMHHOTO O0YYCHHUS I OOHAPYKEHUS aTak
Ha nipotokon Modbus TCP u npennararoT myTd JajJbHEHIIMX UCCIIEIOBaHUM B AaHHOUW oOsacTu. CTaThs
MIPEACTABIISIET COOOM BaKHBIMA BKJIAJl B 00J1aCTh KHOEpPOE30MacHOCTH, OCOOEHHO B KOHTEKCTE 3aIUTHI OT
aTaK Ha TMPOMBILIUICHHbIE CETH U YCTPOMCTBa, Mcnoib3ytomue npotokol Modbus TCP. Pabora moxer
OBITH ITOJIE3HA IS CIIEIMAIMCTOB B 00JIACTH MAIIMHHOTO OOYyUYEHHSI M pa3padOTYNKOB CUCTEM 3aIUTHI OT
Kubeparak.

Kniouesvie cnoga:. anropuTMbl MaIIMHHOTO 00y4eHMs, HH(OpMalMOHHas O€3011acCHOCTb,
MIPOTOKOJIKI Iepenayn nanubix, Modbus TCP.

USING MACHINE LEARNING ALGORITHMS
TO DETECT ATTACKS ON MODBUS TCP PROTOCOL
V.S. Saltykov, R.A. Vasilyev
Nizhny Novgorod state technical universityn.a. R.E. Alekseev, Nizhny Novgorod

Purpose: The goal of this article is to explore the use of machine learning algorithms for detecting attacks
on Modbus TCP protocol. By examining various machine learning techniques, we aim to demonstrate
their effectiveness in identifying and mitigating potential security threats to Modbus TCP networks.
Ultimately, this research will provide insights into how machine learning can be leveraged to enhance the
security of industrial control systems using Modbus TCP protocol.
Design / methodology / approach: In this study, Edge-IloTset cybersecurity dataset of loT&II0T to train
machine learning models. Various algorithms such as logistic regression, random forests, decision tree are
applied to analyze the data and classify normal and malicious activities. By evaluating the performance of
these algorithms using metrics such as precision, recall, and F1 score, the effectiveness of each model in
detecting attacks on the Modbus TCP protocol can be determined.
Findings: The paper find result of training machine learning models on the dataset to detect attacks on the
protocol. Characteristics extracted from network traffic data are obtained, including packet size, time
information, and communication patterns It also makes conclusions about algorithms in terms of their
performance in detecting attacks on the Modbus TCP protocol.
Research limitations/implications: Research is limited to Edge-lIloTset cybersecurity dataset of
I0T&IIoT.The performance of the machine learning algorithms may be affected by the quality of the
features extracted from the Modbus TCP packets, which could impact the effectiv of the attack detection.
Originality/value: By adopting cutting-edge technology such as machine learning, organizations can
enhance their cybersecurity defenses and stay ahead of cyber threats. The integration of machine learning
algorithms in identifying malicious activities on Modbus TCP protocol offers a proactive approach to
cybersecurity, enabling timely detection and response to potential cyber attacks. This innovative approach
not only increases the efficiency of threat detection but also minimizes the risk of data breaches and
network intrusions.

Key words: machine learning algorithms, information security, data transmission protocols,
Modbus TCP.
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YK 004.891
IKCHHEPTHASA CUCTEMA INOJJAEPKKHW OITPEAEJIEHU A
AKTYAJIBHBIX YI'PO3 BE3OITACHOCTH UH®OPMALIUN
JA.P. HlamcyTauHoBa
ORCID: 0009-0008-2669-8642 e-mail: olysh260297 @gmail.com
B.IO. Kapnbiues
ORCID: 0000-0001-8527-2600 e-mail: kavlyr@yandex.ru
Huxeropoackuii rocygapcTBeHHbIN TexHuueckuil yausepeuteT uM. P.E. AnekceeBa

B cratee paccmaTpuBaeTca npoOieMa OHpEAeNIeHHs aKTyalbHBIX YIrpo3 0€30MacHOCTH
uHpopmauuu. PaszpaGoran anroput™M paOOThl 3KCHEPTHOH CHCTEMBl MOAJCPKKU OINpeeTeHus
aKTyaJlbHBIX yrpo3 Oe3omacHOCTH HH(OPMAIMHM, COOTBETCTBYIOIIMN 3aKOHOAATENbCTBY Poccuiickoii
@enepanun. OmnpezneneHbl akTyaldbHble YIrpo3bl HMH(OpMAnMOHHONW 0€30MacHOCTH ISl  TUIOBOM
MH(POPMALIMOHHOMN CHCTEMBbI IEPCOHABHBIX TAHHBIX MEAUIMHCKOM oTpaciu. ChopMyIMpoBaHbI TpaBHUia
HKCIIEPTHOM CUCTEMBI JUIsl OIYYEHHBIX aKTYaJIbHBIX YIPO3.

Kntouegvle cnosa: wHpopMamoHHass 0€30MACHOCTh, Yrpo3bl WH(MOPMAIMOHHOW 0€30MMacHOCTH,
OIpe/IeieHHe aKTyalbHbIX Yrpo3 0€30MacHOCTH WH(pOPMAIMK, 3allUuTa HHPOPMAIUH, 3KCICPTHAS
cucTeMa.

EXPERT SYSTEM TO SUPPORT IDENTIFYING CURRENT
INFORMATION SECURITY THREATS
D.R. Shamsutdinova, V.Yu. Karpychev
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The author provides a work algorithm of an expert system for identifying current threats to
information security.
Design / methodology / approach:The article identifies current threats to information security for a
typical information system of personal data in the medical industry. The rules of the expert system are
formulatedfor them. The obtained actual threats to information security can be ranked in order of
likelihood of occurrence using confidence coefficients.
Findings: The article contains the rules of operation of the expert system and conclusions about the results
of its work.
Research limitations/implications:Research is limited by the legislation of the Russian Federation, in
particular the methodological document “Methodology for assessing threats to information security”
Originality/value:The value of the article lies in the fact that its materials can be used to create an expert
system for identifying current threats to information security.

Key words: information security, threats to information security, identification of current threats to
information security, data protection, expert system.
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YK 681.3.06

CUCTEMA NOJJEPKKHU NPUHATHA PEHIEHUNI U1 YIIPABJEHUSA PUCKAMU
WH®OPMAIIMOHHOHN BE3OIMACHOCTH

II.H. byparo
ORCID: 0000-0002-8010-906X e-mail: burago.pn@yandex.ru

B.I1. XpauuJioB
ORCID: 0000-0003-1317-5320 e-mail: hranilov@nntu.ru

Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yauBepeuteT uM. P.E. AnexceeBa

B crarbe nokazana kiiroueBasi pojib pa3iIMYHbIX MATEMaTUUYECKUX MOJENIEN B YKPEIJIEHUH CUCTEM
noanaepkku npuHsatus pewenuit (DSS) ans ynpaenenus puckamu UHGOPMAIMOHHON 0€30MacHOCTH
(ISRM). Hcnonb3yst 3ajioxkeHHble B Hel wmaremarnueckue Meroasl, DSS ISRM cnocoOGctByeT
BCECTOPOHHEMY  aHallM3y  YyA3BUMOCTEH, OILIEHKE  BEpPOSTHOCTH  peanu3alliil  HUHIUICHTOB
MH(POPMAIIMOHHON O€30MacHOCTH, BBISBICHUIO TMOTCHIMAIBHBIX YIpo3 M pa3paboTke 3((eKTHBHBIX
CTpaTeruii ympaBieHHs puckamu uH(popMannoHHOW Oe3omacHoctu. McmonszoBanue DSS mns ISRM
MIO3BOJISIET PYKOBOJCTBY OpraHW3aluil MPUHUMATh B3BELIEHHbIE M OOOCHOBAHHBIE PELIEHUS IS
o0ecriedeHus 3allUThl CBOMX MH(OPMAIIMOHHBIX aKTUBOB, & TAK)K€ BHIOMPATh ONTHMAJbHBIE CTPATETUU
WHBECTUPOBAHUS B BOIPOCH HH()OPMAIIMOHHON 0€301acHOCTH.

Knrwouesvie cnoga: mateMaTH4ecKue METOMBI, IPOTPAMMHOE OOECIIEYeHUE, CHCTEMa TOICPKKH
npunstust pemenuit (CIIIP, DSS), ympaBnenue puckamu unpopmannonHoii 6esomacHoctu (ISRM),
KnOepOe30MacHOCTh, OIIEHKA PUCKOB, MATEMATUIECKOE MOICTTHPOBAHHE.

SUPPORT OF A DECISION SUPPORT SYSTEM FOR INFORMATION SECURITY RISK
MANAGEMENT PURPOSES

DECISION SUPPORT SYSTEM FOR INFORMATION SECURITY RISK MANAGEMENT

P.N. Burago, V.P. Khranilov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

The article explores the key role of mathematical methods and models in strengthening decision
support systems (DSS) for information security risk management (ISRM). Using mathematical
foundations, DSSISRM facilitates comprehensive vulnerability analysis, incident probability assessment,
identification of potential threats and development of effective information security risk management
strategies. The use of DSS for ISRM allows the leadership of the organization to make reasonable and
justifiable decisions to ensure the protection of its information assets, as well as to choose the best
investment strategies in information security issues.

Key words: mathematical software, decision support system (DSS), information security risk
management (ISRM), cybersecurity, risk assessment, mathematical modeling.
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YK 004.93
YI'PO3bI DEEPFAKE TEXHOJIOT'M U HHTEJUIEKTYAJIBHBIE METO/IbI
OBHAPY/XKXEHUSA ®AITBCUPUKALIUN AYAUO U BUJAEO
C. A. Onapun
ORCID: 0000-0003-2777-2492e-mail: oparin.sergey.nng@gmail.com
O. II. TumodgeeBa
ORCID: 0000-0002-1935-7697 e-mail: optimofeeva@mail.ru
Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKU yHUBepcuTeT uM. P.E. AnekceeBa

B mpencrasienHoi cratbe paccMmarpuBaeTcs texHosorus deepfake, oObenuustonias B cede
HECKOJIBKO aJTOPUTMOB, MO3BOJISIIOIIUX IIPOU3BOJUTE KOPPEKTUPOBKY WM IIOJHYIO IOJMEHY JIMLA Ha
¢boTO WM BHIIEO0, U3MEHEHHE MUMHUKH BBICTYIAIONIETO B COOTBETCTBUU C NMPOU3HOCHUMBIM TEKCTOM, a
TaKXXe TMO3BOJISIONIAS M3MEHATHh TOJIOC TOJIB30BATENSI B COOTBETCTBHH C IIeNIEBBIM 00BeKkTOM. KadecTBo
MOJIYYEHHBIX 3amucel OJIM3KO K OpPUTHHAIBHBIM M HE BCErja MOKET ObITh PAcliO3HAHO YEJIOBEKOM Kak
oOMaH, 4To BIEYET 3a COOOW yrpo3y HUCIHOIB30BAaHUS MAHHONW TEXHOJOTHU C IEIbI0 OOMaHa WU
MIPOTUBONPABHBIX JAeicTBuil. B pabore paccmarpuBaroTcs criocoObl aBTOMaTHUECKOTO JIETEKTUPOBAHUS
danbcupUKaUU C HCIOJH30BAaHUEM aNTOPHUTMOB HAa OCHOBE HEWPOHHBIX ceTed. BHenpeHue cucrem
aBTOMaTHueckoro oOHapyxenus deepfake mosBosmut mpenocrepeusr meneByw ayaurtopuro CMU ot
(baNbIMBBIX HOBOCTEH, MOJMTUYCCKUX MAHUMYJSIMNA, a Takke 00€30MacHT JIONEH OT IOMBITOK
MOIIEHHUYECTBA WIH YIPO3 YHUKEHUS YECTH U JIOCTOMHCTBA CO CTOPOHBI 3JI0YMBIIIIECHHUKOB.

Knrwouesvte cnosa: KOMIBIOTEpHOE 3peHHE, IITyOOKOe 00ydeHHE, CBEPTOUHBIC HEHPOHHBIE CETH,
reHepaTUBHbIE HEWPOHHBIE CETH, PEKYpPpEeHTHblE HEWpPOHHbIE ceTH, GadbCcUPUKAUS Meaua,
HCKYCCTBEHHBIA UHTEIUICKT.

THREATS OF DEEPFAKE TECHNOLOGIES AND INTELLIGENT METHODS OF AUDIO
AND VIDEO TAMPERING DETECTION
S.A. Oparin
ORCID: 0000-0003-2777-2492 e-mail: oparin.sergey.nng@gmail.com
O.P. Timofeeva
ORCID: 0000-0002-1935-7697 e-mail: optimofeeva@mail.ru
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The author proposes ways to detect the use of mediadata falsification technologies based on the
use of deep learning techniques.
Design/methodology/approach: The task of fake detection is reduced to a binary classification problem,
where a video or audio stream is fed to the input of neural network, after which the degree of confidence
of system is algorithmically calculated. The degree of confidence is represented as a value from 0 to 1,
and when some threshold value is reached, the system's response should contain an alert to detect a fake.
Findings: The paper decomposed and analyzed the deepfake creation model, finding the weaknesses of
generative algorithms to detect the fact that the original has been tampered with. Due to the fact that a
full-fledged deepfake project includes at least a face replacement, voice change and lip movements
modification - the analyzing algorithms are aimed at detecting dependencies in these three areas.
Research limitations/opportunities: The study is limited to datasets of generated deepfakeimage
instances and a dataset with different generated voices. However, this is sufficient to test hypotheses
about recognizing media data modification.
Originality/value: The value of the whole paper lies in the comprehensive approach to recognizing
deepfake technologies, which achieves an optimal ratio between accuracy and computational power
consumption. The comprehensive verification will counter deepfake not only in the present but also in the
future. This is facilitated by the use of state-of-the-art deep learning and computer vision techniques.
Finally, the author proposes what he believes to be the optimal set of solutions for each of the three
directions. The first one is to determine the graphical part of the deepfake by boundary line fluctuations.
The second - analysis of the voice spectrogram for post-generation artifacts. The third is automatic
verification of correspondence between lip movements and pronounced sounds.

Key words: computer vision, deep learning, convolutional neural networks, generative neural
networks, recurrent neural networks, media tampering, artificial intelligence.
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YK 004.04
HNCITOJBb30BAHUE PEKOMEHIATEJIBHbIX CUCTEM 1P ®OPMUPOBAHUU
UHANUBUIYAJBHON OBPA3OBATEJBHON TPAEKTOPUY HOTEHIIUAJIBHOI'O

ABUTYPUEHTA

M.E. bymyeBa
ORCID: 0000-0002-0071-2417 e-mail: bme@nntu.ru
B.A. PemieroB
ORCID: 0009-0001-8222-2496 e-mail: reshetov@nntu.ru
M.A. ®apadonToB
ORCID: 0009-0000-0362-954X e-mail: farafontov@nntu.ru

Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yausepeuteT uM. P.E. AnexceeBa

B pabore mpennoskeH BapUaHT WCIOIH30BAHUS TEXHOJIIOTHH PEKOMEHIATEIBHBIX CHUCTEM IS
BBIPAaOOTKHM pelieHus 1Mo (HOPMHUPOBAHHMIO OOpA30BATEILHONW TPACKTOPUM B pPaMKax MEPONPHUATHN
JIOBY30BCKOM TOJITOTOBKH IITKOJIBHUKOB. [IpoBeieH aHalIn3 HaKOIJICHHON WH(OPMAIIUK B paMKaX pabOThI
O/I[uJIOY HI'TY B mepuon ¢ 2017 mo 2023 roma. Ilpennmoskena Mopelb OMHMCHIBAarOIIas OOBEKT
HCCIICIOBAHUS.

Knroueswvie cnoea: pexomeHnarenbHas CUCTEMa, I0BY30BCKas IIOJrOTOBKA, 00pa3oBaTeabHas
TPaeKTOPHSI.

THE USE OF RECOMMENDATION SYSTEMS IN THE FORMATION OF AN INDIVIDUAL
EDUCATIONAL TRAJECTORY OF A POTENTIAL APPLICANT
M.E. Bushueva, B.A. Reshetov, M.A. Farafontov

Nizhny Novgorod state technical university n.a. R.E. Alekseev

The paper proposes an option for using the technology of recommender systems to develop a
solution for the formation of an educational trajectory within the framework of pre-university training
activities for schoolchildren. An analysis of the accumulated information was carried out as part of the
work of the FDPiDOU NSTU in the period from 2017 to 2023. A model describing the object of study is
proposed.

Purpose: Studying ways to use recommendation systems based on neural networks as a tool for building
an individual educational trajectory. Obtaining a system model.

Design / methodology / approach: The article presents data accumulated over five years through an
information system developed jointly with the Faculty of Pre-University Training. A version of the
applicant model was considered, a matrix of parameters was compiled, and impact parameters were
determined. A review of recommender systems and an analysis of approaches for implementing systems
were carried out.

Findings: To implement the applicant model, as well as create his individual educational trajectory, it is
planned to use the data accumulated during the operation of the “Motivated Applicant” information
system and the methods described above for implementing recommendation systems, which will create an
automated information system that can suggest to the student a possible choice of his future profession.
Research limitations/implications: With the development of the idea of forming an individual
educational trajectory, an urgent need began to appear in analyzing the results of assessing the student’s
competencies and subsequent adjustment of his learning trajectory to select the most interesting areas of
development. Modern digital technologies make it possible to largely automate this process, reducing the
influence of the human factor, which makes it possible to obtain an independent assessment of the process
of personal development.

Originality/value: The use of recommendation systems based on deep learning neural networks makes it
possible to solve recommendation problems more accurately for building an individual educational
trajectory for a potential applicant.

Key words: recommendation system, pre-university preparation, educational trajectory.
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VK 004.023
PEHIEHUE 3AJAYYA TPAHCIIOPTHOM JIOTUCTUKH C HEUETKUMHU JJAHHBIMHA
HA OCHOBE 'EHETHYECKOI'O AJITOPUTMA
A.H. CanHHUKOB
ORCID: 0000-0002-8418-506X e-mail: lexsannikov@yandex.ru
A.1O. KapnbiueBa
ORCID: 0000-0001-9236-5207 e-mail: angelina00548@mail.ru
Hwuxeropoackuii rocyaapcTBEHHBIN TeXHUYECKU yHUBepcuTeT uM. P.E. AnekceeBa

Heuetkas oruka, jexaiias B OCHOBE peajHM3allid METOJO0B HEUYETKOTO YIPaBICHHS, MTO3BOJISCT
OIKCaTh XapakTep YeIOBEYECKOTO MBIILICHUS U X0/ PacCyKAeHUI 0ojiee eCTECTBEHHO, YeM (hOopMabHO-
JIOTUYCCKHUEC CHUCTCMBEI. I/IMCHHO HO3TOMy HpI/IMeHeHI/Ie MareMarTun4yYcCKux CpeI[CTB JUIA HpeI[CTaBJIeHI/ISI
HEUETKOM HMCXOAHON MH(GOpPMALMU IIO3BOJIIET CTPOMTH MOJIEIH, Oojee aJeKBaTHO OTpPaXkarollue
pa3IMnyHbIC aclEeKThl HeomnpeaeaeHHOCTH. Llenpro maHHOW paboThl SBIASETCS HCCICIOBAHUE DPELICHHUS
3aa4i TPAHCIIOPTHOW JIOTUCTHKM C HEYCTKUMH HMCXOIHBIMH JAHHBIMH C IIOMOIIBKO) T'€HETHYCCKOIO
aHFOpI/ITMa. B CTaThbeC HpI/IBOIIﬂTCSI IIOCTAHOBKA MW MaremMarndeckKkass MOICJIb 3adadun TpaHCHOpTHOf/’I
JOTUCTHKH C HEYETKO 3aJaHHBIMH TMOTPEOHOCTSIMH U PE3yabTarbl TECTUPOBAHHUS IPOrPAMMHOIO
obecrieueHus.

Knroueswie cnoea: TpaHcrnopTHasi JOTHCTHKA, TEHETHUYCCKUI allTOPUTM, ONTHMHU3ALUS, HEYETKAs
JIOI'UKa, BBPHCTI/I‘ICCKI/If/i MCTO/.

SOLUTIONOF THE TRANSPORT LOGISTICS PROBLEM WITH FUZZY DATA BASED ON
GENETIC ALGORITHM
AN. Sannikov, A.Y. Karpycheva

Nizhny Novgorod state technical university named after R. E. Alekseev

Purpose:The purpose of this article is to study the solution of the transport problem in conditions of
uncertainty of consumer demand using a genetic algorithm.

Design/methodology/approach: The concept of an algorithm for the operation of a logistics network for
modeling a transport problem with fuzzy initial data to minimize financial costs and meet consumer
demand is proposedusing a genetic algorithm.

Findings: As a result, a comparative analysis was carried out between a deterministic method for solving
a transport problem with fuzzy data and the use of a genetic algorithm,

Research limitations/implications: The results obtained during the work can be used for further
research, and subsequently by logistics companies to optimize the work on the supply of products.
Originality/value: The novelty of the work is in the use a genetic algorithm to solve a transport problem
with changing consumer demand.

Key words: transport logistics, genetic algorithm, optimization, fuzzy logic, heuristic method.
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VYJK 004.822
HUHTEJUIEKTYAJIbBHASI CUCTEMA YIIPABJIEHUSA HAYYHBIMU 3HAHUSAMU HA
OCHOBE KJIIOUEBBIX CJIOB
C.H. Kanpanos
ORCID: 0000-0002-5491-4735 e-mail: serg.kapranov@gmail.com

E.I1. ILnrocHuH

ORCID: 0009-0005-9525-0030 e-mail: zhenja.plyusnin@yandex.ru
J.A. CkBopuoBa

ORCID: 0009-0007-8688-2612 e-mail: dariaskvortsowa@gmail.com

Huxeropoackuil rocyaapcTBEHHbIN TEXHUUECKUN yHUBEpCUTET UM. P.A. AnekceeBa

Heap pabdoThi: CO3/1aTh IPTOHOMHYHYIO WH(MOPMAIMOHHYIO CHCTEMY, KOTOpas OyJeT XpaHUTh BcCe
3arpy’keHHble B Hee HayuHble pabOThl, a TaKKe IIOKa3bIBaTh HOBBIE B3aMMOCBS3H IOCPEICTBOM
HaxO0’KJICHUS HOBBIX CBSI3€M MEXK/y 3arpy>KEHHBIMH paHee paboTaMu.
MeTtoposorusi: UCCIEAYIOTCS HOBbIE BOBMOYKHOCTH JIJIsl XPAaHEHMs], IOMCKA U T€HEPALMKU HOBBIX MJIEU U
B3aUMOCBS3EH MEX/1y 3arpy>KeHHBIMU B CUCTEMY paboTaMu.
HoBu3Ha M mocieacTBusi MccjaeI0BaHUs: 00bEIMHEHNUE OTICIbHBIX TEXHOJOTHH (MHTEIUIEKT KapThl,
zettelkasten u anroputm PageRank) /j1st oncka U BRICTpauBaHUs B3aUMOCBSI3H MEKIY DJIEMEHTaMHU, TEM
caMbIM CO3/1aBas HOBBIE CBSI3U M TE€HEPUPOBATH OECUHMCIEHHOE MHOXKECTBO HOBBIX uaeil. Cucrema
MO3BOJIUT HE TOJBKO (POPMHUPOBATH HOBBIE CBSI3M, HO M NEPEMEIIATHCS MEXIY YK€ CYIICCTBYIOUIUMU
paboTamu 1Mo KITHOYEBBIM CIIOBaM.
LleHHOCTH pelleHHsT M Pe3yJbTATbI: OOBEIUHSS MCIOJIb3YEMbIE TEXHOJOTHH, MOXHO TIOJIYyYUTh
KYMYJISTUBHBIN 3()(eKT, MO3BONSIONNNA YCKOPUTH MPOLIECC HAXOXKIEHUS HOBBIX B3aHMMOCBS3EH MEXITy
JJIEMEHTaMHU.

Kniouesvie cnosa: zettelkasten,uHTe/UICKTyaIbHBIC CHUCTEMBI, HH(OPMAIUOHHO-TIOMCKOBBIC
cUCTEMBI, IU(poBast 0a3a 3HaHUN, B3AUMOCBSI3H MEX]y JIEMEHTAMH.

INTELLIGENT KEYWORD-BASED SCIENTIFIC KNOWLEDGE MANAGEMENT SYSTEM
S.N.Kapranov, E.P.Plyusnin, D.A.Skvortsova
Nizhny Novgorod state technical university n. a. R.E. Alekseev

Purpose: create an ergonomic information system that will store all the scientific works uploaded to it,
and show new relationships by finding new links between previously uploaded papers.
Methodology: new possibilities for storing, finding and generating new ideas and relationships between
uploaded works are explored.
Originality/value: combining separate technologies (mind map, and PageRank), to find and build
relationships between elements, thereby creating new links and generating countless new ideas. The
system will allow not only to form new links, but also to navigate between existing works by keywords.
Findings: of the solution and results: by combining the technologies used, a cumulative effect can be
obtained to speed up the process of finding new relationships between elements.

Key words: zettelkasten, intelligent systems, information retrieval systems, digital knowledge
base, interrelationships between elements.
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YK 004.8
. NPUMEHEHUE MAIHIMHHOI'O OBYYEHUA JJISA ABTOMATU3ALIUA ITPOLLECCA
NHOABOPA CUCTEM B OBJIACTU OYUCTKH BOAbI
9.C. CokoJioBa
ORCID: 0000-0003-0860-2463e-mail: essokolowa@gmail.com
K.H. BacuaneB

ORCID: 0009-0009-2855-7269 e-mail: kirvas132@gmail.com
Huxeropoackuil rocyapcTBEHHBIN TeXHUUECKUN yHUBEpcuTeT UM. P. E. AnekceeBa

Pabora mocBsiieHa HCCISAOBAaHUIO U pa3pabOTKe METOJO0B IMPUMEHEHHS MAIIUHHOIO OOYYCHHS
s 3GdekTHBHOr0 Mmoad0pa KOMIIOHEHTOB B cHCTeMax BOJ0OYMCTKH. C ydeToM HapacTarolien
poOJIeMbl 3arps3HCHHMS BOJHBIX PECYpCOB HEOOXOIMMOCTDH YIIYUIICHHS TEXHOJOTMH OYHMCTKH BOJBI
CTAaHOBHUTCS KPUTHUYCCKH BaKHOW. B pabore paccMaTpHBArOTCS MOIAXOAbl MAIIMHHOTO OOYYCHHS JUIS
pelicHUsT 3aJayd ONTHMAJIbLHOTO BbIOOpa OOOpYJOBAaHMS JIIi OYHUCTKH BOJbI B COOTBETCTBUU C €€
cocraBoM.lccreioBanne BKIIIOYaeT 0030p CYMIECTBYIOIIUX IPOoOJIeM B O00JACTH BOJOOYHCTKH H
000CHOBaHHUS BO3MOXKHOCTH CO3JIaHHS HHTC/UICKTYaJbHBIX W aJallTHBHBIX CHCTEM B 3TOH 00JIACTH.
Pemenvie 3ajaun BKIIIOYAET aHAIW3 JAHHBIX, IPOrHO3UPOBAHKUE Ka4eCTBa BOJBI M aBTOMATH3UPOBAHHbIH
MoA0O0p ONTHUMAIbHBIX KOH(UIYypalrid KOMIIOHEHTOB CHCTEMBbI BOJOOYHMCTKU.IIPOBEACHO TECTUPOBAHHME
MPEIOKEHHBIX IOJXOJ0B Ha peajbHBIX JaHHBIX M CpPaBHEHHE PE3yJbTaTOB C TPATUIIHOHHBIMH
HEaBTOMATHU3UPOBAHHBIMH TMOJaXonaMu. [IpeiacTaBiacHbl MPAaKTUYECKUE PEKOMEHIAIMU I10 BHEIPCHHIO
MAIIMHHOTO O0yYEHHUSI B CHUCTEMbI BOJOOUYNCTKH C LEIbIO MOBBIMICHUS Y(PPEKTUBHOCTH U YCTOMYHUBOCTH
ux paboTbl. OCHOBBIBAsICh Ha aHAJIM3€ PE3yJIbTAaTOB HUCCIACAOBAHUS, (DOPMYIUPYIOTCS MEPCICKTHBBI JIJIS
JMAJIbHEHUIIIMX HMHHOBAllMH B 00JacTH BOJOOYHMCTKH.J/[aHHAs paboTa BHOCHT BKJIaJ B ITOHUMAaHHE
MMOTEHIMAIa MAIIMHHOTO 00y4YeHHUsS B 00JIaCTH BOJOOYMCTKH MU IPEAOCTABIISICT OCHOBY JUIS JAJIbHEHIIIMX
MCCJICIOBAaHMI B HAIIPABJICHUH aBTOMATH3AI[MH 3a/1a4 CO3/IaHusA d(P(PEKTUBHBIX CUCTEM BOJIOOYHCTKH.

Kniouesvie cnoea: BOJOOYNCTKA, MAalIMHHOE OOydYeHHUE, MOAOOp KOMIIOHEHTOB, OOYYCHHE C
MOJKPEIICHUEM, aHAJIN3 BPEMEHHBIX PsIIOB, 3P (PEKTUBHOCTh, HHHOBAIIMH B BOOIIOJATOTOBKE

APPLICATION OF MACHINE TRAINING FOR AUTOMATIZATION OF SYSTEMS
SELECTION PROCESS IN WATER TREATMENT IN WATER TREATMENT.
E. S. Sokolova, K. N. Vasilev
Nizhny Novgorod state technical university n. a. R.E.Alekseev

The paper is devoted to the research and development of methods of applying machine learning
for efficient selection of components in water treatment systems. Given the growing problem of water
pollution, the need to improve water treatment technologies becomes critical. The paper discusses
machine learning approaches for solving the problem of optimal selection of water treatment equipment
according to water composition. The study includes a review of existing problems in the field of water
treatment and the feasibility of intelligent and adaptive systems in this area. The problem solution
includes data analysis, water quality prediction and automated selection of optimal configurations of
water treatment system components. The proposed approaches are tested on real data and the results are
compared with traditional non-automated approaches. Practical recommendations for the implementation
of machine learning in water treatment systems to improve the efficiency and sustainability of their
operation are presented. Based on the analysis of the research results, perspectives for further innovations
in water treatment are formulated. This paper contributes to the understanding of the potential of machine
learning in water treatment and provides a basis for further research towards automating the task of
creating efficient water treatment systems.

Key words: water treatment, machine learning, component selection, reinforcement learning, time
series analysis, efficiency, innovation in water treatment
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M. A. PykaBUIIIHUKOB
ORCID: 0009-0007-2226-1905e-mail: rukavishnikovmihail00@yandex.ru
Hwxeropoackuii rocygapcTBeHHBIN TeXxHUYECKU yHUBepcUuTeT uM. P. E. AnekceeBa

Kpynupie IT-koMmaHuM 49acTo HCHOJB3YIOT O00JauyHyH0 HWHPPACTPYKTYPY B  KadecTBe
WHCTPYMEHTOB JIJIsl Pa3BOPAYUBAHUS U MAaCcIITAOMPOBaHUS KIACTepoB. [IpenMyIIecTBO Takux perieHui B
TOM, YTO 3aKa34HK IUIATUT JIMIIb 32 UCIOJIb3yeMbIE PECYpPChl M BCET/la UMEET BO3MOXKHOCTh PACIIUPSTH
OKpPYKCHHS B 3aBUCHMOCTH OT HAarpy3ku. Tem He MeHee, KIIaCTepHast apXUTEKTypa TpeOyeT 3HAYUTEIILHO
Oosiblie (PUHAHCOBBIX BIIOKEHH, YeM HAOOp BHPTYalbHBIX MamuH. [Ipy HCIOJIb30BaHUH KJIACTEPHOM
APXUTEKTYPBI, KPOME MPOTYKTOBBIX U MPOMEKYTOUYHBIX CTCHIOB, HEOOXOIMMO pa3BOpPAuMBaTh TECTOBBIN
CTEH] JUTS €KETHEBHOTO HMCIIOJB30BaHHUS KOMaHIAMH MPH Pa3paOd0TKE HOBBIX BO3MOXKHOCTEH MPOJYKTA.
HeaddexTnBHOE HCIIONB30BAaHME TAaKUX TEXHOJOTHH NMPHBOAWT K OOJBIIUM 3aTpaTaM KOMIIAHUN Ha
cojiep KaHue OOJIBIIUX MOIIHOCTEH Ut pa3paboTku. B maHHO# paboTe MpoBeIeH aHaIM3 U pa3paboTaHa
apXUTEKTypa M WHCTPYMEHTApUH CHCTEMBI aBTOMATH3alMU COOPKH, TECTUPOBAHHS U PAa3BOPAYUBAHHS
MPOrPaMMHBIX MPOJYKTOB HA JIOKAIBHBIX MM BUPTYaJIbHBIX MalllMHAX pa3paboTuukoB. [IpeaoskeHHbIH
MOJIXO/ TIO3BOJIIET 3HAYUTENFHO YCKOPHUTH pa3padOTKy M OTJIAAKy HOBBIX HWHCTPYMEHTOB 0€3
WCIIOJIb30BaHUsl BBICOKONpOM3BOaUTENbHBIX Kubernetes-kiactepoB, a TakkKe 3HAYUTEIBHO CHU3HUTH
pacxopl KOMIIAHWK Ha TOJAEp)KaHue 00JauHOi MHPPACTPYKTYphl. B KauecTBe MHCTpyMeHTa COOpKH
BbIOpan Docker, opkectpanus KOHTCHHEPOB Ha BHUPTYaJbHBIX MAalllMHAX peali30BaHa 3a CUeT
uHcrpymenta Minikube. TIporeccsl cOopku, TeCTHPOBaHHS U Pa3BOPAUYMBAHUS HACTPOCHBI C TIOMOIIBIO
GitlabCl-kouBeiiepo.Pa3paboTanHas cucreMa rnokasaia XopoInyro 3G(GpeKTHBHOCTD MPU €€ CPABHCHHH C
CUCTEMOH pa3pabOoTKH U OTJIAIKH MPOIYKTOB Ha KJlacTepax o0jgauHol UHPpacTpyKTyphl. [IpeumyiiecTra
MIPEJUIOKEHHOTO PEIICHHUs 3aKIF0YAI0TCS B YBEIIMUSHHH CKOPOCTH OTJIAJIKU IPoOJIeM, pa3pad0TKU HOBOTO
(byHKIIMOHATA, 3HAYUTEITHHOM CHIDKEHUH PacXoJI0B KOMIIAHUN Ha MOJIep)KaHNe TECTOBBIX CTEHIOB.

Kniwouesvie cnosa: asromatusaiys, Kubernetes, ontumusanus, okanbpHas pa3paboTka.

THE USE OF MINICUBE TO REDUCE THE COST OF SOFTWARE DEVELOPMENT AND
SAVE RESOURCES FOR IT COMPANIESD.
M.A. Rukavishnikov, E.S. Sokolova
Nizhny Novgorod state technical university n. a. R.E.Alekseev

Purpose: To automate the processof building, testing and deploying applications with local development.
Structure / Methodology / Approach:The article proposes automation tool for developers that uses
Minikube as a core tool and Gitlab CI pipelines for building the applications. All tools run on the
developers' virtual machines.
Results:All-in-one application that helps IT-companies reduce their development costs.
Limitations of the study/idea: The implemented tool requires the Virtual Machine with the installed
prerequisites. The VM needs to be powerful to run the builder and Minikube to provide a good
application performance.
Originality/value:The value of the solution is in the implementation of the CI/CD process for reliable
deployment of software changes. Gitlab CI toolkit is used here, it installs Minikube and all the necessary
components on the virtual machine, runs the application build and tests. The proposed approach increases
the efficiency of building, testing and deploying software products on local and virtual machines,
significantly reducing the costs of companies to maintain cloud infrastructure.

Keywords: test automation, kubernetes, optimization, local development.
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TEOPUU CO3HAHUA IPUMEHUMBIE JJISI UCKYCCTBEHHOT'O HHTEJUIEKTA
0.B. CynakoB
ORCID: 0000-0003-3723-5973e-mail: Sudakov.olegl23@yandex.ru
A.B. ImuTpuen
ORCID: 0000-0001-9481-0968e-mail: dmitdmit@mail.ru
Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKU yHUBepcuTeT uM. P.E. AnekceeBa

PaGota mnpencraBiser co0oil KpaTkuii OO30pHBIM aHAIW3 TEOPUH CO3HAHUS, HAYWHAS C
KJIaCCUYECKUX (PUIOCO(PCKUX KOHIEMIUNA M 3aKaHYMBask COBPEMEHHBIMH HAyYHBIMH TeopusMu. Llenbro
paboThl SBISETCS MOUCK OOLIMX JJIEMEHTOB, COCTABIAIOIIMX CO3HAHUE, IJIS HMX MOCIEAYIoUIeH
peayi3allMM B HUCKYCCTBEHHOM MHTEJUIEKTE. B Hawane craTbu paccMaTpUBAeTCs COBPEMEHHOE
¢dunocodckoe moHMMaHUE CO3HaAHUSA, corjlacHO (uiocodckoi sHnukioneauu PAH. B manHol yactu
paboThl 0co00e BHUMAaHUE yAEIsIeTCs Mpoueccy GYHKIMOHHUPOBAHUS CO3HAHUS U CAMOMICHTU(HUKAIINH.
Bropas yacTh cTaThy BKIIIOUAET aHAJIU3 COBPEMEHHBIX HAYUHBIX TEOPHIl OTE€UECTBEHHBIX U 3apyOEKHBIX
uccrenoBareneil. B Hauane, paccmMaTpuBaeTcs aHAINW3 COBPEMEHHBIX pabOT UTAJIBIHCKHUMH YYEHBIMH,
KOTOpBIE MpOBeIH 0030p Mo 29 COBPEMEHHBIM TEOPHUSM CO3HAHUSA M MOMBITAIUCH OLEHUTh UX MO 5
kputepussM. Ha ocHOBe MOJIy4eHHOW YMCIOBOM OLIEHKH, HamOoJee HHTEPECHOW BBIIISAENA TEOpus
rio6ansHOro pabodero MpOCTpaHCTBA, KOTOopas paccMoTpeHa mojapoOHee. [Tocne ananm3za 3apyOexkHOM
JUTEepaTyphl, B cTaThe paccmarpuBarorcs Tpyabl A.P. Jlypus, onuceiBaromero B cBoux paboTax
AKCIIEPUMEHTHI JOKa3bIBaloOIIMe, 4To paboTa CO3HAHMS CBsi3aHAa B TOM uMcie ¢ peuyblo. Ha ocHoBe
PacCMOTPEHHOI'0 MaTepHalia, B 3aKJIIOYEHUM CTaTbH BBLIEISIOTCS Haubojee MHTEPECHbIE MOAXOMAbI I
pean3aiuy CO3HaHUsl y UCKYCCTBEHHOTO MHTEJUIEKTA, C TOYKU 3peHusi aBTOpoB. Takum 0Opa3oM, AaHHAS
paboTa mpencTaBisIeT WCCIEAOBAHUS W TEOPHH, CIOCOOCTBYIONIME JIyYIIeMYy MOHUMAHHUIO MPUPOIBI
CO3HAHUs, a TAK)KE BBIJEISIET ACIIEKThl COBPEMEHHBIX TEOPUH JJI CO3/IaHUs €r0 UCKYCCTBEHHON BEPCHM.

Kniouesvie cnoea: VCKYCCTBEHHBI HHTEIUIEKT, CO3HAHUE, IIO3HAHUE, TEOPUS CO3HAHUA,
CyOBEKTUBHOCTh

THEORIES OF CONSCIOUSNESS APPLICABLE TO ARTIFICIAL INTELLIGENCE
0O.V. Sudakov, D.V. Dmitriev
Nizhny Novgorod state technical university named after R.E. Alekseev

Purpose: The purpose of this work is to provide a brief overview and analysis of theories of
consciousness, from classical philosophical concepts to modern scientific theories, in order to identify
common elements that constitute consciousness for their subsequent implementation in artificial
intelligence.
Design/methodology/approach: The article begins by examining the contemporary philosophical
understanding of consciousness according to the philosophical encyclopedia of the Russian Academy of
Sciences, focusing on the processes of consciousness functioning and self-identification. The second part
includes an analysis of modern scientific theories by domestic and foreign researchers, with a special
emphasis on the theory of global workspace.
Findings: After analyzing the works of Italian scientists who reviewed 29 modern theories of
consciousness, the global workspace theory emerged as particularly interesting. Additionally, the article
discusses the experiments conducted by A.R. Luria, which demonstrates the connection between
consciousness and speech. The conclusion highlights the most intriguing approaches for implementing
consciousness in artificial intelligence, as identified by the authors.
Originality/value: This work presents research and theories that contribute to a better understanding of
the nature of consciousness, while also identifying aspects of modern theories that can be utilized in
creating its artificial version.

Key words: artificial intelligence, consciousness, cognition, consciousness theory, subjectivity
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Hwxeropoackuii rocygapcTBeHHBIN TexHUYeCKuil yHuBepcuteT uM. P. E. AnekceeBa

becnniioTHbIE JieTaTenpHbIE annaparsl IUPOKO MPUMEHSIIOTCS JUUIS BBIITOJIHEHHS TPYA03aTPATHBIX,
OIlEpaLUi, CONPSKEHHBIX C PUCKOM IIOJYYEHHUs TPABM UYEJIOBEKOM, BBIIIOJIHEHUS PYTHUHHBIX OINEPALMM.
Habmroiaercss oTX0o4 OT UJEU NMPUMEHEHUS MaJIOr0 KOJIMYECTBA CIOXKHBIX U YHUKAJbHBIX alaparoB C
[EHTPAJIN30BAaHHBIM YIIPABICHHEM K HCIHOJIB30BAHUIO OOJIBIIOrO KOJIMYECTBA MPOCTBIX M MOJYJIBHBIX
anmnapaTtoB C JCIHEHTPAIM30BAHHBIM yIpaBiIeHHEM. AKTyaJlbHO CO3/JaHHE a0CTparupoBaHHON OT
KOHKpeTHOM 3a1aun npumenenus: BIIJIA kpoccrmaTgopMeHHOM CHCTEMBI YIIPaBIeHUs, KOTOPYIO MOKHO
WCIIOJIb30BaTh JJIsl PEHICeHHUs HIMPOKOro Kpyra 3afad, Oe3 HpHUBSI3KH K Y3KOCHEIHaTbHOM 00JacT.
OnHako, BO3HHMKAIOT BOMPOCHI HEMPEPHIBHOCTH B3aMMOJICUCTBUS Yy3JI0B Tomnosiorudeckoil cetu BIIIA,
0€30MMacHOCTH Mepefauu CUTHalla MeXAy y3ilaMH, oOecreueHus: KOH(UIECHIIMAIbHOCTH, 11€IO0CTHOCTH,
noctynHocTH  uH(popMmanmu. [lodTOMyakTyanbHBI TOIXOJABI, OCHOBAaHHBIE HA PE3EPBHPOBAHUU
uctouyHukoB ympaieHus BIUJIA u ¢yHKuusx pacnpeneneHus poyied ¢ BO3MOXKHOCTBIO Meperadyu
YIOPaBIEHUS MEXKIYy HECKOJIbKUMHU CYObEKTaMM — OTJEIbHO B3SITHIMH MCTOYHHMKAMM YIpaBJIEHUS,
UCKYCCTBEHHBIM HHTEJJIEKTOM CHCTEMBI, TPyNIamMH CyOBEKTOB YIpaBICHHUS C paclpeneaéHHbIMU
posisimu. [IpoMeXyTOYHBIM YNPaBIAIOMIMM 3BEeHOM MoOXKeT ObiThb BIIJIA, ocHaménHbl cucCTEeMOU
peTpaHCIISILMU CUrHaa. BeIcTpanBaeTcsi cucTeMape3epBUPOBAHUS UCTOYHUKA YIPABIEHUS C IMOMOILBIO
TpaH3uTa YHOpaBIEHUS JPYrOMYy YIPAaBIAIOLIEMY CYOBEKTy C IEJIbI0 COXPAaHEHMsI LEIOCTHOCTU H
noctynHocTi oOMenuBaemMoii ¢ BITJIA undopmaimm, a Takxke pacnpeesieHue pojeil 1 MOTUTHK JOCTyIa
CyOBeKTaM M TpyIaM CyOBEKTOB YIPABICHUS C IENBI0 COXpAaHEHUsI KOH(DUICHINATBHOCTH CITYKEOHOM
nH(OPMAaLIUY U pa3TpaHUUYEHUS JOCTYIA K CpeJie yIpaBICHHUS.

Knroueeswie cnosa: BI1JIA, 6e30macHOCTb, TPAH3UT, YIIPABICHHE, paclpeiesieHue posen

DEVELOPMENT OF AN APPROACH TO THE TRANSIT OF MANAGEMENT
BETWEEN MANAGEMENT ENTITIES IN SOLVING THE SECURITY PROBLEM OF
MANAGING A GROUP OF UAVS.

A.S.Paramonov, E.S. Sokolova
Nizhny Novgorod state technical university n. a. R.E.Alekseev

Purpose: to ensure the safety of UAV group management in case of signal loss or targeted or
unintentional malicious impact.

Structure / Methodology / Approach: The article proposes methods and algorithms of interaction for
the transfer of control between subjects, as well as their mathematical interpretation
Results: a universal set of algorithm methods that helps to solve problems of maintaining integrity,
accessibility and confidentiality of information during the operation of the UAV group control system.
Limitations of study/idea: To implement control transit methods, several control sources (UAV or Al
pilots) and a UAV that supports group control or is equipped with a group control complex are required.
Originality/value: Currently, there is a tendency to use a large number of simple small partially universal
UAVs instead of a small number of large unique and complex UAVS. It may be inefficient to establish a
connection between one controlling entity and many small UAVs. The optimal way of interaction is
dynamic topology of the interaction of a multitude of control subjects with a multitude of UAVS. In this
case, the task of ensuring the transit of control between subjects and ensuring security standards becomes
urgent, for example, "distribution of roles™ of management and "access policies”, or performing automatic
transit of control to another subject due to loss of control signal with the current control source. In this
paper, the possibilities of building and ensuring safety of the transit management system are considered.

Key words: UAV, security, transit, management, role allocation
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Kubepbe3omacHOCTh — JIOBOJBHO HOBasi 00iacTb Haykd. B mocnenHee Bpemsi arakd Ha
MIPEANPUATHS ¢ UCTIOJIB30BAaHUEM YSI3BHUMOCTEH MPOrpaMMHOI0 00€CIeYeH s U COLMaIbHOW UH)KEHEPHH
cTany HanboJiee YacThIM siBIIeHHEM. Pa3BUTHE MHIYCTPHUH 3aIUTHI OT KHOEpaTak MOpOIIIO MHOKECTBO
KOHIENIUI, Mo3BoJstonux Oonee 3¢GGEeKTUBHO MpenoTBpaliaTh aTaku Ha HWHOPACTPYKTYpy WU
3HAUUTENIBHO CMSIyaTh NOCIHEACTBMSI TaKUX arak. B cpene wuccienoBateneld KubepOE30MacHOCTH
U3BECTHBI HEKOTOpbIe (hpEHMBOPKH, MO3BOJISIONIUE CTPYKTYPUPOBATh MOAXOJA K KHOEpOe30MacHOCTH U
YIIPOCTUTH pearupoBaHue Ha KMOepyrpo3y, CBels BECh Ipoliecc K 7 (hazaM aTaku: pa3BelIKe, IOJATOTOBKE,
JOCTaBKe, OKCIUTyaTallud YSA3BHUMOCTEH, 3aKpEIUICHHIO, TMOJYYEHHIO KOHTPOJIS HaJa CHCTEMOM H
COOCTBEHHO BPEJIOHOCHBIM JICUCTBUSM Ha I[EJIEBBIX cUCTeMax.B 1emsx ymydiieHus: OTBETHBIX ACUCTBUNA U
YCKOpPEHHUSI Hayaja TAaKOBBIX IIMPOKO BHEAPSIOTCS AITOPUTMBI MAIIMHHOTO OO0y4deHus. MammHHOe
oOyueHue Mo3BOJISIET BecTU OoJiee MOAPOOHBIN MOBENEHUYECKUI aHAIW3 MOTEHUIUAIBHO BPEIOHOCHOTO
MIPOrPaMMHOTO OOecleueHus, HeXKEeNU Bpy4uyHYyl0. B nmaHHOW cTaTbhe MPHUBOISATCS PE3yNbTaThl PabOTHI
IIPOrpaMMBbl, CTpOsLIEH JepeBo KiaccupuKauuy KuOeparak Ha OCHOBE TECTOBOIO JlaTaceTa,
MMUTHUPYIOLIETO TMOCIeA0BaTeNbHbIe aTakl Ha HH(pacTpykTypy. B nmucrax mepeBa HaxoIsTCS aTakw,
npoulemue pUHaAIBHBIN 3Tan U HaHECUINE Bpe] MHPPACTPYKType. Y3ibl JepeBa — TOYKH, B KOTOPBIX
MOKHO TIPOBECTH  pa3JIMyHble CIEHapUu aTakd. ATakd pa3felsioTcs Ha — Hapyllaroliue
KOH(UIEHIIMAIBHOCTb, EJIOCTHOCTh U IOCTYITHOCTh MH(POPMALIIH.

Kniroueswvie cnosa: xuinueiin, ”HQpopMalMoHHas 6€3011aCHOCTb, MALIMHHOE 00yYeHue

APPLICATION OF MACHINE LEARNING ALGORITHMS FOR CONSTRUCTING
POSSIBLE VARIANTS OF KILLCHAIN FOR INFORMATION SYSTEMS
C. N. Kapranov
ORCID: 0000-0002-5491-4735 e-mail: serg.kapranov@gmail.com
I. A. Shitov
ORCID: 0009-0004-0670-7186 e-mail: son.rid.bluestar2@gmail.com
Nizhny Novgorod state technical university named after R. E. Alekseev

Cybersecurity is a fairly new field of science. Recently, attacks on enterprises using software
vulnerabilities and social engineering have become the most frequent. The development of the
cyberattack defense industry has given rise to many concepts that can more effectively prevent attacks on
infrastructure or significantly mitigate the consequences of such attacks.There are some prominent
frameworks that allow to structure the approach to cybersecurity and simplify the response to a cyber
threat by reducing complex process to 7 phases: reconnaissance, weaponization, delivery, exploitation,
installation, command and control, and actions on objectives. Machine learning algorithms are being
widely deployed to improve responses and accelerate the onset of responses.Machine learning allows for
more detailed behavioral analysis of potentially malicious software than can be done manually. This
paper presents the results of a program that builds a cyberattack classification tree based on a test dataset
simulating successive attacks on infrastructure. The leaves of the tree contain the attacks that passed the
final stage and caused damage to the infrastructure. The nodes of the tree are the points at which different
attack scenarios can be conducted. Attacks are divided into attacks that violate confidentiality, integrity,
and availability of information.

Key words: killchain, information security, machine learning
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B pabGore mpemnoxen amroputMm mnpenodpadbotku curaanoB IKI u3 maraceraMIT-BlIHmyrem
NPUMEHEHHUST OYMUCTKHU, HOpPMAIM3AalMM W CErMEHTAl[Md JIaHHBIX, BBIIOJIHEHO MpeoOpa3oBaHUe
MOJIYYEHHBIX CUTHAJIIOB B HM300paKEHUST HA OCHOBE crekTporpamm. OrmmucaH MPOILECC CO3MaHUS H
0oOy4eHHsI CBEPTOYHON HEUPOHHOH ceTH, crocoOHOW KiaccupuuupoBath uzoopakenus DKI' Ha maTh
OCHOBHBIX KJIACCOB:OOBIYHBIN PUTM,IIPEXKIEBPEMEHHOE COKPAIICHUE JKEITYA0YKOB, OJOKHPYIOMIHUNA yaap
MIpaBOW BETBU ITyuKa, OJOKUPYIOUINI ynap JeBOW BETBU ITyuKa, MPexAeBpEeMEHHOE OUEHUE MPeACcepaHii.
[IpoBenenaolenka kauecTsa pabOThl OOYUYEHHOW MOJENM Ha TECTOBBIX JAHHBIX: TOYHOCTh HEUPOHHOM
cetu coctaBmia 90%, moctpoeHHbIN rpaduk GyHKIUN MOTEPh MOKA3bIBAET, YTO HEHPOHHAS CETh XOPOIIO
CTIpaBIIAETCS C 3a7aueii KiIIacCH(PHUKAIINN.

Knrouesvie cnosa: ceprouHble HeilpoHHbIe ceTu, obpabotka OKI', 3amava kmaccuduxarmu,
Habop nanubix MIT-BIH, HopMmanu3arum 1 cerMeHTanus JaHHbBIX.

CLASSIFICATION OF ECGDATAUSINGCONVOLUTIONAL
NEURALNETWORKS
M.M. Gordeev, O.P. Timofeeva
Nizhny Novgorod state technical universityn. a. R.E. Alekseev

Purpose: The author proposes the creation and training of a Convolutional Neural Network for
classifying ECG images into five classes.
Design / methodology / approach: The paper considers the task of classification of ECG data belonging
to one of five classes: Normal Beat, Premature Ventricular Contraction, Left Bundle Branch Block, Left
Bundle Branch Block, Atrial Premature Beat.Data preprocessing, conversion of ECG signals into images,
and the process of creating and training a Convolutional Neural Network are described. The quality of the
obtained model is checked on a test dataset.
Findings:The preprocessing of ECG signals is implemented, including the stages of purification,
normalization and segmentation of data, and the conversion of the received signals into images based on
spectrograms is added. This allows not only to get a more accurate result, but also to conveniently
visualize the data, which can be useful for diagnosing arrhythmias. A system is also developed to perform
automatic heart rate analysis and classify ECG into five classes.
Research limitations/implications: The research is limited by the small amount of data from the publicly
available MIT-BIH dataset, which may affect the accuracy of the model. However, the results obtained
can be applied in the medical field to perform automatic heart rate analysis.
Originality/value: Cardiovascular diseases pose a huge danger to human life and health. Therefore,
automatic heart rate analysis is crucial, which is able to quickly and accurately detect arrhythmia
disorders. This article is devoted to the creation of a Convolutional Neural Network for classifying ECG
data into several classes. This can be useful for doctors in cardiology in determining the diagnosis.

Key words: Convolutional Neural Networks, processing of ECG, classification task, MIT-BIH,
normalization and segmentation of data.
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TEHETUYECKH AJITOPUTM BPEIIEHUU 3AJIAYN YITAKOBKH OFBEKTOB B

OI'PAHUYEHHOMITPOCTPAHCTBE C YYETOM LIEJEBOI'O HEHTPA TSAXKECTU
A. . Kopuuiios

ORCID: 0009-0005-8147-2441 e-mail: kornilovqwerty@gmail.com
O.I1. TumodeeBa
ORCID: 0000-0002-1935-7697 e-mail: optimofeeva@mail.ru
Huxeropoackuii rocygapcTBeHHbIN TexHUUeckuid yHuBepcuteT uM. P.E. AnekceeBa

3amaua ymakoBKH OOBEKTOB SIBJISIETCS BaYKHBIM aClIEKTOM B OOJIACTH TPAHCIIOPTHOW JIOTHCTUKU U
IPEJCTaBIseT COOOM 3HAYMMYI0 M TPYJOEMKYH 3ajady KOMOMHATOpHOM onTUMH3auuu. BaxHo
JOCTHTaTh ONTHUMAJIbHOTO IOJIOKEHHsSI IIGHTpa TsHKECTH Juig obOecredeHUs OE30MacHOCTH U
3G GEKTUBHOCTH TPAHCHIOPTUPOBKM TIpy30B. B pamkax paHHOro wuccienoBaHus ObUl IPEAJIOKEH
TCHETHYECKUI allTOPUTM, OPHEHTHUPOBAHHBIM Ha A(PPEKTUBHYIO OPraHU3ALMUIO IBYMEPHOW YHMaKOBKH
O00BEKTOB B OIpaHMYEHHOM IIPOCTPAHCTBE C Y4ETOM JKEIaeMoro LeHTpa Tskectu. Ha mepBom stame
paboThl aNropuT™Ma HAXOJUTCS ONTHUMAIbHOE pa3MelleHrne OO0BEKTOB BHYTpU Ojoka ymakoBku. Ha
BTOPOM 3Tane padoThl OJIOKM YHNAKOBKM ONTHUMAJIbHBIM 00pa3oM pa3MEIlaloTCsl BHYTPU 3aJaHHOM
oOznactu. bbulo mpoBeeHO Huccie10BaHue, HapaBICHHOE Ha BbISIBICHHUE BIMSHUS pa3zMepa MOyl |
4KCJIa TIOKOJICHUM F€HETUYECKOr0 aJrOpUTMa Ha OTKJIOHEHUE LIEHTPA TSDKECTH YIAKOBKHM OT JKEJIaeMOIo
LEHTpa TSKECTH, W ONPEJCNIEHbl HaWJIydllMe 3HA4YE€HHs YKa3aHHbIX II0Ka3zareneil. PesympraToMm
UCCIIeJOBaHMI CTala mporpamMMa Ha si3bike Python asis onTumu3anmm ymakoBKY 0OBEKTOB.

Kntouegvie cnoea: reHETUUECKUIN AIITOPUTM, LIEHTP TAXKECTH, YIIAKOBKA.

GENETIC ALGORITHM IN SOLVING THE OBJECT PACKING PROBLEM IN LIMITED
SPACE WITH CONSIDERATION OF THE TARGET CENTER OF GRAVITY
A. 1. Kornilov, O.P. Timofeeva
Nizhny Novgorod state technical universityn. a. R.E. Alekseev

Purpose:In this paper, the author presents an algorithm designed to solve the problem of two-dimensional
object packing, taking into account the target center of gravity.
Design / methodology / approach:The article provides a detailed description of the proposed algorithm,
intended for efficient packing of objects in two-dimensional space, with special attention to considering
the target center of gravity. Comparative analyses are conducted to compare the results of this algorithm
with those obtained using the exhaustive search method. The influence of different population sizes and
generation counts on the results of the genetic algorithm in solving the packing problem is investigated.
Findings:The developed algorithm demonstrates the capability to generate packings with significantly
lower time costs compared to the exhaustive search method. It is noted that the deviation of the center of
gravity in the packing formed by the genetic algorithm is small compared to the results obtained by the
exhaustive search method.
Researchlimitations/implications: The conducted research is confined to the analysis of one-dimensional
and two-dimensional packing problems. Nevertheless, based on the obtained results, it is possible to
develop more efficient algorithms that take into account diverse conditions and requirements.
Originality/value:The significance of this work lies in the development of a unified algorithm designed
for solving the two-dimensional packing problem with consideration of the center of gravity. The article
thoroughly examines the advantages and disadvantages of the proposed algorithm, along with a
comparison of its results with those of the exhaustive search method. This research can serve as a
foundation for the development of more efficient methods for managing the spatial configuration of
objects during packing.

Key words:genetic algorithm, center of gravity, packing.
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H.IL 5[M11ypml2

ORCID: 0000-0002-9434-4386 e-mail: kitres@apingtu.edu.ru

"Bomxkckuit rOCYJapCTBEHHBIN YHUBEPCUTET BOJIHOIO TPAHCIIOPTA
2 Huxeropoackuii rocynapcTBeHHBIN TexHUYeckuil yHuBepcuteT uM P.E. AnekceeBa

HccenenoBana BO3MOXKHOCTh UCIIOJIb30BAaHUS JIMHEHO KOHTPYIHTHOI'O T'€HEparopa U reHeparopa
Ha OCHOBE pPErUCTp CIBHra C JIMHCHHOW OOpaTHOM CBSI3bIO ISl TIONYYEHHUS TICEBIOCTyYalHOU
nocnenosarenbHocTd (I1CIT), ncnonp3yrommxcsi B cUCTeMax yNpaBiIeHUs] MOABUKHBIMU OOBEKTaMHU C
IMHAMUYECKOW CMEHOW Kimoued mudpoBanus B moaupukamun mumppa One-Iamans. [Ipemraraercs
METOJl TOBBIIICHUS] KPUITOCTOMKOCTH IOTOKOBOIO QJITOPUTMA C OTKPBITBIM KIIFOUOM Oib-Iamas,
OCHOBaHHBIM Ha mepenade HavanbHoro 3HadeHust [ICII. VYmpaBnenme mapamerpamu [ICII
OCYIIECTBIIIETCS MOCPEICTBOM TEXHOJIOTMHM MIH(PPOBATBHBIX ONOKHOTOB. I[IpuBeneHsl OIEHKH
M30BITOYHOCTH KOJMPOBAHUS C HMCIIOJIB30BAHMEM KOIOB XEMMHHIA B 3aBHCHMOCTH OT pa3mepa Oioka
COOOIIEHUS.

Kniouegvie cnoga: KpUNTOCTOWKOCTb, IICEBIOCIYyYalHas IIOCIIEIOBAaTEIBHOCTH, JMHEHHBIN
KOHTPYIHTHBIN T'eHepaTop, FTeHepaTOp Ha OCHOBE CABHUTOBBIX PErHCTPOB OOpPATHOM CBSA3BIO, U30BITOYHOE
KOJMPOBaHUE, AITOPUTM XEMMUHTIA, METO1 Dib-1"amans.

IMPLEMENTATION OF A CODING SYSTEM FOR BUILDING AWIRELESS
COMMUNICATION CHANNEL FOR CONTROLLING MARINE MOBILE OBJECTS
E.D. Korablev!, A.A. Krit',\.1. Loginov?, Yu.S. Fedosenko®, N.P.lampurin?
! Volga state university of water transport
2 Nizhny Novgorod state technical university named after R.E. Alekseev

Purpose: Data protection method for managing mobile objects.

Design / methodology / approach: Implementation of the concept of data protection by
dynamically changing keys based on a pseudorandom sequence generator.

Findings: An algorithm for data transmission based on the Elgamal method is implemented with
the addition of dynamic key change using a linear feedback shift register generator.

Research imitations/implications:The results obtained in this work allow us to conclude that
the application of the proposed method significantly increases the cryptographic strength of the standard
El Gamal method by replacing one of the public keys with the initial settings of the generator.

Originality/value: This modification of the Elgamal method significantly increases
cryptographic strength, no mention of this modification was found.

Key words: cryptographic strength, pseudorandom sequences generators, linear congruent
generator, generator based on shift registers with linear feedback, redundant coding, Hamming algorithm,
Elgamal method.
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'Bomkckuii rocy1apcTBEHHbIH YHHBEPCHTET BOIHOTO TPAHCIIOPTA
2 Huxeropoackuii rocyiapcTBeHHbIN TexHUUeckuil yHuBepcureT uM P.E. Anekceesa

[IpoBeneHo cpaBHEHUE HMCIOIB30BAHMS JIMHEHHO KOHTPYIHTHOTO T€HEpaTopa M IeHeparopa Ha
OCHOBE PpETUCTp CABUTa C JIMHEHHOW O0OpaTHON CBSI3pI0 JUIS TMONYy4YEHUS TICEBIOCIYYalHON
MOCJIEIOBATEIbHOCTEHM, MCIONB3YIOIIUXCSI B CHUCTEMax yNpaBlIeHUS TMOABUKHBIMH OOBEKTaMU C
JUHAMHYECKON cMeHOH Kiroued mm@poBaHus B MoAaudukanuu mudpa Diab-I'amans, a Takxke KOHTPOIS
[EJIOCTHOCTH OUTOBOW MOCIENOBATEIIFHOCTA C TOMOUIBIO anropuTMa XemmwuHra. [IpoBoaurcs anamms
WCIONB30BaHUSl JIMHEWHO KOHTPYSHTHOTO TeHeparopa M TeHeparopa Ha OCHOBE PErucTp CABUTA C
JMHEWHON 00paTHOM CBSI3BIO ISl OTPEIECICHUS BO3MOXHOCTH JAJIbHEHUIIIErO UCTIOIb30BaHUS BRIOPAHHOTO
remeparopa B Monupukanuu mudpa Onp-I'amans. OCHOBHBIMU TMapaMeTpaMH CpPAaBHEHUS SBISIOTCA:
KPHUIITOCTOMKOCTh, OBICTPOJICHCTBUE, KOTUICCTBO TAHHBIX HEOOXOMUMBIX JIJISl TIEPECHUTKHA IO OTKPHITOMY
KaHaJy CBS3M JUIsl lajbHEeHIel paboThl reHepaTopa.

Kniouesvie cnoea: KpunTocTONKOCTb, T€HEPATOPHI MCEBIOCIYYalHBIX IOCIEI0BATEIbHOCTEMH,
JTUHEHHBIA KOHTPYIHTHBIA TE€HepaTop, IeHepaTop Ha OCHOBE CIBUTOBBIX PErHCTPOB C JIMHEWHOM
o0paTHOH CBS3BI0, MEeTO DiTb-I"amars

COMPARISON OF A LINEARLY CONGRUENT PSEUDORANDOM NUMBER GENERATOR
AND A LINEAR FEEDBACK SHIFT REGISTER GENERATOR
E.D. Korablev!, A.A. Krit',V.1. Loginov’, Yu.S. Fedosenko®, N.P.Yampurin?
Volga state university of water transport
?Nizhny Novgorod state technical university named after R.E.Alekseev

Purpose: Determining the generator of the most suitable modification of the EI Gamal cipher.

Design / methodology / approach: Search for the most suitable generator according to pre-
selected basic criteria for modifying the EI Gamal cipher.

Findings: A generator is selected that is most suitable for further modification of the EI Gamal
cipher by dynamically changing keys based on a pseudorandom number generator

Research imitations/implications:The results obtained in this work allow us to conclude that a
pseudorandom number generator based on a shift register with linear feedback is the most suitable
generator for predefined parameters.

Originality/value: The comparison makes it possible to further most effectively increase the
cryptographic strength of the modification of the EI Gamal cipher.

Key words: cryptographic strength, PRS generators, linear congruent generator, generator based
on shift registers with linear feedback, EI Gamal method
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ORCID: 0000-0002-9434-4386 e-mail: fds1707@mail.ru
1I/IHCTHTyT npukiaaaHoit pusuku um. A.B. 'anonoa-I'pexoa PAH
Bomkckuii rocynapcTBeHHbIH YHUBEPCUTET BOJHOTO TPAHCIIOPTa

B pamkax ueThlpexkaHalbHOM MOJIEIM KOTEPEHTHOIO CJIOXKEHUS Ja3epPHBIX MYYKOB MPUBOIATCS
pe3ynbTaThl anpodaly KOHIEMIIMY aBTOMAaTHYeCKOro U(POBOTO yIpaBiIeHHUSIIPOIIECCOM BbIpaBHUBAHUS
ux (a3 B peaJIbHOM BPEMEHHU.

OYHKIIMOHUPOBAHUE CUCTEMBI, peaU3yIoleil KOHIENIHIO HU(POBOro yIpaBieHHs, OCHOBaHO Ha
MOHHTOPHHIE BEJIMYMUHBI TOKa (POTOAMO/IA, PACTIONOKEHHOTO 32 aMIUIUTYIHON MacKoi B ()OKyCe ITy4KOB,
C MOCJEeNYIOUIMM aHaJNu30M JaHHBIX MOHUTOpPUHIA U (OPMUPOBAHUEM HYETHIPEXYpOBHEH HaNpsKEeHUH,
00eCIeunBaOIINX PETYIUPYIONINE BO3ICHCTBUS HA MbE30ICKTPUUISCKUEC PETYISITOPHI (as3.

OnTtumuszanus 1eneBoil QyHKIUU — BENTWYUHBI TOKa (POTOAMOAA — OCYIIECTBISAECTCS B CHUCTEME
U(POBOTO YIIPABICHUS AJITOPUTMOM TPAJTUCHTHOTO CITyCKa.

DKcliepuUMeHTalIbHAs ~ anpoOaiusi cUcTeMbl IUGPOBOTO yIPaBICHUS MPOAEMOHCTPUPOBAia
CTaOWIBHOCTH €€ PabOThl, B TOM YHCIIE, B YCJIOBHIX JUIMTEIBHOTO PEKHUMA TEIUIOBOIO U MEXaHUYECKOTO
BO3ZACUCTBUS;ipd  3TOM  3(GGEKTUBHOCTh  IOAABIEHUS  IIYMOB  OILIGHUBAETCA  BEIMYMHOU
CPEIHEKBAPATUYHOTO OTKIOHEHUs Topsiaka 1,5 %.

[TomyueHHble pe3ynbTaThl OTKPBHIBAIOT BO3MOXKHOCTh peaju3allid KOHIEMIHUU IU(POBOTro
YOPaBJICHUS TMPOILECCOM KOTEPEHTHOTO CJOXKEHHUS JIa3e€PHBIX MYYKOB B MOJEIH C CYIIECTBEHHBIM
OOJIBIIMM YHCIIOM KaHaJIOB.

Knrouegvle cnosa: KOrepeHTHOE CI0KEHUE JIA3EPHBIX IMYYKOB, YIIPABICHUE B pEaIbHOM BPEMEHHU.

EXPERIENCE OF IMPLEMENTING DIGITAL CONTROL OF COHERENT LASER BEAM
COMBINING SYSTEM
P.A. Smolin*?, Yu.S. Fedosenko?
'A.V. Gaponov-Grekhovinstitute of applied physics of the Russian academy of sciences
2\lolga state university of water transport

Purpose: Coherent laser beam combining control process.
Design / methodology / approach: implementation of the concept of digital control in real time of the
process of automatic coherent laser beam combining.
Findings: Experimental testing of a digital control system for coherent laser beam combininghas
demonstrated the stability of its operation, including under conditions of long-term thermal and
mechanical exposure.
Researchimitations/implications:The results obtained in this work open up the possibility of
implementing the concept of digital control of the process of coherent laser beam combining in a model
with a significantly large number of channels.
Originality/value: Mathematicaloptimization of the target function - the value of the photodiode current -
is implemented in a digital control system using a gradient descent algorithm

Key words: Laser beam, real-time control, coherent laser beam combining
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O KOHIENIUA IOCTPOEHUSA IN®POBON CUCTEMbBI MOHUTOPHUHI A
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Bomxckuii rocyqapCTBEHHBIM YHUBEPCUTET BOJIHOIO TPAHCIIOPTa

PaccmarpuBaroTcsi  BO3MOXKHBIE — TMOIXOABI K pa3pabOTKe  MOJEIbHO-aJTOPUTMHYECKOTO
oOecnieueHus HU(POBON CUCTEMbI MOHUTOPUHTA ITYOUH BBIIEICHHOTO Y4aCTKa PEYHOr0
dapBarepa— BogHOro nyTH. leopedepeHIIUPOBaHHYIO OATHMETPUIO JAHHBIX C 33JaHHBIM JIHHCHHBIM
IaroM MpejJiaraeTcs peajn3oBaThb B aBTOMATUYECKOM PEXHME ABM)KEHUS IO BBIICJICHHOMY Y4YacTKy
¢apBarepa crenUaTU3uPOBAHHOTO OCCIMIOTHOTO IUIaBpENCTBA. B KauecTBe yClIOBHs BBIOOpa TOH WM
WHOM TpPAeKTOPUU CKAaHUPOBAHUS TIIYOUH BBIACIEHHOTO ydacTKa B LeJIoM (WM €ro 4acTh) MOXKET
OBITHONIPEICTICH, HANpUMep, KPUTEpUH MHHUMH3AIMH CyMMapHOTO WyTH, KOTOPBIH TIPH OSTOM
HEO0OXOUMO TMPOUTH CIEeNHUATU3UPOBAHHOMY IUIABCPEACTBY. Pe3ynbTaToM CKaHUPOBaHUA SIBIISETCSA
NpUBS3aHHAS K aKTyaJIbHOMY BpeMeHH Lu(poBas OaTUMETpHUecKass KapTa BBIJCIEHHOTO y4YacTKa
peunoro ¢apsarepa. B uHTepecax mMOBBIICHHUS YpPOBHSA oOecrieueHus Oe30MacHOCTH CYIOXOACTBA Ha
BBIJICJICHHOM Yy4YacTKEe BOJHOTO MYyTH OOMMK JOCTYH K €ro OMOMETPHYECKOH KapTe MOXKET OBITh
peanu3oBaH CHUCHOIB30BAaHUEM TEIECKOMMYHHUKAIIMOHHBIX CEPBHCOB HHTEPHET U COOTBETCTBYIOILIUX
6a3oBeix cranuuii Thma AWC.B cBoOwo ouepeab COBOKYHMHOCTh OMOMETPHUYECKUX KapT BBIACIEHHOTO
yuacTka (apBarepa, CHOPMHUPOBAHHBIX C YCTAHOBJICHHBIM IIIarOM TII0 BpPEMEHU B TEUYCHHE
HABUTAIIMOHHOTO TIeproja, o0pasyeT nepcoHu(PHUIUPOBAHHBIN (parMeHT o0Imel 0a3bl JAHHBIX BOIHOTO
MyTH PEYHOro OacceilHa C YCIOBHBIM Ha3BaHHUEM «IIIYOMHBI BOAHOTO MyTw». [locTHaBUTalMOHHBIN
WHTEJUICKTYaJbHbI aHaJU3 H3TOM 0a3bl JAHHBIX CO3JAET YCIOBUS JUISI PEHICHUS IEJEeBBIX
(bYHKIMOHATIBHBIX 33/1a4, KaK aIMUHUCTPALlMN y4aCTKOB, pailOHa BOJAHOTO IyTH, OacceiiHa B 11eJIoM, TaK U
CYAOBOJIUTEIICH.

Knroueeswie cnoea: peunoit papsarep, BOJHBINA MyTh, 0ATUMETPHS, MOHUTOPHHT TNIyOUH

ABOUT THE CONCEPT OF BUILDING ADIGITAL MONITORING SYSTEM THE DEPTHS
OF THE RIVER CHANNEL
V.V. Volkov, Yu.S. Fedosenko
\olga state university of water transport

Purpose: Monitoring the depths of the river fairway.
Design / methodology / approach: Georeferenced river fairway bathymetry.
Findings: Concept for building a digital river fairway monitoring system.
Research imitations/implications: The results obtained in this work open up the possibility of developing
a digital system for monitoring the depths of the river fairway.
Originality/value: Implemented through the use of telecommunication services on the Internet and
corresponding AlS-type base stations, general access to an up-to-date bathymetric map of the river
fairway will help improve the level of navigation safety.

Key words: river fairway, waterway, bathymetry, depth monitoring.
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O COI'JIACOBAHUHU KOJIJIEKTUBHBIX PEIIEHUM ATEHTOB TPAHCIIOPTHOI'O
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ORCID: 0009-0001-8596-2422e-mail: fromdz@mail.ru
10.C. ®enocenko
ORCID: 0000-0002-9434-4386 e-mail: fds1707@mail.ru
Bomxckuil rocyaapCTBEHHBIM YHUBEPCUTET BOJHOIO TPAHCIIOPTA

B pamkax nuckperHoro Qopmanusma paccMaTpHBAETCS MOJEIb MHOTO3TAITHOTO JBYX(a3zHOTO

ob6cyxuBaHus COBOKYMHOCTH O, HE3aBHCHMBIX MHTEIUICKTYalbHbIX areHToB O, (i =1,n) TpaHcropTHOrO

Thna B cucreme U d;(j=1m) cramuoHapHO PacMoJIOKEHHBIX B OJIHOMEPHOH KOHEUHOH paboueii 30He

HE3aBHCHUMBIX MporeccopoB. CoriacoBaHuEe KOJUIEKTHBHOIO pEIICHUS areHTOB Ha TEKYLIeM JTarle
OCYILIECTBIISICTCSl BCSIKUM pa3 B MOMEHT 3aBEpIICHUS] IPOLECCOPOM ( MmepBoil (a3bl 0OCITy:KUBAHUS

OYEPEIHOrO MOCTYNHBILEro aredTa 0 € O, M 3aKIH04aeTcs B OJHO3HAYHOM OIPEACICHUH IIPOLieccopa U3
coBokynHoctH (;(j =1,m) s BeMONHEHUs BTOPOH (asbl obcmyxkupanus arenta 0 . Ilo 3aBepuienuto

TCEKYLICTO >Talia 06CJ'IY)KI/IB8.HI/I$I arcHra O OH BHOBb HAIIPABIIIETCA B OYCPEAb K IIpOLECCOpPY ( 1A

BBIIIOJIHEHUST TEPBOM (pa3bl 0OCIIy)KMBaHMsI CIEAYIOLIEro 3Tana M Tak jJainee. KosinuyecTBo 3Tamnos
IByx(a3HOro 0OCITy>KUBAaHUS, UTUTETLHOCTU (a3 0OCTYKUBAHUS U MEpPeXoAa MEXIy MPOILecCoOpaMu, a
TaK)Xe BEJIMYMHBI ITPAa(OB 32 €NUHUILY BpEMEHU OOCTYXKHBAHUS, IIEPEX0Ja M MPOCTOS ONPEACTCHBI IS
KaXKIOT0 areHra.

Ha xaxngom osrtanme aByx¢a3zHOro OOCITY)KMBAaHHS COTJACOBAaHHE KOJUIGKTHBHOTO PEIICHHS
OCYILECTBIISICTCSI C Y4YETOM HAKOIUICHHBIX KaXKIbIM areHTOM CyMMapHbIX IITpaoB Ha OCHOBE
MPOAYKIIHOHHOTO TOJX0/a, pealm3yeMoro B Qopme 3a(UKCHPOBAHHBIX W TMOIMOJHSAEMBIX B 0asze
3HAHUKCOBOKYITHOCTH MTPABHIL

Ha conpepxatenbHOM ypOBHE MOJEIb MHOTO3TAIMHOIO JABYX(a3HOro 0OCTY>KUBaHUSI OMHCHIBACT
MPOLIECC  COTJIACOBAHMSI OMEPATUBHOTO IUIaHA BbIBO3a MEITKOTOHHAXXHBIMU PEYHBIMH  CYAaMH
OJIHOPOJIHOTO Tpy3a U3 IMYHKTOB JOKAJIBHOTO CKJIaJWPOBAHUS B MYHKT HAaKOIUIEHMS (U1l MOCIEayomen
NOTPY3KU ¥ TPAHCIIOPTHPOBKHU KPYMMHOTOHHAKHBIM MOPCKHUM (DJIOTOM).

Knrouesvie cnosa: nyx¢azHoe oOCIyKMBaHUE, ar€HTHOE MOJEIUPOBAaHUE, MPOTYKIIMOHHBIN
MOJIXOJL

ON THE COORDINATION OF COLLECTIVE DECISIONS OF TRANSPORT TYPE AGENTS
IN THE MODEL OF MULTI-STAGE TWO-PHASE SERVICE
A.A. Ovchinin, Yu.S. Fedosenko
\olga state university of water transport

Purpose: Development of a digital support system for the coordination of collective decisions in the
implementation of multi-stage two-phase maintenance of transport type agents.
Design / methodology / approach: Implementation of the production approach in the form of a set of
rules fixed and replenished in the knowledge base.
Findings: A model of multi-stage two-phase maintenance of transport type agents for the coordination of
collective solutions.
Research imitations/implications: The results obtained in this work open up the possibility of
developing a digital support system for the processes of coordinating collective decisions with multi-stage
two-phase maintenance of independent intelligent transport-type agents.
Originality/value: The proposed model of coordination of collective decisions in multi-stage two-phase
maintenance of independent intelligent agents of the transport type is new. No mention of it has been
found in the scientific literature.

Key words: river fairway, waterway, bathymetry, depth monitoring.
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VK 519.213

NIAEHTUOUKALUA XAPAKTEPUCTUK CTOXACTHYECKHUX U ®PPAKTAJIBHBIX
CTPYKTYP C UCIIOJIB30BAHUEM ITOJIUMOJAJIBHBIX JIBYMEPHbIX 3AKOHOB
PACIIPEJAEJIEHUA

B.b. Kyn1ukos
ORCID: 0000-0003-4101-1956e-mail: vb.kulikov@yandex.ru
A.b. KyaukoB
ORCID: 0000-0003-8011-4787e-mail: akulikov@nntu.ru
B.I1. XpaunJioB
ORCID: 0000-0003-1317-5320e-mail: hranilov@nntu.ru
Huxeropoackuii rocynapcTBeHHbIN TexHuYeckuii yaupepcuteT uM. P.E. Anekceena

B pamMKaxmocTaHOBKM W pemieHHs 33Ja4d  HMACHTU(UKAMH TOJIMMOJAIBHBIX  3aKOHOB
pacnpeneneHus CIy4aiHbIX BEJIUYHH, CPEICTBAMU BU3yalu3alliid U UHTEPIPETALUNA OJHO- U ABY-MEPHBIX
JAHHBIX, IPEJICTABICHHBIX B IIPOCTPAHCTBE NApaMETPOB, HCCIEAYIOTCSI CTOXAaCTHUYECKHUE CTPYKTYPBI,
o0Jiafarolye, B TOM YHCIE, C SBHO BBIPAKEHHBIMH M CKPBITBIMU (ppakTasibHbIMU cBoWcTBaMHU. [lokazaHo,
4YTO JUIsl aHaJIW3a W MHTEPIPETALMM BEPOSATHOCTHBIX CBOWMCTB CHUCTEM M CTPYKTYp, OIMCBIBAEMBIX
JBYMEPHBIMU BBIOODKAMM BpPEMEHHOTO WM IMPOCTPAHCTBEHHOTO THUIIA B PSAE CIy4yaeB MOXKHO
UCMOJb30BaTh CUCTEMY OJHOMEPHBIX IUIOTHOCTEH pacupefeieHus M HICHTU(UIMPOBATH YCIOBHBIE
3aKOHBI pacpeesICHUs] CUCTEMBI IBYX CIIy4alHbIX BeJMYMH. Kpome TOro,BbIsSBIEHO, UTO AJIsi OOBEKTOB C
(bpakTanbHBIMH CBOMCTBaMH MPUMEHUM AByMepHbid R/S — ananu3. IlokaszaHo, 4ro sl aHanmu3a U
[IEPBUYHON OLIEHKM BEPOSITHOCTHBIX CBOMCTB ~ CHCTEM U CTPYKTYp, OIHCHIBAEMBIX JIByMEPHBIMU
BbIOOpKAaMH BPEMEHHOIO WJIM MPOCTPAHCTBEHHOIO THUIA IIeeco00pa3HO HCHOJIb30BaTh CHUCTEMY
OJIHOMEPHBIX YCJIOBHBIX IUIOTHOCTEW pachpeneneHus. JBymepHbiii R/S-aHanu3 CBHIETEIBCTBYET O
(bpakTagbHOH TIeOMETPUU TOIMOJIOTMYECKUX XAPAKTEPUCTUKITMOPHUIHBIX Ia30CEIEKTUBHBIX MEMOpaH U
OIpE/ICIIAET €€ Mepy Ha OCHOBE ()paKkTaabHOU pasmepHocTr Xaycaopda-besukopuua D = 3-M{H}.

Knrwouesvie cnoea: 3anaun ACHTUQHUKAINN W YIIPABICHHS, TBYMEPHbIC 3aKOHBI PacIpe/eIeHus,
Busyanusaus 3D-rpagukoB yCIOBHBIX IJIOTHOCTEH, IBYMepHbIi R/S - aHann3 cToXacTHYECKHX JAHHBIX,
MIOJIUMOJIAJIbHBIE CITyYaiiHbIE BEJIMYUHBI.

IDENTIFICATION OF CHARACTERISTICS OF STOCHASTIC AND FRACTAL
STRUCTURES USING POLYMODAL TWO-DIMENSIONAL DISTRIBUTION LAWS
V.B. Kulikov, A.B. Kulikov, V.P. Khranilov
Nizhniy Novgorod state technical university n.a. R.E. Alekseev

As part of the formulation and solution of the problem of identifying multimodal laws of
distribution of random variables, using means of visualization and interpretation of one- and two-
dimensional data presented in the space of parameters, stochastic structures are studied, including those
with explicit and hidden fractal properties. It is shown that to analyze and interpret the probabilistic
properties of systems and structures described by two-dimensional samples of a temporary or spatial type,
in some cases it is possible to use a system of one-dimensional distribution densities and identify the
conditional laws of distribution of a system of two random variables. In addition, it was revealed that two-
dimensional R/S analysis is applicable for objects with fractal properties. It is shown that for the analysis
and initial assessment of the probabilistic properties of systems and structures described by two-
dimensional samples of a temporary or spatial type, it is advisable to use a system of one-dimensional
conditional distribution densities. Two-dimensional R/S analysis indicates the fractal geometry of the
topological characteristics of hybrid gas-selective membranes and determines its measure based on the
Hausdorff-Besikovich fractal dimension D = 3-M{H}.

Key words: identification and control problems, two-dimensional distribution laws, visualization
of 3D conditional density graphs, two-dimensional R/S analysis of stochastic data, multimodal random
variables.
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YK 651.46
YUCJEHHOE MOJEJMPOBAHUE CXOJIA ITIOJBOJAHBIX OIOJI3HEN U TPOSIBJIEHUE
HYHAMMU HA IOT'O-BOCTOYHOM ITOBEPEXBE O. CAXAJIMH
N.C. Kocrenko
ORCID: 0009-0008-8630-1555 e-mail: i.kostenko@skbsami.ru
CrenuanbHOE€ KOHCTPYKTOPCKOE OIOPO CPEJICTB aBTOMATHU3ALIUA MOPCKUX MCCNeA0BaHUMI
JanpHeBocTouHOTrO OTAENEHUS Poccuiickoil akagemMun Hayk, r. FOxHo-CaxanuHck

Ha moiBoHBIX CKJIOHaX MOpPEH M OKEaHOB MOCTOSHHO IMPOUCXOJUT HAKOIUIEHHE OCAI0YHBIX TOPOJ
B pe3ysbTaTe Yero MOXKET COHTH NOJABOJIHBIA OMOJ3€Hb. YUMCIEHHOE MOJEIMPOBAHUE IYHAMH,
BO3HHMKAIOIIMX B pe3yJabTaTe CXOJa IIOJBOJHBIX OIOJN3HEH IMpeicTaBiseT co0ol Kak Hay4dHO-
NPAaKTUYECKH, TaK M (yHIAMEHTAJIBHBIA HHTEpeC. DTO CBS3aHO C TEM, YTO MOJOOHBIE COOBITHS
SBISIFOTCS. TPYAHO IPOTHO3HPYEMBIMH, A OIOJI3¢Hb MOXKET COHUTH 0e3 KaKuX-THOO MpeIBECTHUKOB.
[TosToMy BO3HHMKAaEeT HEOOXOJUMOCTh U3yYeHHsI BOSMOXKHOCTH F€HEpAlUU TaKuX IIyHAMH B pallOHAX, T/e
Obu  OOHapy)XeHbl (OPMHUpYIOLIMECS, a TaKXkKe COINeANIMe IOJBOIHbIE omoia3Hu. [IpoBeneHo
MO/JICIIMPOBAHUE CX0/1a HECKOJIBKHUX IMOJIBOJHBIX OIIOJI3HEW, PACIIOIOKEHHBIX Ha PAa3HBIX THUMAX CKIOHOB.
Taxxe Oblma TpoBeAeHa OIEHKA 3aBHCUMOCTH BBICOTHI HAa4ajdbHOM BOJHBI IIYHAMH OT CKOPOCTH
IBIDKEHUS  TIOJBOJHOTO  OMOJ3HSA. UHWCIIEHHBIE PACYeThl  BBIOJHSUINCH C  HCIOJIB30BAHUEM
BoruncauTensHoro komruiekca NAMIDANCE. BrisiBieHa BO3MOXHOCTh BOSHUKHOBEHHSI BOJIH IIyHAMU B
cllydae CX0Jla TIOJBOJHBIX OMOJ3HEH C pa3inuyHbIMH mapamerpamMu B OxoTckoMm Mope. IIpoBeneHHbIe
pacueTsl I0Ka3aiH, 4YTO BO3HUKIINE BOJHBI MOTYT MPOSIBUTHCS HA oOepexbe 0. CaxaiuH.

Kniouegvie cnoga: noBoIHBIN OMOJI3EHB, IlyHAMH, YHCIEHHOE MOJIEINPOBaHue, 0. CaxaauH

NUMERICAL SIMULATION OF UNDERWATER LANDSLIDES AND TSUNAMI
MANIFESTATION ON THE SOUTHEASTERN COAST OF SAKHALIN ISLAND
I.S. Kostenko
Special research bureau for automation of marine researches far east branch Russian Academy of
Sciences, Yuzhno-Sakhalinsk

Purpose: The purpose of the study is to analyze the possibility of tsunami waves as a result of underwater
landslides with various parameters and their manifestation on the coast of Sakhalin.
Design/methodology/approach: Numerical calculations were performed using the NAMI DANCE
computing complex.
Findings: The possibility of tsunami waves in the event of underwater landslides with different
parameters in the Sea of Okhotsk has been identified. The simulations have shown that the waves that
have arisen can manifest themselves on the coast of Sakhalin.
Research limitations/implications: The study is limited by the availability of detailed real underwater
and coastal bathymetry. Nevertheless, the results obtained can be used to analyze the features of the
occurrence of tsunamis from underwater landslides.
Originality/value: Several underwater landslides located on various types of slopes were simulated. The
dependence of the height of the initial tsunami wave on the velocity of the underwater landslide was
estimated.

Key words: underwater landslide, tsunami, numerical simulation, Sakhalin Island
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VYJIK 551.46.081
NCCIEAJOBAHME TEXHUYECKHNX XAPAKTEPUCTUK ITIOJINYPETAHOBBIX
NAJINMHAPUYECKHUX ITPOYHBIX KOPITYCOB 1JIsI UBMEPUTEJIbHBIX CUCTEM B
MOPCKO# CPEJIE
AX. IlIak
ORCID: 0009-0005-1257-1032 e-mail: a.pak@skbsami.ru
CrenuanbHOE€ KOHCTPYKTOPCKOE OIOpO CPE/ICTB aBTOMATHU3ALIMHA MOPCKUX HCCIICOBAaHUN
HansHeBocTouHOrO OoTAENeHUs1 Poccuiickoi akageMun Hayk, . FOxxHo-CaxanuHck

Llenbto gaHHOM pPaOOTHI SABISETCS MPOBEICHUE BBIUMCIUTEIBLHOTO SKCIIEPUMEHTa IO pacuery
BHEUIHETO BO3JCMCTBHS THUIPOCTATUUECKOIO JaBJIEHMsS Ha MNPOuYHbI Kopryc. OH mpoBOAWICS B
JOMYCTUMBIX U KPUTHYECKUX 3HAYEHMSIX JIOMYCKAeMOro HampshkeHus. J{Jis mpoBeieHus: UCTIBITaHUI ObLI
BbIOpaH Matepuai — noiauyperan BC8782.

Teopernueckuii pacuer BboimosiHeH corimacHo ['OCT. B pabGore mnpeacTtaBieHbl pe3yJbTaThl
BBIYMCIIUTEIILHOTO SKCIEPUMEHTA, BBITOJIHEHHOTO B cucteMe «APM FEM» mporpammer KOMITAC 3D
MeToJIoM KOoHeuHbIX 31emMeHTOB. Kpome Toro, B CKb CAMU JIBO PAH mnpoBenens! nabopaTopHbie
UCIBITaHUs, PE3YIbTaThl KOTOPBIX PUBEICHBI B JAHHOM HCCJIEI0BaHUU.

CTouT OTMETUTh, YTO NPOYHOCTH MOJUYPETAHOBOTO KOpIyca OblIa TakXke IPOBEpeHa
MOCPEJICTBOM BKIIFOYEHHS €r0 B cocTaB [103MIIMOHHON aBTOHOMHOM TUAPO(PHU3HMUECKON M3MEPHUTEIBHOM
CTaHUMH, MPEIHA3HAYEHHON I MOHUTOPUHIA 3aJaHHBIX MapaMeTpOB BOJHOM Cpeibl Ha Pa3jIuyHbIX
rITyOMHAaxX M MOCIEIYIONIeH Mepeaadu MoydeHHBIX Pe3ynbTaToB. VCIbITaHus! MPOBOAMIINCH Ha TITyOHHE
100 m. [Tpu npoBepke kopmycoB aedopmainii U 3aTeKaHUN HE BBISIBICHO.

Knrouesvie cnoea: BoIUMCIUTEIBHBIN 3KCIIEPUMEHT, MTOJINYPETaH, KOPITYC, IPOYHOCTh

STUDY OF TECHNICAL CHARACTERISTICS OF POLYURETHANE CYLINDRICAL
STRONG HOUSINGS FOR MEASURING SYSTEMS IN THE MARINE ENVIRONMENT
A.K.Pak
Special research bureau for automation of marine researches far east branch
Russian Academy of Sciences, Yuzhno-Sakhalinsk

Purpose: The purpose of this work is to perform a computational experiment calculating the external
effect of hydrostatic pressure on a durable housing. The experiment was carried out in acceptable values
of the permissible voltage and values exceeding these values. A material was selected for testing —
polyurethane BC8782.

Design/methodology/approach: A theoretical calculation was performed in accordance with GOST, the
calculation was carried out and the results of the COMPASS 3D program performed in the APM FEM
system by the finite element method were presented, as well as the results of laboratory tests performed at
the SKB SAMI FEB RAS. Another important step in the verification of the polyurethane durable housing
was its inclusion in the composition of a Positional autonomous hydrophysical measuring station
designed to monitor the specified parameters of the aquatic environment at various depths and subsequent
transmission of the results obtained. The tests were carried out at a depth of 100 m. When checking the
housings, deformations and leaks were not detected.

Key words: computational experiment, polyurethane, housing, strength
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YK 004.043
IPOT'PAMMHBIN MOYJIb OIEHKH PASMBIBA BEPET' A
IO CITYTHUKOBBIM CHUMKAM
JI.C. II_IaﬁpaM013al'2
ORCID: 0000-0002-0563-0445 e-mail: Lazerina79@yandex.ru
! CrienmanbHOe KOHCTPYKTOPCKOE GIOPO CPEACTB ABTOMATH3ALMA MOPCKHX HCCIIEOBAHHiL
JanpHeBocTouHOrO OoTAEneHus Poccuiickoit akagemun Hayk, r. FOxxno-CaxannHck
ZHI/DKeFOpO,I[CKI/Iﬁ rOCy/IapCTBEHHbINA TeXHUYECKHUI yHHBepcuTeT uM. P.E. AnekceeBa

JIMCTaHIIMOHHOE 30HIMPOBaHME 3€MIIM M3 KOCMOCA II03BOJSET IPHHLMIINAAIBHO I10-HOBOMY
MOJIOWTH K BBISBJICHUIO YPE3BBIYAMHBIX CHUTyallMd M OIICHKE MX IOCJIEACTBHA, Ojaromaps OXBaTy H
IIEPUOJUYHOCTH CIIyTHUKOBBIX CHHUMKOB. [IpuMeHEHHE METONOJIOTMH IUCTAaHLIMOHHOIO 30HAWPOBAHMS
3eMiM TO3BOJISIET OLCHUTh MAaciTaObl BO3ACUCTBUS TNPUPOAHBIX SIBICHHUH Ha TPUOPEKHYIO
UHOQPACTPYKTYPY Ha OCHOBE KOCMHUYECKMX CHHUMKOB M METEOPOJIOIMYECKMX JaHHBIX 3a MpeablIylue
rofbl, YTO JaeT BO3MOXHOCTHh OLIEHUTHh IMHAMUKY M3MEHEHMH, COCTaBHTb MPOTHO3BI U pa3paboTarh
PEKOMEHAALIMY 110 NPEIOTBPAILEHUIO TOA0OHBIX SBIECHUHN B OyIyIIEM.

B nanHoM mccienoBaHuUM TMpeCcTaBieHa padoTa MPOrPaMMHOTO MOIYJS Ui aHanu3a OOJIBIIMX
00BbEMOB CIIyTHUKOBBIX CHHMMKOB. MOAyllb aHaJU3UPYeT BPEMEHHbIE H3MEHEHHsI B INPHOPEXKHBIX
paiioHax.

HccnenoBanue, nposefeHHoe B CaXalMHCKOM 00JIacTH, BBIABUWIIO YYacTKH JOpor, Hauboiee
noJIBEpKEHHBIE 3po3uu. OHM HAXOAATCS BIIOIL oOepekbss OXOTCKOTO MOpsi, MeXAy cenaMu B3mopbe u
®upcoBo JlonuHckoro paiioHa obsactu. ITo rinaBHas ¢eaepanpHas Tpacca CaxalnHa U Ha 3TOM Y4acTKe
noporu OoJIbLIIE BCEro NEPUOAUYECKH pa3MbIBaeT Oeper. Pe3ynbTarhl aHanu3a KpaiiHe Ba)KHbI Ui
IUTAHUPOBAHUS MH)KEHEPHOM 3alUTHI.

Kniouegvie cnosa: NUCTaHIIMOHHOE 30HAMPOBAHME 3eMIIM, NMPUOpEkKHas 30HA, MPOTPaAMMHBIN
MOJYJb

THE SOFTWARE MODULE FOR ASSESSING COASTAL EROSION
FROM SATELLITE IMAGES
L.S. Shabramova'?
!Special research bureau for automation of marine researches far east branch of Russian Academy of
Sciences, Yuzhno-Sakhalinsk
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: Remote sensing of the Earth from space allows for a fundamentally new approach to
identifying emergencies and assessing their consequences, thanks to the coverage and frequency of
satellite images. The application of the Earth remote sensing methodology makes it possible to assess the
extent of the impact of natural phenomena on coastal infrastructure based on satellite images and
meteorological data from previous years, which makes it possible to assess the dynamics of changes,
make forecasts and develop recommendations to prevent similar phenomena in the future.
Design/methodology/approach: This study presents the work of a software module for analyzing large
volumes of satellite images. The module analyzes temporary changes in coastal areas.

Findings: A study conducted in the Sakhalin region revealed the sections of roads most prone to
erosion. They are located along the coast of the Sea of Okhotsk, between the villages of Vzmorye and
Firsovo in the Dolinsky district of the region.

Research limitations/implications: The application of the Earth remote sensing methodology makes it
possible to assess the extent of the impact of natural phenomena on coastal infrastructure based on
satellite images and meteorological data from previous years, which makes it possible to assess the
dynamics of changes, make forecasts and develop recommendations to prevent similar phenomena in the
future.

Originality/value: This is the main federal highway of Sakhalin and on this section of the road the coast
is washed away most of the time. The results of the analysis are extremely important for planning
engineering protection.

Key words: remote sensing of the Earth, coastal area, the software module
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YK 534.6.08
HABJIOAEHUE 3A ®OPMUPOBAHUEM JIEJAHOI'O IOKPOBA HA TOPBKOBCKOM
BOJOXPAHUJINIIE C MIOMOILIBIO VIBTPAZBYKOBOI'O T'NAPOJIOKATOPA
U.A.Pomanos’
ORCID: 0009-0006-7519-9685 e-mail: romanoffivan23@gmail.com
I[.A.KOBaJmOBl
ORCID: 0000-0002-9535-4949 e-mail: d.kovaldov@ipfran.ru
IO.A. Turdenxo’
ORCID: 0000-0001-7762-7731 e-mail: yuriy@ipfran.ru
B.IO.KapaeBl
ORCID: 0000-0002-4054-4905 e-mail: volody@ipfran.ru,
E.M.Memkos
ORCID: 0000-0002-5353-7528 e-mail: meshkov@ipfran.ru
1<DezlepanLHHﬁ HCCIIeI0BaTeNbCKUM IeHTp MHCTUTYT npukitagHoit ¢usnkn Poccuiickoi akaaeMun HayK
2deepanbHOE TOCYIAPCTBEHHOE BIOKETHOE YUPEKICHHE «APKTHUCCKHI i aHTAPKTHICCKHIT HAYIHO-
HCCIIEIOBATENbCKUI HHCTUTYT»

B pamkax maHHOW pabOThl MCHOJIB3YeTCs MOAXOJ HAOMIOICHMS 3a (OPMUPOBAHHEM JIEASTHOTO
MOKPOBA C TIOMOIIBIO YIBTPAa3BYKOBOTO THAPOIOKaTopa. OCOOCHHOCTh CXeMBbl U3MEPEHUH 3aKItouaeTcs B
TOM, YTO THAPOJIOKATOP YCTAHABIMBAETCS BOJIM3U JHA TaK YTOOBI €ro NpueMo-Tepenarolias aHTeHHA
OpUEHTHPOBAIACh BEPTUKAJIBHO BBEPX Ha IOBEPXHOCTh BojgoeMa. lIpenMyliecTBOM Takod CXEMbl
U3MEpEHUil SBISETCSd OTCYTCTBHE YYBCTBUTEIBHOCTH pE3YJAbTaTOB HM3MEpEeHHH K arMochepHbIM
YCIIOBUSIM, TPU H3MEPEHMSIX AaK€ IPU MalbIX TOJIIMH JIEISHOTO IIOKPOBA, KOIJA TPAAUIIMOHHBIE
KOHTAKTHBIE U HAJIJIC[HBIE METOJIbI CJIOKHO peann3oBarb. M3MepeHus JIeAssHOro IOKPOBa Ha TOPbKOBCKOM
BOJIOXPAHUJIUIIE IPOBOJWINCH B 3UMHHUI ce30H, ¢ HoAOps 2023 — maprt 2024. B mpouecce paboThl
THJIPOJIOKATOpa 3alUCBIBAINCH OTPaXKEHHBIE JICASHBIM IIOKPOBOM aKycTHYecKHe UMIyibchl. I1o ¢dopme
OTPa>KEHHOT'0 MMITYJIbCA MOYKHO OLIEHUTh TONIIUHY JIEASTHOIO NOKPOBA U KO3(PPUIIMEHTHI IPOXOXKIAECHUS U
OTpPaKEHHUs BEpXHEW M HIKHMHA TpaHUIBl JIEASHOTO MOKpoBa. s JONOJHUTENbHON BepuduKaruu
TOJILIMHBI JIEASHOTO IOKPOBA MCIOJIb30BAINUCh YCTAHOBJIEHHbIE HA NMPUOOP JaTYUK T'MJIPOCTATHUYECKOTO
JABJICHUS U €KEMECAYHbIE KOHTAKTHBIE 3aMEPbI TOJILLUHBI JIEISIHOIO ITOKPOBA.

HccnenoBanue BBINOJIHEHO 3a cueT rpaHta Poccuiickoro HayuHoro ¢onpaa (mpoext Ne 23-77-
10064).ABTOphl OnarogapsT KOIEeKTUB SIxT-kinyba «bemas peuka» M JUYHO €ro JuUpeKTopa AHTOHA
Cepreesruua BonkoBa 3a momolis B NPOBEIEHNUN IKCIIEPUMEHTA.

Knrouegvie cnoea. nensHOW NOKPOB, IUCTAaHIMOHHOE 30HJUPOBAHHUE, IIOJIEBBIE H3MEPEHUS,
YABTPAa3BYKOBOW T'MAPOJIOKATOP, OTPAKEHHBIN UMITYJIbC, YPOBEHb BOJIBI

MONITORING THE FORMATION OF ICE COVER ON THE GORKY RESERVOIR USING
ULTRASONIC SONAR
I.A. Romanov?, D.A. Kovaldov!, Yu.A. Titchenko!, V.Yu. Karaev!, E.M. Meshkov*
Federal research center institute of applied physics of the Russian Academy of Sciences
?Federal state budgetary institution "Arctic and Antarctic research institute"

Purpose: The research was conducted to determine the feasibility of using underwater acoustic systems
to analyze the fine structure of the ice cover.
Design/methodology/approach:An underwater ultrasonic sonar was used in these studies. In the process
of sonar operation, the signals emitted by the device and reflected by the ice cover were recorded. For
additional verification, the underwater pressure sensor installed on the device and field expeditions with
in-situ measurement of the ice cover thickness were used.
Findings:In the process of research, it was possible to trace the influence of ice cover changes on the
reflected ultrasonic pulse.
Research limitations/implications:The data will be the basis for the development of a model of the
scattering of acoustic pulses by the ice cover.
Originality/value: Acoustic methods were used for the first time to observe the growth and melting of the
ice cover.

Keywords: ice cover, remote sensing, field measurements, pulse sonar, reflected pulse, water level
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ABTOMATH3UPOBAHHBIN AHAJIN3 KAYECTBA HECTPYKTYPUPOBAHHBIX CETOK
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ORCID: 0000-0002-4898-4278 e-mail: NVChukhmanov@vniief.ru
«Poccuiickuii enepanbHBIN sIEPHBIH LEHTp. Becepoccuiickuii HayqHO-HCCIeI0BATENbCKUI HHCTUTYT
aKkcniepuMeHTaIbHOU (pu3ukmy «POSI-BHUND Dy

B nokiage paccMOTpeHbI POrpaMMHBIE MHCTPYMEHTBHl aBTOMAaTHU3UPOBAHHOIO aHalIM3a KadyecTBa
HECTPYKTYPUPOBAHHBIX CETOK, IOCTPOCHHBIX T€HEPATOPOM METO/I0M OTCEUEHMSI.

IIpy BHeceHMM H3MEHEHMH B aJrOpUTMbl BO3MOXHBI CHUTyallUM, KOTOpPbIE BIIEKYT 3a COOOH
YXYALIEHUE XapaKTePUCTUK pPACUETHBIX CEeTOK. KauecTBO pacueTHOW CEeTKM HamnpsMyl0 BIMSET Ha
IIPUHLMIIAAIBHYIO BO3MOXKHOCTH IIPOBEIEHUS PacueToOB, a TAK)KE Ha CKOPOCTh U TOYHOCTH PEIICHHUS
YHUCJIEHHBIX 33Jay, MOATOMY Ba)XHO HMETh MPOrpaMMHbIE HMHCTPYMEHTHI, IO3BOJISIOLINE OTCIEAUTD
BO3HUKHOBEHHUE OIIMOOK ITPU MOCTPOCHUU PACUETHBIX CETOK.

B pabote ommcaH MeTo aBTOMAaTU3UPOBAHHOTO aHAIM3a Ka4eCTBA 00BEMHBIX CETOK, TOCTPOSHHBIX
pa3sHBIMH BEpPCHSMU TE€HepaTopa, MO HabOpy TONOJOIMYECKUX M IeOMEeTpHuYecKuX Kpurepues. [lanee
IIPOBOJUTCS aBTOMATH3UPOBAHHOE TECTHUPOBAHUE IIPUTIOJHOCTH PACYETHBIX CETOK JUIsl PEIlEHUs 3aaad
a’3po- ¥ T'UAPOJIMHAMUKH B NakeTe nporpamm Jloroc Ha 6a3e npakTHUECKUX 3a/1a4 pa3IMYHON CII0)KHOCTH
U aHaJIKu3 NpoOJIeM B ClIydae OTCYTCTBUS CXOJUMOCTH UTEpaLUil peraTes.

Knwuesvie cnosa:. reHepaTtop OOBEMHOM CETKHM, KadyeCTBO CETKH,aBTOMAaTH3UPOBAHHOE
TECTUPOBAHUE, adPO- U THJIPOIMHAMHUKA, TAKeT rporpamm Jloroc

AUTOMATED QUALITY ANALYSIS OF UNSTRUCTURED MESHES FOR AERO- AND
FLUID DYNAMICS MODELING
S.V. Bystritsky, O.N. Borisenko, A.G. Giniyatullina, M.V. Kuzmenko, N.V. Popova,
M.V. Cherenkova, N.V. Chukhmanov
Russian federal nuclear center — The All-Russian research institute of experimental physics

Purpose: The report discusses software tools for automated quality analysis of unstructured grids
generated using the cut-off method. When making changes to algorithms, there can be situations that
entail deterioration in the characteristics of meshes. The quality of mesh directly affects the fundamental
possibility of computations, as well as speed and accuracy of solving numerical problems. Therefore it is
important to have software tools that allow tracking the errors when building meshes.
Design / methodology / approach: The test base is used to generate meshes and compare the quality of
the obtained meshes according to a set of topological and geometric criteria. Automated testing of the
suitability of meshes for solving the problems in the LOGOS software package is carried out. To do this,
simulation meshes are generated on the basis of practical problems of different difficulties.
Findings: There is a possibility of mesh correction accordingtotheelementsofpoorqualityrevealed.
Research limitations / implications: The paper describes the method of automated quality analysis of
volumetric meshes.
Originality / value: original methods to analyze the quality unstructured grid and testing algorithms.

Key words: volume mesh generator, mesh quality, automated testing, aero- and hydrodynamics,
LOGOS software package
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YUCJIEHHOE MOJIEJIMPOBAHHUE JIBYX TAPAJVIEJIBHO ABU/KYILIUXCA CYI1O0B
O.A. Hy3aﬂl
ORCID: 0009-0005-6303-0121 e-mail: OAPuzan@vniief.ru
A.C. Kozenkos™?
ORCID: 0000-0003-3247-0835 e-mail: ASKozelkov@vniief.ru
B.B. Kypymml‘2
ORCID: 0000-0002-1685-3775 e-mail: VVKurullin@vniief.ru
B.IO. FepacuMonl’2
ORCID:0000-0003-2198-4902 e-mail: VYuGerasimov@vniief.ru
! Poccuiickuit (benepanbHBI sIEPHBIA HEHTP. Beepoccuiickuii HayqHO-HCCIeI0BATENbCKUNA
MHCTUTYT 3KCNIepUMeHTaIbHON Guszukn» «PDAL[-BHUND Dy
2HI/DKeropo;[CKHﬁ rocy/lapCTBEHHbIN TeXHUYeCKuil yHuBepcurer uMm. P.E. AnekceeBa

Bo Bpems nBHMXKEHHS CyIHO TOJBEpPraercsi BO3JCHCTBUIO pa3IMYHBIX (PAKTOPOB: BCTPEUYHBIE U
MIONYTHBIE MIOTOKH, BOJIHEHHE, & TAKXKE MPUCYTCTBUE APYTUX CYJOB, HAXOASAIIMXCA B HENOCPEICTBEHHON
o6mu3octu. [locnennuii ¢akrop Hambosee CyIIECTBEHEH B Cilydae MaHEBpa OOroHa, KOTOPBIA SBIISETCS
HamOojiee TMOTEHLMAJIbHO OMAaCHOM  cuUTyanuel, OOyCIOBIEHHOW XapakTepoM U  pa3MepoM
TUIPOJIMHAMUYECKUX CHJI 1 MOMEHTOB, OKa3bIBAIOIIMX BIIMSHUE HA MOBEJEHUE U YIIPABJIIEMOCTh Cy/HA.
Hacrosiumii 1okian mocBsIieH YMCICHHOMY MOJEIMPOBAHMIO MAapajuIeNIbHOIO JABUKEHUS JABYX CYIOBHU
OIpEAENECHUIO0 TUIPOAUHAMUYECKOTO B3aUMOJIEHCTBUS MEX]y HUMHU. Vcmnonb3dyemas MaremMaTH4ecKast
MOJIeJIb OCHOBaHa Ha TpexMmepHou cucrteme ypaBHeHuM HaBbe-CTokca, ocpeaHeHHBIX 1o PeitHombacy.
JIiist MoJIeTMpOBaHKs BOJHON MOBEPXHOCTH mpuMeHsieTcss MeTo; Volume of Fluid. YueT moaBmxHbIX Tei
OCYILIECTBIISIETCS. C MOMOIIBIO Aedopmanuu pacueTHOW ceTku. ba3oil [isi YMCIEHHBIX SKCIEPUMEHTOB
BBICTYNAeT MakeT mporpamMMm «Jloroc». B noxmane mnpeacTaBieHbl pe3ynbTaThl BaluJalMM IS
OJIMHOYHOT'O JBUKEHHUS CYJHA, & TAKKE€ YHMCIEHHOE HCCIIEJOBAHWE B3aWMHOTO BIIUSHHUS NapajljIeIbHO
JBUKYIIUXCS CYJIOB JJISl TPEX CIIy4aeB UX B3aUMHOT'O PACIOJIOKEHUSI.

PesynbpTarel monydeHsl mpu (UHAHCOBOW MOMAJEPKKE HAIMOHAIBHOTO Tpoekra «Hayka wm
YHHUBEPCUTETHI» B paMKax mporpamMmmbel MunoopHayku P® no cozmanuio MonoaexHbIx adopaTopuii No
FSWE-2024-0001 (mayuynas Tema: «Pa3paboTka YHCIICHHBIX METOJOB, MOJECIICH W aITOPUTMOB JIJIs
ONMCAHMS TEYCHUH JKUJKOCTEH W Ta30B B ECTECTBCHHBIX MPHUPOIHBIX VYCIOBUSAX, U YCIOBHUSAX
(OYHKITMOHUPOBAHKSI HWHAYCTPUATBHBIX OOBEKTOB B IITATHBIX M KPUTHYECKUX YCJIOBHUAX Ha
CYTIEPKOMITBIOTEPAX DKCa- U 3€Ta-TIPOU3BOJUTEILHOCTIY).

Knrwouesvie cnoga: BpruvciauTenbHas TUAPOAMHAMUKA, OCPETHEHHbIE 10 PeiiHONBACY ypaBHEHMS
Hagbe-Crokca, Volume of Fluid, maneBpupoBanue cy10B, naket nporpamm «Jlorocy

NUMERICAL SIMULATION OF TWO VESSELS MOVING PARALLELY
O.A. Puzan!, A.S. Kozelkov'?, V.V. Kurulin*?, V.Yu. Gerasimov'?
Russian federal nuclear center — The All-Russian research institute of experimental physics

’Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: This report is devoted to numerical modeling of parallel movement of two models of ships in
calm water and determination of hydrodynamic interaction between them.
Design/methodology/approach: The numerical simulation method is based on the solution of a system
of Reynolds-averaged Navier-Stokes equations together with a VOF method. The Reynolds-averaged
Navier-Stokes equations are discretized using finite volume method (FVM), and solved by SIMPLE
method. The numerical simulations were conducted in «Logos» software package.
Findings: Validation results for single ship movement are presented. A numerical study of the mutual
influence of parallel moving ships is carried out for three cases of mutual location of ships.
Research limitations/implications: This article presents a numerical method for modeling the joint
movement of two vessels and studying their mutual influence on each other.
Originality/value: The article presents the original results of computer modeling of the movement of two
ships.

Key words: CFD, RANS, Volume of Fluid, ship maneuvering, Logos software package
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YK 519.6
MOJIEJIMPOBAHUE BA3KHWX TYPBYJEHTHBIX TEUEHUM C UCITIOJIb30BAHUEM
JBYXCJIOMHOM MOJIEJIN K-EREALIZABLE
HN.A. FOpaoBa
ORCID: 0009-0005-4345-5704 e-mail: IAYurlova@vniief.ru
«Poccwuiickuii penepanbHbIN siAepHBIN HIEHTP. Beepoccuiickuii HaydHO-HCCIIEI0OBATEILCKUA HHCTUTYT
sKcnepuMeHTaIbHON Qu3nkuy «POAL[-BHUNDD»

Juddepenumansapie IByXmapaMeTpuyeckue Mojenu TypOyiaeHTtHoctd k-g (M pasnuyHble ee
MoauUKaIMK) SBJISIOTCS OTHUMHU W3 Hambosee momyssipHblx RANS moxeneit TypOynentHoctd. OHuU
JIOCTYIHBI TIPAKTHYECKM BO BCEX HMHIKEHEPHBIX MAaKeTaXx M HIMPOKO TNPUMEHSIOTCA TpU
MIPOU3BOJICTBEHHBIX pacyeTax.

JlaHHbIi TOKJIa OCBsIIEH Mojenu TypOyineHTHoctu k-¢ realizable, koropast sBnsiercss moaudukaimei
crannaptHoi wmojenu k-e. bnaromaps cBoeil mpocToTe, BBIYHCIUTEIBHOW SKOHOMUYHOCTH U
pUEMIIEMBIM pe3yJbTaTaM, JaHHAs MOJENb CUATACTCs 0JJHOU U3 Hanbonee nmomyisipabix RANS moneneit
TypOyJIEHTHOCTH Ul pacdera BSI3KUX TypOYyJeHTHbIX TeueHuil. OHa JOCTYNHA MPaKTHYECKH BO BCEX
MH)KEHEPHBIX TTaKeTaxX U IMHUPOKO MPUMEHSETCS IIPH MTPOU3BOICTBEHHBIX PacyeTax.

Jlnst mozenu TypOynentHoctu K-¢ realizable 6buta npeaioxkena nByxcioiiHas GopMyIupoBKa, B KOTOPOit
KWHETHYeCKasi dHeprusi TypOyneHTHoctd K Haxoaurces u3 quddepeHraibHOro ypaBHEHHs, @ CKOPOCTH
€e IMCCUTIAIUY € ONpeensieTcs anredpanyecku Kak GyHKIIHS, 3aBUCAIIAs OT PACCTOSHUS 0 CTEHKH, YTO
MO3BOJISICT IPUMEHSTH €€ /IS JIIOOBIX 3HAYCHHH Y+.

Mogens realizable k-g two-layer Oblma mpoTecTHpoBaHa Ha 3ajadyax BHEMIHEH a’pOJUHAMUKH.
[Tonmy4yeHHble pe3yabTaThl CPABHUBAIHUCH C MOACTSIMH TypOyneHTHOCTH SA 1 SST.

Knrouesvie cnoea: BorurcnuTeNbHAS THAPOIMHAMUKA, OCpelHEHHBIe TT0 PeliHonbacy, ypaBHEHUS
Hagswe-Crokca, Mosienu TypOyJIeHTHOCTH, a3pOJMHAMUKA, TTaKeT mporpaMm «Jlorocy

SIMULATION OF VISCOUS TURBULENT FLOWS USING TWO-LAYER REALIZABLE K-
EPSILON TURBULENCE MODEL
I.A. Yurlova
Russian federal nuclear center — The All-Russian research institute of experimental physics

Purpose: This report considers application of the realizable k-epsilon turbulent model in the simulations
of viscous turbulent flows.
Design / methodology / approach: The paper describes a two-equation model of turbulence which is
referred to Reynolds-Averaged Navier-Stokes models. Paper also describes a two-layer formulation of the
realizable k-epsilon model. In this approach the dissipation ¢ is prescribed algebraically and depends on
wall distance Reynolds number.
Findings: The paper finds out advantages and disadvantages of introduced model. The results obtained
by this model compare with experimental data and with results obtained by other models.
Research limitations / implications: This article presents a model of turbulence which is implemented
into LOGOS and can be applied to compressible flows. Nevertheless, it can find application for other
types of flows.
Originality/value: The value of the work is to implement the realizable k-epsilon into LOGOS and to
validate it by using several sets of experimental data.

Key words: computational fluid dynamics, turbulence models, Reynolds-Averaged Navier-Stokes
equations, aerodynamics, Logos software package
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VIK 519.6
AJITOPUTM MMOUCKA MEPECEYEHUU TPEYTI'OJIBHUKOB B MIOBEPXHOCTHOM
TPEYI'OJIbHOM CETKE
A.C. JlapbKuH
ORCID: 0009-0005-1688-2102 e-mail: ASLarkin@vniief.ru

T.B. llaako

ORCID: 0000-0001-9112-5789 e-mail: TVtsalko@vniief.ru
«Poccuiickuii enepanbHbIN sIEPHBIA EHTP. Becepoccuiickuii HayqHO-HCCIeI0BATENbCKUI HHCTUTYT
sKcnepuMeHTaIbHON Qu3nkny «POAL[-BHUNDD»

[TocTpoeHne Ka4eCTBEHHON MOBEPXHOCTHOW CETKH C IENIbI0 MIOCTPOSHUSI HA HEHOOBEMHON CETKU
JUIS TIPOBENICHUSI YHCIEHHOTO MOJEIMPOBAHUS (PU3NYECKUX MPOLIECCOB SIBIISIFOTCS OJHUMH M3 Hambosee
TPYIOEMKHX U 3aTPATHBIX 110 BPEMEHHU TANOB MOATOTOBKY YUCIEHHOU Mozenu B 3D mpocTpaHcTBe.

B mpenpoueccope makera nporpamm «Jloroc» s MOATOTOBKM K MOJEIMPOBAHUIO 3a/1ad
AdPOTUPOAMHAMHUKY PEATM30BAHBl HECKOJIBKO TEHEPaTOPOB OOBEMHBIX CETOK. Kaxaplii uX STHX
TeHEepaTOpPOB MPEABABIACT Psil KECTKMX TPeOOBaHHI K BXOAHON MOBEPXHOCTHOW TPEYroJIbHOM CETKe,
OJIHMM M3 KOTOPBIX SIBJISIETCSI OTCYTCTBUE B CETKE MEPECEKAIOIINUXCS TPEYTOJIbHUKOB.

Jlis BBIIONTHEHUSI JAHHOTO TpeOOBaHMS HEOOXOIUM WHCTPYMEHTApHUH, CIIOCOOHBIM OINpeaemsiTh
MEPECEKAOIINECS TPEYTOJIbHUKH B IOBEPXHOCTHOM CETKe, 4TOOBI 3areM ux o00paboraTh (yIaauTh,
MepecTPOUTh). J{71sl 3TOT0 CyIIecTBYeT allfOPUTM IMOUCKA NIEPECEUEHHI TPEYTOIbHUKOB.

IIpencraBnen pe3ynbTaT— MOJACPHM3ALMs AIrOpPUTMa IIOHMCKA IIEPECEKArOUIUXCsl JJIEMEHTOB
MMOBEPXHOCTHOM TpPEYroJbHOM CETKM, B KOTOPOM YUMTBIBAIOTCS HE paccMaTpUBaeMbIe paHee
O0COOCHHOCTH, BO3HHKAIONIUE TIPU MOMCKE MEPEeCeYCHU TPEYroIpbHUKOB. Hanpumep, ydeT coceaHux o
pedpy/BepiIiHE TPEYroJbHUKOB, KOTOPBIE SBIAIOTCS IEPECEKAIOUIMMUCS B OOIIEM CMBICIE MOHSATHS
MePECEUCHHs, HO SIBJISIIOTCS KOPPEKTHBIMHU I TOBEPXHOCTHOW TpPEYyroyibHOW ceTku. [lpuBeneHs
pe3yNbTaThl CPABHEHHS 3aMEPOB BpeMEeHH paboThl O€3 UCIOIb30BaHUS U C HUCIOJIb30BaHUEM K-MepHOTO
JI€pEBA, PUMEPBI MIOCTPOEHHUS CETOK C YYETOM UCIIPABIICHUS IIEPECEUECHHUI TPEYTOJIbHUKOB.

Knioueevie cnoea: mnaxer unporpamMm Jloroc, mpenocrmponeccop, TIeHEpaTop  CETOK,
MMOBEPXHOCTHBIC CETKH, TIEPECECUCHHS TPEYTOJILHUKOB, k-MepHOE IepeBo

TRIANGLES INTERSECTION SEARCH ALGORITHM IN SURFACE TRIANGULAR MESH
A.S. Larkin, T.V. Tsalko
Russian federal nuclear center — The All-Russian research institute of experimental physics

Purpose: In the preprocessor of the “Logos” software package, several generators of volumetric mesh are
implemented to prepare for modeling aerohydrodynamics tasks. Each of these generators imposes a
number of stringent requirements on the input surface triangular mesh. One such requirement is that there
are no intersecting triangles in the mesh. To fulfill this requirement, you need a toolkit that can identify
intersecting triangles in the surface mesh and then process them (delete, rebuild). To do this, there is an
algorithm for searching the intersections of triangles.
Design/methodology/approach: The paper describes triangles intersections search algorithm in surface
triangular mesh. Furthermore, the problem of triangles intersections detection and classification in context
of mated mesh is considered. Besides, the optimization problem of algorithm run time is reviewed.
Findings: The report presents the results of acceleration using a k-dimensional tree and examples of
meshing with corrected triangle intersections.
Research limitations/implications: The report presents an implementation of triangles intersection
search algorithm in surface triangular mesh.
Originality/value: The report presents the result of the work done - the modernization of the algorithm
for searching intersecting elements of a surface triangular mesh, which takes into account previously not
considered features that arise when searching for triangle intersections in the surface triangular mesh. For
example, Edge/vertex neighboring triangles are intersecting by definition, but they are correct for a
surface triangular mesh.

Key words: “Logos”software package, pre-postprocessor, mesh generator, surface meshes,
triangles intersections, k-d tree
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WHJIEKC CTPATU®HUKAIIMU MOPEM POCCUN
MO JAHHBIM ' IPOJIOT'TYECKOI'O ATJIACA WOA18
M.B. Kokoy.mmHa
ORCID: 0000-0001-5890-3649 e-mail: kokoulinamaria97@gmail.com
O. E. Kypkuna
ORCID: 0000-0002-4030-2906 e-mail: oksana.kurkina@mail.ru

A. A. Kypkun

ORCID: 0000-0003-3828-6406 e-mail: aakurkin@gmail.com

Hwxeroponckuii rocyiapcTBEHHbIN TeXHUYeCcKnil yHuBepeuTeT uM. P. E. AnekceeBa

B nanHoli paGore ObLT NMPOBENEH pacdeT MHAEKCA IJIOTHOCTHOW cTpaTU(HKanuu Box (B dopme
MOTEHIMATBHOM SHEPTHY HA IEpEMEIIMBAHIE CTOJI0A EAMHUYHOTO 00beMa, HOPMUPOBAHHOW Ha MTyOUHY JHA)
Mopelt Poccum 3a JeTHMH mTepuoJ] C HUCIONBb30BAaHMEM JAHHBIX U3 OTKPBHITOIO MEXIyHApOIHOTO
ruaposiornyeckoro araca WOA1S. XapakrepHblie 3Haue€HHs 3TOM BeM4MHBI cocTaBiisitoT or 100 no 1000
JOK/M®. Pe3ynbTaThl MCCIeI0BAHMS TIOATBEP/MIIH CHIBHYIO U ¢HHOOOPa3HY!O (DYHKIHOHATBHYIO CTCIICHHYIO
CBSI3b MEXKIY HMHIEKCOM CTpaTH(HKAaIMU u (Ha30BOH CKOPOCTBIO JUTMHHBIX BHYTPEHHHX BOJH BO BCEX
poccuiickux Mopsix. MHOMHTEINb MPU CTENEeHHON (PYHKIMK MOYTH OAMHAKOBBIA (mpumepHO 0.35) mist Bcex
paccMaTpuBaeMbIX MOpEH, YTO CBHIETEIBLCTBYET 00 YHUBEPCAJIBHOCTH OOHAPYKEHHOW 3aBHCHMOCTH.
[omyueHHast anmpoKcUMAIMsl TOYHO OMUCHIBAET UCXOIHbIE TOYKH (KO3((UIIMEHT TOCTOBEPHOCTH R>> 0.96
BCEX AKBATOPHIi1) U MOXKET OBITh MCIIONB30BaHA JUIS YIPOIIEHHBIX, OBICTPBIX OIEHOK 3Ha4eHWi (ha3zoBoit
CKOPOCTH JUIMHHBIX BHYTPEHHUX BOJIH. MHIEKC cTpaTudukanuy B BHIOpaHHON (opme Tarke MOJIe3eH Mpu
MIPUMEHCHUH HEaMITUTATYIHBIX KPUTEPHEB HHTCHCUBHOCTH BHYTPEHHUX BOJTH.

Knrouesvle cnosa: vnnekc crparudukanin, $pa3oBas CKOPOCTb UIMHHBIX BHYTPEHHUX BOJH, MOPS
Poccun, runponorndeckuit atmac WOA18

STRATIFICATION INDEX OF THE RUSSIAN SEAS
BASED ON THE HYDROLOGICAL ATLAS WOA18 DATA
M.V. Kokoulina, O.E. Kurkina, A.A.Kurkin
Nizhniy Novgorod state technical university n. a. R.E. Alekseev

Purpose: The aim of the study is to analyze the stratification index in the seas of Russia and to identify the
correlation of the phase speed of long internal waves with this parameter.

Design/methodology/approach: The research was conducted within the framework of a weakly nonlinear
model of internal waves, as well as using methods of mathematical statistics.

Findings: The stratification index of the Russian seas was analyzed using data from the open international
hydrological atlas WOA18, and maps of the spatial distribution of this characteristic were obtained. A universal
function describing the relationship between the phase speed of internal waves and the stratification index for all
the seas under consideration was derived.

Research limitations/implications: The study is limited by the resolution of the original data.
Originality/value: The presented results are original and can serve as a starting point for future research in this
area, expanding the understanding of the relationship between the stratification of sea water and the dynamics of
internal waves.

Key words: stratification index, phase velocity of long linear internal waves, seas of Russia, hydrological
atlas WOA18

133



YAK 532.5
IEPEHOC AHCAMBJIEHN B3BEIIEHHBIX YACTHUIL BAPOKJIUHHBIMHU
INOTOKAMMU HA HIEJIB®E O.CAXAJ/IUH
II.JA. Ky3Heunosn
ORCID: 0000-0001-5344-683X e-mail: kuznetsovpd@yandex.ru
E.A. PyBunckas
ORCID: 0000-0002-3858-1731 e-mail: e.rouvinskaya@gmail.com
Huxeropoackuii rocynapcTBeHHbIN TexHuYeckuid yausepcuteT uM. P.E. AnekceeBa

Ilenpto HacTosIICH pabOTHI SBIACTCS HM3yYEHHUE IEpEeHOCAa aHCaMOJIeW YacTUIl HEUTpaabHOM
IUTABYYECTH B TIOTOKAX, BO3ZHHUKAIOIIUX MPU MPOXOXKICHUU TOJHOHEIMHEHHBIX BHYTPEHHHMX BOJIH Ha
menbde octpoBa CaxanuH. Beibpannas o0nacTe mpeacTaBisieT UHTEPEC ISl MCCIEA0BaHUs, TTOCKOJIBKY
Oorara MECTOPOXKICHUSIMH YIJICBOIOPOJOB, a TAKXKE SBISETCS MECTOM IIPOMBICIIA HEKOTOPBIX pbI0. B pabdore
MPUMEHSIIOTCSL pa3IMYHble METO/bl aHaiu3a, OOpaOOTKM W BHU3yalHM3alMd MOJYYEHHBIX JaHHBIX O
JIarpaH>keBbIX TPACKTOPHIX YACTHLl B HECKOJIBKUX JBYMEPHBIX pa3pe3ax. [lokazaHo, 4TO B 3aBUCHMOCTH
oT obOsactu 1menbda (BRIOpaHHOTO pa3pe3a) U HAYaIbHOTO PACIOJIOKECHHSI YAaCTHIl B PACUETHON 00JIacTH
(Ha OoJBIION TTyOMHE, HA MEJIKOBOJBE WIIM BOJIM3UM OCOOCHHOCTEW mienb(a) HaOMIOMal0TCs Pa3InIHbIe
CIICHApUU TIEPEMEIICHHS] YACTHII, YTO OOYCIOBICHO OCOOEHHOCTSAMU JUHAMUKN BHYTPEHHUX BOJIH. 32 TPH
CYTOYHBIX MEpUOJa MaKCUMAaJIbHbIE CMEILIEHUS B UCCIIeAyeMbIX o0nacTax cocraBuiu nopsaka 30-50 km
o ropuzonTaiu u 200-400 M mo BepTUKanu (HampaBieHHE ABMKEHUS MPU 3TOM — MPEUMYIECTBEHHO
BBEpX M K Oepery). PaspaboranHbple B paMKax HacTOsIIEH paOOTHl METOJBI M HHCTPYMEHTHI MOTYT OBITh
WCIIONIb30BaHbl KaK JUIsl PEUICHHs YKOJIOTHUECKHX 3a/1ad (HampuMmep, AJIs HCCIeI0BaHUs MepeBUKCHHM
IUIAHKTOHHBIX OPraHM3MOB B TOJILE BOJBI), TaK M JJIsl WHKCHEPHBIX HPWIOKCHUI(HAIPUMED, IS
aHaJIM3a MPOILIECCOB NEPEMEIICHHS CETUMEHTOB Y JIHA).

Kniouegvie cnoea: yucineHHoe MOJETMPOBAaHUE, BHYTPEHHUE BOJTHBI, TPAEKTOPUU YaCTHUI]

TRANSFER OF SUSPENDED PARTICLE ENSEMBLES BY BAROCLINIC FLOWS
ON THE SAKHALIN ISLAND SHELF
P.D. Kuznetsov, E.A. Rouvinskaya
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The purpose of this work is to study the transfer of ensembles of particles of neutral
buoyancy in flows arising during the passage of fully nonlinear internal waves on the shelf of the Sakhalin
Island.

Design/methodology/approach: Various methods of analysis, processing and visualization of the
obtained data on Lagrangian trajectories of particles in several two-dimensional sections are used in the
work.

Findings: It is shown that, depending on the shelf area (selected section) and the initial location of
particles in the computational domain (at great depth, in shallow water or near shelf features), different
particle movement scenarios are observed, which is due to the peculiarities of the dynamics of internal
waves. Over three daily periods, maximum displacements in the studied areas were about 30-50 km
horizontally and 200-400 m vertically (the direction of movement was mainly upward and towards the
shore).

Research limitations/implications: Since an ideal fluid is modeled and viscosity is not taken into
account, slightly overestimated values of particle transport distances are obtained in the work.

Originality/value: The methods and tools developed in this work can be used both to solve
environmental problems (e.g., to study movements of planktonic organisms in the water column) and for
engineering applications (e.g., to analyze the processes of sediment movement near the bottom).

Key words: numerical modeling, internal waves, particle trajectories
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Huxeropoackuii rocygapcTBeHHbIN TexHuueckuil yuusepeuteT um. P.E. AnexceeBa

3axBaueHHBIC BOJHBI BHOCAT CYLIECTBEHHBIN BKJIAJ B M3MEHUYMBOCTH TOJISI TEUCHUH Ha mienbge,
YTO OKa3bIBaeT OOJIBLIOE BIMSHHUE Ha JIEATENILHOCTh uYeloBeKa B NpuOpexkHoi 30He. Ilostomy cbop u
cucreMaru3anus MHPOpPMALMU O HUX SABISETCA BeChbMa aKTyallbHOW 3amaueil. B pabore mpuBeneHo
onucaHue 0a3bl JAHHBIX, COZIEpXKalled Ha JaHHBIE MOMEHT HMH(OpMAIMI0 O 3aperucTPUPOBAHHBIX
cilydasix HaONIOJIEHWH KpaeBbIX, MIeabPoBbIX BoyH, BoiH Ilyankape u BomH KensBuna u3 60
JUTEpaTypHBIX UCTOYHUKOB 3a nepuoa ¢ 1945 rona no Hacrosiee Bpemst. PaccMoTpena cTpykrypa 6asbl
JTaHHBIX, €€ 00beM M TeKyllee coaepkanue. [ B3auMoaelcTBUs ¢ 0a30i JaHHBIX pa3paboTaHO BeO-
OPUIOXKEHHE, CepBEpHAasi YacTh KOTOPOrO pealiM30BaHa C MNOMOIIbI0 (peiimBopka Nest.js, a
NoJb30BaTeIbCKUi  MHTEpderic — Ha ocHoBe Reactjs. [lns Busyanuzanmu reorpaguyeckoro
pacripesiesieHust HaOMIOJeHUH HCIoyib30BaHbl SIHnexc.KapTel; OHM HMHTErpUpoBaHbl B HPUIIOKEHUE
nocpeactBoM OubnroTeku React-yandex-maps. PaGotsl o cOopy mHGOpMALUU O 3aXBaYCHHBIX BOJIHAX
IUTAHUPYETCS IPOAOIDKATD.

Knrwoueswie cnosa: 3axBaueHHBIC BOJHBI, KpaeBble BOJHBI, MeNb(OBBIE BOIHBI, BOJIHBI [lyankape,
BosHbI KenbBuHA, 6a3a qaHHbIX, MUpOBOIi OKeaH

ON THEDATABASE
OF OBSERVATIONS OF TRAPPED WAVES IN THE WORLD OCEAN
I.E. Savelo, S.A. Epifanov, A.S. Epifanova
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: This article describes the database of observations of trapped waves in the World Ocean.
Design / methodology / approach: The database is based on the MySQL - open-source relational
database management system. To interact with the database, a web application was developed. It’s server
part is implemented using the Nest.js framework, and the user interface is based on React.js. For
visualization of the observation geography Yandex.Maps was used. It is integrated into the application
using the React-yandex-maps library.
Findings: The database contains information on registered cases of trapped waves observations from 60
literature sources for the period from 1945 to the present.
Research limitations/implications: This research opens further prospects for both studying of trapped
waves, such as edge waves, shelf waves, Poincare waves and Kelvin waves.
Originality/value: The database is used for geographic information systems, statistical analysis,
knowledge bases, web services for ocean research.

Key words: trapped waves, edge waves, shelf waves, Poincare waves, Kelvin waves, database,
World Ocean
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O HEKOTOPBIX TMHAMMNYECKNX CBOMCTBAX IMOJIYTPYIIII, OPOXJIEHHBIX
CHUCTEMAMM UTEPUPOBAHHBIX ®YHKIIUI
A.B. bBaraes
ORCID: 0000-0001-5155-4175 e-mail: a.v.bagaev@gmail.com
IO.A. Konoruna
ORCID: 0009-0005-3264-5043 e-mail: yacenko.julia372@gmail.com
Huxeropoackuii rocyiapcTBeHHbIN TexHUUYeCKuil yHuBepcuteT uM. P.E. Anekceesa

Cuctemoii utepupoBanHbiXx (GyHkiui (CHU®D) Ha3pIBaeTCd KOHEYHOE CEMEHCTBO S CIKUMAFOIIMX
OTOOpaXEHHH TOMHOr0 Merpudeckoro mpocrpanctBa X. Arrpaktopom CUD S = {f, ..., f;} Ha X
HA3bIBAETCS TAKOE HEIMYCTOE KOMITAaKTHOE MHOXecTBO A € X, uro f;(A) U ..U f; (A) = A. Cornacao
teopeme XaruumHcoHa Jirobass CU®D S umeeT ennHCTBEHHBIM aTTpakTop.ArTpaktopsl CU® Moryt ObITH
KaK JIOCTaTOYHO NPOCTHIMU KOMIIAKTHBIMH MHOXECTBAMH, TaK U HUMETh CIIOXKHYIO CTPYKTYpPY, OBITbH
dpakTanamu.

IIycts G X X = X:(g,x) » g.X— HempepbIBHOE ICUCTBUE TOMOJIOTHYECKOW MOIyrpymmnbl G Ha
tonojoruaeckoM mpocrpanctee X . Ilapa (G,X) Ha3biBaeTCd JAMHAMHYECKOM CHUCTEMOW. MHOXKECTBO
G.x ={g.x | g € G} nasesiBaercst opoutoi Toukrx € X.Hemycroe 3aMKHYTOE HHBAPHAHTHOE MHOKECTBO
M C X Ha3pIBaeTCs MUHHMMAJbHBIM, eciid G.x = M Vx € M, tne G.x— 3aMbIKaHHe opouTtsl G. x.Ecomn
M = X, to cucrema (G, X) Ha3piBaeTcs MUHUMalbHOU.HemycToe 3aMKHYTO€ MHBapHAaHTHOE MHOXKECTBO
A C X uaspiBaercsi T00abHBIM aTTPAaKTOPOM JWHaMuYeckoi cucremsl (G,X), ecnn G.x D AVx €
X\A.

Mgl uccienyeM cBoiicTBa nuHaMudeckoit cuctemsl (G, X), rae nonyrpynmna G nopoxiaesa CUD S,
3aJIaHHONM Ha TIOJHOM MeTpudeckoM mpoctpancTBe X.Jlokazano, uro arrpaktop A CUD S sBnsercs
MHHAMAJIBHBIM ~ MHOXXECTBOM W  IJIOOAJIbHBIM  aTTPAKTOPOM JWHaMu4eckod cuctembl (G, X).
Nuuamuueckas cucrema (G,A), monyuennas u3 (G,X) cyxenumem jneiictBus G Ha A, sBIsercs
MUHHMaJIbHOH. OTMeTHM, uTo AuHamudeckue cuctemsl (G, X) u (G, A)He UMEIOT 3aMKHYTBIX OpOUT HHE
SIBJISIFOTCSI YyBCTBUTEIBHBIMH K HAUaJbHBIM YCIOBHUSAM, CIEAO0BATEIbLHO, OHU HE SIBIISIFOTCS XaOTUYHBIMU.

Knroueswvle cnosa: nonyrpyrnmna, MUHIMAIbHOE MHOXKECTBO MOJIYTPYIIIbI, TTI00ANBHBIN aTTPakTop
MOJTYTPYIIIBI, YYBCTBUTEIHLHOCTH K HA4aJIbHBIM YCIIOBUSM, CHCTEMa HTEPUPOBAHHBIX (DYHKITHH, ppakTar

ON SOME DYNAMIC PROPERTIES OF SEMIGROUPS GENERATED BY ITERATED
FUNCTION SYSTEMS
A.V. Bagaev, Y. A. Kolotina
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: Weinvestigate the dynamics of a semigroup G generated byan iterated function system (IFS) S
on a complete metric spaceX.

Design/methodology/approach:An iterated function system (IFS) is a finite family S of compressive
maps of the complete metric space X.An attractor of IFSS = {fi, ..., fi }is @ nonempty compact setA c X
such that f;(4) U ...U f;, (A) = A.According to Hutchinson's theorem, any IFSS has a unique attractorA.
For IFS SonX a metric space (K (X), dy)is considered, where dy is the Hausdorff metric on the setK (X)
of all nonempty compact subsets of X.The Hausdorff metric and Hutchinson's theorem areapplied to
prove the statements.

Findings: The attractor A of the IFS S is a minimal set and a global attractor of the dynamical system
(G, X).The dynamical system (G,A) is minimal. The dynamical systems(G, X)and (G, A) do not have
closed orbits and are not sensitive to initial conditions. Thus, (G, X)and (G, A) are not chaotic.

Research limitations/implications: Hutchinson's theorem on the existence and uniqueness of the
attractor of a IFS is significantly used in the proof of the statements.

Originality/value: IFS define an important class of dynamical systems having a global attractor.

Key words: semigroup, minimal set of a semigroup, global attractor of a semigroup, sensitivity to
initial conditions, iterated function system, fractal
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MPOI'PAMMA BBIYUCJIEHUS PASMEPHOCTU MUHKOBCKOI'O
A.B. Baraes
ORCID: 0000-0001-5155-4175 e-mail: a.v.bagaev@gmail.com
A.HU. CosloBbEBa
ORCID: 0009-0004-7888-7315 e-mail: solovevaanastasiya3l@gmail.com
Huxeroponckuii rocynapcTBeHHbIN TexHUUeckuil yHuBepcureT um. P.E. Anekceesa

[Tonsitue Qpakrana 6puI0 BepBble npemyioxkeHo benya ManaensOporom B 1977 roxy. Crpororo
ompeneneHuss (Qpakrana He cyuiecTByeT. dpakTasamMu MOXKHO Ha3BaTh TE€OMETPHUUYECKHE OOBEKTHI,
UMEIOIMEe CHJIBHO M3pe3aHHylo (GopMy M 00Janaronme CBOWCTBOM camomnofoOus. OZHON M3 BaXKHBIX
YHCIIOBBIX XapaKTEpUCTUK (ppakTajoB sBiseTcs pazMepHOCTh. CyllecTByeT MHOTO BHJIOB (paKTalbHbBIX
pasMepHocTeil:  pa3MepHOCTh Xaycaopda-besnkoBuya, ymakoBOYHasi pPa3MEPHOCTb, Pa3MEPHOCTH
camorioobus, pa3MepHoCcTH Penbu, pasmMepHOCTs MHHKOBCKOTO.

Haubonee npocToii cioco0 BbIUMCIIEHUS HA KOMITBIOTEPE UMEET Pa3MEepHOCTh MHUHKOBCKOTO. J1Jist
mHoxkectBa A € R™ pasmepHocth MunkoBckoro dimpy; A MokeT ObITH OmNpeneneHa Kak MHpeaes
orHomenuss —InN(g)/Inenpu € > 0, rne N(€) — KOIMUECTBO KyOOB -CETKH, MEPECEKAIONINX
MHO)kecTBO A. Hamu coszmana mporpaMmMa BBIYMCIIEHUS Pa3MEPHOCTH MMHKOBCKOTO (paKTaIbHOTO
MHOKECTBAIO ero m3o0paxeHwro. s muHeiHON anmpokcumarmu npsmoid N = N(€)B ocsax Ine —
In N (&)ucnonb3oBancss METOI HAUMEHBIIIMX KBAJPaTOB.

[TporpamMMa ObUTa MpoTEeCTUpPOBaHA HA (PAKTAIBHBIX MHOXKECTBaX, Pa3MEpPHOCTh MHHKOBCKOTO
KOTOPBIX MOXET OBITh BBIUMCIICHA aHanMUTH4Yecku. Hampumep, s TpeyronbHuka CeprHHCKOTO
pasmepHocTh MunkoBckoro pasHa In3 /In2 = 1,585. Pa3mepHocte MUHKOBCKOTO TpEyrojbHHKA
CeprHCKOTO, BBIYHCIICHHAS TPOrpaMMoi, paBHa 1, 579. Takum 006pa3oM, OTHOCHUTENbHAS TOTPEUTHOCTD
BBIYHCIICHHS B TaHHOM cirydae coctaBuia 0,38 %.

Brruncnenne pasmepHOCTH MHHKOBCKOTO aKTHBHO HCIIONB3YeTCSl B MEIHUIIMHE M Teorpadum,
MO03TOMY IIPOTPaMMa MOKET HAWTH PUMEHEHHUE B STHX O0JIACTAX.

Knrwuesvie cnosa: Q)paKTaﬂ, PasMCPHOCTDb MUHKOBCKOI0, JIHUHEHHAs allrpoKCuMalnusga, MCTona
HAaMMCHBbIIUX KBAaAPAaTOB

APROGRAMFORCALCULATINGTHEMINKOWSKI DIMENSION
A.V. Bagaev, A.l. Solovyeva
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: Implement an algorithm for calculating the Minkowski dimension for a fractal image.
Design/methodology/approach: We was using box-counting algorithm. The main idea of this algorithm
is that we split our image on an e-grid. Then count how many squares with side length equals & contain at
least one pixel of a fractal. In this work we started with € = 1 pixel and was slowly increasing ¢ until the
square with side length equals € no longer fit on an image. Each step of increasing € we saved the point
with coordinates (Infifil /¢), In’¢N (¢))), where N(¢&)is anumber of squares, which contains at least one
pixel of fractal set. Finally we approximated this points with the linear function y = kx + b and the
coefficient kis the value of Minkowski dimension.

Findings: We implemented algorithm, that can approximately calculate Minkowski dimension of a fractal
image

Research limitations/implications: The uploaded image must have a fairly clear border.
Originality/value: The calculation of the Minkowski dimension is actively used in medicine and
geography. Therefore, this work can support research in these areas.

Key words: fractal, the Minkowski dimension, linear approximation, least square method

137



VK 551.465
CTATUCTUYECKUUN AHAJIN3 3EMJIETPSICEHUN

B AHTAPKTUJIE
H.A. Kykos
ORCID: 0009-0004-0898-3715 e-mail: necalec@gmail.com
P.E. Ma3oBa

ORCID:0000-0003-2443-149X e-mail:raissamazova@yandex.ru
Huxeroponckuii rocynapcTBeHHbIN TexHUUeckuil yauBepcureT uMm. P.E. Anekceesa

B nocnegnee BpemMsi B Hay4yHOM cpele MOSBISETCS HEMalO0 HOBBIX BaXKHBIX JIaHHBIX 00
aKTUBHOCTH B aHTapKTMYECKOM peruoHe. OTKalIbIBalOTCS KPYIHBIE JIEIHUKH, W3BEPralOTCsl aKTHBHbBIC
BYJIKAHbBI W IPOUCXOAAT MEPHUOAWYHBIC MOA3CMHBIC TOJYKH. HGCMOTpﬂ Ha CBOIO HU30JMPOBAHHOCTL U
cl1a0yl0 aKTUBHOCTb AHTapKTH/Ibl, €CTh HECKOJIbKO IOJKHBIX PErHMOHOB, CEHCMHUYECKash aKTUBHOCTb IS
KOTOPBIX B ApKTI/I‘ICCKOM PEruoOHC MOKCT NPUBECTU K PA3PYHIUTCIBbHBIM ITOCJIICACTBUAM. B cBs3u ¢ O3THM,
aHAJIM3 3eMJICTPSACCHUI M BO3MOJKHBIX L[yHaMH B OKeaHe rokHee -50 mapaiiienu, CTAaHOBUTCA Ooliee uem
akTyanbHbIM. IIpu aHanmmse 3eMIETPSCEHUM, KPOME OCHOBHOIO TOJIYKA, YYUTBHIBAIMCH HEKOTOpbIE
cuipHble adrepmioku. Ha ocHOBE 53TuUX JaHHBIX IOCTPOEHBI 3aKOH IOBTOPSIEMOCTH CHJIBHBIX
3eMJIETPSICEHUM C MarHuTyZo M>5 u rucrorpamma pacnpeneiacHus 3eMIETPACEHUM M1 YKa3aHHOI'O
pErnoHa B 1€KapTOBOW U JIOTHOPMAJIBHOM CHCTEME KOOPAMHAT, AJI MCIIOIb30BaHMS UX B IOCIEAYIOIEM
YU CJICHHOM MOACIUPOBAHUHN I'CHCPALIUA U PACTIPOCTPAHCHHA BOJIH IIYHAMHU.

Knrouegvie cnoea. AHTapKTHIA, 3E€MIETPACEHHS, LYHAMM, CTAaTUCTHMUYECKOE PpaCIpPElEIICHUE
3eMJIETPSICEHUH, aTepIIOKH, 3aKOH TOBTOPSIEMOCTH

STATISTICAL ANALYSIS OF EARTHQUAKES IN ANTARCTIDE
N.A. Zhukov, R.E. Mazova
Nizhniy Novgorod state technical university n.a. R.E. Alekseev

Purpose: The paper deals with the construction of statistical distribution for grouped earthquakes by
main shocks and aftershocks with M>5.
Design/methodology/approach: Recently, a lot of new important data on activity in the Antarctic region
have been appearing in the scientific community. Large glaciers are breaking off, active volcanoes are
erupting and periodic tremors are occurring. Despite Antarctica's isolation and weak activity, there are
several southern regions for which seismic activity in the Arctic region could have devastating
consequences. In this connection, the analysis of earthquakes and possible tsunamis in the ocean south of
the -50th parallel becomes more than relevant. When analyzing earthquakes, in addition to the main
shock, some strong aftershocks were taken into account. On the basis of these data, the law of recurrence
of strong earthquakes with magnitude M>5 and the histogram of earthquake distribution for the specified
region in Cartesian and lognormal coordinate systems were constructed for their use in the subsequent
numerical modeling of tsunami wave generation and propagation.
Research limitations/implications: This article is part of future work on tsunamis in Antarctica.
Originality/value: The calculations have not been previously performed in the studied regions, so in this
case we obtained fundamentally new data.

Key words: Antarctica, earthquakes, tsunamis, statistical distribution of earthquakes, aftershocks,
recurrence law
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YUCJIEHHOE MOAEJINPOBAHUE IYHAMHU B OXOTCKOM MOPE
OT OITOJI3HA B KYPHJIBCKOM KOTJIOBUHE

J.A. OxyHeB

ORCID: 0009-0000-5576-0304 e-mail: okunev_d@list.ru
P.E. Ma3oBa

ORCID: 0000-0003-2443-149X e-mail: rmazova@mail.ru

Huxeropoackuii rocynapcTBeHHbIN TexHuueckuid yauBepcuteT uM. P.E. AnekceeBa

YucneHHOE MOAEIMPOBAaHUE TIEHEpalUu W pacnpoCTpaHEeHUEe BOJH B KypHIIbCKOM KOTJIIOBUHE
MMeeT Ba)KHOE 3HAUYCHME JUIA MPEIACKAa3aHUsA U OLCHKHU IOCIEACTBUI BO3MOXKHBIX IIPUPOAHBIX SBJICHUH,
TaKMX KakK 3€MIICTPSCEHHUS M LIyHaMH B aKBaTOpUM OXOTCKOro MOps. DTO IMO3BOJIET MPOBECTH aHAJIU3
MOTEHIIMATIBLHON Yrpo3bl Ui HAcelICHUs M WMHQPPACTPYKTyphl B 3TOM pErHOHE, a TaKxke pa3padorarh
COOTBETCTBYIOIME MEPHI 110 MPEJOTBPALICHUIO KaTacTPOPUUECKUX CUTYyallMi IpU HaKaTe BOJH I[yHaMH.
[IpoBeneHre YHUCIEHHOIO MOJICIMPOBAHUSA IIO3BOJIAET IIPOTHO3UPOBATH XApPAaKTEPUCTUKU BOJH, HX
CKOpPOCTb, BBICOTY M pacHpOCTpaHeHHe 1o akBaropuu OXOoTckoro Mops. B maHHOM wHccnenoBaHuu
paccMarpuBaeTCsl  CEBEPO—BOCTOUHBIM  paiioH CaxanumHCKOro ocTpoBa, Kypuiabckue 0CTpoOBa,
MarepukoByro 4acTb Oxorckoro Mops. IIpoBeaeHo umnciaeHHOE MOIEIMPOBAHHME BOJH ILyHaMH,
00pa30BaHHBIX OT JIBYX JIOKAJM3AIHN MTOIBOIHOTO OMOJ3HS B KypHiIbCKOH KOTIIOBUHE B PaMKaXTBEPIIO-
61104HO cermeHTapHON Mojenu. Iloixydeno, uTo Hanbosee onacHbI ydacTok HaxoAuTcs Ha 0. CaxanuH
Ha y4acTKe MbIca TepIieHus, a TaKkkKe MOTEHIUAIILHO OIACHBIE paiioHbl ocTpoBa KyHammp u Ypyi.

Knrouegvie cnoea: uncieHHOE MOJEIINPOBAHNE, ONIOJI3EHb, LIyHAMH, CETMEHTapHasi TBEPAOTEIIbHAS
Mozenb, Kypuibckast KOTJI0BUHA

NUMERICAL SIMULATION OF TSUNAMI IN THE SEA OF OKHOTSK
FROM A LANDSIDE IN THE KURILE BATTLE.
D.A.Okunev, R.E.Mazova
Nizhniy Novgoro dstate technical university n.a. R.E. Alekseev

Purpose: This study examines a possible landslide process in the northeastern region of the Kuril Basin
and its numerical modeling of wave generation and propagation. Forecasting the possible wave level from
a given tsunami.
Design/methodology/approach: Numerical modeling was used to obtain data on wave propagation in
the studied region. After the calculations, also obtained data on the heights of waves on the coasts.The
seismic source was considered in this problem within segmental solid model.
Originality/value: The calculations have not been carried out previously in the regions under study, so in
this case we obtained fundamentally new data.

Key words: numerical simulation, landslide, tsunami, segmental solid model,Kuril basin.
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P.E. Ma3oBa
ORCID: 0000-0003-2443-149Xe-mail: rmazova@mail.ru
Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yauBepeuteT uM. P.E. AnexceeBa

Nmeromuiics nporpaMMHBIM  KOMIUIEKC JUISI YHWCICHHOTO MOJCIHMPOBAHUS TE€HEpaUud U
pactpocTpaHeHUsT BOJH IIyHAMH 0O0OJIaiadl CyIIECTBEHHBIMH HEIOCTAaTKAaMH - HEONTHMAaJIbHOMN
APXUTEKTYpO TMPOTPAMMHOTO KOJA, HAIUYMEeM pa3IUYHBIX OIMMUOOK B MpOrpaMMe, HU3ZKOU
MIPOM3BOUTEIPHOCTBIO M CKOPOCTBIO PabOTBl. DTO CEpPbE3HO 3aTPYAHSUIO €ro IMPUMEHEHHEe s
MPAKTUYECKUX pacueToB. [[sl yCTpaHEHUs yKa3aHHBIX HEJOCTATKOB B JIAHHOUW paboTe OBLI MpPOBEACH
KOMIUICKCHBIM ~ PEHMH)XMHUPUHT  PacCMaTPUBAEMOro  IMPOTrPpaMMHOTO  KoMmIUiekca. PabGoTel 1o
PEUMH)KHMHUPUHTY BKJIIOYATN B Ce0sl MPOBEIEHUE IMOJHOTO ayJuTa MCXOJHOTO MPOrpaMMHOTO Koja ¢
LEIbI0  OOHApYXEHHUS H TMOCIAEAYIOIIET0 yCTPAHEHUS HMMEIONMUXCS  OMMOOK, ONTHMHU3AIUIO
WCIIOJIB3YEMBIX B MPOTPAMME JITOPUTMOB JJISI TTOBBIIICHUS] CKOPOCTH PabOThI, pean3aluio MEXaHN3MOB
THOKON HACTPOMKH PA3IMYHBIX IApaMETPOB MOJEIUPOBaHUS 0€3 HEOOXOIMMOCTH MEPEKOMITUIISAIINN
BCET0 MCXOJIHOTO KOJa, a TakXKe J100aBJICHUE HOBBIX BO3MOXKHOCTEH IO BH3yaJIU3allUH, MOJy4aeMbIX B
Ipoliecce MOJEIMPOBaHUsA pPe3yJbTaTOB. B HTOre mnpoBENEHHOr0 KOMILIEKCHOTO PEUMHXUHUPUHIA
MPOrPaMMHOTO KOMILJIEKCA YIAJIOCh 3HAYMTEILHO MOBBICHTH OOIIYI0 CKOPOCTh pabOThI MPOrpaMMbl, a
TaK)Xe yIy4lIUTh TaKUE €€ XapaKTePUCTUKH, KaK MacCIITaOUPyeMOCTh U THOKOCTh HACTPOMKHU Pa3IUYHBIX
[MapaMeTPOB MOJICIIUPOBAHUS.

Knwuesvie cnoea: pEeMHXUHUPUHT, MPOTPAMMHBIA KOMIUIEKC, YHCIEHHOE MOJICIUPOBAHUE
LIYHaMH, ONITUMHU3ALHS, [[yHAMHU

CREATION OF A SOFTWARE PACKAGE ARCHITECTURE FOR NUMERICAL
SIMULATION OF TSUNAMI WAVES ROLLING ASHORE FROM UNDERWATER FOCI IN
MARINE AREAS OF VARIOUS ORIGIN
K.S. Polyakov, R.E. Mazova
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The author proposes the reengineering of a software package for numerical simulation of the
generation and propagation of tsunami waves.
Design / methodology / approach: The existing software package for numerical simulation of the
generation and propagation of tsunami waves had significant disadvantages - suboptimal architecture of
the program code, the presence of various errors in the program, low performance and speed of operation.
This seriously hampered its application for practical calculations. To eliminate these shortcomings, a
comprehensive reengineering of the software package in question was carried out in this work. The
reengineering work included conducting a full audit of the source code in order to detect and
subsequently eliminate existing errors, optimizing the algorithms used in the program to increase the
speed of operation, implementing mechanisms for flexibly configuring various modeling parameters
without having to recompile the entire source code, as well as adding new visualization capabilities
obtained during the modeling process. As a result of the comprehensive reengineering of the software
package, it was possible to significantly increase the overall speed of the program, as well as improve its
characteristics such as scalability and flexibility of configuring various modeling parameters.
Originality/value: Now, very few software systems can simulate the creation, propagation and impact of
tsunami waves, so we get an almost unique software package.

Key words: reengineering, software complex, numerical tsunami simulation, optimization,
tsunami
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TEOPHUSA MPUHSTUA PEINEHAN C HCITOJIb3AHUEM MOJIEJI 3BHAHUM OC/I.
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ORCID: 0000-0001-5878-6665 e-mail: smorugin@yandex.ru
Hwxeropoackuii rocyaapcTBeHHbIN TexHUYeCKUil yHuBepcuteT um. P.E. AnekceeBa

C mosiBJIeHHEM MOIIHBIX BBIUMCIUTEIbHBIX aNapaTHBIX KOMIUIEKCOB MOSBHIIACH BO3MOKHOCTb
Co3aaBaTb HNPOABUHYTBLIC HHTCIUICKTYAJIbHBIC CHUCTCMbI, KOTOPBIC CYHICCTBCHHO YIIPOIIAOT JXU3Hb
yenoBeka. OmHOM M3 3a7auy UHTEIUICKTYyaJbHBIX CHCTEM  SIBJSIeTCS 3aJada BbIOOpa JIydilei
anpTepHaTHBBL. B paboTe wuccieayercs BO3MOKHOCTh CO3JIaHHMSI MCKYCCTBEHHOTO WHTEIUIEKTA C
npumenenueM onrosiorud OCJl, aHanu3upyercst ero MoBeJeHUE B 3aBUCUMOCTH OT XapaKTepuUCTUK. B
kauecTBe Oas3pl 3HaHWU wucmonb3oBaHa OCJ] certh, paspaboranHas wumxeHepoMm. [l peanusamuu
mpolecca BbIOOpa UCIOJIb3YETCsl COOBITUIHAS 3HAUUMOCTb, KOTOpasi cIyKuT QpyHnkuuei nepexona. OCJ]
cetb — siBnsieTcst ontonorueit. OCJl ab6peBuarypa o3navaer: O — 00bekT, C — cBoiicTBO, /] — AeiictBue. B
pabote yaeneHo ocoboe BHMMAaHHME 3aBUCUMOCTb CpEIHEW COOBITUIMHONW 3HAUMMOCTH Ha TOBEICHHE
MCKYCCTBEHHOTO MHTEIJIEKTa. ABTOpP CTAaThU HUCCIEAYET CBOIO KOHIICTIIIUIO TIOCTPOCHUSI HCKYCCTBEHHOTO
MHTEJJIEKTa OCHOBAaHHOTO Ha SMOIMOHATBHO-UH(GOPMAIIMOHHOM Moaxofe. B uccnegoBanuu 0611 co37aH
WHTEJUICKT MYpaBbs, IEJIbI0 KOTOPOTO sBISIETCS cOOp pecypcoB. Ocoboe BHMMaHHUE YIEICHO aHaU3y
M3MEHEHHUS MTOBEICHYECKON MOIeN BhIOOpa UHTEIJIEKTa Ha BCEM dTare paboThl CUCTEMBI.

B cratee paccmarpuBaercsi HccieqoBaHWE pabOTBl  MCKYCCTBEHHOTO  WHTEIUIEKTA C
ucnons3oBanueM oHtoioruu OC/. IlpousBenéHn o0030p CyIIECTBYIONIUX TEXHOJIOTUH W MOJXOJOB,
IIPOU3BEIAEH aHAIINS.

Knrouegvle cnosa: VCKyCCTBEHHBII MHTEIJIEKT, TEOPUS MPUHATHS pEIIeHUH, MOJIENTN 3HAHHM, aHAIIN3
MEIMAaKOHTEHTA, SKCIIEPTHAS! CUCTEMA.

DECISION MAKING THEORY USING THE OSD KNOWLEDGE MODEL. ANALYSIS OF
NUMERICAL VALUES
A.S. Makarov, S.L. Morugin
Nizhny Novgorod state technical university n. a. R.E. Alekseev

Purpose: Study of the possibility of using the OPA model to create artificial intelligence.
Design / methodology / approach: The article deals about the development of artificial intelligence and
its simulation.
Findings: As a result, the possibility of using the OPA model to create artificial intelligence was
discovered. The ant's artificial intelligence does a good job of selecting resources.
Research implications: This study helped explore the use of such a method to create Al. Creating Al
using the OPA model helps organize the choice from N alternatives.
Originality: The originality of the article is determined by the proposed OPA model and the calculation
method for decision making. The author of the article has developed a computer program that allows you
to simulate algorithms. The use of the event significance approach has proven its effectiveness.

Key words: artificial intelligence, decision theory, knowledge models, media content analysis,
expert system.
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